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Abstract — 4-Ethynyl-1,2-dimethylpyrazolium salts were prepared by methylation
of the corresponding 4-ethynyl-1-methylpyrazoles with trimethyloxonium
tetrafluoroborate and were deprotonated to give the corresponding pyrazolium-4-
acetylenides, which are mesomeric betaines. These can be represented as alkynyl-
or mesoionic allenylidene-type resonance forms. Calculations and spectroscopic
investigations were performed to determine the contribution of each canonical
form to the overall structure. Ylides and N-heterocyclic carbenes are tautomers of

the betaines. Their relative stabilities have been compared.

INTRODUCTION

156 are based on the

Numerous synthetic biologically active compounds'™* as well as natural products
pyrazole nucleus, and the COX-2 enzyme inhibitor celecoxib, the analgesic and anti-inflammatory agent
difenamizole as well as the alkaloid withasomnine’ from Withania somnifera and other plants are just
three examples. Moreover, pyrazole proved to be a versatile starting material for complex chemistry and
heterocycle synthesis via their N-heterocyclic carbenes.® Thus, pyrazol-3-ylidene 1 forms complexes with

? iron,” rhodium,!” palladium!! and other metals, and it can be used for the synthesis of

chromium,
quinolines'*!? by rearrangements. Pyrazolium-3-carboxylates 2 are pseudo-cross-conjugated heterocyclic
mesomeric betaines (PCCMB) and masked N-heterocyclic carbenes (NHC) which are suited to generate
pyrazol-3-ylidenes in-situ. In general, PCCMBs decarboxylate thermally under relatively mild conditions
to form the corresponding N-heterocyclic carbenes (Scheme 1). By contrast, the decarboxylation of
pyrazolium-4-carboxylates 3, which are members of the class of cross-conjugated heterocyclic mesomeric

betaines (CCMB), requires harsh reaction conditions, and the corresponding pyrazol-4-ylidene 4 has only

been detected mass spectrometrically under these conditions.!* Its synthesis can better be accomplished
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by deprotonation of suitable pyrazolium salts.'> Complexes were prepared.'®!”
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In general, pseudo-cross-conjugated mesomeric betaines which possess iminium-2-carboxylate partial
structures I give normal N-heterocyclic carbenes II by decarboxylation, whereas cross-conjugated
iminium-3-carboxylates III give abnormal or remote N-heterocyclic carbenes IV (Scheme 2). A review
deals with the intersection between the substance classes of mesomeric betaines (MB) and N-heterocyclic
carbenes (NHC).'® Formal replacement of the carboxylate group by the ethynyl group opens new
perspectives, as resonance forms of neutral allenylidenes V or mesoionic allenylidene resonance forms VI
can be formulated depending on the site of attachment of the ethynyl group. Ethynyl substituted

19-23

pyridinium salts, quinolinium salts** and imidazolium salts®>> have been reported and their betaines

have been mentioned. In most cases, the latter are sensitive molecules which tend to decompose or

polymerize.
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In continuation of our interest in new types of mesomeric betaines and N-heterocyclic carbenes®® we
describe here the syntheses of 4-ethynylpyrazolium salts and our results of experiments to convert them
into mesomeric betaines (MB), ylides, or N-heterocylic carbenes (NHC) by deprotonation. Spectroscopic
investigations as well as DFT-calculations have been performed in order to elucidate the site of

deprotonation and the alkynyl vs. allenylidene character of the pyrazolium-4-acetylenides.
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RESULTS AND DISCUSSION

We started the synthesis of the title compounds by an iodination of pyrazole and 3,5-dimethylpyrazole
with iodine in the presence of ceric ammonium nitrate in anhyd. acetonitrile according to literature-known
procedures, respectively, which resulted in the formation of 5a,b in excellent yields* (Scheme 3).
Methylation was best accomplished with an excess of sodium hydride and methyl iodide under careful
exclusion of moisture to give 6a,b. A Sonogashira-Hagihara coupling employing ethynyltrimethylsilane
in the presence of one equivalent of dichlorobis(triphenylphosphine)palladium and 0.03 equivalents of
copper(I) iodide in anhyd. triethylamine resulted in the formation of the corresponding
4-ethynylpyrazoles 7a,b. The deprotection of the triple bonds to give 8a,b was then accomplished with
potassium carbonate at temperatures below 40 °C. Various reagents and reaction conditions were tried to
methylate 8a,b to prepare the title compounds 9a,b. Methyl triflate failed, even if reaction times of more
than 72 h at elevated temperatures were applied, and only yet unidentified decomposition products were
obtained. Likewise, treatment of 8a,b with dimethyl sulfate in toluene in the presence of catalytic
amounts of nitrobenzene — as successfully applied earlier'”> — also resulted in the decomposition of the
starting material. Finally trimethyloxonium tetrafluoroborate gave good yields of the desired
4-ethynylpyrazolium salts 9a,b, if the reaction temperature was kept below 30 °C, followed by cooling to

