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aLtemativefamukWm 1. tndudhg tts absolute cor@gur&ion, was c&lmed bg a stereo- 
spec@c sylthests that began with condensation sfthe acetcnide 8 of @?&&d&de with the 
dianim jkm ~-~-~tRyr-2-b~-3-p~n~~~~~~~ GWJ. ClRe c&n%e&~a-i&a+ox&j 
la&me 4S was converted to the smzrntde mote@ of leptosphwrtn vta decomposttion of 
azm 45. Leptosphaerin is thus the ylactone of (4s.5~-2-acetamldo-4.5,6-truly&awy-2- 
heznoicacldan&assuchtsader&t&e ofaDam&ohexme. 

In the course of an examination of chemical constituents of higher marine fungL3 an isolate of the 

Ascomycete Lepfosphaerkz oraemarts (Linder) grown in artificial culture was found to yield a crystalline 

substance which was shown by high Iesolution mass spectrometxy to possess the molecular formula C&i1 1NO5. 

The physical properties of this material. named leptosphaerln. were similar to those of a product (1) claimed to 

be formed by oxidation of N-acetyhnannosamine (2) with bromine.’ but certain of our data could not be 

reconciled with this report. Moreover, attempts to reproduce the published oxidation of 2 led to a complex 

mtxtmx from which no substance corresponding to 1 could be isolated. In view of these ambiguities. a detailed 

structural elucidation of leptosphaerin was undertaken which included both spectroscopic and x-ray crystallo- 

graphic analyses.’ and which initially led to its incorrect assignment as 3. A synthests of 3 revealed our error 

and was followed by a synthesis of leptosphaerin which conclusively established its structure and absolute 

confIguration as shown in 1.’ We now describe details oftbe routes that led to 1 and 3. 
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NMEi evidence, including that derived from obsenration of spin-spin coupling of hydroxylic protons,7 

was compatible with either of the gross structures 1 or 3 for leptosphaerin but infrared absorptions at 1670 and 

1745 cm-l were taken as favoring 3. An initial x-ray cry&allographic analysis yielded a low quality set of 

diffraction data and misled us by “confhml@’ 3 as the structure for leptosphaerln. Contributing to the 

misinterpretation were difficulties associated with the placement of hydrogen atoms on the structure from tbe 

data available. As a result nitrogen snd oxygen atoms were not securely IdentitIed even though the structure 

could be r&ned to a nom&al@ aaxptable level_ (R L 0.076). In #ita context. it is noteworthy that an analogous 

misassignment of nttrogen and m .atoms was m@e in the x-ray cry@al structurq of reductlomycin (4)* 

which was subsequently corrected through degradation and synthesis.’ Regardless of our (erroneous) structural 

conclusion. the x-ray crystallographic analysis of leptosphaerin did provide useful stereochemical informa- 

tion by specUj&g its relative configuration as shown in 1 or 3. 

As a consequence of the spectroscopic and crystallographic evidence described above, 3 became the 

initial focus of our synthetic endeavors and, although the absolute configuration was not deilned. it was 

arbitrarily assumed that leptosphaerln was derived from a hexose of the D series. This assumption specifies 

4S.5R configuration for 3 and stipulates that a plan which assembles leptosphaerin by constructing the C(3)- 

C(4) bond must do so by a route that afTords erythro C(4.5) geometry. A stereocontrolled approach to the a-keto 

y-la&m moiety in the proposed structure (3) for leptosphaerln appeared feasible along lines established by 

Huisgen.” who has shown that nitrones (5) undergo cycloaddition to a/3-unsaturated esters to give 5-carboxy- 

isoxazolidines (6) which. i~pan hydrogenolysis. afford a-hydfmy r-lactams (7). The stereochemical outcome of 
a dipolar cycloaddition using a chill version of 5, in which RI bears a stereogenic carbon a to the ntbxme, was 

predicted to favor the desired erythro configuration based on the results of DeShong.” However, it,was found 

that stereoselectlvity is markedly dependent upon the nature pf the substituents in the nitrone. as well as the 

dipolarophile. in these cases. The secondary stereochemical issue of exo-endo selectivity in the cycloaddition 

of 5 is less relevant here, since C(5) cordlguration of the isoxazolidine 6 would be lost at the subsequent a-keto 

lactam.” 

