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This is the first stereospecific synthesis of pure endo-nor-
bornyl chloride. It appears to provide the basis for a general
procedure for the synthesis of such endo-bicyclic chlorides.

Experimental Section

The melting and boiling points are uncorrected. The 'H NMR and
13C NMR spectra were recorded on Varian T-60 and Varian FT-80A
spectrometers, respectively.

Preparation of 2,2-Dichloronorbornane (1). 2,2-Dichloronor-
bornane was made, following the reported procedure,1° in 60% yield,
bp 70-72 °C (14 mm) [lit.1 bp 65-68 °C (12-12.4 mm)].

Preparation of 2-Chloronorbornene (4). This was made by a
modification of the reported procedure.!! In an oven-dried, nitro-
gen-flushed, 250-mL round-bottom flask fitted with a septum inlet,
a magnetic stirring bar, and a reflux condenser topped with a con-
necting tube leading to a mercury bubbler was placed potassium
tert-butoxide (16.8 g, 150 mmol). Dry THF (100 mL) was added. To
this well-stirred solution was added 2,2-dichloronorbornane (16.6 g,
100 mmol). This mixture was heated under reflux for 1 h (the reaction
was complete as indicated by the absence of the peak due to 2,2-di-
chloronorbornane in the GC analysis of an aliguot). The reaction
mixture was cooled, poured into water (200 mL), and extracted with
prntane {3 X 100 mL). The combined organic layers were washed with
water (5 X 100 mL) and dried over anhydrous sodium sulfate. Solvent
was removed, and the residue was distilled to provide pure 2-chloro-
norbornene in a yield of 90% (11.6 g), bp 62-63 °C (57 mm) [lit.}1 bp
72-73 °C (69 mm)].

endo-Norbornyl Chloride (5). The hydrogenation of 2-chloro-
norbornene was carried out using the Ace Brown hydrogenator.12In
the reactor flask was placed 2-chloronorbornene (1.29 g, 10 mmol),
ethyl acetate (20 mL), and platinum oxide!* (100 mg). Hydrogen was
generated using a solution of sodium borohydride in MesSO (~1 M)
added to aqueous acetic acid. After the absorption of hydrogen ceased,
the catalyst was removed by filtration through a sintered glass funnel.
The solvent was then removed, and the residue was distilled to provide
the pure endo-norbornyl chloride: bp 88-90 °C (110 mm); mp 44-45
°C [lit.2 bp 51-53 °C (17 mm), mp 34-36 °C].

Anal. Caled for C;Hq;Cl: C, 64.12; H, 8.4; Cl, 27.48. Found: C, 64.40;
H, 8.63; Cl, 27.46.

The hydrogenation was carried out at 25,0, =10, and —25 °C. The
results are summarized in Table 1.

Registry No.—1, 19916-65-5; 4, 694-93-9.
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The synthesis of highly functionalized pyridines by con-
ceptually differing routes continues to draw the attention of
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numerous research groups.2-1¢ We! and others!! have recently
described methods for synthesizing 3,5-disubstituted-
4(1H)-pyridinone compounds. This paper describes the
synthesis of pyridinone rings bearing heteroatoms (O, S, N,
Cl, and Br) in the 3 position.

Acylation of a dialkylstyrylamine (1) with an acid chloride
{2) RIXCH,COC] in anhydrous ether (Linde 4A sieves) in the
presence of pyridine, at 5 °C over a 4-h period, gave enami-
none 3. Enamine exchange with aqueous methanolic me-
thylamine in 40 min to 2 h gave the N-methylenaminones 4,
which were cyclized by refluxing with N,N-dimethylform-
amide dimethyl acetal, neat or in DMF or toluene, to the py-
ridinones 5 (Scheme I).

We next turned our attention toward preparing 3-substi-
tuted pyridinones starting with phenylacetone derivatives.

