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Low temperature protonation of 1-nitropyrene and its *N-labelled isotopomer with FSO;H-SbF; (1:1)
(‘magic acid’)-SO,CIF (or SO,) or with FSO;H-SbF; (4:1)-SO,CIF generates either the dihydroxyiminium-
pyrenium dication (NO, diprotonation) or the hydroxyiminiumpyrenium dication as the principle NMR
observable persistent species (depending on the sample concentration, reaction time and the superacid).
The latter is independently generated by diprotonation of authentic 1-nitrosopyrene. Variable formation
of dihydroxyiminiumpyrenium and hydroxyiminiumpyrenium dications is also observed in the protonation
of sterically crowded 1-nitro-2,7-di-tert-butylpyrene, which gives the corresponding dihydroxyiminium-
pyrenium dication in FSO;H-SbF; (1:1)-SO,CIF (or SO,) and the hydroxyiminiumpyrenium dication by
low temperature reaction with FSO;H-SO,CIF or CF;SO;H:SO,. Protonation of the buttressed 1-nitro-
2,4,6,8,10-pentaisopropylpyrene and its *N-labelled isotopomer produces the dihydroxyiminiumpyrenium
dication (no NMR evidence for the formation of the hydroxyiminiumpyrenium dication) which, as shown
before (J. Chem. Soc., Perkin Trans. 2, 1995, 537), undergoes a facile cyclization to the oxazoline-fused
pyrenium cation for which "N NMR data are now presented. Diprotonation and subsequent cyclization
of the singly *N-labelled 1,3-dinitro-2,4,6,8,10-pentaisopropylpyrene are also studied. Whereas our work
reaffirms the generality of NO, diprotonation in nitropyrenes, it focuses attention on an additional

pathway leading to =NH(OH) dication formation.

PM23 calculations are used as a complementary tool to examine the geometries and energies of the

resulting dications.

Introduction

Due to their wide-spread presence in the environment and vari-
able genotoxic activities, the nitro derivatives of alternant and
nonalternant polycyclic aromatic hydrocarbons (nitro-PAHs)
continue to be intensely studied.”™ Nitro group reduction
(-»PAH-NHOH) and ring oxidation constitute the two prin-
ciple pathways by which nitro-PAHs are activated.! "1
Nitrenium ions are invoked as the reactive intermediates which
bind to DNA. DNA-binding to a site remote from the amino
group has also been observed and interpreted as an Sy1 process
involving nitrenium ion formation and nucleophilic trapping of
the mesomeric carbocations.**

Generally, the observed potencies of nitro-PAHs are very
much structure dependent. Thus the mutagenicity order
4>2>1 has been established for the regioisomeric nitro-
pyrenes. Some nitro-PAHs, such as dinitropyrenes, are ‘super’
mutagens.”

Several studies have emphasized the importance of nitro
group orientation.**"! Planar nitro-PAHs showed increased
bacterial mutagenicity and tumorigenicity whereas buttressed
nitro-PAHs, where peri-strain forces the nitro group out of
conjugation with the PAH, exhibited reduced activity.

A relationship has been found between the intensity of the
[M — 30]" fragment ion (loss of NO) in the EI mass spectra and
the degree of buttressing of the NO, group.” The NO,—»ONO
rearrangement has been suggested with increasing torsion
angle. Using MS/MS experiments with isomeric nitrofluoran-
thene (NF), it was found that a peri-H (1-NF) or a pseudo-bay-
H (3-NF) can transfer to the nitro group and subsequently
rearrange to a hydroxynitrosoarene which loses NO."

Considering the biological importance and the available data,

direct studies of the electrophiles formed from nitro-PAHs are
quite relevant and may help provide a more comprehensive
picture. As with the parent PAHs and their alkyl and fluoro
derivatives,'*'® we have been using low temperature proton-
ation studies to model the biological electrophiles, in particular
to address the protonation mode as a function of nitro group
orientation.

In previous studies, nitro group diprotonation to form
dihydroxyiminiumpyrenium dications was shown for a series of
strained mono- and di-nitropyrenes, and the charge delocaliz-
ation pathways in the resulting dications were examined based
on the magnitude of Ad. values."

