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Abstracti The l (smoselectivit7 of the reduction of P-J&o emter precura~e loadtag lo mvwai 
8breofmomrs of ddino and boAtUne WM Invsoligabd. As a ~~aull, a ahort and bl.gJ& 
l bnwaelecLive roub b the isomer of hbf.ine found in Lhe didemnfne, (&5,4R,SS)-imeieline, wee 
devised. 

The didamnins (Plgure 11 ara a group of macroc.7clic depsipeplldea ieohtsd from tunicate~ 

collected in the walers off the ccmsta of such countries u Columbia, Mexico, Sonduras, Panama, and 

Cuadaloope.l~2 These intoreeling marina natural products exhlbil promising biological activil7 as 

onUcancer3, antiviral), and lmmunosuppreslve6 agents. Because of their biological significance, 

several lnvesllgalors hove reported the& efforts toward Lhe synlheaes of these crcllc 

depslpepUdas.6 The original structural alucldaLlon of the didemnlns did not provide rigorous 

proof lhat the proposed (38,JR) stereolaomer 02 s&aUne (4) w” the correct amino sold.1 In fact, 

subsequenl high field NUR studios b7 olher invaeUgalore l uggesled Chai eo& slaraolaomer of 

ieoalallne was presenl in the didemnlns. 2 Sventuall7, s7nlhesld of the didemnlns riCh’ eltber 4 or 

(3S,4R,6S)-i~lrLine (5) incorporated into the depsipepClde ring provided mnchdre proof lhat 

indeed 6 was the amino scid rlth lhe correcl absoluLe conIlguratlon.6a 

One of the mod common appmwhes Lo 

equalbn 1) involves an aldol condenuUon on 

slatlne and ita vnrious atmeoiamerm (Scheme 1, 

a suilabl7 pro&Led bUGiN derivaLh (7).7 This 

slrateg7 has been used lo prod- statine tireoiaomars in mtudloe conawning the l CrucCurd 

eluddallon and lhe synlheeie of lhe dldemnlns.l,& Eowavar, this app-h suffers from several 

drarbaoks such aa exteneive InlUaI lunotbnal group inbrconverslon from huclne lo leuclnal, poor 

l breoaeLeoUviL7 In the aldol oonde’hea&n, and ohanca of r=emlaatlon of Lhe e-amino l ldeh7de.Ta 
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A more attractive route8*9 (Scheme 1, equation 2) involves direct &.iv~Noa of the csrboxylic 

functionality of leuclne followed by alkylation with auitebla enolates & produce the corresponding 

F-ksb eeters (IO). Thers P-keto eaters can be reduced ~tereonlectivef~ to produce vsrfau~ 

mixtures of chromatographlcally sepernbb diaatareomer~. Rowever, all previous inveotigatbna 

concerning the syntheti of statine by thin appmaoh, have produced the P-ksto eater in poor to 

modarab yield, 

been reporbd.~ 

and no exlenaive study on the ~ptimixation of the stareowloctive reduction has 

We have very recently reported an improved prcadum for the synthenis of (SS,IR)-mtatine 

from D-leucins I& sbreo~&~~t,ivr ~duatie5 of #-keL0 o8bra l uch aa 10, h connection with the 

l yntbeeia of the didsmnina.~ We MW &h lo describe our resulta for the opti&iat.ion of the 

sbreonlecttve reduction and exparuion of the methodology in detiing a highly &aFewslective 

routs to (36,4R,SS)-tihtine (6) from D-alloiaoleucina. 

The s~nthetk l tudiee, bogan ae outlined in Scheme 2? Readily available D-leucine (6) was 

~rotded under sbndard conditiona by treatment with di-tort-butyldiaarbonate (BOQO) in a~wous 

ban to produce Sot-D-budne, 
Wt 
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The crud. product wnm then trested with 1,lGarbonyldiimiduole (CDI) in THF to produce the 

correeponding imidecoHde1° which wee not iwbted but treated directly with either ethyl or 

tert-butyl lltbbscetate at -78-C to produce, altar workup and purification, the P-kato emterm (11 

and 12) in 88% and 82% overall yield from D-leucine, reepectfrely. Ssveral different magente 

under various condltbnm, were tried for the etereoeelective reduction of the chiral a-amino 

carbonyl compound6 11 and 12, including the bulky reducing magenta diAamylborand1 and lithium 

trl-tert-butoxyaluminohydrlde. 12 Cbiral reducing reagsnte ueing N,N’dibencoylcyatine,l3 pLnene,14 

and glucofuranoeel6 as chiral auxiliaries were also examined u well ae microbial reductione using 

yeast.16 The bulky hydride reagente produced the reduced producb in low yield& None of the 

chlml reducing magenta provided the high ennntIoeelection in these eyetemn ae they have 

exhibited with other nubstrabm. The microbial reductions provided products in low yielde and 

with poor atereoeelection. 

