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Novel Synthesis of a-Methylene-f-lactams

Toshio AGAWA, Masaru ISHIDA, Yoshiki OHsSHIRO*

Department of Petroleum Chemistry, Faculty of Engineering,
Osaka University, Yamadakami, Suita, Osaka 565, Japan

Considerable attention has been paid to the synthesis of a-
methylene-B-lactams from the viewpoint of biological ac-
tivities'-2, and we have already proposed a method for their
preparation by thermolysis of a-phenylthio-g-lactam deri-
vatives?, Our method, however, required rather severe
reaction conditions, so we have now developed a novel
process for an effective preparation of a-methylene-3-lac-
tams by use of methyl-phenylseleno-ketene, as a synthon of
methyleneketene.

Methyl-phenylseleno-ketene (2) was produced in situ by
dehydrochlorination of 2-phenylselenopropanoyl chloride
(1) with triethylamine because of its unstability. The reac-
tion of 2 with imines 3 gave a mixture of the cis- and trans-
a-phenylseleno-p-lactams 4 and 4'. The isomers were sepa-
rated in the reaction of benzylidenaniline, but in the other
cases, separations were not successful except for the isola-
tion of the cis-isomer of the B-lactam 4¢. The results are
summarized in Table 1.
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The a-methylene-g-lactams 6 were derived effectively
from the a-phenylseleno-B-lactams 4 by treatment with hy-
drogen peroxide®. In these reactions, except for the S-lac-
tam 4a, mixtures of isomers were used and satisfactory re-
sults obtained (Table 2).
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SYNTHESIS
‘Table 1. Synthesis of a-Phenylseleno-B-lactars 4a-¢
Product Yield m.p. Mclecular i.R. 'H-N.M.R. (CD(ly) M.S. (70 eV)
No. R [%} (°C) formula®* (Nujol) & [ppm] m/e (*Se; relative in-
oo tensity %)
fom )

4a (cis) CsHs 52
(392.4)
4'a (trans) CgHs 4

(392.4)

4 CH, SO — C-H,NOSe 1740
(330.3)

de +CHy  52¢  cis: 152-154°  CyHnNOSe 1725

(372.4)

204.5-205.5°  Cp:H,,NOSe 1730

130.0-132.0°  C,;H,yNOSe 1735

7.0-7.8 (m, 15 Huom)
1.21 (s, 3 H, CH,); 5.03 (s, 1 H, CH);
7.0-7.9 (m, 15 Hyrom)
cis: 1.68 (s, 30, CH,); 2.88 (s, 3H,
NCH.); 4.51 (s, 1H, CH); 7.0-8.0

1.77 (s, 3H, CH,); 5.03 (s, 1 H, CH);

393 (M*, 12); 274 (14):
212 (52); 181 (10D)
393 (M*, 17); 274 (26);
212 (54); 181 (100)
331 (M*, 21); 274 (24);
212 (100); 174 (53)

(m, 10H,;om)

trans: 113 (s, 3H, CH,); 2.54 (s,

3H, NCHs); 448 (s, 1H, CH); 7.0~

8.0 (m. 10H, )

cis: 132 (s, 9H, +-C,Ho); 1.62 (s, 373 (M-, 10); 274
3H, CH,); 4.54 (s, 1H, CH): 7.1-  (100); 117 (50)

8.0 (m, 10Huom)

trans: 1.05 (s, 9H, -C,Hy); 1.12 (s,

3H, CH,); 4.72 (s, 1H, CH); 7.1~

8.0 (m, 10H,,0n)

2 Satisfactory microanalyses obtained: C +0.22, H +0.15, N :+(.07.

Table 2. Synthesis of a-Methylene-B-lactams 6a-c

b 76:24 cis/trans mixture. ¢ 30:70 cis/trans mixture.

Prod- Yield m.p. Molecular LR. (Nujol) em ' "H-N.M.R. (CDCls) M.S. (70 eV)
uct [%] [°C] formula® ve o Yeocw, O [ppm] m/e (relative intensity %)

6a 92 1505-1520° C,HsNO 1730 930 5.47(t, 1H, —CHH); 542 (t, 1H, CH); 235 (M*, 60); 116 (100)
(235.7) 586 (, 1H, —CHH); 7.0-7.5 (m,
10H,0m)
6b 67 C,HNO 1740 910 2.89 (s, 3, NCH;); 496 (t, 1H, CHor 173 (M*, 62); 144 (11);
(173.2) ~CHH); 5.07 (t, 1H, -~CHH or CH); 116 (100)
573 (t, 1H, ==CHH); 7.2-77 (m,
SHirom)
6c 85 138.0-140.0° C.HNO 1735 920 1.26 (s, 9H, t-CoHo); 491 (t. TH,CHor 215 (M™, 5); 200 (100);

(215.3)

CHH); 5.07 (t, 1H, -=CHH or CH), 115 (54)

565 (t, 1H, -=CHH); 72-7.5 (m,
5 Hucom)

s Satisfactory microanalyses obtained: C £0.16, H +£0.20, N +0.10.

