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The heterocyclization of B-alkyl(phenyl)aminocinnamoyloxiranes and their
a-bromo derivatives under base-catalysis conditions is a convenient method
for the synthesis of 3-hydroxytetrahydro-4-pyridinones.

The presence of a reactive epoxide ring in oxiranyl-B-aminovinyl ketones [1-3] makes
it possible to use them in diverse heterocyclization reactions {3-5]. In the present re-
search we studied the cyclization of B-alkyl(phenyl)aminocinnamoyloxiranes to the corre-
sponding 1,2,3,4-tetrahydro-4-pyridinones and examined some chemical transformations of the

synthesized compounds.

It was established that B-aminocinnamoyloxiranes Ia-f undergo cyclization to 3-hydroxy-
tetrahydro-4-pyridinones IIa-f in 60-957 yields in the presence of a base (tetrabutylam-
monium hydroxide or triethylamine). In the IR spectra of IIa-e the band of stretching
vibrations of the NH bond at 3270 cm-! vanishes, and a band of an OH group appears at 3470
cm™! the position of which does not change when the solution of the compound in CCLl, is
diluted to 1073 mole/liter; this constitutes evidence for the intramolecular character of the
hydrogen bond of the HO and C=0 groups.
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In the PMR spectra of tetrahydropyridones IIa-f the 5-H signal is located at stronger
field as compared with the signal of the « proton of the amino enone system of Ia-f. It
should be noted that the heterocyclization of Ib proceeds stereospecifically. The formation
of IIb with cis-oriented methyl groups was confirmed by the change in the chemical shift
of the signal of the 2-H proton of tetrahydropyridone IIb and its acetate IIIb. The acet-
ylation of pyridinones IIa, b, d to acetates IIIa, b, d proceeds under the influence of
acetyl chloride at room temperature, while pyridones IVa, e are formed by refluxing IIa, e
in acetic anhydride.

The hypothetical mechanism of the heterocyclization of g-alkyl(phenyl)aminocinnamoyl-
oxiranes to tetrahydro-4-pyridinone includes a step involving the deprotonation of the amino

Scientific-Research Institute of Physicochemical Problems, V. I. Lenin Belorussian
State University, Minsk 220080. Translated from Khimiya Geterotsiklicheskikh Soedinenii,
No. 3, pp. 347-350, March, 1989. Original article submitted July 28, 1987.

288 0009-3122/89/2503-0288 $12.50 e 1989 Plenum Publishing Corporation



(1v 'HO1) 00°Z ‘(*HOHD ‘L'9=[D

*(@ ‘BAI x03) (T1:6°7)
OURYJBULWIOFOIOTYD PpUB I18Yy3ld ai1sm sjuanfe oyl ${sa9je[d JOINTIS U0 POUTWIL]IP 31dM SONTEBA Iyg eyrx

