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Abstiract - Syntheses of title compounds from L-proline are desecribed.

The detoxin complex c¢onstitutes an interesting group of cieps.ipepticles.1 This complex, made up

of metabolites produced by Streptomyces ceespitosus var detoxicus 7072 9-91’ is of great interest

for its detoxification effect against the antibiotic blasticidin 8§ both in animal and plant cells.

We are pursuing a broad program dealing with the total synthesis of detoxinine 2, the main
constituent of the complex, as well as the syntheses of other members of the detoxin complex.
As a continuation of our investigations in this area, we wish to report here the syntheses of
detoxin Bl (1) and B3 (2) (Figure 1), the only two congeners of the complex that contain

5—deoxydetoxinine1f'g in place of detoxinine,

COH

Detoxin B1 F R:z-Me
Detoxin B3 2 R=-iPr

Figure 1

Qur synthesis (Scheme 1)} begins with commercially available L-proline (3) which was first con-
verted to methyl N-{(tert-butyloxycarbonyl)-L-prolinate (E)3 by two different routes. L-Proline
was ester’ified4 with methanol via the acid chloride to give the corresponding methyl ester as the
hydrochloride 4 in quantitative yield, Neutralization of 4 in situ, followed by treatment of the
resulting amine with di-tert-butyl dicarbonate, afforded@ 5 in 96% yield, after purification by

flash chromatography. A somewhat less satisfactory route to 5 was the Introduction of the
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tert-butyloxycarbonyl (Boc) group first, followed by conversion of the resulting Boc-proline (§)
to 5 under carbodiimide mediated esterification condi’tions.5 This sequence afforded 5 in 73%
yield from 3. Ester 5 was convenienily reduced to N-tert-butyloxycarbonyl L-prolinol (1)6 in
92% vyield using lithium chloride-sodium borchydride in an ethanol:tetrahydrofuran solvent
mixture. " Subsequent oxidation of aleohol 7 to aldehyde B was effected either using sulfur
trioxide-pyridine and dimethylsulfoxide in the presence of triethylamines or oxalyl chloride and
activated dimethylsulfcaxide.9 This reduction-oxidation sequence was found to be superier to the
direct reductionm of ester 5 to aldehyde 8 with DIBAL in toluene, as in the later cese the
product was contaminated with aleohol to the extent of 5-8% as determined by 1H nmr. To
establish the optical integrity of the aldehyde obtained via oxidation, a sample was reduced with
sodium borohydride and the optical rotation of the resulting alcohol was compared with the known
value for this compound. The results indicated the sldehyde to be 99% optically pure,

Reaction of aldehyde B with ethy! or methyl bromoacetate and 2 zinc-copper couple under
Reformatsky conditions”‘ produced the hydroxy esters 9a, 1fa, and %b, 10b as a 1:1 mixture of
chromatographically separable diastercomers in 85% yield for the two steps. The optieal purity of
the hydroxy esters was established by Mosher's ester method.12 Conversion of either 9a or 8b

to a-methoxy-c-trifluoromethylphenyl acetic (MTPA) ester and analysis of *H ana ¥

F chemical
shifts (peak ares integration) indicated the diastereomers to be > 99% optically pure,
Depsipeptides 11 and 12 were prepared in 86% yield from 9% and 10a by esterification of
N-benzyloxycarbonyl-L-phenylalanine via reaction with N,N’-dicyclohexylearbodiimide (DCC) and
dimethylaminopyridine (DMAP)5 in methylene chloride. Compounds 11 and 12 were treated with
trifluorcacetic acid (TFA) to remove the teri-butyloxycarbony! group at the proline amino
function, Neutralization in situ of the resulting irifluoroacetate salt and condensation with Boce-
L-valine as mediated by DCC and 1-hydroxybenzotriszole (H(;)BT)13 gave tridepsipeptides 13 and
14 in 90% yield. Catalytic hydrogenation effected the removal of the benzyloxycarbonyl (Z)
group to afford the free amine which on acylation with acetyl chloride yielded 15 and 16 in 80%
yvield. However, all attempts to remove the ester functionality from these compounds were
unsuccessful. This therefore led us to revise our synthetic strategy.
N-Benzyloxycarbonyl-L-prolinel (ﬂ)14 (Scheme 2) was oxidized to the corresponding aldehyde 18
using Swern ccn‘u'].itions.9 Reaction of aldehyde 18 with tert-butyl bromoacetate and zinc-copper
couple gave the hydroxy esters 192 and 19b as a 1.5:1 mixture of diastereomers in 80% yield for
the two steps. A single crystal X-ray analysis of 18b served as the basis for the structural
assignment. An ORTEP diagram of 19b is shown in Figure 2, The benzyloxycarbonyl group in

the S,8 diastereomer (19a) was then removed by catalytic hydrogenation. Condensation of the
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Figure 2
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resulting amine with Boe-L-valine mediated by DCC and HOBT gave 20 in 82% yield, Compound

20 was converted to depsipeptide 21 by reaction with N-benzyloxycarbonyl-L-phenylalanine, DCC
and DMAP in methylene chloride.

