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Abstract. A totd synthesis of (-) detoxinlne (1). the parent amino acid of the detoxln 
complex ie reported. Two different routers to k%y intermediate 8a were developed: one 
from an acyclic precursor and the other from L-proline. Theelaboration of s to 1 
employed a stereoeelective aldol condensation. 

The synthesis of highly functionalized, unusual amino adda that are found as components of 

biologically important peptides in of great interest.’ The detoxin complex.’ made up of meta- 

bolltee produced by Streptomycea caespitoeua var. detoxicus 7072 GCI. is a selective antagonist 

of the antibiotic blaeticidin S and is of interest for its detoxification effect against the antibiotic 

both in animal and plant cells (Flmre 1). The parent component of the complex belongs to a new 

class of depsipeptides which contains a (2s. 3R. 1’S)-2-(2’-carboxy-l’-hydroxyethyll-3-hydroxy- 

pyrrolidine unit, (-) detoxinine (I>. 

OOH 

OH 

DETOXININE 

% It2 

DETOXIN El CIi(CH3)CH2CH3 COOCH3 

D1 
CIi(CH3)CH2CH3 0COCH3 

c1 =I3 
0COCH3 

c2 
CH2CH3 OCOCH3 

c3 CH(CH312 0COCH3 

B1 CH3 
H 

B3 CH(CH3j2 H 

R 

DETOXIN A1 COCH3 

VALYLDETOXININE H 

H 

CR N HO l % H,C G,R 

l!l 

R3 

CH3 

H 

H 

H 

H 

H 

H 

2421 



2422 W. R. EWING er al. 

Detoxinine has been synthesized recently. 3 However, one approach involves a nonstereo- 

selective route, 3a while the other utilizes an expensive starting material.3b We now report a 

different route to A, employing a stereoaelective aldol condeneation a8 the key step (Figure 1). 
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NaHC03, CH2C12 or BF3.Et20, CH2C12. -78oC. 

We firet prepared the required aldehyde via the novel Lewis acid mediated cycliration of a - 
BIIitably substituted linear precursor to form the pyrrolidine ring of detoxinine. Compound 4 

(Scheme 1) WBB synthesized according to the procedure of Dae and Torseell,4 from butadiene (2) 

and nitmmethane, followed by lithium aluminum hydride reduction of the resulting 5-vinyl-2- 

isoxazoline ( 3 1. - Compound 4 wa8 then converted to its tert-butyloxpcarbonyl (Boc) derivative - 
(5) under standard conditions. Sharpless’ kinettc resolution WBB attempted but this reaction was 

too slow to be useful. Conversion of compound 5 to its ailyl ether !,6 followed by epoxidation of 

the double bond with m-chloroperbenzoic acid afforded a 1:l mixture of threo- and erythro- 

epoxidee (1) in 82.5% yield. Treatment of 7 with magnesium triflate.7 in methylene chloride, led 

to the formation of cis (8~) and trans pyrrolidines Ck) a8 8 1:l separable mixture in 62% yield. -- 
Use of boron trifluoride etherate at -78OC, in methylene chloride, gave the ieomeric pyrrolidines 

in 91% yield. Similar Lewis acid catalyzed cyclizatione have been reported for the construction of 

subetituted tetrahydrofurans. 
8 

When ether ~88 used as the solvent in this reaction, eigniflcant 

formation of a secondary alcohol (2) reeulting from a 1,5 silyl migration was obeerved. 

