
Reactions of Nitrite Ion with Nitrohalobenzenes 

B/C- trans- I0-Bromo-4a-(2-dimethylaminoethyl)-6-me- 
thoxy-1,2,3,4,4a,10a-hexahydro-lO~-9-phenanthrone Hydro- 
bromide (24). Ketone 17 was converted to the hydrobromide (mp 
236-238' from MeOH-MeZCO). As described in the bromination 
of 6 HBr, the hydrobromide (152 mg) and Brz (77 mg) yielded, 
after addition of ether to the reaction mixture and cooling, 145 mg 
of 24: mp 188-190'; ir (Nujol) 2400-2700 (N+H),  1680 cm-l 
(C=O); NMR I ( D M S O - ~ ~ )  6 3.33 (s, 6, >N+MeZ), 3.88 (s, 3, OMe), 
5.28 (d, J = 12.0 Hz, 1, C-10 H) ,  6.87 (d, 55,7 = 2.5 Hz, 1, C-5 H), 
7.03 (4, 57,5 = 2.5, 57,~ = 8.5 Hz, 1, C-7 H), 7.92 (d, 58,~  = 8.5 Hz, 
1, C-8 H). 

Anal. Calcd for C19H26BrN0~"Br: C, 49.48; H, 5.90; N, 3.04. 
Found: C, 49.77; H, 5.80; N, 2.95. 
3-Methoxy-10-oxo-N-methylisomorphinan Methobromide 

(25). The bromo ketone hydrobromide 24 (58 mg) was converted to 
the free base (40 mg). I t  solidified on standing. Recrystallization 
from MeOH-Me2CO gave 25 as colorless prisms: mp 234-235'; ir 
(Nujol) 1675 cm-l (C=O); NMR (CD30D) 6 3.04 (9, 3, N+Me), 
3.48 (s, 3, N+Me), 3.90 (9, 3, OMe), 3.95 (d, J = 6.0 Hz, 1, C-9 H),  
6.98-7.10 (m, 2, C-2 and C-4 H), 8.02 (d, J = 9.0 Hz, 1, C-1 H). 

Anal. Calcd for C19H26BrN02: C, 60.00; H, 6.81; N, 3.68. Found: 
C, 60.01; H, 6.99; N, 3.61. 
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Nitrophenols are the eventual products of the aromatic nucleophilic substitution reactions of the ambident ni- 
trite ion with suitably substituted nitrobenzenes. This is the case no matter whether the nitrogen or the oxygen of 
the nitrite ion is the original site for bonding to aromatic carbon. However, the intermediacy of di- or trinitroaro- 
matics, Le., the first products of N-attack, has been demonstrated by labeling the substituted nitrobenzenes with 
deuterium, or with a methyl group, or by using 16N02- as the nucleophile. N-Attack is faster than 0-attack when 
C1, Br, or I is displaced from the nitrohalobenzenes by nitrite ion but 0-attack is faster when fluorine is displaced. 
Reactions are about lo5 faster in dipolar aprotic solvents than in methanol and the rate of 0-attack is enhanced 
more than N-attack on transfer from methanol to dipolar aprotic solvents. The principles discussed here enable 
one to optimize the conditions for a maximum yield of the initial product of N-attack and for a minimum yield of 
nitrophenols. If the substrate has a substituent ortho to the site of nucleophilic attack, the proportion of nitro- 
phenol to dinitrobenzene is very high throughout the reaction. 

Aromatic nucleophilic substitution (SNAr) reactions of 
aryl halides (ArX) with nitrite ion have the potential for 
preparing nitroaromatic compounds in which the nitro 
group is in a specifically predetermined position. This posi- 
tion might be inaccessible by electrophilic nitration pro- 
cedures.lC However, SNAr reactions of nitrite ion with 
many aryl halides give phenols rather than nitroaromatics 
as the major or only product. This paper investigates such 
reactions in an attempt to  optimize conditions for a maxi- 
mum yield of nitroaromatics. 

The SNAr reactions of nitrite ion have been studied in 
methanol, DMF, DMSO, and HMPT. This choice of sol- 
vents allows a wide range of substrate (ArX) reactivity to 
be covered, including ArX as the weakly activated ortho 
and para nitrohalobenzenes, as well as the 2,4-dinitrohalo- 
benzenes. 

Nucleophilic substitution by nitrite ion a t  a s a t u r a t e d  
carbon atom gives both nitro compounds (RN02) and ni- 
trite esters RON0.2*3 Kornblum has noted that  bonding by 
oxygen to saturated carbon (0-attack) is pronounced when 

the transition state has a well-developed positive charge on 
the carbon atom (loose s N 2  or SN1 reactions) and bonding 
by nitrogen to  carbon (N-attack) is pronounced in tight 
SN2 transition states where the carbon is softer and carries 
little if any positive charge.2 Pearson's hard and soft acids 
and bases principle is relevant;* the harder oxygen atom of 
NOz- prefers to bond to hard positively charged carbon in 
the loose transition state, the softer nitrogen of NO2- pre- 
fers to bond to softer carbon in the tighter transition state. 

