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Abstract: An expedrent and enantrospectfic synthens of a strategrcally functronalized tncychc mter- 
mediate for the constructron of manzamme A 1s described 

Introduction 

The manzammes are a new fanuly of mature alkaloids isolated recently from three different genera of manne 

sponges by two mdependent groups ‘L3 Then btologtcal acuvrty and novel molecular arclutecture has made 

them targets of recent syntheuc efforts 4-7 We set out to develop a concise synthettc strategy, which should give 

access to the structnrally related manzarnmes A (l), B (2). E (3) and F (4) as well as to thetr dertvatrves, for 

structure actrvrty studtes A synthesis of the structurally simplest congener, man-e C (5), has recently been 

reported by the group of Hmo * 

X 

1 X=H2, R=H 
3 X=0 , R=H 24,25 drhydro 
4 X=0 , R=OH : 24,25 drhydro 

5 

This report wrll present a detatled account of the stereoselectrve syntheses of an enanttomencally pure mcychc 

compound, which represents the ABC substructure of the manzamme alkalotds and, m addrtron, tames ade- 

quate functronal groups at stategrc positrons for the elaboratron of (+)-manzamme Am parucular9 

Strategy 

Analysts of the structure of (+)-manzarnme A (1) shows that the ABC substructure contams all of the five 

stereogemc carbons and most of the stereochemrcal mformauon of the molecule (Scheme 1) The mcychc com- 
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pound 6 was regarded as an attractive subtarget, because it already contains four of the five final chiral carbons, 

including the crucial quaternary C- 10 lo, in their required absolute configurations. Furthermore, 6 possesses ad- 

equate functionality at strategic positions for the final stages of the synthesis. The C-6 ester group forms a han- 

dle for the introduction of the P-carboline moiety. The hydroxymethyl group attached at C-26 together with N- 

19, and the C-8 keto group together with N-2 allow flexible access to the eight-membered E ring and the thir- 

teen-membered D ring, respectively. The density of both the stereogenic centers and the functionalities of ring B 

evoked the application of an intramolecular Diels-Alder reaction I* in the synthetic approach to 6. 
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CO,Ms 

8 

+ 

Ph-NW 
CO,Me 

H 

10 

I > 

CO,Me 
H : 

+ m-N4 + ~CW’e 

13 14 

Scheme 1 

Detailed analysis of all feasible carbccyclic intramolecular Diels-Alder reactions for the construction of the 

pyrrolo[2,3GJisoquinoline framework of 6, suggested the use of a Z-diene l2 as a stereocontrol element l3 to 

implement the cis fusion between the A and B rings. This led to the retrosynthetic transformation of 6, via 7, to 

triene 8. At the outset, it was anticipated that the protected hydroxymethyl substituent at C-26 of enantiomerical- 

ly pure intermediate 8 would direct the diastereoselective formation of 7 in the intramolecular cycloaddition reac 

tion. Carbamate protection of N-19 would minimize the expected propensity towards aromatization of the 2- 

pyrroline part of 8. The functional group addition at C-l in going from 6 to 7 (replacement of methylene for car- 

bony1 group), served two important objectives. Thermally allowed [ 1,5]-sigmatropic hydrogen shifts in the pen- 

tadienylic part of triene 8, which often plague intramolecular Diels-Alder reactions of trienes incorporating Z-di- 

enes 14, are not feasible. In addition, the amide functionality in 8 makes further disconnection, in a convergent 

manner, to the rerr-butyl thiol ester 9 and amino ester 10 obvious. The use of thiol esters as latent reactive acyla- 
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tion agents, triggered by the presence of thiophilic salts, has been pioneered by Masamune I5 and has recently 

also been demonstrated by Ley l6 and others 17. Further analysis of compound 9 led to enantiomerically pure io- 

dide 11 and S-ren-butyl acetothioacetate (12). The chirality of 11 can be mapped with both antipodes of the 

amino acid serine, which are cheap and readily available members of the chiral pool l*. 

At the outset, the synthesis of amino ester 10 was envisaged to be the result of some kind of vinylogous 

Mannich-type reaction between synthetic equivalents of imine 13 and methyl crotonate (14). 

Results and discussion 

Synthesis of the enantiomerically pure iodide 23 

A straightforward route from the known L-serine derivative 15 lg to iodide 23 is given in Scheme 2. Direct 

reduction of the reported ester 16 2o to alcohol 17 proved, surprisingly, difficult. Reduction with excess DIBAL 

(in THF at room temperature) or lithium borohydride (in refluxing THF) stopped at the aldehyde oxidation level. 

This may be explained by invoking the formation of a stable chelate after delivery of one hydride equivalent. The 

problem was circumvented when ester 15 was frost reduced to the corresponding aldehyde by one equivalent of 

DIBAL at low temperature, followed by a second reduction with excess sodium borohydride in ethanol at room 

temperature. As the yield of this procedure was only modest (46 %), as has been reported for a similar sequence 

21, the direct approach was abandoned. 
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(a) TBDPSCI. imidazole, DMF; quant. (b) i DIBAL, THF; ii NaBH4, EtOH; 46 % (c) dimethoxypropane, PhH, PTSA; 
quant. (d) Ca(BH& THF/EtOH; quant. (e) TsCI, DMAP, py.; 91 % (f) Nal, acetone; 66 % (g) I*, Ph,P, imidazole, 
PhCHdMeCN; 79 % (h) cont. HCI. acetone; quant. (i) TBDPSCI. imidazole; DMF; 90 % 

Scheme 2 

It was anticipated that the crucial reduction step would become a high yielding process if the formation of a 

stable chelate was prevented. Therefore an additional, temporary protection of the carbamate nitrogen atom was 

used. Subjection of 15 to the ketalization conditions described by Garner 22 furnished 18 quantitatively. 

Gratifyingly, reduction of this compound with calcium borohydride 23 provided alcohol 19 in quantitative yield. 

Conventional transformation of 19 into 21 via tosylate 20 was accomplished in only 55 % overall yield. 

Particularly the displacement with iodide proceeded in a modest yield. Fortunately, direct transformation of 19 
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mto 2 1, followmg Garegg’s procedure 24, was more rewanimg (79 % yield). The conversmn of 21 mto the 

highly crystalhne 23 pmceeded uneventfully, 11190 46 overall ydd. A good mticanon for the optical punty of 

23, obtamed VUI this sequence, was obtamed by lH-NMR analysis of 22 m the presence of (+)-Eu(hfc)g 25, as 

only one enantmmer could be detected 

In summary, enannomencally pure 23 was obtamed from methyl (-)-IV-(benzyloxycarbonyl)~L-sermate (15) 

III 71 % overall ytekl Only once m the five-step sequence chmmatographlc punficahon of an m-ate was 

reqmred Jn ad&non, the approach was amenable to large scale processmg of the materials (startmg with 50 g of 

15), without any loss m yields 

Synthesrs of the 2-vmyl-2-pyrrolmne-3-thlol ester30 

Stmng of 23 with 1 1 equivalents of the sodmm enolate of 12 m DME at room temperature for one week 

(optmuzed con&nons) led to recomplete converston of the startmg t&de Apart from mldual I&. the antics- 

pated alkylaaon product 24 and lactam 25 were present m the crude reaction rmxture Upon SubJectlon of dus 

nuxture to the dehydranve condlhons described by Fukuyama 26, 24 was transformed mto 26. Complete separa- 

uon of the requslte 26 from unconverted 23 by flash chromatography 27 proved bfficult. Fortunately, It was 

possible to crystalhze l&de 23 selectively. The corrected yields of 26 and 25 (keto/enol7/3) over the two steps 

were 49 and 17 %, respecnvely The acetyl appendage at 3-C of the keto tautomer of 25 was tentattvely as- 

signed to possess the thermodynarmcally more stable u onentanon, OWLS to the nlyloxymethylene group 

TBDPSO 
24 25 26 

Although the yield for the synthesis of 26 was rather low, the above process was rendered synthetically effi- 

cient by recychng the recovered u&de Generally, It was preferred to subJect crude 26, contammated wth lo- 

&de 23, to the anunomethylauon reachon (VI& m&z), pnor to executmg a facile separation of the resulnng 

product 27 from residual 23 

hutially, the mtroducnon of the vmyl group was achieved vza Damshefsky’s 28 protocol Extensive expen- 

mentahon showed it to be essenhal to generate the hthlum dlenolate of 26 with hduum hexamethykhslande m 

THF, in order to obtam good yields m its reacnon with Eschenmoser’s salt 29 Under optnn~zed condltlons, a 

nuxture of the y-addnon product 27 and the a-addnon product 28 was obtamed in 43 and 28 % yield, respec- 

tlvely As only one dastereomer of 28 was formed accordmg to its spectral data, the stereochermstry of thus 

product was tentauvely assigned as m&cated above, assummg an attack of Eschenmoser’s salt on the stencally 

less hindered a-face of the mtermedlate hthmm dlenolate of 26 
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.Dpso& 
NMe, 
TsDpso~sk .DpsozR3 .Dpsod 

27 28 29 30 

Because of the poor reposelecnvlty and the fact that the above reacaon was not amenable to large scale prc- 

cessmg, new Manmch-type reamon condmons for the &methylammomethylatlon of 26 were developed It was 

contemplated that better results nught be obtamed 111 the desired transfonnahon. by allowmg a reachon of the 

electrophlhc Eschenmoser’s salt with 0-sllylketene acetal denvative 29 Unfortunately, it was not possible to 

prepare the latter compound by quenchmg hthlum dtenolates of 26, generated with LDA or LHMDS m THF, 

urlth trnnethyls~lyl- or rert-butyldunethylslyl chlonde A fehcltous mscovery was made, when a reactIon was 

camed out between “in slru generated” 29 and the mumum salt Upon adding tnethylamme, tnmethylsdyl m- 
flate and Eschenmoser’s salt consecutively to a soluoon of 26 m hchloromethane at OT, a rapid and regoselec- 

hve formatlon of 27 was observed The pivotal product could be Isolated m 85 % yield. We beheve that this pm 

cedure rmght be of general value for accomphshlng the dnnethylanunomethylahon of weakly acldtc compounds 

The complete regoselectwlty of the above procedure 1s ascribed to a comhnanon of stenc and electronic factors 