Compounds & and 8b were also synthesized from L-prohne. L-Profine was converted to - 
methyl pyrroline carboxylate (10) (Scheme 2) using the procedure of Hiiusler and Schmidt.’ - 
Allylic acetoxylation of thiB compound had been reported 10 , but we found that the use of 

methylene chloride instead of benzene ae the solvent accelerated the reaction and afforded higher 

yield8 . Thus, treatment of 10 with one equivalent of lead tetraacetate, in methylene chloride, at - 
reflux for 4 h resulted in the correeponding allylic acetate (11) contaminated (8-10%) with the - 
pyrrole methyl ester (12). Because of the in&ability of this acetate, the mixture was not 



Synthetic studies of the &toxin complex - 1 2423 

purified but used directly in the next step. 
11 

Reduction of the aldimine functionality in 11 using 

sodium cyanoborohydride under acidic conditions, or preferably dimethylamine borane l2 in acetic 

acid, afforded the free amine which was conveniently converted to ita Boc derivative (g) by 

treatment with di-tert-butyl dkarbonate in methylene chloride containing triethylamine. The 

overall yield for this three step sequence, with dimethylamine borane as the reducing agent, was 
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typically 65-74%. Our efforta to separate the de- and trans-proline derivative0 at thie stage met - 
with little 6ucce88. Treatment of 13 with potaeeium carbonate in methanol led to an almost quanti- - 
tative convereion to 14. - Silylation under atandard condltione .’ followed by reduction13 of the 

sflyl derivative 15, gave the trans-alcohol (8b) and the unreacted da-eater (15a). The de-ester - - - 
f&j could be reduced to the correeponding alcohol f&I by lithium aluminum hydride, at low 

temperature. 

Further elaboration of alcohol 8a to (-I detoxinine (1) is outlined in Scheme 3. Oxidation 

l4 
- 

using Swern conditions (trifluoroacetic anhydride and dimethylaulfoxide) gave pyrrolidlnal Is. 

This aldehyde proved stable to purlflcation by flash column chromatography. Aldol condensation 

of aldehyde 16 with the chiral enolate 15 
derived from S-mandelic acid afforded a 3:l chroma- - 

tographically separable mixture of 17a and E, the beet ratio obtained. Use of the lithium - 
enolate at -78W for 8 h gave a 2: 1 ratio of product8 in favor of the desired isomer. Treatment 

of 17a with tetrabutylammonium fluoride for 15 min afforded 8 in 85% yield. ‘H-Nmr analysie of - 
g in the presence of chiral ehift reagent,14 trie [3-(heptafluoropropylhydroxymethylene)_d- 

camphoratol europium III [Eu(hfc)3] indicated the enantiomeric excess to be 60%. Thie was aIs0 

confirmed by Horeau’a method. 
17 

Reaction of 2 with trlfluoroacetic acid followed by ion-exchange 
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chromatography using 1N NH4077 as eluant gave detoxtnine (A) identical in all respects with the 

natural product. Current investigations are underway towards the synthesis of other members of 

the detoxin complex. 

General. Meltfng points were determined with a Thomas-Hoover melting point apparatus and 
are uncorrected. H-Nmr spectra were recorded on a Bruker WM 250 (250 MHz) Fourter trana- 
form spectrometer. All samples were run in deuterio chbroform except for compounds 13 and 1 
that were run in deuterated beneene and deuterium oxide respectively. Chemical aNftF are iii 
parts per million (6) relative to tetramethyfailane. Coupling conatante LJ values) are in Hertz 
(Ha). Multiplicities are designated as singlet (a), doublet fd), triplet ft), quartet fq), multfplet 
0s) and broad (br). Infrared spectra (IR) were run on a Perkin-Elmer Model 281A or 281B 
spectrometers. Analytvtical tbfn layer chromatography (TLC) wss performed on Merck sfiica gel 
5OF-254 plates (250 ~1). Viaualieation was effected with ultraviolet iight, ninhydrin (3% w/v) in 
95% ethanol containing 2% acetic add, and phoaphomolybdic acid reagent (7% w/v) in 95% ethanol. 
Chromatography was performed on Merck silica gel 60 (230-400 mesh) under a slight positive 
preeeure . Elemental analyses were performed by Mic Anal. Organic ~cro~a~ysis labs, Tucson, 
AZ. Optical rotations were recorded on a Perkin-Elmer Model 241 Polarimeter, at the sodium D 
line, and ambient temperatures. High reaolution mass apectrs (HRMS) were obtained on a Hitacbi- 
Perldn Elmer RMH-2 high reaolution, double focusing, electron-impact spectrometer or a vacuum 
generator’8 V.G. 70777 epectrometer interfaced with a Kratos DS-50-S data syatem. 

