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Chemistry of superacids 
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Superelectrophilic nitration of deactivated aromatics with NO2CI--3MX . complexes in 
aprotic nonpolar solvents such as CH2CI 2 makes it possible to obtain the corresponding nitro 
derivatives in good to almost quantitative yields under mild conditions. 
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Electrophflic aromatic nitration is one of the most 
studied organic reactions. It can also be carried out 
under typical Friedel--Crafts type conditions z,3 by treat- 
ment with nitryl chloride (NO2Cl) and Lewis acid cata- 
lysts, such as AICI 3. 

ArH + NOgCI ~ RNO 2 + HCI 

Use of nitryl chloride with equimolar or less Lewis 
acids (MXn) in Friedel--Crafts nitration results in only 
modest yields of n i t ra t ion of deactivated arenes. 
Benzotrifluoride gives only 32% of the nitro product, 
and p-dichlorobenzene is nitrated with difficulty. 4,s Even 
Iower yields were obtained in the nitration of more 
strongly deactivated arenes. More soluble NO2CI--MX,, 
complexes with weaker Lewis acids, such as TiCI4, were 
preferentially used for the nitration of arenes with NO2Cl. 
This indicates that the solubility rather than the Lewis 
acid strength is most significant for the nitrating systems 
studied. 

We now present the results of electrophilic nitration 
of deactivated arches (including strongly deactivated 
ones) with NO2Cl--3MX n complexes in aprotic nonpo- 
tar solvents such as CH2CI2 under mild conditions, 
greatly extending the scope for the Friedel--Crafts 
electrophilic nitrat ion by such complexes. Related 
RCOX--2MX n complexes were found by VoI'pin et aL 
as superelectrophilic acylating reagents and catalysts for 
low- tempera ture  alkane t ransformat ions .  6 Related 
Br6nsted acid activation of a variety of other electrophiles 
has been much investigated recently. 7 The present work 
extends Lewis acid activation to nitration. 

* For pact 34, see Ref. I. 

Results and Discussion 

Results of nitration of deactivated arches with 
NO2CI--3MX n complexes (Scheme I) are summarized 
in Table I. It was found that NO2CI--3MX n complexes 
(MXn = SbCIs, AICI3) in CH2CI 2 solution show high 
nitrating ability towards a series of  strongly deactivated 
arenes such as benzotrifluoride, nitrotoluene, various 
polyhalogenated arenes, aroyl derivatives of the type 
RC6H4COX (R = H, Me; X = Me, P E t ,  NH 2, 
CI, CF3) , and even an extremely deactivated compound,  
m-(CF3)2C6[-14. Nitration of these compounds was usu- 
ally carried out at close to ambient  temperatures (0 to 
20 ~ and short reaction times (10--180 rain). Yields 
of nitrated derivatives were generally good or frequently 
close to quantitative. 

Reactive or moderately deactivated arenes (benzene, 
halobenzenes) are quantitatively nitrated at - 78  ~ 
within a few minutes. Competitive nitration of a ben- 
zene- to luene  mixture (1 : I) with a tenfold excess of 
the substrate relative to the NO2CI--3SbCI 5 complex 
showed no selectivity. This indicates that the nitrating 
species involved are very reactive. 3 The linear nitronium 
ion, O=N+=O,  has no vacant atomic orbital on the 
nitrogen atom (similarly to the ammon ium ion NH4*), 
and thus its reaction with an arene has to occur by 
polarization of the N=O bond. In contrast to reactive 
7t-donor electron-rich aromatics, deactivated arches are 
poor electron donors and are unable to induce such 
polarization. The nitronium ion must thus be activated 
in the same way as in strong acid solutions, i.e., by 
protolytic solvation. 8 In the limiting case, viz., in Br6nsted 
superacids, the protonitronium dication (NO2H 2+) may 
be the de facto electrophilc, 8 especially with respect to 
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g-donors such as alkanes. 9 The possibility of the forma- 
tion of a highly reactive superelectrophilic dication, 
NO2H" , has beet] demonstrated by ab initio quantum- 
mechanical calculations j~ and by ~70 N M R  spectro- 
scopy.rOb This dication has also been observed in the gas 
phase by mass spectrometry. H 

It is now suggested that similar activation of the 
nitronium is also possible by coordination of  the lone 
pairs of one or both O atoms by suitable Lewis acids 
MX, (Scheme 2). 

Scheme 2 

NOaCI + 3 MX n ~ NO2*(MX~)3CI- _ 

+ /O- -~MXn +,,.O --~MXr, 
O=N _ " MXn'~-O=N 

(MXn)2CI- MXnCI- 

The activity of  NO2CI - -3MX n systems in nitration 
increases with increase in Lewis acidity and affinity for 
oxygen, Le., the use of SbCI 5 and particularly AICI 3 

results in much more reactive nitrating systems than 
NO2CI--3TiC[4, in spite of  the higher solubility of the 
latter in CH2CI 2. For exampte, NO2CI--3TiCI 4 was not 
abIe to satislhctorily nitrate p-dichlorobenzene.  Benzo- 
trifluoride reacted with the NO2CI--3TiCI 4 system ac- 
companied by a considerable degree of F- -CI  exchange 
of the CF 3 group giving m-NO/C6H4CCI 3 as the major 
product (see Table 1). 

