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Enantioselective Route to  (+)-Geissman Lactone 
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The Horner-Emmons reaction of  the hemiacetal (19), derived from L - (  +)-diethy1 tartrate, was found to 
give the pyrrolidine (21 ) via an intramolecular Michael reaction as a mixture of  diastereoisomers which, 
after treatment with ethanethiol and boron trifluoride-diethyl ether, was converted into the lactone 
(22) and the ester (23). The lactone (22), a minor component, could then be transformed into the 
Geissman lactone (1 0), a potential precursor for retronecine synthesis, via a three-step sequence. 
Alternatively, the hemiacetal (41 ), prepared from S-( -)-malic acid, was converted into the Z-a,p- 
unsaturated ester (49) whose intramolecular Michael reaction followed by cleavage of the 
corresponding methoxymethyl ether afforded the pyrrolidine (51) as a major product in a highly 
diastereoselective manner. The three-step conversion of (51 ) into (-)-ethyl  3-0x0-2-oxa-6- 
azabicyclo[3.3.0]octane-6-carboxylate (32) provided an efficient and stereocontrolled route to the 
Geissman lactone in optically active form. 

The intramolecular Michael reaction is a powerful synthetic 
tool particularly for the synthesis of nitrogen  heterocycle^.^ In 
the latter, two features of the Michael reaction are important: (i) 
the accessibility of the substrates and (ii) the nucleophilicity of 
the nitrogen atom shown towards the Michael acceptor. While 
the 1,2-asymrnetric induction via an intramolecular Michael 
reaction ' 3  during the pyrrolidine ring-forming process has 
potential as a way of controlling chirality, practical examples 
are few. Our interest was, therefore, in 1,2-asymmetric induction 
of substrates with an oxygen function at the y-carbon of the 
Michael acceptor in order to achieve stereochemical selectivity. 
Scheme 1 summarises our synthetic strategy. The substrates of 
general structure (1) and (2) are derived from L-(+)-diethy1 
tartrate and S-( - )-malic acid, inexpensive chiral starting 

materials available commercially. In each case cyclisation 
should proceed smoothly according to the 5-exo-trig mode of 
Baldwin's rule.6 

Since the products (3) and (4) contain functional groups 
which may be manipulated into more complex products, this 
reaction should also provide an important method for the 
construction of compiex, physiologically active natural 
products, e.g. anisomycin (5),7 swainsonine (6),8 retronecine 
(7),9 heliotridine (S),' and hastanecine (9).' 

Herein we now present experimental details of the 
intramolecular Michael reaction- based 1,2-asyrnmetric induc- 
tion and a use of the strategy in the synthesis of the optically 
active Geissman lactone (lo)," a potential intermediate for the 
synthesis of retronecine.' ' 
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Results and Discussion 
1,2-Asymmetric Induction of the Substrates Derived from L- 

( + )- Diethyl Tartrate and a Synthesis of ( + )-Geissman Lac- 
tone.-Preparation of the key compounds (19) and (20) from L- 
( + )-diethy1 tartrate was effected uneventfully by the sequence of 
reactions depicted in Scheme 2. The diol was protected as its 
methoxymethyl derivative by the method of Fujita and 
Fuji followed by lithium aluminium hydride reduction and 
monobenzylation of the resulting diol(l2) with benzyl bromide 
and sodium hydride to give the alcohol (13). Introduction of an 
amino functionality was accomplished by the sequential we% 
established Mitsunobu reaction ' and Ing-Manske hydra- 
zinolysis l 4  of the resulting phthalimide (14). Acylation of the 
crude primary amine thus obtained with ethyl chloroformate 
or benzoyl chloride in the presence of triethylamine gave the 
carbamate (15) and the amide (16), which via hydrogenolysis 
and Swern oxidation l 5  of the resulting primary alcohol 
moiety gave a mixture of the diastereoisomeric hemiacetals, 
(19) and (20) in 67 and 59% overall yield from the tartrate, 
respectively. 

Treatment of the hemiacetal (19) with triethyl phos- 
phonoacetate (3.4 equiv.) and sodium hydride (3.9 equiv.) in 
dimethoxyethane (DME) at room temperature for 39 h gave the 
pyrrolidinyl ester (21) as an inseparable diastereoisomeric 
mixture (70% yield). Examination of the 'H n.m.r. spectrum of 
(21) showed a complete absence of vinyl protons, thus 
confirming that the initial reaction product, an a$-unsaturated 
ester, had undergone a spontaneous Michael addition. Cleavage 
of the MOMO ether (21) with ethanethiol and boron 
trifluorideediethyl ether l 6  afforded a 74% yield of a readily 
separable 1 : 1.6 mixture of the lactone (22) and the ester (23). 
Both compounds were spectroscopically characterised as their 
acetates, (26) and (27). Similarly, Horner-Emmons reaction of 
the hemiacetal(20) and deprotection of the MOMO ether (20a) 
afforded an inseparable mixture of lactone (24) and ester (25), 
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Scheme 2. Reagents: i, CH,(OMe),, P,O,; ii, LiAlH,; 
NaH; iv, phthalimide, Ph,P, diethyl azodicarboxylate; 
H,O, EtOH; vi, CICO,Et, NEt,, or PhCOCI, NEt,; vii, I 
viii, (COCI),, Me,SO, NEt, 

which was then acetylated to give a separable mi 
and (29) in the ratio of 1 : 1 in 54% overall yield. 

ii, PhCH,Br, 
V, NHzNH2* 
z , l O %  Pd-C; 

;ture of (28) 

Prolonging the reaction time in the Horner-Emmons 
reaction, to allow for Michael-retro Michael equilibration, 
resulted in no change of the product distribution but caused 
a slight decomposition. Treatment of (19) with triethyl 
phosphonoacetate using potassium hydride ' as base for 17 h 
led, after the same treatment as above, to the formation of (22) 
and (23) (71% yield), in a ratio of 1 : 3.4. 

These results suggested that the 2s-isomer of (21) was the 
kinetic product. A preference for the formation of the 2s-isomer 
in the cyclisation can be rationalised by considering the 
transition state. The preferred conformation is assumed to be A 
(over B).'* Therefore, attack of the nitrogen nucleophile would 
take place preferentially from the si-face to yield (30). 

Conversion of the hydroxy lactone (22) into the Geissman 
lactone involved treatment of (22) with thiocarbonyldi- 
imidazole l 9  to afford the ester (31) which was then reduced with 
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Table 1. The conversion of hemiacetals (19) or (20) into (22) or (24) and 
(23) or (25). 

Overall 
Ratio of yield 

(22): (23) from 
Reaction or (19) or 

Hemiacetal Base time (h) (28):(29) * (20) (78") 
(a) (19) NaH 39 1 : 1.6 52 
(b) (19) K H  17 1 : 3.4 71 
(c) (20) NaH 34 1 : 1 *  54 
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Scheme 3. Reagents: i,  (EtO),POCH,CO,Et, base, DME, room 
temperature; ii ,  EtSH, BF,.OEt,; iii ,  Ac,O, pyridine 

tributyltin hydride ' l C  to give the deoxygenated lactone (32) 
whose spectral data (i.r., 'H n.m.r.) and the t.1.c. behaviour were 
indistinguishable from those of an authentic sample of the 
racemate. ' l a  Finally, de-ethoxycarbonylation following the 
method of Ruegner and Benn furnished the Geissman lactone, 
m.p. 185-186.5 "C (lit.,' l b  185-186 "C). The synthetic sample 
of (10) showed [ ~ ] 6 ~ . *  +48.8" (c 0.2, MeOH) {1it.,'lb [XI,, 
+48.5" (c 1.5, MeOH}, confirming that all the conversions 
proceed in an enantioselective manner. 

1,2-Asymmetric Induction of the Substrates derived from S- 
( - )-Malic Acid and a Highly Diastereoselective Synthesis of 
(32).-Treatment of (19) with Horner-Emmons reagent 
provided, via intramolecular ring closure, predominantly the 
2s-isomer (30); this occurred as a result of a kinetically 

controlled, preferential si-face attack on the Michael acceptor 
by the nitrogen nucleophile. From these observations, it was ex- 
pected that the intramolecular Michael reaction of a substrate, 
which contains the y-oxygen function with reverse absolute 
configuration, should result in the predominant formation of 
the 2R-isomer. The 2R-isomer thus obtained could then be 
converted into the ( +)-Geissman lactone by lactonisation with 
inversion at C-3. We therefore chose S-( -)-malic acid, the less 
expensive enantiomer available commercially, as a starting 
material. Reduction of the malic acid by the method of 
Hanessian2' gave the trio1 (33) whose vicinal diol was then 
selectively protected as an acetal to afford (M).2' The 
primary alcohol was then transformed into the urethane (36) via 
the same three-step sequence as in the previous case. De- 
protection followed by the selective protection of the primary 
alcohol moiety with the dimethyl-t-butylsilyl group of the 
resulting diol (37) afforded (38). Treatment of the secondary 
alcohol with chloromethyl methyl ether and di-isopropylethyl- 
amine gave the corresponding MOMO ether (39), which upon 
treatment with tetrabutylammonium fluoride afforded (40) in 
86% overall yield from the malic acid. Swern oxidation of (40) 
proceeded smoothly to furnish the hemiacetal(41) as a mixture 
of two diastereoisomers, quantitatively. 

