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Regioselectivity and Stereoelectronic Factors in the Reactions of Aryloxide 
N ucleoph i les with 4- N itrobenzof u roxan 

Richard A. Manderville and Erwin Buncel* 
Department of Chemistry, Queen's University, Kingston, Ontario, Canada K7L 3N6 

The reactivity of  4-nitrobenzofuroxan (NBF, 1 ) with several aryloxide nucleophiles has been 
monitored by 400 M H z  'H N M R  spectroscopy in acetonitrile-glyme (CD,CN-[2Hlo]glyme, 1 : 1, v/v) 
at reduced temperatures and in dimethyl sulfoxide ( [2H6]DMSO) at ambient temperature. With the 
ambident (0- and C-) nucleophile phenoxide ion, formation of  a C-7  0-adduct  (3b) is observed in 
CD,CN-[2Hlo]glyme at -40 "C. As the temperature is raised this adduct gives way t o  7-hydroxy-4- 
nitrobenzofurazan (as the anion, 5) and a 7-phenoxynitronate derivative (4b) that arises from 
transfer of  the sp3-bound proton (7-H) of the C-7  phenoxide 0-adduct  to the N-oxide function. 
These decomposition products are the sole species observed when the reaction is carried out in  
[2H6]DMS0. Thus in contrast to the reaction of  1 with methoxide ion, where the C-5  adduct (2a) is 
kinetically preferred whi le the C-7 adduct (3a) is thermodynamically more stable, n o  C-5 0-adduct  
of phenoxide is observed in the present system. In addition, C-adducts that could potentially arise 
from the ambident nature of phenoxide were not formed. A similar reaction sequence was found 
for the reaction of 1 with 3,5-di-tert- butylphenoxide ion and 2,4,6-trimethylphenoxide ion. However, 
C-attachment was observed in the reaction of  1 with 2,6-di-tert- butylphenoxide ion where 0-attack 
is sterically blocked and, again, preference for C-7 attachment was found. Comparison is drawn 
between the present results concerning the reactivity of  1 with aryloxide nucleophiles and the 
reactivity displayed by  methoxide ion. Stereoelectronic factors in the C-7 aryloxide 0-adducts are also 
d i sc u ssed . 

The earlier discovery that 4-nitrobenzofuroxan (NBF, 1) acts as 
an in uitro inhibitor of nucleic acid and protein biosynthesis in 
animal cells, possibly through formation of Meisenheimer-type 
anionic complexes (o-adducts) with essential cellular thiol 
groups, has led to numerous studies of the reactivity of 1 and 
related benzofuroxan and benzofurazan derivatives with 
nucleophiles.2 In this regard, formation of isomeric C-5 and C-7 
alkoxide adducts of these NBF derivatives has been of par- 
ticular i n t e r e ~ t . ~ - ~  In general, studies have shown a kinetic 
preference for C-5 attachment while o-adduct formation at C-7 
is thermodynamically the more stable. In the reaction of 1 with 
methoxide ion (MeO-) in methanol, production of the C-5 
o-adduct 2a occurs 70-fold faster, while the C-7 o-adduct 3a is 
more stable by a factor of 200.3 

In addition to the kinetic and thermodynamic preferences, 'H 
NMR spectral characteristics of 2a and 3a have also been 
detem~ined.~.~ Previously, we showed that in dimethyl sulfox- 
ide-methanol (C2H6]DMSO-CH,0D 70 : 30 v/v) the reson- 
ances of 2a at 6 5.52 (5-H), dd, J4.7, < l), 6.43 (6-H, dd, J4.7, 
9.8) and 6.68 (7-H, d, J 9.8) can be observed at -20 "C free 
from signals due to the C-7 adduct, 3a.5 However, upon stand- 
ing at -20 "C for 30 min signals due to 3a appear at 6 7.19 
(5-H, dd, J 10.3, < I), 5.23 (6-H, dd, J 10.3,4.4) and 5.32 (7-H, 
dd, J4.4, < 1). The most striking feature of the observed peaks 
for 3a is that 6-H occurs upfield of the sp3-bound proton, 7-H (6 
5.23 us. 5.32) and is significantly upfield of 6-H in the C-5 
adduct, 2a (6 5.23 vs. 6.43). This upfield shift indicates that 
considerable charge localization occurs at C-6 upon C-7 adduct 
formation and these characteristic signals easily distinguish a 
C-7 adduct from a C-5 adduct by 'H NMR spec t ro~copy .~~~  

Upon subsequent monitoring of the NBF-Me0 - system in 
[2H6]DMSO-CH30D, we found that at ambient temperature 
signals due to 3a were replaced by peaks which were ascribed to 
formation of the 7-methoxynitronate derivative (4a) and the 
oxyanion 5.' These unexpected findings were attributed to 
breakdown of 3a, which led, overall, to deoxygenation of the 

N-oxide function and substitution of an aromatic hydrogen by 
the methoxy or hydroxy function. For the nitronate derivative 
4a the resonances appear at 6 7.27 (5-H, d, J 8), 5.70 (6-H, d, 
J 8) and 10.5 (NOH, s), while peaks ascribed to the oxyanion, 5, 
were found at 6 8.35 (5-H, d, J 10) and 5.90 (6-H, d, J 10). 

3a 4a 

More recently, we have been engaged in study of aryloxide 
nucleophiles, in particular ambident (0- and C-) phenoxide ion 
(PhO-), with a variety of electron-deficient aromatic and 
heteroaromatic compounds. These studies have shown that in 
order to permit detection of the transient aryloxide 0-adducts 
by NMR spectroscopy it is advantageous to monitor the 
systems in acetonitrile-glyme (CD3CN-[2Hl,]glyme, 1 : 1, 
v/v), which solubilizes all of the reagents and products at 
temperatures as low as - 50 "C 6a,b and allows the observation 
of species not observable in DMSO. Prompted by the interest- 
ing and variable behaviour found with PhO- as an 0- nucleo- 
phile as compared to MeO- in reactions with 1,3,5- trinitro- 
benzene (TNB) 6b and 2,4,6-trinitroani~ole,~" we have now 
extended our study of the reactivity of 1 to include its be- 
haviour with the aryloxide nucleophiles, PhO - , 3,5-di-tert- 
butylphenoxide ion (3,5-DTBP-), 2,4,6-trimethylphenoxide ion 
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(mesitoxide, MesO-) and 2,6-di-tert-butylphenoxide ion (2,6- 
DTBP). 

