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2-Aryl-1,2,3-triazoles were synthesized by cyclization ofdbeesponding glyoxal arylosazones,
generated from commercial arylhydrazines. The deproto-metallatiopled®l1-1,2,3-triazole was
attempted using different 2,2,6,6-tetramethylpiperidino-based rlitkagm-metal (Zn, Cd, Cu, Co, Fe)
combinations, giving results in the case of Zn, Cd, andl@e lithium-zinc combination was next

10 selected to apply the deprotonation-iodination sequence te&k#iyl-1,2,3-triazoles synthesizdde
results were analyzed with the help of the CH acidities of the substtateamined in THF solution
using the DFT B3LYP method.

We herein describe our attempts to use these lithium-metal

Introduction combinations for the deproto-metallation of 2-aryl-1,2,3-triazoles.

. o The regioselectivity of the reaction being partly determined by

1.,2,3-"I'r|azoles.h.a.ve been shown to exhibit a brogd s.pectrum“s%e acidity of the different hydrogens in the substrate molecule,

s biological . activities, a”‘,’ ha\{e found applications  as the CH acidities of the triazole substrates in THF were calculated
agrochemicals, dyes, anticorrosive agents and ph()tOgraph'\(fvithin the density functional theory (DFT) framework using a

materials: Even if less described than 1-aryl-1,2,3-triazoles homodesmic reaction approach described previdds® and
probably in relation with a lack of general synthetic metHais, were used to rationalize the outcome of the reactions.
aryl-1,2,3-triazoles have found applications, for example as

20 optical brighteners. - -
Deprotonative lithiation is an efficient tool to functionalize’ Results and discussions
regioselectively heterocyclésconcerning 1,2,3-triazoles, such a Synthetic aspects
possibility has been developed using as substrates 1'SUbStitUt‘?Psyntheses of 1-aryl-1,2,3-triazoles have largely been destrib
1,2,3-triazoles, affording after subsequent trapping 5-substituteﬂOtably using thermal and Cu(l)- or Ru(ll)-catalyzed

25 derivatives® The reason why no direct lithiation of 2-substituted cycloaddition reactions from alkynes and azides, few ways exis

1,2,3-triazoles has been documented could be in relation weith th, - synthesize 2-aryl-1,2,3-triazols.

possible ring opening of the metallated species in this case We considered for this purpose the cyclization of glyoxal
(Scheme 1, S = substitugnt bis(aryl)hydrazones (glyoxal arylosazones), generated from
Li commercial arylhydrazines The Cu(ll)-catalyzed method

/('\“\ e =\ developed by Myachina and co-workers in the case of
Li N NO N — N_ ind9-20 ;
N n‘uj NLi s phenylhydrazine;=” and for which we propose the one electron
S S S mechanism shown in Scheme 2, was followed.
30 Scheme 1Compared stabilities of the lithio derivatives of 1-sitbtd In the presence of catalytic copper(ll) triflate, the reaction was
1.2,3-triazoles and 2-substituted 1,2,3-triazole. performed either at 150 °C without solvent (Table 1, entries 1, 2

Combinations of lithium reagents and sofnetal compounds and 5) or at toluene reflux (Table 1, entries 3 and 4) to furhish t

have recently emerged as efficient tools to deproto-metallgt&XPected derivativeba-ein yields ranging from 50 to 88%.
sensitive aromatic compoun€isn search of new bimetal bases The abilities of the different lithium-metal combinations to
s for tricky deproto-metallations, we developed the use of TMp-deproto-metallate 2-phenyl-1,2,3-triazoléal were compared
based (TMP = 2,2,6,6-tetramethylpiperidino) lithium-zZffc? (Table 2). To this purposéda was first treated with the lithium-
lithium-cadmium®® lithium-copper(1)}2*? lithium-cobalt* and zinc basejn situ prepared from ZnGITMEDA (0.5 equiv) and
lithium-iron® mixtures, prepared by mixing LITMP with ™ LiITMP (1.5 equiv)?* in THF for 2 h at room temperature before

MCl, TMEDA (1/3 equiv, M = Zn, Cd or Cu, TMEDA = interception with iodine; under these conditions, two derivatives
40 N,N,N',N'-tetramethylethylenediamine), CuCl (1/2 equiv), CoBr were |solated“, the 4"0‘?'0 derlve}tl\aa, Ok,’ta'”ed in 38% yield,
(1/3 equiv) or FeBr(1/3 equiv). and the 4,2’-diiodide 3a, isolated in 7% yield (Table 2, entry 1).

The monoiodide2a was identified unequivocally by X-ray




structure analysis (Fig. ¥)Replacing zinc by cadmium led to an using the lithium-cobalt base situ prepared from CoBr(2
improved conversion and a more important formation3af  equivf® and LiTMP (6 equiv) or the lithium-iron base situ
(Table 2, entry 2); such a dideprotonation using the lithiuresprepared from FeBr(1 equiv) and LITMP (3 equiv) led to
cadmium reagent has previously been observed from differentlegradation and starting material, respectively (Table 2, entries

s diactivated substratés?! 4.,5).
ﬁN/NHPh Ny
N_ _H /
N
Ph
K Cu2+
Cu*
H ﬁN/NHPh
Ph—N ~————— N_._H 4&
\H @'T‘
Ph = Fig. 1 ORTEP diagram (30% probability) 8t

- * phf,tf 0 To avoid concerns about inherent toxicity of cadmium
ﬁN/NHPh H M compound$? we decided to pursue the study using the lithium-
No H PN —k—» NN zinc base, but prepared from ZpQIMEDA (1 equiv) and

) H P LITMP (3 equiv) in order to reach higher conversions (Table 3

Ph

Scheme 2Mechanism proposed to rationalize the Cu(ll)-catalyze
cyclization of glyoxal phenylosazone.

