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Abstract The detoxm complq metabolues prodaced by Streptomyccs caespuosas var detoxzus 7072 GCJ, 
LF a selectwe antagonrrt of the antrbrotu blasturdur S i’iw approaches toward the total synthesu of (+)- 
valyldetoxmme and (-)-detoxm DI are descrzbed These routes mvolve a 2,3&.wbstztuted pyrrohdme as a 
common mtenneduate and utdue ghuose as the chual precursor 

The synthesis of htghly functionahzed unusual amino actds, which are found as components of 

btologrcally Important pepttdes IS of great interest 1 In 1968, Yonehara and coworkers first reported the 

productron, isolation and the brologlcal acttvtttes of some members of the detoxm complex 2 The organism 

which produces the detoxms was isolated from ~011s and was classified as a species of Streptomyces 
cuespztosus var &~O.YEUS 7072 GCr. Thts complex shows a potent antagontsttc acttvtty to the cytotoxtctty of 

the anttbrotlc blasttctdm S,f4 a fungtctde used m the treatment of rice blast dtsease The detoxms also exhibit 

anttmlcroblal acttvtty against some mtcroorgamsms 3*4 After several members of the detoxms were isolated 

and tdentlfred,5 structure-actmtty relatlonshtps (SARs) were investigated by using Eucrllus cereus as a test 

organism Detoxm Dt was found to be the most active congener Valyldetoxmme, which lack an acyl 

phenylalanyl moiety was 5000 times less effectrve The parent component of the complex IS a p-hydroxy-y- 

ammo acid, (-)-detoxmme Five research groups have reported syntheses of detoxmme6~11 and detoxms Bt 

and B3 r2 HIusler synthesized (-)-detoxm Dr by extendmg his synthesis of racemtc detoxuune r3 The 

synthetic challenges and unique btologtcal acttvrttes of the detoxm complex led us to investigate 

stereocontrolled approaches to valyldetoxmme, and detoxm Dr r4 

Carbohydrates are one of nature’s richest sources of chrraltty to produce enanttomerrcally pure 

compounds They are recogmzed as readily avatlable, highly functtonal molecules contaimng several 

asymmetric centers r5 Currently, several approaches, whtch employed D-glucose as the source of chirahty, 
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have utrhzed this carbohydrate,to prepare the pyrrohdmol nng. t6-t9 As shown m Scheme 1, we constructed 
the pyrrolidinol rmg by a modrfication of methodology previously employed by our group for the synthesis of 
1,4-dideoxy-1,4-ammo-D-lyxttol hydrogen chloride l6 The key step of this approach IS the formation of the 
pyrrohdme ring m structure 8 vru cyclization by attack of an amino group on a mesylate m the furanose rmg 
The syntheses began wtth dtacetone D-glucose (4), which was oludrzed with pyrrdinium chlorochromate (FCC) 
m the presence of molecular sieves m CHQClQ The crude ketone was then treated with sodmm borohydnde m 
ethanol to give the a-r>-allofuranose (82% yield). Treatment of this product wrth methanesulfonyl chloride in 

pyndme gave mesylate S (95% yield). m-*1 Subsequent mild hydrolysis using a resin selectively removed the 
tsopropyhdene group at C-5 and C-6 to afford 1,2-O-isopropylidene-3-O-methanesulfonyl-a-D-allo~~n~e 

(6) in 59% yield. The use of ddute aqueous sulfuric acid instead of the resin increased the yield to 74%. 
Converston of the prtmary alcohol (6) into the correspondmg bromide was achteved with carbon tetrabromtde 
and tnphenylphosphme m THF (94% yield). Displacement of the bromide with sodium azide m DMF afforded 
intermediate 7 m 96% yteld Alternatively, the alcohol (6) was treated with carbon tetrabromide, 
tnphenylphosphme, and hthmm azrde m DMF to provide the same product (7) in 96% 22 The azide function 
In 7 was reduced to a primary amine m ethanol using a catalytic amount of palladium on carbon under a 
hydrogen atmosphere (30 psi). Subsequent cychzation with sodium acetate and protection of the resulting 
secondary amme with benzyl chloroformate and triethylamine in THF aftirded product 8 m 50% yield When 
the secondary amme was treated with sodium carbonate m a mrxture of acetone and water, the yteld increased 
to 78% overall Compound 8 was deoxygenated at C-5 vru reductive radical cleavage of a halide Treatment 
ot 8 with 2,4,5-truodoimtdazole (ImI$” and tnphenylphosphme m refluxing toluene gave the cotrespondtng 
iodide (9) m 99% yield with mverston of configuratton Free radical reduction of the todtde wtth trtbutyltm 
hydrrde was mrttated with azobis(lsobutyromtnle) (AIBN) m benzene under reflux, and proceeded to 

completton to gave compound 10 in 97% yield 

Scheme 1 
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’ 1 PCC, molecular sieves, CH,CI,, 2 NaBH,, EtOH, 82%, b MsCI, Pyr ,95%, ’ Dowex 50X4-400, 
dtoxane, MeOH, l-$0,0 “C, 59% or l-&SO,(,,,, ), 74%, d 1 Ph,P, CBr,, THF, 2 NaN,, DMF, 90%, or Ph,P, 

CBr,, LIN,, DMF, 98%. ’ 1 Pd/C, H, or Raney NI, H,, 2 NaOAc, EtDH, reflux, f benzyl chloroformate, Et,N, 
THF, 50% from 7 or benzyl chloroformate, H,O, acetone, Na&03, 78% from 7, o Iml,, Imidazole, PhsP. 
toluene, 99%, h n-Bu,SnH, benzene, AIBN, 97% 
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The isopropylidene group at C-l and C-2 of 10 was hydrolyzed using an ion-exchange resin in a mixture 
of dloxane and water to give lactolll as shown in Scheme 2. Cleavage of the vicinal hydroxyl groups was 

achieved with sodnun metaperiodate m dloxane and water Immediate reduction of the aldehyde function using 
sodium borohydride m methanol afforded the 1.3-dial 12 m 95% from 10. Both primary and secondary 

hydroxyl groups of 12 were protected aa their sdyl ethera in 98% yield. Selective removal of the primary s11yl 
group of the diprotected intermediate 13 was accomplished m 83% yield using aqueous acetic acid and 

tetrahydrofuran (X-IF). A modified Parikh-Doering reactionU using sulfur trioxide-pyridine complex, in the 

presence of dlmethyl sulfoxlde (DMSO) and triethylamme, gave the required aldehyde (15,X1% yield) to be 

used in the aldol condensation The aldehyde (15) was treated with the lithium salt of tert-butyl acetate to 

afford only one dlastereomer (16) m 87% yield A senes of transformations were conducted to prove the 
stereochemlstry at the fI-hydroxy center of the side chain. The b-hydroxy eater 16 was desilylated using tetra- 

butylammonium fluoride (TBAF’) in THF to afford 17 in 98% yield The Z group was removed by a standard 

procedure, followed by Boc group protection to give denvatlve 18 m 54% yield. The resulting 1,3-dlol(l8) 

was ketahzed using 2,2_dlmethoxypropane to give Intermediate 19, previously converted to (-)-detoxinine V1 

The physical data of compcund 19 was compared with prevrously reported data ‘J1 

Scheme 2 
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a Dowex 50X4-400, dloxane, H,O, 40 “C, b 1 NalO,, clioxane, H,O, 0 “C, 2 NaBH,, MeOH, 0 “C to rt, 95%, 
’ TBDMSCI, Im, DMF, 0 “C to tt, 98%, d A&H, H,O, THF, 0 “C to rt, 53%, e SO&, CH,Cb, EbN, DMSO, 

0 “C to rt, 80%, ‘ LICH,CO;BU, THF, -78 “C, 87%, g TBAF, THF, 0 “C, 98%, h 1 H,, Pd/C, MeOH, rt, 
2 (Boc),O, EbN, DMAP, THF, tt, 54%, ’ 2,2-dlmethoxypropane, pTsOH*H,O, THF. A, 96% 

The elaboration of the @hydroxy ester 16 to complete the total synthesis of (+)-valyldetoxnune (1) IS 

shown m Scheme 3 Compound 16 was catalytically hydrogenated with palladium on carbon under an 

atmosphere of hydrogen Subsequent coupling with tert-butoxycarbonyl protected L-valme, In the prewnce of 
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chcyclohexylcarbodumide and a racemization suppressing reagent, 1-hydroxybenxotriazole hydrate (HOBT), m 