The salient feature of the reactions as determined by 400 
MHz 'H NMR spectroscopy in CD3CN-[2H,,]glyme at 
-40 "C, is that the C-7 0-adducts of PhO-, 3,5-DTBP- and 
MesO- are kinetically favoured. No spectral evidence for C-5 
attachment was found. The final products in these systems are 
the oxyanion 5 and the respective 7-aryloxynitronate deriv- 
atives, as a consequence of decomposition pathways previously 
described for the NBF-MeO- ~ y s t e m . ~  These products are the 
sole species observed when the reactions are carried out in 
DMSO. Attack at carbon by 2,6-DTBP-, where 0-attachment 
is sterically blocked, also occurs at C-7 and the resulting cr- 
adduct was stable in DMSO at ambient temperature. These 
results suggest that o-adduct formation at C-7 is kinetically as 
well as thermodynamically preferred in these NBF-aryloxide 
systems. The present results are compared to the well studied 
NBF-Me0 - system. 3-5 Stereoelectronic factors in formation of 
the C-7 aryloxide 0-adducts are also discussed. 

Results 
1. Reaction of 1 with Equimolar PhOK in DMS0.-Addition 

of 1.0 equiv. of PhOK in [2H6]DMS0 to a [2H6]DMS0 
solution of 1 (final concentrations 0.06 mol dmP3) produced a 
deep green solution. In the initially acquired 'H NMR spectrum 
(ca. 3 min after mixing reagents) at ambient temperature a pair 
of sharp doublets at 6 5.56 (J  7.8) and 5.77 (19.8) were apparent 
along with a doublet a t6  8.25 (J9 .8 )  and a downfield singlet at 6 
10.40. These peaks could not be attributed to o-adduct 
formation, but instead represented species resulting from 
decomposition of a putative C-7 0-bonded NBF-OPh- 
adduct. The pair of doublets at 6 5.77 and 8.25 (J  9.8) were 
ascribed to 6-H and 5-H, respectively, of the oxyanion 5,5 while 

the signals at 5.56 (J  7.8) and 10.40 represented 6-H and N-OH 
of the 7-phenoxynitronate derivative, 4b (Scheme 1, X = R = 
H). A doublet at 6 7.11 (J  7.8) corresponded to 5-H of 4b, while 
the rn- and o-phenoxy resonances could also be attributed to an 
apparent triplet centred at 6 7.40 and a doublet at 7.07 ppm, 
respectively. 

Thus, as outlined in Scheme 1 (X = R = H), 0-attack by 
PhO- at C-7 of 1 to produce the putative o-adduct, 3b, might 
initially have occurred, but due to its relative instability was 
rapidly converted into 4b. In turn, 4b was converted into 
oxyanion 5 with concomitant formation of the phenol. 

Subsequent monitoring of the reaction showed that after 3 h 
the resonances due to 4b were replaced by those of 5 and no 
further changes were seen over the next 9 h. Although other 
extraneous peaks were present in the acquired spectra, essen- 
tially the reaction produced signals attributable to the form- 
ation of 4b and 5. Interestingly, no peaks were found that could 
be assigned to the C-7 0-adduct, 3b, or C-bonded adducts 
which would be formed as a consequence of the expected ambi- 
dent nature of PhO-.6,7 

In a separate experiment, after the initial spectrum was 
recorded, 2 mm3 of D20 was added to the NMR tube. Under 
these conditions the singlet at 6 10.40 due to the NOH function 
of 4b vanished. Injection of 5 mm3 of trifluoroacetic acid (TFA) 
into the NMR tube caused peaks of 4b to disappear and a new 
set of resonances was observed at 6 8.65 (5-H, d, J 8.4) and 6.68 
(6-H, d, J 8.4). These peaks were attributable to formation of 
7-phenoxy-4-nitrobenzofurazan, 6b.8 Full assignment of this 
species was obtained from a sample prepared on reaction of 
PhO- with 7-chloro-4-nitrobenzofurazan (NBD-chloride; see 
Experimental section). 

2. Reaction of 1 with Equimolar PhOK in MeCN-g1yme.- 
Since cr-adduct formation between 1 and PhO- could not be 
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Fig. 1 'H  NMR Spectrum of the 5.4-10.2 pprn region of NBF-3,5- 
DTBPK ( I  : 1) taken after 3 min reaction time in ['H,]DMSO at 
ambient temperature. Highlighted are peaks due to the nitronate deriv- 
ative, 4c, the oxyanion, 5, and 3,5-di-tert-butylphenol (OH', 4'-H, 2',6'- 
H). DBB represents 1 ,4-dibromobenzene. 

observed under ambient reaction conditions in [2H,]DMS0, 
the reaction was repeated in CD,CN-[2Hlo]glyme (1 : 1, v/v) at 
reduced temperatures. The decomposition products, 4b and 5, 
observed in the C2H,]DMS0 study presumably were derived 
from the C-7 0-adduct, 3b.5 In addition, formation of the C-5 
0-adduct 2b could be possible if the reaction sequence between 
1 and PhO- mimics the reactivity of 1 with MeO- 

To a solution of 1 in CD,CN-[2Hlo]glyme (1 : 1, v/v) cooled 
to - 50 "C was added a similarly cooled solution of PhOK in 
CD3CN-[2H,o]glyme (final concentrations 0.08 mol dm-3). In 
the initially acquired 'H NMR spectrum taken at -40 "C, the 
resonances were broad and signals representing unreacted NBF 
and PhOK were present. Importantly, however, three unre- 
solved equivalent peaks were observed at  6 7.14 (br d), 6.02 
(br s) and 5.34 (br d). Upon subsequent monitoring of the sys- 
tem, by gradually allowing the temperature to rise, these three 
signals broadened further and eventually vanished within 1 h at 
-30 "C. Inspection of the NMR tube at ambient temperature 
revealed that a precipitate had formed and 100 mm3 of ['HJ 
DMSO was added to solubilize it. A spectrum of the resulting 
solution showed peaks at 6 5.77, 8.25 and 5.56, which could be 
attributed to the decomposition products, 5 and 4b. 

Since at - 40 "C the acquired spectrum displayed resonances 
other than unreacted starting material (NBF and PhO-), which 
could be attributed to formation of a single species, the signals 
at 6 7.14,6.02 and 5.34 were tentatively assigned to 5-H, 7-H and 
6-H, respectively, of the C-7 NBFeOPh- 0-adduct, 3b. Com- 
parison with the parameters of the C-7 NBFaOMe- adduct, 3a, 
obtained in [2H,]DMSO-CH,0D (70: 30 v/v),' where 5-H 
appears at 6 7.19,6-H at 5.23 and 7-H at 5.32 ppm, showed that 
the chemical shift of 5-H and 6-H of 3a and 3b were comparable, 
while the sp3-attached proton, 7-H, of 3b was located ca. 0.7 
ppm downfield of the comparable proton in 3a (6 6.02 us. 5.32). 
This chemical shift difference in 7-H was consistent with expect- 
ations derived from previous studies on aryloxide systems,6b 
while the upfield shift in 6-H (6 5.34) confirmed that the 0- 
adduct is due to 0-attachment at C-7 and not C-5.4,5 Further 
support for the present assignment of 3b was obtained from 
study of the NBF-3,5-DTBP- and MesO- systems (vide infra). 

