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Abstract- The optically active 3J-mercaptopyrrolidine derivatives(3a, 3b,
4a and 4%), which are synthetle intermediastes of the carbapenem RS$-533
(22) and its lsomer (2b), were synthesized by convenient and practical

methods.

Since the discovery of thienamyein (1)), with its high antibacterial activity and
broad spectrum, strong interest has been focused on the carbapenem antiblotices.
We, also, have been greatly Interested in carbapenem synthesis and have already
reported the synthesis of R3-533 (g§)2, which 1s more potent in activity and
biologically more stable than thienamyecln. For the synthesls of 2a or its isomer
2b, optically active mercaptane 3 or U are necessary. Only two reports are known
about the synthesls of optlcally actlve 3—hydroxypyrrolidine.3’ . We herein

report a number of convenlent methods for the synthesls of 3 and 4.
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Mercaptane 3a and Ya, which are necessary for the synthesls of RS-533 (2a), have

an S-configuration at the C-3 of pyrrolldine and can be synthesized by

conversion of the UH group of L-hydroxyproline (5}, which 1s a natural

the

amino

acid, to an SH group via inversion of the stereochemistry. When 5 was heated

with a catalytic amount of tetralinehydroperoxide in c¢yclohexanol,

3

decarboxylation occurred and fa was obtalned. Protection of NH group by the

p-nltrobenzyloxycarbonyl group using p-nitrobenzyloxycarbonyl chlorlde and
triethylamine in methylene chloride gave 7a in 89% yield. The hydrexy group of
7a was mesylated wlth methanesulfonyl chloride and triethylamine in methylene
chloride to give 8a in 97% yield. Treatment of 8a with scdium thiolacetate in
dimethylformamlide gave 22 with inversion of the configuration 1n 92% yield.5
Hydrolysis of 2a by sodium methoxide gave 32 in 98% yileld. 1In contrast,
treatment of 6a with ethoxyacetimidate hydrochloride in methancl followed by
p-nitreobenzylexycarbonylation gave 10a in 71% yield. TFollowlng simllar methods,

La was synthesized from 10a.
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But mercaptane 3b and gg, which are necessary for the synthesls of 2b, have an

R-conflguraticn at the C-3 of pyrrolidine.
&

So the inversions of the OH group of
7z and 10a using Mitsunobu reactien” (7a + 13 -+ 7b, and 10a -+ 14 > 10b) are

necessary. And followlng conversion to an SH group by the methods mentioned
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above gave 3b and 4y, respectively. Therefore we investigated mere convenlent

methods for the synthesis of 3b or Ub.
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First, as the starting material, l-malic acid (15) was used, Reactlon of 15 with
diborane gave triol l§7, quantitatively. Without purification, treatment of 1§
with 4.5 equiv. of methanesulfenyl chloride and triethylamine gave trimesylate 17
in 81% yield from 15. Treatment of 17 with ammcnia in ethanecl in the presence of
triethylamine at room temperature for 3-1 days and subsequent treatment with
p-nitrobenzyloxycarbonyl chloride gave 8b 1n 68% yield. When amldine 18 was
used, instead of ammonla, 1lb was cobtained in 56% yield.8 The 8b and 1lib thus
obtained showed the same (aly values as those of 8b and 1llb obtalned from

L-hydroxyproline.
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Next, L-asparagine (19) was used as the starting material. The amino group of 19
was converted to the brome group with scdium nitrite and potassium bromide to
glve 20 with retention of the stereochemistry in T72% yield.9 Esterification of
20 with diazomethane and subsequent reduction with llthium aluminum hydride gave
alcohel 21 in 66% yleld. Treatment of 21 with methanesulfonyl chleride and
triethylamine gave mesylate 22 in 544 yield. Reduction of 22 with diborane and
subsequent treatment with triethylamine in ethancl at room temperature for 1 week
gave the ring closure compeund 23, which was treated with p-nitrobenzyloxy-
carbonyl chloride to glve 24% in 54% yleld from 22. Trestment of 24b with sodium
thiolacetate in dimethylformamlde gave thiolacetate 9b with Inversion of the
stereochemistry in 88% yleld. The 3b thus cobtained showed the same (o], value as

that of 9b cbtained from L-hydroxyproline.
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In the third method L-asparatic acld (25) was used as the starting material. The
aminoe group of 25 was converted to the brome group to glve bromide 26 with

retention of the stereochemistry in 80% yield.lo

Reduction of 26 with diborane
and subsequent mesylation gave dimesylate 28 in 78% yield. Treatment of 28 with
ammonia in ethanol in the presgence of triethylamine at rcom temperature for 1
weck gave 23. Without purlification, 23 was reacted with 18 to give 29b in 60%
yield from 28. Treatment of 29b with sodium thilolacetate in dimethylformamide
gave 12b with the inversion of the sterecchemistry in 80% yieid. The 12b thus

obtained showed the same (e). value as that of 12b obtained from L-hydroxy-

D
proline.

