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SYNTHESIS OF NEW DISUBSTITUTED AZOLIUM YLIDES

M. Teresa Gandasegui and Julioc Alvarez—Builla”
Depto. de Quimica Organica. Universidad de Alcala de

Henares, 28871 Alcalda de Henares, Madrid, Spain

Abstract— A series of several azolium methylides have been
obtained by reaction of l-phenacylazolium salts with the
corresponding dipolarophiles in a two-phase system. Only
by the reaction of a benzimidazol ium derivative with
dimethyl acetylenedicarboxylate 1,3-dipolar cyclecaddition

was observed.

Cycloimmonium ylides are highly interesting compounds for their reactivity,
biclegical properties and lppllcations.l Although azinium derivatives have been
extensively studied,? those bearing azolium moieties have attracted much less
attention, and the experience concerning their synthesis and reactivity is

comparatively scarce.

In recent papera.a_ﬁ we described the use of pyridinium ylides in two-phase
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systems, either solid-liguid or ligquid-liquid, which in some examples favored the
formation of disubstituted ylides instead of 1l,3-cycloaddition products. In the
present paper we report the application of the same technigue to several azolium

derivatives(1), reacting them with usual dipolarophiles.

The starting azolium salts 1 were prepared by heating the corresponding
heterocycles with phenacyl bromides, as indicated in Table 1.
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Scheme 2. Reagents and conditions: il 50% ag. KZCDJIDHID. CHzL‘lz. room

temperature; iil K,CO3/DMAD, CH3CN, room temperature.

Reaction of imidazolium salts fla-dl using the liquid-liquid technique® (50% aq.
potassium carbonate,/ methylene chloridel, with dimethyl acetylenedicarboxylate
(DMAD] at room temperature produced the open ylides (3a-c) while the less stable
benzimidazol ium derivative generated the cycloadduct (da), by the use of the solid-
ligquid technigue (Scheme 2Z]. Previous experience, using homogeneous technigues,
with similar imidazolium derivatives,’ or its hamlma produced cycloadducts or
derived compounds.?:10 No identifiable products were isolated from the processes
using the salts (le-h), although thiazolium salts have been described to produce

cycloadducts which rearrange on isolation.ll
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Table 1. Azolium derivatives 1, 3—7 prepared.

Comp. No. X Y Rl R R3 Method Yield (%]
la CH NCHy H H H - 462
1b CH NCHy H H Br - 78
1c CH NCH,4 H H NO, - s4
1a CH NCH5 - [CH=CH) 5~ H - 78P
le N NCH,4 - (CH=CH) 5~ H - 72
1f CH s H H H - 33¢
1g CH s CHg H - 57
1h CH s ~ (CH=CH) 5~ H - 439
3a CH NCH,4 H H A 10
3b CH NCH,4 Br A 38
3c CH NCHy H NO, A 35
4a CH NCHy - ICH=CH) 5- H B 17b
5a CcH NCH H H H B 51
5b CH NCHq Br B 60
S5c CH NCHy H H NO, B 41
s5d CH NCHy - (CH=CH) 5= H B 71
Se N NCH4 - [CH=CH) - H B 54
Sf CH s CHy H B 37
6a cH NCH,4 H H H B 23
6b CH NCH, H Br B 80
6c CH NCH H H NO, B 71
6d CH NCH, - [CH=CH) - B 20
Ta CH NCH H H A 50
b CH NCH, Br A 76
Tc CH NCH, NO, A 72
74 CH NCH,q - (CH=CH) 5— A 66
Te N NCH - (CH=CH) 5— H A 81

8pescribed in ref. 7.PDescribed in ref. 8,Described in ref. 12.%Described in ref.
13. Method A: acetonitrile/K,C05; Method B: methylene chloride/50% ag. K;COj.
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Reaction of the salts(llwith isocyanates and isothiocyanates is shown in the
Scheme 3. All examples produced disubstituted ylides, all showing an
intramolecular hydrogen bond, observed in the ir and nmr spectra. Isocyanate
adducts [5, 6] were obtained using the solid-liquid technigque, as both

dipolarophiles decomposed on the contact with water. Fhenylisothiocyanate,

Rl

Scheme 3. Reagents and conditions: i] CgHg-N=C=0 or CgHgCO-N=C=0/K;C04/CH4CN,
room temperature; iil CgHe-N=C=5/50% aq. l:CGJICH1c11. room

temperature.

however, was used in the liguid-liquid method with high yields. In all examples,
thiazole derivatives failed to produce any ylides or cycloadducts, except for Sf.
This should be related with the easy opening of the heterocyclic ring in the
presence of base, ll By opposite, benzotriazolium derivatives (5e, Te) were

ocbtained with high yields.
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Structures of all new compounds are supported by full spectroscopic data and by
combustion analysis. The stability of the ylides(3, 5, 6 and 7)is associated not
only with the delocalization of the negative charge but also with the presence of
an intramolecular hydrogen bond, evident by the low field signals corresponding to
the NH proton in the lH-nmr of the compounds (5-7). Another distinctive signal is
the low field singlet, appearing ca. § = 9.0 ppm, which corresponds to the CH of

the azolium moiety, in a-position with the quaternary nitrogen.