On treatment with triethyl phosphonoacetate (2.3 equiv.) and 
sodium hydride (2.5 equiv.) in DME at room temperature for 
13 h, the diastereoisomeric hemiacetal (41) was converted into 
the cyclised product (42) as an inseparable diastereoiso- 
meric mixture. Cleavage of the MOMO function afforded a 
chromatographically separable 1 : 1.4 mixture of the lactone (43) 
and the hydroxy ester (44) in 69% yield from (41). The spectral 
properties and the t.1.c. behaviour of (43) were identical with 
those of (32), although the sign of optical rotation was reversed; 
this indicated that (43) was the enantiomer of (32). The 
structure of the ester (44) was confirmed by the spectral 
properties of its acetate (45). Attempted reaction using 
potassium hydride as a base in the presence of a catalytic 
amount of 18-crown-6 for 95 min gave (43) and (44) in a ratio of 
1 : 1.4 (65% overall yield). These results indicate that the 
intramolecular Michael process is rapid and that the cyclic 
product equilibrates under the reaction conditions. It was 
thought that if the intermediate unsaturated ester (46) could be 
isolated and treated with base for a short period of time then 
greater selectivity may result. Thus, treatment of (41) with 
triethyl phosphonoacetate (2.3 equiv.) and potassium hydride (3 
equiv.) in DME at 0 ° C  for 45 min afforded the unsaturated 
ester (46) as an inseparable E/Z mixture in a ratio of 4: 1 [from 
the ' H  n.m.r. in 92% yield (Method A)]. Alternatively, 
treatment of (41) with ethoxycarbonylmethylenetriphenyl- 
phosphorane (1.1 equiv.) in refluxing acetonitrile for 1 week 
gave (46), a 3 : 1 mixture of E and Z olefinic isomers in 90% yield 
(Method B). The results of diastereoselectivity in the Michael 
reaction are shown in Table 2. 

Optimum conditions for cyclisation to give the cyclic ester 
(42) involved the use of potassium hydride in DME at 0 "C for 
34 min. The expected preferential formation of the 2R-isomer of 
(42) uia re-face attack [see transition state (C) in Scheme 8) was 
confirmed by the results. 

The molecular models suggest that because of the high degree 
of steric and electronic repulsion between the ester group and 
MOMO function in the transition state (D) ring closure leads to 
2s-isomer via si-face attack (Scheme 9); the Michael reaction of 
the Z-olefinic isomer (47a) should, therefore, preferentially, give 
the 2R-isomer. 

Thus, treatment of (41) with trimethyl phosphonoacetate 2 2  

(2.0 equiv.) and potassium disilazide (2.0 equiv.) in the presence 
of 18-crown-6 (3.0 equiv.) at - 78 "C-room temperature for 3.5 
h gave an inseparable 1 : 2 (from 'H n.m.r.) mixture of E and 2 
isomers of the unsaturated ester (48) (71% yield). Analogous 
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Scheme 5. Reagents: i, (Imidazole),CS; ii ,  Bu,SnH; iii, Ba(OH),.8H2O 
then HCI 

treatment of the mixture afforded a 1:7.8 mixture of (43) and 
(51) (92% yield). Encouraged by this result, we examined the Z- 
olefination of the hemiacetal(41) and found that a modification 
of Still’s methodz3 gave exclusive formation of the Z-isomer. 

Scheme 4. 

Under olefination conditions (see Experimental section) (41) 
gave (49) (55’73, which was then cyclised; MOMO cleavage of 
the product then afforded (43) and (51) in a ratio of 1 : 39 (47% 
yield). 

The stage was now set for us to examine the feasibility of the 
conversion of the major hydroxy esters (44) and (51) into the 
Geissman lactone. Independent treatment of (44) and (51) with 
methanesulphonyl chloride and triethylamine in the presence 
of 4-dimethylaminopyridine gave the corresponding methane- 
sulphonates (52) and (53) which were then hydrolysed with 
lithium hydroxide in aqueous dioxane to afford the carboxylic 
acid (54). Finally, (54) was exposed without purification to 
potassium carbonate and a catalytic amount of 18-crown-6 in 
acetonitrile to afford the desired lactone (32) in 86 and 82% 
overall yield from (44) and (51), respectively. The spectroscopic 
properties including optical rotation (see Experimental section) 
were identical with those of a sample prepared previously, 
confirming that the lactonisation proceeded with the 
anticipated complete inversion of configuration at the alcohol 
centre. 

Experimental 
General Methods.-M.p.s were determined on a Yanako 

micro-melting point apparatus and are uncorrected. 1.r. spectra 
were measured with a Hitachi 260- 10 recording spectrophoto- 
meter, n.m.r. spectra with JEOL JNM-PMX-60, JEOL PS-100, 
and JEOL JNM-GX-400 spectrometers. Chemical shifts are 
reported as 6 ,  values relative to internal SiMe,. Mass spectra 
were taken on a Hitachi M-52G spectrometer and JEOL-TMS- 
OISG-2 spectrometer. All reactions were carried out under dry 
nitrogen. Column chromatography was carried out with silica 
gel (Wako gel C-200). The phrase ‘residue upon work-up’ refers 
to the residue when the organic layer was separated, dried over 
MgSO,, and evaporated under reduced pressure. All new 
compounds described in the Experimental section were 
homogeneous on t.1.c. 
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Scheme 7. Reugenrs: i, NaH or KH, (EtO),POCH,CO,Et; ii, (Method A) (EtO),POCH,CO,Et, KH, DME, 0 'C; iii, (Method B) Ph,P=CHCO,Et, 
MeCN, reflux; iv, EtSH, BF,.OEt,; v, base, 0 "C; vi, Ac,O, pyridine 

( + )-(2R,3R)-Diethyl 2,3-Bismethoxymethoxybutanedioate at room temperature for 2.5 h. Saturated aqueous sodium 
(l l) .-A solution of L-( +)-diethy1 tartrate (50 g, 0.24 mol) in carbonate was added to the mixture and the organic layer 
anhydrous chloroform (2 1) was stirred with dimethoxymethane separated; the aqueous layer was then extracted with 
(194 g, 2.54 mol) and phosphorus pentaoxide (171 g, 1.21 mol) chloroform. The combined organic phases were washed with 
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Table 2. The intramolecular Michael reaction of (46) 

Yield of 

for time Ratio of from (46) 
(46) Base Additive (min) Solvent (43) : (44) (%) 

0) B NaH 45 DME 1 : 1.9 83 
(ii) B KH 18-crown-6 16 THF 1 :2.1 86 

(iii) A KH 18-crown-6 34 DME 1 : 5.0 82 

Method Reaction (43) + (44) 

(cat.) 

(cat.) 

(46) 

4 

I 
C0,Et 
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Scheme 8. 
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saturated brine. The residue upon work-up was the crude ester 
(11) (79 g, 100%) as a pale yellow oil, which was used in the next 
reaction without further purification. An analytical sample of 
(1 1) was obtained by column chromatography using hexane- 
ethyl acetate (3:2, v/v) as an oil (Found: C, 48.7; H, 7.45. 
C,2H22O, requires C, 49.0; H, 7.55%); [a];' + 141.0' (c 1.55, 
CHCl,); v,,,~(CHCl,) 1 750 cm-'; 6 ,  (60 MHz; CDCI,) 1.33 
(6 H, t, J 7.0 Hz, OCH,Me x 2), 3.30 (6 H, s, OMe x 2), 4.20 (4 
H, q, J 7.0 Hz, OCH,Me x 2), and 4 . 5 3 4 . 8 3  (6 H, m); m/z 263 
( M +  - OMe). 

( - )-(2S,3S)-2,3-Bis(methoxymethoxy)bulane- 174-diol (12).- 
To a stirred suspension of lithium aluminium hydride (23 g, 0.61 
mol) in anhydrous tetrahydrofuran (THF) (600 ml) was added 
dropwise a solution of the ester (11) (79 g, 0.24 mol) in 
anhydrous T H F  (500 ml) at 0 "C. Stirring was continued for 1 h, 
when the mixture was quenched with 30% aqueous sodium 
hydroxide at 0 'C. After filtration through Celite, the filtrate was 
concentrated to give the residue which was submitted to 

vacuum distillation, b.p. 125-147 "C at 0 . 2 4 . 3  mmHg, to give 
the diol(l2) (43 g, 85%) as an oil. With time crystals formed and 
recrystallisation from benzene-hexane gave needles, m.p. 64 "C 
(Found: C, 45.45; H, 8.35. C,H ,O, requires C, 45.7; H, 8.65%); 
[ x ] A 5  -41.3" (c 1.32, CHCl,); v,,,,(CHCl,) 3 400 cm-'; 6 ,  (60 
MHz; CDCI,) 3.40 (8 H, br s, OMe x 2 and OH x 2, two of 
these D 2 0  disappeared), 3.70 (6 H, br s, C H 2 0 H  x 2 and 
C H  x 2), and 4.70 (4 H, s, O C H 2 0  x 2). 