—1334 —




HETEROCYCLES, Vol. 24, No. 5, 1986

coo s cooH ) CHaOH CHaOMs
?Hz r (l:Hz Mg (l:Hz MsCl (I:Hz
HNHz  vgom, HCBr HCBr  v.78% HCBr
CO0H COOH CHa0H from 26 Ehyomis
5 26 27 28
Br Nk Br AcS
NH 5
3 U /mEN-PNZ b AcSNa O
N"MsOH Y.607% N~ ¥.80% N
H from28  AN-PNZ AN-PNZ
23 29b 1?_b

If D-asparatic acid is used as the starting material, da is cbtalned by the
methods mentioned above. In additlon, 3a was also obtained from L-asparatic acld
by the following methods. Reductlion of 26 with dibcrane and subsequent treatment
with scdium hydroxide gave epoxlde 30 in almost quantltative yleld. Without
purification, 30 was mesylated to give 31 in 93% yield. Treatment of 31 with
ammonia in methanol in the presence of alumlna at room temperature for 1 day gave
32a, which was reacted with p-nitrobenzyloxycarbonyl chloride to give Ta in 28%
yield from 31. The 7a thus obtalned showed the same [a], value as that of 7a

obtained from L-hydroxyproline.
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Thus, both 3 and Y4 could be synthesized from the cheap starting materilals,

l-mallc acid, L-asparaglne and L-asparatic acid in short steps.

EXPERIMENTAL

IR spectra were recorded on a Jasco A-102 spectrometer. HNuclear magnetic
resenance spectra were recorded on a Varian ¥XL-100A or a Varian EM-360L
spectrometer. Chemical shifts are reported in parts per million (d) using
tetramethylsllane as an Internal standard. Optlecal rotations were recorded

on a Perkin-Elmer 241 spectropolarimeter.

3-(R)-HYDROXY-1-p-NITROBENZYLOXYCARBONYLPYRROLIDINE (7a’) from 6a.

To a suspension of 3-(R)-hydroxypyrrolidine hydrochloride (1.31g) in methylene
chloride (20ml1), triethylamine (l.4ml) was added under ice water bath coocling.
After stirring for 10 min, p-nitrobenzyloxycarbonyl chloride (2.3g) and
triethylamine (1.4ml) were added successively at 0°C. After additional stirring
for 30 min at the same temperature, the mixture was pcured into water and
extracted with methylene chlorlde. The extract was washed with water, dried over
MgSOu and evaporated to give crystals which were recrystaliized from btenzene-
ethyl acetate to gilve 7a (2.5g) as pale yellow crystals, mp 99-100°C. Yield 89%.
NMR(CDClS) 1.8-2.2(2H, m), 3.17(1H, s), 3.4-4.8(LH, m), 4.35-84.65(1H, m),

1

5.20(2H, s), 7.52,8.17(4H, A,B,, J=8.5Hz). IR(CHO1;) 3400, 1690, 1610, 1520cm”

2
[aJD -18.5° (e=2.8, CHC13). Anal. <Caled for clnguN205: C, 54.13; K, 5.30; N,

10.%2. Found: ¢, 54.0%; H, 5.32; N, 10.77.

3-(R)-METHANESULFONYLOXY-1-p-NITROBENZYLOXYCARBONYLPYRROLIDINE (§§) from Ta.

To a seolution of 7a (3.80g) in methylene chloride (80ml), triethylamine (2.4m1)
and methanesulfonyl chioride (1.3ml) were added dropwise simultaneously at 0°C.
After being stirred for 30 min the reaction mixture was poured into ice water and
extracted with methylene chloride. The extract was washed with water, dried over
MgSO“ and evaporated under reduced pressure to give Qg. Recrystallizaticn from
benzene gave colorless crystals (4.78g), mp 101-102°C., Yield 97%. NMR(CDCIB)

2.0-2.6(2H, m), 3.10(3H, s), 3.3-4.00(4H, m), 5.1-5.5(1H, m), 5.25(2H, =),

7.58,8.20(4H,A.B J=8.5Hz). IR(KBr) 1715, 1605, 15200m_l. (a)], -25.8° (e¢=0.9,

2727 D

CHc13). Anal. Caled for 013H16N207S: C, 45.35; H, 4.68; W, 8.14; 8, 9.31.

