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o-Lactams have been synthesized with excellent stereocontrol of substituents by condensing
3-alkenamides with aryl aldehydes in polyphosphoric ester. The scope of the condensation of
3-alkenamides with aryl aldehydes in several phosphate media is examined, and a rationale is proposed

regarding vy-lactam versus é-lactam formation.

The 5,6-dihydro-2(1H)-pyridinone ring system 112 has
considerable potential in synthesis, since it could act as
a precursor of a wide variety of substituted piperidines,?
piperidones, pyridines,® and pyridones; it has been used
to prepare a-substituted amines,* of which the piperidine
alkaloids,? e.g. andrachine 4,5 pipermethystine 5,% anat-
abine 6,7 and piplartine® typify this important class.
Additionally, access to quinolizidine? and indolizidine®10
alkaloids of pharmaceutical activity could also be gained
via the 5,6-dihydro-2(1H)pyridinone ring system which
has been employed as a key intermediate 7 in the synthesis
of ipecacuanha alkaloids including emetine,!! and whose
versatility is exemplified by its ability to undergo epoxi-
dation,! bromination,! and [2 + 2] cycloaddition of the
C=—C double bond;12 cuprates effect 1,4-addition,!® and
Michael additions!4 occur with esters.

Methods of preparing 5,6-dihydro-2(1H)-pyridinones!-
are typically nongeneral,? require forcing conditions, and
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do not afford stereocontrolled placement of substituents.
We envisaged a convenient route to the pyridinones 1 by
a [5+ 1] component condensation of a 3-alkenamide with
an aldehyde or ketone (Scheme 1). Location of the
carbonyl group between the iminum and alkenic groups
was envisaged as leading to a rigid transition state which
might result in stereocontrolled ring-closure of a species
less prone to fragmentation or rearrangement (e.g. by aza-
Cope equilibration?%) than a simple unsaturated iminium
species.!” Despitethelack of precedent for such behavior!é
the desired cyclization might proceed a priori through a
6= disrotatory ring-closure!” in which the amidic carbonyl
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44, 3919.
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Table 1. Synthesis of 5,6-Dihydro-2(1 H)-pyridinones from 3-Alkenamides Using PPE

3-alkenamide aldehyde conditions d-lactams % yield
PhCHO 60°C,16h o 51
™ Cr
. 18 Ph
PhCHO 60°C, 56 h 0 95
E%conucn-czph @CHZ%
. b Ph
o
CONH, PhCHO 35°C,24h 63
N
10
CONH, p-MeOCgHCHO 45°C,18h 66
N
10 OMe
o
SCONHQ p-0;NCgH,CHO 45°C, 18h ¢ NH 50
N
10 1e
NO,
CONHMe 0 OH
% PhCHO 40°C,16h QMG Ph)\qNHMe 30 + 30
11 + ~
1f Ph 13
CONH, 2
< PhCHO 60°C,18h [ M 50
12 1g ¥ Ph
~
had undergone enolization, or via a cationic cyclization Scheme 2
involving an acyliminium species.!® 0 o
We recently reported a new route to y-lactams by the PhCHO, PPE
. . . . NH : ~NH
condensation of acyclic 8,y-unsaturated amides with 2 0 <
aldehydes in acidic media.’® That process involves ami- N 0°C 24n Ph
doalkylation of the C-4 alkene carbon atom. Herein we 14 15
report?0 that the alternative amidoalkylation at C-5 usually
occurs in a medium of polyphosphate ester (PPE),2 Q o o
thereby realizing the forward process depicted in Scheme /<LNH2 PhCHO, PPE /@\H . /d,ﬂ.,
1 40°C 18h Ph ~Np
A striking feature of all the condensations of 3-alke- 16 17 18
namides with aryl aldehydes reported in this and the Hy05, 'Ho'
previous paper in this issue is the regioselectivity. In no o
case was a mixture of v- and 5-lactams detected, whether 0 HH
the medium was PPE, PPA, or MeSO;H-P20;. Optimum . NH, o="8 Phed
yields are usually obtained only in a narrow range of Hed
temperature; in several cases, a reaction temperature 10 19 20 Me s

°C ahove the optimum temperature did not result in the
isolation of any identifiable compounds.
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S.; Baures, P. W. J. Org. Chem. 1991, 56, 2603. For other acid-catalyzed
cyclizations to give pyrrolidinones, see (b) Ben-Ishai, D. J. Chem. Soc.,
Chem. Commun. 1980, 687, in which the alkylamide of a bis(alkoxycar-
bonyl)aminoacetic acid was converted by methanesulfonic acid into a
putative cationic intermediate which was trapped by mesylate to give the
pyrrolidinone, and (¢) Tamura, Y.; Maeda, H.; Akai, S.; Ishiyama, K.;
Ishibashi, H. Tetrahedron Lett. 1981, 22, 4301.

(20) For a preliminary account of the [5 + 1] component condensation
see: g{g.rson, C. M.; Grabowska, U.; Walsgrove, T. J. Org. Chem. 1992,
57, 5045.

