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ABSTHAc'r 

The bis-aryl ketoximes; fluorenone and benzophenone ox:illles Jl 

are oxidized in glacial acetic ac:id with lead tetraacetate to parent 

ketones, geminal dinitromethanes, iminyl ketal derivatives (9,9~' 

difluorenylideniminoxylfluorene and l,l-bis( diphenylmethyliden-­

i.minoxyl)-diphenylmethane) and minor amounts of ox:iJne O-aceliate. 

Benzophenone nitrimine is also formed, but only in the absence of 

oxygena Side reactions due to nitric oride, oxygen, and nitrogen 

dioxide are ta king place in these oxidations. Separate studies with 

these oxidizing agents have therefore been conducted. The lead 

tetraacetate oxidation of these oximes in methylel1e chloride .(or any 

other solvent) is complete with a half-mole equivalent of lead tetra­

acetate, is insensitive to molecular oxygen, and affords mainly parent 

ketones and ketazinemonorides. No ketazine-N-bis-ox:i.des, obtained 

from the ferricyanide oxidation of these oximes, areever formed. The 

model oxirnes; benzil anti-monoxime, xanthone oxime, and indél:l10ne oid.me, 

have been studied in thelight of these observations. Mechanisms 

involving iminoxyl radicals have been postulated for aU the reactions 

studied and a qualitat,ive correlation of variations in products with 

stabilities of the :i.m:i.noxyl radicals of the oximes studied has been 

made. No intramolecular reactions involving iminoxyl cations or 

radicals, leading to benzisox.azoles)I have been detected o 
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(ii) 

frequent Terms 

me = mole equivalent with respect to orime. 
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INTRODUQTION 

Many revie\'Js have been devoted to the Beelanan rearrangement 

of orimes, but relatively little is Im01'Jll of the mechanism of oxidation 

of these eompolmds. This has been mainly due to the very limited seope 

of the oxidation reactions investigated, "1hich often afforded the parent 

ketone as sole isolable product o 

The oxidation of aliphatic ox.i.mes ",lith h;ydrogen peroxide, 

potassium permanganate, and chromic acid led to the isolation of parent 

!cetone only (1). The use of nitrous acid usually led to !cetone formation 

but in a few cases (2) labile "pernitroso" compounds (I) \11ere isolated; 

later (3) shown to be the nitrimine derivatives (II). 

R OH \\ R 

)
/ HNO ) 

==N 2 ~ ==NoN02 
R R 

" 

l II 

R ::::: alkyl 

OJddations of aliphatic and alicyclic orimes with nitrosyl halides led 

to geminal nitrosohalide derivatives (4,5) \'J'hieh were readily further 

o}ddized to the nitrohalide derivative. No sueh reaetions were 

observed in the corresponding oxidations of aromatic orimes (4). 

'rhe oxidations of aroma:tic aldoximes and ketoJCimes \'/1th niLrous 

gases (N
2
0
3

-N
2
0
4

), Na
2

C0
3
/1

2
.? K

3
Fe(CN)6' and other standard oxidizing 

ae;ents led to complex reaction mixtures containing furoxans and so-called 



"o:ldme peroxides \1 ( 6 ,7) • 

Very fe\<1 generally usefuJ. met.hods of oxidat.ion 1;18X"e discovered. o 

Peroxytrifluoroacet.ic acid o:lddized a variet.y of oximes t.o t.he nitro 

de ri vat.i ves in good yields (8), 11'Ihile a similar reaction using hypobromit.e 

vIaS limited to aliphatic ox.imes (9). Geminal dinitromet.hanes (III) 

vmre isolated in good yields from the o:xidations of aliphatic c(-dilcet.o-

rnonoximes and certain aromatic mdmes (Group A) uith nitrogen dioJdde 

(10), but viere reportedly not formed from benzophenono oxj.me-H• and ot.her 

mdmes shOim in Group B. 

1~ 

9ROUP A 

R /OH 

,) -N 
R 

GROUP B 

R === ~, R' =: ~, C1l3, COOH, 

ê-o 
A conflicting report (11) published at about the same time, indicated 
that benzophenone oxime reacted '\vith N0

2 
to give high yields of a 

product believed to be 

cp) _(ô 
cp O- N02 

but sh01.'ffi in our work to be 

(XXXVIII; h-3). 
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These results, reported at the turn of the century, \oJere not further 

investigated. The nitrogen diOJdde oxidation of aldoximes '°JaS com-

prehensively studied (12,13) only for benzaldoxime (IVa) and p-rLitro­

benzaldoxline (IVb). These afforded geminal dinitromethanes (V) or 

nitrolic a.cids (VI), dl3pl3nding on the reaction conditions. 

H 

~=~I/_O_I-_I __ / 

R ~ 
'----> 

IV a) R = H 

Ar" Cl-I (N02)2 .:. ~ -

v (ca. 50%) 

y0 2 

Ar C==N-OH .jo-­

VI (ca. 50%) 

n. is only in the last fe,'l years that studies of the mechanism 

of orime oridations have been undertaken. In 1964, reports were published 

concerning the electron spin resonance spectra (TISR) of radicals obtained 

by the action of lead tetraacetate (14,15), ceric ammonium nitrate (16) 

and potassium ferricyanide (17) on aliphatic and aromatic oximes. The 

authors reported the formation of iminox,yl nitroride radicals (VIII) which 

all had large nitrogen coupling constants ranging froID 28-33 gauss. 

Aminoxyl nitroxides (VII), already well characterized (18), have smaller 

coupling constanGs in the range of 10-16 gauss. Theoretical calculations 

for the charge distribution of the unpaired electron on nitroxides (19) 

have shmm that both the aminox,yl (VIT) and iminoxyl (VITI) radicals 

exist as the f ollowing hybrids §!.. and !!: 



R" + 
" 0 -~ ~ f\J- 0 

,/ 
R 

VII 

R1 RI' == alkyl or aryl. 
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VIII 

R) 0.:./° 
=N 

, 
R 

b 

'rhe importance of resonance form ~ for irninoxyl nitroxides (VIn) VJas 

also derived froIn calculations based on experimental ESR measurements 

vlhich indicated that about 45 percent of the lone electron is actually 

on the nitrogen (20). 

The hybrid structure of nitroxides may best be represented 

by using the Linnett three-electron bond model (21). 

R 
~ li 0 )( 

N-O 
,/ 

R 

UndeternLi.ned 
cE------

hybridization 

VII VIII 

The aminO)~l nitroxides (VII) are 'TT -type radicals (18). 'rhe iminO)~l 

nitroxides (VIII) are cr -type radicals because the unpaired electron is 

in a rr-type orbital derived from nitrogen s_p2 orbitaIs and an O)~gen p-

orbital vlhich lies in the nodal plane of the C-N TÎ-bond (14,22). 



- 5 -

Experimental evidence for the assignment of the iminoJcyl 

radicals as d' -radicals eomes from a measurement of nitrogen and 

hydrogen coupling constants for a 'lrlide variet;y- of these intermedia.tes 

(15) 0 In l'articulaI', the int eraction of the unpaired electron 1'ITith both 

(3 - (L e ~ O-N::::oC-C-H) and (( -protons (i. e. O-N==C-C-C-H) vias angular-

dependent and was strongest v/hen the interconnecting cf -bond system 1'ffi.S 

coplanarl~" Also, interaction in aromatic-substituted radicals 1'JaS 

observed only with ortho-protons, in contrast to 7'( -type radicals (18,23), 

and was unaffected by substituents such as p -nitro i\fhich interact vdth 

the r( -system. Particular examples demonstrating these ideas are the 

benzophenone iminoxyl (IKR), ~.,4' -dinitrobenzophenone iminoxyl (KR) and 

fluorenone iminoxyl (XIR) nitroxides. 

N02 N02 
aN == 31.4 aN :::: 31.6 aN ::: 30.85 

~I ~., 1.L/. a '"" H 1.4 aH = 2.7 

IXU Ku XIa 
Further ESR studies in this area have shown that j~linoxyl radica1s 

were the major primary produc'ts in the oxidations of mdmes, and that 

secondary nitroxides vsere 3olso formed (14,24). Specifica1ly, oxidations 

~E-
'nle authors suggest 1,6-interaction through space as a possible mechan-
ism for coupling with ~-protons (15). 
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of aliphat:i.c oximes undel'" val"'ied conditions led to the primary imino:xyl 

radical vIhich rapidly decayed to secondary nitroxide radicals (2ha) of 

the follovring type:-~'" 

><
OAC 

N-O" 

~ ~ ca. 15.5 Oe. ca. 13.2 Oe. 

XI XII 

Substituted acetophenone oximes showed a similar behaviour (24b). Aceto-

phenone orime and its p-methoxy and p-methyl analogues afforded unstable 

iminoxyl radicals "'Ihich rapidly decayed to two secondary nitroxides~(- (XII 

and another as yet urûdentified radical), The order of effectiveness of 

ring substituents to promote conversion of the iminoxyl radical into 

secondary radicals uas qualitatively i.n the order p-MeO> p-Me > H > 
t 

F ,Cl,Br > p-N02o Aromatic aldoJd.mes, in general, gave unidentified 

secondary radicals (14). Bis-aryl ketoximes, not yl3t studied in great 

1~ 
Lead tetraacetate oxidations in benzene (14) also led to secondary 
nitr'oxyl radical.s but the actual identification of the latt.er 1..,ras 
done for lead tetraacetate oJddations in methylene chloride (24). 

~H(-

1 Obtained only from alicyclic oximes. 

Benzaldoxime, oxidized "liuth lead tetraacetate, did afford the primary 
iminoxy-l radical. 
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detail, led to primary iminmr,yl radicals (14,24b) Q-:1- The measured 

ha~f-lives of the iminoxyl nitrox:i.des obtained from biacetyl monoxime 

(XIII), fluorenone oxime (XI), J+,h'i -dinitrobenzophenone mdme (X), benzo­

phenone oxime (IX), and cyclohexanone ox.:Lme (XIV) (see Table I) shm'led 

the surprising stability of the aromati.c radi.cale 'tfith respect. to their 

é.üiphatic analogues 0 A stabj.lization by ring substit.uents ~ such as 

p-N02 .1 l'las also observed (24b). 

Although the ESR spectra of the radicals frolTl a variety of 

oximes have been studied in de"Gail.? the chemistry of these radicals 

has received only cursory attention. 

Iffland (24) and ICropf (27) reported that the lead tetra-

acetate oxidation of unsubstituted alicyclic and straight-chain ali­

phatic keto:ldmes gave unstable nitrosoacetates (XV). A. more general 

SL.uùy, conducted in this laboratory by Dahl and Just (26), showed that 

the orJ..dation of a) sterically hindered ring ketoximes (e.g. 2,2,6,6-

tetrametbylcyclohexanone oxime) led to N-aceto:xyhydroxamic acids (XVI) 

formed from corresponding intermediary nitrile oxides (path A in reaction 

scheme below); b) strained ketoximes (e.g. camphol' oxime) also afforded 

the hydroxamic acids (XVI) which probably formed through rearrangement 

of an intermediate genünal nitrosoacetate (XV, paths Band C); c) simple 

aliphatic ketoximes (eog. cyclohexanone orime) led to gem-nitrosoacetates 

(XV)l path B). 

-lr Minor secondary radicals, appearing in the F..5R spectra, have not. been 
discussed. 
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Imino~l Nitroxide Ralf-Lire (minutes) 

0"0 

"'. " o N 
10.5 CH{"---"<CH3 XIIIR 

d'o 
'\ Il 

N 

0-~ 5.5 
XIR 

dlo 
, Il 

N 
Il 

300 
N02 XR 

If a 0 ,-Il 
N 
Il 

@)0 0.5 
IXR 

Il 

0 0 

\.Il 
N 
LI 

0 <.<"100 
XIVR 

TABLE l - StabilitJ-es of lminoxyl Nitroxides 
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R 
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\V 

R,X NO 

R OAc 

xv 

Pb(OAc)4 

c 
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R)_ x 0 x 
~ -N-O 

R 

o 
1 Il 

r} bAc (+Pb(OAc)2. + HOAc) 

1) HOAc 

2) Rearrangement 

\V 

R-C-NH OAc -------~ 
Rearrangement 

XVI 

H =: all{yl; more substituted than Rf • 

Kropf (27) reported that the lead tetraacetate oxidatïbn of 

straight chain aliphatic aldoxirnes (e.g. butyraldmdme) led to stable, 

isolable dimeric gem-nitrosoacetates (XVII). Dahl and Just (26) have 

found that low temperature oxidations of a1,1 syn-aldmdmes afforded 

nitrile ox.ides which could further react, to the N-acetoxyhydroxamic 
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acids'lf- (XVI, path A in above scheme); the OJddation of aliphatic anti-

aldoximes or aliphatic syn-aldoximes (at room temperature) gave gem-

nitrosoacetates (XV, path B) and seconda.ry products, not,ably N-acetoy"y-

hydroxamic acids (XVI, path C); and aromat.ic anti-aldoximes (e.g. benz-

aldmdme) led to arylaldazine-N-bis-oxides (XVIU)-lf-lf-. 

a- 0-
I .<-

Re H (OAC)-N= N-(OAc) CI-I R 
.~ 1 

1 .;. 
ArCH=N-N=C!-fAr 

-l. 1 

-0 -0 

XVII XVIII 

Nitrile oride formation was postulated via a concerted mechanism .. 

R 

)-N" 
H 0 ------~ 

,/ 

0- Pb(OAC)2 
/ H" 

Ac o + Pb(OAC)2 
/" 

Ac 

R c alkyl or aryl. 

~Hf-
Kropf (28) has reported that the oxidation of aromatic ando.C,J3-unsat-
urated aldoximes in aprotic solvents at 0-50 with a half-mole equivalent 
of Pb(OAc)l (Dahl used l mole Pb(OAc)4 at -200 ) led ta aldoxime anhydride 
N-oxides. j. 

0-

, 1 

Ar'CH--:::N-O - N==CH Ar 
+ 
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The potassium ferricyanide oxidation of aldOJdmes lilaS studied 

as early as 1885 by Beclilllan (29) Nho reported the formation of an "ox:i.me 

pororide" (XIX) from benzaldoxime)! Nhich "Jas conclusively shown, by 

Horner et al. (30), to be actually benzaldazine-bis-N-oride (XVIIIa). 

XIX XVIIIa 

'rhe corresponding oridation of ketoximes v/as reported only for benzo-

phenone oxime (31) 0 11:. led to parent ketone (XX)" benzophenone azine-

monoride (XXI) and "anhydride N-oxide" (XXII), which l'le believe was 

probably the azine-bis-oride (XXIII) .-l:-

cp 

>==0 
cp 

0-
eP 1 cp 

~ >=~-N=< 
cP cp 

XX XXI 

\ \ O~ II cp> 1 cp 
-} ==~-O-N < 

cp cp 

XXII XXIII 

The similar oridatiol1 of fluorenone oxime led to the azine-bis-oride 
(Chapter l, p. 
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No publications on the chemistry of the ceric anunonium 

J1..i.trate oxidations of oximes have appeared to date o '!-

In summary, it has been shown that some chemistry of the 

oxidati.on of aliphatic oximes and aromatic a1doximes has been reported. 

The one-electron oxidation of aromatic ketoximes, 1:Jhile affording the 

most stable, weIl characteri2ied iminoJt:yl radicals:; has received some 

attention only in the case of benzophenone oxime (31). 1H:-

Lead tetraacetate ,vas chosen as the OJdcLi.zing agent t.o be 

used in a study of the chemistry of iminoJt:yl radica1s from aromatic ket-

oximes because of its 'vell documented reactivity in a large number of 

solvents (covering the spectrum of dielectric constants) and over a 

ver.y wide range of temperatures (_700 to > 1000e.) (33). Other 

oxidizing agents, such as molecular oxygen and nitrogen dioxide, '\tlere 

also used in order to probe deeper into the mechanisms operating in the 

lead ·tetraacetate oxidations. 

Bis-aryl ketoximes: fluorenone oxime (XI) and benzophenone 

oy,ime (IX), 1:1ere chosen as the models to be initially investigated 

because of their symmetry and extended delocalization of the ri. -electrons. 

They were a1so chosen in the hope of obtaining 1,2-benzisoxazoles (XXIV) 

1:lhich are neutral compounds very stable to acids and bases (34): 

-)(- -
A prlvate commlUli.cation was received just prior to thesis ivriting (32). 

-)Hf- This work '\tlas reported in 19h2. 



- 13 -

/OH 1 cf 
2 / 

N JN-O N ~, 

Il 

~ 
Il l ArLV --3> ~ '-~ Ar 0 Ar 6) 

XXIV XXV 

This class of compounds l.vould be most expected if an iminoxyl cation 

(xxv) were fo!wed as an intermediate in the lead tetraacetate oxidntion 

of aromatic lcetoximes G 

The possible formation of an intermediate iminoxyl cation from 

the lead tetraacetate oxidation of oximes has not been ruled out from the 

results of the ESR experiments since the actual concentrations of 

observed radicals were not reported. Anhydl"ide N-oxide (XXIIa) formation 

from aroJna.tic aldoximes (28) 'vas, for instance, explained by assum.ing the 

intermediacy of iminoxyl cations (XXVa). 

0-0. OH 
\ 
N=CHAr 

0-

/ 
ArCH=N --------~ 

1 + 
Ar CH=N-Q--N=CH Ar {o H 

.;. 

XXVa XXII a 

\~orlc conducted in our laboratory on aliphatic OJdmes (26) also led us to 

suspect the possibility of an ionic mechanism G 



The choice of model compounds \'Jas therefore dictated by a 

consideration of both free radical and ionic pathvrays presented in 

the foregoing introduction. 



- 15 -

structural Elucidation of the Oridat:i.on Products fram Bis-A:J;:yl Ketoxime~ 

The lead tetraacetate oridation of bis-arylketOJd.mes such as 

fluorenone oxime (XI) JI and benzophenone OJdme (De) led to products "lhose 

types had not been observed in the similar OJddations of other oxünes 0 

The formation of some of these products 1!JaS markedJ,;r affected by the 

solvent used, the presence of atmospheric oJçrgen, and the amount and mode 

of addition of OJddizing agent 0 The use of oJridizing agenl:.s other than 

lead tetraacetate lad to changes in praduct distribution, 't'lith another 

new product appearing in the particular case of the potassium ferri­

cyanide oxidation. 

In order to simplify the presentation of results, the structure 

proofs for the neltl products will be discussed first 0 

1-1. Oridation Products from Fluorenona OJ~ 

9.9-Dinitrofluorene (XXVI) 

The structure proof is provided in C~apter IVa 

XXVI 
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~-DifluorenylideniminoJR[lfluorene (XXVII) 

The lead tetraacetate oxidation of fluorenone orime (XI) in 

oxygen-free glacia.l acetic acid afforded a compound XXVII.,. C
39

H
24 

N
2

0
2

, 

m. po 2670 
(dee.), "shich he.d an osmometric molecular lveight of 597. 

The ultraviolet spectrum of compound XXVII was similar to that 

of fluorenone orime. The absorption band at 256 m)..\. wa.s probably due to 

a. ccmjugated C==N electron transfer excitation (compa.re the spectral 

values in Table II). If the trimeric structure XXVII had two iminoxyl 

groups per molecule, the extinction coefficient at 256 m))" for fluorenone 

ox:Lme would be 0 0 529 for trimer XXVII. Excellent agreement waô obtained 

for calculations made at 256 m).t, as weil as at 247 mf'4- (Table III). 

Furthermore, a model solution prepared from flu.orenone oxime and 9,9-
dinitrofluorene (XXVI) to sirnulate the followlng ketal structur~, gave 

o 

< 

XXVII 



TABLE II 

UV DATA OF FLUORENE AND FLUORENONE DERIVA 'l'IVES 

Fluorenone 9,9-Di...'1itro-
So1vent F1uorene oxime F1uorenone F1uorene {XXVI) 

Â rnax o ~ Àrnaxo & À max. <f: /\.max. - Ë 

248 18,800 247 15,800 247 63,000 246-:<- 26:>000 

255 24,400 256 200500 256 102,000 

11etOH 260 23,700 

271-::-* 15,600 276~P':- 6,800 
1-' 
-..J 

288 7,400 
1 

300 10.200 310-::- 3,500 

350-:~)..~ 1;900 378 24J." 325 930 

,-, broad 

~-;<- shou1der 
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TABLE III 

UV SPEC'rRl\.L STUDY OF 9,9-DIFLUORENYLIDENHITNOXYLFLUORENE 

COMPOUND 
a) Â= 256 m/4... b) Â= 2h7 m/--L 

/O-N=F 
F 1023 Je 105 L 9.78 x 10 ~ 

"'O-N=F 
XXVII 

XI 

% Absorption 

E:/€ 
X~· XXVII 

8.) 0.55 

b) 0.54 
Av. 0.545 

Cal.culated = 0,,529 

% Difference ~ 3% 

COMPOUND 226 m~, 247 m.,.4<. 256 m/-<- 278 m./~ 305 mA 315 m~ 

/O-N=F 
F 

" O-N=F 
XXVII 

(3.7 Je 10-3 mg/ml) 

XI XXVI 
(2 : 1) 

.l~ 

63 66 24 

132 97 22 

:',-,~ Ethanol-methylene chloride (2 : 3) l,'las useel as solvent. 

17 Il 

9 

"" Concentrations equivalent to that shOlvn for lœtal XXVII were used. 
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absorptions 'i'Ihich differed only by 10-20% from absorptions obtained for 

an equiva1ent solution of compound XXVII (Table III). 

The infrared spectrum of compound XXVII in potassium broTILi.de 

-1 gave absorption bands betvJeen 4000 and 1100 cm which Viere aIl approx-

imately correlated 1'lith bands due to the fluorenylidene ske1eton of 

fluorenone oxime (see Table V, p~ 38) except for the band at 1625 cm"-l 

l;lhich VIaS assigned ta C=N stretching frequencyo 'l'he set of peaks botlllGen 

-1 
1090 and 1030 cm could not be definitely assigned although 'Gheir unique 

appearance in the spectrum of compound .xxVII (compare other fluorene 

derivatives in Table V) suggested that they were due to absorptions of 

the ketal~r function. 

Alt,hough sublimation of compound XXVII between 150 and 2400 

resulted in partial decomposition, a meaningful mass spectrum '\'las obtained. 

The fragmentation pattern observed (Fig. 1) is fully consistent with a 

structure corresponding to 9, 9-difluorenylideniminoxy1fluorene (XXVII)-:H~. 

Scheme A shows the fragmentation pattern which involves loss of an 

iminoxyl radical (lmm·m to be long-.lived in the ground state (Table 1)) 

to form the resulting ion at rn/e = 358 0 'fhis was obtained in significant 

yie.ld even at 10 e.V. Scheme B indicates a mechanism for formation of 

the ketazine cation (rn/e = 356). 

Compound XXVII was found to be inert to oxidizing agents such as 

bromine ar..d hydrogen peroxide. It under\vent facile acid hydrolysis 0 'rwo 

mole equivalents of fluorenone oxj.me (XI) and one mole equivalent of 

~:- Bergman et al. (35) found three to four bands for ketal. absorptions in 
the 1200-1000 cm-l region with eJctinction coefficients less than five. 

JHI.. 

. " For a further study of this spectrum, see Appendix A. 



e 
---~ 

70 eV. 

XXVII 

of-

F=Oo 
130 (51. 27b) 

(lOO%)~~ 

-col 
'V 

152 (100;~) 

~~ Intensities at 10 eV. 
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'V- o 
+ F=N-N=F 

356 (976) 

0.0-F-F 

328 (11.6%) 

( 2%)~~ 

FIG. 1. Probable Fragmentation Pattern of 9, 9-DifluorenylidenirrLi.noxyl­
fluorene (XXVII). 
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fluorenone (XXVII), expected from the assigned ketal structure of XXVII, 
obtained. 

~ 
hl 
1 
o 

< o 
1 
N 

'" 

+ H 

XXVII XXVIII 

==0 
HO 

"-N== 

XI 

As a final confirmation of the above structure, an independent 

synthesis from 9,9-dichlol'ofluorene (XXIX) and the sodium salt of 
fluorenone oxime was carried out o 

XXIX 

DMSO ---:» 

~F 
N 
1 
o 

/ 
F" o 

1 
N 
~ 

F 

XXVII 
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Fluorenon§.zinemonoxide (XXX) - Structure and Chemistr;y: 

The lead tetraacetate and potassium ferricyanide oxidations of 

1'1uorenone oxime led to the formation of a compound XXX, C26H161'120, which 

11as obtained .::te rod crystals, m.p. 1780
• 

'rhe infrared spectrum of compound XXX (KBr) contained strong 
-1 ] absorption peaks at 1540 cm and 1268 cm -'., 1'Jhieh may be related to the 

N ~~.> 0 asynunetrie and Gynunotric stretehine; frequeneies rospectivoly (36). 

The absorption band at J.630 cm-l indicated the presonce of a C==N (Fig. 4, 
po 29) functionality. The ultraviolet spectrum of XXX contained absorptions 

at 255 and 261 m/-( (E. 53000 and 65000 respectively), charactoristic of the 

electron transfer band found in the spectrum of fluorenone oxime (255 m.l'b 

E' 20800). 

The chemical test for an 1'1-oxide structure was made by reduction 

of XXX vJith triphenylphosphine. The red crystals isolated were identical 

with fluorenonazine (XXXI), prepared by the method of Curtius (y?)~(-. 

Reduction of XXX was much more facile with lithium alwnimun hydride 

(LiAIHi) but it led to fluorenonazine (XXXI) and products of further 

reduction1H(-. Comparison of the infrared spectra (CCli) of the azinemon­

oride (:xxX) and the azine XXXI showed the 1'1 _ 0 stretch ut 1260 cm-l 

as the oruy absorption not appearing for bot.h compounds. 

Hydrolysis of the azinemonoxide XXX in glacial acetic acid 

containing concentrated hydrochloric acid Gavo mainly fluorenone (XXVIII, 

63%) and, unexpectedly, 9-chlorofluorene (XXXII, 33ï~), identified by cornparison 
~~ 

A much milder mei:.hod using fluoronone hydrazone (XLIV) and oxygen 11a~.; later diseovered • 

. :,,:~. Comparison by t .1. e. of these products vJith those obta:Lnod by LiAIH
I reduetion of azine XXXI indicatod that they wore roduction pro(luets~' 
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vdth an authentic sample. 

It has been shown (36) that the hydrolysis of aldazinemonoxides 

(XXXIII) in alcohols, phenols, or acetic acid containing cat.alytic amounts 

of mineraI acids leads to the corresponding aldehyde and ether (or ester 

for acetic acid), the latt.er arising from solvolysis of the intermediate 

aryldiazomethane (XXXIV) (see Fig. 2). The 9-ehlorofluorene (XXXII) 

which we ohtained 1.'las mOBt. lilcely formed from the solvolysis of the 

expected intermediate 9-diazofluorene (XXXIVa) (path.ê:. in Fig. 2). The 

latter was prepared and subjected to treatment vJith glacial acetic acid 

containing conc. hydrochloric acid-l~. 9~·Chlorofluorene (XXXII) l'ras 

formed quantitatively. Formation of this product from the acid hydrolysis 

of fluorenonazinemonoY...ide (XXX) is therefore consistent with the structure 

assigned. 

The hydrolysis of fluorenonazinemonoxide (XXX) led to 33% of 

chlorofluorene (XXXII), 33% of fluorenone (XXVIII)) probabl~H~ formed 

along with the latter (path .ê:. of Fig. 2), as livell as an additional 30;~ of 

fluor en one which must have formed by another mechanistic pathviay. Path!? 

Sh01ffi in Fig. 2-B can be ruled out as leading to fluorenone since fluorenone 

oxime was found to be stable under the conditions used. Path ~ represents 

a possible mechanism which would explain the :formation of fluorenone from 

intermediates similar to those observed from the aldazinemonoxide (XXXIII) 

Solvolysis of 9-diazofluorene (XXXIVa) in glacial acetic acid led to 
instantaneous and quantitative formation of 9-fluorenyl acetate. 
Glacial acetic acid containing conc. hydrochloric acid therefore has 
the chloride ion as the exclusively active nucleophile in the above 501-

volysis. 

The hydrolysis of benzaldazinemonoxide in conc 0 hydrochloric acid "Jas 
reported (36) to lead to equimolar amounts of benzaldehyde and benzyl­
chloride (35% each). 



A. ALDAZINEI·~ONOXIDE3 (36) 

0-
1 

ArHC == N - N == CHAr 
H+ 

i>" 

7H 
H 0 

ArHC == N - N == CHAr _2_:::-

OH 
<:.1 

ArHC == N - N - CHAr 
+ 

XXXIII 

B. FLUORENONAZINEN01JOXIDE 

0-
1 

F=:H-N==F 
+ 

+ 
H ::> 

(HOAc-HCl) 

+ 

OH 
1 a 

F=:N-N==F -P-<:>F 0 
+ 

Q or Q XXVIII (33%) 

(see next page) 

FIG. 2. HYDROLYSIS OF AZINEHONOXIDES 

1 1 
H OH 

ArHCH
2 

+ ArCHO + r H...,ol + _.)J 

X,UIV 

\Y 

ROH CR = Et, ~, 
-0 
Il 
C-CH

3
) 

ArCH
2

0R + N
2 

+ 
+ F=:N=:N 

1 
(1) HOAc 

HOAc-HCl (2) conc. HCl 
/H ~ /H 

F F 
-.... Cl 

XXXII (33%) 

-- OAc 

( contin.ued) 

i'0 
'v""l 



B. FLUORENONAZINE?-iOHOXIEE (cont t d.) 

0-
1 

b) F == N - N F 
+ 

0-
1 

c) F:= N - N =: F 
+ 

FIG. 2 (continued) 

H+ 
_~ F 

OH 
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:=N-N=:F 

t + 
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+ 
H F - ',r ~ _J:~ 

OH 
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- N == F 
+ } 

F + 

Il + 
Cl 

H, . 

N == N, 

H 

J H20 

F == 0 + HCl 

-Cl 

<:-

OH 
1 

F==N+N~F 

1 
Cl XI 

+ OH 
H +1 

--e>- F==N-N-F -:;0-

k b~ 

OH 
1 

F N - N + F 

Il.> 
H Cl 

I~ J~ 
g j 

..\.. F 
______ ·OH?.. 

=:0 

,.;;:> F 
.! 

_/_ -N- '-' '"" 1 _I-N 
! 
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1 

FLN==N, 

.'" + " H (;1 
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H'-

Cl 
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N == N 
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hydrolyses. 

Finally, the mass spectrum of 9-f1uorenonazinemonoxide (XXX) 

lt,aS readi1y explained (Fig. 3). The heaviest ion dppearing in it 

corresponded to .1'-1-16 (M "" molecular ion peak at 372 mass unitiS) 0 This 

facile loss of oxygen is a "mll recorded process for compounds containing 

an N-OJd.de functiona1ity (38). 

Fluorenone Oxime O-acet/ate (XXXV) 

The NMR spectrwn of a crude reaction mixture from the lead 

t'etraacetate OJddation of fluorenone OJd.me contained an absorption 

band at 2035 p.p.m. The infrared spectrum of this mixture had a i'leak 

absorption band at 1765 cm-la 

Fluorenone oxime O-acetate (XXXV) and 9-nitroso-9-acetOJcyfluor-

ene (XXXVI) were considered as possible struct~res. 

XXXV XXXVI 

However~ the absence of a strong absorption band at about 1560-1555 cm-1 

for 'I:,he N=O stretching frequency and the stability of the reaction 

mi)~ure to concentrated hydrochloric acid lnade the gem-nitrosoacetate 

(XXXVI) assignment improbaule (27). 

