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Experimental procedures and spectral data for all new compounds, including copies of 'H
and C NMR spectra for compounds 2a-b, 4a-b, Sa-b, 7a-b, 9a-b and Cbz,GS. Crystal
information files (CIF) for compounds 5a and 9b. Variable temperature '"H NMR shifts
for GS, 9a, and 9b. NOESY spectra for 9a, 9b and Cbz,GS (600 MHz, DMSO-ds). X-
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General. All moisture-sensitive reactions were performed using syringe-septum cap
techniques under an N, atmosphere and all glassware was dried in an oven at 150 °C for 2
h prior to use. Reactions carried out at =78 “C employed a CO,—acetone bath. THF was
distilled over sodium / benzophenone ketyl; CH,Cl,, toluene and Et;N were distilled from
CaH,. Me,Zn was purchased from Aldrich Company.

Reactions were monitored by TLC analysis (EM Science pre-coated silica gel 60
Fas4 plates, 250 wm layer thickness) and visualization was accomplished with a 254 nm
UV light and by staining with a Vaughn’s reagent (4.8 g NH4sMo, 0.2 g CeSO4 in 10 mL
conc. H,SO4 and 90 mL H,0). Flash chromatography on SiO, was used to purify the
crude reaction mixtures.

Melting points were determined using a Laboratory Devices Mel-Temp II. Infrared
spectra were determined on a Nicolet Avatar 360 FT-IR spectrometer. Circular dichroism
spectra were obtained on a JASCO 715 spectrometer at 0.1 mM concentration in EtOH
solution. '"H NMR and ">C NMR spectra were obtained on Bruker Avance 300, 500 or
600 MHz instruments. '’F NMR spectra were obtained on a Bruker Avance 300
instrument. Variable temperature NMR and NOESY spectra were recorded on Bruker
Avance 500 or 600 MHz instruments. Chemical shifts were reported in parts per million
with the residual solvent peak used as an internal standard. "H NMR spectra are tabulated
as follows: chemical shift, multiplicity (b = broad, s = singlet, d = doublet, t = triplet, q =
quartet, qn = quintet, m = multiplet), number of protons, and coupling constant(s). Mass
spectra were obtained on a Waters Autospec double focusing mass spectrometer (EI) or a
Waters Q-Tof mass spectrometer (ESI). A Varian HPLC system equipped with a semi-
prep Cig column (10 mm x 250 mm, 10 um particle size, 60 A) and a fraction collector

was used for purification.

BnO/\(\OH

Ph
(R)-2-Benzyl-3-benzyloxypropan-1-ol (A). Prepared as a colorless oil according to

a literature procedure:1 [a] ®b +32.9 (¢ 1.0, CHCL); IR (neat) 3415, 3028, 2861, 1495,
1453, 1363, 1088, 1030, 740, 699 cm™; '"H NMR (300 MHz, CDCl3) & 7.42-7.23 (m, 10

" Edmonds, M. K.; Abell, A. D. J. Org. Chem. 2001, 66, 3747.
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H), 4.58,4.53 (AB, 2 H, J = 11.9 Hz), 3.82-3.69 (m, 2 H), 3.64 (dd, 1 H, J=9.2, 4.4 Hz),
3.55(dd, 1 H,J=9.2, 6.5 Hz), 2.82 (t, | H, J= 5.5 Hz), 2.74 (d, 2 H, J = 8.1 Hz), 2.25-
2.16 (m, 1 H); °C NMR (75 MHz, CDCl3) & 140.0, 138.0, 129.0, 128.3, 128.2, 127.6,
127.5, 125.9, 73.3, 72.2, 64.7, 42.6, 34.4; EIMS m/z 256 (M, 1.5), 238 (1), 220 (1.3),
208 (2.2), 197 (3.7), 180 (5.3), 165 (3.5), 148 (32), 117 (75), 91 (100); HRMS (EI) m/z
calcd for C17H»00; 256.1463, found 256.1456.

