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Abstract

Cyclopropanes are important in drug discovery because their unique structure, including in-
herent three-dimensionality, can enhance a drug’s properties, such as metabolic stability, tar-
get binding, and membrane permeability. In this communication, (5R*,6R*) 11-benzoyl-4,10-
dimethyl-2,8-diphenyl-2,3,8,9-tetraazadispiro[4.0.46.15]undeca-3,9-diene-1,7-dione was pre-
pared via a stereoselective one-pot reaction of phenylglyoxal hydrate with two equivalents
of 5-methyl-2-phenyl-2,4-dihydro-3H-pyrazol-3-one in EtOH in the presence of sodium
acetate and N-bromosuccinimide. The structure of the newly synthesized compound was
established by 1H and 13C NMR, IR spectroscopy, high-resolution mass spectrometry, and
elemental analysis.

Keywords: 2,3,8,9-tetraazadispiro[4.0.4.1]undeca-3,9-diene; phenylglyoxal; 5-methyl-2-
phenyl-2,4-dihydro-3H-pyrazol-3-one; N-bromosuccinimide; sodium acetate; cyclization

1. Introduction
Cyclopropanes are important in drug discovery because their unique structure, in-

cluding inherent three-dimensionality, can enhance a drug’s properties, such as metabolic
stability, target binding, and membrane permeability [1]. The strained ring system of
cyclopropanes introduces significant bond angle distortion, which can lead to improved
binding affinity and selectivity toward biological targets compared to less constrained
analogs [2]. Additionally, the cyclopropyl group often acts as a bioisostere for alkenes,
amides, or other functional groups, further expanding its utility in medicinal chemistry.
Its ability to modulate lipophilicity and resist oxidative metabolism makes it a valuable
motif in the design of protease inhibitors, kinase modulators, and CNS (central nervous
system)-active drugs [3]. Recent studies have demonstrated that cyclopropane-containing
compounds exhibit enhanced pharmacokinetic profiles, underscoring their importance in
modern drug development [4].

Spiro compounds are biologically active organic compounds characterized by a unique
structural motif where two rings share a single common atom, conferring three-dimensional
rigidity and structural diversity [5]. This spirocyclic architecture enhances molecular stabil-
ity, improves binding selectivity, and often increases metabolic resistance, making them
valuable scaffolds in drug discovery [6]. Spiro compounds are found in numerous natural
products and pharmaceuticals, exhibiting a wide range of biological activities, including
antimicrobial, anticancer, and CNS modulation [7]. Their ability to occupy distinct spatial
orientations allows for optimized interactions with biological targets, contributing to their
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prominence in medicinal chemistry [8]. Recent advances in synthetic methodologies have
further expanded their application in the design of novel therapeutics.

Thus, the synthesis of novel spiro compounds with cyclopropyl fragment is a prospec-
tive area of organic chemistry.

2. Results and Discussion
Various cyclization reactions have been achieved by action of N-bromosuccinimide

(NBS) [9–12]. In these transformations, molecular bromine served as the source of the leav-
ing group, either generated in situ during the reaction or introduced as an external reagent.

Earlier, our research group synthesized cyclopropanes from benzaldehydes and two
equivalents of 5-methyl-2-phenyl-2,4-dihydro-3H-pyrazol-3-one in the presence of sodium
iodide as a mediator in methanol in an undivided cell (the stereoselective electrocatalytic
direct transformation) [13].

In the present communication, we report the stereoselective efficient one-pot synthe-
sis of the previously unknown (5R*,6R*) 11-benzoyl-4,10-dimethyl-2,8-diphenyl-2,3,8,9-
tetraazadispiro[4.0.46.15]undeca-3,9-diene-1,7-dione 3 from phenylglyoxal hydrate 1 and
5-methyl-2-phenyl-2,4-dihydro-3H-pyrazol-3-one 2 in ethanol at room temperature in the
presence of NBS and sodium acetate for 2 h, as shown in Scheme 1.

Scheme 1. One-pot reaction of phenylglyoxal hydrate 1 and 5-methyl-2-phenyl-2,4-dihydro-3H-
pyrazol-3-one 2.

For this synthetic protocol, N-bromosuccinimide is recommended as the halogen
source due to its advantageous properties [14]. As a widely employed reagent in organic
synthesis, NBS offers high selectivity, operational simplicity, commercial availability, low
cost, and reduced toxicity compared to molecular bromine.

