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Alter the isolation of (+)-thienamvein in 1976, car-
bapenems and penems have reecived much attention as a
new generation of potent antibiotics. Their stereocontrolled
total syvntheses have emploved (38.4R)-4-phenyIthio-3-[(I'R-
tert- butvldimethyIsilyloxyiethyl]-2-azetidinone (1), (3R.4R)-
d-acetoxy-3-[(I'R- fert- butyldimethylsilvloxy yethvl|-2-azetidi-
none (2), or ils equivalents as key inlermediates (o these 3 -
lactams. The Suntory group described the synthesis of these
intermediates  (rom  (R)-butane-1.3-diol.” or {R)-3-hv-
droxvbutyrate * vie enolthioether (3a) in seven or cight steps,
respectively, The drawbacks of these approaches are: 1) the
starting malerial obtained by {fenmentation 1s expensive, 2)
the enolthiocther 1s obtained as a 2.5 | mixture of # and 7
tsomers, and 1t has been shown that the Z-1somer gave n-
ferior Stercoselectivity m its nueleophilic addition w chloro-
sultony] isocyvanate(CSD. Thus an alternative stereoselective
preparation of the optically active (/<)- cnolthiocther is ne-
wded.
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[Tere we wish to report an etlicient altermative approach
to carbapenem and penem intermediates via stercoselective
synthests ol 777~ enolthiocther 3 tom 7. -threonine as shown
in Scheme 1. Two kev features involve the use of naturally
abundant Z -threonine as a versalile chiral template and the
[Tomer-Wadsworth-Emmons reaction (HWIE reacton) to
sceure the vinvlsulide, in which the sullide group can sta-
bilize the phosphonate anion sulTiciently o give high (#)-
Stercoscleetivity. The required aldehvde 5 was prepared as
tallows. The hydroxy group of /. -threonine was protected in
92% vield using TBSCl and DBU in the presence of
DMADP.® The use of a catalvtic amount of DMAP was crit-
ical to shorten the reaction time and to improve the chem-
ical vield. ‘Then the protected 7. -threonine was degraded by
ninhvdrin in aqueous methanol to give the corresponding al-
dehvde 5 in 80% vield,” which was identical in all respects
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Scheme 1. a) TRSCL DBU. cal. DMAP. CIT.CN. b} ninhydrin.
MeOLLLLO. ¢) CSL Pr- O, d) Cu(OAe) . AcOH.

with the previously prepared.™ Since the aldehyde 8 was
oblained [rom expensive (R)-(+)-lactate by silyvlation fol-
lowved by DIBALIT reduction, our svnthetic approach from
naturally abundant /. -threonine seems to be an altemative
practical method.

Next the [HIWE reaction between aldehvde 5 and dicthy]
phenylthiomethy Iphosphonate was exanned under various
conditions (Table 1),

While the use of Nall or 7 -BuQK as a base gives rather
mlerior vield and lower ¢£) -selectivity, the lithium bases
show the highest stereoselectivity, Alter testing various con-
ditions, we Tound that the best result was oblained on using
n- Bull as a base in THEF at = 78 °C.° We also examined
the clfeet of the substituents o phosphonate on the
stereosclectivity and the chemical vield™ The results are
given in Table 2.

As expected. (70 -Stereoselectivity 1s enhanced as the phos-
phonate size nereases (Entries 1, 4 and 7). Diisopropyl
phasphonate resulted in inferior chemical vields to dimethyl
or diethvl phosphonate. The substrates with an clectron
withdrawing groups at phenylthio moiety gave higher chem-
ical vield (Intries 2, 5 and 8) than those with an electron
donating groups (Kntries 3, 6 and 9).

We conducted the CSI evelization with ¢757 -thiocthers to
obtain the expected B -lactam 1, which was converted into 2
n 52% overall vield according to the literature method.™

In summary. ¢7j- cnolthiocther 3 has been synthesized
slereosclectively in three steps [tom naturally abundant /.-
threonine vie Strecker degradation and  the  subseguent
HWE reaction using lithium basc. which was then sub-
jeeted to CSI evelization w give (384R)-4-phenylthio-3-
[(I'R- ter- butvldimethy Isilvloxyyethvl|-2-azetidinone 1. The

Table 1. TTWI: Reaction ol Aldehvde (5) with Dicthyl phenyl-
thiomethylphosphonate

