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CHIROSPECIFIC SYNTHESIS OF (+)-PS-5 FROM L-GLUTAMIC ACID
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Abstract: (+)-PS-5 p-nitrobenzyl (PNB) ester (la) has been synthesized from
N-Cbz-L-pyroglutamate (2a). The key reactions were the reductive pyrrolidine
ring formation from the 5-oxoamino acid derivative (3) and stereo-differential
protonation at C-6 of the dienoclate derived from the carbapenam (4).

In connection with our recent study on nitrogen-containing natural
products,1 we planned the synthesis of carbapenem antibiotics from L-glutamic
acid which is one of the most abundant chiral resources. The key reactions
we adopted were a direct chain elongation of N-Cbz-L-pyroglutamates (gg),z the
reductive pyrrolidine ring formation from 5-oxoamino acid derivatives (3) and
the diastereophase differential protonation at C-6 of the dienolate derived
from the carbapenam (4). Here we wish to report an efficient synthesis of
(5R, 6R)-carbapenam (5) from which (+)-ps-53+4 PNB ester (1a) has been
synthesized.

As shown in the preceding paperz, the lithium enolate of esters can be
efficiently added to the N-carbamoylpyroglutamates (2) giving 5-oxoamino acid
derivatives (3). Preservation of the S-configuration at C-2 was proven by
the reaction with L-menthyl pyroglutamate (2b). Following the above addition
reaction, the 5-oxocamino acid derivative (3) was treated with hydrogen
catalyzed with 5% or 10% Pd-C at medium pressure, 4.5 kg/cmz.
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Scheme 2.
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Hydrogenolysis followed by hydro- Table 1. Synthesis of Carbapenams 4
genation of the intermediate from Pyrrolidines 7.
pyrroline® afforded 2,5-cis 5- 7 Deprotection Time(h) Yield(%)€
substituted proline (6), mp 156~ methods of 4 from 7
158 ©C, in 78% yield after silica a HC12 44 59.9
gel chromatography (CH3CN-MeOH, a TMSOTEP ' 2 69.8
7:3). The pyrrolidine (6) thus b TMsoTEP 2 75.6
obtained was transformed to 8- a. 4N HC1/DOX., 0 ©°C - room temp.
amino acid (8) as illustrated in b. Procedure is described in the text.
scheme 2. c. Lactamization of 8: DCC (1.3 eq.),

The deprotection of t-butyl Et3N (4.5 eq.), CH2012, 0 °C - room
substituent of the ester (7) with temp., 17-20h.

6 took much

hydrogen chloride
longer than that with trimethyl-

silyl triflate (TMSOTf)7 as shown in Table 1. In the latter process, the
pyrrolidine (7b, 1.12 g, 3.02 mmol) in CH2C12 (30 ml) was treated with TMSOTE
(1.75 ml, 9.05 mmol) and 2,6-lutidine (1.23 ml, 11.2 mmol) for 2 h at room
temperature. Successive addition of 4N HCl in dioxane (7 ml) at 0 °C and
evaporation gave HCl salt of B-amino acid (8) which was converted to the
carbapenam (4a, 415 mg).6 No signal due to (3S,5S)-isomer, the diastereomer
of carbapenam 5 or 9, could be detected in TH NMR (500 MHz) spectrum of gg,a
The ratio of 5,6-cis and 5,6-trans diastereomers was ca 2:1 which was
determined by TH NMR.

Stereocontrol at C-6 of the carbapenam (4) was possible when the lithium
dienolate of the carbapenam (4a) was protonated either at 0 °C or at -78 °c.
This process was not applicable to the PNB ester (599). (3R,5R,6R)-Carbapenam
(5) or (3R,5R,6S5)-derivative (9) was obtained with the above protonation,
respectively. For the thermodynamic protonation, the carbapenam (4a, 4.17 g,
21.2 mmol) in THF (50 ml) was treated with LDA in THF (150 ml) prepared from
diisopropyl amine (6.8 ml, 48.5 mmol) and 15% n-butyllithium in n-hexane (30
ml, 46.7 mmol) at -65 °cC. The reaction mixture was stirred at -65 °C for
1 h, quenched with AcOH-MeOH (1:1, 15 ml) at 0 °cC. Carbapenams 5 and 9 were
separated on silica gel (n-hexane-EtOAc, 9:1 elution) to give methyl (3R,5R,
6R)-carbapenam (5'0, 2.76 g, 66.2%), [alp?7 +188.82° (c 0.68, CHClj).
5,6-Cis carbapenam (211, 399 mg, 9.6%) was eluted prior to the 5,6-trans
derivative (5). The stereochemistry of those carbapenams (5 and 9) were
detemined with J values between H-5 and H-6, J=2.1 Hz for 5 and J=5.6 Hz for
9, and with relatively lower H-3 chemical shifts, 6 4.41 for 5 and 4.35 for 9,
compared to that of the 3,5-cis carbapenam (4a), §63.88 (dd, J=1.5, 8 Hz).