-78 °C to induce crystallization under inert conditions.
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Scheme 3

The detection of the NMR resonance frequencies especially of the terminal alkyne carbon required
changed measurement parameters. In addition to standard HSQC NMR measurements with an assumed
value of 145 Hz for averaged 'Jcn coupling constants, in case of the terminal alkyne a further HSQC
experiment was tuned to 245 Hz in order to unambiguously assign the terminal alkynyl carbon. Thus, the

3BC NMR signals of 9b in pyridine-ds were detected at § = 104.24 ppm (C4-C=C-H), 69.70 ppm
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(C4-C=C-H), and 86.44 ppm (C4-C=C-H), respectively, and the hydrogen atom (C4-C=C-H) resonated at
0 = 4.46 ppm under these conditions. A priori, three different C-H acidic positions can be identified in
4-ethynylpyrazolium salt 9a which are located in the terminal position of the ethynyl group, in the methyl
groups as well as in the positions 3/5 of the pyrazolium ring. Deprotonation of the ethynyl group resulted
in the formation of the mesomeric betaine 10a(A) which can also be represented by mesoionic
allenylidene resonance forms such as 10a(B) and 10a(C) (Scheme 3). The ylide 11a and the
N-heterocyclic carbene 12 are tautomers of 10a and resulted from deprotonation of one of the methyl
group or position 3/5 of 9a, respectively. Due to limited solubilities we had to choose different solvents
for the following studies. On treatment of 9a with nBuLi in THF at -78 °C, an extremely moisture
sensitive solid precipitated. Quenching the solution with DO resulted in the formation of the
3,5-dideuterio-4-ethynylpyrazolium salt of 9a which possessed a 50% deuterated -C=C-H/D group. The
anion of acetonitrile-ds, formed in-situ on treatment of MeCN-d5 with nBuLi at -78 °C,'® gave 4:1 and 3:2
H/D ratios at the position 3/5 and the terminal ethynyl group, respectively. Under analogous conditions
without base, no deuteration of 9a took place. In agreement with these results an electrospray ionization
mass spectrometric measurement of the deprotonated species showed intact starting material due to
re-protonation under the measurement conditions. When a solution of 9b, which possesses a priori two
different acidic positions, was treated with the anion of MeCN-d3 under analogous conditions, the integral
of the resonance frequency of the -C=C-H proton at & = 3.74 ppm decreased considerably after stirring for
15 min at that temperature, whereas attempts to deprotonate 9b with nBuLi in benzene at 0 °C failed
completely and resulted in decomposition of the starting material. Addition of D,O resulted in the
spontaneous formation of the deuterated salt of 9b possessing a -C=C-D group. The system consisting of
pyridine-ds and one eq. of lithium bis(trimethylsilyl)amide (HMDS), however, caused an immediate
quenching of the 'H NMR resonance frequency at § = 4.54 ppm of the -C=C-H proton. The signals of the
resulting -C=C-Li group appeared at & = 60.6 ppm (-C=C-Li) and 70.8 ppm (-C=C-Li) in *C NMR
spectroscopy. When the salt 9b was treated with nBuLi at -35 °C prior to the 'Li NMR measurement, the
corresponding 'Li NMR resonance frequency could be detected at § = 2.33 ppm. The 'H NMR resonance
frequencies of the methyl groups shifted upfield from 4.08 ppm and 2.31 ppm in the salt 9b in pyridine-ds
to 3.61 ppm and 1.60 ppm in the betaine 10b which proved to be stable in solution, but it decomposed on
warming and on trying to remove the solvent. Due to this sensitivity we were prevented from attempts to
trap the ylide tautomer by Michael additions®**! or cycloadditions®*® with DMAD, and the NHC
tautomer by reaction with sulfur or selenium. DFT calculations supported the experimental observations.
According to the calculations the NHC tautomer 12 is energetically favorable in the gas phase. Polar
solvents favor the more polar structure of the mesomeric betaine 10a in which charge separation occurs.

Increasing solvent polarity (dielectric constants: THF: 7.4, MeCN: 37.5, DMSO: 48.9) is reflected by an



HETEROCYCLES, Vol. 96, No. 7, 2018 1207

increasing preference of the mesomeric betaine, although the energy differences between the NHC and
the MB are small in all solvents. Neglecting possible stabilizing influences from counter ions and metal
coordination, equilibria may be expected. The ylide tautomer is disfavored in comparison to the MB and
NHC tautomer according to the calculations. Correspondingly, the betaine tautomer 10b is clearly favored

in comparison to its ylide tautomer 11b in polar solvents.

