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New substituted pyridines were synthesized by the reaction of spiroimidazolidinones
with the Vilsmeier-Haack reagent (PBr;,/DMF) with satisfactory yields. The reaction
proceeds as an electrophilic trigger process according to the push-pull mechanism due
to the anomeric effect of two nitrogen atoms with an increase in the primary heterocycle.
An explanation is proposed for the different chemical behavior of 5',6',7',8'-tetrahydro-
1'H-spiro[cyclohexane-1,2'-quinazolin]-4'(3'H)-one and spiroimidazolidinones under
Vilsmeier-Haack reaction conditions. The likely reason is the hybridization of the amine
(enamine) nitrogen atom in the structure of heterocycles. The reaction of
spiroimidazolidinones with the Vilsmeier-Haack reagent results in formylation of the
ammine nitrogen atom with subsequent reaction steps; and in the case of 5',6',7'.8'-
tetrahydro-1'H-spiro[cyclohexane-1,2'-quinazolin]-4'(3'H)-one, the reaction results in
formylation of carbon atom followed by heterocycle opening and its intramolecular
cyclization. The synthesized new pyridine derivatives, due to the presence of several
reaction centers in them, are of interest not only as potential pharmacologically active
compounds, but also as low-molecular building blocks for organic synthesis.

Keywords: substituted pyridine, Vilsmeier-Haack reagent, trigger process, rearrangement,

spiroimidazolidinone.
DOI: 10.32434/0321-4095-2023-146-1-34-39

Introduction

Previously, we discovered the rearrangement of
5',6',7',8'-tetrahydro-1"H-spiro[cyclohexane-1,2'-
quinazolin]-4'(3'H)-one 1 into substituted
hydroacridines 2 and 3 under the action of the
Vilsmeier-Haack reagent [1] (Scheme 1).
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The discovery of this reaction served as a powerful
impetus for the study of similar reactions on other
model compounds containing heterocycles with
geminally located heteroatoms, for example, see the
work [2]. In the study [3], we described the
rearrangement of spiroimidazolidinones to fused
pyridines 5 (Scheme 2). Based on the rearrangement
products, a number of new useful derivatives were

synthesized [4—6]. Many articles [7—13] have been
devoted to the synthesis of the pyridine ring, and
works in recent years (for example, see refs. [14,15])
confirmed the importance of this class of compounds.
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Annulated pyridines 5 are functional compounds
that can be used not only as potential biologically
active compounds, but also as low molecular weight
building blocks for organic synthesis.

Results and discussion

In light of the above, it was of interest to
introduce another halogen into the molecules of
substituted pyridines. Of all the phosphorus halides,
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phosphorus tribromide is the most accessible, so it
was decided to use it as the Lewis acid in the Vilsmeier-
Haack reagent for a similar rearrangement. As
expected, annulated pyridines 10—13 were synthesized
with satisfactory yields when the modified Vilsmeier—
Haack reagent (PBr;/DMF) reacted with compounds
6—9 (Scheme 3).

The structure of compounds 10—13 was
confirmed by '"H NMR spectroscopy and mass
spectrometry.

The most significant difference in the structures
of compounds 1 and 6 for the course of rearrangements
under the action of the Vilsmeier-Haack reagent is
the hybridization of the amine nitrogen atom. In
compound 6, this atom is in the sp3-hybridized state,
while it is in the sp?>-hybridized state in compound 1.
It is the hybridization of the amine nitrogen atom
that fundamentally changes the direction of recycling.
In the case of compound 6 and its analogues 7—9, the
lone electron pair of the amine nitrogen atom is in
an sp’-hybrid orbital, which is higher in energy than
the unhybridized p-orbital of the enamine nitrogen
atom, which is conjugated to the double bond and the
carbonyl group in compound 1. This leads to the fact
that in compounds 6—9, after the formation of the
imidoyl chloride salt, the amine nitrogen atom is
formylated, and in the case of compound 1, the carbon
atom is formylated. The yields of annulated chloro-
and bromopyridines upon interaction of the
corresponding spiroimidazolidinones with POCI; or
PBr; in DMF are very close [3], therefore the same

conditions were chosen for the comparison of
compounds 1 and 6, namely POCI, as a Lewis acid
for the Vilsmeier-Haack complex (Scheme 4).

Formylation of the nitrogen atom in compounds
6—9 leads to the destruction of the N1—C2 bond,
while in compound 1, the N3—C2 bond is broken.
In all these conversion schemes, the push-pull
mechanism is implemented. In the case of compounds
6—9, the electron-withdrawing atom is nitrogen N1,
and the electron-donating atom is N3, while in the
case of compound 1, it is the other way around. For
compound 1, there are known examples of
electrophilic rearrangement with breaking of the N1—
C2 bond under the action of Brgnsted protonic acids
[16,17].

