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Abstract - The nitration of '3-methyl-1-phenylpyrazole using nitric acid and 

sulphuric acid at O'C gives the pnitrophenyl isomer as the only isolated mono nitro- 

product and 3-methyl-4-nitro-I-p-nitrophenylpyr~zole as the d~nitro-product. 3-Methyl- 

4-phenylpyrazole gives 3-methyl-4-p-nitrophenylpyrazole with the second nitration 

also occurring in the phenyl ring to give 3-methyl-4-(2',4'-dinitropheny1)pyrazole. 

2-Phenylimidazole nltratas under these conditions to give flrst 2-p-nitrophenyl- 

imidazole and then 4-ni tro-2-~~-ni trophenyl1m1dazole whilst 4-phenylimidazole gives 

4-nitro-5-p-nitrophenylimidazz31e read~ly even when the amount of nitric acid is 

limited to one equivalent and only traces of a mono nitro-product are found. 

2-Phenylimidazohne gives sol,ely the g-nitrophenyl isomer under the same conditions. 

The mixed acid nitration at O'C of 4-phenylmorpholine gives 4-m-nitrophenyl- and 

4-e-n~trophmylmorph~1ine in the ratlo of about 5:l. 

INTRODUCTION 

Extens~ve studies have been carried our on the directing properties of substituents on the 

benzene ring in relation to elertrophll~c substitution of the aromatic ring and of such 

1,2 electrophilic substitutions nitration seems to have been the mast widely studied reaction . 
A number of workers have used the nltration of  heterocyclic compounds synthetically but compara- 

tlvely llttle systematic work seems to have been carried out using heterocycles as the substlt- 

2 
uents on the benzene ring. For example in the 1980 review of aromatic nltration less than 

four  pages out of 350 are devoted to the nitration of phenyl heteroaromatlcs. Katritzky and 

co-workers have carried out excellent work, includmg kinetic studies, of some heteroaromatic 

systems (see for example r e f . 3  and refs. therem). 

The nltratmn of phenyl N-heterocycles is of particular interest not only because of the 

Importance of N-heterocycles in medxinal chemistry and agrxultural chemistry but also because 

of the abihty of the N-heterocyclic system to act as either an electron-releasing or as an 

electron-attracting substituent. One can thus observe ortho:para and meta direction in attack 



upon the phenyl ring as well as substitution in the heteroaromatic ring. There are strlk~ng 

differences in directing effects and in ortho:para:meta ratios as the heterocyclic substituent 

is changed and the position of substitution is reagent dependent. N~tration reactions using 

nitric acid in acetic anhydride are further complicated since not only is acetoxylation and 

adduce formatmn a complicating reaction accompanying nitration, but nitroniurn ions can attack 

4.5 one position and then mlgrate . 
We have been interested in the nitration of phenyl-N-heterocycles and have reported some of our 

results in thls area6". This work has included the interestmg observation of the productmn 

of ortho and meta nitrophenyl products, but no para nitrophenyl product, in the case of some 2- 

and 4-phenylpyrimidines (see also ref.8). Cohen-Fernandes and Habraken have also reported a case 

of predominant ortho substitution in the phenyl ring in the nitration of 1-methyl-4-phenyl- 

9 pyrazole . 
We report here further results of nitration reactions of N-heterocycles. 

RESULTS AND CISCUSSION 

We have used two standard methods for nitratmn stud~es. In the first method the compound is 

nitrated at 0% in mixed acid (concentrated sulphurx acid, d 1.80:nitric acid. d 1.50) and in 

the second method nltrlc acid i n  acetic anhydride is used as the nitration agent. 

The nitration of phenylpyrazoles has been reported'' to take place flrst in the para posltion 

of the phenyl ring and then in the 4-posltion of the pyrazole ring. We have contirmed this in 

the case of 3-methyl-1-phenylpyrazole (la) whlch gives the pnitrophenyl product (lb) as the only 

isolable product wlth one equivalent of nitric acldll, and 3-methyl -4-n i t ro - I -p i t rophenyl -  

pyrazole (Ic) together with (Ib) with excess nitrx acid. Under sim~lar conditmns 3-methyl-4- 

phenylpyrazole (Pa) gives first the pnltrophenyl product (Zb) and then the second nitration 

also occurs in the phenyl ring to give the ZS,4'-dinltraphenyl product (Zc). No ortho or meta 

isomers were isolated in either case. casonilZ has reported the mixed acid nitration of (lb) to 

give (lc) and there is a report13, with no details, of the n~tration of (Pa) to give (2b). 

