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A NEW SYNTHETIC ROUTE TO METHYLENOMYCIN B VIA
RHODIUM(II)-MEDIATED DECOMPOSITION OF «,R -~UNSATURATED
a '-DIAZOKETONES

Paolo Ceccherelli, Massimo Curini* Maria Carla
Marcotullio and Ornelio Rosati

Istituto di Chimica Organica, Facolta' di Farmacia,
Universita' degli Studi, 06100 Perugia, Italy

A new synthesis of methylenomycin B,
involving Rh(II)-catalyzed, intramolecular
carbon-hydrogen insertion of diazoketone
2c¢, derived from 2,3-dimethyl-2-butenoic
acid 2b, is reported.

Many bioclogically active natural compounds are
characterized by a cyclopentanone moiety as a main
structural feature, hence improved syntheses are being
continually developed to provide substituted
cyclopentanones.* We have recently reported,? a new
general cyclopentanone synthesis based on the carbon-

carbon bond formation through dirhodium tetraacetate

*To whom correspondence should be addressed.

17

Copyright © 1991 by Marcel Dekker, Inc.



Downloaded by [Carnegie Méellon University] at 04:47 16 January 2015

18 CECCHERELLI ET AL.

catalysed decomposition of a,B8 -unsaturated a'-
diazoketones. To further demonstrate the synthetic
utility of this methodology, a short, expeditious
synthesis of the cyclopentenoid antibiotic

4

methylenomycin B 1°-“ was carried out.

The trimethyl acrylic acid (2b) was selected as the
crucial cyclization substrate for the proposed formal
synthesis of 1. This compound, obtained in relatively
modest overall yield®, was now prepared following a new
procedure. Thus Wittig-Horner reaction of acetone and
triethyl-2Z-phosphono-propicnate, and subseguent

hydrolysis with iodotrimethylsvlane,® yielded 2b in 71%

vield.
0O 0
o
N\ R
1 2a R = OFt 3
b R =O0H
c R =-C|"|N2

Treatment of the acid 2b with oxalyl chloride produced

the corresponding acid chloride, whose exposure to
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diazomethane and triethylamine afforded diazoketone 2c¢
in 51% vield. Reaction of 2c  with dirhodium
tetraacetate” in methylene chloride gave 2,3-dimethyl-
2-cyclopenten-l-one 3 in 75% vield. The IR, *H NMR and
*3C NMR spectra were in good accordance with those
reported.®® Compound 3 has been converted in to
methylenomycin B3®®-2%% and therefore this study
constitutes a formal total synthesis of this

antibiotic.

Experimental Section
Melting points were obtained on a Reichert micro
hotstage and are uncorrected. Infrared spectra of
chloroform solutions were observed on a Perkin-Elmer
1320 spectrophotometer. *H and *3C NMR spectra of CDCl,
solutions were recorded on a Bruker AC 200 spectrometer
operating at 200.1 and 50.3 MHz, respectively, in the
Fourier transform mode. The carbon shifts are in parts
per million downfield from Me,Si; (Me,Si) = (CDCl,) +
76.9 ppm. Column chromatography was executed on 0.0063-
0.200 mesh Merck silica gel. All reactions were carried
out under nitrogen, and all extracts were dried over

Na-S0,.

2,3-Dimethyl-2-butenoic acid ethyl ester (2a). Triethyl

-phosphonopropionate® (4.1 g, 17 mmol) was added to a
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solution of sodium ethoxide (1.2 g, 17 mmol) in 20 ml
of ethanol. After stirring for 10 min a solution of
acetone (1.3 ml, 17 mmol) in 5 ml of ethanol was added
dropwise. The mixture was poured into water and
extracted with ether. The extract was washed with
water, dried, and evaporated. Chromatography of the
residue and elution with 49:1 hexane-ethyl acetate gave
2.3 g {(87%) of 1liquid ester 2a. [I.R. : C=0 1720 (s)
cm~*]. *H NMR 1.16 (t, 3, OCH,-CH;), 1.68, 1.72, 1.88
(each s, 9, methyls), 4.05 (g, 2, OCH.-CH,;); *3C NMR
13.96 (OCH,-CH,), 15.2, 22.0, 22.4 (methyls), 59.5
{OCH,-CH,;), 122.3 (C = (C-CO), 142.3 (C=C-CO), 169.1

(C=0) .

2,3-Dimethyl-2-butenoic acid (2b). A solution of ester
2a {1.8 g, 13 mmol) in 75 ml of carbon tetrachloride
was treated with iodotrimethylsilane® (6g, 30 mmol)} at
reflux for 24 h. The reaction mixture was taken up in
100 ml of ether, washed with water, 10% agqueous sodium
thiosulfate solution, 15% aqueous bicarbonate solution,
and brine. The organic layers were, then, dried, and
evaporated. Chromatography of the residue and elution
with 25:1 chloroform-ethyl acetate afforded 1.2 g (81%)
of colourless, crystalline acid .2b' m.p. 72-73 °C

[lit.® 70-71 °C]. *H NMR 1.91 (s, 6, methyls), 2.16
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(s, 3, methyl); *3C NMR 15.4, 23.2, 23.3 {(methyls),

121.6 (C=C-CO), 147.9 (C=C-CO), 174.8 (C=0).

1-Diazo-3,4-dimethyl-3-penten-2-one (2c). A solution of
acid 2b (1.2 g, 10 mmol) in 25 ml of methylene chloride
was treated with 18 mmol of freshly distiled oxalyl
chloride at 35 °C for 2 h. It was thene vaporated under
vacuum. A solution of the residue in 30 ml of ether was
added dropwise over a 0.5 h period to a stirring
solution of 13 mmol of diazomethane and 10 mmol of
distilled triethylamine in 50 ml of ether at 0 °C, and
stirring was continued for 1 h. The mixture was
filtered, and the filtrate was evaporated.
Chromatography of the residue through a short column of
neutral alumina (activity III) and elution with 25 : 1
hexane: ethyl acetate produced 0.7 g (51%) of yvellow
amorphous solid diazoketone 2c. [IR: C=N, 2100 (s), C=0
1628 (s) cm™']. *H NMR 1.70, 1.80, 1.88 {(each s, 9,

methyls), 5.20 (s, 1, CHN.).

2,3-Dimethyl-2-cyclopenten-1-one (3). A solution of
diazoketone 2c¢ (0.5 g, 4 mmol) 100 ml of methylene
chloride was added dropwise over a 6 h period to a
suspension of 0.08 mmol of dirhodium tetraacetate in 50

ml of methylene chloride. The mixture was evaporated
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under vacuum. Chromatography of the residue and elution
with 30 : 1 hexane: ethyl acetate yielded 0.30 g (75%)
of cyclopentenone 3 as colourless oil. I.R., *H NMR,
and **C NMR spectrally identical with those reported in

literature.®*=
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