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Brief Communications 
Nitration of alcohols by nitryl fluoride 

B. S. Fedorov* and L. T. Eremenko 

Institute of Chemical Physics in Chernogolovka, Russian Academy of Sciences, 
142432 Chernogotovka, Moscow Region, Russian Federation. 

Fax: 007 (096) 515 3588 

A general method for the preparation of nitrates by treatment of alcohols with nitryl 
fluoride (FNO2) in MeCN in the presence of KF has been developed. 

Key words: nitryl fluoride, nitration; alcohol nitrates. 

Alcohol nitrates are of  interest because they exhibit 
antianginal activity, t Therefore,  the development of new 
general methods for their  synthesis is an urgent task. 
Among the O-nitrat ion reactions in aprotic media, z - (  
nitration of  alcohols with nitryl fluoride has remained 
almost unstudied. Only the ai t rat ion of  ethanol cooled 
to - 1 0  ~ with bubbling gaseous F N O  1 has been de-  
scribed, s Under  these condit ions,  the process occurs 
ambiguously: significant amounts  of  acetaldehyde and 
acetic acid are formed along with ethyl nitrate (yield 
~31%). It has been shown in the subsequent studies that 
the choice of  the solvent plays a decisive role in nitra- 
tion by nitryl fluoride. For  example,  to stop the reac- 
tions of FNO 2 with amines at the stage of the formation 
of  primary nitramines,  Iow-nucleophil ic  or nonpolar 
solvents (CC14, alkanes) should be used, 6,7 while alcohol 
nitrates with the same number  of  carbon atoms are 
obtained in acetonitrile.  8 

In the present work, it is established that the reaction 
of  EtOH with FNO2 in anhydrous MeCN in the pres- 
ence of KF with cooling ( - 2 0  to - 3 0  ~ results in the 
formation of ethyl nitrate in 89--90% yield. Under  these 
conditions,  the process is complete  after 10--15 min 
(increasing the duration of  the reaction to 30--40 min 
and increasing the temperature to 0--5 ~ decreases 
the yield of ethyl nitrate to 63--64%). The proposed 

method for nitration of alcohols  has a general character 
and was used by us for preparing nitrates from primary, 
secondary, monoatomic and mul t ia tomic ,  nitro, poly- 
nitro, and fluoronitro alcohols o f  the aliphatic series, as 
well as the nitrate of  an al icyclic alcohol,  cyclohexanol 
(Table 1). 

Nitrates of  alcohols in which  oxygen is less nueleo-  
philic, as, e.g., in the case of  2,2,2- tr ini t roethanoi ,  can 
also be synthesized by this method.  The role of  KF is to 
bind HF,  and the potassium difluoride formed is in- 
soluble in MeCN and can be isolated quantitatively after 
the end of  the reaction. 

RCHeOH + FNO a ~ RCH2ONO 2 + HF 

HF + KF --~ KHF 2 

Experimental 

Nitryl fluoride was obtained in the reaction of F 2 and 
N204 by the procedure described previously. 9 

Ethyl nitrate. Potassium fluoride (5.8 g, 100 rnmol) was 
added to a solution of anhydrous EtOH (4.6 g, 100 retool) in 
anhydrous MeOH (45 mL). Nitryl fluoride (6.5 g, 100 mmol) 
was bubbled through the mixture cooled to -20 to -30  ~ for 
10--12 rain with vigorous stirring. The mixture was stirred for 
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Table 1. Yields and properties of alcohol nitrates synthesized 

Initial alcohol Product B.p. nD 20 Yield Publ. data Refer- 

/~  (%) B.p./*C nD 20 ence 
(p/Ton) (p/'rorr) 

EtOH EtONO 2 88 1.3852 89 89 1.38528 10 
PraOH Pr~ONO2 40 (50) 1.3972 90 110 1.39725 11 
PriOH priONO2 30 (50) 1.3910 87.6 101--102 1.3910 12 
(CH2OH) 2 (CH2ONO2) 2 63--64 1.4480 94.3 64 (1.5) 1_4480 13 

(1.5) 
HOCH(CH2OH) 2 CH(ONO~)(CH2ONO2) 2 108--110 1.4730 92.3 125 (2.0) 1.4732 14 

(I.0) 
C(CH2OH)4 C(CH2ONO2) 4 140--141/' - -  87.4 141/' --  15 
O2NCH2CH2OH O2NCH2CH2ONO 2 67 (0.5) 1.4551 89.5 74 (I) 1.4550 16 
FC(NO2)2CH2OH FC(NO2)2CH2ONO 2 35--36 1.4372 85.6 62 (5) 1,4377 17 

(0.6) 
C(NO2)3CHxOH C(NO2)3CH2ONO2 a 50--51 1.4661 94.2 - -  -- 

(0.5) 
MeC(F)(NO~_)CH2OH MeC(F)(NO2)CH2ONO~ - 45--46 1.4258 85.4 47--48 1.4256 18a 

(0.8) (1) 
HOCH2C(F)(NO2)CH2OH O2NOCH:C(F)(NO2)CH~ONO 2 38--39/' --  86.0 38--39/' - -  18b 
cyclo-C6HttOH cyclo-C6HllONO~ - 74--75 1.4560 95.6 53 (I0) 1.4562 19 

(15) 

a Found (%): C, 10.58; H, 0.83; N, 24.73. C2H2N409. Calculated (%): C, 10.62; H, 0.88; N, 24.78. IR, v/cm-J:  805 (C--NO2); 
822 (C--ONO2); 1045 (C--O);  1280, 1695 (ONO2); 1300, 1600 (C--NO~); 2895, 2965 (CH2). ~H NMR (pure liquid), i5:5.92 (s, 
2 H, CHz). 
b Melting point. 

5 rain at -25 ~ and KHF 2 was filtered off (quantitative 
yield). The filtrate was poured into ice-cold water (200 mL), 
and the oil that precipitated was extracted with CH2CI 2 
(2x40 mL). The combined extract was dried with MgSO 4. 
After distilling off CH2CI 2 and distillation of the residue, ethyl 
nitrate (8.14 g, 89.4%) was obtained (see Table 1). 

Nitrates of other alcohols were synthesized similarly. The 
yields and main parameters of the compounds obtained are 
presented in Table I. 
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