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Ababae-Acylmetbylenetriphenylphospboranes react with aryl azides in refiuxing benzene to give 
I-aryl-5-substituted-I,2,3-t.riazoles exclusively. The rcgiochemistry of the reaction was resolved by 
comparison of the triazoles with authentic samples, prepared by the Dimroth method. From the kinetic 
point of view, the reaction is accelerated by electron-withdrawing substituents on the azide and electron- 
releasing substituents on the ylide. The polarity of the solvent has only a small effect on the reaction rate. 
Finally, the low entropies of activation support a concerted cycloaddition in the first step of the reaction. 

THE addition of aryl azides to C-C triple bonds,* and the condensation of aryl 
azides with active methylene compounds in the presence of a base3 are two general 
methods for the synthesis of 1-aryl-11.3~triazoles. As an extension of our work in 
the ylide field,4* l we have developed a third general synthetic route to l-aryl-1,2,3- 
triazoles by reacting a-keto phosphorus ylides with aryl azides, according to the 
following scheme : 
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This reaction scheme has already been found to be ofgeneral value for the preparation 
of triazoles having an electron-withdrawing group (sulfonyl) in the l-position.’ 
Aryl azides although less reactive than sulfonyl azides, readily combine with 1 in 
refluxing benzene solution to give 3 in good yields (Table 1). 

The triazoles 3a-k exhibit several IR absorptions in the region 950-1120 cm-’ 
which have been tentatively assigned by several authors6 to vibrations of the triazole 
nucleus. Much more typical for characterizing our products, however, is the triazole 
=C--H stretching vibration at 3100-3140 cm-‘. Also typical are the triazole ring 
proton signals in the NMR spectra at about 6 75-8.1. 

Structural proof for 3 was obtained through an independent synthesis by reacting 
the p-keto esters 4 with aryl azides in the presence of sodium ethoxide, followed by 
decarboxylation of 5 (see experimental section) This reaction, referred to as the 

l The structures indicated for the transition states VIII and IX in the Tetrahedron publication have 
been incorrectly printed and should read: 
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TABLE 1. Mom AND BIS-I-ARYL-5-SIJB~T IlUTRO-l.i?.3-TRIAMLB 

Triazole 3t Reaction conditions Yield Recrystn solvent mp. 
R Ar % “C 

a CH,- PNOz-&H.-- 1/2hr.80 13 methanol 139-1405 
b pBr- C,H*- 3monuls20° 66 aq. methanol 985-99.5 
C pCH,OX,H,- I day, 80” 54 q -hexane 43,545 
d C,H,- PNOI--CIH.- 1 br,80 17 methanol 1625-M 
e pBr-C6H, 4 hr. 80 90 aq. methanol 90-91.5 and 

104+106* .= 

f CIHS- 2 days, 80 80 methanol 116-117 
B PCH,Ox,H.- 3 days, 80 54 ether 84-85 

g 

h pNOI-C6HI- PNOI--C&- 2days80 98 methanol 2aM-202 
i pBr--GH.- 2days80 a5 chloroform-n-hcxanc 

i 
173-174 

j C,H,- 6 days, 80” 67 aq. methanol 150-151 6 

k pCH,O-GH,- 10 days 80 70 methanol 145.Sl46.5 x 

--Q- 

W 
I CH,- 

5 hr. MI a3 methanol 2355-236 !i 
m C6Hs 2 day% 800 91 benzene 229.5230 

l This triazolc soems to exist intwodiffcreat crysWine forms with different m.p. and slightly different IR (KBr) spectra The NMR spectra in CDCl, solution are 
tbc same. 

t C, H, and N analyses of the unknown triazolcs were within @2-0.4%. 
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HooC--:=C-R R-CeCH,-COOEt + At-N, - 
h 

R = Me. Ph. p’- N02-C,H4-- 

N&Ar - 

5 

Dimroth reaction,’ is known to afford a triazole with the R substituent in the 5-posi- 
tion. The identity of the triazoles from 1 with those from 4 adequately demonstrates 
the regiochemistry’ of the reaction, that is, the exclusive formation of 1,5- instead of 
l+disubstituted triazoles. 

