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Experimental Section:

General Methods. Melting points were determined on a Meltemp

apparatus in open capillary tubes and are uncorrected. 1H, 13C and 19F NMR

spectra were recorded on Brucker AM-500, AM-400 or AM-300 spectrometers.

(Abbreviations s=singlet, d=doublet, t=triplet, q= quartet, dd=doublet of

doublets, app.=apparent, obs.=obscured). Mass spectra were obtained on a JEOL

AX-505 or SX-102 spectrometer. Infrared spectra were recorded on a Nicolet 5PC

FT-IR spectrometer. Optical rotations were determined on a Jasco DIP-0181

digital polarimeter. Analytical chromatography was performed on EM reagents

250 gn silica gel 60-F plates. Flash chromatographyl was carried out using EM

reagents silica gel 60 (230-400 mesh). Solvents were distilled prior to use. All

other reagents were used without additional purification. y^Q\

'r
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(2E)-5-mercaptofS-triphenylmethyll-2-pentenoic acid, methyl ester A solution of
methyl pentadienoate 2 (1.30 g, 11.6 mmol, 1 equiv.) in THF (20 ml) was cooled to

00 C, was treated with triphenylmethane thiol (3.34 g, 12.1 mmol, 1.2 equiv.) and

Cs 2CO3 (3.94 g, 12.1 mmol, 1.2 equiv.). The mixture was stirred under a nitrogen
atmosphere at 200C (20 h). The reaction was quenched by the addition of
saturated aqueous NaC1 (20 ml) and extracted with EtOAc (3X50 ml). The
organic extracts were concentrated in vacuo and the residue was purified by flash
chromatography (SiO2, 4 cm X 20 cm, 0-20% EtOAc : hexane) to yield the a,3
unsaturated ester (3.51 g, 78% yield) as a 6: 1 mixture with the 3,y isomer. The

initially formed ,B.y unsaturated ester could be isolated after 5 min, purified (94%

yield) and resubjected to Cs2 CO3 in THF to afford the same 6: 1 mixture of
esters. In practice it proved more convenient to carry out the addition and
conjugation in a single step.
1H NMR 400 MHz (6, ppm, CDC13) 7.42-7.08 (m, 15H), 6.77 (dt, J= 15.7 Hz, 6.9
Hz, 1H), 5.71 (dt, J = 15.6 Hz, 1.4 Hz, IH), 3.70 (s, 3H), 2.28 (m, 2H), 2.18 (m, 2H)
13C NMR 100 MHz (8, ppm, CDC13) 166.7, 146.8, 144.6, 129.5, 127.9, 126.7, 122.0,
66.8, 51.4, 31.3, 30.2
IR (neat, cm-1) 3036, 2950, 1725, 1659, 1595, 1489, 1443, 1339, 1312, 1273, 1202,
1183, 1144, 1082, 1035, 1001, 984, 850, 766, 742, 700, 675, 628, 621, 617
FABHRMS (Nal m/e 411.1395 (calc'd for C24H 24S0 2 + Na = 411.1391)
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(2E)-5-mercapto-fS-triphenylnethyll-2-pentenol

A solution of the methyl ester (2.1 g, 5.4 mmol, z equiv.) in CH2 Q2 (20 ml) at
-780 C was treated with DIBAL (1M solution in CH2C12 (10.8 ml, 10.8 mmol, 2
equiv.), and the solution was stirred under a nitrogen atmosphere at -780 C (3 h).
The reaction was allowed to warm to -100C and was quenched by the addition of
saturated aqueous sodium potassium tartrate (10 ml). The mixture was extracted
with CH 2C12 (3X50 ml). The organic extracts were concentrated in vacuo and the
residue was purified by flash chromatography (SiO 2, 4 cm X 20 cm, 20-40%
EtOAc : hexane) to yield the alcohol (1.76 g, 91% yield) as a crystalline solid (mp
= 87-90 0 C). The product was a 6: 1 (ci,p : fy) mixture of olefin isomers.
1H NMR 400 MHz (8, ppm, CDC13) major isomer 7.44 (m, 15H), 5.55 (m, 2H); 4.03

(m, 2H), 2.23 (m, 2H), 2.11 (m, 2H)

13C NMR 100 MHz (5, ppm, CDC13) major isomer 144.9, 130.6, 130.4, 129.6, 127.8,
126.6, 66.5, 63.4, 31.5, 31.3
IR (neat, cm-1) 3324, 3083, 3056,3031, 2924, 2857, 1595, 1507, 1489, 1456, 1443,
1420, 1387, 1318, 1183, 1084, 1034, 1001, 970, 766, 743, 700, 677, 621, 617
FABHRMS (Nal) m/e 383.1465 (calc'd for C24H 24SO + Na = 383.1446)
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(2E)-5-mercapto-[S-triphenylmethyll-2-pentenal 3 A solution of oxalyl chloride

(0.9 ml, 10.3 mmol, 1.2 equiv.) in CH 2C12 (30 ml) at -780 C was treated with

DMSO (1.5 ml, 20.6 mmol, 2.4 equiv.), and the resulting solution was stirred

under a nitrogen atmosphere at -780C (30 min).2 At this time the alcohol (3.1 g,

8.6 mmol, 1 equiv.) in CH 2Cl2 (10 ml) was added via cannula. The solution was

allowed to stir under a nitrogen atmosphere for an additional 30 min (-780C) and

^Et 3N (2.9 ml, 20.6 mmol, 2.4 equiv.) was added via syringe. The reaction

gradually warmed to -30'C and after 4 h was quenched by the addition of

saturated aqueous NaC1 (50 ml) and extracted with EtOAc (3X50 ml). The

organic extracts were concentrated in vacuo and the residue was purified by flash

chromatography (SiO2, 4 cm X 20 cm, 15% EtOAc: hexane) to yield the aldehyde

3 (2.27 g, 74% yield) as a crystalline solid (mp = 142-144oC). None of the [,y-

unsaturated aldehyde was detected in the purified product.