Starting from 2-phenyl-1,2,3-triazold ), the 4,2’-diiodide 3a

sswas formed in 56% vyield, to the detriment of the 4-iodo
derivative 2a which was obtained in 12% vyield; quasi-complete
conversion and 63% yield foBa could even be reached by
doubling the amount of base (Table 3, entry 1).

Table 1 Synthesis of the 2-aryl-1,2,3-triazoles

/N
1- NaOH (NO N Table 3 Deprotonative metallation dfa-e using mixed Li-Zn base
NHNH,.HCI N followed by t . ithol
2- (CHO)2 " 40 TOollowe Yy trapping withl
= | _ 6 = | 2
I I
S 3- CuTfy A K 5 4
" 2 Ry = N S S
1 4N_ N, 1-ZnCly TMEDA (1 equiv) N_ _N N_ N N_ N
10 : N, + LiTMP (3 equiv) N N N
Entry R Product, Yield (%) o 2 _ _ I
1 H 1a 82 ] tHR 2 o !
2 4-Me 1b, 50 ST o, RS RN
3 4pr ic 61 !
4 4-OMe 1d, 64 1 2 3
5 3'Cl 1g 88 Entry Substrate (R)Product, Yield (%)
. ] 1 1a(H) 23,12 (2} 3a(2-1),56 (63} °
Overall yield over three steps. 2 1b(4-Me) 2b,15(7} 3b(2-), 32 (58f  4b, 13 (6}
3 lc(@-Pr)  2c 36 (12} 3c(2-1), 7 (61} b
Table 2 Deprotonative metallation dfa using different lithium-metal 4 1d (4-OMe) ® 3d (2-1), 35 (56§°  4d, 18 (O}
combinations followed by trapping with electrophiles 3'd (3-1), 3 (0f
5 1e(3-Cl) 2¢, 6 (OF 3e(2-l), 12 (19% °

3'e (6-1), 35 (59§

//—& 1- MX,, (x equiv) +
. LiTMP (x(n+1) equiv) @ Deprotonation performed using ZnQIMEDA (2 equiv) + LITMP (6
N THF, 1t, 2 h equiv). ® Not obtained.® 2-(2,5-diiodo-4-methoxyphenyl)-4-iodo-1,2,3-

triazole 6d) was also isolated in 7% yield.

2- Electrophile
3- Hydrolysis

@z

1a

i
N_ _N N_ _N
N N
sles
2

15

Entry MX, (X equiv) Electrophile (E)

Product, Yield (%

1 ZnCl,- TMEDA (0.5) I, (1) 23,38 33,7
2 CdCh- TMEDA (0.5) I, (1) 2a,46 3a 14
3 CuCl (1) PhCOCI (PhCO) 24,34 °

4 CoBr, (2) 12 (1) ab ab

5 FeBr, (1) 'BUCHO (BUCH(OH)) °¢

3 Not obtained® Degradation ofawas noted® 1awas recovered.

Using the lithium-copper basi situ prepared from CuCl (1
equiv) and LITMP (2 equiv), under the same reaction conditioff

2 followed by trapping with benzoyl chloriéfeafforded the phenyl
ketone2a’ in 34% vyield (Table 2, entry 3), maybe through the

thermodynamic metallated species at'&©n the other hand,

11 -

7

Fig. 2 ORTEP diagrams (30% probability) 8b and4b.

In the presence of a methyl and, above all, an isopropypgrou
at the 4 position of the phenyl ring (substratbsand1c), the 4-




iodo derivatives2b and 2c were formed more significantly.

However, using ZnGITMEDA (2 equiv) and LiTMP (6 equiv)

afforded the 4,2’-diiodide 3b and 3c in 58 and 61% yield,

respectively (Table 3, entries 2,3). In the case of methylkbed
s the 4,2°-diiodide 3b as well as the 2'-monoiodo derivatigé,

o Benzyne formation was previously evidenced using
Me,Zn(TMP)Li as basé® in our case, the observed good
conversion to iodides shows that the elimination of metal chloride
giving benzyne is not the main reaction.

Computational aspects

which was also obtained (6-13% yield), were identified

unequivocally by X-ray structure analysis (Fig.{1No benzylic
deprotonation was evidenced in these experiments.

