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mode of reaction. One-electron oxidation of the cyclo- 
propane group often gives rise to "trimethylene" radical 
 cation^.^ In the present case, the observed rearrangement 
requires cleavage of one cyclopropane bond (C8-Cg) and 
bond formation between Cg and C5, amounting to a major 
conformational change. A possible mechanism is shown 
in Scheme I. 

Some insight into the nature of the radical cation pre- 
ceding 2a is provided by the CIDNP effects observed 
during the irradiation of chloranil with la in acetone-& 
in which 2a was the only polarized product.'l The 
bridgehead protons (2.1 ppm) show emission whereas the 
olefinic protons (6.0 ppm) and those alternating between 
cyclopropane and olefinic character (4.4 ppm) show en- 
hanced absorption. However, the polarization differs from 
that generated in an authentic sample of 2a. The signal 
a t  4.4 ppm shows much weaker enhancement, and the 
doublet at  7.65 ppm (fluorene OH) appears in enhanced 
absorption. These differences are consistent with the in- 
volvement of at  least one additional intermediate as a 
short-lived precursor to 2a'+." 

The observed CIDNP effects rule out that la'+ is re- 
sponsible for the altered polarization of 2a, since its in- 
volvement in the spin-sorting process would cause polar- 
ization for regenerated la, which we did not observe. 
Although our results are not sufficient to identify the in- 
termediate, we note that a singly linked species, such as 
5a*+, is an attractive candidate to explain the rearrange- 
ment. 

R R 

To some extent, 5a'+ might play a role in the formation 
of 3a as indicated by the moderate, but not negligible, 
solvent polarity dependence. On the other hand, an ex- 
ciplex intermediate may maintain more or less the boat 
configuration of la, giving rise mainly to 3a and 4a, or 
regenerating la, because of a lower degree of charge sep- 
aration. 

The difference between the rearrangements of la and 
lb can be explained in terms of a lower rate of the bond 
formation of lb'+ to give 2b'+ probably because of rela- 
tively larger steric hindrance of the diphenylmethyl group 
compared to the planar fluorenyl group. 

Similar skeletal rearrangements were observed when the 
electron donor-acceptor (EDA) complex of la with tet- 
racyanoethylene (TCNE), was irradiated. This system has 
charge-transfer (CT) absorption maxima at  402 and 568 
nm in dichloromethane, which can be ascribed to the in- 
teraction of the fluorene moiety with TCNE. This as- 
signment follows (a) from the similarity of the above CT 
absorption to that exhibited by fluorene itself with TCNE 
(Ama 420, 560 nm) and (b) from its lack of compatibility 
with the much weaker CT band of the system bicyclo- 
[G.l.O]nonatriene/TCNE (Ama 400, 490 nm). Irradiation 
(>400 nm) of la/TCNE in dichloromethane under argon 
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gave rise to two TCNE adducts, 6a and 7a, in 44 and 27% 
yields,' respectively, a t  89 % conversion. 
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Similarly, irradiation of la/TCNE in nitromethane gave 
6a (8%) and 7a (7% at 35% conversion). In contrast, the 
thermal reaction of la with TCNE in refluxing acetonitrile 
gave 8a as soIe product in 80% yield. The striking dif- 
ference between photochemical and thermal reactions 
further supports the operation of a photoinduced elec- 
tron-transfer mechanism. The cycloadducts 6a and 7a 
could be secondary products from the dark reaction of 
TCNE with 2a and 3a or they could be formed by direct 
interaction of the TCNE radical anion with la'+ or a re- 
arranged radical cation. 

Of particular interest is the fact that irradiation of 
la/TCNE in oxygen-saturated nitromethane gave reduced 
yields of 6a (3%) and 7a (3%), together with an endo 
peroxide (9a, 11% yield at  24% conversion), which was 
also obtained directly from 2a in excellent yield. Since the 
yields of 6a and 7a are reduced in favor of 9a, but their 
ratio is not changed substantially, it is likely that molecular 
oxygen has intercepted (an) intermediate(s) on the path- 
way to 6a and 7a, the most likely species being la'+ and/or 
5a'+. Additional work is in progress to further delineate 
the mechanism of the light-induced adduct formation with 
TCNE and to probe the details of the interesting photo- 
oxygenation reaction. 
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species in chemical and biological processes.' This tech- 
nique is a simple expedient whereby short-lived reactive 
free radicals may be transformed into more persistent 
paramagnetic species, which are easily characterized by 
using ESR spectroscopy. Nitroso compounds and nitrones, 
which afford nitroxides, are the most useful spin-traps. 
However complications can occur due to the possible 
formation of nitroxides other than those deriving from the 
radical reaction under investigati0n.l Alternatives2 to 
nitroso compounds and nitrones have been mentioned 
from time to time but have been shown to offer more 
limited interest as free radical scavengers. 

