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Abstract: Glycine anion (4) and glycine cation (8) synthons are used in 
efficient syntheses of 4-substituted analogues of HA-966 (1). A stereospecific route: 
to cis derivatives involves hydrogenation of enamines such as 16. Introduction of a 
chiral arlxiliary leads to an enantioselective synthesis of 2a (L-687,414). 

As part of a program to develop compounds for the treatment of cerebra1 
ischaemia. we have been interested in the struture - activity relationships of 
analogues of 3-amino-1-hydroxy-Z-pyrrolidinone (1, HA-966). an antagonist at 
the glycine modulatory site of the N-methyl D-aspartate (NMDA) subtype of 
excitatory amino acid receptor. Substitution with a methyl or hydroxyl group at 
various positions of the pyrrolidone ring showed biological activity only in the cis 
4-substituted compounds, e.g. 2 and 3.1.2 We have previously shown that the 
glycine/NMDA antagonism of HA-966 (1) resides in the R-(+)-enantiomer,s and it 
is the (3R,4R)-(+)-isomer of 2 (2a, L-687,414) which is biologically active.2 
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The route described to 22 is not readily applicable to the synthesis of a large 
number of other analogues, due to the lack of availability of the corresponding 
starting materials. In addition the required cis. substituted compounds are the 
minor products from the amination of 4-substituted pyrrolidinone enolates which 
predominantly gives the trans stereochemistry. A number of other routes to the 
desired compounds are described in this ‘paper, with a representative example for 
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each approach, together with full experimental details of a diastereospecific and 
enantioselective synthesis of multigram quantities of 2a. 

An approach based on the use of a glycine anion equivalent is exemplified by 
the synthesis of the 4-phenyl analogue (7)(Scheme 1). Conjugate addition of the 
anion of 4 to /%nitrostyrene,b gave, after recrystallisation, a single diastereoisomer 
of the coupled product (5) whose relative stereochemistry is assigned by the fact 
that after cyclisation (see below) the product is cis. Removal of the nitrogen 
protecting group gave amino ester (6). This was partially reduced using zinc and 
ammonium chloride to the hydroxylamine, cyclising under the reaction conditions 
to give hydroxamate (7), which was purified by reverse phase HPLC. The relative 
stereochemistry of 7 was proved to be cis by nuclear Overhauser effect (nOe) 
experiments. 
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Scheme 1 

This route is short but the low yield of the final step (although not optimised), 
and the difficulty in isolating the products, appears to preclude its use for 
synthesis of a large number of analogues. 

A second approach explored (Scheme 2) makes use of a glycine cation synthon: 
S teglichs has reported the reaction of silyl enol ethers with protected a - 
bromoglycine (8). catalysed by Lewis acids, and we have used aldehydes as 
starting materials in this reaction. Thus, for example, the silyl enol ethers (9) (as a 
1 : 1 mixture of E and Z isomers derived from 3-methylbutyraldehyde) were 
treated with 8 and titanium tetrachloride at -78 OC to give a 1 : 1 mixture of 
diastereoisomeric aldehydes (10). Although we have not extensively investigated 
the stereochemical outcome of this reaction, it seems not to be related to the ratio 
of starting enol ethers. The aldehydes were converted to the 0-benzyl oximes and 
these reduced to the hydroxylamines with sodium cyanoborohydride under acidic 
conditons. Some cyclisation occured spontaneously during the reduction, so the 
hydroxylamines were not purified, but cyclised directly to the protected 
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hydroxamates (1 l), using a catalytic amount of sodium methoxide in methanol. 
The cis (1 la) and frans (11 b) isomers were separated at this stage, and their 
relative stereochemistries assigned by nOe experiments. A two step deprotection 
on each isomer using trifluoroacetic acid, then hydrogenolysis on a palladium 
catalyst gave the final aminohydroxamic acids (12). 

T-OSIMe3 
9 

Br 

+ BOCN A CO*Et 
H 

8 

- ‘x CHO 
TiCI 

BOCN CqEt 
/ H 

J + 
‘OBn 

0 
lla 1 : 2 24 % 

/ 

10 1:l 37% 

1) BnONH, 
2) NaCNBH, 
3) NaOMe 

I 1) CF&OzH 
2)Hz/Pd 

k 

N 
H,N ‘OH 

0 

12a 78 % 

Scheme 2 

Due to the ready availability of aldehydes, or direct precursors to them, and the 
brevity of the route, this is an attractive general approach for the synthesis of cis 
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and tram 4-substituted analogues of HA-966. The lack of stereospecificity, and 
the need to prove which isomer is which in every case, however, makes this route 
less useful for the synthesis of the biologically important cis derivatives. 

This lack of stereospecificity is solved in the third route to these analogues 
(Scheme 3) designed to provide the cis derivatives. Treatment of an aldehyde 
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oxime (as a mixture of stereoisomers), for instance butyraldehyde oxime, with two 
equivalents of n-butyllithium at -78 cC in THP gives a white suspension of, 
presumably, the monoanion, which on warming to 0 oC becomes a yellow solution 
of the dianion. Retooling the solution to -78 cC and addition to a solution of iso- 
propyl glyoxalate gives a mixture of two isomers (3 : 2 by NMR) of the coupled 
products (13). Attempts to perform a similar reaction on the monoanion of an O- 
protected oxime (benzyl- or tert-butyldimethylsilyl-) were not successful.6 Since 
it is known that ketoxime dianions alkylate regiospecifically syn to the oxime 
oxygen,’ we presume that it is only the syn aldoxime that gives the desired 
products. This is supported by the facts that in the *H NMR spectra both isomers of 
the product have the proton a to the nitrogen at similar chemical shifts (a -6.7 
ppm), whereas the starting syn and anti oximes have this proton at markedly 
different shifts (3 6.72 and 7.42 respectively), and that after reduction of the 
oximes the product is still a mixture of diastereoisomers. Although the yield of this 
reaction is moderate (20% to 50% with a range of oximes), the ready availability of 
both starting materials makes this a viable route. No attempt was made to 
separate the mixture since all the stereochemistry is lost later in the route. 
Reduction of the oximes (13) with pyridine borane complex, cyclisation to the 
hydroxamic acid, and, for ease of handling, 0-benzylation, gave the 3- 
hydroxyhydroxamates (14), again as a mixture of isomers (2 : 1). 
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Swern oxidation using oxalyl chloride / DMSO followed by triethylamines not 
only oxidised the alcohol, but also introduced a methylthio group next to the 
newly formed ketone (Scheme 4). However, using trifluoroacetic anhydride / 
DMSO then Hunig’s base9 gave the desired a-dicarbonyl (15), which exists as a 3:l 
mixture of enol to keto tautomers in chloroform solution at room temperature. 
Compound 15 was readily converted to 16 with p-methoxybenzylamine in 
methanol, which existed entirely as the enamine tautomer, then the desired 
relative stereochemistry was introduced by hydrogenation of the double bond on 
platinum oxide to give a single diastereoisomer of . the protected 
aminohydroxamate (17). This was deprotected in two steps: oxidative (DDQ) 
removal of the p-methoxybenzyl group from the nitrogen, and reductive (Hz / Pd) 
removal of the 0-benzyl group gave the final product (18). Alternatively, the 
deprotection of 17 could be done in one step by removal of both protecting groups 
by hydrogenolysis on Pearlman’s catalyst. 
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In order to fully evaluate the biological profile of the cis 4-methyl analogue (2) 
a route that gave multigram quantities of enantiomerically pure material was 
required. The route had to be able to supply both enantiomers, and was 
established by a modification of the third route above. Although it was possible to 
make the required intermediate, 3-hydroxyhydroxamate (20), in large quantities 
from propionaldehyde oxime (19)(Scheme 5), the poor first step, and subsequent 
tedious chromatography led us to investigate alternatives. The hydroxamate 
(2 1)2 is readily availalable in ~100 gram quantities, and it can be hydroxylated 
with the use of Davis’s oxaziridine (22)*0 and potassium bis-trimethylsilylamide 
at -100 oC. This hydroxylation could also be performed on a large scale, giving 
multigram quantities of intermediate 20. Oxidation of 20, then formation of the 
enamine, this time with the chiral amine R-(+)-1-phenylethylamine gave enamine 
(23). (We found that commercially available (Aldrich) R-(+)- 1-phenylethylamine 
had an enantiotieric excess (e.e.) of 97%, and we improved this to optical purity 
within the limits of detection by crystallisation of its D-(-)-tartrate salt from 
methanol). Hydrogenation of 23 on platinum oxide (followed by replacement of 
the 0-benzyl group from the small amount of material that had been deprotected) 
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The absolute stereochemistry of the products was proved by an x-ray structure of 
the hydrochloride salt of the minor isomer 24 b. Deprotection of the separated 
isomers by hydrogenolvsis on Pearlman’s 
enantiomer 2a, and its enantiomer 2 b . 
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In order to further examine the structure - activity relationships, we required 
access to the hydroxymethyl (25) and hydroxyethyl (26) analogues (Scheme 6). 
Using the routes described above, protection of 4-penten-l-01 as a silyl ether, 
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ozonolysis, and oxime formation gave oximes (27), which were taken through to 
the cis amine (28). Deprotection of this compound gave the hydroxyethyl 
analogue (26). An attempt to remove one carbon atom from the hydroxyethyl side 
chain at this stage by elimination 11 of the selenide derived12 from the deprotected 
primary alcohol, followed by ozonolysis, failed due to the presence or a 
nucleophilic nitrogen atom, leading to bicycle (29) which could be deprotected to 
aminohydroxamic acid (30). After some protecting group manipulation, the 
Griecol2 procedure worked well on 31, leading to alcohol (32). At this stage the 
relative stereochemistry was checked by nOe experiments, before deprotection to 
25. 