68 ‘HI) 20 (HO “s) ¥6'€ f(*HD ¢s) §€'1 (HO*HD 2'9=7‘p) II'] 08be ‘691 640 JAR BRI N FONIGSTHS!D qIA
(1y ‘HOI) 2I'L '66'9
68 H(HO “s) 1¢'e (PHD ‘9'Z1=""7 'HZ) 80'F 98t (*HD ‘s)ce’l 08%€ ‘0991 ¥S'o | ZE17 98l SONIEMHE'D elA
. (HN €s) £8'G1 *(4¥ ‘HO) 88'2 '€6'9 ‘¥L'9 *(*HOHD
16 W0'9=r ‘b ‘HI) c0'c T(SHD “s) ¥ (HDPHD 0'9=[ ¢s) AR._ 09¢1 12'0 I1E 0 FONGYH'D qA-d
HN
cg Oy CHIL) #F2 29 H(FHD f0'e=1Y7 ‘HZ). 73t ‘88°C ((FHD “8)09'1 0821 ‘0891 180 110 FONIGYHR'D eA-Z
_ (HN “s) g8zl *(3y 'HOI} 92'L
cg Hay) 169 3L'9 CCHD 'g'e=%r ‘Hg) &8'% ‘gL'E (*HD ¢s)€ql 0641 ‘0951 0L'0 131" 7" 021 SONd®H'D eA-d
(H-2¢s) g0’ *(ay 0'6=4%f ‘H¥s 3G'L
06 ‘zg'L {(H-G¢s) 9s¢ ("H®D ‘w ‘HII) co.m.:mm.o ;fu:&m %»W 0891 ‘0981 160 16377082 ONIgZHE'D BAI
H-3 '8'0=r ‘b ‘HI )
09 392 “(4y ‘HOI) ‘032 tc1'z (H-g°S) 01'9 ‘(*HD-€ '8'0=/ ‘P) €6l 0£91 '09G1 16°0 13877868 ONS'HP'D Al
(1y ‘0'6=9"7 ‘H¥) 0G'L 8L *(H-G‘s) 89'F HPHD *Ggi="s
18 ‘Hz) 08% ‘'0g'e (CHO ‘s) ¥8'G ‘(*HD ‘s) 06'I (*HD ‘s) 0¥l OvLT ‘0991 0g'0 43 ‘ONIG*'H®'D pIll
(Ay ‘HOL) 90°L ‘089 ‘(H-G¢s) 0€'S '(*HDHD ‘007 =/ ‘b o
06 ‘HI) 00' H°HD “s) 89°T ‘(*HD “s) G¥'[ (HD'HD ‘0'L=r°P) OV OvL1 ‘0991 €9°0 44 B 421 “ON"H'D qIlI
(v 'HOT) 01°L ‘06'9 ‘(H-¢s)
09 gI's ‘(®HD 'g'gI=9"7 ‘Hg) 98'F ‘08¢ '(*HD_€s)08'l {(CHD‘S) 8I'l oLl ‘0991 950 el gl FONS'H%D el]]
(HN 9y ‘H9) 0I‘Z (H-S ‘0'1=r ‘P)
9g 01‘¢ {(HO “s)06'c ‘(*HD '0'51=1Yr ‘Hg) 9¥'c ‘sg'e ;fw .:ww 03'1 0LFE ‘028€ ‘0EST ‘0091 oo 091 """ 8S1 SONETHE'D 3
1y ‘0'6=
=U¥; ‘Pp) gF'8 g1'9 H(H-S €s) 8’y ({(HOS) 36'¢ {(BHD ‘0'gI=
98 =4V ‘Hg) OF'e ‘0z '(HD ‘w ‘HII) 91T 260 ((*HD ¢s) GI'°} 0LYS 0€91 ‘0091 €v'o 801 " 291 SONAGHEHYD a1
(v ‘0'6="1F ‘H¥) 052 '3z'L *(H-S*s)99'F {(HO s)
8. 00'7 *(3HD t0'gl= ¥/ ‘Hg) 0F'€ ‘08'e (*HD €s)06' ((*HDS) 3I'l 0681 91°0 291" 991 SONIGHD PII
(2v ‘HS) 952 ‘(H-S°s) 99'% (HO‘S)
17 00'v ‘(®HD ‘0'z1=4Yy ‘Hg) 0¥t ‘0g'e ‘((HD “$)98'C ‘(*HD*s) 0g'l 0L¥E ‘0F91 ‘0681 91'0 G6° " €6 FONS'HY'D 2(1
(1y ‘HOI) 80°2 ‘86'0 ‘(H-G‘S) 90°¢ '(HO'S) €3’y -\H-3
16 ‘0'L=¢ b ‘HI) €6'€ {(HDHD '0'L=7 ‘P ‘He) 631 '(*HD ‘s) 0zl 0L¥¢ ‘0891 ‘0091 6t°0 G217 Ll FONCTHD q11
{1v 'HO1) §g°L ‘0I'L *(H-S<s)
6 02°s ‘(HO “s) 92y ‘(*HD 0'11="YF ‘HZ) SI'V ‘06'€ *(*HD “s)0g | 0L¥E ‘0€91 ‘0091 oy'o 4] I 44 FONHHPD e]]
eInuIo
% ‘pToTA (zH ‘r) wdd ‘9 ‘uniyoads ywud LW ‘a ‘wnxjoeds NI L Do ‘du Hmowumaew vwﬂwm
q‘eIpA—3F-®BII 3O sOT3sTiejoeaey)y 1 HIEVL

289



group under the influence of the strong base and subsequent stereospecific cyclization of
the intermediate with the participation of the epoxide ring. This reaction pathway is con-
firmed by the effect of the substituent attached to the nitrogen atom on the rate of hetero-
cyclization: the cyclization of anilino enones Ia, b takes place in 0.5 h, while heating
for 3 h at 90-100°C is necessary for unsubstituted and alkyl-substituted amino enones Ic-f.

Similar cyclization also occurs in the case of wa-bromo derivatives Va, b; in addition
to 5-bromotetrahydro-4-pyridinones VIa, b, aminovinyl epoxy ketones Ia, b, the formation
of which confirms the proposed cyclization mechanism, were isolated as side products. The
starting o-bromo ketones Va, b are formed in quantitative yields in the form of mixtures
of E and Z isomers in the reaction of ketones Ia, b with N-bromosuccinimide (NBS) in CCl,
or CHCls; the Z-bromoalkene undergoes isomerization to the E isomer during isolation and
during storage. The utilization of NBS as the reagent for the introduction of bromine into
the a position of the amino enone is preferable as compared with the use of cyanogen bromide,
which was recently proposed for this purpose [6]. 5-Bromotetrahydro-4-pyridinones VIa, b
can also be obtained in 85-907% yields by bromination of tetrahydro-4-pyridinones IIa, b
in the heterocyclic ring with NBS.

EXPERIMENTAL

The IR spectra of solutions of the compounds in CCl, and CHCl; (107! and 1073 mole/
liter) were recorded with a Specord IR-75 spectrometer; the layer thicknesses were 0.0l cm
and 1 cm. The PMR spectra of solutions of the compounds in Ds-acetone and Dg-DMSO were
measured with a Tesla BS 467 A spectrometer (60 MHz) with hexamethyldisiloxane (HMDS) as
the internal standard. The course of the reaction was monitored by means of TLC on Silufol
plates in ether—hexane (1:1).