Phenylselenylation6

at C-3 of the carbapenam (5) following by deseleniny-
lation gave the carbapenem (10), [u]D32 +159,48° (c 1.644, CHC13). Michael
addition of 2-acetamidoethanethiol to the carbapenem (10) afforded the sulfide
(11, a:b:c=5:2:1) as a diastereoisomeric mixture.6¢12 The sulfide (11) was

hydrolyzed and the resulting sodium salt was treated with p-nitrobenzyl
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bromide in DMF to give the PNB ester (13).5 1H NMR (500 MHz) of the ester
showed signals due to H-3 at §4.79 (4, J=6.9 Hz, 12a) and 4.33 (d, g:S.Q\Hz,
12b) in the ratio 9:1.

The PNB ester (12) was oxidized to the o-chlorosulfoxide (13) according
to the reported procedures.G'12 Dehydrochlorination of the sulfoxide (13)
and successive reduction® with tributylphosphine afforded (+)-PS-5 PNB ester
(1a), mp 170-172 °¢, 1it.%2 mp 172-174 °c, [0]1p?3 +67.6° (c 1.03, CHCly),
1it.3 [alp?? +70.7° (c 1.0, CHCl;), whose spectroscopic data were identical
with others reported.3 The PNB ester (la) has previously been converted to
(+)-PS-5 (1b).%a

References and Notes

1. T. Ohta, A. Hosoi, T. Kimura, and S. Nozoe, Chemistry Lett., 2091 (1987);
T. Ohta, A. Hosoi, and S. Nozoe, Tetrahedron Lett., 29, 329 (1988).

2., T. Ohta, T. Kimura, N. Sato, and S. Nozoe, accompanying report.

3. Structure: K. Yamamoto, T. Yoshioka, Y. Kato, N. Shibamoto, K. Okamura, Y.
Shimauchi, and T. Ishikura, J. Antibiot., 33, 796 (1980).

4, Synthesis of (+)-PS-5: a) D. Favara, A. Omodei—Salé, P. Consonni, and A.
Depaoli, Tetrahedron Lett., 23, 3105 (1982); b) K. Okano, T. Izawa, and
M. Ohno, Tetrahedron Lett., 24, 217 (1983); c) C.-N. Hsiao, S. P. Ashburn,
and M. J. Miller, Tetrahedron Lett., 26, 4855 (1985); d) D. A. Evans and
E. B. Sjogren, Tetrahedron Lett., 27, 3119 (1986); e) D. J. Hart and C.-S.
Lee, J. Am. Chem. Soc., 108, 6054 (1986); f) D. J. Hart and D.-C. Ha, J.
Antibiot., 40, 309 (1987); g) G. I. Georg and J. Kant, J. Org. Chenm.,

53, 692 (1988).

5. V. Teetz, R. Geiger, and H. Gaul, Tetrahedron Lett., 25, 4479 (1984).

6. T. Yoshioka, A. Watanabe, K. Isshiki, Y. Fukagawa, and T. Ishikura,
Tetrahedron Lett., 27, 4335, (1986).

7. Y. Hamada, S. Kato, and T. Shioiri, Tetrahedron Lett., 26, 3223 (1985);
M. Sakaitani and Y. Ohfune, Tetrahedron Lett., 26, 5543 (1985).

8. Carbapenam 4b derived from unpurified pyrrolidine 6 was found to be a
mixture of (3S,5R)- and (3S,5S)-isomers in a ratio of 49:1 on the basis
of TH NMR.

9. M. D. Bachi, R. Breiman, and H. Meshulam, J. Org. Chem., 48, 1439 (1983).

10. v (CHCly) 1760, 1745 cm™'; &y (CDCl, 500 MHz) 1.04 (3H, t, J=7.5 Hz),
2.79 (1H, d4dd4, J=2.1, 6.4, 8.1 Hz), 3.62 (1H, ddd, J=2.1, 5.6, 7.3 Hz),
3.73 (3H, s), 4.41 (1H, d4d, J=5.6, 6.8 Hz); m/z 197.1057 (M*).

11. v (CHCl3) 1760, 1740 cm'1; GH (CDC13, 500 MHz) 0.99 (3H, t, J=7.3 Hz)},
3.34 (14, 444, J=5.6, 7.3, 9.8 Hz), 3.74 (3H, s), 3.95 (1H, ddd, J=5.6,
6.4, 7.9 Hz), 4.35 (1H, 44, J=7.3, 7.3 Hz); m/z 197.1070 (M%),

12, J. H. Bateson, R. I. Hickling; P. M. Roberts, T. C. Smale, and R.
Southgate, J. Chem. Soc., Chem. Commun., 1084 (1980).

(Received in Japan 6 May 1988; accepted 24 June 1988)



