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A NEW ROUTE TO PENEMS AND CARBAPENEMS
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Summary: A new ring closure by carbonyl-carbonyl reductive coupling is utilized in the
synthesis of penem and carbapenem nuclei.

Our previous syntheses1 2

of the noticeable penems FCE 22891 (1) and FCE 22101
(2) were based on the total degradation of the thiazolidine ring of the penam
nucleus through an oxalimido derivative 3 to an N-unsubstituted azetidin-2-one
4. Successively the new unsaturated five-membered ring was rebuilt up by the Wood-

3
ward sequence”.
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We regarded as a strongly desirable objective the formation of the penem framework
directly from the oxalimide 3 by means of a reductive carbonyl-carbonyl coupling.
The peculiar reactivity of the thiolester carbonyl3 and of the oxalimide car-
bonyl4 encouraged our efforts in this direction5. Gratifyingly we found that
addition of trialkylphosphite (two molar equivalent) to a solution of 3 in to-
luene or xylene and prolonged heating (110-140°C, 1-10 h) afforded cleanly the
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penem derivatives 5 in good yields (40-70%, depending on the nature of R2 and
R3). The versatility of the reaction was proved by running several experiments
with different R1, R2 and R3 groups.

The reaction proceeds through an intermediate 6, which being obtained di-
rectly from 3 plays a key role in the path to the penem skeleton. As far as the
mechanism7cf the reaction is concerned, a carbene speciesG, generated by a first
molecule of trialkylphosphite from the oxalimide 3, is trapped by a second mo-
lecule of the reagent to afford the ylide 6, precursor of a final Wittig-type
cyclization. During the filing of our patent applications, Sankyo chemists re-
ported the same reaction for the preparationcﬁza6—unsubstituted-2—methylpenem9.

We wish to describehere a new short route to the penem 1, entailing a substan-

1,2

tial change also in the introduction of carbamoyl moiety , performed at an

earlier stage.

SCHEME I
OCO.TCE OCO,TCE
go 1) OCNCOCCT4 H _s
OH " 2) pBry \"/A\OCONHZ 05
N N _—_—
o 3) MeOH, Si0, o
C0O,CH,0COCH, CO,CH,0COCH,
7 8
OCO,TCE OCOJCE
H
N
\B/\ocom-nz p OEt)3, oco H, Zn, CHACOOH
-————-—é
S 1
COCHOCOCH
€0,CH,0COCH, "

9

The synthesis outlined in Scheme I utilizes the pivotal intermediate 7 obtained
by thermal reaction2 of the corresponding penam sulphoxide10 with propargyl al-
cohol. A. high yield (80%) sequence provided the carbamoyl derivative 8.

NMR (60 MHz, CDCl ), § (ppm): 1.54 (4, J=6.4 Hz, 3H, g§3CH), 2.07,2.30 (two s,
61, =<GP), 2.13 (s, 3H, COCH,), 3.40 (dd,J=2.5 ,7 Hzau, H-3), 4.54 (bs, 2H,
g§20CONH2), 4.77 (s, 2H, QEZCC13), 4.9-5.6 (m, 6H, H-4, CH3CH NH,, =§§2), 5.77,

5.85 (two 4, J=5 Hz, 2H, g§20COCH3). Ozonolysis of the two double bonds affor-
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ded the key oxalimide 9 prone to be cyclized. Conversion to the penem derivati-
ve 10 was performed by refluxing a xXylene solution of the precursor with two mo-
lar equivalents of triethylphosphite. 10: [a]§°+117°(c 1.00, CHCl,). NMR
(60 MHz, CDCl;), & (ppm): 1.53 (d, J=6.5 Hz, 3H, CH,CH), 2.15 (s, 3H, COCH,),
3.95 (44, J=1.8, 8 Hz, 1H, H-6), 4.77 (s, 2H, g§2CCl3), 5.1 (m, 3H, H-8, gﬂz),
5.08, 5.38 (two 4, J= 16 Hz, 2H, g§20CONH2), 5.60 (4, J=1.8 Hz, 1H, H-5), 5.8
(s, 24, EEZOCOCH3); IR (KBr)v (cm~1): 1790, 1755, 1730, 1710. Final deprotec-
tion of the hydroxy group afforded the biologically active penem 1, [ajgo +137°
(c 1.00, acetone). 1

Penem 2 was obtained starting from the azetidinone-thiolester 4 by N-acy-
lation with allyloxyoxalyl chloride4, direct cyclization of the resultant oxa-
limide with trialkylphosphite, introduction of carbamoyl group at the penem
stage and final removal of the protecting groups.

The carbonyl-carbonyl ring closure has been successfully applied also
in the synthesis of the carbapenem nucleus (Scheme II). The N-unsubstituted
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azetidinone 1111 was analogously acylated, the oxalimido derivative 12 was ozoni-
zed at -78°C providing the crude intermediate 13 and cyclization by refluxing

in toluene with two molar equivalents of triethylphosphite afforded the carba-
penem 14, IR (CHCl;) v (cm ') 1785, 1735 NMR (200 MHz, CDCly) § (ppm): 0.07 (s,
6H, Si(g§3)2), 0.86 (s, 9H, SiC(g§3)3), 1.23 (4, J=6.2 Hz, 3H, CH,CH), 2.78 (ddd,
J=2.6, 8.3, 20 Hz, 1H, H-18), 2.93 (ddd4, J=3.1, 10.1, 20 Hz, 1H, H-1a), 3.17 (44,
J=3.2, 5.6 Hz, 1H, H-6), 4.21 (dq, J=6.2, 5.6 Hz, 1H, H-8), 4.25 (ddd, J=3.2, 10.1,
8.3 Hz, 1H, H-5), 5.27, 5.41 (two d, J=13.6 Hz, 2H, CH PhNOﬁ, 6.54(ad, J=3.1, 2.6
Hz, 1H, H-2), 7.61, 8.21 (two d, J=8.8, EEN02)°
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