Found: C, #5.39; H, Y4.69; N, 8.17; 3, 9.45.
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3—(5)—ACETYLTHIO—l—Q—NITROBENZ?LOXYCARBONYLPYRROLIDINE (9a) from Eg.

To a suspensicn of NaH (467mg) in dimethylformamide (50ml), thiolacetic acid
(1.3m1) was added dropwise at 0°C under nitrogen atmosphere. To the mixture 8a
(4.78g) was added and the mixture was heated tc 65°C and stirred for 3 h at the
same temperature. After ccoling, the mixture was poured into ice water and
extracted with ethyl acetate. The extract was washed with water, dried over
Mgsou and evaporated under reduced pressure to glve an oil which was purifiled by
silica gel column chromatography eluting with hexane-ethyl acetate (2:1) to give
92 (4.1kg), mp 69-70°C. Yield 92%. MNMR(CDC1,) 1.8-2.2(2H, m), 2.34(3H, s),
3.2-4.2(41, m), 5.22(2H, s), 7.53,8.22{4H, A,B,, J=9Hz). IR(KBr) 1715, 1685,

1605, 1520em™%. la). -25.3° (2=0.9, CKC1). Anal. Caled for €)M oN,0.8: C,

D
51.84; H, 4.97; N, B.64; S, 9.89. Found: C, 51.80; H, 4.90; N, 8.68; 35, 10.12.

3-(3)-MERCAPTO-1-p-NITROBENZYLCXYCARBONYLPYRROLIDINE (3a).

To a solution of 9a (4.14g) in methanol {(40ml), sodlum methoxide (28% methanol
solution, 2.7ml) was added at 0°C, and the mixture was stirred for 1 h at room
temperature. After quenching the reaction with acetic acid (1ml), the reaction
mixture was concentrated to half volume by evaporaticn and the concentrated
mlixture was poured into brine and extracted wlth ethyl acetate. The extract was
washed with brine, dried over Mg30, and evaporated to give 3a {(3.48g), mp 58-
59°C. Yield 98%. NMR(CDCl3) 1.81(1H, 4, J=6Hz), 1.7-2.7(2H, m), 3.2-4,1(5E, m},
5.25(2H, s), 7.55,8.17(4H, AaBz’ J=8.5Hz). IR(KBr) 1715, 1605, lSlScm'l. [a]D
+12.29 (e=1, CHCla). Anal. Caled for 012H1uN20uS’ ¢, 51.05; H, 5.00; N, §9.92;
S, 11.36. Found: ¢, 51.02; H, 4.88; N, 9.89; S, 11.59.

3-(R}-HYDROXY-1-{N-p-NITROBENZYLOXYCARBONYLACETIMIDOYL)PYRROLIDINE (lgg) f'rom ég.
To a suspension of 6a (613mg) in methanol (10ml), sodium methoxide (28% methanol
soluticn, 1.08ml) was added. Under ice water cooling, ethoxyacetimidate
hydrochloride {1.65g) was added and the mixture was stirred for 1 h, after which
sodium methoxide (28% methanol solution, 2.73ml) was added. After stirring for
an additional 30 min under ice water cocling, the sclvent was remcved from the
mixture under reduced pressure. Benzene was added to the mixture and evaporated
under reduced pressure. The residue was dissolved in tetrahydrofurane (20ml) and
sodium hydride (55% oil disperslon, 218mg) was added. To the mixture, a solution

of p-nitrobenzyloxycarbonyl chloride (1.5g) in methylene chloride (20ml) was
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added dropwise. After stirring for 1 h, the mixture was extracted with methylene
chloride, washed with water, dried over MgSOu and evaporated to glve a residue
which was loaded to & sllica gel column. The fraction eluted with ethyl acetate
gave 10a {1.09g), mp 116-117°C. Yield 71%. NMR(DMSO—d6) 2.,24(3H, s), 2.7-3.5

(5H, m), 3.5-4,2(2H, m), 4.7-5.1(1H, m), 5.30(2H, s), 7.60,8.20(4H, A2B J=9Hz).

2!

IR{¥pBr) 1675, 1510, 1580, 1520cm'1. [a), -13.2° (e=0.3, CH013). Anal. Calcd

D
for CjyH ,N;05: C, 54.72; H, 5.58; N, 13.67. Found: C, 54.71; H, 5.58; N, 13.52.