BnO/\(\OTBDPS

Ph

(5)-(2-Benzyl-3-benzyloxypropoxy)-tert-butyldiphenylsilane (B). A solution of
16.0 g (62.4 mmol) of A in 200 mL of dried CH,Cl, was treated at room temperature
with 18.0 g (65.5 mmol) of #-butylchlorodiphenylsilane. The reaction mixture was cooled
to 0 °C and treated in one portion with 6.37 g (93.6 mmol) of imidazole followed by 762
mg (6.24 mmol) of DMAP. The resulting mixture was stirred at room temperature
overnight. The white precipitate was filtered and washed with cold CH,Cl,. The
combined organic layers were washed with 1 N HCl and H,O, dried (MgSO.),
concentrated in vacuo, and purified by chromatography on SiO, (10 : 1, hexanes/EtOAc)
to yield 27.8 g (90%) of B as a light yellow oil: [a]*p +11.2 (¢ 1.0, CHCI;); IR (neat)
3069, 3027, 2950, 2930, 2883, 2857, 1495, 1472, 1428, 1112, 1028, 823, 739, 700 cm'';
"H NMR (500 MHz, CDCl3) & 7.86 (t, 4 H, J = 6.3 Hz), 7.59-7.49 (m, 10 H), 7.46-7.33
(m, 6 H), 4.65 (s, 2 H), 3.96 (dd, 1 H, J=9.9, 4.8 Hz), 3.91 (dd, 1 H, J=9.8, 5.3 Hz),
3.75-3.70 (m, 2 H), 2.98 (dd, 1 H, J = 13.5, 7.3 Hz), 2.93 (dd, 1 H, J = 14.1, 7.4 Hz),
2.40-2.32 (m, 1 H), 1.29 (s, 9 H); °C NMR (125 MHz, CDCl3) § 140.4, 138.7, 135.6,
133.8, 129.5, 129.2, 128.2, 128.2, 127.6, 127.5, 127.3, 125.8, 73.0, 69.8, 63.1, 43.4, 34.3,
26.9, 19.3; EIMS m/z 437 (IM- C4Ho]", 2), 359 (4), 289 (3.5), 269 (100), 199 (30), 139
(30); HRMS (EI) m/z calcd for Co9H290,Si (M-C4Hy) 437.1937, found 437.1917.

HOA(\OTBDPS

Ph
(S)-2-Benzyl-3-(tert-butyldiphenylsilanyloxy)-propan-1-ol (C). A solution of
10.0 g (20.2 mmol) of B in 262 mL of EtOAc was hydrogenated (ballon) with 1.16 g of
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Pd(OH), (~20% Pd) at room temperature for 14 h. The mixture was filtered through a
thin pad of silica and concentrated in vacuo. The residue was purified by chromatography
on SiO; (4 : 1, hexanes/EtOAc) to yield 7.70 g (94%) of C as a colorless oil: [a] *°p —8.2
(c 0.6, CHCIy); IR (neat) 3418, 3070, 3026, 2930, 2889, 2857, 1472, 1428, 1112, 1082,
1049, 823, 789, 740, 701 cm™'; "H NMR (500 MHz, CDCL;) & 7.71 (d, 4 H, J = 7.5 Hz),
7.50-7.41 (m, 6 H), 7.30-7.20 (m, 3 H), 7.17 (d, 2 H, J= 7.0 Hz), 3.84 (dd, 1 H, J=10.2,
4.1 Hz), 3.80 (dd, 1 H, J=9.7, 5.0 Hz), 3.78-3.72 (m, 2 H), 2.68 (d, 2 H, J = 7.5 Hz),
2.38 (t, | H, J= 5.4 Hz), 2.13-2.06 (m, 1 H), 1.14 (s, 9 H); °C NMR (125 MHz, CDCls)
d 140.0, 135.6, 133.1, 129.8, 129.0, 128.2, 128.3, 127.8, 125.9, 65.8, 64.7, 44.3, 34.0,
26.9, 19.2; EIMS m/z 347 (IM-C4Ho]", 27), 269 (27), 229 (21), 199 (100), 181 (13), 131
(70), 91 (55), 77 (15); HRMS (EI) m/z calcd for Cy2H230,Si (M-C4Hy) 347.1467, found
347.1468.

0]