IH NMR 400 MHz (8, ppm, CDC13) 9.37 (d, J= 7.9 Hz, 1H), 7.38-7.15 (m, 15H),

6.57 (dt, J= 15.6 Hz, 5.9 Hz, 1H), 5.93 (dd, J= 15. 6 Hz, 7.9 Hz, 1H), 2.30-2.23 (m,

4H)
13C NMR 100 MHz (5, ppm, CDC13) 193.7, 155.7, 144.5, 133.6, 129.5, 127.9, 126.8,

67.0, 31.7, 30.0
IR (neat, cm-1) 3058, 3027, 1688, 1653, 1636, 1593, 1578, 1559, 1507, 1487, 1443,

1318, 1183, 1159, 1113, 1082, 1034, 1001, 976, 764, 743, 700, 675, 629, 621
FABHRMS (Nal) m/e 381.1298 (calc'd for C24H22SO + Na = 381.1289)



(01996 American Chemical Society J. Am. Chem. Soc. V118 Page7237 Li Supplemental Page 5

-5-

BnO j STrt

4b

(4E, 3R)-3-hydroxy-7-mercapto-[S-triphenylmethyll-4-heptenoic acid, benzyl

este: 4b 3 A solution of the R-(+)- binaphthyl amino alcohol4 (77 mg, 0.147 mmol,
0.066 equiv.) in toluene (70 ml) at 20oC was treated with Ti(O-iPr)4 (18.3 P1, 0.067
mmol, 0.03 equiv.), and the solution was stirred under a nitrogen atmosphere for

30 min (20 0 C). The pale orange solution was treated with di-tert-butyl

salicylaldehyde (33.4 mg, 0.133 mmol, 0.06 equiv.) and allowed to stir for an

additional 30 min. The volatiles were removed in vacuo and the resulting orange

solid was redissolved in toluene (50 ml). The solution was cooled to oC and a

mixture of the aldehyde (3) (800 mg, 2.23 mmol, 1 equiv.) and O-benzyl-O-

trimethylsilyl ketene acetal (900 gl, 3.35 mmol, 1.5 equiv.)* in toluene (10 ml) was

added dropwise. The reaction stirred for 36 h (40 C) and was quenched by
pouring into 1 : 1 EtOAc: saturated aqueous NaCI (100 ml). The mixture was

extracted with EtOAc (3X50 ml). The organic extracts were concentrated to

dryness, redissolved in THF (20 ml) and treated with TBAF (1M solution in THF)

(2.23 ml, 2.23 mmol, 1 equiv.). After 5 min the reaction was quenched by the

addition of saturated aqueous NH 4C1 (20 ml). The organic layer was washed

with saturated aqueous NaHCO 3 and brine. The aqueous washes were extracted

with EtOAc (3X20 ml) and the organic layers were combined, dried over MgSO 4

and reduced in vacuo. The residue was purified by flash chromatography (SiO2, 3
cm X 20 cm, 20% EtOAc : hexane) to yield 4b (1.12 g, 98.7% yield).

* based on a 8: 1 mixture of 0- and C-silylated enolates.5

1H NMR 400 MHz (5, ppm, CDCl3) 7.41-7.18 (m, 20H), 5.56 (dt, I = 15.4 Hz, 6.7
Hz, 1H), 5.40 (dd, I = 15.4 Hz, 6.2 Hz, 1H), 5.12 (s, 2H), 4.45 (m, 1H), 2.73 (d, J=
4.2 Hz, 1H, [OH]), 2.54, (m, 2H), 2.19 (t, I = 7.7 Hz, 2H), 2.05 (m, 2H)
13C NMR 100 MHz (8, ppm, CDC13) 172.0, 144.8, 135.5, 131.9, 130.3, 129.5, 128.6,
128.3, 128.2, 127.8, 126.6, 68.6, 66.6, 66.5, 41.4, 31.4, 31.3
IR (neat, cm-1) 3470, 3058, 3031, 2925, 2350, 2286, 1956, 1900, 1813, 1734, 1595,
1489, 1445, 1381, 1318, 1273, 1215, 1167, 1101, 1082, 1034, 1001, 970, 885, 850, 743,

698, 677, 666, 617
FABHRMS (Nal) m/e 531.1962 (calc'd for C33H 32SO 3 + Na = 531.1970)
(R)-(+) enantiomer 4b [a 20D = +3.5 (c = 2.0, CH2C12)
(S)-(-) enantiomer 4a [aj20D = +3.7 (c = 2.0, CH 20 2)
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(4E. 3R2S)-3-([2'-trifluoromethyl, 2'-methoxyl-phenylacetoyD-7-mercapto-[S-

triphenylmethyll-heptenoic acid, benzyl ester A portion of the aldol product 4b

(10 mg, 0.02 mmol, 1 equiv.) was dissolved in CH 2C12 (1 ml) and cooled to OoC.
The solution was treated, sequentially, with DMAP (10.0 mg, 0.08 mmol, 2
equiv.), Et 3N (20 pl, 0.14 mmol, 7 equiv.) and R-(-)-MTPA chloride 6 (5 pl, 0.022

mmol, 1.1 equiv.). After 1 h the mixture was concentrated in vacuo purified by
flash chromatography (SiO2, 2 cm X 10 cm, 20% EtOAc : hexanes) to yield the

MTPA ester (13.4 mg, 94% yield).