4s The data on CH acidity of triazoles are scanty. Fraser reported the
value (26.2) for K, of 1-propyl-H-1,2,4-triazole in THF

Anisole being easilprtho-deprotonated under similar reaction solution?® Substituent CH acidities in DMSO for ethynyltriazoles
1 conditions® it was interesting to involve in the deprotonation- were evaluated and compared with the results computed by

iodination sequence @-methoxyphenyl)-1,2,3-triazole 14).

employing the semi-empirical CNDO 2 methddhe CH acidity

Due to the activating effect of the methoxy group, a completeof some unsubstituted azoles were also estimated recently within
conversion was noted but, as suspected, several products weliee DFT framework®

isolated. Using ZnGITMEDA (1 equiv) and LiTMP (3 equiv)
15 afforded the 2’-diiodide 3d (35% yield), the 2'-monoiodidéd
(18% vyield), and the,3-diiodide 3'd (3% yield); the formation

We showed earlier that DFT calculations provide good results
for gas-phase formation enthafpyand basicityf of triazoles. In
the present paper, the results of DFT calculations of CH acidity of

of the former could be improved to 56% vyield usingsthe different 2-aryl-1,2,3-triazolesa-g, both in gas phase (see
ZnCl, TMEDA (2 equiv) and LiTMP (6 equiv), but under these ESI)i and in THF solution (Scheme 3), are presented.

conditions the 4,2'5'-triiodidébd also formed and was also

20 isolated in 7% vyield (Table 3, entry Both the 4,2’-diiodide 3d
and the 4,3'-diiodide8'd were identified by X-ray diffraction
from suitable crystals (Fig)3

"

Fig. 3 ORTEP diagrams (30% probability) 8fl and3'd.

The gas phase aciditiag.{G and K, values in THF solution
of all the triazole substrates were calculated using a theoretical
approach related to the one previously described. We used it
s0 successfully to account for mercuration of substituted triaZles,
trends in CH acidity ofN-alkylazoles® reactivity of N-aryl
pyrazole$® and pyridineg?
All the calculations were conducted with the Gaussian 03
packag@' using the DFT B3LYP method. The geometries were
es optimized using the 6-31G(d) basis set (se€.ESlo symmetry
constraints were imposed. In order to perform stationary points
characterization and to calculate zero-point vibrational energies
(ZPVE) and thermal corrections to Gibbs free energy, vibrational
frequencies were calculated at the same level of theory. The
70 Single point energy calculations were performed using the 6-
311+G(d,p) basis set.
The gas phase aciditiés(G were determined as the Gibbs
energies of deprotonation of the substratedl RR—Hg — R

»s  With a chloro group at the 3 position of the phenyl group, + H'g).
things can be more complex due to the loss of symmetry. Upen The solvent effects were evaluated using the polarized
treatment with the lithium-zinc base prepared from continuum model (PCM) with the default parameters for PHF.

ZnCl, TMEDA (1 equiv) and LITMP (3 equiv), &

The PCM energiesEpcy Were calculated at the B3LYP/6-

chlorophenyl)-1,2,3-triazolel€) was converted to a mixture of 311+G(d,p) level using geometries optimized for isolated

30 the 4,6'-diiodide8'e (35% vyield), the 4,2'-diiodid8e (12% yield)

structures. The Gibbs energy in solutiGg was calculated for

and the 4-monoiodid2e (6% yield). Increasing the base amount each species by the formula:
(ZnCl,- TMEDA (2 equiv) and LITMP (6 equiv)) resulted in the Go = GPg+ Epcy — E.

exclusive formation of the diiodide3'e and 3e (59 and 19%

To cancel possible inexactnesses, thi€, pvalues were

yield, respectively) (Table 3, entry 5). The structures of all three ;i lated by means of the following homodesmic reaction:

35 derivatives2e, 3e and 3'e were confirmed by X-ray analysis

(Fig. 4.1

Fig. 4 ORTEP diagrams (30% probability) B€ (left), 3e (middle)
and3'e (right).

R—H(S) + Hef(s) d Ri(s) + Het—H(S),
ss Where HetH is a reference compound, 1-propy-pyrazole,
stucturally related to the investigated molecules and whigse p
value in THF (35.9F is supposed to be close to that of
aryltriazoles.
The K, values were calculated from the Gibbs energies of the
90 homodesmic reactionaG,) using the equation:

AG. 1
PK_ (R -H)= 359+ ——=.—
RT In10

The CH acidity of side groups such as alkyl and alkoxy, was
expected to be significantly lower and hence was not considered.
The results are given below (Schenme 3

os  For the compoundtb and1d, that can exist in form of several




distinct rotamers, the data on Scheme 3 and irf ESér to the  phenyl ring (substrated), the neighbouringaftho and para)

most stable rotamers. According to our calculations for thesites are acidified by its inductive effect whereas the acidity at the
investigated aryltriazoles, a significant inequality in CH acidity 4 position of the 1,2,3-triazole ring is lowered due to electron-
between the C3' and C5' sites adjacent totalola substituent  donation What is thus expected is a first metallation at C4 and
s was only noticed in the case of the methoxy derivédtile ss further reactions at C2° or C3’. Experimentally, mixtures were
9 359 6.0 62 a2 343 obtained. If low dlfference_s between_the different CH acidities
R\ I\ 7\ 7\ 7\ can be advanced to explain these mixtures, one has also to take
N_ _N N_ _N N_ _N N_ _N N_ N . L S .