The situation for nucleophilic substitution of ArX by ni- 
trite ion at  an aromat ic  (sp2) carbon atom requires differ- 
ent considerations. Aromatic nitrite esters ArONO are very 
unstable under SNAr conditions. The nitro group in ArN02 
is an extremely labile leaving group in the presence of nu- 
cleophiles. Thus SNAr reactions of nitrite ion are often 
complicated by reactions in which the entering nitrite ion is 
displaced from the initial product by the leaving group, by 
other nucleophiles, or by another nitrite ion. The pathways 
for the reactions of nitrite ion with aromatics are set out in 
Scheme I. They are similar to those proposed by Rosen- 
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Scheme I 

ArX + 2N02-  == ArNO, + X- + N02- 
N k j  

o k 3  \ ‘ k - 1  J O k Z  

[ArONO] + NO2’ + X‘ 

.1 k4 

ArO- + N 2 0 3 t  + X- 
In presence of air  2N,O, + 0, - 4N0, 

In presence of H 2 0  

triethylamine 

N,O, + H 2 0  - 2HN02 

In presence of HNOZ + Et,N - Et,”* t N02- 

In presence of F- in HNO, + F- --+ HF + N02- 
an aprotic solvent 

blatt, Dennis, and Goodin5 from work with 2,4-dinitrohalo- 
benzenes in aqueous acetonitrile. 

As shown in Scheme I and by this work, nitrite ion pro- 
duces phenoxides from ArX in three ways: (1) by consecu- 
tive 0-attack of ArNOz following N-attack of ArX, Le., Nkl,  
O k z ,  h4; (2) by direct 0-attack of ArX, i.e., Oh3, h4; (3) by 
reversal of N-attack followed by 0-attack of ArX, Le., “hl, 

I t  is useful to identify the pathways shown in Scheme I 
and to measure the values of the various rate constants. 
This is because we are interested in the effects of different 
leaving groups X, of different substituents in Ar, and in the 
effects of solvents on the nucleophilicities of NOz-. We are 
also interested in the leaving group tendencies of NO2 from 
ArNOz in reactions O h 2  and Xh-l.  Evidence which adds 
strong support for Scheme I follows. 

Results and  Discussion 
Kinetics and  Stoichiometry. The kinetics of the reac- 

tion of l-chloro-2,4-dinitrobenzene (Ar”C1) with sodium ni- 
trite in DMSO at  25’ and in methanol a t  45’ show that the 
rate of production of 2,4-dinitrophenoxide is first order in 
nitrite ion and in Ar”C1. However, 2 mol of nitrite ion were 
consumed per mole of 2,4-dinitrophenoxide produced as re- 
quired by Scheme I. In methanol, no 2,4-dinitroanisole was 
detected (i.e., <I%), which excludes methanolysis of a 
1,2,4-trinitrobenzene intermediate and, by analogy, ex- 
cludes hydrolysis as a pathway to Ar/’OH in DMSO-water 
mixtures. 1,2,4-Trinitrobenzene (Ar”N02) reacted much 
faster than Ar’T1 with NOz- (Oh2  > N h l  or Ok3) to give a 
quantitative yield of 2,4-dinitrophenoxide in both metha- 
nol and DMSO. Only 1 mol of nitrite was consumed per 
mole of 2,4-dinitrophenoxide produced (Scheme I). In dry 
DMSO a brown gas was evolved from the reaction of nitrite 
ion with Ar”C1. Scheme I caters for some further reactions 
of the N203 produced by reaction of ArONO with nitrite 
ion. In wetted DMSO, no gas was evolved, but the solution 
increased in acidity owing to the formation of nitrous acid 
as the reaction proceeded. The stoichiometry of Scheme I 
in moist DMSO was 2 mol of nitrite per mole of Ar”C1 for 
its complete conversion to phenoxide. However, this stoi- 
chiometry in moist DMSO was reduced to less than 1 mol 
of nitrite per mole of Ar”C1 by adding the base triethyl- 
amine. The reaction of l-fluoro-2,4-dinitrobenzene (Ar”F) 
with nitrite ion in slightly moist DMSO, unlike the same 
reaction of Ar”C1, had a stoichiometry of less than 1 mol of 
nitrite per mole of Ar”F. One explanation for the difference 
between A r T 1  and Ar”F is that “ 0 2 ,  formed by the reac- 
tion of NzO3 with water, is not a nucleophile under the 
reaction conditions, but in the presence of strongly basic 
triethylamine or fluoride ion in moist DMSO, nitrite ion is 

X k - l ,  O k 3 ,  hq. 

Scheme I1 
c1 NO, 

Oh + k  + NO, - + c1- - 
I x 

1 

I 
X 

2 

I 
X 

3 
(70%) X = CH, 

(< 1%) X = CF, “h. + h, 

(< 1%) x = NO, 
0- 

I 
X 

4 
(30%) X = CH, 

(>95$;) X = CF, 
(>95%) X = NO, 

regenerated from the weak nitrous acid and is available for 
further reaction with Ar’/X. However, chloride ion, unlike 
fluoride, is too weak a base in moist DMSO to regenerate 
nitrite ion from weak nitrous acid. These observations are 
consistent with Scheme I. 

Like Russell,6 we detected no radicals (ESR) and believe 
that the decomposition of the very unstable nitrite esters 
(h4 in Scheme I) is a heterolytic reaction involving nucleo- 
philic attack by NO2- on the nitrogen of ArONO to dis- 
place ArO- and form N2O3. 

N-Attack vs. 0-Attack. As noted, phenols could be 
formed by the consecutive reactions Nkl,  Oh2 then h4, by 
the concurrent reaction Oh3 then k4,  or by reversal of reac- 
tion Nhl  (Le., X k - l )  then Oh3 and h4 in Scheme I. The fol- 
lowing evidence suggests that all three pathways are used 
in different situations. 