All attempts to convert the S,R isomer 19b to 21 by removal of the benzyloxycerbonyl group,
followed by incorporation of Boc-L-valine and esterification with Z-L-phenylalanine, under
Mitsunobu conditions,15 were unsuccessful. Compound 21 served as the common intermediate for
the synthesis of detoxin Bl and Bl}. Removal of the benzyloxycarbonyl group in 21, followed by
acylation with acetyl chloride, afforded 22 in 82% yield for the two steps. Acylation with
isobutyric acid yielded 23 in 90% yield, Compounds 22 and 23 were converted to detoxin B1 (1)
and B3 (2) respectively by removal of both the Boc group and ester functionality using trime-

16 The 13

thylsilyl chloride and sodium iodide. C nmr spectra of the synthetic detoxins were in
good agreement with the values reported for the natural products,

EXPERIMENTAL

Melting points were determined with a Thomas-Hoover melting point apparatus and are uncorrect-
ed, 1H nmr spectra were recorded on a Bruker WM 250 (250 MH:z) Fourier transform spectro-
meter. Chemical shifts are in parts per million (&) relative to tetramethylsilane. Coupling con-
stants (J values) are in Hertz (Hz). Multiplicities are desighated as singlet (s), doubtet (d),
triplet (t), gquartet (g), multiplet (m) and broad (br). Infrared spectra (ir) were run on a
Perkin-Eimer Model 281A or 281B spectrometers. Analytical thin layer chromatography (TLC)
was performed on Merck silica gel 60F-254 plates (250ul), Visualization was effected with ultra-
violet light, ninhydrin (3% w/v) in 95% ethanol containing 2% acetic acid, and phosphemolybdic
acid reagent (7% w/v} in 95% ethanol. Chromatography was carried out on E. Merck silica gel 60
(particle size 0.040-0.063 mm) using the solvent systems listed under the individual experiments,
and under a slightly positive pressure. Elemental analyses were performed by Mic Anal Organic
Microanalysis labs, Tucson, AZ. Optical rotations were recorded on a Perkin-Elmer Model 241
Polarimeter, at the sodium D line, and ambient temperatures. High resolution mass spectra
(HRMS) were obtained on a Hitachi-Perkin Elmer RMH-2 high resclution, double focusing, electron
impact spectrometer or a vacuum generator's V.G. T07H spectrometer interfaced with a Kratos
D5-50-8 data system.

All solvents used were reagent grade. Anhydrous ether and tetrshydrofuran (THF) were distilled
from sodium and benzophenone; methylene chloride and N,N-dimethylformamide (DMF) were

distilled from calcium hydride.

Methyl N-(tert-butyloxycarbonyl)-L-prolinate (5). Method A. To a cooled solution of L-proline

(11.5 g; 0.1 M) in methanol (100 ml), freshly distilled thionyl chloride (8.1 ml; 0.11 mM) was
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added dropwise with stirring, The reaction mixture was stirred at ambient temperature for 2 h,
and refluxed for 1§ h, The solvent was removed 12 vacuo, methanol (3 x 20 ml) was added to
the residue, followed by evaporation in vacuo. After storage at 0°C for 24-36 h, the olly
product slowly crystallized, It was triturated with anhydrous ether to afford 16.5 g (100% yield)
of the hydrochloride salt of methyl L-prolinate (4) as a very hygroscopic solid, mp 69-70°C

4

(lit.” mp 71°C). Compound 4 was dissoived in methylene chloride (120 ml) and the solution

cooled to 0°C, Triethylamine (28 ml: 0.2 M) and di-}g_li-butyl dicarbonate (26.2 g; 0.12 M)
were then added. The reaction mixture was stirred at 0° for 1 h and room temperature over-
night. It was then made acidic with saturated citric acid solution. The methylene chloride layer
was washed with water, saturated sodium bicarbonate solution, saturated sodium chloride
solution, and dried (Na2804). Removal of the drying agent and concentration of the solvent

were followed by purification of the crude material by flash chromatography using hexane:acetone

24

(85:15) as eluant to afford product 5 as a colorless oil (22.0 g; 963 wyield); [al”" -54.37° (c

e 3 25
3.67 , CHCla) [lit, [c¢]D

cm-]‘; 1H nmr (CDCIJ) 8§ 1.51 and 1.56 (9H, s, Boc), 1.81-2.069 (3H, m), 2.13-2.4 (1H, m),

- 54,54° (e 10,04, CHClS)]; ir (neat) 1750 {ester), 1700 {(Boc)

3.35-3.65 (2H, m, —C§2~N), 3.82 (3H, s, —COOCﬁa) and 4.3 (1H, two sets of d, J=6 Hz).
Method B, To a cooled solution of L-proline (2.3 g; 20 mM) in dioxane (16 ml}, water (8 ml)
and 1IN NaOH (42 ml), di-tert-butyl dicarbonate (4.8 g: 22 mM) was added with stirring. Stirring
was continued at 0°C for 1 h and at room temperature overnight. The reaction mixture was then
made acidic with a saturated citric acid solution and then extracted with ethyl acetate (2 x T0
ml}. The ethyl acetate layer was dried (NRZSO4) and concentrated. The resulting pale yellow
syrup of Boe-proline (6} was dissolved in methylene chloride (40 ml) and methanol (4 ml) and
cooled to 0°C., Dicyclohexylcarbodiimide (4.95 g; 24 mM) and dimethylaminopyridine (1.22 g; 10
mM) were then added. The reaction mixture was stirred at 0°C for 2 h and at room temperature
overnight. The dieyclohexyl urea was removed by filtration and the filtrate was concentrated to
dryness. The residue was dissolved in ethyl acetate-water (70 ml each). The ethyl acetate
layer was washed with saturated sodium carbonate solution, saturated sodium chloride solution,
dried (Nazsod), and concentrated. Purification by chromatography as before afforded 3.364 g
(73.45% yield) of product, identical in all respects to the sample prepared earlier.