( - )-(2S,3S)-4-Benzyloxy-2,3-bis(methoxymetho-~y)~~t~n- 1 - 
ol (13).-To a stirred suspension of sodium hydride (60% in oil; 
2.14 g, 53.5 mmol) in anhydrous dimethylformamide (DMF) 
was added dropwise a solution of the diol (12) (10.6 g, 50.5 
mmol) in anhydrous D M F  (40 ml) at - 4 G - 2 0  "C. Stirring 
was continued for 0.5 h, when a solution of benzyl bromide (8.9 
g, 52.0 mmol) in anhydrous D M F  (40 ml) was added dropwise 
to the mixture. The mixture was stirred at -20 "C-room 
temperature for 10 h, after which the solvent was evaporated off, 
the residue extracted with methylene dichloride, and the organic 
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Scheme 11. Reagents: i, MeSO,CI, NEt,, 4-DMAP; ii, LiOH, dioxane, 
H,O; iii ,  K,CO,, 18-crown-6(cat.), MeCN 

phase washed with saturated brine. The residue upon work- 
up was the crude alcohol (13) (1 5 g, 99%) as the yellow oil which 
was used for the next reaction without further purification. An 
analytical sample of (13) as an oil was obtained by column 
chromatography using hexane-ethyl acetate (2: 3, v/v) as an 

eluant (Found: C, 60.0; H, 8.05. CI5H,,O, requires C, 59.8; H, 
7.85%); [ZIP -2.51 O (c 1.08, CHCI,); v,,,,(CHCI,) 3 450 cm-'; 
6 ,  (60 MHz; CDCl,) 3.00 ( 1  H, br s, OH, D,O disappeared), 
3.35 (6 H, s, OMe x 2), 4.50 (2 H, s, OCH,Ph), 4.66 (4 H, m, 
OCH,O x 2), and 7.30 (5 H, s, ArH); m/z 300 (M+). 

( - )-( 2S,3S)-N-(4-Benzyloxy-2,3-~i~(methoxymethoxy)butyl- 
phthalimide (14): General.-To a stirred solution of the alcohol 
(13) (528 mg, 1.76 mmol) in anhydrous THF (5 ml) was added 
phthalimide (388 mg, 2.64 mmol), triphenylphosphine (542 mg, 
2.07 mmol), and diethyl azodicarboxylate (365 mg, 2.1 1 mmol) 
at 0 "C. The mixture was stirred for 10 min at room temperature 
after which the solvent was evaporated off and the residue 
chromatographed using hexane-ethyl acetate (7: 3, v/v) as an 
eluant to afford the phthalimide (14) (692 mg, 92%) as an oil, 

-43.3' (c 1.38, CHCI,); v,,,,(CHCI,) 1 710 and 1 770 
cm-'; 6, (60 MHz; CDCI,) 3.10 and 3.43 (3 H, each, s, OMe), 
4.53 and 4.56(2 H,each,s ,0CH20) ,4 .76  (2 H,s,CH,Ph),7.27 
( 5  H, s, ArH), and 7.74 (4 H, m, ArH) (Found: M +  - OEt, 
384.1444. C2,H, ,N0,  requires M - OEt, 384.1445). 

( - )-( 2S,3S)-Ethyl 1 -Amino-4-benzyloxy-2,3-bis(methoxy- 
merhox~)butane-N-carb~x~lare (15).-A solution of the phthal- 
imide (14) (3.18 g, 7.40 mmol) and 90% hydrazine hydrate ( 1.17 
g, 21.1 mmol) in ethanol (60 ml) was heated under reflux for 2.5 
h. After filtration, the filtrate was evaporated to give the crude 
amine which was taken up with anhydrous methylene 
dichloride (60 ml). To the solution, triethylamine (3.80 g, 37.6 
mmol) and ethyl chloroformate (4.09 g, 37.6 mmol) were added 
at 0 'C. The mixture was stirred for 17 h at room temperature, 
after which it was diluted with water and the organic layer 
separated. The aqueous layer was extracted with methylene 
dichloride, and the combined organic phases were washed with 
saturated brine. The residue upon work-up was chromato- 
graphed using hexane-thy1 acetate (3 : 2, v/v)  as eluant to afford 
the t i t le compound (15) (2.44 g, 89%) as an oil (Found: C, 58.15; 
H, 7.6; N, 3.55. C 1 8 H 2 9 N 0 7  requires C, 58.2; H, 7.85; N, 3.75%); 
[%IF -0.58" (c 0.96, CHCI,); v,,,,(CHC1,) 3 400 and 1 710 
cm-'; 6, (60 MHz; CDCl,) 1.22 ( 3  H, t, J7.6 Hz, OCH,Me), 3.36 
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(6 H, s, OMe x 2), and 7.25 ( 5  H, br s, ArH); m/z  340 ( M +  - 
OMe). 

( - )-( 2S,3S)-N-Benzoyl-4-benzyloxy-2,3-dimethoxy- 
rnethoxybutylarnine (16).-A solution of the crude amine, 
prepared from the phthalimide (14) (8.62 g, 20 mmol) and 85% 
hydrazine hydrate (3.31 g, 56 mmol) by the same procedure as 
described above, in anhydrous methylene dichloride (30 ml) was 
treated with triethylamine (6.05 g, 60 mmol) and benzoyl 
chloride (4.21 g, 30 mmol) to afford the amine (16) (6.35 g, 7979, 
after column chromatography using hexane-thy1 acetate (3 : 2, 
v/v) as an eluant, as a pale yellow oil, [a];' -17.9" (c 1.44, 
CHCl,); v,,,,(CHCl,) 3 400 and 1660 cm-'; 6, (60 MHz, 
CDCI,) 3.33 and 3.36 (3 H each, s, OMe), 4.46 (2 H, s, CH2Ph), 
7.20 (5 H, s, ArH), 7.36 (3 H, m, ArH), and 7.66 (2 H, m, ArH) 
(Found: Mf, 403.2023. CZ2H2,N06 requires M ,  403.1995). 

( - )-( 2S,3S)- Ethyl 1 -Arnino-2,3-bis(rnethoxymethoxy)-4-hy- 
droxybutane-N-carboxylate (17).-A solution of the carbamate 
(15) (3.35 g, 9.0 mmol) in anhydrous ethanol (90 ml) was 
hydrogenated over 10% palladium+arbon (660 mg) under a 
pressure of 6 kg/cm2 at room temperature for 22 h. After 
filtration through Celite, the filtrate was concentrated to give 
the residue which was chromatographed using hexane-thy1 
acetate (2: 3, v/v) as an eluant to afford the alcohol (17) (2.46 g, 
97%) as needles after recrystallisation from ether-hexane, m.p. 
5&52 "C (Found: C, 47.05; H, 8.1; N, 5.05. CllH,,NO, 
requires C, 46.95; H, 8.25; N, 5.0%); [a]L4 -27.0' (c 1.33, 
CHCI,); v,,,,(CHCl,); 3 450 and 1 710 cm-'; 6, (60 MHz, 
CDCI,) 1.23 (3 H, t, J7.6 Hz, OCH,Me), 2.96 (1 H, br s, OH, 
D 2 0  disappeared), 3.42 (6 H, s, OMe x 2), 4.10 (2 H, q, J 7.6 
Hz,0CH2Me),4.67 and 4.71(2 H each,s,OCH,O),and 5.24(1 
H, br s, NH); rn/z 250 ( M +  - OMe). 

( - )-( 2S,3S)-N-Benzoyl-4-hydroxy-2,3-bis(methoxyrnethoxy)- 
butylarnine (18).-The benzoate (16) (1.80 g, 3.79 mmol) was 
hydrogenated over 10% palladium-carbon (500 mg) for 84 h 
under atmospheric pressure. After column chromatography 
using hexane-thy1 acetate (1 :4, v/v) as eluant, the alcohol (18) 
(1.33 g, 100%) was obtained as an oil (Found: C, 57.7; H, 7.3; N, 
4.4. C15H2,N06 requires C, 57.5; H, 7.4; N, 4.45%); [v.]i5 - 
43.5" ( c  1 S6, CHCl,); v,,,.(CHCI,) 3 440 and 1 660 cm-'; 6, (60 
MHz; CDCI,) 2.93 (1 H, br s, OH, D 2 0  disappeared), 3.40 and 
3.43 (3 H each,s ,0Me),4.75(4H,s ,0CH20 x 2),7.43(3 H,m, 
ArH), and 7.76 (2 H, m, ArH); rn/z 282 ( M +  - OMe). 