N N N N N into account the contribution of the coordinating ability of the
40.2 40.9 40.9 39.9 377 32.1 methoxy group (Table 3, entry 4).
422 451 s 400(38.4) 384 eo  The calculations pgr_formed on the.c_hk.)ro derivatieeshow _
424 g O that the halogen exhibits a strong acidifying effect; not only its
Me P OMe ortho hydrogens, but also those at thetaandpara positions are

1a 1b 1c 1d le significantly acidified®® In this case, the experimental results
Scheme 3Calculated values ofy(THF) of the investigated triazoles. contrast with an expected reaction at C2'; indeed, if the 4,2'-

Overall the CH acidities of the aryltriazoles correlate with theédIIOOIIdese 'S fofmed’ the manj prpduete resuilts from a se.c.ond.
proton abstraction at C6', which is far from the most acidic site

electron-donating or electron-withdrawing effect of thenyl’s . L
. . - he reason why a major deproto-metallation is not observed at
10 Substituent. The latter has above all an impact on the reactivity of " . . o L
2', in spite of severalky units in favour of this site, could be

the six-membered part of the molecule; the triazole ring, which_ ™" ; e .
P 9 steric hindrance; a similar result but in the case dR-1-

already benefits from high CH acidities, is affected only slightly. chloropyridin-4-yl)pyrazole has previously been repoffed
The chloro substituent exhibits the most prominent acidifyin7g°) . Py y Py P y _p ’
Again, the lone pairs of the chloro group or the azole ring can be

effect, providing more variants for synthetic pathways. . . . . .
involved in metal complexation with impact on the

15 When the trends in CH acidity of isolated molecules arere ioselectivity (notably through CH acidity changes)
compared withthe pKs in THF solution, one can see a good 9 y y 9 y 9es).

correlation, described by the equation:

PK(THF) =—193.1 + 0.612,, G
(N= 20,r’ = 0.948, rmse = 1.07) s For the first time, 2-aryl-1,2,3-triazoles have been deproto-
20 Such a good correlation indicates that the polarities (or dipolgnetallated. These functionalizations were achieved using mixed
moments) of the different possible anions are close and that thefhium-zinc bases, which are compatible with sensitive substrates
is no specific solvation. When compared with gas-phase@nd do not lead to subsequent ring opening as observed with

deprotonation in solution will take place more unlikely at the 3 more polar reagents (Scheme 1, right). Once again, mixed alkali
position of the substrate. so metalmetal bases proved efficient for the functionalization of

sensitive substrates, as recently observed in pyrazole ¥eles.
The iodo derivatives thus generated could be elaborated, for
The calculations of the CH acidities in THF (Scheme 3) allowedexample by Suzuki cross-coupling as shown recently in the
us to identify several possible deprotonation sites on the 2-arylpyrazole serie&)
1,2,3-triazole substrates. With the exception of the comptend es  The CH acidities of the substrates in THF solution, which were
for which a 3-chlorophenyl is grafted on the 1,2,3-triazole 2calculated using a continuum solvation model, were used to
s0 position, the most acidic site corresponds to the 4 position of théationalize the outcome of the reactions.
azole ring(a to the triazole nitrogen®) whereas the second acidic
site corresponds to the 2’ position of the aryl group (ortho to the Experimental
triazole substituefit
In generalthe main derivatives obtained are at least iodinated
s at their most acidic C4 position. Compared with 2-phenyl-1,2,3-Metallation reactions were performed under an argon atmosphere.
triazole (La), the derivatives bearing a methyl and an isopropyl THF was distilled over sodium/benzophenone. Column
group at the 4 position of the phenyl ring (substratesnd1c), chromatography separations were achieved on silica gel (40-63
(logically) have lower CH acidities in THF solution. Thus, #m). Melting points were measured on a Kofler apparatus. IR
according to calculations, more difficult deproto-metallations arespectra were taken on a Perkin-Elmer Spectrum 100
w0 expected from the alkylated substrates; the experimental resedgpectrometer’™H and **C Nuclear Magnetic Resonance (NMR)
using the lithium-zinc base prepared from ZATMEDA (1 spectra were recorded on a Bruker Avance lll spectrometer at 300
equiv) and LITMP (3 equiv) are in accordance with theseand 75 MHz, respectivelyH chemical shifts § are given in
predictions, with increasing monoiodide/diiodide ratios in the ppm relative to the solvent residual pe&k; chemical shifts are
order la < 1b < 1c Interestingly, the second experimental relative to the central peak of the solvent sighand coupling
4s deprotonation site also corresponds to the second CH acidicigigonstants J) are given in Hz. Mass spectra (HRMS)
(Table 3, entries 1-3). It is also important to note that, in themeasurements were performed at the CRMPO (Centre Régional
absence of other substituent able to coordinate a metal (either ¢ Mesures Physiques de I'Ouest) of Rennes using either a Waters
the base or of the metallated species), the azole nitrogen can pl&-TOF 2 or a Bruker micrOTOF Q Il instrument in positive
this role and direct the reaction to thend 2’ position. electrospray Cl mode.
o When a methoxy group is introduced at the 4 position of the

