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A NOVEL SYNTHESIS OF (3R,4R)-4-ACETOXY-3-[(R)-1-(t-BUTYLDIMETHYLSILYLOXY)ETHYL]-2-
AZETIDINONE, THE VERSATILE KEY INTERMEDIATE OF CARBAPENEM SYNTHESIS, FROM (S)-ETHYL LACTATE
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Abstract: A highly efficient synthesis of the title compound was accomplished employing the
addition of diketene to chiral imine as a key stereoselective reaction and using inexpensive

(S)-ethyl lactate as a starting material.

The carbapenem B-lactam antibiotics represented by thienamycin (1), have been the target
of recent synthetic endeavor because of their prominent antibacterial activities and broad
spectra.]> In several syntheses of these novel antibiotics so far reported.]’2> the title
compound, (3R,4R)-4-acetoxy-3-[(R)-1-(t-butyldimethylsilyloxy)ethyl]-2-azetidinone (2), hold a
pivotal position as one of the most versatile key synthetic intermediates. Thus, various

types of carbon chains required to construct the five-membered ring fused with $-lactam, can

2)

be readily introduced into 2 by substituting its acetoxy group with nucleophiles. The same

synthetic strategy has been also applied for producing the key intermediates of 18-methyl-

3)

carbapenems such as 3, chemically and metabolically stable carbapenem antibiotics showing

3a,4)

excellent antibacterial activities. Accordingly, a number of synthetic methods of 2 has

hitherto been explored by employing various chiral compounds as starting materia]s.za_d's)

“BuMe, 510
¥ H oac

. 5 NH
1: R'=H, R“=CH,CH,NH, o)

COOH 3: R'=Me, RZ=CH,C(NMe,)=NH 2

We wish to report here another novel synthesis of 2 in which the highly stereoselective
addition of diketene to the optically active imine (4) readily obtainable from commercially
available inexpensive (S)-ethyl lactate (5), plays a key role to construct the chiral 3-
acetyl-f-lactam (8) bearing the desired absolute stereochemistry.

It was recently uncovered that the addition reactions of diketene to imines derived from
6) 7

aromatic aldehydes®’ or alkyl glyoxylates,’’/ can proceed in a highly stereoselective manner to
afford 3,4-trans-3-acetyl-f-lactams. However, this novel B-lactam formation which is
formally a [2+2] cycloaddition reaction of acetyl ketene presumably produced from diketene,
has never been examined with the imines prepared from optically active aliphatic aldehydes

8)

carrying a chiral center at the a-position. We have now found that the absolute stereo-

chemistry of 3,4~trans-3-acetyl-f-lactam can be effectively controlled by the adjacent chiral
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a) CC13C(NH)OCH,Ph-TFOH (cat.), 69% or CH3CH,0CHCH,~TsOH (cat), 1002  b) DIBAL
in ether, -78 °C, 82% c) DAM-NH,-MgS0, in PhMe d) diketene (4 equiv.)-
imidazole (1 equiv.) in THF, ~30 °C, 2 days, 72% (from 7a) or 74% (from 7b)

center, and that the highly optically active 3-acetyl-8-Tactam (8) can be readily derived to
2.

The explored synthetic scheme commences with protection of the hydroxy group of 5.
Thus, after conversion of 5 into the corresponding benzyl ether (6a), the ester group of 6a
was reduced with diisobutylaluminium hydride (DIBAL) to afford the aldehyde (7a). Treatment
of 7a with di-p-anisylmethylamine (DAM—NHZ) in the presence of magnesium sulfate as a
dehydrating agent gave rise to the chiral imine (4a), which was immediately subjected to the
next addition reaction. Addition of diketene to 4a which constitutes the key stereoselective
reaction of our synthesis, was effected in the presence of imidazole, giving a mixture of the
3-acetyl-B-Tactams (8a and 9a) in a good yie]d.g) The stereoselectivity was determined as
8a:9a=7:1 by integrating the acetyl protons which appeared as two singlets in the Ty MR