CH2C12, produced the fully protected valyldetoxinine precursor 20 m 75% yield. Removal of the terf- 

butyldimethylsilyl group was fiit tned under acidic conditions (48% aqueous HF in acetonitnle). The reaction 

was sluggish and partial epimerization was observed. Treatment of 20 with 1.1 M tetrabutylammomum 

fluoride in THF ensured the formation of 21 in 3 mm (96% yield). Since deprotection of both the Boc and 

ferbbutyl ester groups with trifluoroacetic acid did not give satisfactory results, compound 21 was treated with 

dry hydrogen chlonde m ethyl acetate to a&rd the corresponding valyldetoxinine hydrochloride 11189% yield 

The hydrochlonde salt was punfied by ion-exchange chromatography to afford (+)-valyldetomnine (2) m 92% 

yield 

Scheme 3 
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* 1 H,, Pd/C, MeOH, rt, 2 Boc-L-Val-CH, DCC, HOBT, CH,CI,, 0 “C to rt, 75%, b TBAF, THF, 0 “C, 95%, 

’ 1 dry HCI, EtOAc, rt, 99%, 2 Ion-exchange, 92% 

The (+)-valyldetoxmme (2) exists as a rotameric mixture in solution To investigate the rotamer 

population, a vanable temperature t3C NMR spectroscopic study was conducted At 300 “K, two sets of 13C 

peaks were observed m the spectrum of 2 At 33.5 “K the intensities of the minor peaks dunmished When the 

temperature reached 353 “K, the mtensitles of the minor peaks were greatly decreased This study confirms the 

coexistence of rotamers of (+)-valyldetoxmme (2) m solution at room temperature These results agree with 

previous reports5*z on the structure determination of the detoxm complex by degradative and spectroscopic 

methods, m which valyldetoxmme was shown to exhibit a doubling pattern of the 13C resonances due to the 

syn-antz fiomerlsm of the amide bond 

The synthesis of (-)-detoxm Dt from intermediate 10 is summarized m Schemes 4 and 5. To avoid 

ehmmatlon of the p-hydroxyl group and facilitate the subsequent estenfication, we chose to mask the acid 

function of detoxm Dl(3) as a sllyl protected alcohol The synthesis of the key intermediate 27 required a one 

carbon cham extension from the hemiacetal m the lactol24 The successful formation of the fully protected 

pyrrohdmol 27 IS shown m Scheme 4 Treatment of the protected amme 10 with ethanol m the presence of 

15% HCl/EtzO at room temperature gave the ethyl glycoside 22, which was treated with benzyl bromide and 

potassium hydride to afford the benzyl ether 23 m 84% yield from 10 Hydrolysis of the ethyl glycoside 23 

wrth aqueous TFA gave the correspondmg lactol 24 m 90% yield Several attempts to generate the methyl 

enol ether from 24 usmg the Wittlg reaction or Peterson olefinatlon were unsuccessful Therefore, we decided 

to prepare the terminal olefin 25 To this end, lactol 24 was treated with methylenetriphenylphosphorane to 

attord compound 25 m 71% yield I7 Since detoxm Dt (3) contams a free carboxyhc acid, our first strategy 



Total syntheses of (+)-valyldetoxtmne and (-)-detoxm DI 789 

was to bring up a precursor whtch could be easily oxidized to an acid. Therefore, after acetylatton of the 

secondary alcohol of 25, direct conversion of the terminal olefin mto the correspondmg aldehyde was 

attempted using Brown’s method X21 Unfortunately, this method gave disappomtmg results, thus forcing us 

to develop an alternate strategy. Treatment of olefln 25 wtth disiamylborane, followed by oxtdatton using 

30% hydrogen peroxide and 2 N aqueous NaOH led to the l,Sdtol26 m 83% yield. The primary alcohol of 

compound 26 was protected as tts corresponding stlyl ether using condittons for the selecttve protectton of a 

prrmary hydroxyl group over a secondary 28 Thus, 1,Sdtol 26 was transformed mto the fully protected 

compound 27 by tert-butyldtmethylstlylatron and acctylation m one step (91% yield) 

Scheme 4 
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a EtOH, 15% HCl/EbO, 94%, b BnBr, KH, DMF, 89%, ’ TFA, H20,90%, d Ph$=CH2, THF, 71%, 

e dnnamylborane, then H202, NaOH, 83%, ’ TBDMSCI, Et,N, DMAP, CH2CI2, then A+O, EtaN, 91% 

The completion of the syntheses is detatled m Scheme 5. The elaboratton of the key mtermedtate 27 to 

a protected precursor of detoxin Dt (3) was carried out using approprtate pepttde and ester coupling reagents. 

The benzoxycarbonyl protecting group of 27 was selecuvely removed by catalytic hydrogenolysis using Raney 

NI as a catalyst under an atmosphere of hydrogen (40 psi) Coupling of the resulting secondary amine wtth 
Boc-Valme was then accomphshed by using N,N-bis(2-oxo-3-oxazolidmyl)phosphinic chloride (BOP-Cl) 29 

A preacttvatton protocol gave the best yield Boc-tValine was treated with BOP-Cl at -15 “C, and after 20 

mm, the secondary amme was added to afford the coupled product 28 in 90% yield from 27 3o Catalytic 

hydrogenation of the benxyl ether 28 in ethanol in the presence of palladmm black, under 45 psi of hydrogen, 

gave the correspondmg alcohol 29 With alcohol 29 m hand, a convergent approach for the syntheses of the 

protected precursor of detoxm Dt (3) was exammed Attempts to couple (S)-2-methylbutyryl+ 

phenylalanme13 wrth the hydroxyl group of mtermedrate 29, usmg different acttvatton methods, gave low 

ytelds of the destred depstpepttde, and led to an unexpected product dertved from the mtramolecular cychzatton 

of the acttvated ester 

At thts point, sequenttal couplmg procedures were used to synthestze the protected precursor of detoxm 

Dt (3) Treatment of dtpepttde 29 with Z-L-phenylalanme, m the presence of dtcyclohexylcarbodnmtde 

(DCC), a catalyttc amount of 4-drmethylammopyrtdme (DMAP), and lo-camphorsulfomc actd (CSA), In 
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Scheme 5 
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a Raney Ni, HO, EtCAc, MeCH, b Boc-valine, BOP-Cl, EtaN, CHPCIP, gO%, c HP, palladium black, 
EtCH, d Z-phenylalanine, DCC, DMAP, lo-camphoreulfonic add (CSA), CH,CI,, 55%, * Pd/C, Hz, 
EtCAc, MeOH, ‘ (S)-P-methylbutyrlc add, BOP, DlEA, CH&, 7O%,g HOAc, THF, H20, g9%; 
h 1 TFAA, DMSO, EtaN, CH2C12, then 1 M KMn04, 5% NaHPC,, 2 TFA, CH#&, then ion exchange 

CH2C12, afforded the depstpeptide 30 in 88% yield. Removal of the benxoxycarbonyl protectmg group by 
catalyttc hydrogenolysrs, and subsequent treatment with (S)-2-methylbutyric actd in the presence of BOP 
reagent and N,N-diisopropylethylamine (DIBA), afforded the depsipeptlde 31 in 70% yield 31 The next step 
was the deprotectton of the tert-butyldtmethylstlyl protectmg group, whtch was accomplished m 99% yteld by 
using acetic acid : THF . Hz0 (3 . 1 . 1). To synthesize detoxin Dt (3), the primary alcohol m depstpepttde 32 
had to be oxidized to a carboxyhc acid This operation was carried out m two steps The primary alcohol 32 
was first converted to the aldehyde by a Swem oxidation using trifluoroacettc anhydnde (TFAA) as the DMSO 
activator.32 The unstable aldehyde was tmmedrately oxidrxed to the carboxylic acid, using a procedure devel- 
oped by Masamune for oxygen-rtch molecules containing acid-sensmve groups 33 Treatment of the aldehyde 
with 1 M potassium permanganate in tert-butyl alcohol, usmg 5% sodium hydrogen phosphate, produced the 
correspondmg acid, which was used directly tn the subsequent TFA deprotectlon and ton exchange punficatton 
to give detoxm D1 (3) m 70% yteld Synthetic detoxm D1 was identified by comparison of its phystcal data 

with that reported by HHusler l3 

EXPERIMENTAL34 

General Procedure 

All solvents were reagent grade and dtsttlled before use Analyttcal thm-layer chromatography (TLC) 
was performed on Merck s~hca gel (60 F 254) plates (0 25 mm) Vtsualmatton was effected wtth UltravIolet 
hght or any of the followmg reagents ninhydrin, phosphomolybdtc actd, 2,4-dmttrophenylhydraxme, 
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colorless viscous 011 (0 860 g, 96%)? TLC (EtOAc. petroleum ether, 1 2) Rf 0 32, 13C NMR (CDC13) 8 
26 5, 26 6, 38 7, 52 5, 70.1, 75.6, 77.4, 77.7, 103.9, 113.7. 

