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SYNTHESIS OF A NOVEL CLASS OF 2-AZETIDINONES: 4-THIOX0-2-AZETIDINONES.
CONVERSION TO A 1,2-SECO-5, 6-DEHYDROPENICILLIN
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In the present communication we report the synthesis of the 4-thioxo-2-azeti
dinones g.and;&, the first examples of 2-azetidinones carrying a 4-thioxo group.
The conversion of two of these derivatives ggg andﬂﬁg)toa1,2—seco—5,6—dehydrope-
nicillin Qg) is also reported, and it represents the first route to 1,2-secope-
nicillins with an unsaturated B-lactam structure. Derivatives of type 2 and 4 are
also, as reported in the accompanying paperl, the direct synthetic precursor of
the novel DL-5,6~dehydropenicillins.

The 4-thioxo-2-azetidinones 2 and 4 were obtained, by a Norrish type II pho-
toelimination reaction, on irradiation of the corresponding 4-acylmethylthio=-2-

azetidinones 1 and 3 with uv light.
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Derivatives of type 1, except when substituted as in lc (Rlaéacyl with R3=aryl),
and the ones of type 3 have been prepared from esters of pen1c1111n52, penicillin
sulfox1des3or 6p-triphenylmethylaminopenicillanic ac1d or from bubstltuted 4-thia-
2, 6—diazab1cyclo[3 2. O]hept:—2-en-7—ones5 or by total synt:he51s 2 For the synthesis
of lc we developed an orlglnal, one-step, procedure from methyl Bﬁ—tnphenylmethyl—
aminopenicillanate (5) ! To a stirred solution of 3 (3.78 g, 8.0 mmol) and phenacyl
bromide (1.75 g, 8.8 mmol) in THF (30 ml) was added over a 30 min period, at -40°
and under nitrogen, a solution of t-BuOK (0.898 g, 8.0 mmol) in THF (40 ml). After
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additional 5 hr stirring at -40°, the neutralized (AcOH diluted with THF)} and fil-
tered solution was concentrated under vacuum, and the residue separated by silica
gel chromatography (C H :EtOAc, 20:1) into unchanged 5 (1.71 g, 45% recovery) and
pure (t.l.c.) 4—phenacylthio—2-azetidinone ic (white foam, 1.52 g, 59% yield bas-~
ed on recovered 5) ir (CHCl ) 1760 (p-lactam CO), 1720 (ester CO), 1673 (phena-
cyl CO), 1625 cm (c=c), nmr (CDCl )8 1.83 (3H,s) and 2,03 (3H,s) [C=C(CH3)2]
3,00 (1H,d, J=8Hz, NH), 3.42 (2H,q, J—14Hz, SCHZ) 3.80 (3H,s, COOCH,, ) 4.60 (1H,
q, J=4 and 8Hz, 3-H), 4.92 (1H,d, J=4Hz, 4-H), 6.90-7%90(20 H,m, aromatic); mk 590,
485,347,243,228,155,105,77,688.
For the preparation of the 4-thioxo-2-azetidinones 2 and 4 from the corre-

