
HETEROCYCIES, Yo1 27, No 8, 1988 

FLUOROAZOLES. A N  MNDO SCF M O  STUDY 

Jordi Garcia and Jaume Vilarrasa* 

Departament de Quimica Orghica, Facultat de Qufmica, 

Universitat de Barcelona(lll), 08028 Barcelona. Catalonia. Spain 

,!&m,ct - M N D O  calculations are reported for 43 fluorine-containing nitrogenated 

five-membered rings. The available experimental data, on fluoropyrazoles 10-15 and 

other flaoroazoles, correlate quite well with the calcalatetl energies and charge 

distributions. I n  the light o f  such results, some properties of interesting fluoroazoles 

not yet synthesized may be predicted. 

In the past recent years one o f  us has been involved in the evaluation o f  the more reliable semiempirical SCF M O  

n~ethods (MNDO and A M  I )  as far as the description of several heterocyclic systems is concerned.' The results, 

taken as a whole, point out that the MNDO method2 is very suitable for predicting the heals of formation of five- 

membered nitrogenated aromatic rings (azoles), far better than the AM1 method.3 whereas the last one gives 

theoretical results that agree nwch better than MNDO with the available experiniental data regarding six-membercd 

nitrogenated aromatic rings (azines). 

In this context we wish to report here our niost significant MNDO res~dts on the C-fluorinated azoles 1-35 and to 

compnre the thermodynamic stabilities o f  the different sets o f  isomers and tnutorners. MNDO was selected by the 

reasons indicated above and because a former work o f  Dewar and Rzepn4 showed an excellent agreement betweel! 

experimental and MNDO energy values o f  fluorinated benzenes.5 

The heats of formation and dipole moments, as calculated by MNDO wing  the MOPAC package." are 

sllow~l i n  Table I. According l o  these values, 2-fluoropyrrole (I) is predicted to have a lower energy content and 

smaller dipole moment than 3-fluoropyrrole (2).7 Among the four difluoropyrroles, 2,s-difluoropyrrole (5) 

appears to be thennodynamically the nlost stable. The energy dillerence between 3-flooropyrazole (10) and 5- 

flooropyrazole (12) is too small to guarantee which tantomer woi~ld be preferred in the gas-phase eq~~ilibriern, but 

the difference between the dipole monien[s o f  these two tautotners indicates that 10 may be largely favored in 

polar media.8 3.5-Difluoropyrazole (14) shows a heat of fonnation lower than that o f  its 3,4-difluoro and 4.5- 

difluoro isomers (13 and 15, respectively): both tautomers 13 and 15 may be present i n  the gas-phase 

erluilibri~nn, but the higher dipole moment o f  13 suggests that i t  may largely predominate i n  polar solvents or 

concentrated solutions.8 Regarding their relative energies, no significant differences are predicted lor 

n~onofluoroi~nidazoles 17, 18, and 19, nor for difluoroimidazoles 20 and 21, but i t  is expected that polar 

solvents wi l l  favor 4-fluoro derivative 18 with regard to 5-f lr~oro derivative 19. and analogously 2.4- 

difluoro derivative 20 with respect to 2.5-difluoro derivative 21. I t  is also worth noting that a l l  

flnoroin~idazoles and difluoroimidazoles have AHf values lower than those o f  their isomeric flr~oropyrazoles and 

difluoropyrazoles, respectively. As far as triazoles tire concerned. MNDO predicts that 3-fluoro-l,2,5-triazole 