N-Benzyloxycarbonyl-3,6-dideoxy-3,6-imino-l,Z-O-isopropylidene-a-D-glucofuranose (8). 
Compound 7 (3 18 g, 9 84 mmol) was dissolved m ethyl acetate (26 mL) Raney nickel (127 g) m 

methanol (26 mL) was added to the reaction flask. The reaction mixture was stured at ambient temperature 
under a slight positive pressure of hydrogen for 24 h. The Raney nickel catalyst was removed by filtratron and 
washed with methanol After the solvent was evaporated, the remammg water was removed by axeotroptc 
dtsttllatton with acetonitrile The residue was dissolved m absolute ethanol (44 mL) Sodium acetate (0 96 g, 
8 85 mmol) was added to the solutton which was then refluxed for 15 h. After the solvent was evaporated, the 
remammg water was removed by axeotroptc dtstillatton wtth acetonitrrle, and the product was then dissolved m 
acetone water (17 5 mL : 4.4 mL) under an argon atmosphere. After the reactton mixture was cooled to 
-10 “C, benzyl chloroformate (1.40 mL, 9.83 mmol) was added and the reaction mixture was stirred for 
another hour After the addmon of sodium carbonate (0.62 g, 5 9 mmol), the temperature was increased to 0 
“C After 2 h, the reactton mtxture was filtered and concentrated. The residue was dtssolved m ethyl acetate 
(250 mL) and this solution was washed consecutively with 10% citric acid (2 x 10 mL), 5% NaHCOs (10 
mL), and saturated NaCl solution (15 mL) The organic layer was dried (Na2S04) and the organic solvent 
was removed. The crude product was purified by flash slhca gel chromatography using ethyl acetate/petroleum 
ether (2 5) as eluant to give 2 56 g (78% yield) of compound 8 as a white foam.16 TLC (EtOAc petroleum 
ether, 1 1) Rf0.26; 13C NMR (CDCl3) a 26 6, 26 7, 27 2, 50.1, 65 3, 65 5, 67 3, 70 4, 70.8 81.7, 82 5, 
842, 853, 1061, 1128, 1280, 1281, 1282, 1285, 1362, 1363, 1541, 1545 

N-Benzyloxycarbonyl-3,6-imino-5-iodo-1,2-O-isopropyl~dene-3,5,6-tr~deoxy-a-D-gluco- 
furanose (9). 

To a solutton of compound 8 (2 14 g, 6 38 mmol) in dry toluene (120 mL) was added 
trtphenylphosphme (PhsP, 3 35 g, 12 7 mmol) and tnmdotmidaxole [ImIj, 2 86 g, 6 38 mmol] The yellow 
solution was refluxed under an argon atmosphere for 2 h Additional PhsP (1 67 g, 6.38 mmol) and ImI3 
(143 g. 3 19 mmol) were added and the reaction refluxed for another 2 h The reaction mtxture was cooled, 
dtluted with toluene (120 mL) and stirred vtgorously with saturated NaHC03 (120 mL) Iodme (I2) was added 
to the reaction mixture until the dark yellow color m toluene persisted Excess 12 was reduced by sodium 
thtosulfate and the two layers were separated. The organic layer was washed wtth saturated NaCl solution 
(100 mL), dned over anhydrous Na2SO4, and concentrated under reduced pressure The residue was punfied 
by slhca gel flash-column chromatography (petroleum ether ether, 3 1) to afford compound 9 as white crystals 
(2 81 g, 99% yield) TLC (EtOAc petroleum ether, 1 3) RfO 58, mp 83-84 “C, [a]g -54.8” (c 0 87, CHC13), 
IR (KBr) 3050(w), 3020(w), 2980(w), 2940(w), 2860(w), 1715(s), 1580(w), 1495(w), 1460(m), 1410(s), 
1380(m), 1370(m), 1360(s), 1335(m), 1305(m), 1285(m), 1255(m), 1210(s), 1180(m), 1150(m), 1140(m), 
1115(s), 1085(s), 1040(m), 1010(s), 970(m), 950(w), 905(m), 885(w), 825(w), 800(w), 740(m), 730(m), 
690(m) cm-l, 1H NMR (CDC13) a 1 30 (1 31) (3H, s), 1 51 (1 52) (3H, s), 3.90 (3 94) (lH, dd, J1 4 3 
Hz, J2 13 2 Hz), 3 98 (4 06) (lH, d, J 13.2 Hz), 4 08 (1H. m), 4 67 (4 85) (lH, d, J 3 4 Hz), 4 70 (lH, d, 
J 3 6 Hz), 5 06, 5 08 (lH, d, J 3 6 Hz), 5 18-S 29 (2H, m), 5 83 (5 84) (lH, d, J 3 5 Hz), 7 32-7 41 (SH, 
m), l3C NMR (CDC13) a 22 2, 22 5, 26.5, 26 6, 27.3, 55 5, 55 6, 65 7, 66 1, 67 4, 82 8, 83 7, 88 8, 
89 8, 1069, 1069, 1128, 1277, 1279, 128.1, 128.2, 128.6, 1362, 1364, 1.546, 1547, HRMS calcd 
for C17HmINOs (M) 445 038, found 445 039 The 1H value in parentheses are for the rotamers 

N-Benzyloxycarbonyl-3,6-imino-1,2-O-isopropylidene-3,5,6-tr~deoxy-a-D-g~ucofuranose 
(10). 

Trtbutyltm hydrtde (17 9 g, 16 6 mL, 61 5 mmol) and AIBN (0 461 g, 3 39 g) were added to dry 
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allowed to warm to room temperature. After 3 h, the reactton was diluted wtth ether (170 mL). The mixture 
was washed with saturated NaCl(l70 mL), 5% HCl(2 x 45 mL), 5% NaHm (45 mL) and saturated NaCl 
(45 mL). The orgamc layer was drred (Nas04) and concentrated. The resultmg crude product was purified 
usmg sthca gel flash-column chromatography eluting with ethyl acetate petroleum ether (595) Pure 13 was 
obtained as a colorless oil (13.26 g, 98% yield): TLC (EtOAcpetroleum ether, 1 19) RfO 33; [a]8 -316’ (c 
1 53, CHC13), IR (CHC13) 3000(w), 2960(s), 2930(s), 2890(m), 2860(m), 1690(s). 1495(w), 1470(m), 
1460(m), 1420(m), 1375(w), 1360(m), 1325(m), 1300(w), 1280(w), 1250(m), 1180(w), 1130(m), 1120(s), 
1090(s), 1055(m), 1010(m), 1080(m), 935(w), 890(m), 870(m), 830(s) cm-t; 1H NMR (CDC13) e -0 07- 
0.03 (6H, m), 0 67 (9H, s), 0.85 (9H, d, J 13.7 Hz), 0.89 (9H, s), 1 62 (lH, m), 2.08 (lH, m), 3 40-3 52 
(2H, m), 3.74 (lH, m), 3.90 (W, m), 4 35 (lH, m), 5 08-5.19 (2H, m), 7.30-7.37 (SH, m); t3C NMR 
(CDC13) 6 -5 6, -5.1, -4 8, 18.0, 18 1, 25.7, 25.8, 32 1, 32 8, 44 2, 44 4, 59.0, 59 9, 61 0, 61 4, 66 5, 
66 8, 71 2, 71.8, 127.7, 127 8, 128 0, 128 2, 128 4, 136 9, 137 1, 154 9, 155 2, HRMS calcd for 
C25HeN0482 (M + H) 479 2965, found. 480.2973 

(2R,3R)-N-Benzyloxycarbonyl-3-[(l,l-dimethylethyl)dimethylsilyl]oxy-2-hydroxymethyl- 
pyrrolidine (14). 