Sodium acetate (NaOAc) serves as an effective and mild base catalyst in organic
transformations, facilitating reactions such as condensations and nucleophilic substitutions
while minimizing side reactions [15]. The use of NaOAc as a catalyst offers advantages
including low cost, non-toxicity, moisture stability, and ease of removal from reaction
mixtures by simple aqueous workup.

As the reaction progressed, 2,3,8,9-tetraazadispiro[4.0.46.15]undeca-3,9-diene (3) pre-
cipitated out of the solution. The reaction was deemed complete upon full discoloration of
the mixture, transitioning from a yellow to a white suspension. The target compound 3
was isolated with a yield of 85%.

The structure of (5R*,6R*) 2,3,8,9-tetraazadispiro[4.0.46.15]undeca-3,9-diene 3 was
unambiguously confirmed by 1H and 13C NMR spectroscopy, IR spectroscopy, mass spec-
trometry, and elemental analysis. Both 1H and 13C NMR spectra displayed a single set of
signals, indicating high purity and the absence of isomeric or polymeric byproducts.

Bispyrazolone cyclopropane 3 exists as a pair of diastereoisomers with an (R*,R*) or
(R*,S*) relative disposition of pyrazolone fragments. The 1H and 13C NMR spectra clearly
indicated that the methyl groups of pyrazolone rings occupy different sides relative to the
cyclopropane cycle. In the 1H NMR spectrum of 3, protons of the CH3 groups appeared as
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two different singlets at 2.28 and 2.52 ppm (this signal is superimposed on the signal from
DMSO-d5). Thus, NMR data clearly support the (R*,R*) configuration of bispyrazolone
cyclopropanes 3, with the methyl groups of pyrazolone rings lying on different sides of the
cyclopropane plane. Please, see also Supplementary Materials.

In light of our previous studies [9–13], a possible mechanism for the stereoselective
synthesis of compound 3 was suggested (Scheme 2).

 

Scheme 2. Mechanism of the one-pot transformation.

The process begins with the condensation of phenylglyoxal hydrate (1) and 5-methyl-
2-phenyl-2,4-dihydro-3H-pyrazol-3-one (2) resulting in the formation of the Knoevenagel
adduct 4. The following Michael addition of the second equivalent of 5-methyl-2-phenyl-
2,4-dihydro-3H-pyrazol-3-one 2 affords the formation of anion A. Compound 5 is then
produced by halogenating the anion A using NBS as an electrophilic halogen source. In
the presence of a base, compound 5 undergoes deprotonation, leading to the formation
of intermediate B. Intramolecular C-attack results in (5R*,6R*) 11-benzoyl-4,10-dimethyl-
2,8-diphenyl-2,3,8,9-tetraazadispiro[4.0.46.15]undeca-3,9-diene-1,7-dione 3. The steric hin-
drance between the two methyl groups of the pyrazolin-5-one ring appears to be the
primary factor influencing the stereoselectivity of the cyclization, resulting in the preferred
bis[spiro-2,4-dihydro-3H-pyrazol-3-one]cyclopropane 3 with (R*,R*) configuration.
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3. Materials and Methods
3.1. General Methods

The solvents and reagents were purchased from commercial suppliers (Sigma-Aldrich,
St. Louis, MO, USA) and were used without any purification.

The melting point was determined using a Gallenkamp melting-point apparatus
(Gallenkamp & Co., Ltd., London, UK). 1H and 13C NMR spectra were recorded with
a Bruker AM300 spectrometer (Bruker Corporation, Billerica, MA, USA) in DMSO-d6

at ambient temperature (Me4Si as internal standard). The IR spectrum was registered
with a Bruker ALPHA-T FT-IR spectrometer (Bruker Corporation, Billerica, MA, USA)
in KBr pellets. The high-resolution mass spectral analysis was performed on a Bruker
MicrOTOF-Q II spectrometer (Bruker Daltonik GmbH, Bremen, Germany) in electrospray
ionization (ESI) mode and processed with Bruker Compass DataAnalysis 4.0 software
(Bruker Daltonics GmbH & Co. KG, Bremen, Germany). Elemental analysis was carried
out using a 2400 Elemental Analyzer (Perkin Elmer Inc., Waltham, MA, USA).