All solvents used were reagent grade. Tetrahydrofuran and diethyl ether were df8tiRed from 
sodium end benzophenone; dichloromethane was distilled from calcium hydride. 

l-(N-tert-Butyloxycarbonyhuaino)-3-hydroxy-pent-4-ene (51. To a cooled (OW) solution of amino 
al h 1 4 (2 955 29 5 If in methvlene chlortd e (200 ml), triethylamine (4.5 ml) and 
di?ek%tyl dicarbgnate. (7 .‘;l”i; 32.53 mm&) were added with stirring. The solution was stirred 
at m for 8 h and made acidic with Eaturated citric acid solution. The methylene chloride layer 
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waa washed with water, brine, dried (Na SO 1 and concentrated. Purification bv fIaeh chroma- 
tography using methylene chloride: acetong &:5) a8 eluant afforded product 5 (5.0362 g, 84.8% 
yield). Rf 0.23 [methylene chloride:acetone_l(951z5)l; IR (neat) 3365. 3085, -iTOO. 1505. 1360. 
1280. 1260, 1170, 980. 920, 860. 780, 730 cm ; II-Nmr: 1.45 (BH, 8, Boc). 1.61-1.77 (2H, m. 
-FIi2-), p05-3.093(1H. m. 
Jl=1.4, J y5.6. J =7.9), 

-NCH ), 3.11-3.22 (lH, m), 3.40-3.46l(lH, m. -OH). 4.19 (1H. ddd, 
4.88 73% m, -?jH), 5.1% (1H. dt, J =lO,S. J2=1.4). 5.27 (1H. dt, 

J =17.2, J =1.4). 5.89 (1H. ddd, J =5.6, J =10.4. J =17.2); HRMS, M +l. Calcd. for C10H19N03: 
202.1440. Found: 202.1403. 

l-~N-tert-Butyloxyccbonylamfno)-3-(t-butyldimethylsilyloxy)-pent-4-ene (6). To a stirred 
solution of compound 5 (2 5294 
dimethyleilyl chloride 0.368 g: 

12 568 1) i d DMF (6 3 ml) vke added tert-butyI- 
lg171 mmol)mz itn?daziTe (2.139 b; 31.42 mmol). 

- 
The reaction 

mixturk was stirred for 24 h at ambient temperature. Water (10“ml) wae added to it and the 
solution WBB extracted with ethyl Acetate. The organic layer wae weahed with brine, dried 
(Na SO ) and concentrated in vacua. FIaeh chromatography of the crude mixture using petroleum 
eth&:efher (9O:lO) a8 eluGt=ded product 6 (3.92 g; 98.9% yield). R 0.25 [petrole_y 
fther:ether (9O:lO)l; IR (nent) 3360, 3080, 1720, 1505, 1380, 1355. 1250, 1165, 825. 765 cm ; 

H-Nmr: 0.03-0.07 (6H, m, -SiMe2), 0.86-0.92 (9H, m, -Si-t-Bu), 1.43 (9H, 8, Boc), 1.61-1.74 
(‘jH, m, -CH ), 3.20 (2H. m. -rCH_ 1, 24.26 (13, m), 
J =16.9. J2=1.#>. 5.80 (lH, ddd. J =5.5, J =10.4, J =16.9). 