H)K(\OTBDPS

Ph
(R)-2-Benzyl-3-(tert-butyldiphenylsilanyloxy)-propionaldehyde (D). A solution
of 1.08 g (2.66 mmol) of C in 20.0 mL of CH,Cl, was treated at 0 “C with 1.36 g (3.20
mmol) of Dess-Martin Periodinane. The reaction mixture was stirred at 0 °C for 2.5 h,
quenched with saturated Na,S,0s in saturated NaHCOs solution, stirred for 15 min at
room temperature, extracted with CH,Cl,, dried (Na,SO,), filtered and concentrated in
vacuo. The residue was purified by chromatography on SiO, (10 : 1, hexanes/EtOAc) to
yield 960 mg (90%) of D as a colorless oil: IR (neat) 3070, 3028, 2956, 2931, 2858, 1728,
1472, 1428, 1112, 1049, 823, 740, 701 cm™'; "H NMR (300 MHz, CDCl;) § 9.84 (d, 1 H,
J=1.5Hz), 7.67-7.63 (m, 4 H), 7.50-7.38 (m, 6 H), 7.31-7.20 (m, 3 H), 7.19-7.14 (m, 2
H), 3.98 (dd, 1 H, J=10.5, 4.2 Hz), 3.85 (dd, 1 H, J=10.5, 5.4 Hz), 3.13 (dd, 1 H, J =
14.0, 6.3 Hz), 2.89 (dd, 1 H, J = 14.0, 8.2 Hz), 2.80-2.73 (m, 1 H), 1.10 (s, 9 H); °C
NMR (75 MHz, CDCl;) 8 203.4, 138.8, 135.6, 133.1, 133.0, 129.9, 129.8, 129.0, 128.5,
127.8, 126.3, 61.6, 55.7, 31.2, 26.8, 19.3; EIMS m/z 345 (IM-C4Ho]", 7.4), 315 (6.6), 289
(3.6), 267 (60), 259 (25), 199 (100), 129 (47), 91 (75), 77 (17); HRMS (EI) m/z calcd for

C2oH,10,81 (M-C4Hy) 345.1311, found 345.1316.
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Br Br

H OTBDPS
Ph

(8)-(2-Benzyl-4,4-dibromobut-3-enyloxy)-zert-butyldiphenylsilane (E). A
solution of 950 mg (2.36 mmol) of D in 50.0 mL of dried CH,Cl, was treated at room
temperature with 3.13 g (9.44 mmol) of CBry4, 617 mg (9.44 mmol) of zinc dust and 2.48
g (9.44 mmol) of PPh;. The reaction mixture was stirred at 25 °C for another 1 h, diluted
with 100 mL of hexane, filtered through a thin pad of silica gel, washed with hexane, and
concentrated in vacuo. The residue was purified by chromatography on SiO, (50 : 1,
hexanes/EtOAc) to yield 1.25 g (95%) of E as a colorless oil: [a] *°p +24.8 (¢ 1.0,
CHCl); IR (neat) 3070, 3027, 2999, 2930, 2857, 1495, 1471, 1427, 1112, 1049, 823, 789,
740, 701 cm™; "H NMR (500 MHz, CDCl3) § 7.65 (d, 4 H, J = 6.6 Hz), 7.46-7.37 (m, 6
H), 7.30-7.20 (m, 3 H), 7.15(d, 2 H, J=7.1 Hz), 6.38 (d, 1 H, J=9.3 Hz), 3.62 (dd, 1 H,
J=10.1,5.2 Hz), 3.58 (dd, 1 H, J=10.1, 4.9 Hz), 2.92 (dd, 1 H, J=13.1, 7.0 Hz), 2.88-
2.81 (m, 1 H), 2.72 (dd, 1 H, J=13.1, 6.8 Hz), 1.10 (s, 9 H); >C NMR (75 MHz, CDCl;)
0 139.8, 138.9, 135.6, 133.4, 129.8, 129.2, 128.4, 127.8, 126.3, 89.7, 64.1, 47.8, 36.2,
26.9, 19.3; EIMS m/z 499 (IM-C4Ho]", 1.5), 421 (1), 315 (2.7), 263 (10), 199 (8), 159
(10, 121 (100), 91 (27), 77 (10); HRMS (EI) m/z calcd for Cp3H,, "’ Br,OSi (M-C4Ho)

498.9728, found 498.9727.
\(\
OTBDPS

Ph

H3C

(8)-(2-Benzylpent-3-ynyloxy)-zert-butyldiphenylsilane (2a). A solution of 1.42 g
(2.54 mmol) of E in 28.0 mL of dried THF was treated at -78 °C with 3.50 mL (5.59
mmol) of n-BuLi (1.6 M solution in hexane). The reaction mixture was stirred at -78 "C
for 1 h and at room temperature for an additional 1 h, cooled to -78 °C, and treated
dropwise with 1.58 mL (25.4 mmol) of CHil. The solution was warmed to room
temperature, stirred overnight, quenched with H,O, extracted with ether, dried (MgSO,),