As a conclusion, the two—-phase method seems to be an easy way to generate
disubstituted ylides, not only of azinium derivatives but also in the azolium
field. As has been shown before, both methods solid-liquid and 1iquid-1iquiq3®~3
can be alternatively applied, with the limit of the bad results generally cbtained

with thiazolium salts.

Melting points were determined on a Biichi SMP-20 and are uncorrected. Ir spectra
were recorded on Perkin Elmer 700 or 1310 spectrophotometers. 1H-Nmr spectra were

obtained on a Varian FT-80 (80 MHz|! instrument using TMS as an internal reference.

Synthesis of Azolium Salts 1. To a solution of the corresponding 2-bromo—
acetophenone [50 mmoll in ethyl acetate (30 ml)l, the azole (50 mmol)l was added in
portions. The mixture was refluxed with stirring for 3 h. Then, the separated

azolium salt was recrystallised from the solvent indicated in Table 2.

Reaction of Azolium Salts 1 with DMAD. Compounds 3 and 4. To a stirred mixture of
the corresponding azolium salt (2 mmol)l in methylene chloride (10 ml) and 50%
aquecus potassium carbonate (10 ml), dimethyl acetylenedicarboxylate (DMAD] (4
mmol]l was added. The process was maintained with vigorous stirring at room
temperature for 8 h. Then, i{f precipitates appeared, it should be filtered,
washed with water, and recrystallised as indicated in Table 2. If no solid had
been produced in the process, the organic layer should be separated and the
agqueous one s extracted with methylene chloride [(3x20 ml). All the organic
extracts are mixed, dried over MgS0,. concentrated and recrystallised as

indicated.
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Table 2. Physical and Spectroscopic Data of Compounds 1 to 7.

Compd. mp (°C) Molecular Ir [KBr) 1H-Nmr2
Ho Formula [em™*] & [ppm)
1a 108-110F ClZHISHZGBr 1700, 1600, 1450 9.13s, 1H}; 8.09-7.58
[1ProOH] [m, TH}; 6.13(s, 2H); 3.96
ls, 3H)
1b  217-220  Cy,H,,NO,Br, 1700, 1590, 1400 9.04(s, 1H); 8.00-7.66
(1PrOHI] [m, 6Hl; 6.04(s, 2H!; 3.92
s, 3H)
lc  186-189  Cy,H;,N304Br 1710, 1600, 1520 9.06(s, 1H); 8.31(c, J=9.0
{iProOH] 4H); 7.7314, J=5.2, ZH):
G.14(s, 2H); 3.95(s. 3H]
1d  209-212° CygHygN,0Br 1700, 1590, 1550 9.72(s, 1H); 8.16-8.01
[ExOH/ Im, 4H) ; 7.70-7.54 [m, 5H];
Ether) 6.49(s, 2H); 4.19(s, 3H)
1e 148-150 CqgHy 4N40Br 1700, 1605, 1460 8.54-8.38m, 2H); B.24—
[EXOH/ 7.66 Im, TH]; 7.15(s, 2H);
Ether) 4.75(s,3H) .
if ZZQ-ZZZﬂ Cllﬂluﬂﬂﬂrs 1700, 1600, 1580, 10.18(s, 1H); B8.52-8.33
[Ex0OH] 1450 m, 2H) ; 8.07=7.95(m, 2H);
7.76=7.58(m, 23H]; 6.45
is,2H) .
1g 242-244 Clzﬂlzﬂﬂﬂrs 1680, 1600, 1580, 10.20(d, J=2.7, 1H):; 8.12
{MeOH/ 1450, 1230 8.00(m, 3Hl; 7.77-7.60
Hater) {m, 3H); 6.54Is, 2H); 2.46
(s, 3H).
i1h 232-234% ClEHIZNDBrS 1680, 1600, 1580, 10.63 (s, 1H); B.62-7.54
(MeOH/ 1510 m, 9Hl; 6.79(s,2H)
Water]
3a  226-227  CygH,gNo0g 1740, 1660, 1560, 8.92(s, 1H); 7.54(s, 2H);
(MeOHI 1400 T.11(=, 5H); 3.70(=s, 6HI;

3.39(s, 3H).