The characteristics of the synthesized compounds are presented in Table 1. The results
of elementary analysis for C, H, and N were in agreement with the calculated values.

The synthesis of Ia, b was accomplished by the method described in [3], while Ic, d
were synthesized by the method in [1].

5-Amino{cyclohexylamino)-2-methyl-5-aryl-1,2-epoxy-4-penten-3-ones Te, f. A 20-mmole
sample of cyclohexylamine or a solution of ammonia in ether was added to 10 mmole of 2-
methyl-5-aryl-1,2-epoxy-4-penten-3-one [7] in 40-60 ml of ether. After 4 h, the ether was
evaporated, and If was isolated in the form of an oil; ketone Ie was recrystallized from
hexane and had mp 106-107°C (88% yield).

Compound Ie, C,gH,,BrNO,. PMR spectrum: 1.32 (3H, s, CHj); 0.80-1.80 (11H, m, CgH;,);
2.60 (2H, s, CH,); 4.92 (1H, s, 4-H); 7.15, 7.42 (4H, AB system, Jag = 9.0 Hz, Ar); 10.70
ppm (1H, d, J = 9.0 Hz, N-H).

Compound If, C,,H,;NO,. PMR spectrum: 1.35 (34, s, CHy), 2.55 (2H, s, CH,), 5.36
(1H, s, 4-H), 7.20 (6H, m, Ar, NH), 9.80 ppm (1H, S, N—H).

3-Hydroxy-6-aryl-1,2,3,4-tetrahydro-4-pyridinones IIa-f. A) A 10-mmole sample of Ia,
b was allowed to stand with 0.3-0.5 g of tetrabutylammonium hydroxide in 10 ml of dioxane
for 0.5 h at 18-20°C, or 10 mmole of Ic-f was allowed to stand with 0.5-1.0 g of tetra-
butylammonium hydroxide in 10-20 ml of dioxane for 3 h at 90-100°C. After evaporation of
the dioxane, the oily residue was filtered through a layer of silica gel (1 cm) to separate
the base using ether (100-150 ml) as the eluent. After evaporation of the ether solution,
ITa, b were crystallized from ether, while IIc-f were crystallized from ether—petroleum
ether (1:1).

B) A 1-ml sample of triethylamine was added to a solution of 10 mmole of amino ketone
Ia, b in 10 ml of isopropyl alcohol, and the mixture was refluxed for 1 h. After evapora-
tion of the alcohol, Ia, b were isolated as described in experiment A.

3-Acetoxy~-1-phenyl(methyl)-(2),3-(di)methyl-6-aryl-1,2,3,4-tetrahydro-4-pyridinones
IIla, b, d. A solution of 2 ml of acetyl chloride in 5 ml of acetic acid was added to 5
mmole of IIa, b, d. After 12 h, the reaction mixture was diluted with a tenfold volume
of ice water, and the aqueous mixture was neutralized with sodium carbonate and extracted
with ether. The ether solution was washed with sodium carbonate solution and water and
dried over sodium sulfate. The ether was evaporated, and IIIa, b, d were crystallized from
ether—hexane (1:2).
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2-Methyl-6-aryl-4-pyridones IVa, e. A 10-mmole sample of Ila, e was refluxed in 10 ml
of acetic anhydride for 1 h, after which the reaction mixture was diluted with water, washed
with sodium carbonate solution, and extracted with ether. Compounds IVa, e crystallized
after partial evaporation of the ether.

4-Bromo-2-methyl-5-phenyl-1,2-epoxy-4-penten-3-one (Va) and 5-Bromo-3-methyl-6-phenyl-
3,2-epoxy-5-hexene-4-one (Vb). A 2.93-g sample of N-bromosuccinimide (NBS) was added in
portions to 10 mmole of amino ketone Ia, b in 10 ml of chloroform. After 0.5 h, the chloro-
form was evaporated, and the residue was filtered through a layer of silica gel by elution
with ether—hexane (1:2). The E isomers of Va, b crystallized after partial evaporation
of the solvent:; Z-bromoalkene Va was isolated in the form of an o0il, which underwent isom-
erization to the E isomer on standing for 14 days.

S5-Bromo-3-hydroxy-1,6-diphenyl-1,2,3,4-tetrahydro-4-pyridinones VIa, b. A) A 0.2-0.5
g sample of tetrabutylammonium hydroxide was added to 5 mmole of E-bromoalkenes IIa, b in
20 ml of dioxane. After 0.5 h, the solvent was evaporated, and the residue was filtered
through a layer of silica gel by elution with ether. Compounds VIa, b were crystallized
from ether. Compounds Ia, b were identified by means of TLC. The yields of tetrahydro-4-
pyridinones were 40-497.

B) A 1.47-g sample of NBS was added to 5 mmole of pyridones IIa, b in 20 ml of chloro-
form. After evaporation of the solvent, VIa, b were isolated as described in experiment A.
The yields ranged from 857 to 897.
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