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Features on the Way to the Synthesis of 1-Benzoyl-2-Phenyl-3a,6a-Diazapentalene
and 1-Pivaloyl-2-Tert-Butyl-3a,6a-Diazapentalene

Recently discovered 1,3a,6a-triazapentalene systems are among the new fluorophores whose compact and bi-
ocompatible structures are suitable for a variety of biological applications. The wavelengths of 1,3a,6a-
triazapentalenes vary depending on the nature of the substituents, allowing for the easy synthesis of yellow
and red fluorescent reagents for labeling biomolecules. The prototype of the 1,3a,6a-triazapentalene system
(without one aza group) is 3a,6a-diazapentalene, which, originally called pyrazolo[1,2-a]pyrazole, which may
also exhibit fluorescent activity. However, their research has been limited to a few papers reporting simple
and universal principles for synthesizing the 3a,6a-diazapentalene system, one of which involves double al-
kylation of pyrazole with a-halocarbonyl compounds and treatment of the resulting products with a base. In
this work, all stages of the previously performed synthesis of 1-benzoyl-2-phenyl-3a,6a-diazapentalene by the
reaction of N-acylalkylation of pyrazole with a-bromoketones through the stages of formation of pyrazolium
cation salts are investigated. Based on the studied data, the studied synthesis conditions were first applied by
us in stepwise reactions leading to the possible formation of a tert-butyl derivative of 3a,6a-diazapentalene.
As aresult of the studies, a new, previously undescribed adduct of 3a,6a-diazapentalene, a bicyclic aldol, was
obtained. The structure of the substances of the stepwise synthesis was characterized by NMR, IR spectros-
copy and mass spectrometry. The mass fragmentation of intermediate N-alkylacylpyrazoles was also consid-
ered in detail.

Keywords: 3a,6a-diazapentalenes, pyrazole, N-acylalkylation a-bromoketones, NMR, Aldol, cyclocondensa-
tion, quaternization

Introduction

In the chemistry of heterocyclic compounds, a special role belongs to pentalene systems [1]. Recently, a
Japanese group [2] of scientists discovered 1,3a,6a-triazapentalene systems, which are among the new fluor-
ophores (Figure 1).
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Figure 1. New 1,3a,6a-triazapentalene fluorophores

The compact and biocompatible structure (Figure 1) of 1,3a,6a-triazapentalene systems exhibits promis-
ing spectral properties and is suitable for many biological applications [3, 4]. The wavelengths in them vary
depending on the nature of the substituents, which makes it easy to synthesize yellow and red fluorescent
reagents for creating labels in biomolecules [3—6].
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In recent years, there has been an avalanche-like growth in work on the synthesis and use of 1,3a,6a-
triazapentalenes as fluorescent labels [4-9], for example, for various thiols (and in particular, the drug capto-
pril [9]). Methods are being developed for creating unique triazapentalene “wires” to improve the fluorescent
properties of materials [10], and their combination with nanomolecular structures [11]. Publications of recent
years (on 1,3a,6a-triazapentalenes and benzo- or heterocyclic derivatives) are impressive in their pro-
spects [12—15].

It should be noted that the discovery and selection of such a popular target for fluorescent labels — the
triazapentalene system was largely accidental. The prototype of the 1,3a,6a-triazapentalene system (without
one aza group) is 3a,6a-diazapentalene [1]. 3a,6a-Diazapentalenes 1 are azaheterocyclic compounds consist-
ing of two five-membered pyrazole rings fused along the N-N bond, having an aromatic 10 n-electron sys-
tem (Figure 2), hence the alternative name — pyrazolo[1,2-a]pyrazole.

Figure 2. 3a,6a-Diazapentalene 1 and its main resonance forms

The chemistry of these substances froze in the 60—70s of the 20" century and did not develop further
[16-20]. These systems are extremely easy to synthesize, but more detailed studies have not been conducted,
and no studies of fluorescent properties have been reported. This aspect is undoubtedly a major gap in sci-
ence that needs to be closed and developed in the scientific community, since 3a,6a-diazapentalene systems
carry a huge potential for useful properties and a huge arsenal of scientific discoveries.

An interesting feature of molecule 1 is the impossibility of assigning a covalent structure to it without
the participation of dipolar resonance forms, i.e. this molecule is a typical mesoionic structure or, more pre-
cisely, a mesomeric betaine [21-23]. According to a detailed analysis [24], the largest contribution (>70 %)
is made by only three types of resonance forms (Figure 2), with structures I and II with two positive and two
negative charges (as well as similar ones and those obtained from them due to the symmetry of system 1)
being preferable, structure II1, having one positive and one negative charge.

The methods for synthesizing 3a,6a-diazapentalene systems are much simpler, do not require metal cat-
alysts, and are more flexible than those for the 1,3a,6a-triazapentalene system. The authors [16-20] first for-
mulated simple and universal principles for the synthesis of the 3a,6a-diazapentalene system 1 from readily
available pyrazoles; one of them is double alkylation of pyrazole with a-halocarbonyl compounds and treat-
ment of the resulting products with a base.

Pyrazoles 2 are five-membered m-electron-excess aromatic heterocyclic compounds that have two
linked nitrogen atoms (N-N bond) in the ring structure [25-27], in addition, the pyrazole 2 molecules are
planar and strongly associated due to hydrogen bonds [28, 29]. The acid-base properties of pyrazole 2 are
due to the presence of pyrrole and pyridine type nitrogen atoms in its structure [30]. Due to the pyridine type
nitrogen atom, pyrazole 2 exhibits basic properties (pKy = 11.5), and due to the pyrrole type nitrogen atom, it
exhibits weak acidic properties (pK. = 2.49) [31].

One of the main ways of creating 3a,6a-diazapentalene compounds is the synthesis of quaternary pyra-
zolium salts. Only four examples of the synthesis of 1,2-disubstituted pyrazolium salts via repeated alkyla-
tion are known in the literature [17], which were then transformed into 3a,6a-diazapentalene structures by
treatment with alkaline solutions, through the elimination of water and hydrogen halide and the closure of the
second ring of 3a,6a-diazapentalene.