Swern Oxidation of (17): General.-To a stirred solution of 
oxalyl chloride (1.0 g, 7.9 mmol) in anhydrous methylene 
dichloride (34 ml) was added dropwise a solution of dimethyl 
sulphoxide (DMSO) (1.23 g, 15.8 mmol) in anhydrous 
methylene dichloride (2 ml) at -78 "C. T o  the mixture was 
added dropwise a solution of the alcohol (17) (2.02 g, 7.20 
mmol) in anhydrous methylene dichloride (4 ml) and stirring 
was continued for 15 min. Triethylamine (3.63 g, 36 mmol) was 
then added dropwise at the same temperature. The mixture was 
stirred for 0.5 h at room temperature after which it was diluted 
with water and the aqueous layer separated and extracted with 
meth ylene dichloride. The combined organic phases were 
washed with saturated brine and the residue upon work-up was 
chromatographed using hexane-thy1 acetate (2: 3, v/v) as an 
eluant to afford the hemiacetal(l9) (2.02 g, loo%), a mixture of 
two diastereoisomers, as an oil; v,,,,(CHCl,) 3 500 and 1 690 
cm-'; 6, (60 MHz; CDCI,) 1.28 (3 H, t ,  J7.6 Hz, OCH,Me), 3.37 
and 3.46 (3 H each, s, OMe), 4.69 and 4.75 (2 H each, s, 
OCH20),  and 5.13-5.56 (2 H, m, NCHOH, one of these D 2 0  
disappeared) (Found: M +  - OH, 262.1252. C1 H2,N06 
requires A4 - OH, 262.1289). 

Swern Oxidation of (18).-According to the procedure for 
(17), the hemiacetal (20) (96%) was obtained by column 
chromatography using hexane-thy1 acetate (1 : 1, v/v) as 
eluant; v,,,,(CHCl,) 3 525 and 1 635 cm-'; 6, (60 MHz; C'DCl,) 
3.36 (6 H, br s, OMe x 2), 4.64 (4 H, br s, OCH20 x 2), and 
7.26-7.96 (5 H, m, ArH) (Found: M +  - OH, 294.1352. 
C,,H,,NO, requires M - OH, 294.1342). 

Sequential Horner-Emmons and Michael Reaction of (19).- 
Method (a)  Using sodium hydride. To a stirred suspension of 
sodium hydride (60% in oil; 88 mg, 2.21 mmol) in anhydrous 
dimethoxyethane (DME) (4 ml) were added dropwise and 
sequentially at room temperature triethyl phosphonoacetate 
(435 mg, 1.95 mmol) and the hemiacetal (19) (158 mg, 0.566 
mmol) in ahydrous DME (1 ml). After being stirred for 39 h, the 
mixture was quenched with saturated aqueous ammonium 
chloride, and the solvent was evaporated off to give the residue 
which was extracted with methylene dichloride. The extract was 
washed with saturated brine and the residue upon work-up was 
chromatographed using hexane-thy1 acetate (7: 3, v/v) as 
eluant to afford the ester (21) (139 mg, 70%), a mixture of two 
diasteroisomers, as an oil (Found: C, 51.55; H, 7.95; N, 3.9. 
Cl,H2,N0, requires C, 51.55; H, 7.8; N, 4.0%); v,,,~(CHCl,) 
1 725 and 1 690 cm-'; 6, (100 MHz; CDCI,) 1.18 (6 H, t, J 7.6 
Hz, OCH2Me x 2), 3.27 and 3.30 (3 H each, s, OMe), 3.40- 
3.64 (2 H, m, CH2N), 3.8U.24 (6 H, m), and 4.4G-4.80 (4 H, 
m); m/z 318 (M' - OMe). 

Method (b)  Using potassium hydride. According to the 
procedure described above (except the reaction time, see Table 
l), the ester (21) (78%) was obtained as a mixture of two 
diasteroisomers. 

( - )-( 1 S,SR,8S)-Erhyl 8-Hydroxy-3-0~0-2-oxa-6-azabicyclo- 
[3.3.0]octane-6-carboxylate (22) and ( + )-(2S,3S,4S)-EthyI 2- 
(Ethoxycarbony1)meth yl-3,4-dihydroxypyrrolidine- 1 -carboxyl- 
ate (23): General.-A stirred solution of the ester (21) (139 mg, 
0.39 mmol), prepared by method (a), in anhydrous methylene 
dichloride (1.5 ml) was added dropwise to a mixture of 
ethanethiol (126 mg, 1.99 mmol) and boron trifluoride-diethyl 
ether (289 mg, 1.99 mmol) at room temperature. The mixture 
was stirred for 10 min after which the solvent and the excess 
reagents were evaporated off to give a residue which was 
chromatographed using hexane-thy1 acetate (2: 3, v/v) as 
eluant to afford the lactone (22) (24 mg, 28%) as an oil, Cali3 - 
64.8" ( c  2.19, MeOH); v,,,~(CHCI,) 3 380, 1790, and 1695 
cm-'; 6, (100 MHz; CDCI,) 1.26 (3 H, t, J 7.6 Hz, OCH,Me), 
1.38 (1 H, br s, O H ,  D 2 0  disappeared), 2.68-2.82 (2 H, m, 
OCH20),  3.30-3.72 (2 H, m, CH2N), 4.16 (2 H, q, J 7.6 Hz, 
OCH2Me) (Found: M + ,  215.0804. C,H,,NO, requires M ,  
215.0794). From the later fractions, the ester (23) (48 mg, 
46%) was obtained as an oil, [a]? +48.3" (c 0.77, CHCI,); 
v,,,,(CHCI,) 3 400 and 1 700 cm-'; 6, (100 MHz; CDCI,) 1.26 
and 1.27 (3 H each, t, J 7.6 Hz, OCH,Me), 2.39 (1 H, br s, O H ,  
D 2 0  disappeared), and 4.14 and 4.1 5 (2 H each, q, J 7.6 Hz, 
OCH2Me) (Found: M +  - H 2 0 ,  243.1102. CllH,,NO, 
requires M - H 2 0 ,  243.1 105). 

(b) The ester (21) (1.50 g, 4.3 mmol), prepared by method (b), 
was similarly converted into the lactone (22) (190 mg, 21%) and 
the ester (23) (790 mg, 70%). 

Sequential Horner- Emmons and Michael Reaction of (20).- 
According to the procedure for [(19), method (a)], the 
hemiacetal(20) (1.27 g, 4.09 mmol) was converted into the ester 
(20a) (1.1 1 g, 71%) as a pale yellow oil, a mixture of two 
diastereoisomers, which was purified by column chromato- 
graphy using hexane-ethyl acetate (13: 7, v/v) as eluant (Found: 
C, 60.0; H, 7.2; N, 3.7. C,,H2,N07 requires C, 59.85; H, 7.15; N, 
3.65%); v,,,,(CHCI,) 1 720 and 1620 cm-'; 6, (100 MHz; 
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CDCI,) 1.31 (3 H, t, J 8.0 Hz, -OCH,Me), and 7.39 (5 H, m, 
ArH); m/z 381 ( M + ) .  

( + )-( 2S73S,4S)-Ethyl 3,4-Diacetoxy-N-benzoyl-2-methyl- 
pyrrolidine-2-carboxylate (29) and ( - )-( 1 S75R,8S)-Methyl N- 
Benzoyl-3-oxo-2-oxa-6-azabicyclo[ 3.3.0]octane-8-carboxylate 
(28).-According to the general procedure for (22) and (23), the 
ester (20a) (1.05 g, 2.76 mmol) was converted into an 
inseparable mixture (817 mg) of the lactone (24) and the ester 
(25), which without further purification was treated with acetic 
anhydride (8 ml) and pyridine (8 ml) at room temperature for 10 
h. After evaporation of the excess reagents, the residue was 
chromatographed using hexane-thy1 acetate (3 : 2, v/v) as 
eluant to afford the ester (29) (395 mg, 38%) as a pale yellow oil, 

+ 88.3" (c 1.47, CHCl,); v,,,~(CHCl,) 1 750 and 1 630 
cm-'; 6, (100 MHz; CDCI,) 1.19 (3 H, t, J 8.0 Hz, OCH,Me), 
2.02 (6 H, s, OCOMe x 2), 2 .6C3.16 (2 H, m, CH,CO,Et), 
3.56 (1 H, dd, J 12.0 and 4.0 Hz, HCHN), 3 .684 .24  (3 H, m), 
4 .284 .64  (1 H, m), 4.84-5.12 (1 H, m, HCHOAc), 5.16-5.40 
( 1  H, m, CHOAc), and 7.17-7.44 (5 H, m, ArH) (Found: M' ,  
332.1 140. C l 7 H l 8 N o 6  requires M ,  332.1 135). From the later 
fractions, the lactone (28) (294 mg, 38%) was obtained as needles 
after recrystallisation from benzene, m.p. 187.5-1 88.5 "C 
(Found: C, 62.55; H, 5.05; N, 4.95. C15H,5N05 requires C, 62.3; 

1 790, 1 740, and 1 620 em-'; 6, (100 MHz; CDCl,) 1.98 (3 H, S ,  
OCOMe), 2.84(2 H, br s,CH,CO,), 3.69 (1 H,d,J14.0 Hz, 7a- 
H), 3.89 (1 H, dd, J 14.0 and 4.0 Hz, 7b-H), 4.85 (1 H, d, J 6.0 Hz, 
1-H), 4 .9C5.08  (1 H, m, 3-H), 5.20 (1 H, d, J4 .0  Hz, 5-H), and 
7.2C7.32 (5 H, m, ArH); m/z 289 ( M + ) .  

