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Nitrosation of arenes with nitrosonium ethyl sulfate 
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Nitrosonium ethyl sulfate reacts with O-alkylphenols and N,N-dialkylanilines to give the 
corresponding 4-nitrosoarenes. The reaction is not accompanied by side processes character- 
istic of common nitrosating agents. Diazotization of primary aromatic amines with nitrosonium 
ethyl sulfate yields stable diazonium salts, which are promising reagents for organic synthesis. 
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Nitrosoarenes are widely used in the production of 
organic intermediates and dyes, in the processing of 
elastomers, as reagents for analysis, etc. because of a 
variety of their chemical properties, t However, in con- 
trast to aromatic nitration, nitrosation of arches is much 
less well studied. First of all, this is due to the low 
electrophilicity of nitrosating agents such as HNO 2 or 
NOX (X = Hal, OR, OSO3H, etc.). Thus, the activity of 
the NO + cation is 1014 times lower than that of NO2+. z 
In addition, it is often impossible to attain high concen- 
trations of common nitrosating agents. A significant 
restriction that limits the potemialities of methods for 
the synthesis of uitrosoarenes is that they tend to react 
further with the nitrosating agent. That is why the search 
for new reagents for the synthesis of nitrosoarenes is still 
of current interest. 3 

Earlier, 4 we proposed to use nitrosonium ethyl sul- 
fate as a highly reactive electrophilic nitrosating agent. 
This compound is easily generated in the reaction of 
EtONO with sulfur trioxide at - 5 0  to -30  ~ in CH2CI 2. 

strate). For example, nitrosation of N,N-dimethylanil ine 
(]a) with 10% HNO 2 yields 4-ni t ro-N-ni troso-N-methyl-  
aniline (3) as the main reaction product. 7 
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EtONO + SO 3 ~ EtOSO20-(NO)+ 

1 

Being unstable at room temperature, compound I is 
introduced in further reactions in situ. We showed that 
it smoothly reacts with olefins following the electro- 
philic addition to give substituted ketones s and alde- 
hydes. 6 Thus, the electrophilic addition of 1 at the C=C 
double bond may be considered as a convenient method 
for functionalization of olefins. 

A study of electrophilic substitution in aromatic sub- 
strates is one of the most important steps in investiga- 
tions of the properties of new reagents. This is all the 
more important because electrophilic nitrosation with 
common nitrosating agents is often accompanied by side 
reactions (first of all, oxidation of the nitroso group with 
at] excess of the reagent and dealkylation of the sub- 

Dealkylation is very often observed in the nitrosation 
of alkyl phenyl ethers, which usually results in 4-nitroso- 
phenols, z 

OMe OH O 

NO N - O H  

4 5 

Hence, conventional nitrosation of arenes is nearly 
always accompanied by various side processes, which 
often gives unexpected products, thus strongly decreas- 
ing the synthetic value of the reactions. 
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We studied nitrosonium ethyl suit;ate as a possible 
agent for nitrosation of some aromatic substrates. Ani- 
sole, phenetole, and N,N-dialkylanilines were chosen as 
the subjects of investigation. In the case of phenetole 
(6), 4-nitrosophenetole (7) was obtained in 30% yield. 

OEt OEt 

c.2c3~, -~s.c 

NO 

6 7, 30% 

Ini t ial ly,  in order to avoid oxidation o f  nitroso com- 
pound with excess reagent, we carried out the reaction 
at a substrate : reagent ratio of 1 : 1. However, it turned 
out that the reaction proceeds very slowly (phenetole is 
converted only slightly upon stirring of the reaction 
mixture for 3 h). In addition, heating to room tempera- 
ture often initiated oxidation of the nitrosation product 
into the nitro compound. That is why we modified the 
initial procedure. The reaction was carried out with a 
fivefold excess of compound 1, but this excess was 
eliminated by addition of an aqueous solution of EtOH 
prior to heating of the reaction mixture in order to avoid 
oxidation. Such a modification resulted in virtually pure 
nitroso compound 7, and the reaction was not accompa- 
nied by dealkylation or oxidation. 

The reaction of 1 with anisole (4) unexpectedly 
yielded a mixture of 4-nitrosoanisole (8) and 4-nitroso- 
phenetole (7). 