(21) PPA was purchased from BDH Chemicals Ltd., Poole, UK. For
areview on PPA see: Rowlands, D. A. In Synthetic Methods; J. S., Pizey,
Ed.; Wiley: New York, 1985; Vol. 6, p 156. For some uses of PPE in
synthesis, see: (a) Kanaoka,Y.;Ban, Y.;Mayashita, K.;Iria, K.; Yonemitsu,
0O.Chem.Pharm. Bull. 1966, 14,934, (b)Kanaoka, Y.; Sato,E.; Yonemitsu,
O.; Ban, Y. Tetrahedron Lett. 1964, 35, 2419. PPE was prepared as
described by Cava, M. P.; Lakshmikantham; Mitchell, M. J. J. Org. Chem.
1969, 34, 2665.

Except in one case (amide 1f), 4,5-trans-disubstitution
was observed. The relative configuration of the lactams
could be inferred from the vicinal coupling constants,
typically 11 Hz for amides 1c—e,g, but only 3 Hz for the
cis-disubstituted amide 1f. Scheme 3 outlines a unified
pathway that explains all the products identified in Table
1 and Scheme 2. The isolation a 8-hydroxy amide 13 (a
single diastereoisomer) is consistent with an acid-catalyzed
aldol condensation of an enol phosphate intermediate with
benzaldehyde. Therelative configuration of amide 13 was
determined by X-ray diffraction of a single crystal to be
(R,R; S,S).

The reactions of amides 14 and 16 with benzaldehyde
show that a 3-alkyl substituent can lead predominantly or
exclusively to a 3,6-dihydro-2(1H)-pyridinone. A Prins
reactionl® to account, for example, for the deconjugated
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amide 18 cannot be rigorously excluded; however, 8-pro-
tonation of intermediate 23 appears more plausible.
Reaction of the inseparable mixture of lactams 17 and 18
with alkaline H,0; afforded the epoxide 20, but this process
did not enable lactam 18 to be recovered. The relative
configuration of the epoxide 20 was confirmed by NOE
experiments which showed (among other enhancements)
increase in intensities of the 5-Hq and 5-H,, protons of
2 and 7%, respectively, upon irradiation of the methyl
signal at 6 1.50. Enhancement of both 5-H signals is
consistent only with the assignment as diastereoisomer
20. The alternative configuration would not give rise to
enhancement of both signals for the 5-H protons; in
particular, 5-H,y would be virtually unaffected. A trans-
diaxial arrangement at C-5 and C-6 exists (Jsaxgax = 11
Hz; Jseq6ax = Hz, and Jge, = ~15 Hz). As expected, the
phenyl group occupies a quasiequatorial position. The
scope of these condensations was further examined by
heating amide 19 with benzaldehyde in PPE at 40 °C for
18 h. The cyclopropyl ring was not found to participate
in the reaction, no products being obtained and amide 19
being recovered.

The products in Table 1 and Scheme 2 and their
stereochemistry can be rationalized by assuming that (i)
such cyclizations do not always proceed solely, or at all,
through N-acyliminium species; in certain cases, enol
phosphate intermediates are involved, (ii) the formation
of a cis-5,6-disubstituted-5,6-dihydro-2(1H)-pyridinone
ring is the result of a thermal 6 electrocyclic disrotatory
ring-closure,?? and (iii) trans-5,6-disubstituted-5,6-dihy-
dro-2(1H)-pyridinone rings are formed from the cis-
isomers (or their reaction intermediates) by processes
which involve a combination of enol phosphate interme-
diates and equilibration to the trans-isomers (as for entries
lc-e,g) either by prototropic shifts or by [1,5]sigmatropic
rearrangement of hydrogen.?? An uninvestigated possi-

(22) An (E)-configuration about the C=N bond has also been assumed.
The thermal ring-closure might also proceed through an intermediate
containing an uncharged nitrogen atom in the case of R! = H in Scheme
2. The precise constitution of enol phosphate intermediates is not
currently known.

(23) (a) Woodward, R. B.; Hoffmann, R. The Conservation of Orbital
Symmetry; Academic Press: New York, 1970; pp 114-140. (b) Spangler,
C. W, Chem. Rev., 1976, 76, 187. (c) Mironov, V. A.; Fedorovich, A. D.;
Akhrem, A. A. Russ. Chem. Rev. 1981, 50, 666.
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bility is that for amide 1f (Table 1), the 5,6-cis-substituents
do not isomerize because the blocking N-methyl group
precludes the possibility of a [1,5] hydrogen shift.

Some condensations were successful in PPA. Reaction
of 3-butenamide 8 with benzaldehyde in PPA at 60 °C for
18 h afforded la (30%); similarly, amide 14 condensed
with benzaldehyde in PPA at 40 °C for 49 h to give 15 in
65% yield. However, the yields for those reactions were
higher when conducted in PPE. Moreover, attempts to
condense benzaldehyde in PPA with the following amides
were not successful: with amide 9, no reaction at 40 °C,
but polymerization at 50 °C; using (E)-N-benzyl-3-
pentenamide, no reaction at 45 °C, but polymerization at
60 °C; and with amide 11, at 40 °C, there was no reaction.