Greatly enhanced nitrating ability was exhibited by 
the NO2CI--3SbCI s system, although its solubility in 
CH2CI 2 is limited (generally an emulsion or a suspen- 
sion was obtained). However, the system sucessfully 
nitrated a wide range of  deactivated arenes (see Table 1). 
Polyhalobenzenes, as well as benzotrifluoride, were ni- 
trated under mild conditions in good to excellent yields. 
It is interesting to note that no F- -CI  exchange in 
benzotrifluoride was observed in the presence of  the 
NO2CI--3SbCI 5 system. On the other hand, nitration of 
1,2,3,5-tetrafluorobenzene was accompanied by F--CI  
exchange in the aromatic ring. This nucleophilic addi- 
t ion -e l imina t ion  evidently occurs in the highly acti- 
vated 2,3,4,6-tetrafluoronitrobenzene product. Exchange 
was absent in t h e  case of  [ ,3 ,5 - t r i f luorobenzene .  
Pentafluorobenzene was not nitrated with the NO2CI--  
3SbCI 5 system, even when a large excess of the reagent 
was used. 

The NO2CI--3SbCt 5 nitrating system was also found 
most suitable for the nitration of  aroyl derivatives (see 
Tabte l). The NO2Cf--3AICt 3 system is even less soluble 
but more reactive than NO2CI--3SbCI s. Its activity can 
be demonstrated by quantitative data on the nitration of 
pentachlorobenzene with the NO2CI--3AIC1] system (al- 
though pentaf]uorobenzene was not nitrated with dfis 
system). 

It is significant to note that both the NO2C|--3SbCI s 
and NO2CI--3AICI 3 systems are relatively unstable and 
demonstrate better nitrating ability at lower tempera- 
tures (0 to 20 ~ They were preferentially used at 
ambient temperatures. At higher temperatures, side prod- 
ucts of arene chlorination are formed in larger amounts 
(see Table l). 

Nitration of acetophenone with NO2CI--3SbCI s is 
particularly interesting since an unusual isomer distribu- 
tion is observed. The amount of  o-ni troacetophenone 
formed (see Table l) is independent of reaction condi-  
tions and is always nearly equal to that of  the corre- 
sponding m-isomer. Most probably, a donor-acceptor  
interaction of the electrophilic nitrating agent with the 
carbonyl oxygen atom is involved. In the case of 
cc,ct,ct-trifluoroacetophenone, however, the met] prod- 
uct is predominant. 

E x p e r i m e n t a l  

All arcaes wcrc obtained From Aldrich and wcrc u.~ed 

without additional purification. Methylene dichloride was dried 
over Call 2 and distilled under dry nitrogen. Antimony 
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Table I. Ni t ra t ion o f  arenes  with the NO2CI--3MX . system 

Arene MX~ Molar  ratio T Time Products Yield 
arene : N O ,  CI / ~  / rain (ratio) (%)a 

9 b 

97 ~ 
l a  
l a  

l b .  
lc  

ld 
le 
le 
le 
I f  

If 
lg 

lg 

lh 

Ik 

11 
le  

li 

TiCl 4 0.50 
SbCI s 0.50 

SbCI 5 0.50 

SbCt 5 0.50 

SbCI s 0.33 

SbCI 5 0.50 

SbCI 5 0.50 
SbCI 5 0.10 

SbCI 5 0.50 
SbCI 5 0.50 

SbCIs 0.50 

SbCI 5 0.33 

SbCI 5 0.33 : 

SbCI 5 0.33 : 

SbCt 5 0.33 : 

SbCI 5 0.25 : 

SbCI 5 0.33 : 

SbCI 5 0.33 " 

SbCI 5 0.33 : 

AICI 3 0.33 : 

AICI 3 0.33 : 

AICI3 0,33 : 

1.0 20 180 2a 

1.0 20 15 2b, 2c, 2d 
(0.5 : 94 : 5.0) 

1.0 20 15 2e 96 a 

1.0 20 60 21, 2g 100 
(69 : 31) 

1.0 0 40 2h 100 
1.0 20 60 2i 22 e 

1.0 20 1000 2i 23 f 

1.0 0 90 2i 50 

1.0 20 I 0 2j 26 g 
1.0 0 50 2j 74 h 

1.0 20 180 2k, 21, 2m 52 i 
(22 : 76 : 2) 

1.0 0 40 2k, 21 100 
(12 : 88) 

1.0 0 40 2n, 2o 100 
(12 : 88) 

.0 0 60 2p, 2q 61 
(45 : 55) 

.0 0 I g0 2p, 2q 72 
(45 : 55) 