Product 7 is a result of transalkylation of anisole. 
The mechanism of this process is still obscure, but it is 
quite probable that the transalkylation involves diethyl 
sulfate formed in the reaction of I with EtOH, which is 
added in order to decompose the excess of 1. However, 
small amounts of product 7 are also formed when com- 
pound 1 is decomposed by addition of pure water rather 
than ethanol. Moreover, the presence of 7 is detected in 
the reaction mixture by TLC before the completion of 
the reaction. Apparently, the transalkylation can occur 
owing to the ethyl group contained in the anionic part of 
nitrosonium ethyl sulfate proper. Nevertheless, here too, 
the main reaction product is 4-nitrosoanisole 8. 

OMe 

CH ~CI2, -55 ~C 

4 

OMe OEt 

NO NO 

8 7 
major minor 

product product 

The reaction of i with N,N-dialkylanilines proceeds 
easily to give 4-nitrosophenyl(dialkyl)ammonium ethyl 
sulfates 9a--c. 

2a- -c  9a- -c  

R = Me (a), Et (b), Pff (c) 

-OSO2OEt 

NR 2 

Na2CO3 i. [ ~  
H20 

NO 
10a, 87% 
10b, 96% 
10c, 81% 

Because these salts are insoluble in CH2CI 2, they 
precipitate and can be readily isolated from the reaction 
mixture. The amine nitrogen atom is protonated with 
participation of ethylsulfuric acid formed upon electro- 
philic substitution for the hydrogen atom of the aro- 
matic ring. Subsequent treatment of salts 9a- -e  with an 
aqueous solution of Na2CO 3 allows one to obtain the 
corresponding 4-nitroso-N,N-dialkylanilines 10a--c in 
the form of free bases. Note that the overall yield of thus 
obtained nitroso compounds 10a--c is quite high. The 
absence of oxidation and dealkylation products is a 
significant advantage of nitrosonium ethyl sulfate com- 
pared to common nitrosating agents, although there are 
limitations here, too. Thus, an attempt to carry out the 
reaction with N-benzyI-N-methylaniline resulted in a 
mixture mainly composed of N-nitrosoamines. In this 
case, dealkylation is probably due to the tact that the 
intermediate benzylium cation is more stable than alkyl 
analogs. 

One of the important processes in organic chemistry 
that includes nitrosation in the principal stage is diazoti- 
zation of aromatic amines. We studied the reaction of 
nitrosonium ethyl sulfate (1) with aniline and some of 
its 4-substituted derivatives l l a - - c .  It turned out that, 
when the ratio of compound 1 to aromatic amine is 
equal to 1 : I, the reaction proceeds smoothly to give 
diazonium salts 12a--c in almost quantitative yield. 

X ~ N H 2  

11a--c 

X N2+ -OSO2OEt 

12a, 73% 
12b, 95% 
12c, 96% 

X = H (a), Me (b), COMe (c) 

Diazonium salts 12a--c are white crystalline com- 
pounds that are resistant to heating and mechanical 
actions. For example, p-toluyldiazonium ethyl sulfate 
(12b) begins to decompose only at 107 ~ and can be 
stored without moisture access at room temperature for 
a few months. These salts are well soluble in water and 
insoluble in most organic solvents, which is additional 
evidence in favor of their ionic structure. Aqueous solu- 
tions ofdiazonium salts 12a--e are rather unstable. After 
several hours transparent solutions grow turbid, gas 
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bubb les  are evolved,  and  a yellowish precipi ta te  o f  the  
c o r r e s p o n d i n g  p h e n o l  is formed.  However ,  t he i r  solu-  
t ions  in w a t e r - a c e t o n e  and  wa te r -a l coho l  mix tu res  are 
m u c h  m o r e  stable.  

Because  d i a z o n i u m  salts 1 2 a - - e  are s table in s torage 
and  easy to hand l e ,  they can  be successfully used in 
l abora to ry  prac t ice ,  in par t icular ,  for azo coupl ing.  T h e  
syn thes i s  of  an  azo  dye in quant i t a t ive  yield c an  be c i ted 
as an  example :  

MoOH 
12b + NMe 2 ~' 

12a 

M e ~ N = N - - ~ - - - N M e  2 

13. 100% 

Thus ,  n i t r o s o n i u m  ethyl  sulfate 1 is a c o n v e n i e n t  
reagent  for e lec t roph i l i c  n i t rosa t ion  o f  arenes.  In some  
cases,  it has obvious  advantages  for the  synthes is  of  
n i t ro soa renes  against  o t h e r  n i t rosa t ing  agents  because  its 
r eac t ions  wi th  a renes  are no t  a c c o m p a n i e d  by side pro-  
cesses such  as ox ida t ion  or  dealkyla t ion.  The  reac t ions  
of  1 wi th  a r o m a t i c  a m i n e s  yield s table d i a z o n i u m  salts, 
wh ich  are c o n v e n i e n t  reagents  for a wide range o f  syn-  
the t i c  t r ans fo rma t ions .  