Table 1. Results of DFT calculations. Relative stabilities.

} AE AE AE
M'[3Es]1° y"‘[’gs]" "N[';'EC]“ MB -ylide nNHC -ylide nNHC - MB
n " " [kJ/mol] [kJ/mol] [kJ/mol]
gas phase  -380.83875  -380.87180  -380.87639 86.76 -12.05 -98.82
THF -380.89501  -380.88110  -380.89716 -36.52 -42.16 -5.64
a | stabilities
MeCN -380.90521  -380.88324  -380.90391 -57.68 -54.27 3.42
DMSO -380.90527  -380.88328  -380.90386 -57.71 -54.01 3.70
gas phase  -459.48305 -459.51548 85.15
THF -459.53219  -459.52602 -16.19
b || stabilities
MeCN -459.54196  -459.52841 -35.58
DMSO -459.54164  -459.52839 -34.79

The highest occupied molecular orbitals (HOMO) of the mesomeric betaines 10a,b are shown in Figure 1.
They are o lone pairs located at the terminal carbon atoms of the triple bonds with additional coefficients
on the triple bond’s carbon atoms. As expected the lowest unoccupied molecular orbitals (LUMO) are ©
orbitals located in the pyrazolium ring. These results resemble those of pyridinium- and

quinolinium-acetylenides which we described earlier.!%%*

HOMO (10a) LUMO (10a) HOMO (10b) LUMO (10b)

Figure 1

According to DFT calculations the o-bond which connects the pyrazolium rings with the triple bond are
slightly shortened to 139.0 pm (10a) and 139.5 pm (10b) in vacuo in comparison to vinylacetylene (143
pm).>” Furthermore the bond lengths of the triple bonds, calculated to be 125.7 pm and 125.8 pm in vacuo,
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are longer than in acetylene (118 pm),®® in phenylacetylene (120.8 ppm),*® in the ylides (11a: 121.0 ppm;
11b: 121.2 ppm) as well as in the NHC tautomer 12 (121.1 ppm) in vacuo. They are indicative of a very
small contribution of an allenylidene-typ resonance form to the overall structures in vacuo, as observed
earlier for related systems.!”** As shown in Table 2, the bond lengths are slightly solvent-dependent in
such a way, that the small allenylidene contribution of the betaines is diminished in polar solvents.
Moreover, according to calculations, the negative charge is predominantly located on the a-carbon atom
in betaine 10a in solutions of THF and DMSO. The aforementioned 'Li NMR data were compared with
resonance frequencies of the lithium adduct of ethynylbenzene which was prepared under identical
conditions which show a difference of only +0.45 ppm ['Li NMR (Ph-C=C-Li) = 2.78 ppm]. This finding
also supports the predominant alkynyl-type character of the betaine 10b.

Table 2. Results of DFT calculations. Bond lengths.

Triple bond Csp-C,2
gas phase 125.7 139.0
THF 125.0 142.3
10a
MeCN 125.0 142.8
DMSO 124.9 142.8
gas phase 125.8 139.5
THF 125.3 142.4
10b
MeCN 125.2 142.9
DMSO 125.2 142.9

CONCLUSION

In view of NMR investigation and DFT calculations of bond lengths and frontier orbital profiles of the
anions of 4-ethynylpyrazolium salts the structure of the instable betaines can best be described as an
alkynyl-type structure with possible small influences of an allenylidene-type structure in vacuo. The
tautomers of the pyrazolium-4-acetylenides, ylides and the N-heterocyclic carbene, are disfavored

according to the calculation.

EXPERIMENTAL

General considerations. Flash-chromatography was performed using silica gel 60 (0.040-0.063 mm).
Nuclear magnetic resonance (NMR) spectra were obtained using Bruker Avance 400 and Bruker Avance
111 600 MHz instruments. 'H NMR spectra were recorded at 400.18 MHz or 600.35 MHz. '3C NMR
spectra were recorded at 100.63 MHz or 150.96 MHz, with the solvent peak or tetramethylsilane used as
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the internal reference. 'Li NMR spectra were recorded at 233.32 MHz. Multiplicities are described by
using the following abbreviations: s = singlet, d = doublet, t = triplet, ¢ = quartet, and m = multiplet.
FT-IR spectra were recorded on a Bruker Vector 22 in the range of 400 to 4000 cm™'. ATR-IR spectra
were recorded on a Bruker Alpha in the range of 400 to 4000 cm!. The mass spectra were measured with
a Varian 320 MS Triple Quad GC/MS/MS with a Varian 450-GC. The electrospray ionization mass
spectra (ESIMS) were measured with an Agilent LCMSD series HP 1100 with APIES. Melting points are
uncorrected and were determined in an apparatus according to Dr. Tottoli (Biichi). Yields are not

optimized. Compounds 5a and 5b were prepared according to literature procedures.?’