N-{tert-Butyloxycarbonyl)-L-prolinol (7). To a stirred suspension of lithium chloride (0.6825 g;

16,17 mM) and sodium borohydride (0.6082 g; 16.09 mM) in ethanol (11.5 ml), at 0°C under
nitrogen, a solation of 5 (1,843 g; 8.05 mM) in dry THF (8 ml) was added dropwise. The
reaction mixture was stirred at ambient temperature for 4 h. The precipitate formed was removed

by filtration and washed with ethanol (5 ml}). The filirate and the washings were concentrated

— 10561 —



in vacuo to dryness. The residue was extracted with ethyl acetate and the organic layer was
washed with saturated sodium chloride solution, and dried (N32$04). Concentration of the
selution followed by flash chromatography of the crude material using hexane:acetone (80:20) as
eluant afforded product 7 (1.4%40 g; 92.4% vield); mp 60-62°C; [u,]D24 -48.83° (¢ 1.2, CHCly;

ir (CHC]a) 3400, 3000, 1675, 1420, 1380, 1750, 1180 cm_1

; 'H nmr (CDCL) § 1.48 (9H, s,
Boc), 1.65-1.87 (2H, m), 1.9-2.04 (2H, m), 3.2-3.47 {(2H, m, —O—Cl_iz), 3.51-3.67 (ZH, m,
WN-Cl-_{z), 3.9-4.06 (1H, m) and 4.83 (1H, br s, -OH, D20 exchangeable}.

Ethyl (8§, 28)-1-(tert-butylexvearbonyl)-2-pyrrolidinehydracrylate (%a). To a stirred solution

of methylene chloride (22 ml) and DMSO (1.1 ml; 15.5 mb) in s 100 m] flame-dried flask, at
-78°C under a nitrogen atmosphere, was added dropwise oxalyl chloride (0.9 ml; 10.32 mbMD),
This mixture was allowed to stir for 10 min at which time 7 (1.0 g; 4.98 mM) in methylene
chloride (10 ml} was added dropwise. The resulting mixture was stirred at -78°C for 20 min
followed by addition of triethylamine (2.8 ml; 20,1 mM). The reaction mixture was then warmed
to reoom temperature, treated with water (5 ml) and the two layers formed were separated. The
acveous layer was saturated with sodium chloride and extracted with methyvlene chleoride (1 x 25
ml) and ethyl acetate (3 x 5 ml). The combined orpanic layers were dried (N32504) and congen-
trated to give the crude aldehyde 8 contaminated with a white precipitate which was removed by
filtration and washed with ether:petroleum ether (1:4). Subsequent concentration of the filtrate
afforded the erude sldehyde quantitativelv. This compound was not purified but was immediately
transferred to a 100 ml flask and azeotropically dried with benzene (3 x 20 ml), To the aldehyde
in ether (25 ml), under nitrogen, a zinc-copper couple (1,14 ¢; 17.44 mM, 2.3% copper in zinc)
was added with stirring. To this mixture, ethyl bromoacetate (2.722 ml; 20.02 mM) and a few
crystals of {odine were added, and the reaction mixture was refluxed for 45 min. ¥ was then
allowed to cool to room temperature and ether (30 ml) and 5% aqueous HCI (30 ml) were added,
The ether layer was washed with 5% aq. NaHCO:3 (5 ml), angd the combined aqueous layers were
saturated with sodium chloride and extracted with ethyl acetate (3 x 25 ml). The organic layer
was dried (Nazsoq), concentrated, and the residue purified by celumn chromatography using
ethyl acetate:methylene chloride (1:4) as eluant to give a mixture of %a and 9b (1.21 g; 85%
vield from 7) as a colerless oil. The diasterecmers were separated by column chromstography
using ethyl acetate:methylene chloride (1:19) as eluant. Compound 9a: [ot.][):;!6 -58.54° (c 1,58,
MeOH); ir (neat): 3450, 3000, 1750, 1680, 1400, 1180, 920, 740 cmfl; 1H nmr (CDCIS) §1.27
(3H, t, J=7.1 Hz), 1.47 (SH, s), 1.70-2.08 (4H, m), 2.35-2.52 (2H, m), 3.20-3.35 (1H, m),
3.44-3.60 (1H, m), 3.85-4.00 (1H, m), 4.17 (4H, m and q, J=7.1 Hz). Anal. Caled. for

Cl4H25N05: C, 58.52; H, 8.77; N, 4.87. Found: C, 58,39; H, 8.68; N, 4,74, Compound
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26 55 040 (c 1.04, MeOH); 'H nmr (CDCL) & 1.26 (3H, t, J=7.1 Hz), 1.50 (9H, s),