Exper imen ta l  

tH and 13C NMR spectra were recorded on a Varian XR- 
400 instrument (400 and 100 MHz, respectively). Chemical 
shifts are given with respect to tetramethylsilane as the internal 
standard. IR spectra were recorded o n a  UR-20 instrument. 

The course of reactions and the purity of reaction products 
were monitored by TLC on silica gel (Silufol plates). Reaction 
products were separated by column chromatography (silica gel 
L 40/100 tam or Silpearl 25/40 lam)- 

Melting points of compounds were measured in a box with 
an open capillary. Uncorrected melting points are given. 

All solvents used were purified according to the standard 
procedures. Ethyl nitrite was synthesized as in Ref. 8. Sulfuric 
anhydride was obtained by removal from 60% oleum followed 
by repeated distillation in a glass setup. Freshly distilled SO 3 
was weighed and dissolved in CH2CI 2 to use in reactions in the 
form of  a solution. 

Reaction of nitrosonium ethyl sulfate (1) with phenetole (6). 
A solution of EtONO (1.85 g, 24.7 retool) in 25 rnL ofCH2CI 2 
was added dropwise with vigorous stirring under argon to a 
solution of SO3 (0.79 g, 9.9 mmol) in 30 mL of CH2CI 2 cooled 
to -45  ~ The reaction mixture was stirred for 45 mix. Fur- 
ther, a solution ofcornpound 6 (0.41 g, 3.4 retool) in 10 mL of 
CH 2C1~_ was added to the thus obtained solution of compound 1 
over 20 rain so that the temperature was no higher than 
- 3 5  to - 4 0  ~ Stirring was continued at this temperature for 
3 h, and then EtOH (2 mL) was gradually added. The reaction 
mixture was slowly heated to -20 ~ washed with water 
(4• mL), dried with Na2SO4, concentrated on a rotary 
evaporator to 5 mL. diluted with 20 rnL of heptane, and con- 
centrated again to 5 mL. The residue separated into two immis- 

cible layers, the lower one being diethyl sulfate Et2SO 4. The 
upper layer was separated. Removal of the solvent on a rotary 
evaporator and of the unreacted phenetole in vacuo (oil pump, 
water bath, -40 ~ gave 4-nitrosophenetole 7 (0.15 g, 30%) as 
a dark green oil that slowly crystallizes upon storage, m.p. 30-- 
32 ~ (from Et.~O) (Ref. 9: m.p. 33--34 ~ (from petroleum 
ether)). IH NMR (CDCI3), 6:1.45 (t, 3 H, CH 3, J = 7.0 Ha), 
4.16 (q, 2 H, CH2, J = 7.0 Hz), 6.97 (d, 2 H, HC atom., J = 
8.0 Ha), 7.86 (br.s, 2 H, HC arom.). 

Reaction of 1 with auisole (4) was carried out as described 
above (the sole difference was that the excess of  reagent was 
decomposed with the use of water rather than EtOH). The 
reaction of SO 3 (0.89 g, I1.1 mmol) in 25 mL of CH2CI 2, 
EtONO (l.67 g, 22.3 retool) in 25 mL of CH2CI2, and com- 
pound 4 (0.4 g, 3.7 mmol) in 10 mL of  CH2CI 2 yielded a 
green oil (0.19 g) that was a mixture of nitroso derivatives 8 
and 7 in the ratio 7 : 2 (IH NMR).  Additional chromato-  
graphic purification (hexane--AcOEt (I : 1) as the eluent) 
gave 4-nitrosoanisole 8 (0.15 g, 30%) as blue green crystals, 
R r 0.65, m.p. 23--24 ~ (Ref. 10: m.p. 23 ~ IH NMR 
(CDCI3) , 5:3.80 (s, 3 H, CH3), 6.88 (d, 2 H, HC atom., J = 
7.8 Ha), 7.65 (br.s, 2 H, HC arorn.). 