Calculations. All density-functional theory (DFT)-calculations were carried out by using the Jaguar
7.7.107 software running on Linux 2.6.18-238.el5 SMP (x86 _64) on five AMD Phenom II X6 1090T
processor workstations (Beowulf-cluster) parallelized with OpenMPL* MM2 optimized structures were
used as starting geometries. Complete geometry optimizations were carried out on the implemented
LACVP* (Hay-Wadt effective core potential (ECP) basis on heavy atoms, N31G6* for all other atoms)
basis set and with the B3LYP density functional. Solvent effects were estimated by help of the Poisson
Boltzmann Finite element method implemented in Jaguar. Plots were obtained using Maestro 9.1.207, the
graphical interface of Jaguar. Partial charges were obtained with NBO 6.0 from the results of the DFT

calculations.*!

4-Iodo-1-methyl-1H-pyrazole 6a.

Under an atmosphere of nitrogen a solution of 4-iodo-1H-pyrazole (1.58 g; 8.0 mmol) in anhyd. THF was
added dropwise to a freshly prepared suspension of sodium hydride (0.21 g; 8.7 mmol). The reaction
mixture was stirred for 3 h and then 1.0 mL of methyl iodide (2.24 g; 15.8 mmol) was added dropwise.
The mixture was stirred for additional 12 h and quenched by adding approximately 50 mL of water. The
crude product was extracted with Et2O and dried over sodium sulfate. After evaporation of the solvent the
product was obtained as a yellowish solid. Yield: 1.64 g (98%), Mp 68-69 °C. 'TH NMR (CDCl3): § =
3.85 (s, 3H, Me), 7.33 (s, 1H, 3-H), 7.42 (s, 1H, 5-H) ppm. 3C NMR (CDCls): § = 39.3 (+, Me), 55.9 (o,
C-4), 134.3 (+, C-5), 144.4 (+, C-3) ppm. IR (ATR): v=3117, 3103, 2939, 1601, 1542, 1365, 1296, 942,
801, 605 cm™'. MS (EI, DEP, 70 eV): m/z 207.6 [M"].

4-Iodo-1,3,5-trimethyl-1H-pyrazole 6b.
Under an atmosphere of nitrogen a solution of 4-iodo-3,5-dimethyl-1H-pyrazole (8.95 g; 40.0 mmol) in
anhyd. THF was added dropwise to a freshly prepared suspension of sodium hydride (1.06 g; 44.0 mmol).

The reaction mixture was stirred for 3 h and then 5.0 mL of methyl iodide (11.94 g; 88.0 mmol) were
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added dropwise. The mixture was stirred for additional 12 h and then quenched by adding approximately
50 mL of water. The crude product was extracted with Et2O and dried over sodium sulfate. After
evaporation of the solvent the product was obtained as a yellowish solid. Yield: 9.18 g (97%), Mp
77-78 °C. TH NMR (CDCl3): & = 2.13 (s, 3H, 3-Me), 2.19 (s, 3H, 5-Me), 3.72 (s, 3H, N-Me) ppm. 3C
NMR (CDCl3): 6 = 10.9 (+, 3-Me), 12.9 (+, 5-Me), 36.0 (+, N-Me), 61.1 (o, C-I), 139.6 (+, C-5), 150.0
(+, C-3) ppm. IR (ATR): v = 2983, 2969, 2935, 2921, 2189, 2020, 1531, 1417, 1407, 1374, 1279, 1063,
1032, 824, 661, 590 cm™. MS (EL, DEP, 70 eV): m/z = 236.1 [M'].

1-Methyl-4-[(trimethylsilyl)ethynyl]]-1H-pyrazole 7a.

Under nitrogen, a suspension of 0.919 g (4.42 mmol) of 4-iodo-1-methylpyrazole, 0.102 g (0.13 mmol) of
Pd(PPh3),Clz and 0.025 g (0.133 mmol) of Cul in 50 mL of anhyd. NEt; was treated dropwise with 0.937
mL (0.651 g; 6.628 mmol) of trimethylsilylacetylene. After heating the mixture for 4 h under reflux, the
suspension was cooled to rt and the solvent was distilled off in vacuo. The residue was dissolved in
EtOAc and filtered through celite. Column chromatography (silica gel, petroleum ether / EtOAc = 5/4)
gave the product as colorless crystalline solid. Yield: 0.763 g (97%), Mp 78-79 °C. TH NMR (CDCls, 400
MHz): 6 = 0.00 (s, 9H; TMS), 3.64 (s, 3H; Me), 7.05 (s, 1H; H-5), 7.35 (s, 1H; H-3) ppm. 3C NMR
(CDCls, 150 MHz): 6 = 0.0 (+, 3C; TMS), 39.0 (+, 1C; Me), 94.9 (o, 1C; -C=C-TMS), 96.2 (o, 1C;
-C=C-TMS), 103.4 (o, 1C; C-4), 133.1 (+, 1C; C-5), 142.3 (+, 1C; C-3) ppm. All spectroscopic data are