Finally, we found that common, readily available borohydride reagente gave the beet overall 

resulta with mapect to yield& purification, and etereoeelectivity. We therefore examined a periodic 

trend of these borohydride reagents (LiBH4, NaBH4, KBH4, and Zn(BH4)2], under various conditions, 

in order to optimize .the etereoeelectivity of the reduction. Aa shown in Scheme 2, reduction of 

8-k&0 eater 11 with theoa reagents produced the correeponding fl-hydroxy eaters in moderate to 

excellent yieldn (72-933 yield) he mixtures of chroamtographically Beparable dlaetareomere (13 and 

14). The srythro product 13 [having the deeired (3S,4R) stereochemistry] was the major product 

regsrdleee of the reducing reagent.. l7 Reduction of compound 12 produced diaetareomere 16 and 16 

again with the erythro product 16 ae the major ieomer. The purity of the ieolated product8 wae 

determined by comparieon of rotation values and gas chromatographic analyses. The absolute 

stereochemietry of diesterecmere 13 and 14 waa determined ae ehown in Scheme 3. Treatment of 

either pure 13 or 14 with trifluomacotic acid (TPA) effected removal of the BOC protecting group. 

14 
4.1 . &7 II, 

l 1. ??A. n$xo L sly. cm, CI~I, ” 

Subsequent neutralization of the trifluoroacehta ammonium aalt with triethylamine and further 

treatment with CD1 in methylene chloride, produced the oxnxolidinones 17 and 18. Decoupling 

experiment8 on 17 and 18 allowed determlnatlon of the relative configurationa at the 3 and 4 

poclitione of l tatlne. Thu., decoupling at the pro&e labeled 3 in compounds 17 and 18, allowed 

determlnntbn of the coupling conetante between ring protone 1 and 2. For the oxaxolldinone 17, 

derived from compound 13, the coupling conetant wae 7.5Hs, thereby suggeeting a tin relationship 

and confirming the (3S,IR) lueignment. Tbe coupling mnnhnt between the ring protone in 
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oxm.&idinone l8, derived from the aedgnad (3Rt4R) isomer 14, WIU 4.7lXs which ie indicative of a 

trura relationship, thus confir- the (3R,IR) u#ignasnt. The rem~lte of theee decoupling 

erperimente are in good agreement with velues obtained from decoupling experiment8 on other 

oasatfdine l yrbme ursd to determine the sbwlute sterwchembtry of statine deri.vatirer.@*lS 

The approach descrfbed wee then expanded to develop a synthetic route ta eeveral ieomere of 

imoatatine. Uain# readily available BOC-L-ieoleucine (10) ae a precureor (Scheme I), produced the 

correspondin$ @-k&o eeter 20, nfbr a&vAon with CD]: and alkyktksn with teri-butyi iiWt&e. 

Reduction of the keto gmup in 20, with the aforementioned reducing na#ente, produced mixturea 

of chromatopraphicaily eeparable diastereomers (21 and 22), in yield8 ranging from 70-90%. 

Compound 21 uam always produced an the major product. The abeoluta starwchemintry wea again 

determined by decoupling experiments on oxasolidines derived from the pure isolated b-hydroxy 

eaters. Thus, treatment of either pure 21 or 22 with 2-methoxypropene in dimethylformemlde, in 

the praeence of ~tolueneeulfonic acid, produced oxatoiidinen 23 and 24, reepectivsly. Deooupling 

experimsnte ahowed that the coupling constant between the ring pratonr in 23 waa 5.0 He while 

-4 

that in 24 wan 2.2Ha, uupgeeting a cis and trans relutfonehip respectively. These results confirmed 

the aeei~nmenle of (3R,4S,5S) for 21 and (3S,4S,5S) for 22. 