5.05-5.10 (2H. m), 5.19 (lH, dt, 

60.90; H, 10.54; N, 4.44. 
Anal. Calcd. for C15H33N03Si: C, 

Found: C, 60.99; H, 10.99; N, 4.43. 

l-~N-tertBbutyloxycabonylamino)-3-~t-butyldlmethyl~lyloxy)-4-oxlranyl pentane (7). To a 
stirred solution of 6 (3 1339 9 9325 1) in methylene chlorid (50 1) at O’X, were added 
sodium bicarbonate TO.8334 g; ‘i. 9;2 mmo?jmkd m-chloroperbencoic tcid (y. 2851 g; 19.865 mmol) . 
The mixture wae allowed to-warm to room temperature &d then stirred for 48 ‘h. 
layer wa8 washed with NaHCO 

The organic 
water, citric acid, dried (Na SO ) and concentrated. 

mixture wae chromatographed3&ng petroleum ether:ether c&:26) ae eluant to yield e~>~~~~ 
(2.7157 g; 82.5% yield) as an oil. 
1520, 1380. 1360, 1245. 1160. 1015. 430. 840, 770, 665 cm- 

R 0.31 [petroleum ethei:erer (80:20)]; IR (neat) 3360, 172n, 
: H-Nmr: 0.06-0.13 (6H, m, -SiMe ), 

0.84-1.00 (9H, m, Si-t-Bu). 1.43 (9H, 8, Boc), 1.67-1.85 (2H. m, -CH 1. 2.5-2.7 (1H 1) 
2.72-2.75 (lH, m). 2.84-3.00 (lH, m). 3.2-3.45 (2H, m. -NCH 1, 3.60-3% (lH, m). 4.8k4.9; 
(lH, m, -NH). Anal. Calcd. for C16H33N04Si: C, 57.96: H, d.03; N. 4.23. Found: C. 58.18; 
H, 10.11; N, 4.06. 

CycIization of 7: Method A. To a stirred solution of ailyl epoxide 7 (0.1 g; 0.301 mmol) in 
anhydroue methylene chloride (10 ml) at O°C, magnesium triflate (0.116-g; 0.36 mmol) and aodium 
bicarbonate (0.034 g) were added. The renction mixture wa8 allowed to warm to room temperature 
and stirred at this temperature for 4 h. The organic layer wa8 then waehed with brine, 
dried (Na SO ) 

2 4 
and concentrated. 

chloride:aceto e 
The resulting oil wa8 chromatographed using methylene 

(98:2) as eluant to afford the cis-alcohol % (0.032 g; 32% yield) and the 
tran8-akohOI 8b (0.030 g, 30% yield). - 

- 

Covoyd 8a: IR (neat) 3440, 1680. 1660. 1450, 1400, 1245. 1160, 1120, 1080, 1000, 875, 775, 660 
cm ; H-I?&: 0.08-0.12 (6H, m, -SiMe2), 0.88-0.91 (9H, m. -Si-t-Bu), 1.46 (9H, 8, Boc), 
1.77-1.95 (2H, m. -CH2). 3.37-3.47 (2H. m, -NCH 1, 3.65-3.72 (lH, m), 3.82-3.85 (2H. m, 
-0CH ). 4.37-4.48 (2H. m). Anal. CaIcd. 
Foun -& C. 57.97: H. 10.28; N, 4.39. 

for CT6$33N04Si: C. 57.96; H. 10.03; N. 4.23. 

Compound 8bi 
775, 660 cm ; 

IF (neat) 3440, 1680, 1660. 1400. 1280, 1235. 1155, 1100. 1030. 1000. 905, 825, 
H-Nmr: 0.07 (6H, d. J=2.2, -SiMe 1, 0.87 (9H, 8, 

8, Boc), 1.66-1.95 (2H. m, 
-Si-t-Bu), 1.46. 1.45 (9H, 

-CH ), 
3.98, 4.28 (lH, ml. 4.37-4.4 (Id 

3.29-3.39 (lH, Gn>, 3.47-3.53 (3H, m), 3.57-3.72 (1H. m), 
-OH, D 0 exchangeable). 