Following the formation of dihydroxyiminium dications a
facile cyclization involving the ortho and/or peri isopropyl
group was observed, forming 5-membered ring oxazoline-fused
and 6-membered ring oxazine-fused derivatives (Scheme 1),
with 5-membered ring formation 1¢* (ortho) being more facile
than 6-membered ring 1¢* (peri)."”

The OH protons could not be observed as independent
resonances, even in ‘magic acid’. Although this may suggest
oxoiminiumpyrenium dication formation, based on indirect
NMR evidence, namely the equivalence and non-equivalence of
the isopropyl groups in the case of 1H,*?, we argued that
dihydroxyiminium formation was more probable.”

Nitro group cyclization was observed by Ridd and co-
workers for nitroalkylbenzenes at high temperature in triflic
acid, where for example anthranil is formed from 1-ethyl- and
1,3-diethyl-2-nitrobenzene.?’?® Nitro reduction was also
observed for 2-nitrobenzyl alcohol, 2-nitrobenzyl chloride and
2-nitrosobenzaldehyde by heating in triflic acid.?*

In our case, although the iminiumpyrenium structure of the
resulting dications was secured based on detailed *C and 'H
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Scheme 1  Superacid protonations of crowded nitroalkyl(cycloalkyl)pyrenes, nitropyrene and nitrosopyrene
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NMR studies, the exact identities of the cations formed were
not unambiguous.

We now report complimentary studies emphasizing N
NMR analysis and a comparative protonation study on authen-
tic nitrosopyrene in order to elucidate these structures more
fully.

Results and discussion

Protonation of 1-nitrosopyrene 3

Low temperature reaction of ‘magic acid’-SO,CIF with nitro-
sopyrene in SO,CIF (Scheme 1) gave a dark red—brown solution
at dry ice-acetone temperature. Its '"H NMR spectrum (Fig. 1)
exhibits eight doublets and a triplet and ring protonation is
clearly ruled out. Two distinct low-field resonances are
observed at y 12.64 (NH) and 10.27 (OH) (1H each). A 3Jgu
of ca. 3 Hz is seen between the OH and NH protons. Absence
of a NOE between the Jy 10.27 resonance and the aromatic
protons, taken together with NH/OH coupling, is indicative of
the syn-stereochemistry for the =NH(OH) group (see also fur-
ther). The observed '"H NMR chemical shifts for NH and OH
are comparable with those of diprotonated benzoquinone
monooximes studied by Olah and Donovan.”

The natural abundance N NMR spectrum gave rise to just
one resonance at oy —156.5 which appeared as a 106.4 Hz
doublet in the proton-coupled spectrum. The iminium carbon
was observed at dc 150.1 in the *C NMR spectrum. The charge
delocalization in 3H,** (Fig. 2) is similar to that of 4H,** except
at C-1 (ref. 19), leading to a lower total deshielding (XAd.) of
189.3 for the former.

The relative energies of the four different geometrical isomers
of hydroxyiminiumpyrenium dication 3H,** were calculated by
the PM3 method (Fig. 3). It was predicted that the syn-1 and
anti-2 conformations have nearly identical energies (within 0.1
kcal mol™), followed closely by the syn-2 conformation (ca.
0.3 kcal mol ! higher), whereas anti-1 was clearly less favour-
able (3.6 kcal mol ™! higher than syn-1).

Protonation of 1-nitropyrene 4 revisited
As previously pointed out," due to its reduced basicity (as
compared to alkyl(cycloalkyl)nitropyrenes, frozen arenium ions
can not be generated with FSO;H or CF;SO;H

Addition of a cold solution of ‘magic acid’ in SO, (or in
SO,CIF) of FSO;H-SbF, (4:1)-SO,CIF to a slurry of 4 in the
same co-solvent led to the formation of either the hydroxy-
iminiumpyrenium or the dihydroxyiminiumpyrenium dication
(usually as a dark red solution), depending on the superacid
and ion concentration.