The routes described in this paper have been applied to the synthesis of a large 
number of 4-substituted analogues of the glycine/NMDA antagonist HA-966, and 
allowed the structure-activity relationships for this type of substitution to be 
established. Large quantities of compound 2a (L-687,414) have been synthesised, 
which has enabled the biological evaluation of a potent systemically active 
excitatory amino acid antagonist. Biological results on these compounds will be 
published in full elsewhere. 
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Experlmentel: Melting points were taken on a Reichert Thermovar apparatus and are unc~t~eckd. NMR spectra 
were recorded using Brucker AM 360 and AC 250 spectrometers, and mass spectra on a VQ 7250 spectrometer. 
Flash chromatography was performed on Fiuka Kleselgel 60 (220 - 440 mesh). Dry solvents were bought from 
Aldrich Chernlcal Company. Mlcroanafysls was performed by CHN Analysis, Lelcester, UK. 

(2RS, 3SR) EfIry/ 2-Diphenvme~y~nehnino4n~~-3-phenyl(S).- Llthlum dllsopropylamlde (13.3 ml, 
1.5 M In THF, 20 mmol) was added to a stirred solution of N-dlphenylmethyleneglyclne ethyl ester (5.34 g, 20 mmol) 
in THF (40 ml) at -78 oC. After 1 h b-nltmstyrene (2.98 g, 20 mmol) In THF (10 ml) was added, the mixture stirred at - 
78 OC for 1 h, then brought to room temperature. Ethyl acetate and water were added, the mtxture separated, the 
organic layer washed wlth brine, dried (MgS04), evaporated In vacua, and purlfled by gash chromatography, elutlng 
with hexanes : ethyl acetate (9 : 1 v/v), then recrystalllsed from ether to give the ester (3.95 g, 47 %) as a whlte solld, 
m.p. 86 - 86 OC; 9 (360 MHz, CDCl3) 1.17 (3 H, 1, J 7.0 Hz, CH3), 3.98 (2 H, d, J8 Hz, CH2NCQ), 4.1 - 4.3 (3 H, m, 
0CH2 and PhCH), 6.07 (1 H, d, J 4.7 Hz, NCH), 8.78 (2 H, dd, J 2 and 7.7 Hr. Ad-l), 7.1 - 7.5 (11 H, m, ArH), 7.77 (2 
H, d, J 7.7 Hz. ArH); mh (El+) 417 (IV+). 

(2RS, 3SR) Ethyl 2-Amino-4-nibP-3-phenylbubanoate (6).- The ester (5)(2 g, 4.8 mmol) was heated in acetic add : 
water (5 : 1 v/v, 20 ml) at 60 oC for 4 h, then the solution stood at room temperature for 16 h. The solvent was 
removed in vacua, the residue dissolved In ethyl acetate (10 ml), then ethereal hydrogen chloride added. Cooling to 
0 oC yielded the amino ester (776 mg, 57%) as its hydrochloride sak 9 (250 MHz, d6-DMSC) 1.01 (3 H, 1, J 7 Hz, 
CH3), 3.9 - 4.1 (3 H, m, 0CH2 and PhCH), 4.43 (1 H, d, J 9 Hz, NCH), 5.20 (1 H, dd, J 11 and 14 Hz, CJ$tH@lO2), 
5.41 (1 H, dd, J4.6 and 14 Hz, CH,&l@WD2),7.3 - 7.5 (5 H, m, Ph), 8.9 (3 H, br s, NH’s); mh (Cl+, NH3) 253(W + H). 

cis 2-Amino-I-bydroxy-3-phenyl-2-pynolidlnone (7)~ Zinc dust (256 mg, 4 mmol) was added to a stlrred solution of 
the amino ester (6)(577 mg, 2 mmol) and ammonium chloride (107 mg. 2 mmol) In ethanol (15 ml) and water (10 ml). 
After 8 h ammonium chloride (53 mg, 1 mrnol) was added and the mixture stirred for a further 16 h. The mixture was 
flltered, evaporated in vacua, and purtfled on an RP18 u-Bondapak column, elutlng with a gradlent of 5 - 95% 
acetonitrlle in 0.1% aqueous trifluoroacetic acid. The first compound to elute was the desired compound, and 
fraction9 containing it were evaporated in vacua, then recrystatllsed from ethyl acetate to give the pynolMinone (56 
mg, 9%) as its trlfluoroacetate salt, m.p. 188 - 187 oC; (Found: C, 46.82; H. 4.38; N, 9.00. CtOHt2N202 + 
C2HF302 requires C, 47.07; H, 4.30; N, 9.15%); 9 (360 MHz, dg-DMSO) 3.64 (1 H, dd, J 2 and 9.3 Hz, CH,4HgNO). 
3.8 - 3.85 (1 H, m, PhCH). 3.98 (1 H, dd, J 7.1 and 9.3 Hr. CH,&&NO), 4.35 (1 H, d. J 8.2 Hr. NCH), 7.2 - 7.4 (5 H, 
m, Ph); irradiation of either methlne proton gave a posltlve nOe to the other; mh (FAW) 193 (Mf + H). 
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3-M~tiyW~fneUyW~~I-butene (9)~ ChlorotWethyislkne (38 ml, 0.28 mai) was added to a aoh&ion of 3- 
msthvlbut~mkkih~de (21.5 II, 0.25 mmol) In WF (300 ml) at room temperature, followed by dmpwlse additbn of 
m~(84;111,0:8molj0~iomln:Rnmlxajre~rell~edtor4h,~to~~,ml~ 
into pentana (200 ml). The pentane rolutlon was washed with oold saturaW sodium 