3b 208-210 CygH;7N50-BEr 1740, 1690, 1560, 8.941s, 1H); 7.56(s, 2H;
[MeCN/ 1500, 1420, 1370 7.3314, J=8.2, 2H]; 7.00
Et0H] id, J=8.2, 2Hl; 3.72
ls.3H); 3.63 (s, 3H):;3.39
ls, 3H).
3c 220-222 CygHq7N404 1740, 1680, 1570, 9.00(s, 1A); 8.00(d, J=B.5
[MeCH/ 1520, 1500, 1350 2H}; 7.571s,2H1; 7.32(d,
EtOH) J=8.%,2H) ; 3.71(e, 3H);
3.680s, 3H); 3.45(=s, 3H).
4a  210-212F  C, H,gN,04 1730, 1700, 1610 8.66(d, J=7.2, 1H); 7.99-
[EtOH] 1460, 1210 7.42 (m, BHI; 4.411ls, 3H];
3.90(s, 3Hl: 3.45(s, 3H).
5a 260-261 CygHyqN305 1640, 1590, 1540, 12.65(s, 1H); 8.81(s, 1H);
[MeCN) 1490, 1420, 1210 7.58-7.18(m, TH}; 7.13
(s, SH}; 3.70(s, 3H).
5b 230-232 Ci9H gN30,Br 1630, 1590, 1530, 12.36 (s, 1H); 8.84(s, 1H);
(EtOH) 1430, 1210 T.55-6.84(m, 11H)}; 3.73
(s, 3H).

4 In DMS0-d;, chemical shifts in ppm and coupling constants in Hz. b ¥ﬂ3-1ﬂ5 in
ref. 7. © 205 in ref. 8. 227-229 in ref. 12. © 235-236 in ref. 13. 130-131 in
ref. B.

— 1806 —

|




HETERCHCYCLES, Yol 31, Ne. 10, 1990

Table 2 [Cont]. Physical and Spectroscopic Data of Compounds 1 to 7.

Compd. mp [(°C) Molecular Ir (KEBr) lH-Hmr
No Formula (cm™*) & lppm)
5¢c 226-227 C19H15"404 1640, 1590, 1520 12.45(s, 1H)l: 8.90(s, 1HI);
[AcOEL) 1450, 1420, 1200 8.02(d4, J=8.6, 2Hl; 7.58-

6.87im, 9Hl ; 3.72(s, 3H).

5d 250-252 CpqHqgN40, 1620, 1585, 1520 12.84 (s, 1H); 9.61(s, 1H);
[MeCHN) 1495, 1440, 1410 7.93-7.00(m, 14H); 4.03
is, 3H).
Se 238-240  CppHgN,0, 1640, 1510, 1420, 12.51(s, 1Hl; 8.24-7.11
[MeCHN] 1390, 1220 (m, 9H) ; 7.03[s, 5H]; 4.51
is, 3H].
5f 184-186 CqygHygN2055 1630, 1590, 1530, 12.52(s, 1Hl; 9.87
[AcOEt/ 1500, 1450, 1400 id, IJ=2.7, 1Hl; 7.83-7.79
Ether] (m, 1H); 7.5514.J=7.5, 2H)

7.31-6.89(m, 3H); 7.14
is, 5H); 2.331s, 3H).

