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Abstract- Pyrazole, imidazole, 1,2,4-triazole, indazole and benzo-
triazcle were alkylated under phase transfer catalysis (PTC) with
benzyl-, diphenylmethyl- and trityl chleoride. Alkylation occcurred
only at the ring nitrogen atoms of the heterccycle, except for in-
dazele in which substitution took also place at position 3. A sys-
tematic study of the N- and C-substituted derivatives by proton

NMR and chromatographic techniques has been dene.

This work is concerned with the preparation of N-substituted derivatives of azoles,
analogous to the widely used antifungal agent chlotrimazole1

All products studied are assembled in Scheme 1, unless 4¢, 19 and gg‘that had not
been obtained in our reaction conditions: alkylation of the azole or its benzo de-

.3,

rivative under liquid-1igquid or solid-liquid phase transfer catalysis using
eguimolecular amounts of the reactants (azole or benzazcle 1 : alkylating agent 1),
tetrabutylammonium bromide or bisulfate as catalyst and xylene as the solvent. For
the reacticn of azoles with simpler halides in the presence of PTC see reference 5.
When the starting materials were pyrazole, imidazole, 1,2,4-triazcle and benzotri-
azole only N-substituted derivatives were formed with the three alkylating agents:
benzyl-, diphenylmethyl and trityl chloride. Relative percentages showing the re-
gioselectivity of the reaction are gathered in Table 1 and are in agreement with
the general reactivity of five membered aromatic nitrogenated heterocycles that
possess several nucleophilic sites5

1-Benzyl- and 2-benzylindazoles had been prepared previously by von Auwer56 in
1921 from indazele and benzyl chloride in ethancl-sodium ethoxide. This author se-
parates the twoc isomers and describes the physical characteristics of the bases
and their picrates, but does not provide any chemical support to the assignment
made. We have reprepared the picrate of 2-benzylindazole obtained by PTC, whose
structure was confirmed by proton NMR spectroscopy, checking that the previous

attribution made by von Auwers was correct.
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Surprisingly, when the reaction was done with indazele and diphenvlmethyl or trityl
chloride in the same PTC conditions, together with the N-alkylated products it was
possible to isolate the derivatives 76 and 7c¢c in which substitution reaction of in-
dazole had occurred at the carbon atom in position 3. No examples of C-3 alkylation
of indazole had been reported previously and the mechanism of this reaction is being
investigated to check if it is ienic (SNl) or radical. In addition certain reactions
involving the triphenylmethyl cation, when an SNy mechanism would seem to be obvi-
cusly indicated, it has been shown by esr detection of the intermediate that free
radicals are actually involveda.

It has also been reported by Habraken et al. that l-nitro- and 2—nitroindazole59'10
can be converted in 3-nitro derivatives, but our attempts to transform the 1- or 2-
substituted derivatives 5 and § into the 3-substituted ones ] by heating in xylene

or benzonitrile were unsuccessful.
Spectroscopic data

Proton NMR data of the various products are gathered in Tables 2 and 3 and the as-
signment of the signals to the different protons were made using the corresponding
methyl derivatives as model compoundsS’ll_ls.

For pyrazole, imidazole and s~triazole derivatives attribution did not offer any
difficulty, unless for proctons H3 and H5 in l-trityl-1,2,4-triazole 3¢ and protons

H5 and H6 in l-tritylbenzotriazole ES' s0 close that they can be interverted.
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Table 1. Regioselectivity in the alkylation reactions

Starting Alkylating Total Reaction products
material agent yvield N-alkylation C-alkylation
ClCH2C6H5 80% la (100%)
Pyrazaole ClCH(C6H5)2 0% £~ {100%)
ClC(CEHS)B 55% ls (100%)
ClCH2C6H5 76% %2 {160%)
Imidazole ClCH(C6HS)2 66% EB (100%)
ClC{C6H5)3 80% %S {100%)
ClCH2C6H5 88% ig (B5%); ig (15%)
1,2,4-Triazcle ClCH(C6H5)2 34% 3b (70%); 4b (30%}
ClC(C6H5)3 57% 3¢ (100%)
ClCH206H5 80% 2a {60%); 6a (40%)
Indazole CICH(C H.), | 65% 5b (38%); 6b (24%) 7b (38%)
ClC(C6H5)3 80% §27(38%); 6c (15%) Tc (47%)
ClCH2C6H5 95% 8a (85%); 9a (15%)
Benzotriazcle ClCH(CGHS)2 95% 8b (90%); 9b (10%)
ClC(C6H5)3 70% 8¢ (100%)

Pairs of isomers 3‘% and B8-9 are easily differentiated by proton NMR spectroscopy
because of the symmetry of l-substituted 1,3,4-derivatives 4 with two eguivalent
protons H2 and H5, and 2-substituted benzotriazoles 3 with an AA'BB' system.