C. 57.96: H. 10.03; N. 4.23. Fou[ndm C, 57.912: H. 10.07; N. 4.00. 
Anal. CaIcd. for C16H33N04Si: 

Method B. The solution of epoxide 7 (5.097 g: 15.38 mmol) in dry methylene chloride (30 ml) 
wae added dropwise to a precooled (-78’X) solution of freshly distilled boron trifluoride etherate 
(2.3 ml) in methylene chloride (270 ml). It wa8 stirred at -78OC for 2 min and then quenched 
with 5 ml of saturated aqueous ammonium chloride solution. The solution wae allowed to warm to 
ooc. The methylene chloride layer wa8 washed with water, aqueous NaHCO , brine, dried 
(Na SO 1 and concentrated. Purifkation wae carried out a8 previously describgd to afford 8a 
(2.&654g; 47.0% yield) and 8b (2.2482g; 44.1% yield) a8 otls. 

- 
- 

Methyl 3-acetoxy,-1-pyrroline-2-carboxylate (11). 
carboxglate (10) (1 949 

To a etirred solution of methyl-1-pyrroIine-2- 
. g; 15.35 mmoI), in dry q ethylene chloride (30 ml), wa8 added freehly 

recry8taIIizedTead tetraacetate (7.48 g, 16.87 mmol) in amall portion8 at O°C under N 
The reaction mixture wae stirred at O°C for 15 min and then refIuxed for 4 %. 

atmoe- 
phere. The 
prectpitate of lead oxide wa8 collected and washed wtth dry methylene chloride (2x5 ml). The 
combined organic layer8 were concentrated in vacua to afford a quantitative recovery (2.8 g) of 
11. 

-- 
- 
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Methyl N-tert-butyloxycarbonyl-3-acetoxyprolinate (13). To a solution of the above crude 
reaction mixture in glacial acetic acid (20 1) dimethylamine borane (1.38 g; 23.08 mmol) was 
added at SW. The reaction mixture was skrkd at room temperature for 2 h, and the solvents 
were removed in vacua. The residue was then dissolved in methylene chloride (20 ml) and cooled 
to OW. Trietrylamine (6 ml) and di-tert-butyl dicarbonate (4.02 g; 18.42 mmol) were added to 
this residue. The reaction mixture was stirred at O” for 1 h and at room temperature for 40 h. 
The solution was made acidic with a saturated solution of citric acid and an additional amount of 
methylene chloride (20 ml) was added. The organic layer was then washed with water, brine, 
&l;l;_;~~t and concentrated. Purification of the crude product by chromatography, using 

(80:20) as eluant,_bffqrded 13 (3.264 g; 74.4% yield) as an oil. IR (neat): 1760, 
1730, 1715, 1410. 1340. 1280 cm ; H-Nmr: 
2.15-2.25 (2H. m, 

1.4, 1.5 (9H, 6. Boc), 2.1 (3H, 6. -OCOCH,), 
-CH_z), 3.5 (2H, m), 3.9 (3H, 8. 

and 5.45 (lH, q, J=6). 
-COOCH,), 4.52 and 4.6 (1H. two sets or d) 

Meth 1 N-tert-butyloxycarbonyl-3-hydroxyprolinate (14). 
&mol). methanol (25 ml) and 

A mixture of compound 13 (1.0088 g: 
ootasslum carbonate (0.975 P) was stirred at 6 temuerature 

for 5 h. The solvent &as removed’ in vacua and the residue was dissolved in ethyl a&ate and 
water. The organic layer was washe withater, brine, dried (Na SO ) and concentrated. The 
resulting oil was purified by flash fhromatography using chloroform. 3 a&one (9O:lO) aa eluant to 
afford 0.8208 g (95% yield) of E; H-Nmr: 1.43, 1.45 (9H, s), 1.9-2.2 (2H, m), 3.23 (lH, d), 
3.45-3.7 (2H, m), 3.78 (3H. a), 4.3-4.5 (lH, m) and 4.6-4.75 (1H. m). 