The authors [17] successfully synthesized 4 examples of stable pentalene systems with acceptor substit-
uents, however, these products and their intermediate compounds were not described or characterized spec-
troscopically.

Taking into account the above, in this study we repeated the previously known synthesis of 3a,6a-
diazapentalene, investigated the stepwise route from pyrazole 2 leading to the formation of 3a,6a-
diazapentalene compound 8a through the N-acylalkylation reaction of pyrazole 2 with a-bromoketone 3a,
where a series of products were obtained and described. Based on the experience gained and understanding
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of the chemistry of the reaction, we have developed and implemented for the first time a similar route aimed
at the synthesis of previously unknown tert-butyl derivatives of 3a,6a-diazapentalene using unsubstituted
pyrazole 2 and 1-brompinacolone 3b as starting materials.

Experimental

Materials and Methods

Starting materials for the synthesis: pyrazole (98 %) purchased from Acros Organics (Cat. Ne 13174-
0250), phenacyl bromide (98 %) purchased from Sigma-Aldrich (Cat. Ne 115835), 1-brompinacolone (98 %)
purchased from Sigma-Aldrich (Cat. Ne 414131). Solvents: dioxane (pure grade) and acetone (special purity
grade) purchased from EKOS-1; aqueous ammonia solution (analytical grade) purchased from SigmaTec;
NaHCO:s (analytical grade) was also used. All reagents were used without further purification.

All reactions and purity were monitored by thin layer chromatography (TLC) on Silufol plates with de-
tection by iodine vapor. Melting and boiling points were determined in open capillaries using a Buchi M560
device.

"H NMR and *C NMR spectra were obtained using Agilent 400-MR (400 MHz for 'H, 100 MHz for
1BC) spectrometer in CDCI; (chemical shift: § = 7.26 for 'H, § = 77.76 for '3C) and DMSO-ds (chemical shift:
8 = 2.47 for 'H, 8 = 40.03 for '*C). Hexamethyldisiloxane was used as an internal standard. Splitting is re-
ported as s = singlet, d = doublet, t = triplet, q = quartet, m = multiplet, br = broad and coupling constants are
given in Hz. High resolution mass spectra were recorded on a GC-Mass analysis was performed on an Ag-
ilent 7890A gas chromatograph with an Agilent 5975C mass-selective detector on an Rtx DHA-100 column;
carrier gas was helium. The samples were dissolved in 1 ml of acetone. The IR spectra were obtained using a
FSM 1201 FT-IR spectrophotometer in a KBr tablet in the frequency range: 400-4000 cm .

Experimental Procedure

Synthesis of 1-(2-oxo-2-phenylethyl)-1H-pyrazol-2-ium bromide (4a)

3.4 g (0.05 mol) of pyrazole 2 and 15 ml of dioxane were placed in a 250 ml round-bottomed flask. Af-
ter 5 minutes, 10 g, (0.05 mol) of phenacylbromide 3a was added to the mixture. The reaction mixture was
stirred for 48 h at room temperature. The precipitated finely dispersed white precipitate of salt 4a was fil-
tered off and dried in air. The yield of product 4a is 10.8 g (81 %). Decomposition point over 230 °C (190—
193 °C[16]).

Synthesis of 1-phenyl-2-(1H-pyrazol-1-yl)ethan-1-one (5a)

The salt 4a was treated with 20 ml of aqueous ammonia solution, the precipitated yellow crystals were
filtered off and dried in air. The yield of product 5a is 8.4 g (91 %). M.p. 95 °C (89-92 °C [16]). '"H NMR
(CDCl3) 6 (ppm), Hz: 7.95-7.89 (m, 2H, Ph), 7.59-7.52 (m, 2H, Ph), 7.48-7.42 (m, 4H, Ph, Pyr), 6.31 (4,
J=4.4, 1H, Pyr), 5.54 (s, 2H, CH,) (Fig. S1). *C NMR (CDCl3) & (ppm): 192.62 (C=0), 139.98 (CH, Pyr),
134.66 (C, Ph), 134.12 (CH, Pyr), 131.03 (C, Ph), 129.03 (CH, Ph), 128.19 (CH, Ph), 106.59 (CH, Pyr),
57.75 (CH») (Fig. S2). GC-MS Retention time 17.590 min, m/z (EI) = 186, 158, 105, 77, 51, 41, 28 (Fig. S3).
IR v, cm™' (KBr, neat): 3013 (CH), 2986 (CH,), 1685 (C=0), 1601 (C=N) (Fig. S4).

Synthesis of 1,2-bis(2-oxo-2-phenylethyl)-1H-pyrazol-2-ium bromide (6a)

3.7 g (0.02 mol) of 1-phenyl-2-(1H-pyrazol-1-yl)ethan-1-one 5a was dissolved in 15 ml of dry acetone
in a 100 ml round-bottomed flask. After the mixture was dissolved, 3.9 g (0.02 mol) of phenacyl bromide 3b
was added. The reaction mixture was capped and stirred for 2 days. If no precipitate formed, the mixture was
refluxed for three days. Then the mixture was cooled to room temperature and placed in a cold place. The
thickened mass was treated with acetone, which disintegrated into a white fine precipitate Sb. The precipitate
S5b was washed with hot acetone and isopropyl alcohol and dried in air. The yield of 6a is 4.8 g. (63 %).
M.p. 185 °C (173.5-174 °C [16]). '"H NMR (DMSO-ds) & (ppm), Hz: 8.74 (d, J = 3.2, 2H, Ph), 8.47 (d,
J=3.1, 2H, Ph), 7.58-7.56 (m, 2H, Ph), 7.49 (t, J = 7.6, 2H, Ph), 7.32 (m, 6H, Pyr, Ph), 7.20-7.16 (m, 5H,
Pyr, Ph), 6.73 (s, 1H, Pyr), 5.16 (d, J=12.7, 2H, CH>), 4.88 (d, J = 12.8, 2H, CH») (Fig. S5). *C NMR
(D20) & (ppm): 191.01 (C=0), 135.42 (Ph), 134.76 (CH, Pyr), 134.06 (Ph), 133.31 (CH, Pyr), 132.45 (Ph),
129.36, 129.21, 128.94, 128.77, 128.62, 128.46, 125.48 (Ph), 112.42 (CH, Pyr), 75.59 (CH>) (Fig. S6). IR v,
cm!' (KBr, neat): 3078, 1597 (CH), 1693 (C=0) (Fig. S7).