A sample of the aldol product prepared with a racemic catalyst was used to

generate an authentic mixture of diastereomeric MTPA esters.
1H NMR 400 MHz (5. ppm, CDC13) 7.41-7.20 (m, 25H), 5.81 (m, 1H), 5.64 (dt, J=
15.4 Hz, 4.4 Hz, IH), 5.25 (dd, J = 15.4 Hz, 7.6 Hz, 1H), 5.11 (d, J = 12.2 Hz, 1H),

5.04 (d, J = 12.2 Hz, 1H), 3.41 (q, J = 1.0 Hz, 3H), 2.77 (dd, J = 16.3 Hz, 9.2 Hz, 1H),

2.62 (dd, J = 16.3 Hz, 4.4 Hz, 1H), 2.15 (m, 2H), 1.99 (m, 2H)
19F NMR 376 MHz (6, ppm, CDC13) racemic: -71.82 and -71.87 ppm, 1: 1 ratio

aldol product (non-racemic): -71.82 and -71.87 ppm, 23.56: 0.17 (98.6/oee)
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(4E, 3R)-3-hydroxy-7-mercapto-[S-triphenylmethyll4-heptenoic acid 5b A
solution of the benzyl ester 4b (300 mg, 0.59 mmol, 1 equiv.) in MeOH (5.9 ml) at
200 C was treated with LiOH (1M aqueous solution) (5.9, 5.9 mmol, 10 equiv.),
and the solution was stirred under a nitrogen atmosphere for 3 h (20oC). The
reaction was quenched by the addition of HCI (IM aqueous solution) (6.0 ml)

and extracted with EtOAc (3X20 ml). The organic extracts were concentrated in

vacuo and the residue was purified by flash chromatography (SiO2, 2 cm X 15 cm,

EtOAc-3% AcOH-EtOAc) to yield the hydroxy acid 5b (247 mg, quant.) as an oil
that solidified on standing (mp.= 124-125'C).

IH NMR 400 MHz (5, ppm, CDC13) 7.32-7.10 (m, 15H), 5.46 (ddd, J = 15.3 Hz, 7.0
Hz, 6.6 Hz, lH), 5.30 (dd, I = 15.3 Hz, 6.3 Hz, 1H), 4.34 (ddd, J= 6.5 Hz, 6.3 Hz,
5.4 Hz, 1H) 2.42 (m, 2H), 2.11 (m, 2H), 1.97 (m, 2H)

13C NMR 100 MHz (8, ppm, CDC13) 176.9, 144.8, 131.6, 130.7, 129.6, 127.8, 126.6,
68.5, 66.6, 41.2, 31.4, 31.3
IR (neat, cm- 1) 3083, 3058, 3031, 2924, 1711, 1595, 1489, 1445, 1267, 1184, 1157,
1082, 1034, 972, 766, 743, 700, 677
FABHRMS (Nal) m/e 441.1519 (calc'd for C26H26SO 3 + Na = 441.1500)
(R)-(+) enantiomer Sb [aj 20D = +4.6 (c = 2.0, CH2Cl2)

(S)-(-) enantiomer Sa [(Xj 2 0 D = -5.0 (c = 2.0, CHCl2 )
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N-c-(fluorenylmethoxy)carbonyll-L-threonyl-L-valine. methyl ester A solution
of N-Fmoc-L-threonine (973 mg, 2.85 mmol, 1 equiv.) and L-valine methyl ester 6

(477 mg, 2.85 mmol, 1 equiv.) in CH 3CN (10 ml) at 200C was treated with BOP 7

(1.90 g, 4.28 mmol, 1.5 equiv.) and DIEA (1.5 ml, 8.53 mmol, 3.0 equiv.). The

solution was stirred under a nitrogen atmosphere for 30 min (20'C). The reaction

was concentrated in vacuo and the residue was purified by flash chromatography

(SiO 2, 3 cm X 20 cm, 50-70% EtOAc: hexane) to yield N-Fmoc-L-threonyl-L-

valine methyl ester (1.23 g, 95% yield).
1H NMR 400 MHz (5, ppm, CDC13) 7.76 (d, 1= 7.6 Hz, 2H), 7.58 (m. 2H), 7.40

(app. t, J = 7.5 Hz, 2H), 7.31 (app. t, J = 7.5 Hz, 2H), 6.92 (d, I = 8.5 Hz, 1H), 5.79

(d, J = 7.9 Hz, 1H), 4.52-4.35 (m, 4H), 4.23 (app. t, J = 7.0 Hz, 1H), 4.18 (m, 2H),

3.75 (s, 3H), 2.19 (m, 1H), 1.20 (d, J = 6.45 Hz, 3H), 7.06 (d, I = 8.2 Hz, 1H), 0.91 (d,
I = 6.9 Hz, 1H), 0.87 (d, J = 6.9 Hz, 1H)