Water-soluble nitroso compounds are very attractive to 
study the occurrence of free radicals in water3 or in bio- 
logical proce~ses.~ We have investigated different routes 
to obtain this kind of nitroso compound, which should also 
retain the necessary structural features to behave as useful 
~pin-traps. ' ,~ 

During the course of this research, we prepared the 2,6 
di-tert-butylaniline with the aim of introducing an 
water-soluble substituent a t  the para position. Our ap- 
proach failed, but the 2,6 di-tert-butylaniline was easily 
oxidized to the corresponding nitroso derivative. This new 
nitroso compound was tested as a spin-trapping agent in 
organic solvents. The results obtained and their com- 
parison with those obtained with the well-known 2,4,6- 
tri-tert-butylnitrosobenzene6 (TTBN) are interesting and 
deserve comment. 

Notes 

Results and Discussion 
Redox Behavior. We and others have pointed out the 

possibility for arylnitroso compounds to be involved in 
electron-transfer processes' during the course of a spin- 
trapping (ST) experiment. Accordingly the redox behavior 
of a ST agent is a very important aspect to be taken into 
account when a ST  experiment is considered. Cyclic 
voltammetry experiments showed that DTBN can be re- 
duced or oxidized on a platinum electrode in acetonitrile 
by using tetrabutyl ammonium hexafluorophosphate as 
supporting electrolyte. A reduction was apparent at -1.3 
V versus SCE. The ratio of the anodic to the cathodic peak 
current is 0.3 at 100 mV s-'. The peak separation is close 
to 280 mV, thus indicating a rather slow electron transfer. 
The oxidation of DTBN occurs a t  +1.56 V versus SCE. 
The low value of the ratio of the cathodic to the anodic 
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Table I. ESR Parameters for DTBN'- and DTBN'+ 
Generated in Situ by Electrolysis 

DTBN'- C H X N  10.3 1.25 (2  H,) 2.0066 
radical solvent AN, G A H ,  G P 

2.50 (H,)-' 
TTBN'- DMF 9.55 1.25 (2 H,) 2.0068 
PhN0'- CHqCN 8.34 1.03 (2  H,) 

3.91 (Hp)- 

-2.0 (H,) 
PhN0'-  * planar 7.2 0.97 (H,), 0.98 (H,) 

perpendicular 12.5 0.5 (2  6,) 
+0.05 (H,) 

DTBN'+ CH3CN 37.2' 3.7 (1 H,JC 2 .OO 1 5d 
TTBN'+ CH3CN 36.0 0.92 (9 H) 2.0017 

3.5 (1 H,) 

+0.0002. * INDO calculations. Obtained by computer simu- 
lation. +0.0004. 

Scheme I 
t - B u  t-Bu 

t -Bu I-BU 

' 0 '  

1-Bu 
Y = H. t-Bu.OCOPh 

peak current (0.15 at  100 mV s-') indicates that the oxi- 
dation process generates a short-lived species. The peak 
separation is close to 310 mV, and this value like in the 
case of the reduction process suggests a slow electron 
transfer. The reduction and the oxidation peak currents 
of DTBN are very close to those observed during the 
monoelectronic reduction of 2,4,6-tri-tert-butylnitroso- 
benzene (TTBN).* This result supports the occurrence 
of monoelectronic transfers yielding the corresponding ion 
radicals. This conclusion was confirmed by the ESR de- 
tection of DTBN'+ and DTBN- during the in situ elec- 
trochemical oxidation or reduction of DTBN. 

The ESR features of these ionic species are listed in 
Table I. The magnitudes of the hyperfine coupling con- 
stants and g factor for DTBN", are characteristic of a u 
radical and are comparable to those reported for other 
nitrosobenzene radical  cation^.'^*^,^ The ESR spectrum 
of DTBN'+ was always superimposed with the ESR 
spectrum of an iminoxyl radical (AN = 34.0 G, A H  = 3.7 

G (9 H), g = 2.0039). This iminoxyl radical presumably 
results from the attack by residual water a t  the para 
position of DTBN'+ and corresponds to the 4-oxo-2,6-di- 
tert-butyl-l,4-dihydrobenzene-l-iminoxyl (Scheme I). 

