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We found that the interaction of 2-methyl-2,3,5,6,7,8-hexahydro-4H-1,3-benzoxazin-4-

one with various activated and non-activated diazonium salts in hydrochloric and acetic

acids leads to the formation of corresponding previously unknown arylhydrazones with

high yields, independent of the structure of the diazo component. The azo coupling

reaction proceeds at the non-activated sp3-hybrid C-8 atom due to the activating action of

the acid medium with the formation of 2-methyl-6,7-dihydro-2H-1,3-benzoxazine-

4,8(3H,5H)-dione 8-arylhydrazone. This reaction proceeds regioselectively at the C-8

atom due to steric hindrances, namely the large size of the diazonium salts. The structures

of the synthesized arylhydrazones were confirmed by modern physicochemical methods

of analysis including 1Í NMR spectroscopy and mass spectrometry. The discovered reaction

allows synthesizing arylhydrazones, which are difficult to access by other methods in one

step. Isolation of the reaction products is not difficult and can be achieved by simple

filtration after neutralization. The resulting arylhydrazones can be used as building blocks

in organic synthesis and as ligands for binding metal ions.
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Introduction
Aromatic azo compounds are widely used in

organic chemistry. With the help of the azo coupling
reaction, many practically significant substances are
prepared, such as dyes [1], indicators [2], biologically
active substances [3], etc. [4]. Carrying out the azo
coupling reaction with active methylene compounds
leads to the synthesis of the corresponding
arylhydrazones, which are also widely used, for
example, as dyes [5,6], biologically active substances
[7–9], etc. The reaction of diazonium salts with
methine-active compounds leads to the formation
of mixed azo compounds if there is no possibility of
eliminating one of the activating groups [10], as
occurs in the Japp-Klingemann reaction [11]. Active
methine and methylene compounds also react with
other electrophilic agents to form structurally
complex molecules [12,13]. Examples are known
when non-activated methylene compounds react with
various electrophilic agents. For instance, the reaction
of 5',6',7',8'-tetrahydro-1'H-spiro[cyclohexane-1,2'-

quinazolin]-4'(3'H)-one [14] with 4-methylbenzene-
diazonium chloride results in arylhydrazone 1 (there
is a typo in the structural formula in the original
article) [15], and the reaction with the Mannich
reagent leads to spiran 2 [16]. Formylation of 5,6,7,8-
tetrahydrospiro[1,3-benzoxazine-2,1'-cyclohexan]-
4(3H)-one under Vilsmeier-Haack reaction
conditions gives compound 3 (Scheme 1) [17].

The purpose of this work is to study the
interaction of 2-methyl-2,3,5,6,7,8-hexahydro-4H-
1,3-benzoxazin-4-one 4 containing an unactivated
methylene group with various diazonium salts.

Experimental
The 1H NMR spectra were obtained by using a

Bruker Avance II 400 instrument (400.13 MHz) in
DMSO-d6 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
2000C and with 70 eV ionizing electrons. Elemental
analysis was performed by means of a LECO CHN-
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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 CHCl3–
i-PrOH as eluent. Melting points were carried out
using an Electrothermal 9100 Digital Melting Point
apparatus and were uncorrected.

Synthesis of compounds 5–8 (general method)
Concentrated HCl (5 ml) was mechanically

stirred and cooled with ice, then anhydrous sodium
nitrite (0.17 g, 2.5 mmol) was added, followed
corresponding aniline (2.5 mmol) in glacial acetic
acid (7 ml). The mixture was stirred for 10 min, the
obtained diazonium salt solution was cooled with
ice and treated by slow addition of compound 4
(0.42 g, 2.5 mmol) solution in AcOH (5 ml) from a
dropping funnel. The mixture was stirred for 15 min,
diluted with water (10 ml), and adjusted with 25%
NH3 solution to ðÍ 8–9.

2-Methyl-6,7-dihydro-2H-1,3-benzoxazine-
4,8(3H,5H)-dione 8-[(4-nitrophenyl)hydra-zone] (5)

Brown powder, mp: 131–1330C, yield 86%. 1H
NMR spectrum (400 MHz, DMSO-d6), , ppm:
1.35 (3H, d, 3J=5.4, CH3), 1.41–1.48 (2H, m, CH2),
1.61–1.72 (2H, m, CH2), 2.04–2.21 (2H, m, CH2),
5.05–5.14 (1H, m, CH), 7.27 (1H, br.s., NH), 7.64
(2H, d, 3J=8.3, H-Ar), 7.91 (1H, br.s., NH), 8.25
(2H, d, 3J=8.3, H–Ar). MS (EI), m/z (Irel, %): 316
[Ì]+ (70). Calculated C15H16N4O4: C 59.96; H 5.10;
N 17.71. Found: C 60.16; H 5.17; N 17.83.