13C NMR 100 MHz (5, ppm, CDC13) 172.0, 171.0, 156.8, 143.6, 143.6, 141.2, 127.7,

127.0, 125.0, 125.0, 120.0, 67.3, 66.8, 58.1, 57.3, 52.2, 47.0, 30.7, 19.0, 17.8, 17.5
IR (neat, cm-1) 3328, 2973, 2936, 1746, 1719, 1663, 1522, 1437, 1393, 1368, 1250,

1209, 1167, 1059, 1020, 880, 764
FABHRMS (Nal) m/e 477.2002 (calc'd for C25H 30N20 6 + Na = 477.1986)
[a]20D = -28.6 (c = 1.0, CH 2012)
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N-ca-rfluorenylmethoxy)carbonyll-D-cysteinyl-(S-triphenylmethyl)-L-threonyl-L-

valine, methyl ester 7 A solution of N-Fmoc-L-threonyl-L-valine methyl ester

(230 mg, 0.51 nmol, 1 equiv.) in CH 3CN (5 ml) at 200 C was treated with Et 2NH

(250 p.1, 5% v/v), and the solution was stirred under a nitrogen atmosphere for 3

h (20 0 C). The reaction was diluted with heptane (30 ml) and evaporated to

dryness. The crude amine was dissolved in CH 3CN (10 ml) at 20 0 C was treated

with N-Fmoc-D-cysteine-(S-triphenylmethyl) (328 mg, 0.56 mmol, 1.1 equiv.),

BOP reagent (250 mg, 0.56 mmol, 1.1 equiv.) and DIEA (221 mg, 1.27 mmol, 2.5

equiv.). The resulting mixture was stirred for 30 min (20"C), evaporated to 1/2

volume in vacuo and the residue was purified by flash chromatography (SiO2, 3

cm X 20 cm, 50-70% EtOAc: hexane) to yield 7 (391 mg, 97% yield).
1H NMR 400 MHz (8, ppm, CDC13) 7.74 (m, 2H), 7.56-7.19 (m, 21H), 7.05 (d, J=
8.7 Hz, 1H), 6.78 (d, J= 7.7 Hz, 1H), 5.04 (d, J = 7.3 Hz, 1H), 4.42 (dd, j= 8.7 Hz,

5.1 Hz, 1H), 4.35 (m, 3H), 4.29 (dd, J= 7.7 Hz, 2.1 Hz, 1H), 4.18 (app. t, J= 6.9 Hz,

1H), 3.76, (app. q, J = 6.7 Hz, 1H), 3.70 (s, 3H), 3.31 (br. s, 1H), 2.66, (m, 2H), 2.12

(m, 1H), 1.08 (d, J 6.3 Hz, 3H), 0.83 (d, J = 6.9 Hz, 3H), 0.81 (d, J = 6.9 Hz, 3H)
13C NMR 100 MHz (5, ppm, CDCl3 ) 171.9, 171.2, 170.7, 155.8, 144.2, 1-13.7, 143.6,

141.3, 129.5, 128.1, 127.7, 126.9, 125.0, 120.0, 67.4, 67.2, 66.0, 57.3, 56.7, 54.1, 52.1,

47.0, 33.8, 30.7, 19.0, 18.1, 17.6

IR (neat, cm-1) 3306, 3059, 2967, 1728, 1649, 1514, 1447, 1316, 1213, 1154, 1034, 741,

700, 623

FABHRMS (Nal) m/e 822.3102 (calc'd for C47H49N3SO 7 + Na = 822.3189)

[aj 20D = -25.3 (c = 1.18, CH 2C12)
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N-c-[(flurenlmethoxy)carbonyll-D-valyl-D-cysteinyl-(S-triphenvlmethyl)-L-

threonyl-L-valine. methyl ester 8 A solution of N-Fmoc-D-cysteinyl-(S-

triphenylmethyl)-L-threonyl-L-valine, methyl ester (7) (625 mg, 0.78 mmol, I

equiv.) in CH 3CN (10 ml) at 20'C was treated with EtSNH (500 g1, 5% v/v), and

the solution was stirred under a nitrogen atmosphere for 3 h (20oC). The reaction

was diluted with heptane (30 ml) and evaporated to dryness. The crude amine

was used without additional purification. A solution of D-cysteinyl-(S-

triphenylmethyl)-L-threonyl-L-valine, methyl ester in CH 3CN (3 ml) at 20'C was

treated with N-Fmoc-D-Valine (292 mg, 0.86 mmol, 1.1 equiv.), BOP (690 mg, 1.56

mmol, 2 equiv.), and DIEA (905 l, 4.69 mmol, 6 equiv.). The resulting solution

was stirred under a nitrogen atmosphere for 30 min (20 0C). The reaction mixture

was reduced to 1/2 volume and was the residue was purified by flash

chromatography (SiO 2, 3.5 cm X 25 cm, 30-70% EtOAc : hexanes) to yield N-at-

[(fluorenylmethoxy)carbonyl]-D-valyl-D-cysteinyl-(S-triphenylmethyl)-L-

threonyl-L-valine, methyl ester 8 (607 mg, 86% yield).
1H NMR 400 MHz (8, ppm, CDC13 ) 7.77 (d, J= 7.5 Hz, 2H), 7.58 (m, 2H), 7.41-7.16

(m, 21 H), 6.81 (d, J = 7.3 Hz, 1H), 5.56 (d, J = 8.5 Hz, 1H), 4.43 (m, 3H), 4.31 (m,

2H), 4.14 (m, 3H), 3.70 (s, 3H), 3.65 obs. (m, 1H), 2.69 (dd, J= 13.0 Hz, 6.4 Hz, 1H),