H, 5.25; N, 4.85%); [x];~ - 13 1.7" (C 0.35, CHCl3); v,,,,(CHC~~) 

( + )-( 1 S75R,8S)-Ethyl 8-A cetoxy-3-oxo-2-oxa-6-azabicyclo- 
[3.3.0]octane-6-carboxylate (26).-A mixture of the lactone (22) 
(22 mg, 0.102 mmol), acetic anhydride (0.25 ml), and pyridine 
(0.25 ml) was stirred at room temperature for 12 h. After 
evaporation of the excess of reagents, the residue was 
chrbmatographed using hexane-ethyl acetate (7: 3, v/v) as 
eluant to afford the acetate (26) (16 mg, 61%) as leaflets after 
recrystallisation from ethanol-hexane, m.p. 137-1 39 "C 
(Found: C, 50.9; H, 5.95; N, 5.4. C, ,HI  5NO, requires C, 51.35; 
H, 5.9; N, 5.45%); [z]i4 +47.6" (c 0.96, CHCI,); v,,,~(CHCl,) 
1 795, 1 745, and 1 695 cm-'; 6, (400 MHz; CDCI,) 1.28 (3 H, t, 
J7.5 Hz,OCH,Me),2.10(3 H,s,OCOMe),2.81 (1 H,dd,J18.5 
and 6.3 Hz, -HCHCO-), 2.93 (1 H , d , J  18.5 Hz,CHCO), 3.67 
(1 H, dd, J 13.1 and 3.9 Hz, -HCHN), 3.75 (1 H, d, J 13.1 Hz, 
HCHN),4.15 (2 H, q , J7 .5  Hz,OCH,Me),4.64 (1 H, dd ,J6 .3  
and 4.4 Hz,NCH),4.87 (1 H,d ,J4 .4  Hz,CHOCO), and 5.34(1 
H, d, J 3.9 Hz, CHOAc); m/z 257 ( M + ) .  

( + )-(2S,3S,4S)-Ethyl 3,4- Diacetoxy-2-ethoxycarbonyl- 
merhl*/pyrrolidine- 1 -carboxylate (27).-According to the pro- 
cedure for (26), the ester (23) (32 mg, 0.123 mmol) was converted 
into the acetate (27) (26 mg, 61%) as an oil after column 
chromatography using hexane-thy1 acetate (7 : 3, v/v) as eluant 
(Found: C, 51.8; H, 6.7; N, 3.95. C,,H,,NO, requires C, 52.15; 
H, 6.7; N, 4.05%); +39.3" (c 0.48, CHCI,); v,,,,(CHCI,) 
1 740 and 1 695 cm-I; 6 ,  (100 MHz; CDCI,) 1.27 (6 H, t, J 7.5 
Hz,OCH,Me x 2),2.08 and 2.11 (3 H each, s,OCOMe), 2.62 
(1  H, dd, J 15.5 and 10.0 Hz, HCHCO,Et), 2.96 (1 H, m, 
HCHCO,Et), 3.52 (1 H, d, J 12.5 Hz, HCHN), 3.85 (1 H, dd, J 
12.5 and 4.0 Hz, HCHN), 4.16(4 H, q, J7.5 Hz, OCH,Me x 2), 
5.10 (1 H, d, J 4.0 Hz, CH OAc), and 5.17 (1 H, s, CHOAc); m/z 
300 (M' - OEt). 

( 1 S75R,8S)-Ethyl 8 4  Imidazol- 1 -ylthiocarbonyloxy)-3-o?co-2- 
o.ua-6-a=abicyclo[ 3.3 .O] octane-6-carboxylate (31 ).-To a stirred 
solution of the lactone (22) (44 mg, 0.205 mmol) in anhydrous 
1,2-dichloroethane ( 1  ml) was added a solution of thiocarbonyl- 

di-imidazole (8 1 mg, 0.410 mmol) in anhydrous 172-dichloro- 
ethane (1  ml). The resulting solution was heated at 70 "C for 2 
h after which the solvent was evaporated off to give the residue 
which was chromatographed using hexane-thy1 acetate (2 : 3, 
v/v) as eluant to afford the ester (31) (60 mg, 90%) as a pale 
yellow oil; v,,,,(CHCI,) 1 800 and 1 700 cm-'; 6, (60 MHz; 
CDCI,) 1.30 (3 H, t, J 7.6 Hz, OCH,Me), 2.90 (2 H, d, J4 .0  Hz, 
CH,CO,), 3.81--4.44(4 H, m),4.72 (1 H,m,CHN), 5.14 (1 H,d, 
J 5.0 Hz, CHOCO), 5.97 (1 H, d , J  3.6 Hz, CHOCS), and 7.04, 
7.54, and 8.24 (1 H each, br s, ArH). The material thus obtained 
was used immediately for the next reaction. 

( - )-( 1 S,SR)-Ethyl 3-0xo-2-oxa-6-azabicyclo[3.3.O]octane-6- 
carhoxylate (32).' "--To a stirred solution of 97% tributyltin 
hydride (469 mg, 1.56 mmol) in anhydrous toluene (68 ml) was 
added dropwise a solution of the imidazolide (31) (332 mg, 1.02 
mmol) in anhydrous toluene (17 ml) under reflux for 0.5 h. The 
mixture was then further heated under reflux for 0.5 h, after 
which the solvent was evaporated off to give the residue which 
was chromatographed using hexane-ethyl acetate (1 : 1, v/v) as 
eluant to afford the lactone (32) (172 mg, 85%) as an oil, [a]k4 - 
146.7" (C 1.61, CHCI,); v,,,,(CHCl,) 1 790 and 1700 cm-'; 6, 
(100 MHz; CDCI,; at 80 "C *) 1.25 (3 H, t, J 7.6 Hz, OCH,Me), 
1 .8S2.44  (2 H, m, 8-H), 2.77 (2 H, d, J4.0 Hz, 4-H), 3.38 (1 H, 
ddd, J 12.0,10.0, and 7.2 Hz, 7-H), 3.77 (1 H, ddd, J 12.0,8.0, and 
5.6 Hz, 1-H), and 5.00 (1 H, m, 5-H); 6, (25 MHz; ['H5]- 
pyridine; at 80 "C) 14.736 (q), 30.705 (t), 36.341 (t), 44.619 (t), 
58.534 (d), 61.352 (t), 83.603 (d), 175.305 (s) (Found: M + ,  
199.0849. C9H, ,NO, requires M ,  199.0799). 

The (+)-Geissman Lactone (lo).-A solution of the lactone 
(32) (148 mg, 0.744 mmol) and barium hydroxide octahydrate 
(740 mg, 2.35 mmol) in water (5 ml) was heated under reflux for 
16 h. To the mixture was passed through gaseous carbon 
dioxide at room temperature for 1.5 h, the resulting mixture was 
filtered, and the filtrate was concentrated to give a solid which 
was taken up with lwhydrogen chloride (1 ml). The solution 
was heated at 8 C 9 O " C  for 1 h after which the solvent was 
evaporated off to give a crystalline solid which was 
recrystallised from ethanol to afford the Geissman lactone (10) 
(48 mg, 40%) as needles, m.p. 185-186.5 "C (lit.,11b m.p. 185- 
186 "C); [a]? +48.8" (c 0.20, MeOH) {lit.,"b [XI,, +48.5" (c 
1.5, MeOH)). 