A synthetic sample of fluorenonc oximo O··n.cctate had idt;in'ilical 

spectral properties to those described above. 
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0-

1 e 
F==N-N==F -~ 

.:' 70 eV. 

xxx 

~OH 

Cl 

o 
F==N-N==F .-: .. 

356 (6.15;&) 

( 20%)-;1-

\li 

-N 2 

F==N-N=-= F..2.-.F 
.~ 

:O=:F 

180 (78.2%) 

( 70%)-l~ 

: -co 
'" 

o 
0== 

-H 

179 (100?~) 

(100;&) ~I-

------> 

.:~ 

327 (4%) 

(4%)-11-

"' .} 

152 (41.7%) 151 (28.8%) 

328 (2.4/~) 

(1.3~g)-;~ 

-;1- Intensity at. 12 eV. nr::- t::: metastable peak (see Appendix A for furt.her data). 

FIG.-2. Probable Fragmentation Pattern of Fluorenonazinemonoxide (XXX). 
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FIG. 4. The IIi. Spectrum of Fluor~nonazinemonoxide. 
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Chromatography of the crude products from the lead tetraacetate 

oy.idation of fluorenone orime led to mbctures of the orime and orime 0-

a.cetate (XXXv)~:- 0 The amount of compound XXXV present in the various 

reaction mix.tures "Jas estimated from standard absorption peaks obtained 

j_n the IR and NMR spectra of authentic fluorenone orime O-acetate o 

Fluor:enonazine-bis-N-oxide (xxxvn l 
The potassium ferricyanide oxidation of fluorenone oxime in an 

alka.1ine aqueous medium afforded yellovJ microcrystals, mop. 212.5
0 

(dec.) 

having the composition C26H16N202. Five structures with this empirical 

formula l'Jill be considered) tvlO of "Jhich (A and B) are most probable. 

0- 0-
1 + 1 F=:N-N==F 

+ 1 
F== j\J- O-N==F .. 

-0 

A B 

NO 
/0\ 

/NO 
\ F 

F-- F F-N-N-F " O-N==F 
\ \01 
NO 

c D 

Fluorenone oxime and synthetically prepared oxime O-acetate 
~:ere found to have identical Rf values on t.l.c. silica gel Activation of the plates and variations in eluting solvents aid in effecting a separation. 

E 

(xxxv) 
plates. 
did not 
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The ultraviolet spectrum of compound XXXVII (Table VI, p. 39) 

had a strong absorption band at 256 m/--t.(E:. 7,275) which most likely 

corresponded to the electron transfer exc:i.tation of C=X conjugated with 

the fluorenylidene skeleton. The UV spectra of fluorenone (XXVIII), 

its oxime (XI), fluorenonazine (XXXI) and the N-monoxide (XXX) contained 

"chis band, which was not observed for 9, 9-dinitrofluorene (XXVI) (see 

Tables II and VI). 

The infrared spectrum (Fig. 6, p. ll.o) of compound XXXVII in 

potassium brondde showed a band at 1620 cm-l (medium irrtensity) which 

\'las assigned to the C==N stretching vibration (see spectral data in 

) ~ 
Table V, po 38. A very str'ong absorption found at 1520 cm was 

assigned to the N --~ 0 stretching frequency. 

From these conslderations, we can eliminate C and related 

structures, as well as D. Structure D was also ruled out since no 

positive starch-iodide test. expected for an isonitrone group (39,40) was 

obtained. Structure E would be expected to have an N=O stretching 

frequency between 1550 and 1560 cm-l, since this was the range found for 

aliphatic and alicyclic geminal nitrosobenzoates (27). Moreover, both 

E and C can be ruled ouI:. from the observed mass spectrum (Appendix A) 

of compound XXXVII which did not contain a strong peak due to the loss 

of nitric oride (M-·30). 

The.t·,=.r~'.!·e;i only fluorenone oxime anhydride N-oxide (B) and 

fluorenonazine-bis-N-oxide (A) remain as probable structures for compound 

XXXVII. 

A comparison of the infrared spectrum of fluorenonazinemonoxide 

(xxx) with that of compound XXXVII sholtled a strilcing similarity in the 
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overall absorption pattern (Table V)1~. This pattern did not correspond 

to that reported by Kropf (28b) for a large number of oxime anhydride 

N-oxides and furoxans (see Table V). 

The Rf value of compound XXXVII on t.l.co l:J"aS larger than that 

of fluorenonazinemonoxide (XXX), indicating that XXXVII is less polar 

than the aZll1emOnoJdde XXX. A comparison of the Rf values of fluorenon­

azine (XXXI) and Us azinemono)dde (XXX) indicated (Table IV) that the 

latter was more polar due to the N-OJd.de group. A comparison of the 

N -> 0 polarities of structures A and B 1'r.i.th that of the azinemonoxide 

xxx indicated the following order of polarities. 

0-
/ 

F==N N =--=F 

~" /' '. 0 . ~-

XXXVII-B 

> 
XXXVII-A 

Structure A would be expected to be the least polar of the above compounds 

due to the partial electrostatic neutralization provided by neighbouring 

positive and negative centres and therefore best corresponds to the 

observed Rf value of compound XXXVII (Table IV). 

The mass spectrum of compound XXXVII, obtained below its melting 

point to avoid decomposition, contained a 1veak mass peak at M-16 

1(- The strong absorption peak at 1268 cm-l assigned to the N -::> 0 synunetric 
stretching vibration in the azinemonoxide XXX l'Jas not found for XXXVII. 
H01vever, an absorption peak at 1235 cm-l (m) may be due to the N -> 0 
symmetric stretch. 
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TABLE IV 

gf VALUES OF FLUORENONAZINE AND l'rS N-OXIDES {t .1nc...J. 

_...;::C=om=p=o=u,=nd~ ____ ~Rf' Value 

0.69 

XXXI 

XXXVII Ooh5 

0.26 

xxx 

> 0.26-)~ 

XXXVII-A 

XXXVII--B 

-)~~ 

Predicted Values 
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corresponding to a loss of oxygen from the molecular ion peak. This 

would be expected for both A a.nd B, due to the presence of an N-oxide 

functionali ty (( 38); als 0 see Fig. 3). Further fragmentat ion of this 

resulting ion (mass 372, Fig. 5) proceeded in a manner which was 

strildngly similar to the fragmentation pattern observed for fluorenon-· 

azinemonoxide (XXX; see Appendix A). The fragmentation pattern for 

structure D~~ would be expected to be very different l'rom that actual1y 

observed for compound XXXVII. 

In the light of the forementioned results, it seems that 

compound XXXVII may best be represented by structure A, fluorenonazine-

bis-N-oxide. 

The acid hydrolysis of compound XXXVII occurred very rapidly 

to give a one-to-one mixture of fluorenone and its oxime XI. A possible 

mechanistic scheme for this process \'las derived in analogy with the 

mechanism which had been proposed by Horner et al. for the hydrolysis 

of aldazinemonoxides (XXXIII; Fig. 2-A). 

i*-
A large abundance of iminyl cations (mie == 178) might be expected due 
to the known stabi1ity 01' the f1uorenone iminoxy1 radical (XIn). 'rhe 
base peak, hO\lfever, corresponded to the f1uorenone cation (rnje =: 180), 
while the 178 peak was only 7.1% of the base peak. 

+ 
-0 

F==N {o """N==F 
0 0+ 

/"-. 
F=N N==F < 17g (7.1%) XIU 

0+ 

0 
~ F==N 

Q ~N==F &~,. 

-1-

195 (1.4%) 



XXXVII 

e-
> 

70 eV. 
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372 (0.2%) 

1-0 
'if 

1~ ~:--_______ _ 

~r ~ _______ _ G+ 
F=N 

-0 

v 

" N 
/1 
F 

356 (4.4%) 

-ll- Similar to fluorenonazinemonoxide (p. 28) fragmentation pattern 
(see Fig. 3 and Appendix A). 

FIG. S. Probable Fragmentation Pattern for Fluorenonazine-N-bis­
oxide (XXXVII). 



0-

1 .:. 
F==N-N==F 

~. 1 

-0 

XXVIII 

I-t 
-~ 

-0 

- 36 -

OH 

1 1 

F==N-N==F 
.:' 1 

-0 

+ -H 
> 

OH 
-:f 1 + 
( N-N==F 
Y 1 

F 0 
,,~~ 

0-1-1 

{- N==F 
/ 

HO 
XI 

The pyrolysis of fluorenonazine-bis-N-oxide (XXXVII) resulted 

in the formation of fluorenone (XXVIII) and fluorenonazinemonoxide 

(xxx) in major and minor yield respecti vely. The reaction scheme belmv 

vIas formulated in analogy with the mechanism proposed fClr formation of 

parent ketone and azine from the photolysis of azinemonoxides (36); the 

azine formation arising from the reactions of intermediary diazomethanes 

(41) • 
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0-

1 -1-

F== N - N==F ---7' ----~ O==F 
XXVIII 

-1' 1 

:-0 
XXXVII 

~-----------------

y\ 
F-N-N==F eJf + 

-N 0 
2 

------~ 

0-

1 
F==N-N==F 

+ xxx 
Attempts to reduce fluorenonazine-bis-N-oxide (XXXVII) with 

triphenylphosphine under a variety of conditions ï'i'ere unsuccessful. 

This l:JaS surprising in the light 01' the facile reduction of aldazine-

bis-N-oxides (XVIII) at rooru temperature (30)~!-, leading to the corresp-' 

onding aldazines. 

~:-
Differences in reactivity between ketazinemonoxides and aldazinemonox-ides have bean previously described (Fig. 2) for acid hydrolyses. 
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TABLE V 

IR DATA OF FLUORENONE DERIVATIVES AND ANHYDRIDE-N-OXIDES 

/O-N=F 
F • 

"O-N=F 

XXVII 

191.0, l?i..O (u) 

17/,0 (\1) 

1621 (D) 

160~ (D) 

1190 (ah •• .,..D) 

IJ,40 (a) 

1)10 (0) 

.),,:1 (",) 

12)C.1210 (Q) 

\lIA (v-ml 

lW} (w-o) 

10')O.1(J"'i (w) 

101.2 (V) 

lOJfi,lO)() 

9711 (."...) 

9/,1 ("..0) 

942 (.h.) 9)1,901. (0) 

7eo (rn-II) 

760 (".a) 

7Jh;/U (r3,.) 

67~,I,I,C (u) 

(,)9 (~) 

620 (w) 

171 (u) 

XXVI 

1%0, 1910 (u) 

1700 ( .. ) 

1190 (a) 

1560 (a) 

1)11 (m) 

1)/,0 (m) 

Ill0 (a) 

1)20 (0) 

l)r.G (D) 

1.(.')0 (lIh.,m) 

I?'OO (~) Il)4 (ru •• ) 

l1~n,lll:Z (V"D) 

1110 ( .. ) 

10)2 (w) 

972 (u) 

9t.o (u) 

9)2 ( .. ) 

712 (ra) 

'm (a) 

Iol~ (a) 

XI 

JO~O 

'-110 ( ..... ) 

11",0 (v-,,) 

11,)0 (m) 

l('O~ (0) 

1590 (.h •• ") 

1440 (D) 

1410 (m) 

lUIi (v_m) 

1110 (v .... ) 

900 (m) 

9)5.910 (" ... ) 

'/49.'120 ( .... ) 

lf,.20 (w-a) 

llllU (t'I) 

15-70 (oh. ,a) 

1540 (D) 

1470 (w...,) 

1)~0 (II) 

1)/.0 ( .. ) 

1)10 (w.",) 

121.0 (D) 

1210 (v) 

Il'10 (w) 

1040 (w) 

910 (u) 

07°.01,0 ( .. l 

7115 tU-III) 

770,7(,5 (c) 

1,40 ("'c) 

572,540 (u) 

o-
• 1 

F=N-N=F 
1 • 

0-
;UXVII 

17~ù {1I.-c.) 

1'/10 ("..,,) 

IIJf.O (\fi 

1',20 (1'\; 

1(.10 (.oh.,n) 

1590 (Dh •• \1) 

lS20 (0) 

l!tOO,lI/)O (oh.,\f-m) 

ü/.O en) 

u.:0 (v) 

UOO,IJ70 (,,) 

1150 (w) 

1))0 (w...,) 

1)10 (Q) 

1215.1212 (,,) 

·1200 (D) 

11(0 (w-n) 

1<r/0 ("..D) 

10)0 ("·D) 

9'15 (D) 

915 (a) 

070.e60 1") 

7)0 (a) 

590,500 (u) 

1495 (D) 

1440 (a) 

1160 (a) 

970 (a) 

021 C.l 

Ins (0) 

lJ.1J. (0) 

1419 (0) 

1)1) (a) 

ll42 (a) 

991 (a) 

O~O.1\46 (0) 

0)5 (0) 



TABLE VI 

UV DATA OF FLUORENONAZINE AND N-OXIDES. 

to, 
Il max. À max. 

(m;;:) 

0- O~ 

OH 
1 1 

F N/ 
.,. 

F N-N=F F=N-N=F F=N-N=F 
<} ? i 

-0 
226 3,555 6,580 
230 10,710 
232 3,148 9,902 
240 5,723 
247 5,281 7,275 VJ 

250 7,275 
'Ü 

255 5,342 
J 

256 6,805 
257 8,487 
261 6,486 7,227 
276 1,523-~": 

278 3,840 
280 2,157-::-
305 i,117 1,819 
310 763 
315 - 609 
320 1,942 1,010 
337 2,098 
350 2,480-
360 1,726 

So1vent CH2C12-Ethanol (2:3) 
~-

shoulder 
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Fig. 6 - The IR Spec·trum of Fluorenonazine-bis-N-oxic1e 
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1-2" 9xidation Products from Benzophenone Oxime 

Dinitrodiphenylmethane (XXXVIII).. 

See Chapter IV f')r structure proof. 

XXXVIII 

l,l-Bis(diphenylmethylideniminoxyl)-diphenylmethane (XXXIX) 

'rhis compound, C39H30N202' was obtained from the lead tetra­

acetate o:x:idation of benzophenone oxime (IX) in glacial acetic acid. 

n was readily hydrolysed by acid to one part. of benzophenone (XL) 

and two parts of benzophenone oxime (IX). 

The ultraviolet spectrum of compound XXXIX (Table VII) contained 

absorptions at 233 and 264 m~which were probably due to the presence of 

the C::::N group (compare the different compounds entered in Table VII). 

This assignment was supported by the 1630 cm-l absorption band found in 

the infrared~:- spectrum of .xXXIX. (Fig. 8, p .. 45). 

The above properties suggest.ed a leetal structure analogous to 

the one established for 9,9-difJ.uorenylideniminoxylfluorene (XXVII). A 

calculation of extinction coefficient ratios for benzophenone oxime 

and compound XXXIX at each of the two ltl'd.velongths ShO\'ffi in Table VII 

~( -1 . 
A number of absorption poales between 970 and 760 cm 1'101'0 unlque to 
this compound compared to other benzophenono derivatives, but no 
assignments could be made. 



~ OH )=N/ 
~ 

IX 

ï\max (m;i) (. max 

214 16,420 

230 14,140 

250 10,360 

7tmax (mfl2 

233 

26lt. 

TABLE VII 

uv DATA OF BENZOPHENONE OXHŒ AND ITS OXIDATION PRODUCT~ 
~ 0 - fI < iP ~ NO . 
V ~ X 2 
~ - ~ . t 0 - l'J < ~ ~ N02 

XXXIX :t:J:XVIT l 

f 

CP,,- NO r N / 2 

r' 
Cl) 
1 

XLI 
)..max (mJV E max Àmax (rrW E:max Ï\w.ax (m;0 E:max 

207 23,000 

208 68,900 

214 18,280 

233-~-',;- 29,800 
25SJ~ 13,220 

264-::- 24,200 265-x- 1,985 

€ If:. 
IX XXXIX 

Obs. Cale. 
0.475 0.53 

0.lt.28 
% Deviation 15~~ 

~-
broad 

-~ï~ 

shoulder 

.+:-
N 
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(as had been done for the leetal of fluorenone, Table III) gave approx-

imate agreement m ... --pected 
èQ 

for the leetal structure shm'Tn belo1.'l: 

rt(IQ 
1 

<P><O 
d~ 0 

l 
N 
~ f2~ 
i tJ 

Ri 
XXXIX 

+ H 
cp 

cp 
)=0 

XL IX 

The mass spectrum of XXXIX contained a fragmentation pattern 

consistent with the assigned ketai structure (Fig~ 7L A heavy frag-

ment corresponding to the 10S8 of an irnino.xyl radical from the parent 

ion was observed as inl:.he case for the leetal of fluorenone (Fig. l-A). 

Benzophenone nitrimine (XLI) 

The lead tetraacetate oxidation of benzophenone ox.ime (IX) 

in oxygen-free glacial acetic acid afforded, in 11% yield, a compound 

XLI with elemental ana1ysis C13H10N202" It was readily hydrolysed and 

pyrolysed to benzophenone, with evolution of brovm nitrous fumes in 

the latter case. 

'l'he follmring structures A-D are consistent with this behaviour. 



e 
----~ 

70 eV. 

XXXIX 
0) 
,; 

361 (0.07%) ~ 

- N-:/l{Q 362 (O.ll%) 
\V 

\V 

180 (100%) 

l-co 181 (17%) 

<p) 00} 

==0 

<P 
182 (2.6%) 

152 (1%) -<-
FIG. 7. Probable Fragmentation Pattern of 1,1-Bis(diphenylmethylidenimi.noxyl)-· diphenylmethane (XXXIX·). 
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FIG.·B. The IR Spectrum of l,l-Bis(diphenylmethylideniminoxyl)-diphenylmethane. 
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The infrared spectrum of compound XLI in KBr (Fig. 10, po 49) 
had strong absol'ption bands at 1540 cm-l and 1270 cm-l, characteristic 
of the N -~ 0 stretching vibrations found in azine N-oxides and 

nitrimines (36) 0 The spectrum of XLI in chloroform had t1l1O strong 
-1 bands at 1575 and 1300 cm ,assigned as above, as well as a weak 

absorption at 1630 cm -1 corresponding most probably to the C::=N st,l'eteh. 

The ultraviolet speetrum of XLI (Table VII) eontained a strong 
absorption band at 258 mA (G. 13 jl220) l.'lhieh was probably due to the 

eleetron transfer excitation of the diphenyJmethylidenimine skeleton. 
This supported the above (IR) C~N functional assignement o 

Structure A ean be ruled out s:i.nce it ie lacking the C""N 
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functionality and '-lOuld not have the above two intense bands in its 

infrared spectrum. Structure C does not have any N ---> 0 flillction-

alities. 

The mass spectrum of compound XLI contained a fragmentation 

pattern l'ully consistent 'uith the nitrimine structure D (Fig. 9) but 

inconsistent ,'uth structure B. il. 1:1eal-:: parent peak at mass 226, with 

no heavy ions corresponding to the 108s of atomic oxygen or nitric 

oxide (expected for structure B), l'JaS observed. The formation of a 

base peak at mass 30, corresponding to NO+, has been reported for other 

nitro compOl.U1ds (42). 

An independent synthesis of the nitrimine of benzophenone 

from diazodiphenylmethane (XLII) l'laS carried out according to the 

method of Horner et al. (30). 'fhis synthetic sample was found to be 

identical~:- l:uth compound XLI (IR, t.l.c., mixed melting points). 

Horner and Kirmse et al. (30) assigned the nitrimine structure to their 

compound from the observation that catalytic hydrogenation led to the 

corresponding imine derivative. 

NO 
-----~ 
Cyclohey...ane 

XLII XLI 

Spectral evidence for t.he structure proof of the nitrimine XLI was provided, in addition to the independent synthesis, because of the controversy "lhich exü,ted in the literature concerning the true structure of these compound::;. 
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FIG. 9. Probable Fragmentation Pattern for Benzophenone Nitrimine (XLI). 
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Benzophenonazinemonoxide (XLIII) 

l'he lead tetraacetate OJddation of benzophenone oJdme (IX) in 

methylene chloride led to the formation of a compound X.LIII in 357~ yield, 

m.p. 153-lt.5° (dec.), having an Rf value (t.l.c.) smaller than that of 

oxime IX. The infrared spectrum of compound XLIII contained strong 

-1 absorption peaks at 1552, 1512 and 1238 cm • Sim:i.lar absorption peaks, 

observed at 1570 (m), 151~0 (s), and 1268 (v. s.) cml for fluorenonazine-

monoxide (XXX), had been assigned to the N -~ 0 group in the azine-

monoxide structure. 

The foregoing observations lent strong support to the assign-

ment of an azinemonoxide structure for compound XLIII. 

An authentic sample of benzophenonazinemonoxide was prepared 

by the ferricyanide oxidation of benzophenone oJdme described by Lauer 

and Dyer (31,43) and shown to be identical with compound XLIII (tol~co, 

IR, mixed melting point). 

The authentic sample had been characterized by its quantitative 

reduction to diphenylketazine. 

K3Fe(CN)6 
,--_._---~ 

KOH/H20 

0-

~>=~_N=<<P 
<p cp 

XLIII 

l'to 
2 

1 mole 
H 

2 

cp cp 
)_N-N < 

<P cp 

+ ---
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Chapter 2 

Oxidation of Fluorenone Oxime 

2-1. Oxidation in Glacial Acetic Acid 

2-1.1. Lead tetraacetate 

As shown in the introduction, iminoxyl nitroxides were readily 

formed when oximes were mcLdized l.v:lth lead tetraacetate. Fluorenone 

oxime (XI) vias chosen as the model compound for thorough investigation 

because of its symmetry and fixed geometry. Fortuitously, when the 

investigation was already in progress it l.'las reported that the iminoxyl 

radical of fluorenone mcLme (XIR) was one of the most stable of all 

known iminoxyl nitrorides (Table r). 

Upon addition of lead t.etraacet.ate to fluorenone oxime (XI) 

in glacial acetic acid, the yellow solution turned dark amber. After 

tvfO minutes, nearly all of the orime was consumed (t.l.c.). Fluorenone 

(XXVIII) was the major product formed (50%, chromatography). Chroma.to-

graphy or direct crystallization of the crude product ohtained upon work-

up afforded colourless crystals of 9,9-dinitrofluorene (XXVI) in 20% 

yield: 

/OH 
Pb(OAc)4 /N02 

F==N ~ F:=O .!J. F 
HOAc 

"
N0

2 
XI XXVIII XXVI 
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Variations in the amotmt of lead tetraacetate added, from a 

half-mole to tvTO mole equivalents, and i..11 the mode of addition did not 

give any significant change in the yield of dinitrofluorene (XXVI) 

(Table VIII-A). It was hmvever very significant that a half-mole 

equivalent of lead tetraacetate led to complete consumption of the 

fluorenone orime and that another product, lceta.l XXVII, VJé),S formed in 

3-h% yield o 

The stoichiometry of this reaction strongly suggested tha,t the 

same oxygen a toms in the nitro groups of 9, 9-dini trofluorene v10re 

being provided by molecular oxygen l'Ihich had not been excluded from 

the acetic acid reaction solutions. 

Reaction of a one mole equivalent of lead tetraacetate \Vith 

fluorenone oxime in glacial acetic acid saturated \Vith oxygen indeed led 

to a small~~ increase in the yield of 9,9-dinitrofluorene. 

The above experiment vias repeated l.'Iith bone-dry nitrogen 

passing through the glacial acetic acid just prior to and durine; the 

reaction, i.n or der to remove most of the dissolved 0X0rgen. A decrease 

in the yield of 9, 9-dinitrofluorene (XXVI) l,.las observed. The nitrogen 

exhaust was led through liquid air traps. After completion of the 

reaction, these traps contained a blue solid \Vhich l.'Ihen \Varmed up and 

exposed to air gave a dark bro"ffi gas. This indicated that nitric OJd.de1H~ 

had been formed (confirmed by IR). 

. ..-------------------------------------------------------The commercial acetic acid used already contained dissolved oxygen (see section 1.2). 

In the presence of oxygen, it seemed 1ilcely that nitrogen dioxide \Vould be invo1ved in the reaction. 'fhis ::;l:,udy Inll be taken up in Section 1.3). 
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OH Y02 0- N==F 
/ Pb(OAc)4 / 

NOÎ F=N ~ F=O <~, F: r.~~ F ,,~~ 

HOAc " " N2 bubbling N02 O-N=F 

XXVIII XXVI XXVII 

Under these conditions, 9,9-difluorenylideniminoxylfluorene 

(XXVII) was also formed, in ca. 4% yield (Table VIII-A). 

Having found that oxygen influences the product distribution 

in these oxidations, experiments ltIere conducted in oxygen-free acetic 

acid. 

vlith a half -mole equi valent of lead tetraacetate (entry l, 

Table VIII-B), only 0.6 mole equi valents of fluorenone oxime 1.'lere 

consumed, in sharp contrast to the oxidation in the presence of oxygene 

Under the same reaction conditions, a one mole equivalent of lead 

tetraacetate (entry 5, Table VIII-B) led to complete reaction of the 

OJD.me. H.emoval of nitric oxi.de from these reaction media by purging 

wi'lih inert gas did not affect the yield of oxime consumed. liJhen glacial 

acetic acid J freed of most of its dissolved oxygen by brief purging with 

inert gas prior to addition of reagents (entries 3 and 4), was used in 

the reaction of a half-mole equivalent of lead tetraacetate ,·dth fluoren-

one oxime, up to 80% of the oxime was consumed. 



/OH 

N 

Il 
F 

XI 

- 5~. -

0.5 me. 

Pb(OAc) 4. 

l me: Pb(OAc)h 

XI remaining 

1 
20% 

5% 

5% 

'l'he yield of fluorenone (XXVIII) decreased by about 30% 1,.[hen 

the oxidation of fluorenone oxime was conducted in oxygen-free glacial 

acetic acid (Table VIII-B) rat.her than in commercial acetic acid in the 

presence of air (Table VIII-A). 

OH 
/ 

F==N 
HOAc 

l me~ 
Pb(OAc)4 

me r=: mole equivalent 

No 0 
F == 0 (XXVIII) 

20% 

50% 

A very minor amount of dinitrofluorene (XXVI) was formed when 

a half-mole equivalent of lead tetraacetate was reacted livith fluorenone 

orime in oxygen-free acetic acid (Table VIlr.-B). This low yield of 4% 

was maintained when helium was bubbled through the reaction solut,ion and 

was also tmchanged when acetic acid containing minor amounts of oxygen 

(entries 3 and 4, Table VIII-B) was used as solvent. I-Iowever.? v/hen 

oxidation of orime XI was effected with one mole equivalent of lead tetra-

acetate in oxygen-free acetic ac:i.d;> éJ, lare;e increase in the production of 
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9,9-dinitrofluorene (XXVI, entry 5) was observed. 

OH 
/ 

F==N 

XI 

0.5 me. 

Pb(OAc)l,. 

l me o ___ , 

I-IOAe'~O 
2 ;> 

Pb(OAc)4 (0.5 or l me.) 

(XXVI) 

20% 

15~·20% 

Finally, it v/as found that the yield of lœtal XXVII in the 

absence of oxygen remained nearlyll" constant for 0.5·-1 mole equivalent 

of lead tetraaeetate used (entries land 5, Table VIII-B) and was 

unaffeeted by the mode of addition of the lead tetraaeetate (entry 6) 

or removal of nit rie oride from the reaetion solution (entry 2). The 

yield of XXVII produeed was still about 25% when acetic aeid containing 

very minor amounts of dissolved oxygen was used (entries 3 and h). 

OH 
/ 

F:=: N 
0.5 or 1 me. Pb(OAc)h 

) 
HOAc 

·ir 

(02-free or minor amounts) 

XI XXVII (10-25%) 

A more eareful report for variations in yields of XXVII is not given sinee sorne experiments were not more reprodueible than the L'ange indieated. 
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In aIl the reactions described above (Table VIII) there was 

also formed, in minor amounts, a compound identified as fluoreüoüe 

oxime O-acetate (XXXV). Its mode of formation will be taken up in the 

discussion. 

2-1. 2. Nolecular . .oxygen 

The stability of fluorenone oJo.me in glacial acetic acid 

containing dissolved air-:~ was tested by leaving it in solution, at room 
temperature, for twenty-four hours{:-l:-. A precipitate was obtained in 

13% yield consisting of the fIuorenyliden:iJninyl leetal of fluorenone 

(XXVII). The mother liquor consisted of 60% fluorenone (XXVIII) and 

25% 9,9-dinitrofluorene (XXVI) (t .1.c. and IR). : 

OH 
/ N02 /O-N==F / HOAc 

F=N ~ ~ {> F:=O {> F Dissolved air 
"

N0
2 "O-N=F 

XXVI XXVIII XXVII 

A reaction conducted as above in the absence of light led to the same 

product distribution. 

In a blank run, bone-dry nitrogen was passed through a solution 
of the oxime in glacial acetic acid. Fluorenone OXim0 was recovered 

quantitatively. On the other hand, when oxygen was blown through the 
solution, the formation of leetal XXVII was suppressed, while fluorenone 

-li- A freshly opened commercial bottls (Anachemia) was used. Saturation with oxygen did not alter the resu1ts. 
--3Hr 

The disappearance of oxime was monitored by t.l.c o On1y a minor amount of products had formed after 12 hours. 
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T J\BLE VIII-A 

LEAD TETRAACETATE OXIDAT ICN OF FLU OUEN Q\JE OXIHE IN 

OXYGEN-CQ\JTAn~ING GLACIAL ACETIC ACID 

PRODUCT 

/O-N-'F 

F 

F 

"O-N==F 

XXVII 

/N02 

"NO 
2 

XXVI 

o 

20 

F==O 50 

XXVIII 

/
OAC 

F==N 
XXXV 

OH 
F==N/ 

~ 10 

~5 

PRODUCT YIELD 

AT MOSPHERIC 

o o 3 

22 20 15 

-6:10 .6:10 ~5 

~5 

(MOLE %) 
OXYGEN 

BUBBLING 

1:1 

o 

25 

~10 

1 Molar ratio oi' oxime XI to lead tetraacetate. 

NITROGEN 
BUBBLING 

1:1 

L~ ? 

(10)':> 

12 

2 Dropwise addition oi' lead tetraacetate. In aIl other cases the latter was added in one scoop. 

3 Yield obtained vlhen 1 g oxime XI ,.-las used in place of usual 585 mg. 



TABLE VIII-B 

LEAD TETRAACETATE OXIDATION OF FLUORENONE OXIME IN OXYGEH-FREE GT.A.CIAL ACETIC ACID 

PRODUCT YIEm (~2 

Reactant. Reaction /O-N=F /N02 ENTRi 
Ratiol Time in Conditions F F F=O F=N\ F=N\ 

hours 'O-N=F 'NO OH OAc 2 
XXVII x.-x:vr XXVTII XI XXXV 

Helium 1 
l 2 11-25%'+ 4% 22% 40% ~5d 

atmosphere .....: ;0 

2 2 Helium 15% 3% 20% 40% ~5'10 bubbling 1 

3 
1:2 1 Helium 2 26% 4% 21% 20% ~7% atmosphere Iv'1 

co. 