To a solutton of compound 13 (9 00 g, 18 8 mmol) m THF (38 mL) at 0 “C were added water (38 mL) 
and acettc acid (114 mL). The reaction was sttrred for 2 h at 0 ‘C and allowed to warm to room temperature 
After 10 h, the reaction was concentrated under reduced pressure. The excess water was removed by 
azeotropic distillation with toluene. The crude product was purified by s111ca gel flash-column chromatography 
elutmg with etherpetroleum ether (1.6, 1:3). Pure 14 was obtained as a colorless oil (5.79 g, 83% yield) 
TLC (EtOAcpetroleum ether, 1:S) Rf0.27, [a% -35.8’ (c 0.84, CHCl3), IR (CHCl3) 3100(w), 3000(w), 
2960(s), 2940(s), 2900(m), 2860(m), 1810(w), 1680(s), 1500(w), 1470(m), 1460(m), 1430(s), 1390(w), 
1360(s), 1340(m), 1310(w), 1260(m), 1180(m), 1130(s), 1090(m), 1060(m), 1000(m), 940(w), 910(w), 
840(s) cm-l, tH NMR (DMSO-de, 340 OK) b 0 08 (9H, s), 0 88 (9H. s), 188 (lH, m), 194 (lH, m), 3 36- 
3.41 (2H, m), 3.61-3 71 (3H, m), 4.04 (lH, br s). 4 42 (lH, m), 5.04-5.11 (2H, m), 7 28-7 36 (SH, m), 
13C NMR (CDC13) b -5.2, -4 7, 17 9, 25 7, 31 8, 33.2, 43.8, 44 5, 62 1, 63 4, 63 8, 67 2, 73 0, 73 7, 
127 9,128 1,128 5,136 5,156 5, HRMS calcd for CtgH32N04Si (M + H) 366 2101, found 366 2094 

(2S,3R)-N-Benzyloxycarbonyl-3-[(l,l-dimethylethyl)dimethyIsilyl]oxy-2-prolinal (15). 
To a solutton of compound 24 (2.20 g, 6 02 mmol) m dtchloromethane (30 mL), at 0 “C and under an 

argon atmosphere, were added triethylamme (4 87 g, 6 71 mL) and DMSO (3 39 g, 3 08 mL) After the 
addltton of sulfur trtoxtde-pyridme complex, the reactton was allowed to warm to room temperature and s&red 
for 6 h The reaction mixture was treated with ether (120 mL) and saturated NaCl solutton (30 mL) The 
organic layer was separated, washed successively with 5% HCI (30 mL), saturated NaCl (30 mL), 5% 
NaHC@ (30 mL), and saturated NaCl solution (30 mL) The resultmg orgamc layer was drted (Na2S04) and 
concentrated under reduced pressure The crude maternal was purified by stltca gel flash-column 
chromatography elutmg with petroleum ether ether (6 1) Pure aldehyde 15 (174 g, 80% yield) was obtamed 
as a colorless 011 whrch sohdtfied upon refrtgeratton TLC (EtOAc petroleum ether, 1 4) RfO 44, [o]g -73 5” 
(c 0 82, CHC13), IR (CHC13) 3020(w), 3000(w), 2950(m), 2920(m), 2900(w), 2850(m), 1735(s), 1700(s), 
1490(w), 1460(m), 1450(m), 1415(s), 1355(s), 1290(w), 1250(m), 1180(w), 1110(s), 1080(m), 1045(s), 
990(m), 930(w), 920(w), 890(w), 830(s) cm- 1, 1H NMR (CDCl3) 6 0 04 (0 06) (3H, s), 0 85 (0 86) (3H, 
s), 187-2 00 (2H, m), 3 64-3 77 (2H, m), 4 11 (4 19) (lH, dd. J1 2 8 Hz, J2 5 5 Hz), 4 70 (1H, m), S 11- 
5 21 (2H, m), 7 27-7 40 (SH, m) 9 44 (9 52) (lH, d, J 2 8 Hz), 13C NMR (CDC13) b -5 4, -5 3, -4 8, 
17 9, 25 5, 2s 5, 33 8, 34 4, 44 6, 45 2, 67 3, 68 7, 68 9. 74 2, 75 3, 128 0, 128 0, 128 1, 128 5, 136 1, 
136 4, 154 5, 155 3, 200 4,200 5, HRMS calcd for CtgH33N204St (M + NH4) 3812209, found 3812219 
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[& -53 0” (c 3 44, CHC13). 
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terf-Butyl[4S-(4a,4aa,7aa)].S-(tcrt-butoxycarbonyl)-hexahydro-2,2-dimethyl-l,3-dioxino- 
[S,4-blpyrrole-4-acetate (19). 

To a solutton of compound 18 (0 0150 g, 0.0452 mmol) m THF (1 mL) were added dry 2,2- 
dlmethoxypropane (0.0556 mL, 0.0471 g, 0.452 mmol), p-toluenesulfonic acid (0 0017 g, 0.0090 mmol), 
and freshly activated 3 A molecular sieves. The reaction mixture was brought to reflux for 1 5 h, under an 
argon atmosphere After evaporation of the solvent, the residue was purified by silica gel flash-column 
chromatography eluting with etherpetroleum ether (1:4) to afford compound 19 (0 0161 g, 96% yield) as a 
white solid* TLC (EtOAc:petrolenm ether, 15) Rf0.41; mp 9293 “C, lit.’ 90-91 “C, llt.1190-90 5 ‘CT, [a]g 
-97 So (c 0 49, CHCl3), ht.’ -lOO.O” (c 1 8, CHCl3), ht.” -103 0’ (c 2.23, CHC13) 

terf-Butyl (3S)-3-[(2R,3R)-l-[N-(tcrt-butoxycarbonyl)-~-valyl]-3-[(te~t-butyldimethyl- 
silyl)oxy]-2-pyrrolidinyl]3-hydroxyproplonate (20). 

To a solution of compound 16 (0 5300 g, 1.105 mmol) m methanol (11 mL) was added 10% palladtum 
on carbon (0 0530 g), and the solution flushed with hydrogen gas The reaction mtxture was shaken for 2 5 h 
at ambient temperature, under a hydrogen atmosphere m a Parr hydrogenator (45 psi). The catalyst was 
removed by filtratton through Celite and washed thoroughly with methanol The filtrate was concentrated to 
afford the crude amme whtch was azeotroptcally dried with toluene (2 x 10 mL). To a stirred solutton of the 
amine in CH2Cl2 (11 mL) at 0 “C m an ice bath was added sequentially Boc-Lvalme (0 2880 g, 1.326 mmol), 
1-hydroxybenzotriazole hydrate (0 1886 g, 1.381 mmol), and dtcyclohexylcarboditmtde (0.2745 g, 1 326 
mmol), under an argon atmosphere The reaction mixture was stirred at 0 “C for 1 h and at ambient 
temperature for 8 h. After filtratton of the precipitated urea, followed by washing with ethyl acetate (3 x 20 
mL), the filtrate was washed sequenttally with saturated NaCl(l0 mL), 5% HCi (10 mL), 5% NaHC03 (10 
mL), and then saturated NaCl(l0 mL) solution. The organic layer was dried (NaZS04) and concentrated. The 
residue was purified by silica gel flash-column chromatography using ethyl acetate:petroleum ether (9:1,6.1, 
4 1) to afford compound 20 (0 4487 g, 75% yield) as a whtte foam: TLC (EtOAcpetroleum ether, 1 2) Rf 
0 62, [a]2,2 -37 66” (c 0 47, CHCl3), IR (CHC13). 3440(w), 2990(m), 2960(m), 2940(m), 2900(w), 
2860(w), 1725(s), 1710(s), 1640(m), 1500(m), 1460(m), 1455(m), 1425(m), 1390(m), 1370(s), 1310(w), 
1255(m), 1155(s), 1035(w), 1015(w), 1000(w), 895(w), 835(m) cm-*, tH NMR (CDCl3) a 0 087, 
0 094(6H, s), 0 89 (3H, s), 0 91 (d, 3H, J 6 7 Hz), 100 (d, 3H, J 6 8 Hz), 1 40, 1 43 (s, 18H), 199 (lH, 
dt, J1 6 8 Hz, 52 13 3 Hz), 2 09 (lH, d), 2 36 (lH, dd, Jt 9 5 Hz, J2 15 9 Hz), 2 59 (lH, dd, J’ 3 2 Hz, 52 
15 9 Hz), 3 63 (lH, m), 3 72 (lH, m), 4 21 (lH, dd, Jt 4 6 Hz, J2 6 8 Hz), 4 31-4.39 (3H, m), 5.22 (lH, 
d, J 9 3 HZ), 13C NMR (CDC13) a -5 1, -4 7, 17 1, 17 9, 19 6, 25 7, 28 1, 28 3, 31 4, 33 3, 41 2, 45 1, 
56 4, 62 1, 68 3, 71 3, 79 4, 80 4, 155 9, 1713, 173 4, HRMS calcd for CrgHBNCe (M + H) 545 3622, 
tound 545 3683 

tert-Butyl (3S)-3-[(2S,3R)-l-[N-(tert-butoxycarbonyl)-L-valyl]-3-hydroxy-2-pyrrolidinyl]- 
3-hydroxypropionate (21). 