Table I. Heats of Format ion3 (kcaVmol) and Dipole Moments (Dl of 1-35 

AHf PD AHf PD AHf PD - - - 
1 -16.7 (-17) 2.03 13 -47.7 (-45) 4.40 2 4  4.0 (14) 4.74 
2 -15.2 (-15) 3.62 14 -50.4 (-50) 2.19 25 4.4 (14) 2.25 
3 -62.8 (-60) 3.94 15 -47.4 (-45) 1.83 26 10.5 (10) 1.80 
4 -63.6 (-64) 2.61 16  -93.1 (-88) 2.99 27 -39.9 (-27) 3.41 
5 -65.2 (-65) 0.16 17 -14 8 (-15) 3.93 28 -33.9 (-31) 2.56 
6 -61.6 (-59) 4.96 18 -15.3 (-15) 5.08 29 -3.3 (-3) 4.65 
7 -108.2 (-103) 4.46 1 9  -14.7 (-15) 2.71 30 -1.9 (-2) 1.98 
8 -110.3 (-108) 2.12 20 -62.1 (-62) 4.79 31 -5.6 (2) 5 08 
9 -154.0 (-147) 3.25 21 -61.6 (-62) 2.23 32 -48.8 (-49) 3.42 
10 -3.1 (-3) 4.06 22 -60.9 (-58) 4.69 33 -50.9 (-43) 4.20 
11 -1.0 (-1) 2.55 23 -106.8(-104) 3.66 34 10.2 (28) 3.98 
12 -2.9 (-3) 0.23 35 13.5 (24) 3.00 

a Corrected values withm parcnlheses correclion terms of 8-10 kcal/mol per wch pair of neighbring pyridine-liko 
nitrogcns (see ref. Ib) and 01 2.5 kcal/mol pcr each pair of ortho fluoro substiluenls (see ref. 5) have k e n  added to ihe 
MNDO valucs. MNDO may also underesumalc ihc lnnc pair repulsions bchuccn lhc vicinal pyridinc-like nitrogcns nnd 
fluorine substitucnts, so that structures 10, 13. 14. 16-18, 20-24, and 26-35 would probably nccd a small 
addilional eoncctmn, but ihc lack oferpermcnlal dam precludes ur evalurlc it. 
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(2&l-fl1toro-l,2.3-lriazole, 26) is h e  less stable ianlomer of the sct constit~~tcd by 24, 25, and 26, hut 

it is just in the biazole and tetrazole cases where MNDO results may be unreliablelb since these heterocycles may 

conlain two or three neighboring p~ridine-l ike nitrogens, so that the so-called corrected values shown in Table I 

must be compared. The same comment can be applied to the 4,5-difl1~oro-l,2,3-lriazole/3,4-difl11oro-1.2,5- 

lriazole equilibrium (27 = 28). In  the 1,2.4-triazole series, taking into account the corrected AHfvnlues, i t  may 

be expected that 3-fleoro-1,2,4-triazole (29) and 3.5-difluoro-1.2.4-triazole (32) are the predon~inant tautonlets 

in the 29 t 30 $ 31 and 32 e 33 equilibria, respectively, either i n  the gas phase or in diluted solutions ill 

apolar solvents; i n  the first equilibrium, polar media should further favor 29 (and obviously 31 as well) i n  

relation to 30. Comparison o f  the energies o f  5-flooro-l.2,3.4-te1razole (34) with 4-fli1oro-l.2.3,5-lelrazole 

(35) suggests that the last one may be more stable. 

To gain insight into the effect o f  electron-donating and electron-withdrawing substitueats at N1 on different 

properties o f  fluoroazoles, the following pairs o f  structures have been also calcula~ed: 2.5-difluoro-l- 

methylpyrazole (36) and 3.4-difluoro-I-methylpyrazole (37); 2.5-difluoro-I-formylpyrazole (38) and 3,4- 

difluoro-I-formyl pyrazole (39); 3.4,5-trifluoro-I-methylpyrazole (40) and 2,4.5-trifl~toro-I-methylimidazole 

(41); and 3.4.5-trifluoro-I-formylpyrazole (42) and 2,4.5-trifluoro-I-formylimidazole (43). Their heats of 

formation and dipole moments are shown i n  Table 11. When pairs 36/37 and 38/39 are compared to 516, i t  

Table 11. Heau of Formation (kcaVmol) and Dipalc Momenls (D) of 36-43 

AHf PD A h  PD 

36 -63.1 0.65 40 -94.7 3.64 
37 -61.6 5.24 41  -106.0 4.31 
38 -93.3 2.27 42 -122.7 3.28 
39 -91.9 3.67 43 -134.9 3.34 

toms out that: (i) 36 and 38 are relatively destabilized by 1.5 and 1.9 kcal/niol; (ii) the dipole moments of both 