and concentrated in vacuo. The residue was purified by chromatography on SiO, (20 : 1,
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hexanes/EtOAc) to yield 1.02 g (97%) of 2a as a colorless oil: [a] *p +4.1 (¢ 0.44,
CHCly); IR (neat) 3070, 3028, 2956, 2930, 2857, 1471, 1428, 1112, 823, 740, 701 cm’';
'H NMR (500 MHz, CDCl3) § 7.72-7.69 (m, 4 H), 7.45-7.38 (m, 6 H), 7.31 (m, 5 H),
3.74 (dd, 1 H, J = 9.8, 4.5 Hz), 3.62-3.59 (m, 1 H), 3.11-3.06 (m, 1 H), 2.77-2.71 (m, 2
H), 1.74 (d, 3 H, J=2.0 Hz), 1.11 (s, 9 H); *C NMR (125 MHz, CDCl5)  139.7, 135.6,
133.7, 133.6, 129.6, 129.4, 128.0, 127.6, 126.1, 79.5, 78.4, 65.7, 37.6, 36.7, 26.9, 19.3,
3.5; EIMS m/z 411 (IM-H]", 0.7), 355 (40), 277 (47), 221 (48), 199 (100), 183 (50), 155
(38), 135 (24), 91 (37); HRMS (EI) m/z caled for CagH3,0Si (M-H) 411.2144, found
411.2167.

A

= OTBDPS
CH,

Boc.
N

H
Ph

[(4S)-Benzyl-5-(fert-butyldiphenylsilanyloxy)-1-isobutyl-2-methylpent-(2E)-
enyl]-carbamic acid zert-butyl ester (3a). A solution of 1.20 g (2.91 mmol) of 2a in
20.0 mL of dried CH,Cl, was treated at room temperature with 1.20 g (4.65 mmol) of
Cp2ZrHCI. The reaction mixture was stirred at room temperature for 20 min, CH,Cl, was
removed in vacuo and 20.0 mL of toluene was added. The resulting yellow solution was
cooled to -78 °C, treated over a period of 30 min with 1.45 mL (2.90 mmol) of Me,Zn
(2.0 M solution in toluene), stirred at -78 “C for 30 min, warmed to 0 °C over a period of
5 min and treated in one portion with 1.08 g (5.82 mmol) of N-Boc-isovaleraldimine’.
The reaction mixture was stirred at 0 °C for 4 h, quenched with saturated NH4Cl, diluted
with EtOAc, filtered through a thin pad of Celite, and extracted with EtOAc. The organic
layer was dried (MgSQ4), concentrated in vacuo, and purified by chromatography on
Si0, (20 : 1, hexanes/EtOAc) to yield 1.22 g (70%) of 3a as a colorless, oily 1 : 1.5
mixture of diastereomers: IR (neat) 3442, 3361, 3270, 3069, 2957, 2931, 2860, 1702,
1495, 1472, 1388, 1366, 1248, 1170, 1110, 823, 741, 702 cm™; '"H NMR (500 MHz,
CDCls) & 7.69-7.67 (m, 4 H), 7.43-7.37 (m, 6 H), 7.23-7.11 (m, 5 H), 5.22 (d, 0.4 H, J =

?Kanazawa, A. M.; Denis, J.-N.; Greene, A. E. J. Org. Chem. 1994, 59, 1238.
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9.5 Hz), 5.13 (b, 0.6 H), 4.33 (b, 0.6 H), 4.30 (b, 0.4 H), 3.99 (b, 0.6 H), 3.94 (b, 0.4 H),
3.57 (b, 1.2 H), 3.56 (s, 0.8 H), 2.99 (b, 0.4 H), 2.98 (dd, 0.6 H, J = 13.1, 4.6 Hz), 2.80-
2.60 (m, 1 H), 2.48-2.40 (m, 1 H), 1.50-1.48 (m, 3 H), 1.45 (s, 5.4 H), 1.41 (s, 3.6 H),
1.27-1.2 (m, 1 H), 1.09 (s, 9 H), 0.99-0.91 (m, 2 H), 0.87 (d, 3 H, J = 5.7 Hz), 0.82 (d, 3
H, J = 6.4 Hz); >C NMR (125 MHz, CDCl;) § 154.9, 140.4, 136.8, 136.5, 135.5, 133.7,
129.5, 129.3, 129.1, 127.8, 127.5, 126.4, 125.5, 78.6, 66.4, 55.5, 42.7, 42.6, 37.9, 28.3,
26.8, 24.7, 24.6, 22.5, 22.4, 19.2, 12.6; EIMS m/z 542 (IM-C4Hs]", 0.2), 499 (0.8), 486
(3), 442 (55), 425 (37), 364 (14), 199 (100), 135 (42), 91 (44); HRMS (EI) m/z calcd for
C33H4sNOSi (M-CsHgO,) 499.3270, found 499.3261.