Conclusions

25 Discussion

Syntheses: general methods




2-Phenyl-H-[1,2,3]triazole (1a) was prepared from 4-lodo-2-phenyl-H-[1,2,3]triazole (2a).Yellow solid (mp =
phenylhydrazine hydrochloride using a described proceédure. 82 °C). IR (ATR): 3123, 3063, 1598, 1497, 1437, 1371, 1354,
Yield: 82%. Colourless liquidtH NMR (CDCL, 300 MHz) 7.35 1129, 980, 961, 756m™. 'H NMR (CDCk, 300 MHz) 7.38 (m,
(m, 1H), 7.49 (m, 2H), 7.81 (s, 2H), 8.09 (m, 2HJC NMR & 1H), 7.50 (m, 2H), 7.86 (s, 1H), 8.04 (m, 2%C NMR (CDCE,
5 (CDCls, 75 MHz) 119.1 (2C), 127.7, 129.4 (2C), 135.6 (2C), 75 MHz) 91.6, 118.8 (2C), 128.2, 129.5 (2C), 139.5, 142.5.
140.0. These values are consistent with those reported in thdRMS (ESI): calcd for @H/IN; [M+H]* 271.9685, found
literature® 271.9686.

24(4-Methylphenyl)-2H-[1,2,3]triazole (1b) was prepared Phenyl{(2-phenyl-2H-[1,2,3]-triazol-4-yl)methanone  (2a’).
from 4-methyl-phenylhydrazine hydrochloride using a describedBrown solid (mp = 158 °C)*H NMR (CDCk, 300 MHz) 7.41-
10 procedurée? Yield: 50%. Brown solid (mp = 55 °C). This value is 7.69 (m, 6H), 8.17 (m, 2H), 8.37 (mH}®, 8.42 (s, 1H)™*C NMR
consistent with that reported in the literattftéR (ATR): 3131, (CDCl;, 75 MH2) 119.6 (2C), 128.6 (2C), 128.7, 129.6 (2C),
3044, 2923, 1514, 1411, 1381, 1259, 1151, 961, 851,cm™. 130.5 (2C), 133.6, 136.6, 138.8, 139.5, 147.5, 18%hese
H NMR (CDCL, 300 MHz) 2.40 (s, 3H), 7.28 (d, 2H,= 8.2),  values are consistent with those reported in the literdfure.
7.79 (s, 2H), 7.95 (d, 2HI = 8.2).3C NMR (CDCk, 75 MH2)

1521.2, 119.0 (2C), 129.9 (2C), 135.3 (2C), 137.6, 137.9. 70 4-lodo-24{(4-methylphenyl)-2H-[1,2,3]triazole (2b). Yellow

solid (mp = 78 °C). IR (ATR): 3124, 3035, 2919, 2857, 1511,
2-(4-1sopropylphenyl)-2H-[1,2,3]triazole (1c) was prepared 1440, 1377, 1356, 1128, 980, 960, 815'cAt NMR (CDCk,
from 4-isopropyl-phenylhydrazine hydrochloride using a 300 MHz) 2.40 (s, 3H), 7.27 (d, 2H,= 8.6), 7.82 (s, 1H), 7.91
described procedur@.Yield: 61%. Colourless liquid. IR (ATR):  (d, 2H,J = 8.6).*3C NMR (CDCk, 75 MH2) 21.2, 91.2, 118.8
2961, 2872, 1516, 1411, 1381, 1260, 1060, 962, 886, 818 s (2C), 130.0 (2C), 140.8, 141.5, 14213RMS (ESI): calcd for

20 cm®. *H NMR (CDCl, 300 MHz) 1.28 (d, 6H) = 6.9), 2.97 (m,  CgHoIN3 [M+H] " 285.9841, found 285.9841.
1H), 7.34 (d, 2H,J) = 8.7), 7.79 (s, 2H), 7.98 (d, 28= 8.7).°C
NMR (CDCl, 75 MHz) 24.1 (2C), 33.9, 119.1 (2C), 127.4 (2C),

1354 (2 138.0, 148.6. HRM ESI): lcd f N
[SEH] +(1g§’118388 fg'un g 81868 1100 S (ESD: caled foRMGNs 157, 1356 1128, 1052, 980, 960, 834 A NMR (CDCL,
T ' : 80 300 MHz) 1.28 (d, 6H) = 6.9), 2.96 (m, 1H), 7.32 (d, 2H,=
s 2-(4-Methoxyphenyl)-2H-[1,2,3]triazole (1d) was prepared 8.6), 7.82 (s, 1H), 7.94 (d, 2H,= 8.6).**C NMR (CDCk, 75
from 4-methoxy-phenylhydrazine hydrochloride using a MHz) 24.1 (2C), 33.9,91.2, 118.8 (2C), 127.4 (2C), 137.8,3.4
described procedurd.Yield: 64%. Colourless liquid. IR (ATR): 149.1. HRMS (ESI): calcd for GH;4IN; [M+H]* 314.0154
2961, 2839, 1509, 1412, 1246, 1168, 1088, 1028, 8582 cm’. found 314.0150.
1 —
H NMR (CDCl, 300 MHZ)_3'86 (133 3H), 6.99 (d, 28, 9.2), 85 2«3-Chlorophenyl)-4-iodo-2H-[1,2,3]triazole (2€). Yellow
20 7.77 (s, 2H), 7.98 (d, 2H] = 9.2).*3C NMR (CDC}, 75 MH2) )
solid (mp = 98 °C). IR (ATR): 3132, 3074, 2921, 2851, 1566,
55.7, 114.5 (2C), 120.5 (2C), 133.9, 135.2 (2C), 159.1. HRMS 3
(ESI): calcd for GHygNsO [M+H]* 176.0824, found 176.0824. 1455, 1414, 1352, 1261, 1219, 1126, 1023, 980, 88Q,cm".
L ’ H NMR (CDCl, 300 MHz) 7.34 (ddd, 1H] = 1.2, 1.9 and 8.0),