2.55 (dd, J= 13.1 Hz, 6.4 Hz, 1H), 2.13 (m, 1H), 1.94 (m, IH), 1.08 (d, J= 6.5 Hz,

3H), 0.85 (d, J = 6.9 Hz, 6H), 0.82 (d, J = 6.9 Hz, 6H)
13C NMR 100 MHz (6, ppm, CDC13) 171.9, 170.8, 170.3, 170.1, 156.6, 144.2, 143.9,

143.6, 141.2, 129.4, 128.0, 127.65, 127.0, 126.8, 125.1, 67.2, 67.0, 66.8, 59.5, 57.4, 57.1,

52.1, 51.9, 47.0, 34.7, 32.0, 30.5, 19.2, 18.9, 17.8, 17.6, 17.5

IR (neat, cm-1) 3306, 3061, 2967, 1644, 1514, 1449, 1393, 1372, 1217, 1155, 1105,

1032, 851, 741, 700, 621

FABHRMS (Nal) m/e 921.3832 (calc'd for C5 2H 5 8N4SO 8 + Na = 921.3873)

[aX1 20 D = -15.8 (c = 1.56, CH 2C12 )



(01996 American Chemical Society J. Am. Chem. Soc. VI 18 Page7237 Li Supplemental Page 11

-11-

0 NH H OCH3

TrtS :NH

O NHFmoc

9

N-a-f(fluorenylmethoxy)carbonyll-D-valvl-D-cysteinyl-(S-triphenvlmethyl)-L-

threonyl-(O-p-toluenesulphonyl-L-valine, methyl ester 9 A solution of N-Fmoc-

D-valyl-D-cysteinyl-(S-triphenylmethyl)-L-threonyl-L-valine, methyl ester 8 (500

mg, 0.56 mmol, 1 equiv.) in pyridine (10 ml) at 00 C was treated with tosyl

anhydride (545 mg, 1.67 mmol, 3 equiv.) and the solution was stirred under a

nitrogen atmosphere for 20 min (00 C). The reaction was quenched by the

addition 1 : 1 EtOAc: saturated aqueous NaHCO 3 (40 ml). The mixture was

extracted with EtOAc (3X50 ml). The organic extracts were dried over MgSO4,
concentrated in vacuo and the residue was purified by flash chromatography

(SiO 2, 4 cm X 20 cm, 20-40% EtOAc : hexane) to yield 9 (569 mg, 970'o yield).
1H NMR 400 MHz (8, ppm, CDC13) 7.86 (m, 4H), 7.59 (m, 2H), 7.42-7.18 (m, 21H),

7/.04 (br., 1H), 6.49 (d, I = 8.4 Hz, 1H), 6.28 (br., 1H), 5.47 (d, J = 7.8 Hz, 1H), 5.14

(m, 1H), 4.64 (br., 1H), 4.44 (dd, I = 10.6 Hz, 7.2 Hz, 1H), 4.33 (m, 2H), 4.20, (app.

t, J = 7.1 Hz, 1H), 4.05 (br, 1H), 3.67 (obs., 1H), 3.65 (s, 3H), 2.71 (dd, J= 13.3 Hz,

6.8 Hz, 1H), 2.63 (dd, J = 13.3 Hz, 6.2 Hz, 1H), 2.42 (s, 3H), 2.11-2.05 (m, 2H), 1.17

(d, J = 6.4 Hz, 3H), 0.90-0.81 (m, 12H)
13C NMR 100 MHz (5, ppm, CDC13) 171.5, 170.8, 170.1, 167.3, 156.5, 144.6, 144.2,

143.9, 143.7, 141.2, 133.6, 129.6, 129.4, 127.9, 127.7, 127.1, 127.0, 126.9, 125.2, 119.9,

73.4, 67.2, 67.1, 60.3, 59.3, 57.6, 55.8, 52.3, 51.9, 47.1, 34.5, 32.1, 31.0, 21.5, 19.2, 18.7,

17.9, 17.6, 14.1

IR (neat, cm-1) 3323, 2961, 1740, 1709, 1680, 1653, 1508, 1448, 1372, 1316, 1279,

1248, 1211, 1190, 1179, 1098, 1032, 1001, 899, 872, 816, 760, 743, 700, 675, 621

FABMS (Nal) m,/e 1075 (calculated for C59H64N 4S20 10 + Na = 1075)

[ce] 20D = +10.0 (c = 1.0, CH 20C2)



(01996 American Chemical Society J. Am. Chem. Soc. V118 Page7237 Li Supplemental Page 12

-12-

0

0 NH H OCHa

Trs")NH

O NHFmoc

N-a-f(fluorenylmethoxy)carbonyll-D-valyl-D-cysteinyl-(S-triphenylmethyll-(Z)-

dehydrobutyrinyl-L-valine, methyl ester A solution of N-a-[(fluorenylmethoxy)-
carbonyl]-D-valyl-D-cysteinyl-(S-triphenylmethyl)-L-threonyl-(O-p-toluene-

sulphonyl)-L-valine, methyl ester 9 (211 mg, 0.20 mmol, 1 equiv.) in dry EtOAc (5

ml) at 20 0 C was treated with DABCO (90 mg, 0.80mmol, 4 equiv.), and the

solution was stirred under a nitrogen atmosphere for 24 h (200 C). The reaction

mixture was concentrated to 1/2 volume in vacuo and the residue was purified

by flash chromatography (SiO2, 2 cm X 15 cm, 20-60% EtOAc : hexane) to yield

N-ca-[(fluorenylmethoxy)carbonylj-D-valyl-D-cysteinyl-(S-triphenylmethyl)-(Z)-

dehydrobutyrinyl-L-valine, methyl ester (108 mg, 61% yield). Elution with 10%

Acetone: EtOAc yielded 61.5 mg of tosylated, Fmoc-deproteced peptide and

eliminated, Fmoc-deprotected peptide 10 (2: 1). A procdure in which tosylate

elimination and Fmoc deprotection are carried out simultaneously to give 10

directly was found to give higher overall yields. (see next experimental)