Conclusions

Thus, the number of examples of recyclization
of 1,4-diazaspiro[4.5]decan-2-one derivatives under
the action of the Vilsmeyer-Haack reagent (PBr;/
DMF) to form functionalized ringed pyridines has
been expanded. The reaction takes place as an
electrophilic rearrangement according to the push-
pull mechanism, which is implemented due to the
anomeric effect of the heteroatoms of the geminal
N—C—N system, with an increase in the size of the
primary heterocycle. An explanation of the differences
between the reactions of 5',6',7',8'-tetrahydro-1'H-
spiro[cyclohexane-1,2'-quinazolin]-4'(3'H)-one and
spiroimidazolidinones and their analogues is also
offered under the influence of the Vilsmeier-Haack
reagent.
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Experimental

The '"H NMR spectra were obtained by using a
BrukerAvance II 400 instrument (400.13 MHz) in
CDCIl; and DMSO-dq using residual solvent peak as
a reference. The mass spectra were recorded by means
of a MX1321 instrument with direct injection of the
sample at an ionization chamber temperature of 200°C
and with 70 eV ionizing electrons. Elemental analysis
was performed by means of a LECO CHN-900
instrument. The reactions and the purity of the
obtained compounds were monitored by TLC on
Merck Silicagel 60 F-254 plates with 10:1 CHCl,—i-
PrOH as eluent. Melting points were carried out using
an Electrothermal 9100 Digital Melting Point apparatus
and were uncorrected.
2-Bromo-5, 6, 7,8-tetrahydroquinoline-3-amine (10)

When cooled with ice to 2.1 ml of DMF (27
mmol) was added 1.3 ml of PBr; (13.5 mmol). The
resulting Vilsmeier-Haack reagent was dissolved in 15

ml of chloroform and 0.7 g (4.5 mmol) of compound
6 was added to the resulting reagent. The reaction
mixture was heated with stirring at 50°C for 4 h.
Then the reaction mixture was cooled to 10°C and
neutralized with 5% aq. Na,CO; solution (10 ml). A
viscous oil was separated and dissolved in 10 ml of a
20% acetic acid solution. The reaction mixture was
heated on a water bath at 50°C with stirring for 4 h.
After cooling to room temperature, the mixture was
poured into water and neutralized with Na,CO,
solution. The precipitated solid compound 10 was
filtered off and crystallized from methanol. Light yellow
powder, mp: 94—95°C, yield 51%. '"H NMR spectrum
(400 MHz, CDCl,), 8, ppm: 1.70—1.84 (4H m, 2CH,),
2.62—2.75 (4H, m, 2CH,), 3.80 (2H, br.s., NH,),
6.71 (1H, s, H—Ar). MS (FAB), m/z (1, %): 228
[M(Br#H]* (100), 226 [M(Br”®)]* (100). Calculated
CyH, BrN,: C 47.60; H 4.88; N 12.34. Found:
C47.74; H 4.99; N 12.21.
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The procedure for the synthesis of compounds
11—13 is similar to the procedure for compound 10.
2-Bromo-6-methyl-5,6, 7,8-tetrahydroquinolin-3-amine
(11)

Light yellow powder, mp: 89—91°C, yield 54%.
'"H NMR spectrum (400 MHz, CDCl,), 8, ppm: 1.02
(3H, d,3J=6.4, CH,), 1.39—1.49 (2H, m, CH,), 1.81—
1.92 (2H, m, CH,), 2.24—2.31 (3H, m, CH,, CH),
3.87 (2H, br.s., NH,), 6.70 (1H, s, H—Ar). MS (EI),
m/z (L, %): 242 [M(Br®)]* (100), 240 [M(Br”)]*
(100). Calculated C,,\H;BrN,: C 49.81; H 5.43; N
11.62. Found: C 49.72; H 5.61; N 11.73.
6-tert- Butyl-2-bromo-5,6, 7,8-tetrahydroquinoline-3-
amine (12)

Light yellow powder, mp: 110—112°C, yield
60%. '"H NMR spectrum (400 MHz, CDCl,), §, ppm:
0.91 (9H, s, 3CH,), 1.41—1.46 (2H, m, CH,), 2.01—
2.07 (4H, m, 2CH,), 2.35—2.37 (1H, m, CH), 3.43
(2H, br.s., NH,), 6.99 (1H, s, H—Ar). MS (El), m/z
(Lo, %): 284 [M(Br®")]|* (30), 282 [M(Br’®)]* (30).
Calculated C;H,(BrN,: C 55.13; H 6.76; N 9.89.
Found: C 55.29; H 6.89; N 9.60.
2-Bromo-6-(1,1-dimethylpropyl)-5,6,7,8-
tetrahydroquinolin-3-amine (13)

