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Abstract - Sterecspecific synthesis of optically actlve
(2R,38)Y-2-phenylsulfonyl-3-{1R-hydroxyethyl)}-4-gzetidi-
none from L-threonine is described. This compound is one of the
key compeocunds for the synthesls of the thilenamycin-type

carbapenems.

The emerging importance of carbapenems has resulted in recent syntheses using a
variety of different strategies, usually involving a method through an
intermediate such as the optically active 3-(l-hydroxyethyl)-2-phenylsulfonyl-i-
azetidinone. This compound i1s a key intermediate for the synthesis of the
thienamycin-type carbapenem,l and has already been synthesized from L-thr-eonine2
and from various naturally occurring sources via the 4-acetoxy derivatives.3
Recently, we have been worklng toward devising a more sultable and econcmical
methed for the industrlzl production of this compound which would overcome such
problems as price of reagents and starting material, number of steps involved,
overall yleld, period of precducticn, effluent treatment and so on. In thils paper,
we wish to report an eceonomical synthesis of 2-phenyl-3-{(l-hydroxyethyl)-4-
azetidinone (7).

Treatment of p-phenylenediamine with 2 equivalents of (25,3R)-2-bromo-3-
hydroxybutyric acid (;),3a obtalned from L-threonine, by use of dicyclchexyl-

carbodiimide (DCC) as a ccndensing reagent in tetrahydrofuran (THF) gave
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(28,3R)-1,4-bis[(2~bromo-3~hydroxybutyryl)aminolbenzene (2) in 72% yileld as 2
erystalline solid, mp 183-185°C. Epoxidation of compound (2) in CE,C1, with 50%
aqueous NaOH solutilon by use of triethylbenzylammonium iodide as a phase-transfer
catalyst gave an epoxide (3) as a crystalline solid, mp 201-205°9C, in 837 yield.
Reaction of 3 with 3 equivalents each of chloromethylphenylsulfide and 50%
agqueous NaOH in the presence of catalytic amount of triethylbenzylammonlum iodide
at 20°C with vigorous stirring gave a blsphenythiomethylated compound (4) as a
viscous oil in 88% yield. Oxidation of this sulfide (4) with m-chloroperbenzecic
acid in CH2012 gave a sulfone (5) as a powder in 94% yield. Cyclization of 5 with
L equivalents of lithium dlcyc¢lchexylamide in THF-hexamethylphosphortriamlde
{HMPTA} (4:1) at -78°C gave a bis(f-lactam) compound {§, trans-trans) as &
crystalline solid in B83% yield. In this reaction, there was no isolation of elther

trans-cls nor cls-cls isomers. The only isclated 8-lactam compound was the

trans-trans isomer (6), as to the substituents of 2-phenylsulfonyl and
3-{i-hydroxyethyl) groups at the C-2 and C-3 positions. Deprotection of nitrogen
was carried out as fellows. Treatment of a suspensicon of 5 in acetonitrile-water
(2:1) with 13 equivalents of ammonium cerium(IV) nitrite {(CAN) at room temperature
for 2 days gave a sulfone (7) as a powder in 77% yield. This sulfone (7) had
already been converted to phenythiocester (g)l which was a key Intermediate for the
syntheses of thienamycin-type carbapenems (9). Thus, we achleved the synthesis of
an Iimportant precurscr to thienamyciln-type carbapenems from L-threconine in good

overall yield.

EXPERITMENTAL

All melting points are uncorrected. Optical rotation was obtained using a
Perkin-Elmer 241 Polarimeter. lH NMR spectra were determined at 60 MHz with a
Varlan T-60 spectrometer uslng tetramethylsilane as an internal standard. The
infrared absorption spectra were determined on a Jasco IR A-2 spectrophotometer,
and mass spectra were obtained on a JMS-013G mass spectrometer. Elemental analyses
were performed by the Analytical Centre of Analytical and Metabolic Research
Laboratories, Sank?o Co., Lta.