Stencally, y-attack of Eschenmoser’s salt to mtermedlate 29 IS the favoured process Furthermore, the mtermti- 

ate ansmg from y-attack (31a) 1s better stablhzed than its counterpart ansmg form cc-attack (31b) An alternate 

mechamsm, which can account for the observed re@oselecnvlty of the process, would mvolve a hetero Dds- 

Alder reacnon between 29 and Eschenmoser’s salt, followed by a desllylatlve breakdown of the resulting lnter- 

mediate 3 2 3o 

:Dpso~~~Dpsc~~Dps2~ 
2 

31a 

TSDPSO Cbn 

31b 

32 
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As the chromatographrc mobrhtres of rodrde 23 and amme 27 differed widely, as opposed to those of 23 and 

26 (vrde sup@, chromatographrc separauon of resrdual23 was preferably camed out at thus stage A nurture of 

26 and unconverted 23 was subjected to the new Manntch-type protocol, whereupon pure 27 was obtamed to- 

gether wrth pure 23, which was reused for the synthesis of 26 The corrected overall yield for the three-step 

transformauon of 23 mto 27 was 57 % Quatermzauon of 27, followed by DBU treatment, provided the rather 

unstable Irene 30 m 89 % yield, settmg the stage for the crucial ammolysrs reactron wuh ammo ester 10 

In the last decade N-acyhmmmm tons have been used as syntheuc eqtuvalents of ones m Mamuch-type re- 

actrons wrth srlyl enol ethers 31 The IV-acyhmmmm precursor 34 was readily avarlable from 33 32, by alkyla- 

uon wrth methoxymethyl chlonde (Scheme 3) Treatment of 34 wtth 35 33 m dtchloromethane m the presence 

of two equivalents of BF3 Et20 provided a 1 1 trnxture of the regrorsomenc ammo esters 36 and 37, m 77 % 

combmed yield The poor regroselectrvny under oparmzed condmons prompted the mvestrgatron of a drfferent 

approach, whrch was mherently reposelecuve Reaction of 34 with allylmmethylskne provided the homoallyhc 

amme 39 quantrtaavely The same compound was obtnned m a more strarghtforward manner by alkylauon of 

benzylamme wuh 4-bromo-1-butene, followed by acylaaon of 38 with benzyl chloroformate (88 % overall 

yield) Ozonolysrs and Wrtag chenustry furmshed36 (E/Z 15/l) in 76 % overall yreld Deprotectton wtth hydro- 

gen bromide 111 glacial acetic acid, under carefully controlled comhaons, provided the reqmstte 10 (92 % yield) 

Durmg the deprotectron procedure the Z isomer of 10 spontaneously lactamrzed to N-benzyl-5,6-dihydro-l& 

pyrrdone As thrs compound does not interfere m the ammolysrs reactton, whrch IS descrrbed m the sequel, an 

excess of 10, contammated wrth the afore mentioned pyndone (approxrmately 5 mol%), was generally used tn 

these reactrons 
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Scheme 3 
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Synthesis of the tmychc “heart” of manzamme A 

Reaction of thlol ester 30 ~th ammo ester 10 m the presence of 511~1 mflate a5 an acnvator and duso- 

propylethylamme as an acid scavenger, furmshed 4 1 m 65-70 % yield It was shown that the ammolysls reac- 

non occurs wa a M~hael-type adduct Compound 40 1s produced m a fast prunary step In a relatively slow sec- 

ond step, the ternary amme of 40 mtramolecularly attacks the holester carbon, which 1s acttvated by sky m- 

flate Ths mechamsm 1s supported by the following observations In an analogous reacnon the Michael type m- 

term&ate could be isolated m high yield when the duo1 ester activator was omrtted, and addmon of sliver mflate 

to this mtermeihate yielded the anklpated tnene 34 In ad&con, Zpyrrohne-3-thlol esters lackmg an electrophlllc 

2-vmyl group (e g 26), failed to react with secondary ammes under the above condmons 

Up to dus stage the opacal punty of all new compounds could be related to the demonstrated optical punty of 

(-)-15 (by opncal means) and (+)-22 (by spectroscopic means) As no synthenc mampulatlons near the sole chl- 

ral carbon had been conducted, it was confidently assumed that mene 41 was optlcally pure However, to obtam 

independent proof for this surmise, thlol ester 30 was ammolysed with commercially-obtamed (S)-(+)-2- 

(methoxymethyl)pyrrohdme under the standard condmons Both IH- and 13C-NMR spectra (recorded m 

toluene-d8 at 9Or to offset the appearance of rotamers due to resmcted rotauon around the amide bond) of the 

resultmg 42 (obtamed in 86 % yield) showed only a single set of absorpbons, thus confkmmg the optical punty 

of41 25 

The mtramolecular Dds-Alder reachon of 41 ylelded two dlastereomenc products (3 5 1). to whnzh strut- 

tures 43 and 44 have been assigned, m 90 % combmed yield (Scheme 4) The dlastereomenc translhon states A 

and B can be enmsaged for this reachon As anhclpated, the mam product 43 IS formed vta transmon state A 

Transition state B IS &sfavoured as a result of strong non-bonded mteracnons between the vmyhc H-5 and C-25 

methylene hydrogen atoms The asslgned structures of 43 and 44 rested mamly upon NMR spectra, which 

were recorded us benzene-d6 at 6593 to offset the appearance of rotamers due to the resmcted rotahon around the 

carbamate bond Their interpretation was faclhtated by the corresponding data for a model mcychc compound 4 

and COSY expenments Charactensnc differences m the spectra of 43 and 44 were found for the protons at- 

tached to C-27 and the vmyhc H-8 In compound 43 H-27,, H-27,,do and H-8 were found at 161, 2 65 

and 6 42 ppm, respecuvely, whereas m compound 44 these protons resonated at 1 97, 2 22 and 5 97 ppm 

Dreldmg models offer an explanauon for this As a result of stenc repulsion between the sllyloxymethylene 

group and and the lactam carbonyl group m compound 43, x-orbltal overlap between the carbamate chromofore 

and the double bond 1s somewhat decreased, m comparison to compound 44 Consequently, H-8 m 44, which 
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1s attached to a carbon with tugher electron density than 11143, ts found 0 45 ppm more upfield than m 43 The 

above mentioned stenc repulston also causes H-27,& in 43 to move into the deshieldmg cone of the lactam 

carbonyl group, and H-27, to move out of the shddtng cone of the enecatbamate double bond, as opposed to 

the correspondmg protons m 44 In Litton, the &he&al angle between H-Ued and H-26 m 43 becomes 

apprownately 90”, which causes the former to resonate as a doublet (LJ 13 2 Hz) In compound 44, H-27,,d0 

1s found as a double doublet (ZJ 12 4 and 3J 7 2 Hz) 

TSDPSt) -;b” 17 
r 

41 
A 

69 % 

43 

Scheme 4 

+ 

The stereochenustry of the dastereomers was further substantiated by NOE expenments Irra&atton in 43 of 

H-5 at 192 ppm gave an enhancement for H-7, at 2 34 ppm, and for H-27, at 161 ppm Irradlatlon of H- 

27 edo at 2 65 ppm gave an enhancement for one of the sdyloxymethylene protons at 4 40 ppm Conversely, IF 

radlahon of of both sfiyloxymethylene protons at 4 40 and 4 47 ppm gave only an enhancement for H-27,,* 

As expected, ma&auon m 44 of H-27,,& at 2 22 ppm did not result m NOE effects Irradlamn of H-27, at 

1 97 ppm gave an enhancement for H-5 at 2 09 ppm However, madtauon of H-5 or one of the nlyloxymethy- 

lene protons at 3 91 ppm &d not result m any enhancements Eventually, these structure assignments were cor- 

roborated by the X-ray data of a denvahve of 43 (vrde @a) 

The major Qastereomer 43 was converted mto the mcychc ketone 45 m 78 % yield, by stolchlomemc 

&oxyosmylanon 35 and, after reductive workup, acid catalyzed dehydrahon Conventtonal desllylanon of 45 

provided alcohol 46 m htgh yield Irradlatlon of one the hydroxymethylene protons (multlplet at 4 06 ppm) m 

46 resulted only m an enhancement of H-9 (singlet at 5 23 ppm), thus estabhshmg the thermodynamically 

favoured, equatonal onentatlon of H-9 m these compounds 

In prehmmary stuQes drected towards the elaboraaon of 46 towards manzamme A, protecuon of Its keto 

group was reqmred Subjection of 46 to forcing ketahzauon condmons, provided the unexpected oxazohdone 

47 m low yield Tlus highly crystalhne compound allowed corroboration of all suucture assignments, which 
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were hitherto solely made on the ba.us of spectral data, by X-ray analysis Figure 1 shows the result of thus anal- 

ys1s 38 

43 45 R=TBDPS 47 
b 

C 46 R=H 

(a) I 0~0~. pyr , II NaHSO, iii PTSA. PhH, 78 % (b) TSAF, THF, 90 % (c) PTS4 HOCHfiH&H, PhCHs, 35 % 
_ 

Scheme 5 

Figure 1 PLUTO drawmg of 47 

The enantlomencally pure mcychc compound 45, which represents the ABC substructure of the manzamme 

alkalolds and, m &bon tames adequate functional groups at strategc posmons for the elaboranon of manza- 

mme A m psmcular, was stereoselecavely synthesized from L(+)-serme m 13 steps, and 118 96 overall yield 

Elaboration of dus compound mto (+)-manzarmne A is acavely bemg pursued m our laboratory and wdl be re- 

ported m due course. 
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Experimental 
General mformatmn IUPAC nomenclature 19 followed m nammg the compounds 39 Inframd(lR)spectrawezere0xdedonaPwkm 

Elmer 298 spectmphotometer and are mported 1n cm-l Proton nuclear magneuc resonance +H-NMR) spectra were nxorded on 

Bruker AC-200 or Brukex m-250 mskmnents Tbe Bruker msmmlentsweaealsousedforrecordmgcarbonmlcll?armagneucreso- 

name (13C-NMR) spectra (50 and 62 9 MHz, respectively) Chemical sh& are gwen m ppm downtield of te&ame&ylsdane (TMS) 

Couplmg constants (J) are given m Hertz (Hz) As 1s mdxxued lH-NMR sluft correlahon ~troscopy (COSY). attxhed proton test 