Methyl N-tert-butyloxyc~bonyl-3-t-butyldimethylsilyloxyprollnate (15). To a stirred solution of 
comwund 14 (0.665 P: 2.71 mmol) in DMF (3 8 1) . m. t-butvldimethvlsilvl chloride (0.814 P: 5.40 
mm&) and ~idaeole (7.738 g; 10.85 mmol) were added. The soluthk w’as stirred at room fernper- 
ature for 48 h. Water (10 ml) wae then added and the mixture was extracted with ethyl acetate. 
The organic layer was then washed with brine, dried (Na SO ) 
oil was purified by flash column chFatography using pet$oled 

and concentrated. The resulting 
m ether:ether (80:20) as the eluant 

to afford 15 (0.922 g; 95% yield); H-Nmr: 0.05-0.17 (BH, m), 0.75-0.93 (9H, m). 1.35 and 1.48 
(9H, s), r98 (2H. q), 3.3-3.5 (lH, m). 3.55-3.7 (lH, m). 3.72 and 3.75 (3H, two sets of 61, 
4.30 (lH, two sets of d) and 4.5-4.8 (1H. m). 

Reduction of 15. To a suspension of sodium borohydrlde (0.026 g) and lithium chloride (0.028 g) 
in absolute ethanol (3 ml) at O°C, a solution of 15 (0.1186 g; 0.33 mmol) in THF (2 ml) was 
added dropwise with vigorous stirring. After compmion of the addition. the reaction mixture was 
allowed to warm to room temperature. It was stirred at this temperature for 24 h. The slurry 
was separated by filtration and the ffltrate was concentrated in vacua. The resulting oil was 
purified by flash chromatography using chlomform:acetone (97:n a-ant. Two products were 
isolated: the hydmxy silyl ether 8b (0.04 g) and the de-ester 15a (0.072 g). Compound 8b had 
klentical spectral data to the sampx prepared above. - - 

- 

N-tert-Butyloxycarbonyl-3-t-butyldimethylsilyloxyprolln~ (16). To a preccoled (-78W) solution 
of methvlene chloride (3 ml) and dimethvlsulfoxide (0.43 ml: 6.06 mmol). trlfluoroacetic anhvdride 
(0.64 ml; 4.53 mmol) in methylene chlohde (1.5 mlj was added drop&se. After 10 min. t&ho1 
8a (1.0 g; 3.016 mmol) in methylene chloride (3 ml) was added over a period of 5 min. The 
reaction mixture was stirred at -78W for 1 h after which time trlethylamine (1.20 ml; 6.61 mmol) 
was added and the resulting solution was warmed to OW and stirred for 45 min.. The reaction 
mixture was poured into a separatory funnel containing brine (3 ml) and extracted with ether 
(2x20 ml). The organic layer was dried (Na SO ) and concentrated. Purification by flash column 
chromatography using methylene chlorlde:ac & on & (99:l) as eluant afforded pure aldehyde (0.878 
g; 88% yield) as a clear, colorless oil. Using the same procedure compound 8b could also be - 
oxidized to the corresponding aldehyde. 

IR (neat) 1730, 1680, 1400, 1370, 1290, 1260, 1170. 1115, 1050. 1000, 900, 835 
0.02-0.07 (6H, m. -SiMe ), 0.79-0.90 (9H. m, 

Boc), 1.8411.95 (ZIj, m, -CH ) 3.59-3.h (2H, m 
-Si-t-Bu)T 1.39 ax2d 1.46 (9H, 8, 

-NCH ). 3.94 (dd, J =3.2, J =5.1) and 4.07 
(lH, dd, J =2.7, J =5.1), 4.6k4.89 (lH, m), 9.38’(d, JEj.2) and 9.44 (d, J=2.7); HRMS. M +l, 
Calcd. for C16H31N04Si: 330.2030. Found: 330.1951. 

