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1,2,4-TRIAZINES IN ORGANIC SYNTHESIS.

8.* INTRAMOLECULAR DIELS-ALDER REACTION
OF 5-ACYL-1,24-TRIAZINEOXIME ETHERS.

NEW ROUTE OF SYNTHESIS OF
ALKYLHETARYLKETONES

T. Lipinska, D. Branowska, and A. Rykowski

Intramolecular diene cycloaddition of 5-acyl-1,2,4-triazineoxime ethers involving a dienophile substituent
in the 3-position of the triazine ring is studied. New alkylhetarylketones are synthesized by hydrolysis of
the condensed N- and O-containing heterocyclic products. The starting materials are prepared by
oxidation of 5-acetyl- and 5-butyryl-3-methylthio-1,2,4-triazineoxime ethers with KMnQ, to the sulfonyl
derviatives with subsequent replacement of the CH3SO: group by sodium 3-butyn-1-oxide, 4-pentyn-I-
oxide and o-cyanophenoxide.

In a previous article we demonstrated that 5-acyl derivatives of 1,2,4-triazines behave as cyclic dienes in an
intermolecular [4+2] cycloaddition reaction with enamines [1]. The present work continues these studies and
adresses the use in organic synthesis of an intramolecular cycloaddition in 5-acyl-1,2,4-triazineoxime ethers with a
dienophilic substituent in the 3-position of the triazine ring.

The starting materials S-acetyl- and 5-butyryl-2-methylthio-1,2,4-triazineoxime (Ia,b) were synthesized
earlier by us [2, 3]. Introducing a dienophilic substituent into these molecules required protection of the oxime and
conversion of the SCH; group into the easily removed SO,CHj substituent. Thus, oximes Ia and Ib were treated
with dimethylsulfate in DMF in the presence of sodium hydride to produce the methyl ethers [la and IIb. These
were then oxidized with KMnOQy in a catalytic two-phase system to the corresponding methylsulfonyl derivatives
[lla and IIIb (yield 87 and 95%, respectively).

N N N
Z SN Me,50, Z N KMnO, Z N
R x J\ X J\ R X /"\
N SMe N SMe N SO,Me
N N N
HO™ MeO” MeO™
Ia,b Ila,b HIa,b

I-Illa R = Me, bR = C;H,

These unpurified products were used for further reactions.
Nucleophilic substitution of the methylsulfonyl substituent in Illa and IIIb by 3-butynyloxy- and 4-
pentynyloxy groups was performed in THF using the corresponding unsaturated alcohols and sodium hydride. The

* For Communication 7, see [1].
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yields of the alkyl-containing products I[Va,b and Va,b were 65-68%. Analogous treatment of IIla and IIIb with
sodium o-cyanophenoxide gave 3-(o-cyanophenoxy)-1,2,4-triazines VIa and IVb in 85-88% yields. The properties
of IV-VI are listed in Table 1.

In contrast with the intermolecular cycloaddition of 5-acyl-1,2,4-triazines with enamines [1], the
intramolecular Diels-Alder reaction of the S-methoxyiminoalkyl-1,2,4-triazines IV-VI occurred at higher
temperatures and at slower rates.

This difference in reactivity may be explained by the effect of the substituent in the 5-position of the
triazine ring.

The previous investigations [1] revealed that an electron-accepting acyl group in this position significantly
lowers the energy of the LUMO of the triazine diene, thereby increasing the reactivity for [4+2] cycloaddition
reactions. Replacing the acyl substituent by the electron-donating hydroxyiminoalkyl group [4] has the opposite
effect. The 5-acyl-1,2,4-triazineoximes la and Ib do not react with enamines under the conditions of the
intermolecular Diels-Alder reaction [1]. The oxime ethers la and IIb behave similarly and do not react with
enamines. (They would seem to be appropriate substrates in intermolecular cycloaddition reactions with the usual
electronic requirements.) However, this does not mean that 1,2,4-triazine derivatives with the methoxyiminoalkyl
group are also unreactive under the conditions of the intramolecular Diels-Alder reaction. Not only the electronic
factor but also the entropic factor play an important role in the intramolecular reaction, as demonstrated by Taylor
[5]) and van der Plas [6]. Therefore, compounds IV-VI with the methoxyiminoalkyl group that decreases the
electronegativity of the system underwent the intramolecular [4+2] cycloaddition reaction, although under more
forcing conditions.