(APT). double resonance and ‘H-13C correlauon expenments were occasmnally used for srgnal asslgmnents Mass spectra were ob- 

tamed on a Vanan MAT 711 mstrmnent Iommtmn techmques ate gwen as EI (elecron Impact, 70 eV mmzatum encxgy used, 1ntens1- 

ty of most important and/m abundant peaks are gtven between brackets as percentage of the base peak), FD (field desorptton) or Fl 

(field mmza~on, temperature used lndcatted between bmckets) Mass peaks am given 1n m/z Accurate mass measmem en& were per- 

formed on a Vanan MAT 711 msmunent Thm layer chromatography (TLC) was performed usmg skagel coated plastx sheets 

(Merck sdxagel60 F254) and UV and/or 1odme for demon Chromatographr punfiicatmn refers to flash chromatography usmg 

Merck s&a gel 60 (230-400 mesh) 27 S&a W&n (70-150 mesh) was used for sd~ca gel plug fibmuon Commonly, rmxtmus of 

ethyl acetate @A) and hexanes (Hex) were used as eluents Melnng porn& (m p ) wen determmed on a L.e1tz meltmg pomt mxro- 

scope and am uncorrected Bodmg porn& (bp) are also uncorrected When necessary, reactions were performed m oven dned 

(overmght at 140°C) glassware under a mtmgen ammsphexe m absolute solvents Reagents were punfied before use when apprcpmte 

Commercmlly obtamed Eschenmoser’s salt was punfed unmedmtely before use, by washmg 1t repeatedly wuh THF ~td whne, and 

drymg UI vucuo Commercmlly obtamed soluuons of n-butylhthium 1n hexanes were htrated before use accordmg to a hterature pm- 

cedure40 

For the descnpbon of the NMR spectra of compounds 4 1 and 43 47 manzamme A numbermg 3 1s used 

Methyl (+)-N-(benzyloxycarbonyl)-O-(larl-butyldiphenylsilyl)-L-serinate (16) 20 To a soluoon of 2 53 g ofIS 

(10 0 m01) m 5 ml of DMF were added 2 80 g of #rf-butyldIphenyls1lyl chloride (98 %, 10 0 mmol) and 750 mg of mudazole 

(110 m01) After sturmg at amblent temperature for 45 mmutes the suspension was poured into 75 ml of ether/hexanes ul and 

dashed wlIh 1M hydrochlonc acui (10 ml), satumted NaHa3 soluuon (10 ml), warn (10 ml) and brme (10 ml) The orgamc layer 

WaS dlld (Mgs04) and concentmtcd m vacua, y1eldmg 5 03 g of 16 (10 2 mmol, quant, pure aaordulg to Nm) as a ~Xlou&ss 

OlL [a]~ +8 2’ (C 1 2. CH$12), IR (CHC13) 3435 (m). 1740 (sh), 1718 (s), 1500 (s). 1339 (s), 1108 (s), 1100 (sh), 815 (m), 692 

(s). ‘H-NMR (CDC13.250 MHz) l 02 (s, 9H, S1’Bu). 3 73 (s, 3H, OCH3), 3 90 (dd. J 10 2, J 3 0, 1H. CJJH’oS1). 4 09 (dd, J 

10 2. J 2 8. 1H. cmosl), 4 44 (ddd. J 8 4, J 3 0, J 2 8, 1H. CHN), 5 11 (s, ZH, OCfIZPh), 5 65 (d, J 8 3, 1H. NHC02), 7 37 

Cm. 11I-I. Ar), 7 58 On. 4H, ortho SArfD, MS (El) 448 (4 %), 434 (29 %), 390 (5 %), 356 (6 %), 326 (6 96). 284 (7 96). 240 (7 

%). 213 (13 %), 194 (25 %), 183 (8 %), 162 (10 46). 135 (12 %), 91 (100 46) 

(+)-N-(Benzyloxycarbonyl)-O-(tert-butyld~phenylsilyl)-~serinol (17) To a soluuon of 5 93 g of 16 (1; 3 mmol) 

in 50 ml of THF at -789: was added 14 0 ml of a 10 M DIBAIJTHF solu~on (14 0 mmol) 1n 5 mmutes After sturmg at -75°C for 

16 hours, 5 0 ml of ethanol was added and the temperature allowed to nse to room temperature before the reacuon mixture was con- 

~enaated zn vacua The reudue was dissolved m 75 ml of ethanol and 2 60 8 of sodium borohydnde (69 mmol) was added After sur- 

Mg for 6 hours at amblent temperature 100 ml of water were added. The mixture was ac&fied to pH 2 w& 3M hydrochloric a&. 

The. water dyer was extracted with ethyl acetate (4x25 ml) The combmed organic layers were washed wnh saturated NaHC03 solu- 

tion (2x20 ml), water (15 ml) and brme (15 ml). dried (MgSOq) and concentrated m V(ICUO Chromatography (HexjEA 6/l, Hex/EA 

l/l) of the residue ylelded (in order of elunon) 0 73 g of recovered 16 (1 5 mmol) and 2 10 g of 17 (4 5 mmo1,40 46) Cow~t& 

yield 46 %, [UID +I 8” (c 1 5, CH2C12). IR (CHC13) 3440 (m), 1710 (s), 1500 (s), 1420 (m). 1110 (s), 1100 (m), 818 (m), 695 

(s), ‘H-NMR (CDC13,250 MHZ) 105 (s, 9H. SltBu). 2 29 (br, lH, OH), 3 66-3 80 (m, 5H, CH2OH. CH2OS1 and Cm, 5 08 

6, W OCH$‘h), 5 31 @r, 1H, NiC02). 7 37 (m, IlH, Ar), 7 62 (m. 4H, ortho S1Arm, MS (EI) 406 (3 46). 298 (6 %), 220 
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(14 46). 199 (17 %), 183 (8 %), 177 (8 %), 108 (84 %), 107 (64 %), 91(45 %), 79 (100 %) 

3-Benzyl-4-methyl (-)-(S)-2,2-dlmethyloxazolidine-~,4-dicarboxylate (18) A soluhon of 36 3 g of 15 (143 3 

mmol). 50 ml of 2.2-dtmethoxypropane (400 mmol) and 625 mg of p-toluenesulfmuc actd monohydrate (3 3 mmol) m 600 ml of 

benzene was refluxed for one hour vm a Dean-Stark trap and then concentrated to a volume of 200 ml After 200 ml of ether had been 

added to the cooled solutton, the orgamc layer was washed wtth saturated NaHCO3-solutxm (2x50 ml), water (50 ml) and brme (50 

ml). dned (MgSO4) and concentrated rn vacua Srhca gel plug ftitrauon (Hex/HA 6/l) of the dark otl yrelded 42 11 g of 18 (144 

mmol, quantttattve) as a yellow od, whtch was as such used for the next step A small sample of thts product was pmtfled by chro- 

matograplty (Her&A 5/l), [a]D 49 5” (c 2 0, CH2Cl2), IR (CHCl3) 2990 (m), 2940 (m). 2880 (m), 1750 (s), 1705 (s), 1405 (s), 

1350 (s). 1220 (br), 1090 (s), 1068 (s), 1050 (s), 833 (m), 690 (m), ‘II-NMR (CDCl3.250 MI-lx, mutme of rotamers 2/l) 1 48 

and 1 55 (s, 3H, WeMe’), 163 and 169 (s, 3H, CMeMeJ, 3 62 and 3 76 (s, 3H, 0CH3). 4 07 (dt. J 9 2, J 2 8, lH, 

OCHH’CHN),415(dd,/92,J67, 1H,OCl-IECHN),446and454(dd,J67,J28.1H,OCHH’~),509and518(AB, 

2H. OCH2Ph). 7 30 (m. 5H, Ar), MS (RI) 293 (M+, 1%). 278 (11 46). 234 (12 %), 190 (1 %). 91 (100 %) 

Benzyl (-)-(R)-2,2-dlmethyl-4-(hydroxymethyl)oxazol~d~ne-~-carboxylate (19) To an me-cold suspenston of 120 

g of powdered calcunn chloruie (108 mmol) and 8 2 g of so&urn borohydrtde (217 mmol) m 80 ml of TIE was added a soluuon of 

21 50 g of 18 (73 3 mmol) m 80 ml of ethanol After strrrmg for three hours at 5 ?Z:, the suspensmn was poured onto 100 g of 

crushed ice and 100 ml of saturated ammomum chlonde soluuon and 200 ml of ethyl acetate were added (vtgorous carbon dtoxuie 

evolutton 1) The slurry was strrred for 30 mmutes before 50 ml of concentrated hydrochlortc actd was added slowly The water layer 

was extracted wrth 100 ml of ethyl acetate The combmed orgamc layers were washed wnh saturated NaHCO3 solutton (100 ml), 

water (100 ml) and brute (108 ml), drted (MgSO4) and concentrated rn vacua, yreldmg 19 40 g of 19 (73 1 mmol. quant ) Thts 

product was pure accordmg to NMR and used as such for the next step A small sample was ptmfied by chromatography (Hex/PA 

2/l), [a]D -19 5” (c 10, CH2C12). IR (CHC13) 3440 (br), 1690 (s), 1410(s), 1350 (s). 1070 (s), 690 (m), lII.NMR (CDC13. 