9b: [alp
1.62-2,10 (4H, m), 2.34-2.60 (2H, m), 3.20-3.40 (1H, m), 3.42-3.60 (1H, m), 3.90-4.10 (ZH,
m), 4.20 (2H, q, J=7.1 Hz), 4.90-5.10 (1H, m). This compound had the same ir and analytical
data as 8a. When the Reformatsky reaction was carried out on aldehyde 8 using methyl bromo-
acetate under the conditions described above, 10a and 10b were obtained in 87% yield, Com-
pound 10a: [m]n22 -31.75° (¢ 1.03, CHClg); ir (neat): 3460, 2980, 1740, 1680, 1410, 1480,
1260, 1170, 1110, 770 cm_lz 'H nmr (CDCLy) § 1.47 (9H, =), 1.68-2.12 (4H, m), 2.34-2.55 (IH,
m), 3.20-3.34 (1H, m), 3.44-3.60 (1H, m), 3.71 (3H, s), 3.75-4.04 (1H, m), 4.15-4.24 (1H, m),

4.54-4,70 (1H, br s); HRMS, M* ecale for C13E123N0 273.1575. Found: 273.1589, Compound

5t
10b: [a]D22 -62.6%° (c 4.17, CHCL); 0 nor (CDCLy) & 1.46 (9H, s), 1.58-2,10 (4H, m),
2,35-2.60 (2H, m), 3.22-3.38 (1H, m), 3.38-3.6¢ (1H, m), 3.71 (3H, s), 3.90-4.22 (2H, m),
5.00-5.20 (1H, br s). Compounds l0a and 10b have the same ir and mass spectra.

Reduction of aldehyde 8 to alcohol 7. A solution of aldehyde 8 (obtained by the oxidation of

0.52 g of 7) in ethanol (15 ml) was added dropwise to a solution of sodium borohydride (0.1188
g; 3.14 mM) in ethanol (16 ml) at 0°C. The mixture was stirred at 0¢C for 15 min and at
ambient temperature for 2 h. Acidification with 5% HCl to pH 3 followed by extractive work up
and purification by flash chromatography afforded 7 (0.37 g; 71% wvield) which had [u]D23
-48,75° (c 1.43, CHCIS) compared to the standard value [cx]D24 -48.83° (c 1.2, CHCls).

(85,28)-1-Carhoxy-2-pyrrolidinehydracrylic acid, 1l-tert-butyl-2-ethyl ester (ester with N-

carboxy-3-phenyl-L-alanine N-benzyl) (11). A mixture of 9a (0.445 g; 1.55 mM) and

N-benzyloxycarbonyl-L-phenylalanine (0.56 g; 1.87 mM) was azeotropically dried with benzene (2
x 10 ml). To this mixture, in methylene chloride (8 ml), at 0°C with stirring, DCC (0.32 g:
1.55 mM) and dimethylaminopyridine (0.02 g; ©¢.16 mM) were added seguentially. The reaction
mixture was stirred at 0°C for 1 h and at room temperature for 12 h, The solvent was removed
i_ri vacuo, the residue redissolved in ethyl acetate (30 ml), and then washed sequentially with 5%
agueous HCl (1 x 2 ml} and 50% aqueous K2003 (1 x 2 ml). The combined agueous layers were
saturated with sodium chloride and extracted with ethyl acetate (3 x 20 ml). The combined
organic lavers were then dried (NaZSO4) and concentrated. Purification by column
chromatography using ether: petroleum ether (1:1) as the eluant gave 11 (0.76 g; B6% vield) as
a low melting solid; [m]DZG ~23.65¢ (¢ 1.81, CHCla); ir 3360, 3000, 1735, 1690, 1610, 1510, 1410,

1

118¢, 920, 750 cm 1H nmr (CDC13) &6 1.26 (3H, t, J=7.1 Hz), 1.50 (9H, s), 1.6-2.00 (4H, m),

2.40-2.70 (2H, m), 2.9-3.6 (4H, m), 3.8-4,0 (2H, m), 4.10 (2H, q, J4=7.1 Hz), 4.60 (1H, m),

5.0 (2H, s) and 5.2 (1H, br s) 7.08-7.50 (10H, m); Anal, Caled. for C,,H, N,O

31740728’
7.09; N, 4.93. Found: C, 65.83; H, 7.17; N, 4.77. Compound 12 was obtained in 90% yield

C, 65.48; H,
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from 10a as a low melting solid; [a]DZO -20.71® (c 4.07, CHCla); ir (CHC]S): 344¢, 3020, 2980,

1730, 1680, 1300, 1400, 1170 crnfl; 1H nmr (CDCla) § t.46 {(8H, s), 1.62-1.92 (4H, m),

2.40-2.70 (2H, m), 2.90-3.54 (4H, m), 3.65 (s, 3H):; 3.80-4.05 (1H, m), 4.57 (1H, m), 5.08
(2H, s), 5.27 (1H, 4, J = 7.9 Hz), 5.50-5.68 (1H, m), 7.08-7.48 (10H, m); HRMS, m caled for

C,.H, N, O_.: 554,2625. Found: 554.2614.