Synthesis of 1-benzoyl-2-phenyl-3a,6a-diazapentalene (8a)

In 50 ml of 5% aqueous NaHCOs solution 1 g (0.003 mol) of salt 6a (1,2-bis(3,3-dimethyl-2-
oxobutyl)-1H-pyrazol-2-ium bromide) was dissolved, the mixture was stirred and gradually heated to 50 °C.
Upon reaching the temperature, copious release of orange precipitate began to be observed on the water sur-
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face. The reaction was carried out with intensive stirring for 2—3 days. Control was carried out by TLC. The
yellow precipitate 8a was extracted with chloroform, dried over anhydrous sodium sulfate, then evaporated
on a rotary evaporator. Precipitate 8a was dried in air. The yield of 8a is 0,71 g (74 %) M.p. 92 °C. '"H NMR
(DMSO-ds) & (ppm), Hz: 7.90 (s, 1H, Pyr), 7.83 (d, J = 6.3, 1H, Pyr), 7.52 (d, J=5.5, 4H, Ph), 7.26 (q,
J=6.8, 2H, Ph), 7.10 (dd, J = 13.3, 6.6, 4H, Ph), 6.29 (s, 1H, Pyr), 5.82 (s, 1H, CH) (Fig. S8). *C NMR
(DMSO-ds) 6 (ppm): 176.10 (C-0), 140.69, 132.76, 129.92 (Ph), 129.66 (CH, Pyr), 129.55 (CH, Pyr),
129.40, 128.68, 128.07, 127.61, 127.54 (Ph), 113.02 (CH), 109.36 (C=), 104.87 (CH, Pyr). (Fig. S9).

Synthesis of 1-(3,3-dimethyl-2-oxobutyl)-1H-pyrazol-2-iumbromide (4b)

2 g(0.0294 mol) of pyrazole 2 and 15 ml of dioxane were placed in a 100 ml round-bottomed flask. Af-
ter 5 minutes, 3.95 ml (5.3 g, 0.0294 mol) of 1-brompinacolone 3b was added to the mixture. The reaction
mixture was stirred for 48 h at room temperature. The formed precipitate of salt 4b was filtered off and dried
in air. The yield of product 4b is 6 g (84 %). M.p. 175 °C.

Synthesis of 3,3-dimethyl-1-(1H-pyrazol-1-yl)butan-2-one (Sb)

Then salt 4b was treated with 20 ml of aqueous ammonia solution, the precipitated yellowish crystals
5a were filtered off and dried in air. The yield of product 5b is 3.2 g (65 %).M.p. 56 °C. 'H NMR (CDCls)
o (ppm), Hz: 8.54 (d, J = 3.0, 1H, Pyr), 8.08 (d, J = 6.8, 1H, Pyr), 6.71 (t, J = 3.0, 1H, Pyr), 4.67 (s, 2H,
CH>), 1.28 (s, 9H, C(CH3)3) (Fig. S10). 3C NMR (CDCI5) & (ppm): 205.92 (C=0), 139.34 (CH, Pyr), 129.81
(CH, Pyr), 107.48 (CH, Pyr), 56.53 (CH>), 43.89 (C(CHj3)3), 26.34 (C(CHa)3) (Fig. S11). GC-MS Retention
time 11.759 min, m/z (EI) = 166, 151, 138, 109, 85, 81, 57, 41, 29, 28 (Fig. S12). IR v, cm™' (KBr, neat):
2959 (CH3), 1716 (C=0), 1597 (C=N) (Fig. S13).

Synthesis of 1,2-bis(3,3-dimethyl-2-oxobutyl)-1H-pyrazol-2-ium bromide (6b)

1.43 g (0.009 mol) of 3,3-dimethyl-1-(1H-pyrazol-1-yl)butan-2-one 5b was dissolved in 15 ml of dry
acetone in a 100 ml round-bottomed flask. After the mixture was dissolved, 1.6 g (0.009 mol) of
brompinacolin 3b was added. The reaction mixture was capped and stirred for 2 days. If no precipitate
formed, the mixture was refluxed for three days. Then the mixture was cooled to room temperature and
placed in a cold place. The thickened mass was treated with acetone, which disintegrated into a white fine
precipitate 6b. The precipitate 6b was washed with hot acetone and isopropyl alcohol and dried in air. The
yield of 6b is 2.5 g. (82 %). M.p. 190 °C. 'H NMR (D;0) & (ppm), Hz: 8.19 (d, J = 2.9, 1H, Pyr), 8.00 (d,
J=3.0, 1H, Pyr), 6.84 (t,J= 2.9, 1H, Pyr), 4.98 (d, /= 12.8, 2H, CH,), 4.70 (d, J = 12.8, 2H, CH>), 1.17 (s,
9H, t-Bu), 0.86 (s, 9H, t-Bu) (Fig. S14). *C NMR (D-0) 8 (ppm): 212.34 (C=0), 132.01 (CH, Pyr), 130.67
(CH, Pyr), 112.58 (CH, Pyr), 45.13 (CH,), 38.23 (C, t-Bu), 24.78 (t-Bu), 23.21 (t-Bu) (Fig. S15). IR v, cm!
(KBr, neat): 2970 (CH3), 1724 (C=0), 1612 (C=N) (Fig. S16).