250 MHz, mrxture of rotamers. broadened stgnals) 146 and 152 (s, 3H, C&Me’), 1 52 and 160 (s, 3H, CMem, 2 45 (br, lH, 

OH), 3 59-3 83 (m, 3H, CH2OH and OCH2CHN ), 3 99-4 12 (m. 2H. OCH2CHN). 5 11 (m, 2H, OCH2Ph), 7 34 (m, 5H, Ar), 

MS (PI) 265 (M+, 0 5 8). 250 (40 %), 234 (17 %), 206 (10 %), 190 (11 %), 91 (100 %) 

Benzyl (-~-(S~-2,2-drmethyl-4-[(p-toluenesulfonyl)oxymethyl)]oxazol~d~ne-~-carboxylate (20) To an me-cold 

solutron of 19 3 g of 19 (72 7 mmol) and 700 mg of dtmethylammopyndme (5 7 mmol) m 100 ml of drchloromethane and 15 ml 

of pyrtdme was added 14 1 g of p-toluenesulfonyl chlortde (74 0 mmol) poruonwme, over a pertod of two hours After snrrmg for 24 

hours at 0 “c and two hours at ambrent tempemture. the reactton mtxture was drluted wnh 300 ml of ether The orgamc layer was 

washed wtth IM hydrochlonc actd (1x100 ml, 2x50 ml), saturated NaHC03 solutxm (50 ml), water (50 ml) and brme (50 ml), dned 

(MgSO4) and concentrated zn VCJCUO Chromatography (Hex/PA 10/l. HexiEA 5/l, Hex/EA 2/l) of the restdue ytelded 25 17 g of 

29 (60 0 mmol, 83 %) as a whtte sohd, m p 82-86 “c and 189 g of recovered 19 (7 1 mmol) Corrected yteld 91 %. [aID -39 O” 

(C 1 0, CH2Cl2). IR (CHC13) 1700 (s), 1403(s), 1362 (s), 1350 (s), 1170 (s), 1090 (s), 981 (s), 821 (m), 809 (m), 690 (m), 650 

(m), ‘H-NMR (CDC13, 200 MHz. mtxture of rotamers) 142 and 149 (s, 3H, C&Me’), 149 and 1 53 (s, 3H, CMe&‘J, 2 43 

(s, 3H, ArCH3). 3 78-4 00 (m, 3H, CH2OSO2 and CCH2fXN ), 4 11 (m, 2H, OCH2CHN), 5 08 (m, 2H, 0CH2Ph), 7 33 (m, 

7H, Ar), 7 68 and 7 79 (d, J 8 1,2H, ortho Arl-l) 

Benzyl (+)-(S)-2,2-d~metbyl-4-(rodomethyl)oxazol~dine-~-carboxylate (21) 

from 20 A suspensron of 38 0 g of 20 (90 6 mmol) and 38 0 g of sodmm mdtde (254 mmol) m 100 ml of acetone was refluxed 

for 20 hours The cooled reacuon mrxture was poured mto 400 ml of ether and washed wtth water (100 ml), 10 % sodmm thmsulfate 
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sohmon (2x75 ml) and brme (100 ml), dned (MgSO4) and - u1 vacue Sdtca gel plug filtratmn (Hcx/EA 10/l. Hex/EA 

2/l)oftheresldu+ymlded2251gof21 (6OOmmol.66%)assyellowodand393gofrecovued crystal& 20 (9 4 mmol) 

ClXrected y&l. 74 % 

from 19 A solutmn of 9 50 g of 19 (35 8 mmol). 22 50 g of tnphenylphosphme (85.8 mmol, 2 4 eq ). 6 60 g of rmldazole (% 9 

mmol.27eq)and1730gof~e(682Mnol.1.9ep)m100mlofbcnzeneMd5Omlofacetorutnlew~lenuxedf~90mm- 

utes Tothelcacoldreactronmurtlnewereadded1oOmloftoluene,1oOmlofsaawtedNaHcgand5.Omlof35%hydrogenpa- 

oxide soluhon The orgamc laya was washed ti 10 % mdmm th~osulfak solutmn (3x75 ml) The combmed aqueous layem were 

exaactedWlthSOmloftolume.Thecaobwd~layeflwercwsshedanrhlO%~m~a~~utlDn(50ml),satlwted 

NaHCO3 sohmon (SO ml) sod bnne (50 ml), dned (MgSO4) sod ~uEWWUI in wxw Sthca gel plug fltratX)n (HexlEA 10/l) of 

the residue yleldcd 10 60 g of 2 1 (28 3 mmol. 79 %) as a c&url~s orl: [a]D +10 6O (c 11, CH2C12), IR (CHC13) 1704 (s), 

1408(s), 1380 (m). 1369 (m). 1355 (sh). 1349 (8). 1095 (s), 1030 (m), 830 (m), 696 (m), lH-NMR (CDC13. 250 MHZ, matme 

of rotamer~) 142 and 148 (8, 3H, C&Me’). 157 and 163 (8. 3H. CMem, 3 09-3 57 (m, 2H. Cf121), 4 03 (m, 2H, 

oCH$3JW. 4 22 (m, 1H, OCH2CklN ). 5 14 (m. 2H, OCEJzph). 7 35 (m, 5H. AI), MS (E-0 375 (@. 0 5 %), 360 (16 %). 315 

(4 %), 91 (100 %) 

(+)-(S)-2-(Benzyloxycarbonyl)amino-3-iodopropnn-l-ol (22) A solution of 9 70 g of 21 (25 9 mmol) m 25 ml of 

ace~eandl5mlofconcentratedhydrochloncacldwsostlmdfor16hoursat~m~ The nzactton mixture was ddubzd 

~th100mld~aadwashedanthwater(lOml),saturatsdN~~solutlon(2x20ml)and~(20ml),dned(MgS04)snd 

concenhated zn VUCIW. yleldmg 8.62 g of 22 (25 7 mmol. 99 %, pure acuxdmg to NMR) as a yellow od A small sample of thrs 

product was cry-stalked from erher/hexanes, yieldmg White crystals. m p 54-57 T. [a]D +lS 5’ (c 1 a: CH2C1& IR (CHC13) 

3430 (m). 1710 (s), 1500 (s), 1220 0~). 1100 (m). 1050 (m), 690 (m). kNMR (CDCl~250 MHz) 2 22 (br, lH, OH), 3 35 

(m. 2H, CH20,3 68 (m, W, Cii2OH). 3 82 (m. lH, CkP0.5 10 (s.2H. OC&Ph), 5 2 (br, 1H. NHCO2), 7 34 (m, 5H. Ar), MS 

(EI) 335 (M+, 2 %). 304 (5 %). 260 (3 $1,218 (4 %), 178 (4 %), 127 (8 %), 108 (12 %), 91(100 %) 

(+~-(~~-~-(ter~-Butyldipheaylsilyl)-3-iodo-2-(benzyloxycarbo~yl)aminopropan-l-ol (23) To an tce-&d solutmn 

of 6 42 g of 22 (19 2 mm00 and 163 g of mudazole (23 9 mmol) m 20 ml of DMF was added, m one porhon, 5 g0 g of et+ 

butyltiphenykdyl chkmde (98 46. 210 mmol) After stunng for one hour at mom temperature, 20 ml of water and 200 ml of 

ether/hexanes2/lwereadded.Ihe~~layerwas~wrthONhydrochlonc acid (20 ml). saturated NaHCO3 solutmn (20 

ml). water (20 ml) and bnne (20 ml). dned (MgSO4) and concentrated m WCIW. yleldmg 115 g of white uystak Rtcrystalhsatmn 

from eth= yielded 9 88 g of 23 (17 2 mmol, 90 W) as whtte crystals, m p 98-99 “c, [a]D +17 3O (c 10, MeoH), [aID +12 go (c 

10. CH2Cl2L IR (CHC13) 3438 (m). 3061 (m), 3C00 (m). 2950 (m). 2930 (m), 2855 (m), 1717 (8). 1498 (8). 1421 (m), 1110 (8). 

1100 (sh). 818 (m), 693 (8). ‘H-NMR (CDCl3.250 MHz) 105 (s.9H. SltBu), 3 42 (m. 2H. CJJ21), 3 61 (dd, J 9 8, J 5 3, 1H. 

CkWOS0.3 73 (m. lH, CfM. 3 84 (dd, J 9 8, J 3 8,lH. CHEOSI), 5 03 (d. J 8 8, lH, NHCO~), 5 08 (s, 2~. oCH2Ph). 7 35 

(m. 11H. At). 7 63 (m. 4H, ortho StArki). MS (RI) 516 (14 %). 472 (4 %), 304 (11%). 298 (10 %). 220 (30 %). 199 (ii %), 183 

(18 96). 181 (16 46). 177 (16 %), 117 (15 %), 91 (100 %) 

Benzyl (R)-5-[(~rrt-butyldiphenyl8ilyl)oxymethyl]-3-[(~s~~-butylth~o)carbonyl]-4,5-dihydro-2-methyl-l~- 

pyrrole-1-carboxylate (26) and (+)-(3R, 5R~-3-Acetyl-N-(benzyloxycarbonyl)-5-[(fcrf-butyldiphenyls~lyl)- 

oxymethyll-2-pyrrolndone (25) To an Ice-cold suspension of 400 mg of sodrum hydnde (57 46, 9 60 mmol) m 4 ml of 

DME was added slowly a soluuon of 175 g of 12 (10 0 mmol) in 2 ml of DME The resultmg solution was stured at amblent tem- 

perature for 15 mmutes before a soluhon of 5 80 g of 23 (10 1 mmol) m 8 ml of DME was added After stmmg for 7 days at room 

temperature, 50 ml of ether was added The oqamc layer was washed with water (3x15 ml) and tmne (15 ml), drted (MgSO4) and 

umcenhated m vacua The crude product was dissolved m 60 ml of toluene and 390 mg of qumnohne (3 0 mmol) and 380 mg of p 
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tolueneaulfomc acid monohydrate (2 0 mmol) were added. The reacnon mixture was refluxed for 30 mmutes vlll a Dean-Stark trap. 

and then concenaated m vacua Chromatography wrth gradrent eluuon ( He.x/RA 20/l, HexEA 10/l. HexEA 4/l) of the restdue 

ytelded (m order of eluhon) 177 g of pure 26 (29 mmol) as a colourless od, 162 g of a mtxture of 26 mxl23 and 0 80 g of pure 

2 5 (15 mmol) as a colourless od The second fractton yrelded, after crysmlbmtmn 6om ethcr/pentane, 0 80 g of 23 (14 mmol) as 

whttc crystals, and 0 80 g of pure 26 (13 mmol) as a colourkss otl In total 2 57 g of 26 (4.3 mmol) wem obtamed Corrected 

yteldsfor26 atxl25 wae49and17%respectrvely,Rfvalues~~4/l)for26,23wd25an,~avely 046,041and 

0 16. ZL [a]R +28 5” (c 13, CH2CL2). IR (CHCl3) 2955 (m), 2930 (m). 2860 (m). 1784 (s), 1745 (sh). 1720 (s), 1680 (sh), 

1635 (w), 1584 (w). 1290 (s), 1110 (s), 1022 (m), 818 (m). 695 (s). ll-I-NMR (CDCl3.250 MHx, keto/enol tautomers 7/3) 0 99 