The nitrat~on of 2-phenylirnldazole (3a) using one equivalent of nitnc acid in sulphuric acid 

gave the pnitrophenyl isomer (3b) as the only isolated product of mononitration and the use of 

excess nitric acid gave 4 - n i t r o - 2 - ~ - n ~ t r o p h e n y l l r n i d a z o l e  (3c) as the only isomer which was 

isolated. 

The nitration of 2-phenylimidazale has been reported14 to be carried out by heating the 

nltrate salt of the base with concentrated sulphuric acid to 100'~ to give the three nitrophenyl 

isomers in the following yields para:50%, ortho:l.Sb, meta:0.2%. However, we did not observe the 

other isomers under our conditions and recovered the &-nitro isomer only in >96% yield. 
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The nitration of 4-phenylimidarole (48) is a very much less satisfactory reaction. The use 

of excess nitric acid in sulphuric acid gave ,902 recovered yield of 5-nitro-4-1-nitrophenylimi- 

dazole (4c) and no other products were seen on tlc. The use of one molar equivalent of nitric 

acid still gave the dinitro product as the predominant one wlth the recovery of some unchanged 

4-phenylimidazole and wlth only a very small quantzty of mono substituted product. We have so 

far failed to achieve a satisfactory separation of th:s minor product from the dinitrophenyl 

product. Our mitial studies have shown that it may be the 4-1-nitrophenyl product and we hope 

to c o n f ~ r m  this by extendmg tlc and hplc separation studies. However it is interesting to 

note the apparently ready second nitration in this case compared to that of 2-phenylirnidazole. 

4-Phenylim~dazole nitrate has been reported15 to give 69% of the para isomer and 25% of the 

ortho isomer when heated to 100'~ in concentrat~on sulphuric acid. We have obtained these two 

compounds by this method. The difference in the product dlstrlbutmn in these two methods is 

striking and we have not rationalised these results yet. 

The nitration of 2-phenyl-2-lmidazoline (5a) uszng mixed acid at O'C gave the pntrophenyl 

product ( 5 b )  exclusively, >95% being isolated. Thus the change from the aromatic imidazole to 

the non-aromatic imidazoline results in a complete change from para to meta substitution in the 

benzene rmg. The treatment of 2-phenyl-2-imidazoline nitrate with concentrated sulphunc acid 

at 100'~ has also been reported16 to give 2-g-nitrophenyl-2-imidazoline (~solated as the hydro- 

chloride salt). 

(1) (a) X = Y = H 

( b )  X = N02,Y = H 

(c) X = Y = NO2 

X 

H 
( 4 )  (a)  X = Y = H 

(b) X = N02,Y = H 

(c) X = Y = NO 2 

(2) ( a )  X = Y = H (3) (a) X = Y = H 

(b) X = H,Y = NO2 (b) X = N02,Y = H 

( c )  X = Y = NO, ( c )  X = Y = NO7 

(5) (a) X = H ( 6 )  ( 7 )  (a) X = Y = H 
(b) X = NO2 (b) X = H,Y = NO2 

(c) X = NO ,Y = H 2 



We have found that the phenylim~dazoles do not nitrate at O'C using nitric acid and acetic 

anhydride but 4-phenylimidazale gave an almost quantitative yield of 1-acetyl-4-phenylimidazole. 

Thls product was not obtained by reaction with acetzc anhydride alone at O'C but has previously 17 

been obtained by refluxing 4-phenylimldazole in acetic anhydride. 2-Phenyl-2-imidazole likewise 

failed to undergo nitration in acetic anhydride at O'C and gave as the only isolable product (50%) 

N,NS-diacetyl-N-benzoyl-1.2-diaminoeth~n (6). This compound has been obtained by the acetylation 

of 2-phenyl-2-imidazoline using acetic anhydride and pyridme. 18 

Although we have found that 4-phenylpyrimidine gives the ortho and meta isomers an mixed acid 

nitration6, and also that 3-methyl-2-phenylpyridlne glves a quantitative yield of the m-nitro- 

7 phenyl product whereas 2-phenylpyridine is reported 19'20 to give ortho:meta:para in yields of 

9:39:52% we have found that N-phenylmorpholine (7a) gives the meta:para products (7b.c) in the 

ratio of about 5:1 under similar nitration conditions. 