A rationale that explains the influence of the acidic
medium upon the courses of the reactions studied here
and in the preceding paper is summarized in Figure 1.
2,2-Dimethyl-3-pentenamide failed to react with benzal-
dehyde in PPE at 40 °C, evidently because enolization
cannot occur. PPE favors, by a presumed enol phosphate
intermediate, an electrocyclic ring-closure of the type 26.
However, where the contiguity and bulk of substituents
prevent 26 from becoming coplanar, the alternative ring-
closure via 27 (or possibly in the form 28) can operate. An
example of the latter is the condensation of (E)-N-benzyl-
3-pentenamide with benzaldehyde in PPE (35 °C, 24 h)
which gave the N-benzyl derivative (52% ) of the indano-
fused v-lactam previously obtained from a condensation
in PPA.2¢ No 4-lactam ring system was detected. In
contrast, the formation of the six-membered lactam 1f
from the N-alkylated amide 11 suggests that steric factors
associated with the juxtaposition of four groups (C=0,
NR, Ph, and Me) are finely balanced. It is notable that
the stereochemistry of the resulting é-lactam can be
controlled by the presence or absence of a substituent at
nitrogen (contrast amide 1f with le).

A medium of PPA or MeSO3;H-P,0; generally favors
the formation of the y-lactam, presumably via ring-closure
of an N-acyliminium cation such as 28. Thus, in either
medium, a 4-substituted 3-butenamide reacts with ben-
zaldehyde to give a product or products containing a
v-lactam ring. However, the alternative cyclization to a
six-membered ring, via 29, has been shown to operate in
cases for which carbocation stability is paramount, as for
3-butenamide itself (secondary versus primary carboca-

(24) Eggleston, D. S.; Baures, P. W.; Grabowska, U.; Marson, C. M.;
Walsgrove, T. Acta. Crystallogr. 1992, C48, 2177.
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tion; R® = H in Figure 1), and for 3,4-disubstituted
3-butenamides (tertiary versus secondary carbocations).

In summary, efficient, highly stereocontrolled one-pot
syntheses of substituted unsaturated &-lactams by the
condensation of 3-alkenamide with aldehydes in media of
phosphoric acids or esters, principally PPE, have been
demonstrated. Condensations proceed under mild con-
ditions without activating or stabilizing groups.

Experimental Section

Details of materials and methods are described in the preceding
paper.

3-Butenoyl Chloride. Thionyl chloride (8.5 mL, 0.12 mol)
was added dropwise to 3-butenoic acid (5.0 g, 0.058 mol) and the
mixture heated at 40 °C for 1 h. The excess thionyl chloride was
thenremoved by distillation at atmospheric pressure. Theresidue
was distilled at reduced pressure to give 3-butenoyl chloride (4.1
g, 67%) as a colorless oil: bp 40 °C/80 mmHg (lit.? bp 98-99
°C/774 mmHg); IR vmay 1800 cm-1, .

Preparation of Amides. 3-Butenamide (8). Method 1. To
asolution of 3-butenenitrile (3.0 g, 0.045 mol) in dichloromethane
(15mL) cooled in an ice-salt bath were added hydrogen peroxide
(21 mL, 27.5%), tetra-n-butylammonium hydrogen sulfate (3.04
g, 0.009 mol), and a aqueous solution of sodium hydroxide (16.7
mL, 20%). The progress of the reaction was monitored by TLC;
the disappearance of the starting nitrile usually occurred in 45
min. Dichloromethane (20 mL) was then added and the organic
layer separated. The aqueous layer was extracted with dichlo-
romethane (2 X 30 mL). The combined organic extracts were
dried (Naz;SO,) and evaporated, and the residue was recrystallized
from ethyl acetate to give 8 (0.8 g, 21 %) as plates, mp 47 °C (lit.%8
mp 72-75 °C); 6y (CDCly) 5.86 (1H, m), 5.25 (2H, m), 3.02 (2H,
dt,J = 7, 2 Hz); m/z (%) +EI 85 (70), 69 (43), 57 (32), 42 (100).
Anal. Caled for C;H;NO: C, 56.45; H, 8.29; N, 16.46. Found:
C, 56.56; H, 8.18; N, 16.44.

Method 2. Copper (0.14 g, 2.25 mmol), copper chloride (0.38
g, 2.25 mol), and sodium orthovanadate (0.65 g, 1.5 mol) were
dissolved in water (20 mL). 3-Butenenitrile (1.2 g, 0.023 mol)
was added dropwise and the reaction was heated at 80 °C for 1
h. Theinorganic material was filtered off and washed with water
(2 X 10 mL). The combined aqueous layers were evaporated,
and the residue was recrystallized from water to give 8 (0.36 g,
24%) as plates, mp 47 °C. Spectral data as above.

N-Benzyl-3-butenamide (9). 3-Butenoyl chloride (4.1 g,
0.039 mol) was added dropwise to a solution of benzylamine (8.4
g, 0.078 mol) in diethyl ether (30 mL) with efficient stirring.
Vigorous shaking resulted in a white precipitate. After the
reaction had been left with stirring for 3 h, the diethyl ether was
separated from the solid by gravity filtration. The solid residue
was washed with further portions of diethyl ether (3 X 20 mL),
and the combined organic extracts were dried (Na,;SO,). The
solvent was evaporated and the residue was recrystallized from
ethyl acetate to give 9 (3.0 g, 44%) as needles, mp 48.5-49 °C;
ox (CDCly) 7.30 (5H, m), 6.20 (1H, br s), 5.82 (1H, m), 5.21 (2H,
m), 4.40 (2H, d, J = 6 Hz), 3.02 (2H, dt, J = 8, 1.5 Hz); §¢ 170.5,
138.1, 131.2, 128.4, 127.5, 127.2, 119.25, 43.3, 41.3; m/z (%) EI
176 (100), 160 (12), 106 (15), 91 (90). Anal. Caled for C,;H;3sNO:
C, 75.40; H, 7.48; N, 7.99. Found: C, 75.15; H, 7.43; N, 8.02.