3038 278"
(85, 28)-1-[(S)-N-Carboxyvalyl]-2-pyrrolidinehydracrylic acid, N-tert-butyl 2-ethyl ester, ester

with N-carboxy-3-phenyl-L-alanine N-benzyt ester (13). To a solution of 11 (0.127 g; 0.223

mM) in methylene chloride (0.5 ml) at 0°C, trifluoroacetic acid (0.5 ml; 6.5 mM) was added.
The reaction mixture was allowed to warm to ambient temperature and then stirred for 5 min,
The solvents were removed in vacuo. Traces of trifluoroacetic acid were removed by azeotroping
the residue with ether (3 x 10 ml) followed by drying it under reduced pressure (5 mm Hg) for
2 h. The crude trifluoroacetate salt was dissolved in methylene chloride (1.1 ml), cooled to
0°C, and triethylamine (0.1 ml; 0.717 mM) was added. The solution was stirred at 0°C for 10
min, and Boc-L-valine (G.060 g; 0,276 mM), DCC (0.060 g; 0.291 mM) and HOBT (0.040 g;
0.296 mM) were added sequentislly, The reaction mixture was stirred at 0°C for 1 h and at
room temperature for 12 h. The solvent was removed in vacuo and the residue redissolved in
ethvl acetate and sequentially washed with 5% agqueous HCl {1 x 2 ml} and 50% aqueocus KZCOS (1
x 2 ml). The combined aquecus layers were saturated with sodium chloride, extracted with ethyl
acetate (3 x 20 ml), and the extracts dried (Na,50,), and concentrated. Purification by column
chromatography using ethyl acetate: methylene chloride {(1:9) as eluant gave 13 (0.133 g; 90%
yield from 11) as a low melting solid; {u:]D22 -36.74° (c 0.89, CHCla); ir 3460, 3420, 3000, 1730,
1650, 1510, 1440, 1040, 760 cmfl; 1H nmr (CDCL,) § 0.82 (3H, d, J=6.7 Hz), 0.91 (3H, ¢, J=6.8
Hz), 1.24 (31, t, J=7.1 Hz), 1.42 (%H, s), 1.60-2,10 (5H, m), 2.44-2.55 (2H, m), 2.93 {(1H,
dd, J=7.4 and 14.1 Hz), 3.09 (1H, dd, J=6.2 and 14.1 Hz}, 3.35-3.55 (1H, m), 3.60-3.75 (1H,
m}, 4.1 (2H, q, J=7.1 Hz), 4.2-4.3 (2H, m), 4.45-4.60 (1H, m), 5.0 (2H, s), 5.10-5.35 (2H,
m), 5.60-5.80 (1H, m), 7.10-7.40 (10H, m); HRMS, M" + 1 caled. for C, H, O.N

364979 3
Found: 668.3505. Compound 14 was obtained in 80% yield from 12 as a white solid; mp 47-50°C;

668.3547,

[alp* -38.78° (c 1.88, CHCl); "H nmr (CDCl,) 6 0.81 (3H, d, T = 6.7 Hz), 0.91 (3H, d, J =
6.8 Hz), 1.42 (9H, s}, 1.72-2.10 (SH, m), 2.49 (2H, d, J = 7.2 Hz), 2.94 (1H, dd, J = 14.0
and 7.5 Hz), 3.08 (1H, dd, J = 14,0 and 6.4 Hz), 3.40-3.50 (1H, m), 3.60-3.80 (4H, s and m),
4.20-4.35 (2H, m), 4.48-4.60 (LH, m), 5.00-5.20 (ZH, m), 5.20-5.35 (ZH, m), 5.65-5.80 (1H,
m), 7.10-7.50 (10H, m); HRMS, M® caled for C,.H, N.O.: 653.3301. Found: 653.3267.

3547379’
(B3,28)-1-[(S)-N-Carboxyvalyl]-2-pyrrolidinehydracryvlic acid, N-tert-butyl 2-ethyl ester, ester

with N-acetyl-3-phenyl-L-alanine (15). A mixture of compound 13 (#.614 g; 0.921 mM), ethanol
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{8 ml), and 10% palladium on carbon (0.184 g} was hydrogenated (60 psi) at room temperature in
a Parr hydrogenator for 12 h. It was then filtered through Celite, and the catalyst was washed
with ethanol (3 x 20 ml) and ethyl acetate (3 x 20 ml). The filtrate was concentrated in vacuo
to afford the crude amine quantitatively as a colorless oil. To a stirred solution of the amine in
pyridine (9.21 ml; 113,87 mM) and methylene chloride (3.1 ml), at 0°C, acety! chloride (0.11 ml;
1.55 mM} was added. The reaction mixture was allowed to warm to room temperature and stirred
at this temperature for 12 h. Solvents were removed in wvacuc, and the crude product was
purified by column chromatography using ether: petroleum ether {1:3) as eluant, This afforded
pure product 15 (0.423 g; 80% yleld from 13) as 2 low melting solid; [O.]D22 -29.0° (¢ 1,3,
CHCI3); ir 3400, 3000, 1740, 1650, 1510, 1440, 1380, 1180, 760 cm_l: 'H nme (CDCl,) ¢ 0,82
(3H, &, J=6.7 Hz), 0.8t (3H, 4, J=6.8 Hz), 1.24 (3H, t, J=7.1 Hz), 1.42 (9H, s), 1.70-2,10
(8H, m and s), 2.45-2.60 (2H, m), 2.93 (1H, 44, J=7.3 and 14.0 Hz), 3.08 (1H, dd, J=6.6 and
14.0 Hz), 3.40-3.55 (1H, m), 3.60-3.75 (1H, m), 4.10 (2#H, q, J=7.1 Hg), 4.20-4.35 (2H, m),
4.65-4.80 (14, m), 5.256 (lH, d, J=9.2 Hz), 5.68-5.78 (IH, m}, 5.90 (1H, 4, J=7.8 Hz)},
+

