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Summary: Stereo-controlled synthesis of (A)-thienamycln intermediates which have 

the correct relative configurations at three chiral centers is reported. 

Th1enamycin (A)1 is a novel b-lactam antibiotic isolated from Streptomyces 

cattlw and exhibits broad antibiotic activity. The total synthesis of (')- 

thienamycin has been reported. 
2 

We here wish to report a stereo-controlled 

establishments of three ch1ral centers in succession leading to the synthesis 

of (+)-thienamyc1n intermediates. 

We adopted the method reported by Sheehan et al3 for the formation of a B- 

lactam ring as a key step. The acid chloride (2) obtained from the corresponding 

(+)-erythro carboxyllc ac1d4 was treated with the lithium salt of amine (3) in 

THF at -78' for lh and at ZOO for 20h to give 4. - The amide (4) cyclized to the 

B-lactam compound (5) on treatment with DEN ln benzene at SO0 for lh. This - 

cycl1zation proceeded via a complete SN2 mechanism. The relative conf1guratlon 

of 5 was confirmed as the desrred 6SR, 8RS5 from 
1 
H NMR spectroscopic data of 

the lactone (T), mp. 152.5-154.5OC, which was converted from 2 on successive 

treatment with 3 eq of lN-aq NaOH-pyridine (2:l) at 20' and cone HCl. The di- 

hedral angle between Ha on the lactone ring and bridge head Hb 1s approximately 

loo", and that between the methyl group on the lactone ring and Hb 1s nearly 10' 

when measured by using a Dre1d1ng molecular model for the lactone 7 with desired _ 

stereochemistry. The observed coupling constant (JHaIib=l.5 Hz) supports the 

relative configuration of 1 as being correct. The hydrolysis of 5 with 1 eq of 

lN-aq NaOH-pyridine (2:l) at O" gave the monoacid (5, mp 121-123', 50.5% yield 

from 3). Since the saponlflcation would occur at the less hindered side, the 

C-4 carboxy group of 5 should be trans to the C-3 a-acetoxyethyl group. This 

was confirmed from another experiment. 
6 Decarboxylation of 5 with 1 eq of 

pyridine at 140-150e for lh gave a mixture of ~1s and trans isomers (1:l) in 71% 

yield. Saponification of the mixture of cls-8 and trans-8 (1:l) with 1 eq of -- ~-- 

lN-aq NaOH-pyridlne (2:l) at 0' for 18h and then 20' for 6h gave a mixture of 

carboxylic acids (2, cis:trans=3:4) 1n 77% yield, and recovered C~S-8, mp 79-81°, -- 

1n 12% yield. The mixture of cis-9 and trans-9 (3:4) was treated with oxalyl -- -- 

chloride in THF at 60" for lh to give a mixture of acid chlorides which was 

converted to the corresponding diazoketones with excess diazomethane and these 
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dlazoketones were further transformed to chloromethyl ketones with BC1 in THF 

at O0 for 5 min, which gave a mixture of c-4 phenylthlomethyl ketones (cls:e= 

3:4)7 on treatment with thiophenol and Et3N at 20° in TBF for 15h. Equllibra- 

tion of the cis and trans mixture of phenylthromethyl ketones with 1.1 eq of 

DBU in DMF at 25O for lh8 formed trans isomer (lo), ’ mp 91.5-92.5O, (54.4% 

yield from 2). This compound (10) has the same relative configurations at three - 

choral centers of thienamycin (1). 

Reduction of the ketone (10) with NaBH4 in EtOH at O" for 20 min and - 

chlorination of the eplmerlc mixture of the resulting alcohols with SOC12 in THF 

at 20* for 10h ylelded a mixture of diastereomerlc sulfides (11, 1:2) which was 



obtained from the double migration of a chlorine atom and phenylthio group via 

the intermediate of episulfonium chloride. 
10 

Oxidation of the sulfide (;11) with 

m-chloroperbenzoic acid in CHC13 at 0" for 30 min and elimination of hydrogen 

chloride with DBU at 20' for lh afforded a mixture of diastereomeric vinyl 

sulfoxides (12). Treatment of 12 with N-trityl cysteamine and DBU in benzene at - - 

0" for 5 min and quick column chromatography on silica gel gave four racemic 

mixtures which were refluxed in toluene in the presence of Na2C03 for lh to give 

a mixture of vinyl thioether (13, E:Z=2:1). 13 was separated by silica gel 

chromatography to give E-13 1' (300 yield from 10) as a foam, and Z-13 (15% from - - 