As shown in Table IV, during the reaction of NOz- with 
2,4-dinitrochlorobenzene (Ar”C1) in DMSO, the rate of 
production of 2,4-dinitrophenoxide ion (Ar”O-) lagged be- 
hind the rate of chloride ion production, i.e., [Ar”O-]/[Cl-] 
was 0.85 during the first half-life of chloride ion produc- 
tion. Thus a small steady-state concentration of an organic 
product, other than Ar’/O-, presumably 1,2,4-trinitroben- 
zene (Ar”N02), must be present in the early stages of reac- 
tion. At the completion of reaction, the concentration of, 
Ar”0- equaled that of chloride ion, so that the assumed 
1,2,4-trinitrobenzene is a true intermediate in the forma- 
tion of 2,4-dinitrophenoxide, as shown in Scheme I. As 
noted, a separate experiment showed that Ar”N02 rapidly 
gave Ar’/O- with NO2- in DMSO. 

Scheme I1 records and explains the products of some 
reaction of 4-chloro-3-nitro substituted aromatics with ni- 
trite ion in DMSO. A very weakly deactivating methyl 
group is used to detect the intermediacy of 3,4-dinitroto- 
luene (2, X = CH3). As shown in Scheme I1 (X = CH3), the 
product was a mixture of 3-hydroxy-4-nitrotoluene with 
rather less 4-hydroxy-3-nitrotoluene. Thus, 3,4-dinitroto- 
luene, which is the product of reaction N h l  in Scheme I1 (X 
= CH3), is an intermediate and N-attack Nkl is faster than 
0-attack Oh3. If Ok3 were the sole route to phenoxides, 
then the reaction would give only 4 (X = CH3), as was ob- 
tained when 1 (X.= CH3) was hydroxydechlorinated with 
sodium hydroxide in 75% DMSO-water. Further confirma- 
tion was obtained when 3,4-dinitrotoluene was treated with 
sodium nitrite in DMSO. This very rapidly produced a sim- 
ilar distribution of 3 (X = CH3) and 4 (X = CH3) as in the 
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Scheme IV Table I 
Isotopic Analysis of Some SNAr Reactions of 

NaI5NOza in  HMPT at 100” 

Substrateb Product M:M L 1 N k l / o k 3 c  

p-Ar’NO, p-Ar’OH 100:20 2 
o-Ar’NO, o-Ar’OH 100:16 3/2 
p-Ar‘F p-Ar’OH 100:26 4 

a Na15N02 contained 33% 15N and was present in at least 40-fold 
Calcu- excess. *p-Ar’ is 4-NOzC6H4 and o-Ar’ is 2-NOzC6N4. 

lated as  described in the text. 

reaction of NO2- with 4-chloro-3-nitrotoluene. The pre- 
ponderence of phenoxide 3 over 4 (X = CH3) from reaction 
of 2 (X = CH3) is a result of the small deactivating elec- 
tron-donating effect of methyl when para to  a SNAr reac- 
tion center; thus the 3-nitro group is displaced more readily 
than 4-nitro. Similar differences in lability of the two nitro 
groups have been observed in reaction of 2 (X = CH3) with 
other  nucleophile^.^ 

As shown in Scheme I1 and Table I, when X is CF3 or 
NO2 rather than CH3, the sole product is 4, i.e., the pres- 
ence of strongly SNAr activating CF3 and NO2 groups (X) 
leads to only one product, 4-OH-3-NO2CsH3X. With these 
compounds, there is thus no way of telling whether the 
pathway is via the intermediate 2 and Nhl or directly from 
1 and Oh3, because both 1 and 2 give the same product. 

The results of some deuterium-labeling experiments are 
explained and presented in Scheme 111. Compound 5 was 

Scheme I11 

NO; + + 1- 

Ei 6 

AO, 
8 

(50 f 5%) 

prepared with >95% isotopic purity. Its NMR spectrum 
showed only a [singlet a t  7.96 ppm. After reaction of 5 with 
NaNOz in DMSO, the phenolic products were isolated and 
in acetone showed two singlets of approximately similar in- 
tensity a t  7.68 and 6.53 ppm. This is as expected for an 
equimolar mixture of compounds 7 and 8. There can be lit- 
tle direct 0-attack by NOz- on 5 ,  because reaction Oh3 + h4 
of compound 5 in Scheme I11 would give only phenol 8 and 
no 7; the intermediate 6, however, gives roughly equal 
amounts of 7 and 8 as found for reaction of 5 with nitrite 
ion. 

The results of some experiments with 15N-labeled sodi- 
um nitrite are in Table I and are explained by Scheme IV. 
p-Dinitrobenzene was treated with excess NaN02 (assay- 
ing 33% 15N) in hexamethylphosphoramide a t  l o O D .  The 
product was 4-nitrophenol and this was analyzed for 14N, 
16N proportions by mass spectrometry. The corrected 

* 
NO, 

I 

* 
NO, 
I 

$ +  
\ \ 

NO, 0- 

M:M + 1 ratio was 100:20. Sole 0-attack (Oh3 + h4 in 
Scheme IV) would give M:M + 1 as 100:0, sole N-attack 
(Nkl )  would give 100:50, and equal proportions of N- to 0- 
attack would give 100:12.5 in the 4-nitrophenol. The ob- 
served M:M + 1 of 100:20 means that N-attack of 4-dini- 
trobenzene by nitrite ion in HMPT is twice as fast as 0- 
attack. Other Nh1:0h3 ratios in Table I were calculated by 
similar reasoning. 