Synthesis of 2-(tert-butyl)-2-hydroxy-1-pivaloyl-2,3-dihydro-1H-pyrazolo[1,2-a]pyrazol-4-ium
bromide (7b)

In 50 ml of 10 % aqueous NaHCO; solution 1 g (0.003 mol) of salt 6b (1,2-bis(3,3-dimethyl-2-
oxobutyl)-1H-pyrazol-2-ium bromide) was dissolved, the mixture was stirred and gradually heated to 50 °C.
Upon reaching the temperature, copious release of orange precipitate began to be observed on the water sur-
face. The reaction was carried out until the formation of precipitate 7b ceased. Precipitate 7b was filtered off
and dried in air. The yield of 7b is 0.71 g (74 %). M.p. 90 °C. 'H NMR (DMSO-ds) & (ppm), Hz: 8.36 (d,
J=2.9, 1H, Pyr), 8.21 (d, J=2.9, 1H, Pyr), 6.89 (t, J= 2.9, 1H, Pyr), 6.54 (s, 1H, OH), 6.49 (s, 1H), 4.98 (d,
J =125, IH, CH,), 4.18 (d, J = 12.5, 1H, CH>), 1.12 (s, 9H, t-Bu), 0.77 (s, 9H, t-Bu) (Fig. S17)."*C NMR
(DMSO-ds) & (ppm): 210.05 (C=0), 132.59 (CH, Pyr), 131.55 (CH, Pyr), 112.54 (CH, Pyr), 90.16 (C-OH),
65.32 (CH), 53.72 (C, t-Bu), 45.14 (C, t-Bu), 39.37 (CH>), 25.97 (CHs, t-Bu), 24.25 (CH3, t-Bu) (Fig. S18).

Results and Discussion

Thus, we obtained 1-benzoyl-2-phenyl-3a,6a-diazapentalene 8a (74 %), the step-by-step synthesis of
which is as follows: pyrazole 2 reacts with phenacyl bromide 3a (Figure 3) in dioxane to form salt 4a (81 %),
which, when treated with an aqueous ammonia solution, gives 1-phenacylpyrazole 5a with a yield of 91 %.

Subsequent alkylation of compound 5a with a second equivalent of phenacyl bromide 3a in acetone
leads to the formation of 1,2-diphenacylpyrazolium bromide 6a in 63 % yield. The resulting dialkylated salt
6a is a colorless crystalline water-soluble substance.

When salt 6a was treated with 10 % aqueous NaHCOj3 solution upon heating to 50 °C for a long time
(24 h), 1-benzoyl-2-phenyl-3a,6a-diazapentalene 8a was formed as a yellow fine powder in good
yield (74 %).
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Figure 3. Scheme of the step-by-step synthesis of diaryl-3a,6a-diazapentalene 8a

The fact that the condensation of carbonyl compounds occurs through the formation of aldols is well
known [32], however, in this case, we could not quantitatively observe the formation of aldol 7a, similar to
the 4-fluoro-substituted compound that was previously also obtained and described by X-ray diffraction [33].

The structure of the stepwise synthesized products 4a, Sa, 6a, 8a was characterized by NMR, IR spec-
troscopy and mass spectrometry.

We repeated the studied conditions in reactions of synthesis of ferz-butyl derivatives of pyrazole, in or-
der to obtain a new 3a,6a-diazapentalene (Figure 4)

Br
E\ B’\)’\t Bu E\\ Br 1 Br\)l\tBu E\ . \lil t-Bu A
/ | t-Bu
N Br I “an .

1 4 dioxane

H t Bu
2 o 7b S t-Bu

Figure 4. Scheme of the step-by-step synthesis of di(tert-butyl)-3a,6a-diazapentalene 8b

t-Bu

Thus, the N-acylalkylation reaction of unsubstituted pyrazole 2 with 1-bromopinacolone 3b was carried
out in dioxane to form salt 4b (84 %), which is a colorless crystalline substance soluble in water and polar
organic solvents. Upon further treatment of salt 4b with a base, tert-butyl-1-(pyrazol-1-yl)butan-2-one Sb is
formed — low-melting light-yellow crystals, with a total yield of the final product of 65 % (Figure 4).

The yield of product Sb decreases due to the increased solubility of the initial salt 4b in an aqueous me-
dium. And it is more expedient to carry out this reaction in organic solvents, in the presence of anhydrous
bases. Thus, we have experimentally established that the reaction in acetone in the presence of K,COs gives
product Sb with yields of up to 90 %. The potassium carbonate used in parallel with the N-alkylation reac-
tion “One-pot” neutralizes the released hydrobromide with the formation of inorganic salts, as well as the
target product 5b.

Next, N-pinacolone pyrazole 5b was reacted with another equivalent of 1-bromopinacolone 3b in ace-
tone for a week, where colorless crystals representing the symmetrical salt 6b were obtained (Figure 4).

The next step was to treat salt 6b with 10 % aqueous NaHCOs3 solution by heating to 50 °C for 10 hours,
which led to the formation of an orange substance in 74 % yield, NMR analysis of which showed that it was
cyclic aldol 7b. It was determined that the molecule 7b is not dehydrated, chemical shifts of the geminal pro-
tons H* and H® are present as a doublet pair, as well as a chemical shift of the OH-group (Figure 5).

To reliably establish the structure of 7b, we used homonuclear and heteronuclear methods of 2D NMR
spectroscopy, where the most convenient and informative is the 'H-'3C HSQC spectrum. Describing this
spectrum, we can compare protons connected to the corresponding carbon. As well as signals of protons that
do not have direct bonds with carbons.

Thus, Figure 5 shows a pair of doublets of geminal protons H? (8 4.98 ppm) and H® (8 4.18 ppm), which
are bound to carbon Cg (6 53.72 ppm). The formation of such doublet protons of one CH,-group indicates the
formation of a cyclic structure and a hindered conformation of the methylene group, in which the rotation of
the H* and HP protons is limited [34]. There is also a broadened chemical shift of the OH-group, the proton
of which does not have a direct bond with carbons.