In our present studies we have thus observed only meta or para products in the nztration of 

phenyl N-heterocycles and have observed nothmg similar to the case of the phenylpyrimidines6'7'8 

in which artho and meta orientation is seen. The size of the heterocyclic substituent obviously 

inhibits ortho attack but it is still dzfflcult to predict and to rationallse whether meta or 

3 para direction w ~ l l  result. However some advances have been made in thls area . We hope to 
continue to investigate thoroughly the products of n~tration of simple phenyl substituted 

N-heterocycles to characterise and quant~fy the products completely and to rat~onal~se the 

observed results. 

I wish to acknowledge the techmcal assistance of G. B~adglgne. M. Johnson, S.D. McCrossen and 

J.R. Seymour-Shove, in this work. 

EXPERIMENTAL 

'H-Nmr spectra were recorded on a Perkln Elmer R32 90MHz spectrometer. Spectra were run in d6 

dimethyl sulphoxide or in CDC13 using Me4% as standard. Melting points are uncorrected. TLC 

invest~gatmns were carried out using Kieselgel plastic backed plates wlth fluorescent 

indicator using a range of eluants. 

Standard Nitration Conditions 

( A )  The phenyl compound (?. 1.00g) was dissolved in sulphurlc acid (d,1.80,4-5ml), cooled to 0% 

in an ice-bath, and then a mixture of nltric acid (d,1.5, excess or 1.0 mole equivalent) in 

sulphuric acid (d.1.80, 2-5ml) was added. The reaction was allowed to stand at O'C for >2h and 

then poured m t o  ice-water. Any product which was formed was collected, washed, then dried. 

The filtrate was then adjusted to pH9, any further solid collected, and the clear solution was 



HETEROCYCLES, Vol 27, No. 2, 1988 

extracted with methylene dichlonde. Any residue left after drying the extract (anhydrous sodium 

sulphate) and evaporatmg to dryness was r h o  investigated. 

(8) The above method was followed but usj.ng acrtlc anhydride in place of sulphur~c acid. 

By "sing the above procedures the following compounds were obtained pure: 

3-Methyl-I-1-nitrophenylpyrazole (lb),mp .l69-171'~ (lit.21 170'~). 6(d6DMSO) 2.30(s.Me)6.45(d84-H) 

8.57(d,5-H)8.04 and 8.30(2d,C6H4) Found: C.59.2; H.4.5; N.21.0%. C10H9N302 requires C.59.1; H,4.4; 

N.20.7% 

3-Methyl-4-~-nitrophenylpyraaole (2b),mp 182-184% (lit.13 181-182°~). 6(d6DMSO) 2.55(s.Me)7.80 and 

8.25 (2d,C6H4) 8.29(s,5-H). Found: C,59.2; H,4.4; N,20.8%. C10H9N302 requires C.59.1; H,4.4; 

N,20.7% 

3-Methyl-4-(2',4'-dinitrophenyl)pyraz01e (2c),mp 164-168°~. 6(d6DMSO) 2.24(s,Me)7.75(~.5-H)7.81 

(d,6'-H)8.5O(dd.5'-H)8.89(d$-H) ~ound:=8.2; H,3.3; N,22.8%. C10H8N404 requires C.48.4; 

H.3.2; N,22.6%. 

2-pNitrophenyIimidaz01e (3b), mp 309-312'~ (lit.14 310-315'~). 6(d6DMSO) 7.30(~,4,5-H)8.30(m.C6H4). 

Found: C,57.3; H,3.7; N,22.7%. C H N 0 requires C,57.1; H,3.7; N.22.7X. 9 7 3 2 

4-Nltro-2-~-nitrophenylirn1dazole (3c), mp 289-292'~ (lit.22 290-291%). 6(d6DMSO) 8.30(m,C6H4) 

8.60(s,5-H). Found: C,46.2; H,2.8; N,23.E,%. C9H6N402 requires C,46.2; H.2.6; N,23.9%. 