A detailed kinetic analysis of the rate of 15N incorpora- 
tion into the phenolic product and of the rate of phenoxide 
production for reaction of nitrite ion in DMSO at  100’ with 
various substrates was then carried out. Analysis was by 
mass spectrometry. For reaction with p -  dinitrobenzene, 
the rate constant for 15N incorporation was 6.4 X M-’ 
sec-l, that for phenoxide production was 2.7 X M-l 
sec-l. Table I shows values of Nh1:0k3, i.e., relative rates of 
initial N-attack and 0-attack, by nitrite ion on various sub- 
strates. The results in Table I confirm that direct 0-attack 
(Oh3 in Scheme I) is usually slower than direct N-attack 
(Nk 1). However, some direct 0-attack is usually observed; 
i.e., both the concurrent as well as the consecutive route to 
phenols are utilized in the SNAr reactions of nitrite ion. 

Reactions of Mononitro-Substituted Benzenes. The 
concentrations of aryl substrate and nitro intermediate 
from reaction of mononitro-substituted benzenes with ni- 
trite ion in DMSO were analyzed by GLC and concentra- 
tions of phenoxide were estimated spectrophotometrically 
a t  various stages of reaction. Results are in Table 11, to- 
gether with rate constants for these reactions. A compari- 
son of the proportion of phenoxide product, Ar’O-, to nitro 
compound, Ar’N02, over the first 10% of reaction gives, as 
shown in Table 11, the ratio of N-attack to 0-attack (Nhl:  
Oh3). This is because in Scheme I a negligible amount of 
phenoxide (Ar’O-) is produced from the aryl substrate 
(Ar’X) via aryl nitro compound (Ar’NOz), Le., via Nhl, O k 2 ,  
h4 during the first 10% of reaction. As we show later, the 
rates Nkl[Ar’X] are >> Ohz[Ar’NOz] up to 10% reaction, 
when [Ar’NOz] is small. Thus phenoxide produced in the 
first 10% reaction is almost entirely from direct 0-attack on 
Ar’X (Le., by Ok3 in Scheme I). 

The maximum possible yield of nitro intermediate from 
the consecutive reactions Nhl, O h z ,  h4 and the stage of con- 
sumption of Ar’X a t  which [Ar’NOz] is a maximum are top- 
ics of interest and are shown in Table 11. The greatest yield 
of Ar’N02 occurs in the absence of bulky substituents ortho 
to  the reaction center, i.e., from the 4-nitro-substituted 
benzenes. As shown in Table 11, the ratio Nkl:0h3 for N- 
and O-attack on o-Ar‘X increases according to  the leaving 
group in the series of X = E’ < NO2 - C1 < I. There is a 
similar tendency for attack on p-Ar’X, but there is more 
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Table I1 
Reaction of Ortho- and Para-Mononitro-Substituted Benzenes Ar‘X with NaNOz in DMSO at 100” 

lo4 k ,  1 0 0 [ A r N O ~ l /  100 (IAr’XIo - CAr’Xl)/ 

CAr’Xln maxi [ArXlo ‘ N A  : o  b , h  
5,ubst”ate‘Ar‘ Y Registn no. 1. mol-’ 3ec-l i k? 

o - A r ’ F  1493 -27-2 4 .2d 1:3 4 30 
o - A r  ‘NO, 528-29-0 46d 3:2‘ 

o-Ar‘I 609-73-4 ”gd 7: 1 1 5  30 
P - A r ‘ F  350-46-9 16 .2f 4: 1 40 70 

p-Ar‘C1 100 -00 - 5 2.7“ 2 : l  25 50 
p-Ar‘ I  636- 98 -6 N 6 d  8: 1 25 60 

o-Ar‘C1 88-73-3 4.5C’d 3:2 5 25 

p-Ar’NO, 100-25-4 2 .7d 2:l‘ 

a o-Ar’ is 2-NOzCsH4; p-Ar’ is 4-NOzCsH4. * The error in GLC analysis is estimated at  &lo% and [Ar’XIt, [Ar’NO&, and [Ar’lV02],,, 
were measured by GLC. c This is the rate constant for production of C1-. This is the rate constant for production of Ar’O- measured spec- 
trophotometrically. e From mass spectral analyses as discussed for data in Table I. This is the rate constant for consumption of NOz- . 
g This represents the maximum percent yield of Ar’N02 which can ever be obtained under these reaction conditions. As reaction proceeds 
the concentration of A r ’ S 0 2  decreases (see text). I. e., [Ar’NOzlt: [Ar’O-lt (see text) where t is a time in the first 10% of consumption of 
Ar’X’ at  which the concentrations of Ar’O- and Ar’N02 were determined. This represents the percentage of consumption of Ar’X a t  which 
the yield of Ar’N02 is a maximum from these consecutive reactions. 

N-attack on p-nitrofluorobenzene than on 4-nitrochloro- 
benzene. 

While considering reactivity patterns, it  is noteworthy in 
Table I1 that fluorine is displaced more slowly than iodine 
from the ortho nitrohalobenzenes and only slightly more 
rapidly than iodine from the para nitrohalobenzenes by ni- 
trite ion in DMSO. In SNAr reactions with many nucleo- 
philes (e.g., OMe- in MeOH*, N3- in DMFg), fluorine is 
displaced very much more rapidly than iodine from Ar’Hal. 
These reactivity differences have important mechanistic 
implications, which will be discussed in a later paper. 