The process of Scheme II was applied to the synthesis of
3-bromo- and 3-chloro-4(1H)-pyridinones. Pyridinones 5g
and 5h were obtained in 26 and 16% overall yields based on
the corresponding phenylacetones 6. Though 5g and 5h could
be readily halogenated with aqueous halogen at 30 °C to give
the pyridinones 5i-5k in moderate to good yields, the halogen
atoms in the 3 position were quite recalcitrant to nucleophilic
displacement.l> However, bromoacylation of diethylsty-
rylamines readily afforded the bromoacetylated enamines 8
in excellent yields (85-90% in 2 h at 5-10 °C, ether solvent,
without special precautions). The bromine atom in 8 was
readily displaced by a variety of alkylthio anions and by sec-
ondary amines to give the enaminones 9, which were readily
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cyclized to the pyridinones 51-5q (Scheme III). The overall
yields were poorest for the amino compound 5q, while an ap-
proximately 40% overall yield could be obtained consistently
for the (alkylthio)pyridinones 51 and 5m. Though the yields
of materials have not been optimized and though some yields
are poor, the process of Scheme III is nevertheless a conve-
nient laboratory preparative method for the synthesis of py-
ridinone compounds.

In summary, we have designed a synthesis of the pyridin-
4(1H)-one ring from a styrylamine and a substituted acetyl
halide already bearing the 3 substituent of the pyridinone ring
or an a-bromine atom which can be displaced by nucleophiles
in the intermediate (bromoacetyl)enamines (e.g., 8, Scheme

Scheme III. Bromoacylated Enamines as Synthons
for Pyridinones
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Notes

III). Owing to the ease and efficiency of the acylation of ena-
mines with bromoacetyl bromide, the latter process is the
route of choice for the synthesis of pyridinones bearing het-
eroatom (O, N, S) substituents on Cs.

Experimental Section

Acylation of N,N-Diethyl-m-(trifluoromethyl)styrylamine
(1b).! To 12.1 g (0.05 mol) of 1a was added 200 mL of anhydrous
(Linde 44 sieves) diethyl ether followed by 4.5 g (0.056 mol) of an-
hydrous (KOH dried and distilled) pyridine. Under the absence of
moisture and with vigorous mechanical stirring was added dropwise
a solution of 10.0 g (0.05 mol) of bromoacetyl bromide dissolved in 200
mL of dry ether. An immediate precipitate of pyridine hydrobromide
separated. Any exotherm was controlled by cooling the reaction in
an ice-water bath. A convenient temperature for the acylation is about
10 °C. The addition was completed in 2.0 h. The solution was imme-
diately filtered, and the filtrate was washed with 1 N HC! solution
followed by saturated NaHCOj; solution. The ether was dried over
anhydrous MgS0y, and the ether was removed under reduced pres-
sure on a rotary evaporator to give 18.0 g (100%) of 8 (R = CF3) asa
red liquid: IR (Nujol) 7 1655 cm~! (C==0); NMR (CDCl;) 6 1.01 (t,
6 H), 3.03 (g, 4 H), 3.70 (s, 2 H), 7.53 (broad s, 4 H), 7.75 (s, 1 H); M*
m/e = 362.

Displacement of Bromine in 8 with Ethanethiol Anion. To 24.3
g (0.01 mol) of 8 (R = CFj3) dissolved in 50.0 mL of toluene was added
a prepared solution of ethanethiol anion (0.01 mol of ethanethiol and
0.01 mol of sodium methoxide in 25 mL of methanol, under nitrogen
with ice-bath cooling) over 5 min. TLC analysis showed complete
reaction in less than 180 s after addition was complete. The reaction
was stirred for 2 h after the addition, the reaction mixture was then
washed with 1 N HCl solution and saturated NaHCO3 solution, dried,
and filtered, and a small portion was stripped to give 9 (R = CF3, X
= S, R! = CH;CH3) as a thick brown oil: IR (Nujol) 7 1652 cm™!
(C=0); NMR (CDCl3) 6 0.8-1.6 (two triplets, 9 H), 2.4-3.4 (two
quartets and one singlet at 6 3.18, 8 H), 7.20 (broad s, 4 H), 7.78 (s, 1
H); M* m/e = 345,