It is noteworthy that VIla,b with the five-membered O-containing ring formed more readily than VIlla,b
with a six-membered ring. Cyclization involving the C=N group and formation of IXa,b occurred at a higher
temperature than the reaction involving the C=CH group.

H,0*
IVa,b; Vab (CH2)n 3 (CH»)n
(IVa,b) 156 °C, 2..5 Sh

(Va,b) 156 °C, 18..25 h

Me0” Vllab; VIlla,b Xa; Xla,b
H,0*
Viap 2 L R S 3 e R N I_D
210°C, 10 h N a N
0 o
_N 0
MeO IXa,b XIla,b

VI, Xn=1 VI, XIn=2 aR=Me, bR =CH,
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The difference noted by us and previous investigators [7] between the rate of formation of the five-
membered furan and six-membered pyrane rings is due to the specific geometry of the transition state. A difference
in the reactivity of dienophiles containing -C=CH and —-C=N groups was noted earlier [8].

Quantitative relationships among the type of carbonyl group, the size of the alkyl substituent R, and the
nature of the substituent on the Cg) atom will be the subject of a separate report.

We performed a cycloaddition reaction on IV(a,b)-VI(a,b) to prepare VII(a,b)-IX(a,b) (Table 2). The latter
group was then subjected to acid hydrolysis. Thus, maintaining VIII and IX at 80-90°C in 25% HCI broke the
MeON=C bond to form the corresponding ketones XI and XII (Table 3).

Opening of the furan ring and formation of the polyfunctional pyridine derivatives XIll(a,b) and XIV(a,b)
is observed during hydrolysis of VIl(a,b) (refluxling in 20% HCI for ~15 min) (Table 4).

CH,CH,CI CH,CH,CI
H,0* x -2 l x L
Vilab ——e— o | + R
N (0] }I;J O
H
N (o]
MeO”

Xllla,b XIVa,b

Thus, derivatives of furo[2,3-b]pyridines VIla and VIIb behave differently. The acyl derivative Xa is
formed in small yield (22%) along with XIIla and XIVa from VIia (Table 3). Hydrolysis of VIIb does not stop at
the ketone Xb but opens the THF ring to give XIIIb and XIVb.

Thus, heterocyclic compounds containing an acyl group can be synthesized by the described methods.
Compounds of this type can be used in the synthesis of indole alkaloids [2].

EXPERIMENTAL

Melting points were measured on a Buchi apparatus and are uncorrected. IR spectra were obtained on a
UR-20 instrument. NMR spectra were taken on Varian EM-60 or Varian Gemini (200 MHz) instruments with
TMS internal standard in CDCl;. Mass spectra were measured on an ATD-604 instrument. Kieselgel 40 (0.063-
0.200 mm) activated by heating under 1.3-2.0 kPa vacuum at 150°C for 2 h was used for column chromatography.
The course of the reactions was followed and column chromatography was performed on Kieselgel 60 F-254 plates
with visualization by UV light.

5-(1-Methoxyiminoethyl)-3-methylthio-1,2,4-triazine (Ila). Sodium hydride (0.132 g, 5.5 mmol),
prepared by treating 0.220 g of its 60% suspension in oil with ether, and dimethylsulfate (0.63 g, 5.0 mmol) was
added successively to solution of 5-acetyl-3-methylthio-1,2,4-triazineoxime (0.92 g, 5.0 mmol, 1 ml) in anhydrous
DMF (10 ml) cooled to 10°C. The reaction mixture was stirred for 3 h. Water with ice (100 ml) was added. The
product was extracted with diethyl ether. The extract was dried over anhydrous MgSOy. The ether was evaporated.
Yield 0.881 g (89%) of I1a.; mp 87-88°C (aqueous ethanol). IR spectrum: 1060 cm”. PMR spectrum (CDCls): 2.20
(3H, s, CH3C=N), 2.70 (3H, s, CHsS), 4.10 (3H, s, CH;0), 9.45 ppm (1H, s, CH). Found, %: C 42.30; H 5.50.
C7H,0N4OS. Calculated, %: C 42.42; H 5.05.