fi+/o- - 
RI \N 

I 

5 6 7 

The acetonidt 31s of (RI-glyceraldehyde was prepared from D-mannitol and was condensed with N- 

benzylhydroxylamine to give the known nitrone 9.” Our initial plan envisioned cycloadditfon of 9 with 

methyl propiolate to give a A4~5-isoxazolirIe which, upon hydrogenolysis. was expected to yield an a-keto y- 

lactam. In fact, the reaction of 9 with methyl propiolate in reiluxing toluene gave a 1: 1 mixture of erythro and 

threo isoxazolines 10 and 11. respectively. Although these stereoisomers were readily separable by chromato- 

graphy. their configurations could not be confidently assigned by NMR spectroscopy and each was therefore 

carried fonvard in the hope that a distinction would be possible at a later stage of the sequence. Hydrogenation 
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of 10 or 11 rcs- not only in cleavage of the N-O bond and the N-bensyl group but in saturation of the C-C 

zi+oubk~~~. eakz~*zax&%!e&~ 

lactam, but a mixture of stize@ome rlc a-hydmxy lactams. 
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rn contrast to its reaction with methyl propiolate. nitrone 2 underwent stereosekctfve cycl%add.ttion 

wfth methy acryrate to afford a 31 mix&ire of two products in virtual& quantitative yield. ARhough tliese 

adducfs coufd not be separated, subsequent trdrmations established that they were erythro and three 

stereoisomers X2 and IS. respectively. The major isomer 11 results from a diastereaf&ally selective addition 

by acryrate to the Z isomer ofS= as illustrated m Egure I. This stereoseTectivi~ is in the same sense as ffiat 

observed by DeShong” and gives rise to a $S re&tionship between protons at CM and Co’]. The con@ratio~ 

ofthe ester substituent m 12 and IS was not established, but on both ekctronic and steric grounds there should 

exist a strong preference for the “endo” transition state shown in figure l.=leadlng to trans 2.5~disubstituted 

isoxazolidines. 

Figure 1. lYansition state for the dipolar cycloaddition of 9 with methyl acrylate. 

Hydrogenolysis of the mixture of 12 and 13 over palladium on charcoal resulted in scission of the 

isoxazolidme. removal of the benzyl substituent. and concomitant cyclization of the y-amino ester to yield 

la&am 14. easily separated by crystallization from its oily isomer. PfUzner-Moffatt oxidation” of 14 

furnished the unstable a-keto lactam 15 which was promptly acetylated to give the uyataUx enol acetate 16.” 

The lH NMR spectrum of 16. which displayed a H(4)-H(5) coupbng of 6 Hz, gave f&m support to the assigned 

structure. yet was sfgnificantly different fi-om that of the acetonide prepared from natural leptosphaerin. This 
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disparity was reinforced when the acetonide 16 was unmasked by acid-catalyzed hydrolysis. The dial obtained 

fS) was quite differen from natural leptcephaerin in spectroscopic properties and tic behavior. 

The lack of idenuty between synthetic S and natural leptosphaerln left 1 as the only plausible structure 

for the metabolite. ThLs formula posits leptosphati as a 2-aminohemse derivative and, as before. our plan 

for its synthesis was designed with the underlying assumption that It belonged to the D series of sugars. 

Our starting point was again? the acetonfde 8 of @I-glyceraldehyde, which was reacted with dfmethyl- 

sulfoxonium methylide to produce a 5.31 mixture of erythro (17) and three (18) epoxides. respectively. The 

predominant stereoisomer was assumed to be 17 on the basis of the classical Cram Rule selectivity principle. 

and conforms to previous observations of preferential si face attack at the carbonyl group of S.‘* Erythro 

epoxide 17 underwent clean alkylation with the ltthio dianlon of a-phenylthioacetic acid to give 19. which was 

lactonized to cis and trans isomers of 20 with dicyclohexylcarbodiimide in the presence of (4-dtiethylamino)- 

pyridine. Our original intention was to convert the phenylthio substituent of 20 io a keto group via Pummerer 

rearrangement of the correspondi.ng sulfoxide (21). but this was thwarted by an intervening elimination to give 

the vinyl sulfide 22. Consequently, an indirect method for preparing an a-keto lactone from 20 was 

investigated that took advantage of the singlet oxygenation of enam lactones developed by Wasserman.1e 

Hydrogenolysis of the mixture of stides 20 with F3aney nickel afforded pure lactone 29 as an oil which 

condensed with tris@methylamino~methane to furnish the crystalline enamino lactone 24. Photoaxygena- 

tion of 24. using Rose Bengal as sensitizer. led to a mixture of a-keto and enol lactones, with the enol tautomer 

25 predominating. Further progress was stalled, however. when no means could be found for introducing the 

requisite nitrogen function into 25. Attempts to condense this lactone with ammonia or a primary amine 

resulted in Intractable mixtures. and hence an alternative approach was explored for elaborating the a-amino 

ae-unsaturated r_lactone unit of 1. 