Since the additions occur only in one direction, the reactions of bis-azides with 1 
provide a simple and efficient route to symmetrical bis-1,2,3-triazoles (eg 3I, m). The 
results obtained with 1,4-diazidobenzene are given in Table 1. 

“-7 =C-R R-_C=C-H 
I I 

N\ \N/N-Ar-N\N/N 

31 m 

The reaction conditions listed in Table I indicate that triazole formation is acceler- 
ated either by introducing electron-withdrawing substituents in phenylazide or by 
using an ylide of stronger nucleophilicity. The data are consistent with the following 
two reactivity sequencies : 

azide Ar : p-NO&Z,H,-- > p-Br--C,H,- > C,H,- > p-CH30-C6H4-- 

ylide: R: CH,-- > C6H,-- > p-N02-C6H4-- 

These fmdings, however, do not elucidate the mechanism of the formation of 2, 
since either a two step addition, via intermediate 6, or a concerted cycloaddition, 
via transition state 7, is consistent with the observed acceleration effects. In order 

R-CO-_CH-+PPh, ph,; _____& 

I I 

6 

to differentiate between both mechanisms, we focussed on the kinetics of the reaction 
of phenyl azide with benzoylmethylenetriphenylphosphorane (1, R = Ph) in three 
different solvents. The second order rate constants and the activation parameters 
are recorded in Table 2. It is interesting to note that the reaction rate is only slightly 
enhanced in a more polar solvent. This is logical if one considers the ylide as existing 
essentially in its enolate structure, a conclusion supported by the large displacement 
of the C==O absorption in the IR spectrum (at 1520 cm-‘). In this respect, the con- 
version of 1 into 2 is associated with only a very small increase in charge, so that 

JF 
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- + 
R-CO-C-H=PPh, - R-CO-CH-PPh, - R-C=CH--+PPh, 

d 

enolate 

TABLE 2. RATE CONSTAHIS AND ACTIVATION PARMETBS FOR THB REACTION OF 1, R = Ph WITH Ph-N, IN 

DIFPERBNT SOLVENTS* 

Solvent T 
(dielectric constant) “C 

10’ kl 
se-’ 1 mol-’ 

AE 
kcal mol - * 

AS* (at 80”) 
CU. 

Toluene 700 
(2.38) 800 

900 
loo0 

DMF 700 
(36.7) 800 

900 
100 
110.0 

DMSO 800 
(48.9) 

046 154 f @I - 33 f @3 
@89 
168 
2.73 (2.70) 
@625 17.0 f @I - 26 f Q3 
1.18 (1.21) 
2.27 
4.56 
8.16 
I.65 (1.69) 

l l.5-Dipbenyltriaxolc was isolated in 75 and 67% yield from the reaction in DMF and DMSO rcs- 
pcctively. 

solvation changes during the rate determining step are practically negligible. It is 
therefore not surprising that almost the same entropies of activation are obtained 
in two solvents of quite different polarity : toluene and DMF. To account for the low 
entropy values, we regard the reaction as a concerted cycloaddition of the azide 
onto the C-C double bond of the ylide, proceeding via transition state 7. The paral- 
lelism between a-ester phosphorus ylides and the classic dipolarophiles in their 
behaviour towards azides has recently been described.’ 

EXPERIMENTAL 

All mg ps were obtained on a L&z apparatus and are uncorra%cd. IR spectra were taken on a Pcrkin- 
Elmer 521 spectrometer. NMR spectra were recorded with a Varian AdO spectrometer using TMS as an 
internal reference. 