10) as a foam. - Treatment of E-13 with 2.3 eq of LiN(SiMe3j2 in THF at -78O and 

successive addition of 2.8 eq of benzeneseleneninyl chloride12, and quenching 

with acetic acid and water gave the starting E-13 (12.5% recovery), 14 l3 (33% - - 

yield), and 14' (11% yield), - which was separable on a preparative silica gel 

plate. The desired 14" was not formed. - A potentially useful thienamycin inter- 

mediate14 was further converted into 16 as follows. Deacetylation of 14 with - 
14 - 

O.lN-aq NaOH-pyridine (1:l) at 20' for 15h gave the alcohol (15) , and detritylc 

tion of 15 with CF3COOH in CH2C12 at 0' for 10 min and further protection of the 

resulting aminoalcohol with p-nitrobenzyloxycarbonyl chloride and drmethyl- 

aminopyridine in CH2C12 for 2h gave 16 
15 

which had already been correlated with 

(+)-thienamycin.' 
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Numbering corresponds to that of thienamycin. 

The results will be published in detail elsewhere. 

It is difficult to separate chromatographycally cis and trans isomers, 

however we can obtain the cis Isomer, mp 102-103.5°, from cis-8. This cis -- 
isomer is also lsomerlzed to trans isomer (lo) in 83% yield. 

The prolonged reaction time causes 

gradually increasing formatlon of a Aco H H 

by-product (1). 
; cOCH(sPh)2 

* 
k 

1H NMR of lo, 
(1) 

G(CDC13) 1.22 (3H, d, J=6 Hz), 0 
N,,COOBu-t 

1.30 (9H, s), 1.92 (3H, s), 3.10 (la, dd, J= 

2.5, 7 Hz), 3.45 (lH, d, J=18.5 Hz), 3.69 (2H, s), 4.17 (lH, d, J=l8.5 Hz), 

4.68 (lH, d, J=2.5 Hz), 5.20 (lH, qd, J=6, 7 Hz). 

There is no detection of reglo Isomer of 11. - 

'H NMR of E-13, 6 (CDC13) 1.27 (3H, d, J=6.7 Hz), 1.40 (9H, s), 1.86 (lH, bs, 

NH), 1.95 (3H, s), 2.35 (2H, t, J=6 Hz), 2.78 (2H, t, J=6 Hz), 2.90 (lH, dd, 

J=2, 7.5 Hz), 3.29 (lH, d, J=18 Hz), 3.95 (lH, d, J=18 Hz), 4.13 (lH, dd, J= 

2, 9 HZ, C4-H), 5.24 (lH, qd, J=6.7, 7.5 Hz), 5.36 (lH, dd, J=9, 15 Hz), 

6.23 (lH, d, J=l5 Hz), 7.32 (15H, m). 

H.J. Reich, J.M. Renga, and I.L. Reich, J. Am. Chem. Sot., 22, 5434 (1975). 

We cannot present the precise mechanisms for the formation of 14 and 2'. - 

'H NMR of 14, G(c~cl~) 1.28 (3H, d, J=6.5 Hz), 1.43 (lH, s, NHTr), 1.95 (3H, 

s), 2.2-2.5 (2H, m), 2.6-2.9 (2H, m), 2.89 (lH, dd, 5=7.5, 2 Hz, C3-H), 4.03 

(lo, dd, ;1=2, 7 HZ, C4-H), 5.24 (lH, m), 5.50 (lH, dd, J=7, 15 Hz), 6.21 (11-I, 

d, J=15 Hz), 7.72 (15H, m). 

Treatment of 14 with NaOMe in MeOH at 0' for lh gave the B-lactam ring fissio 

product (Ii) in good yield without deacetylatlon. 

SCH2CH2NHCPh3 

ill) 

COOMe 

1H NMR of 16, &(C~cl~) 1.44 (3H, d, J=6.5 Hz), 2.77-2.92 (2H, m), 3.10 (1H, 

dd, J=2, 7 HZ, C3-H), 3.33-3.52 (2H, m), 4.20 (la, dd, J=2, 8 Hz, C4-H), 

5.0-5.4 [6~; 5.22 (2~‘ s), 5.26 (2H, s), NH, Cl, -El, 5.66 (lH, dd, J=8, 15 

Hz), 5.85 (lo, S, NH), 6.24 (IH, d, J=15 Hz), 7.48-7.60 (4H, m), 8.20-8.30 

(4H, ml. 
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