A report by Kraatz et al.” that a-azido lactones undergo base-catalyzld decomposition to give a- 

enamino lactones was first examined with the model system 27. prepatid from a-bromonl_valerolactone (261z1 

by reactlon with sodium azide. Exposure of an ethanol solution of 27 at 0 Oc to a catalytic quantity of sodium 
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20, x=sph 
21. x= stO)Ph 
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ethoxide led to rapid evolution of nitrogen and formation of 28, acetylation of which produced the crystalline 

acetamide 29 in high yield. 

With these final stages of a putative mute to 1 successfully tested, a complete sequence was available, in 

principle, from 23. However. the lack of stereospecitkity in the conversion of 8 to 17 and the necessity for a 

difficult chromatogrsphic separation at an early stage of the pathway detracted from an otherwise appealing 

scheme. A publication by Schmidt~ describing the dfflthio dianion of (Z)-N-methyl-2-benzylm-3-phenyl 

1. NaOEt 

26, x=F3r ae. R=H 
27. X=Na m R=CBCHa 
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thioacrylamlde (34) and its highly diastereoselective. erythro condensation with aldehydes. such as the his 

acetonide of arabeose, appeared to offer a means for circumventing this stereo&en&l obstacle, and 34 was 

therefore prepared by an established sequencelg fi-om ethyl pyruvate. 

MeNH, 
c Ph 

So. R=Et 32, R=H 
31, R=CH$h 33. R=3Ph 64 

The dtbenzyl ketal31 of ethyl pynwate, conveniently obtained by tnmsketalization of the diethyl ketal 

So.= underwent eBmination with phosphorus pentoxide to give the a-benzyloxyauylate 32. Fluoride-catalyzed 

addition of thiophenol to 32. followed by chlorination and Pumxnex’er rearrangement. furnished 33 which 

condensed with methylarntne to produce 34. The dianion of 34. prepared with two equivalents of lithium 

diisopropylamide at -78 “C and arbitrarily formulated as 36. reacted with 3 to give a single, crystalline alcohol 

in good yield. Both Cram and Felkin-Anhz5 models for this addition predict si face attack by 36 at the aldehyde 

carbonyl of 3 (and hence erythro geometry for 36). and this was confirmed by an x-ray crystal struct~re.~~ An 

0RTEPviewof36isshowninfigure2. 

Figure 2. ORTEP plot of 36 determined by single crystal analysis showing erythro-C(4;S) configuration. 

Interestingly. a quite different pathway is followed if the dlaniori 36 is first albwed to warin from -78 ‘C 

to 0 “C prior to addition of 3. A product, C~~HI~NO~S, was obtained which showed neither OH nor NH 

absorption in its infrared spectrum and from which protons due to the benzyloxy group were clearly absent in 

the NMR spectrum. The appearance of a new proton signal at 6 5.09 (d. J=7.5 Hz). along with spectral data from 

13C NMR, pointed to oxazolidone 37 as the structuri of this unexpected product. Although 37 is highly 

crystalline, its configuration with respect to both the aminal carbon and vinyl sulfide geometry remain 

unknown. It was assumed at fbst that 37 arose fmm incomplete double deprotonation of 34 and that attack on 
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8 was initiated by the amtde anion of 34. However, when a solution of SS in THF was brought to 0 ‘C and 

neutralized, the propiolamide 38 was virtually the sole product. We therefore belteve that 97 or&&xttes !i-om 

condensatfon CU’S wltii the an&m ON& the ii~ttcr -from eBnBatii3n of bensyr oadt ikom dirtnron 39X 

Suppression of this elfmination by mafntainfng the reaction temperature at < 0 Y! is therefi3re crucial to the 

SUccessN preparatlrm ofs6. 

The hydroxy amide 36 underwent lactonizationz7 to SS in hfgh yield in retluxlng n-octane. In order to 

remove the phenylthio substituent from this lactone. 39 was next treated with trl-n-butylstannane.zz The 

clystalline stannane 40 would not respond to protodestannylatiox? under conventional acidic catalysis 

without competing acetonide hydrolysis, but an effective means for this transformation was found when 

pyridfne hydrobromide was employed. The crystalline lactone 41 was subjected to hydrogenolysis in the 

expectation that removal of the benzyl group would lead to the enol of the a-keto y-&tone but, contrary to 

precedent.22 the initial product was the benzyl ether 42. It was subsequently found that saturation of the double 

bond of41 was more rapid than hydrogenolysis of the benzyl group under a varkty of conditions. with the 

PhS OCH,Ph 
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gH 

39. R=SPh 
49; R= S”(“Bu& 
41. R=H 

PhSCRCCONHMe 

38 

(presumed) cis disubstituted la&one 42 undergoing a slower hydrogenolysis to give the crystalline a-hydroxy 

lactone 43 in excellent yield. This serendipitous outcome was exploited by converting 43 to its mesylate 44 and 

then, by reaction with sodium azide. to the unstable a-azido lactone 41. The latter was even more cooperaUve 

than the knodel system 27 in suEerIng spontaneous loss of nitrogen ln reiluxing ethanol to afTord the enamine 

46. This amine was promptly acetylated to give a crystalline sub&&e 47. mp 128-129 Oc. [alDz2 -51°. that 

corresponded in every respect with the acetonide prepared from natural leptosphaerirx2* Finally. when 47 was 
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1N HCI 
1- 0 

46, R=H 
47, R=Ac 

subjected to hydrolysis, it afforded a quantitative yield of 1. identical by comparison of mp. optical rotation. IH 

and 1% NMR spectra and chromatographic behavior with leptosphaerln. 