hyT 
naubon~(3x300 

ml), cold 1M hydroohlorfc add (300 ml), ootd saturated sodium hydro9enoarbonate (so0 bdne (300 ml), dtfed 
(MgSO4), m In ~8cu0, and dlstllled to give the sllyl enol ethers (9 g, 22%) as a 1 : l’mbdure of fsomsm by 
NMR,b.p.117-119oC;~(3soMHr,~~)0.06(9H,r,SIM~),0.97-0.93(8H,m,CH(C~)2),2.11-2.17 and 
2.89 - 2.78 (1 H, m, CH(CH3)2), 4.23 (1 H, dd, J 8.3 and 8.9 Hz, CHCH(CH3)2, Isomer A), 4.89 (1 H, dd, J 7.7 and 
12.0 Hz, CHCH(CH3)2, Isomer B), 5.95 (1 H, dd, J 1.1 and 8.3 Hz, CHO, Isomer A), 8.12 (1 H, dd, J 1.1 and 12 Hz, 
CHO, Isomer B). 

Ethyl2-tert-~~~~nylemlno-3-~~/~-~~~~n~~. (lo).- N-Bromosucdnlmlde (4.48 g, 24.8 mmol) 
was added to a sdutlon of BOC-gfydne ethyl ester (5 g. 24.8 mmol) In carbon tetrachlorlde (80 ml) at 5 oC, then 
stlned whilst being lllumlnated by a 80 watt Hght bulb for 1 h. The solutlon was filtered, evaporated in V~CUO, the 

residue dissolved In dlchloromethane (250 ml), cooled to -78 oC, and Wethylamine (3.83 ml, 27.3 mmol) added. 
After 20 min titanium tetrachlorfde (3.02 ml, 28 mmol) in dlchforomethane (20 ml) was added dropwlse over 10 mln, 
then the mixture stirred for 10 min. The sllyl enol ethers (9)(4.85 g, 29.4 mmol) In dlchloromethane (10 ml) were 
added, the reaction stfrred at -78 oC for 1.5 h, then at room temperature for 30 min. The mixture was poured into Ice 
water, separated, and the aqueous layer extracted with dlchloromethane (2 x 100 ml). The combined organic layers 
were washed whh water, saturated sodium hydrogencarbonate solution, and brine, drbd (MgSOq), evaporated in 
V8cuo and purlfled by flash chromatogmphy, eluting wlth hexanes : ethyl aMate (5 : 1 v/v) to give ths esfer as an oil 
(2.8 g, 37% as a 1 : 1 mixture of isomers by NMR); Q (360 MHz, CDCl3) 1.0 - 1.1 (8 H, m, CH(Cfl3)2), 1.23 (3 H, 1, J 7 
Hz, CH3CH2). 1.34 (9 H, 8, ‘eu), 2.08 - 2.15 (1 H, m, CH(CH3)2), 2.45 - 2.58 (1 H, m, CHCHO, isomer A), 29 - 2.95 (1 
H, m, CHCHO. isomer B), 4.14 - 4.23 (2 H, m, OCH2), 4.80 - 4.85 (1 H, m, NCH), 5.17 (1 H, br (I, NH, isomer A), 5.32 
(1 H, br s, NH, Isomer B), 9.73 (1 H, d, J 2.8 Hz, CHO, isomer A), 9.78 (1 H. d, J 2.8 Hz, CHO, isomer B); m/l (Cl+, 
NH3) 288 (kf+ + H). 

I-Benzyloxy-3-tert-butyloxycerbonylamino-4-isopropy/-2-pyrro/idinone (11)~ Trtethylamine (0.58 ml, 4.2 mmol), 
3A molecular sieves (1 g), and 0-benzyihydroxylamlne hydrochloride (0.81 g, 3.8 mmol) were added to a solution of 
aldehyde (lO)(l g, 3.5 mmol) in THF (50 ml). After heatfng at 60 OC for 8 h, the mixture was cooled and poured into a 
mixture of ethyl acetats (100 ml) and 1 M dtrlc add (100 ml). The aqueous layer was extracted wlth ethyl acetate (2 x 
50 ml), and the combined orgalnc layers washed with water, saturated sodium hydro9encarbonate solution, and 
brine, dried (MgSOq), and evaporated in V8cuO to give the oxlmes as an oil. Methanol (50 ml) was added to the oil, 
followed by sodium cyanoborohydride (0.38 g, 5.7 mmol) and to this mixture at room temperature was added 
hydrochloric acid in methanol (methanol : 1 M aqueous HCI, 1 : 1 v/v, 5 ml) dropwlse over 2 h. Sodium 
cyanoborohydrlde (0.18 g, 2.9 mmol) was then added,‘followed by hydrochloric acid in methanol (2.5 ml) over 1 h. 
The reactton mixture was dIMed wlth ethyl acetate (100 ml) and 1 M sodium hydroxlde added. The aqueous layer 
was extracted with ethyl acetate (3 x 100 ml), and the combined organic layers washed with water, and brine, dried 
(MgSOq), and evaporated in v8cuo to give the hydroxylamlnes as an oil. Methanol (108 ml) was added followed by 
sodium methoxlde (20 mg, 0.37 mmol). After stlrrlng for 4 h at room temperature the mixture was poured into 1 M 
cltrlc acid and extracted with ethyl acetate (3 x 100 ml). The comblned organic layers were washed with water, 
Saturated sodium hydrogencarbonate solution, and brine, doled (MgS04), evaporated in v8cuo, and purifled by flash 
chromatography, efutlng with hexanes : ethyl acetate (3 : 1 v/v) to give a mbrture of the two isomers (2 : 1 by NMR) of 
the hydroxamates (0.29 g, 24 %). The Isomers were separated by MPLC (LOBAR, LlChroprep SI 80) elutlng wlth 
dlchloromethane : methanol (99 : 1 v/v) to give the cis Isomer (1 la)(78 mg) as an oil; a (380 MHz, CDCl3) 0.89 (3 H, 
d, J 9.8 HZ, CH3), 0.87 (3 H, d, J 9.8 HZ. CH3), 1.45 (9 H, s, tBu), 1.7 - 1.8 (1 H, m. CHLMe2), 2.3 - 2.4 (1 H, m, 
NCHCtl), 3.2 - 3.3 (2 H. m, CH2NO). 4.2 - 4.3 (1 H, m, NCH), 4.9 (1 H, br s, NH), 4.99 (1 H, d, J 15.8 HZ, OCJ-JAHB), 
5.02 (1 H, d, J 15.8 Hz, OCH&& 7.35 - 7.45 (5 H, m. Ph); irradiation of either ring methine proton gave a positive 
nOe to me other; m/z (Cl+, NH3) 350 (MC + H); and the trans isomer (11 b)(l20 mg) as an oil; Q (360 MHz, CDCl3) 
0.82 (3 H, d, J 9.8 HZ, CH3), 0.90 (3 H, d, J 9.8 Hz, CH3), 1.45 (9 H, s, tBu), 1.7 - 1.8 (1 H, m, CJjh@), 1.9 - 2.0 (1 H, 
m, NCHCH), 2.91 (1 H, 1, J 12.3 Hz, Cl$tH@JO), 3.27 (1 H, t, J 12.3 Hz, CHM@O), 4.0 - 4.1 (1 H, m, NCH), 4.8 (1 
H, br S, NH), 4.97 (1 H, d, J 15.7 Hz, OC~~AHB), 5.02 (1 H, d, J 15.7 Hz, OCHMS), 7.35 - 7.45 (5 H, m, Ph); m/z 