" 1a (R )
. ] : lemperature —m04——M——
Iintry D3use Solvent (C) 17 Yicld
ratio” ("a)
| £BuOK DMIF 0 1.59 1 49
2 - BuOK DME 0 11.22 35
3 +1BuOK (A0 =20 11 33
4 Nal[(60%0) THE 0 1 31
3 Nall{60tv) Er o 0 1 30
6 #-Buli THF =78 1A 60
7 t-Buli EtO -78 I 3
8 n-Bulai THE =78 A 75
9 IM-LIHMDS  TlF¥ -78 E 68

‘determined by HPLC and ‘[T NMR (300 MHz) of the erude.
‘isolated vield,
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Table 2. The Eftect of the Phosphonate Size and the Sub-
stituents al the Phenvlihio part

Entry R R" Product  EZratio"  Yield (°o)°
1 H Me 3a 97523 77
2 Cl Me 3b 97.92.1 78
3 OMe Mg 3¢ 1 67
41 B 3a E 75(93)
3 Cl It 3hb E 77
O OMe I 3c 1 67
7 H i-Pr 3a E 65
8 Cl i-Pr 3b & 69
Y OMe  i-Pr 3c E 47

“determined by 1PLC and 'l NMR (300 MlIz) of the crude.
“isolated vield. 1PLC vield.

followmg substitution reaction produced (3R 4R)-4-acetoxy-
3-[(I'R- teri- buty ldimethvlsilvloxyv)ethyl|-2-azetidinone 2, An
alternative new approach has heen developed lor the syn-
thesis of carbapenem and penem intermediates from readily
available 7, -threonine.

Experimental

O- ¢ butyldimethylsilyl-L-threonine {4). Under the
nitrogen atmosphere, £, -threonine (3 g, 42 mmole) and £-bu-
tyldimethvlsilylchloride (7.6 g. 50 mmole) were suspended
m acclonitrile (30 ml.) and the mixture was agitated at
room temperature tfor 20 min. After the reaction temperature
was cooled down (0 0 °C, d-dimethylaminopyridine (0.6 g)
and 1.8-diazabicvelo[3 .4.0lundee-7-cne (8.4 g, 55 mniole)
were slowly added to the above mixture, and the resultant
mixiure was agitated at 0 "C for 1 h. The reaction tem-
perature was slowly raised up to room temperature and then
a strong agitation tor 16 h resulted in white precipitate. By
lltering the preeipitate under reduced pressure, 8.2 g ol the
criude product was obtained. The filtrate was concentrated
and Lhe residue was suspended with acctonitrile (20 ml))
and vigorously stirred at 0 °C tor 2 h to provide 1.2 g of
crude product. The combined crude product was reerystal-
lized from methanol/acetonitrile to give white pure product
(9.0 g, 92%).

(R)-(+)-2- tert- butyMimethylsilyloxypropanal (5).

- + butvldimethylsilvl- 7.- threonine (3 g, 21.4 mmole) was
dissolved m mixed solvent of distilled water and methanol
(1 1.5, 150 ml.) and the mixture was heated to 50 'C. A
solution containing of ninhydrin (9.9 g, 33.3 mmel) n co-
solvent (50 ml.) was slowly added dropwise and the resul-
tant mixture was agitated at 30 °C for 1 h then saturated
with NaCl, diluted with L0/ s -hexane (1/1, 500 ml.). Alter
vigorons agitation, dark-brown byproduct was filtered off,
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the aqueous phase was extracted with Et,0. The combined
organic phase was dnied over MgS0, and concentrated. The
residue was puritied by flash column chromatography (Et O/
n-hexane=1/3) w give the aldehvde (3.2 g, 80%).

General procedure of HWE reaction. To a stimed
solution of dialkylphenylthiomethyl  phosphonate (1.75
mmeole) (6) in drv TIEF was added a solution ot 2.5 M n-
Buli (2 mmole) in hexane at — 78 °C under wert at-
mesphere. The reaction mixture was stirred for 30 min at
this temperature then a solution ol TRS-aldchyde (3) (1.59
mmele) in TIHE was added dropwise at — 78 "C, allowed to
warm to room temperature for 2 h. The pale vellow solu-
tion was treated with aqueous NELCI and extracted with
[i1,0. The orgame layer was dried over MgSO, and con-
centrated in vacuo then puritied by column chromatography
(TL0Y s -hexane= 1/30). The ratio was determined by HPLC
and 'I1 NMR of the crude. Coupling constants for the rrans
- and ¢is -vicmal protons of 15-16 Hz and 10-11 Hz respee-
tivelv are well established.”
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