.0 - 2 0  60 2p, 2q 36 
(42 : 58) 

.0 20 60 2p, 2q 27 J 
(47 : 53) 

.0 0 90 2r, 2s 40 k 
(14 : 86) 

.0 0 120 2t, 2a 100 
(21 : 79) 

.0 0 120 2v 48 

1.0 0 120 2i [ 00 
.0 0 t20 2p, 2q 70 J 

(6 : 94) 

a G LC data. 
b 3 -Chloro to lucne  was tbrmed as a side product (yield 55%), 
c Monoch lo r ina ted  t r i f luoromethytn i t robenzenc  was formed as a side product  (yield 3%). 
a 1 ,2 ,4-Tr ichlorobenzene  was formed as a side product  (yield 4%). 
e Hexach lorobenzene  was formed as a side product (yield 2%). 
/ Hexach lo robenzene  was formed as a side product (yield 16%). 
g Chlorot r i f luorobenzcne  resulting from nucleophilic subst i tut ion o f  the F a tom in the arene was formed as 

side product  (yield 10%). 
a Chloro t r i f luorobenzene  was formed as a side product  (yield 26%). 
' Ethyl ch lorobenzoate  was formed as a side product  (yield 13%, isomer  ratio [ : 5). 
i Methyl ch lorobenzoa te  was formed as a side product  (yield 2%). 
k Ethyl ch lombenzoate  was formed as a side product after hydrolysis and esterification with e thanol  (yield 3%). 

pentachlor ide and t i t an ium tetrachloride were were available 
f lom Aldrich as I M solut ions  in CH2CI 2. Anhydrous  AICI 3 
was purchased from EM Science Inc. Nitryl chloride was 
prepared according to a method  reported in the literature s'12 
by t rea tment  o f  anhydrous  H N O  3 with chlorosulfonic  acid 
(HSO3CI, J o h n s o n  Mat they) ,  which was distilled before use. 
Fuming  nitric acid and o l eum (30%) were available from 
Fischer  Scientific Co. Nitryl chloride was used as a 0 5  M 
solution in dry CH2CI 2 and was stored in a refrigerator in a dry' 
ni trogen a tmosphere .  

GLC analyses were performed on a Var ian 3400 chromato- 
graph using a quartz capil lary column with D8-1 as tile 
stationary phase. Chromato-mass-spect rometr ic  ( G C - M S )  
analyses were carried out on a Hcwlet t - -Packard 5971 instru- 
ment with a mass selective de tec tor  coupled  to a Hewlet~-- 
Packard 5980 gas chromatograph .  Ident i f ica t ion  o f  products  
was based on compar i son  o f  their  mass  spect ra  with those of  
attthentic samples.  N M R  spectra were recorded on a Varian 
VXR 200 spect rometer  in CDCI  3 so lu t ions  with SiMe 4 as an 
internal s tandard.  
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Nitration with the NOzCI--3SbCI 5 system (typical proce- 
dure). A 1 M solution of SbCI 5 (3 retool) was placed under dry 
nitrogen into a three-necked flask equipped with a magnetic 
stirrer, and the solution was cooled to -78  ~ An NO2CI 
sohnion (0.5 M, 2 mL) was added next; a light yellow precipi- 
tate formed After stirring for 5--10 rain, a calculated amount 
of an arene dissolved in 2 mL of CH2CI 2 was added in one 
portion, and the reactio,a mixture was brought to 0 ~C (or 
20 ~ and vigorously stirred for a period of time indicated in 
Table I. The mixture was quenched with ice water (50 mL) 
and thorot, ghly extracted with CH2CI 2 (3x20 mL). The com- 
bined organic extracts were washed with 5% aqueous NaHCO 3 
(2• mL) and dried with MgSO 4. The products were ana- 
lyzed by GLC and GC-MS with internal standards. The 
extract was concentrated, and the nitration products were 
purified by distillation or recrystallization. 

Nitration with NO2CI--3AICI 3 is carried out in a different 
way, as AICI 3 is added as a powder. 

Nitration with the NO2CI--3AICI 3 system (typical proce- 
dure). An NO2CI solution in CH2CI~ (0.5 At', 1.33 mL, 
0.66 retool) was added at - 78  ~ to a vigorously stirred 
suspension of AICI 3 (0.26 g, 2 retool) in C|-I2CI 2 (2 mL). After 
stirring for 5--10 min, a solution of pentachlorobenzene 
(0.055 g, 0.22 mind.l) in CH2CI 2 (2 mL) was added. The 
mixture was warmed to 0 ~ and stirred for 2 h. Ordinar3' 
work-up gave nitropentachlorobenzene in quantitative yield 
(GLC data). The product was purified by recrystallization. 

This  s tudy was f inancia l ly  suppor ted  by the  Office of 
Naval Research  of  tile USA and the  Russian Founda t ion  
for Basic Research (Project  No. 97-03-32986)  and  C R D F  
F o u n d a t i o n  (G  rant  RC I - 274). 
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