243-Chlorophenyl)-2H-[1,2,3]triazole (1le) was prepared 7.41 (dd, 1HJ = 8.0 and 8.0), 7.85 (s, 1H), 7.94 (ddd, I+
from 3-chloro-phenylhydrazine hydrochloride using a desdribe 1.2, 2.1 and 8.0), 8.09 (dd, 1H,= 1.9 and 2.1)*C NMR
ss procedure?® Yield: 88%. White solid (mp = 45 °C). IR (ATR): (CDCl, 75 MHz) 92.3, 116.8, 119.1, 128.2, 130.6, 135.4, 2,40.
3099, 3079, 1595, 1487, 1409, 1374, 1263, 1105, 962, 822,  143.0. HRMS (ESI): calcd for Es*CIlIN; [M+H]* 305.925,
778cmt. *H NMR (CDCl, 300 MHz) 7.33 (ddd, 1H]= 1.1, 2.0  found 305.9295.
and 8.0 Hz), 7.42 (dd, 1H,= 8.0 and 8.1 Hz), 7.83 (s, 2H), 7.99
(ddd, 1H,J=1.1, 2.1 and 8.1 Hz), 8.13 (dd, 1H7 2.0 and 2.1
w0 Hz). ®C NMR (CDCk, 75 MHz) 117.1, 119.4, 127.7, 130.5,
135.3, 136.1 (2C), 140.8. HRMS (ESI): calcd fosHGCIN,
[M+H] " 180.03285, found 180.0329.

4-lodo-2{4-isopropylphenyl)-2H-[1,2,3]triazole (2c).
Yellow liquid. IR (ATR): 2959, 2926, 2870, 1513, 1445, 1420,

4-lodo-2{(2-iodophenyl)-2H-[1,2,3]triazole  (3a). Yellow

os liquid. IR (ATR): 3052, 2930, 1501, 1479, 1437, 1382, 1264
1023, 981, 960, 843 c¢ln'H NMR (CDCk, 300 MHz) 7.20 (m,
1H), 7.48 (m, 2H), 7.92 (s, 1H), 8.00 (m, 1*FC NMR (CDC},
75 MHz) 91.6, 92.6, 127.8, 129.1, 131.3, 140.7, 14182.7.

Typical procedure for the deproto-metallation followed by HRMS (ESI): calcd for @Hgl,N; [M+H]" 3978651, found

trapping with electrophiles. To a stirred, cooled (0 °C) solutionwoo 397.8650.

s of 2,2,6,6-tetramethylpiperidine (0.25 mL, 1.5 mmol) in THF (5
mL) was added BulLi (about 18 hexanes solution, 1.5 mmol).

After 15 min at 0 °C, ZnGITMEDA (0.125 g, 0.5 mmol) was 1493, 1431, 1260, 1125, 1027, 979, 962, 839, @aL 'H NMR

added and the mixture was stirred for 15 min at this temperatur
before the introduction of the substrate (1.0 mmol). After 2 h at?CDCb" 300 MHz) 2.39 (s, 3H), 7.26 (m, 1H), 7.34 (d, 1H

. . 8.1), 7.81 (m, 1H), 7.90 (s, 1H}*C NMR (CDCk, 75 MH2)
so room temperature, a solution gf(0.37 g, 1.5 mmol) in THF (5 10
mL) was added. The mixture was stirred overnight beforezo'g’ 91.3, 925, 127.3, 129.7, 140.5, 140.8, 14142.5. HRMS

addition of an aqueous saturated solution of3)@; (10 mL) and (ESI): calcd for GHloN; [M+H] " 411.8808, found 411.8811.
extraction with EfO (3 x 20 mL). The combined organic layers  4-lodo-2{2-iodo-4-isopropylphenyl)-2H-[1,2,3]triazole (3c).
were washed with brine (20 mL), dried over,8@), filtered and Yellow liquid. IR (ATR): 3003, 2960, 2932, 1709, 1421, 1359,
ss concentrated under reduced pressure before purification by flash221, 1092, 982, 962, 902 &ntH NMR (CDCh, 300 MHz) 1.27
chromatography on silica gel. (d, 6H,J=6.9), 2.94 (m, 1H), 7.31 (dd, 1B 1.8 and 8.1), 7.37

4-lodo-2{2-iodo-4-methylphenyl)-2H-[1,2,3]triazole  (3b).
Yellow solid (mp = 108 °C). IR (ATR): 3132, 2922, 2853, 2431,

5



(d, 1H,J = 8.1), 7.82 (d, 1H) = 1.8), 7.90 (s, 1H)**C NMR ss Crystallography
(CDCl;, 75 MHz) 23.9 (2C), 33.8, 91.3, 92.8, 127.2, 127.5
138'5'+140'6' 142.5, 152.8. HRMS (ESI): calcd fiHzaloNs slow evaporation of solutions @&, 2e 3b, 3d, 3'd, 3¢ 3'e and
[M+H] " 439.9121, found 439.9105. 4b in dichloromethane at room temperature.