3.2. Synthesis of (5R*,6R*) 11-Benzoyl-4,10-dimethyl-2,8-diphenyl-2,3,8,9-
tetraazadispiro[4.0.46.15]undeca-3,9-diene-1,7-dione (3)

A solution of phenylglyoxal monohydrate (1) (0.152 g, 1 mmol), 5-methyl-2-phenyl-2,4-
dihydro-3H-pyrazol-3-one (2) (0.348 g, 2 mmol), and sodium acetate (0.082 g, 1 mmol) was
stirred at room temperature in 5 mL of ethanol for 1 h. Then, N-bromosuccinimide (0.231 g,
1.3 mmol) was added, and the reaction mixture was stirred at room temperature for 1 h.
After completion of the reaction, the formed precipitate was separated by filtration, washed
with cold ethanol (2 × 3 mL), and dried, isolating (5R*,6R*) 11-benzoyl-4,10-dimethyl-2,8-
diphenyl-2,3,8,9-tetraazadispiro[4.0.46.15]undeca-3,9-diene-1,7-dione (3).

3.3. (5R*,6R*) 11-Benzoyl-4,10-dimethyl-2,8-diphenyl-2,3,8,9-tetraazadispiro[4.0.4.615]undeca-
3,9-diene-1,7-dione (3)

Yellow solid; yield 85% (0.393 g); mp = 173–174 ◦C (from EtOH); FTIR (KBr) cm−1:
3062 (C-H Ar), 1711 (C=O), 1683 (C=O), 1594 (C-C Ar), 1493 (C-C Ar), 1290 (C-N), 1226 (C-
O), 1129 (C-O). 1H NMR (300 MHz, DMSO-d6): δ 2.28 (s, 3H, CH3), 2.52 (s, 3H, CH3), 4.98
(s, 1H, CH), 7.19 (t, 3J = 7.7 Hz, 1H, C(4)H Ph), 7.28 (t, 3J = 7.3 Hz, 1H, C(4)H Ph), 7.38 (t,
3J = 7.7 Hz, 2H, C(3)H and C(5)H Ph), 7.45–7.70 (m, 7H, C(2)H, 2 C(3)H, C(4)H, 2 C(5)H,
C(6)H Ph), 7.80 (d, 3J = 7.7 Hz, 2H, C(2)H and C(6)H Ph), 7.88 (d, 3J = 8.2 Hz, 2H, C(2)H and
C(6)H Ph) ppm; 13C NMR (75 MHz, DMSO-d6): δ 18.1 (CH3), 19.8 (CH3), 44.8 (CH), 47.9
(C(5)), 50.3 (C(6)), 118.7 (4C, 2 C(2)H, 2 C(6)H Ph), 125.3 (C(4)H Ph), 125.4 (C(4)H Ph), 128.0
(2C, C(2)H, C(6) Ph), 128.9 (2C, C(3)H, C(5)H Ph), 129.0 (4C, 2 C(3)H, 2 C(5)H Ph), 134.2
(C(4) Ph), 135.2 (C(1) Ph), 137.1 (C(1) Ph), 137.5 (C(1) Ph), 155.1 (C-CH3), 155.7 (C-CH3),
165.1 (C(1)=O), 166.7 (C(7)=O), 188.5 (C=O benzoyl) ppm; HRMS (ESI): m/z: [M + H]+,
calcd for C28H23N4O3 463.1765, found 463.1763; Anal. calcd. for C28H22N4O3: C, 72.71; H,
4.79; N, 12.11%; found: C, 72.79; H, 4.85; N, 11.99%.

4. Conclusions
In summary, a convenient stereoselective one-pot process, pseudo-three-component re-

action with subsequent NBS-induced cyclization, for the synthesis of previously unknown
(5R*,6R*) 11-benzoyl-4,10-dimethyl-2,8-diphenyl-2,3,8,9-tetraazadispiro[4.0.46.15]undeca-
3,9-diene-1,7-dione was elaborated. The advantages of this Knoevenagel–Michael trans-
formation with cyclization are the application of readily available starting compounds,
atom economy, and easy work-up procedures, which can avoid chromatographic purifica-
tion. The structure of the synthesized compound was confirmed via 1H and 13C NMR, IR
spectroscopy, high-resolution mass spectrometry, and elemental analysis.
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Supplementary Materials: Compound 3 spectra: 1H NMR (Figure S1), 13C NMR (Figure S2), HRMS
(Figure S3), IR (Figure S4).
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