Reactions of 2,4-Dinitrohalobenzenes. The reactions 
of the 2,4-dinitrohalobenzenes with nitrite ion and other 
nucleophiles were studied in a variety of solvents. The 
reactions were measured under pseudo-first-order condi- 
tions, with excess (IO+ M )  of nucleophile, and the rate of 
production of 2,4-dinitrophenoxide ion, as measured spec- 
trophotometrically a t  360 nm, is recorded as a second-order 
rate constant in Table 111. 

Table I11 
Rates of Production of 2,4-Dinitrophenoxide 

Ion from 1 -X ,2,4-Dinitrobenzene (Ar’ ’X)e 
in  Various Solvents at 25” 

N02- NO, 8 96 3.8 x 10-3 

NO,- SCN -1.5 9.2 3 x 10-3c 

NO,- F 0.14 0.24 11 10.8 X 

NO,- C1 1.05 7.5 1150 0.19 X 

N o 2 -  I 0.27a 1.4 132 0.11 X 

F- NO, 16 
C1- NO, 0.05 
I’ NO, -O.OOld 

a E,  = 16.3 kcal/mol, h S i  = -8 eu. Ea = 17.9 kcal/mol. AS* = 
-25 eu. Reference 12.  Reaction is subject to interference from 
the production of iodine. e Rates are recorded as second-order rate 
constants ( M - l  sec-I) for production of 2,4-dinitrophenoxide ion. 
f At 45”. g Registry no. are, respectively, 121-14-2, 70-34-8, 97-00-7. 
1594-56-5, 709-49-9. 

The kinetic expressions for the reaction steps of Scheme 
I in terms of the rate of production of Ar”0- are shown in 
Scheme V.l0 Some account must be taken of the relative 
basicity of halide and nitrite ions toward carbon. In metha- 
nol as solvent, the reverse reaction Xh-l is not significant, 
because in methanol nitrite ion is a much stronger base 
toward aromatic carbon than the halide ions. However, in 

dipolar aprotic solvents, chloride and fluoride ions are 
stronger bases than NOz- toward aromatic carbon. Thus 
tetramethylammonium chloride, bromide, and fluoride 
readily produced 2,4-dinitrophenoxide when treated with 
1,2,4-trinitrobenzene (Ar”N02) in DMSO, presumably by 
the reactions Xh-1,  Oh3 and Okz, then hq. However, there is 
no phenoxide produced by halide ions in methanol as sol- 
vent. 

Scheme V 
Kinetics Expressions for the Reaction of NOz- 

with  2,4-Dinitrohalobenzenes (cf. Scheme I) 
in  Terms of t he  Rate  of Production 

of 2,4-Dinitrophenoxide Ion 

k l  
Ar“Ha1 + NO,‘ 7 Ar”N0, + Hal- 

k - l  
[A21 [All [A31 [A51 

[A,] [A31 [A, 1 
NO,- + Ar“N0,  A r ” 0 -  + N , 0 3  

Case 1 Assume [A2] is the ini t ia l  r e a c t a n t ,  --$ 4-4 1 = 0 

d[Ar”O-] - k k [A ][A ][A ] 
then d t  -m 

where K = equilibrium constant = ki,/k., 

Case 2 Assume [A3] i s  the  initial reactant, $ d[A 1 = 0 

From Table I11 it can be seen that the rate of production 
of Ar”0- from Ar“F is faster than the rate of production of 
Ar”0- from Ar”N02 by nitrite ion in methanol. Thus the 
consecutive sequence Nkl, Okz then k d  of Scheme I for pro- 
duction of Ar”0- via N-attack and the intermediate 
Ar”N02 must play a minor role in the overall production of 
Ar”0- from Ar”F. The observed rate in Table 111 must be 
largely for direct 0-attack on Ar”F, i.e., via route OK3 of 
Scheme I and Oh3 is greater than Ohz .  A GLC analysis of 
the products of reaction of Ar”F with nitrite ion in metha- 
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Table IV 
Product Analyses of the Reaction of 

Ar”C1 and Ar”SCN with Nitrite Ion in DMSO 
. I . L ~ B L t l ” , l  0 1  Ar l  ‘<CUD x 15 20 24 30 

_- 

- 
[Ar”O- \I[SCN- I 

Observed 0.21 0.30 0.45 0.52 0.62 
Calculatedb 0.18 0.28 0.44 0.50 0.56 

“ IC‘lCLLOIl 01 \ r “ C l C  19 2 0  30 43 

[ Ar ”0-1 / [C 1- I 
Observed 0.86 0.78 0.90 0.89 
Calcula tedh  0.46 0.59 0.62 0.75 
Calculatedd 0.81 0.86 0.87 0.91 
Calculated” 0.72 0.79 0.81 0.87 

a At 0.4” Ar”SCN = 0.025 M, NOn- = 0.025 N ,  O k z  = 4.5 M - I  
sec-’, N k l  = 0.91 M - I  sec-l. Assuming”k3 negligible relative to 
N k l .  At -19” Ar”C1 = 0.014 M, NO*- = 0.041 M, “ k z  = 0.52 M - l  
sec-l, N k l  = 0.082 M - I  sec-I. rate ratio 
of 1:2 .p  Computed foraNkl:OkSratioof 1:l .  