It is necessary to remark that proton NMR spectra of 8b, l-diphenylmethylbenzotri-
azole, had been described erroneously by Shmid et gl.l4a with a methine group (—QH—)
appearing at 5.80 ppm. We have found that this protcn appears at 7.38 ppm as it was
previsible from the methylene group signal at 5.88 ppm in the l-benzylbenzotriazole
8a.

Proton NMR spectra of 1-, 2- and 3-substituted indazoles 3¢, &g (ABCDE systems) and
7c (ABCD system) at 360 MHz were carefully analyzed with the PANIC B2 program and
with aid of double irradiation experiments, obtaining chemical shifts {(§) and cou-
pling constants {J) similar to the observed for l-methyl-, 2-methyl- and 3-methyl-
indazolesT. The excellent resoluticon allows to ebhserve J3‘? for 5c. Proton signals
of compounds 5a-b, 6a-b and 7b were then assigned by analogy to the ones of 5c, 8¢
and 7g. The 2-tritylindazole 6¢ had been erroneously described as the l-substituted
indazole 3¢ but spectroscopic data confirm its structure ®

The Shoolery additive mod9117 was applied to the methyl, methylene and methine sig-
nals. In additicon to the wvalues of Tables 2 and 3, the benzimidazole derivatives18
[i-methyl, l-benzyl and l-diphenylmethyl] and toluenet’ EJ‘CH3: 2.35 ppm], diphenyl-
methane '’ [5CH2: 3.92 ppm] and triphenylmethane17 [& CH: 5.50 ppm] were alsc inclu-
ded. A multiple regression analysis (n = 30, R2 = 0.998) vields the following values

cf the substituent shielding constants:

— 2897 —




2898

52 Sty t'a
. . ., . . . z'1 = r 2'1= r 21 = r e
w - : w - -- -- -p- )
(HE'W)LE £-92 L *(HI'W}DE L-BO" L (1) 289 (1) 90" £ (1) ov'y p c
. . ., ) -p- o
w - H u L - s - g . - s . -
(HO W) e~ £-gC 4 "(HP'WIST " 2-G0 4 (s) 15°9 (s) €8'9 G -GO (s) g8e" 2 o az
. -0- -5 -o- fheid
- e s . _ —e-
{(HS ) TG L-vE L (s) S1°% (sa) 86°9 (sq) 81°7 Ty ez
- 55'¢ £8°9 G690 -- £C° L HHmHONmUﬁeﬁﬂzcumz-ﬂ
... 5'p v'e
. . v, . . . 95" g= r £8°T = r
wyge - AN w - -- u . -- -p- ol
(HB w)eg* £-32 (HO 'w)gT A-0T'4 () 182 (u) £2°9 (6) g9y P 1
Lo S8 vE o
. . o . . . g8g 2= r g0z = r
w - H w - s = 12 ' -- -p-
(Hg 'wibe -5 4 {HF'W) 60°L-G0" 2 (s) 8479 (D) vore (w) s¢'9g (D) 85y B at
. . -o- -q- -q- e
w - . ] ' - ~B- €
(H5 } BZ2TL-G0" 4 {$) 45'5 62 L-80° L (1) vz'o () b5 L T
-- 16°¢€ 2e° 4 A St A -- mmHONmp%nﬁhcumz;H
Spda- H-D- °y vy ¥y °y Lonaodd
o
|
N
m\JJ/‘ z
.;.- Th
£ e
prolzlllt g

S5810%¥ P8IN3TAISANs Jo  S1pgo ut { ) sjuejsuoco Burrdnoo pue ( Q) SIFTUS 1EOTWSUD YKN UG3IOoJd ‘Z d19el




11, 1985

HETEROCYCLES, Vol 23, No.