In addition, the chemical shifts of protons and carbons of the pyrazole fragment (6 8.36 ppm —
0c132.59 ppm; 6u 8.21 — oc¢ 131.55 ppm; ou 6.89 ppm — d¢ 112.54 ppm) and fert-butyl groups
(0n 1.12 ppm — dc¢ 25.97 ppm; 6u 0.77 — ¢ 24.25 ppm) are clearly distinguished; we compared the sequence
in the molecule of these groups using '"H-"*C HMBC and 'H-'"H COSY spectra (Figures S19, S20).
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Figure 5. '"H-"3C HSQC spectrum of aldol 7b in DMSO-ds (3: 2.50 ppm; 39.5 ppm)

It is known that if the time of treatment with the base of the obtained aldol 7b is increased from several
hours to several days, then 3a,6a-diazapentalene can be obtained [1], however, in the case of fert-butyl aldol
7b we were unable to obtain any pentalene 8b. The structures of the obtained products 4b, 5b, 6b, 7b were
characterized by IR, NMR spectroscopy and mass spectrometry.

There is no information in the available literature on the features of the fragmentation of N-acylalkyl-
pyrazoles, and therefore we examined in detail the features of the ionized decomposition of molecules Sa and
5b. Thus, according to the mass spectrometric analysis using Electron ionization, it was determined that the
molecular ion of N-pinacolopyrazole 5b with the value of M" = 166.1 m/z has a noticeable intensity. The
molecule disintegrates into positively charged ions by the following path (Figure 6).

N H,C — CH 0
o H,C=NH 2- 3
N miz: 28.02 A . miz: 29.04 \.
- \ + —_— (H; R — ) N
m/z: 151.09CH3 miz: 109.05 /2 81.02
CH;
m/z: 15.02 .
NH +
i€ N 0 HZC\C// t:0=C
N CHy s CHs iz 41.03 CH3 miz:27.99  CHs
A\ m/z: 28.02 141, s
N CH3 —_— N=— CH3—> :0O=C CH3 — - CH3
X HC\/
m/z: 166.1 m/z: 138.09 m/z: 85.06 m/z: 57.07

Figure 6. Molecular fragmentation of N-pinacolopyrazole Sb

The most intense fragment peaks in the mass spectrum of compound 5b correspond to fragment ions
m/z =29, 57, 81, which is due to the cleavage of the C—C bond adjacent to the oxygen atom, with the charge
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retained on the resonance-stabilized acylium cations m/z = 85 and 81. In addition, the fragmentation of Sb is
due to the opening of the pyrazole ring with the detachment of ions m/z 28 NH=CH" and m/z 41
NH=C=CH", which are also displayed in the mass fragmentation of N-phenacylpyrazole 5a (Figure 7).

-+

H,C==RH O—C
m/z 28.02 m/z: 41 03 + m/z 27.99
— 0=C

m/z 186.1 m/z: 158.1 m/z: 105.03 m/z: 77.04

Figure 7. Molecular fragmentation of N-phenacylpyrazole 5a

The peak of the molecular ion m/z 186.1 of N-phenacylpyrazole 5a has a noticeable intensity. First of
all, the particle m/z 28 NH=CH" is detached from the pyrazole ring to form a molecular ion m/z 158.1, the
high intensity of which is due to the formation of a stable conjugated system of alternating double bonds.
Further fragmentation of the m/z 158.1 ion occurs at the bond in the a-position relative to the phenyl ring
with the formation of the characteristic Ph-C=0" fragment (m/z 105), which exhibits maximum intensity
along with the phenyl ion m/z 77. The latter is formed when the Ph-C=0" fragment subsequently loses the
C=0" particle.

Thus, N-alkylacylpyrazoles Sa and Sb are substances that are ketones and simultaneously substituted
cyclic diamines, the identification of which in the mass spectra can be carried out by the characteristic sepa-
ration of particles m/z 28 NH=CH" and m/z 41 NH=C=CH" and by the presence of fragmentary ions corre-
sponding to the decomposition of aliphatic (5b) or aromatic ketones (5a).

Conclusions

Thus, in this study, we have thoroughly studied the steps, substances and their structure in the synthesis
of 1-benzoyl-2-phenyl-3a,6a-diazapentalene 8a via the N-acylalkylation reaction of pyrazole 2 with
a-bromoketone 3a. Where substance 8a was obtained with a good yield of 74 %.

The studied chemistry of the process was used step by step to implement the synthesis route of a similar
tert-butyl derivative of the 3a,6a-diazapentalene system 8b. Studies have shown that this step-by-step syn-
thesis of 8b stopped at the formation of the aldol salt 7b, and the target 3a,6a-diazapentalene 8b was not ob-
tained under the studied conditions. The structure of the aldol salt 7b was characterized by 2D NMR spec-
troscopy. It is impossible not to note the peculiarity of the influence of the steric factor of phenyl and tert-
butyl groups, which may require additional study using molecular optimization methods, since in the synthe-
sis of the target phenyl derivative 8a, the aldol product 7a was not isolated by us.

The mass fragmentation of N-alkylacylpyrazoles 5a and 5b is also considered in detail, the considera-
tion of which will facilitate further study of 3a,6a-diazapentalene structures.

It should be noted that the simplicity and availability of the starting reagents (2, 3a, b) in the synthesis
of 3a,6a-diazapentalene systems, high yields of intermediate products, simplicity of experiments and condi-
tions for the isolation of target substances open up the possibility of scaling and obtaining significant quanti-
ties of derivatives of 3a,6a-diazapentalene structures for the possible creation of functional fluorophore rea-
gents.

Supporting Information
The Supporting Information is available free at https://ejc.buketov.edu.kz/index.php/ejc/article/view/488/301
Funding

This research was funded by the Science Committee of the Ministry of Science and Higher Education
of the Republic of Kazakhstan (Grant No. AP19677175) “Development of a new affordable class of fluores-
cent labels based on diazapentalenes” and within the framework of the State Assignment of the Lomonosov
Moscow State University (Registration No. AAAA-A21-121012290046-4).