4 2 Nitrogen2 16% 4c1 17% 25% ~7% bubbling 02%)3 ;0 

5 1: Nitrogen 25% 20% 24% ~5% ~6% 2 atmosphere 
1:1 

1: Nitrogen 6 2 atmosphere5 20% 

~ 1-folar ratio of oxime to lead tetraacetate. 
Glacial acetic acid .vas purged .dth dry gas just prior to 
use. In aIl the other experiments, oxygen-free acetic 
acid ''iaS used 0 

3 Double the reagents viere used. 
4 Variations under similar experimental conditions l-rere 

obtained. 
5 Dro~dse addition of lead tetraacetate solution. 
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and 9, 9-dinitrofluorene l;lere obtained in 65% and 30% yield respectivelyo 

The mddation of fluorenone OJdme by molecular oxygen dissol ved 

in glacial acetic acid vIaS suppressed by the addition of vIaGer (M 10%), 

concentrated hydrochloric acid or trifluoroacetic acid (50%). No reaction 

occurred in pure trifluoroacetic acid either. The use of other solvents 

(see Table IX) also led to no reaction. 

The oxidation did not proceecl in absolute ethanol containing 

potassium hydroxide nor in glacial acetic acid saturated vrith anhydrous 

sodium acetate~". 

TABLE IX 

AUTOXIDATION OF FLUORENONE OXIME 

Reaction conditions 

HOAc-saturated with oxygen 

HOAc-blowing oxygen 

HOAc-blowing nitrogen 

HOAc-O!H+ (H20, HCI or 

CF
3

COOH) 

HOAc-02-NaOAc 

Benzene-02 
EtOHjEther (9:1)-02 

Et 0 HjKOH-O 2 

F:=O 

XXVIII 

60% 

65% 

Yield of Products (mole %) 

25% 
30% 

-~i-
Sodium acetate is a weaker base than the sodium salt of fluorenone 
oxime (see exper:i.mental). 
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Since the autoJddation reaction described above (surnmarized in 

Table IX) led to the sarne products as those obtained in the lead tetra-

acetate ox.i.dation of fluorenone oxirne in glacial acetic acid, it seerned 

likely that the formation of the :iminoxyl ra.dical XIR \'Tas probably the 

same primary process in both cases, leading to the formation of nitric 

oyJ..de and/or nitrogen dioJdde in secondary steps. The formation of 

/
OH Olt 

/ 0 ? Pb(OAc) l" 
F==N - ~ 

or 02 
F==N

1t 
--~ -~ NO and/or N02+--

/N02 
F 
'NO 
XXVI 2 

Âr 
~andjor 

XIR 

9,9-dinitrofluorene (XXVI), in particular, may have been due to secondary 

reactions wi:th nitrogen diox:i.de. 

It is interesting to note that the autox.idation of fluorenone 

hydrazone (XLIV), conducted as for fluorenone orime, led to quantitative 

formation of fluorenonazine (XXXI)1(-. If the autoxidation followed a 

reaction path sirnilar to that shown for fluorenone oxime (XI), secondary 

products would be minimized since inert nitrogen, rather than nitrogen 

oxides, might be expected as a side product. 

XLIV 

? 

---=~ -N 2 

This represents a new, facile method for formation of XXXI. 

XXXI 
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It l'laS shovm in sedion 1.1 that nitric oxide vJas generated 

in situ in the lead tetraacetate oridation of fluorenone oxime (XI) in 

glacial acetic acid. When nitric oride ViaS passed through an oxygen-

free acetic acid solution of orime Xl, no reaction occurred. However, 

addition of the orime to an acetic acid solution saturated with nitric 

oride exposed to air led to quantitative formation of 9,9-dinitrofluorene 

(XXVI) • vIhen the reaction 'trJas repeated i\r:i.th an acetic acid solution 

saturated i'Tith nitrogen dioxide, the same results were obtained o 

~ 
HOAc 

,. /N02 
N0

2 
F 

?> ' N 02 

XI XXVI 

Since nitrogen dioride is a potential one-electron oJddizing agent, it 

ViaS decided to use it to simulate the lead tetraacetate oriclation of 

fluorenone oxime. The dropwise addition of a dilute solution of a one 

mole equivalent of nitrogen dioride in glacial acetic acid to t.he orime 

in oxygen-free acetic acid led Lo t.he forwaLion of 9, 9-di.fluorenyliden-

irninoxylfluorene (XXVII) in four percent yield. Unreacted orime still 

remained (40%), while fluorenone and 9,9-dinitrofluorene (XXVI) were 

formed as the major products in about 15 and 30% yields respectively. 
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HOAc 
--~--~ 

/0): 
-H-F=:N 0 

l mole N02 
Il 

/0- N==F 
F ~. 

"O-N=F 

XXVII 

2-1.4. Ionic-type oxidizing agents 

? 

F==O 
/ N 02 

F. 

" N02 
XXVI 

In t.he oxidation of fluorenone oxime with nitrogen clioxide, 

the primary step probably led to formation of nitrous acid. Its 

effect as a nitrosating agent was therefore irrvestigated. 

A dilute solution of aqueous sodium nitrite was slowly added 

to fluorenone oxime in acetic acid. No reaction occurred. Since these 
were typical nitrosating conditions (44), it was clear that fluorenone 

oxime did not react in an ionic fashion with the nitrous acid generated 

in situ" 

vJhen the reaction was repeated by adding solid sodium nitrite 
ail at once, rnainly 9,9-dinitrofluorene (XXVI) was formed due to the 

expected generation of nitrogen dioxide in situ~H*" (44,45). 

The mechanism is dealt with in the discussion (5-h). 
~Hr 

Heported for aqueouG solutions but a qualitative study for the above systems indicated analogous results (see experimental). 
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F=:O 

XXVI (rrd.nor) 

The selective OJddation of fluorenone oxime via a free radical 

process 1,'IaS furlher demonstrated by its resistance to oxidation by 50% 

hydrogen peroxide, 40;~ peracetic acid, and by the lead tetraacetate-

boron trifluoride ethereate oxidizing mixture. The last-mentioned 

procedure has been used to convert a phenol to a di en one (l~6), as shown 

belo'Vl. 

Pb(OAc)~BF3·Et20 
R. T., 10 mins. 

As above 

24 hrs. 

CH'30H 
'-----'------~ 

Pb(OAc)h 

Inmlediate Product 
Formation (see 2-2.1) 
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2-2 9 .Qxidation in r.letl)ylene Chloride 

2-2.1. General solvent effect in lead tetraacetate oxidation~ 

Glacial acetic acid has been reported as favouring ionic or 

free radical reactions in lead tetraacetate oridations (4.7), according 

to the substrate being OJddized. In the oxidation of fluorenone oxime, 

the nitro:xyl radical (XIR) is produced in glacial acetic acid as v1ell 

as in methylene chloride (h8) 0 However, ltJhen solvents other than glacial 

acetic acid l'lere used in the lead tetraace-c.ate oxidation of fluorenone 

orime, a radical change in product formation occurred. 

Reaction of a one mole equivalent of lead tetraacetate \rith 

fluorenone ox:i.me in methanol was immediate. A yellow solution viaS 

obtained from which about 30% of starting oxime was reC0'.r0!'cd 4 Aside 

from four minor unidentified products and fluorenone (AlVIII), a new 

maJor compound XXX, fluorenonazinemonoxide, was formed. 'rhe use of 

highly polar dimethyl sulfoxide, wet ether, benzene or methylene 

chloride as solvents in the above reaction led in aIl cases to formation 

of fluorenone (XXVIII) and XXX as maJor and minor products respectively. 

Other mi..'1.or impurities vIere fonned depending on the solvent used. 

0-

1 
F==N-N==F 

+ 

xxx 

The lead tetraacetate OJddation of fluorenone ox.ime l'laS 

investigated in detail in methylene chloride because Ci) the simplest 

product distribution llJ8.S obtained (t 01. c.), (ii) the existence of the 
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nitroxyl radical of fluorenone orime has been shQ1,'ffi in this particular 

solvent, (iii) the solvent can readily be evaporated at room temperature, 

(iv) lead acetate produced in the reduction of lead tetraacetate is very 

insoluble in this solvent. 

2-2.2. Lead tetraacetat.e oxidation of fluorenone oxime in methène 

.9..l]lorifle 

Addition of a half-mole equivalent of lead tetraacetate to 

fluorenone md.me in methylene chloride, flushed with nitrogen, immediately 

led to a light orange solution. The solution turned brown and after f:ive 

minutes, lead acetate precipitated out. A negative starch-iodide test, 

indicating absence of lead tetraacetate and/or any other reducible 

compounds, was only obtained after 1.5 h01ITS (entry 2, Table X). A 

careful chromatography of the red oil obtained after work-up gave about 

15% of fluorenonazinemonoride (XXX), 50% of fluorenone (XXVIII) and 

min or amounts of dinitrofluorene (:XXVI, < 1%) and ketal XXVII (1-3%). 

When one mole equivalent of lead tetraacetate was used in the 

above experiment repeated in the presence of oxygen, the same product 

distribution was obtained (entry l, Table X) except 'that mu ch unreacted 

lead tetraacetate remained ev en aftel' twenty-four hours. 

The effect of the mode of addition of the lead tetraacetate on 

the product distribution WclS next tested. 

The addition (over a peri ad of 0.5 hour) of a dilute methylene 

chloride solution (02 present) of fluorenone oxime ta a half-mole equi­

valent of lead tetraacetate in methylene chloride led to the same 

product distribution obtained from the addition (aIl at once) of lead 
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tetraacetate to the oxi..me (compare entries 6 and 2, Table X). 

When the above experimenli was repeated with the drop-vrlse 

addition of a half-mole equivalent of lead tetraacetate to fluorenone 

OJdme in oxygen-free methylene chloride, the yields of fluorenonazine­

monoxide (XXX) and fluorenone (XXVIII) remained essentially unaffected, 
even though the reaction proceeded faster than in the case of addition 

of the oJddizing agent aIl at once (compare entries 3 and 2, Table X). 

Hmvever, the yield of 9, 9-difluoreny lideniminoxy Ifluorene (XXVII) 

increased from 2% to about 10;6 (entry 3, Table X) under these reacti.on 

c ondit.i ons • 

In. order to test. the temperature dependence of fluorenonazine­

monoxide (XXX) formation, the reaction was repeated at -150
• The 

reaction was slowed down considerably, but product distribution remained 

unaffected (entry 4, Table X). 

An experiment was conducted to test the role of acetic acid in 
quenching the formation of fluorenonazinemonoxide (XXX) sirIce it had not 

been formed in the lead tetraacetate oxidation of fluorenone oJdme in 

glacial acetic acid. 

A half-mole equi valent of lead tetraacetate was added ta 

fluorenone oxiIne in methylene chloride containing six mole equivalents 
of glacial acetic acid. The reaction proceeded as for the case where 

no acetic acid had been added (compare entries 5 and 2, Table X) but l:JaS 

complete in less time. When the reaction was similarly carried out in 

e"liher containing dry hydrogen chloride gas or concentrated hydrochloric 

acid, the formation of fluorenonazinemonoxide (XXX) was not quenched. 

Tt is important to note that only trace amounts of 9, 9-dinitro-



- 67 -

fluorene (XXVI) 1fere formed in the above reactions, even in the presence 

of air (entries land 6). This was in sharp contrast t 0 the results 

obtained for the mo.dations carried out in glacial acetic acid-l~o More-

over, a major amount of fluorenone (XXVIII) "Tas isolated in the fo1'e-

going reactions v/hose formation cannot be attributed to participation 

by molecular oxygen, as its yield vias constant in the presence and. 

absence of oxygene 

;2-3. Oxidation of Fluo1'enone OJdrne 1ath Potasstum Ferl'icyanide 

2--3,.1. Formation of fluorenonazinemonoxide (XXX) and the bis-oxide 

(XXXVII) 

'l'he potassitun ferricyanide oxidation of ketoximes has been 

reported only for benzophenone orime (31) (see Introduction). The 

"anhydride N-o:x:i.de" of benzophenone o:x:i.me (XXII) was reported as one 

of the products, but no rigorous structure proof was provided. It 11ad 

already been indicated (Introduction) that the more correct assignment 

might be the azine-bis-oxide structure (XXIII). 

-}--

XXIII 

.:~ 

'l'he solubility of oXlJeen in methylene chloride is comparable to that 
in glacial acetic acid (l~3). 



Reactant 
N\JTRY 

Rati02 

13 1:1 

2 

.... 
;; 

4 
1 

1:2' 

5 

6 

TABLE X 

LEAD TE1'RAACETATE OXIDATION OF FLUOREi'WNE OXD·Œ IN IvŒTHYLENE CHLORIDE 

PRODUCT YTRïD (mole %) 
1 Hode Reaction + /O-N=F /NO,., 

of Ti.''lle Conditions F=N-N=F F=O F F <:: 
Addition (min. ) 1 'O-N=F 'NO 0-

XXX LUTIII X1.1lI1 Xn.VVI 

a 5 Air il 43 1 2 

a 904 Nitrogen 15 50 1-3 0-1 

b 20 Nitrogen 14 50-60 8-10 0 

b 120 Nitrogen 15 60 7 0 
_1504 

a 25 Nitrogen5 10-15 50 2 2 

c 50 Air 10-15 50 3 2 

l a. Addition of lead tetraacetate to oxime solution aIl at once. 

2 
3 

4-
5 

b. Above addition ITI.ade dropwise. 
c. Drop,\oIise addition of oxime solution ta lead tetraacetate 

solution. 

Holar ratio of oxime te lead tetraacetate. 
100 mg. oxime 'ioTaS used, compared to 585 mg. of oxirne used in the 
other experimental runs. 
AlI other reactions conducted at room ternnerature. 
1% acetic acid VIas added to the methylene - chloride. 
IR and t .1. c. analysis only. 

2 

F=N/ 
OAc 

XXf:il 

0"-
œ 

.::f 1% 
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It \'TaS hoped that the corresponding oxidation of fluorenonc 

oxime might leacl to the analogous azine~·bis-oxide procluct.. The intor-

mediacy of this product in the lead tetraacetate mddation of J'luorenone 

oxime could then be tested. 

Fluorenone oxime was slmüy added (25 minutes) to potaBsium 

ferricyanide (1. 7 mole equi valents) in aqueous potassium hydroxide 

solution. A cleep orange solution ,-ms formed similar to that obtained 

in the lead tetraacetate oX.i.dation of fluorenone oxime in methylene 

chloricle (Part II). Work-up gave a red oil from which was readil;y 

obtained microcrystals of fluorenonazine-N-bis-oxide (XXXVII) in 3% 

yield. The remaining products consisted of fluorenone (XXVIII) and 

fluorenonazinemonoxide (XXX) in major and minor yields respectively 

(entry l, Table XI). 

When the above reaction was repeated at _50~:-, a light yellovl 

suspension was formed. Upon warming up to room temperature a l'ed oil 

"\'Jas formed. Alt.hough the yields of fluorenone (XXVIII) and azinemonoxide 

XXX remained approximately constant, a :Cive to six-fold increase in the 

yield of the azine~N-bis-oxide XXXVII was obtained (entry 3, Table XI). 

The light yellow suspension formed in the above reaction 

conducted at _50 could be filtered to give a pale yellow,H:- solid which 

spontaneously decomposed to a red oil upon warming up above 00 , with 

evolution of nitrous fumes. Attempts to characterize this solid were 

\1 ~ t 
-1\1\ 

'fhe ox:i.dation of benzophenone oxime at this temperature "vas reported 
to give a higher yield of the lIa nhydride-N-oxidell (XXIII)l wlth azine­
l1l0noxide (XXI) formation being quenched (31). 

Lauer and Dyer (31) had observed a blue oil as an unstable intermediate 
in the ferricyanide oxidation of benzophenone oxime at -50 0 
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unsuccessful-::-. Since the red oil derives its colour l'rom the rad azine-

monoxide (XXX), the latter compound XXX 'Nas apparently formed from the 

unstable solid XLV·H-)(-. The variations in yield of the azine-N-bis-oyJ.de 

(XXXVII) with the reaction conditions (Table XI) also suggested that 

J'ABLE XI 

FERRICYANIDE OXIDA'I'ION OF FLUORENONE OXIME 

Reac'tion Conditions 

Temperature Mode of Decom­
position 

-:r 

Di- decornposed 
jn sit.u as it 
formed 

Dt- '.,'J'as filter­
ed after com­
pletion of add­
ition. Spontan­
eous decomposit­
ion on warming 
(N02 ) 

D:- decomposed 
on warming t 0 

room temper­
ature in sus­
pension after 
completion of 
addition 

XXXVII 

3% 

7% 

15-18% 

XXVIII 

:Major 
product 

(ca. con­
stant yield 
(t .l.c. and 
IR) ) 

xxx 

Ji.1inor product 
(ca. 10-20J.o 

( ea. constant 
yield (t.l.e. 
and IR)) 

An infrared analysis of the chloroform solution of this solid at _100 

warmed up to R.T. showed the bands for fluorenone and its azinemon­
oride XXX, but showed no absorption peaks in the 2300-2000 cm-l region. 
'fhis ruled out. the possibility of any cyanide-containing intermediate 

~H(- (50L 
The solid XLV, which may be a homogeneous compound, is labelled for 
fatm'e l'el' el'enGe. 
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this compoundwas formed, at least in the greater part, from the unstable 

solid XLV. 

A comparison between the potassium ferricyanide and the lead 

tetraacetate oxidations of fluorenone oxime could n01:1 be made in the hope 

of shedding some light on the mechanisms responsible for the formation of 

observed produc"ts ~ 

2'-3.2. Com12arative study of j:-he lead tetraacetate oxidations of 

fluorenone oY~me 

Glacial acetic acid 

In the lead tetraacetate oD.dation of fluorenone oxime in glacial 

acetic acid> not a trace of fluorenonazine-bis-oxide (XXXVII) was obtained. 

The intermedialc formation of this compound XXXVII Gan rigorously be ruled 

out because 

Ci) it was f01Üld to be inert to lead tetraacetate in methylene 

chloride and in acetic acid-methylene chloride (1:1); 

(ii) it was insoJnble in glacial acetic acid but was readily 

precipitated, unchanged, from methylene chloride with the addition of 

glacial acetic acid. 

Other solvents 

Although o.xidation of fluorenone orime with lead tetraacetate 

in solvents other than glacial acetic acid led to the formation of the 

azinemonoride XXX, no azine-bis-oxide XXXVII was ever detected (see 2-2). 

\llhen the lead tetraacetate oxidation of fluorenone axime was 

carried out in ether-methylcnc chloride (92:S) nt ,_SOo, a pale ycllovl 
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suspension formed "Jmeh turned light brm-m at -300 and orange at _100
• 

After 12 hours of stirring, the suspension at _100 "vas filtered ·to give 

a solid consisting only of unreac"ted lead tetraaeetato (30% of t.otal). 

No unstable intermediate sueh as XLV nor any azine-bis·-oride XXXVIIi'las 

deteeted nor isolated. The mother liquor eont.ained fluorenone, rJ.uorenon­

azinemonmdde (XXX), and unreacted fluorenone mdmo. 

The above reaetion l.V"as repeated at -700 in mothylene GhloX':i..de­

ether (3: 2). Addition of lead tetraaeetate immediatel~~, a1'fordec1 .,1 

suspension vJhieh \V"as filtered after 17 hours at --70° to give about 50~; 

of fluorenone oxime. HO\'Jever, addition of forme acid t.o t.heült,61'ed 

solution at -700 preeipitated out lead aeetate eorrespond:i.ng ta about 35% 

of unreaeted lead tetraaeetate. The yellow solution 8.t :Low temperature 

contained fluorenone (IR analysis) but no azinemonoxide (XXX) '\:Ihich 

readlly formed, however, when the solution was wn.rmed up to room temper­

ature. Again, no azine-bis-oride (XXVII) produet had at aIL been formed. 

The possibility remained that any azine-bis-oxide x:.X:XVII t'ormed 

in the lead tetraaeetate oxidations of fluorenone oxime in meth,vlene chlor­

ide may have rapidly reacted with iminoxyl radicals (XIR) or other int.er­

mediates to form fluorenonazinemonoJdde (xxx.). The oxidation of f'luorenone 

orime in methylene chloride with a half-mole equivalent of lead tetraacetate 

was therefore conducted in the presence of some added fluorenonazine-bis­

oxide (XXXVII). The produet distribution was unaffected and the azine-bis-" 

oxLde v1as quantitatively recovered. 
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Oxidation of Other Aromat;c Ketoximos 

3-1. Qxidation of' Benzophenone Oxime 

3-1.1. Lead tetraacetate oxidation in !ü2..cial acet:l.c ac:l.d 

Addition of a one mole equivalenL oi' lead tetraaceLaLe 1,0 

ilCH7.0phonone oyJ.me in glacial acetic acid in the nresence of air led 

Lo rapid eorwumption of. the lead t.etra3.eete:Le (2 rnin.), aecomp::lIüed 

by Lho appearance oi' a light yellm·r-orm-m colour. Artel' six. minutes, 

l:,he pal0 yeJJ.oVJ solution 'Nas worked up. Ti1e resulting oil cl'.ystal1ized 

Crom methanol to give colourless cl'ysta1s of l,l--bis-(diphenylmethyl­

Ldeniminoxyl)-diphenylmethane (XXXIX) in 3% J'ield (entry l, Table XII, 

p. ?f5). Chromatography of the mother liquor on silica gel \'litb hexane 

afforded colourless plates of dinitrodiphenylmethane (XXXVIII) in 30% 

y:Leld. I~ut'the:r elution .. .ri.th oenzene gave 50% of benzophenone (XL) 

(:Ldent:i.:f:i_ed by t, .Le. and IR analysis). Elution VJith ether gave 12% 

of an oiJ. containing a 1:1 mixture of benzophenone orime and a compound 

l~entatively assigned (t.l.c. and IR) as benzophenone oxime O-acetate 

(XLVI, analogous to XXXV). 

When lead tetraacetate was added to benzophenone oxi.me Ül 

oxygen-free glacial acetic acid in an inert atmosphere, immediate reaction 

occurred to give él. brown solution 1rlhich tur'ned green after a fe1'J seconds 

and green-brown aftel' one minute. The lead tetraacetate vIas consumeo 

during th:i.s time. 

Extraction and crystallization froIn methanol again gave corn-­

pound XXXIX in 2.6% yield (entry 2, Table XII)" Chl'omatography of: the 
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mother liguor gave dinitrodiphenylmethane (9%) and, in l17~ yield, nitrimine 

XLI. Further elution on silica gel afforded, in 6h% yield, crystals of 

benzophenone (XL). Finally.? about 5% of an oil vIas obtained which 

consisted ma,inly of benzophenone oxime and a minor amount of benzophenone 

ox1me O-acetate (t.1. c. and IR). 

& 
cl> ci) 

l ,,/N02 l' • .n, /,/L<5\ '--0 "fJo 

(i)/". N02 
v /'-

N d, q) 
ct> 0 1 

1 1 

Pb(OAc)h 

>==N '" ~ ,,< XXXVIII XL 
HOAc / 0 cp OH N
2 

atm. cp 1 cp 
N 

.. ~. - .... 

'" fZ5 r )-1\1'" 
Cp N02 

fZf 

XXXIX XLI 

'l'he x'esults obtained so far for the reaction of lead tetra-

acetate with benzophenone oxime in glacial acetic acid are shovm in 

'fable XII (entries land 2). 'fhe presence of o.xygen in the above 

oxidation caused an increase in the yleld of dinitromphenylmethane 

(XXXVIII), as viaS found in the analogous oxidation of fluorenone orime. 

'l'he formation of the nitrimine of benzophenone (XLI) in the absence of 

oxygen, the formation of ketal XXXIV in a lo~, yield (3-L~~s) vrhich was 

unaffected by oxygen, and the short reaction time, l'epresent the major 

differences l'rom the results obtained. for fluorenone oxime. 

Dropwise addition (15 minutes) of lead tetraacetate to benzo-

pl Ionone oxi.mo in glacial acetic acid in the presence of air led to rapid 
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and quantitative reaction of the oxime. If formation of ketal XXXIV 

were dependent on froe orime concentration, an increase in its yield mi8ht 

be expected undor these conditions. In fact, no cl1ange in the yield of 

lœtal XXXIV was obtained (compare entry 3, Table XII). Benzophenone 

was still formed in about 50% yield, whi1e there 'l'laS little change in 

the yield of dinitrodipheny1methane (XXXVIII) (compare entries 3 and l, 

Table XII). 

3-1.2. Lead tetraaeetate oxidation in_methylene chloricle 

Addition of a ha1i'-mole equi valent of lead tetraaeetate to a 

rapidly stirred solution of benzophenone oxime in methylene chloride 

(0
2 

present) gave instantaneously a yellow suspension which turned to a 

brown-green and then to a yellow-green. 'l'hese coloul' changes aIl toolc 

place within one minute, at which time the lead tetraaeetate was 

completely eonsumed. Filt.ration gave 85% of the expecl:.ed lead 

aeetate. Chromatography (t.Le.) of the mother 1iquor gave benzo­

phenone (60%), an oil (5%) containing IIk1.inly benzophenone oxime 0-

acetate (XLVI) (see experimental), and a new crystalline compound XLIII 

(35%), having an Rf value smallel' than that of the oxime. One crystal-

1ization from ethanol afforded yellow mierocrystals of benzophenon-

azinemonoxide (XLIII). 'l'he infrared spectrwn of the crude mixl:.ure vl'd.S 

eompatible vJith the presence of l .. hese eompounds and shm'led strong pealw 
-1 at 1765 and 1710 cm due to acet.:Lc ac:Ld forrned :i.n the courSG of Lhe 

l'eaction. 

A half-mole equivalent of 1ead t,etraacetate addecl Lo henZ(J-

phenone OJc.ime in methylene chloride in 15 minutes '-Jas cOlUpletel~v c:onslUned 



by the end of the addition. Infrared and t.1. c. analysis indico.ted 

essential1y the same product distribution as for ro.pid addition (compare 

entries :> and lr., Table XII). 

Addition of a one mole equi valent. of lead tetraacetate to 

benzophenone orime in methylene chloricle led to :irranediate prec:Lpitation 

oi' lead acetate and formation of a green suspension. Al' ter t1'lO nri.nutes, 

[:, .1. c. ü.nalysis indicated the presence of minor ü.mol.mts oi' a compound 

hav:i.ng the same Hf value as start:Lng oxime (oxime or orime acetate) and 

major amounts of benzophenone (XL) and d:Lnitrodiphenylmethane (XXXVIII). 

Infrared analysis confirmed the presence of ketone XL and gem-dinitro 

compound XXXVIII and showed bands characteristic of acetic acid. No 

benzophenonazinemonoxide (XLIII) could be detected. Unreacted lead '. 

tetraacetatc'3 remained even af'ter L~8 hours. vlork-up ai'forded lead 

é:1.cetate (50% of theoretical) and lead oride corresponding to ca. 20jb of 

unreacted lead. tetraacetate. An in:f.'rared analysis of the crude oil 

obt.ained after work-up showed approx:i.mately the sarne product distribution 

as had been obtained in the ox:i .. dation conducted in glacial acetic o.cid 

(compare Gntries 6 and 1, 'l'able XII). 
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Benzophenonazinemonoxide (XLIII) had not been t'ormed in the 

above oxidation n(j)r been further OJddized by unreacted lead tetra-

acetate, since it .. ras found to be unreo.ct:i.vo tO\\fards thü-3 oxidizing 

agent. 

3-1.3. Molecular m~.Bell 

It has been shovm that. fluorenone ox:l.me l'oncLecl wiLl! oxyp;en 

:1.n dry glacial acetic acid as ~:wlvent (2-1.2). Although oxygen did not 

part:Lcipate :in the formation of benzophenone L'rom the lead tetraélcetate 

oxidation of benzophenone ox.lmo (see 'rable XII), it lflas of mechanistic 

:i.nterest to Imow lf/hat products \'Tould form in the autoxidation roadion 

of the latter. 

\'Jhen benzophenone oxime \\fas loft in 10% aqueous acetic acid 

saturated vJith oxygen, no reaction occurred. HOl/'fever the mcime l'Jas 

completely converted to benzophenone (major) and dinitrodiphenyJJnel:.rJano 

(XXXVIII, minor) ''1hon allov/od to stand for 2h hours in dry glacial acetic 

acid saturated vli'th oxygen. 

3-1.4. Nitrogen dioxide 

'l'he addition of benzophonone ox:Lme to a solution oi' nit.rogen 

dloxide in methylene chloride or acet:i.c acid led to Tormati.on of dinitro'-

d:i.phenyJJnethane (XXXVIII) as ma:jor product. 1\ more deta:i1ed study Ü3 

presented in Chapter 4. 
ep 

N0
2 

<P
XN02 cp )-N ~ +- > 0 cp - "OH cp N02 

~ ....... ,:;,. -
cp 

:XXXVIII (minoI' ) 
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TABLE XII 

LEAD TE1'RAACETATE OXIDATION OF BENZOPHENOiliE OXIl:Œ 

-l<-1/1 

ROAe/air 

l 

3% 

30;; 

O~ /~ 

1/1 

HOAc/N
2 

·~-;~-2 

3G1 
I~ 

v('d) ." 4;:; 

ad 
1/° 

11% 

.L~/1 1/1 l/l 
-/2 -'2 

HOAe/air CH2Cl,-,/air , . .::: 
-r.-~-3r h 'f5 

3d 
fO 

25% 

lei _,0 

0% 

0% 

0% 

07:~ 

1""""1 cf 
U;a 

0% 

.l­
ï 

1/1 

6 

0;; 

ca.30;; 

ne: 
vlCl 

( continued) 
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TABLE XII (continueà) 

PRODueT 

~ 

)=0 
~ 

XL 

'p )=i" / OAc 

~j 
XL"VI 

:~, 0 

>=~ 
~ 

;\T=< _. 

~, ~ 
XLIII 

-:~-l/l 

HOAc/air 

1 

50% 

-r:! 
") /0 

Oc! 
/0 

1/1 

HOAc/air 

-~~~2 

607; 

5% 

O~; 

1/1 
l 1/= - 2 

HOAc/air 
.l 

-:;-;:-3 s ~ 

50% 60% 

lO;~ ~c-' 
')12 

O>~ 35~:; 

1/1-- 2 
-'-T rol! . Gr_

2
v-;___ al.r 

'f5 

T / Oc: Cc::. ,0 la 

5~,; 

l '-'5 C ! ca.;> l" 

1/1 

/ 
0 

;.~ 

i r:: c:' ca. )Olà 

5-lœ~ 

O~; 

.. ~~ Ratio of oxime to lead tetraacetate. Unless othervlise stated, 500 mg. of ozime Has oxidized . 
t x- 2 g. of oxime l'rere oxidized. 
r Dropi'lise addition of lead tetraacetate. Unless other1:lise stated, the latter ~':as added all at 

once. 
~-
l Infrared and t .1. c. a.n.alysis. 

-...J ---a 
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~n~Q lead tel:.raacetal:.e oJ....'i.dation of xanthone orime (XLVII) 

nrighl:. he: i~-,::pectt~d to proceed ùifferenl:.ly l'rom that of 1'luoreno11e mdme 

because o:CGhe electromeric effect of the bridged oxygena An ionic 

reaction proceeding through heterolyt,ic-;;- cleavage of the organolead 

intermediate sho'ltm be10w might be expec"ted to lead to the gem-nitroso-

acetate XLVIII. 'l'his type of product was obtained by Iff1and (25) from 

unhindered aliphatic ketoximes. 

/ 
-=N 

XLVII 

---» 

OH 

)-

OAc 
----7 

XLVIII 

o 
\ \ 
N 

-} Pb(OAC)2 
OAc 

In order to investigate thi:3 effect, a study of the lead tetra-

acetate oxidation of xanl:.hone o::dme was undertaken. 