A

= OH
CHs

Boc\H
Ph
((45)-Benzyl-5-hydroxy-1-isobutyl-2-methylpent-(2E)-enyl)-carbamic acid tert-
butyl ester. A solution of 889 mg (1.48 mmol) of 3a in 5.00 mL of dried THF was
treated at 0 °C with 2.22 mL (2.20 mmol) of TBAF (1.0 M solution in THF). The reaction
mixture was stirred at room temperature for 7 h, and diluted with EtOAc, washed with
brine. The organic layer was dried (MgSOs), concentrated in vacuo, and purified by
chromatography on SiO, (4 : 1, hexanes/EtOAc) to yield 375 mg (70%) of ((4S)-benzyl-
5-hydroxy-1-isobutyl-2-methylpent-(2E)-enyl)-carbamic acid tert-butyl ester as a
colorless, foamy 1 : 1.5 mixture of diastereomers: IR (neat) 3339, 2955, 2930, 1690, 1497,
1366, 1250, 1170, 1045, 1030, 746, 700 cm™; '"H NMR (300 MHz, CDCl;) & 7.26-7.11
(m, 5 H), 5.18-5.10 (m, 1 H), 4.57 (b, 0.6 H), 4.50 (b, 0.4 H), 4.00-3.85 (m, 1 H), 3.70-
3.62 (m, 0.4 H), 3.59 (dd, 0.6 H, J=10.5, 5.0 Hz), 3.46-3.37 (m, 1 H), 2.95-2.71 (m, 2 H),
2.51-2.38 (m, 1 H), 2.05 (b, 1 H), 1.58-1.49 (m, 1 H), 1.45 (s, 5.4 H), 1.41 (s, 3.6 H), 1.37
(s, 1.8 H), 1.33 (s, 1.2 H), 1.26-1.13 (m, 2 H), 0.89 (d, 3.6 H, J= 6.6 Hz), 0.84 (d, 1.2 H,
J =45 Hz), 0.82 (d, 1.2 H, J = 5.7 Hz); >C NMR (75 MHz, CDCl;) § 155.4, 155.3,
140.1, 140.0, 139.3, 137.5, 129.2, 129.0, 128.0, 125.8, 125.7, 125.2, 79.4, 79.2, 66.0, 57.5,
55.6,43.1,42.9, 41.5, 38.0, 37.7, 28.4, 28.3, 24.9, 24.3, 23.0, 22.8, 22.2, 22.0, 13.9, 11.0;
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EIMS m/z 362 ((M+H]", 0.2), 331 (8), 304 (8), 275 (25), 248 (22), 214 (85), 130 (60), 91
(79), 57 (100); HRMS (EI) m/z calcd for C2,H;sNO; 361.2617, found 361.2614.

L

= OAc
CH,

Boc.
N

H
Ph

Acetic acid 2-benzyl-(5S)-tert-butoxycarbonylamino-(4E)-7-dimethyloct-3-enyl
ester. A solution of 500 mg (1.38 mmol) of ((4S5)-benzyl-5-hydroxy-1-isobutyl-2-
methylpent-(2E)-enyl)-carbamic acid fert-butyl ester in 15.0 mL of dried CH,Cl, was
treated at 0 °C with 386 uL (2.77 mmol) of TEA, 522 uL (5.53 mmol) of Ac,O and 16.8
mg (0.138 Omol) of DMAP. The reaction mixture was stirred at 0 °C for 2 h, diluted with
EtOAc, and washed with brine. The organic layer was dried (MgSQy), concentrated in
vacuo, and purified by chromatography on SiO; (30 : 1, CH,CL/EtOAc) to yield 273 mg
(49%) and 240 mg (43%), respectively, of the two diasteromers of acetic acid 2-benzyl-
(58)-tert-butoxycarbonylamino-(4E)- 7-dimethyloct-3-enyl ester.