The synthesis pf 1 confirms the structure and absolute configuration of leptosphaerin as [4S,5R)-2- 

acetamido-4.5.6~trIhydroxy-2-hexenoic acid ~-la&me. It ls thus a derivative of a D sugar. perhaps D-fructose. 

An x-ray crystallographic structure determination of leptosphaerln can-led out subsequently yielded a data set 

which permitted unambiguous diEerentiation of oxygen and nitrogen atoms and thereby removed the error 

that had led to the incorrect asatgnme-nt 3.= 

Experimental section 

All solvents were reagent grade and were distilled through glass. Solver& for reactions were dried by 
distillation from an appropriate drying agent shortly before use. THF. Et20. benzene. and toluene were distilled 
from potassium benzophenone ketyl under argon. Diisopropylamine, pyrldine. DMSO. CHzCl2. J3taN. and DMF 
were distilled from CaH under argon. Starting materials and reagents were obtained from commercial 
suppliers unless otherwIse noted. 

Reaction flasks were oven-dried overnight at or above 165 OC or flame-dried and cooled in a desiccator 
over anhydrous CaS04 immediately prior to use. Syringes were oven-dried overnight and cooled in a desiccator 
as above. Removal of solvent was carried out af water aspirator pressure with a rotary evaporator and residual 
solvent was removed by vacuum pump. 

Flash chromatography was performed using silica gel 60 (230-400 mesh AS’IMI and an elution rate of 
approximately 5 cm per min. w thin layer chromatography was carried out with precoated TLC plates 
(silica gel 60 F-254.0.2 mm layer tbkkne& cut to a size of2.6 x 6.7 cm. 

Nuclear magnetic resonance @JMRl spectra were obtained at either 60 MHz or 400 MHz. Infrared spectra 
(IRJ were recorded on either a m instrument or a grating instrument, Optical rotations were determined with a 
polarimeter using cells of 1 decimeter pathlength and 1 mL capacity. Low and high resolution mass spectra 
[MS) were measured on Varlan-MAT CH7 and Kratos MS-50 spectrometers using electron impact ionization at a 
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potential of 70 eV. Melting points were determined with a capillary melting point ‘apparatus and are 
uncorrected. 

Isolationof~. 30mLbatchesofamedilmoco~oflOgafglucose. lgofarnmonium 
sucdnate,1gof~iCco~~,and#gofRllamarinemixdUutedt01Lwith~waterwgeplacedfn 
125mLErFenmcyafl~andau~~at120OCfar20min Themediawereinocuktedfromastcckculturx 
of L, oraemar& arpd the flasks were shaken at 25 OC for 7 days. The contents wem homogenked In a sterile 
blender, trsnsfem to 509 mL Erlenmeyer flasks containing 150 mL of the medium used above. and incubated 
at 25 OC! for a further 7 days on a rotary shaker. The cultures were harvested by suction filtration. which 
separated the medium from the qnycelinm. The culture filtrate was concentrated to dryness and was extracted 6 
times with 150 mL of hcxane. The residue wag dissolved fn 1 L of H20 and was exhaustively extracted with 
EtOAc. The EtOAc extract of the culture f&rate was chromatographed on silica gel. using EtOAc as eluant. 
Evaporation of the first fractions yielded 25 mg of crystalline but slightly impure material. Preparative thin- 
layer chromatography @tQAc) gave a UV active band (Rf 0.35) which was eluted from the silica with acetone. 
AtIer evaporation of the solvent, recrystallization of the residual solid fium qOAc gave 16 mg of leptosphaerin 
as needles: [a]g3 +38.8” (c 0.12, H20); mp 189.5-190.5 “C; UV @kOHI k- 246 nm; JR (KBrl3435.3355.3290. 
1745.1670.1640.1640.1340,1260.1140.1075.1035.870. and 780 cm- 1: 1H NMR (acetone-~ 6 8.88 (1H. broad, 
exchangedwith D20). 7.48 (1H. d. J=2 H& 5.09 (1H. dd, J=2.5 Hz), 4.25 (1H. ddd. J=4.6.7 Hz). 4.11 (1H. dd, J=7.9 
Hz). 3.93 (1H. dd. Jx4.8 Hz). 2.17 (3H. sl; (DMSOG) 6 10.12 (1H. broad. exchanged with D20). 7.45 [lH. d. J=2 Hz), 
5.14 (2H. m. 1H exchangexl with D20). 4.11 (1H. t. J=5 Hz. exchanged with DzO), 3.72 (1H. ml. 3.46 (2H, ml. 2.08 
(3H. s); MS (rel. intensity) m& 201.067 (M+. 2. Calcd for C&lN05: 201.064). 141.037 (100, calcd for C&i7NO3: 
141.0431. 123 (72). 99 (52). 98 (31). 70 (4Ol. and 43 (78). 