2-Methyl-6,7-dihydro-2H-1,3-benzoxazine-
4,8(3H,5H)-dione 8-[(4-methyl-2-nitrophe-
nyl)hydrazone] (6)

Red powder, mp: 87–890C, yield 83%. 1H
NMR spectrum (400 MHz, DMSO-d6), , ppm:
1.35 (3H, d, 3J=5.4, CH3), 1.41–1.48 (2H, m, CH2),
1.61–1.72 (2H, m, CH2), 2.04–2.21 (2H, m, CH2),
2.17 (3H, s, CH3), 5.05–5.14 (1H, m, CH), 6.92
(1H, d, 3J=8.8, H–Ar), 7.22 (1H, d, 3J=8.8, H–
Ar), 7.29 (1H, br.s., NH), 7.73 (1H, s, H–Ar), 7.92

(1H, br.s., NH). MS (EI), m/z (Irel, %): 330 [Ì]+

(71). Calculated C16H18N4O4: C 58.17; H 5.49; N
16.96. Found: C 58.25; H 5.59; N 17.03.

2-Methyl-6,7-dihydro-2H-1,3-benzoxazine-
4,8(3H,5H)-dione 8-[(4-methoxyphenyl)hyd-razone]
(7)

Yellowish powder, mp: 100–1030C, yield 75%.
1H NMR spectrum (400 MHz, DMSO-d6), , ppm:
1.34 (3H, d, 3J=5.4, CH3), 1.41–1.48 (2H, m, CH2),
1.61–1.72 (2H, m, CH2), 2.04–2.21 (2H, m, CH2),
3.58 (3H, s, CH3), 5.05–5.14 (1H, m, CH), 6.93
(2H, d, 3J=8.1, H–Ar), 7.27 (1H, br.s., NH), 7.33
(2H, d, 3J=8.1 H–Ar), 7.84 (1H, br.s., NH). MS
(EI), m/z (Irel, %): 301 [Ì]+ (64). Calculated
C16H19N3O3: C 63.77; H 6.36; N 13.94. Found: C
63.85; H 6.49; N 14.07.

2-Methyl-6,7-dihydro-2H-1,3-benzoxazine-
4,8(3H,5H)-dione 8-[(4-iodophenyl)hyd-razone] (8)

Yellowish powder, mp: 124–1260C, yield 78%.
1H NMR spectrum (400 MHz, DMSO-d6), , ppm:
1.34 (3H, d, 3J=5.4, CH3), 1.42–1.48 (2H, m, CH2),
1.60–1.72 (2H, m, CH2), 2.04–2.21 (2H, m, CH2),
5.05–5.12 (1H, m, CH), 7.24 (1H, br.s., NH), 7.51
(2H, d, 3J=8.3, H–Ar), 7.71 (2H, d, 3J=8.3 H–Ar),
7.93 (1H, br.s., NH). MS (EI), m/z (Irel, %): 397
[Ì]+ (82). Calculated C15H16IN3O2: C 45.36; H 4.06;
N 10.58. Found: C 45.51; H 4.18; N 10.70.

Results and discussion
The reaction of 2-methyl-2,3,5,6,7,8-

hexahydro-4H-1,3-benzoxazin-4-one 4 with various
diazonium salts yielded previously unknown
arylhydrazones with high yields (Scheme 2). The
reaction proceeds at the non-activated position C-8
in an acid medium through the intermediate
formation of azo compounds. The structure of the
reaction products was established based on the 1H
NMR and mass spectra.

This reaction becomes possible probably due
to the protonation of one of the active positions of
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compound 4 (Scheme 3). Protonation can occur at
the oxygen atom of the amide group or at the carbon
atom C-4' (endocyclic vinyl ether). When this
intermediate is deprotonated, an isomeric vinyl ester
is formed with the participation of the C-8 atom,
which activates this position for attack by an
electrophile. The protonation of the oxygen atom is
preferable, since a thermodynamically more stable
intermediate with charge delocalization is formed.

Despite the fact that the putative intermediate
4a is less stable than compound 4, it is still likely to
be formed, albeit in small amounts, since the reaction
with diazonium salts proceeds rapidly at the C-8
position, which can be explained by the activating
effect of three heteroatoms in the intermediate 4a.
The reaction proceeds with both activated and non-
activated diazonium salts.

