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Summary: An efficient and operationally simple synthesis of (f)-thienamycin is described. 

Thienamycin (2, the uniquely structured and highly patent E-lactam antibioticI. has 

attracted a great deal of synthetic activity2 most of which is conceptually interesting. We 

wish to report an operationally simple and high-yielding total synthesis of (+)-thienamycin 

which is adaptable to large scale operation. It Is characterized by: 1) the formation of a 

highly-functionalized, triply-asymmetric acyclic derivative ftvia a stereoselective reduction, 

2) the very efficient formation of a monocyclic B-lactam using classical carbodiimide chemistry 

6 + 2, 3) the equally efficient carbenoid insertion reaction3 
N to farm the bicyclic system 

E + 12, and 4) an inversion reaction to adjust relative stereochemistry 2 + 9a. 

Diethyl 1,3-acetonedicarboxylate was converted to the keto enamine 34n5 as shown in the 

Scheme. The most noteworthy features are the rather clean mono-C-acetylation of the enamine 

2 and the high degree of rigidity displayed by 3_due to a very strong hydrogen-bond. This latter 

feature generated the hope for the steraoselective reduction that follows. Reduction of the crude 

keto enamine 3 (ca. 90% pure by NMR) with NaCMBH3 resulted in the reduction of both the double N- 

bond and the ketone moieties. A single isomer 4 could be isolated in 61% overall yield from the 
z 

startfng ketone by column chromatography on silica gel. This isomer, out of the four that are 

possible, was the predicted product resultlng from an all-&-reduction of the keto enamine6. 

Instead of purifying Awe found it much more expeditious to lactunize and hydrolyze the crude 

reduction Product. Upon cooling the reaction mixture, the isomerically Pure lactone 5a7 

crystallized as a hydrate in 40% overall yield from the acetonedicarboxylate. The lactionlz- 

atlon step not only COnStitUteS a simple Purification-isolation procedure but, as will be seen, 

it introduces a needed bias between the two carboxyl groups. 

After catalytic debenzylation of 5a, the lactone 52 was solvolyzed in benzyl alcohol to give 

an equilibrium mixture of the acyclic ester&and starting lactone 2 (3/l respectively) In 

essentially quantitative yield. This mixture could be used directly in the next reaction or 

Preferably the solid mixture was washed with isopropanol leaving Pure 6 
2 The material in the 
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filtrate can be recycled. The pure amino acid Qwas dehydrated with &fi'-dicyclohexyl- 

carbodiimide (DCC) to give a 92% yield of crystalline 8-lactem 2. The 8-lectsm, without 

purification, was silylated, hydrogenolyzed, and chain-elongated using a modification of the 

published procedure9 to give the $-keto eater 8s, which wss crystallized from isopropanol in 

60-72% overall yield from 2. After desilylation, the stereochemistry of the hydroxyethyl 

group was cleanly Inverted using a variant of the Mitsunobu procedure'*. The resulting inverted 

formace ester was readily hydrolyzed with dilute acid to give alcohol & possessing the required 

relative stereochemistry. A solution of this crude product, which contained impurities 

accumulated since the purification of Bs, was subjected to standard dlazo transfer conditions. 

Wlthia minutes, pure dlaso keto ester 2 crystallized from the reaction mixture in 65% yield 

from 8a. Decomposition of E with a catalytic amOunt of rhodium diacetate resulted in selectfve 

N-H insertion of the carbenoid intermedlate3. Without purification, the bfcyclic ketone b in 

MeCN was converted to the enal phosphate I> to whfch was added the N-protected cysteamine 

derivative. The pure, bls-protected thienamycin I& precipitated directly from the reaction 

mixture In 76% yield from 9b. Finally, catalytic deprotectlon was accomplished In 90% yield 

affording racemic thienamycln which was Identical in every expected aspect to a natural sample. 

By virtue of the simplicity and overall yield (>lO%) we feel that this series of 

transformations forms the basis for a practical synthesis of thlenamycln. Additional process 

improvements including a resolution wfll be the subject of future comnmicatims. 

Acknowledgment: We thank our fellow members of Process Research who have contributed to 

this effort. 
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4) Satisfactory infrared, mass, and NMR spectral data was obtained on each isolated syntheti 

intermediate. 