To a solutton of compound 20 (0 3413 g, 0 6264 mmol) m THF (6 3 mL) was added 1 1 M 
tetrabutylammonmm fluoride tn THF (0 854 mL) at 0 “C The reaction was strrred for 3 mm, and then 
concentrated under reduced pressure The residue was purified using sthca gel flash-column chromatography 
elutmg with ethyl acetate petroleum ether (1.1) to afford pure 21 (0 2585 g, 96% yield) as a white foam “KC 
(EtOAc petroleum ether, 1 1) RfO 18, [a# -45 0” (c 0 49, CHCl3), IR (CHCl3) 3440(w), 3040(w), 
2990(m), 2940(w), 2910(w), 2880(w), 1705(s), 1640(s), 1500(m), 1420(m), 1395(m), 1370(m), 1340(w), 
1310(w), 1235(m), 1160(s), 1095(m), 1045(w), 1015(w), 955(w), 865 (w), 840(w) cm-t, rH NMR (CD@) 
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6 0 93 (3H, d, J 6 8 Hz), 102 (3H, d, J 6 7 Hz), 143 (9H, s), 1.45 (9H, s), 2.01 (lH, dt, J1 6 5 Hz, J2 
13 1 Hz), 2 09 (lH, dt, Jl 6.4 Hz, J2 13 2 Hz), 2.19 (lH, dt, J1 7 1 Hz, fl 14 5 Hz), 2 47 (lH, dd, J1 9 9 
Hz, J2 16 6 Hz), 2 61 (lH, dd, Jl 2 8 Hz, J2 16 6 Hz), 3.04 (lH, d, J 6 1 Hz,), 3 66 (lH, m), 3 80 (lH, 
m), 4 10 (lH, d, J 2.6 Hz), 4 27 (lH, dd, Jl 4 6 Hz, 52 6.6 Hz), 4 36 (lH, dd, J1 5 6 Hz, fi 9 1 Hz), 4 44- 
4 52 (2H, m), 5 23 (lH, d, J 9 1 Hz), t3C NMR (CDC13) 6 17 2, 19.7, 28 1, 28 4, 31.5, 33 8, 40 1, 457, 
68 5, 714, 79 6, 815, 155 9, 173 0, 173.4, HRMS calcd for C21H39N207 (M + H) 4312757, found 
431 2778 

(+)-Vaiydetoxinine (2). 

Under an argon atmosphere, 21(0 0960 g, 0 223 mmol) was dtssolved m dry ethyl acetate saturated 
wtth dry HCl(3 mL), and the resultmg mixture was stirred for 30 mm at ambient temperature The reactton 
mixture was concentrated, and the resulting crude matenal was trtturated with tert-butyhnethyl ether (2 Y 3 mL) 
to afford the actd chloride salt (0 0617 g, 89% yield ) as a whtte soled: TLC (CHC13 MeOH H20, 70 30+5) Rf 
0 36, mp 110 “C (decomposed), [o]g -63 lo (c 0 32, MeOH); IR (CHC13) 3700-23OO(br), 1960(s), 1720(s), 
1570(m), 1480(s), 1440(s), 1375(s), 1320(m), 1289(m), 1250(s), 1220(s), 1180(s), 1160(s), 1115(m), 
1070(m), 1050(s), 1025(s), 1010(m), 960(s), 930(m), 875(w), 855(w), 815(w), 800(w), 725(m), 680(m) 
cm-*, tH NMR (MeOD-d4) 6 1.01 (SH, d, J 7 0 Hz), 1 12 (5H, d. J 7.0 Hz), 2.17-2 32 (3H, m), 2.54 (1H. 
dd, Jl 3 6 Hz, 52 16.3 Hz), 2 65 (lH, dd, J1 7 2 Hz, 52 16 3 Hz), 3 59 (1H. m), 3.98 (lH, m). 4 21 (lH, d. 
J 4 8 Hz), 4 27 (lH, m), 4 34 (lH, dt, J13 8 Hz, G 7 4 Hz), 5 25 (lH, t, J 4 4 Hz), 13C NMR (MeOD&) 
6 171 8, 170 3, 80 7, 67 4, 64.4, 58.5, 47.3, 35.8, 33.2, 30.5. 19 2, 17.0, HRMS calculated for 
C12H21N204 (M - HCl - OH) 257.1501, found 257.1492. Valyldetoxmme HCI (0.0332 g, 0 0107 mmol) 
was dissolved m 1 M NH40H (2 mL) and the solution starred for 30 mm The solvent was evaporated and the 
resultmg crude solid was placed on an ton exchange column (Dowex 50x2-400) and eluted wtth 0 02-O 2 M 
ammomum carbonate (pH 7 0) The collected fracttons were concentrated to afford (+)-valyldetoxmme (2, 
0 0270 g, 92% yield) as a white solid TLC (CHC13 MeOH H20, 70 30 5) RfO 09 , mp 109-111 “C, [a# 

+25 0” (c 0 52, MeOH), IR (KBr) 3700-23OO(br), 2100(w), 1640(s), 1560(s), 1440(s), 1390(s), 1260(m), 
1185(m), 1110(m), 1080(m), 1020(m), 890(w) cm- 1,lH NMR (MeOD-d4) 5 1 00 (106) (lH, d, J 6 9 Hz), 
1 05 (1 13) (lH, d, J 6 9 Hz), 1 97 (lH, ddd, 51 10 0 Hz, 52 12 3 Hz, J3 19 3 Hz), 2 08 (2 20) (lH, m), 
2 18 (lH, m), 2 43-2 47 (lH, m), 2 56 (2 79) (lH, dd, J1 3 2 Hz, 52 15 5 Hz), 3 50 (3 66) (2H, m), 4 01 
(4 19) (lH, d, J 7 1 Hz), 4 04 (4 41) (lH, m), 4 06 (4 24) (lH, dd, Jl 3 6 Hz, J2 6 5 Hz), 4 35 (4 44) (lH, 
dt, J1 7 0 Hz, J2 10 0 Hz), t3C NMR (MeOD-d4) s 17 3, 18 2, 18 9, 19 5, 30 4, 313, 318, 33 5, 42 9, 
440, 468, 49 7, 499, 58 0, 588, 63 7, 64 1, 672, 690, 713, 724, 1710, 1714, 1788, 1796, HRMS 
calcd for Cl2H23N205 (M + H) 275 1607, found 275 1631 The 1H value in parentheses are for the 
rotamers 

Ethyl N-[(Benzyloxy)carbonyl]-3,6-imino-3,5,6-trideoxy-~-gIucofuranoside (22). 