in agreement with literature values.*>*

1,3,5-Trimethyl-4-[(trimethylsilyl)ethynyl]-1H-pyrazole 7b.

Under nitrogen, a suspension of 2.078 g (8.803 mmol) of 4-iodo-1,3,5-trimethylpyrazole, 0.124 g (0.176
mmol) of Pd(PPh3)>Cl> and 0.050 g (0.264 mmol) of Cul in 50 mL of anhyd. NEt3 was treated dropwise
with 1.866 mL (1.297 g; 13.205 mmol) of trimethylsilylacetylene. After heating the mixture for 4 h under
reflux, the suspension was cooled to rt and the solvent was distilled off in vacuo. The residue was
dissolved in EtOAc and filtered through celite. Column chromatography (silica gel, petroleum ether /
EtOAc = 5/4) gave the product as colorless crystalline solid. Yield: 1.435 g (6.966 mmol, 79%), Mp
93-94 °C. 'TH NMR (CDCls, 400 MHz): 6 = 0.23 (s, 9H; TMS), 2.25 (s, 3H; 3-Me), 2.28 (s, 3H; 5-Me),
3.69 (s, 3H; N-Me) ppm. 3C NMR (CDCl3, 150 MHz): 6 = 0.0 (+, 3C; TMS), 10.4 (+, 1C; 5-Me), 12.3
(+, 1C; 3-Me), 36.0 (+, 1C; N-Me), 97.2 (o, 1C; -C=C-TMS), 97.4 (o, 1C; -C=C-TMS), 101.9 (o, 1C;
C-4), 1424 (o, 1C; C-5), 149.8 (o, 1C; C-3) ppm. IR (ATR): ¥ = 2965 (Me), 2151 (vc=c), 1242, 840,
762, 651 cm™'. MS (ESI-MS): m/z = [MH'] 207.1. HRMS (ESI, LCT): [C11HsN2Si+Na'] required
229.1131. Found 229.1119. [C11H18N2Si+H"] required: 207.1312. Found: 207.1299.
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4-Ethynyl-1-methyl-1H-pyrazole 8a.

A sample of 1-methyl-4-[(trimethylsilyl)ethynyl]-1H-pyrazole (2.00 g, 11.0 mmol) was dissolved in 27.5
mL of anhyd. CH>Cla. Then, 2 eq. of K2COj3 and 5 mL of anhyd. MeOH were added. The suspension was
stirred for 1 h and then the solvent was distilled off in vacuo. The residue was dissolved in EtOAc and
washed three times with water. The organic layer was dried over MgSO4 and then the solvent was
distilled off. The resulting crude reaction product was subjected to column chromatography (petroleum
ether / EtOAc = 3/2). Yield: 1.071 g (90%), Mp 44 °C. 'TH NMR (CDCls, 400 MHz): & = 3.01 (s, 1H;
C=C-H), 3.88 (s, 3H; N-Me), 7.52 (s, 1H; 3-H), 7.60 (s, 1H; 5-H) ppm. All spectroscopic data are in

agreement with literature values.*?

4-Ethynyl-1,3,5-trimethyl-1H-pyrazole 8b.

Under a nitrogen atmosphere 1.403 g (6.797 mmol) of 1,3,5-trimethyl-4-[(trimethylsilyl)ethynyl]-1H-
pyrazole were suspended in approximately 4 mL of anhyd. CH2Cl> with 1.879 g (13.595 mmol) of K2CO3
in approximately 15 mL of anhyd. MeOH. The mixture was stirred for 1 h and the solvents are distilled
off in vacuo. The organic phase was dissolved in EtOAc and washed twice with 20 mL of water. The
organic phase was then dried over sodium sulfate and finally the solvent was distilled off in vacuo. The
resulting crude reaction product was subjected to column chromatography (petroleum ether / EtOAc =
3/2). Yield: 0.741 g (91%), Mp 93-94 °C. TH NMR (CDCls, 400 MHz): § = 2.00 (s, 3H; 3-Me), 2.03 (s,
3H; 5-Me), 3.21 (s, 1H; -C=C-H), 3.42 (s, 3H; N-Me) ppm. *C NMR (CDCl3, 150 MHz): 6 = 10.8 (+,
1C; 5-Me), 12.8 (+, 1C; 3-Me), 37.0 (+, 1C; N-Me), 77.5 (o, 1C; -C=C-H), 82.3 (o, 1C; -C=C-H), 101.2
(o, 1C; C-4), 144.2 (o, 1C; C-5), 150.2 (o, 1C; C-3) ppm. All spectroscopic data are in agreement with

literature values.**

4-Ethynyl-1,2-dimethyl-1H-pyrazolium tetrafluoroborate 9a.