Similar results were obtfsined when BOC-D-alloisoloucine (25) (Schema 5) w&a used ne the amino 
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acid precurmor. However, in tbim ham, reduction of the derived C-keto emter 26 produced one 

dimstereomer in high excemm over the other. The P-hydroxy emtar 27 warn produced am the m&r 

Lomar regardleu of the reducing agent umed. Compound 27 vu euigned the (3S,4R,5S) 

configuratbn bamed on previoum remultm. Compound 28 wmm produced in much a l amll amount that 

it warn never imolatad for full cbaraclerisation. OxaxolIdine 29 warn derived from Zl and deoaupling 

experiments mhowed that the coupling connhnt between the ring protons in 29 wan 5.2 Hr. Theme 

remulte are indicative of e CL relationship and therefore confirm the (3S,IR,5S) assignmanl. 

The results of the mtereomelecttvs reductlonm are ohorn in Figure 2. The aforementioned 
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p-k&o eater6 11, 12, 20 and 26 were reduced with Lie%, NaJHQ, KBIQ, and Zn(BQb uming mimilmr 

if not identtcal conditions for each tndividual reagent. The corremponding p-hydroxy emterm were 

produced in moderate to excellent yield. am mixtures of chromatogmpblcally separable 

diaotereomerm, am outlined prevloumly. Examination of theme remults revealm moveral periodic trendm. 

In general, the mlereomslectivity increamed for the reduction of the P-keto embn in going from 

LiBlQ to KBHq and then deer-a for 2n(BH4)2. Overall, the reduction of the iaomtatine precurmorm 

(20 and 26) mhowed greater atersoeelectivity (>10:1 for KBlQ) than for the statine precureorm (11 

and 12). Reduction with KBM in ethanol gave the gmatemt mtereomelectivity. Theme mmulte can be 

rationalized by conmidcring the propomed transition state modele by which these chiral u-amino 

carbonyl compounds (11, 12, 20, and 26) undergo reduction. A review by Tramontinil’l concerning 

the stereoeelective reduction of chiral amino carbonyl compound0 propomes a cyclic tranmition l tala 

much as I (Figure 3) for the reductton of chiral a-amino mymtemm.17 

However, spectral data (UV and NMR) muggemtm that the P-keto emterm 11, 12, 20, and 26 may be 

eamily enolized. Thus, in the enol form trandtion mtata modelm much am II (for 11 and 12) and III 

(for 20 and 2S) l hewn in Figure 3, are pommibls. 



3494 B. D. HMUIS and M. M. JOULI& 

Then cyclic lrandlion etalee could be formed by chelation of boron between the protected 

amino group and the enolized oxygen. Hydride attack could then wur either intramolecularly .or 

intermolecularly at lbe b-poeMon on the lea& hindered fnce aa detarmlned by the butyl 

appenWe. Reduction of these modela would account for eoveral ol the experimental reeullx. The 

erythm product would alrape be produced ae the major imomer. Thie ie borne out by our 

empirical data. Greeter etareoeelsctivily would be expected in going irom LiBIQ to NaBlQ lo KBH4 

due lo the decreaoe in reactivity of the reducing reagent. The Iese reactive borohydride reegenl 

would allow more lime for the formation of the cyclic traneilion state before reduction of the keto 

group in the acyclic form, One would alao expect greater elereoeeleclIvily in the reduction of the 

ieoalaline precurwre due lo the fact that the transition elata model (111) has a methyl group 

closer to the point of hydride attack than in the staline precursor transition &ate model (II), thus 

creating greater asymmetric induction. The lack of atereoaelectivity in the Zn(BAq)Z reduclione can 

be accounted for by wruiderlng the known chelation of zinc to P-mrbonyl compounds89 ax in IV 

(Figure 3). Thie chelation would interfere with lrannition staten II and III, and therefore decrease 

the l breoeelectivity. Several live and six-membered helerocyclic amino acid boranes dmilar lo 

proposed models II and III have actually been synlheaiaed and Lolated? 

Compound ZI, of wuwe, has the denired (3S, 4R, 6s) slsreocheminlry that ia needed for the 

isostallne isomer found tn the dtdemnine. Thus, a highly ebreoaelecllve route lo lhb .unusual 

amino acid hae been achieved. Application of thim methodology to the synlhesin of the didemnfne 

hae been developed and the reaulla of lhim lnvealigalion will be reported ehorlly. 
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tert-Butyl (IS, 5$, mnd (4R, SS)4(cuboxy ~no~yl-3-oxohep~te, Cbrt-butyl e&r, 
(20) and (26). 