(s. 2 7H. &II enol), 103 (8.6 3H, S1tBu keto), 192 (s, 0 9H. C=CCJi3 enol). 2 02 (m, 0 7H, 4-H keto). 2 17 (m, 0 3H, 4-H 

enol). 2 44 (s, 2 lH, COCH3). 2 70 (m. IH, 4-H’ keto/enol). 3 70 (m, lH, cflH’0S1 keto/enol), 3 85 (dd. J 10 5, J 4 2, 0 3H, 

CHKOSSI enol). 3 94 (dd. J 10 9. J 3 1, 0 7H, CHHIOOSI keto), 4 02 (dd, J 10 5, J 9 1, 0 7H, 3-H keto). 4 22 (m, lH, 5-H 

keto/enol), 5 14 (m, 2H, OCH2Ph keto/enol), 7 37 (m, llH, Ar). 7 58 (m. 4H. ortbo SlArI& 10 14 (s, 0 3 H, OH enol), 13C- 

NMR (CDC13.62 9 MHZ, keto/enol tautomers, assignment anth ATP) 19 1 (s, SCM9 keto), 210 (s. SIC&~ enol), 22 9 (t, 4- 

C Ireto), 24 1 (t. 4-C enol), 26 6 (q, SIC&~ enol), 26 8 (q, SIC& kern), 29 2 (q, C=CcH3 enol). 30 3 (q, CcY;H3 keto), 56 3 

(d. 5-C keto), 56 7 (d. 3-C keto), 57 0 (d, 5-C enol), 64 6 (t. cH2OS1 enol), 65 0 (t. cH2OS1 keto), 67 8 (t, KH2Ph enol), 68 2 

(t, OSZH2Ph keto), 100 0 (s, 3-C enol). 127 7-130 0 (d, 10x CH aromahc k&enol), 132 4-134 9 (s. 4x C aromatic keto/enol), 

135 4 and 135 5 (d, 2x CH ammahc keto/enol), 150 8 (s. GO carbamate keto), 1514 (s, C=O carbamate keto), 167 5,169 4 and 

172 2 (s. CeOH enol and C=O lactam keto/enol), 2019 (s, CEO keto), MS (FI, 13OYJ) 530 (M++H). 26 IR (CHCI~) 2955 

(m), 2930 (m). 2860 (m), 1715 (s). 1630 (m). 1590 (s), 13% (s), 1380 (s), 1360 (s), 1190 (s). 1178 (s), 1160 (s), 1110 (s), 693 (s), 

‘H-NMR (CDCl3, 250 MHz) 1 02 (s, 9H, S1tBu). 1 52 (s. 9H, StBu), 2 58 (s, 3H, 2-CH3), 2 92 (m. 2H, 4-H2), 3 64 (dd, J 

10 2, J 2 8. lH, CHWOW. 3 78 (dd, J 10 2. J 4 9, lH, CHICOSI), 4 32 (m, IH. 5-H). 5 00 (AB, J 12 3,OCH2Ph), 7 30 (m, 

llH, Ar). 7 61 (m, 4H. ortho SIA@, “C-NMR (CDCl3, 62 9 MHz, assignment with ATP) 15 2 (q, 2-CH3). 19 2 (s, 

SGZMej). 26 7 (q, SlC&i3), 30 1 (q. SCM@), 30 8 (s, SiZMe3), 47 6 (t, 4-C). 60 1 (d, 5-C). 64 8 (t. cH20S1), 67 5 (t, 

KH2Ph). 117 3 (s, 3-C). 127 7-129 9 (d, 5x CH ar~matlc), 133 3 (s, C aromat@. 135 5 (d, CH aromatic), 135 6 (s, C aromatIc), 

150 4 (s. 2-C). 152 7 (s. C=O ca~bamate), 189 1 (s, GO th101 ester) , MS (FI, 1looC) 601 (I&) 

Benzyl (+)-(R)-5-[(~cr~-butyld~phenyls~lyl)oxymethyl]-3-[(ter~-butyltbio)carbonyl]-4,5-d~hydro-2-[2- 

(dtmetbylamino)etbyl]-lII-pyrrole-1-carboxylate (27) and (3S, SR)-IV-(Benzyloxycarbonyl)-5-[(tcrl- 

butyldrphenyls~lyl)oxy-metbyl]-3-[(lcrl_tbylam~no)methy~]-2-metbyl~dene- 

pyrrobdtne (28) 

27 and 28 vza bthmm &enolate procedure To a s&bon of 565 pl of HMDS (2 68 mmol) m 5 ml of THF was added at -78°C 

170 ml of a 1 55 M nBuLl/hexane soluUon (2 64 mmol) After stunng for 15 mumtes at -78‘C a soluuon of 1 340 g of 26 (2 23 

mmol) m 2 5 ml of THF was ad&d over a penod of 6 nunutes The resultmg yellow solution was shrrcd for 30 mmutes at -78°C. 

before 653 mg of Eschenmoser’s salt (3 53 mmol) was added tn one pornon The resultmg solution was sbrrcd at -7K for 10 mm- 

utes and at -3OT for 30 mmutes After adding 35 ml of ether and 15 ml of saturated NaHCO3 soluuon, the orgamc layer was washed 

with water (IO ml) and bMe (10 ml), dned (MgSO4) and concentrated VI vacua Chromatography (Hex/EA 4/l, Hex/EA l/l, EA) of 

the residue ylelded (m order of elunon) 419 mg of 28 (0 64 mmol, 29 %) and 623 mg of 27 (0 95 mmol, 43 %), both as colourless 

011s 

27 from 23 vau 26, vza mmethylsllyl tnflate procedure (A) Iodide 23 was converted mto crude 26, m two ldenhcal batches, as 

follows To an ice-cold suspension of 135 g of sodmm hydnde (57 %,32 0 mmol) m 15 ml of DME was slowly added a solution of 

6 0 g of 12 (34 mmol) m 10 ml of DME The resultmg solution was stured at amblent temperature for 15 minutes, before a solu- 

non of 15 45 g of 23 (26 9 mmol) 1n 45 ml of DME was added After sturmg for 10 days at room temperature, the two 1denncal 

batches were poured m 400 ml of ether The orgamc layer was washed with water (75 ml), bnne (75 ml). dned (MgSOq) and concen- 
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tramdmvacrro Ihecnde~twea~lvedm~mlloftoluentand2Ogofq~(155mmol)and20gofptoluensjul- 

fcme aud monohydrate (10.5 mmol) m added. The -II moctum was mfhued for 45 mmutes via a Dean-Starh trap. and then 

-@StdMVlZCW t2hmtomy anth et ehtm ( Hex/EA 20/l, Hex/EA 10/l, Hex/ElA 3/l) of the msulue peldcd (m 

orderof~non)2411gof~pum26 (cwtammatsdanmsEWlng23,~gto~),304gofncovacd23 (53mmol) tsxl 

2 00 g of pure 25 (3 8 mmol, 7 96). (B) Ihe above obtaned crude 26 was converted mto 27, m two ulenheal bat&es, as follows. 

Toan~oldsoluuonof1205gofuude26 mU)mlof~hlomndhancwercPddsdsuccesslvaly,35mlofmethylamtne(250 

mmol). 4 2 ml of truuethylstlyl Inflate (218 mmol) and 7.0 g of Esehenmomr’s salt (37 8 mmol) Afta snmng for one hour at 

roomtemperatun.thetwoInrtchcswaepornedm250mlofahuTheorganiclayawaswashcd~lth~NaHC~-soluaon 

(30 ml). water (30 ml) and brme (30 ml), dncd (MgSO4, and aMccntlllted m vacw Chmmatographlc plm6catum of the residue 

ylelde&mtxderofelutmn.455gofmcovemd23 (79mmol)and1515gofpme27 (23Ommol,43%from23)asayellowlsh 

od Total recovered23 7 59 g (13 2 mmol) Corrected overall yield for synthesm of 27 from 23. 57 %. 22 [a]D +50 3O (c 1 1. 

CH2CQ IR (CHC13) 2955 (s), 2930 (sh), 2855 (m). 1710 (s). 1630 (m). 1586 (s), 1400 (s), 1180 (s). 1160 (s). 1110 (s), 830 

(m), 692 (s), ‘I-I-NMR (CDC13 250 MHz) 101 (s, 9H, SI’BU). 1 51 (s, 9H, StBu), 2 22 (s, 6H, NMe2). 2 49 (m. 2H. 

CH2CH2NMe2). 2 88 (tn. W, 4-H2), 3.31 (m, W. CHzcz;tLNMez). 3 61 (dd, J 10 2, J 3 4, lH, CHH’OSl), 3 71 (dd, / 10 2, J 

5 5, lH, CHHXW 4 32 (m. 1H. 5-H). 5 03 (AB. J 12 2, CCX2Ph), 7 30 (m, 1lH. Ar). 7 60 (m. 4H, ortho StA.tJJ). a [a]D - 

0 4’ (C 18, CH2Cl2). IR (CHc13) 2955 (s). 2925 (ah), 2855 (m). 1705 (s). 1680 (sh). 1660 (s), 1630 (sh), 1450 (m). 1394 (s), 

1358 (s). 1110 (s). 692 (s). &NMR (CDCl3.250 MHZ) 1 03 (s. 9H. S+Bu), 141 (s, 9H, StBu), 2 24 (s. 6H. NIvlc2). 2 35 (dd, 

J 13 3, J 8 3. 1I-I 4-I-I). 2 50 (d. J 13 4. 1H. CHH’~. 2 88 (d, J 13 4,lH. CHHYMe& 2 94 (dd. J 13 3. .f 4 3. 1H. 4-H’). 

3 67 (dd. J9 8, J 8 1. lH, CHH’OSI), 3 82 (dd, J 9 8. J 3 6.1H. CI-IXOSl). 4 17 (m, 1H. 5-H). 4 75 (s, lH, C=CHI-l’), 4 97 (AB. 