Substitution of the phenylseleno group of the p-lactam 4a
by the methyl group was achieved by treatment with li-
thium/naphthalene followed by treatment with methyl
iodide, to give the a,a-dimethyl-B-lactam 5a in high
yield.

2-Phenylselenopropanoy! Chloride (1):

Ethyl 2- Phenylselenopropanoate: To a solution of sodium benzene-
selenolate (17.9 g, 0.1 mol) in ethanol (100 ml), ethyl 2-chloropro-
panoate (13.7 g, 0.1 mol) in ethanol (40 ml) is added. The mixture
is stirred for 1 h at room temperature and an additional 1 h at re-
flux temperature. The mixture is then distilled to give ethyl 2-phe-
nylselenopropanoate; yield: 77%; b.p. 91-93°C/0.25 torr.

M.S. (70 €V): m/e=258 (M ™).

L.R. (neat). v=1720 cm ' (C=O).

TH-N.M.R. (CDCl3): 8=1.19 (t, 3H, CH); 1.51 (d, 3 H, CH3); 3.81
(g, 1 H, CH); 412 (q, 2H, CHy); 7.2-7.8 ppm (M, 5 Horom)-
2-Phenylselenopropanoic Acid: To a solution of potassium hydrox-
ide (5.5 g, 98 mmot) in ethanol/water (1/1; 100 ml), ethyl 2-phenyl-
selenopropanoate (19.6 g, 77 mmol) in ethanol (100 ml) is added
dropwise, and the resultant mixture is stirred under nitrogen for 8 h
at reflux temperature. The mixture is acidified with conc. hydro-
chioric acid and extracted with ether (2 x 50 ml). The product b
recrystallized from hexane; yield: 88%; m.p. 53-56 *C.

M.S. (70 eV): m/e=230 (M *).

LR. (Nujol): »=-1680 cm ™' (C=0).

b From cis-4a.

'H-N.M.R. (CDCLy): 6=1.51(d, 3H, CH,); 3.78 (q, 1 H, CH); 7.2-
7.8 (m, 5Hyow); 11.91 ppm (s, 1H, COOH).
2-Phenylselenopropanoyl Chloride {1). 2-Phenylselenopropanoic
acid (15.5 g, 68 mmol) in carbon tetrachloride (50 ml) is treated
with thionyl chloride {12 g, 0.1 mol) for 3 h at reflux temperature.
The product is isolated by distillation in vacuo; yield: 94%; b.p.
75.5-76.5°C/0.2 torr.

M.S. (70 eV): m/e=212 (M* —Cl).

LR. (neat): »=1760 cm ™' (C.. O).

"H-N.M.R. (CDCl,): §=-1.57 (d, 3B, CH;); 4.01 (g, 1 H, CH); 72~
7.9 ppm (m, 5Hiom)-

«-Phenylseleno-B-lactams 4; General Procedure:

To a refluxing benzene solution (50 ml) of 2-phenylselenopropa-
noyl chloride (1; 1.24 g, 5 mmol) and the imine 3 (10 mmol), tri-
ethylamine (0.51 g, 5 mmol) in benzene (40 ml) is added dropwise
within 2 h. After standing overnight at room temperature, the mix-
ture is extracted with diethyl ether (3 x 50 ml), the extract washed
with water (50 ml), and dried with sodium sulfate. The condensate
is crystallized from ethanol, chromatographed (silica gel, benzene/
hexane, 1:1), or distilled in a Kugelrohr apparatus to isolate the
product (Table 1).

a-Methylene-B-lactams 6; General Procedure:

To a dichloromethane solution (20 ml) of the B-lactam 4 (2 mmol)
and pyridine (4 mmol), 28% aqueous hydrogen peroxide (6 mmol)
is added dropwise at room temperarure within 40 min. After addi-
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tion of hydrogen peroxide, the reaction mixture is heated at 30—
40°C for 15-30 min and the product then separated from the mix-
ture by column chromatography (silica gel, benzene as eluent for
6a, or chloroform as eluent for 6b, 6¢) (Table 2).

3,3-Dimethyl-2-ox0-4-phenylazetidine (5a):

The cis-B-lactam 4a is treated with 2.6 mol equivalents of lithium
naphthylide? in tetrahydrofuran at — 50 °C for 20 min followed by
treatment with methyl iodide (4 mol equivalents) for 10 min, and
the reaction mixture is allowed to stand for 12 h at room tempera-
ture. The «,a-dimethyl-g-lactam 5 is isolated by column chromato-
graphy (silicagel, benzene); yield: 86%; m.p. 156.5-158.0°C.
C;H;7;NO calc. C81.24 H682 NS557

(251.3) found 81.00 6.77 5.60

LR. (Nujol): »=1740 cm~' (C --O).
"H-N.M.R. (CDCl;): 6=0.85 (s, 3H, CH;); 1.53 (s, 3H, CH;); 4.82
(s, 1H, CH); 6.9-7.7 ppm (m, 10 Hurom).
M.S. (70 eV): m/e=251 (M™*).
This work was carried out with Grant-in-aid for Scientific Research
No 147079 from the Minisiry of Education.
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