To a solution of N-$&-butoxycarbonyl-liaoleucine (IQ) (0.623 g; 2.25 mmol) [azeotropically 
dried with bentbne (m mt)] in TRF (7.6 mt) wee added l,l’-onrbonyldiimidnzolo (0.48 g, 2.96 amol) 
with stirring at room tempe+atum. After stirring for 15 min, the .reaction WM cooled to -7WC and 
treated with &&-butyl lithloaeetate (10.14 mL of a 0.90 Y solution in THF; 9.13mmol) [mado by 
adding brt-butylacetab (1.30 mL, 945 mmol) to lithiom dii~propylmine (6.66. mt) of a 1.03 M, 
eolution in the TEF; 9.11 mmol] dropwino with efficient stirring. The reuulting thick white reaction 
mixture was etirred at -78-C for 0.6 h when tt war quenched at -7WC’ with aqueous e&u&d’ 
ammonkrm chloride (10 mL) and warmed lo room temperaturn. The reaction WM then diluted with 
ether (SO PL), and water added until all eolida in the reaction ndxture were dixxolved. The : 
organic and equeoua layers wem -par&ad and the organic layer0 were wanhsd uequenttily with 
5% aqueous KC1 (1x10 mL) and 5% aqueoum NaRCO3 (1x10 mL). The combined aqueoum kyem were r 
then sxtrectad with ether (3 x 20 mL), and the organic layers were dried (Ua2SO4) and 
concentrated In vacua The rerulting rsddue wan purified by column chromatography on silica gel 
wing 25% ether in .petroleum ether (II) ‘aluant to afford pure #) (0.5681, 76% yield) ax a colorleee 
oil. Compound 26 WM obtalnsd from N-m-butorycarbonyl -D-alloleoobucine (25) in 79% yield using 
the identical protocol. 

Compound 20 diepleyed the following spectral characteriatks: [o]~‘~ + 16.52’ (c 9.64, CRCl3). 
RRhfS calcd for C17R31NO5 (M+): 329.2202. Found: 329.2189. Anal. Calcd for C17831NO5: C, 
61.98; 6, 9.49; N, 4.25. Found: C, 61.98; H, 9.62; N, 4.07. 1H NMR (2SO MHP; CDC13) 6: 12.27 
(6, C=C-OR, enol resonance), 6.10 (18, d, Jz8.9, NE), 5.03 ((I, C=C-8, enol reeonance), 4.36 (1X, dd, 
3~4.3 and 8.9, NW); 3.45 (2R, m, (O)CCI&C(O), 1.96 (lA, m, CR), 1.60 - 1.26 (lR, II), CH2), 1.47 (BH,e, 
OtBu), 1.44 (9R, 8, BOC), 0.99 (3R, d, Jz6.8, HCCl?3), 0.90 (3H, t, 3~7.3, CA2CII3). IR (neat): 3380 
(m), 2900 (a), 1700 - 1760 (a), 1520 (a), 1470 (a), 1380 (01, 1260 (e), 1170 (a), 750 (m) cm-l. 

Compound 26 diaplamd the following spectral charncterietica: [~]‘*a - 38.88’ (c, 2.32, ORC13). 
RRMS oalcd for C17R31NOg: 329.2202. Found: 329.2188. Anal. Celcd for C17R31N4: C, 61.96; H, 
9.49; N, 4.25. Found C, 61.92; H, 9.72; N, 4.49. 'H NMR (250 MHz, CDCl3) 6: 12.31 (0, OH, 
enol resonance), 5.08 (lH, d, Jz8.8, NH), 5.04 (a, C=C-A, enol resonance), 4.49 (lH, dd, Jz2.9 and 8.8, 
NCH), 3.44 (2H, m, (O)CCQC(O)), 2.00 (lH, m, CH), 1.60 - 1.15 (2H, q , CH2), 1.47 (QR, s, otau), 1.44 
(9R, 6, BOC), 0.97 (3H, t, 3~7.3, CR2C_83), 0.77 (3H, d, J=6.8, CRC_H3) IR (nent): 3380 (m), 2900 
(a), 1700 - 1760 (a), 1500 (a), 1460 (P), 1380 (81, 1160 (81, 760 (m) cm-l. 