(Cl+, NH3) 350 (IV+ + H). 

trans 3-Amino-l-hydroxy-4-isopropyl-2-pyrrolidinone (12b).- A solution of 1 lb (120 mg, 0.34 mmol) in 
trifluoroacetic acid (1 ml) was stirred at room temperature for 10 min, evaporated in VBCUO, then the residue dissolved 
in ethanol (5 ml) and hydrogenated on palladium black (30 mg) at 50 psi for 2 h. After ffltratfon and evaporation. the 
residue was dissolved In d&e hydrochkc acid and appkd toa column containing DOWEX 5OW-X9 (H+ form, 100 - 
200 mesh, 2 x 2 cm). After washing with water (100 ml), the product was eluted with 4% aqueous ammonia. Fractions 
containing the product were evaporated, redissolved In water, and freeze dried to give the pyrrO/idinOn8 (35 mg, 
84%) as a hydroscopic solid; a (3so MHz, 020) 0.93 (3 H, d, J 8.7 Hz, CH3), 0.98 (3 H, d, J 8.8 Hz, CH3), 1.88 - 1.90 
(1 H. m, CHMe2), 2.10 - 2.15 (1 H, m, CHCH2), 3.58 (1 H, dd. J 8.8 and 9.9 Hz, NCMHB), 3.70 - 3.75 (2 H, m, NCH 
and NCH,&&); mh (FAB+) 159 (M++ H); m/z (El) 142 (M- NHp)(Found: M - NH2.142.102 8. C7Ht2N02 requires 
M , 142.088 8). 
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dr 9-Amlno-l-hydroxy-4-lsopropyl-2-pyf~lidlnone (12Q- A8 12b, usfng 11~ (70 mg, 0.20 mmol) to gfve the 
pyndidlnone (24 mg, 75%) ra a hydmscopk? wild; a (360 MHz, fIQC) 0.89 (3 H, d, J 0.5 Hz, CH3), 0.99 (3 H, d, J 
8.8 Hz, CH3), 1.80 - 1.85 (1 H, m, CHMe2), 2.90 - 2.35 (1 H, m, CJjCH2), 3.50 (1 H, dd, J 7.5 md 9.9 Hz, NCuHg), 
3.8 - 3.7 (2 H, m, NCH,& and NCH); I& (FAB+) 159 (II@ + H). 

Is~-Propyl2-~dm~~hydm~/m/~~~~nydroxy_3_hydroxyllmlnomethy (la):- n-Sutyffithtum (74 ml of a 1.8M solutlon in hexanes, 
118 mmol) was added over 5 mtn to a solutlon of butyraldehyde oxlmes (5.12 g, 59.8 mmol) In THF (150 ml) at -79 
OC. The thldc white suspension was warmed to 0 oC for 30 mln until the solld had dtssolved. The yellow solutton was 
then cooled to -78 OC and cannulated Into a eolutlon of isopropyl glyoxalate (8.8 g, 58.8 mmol) In THF (100 ml) at -78 
OC. After 30 mln the mixture was warm&l to room temperature, poured Into brine, and extracted wlth ether (3 x 150 
ml). The comblned organic layers were drted (MgSCq), evaporated h vacua, and purfffed by flash chromatography. 
elutlng wlth dfchbromethane : methmol(20 : 1 v/v) to give a mbtture of two Isomers (32 by NMR) of the es& (2.99 
g, 25%) as an oil; 3 (Wo MHz, CDC@ 0.8 - 1.3 (3 H, m, C&&HZ), 1.2 - 1.3 [8H, m, CH(C&&& 1.5 - 2.0 (2 H, m, CH2) 
3.4 - 3.5 (1 H, m, CHCH2), 4.24 (1 H, d, J 3.1 Hz, CHCC, minor tsomer), 4.34 (1 H, d, J 4.0 Hz, CHCC, msjor isomer), 
5.0 - 5.1 (lH, m, CHMe2), 8.88 (1 H, d, J 7.8 Hz, CHN, minor), 8.72 (1 H, d, J 7.8 Hz, CHN, major); nVz (Cl+, NH3) 204 
(M++ H). 

l-Beruy/oxy-4_o~ (14).- 10% Aqueous hydrochloric add (30 ml) was added dropwlse 
over 5 rnln to a stirred solution of 13 (1.74 Q, 8.57 mmol) and pyrldlne-borane complex (3 ml, 2.7 Q, 29 mmol) In 
ethanol (15 ml) at 0 oC. After the addklon was complete,. the ml&e was rtfrred at‘room temperature for 30 mln, 
baslfled to pH 9 wlth solld sodlum bicarbonate, and extracted wlth dlchkuomethane (3 x 25 ml). The combined 
oroanlc layers were dried (MQSOA). evaporated In vacua, the residue dissolved In methanol (20 ml). and sodium 
m&oxide (0.58 g, 10.4 m&l) added. ihe solution was then refluxed for 2 h, cooled to room temperature, and 
benrvl bromide (2.18 Q. 12.8 mmol) added. After stlrrlng for 18 h, sodium methoxlde (0.5 Q) was added, and the 
mixture stlrred for a furiher 30 mln before being poured IGo water and extracted wlth ether (3 x 30 ml).The combined 
organic layers were washed with water and brtne, dried (MgS04), evaporated in vacua, and purffled by flash 
chromatography, elutlng with dlchloromethane : methanol (98 : 4 v/v) to give a mlxture of two Isomers (2 : 1 by NMR) 
of the pyrrolldlnone (1 .lO Q, 55%) as an 05; 3 (380 MHz, CDCl3) m&jork?omec 0.91 (3 H. 1, J 7.4 Hz, CH3), 1.2 - 1 .a 
and 1.7 - 1.8 (2 H, m, CJ&CH3), 2.0 - 2.1 (1 H, m, CHCH2), 2.87 (1 H. 1, J 8.5 Hz, NCH,qHS),_a.al (1 H, 1, J 8.5 Hz, 
NCH&S), 3.91 (1 H, d. J 8.2 Hz, CHOH), 4.99 (lH, d, J 11.0 Hz, OC&tHS), 5.03 (1 H. d, J 11.0 Hz, OCH,&), 7.4 
- 7.5 (8 H, m, Ph); m/nor isomer:O.84 (3 H, t, J 7.4 Hz, CH3), 1.2 - 1.3 and 1.7 - 1.8 (2 H, m, C&CH3), 2.1 - 2.2 (1 H, 
m, CHCHz), 3.08 (1 H, dd, J 4.7 and 8.8 Hz, NCHAHB), 3.28 (1 H, dd, J 8.8 and 8.8 Hz, NCH,&&), 4.24 (1 H, d, J 
8.2 Hz, CHOH), 5.00 (2 H. s, CCH2), 7.4 - 7.5 (5 H, m, Ph); rn& (Cl+, NH3) 238 (A#++ H). 