'l'he elec'l:.ron-i'eeding effec"t orthe bridged o:xygen was c1early demon­strated by the inabi1ity of xanthone to react vrlth hydroxy1amine hydro­ch10ride to form xanthone oxime. In contrast, 1'luorenone orime vias reaclily formed under these conditions. 
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1ead tetraacetate reacted rapidly and quantitatively (3 

minutes) ll1ith a one mole equivalent of xanthone oxime in glacial acetic 

acid in an inert atmosphere. The initial dark brown solution faded 

to a pale yellmv solution aftel' 10 minutes. Addition of 1-vater gave a 

colourless solid which consisted mainly of xanthone (-.. 90%, XLIX). 

Only one other product, tentatively identified (t o 1.c. and IR) as 

the oxime O-acetate (.-.J 10%, 1) was detected. 

OH 
/ 

N 

~ Pb(OAc)4 p 

HOAc 
N

2 
atm. 

o 

XLIX 

OAc 
/ 

N 

1 

When the reaction l'las repeated :in the presence of air, a 

yellow solution inunediately formed. The pl'oduct consisted of three 

major and six minor components. No xanthone (XLIX) or 9,9-dinitro-

xanthone (11; 4-2) could be detect.8d (t.l.c.). 

Xanthone oxime reacted quantitatively with a one mole equi-

valent. of lead tetl'aacetate (5 minutes) in oxygen-free methylene chloride. 

1ead acetate (92% Th.) and xanthone (100% yield; t.l.c., IR and mixed 

m.p.) l:J"ere obtained. When the reaction was l'epeated in the presence of 

air, xanthone ( &--75%) and a minor unidentified product (t.1.c.) were 

formed immediately. 

It was apparent from the above observations that 1) a 1'ree 

radical process must be important in the lead tetl'aacetate oxidation of 
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xanthone orime carried out in glacial acetic aeid sinee the produet 

distribution lvaS markedly affeeted by moleeular oxygena 

2) 'l'he expected ionic reaetion of :;mnthone oxime vrlth lead 

tetraacetél;te might be operative in the mddation carried out in 

methylene ehloride since oxygen had a minor effect, on the yield of 

xanthone. 

3-3. Q::rJ.dation of Indanone QJdme 

VJhile the lead tetraacetate oxidation of unhindered aliphatic 

lcetmdmes (25) led to gem-nitrosoacetate (XV), the OJeLdation of bis­

aryl-lcetox.i.mes led to a number of rather different products (Chapt ers 

2 and 3). It was therofore of interest to study the lead tetraacetate 

oxidation of indanone oxime (LII), which had a structure intermediate 

between the above oximes o 

The addition of a one mole equivalent of lead te'!:,raacetate to 

indanone orime (LII) in ~n-free glacial acetic acid afforded a 

fluorescent green solution (1 min.). When t.he lead tetraacetatü was 

completely consumed (16 min.), a dark turquoise solution rernained 

containing indanone (LIlI) and a ne\.". product LIV, which decomposed 

mainly to indanone upon worlc-up (t .Lc.). 'l'he colou!' of this new 

product (turquoise spot \.".hen eluted on t.l. c.) and its facile decomposition 

to indanone made the gem-nitrosoacetate structure LIV likelyl:-. 

--lE-
Analogous results were reported for t.he lead tetraaeetate oJddation of acetophenone oxime while our worlc was in progress (24b). 
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e1 ~~~ 

l,III 

NO 0X)0AC 
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't'rorlc­
up 

W 
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vJhen the reaction was repeated in the presence of oJtygen:> the 
same reaction time and colour changes were obtained. Worlc-up gave 

indanone as the major product (ca. 75% Yield). The absence of any 

nitration products, obtained in the analogous oxidation of fJ.uorenone 
oxime, was confirmed. by comparison (t.l.c.) of the reaction mixture with 
ni.tration products independently obtained from indanone orime (4-2). 

This distinct difference in behaviour between indanone orime 
and fluorenone orime was also found wh en the lea.d tetraacetate oxidation 
was carried out in methylene chloride. 

A one mole equivalent of lead tetraacetate t'las completely and 
rapidly (2 min.) consumed by'indanone oxime in methylene chloride to 
afford a green suspension. Lead acetate was isolated in 90% yield o 

Analysis of the mother liquor (IR and t.l.c.) indicated the presenc,e of 
acetic acid and indanone (> 50%). No product t'lith an Rf value correspond­
ing to that of an azinemonoxide (see Table IV and 3-102) could be 

detected o 
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3-4. Oxidation of Benzil Anti-monoJClme 

'l'he iminoxyl radical of biacetyl monoxime (XIIIR) was reported 
'to be more stable tha.n that of fluorenone mame (XIR) (see Table 1) 0 If 

this stabilization were due to thet'l(-keto groupJ1 '''hen the iminoxyl 

radical of benzil anti·~monQ)dme (LVR) '"Tould be stabilized in an analogous 
fashion. 

li 

HO" 
0,0 0'" 0 , "t! 

" .;> [01, 0 N 0 N )} .. _-~ > N 

H Il :;J 

q) <P 
sta.ble F cp <P 

LV LVR XI
R 

The lead tetraacetate oxidation of benzil anti-monoxime was therefore 
studied. 

l'he oxidation of benzil anti·-monoxime (LV) with one mole equi-
valent of lead tetraacetate in o~gen-free glacial acetic acid proceeded 
instantaneously and quantitativelyo Pale yellow crystals consisting 

mainly of a new compound LVI and a minor amount of 'a product tentatively 
identified as benzil anti-monoxime O-acetate (VLII, see experimental) 
were obtained o Attempts to purify the new compound LVI '\'lere unsuccess-
fuI. Chromatography of the crystals on silica gel gave mainly benzil 
(LVIII). The follmdng partial structure for LVI was tentatively 

assigned from the strong absorption bands at 1580 cm-1 and 1360 cm-1 (IR, 
CI'IC~):> charact.erist.ic of the N -:> 0 functional group (36L 
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LVI 

OAc 
/ 

o N 

)U~ 
<Q 0 

LVII 

An azine-bis-N-o.x:i.de structure (cf. XXIII) seemed unlikely 

in t.he light of the observed stability of compound LVI to concent.rated 

hydrochloric acid. 

The free radical nature of the reaction was clearly demon-

strated by the rnarked effect of oxygen on the reaction course. When it 

was repeated in glacial acetic acid containing oxygen, the new produet 

LVI was formed, as well as benzil (LVIII) and three other produets 

(t.Le.). 

0 0 Pb(OAc)4 
~ LVI (?) J-L\ HOAc + 

{> - "'" 

°2 (Q çO 

LVIII 

The ox.i.dation conducted in methylene chloride was complete 

w:i.th a half-mole equivalent of lead tetraacetate (as for fluorenone and 

benzophenone oximes), and led to benzil as the major product (see 

experimental) • 
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ChaRter L,. 

Geminal Dinitromethanes 

The unexpected'l:- formation of gem-dinitromethanes in the lead 

tetra2.cetate oxidation. of :f.luorenone oxime and benz.ophenone mame 

probably resulted from secondary reactions caused by the production of 

nitric oy,ide in situ (Chapters 2 and 3). Since o:xygen increased the 

::rields of gem-dinitromethanes in the above oxidations, it appeared tha:t 

nitrogen dioxide, formed from the reaction of nitric oxide and oxygen, 

rnight be responsible for the generation of the dinitromethanes. Since 

the latter compounds did not appear to be formed in the lead tetra-

acetate oxidations of indanone oxime (LII) and xanthone oxime (XLVII), 

i tl-laS of mechanistic interest to ascertain whether these oximes could 

react ,-Jith nitrogen dioxide to form gem-dinitro derivatives. In this 

-day, authentic samples might also be acquired. 

The reaction of the forementioned aromatic ketoximes "dth 

l1itrogen dioy,ide was therefore studied in detail. Before reviewing the 

results, a brief account of the methods available for the formation of 

gem-dinitrûme-thanes of aroillB.Lic cOlilpounds will be presented. 

Ponzio (10), who studied the reaction of ketoxi.mes with 

nitrogen dioJade, at the turn of the century, reported that aromatic 

l:etoximes such as benzophenone oxime and acetophenone oxime did not lead 

to any gem-dinitro products (see Introduction). A conflicting report 

:~o geminal dinitrornethane products had been observed in the lead tetra­
acetate, potassium ferricyanide or ceric ammonium sulfate (32) oJddat­
ions of any oximes (see Introduction). 
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by R. Scholl (11), at about the same time, indicated that benzophenone 
oxime reacted llJit.h N02 to gi ve high yields of a product which, in the 

light of our "lrJ'Orle, was definitely dinitrodiphenylmethane (XXXVIII) 0 

Other methods available for formation of geminal dinitro 

compounds are of limited applicability or very inefficient (51). 

The most general method reported to date for t.he formation of 

gem-dinitro compounds involves the oxidative nitration of nitro-

compounds by a silver nitrite-silver nitrate mixture (52). 'rhis method 

proved most useful for the preparation of aliphatic gem-dinitro compounds 
(III) • 

1) aq. NaOH-NaN02 

R,RI "" alky1 

Aromatic gem-dinitromethanes, however, v.rere formed in pOOl' yield due to 
the predominance of oxidative dimerization, as typified by the oxidation 
of 9-nitrofluorene (UX) which 1ed mainly to the nitro dimer LX. 

as 
above 

LX (76%) XXVIII (8%) XXVI (8%) 
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The nitration of active methylene groups leading to aromatic 

gem-dinitro products vTas also found to be an inef ficient process (53). 

Dinitrodiphenybnethane (XXXVIII), for mmmple, could only be for-med in 

307~ yield from diphenylmethane under optimum conditions o 

cb ')/H 
l "'H <p 

N02/NO 
------~. 

CCI 
l~ 

Ca(N0
3

)2 
5 days 

XXXVIII 

In summary, we have seen that methods erist for the preparation, 

in high y-lelds, of aliphatic nitro compounds but none for the correspond­

ing aromatic series. 9,9-Dinitrofluorene (XXVI) has been prepared in 

8% y-leld (52) l.vhile dinitrodiphenylmet.hane (XXXVIII) was prepared in 

30% yield by a slow and complicated met.hod (53). 

Just prior to the vIriting of this thesis, a private communication 

was received concerning the ceric ammonium nitrate oridation of aromatic 

oximes (32). Chapman and I-1eckert discovered, to their surprise, that 

the oridation of the oximes of fluorenone, benzophenone and acetophenone 

led to forma"tion of the corresponding dinitromethane derivatives in 

the yields indicated belmv. 

/ N 02 
F 
' N 02 

XXVI (l~2-55%) 



-- 89 -

(1) 
, • ,/N02 

:..... /'N0 2 q.l = 

XXXVIII (La%) 

C0 
)- _. N~~OH 

H?C 
..J> 

as above 

(19%) 

4-2. Gerninal Dinitromethanes 

The addition of fluorenone oxime to a green solution of nitrogen 

cli.oxide in glacial acetic acid or methylene chloride lad to :i.nunediate 

reaction accompanied by the transient' appearance of a yellow-brown colour o 

Work-up afforded pale yellOltl crystals of 9:> 9-dinitrofluorene (XXVI; see 

4-3 for structure proof) in yields, indicated in Table XIII. Only trace 

amounts of fluorenone were formed'(toloco) from the reaction carried 

out in glacial acetic acid o 

The effect of temperature and mode of addition of the nitrogen 

dioxide on the yield of 9, 9-dinitrofluorene \'JaS studied next. Nitrogen 

dioxide "laS slm.fly bubbled through a solution of fluorenone oxime in 

diethyl ether at oOe. After a fel'1 minutes:> the turquoise solution was 

"VlOrked-·up to gi va in 86% yield pale yellm-J crystals of 9:> 9-dinitrofluor­

ene, homogeneous by tol.c o (Table XIII). The coloUl' changes from 'the 
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initial reaction to the final isolation step did not indicate the 

formation of any intermediate(s) different from that appearing when 

the reaction 1rIaS carried out in acetic acid or methylene chloride o 

The addition of benzophenone oxime t 0 a methylene ch10ride 

solution of nitrogen dioxide led to inunediate reaction accompanied by 
the saIne colour changes observed for fluorenone oxime. H01\TeVC'.œ, 1rJOrlc­

up afforded dinitrodiphenylmethane (ca. 777;), contaminated by benzo­

phenone (15%) and a minor amount of a polar impurity (t.l.co)·)~. One 

crystallization from hexane afforded 57% of colour1ess crystals of 

dinitrodiphenylmethane (XXXVIII, for structure proof, see h-3). The 

same product distribution was found when the above reaction irIaS carried 

out by the addition of nitrogen dionde to the orime in methylene 

chloride. 

Xanthone oxime (XLVII) and indanone oxime (LII) both reacted 

inunediately with nitrogen dioxide in methylene chloride in an ana10gous 

manner. 

Work-up of the reaction solution from the xant.hone oxime 

oxidation afforded an oi1 which readily crystallized from hexane to 

yield 70% of colourless crystals of dinitroxanthene (LI) (see Table 

XIII). The structure proof, given in h-3, is not rigorous. 

Work-up of t.he reaction solution from the indanone oxime 

o.x:i.dation gave a green oil which consisted mainly of indanone, but 

contained tirlO other products (t .l.c.). Attempts to crystallize this oil 
were unsuccessful but chromatography on silica gel gave 75% of indanone 

'l'he analysis was carried out by infl'ared spectroscopy. 
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and about 8% of an oil 1.'1hose infrared spectrum and Rf value on t.1. c 0 

strongly suggested a dinitromethane structure (LXI; Table XIII) Q 

OH 

/ 
N 

0 .-1/ 
o. \ ~~,~J 

o 

--------:> cv=> 
LXI 

Thus" the formation of l,l-dinitroindane (LXI) from the OJddative 

nitration of indanone oxime occurs in no more than 8% yield. 

4-3. Structural Elucidation 

9~9-Dinitrofluorene (XXVI) 

The empirical formula for this ne1tl product 'l'laS C13H8N20l~' 

(mass spectrometrie M.W. 256). The broad peak appearing at 246 mr 

«( 26,000) could be assigned to absorption for the fluorenylidene 

aromatic skeleton (see UV data of fluorene in Table II, p. 17). The 

absorption band at 256 mp~ , characteristic of C=X at the C-9 position 

(Table II), was absent. 'fhe nuclear magnetic resonance spectrurn of 

compound XXVI contained only the complex splitting pattern for the 

arornatic protons of the fluorene s1<:8leton at 7.2-8 p.p.m. The infrared 

spectrum of XXVI contained strong absorption peaks assigned to the asym-

metric and s;ynunetric -N02 stretching vibrations ('l'able XIV). 

Compound XXVI was quantitati vely converted to fluorenone ,üt.h 

evolution of nitrogen dioxide when heated to its melting point. It 1.'1as, 

hm'lever, stablo in glacial ù.cc\:.ic é1cid containing concentrated hydro-

chloric acid. 



- 92 -

TABLE XIII 

NITI10GEN DIOXIDE OXIDATION OF AI1Ol'1ATIC IŒTO.XIMFB 

Yield {mole ~2 

Oxime Solvent ,(N02 
>=0 Others / NO 

2 
OH l 

,../ HOAc 80% lof 10 

N 
CH

2
C12 82% 0% None 

Et.her (00
) 86% 0% 

XI 

/OH 
2 ca. 5% product 

N CH
2C12 57-TI% 15% (Rf < Rf IX) 

A 
<Q çz> 

IX 
/OH 

@6 87f 
14% oil 

CH
2C12 75% (Rf < Rf LII) 

LII 

/OH 
N 

701!~ 
Product 

CH
2C12 0% (Rf> Rf benzil) 

XLVII 

l Actual recovery from oxidation of 100 mg. of orime. 
2 Crystalline product isolated in 57% yield. Rernainder" including lcetone present, determined by IR analysis. 
3 Isolated as an oil and identified only by IR. 
4. Only tentative assignment. 
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TABLE XIV 

ru AND MELTING POINT DATA OF DINITROME1'HANES 

Dinitromethane Found 

130-131 

XXVI 

80 0 5-81 

XXXVIII 

LXI 

LI 

Reported 
RE!"!!,. 

52 

80 53 

1567 (s) 1350 (m) 

1570 (s) 1350 (m) 

~H(-

1570 (s) 1360 (m) 

1560 (s) 1345 (m) 

~~:_ Spectra of pure samples in KBr l'lere talcen, unless otherwise indicated. Solution spectrum (CHC1
3

) of reaction mixture l.1JaS talcen. 
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The foregoing results leave only 9,9-dinitrofluorene as the 

structure representing compound XXVI. The observed pyrolysis of this 

compound most probably proceeded by an initial rearrangement to the 

nitro-nitrito compound (LXII) which nrl.ght then readily lose N20
3

• A 

strong analogy was found in the work of Chapman et al. who observed 

/1 
v/ ~'~O /"--?' 

F 

" N02 

---ê;> --~-> 

XXVI LXII 

that dinitromethanes were converted to the corresponding ketones on 

irradiation (48). In a previous paper, Chapman also showed the 

tendency for C-nitro to C-nitrite rearrangement under photolytic 

conditions (54). The photolysis results of Chapman may thus readily 

be explained as shown above. 

Dinitrodiphenylmethane (XXXVIII) 

Compound XXXVIII analysed for C13HION204 (osmometric M. W 0 26o). 

It decomposed to benzophenone on heating above its melting point. Its 

infrared spectrum cont.ained the characteristic absorption bands for the 

-NO? group (Table XIV). Its ultraviolet spectrurn had a strong absorption 
"'-

for the diphenylmethylidene skeleton (214 mJ~\), but was missing the 

absorptions characteristic of the C::::N functional group conjugated with 

the two phenyl groups (Table VII). 'rhese data parallelled those observed 

for 9,9-dinitrofluorene, and left only dinitrodiphenylmethane as the structure 

representing compound XXXVIII. 
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<b OH 
.) / NO~ =.j\J --~> 

cl) 
1 

+ 

XXXVIII 

.2.."-.9-D:i.:.nitrox.a.nthene (11)_ 

Reaction oi" x.a.nthone oxime (XLVII) ,,,lith nitrogen dioxide in 

methylene chloride gave colourless crystals of a compound 11, m.p. 
o 74.5 , C13HSN205. Its osmometric molecular weight \\'8.S 2870 

The pyrolysis of this compound readily occurred (> 1000
) with 

evolution of br01·m nitrous fumes, as had been observed for the previously 

discussed gem-dinitromethanes. Its infrared spectrwn had absorption bands 

at 1560 and 1345 cm-l, characteristic of the nitro group (see Table XIV). 

HOlvever, a strong band at 1685 cm-l could not be assigned and did not 

occur in the spectra of the other gem-dinitro compounds. 

The ultraviolet spectrum of compound LI in ethanol resembled 

that of x.a.nthene (compare entries 2 and l, Table XV) and lacked the 

intense absorption at 239 ml.}.. found in x.a.nthone (entry 3, Table XV). The 

very strong absorptions characteristic of quinoidal-type structures (entry 

5, Table XV) \"lere also missing. 

In the light of the above evidence, compound LI was tentatively 

assigned the follmling structure. 

11 



TABLE XV 

Il'l Il,,'1'1\ (J;-' XM!TJI!·::m M!:) Xl.:;,'!!:',:::·; C:,:TélU:![J:; 

. CO!U'OU;:n :';OLVI;;r Â nu (IS) RS,,', 

(~~:-------------------------

cv::B CYOIn- 220 (10,000) 273 (nh) (4,771) 
55 Hi::iJ\IE; 248 (9,~52) 281, (6,021) 

XA:lTmm: 

N02N02 

~ 208 (12,eSO) 
El'lW:OL 

263 (11,000) 295 (1,570) 

LI 

0 
'Û 

~ Ü' 239 09,000) 287 (4,200) 
ErHA:WL 

56.:. 261 (12,600) 

XLIX 
276 (7,1,04) 327 (3,452) C

2H
4

C1
2 261 (17,610) 56b 

286 (8,751) 341 (9,452) 

XLIX 

OS03 H j! 

w$ °2H4C12 251 (92,91,0) 334 (72,620) 

. ~ ~ 1 A + 268 (9,452) 392 (9,4L.5} 56b 
H2S0

4 406 (8,751) OH 
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Mech,-mistic Aspect.s of the Oridations of Aromatic Ketoximes 

5-1. Brief Summary of Results 

The le ad tetraacetate oxidation of fluorenone oxime (XI) and 

benzophenone oxime (IX) in glacial acetic aeid led to the formation 

of the corresponding parent !cetones, gem-dinitromethanos, iminyl lcetal 

derivatives (XXVII and XXXIX) and a minor amount of oxi.me acetates (see 

'l'able XVI). 

Pb(OAc)4 
----------~----~~ 

HOAc 

/O-N=C Ar2 
Ar: C 

2 "O-N=C Ar2 

Ar2 = cP, XXXIX 

It was found that .. [hen the fluorenone oxi.me oxidation was effected in 

the absence of oxygen, nitric oride eould be isolated. Moreover, the 

product distribution l:JaS markedly affected by the amount of oxygen 

available (see 2-1.1). Similar results lN"ore obtained from the oxidation 

of benzophenone orime, sinee the nitrimine formation (XLI) was quenehed 

and the dinitrodiphenylmethane (XXXVIII) yield increased when the lead 

tetraacotate oxidation 11'JaS conducted in the presence of oxygen (Table 

XII)o These results indicated the presence of freo radicals and made 

probable seeondary reaetions invol ving nit rie oxide, o:xygen and rütrogen 

dioxide. 
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In cont.rast t.o these results, it was found that the lead 

tetraacetate oxidation of the above bis-aryl-ketoximes (IX and XI) 

conducted in solvenLs other than glacial acetic acid (dielectric 

constants ranging from ca. 2-100) led to a marlœd change in the products 

l'ormed. In particular JI a new product, azinemonoxide (XXXIII-a), "JaS 

obtained. The product. distribution studied quantitatively in methylene 

chloride was nOl.'l insensitive to oxygen and complete oxidation of oxime 

S =1 HOAc 

o~ 

1 

A r2C=~-N=CAr2 

XXXllla 

occurred wi'th onlya half-mole equivalent of lead tetraacetate (see Table 

XVI). Since negligible amounts of gem-dinitro derivatives l'fere formed, 

it was apparent that any nitric oxide generated in situ had a rather 

different reaction l'ate from that observed in the oxidati.ons conducted 

in glacial acetic acid. 

This distinct difference found between oxidations conducted in 

glacial acetic acicl and all other solvents investiga.ted was not reflected 

in the ESR spectra of indnoxyl radicals, which, in the case of aromatic 

lœtoximes, have been reported to be relatively solvent-independent (57). 

n. should be noted that in the case of aliphatic ketoximes, some solvent 

dependency has been observed. Rassat (14),1'01' instance, showed that 

iminoxyl radicals generated l'rom the reaction of aliphatic ketoximes '\rD.th 

lead tetraacetate in meLhylene chloride '\rIere very unstable; hO'\rIever, "Jhen 

the same radicals were formee! by ndxing Iead tetraacetate (moist "l'n.th 



OXIln·; 

~:l0 H /" 1 

, ........ 0 (LV) 

4) N 

~N/OH (XI) 

<1>"'-. /OH 
( LX) r N 

<1> 

~t-

OH 
N/ (XLVII) 

(0) il-

Ü=N-OH 
(LU) 
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TAilLE XVI 

L;'~\lJ 1':,;[;(,\:.r:l·;rll'1'I·; OXJI),\'rIOiI:, OF A!lO:·IIITIr: KI~roXIlIi,:) 

Ki':TO:m 

~IOAc CII2C12 
2 

3 (lg~)' -... 50i~ 

25:': 50;~ 
(~·~O:(,) 

>O-(lO~~ )O'/~ 

~ 9(Jf, 100% 
(01.) (~75%) 

75:" 

G!è:·I".flTtIIl'ilO PilOflUGl' 

1i0:'c GII
2

C1
2 

0% 

20t~ -- l" 
( ....... 2);.:) l' 

');-; 01-
(301.) 

0% 0'" l' 

KIW\l, PflOnUGT 

1I0:'c 

ocl 
l' 

~ 2)~ 
(0%) 

3% 

0'/ l' 

CII
2
C1

2 

2~ 

0% 

0% 

0,' l' 

AlUm:·mlOXIflE 

1I0:'c CII
2

C1
2 

15% 

O;G 3~% 

0% 

l RODultD for acotic acid (IKlAc) aD oolvont aro "iven for 1 molo equivnlont :of loau totrancotato uood. 

oxm:·; 0-IICET/,!';'; 

1I0:'c CII
2

C1
2 

"'"'10% 

",-i 5ï~ ·~l% 

~ 5~ ""5% 

..... 10% 0% 

2 !(ootll:'o for mothylono chlorido (CII
2
C12) au uolvcnt aro Civon for a haH-molo cquivnlont of load totrancotato unod, unlooo 

othonrioo opoci1'iod. A otar(~') donotcs l molo cquivnlont of Pb(0Ilc)4 ~tao uoed in both oolvonto. 

3 Drackotod yiold!} rofor to yiold obtained in tho proDonco of oXYeon. Othorw1oo, y101do ~Ioro unaffoctod by oxye;on. 

4 llitroooacotato, ~Ihich roadily docompoood to kotone, "laD present in ""'50% y101d. 
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acetic acid) with aliphatic lcetoximes, they were found to be much more 

stable. 

The other model oxi.mes studied displayed less complicated but 

diff'erent behaviour and '\rD.ll be dealt vIith later. 

Before discussi.ng the mechanism of the lead tetraacetate 

oxidation of' aromatic lceto.ximes, we sball consider the mechanisms 

operating 1'Jhen nitrogen dioxide, oxygen, and ni tric oxide are used as 

oxidizing agents 0 A. direct. correlation with the results obtained for the 

lead tetraacetate oxi.dations will then be made. 

5-2. Oxidai~ions with Nitrogen Dioxide: Gem-Dinitro Derivatives 

Gaseous nitrogen dioxide exists in rapid equilibrium with 

dinitrogen tetroxide (N
2

0
4

), the equilibrium at room temperature being 

mainly on the dimer side (7). The latter exists mainly as sho~1 in 

structure LXIII but has been found to undergo ionic reactions usually 

attributed to structure LXIV, which has been identif'ied by low-temperature 

infrared studies (5ea). 

0 0-
25

0 

\\ / 
~ +N-N'" -} 

~-- / \\ 

o 0 
\\ Il 
I\I-O-N 

00-

'\ 
-0 0 -0 

LXIII LXIV 

Little is l<no~ of the mechanism of oxidative nitrations of 

organic compounds leading t. 0 gem-dini tro compounds (52,59). The most 

informative results were reportecl in a brier review article in 1963 (60). 

The mechanistic scheme presented "l'las as follows: 
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1 0 l ~ CH + NO ---p (1) CH NO ~? 212 ~ ~ CH=NOH 

A similar scheme had been present.ed (53) for the conversion of diphenyl-
methane to dinitrodiphenylmethane (XXXVIII), 

XXXVIII 

In both of these cases, however, no mechanism was described 

for the nitration of the intermediates leading directly to the gem-

dinitro derivatives. 

'l'he behaviour of dinitroe;en tetroxide as a nitrosating agent 

was weil demonstrated by the vmrk of Nokinov et al. (61) on the aci-

nitro salt of p-nitrophenylnitromethane (LXV) which was converted to the 
benzonitrolic acid VIb, through interrnediacy of the pseudonitrole LX.vI. 
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Direct oridation of a similar aci-nitrolate (XLVII) at 700 ied to free 

LXV LXVI 

H 0-
~.:./ 

N o}~< 

\ 
0-

NO 2 XLVII 

radical nitration products LXVIII and LXIX. 

/OH 

N 

--;;, ~N02~ 
N02 

Vlb (67%) 

o/C(N02)3 

N02 LXIX 

In the light of the above results, we rnay consider the followin[S 

possibilities for the initiation step in the oridation of fluorenone orime. 

/01-1 
F=N + 

------;? 

, t 
o -0 
\\ / 
N-O-N ." \\ o 

Reaction 2 can readily be ruled out sinee fluorenone orime did not under-

e;o any reaction with nitrous acid in e;laeial acetic acid vlhich contains 

NO+ (4.4). Moreover, the n:Ltrat:i.on of aldoximos (62) nt 00 and at 550 

nhlnys led to produets corresponding to a froc racl:Lcnl in:Ltiat:i,on as in 

reaction 1. 
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As previously shown (53,60), ni trous acid ean deeompose t 0 

ni tric oxide and ni trogen diOJdde, but in the presence of excess nitrogen 

dioy,ide l'le need only consider the latter. 

Dim.erization betvveen the iminox;yl radical XIn and a nitrogen 

dioJdde radical would be expected to be very facile since the eleetronic 

and geometric properties of these t,vo radicals have been reported to be 

strildngly similar (20). Only three possible intermediates will be 

considered CA to C), sinee the fourth possibility (D) involves radical 

combination across the oxygens which has not been observed for nitrogen 

dioxide (58) or iminoxyl nitroxide (see introduction) dünerization. 

F= NJ( 
\ 0 

0.1{ 

0-

Ii\ 

\Y 

JtO 
0\ 

l t N=O 

0-
F=N" F=N/ +/ 

F=N" F=N, 0 + ""-+ 
-0".,. / N=O ~ 0 0 N ,/ '. / 

1 Il -0 N 
Il 0 0 

/' 0 N 
Il 
0 

A D C D 
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Int.ermediate B has a structure analogous to fluorenonazine-N·-bis-oxide 

(XXXVII) and aldazine-N-bis-oy,ides (XVTïI) 1'Jmch do not undergo spontan-

eous rearrangement 0 Intermediate B 1'~ould be ev en less likely to 

rearrange due to the delocalization of the negative charge over the nitro 

group. Structures A and B can be further ruled out since rearrangement 

\-lOuld lead to the 9-nitrito-9-nitro-fluo1'ene (LXII) or fluorenone, 

neither of which vJas obtained in any significant yield. 

[oJ / N02 

/NO f ~) F 
"- Q--NO 

A orC ~ 

F. ~ LXII 'O-NO 
-N 0 

2 2 ;:, F=O 

Intermedia'te D '1:!ould have a strong driving force for rearrangement created 

by the positively-charged nitronate nitl'ogen and the nucleophilicity of 

the nitrogen of the nitrite group. The gem-nitroso-nitro-derivative (LXX) 

would be an expected product. 

~O l 1/° -0 ~I 

+/ F-N F-N 

\+ (0 J '\~ F=N ~ ~ N=O \s \ .. 4 \ 

~ ° N/ 
/ N ........ Il) Q-

Il Ov 
0 LXX 

An intermediate similar to D ha.s been postulated in the oxidative 

nitration of nitronates (LXXI) vlhe1'e a more favoured sDc-membered transition 

state was invol ved in gem-dinitr:i.nomethane (III) formation (52) 0 
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----3> 

R ;::-: allcyl or aryl 

/ N0 2 

R2C" 
N02 

III 

'l'he same type of transition state vIaS postuln.ted for gem-dinitromethane 

product formation in the ceric ammonium nitrate oxidation of fluorenone, 

benzophenone, and acetophenone orimes (32). 