(25,3R)-1,4-Bis[(2-bromo-3-hydroxybutyryl jamino]benzene (2}

To & solution of p-phenylenediamine (1L4.7 g, 136 mmol) in THF (220 ml) was added a

solution of (2S,3R)-2-bromo-3-hydroxybutyric acid {1, 50 g, 273 mmol) in THF (150
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ml) at ice-ccoling temperature with stirring. To this resulted mixture was added
crystalline dieyelohexylcarbodiimide (56.3 g, 273 mmol). After stirring at 5°C for
1 h, the mlxture was stilrred overnight at room temperature. The preclpitated

DCC-H,0 urea was filtered by suction, The filter cake was washed with a smzail

2
amount of THF. The comblned organic layer was diluted with FEtQAc (1500 ml). The
organic layer was washed two times with 10% HC1 (300 ml), and sat. NaHCO3 ag, and
brine, dried over MgS0),, and concentrated in vacuo to give 43 g of 2 (72% yield)
as a crystalline solid which was employed for the next reaction without
purification. An analytical sample was recrystallized from EtQAc-acetone. mp

183-185°¢c. 1

H NMR (acetone-dg) § 1.25 (6H, d, J=6 Hz), 4.12 (2H, quintuplet, J=6

Hz}, 4.39 (2H, ¢, J=6 Hz), 4.57 (2H, broad, OH}, 7.55 (4H, s), 2.53 (2H, bs, Ni).
-] N .

IR vmax(Nujol) 3260, 1668, 1612 em ~. Anal. Caled. for CqpHygOuN,: G, 38.37; H,

k.,13; N, 6.40; Br, 36.48%. Found: ¢, 38.41; H, 4.18; N, 6.37; Br, 36.41%.

(2R,3R)~1,4-Bis[(2,3-epoxybutyrylaminc Jbenzene (3)

To a suspension of 2 (34 g, 77.6 mmol) and triethylbenzylammonium lodide (4 g) in
CHECl2 {160 mi) was added gradually 50% NaCOH (12.2 ml, 233 mmcl, 3 equivalents) at
room temperature with vigorous stirring. After stirring for 1.5 h, the reactlon
mixture was diluted wilth CH2012 {1000 ml}, washed with water, dried over MgS0) ,
and concentrated in vacuo te give a crystalline solid. The solid was suspended in
CH2012 (100 mi), and then %o this suspension was added n-hexane (1000 ml) with
vigorous stirring to precipitate 17.7 g of 3 (82.4 % yield) as a crystalline

solid; mp 201-205°C (from CHC1,-EtQAc), which was employed for the next reactilon

i

without further purification. ~H NMR (CDCIB) & 1.37 (6H, d, J=5% Hz), 3.35 (2H,
quintuplet, J=5 Hz), 3.60 (2H, 4, J=5 Ha), 7.55 (4H, s}, 7.98 (2H, bs, NH). IR
vmax(KBr) 3330, 1690, 1552, 1512 em L. Anal. caled. for CqyHyg0uNy: €, E0.86; H,
5.84; N, 10.14%. Found: C, 61.043 H, 5.76; M, 3.95%,.

{2R,3R}-1,4-Bis[(N-phenylthicmethy-N-2,3-epoxybutyryllaminolbenzene (4)

To a suspension of 3 (5.52 g, 20 mmol), chloromethylphenylsulfide (9.5 g, 60

mmol), and triethylbenzylammonium iodide (1 g) in CH2012

NaOH (3.14 ml, 60 mmol) at 20°C with vigorous stirring. After stirring for 1 h,

(20 ml) was added 50%

the reactlion mixture was diluted with CH,C1, {700 ml), washed with water, dried
over MgSOM, and concentrated In vacuc to give an oily mixture. This mixture was
dlluted with CHCl3 (40 ml), depcsited with n-hexane (600 ml) and decanted to

obtain an olly material. This treatment was repeated once more to give 9.2 g of

| &=
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(88% yield) as a viscous oll which was employed for the next reaction without

further purification. “H NMR (CDCly) 8 1.20 (6H, d, J=5 Hz), 2.7-3.1 (4H, m),

4.88, 5.52 (UH, AB-g, J=14 Hz), 7.0-7.4 (14K, m). IR v, (CHCl,) 1675, 1508 em™L.
+ 0 a .

MS m/z 520 (M7), 411, 327. Anal. Caled. for C,gH,a0yN,5,: C, 64.55; H, 5.38; N,

5.38; 8, 12.32%. Found: C, 64.22; H, 5.58; N, 5.10; S, 12.01%.