3. Reaction of 1 with Equimolar 3,5-DTBPK in DMS0.- 
Introduction of 3,5-DTBPK in C2H,]DMS0 into a C2H6]- 
DMSO solution of 1 (final concentrations 0.06 mol dm-,) 
produced a dark green solution. Fig. 1 shows the 'H NMR 
spectrum highlighting the downfield region of the reaction mix- 
ture, acquired ca. 3 min after mixing the reagents at ambient 
temperature. Similar to the NBF-PhO- system, signals repre- 
senting o-adduct formation were not observed, but instead the 
spectrum shows resonances due to decomposition products, 5, 
and the nitronate derivative 4c (Scheme 1, X = Bu', R = H). 
For derivative 4c, the peaks occurred at 6 10.17 (NOH, s), 7.22 

7:3 7:O 6.5 6.0 5.5 5.0 

Fig. 2 'H NMR Spectrum of the 5.0-7.3 ppm region of NBF-3,5- 
DTBPK ( 1  : 1) taken after 3 min reaction time in CD,CN-['H,,]glyme 
at -4OOC. Present are signals due to the C-7 NBF-3,5-DTBP- 
0-adduct, 3c, and some unreacted 3,5-DTBPK. 

PPm 

(4'-H, t, J 1.6), 7.12 (5-H, d, J7.8), 6.90 (2',6'-H, d, J 1.6), 5.43 
(6-H, d, J 7.8) and 1.27 (Bu', s). 

Subsequent monitoring of the reaction showed that the sig- 
nals due to 4c were slowly replaced by those due to 5. Also, 
addition of 5 mm3 of TFA converted resonances due to 4c into 
peaks ascribable to 7-(3,5-di-tert-butylphenoxy)-4-nitrobenzo- 
furazan, 6c (Scheme 1). The full assignment of 6c was obtained 
from a separately prepared sample (NBD-chloride and 3,5- 
DTBPK, see Experimental section). 

4. Reaction of 1 with Equimolar 3,5-DTBPK in MeCN- 
G1yrne.-Reaction of 1 with 1 equiv. of 3,5-DTBPK in CD3CN- 
[2Hl,]glyme at - 50 "C (final concentrations 0.06 mol dm-3), 
produced a deep green mixture. Fig. 2 highlights the 5.0-7.3 
ppm region of the 'H NMR spectrum acquired at -40 "C, ca. 3 
min after mixing. Other than peaks due to unreacted 3,5- 
DTBPK, the resonances can be attributed to a single species: the 
C-7 0-bonded NBF-3,5-DTBP- adduct, 3c. For 3c, the signals 
occurred a t6  7.16 (5-H, d, J 10.4), 7.00 (4'-H, br s), 6.75 (2',6'-H, 
br s), 6.07 (7-H, d, J 3.7), 5.29 (6-H, dd, J 10.4, 3.7) and 1.22 
(Bu', s). 

As the temperature of the system was gradually raised to 
-30 "C, the peaks due to 3c broadened and declined in in- 
tensity. At - 10 "C the acquired spectrum showed broad reson- 
ances representing NBF and 3,5-di-tert-butylphenol, while 
peaks ascribable to 3c had vanished. At ambient temperature, 
inspection of the NMR tube showed that a precipitate had 
formed and after addition of 100 mm3 of C2H,]DMS0 the 
acquired spectrum displayed signals due to the presence of 4c 
and 5, indicating that 3c had decomposed into these species 
(Scheme 1, X = Bu', R = H). 

Study of the present system gave support to the assignments 
made in the NBF-PhO- system. Because the acquired spectra 
(Figs. 1 and 2) were relatively well resolved, peak assignments 
were more definitive. Thus, in both the NBF-PhO- and 3,5- 
DTBP- systems, 0-attachment by the nucleophile to C-7 of 1 
was observed, which rapidly gave way to products of decom- 
position (Scheme 1). Interestingly, in both systems evidence for 
C-5 attachment to produce 2b and 2c, respectively, was not 
obtained. To provide further support for structure of 0-bonded 
NBF aryloxide o-adducts, the reaction of 1 with mesitoxide 
ion was also examined in CD3CN-C2H1 o]glyme at reduced 
temperatures. 

5. Reaction of 1 with Equimolar MesOK in MeCN-G1yme.- 
Reaction of 1 with 1 equiv. of MesOK in CD3CN-[2Hlo]glyme 
(final concentrations 0.1 mol dm-3) at -40 "C produced an 
initially acquired 'H NMR spectrum showing the presence of 
the C-7 NBF-OMes- 0-adduct, 3d. Although coupling of the 
protons was not fully resolved, the full chemical shift assignment 
of 3d could be made: 6 7.08 (5-H, d, J 9.9), 6.73 (3',5'-H, s), 5.63 
(7-H, br s), 5.07 (6-H, br d), 2.13 (p-CH,, s) and 2.12 (o-CH~, s). 

Interestingly, the sp3-attached proton, 7-H, at 6 5.63 and the 
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ring protons, 5-H and 6-H, at 6 7.08 and 5.06, respectively, of 3d 
were found upfield of the corresponding protons in 3b (6.02,7.14 
and 5.34) and 3c (6.07, 7.16 and 5.29). The largest upfield shift 
occurred for the sp3-bound proton, 7-H, which amounts to ca. 
0.4 ppm, while for protons attached to the sp2-hybridized 
carbons, 5-H and 6-H, the shift was only ca. 0.1 and 0.2 ppm 
respectively. This observation differs from the results obtained 
in our previous study of the 173,5-trinitrobenzene (TNB)- 
aryloxide systems,6b where there was no significant difference in 
the 'H NMR chemical shift of the sp3-bound proton, I-H, 
of the corresponding phenoxide and mesitoxide TNBOOAr - 
a-adducts. Possible explanations for this chemical shift change 
in the NBF systems are outlined in the Discussion section. 