7.10-7.40 (5H, m), HRMS, M + 1 calcd. for C30H45N308: 576,3285. Found: §76.3210,

Compound 16 was obtained in 70% yield from 14 as o low melting solid; [al?* -33.02¢ (e 2.12,
CHCL,); fr (CHCL): 3450, 3030, 3000, 1745, 1710, 1680, 1640, 1500, 1440, 1370, 1170 em™; 'H
nme (CDCL) 6 0.82 (3H, d, J=6.7 Hz), 0.92 (3H, d, J = 6.7 Hz), 1.42 (9H, ), 1.75-2.10 (8H,
m and s), 2.49 (2H, d, I = 6.9 Hz), 2.80 (1H, dd, J = 14.1 and 6.9 Hg), 3.07 (1H, ad, J =
14.1 and 6.6 Hz), 3.40-3.54 (1H, m). 3.60-3.75 (1H, m), 3.66 (3H, &), 4.20-4.32 (2H, m),
4.65-4.80 (1H, m), 5.28 (1H, d, J = 11.1 Hz), 5.65-5.75 (IH, m), 6.03 (1M, 4, J = 7.6 Hz),

7.14-7.44 (5K, m); HRMS, M caicd for C,.H,,0,N,: 561.3047. Found: 561,2990,

20"43V8"3"
tert-Butyl (85,28)-1-(benzyloxycarbonyl}-2-pyrrolidinehydracrylate (i%a). To a stirred solution

of methylene chloride (20 ml) and DMSO (0.9 ml; 12.88 mM) in a 100 ml flame-dried flask, at
-78°C under a nitrogen atmosphere, was added dropwise oxalyl chloride (0.74 ml; 8.48 mM).
This mixture was allowed to stir for 10 min at which time N-bernzyloxyearbonyl-L-prolinol (17)
(0.99 g; 4.21 mM) in methylene chloride (% ml) was added dropwise. The resulting mixture was
stirred at -78°C for 20 min followed by addition of triethylamine (2.35 ml; 16.86 mM). The
reaction mixture was then warmed to room temperature, treated with water (5 ml), and the two
layers formed were separated. The aquecus layer wes saturated with sodium chloride and
extracted with methylene chloride (1 x 25 wl). The combined organic layers were dried
(Na,50,) and concentrated to give the crude aldehyde (18) with a white precipitate which was
removed by filtration and washed with ether:petroleum ether (1:4). Subsequent concentration of

the filtrate gave the crude aldehyde quantitatively. This compound was not further purified but
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was immediately transferred to a 100 ml flask and azeotropically dried with toluene (2 x 20 ml).
To the aldehyde in ether (20 ml) under nitrogen, a zinc-copper couple (1.00 g; 15,30 mM, 3.3%
copper in zinec) was added with stirring. To this mixture, tert-butvl bromoacetate (2.73 ml;
16,81 mM) was added via a syringe. The reaction mixture was heated to reflux, and a few
crystals of iodine were added (3 x at 30 min intervals). During this time, the Zn-Cu couple was
also broken up manually with an oven-dried spatula. At the end of 1.5 h of reaction time,
additional Zn-Cu couple (0.5 g; 7.65 mM) and tert-butyl bromoacetate (1.4 ml; 8.67 mM) were
added along with a few more crystals of iodine. After another 2 h of refluxing, the reaction
was cooled, diluted with ether (50 ml), and washed sequentially with 5% aqueous HCl {15 ml) gnad
5% aqueous NaHCO, (1§ ml). The combined aquecus layers were saturated with NaCl and exirscted
with ethyl ascetate ( 3 x 25 ml). The combined organic layers were dried (N82504), concentrated,
and purified by column chromatography using ethvl acetate: methylene chloride (1:2) as eluant
to give a separable mixture of _1_9_9. and 1%b (1.18 g; 80% yield from 17} as a colorless oil. The
diastercomers were separated by column chromatography on silier gel wusing ethyl
acetate:methylene chloride (1:1%) as eluant te give 19a and 19b as white crystalline solids.
Compound 19%a: mp 7§-T7°C; [c;]D23 ~31,67° (c 0,54, CHCI3); ir (CHCIa): 3440, 3000, 1700,
1420, 1360, 1160 cmil; 1H nmr (CDCIS) § 1,46 (SH, s), 1.71-2.10 (4H, m), 2.32-2.45 (2H, m),
3.32-3.45 (1H, wm), 3.52-3.65 (1H, m), 3.80-4.35 (2H, m), 4.80-4.90 {(1H, m), 5.15 (2H, s,
7.20-7.48 (5H, m); HRMS, m* cale for C19H27N05: 345.1887, Found: 349.1874. Compound 19b:
mp 101-103°C; [a]D21 -59.18° (c 0.61, CHCla); 1H nmr (CDCls) § 1.46 (9H, s), 1,71-2.05 (4H,
m), 2.28-2.54 (ZH, m), 3.30-3.45 (1H, m), 3.50-3.65 (1H, m), 3.95-4.3 (2H, m), 5.14 (2H, ),
7.28-7.48 (5H, m), This compound had the same ir and mass spectra as 19a.

