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Abstrucf. Regioselective alkylation of 1,2,4-triazole (Ia. Ila) to 1-alkyl derivatives (Ib) may occur by 

nucleophilic displacement of the triazole anion, is thermodynamically-controlled (shown by a free energy 

diagram), and the position of equilibrium is relatively insensitive to the nature of the alkyl group. 

Selective alkylation of 1,2,4-triazole (Ia, IIa) to 1-alkyl-1,2,4-triazoles (Ib) in preference to the 4-isomer (IIb) 

can be attributed to various kinetically-controlled mechanisms: e.g. statistical factors are favourable (2 : 1) and two 

*la adjacent nitrogen atoms may show an a-effect, also there may be complexation by silicon reagents,2 control of 

arnbident nucleophilic reactivity by dipolar aprotic solvents or a radical mechanism.3 Using kinetic data to construct 

a free energy diagram, we now show that the most important (and initially unexpected) factor is thermodynamic 

N-N 

(11 (11) 

(a) R=H (b) R = alkyl (c) R = CH2C(OH)R’R” 

(d) R = CH$(OH)Ph2 (e) R = CH$(O-)PhZ (f) R = CH2C(O-)R’R” 

(g) R = (CH213Ph (h) R = COCH3 

R-Hydroxyethyl-( 1,2,Ctriazole) derivatives (Ic) are of considerable curtent interest because they possess plant 

growth and fungicidal activities.4 Syntheses directly from triazole are preferred on economic grounds, and control 

of regioselectivity has been studied intensively both by us and others. 2-e Typically, conditions as mild as possible 

were initially chosen to try to improve the rcgioselcctivity of the reaction. Such kinetically-controlled reactions are 

successful for reactive a-halo-oxiranes 5a and a-haloketonessh For alkylations of triazole using less reactive 

electrophiles (e.g. epoxides or 3-phenylpropyl bromide), we obtained isomer ratios of 85-90 / 15-10. There are 

examples in aromatic substitution where high temperatures lead to greater regioselectivity by thermodynamic 

control.7 These, and other examples for ambident nucleophiles,s may be regarded as exceptional. However alkyl 

halides are known to catalyse isomerisations of N-alkylated heterocycles, by thermodynamically-controlled 

processes involving formation of quatemary salts. 9 We now provide evidence for an additional mechanism 

involving nucleophilic displacement of the triazole anion, and we comment on more general implications. 
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Figure. Free energy diagram for the production of 1-alkyl-1,2,4-triazole (Ie) from triazole anion (III) and epoxide 

(IV), and from rearrangement of the Qisomer (IIe). 

Following reports of high temperature, base-catalysed isomerisations of B-hydroxyethyl triazoles (IIC),3 we 

studied the kinetics and equilibria involved in the formation and decomposition of the R&diphenyl derivatives 

(Id and IId). Rate constants were determined by aliquot sampling combined with reversed phase high performance 

liquid chromatography (HFLC). Fist order rate constants for decompositions of O.lM soludon~ of the anions @e, 

and IIe) under strongly basic conditions gave the free energy differences BD and AC respectively (see figure). 

Under these conditions, the initial decomposition products should be the triazole anion (m) and diphenyloxirane 

(IV) - structures shown in the figure, Although these initial products cannot be detected directly, their presence as 

intermediates is supported by observations that the triazole anion can be trapped by other oxiranes and that 

diphenylacetaldehyde is formed during decomposition of the l-isomer (Ie), presumably by isomerisation of the 

epoxide (IV). Decomposition of the 4-isomer (He) occurs more readily, yielding the l-isomer (Id) after 

protonation. The product ratio for the second order reaction between the triazole anion (III) and diphenyloxirane 

(IV), giving initially a mixture of anions (Ie, IIe), provided the free energy difference between the tmnsition states 

for product formation (AB, see figure). 