To a solutton of compound 10 (0 10 g, 0 313 mmol) m anhydrous ethanol (125 mL) was added 15% 
hydrogen chloride/ether (1 25 mL) and the resulting mixture was stirred at ambtent temperature for 15 h The 
solution was concentrated zn vuczm, and the residue was dissolved m ethyl acetate (50 mL) The ethyl acetate 
solutton was then washed wtth 5% NaHC03 (5 mL) and saturated NaCi (5 mL) soluttons The organtc layer 
was drted (Na$S04), filtered, and concentrated The resuitmg crude 011 was purified by column chromatogra- 
phy, elutmg with ethyl acetate/petroleum ether (1 2,l 1) to afford a trtdeoxyglucofuranostde (0 091 g) m 94% 
yield TLC (EtOAc petroleum ether, 40 60) R/O 35, IR (CHC13) 3460-3420 (br), 3000 (m), 2920 (m), 1710- 

1680 (s), 1430 (s), 1370 (s), 1200 (w), 1120 (s), 1015 (s), 920 (m), 850 (w) cm-l, lH NMR (CDC13) b 1 l- 
1 2 (3H, t, J 6 5 Hz), 1 8-2 1 (2H, m), 3 35-3 75 (4H, m), 4 05-4 35 (2H, m), 4 98-5 02 (2H, m), 5 l-5 2 
(2H, m), 7 4 (SH, br s), HRMS calcd for CleH2205N (M + H) 308 1498, found 308 1495 
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Ethyl N-[(Benzyloxy)carbonyI]-2-O-benzyl-3,6-imino-3,S,6-trideoxy-~-glucofuranoside 
(23). 

Trideoxyglucofuranoside 22 (0.41 g, 1.33 mmol) was dissolved m DMF (5.3 mL), and treated with 
35% RH (0 152 g, 1.33 mmol). Stirring at ambient temperature was continued for 30 mm, and benxyl 
bromide (0.32 mL, 2.66 mmol) was added to the mixture After the reaction was completed, the reaction mix- 
ture was quenched with a small amount of water and concentrated. The tesidue was dissolved in ethyl acetate 
(150 mL) and the ethyl acetate solution was washed successively with 10 mL each of 5% HCl, 5% NaHCe, 
and saturated NaCl. The organic layer was dried (Na$Q), filteted, and concentrated. The resulting crude oil 
was purtfied by column chromatography ehtting with ethyl acetate/petroleum ether (20~80) to afford compound 
23 (0.47 g) in 899byieid: TLC (EtOAc:petroleum ether, 40:60) Rf0.76, IR (CHC13) 3ooo (m), 2920 (m), 
1705 (s), 1430 (m), 1365 (m), 1120 (m), 1095 (m), 1010 (w), 920 (w) cm-l; tH NMR (CDCl3) 6 1.1-12 
(3H, m), 1.8-2.1 @I-I, m), 3.35-3.80 (4H, m), 4.0-4.9 (4H, m), 4.95-5.05 (2H, m), 5 l-5.2 (2H, m), 7 l- 
7.4 (lOH, br s); HRMS c&d for CaHflsN @I + H) 398.1967, found 398 1954. 

N-[(Benzyloxy)carbonyl]-2-0-benzyl-3,6-imino-3,5,6-trideoxy-~-glucofuranose (24). 
A solution of compound 23 (0.210 g, 0 528 mmol) in 50% aqueous TFA (2 6 mL) was strrred at 50 “C 

for 5 h. Evaporation of the solvent gave an oil, which was dissolved m ethyl acetate (75 mL) The solutton 
was washed with 5% NaHC03 (5 mL), and saturated NaCl(5 mL) solutions, then dried over Na2S04, and 
concentrated The resultmg crude oil was purified by column chromatography, eluting with ethyl acetate/petro- 
leum ether (40 60). to afford compound 24 (0 176 g, 86%) as an oil; TLC (acetone-hexane, 30 70) RfO 27, IR 
(CHCl3) 3560-3400 (br), 2980 (m), 1740-1690 (s), 1425 (s), 1365 (s), 1325 (w), 1200 (w), 1120 (s), 1070 
(m), 920 (w), 845 (w) cm-l; tH NMR (CDC13) b 17-2 1(2H, m), 3 2-3 8 (2H, m), 3 9-4 7 (4H, m), 4 8- 
4 95 (lH, m), 5 l-5 2 @I-I, m), 5 30-5.45 (lH, m), 7.1-7.4 (lOH, br s), HRMS calcd for QtH2405N (M + 
H) 370 1654, found 370 1595. 

(2S,3R)-l-[(Benzyloxy)carbonyl]-2-[(S)-l-(benzyloxy)-2-propenyl]-3-hydroxypyrrolidine 
(25). 

Methyltnphenylphosphonmm bromide (5 299 g, 14.83 mmol) was suspended m dry THF (14 mL) in a 
flame-dried flask equipped with a magnetic stirrer To this stirred suspension was added dropwise, under 
argon, a solutton of n-butyllithium in hexane (9 26 mL, 1.6 M). The bright yellow mixture was stirred at 
room temperature until no solid remained (-30 min) Compound 24 (1 177 g, 3 19 mmol), dtssolved in 7 2 
mL of THF, was then added to the reaction mtxture, and stirring was contmued at 45 “C for 5 h After 
quenching with saturated aqueous NH&I solution, the mtxture was extracted wtth ethyl acetate The organic 
solutton was washed with saturated NaCl solution, dried (NazS04), and evaporated to give an oily residue 
which was subjected to column chromatography, elutmg wtth acetone hexane (20 80) to afford the desued 
pyrroltdmol 25 (0 832 g) tn 71% yield TLC (acetone-hexane, 30 70) RfO 37, [a# -32 3” (c 0 4, CHQ), 
ltt l7 [a]8 -25 2’ (CHC13); IR (CHC13) 3580-3480 (br), 3020 (w), 2975 (w), 2920 (w), 1705 (s), 1425 (s), 

1370 (m), 1345 (w), 1120 (m), 1075 (m), 945 (w) cm -1, tH NMR (CDCl3) 6 1 9-2 1 (2H, m), 3 18 (lH, br 
s), 3 4-3 6 (2H, m), 4 1-4 2 (lH, m), 4 30-4 48 (lH, m), 4 50-4 65 (3H, m), 5 05 (2H, s), 5 15-5 25 (2H, 
m), 5 9-6 1 (lH, m), 7 3 (lOH, br s), HRMS calcd for C22Hx04N (M + H) 368 1862, found 386 1892 

(3S)-3-BenzyIoxy-3-[(2S,3R)-l-[(benzyloxy)carbonyl]-3-hydroxy-Z-pyrrolidinyl]-l-pro- 
panol (26). 

To a magnettcally stirred, cold (-10 “C) solution of dtstamylborane (8 1 mmol, from 4 1 mL of 2 M 
solutton of borane-methyl sulfide complex m THF and 8.1 mL of 2 M solution of 2-methyl-2-butene in THF) 
was added, under argon, a solutton of olefin 25 (0 4792 g, 1 31 mmol) m THF (1 mL) The coobng bath was 
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removed and the stlrrrng was contmued for 3 h. At 0 “C, the action mixture was treated simultaneously with 
solutions of 2 N NaOH (7 4 mL) and 3O% Hz02 (4.6 mL) over a permd of 15 min and with stirrmg. The 
mixture was brought to room temperature and stirred for another 8 h. It was then treated with a saturated 
solution of NH&l. After evaporation of the solvent, the residue was extracted with ethyl acetate (150 mL) 
The ethyl acetate solution was washed with 15 mL each of 5% NaHC@, H20, and saturated NaC!, dried. and 
concentrated The crude 1,5&o! was purified by chromatography on sd~ca gel usmg 35% acetone/hexane as 
the solvent The product was azeotropically dned using toluene. The last traces of the solvent were removed 
under reduced pressure to give 0.4202 g of 26 in 83% yield TLC (acetone hexane, 40 60) 40 32, [a]% 

-48 5” (c 3 3, CHCl3), IR (CHCl3) 3580-3400 (br), 3020 (w), 2980 (w), 2920 (w), 1700 (s), 1460 (N), 1430 
(s), 1370 (N), 1340 (m), 1120 (m), 1080 (s), 920 (w) cm -1, *H NMR (CDC13) b 1.9-2 1 (4H, m), 3 41- 
3 80 (4H, N), 4 1-4 3 (2H, N), 4 48-4 70 (3H, m), 5 OS-S 15 (2H, N), 7 4 (lOH, br s), HRMS calcd for 
C22Hz05N (M + H) 386 1967, found 386 1955 

(S)-1-[(2R,3R)-3-Acetoxy-l-[(benzyloxy)carbonyl]-2-pyrrolidinyl]-l-benzyloxy-3-[(~e~~- 
butyldimethylsilyl)oxy]-propane (27). 