Leptosphaerin DSacetate. A solution of 5 mg (0.025 mmol) of leptosphaerln in 0.2 mL of Ac20 containing 
a catalytic amount of pyrldine was maintained at reflux for 1 h and then was allowed to stand at room tempera- 
ture for 24 h. The rea*on mkture was diluted with H20 and extracted with CHCb. The organic extract was 
washed with 1N HCl. iN NaHCO3. and H20, dried over MgSO4 and concentxate$ in vacua. The crude product was 
subjected to preparative tic (silica gel); ‘and the W acttve baud (Rf 0.69) was eluted with Et20 to give 3 mg of 
leptosphaerin diacetate as a crystalline solid: mp -145-146 ‘c; IR WBr) 3340.3145.1755. 1735. 1695.1675.1620. 
1535.1385,1320.1255.1110.1025.965.880.835.780. and 680 cm-l; IH NMR (DMW_dd 6 10.12 [lH. broad), 7.45 
(IH. d J=2 Hz). 5.34 (2H. ml, 4.33 (1H. dd, J&12 Hz). 4.08 [lH. dd. J=4.12 Hz). 2.17 (3H. s). 2.08 (3H. sl, 2.05 (3H. s). 

2-~~~l.a-O_(l-methylethyflbene)~~methorg-4-iro (10 and 11). A solution of 235 
mg (1.0 mm011 of 9 and 90 mg (1.0 mm& of methyl propiolate in 5 mL of toluene was heated at relux for 1 h. 
Removal of the solvent gave 73% of a mixture of 10 and 11 which were separated by preparative tic 
~enz.ene:EtoAc (9: 111. 

lo: RfO.52: IR (film) 1735 and 1640 cm- + lH NMR(CDc13) 6 7.32 (5H. s). 5.92 (1H. d. J=2 Hz). 4.28 (1H. d. 
J=12 Hz). 3.97 (5H. ml. 3.80 (3H. sl. 1.32 (3H. s), 1.28 (3H. 5): MS m,& 319.143 (c&d for C17H2lNO5: 319.142). 

11: xR(film) 1735 and 164Ocm-1: 1 H NMR (CDCb) 6 7.33 (5H, s). 5.70 (1H. d. J=2 Hz], 4.35 (1H. d, J=13 Hz), 
4.21 UH. m), 3.98 (2H. ml, 3.96 (1H. d. J=13 Hz). 3.81 (3H, s), 3.72 (1H. m). 1.28 (3H. s), and 1.26 (3H. s): MS& 
319.140 (calcd for C17H21NO5: 319.142). 

2-BeneJrl-~[l,~l-methylethylldene)l-~e~H~e (12 and 13). A solution of 47 mg 
(0.2 mmol) of 9 in 4 mL of methyl acrylate was heated at reflux for 1 h. The solution was concentrated to a light 
syrup which was subject&I to pkeparative tic using benzene:Et20 (1:2) as eluent. The band at RfO.75 was eluted to 
give 62 mg (97%) of a mixture of 12 and 13: (IR (film) 1750. 1370, and 1360 cm-l: 1~ NMR (CDC13) 6 7.33 (5H. m), 
4.87-4.47 UH, ml. 4.34-3.45 (6H. m). 3.77 (3H, s). 3.39-2.99 (1H. n& 2.85-2.26 (2H. m). 1.34 (3H. s). 1.32 (3H, s): MS 
u321.156 &i+. calcdforC17H21NO5: 321.158). 

3-Hy~-5-I~.2-0-~l-methylathylldene)lpgrrolldin-2ane (14). A solution of 1.50 g (4.80 nunol) of the 
mixture of 12 and 13 in 15 mL of ethanol was hydrogenolyzed over 300 mg of Pd/C (10%) at atmospheric 
pressure. Asker 18 h the solution was filtered through Celite and the solvent was removed under reduced 
pressure leaving a pale green syrup. This crysta&ed fi-om acetone to give 477 mg (51%) of 14: mp (decomp) 
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175 PC; JR (KBlj 3420.3225. ax@ 1710 cm -l;lH NMR(CDCIs) 6 6.78 (1H. s). 4.46-3.65 (6H. m). 2.74-2.00 (1H. m), 
1.87-1.53 (1H. IX& 1.43 (3H. s), 1.33 (3H. s). MS QJ,& 201.102 &I+. cakd for C9Hl5NO4: 201.100). 