As with the other two aryloxide systems, upon subsequent 
monitoring of the reaction, by slowly raising the temperature to 
- 30 "C (ca. 30 min), the signals attributed to 3d broadened and 
decreased in intensity and at - 10 OC, only broad signals 
representing NBF and MesOH were observed. At ambient 
temperature, after addition of 100 mm3 of C2H6]DMSO, the 
acquired spectrum displayed resonances due to the oxyanion 5 
and MesOH (8 6.68, 2.11 and 2.10). Peaks which could be 
attributed to the 7-mesitoxynitronate derivative, 4d (Scheme 1 ,  
X = Me, R = H), were not observed in the present system. 

6. Reaction of 1 with Equimolar Me,NOH in DMS0.-To 
assess the potential for OH- reactivity in the NBF-aryloxide 
systems, control experiments involving the reaction of 1 with 
tetramethylammonium hydroxide (Me,NOH) were carried out, 
since equilibration between adventitious H 2 0  in the solvent 
systems used and the aryloxides may give rise to hydroxide 
o-adducts. 

Reaction of 1 in 70 mol% C2H,]DMSO-3O mol% H20- 
D 2 0  with equimolar Me,NOH (stock solution 25 wt% in H,O, 
11 mm3 for 1 equiv., 450 mm3 C2H6]DMSO, 40 mm3 D20)  at 
ambient temperature led to the immediate formation of signals 
assignable to the C-7 NBF-OH- adduct, 3e, at 6 6.93 (5-H, d, J 
10.3), 5.16 (7-H, d, J 4.4) and 5.04 (6-H, dd, J 10.3, 4.4). A 
resonance for the hydroxy proton of 3e was not observed and 
hence its state of ionization is uncertain. 

After 1 h, resonances due to 5 were also observed, although 3e 
was still the dominant species. This experiment revealed that 3e 
can be observed at ambient temperature in ['H,]DMSO, in 
contrast to the NBF aryloxide o-adducts. Hence, if OH- 
addition were a competitive process in the NBF-aryloxide 
systems, it is expected that 3e would have been observed during 
the reaction sequence due to its inherent stability. 

The C-5 adduct, 2e, was not seen in the present system. This is 
consistent with previous work on the addition of methoxide to 
NBF' where a C-5 adduct could only be detected at lower 
temperatures (<20°C) and the C-7 adduct was the only 
observed adduct at room temp. 

7. Reaction of 1 with Equimolar 2,6-DTBPK in D M S 0 . -  
Since the reaction of 1 with PhO- did not give rise to C-adducts 
(oide supra), the reactivity of 1 with 2,6-di-tert-butylphenoxide 
(2,6-DTBP-), where 0-addition is sterically blocked, was 
examined in an attempt to study C-attack by an aryloxide 
nucleophile, 

Reaction of 1 with 1 equiv. of 2,6-DTBP- in C2H,]DMS0 
(final concentrations 0.06 mol dmP3) led to an initial 'H NMR 
spectrum (acquired ca. 3 min after mixing reagents) displaying 
signals assignable to a single species, the C-7 C-adduct, 7. Peaks 
attributed to 7 occurred at 6 6.92 (2',6'-H, s), 6.91 (OH, s), 6.89 

4.3, 1.7) and 1.33 (Bu', s). Further monitoring of the reaction by 
'H NMR showed no changes in the resonances due to 7 over a 5 
h period. 

Consistent with the present assignment was the upfield pos- 

(5-H, dd, J 10.2, 1.7), 5.01 (6-H, dd, J 10.2,4.3), 4.65 (7-H, dd, J 

ition of 6-H (8 5.01), indicative of formation of C-7 adducts,,~~ 
and the relative position of the sp3-attached proton 7-H (6 4.65), 
which was in accord with bonding to the less electronegative 
carbon a t ~ m . ~ . ~ . '  In addition, acidifying the solution with TFA 
(5 mm3) did not lead to destruction of the aforementioned 
resonances. A 'H NMR spectrum of the acidified mixture shows 
that the 6-H resonance shifted downfield to 5.93 ppm, while the 
other signals remain unchanged. This observation was consis- 
tent with protonation of the C-4 NO2 - function of 7 to produce 
the nitronic acid derivative, 8 . 6 e 9 9  The downfield shift in the 
6-H resonance occurred because in 8 transfer of electron-density 
from the N 0 2 H  group to the C-6 position was no longer 
possible. Recent work by Terrier and co-workers suggests that 
the pK, of the nitronic acid derivative, 8, should be of the order 
of 4.24.5. 

NO2 
7 

N02H 
0 

Summary of Results.-The interaction of NBF (1) with 
aryloxide nucleophiles (PhO-, 3,5,-DTBP-, MeSO- and 2,6- 
DTBP-) has revealed some interesting facets of the chemistry of 
the heteroaromatic system, NBF. In contrast to methoxide 
addition, where the C-5 adduct is formed under kinetic control, 
but the C-7 adduct is thermodynamically favoured, C-7 attach- 
ment in the NBF-aryloxide systems has been shown to be 
kinetically as well as thermodynamically favoured. The result- 
ing C-7 0-bonded aryloxide a-adducts, however, have transient 
life-times due to decomposition pathways and hence could not 
be observed by 'H NMR spectroscopy in [2H,]DMS0 at 
ambient temperature. To obtain their spectral features the 
systems were monitored in CD,CN-[2H,]glyme (1 : 1, v/v) at 
low temperatures, which permitted the observation and charac- 
terization of the C-7 0-bonded o-adducts. 

In the NBF-PhO- system C-adduct formation was not 
observed, which contrasts with previous results shown for other 
nitro-heteroaromatic-PhO-  system^.^ Study of the NBF-2,6- 
DTBP- system, however, revealed that C-attachment to C-7 of 
NBF is a viable process. By blocking the pathway for 0-attack, 
the alternative C-attack pathway is observed in accord with the 
ambident nature of phenoxide 

'H NMR parameters obtained for the NBF-aryloxide sys- 
tems are summarized in Tables 1 and 2. In Table 1 are given 
the parameters of the C-7 NBF o-adducts. The parameters for 
the aryl 0-adducts (3b, 3c and 3d) were obtained in CD3CN- 
[2Hlo]glyme at -40 "C, while parameters for the NBFoOH- 
adduct, 3e, and the C-bonded adduct, 7, were acquired at 
ambient temperature in [2H,]DMS0. Table 2 contains the 
resonances for the decomposition products ( 4 W  and 5)  along 
with the benzofurazan ethers ( 6 H )  obtained from reaction of 
the aryloxide nucleophiles with NBD-chloride (see Experi- 
mental section). 