Under nitrogen, a solution of 4-ethynyl-1-methyl-1H-pyrazole (0.872 g; 8.2 mmol) in 3 mL of anhyd.
CH:Cl; was added dropwise to a freshly prepared suspension of trimethyloxonium tetrafluoroborate (1.46
2; 9.9 mmol) in 4 mL of anhyd. CH2Clz. The mixture was stirred for 6 h at rt and then approximately 50
mL of cold Et20 were added. The mixture was then cooled to -78 °C for additional 1.5 h and then filtered.
The crude product was washed with small amounts of cold Et2O, acetone and petroleum ether. Yield:
(93%). Mp 320 °C (decomp). For the deuteration, we treated a solution of 9a (0.1 g, 0.48 mmol) in anhyd.
MeCN under nitrogen at -78 °C dropwise with 0.033 g of nBuLi (0.52 mmol, 0.33 mL). The mixture was
stirred for 15 min and then was allowed to warm to rt. Then, 0.05 mL of D>O were added. '"H NMR
(DMSO-ds, 400 MHz): & = 3.08 (s, 6H; Me), 3.45 (s, 1H; -C=C-H), 7.77 (s, 2H; H-3, H-5) ppm. 'H NMR
after deuteration (CD3CN, 600 MHz): 0 = 4.00 (s, 6H; Me), 4.05 (s, 0.6H, -C=C-H), 8.24 (s, 0.4 H; H-3,
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H-5) ppm. 3C NMR (DMSO-ds, 150 MHz): & = 36.9 (+, Me), 71.0 (0, 1C; -C=C-H), 84.4 (+, 1C;
-C=C-H), 102.1 (0, 1C; C-4), 139.5 (+, 2C, C-3; C-5) ppm. 13C NMR after deuteration (CD3CN, 100
MHz): 6 =27.4 (+, 2C; N-Me), 83.3 (+,1C; -C=C-D/H), 117.4 (o, 1C; C-4), 140.5 (+, 2C; C-3, C-5) ppm.
The signal of -C=C-H could not be detected under these measurement conditions. IR (ATR): ¥V = 3132,
1447, 1334, 1241, 1033, 605 cm™'. ESI-MS: m/z = 121.0 (100%). HRMS (ESI, LCT&Q-Tof Premier
UPLC): C7HyoN," required: 121.0760. Found: 121.0763.

4-Ethynyl-1,2,3,5-tetramethyl-1H-pyrazolium tetrafluoroborate 9b.

Under nitrogen, a solution of 4-ethynyl-1,3,5-trimethyl-1H-pyrazole (3.25 g; 24.0 mmol) in 3 mL of
anhyd. CHxCl, was added dropwise to a freshly prepared suspension of trimethyloxonium
tetrafluoroborate (4.30 g; 29.0 mmol) in 4 mL of anhyd. CH>Cl,. The mixture was stirred for 6 h at rt and
then approximately 50 mL of cold Et2O were added. The mixture was then cooled to -78 °C for additional
1.5 h and filtered. The crude product was washed with small amounts of cold Et,O, acetone and
petroleum ether. The product was obtained as yellowish solid. Yield: 4.89 g (86%), Mp 154-155 °C
(decomp). TH NMR (CD3;CN, 600 MHz): § = 2.44 (s, 6H; 3-Me, 5-Me), 3.74 (s, 1H; -C=C-H), 3.83 (s,
6H; N-Me) ppm. 3C NMR (CDsCN, 150 MHz): 6 = 11.5 (+, 2C; 3-Me, 5-Me), 35.3 (+, 2C; N-Me), 71.4
(0, 1C; -C=C-H), 86.3 (o, 1C; -C=C-H), 104.3 (o, 1C; C-4), 149.6 (0, 2C; C-3, C-5) ppm. MS (ESI-MS):
m/z=149.1 [M]", 385.1 [MBF4]". IR (ATR): ¥ = 3259, 2031, 2160 (vc=c), 1461, 1333, 1022, 915, 744,
521 cm'. HRMS (ESI, LCT): [CoHi3N,"] required: 149.1073. Found: 149.1079. [(CoHi3N2).BF4]"
required: 385.2182. Found: 385.2164.