Anal.C!akdforC!&I~$JO~ C.53.72:H.7.51;N.6,96. Found: C.53.62:H.7.57;N,7.14. 

S-ACbt0xy-5[l,2-O+methyletlt~~~~(lS). To asoh&ionof4Omg (0.2mmoo4 of14 
in 3 mL ofbenzene:DMSO (9~1) was added 120 mg (0.6 mmolJ dicyclohexylcarbod&nid eandldmpobpolyphos- 
phorlc acid. The mtxture was stfrred at room temperature for 18 h. diluted with EtOAc and treated with 54 mg 
(0.6 mmol) of ox&e acid. The precipitate was removed by f&&on and the filtrate was evamed to dryness. 
The crude pmd~ct IS was d&solved in 3 mL of acetic anhydride contafning a catalytic amouti of pyrkUne and 
the solution wari stixred at room tempemture for I2 h. TIie reaction mixture was poured i&i ice-cold aqueous 
NaHCO3 and was extracted with Et20. The combined ethereal t&acts were dried and the &vent was removed 
to give 16. Column chromatcgr&hy on silica gel using EtOAc-MeOH [9:1) as eluent yielded 28 mg (m of 16: 
mp 152-156 “c:‘W 1770.1720, a&l 1625 cm -l; lH NMR (CDC@ 5 7.64 (1H. bmad s. @xch@$d wEb D20), 889 (lH, 
t. J=2 Hz). 4.35 (1i.I. ddd. J=2.2;6 Hz), 4.16 (IH. q. J=6 Hz). 4.0cI (1H. dd. J=6.8 Hz). 3.71 (1H. dd. J=5,8 H& 2.29 (3H. 
s), 1.46(3H. s): MSDaLl,241.O97(c&dforC~~H~@O& 241.095). 

AnaLCakdforC11H@K& C.54.77iH.6.27iN.5.81. Found: C.54.59;H.6.11;N,5.93. 

s-~toxJr-a-Il.a~l-~~y~~y~~)l- Sqyxr&na&ons (3). To a s~lutton of 10 mg (0.05 mmol) of 
16 in 1 mL &8096 aqueous ethanol was added 10 mg of oxalic acid. The reaction m&&u-e was main-d at 60 
‘C for 5 h. After removal ,ofthe solvent the crude residue was SubJected tb preparative tk. EIution ofthe band at 
wO.25 EtOAc-MeOH19:1)1 with acetone’gave 9: IR 1770.1720. and 1625 cm-l: lH NMR (der_acetorme) 6 7.56 (1H. 
broad s, exchanged with D20). 6.96 (1H. t. J=2 Hz). 4.30 (2H. m, 1H exchanged with D20). 3.75-3.30 (4H. m). 2.22 
(3H. s); MS & 201. 

Anal. CakdtixC&il1NC& SC. 47.76; H, 5.51: N. 6.96. Found: C. 47.52; H. 5.76; N. 7.09. 

l,~~~$,Co-(l~e~y~~y~enda_ (171 and 1,2-anhyd&3.4-0-&etbylsthyli- 
dene)-D-threltol (16). Into a dry 250 mL three-neck Morton flask was @aced 3.23 g (80.8 mmoll of”&esh sodluk 
hydride (60% dispersion in oil) and the solid was washed with several portions of dry hexane. The last tracks of 
hexane were removed in vacua and 17.8 g (80.8 mmoU of crushed ~ethylsulfoxonium iodkie was add+. After 
flushing the flask with argon, 100 mL of dry DMSO was added dropwlse over 20-30 min and the mixture was 
stirred vigorow for 40 min. To the resuXting solution was added 9.55 g (67.57 mmol) if t?eshly di&iUed 8 In 10 
mL of dry DMSO over 10 toin. FerIodtc coo&g of the reaction nUxture was required to &aintaln’it at room 
temp. After stirrIng for 4 h. the solution was diluted with 156 mL of H20 and was extracted ‘twice with 200 mL 
portions ofEt20. The cambined ether extracts were washed with satd aq NaCl, dried over Na2SO4. and carefully 
concentrated to give 9.6 g of a mlxture of 17 and 18 as a yellow oil. Chromatography of the mixture on silica gel, 
eluting with h-e-ether (2: 1). gave 4.77 g (50%) of 17 and 0.905 g (9.3%) of 18 as colorlez-+s oils., 

17: [a@ = +9.200 (c - 3.04 MeOH): *H NMR (CDC&) 5 1.37 (3H. s). 1.46 (3H. F& 2.62 (LH, dd. J=3.5 Hz). 3.82 

(1H. dd. J=4,6H&3.OO(lH,m),3.744.15(3H.m). 