Dlol 26 (0 1317 g, 0 341 NNO!) was dissolved m CH2Cl2 (3 3 mL) at ambrent temperature, and treated 
sequentially with Et3N (0.057 NL, 0.409 mmol), ferf-butylcl~methyl~~lyl chloride (0 054 g, 0 358 NNO!), and 
4-d~methylammopyndme (DMAP) (4 2 mg, 0 0341 mmol). The mixture was stirred for 18 h and then cooled 
to -10 ‘C To tlus mrxture were added Et3N (0 052 mL, 0 375 mmol) and AC20 (0 064 mL, 0.682 mmol) 
After the reactlon was completed (2 h), It was diluted with ether (70 NL), and washed with 10% HC! (5 mL), 
5% NaHC03 (5 mL), and saturated NaCl(5 mL) solutions The organic layer was dried (Na#04), filtered, 

and concentrated The resulting crude 011 was punfied by column chromatography elutmg with ether/petro!eum 
ether (10 90) to give acetate 27 (0 168 g, 91% yield) as an 011. TLC (EtOAc petroleum ether, 20 80) R/O 44, 
[a]3 -32 2” (c 0 6, CHCl3), IR (CHCl3) 2980 (s), 2960 (s), 2880 (N), 1750 (s), 1710-1690 (s), 1420 (s), 

1370 (N), 1250 (s), 1100 (S), 1070 (N), 840 (N) CN- 1, 1H NMR (CDC13) 6 0 05 (6H, s), 0 95 (9H, s), 
1 61-1 95 (2H, N), 2 0 (3H, s), 2 21-2 32 (2H, m), 3 45-3 60 (3H, N), 3.70-4 05 (2H, N), 4 3-4 7 (3H. 
m), 5 05-S 15 (2H, N), S 15-S 30 (lH, m), 7 4 (lOH, br s), HRMS calcd for C~OH~@~NSI (M + H) 
542 2938, found 542 2919 

(S)-l-[(2R,3R)-3-Acetoxy-1-[N-(tert-butoxycarbonyl)-~-valyl]-2~pyrrolidinyl]-l-benzyl- 
oxy-3-[(tert-butyldimethylsilyl)oxy]-propane (28). 

To a suspension of Raney mckel (0 134 g) m CHsOH/EtOAc (1 1. 3 1 NL), was added acetate 28 
(0 2226 g, 0 41 mmol) m CH30H/EtOAc solution (1 1, 1 mL) The solution was stirred for 2 h under an 
atmosphere of hydrogen (40 psi) The reaction mixture was filtered through Celite The Celite was washed 
with CHsOH, and the filtrate was concentrated The resulting pyrrohdme was used directly in the next step 
Boc-Valme (0 1161 g, 0 534 mmol) was dissolved m CH2Cl2 (5 3 mL), and the solution was cooled to -15 
“C BOP-Cl(O.136 g. 0.534 mmol) was added, followed by the dropwise addltlon of Et3N (0 075 mL, 0 534 
mmol) The reaction mixture was stlrred at -15 “C for 0 5 h. The solution was then concentrated to 10 NL and 
the above pyrrohdme (0 1670 g, 0 41 mmo!) and Et3N (0 063 NL, 0 452 mmol) were added The solution 
was kept at 0 ‘C tor 8 h, and then diluted with ether (150 NL) The orgamc layer was washed with 10% HC! 
(10 mL), 5% NaHC03 (10 mL), and saturated NaCl (10 mL) solutions The organic layer was dried 
(Na2S04). filtered, and concentrated The residue was purified by column chromatography elutmg with ethyl 

acetate petroleum ether (10 90 to 20 80) Compound 28 (0 2256 g, 90% yield) was obtained as an 011 TLC 
(EtOAc petroleum ether, 20 80) RfO 36, [a# -27 4’ (c 6 4, CHCl3), IR (CHC13) 3460 (w), 2990 (m), 2960 

(m), 2880 (m), 1750 (s), 1720 (s), 1650 (s), 1505 (m), 1435 (N), 1380 (s), 1250 (s), 1170 (m), 1100 (s), 
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845 (m) cm-*; tH NMR (CDC13) 6 0.04 (6H. s), 0.89 (9H, s), 0.92 (3H, d, J 6 7 Hz), 0.99 (3H, d, J 6 8 
Hz), 1 4 (9H, s), 1 60-1.95 (2H, m), 2 0 (3H, s), 2.20-2 35 (2H, m), 3.55-3 71 (4H, m), 3 91-3 98 (lH, 
m), 4 2-4.3 (lH, m), 4 55 (W, s), 4 65 (lH, dd), 5.1-5.2 (2H, m), 7 25 (SH, br s); HRMS calcd for 
Cs2H5507N2Sr (M + H) 607 3778, found 607 3843 

N-[(Benzyloxy)carbonyl]-3-phenyl-L-alanine, (S)-l-[(2S,3R)-3-Acetoxy-l-[N-(tert-butoxy- 
carbonyI)-~-valyI]-2-pyrrolidinyl]-3-[(tert-butyldimethylsilyl)oxy]-propyl Ester (30). 

A mixture of compound 28 (0 292 g, 0.482 mmol), EtOH (2.41 mL) and Pd black (0 146 g) was hy- 
drogenated (45 psr) at room temperature m a Parr hydrogenator After 24 h, the solutton was filtered through 
Cehte, dried (Na2S04), and concentrated A mixture of the resulting alcohol and N-(benxyloxy)carbonyl-L 
phenylalanine (0.188 g, 0 626 mmol) was axeotroptcally dried with benzene (3 x10 mL). To this mixture, in 
CH2C12 (2 4 mL), at 0 “C! with stirring, DCC (0 159 g, 0 771 mmol), DMAP (17 7 mg, 0 145 mmol) and 
CSA (33 6 mg, 0.145 mmol) were added sequentrally. The reactron was allowed to warm to room temperature 
and was then stirred overnight The solid formed was collected by filtration and washed with EtOAc The 
filtrate was concentrated under reduced pressure and diluted with ether (150 mL) The reactron mixture was 
filtered again, and the collected solid was washed with ether The ether layer was washed with 5% HCI (10 
mL), 5% NaHC03 (10 mL), and saturated NaCl(l0 mL) solution The organic layer was dried (Na2S04), fil- 
tered, and concentrated The resultmg crude or1 was purified by column chromatography, elutmg wrth ethyl 
acetate/petroleum ether (15 85) Ester 30 (0 339 g, 88%) was obtained as an 011 TLC (BtOAc petroleum 
ether, 30 70) Rf 0 44, [a]$ -38.2” (c 1.5, CHCl3), IR (CHC13) 3460 (w), 2980 (m), 2950 (m), 2880 (m), 
1750-1720 (s), 1655 (s), 1505 (s), 1380 (m), 1250 (m), 1170 (m), 1105 (w), 845 (m) cm-*, 1H NMR 
(CDCl3) 6 0 02 (6H, s), 0.9 (9H, s), 0 99 (3H, d, J 9 0 Hz), 1 3 (3H, d, J 7 0 Hz), 1 42 (9H, s), 1 58- 
1 98 (2H, m), 2 05 (3H, s), 2 O-2 2 (2H, m), 2 95-3 20 (2H, m), 3.43-3 75 (4H, m), 4 28-4 35 (lH, m), 
4 55-4 72 (2H, m), 5 05-S 15 (3H, m), 5 23 (lH, d, J 9.1 Hz), 5 45 (lH, m), 7 1-7 35 (lOH, br s), HRMS 
calcd for C42He401oN3Sr (M + H) 798 4360, found 798 4421 

N-[(2S)-2-Methyl-l-oxobutyl]-3-phenyl-L-alanine, (S)-l-[(2S, 3R)-3-Acetoxy-l-[N-(tert- 
butoxycarbonyl)-~-valyl]-2-pyrrolidinyl]-3-[(~e~-butyldimetbyls~lyl)oxy]-propyl Ester 
(31). 