For Y = H, even at  low temperature, the ESR signal of 
the iminoxyl radical was always stronger than that of the 
radical cation. However, the reverse was observed when 
the para position was substituted with a tert-butyl group 
(Y = t-Bu) while only the iminoxyl radical was detectable 
when Y = OCOPh. 

The transformation of an arylnitroso cation radical to 
an iminoxyl radical has been previously clearly established 
for the pentamethoxynitrosobenzene (PMNB).'O Elec- 

G (1 Hm), A H  = 0.5 G (1 Hm), AH = 0.12 G (9 H), A H  = 0.58 
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Table 11. ESR Parameters (Gauss, Benzene, 298 K)  for Several Spin Adducts Formed from DTBN 
DTBN" TTBN6 

trapped radical radical source spin adduct A N  A H  A N  AH 
CHs Ad 1 13.0 12.2 (3 H) 13.03 12.33 (3 H) 

A 

B 
B 
EtSH 
+TBHNb 

0.7 (2 H,) 

0.7 (2 H,) 

0.7 (2 H,) 

0.81 (2 H,) 

0.83 (2 H,) 

0.84 (2 H,) 

0.76 (2 H,) 

2 13.4 18.0 (2 H) 13.46 17.99 (2 H) 

3 13.2 16.5 (2 H) 13.40 16.42 (2 H) 

41 13.2 22.0 (1 H) 13.29 22.19 (1 H) 

5f 10.9 1.9 (3 H) 11.01 1.82 (3 H) 
5.5 (HI) 

d 

78 
88 
9 

10.3 

7.5 
7.5 
16.0 

2.0 (2 h,) 
5.5 (H,) 
0.5 (2 H,) 

10.26 1.90 (2 H,) 

g = 2.0068 
g = 2.0067 
g = 2.0069 

P(O)(OEt)z HP(O)(OEt), 10 8.7 16.5 (1 P) g = 2.0065 
+DBPOC 

" g  = 2.0060 + 0.0002. bTBHN = tert-butyl hyponitrite. 'Di-tert-butyl peroxide. dRBr + n-Bu3SnH + TBHN. 'RC(0)H + TBHN. 
/Temperature below 303-313 K. #Temperature above 313 K. 

trochemical oxidation of DMF solution of PMNB yields 
an intense ESR spectrum (AN = 33.1 G, g = 2.0053), at- 
tributable to the 4-0~0-2,3,5,6-tetramethoxy-1,4-dihydro- 
benzene-1-iminoxyl. However if the electrochemical oxi- 
dation is conducted in very thoroughly dried acetonitrile 
at  243 K, only the radical cation PMNB" is observed (AN 
= 34.0 G, AH = 0.7 G (3 H, meta OMe), g = 2.0034). 

The reductive electrolysis of DTBN in the cavity of the 
ESR spectrometer yielded first the ESR spectrum of the 
2,6-di-tert-butylphenyl hydronitroxide (AN = 12.2 G, AH 
= 14.0 G, AH = 0.7 G (2 Hm)), which disappeared after a 
few minutes of electrolysis and was replaced by a new 
spectrum which was assigned to DTBN'- (Table I). For 
this species the delocalization of the unpaired electron is 
partially inhibited by the steric hindrance of the ortho 
tert-butyl substituents, and thus the nitrogen splitting 
increases and the para hydrogen splitting decreases com- 
pared to those observed for the nitrosobenzene radical 
anion. However, it is worth noting that for DTBN'- the 
coupling with the meta hydrogens (AH, = 1.25 G), is sig- 
nificantly higher than that observed for PhN0'- (AH, = 
1.0 G). This result suggests that in the nonplanar con- 
formation of DTBNO-, the decrease of the unpaired elec- 
tron delocalization is balanced by a contribution of the s 
meta hydrogen orbitals to the SOMO. The existence of 
this long-range hyperfine interaction was supported by the 
results of INDO calculations performed on the planar and 
perpendicular conformations of PhN0'- (Table I). 