Conclusions
Thus, it has been shown that 2-methyl-

2,3,5,6,7,8-hexahydro-4H-1,3-benzoxazin-4-one
reacts with activated and non-activated diazonim
salts at the C-8 position to form the corresponding
arylhydrazones . The reaction proceeds due to the
protonation of 1,3-benzoxazin-4-one, which leads

to the activation of the C-8 position in its structure.
The resulting arylhydrazones can be used as building
blocks in organic synthesis and as ligands for binding
metal ions.
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ÐÅÀÊÖ²ß 2-ÌÅÒÈË-2,3,5,6,7,8-ÃÅÊÑÀÃ²ÄÐÎ-4H-1,3-
ÁÅÍÇÎÊÑÀÇÈÍ-4-ÎÍÓ Ç ÑÎËßÌÈ Ä²ÀÇÎÍ²Þ

Ñ.À. Âàðåíè÷åíêî, Î.Ê. Ôàðàò, Ê.Â. ßíîâà, Â.². Ìàðêîâ

Çíàéäåíî, ùî ïðè âçàºìîä³¿ 2-ìåòèë-2,3,5,6,7,8-ãåê-
ñàã³äðî-4Í-1,3-áåíçîêñàçèí-4-îíó ç ð³çíèìè àêòèâîâàíèìè
òà íåàêòèâîâàíèìè ñîëÿìè ä³àçîí³þ â ñîëÿí³é òà îöòîâ³é
êèñëîòàõ óòâîðþþòüñÿ ðàí³øå íåâ³äîì³ àðèëã³äðàçîíè ç âèñî-
êèìè âèõîäàìè íåçàëåæíî â³ä ñòðóêòóðè ä³àçîêîìïîíåíòè.
Ðåàêö³ÿ àçîñïîëó÷åííÿ ïåðåá³ãàº çà íåàêòèâîâàíèì sp3-
ã³áðèäíèì àòîìîì Ñ-8 çà ðàõóíîê àêòèâóþ÷î¿ ä³¿ êèñëîòíîãî
ñåðåäîâèùà ç óòâîðåííÿì 2-ìåòèë-6,7-äèã³äðî-2Í-1,3-áåí-
çîêñàçèí-4, 8(3H,5H)-ä³îí 8-àðèëã³äðàçîí³â. Öÿ ðåàêö³ÿ ïå-
ðåá³ãàº ðåã³îñåëåêòèâíî çà àòîìîì Ñ-8 çà ðàõóíîê ñòåðè÷íèõ
ïåðåøêîä ì³æ ðåàãåíòîì íà ïðåêóðñîðîì. Ñòðóêòóðè ñèíòå-
çîâàíèõ àðèëã³äðàçîí³â ï³äòâåðäæåíî ñó÷àñíèìè ô³çèêî-
õ³ì³÷íèìè ìåòîäàìè àíàë³çó, âêëþ÷àþ÷è ñïåêòðîñêîï³þ ßÌÐ
1Í òà ìàñ-ñïåêòðîìåòð³þ. Âèíàéäåíà ðåàêö³ÿ äîçâîëÿº â îäíó
ñòàä³þ îäåðæàòè âàæêîäîñòóïí³ ³íøèìè ìåòîäàìè àðèëã³ä-
ðàçîíè. Âèä³ëåííÿ ïðîäóêò³â ðåàêö³¿ íå ñòàíîâèòü ñêëàäíîù³â
³ äîñÿãàºòüñÿ ïðîñòîþ ô³ëüòðàö³ºþ ï³ñëÿ íåéòðàë³çàö³¿. Îäåð-
æàí³ àðèëã³äðàçîíè ìîæóòü áóòè âèêîðèñòàí³ ÿê áóä³âåëüí³
áëîêè â îðãàí³÷íîìó ñèíòåç³ òà ÿê ë³ãàíäè äëÿ çâ’ÿçóâàííÿ
³îí³â ìåòàë³â.

Êëþ÷îâ³ ñëîâà: 1,3-áåíçîêñàçèí-4-îí, ñîëü ä³àçîí³þ,
àçîñïîëó÷åííÿ, àðèëã³äðàçîí, ÑÍ-àêòèâàö³ÿ.
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hexahydro-4H-1,3-benzoxazin-4-one with various activated and
non-activated diazonium salts in hydrochloric and acetic acids
leads to the formation of corresponding previously unknown
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the diazo component. The azo coupling reaction proceeds at the
non-activated sp3-hybrid C-8 atom due to the activating action
of the acid medium with the formation of 2-methyl-6,7-dihydro-
2H-1,3-benzoxazine-4,8(3H,5H)-dione 8-arylhydrazone. This
reaction proceeds regioselectively at the C-8 atom due to steric
hindrances, namely the large size of the diazonium salts. The
structures of the synthesized arylhydrazones were confirmed by
modern physicochemical methods of analysis including 1Í NMR
spectroscopy and mass spectrometry. The discovered reaction
allows synthesizing arylhydrazones, which are difficult to access
by other methods in one step. Isolation of the reaction products
is not difficult and can be achieved by simple filtration after
neutralization. The resulting arylhydrazones can be used as building
blocks in organic synthesis and as ligands for binding metal ions.
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