5-(1-Methoxyiminobutyl)-3-methylthio-1,2,4-triazine (IIb) was prepared analogously from 5-acetyl-3-
propylthio-1,2,4-triazineoxime. Yield 83%; mp 129-130°C (aqueous ethanol). IR spectrum: 1070 cm™ (C-O-N).
PMR spectrum (CDCls): 0.90 (3H, t, CHsCH,), 1.20-1.80 (2H, m, CH3CHz), 2.90-2.60 (5H, m, CH;S, CH,C=N),
4.10 (3H, s, CH30), 9.40 ppm (1H, s, CH). Found, %: C 47.31; H 6.43. CoH,4N4OS. Calculated, %: C 47.79; H 6.19.

5-(1-Methoxyiminoethyl)-3-methylsulfonyl-1,2,4-triazine (IITa). Solution of Ila (0.198 g, 1.0 mmol) in
benzene (10 ml), acetic acid (2.2 ml), and tetrabutylammonium bromide (0.032 g, 1.0 mmol) was added
successively to solution of KMnO, (0.395 g, 2.5 mmol) in water (15 ml). The reaction mixture was vigorously
stirred for 2 h at room temperature. The course of the reaction was followed using TLC (CHCls—acetone, 50:1).
The mixture was treated with sodium pyrosulfite solution and washed with saturated K>CO3 solution. The organic
layer and benzene extract of the aqueous layer were dried over anhydrous MgSQO,. The benzene was distilled in
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argon atmosphere. Yield 0.14 g (86.9%) of yellow crystalline Hla. IR spectrum: 1390, 1340, 1080 cm”. PMR
spectrum (CDCls): 2.40 (3H, s, CH;C=N), 3.45 (3H, s, SO,CH3), 4.20 ppm (3H, s, CH30), 9.85 ppm (1H, s, CH).

5-(1-Methoxyimnobutyl)-3-methylsulfonyl-1,2,4-triazine (IIlb) was prepared analogously from triazine
IIb. Yield 96%. IR spectrum: 1335 (SO,), 1150, 1070 cm” (C-O-N). PMR spectrum (CDCL): 1.05 (3H, t,
CH;CHy), 1.60 (2H, m, CH;CHy), 2.95 (2H, t, CH,C=N), 3.45 (3H, s, SO,CH3), 4.20 ppm (3H, s, CH;0).

3-(3-Alkynyloxy)-5-(1-methoxyiminoethyl)-1,2,4-triazines (IVa,b and Va,b) (General Synthesis
Method). Suspension of sodium hydride (0.027 g, 1.1 mmol) in anhydrous THF (2 ml) was treated in argon
atmosphere with 3-butyn-1-ol (0.07 g, 1.0 mmol) or 4-pentyn-1-ol (0.084 g, 1.0 mmol) dissolved in THF (3 ml).
The reaction mixture was stirred for 10 min at room temperature and then cooled to 0°C. Solution of IIla or IIIb in
THF (0.5 ml) was added with stirring. The mixture was stirred for 24 h at room temperature in argon atmosphere.
The reaction mixture is treated with diethyl ether (50 ml) and saturated NaHCOj3 (5 ml). The ether extract is dried
over anhydrous MgSO,. The solvent is evaporated. The crude product is purified by column chromatography
(300x11 mm, eluent CHCIs).

3-(3-Butynyloxy)-5-(1-methoxyiminoethyl)-1,2,4-triazine = (IVa), 3-(3-Butynyloxy)-5-(1-methoxy-
iminobutyl)-1,2,4-triazine (IVb), 5-(1-Methoxyiminoethyl)-3-(4-pentynyloxy)-1,2,4-triazine (Va), and
5-(1-Methoxyiminobutyl)-3-(4-pentynyloxy)-1,2,4-triazine (Vb) are prepared by this method. The properties of
the compounds synthesized are listed in Table 1.