Phosphorus yltis. The ylidcs 1 were prepared by treating the respective pbosphonium salts with an 
aqueous solution of Na,CO, or NaOH (salt method). They were carefully r=ystallized from the appropri- 
ate solvcnl and gave tbc following mp. and IR (KBr) C=O absorptions: 

I, R = Me: 206-209” (from MeOH, lit.’ 20s206”), 1540 cm-’ 
1, R = Pb: 1895-190” (from benzene, lit.’ 178-180”). 1520 cm-’ 
1. R = p-NO+Z,,H,--: 163-164’(from EtOAc. lit? 156157”). lSu)cm-‘. 
General procedurefor the synthesis of I-aryl-1,2.3-friazolco 3. The ylide I(002 mole) was allowed lo react 

with 002 mole of the mono-azide or 001 mole of the bis-atide in IO0 ml of rcfluxing benzene. After complete 
reaction (checked by IR) the solvent was removed with a rotary evaporator and the residue crystallized 
from McOH or aqueous MeOH (except for 3g which wm fractionally crystallized from ether. and k 
which was distilled off (195-2W/4 mm) after removing the tripbcnylphospbinc oxide by precipitation in 
ctber). Tbe bis-triaxolts 31,~ partially precipitated from the cold reaction mixture. 
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Synthesis o~triuxolcs 3 by the Dimroth method. Four of our triazolcs were reported in the literature: 
3a” (mp. 138-139”). 3b” (mp. 97”. the l,&somer has mp. 164”). 3dt” (mp. 162-163’) and 3f” (mp. 112” 
the 1.4isomer has mp. 184185”). The other. unknown triaxolcs were prepared ax follows. Equimolecular 
amounts (O+t mole) of aryl axide. &kcto ester 4 and NaOEt were refluxcd in 75 ml EtOH for 2 hr. then 
beated for another hr with 75 ml ofaddcd water. The reaction mixture was poured into cold water, acidified 
with HCL and the ppt was tiltcrcd off. recrystalhxed from water and dried. 

For the condensation reactions with pmcthoxyphenyl azide, a slightly modified procedure was used. 
A soln of0011 mole of the axide in 50 ml ofdry ether was added to an quimolccular mixture of 4 and NaOEt 
in 75 ml EtOH and the reaction temp was maintained at about 50” till sufficient ppt was formed. The 
reaction was then worked up in the same way as described above. For the condensation of gmcthoxy- 
phcnyl azidc with pnitrobenxoylacotate a 24 hr heating time at 75” was q qossary. The following yields 
and m.p. for the laryld-substitutod-1,2,3&azole4carboxylic acids 5 were obtained: 

Se: 62%. M-170”; !!a: 600/., 162-164” (de@; Sg: 52%. 174-175” (dec.); 9 loOgg 169-170”; Si, 93x, 
171-172”; SJ: 76%. 161-163” (dec); 4: 62%, 112-1135” (21% of starting acid was recovered). 

The triazolc4carboxylic acids 5 were converted quantitatively into 3. when heated above their m.p. until 
gas evolution ccascs. 

Kinetic wte~amv~s. u.rIng IR techniques. Equimolecular mixtures of 1 (R = Ph) and phenyl azide 
were dissolved in the appropriate solvents The two solns were allowed to come separately to thermal 
equilibrium in the thermostat and then mixed. The reaction was followed by recording the disappearance 
of the azidc absorption (at CO 2130 cm-‘) in the IR spectrum Azidc concentrations were determined from 
the observed absorption using a calibration curve. By plotting l/(azide) us time, linear plots up to 80”/. 
conversion were obtained. The accond order rate constants were determined from the slopes of the linear 
plots. Mcasuremcntx in toluene and DMF were made at several temps and the cnergia of activation were 
determined graphically from log k, versus l/r. The entropies of activation were calculated from the rate 
constants at 80” using the following quation: 

AS* = 4576 log k, (set-’ I mole-‘) - 49.14-4.576 log T + AEE/T 
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