3-(R)-METHANESULFONYLQXY-1-{N~p-NTITROBENZYLOXYCARBONYLACETIMIDOYL )PYRROLIDINE
(lla) from 1Ca.

To a solution of 10a (3.22g) in methylene chloride (50ml)}, were added
methanesulfonyl chlorlde (0.93ml} and triethylamlne (1.67ml) successively under
ice water cooling. After belng stirred for 30 min-the mixture was poured into
ice water and extracted with methylene chleoride. The extract was washed with
water, dried over MgSOu and evaporated under reduced pressure to give an oil
which was lcaded to a silica gel column. The fractlon eluted with ethyl acetate
gave 1lla (3.60g) as ceclorless crystals, mp 79-81°C. Yield 89%. NMR(CDClB)
2,313, s}, 2.0-2.6{(2K, m}, 3.05{3H, s), 3.4-4 04K, m), 5.17{2H, s),
5.0-5,5(1H, m), 7.55,8.15(4H, AyBs, J=9Hz). IR(CHCIB) 1680, 1610, 1560,
1525em 1. (a)y -29.8° (e=1, CHC1). Anal. Caled for Cj W, N,0.8: C, 46.75; K,
4,07, N, 10.90; s, 8.32. PFound: C, U6.87; H, 5.00; N, 10.75; S, 8.29.

3-(5)~ACETYLTHIO-1-{N-p-NITROBENZYLOXYCARBONYLACETIMIDOYL)PYRROLIDINE (12a) from
1lla,

To a suspenslon of sodium hydride (55% oil dispersion, 0.735g) in dimethyl-
formamide (30ml) was added thiclacetlec acid (1.25ml} at 0°C under a nitrogen
atmosphere. After belng stirred for 10 min at 0°C, 1la (4.0g) was added and the
mixture was stirred at 65°C for 3 h. After cocling, the reaction mixture was
poured into water and extracted with ethyl acetate. The extract was washed with
water, dried over MgSOu and evaporated under reduced pressure to give an ocll
which was purifiled by sillca gel column chromatography. The fractlon eluted with
benzene-ethyl acetate (2:1) was collected toc give 12a (3.0g) as an oil.

Yield 79%. NMR(CDC13) 1.8-2.2(2H, m), 2.30(3H, s), 2.35(3H, s}, 3.2-4.2(5H, m),

5.16(2H, s), 7.50,8.10(4H, A5B,, J=9Hz). IR(CHCl3) 1690, 1610, 1560, 1525cm“1.
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la)y -28.3° (e=1, CECly). Anal. Caled for CgH oN,0.8: C, 52.59; H, 5.24; W,

11.50; 5, 8.77. Found: C, 52.35; H, 5.25, N, 11.22; S, 8.50.

3-(8)~MERCAPTO-1- {N-p~-NITROBENZYLOXYCARBONYLACETIMIDOYL)PYRROLIDINE (ka).

To a solution of 12a {(3.0g) in methanol (100ml}, was added sodium methoxide (28%
methanol solutlon, 1.64ml) at -10°C, and the mixture was stirred for 30 min at
0°C. The reactlon was quenched by the addition of acetic acid (0.5ml) and the
reaction mixture was concentrated to half veclume by evaporation under reduced
pressure. The concentrated mlxture was poured Iinto brine and extracted wilth
ethyl acetate., The extract was washed with brine, dried over MgSOu and
evaporated to give an oll which was purified by silica gel column chromatography.
The fraction eluted with benzene-ethyl acetate (2:1) gave 4a (2.0g), mp 78-81°C.

vield 76%. NME(CDC1,) 1.7-2.7(3H, m), 2.33(3H, s), 3.2-4.1(5H, m), 5.22(2H, =),

3
7.58,8.17(4H, A,B,, J=8.5Hz). IR(KBr) 1670, 1610, 1560, 1520em ©. (aly +2L.8°
{c=1, CHCIB). final. Caled for clkHl7NBOHS: ¢, 52.00; H, 5.30; N, 12.99; S,

9,92, Found: €, 51.95; H, 5.20; N, 12.88; s, 10.08.

3-(S)-BENZOYLOXY-1-p-NITROBENZYLOXYCARBONYLPYRROLIDINE (13).