Rsductions of /-K&o Betare. 
Bthyl (38, 4R) end (3% IR)-l-(carhUI~)-~hydr~~thylhap~n~~, 4-tart-butyl et&em 
(13) and (14). tert-Butyl (35, 4R) and (3R, ~)_(-(arboxfrmino)-~hyd~xy~~y~ep~~~ 
I-tort-butyl eater (16) and (16). brt-Butyl (3% 4S, 58) and (35, IS, SS)-4-(carboxyamino) 
-3-hydroxy-S-wthyl'beptanoate, Cbrt-butyl sebr (21) and (22) and tort-Butyl (35, 4R. SS)a- 
(carboxyadno)-3_hyd~y-~~~yl hephnmb, Cturt-butyl eater (27). 

The b-hydroxy eaters were produced by reduction of the corresponding b-ket.o estere using 
the tollowing proceduree. The experimental Lo given in detail. for the formation of wmpounde 13 
and 14, and the procedure may vary wlth regard to reaction time, temperature, or amount of 
reducing reagent for compounds 15, 16, 21, 22, or 27 aa outlined In Figure 2. Retfos were 
determined by gax chromatography. 

Lithium Borohydride Reductione. 

To a eolution of compound 11 (0.112 g; 0.37mmol) [azeotropically dried with benzene (3x5 mt)] 
in THF (1.24 mL) weu added lithium borohydrlde (0.76 mL of a 2M eolution in THF; 1.5 mmol) 
dropwiee with etirring at -78’C. The reaction wan stirred for 0.5 h when it wan quenched with 5% 
aqueous RCl (6 mL). The reaction wax warmed to room temperature and diluted with ether (20 
mL). The organic and aqueous layer6 were wparated, and the aqueous layer was extracted with 
ether (3x5 mL). The combined organic layere were dried (Na2SC4) end concentrated In vacua to 
provide the crude alcohol which war puritied by silicn gel column chromatography using 56% ether 
in petroleum ether es elusnt to afford a mixture of diastereomera 13 snd 14 ae a colorlenx oil (0.098 
g; 87%). Compounds 13 and 14 wore aepamted by silica gel column chromatography using 15% 
ethyl acetate in petroleum ether aa eluant. Diaetereomers 15 and 16 were produced in 93% yield 
from compound 12 and purified by silica gel column chromatography ueing 40% ether in petroleum 
ether ea eluant. The dieetereomers were l eparated udng 10% ethyl acetats in petroleum ether. 
Diastereomere 21 and 22 were produced in 90% yield from compound 20, and compounds 27 and 28 
were obtained in 88% yield from compound 26. The crude products were purified by column 
chromatography using 35% ether in petroleum ether and the purified dbstereomrric alxture 
separated using 10%’ ethyl acetate in petroleum ether. 

Sodium Borohydrtde Reductions. 

To a solution of compound 11 (0.123 g; 0.409 mmol) [azeotropically dried with benzene (3x5 ml)1 
in ethanol (2.0 mt) warn added NaBs( (0.64 g; 1.43 mmol) with stirring at 0-C. The reaction wae 
atirred at O’C tor Ih, when it wea then quenched with glacial acetic acid until the pR of the 
reaction mixture wan 7 (Iitmua). The re8ultlng solution - diluted with ethanol (4 ml.) and 
warmed with stirring to room temperature. The reaction wae then rancentrated in vacua to 
produce a white e&d which was diluted with a 1:l mixture of water and ethyl acetate (80 mL). 
The layers were xeparatad, and the aqueous phase was extracted with ethyl acetate (3x6 mL). The 
combined organic lnyere were dried (Na2SO4) and concentrated in vacua to afford the crude 
product which wee purified by column chromatography, uelng 55% ether in petroleum ether a8 
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(stir C-C), 78.96 (BOC O-C), 71.11 (C-31, 52.39 (C-41, 39.10 (C-P), 38.39 (C-51, 28.17 (HOC CH3), 
27.86 (eater CQ), 24.46 (C-B), 23.58 and 2136 (isopropyl CH3). 