( + )-(4S)-2,2- Diethyl-4-( 2-phtha1irnido)ethyl- 1,3-dioxolane 
(35)-According to the general procedure for (14), the alcohol 
(34),' (1.74 g, 10.0 mmol) was converted into the phthalimide 
(35) (3.0 g, 100%) as a pale yellow oil after column 
chromatography using hexane-ethyl acetate (4: 1, v/v) as 
eluant, [XI;* + 11.8" (c 1.45, CHCI,); v,,,,(CHCl,) 1 770 and 

CH,Me x 2), 1 .262 .20  (6 H, m), 3.36-4.40 (5 H, m,), and 
7.54-7.95 (4 H, m, ArH) (Found: M + ,  200.0700. C,,H,,NO, 
requires M ,  200.07 10). 

1710 cm-'; 6 ,  (60 MHz; CDCI,) 0.82 (6 H, t, J 8.0 Hz, 

( + )-(4s)- Ethyl 4- Aminoethyl-2,2-diethyl- 1,3-dioxolane-4- 
curboxylute (%).-According to the procedure for (15), the 
phthalimide (35) (3.00 g, 10.5 mmol) was converted into the 
carbumate (36) (2.35 g, 91%) as an oil after column 
chromatography using hexane-ethyl acetate (7: 3, v/v) as eluant 
(Found: C, 58.7; H, 9.7; N, 5.75. CI2H,,NO4 requires C, 58.75; 
H, 9.45; H, 5.7%); [a];" + 1.85" (c 1.26, CHCI,); v,,,,(CHCI,) 
3 450 and 1 710 cm-'; 6, (60 MHz; CDCI,) 0.89 (6 H, t, J8.0 Hz, 
CH,Me x 2), 1.23 (3 H, t, J 8 . 0  Hz, OCH,Me), 4.09 (2 H, q, J 
8.0 Hz, OCH,Me), and 5.00 (1 H, br s, NH). 

* At ambient temperature, the signals in the spectra are duplicated or 
not clear presumably due to amide isomerism. 
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( + )-( 3S)-Ethyl 1 -Amino-3,4-dihydroxybutanecarboxylate 
(37).-A solution of the carbamate (36) (1.21 g, 4.94 mmol) in 
6~-hydrogen chloride (6 ml) and THF (6 ml) was stirred at 
room temperature for 15 min. After evaporation of the solvent, 
residual water was removed by azeotropic distillation with 
benzene. The residue was taken up in chloroform and the 
solution dried (MgSO,) and evaporated to afford the crude diol 
(37) (0.96 g, 100%) as a crystalline solid which was used directly 
for the next reaction. An analytical sample of (37), obtained by 
recrystallisation from chloroform, formed needles, m.p. 72- 
73 "C (Found: C, 47.05; H, 8.9; N, 7.9. C,HI5NO, requires C, 
47.45; H, 8.55; N, 7.9%); [E];' + 1.15' (C 0.60, CHCl,); 
v,,,,(CHCl,) 3 450 and 1 700 cm-'; 6 ,  (60 MHz; CDCI,) 1.24 
(3 H, t, J 8.0 Hz, OCH,Me), 4.08 (2 H, q, J 8.0 Hz, OCH,Me), 
and 5.32 (1 H, br s, NH). 

( + )-( 3S)-Ethyf 1 -Amino-3-hydroxy-4-(2,2,3,3-tetramethyl- 
(propy1sifoxy)butane-N-carboxylate (38).-A solution of the 
diol (37) (380 mg, 2.15 mmol), dimethyl-t-butylsilyl chloride 
(421 mg, 2.79 mmol), imidazole (219 mg, 3.22 mmol), and a 
catalytic amount of 4-dimethylaminopyridine in anhydrous 
methylene dichloride (8 ml) was stirred at room temperature 
for 1 h. After evaporation of the solvent, the residue was 
chromatographed using hexaneethyl acetate (3 : 2, v/v) as 
eluant to afford the silyl ether (38) (593 mg, 95%) as an oil 
(Found: C ,  53.95; H, 10.05; N, 4.95. C,,H,,NO,Si requires C, 
53.55; H, 10.05; N, 4.8%); +2.70" (c 1.85, CHCl,); 
v,,,.(CHCl,) 3 450 and 1 710 cm-'; 6 ,  (60 MHz; CDCl,) 0.07 
(6 H, s, SiMe,), 0.90 (9 H, s, CMe,), 1.22 (3 H, t, J 7.6 Hz, 
OCH,Me), 1.47-1.76 (2 H, m), 2.77 (1 H, br s, OH, D,O 
disappeared), 4.07 (2 H, q, J 7.6 Hz, OCH,Me), and 
5.14 (1  H, br s, NH); m/z 234 ( M +  - C,H,). 

( - )-(3S)-Ethyl 1 -Amino-3-methoxymethoxy-4-(2,2,3,3-tetra- 
methylpropylsi1oxy)butane-N-carboxylate (39).-To a stirred 
solution of the silyl ether (38) (800 mg, 2.75 mmol) in anhydrous 
methylene dichloride (1 5 ml) was added di-isopropylethylamine 
(660 mg, 4.95 mmol) and chloromethyl methyl ether (350 mg, 
4.40 mmol) at 0 "C. The mixture was stirred at room 
temperature for 24 h after which it was diluted with water and 
the aqueous layer separated and extracted with methylene 
dichloride. The combined organic phases were washed with 
saturated brine and the residue upon work-up was the crude 
methoxymethoxy deriuatiue (39) (955 mg, 100%) as a pale yellow 
oil which was used directly for the next reaction. An analytical 
sample of (39) was obtained by column chromatography using 
hexane+thyl acetate (7:3, v/v) as an oil (Found: C, 53.55; H, 
10.4; N, 4.1. C15H3,N0,Si requires C, 53.7; H, 9.9; N, 4.2%); 
[z];' -50.0' (c 0.61, CHCl,); v,,,~(CHCl,) 3 450 and 1 700 
cm-'; 6, (60 MHz; CDCl,) 0.05 (6 H, s, SiMe,), 0.89 (9 H, s, 
CMe,), 1.23 (3 H, t, J7.6 Hz, OCH,Me), 3.37 (3 H, s, OMe),4.09 
(2 H, q, J 7.6 Hz, OCH,Me), 4.68 (2 H, dd, J 10.4 and 6.4 Hz, 
OCH,OSi), and 5.07 (1 H, br s, >NH); m/z 304 ( M +  - OMe). 

( + )-( 3S)-Ethyl 1 -Amino-3-hydroxy-4-methoxymethoxy- 
butane-N-carboxylate (40).-To a stirred solution of the ether 
(39) (699 mg, 2.09 mmol) in anhydrous THF (15 ml) was added 
dropwise tetrabutylammonium fluoride ( 1 . 0 ~  solution of THF; 
2.3 ml, 2.3 mmol) at room temperature. The mixture was stirred 
for 10 min after which the solvent evaporated off to give a 
residue which was chromatographed using hexane-thy1 
acetate ( 1  :4, v/v) as eluant to afford the alcohol (40) (467 mg, 
100%) as an oil (Found: C,  48.6; H, 8.7; N, 6.05. C,H,,NO, 
requires C, 48.85; H, 8.65; N, 6.35%); [a];' + 12.0" ( c  0.75, 
CHCI,); v,,,~(CHCI,) 3 450 and 1 710 cm-'; 6, (60 MHz; 
CDCl,) 1.27 (3  H, t, J 7.6 Hz, OCH,Me), 3.49 (3 H, s, OMe), 
4.17 (2 H, q, J 7.6 Hz, OCH,Me), 4.28 (2 H, s, OCH,O), and 
5.10 ( 1  H, br s, NH); m/z 190 ( M +  - OMe). 

Swern Oxidation of (40).-According to the general 
procedure for (17), the alcohol (40) (97 mg, 0.439 mmol) was 
converted into the hemiacetal(41) (97 mg, 100%) as an oil after 
column chromatography using hexaneethyl acetate (1 :4, v/v) 
as eluant; v,,,~(CHCl,) 3 400 and 1690 cm-L; 6 ,  (60 MHz; 
CDCl,) 1.27 (3 H, t, J7.6 Hz, OCH,Me), 4.67 (2 H, s, OCH,O), 
and 5.38 (1 H, m, NCHOH) (Found: M + ,  219.1 127. C,H,,NO, 
requires M ,  2 19.1 107). 

Sequential Horner-Emmons and Michael Reaction of (41 ).- 
(a) Using sodium hydride. According to procedure (a) for (19), 
the hemiacetal (41) (0.8 g, 3.65 mmol) was treated at room 
temperature for 3 h. After the work-up and column 
chromatography using hexaneethyl acetate (7: 3, v/v) as 
eluant, the ester (42) (0.84 g, 7979, a mixture of two 
diastereoisomers was obtained as a pale yellow oil (Found: C, 
53.7; H, 7.95; N, 4.8. Cl,H,,N06 requires C, 53.95; H, 8.0; N, 
4.85%); v,,,,(CHCI,) 1730 and 1690 cm-'; 6, (60 MHz, 
CDCl,) 1.26 (6 H, t, J 7.6 Hz, OCH,Me x 2), 3.36 (3 H, s, 
OMe), 4.13 (4 H, q, J7.6 Hz, OCH,Me x 2), and 4 .534 .77  (2 
H, m, OCH,O); m/z 244 ( M +  - OEt). 

