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SYNTHETIC CARBAPENEM ANTIBIOTICS II1
STEREQOISOMERS OF 7-HYDROXYETHYL-2,2,5-
TRIMETHYL-3-OXA-1-AZABICYCLO[4.2.0J0CTAN-8-ONE
David H. Shih,* Judith A. Fayter, L. D. Cama, Burton G. Christensen and Jordan Hirshfield
Merck Sharp & Dohme Research Laboratories, Rahway, New Jersey 07065

Summary: The titled compounds are key synthetic intermediates in the structure-activity relationship
studies of novel 1-methyl carbapenem antibiotiecs. Preparation and structural determination of these
stereoisomers by X-ray crystallography and proton NMR spectroscopy are reported.

1-Methyl substituted carbapenem carboxylic acids are a new class of synthetic P-lactam antibioties.
The noticeable gross improvements in biological and physical properties of carbapenem antibioties resulting
from the methyl substituent at C-1 position have recently been reported.2:3 The compound which has
been studied in detail is a 1p-methylcarbapenem carboxylic acid, )-(1R,58,68)»-6-[(1R)-1-hydroxyethyl}-
1-methyl-2-(2-N,N-dimethylamino-2-imincethylthio)-1-carbapen-2-em-3-carboxylic acid 1.3

1

The structure-activity relationship (SAR) studies which led to the discovery of the 1p-

methylcarbapenem nucleus as a new building block for synthetic carbapenem antibiotics have utilized the
versatile synthetic intermediates, 5,7-substituted 2,2-dimethyl-3-oxa-1-azabieyclo[4.2.0Joctan-8-ones. The
preparation and structural assignments of these compounds were essential in the SAR studies. We wish
to report the synthetic scheme which provided all eight isomers of 5-methyl-7-hydroxyethyl substituted
azabicyclooctanes 5 to 8, and selective isomer isolation and structure determination of these ecompounds
by X-ray crystallography and NMR speectroscopy.

Cyelization of 4-[2-hydroxy-1-methylethyll-azetidin-2-one 2 (1:1 mixture of a/{ isomers)* with 2,2-
dimethoxypropane (BF3-Et90/CH9Cly, 80%) provided a 1:1 mixture of o and P-methyl ketals 3 and 4
which were separable by HPLC (Prep-PAK 500/silica, 40% ethyl acetate/ceyelohexane). The stereochemical
assignments of 3 and 4 were based upon proton coupling constants. As expected, the o-methyl isomer 3
showed a large axial-axial coupling constant of 12 Hz (J4a,5a) and a small axial-equatorial one of 4.8 Hz
(J4e,59), While the B-methyl isomer 4 showed two small coupling constants of 3.2 Hz and 2.0 Hz which
were attributable to J4a,5¢ and J4e,5e’ respectively.

583



584

CHj
OH

NH

N

CHs Hao

Elaboration of o and PB-methyl azabicyclooctanes, 3 and 4, respectively, to the 7-hydroxyethyl
substituted bicyelic p-lactam via aldol condensation with acetaldehyde gave a total of eight stereoisomers.
The syntheses and isomer separations of these bieyclic compounds are shown in Scheme I.
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0) LDA/CH3CHO/THF,-78°53;

b) HPLC separation, Prep-PAK 500/silica, 40% EtOAc /cyclohexane.

c) o-nitrobenzyl chloroformate /4~-dimethylaminopyridine, CH2Clz,-20°%10 rt, 16h;
d) HPLC separation, Prep-PAK 500/silica, 40% EtOAc/cyciohexane.
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Hydroxyethylation of o-methyl azabicyclooctane 3 gave an 80% yield of 5/6 (4:1 ratio) as a mixture
of trans/cis geometric isomers. Each geometric isomer consisted of a pair of R/S epimers. A total of
four epimers were obtained. Although fractional crystallization of the product mixture from diethyl ether
did produce some pure trans isomer 5 as colorless crystals, most of pure 5 and 6, respectively, were
obtained by HPLC separation of the mother liquor. The R/S (2:3 ratio) epimer separation was not
achieved at this stage. However, the separation became feasible when the hydroxy group was protected
with an o-nitrobenzyloxycarbonyl (91%) or p-nitrobenzyloxycarbonyl group.

In contrast to the o-methyl azabicyclooctane 3, hydroxyethylation of B-methyl isomer 4 proceeded
in highly stereoselective manner to give almost exclusively trans-hydroxyethyl azabicyclooctane 7 (72%)
(R/S ratio 1:4). Only a trace of cis isomer 8 was detected. Apparently, the B-methyl group of the
azabieyclooctane effectively bloeked the reaction from occurring on the p-face of the bicyelie p-lactam
ring system. The significant implication of this "p-methyl effect™ on biologiecal and physical properties
of the 1p-methylearbapenem antibiotics will be discussed in a separate paper.