(65,25)-1-[{8)-N-Carboxyvalyl}-2-pvrrolidinehydracryvlic acid, N-tert-butyl-2-tert-butyl ester

(20). A mixture of compound 19a (0.495 g; 1.42 mM), ethanol (6.5 ml}, &nd 106% pailadium on
carbor (1.3 g) wes hydrogenated (60 psi} at room iemperature in s Parr hydrogenator for 12 h,
The catalyst was removed by filtration through Celite and washed with ethanol (3 x 20 ml). The
filtrate was concentrated in wvacuo to afford the crude amine quantitatively as a colorless oil
which was azeotropically dried with toluene (2 x 10 ml), To¢ a stirred solution of the amine in
methylene chloride (7.5 ml) at 0°C, was added sequentially Boc-L-valine (0,31 g; 1.43 mM), DCC
(0.30 g; 1.45 mM), and HOBT (0.20 g; 1.48 mM). The reaction mixture was stirred at 0°C for
1 h and at room temperature for 12 h. The solvent was then removed in vacuo and the residue
redissolved in ethyl acetate (30 ml) and cooled to 0°C. After filtration of the precipitated urea,
followed by washing with ethyl acetate (3x 20 ml), the filtrate was washed sequentially with 5%

agueous HCI (1 x 2 ml) and 5% aqueous NaHCOs (1 x 2 ml}. The organic layer was dried
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{N32804) and concentrated to afford crude 20. Purification by chromatography using ethyl
acetate:methylene chloride (1:4) as the eluant gave pure 2_0 (0.482 g; B2% yield from 19) as a
low melting white solid; [a1,°® -31.69° (c 0.65, CHCL); ir (CHOl,): 3460, 3100, 2060, 1740,
1640, 1520, 1450, 1380, 1250, 1170 cm-l; IH nmr (CDCls) $ 0,93 (3H, d, 3 = 6.7 Hz), 1.01 (3H,
d, J = 6.8 Hz), 1.45 (18H, s), 1,80-2.05 (5H, m), 2.20~2.32 (2H, m), 3.38-3.58 (1H, m),
3.78-3.90 (1H, m), 4.10-4.22 (2H, m), 4,28-4.40 (2H, m), 5.30 (1H, d, J = 12.1 Hz); HEMS,
21M38N 2%
(85, 28)-1-Carboxy-2-pyrrolidinehydracrylic acid, 1,2-di-tert-butyl ester, ester with N-carboxy-

M+ cale for C 414,2727, Found; 414,2762.

3-phenyl-L-alanine N-benzyl ester (21). To a solution of 20 (0.44 g; 1.06 mM), which had been

azeotropically dried with toluene (2 x 15 mi), in 5.5 ml of methylene chloride stirring at 0°C was
added sequentislly N-benzyloxycarbonyl-L-phenylaianine (0,48 g; 1.60 wM), DCC (0.33 g; 1.60
mM), and dimethylaminopyridine (0.02 g, 0.16 mM), The reaction was warmed to room tempera-
ture and stirred for 12 h. The solvent was removed in vacuo, and the residue redissolved in
ethyl acetate (30 ml) and cooled to 0°C, After filtration of the mixture and washing of the

precipitated urea with ethyl scetate ( 3 x 20 ml), the filtrate was washed sequentially with 5%

aqueous HC! (1 x 5 ml) and 5% aqueous NaI-lC()3 (1 x 5 ml). The organic layer was dried (N82504)

and concentrated. Purification by column chromatography using ethy! acetate: methylene
chloride (1:9) as eluant gave 21 (0.67 g; 903 yield) as & white solid; mp 46-50°C; [al'®
-32.18° {c 3.63, CHCla), ir (CHCIS): 3440, 3000, 1720, 1640, 1500, 1430, 1370, 1160 cm_l; 1H
nmr (CDCla) 6 0.82 {3H, 4, J = 6.7 Hz), 0.92 (3H, &, J = 6.8 Hz), 1.45 (18H, s), 1.75-2.10
(5H, m), 2.35-2.54 (2H, m), 2.92 (1H, dd, J = 7.5 and 14.1 Hz), 3.10 (IH, dd, J = 6.2 and
14.1 Hz}, 3.38-3.52 (IH, m), 3.60-3.74 (1H, m), 4.20-4.35 (2H, m), 4.45-4.60 (1H, m), 5.04
(2H, &, J§ = 4.4 Hz), 5.20-5.35 (2H, m), 5.65-5.78 (1H, m), 7.14-7.45 (I0H, m); Anal. Caled
for C3BH5309N3:
(85,28)-1-[(8)-N-Carboxyvalyll-2-pyrrolidinehydracrylic acid, N-tert-butyl 2-tert-butyl ester,