Compound 16 dbpbyed the following phynical charactsrllics: (ol"e + 45.00' (c 0.68, HeOH)r 
HRMS calcd for Cl7A33NC5 (Y*) 331.2359. Found: 331.2316. Anal. C&d. for Cl7A33N06: C, 61.59; 
II, 10.0% N, 4.23. Found: C, 61.74; H, 10.31; N, 4.48. *fI NMR (5.00 MHe, CDCl3) 6: 4.95 (llI, d, 
Jz9.6 NE), 3.99 (lH, m, CCH), 3.59 (28, m and 0, NCR and OH), 2.42 (28, m, CH2C(O)), 1.86 (III, m, 
CR), 1.52 and 1.35 (2H, m, C&), 1.46 (QH, II, OrBu), 1.44 (9H, a, BOC), 0.93 (6X, m, isopropyl). IR 
(neaC): 3460 (m) 3380 (m), 2980 (a), 2280 (w) 1740-1700 (II), 1520 (m), 1460 (m), 1410 (m), 1170 (m), 
1050 (m) cm -1. i3C NMR (500 MHz, CDCl3) 6: 172.61 (C-l), 155.91 (BOC carbonyl), 81.07 (eeter O-C), 
78.84 (BOC C-C), 69.95 (C-3), 61.80 (C-4), 41.67 (C-2), 39.71 (C-S), 28.26 (BOC CH31, 27.93 (enter 
Cm), 24.58 (C-6), 22.Q4 and 22.14 (ieopropyl Cq3). 

Compound 21 diephyed Lhe following phyeical chamcteriatica: [ela4D t 7.63’ (c 0.76 MeOR). 
l&p. 73 - 74-C. HRMS calcd for Cl7H33NO5 (I@): 331.2369. Found: 331.2324. CH2(0) iH NMR (500 
MHz, CDCl3) d: 4.57 (lH, d, J=lO.l, NR), 3.96 (1H , m, OCH), 3.64 (lH, m, NCH), 3.45 (lH, a, OH), 2.62 
and 2.36 (2H, m, CH2(0), 1.83 (lH, m, CII), 1.61 end 1.01 (2H, m, CH2), 1.46 (QR, e, OtBu), 1.44 (QH, l , 
BOC), 0.93 (6H, m, 2CH3). IR (CHC13): 3440 (e), 2980 (91, 2260 (w), 1750-1680 (El, 1610 (a), 1150 (a), 
750 (e) cm-l. 13~ NMR (500 MHz, CDCl3) 6: 172.42 (C-l), 166.22 (BOC carbonyl), 80.96 (ester O-C), 
79.11 (BOC O-C), 68.76 (C-3), 58.82 (C-4), 39.37 (C-2), 34.49 (C-5), 28.20 (BCC CH3), 27.92 (ester 
CR3), 23.03 (C-6), 16.16 (S-Me), 11.57 (C-7). 

Compound 22 dieplayed the following physical characteristics: [al’*c t 38.51’ (c 0.67, MsOH). 
RRMS calcd for C17A33N05 (M*): 331.2369. Found: 331.2324. lH NMR (500 MHz, CDCl3) 6: 4.97 
(IR, d, J=lO.l, NH), 4.23 (lH, m, CH2C(O), 3.33 (la, bre, OII), 3.21 (IH, IQ, NCR), 2.46 and 2.36 (28, m, 
CH2C(O)) 1.59 (la, m, CH), 1.56 and 1.16 (2R, m, CH2), 1.46 (9H, a, Ot.Hu), 1.45 (QA, 8, HOC), 0.96 (38, 
d, J-6.7, CHCB3), 0.89 (3X,.& J=7.4, Cy2Cl#. IR (CHC13): 3440 (a), 2980 (a), 2260 (w), 1750 - 1660 
(e), 1610 (a), 1150 (II), 750 (n) cm- , C NMR (500 MB%, CDC13) 6: 172.96 (C-l), 156.21 (BCC 
cnrbonyl), 81.20 (eeLor O-C), 78.85 (BOC O-C), 66.65 (C-3). 58.00 (C-4), 40.06 (C-21, 36.46 (C-5), 28.32 
(BOC CH3), 28.00 (eater CH3), 26.54 (C-6). 15.65 (5-h&3), 11.06 (C-7). 