(1,2,3,5-Tetramethyl-1H-pyrazolium-4-yl)ethyn-1-ide 10b.

Under nitrogen, 0.020 g (0.0847 mmol) of 4-ethynyl-1,2,3,5-tetramethyl-1 H-pyrazolium tetrafluoroborate
were dissolved in 0.5 mL of anhyd. pyridine. A sample of 0.014 g (0.0847 mmol) of lithium
bis(trimethylsilyl)amide solution (1 M in THF) was added carefully. Decomposition occurred on
attempting to isolate the product by removing the solvent. For the 'Li NMR measurement, we treated
0.100 g (0.424 mmol) of tetramethyl-1H-pyrazolium tetrafluoroborate in 1.0 mL of anhyd. pyridine-ds
under nitrogen with 0.027 g (0.424 mmol, 0.27 mL) of nBuLi solution (1.6 M in hexane). 'TH NMR
(pyridine-ds, 600 MHz): § = 1.60 (s, 6H; 3-Me, 5-Me), 3.61 (s, 6H; N-Me) ppm. '3C NMR (pyridine-ds,
150 MHz): ¢ = 14.5 (+, 2C; 3-Me, 5-Me), 39.3 (+, 2C; N-Me), 60.6 (o, 1C; -C=C"), 70.8 (o, 1C; -C=C),
104.5 (o, 1C; C-4), 153.3 (0, 2C; C-3, C-5) ppm. "Li NMR (pyridine-ds, 233 MHz): § = 2.33 ppm.



HETEROCYCLES, Vol. 96, No. 7, 2018 1213

ACKNOWLEDGEMENTS

Dr. Gerald Dréger, university of Hannover (Germany), is gratefully acknowledged for measuring the

HRESIMS spectra.

REFERENCES AND NOTES

1.
2.

10.
11.
12.
13.

14.
15.
16.
17.
18.
19.
20.
21.
22.
23.

A. Schmidt and A. Dreger, Curr. Org. Chem., 2011, 15, 1423.

J. V. Faria, P. F. Vegi, A. G. C. Miguita, M. S. dos Santos, N. Boechat, and A. M. R. Bernardino,
Bioorg. Med. Chem., 2017, 25, 5891.

A. Ansari, A. Ali, M. Asif, and Shamsuzzaman, New J. Chem., 2017, 41, 16.

M. F. Khan, M. M. Alam, G. Verma, W. Akhtar, M. Akhter, and M. Shaquiquzzaman, Eur. J. Med.
Chem., 2016, 120, 170.

W. Zhang, C. Yang, C. Huang, L. Zhang, H. Zhang, Q. Zhang, C.-S. Yuan, Y. Zhu, and C. Zhang,
Org. Lett., 2017, 19, 592.

T. Kikuchi, A. Ikedaya, A. Toda, K. Ikushima, T. Yamakawa, R. Okada, T. Yamada, and R. Tanaka,
Phytochem. Lett., 2015, 12, 94.

R. S. Foster, J. Huang, J. F. Vivat, D. L. Browne, and J. P. A. Harrity, Org. Biomol. Chem., 2009, 7,
4052.

A. Schmidt and A. Dreger, Curr. Org. Chem., 2011, 15, 2897.

K. Ofele, E. Roos, and M. Herberhold, Z. Naturforsch., 1976, 31B, 1070.

C. Kocher and W. A. Herrmann, J. Organomet. Chem., 1997, 532, 261.

J. C. Bernhammer and H. V. Huynh, Organometallics, 2012, 31, 5121.

A. Schmidt, N. Miinster, and A. Dreger, Angew. Chem. Int. Ed., 2010, 49, 2790.

A. Dreger, R. Cisneros Camuiia, N. Miinster, T. A. Rokob, I. Papai, and A. Schmidt, Eur. J. Org.
Chem., 2010, 4296.

A. Dreger, M. Nieger, M. Drafz, and A. Schmidt, Z. Naturforsch., 2012, 67b, 359.

V. Lavallo, C. A. Dyker, B. Donnadieu, and G. Bertrand, Angew. Chem. Int. Ed., 2008, 47, 5411.

Y. Han and H. V. Huynh, Chem. Commun., 2007, 10, 1089.

Y. Han, H. V. Huynh, and G. K. Tan, Organometallics, 2007, 26, 6581.

A. Schmidt, S. Wiechmann, and T. Freese, ARKIVOC, 2013, i, 424.

S. Haindl, J. Xu, T. Freese, E. G. Hiibner, and A. Schmidt, Tetrahedron, 2016, 72, 7906.

B. Tuesuwan and S. M. Kerwin, Biochemistry, 2006, 45, 7265.

M. Ferreira and M. F. Rubner, Macromolecules, 1995, 28, 7107.

S. Subramanyam, M. S. Chetan, and A. Blumstein, Macromolecules, 1993, 26, 3212.

B.-C. Ku, D. K. Kim, J. S. Lee, A. Blumstein, J. Kumar, and L. A. Samuelson, Polym. Compos.,



1214

24.
25.
26.
27.
28.