In the present study, the "*N-labelled isotopomer was reacted
with ‘magic acid’-SO,CIF. In the "N NMR spectrum two

12.64 -156.5 (LJyy = 106.4 Hz)

(9.95) H\
7.87 N’O

/H 10.27 (~ 3 Hz)

OH 1495
+'\f/\ (L = 107.9 HZ)
~H

[a: may be interchanged]

5H,%* 5H,%*

(-131.8 ©

OH 1%

48 [ ¥ 1186 (s)
I ~N

1H,% 1c*(ortho)

Fig. 2 'H, *C and "N NMR data for protonated nitroso- and nitro-
pyrenes. NMR data for nitrosopyrene itself are included; () coupling
constants; [ ] Adc values.

resonances were observed at oy —156.4 (*Jyy = 106.4 Hz) and
—145.7 (*Jxg = 108 Hz). The former value is identical to that of
dication 3H,** formed via nitrosopyrene 3. The close chemical
shifts of the NH doublets infers two closely related =NH(OH)
dications, possibly as geometrical isomers. The absence of a
NOE (see protonation of nitrosopyrene) once again argues in
favour of the syn-stereochemistry; these may be the syn-1 and
syn-2 forms having close energies (PM3).}

In the '"H NMR spectrum the OH proton is observed at &y
10.39 and the NH is seen as a triplet at 6y 12.71 ("Jyy = 107.3
Hz) for the major species. The second species exhibits a triplet
at 0y 12.56. The combined data in comparison with those of
3H,>* formed via nitrosopyrene clearly point to hydroxy-
iminiumpyrenium dication formation from 1-nitropyrene in the
superacid. In addition, there is a small amount of the dihydroxy-
iminium species [0 11.26 (s) and 10.39 (s); oy —128.4 (s)].

Protonation of 4 and its **N-labelled isotopomer were studied
in ‘magic acid’-SO, in several independent reactions at lower

+ Since PM3 calculations refer to gas phase stabilities, their reliability
for dications in superacid solvents may be questionable.
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Fig. 3 PM3 energies for various isomeric hydroxyiminium- and
dihydroxyiminium-pyrenium dications

concentrations suitable for "H NMR studies. In these cases, two
low field resonances at dy 10.57 and 11.24 (1H each) were
observed in between the superacid peak and H;O" resonance.
These are assigned to the two OH groups of dihydroxyimini-
umpyrenium dication 4H,** .}

For the “N-labelled nitropyrene, protonation in ‘magic
acid’-SO, similarly led to dihydroxyiminiumpyrenium dication
formation (the NH triplet was clearly absent). In this case, a
by-product was also formed and increased with time and/or

1 In previous work, in line with observations of protonated aliphatic
nitro compounds, we had assumed that two much smaller broad low
field peaks at dy 15.20 and 15.40 were due to the OH protons.

1170 J. Chem. Soc., Perkin Trans. 2, 1998

temperature. Whereas ring protonation could be excluded, the
identity of the by-product remains undetermined.

PM3 energy minimizations suggest that for 4H,’* the anti-1
form is favoured over syn-1 by 6.5 kcal mol™ ! (Fig. 3). The
dihydroxyiminium species with a W-conformation, with the
OH groups both pointing towards the ortho- and peri-hydro-
gens, converged to the anti-1 form. The PM3-calculated C=N
bond length (1.334 A for anti-1) is slightly shorter than that for
hydroxyiminium dication (1.338 A for anti-1).

Quenching of the magic acid solution of 1-nitropyrene gave
a mixture of 1-nitropyrene and 1-nitrosopyrene (assayed by 'H
NMR spectroscopy).

Protonation of 2,7-di-zerz-butyl-1-nitropyrene 5

As part of a broader study of nitro diprotonation in sterically
crowded nitroalkylpyrenes and their cyclization, we had also
examined the protonation of 5 in various superacid media,
namely FSO,H-SO,, CF;SO,;H-SO, and ‘magic acid’-SO, (or
SO,CIF)."” Based on the *C and "H NMR spectral data (Fig.
2), the resulting dication was assigned to the dihydroxyiminium
and the derived oxoiminium species in all cases, despite slightly
more deshielded *C NMR values in ‘magic acid’.

In the present study, the *N-labelled isotopomer was investi-
gated in FSO,H-SO,CIF solvent. The "N NMR spectrum
exhibited just one resonance at dy—149.5 which gave rise to a
doublet on proton-coupling (*Jyy = 107.4 Hz). Increasing tem-
perature had no effect on the >N NMR spectrum, in agreement
with the lack of subsequent cyclization in this case as reported
before."” The '"H NMR spectrum of this sample clearly shows
an NH triplet at 0y 12.36 (Jyg = 108 Hz); these results are con-
sistent with an hydroxyiminiumpyrenium dication SH,**. The
OH is not observed as a separate resonance and either must
be exchanging at these acidities or is hidden underneath the
acid peak.