(E)-N-Methyl-3-pentenamide (11). Methylamine gas was
bubbled for 15 min through diethyl ether (100 mL:) kept in an
ice bath. (E)-3-Pentenoyl chloride (15 g, 0.13 mol) was then
added dropwise with efficient stirring. After the reaction had
been stirred overnight, the reaction was extracted with dichlo-
romethane (3 X 40 mL). The combined organic extracts were
dried (Na;S0Oy), and the diethyl ether was removed by distillation
at atmospheric pressure. The residue was distilled at reduced
pressure to afford 11 (7.2 g, 50%) as a colorless oil (bp 163-166
°C/1 mmHg); 6y (CDClg) 7.00 (1H, br s), 5.55 (2H, m), 2.91 (2H,
d,J = 6 Hz), 2.75 (3H, d, J = 6 Hz), 1.68 (3H, d, J = 7 Hz); é¢

(25) Jeffery, G. H.; Vogel, A. L. J. Chem. Soc. 1948, 658.

(26) Kametani, T.; Kigasawa, K.; Hiiragi, M.; Wakisaka, K.; Uryu, T;
Sugi, H.; Saitoh, S.; Ishimaru, H.; Haga, S. Chem. Pharm. Bull. 1976, 24,
12486.

Marson et al.

172.2,130.1,123.7, 40.0, 26.0, 17.7; m/z (%) +EI 113 (60), 83 (12),
73 (50), 58 (100).

(E)-3-Methyl-3-pentenenitrile and (Z)-3-Methyl-3-pen-
tenenitrile. Ethyl cyanoacetate (75 g, 0.6 mL) and aqueous
hydrochloric acid (250 mL, 1 M) was heated on a water bath for
90 min, and then the water and hydrochloric acid were removed
in vacuo. The remaining residue was mixed with 2-butanone
(45.8 g, 0.6 mol), ammonium acetate (4 g, 0.05 mol), and benzene
(100 mL). This mixture was heated under reflux for 16 h,
incorporating a Dean-Stark apparatus which resulted in the
removal of water (15 mL). After decarboxylation by further
heating for 10 h, the reaction mixture was distilled to yield a
mixture of (E)- and (Z)-3-methyl-3-pentenenitrile and (E)- and
(2)-3-methyl-2-pentenenitrile (34 g, 54%) as a colorless oil, bp
156~166 °C (lit.2" bp 156-162 °C). The above mixture (34 g, 0.36
mol), ammonium sulfite (34 g, 0.3 mL), and water (125 mL) was
then stirred for 15 h at 100 °C. The organic layer was separated
and yielded a mixture (10 g, 30%) of (E)-3-methyl-3-pentenen-
itrile and (Z)-3-methyl-3-pentenenitrile in a ratio of 2.45:1, as
determined by 'H NMR spectrometry.

(E)-3-Methyl-3-pentenamide (14) and (Z)-3-Methyl-3-
pentenamide. To a solution of (E)-3-methyl-3-pentenenitrile
and (Z)-3-methyl-3-pentenenitrile (10.0 g, 0.105 mol, molar ratio
2.45:1) in dichloromethane (45 mL) cooled in an ice-salt bath
were added hydrogen peroxide (27.5%, 49.3 mL), tetra-n-
butylammonium hydrogen sulfate (7.06 g, 0.021 mol), and an
aqueous solution of sodium hydroxide (39 mL, 20%). The
progress of the reaction was monitored by TLC; the disappearance
of the nitriles usually occurred in 60 min. Dichloromethane (50
mL) was then added and the organic layer separated. The
aqueous layer was extracted with dichloromethane (2 X 30 mL).
The combined organic extracts were dried (Na;SO,) and evap-
orated. Chromatography of the residue on a short silica column,
employing as eluant 1:2 ethyl acetate:petroleum ether (40-60
°C) afforded a mixture of 14 and (Z)-3-methyl-3-pentenamide
(8.31g,70%) as plates. Fractional recrystallization of the mixture
from ethyl acetate afforded the amide 14 (5.9 g, 49%) as needles,
mp 133 °C (lit.22 mp 130-131 °C; lit. 2 mp 136-137 °C); 6 (CDCly)
5.70 (2H, br 8), 5.44 (1H, q, J = 7 Hz), 2.93 (2H, s), 1.70 (3H, 8),
1.64 (3H, d, J = 7 Hz); Anal. Calcd for CgH;;NO: NO: C, 63.68;
H, 9.80; N, 12.38. Found: C, 63.98; H, 9.96; N, 12.66 and (Z)-
3-methyl-3-pentenamide (2.30 g, 19%) as needles, mp 130 °C
(from ethyl acetate) (lit.?2 mp 126 °C; lit.2? mp 138-139 °C); oy
(CDCly), 5.57 (2H, br s), 5.55 (1 H, q, J = 7 Hz), 3.00 (2H, ), 1.80
(3H, s), 1.65 (3H, d, J = 7 Hz); Anal. Caled for C¢H;;:NO: C,
63.68; H, 9.80; N, 12.38. Found: C, 63.67; H, 9.87; N, 12.31.