Discussion 
1. Reaction Pathways: Kinetic versus Thermodynamic Con- 

trol.-(i) 0-Adduct formation in NBF-aryloxide systems. Based 
upon the spectral observations in the present studies carried out 
in DMSO at ambient temperature and in MeCN-glyme (1 : 1) 
at reduced temperatures, it would appear that 0-attack by 
phenoxide (PhO-), 3,5-di-tert-butylphenoxide (3,5-DTBP-) 
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Table 1 'H NMR Spectral characteristics" of the NBF o-adducts in DMSOb and in MeCN-glyme (1 : 1)' 

Adduct 5-H 6-H 7-H Other 

3b ' 7.14 (br d) 5.34 (br d) 6.02 (br s) obscured 
3c' 7.16 (d, J 10.4) 5.29 (dd, J 10.4, 3.7) 6.07 (d, J 3.7) 

3e b,d 6.93 (d, J 10.3) 5.04 (dd, J 10.3,4.4) 5.16 (d, J4.4) 

7.00 (4'-H, br s), 6.75 (2',6'-H, br s), 1.22 (Bu', s) 
3d' 7.08 (d, J9.9) 5.07 (br d) 5.63 (br s) 6.73 (3',5'-H, s), 2.13 (p-CH3, s), 2.12 (0-CH3, S) 

7 b  6.89 (dd, J 10.2, 1.7) 5.01 (dd, J 10.2,4.3) 4.65 (dd, J 4.3, 1.7) 6.92 (2',6'-H, s), 6.91 (OH, s , 1.33 (Bu', S) 

" Chemical shifts are given in ppm measured at 400 MHz; coupling constants are in hertz; 
[2H,,]glyme (1 : 1, v/v) at -40 "C; The hydroxy peak was not observed. 

(CD3),S0 at ambient temperature; ' CD3CN- 

Table 2 'H NMR Spectral characteristics" of decomposition products, 3 U  and 5, and benzofurazan ethers, 6 U ,  in DMSOb 

Other Compound 5-H 6-H 

4b 7.1 1 (d, J 7.8) 5.56 (d, J 7.8) 10.40 (NOH, s),  7.40 (m-H, t), 7.07 (0-H, d) 
4c 5.43 (d,J7.8) 
5 8.25 (d,J9.8) 5.77 (d, J 9.8) 

6c 6.64 (d, J 8.4) 

7.12 (d, J 7.8) 10.17 (NOH, s), 7.22 (4'-H, t, J 1.6), 6.90 (2',6'-H, d, J 1.6), 1.27 (Bur s) 

6b 8.65 (d, J 8.4) 6.68 (d, J 8.4) 7.59 (m-H, t), 7.45 (p-H, t), 7.43 (0-H, d) 
8.66 (d, J 8.4) 7.45 (4'-H, t, J lS),  7.24 (2',6'-H, d, J lS), 1.31 (Bu', s) 

6d 8.60 (d, J 8.4) 6.30 (d, J 8.4) 7.09 (3',5'-H, s), 2.31 (p-CH3, s), 2.09 (o-CH3, S) 

a,b See Table 1 

and mesitoxide (MesO-) ions occurs at C-7 of NBF, to produce 
the NBF-OAr - adducts, 3b-d, respectively, as the kinetically 
preferred interaction. These C-7 0-adducts are then rapidly 
transformed into products of decomposition, 4b-d and 5 
(Scheme 1).5 In DMSO at ambient temperature, 4b-d and 5 are 
the only detectable species. Formation of the NBF-OH- 
adduct, 3e, via competitive equilibria with adventitious water in 
the media is not observed, and neither isp-C-attack observed in 
the PhO- system. These observations are in contrast with 
previous nitroaromatic-aryloxide systems, where C-attack by 
PhO- and competitive formation of hydroxide adducts were 
generally favoured.6a.b It appears therefore that breakdown of 
the C-7 NBF aryloxide 0-adducts occurs readily and these 
alternative pathways cannot compete effectively. The thermo- 
dynamically favoured products are hence the nitronate 
derivatives, 4 M ,  and the oxyanion, 5.  

This observed regioselectivity can be compared with the 
NBF-MeO- system where attachment at C-5 to produce 2a is 
kinetically preferred but the C-7 adduct 3a is thermodynamic- 
ally more stable.3p5 For the aryloxide systems no evidence for 
C-5 attack was obtained under the present conditions (reagents 
mixed in MeCN--glyme at - 50 "C, first spectrum acquired ca. 3 
min after mixing). At - 40 "C the acquired spectra displayed 
signals for the C-7 0-adducts, 3b-d, and unreacted starting 
material. Therefore, a key question arises: do the putative C-5 
aryloxide 0-adducts, 2 M ,  form prior to the first NMR 
observations and decompose too rapidly to detect, or are 
the C-7 0-adducts both kinetically and thermodynamically 
favoured? 

In this regard, kinetic studies of the NBF-MeO- system in 
MeOH have shown3 that the C-7 adduct 3a is ca. 200 times 
more stable than the C-5 adduct, 2a, but that 2a is favoured 
kinetically by a factor of 70. As noted, the C-5 NBF-OMe- 
adduct is detectable in DMSO-MeOH (80 : 20 v/v) at - 20 "C. 
The present study of NBFoArO- adducts was undertaken at  
a significantly lower temperature (-40 "C). If the kinetic 
preference for C-5 attack were assumed simply to be the same 
for ArO- and MeO- with no change in thermodynamic 
preference for C-7 adduct formation, one would have expected 
to observe both adducts at the lower temperature of the present 
work. In fact, ArO- adducts of TNB are readily observable 
under these conditions.6b Comparable regioisomers in the 
reaction of 2,4,6-trinitroanisole (TNA) with 2,4,6-trimethyl- 
phenoxide (i.e. C-3 and C-1 0-adducts of TNA vs. the C-5 and 

C-7 0-adducts of NBF) have recently been fully characterized 
in our laboratories under these conditions" and the regio- 
selectivity in the TNA-PhO - system has been similarly eluci- 
dated using the low temperature MeCN-glyme solvent sys- 

On these grounds, we strongly favour the straightforward 
interpretation that C-7 ArO- adducts of NBF are the products 
of both thermodynamic and kinetic control, although we 
cannot categorically rule out the possibility that the C-5 
aryloxide adducts of NBF are extraordinarily unstable and 
rearrange to their C-7 counterparts prior to first observation. 