0- 0- -0 ~ 

R 2 C=0/ ~ ~ +/ ;;> +0/ 
~ 

,,/ N0 2 
R2C=N" ~ R2C-N R2C c:E 

i· 0 \+ "0 "
N0

2 -O-N=O -1'''/ -O-N _'O_N-
1 1 

0 .. 1 1 w / N02 
0-0- R2C 

R = aryl "
N0

2 
rfhe isolation of the gem-nitroso-nitro procluct (LXX) from 

the fluorenone orime oridation was not possible when the reaction was 

carried out at 00
, under which conditions the sirnilar derivative of 

benzaldorime (LXXII) was isolated (62). Since nitration of this pseudo­

nitrole LXXII to gem-dinitrophenylmethane (LXXIII) readily occurred at 

H>=N/
OH 

Ether/Oo H" NO 550 H

X N02 
~ 

/<N02 (CH Cl) > 
cp N 0 ~b N02 2 4 Cp - 2 2 

N0
2 

LXXII LXXIII 

.... fil.1 



- 108 -

higher temperatures and since stable blue pseudonitroles viere obt.ained 

in the similar oxidation of aliphatie lcetOJeimes (63), it may be 

postulated that rapid meidation of intermediate LXX oeeurred in one of 

the fol101.'Jing ways to form 9, 9--dinitrofluorene (XXVI) 0 

Dimerize 

LX 

b 

-Z1'-> 
~ ,,-

XXVI 

{­

N==O 

N0
2 

A radical displaeement meehanism is postulated (path 2,) 0 Path h can be 

ruled out from the results stated above. Path,g, does not exist to any 

significant extent sinee BQ 9-nitrofluorenyl dimer LX was obtained even 

when a very dilute solution of nitrogen dioxide was slO1.vly added to 

fluorenone oxime (2-1.). 

Summing up, we have the following probable meehanistie path 

for forma.tion of 9,9-dinitrofluorene (XXVI) from the reaetion of orime. 

with nitrogen dioxide. 
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Scheme l - Gem-Dinitromethane Formation 

1) 
/OH 

R C=N 
2 

° 
LXII a 

/Ox HN02 
R C- N 0 + Yvl-

2 - 1 

---lD> 

4a 
<11-"'---

N-O 
;j 

Je 

1- O-

R C=~/ 
2 f\ ""=cc~7"" 
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Scheme l will readily F.!x-plain the formation of pseudonitroles 

for aliphatic ketoximes (63) and aromatic aldoximes (62). The aromatic 

stabilization of a fluorenyl free radical in the transition state readily 

leads to spontaneous oxidation of the postulated pseudonitrole (txx) in 

the oxidative nitration of fluorenone oxime to 9,9-dinitrofluorene (XXVI). 

The same scheme may be used to explain the formation of gem-dinitro-

methanes from benzophenone oxime and xanthone oJeime where similar 

aromatic stabilization is present. 

The formation of traces of parent ketone l'rom tho oxidative 
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nitration of fluorenone orime and a minor amount of benzophenone from 

the similar oridntion of benzophenone müme may be explained by postulat-

ing radical displacement of nitric oxide in intermediate LXXa by N0
2 

over its oxygen atom (reaction ha in Scheme 1). The resulting gem-

nitronitrite LXlla, not as yet isolated, might then decompose to N
2
0
J 

and ketone, either homo- or heterolyt.ically. Not enough 1;Iork has been 

done on this aspect of the problem to VJarrant further speculation. 

'l'he formation of parent ketone from the initial nitrosntion of 

the benzophenone orime is hir;hly unlikely because the expected (6l~) N-

nitrosonitrone LXXlVa was found (see 5-5) to lead to benzophenone as 

weil as the nitrimine derivative (XLI). The latter VJas not obtained at 

aIl. 

<p '-0 

>=
~/ 

(;> N 

~ ~ 
Il 

LXX.IVa 0 

In the case of indanone orime (LII), the major product formed 

was the parent ketone (LIlI) while minor amounts of nitration products 

were observed. A different route has obviously been follO\ved 1tThieh 

may be due to the known lesser stability of iminoxyl radieals of the 

oxime compared to the radicals from the ab ove bis-aryl ketorimes (Table 

1). Further work \vas not eonduc"ted in this area sinee no nitration 

produc"ts hnd been observed from the lend tetraacetate oridation of 

indnnone oxime. 
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5-3. Autoxidations of Aromatic Ketox:Lmes 

FeN reactions have received more attention than autOJddation, 

the reaction of molecular oxygen ,üth organic materials (65). Hm'lever, 

a survey of the chemical literature to date indicated that oximes had not 

been included i.n these studies. 

Fluorenone oxime was oxidized by oxygen in glacial acetic 

acid. The initiation step probably led to the formation of the 

iminoxyl radical of the ox:i.me as Sh01"ffi in reaction l of Scheme II (P. ID,.) 0 

Although ionic reactions of organic compounds with oxygen have been 

reported (65b), this type of mechanism may be ruled ou.t since the salt 

of fluorenone orime (XIS) was inert to oxygen. 

0- .. Na 

F==N/ 0==0 li ~ 
EtOH l' F 

o 
1/ 

/N 

"- 0-0-

The iminoxyl radical (X~) formed in the initial step is 

stabilized, at least in part, by the delocalization of the lone electron 

over the orbital including the lone pair of the nitrogen (Introduction). 

Any complexing of this lone pair in the oxime might therefore lead to a 

quenching of the initiation step. 

OH 
F==N/ 

~ 
~ 

C 

C complexing agent 

0 0 

F==N/ 

~ 
~ 

C 
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This process 1:iaS probab1y operative in the oxidation of fluorenone oxime 

carried out in aqueous acetic acid or trifluoroacetic acid through 

protonation of the oxime nitrogenl:-, since no reaction occurred in these 

acidic solvents. 

The use of dry benzene as solvent probably led to a 101t.rering 

of the oxidation potential of molecular oxygen since no oxidation 

occurred in this Bol vent. Although very litt le is Imown about the 

redox potentials of compounds in non-aqueous solvents, it se8ms lilcely 

that these potentials are a funGtion of the dielectric constants of 

the solvents being used (67)0 

Benzophenone orime behaved similarly to fluorenone O]cUne in 

its oxidation with molecular oxygen. In contrast to these results, 

indanone orime and aliphatic orimes such as cyc10hexanone oxime, 2,2,6,6-

tetramethylcyclohexanone oxime and pregnenolone-20-orime-3fS-acetate 

1:Tere completely unreacti ve under the above conditions. This lack of 

reactivity may be due to the fact that the iminoxyl nitroxides of 

aliphatic orimes are much less stable t.han those of bis-aryl ketoximes 

(see Table 1). 

Xanthone oxime (XLVII) did not undergo any oxidation with mo1ecular 

oxygen. This may be due to the + - mesomeric effect of the bridged oxygen 

which may give the OH bond ionic character. 

Although the iminoxy1 radicals from benzil antimonoxime (LXn; 

see 3-4) and biacetyl monorime (XIIIR) are more stable (Table I) than 

~~ 
Spectral studies conduGtecl on oxime hydrochlorides have indicated that 
protonation talces place at the nitr'ogen of orimes (66). Fluorenone 
oxime hydrochloride precipitated from acetic acid containing conc. HOL 
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the fluorenonimino.xyl radical (X~), the oximes l:rere found to be stable 

t.o o.xygen. The int.ernal hydrogen bonding in these oximes \'Jas therefore 

probably t.he cause for t.he lacle of reacti vit Y • 

Once imino.xyl radicals have been formed (reaction l, Scheme 

II), they may react with molecular oxygen or combine l:üth the hydroperox.y 

radicals formed in the initial step. Reaction ,'lill occur preferentially 

at the nitrogen of t.he iminoxyl radicals. The react.ion pat.hs leading t.o 

the observed !cet.one and dinitro products are sho1tJl1 in Scheme II (2 and 3). 
The type of rearrangements shm-m in reaction 2 (Scheme II) 

have been previously discussed in the reactions of aromatic oximes vüth 

nitrogen dioxide. In the presence of excess oxygen, path 2b l:lould be 

expected to be the main route. The decomposition of the gem-nitroso-

peroxide LXXV in reaction 2a finds precedent in the lmmm instability of 

gem-nitrosoacetates from aliphatic ketoximes (27). In the case of aceto-

phenone oxime, the blue nitrosoacetate LXXVI could not be isolat.ed 

because it decomposed with evolution of nitrous fumes (24b). 

----;':> 

LXXVI )( undef.ined 

The nit.rogen dioxide forrned in reaction 2 may react l'lith oxime 

and w:i.th iminoxyl radicals to forrn the observed gern-dinitromethanes 

(react.ion 3). 

When t.he aut.oxidat.ion of fluorenone oxime l:las carried out. in 
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Schema II - Autoxidation of Ji'luorenona Oxime 
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acetic acid saturated with oJ~gen, there was formed 9 in 13% yield, 

9,9-dif1uorenylidenbRinoJ~lfluorene (XXVII). When oJ~gen was bubbled 

through the solution, none of it was formed. This suggest,ed that 

iminm~l radica1s of fluorenone oxime (X~) l,'.rere probably involved in 

the formation of leetal XXVII but were quenched in the presence of 

sufficient oxygen (path 2b~ Scheme II). 

The leet,al XXVII may have forrned via the reactions shown in 
step 4 of Scheme II. Recombination of iminmcyl radicals wi"ch the N-

permcy radica1s LXXVII could lead to the gem-nitroso:i.m..i.noJCY compound 

LXXVIII. An imino~l radical might then displace nitric oride from 

intermediate LXXVIII to form the leetal XXVI (4b, Scheme II). The 

new bond would be forrned at the o~gen of the imino~l radical since 
min1mum crowding would thereby be obtained in the transition state. 

This type of addition has been described for the free radical reaction 

of fluorenone orime with aro~l free radicals (68). 

o 

-----1[;::> 

Any mechanisms leading to formation of ketal XXVII through 

ionic reaction of oxime may be ruled out since the reaction was carried 

out in glacial acetic acid. 

The formation of intermecliate LXXVIII by a free r,::tdical path 

involving :i.nLi.noxyl radieals and nitric oxide (see 5-4) seemed unlileely 
sinee the leetal vias forrned in glacial aeetic acid saturated wit,h OJcygen. 



- 116 -

rEhe nitric oxide would probably be rapidly consumed before it could 

combine with iminoxyl radicals. 

Product formation from the autoxidation of benzophenone ox.ime 
can also be rationalized vrlth Scheme II. However, not a trace of 1cetal 
XXXIX had been formed. This was probably a reflection of the shorter 

half-life of the imrinoxyl radical of this oxime compared to that of 

fluorenone OJdme. The ability of iminoxyl radicals to erist in the 

presence of o:xygen long enough to undergo reactions ,·rlth species other 

than oxygen may be explained by the following equilibrium, made possible 

by the long half-lives of these radicals (Table 1; IXn and Xl1t). 

>= 
011 

N/o + 
Il 

o 0 

0-0 
----JC> 

<]---

o 
'- ?/ "=-N 
/- "O-d 

This type of equilibrium has been suggested for other autoxidation 

reactions (65b). 

The detection by ESR of fluorenone and benzophenone iminoxyl 

radicals in acetone solutions saturated with nitric oride (69) mayalso 
be rationalized by the above-type of equilibrium: 

-<)1----

R) 0 +/ 
=N "N R Il 

-----le> 

o 
R :::: Aryl 

LXXIV 



- 117 -

5-4. ~itrogen DioJdde as a One-Electron OJddizing Agent 

It was ShOlill (5-2) that the reaction of nitrogen dioxide (N02) 

wlth fluorenone oxime led to imino:xyl radicals (XIn.) which rapidly 

reacted with the excess N02 present to form 9,9-dinitrofluorene (XXVI). 

The slow addition of a one mole equi valent of nitrogen dioJdde to 

fluorenone OJo.me in glacial acetic acid led to this dinitro product 

(XX\iT), but fluorenone and a minor amount of lcetal XXVII were also 

formed. 

---~ 

Dimerization of iminoxyl radicals (Xln.) could lead to fluorenon­

azine-N-bis-oJdde (XXXVII). This was not obtained as a product nor as 

an intermediate. A free radical reaction leading to lcetal formation, as 

shown in Scheme II (reaction 3) cannot be rationalized for the above 

conditions. It, therefore, seems probable that lcetal format,ion arose by 

the following path involving the nitric ox..i.de generated in situ (Scheme 

III) . 
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ScheIDe III - Iminyl Ketal Formation 
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The N-nitrosonitrone LXXIVb may behave as a trap for inrLnoxyl radicals 

in anal ogy to the similar behaviour of nitroso compounds (70). 'fhe 

resulting intermediate LXXVIII can react further with iminoxyl radicals 

to form ketalXXVII (step l~ above; also Scheme II - hbL 
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5-5. Reactions of Aromatic Ketoximes with Nitric Oxide 

There have been no reports to date in the chemical literature 

of the reaction of oximes with nitric oxide. The reactions of salts of 

oximes with nitric OJdde, the latter behaving as a Levd.s acid, have been 

described (71). A cursory report on the free radical mridation of oximes 

by nitric oxide ViaS cornmunicated to us by OoL. Chapman et al. (48). They 

found that certain mdmes (e.go cyclohexanone and pinacolone oximes) 

gave a modest yiel.d of carbonyl product on treatment lrrith nitric o:ld.de 

in the dark in acetone via the corresponding iminoxyl radical (ESR). 

III other cases,. such as benzophenone orime, formation of the iminoxyl 

radical could be observed only when the solution 't'laS irradiated in the 

presence of nitric oxide. The initial intermediates formed were postulated 

as the following: 

NO 

R :::: BJ.kyl. or a.l'yl 

R 
~-O /-

R 
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'fhe reactj.on of fluorenone and benzophenone iminoxyl radicals 

with nitric oxide, in the absence of ultraviolet radiation, has been 

shown to lead to approximately 50% parent ketone and 3)~~ nitrjJnine 

derivative (30,69). Different results Vlere obtained in the above study 

due to side reactions arising from the photochernistry of products such 

as the ni trimine XLI. 

In our investigation on the reactions of arornatic ketoximes 

with nitric oride, we found that oxidations in the dark did occur but 

were markedly influenced by solvent. Thus fluorenone ox:Lrne did not 

reac-t with nitric oxi.de in glacial acetic acid')(- but rapidly reacted 

in benzene to form fluorenone. In methylene chloride, :immediate con-

version to ketone, fluorenonazinemonoxide (.xJG'C) and other minor products 

occurred. 

In surnmary, we note that 

(i) aromatic ketOJdmes may react with nitric oride without UV 

irradiation to yield products whose formation are very solvent dependent; 

(ii) irninoxyl radicals may be generated from the reaction of 

OJdmes with nitric oride, but other reaction paths, direded by the 

sol vent usecl, may also exist. 

5-6. Leacl Tetraacetate Oridations of Aromatic Ketoximes 

5-6.1. Initiation stops and parent ketone formation 

Fluorenone oxtme O-acetate (XXXV) and O-ether did not undergo 

any reaction with lead tetraacetate in methylene chloride or in acetic 

-3:-
Bcnzophononc oxime underwent rapid reaction but the procluds formed 
ltlGre not st udi ccl 0 
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acid. It \1aS shmm that acetic acid vIaS a by-product in the oxidations 

of aromatic ketoximes conducted in methylone chloride. 

In the light of these results, it appeared that the initiation 

stop in the lead tetraacetate oxidations of aro:rJ1:1.tic ketoximos occurred 

as follo\'!s. 

1) )=N 
"" OH 

Pb(OAc)4 > 
--~~~ -=N"" + HOAc 

o 
/ 

Pb(OAC)3 

LXXIX 

The formation of organometallic intermediates, as represented 

by structure LXXIX, has been reported in other reactions of lead tetra-

acetate (33). 

A concerted rearrangement of the organolead intermediate could 

lead to gem-nitrosoacetate formation as follows. 

This process vias highly unlikely in the oxidation of bis-aryl-ketoximes 

since very stable iminoxyl radicals derived from these '.lere observed 

(1!:SR). Moreover, the free radical nature or the lead tetraacetate 

oxidation of aromatic ketoximes has beon clearly demonstrated (Chapters 

2 and 3) 0 



- 122 -

Homo1ysis of the imino:xy1-1ead triacetateintermediate (LXXIX) 

would lead to the iminoxyl radicals which have been reported for aromatic 

ketoximes,l) as ltJ'ell as other oJCimes~!- (Introduction) 0 

2) .~, Pb(OAC)3 

'l':; 1/2 -? b 

\!! 

LYJCIX bAC ·e, Pb(OAc)2 

z: 1/2 ~ 10-9 sec.J, ~ 

The lead triacetate radical, formed in reaction 2a,l) can 

decompose to lead diacetate and acetoxyl radicals (2b). The latter 
n 

have been reported to have a half-life of about 10-7 seconds (71). If 

the lead triacetate radicals had a half-life sj~lar to that of acetoxyl 

radicals, no recombi.nation with iminoxyl radicals from bis-aryl-ketoximes 

would occur once these had escaped from the solvent cage. The lead 

triacetate radical may however be sufficiently long-lived to undergo 

recombination with iminoxyl radicals to form intermediate LXXX (Scheme 

IV-3, p. 126»)1 which can rearrange to the gem-nitrosoacetate XV in a 

manner previously described for gem-dinitro product formation (Scheme l, 

p. 109). 

'fhe recombination of iminoxyl radicals ltJith acetoxyl radica1s, 

~~ 
This sarne scheme (reactions land 2) has been presented for aliphatic 
oximes and aromatic aldOJdmes (2Gb) 0 
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formed from reaetion 2b shown above, is highly unlilœly sinee it has been 

reported that the aeetoxylation of organic compounds with lead tetra­

aeetate has never involved free aeetoxyl ra.dieals (72). 

A gem-nitrosoaeetate was observed only in the lead tetraa.eetate 

oxidation of indanone orime (LIV). This produet was stable in solution 

but it readily deeomposed to parent ketone 1IJhen eoneentrated o A similar 

observation had been reported by Lown (2L~b) on the lead tetraaeetate 

oxidation of aeetophenone oxime o The blue nitrosoaeetate (LXXVI) from 

the latter eould not be isolated beeause it deeomposed with evolution of 

nitrous flunes. The instability of aromatie gem-nitrosoaeetates was 

further shown by the work of Kropf et al. (28) on the oxidation of 

aldoximes o They reported that a blue solution, attributed to the nitroso'-

aeetate intermediate LXXVIa, formed from the reaetion of benzaldoxime 

with lead tetraaeetate in protie solvents, rapidly discoloured with the 

formation of nitrous fumes and benzaldehyde o 

ArXNO ____ ~ Ar)=O 

R OAc R 

R := CH
3

, LXXVI 

R = H, I,XXVIa 

NO)( 

Je undefined 

The formation of nitrosoacetate LIV from the lead tetraacetate 

oxidation of indanone oxime (see 3-3) in anal ogy with the studies reported 

for acetophenone orime (2L.b) probably arose, at least in part, through 

the radical anion Xlla~ and not via the iminoxyl radical as shown in 

reaction 3 of this section. 
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XIra 1IV 

Since no such radical anions have yet been dotected (ESR; 

introduction) for bis-aryJ.-ketoximes, the mechanism loading to gem-

nitrosoacetates liIrould best be represented by l'oactions 1-3 (Scheme IV). 

In the light of the observed instability of the gem-nitroso-

acetates of aromatic ketoximes and aldoximes described abova, i'l:. was not 

surprising that no gem-nitrosoacetates-lH:' could be detected from the lead 

tetraacetate oxidation of the bis-aryl-ketoximes; fluorenone oxime 3 

benzophenone ox:ime and xanthone oxime. 

The formation of parent ketones from gem-nitrosoacetates, 

1.'1hose intermediacy was suggested for xanthone oxime (3-2), will next be 

described in the light of the mechanism proposed above. 

The yields of parent ketone obtained from the lead tetraacetate 

oxidations of aromatic lcetoximes are shown in Table XVI (5-1). 'rhe 

results obtained '\IJith glacial acetic acid as solvent indicate that Scheme 

IV may be used to represent the formation of parent ketone, at least in 

part. The imino:xyl radical from benzil anti-monoxide (LVR) has such a 

high st abi lit y (3-4) that reaction 3 (Scheme IV) probably does not occur 

i~ 

"" ;\/\'" 

A more detailed mechanism had not been provided by Lown (44). 

Not even a transient blue or turquoise colour, characteristic of ali-
phatic and aromatic nitrosoacetates, could be deteC"ted in any of 
these roactions. 
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and no ketone formation can therefore result. The formation of a min or 

amOlmt of ketone in the presence of oXY8en may be explaincd in analogy 

to lœtone formatton from the autmddation of fluorenone oxime (Scheme II). 

In the case of fluorenone oxime, reaction 3 most likely takes 

place, leadin8 to the formation of minor amounts of nitrosoacetate XV. 

This intermediate might spontaneously decompose to acetyl radicals, 

observed fluorenone and observed nitric o.:;cLde~:- (Scheme IV - h). 

The formation of fluorenone oxime O-acetate (X,'{XV), vlhich l'las 

experimentally observed, could arise through recombination of the above 

acetyl radicals vJith fluorenone iminoxyl radicals. 

The life-time of the iminoxyl radical from benzophenone mume 

(IXR) is 10 times shorter than that of the fluorenone iminoxyl radical 

(XI
R

). Since these life-times were measured in lead tetraacetate 

solutions and since no secondary radicals vJere observecl due to solvent 

participation (see introduction), it seemed likèly that the difference in 

life-times was a reflection of the recombination of iminoxyl radicals 

vJith lead triacetate radicals (reaction 3 of Scheme IV). A higher yield 

of nitrosoacetate resulting from the lead tetraacetate oxidation of 

benzophenone oxime might therefore be expected, vlhich in turn might lead 

to the observed higher yield of parent ketone~:-::-. 

While the yield of fluorenone increased in the lead tetraacetate 

oxidation of fluorenone oxime in acetic acid when oxygen was introduced, 

l'bis rep1'esents a gross overall mechanism for nit.rosoacetate decompos­
ition. Othe1' free radicals, such as fluorenone iminoxyl radicals (XIn) 
may be involved in the p1'oduct formation. 

Other reaction paths leading to parent leetone, resulting from second­
ary reactions (e.g. NO reactions,5-5) mayalso exist. 
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Scheme IV - Lead Tetraaceta'te Oridations of Arornatic Ketoximes 
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the amount of benzophenone produced in the comparable reaction 1'TaS 

unaffected. The reaction of the imino:xyl radicals from n.uorenone oxime 

and benzophenone oxime with oxygen. leading to parent ketone has previsouly 

been described (5-3). Apparently the recombination of benzophenone 

iminoxyl radicals with lead triaeetate radieals (and other radicals sueh 

as NO) is suîfieiently rapid to exelude any reaetion wlth oxygena This 

is consistent with the arglilllent that greater recombination of lead tri-

aeetate radieals occurs l.vith iminoxyl radicals from benzophenone oxime 

than l.1ith those from fluorenone oxime. 

The high yield of xanthone resulting l'rom the lead tetraaeetate 

oxidation of xanthone oxime (XLVII) probably arose via the reaction steps 

shown in Scheme IV. Since no nitrosoacetate intermediate could be 

deteeted (no blue or turquoise colour had formed), the latter may have 

decomposed as rapidly as it formed. This decomposition \'J'ould be more 

faci.le than that for the nitrosoaeetate of fluorenone orime due to the 

electromeric effeet of the bridged oxygena 

----~ ----~ 

A minor amount of xanthone oxiJne O-acetate (L, IH only) may 

have formed by recombination of iminoxyl radicals l'rom xanthone oxLme 

wlth acetyl rad:Lcals, as previously deseribed for fluorenone oxime. 
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Solvent effect 

The lead tetraacetate oxidations of benzil anti-monoxime (LV), 

fluorenone oxime and benzophenone oxjJne conducted in methylene chloride 

led to parent ketone formation in about 50% yield. It was unaffected 

by oxygen and required only a half-mole equivalent of the oxidizing 

agent (see Table XVI). In contrast to the :cesults obta.ined in glacial 

acet.ic acid, the stabilities of t.he :Lminoxyl radicals of these oximes 

(Table I) no longer reflected the amounts of parent ketone formed. 

The detoction (ESIl) of iminoxyl radicals from the lead tetra­

acetate oxidation of aromatic ketoximes in methylene chloride was 

described in the introduction. Parent ketones wera probably formed in 

these oxidations through the reactions shown in Scheme IV (P. 126). 

The cage effect of the methylene chloride solvent was probably responsible 

for a higher recombination of :imi.noxyl radicals with lead triacetate 

radicals (step 3a) with subsequent formation of intermediate gem-nitroso­

acetates (XV) in step 3b, leading to parent ketone in step 4 (Scheme IV). 

Nitric mdde vlOuld be formed along with the ketone. 

The formation of minor amounts of 9,9-dinitrofluorene in the 

oxidation of fluorenone oxime in methylene chloride provided evidence for 

the presence of nitric oxide in situ (see 5-2). It has previously been 

shm'ffi that nitric oride reacts rapidly with fluorenone oxime in methylene 

chloride but not in glacial acetic acid (5-5). It is therefore probable 

I:.hat only haU a mole equivalent of lead tetraacetate was required in 

the oxidations conducted in methylene chloride because the nitric oxide 

could rapidly react 1-vith the orimo. 
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? 
NO --p ---?> 

0-

)=0-N < .~}== 
XXXIIIa 

The final producLs resulting l'rom the reaction of nitric mo.de 

lfJ:i.th 1'luorenone orime 1vere found to be the same as those obtained l'rom 

the lead tetraacetate oxidation of this oy.ime (see 5-5). A mechanism 

accounting for this reaction cannot be given lfJith the present Imow-

ledge. 

The reaction of xanthone oxime in methylene chloride with 

one mole equivalent of lead tetraacetate led to quantitative and 

instantaneous formation of parent ketone, whose yield was little affected 

by molecular oxygen. The reaction mD.y have proceeded through a concerted 

mechanism leading to nitrosoacetate XLVIII (see 3--2) which could 

spontaneously decompose to parent ketone. 

Inclanone oy.ime behaved very similarly to xanthone orime. 

Recombination of lead triacetate radicals to form the gem-nitrosoacetate 

product (step 3, Scheme II) probably did not occur since the blue colour 

observed for the oxidation conducted in glacial acetic acid had not 

formed. A different mechanism had previously been postulated l'rom the 

results of ESR studies (p. 123). 

5-6.2. Ketal formation 

The formation of lcetals X,'(VII and XXXIX l'rom the lead tetra-

acetate oxidations of fluorenone oxi.me and benzophenone oxime respecti vely 



- 130 -

has never been reported. The oxidation of these oximes lrJ'ith ceric 

ammonium nitrate (32) and "uth potassium ferricyanide ((8) and 2-3.1) 

did not load to the ketal dari vati ves. 

The most lilcely mechanism for ketal fOI'IIlatj.on is that proposed 

in section 5-h for the oxidation of fluorenone oxime with a mole equi­

valent of nitrogen dioxide (Scheme III). This mechanism i8 consistent 

l'uth the results given in 2-1.1 and 3-1.1 for the formation of 9,9-

difluorenylideniminOJçylfluorene (XXVII) and l,l-bis( diphenylmel:. hyli den­

im:i.no:xyl)-diphenylmethane (XXXIX). 

The iminoxyl radical of benzophenone oxime (IXR) is about ten 

times more reactive than that oi' fluorenone oxime (X~) (Table I). This 

difference in reactivity was displayed by the observed change in reaction 

time from about one-half hour for l'luorenone oxime oxidation to less 

than a minute for benzophenone oxime oxidation. II:. may account l'or the 

very low yield 01' ketal XXXIX obtained from benzophenone oxime since 

long-lived ~inoxyl radicals are required for recombination as shown in 

reaction 4 of Scheme III (P. 118). 

vJhen the lead tetraacetate oxidation of l'luorenone oxime was 

conducted in methylene chloride, the yield of ketal XXVII dropped to 1-3% 

and "vas insensitive to air. Drop,,·use addition of the lead tetraacetate 

to the orime in methylene chloride led to an increase in the yield of the 

kotal to 8-10%. rrhose results suggested that the follovung ionic 

mcchanism l'laS probably responsible for forma:l:.ion of intermcdiate LXX.VIII, 

l'1hich could thon furthor react, as shown in Scheme III, in a l'ree 

radical step. (Seo 5-6.2 in Fig. 13, p. 129). 
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5-6.3. Format:i.on of nitro producLs 

The reaction of the irninoxy1 radica1s of f1uorenone OXUne and 

of benzophenone oxime vJith nitric oxide has been shovm to lead to 

about 5.0% of parent ketone and 357; of the nitrirnine derivative (5-5). 

The formation of the nitrirrLi .. ne product (XLI) from the oxidation of benzo-

phenone oxJ..me in oxygen-free aeetic acid most likely arose in the sarne 

lTk1.l1.ner (Scheme V - 1). The concurrent formation of dinitrodiphenyl-

mel:.hane (XXXVIII) may readily be explained by assuming that free nitric 

oxide lTk1.y readily be oxidized to nitrogen dioxide (Scheme V - la; later 

discussed) 0 The subsequer:t rapid reaction of N0
2 

and iminoxyl radicals 

(reaction 2) leads mainly to dinitrodiphenylmethane. 

Scheme V - Nitration Products from Lead Tetraacetate Oxidations 

0 

> ;<j~ +7
0 > N(O x 

. 
1) + N=O 

C> 

) N "l,) <l 

N NI 

~) 1 
- 0 

~ 'il [0] ~ N/o°x \ O/XN=O 1 Sch~e III > O-NJ- . ~ R 

(O-Ni- )=N,\ +h 0 
R N:/' 

1 
- 0 

R c:: (~, XLI 

0 N0
2 

" /n Je Scheme l >< 2) 'r-N 0 + o}'N=O /- Je 
~ --{:;;.t 

Xo (P. 109) N0
2 
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When the lead tetraacetate oxidation of benzophenone oxime was 

conducted in the presence of oxygen, there was an increase in the yield 

of the gem-dinitro product :XXXVIII, accompanied by the disappearance of 

the nitrimine XLI. The rapid~<- reaction of oxygenwith nitric oxide 

probably led to complete quenching of nitrimine formation (step la). 

'l'his might also have occurred through oxidation of the N-nitrosonitrone 

LXXIVawhich might be expected to le ad to the N-nitronitrone LXXX, 1'[hose 

decomposition to parent ketone has previously been described (5-2, po 102). 

cp 0->={ °2 
cp "N 

LXXIVa Il o 

ID 0-1)=+/ 
~ -N 

cp "N=O 
1 

LXXX -0 

However, this process did not oceur since there was QQ. increase in the 

yield of lcetone when the reaction was conducted in the presence of 

oxygene 

The same Scheme V may be usecl to explain the formation of 9,9-

dinitr-ofluorene (XXVI) from the lead tetraacetate oxidation of fluorenone 

o.xime in glacial acetic acid. However, the life-time of the fluorenone 

iminoxyl rad.icals 1.S about 10 times greater than that for the benzo-

phenone iminoxyl radicals (Table 1). The equilibritun in step l of Scheme 

V would be shifted to a higher concentration of nitric oxide, which might 

be oxidized to nitrogen dioxide by lead tetraacetato. Moreover JI the 

~~ .. 
Fluorenone oxime was instantaneously convertecl to 9,9-dinitrofluorene 
(2-1.3) when its aeetic acid-nitrie oxide solution was exposed to 
oxygene 
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longer-lived fluorenone irninoxyl radicals may react with the N-nitroso-

nitrone LXXIVb to lead to leetal formation (see 5-6.2). Both these 

processes might he responsible f.or the absence of any nitrimine product. 