Under nitrogen atmosphere, to a solution of Ja (50g), triphenylphosphine (98.5g)
and benzoic acid (45.8g) in anhydrous tetrahydrofuran (800ml) was added a
solution of diethyl azodicarboxylate (59ml) in anhydrous tetrahydrofuran (500ml).
After belng stlrred for 2 h at room temperature, the mixture was evaporated under
reduced pressure to give an oll. To this cil, benzene and hexane were added to
give crystals which were removed by filtration. The filtrate was stood overnight
to give crystals, which were collected by flltration. The collected crystals
were washed with hexane-benzene to give 13 {24g). The combined filtrate and
washings were concentrated and the residue obtained was loaded to a silica gel
column and eluted with benzene-ethyl acetate {(5:1) to give 13 (27g), mp
116-118°¢C, vYield 73%. NMR(CDCl3) 2.0-2.5(2H, m), 3.5-3.9{4H, m), 5.21(2H, s},
5.4-5.7(1K, m), 7.2-7.7(5H, m), 7.8-8.3(LH, m). TR(KBr) 1715, 1605, 1520cm™ ..
(), +51.8° (e=1, CHCl3).

3—(S)-HYDROXY-l—p_—NITROBENZYLOXYCARBONYLPYRROLIDINE (7_b) from E.
Under nitrogen atmosphere, sodium methoxide (28% methancl solution, 13.8ml) in

methanol (25ml) was added dropwise to a sclution of 13 (24.5g) in anhydrous
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tetrahydrofuran (400ml) and anhydroué methanol (200ml) at -5°C. After being
stirred for 1 h at the same temperature, acetle acid (Uml) was added and the
mixture was evaporated under reduced pressure to half volume and subseguently
diluted with ethyl acetate, washed wlth brine, dried over Mgsou and evaporated to
give crystals. The crystals were washed with ether to give 7b {(15.2g), mp 99~

100°C. Yield 86%. (w), +19.5° (c=0.4, CHClB).

D
3—(S)—BENZOYLOXY—I-(N—QfNITROBENZYLOXYCARBONYLACETIMKDOYL)PYRROLIDINE (;&).

Under nitreogen atmosphere, te a solution of 10a (49g), triphenylphosphine (83.4g)
and benzoic acid (38.8g) in anhydrous tetrahydrefuran (1200ml) was added a
solution of diethyl azodicarboxylate {50ml) in anhydrous tetrahydrofuran (450mi).
After belng stirred for 2 h at room temperature, the mixture was evaporated under
reduced pressure to give an oll. To thils oil, ether (200ml) was added to give
erystals, which were collected by filtration and washed with ether to give 14
(56.1g), mp 129-131°C. VYielid 86%. NMR(CDCIB) 1.9-2.6(2H,m), 2.32 and 2.38(in
total 3H, s x 2), 3.5-4.1(4H, m), 5.20(2H, s}, 5.4-5.8(1H, m), 7.2-7.7(3H, m},
7.8-8.3(2H, m), 7.54,8.14(LH, A,B,, J=9Hz). IR(KBr) 1710, 1680, 1605, 1560,

1515em™2, (0], +63.9° (=1, CHC1,).

3
3-(8)-HYDROXY-1-(N-p-NITROBENZYLOXYCARBONYLACETIMIDOYL) PYRRCLIDINE (lQQ) from lﬂ.
Under nitrogen atmosphere, scdium methoxide (28% methanol solution, 12.6ml) in
methanol (400ml) was added dropwise to a solution of 14 (55g) in anhydrous
tetrahydrofuran {900ml) and anhydrous methanol (400ml) at 0°C. After being
stirred for 2 h under ice water cooling, acetic acld (3.7ml) was added and the
mixture was evaporated under reduced pressure to half volume and subseguently
diluted wlth ethyl acetate, washed with brine and dried over MgSOu. This extract
was concentrated to a volume of 100ml to glve erystals. The crystals were
collected by [iltration, washed with ethyl acetate and ether to glve 10b {31g),

mp 116-117°C. Yield 75%. [d]D +13.5%(c=1, CHCl3).

(235)-1,2, L-TRIMETHANESULFONYLOXYBUTANE (17).