sponding 4~acylmethylthio-2-azetidinones 1 and 3 a typical procedure was as fol-

lows. A deoxygenated stirred solution of la ? (0.965 g) in CH4CN (150 ml) was ir-
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radiated, at room temperature and under nitrogen, with a Hanovia 500-W medium-—
pressure mercury lamp through a Pyrex filter for 45 min. Removal under vacuum of
the solvent and of the formed acetophenone (0.1 mm, room temperature) afforded
glassy 2a (0.645 g, 89% yield) contaminated with ~10% starting material. The pro-
ductlo, not crystallizable and unstable on chromatography, was sufficiently pure
for the next step and for its spectrometric characterization ir (CHCl ) 1820 (B-
lactam CO), 1720 (ester CO), 1682 (amide CO), 1635 cm (sh C=C); nmr (CDCl ) §
2.06 (3H,s) and 2.28 (3H,s) [C=C(CH3)2] 3.80 (3H,s COOCH ), 4.36 (2H,s, OCH co),
4.91 (1H,d, J=BHz, 3~H), 6.60-7.60 (5H,m, aromatic), 7.94 (1H,d, J=8Hz, NH). Simi-
larly were prepared the other thioxo derivatives. Derivative 2b was obtained from
aE 9 (86% yield) as a glass: ir practically matching the one of 2a; nmr (CDCl ) by
2.06 (3H,s) and 2.28 (3H, s)[C=C(CH ),ys 433 (2H,s, OCH,CO), 4.91 (1H,d, J=8Hz,
3-H), 5.17 (2H,s, COOCHZ), 6.60-7,60 (10 H,m, aromatic), 7.94 (1H,d, J=8Hz, NH).
Derivative 2c was obtained from lg (81% yield) as a foam, and was the only thioxo
compound that could be purified (prep. silica gel t.,l.c. eluting with 06H6 EtOAc,
20:1), glVlng in low yield a white foam: ir (CHCl ) 1810 (p~lactam CO), 1720 (ester
CO), 1620 cm (sh C=C); nnmr (CDCl Y8 1.81 (3H, s) and 2,26 (3H, s)[cuc(CH3)2]
2.80 (1H,d, J=8Hz, NH), 3,67 (3H,s, COOCH ), 4,75 (14,d, J=8Hz, 3-H), 7.10-7.70
(15H,m, aromatic); Eg]ZS -1.4° (c= 1.00, CHCl )8 . Derivative 2d was obtained from
229 (85% yield) as a glass ir (CHCl ) 1820 (p-lactam CO), 1722 (ester CO),
1675 (amide CO), 1635 cm (C=c) nmr (CDCl )8 2, 00 (3H,s) and 2.32 (3H, s)[C==C(CH3)2 R
2,08 (3H,s, CHBCO), 3.73 (3H,s, COOCH3), 4. 93 (1H,d, J=8Hz, 3-H), 7.53 (1H,d,J=8Hz
NH). Derivative 2d was obtained also from 3311 (using a Corex filter and irradia-
ting for 4 hr) but in this case the crude, gummy, product was of low purity @40%
pure as judged by ir and nmr; yield corrected for pure 2§:~37Z); partial purifica-
tion of the latter by repeated precipitations from EtzO—petroleum ether afforded,
in very low yield, a gummy poduct whose structure 2d was confirmed by comparing
its ir and nmr spectra to the ones of the product obtained from 1d. Derivative 4a
was obtained from 3a ? (80% yield) as a glass: ir (CHCl ) 1820 QB ~-lactam CO), 1740
(ester CO), 1680 cm (amlde C0) ¢ nmr (CDCl3)$ 1.85 (3H,s, C=CCH3), 3.75 (3H,s,
COOCHB), 4.48 (2H,s, ocnzco), 5.06-5.60 (4H,m, CH,=C, 3-H, and CHCOO), 6.70—79.90
(5H,m, aromatic), 8.05 (1H,d, J=8Hz, NH). Derivative 4b was obtained from 3b
(78.5% yield) as a glass: ir (CHCl3) 1818 (p-lactam CO), 1740 (ester CO), 1670cm
(amide CO); nmr (cnc13)S1.88 (3H,s, C=CCH,), 2.07 (3H,s, CH,CO), 3.80 (3H,s,
COOCH,), 4.90-5.25 (4H,m, CH,=C, 3-H, and CHCOO), 7.50 (1H,d, J=8Hz, NH).

1

The possibility of converting a derivative of type 2 or.é.to a 1,2-seco-5,6-
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dehydropenicillin was demonstrated on substrates 2a and 4a which, on treatment with
Et3N and excess methyl iodide, gave the seco derivative E:;s follows. A solution of
the crude 2a or’ig (0.181 g, 0.5 mmol) in CHZCl2 (10 ml) was treated at room tem-
31 (0,156 ml, 2.5 mmol) and Et3N (0.07
6H6:EtOAc, 4:1) of the residue obtained

on concentration under vacuum gave pure 2-methylthio-2-azetin~4-one derivative‘g
(0,098 g, 527 yield from 2a3; 0.050 g, 26.5% yield from 4a) as a white amorphous solid
which cristallized from Et,0: mp 86-87. 5° ir (CHC1 ) 1715 (v. br., ester and unsat.
B-lactam CO), 1635 (sh, C=C), 1622 cm  (amide CO); 12 mnr (cpcl,)é 1. 9L (3H,5) and
2.25 (3H,s) C=C(CH3)é], 2.75 (3H,s, SCH3), 3.70 (3H,s, coocu3), 4, 85 (2H s OCHch,

7.00-8.00 (6H,m, aromatic and NH); m/e 376,283,235,223,193,181,948 14

perature and under nitrogen for 3 hr with CH

ml, 0.5 mmol). Prep. silica gel t.l.c. (C
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