Reaction of I with N,N-dimethylaniline (2a). A solution of 
EtONO (0.86 g, 11.5 retool) in 25 rnL of  CH2CI~ was added 
dropwise with vigorous stirring under  argon to a solution of 
SO 3 (0.37 g, 4.6 retool) in 20 mL of CH2CI 2 cooled to 
- 4 0  *C. The reaction mixture was then stirred for 1 h, where- 
upon the temperature was lowered to --75 *C, and a solution 
of 2a (0.56 g, 4.6 retool) in 5 m L  of CH2CI 2 was added 
dropwise for 5 mix. Then the resultit~g solution was slowly (for 
1 h) heated to -20 ~ The abundant  crystalline precipitate 
that began to form at ~0 oC was filtered off, washed with 
CH2CI 2. and dried in an desiccator  over P2Os to give 
4-nitrosophenyl(dimethyl)ammonium ethyl sulfate 9 (1.24 g, 
94%) in the form of an orange-red crystalline powder that is 
readily soluble in water and other polar solvents, decomp.p. 
I66 ~ IR, v / c m - I :  3180- -2615  ( N + - - H ) .  ZH N M R  
(CD3COCD3/D20, l : 4 v/v, 62 ~ 5 :1 .20  (t, 3 H, CH 3, 
J = 7.2 Ha), 3.74 (s, 6 H, N(CH3)2), 3.97 (q, 2 H, OCH 2, 
J = 7.2 Ha), 7.39 (d, 2 H, HC arorn., J = 9.5 Ha), 7.77 (d, 
2 H, HC atom., J = 9.5 Hz). Found  (%): C, 43.23; H, 5.60; 
N, 10.17. CIoHI6N2OsS. Calculated (%): C, 43.47; H, 5.84; 
N, 10.14. 

To obtain 4-nitroso-N,N-dimethylaniline (10a), a solution 
of salt 9a (0.5 g, 1.8 mmol) in 5 mL of EtOH was added 
dropwise to 10 mL of a 0.4 Methano l i c  solution of KOH; the 
initial red solution turned green. The  reaction mixture was 
passed through a column with silica 8el (height 3 cm), and the 
ethanol was removed on a rotary evaporator  to give compound 
10a (0.24 g, 87%) in the form of  blue green crystals, m.p. 
92 ~ (from Et20 ) (Re['. 11: m.p. 92--94 *C). tH NMR 
(CDCI3), 8:2.95 (s, 6 H, N(CH3)2) , 6.20 (d, 2 H, HC atom., 
J = 8.5 Ha), 7.35 (br.s, 2 H, HC atom.) .  

Reaction of 1 with N,N-diethylalailine (2b) was carried out 
as described above. The reaction of SO 3 (0.8 g, 10.0 mmol) in 
70 mL of CH2C12, EtONO (0.9 g, 12.0 mmol) in 30 mL of 
CH2C12, and 2b (1.49 g, 10.0 mrrtol) in 30 mL of  CH2CI 2 
yielded 4-nitroso-N,N-diethytaniline 10b (I.72 g, 96%) in the 
form of  green crystals, m.p. 8 2 - - 8 4  ~ (from EtzO) 
(Ref. 12: m.p. 83 ~ 

Reaction of 1 with N,N-diisopropylaniline (2c) was carried 
out as described above. The reaction of SO 3 (1 g, 12.5 retool) 
inS0  mLofCH2CI  ~, E tONO(I .2  g, 16.0 mmol ) i n  30 m L o f  
CH2CI~, and 2c (2.2 g, 12.4 mmol)  in 30 mL of CH2CI 2 
yielded 4-nitroso-N,N-diisopropylaniline 10c (2.1 g, 81%) in 
the form of green lamellar crystals, m.p. 71--72 ~ (from 
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petroleum ether). Ill NMR(CDC13),6:  1.33(d, 12H, 4 CH3, 
J = 6 . 8  Hz), 3.45 (septet, 2 H, 2 CH, J = 6.8 Hz), 6.51 (d, 
2 H, HC arom., J = 8.5 Hz), 7.52 (d, 2 H, HC arom., J = 
8.5 Hz). Found (%): C, 69.72; H, 8.74;N, i3.51. CI2HtgN20. 
Calculated (%): C, 69.85; H, 8.80; N, 13.59. 