Independent protonation of 5 in ‘magic acid’-SO, gave rise to
the dihydroxyiminiumpyrenium dication 6H,** as previously
assigned. In the "H NMR spectrum two low-field singlets at 5y
10.46 and 11.13 (1H each) are tentatively ascribed to the two
OH groups.

PM3 energy minimizations (Fig. 3) indicated that for SH,>*,
the anti-1 and anti-2 geometrical isomers were unfavorable.
These converged to the syn-1 and syn-2, with the syn-1 form
being strongly favoured (by 12.3 kcal mol™!). For 6H,>*, the
anti-1 conformer is preferred over anti-2 and the syn-1 con-
former converged to anti-1.

Protonation of 1-nitro-2,4,6,8,10-pentaisopropylpyrene 1
Protonation of 1 with FSO;H-SO, (or SO,CIF) and CF,SO;H-
SO, was examined previously and the resulting dication was
assigned a dihydroxyiminiumpyrenium dication 1H,**, which
subsequently undergoes rapid cyclization to form 1c* (ortho)
(Scheme 1). In the present study, the *N-labelled isotopomer
was synthesized and protonated at low temperature with
FSO,H-SO,CIF. In the proton-decoupled *N NMR spectrum,
a singlet was observed at o5, —131.8, shielded from the precur-
sor by 134.2 ppm. This resonance remained a singlet on proton
coupling. Upon gentle warming and recooling the 'H NMR
spectrum clearly indicated the onset of cyclization, which
was complete within minutes. The N NMR spectrum
of the oxazoline-fused cation 1e¢* (ortho) moved to Jy
—118.6 ppm (Ady=13.2). The 'H NMR spectra of the N
labelled isotopomer before and after cyclization were very
similar to those observed previously and reported for these
dications.'*?

The PM3 geometries and energies for the cyclized oxazoline
and oxazine monocations were also examined. Both were pre-
dicted to be nearly planar, with the peri-fused analogue being
5.5 kcal mol™! more stable. Our superacid solution studies
suggest that the formation of peri-cyclized cation is kinetically
less favored (entropic reason?) in solution.



7C4*(peri)

7Cy*(peri)

Fig. 4 Dications formed by NO,-diprotonation of the singly SN-
labelled 7

Protonation of singly '*N-labelled 1,3-dinitro-2,4,6,8,10-
pentaisopropylpyrene 7

Since a pure sample of mono-labelled dintropentaisopro-
pylpyrene could not be obtained, a mixture of 7 and 1, whose
SN NMR spectrum had shown a major resonance at dy 2.7 for
the mononitro and a minor one at dy —2.25 (assigned to the
singly-labelled dinitro compound), was reacted with FSO;H—
SO,CIF and examined by N NMR spectroscopy. Apart from
the dihydroxyiminiumpyrenium dication 1H,** (Scheme 1) and
its cyclized derivative 1c¢* (ortho), other N NMR resonances
were present at oy —135.76 and —112.5 which are tentatively
assigned to 7H,,** and 7H,,** respectively (Fig. 4). In time or
upon gentle heating the diprotonated species were converted
into 7C,*(ortho) and 7C,*(ortho) (appearance of resonances at
On —112.5 and —9.8). The '"H NMR spectra support the pres-
ence of the cyclized species, showing aromatic resonances at
Oy 9.54, 9.41 and 8.36. In addition to these, the resonances of
1c*(ortho) are clearly present together with some broad less
intense resonances. The N NMR spectra show in addition
unidentified peaks at o5 —121.7 (disappears upon warming),
0.4, 0.08 and —0.1. The two former are unchanged by heating.
Increasing sample temperature led to the appearance of reson-
ances at oy —112.45 and —11.40. The latter may possibly be due
to the peri-cyclized cations 7C,*(peri) and 7C,*(peri).

Comparative discussion of the protonation features: the parent
nitro-PAHs

The NMR, UV and MMX force field minimization data for 1
and 6 have been previously discussed.?’ The >N NMR chemical
shifts in nitromesitylene (5 —0.5)% and nitrobenzene (Oy
—9.8)? suggest a deshielding trend with increased steric crowd-
ing. The observed N values for 4 (65 —7.1), 5 0y 0.1), 1 (0
2.7) and 7 (6 —2.2) are indicative of an upfield trend, but

this is complicated by the fact that ortholperi alkyl buttressing
effects are also operating.