Compound 27 displayed the following epectral characteristics: Ial*‘n - 8.76’ (c 0.80. YeOH). 
HRMS celcd for Cl7i33N05 (M+): 331.2359; Found: 331.2387. 1H kAk (500 MHz, CDC13) 6: 4.54 
(lH, d, J=9.3, NH), 3.87 (lH, m, OCH), 3.62 (lH, q , NCH), 3.42 (IH, 8, OH), 2.54 and 2.41 (2H, m, CA2 
C(O)), 1.92 (lH, m, CH), 1.44 (QH, n, BOC), 1.43 (9H. a, OtBu), 1.35 and 1.21 (2H. m. CIb), 0.93 (3H. m. 
CRC&), 0.86 (3R, m, CR2Cq3). IR (neat): 3460 (& 3000 (dj 1740-1700 (8). 15lO~(m);~i410 (ej, i380 
(a), 1250 (a), 1160 (a) 1080 (a), 770 (e) cm-l. lk NMR &O MHz CDCl3)t 6: 172.51 (C-l), 155.96 
(BOC carbonyl), 81.06 (ester O-C), 79.04 (BOC O-C), 68.93 (C-3), 65.bB (C-4) 39.59 (C-O), 33.82 (C-5), 
28.21 (BOC CH3), 27.94 (enter CH3), 27.00 (C-5), 13.03 (5-Me), 11.59 (C-7). 

Form&ion of the -lidinea 
Ethyl (IR, 6S)-4-eec-butyl-2-5-o-lidin~tate 17 and Ethyl (4R, 5R)-4-set-butyl-2-c5- 
oxacolidin-tats 18. 

To a solution of rampound 13 (0.069 g; 0.23 mmol) in methylene chloride (0.5 mL) stirring at 
O'C wae added trifluoracetic acid (0.5 mL) vk-s e syringe. The reaction was wsrmed to room 
temperature and stirred for 5 minutes when it wee then diluted with enhydroua ether (20 mL1 end 
concentrated to near dryness in vacua The remnining trtfluoracetic acid wan removed 
aaeolropically with ether (3x5 mL). The reeidue containing Lhe crude trifluoroecetnte ammonium 
salt wan azeotropically dried with benzene and diuted with methylene chloride (1.5 mL). Thin 
solution wee then cooled to O'C and treated with N, N-diisopropylethylamine (0.08 mL, 0.46 mmol) 
via a eyrlnge followed by addition of 1.1'~cnrbonyldilmidaeole (CDI) (O.OBg; 0.49 mmol). The 
reaction wee ntirrcd 48 h when it was then diuted with methylene chloride (20 mL) and washed 
sequentially with 5% aqueous HCl (1x5 mL) and 5% aqueous NaHCC3 (1x5 mL). The organic layers 
were dried (Na2SO4) and concentrated in MCUO. The oily residue wee purified by column 
chromatography on eilica gel, using 45% ethyl acetate in petroleum ether to efford 17 (0.033 g; 63% 
from 13). Compound 18 was produced tn an identical manner ae deecribed above in 60% yield from 
compound 14. 

Compound 17 displayed the following phyrical charateristice: [al“,, t 12.18’ (c 1.1, MeOH). 
RRMS calcd for CllHl@IO6 (N'): 299.1314. Found: 299.1300. *H NNR (500 MlIa, CDC13) 6: 6.23 
(lH, m, NH), 5.07 (lH, m, OCH), 4.19 (28, q, J=7.1, OCH2), 4.01 (lH, m, NCH), 2.81 (IH, dd, J=7.5 and 
16.5, CRC(O) end 2.M (1H. dd, J-6.9 and 16.6, CHC(O), 1.63 (lH, m, CA), 1.49 and 1.13 (2H, m, CH2), 
1.28 (3R, t, 5~7.1, CH2Cq3), 0.97 (3H, d, Jz6.6, CHC&), 0.91 (3H, d, Jz6.6, CHCg). IR (neat): 3300 
(m), 2900 (a), 1740 (e), 1770 (a), 1480 (w), 1400 (a), 1200 (a), 1040 (m) cm-l. 

Compound 18 displayed the following physical characteriaUce: [ala‘c t 66.7 (c 1.15, MeCH). 
HRMS calcd for CllHl9N06 (M+): 299.1314. Found: 299.1300. 'R NMR (500 MHz, CDCX3) 6: 5.45 
(IH, m, NH), 4.56 (III, m, OCH), 4.18 (2H, q, 5~7.1, OCH2), 3.62 (III, m, NCH), 2.81 (IA, dd, 5~6.4 and 
16.2, CHC(0)) and 2.69 (lH, dd, 5~6.7 and 16.2, CHC(O), 1.70 - 1.40 (38, m, CH2 and CR), 1.28 (3H, t, 
J=7.1, CH2Cy3), 0.96-0.93 (6H, m, lea ropyl). 