3-Methyl-3-butenamide (16). Cyanoacetic acid (50.0g,0.59
mol), acetone (34.2 g, 0.59 mol), and ammonium acetate (4.0 g,
0.05 mol) in dry benzene (100 mL) was heated at reflux in a
Dean-Stark apparatus for 16 h. The Dean-Stark unit was
replaced with a distillation head and the fraction collected
between 110-115 °C. The 3-methyl-3-butenenitrile (27.2¢,57%)
so obtained was used directly.

To a solution of 3-methyl-3-butenenitrile (18.8 g, 0.23 mol) in
dichloromethane (100 mL) cooled in an ice-bath were added in
the following order: hydrogen peroxide solution (120mL,27.5%),
tetraethylammonium p-toluenesulfonate (8.5 g, 0.023 mol), and
aqueous sodium hydroxide (20%; 95 mL), the latter dropwise,
and with vigorous stirring. After 2h,the organiclayer wasisolated
and the aqueous layer extracted with dichloromethane (3 X 100
mL). The combined organic layers were dried and evaporated.
The residue was recrystallized from 1:1 ethyl acetate:petroleum
ether (40-60 °C) to give 16 (14.0 g, 61%) as plates: mp 118-119
°C; 6y 5.85 (2H, bd), 5.10 (1H, m), 4.95 (1H, m), 2.97 (2H, s), 1.80
(3H, 8); 6c 173.4, 140.3, 115.5, 45.8, 22.3. Anal. Caled for CsHg-
NO: C, 60.58; H, 9.15; N, 14.1. Found: C, 60.53; H, 8.85; N,
13.84.

2-(2-Methylcyclopropyl)acetamide (19). A flaskfitted with
a dropping funnel and a double-surface condenser was charged
consecutively with zinc dust (2.62 g, 40 mmol), copper(II) chloride
(040 g, 4 mmol), dry ether (2 mL), dibromomethane (0.07 mL,

(27) Murray, J. V.; Cloke, J. B. J.. Am. Chem. Soc. 1934, 56, 2749.
(28) Wagner, B. B. J. Am. Chem. Soc. 1949, 41, 3218.
(29) Cornforth, R. H. J. Chem. Soc. 1959, 452. ’
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10 mmol), and acetyl chloride (0.07 mL, 0.8 mmol). (E)-3-
Pentenamide (0.99 g, 10 mmol) was added in one portion with
stirring, and the mixture was heated at reflux. The dropping
funnel was charged with a solution of dibromomethane (1.4 mL,
20 mmol) in dry ether (2 mL) which was then added dropwise
over 3 min to the mixture maintained at reflux. The reaction
was stirred at reflux for 1 h further, allowed to cool, and poured
into aprecooled flask. The contents were treated with saturated
aqueous ammonium chloride (30 mL, CAUTION: dropwise
addition, at first). The suspension was filtered and the filtrate
washed with a 1:1 mixture of aqueous ammonium chloride:ether
(5 X 30 mL, CAUTION: to prevent fire the solid residue must
be kept moist at all times). The aqueous layer was extracted
with ether (3 X 30 mL), the combined ethereal layers were washed
with 10% aqueous sodium hydroxide (3 X 20 mL) and saturated
sodium chloride (3 mL) and dried, and the ther was evaporated
to give a 3:1 mixture (1.1 g) of (E)-3-pentenamide and 19.

Since neither recrystallization nor column chromatography
proved effective, the mixture (1.1 g) was shaken with a solution
of potassium permanganate (7.0 g, 45 mmol) in aqueous sodium
hydroxide (5%, 50 mL). After filtration, the residue was washed
with water (2 X 15 mL) and extracted with dichloromethane (3
X 3mL). Recrystallization from 1:1 ethyl acetate:petroleum ether
(4060 °C) afforded 19 (0.32 g, 28 %) as needles: mp 102-103 °C;
oy 6.00 (2H, bd s), 2.20 (2H, dq, J = 18,7 Hz), 1.10 2H, d, J =
6 Hz), 0.64 (2H, m), 0.37 (2H, m, cyclopropyl CHy); éc 175.6, 40.5,
18.5, 15.7, 13.0, 12.85. Anal. Caled for C¢H11NO: C, 63.70; H,
9.80; N, 12.38. Found: C, 63.30; H, 9.88; N, 12.07.