IH NMR 400 MHz (8, ppm, CDC13) 7.76, (d, J = 7.5 Hz, 2H), 7.52 (m, 2H), 7.42-

7.13 (m, 24H), 6.75 (m, 2H), 6.23 (d, J = 5.4 Hz, IH), 5.23 (d, J = 6.8 Hz, 1H), 4.51

(dd, J = 8.5 Hz, 5.9 Hz, 1H), 4.42 (dd, J = 10.7 Hz, 7.0 Hz, 2H), 4.27 (m, 1H), 4.12

(m, 1H), 3.98 (m, 2H), 3.67 (s, 3H), 2.91 (dd, J = 12.8 Hz, 5.9 Hz, 1H), 2.61 (dd, J =
13.1 Hz, 5.6 Hz, 1H), 2.12 (m, 2H), 1.73 (d, J= 7.0 Hz, 3H), 1.57 (s, 3H), 0.95-0.82

(m, 12H)
13C NMR 100 MHz (5, ppm, CDC13) 172.3, 171.7, 168.5, 163.9, 156.8, 144.1, 143.7,

143.5, 141.3, 132.2, 129.4, 128.6, 128.1, 127.8, 127.1, 127.0, 125.0, 124.9, 120.0, 67.4,

67.2, 60.5, 57.8, 53.1, 47.1, 32.6, 31.3, 30.6, 19.3, 19.0, 18.2, 17.6, 13.6

IR (neat, cm-1) 3297, 3059, 2963, 1647, 1507, 1447, 1372, 1210, 1032, 741, 700, 623

FABHRMS (Nal) m/e 903.3771 (calc'd for C52H56N 4SO 7 + Na 903.3767)

[a]20D = -3.5 (c = 1.0, CH 2Cl 2 )
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10

D-valyl-D-cysteinyl-(S-triphenylmethyl)-(Z)-dehydrobutyrinyl-L-valine. methyl

ester 10 A solution of N-a-[(fluorenylmethoxy)carbonyll-D-valyl-D-cysteinyl-(S-

triphenylmethyl)-L-threonyl-(O-p-toluenesulphonyl)-L-valine, methyl ester 9

(569 mg, 0.54 mmol, 1 equiv.) in CH 3CN (20 ml) at 20'C was treated with

DABCO (606 mg, 5.40 mmol, 10 equiv.), and the solution was stirred under a

nitrogen atmosphere for 2 h (20 'C). At this time TLC analysis showed that most

of the starting material had been consumed and Et 2NH (1 ml, 5% v/v) was

added. After an additional 22 h the reaction was concentrated to 1/2 volume in

vacuo and the residue was purified by flash chromatography (SiO2, 4 cm X 20 cm,
100% CH 2Cl 2-3% MeOH: CH 2C12 ) to yield 10 (342 mg, 96% yield).
1H NMR 400 MHz (6. ppm, CDC13) 7.79 (d, J= 6.7 Hz, 1H), 7.46-7.21 (m, 15H),

6.73 (q, J= 7.1 Hz, 1H), 6.64 (d, I = 8.5 Hz, 1H), 4.50 (dd, J = 8.5 Hz, 5.6 Hz, 1H),

3.72 (q, J = 6.9 Hz, 1H), 3.67 (s, 3H), 3.26 (d, J= 3.8 Hz, 1H), 2.80 (dd, I = 13.1 Hz,

6.8 Hz, 1H), 2.63 (dd, J = 13.2 Hz, 7.3 Hz, 1H), 2.20 (m, 1H), 2.08 (m, 1H), 1.66 (d, J
= 7.1 Hz, 3H), 0.95 (d, [= 6.70 Hz, 3H), 0.89 (d, J=6.8 Hz, 3H), 0.88 (d, J= 6.9 Hz,

3H), 0.79 (d, J = 6.9 Hz, 3H)
13C NMR 100 MHz (8, ppm, CDC13) 175.8, 172-5, 168.8, 163.8, 144.3, 132.3, 129.5,

128.4, 128.1, 126.9, 67.2, 59.9, 57.6, 52.8, 51.9, 32.1, 31.2, 30.7, 19.5, 18.9, 18.2, 16.3,

13.6

IR (neat, cm-1) 3314, 2963, 1742, 1647, 1493, 1445, 1372, 1312, 1206, 1034, 1001, 911,

743, 700, 675, 621

FABHRMS (Nal) m/e 681.3074 (calc'd for C37H4 6N 4SO 5 + Na = 681.3087)