Preparation of (S)-2-acetox -1,1,2-tri hen lethanol. To a solution of (S) (+) methyl mandelate 
n.25 g; 1.5 mmol) in anlydmus ether :l. 6 mI) was added a solution of phenyl magnesium 
bromide (1.75 ml of 3.0 M solution, 5.25 mmol) at room temperature. The reaction mixture was 
refluxed for 2 h and then cooled. It was then quenched with saturated aqueous ammonium 
chloride solution. The layers were separated and the aqueous layer was extracted with ethyl 
acetate (3x15 ml). The combined organic layers were dried (Na SC ) and concentrated. Ptlri- 
Rcation by flash chromatography using petroleum ether:etder 4 (75:25) as eluant gave 
(S)-2-hydroxy-1,1,2-triphenyl _qhyol (0.34 g; 80% yield) ae a solid, mp lll-117°C: IR (CHCl ) 
3400, 2950, 1160, 1025. 820 cm ; H-Nmr: 1.14 (1H. a), 2.45 (1H. d, J=3), 5.61 (1H. d, J=& 
and 6.9-7.8 (15H. m). 
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A solution of the above dial (0.320 g; 1.1 mmol) in methylene chloride (7 ml) and pyridine 
(0.13 ml; 1.6 mmol) was cooled to OX! and then acetyl chloride (0.09 ml, 1.27 mmol) was added. 
The reaction mixture was warmed to room temperature and a white precipitate began to form. 
The mixture was further stirred at room temperature for 12 h, RemovaI of the solvent followed 
by I;aFrystaIlisation 
[al 

from acetoyj Teyjfl a pure product (0.225 g; 62% yield); mp 244-24VC; 
-192O (c 0.26, py), Iit 

13&, 1240. 1160. 1020, 865, 630, 755. 730 and 690 cm 
a D -2090 (c 1.3,1py2; IR (KBr) 3450, 3000. 1700, 1480, 

: Ii-Nmr: 2.0 (3H. a). 2.85 (1H. 8). 
6.70 (1H. sf and 7-O-7.6 (15H. m). 

Aldol Condensation of 16. To a stirred suspension of (S)-2-acetoxy-l,l,t-triphenylethanol (0.236 
g; 0.71 mmol) in TRF76 ml) 8t -78oC was added a solution of lithium diisopropylamide in THP, 
prepared from diisopropylamine (0.24 ml; 1.71 mmol) and n-buty~thium (1.12 ml of 1.4 M 
solution. 1.56 mmol). The mixture was warmed to O°C to aive a clear veIlow solution. The 
solution-was then cooled to -78OC and a solution of magnesium lbromide in THF (7.1 ml), prepared 
from magnesium turnings (48.6 mg:; 2.00 mmol) and 1.2~dibromoethane (0.09 ml; 1.0 mmolf in THF 
(10 ml) -was added. ‘ihe mixture was stirred at -?8*C for 1 h. The solution of aIdehyde 16 
(0.2342 p; 0.71 mmol) in THF (6 ml) was added dropwise to the solution of the enolate at -78OT 
and stirred at this temperature for 12 h. The resulting mixture was then quenched with 
saturated ammonium chloride solution (2 ml) and the solution was allowed to warm to O°C. The 
organic layer was washed with water, brine, dried (Na SO ) and concentrated. Pu~~cation by 
flash chromatography using methylene chloride:acetone %99&) as eluant afforded 17a (0.142 g, 
30.2% yield) and 17b (0.047 g, 10.0 % yield) as clear oils which slowly solidified. - 

Compound 17a:. R 0.113 Imethylene chloride:acetone (95:5)1; mp 90-92OC; [a] 24 
CHCI ); IR?CHCf 1 3590 

-102.90 (c 1.0, 

1035,3 1005. 905, a35 cm-‘; 
34to. 3070. 1735, 1690, 1495, 1450. 1400, 1370, 1268 1160, 1125, 1085, 

II-Nmr: 0.04-0.08 (6H. m, 
1.47 and 1.42 (SH, 8, Boc), 1.75-1.81 (2H, m, 

-SiMe2). 0.85-0.87 (9H, m. -Si-t-Bu), 
-CIi ), 2.52-2.71 (2H, m), 3.33-3.54 (3H, m), 

3.85 (1H. brs, -OH, D 0 exchangeable), 
(1H. sf, 7.00-7.61 (152, m, Ar). 