Preparation of Lactams (1). General Procedure. Poly-
phosphate ester (10 g) was weighed into a two-necked flask, and
to it were added successively the 3-alkenamide (5.05 mmol) and
the aryl aldehyde (1.07 g, 10 mmol). The reaction was carried
out under an atmosphere of nitrogen, at a temperature as specified
below, and for a period of 18 h unless otherwise stated. After
this time the mixture was cooled and then made alkaline with
aqueous solution of sodium hydroxide (CAUTION). After
stirring for another 2 h, the mixture was extracted with chloroform
(3 X 20 mL). The combined organic extracts were dried (Nay-
S0,) and evaporated, and the residue was chromatographed on
silica gel employing as eluant ethyl acetate:petroleum ether (40—
60 °C) to give the lactam.

(E)-8,6-Dihydro-6-phenyl-2(1 H)-pyridinone (1a). Method
1. Thereaction was conducted in PPE at 60 °C. Chromatography
onsilica gel employing as eluant 3:2 ethyl acetate:petroleum ether
(40-60 °C) afforded la (0.52 g, 51 %) as needles: mp 130-132 °C
(from ethyl acetate-petroleum ether); 6y (CDCly) 7.38 (5H, m),
6.64 (1H, m), 6.02 (1H, dm, J = 10, 3, 1, and 1 Hz), 5.64 (1H, br
8), 4.74 (1H, ddd, J = 12, 6, and 1 Hz), 2.56 (2H, m); ic 166.4,
141.2, 139.95, 128.9, 128.2, 126.4, 124.65, 55.8), 33.0; m/z ( %)
+EI 173 (100), 144 (12), 106 (92), 77 (18), 68 (48). Anal. Calcd
for C;;H;;NO: C, 76.27; H, 6.40; N, 8.09. Found: C, 75.97; H,
6.56; N, 7.88. Method 2, the condensation in PPA, is described
below.

N-Benzyl-5,6-dihydro-6-phenyl-2(1 H)-pyridinone (1b).
The reaction was conducted at 60 °C for 56 h. Chromatography
onsilicagel employing as 1:4 eluant ethyl acetate:petroleum ether
(40-60 °C) afforded 1b (0.29 g, 93%) as a colorless oil, bp 80-85
°C/1 mmHg; HRMS, EI caled for CisH;,NO 263.1310, found
263.1313; &y (CDCly) 7.29 (10H, m), 6.31 (1H, dddd, J = 10, 6,
3, and 1 Hz), 6.12 (1H, ddd, J = 10, 2, and 1 Hz), 5.64 (1H, d,
J = 15Hz), 459 (1H, ddd, J = 7, 2, and 1 Hz), 3.50 (1H, d, J =
15 Hz), 2.92 (1H, dddd, J = 1 8, 8, 3 and 3 Hz), 2.45 (1H, dddd,
J=18,6,2,and 1 Hz); 6c 164.3, 140.2, 137.6, 136.25, 128.5, 128.4,
127.85, 127.6, 127.2, 126.4, 125.2, 57.15, 47.5, 32.2; m/z (%) +EI
263 (60), 172 (18), 130 (39), 106 (37), 91 (100).

(E)-5,6-Dihydro-5-methyl-6-phenyl-2(1 H)-pyridinone (1c).
The reaction was conducted at 40 °C. Chromatography on silica
gel employing as 3:2 eluant ethyl acetate:petroleum ether (4060
°C) afforded lc¢ (0.50 g, 63%) as needles, mp 127-128 °C (from
ethyl acetate-petroleum ether); g (CDCl3) 7.36 (6H, m), 6.46
(1H, dd, J = 10 and 3 Hz), 5.96 (1H, ddd, J = 10, 3, and 2 Hz),
5.62 (1H, br s), 4.28 (1H, dd, J = 11 and 7 Hz), 2.69 (1H, dddq,
J =11,17, 8, and 2 Hz), 1.06 (3H, d, J = 7 Hz); ic 166.0, 146.5,
140.25, 128.7, 128.3 , 127.2, 123.3, 62.8, 37.0, 17.0; m/z (%) +EI
187 (47), 106 (82), 82 (100).
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(E)-5,6-Dihydro-5-methyl-6-(4-methoxyphenyl)-2(1 H)-py-
ridinone (1d). The reaction was conducted at 45 °C. Chro-
matography on silica gel employing as eluant 3:2 ethyl acetate:
petroleum ether (40-60 °C) afforded 1d (0.72 g, 66 %) as needles:
mp 130-132 °C (from ethyl acetate); HRMS, EI caled for C;3H;s-
NO 217.1108, found 217.1104; 65 (CDCls) 7.26 (2H, d, J = 8 Hz),
6.91 (2H, d, J = 8 Hz), 6.46 (1H, dd, J = 10 and 2 Hz), 5.96 (1H,
dt, J = 10, 3 Hz), 5.43 (1H, br s), 4.22 (1H, d, J = 11 Hz), 3.82
(3H, s), 2.68 (1H, m), 0.99 (3H, d, J = 7 Hz); éc 166.15, 159.6,
146.9, 132.2, 128.5, 123.3, 114.2, 62.5, 55.3, 37.2, 16.9; m/z (%)
+EI 217 (37), 149 (15), 136 (100), 94 (73), 82 (81).