ISSN 2959-0663 (Print); ISSN 2959-0671 (Online); ISSN-L 2959-0663 7


https://ejc.buketov.edu.kz/index.php/ejc/article/view/488/301

Alzhapparova, A.A., Panshina, S.Yu. et al.

Author Information*

*The authors' names are presented in the following order: First Name, Middle Name and Last Name

Nazym Abdygazievna Alzhapparova (corresponding author) — 3rd year PhD Student, Department of
Organic Chemistry and Polymers, Buketov Karaganda National Research University, Universitetskaya street,
28, 100024, Karaganda, Kazakhstan; e-mail: nazym285@mail.ru; https://orcid.org/0000-0002-0359-2350

Svetlana Yurievna Panshina — Candidate of Chemical Sciences, Assistant Professor, Department of
Organic Chemistry and Polymers, Buketov Karaganda National Research University, Universitetskaya street,
28, 100024, Karaganda, Kazakhstan; e-mail: janim_svetatusik@mail.ru; https://orcid.org/0000-0001-6824-
2645

Marat Kirimbayevich Ibrayev — Doctor of Chemical Sciences, Research Professor, Department of
Organic Chemistry and Polymers, Buketov Karaganda National Research University, Universitetskaya street,
28, 100024, Karaganda, Kazakhstan; e-mail: mkibr@mail.ru; https://orcid.org/0000-0003-0798-5562

Eugene Veniaminovich Babaev — Doctor of Chemical Sciences, Lomonosov Moscow State Universi-
ty, Leninskie Gory, 1-3, GSP-1, 119991, Moscow, Russia, e-mail: babaev(@org.chem.msu.ru;
https://orcid.org/0000-0001-8727-7763

Author Contributions

The manuscript was written through contributions of all authors. All authors have given approval to the
final version of the manuscript. CRediT: Nazym Abdygazievna Alzhapparova — writing-original draft,
writing-review & editing; Svetlana Yurievna Panshina — writing and reviewing, editing; Marat Ki-
rimbayevich Ibrayev — data curation, formal analysis, visualization, fundraising, resources, supervision,
validation; Eugene Veniaminovich Babaev — conceptualization, data curation, research, methodology.

Acknowledgments
We express our deep gratitude to Lomonosov Moscow State University for cooperation in this research.
Conflicts of Interest

The authors declare no conflict of interest.

References

1 Babaev, E.V., Panshina, S.Yu., Alzhapparova, N.A., Ibraecv, M.K., & Usenova, M.S. (2025). 3a,6a-Diazapentaleny (pirazo-
lo[1,2-a]pirazoly) [3a,6a-Diazapentalenes (pyrazolo[1,2-a]pyrazoles)]. Izvestiva Akademii nauk. Seriya khimicheskaya — Chemical
Bulletin, 74(7), 1958—1975. [in Russian]. https://doi.org/10.1007/s11172-025-4681-8

2 Koga, H., Hirobe, M. & Okamoto T. (1978). Mesionic 1,3a,6a-triazapentalenes. Tetrahedron Lett., 19(15), 1291-1294.
https://doi.org/10.1016/0040-4039(78)80109-9

3 Namba, K., Osawa, A., Nakayama, A., Mera, A., Tano, F., Chuman, Y., Sakuda, E., Taketsugu T., Sakaguchi, K., Kitamura,
N., Tanino, K. (2015). Synthesis of yellow and red fluorescent 1,3a,6a-triazapentalenes and the theoretical investigation of their opti-
cal properties. Chemical Science, 6(2), 1083—1093. https://doi.org/10.1039/c4sc02780a

4 Tsuji, D., Nakayama, A., Yamamoto, R., Nagano, S., Taniguchi, T., Sato, R., Karanjit, S., Muguruma, N., Takayama, T., It-
oh, K. & Namba K. (2023). 1,3a,6a-Triazapentalene derivatives as photo-induced cytotoxic small fluorescent dyes. Communications
Chemistry, 6(1), 37. https://doi.org/10.1038/542004-023-00838-0

5 Chen, Y., Wang, D., Petersen, J.L., Akhmedov N.G. & Shi, X. (2010). Synthesis and characterization of organogold com-
plexes containing an acid stable Au—C bond through triazole-yne 5-endo-dig cyclization. Chemical Communications, 46, 6147-6149.
https://doi.org/10.1039/COCC01338B

6 Cai, R., Wang, D., Chen, Y., Yan, W., Geise, N.R., Sharma, S., Li, H., Petersen, J.L., Li, M. & Shi., X. (2014). Facile synthe-
sis of fluorescent active triazapentalenes through gold-catalyzed triazole—alkyne cyclization. Chemical Communications, 50, 7303—
7305. https://doi.org/10.1039/C4CC03175]

7 Wang, Y., Opsomer, T., & Dehaen, W. (2022). Developments in the chemistry of 1,3a,6a-triazapentalenes and their fused an-
alogs. Advances in Heterocyclic Chemistry, 137, 25-70. https://doi.org/10.1016/bs.aihch.2021.10.002

8 Verbelen, B., Dehaen, W. (2016). Two-Step Synthesis of Fluorescent 3-Arylated 1,3a,6a-Triazapentalenes via a Three-
Component Triazolization Reaction. Organic Letters, 18(24), 6412—6415. https://doi.org/10.1021/acs.orglett.6b03309

8 Eurasian Journal of Chemistry. 2025


mailto:nazym285@mail.ru
https://orcid.org/0000-0002-0359-2350
mailto:janim_svetatusik@mail.ru
https://orcid.org/0000-0001-6824-2645
https://orcid.org/0000-0001-6824-2645
mailto:mkibr@mail.ru
https://orcid.org/0000-0003-0798-5562
mailto:babaev@org.chem.msu.ru
https://orcid.org/0000-0001-8727-7763
https://credit.niso.org/
https://doi.org/10.1007/s11172-025-4681-8
https://doi.org/10.1016/0040-4039(78)80109-9
https://doi.org/10.1039/c4sc02780a
https://doi.org/10.1038/s42004-023-00838-0
https://doi.org/10.1039/C0CC01338B
https://doi.org/10.1039/C4CC03175J
https://doi.org/10.1016/bs.aihch.2021.10.002
https://doi.org/10.1021/acs.orglett.6b03309

Features on the Way to the Synthesis ...