(HO W) TF 2-9€ 2 *(HF‘'W)ET £-0T" 4

(HE'W)BE £-SE" L Y{HS ' W)0Z " L-LT L

(HB'W)OE 2-ge " (HQ'W)QT L-TT1 4
(HOT ‘w} Ly L-£0°4

(HE'W)QE " £-08 L P (HZ'W)PZ L-027 4

{s) 09'9
{s) 0z°s
£€8'¢
{(s) gr'9
{s) og-g
L8'e

H-O-

jedrainw =w *357dTa3 =13 ‘1s8(gnop =p ‘33[3Uls peodq =59 ‘3151Burs=§
ZHW 00€ Adusnodoady platd -p-
dncad 1Ausyd synr Aq pexssw 1BUBTIS UuOloJdd  -0-
uoTINIOSa PEQ C] INP psJanseaw 8g 30U pInod p JUBISUCD Futtdnoy -g-
ZHKW 06 A2uanossaI plaIg -e-
(s) vo'g -- -- {5) +0°8 —p- ar
(s)81°8 -- -~ (s)81°9 -p- el
¥2'8 - - {(sYyveg's mﬁwﬁommﬂpul
-F ' T-TAUISH-T
() 408 -~ (s) zo'8 . —p- 3%
(s) so's -- (s) 261 -- —e- v
() v6°4 -- (s) 90°8 -- -p- Be
mﬁwﬁommﬂpuu
gete - oL o AR R CACE T
G ¥
H H “y °H lLonaoud
{rqucn)y 2 e19e]

2899



Tquoy

T s n ]
) pra=t % g0 =S9% g9 =95, ge.= Ve ggro=t B —
(HST W) LE'L-AT L -- e~ 38
(W 8r°9 (bygs g (byzo'. (pYrg s (p)L0'8
. -a- (w) (w) so'g=" Ur .
(HOT W) 2£'£-G1°4 (s)EQ" L (sq),0" 8 -e- Qg
2ETL-GT'Z  ETTL-90°4  ET1°4-907L  (P) OL"L
-a- -a- -a- rrg=9 by -
(HG W) gE£'L-80'L (s)85°% (sq3£0°8 -e- Eg
ZETL-B0'L  ZETL-80°L EBETL-80°L (B)oL" 4
meHONMUCﬂl
-- 20'F TS* L S84 012 Ay -1 Ry S
595~ H-O- Ly B Sy Yy £y 15000¥d
L
I q_ H .
Wl 9y Ly o t w Ly
4 H N\\\ @I
|
g 4
it
> H mI ghmmo= mI
H t
H H
S8[0ZBZUSQ PIINITISANS Jo mHUDU uTl () siuejlsuod Furidned pue A.ﬁv S1JTUS TESTWSYD HWN uojocdd £ @19l

2900



HETEROCYCLES, Vol 23, No. 11, 1985

Tjuop

(HGT ‘w} BE“L-9T"4

(HO'W)gg -2 L (HFP'WYET " ¢-20" L (8)}60° L
(HG ‘W) Ze'L-6T'¢L (8)18°6G
-- €1 ¥
(HGT ‘w} T€"2-¥1°4 —-
(Ho‘wige £-892 L {(Hy ‘W)pEg L-6T" L (8)8E°4
(HS ‘W) SpL-G2° 4 (s}88"G
-- ge
Sy9s- H-D-

grg=t"9p _g- (w)90- L 2-g=S' ¥
(PIEL"L 8L L-91" 24 {P)65 4
[ +
w.m.uh. @w. -q- -q- m.mum 14
(Blecte 9€ti-E2 L ET L-20" 4 (PY6G" 4
Lg=" tr -a- . grg==""
. . (W)ro* 4 .
{(pYeL L 2EL-BL L (PiRS* L
£9° 4 BT L 669 £9° 4
oa-g=2 ‘r ovg=" V¥
w .
(Plzb 9 (wga" s e e-vi'se  (p)Go°e
—g-
(wygo" s GE°L-BEZL GE'i4-8C° L {w)go"8
Ao 17122 ¥
-q- -q- a coy
SE'4-GE'L SPAL-G2CL SF L-SET4 ITAFES
(w)so-g
LE" L 2Et L G2 L €6 L
Ly “u 54 Py