Under nitrogen atmosphere, boron triflucride etherate (50ml) was added to a
suspension of sodium borohydride (11.4g) in tetrahydrofuran {100ml) and the
mixture was sttired for 5 min at room temperature. To the mixture, a solution of

l-malic acid (10.0g) in tetrahydrecfuran (100ml) was added dropwlse and the
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resulting sclution was stirred for 3 h at room temperature. Methanol (200ml) was
added dropwise to the mixture and the resulting solutlon was refluxed for 1 h.
After removal of the sclvent, the resulting residue was extracted with
tetrahydrofuran {(150ml). The extract was concentrated under reduced pressure to
give & crude triol l@; whidh could be used in the next reaction without
purification. Tc the solution of crude triol in tetrahydrofuran (300ml},
triethylamine (59.7ml) and methanesulfonyl chloride (33.5ml) were added dropwilse
and the resulting sclution was stirred for 2 h at 0°C. The mixture was
concentrated under reduced pressure and the resulting residue was extracted with
ethyl acetate. The extract was washed with water, dried over MgSOL1 and
evaporated to give crude trimesylate as white crystals, which were recrystallized
from ethanol-isopropylether to afford pure 17 (21.3g), mp 79.5-80°C. Yiela B4%.
NMR(CDCI3) 1.9-2.4(2H, m), 2.05(3H, s), 3.08(3H, s), 3.13(3H, s), 4.0-4.7(4H, m},
§.7-5.2(1H, m). IR(KBr) 1350, 1325, 1175, 1i65em™'. [(a)y -24.4° (0=0.5, CHC1,).
snal. Calcd for C7H160953: C, 24,70, H, 4,74; 3, 28.26. Found: C, 24.83; H,
ho7h, 8, 28.53.

3-(S)-METHANSULFONYLOXY=-1-p-NITROBENZYLOXYCARBONYLPYRROLIDINE (8b) from 17.

To a suspension of 17 (340mg) in ethanol {8ml) triethylamine (0.14ml) was added
and ammonia gas was bubbled for 1 h at room temperature. After beinpg stirred for
3 days at room temperature the mixture was evaporated under reduced pressure.

The resulting residue was suspended in methylene chloride (8ml), and tristhyl-
amine (0.14ml) was added. After stirring for 10 min, p-nitrobenzyloxycarbonyl
chloride (230mg) and triethylamine (0.1l4ml) were added successively at 0°C.

After beling stirred at the temperature, the mixture was poured into water and
extracted with methylene chloride. The extract was washed wilth water, drled over
MgSOu and evaporated to give crystals which were recrystallized from benzene to

give pure Bb (230mg), mp 101-102°C. Yield 67%. [a]D +25.6° {¢=1, CHCl3)

3~(S)-METHANESULFONYLOXY—l—(N—E—NITROBENZYLOXYCARBONYLACETIMIDOYL)PYRROLIDINE
{11b) from 17.

To a suspensicn of 17 (500ml) in ethanol (10ml) triethylamine (0.21ml} was added
and ammcnia gas was bubbled through the resulting mixture for 1 h at rcoom
temperature. After belng stirred for 3 days at room temperature, the mixture was

evaporated under reduced pressure. The resulting residue was suspended in
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ethanol (5ml) and methylene chloride (10ml), and 18 (350mg) was added to this
suspension. The mixture was stirred for 6 h and left to stand covernight at room
temperature. After dilution with methylene chloride, the mixture was washed with
water, dried over MgSOu and evaporated to give a partlally crystallized oil.
After removing the crystals by filtratlion and washing with ethyl acetate, the
combined filtrate and washing were evaporated to give an oil which was charged to
a sillca gel column. The fraction eluted with ethyl acetate-benzene {2:1) gave

11p {(318mg). VYield 56%. [(a), +30.8° {(c=2.2, CHC1,) .

3-(8)-BROMO-U4 -HYDROXYBUTANAMIDE (gl).

To a suspension of 20 {Tg) 1n methanol {100ml) was added a sclution of
diazomethane in ether until the reaction mixture became yellow. The solvent was
evaporated under reduced pressure and tetrahydrofuran (70ml) was added to the
resldue. To the resulting solution, lithium aluminum hydride (1.4g) was added in
small portions. After being stlirred for 3 h, the reaction was guenched with
diluted hydrochlerle acid. Two layers were separated and the aqueous layer was
extracted with ethyl acetate. The tetrahydrcfuran layer and ethyl acetate layer
were comblned, washed wlth brine, dried over MgSOu and evapcrated to glve crude
21 {(4.3g) as an o1l which could be used in the next reaction without

>

purification. Yleld 66%. NMR(CD3OD) 2.61(1H, d4d, J=16, 9Hz), 2.98{1H, dd, J=16
€Ez), 3.6-3.8(2H, m), 4.1-4.5(1H, m). IR(neat) 3350, 3200, 1660, 1610cm L.
3-(38)~-BROMO-4 -METHANESULFONYLOXYBUTANAMIDE (gg).