Spin Trapping. Table I1 summarizes the observed 
ESR parameters for a number of adduct radicals generated 
by trapping short-lived free radicals with DTBN in 
benzene. DTBN like TTBN presents two spin-trapping 
sites, the nitrogen and oxygen atoms of the nitroso group. 
The regioselectivity of the radical addition was governed 
by the bulk of the trapped radical and was shown to be 
the same for the two nitroso compounds. The two sorts 
of spin adduct (nitroxide or N-alkoxyanilino radicals) ex- 
hibited exactly the same ESR features whether they were 
obtained from TTBN or DTBN. 

The DTBN's para hydrogen was completely "invisible" 
in the ESR spectra of the nitroxide spin adducts. This 
result supports the orthogonality of the aromatic ring K 
system with that of the nitroxyl function, and thus the 

coupling with the meta hydrogens should be only the result 
of a s meta hydrogen orbital contribution to the SOMO. 
The existence of this preferred orthogonal conformation 
was already proposed for the nitroxide spin adducts arising 
from TTBN.6 The N-alkoxyanilino radicals obtained with 
DTBN showed a large coupling with the para hydrogen 
(Table 11). The magnitude of this coupling is very close 
to that observed for N-dkoxyanilino radicals unsubstituted 
at  the phenyl ring (PhNOt-Bu, AN = 10.95 G, AHp = 5.06 
G), thus suggesting that these radicals remain planar even 
when the phenyl ring is substituted by two ortho tert-butyl 
groups. 

Conclusion 
DTBN and TTBN exhibit the same redox behavior. 

4-0xo-2,6-di-tert-butyl-1,4-dihydrobenzene-l-iminoxyl 
results from the addition of water at  the para position of 
DTBN". DTBN and TTBN present the same reactivity 
toward free radical trapping. We never observed any ev- 
idence of a free radical addition at  the para position of 
DTBN. The magnitude of the para hydrogen hyperfine 
coupling for the free radicals obtained from DTBN de- 
pends only on the extent of unpaired electron delocaliza- 
tion into the aromatic ring. However, the meta hydrogen 
hyperfine coupling results both from the unpaired electron 
delocalization and a long-range hyperfine interaction, 
which reaches its maximum value when the K system of 
the free radical center is orthogonal to the aromatic K 
system. 

Experimental Section 
2,6-Di-tert-butylnitrosobenzene (DTBN). To an ice-cooled 

dichloromethane solution (5 mL) of 2,6-di-tert-butylaniline1' (0.13 
g) was added dropwise with stirring 2 molar equiv of peroxybenzoic 
acid in the same solvent (10 mL). After being kept at 0 "C 
overnight, the reaction mixture was shaken with aqueous car- 
bonate. The organic layer was dried, and the solvent was evap- 
orated. The crude product was purified by means of column 
chromatography on silica gel. The nitroso compound was eluted 
with petroleum ether and collected in the monomeric form as a 
blue liquid (yield 75%): 'H NMR (CC14) 6 1.15 (s, 18 H), 7.18 
(m, 3 H). Anal. Calcd for CI4HZ1NO: C, 76.71; H, 21.58; N,  6.39. 
Found: C, 76.22; H, 21.38; N,  6.15. 

ESR Spectra. X-band ESR spectra were measured on a 
Varian E9 instrument. An inverted U-type mixing cell was used 

(10) Gronchi, G. Ph.D. Thesis, Universitg d'Aix-Marseille 3, 1984. 
Gronchi, G.; Tordo, P., to  be published. 

(11) Burgers, J.; Van Hartingsveldt, J.; Van Kevlen, J.; Verkade, P. E.; 
Visser, H.; Wepsler, B. M. Reel. Trau. Chim. Pays-Bas 1956, 75, 1327. 
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for all the sp in  t rapping  experiments .  T h e  radical ions were 
generated in  s i tu  b y  using a special electrochemical cell." 
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Introduction 

Following the first isolation of adamantane and di- 
amantane by Landa et al. from crude oil2* and Prelog's 
subsequent multistep synthesisFb substantial interest arose 
in adamantanoid polycyclic cage hydrocarbons of 
C4n+6H4n+12 compo~ition.~ Adamantane, diamantane, and 
later triamantane were prepared in 19,44 65,'-14 and 
60% 15-18 yield, respectively, by Lewis acid (AlCl,, AlBr,, 
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