[a]20D = +40.9 (c = 1.0, CH 20C2)
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hydroxy methyl ester 11b A solution of D-valyl-D-cysteinyl-(S-triphenyl-
methyl)-(Z)-dehydrobutyrinyl-L-valine, methyl ester 10 (300 mg, 0.45 mmol, 1
equiv.) and (4E, 3R)-3-hydroxy-7-mercapto-[S-triphenylmethyll-4-heptenoic acid
5b (190 mg, 0.46 mmol, 1.02 equiv.) in 5 ml CH 3CN: CH2 Q 2 (10: 1) at 20'C was
treated with BOP (302 mg, 0.68 mmol, 1.5 equiv.) and DIEA (238 41, 1.37 mmol,
3.0 equiv.). The solution was stirred under a nitrogen atmosphere for 30 inir
(20 0C). The reaction was quenched by the addition of aqueous citric acid (1M)
(20 ml) and extracted with EtOAc (3X50 ml). The organic extracts were washed
with saturated aqueous NaHCO3 and saturated aqueous NaC1. The aqueous
washes were back-extracted with EtOAc. The organic washes were pooled,
concentrated in vacuo and the residue was purified by flash chromatography
(SiO2, 3 cm X 20 cm, 50-90% EtOAc : hexane) to yield 11 (472 mg, 98% yield).
1H NMR 400 MHz (8, ppm, CDC13) 7.48 (s, 1H), 7.42- 7.20 (m, 30H), 6.77 (d, J =
8.5 Hz, 1H), 6.71 (d, I = 6.4 Hz, 1H), 6.67 (obs. q, I = 7.1 Hz, 1H), 6.65 (d, J = 7.9
Hz, 1H), 5.52 (dt, J = 15.4 Hz, 6.3 Hz, 1H), 5.36 (dd, J = 15.7 Hz, 5.3 Hz, 1H), 4.45
(dd, J = 8.4 Hz, 6.1 Hz, 1H), 4.34 (m, 1H), 4.09 (app. t, J = 6.2 Hz, 1H), 3.95 (m,
1H), 3.65 (s, 3H), 3.25 (d, J = 4.0 Hz, 1H [OH]), 2.80 (dd, I = 13.0 Hz, 7.0 Hz, 1H),
2.63 (dd, J = 13.0 Hz, 5.9 Hz, 1H), 2.40 (dd, J = 15.1 Hz, 3.1 Hz, 1H), 229 (dd, J=
15.1 Hz, 9.3 Hz, 1H), 2.21-2.03 (obs. m, 6H), 1.69 (d, J = 6.2 Hz, 3H), 0.94-0.87 (m,
12H)
13C NMR 100 MHz (8, ppm, CDC13) 172.8, 171.8, 169.0, 164.2, 144.8, 144.2, 132.1,
130.5, 129.6, 129.5, 128.7, 128.2, 127.91, 127.87, 127.0, 126.6, 69.5, 67.4, 66.6, 59.4,
58.0, 53.2, 52.0, 42.9, 32.6, 31.4, 31.3, 31.0, 30.0, 19.5, 19.0, 18.4, 17.8, 13.5
IR (neat, cm- 1) 3389, 3059, 2961, 2922, 2851, 1721, 1667, 1634, 1526, 1491, 1468,
1445, 1375, 1179, 1154, 1078, 1016, 847

FABMS (Nal) m/e 1081 (calculated for C63H 70 N4S20 7 + Na = 1081),
[ct] 20D = -2.5 (c = 1.0, CH 20C2)
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hydroxy acid 12b A solution of methyl ester 11b (472 mg, 0.45 mmol, 1 equiv.) in

THF : H 2 0 (4: 1) (6.25 ml) at 00C was treated with LiOH (21.7 mg, 0.91 mmol, 2

equiv.) and the solution was stirred under a nitrogen atmosphere for 3.5 h (OoC).

The reaction was quenched by the addition of aqueous HC1 (IM) (1.4 ml) and

extracted with EtOAc (3X20 ml). The organic extracts were concentrated in vacuo

and the product was purified by flash chromatography (SiO2, 3 cm X 20 cm,

100% EtOAc-4% AcOH: EtOAc to yield the hydroxy acid 12b (437 g, 93% yield).
1H NMR 400 MHz (6, ppm, CDC13 ) 7.31-7.02 (m, 32H), 6.87 (d*, J= 8.4 Hz, 1H),

6.57, (q, J= 7.1 Hz, 1H), 5.39, (dt, I = 15.2, = 6.3 Hz, 1H), 5.27 (dd, J= 15.3 Hz, J=
6.2 Hz, 1H), 4.20 (m, 2H), 4.00 (app. d*, 1= 5.9 Hz, 1H), 3.94 (app. t*, J= 6.8 Hz,

1H), 2.52 (m, 2H), 2.22 (m, 2H), 2.00-1.93 (m, 4H), 1.57, (d, I = 7.11 Hz, 3H), 0.80-

0.74 (m, 12H)

* partially exchanged
13C NMR 100 MHz (5, ppm, CDCi3) 172.9, 172.0, 169.4, 164.5, 144.6, 144.0, 132.4,

129.5, 129.3, 128.4, 127.9, 127.7, 126.7, 126.4, 68.8, 67.0, 66.4, 58.8, 53.3, 52.8, 42.7,

32.4, 31.7, 31.3, 31.1, 30.5, 30.1, 19.0, 18.9, 17.9, 17.5, 13.3

IR (neat, cm-) 3287, 3058, 3027, 2965, 2930, 1636, 1522, 1491, 1445, 1391, 1318,

1267, 1215, 1184, 1034, 972, 743, 700, 675, 621

FABMS (Nal) m/e 1067 (calculated for C62 H68N 4S20 7 + Na = 1067),

m/e 1089 (calculated for C62 H6N 4SO 7 + Na2 = 1089)