s 4-lodo-2-(2-iodo-4-methoxyphenyl)-H-[1,2,3]triazole (3d). The samples were studied with graphite monochromatized Mo-
Yellow solid (mp = 58 °C). IR (ATR): 2968, 2935, 2839, 1593y K« radiation § = 0.71073 A). X-ray diffraction data were
1569, 1495, 1439, 1295, 1264, 1239, 1227, 10291940, 960,  collected at T = 150(2) K using APEXIl Bruker-AXS
841 cmt. 'H NMR (CDCl, 300 MHz) 3.85 (s, 3H), 6.97 (dd, 1H, diffractometer. The structure was solved by direct methods using
J=2.7and 8.8), 7.35 (d, 1H,= 8.8), 7.46 (d, 1H] = 2.7), 7.89 the SIR97 prograr?ﬁ and then refined with full-matrix least-

w0 (s, 1H). ®C NMR (CDCh, 75 MHz) 56.0, 91.2, 93.7, 114.6, square methods based Bf (SHELX-97)* with the aid of the
125.1, 128.3, 136.3, 142.4, 160.7. HRMS (ESI): calcd fer WINGX program:® All non-hydrogen atoms were refined with
CgH-1,NaN3;O [M+Na]* 449.8576, found 449.8570. anisotropic thermal parameters. H atoms were finally included in

their calculated positions. Except-linked hydrogen that was

- introduced in the structural model through Fourier difference
Yellow solid (mp =140 °C). IR (ATR): 29139* 2841, 1493, 1440, 1505 analysis, H atoms were finally included in their calculated

151269, 1245, 1043, 1017, 981, 965, 809'chl NMR (CDCl, 70 positions. Molecular diagrams were generated by ORJIEP-
300 MHz) 3.93 (s, 3H), 6.88 (d, 1Hd,= 8.9), 7.81 (s, 1H), 7.98 (version 2.02}

(dd, 1H,J = 2.6 and 8.9), 8.47 (d, 18 = 2.6).2*C NMR (CDC},

' Single crystals suitable for X-ray diffraction were grown after

4-lodo-23-iodo-4-methoxyphenyl)-H-[1,2,3]triazole (3'd).

75 MHz) 56.9, 85.9, 91.4, 110.6, 120.0, 129.9, 13342 4, Crystal data for 2a. CgHgIN3, M, = 271.06, orthorhombic,
158.1. HRMS (ESI): calcd for §gl,NsO [M+H]* 427.8757, Pc2in, a = 4.3176(3)b = 13.3505(10)¢ = 15.2661(12) AV =
20 found 427.8748. 879.97(11) R Z = 4, p, = 2.046 g crii, x = 3.584 mrit. A final

7 refinement orF2 with 1992 unique intensities and 109 parameters

2-3-Chloro-2-icdophenyl)-4-iodo-H-[1,2 3]iriazole  (3€).  converged at R(F?) = 0.0398 R(F) = 0.0183) for 1792 observed
Yellow solid (mp = 84 °C). IR (ATR): 2924, 2849, 1594, 1483, ofiecrions withl > 2o().

1455, 1432, 1371, 1353, 1128, 982, 963, 779'.cthl NMR
(CDCl;, 300 MHz) 7.31 (dd, 1H] = 1.5 and 7.9), 7.42 (dd, 1H, Crystal data for 2e. CgHsCIIN3, M, = 305.50, orthorhombic,
»= 7.9 and 8.0), 7.61 (dd, 1H,= 1.5 and 8.0), 7.92 (s, IHfC ~ Pc2in, a = 4.2056(5),b = 13.2551(18)c = 17.169(2) AV =
NMR (CDCh, 75 MHz) 91.8, 99.6, 126.0, 129.7, 130.7, 141.00957.1(2) &, Z = 4, p, = 2.12 g crif, x = 3.578 mrit. A final
142.8, 145.0. HRMS (ESI): calcd forghds**ClI,Ng [M+H]* refinement orF? with 2164 unique intensities and 118 parameters
431.8261, found 431.8262. converged at R(F?) = 0.0418 R(F) = 0.0183) for 2059 observed

. . ) reflections withl > 25(1).
2-(5-Chloro-2-iodophenyl)-4-iodo-H-[1,2,3]triazole  (3'e).

20 Yellow solid (mp = 102 °C). IR (ATR): 3127, 3086, 2926, 1577, Crystal data for 3b. CgHsI,N3, M, = 410.98, monoclinic,
1561, 1472, 1442, 1414, 1352, 1099, 1019, 981, 884, 815 ssP2y/c, a = 10.3473(15)b = 7.1028(8),c = 15.555(2) A 8 =
cmi®. IH NMR (CDCl, 300 MHz) 7.19 (dd, 1H] = 2.4 and 8.5), 104.138(6) °V = 1108.6(2) & Z = 4, p, = 2.462 g crif, u =
7.51 (d, 1HJ = 2.4), 7.91 (d, 1H) = 8.5), 7.92 (s, 1H)1_3C NMR 5.638 mni. A final refinement onF? with 2544 unige
(CDCl,, 75 MHz) 89.2, 82.2, 127.8, 131.3, 135.1, 141.5, 143.0 intensities and 128 parameters converged B(Ff) = 0.0588