From the kinetic data alone, the difference in free energy between the l- isomer (Ie) and the Cisomer (He) is 

calculated to be 4.31 kcab’mol (see Table). A completely independent measure of this difference in free energy can 

be obtained by quenching an equilibrium mixture of these anions, followed by HPLC analysis of the two 

alcohols (Id, IId). At 150 ‘C the equilibrium mixture approached from both sides was 99.3 f 0.1% of (Id) and 

0.7% of (IId); hence AG = 4.17 kcal/mol, in satisfactory agreement with the value of 4.31 kcal/mol calculated 

from the kinetic data. These results provide strong evidence that base-catalysed isomerisations of the IS-hydroxyethyl 

compounds (k, d) OCCUI via the triazole anion (III) by a dealkylation/alkylation process (see Figure) under 

thermodynamic control. Other examples (Table) show that the position of equilibrium is relatively independent of 

the alkyl group, including data for (I, IIg) in which the B-hydroxyethyl group is absent. Similarly, high 

e@librium isomer ratios are likely for N-acyltriazoles (Ig), 10 for which the Cisomer (IIg) has not been detected. 
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Table. Free energy differences (kcal/mol) at 150 T for isomerisations of triazole isomers (I, II, e, f, g) in 

N-methyl-pyrolidinone - see figure. 

Substrates a AB BD AC CD (calc)b CD (obsd)c 

(I,ne) 2.05 32.48 30.22 4.31 4.17 

R’=Ph, R”=Bun 2.31 32.65 30.64 4.32 4.45 

R’=p-ClPh, Rt=Bun 2.19 32.48 30.71 3.96 4.05 

R’=Rn=Ph(CH2)3 2.16 33.41 31.52 4.05 4.45 

R’= Ph(CH& , R”=Pr” 2.17 33.46 31.47 4.16 4.30 

( I, IIg ) 2.36 33.10 31.28 4.18 4.64 

a Refer to structure (If), unless stated otherwise. b From rate and product data: CD = AB + BD - AC (see 

text). c From equilibrium data. 

The base-catalysed isomerlsations of the R-hydroxyethyl compounds (IIc, d) occur in a variety of solvents ( e.g. 

PEG 400, excess triazole, or in neat solutions). Iodide can initiate similar isomerisations of the alkylated triazole 

(IIg) probably by displacement of the triazole anion (III) giving the alkyl iodide, which would then catalyse the 

reaction.9 

A recent report of liquid phase rearrangements from 4- to 1-alkyl-3,5-diphenyl-1,2,4-triazoles (V) can be 

explained by a similar displacement of the corresponding substituted triazole anion, rather than by an alkyl-shift 

process.11 Heating the neat compounds (V) at 350 ‘Y! may lead to a bimolecular dealkylation of one molecule by 

another, leading to tbe salt or ion pair (VI). If, as shown above, the reaction were thermodynamically-controlled, 

the observed preference for isomerisation to the 1-alkyl-isomer could be explained. Supporting this proposal is the 

expectation that the S,2 dealkylation would be unfavourable for 4-phenyltriazoles,lb consistent with the 

observations that no rearrangement products were observed. l1 The 3- and 5-phenyl groups in (V) are not 

essential for this rearrangement, because we have found that the 4-isomer of the alkylated triazole (IQ) rearranges 

to the l-isomer (Ig) at 350 “C. Although these are reactions in the condensed phase at relatively high temperatures, 

much higher temperatures (cu. 700 ‘T ) are required for flash vacuum pyrolyses of related compounds.11*12 

WI IVI) 

Conclusion. A new general mechanism, requiring nucleophilic displacement of the heterocyclic anion, is 

proposed for thermodynamically-controlled N-alkylation and acylation of heterocycles. This mechanism is 

expected to be more favourable for acylation than for alkylation and could apply to various heterwycles; e.g. 
hydrolyses of acetyl niazole in water,‘3 and of acetylimidazole in baseI show the ease of displacement of these 