Reaction of I with p-toluidine ( l i b ) .  A solution of EtONO 
(I.09 g, 14.5 mmol) in 25 mL of CH2CI 2 was added dropwise 
with stirring under argon to a solution of  SO 3 (0.47 g, 
5.8 mmol) in 25 mL of CH2CI 2 cooled to - 4 5  *C. Stirring 
was continued for 45 rain, and then a solution of l i b  (0.63 g, 
5.8 retool) in 6 mL of CH~CI2 was added dropwise. The 
reaction mixture was stirred for an additional 45 rain and 
slowly heated to -20 ~ The crystals that formed were filtered 
off, and the mother liquor was concentrated in vacuo. After a 
while, the residual heavy dark oil began to crystallize intensely. 
The crystals that formed were washed from the oil with cold 
acetone. The acetone solution was concentrated again, the 
crystals that formed were separated, and the procedure was 
repeated. All crystals were combined and dried in an desiccator 
over P205 to give p- to luyld iazonium ethyl sulfate 12b 
(I.26 g, 90%) in the form of colorless lamellar crystals that 
are well soluble in water and water--acetone mixtures, 
decomp.p. 107 ~ IR, v/era-I :  2295 (N+---N). tH NMR 
(CD3COCD3/D20, l : 4 v/v), 8:1.13 (t, 3 H, CH2CH3_, J = 
7.1 Hz), 2.58 (s, 3 H, CH3), 3.9l (q, 2 H, OCH2, J =  
7.1 Hz), 7.76 (d, 2 H, HC arom., J = 8.6 Hz), 8.55 (d, 
2 H, HC arom., J = 8.6 Hz). t3C NMR (CD3COCD3./D20, 
l : 4 v/v), 8 : 1 4 . 9 3  (CH3) , 22.75 (CH3), 64.08 (OCH2), 
111.17, 132.90 (2 C), 133.04 (2 C), 156.18 (Carom.) .  Found 
(%): C, 44.31; H, 4.85; N, 11.50. CgHI2N204S. Calculated 
(%): C, 44.25; H, 4.96; N, 11,48. 

Reaction of ! with aniline ( l l a )  was carried out as de- 
scribed for compound l ib .  The reaction of SO 3 (0.47 g, 
5.9 mmol) in 30 mL of CH2C12, EtONO (0.91 g, 12.1 mmot) 
in 30 mL ofCH2CI2, and l l a  (0.55 g, 5.9 m m ol ) i n  5 mL of 
CH2CI 2 yielded phenyldiazonium ethyl sulfate 12a (0.99 g, 
73%) in the form of colorless crystals, decomp.p. 86 ~ 
IR, v/era-I: 2313 (N+~-N). IH NMR (CD3COCD3/D20, 1 : 4 
v/v), 8:1.15 (t, 3 H, CH3, J =. 7.0 [-[z), 4.00 (q, 2 H, OCH2, 
J = 7.0 Hz), 8.11 (t, 2 H, HC arom., J = 8.2 Hz), 8.32 (t, 
1 H, HC arom., J = 8_2 Hz), 8.83 (d, 2 H, HC arom., J = 
8.2 ttz). 

Reaction of 1 with 4-aminoacetophenone ( l i e )  was carried 
out as described for compound l ib .  The reaction of SO 3 
(0.5 g, 6.2 retool) in 30 mL of CH2CI2, EtONO (0.7 g, 
9.3 mmol) in 30 mL of CH2CI 2, and l i e  (0.84 g, 6.2 retool) 
in 5 mL of CH2CI 2 yielded 4-acetylphenyldiazonium ethyl 
sulfate 12c (1.62 g, 96%) in the form of art orange oil. IR, 

v /cm-l :  2356 (N+~-N). tH NMR (CD3COCD3/D20 , I : 4 
v/v), 6:1.18 (t, 3 H, CH2CHt,  J = 7.1 Hz), 2.75 (s, 3 H, 
CH_~CO), 4.03 (q, 2H ,  OCH 2 , J - - 7 . 1  Hz), 8.43 (d, 2 H, HC 
atom., J = 8.8 Hz), 9.07 (d, 2 H, HC atom., J = 8.8 Hz). 

Reaction of compound 12h with N,N-dimethylaniline (2a). 
A solution of 2a (0.13 g, 1.2 retool) in 25 mL of AcOEt was 
added with stirring under argon at -20 ~ to a solution of 12b 
(0.3 g, 1.2 mmol) in 25 mL of  MeOH. The reaction mixture 
was stirred for 6 h and then passed through a column with a 
thin layer of silica gel. Removal of the solvent in vacuo gave 
4-(dimethylamino)-4 '-methylazobenzene 13 (0.27 g, t00%) 
in the form of blue crystals, m.p. 172--173 ~ (from MeOH) 
(Ref. 13: m.p. 171--171.5 ~ 

This  work was f inancia l ly  suppor ted  by the  Russ ian  
F o u n d a t i o n  for Basic Resea rch  (Pro jec t  No. 9 6 - 0 3 -  
32570).  
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