Nitrosopyrene is diprotonated in ‘magic acid’-SO,CIF to
form the =NH(OH) dication 3H,**. With nitropyrene either
the hydroxyiminiumpyrenium dication or the dihydroxyimin-
iumpyrenium species can be observed depending on sample
concentration, reaction time and the superacid. In view of the
fact that PAH-NHOH compounds are ultimate carcinogens
and the reported higher mutagenic activity of planar PAH-NO,
facile formation of =NHOH dications in nitro(alkyl)pyrenes in
superacid media is noteworthy.

The 'H and *C NMR data for 3H,2*, 4H,** and 5H,**, 6H,**
are pairwise similar though not identical (Fig. 2 and ref. 19).
Hence, the structures suggested in Scheme 1 are now in very
good agreement with both the ®N and '"H/"*C NMR data. The
previously suggested oxoiminium dications can now be better
understood as hydroxyiminium ions.

It is interesting that the N NMR chemical shifts for
PAH=NHOH (Jy ca. —130) and PAH=N(OH), dications (dy ca.
—150) are fairly close, showing that the effect of the extra oxy-
gen is small. They fall in the general range for iminium
ions (dy (—126 to —260).%® The reported value of dy —30 for
NO,-diprotonated 1-nitronaphthalene falls clearly out of this
range.”

The observed N NMR chemical shifts for the oxazoline-
fused iminium ion 7¢*(ortho) (05 —118.6) differs considerably
with those of oximes?* or benzofurazan 1-oxide,’! which infers
that in superacids the oxazoline is most likely N-protonated,
despite the fact that the NH is not observable as a separate
resonance and no one-bond NH coupling can be detected.

The NO, group protonation shifts obtained by comparing
the data for 4H,** and 4, 1H,2* and 1 and 6H,** and 5 are
similar, suggesting that steric crowding has no major influence.
The NO protonation shifts are expected to be much larger
(ca. 670 ppm). The N NMR chemical shift of 3 has not
been measured, but for PANO it is dy 532,32 and that of 3
close, judging from the similarity of the NO, group chemical
shifts.

Comment on possible mode of in situ reduction in the superacid
Nitro group reduction was observed by Austin and Ridd,?
where via heating in triflic acid, 4-amino-3-carboxyphenyl tri-
flate was obtained in good yield from 2-nitrobenzyl alcohol. A
mechanism involving ortho-cyclization, hydride shift and ring-
opening was suggested. In our case, persistent hydroxy-
iminiumpyrenium dications are formed from nitropyrene and
2.4-di-tert-butyl-1-nitropyrene where benzylic-hydrogens are
unavailable.

In a different context, we previously observed reduction in
highly oxidizing superacids when simple arenes reacted with
‘magic acid’-SO, to give diaryl sulfoxides and diaryl sulfones.**
It is tentatively proposed that nitro reduction may originate
from nucleophilic attack at the nitrogen of the oxoiminium
dication (present in equilibrium) by FSO;™ (or TfO") and O-
protonation to form =NOH(OSO,F) dication, which undergoes
‘nucleophilic’ displacement (by FSO,;") and N-protonation to
form the =NHOH species.§

Experimental

Syntheses of 1, 5 and 7 have previously been reported.?® The
5N-labelled nitropyrene was prepared by mild nitration of the
pyrene precursor with 64% enriched sodium nitrate in warm
glacial acetic acid. The singly-labelled dinitro compound was
prepared by protic mononitration of the singly-labelled 1 with
HNO,-H,SO,.

FSO;H (Aldrich or Linde), SbF, (Aldrich or Fluorochem)

§ Bis(fluorosulfonyl) peroxide S,04F, would be the oxidation product!
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and TfOH (Aldrich) were doubly distilled and stored in Nalgene
bottles under argon.

The procedures for stable ion generation and low temper-
ature NMR studies were similar to those previously des-
cribed.!s**

The 'H and *C NMR spectra were recorded on a Bruker
AC-250 and a GN-GE300 instruments. The *N NMR spectra
were recorded at 25.35 MHz on a Bruker AC-250 using 10 mm
NMR tubes and MeNO, as external reference.

PM3 calculations were performed with the HYPERCHEM
package (Hypercube 1994).
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