P 
IR (neat): 3300 (m), 2900 (a), 1740 (a), 1770 (a), 1480 

(w), 1400 (a), 1200 (a), 1040 (m) cm- . 

tart-Butyl (45. SR)-2.2-dlmsthYl-C[IS)-l-PethYlDmDYlI-~~dlwacsbb 23. tart-butrl 
(4S, 6S)~2,ia~thyi_C[(S)-l-~~~~mpyll-~~~~~ 24 and tart-Bury1 (4R, !k) 
-2,2-dSmethyl-C[@)-1-metbylpmpyl] G+xaaoHdIneacetaL 29. 
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To a stirred solution of compound 21 (0.027 8; 0.062 maml) [ar.eotropicalIy dried wilb bensens 
(3x5 mL)) in dimethylformamide (DMP) (0.42 mL) WM added gtolueneaulfonic acid monohydrata 
(O.O03g, 0.016 mmol) follousd by 2-methoxypropene (0.02 mL, 0.21 mmol). The reaction wae stirred 
at room temperature for 12 h. The reaction was then diluted with water (10 mL), and the resulting 
mixture axtractsd with ether (4x16 mL). The combined ether extracta were dried (Na2SO4) and 
concentrated in vacua. The crude product wan purified by eilica gel column chromatography, 
using 15% ether in petroleum ether as elusnt to provide pure 23 (0.028%; 92% yiM). Compound 24 
wae produced from compound 22 in 91% yield, and compound 29 from compound 27 in 02% yield by 
the 8aum procedure. 

Compound 23 displayed the following phyeical characterletics: [ala’0 - 21.74’ (c 1.65, CEC13). 
M.P. 5a-59-c. RRMS calcd for C2@3@O5 (Mt t A): 372.2750. Found 327.2724. lH NMR (500 MHZ, 
CDC13) d: 4.43 (lH, m, OCH), 3.91 - 3.79 (IA, m, NCH), 2.69 (2R, m, CH2C(O), 1.40 - 1.60 (268, CH2, 
C(CH3)2, BOC, OtBu), 1.14 (lH, m, CH), 0.98 - 0.90 (6H, m, CHCr3 and CH II3). IR (CHCl3): 2900 
(a), 1740 (a), 1690 (a), 1470 (m), 1410 (a), 1380 (a), 1310 (m), 1170 F (m) cm- . 

Compound 24 displayed the following physical characterlotlca: (al”0 - 1763’ (c 2.16, ClfC13). 
HRMS cdcd for C20~3#05 (M’ tH): 372.2760. Found 327.2724. 1H NMR (250 MRe, CDCl3) 6: 4.36 
(IH, m, OCH), 3.80 - 3.55 (IH, m, NCH), 2.62 - 2.42 (2H, III, ca2c(o)), 2.01 - 1.00 (9H, m, CHt, CH, 
C(ClI3)21, 1.48 (QH, 8, BOC), 1.46 (QH, 8, OtBu), 0.94 - 0.89 (6H, CHCg and CFf2Cq3). IR 

(m) cm-l. 
(CRCh), 

2900 (a), 1740 (a), 1700 (E), 1470 (m), 1410 fe), 1380 (a), 1100 

Compound 29 displays the following physical characbrbticm: [a]‘ao t 14.79’ (c 1.42, CRC\?). 
HRMS celcd for Canrin~NO~; (M+tH) 372.2750. Found 372.2724. Ill NMR (260 MHz, CDCln); 4.43 (IH, __ -_ 
III, OCH), 3.99 - 3.86 (lH,-m, NHC), 2.57 (2H, m, CH2CXO)), 1.72 - 1.10 (27H. m, CH2, CI& BOC, OtBu, 
C(CH3)2), 0.94 - 0.88 (6H, m, CHClf3, CHqX3). IR (CHCl3): 2900 t(1), 1740 (a), 1700 (n), 1470 (m), 
1410 (a), 1380 (a), 1250 (III), 1180 (8) cm- . 
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