(AcOEL) 1500, 1490, 1410 7.94=7.89m, 2H); 7.57-
7.35(m, 5H); 7.17|s, 5H):
3.72 (e, 3H).
&b 198-200 CJUHIEHSGBBr 1695, 1650, 1620, 14.2110s, 1H}; 8.97 (s, 1HI;
{MeOH/ 1480, 1425, 1290 8.04-7.94 Im, 2H); 7.62-
Water) 7.10im, 9RH);: 3.78(s. 3H].
1] 228-229 cgaulﬁu‘uﬁ 1700, 1540, 1480, 13.99(s, 1H); 8.95(s, 1H]:
(MeCHN] 1420, 1410 8.14-7.74im, 4H};7.57-
7.3 Im, THI; 3.741s, 3H].
64  227-229  Cy HygN30; 1695, 1640, 1500, 14.73(s, 1H); 9.65(s, 1H);
|MeOH) 1470 8.10-7.82im, 4H); 7.57
le, SHI; T.11(s, SH); 4.03
(s, 3H).
7Ta  193-194  C,4H;,N50S 1600, 1560, 1500, 14.58(s, 1H); 8.96(s, 1H);
[AcOEL/ 1390, 1200 7.7010d4, J=7.2, 2H): 7.37-
CHyCl,1 7.27(m, SHI; 7.16(s, 5H);
3.69(s, 3H).
Tb 196-197 Clgﬂlﬁﬂzﬂﬂrs 1660, 1550, 1500, 14.52 (s, 1H): 6.991(s, 1H);
[AcOEL) 1390, 1200 7.791d4, J=T7.4, 2H); 7.39-
7.09im, 9HI; 3.74(s, 3H).
Tc  196-197  C,gH;gN 055 1600, 1550, 1500, 14.53(s, 1H); 9.15(s, 1H);
!CH20121 1410, 1390, 1350 8.18(d, J=5.4, ZH);: 7.90-
1200 7.18(m, 4HI; 7.50(s, SH);
3.85(s, 3H).
74 230-232  Cp3H gN40S 1600, 1560, 1500 14.83(s, 1H); 9.80(s, 1H);
[MeCN] 1410, 1390 7.93-7.00(m, 14H) ; 4.03
; s, 3H).
Te  188-189  Cy,H,gN,0S 1595, 1560, 1500, 14.51(s, 1H); 7.92-7.74
[MeOH) 1415, 1390, 1370 m, S5H) ;7.55-7.16Im, 4H) :
1300 7.06(s, 5H]; 4.57(s, 3H].

In DHSO-GE, chemical shifts in ppm and coupling constants in Hz.
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Table 3. Microanalyses of Compounds 1 to 7.

Cale. [%) Found (%)
COMPOUND c H N c H N
1b 38.12 3.73 T7.41 37.87 3.59 7.14 1 qul
1ec 41.88 4.10 12.21 42.12 4.12 11.81 1 Hzﬂl
le 54.23 4.24 12.64 53.94 4.52 12.50
1g 48.33 4.06 4.70 48.52 4.01 4.52
3a 63.15 5.30 8.18 63.20 5.40 8.40
3b 51.27 3.61 6&._68 51.30 3.80 6.90
3c 55.82 4.42 10.85 56.00 4.50 11.10
da 67.69 4.65 7.18 67.38 4.88 6.75
S5a T1.46 5.36 13.16 71.40 5.40 13.10
S5b 57.30 4.05 10.55 57.40 4.40 10.30
Sc 62.63 4.43 15.38 62.40 4.70 15,30
54 74.78 5.18 11.37 75.10 5.40 11.60
Se 71.34 4.90 15.10 T71.40 5.05 15.30
5f 67.84 4.79 8.33 67.50 4.90 8.30
Ga 69.15 4.93 12.10 69.40 5.00 12.30
&b 56.35 3.78 9.86 56.40 4.00 10.00
6c 61.22 4.11 14.28 61.40 4.30 14.60
6d T72.53 4.82 10.57 72.30 4.70 10.40
Ta 68.04 5.11 12.53 68.30 5.20 12.20
Tb 55.08 3.89 10.14 54.90 4.00 10.15
Te 59.99 4.24 14.73 60.10 4.10 15.00
T4 71.66 4.97 10.90 72.00 5.10 11.20
T= 68.37 4.69 14.50 68.50 4.80 14.70

Reaction of Azolium Salts 1 with Phenyl and Benzoyl Isocyanate. Ylides 5 and 6. To
a suspension of the corresponding azolium salt (2 mmol) in dry acetonitrile (20
ml) and anhydrous potassium carbonate (4 mmol]l, the corresponding isocyanate (2.4
mmol) was added. The mixture was vigorously stirred at room temperature for 8 h.
The inorganic solid was filtered, and washed with methylene chloride until color
disappearance, the organic extracts were mixed, washed with water, dried over

Mg50, and concentrated. The residue of crude ylide was recrystallised as described
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in Table 2.

Reaction of Azolium Salts 1 with Phenyl Isothiocyanate. Ylides 7. To a mixture of
the corresponding azolium salt (2 mmol) in methylene chloride (10 ml) and 50%
‘agueous potassium carbonate (10 ml), phenyl isothiocyanate (2.4 mmol) was added.
The mixture was vigorously stirred at room temperature for 8 h. Then, the organic
layer was separated and the aguecus one was extracted with methylene chloride
[4%20 ml) . All the organic extracts were mixed, washed with water, dried over

.Haﬂn‘. concentrated and recrystallised as indicated in Table 2.
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