5) Selected data. & mp 87-8OC; v(CHC13) 1740, 1685, and 1600 cm-'. 2: mp 166-170' (dec.); 
-1 

u(nujo1) 1750 and 1724 cm . 2: up 67.5-68.5°; 
-1 

-1 
v(CHC13) 3470, 1770, and 1730 cm . 3: 

mP 82-4'; v(cHc13) 1760 and 1725 cm ; S(CDCl.$ 1.33(d,3,Jw6.3&), 1.90(b,l,OH), centere 

at 2.9O(BK,2,CH2), 2.90(m,l,H3), 3.58(s,2,COCH2C02), 3.84(ABl&l,H4), 4.15(dq,l,J=6.0 and 

6.3, BOH), 5.28(s,,Z,OCH2), B.lO(b,l,NH), 7.53(d,?,J=S.7,Ar) and 6.25(d,2,J-8.7&r). &: 

mp 97-9'; v(CHC13) 1765 and 17.25 cm -l; 6(CDC13) 1.31(d,3,J=6.3,Me), 1,81(b,l,OH), 2.85(6 

J=2.2 and 7.0, tl,), centered at 2.98(=,2,5=5.5,7.5 and 18.4, CH-CZi2-CO), 3.59(a,2,COCH2 

3.97(ABz,l,H4), 4.17(dq,l,.T=6.3 and 7.O,C&-CB3), 5.28(~,2,C02CH2), 6.08(b,l,NH), 7.53(d,Z 

Artland 8.25(d,2,Ar). s: mp 160.5-2" [dec.): v(nujo1) '3475, 3275, 2155, 1742, 1722 snd 

cm . g: mp 112-4 -l. 

1690, 1660 cm-l; 

"; v(CHCl$ 1760, 1735 and 1720 cm I&I: mp 183-5" (dec,); v(KBr), 

d(,acetone-d6, 300 MHz) 1.26(d,3,.+6.01,Me), 3.08(m,2,CH2S), 3.32(dd,l,.J= 

and 6.O,W6), 3.44(dt,Z,J-6.5,CH2N), centered at 3.43(ABY.2,.+8.5.10 and 18.0, H4 and H4'> 

4.12(dq,l,J-4.0 and 6.2,88), 4.27(AB&l.H5), 5.25(s,2,NHCO2C&Ar), 5.30 and 5.54&~,2,J=l 

C02CH2Ar), 6.92(t,l,J=6.O,NA), 7.66(d,2,J=8.5,Ar), 7.83(d,2,J=8.5,Ar) and 8.27(d,2,&8.5, 

6) Undoubtedly during the course of the reduction the hydrogen of the hydrogen-bond is repla 

by boron to give au equally rigid system. In fact, a partially reduced boron chelate haa 

been isolated by cqhnm chromatography when NaBH4 was used as the reducing agent. 

7) A similar lactonization using HCl under anbydrous conditions afforded the ester lactone. 

Inspection of the crude product by 13C-NMR revealed the presence of a major lactcne and t 

minor stereoisomers, each 12X of the major by peak-heights. The only isomer not seen is 

all-cis-substituted lactone. 

8) Experimental conditions. {a) BzNH2, toluene. molecular sieves; (b) ketane gas, toluene 

(ffltrate from (a)); (c) NaCNBB3, HOAc; (a) cont. aq. Xl, reflux: (e) Pd(OH)2/C. 40 psi 

HOAc; (f) BzOH, HOAc (catalyst), 704, 16 hrs; (g) NEt3. DCC, MeCN, 60", 4 hrs.; (h) 

ClSiMe2t-Bu, NEt9, DNF; {i) Pd/C, 40 psi HZ, MeOH; (j} 1) Carbonyldiimidazole, c112C12; 

2) Meldrum's acid, #4-dime thylaminopyridine; 3) P-nitrobeuzyl alcohol (PNB-OH), MeCN, refl 

(k) HCl, aq. MeOH; (1) 11 1.9 &,P, 1.9=fNC02i-Pr)2, 3HC02H, THF, 25', 1 hr.; 2) HCl, aq. 

MeOH, 25", 1.5 hrs.; (m) TsN_,, NEt3, EtOAc; (n) 1% B~~(OAC)~, toluene, gO", 1 hr.; (0) 1) 

1.1 (PhO)2POCl, 1.1 i-Pr2NEt, CH3CN, O', 10 min.; 2) 1.1 HSCH2CH2NHC02PNB, 1.1 i-Pr2N!Zt, 

O", 1 hr.; (p) 40 psi HZ' Pt02" THP, H20, buffered at pH 7.0 with morpholinopropane 

sulfonic acid. 
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and references themin. Presumably this reaction proceeds via activation of the alcohol 

as an alkoxyphosphc@ium salt which is displaced by formic acid in an S$ fashion to give 

the inverted forma- ester. 
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