(2R,3R)-1,4-Bis[{N-phenylsulfonylmethyl-N-2,3-epoxybutyryl)aminolbenzene (5}

To 2z solution of 4 {9.3 g, 8.26 mmol) in CH 1, (140 ml) was asdded

2
m-chloroperbenzoic acid (16.4 g) at ice ccoling temperature with stirring. After
stirring at room temperature for 30 min, the reaction mixture was diluted with
EtO4c (800 ml}), the resulting solution was washed several times with ag. 20%
Na2803 to remove m-chloropertenzolc acld and m-chlorcbenzole acld and brine, dried
over Mg30,, and concentrated in vacuc to give an oily residue. This residue was
re-dissolved in EtQAc (50 ml) and large excess n-hexane was added gradually with
vigorous stirring to deposit a viscous oll. Separation with decantation, and
drying in vacuo to give 5 (9.73 g, 93.6%) as a powder which was employed for the
next reaction without purification. lH NMR (CDCl3) § 1.23 (6H, 4, J=5 Hz),
2.85-3.25 (4H, m), #4.97 (a little broad) and 5.48 (4H, AB-q, J=14 Hz), 7.5-8.1

1

(14H, m). IR v_  {(CHC1;) 1692, 1510 cm”

. M3 m/z Hu3(M+—PhSOg), 218, 162.

(2R,38)-1,4-Bis[2-phenylsulfonyl-3-(1R-hydroxyethyl)-i-zretidinen-1-yl Ibenzene (6)

To & stirred and cooled (-78°C) solution of 5 (9.53 g, 16.3 mmol) in THF-HMPT
(4:1, 150 ml) was added under nitrogen a sclution of dicyclohexylamine Li salt
which was prepared from addition of n-butyl lithium (1.6 M n-hexans sclution, 41
ml) to a solution of dicyclohexylamine (11.8 g, 65.1 mmol, 4 equivalents) in THF
(60 ml). After stirring st -78°C for 30 min, the reactlon mixture was quenched
with AcOH-THF (1:9, 30 ml), and diluted with EtOAc (800 ml), and the solutilon was

washed with agq. 10% HC1, water, sat. NaH003 and brine, dried over Mg30,, , and

concentrated in vacuo to give 6 (7.91 g, 83% yieid) as a pale yellow crystalline

50114 which was employed for the next reaction without purification. An analytical

1

sample was recrystallized from acetone, mp 270-272°C {(decomp). ~H NMR (DMF-d.) &

)
7
1.00 (6H, 4, J=6 Hz), 3.58 (2K, dd, J=2, 3 Hz, Cy-H), 4.10 (2H, m), 5.25 (2H, 4,

J=5 ¥z, OH), 5.89 (PH, 4, J=2 Hz, Cy-H), 7.45 (LH, s), 7.5-8.2 (10H, m). IR

vmaX(KBr) 3525, 1770, 1520 cm'l. Anal. Calcd. for CQ8H28N20852: C, 57.49; H,

4.79; N, 4.79; 5, 10.97%. Found: C, 57.31; H, U.97; N, 4.91; 5, 10.46%.
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{2R,38)-2-Phenylsulfonyl~-3-(1R-hydroxyethyl)-lU-azetidinone (7)

To a suspension of & (585 mg, 1 mmol) in CH3CN (40 ml) was added a solution of
ammonium cerium({IV) nitrate (7.4 g) in water (20 ml) at room temperature. The
suspension turned gradually to a c¢lean soclutlon. After stirring at room
temperature for 44 h, the reacticn mixture was diluted with EtOAec, washed with

water, sat NaHCO, and brine, dried over MgS0,, and evaporated in vacuo to give a

3
crystzlline solid. The sclid was suspended in EtCAc (50 ml) and deposited with

excess n-hexane to give T (392 mg, 77% yield) as a powder. An analytical sample

24 1

was recrystallized from EtOAc. mp 146-148°C. [a]D +7.8° (e=5.0, MeOH). —H NMR

(DMF-d,) § 1.10 (3H, d, J=6 Hz), 3.44 (1H, dd, J=2, 4 Hz), 4.10 (1¥, m), 4.96 (1H,
4, J=2 Hz), 7.5-8.1 (5H, m), 8.95 (1H, bs, NH). IR v (Nujol) 3360, 1773 et
Anal. Caled. for C11H13NOMS: ¢, 51.76; H, 5.13; N, 5.49; 3, 12.62%. Found: C,

51.62; H, 5.20; N, 5.41; S, 12.47%.
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