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Thienamycin. A Solution of the Stereochemical Problem.
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Abstract - A new nitrone-based synthesis of B-lactams is described
which makes provision for the 1-hydroxyethyl moiety in
the potent antibiotic thienamycin. Moreover, the relative
stereochemical features of the natural product are defined
in a step involving the cycloaddition of a nitrone with
methyl crotonate.

Recent intense interest has been focused on novel g-lactam antibiotics derived from
several strains of Streptomyces which exhibit high antibacterial potency and substantial
R-lactamase inhibitory behavior.]'9 Of particular interest is thienamycin (1) and related
antibiotics containing a 1-hydroxyethyl moiety at C-7. Thienamycin provides a special
synthetic cha11enge4’6’8 which has already been met by one total synthesis.4 In our

1 thienamycin

view, this molecule presents at least two major aspects which must be addressed by any
successful synthetic approach. Firstly, the relative stereochemistry at C-5, C-6, and C-8
must be confronted and, secondly, the pattern of substitution in the five-membered ring (i.e.
at C-2 and C-3) must be accommodated. We report herein a solution to the former challenge.

While monosubstituted alkenes such as methyl acrylate undergo cycloaddition with nitrones
to afford 5-substituted isoxazolidines predominant1y,]0 1,2-disubstituted unsaturated esters
(e.g., methyl crotonate) exhibit the opposite regiochemical preference (cf. Scheme 1).11’]2
This reversal in regiochemistry to afford g-oxa esters (i.e., 2) rather than o-oxa esters,
holds the key to the synthesis of B-lactams. We knewn that the isoxazolidine 2 could be
cleaved readily under conditions of catalytic hydrogenolysis to give a hydroxyester (i.e.,
3, which we anticipated 13 could be cyclized to a 8-Tactam containingthe desired 1-hydroxy-
ethyl grouping.
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SCHEME 1

The nitrone-based route offers far more than another approach to g-lactams. A study]2
of the stereochemistry of nitrone-crotonate cycloadditions has demonstrated a significant
tendency for secondary orbital effects to be manifest. Indeed we have shown that the iso-
xazolidine (i.e., 53) derived from 3,3-dimethoxypyrroline 1-oxide and methyl 3-hydroxy-

CO2Me

OH

crotonate gives, after mesylation (i.e., to afford 5b) and hydrogeno1ys1s (10% Pd/C; H

MeOH), the internally bridged ether 6 (80%). The latter (MS: wt 213) shows no absorpt1on in
the 2,7-3.0 p region of the infrared and only two methyl singlets at § 3.68 (s, 3) and 3.30
ppm (s, 3) in the NMR spectrum (CDC13; 60 MHz). Moreover, this bridged ether can be quanti-
tatively transformed into 7 by treatment with methanolic HC1 (reflux; 15 min). These results
can only be accommodated by the stereochemical assignment depicted for fa. This, in turn, is
in accord with an important secondary orbital effect controlling the cycloaddition of nitrones
with crotonates. These findings and conclusions suggest that the generation of B-lactams
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as shown in Scheme 1 should involve high stereoselectivity, producing the g-lactam 4 with the
relative stereochemistry necessary for the synthesis of thienamycin (]).

The cycloaddition of 1-pyrroline 1-oxide (8) with methyl crotonate proceeds smoothly
(90%) to give isoxazolidine 2 (Scheme 1) as previously described.]1 After hydrogeno1ysis,]]
the aminoalcohol 3 was selectively b\ocked14 with hexamethyldisilazane (MHDS) to give amine

OTMS |, Me 9”’,1,5
Me >f'ln,""' H 3
3 —D HN —DPD loke >N
HMDS EtMgBr H
C02Mcz
0 10

9 (82%). The latter (IR; neat; 5.82 u) exhibits the anticipated singlets, at & 3.54 (s, 3)
and 0.00 ppm (s, 9), and a doublet at § 1.06 ppm (d, 3, J = 6 Hz). Upon treatment with three
equivalents of ethylmagnesium bromide,15 the B-lactam 10 (50%) was isolated upon aqueous
work-up. The IR spectrum (neat) shows an absence of absorption in the 2-3 p region but the
presence of an intense carbonyl stretch (5.70 u).

The NMR spectrum (100 MHz, CDC13) shows the expected singlet at § 0.12 (s, 9} and a
doublet at & 1.26 ppm (d, 3, J = 6.5 Hz). In addition, a singlet (H-6) appears at & 2.72 ppm
{(dd, 1, J = 2,2, 6.6 Hz) which confirms the trans-relationship of the protons at C-5 and C-
6.]6 Finally, the molecular ion (MS) appears at 227. Since we have not been able to confirm
the presence of any stereoisomers corresponding to 10, we believe the original nitrone cycio-
addition § + 2 is highly regioselective. Interestingly, exposure of 10 to methanol (3h,
25°C) provides aminoalcohol §.1]

The addition of 3,4,5,6-tetrahydropyridine 1-oxide (11) to methyl crotonate (83%)
affords, after hydrogenolysis (82%) and treatment with HMDS (68%), a piperidine ]2, which can
be converted into the corresponding g-lactam 13 (70%) as before. The latter exhibits a
strong carbonyl absorption at 5.70 u (IR, neat) and displays the H-7 proton at & 2.70 (dd, 1,
J = 6.7, 1.8 Hz), again indicating a trans-relationship of the protons on the g-lactam ring.

OTMS OTMS OTMS
Mo H Me Ph
H
Me D B N
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Finally, C-phenyl-N-methylnitrone (]4) was carried through the same sequence
of reactions to give the monocyclic B-lactone 15 (IR, 5.68 u; MS, M+ 277). The stereo-
chemical aspects of this series of transformations is under current study.
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