(*3u0D) £ 2198]

r

(s)o8*s

S0°8

)
el

-1

o1
T
-0zZUSq]

Annis

- ¥g

102BpUT
AUl sp-2

0ZBTIAY} -

Aulsy-1

L2NJ0dd

2901



]

(HST ‘w} 22"L-TT12 -

(HOT ‘w) 0c 4-8T°L (S) 26°S

dnoad tAusyd suyjz Aq pavsew 1eulTs$ USjoad -g-
ZHW O0E AousanosaJ plaTtd -€-
Zq L mw _q- 1°8 =S Wﬁ .
(W) 94°9 -- oy

(P} 0S'L L2 L-TT L {P) 8v'9
-q- -q- -q- . P
(w) 86" 9 -- s

DEA-BT'4 Q€ 'L-BT'L QE°L-81° 2L

HonNmUEHn

-- £9°2 Cb e L) o1z vaL - s AU SH-E
ge-z=% 9p -q- -g- gerez=" Tp
(HOT ‘W) B6C'4-¥2°L (S} SE°'4 av9=" 90  gEri-627L 60 4-82°4 gr9=2 Vp - -e- &
(wy ge*s (w) 88,
1=t °r srre=2 Y
(Hg'w)Tr L-Sg L ‘{HE'W)ZE-L-L27 L (s)i8°G g 9=t % LE LTV L LE L-TV'L 5g=" Fp -- -B- S
(W) vz (u} vg- L
L2 10ZeTaa -
-- 05"+ ve* L LE° L LETL PE" L -- 0ZUAa- AU K- 2
54%- H-0- by “u Sy Y €u LONaOHA

(*3uo3) £ 2149BL

2902



HETEROCYCLES, Yol 23, No. 11, 1983

Constant : 0.97 % 0.08

Pyrazol-1-yl : 2.87 ¥ 0.08
Imigazol-1-yl : 2.62 % 0.06
1,2,4-Triazol-1-yl : 2.86 ¥ 0.06
1,3,4-Triazol-1-yl : 2.76 © G.06
Indazol-1-y1 : 3.09 I o.08
Indazol-2-yl : 3.13 L 0.06
Benzotriazol-1-yl : 3.40 I 0,06
Benzotriazol-2-yl 3.46 I 0,08
Benzimidazol-1-yl 2.82 1 0,08
Phenyl : 1.48 £ 0,02

Thus, for example, the chemical shift of the methine group in l-diphenylmethylinda-
zole 35b would be calculated as 0.97 + 3.09 + (2 x 1.48) = 7.02 ppm and compared to
the actual value of 7.03 ppm (Tabkle 3). The largest discrepancies are found for li-
terature values: toluene {(calculated: 2.45 ppm} and triphenvlmethane (calculated:
5.40 ppm). As it can be seen the azoles produce larger effects than the phenyl and
these effects become more important when ®¥-nitrogen atoms and fused benzene rings

are present 1n its structure.

Chromatographic data

Rf values of the several derivatives in chloroform/acetonitrile (95:5) are shown in
Table 4. The compounds 3¢ and 6¢ had the same Rf value in this eluent and chloroform
was used to distinguish them by thin layer chromatography. New Rf wvalues in this
solvent were: 25 (0.29), 25 {0.18) and 15,(0-07)-

Table 4. Rf values of substituted azoles and benzazoles

Product Rf Product Rf Product REf
%g 0.32 1b Q.46 ic 0.57
gg G.08 EE 0,08 55 0.18
Ja 0.10 EB 0.13 QE 0,31
aa 0.02 ﬁE 0.03 4ac -
S5a 0.48 EE 0.54 EE 0.60
&z 0.3% &b ©.48 bc 0.60
7a - 7hb Q.27 7c 0,38
Arar [ s
§§ 0.36 §E 0.44 §£ 0,51
23 0.53 gE 0.55 EE -

Statistical analysis of the benzyl- and trityl-derivatives Rf's against diphenyl-
methyl derivatives Rf's showed that these data were related by the following lineal

equations:
Rf (benzyl) = 0.85 Rf (diphenylmethyl), R = 0.974

and Rf (trityl) = 0.15 + 0.88 Rf (diphenylmethyl), R = 0.981

This second equation includes also the 3-substituted indazoles 7h and 7¢. Rf of the
diphenylmethyl compounds have been chosen as independent variables because they

cerrespond to the series with the largest number of data, the more complete in subs-
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tituted azoles and benzazoles.