Reasons for this apparent change in regioselectivity in the 
aryloxide systems are not entirely clear but a possible model in 
favour of C-7 addition for the aryloxide nucleophiles could be 
that they react through later transition state (TS) structures. A 
later TS for C-7 adduct formation would be expected to benefit 
from through-conjugation to the 4-N02 group,3 and the greater 
thermodynamic stability associated with the C-7 adduct com- 
pared to the C-5 adduct may be reflected in the kinetics of 
reactions proceeding through a later TS structure. For aryl- 
oxide nucleophiles, reactivity through a more product-like TS 
may arise from the fact that the resulting o-adducts are prob- 
ably less stable than those of methoxide. This is emphasized in 
the reaction of PhO- and MeO- with 2,4,6-trinitroanisole 
where the C-1 0-adduct of PhO- decomposes faster than the 
C-1 MeO- adduct by a factor of 4.5 x lo6, while their rates of 
formation are comparable.' ' Thus according to the Hammond 
postulate l 2  the TS for C-7 and C-5 aryloxide attachment would 
be expected to be more product-like than the corresponding TSs 
for methoxide attachment since the methoxide reaction is 
anticipated to be more exothermic. 

The final products in the aryloxide systems are the 7-aryl- 
oxynitronate derivatives (4b-d) and the oxyanion 5 (Scheme 1). 
Formation of the former species is attributed to transfer of the 
sp3-bound (7-H) proton of 3b-d to the N-oxide f ~ n c t i o n . ~  This 
process is similar to the Cope reactionI3 which leads to the 
production of olefins and hydroxylamines from amine oxides, 
though in the present system the products (olefin and hydrox- 
ylamine) remain intact forming 4b-d. Subsequent transfer of 
the OH function to C-7 and loss of ArOH leads to formation of 
the oxyanion 5.5 In the NBF-mesitoxide system, the inability to 
observe 4d presumably arises from rapid expulsion of MesOH 
which would be accompanied by relief of strain at C-7 due to 
the presence of the o-methyl groups of the mesitoxy moiety. 

(ii) C-Adduct formation in the NBF-2,6-DTBPP system. In the 
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interaction of NBF (1) with 2,6-di-tert-butylphenoxide ion (2,6- 
DTBP-), the observed process was C-attack at C-7 of 1 and the 
resulting o-adduct, 7, was characterized in [2H6]DMS0 at 
ambient temperature. This system was remarkably clean and in 
the first spectrum acquired (ca. 3 min after mixing) signals 
representing 7 were the only peaks present and remained 
unchanged over a 5 h period. 

C-Adduct formation plausibly involves two steps whereas 
0-attachment occurs via a single step. Thus in the former 
process a quinoidal complex is formed in the first step and then 
undergoes rearomatization in the second step to produce the 
observed o-adduct. Under the basic conditions employed 
rearomatization is rapid and formation of the quinoidal 
complex is rate determining.2.6*7 Therefore, if attack at C-5 
occurred to give a quinoidal NBF-2,6-DTBPP intermediate 
then C-5 adduct formation would follow in the rapid rearomat- 
ization step. It follows therefore that, similar to 0-attachment of 
aryloxide nucleophiles with NBF, the forward rate constant for 
C-7 C-attack is more favourable than for C-5 attack, which also 
contrasts with the NBF-MeO- s y ~ t e m . ~ g ~ + ~  

Arguments based on TS structure may also apply here since 
2,6-DTBP- may react through a later TS which for C-7 adduct 
formation would benefit from through-conjugation of the 
developing negative charge to the C-4 p-nitro group, as before. 
Relative to the methoxide adducts, 2a and 3a, quinoidal 
complexes of 2,6-DTBP- would be expected to be destabilized 
since aromaticity of the 2,6-DTBP moiety is disrupted and this 
would lead to a later TS. 

2. Stereoelectronic Factors in the C-7 NBF Aryloxide 0- 
Adducts.-It has been well documented that in the absence of 
steric hindrance, substituents with lone pairs attached to 
aromatic rings, such as methoxy, prefer planar conformations 
over gauche or perpendicular. l4 In the planar conformation, 
conjugation of the p-type lone pair orbital of the heteroatom 
with the aromatic n-electron system (p-n: overlap) is 
maximized. When this type of resonance is operative the o- 
and ppositions of the aromatic ring are shielded relative to 
the m-position. 

Previously we have found that I3C NMR parameters of 
TNB-OAr- 0-adducts 6 b  could be used to assess conform- 
ational preferences in the cr-adducts.l5 It was deduced that the 
TNBOOAr - 0-adducts prefer an approximately planar arrange- 
ment where p n  overlap is maximized. Since each of the 
TNBoOAr- 0-adducts was shown to prefer a planar conform- 
ation, the similarity in the 'H NMR shifts of the TNB- moiety 
for each adduct seemed reasonable. 

For the C-7 NBF aryloxide 0-adducts, 3b-d, 'H NMR 
characteristics have been recorded in CD3CN-C2H lo]glyme at 
-40 "C (Table 1). The transient nature of the complexes, 3b4 ,  
did not allow for characterization by I3C NMR spectroscopy in 
the present systems. In order to explore such conformational 
preferences in the NBF systems, trends in the 'H NMR shift 
parameters of the NBF- moiety in 3b-d (Table I )  are com- 
pared to those observed previously in the corresponding TNB 
systems. 6b 

Inspection of the 'H NMR parameters (Table 1) reveals that 
for the NBFeOPh- adduct, 3b, and the NBF-3,5-DTBP- 
adduct, 3c, the chemical shifts of the NBF- moiety (5-H, 6-H, 
7-H) are similar. The sp3-bound protons, 7-H, are observed at 6 
6.02 and 6.07 in 3b and 3c, while the 6-H protons are found at 
5.34 and 5.29, and 5-H at 7.15 and 7.16, respectively. Hence, it is 
reasonable to assume that these two 0-adducts occur in similar 
conformations. 

In contrast, the 'H NMR shifts of the NBF- moiety in the 
mesitoxide adduct, M, differ from those in 3b and 3c. For 3d, 
7-H is found at 6 5.63, 6-H at 5.07 and 5-H at 7.08. Relative 
to the corresponding shifts in 3b and 3c, 7-H resonates ca. 0.4 

ppm upfield, while the sp2-hybridized protons 6-H and 5-H are 
similarly located upfield, but not to the same extent (ca. 0.2 and 
0.1 ppm, respectively). Hence it appears that the preferred 
conformer of 3d differs from that of 3b and 3c. This rationale 
stems from the fact that in the corresponding TNB 0-adducts 
the 'H NMR shifts of the TNB - moiety and the conformational 
preferences were similar (vide supra).6b 

To assess the nature of this apparent change in conform- 
ational preferences of the mesitoxide complex, 3d, with respect 
to 3b and 3c, previous investigations of the methyl ethers, 
PhOMe and MesOMe, are informative. For anisole an approxi- 
mately planar arrangement is preferred ' which permits stabil- 
ization due to p n  overlap. For the mesityl ether, however, I3C 
NMR results indicate that the methoxy group deviates from 
planarity. ' For 2,6-dimethylanisole, Buchanan and co-workers 
predicted on the basis of 13C NMR data that the angle of 
deviation is 44". 14b Hence the preferred conformer of MesOMe 
appears to be one with nearly perpendicular OMe, in which 
steric interactions between the OMe group and the aromatic o- 
Me groups are minimized and p7c overlap is correspondingly 
greatly diminished. 