l-Benryloxy-4sthyl-2,3-pyrrolidinedione (15)~ Trifluoroacetk anhydrlde (1.8 ml, 12.7 mmol) was added dropwlse 
to a SOlutiOn of dlmethylsulphoxkfe (1 ml, 18.2 mmol) In dlchloromethane (40 ml) at -78 oC. After 10 mln 14 (0.94 g, 4 
mmol) In dlchloromethane (8 ml) was added, the mixture stirred for 30 mln, then ethyldllsopropylamfne (4.5 ml, 28.3 
mmol) added. After 45 mtn methanol (1 ml) was added, and the solution brought to room temperature. Water was 
added, and the mixture extracted wtth ether (3 x 75 ml). The combined organic layers were washed wfth water and 
brine. dried (MgS04), and evaporated in vacua to give the dbne ( 0.89 g, 74%) as an off The 1 H NMR In CDCl3 
showed a mixture of enol and keto tautomem In a ratio of 3 : 1 In at room temperature; a (250 MHz, CDCl3) end form: 
1.04 (3 H, t, J 7.8 Hz, CH3), 2.27 (2 H, q, J 7.8 Hz, C&$H3). 3.83 (2 H, s, NCH2) 5.03 (2 H, s, OCH2), 7.3 - 7.5 (5 H, 
m, Ph); Irefo form: 0.94 (3 H, 1, J 7.5 Hz, CH3), 1.8 - 1.8 (2 H. m. C&CH3), 2.5 - 2.8 (1 H, m, CH), 3.14 (1 H, dd, J 3.5 
and 10 Hz, NCH..JHB), 3.85 (1 H, dd, J, 7.8 and 10 Hz, NCH&l& 5.17 (1 H, d, J 11.2 Hr. OCMHS). 5.24 (1 H, d, J 

11.2 Hz, OCH,&t& 7.3 - 7.5 (5 H, m, Ph); m/z (Cl+, NH3) 234 (MC + H). 

I-Be~y/oxy-4-ethyl-4-methylthio-2,3-pyrr4/idinedione.- Dlmethylsulphoxlde (110 pf, 1.8 mmol) was added to a 
solution of oxalyl chloride (80 pl, 0.92 mmol) In dlchloromethane (4 ml) at -78 oC. After 10 mln the alcohol (14)(27 
mo. 114 urnoh In dlchloromethane 1500 ul) was added. then after a further 1 h Methvlamlne (350 ul. 2.8 mmolt was 
a&ed. ihe mixture was brought io room temperature, diluted wlth ether, washid wlth water’and brine, dried, 
evaporated in vacua, and flltered through silica gel, elutlng with dlchloromethane : methanol (95 : 5 v/v) to give the 
diode (27 rq, 100 %) as an oil; nmax(fltm) 1705~and 1880&n- ’ ; 3 (250 MHz, CDCl3) 0.84 (3 H, 1, J 7 Hz, CH2CH3), 
1.8- 1.8 (2 H, m, CHCHa), 1.92 (3 H, s, SMe), 3.14 (1 H, d, J 11 Hz, NCHAHS), a.48 (1 H, d. J 11 Hz, NCH,&& 
5.13(1 H,d, J ~~Hz,OCH,+IH~), 5.17 (1 H,d, J 12Hz,OCH&@,7.3-7.5(5H,m, Ph);nVz(CI+, NH3)290(@+ 
H). 

1 -8enzyloxy-4-ethy/-3-(4-methoxybenzy/am/no)-2-oxo-2,5-dihydropyrrole (18).- The ketone (15)(0.88 Q, 2.9 
mmol) and 4-methoxybenzylamlne (1.1 ml) were kept In methand (10 ml) overnl ht, evaporated h vacua, and 
purlled by flash chromatography, elutlng wlth hexane: ethyl acetate (52 v/v) to give Ll pyrrok, (0.75 g, 74%) as an 
oil: a (250 MHz, CDCl3) 0.93 (3 H, 1, J 7 Hz, CH3), 2.22 (2 H, q. J 7 Hz, C&$H3), 3.80 (2 H. s, CH2NO), 3.78 (3 H, 
s, OMe), 4.32 (2 H. s, C&NH), 5.02 (2 H, s, CCH2), 8.85 (2 H. d, J 9 Hz, ArH, H o to Of&), 7.22 (2 H, d, J 9 Hz, ArH, 
H m to OMe), 7.5 - 7.5 (5 H, m, Ph); nvZ (Cl+, NH3) 353 (A!+ + H). 
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Hz, NCHPh), 4.92 (1 H, d, J 11 Hz, OChHB), 4.97 (1 H, d, J 11 Hz, OCH,&&), 7.2 - 7.5 (10 H, m, Ph); m/z (Cl+, 
NH3) 325 (M’+ + H). 

(3R, 4R) 3-A~~no-l-hydroxy-4-metone (2a).- The pymolidlnonr (24a)(8.4 g, 19.7 mmol) was 
hydrogenated on Peartman’r ca@tyst (1.8 g) in methanol (100 ml) and ace5c acid (2 ml) at 50 p.s.1. for 2 h. After 
flftmtfon and evaporatfon, the resfdur was purffted on DOWEX 5OWX5 to gfve the pynu//d/none (2.3 g, QO%) as a 
white foam; [dD +f8.5 (c I 0.45, MeCH)gft.* +18.5 (c I 0.45, MeCH)]. P(-)-tartanc add (1.33 g) In water was added 
and the mixture freeze drfed to give the taftrate salt; (Found: C, 38.09; H, 5.51; N, 12.55. C7Hf3N2C5 + 0.9 H2C 
requires C, 37.97; H, 5.73: N, 12.55%); 3 (350 MHz. D2C) 1.74 (3 H, d, J 7.1 Hz, CH3), 2.8 - 3.0 (1 H. m, CHCH3), 
3.34 (1 H, dd, J 2.2 and 9.5 Hz, NCLtqH& 3.90 (1 H, dd, J 5.5 and 9.5 Hz, NCH,&&), 4.24 (1 H, d. J 5.4 Hz, NCH), 
4.35 (1 H, 8, OCH); m/z (Cl+, NH3) 131 (w + H). Analysis of the h/s-DANSYL derlvatlve on a Bakerbond DNPQ 
(Ffrkle) column, 5 pm, 100% EtCH, 1 ml I mln, rhowed enantiomeflc pudly of QQ.736. 

(3R, 4R) 3-Amino-l-hydroxy-4-mothyl-27pyndidinone (2b).- This was made In the same way as 2a, using 24b, to 
gtve the py&&&one (8Q%), identical to 2a, but [a]D -15.0 (c I 0.31, MeCH)@tt.* -15 (c - 0.31, MeOH)]. 

4_tert.-Bufy~Ipheny/sUy/oxybutanaf oximes (27).- reti.-Butylchlorodlphenylsllane (5Q g, 251 mmol) was added to a 
solution of Cpenten-lol(20 g, 232 mmol) and fmldazofe (31.5 g, 453 mmol) In dlmethyffomtamkte (355 ml) at 0 oC. 
After stlrdng at room temperature for 5 h the mixture was poured Into water (1 I), extmcted wlth ether (3 x 200 ml), the 
combined organic extracts washed with brine, dried (MgB04), and evaporated in vacua to give 1-reti.- 
butykQphenylsllyloxy+pentene (84 g) as an ok; Q (250 MHz, CDCl3) 1.05 (9 H, (I, tBu), 1.55 (2 H, quln, J 7 Hz, 
CH2C&CH2), 2.15 (2 H, q with other fine coupling, J 7 Hz, C&CHIC), 3.55 (2 H, 1, J 7 Hz, OCH2), 4.94 (1 H, d 
wlth other fine coupling, J 11 Hz, C=C&tHa), 5.00 (1 H, d wl51 other ffne coupling, J 17 Hz, C&HA&B), 5.50 (1 H, 
ddt, J 11, 17, and 7 Hz, CHIC), 7.35 - 7.45 and 7.55 - 7.75 (10 H, m, Ph). Thls oil was dissolved In dlchloromethane 
(500 ml) and methanol (500 ml), cooled to -78 oC, and ozone bubbled through for 5 h until a bfue oolour per&ted. 
Nitrooen was then oassed throuoh until the colour dissloated. then dlmethvtsulphkfo (45 ml) added. The mixture was 
stlrred at room te+&ure for-3 h, evaporated to 200 inI, poured Into water (i I), and extracted wtth ether ( 3 x 200 
ml). The combfned omank extracts were washed wfth brine, dried (MgSO4), and evaporated in vacua to give 4-tert.- 