Computed for a N k l :  

no1 during the early stages of reaction confirmed this inter- 
pretation. No more than 1% of Ar”N02 (as a percentage of 
products) could be detected a t  any stage of reaction. If a 
consecutive N h l ,  O k 2  sequence was significant with Nkl 1 
O k z ,  then a t  least 30% Ar”N02 would be detected under 
the reaction conditions. In contrast, a GLC analysis of the 
reaction of NOz- with Ar”C1 in methanol detected a maxi- 
mum of 5 f 1% Ar”N02. A maximum of 4.2% of Ar”N02 
was expected by calculation from the concentrations of 
Ar”C1 and Nos-, the overall rate for production of Ar”0- 
and from Oh2 (Table 111). Such a calculation assumes that 
O k 3  is negligible for reaction of Ar”C1 with NO2- and the 
correspondence between observed and calculated maxi- 
mum concentration of Ar”N02 confirms that in contrast to  
the reaction with Ar”F, O k 3  is negligible for reaction of 
NO2- with Ar”C1. 

Thus for reaction of Ar”F with NO2- in methanol, direct 
0-attack on Ar”F by step Oh3 is favored by a t  least 1O: l  
over direct N-attack by step NIZ1. The corresponding reac- 
tions of Ar”C1 in methanol proceed mainly by N-attack via 
Nkl .  The reasons for the change in the mode of attack by 
nitrite ion with change of leaving group will be discussed in 
a later paper. Similar rate relationships and conclusions 
were reached by Rosenblatt, Dennis, and Goodin5 using 
aqueous acetonitrile as a solvent; however, it should be 
noted their rate constants have been calculated by a differ- 
ent method from us. Rosenblatt and Dennis now agree” 
that the rate constants for 0-attack by NOz- in aqueous 
acetonitrile a t  25’ on Ar”C1 and Ar”Br are 2.5 X and 
2.2 X M-’ min-l, respectively. The N:O ratio (Nkl:  
O k 3 )  of nitrite attack on Ar”C1 in aqueous acetonitrile is 
therefore about 70:l and not 18,OOO:l as implied from their 
stated rate constants. The rates of production of Ar ’W in 
DMSO as solvent (Table 111) introduce new considerations. 
The rate of production of 2,4-dinitrophenoxide from 1,2,4- 
trinitrobenzene by halide ions in DMSO (Table 111) follows 
the kinetic expressionlo corresponding to case 2 in Scheme 
V where k2[A3] >> k l [A~] .  

Table I11 shows that the displacement of nitrite ion by 
halide, Xk-l of Scheme I, is not kinetically significant for 
reaction of nitrite ion with Ar”C1 or Ar”1 in DMSO (X = 
C1- or I-). For reaction of Ar”F with nitrite ion in DMSO, 
displacement of nitrite ion by the strongly nucleophilic flu- 
oride ion in DMSO (Fk-l) must be considered when evalu- 
ating the kinetics of Ar”0- production. The step Fk-l 
would be kinetically significant if the consecutive route to 
Ar”0- involving N-attack (Nkl, Ok2 then k d ,  Scheme I) 
were being utilized. However, two observations suggest that  

F k - ;  and hence Nhl is not kinetically significant in the pro- 
duction of Ar”0- from the reaction of Ar”F with NO2- in 
DMSO and that preequilibrium does not occur. 

(1) Thorium nitrate, which completely suppresses the 
normally fast reaction of KF with Ar”N02 (”h-1)  in 
DMSO, has no effect on the rate of Ar”0- production from 
Ar”F and NO2- in DMSO. 

(2) For a range of nitrite ion concentrations, the overall 
rate of Ar”0- production from Ar”F with NOz- in DMSO 
follows a simple second-order rate law. There was no rate 
acceleration during the initial stages of the reaction to indi- 
cate any significant formation of Ar”N02. If ” k - l  were 
kinetically significant, then from case I, Scheme V, we 
would expect a more complex rate law to be followed for ni- 
trite ion concentrations where Fh-l [F-] x h2[N02-]). 

These observations confirm that in DMSO, just as in 
methanol, O h 3  is much faster than Nhl for reaction of Ar”F 
with NOz-. 

The extent of 0-attack ( O h : ( )  to N-attack ( N k l )  in the 
Nkl reaction of nitrite ion with Ar”SCN12 and Ar”C1 in 
DMSO was readily determined by comparing the rate of 
thiocyanate or chloride ion production with the rate of 
phenoxide ion production (Table IV). From the rate con- 
stants for the consecutive reactions, assuming complete N- 
attack (Nk; and Oh2 then h4)  and no Oh:{ ,  the concentra- 
tions of Ar”0- and C1- or SCN- can be computed a t  any 
part in the reaction. Deviations of the observed concentra- 
tions from the concentrations computed on the above as- 
sumption thus reflect the extent of competitive 0-attack, 
Ok.1. In Table IV, the computed and observed amounts of 
Ar”0-, C1-, or SCN- are compared. 

I t  can be seen in Table IV that Ar”C1 gives a much high- 
er [Ar”O-]:[CI-] ratio than the [Ar”O-]:[SCN-] ratio from 
Ar”SCN a t  any stage of reaction. The calculated values 
show that >5% of Ar”SCN and about 60% of Ar”C1 ( N h l :  

x L1.5) reacts via direct 0-attack, Oh$,  of the nitrite 
ion in DMSO. Ar”SCN thus reacts unusually slowly in step 
Ok: ,  relative to Ar”C1 and Ar”F. This may be due to a pref- 
erence for a “soft” nucleophilic attack by the soft nitrogen 
“end” of NO2- when attacking Ar”SCN. 

The substantial proportion of direct 0-attack by nitrite 
ion on Ar”C1 in DMSO ( O k ~ / ~ k l  1.5) contrasts to the 
much smaller proportion of direct 0-attack on this sub- 
strate in methanol and aqueous acetonitrile ( O k 3 : N k l  = 
0.014) but correlates with that found for o-nitrochloroben- 
zene in DMSO (Table 11). Apparently there is a significant 
solvent effect, whereby protic solvents “deactivate” the 
oxygen more than the nitrogen of NOn-. 