9 Nakayama, A., Otani, A., Inokuma, T., Tsuji, D., Mukaiyama, H., Nakayama A, Itoh, K., Otaka, A., Tanino, K., & Nam-
ba, K. (2020). Development of a 1,3a,6a-triazapentalene derivative as a compact and thiol-specific fluorescent labeling reagent.
Communications Chemistry, 3(1), 6, 1-9. https://doi.org/10.1038/s42004-019-0250-0

10 Tto, M., Mera, A., Mashimo, T., Seki, T., Karanjit, S., Ohashi, E., Nakayama, A., Kitamura, K., Hamura, T., Ito, H., & Nam-
ba, K. (2018). Synthesis and Evaluation of a 1,3a,6a-Triazapentalene (TAP)-Bonded System. Chemistry — A European Journal,
24(67), 17727-17733. https://doi.org/10.1002/chem.201804733

11 Legentil, P., Chadeyron, G., Therias, S., Chopin, N., Sirbu, D., Suzenet, F., & Leroux, F. (2020). Luminescent N-hetero-
cycles based molecular backbone interleaved within LDH host structure and dispersed into polymer. Applied Clay Science, 189,
105561. https://doi.org/10.1016/j.clay.2020.105561

12 Wang, Y, Opsomer T, Van Meervelt, L., & Dehaen, W. (2020) Ring-Degenerate Rearrangement Resulting from the Azo
Coupling Reaction of a 3-Aryl-1,3a,6a-triazapentalene. The Journal of Organic Chemistry, §85(14), 9434-9439.
https://doi.org/10.1021/acs.joc.0c01153

13 Sirbu, D., Diharce, J., Martini¢, 1., Chopin, N., Eliseeva, S.V., Guillaumet, G., Petoud, S., Bonnet, P., & Suzenet, F. (2019)
An original class of small sized molecules as versatile fluorescent probes for cellular imaging. Chemical Communications, 55(54),
7776-7779. https://doi.org/10.1039/c9cc03765a

14 Wang, Y., Pham, T. C., Huang, J., Wu, J., & Dehaen, W. (2025). Heteroaryl-Fused Triazapentalenes: Synthesis and Aggrega-
tion-Induced Emission. Molecules, 30(1), 156. https://doi.org/10.3390/molecules30010156

15 Wang, Y., Opsomer, T., de Jong, F., Verhaeghe, D., Mulier, M., Van Meervelt, L., Van der Auweraer, M., & Dehaen, W.
(2024). Palladium-Catalyzed Arylations towards 3,6-Diaryl-1,3a,6a-triazapentalenes and Evaluation of Their Fluorescence Proper-
ties. Molecules, 29(10), 2229. https://doi.org/10.3390/molecules29102229

16 Solomons, T.W.G., & Voigt, C.F. (1966). The Diazapentalene System. IV. The Parent Pyrazolo[1,2-a]pyrazole and Deriva-
tives. Journal of the American Chemical Society, §8(1), 1992—1994. https://doi.org/10.1021/j200961a025

17 Solomons, T.W.G., Fowler, F.W., & Calderazzo, J. (1965). The Diazapentalene System. 1-Benzoyl-2-phenylpyrazolo[1,2-
a]pyrazole Derivatives. Journal of the American Chemical Society, 87(3), 528-531. https://doi.org/10.1021/ja010812023

18 Solomons, T.W.G., & Voigt, C.F. (1965). 4,8-Diazapentalene. Journal of the American Chemical Society, 87(22), 5256.
https://doi.org/10.1021/ja00950a052

19 Trofimenko, S. (1966). 3a,6a-Diazapentalenes. Synthesis and Chemistry. Journal of the American Chemical Society, 88(23),
5588-5592. https://doi.org/10.1021/j200975a043

20 Trofimenko, S. (1965). 3a,6a-Diazapentalene (Pyrazolo[1,2-a]pyrazole). Journal of the American Chemical Society, 87(19),
4393-4394. https://doi.org/10.1021/ja00947a038

21 Ramsden, C.A. (1977). Mesomeric betaine derivatives of heteropentalenes. Tetrahedron, 33(24) 3193-3202.
https://doi.org/10.1016/0040-4020(77)80141-5

22 Kawase, M., Sakagami, H., Motohashi, N. (2007). The Chemistry of Bioactive Mesoionic Heterocycles. In: Motohashi, N.
(eds) Bioactive Heterocycles VII. Topics in Heterocyclic Chemistry, 16. Berlin, Springer, (pp. 135-152). https://doi.org/
10.1007/7081 2007 096

23 Sizov, G.N., & Babaev, E.V. (2023). Criteria for a Structure to be Mesoionic. Match, 89(1), 5-47. https://doi.org/
10.46793/match.89-1.005S

24 Alkorta, I., Blanco, F., & Elguero, J. (2009). Theoretical studies of azapentalenes. Part 4: Theoretical study of the properties
of 3a,6a-diazapentalene. Tetrahedron, 6(29-30), 5760-5766. https://doi.org/10.1016/j.tet.2009.05.017

25 Rague, S.P., Maerker, C., Dransfeld, A., Jiao, H., & Eikema Hommes, N.J.R. (1996). Nucleus-Independent Chemical Shifts:
A Simple and Efficient Aromaticity Probe. Journal of the American Chemical Society, 118(26), 6317-6318. https://doi.org/
10.1021/ja960582d