Ester 30 (75 1 mg, 0 094 mmol) in a mixture of CH30H and EtOAc (1 1, 0 97 mL) was stirred with 
10% Pd/C (16 mg) under an atmosphere of hydrogen (35 psi) for 5 h The solutron was then filtered through 
Cehte, dried (Na$04), and concentrated To a solutron of the resultmg free amine (62.3 mg, 0 094 mmol) 
and (S)-2-methylbutync acid (0.012 ml, 0 113 mmol), in CH2C12 (0 94 mL) and at 0 ‘C, were added BOP 
(49 9 mg, 0 113 mmol) and DIEA (0.034 mL, 0 197 mmol) After 30 mm, the solutron was brought to room 
temperature, and stirred for 3 h After this trme, the reactron mrxture was treated with 2 mL of saturated NaCl 
soluuon, and then extracted with 35 mL EtOAc The organic layers were combined and washed successwely 
with 5% HCI, saturated NaCl, 5% NaHC03 and saturated NaCl solutrons The organic layer was dried 
(NazS04), filtered, and concentrated The resultmg crude oil was purified by column chromatography, elutmg 
wrth ethyl acetate petroleum ether (10 90,20 80) to afford 49 1 mg (70%) of compound 31 as a foam TLC 
(EtOAc petroleum ether, 30 70) 40 31, [a]3 -22 7” (c 0 81, CHCl3); IR (CHC13) 3460 (w), 2990 (m), 
2960 (m), 2880 (m), 1755 (s), 1720 (s), 1660 (s), 1510 (s), 1430 (m), 1380 (m), 1245 (s), 1180 (s), 1105 
(w), 845 (m) cm- 1, 1H NMR (CDCl3) 8 0 02 (6H, s), 0 89 (9H, s), 0 7-O 93 (9H, m), 1 04 (3H, d, J 8 0 
Hz), 1 45 (9H, s), 1 25-1 60 (2H, m), 1 70-l 81 (2H, m), 1.9-2 1 (2H, m), 2 08 (3H, s), 2 20-2 35 (lH, 
m), 2 9-3 28 (2H, m), 3 45-3 85 (4H, m), 4 3-4 4 (lH, m), 4 65-4 90 (2H, m), 5 l-5 2 (lH, m), 5 25 
(lH, d, J 8 5 Hz), 5 41-5 52 (lH, m), 5 78 (lH, d, J 6 0 Hz), 7 15-7 30 (SH, br s), HRMS calcd for 
C39HeeCcN3S1 (M + H) 748 4568, found 748 4520 
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N-[(2S)-2-Methyl-l-oxobutyl]-3-phenyl-L-alanine, (S)-1-[(2S,3R)9-Acetoxy-l-[N-(tert- 
butoxycarbonyI)-~-valyl]3-pyrrolidinyl]-3-hydroxypropyl Ester (32). 

To compound 31 (87 3 mg, 0.116 mmol), in THP (0 5 mL), was added HOAc and Hz0 (3.1, 2 mL) 
After 16 h, the reactIon mixture was concentrated under reduced pressure. ?he excess water was removed by 
azeotropic chstdlation with toluene The crude 011 was then purified by column chromatography, elutmg with 
acetone hexane (25 75) to afford alcohol 32 (73 6 mg, 99% yield) as a white foam, TLC (acetone hexane, 
406O)RfO41,[ ] a g -27” (c 1 1, CHC13), IR (CHC13) 3580-3400 (br), 3000 (m), 2960 (m), 2900 (m), 1755 

(s), 1720 (s), 1660 (s), 1580 (s), 1430 (w), 1380 (m), 1245 (s), 1180 (s), 1105 (w), 845 (m) cm-t, tH NMR 
(CDCl3) b 0 8 (9H, m), 1.04 (3H, d, J 8 0 Hz), 125-l 60 (2H, m), 145 (9H, s), 1.70-l 85 (2H, m), 1 9- 
2 1 (2H, m), 2 08 (3H, s), 2 20-2 35 (lH, m), 2 85 (lH, br s), 2 90-3 28 (2H, m), 3 50-3 85 (4H, m), 4 3- 
4 4 (lH, m), 4 70-4 81 (2H, m), 5 11-5 25 (2H, m), 5 35-5 41 (lH, m), 5 85 (lH, d, J 7 5 Hz), 7 15-7 35 
(5H, br s), HRMS calcd for C33H5209N3 (M + H) 634 3703, found 634 3765 

Detoxin D1 (3). 

To a solution of DMSO (0 07 mL, 0 99 mmol) m CH2Cl2 (0 4 mL), at -78 “C!, was added, dropwlse, 
trlfluoroacetlc anhydride (0 07 mL, 0 50 mmol) in CH2Cl2 (0 2 mL) The resultmg mixture was stu-red at -78 
“C for 20 mm and alcohol 32 (43 2 mg, 0 201 mmol) m CH2Cl2 (16 mL) was added dropwise After 2 5 h, 
trlethylamme (0 042 mL, 0 3 mmol) m CHzCl2 (0 1 mL) was added dropwtse. After 1 h at ambient 
temperature, the reactlon was diluted with ether (20 mL) The organic solutlon was washed with 5% HCl(2 
mL), 5% NaHC03 (2 mL), and saturated NaCl (2 mL) solutions The organic layer was dried (NazSOd), 
filtered, and concentrated The resultmg unstable aldehyde was dissolved in tert-butyl alcohol (0 42 mL) and 
treated with 5% NaH2P04 (0 28 mL) and 1 M KMnO4 (0 42 mL) solutions After 0.5 h, the solution was dl- 
luted with ether (10 mL) and cooled to 0 “C A saturated solution of Na#O3 was added dropwlse (0 2 mL) 
To the resultmg solution was added 10% HCl until the aqueous layer was pH 3 The aqueous layer was 
extracted with EtOAc The combmed organic layers were dried (NazSOd), filtered, and concentrated At 0 “C 
and under an argon atmosphere, the resulting acid was dissolved in dry CH2Cl2 (0 69 mL) TrdIuoroacetlc 
acid (0 11 mL, 137 mmol) was added VU a syringe The reaction mixture was stIrred at 0 “C for 2 h and then 
concentrated The crude sohd was placed on an ion exchange column (Dowex-SOWx2,200-400 mesh) and 
eluted with 0 05-O 2 M ammomum carbonate (pH 7 0) The collected fractions were concentrated and the 
remaining water was removed by azeotroplc dlstdlatlon with absolute ethanol until a white powder resulted 
Recrystallization from chloroform/hexane afforded detoxm D1 (26 1 mg, 70%) as a white sohd TLC 
(CHC13 MeOH H20, 7 5 1) RfO 75, mp 150-152 “C, ht I3 mp 120 “C, ht 35 mp 156-158 ‘C, [a]g -41” (c 
0 2, MeOH), ht l3 [a12’ D -40” (c 0 53, MeOH), lit 35 [a]g -16’ (c 1, MeOH), IR (CHC13) 3460 (w), 34OO- 

3200 (br), 3000 (m), 2960 (m), 2900 (m), 1750 (s), 1670 (s), 1600 (s), 1510 (w), 1370 (m), 1250 (m), 1095 
(w), 980 (w) cm- 1, tH NMR (DMSO-de) 6 0 76 (3H, t), 0 84 (3H, d, J 5 7 Hz), 0 86 (3H, d, J 9 0 Hz), 
0 94 (3H, d, J 9 0 Hz), 1 25 (IH, m), 1 46 (lH, m), 175-2 05 (2H, m), 199 (3H, s), 2 12 (lH, m), 2 22 
(lH, m), 2 30 (lH, m), 2 60 (lH, m), 2 88 (lH, m), 3 10 (lH, dd, Jt 5 2 Hz, J2 13 6 Hz), 3 32 (lH, d, J 
4 8 Hz), 3 47-3 61 (lH, m), 3 66-3 78 (lH, m), 4 49 (lH, m), 4 69 (lH, d, J 4 0 Hz), 5 09 (lH, m), 5 43 
(lH, m), 7 13-7 35 (5H, m), 8 15 (IH, m), 13C NMR (MeOD-dq) 6 (12 3, 12 4), (17 2, 17 5), 17 7, (19 2, 
19 8), 20 9, (28 0, 28 2), 31 0, (31 2, 31 9), (37 9, 38 4), (39 9, 40 l), 43 6, (44 8, 46 0), (54 1, 54 6), 
(578, 579), (586, 597), (722, 727), (734, 735), 1277, 1278, 1294, 129 5, 1304, 1386, 1704, 
(171 5, 171 7), (172 1, 172 4), 176 6, (178 9, 179 2), HRMS calcd for C2gH.@gN3 (M + H) 548 2971, 
found 548 2998 The *SC value m parentheses are for the rotamers These values are m agreement with those 
reported by Hausler t3 
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