Anal. CalcdforC7Hl2Os: C. 55.32, H. 8.39. Found: C. 58.41: H, 8.30. 

l8: I# = +5.94“ (c = 2.02. MeOH): lH NMR(CDCl$6 1.37 (3H. s), 1.47 (3H. s). 2.63 (1H. dd. J=3.5 Hz). 2.76 

(lH, dd, J=4,6Hz). 2.99 (1H.m). 3.794.09E3H. ml: MS- 144. 

(4S.S~~-S.~(l-metby~thy~ene)-2-thiopheny~~ Acid (LB). To a solution of 1.25 
mL (8.93 mmol) of d@opropylamine in 2 mL of dry THF at -78 was added 5.76 mL (8.93 mu@) of nBuLt (1.4 M In 
hexane). After 5 min 2 mL of dry THF was added followed by a solution of 715 mg (4.25 ~01) of 2-thiophenyl- 
acetic acid in 4 mL of dry THF. A precipitate formed that redissolved during 15 min. after which a solution of 
510 mg (3.54 mmol) of 7 in 3 mL of dry THF was added dropwise. The mixture was allowed to warm to room 
temperature and stirred for 18 h. After quenching with 3 mL ‘ti 2N NaOH the reactioh mfziture was extracted 
with 50 mL of Et20. The aqueous phase was acidified with 3N HCl to pH 1 and the resulting cloudy solution was 
extracted with 200 mL of EX20. The ethereal solution was washed with satd aq NaCl. dried over Na2S04. and 
concentrated to give 1.19 g of impure 19 as a yellow oil. This was comwted without purlfkation to 20. 
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with water, dried over P@SO4 and Naporatedtogiveanamberoil. Chromatographyofthtsoilonsilica. 
elu4fng with EtOAc-hezane ,(l:l). gave 0.949g (5996) of 36 as a cxystabme sc@d which was v from 
CH2C12-hezane to gtve needles: mp 105.5-106 oc: (a@ -141° (c 3.1. CHC@ IR 0 3620.3660.2940.1665.1382, 
137fk& ~H~(CDCIQ)87.45-?.~~l~.m),5.TT(1H.4.J~~.8.a0[lH,d,Jrll ~.5.92(1H,d,J=llH& 
4.75(lH,dJ=ll Hz),4.3? (1H. dd,J=5,14Hz). 4.09(lH,m), 3.9l~(lH,dd,J=5,9Hz),2.82 (3&Z, d,J&H& 1,37(3H, s), 

130(3H. 9): 1zCNMR(CDC)3) 5 164.4, 146.1. 136.1. 133.5. 131.3. 129.2,, 128.6, 128.51. 128.5. 128.2. 127.5, 109.6. 
77.6,73.3,72.3,68.0.26.7,26.1.25.3; MS m/z 429 ~.363.280.238. 101.91. 

): I 

Anal. CakdfhrC&i27N~: C. 64.31; H. 6.34; N. 3.26; S. 7.46. Found: C. 64.27; H. 6.18; N. 3.47: S. 7.56. 

Ozazolidlnono 37. To a solution ofO.533 g (6.27 mmol) ofdliso~ropylamine in 20 4 oflVF at -78 T 
was added 3.5 mL (5.27 mmol) of a 1.5M sohrtion of n-butyhtthium in hexanes. The solution was stfrred at 0 T 
for 0.5 h. 0.45 g (2.51 mmol) of HMPAwas added, and the sohrtion’was cooled to -78 V. A soluticn~~O.751 g 
IznlmmollofSIPCinl5mLof~wasaddedandthe~wasatftredatOOCf~l5mih~~uionooarcdto- 
78 V. A sohrtkm of0.326 g (2.51 mmol) of freshly dfsti5ed 8 in 10 mL of THF was added and, after stirrmg the 
solution for 1 h at -78 T. 10 mL of satd aq NH4U was added. When the mtzture ‘had warmed to room tempera- 
tureitwasdtlutedwith50mLofEt2Oandthe~phasewasseparated.wa%hlertwitbwata.8nBdriedover 
Na2SO4. Evaporation of the solvent gave an amber oil. Chromatography of this ofl on silica, with gradient 
eMion using hezane-EXXic (3: I-_) 1: 1). gave ‘453 mg (56%) ofS7 as a colorless aystaU& s&d: ‘mp 66-87 T: IR 
(flhn) 3017,1667.1583.1384. 1375.761 cm -I: IH NMR (CDCl$6 7.42-7.23 5%. ml. 6.25 (IH, s). 5.69 (1H. d. J=7 
Hz). 4.14 (2H. m). 4.02 (1H. m). 3.10 (3H. s). 1.49 (3H. s). 1.37 (3k, s): % NMR (CDCI3) 6 16O.L 142.9. 134.3. 129.5. 
129.2.127.2, 110.9. 160.2.91.4,76.3,65.8,28.2,26.7,25.1: MS m/z 321,220, 109. 