buty~lphenykllyloxyb~utanybutanal(52 g) as an dl; Q (250 MHz, CDCl3) 1.02 (9 H, 8, ‘Bu), 1.8 - 2.0 (2 H, m, CH2C&CH2), 
2.54 (2 H, dt, J 1 and 7 Hz, CH2CHO), 3.55 (2 H, 1, J 7 Hz, OCH2), 7.25 - 7.35 and 7.5 - 7.7 (10 H, m, Ph), 9.75 (1 H, 
t, J 1 HZ, CHO). Thl8 Ok ~88 dissolved In methanol (400 ml) with ttfethylamlne (38 ml, 25.1 g, 250 mmol), then 
hydroxylamlne hydrochloride (17.5 g, 255 mmol) added. After stlntng for 17 h, the mixture was evaporated to 200 ml, 
poured Into water (1 I), extracted with ether ( 3 x 200 ml), the combined organk extracts washed with brine, dried 
(MgSC4), and evaporated in vacua . The resulting oil was purified by flash chromatography, elutfng v&h hexane : 
ethyl acetate (4 : 1 VW) t0 give the oxlmes (64 g, 81%) as a mixture of isomers (3 : 2 by NMR) as an dl; a (250 MHZ, 
CDCb) 1.05 (9 H, 8, teu), 1.7 - 1.8 (2 H, m, CH2C&CH2), 2.32 (2 H, q, J 7 Hz, CJ&CHN, major isomer), 2.49 (2 H, q, 
J 7 Hz, CH2CHN, mlnor Isomer), 4.11 (2 H, t, J 7 Hz, CCH2), 5.72 (1 H, 1, J 7 Hz, CHN, minor Isomer), 7.25 - 7.45 
and 7.5 - 7.7 (m, Ph and CHN, major isomer); nVz (El+) 331 (w). 

ISO-Propyl 5-tert.-But-2-hyd~xy-3-hydm~/im/nomerhy~en~~~.- This was made In the same 
way as the ester (13) using oxlmes (27)(20.7 g, 50.8 mmol), butylllthlum (76 ml, 1.8 M, 121 mmol), and /so-propyl 
glyoxalate (21 g, 181 mmol) and pudfled by flash chromatography, elutfng wlth dlchloromethane : methanol (Q5 : 2 
v/v) to gNe the esfem (11.5 g. 42 %) as a mixture of two Isomers (7 : 5 by NMR) as an 011; a (250 MHz, CDCI3) 1.04 (9 
H, 9, *Bu, major Isomer), 1.05 (9 H, s, tBu, minor Isomer), 1.2 - 1.3 (5 H, m, lPr) 1.5 - 2.0 (2 H, m, C&CH), 3.1 - 3.2 (1 
H, M, CH2CH), 3.5 - 3.8 (2 H, m, OCH2), 4.29 (1 H, br s, CHOH, maJar isomer), 4.39 (1 H, br s, CflOH, minor isomer). 
5.05 - 5.10 (1 H, m, CHMe2), 8.70 (1 H, d, J 7 Hz, CHN, minor Isomer), 5.73 (1 H, d, J 7.4 Hz, CHN, major isomer), 
7.3- 7.4and7.5 -7.7 (10 H, m, Ph); mh(CI+, NH3)458(w+ H). 

1 -Senzyloxy+(2_tert. -bufyldiphenyM~yloxyethyl)-3-hydroxy-2-py~ol~dinone.- Thls was made In the same way as 
the pyrrolldlnone (14) using the above esters (11.3 g, 24.9 mmol). pyrldlne - borane complex (9 ml, 8.1 g, 57 mmol). 
10% aqueous hydrochloric add (90 ml), sodium methoxide (1.8 g, 29.5 mmol), and benzyl bromide (4 ml, 5.5 g, 33.7 
mmol) to give the pynolldinones (5.4 g, 53 %) as a mixture of Isomers (7 : 5 by NMR) as an oil; a (350 MHZ, CDCl3) 
major isomer: 1.04 (9 H. 5. tBu), 1.53 - 1.52 and 1.51 - 1.70 (2 H, m, OCH2 Cl&), 1.55 (1 H, 8, OH). 2.22 (1 H, dquln, 
J 8.0 and 5.6 Hz, CflCH2), 2.95 (1 H, 1, J 8.5 Hz, NC&qHB), 3.32 (1 H, 1, J 8.5 Hz, NCH,q&), 3.57 (2 H, t, J 5 Hz, 
OCH2), 3.90 (1 H, d, J 8.5 Hz, CHOH), 4.97 (1 H, d, J 11 Hz, OCH,$HS), 5.02 (1 H, d, J 11 Hz, OCH,&&), 7.3 - 7.5 
and 7.5 - 7.55 (15 H, m, Ph). Minor Isomer: 1.05 (9 H, s, tBu), 1.40 - 1.50 and 1.90 - 2.00 (2 H, m, CCH2C&), 1.85 
(1 H, s, OH), 2.44 - 255 (1 H, m, CHCH2), 3.09 (1 H, dd, J 5.3 and 8.8 Hz, NCUHB). 3.25 (1 H, dd, J 7.0 and 8.8 
Hz, NCHMB), 3.5 - 3.5 (2 H, m, CCl$$ 4.21 (1 H, d J 7.3 Hz, CJjOH), 4.98 (2 H, s, CCH2), 7.3 - 7.5 and 7. 5 - 7.55 
(15 H, m, Ph); mh (Cl+, NH3) 490 (w + H). 

1 -Benzyloxy-4-(2-tert. -bu~ld~phenylslly~xyethyl)5-(4-methoxyb~~y~ami~~-2~x~2,5-dihydropynole.- This was 
made in the same way as the pyrrole (15) using the above pyrrolidlnones (8.11 g. 12.5 mmd), dlmethylsulphoxlde 
(3.1 ml, 3.4 g, 50 mmol), trlfluoroacetk anhydrlde (5.3 ml. 7.09 g, 37 mmol), ethyldlfsopropylamlne (13 ml, 9.7 g, 75 
mmol), and 4-methoxybenzylamine (3.4 g, 25 mmol), and purlfled by flash chromatography, dutlng wfth hexane : 
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ethylacatate(5:tvhr)to!&ethe~ynole (5.319,70%)~Moil;~(250M~CD~)l.Ol(QH,r,t~),240(2H,1, 
J 8.3 Hz, OCH2CH2), 3.60 (2 H, t, J 8.3 Hz, OCi&CH2), 3.63 (2 H, 8, CH2NO), 3.78 (3 H, s, OMe), 422 (2 H, s, 
AICH~N). 5.00 (2 H, 8, PhCH2O), 8.81 (2 H, d, J 87 Hz, AIH, H o to OMe), 7.12 (2 H, d, J 8.7 Hz, ArH, H m to OMe), 
7.3-7.4and7.5-7.8(15H, m, Ph); nVr(Ct+, NH3)807 (Mt+ H). 