The participation of lead tetraacetate in the oxidation of 

nitric oxide leading to gem-dinitro compound formation was clearly 

demonstrated in the study of the oxidation of fluorenone orime. 1iJhereas 

only hïb (' r 9, 9-dinitrofluorene (XXVI) viaS formed in the oxidation of 

fluorenone oxime in ox;ygen-free acetic acid with a half-mole equivalent 

of lead tetraacetate, a yield of about 20% was ohtained vIhen a one mole 

equivalent of ox..i.dizing agent was used. The oxidation of nitric oxide 

may have proceeded through the intermediacy of acetyl nitrite whiC'h would 

be expected to scavenge free radicals, in analogy with nitroso compounds 

(70). 

It is interesting to note that the formation of minor amounts 

of oxime acetate may readily be explained by the attack of an iminox;yl 

radical onto the intermediate acetyl nitrite. 
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5-6.4. Azine-N-bis-oxides 

/
N", 

o "0 o 

1\.zine-N-bis-oxide formation from the oxidation or ketoximes 

has never been reported. Fluorenonazine-N-bis-oxide (XXXVII) was, 

however, obtained l'rom the pot.assium ferricyanide oxidation of fluorenone 

oxime (2-3 .l)~:-. 

The oxidations of aromatic aldox.:llnes have been found (26,2B,32) 

to lea.d, in high yield, to the eorresponding aldazine-N-bis-oxides (XVIII). 

'11he simplest possible meehanism might involve dimerization of two 

iminoxyl radieals. This was highly improbable sinee (i) the ESR speetra 

of solutions of aldoximes and lead tetraaeetate (14) indieated the 

appearanee of seeondary radieals with the corresponding rapid'disappear-

anee of the iminoxyl radieals, (ii) ketoximes afforded iminoxyl radieals 

eovering a wide range of stabilities (see Introduction and Table I) and 

yet no azine-bis-oxides have generally been isolated. Sterie hindranee 

was probably not responsible for this differenee sinee both the nitroso-

benzoates (LXXXI) of alieyelie ketoximes and the nitrosoaeetates (XVII) 

from aliphatic benzaldoximes readily existed as dimers. 

-:~ 
By' analogy with the comparable reactions of benzophenone oxime (31), 
it is .felt that the reported anhydride N-oxido structure XXII is also 
really the azine-N-bis-mcLde (XXIII). 
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LXXXI 
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XVII 
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H OAc OAc H 

H ::: aJJcyl 

The mechanism operative in the forma.tion of aldazine-N-bis-

oxLdes (XVIII) from the lead tetraacetate OJddation of aldoximes l1'k1.y 

involve the recombination of the observed secondary radicals XII 

(Introduction) or their reactions with iminoxyl radicals. 

AcO -J... /H 

-0 lA 'in 
R) N < - Dimerize 7 

R "N-N R v; 1 

H/tOAc 0 H OAc 

j R /~u , )=N, 
H H 

R >tO'N- N-:/CR - OAc 
tJ" +\ - __ ,~ 

H OAc 0-

0-

R>=~_N=<H 
H l R 

0-

XVIII 

It is possible that the Imown reaction of potassium ferri-

cyanide 'lruth free radicals to form cations (73) occurs in the ferri-

cyanide oxidation of fluorenol1e oxime as follo'lrJS (path a). 
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O~" 0-:- 0 
/0 ê:. - / Il 1:./ 1 

F= N~\ ~ F-N <E--7 F-N 
K3Fe(CN)6 o!. 

XXVb 

-
Q. OH HO b 

W W 
0 

yO Il 
N/ - /N 

F/ ~ 
QU F 

"'OH 
c "OH -

XUa LXXXII 

Since the oxime was slowly added to an alkaline ferricyanide 

solution, the iminoxyl cation XXVb could readily be attacked by 

hydroxyl ions to form the gem-nitroso-hydroxy compound LXXXII (path 2b). 

The formation of radical anions Xlla might arise from this intermediate 

LX.Xt'UI1~ (path 2c) or could be formed directly from the iminoxyl radical 

(path 2d). Further reactions of these radical anions nLÎ.ght lead to 

fluorenonazine-bis-N-oxide (XXXVII), as described for aldazine-N-bis-

oxide formation (P. 13 ). 

The radical ions XII have not yet been reported for bis-aryl 

ketoximes oxidized with lead tetraacetate; we have found that no azine-

bis-oxides were formed in the oxidations of these orimes in glacial 

acetic acid or in methylene chloride. 

The formation of radical anions from nitroso compounds in basic media 
has been weIl charaderized (7h). 
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5-6.5. Azinemonoxides 

Fluorenonazinemonoxide (XXX) has been prepared in 6% yield 

from the ceric ammonium nitrate oxidation of fluorenone oxime. Under 

these conditions, no such product was obtained from benzophenone oxime 

(32). Benzophenonazinemonoxide (XLIII) has been prepared in 25% 

yield from the peracetic acid oxidation of benzophenoneketazine (36) 

and in sim:Llar yield from the potassium ferricyanide oxidation of 

benzophenone oyJUne (31). 

Ive have found that the lead tetraacetate oxidation of 

fluorenone orime and benzophenone oxime in solvents other than glacial 

acetic aeid gave rise to the corresponding azinemonoxide in about 15 

and 35% yields respectively. 

The intermediacy of the azine-bis-oxide (XXXVII) leading to 

ketazinemonoxide from the lead tetraacetate oxidation of fluorenone 

orime has been ruled out (2-3.2). 

It was previously shown that the lead tetraacetate oxidation 

of fluorenone orime in methylene chloride probably led to the gem­

nitrosoiminoxy intermediate LXXVIII (5-6.2). This nitroso compound 

could aet as a radical seavenger to lead to intermediate LXXXIII 

whieh could then rearrange ta the observed azinemonoxide (XXXIIIa). 

This suggested mechanism, shown below, does not aceount for the 

observation that no azinemonoxide was formed in glacial acetic aeid, 

while addition of sodium aeetate did lead to formation of this product. 

The role of the sol vent is still very poor ly understood (see 5-5). 
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5-7. General Mechanistic Scheme for the Oxidation of Aromatic Ketoximes 

In the light of the foregoing discussion, the following seheme 

(Fig. 13) is presented ta indicate the various reaetion paths which 

aromatic ketox.:Lmes can follow when oxidized with various reagents. The 

bis-ary1 ket.oximes fo11ow near1y ail the reaction paths shown, whi1e 

1e83 eonjugated oxirnes sueh as indanone oxime or oximes containing 

substituents eonjugated with the iminoxy1 group, such as xanthone oxirne, 

main1y fo11ow the reaction paths 1eading to gern-nitrosoacetates and 

!cetones. 
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Experimental 

General 

The melting points were determinEld on a Gallenkamp mEllting 

point apparatus in open capillaries, and are corrected. The analyses 

were carried out by Dru C. Daess1e, Montreal and Beller Microanalytical 
Laboratory, Gerrnany. The infrared spectra were determined on the 

Perkin-Elmer 337 (qualitative) and 521 (quantitative) grating spectro-
phot omet ers , using l mm sodium chloride celis or potassium bromide 

pellets. Low temperature spectra and spectra of solutions containing 

l'Tater were taken in 0.1 nun Amalgam F'JI celis (IRT-2) fram Barnes 

Engineering Co. 'rhe ultraviolet spectra were measured with a Beckman 

recording spectrophotometer model DIU. Nuclear magnetic resonance 

spectra 1'lere recorded on a Varian A60 instrument (tetramethylsilane :::: 

o p.p.m.). Woelm alumina and Davidson No. 923 si.lica gel were used for 

column chromatographyo Merck A.G. silica gel was used for thin la.yer 

chromatography (t 01. c. ) • The mass spectra 'l'1ere taken on a Hitachi 

Perkin-Elmer RMU6D mass spec·trometer by Morgan and Schaffer Corporation, 
Montreal. The ionization potential was 70 eV. and the inlet temperature 

o for indirect introduction of a sample was 250 • 

Lead 'retraacetate 

The lead tetraacetate used in all experiments was purchased 

in 100 g amounts from Fisher Scientific (Matheson, Coleman and Bell). 

Tt vTaS freshly crystallized from glacial acetic acid, f'iltered, covered 

with a sheet of polystyrene and briefly suclced dryo Tt l'TaS then dried for 

"' ..... " 



l'ive minut.es in an Abderhalden (reflu.x:Lng met.hanol and 0.1 mm pressure). 

This acicl-free cryst.alline lead t.et.raacet.ate could be st.ored in t.he 

clark in ~ for a few days, wit.h no decomposition. 

Solvents 

Glacial acetic acid used was 99.776 pure (Anachemia), while 

methylene chloride was Certified Fisher Scientific grade. These solvents 

were obtained ~n-free by dist:Llling the contents of fresbly-opened 

bottles under a stream of helitun. The receivinc; fla sIm were f:Llled 

with bone-dry nitrogen ancl vmll stoppered. They were flushed with bone­

dry nitrogen whenever solvrents were pipett.ed out. 

Apparatus 

Reactions were carried out in o:xygen-free solvents in an 

inert atmosphere in a one side-armed (with stopcock) t1lfO-necked reaction 

flask (125 or 50 ml, depending on total amounts of solvents used). One 

neck contained a rotatable cup for addition of lead tetraacetate and 

the second neck contained a three-hold two-way stopcock for evacuating 

the system and readily filling wlth inert gas. 'rhe side-arm containing 

a stopcock led to a manometer when initially evacuat.ing and filling 

the system with inert gas or to a set of liquid air traps and/or 

mercury trap when actually carrying out the reaction under a positive 

pressure of inert gas. Dropwise addition of reagents was made by 

replacing the rotatable cup by a dropping funnel with pressure-equalizing 

side-arm. Inert gases vmre bubbled t.hrough the reaction solution via a 

polystyrene t.ube attachecl to the three-hole, two-way stopcock. Stirring 
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was effected magnetically. Coo1ing was provided by an isopropano1 bath 

to which ,vas added the desired amounts of dry ice. 

Preparation of Oximes 

The preparation of each oxime i8 described in the section 

where it is first mentioned. If no modHication was made for the 

procedure round in the literature, the m.p. and reference were simply 

stated. 
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Chanter l 

Structural Elucidation of the OJ..'idation Products from Bis-Aryl Ketoximes 

1-1. Ox.i.dation Products from Fluorenone Ox:iJne 

9 .9-Dinitrofluorene JXXVI) 

A. Addition of fluorenone oxime (XI) to lead tetraacetat~ 
in glacial ~cetic acid 

To a stirred solution of lead tetraacetate (5.22 g, l me) 

in glacial acetic acid (100 ml) was added 3 0 16 g XI, ln.p. 195-1960 

(reportedmo p.192-3° (75)). Aftert\10minutes, the brovm solution 

contained very litt le starting material (t.l.c., benzene-ether (95.5: 

2.5». After three hours, the solution was filtered from the lead 

diacetate (identified by t.l.c. ofits DMSO solution and mixed rn.p.) 

which had precipitated. 

Addition of water to the Inother liquor gave a yelloltl 

precipitate which was dissolved in rnethylene chloride, washed i'lith 

saline water and sodium bicarbonate solution (5%) and dried (MgS04). 

Crystallization froIn rnethylene chloride-hexane at 60 overnight gave 454 

mg of 9,9-dinitrofluorene (XXVI) as pale yellow needles, rn.p .. 129.5-1310 

(dec. with N02 evolution). Recrystallization from hexane gave an 

analytic sample with rn.p. 131-30 (dec.) (reported rn.p. 130-1.50 (dec.) 

(52») • 

Anal. Calcd. for C
13

H8N0
2

: C, 60.94; H, 3.15; N, 10.93; 0, 24.98 

Mol. Weight 256 

Found: C, 60.76; H, 3.53; N, 10.l~7; 0, 25.20 

Hol. Weight (mass spec.) 256. 



B. Addition of lead tetraacetate to fluorenone oxime (XI) ill 
glacial acetic acid 

A solut.ion of lead tetraacetate (Ll~ g, l mEl) in glacial acetic 

acid (35 nù.) Vias added, in tVienty minutes, to n stirred solution of XI 

(585 mg) in glacial aeetic acid (25 ml). During the addition, t.he 

solution colour gradually turned yelloVi-orange and then returned t.o yelloVi. 

Heaction was complote at the end of the ndditionl • Work-up Vias carried out 

as descri6ed in part A. 

TViO crystallizations of the crude product (52h mg) from hexane 

gave 70 mg of pu.re XXVI eLLe. and mixed m.p.). Alt.ernatively, chromato­

graphyon silica gel (10 g; dry method2 ) Viith hexane-benzene (95:5) gave 

150 mg of XXVI, m.p. 130--132.50 (dec.), homogeneous by t.Lc. Further 

elul:.ion VJith hexane-benzene (3:2) gave 200 mg of fluorenone (t.1.c., IR, 

mixed m. p. ). F..J..ution VJith ether gave 50 mg of starl:.ing orime XI (t .1. c. 

only). No further prodllcts Viere obtained (CH
3

0H Vias finnlly used). 

~Difluorenylidenimino:xylfluorene (XXVII) 

A. From reaction of fluorenone orime (XI) VJith lend tetraacetatt::. 
in the absence of air 

Lead tetraacetate (1.2 g, l me) Vias added to glacinl acei:ic 

acid (50 ml) Vihich Vias purged· w:Î,th bone-dry nitrogen for one hour. '1'0 this 

vigorously stirred solution -l'las added fluorenone oxime (1 g). After 

about one half hour precipitation occurred. The broVJn suspension sloVily 

l An aliquot (0.5 ml) Vias shaken 'vlith 0.1 N potassium iodide solution (2 
drops) • Addition of starch solution gave a purple colour only when 
unreacted load tetrnacotate remained. 

2 The hoxane insoluble crudo product Vias dissolvod in methylene chloride 
to Vihich WL"W acldod a l:Lttlo silicn gol and MgSOL,' Evaporation left a 
solid nùxl:.uro which was ground 1'1ith a mortnr ancl postle, suspendcd in 
hexane and pourecl onto the 8ilica gel-hexnne collllim. 
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faded to yellow as the reaction proceeded to completion. After four 

hours, the suspension was filt ered to gi ve 290 mg of a light yelloVI 

prec:i.pitate of X.XVII, slightly conLaminated by XI (t .l.c.), m.p. 26h.5-

5.50 (dec.). One crystallization from methylene chloride-ethyl acetate 

afforded yellmv microcrystals of pure XXVII with unchanged m.p. 

Variations in the melting point of compound XXVII between 260 and 2650 

over a one degree range vIere obtained according to the solvents used. 

'l'hree recrystallizations from methylene chloride-etmnol gave an 

analyLical sample of XXVII, m.p. 2670 (dec.). 

Anal. CaIcd. for C39H2hN202: C, 84.60; H, 4.34,,; N, 5.06; 0, 5.78 

Nol. VJeight 552 

Found: C, 8h.I+6; H, 4.26; N, 5.16; 0,5.96 

Mol. VJeight (osmometric-CHC1
3

) 597. 

VJhen the reaction was repeated with half amounts of all reagents 

indicated above, only a 16% yield of ketal XXVII was obtained. 

B. From 9.9-Dichlorofluorene 

1. 2,,9-Dichlorofluorene (XXIX) 

The procedure described by Schmidt and l'lagner (75) was used, 

except that a shorter reaction time (15 minutes) was al10wed, giving 10 g 

of XXIX, m.p. 102-10L~0 (reported 1030), from fluorenone (10 g) and 

phosphorus perrtachloride (20 g). It was found that correspondingly 

shorter reaction times must be used w:i.th smaller amounts of reactants 9 

otherwise intractable mixtures resulted. 

2. Fluorenone oxi..me (975 mg) was added to a solution of sodium 

hyclride (11,80 mg of 50% NaH-oil suspension) in dimethyl sulfoxi.de. A 



deep red solution immediately resulted. After 10 mLnutes, 9, 9-cU.chloro-

fluorene was added. The solution was stirred overnight, in a n:i:trogen 

atmosphere 0 

Addition of 1vater gave a precipitate 1'lhich was filtered. This 

yellow compound (150 me) was identified as ketal XXVII from its m.p., 

mixed m.p., IR spectrum and Rf value on t.l.c. 

Hydrolysis of ketal XXVII 

Ketal XXVII (200 mg) in spectral grnde chloroform (20 ml) 

containing 3 drops of acid (cone. HG1) was refluxed for l minute. 

The solution was neutralized and dried by shaking with NaHG0
3 

and IvIgSOh. 

A quantitative IR of' the solution showed that oxime XI and fluorenone 

(XXVIII) were present in the ratio of 2 to 1. No other products were 

detected (t.l.c.). 

Alternatively, the solution was washed with sodium bicarbonate 

solution (10%) and saline water, dried (NgSO
h

), evaporated to dryness 

and chromatographed on siJ.ica gel (10 g; dry method2). Elution with 

hexane-benzene (h:l) gave 13 mg of a compound with Rf). Rf XXVII. 

Elution with hexane-benzene (1:1) gave fluorenone (XXVIII, 70 mg), m.p. 

83-85°. Finally, elution with benzene gave fluorenone oxime (120 mg), 

m.p. 1950
• 

Hydrolysis Produd: 

Galculated 
Yield 

Obtained 

XXVIII 

65 mg 

70 mg 

141 mg 

120 mg +- 13 mg 
Iidecomposition" 



Stability of ü.idme XI anù its O-acetate (XXXV) to acid 

v.Jhen XI VIas subjected to the same hydrolysis conditions as 

XXVII, very minor docomposition to the proùuct l'nth Rf > 11f XXVII, 

described. above, took place (t.l.c.). 

Fluorenone oyJ..me O-acetate (XXXV) ffi.p. 71j.° (reported m.p. 

790 (77)), prepared. by acetylation of XI at room temperature, \'Jas stable 

to the ab ove hydrolysis concl::Ltions. 

Fluorenone oxime O-acetate (XXXV)_ 

The infrared spectra (CHC1
3

) of the crude mixtures from the 

reactions described in 2-1.1 and 2-2.2 generally contained a "l8ale 

absorption peale at 1765 cm-l. NMR spectra of some of these crudes ï'l8re 

taken and contained an absorption at 2.35 p.p.m. (CDC13). Authentic. 

XXXV gave identical absorptions in its IR and Nl-lR spectra. A typical 

analysis fo11oVl8. 

Entry 6 to Table II 

The reaction was conducted as described in section 2-1.1 for 

entry 6. 

Infrared analysis carried out vrlth 1~0 mg of crude oil dissolved 

in 10 ml spectral grade chloroform gave 7% absorption at 1765 cm-l. 

Authentic XXXV (h mg) dissolved in 10 ml spectral grade chloroform also 

gave 7% .J.bsorption at 1765 cm-l • The crude oil therefore contained ca. 

10% (by weight) of compound XXXV. Addition of conc. HCl to the crude 

ail in CHC1
3 

(40 mr-/IO ml) did not alter the TIl spectrum of this 

~lOlution. 
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The NMR spectrum of 100 mg of crude oil in 0.3 ml COC1
3 

gave a 

sharp absorption peak at 2.35 p.p.m. whose peak height l'ras ca. 70 units. 

An NlvJR spectrum of ll~ mg of authentic XXXV in 0.3 TIÙ. COC1
3 

gave 

identical absorption with a peak height of about 103 units. Thus, about 

10% (by \'feight) of XXXV was present in the crude. Addition of 

authentic XXXV to the crude gave a superimposable peak at 2035 p.p.m. 

of :l.ncreased intensity. 

Isolation of XXXV 

Attempts to isolate compound XXXV by chromatol3raphy always 

led to a mixture of XXXV and fluorenone oxi.me:; since these two compounds 

had identical Hf values. :~Dcamples are provided in the experimental 

section in Chapter 2. 

Fluorenonazinemonoxide (XXX) 

A. Preparation 

Lead tetraacetate (1.h g, l me) was added aIl at once to a 

stirred solution of oxime XI (1.17 g) in oxygen-free methylene chloride 

(200 ml). An opaque chocolat e brown suspension immediately .f ormed. The 

reaction was complete al' ter four and a hall' hour8.· 

The precipitate which had formed VIas filtered, clissolved in 

dimethyl sulfoxide, and 8hmm to be lead acetate by t.1.c. comparison 

with an authentic sample. 

'l'he methylene chloride filtrate was \'fashed with water (h x 25 

ml), dried (MgSOh) and evaporated in ~ to give a l'ed oil (1.55 13). 

Elution on s:i.lica gel (JO 13; dry method2 ) gave the products shmm in the 



follOirinc; table. Twenty ml fractions were collected and recombined 

if identical (toloc o). 

Solvent Volume Comp01md Amount 
{mll Eluted mg ill91iJf 

Hexane (H) 100 Oil (Rf Rf XXVII) 39 

Hexane-ben~ene (B)(h:l) 50 

H-B (3: 2) 50 

H-B (5.5:h.5) 150 

H-B (1:1) 50 xxvn 36 3 

50 XXVI 20 l 

100 Red compound (?) 31 

200 

II-B (3: 7) 100 XXVIII 525 50 

H-B (1:9) 200 

Benzene 200 XXX 141 12 

Xx,'{ + XI ~ l~O + ~ 4 + 
100 8 

Ether 200 Orange residue 38 

Crysta11izations of initial benzene fractions from methanol gave 

red rosettes of XXX (141 mg),homogeneous by t.l.c. A recrystallization 

l'rom methy1ene chloride-petrolewn ether (90-1200
) gave an ana.lytical 

sample wlth m. p. 172,0. 

Ana.l. Calcd. for C26H16N20: C, 83.[~5; H, 4.33; N, 7.52; 0, h.30 

Found: C, 83.60; II, 4.43; N, 7.80; 0, h.38. 
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Alternatively, ketal x...XVII was first precipitated (376 yield) 

from the crude oil by addit:Lon of methanol-ether (5 ml). Evaporation 

left ,'1 red oil which was crystallized overnight from methylene chloride­

petroleum ether (90-1200
) at 100 to give dark red crystals of XXX (37b), 

m.p. 16h.5-165.5°, homogeneous by t.1.c. 

B. Hydro~ysis of {J-uorenonazinemonoxide ÛQ.JC) to 
9-chlorofluorene (XXXII) 

Compound XXX (100 mg) was dissolved in glacial acetic acid 

(5 ml) and methylene chloride (0.5 ml) containing concentrated hydro-

chloric aeid (3 drops). This dark orange solution was shalœn for 13 

hours. The yellow solution now contained only traces of unreaeted XXX 

(t .l.e.). After addition of methylene ehloride (50 ml), the solution 

was neutralized with 5% NaHC0
3 

solution (5 x 25 rrù), washed with brine 

(2 x 25 rrù), dried (MgS0
4

) and evaporated to give an orange-yellow 

residue (136 mg). The erude hydrolysis product was dissolvecl in hot 

hexane, eluted through siliea gel C3 g) to give 34 mg of XXXII, m.p. 

88.5-91.5 0
, homogeneous by t.l.c. (benzene). Further elution gave 

fluorenone (XXVIII, 60 mg), along with a few mg of orime XI and other 

more minor impurities. 

Hydrolysis Produet: 

Calculated: 48 mg + 54 mg 
Yield 

Found: 60 mg + 34 mg + minor impurities 
(62%) (33%) 
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An analyLic sample of xx,'<:II was obtained by overnight. 

sublimation of the chromatographie product al, R.T. and 0.2 rrun 

-1 pressure. Il, melted al, 33.5-31+0 
and had JCC1

4 
640 (G), 680 (s) cm 

(Cl) • 

Anal. Calcd. for C
13

H
9
Cl: C, 77.81; H, l~.49; Cl, 17.71 

Found: C, 77.l,.5; II, h.70; Cl (by diff.) 17.8
5

° 

Synthe sis of 9-chl.orofluorene (XXXII) 

EJCcess lithium aluminurn hydride was added to :t.'luorcnone (500 

mg) in et.her (10 ru.). Vigorous reaction occurred to give a pale yellow 

solution which turned pink upon refluxing for a fei'l minutes. Sodium 

hydroxide solution (lN) was added to just neutralize excess reducing 

agent. The suspension was filtered, the ethereal solution was dried 

(MgSOh) and evaporated to leave 9-:t.'luorenol. Thionyl chloride was 

added to the latter till vigorous reaction stopped. Artel' a few 

minutes, addition of water precipitated out light yellow' flalcy crystals. 

Crystallization l'rom methanol (_100 overnight) gave colourless flakes 

(60 mg) of XXXII, m.p. 860 (reported m.p. 900 (78)). This compound 

was identical to XXXII obtaincd from the acid hydrolysis of XXX 
(mixed m. p., IR, and t .1. c. ) • 

Solvo1..v:sis of 9-diazofluorene (XXXIVa) 

1. Preparation of XXXIVa 

Fluorenone hydrazone (XLIV), prepared l'rom reaction of 

fluorenone and hydrazine hydrate in rei'lu::cLng ethanol (37), was 

vigorously shalccn with yclJ.ow mercuric ox.:ide al, Il. T. as described by 
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Nenitzesau and Solomonia (79) to give compound XXXIVa, m.p. 93.5-9l, .• 5° 

(reported m.p. 94-950 (79)). 

2. Solvo1ysis to 9-chlorofluorene (XXXIi) 

Compound XXXIVa (15 mg) was added to glacial acetic acid 

(2 ml) containing concentrated hydroch10ric acid (1 drop). Irmnodiate 

and quantitative hydrolysis to compound XXXII occurred (t 01. c. ) • 

Addition of water gave pale yo110w crystals of XXXII, identical lrlith 

an authentic sample (t.1. c. and mixed m. P.). 

3. Solvolysis to 9-fluorenyl acetato 

The above procedure vIas repeated in glacial acetic acid 

(2 ml). Instantaneous solvolysis occurred to yield one product (t.l. c.). 

A drop of concentrated hydrochloric acid was added to the solution 

which was left standing overnight. No new products were formed (t.l.c.). 

Saline water (20 :ml) and ether (20 ml) were added. 'l'he ether extract 

was washed with alkaline solution (10% NaHC0
3

) and saline water, dried 

(Mgs0
4

) and evaporated to a yellow oil which had an identica1 Rf value 

with that of 9-fluorenyl acetate, prepared by lithium aluminum hydride 

reduction of f1uorenone and subsequent acetylation at room temperature. 

C. Ileduction of f1uorenonazinemonoxide (XXX) to fluorenonazine 
(XXXI) 

1. Reduction with triphenylphosphine 

Petro1eum ether (90-1200, 10 ml), containing compound XXX 

(l~o mg) and tripheny Iphosphino (~3 p) (17.5 mg, 1 me) l'ms ref luxed for 

24 hours. On1y partial rec1uction to a single produc!:. had occurred. An 
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1 
excess of f{)3P (50 mg) vras therefore used and overnight refhlxing was 

effected in 2. nitrogen atmosphere. Upon cooling, red needles crystal-

lized out (21+ f.1g). A recryst2.11ization from methylene chloride-ethanol 

gave dark-br01'm crysta1s of XXZI (20 mg), m.p. 270.5-2710 (reported m.p. 

265 0 (37», homogeneous 'oy t.l.c., undepressed upon admixt.ure of 

syrrt.hetic }..YeXI (see 3). 

The mother liquor ',Jas evaporateu to dryness. Addition of 

ether left colourless crystél~s of ro')p -> 0 (5 mg), m.p. 151-1520 
'.-1 

(undepressed r;rixed m.p.) Nhile the et.her solution contained XXXI and 

unreacted XXX. 

2. Reduction vIith lithium aluminum hydride (LiAUIJ 

To compound XXX (10 mg) suspended in anhydrous ether (2 ml) 

l.'las added excess LiAlH
4 

(1 mg). An opaque green solution was obtained 

after a feH minutes, l.'lhich ,-ras quenched with lN sodium hydroxide solution. 

Analysis of the ethereal solution o'otained 'oy filtration showed the 

presence of XXXI, along \vith minor amounts of products arising from 

reduction of this product (compared to a similar run using XXXI 

instead of XXX). Reduction of product XXXI occurred even when equi-

molar amounts of XXX and LiAIH
4 

''''ere used. 

3. ~nthesis of fluorenonazine (XXXI) 

The procedure of Curtius (37) was ma:inly followed. A steel 

'oomb containing fluorenone (2 g), hydrazine hydrate (0.23 ml of 35% +) 

and ethanol (O.h nll) \'illS kept in an oil bath at 1500 for five hours. 

The glistening violet-bro\'1l1 crystals obtained upon cooling of the bomb 



- 15h -

were ground, dissolved in methylene chloride-benzene, diluted with 

absolute ethanol and left at 60. Glistening red neeelles (h27 mg) of 

fluorenonazine, m.p. 269.5-~2700 (reported 2650 (37)) lrlere obtaineel. 

Fluorenonazine-N-bis-ox:i.de (XXXVII) 

A. Preparation 

Fluorenone oxime (2.34 g) and potasoium hydroxide (KOII, 680 

mg) in et han 01 (J.~O ml) were added (16 mins) to a vigorously sUrreel 

solution of potassimn ferricyan:Lde (6.8 g, 1.7 me) and KOII (13.6 g) 

in distilled Hater (300 ml) kept at -3 to _70 lrlith a dry ice-isopropanol 

bath. The resulting suspension was allowed to wam up overnight to 

give a red oily precipitate which was readily filtered (ext.raction of 

the mother liquor "With methylene chloride gave negligible amounts of 

red oil). Addition of ether to the red oil gave 410 mg of light yellmv 

rnicrocrystals of compound XXXVII, homogeneous by t.l.c., m.p. 2100 
(elec.). 

This compound was dis sol ved in hot benzene which ViaS dried (M[,;SO 4) . 
Absolute ethanol was then added so that crystal1ization occ,' t'red at R. T. 

to give crystals with m.p. 212.50 (dec.). Hecryst.allization from 

benzene-methylene chloride (7.5:1; ca. 20 ml) at 10° (a few days) gava 

an analytic sample of XXXVII (70 mg from 300 mg crude crystals) m.p. 

212.50 
(dec.). 

Anal. Calcd. for C26H16N202: C, 80.h; H, h.15; N, 7.21j 0, EL 2'-1. 

Found: C, 81.8; H, 3.1f~; N, 7.00; 0, 8.08. 

B. Acid hydrolysis 

Azine-·bis-ox:Lde XXXVII (5 mg) in methylene chloride (5 ml) vms 
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readily precipitated out of solution, unchanged (t.l.e.) by the addition 

of glacial aeetie aeid (1 ml). However, addition of l drop of 

concentrated hydroehlorie acid to this methylene ehloride solution 

immediately gave a deep yellow solution eontaining about equimolar amounts 

of fluorenone and its oxime (t.l.c.). 

C. !:vrolysi!i 

Compound XXXVII melted 1'lith deeomposition to a red oil 1tlhose 

thin layer chromatogram was identieal to that obtained. for the 

pyrolysis melt of fluorenonazinemonoxide (XXX). 

D. Attempted reduetion 

Triphenylphosphine (60 mg) and XXXVII (40 mg) stirred in 

tetrahydrofuran for three days remained unreacted. When refluxing 

dioxane was used in a nitrogen atmosphere (7 hr) about five products 

were formed in minor amounts. No fluorenonazinemonoxide (XXX) nor 

fluorenonazine (XXXI) could be deteeted (t.1.e.). 