4.02-4.11 &H, ml, 4.32-4.43 (2H, ml. 6.71 and 6.76 

Found: C, 68.99; H, 7.84; N, 2.15. 
Anal. CaIcd. for C38H51N07Si: C, 68.95; H, 7.77; N, 2.12. 

Compound 17b: R 0.225 fmethylene chloride:acetone (95:5)]; mp 82-84OC; [a]I,24 
CHC13) : IRTH& 3390, 3440, 3070, 

-71.8* (c 1.3, 
1740, 1690, 1395, 1450, 1400, 1370. 1260, 1170. 1125. 1080, 

1000, 900, 835 cm : H-Nmr: 0.07 (6H, 8, SiMe 1, 0.86 (9H, 8. -Si-t-Bu). 1.44, 1.48 (9H, a, 
Boc), 1.74-2.00 (2H, m. -CH ), 2.4-2.59 (2H, m?. 3.22-3.43 (2H m -NCH 1, 3.78 (lH, br a, 
-OH, D20 exchangeable), 3.9&-3.94 (lH, ml, 4.09-4.22 (lH, m),‘4.j9-4.4’!-2(1H. m), 4.74-4.77 
UH, m. -OH, D20 exchangeable), 6.68 (IH, 8). 7.03-7.58 (15H, m. Ar). 

N-tert-Butyloxycarbonyl-(3aa, 7a, 7aa)-hexahydm-T-hydroxy-5-oxo-pyrano[3,2-b]pyrrole-l(2H)- 
carboxyIic acid (18) . T o 8 solution of 178 (62 5 mg; 0.094 mmol) in THF (1 0 ml) at O°C was 

added d ropwfse solution of tetrabutylammonfum huorfde (1M in THP; 0.13 ml; ‘0.13 mmol). The 
solution was stirred at O” for 30 min and then concentrated in vacua. Purification bv flash 
column chromatography using methylene chloride:acetone (98: 2) as eluant afforded pure l’s (20.6 
mg; 84.8% yield). sing the ssme procedure, 17b could also be converted to the ntherTsomer. 
Compound %:_{a] 

2y 

1165, 1135 cm 
-6.5O (c 1.0, CHC13); IR-at) 3470, 1760, 1670, 1410, 1385, 1310, 1282, 

-CH), 2.23 (IN: dd, J =15 &. J =12.2, -CH-CO-). 2.83 (1H. dd. J =15. J =4.2. -CH-CO-). 3.03 
qf-NTr (d -beyene): 1.02~1,17 (lH, m). 1.48 (SHl, 8, By), 1.56-1.67 (lH, m, 

(lff, m), 3.18 (1H. m). 3.50 (lH, t. J=4, a-CH-1, 3.77-3.87 (2-H. m, LCgOH, --Cm) a& 5.21 
(1H. br s, -OH). 

- 

(3R)-3-Hydroxy-3[(2R, 3S)-3-hydroxy-2-pyrrolidinyllpropanoic acid (1). 
prepared from 18 i 78% yI ld i the proc&ure d 

i was 

compound. Com@un”d 1 mpe> 2$:“&ec); [a] 
es&bed b H 

-4.1° (c 0.5, HyO,,‘g & 

3$ompound 
for the racemic 

H 0); IR (KBr) 3300 &), 2800 (br), 1640, I!&, 14lp. 1340, ~140,21020, 760.?!# cm- 
:p$;: fr34-~.““-,‘,“Lo~“, ;“W& Jp2.y3H(1; d_&J&A, J =15.6, -Cs-CO-,. 2.63 (1H, dd, 

4.70:4:77 (1H; ;, -&Cg-,: ’ l ’ 
-N-Cg2). 4.28-4.36 (lH, m, -CH-01, - 
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