J 12 3, OCHZph), 5 61 (br, lH, C=CHK), 7 33 (m, 11H. Ar), 7 60 (m. 4H, ortho SlArfD 

Bensyl (+)-(R~-5-[(tsr~-butyldipheny1silyl)oxymetbyl]-3-[(tert-butylthio)carbonyl]-4,g-dibydro-2.v~nyl.I~- 

pyrrole-I-carboxylate (30) To a solunon of 194 g of 27 (2 94 mmol) m 10 ml of aeetonrtnle at -2OC was added 510 mg of 

methyl uxbde (3 59 mmol) The coohng bath WBS removed and the mutum was stured at an&em temperatunz for one how, before It 

was Concentrated UI V(ICIW The residue was dissolved m 13 ml of dzhloromethane and 475 mg of DBU (96 %, 3 00 mmol) was 

added at 0°C After sturmg for 90 mmutea at room tempcmtme. the reacnon mixture. was concentrated m yaw0 SI~ICXI gel plug fil- 

manon @WEA 6/l) y*lded 1614 g of 30 (2 63 mmol. 89 %) as a colourless 011, [a]D +86 0” (c 0 9. CH2C12). IR (CHC13) 

3000 (m). 2955 (s). 2925 (m). 2855 On). 1715 (s). 1635 (m), 1615 (m), 1582 (m). 1555 (s), 1395 (s), 1359 (s), 1280 (s), 1239 (s), 

1175 (s). 116~1 (S), 1110 (s). 833 (m). 692 (s), ‘H-NMR (CDCl3 250 MHZ) 100 (s. 9H, SltBu), 149 (s. 9H. S’Bu), 299 (m, 

2H. 4-H2), 3 65 (dd, J 10 2, J 3 7. lH, CHH’OSI). 3 75 (dd. J 10 2, J 5 5, lH, CHKOSI), 4 40 (m. 1H. 5-H). 5 04 (AB, J 12 2, 

2H. CCH2Ph). 5 52 (m, J 11 5, lH, CH=CH& 5 53 (m, J 17 3, lH, CH=CHtmns), 6 90 (m, .f 17 3, J 115, lH, 

CH=CH,.aH,mns), 7 30 (m. 1 lH, Ar), 7 60 (m, 4H, ortho SuArkl) 

Benzyl N-benzyl-N-(methoxymethyI)carhamate (34) To a suspension of 19 00 g of sodmm hydnde (57 %, washed with 

pentane 3x50 ml, 455 mmol) m 200 ml of DMP at room temperature was added slowly over 45 mmutes. a soluhon of 95 7 g of 

benzyl N-(benzy&&amate 32 (397 mmol) m 100 ml of THF The temperature rose to 5tFC After sturmg for another 30 mmutes, 

the soluuon was cooled with an ice bath and 80 0 ml of methoxymethyl chloride (1075 mmol) was added at such a rate that the tem- 

peratnre &d not nse above 30°C After sturmg the resnltmg solution overmght at amblent temprature, 600 ml of water were ad&d 

The aqueous layer was extracted with ether (3x200 ml) The combmed orgamc layers were washed with water (100 ml) and brme (100 

ml). dried (MgSO4) and concentrated m vucw Stkca gel plug filtration (Hex/PA 10/l) of the restdue, ylelded 84 05 g of 34 (295 

mmol. 74 %) as a colourless oil, IR (CHC13) 2990 (m), 2935 (m), 1690 (s), 1444 (m), 1415 (s), 1280 (s). 1220 (s), 1126 (s), 

1082 (s), 1068 (m), 688 (s). ‘H-NMR (CDC13.200 MHz, broad srgnals, 5/S mlxuue of rotamers) 3 25 and 3 33 (s, 3H, OCK3). 

4 57 (s, 2H, NCH2Ph). 4 72 and 4 78 (s. 2H, NCH20). 5 21 (s, 2H, OCH2Ph). 7 31 (m. lOH, Ar) 
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Methyl (E)-[N-benzyl-N-(benzyloxycarbonyl)Pmino]-2-penteno8te (36) xndMetby1 (f)-2-([N-benxyl-N-(ben- 

zyloxycarbonyl)nmino]methyl}-3-bntenoxte (37) 

36and37 hn34. ToanlCGColdsolunonof255~of34 @94mmol)ml5mlof ~wxzed&d22miaffrcshly 

ddkdborontnfluondeetherate(179mmol) AfterlOmmuDes2.5Omlof35 (130mmoI)wrsad&&Tbeyelkwsohitu1wes 

s~atroomtanpaaturef~3hours,bcfatU)mlofsatlwtadNaHCOSsoluMnmd50mld~raerdded.Tbe 

orgamc layer WBS washed anth saturad NxHC$-solut~011(20 ml), water (20 ml) aud Kne (20 ml). dned (MgSO4) axi- 

m vacua Chromatography (HexBA S/l) of the residue pelded (m order of elubon) 118 g of3 7 (3.34 mmol. 37 S) and 126 g of 

36 (3 57 mmol, 40 W) 

36 from39 Ozonewaspassedthroughasolutmnof830gof39(281mmol)m75mlofd&l~ md5mlof 

methanol at -7893. untd the colour changed from coknuless to bght blue (approxlmstcly 2.5 hours) For 5 mmutts mrtogen wu 

bubbledthroughthesolu~n,followedbythc~oflOOgofpn:powduImd6mlofacatcaad.Thegrey~wao 

slowlywannedtoroomEmpexWE oveX2hnu&fikaedovcrc&terpd mrrnhatedutuxcxo TherrkudlEwaz~?n1OOml 

ofetherandwashed~~sstlaatcdNaHCOj-solu~~~ml),water(20mI)andbrtne(20mO.~~~llod~ 

m vacua. ymldu~g 8 34 g of a cobmess bqmd A soluhon of 116 g of methyl (mpheny~ bdene)acUate (35.0 mmoI) m 

50mlof~chloromethanewasaddedtoasolutlonoftlusproductml00mlddrcbbmmethaoe. AfbXstnmlgstroaulanpattnre 

ovennghs the reaction mutme was ~U)WIIXW ‘Iheresrduewastakenupm1OOmlofether.lbtaystakwercWtacdand 

tbefiltratewaswnceatratedmvocu0 ~y(Hex/EA6/1)ofthemsniueyieldal7.55gof36 Q14mraok76Q)asa 

colourless otl, 3,&. IR (CHCl3) uxx) (m). 2950 (m). 1718 (sh). 1690 (8). 1655 (sh). 1282 (m). 1120 (m), ‘Ii-NMR (CDC13. 

250 MHz, broad signals) 2 38 (m. 2H. NCH2C&CH=C), 3 35 (m. W, NCti2CH2CH=C). 3 70 (s, 3H. OCH3). 4.49 (s, 2H. 

NCH2Ph). 5 17 (s. W, OC&Ph). 5 77 (1. J 16 8,lH. CH=CjjCO2). 6 83 (m. 1H. CJi=CH~, 7.28 (m, IOH, Ark 52_ IR 

(CHC13) 3000 (m), 2950 (m), 1728 (s), 1690 (s), 1640 (w). ‘H-NMR (CDCl3.250 MHz. broad signals): 3.52 (m. 2H. 

NCH2CHCOz). 3 64 (m. 3H. OCH3). 3 71 (m, 1H. NCH2CHCO2). 4 52 (m. 2H. NCH2Ph), 5 10 (m, 2H. CH=C&). 5 19 (s, 

2H, OCH2Ph). 5 78 (m. H-l, CH=CX$). 7 29 (m. lOH, Ar) 

N-benzyl-N-(3-butenyI)amlne (38) A mWure of 50 0 ml of benzylanune (460 rnmol), 15 3 g of potassrum carbonare (110 

mmol) and 13 0 g of 4-butenyl bronude (97 W, 93 mmol) was heated at 7OqC overmght. F&muon of the reaction mixture and liar- 

tlonatlon y~lded 13 2 g of 38 (82 mmol. 88 96. pure. accordmg to NMR) as a colourle-ss bqmd, and recovered benzylanune. b p 

lOO-l2O=C at 13 mmHg. IR (CHC13) 3075 (m). 1630 (m), 1450 (s), 915 (s), lH-NMR (CDCl3.200 MHz) 162 (s. IH, NH), 

2 29 (dt, J 13 6. J 6 8,ZH. NCH2C&), 2 72 (t. J 6 8,2H, NCH2CHZ). 3 81 (s, W, NCH2Ph). 5 07 (m. 2H. CH=C&), 5 80 

(ddt, J 17 1. J 10 2, J 6 8, lH, C&CH), 7 35 (m. 5H, Ar) 

Benzyl N-benzyl-N-(3-butenyl)carbamate (39) 

from 34 To an ice cold solutmn of 45.0 g of 34 (158 mmol) and 37 0 ml of allylmmethylsdane (233 mmol) m 200 ml of 

&chloromethane was added m 15 mmutes 23 0 ml of freshly d~tdlcd boron tnfluonde ethemte (187 mmol) After surrmg at 0s: for 

150 nunutes. the soluhon was poured mto 400 ml of ether The orgamc layer was washed wuh saturated NaHCq-solutmn (3x100 

ml), water (100 ml) and brme (100 ml), dncd (MgSO4) and amcenbnted zn YOCIW, yleldmg 46 0 g of 39 (155 mmol. 98 46. pure ac- 

cordmg to NMR) as a yellow hquld 

from 37 To an re cold solution of 9 70 g of 38 (60 mmol) m 70 ml of 1.4~d~oxane and 6 ml of saturated NaHC03 solution was 

added slowly over one hour 110 g of benzyl chloroformate (% 6.619 mmol) After sumng the resultmg soluuon for one hour at 

room temperature, it was poured mto 300 ml of ether and 75 ml of water The orgamc layer was washed with 1M hydrochlanc acui 

(75 ml), saturated NaHCO3-solution and bnne (75 ml), dned (MgSO4) and -@ated in vacua, yleldmg 17 7 g of 39 (60 0 

mmol. quant ), IR (CHC13) 3050 (w). 1675 (s), 1630 (w), 1410 (s), 1355 (m). 907 (m). ‘H-NMR (CDCl3,250 MHz. srgnals 

broadened) 2 27 (m, 2H, NCH2CH2CH=CHz), 3 31 (m, 2H, NCH2CH2CH=CH2), 4 51 (s, 2H, NCH2Ph), 5 01 (m. 2H. 
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a=a$. 5 19 (8. % a$), 5 70 (m, lH, C&o, 7 30 (m. lOH, or) 