E. Lead tetraacetate stability 

To azine-bis-oxide XXXVII (5 mg) in methylene chloride (3 ml) 

was added lead tetraacetate (50 mg). No reaetion occurred. Addition 

of aeetic acid (1 ml) did not lead to any reaction either (t.l.c.). 
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1-2. Oxidation Products from Benzophenone Oxime 

Dinitrodiphenylmethane (XXXVIII), l,l-bis(diphenylmethylideniminoxyl)­
diphenylmethane (XXXIX), a.nd b.enzophenone nitrimine (XLI) 

A. PreQaration from lead tetraacetate oxidation qf 
benzophenone oxime (IX) 

Solid lead tetraacetate (4.48 g, l me) was added to a 

rapidly stirred solution of IX (2 g) (mopo Ih3-JJ~l~0, reported 1420 (80» 

in oxygen-free acetic acid in a nitrogen atmosphereo After five 

minutes, the solution l:ras a light orange-brmffi. After another 15 minutes, 

1 a yellow suspension had formed. Reaction 1rIaS complete • 

The acetic acid solution 1:IaS evaporated at 300 in .Yê:Q.1!.Q 

and 10 ml of methylene chloride l:Tas added. The undissolved lead 

a.cetate (2.59 g) was filtered off, and the solution evaporated. The 

resulting oil (1.84 g) .. laS crystallized l'rom methanol at _100 overnight 

to give colourless flakes (60 mg). One recrystallization from methanol­

methylene chloride gave 48 mg of XXXIX, m.p. 169.5-171.50 • Recrystal-

lization from the same solvent mixture gave a pure analytic sample 

(t.l.c.), m.p. 170.5-171.50 • 

Anal. Ca1cd. for C39H30N202: C, 83.84; H, 5.41; N, 5.01; 0, 5.73 

1401. vJeight 558.65 

rounù: C, 84.05; H, 4.93; N, 5.29; 0, 6.07 

Ho1. Weight (osmometric-CHC1
3

) 547. 

The mother liquor from the above reaction was evaporated. The 

resulting yellow oil "laS dissolved in hexane and poured onto a column 

of silica gel (60 g). ElutiOl1 \·rith hexane-benzene (7:3) gave 226 mg of 

colourless crystals of XXXVIII, m.p. 78.5-790 , homogeneous by t.l.c. 

One crystallization from hexane gave colourless plates of dinitroùiphenyl-
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methane (XXXVIII), m.p. 80.5-810 (dec. 1000
, vdth evolution of N02). 

Anal. Calcd. for C13HION20l~: C, 60.46; H, 3090; N, 10.85; 0, 24078 

Mol. Weight 258.2 

Found: C, 60022; H, 4.79; Np 10.60; 0, 24058 

Mol o Weight (osmometric.-CHC1
3

) 260. 

Further elution l'Tl th hexane-benzene (7: 3) gave pale ye]~Olr! 

crysta1s of XLI (2"-5 mg), mop. 62-660
, homogeneous by t.loc o Crystal­

lizat.ion from hexane at 60 overnight gave colourless plates of benzo­
phenone nitrimine (XLI), mop. 70-710 (dec. 165 0

, vdth N02 evolution). 

Anal. Calcd. for C39HION202: C, 69.01; H, 4.46; N, 12.38; 0, Ih.14 

Mol. Weight 226 

Found: C, 69.15; H, 4055; N, 12.37; 0, 14.16 

Mol. Weight (osmometric-CHC1
3

) 233. 

Further elution with benzene afforded 1.15 g of benzophenone 
(XL) as pale yellow crystals (identified by t.l.c., IR and mixed m.po). 

~~ution with ether gave 35 mg of an oil having an Rf value 
(tol.c.) equal to that of benzophenone oxime. An infrared spectrum of 
this oil in chloroform contained a peak at 1765 cm-l which remained 

constant upon addition of concentrated hydrochloric acid to the solution. 
This absorption suggested that the oil might consist mainly of benzo­
phenone orime O-acetate (XLVI), in anal ogy with the observations made 

for fluorenone orime O-acetate (XXXV, Po147). 

B. Syntheses and reactions of these oxidation produds 

Dini trodipheny lmet halle (XXXVII I) 

See Chapter l~ for synthesis from oxidative nitration of 
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benzophenone oxime. Compound :XXXVIII was found to be stable to 

concentrated hydrochloric acid. 

Benzophenone nitrimine (XLI) from diphenyldiazomethane (XLII) 

Diphenyldiazomethane (XLII) was prepared according to a 

reported method (81) with sorne modifications. 'l'he hydrazone of benzo­

phenone (10 g, m.p. 96-980 (Aldrich Chemical)) was finely ground with 

yellow mercuric oxide (11.2 g) and shaken in 50 ml of petroleum ether 

(JO-60°) at H. T. for 24. hours. Filtering and evaporating left a red 

oil (2.6 g), which turned to red crystals of diphenyldia.zomethane (XLII) 

on colling beloltT R. T. (homogeneous by t.1. c. ) • 

Compound XLII (2.6 g) was vigorously shaken in benzene-

cyclohexane (120 ml. 1:1, spectral grade) and kept under a positive 

nitric oxide gas pressure. The reaction proceeded as described by Horner 

et al. (JO). Crystal1ization of the crude product from methano1 (5 ml) 

at _60 overnight gave 600 mg of a mixture of nitrimine XLI and benzo­

phenone (t.l.e.). Hecrystallization from 10% aqueous acetic acid at 

_60 for 2 hours gave colourless plates of benzophenone nitl'imine, m.p. 

o 70.5-71. The melting point was undepressed upon admixture with XLI 

(from the 1ead tetraacetate oxidation of benzophenone oxime) and had an 

identical IR spectrum (IŒr matrix) . 

Acid hydrolysis: A solution of compound XLI (20 mg) in ethanol 

(4 ml) containing concentrated hydrochloric acid (3 drops) was heated 

under reflux for one hour. Quantitative hydrolysis to benzophenone took 

place (t.l.e.). 
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Benzophenonazinemonoxide (XLIII) 

Lead tetraacetate (560 mg) was added to a rapidly stirred 

solution of benzophenone OJdme (500 mg) in methy1ene ch10ride (15 ml). 

The reaction was complete in Iess than a minuteI • The green suspension 

was filtered, giving 340 mg of 1ead acetate. The filtrate was diluted 

with methylene chloride to 50 ml and an aliquot examined 1rJith the infra-

red spectrometer. The solution was then evaporated to a small volume 

(ca. 5 ml) and chromatographed by t.l.c. using ether-benzene (2.5:77.5) 

as solvent system. 'fhe products were spotted with an ultraviolet 1amp 

and extracted 1rJith ether and methylene chloride, successively. In 

order of decreasing Rf values, the following products were obtained: 

benzophenone (272 mg), an oil (39 mg) (Rf = Rf oxime IX) and compound 

XLIII (150 mg). One crystallization of XLIII from ethanol (2 hours at 

100) gave yellow microcrystals, m.p. 153-154.50 (dec.), ~KBr 1510 and 

1439 cm-l (N ~ 0). This compound was identified as benzophenonazine­

monoxide (reported m.p. 151-30 (31) by m.p., mixed m.p., t.l.c. and 

comparison of the infrared spectra. 
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,Çhapter 2 

OJdda tion of Fluorenone Oxime 

2-1.1. Lead tetraacetate oJddation in glacial acetic aciq 

Entries to Table l 

As previously described in the experimental section (1-1), 

a column chromatography was initially céLI'ried out to determine the 

product distribution obtained in the lead tetraacetate oJD.dation of 

fluorenone OJdme (XI) in glacial acetic acid in the presence of air 

(entry 1). 

Any changes in ketal formation were readily detected by 

filtration of this precipitate. Attention was focussed on changes in 

9,9-dinitrofluorene (XXVI) formation, which were recorded as shown 

in the following representative example. 

Fluorenone oxime (585 mg) and lead tetraacetate (700 mg, l me) 

were mixed in glacial acetic acid (25 ml) purged with nitrogen. Filtering 

the resulting suspension afforded 28 mg of ketal XXVII, slightly contamin­

ated by starting oxime. To the acetic acid s01ution was added water. The 

precipitated solid was filtered, dissolved in methylene chloride and worked 

up as previously described (1-1, part A, p. ll~3). The oil, remaining upon 

evaporation of the methylene chloride solution, crystallized fram hexane to 

give 84 mg (11%) of 9,9-dinitrofluorene (XXVI). The mother liquor was 

evaporated and the crude residue was analysed by infrared spectroscopy. 

Extinction coefficients were measured for the oxime (XI), 

oxime acetate (XXXV) and 9,9-dinitrofluorene (XXVI) in the ranges of 

absorption obtained for the analyses of crude products. Only small 
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variations (2-3%) ltJ'ere found in measurements of extinction coefficients. 

The settings used on the Perldn-Elmer 521 infrared spectrometer for 

analysis of standard solutions of synthetic samples were used for a]~ 

analyses. 

Entries to 'l'able II 

The experimental runs vmre conducted as shovm in the foilol,'ùng 

example. The apparatus has been described in the General section. Ail 

solids used in these oxygen-free experiruents (e.g o lead tetraacetate 

and f1uorenone oxime) Vfere degassed in the reaction flask prior to 

reaction. In order to simplify analysis of the crude reaction mixtures, 

a graphical technique using IR spectroscopy was used (Appendix B). 

The following entries are representative examples. 

Entry l 

Fluorenone oxime (585 mg) VlaS degassed in the 50 ml reaction 

flask which was fiiled with helium. O:xygen-free glacial acetic acid 

(25 ml) was pipetted into the flask kept und el' positive helium pressure. 

Lead tetraacetate (700 mg, 1/2 me) was weighed into the rotatable eup 

vlhich was inserted into the reaction flask. After evacuating and filling 

(with helium) the flasle a few times, the lead tetraacetate was added 

ail at once to the vigorously stirred ox:i.me solution. The former 

completely dissolved within 2-4 minutes. After five minutes, a dark 

brown suspension had formed which gradually faded to a yeilow colour in 

about one hour. l Reaction was now complete • 

The suspension l:JaS filtered to give 233 mg of a solid V/hich 

..... , 
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was refluxed in methylene chloride. Evaporation of the methylene 

ch10ride solution left 80 mg of keta1 XXVII (14.%), slightly contaminated 

by oxime XI and f1uorenone (XXVIII). One crystal1ization l'rom acetic 

acid-methy1ene chloride gave 63 mg (11%) of pure XXVII (t.loc.). 

Addition of lrvater to the acetic acid mother liquor gave a 

solid mixture which ''las filtered, washed 1IJith 1Ilater)l air-dried and 

finally dried in a vacuum oven (0.1 mm and 800
). This crude solid 

(440 mg) was then analysed by infrared spectroscopy as described in 

Appendix B. 'rhe aqueous acetic acid mother liquor was shaken with 

methylene chloride. The methylene chloride solution was then washed 

with saline water and 5% sodium bicarbonate solut.ion. It was dried 

(MgS0
4
), and evaporated to give 60 mg of fluorenone (XXVIII). 

The above experiment was repeated to test reproducibility. 

The results are shown belowo 

Compound 

Run l 

Run 2 

XXVI 

4% 

3% 

Different work-up conditions 

XXVIII 

22% 40/~ 

20% 

The acetic acid rea.ction solution was filtered l'rom the 

precipitated ketal xxvn (233 mg). n. was then concentrated to a small 

volume at 500 in .Y.illlliQ and finally brought to dryness at 4.00 and under 

vacuum (0.1 mm). Methylene chloride was added to this oil. Lead 

acetate 1IJaS filtered l'rom the resulting solution. Evaporation to 

dryness gave an oily residue 1Ilhich was analysed as described a.bove. The 
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same results vlere obtained (within the experimental error ± 3%). 

Entry 2 - Trapping of nitric oxide gas 

In a separate l'un, the same procedure 1.vas used as described 

in entry l, except that helium gas was flushed through the reaction 

solution and led through two carbon tetrQ,chlortde-dr;,{ ice baths and then 

hm liquid air traps containing silica gel? 

The first liquid air trap contained a blue solid contaminated 

by trace amounts of a green-blue solid o The latter lnight be dinitrogen 

tetroxide. The t.rap was evacuated with an oil pump (0.1 rmn) and allmved 

to war.m up by immersing it in a CC1
4
-dry ice bath. The very faint brown 

gas was transferred to an infrared gas cell. The IR spectrum of this 

gas contained a strong doublet at 5.5
5 

and 5.60 microns, 'vhich might be 

due to N-O stretches (reported ~NO == 5.25 and 5.4· microns (82), but 

variance exists in the literature). No absorptions correspondlllg to 

the presence of nitrous oxide (H2) Ivere observed in the above IR 

spectrum. Exposure of this sample to air gave a dark brmill gas having 

an irritating smell, characteristic of nitrogen dioxide. 

Butry 6 - Reaction of fluorenone orime with one mole eguivalent of lead tetraacetate 

The same experimental conditions were used as described in entry 

1. Ho1trever, the lead tetraacetate (1.348 g) was degassed in a flasle 

filled with nitrogen, dissolved in oxygen-free methylene chloride-acetic 

acid (h: 5, 18 nù.))1 and transferred to a dropping funnel (,vith side arm 

for equalizing pressures) fitted to the reaction flasle leept under positive 

3 Nitl'ic oxide is adsorbed by silica gel (Dl.'. C. Winlcler' s students, Chem. Dept., McGill University. 
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nitrogen pressure. The lead tetraacetate solution l-.raS added in ten 

minutes. A, fluorescent yeLlow colour immediately appeared and remained 

ten minutes after the addition. After a total of 20 minutes, a 

yello\'l-brown colour appeared. After 15 minutes longer, the solution 

had turned clear yellow and contained no oxidizing agentsl • The 

solution was evaporated to about 20 millilitre volume at room temper-

ature in Y.ê&!!Q.. 'fhe suspension 1'1hich had formed vias filtered to gi ve 

100 mg of ketal XXVII, containing only traces of oxime (t.l.co) 0 

Further evaporation to near dryness and filtering did not yield any 

more ketal. 

The mother liquor was worked up as previously described (both 

methods gave approximately the same results). 

2-1.2 Molecular oxvgen 

Autoxidation of fluorenon~ orime (XI) 

Ao Glacial acetic acid 

When XI (50 mg) was left in dryl~ glacial acetic acid (3 ml) 

in a stoppered flask for ten hours, a minûr amoilllt of fluorenone (XXVIII) 

and 9,9-dinitrofluorene (XXVI) was formed (t.l.c.). After another ten 

hours, reaction was complete (t.l.c.). The suspension which had formed 

was filtered to give 6 mg (13% yield) of compound XXVII, identical with 

9,9-difluorenylideniminoxyli'luorene (t.1. c. and mixed m. Po). The 

mother liquor \'ITaS evaporated in .'Y.ê:m!Q at room temperature. The solid 

mixture (~4 mg) was dissolved in spectral grade chloroi'orm (10 ml). 

The solution 'VIas shown to consist of 25% XXVI and 60% XXVIII (IH. analysis -
Appendix B). 
~~ 

The use of acetic acid from a bottle opened a large number of times greatly reduced the oxidation rate. 
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B. ,Çi-lacia1 acetic acid saturated w.i..th o~ 

Glacial acetic acid lilaS purged overnight with oxygen under a 

smaU positive pressure and stored in a stoppered flask. This solution 

lilaS used in the experiment described in (A) above. The same results 

were obtained. 

c. Q1acial acetic acid-sodium aceta:te 

viIhen the reaction in (A) was repeated w.i..th anhydrous sodium 

acetate (1 g) added to the acetie acid solut.ion~ no reaction occurred. 

Relative basieities of fluorenone oJdme sodium salt (XIsl 
and sodium acetate 

A solution of sodium acetate (1 g) in water was shaken w.i..th 

fluorenone oxime (50 mg). The orime was quantitatively recovered by 

extraction w.i..th methylene crùoride (t.l.e.). 

D. Benzene-oxygen 

Fluorenone oxime (25 mg) in benzene (5 ml) dried over sodium 

and saturated w.i..th oxygen was shaken in a stoppered flask for two days 

on a mechanical vibrator. Only starting oxüne was reeovered after 

evaporation of the solvent (t.l.e.). 

E. Ethanol-potassium hydrox:i.de 

Fluorenone oxime (25 mg) was dissolved in ethanol (10 ml) 

containing potassium hydroxide (25 mg). Oxygen "'las bubbled through 

this solution for t\'lQ days. No reaetion occurred (t.l.c.). 
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Autoridation of fluorenone hydrazone (XLIV) to 
fluorenonazine (XXXI) 

The same procedure for oxidation of XLIV (50 mg; pre.pared on 

p. 151) was used as described for the autoxidation of fluorenone oxime 

(XI) in glacial acetic acid. A quantitative yield (50 mg) of red 

crystals of XXXI, m.p. 2690 1Ims obtained o This product 1IiaS identified 

as fluorenonazine by comparison 1Ilith an authentic sample (t .1. c 0 and 

rnixed m. p. ) • 

2-1.3. Nitrogen orides 

Addition of fluorenone oxime (XI) to nitrogen dioxide-acetic 
acid solution 

To a rnagnetically stirred turquoise glacial acetic acid solution 

of nitrogen dioxide (compressed gas from Matheson Co.) was added~ aIl at 

once, fluorenone orime (100 mg). A dark yellow-brown solution irnrnediately 

forrned and spontaneously turned turquoise again. Degê.ssing with the 

water purnp left a pale yellow solution 1rlhich was brought to dryness on 

the l .. mter bath (600
) with a flash evaporator. Hexane (5 ml) was added 

to t.he pale yellow residue which contained a trace arnount of fluorenone 

(t.1. c.). Colourless crystals (95 mg) of pure 9, 9-dinitrofluorene 

(~XVI), mop. 130-1330 (dec.) were obtained (t.l.c o and rnixed m.p.). 

Compound XXVI was found to be stable under the above \'1ork-up conditions. 

Repeat of this oxidation in other solvents gave sirnilar results (see 4-2). 

Reaction of XI l/Iith nit rie o.ride and nitric oride-air 

Nitric oxide (compressed gas from Matheson Co.) \'1as bubbled 

through o:xygen-free glacial acetic acid (5 ml) containing oxi.me XI (100 

.~. 
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mg) in the 50 ml reaction flasle (described in the General section), 

containing polystyrene inlet tubing dipped into the reaction solution. 

No reaction occurred since oxime XI was recovered ltihen the solution ltIaS 

brought to dryness in~. HOltleVer, if the reaction ltIaS repeated ltdth 

air allowed to enter t.he system, inst.antaneous reaction occurred. The 

solution 1tlaS evapora:ted iD, vacuQ to a smaller volume, ltlater vIas added 

and the precipitate was filtered to give colourless crystals of XXVI 

(80 mg), m.p. 131-1330 (dec.), identical with authentic XXVI (t.l.c. and 

mixed m.p.). 

Nitrogen dioxide (11 ml, l me with respect to XI) was trans­

ferred from a dibutyl phthalate-containing gas burette into a partly 

evacuated flasle (initially flushed with nitrogen) containing o:xygen-free 

glacial acetic acid (20 ml). The stoppered flask (containing a stopcocle) 

was vigorously shaken to give a pale yellow solution which was transferred 

to a dropping funnel being flushed with nitrogen. This solut.ion 11as 

added dropwise to a stirred solution of XI (97.5 mg) in o:xygen-free 

glacial acetic acid (20 ml) kept in a nitrogen atmosphere. The light 

yellow oxime solution turned deeper ;rellow and turbid as the addition 

proceeded to completion. After two hours, addition v~as complete. The 

suspension was evaporated in. ~ to dryness 0 Addition of ether (5 ml) 

left l~ mg of ketal XXVII, identified by t.l.c. and mixed mop. 1dth an 

authentic sample. 'fhe mother liquor was evaporated. The crude solid 

(92 mg) was dissolved in chloroform (20 ml). IR analysis (Appendix B) 
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indicated the presence of fluorenone (ca. 15%), 9,9-dinitroîluorene 

(ca. 40%) and unreacted orime XI (ca. hO%). These results ",lere 

qualitatively confirmed by tol.c. 

2-1.4. Ionie-type oxidizing agents 

Nitrous acid 

Ao Pro'Qerties of nitrous acid in aeetic acid 

a. Sodium nitrite (50 mg) added all at once to glacial acetic 

acid (3 ml) gave a blue solution and caused vigorous bubbling of N­

oxides. Exposure of the solution to air led to brown nitrous fumes. 

b o Slow addition of sodium nitrite (25 mg) in water (0.5 ml) 

to acetic acid (3 ml) gave a colourless solution which gave a positive 

starch-iodide test. 

B. Fluorenone oxime (XI) stability to nitrous acid 

Sodium nitrite (22.5 mg, 1.5 me) in distilled ''l'later purged 

with nitrogen (0.5 ml) was added, in 15 minutes, to an oxygen-free 

acetic acid solution (3 ml) of XI (50 mg). Vigorous magnetic stirring 

,vas effected during the addition. The solution was stirred overnight 

in a nitrogen atmosphere. Only trace amounts of fluor~mone (.xxVIII) 

and 9,9-dinitrofluorene (XXVI) had formed (t.l.c.). 

vfuen t he procedure was carried out with rapid addition of 

sodium nitrite as in (a) above, XXVI and XXVIII 1,vere formed as major 

and very minor products, respeetively (t.1.c.) 
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2--2. Oxidation in Neth,y1ene Clùoride 

2-2.1. General solvent effect 

Benzene 

Lead tetraacetate (113 mg, l me) was added to a magnetically 

stirred solution of fluorenone oxime (50 mg) in benzene (2 ml). 

Instantaneous reaction occurred to give an orange solution, 1tlhich 

contained mainly fluorenone (XXVIII), fluorenonazinemonoxide (XXX) 

and a minor amount of 9,9-dinitrofluorene (XXVI). 

Similar oxidations conducted in tetrahydrofuran, \vet ether, 

methylene chloride and dimethylsulfoxide led mainl,y to ketone XXVIII 

and azinemonoxide XXX. 

Methanol 

The reaction lias conducted as above using 1.13 g of lead 

tetraaceta:te and 500 mg of fluorenone oxime in absolute methanol (1tlet 

methanol gave the sarne results). Instantaneous reaction occurred. 

The solution was evaporated to dryness. The crude residue was extracted 

"Jith methy1ene ch10ride. This solution was washed with 1tlater, dried 

(MgS0
4

), and evaporated. One crystallization from hex.a.ne (1 hour at 5°) 

gave 133 mg of fluorenone oxime, m.p. 194-1960• The mother liquor 

contained mainly fluorenone, sorne fluorenonazinemonoxide (.XXX) and 

about four very minor products (t.l.c.). 

2-2.2. Nethylene chloride as solvent 

J.!:ntries to Table X 

In aIl of these experiments, the methylene chloride solutions 

''lcre analysecl Ly· infr'é.l.l'eù spectroscopy bei'ore and after 1tlorlc-up. AlI 
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the absorption bands found in these spectra could be accounted for once 

the components "\Imre ail isolated. The strong bands at 1765 and 1720 

cm-l, observed for all the reactions studied, disappeared vThen the 

solutions were washed vdth l'rater, except for a l'mak band at 1765 cm-l 

assigned to the oxime O-acetate XXXV. These same bands were obtained 

when a. spectrum of glacial acetic acid in methylene chloride vlaS taken. 

No bands for acetic anhydride ,'Jere ever observed. 

The entries in Table X vmre obtained as shown by the follovnng 

representati ve eX3mples. 

Entry 2 

The experimental procedure was described in 1-1, p. 143. 

Entry 3 

Lead tetraacetate (694 mg, 1/2 me) in oxygen-free methylene 

chloride (25 ml) was added in 10 minutes to fluorenone oxime (585 mg) 

in methylene chloride (50 ml) in a nitrogen atmosphere. A dark brown 

suspension formed as the addition \'l'as made. Aftel' another 10 minutes, 

reaction was completel • The orange suspension was concentrated to ca. 

10 nit by blovTing nitrogen through it. An aliquot was removed (0.1 ml) 

and analysed in the 0.1 mm IRT cells. Bands at 3565 cm-1 (5%), 1765 cm-l 

(27%),1720 cm-l (67%), 1570 cm-l (10%) could be assigned t.o oxime, 

oxime O-acetate and/or acetic acid, fluorenone and acetic acid, and 

azinemonoxide (XXX), respectively. 

'l'he suspension was filtered to give lead acetate (518 mg). 

The solution was washed vnth vrater and NaHC0
3 

solution (5%), dried (MgS0
4

), 
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and evaporated to a red oil (585 mg). IR analysis of this oil in 

methylene chloride indicated the absence of the 1765 and 1720 cm-l 

bands, assigned to acetic acid. Addition of ether (5 ml) gave 57 mg 

of 9,9-difluorenylideninânoxylfluorene (XXVII), containing traces of 

fluorenone oxime (t.1. c. ) • The mother liquor '\riaS chrolI1.atographed on 

four silica gel plat es (.'20 Je 20 cm) '\rüth ether-benzene (2.5: 87.5) as 

eluting solvent. The components vwre spotted with an ultraviolet lamp 

and extraGted with methylene chloride. Fluorenone ox.i.me (30 mg) 

containing minor amounts of the oxime O-acetate (~l%, IR) and 

fluorenonazinemonoxide (XXX) contam..-Lnated with fluorenone \'mre 

isolated. One crystallization of the latter mixture from ethanol 

gave 82 mg (14%) of XXX, t.l.c. pure. The mother liquor consisted 

mainly of fluorenone, with a fe'\rl minor impurities (t.l.c.). It was 

evaporated to dryness and dissolved in chloroform. Infrared analysis 

of this mixture indicated that 50-60% of fluorenone (based on the 

starting oxime) had been formed. 

Entry 4 

The reaction in entry 3 was repeated with the reaction 

temperature kept at about -15 0 with an isopropanol-dry ice bath. After 

a half-hour at -15 0
, a deep orange-brown suspension had formed. An 

aliquot (0.5 ml) was syringed into a vial kept at _200 and analysed in 
the IRT cells (0.1 mm) at _200 and at R.T. The infrared spectra at 
these two temperatures were identical. 

]wen aft.er two hours at -15 0
, unreacted lead tetraacetate 

rernained. On warming up to RoT., the reaction was completed '\rdthin 30 
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. t l 1IIJ.nu es • Work-up was conducted as previously described to give ~.O mg 

of lead acetate and 35 mg of !cetal XXVII. 

The methylene chloride solution (mother liquor) was extracted 

with sodium hydroride solution (2N). Acidification of the alkaline 

aqueous extracts gave only 3 mg of fluorenone orime. 

Since difficulties had previously been encountered in the 

isolation of fluorenonazinemonoride XXX, a different method of isolation 
1tmS attempted in the light of the tested stability of fluorenonazine-

monoxide to basic conditions. 

The evaporated solution was dissolved in tetrahydrofuran (5 ml) 
contajning 2 ml aqueous ethanol (30% H20) and 200 mg hydroxylamine 

hydrochloride. This solution was refluxed for one half hour and evaporated. 
The residue was taken up in methylene chloride, washed wi'th water and 
acid (10% HCl) and extracted with base (2N NaOH solution). 

The methylene chloride solution was evaporated to give a red 
oi.l (100 mg) containing XXX and 3 very minor impurities (t.1.c.). 

Attempts to crystallize the oil were unsuccessful. 

The alkaline extract was neutralized with acid (conc. HCl) to 

give 354 mg of fluorenone orime, equivalent to a 60% yield of fluorenone. 

Entry 5 

'l'he experiment in entry 2 was repeated,. but glacial acetic 

acid (1 ml) "ms added to the methylene chloride (25 ml) soluU.on. 'l'he 

dark brm'ill suspension formed after four minutes of. reaction turned 
lighter brovJt1 and finally light orange (25 minutes). 'l'he reaction was 

l 11mi complete. The suspension was conccntrated and fD.tercet to c;ive 
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482 mg of lead acetate. The solution l'las washed with water and sodium 

bicarbonate solution (5%), dried (MgsOl~ and evaporated to an orange 

oil (556 mg). The addition of ether to this oil did not give any ketal 

XXVII. Evaporation and drying with the oil pump at 500 (0.1 rrnn) gave 

back the above oil (556 mg). An NMR spectrum of 100 mg of this crude 

in 0.3 ml deuterated chloroform contained a small absorption at 2.25 

p.p.m. corresponding to ""4.5 mg fluorenone oxime O-acetate (ca. 1% of 

total crude). 

The above oil vIaS also partly dissolved in chloro.form (l~o mg/ml). 

The infrared spectrum of this solution was compared to that obtained l'rom 

a similar solution for the crude obtained in entry 2. The product 

distribution was thus estimated by a comparison of peak heights 0 A 

comparison of these solutions on t.l.c. was also n~de. 

2-3. Oxidation of Fluorenone Oxime with Potassium Ferricyanide 

2-3.1. Formation of fluorenonazinemonoxide (XXX) and 
fluorenonazine-N-bis-oxide (XXXVII) 

A. Reaction at room temperature 

The same procedure was used as described for the low temperature 

reaction on p. 154. A red OLl (487 mg) was obtained. An Ih spectrum of 

this oil (15 mg) in chloroform (2 ml) was taken. Addition of ether left 

a yellow-orange precipitate (22 mg) which contained trace amounts of 

compound XXX (t.l.c.). One crystallization l'rom methylene chloride­

ben7.ene gave yellow microcrystals of pure XXXVII, m.p. 2130 (dec.), 

undepressed upon admixture with an authentic sample (see 1-1). 

'l'he ether solution was evaporated t,o dryness. The resulting 

oil vIaS crysLallized l'rom peLroleum ether (90~.120o fraction) at 100 
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overnight. Red crystals (25 mg) 't'fere obtained, slightly contarninated 

by fluorenone oxime and an unlm01m impurity (t ol.c.). Recrystallization 
from petroleum ether (overnight at R.T.) gave red rosettes of XXX, 

m.p. 166-1670
, identical with authentic fluorenonazinemonoxide (mixed 

m. p. and :m). 

Bo Reaction at ca. _50: formation of intermediate XLV 

The reaction was conducted as praviously described on po 

'l'he yellow suspension ltlhich had formed was war-Jned up to _20 (to d.issolve 
frozen solution) and filtered to give a light yellow precipitate (XLV). 

Ci) On standing at room temperature, XLV spontaneously decomposed 
to a red oil with evolution of bro-wn nitrous fumes. \'lork-up was then 

effected as previously described to give a red oil. An infrared spectrum 
of a standard aliquot of this oil (15 mgf2 ml CHC1

3
) Ï'JaS compared to 

that obtained in part A and was found to be almost identical. A t.I.c. 
comparison qualitati vely confirmed this observation. 

(ii) Alternatively, XLV could be quickly transferred to a vial 
and stored at _100 with no resulting decomposition. It readiLy 

dissolved in chloroform (_200
) and partly in ether (_200

) to give yellow 

solutions which turned orange on warming to R.T. (due to azinemonoxide 

XXX forrrL9.tion), even whan these cold solutions were initially dried 

(iii) XLV was 1,iTashed with ether at _200 to remoye water present. 

It was then allowed to warm up to R.'I'. Spontaneous cleeomposition to a 
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red oil still occurred. 

(iv) A fe1.'f mg of XLV in chloroform at _200 1IlaS dried vJith MgSO
h 

and analysed by infrared spectroscopy at this temperature and at H.T. 

-1 
A strong transient peak at 23~.0 cm was noted, vJhich d.isappeared as the 

solution 1IIaS left standing at R. T. A similar transient absorption pealc 

-1 
at 23L~0 cm lw.d been observed in the IR spectrum of a solution of lcetal 

XXVII containing a drop of concentrated hydrochloric acid. No assign-

ment could be made. 

Absorption bands at 1712 cm-l ( :JO:=.O for fluorenone), and 

at 1550 and 1565 cm-l (~N ---> 0 for azinemonoxide) increased in 

intensity as the chloroform solution of XJ ... V was warmed up to R. T. 