To  summarize, the nitrite ion attacks 2,4-dinitrohaloben- 
zenes both v 3 N- and 0-attack in methanol and in DMSO 
or DMF. However, there is a significant solvent effect fa- 
voring 0-attack in the dipolar aprotic solvents and the pro- 
portions of N- to 0-attack depend on the leaving group. 

Expzrimental Section 
Melting points were determined using a Kofler micro hot stage 

and were uncorrected. NMR spectra were recorded on a Varian 
Associates A-60 spectrometer. Carbon tetrachloride was the sol- 
vent. All chemical shifts are quoted on the 7 scale relative to an in- 
ternal standard, tetramethylsilane. The percentage of I5N in ni- 
trogenous samples was determined by mass spectroscopy using an 
Associated Electronic Industries Model MS3 spectrometer by 
courtesy of Dr. C. A. Parker, Department of Sail Science, Institute 
of Agriculture, University of Western Australia. Isotopic measure- 
ments on the phenolic products were made using a MS9 spectro- 
photometer. Uv and visible spectroscopic measurements were 
made using a Gilford Model 240 spectrophotometer. 

The 4-nitrohalohenzenes, the 2,4-dinitrohalobenzenes, 0- and 
p-dinitrobenzene, 2-nitrochlorobenzene, 4-chloro-3-nitrobenzotri- 
fluoromethane, and 4-chloro-3-nitrotoluene were commercial 
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products and were purified by recrystallization or fractional distil- 
lation. Melting points correspond to within 1' of literature 
values,I3 and, where applicable, analysis of the group displaced by 
excess base in 80% DMSO-methanol a t  100' was quantitative. 

1,2,4-Trinitrobenzene was donated by Dr. D. E. Giles. 
2-Fluoronitrobenzene, bp 90-95' (9 mm) [lit.I3 bp 86-87' (11 

mm)], was prepared by halide exchange of 2-chloronitrobenzene 
with potassium fluoride in A Beilstein flame test con- 
firmed the absence of chlorine in the product. 

3,4-Dinitrotoluene, mp 61" (ethanol) (lit.13 mp 61'), was pre- 
pared by stepwise oxidation of 4-amino-3-nitrotoluene using 
Caro's acid and hot fuming nitric acid. 4-Amino-3-nitrotoluene 
was obtained by nitration of p-methylacetanilide followed by hy- 
drolysis. 

4-Hydroxy-3-nitrotoluene, mp 30-33' (ethanol-water) (lit.13 mp 
36.5'1, was prepared by the hydroxydechIorination of 4-chIoro-3- 
nitrotoluene a t  looo in 70% DMSO-water. 
[2,4,6-2H3]-Iodobenzene. [N,N,N,2,4,6-2H6]-aniline hydrochlo- 

ride was prepared by heating aniline hydrochloride with deuterium 
oxide for 24 hr a t  looo, removing the water, and repeating the pro- 
cedure twice.'& The NMR spectrum consisted of one peak (T 2.60) 
(2 H, referred to internal standard of methylene chloride). Diazoti- 
zation and decomposition of the diazonium salt with potassium io- 
dide gave [2,4,6-2H3]-iodobenzene. The NMR spectrum consisted 
of one peak (T 3.00) (2 H). 

[4,6-2H2]-2-Nitro- and [2,6-2H2]-4-nitroiodobenzene16 were pre- 
pared as a mixture from the nitration of [2,4,6-2H3]-iodobenzene 
with a solution of potassium nitrate (10 g) in [2H2]-sulfuric acid a t  
25' for 24 hr. Fractional crystallization (pentane) of the product 
gave [2,6-2H2]-4-nitroiodobenzene, mp 171-172' (lit.13 lH4 mp 
172'). The NMR spectrum consisted of one peak (T 2.04) (2 H). 
Steam distillation of the product mixture gave [4,6-2Hz]-2-nitroio- 
dobenzene, mp 53-54' (lit.13 IH4 mp 54'). The NMR spectrum 
consisted of two broad doublets [T 2.64, 3.10 (2 H) with Jmeta = 5 
Hz]. 

Analytical grade sodium nitrite was dried by heating to 120' for 
2 hr and stored in a desiccator. Spectrophotometric analysis17 
showed this material to be 99.5% sodium nitrite. 

Nitrous anhydride was prepared by the oxidation of arsenious 
oxide with dilute nitric acidL8 (sp gr 1.3). Condensation of the 
equimolar gaseous mixture of nitric oxide and nitrogen dioxide in a 
Dry Ice-acetone trap gave liquid nitrous anhydride (Nz03). 

General Reaction Conditions. Sodium nitrite (3.5 g, 0.05 mol) 
was added to a stirred solution of the aromatic compound (0.02 
mol) in DMSO (50 ml). The mixture was allowed to react, diluted 
with water (200 ml), and extracted with ether to get neutral prod- 
ucts. The aqueous layer was acidified (1 M HCl) and extracted 
with ether. The ether extract was dried (Na2S04) and evaporated 
to dryness to get acidic products. 

For reactions yielding 2-nitrophenol and &nitrophenol, excess 

2-chloroaniline was added to prevent further nitrosation of the 
phenol. Spectroscopic measurements of rate data were carried out 
directly in a 1-cm cell using a Gilford Model 240 spectrophotome- 
ter. Measurement was a t  the absorption maximum of the phenox- 
ide ion. At least a 20-fold excess of NOz- was used with aromatic 
substrates a t  10-4-10-5 M to give pseudo-first-order rate con- 
stants. 