Enamine Exchange on Compound 9 (R = CF3, X = 8§, Rl =
CH,CHj;) and Cyclization to Pyridinone 5n. Methylamine gas was
added from a cylinder to the ethanethioacetylated compound 9 dis-
solved in the toluene from the preceding experiment. The solution
was stirred overnight. TLC monitoring indicated that the reaction
was completed, and the solution was stripped to 25 mL.14 To this
solution was added 13.0 g of N,N-dimethylformamide dimethyl acetal,
and the solution was refluxed under a nitrogen atmosphere for 5 h.
TLC analysis showed that the reaction was complete. Upon removal
of volatile solvents from the reaction mixture, a thick brown oil was
produced. Trituration under 5.0 mL of diisopropyl ether gave a tan
solution which suddenly deposited a mass of crystalline 5n upon
cooling and stirring. The yield of 5n was 1.20-1.25 g per run (38-40%):
IR (Nujol) » 1645 em~1; NMR (CDCl3) 6 1.23 (t, 3 H), 2.83 (q, 2 H),
3.70 (s, 3 H), 7.2-8.2 (m, 6 H); M* m/e = 313. Anal. Caled for
C15H14F3NOS: C, 57.51; H, 4.50; N, 4.47; F, 18.19; S, 10.21. Found: C,
57.71; H, 4.70; N, 4.59; F, 18.47; S, 10.51.
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As part of another study we recently required pure samples
of trans-{3-methylstyrene oxide, 1, and trans-G-ethylstyrene
oxide, 2. Related oxides, such as styrene oxide, 3, are usually
prepared from the olefin via an intermediate halohydrin; when
this reaction sequence was used for trans-8-methylstyrene
and (-ethylstyrene, mixtures of cis and trans oxides were
obtained. Similar results were recently reported by Marshall
and Prager,! who prepared their halohydrin intermediate by
sodium borohydride reduction of the corresponding ketone.
As these oxides were intended to be starting materials in a
study of the stereochemistry of ring openings of oxides, a te-
dious separation of these sensitive compounds into the con-
stituent isomers did not appear practical. Pure cis and trans
oxides have been prepared by direct epoxidation of the ap-
propriate olefin; however, aryl oxides are very sensitive to
acids and therefore unstable under the usual epoxidizing
conditions.?2 Several methods?® have been employed to
minimize the amount of acid present; we wish to report here
the successful preparation of 1, 2, 3, and several other related
reactive oxides using a two-phase system similar to one de-
scribed by Anderson and Veysoglu.?

Although samples of 1 and 2 were required, we were also
interested in the methodology associated with the preparation
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Table I. Summary of Results from Two-Phase
Epoxidations ¢4
Aryl Ofefin Product Reaction Time Yield (%)@
thr.)
H H 0 CH3
CH
H
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H H O CgHg
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Q
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@ Determined by NMR. ® The yields of these oxiranes prepared
via bromohydrin are given in the Experimental Section. ¢ Registry
no. for the aryl olefins from top to bottom: 873-66-5; 1005-64-7;
100-42-5; 95-13-6; 208-96-8; 447-53-0; 827-54-3. ¢ Registry no.—1,
23355-97-7; 2, 69140-50-7; 3, 96-09-3; 4, 768-22-9; 5, 22058-69-1;
6, 2461-34-9; 7, 20861-99-8.

of related labile aryl oxiranes. The reactivity of one such oxi-
rane, indene oxide, 4, has been studied in some detail by Berti
et al.* Consequently this compound was chosen as our initial
target molecule. Berti et al. have shown that 4 is easily opened
by weak acids to yield mixtures of cis and trans diols.? In order
to minimize destruction of 4, we chose therefore to examine
two-phase systems, dichloromethane and aqueous phosphate
buffer {pH 8).6 On oxidizing indene with 1 equiv of m-CPBA
in dichloromethane in the presence of the phosphate buffer,
reaction was not complete; however, when a second equivalent
of m-CPBA was added, all the indene present was consumed
and very little, if any, ring-opened product formed. If two or
more equivalents of m-CPBA were added initially in one
portion, epoxidation was not complete.

Epoxidation of trans-3-methylstyrene and trans-g-eth-
ylstyrene with 2 equiv of m-CPBA in the two-phase system
developed for indene yielded the trans oxides, in each case in
high yield (90%) and uncontaminated by the cis isomer. In
addition to the two styrene derivatives, 2-vinylnaphthalene,
styrene, and 1,2-dihydronaphthalene were oxidized to the
respective oxiranes in high yield (see Table I).

Although acenaphthene can be oxidized to 1,2-epoxya-
cenaphthene®? under carefully controlled conditions using
m-CPBA by a procedure using only one solvent, the reported
yield was relatively low (35%). Furthermore, formation of
acenaphthenone and other compounds complicated the iso-
lation of the oxirane. We therefore subjected acenaphthene
to the above-mentioned two-phase oxidation and obtained
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