(E)-5,6-Dihydro-5-methyl-6-(4-nitrophenyl)-2(1 H)-pyri-
dinone (le). The reaction was conducted at 45 °C. Chroma-
tography on silica gel employing as eluant 3:2 ethyl acetate:
petroleum ether (40-60 °C) afforded le (0.59 g, 49%) as needles,
mp 211 °C (from ethyl acetate); y (CDCls) 8.26 (2H, d, J = 8
Hz), 7.55 2H, d, J = 8 Hz), 6.50 (1H, dd, J = 10 and 3 Hz), 5.96
(1H, dd, J = 10 and 2 Hz), 4.45 (1H, d, J = 8 Hz), 2.69 (1H, m),
1.12 (3H, d, J = 7T Hz); ¢ 177.7, 166.3, 147.6, 146.3, 128.0, 123.8,
122.9, 6 1.5, 36.6, 17.2; m/z (%) +EI 232 (27), 151 (8), 82 (100).
Anal. Caled for CoH2N:Oga: C, 62.6; H, 5.21; N, 12.07. Found:
C, 62.2; H, 5.17; N, 12.00.

cis-5,6-Dihydro-1,5-dimethyl-6-phenyl-2(1 H)-pyridi-
none (1f) and (R,R; §,9)-1-Methyl-2-(hydroxybenzyl)-3-
pentenamide (13). The reaction was conducted at 40 °C for 16
h. Chromatography on silica gel employing as eluant 5:2 ethyl
acetate:petroleum ether (40-60 °C) afforded 1f (0.53 g, 30%) as
acolorless oil: Ry=0.4 (ethyl acetate), (bp 110-112°C/1 mmHg);
éu (CDCly) 7.29 (5H, m), 6.31 (1H, ddd, J = 10, 5, and 1 Hz), 5.98
(1H, dd, J = 10 and 1 Hz), 4.29 (1H, dd, J = 3 and 1 Hz), 2.93
(3H, s), 2.59 (1H, dddq, J = 7, 5, 3, and 1 Hz), 1.28 (8H, d, J =
7 Hz); m/z (%) +EI 201 (51), 120 (100), 82 (81); and 13 (0.55 g,
31%), as needles: R;=0.22 (ethyl acetate), mp 153-154 °C (from
ethyl acetate); 6 (CDClg) 7.28 (6H, m), 5.76 (1H, br s), 5.42 (2H,
dddq, J =17, 6, 3, and 1 Hz), 4.88 (1H, d, J = 7 Hz), 4.00 (1H,
brs), 2.77 (8H, d, J = 5 Hz), 3.05 (1H, ddd, J = 7, 6, and 3 Hz),
1.59 (3H, dd, J = 3 and 1 Hz); 5¢c 174.3, 42.0, 138.9, 128.1, 127.5,
126.6, 126.3, 75.65, 57.05, 26.15, 17.9; m/z (%) +CI 220 (21), 202
(20), 114 (100), 106 (31). Anal. Calced for C13H17N022 C, 7120,
H, 7.82; N, 6.39. Found: C, 71.17; H, 7.84; N, 6.41.

(E)-5-Ethyl-5,6-dihydro-6-phenyl-2(1 H)-pyridinone (1g).
The reaction was conducted at 60 °C. Chromatography on silica
gel employing as eluant 1:3 ethyl acetate:petroleum ether (40-60
°C) afforded le (0.44 g, 50%) as a colorless oil: bp 148-150°C/1
mmHg; HRMS, EI calcd for C;3H;sNO 201.1153, found 201.1122;
ou (CDCly) 7.27 (5H, m), 6.48 (1H, dd, J = 10 and 3 Hz), 5.92 (1H,
ddd, J = 10, 3, and 2 Hz), 5.54 (1H, brs), 4.36 (1H, dd, J = 9 and
2 Hz), 2.44 (1H, m), 1.40 (2H, m), 0.89 (3H, t, J = 7 Hz); 6c 165.8,
144.2,140.9,128.8,128.3,127.1, 123.85, 60.2, 43.4, 24.2, 10.8; m/z
(%) +EI 201 (72), 106 (100), 96 (93), 81 (90).

5,6-Dihydro-4,5-dimethyl-6-phenyl-2(1 H)-pyridinone (15).
The reaction was conducted at 40 °C for 19 h. Chromatography
onsilicagel employing as eluant 3:1 ethyl acetate:petroleum ether
(40-60 °C) afforded 15 (0.76 g, 82% ) as needles, mp 130-131 °C
(from ethyl acetate); 6y (CDCl;) 7.28 (5H, m), 6.27 (1H, br ), 4.75
(1H, br s), 2.96 (2H, dd, J = 10 and 7 Hz), 1.71 (3H, s), 1.47 (3H,
8); 6¢c 169.3, 141.8, 128.6, 127.8, 127.2, 123.3, 122.75, 63.1, 36.8,
18.2, 15.35; m/z (%) +EI 201 (58), 186 (100), 124 (43). Anal.
Calcd for C13HisNO: C, 77.58; H,7.51; N, 6.96. Found: C,77.33;
H, 7.47; N, 6.86.