cts 1 -~~~oxy~-(2~~.-buiyldiphenylsiilyloxysthyl)-3-(4-me~o~~n~l~ino)-~p~i~~~ (28).- This was 
made In the sfnne way as the pyrrdldinone (17) us@! the above pyrrole (5.21 g. 8.59 mmol) and ptatlnum (IV) oxlde 
(1 g) to ghre the pynMdinone (4.71 g, 90%) as an oil; a (360 MHz, CDCl3) 1.04 (9 H, s, teu), 1.2 - 1.3 and 1.9 - 2.0 (2 
H, m, OCH2CH2), 2.35 - 2.45 (1 H, m, CHCH2), 2.97 (1 H, dd, J 3.0 and 8.9 Hz, C&H@JO), 3.19 (1 H, dd. J 8.3 
and 8.9 Hz, CH&i@JO), 3.29 (1 H, d, J 7.8 Hz, CHNH), 3.5 - 3.7 (2 H, m, OCJ&$H2), 3.74 (2 H, s, ArCH2N), 3.79 (3 
H, 8, OMe), 4.92 (1 H, d, J 11 Hz, OCHAHLPh), 4.95 (1 H, d, J 11 Hz, OCHAHBP~). 8.83 (2 H, d, J 8 Hz, ArH, H o to 
OMe), 7.20 (2 H, d, J 8 Hz, ArH, H m to OMe), 7.3 - 7.5 and 7.8 - 7.7 (15 H, m, Ph); nKz (Cl+, NH3) 809 (@ + H). 

ds 3-Amino-l -ben~yioxy4-(2-tert.-butyldiphenyisilyioxye~hyl)-2-py~ol~inone.- The pyrrotldlncne (28)(3.87 g. 
8.04 mmol) and dlchkrcdkyanobenzoqulnone (1.51 g, 8.85 mmol) were stirred together In dkhkrcmethane (50 ml) 
and water (2 ml) for 1 h. Dkhkrodkyanobenzoqulnone (0.30 g, 1.3 mrnoi) and water (7 ml) were addsd and the 
mixture stlrred for a further 1 h, then poured Into water and extracted wlth dkhloromethane (5 x 30 ml). The organic 
layers were filtered, the solids washed thoroughly with methanol (1 I In totat) then the combined organic layers 
evaporated in vacua and purlfled by flash chromatography, elutlng with dkhkromethane : methanol (97.5 : 2.5 v/v) 
to glve the amine (1.98 g, 87%) as an oil; a (380 MHz, CDCl3) 1.02 (9 H, 8, ‘Bu), 1.2 - 1.3 and 1.8 - 1.9 (2 H, m, 
OCH2CH2), 2.3 - 2.35 (1 H, m, CHCH2), 3.06 (1 H, dd. J 5.0 and 8.7 HZ, CHAH~~O), 3.23 (1 H, dd, J 8.9 and 8.7 
Hz, CHAHBNO), 3.4 - 3.8 (3 H. m, OCH2CH2 and CHN), 4.98 (1 H, d, J 11 Hz, OCtiH@h). 5.01 (1 H, d, J 11 Hz, 
OCHA@h), 7.3 - 7.7 (15 H, m. Ph); III& (Cl+, NH3) 489 (A@ + H). 

cis l-Benryloxy-3-tert.-butyloxyca~nylamino4-(2-hydroxyethyl)ne (31). The above amine (140 
mg, 0.29 mmol), dl-terT,-butyldkarbonate (0.70 g, 3.2 mmol) and 4-dlrnethylamlnopyddlne (25 mg, 0.2 mmol) were 
stirred In dichkromethane (5 ml) ovemlght. N,N-Dlmethylamlnoethylenediamlne (3 ml) was added and the mlxture 
stirred for 5 mln, diluted wtth ether, and washed wlth 1 M dtrk add, saturated aqueous sodlum hydrogencarbonate, 
and brine, dried (MgS04 ), and evaporated in vacua. The resulting oil was dissolved In THF (3 ml) and 
tetrabutylammonlum fluoride (0.5 ml. 1 M In THF) added. After 1 h the mixture was evapcrated in vacua, and putlfled 
by flash chromatography, elutlng wlth dkhkromethane : methanol (97.5 : 2.5 vti) to give the pynulidinone (103 mg. 
90%) as an dl; a (250 MHz, CDCl3) 1.52 (9 H, 8, tBu), 1.8 - 1.8 (2 H, m. OCH2Cfl2), 2.8 - 27 (1 H, m, CHCH2), 3.36 (1 
H, dd, J 6 and 9 Hz, CH,qHgNO), 3.6 - 3.7 (3 H, m, OCH2CH2 and CH&l@lO), 4.86 (1 H, d, J 10 Hz, CHN), 4.95 (2 
H, s, OCH2Ph). 7.3 - 7.5 (5 H, m. Ph); mh (Cl+, NH3) 351 (A@ + H). 

cis l-Benryloxy-3-tert.-butyloxycarbonylamino-4-hydroxymethyl-2-py~lidi~ne (32)~ Trlbutylphosphlne (740 pl, 
2.97 mmol) was added to the pyrrolldinone (31)(694 mg, 1.98 mrnol) and o-nltrophenylselenocyanate (875 mg, 2.97 
mmol) In THF (15 ml) at room temperature. After 40 mln hydrogen peroxide (500 pl, 30%) was added and the mixture 
stirred for 3 h. Ether was added and the mixture washed wlth saturated aqueous sodium hydrogencarbonate 
solution, water, and brine, dried (MgS04), evaporated in vacua, and purlfled by flash chromatography, elutlng with 
dkhloromethane : methanol (99 : 1 v/v) to give cis 1 -benzyloxy-3-terf,-butyioxycarbonylarnlno-4-vinyl-2-py~dldlnone 
(438 mg, 87%) as an 011; a (250 MHz, CDCl3) 1.42 (9 H, 8, fBu), 3.08 (1 H, d, J 9 Hz, C&HBNO), 3.1 - 3.2 (1 H, m, 
CHCH2), 3.45 (1 H, dd, J 8 and 9 Hz, CH,&$‘lO), 4.32 (1 H, t, J 7 Hz, CHN), 4.98 (1 H, d. J 7 Hz, NH), 5.00 (1 H, d, 
J 12 Hz, OCHAHBPh), 5.01 (1 H, d, J 12 Hz, OCH&SPh). 5.1 - 5.2 (2 H, m, C=CH2), 5.48 (1 H, ddd, J 8, 10. and 
16 Hz, CH-C), 7.3 - 7.4 (5 H, m, Ph). 419 mg (1.26 mmol) of this oil was dissolved In methanol (15 ml) and 
dichloromethane (15 ml). coded to -78 oC. then ozone passed throuah until a blue cokur oerelsted. Nltrooen was 
passed through u&l the’ &our dissipated, ihen sodium dorohydrlde @&I mg, 5.3 mmol) w& added and thgmlxture 
stirred at room temperature for 3 h. The mixture was diluted with dichloromethane, washed with 1 M cltrk acid, 
saturated aqueous &urn hydrogenca&onate solution, water, and brine, dried (MgS04), evaporated in vacua, and 
purified by flash chromatography, elutlng wlth dlchloromethane : methanol (97 : 3 v/v) to give the aicohol(297 mg, 
71%) as an oil; a (360 MHz, CDCl3) 1.45 (9 H, s, tBu), 2.6 - 2.7 (1 H, m, CHCH2), 3.26 (1 H. dd, J 2.1 and 9.2 Hz, 
CHAHBNO), 3.38 (1 H, dd, J 7.2 and 9.2 Hz, CHti#lO), 3.48 (1 H. dd, J 5.4 and 11.2 Hz, CJ&qHBOH), 3.59 (1 H, 
dd, J 4.7 and 11.2 Hz, CH&gOH), 4.32 (1 H, t, J 8 Hz, CHN, goes to d, J 8 Hz on D20 shake), 5.01 (2 H, s, 
OCH2Ph), 5.10 (1 H, d, J 8 Hz, NH, disappears on D20 shake), 7.3 - 7.5 (5 H, m, Ph); Irradiation of either methine 
proton gives a positive nOe to the other; m/z (Cl+, NH3) 337 (MC + H). 