[a.I2 0D = +7.3 (c = 2.0, CH2C12)
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lactuse 13 A solution of the PPh3 (315 mg, 1.2 mmol, 25 equiv.) and TsOH-H 20
(45.5 mg, 1.0 mmol, 20 equiv.) in THF (50 ml) at 20'C was treated with DIAD (190

pl, 0.25 mmol, 5 equiv.), and the solution was stirred under a nitrogen

atmosphere for 30 min (200 C). The heterogeneous mixture was cooled to OoC and

a solution of the hydroxy acid 12b (50.0 mg, y 0.05 mmol, 1 equiv.) in THF (5 ml)

was added via syringe pump (2.7 ml/h) and the resulting mixture was stirred

under a nitrogen atmosphere for an additional 2h (OC).8 The reaction was

concentrated in vacuo and the product was purified by flash chromatography

(SiO2, 3 cm X 15 cm, 50-90% EtOAc : hexane) to yield 13 (31.4 mg, 64% yield).

IH NMR 400 MHz (8. ppm, 9: 1 CDC13 : CD 30D) 7.43 (d*, J= 8.4 Hz, 1H), 7.35-
7.05 (m, 33H), 6.72 (q, J = 7.2 Hz, 1H), 5.50 (dt, J = 15.4 Hz, 6.6 Hz, 1H), 5.40 (m,

1H), 5.20 (dd, J = 15.5 Hz, 7.0 Hz, 1H), 4.44 (m*, 1H), 4.12 (m*, 1H), 3.86 (m, 1H),

2.50-2.35 (m, 4H), 2.22 (m, 1H), 1.93 (m, 2H), 1.85 (m, 1H), 1.60 (d, I = 7.2 Hz, 3H),
0.91 (d, J = 6.7 Hz, 3H), 0.89 (d, J= 6.7 Hz, 3H), 0.77 (d, J= 6.9 Hz, 3H), 0.75 (d, J=
6.8 Hz, 3H)

* partially exchanged
13C NMR 100 MHz (5, ppm, 9: 1 CDC13: CD3OD) 170.6, 170.5, 170.2, 170.1, 164.3,

144.6, 144.0, 133.9, 132.5, 129.3, 129.2, 127.9, 127.8, 127.7, 126.7, 126.4, 71.8, 66.7,

66.4, 60.8, 57.2, 52.6, 39.7, 33.4, 31.1, 30.9, 30.6, 29.6, 19.1, 18.9, 18.5, 17.0, 13.1
IR (neat, cm-1) 3295, 3058, 3027, 2965, 2928, 1956, 1738, 1653, 1489, 1443, 1373,

1327, 1271, 1202, 1082, 1034, 974, 845, 743, 700, 675, 621

m/e 1049 (calculated for C62H66N4S20 6 + Na = 1049)

[a] 20D = +3.7 (c = 1.0 CH 2C12)
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FR-901,228 (1) A solution of iodine (20.0 mg, 0.0195 mmol, 1 equiv.) in MeOH (27
ml) at 200C was stirred vigorously and the bis-(S-triphenylmethyl)-lactone in
MeOH (5 ml) was added.9 The deep brown solution was stirred for 10 min
(20aC). The reaction was quenched by the addition of aqueous ascorbate (0.2M)
in pH 4.0 citrate (0.2NI) buffer (4 ml). The colorless mixture extracted was poured
into 1 : 1 saturated aqueous NaCl and EtOAc (10 nl). The aqueous layer was
extracted with EtOAc (3X50 ml). The combined organic extracts were
concentrated in vacuc and the product was purified by flash chromatography
(SiO 2, 2 cm X 10 cm, 50-90% EtOAc : hexane) to yield FR-901228 (1) (8.3 mg, 88%
yield).
1H NMR 400 MHz (5. ppm, 9: 1 CDC13: CD 30D) 8.00 (s, 1H), 7.72 (d, J = 6.5 Hz,
1H), 6.27 (q, f = 7.1 Hz, 1H), 5.73-5.59 (obs. m*, 3H), 4.65 (m*, 1H), 4.49 (d, J = 3.9
Hz, 1H), 3.93 (m*, 1H), 3.08 (obs. m, 3H), 2.90 (m, 1H), 2.73 (m, 1H), 2.60 (m, 3H)
2.31 (m, 1H), 2.16 (m, J = 6.7 Hz, 1H), 1.67 (d, I = 7.1 Hz, 3H), 1.04 (d, J = 6.7 Hz,
3H), 1.03 (d, I = 6.7 Hz. 3H), 0.95 (d, J = 6.9 Hz, 3H), 0.92 (d, J= 6.9 Hz, 3H),
*partially exchanged
13C NMR 100 MHz (6. ppm, 9: 1 CDC13: CD 30D) 172.3, 171.3, 169.4, 168.4, 165.6,
130.5, 129.7, 129.5, 129.3, 70.1, 62.3, 58.1, 56.5, 37.8, 37.6, 34.5,31.7, 30.1, 28.9, 19.13,
19.06, 18.4, 18.1, 13.2

IR (neat, cm-1) 3339, 2959, 2924, 2853, 1740, 1690, 1664, 1651, 1524, 1466, 1375,
1254, 1183, 1022, 802, 721, 694

FABHRMS (Nal) m/e 563.1991 (calc'd for C24H 36N.S20 6 + Na = 563.1974)
[aj 20D = +40.4 (c = 0.5 CHC13); lit. [aP0 D = +39 (c = 1.0 CHC13)
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