(b) Usingpotassium hydride. The reaction mixture, containing 
a catalytic amount of 18-crown-6, was stirred at room 
temperature for 95 min. The hemiacetal (41) (136 mg, 0.621 
mmol) was converted into the ester (42) (1 34 mg, 75%). 

( + )-( 1 S,SR)-Ethyf 3-0xo-2-oxa-6-azabicyclo[3.3.O]octane-6- 
carboxylate (43) and ( - )-(2R,3S)-Diethyl3-Hydroxy-2-methyl- 
pyrrolidine- 1,2-dicarboxylate (44).-(a) According to the 
general procedure for (22) and (23), the ester (42) (800 mg, 2.77 
mmol), prepared by the method (a) using sodium hydride, was 
converted, after column chromatography using chloroform as 
an eluant, into the lactone (43) (196 mg, 36%), the enantiomer of 
(32), as an oil, [a];, + 144.1' ( c  0.517, CHCl,) (Found: M', 
199.0858. C,H,,NO, requires M ,  199.0845), and the hydroxy 
ester (44) (344 mg, 51%) (Found: C, 53.95; H, 8.2; N, 5.4. 
C , ,H19N0,  requires C, 53.85; H, 7.8; N, 5.7%); [ c c ] ~ ~  -44.0" (c 
1.28, CHCI,); v,,,.(CHCI,) 3 400,l 720, and 1 690 cm-'; 6,  (100 
MHz; CDCl,) 1.26 (6 H, t, J 7.6 Hz, OCH,Me x 2), 2.6G3.24 
(2 H, m, one of these D,O disappeared), and 3.84-4.44 (6 H, 
m,); 6,  (25 MHz; C2H,]pyridine; at 80 'C*) 14.207 (q), 14.853 
(q), 32.173 (t), 38.102 (t), 45.089 (t), 60.413 (t), 60.941 (t), 63.935 
(d), 73.914 (d), 155.465 (s), and 171.200 (s); m/z 227 ( M +  - 

(b) The ester (42) (133 mg, 0.46 mmol), prepared by method 
(b) using potassium hydride, was converted into the lactone (43) 
(33 mg, 36%) and the hydroxy ester (44) (57 mg, 51%). 

H2O). 

( -)-(2R,3S)-Diethyl 3-Acetoxj-2-methyIpyrrolidine- 1,2- 
dicarboxylate (49.-A mixture of the hydroxy ester (44) (9 mg, 
0.0367 mmol), pyridine (0.5 ml), and acetic anhydride (0.5 ml) in 
the presence of a catalytic amount of 4-dimethylaminopyridine 
was stirred at room temperature. After removal of the excess of 
reagents, the residue was chromatographed using hexane+thyl 
acetate (7:3, v/v) as an eluant to afford the acetate (45) (7 mg, 
66%) as an oil, [a];' - 1.99" ( c  3.23, CHCI,); v,,,~(CHCl,) 1 735 
and 1 690 cm-'; 6, (100 MHz; CDCl,) 1.25 (3 H, t, J 7.6 Hz, 
OCH,Me), 1.26 (3 H, t, J 7.6 Hz, OCH,Me), 2.04 (3 H, s, 
OCOMe), 4.12 (5 H, m), and 5.12 (1 H, m, CHOAc) (Found: 
hf+ - OEt, 242.1007. CllH16N0, requires M - OEt, 
242.1027). 

The Horner-Emmons Reaction of (41): Method A.-To a 
suspension of potassium hydride (60 mg, 1.49 mmol) in 
anhydrous DME (4 ml) was added triethylphosphonoacetate 

* At ambient temperature, the signals in the spectra are duplicated or 
not clear presumably due to amide isomerism. 



J. CHEM. SOC. PERKIN TRANS. I 1987 1003 

(260 mg, 1.17 mmol) at 0 ° C  and the resulting mixture was 
stirred for 25 min. A solution of the hemiacetal (41) ( 1  1 1  mg, 
0.507 mmol) in anhydrous DME (2 ml) was then added to the 
mixture at 0 "C, and the mixture was further stirred at the same 
temperature for 45 min. After being quenched with saturated 
aqueous ammonium chloride, the mixture was extracted with 
methylene dichloride and the extract was washed with saturated 
brine. The residue upon work-up was chromatographed using 
hexane-ethyl acetate (3 : 2, v/v) to afford the unsatured ester (46) 
(1 34 mg, 92%), a mixture of two isomers, as a pale yellow oil; 
v,,,,(CHCI,) 3 450 and 1 710 cm-'; 6, (100 MHz; CDCl,) 1.23 
and 1.28 (3 H each, t, J 7.6 Hz, OCH,Me), 3.35 (0.6 H, s, OMe), 
3.37 (2.4 H, s, OMe), 4.08 (5 H, m), 4.69 (2 H, br s, OCH,O), 4.92 
( 1  H,brs,NH),5.72-6.26(1.2H,m,olefinicH),and6.78(0.8H, 
dd, J 16.0 and 6.0 Hz, olefinic H) (Found: M + ,  289.1547. 
C, 3H23N06 requires M ,  289.1 525). 

The Wittig Reaction of (41): Method B.-A solution of the 
hemiacetal (41) (477 mg, 2.18 mmol) and ethoxycarbonyl- 
methylenetriphenylphosphorane (805 mg, 2.40 mmol) in 
acetonitrile (10 ml) was heated under reflux for 1 week. After 
evaporation of the solvent, the residue was chromatographed 
using hexane-thyl acetate (3:2, v/v) as eluant to afford the 
unsaturated ester (46) (566 mg, 90%), a 3 : 1 mixture of the E and 
Z isomers, as a yellow oil. 

Intramolecular Michael Reaction followed by Cleavage of the 
MOMO Ether (46).-(i) To a stirred suspension of sodium 
hydride (60% in oil; 15 mg, 0.362 mmol) in anhydrous DME (2 
ml) was added dropwise at 0 "C a solution of the unsaturated 
ester (46) (95 mg, 0.329 mmol), prepared by the Method B, in 
anhydrous DME (1 ml). After being stirred at 0 "C for 45 min, 
the mixture was quenched with saturated aqueous ammonium 
chloride and the solvent was evaporated off to give a residue 
which was extracted with methylene dichloride. The organic 
phase was washed with saturated brine and the residue upon 
work-up was the ester (42) (85 mg, 89%) which was used for the 
next reaction without further purification. According to the 
general procedure for (22) and (23) the crude ester (42) (78 mg, 
0.27 mmol) was converted into the lactone (43) (17 mg, 32%) 
and the hydroxy ester (44) (40 mg, 61%); [ z ]g  -45.0" ( c  0.46, 
CHCI,). 

(ii) To a stirred suspension of potassium hydride (15 mg, 
0.369 mmol) in anhydrous THF (3 ml) in the presence of a 
catalytic amount of 18-crown-6 was added a solution of (46) (97 
mg, 0.336 mmol), prepared by the Method B, in anhydrous THF 
( 1  ml) at 0 "C. The mixture was stirred at 0 "C for 16 min and 
gave upon work-up, the ester (42) (83 mg, 86%); this was 
converted into (43) (18 mg, 32%) and (44) (48 mg, 68%). 

(iii) To a stirred suspension of potassium hydride (19 mg, 
0.476 mmol) in anhydrous DME (3 ml) in the presence of a 
catalytic amount of 18-crown-6 was added a solution of (46) 
(125 mg, 0.433 mmol), prepared by the Method A, in anhydrous 
DME ( 1  ml) at 0 "C. The mixture was stirred at 0 "C for 34 min 
and then worked up to give the ester (42) ( 1  14 mg, 91%); this 
was converted into (43) (1 1 mg, 15%) and (44) (70 mg, 75%). 

