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Abstract: Homochiral acetylenic acid 26, prepared using the Schreiber modification of the Nicholas
reaction, has been converted to f-amino acid derivative 28 by a two step sequence involving Curtius
rearrangement followed by oxidative cleavage of the acetylenic bond. Amino acid derivative 28 was then
converted to thienamycin (12) precursor 30 by cyclua:iou with DCC followcd by epimerization.

In the preceeding paper in this series we reported that Nicholas adducts of general structure 3 serve as
convenient precursors to B-amino acid derivatives of type 6,! via a three step sequence consisting of (1) imide
hydrolysis with ¢concomitant TMS group removal;28 (2) Curtius rearrangement of the resulting carboxylic acids
4 10 afford rert-butylcarbamates §;3 and (3) oxidative cleavage of the acetylenic triple bond (Scheme 1).4.5b
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Deprotection of 6 (TFA) followed by cyclization (DCC) then provided an efficient route to B-lactams 7.52 In
identical fashion, Nicholas adducts ent-3 were cleanly converted to the enantiomeric B-lactams ent-7 with
virtually 100% stereoselectivity (ent = mirror image of parent structure shown). Yields throughout this
sequence were generally high, except for the sterically hindered example 3b(A) (R'= Me, Ch = A).!
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In each case the Nicholas reaction of chiral enolates 1A,B took place with >98:2 syn-selecumy (Cs-Cs,
carbapenem numbering),! and for achiral substrates 2a,b, with a stereochemical outcome in accordance with the
kinetic resolution model proposed by Schreiber et al. (see also Scheme 1, preceeding paper).6 These results are
summanmd in Table 1 (upper case letna's r;fqr to aunhanes Ch; lower case letters refer to substituents a-c). In

Table 1
1. 1A+2a--> 3aA) : 2. 1B + 2a —> en3a(B)
3. 1A+2d —> 3WA) : 4. 1B + 2> —~> ani-3b(B)
5. 1A+26 —> 3(A) : 6. 1B + en2¢c —> ent-3¢(B)
7. 1C+2c —> 3(C) : 8. 1C + ent2c—> snRic(C)

addmon to achiral substrates 2a,b (entries 1-3), chiral substrates 2¢ (8S) and ens-2¢ (8R) reacted in a

matched” fashion with chiral enolates 1A and 1B, respectively, providing adducts 3¢(A) and ent-3c(B) with
virtually 100% stereocontrol (entries 5, 6). Interestingly, 2¢ and ent-2¢ also reacted with gchiral enolate 1C to
provide homochiral adducts 3¢(C) and ent-3¢(C) with >98% stereoselectivity (entries 7, 8). The structure of
3¢(C) was confirmed by hydrolysis to the identical carboxylic acid 4¢ derived from 3¢(A), whose structure
was established by X-ray analysis.” This last result serves to illustrate the powerful duecnng mﬂuenoe which
chiral substituents can exert on the Nicholas reaction.

B-Lactams 7a (R'= H) and 7b (R'= Me) have a substitution pattern which is characteristic of the important
antibiotics PS-5 (10) and PS-6 (11), respectively (5R,6R-stereochemistry), and 7¢ (R'= OBn) is directly
related to olivanic acids of the type exemplified by MM-22381 (9) (5R,6S ,88-stereochemistry) (Scheme 2).5

R OH
1H Y HH
g = NHZ N Ts A NHZ
/jl:[/?‘s'\’ D
o o
COH COH
9 (R wOH; ZuH); 10 (R' = H; Z= Ac); 11 (R' = Me; Z = Ac) 12 (Z = H); 13 (Z = CH=NH)
o OBBu, (B)n. . gng
- \ll o
o)LNJ\s/ i . e
+ MeO”s |)—ms e 0”7 N7 Y. N =-TMs
1A ont-2¢ 14A
Scheme 2

On the basis of these results, it scomed likely that the Nicholas-Schreiber methodology might be extended to the
preparation of analogs having the 5R,65,8R-configuration found in thienamycin (12) and imipenem (13).15 In
principle, this substitution pattern was available by "mis-matched" condensation of chiral enolate 1A with cobalt
complex ent-2¢ (Scheme 2), which would afford adduct 14A if transition state interactions were dominated by
chiral auxiliary A (¢f. Scheme 1). However, all attempts in this direction provided only complex mixtures of
products, which contained at least three isomeric adducts in a ratio of ~7:3:1 (29% combined yield).

In contrast to the case with 1A, chiral enolate 1D underwent clean condensation with ent-2¢ to provide a
12.5;1 mixture of two isomeric acetylenic acid derivatives. These were subsequently identified as syn-adduct
14D and anti-isomer 15D (Scheme 3, following page). Interestingly, however, the major isomer proved to be
the undesired 15D. Thus, 15D was cleanly converted to the carboxylic acid 16,24 which upon Curtius
rearrangement,3 followed by oxidative cleavage,4 afforded amino acid derivative 18 in exact analogy to our
carlier studies with 6 (¢f. Scheme 1). Up to this point it was impossible to distinguish between syn- and anti-
isomers on the basis of spectral.data alone. However, upon cyclization of 18 to 19 the cis-relationship between
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Hs-Hg was immediately apparent from their relatively large coupling constant (J5 6 = 6.0 Hz), which for trans-
8-lactams is typically <3 Hz.8 The question of absolute stereochemistry at Cs-Cg was then resolved by
epimerization studies (se¢ box). As expected, 19 was readily epimerized to the desired trans-isomer 20 (J56 =
1.8 Hz),% which proved to be identical to the material obtained directly from syn-adduct 14D. As indicated, if
19 had been of opposite absolute configuration at Cs-Cg (i.e. 22), epimerization would have afforded the
known B-lactam ent-7¢ (¢f. Scheme 1).
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Finally, these observations were readily extended to a formal total synthesis of thienamycin (12),5
although not without an unexpected diversion. Thus, condensation of chiral enolate 23 with ens-2¢ provided a
79% yield of the Nicholas adduct 24,6 which was obtained with ~17:1 anti-selectivity (Scheme 4, following
page). Interestingly, however; hydrolysis of 24 under the usual conditions (LiOOH, 3:1 THF/H20) afforded a
complex mixture of products,2? from which endo-ring opened product 25 could be isolated in 30% yield. No
trace of the desired product 26 derived from exo-nucleophilic attack could be detected. This unexpected reaction
pathway might be due to complexation of Li cation between the exo-carbonyl functionality and the -OTBDPS
group (¢f. 1, below), since the related n-propyl derivative (OTBDPS = Ms) underwent normal hydrolysis.” In
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any event, addition of DMF to the hydrolysis reaction completely reversed the regiosclectivity (3:3:1
DMEF/THF/H20), and afforded a 74% yield of the desired acetylenic acid 26.2 As destribed above for 16
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(Scheme 3), 26 was then converted in two steps (71%, 71%) to-the homochiral amino acid derivative 28,
which upon deprotectiosi and cyclization with DCC afforded the cis-8-lactam 29 (56%, unoptimized). Finally,
epimerization-of 29.according to the procedure of Nakai e al. afforded the known thienamyein (12) precursor
30,95 which had identical spectral data as that reported by Grieco et al. for the racemic material (66% yield,
viscous pale yellow oil; [a]%p = -1.9° [c = 6.3, CH2Clp]).5b«.10
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