C, 65.58; H, 7.6%; N, 6,04, Found: C, 65.53; H, 7.73; N, 5,89,

ester with N-acetyl-3-phenyl-L-alanine (22), A mixture of compound 21 (0.308 g; 0,443 mM),

ethanol (4.25 ml), and palladium on carbon (0.2 g} was hydrogenated (60 psi) at room
temperature in a Parr hydrogenator for 12 h. It was then filtered through Celite, and the
catalyst was washed with ethanol (3 x 15 ml). The filtrate was concentrated in vacuo to afford
the crude amine quantitatively as a colorless oi! which was szeotropically dried with toluene (2 x
15 ml). To a stirred mixture of the crude amine in methylene chloride (2.2 ml) at 0°C was
added dimethylaminopyridine (0.22 g; 1.80 mM) and acetyl chloride (0.07 ml, 0.98 mM). The
reaction was stirred at ambient temperature for 6 h. It was then diluted with methylene chloride

{20 ml), and washed sequentially with 5% aqueous HCl and 5% aqueocus NaHCOa. The organic
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layer was dried (Nazsoq) and concentrated in vacuo. The ecrude product was purified by

column chromatography using ethyl acetate:methylene chloride (1:2) as eluent to afford 22 (0.218

22
D

g: 82% from 21) as a white low melting solid. Compound 22: [o] -26.25° (c 0.88, CHC[3); ir

(CHCL,): 3460, 3000, 1750, 1720, 1690, 1650, 1510, 1435, 1380, 1170, 915 em™L; M nmr (CDCL,):
§ 0.83 (3H, d, J = 6.7 Hz), 0.93 (3H, d, J = 6.8 Hz), 1.43 (18H, s), 1.70-2.10 (BH, m and &),
2.40-2.54 (2H, m), 2.94 (1H, dd, J = 6.7 and 14.2 Hz), 5.10 (1H, dd, J = 6.3 and 14.2 Hz),
3.40-3.54 (1H, m), 3.58-3,72 (1H, m), 4.20-4.35 (2H, m), 4.65-4.75 (1H, m), 5.28 (1H, d, J =
9.1 Hz), 5.65-5.78 (1H, m), 5.91 (1H, d, J = 7.6 Hz), 7.10-7.45 (SH, m); HRMS, M" caled. for

CogH, N.O : 603.3516., Found: 603,3494.

327493 8°
(88,258)-1-[(8)-N-Carboxyvalyl]-2-pyrrolidinehydracrylic acid, N-tert-butyl-2-tert-butyl ester,

ester with N-isobutyryl-3-phenyl-L-glanine (23). A mixture of compound 21 (0,285 g, 0,41 mM),

ethanol (4.25 ml), and palladium on carbon (0.2 g) was hydrogenated (60 psi) at room
temperature in a Parr hydrogenator for 12 h. It was then filtered through Celite, and the
catalyst was washed with ethanol {3 x 15 ml). The fltrate was concentrated in vacuo to afford
the crude amine quantitatively as a colorless oil which was azeotropically dried with toluene ( 2 x
15 ml). ‘To a stirred mixture of the crude amine, in methylene chloride (2.5 ml) at 0°C, was
added sequentially isobutyric acid (0.06 ml, 0.65 mM), DCC (0.13 g; 0.63 mM), and HOBT (0.09
g; 0.67 mM). The reaction was then stirred at room temperature for 12 h. The solvent was
removed, the residue diluted with ethyl acetate (20 ml) and cooled to 0°C. After filtration of
the reaction mixture and washing of the precipitated urea with ethyl acetate (3 x 15 ml), the

filtrate was washed sequentially with 5% aqueous HCl and 5% agueous NaHCOQ The organic

3
laver was dried (NaZSO4) and concentrated in vacue, The crude product was purified by

column chromatography using ethyl acetate:methylene chloride (1:4) as elusnt to give 23 (0.232
g, 90% yield from 21) as a low melting white solid. Compound 23: [o:]D23 -30.55° (c 1.83,
CHCIS); ir (CHCIS): 3460, 3000, 1760, 1740, 1685, 1650, 1510, 1430, 1400, 1380, 1250, 1160
Cm-l; 1H nmr (CDCls): 5 06.83 (3H, 4, J = 6.7 Hz), #.91 (30, 4, J = 6.8 Hz), 1.03-1,21 (6H,
m), 1.43 (18H, s), 1.80-2.10 (4H, m}, 2.25-2.68 (4H, m), 2.94 (1H, dd, J = 6.7 and 14.2 Hz),
3.10 (1H, dd, J = 6.3 and 14.2 Hz), 3.40-3.52 (1H, m), 3.60-3.74 (1H, m), 4.20-4.35 (2H, m),
4.66-4.75 (1H, m}, 5.36 (1H, J = 8.3 Hz), 5.70-5.80 (lH, m), 5.%0 (1H, d, J = 7.6 Hz),
7.14-7.38 (5H, m); HRMS, M’ calod. for C, H N0 :
Detoxin Bi (1). To a stirred solution of compound 22 (0.108 g; 0.179 mM) (azeotropically dried

631.3853. Found: 631,3859,

with benzene, 2 x 5 ml) in acetonitrile (1.8 ml) was added chlorotrimethylsilane (0.1 ml; 0.78

mM) and sodium jodide (0.11 g; 0.73 mM). The reaction was stirred at 50°C for 1 h and then

cooled to room temperature., It was then diluted with ethyl acetate (60 ml) and washed with 5%
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