Horner-Emmons Reaction of(41).-To a stirred suspension of 
potassium hydride (132 mg, 3.28 mmol) in anhydrous THF (25 
ml) was added hexamethyldisilazane (551 mg, 3.44 mmol) at 
room temperature. The resulting mixture was stirred at the 
same temperature for 0.5 h after which it was cooled to - 78 "C, 
and trimethyl phosphonoacetate (596 mg, 3.28 mmol) and 
18-crown-6 (1.3 g, 4.92 mmol) added successively. A solution of 
the hemiacetal (41) (359 mg, 1.64 mmol) in anhydrous THF (4 
ml) was then added at -78 "C and stirring was continued for 
0.5 h. After being stirred at - 10 "C for 0.5 h and at &lo "C 
for 1.5 h, the mixture was quenched with saturated aqueous 

ammonium chloride. Solvent was then evaporated off to give a 
residue which was extracted with chloroform. The organic 
phase was washed with saturated brine, and the residue upon 
work-up was chromatographed using hexane-ethyl acetate 
(7:3, v/v) as eluant to afford the unsaturated ester (48) (321 
mg, 71%, 88% based on the consumed starting material), a 
mixture of the Z and E isomers, as an oil; v,,,,(CHCI,) 1 710 
cm-'; 6, (100 MHz; CDCI,) 1.24 (3 H, t, J 7.5 Hz, OCH,Me), 
1.82 (2 H, m, CH,), 3.34 (2 H, s, OCH,OMe), 3.36 (1 H, s, 
OCH,OMe), 3.70 (2 H, s, C02Me), 3.72 ( 1  H, s, CO,Me), 4.10 
(2 H, q, J 7.5 Hz, OCH,Me), 4.58 (0.67 H, s, OCH,OMe), 4.59 
(1.33 H, s, OCH,OMe), 5.20 (2 H, m), 5 . 7 7 4 . 2 6  (1.67 H, m, 
olefinic H), and 6.78 (0.33 H, dd, J 16.0 and 5.5 Hz, olefinic H) 
(Found: M +  - OEt, 230.1035. C,,H16N05 requires M - 
OEt, 230.1029). From the fractions using hexane%thyl acetate 
(3:2, v/v), the starting hemiacetal (41) (68 mg) was obtained. 

( - )-( 3 S)-Ethyl 5-Amino- 1 -(Z)-methoxycarbonyl- 3-methoxy- 
methoxy-5-pent- 1 -enecarboxylate (49).-To a stirred suspension 
of potassium hydride (1 1 mg, 0.271 mmol) in anhydrous DME ( 1  
ml) was added methyl bis(2,2,2-trifluoroethyl)phosphonoacetate 
(78 mg, 0.271 mmol) at 0 "C and the mixture was stirred for 
25 min. It was then cooled to -78 "C, when a solution of the 
hemiacetal (41) (49.5 mg, 0.122 mmol) in anhydrous DME 
(0.2 ml) was added dropwise and stirred for 50 min; stirring was 
continued for 50 min at - 10 "C and then at 0-10 "C for 1.5 h. 
The mixture was then quenched with saturated aqueous 
ammonium chloride, and the solvent was evaporated off to give 
the residue which was extracted with methylene dichloride. The 
organic phase was washed with saturated brine and the residue 
upon work-up was chromatographed using hexane-thy1 
acetate (4:  1 ,  v/v) as eluant to afford the Z-unsaturatedester (49) 
(18.6 mg, 30%, 55% based on the consumed starting material) as 
an oil; [z]h9 -38.9" ( c  1.54, CHCI,); v,,,,(CHCl,) 1 715 cm-'; 
6, (60 MHz; CDC1,) 1.24 (3 H, t, J8.0 Hz, OCH,Me), 3.35 (5 H, 
br s), 3.71 (3 H, s, CO,Me), 4.08 (2 H, q, J8 .0  Hz, OCH,Me), 
4.57 (2 H, s, OCH,OMe), 4.88-5.48 (2 H, m), 5.80 (1 H, d, J 
12.0 Hz, olefinic H), and 6.15 (1 H, dd, J 12.0 and 7.0 Hz, olefinic 
H) (Found: M +  - OEt, 230.1035. C,,H,,NO, requires M - 
OEt, 230.1029). From the fractions using hexane-thy1 acetate 
(3 : 2, v/v), the starting hemiacetal (41) (22.7 mg) was obtained. 

Sequential Intramolecular Michael Reaction and Cleavage of 
the MOMO Ether.+a) The reaction of(&). To a suspension of 
potassium hydride (50 mg, 1.25 mmol) in anhydrous DME (9 
ml) at 0 "C was added a solution of the unsaturated ester (48) 
(313 mg, 1.14 mmol), a 1 : 2 mixture of the E and Z isomers in 
anhydrous DME (0.4 ml), and a catalytic amount of 18-crown- 
6. After the mixture had been stirred at 0 "C for 21 min, the ester 
(SO) (297 mg, 95%) was obtained as an oil. The latter was 
converted, by the general procedure, into the lactone (43) (24 
mg, 11%); [a]; + 145.2" (c 0.656, CHCI,), and the hydroxy 
ester (51) (215 mg, 86%) as an oil (Found: C, 51.75; H, 7.4; N, 6.0. 
C,  ,H , ,NO, requires C, 51.95; H, 7.40; N, 6.05%); [x);' -40.2" 
(C 0.892, CHCI,); v,,,~(CHCI,) 3 450, 1 720, and 1 690 cm-'; 6 ,  
(60 MHz; CDCl,) 1.27 (3 H, t, J 7.6 Hz, OCH,Me), 2.62--3.25 
(2 H, m, one of these D 2 0  disappeared), 3.73 (3 H, s, OMe), and 
4.13 (2 H, q, J 7.6 Hz, OCH,Me); m / z  231 (M') .  

(b) The reaction of(49). According to the procedure for (a), 
the 2-unsaturated ester (49) (69 mg, 0.25 1 mmol) was converted 
into the ester (50) (58 mg, 84%), by the reaction at 0 "C for 9 min. 
Then, the ester (50) (52 mg, 0.189 mmol) was transformed into 
(43) (0.6 mg, 1.4%) and (51) (24 mg, 55%); [XI;* -40.4" ( c  1.16, 
CHCI,). 

The Mesylation of(44) and (51).-(a) To a stirred solution of 
the hydroxy ester (44) (155 mg, 0.63 mmol) in anhydrous 
methylene dichloride (5 ml) was successively added dropwise 
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triethylamine (1 89 mg, 1.89 mmol), methanesulphonyl chloride 
(104 mg, 0.95 mmol), and a catalytic amount of 4-dimethyl- 
aminopyridine at 0 "C. The mixture was stirred at room 
temperature for 20 min, after which it was diluted with water 
and the organic layer separated. The aqueous layer was then 
extracted with methylene dichloride and the combined organic 
phases were washed with saturated brine. The residue upon 
work-up was chromatographed using hexane+thyl acetate 
(7:3, v/v)  as eluant to afford the methanesulphonate (52) (213 
mg, 100%); [ a ] i 7  -4.30' ( c  0.66, CHCl,); v,,,~(CHCl,) 1 720 
and 1 685 cm-'; 6, (100 MHz; CDCl,) 1.19 (6 H, t, J 7.0 Hz, 
OCH,Me x 2), 3.07 (3 H, s, OSO,Me), 4.06 (4 H, q, J 7.0 Hz, 
OCH,Me x 2), and 5.02 (1 H, m, W, 6 Hz) (Found: M', 
323.1022. C,,H,,N07S requires M, 323.1037). 

(b) Accordlng to procedure (a), the methyl ester (51) (150 mg, 
0.649 mmol) was converted into the methanesulphonate (53) 
(202 mg, 100%); [x ] ; '  -0.624" ( c  2.64, CHCl,); v,,,.(CHCl,) 
1 735 and 1 695 cm-'; 6, (60 MHz; CDCI,) 1.22 (3 H, t, J7.5 Hz, 
OCH,Me), 3.1 1 (3 H, s, OSO,Me), 3.69 (3 H, s, CO,Me), 4.14 (2 
H, q, J 7.5 Hz, OCH,Me), and 5.09 (1 H, m) (Found: M', 
309.0853. C H ,N07S requires M ,  309.0826). 
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The Lactonisation of (52) and (53).-(a) A solution of the 
methanesulphonate (52) (170 mg, 0.53 mmol) and lithium 
hydroxide monohydrate (44 mg, 1.1 mmol) in a mixture of 
dioxane (4 ml) and water (1 ml) was stirred at room temperature 
for 3 h. After evaporation of the solvent, water (5 ml) was added 
and the mixture was washed with methylene dichloride. The 
resulting aqueous phase was acidified with 10% hydrogen 
chloride and extracted with ethyl acetate. The extract was 
washed with saturated brine and the residue upon work-up 
afforded the carboxylic acid (54) which was used for the next 
reaction without further purification. 

To a solution of the crude acid in acetonitrile (5 ml) was 
added potassium carbonate (1 10 mg, 0.79 mmol) and a catalytic 
amount of 18-crown-6; the resulting mixture was stirred at room 
temperature for 40 h. After removal of the solvent, water was 
added and the mixture was extracted with methylene dichloride. 
The extract was washed with saturated brine and the residue 
upon work-up was chromatographed using chloroform as an 
eluant to afford the lactone (32) (90 mg, 86%); Cali7 - 144.9' (c 
0.64, CHCl,). 

( b )  The methyl ester (53) (200 mg, 0.647 mmol) was similarly 
converted into the lactone (32) (105 mg, 82%), [a?,' - 144.6 ' ( c  
3.30, CHCl,). 
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