To & soluticn of 21 (570mg) in tetrahydrofuran (10ml), were added methanesulfonyl
chloride (0.49ml) and triethylamine (0.88m1) at 0°C and the mixture was stirred
for 1 h at rocm temperature. The reacticn mixture was poured into water and
extracted with ethyl acetate. The extract was washed with brine, dried over
MgSOu and evaporated to glve an cll which was loaded to a silica gel column. The
fraction eluted with ethyl acetate-hexane (10:1) gave 22 (4Y43mg) as an oil.

Yleld 54%. NMR(CD,0D) 2.5-3.0(2H, m), 3.12(3H, s), 4.L-L.6(2H, m), 4.6-4.8(1H,

my.
3—(3)—BROMO-l-E—NITROBENZYLOXYCARBONYLPYRROLIDINE (24n).
To a selutlon of 22 (123mg) in tetrahydrofuran (1.5ml), borane-tetrahydrofuran

complex (1M tetrahydrofuran solutlion, 1.4ml) was added and refluxed for 3 h. The
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solvent was then evaporated under reduced pressure. To the resulting residue,
methanol (2ml) was added and the resultlng mixture was refluxed for 30 min. The
sclvent was removed by evaporation and then ethancl (3ml) and triethylamine
(0.14m1) were added. After being stirred for 1 week at room temperature,
triethylamine (0.07ml) and p-nitrobenzyloxycarbonyl chloride (108mg) were added.
The mixture was stirred for 10 min at rcom temperature, diluted with ethyl
acetate, washed with water and brine, driled over Mgsou and evaporated to glve a
residue which was loaded to g silica gel column. The fractlon eluted with
hexane-ethyl acetate (1:1) gave 24b (88.2mg) as colorless crystals, mp 77.5¢
79°C. Yield 54%. NMR(CDCIB) 2.1-2.6{2H, m), 3.4-4.0(4H, m), 4.3-4,7{1H, m),
5.21(2H, s), 7.46,8.15(4H, A By, J=9Hz). IR(CHCl3) 1700, 1610, 1525cm'1. [a]D
-32° {e=1.5, CHCIB). Anal. Calcd for 012H13N204Br: C, 43.47; H, 3.98; N, B8.51;
Br, 24.48. Found: C, 43.49; H, 3.91; N, B8.65; Br, 24.37.

3-(R)-ACETYLTHIO- 1-p-NITROBENZYLOXYCARBONYLPYRROLIDINE (ﬂ) from @

To a suspension of scdium hydride (55% oil dispersicn, 18mg) in dimethylformamide
(0.5m1), thioclacetle acid (0.05ml) was added at 0°C under nitrogen atmosphere.
After belng stirred for 10 min at the same temperature, a sclution of 24 (68.2mg)
in dimethylformamide (0.5ml) was added to the reaction mixture and refluxed for 3
h. After cooling, the reaction mixture was diluted with methylene chlorlde and
washed with water and brine, dried over MgSOM and evaporated. The residue was
loaded to a silica gel column. The fraction eluted with hexane-ethyl acetate

(1:1) gave 9b {59.4mg). Vield 88%. [a]D +25.4° (e=1, CHC1l,).

3
2-{3)-BROMO-1,4-DIMETHANESULFONYLOXYBUTANE (28).

Under nitrogen atmosphere, borane-tetrahydrofuran complex (iM tetrahydrofuran
solution, 75ml) was added dropwise to a soluticon of 26 (4.9g) in tetrahydrofuran
(50ml) at 0°C. The reaction mixture was then stirred for 5 h at room
temperature. After the additlon of methancl (10ml), the reacticn mixture was
refluxed for 1 h and evaporated to give dlol (27). According to its NMR spectrum
the resulting 27 was almost pure and could be used In the next reaction without
purification. The compound 27 thus obtalned was dissclved 1in methylene chlorilde
(100ml) and stirred with methanesulfonyl chloride {(5.8ml) and triethylamine
(10.5ml) at room temperature for 1.5 h. The mixture was pcured into water and

extracted with methylene chloride. The extract was washed with water, dried cver
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Mgsou and evaporated to give an oll which was purified by silica gel column. The
fraction eluted with benzene-ethyl acetate (1:1) gave dimesylate 28 (6.28g).
Yield 78%.

27: NMR(CDCls) 1.9-2.3(2H, m), 3.6-Y.0{U4H, m), 4.0-4.5(1H, m).