cls 3-Amino-l-hydroxy-4-hydroxymeIhyi-2-pyrrolidinone (25)~ The pyrrdldlnone (31)(60 mg. 178 pmd) was 
dissolved in trlfluoroacetlc add (3 ml). After 30 mln the add was evapom@d, and the residue dissdved In methanol 
(15 ml) then hydrogenated on palladium (20 mg) at 50 p.s.1. for 3 h. The mixture was filtered. evaporated in vacw. 
and purified on DOWEX 50W-X8. and freeze dried to glve the pyrrolidinone (23 mg, 88%) as a white foam; a (360 
MHz, D2O) 2.7 - 2.8 (1 H, m, CHCH2), 3.44 (1 H, dd. J 3.4 and 10.2 Hz, CH,qHgNO), 3.74 (1 H. dd, J 6.5 and 11.4 
Hz, CHAHBOH), 3.75 (1 H, dd, J 8.8 and 10.2 Hz, CH,&IBNO). 3.82 (1 H, dd, J 6.0 and 11.4 Hz, CH&8OH), 3.93 
(1 H, d, J 8.6 Hz, CHN); mh (Cl+, NH3) 147 (A@ + H). 
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eta l-~~y~o~4-(2-hyd~~e~yl)-3-(~~~o~~n~l~/no)-2-p~/~/~.- The rltyl eihu (28)(4.71 g, 7.7 
mmol)andtetnbutylamnonlumfluorldr(lOml,lMInTHF)~dnodkrTHF(100ml)torl h.Ethuvmadded,the 
mlxMewadred~weter,endkine,drkd(MgSOq),e~InMaro, andpudfbdbyffashchronutognphy, 
efutlng with dkhkromethPne : methanol (98 : 4 v/v) to glv, the a&u&/ (1.98 g, 69%) as n dl; a (250 MHz, CDC& 
1.4-1.5~1.8-1.9(2H,m,OCH~~.24-2.5(1H,m,CtlCH2),2.96(1H,dd,J4uIcl10Hz.~~),3.4- 
3.8 (4 H, m, CHM@O, CHN, and OC&CH2), 3.80 (3 H, s, OMe), 3.84 (2 H, s, NCH2), 5.02 (2 H, s, OCfi2), 8.87 (2 
H, d, J 8 Hz, Ad-f, H o to OMe), 7.28 (2 H, d, J 8 Hz, ArH, Ii m to OMe), 7.3 - 7.5 (5 H, m, Ph); m4(CrC, NH3) 371 (A@ 
+ H). 

ds 3-Amlno-l-h~~xy-4-(2-hydroxyethyl)-2-pyrfo/~d~none (26). The above alcohol (70 mg, 0.19 mmd) was 
hydrogenated on Pearlman’s catdyst (70 mg) In methanol (20 ml) and a6etk add (30 pf) al 50 p&l. far 20 h, flftered, 
evaporated In vacua, putlfled on DOWEX 5OW-X8, and freeze dried to give the pyrrotldlnone (18.5 mg, 69%) as a 
white team. Toluenesulphonk add (24.7 mg) In water was added and the solution freeze dried to give the tosyfate 
salta1~afoam;a(38OMHz, D20) 1.7-1.9(2H,m,OCH2C&),2.39(3Hs,ArMe),29-3.0(1 H,m,CHCH2),3.52(1 
H, dd, J 3.7 and 9.9 Hz, CHAH@O), 3.8 - 3.8 (2 H, m, OCH2), 3.88 (1 H, dd, J 7.2 and 9.9 Hz, CH&NO), 4.25 (1 
H, d, J 8.8Hz. NCH), 7.36 (2 H, d, J 8.1 Hz, Atti), 7.68 (2 H, d, J 8.1 Hz, Atfi); mlz (FABC) 161 (M++ H). 

ds 3-&n~loxy-6-(4-mothoxybenryl)-4oxo-3,6~i~~i~~[3.3.O]octene (29)~ Tdbutyl osphlns (26 mg, 129 
runol) was added to a sclutleu ol c/s l-anzvloxy-e(2_hydroxy~)~(~~hoxyt no)-2-py~rof#lnone (32 al? 
mg, 88 pmof) and ~nltrophenylselenocyanate (29 mg, 130 pmol) In THF (0.5 ml) at room v. After 1 h the 
mlxlUr0 was evaporated In m?cuo and purlfled by preparative thin layer drromatography, eluting with methand : 
dkhloromethane (95 : 5 v/v) to give the bkycfoocfane (18.3 mg, 60 %) as an dl; a (250 MHz, CDCl3) 1.3 - 1.5 (1 H, 
m, H-8). 2.0 - 2.1 (1 H, m, H-l), 2.35 - 2.45 (1 H, m, H-8), 2.8 - 2.8 (2 H, m, H-7), 2.98 (1 H, dd, J 4 and 10 Hz, H-2), 
3.32 (1 H, d, J 11 Hz, H-5). 3.48 (1 H, 1, J 10 Hz, H-2), 3.74 (1 H, d, J 13 Hz, NmHgAr), 3.81 (3 H, s, OMe), 4.18 (1 
H, d, J 13 Hz, NCH,&i@r), 5.00 (1 H, d, J 12 Hz, OCbH&, 5.02 (1 H, d, J 12 Hz, OCH,&$8.86 (2 H, d, J 8 Hz, 
Ad-f, H o to OMe), 7.27 (2 H. d, J 8 Hz, ArH, H m to OMe), 7.4 - 7.5 (5 H, m. Ph); m (Cl+, NH3) 353 (A@ + H). 

cla 3-Hydroxy-4-oxo-3,6-diazabicycl~3.3.Qbctane (30).- Blcydooctaw (29)(67 mg, 162 pmol) was hydrogenated 
at 50 p.s.1. on Pearlman’s oatalysl(60 rng) In methanol (10 ml) and acetk add (30 pl) for 17 h. The catalyst was 
removed by Altratlon, the solullon evaporated, and the product purffled on DOWEX SOW-X8 to give the 
blcydoocfane (22.6 mg, 98 SC) as a white foam. pToluenesulphonk add hydrate (302 mg) was added to a solution 
of the product In water, and the mlxlure freeze drfed to give the tosyfate salt; a (250 MHz, D20) 1.9 - 2.0 (1 H, m, H-8), 
2.38 (3 H, 8, ArCJi3), 2.4 - 2.5 (1 H, m, H-8), 3.1 - 3.2 (1 H. m, H-l), 3.3 - 3.4 (2 H, m, H-7), 3.52 (1 H, d, J 10 Hz, H-2), 
3.93 (1 H, dd, J 8 and 10 Hz, H-2), 4.58 (1 H, d, J 10 Hz, H-5), 7.36 (2 H, d, J 8 Hz, Art-l), 7.88 (2 H, d, J 8 Hz, Arli); 
nVz (FAB+) 143 (M+ + H). 
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