5,6-Dihydro-4-methyl-6-phenyl-2(1 H)-pyridinone (17) and
3,6-Dihydro-4-methyl-6-phenyl-2(1 H)-pyridinone (18). Meth-
od 1: condensation in PPE. 3-Methyl-3-butenamide (0.99 g,
10.0 mmol) and benzaldehyde (2.12 g, 20 mmol) were stirred in
PPE (6.0 g) at 30 °C for 18 h. The mixture was poured into ice
(50g), stirred, and made alkaline with aqueous sodium hydroxide.
The solution was extracted with dichloromethane (3 X 50 mL),
the combined extracts were dried and evaporated to give a 1:1
mixture of 17 and 18 as an oil (1.14 g, 61%). Column chroma-
tography on silica, using 1:1 ethyl acetate:petroleum ether (40—
60 °C) afforded 18 (0.34 g, 18%) as prisms: mp 133-135 °C [1:1
ethyl acetate: petroleum ether (40-60 °C)]; oy (CDCls) 7.37 (6H,
m), 5.83 (1H, 8), 5.52 (1H, bd), 4.71 (1H, dd, J = 10 and 6 Hz),
2.47 (2H, m), 1.93 (3H, s); éc 167.4, 151.8, 141.3, 129.0, 128.3,
126.4,119.7,55.7,38.5,23.1. Anal. Caled for C,oH;3NO: C,76.98;
H, 7.00; N, 7.48. Found: C, 76.60; H, 6.86; N, 7.31.
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Evaporation of the mother liquors afforded a sample enriched
in 17 (although a pure sample of 17 could not be obtained by
recrystallization from ethyl acetate-petroleum ether): §y 7.25
(5H, m), 6.45 (1H, bd), 5.45 (1H, m), 5.07 (1H, bd s), 2.92 (2H,
m), 1.77 (3H, s); éc 169.5, 151.6, 141.9, 129.1, 128.0, 126.5, 120.0,
58.5, 35.6, 22.1.

Method 2: condensation in CF3SOsH. When the above
reaction was conducted in a solution of CF;SOsH in dichlo-
romethane (1.0 mL; 5% by volume), a 5:4 mixture of 17 and 18
was obtained as an oil (1.20 g, 64%).

3,4-Epoxy-5,6-dihydro-4-methyl-6-phenyl-2(1 H)-pyridi-
none (20). To a solution of the 1:1 mixture of lactams 17 and
18 (0.25 g in methanol (5.0 mL)) was added aqueous hydrogen
peroxide (0.5 mL, 30%). After swirling the mixture, the flask
was cooled in an ice-bath and aqueous sodium hydroxide (0.8
mL, 1 M) was added dropwise over 7 min. The mixture was
maintained at 0 °C for 2 h and then allowed to stir at 20 °C for
16 h. Water (5 mL) was then added, the mixture was extracted
with dichloromethane (3 X 10 mL), and the combined extracts
were dried and evaporated to give a pale yellow residue which
was recrystallized from 1:1 ethyl acetate:petroleum ether (40-60
°C) to give 20 (0.11 g, 79% ) as needles: mp 150-151 °C; 6y 7.35
(6H, m), 5.95 (1H, bd s), 4.55 (1H, dd,J = 11 and 5 Hz), 3.32 (1H,
8), 2.35 (1H, dd, J = 15 and 5 Hz), 2.07 (1H, dd, J = 15and 11
Hz, 1.50 (3H, s); 6c 169.1, 140.1, 129.2, 128.7, 126.6, 59.2, 57.4,
52.1, 38.6, 20.5. Anal. Calcd for C1oH;sNO,: C, 70.92; H, 6.45;
N, 6.89. Found: C, 70.72; H, 6.39; N, 6.74.

Reactions in Polyphosphoric Acid. (E)-5,6-Dihydro-6-
phenyl-2(1H)-pyridinone (1a). Polyphosphoricacid (10g) was
weighed into a two-necked flask, and to it were added successively
3-butenamide (0.50 g, 5.89 mmol) and benzaldehyde (1.07 g, 10
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mmol). The reaction was maintained at 60 °C for 18 h under an
atmosphere of nitrogen. After this time the mixture was cooled,
rendered alkaline with aqueous sodium hydroxide (2 M): CAU-
TION, and extracted with chloroform (3 X 20 mL). The
combined organic extracts were dried (Na;SO,) and evaporated,
and the residue was chromatographed on silica gel employing as
eluant 3:2 ethyl acetate:petroleum ether (40-60 °C), to give la
(0.31 g, 30%) as needles, mp 130-132 °C (from ethyl acetate:
petroleum ether). Spectral data recorded were as given above
in method 1.

5,6-Dihydro-4,5-dimethyl-6-phenyl-2(1 H)-pyridinone (15).
Polyphosphoric acid (10 g) was weighed into a two-necked flask,
and to it were added successively (£)-3-methyl-3-pentenamide
(14) (0.52 g, 4.6 mmol) and benzaldehyde (0.98 g, 3.2 mmol). The
reaction was maintained at 40 °C for 49 h, under an atmosphere
of nitrogen. After this time the reaction mixture was cooled,
neutralized with solid sodium carbonate, and extracted with
chloroform (3 X 10 mL). The combined organic extracts were
dried (Na;S0,) and evaporated, and the residue was chromato-
graphed on silica gel employing as eluant 3:1 ethyl acetate:
petroleum ether, to give 15 (0.60 g, 65 %) as needles, mp 130-131
°C (from ethyl acetate). Spectral data recorded were as given
above in method 1.
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