29.

30.
31.

32.

33.

34.

35.

36.
37.

38.

39.

40.

41.

42.

43.

HETEROCYCLES, Vol. 96, No. 7, 2018

2009, 30, 1817.

A. Smeyanov, J. C. Namyslo, E. Hiibner, M. Nieger, and A. Schmidt, Tetrahedron, 2015, 71, 6665.
M. Asay, B. Donnadieu, W. W. Schoeller, and G. Bertrand, Angew. Chem. Int. Ed., 2009, 48, 4796.
A. Schmidt and M. Nieger, Heterocycles, 1999, 51, 2119.

A. Smeyanov, J. Adams, E. G. Hiibner, and A. Schmidt, Tetrahedron, 2017, 73, 3106.

A.-L. Licke, S. Wiechmann, T. Freese, M. Nieger, T. Foldes, 1. Papai, M. Gjikaj, A. Adam, and A.
Schmidt, Tetrahedron, 2018, 74, 2092.

M. L. Rodriguez-Franco, 1. Dorronsoro, A. I. Hernandez-Higueras, and G. Antequera, Tetrahedron
Lett., 2001, 42, 863.

K. Jiang and Y .-C. Chen, Tetrahedron Lett., 2014, 55, 2049.

A. A. Hassan, N. K. Mohamed, K. M. A. El-Shaieb, H. N. Tawfeek, S. Brise, and M. Nieger, Arab.
J. Chem., 2014, Article in Press (https://doi.org/10.1016/j.arabjc.2014.10.035).

K. M. Dawood, Heteroat. Chem., 2004, 15, 432.

H. Gerster and G. Maas, Z. Naturforsch., 2008, 63b, 384.

Z. Guan, J. C. Namyslo, M. H. H. Drafz, M. Nieger, and A. Schmidt, Beilstein J. Org. Chem., 2014,
10, 832.

I. Zugravescu and M. Petrovanu, N-Ylid Chemistry, McGraw-Hill Academiei Republicii Socialiste
Romania, 1977, Chapter 4.2.

A. Schmidt, B. Snovydovych, and S. Hemmen, Eur. J. Org. Chem., 2008, 25, 4313.

F. H. Allen, O. Kennard, D. G. Watson, L. Brammer, A. G. Orpen, and R. Taylor, J. Chem. Soc.,
Perkin Trans. 2, 1987, S1.

M. Simonetta, A. Gavezotti, and S. Patai, In The Chemistry of the Carbon-Carbon Triple Bond,
Wiley: New York, NY, 1978, 1.

NIST Computational Chemistry Comparison and Benchmark Database, NIST Standard Reference
Database Number 101, Release 19, April 2018, Editor: Russell D. Johnson III,
http://cccbdb.nist.gov/, DOI: 10.18434/T47C7Z.

Jaguar, version 8.3, Schrodinger, Inc., New York, NY, 2014.

NBO 6.0, E. D. Glendening, J. K. Badenhoop, A. E. Reed, J. E. Carpenter, J. A. Bohmann, C. M.
Morales, C. R. Landis, and F. Weinhold, Theoretical Chemistry Institute, University of Wisconsin,
Madison, W1, 2013.

M. L. Terekhova, S. F. Vasilevski, E. S. Petrov, M. S. Shvartsverg, and A. 1. Shatenshtein, Bull. Acad.
Sci. USSR, 1983, 2, 466.

S. Naud, I. M. Westwood, A. Faisal, P. Sheldrake, V. Bavetsias, B. Atrash, K.-M. J. Cheung, M. Liu,
A. Hayes, J. Schmitt, A. Wood, V. Choi, K. Boxall, G. Mak, M. Gurden, M. Valenti, A. de Haven



HETEROCYCLES, Vol. 96, No. 7, 2018 1215

Brandon, A. Henley, R. Baker, C. McAndrew, B. Matijssen, R. Burke, S. Hoelder, S. A. Eccles, F. L.
Raynaud, S. Linardopoulos, R. L. M. van Montfort, and J. Blagg, J. Med. Chem., 2013, 56, 10045.

44. M. S. Shvartsberg, S. F. Vasilevskii, V. G. Kostrovskii, and 1. L. Kotlyarevskii, Chem. Heterocycl.
Compd., 1972, 5, 797.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /JPN <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