GC Analysis. o-and p-nitrofluoro-, nitrochloro-, and dinitro- 
benzene were separated on a 6 f t  X 0.25 in. packed column coated 
with APL in the temperature range 140-180'. 4-Nitroiodobenzene 
and p-dinitrobenzene were separated on a 6 ft X 0.25 in. packed 
column coated with Carbowax 20M a t  a temperature of 190'. Peak 
areas were measured by planimetry. The extent of reaction was de- 
termined from the reaction time and decrease in the area of the 
substrate peak. 

Registry No.-3,4-Dinitrotoluene, 610-39-9; 4-amino-3-nitro- 
toluene, 89-62-3; 4-hydroxy-3-nitrotoluene, 119-33-5; 4-chloro-3- 
nitrotoluene, 89-60-1; [2,4,6-2H3]-iodobenzene, 13122-40-2; 
[N,N,N,2,4,6-2Hs]-aniline hydrochloride, 55223-35-3; [4,6-2H2]-2- 
nitroiodobenzene, 55223-36-4; [2,6-2H2]-4-nitroiodobenzene, 
55223-37-5. 

References and Notes 
(1) (a) Part I :  D. E. Giles and A. J. Parker, Aust. J. Chem., 26, 273 (1973). 

(b) School of Mathematical and Physical Sciences, Murdoch University, 
Murdoch, Western Australia 6153. (c) A. J. Parker, Q. Rev., Chem. 
SOC., 18, 163 (1962). 

(2) N. Kornblum, R. A. Smiley, R. K. Blackwood, and D. C. Iffland, J. Am. 
Chem. SOC., 77, 6269 (1955). 

(3) N. Kornblum, H. 0. Larson, R. K. Blackwood, D. D. Mooberry, E. P. Oli- 
veto, and G. E. Graham, J. Am. Chem. SOC.. 78, 1497 (1956). 

(4) R. G. Pearson, J. Am. Chem. SOC., 85, 3533 (1963); J. Chem. Educ., 
45, 581 (1968). 

(5) D. H. Rosenblatt, W. H. Dennis, and R. D. Goodin, J. Am. Chem. SOC., 
95, 2133 (1973). 

(6) G. A. Russell, R. K. Norris, and E. J. Panek, J. Am. Chem. Soc., 93, 
5839 (1971). 

(7) J. Kenner and M. Parkin, J. Chem. SOC., 852 (1920). 
(8) G. P. Briner, J. Miller, M. Liveris, and P. G. Litz. J. Chem. SOC., 1265 

(1954). B. A. Bolto, J. Miller, and V. A. Williams, J. Chem. Sob., 2926 
(1955). 

(9) J. Miller and A. J. Parker, J. Am. Chem. SOC., 83, 117 (1961). 
(IO) C. H. Bamford and C. F. H. Tipper, "Comprehensive Chemical Kinet- 

(1 1) D. H. Rosenblatt and W. CI. Dennis, private communication. 
(12) D. E. Giles, Ph.D. Thesis, University of Western Australia, 1970. 
(13) I. Heilbron, "Dictionary of Organic Compounds", Eyre and Spottswoode, 

(14) G. C. Finger and C. W. Kruse, J. Am. Chem. SOC., 78, 6034 (1956). 
(15) A. P. Best and C. L. Wilson, J. Chem. SOC.. 239 (1946). 
(16) J. Kleinberg, horg. Synth., 7, 155 (1963). 
(17) B. F. Ryder and M. J. Mellon, hd. Eng. Chem., Anal. Ed., 18, 96 (1946). 
(18) H. 8. Baker and M. Baker, J. Chem. SOC., 1862 (1907). 

ics", Vol. 2, Elsevier, Amsterdam, 1969. 

London, 1965. 

Reaction of 2-Carboalkoxymethylenecyclopropanes with Phenyl Azide1" 

Jack K. Crandall,* Woodrow W. Conover,lb and Joyce B. Komin 

Contribution No. 2616 from the Department of Chemistry, Indiana University, Bloomington, Indiana 47401 

Received February 4,1975 

The reaction of phenyl azide with several 2-carboalkoxymethylenecyclopropanes has been examined. 2,3-Dicar- 
bomethoxymethylenecyclopropane (la) gives 1-phenyl-4-( 1,2-dicarbomethoxyethyl)-1,2,3-triazole @a). Similarly, 
esters l b  and IC yield triazoles 2b and 2c, respectively. The 13C spectra of triazoles 2a-c are given. The formation 
of these triazoles is rationalized in terms of a rearrangement of an intermediate triazoline adduct. 

We have recently reported on the synthesis of the novel 
1-azaspiropentane structure.2J This highly strained hetero- 
cyclic system was formed by photochemical expulsion of 
molecular nitrogen from the appropriate triazoline precur- 
sor, which was itself obtained from the thermal cycloaddi- 
tion of phenyl azide to the corresponding methylenecyclo- 
propane (see eq 1). In the present paper we relate our un- 
successful attempts to apply this synthetic scheme to 

methylenecyclopropanes bearing alkoxycarbonyl substitu- 
ents on the cyclopropyl ring. In this instance, 1,2,3-triazoles 
isomeric with the desired triazolines are produced in the 
initial reaction of the synthetic sequence. 

N*N + PhN, A <APh KNPh (1) 