On the basis of the comparisons with the methyl ethers, 
PhOMe and MesOMe, and from inspection of the 'H NMR 
parameters (Table 1) and molecular models (Darling), it 
appears that the preferred conformer of the NBFOOPh- adduct, 
3b, and the NBF*3,5-DTBP- adduct, 3c, is one in which p n  
overlap is operative. This points to an approximately planar 
geometry for the C-7-0-Ar grouping, with optimum overlap of 
the p-type orbital on the aryloxy oxygen with the n-electron 
system of the aryl ring. The conformer of 3b which fits this 
description is shown by 9 (X = H, R = H). In this conformer, 
the sp3-attached proton 7-H of the NBF- moiety is almost in 
the plane of the phenoxy ring while the furoxan ring is nearly 
perpendicular. For 3c, an analogous conformer (9, X = H, 
R = Bu') is envisioned since the rn-tert-butyl groups do not 
appear to exert a marked steric influence on the conformational 
preferences. 

X 

0 

&R X 

No; 
10 

For the NBF-OMes- adduct, 3d, a perpendicular geometry 
for the C-7-0-Ar grouping is expected with little or no p n  
overlap between the lone pair on the mesitoxy oxygen and the 
aryl ring, analogous to the preferred conformer for MesOMe. l 5  

The conformation of 3d which fits this characteristic is shown by 
10 (X = Me, R = H). In this conformer the mesitoxy ring 
points upwards in the plane almost parallel to the NBF- ring. 
While steric interactions in this conformer are minimized, 
stabilization due to p-n: overlap is greatly diminished. 

The above predictions regarding the preferred conformations 
of the C-7 NBFOOAr- 0-adducts, 3b-d, appear consistent with 
the present 'H NMR data (Table 1). For 3b and 3c, partial 
positive charge on the attached oxygen would be significant, 
since pn: overlap is expected in 9 (vide supra). The sp3-attached 
proton, 7-H, is sensitive to the electronegativity of the attached 
group2 and resonates downfield, ca. 6.0 ppm. In contrast, the 
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NBF=OMes- adduct, 3d, has been shown to adopt a perpen- 
dicular conformation (10) which alleviates steric hindrance, but 
diminishes p n  overlap. Hence, the attached oxygen is more 
electron-rich and the sensitive 7-H proton resonates at 6 5.63, 
which is ca. 0.4 ppm upfield of the 7-H resonance in 3b and 3c. 

Conclusions 
The results of these studies on the course of the reactions of 4- 
nitrobenzofuroxan (NBF, 1) with the aryloxide nucleophiles, 
phenoxide ion (PhO-), 3,5-di-tert-butylphenoxide ion (33- 
DTBP-), mesitoxide ion (MesO-), and with 2,6-di-tert-butyl- 
phenoxide ion (2,6-DTBP-), permit us to draw the following 
conclusions. 

1. The C-7 NBF-OAr- 0-adducts, 3 M ,  are kinetically 
favoured and are observed first in NMR studies at -40 "C in 
the MeCN-glyme solvent system. These 0-adducts cannot be 
observed in ['H,]DMSO at ambient temperature due to a 
rapid decomposition pathway leading to formation of the 7- 
aryloxy nitronate derivatives, 4 k ,  which give way to the 
oxyanion 5. 

2. In the reaction of NBF with PhO-, C-attachment by the 
potentially ambident (0- and C-attack) nucleophile was not 
observed. However, with 2,6-DTBP-, where 0-attachment is 
not sterically feasible, C-attack at C-7 of NBF occurs. The 
resultingo-adduct 7 was stable in [2H6]DMS0 over a 5 h period. 

3. The regioselectivity displayed by the aryloxide nucleo- 
philes was shown to differ from the behaviour displayed in the 
reaction of NBF with methoxide ion (MeO-). In the NBF- 
MeO- system, the C-5 adduct, 2a, is kinetically preferred, but 
the C-7 adduct, 3a, is thermodynamically more stable. In the 
aryloxide systems, no evidence for C-5 attachment was found. 
This change in regioselectivity has been tentatively attributed to 
a decrease in adduct stability which may favour a more product- 
like transition state (TS) for reaction of aryloxide. A later TS 
would favour attachment at C-7 because it would benefit more 
from the stability gained in through-conjugation to the p-nitro 
group which operates in C-7 NBF adducts. 

4. From the 'H NMR chemical shifts of the NBF- moiety in 
the C-7 NBFOOAr- adducts, 3 M ,  it was concluded that an 
approximately planar configuration (9) is adopted by the 
phenoxide adduct, 3b, and the 3,5-DTBP- adduct, 3c. This 
geometry allows for conjugative overlap between the p-type 
orbital of the aryloxy oxygen with the n-electron system of the 
aromatic ring. In contrast, the mesitoxide adduct, 3d, adopts a 
perpendicular geometry (10); this conformer does not possess 
optimal p n  overlap but is favoured on steric grounds. 

Experimeatal 
Materials and Methods. -4-Nitrobenzofuroxan (NBF, 1) 

was prepared by the nitration of benzofuroxan ' and recrystal- 
lized from ethyl acetate, m.p. 143 "C. CD3CN, C2H6]DMS0 
and [2Hlo]glyme (Merck) were dried by treatment with 
3 A molecular sieves.18 Trifluoroacetic acid (TFA) and 
tetramethylammonium hydroxide (Me,NOH, 25 wt% solution 
in water) (Aldrich) were used without further purification. 1,4- 
Dibromobenzene (DBB, Eastman) was recrystallized from 
ethanol, m.p. 89 "C. Potassium ethoxide solutions were 
prepared from freshly cut potassium metal and dry EtOH 
(distilled from Mg turnings) under N, and standardized with 
potassium hydrogen phthalate. Phenol (BDH) and 2,6-di-tert- 
butylphenol (Aldrich) were distilled under vacuum and stored 
and handled in an argon-filled dry box. 2,4,6-Trimethylphenol 
(mesitol) and 3,5-di-tert-butylphenol (Aldrich) were purified by 
recrystallization from light petroleum. Melting points were 
measured on a Thomas-Hoover capillary apparatus and were 
not corrected. 