Light yellow powder, mp: 86—88°C, yield 41%.
'"H NMR spectrum (400 MHz, DMSO-dy), §, ppm:
0.81 (3H, t,3J=7.2, CH,), 0.87 (6H, s, 2CH,), 1.34—
1.45 (3H, m, CH,, CH), 1.71-2.08 (6H, m, 3CH,),
4.57 2H, br.s., NH,), 7.86 (1H, s, H—Ar). MS (EI),
m/z (L, %): 298 [M(Br*)]* (30), 296 [M(Br”)]*
(30). Calculated C,,H,,BrN,: C 56.57; H 7.12;
N 9.42. Found: C 56.79; H 7.29; N 9.20.
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CUHTE3 HOBUX 3AMIIIEHUX IIPUIWUHIB 3A
JOINIOMOTI'OI0 PEAKTHUBY BIIIbBCMAUMEPA-XAAKA

M.B. Cmemanin, C.A. Bapenuuenxo, O.B. Xapuenro,
O0.K. @apam, B.1. Mapkos

HoBi 3amilieHi nmipuauHu Oyau oaepkaHi peakili€lo
cmipoiminazosinnHOHIB 3 peakTBoM BinbcMaepa-Xaaka (PBr;/
DMF) i3 3amoBinbHUMM Buxonamu. Peakiiist mpoTikae K ejaek-
Tpo(inbHUI TPUTEPHUI Mpoliec 3a MexaHizMoM push-pull 3a
paxyHOK aHOMEPHOro e(deKTy ABOX aTOMiB a30Ty 3i 30i1blUEH-
HSIM pO3Mipy TMEepPBUHHOrO reTepouukiay. I[IponoHyeTbest mo-
SICHEHHSI pi3HOi XiMiuHOI moBeninku 5',6',7',8'-teTparigpo-1"H-
cmipo[uukiorekcan-1,2'-xinazonix]-4'(3'H)-oHy Ta cniipoimina-
30JIIIMHOHIB B yMOBax peakiii BinmbcMaiiepa-Xaaka. MMosip-
HOIO TIPUYMHOIO € TiOpuau3allis aMiHHOTO (€HaMiHHOTO) aTo-
Ma a30Ty B CTPYKTYpi rerepouukiiB. Peakuisi cmipoiminazosni-
JNMHOHIB 3 peakTuBOM BinbcMaepa-Xaaka mpuBoauThH 10 (op-
MiJIIOBaHHSI aToMa a30Ty aMmiHa 3 HACTYNHUMM CTalisIMU pe-
akuii, a y Bunanky 5',6',7',8'-rerpariapo-1"H-cmipo|unkiorek-
caH- 1,2'-xiHazoniH]-4'(3'H)-oH — dopmintoBaHHS aToMa Byr-
JISUIO 3 TIOAAJIBbIIMM PO3KPUTTSIM TeTEPOLMKIY Ta MOro BHYT-
PILLIHBOMOJIEKY/ISIPHOIO LIMKJIi3alieto. OnepkaHi HOBi MOXiaHi
MipUAMHY 3aBASIKM HAsIBHOCTI B HMX KiJIBKOX peakLiiHUX
LICHTPiB CTAaHOBJATH iHTEpeC He Julle SIK MOTeHLiiHI dapma-
KOJIOTiYHO aKTUBHi CITOJYKH, a i SIK HU3bKOMOJIEKYJISIpHi Oy/I-
iBeJIbHI OJIOKM IIJISI OPraHiuYHOTO CUHTE3Y.

KnawuoBi caoBa: 3amillleHU MipUuAUMH, peareHT
Binbcmaiiepa-Xaaka, TpUIepHUil mpoliec, MeperpynyBaHH,
CcipoiMiga3oignHOH.
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New substituted pyridines were synthesized by the reaction
of spiroimidazolidinones with the Vilsmeier-Haack reagent (PBr;/
DMF) with satisfactory yields. The reaction proceeds as an
electrophilic trigger process according to the push-pull mechanism
due to the anomeric effect of two nitrogen atoms with an increase
in the primary heterocycle. An explanation is proposed for the
different chemical behavior of 5',6',7',8'-tetrahydro-1"H-
spiro[cyclohexane-1,2'-quinazolin]-4'(3'H)-one  and
spiroimidazolidinones under Vilsmeier-Haack reaction conditions.
The likely reason is the hybridization of the amine (enamine)
nitrogen atom in the structure of heterocycles. The reaction of
spiroimidazolidinones with the Vilsmeier-Haack reagent results
in formylation of the ammine nitrogen atom with subsequent
reaction steps; and in the case of 5',6',7',8'-tetrahydro-1'H-

spiro[cyclohexane-1,2'-quinazolin]-4'(3'H)-one, the reaction
results in formylation of carbon atom followed by heterocycle
opening and its intramolecular cyclization. The synthesized new
pyridine derivatives, due to the presence of several reaction centers
in them, are of interest not only as potential pharmacologically
active compounds, but also as low-molecular building blocks for
organic synthesis.

Keywords: substituted pyridine; Vilsmeier-Haack reagent;
trigger process; rearrangement; spiroimidazolidinone.
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