Methyl (B)-5-(beaaylamlno)-2.pentenoatc (10) A solution of 102 g of 36 (2 89 mmol) m 5 ml of 30 % hydrogen bra- 

rmdemacettcacLdwasstlrradfor50mmutesarnromtempaaMc~d~pwrcd~~35g~~~~~~~ 

fAraXed anth ethyl aceEatc (3x10 ml). beuficd to pH 11 sod extracted unth ethyl acetate (3x15 ml) The wmbu~~I w layers 

~~~(Mgso4)andconceotratedmvaclro,~l~g58lmgof1O (265mmol,92%) Acco&ngtoNMR,cr&18coo$med 

Up to 5 % of~-~l-%*~~-%~. UL IR (CHCl3) 1715 (s). 1650 (m). 1433 (m), 1281 (m). 1165 (m), 980 (m), 

‘I-I-NMR (CM3l3, 200 MHz) 165 (s, lH, NH), 2 43 (dtd. J 6 9. J 1 1, 2H. NCH2C&CH=C). 2 78 (t. J 6 9. 2H. 

NQ&$H$H=C). 3 73 (s.3H. OCH3). 3 80 @.2H, NC&Ph). 5 89 (dt, J 15 7, J 14, lH, CH=CHCO& 6 96 (dt, J 15 7, J 7 I, 

1H. CkkCHq. 7 31 (m, lOH, Ar), N-Beaeyl-g,6-dibydro-1H-2-pyridone IR (CHCIJ), 2995 (m), 1658 (8). 1601 (m), 

1480 WV 1448 (mh1245 (m), 1140 (ml. 815 (4,690 (ml, ‘ii-NMR (CDCl3.200 MHz) 2 33 (tdd, J 7 1. ~4 2, J 19,2H, 5- 

Hz). 3 32 Ct. J 7 1,2H, GH$, 4 63 (s,2H. NC&Ph), 6 00 (dt. J 9 8, J 18,lH. 3-H). 6 55 (dt. J 9 8. J 4 2, lH, 4-H). 7 29 (m. 

5H. Ar) 

Benayl (+)-(R)-3-([N-benzyl-N-((B)-4-~~rbomethoxy-3-boteoyl)]~orbomyl}~5~[(~erf~botyl.d~pheoyl~~lyl)oxy~ 

methyl]-4,5-dihydro-2-vinyl-l~-pyrro1e.l-carboxy1ote (41) A solo&m of 1 53 8 of 38 (2 49 mmol), 680 mg of 18 

(3 10 -01). 770 mg of dusopropylethylamme (6 0 mm00 and 710 mg of alver tnfluorometbaae&fonate (2 76 mmot) m 14 ml 

of acetomtnle was stured for 18 hours at mom rempera~e ‘Ihe dung dark suspewon was fik& WQ a short three layer col- 

umn, w~nstw (from bottom to top) of Cehm, ska Woelm aad Plorisd The column was eluted with ethyl acetate The filtrates 

wem ccnm&aM UI vacua, and the nsldue clmnnatographed mm 3/l), yld&ng 124 g of 41 (167 mmol. 67 %) 88 a yellowish 

od. IR (CHC13) 2950 (m). 2930 (sh), 2855 (m). 1705 (s). 1650 (sh), 1640 (sh). 1605 (s), 1398 (s). 1110 (s). 691 (s), %.NMR 

CC@6 65% 250 MIIZ) 1 10 (s. 9H, SltBu), 2 08 (m, 2H, 4-Hz), 2 86 (m. 2H. 27-H& 3 21 (m. 2H. 3-H2). 3 42 (s, 3H. 

WH3). 3 72 Cm, 2H, 25-H2), 4 32 (m, 3% NCH2Ph and 26-H). 4 95 (AB, J 12 3,2H, OCH2Ph). 5 18 (d. J 119. in, 7-~,,d. 

5 66 (4 J 17 3. IH. 7-H&, 5 72 (d, J 15 6, lH, 6-H). 6 78 (m, 2H, 5-H aad 8-H). 7 15 (m. 16H, Ar), 7 65 (m, 4H, ortho 

SlArED 

Benzyl (+)-(2’S, 5R)-[(lerl-butyldiphenyl~ilyl)oxymethyl]-4,g-dihydro-3.{[(2’-methoxymethy~)pyrrol~d~o. 

l’-yl]c8rbonyl]-2-vinyl-1H-pyrrole-l-carboxylate (42) To a soluoon of 535 mg of38 (0 87 mmol) m 6 ml of am- 

tomlnle weat? added 161 ~1 of comm&y-obtamed (S)-(+)-2-(methoxymethyl)pynobdme (130 mmol), 379 ti of dusopropyle&y- 

kunme (2 17 mmol) aad 246 mg of sdver tnfluoromethanesulfoaate (0 96 mmol) After stui’mg at ambzat tempvatun for u) 

hours, tbe darer SUSPWSIO~ was ffitercd 0%~ a short Wee layer column, conslstmg (from bottom to top) of Ce&, ska Woelm and 

~onsll The columa was e&d with ethyl acetate The filtmtes were conc&?n&ated w vuc~~ and the mdue chmatographea 

(Hex/EA l/l), yleldmg (m order of elutmn) 58 mg of recovered 30 (0 09 mmol) and 429 mg of 42 (0 67 mmol, 77 a) as a colour- 

ks Ofi C~ectt?d yield 86 %, [aID +317’ (c 0 9. CH2CQ IR (CHCl3) 2990 (m), 2955 (m), 2930 (m). 2855 (m), 1703 (s), 

1635 Oh), 1590 (s), 1392 6). 1353 (s). 1110 (s), 693 (s), II-I-NMR (C7D8.9OpC. 250 MHz) 1 31 (s. 9H. GtBu). 1 58 (m, lH, 

3’-H), 185 (m. 3H, 3’-H. 4’-CklK), 2 92 (ddd. J 16 6. J 3 0, J 16, lH, 4-H). 3.27 (ddd, J 16 6, J 10 0. J 16, lH, 4-H’), 3 32 (s, 

3K OCH3). 3 42 (m, 2H, 5’-CkIkU, 3 54 (dd, J 9 3, J 5 6,lH. 6’-HI, 3 60 (dd. J9 3. J 3 8,lH. 6’-H’). 3 98 (dd, J9 9, J7 0, lH, 

6-H). 4 06 (d&J 9 9. J 4 3, lH, 6-H’), 4 37 (m, lH, 5-H). 4 58 (m, lH, Y-H), 5 18 (AB, J 12 4,2H, OCH2Ph), 5 30 (dd. J 113, 

/ 17, IH, 8-+&, 5 76 (dd, J 17 6, J 17.1H, 8-Huan&. 6 93 (ddt, J 17 6, J 11 3, J 1.6, lH, 7-H). 7 20 (m, llH, Ar), 7 60 (m, 

4H, ortho SlkkD. 13C-NMR (C6D6, 65°C. 62 9 MHZ, assignment wuh Am) 20 3 (s, S$&fe$, 25 0 (t, 3*-C or 4*-c), 28 0 

kl. -%k$. 28 8 Ct. 3’-C or 4’0.34 9 Ct. 4-C), 47 5 (t,5’-CL 57 4 (d, 2’-C), 59 4 (d. 5-C). 60 5 (q, OCH3), 65 8 (t. 6-C). 68 0 

(t. OCH2Ph), 74 0 (t. C-C), 118 6 (s, 2-C or 8-C). 119 8 (s, 2-C 0~ 8-C). 128 8-130 7 (6xd, 5x CH mmauc and 7-Q 134 9 (2xs, 

CH ammaw and 3-C). 136 7 (d. CH aromatic). 137 7 (s, C ammauc). 154 1 (s, Go carbamate), 166 8 (s. c=o anode) 
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g-Benzyl-S-methyl (-)-(4aS, SR, 9R, lOaS)-2-benzyl-9-[(~rrt-batyldlphenylsllyl)oxymethyl]-l.oxo- 

2,3,4,4a,5,6,9,lO-octabydro-pyrrolo[2,3-f]tsoqoiaollne-5,S(l~-dlcarboxy1ate (43) gd 8.Benzyl-5.methyl 

(+)-(4aR, SS, 9R, lO~)-2-bcnxyl-9-[(1ert-butyldlpbeny1sllyl)oxy-metbyl]~1-oxo-2,3,4,4a,5,6,9,1O-octahy- 

dro-pyrrolo[2,3-f]lroqPinollne-5,g( lH)-dlcarboxylate (44) lkghmware for thts m wasrmsedwlthHMDsand 

dnedat150aCov~olghtAsoluttonof~mgof41 (O~mmol)m1Omlofcdaoxygenatadxylenurwss~~~f~f~~ 

andduzlconculuatedmwcIlc Vy t@xEA 3/l) of the mtudue yIelded (m outer of ehtttut) 173 mg of 43 (0 23 mmol, 

68 %) and 52 mg of 44 (0.07 mmoh 21 96). both as coloudess ads. a [a]D -54 3’ (c 10; CH2a2). IP (CHCl3) 3OOO (m). 

2950 On). 2925 (sh). 2850 (m). 1724 (s). 1708 (8). 1670 (sh). 1635 (8). 1398 (s). 1322 (s). 1110 (s), 818 (m), 693 (s). %I.NMR 

(C6D6.65%:. 250 MHz. SSsl@mmt antb COSY) 1 17 (s. 9I-I. S+Bu), 151 (m, 1H. I-&), 161 (dd.J 13 2, J9 4. lH, Hn&, 

170 (m. 1H. H+), 192 (dt, J 116. J 3 3. 1H. H3.2 34 (m. 2H. H7eq and H7ax). 2 55 (m. lH, H6). 2 65 (d. J 13 2. lH, 

H27endo). 2 78 (ddd. J 12.0, J 7 1. J 1 3. lH. H&, 3 05 (ddd, J 12 0, J 6 4,lH. H3ax). 3 26 (s, 3H. 0CH3). 4 15 (d, J 14 4. lH, 

NCflH’ph). 4 26 (m. 1H. H26), 4 40 (m, 1H. Hz), 4 47 (m, 1H. H25v), 4 56 (6 J 14 4,lH. NCHEPh), 4 98 (AB, J 12 4.2~. 

0CI&Ph). 6 42 (m. 1H. Hg), 7 10 (m, 16H. Ar). 7 75 (m, 4H. ortho StArH). 13C-NMR (C6D6,65qC; 62 9 MHz, asstgnment 

w~dt ATP and C-H cormWon expenments) 2O 4 (s. S?ZMe3), 23 0 (t. C4), 28 1 (q. Wb&j), 28 6 (t, C,). 38 1 (t, C27), 414 (d, 