36 and 37 increase slightly, whereas those o f  38 and 39 are leveled. The first point indicates that the methyl 

and formyl groups cause the same effect. presumably a smnll steric effect. The second rcsult is explained by the 

contribution, of opposite sign, o f  the methyl and formyl groups to the total dipole moment. When pairs 40141 

and 42/43 are compared with the N-unsubstituted trifluoropyrazole/trifluoroimidazole pair (16123). the same 

conclusions can be reached: since these pyrazoles have only one fluorine atom vicinal to N I -R  (R = 11. Me, 

CIIO), whereas in these imidazoles there are two, the small, relative destabilization o f  41 and 43 with regard to 

23 may be attributed to a steric effect; furthermore, i t  i s  reasonable that the dipole moments o f  40 and 41 

increase, while those of 42 and 43 undergo a leveling effect, as observed before in the formyl derivatives 

38/39. 

At last, to expand the predictive value of the present calculadons, we have considered any possible relationship 

between the available chemical shifts89 and the MNDO-calculated elecbon densities. The best correlation 

has been found when the 61; values of the N-methylated fluoroazoles,l0 in CDC13 with respect to and at higher 

field than external trifluoroacetic acid, are represented, as shown i n  Figure I, ngainst the n-electron densities at 

the fluorine-linked carbon atoms (see Table Ill). Bearing in mind that the effect on 6F o f  the interaction among 

the in-plane nitrogen and fluorine lone pairs cannot be reliably evaluated and is therefore neglected, we recognize 
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Figure 1. 1 9 ~  chemical shifts of N-methyl analogues of 10-15, 

17-19. and 29 vs. MNDO-calculated n-electron densities at the 

fluorine-linked carbon atoms. 

Table UI. n-Electron Densities on the Fluorine-Linked Carbon Atoms 

1.116 10 1.023 17 1.019 24 1.093 38 1.070(C2) 
1.117 11 1.150 I 8  1.065 25 1.082 1.114(C5) 
1.143(C2) 12 1.068 19 1139 26 1.052 39  1.130(C3) 
1.144(C3) 1 3  1.039(C3) 20 I.OOl(C2) 27 1.118(C4) I. IOB(C4) 
1.097(C2) I. 179(C4) 1.056(C4) 1.115(C5) 40 1.029(C3) 
1.109(C4) 14 l.Oll(C4) 21 1.015(CZ) 28 1.074 1.209(C4) 
1.112 1 .M9(C5) 1.139(C5) 29 0.975 l.O74(C5) 
1.141 15 1.179(C3) 22 I.O87(C4) 30 0.974 4 1 0.993(C2) 
l.lZJ(C2) 1.094(C5) 1.174(C5) 31 1.028 L.OIll(C4) 
1.169(C3) 16 1.028(C3) 23 0.997(C2) 32 0.962(C3) 1.176(C5) 
1.132(C4) 1.209(C4) 1.081(C4) 0.956(C5) 42 1.014(C3) 
1.140(C2) 1.074(C5) 1.175(C5) 33  1.028 1 .186(C4) 
1.136(C3) 34 0.972 1.070(C5) 
1.092(C5) 35 0.995 4 3  0.949(C2) 
1.121(C2) 36 1.109 1.058(C4) 
1.162(C3) 37 1.138 1.186(C5) 

that Figure I has only a qualitative value. Nevertheless, certain predictions seem sound. For instance: were 36 

and 37 synthesized, one would expect for them 6F values of ca. 80 ppm and 90 ppm, respectively: were 

lrifluoroimidazole 4 1  ever prepared one would expect SF values of ca. 35 ppm (F2). ca. 70 ppm (F4), and ca. 

105 ppm (F5). 

In conclusion, application of the MNDO method lo the fluorine-substituted. nitrogenated five-membered rings 

affords results that agree quite well with the available experimental data and allow us to guess the relative 

stabilities, polarities, and approximate fluorine chetnical shins of several unknown compounds. 
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