35 143.3. HRMS (ESI): calcd for Bl5>°ClI,N; [M+H]* 431.8261, (R(F) = 0.0249) for 2320 observed reflections with 2o(1).

found 431.8270. % Crystal data for 3d. 2(CsHy1,N50), M, = 853.95, triclinic,P-
2-(2-lodo-4-methylphenyl)-2H-[1,2,3]triazole (4b). Brown 1, a = 7.7817(6),b = 10.5301(8),c = 14.2726(11) A o =
solid (mp = 124 °C). IR (ATR): 3139, 2956, 2922, 1514, 1498,79.833(4),3 = 89.092(4),y = 80.124(4) °V = 1133.98(15) A Z
1411, 1251, 1150, 1024, 962, 951, &¥@*. *H NMR (CDCk, =2,p.=2.501 g cif, u = 5.524 mrit. A final refinement orF?
20 300 MHz) 2.40 (s, 3H), 7.27 (m, 1H), 7.35 (d, 11 8.1), 7.82  with 5165 unique intensities and 273 parameters converged at
(m, 1H), 7.87 (s, 2H)**C NMR (CDC}k, 75 MHz) 20.8, 92.8, WR(F?) = 0.0895 R(F) = 0.0374) for 4179 observed reflections
127.4, 129.7, 1355 (2C), 140.8, 141.0, 141.5. HRMS (ESI):with | > 25(1).

p
calcd for GGHslN3 [M+H]" 285.9841, found 285.9838. Crystal data for 3'd. CgHy1,N3O, M, = 426.98, orthorhombic,
2-(2-lodo-4-methoxyphenyl)-H-[1,2,3]triazole (4d).Orange ~ Pc2in, a = 4.1304(2),b = 12.9948(5),c = 21.5358(9) AV =

s solid (mp = 92 °C) which rapidly decomposes by loss of iodine.1155.91(9) & Z = 4, p. = 2.454 g crit, x = 5.419 mrit. A final
'H NMR (CDCL, 300 MHz) 3.86 (s, 3H), 6.84 (dd, 18= 2.7 0o refinement orF2 with 2314 unique intensities and 137 parameters

and 8.8), 7.36 (d, 1H,=8.8), 7.48 (d, 1H] = 2.7), 7.86 (s, 2H). converged at W(F?) = 0.0498 R(F) = 0.0228) for 2273 observed

- . ) reflections withl > 25(1).
2-(2,5-Diiodo-4-methoxyphenyl)-4-iodo-BI-[1,2,3]triazole

(5d). Yellow liquid. IR (ATR): 3120, 2968, 2936, 2841, 1485,  Crystal data for 3e. CgH,ClINs, M, = 431.39, orthorhombic,

s 1437, 1333, 1241, 1043, 1019, 981, 961, 838, 826, #thNMR ~ P2icn, a = 7.8011(19),b = 9.106(2),c = 15.558(4) AV =
(CDCls, 300 MHz) 3.95 (s, 3H), 7.28 (s, 1H), 7.82 (s, 1H), 7.88 1105.2(5) R Z = 4, p, = 2.593 g crii, 12 = 5.896 mrit. A final
(s, 1H).2*C NMR (CDCE, 75 MHz) 57.2, 85.3, 91.6, 92.9, 121.2, refinement orF? with 2515 unique intensities and 127 parameters
137.1, 137.5, 142.7, 159.5. HRMS (ESI): calcd feg:NaN,0  converged at R(F?) = 0.0386 R(F) = 0.0178) for 2480 observed
[M+Na]* 575.7543, found 575.7545. reflections withl > 25(1).




Crystal data for 3'e. CgH,ClI,N3, M, = 431.39, monoclinic,
P2,/c, a = 10.8653(4)b = 7.7070(2),c = 13.2464(5) Ap =
93.5294(18) °V = 1107.13(7) A Z=4,p. = 2.588 g e, u =
5.886 mm. A final refinement onF? with 2508 unique

s intensities and 127 parameters converged BR{Ff) = 0.056
(R(F) = 0.0224) for 2368 observed reflections with 2o(1).

Crystal data for 4b. CgHgIN3;, M, = 285.08, monoclinic,
P2)/n, a = 7.993(2),b = 14.366(4),c = 8.736(2) A g =
94.686(13) °V = 999.8(4) R Z=4,p. = 1.894 g crii, 1= 3.160

1 mm™. A final refinement orF? with 2254 unique intensitiesnd
119 parameters converged aR@®>) = 0.0783 R(F) = 0.0337)
for 2096 observed reflections with> 25(1).
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|
4

_N 1) ZnCl,: TMEDA (2 equiv) N
N + LiTMP (6 equiv)

T I
@2' THF, it, 2 h Z |
N 21 8
5 5 2 <
R/4. A

R =H, 4-Me, 4'-iPr, 4-OMe, 5'-Cl: 56-63% yield

2-Aryl-1,2,3-triazoles have been synthesized and deproto-metallated
using a 2,2,6,6-tetramethylpiperidino-based lithium-zinc combination.
The outcome of the reactions has been discussed in the light of DFT-
calculated CH acidities (THF solution).
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