3-(0-Cyanophenoxy)-5-(1-methoxyiminoethyl)-1,2,4-triazine (VIa). Suspension of sodium o-
cyanophenoxide (0.043 g, 0.3 mmol) in anhydrous THF (5 ml) at 0°C is treated in argon atmosphere with solution
of Illa (0.069 g, 0.3 mmol) in anhydrous THF (2 ml). The reaction mixture is held for 24 h at room temperature in
argon atmosphere. The solvent is distilled in vacuo. The solid is treated with CHCl; (50 ml) and water (2 ml). The
CHClI; extract is washed with saturated NaHCO; and dried over anhydrous MgSQOs. The solvents are distilled.
Product Vla is isolated by column chromatography (300%19 mm, eluent CHCl;) from the residue.

3-(o-Cyanophenoxy)-5-(1-methoxyiminobutyl)-1,2,4-triazine (VIb) is prepared analogously from IlIb
(see Table 1).

Intramolecular Diels-Alder Reaction of IV-VI (General Method). Solution of IVa,b or Va,b (1 mmol)
in bromobenzene (10 ml) or VIa,b in nitrobenzene (10 ml) is refluxed in argon atmosphere for 2, 5, 18, 25, 10 and
10 h, respectively. The course of the reaction is monitored using TLC (CHCls—acetone, 20:1). The solvents are
distilled in vacuo after the reaction is finished. The crude product is purified by column chromatography (300x19
mm, eluent CHCI3). The products are 6-(1-methoxyiminoethyl)-(2,3-dihydrofuro)[2,3-b]pyridine (VIla), 6,1-
(methoxyiminobutyl)-(2,3-dihydrofuro){2,3-b]pyridine (VIIb), 7-(1-methoxyiminoethyl)-(3,4-dihydro-2H-pyrano)-
[2,3-b]pyridine  (VIIla), 7-(1-methoxyiminobutyl)-(3,4-dihydro-2H-pyrano)[2,3-b]pyridine  (VIIIb), 2-(1-
methoxyiminoethyl)benzo[b]furo[2,3-b]pyrazine (IXa), and 2-(1-methoxyiminobutyl)benzo{b]furo[2,3-b]pyrazine
(IXb). Their properties are given in Table 2.

Hydrolysis of VII-IX (General Method). Compounds VIIIa,b and IXa,b (0.3 mmol) in HCI (3 ml, 25%)
are mixed in a round-bottomed flask equipped with a reflux condenser and a magnetic stirrer. The mixture is held
at 80-90°C for 2 h until a transparent solution forms. The reaction mixture is neutralized with saturated NaHCOs.
The product is extracted with CHCl3 (5%x20 ml). The extract is dried over anhydrous MgSQO,. The solvent is
evaporated. The solid is crystallized from hexane. The products are 7-acetyl(3,4-dihydro-2H-pyrano)[2,3-b]-
pyridine (XIa), 7-butyryl(3,4-dihydro-2H-pyrano)[2,3-b]pyridine (XIb), 2-acetyl(benzo[b]furo[2,3-b])pyrazine
(X11a), and 2-butyryl(benzo[b]furo[2,3-b])pyrazine (XIIb). The properties of these are given in Table 3.

Hydrolysis of VIIa and VIIb. Compound VllIa (0.5 mol) in HCI (4 ml, 20%) is boiled until a transparent
solution forms (~15 min). The cooled reaction mixture is neutralized with saturated NaHCO; and extracted with
CHCI; (6x20 ml). The CHCI; extract is dried over anhydrous MgSQO;,. The solvent is distilled. The products 6-
acetyl-2,3-dihydrofuro{2,3-b]pyridine (Xa), 6-~(1-methoxyiminoethyl)-3-(2-chiroethyl)-1,2-dihydropyridin-2-one
(XIlla) and 6-acetyl-3-(2-chloroethyl)-1,2-dihydropyridin-2-one (XIVa) are isolated by TLC (CHCls-acetone,
50:1) from the residue.

3-(2-Chloroethyl)-6-(1-methoxyiminobutyl)-1,2-dihydropyridin-2-one (XIIIb) and 6-Butyryl-3-(2-
chloroethyl)-1,2-dihydropyridin-2-one (XIVb) are the principal products obtained under analogous conditions
from VIIb (see Tables 3 and 4).
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