Fractional crystallization of 7 from diethyl ether produced pure S epimer of 7, but HPLC isolation
of pure R epimer from the mother liquor was difficult. The separation became attainable by HPLC when
the mother liquor of 7 (R/S ratio 3:1) was converted to carbonates 11 and 12 (86%). The hydroxyethyl
side chain stereochemical assignments by proton NMR spectra were found ambiguous.5 The unequivocal
structural assignments of these compounds were achieved by X-ray erystallography of 10 and 12. The
ORTEP view of 12 is shown in Figure 1.6

Pig. 1. ORTEP view of 1p-methyl
bicyclic azetidinone 12.

Since the trans R-hydroxyethyl side chain was the preferred C-6 substituent of carbapenem antibiotics,
an effective stereocontrolled synthesis of 14 was devised. Similar to the unsubstituted azabicyelic ring
system,5 the mixture of aldol products 7/8 when oxidized with trifluoroacetic anhydride in DMSO at -200
gave a single isomer of acetonyl azabicyelooctane 13 which upon reduction with K-Selectride in 4:1
pentane/THF provided >90% pure trans R-hydroxyethyl isomer 14. Crystallization from diethyl ethyl gave
pure 14 as colorless crystals.

OH CH
H HAS

S
\\\




586

Utilization of these stereoisomers in the synthesis of novel 1-methyl substituted carbapenem antibioties

such as lo- and 1P-methylthienamyein is reported in the subsequent paper.

12.

Supplementary Material. Six tables containing bond lengths and bond angles for structure 10 and
Ordering information is given on any current masthead page.
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NOg NOy
Cpd. Cs5-CH3 Cg-CHz Cp-CH3 Cg-CH3 Hg H7 Hg Hag Hye Hg cgz@ @
2.59 {(dd) 3.16 (dda) 3.48 (1) 3.73 (dd)
Jop,e = 18 Jgra= 42 Jagse = 12 Jge5e = 4.8
3.10" (dd) Jg.7p = 18 J4p e = 12 Jaa e = 12.0 - - -
0.88 (@) 1.38 ()  1.75 (s) - 172 (M) d7yg = 4.2 Jdg5 = 4.3
3 J=63 Jigp = 14.6
2.80 (dd)
I p = 14.8
dryg = 2.2
2.86 {dd) 3.78 {m) 3.62 (dd) 3.98 (dd)
1.10 (@) 1.38 (s}  1.67 (s - 1.90 (m) J7p6 = 4.2 Jaa,50 = 3.2 Jge,5e 2.0 - - -
4 J=12 Iy p = 146 Jaade = 142 Jggge = 142
2.98 (dd) 3.13 {dd) 3.44 (1) 3.71 (ad) 5.10 {(qq) 5.58 (s) 7.54 (m}
0.86 (&) 1.38 () 173 () 1.46 (@) L.73 (m) J7 = 1.5 Jg,7 = 1.5 Jga5a = 118 Jge5q = 4.8  Jgq = B.9 7.66 (m)
[ I X ] J =64 J7.9 = 8.9 Jg,5 = 100 Jga ge = 118 Jia qe = 11.8  Jgicny 6.4 8.16 (m)
3.06 (dd) 3.16 (dd) 3.46 (1) 3.72 (dd) 5.16 (dq) 5.56 (d) 7.53 (m)
090 () 140 () 175 (9) 1.42 (@ 1.80 (m) J76 =18 Jg,7 = 1.8 Jga5a = 11.8  Jgesa = 4.4 Jg7 = 10.0 5.62 (d) 7.70 (m)
10 J=6.0 J =65 J7,9 = 100 Jg5 = 6.0  Jgpge = 11.8  Jgedn = 118 J9-CHy = 6.5 J = 12.6 8.18 (m)
3.20 (dd) 3.74 (dd) 3.80 {dd) 3.90 (dd) 5.07 (dq) 5.56 (d) 7.56 (1)
112 (@ 140 (9 173 () 1.46 ()  1.95 (m) J7,6 = 1.5 Jg7 = 1.5 dga,5e = 3.0 Jgese = 2.1 Jgq = 8.5 5.62 (d} 7.70 (m)
1 J=6l J =61 J7i9 = 8.5 Jg,5 = 5.0 Jaade = 120 Jgeiqn = 12.0 JgiCHy = 6.1 J = 150 8.19 (&)
3.34 (dd) 3.67 (dd) 3.61 (dd) 3.96 (dd) 5.13 (dg) 5.58 (&) 7.53 (m}
110 (&) 140 (s} 172 () 1.43 () 194 (m} Jyg = 2.1 Jg,7 = 2.1  Jgase = 3.0 Jgese = 2.0  Jgg7 = 5.0 5.64 (d) 7.68 (m)
12 J=61 J = 6.0 J7.9 = 5.0 Jg5 = 5.3 Jgage = 120 Jqelqq = 120 Jdgicpg = 6.0 J = 16.8 8.17 (m)
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