10) The major isomer (8a) obtained as an oil by subjecting the

spectrum of the mixture.
mixture of Ba and 9a to column chromatography (5i0,, CH,Cl,iether=1:0-9:1), showed [a]%o ~-7.3°
(c 1.48, CHCI3). The enantiomeric excess of 8a was estimated to be 96%ee by the TH NMR
spectrum measured in the presence of chiral shift reagent, Eu(hfc)3. Exchange of the
protective group from benzyl to l-ethoxyethyl resulted in the decrease of stereoselectivity of
the addition reaction (8b:9b=3:1).H>

With the adduct (8a) in hand, preparation of 2 was next attempted. Reduction of the
acetyl group of 8a with potassium tri-sec-butylborohydride in the presence of potassium
1odide]2) underwent highly stereoselectively, to give a mixture of the two epimeric alcohols
(10 and 11, 10:11=12:1) with a 47 recovery of 8a. On the other hand, complete reduction of
8a was effected with potassium triethy1borohydr1de,13) yielding a mixture of 10 and 11 in the
same stereoselectivity. The two epimeric alcohols (10 and 11) separated by TLC (5102, n-
hexane:ethyl acetate=2:3), showed [a]55 -5.5% (¢ 2.02, CHC13) and [Q]ES +13.8° (¢ 0.65,
CHC13), respectively. The undesired epimer (11) could be converted to 10 in an excellent
combined yield by the Mitsunobu reaction.4)
of 10 with cerium{IV) ammonium nitrate (CAN)]4> afforded the N~unprotected B-Tactam (12), mp

129-130 °C, [a]%s +61.5° (¢ 1.45, CHC13). After protection of the hydroxy group of 12 in a

Oxidative removal of the di~p-anisylmethyl group
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a) KB(E—BU)3H-KI in THF, 0 °C, 927 or KBEt3H in THF, 0 °C, 98% b) i)
EtOCON=NCOOEt—PPh3—HCOOH, ii) K2C03 in MeOH, 90% (2 steps) c) CAN in ag. CH3CN.
0 °C, 87 d) E—BuMe251C1~ImH in DMF, 97%Z @) HZ—Pd/C in AcOEt, 1007  f) Cr03
in pyridine, 89%7 g) MCPBA in AcOEt, 937

form of E—buty]dimethy1511y1 ether, the benzyl ether (13), [a]%s +32.5° (¢ 2.37, CHC13), was
subjected to hydrogenolysis, giving the alcohol (14), [u]gs ~11.5° (c 1.48, CHC13).  Since
direct transformation of 14 to 2 by oxidative cleavage of the 1,2-amidc alcohol with sodium
periodate in the presence of sodium acetate turned out to be fruitless, the following two step
procedure was examined. Thus, oxidation of 14 with chromium trioxide gave the ketone (15),
mp 71-74 °C, [a]gs -14.3° (¢ 0.57, CHCI3). On treatment with m-chloroperbenzoic acid
(MCPBA), 15 cleanly produced 2, mp 108-109 °C, [a]§° +47.8° (c 0.56, CHC13) [1it.,2P) mp 101~
103 °C, [a]8° +47.9° (c 1.00, CHCI3); 1it.,%8) mp 104-106 °C, [a]§® +48.8° (c 0.41, CHC13);
1it..59) mp 107-108 °C, [o]180 +50° (¢ 0.5, CHC13)].  Spectral data (IR, TH NMR, and MS) of
215) were identical with those reported.Zb’Se)

As disclosed above, we have succeeded in exploring the novel synthetic route to 2 by
featuring the addition of diketene to chiral imine as a key stereoselective reaction. Taking
into account high stereoselectivity observed for the B-lactam formation and use of commer-
cially available inexpensive (S)-ethyl lactate as a starting material, the overall process may
hold promise as one of the most practical methods for preparing 2.
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The stereochemistries of 8b and 9b were determined by transforming the mixture into 8a
and 9a along the following reaction scheme.

MeO OMe

N\,
~

i) OH ii), iii)
8b + 9b —— - b —_——  B8a + 9a
(3:1) 0 “DAM (3:1)

1) HC(OMe);;—Camphorsu]fonic acid {(cat.) in MeOH, rt, 10 min, i) NaH-BnBr in THF, rt,
1 day, iii) 0.5N-HC1, rt
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Satisfactory analytical data were obtained for this compound. Found: C, 54.45;
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