2-3.2. Comparative study of the lead tetraacetate oxidations 
of fluorenone oxime 

Low temperature oxidation of fluorenone oxime (XI) in 
.QNŒ..en-free methylene chloride-ether: 

The experiment was conducted as descl'ibed for entry 4 in 2-2.1. 

To oxjme XI in oxygen-free ether (45 ml) at _SOo was added lead tetra-

acetate in methylene chloride-ether (1:3.3, 26 ml). A pale ye110w 

suspension immediate1y formed with addition of the lead tetraacetate. 

No colour changes occurred aftel' two hours at this temperature. On 

warming to -30
0 

(1/2 hour) the suspension turned to a lighl:. brown colour. 

A yellow-orange colour, indicative of formation of fluorenonazinemonoxide 

(XXX), only appeared vlhen the suspension was warmed up to _100 • 1'1.1' ter 

12 hours at this temperature, the suspension was fi1tered to give 

unreacted lead tetraacetate (30/'&). An a1iquot (0.2 ml) was syringed 
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from the mother liquor at _100 and innnediately analysed in 0.1 nun IRT 

ceJ~s cooled d01'm by flushing l;lith methylene chloride at _800 • No 

change in the resulting spectrum was noted as the cells warmed up to 

R.rr. 

The mother liquor (_10°) was "\<lashed with water. The 

precipitated black lead oxide (due to unreacted lead tetraacetate) 

wan filtered. The filtrate was dried (MgS0
4

) and evaporated ta an orange 

residue (328 mg). Ether (5 ml) was added but no precipitate was formed. 

Analysis of this crude by t.l.c. and IR indicated that mainly oxime XI 

was present, with 1esser amounts of fluorenone and its azinemonoxide 

(xxx). Not a trace of fluorenonazine-N-bis-oxide (XXXVII) could be 

detected (t.l.c.). 

Oxidation of oxime XI in methylene chloride in the presence of fluorenonazine-N-bis-oJdde (XXXVII) 

The oxidation was conducted as described for f1uorenonazine-

monoxide formation (XXX) in section 1-1. One hundred milligrams of oxime 

XI and corresponding amounts of other reagents \<lere used. Compound 

XXXVII (50 mg) was added before addition of the lead tetraacetate. 

Addition of ether to the crude residue obtained after 1'lOrk-up gave 51 mg 

of crystals consisting of XX1.'VII (toloco and mixed Ill.P.) contaminated 

mth trace amounts of ketal XXVII (t.Lc.). 
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Oxidatiûn of Othel' Aromatic KetOJome:'l 

3-1. Oxidation of Benzophenone Oxime (IX) 

3-1.1. and 1.2. Lead tetl'aacetate oxidations in glacia.l acetic 
acid and in methylene chlorid'ê, 

The pl'oducts in the val'ious experimentc:ù l'uns (results entered 

in Table XII) were genel'ally isolated as described in section 1-2. 

Infral'ed spectl'a of crude reaction mixtures were taken before and aftel' 

work-up, as in the studies on the oxidation of fluol'enone oxime. 'rhese 

-1 spectra were identical except for the bands at 1765 and 1720 cm which 

were mainly due to acetic acid. Compal'ison of these spectra with 

individual spectra of isolated products indicated that no significant 

decomposition had occurred during the isolation steps • 

. 3-1.3. Molecular oxygen 

Oxime IX (50 mg) was oxidized as described in part B of 

section 2-1.2. After 24 hours, t.1.c. indicated the absence of IX and 

the presence of benzophenone (XL) and dinitrodiphenylmethane (XXXVIII). 

Addition of water gave a colourless oil which was dissolved 

in ether, washed with water and sodium bicarbonate solution (10%), 

dried (MgS0
4

), and evaporated to a pale yellow oil (l~3 mg). A t.l.c. 

of this oil in methylene chloride shovled compounds XL and XXXVIII, in 

a ratio of about 4:1 (determined by t.l.c. comparison with a solution 

of authentic samples). 
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See section 1+-2. 

3-2. O::d.dation of Xanthone Oxime 

Preparation of xanthone oxime (XLVII) 

Xanthione was prepared by the f ollowing modified method (83) 0 

Xanthone (4'039 g) and phosphorus pentasulfide (5.28 g) were intima:tely 
o ground and hea:Led to 140 0 Heating above this temperature leads to 

decomposition to xanthone and other products. After a half-hour, the 

green-brown calce which had formed was crystallized from et han 01 (ca. 

400 ml). Xanthione was obtained as green-brmffi needles (L1-.5 g), homo-

geneous by t.l.c. 

'.che procedure of Graeber and Roder (83) was followed for 

conver:ùon of xanthione to xanthone orime. Xanthione (2.0B g) was 

refluxed in absolute e"thanol (150 ml) containing h,ydroxylamine hydro­

chloride (12.5 g) and sodium carbonate (100 mg). Addition of 1vater 

gave pale pinlc crystals which '~vere air-dried to give 2 g of pure (t.l.c.) 

XLII, m.p. 160-1610 (reported rn.p. 1610
). 

Oxidation of xanthone orime (XLVII) with lead tetraacetate in oxygen-free glacial acetic acid 

Lead tetraacetate (210 mg, 1 me) was added all at once to XLVII 

(102 mg) in oxygen-free glacial acetic acid (10 nü). A dark brown colour 

immediately formed which began to fade after one minute of magnetic 

stirring. After three minutes, ail the lead tetraacetate was consumedl • 

After 10 minutes.? a pale yeilo'VJ solution had i'ormed o Addition of water 

gave colourless crystals (70 mg) which consisted mainly of xanthone and a 
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very minor product (toloc.). An infrared spectrum of these crystals 

(5 mg/ml CHCl
3

) l'.ras almost identical to a spectrum of xanthone (5 mg/ml 

) -1 CHC1
3 

' except for a peak at 1765 cm • 

( cm-l ) 17.0.. 17l±Q 1660 1620 16t60 13..20 1340 

Isolated crude (5 mg/ml): L~O% 15% 80% 79% 4.5% 65% 65% 

Xanthone (5 mg/ml) ~ 0% 10% 8lt./{, 79% hOI{, 65ib 68% 

Qxidation in oxygen-free methylene chloride 

Upon addition of a one mole equivalent of lead tetraacetate 

to xanthone orime in oxygen-free methylene chloride, a dark chooolate-

bro~nl solution formed ~nd lead acetate precipitated out. After five 
l minutes, reaction was complete. The solution gradually faded to a pale 

yellow calour (1/2 hour). A t .1.c. of this solution indicated mainly 

the presence of xanthone, -w"itht:caces of three other products. The 

lead acetate (705 mg) was filtered. Light yellm'l fluffy crystals (552 mg) 

were obtained after neutralizing (5% NaHC03), washing, drying (MgS04) and 

evaporating the methylene chloride solution. Although trace amounts of 

impurities 'fere present (nitrous frun.es given off on standing), the 

product 'VJaS identified as xanthone (XLIX) by t.1. c., infrared and mixed 

m.p. 

Oe;ygen present 

llJhen the ab ove reaction 'VIas repeated in the presence of oxygen, 

a pale yellm-l solution 'VJaS immediately formed. Xanthone '-JaS formed as 

the maj or product (ca. 75% , det ermi.ned by IR and t.1. c • only). A min or 
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amount of a product with Rf.> Rf xanthone , .. as also present (t.1.c.). 

Repeat in the presence of OJçygQg, 

A repeat of the above experiment in glacial acetic acid 

containing oxygen immediately gave a light yellow solution. Addition 

of vrater ga.ve an oil which was extracted "lith ethero This solution was 
neutralized (5% NaHC0

3 
solution.), vJashed ,dth saline water, dried 

(MgSOl) and eVA.porated to a pale yellow oil (50 mg). Analysis (t.1. c. ) 
of this oil in methylene chloride showed the presence of about three 

maj or and seven minor product soNo xanthone nor 9, 9-dinitroxanthene 

(LI, see 4-2) was present (t o1.c.). 

3-3. Oxidation of Indanone Orime (LIIl. 

Oxidation in 0xYgen-free glacial acetic acid 

Indanone orime (LII, 500 mg), m.p. 144.-146° (lit. 144-1460 

(85)), prepared exactly as for benzophenone orime (1-2), was dissolved 
in oxygen-free glacial acetic acid (25 ~l). Lead tetraacetate (1.51 g,l me) 
was added to this vigorously stirred solution to give immediately a 

yellow solution which turned to a fluorescent green after one minute. 
l Reaction was complete after 15 minutes. The green solution contained 

mainly a product with Rf ) Rf indanone (LIII) (turquoise spot on t.l.c.) 
and a minor amount of indanone (LIII). The solution was evaporated in 
~ at room temperature to give a green-brown viscous oil. Analysis 
(t .1. c.) of' an aliquot of this oil in methylene chloride indicated that 
the turquoise product had decomposed mainly to indanone. Only th1'ee 

othe1' very minor produds could be detecteù, with Hf values smaller than 



- 181 -

that of indanone oxime (t.l.c.). Infrared analysis of the crude oil 

in chloroform also confirmed the predominant presence of indanone 

(ca. 90%). 

OJddation in presence of oxygen 

The above procedure was repeated. The reaction time vias the 

same. The darlc turquoise solution was \10rlœd up as previously described 

to give mainly indanone (LIlI) and a product with Rf smaller than that 

of indanone orime (t.l.c.). Infrared analysis indicated that ca. 75% 

of indanone had been fOTIned. 

pxidation in methylene chloride 

The above procedure was l'epeated with methylene chloride. 

3-4. Oxidation of Benzil Anti-Monoxime (LV) 

A. Lead tetraacetate oxidation of LV in oxygen-free glacial 
acetic acid 

Lead tetraacetate (1. 97 g, l me) was added to a stirred 

solution of LV (1 g; Eastman (25 g bottle)) in oxygen-free glacial 

acetic acid (50 ml) in a nitrogen atmosphere. A light yellovl solution 

immediately formed. Addition of water (after 2 minutes) to a few drops 

of the reaction solution gave a colourless precipitate but no lead 

oride. A positive starch-iodide test was nevertheless obtained even 

after one hour of reaction time but the sarne crude precipitate (t.1. c. ) 

was obtained whether work-up was effected after 10 minutes or after 24 

hours after miJdng the reagents. 

Water was added to the reaction solution to g:i.ve a colourless 
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oily precipit.ate which aggregated to a yello\'l solid as the suspension 

was stirred. This solid was filtered, washed with water and air dried 

(930 mg). n. consisted mainly of a new product LVI and a minor amount 

of a compound withRf less than that of orime LV (t.Lc.). Infrared 

-1 ( . analysis of this crude product sho\ved bands at 1760 cm m) assigned 

to the ox:ime O-acetate compound LVII, and at 1710 (s), 1680 (s), 1605 

(s), 1570 (s) and 1.350 (m) cm-l o 

Purification of crude LVI 

Attempts t.o crystallize t.he crude product from hexane-

methylene chloride, methanol, and aqueous methanol were unsuccessful. 

Chromatography of this crude product (1.175 g) on silica gel 

(60 g) with hexane-benzene (1:1) gave 100 mg of an oil (Rf:> Rf benzil 

(t.l.c.») whose IR spectrum (CHC1
3

) contained strong bands at 1710 and 
-1 1580 cm • Elution with benzene gave 450 mg of yellow crystals of 

benzil (t .1. c., IR and m:i.xed m. p. ) • Further elution \'Iith benzene-ether 

(49:1) gave 1]0 mg of a mixGure of benzil and compound LVI. Elut ion 

\'lith benzene-ether (9]:'7) gave 173 mg of benzil, contaminated by four 

min or impurities. Finally, elution \'lith benzene-ether (3:1) gave 200 

mg of an oil (Rf -< Rf orime LV) whose IR spectrum (CHel]) couGained a 
strong band at 1700 cm-l. 

Similar results were obtained when purification of crude LVI 

'.'IaS attempted on silica gel plates, using benzene-ether (49:1) as 

eluting solvent. 
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B. Lead tetraacetate oJddation of LV in oxygen-free 
methylene chloride 

The sanle procedure ViTaS follolr18d as described in (A). Addition 

of 1ead tetraacetate (1.97 g, l me) immediately gave a yeD.ow-orange 

solution 1"1hich turned to yellolrJ"-green suspension within a minute. After 

one hour, the suspension had gone from a green to a yello1.'l colour. 

Unreacted lead tetraaceta;te remained even after 2h hours. Addition of 

"t"Tater gave a brm·m precipitate corresponding to greater than 25% of 

unreacted lead tetraacetate (N hOO mg of 1ead mdde was actual1y 

iso1ated). The methylene chloride solution was washed vr.i.th vrater 

and 5% sodium bicarbonate solution. It was dried (MgSO
h) and 

evaporated to a yel101.'l oil containing mainly benzil (t.I.c. and IR) 

and about five minor products (t.l.c.). 
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Geminal Dinitromethane~ 

h-2QPrepa,ration and Characterization of Gem-Dinitromethanes from and 
1~-3. Reaction of Promatic ICetoximes with Nitrogen Dioride 

The following general method "JaS used a Methylene chloride 

(25 TILl) was briefly purged "t-à th nitrogen dioxide (compressed gas from 

the Matheson Co.) to give a light brown solution. The oxime (ca. 100 

mg) was added all at once to the magnetically stirred solution. 

Immediate reaction occurred. After five minutes, the light green 

solution was evaporated at R. T. in.~. \vork-up was continued as 

follovlS. 

9.9-Dinitrofluorene (XXVI) from fluorenone oxime (XI) 

Pale yellOl-J' crystals were ohtained from the oridation of XI 

(100 mg) which sonsisted of pure XXVI (107 mg), rn.p. 129.5-131° (dec., 

with evolution of N02 ), identical with authentic XXVI (t.l.c. and mixed 

rn.p.; see 1-1). 

Sinùlar results were ohtained ""hen the reaction was carried 

out by bubbling N02 gas through a solution of oxlme XI in ether (25 ml) 
kept at 0°. Compound XXVI was obtained (112 mg), rn.p. 129.5-131° 

(identified by t.l.c. and mixed rn.p.). 

Dinitrodiphenylmethane (XXXVIII) from benzophenone ox.;1m~( IXL 

Pale ye1101f.J crystaü3 (17h mg) were obtained frorn the oxidation 

of orirne IX (150 mg) which consisted of a mixture of XXXVIII, benzophenone. 
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and a minor impurity (Rf < Rf IX). A crystallization from hexane (60
) 

gave colourless, flaky crystals of pure XXXVIII (115 mg), m.p. 79-79.50
, 

identical 1tlith authentic dinitrodiphenylmethane (tol.c. and IR; see 

1-2) • 

The mother liquor was evaporated (59 mg) and dissolved in 

spectral grade chloroform (10 ml). The infrared spectrum of this 

solution vms compared v-rlth a standard solution of benzophenone (XL) and 
dinitrodiphenylmethane (XXXVIII). The comparison indicated that the 

mother liquor consisted of ca. 40% of XL and ca. 60% of XXXVIII. 

9,9-Dinitroxanthene (LI) from xanthone orime (XLVII) 

A yellow oil was obtained from the oridation of XLVII (250 
mg) which consisted of one major and one minor product (t.l. c. ) • 

Crystallization from hexane (6° overnight) gave colourless crystals 

of LI (227 mg), m.p. 72.5-73° (dec o 108°, evolution of N02 observed at 
128°), homogeneous by t.l.c. Recrystallization from hexane (R.T.) 

o (jj lŒr . -1 ( ) gave colourless plates of LI, m.p. 74.5 , \1 1560 and 1345 cm N02 • 

Anal. Calcd. for C13H8N205: C, 57.36; H, 2.96; N, 10.29; 0, 29.39 

Mol. Weight 272 

Found: 1) C, 58.48; H, 4.22; N, 9.68; 0, 27.62 

2) C, 58.33; H, 4.42; N, 9.82; 0, 27.43 

Mol. \veight (osmometric-CHC1
3 ) 287. 

Chemical properties o~_ 

Ci) Compound LI (5 mg) was stable when 1eft 24 hours in methylene 
chloride or in glacial acetic acid, containing concentrated hydrochloric 
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acid. 

(ii) Pyrolysis (1280
) of LI led to evolution of nitrous fwnes 

but no xanthone was detected in the product mixture (t .l.c.). 

(iii) Heaction of LI (5 mg) in ether (1 ml) with lithium 

a1uminum hydride (2 mg) readily occurred but no xanthone or xanthhydro1 

were formed. 

}1ass spectral properties of LI compared to 2 ,,9-dinitro­
fluorene (XXVI) 

The mass spectra of LI and XXVI 1Ilere taken under the conditions 

shovm below. Probable fragmentations of int.erest are included. 

Compound XXVI (M. vl 0 256) 

Direct inlet tempo t::: 900 

Iv t::: 70 eV. 

256+ -C:> 210+ + NO 
2 

(0.2%) (10%) 

(100%) 

Compound LI (M.W. 272) 

Direct in let tempo "" HoT. 

+ + ~<-2hO --1> 223 + OH m 207.3 

+ -1- -)f-223 -> 195 -1- 28 m 170.5 

195+ -v-165+ -1- NO ? 

The fragmentation pattern of LI could not be rationalized. This is 

probably due to the known compl:i.cating effect of the bridged-o:xygen on 

the overall fragmentation pattern (86). 
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l.l-Dinitroindane (LXI) from indanone orime (1.II) 

A yellol1 oil (277 mg) "Tas obtained from the oridation of LII 

(250 mg), consisting mainly of indanone (LIlI) and three min or products 

(tol.c.). The predorn.i.nant presence of LIlI was also confirmed by 

IR analysis of the crude oiL Attempts to crystallize tms oil from 

hexane-methylene chloride were unsuccessful. 

The oil "ms taken up in methylene chloride and evaporated in 

the presence of silica gel (200 mg). This residue 11as added to a column 

of silica gel (10 g) in hexane. Elution with hexane-benzene (1:1) 

gave a yellow oil (31 mg) whose infrared spectrum (CHC13) contained 

bands characteristic of gem-dinitromethanes at 1570 cm-l (s) and 1360 
-1 cm (m). These absorption bands and the Rf value (t .1. c.) suggestied 

that this product might be compound LXI (8%). Fur·ther elution gave an 

oil (15 mg, ca. 4%) whose IR spectrum contained a strong carbonyl band 

at 1680 cm-l, in addition to bands at 1590 (s), 1570 (vs) and 1370 (m) 

cm-1 No definite assignment could be made. Elution with benzene-

e·bher (7:3) gave a yellow oil (170 mg) consisting of indanone (75%; 

t.l.c, and IR), contaminated by trace impurities. ffilution ,,-lith methanol 

gave an oily residue (14% by weight) of undetermined composition. 
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Chapter ~ 

5-30 Autoridations oi' Aromattc Ketoximes 

The sarne procedure i'or the i'ollowing ox..i.mes l.'las used as 

described in part B oi' section 2-1.2: xanthone orime (XLVII), indanone 

ox..iJne (LII), benzil anti-monoxime (LV), biacetyl monoxime (Eastman 

Chemical (10 g bottle), cyclohexanone oxime (mop. 85-870
, Fisher (100 

g bottle)), 2,2,6,6-tetramethylcyclohexanone oximeh (m.po 151. 50), and 

pregnenolone-20-oxime-3 'p acetate5 0 

5-5. OyJ..dations '~r.Lth Nitric Oride 

Fluorenone oxime (XI) 

Oridation oi' XI with nitric oride in o:xygen-i'ree benzene 

l'laS condueted as described in 2-1.3 and led instantaneously to a deep 

yellow solution. Analysis (t .1.e.) showed i'luorenone as the only 

product. 

The reaction was repeated in oxygen-i'ree methylene. An 

orange solution inunediately formed. Analysis (t .1.e.) shO\'led fluorenone 

and fluorenonazinemonoJdde (XXX) as major products, along wlth a number 

of minor produets (t.1.c.). v'Jhen the reaetion l.'las repeated in methylene 

chloride in the presence of air, instantaneous reaction occurred to 

give a yellow solution. Analysis (t.l.c.) showed the presence of mainly 

9,9-dinitrofluorene (XXVI), but also minor amounts of compound XXX. 

4 and 5 These samples were gratefully received l'rom K. Dah14 and Y.C. Lin5; colleagues in this laboratory. 
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Conclusions and Contributions to Knowledge 

1. The oxidation of bis-aryl ketoximes with nitrogen dioxide 

lsads to high yields of geminal dinitromethanes through radical 

reactions involving imino)~l nitroxides o This very facile method is 

not useful for less conjugated ketoximes, such as indanone oxime, 

sinee high yields of parent ketone are formed. This method had been 

used at the turn of the century but conflicting and uncertain reports 

had then been made on the products formed (10,63). No other 

comparatively simple and useful procedure has been reported to date. 

2. The bis-aryl ketoximes, fluorenone and benzophenone oximes, 

undergo slow autoxidation only in glacial acetic acid to form parent 

ketone and geminal dinitromethanes. In the case of fluorenone oxime, 

9,9-difluorenylidenim:i.noxylfluorene is also formed. Xanthone orime, 

benzil anti-monoxime, and 1ess conjugated ketoximes such as indanone 

oxime and aliphatic oximes, are not oxidized by molecular oxygene 

Oxygen abstracts a hydrogen radical from oximes to form the 

corresponding iminoxyl radical which further reacts with oxygen te> 

form nitrogen dioxide and observed products. The lack of reactivity 

of the above oximes has been qualitatively correlated ltJith the ionicity 
of the O-H bonds and stabilities of iminoxyl nitroxides. 

3. The autoxidation of fluorsnone hydrazone in glacia.l acet~ic 

acid leads to quantitative formation of fluorenonazine, previously 

prepared under vigorous conditions (37). 

Nitric oxide o)ddation of bis-aryl ketoximes has been reported 
t 0 occur in acetons only under ultraviolet irradiation (l~8). Howevor, 
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the solvent plays a IŒy role in these reactions. Fluorenone oxime, 

for example, is stable to nitric OJdde in glacial acetic acid, but is 

spontaneously converted to fluorenone in benzene and to the ketone 

and fluorenonazinemonoxide in methylene chloride. The nature of the 

interaction of the solvent in this oxidation is as yet unlmovm. 

5. a(i) Lead tetraacetate oxidation of the bis-aryl ketoximes, 

1.'luorenone and benzophenone oximes, in &lacial acetic acid leads to 

parent ketones, geminal dinitromethanes, iminyl ketal derivatives, 

and oxime O-acetates. Molecular o:xygen quenches the formation of 

benzophenone nitrimine and 9,9-difluorenylideniminoxylfluorene and 

markedly affects the product distribution. Side reactions due to 

nitric oxide, oxygen, and nitrogen dioxide have been rationalized 

from the results obtained from separate studies conducted with these 

oxidizing agents. 

(ii) Lead tetraacetate oxidation of the forementioned bis-

aryl ketoximes in solvents other than glacial acetic acid leads mainly 

to parent ketones and ketazinemonoxides. A quantitative study conducted 

in methylene chloride shows that the product distribution is insensitive 

to oxygen and that a half-mole equivalent of lead tetraacetate suffices 

for complete oxidation of these oximes. The formation of parent ketone 

in high yield is attributed to efficient radical-radical recombinations 

caused by the cage effect of 'the sol vent. Gem-nitrosoacetates are 

postulated as intermediates. Iminyl ketal formation, observed in this 

solvent only for the oxidation of fluorenone oxime, appears to occur 

through successive ionie and free radical reaction steps. AIl other 

products seem to be formed through free radical reactions. 
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b. The lead tetraacetate oxidation of benzil anti-monoxime, 

"lhose iminoxyl radical is more stable than that of the bis-aryl 

leetmdJnes in Q.. (15), leads to a major unidentified product when 

conducted in oxygen-free glacial acetic acid and to the parent 

leetone as major product when conducted in methylene chloride. The 

results suggested that long-lived iminoxyl radicals (15) are 

initially formed and react further to give observed products. The 

cage effect of methylene chloride on the reaction "IllaS again involeed 

to explain the high yield of parent ketone observed in the mddation 

conducted in this solvent. 

c. 'l'he oxidation of xanthone oxime in both methylene 

chloride and glacial acetic acid is complete with a one mole equi­

valent of lead tetraacetate and leads essentially to parent leetone. 

The free radical nature of this reaction in glacial acetic acid was 

demonstrated by the marleed change in products formed when oxygen was 

not excluded. The results can be rationalized in terms of the 

electron-feecling effect of the bridged-oxygen. 

d. Indanone oxime behaves similarly to aliphatic lcetoximes 

(25,26) when oxidized with lead tetraacetate. The oxidation conducted 

.in glacial acetic acid leads mainly to the gem-nitrosoacetate, which 

decomposes readily to parent leetone. The oxidation is not as 

sensitive to solvent as bis-aryl ketoxiInes and requires a l mole 

equivalent of lead tetraacetate in both acetic acid and methylene 

chloride. Sec ondary ni troxides, det ect ed by ESH. (14, 21~) are involced 

to explain nitroso-acetate formation. The radical-radical recombinations 
involving iminoxyl and le ad triacetate radica.ls, occurring in the lead 
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tetraacetate oxidations of the oximes in 5a, band c, mr'ly also be 

taking place. 

6. The potassium ferricyanide oxidation of fluorenone orime 

leads to ma,inly fluorenone, fluorenonazine-N-bis-mdd.e, fluorenon­

azinemonoxide, and nitrogen oxides; the latter two are formed from 
a transient intermediate only stable below oOe. 

The pyrolytic and hydroly!:'ic modes of decomposition of 

fluorenonazine-N-bis-oxide have been rationalized in terms of the 

Imown behaviour of azinemonmddes (36). 

The anhydride N-oxide structure proposed for the analogous 

oxidation product of benzophenone orime (31) is most likely the azine-N­
bis-oxide. These compounds are not formed in the lead tetraacetate 

oxidations of the aromatic ketorimes studied. Secondary nitroxides, 

v-rhose formation in lead tetraacetate ori.dations was reported only for 

acetophenone oJdme and aliphatic ketoximes (2"-), are invoked to explo..in 

the formation of azine-N-bis-oxides from the oxidations of both ket­

and ald-orimes. 

7. No evidence for formation of :i.m:i.noxyl cations was obtained 

in any of the oxidations studied. Benzisoxazoles, whose formation 

might be expected by intramolecular reactions of these cations, could 
not be detected. 

The iminoxyl radicals generated in the oxidations of ketOJdmes 

Jl1.c1.y react over nitrogens or oxygens, since it has been shown that the 

unpaired electron is about equally delocalized over the iminoxyl 

oxygen and nitrogen (20) 0 'rhe act ual mode of reaction is markedly 

determined by electronic factors. Dimerization of the long-lived 
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iminoxy1 radica1s from bis-ary1 ketoximes to form azine-N-bis-ox.:i.des 

apparent1y doea not occur. The shorter 1ived radica1s from acctc,­

phenone oxi.me (24b) and indanone oxime do not undergo any dimerization 

either. The variation in product formation in the J.oad tetraacetate 

oxidations of ketoximes can be qua1itative1y corre1ated with the 

reported (15) stabi1ities of the corresponding iminoxy1 radicals. 
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APPENDIX A 

,Çomparison of rvTass Spectral Data of Sorne Fluorenone Derivatives 

The mass spectral data of 9,9-difluorenylideniminoxylfluorene 
(XXVII), fluorenonazinemonoxide (XXX), and fluorenonazine-N-bis-oxide 
(XXXVII) is compared in the table shown belowo AlI the mass pealcs 

which could be related to the molecular ion peak a.re shovm below. 

Some minor mass peaks ( 1%) in the higher mass range have been omitted. 
PealŒ due to skeletal fragmentation (in the lower mass range) ha.ve also 
generally been omittedo 

Relative Intensity 

Mass-Gharge XXVII XXX XXXVII Ratio 
(mie) 70 eV. 10 eV. 70 eV. 12 eV. 70 eVt., 

372 0.2 

359 1.3 1.0 0.3 358 7.3 4.2 0.3 0.9 1.0 357 25.9 13.0 1.7 6.4 2.7 356 9.0 3.0 6.2 20.0 4.4 355 4.0 0.6 5.5 3.7 

343 0.6 0.1 2.3 342 0.8 0.2 3.6 341 0.3 0.6 0.9 0.6 340 0.6 0.2 1.1 329 5.0 1.2 0.7 0.2 0.7 328 11.6 4.0 2.4 1.3 1.9 327 7.1 ~ .• O 4.0 2.3 326 4.0 2.9 1.9 325 2.0 0.5 0.4 324 5.3 0.7 0.4 

(continued) 
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Relative Intensi ty (cont v ct .1 

Mass-Charge XXVII XXX XXXVII Ratio 
(mie) 70 eV. 10 eV. 70 eV. 12 eV. 70 eV. 

196 1.5 0.1 0.2 0.9 195 10.0 0.6 0.5 1.4 
182 205 2°' /0 0.4 0.5 1.0 181 33.2 26% 3.2 9.0 16.0 180 51.2 100.0 78.2 70.0 100.0 179 45.1 96.0 100.0 100.0 28 06 178 43.6 6.8 7.1 177 22.6 3.6 5.7 176 4.7 1.5 1.4 
165 4.6 2.0 2.9 16h 10.0 3.3 2.9 163 7.2 3.3 2.7 162 2.0 1.4 0.9 
153 22.0 9.9 8.6 152 100.0 41.7 51.5 151 65.0 28.8 23.0 150 36.5 16.5 209 ll~5 5.8 2.1 0 0 4-
78 2.4 1.l~ 4.l~ 77 9.2 5.5 309 76 72.4 29.7 21.8 
64 2.4 1.4 8.h 63 32.2 14 .• 6 11.0 
52 0.8 4.6 1.5 51 16.8 12.8 ho1 50 16.8 12.8 lh6 49 4.0 0.9 16.1 
30 4.9 17.7 6.1 29 1.6 2.0 1.7 28 15.5 29.2 21h5 
18 14.3 9.0 7.7 

(continuect) 
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Relative Intensity (conti d. L 

ADDITIONAL INFORMA.TION 

Vapour 
Tempo (OC.) 200 (Direct 250 (Indirect) 200 (Direct) 

VA 1750 v. 1750 v. 1750 v. 

Vl{ 2hOO v. 2000 v. 2000 v. 

70 eV. 10 eV. 70 eV. 10 eV. 70 eV. 

35lh5 35h.5 
Metastable 326 326 
Peaks 178.5 177. 5 (v. W. )-l<- 178.5 
(mie values) 150.5 150.5 (v. w. ) 150.5 

128.5 128. 5 (v. w. ) 128.5 

-l<- v. "1. =: very weak intensity. 
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APPENDIX B 

Graphical Analysis for Product Distribution 

Fluorenone oxime (XI), fluorenone (XXVITI), and 9,9-dinitro-

fluorene (XXVI) have characteristic and distinct absorptions in their 
-1 ~·l -1 infrared spectra at 3565 em ,1'712 cm ,and 1565 cm respec:tivelyo 

Standard solutions of these compounds were prepared. A graphical 

plot of percent absorption versus concentration was then obtained, as 

shown on the following page. 

A srunple (40-50 mg) from the reaction mixtures obtained 

in the oxidations of fluorenone mcirne was dissolved in 10 ml spectral 

grade chloroform. Absorptions were recorded at the ab ove wavelengths 

on the Perkin-Elmer 1152111 spectrophotometer with the sarne settings as 

those used for the initial analysis of standard solutions. The 

product distribution of compounds XI, XXVIII, and XXVI in these 

mixtures could thus be directly determined from the graphe 

The results obtained by this method were reproducible within 

ca. ± 3%. 
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