5-niiro-4-E-n~trophenylimida~~1e (4~). mpi 292-291'~ (lit.'' 293'~). 6(d6DMSO) 7.95 and 8.36 

(2d,C6H4) 8.0(s,2-H). Found: C,46.1; H,i.4; N,23.5%. CgH6N402 requires C,46.2; H.2.6; N,23.9%. 

0 2-2-Nitrophenyl-2-imidazoline (5b) (as njtrate salt), mp 137-141 C. S(CDC1 ) 3.55(bt,4,5-Hs)7.80 
3 

(t.5'-H)8.25 and 8.40(2bd,4' and 6'-Hs)8,7O(t,Z'-H). Found: C.42.8; H.4.0; N,22.4%. CgHgN3O2 

HNO requmes C,42.5; H.4.0; N,22.1%. 3 

N-2-Nitrophenylmoipho11ne (7b), mp 106.5"~. 6(CDC13)3.21 and 3.88(m,aliphatic CH2)7.15(bd,6'-H) 

7.39(t,5'-H)7.68(bd,4'-H)7.70(d,Z'-H). Found: C,57.6; H,5.7; N,13.2%. C10H12N203 requnes 

C,57.7; H.5.8; N,13.5%. 

N-~-Nitrophenylmorphhl~ne (7~). rnp 149-llj0~~ (lit.23 149-150'~). 6(d6DMS0) 3.40 and 3.80 (m, 

aliphatic CH2) 6.98 and 8.05 (2d,C6H4). Found: C.57.9; H,5.9; N,13.3%. C10H12N203 requires 

C,57.7; H,5.8; N,13.5%. 

REFERENCES 

1. J.G. Hoggett, R.B. Moodle, J.R. Pentm, and K. Schofield. "Nitration and Aromatic 
React~vity", Cambridge University Press, 1971. 

2. K. Schofield, "Aromatic Nitration", Cambridge University Press, 1980. 
3. A.R. Katr~tzky, H.M. Faid-Allah, H. Luce, and M. Karelson, Heterocycles, 1986 2, 2545. 
4. R.G. Coombes and L.W. Russell, J.Chem.Soc.(B), 1971, 2443. 
5. P.C. Myhre, J.Amer.Chem.Soc., 1972. 91, 7921. 
6. D. Adams, M. Dosanjh, and D.T. Hurst, Heterocycles, 1980. 14. 1989. 
7. D.T. Hurst. M. Johnson, M. M o m m ,  and J.R. Seymour-Shave, 10th Intnl. Cong. Heterocyclic 

Chem., Waterloo, Ont., Canada, 1985. 
8. B.M. Lynch and L. Poon, Can.J.Chem., 1967, 45, 1431. 
9. P.Cohen-Fernandes and C.L. Habraken, Rec.Trav.Chm., 1972, 1185. 
10. V. Parrini, -., 1957, 47, 925. 
11. M.R. Grimmett, S.R. Hartshorn, K. Schof~eld, and J.B. Weston, J.Chem.Soc.Perkin Trans 11, 

1972, 1654. 
12. D.D.M. Casoni, Gazz.Chim.Ita1.. 1959, 2, 363. 
13. P. Yates, D.G. Farnum, and D.W. Wiley, Chrm.and Ind., 1958, 69. 
14. F.L. Pyman and E. Stanley, J.Chem.S<s., 1924, 125, 2484. 
15. R.L. Grant and F.L. Pyman, J.Chem.S<g., 1921, 119, 1893. 



R. Forsyth and F.L. Pyman, J.Chem.Soc., 1926, 805. 
S. Cusmano and V. Sprio, Gazz.Chim.Ita1.. 1952, 82, 252. 

A. Marxer, J.Amer.Chem.Soc., 1957, 2, 467. 
R. Forsyth and F.L. Pyman, J.Chem.Soc., 1926, 2912. 
A.R. Katritzky and M. Kingsland, J.Chem.Sac., (B), 1969, 862. 
I.L. Finar and R.J. Hurlock, J.Chem.Soc., 1957, 3024. 
L. Sarett, D.R. Hoff, and D.W. Henry, Belg.Pat.660, 836, Sept.9, 1965 (-s., 1965,g. 
1~n971. - - - . . , . 
C.B. Kremer, M. Meltsner, and L. Greenstem, J.Amer.Soc., 1939, 61, 2552. 

Received,  7 t h  A u g u s t ,  1987 