28: NMR(CDCI3) 2.0-2.5(2h, m), 3.03(3H, s), 3.07(3H, =), H.0-4.6{LH, m).

3-(3)-BROMC~1-(N-p-NITROBENZYLOXYCARBONYLACETIMIDOYL)PYRROLIDINE (29b).

To a suspenslon of 28 (590mg) in ammonia saturated ethanol (30ml), was added
triethylamine (0.23ml) and the mixture was stirred for 5 days at room
temperature. The resulting sclutlon was then evaporated under reduced pressure.
The residue was dlssolved in ethanol {3ml) and methylene chloride (6ml), and
stirred with 18 (430mg) for 5 h at room temperature. The mixture was diluted
with methylene chloride, washed wlth water, dried over Mg30, and evaporated under
reduced pressure. The residue thus obtained was purified by silica gel column
chromatography. The fractlon eluted with ethyl acetate-hexane (4:1) was

collected to give 29b (399mg) as an oil. Yield 60%. NMR(CDC1,) 2.0-2.6(2H, m),

3
2.26 and 2.33(in total 3H, each s}, 3.4-4.3(4H, m), 4.3-4.8(1H, m), 5.23(2H, s),

7.60,8.20{48, AR, J=8.51z). 13(03013) 1670, 1610, 1560, 1525cm—l.

3-{RJ}-ACETYLTHIO-1-(N-p-NITROBENZYLOXYCARBONYLACETIMIDOYL)PYRROLIDINE (12b) from
29b.

Under nitrogen atmosphere, thiolacetic acid (0.1lml) was added tc & suspension of
sodium hydride {55% oll dispersion, 35mg) in dimethylformamide (10ml) at 0°C. A
solution of 29b in dimethylfeormamide (2ml) was added to the mixture, and stirred
for 3 h at 55°C. The resulting mixture was diluted with ethyl acetate, washed
with water, dried over MgSOu and evaporated to glve an oil. This c¢il was
purified by silica gel column chromatography. The fraction eluted with
benzene-ethyl acetate (2:1) was collected to give 12b (212mg) as an oll. Yield

8os%. [a]D +28.5° (c=2.4, CHCl3).

(2R)-4-METHANESULFONYLOXY-1,2-EPOXYBUTANE (31).

Under nitrogen atmosphere, borane-tetrahydrofuran complex (1M tetrahydrofuran
soluticn, 15ml) was added dropwise to a solutlon of 26 (0.98g) in tetrahydrofuran
(10ml) at 0°C. The mixture was then stirred for 5 h at room temperature. After

the addition of aqueous NaOH {(0.8g NaOH in HQO 2ml}), the mixture was refluxed for
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3 h. After cooling, anhydrous K2003 was added to the mixture to absorb the
water. The organic layer was separated by decantation and evaporated under
reduced pressure. The resulting cil was dissclved in methylene chloride {20ml)
and treated with methanesulfonyl chloride {1ml)} and triethylamine (2ml) for 30
min at room temperature. The mixture was pocured into water and extracted with
methylene chloride. The extract was washed with water, drisd over MgS0y and
evaperated to give an o1l which was purified by silica gel column chromatography.
The fraction eluted wlth benzene-ethyl acetate (1:1) gave §l7(0.77g) as an oil.

Yield 93%. NMR(CDCl,} 2.L9{1H, dd, J=4, 2Hz), 2.78(1lH, t, J=4Hz), 2.95{(1H, m),

3
3.07(3H, s), 4.29(2H, t, J=6Hz). [a]D +27.4° {ec=0.1, CH013).

3-(R}-HYDROXY-1-p-NITROBENZYLOXYCARBONYLPYRROLIDINE (7a} from 31.

Alumina B (Super I) was added to a scluticn of 31 (356mg) in methanol (70ml}.
Ammonia was bubbled through the mixture for 5 h, after which 1t was stilrred
overnight at room temperature. After removal of alumina by filtration, the
filtrate was concentrated under reduced pressgure. The residue was dissolved in
methylene chloride (20ml) and treated with p-nitrobenzyloxycarbonyl chloride
{500mg) and triethylamine (0.33ml) at 0°C for 30 min. The resulting solution was
poured intec ice water and extracted with methylene chloride. The extract was
washed with water, dried over MgSOu and evapcrated under reduced pressure. The
resldue was purified by silica gel column chromatography, eluted with benzene-
ethyl acetate, and recrystallized from benzene-ethyl acetate to give 7a (160mg),

mp 99-100°C. Yield 28%. [a]D -18.5° (ec=1, CHC1.),.

3
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