C6). 42 7 (d C5). 44 l (t, C3). 51 O (S, ClO), 51 1 (t. Nm2Ph). 51 8 (q. OCH3). 61 6 (d, ($6). 64 9 (t. C23. 67 7 (t. 

m2Ph). lO3 7 (d C8L l29.3-l3O 6 (d, 8x CH aromattc), 135 5 (s, C aromattc), 136 6 (d, U-I aromauc), 137 9 (s. C9), 138 8 

and l4O 8 (s, 2x C ammattc). 153 6 (s, NC02Bn). 172 8 (8, C02Me). 175 5 (8. Cl), MS exact mass observe& 742 3450, c&z for 

C45f4oN206St 742.3438. ti [a)D +89.3’ (c 0 9. CH2CIz). IR (CHCl3 3CNIO (m). 2950 (m), 2925 (m). 2850 (m), l7u) (s), 

1711 (s), 1685 (sh), 1629 (s). 1401 (s), 13O3 (5). 1159 (s). 1110 (s). 815 (m), 692 (8). lH.NMR (C6D6, 6X!, 250 MHz, as9lgn- 

ment with COW 1 18 (s, 9H. SttBu), 160 (m. 1H. H4&, 167 (m. 1H. H4& 197 (dd, J 12 4, J 9 1, lo, Hi_), 2 09 (dt, 

J 118, J 3 2, 1I-L H5). 2 22 (dd. J 12 4. J 7 2, 1H. Hne,&, 2 37 (m, 2H, H7Bs and H7ax). 2 64 (m, 1H. H6), 2 75 (m. lH, 

H&. 3 17 (dad, J 12 5, J 5 8,lH. H3ax). 3 28 (s. 3H, 0CH3). 3 91 (m. lH, H25). 4 06 (d, J 14 3, lH, NCHH’Ph). 4 17 (m, lH, 

H25.L 4 50 (m. lH, H26), 4 68 (d, J 14 3,lH. NCEMIph). 5 11 (AR. J 12 7,2H. 0CH2Ph). 5 97 (m, lH, H8), 7 15 (m, 16~, 

Ar). 7 70 (m, 4H. ortho WI@, 13C-NMR (C6D6 65°C. 62 9 MHz, asagnment with ATP) 28 4 (s. Sae3), 23 4 (t, C4), 

28 O (q. StCMecj). 29 l (t. C7). 39 8 (1. C27). 417 (d. C5 and C6L 43 9 (t. c3). 50 8 (t. NfZH2Ph), 51 i (s, cl& 518 (q. 

0CH3). 60 6 (d, C2d. 65 8 (t. C,), 67 9 (t, 0GH2Ph), 108 3 (d, C8). 128 8-130 6 (d. 8x CH atomattc), 135 2 (s, C aromattc), 

136 7 (d, CH atomauc), 138 3 (s. C9). 139 0 and 140 9 (s, 2x C aromattc), 1715 (s. c02Me), 175 4 (s, Cl), MS exact mass ob 

served 742 3450, cak for C45H5ON206S1 742 3438 

8-Benzyl-5-methyl (+)-(4aS, SR, 7aR, 9R 10aS)-2-benzyl-9-[(rer~-butyldipheny~silyl)oxymethylJ-l,7-d~oxo- 

2,3,4,4a,5,6,7a,9,1O-nonahydro-pyrrolo[2,3-f]isoqulnol~ne-l,8(1H)-dicarboxylate (45) To a soluuon of 100 g 

of 43 (135 mmol) m 4 ml of pyudme was added 3 75 ml of a 0 393 M osmuun tetraoxWpyndme solutton (147 mmol) There- 

SulMg darh solution was stured at room temperature for 16 hours, before a soluuon of 10 g of sodmm pyrosulfite m 8 ml of water 

was added. After shmng fOr 4 hours, 25 ml of 10 % hydmchlonc actd were added under me coolmg and Ihe EXdMg solumn was ex- 

tracted wtdt chloroform (3x15 nd) ‘Ibe combmed orgamc layers were washed wttb 1M hydrochlonc actd (10 ml). water (10 ml) and 

bnne (10 ml), and dned (hfgSO4) The soluhon was filtered over a short column of Flortsd The column was eluted wnh ethyl ac- 

etate and the combmed filtrates were concentrated m vacua A solutton of tie resultmg product and 20 mg of p-toluenesulfomc actd 

monohydrate m 30 ml of benzene was refluxed for 30 munnes, and then concentrated tn vacua Chromatography of the residue yield- 

ed 795 mg of 45 (105 mmol. 78 %) as a white foam, [UID +20 3” (c 2 7. dtchlo~methane). IR (CHCl3) 1730 (s), 1698 (s), 1635 

(s), 1422 (s). 1417 (s), 1357 (m). 1288 (m), 1172 (m), 1111 (s). 82O (w). 694 (s). lH-NMR (C7D8. 90 “c. 250 MHz, asstgnment 

wuh COSY) 138 (s, 9H, SttBu), 157 (m. IH. H+). 184 (m, lH, H4ax), 2 03 (m. 1H. H27). 2 14 (m, J 11 1, 1H H5), 2 45 

(m. la H74.2 83 (m. 3H, Hg, H7ax and H27*), 2 94 (ddd. J 12 1, J 5 8, J 3 4.1H. H3& 3 22 (ddd, J 12 1, J 11 1, J 5 2, lH, 

H3=). 3 48 h3H, 0CH3). 4 31 (m. 3H, H25, HZS* B”dH&. 4 54 (AR, J 14 4,2H. NCH2Ph). 5 18 (m. 2H, 0CH2Ph), 5 33 (s, 
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lH,Hg).730(m.16H.Ar).795 (m, 4H.orthoSdrH);M~ (FD) 75S(~+) 

8-Benzyl-S-methyl (-)-(4aS, SR, %iR, 9R. 10~)-2-bensy1-2,3,4,4a,1,6,7,7a,9,10-dccahydro-1,7-d1oxo-9-(ky- 

droxgme~hyl)-pyrrolo[2,3-1llsoqninoline-S,8(ll;l)-dlcsrboxylate (46) To an lwcold solution of 1347 S of45 (177 

mmol) 11115 ml of T’HF was added 380 ml of a 0 5 M TBAF/l’HF soluhon (1.90 mmol) The yellow solurzm was stu& IU atot,+ 

~ttrmperaturefor~~utesandthendtlutsdanlh5omlofether The~layerwaswashedanthwavr(lSml)andbnne(lS 

ml), dned wgso4) ad ~mwrcu0 ~~y~V2)ofthcresldutylelded835mgd46 (160mmo1.90 

%) as a wh*c foam. b]D -74.00 (c 1 1. CH2C12). IR (CHC13) 3420 (br). 3000 (III). 2945 (m). 1732 (s), 1688 (s). 1631 (s). 1410 

(s), 1352 (s). 1170 (s). 690 (5); lI-I.NMR QD8.90 qC. 250 MHa. awgmnent anth double resQnMce expwlmems) 154 (ddd, J 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

46,lH~Hg).2~(m.lH,H~).239(dd~l48./64,1H.H7~,267(dd,J149,Jl1O,1H,H7,),2.83(ddd.~ll5.~64. 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

H25). 4 06 (m, 1H, H25*), 4 21 (m. lH, H26L 4 35 (d. J 14 4,lH. NCBH’Ph), 4 75 (d, / 14 4, lH, Nm), 5 23 (AR, J 12 5, 

2H. ocII2Ph). 5 24 (8, lH. I+,), 7 30 (tn. lOH, Ar). 

Methyl (4aS, SR, 7aR, lOaR, 11~)-2-bensy1-2,3,4,4P,5,6,7,7a,7b,10,e- 

d~oxy)-l-oxo-oxazolo[3,4-~]pyrrolo[2,3-1~isoquinoline-S-carboxyla~e (47) A solutton of 200 0 mg of 46 (0 38 

mmol). 10.0 mg of p-toluewaulfomc actd moaohydrate (0 05 mmol) and 0 5 ml of freshly ~UUW athyltne glycol(l8 mmol) In 30 

ml of toluene was refiuxed for 24 hours WJ a Dean-Stark trap, filled witi m&eves 4A (at regular mtcxvak fresh ethykne glycol 

was added to the reactton!) After dWmg w& 20 ml of tir, the reacuon muture was washed 1~1th saturated NaHCO3 soluhon (5 

ml) and bnne (5 ml), dned (MgSO4) and mm wacw chromatography @iexEA l/2) of the resuiue yielded (m orda of elu- 

bon) 61 1 mg of recovered 46 (0 12 mmol) and 410 mg of 47 (0 09 mmol. 24 %. corrected yield 35 48) Crystalhsation from 

toluene yleldsd 47 as colourless pnsms. m p 99-100~:, IR (CHC13) 1762 (s). 1730 (s), 1628 (s), 690 (s), lIi.NMR (C7D8. 90 

Oc, 250 MHZ. asstgmneat mth COSY) 173 (dd, J 12 0, J 5 1,lH. H27). 179 (m. 2H, Hw aad Q), 2 00 (dd. J 12 0. J 9 7, 

~H,H~),206(ddd,Jl32./4.8,J15,1H,H7~.218(dd.J132.J115.1H.H7~),224(ddd,J119.J38,1H,H5).290 

~dddJ125.J51.J25.1H.H~.311(ddd.J117,547,1H,H~,343(ddd,~125,~110,~61,1H,H~),358(s,3H, 

0cH3), 3 74-4 07 (m. 6H. 35 , Hz6 and ~c&o), 4 47 (d, J 14 5, lH, NC&H’Ph). 4 54 (dd. J 13 1. J 6 8.1H. Hw), 4 74 

(d.J 14 5, lH, NCHJXPh), 4 88 (d, J 14, lH, H9), 7 30 (m. SH, Ar), MS (FD) 456 (M+) 
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