EXPERIMENTAL

Melting points were determined in a capillary tube and are uncorrected. All the
new cempounds described in this paper give correct analytical results (C, H, N)
for the calculated empirical formulae within 20.3%.

Protcn NMR spectra were obtained with Varian XL-300 {300 MHz) and EM-320 (90 MHz)
spectrometers. Chemical shifts {8 in ppm and coupling constants {J) in Hz were
measured in CDC13 referred to TMS as an internal standard.

Analytical thin layer chromatography has been performed on silica gel Alugram Sil
G/UVyg4
Merck 60 (70-230 mesh, ASTM) and with the eluent indicated in each case (Table 5).

with a thickness layer of 0.25 mm. Column chrematography with silica gel

Unless for the benzyl derivatives anhydrous solvents without acidic hydrogens as
xylene, benzene, chloroform {stabilized with amilene) and acetonitrile have been

used te aveid decompesition of the products.
General Alkylation Procedure

Most of the compounds were prepared by method A, except derivatives 2¢ and 3¢ that
were obtained by method B and 3k and 4b by the two methods with similar results.

In both procedures (A and B) the crude product of the reaction was analyzed by pro-
ton NMR spectroscopy.

Method A : In a round bottomed flask provided with a refrigerant with a calcium
chloride tube and magnetic stirring were introduced in the following order: 200 ml
of xylene, 30 mmoles of azole or benzazole, 30 mmoles of anhydrous potassium car-
bonate, 30 mmoles of powdered potassium hydroxide, 1.5 mmoles of tetrabutylammonium
salt (bromide or sulfate) and 30 mmoles of an alkylating agent. After 14-20 hours of
heating under reflux, the hot reaction mixture was filtered and the residue washed
twice with 25 ml of warm xylene. The solution was dried over anhydrous sodium sulfa-

te and then isolation method indicated on Table 5 was applied in each case.

Method B : A suspension of finely divided 30 mmoles of sodium metal in 200 ml of xy-
lene was heated under reflux. Addition of 30 mmoles of the powdered azole over the
melted sodium allowed to get the corresponding azole sodium salt after heating du-
ring 15 h. Then 1.5 mmoles of tetrabutylammonium salt and 30 mmoles of alkylating
agent were added and the reaction heated for 8 h more. After this time, the sclu-
tion was filtered and the residue washed with three times 10 ml of xylene. The over-

all organic lavers were treated as indicated on Table 5 to isolate pure compounds.

Table 5. Experimental conditions and physical characteristics of alkylated

azoles and benzazoles.

Product mp (°C) Isclation vield (3%}
ia Lit (19)?iéb15mm=1zo {a) 80
Za Lit (20)6% 70-72 {a} 76
32 Lit ;21)51 54 (b) 76
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Table 5. {cont.)

112

12 Lit (22) : 114-115 (b} 12
0il

52 Lit (6) : 64.5 (a) 48

0il, picrate 158 (ethanol)

53 Lit (6) 71, picrate 163 (a}) 32
114-117

82 Lit (14) : 115-116 (a) 81
0il

2a Lit (23) : 36.5-37.5 ta) 14

1p 48-51 (c) 70
79-81

2b Lit (24) : 206 (d) 66

3b 92-94 {e) 24

4b 157-159 (e) 10

5b 0il (£) 25

6b 112-115 (hexane) (a) 15

19 123-125 (hexane} (c) 25
1495-151

&b Lit (14) 156-157 (g} 85

29 oil (a) 10
202-204

1c Lit (25) : 202-202.5 tg) 23
210-212

2e Lit (24) : 220 (g) 80
213-216

3¢ Lit (26) : 210-211 (g) 37

S5¢ 145-147 ta) 30
179-189

e Lit (16} : 180-182 (a) 12

Tc 230 (q) 38
214-216

8¢ Lit (27) : 224 (gl 70

Column chromatography on silica gel with:

(95:5), {c)

chlorcform-acetonitrile {1:1) and

reaction mixture.
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