AnaLC&df~C&IlgNO4S: C.59.79;H.5.96;N.4.36;S.9.98. Found: C.5968:H.5.94~N,4.32;S.9.96. 

(4~5~-5.e-o_(l~~~~y~e~~p~~~heny~e~~~~~h~~~e~SO~. A 
solutionaf2l~IO.~9~oE88In5~ofn-octanewasheatedat~~for4handthGnsvaporatedto 
dryness in vacua. The residual oil was passed through a pad of silica eluting yth hexane-EtOAc (1:l) to give 
16.5 mg (87%) of 99 as a colorless oik =1 falD -2800 (c 2.2, CHcls): w 0 3666.2980.2930.1765~ 1625.1380. 

137Ocnr~; ZH NMR(CDQ) 6 73O(lOH. mk 5.37 (1H. d, J=l2 Hz), 5.23 (I& d, J=12 Hz). 4.84 (IH, d.J=4 Hz), 4.11 
(1H. m). 3.78 (1H. dd, J=9.7 Hz). 3.53 (lH, dd. J=5,9 Hz), 1.34 (1H. s), 1.30 (1H. s): lsC NMR(CDCIs) 3 186.60. 141.8. 
135.5. 134.5. 132.0. 129.8, 129.3. 128.5, 128.2. 128.0. 110.2.77.8.76.0.~72.0.63.5,25.8,25.0: MSm/z 399 M+). 
101.91. 

(4~SR)-S,6-o-(l-mc~~~~y~ne~2~heny~e~y~h~-~n~~c~ne(41). Asolutlo~of0.6Og 
(2.0 mmol) of S9, 1.10 g (13.7 mmol) of trl-n-buty Marmane. and a trace of azobisisobutyromtrge 0 in 30 
mL. of dry benzene was heated at mtluz for 6 h. ‘The msuhlng solution was cooled and concentrated to leave an 
oil. Chromatography of this ofl on sfl+ca. eluting with hezane-EtOAc (1O:l). gave a colorless ofl which 
crystallized on standing. This material was d&solved in 50 mh of 1.1.2.2-tetrachloroethane and 0.56 g (3.62 
mmol) of pyridine hydrobromide was added. The mkture was stirred overnight at 85 ‘C. cooled. and shaken 
with 50 mL of water. The layers were separated and the aqueous phase was extracted with C$$I2. The 
combined organic solutions were dried over Na2S04 and concentrated. Chromatography of the residue on 
silica, with gradient elution using hezane-EtCAc (31 + 1:l). gave 0.42 g (79%) of 41 as a colorless crystalhne 
solid which was recrystallized from CH2Cl2-hezane: mp 78.5-79 “C: IFI (film) 2980. 1763. 1628, 1380 cm-f: fH 
NMFI(CDCIs) S 7.36-7.25 (5H. m). 6.26 (1H. d. J=2 Hz). 5.03 (1H. d. J=l2 Hz). 4.98 (1H. d. J=l2 ml, 4.70 (1H. dd. 
J=2.8 Hz), 4.09 (1H. dd. J=9.6 Hz). 4.02 (1H. dd, J=9.4 Hz). 3.85 (1H. m). 1.42 (m. s). 1.33 (3H, sk lsC m(cDc13) 6 
167.0. 146.6. 134.6, 128.7. 128.6. 127.6. 116.1. 110.2,78.4,72.9,66.6,26.7.24.9. 

Anal. Cal&for Cl&Xl& C, 66.20: H, 6.25. Found C. 66.28; H. 622. 

(4a40-6,s-o-(l-meth~~h~o~c~ne (43). A so)utfon of 12 1 mg (0.42 mmolJ 
of 41 in 3 mL of EtOH containing 53 mg of palladium hydrcedde was stirred under au atmosphere of H2 for 1 h. 
The suspension was ffltered and-the fihrate was concentrated. Chromatography of the residue on silica, eluting 
with hezane-EtOAc (1:l). gave 74 mg (86%) of 43 as a crystalline solid which was recrystkdhzed from CH2Ck- 
hezane: mp 899Ooc: (&& -12.90 (~2.0, CHC13): IR @ml 3400, 2980, 2930. 1785, 1360. 1370 cm-‘: lH NMR 
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