26 Puello, J.Q., Obando, B.I., Foces-Foces, C., Infantes, L., Claramunt, R.M., Cabildo, P., Jimenez, J.A., & Elguero, J. (1997).
Structure and Tautomerism of 3(5)-Amino-5(3)-arylpyrazoles in the Solid State and in Solution: an X-Ray and NMR Study. Tetra-
hedron, 53(31), 10783—-10802. https://doi.org/10.1016/s0040-4020(97)00678-9

27 Stanovnik, B., & Svete, J. (2003). Product Class 1: Pyrazoles. ChemlInform, 34(46), 15-225 https://doi.org/10.1002/
chin.200346258

28 La Cour, T., Rasmussen, S.E., Hopf, H., Waisvisz, J.M., van der Hoeven, M.G., & Swahn, C. -G. (1973). The Structure of
Pyrazole, CsHaN2, at 295 K and 108 K as determined by X-Ray Diffraction. Acta Chemica Scandinavica, 27, 1845-1854.
https://doi.org/10.3891/acta.chem.scand.27-1845

29 Sikora, M., & Katrusiak, A. (2013). Pressure-Controlled Neutral-Ionic Transition and Disordering of NH---N Hydrogen
Bonds in Pyrazole. The Journal of Physical Chemistry C, 117(20), 10661-10668. https://doi.org/10.1021/jp401389v

30 Millan, J.C., & Portilla, J. (2019). Recent advances in the synthesis of new pyrazole derivatives. Italian Society of Chemistry,
194-223. https://doi.org/10.17374/targets.2019.22.194

31 Perrin, D.D. (1965). Dissociation Constants of Organic Bases in Aqueous Solution. (Supplement, 1972). London:
Butterworths

32 Smith, M.B., & March, J. (2001). March's Advanced Organic Chemistry: Reactions, Mechanisms, and Structure. Molecules,
6(12), 1064-1065. https://doi.org/10.3390/61201064

33 Rybakov, V. B., Shchetinin, A. V., Babaev, E. V., Panshina, S. Yu., Alzhaparova, N. A., & Ibraev, M. K. (2024). CCDC
2393860: Experimental crystal structure determination. CSD Communication. https://doi.org/10.5517/ccdc.csd.cc21c099

ISSN 2959-0663 (Print); ISSN 2959-0671 (Online); ISSN-L 2959-0663 9


https://doi.org/10.1038/s42004-019-0250-0
https://doi.org/10.1002/chem.201804733
https://doi.org/10.1016/j.clay.2020.105561
https://doi.org/10.1021/acs.joc.0c01153
https://doi.org/10.1039/c9cc03765a
https://doi.org/10.3390/molecules30010156
https://doi.org/10.3390/molecules29102229
https://doi.org/10.1021/ja00961a025
https://doi.org/10.1021/ja01081a023
https://doi.org/10.1021/ja00950a052
https://doi.org/10.1021/ja00975a043
https://doi.org/10.1021/ja00947a038
https://doi.org/10.1016/0040-4020(77)80141-5
https://doi.org/10.1007/7081_2007_096
https://doi.org/10.1007/7081_2007_096
https://doi.org/10.46793/match.89-1.005S
https://doi.org/10.46793/match.89-1.005S
https://doi.org/10.1016/j.tet.2009.05.017
https://doi.org/10.1021/ja960582d
https://doi.org/10.1021/ja960582d
https://doi.org/10.1016/s0040-4020(97)00678-9
https://doi.org/10.1002/chin.200346258
https://doi.org/10.1002/chin.200346258
https://doi.org/10.3891/acta.chem.scand.27-1845
https://doi.org/10.1021/jp401389v
https://www.researchgate.net/profile/Juan-Castillo-Millan?_sg%5B0%5D=bqkdmyIPgB0HBtAMehbHq5jYOS60eVacKy90gtVznEF34k0X43RY_a4CdHrSH9BRTUPp4ls.4JrAn3r8mM-_SGz3EVIsgBHH14LPN36XGOfbckKUXfdS6Y6A9IEERgskc5GnA4AdmBhATP7DMB2LMlULjdYgLQ&_sg%5B1%5D=fsr_a_29P-J2FQphPd9HSTV1j_OIBTjDgwBaAXitEYP2tq91u7Te9MpVmra9dZWPqWjH8Bg.sX7hkOF0Je7j6qjiKbNbimxnjMe8YvstKdDROVX9lyRe7H8yJSJ4TrIzvW9xHunqmI_Bxy4I7DjWJU-Zy3pPXw&_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIiwicG9zaXRpb24iOiJwYWdlSGVhZGVyIn19
https://www.researchgate.net/profile/Jaime-Portilla?_sg%5B0%5D=bqkdmyIPgB0HBtAMehbHq5jYOS60eVacKy90gtVznEF34k0X43RY_a4CdHrSH9BRTUPp4ls.4JrAn3r8mM-_SGz3EVIsgBHH14LPN36XGOfbckKUXfdS6Y6A9IEERgskc5GnA4AdmBhATP7DMB2LMlULjdYgLQ&_sg%5B1%5D=fsr_a_29P-J2FQphPd9HSTV1j_OIBTjDgwBaAXitEYP2tq91u7Te9MpVmra9dZWPqWjH8Bg.sX7hkOF0Je7j6qjiKbNbimxnjMe8YvstKdDROVX9lyRe7H8yJSJ4TrIzvW9xHunqmI_Bxy4I7DjWJU-Zy3pPXw&_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIiwicG9zaXRpb24iOiJwYWdlSGVhZGVyIn19
https://doi.org/10.17374/targets.2019.22.194
https://doi.org/10.3390/61201064
https://doi.org/10.5517/ccdc.csd.cc2lc099

Alzhapparova, A.A., Panshina, S.Yu. et al.

34 Soignet, D. M., Boudreaux, G. J., Berni, R. J., & Gonzales, E. J. (1970). Nuclear Magnetic Resonance Studies of Substituted
Cyclic Ureas. Applied Spectroscopy, 24(2), 272-276. https://doi.org/10.1366/000370270774371985

10 Eurasian Journal of Chemistry. 2025


https://doi.org/10.1366/000370270774371985