Following the method described by Kornblum and Laurie 
for the preparation of phenoxide ion, potassium 2,6-di-tert- 
butylphenoxide (2,6-DTBPK) was prepared from the phenol 
and EtOK-EtOH as a pale green powder. Its 'H NMR spec- 
trum in C2H6]DMS0 showed the following resonances: 6 6.58 
(2 H, d, J7.3), 5.57 (1 H, t, J7.3) and 1.32 (18 H, s). PhOK, 
MesOK and 3,5-DTBPK were prepared in a similar fashion and 
had spectra in agreement with those previously reported. 7a,6b  

NMR Experiments. -The NMR experiments were carried 
out on a Bruker AM-400 spectrometer ('H: 400 MHz, ' 3C: 100 
MHz) in CD3CN-[2Hlo]glyme (1 : 1, v/v) and in C2H,]DMSO. 
In the mixed solvent system, CD,HCN served as reference ('H: 
6 1.93) and lock signal, while spectra recorded in DMSO were 
referenced to the C2H,]DMSO-H peak (6 2.50). Chemical shifts 
are given in parts per million (ppm), coupling constants in hertz 
(Hz). Wilmad pp-507 NMR tubes ( 5  mm) were used in all 
experiments. All stock solutions and NMR tubes were capped 
with rubber septa and swept out with N, prior to injection of 
the reactants by means of a syringe. 

(a) A representative room temperature experiment in DMSO. 
The NBF stock solution (0.40 mol dm-3) consisted of 36.4 mg of 
substrate dissolved in 500 mm3 of [2H,]DMS0. Transfer of 75 
mm3 of stock NBF solution into an NMR tube containing 
solvent (340 mm3) and DBB ( 5  mm3 from a 1 mol dmP3 stock 
solution) afforded the initial sample. DBB functioned as the 
internal integration standard. Addition of 1 equiv. of 3,5- 
DTBPK (80 mm3 from a 0.383 mol dm-3 solution) initiated the 
reaction. 'H NMR spectra were recorded at various intervals, 
generally as rapidly as possible (within 3 min) at the start of the 
reaction and then at progressively longer intervals as the 
reaction proceeded. 

In a separate experiment, 1 equiv. of 3,5-DTBPK was added 
to the NMR tube containing the NBF solution. After acqui- 
sition of an initial spectrum (ca. 3 min after mixing), D,O (2 
mm3), followed by TFA (5  mm3), were added and spectra were 
recorded after each addition. 

(b) Low temperature N M R  experiments in MeCN-Glyme 
( I  : 1). Typically, 1 equiv. of the aryloxide was dissolved in a 1 : 1 
(v/v) mixture of CD3CN-[2Hlo]glyme. This solution (300 
mm3) was injected into an NMR tube and the solution frozen by 
immersion in liquid N,. To the frozen solution was added 1 
equiv. of NBF (200 mm3; final concentrations 0.06-0.1 mol 
dm-3). The resulting mixture was placed in a dry ice-acetone 
bath, which had been maintained at - 50 "C. The contents of 
the tube were allowed to mix and then the tube was again 
immersed in liquid N,. The sample was transferred to the 
spectrometer probe ( - 40 "C) and spectra were recorded at 
various intervals, a standard sequence being 3, 5,  7, 9 min and 
then as warranted by the observed changes. At the same time the 
temperature of the probe would gradually be raised. 

7-Aryloxy-4-nitrobenzofurazan Ethers, 6M.-These com- 
pounds were prepared from the respective potassium aryloxide 
salt and 7-chloro-4-nitrobenzofurazan (NBD-chloride; Aldrich, 
98%) via S,Ar displacement of chloride. The general procedure 
outlined by Ahnoff and coworkers * for the preparation of the 
7-phenoxy derivative, 6b, was followed. 

7-Phenoxy-4-nitrobenzofurazan, 6b. Phenol (0.82 g; 8.72 
mmol) was dissolved in 20 cm3 of dry ethanol and to this stirred 
solution was added 6 cm3 of a 1.41 mol dm-3 stock EtOK 
solution (8.46 mmol). The mixture was stirred for 30 min and 
then an ethanolic solution (30 cm3) of NBD-chloride (1.74 g, 
8.72 mmol) was added. After 30 min, 100 cm3 of distilled water 
was added and the resulting orange precipitate was collected. 
Recrystallization from ethanol produced a yellow powder (0.87 
g, 40%), m.p. 116-120 "C (lit.8 114-1 19 "C). 

74 3,5-Di-tert-butyIphenoxy)-4-nitrobenzo furazan, 6c. NBD- 



1894 J. CHEM. soc. PERKIN TRANS. 2 1993 

Chloride (0.763 g; 3.82 mmol) was dissolved in 80 cm3 of ethanol 
and to this stirred solution was added 1 equiv. of 3,5-DTBPK 
(0.941 g; 3.85 mmol) in 20 cm3 of ethanol. The mixture was 
stirred for ca. 30 min and 100 cm3 of distilled water was added. 
The resulting pale yellow precipitate was collected and dried 
(1.4 g; loo%), m.p. 185-186 "C; d,([2H6]DMSO) 8.66 (1 H, d, 
J8.4),6.64(1H,d,J8.4),7.45(1 H,t ,J1.5) ,7 .24(2H7d,J1.5)  
and 1.31 (18 H, s); d,([2H6]DMSO) 153.8, 153.5, 145.4, 144.4, 
135.8, 120.3, 114.8, 108.9, 34.9 and 31.0. 
7-Mesitoxy-4-nitrobenzofurazan, 6d. NBD-Chloride (0.72 g; 

3.6 mmol) was dissolved in 50 cm3 of ethanol and an ethanolic 
solution (20 cm3) of potassium mesitoxide (0.629 g, 3.6 mmol) 
was added. The mixture was stirred at room temp. for 30 min 
and then distilled water (100 cm3) was added. The yellow 
precipitate was collected (0.903 g; 84%) and dried, m.p. 159- 
1 60 "C . d,( [ 2H6]DMSO) 8.60 ( 1 H, d, J 8.4), 6.30 ( 1 H, d, J 8.4), 
7.09 (2 H, s), 2.31 (3 H, s) and 2.09 (6 H, s). d,([2H6]DMSO) 
152.2, 146.9, 144.9, 144.5, 136.2, 135.7, 130.0, 129.4, 107.5,20.3 
and 15.3. 
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