A

Boc.
N
H

= OAc

CH
5 “pn

Acetic acid (2R)-benzyl-(5S)-tert-butoxycarbonylamino-(4E)-7-dimethyloct-3-
enyl ester (less polar, major epimer): Colorless foam; [a] *’p +35.9 (¢ 1.0, CHCLs); IR
(neat) 3370, 2956, 2869, 1742, 1702, 1497, 1366, 1244, 1170, 1038, 748, 701 cm™; 'H
NMR (500 MHz, CDCls) 6 7.30-7.22 (m, 2 H), 7.18-7.11 (m, 3 H), 5.18 (d, 1 H, J=9.0
Hz), 4.42 (b, 1 H), 4.04-3.95 (m, 1 H), 3.98 (d, 2 H, J = 6.5 Hz), 2.92-2.83 (m, 1 H), 2.77
(dd, 1 H,J=13.3, 5.6 Hz), 2.53 (dd, 1 H, J=13.0, 8.6 Hz), 2.03 (s, 3 H), 1.50-1.42 (m, 1
H), 1.46 (s, 9 H), 1.28-1.23 (m, 2 H), 1.26 (s, 3 H), 0.88 (d, 3 H, /= 6.6 Hz), 0.88 (d, 3 H,
J = 6.6 Hz); °C NMR (125 MHz, CDCL;) & 171.0, 155.0, 139.5, 137.8, 129.3, 128.1,
125.9, 125.5, 78.9, 67.1, 55.7, 42.6, 39.3, 38.2, 28.4, 24.8, 22.6, 22.4, 20.8, 12.5; EIMS
m/z 403 (M", 0.5), 346 (13), 303 (8), 290 (15), 246 (23), 186 (93), 169 (32), 91 (100);
HRMS (EI) m/z calcd for C,4H37NO4 403.2723, found 403.2713.
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Boc.
N
H

= OAc

CH
5 “ph

Acetic acid (25)-benzyl-(55)-tert-butoxycarbonylamino-(4E)-7-dimethyl-oct-3-
enyl ester (4a): (more polar, minor epimer): Colorless foam; [a] *’p +7.4 (¢ 1.0, CHCL3);
IR (neat) 3367, 2956, 2868, 1741, 1701, 1497, 1383, 1366, 1240, 1170, 1033, 747, 700
cm™; 'H NMR (500 MHz, CDCls) & 7.37-7.33 (m, 2 H), 7.28-7.21 (m, 3 H), 5.23 (d, | H,
J= 8.7 Hz), 4.48 (b, 1 H), 4.13-4.05 (m, 3 H), 3.09-3.02 (m, 1 H), 2.92 (dd, 1 H, J = 13.4,
5.5 Hz), 2.59 (dd, 1 H, J = 13.4, 8.8 Hz), 2.14 (s, 3 H), 1.53 (s, 9 H), 1.47 (s, 3 H), 1.45-
1.36 (m, 1 H), 1.34-1.23 (m, 2 H), 0.93 (d, 6 H, J= 6.5 Hz); *C NMR (125 MHz, CDCl;)
0 171.1, 154.9, 139.5, 137.8, 129.1, 128.1, 126.0, 125.4, 79.0, 67.0, 55.6, 42.6, 39.1, 38.2,
28.4,24.6,22.6,22.5,20.9, 12.7; EIMS m/z 403 (M, 0.4), 346 (2.3), 303 (1.5), 290 (3.4),
246 (40), 186 (100), 169 (18), 91 (63); HRMS (EI) m/z caled for CosH37NO,4 403.2723,
found 403.2725.

Boc.
ocN
H

= OH

CH
5 “ph

(45)-Benzyl-5-hydroxy-(1S)-isobutyl-2-methylpent-(2E)-enyl)-carbamic  acid
tert-butyl ester (5a). A solution of 300 mg (0.743 mmol) of 4a in 25.0 mL of MeOH was
treated at 0 °C with 51.4 mg (0.372 mmol) of K,COs. The reaction mixture was stirred at
0 °C for 2 h and at room temperature for an additional 3 h, diluted with EtOAc, and
washed with H,O. The organic layer was dried (MgSQ4), concentrated in vacuo, and
purified by chromatography on SiO, (4 : 1, hexanes/EtOAc) to yield 242 mg (90%) of 5a
as a colorless solid: Mp 103-105 'C (hexanes); [a] *p —4.1 (¢ 0.56, CHCls); IR (neat)
3331, 3244, 2958, 2923, 2868, 1671, 1551, 1453, 1365, 1065, 1031, 745, 700 cm™; 'H
NMR (500 MHz, CDCls) 6 7.23-7.20 (m, 2 H), 7.15-7.10 (m, 3 H), 5.13(d, l H, J=9.5
Hz), 4.53 (b, 1 H), 3.88 (b, 1 H), 3.63 (b, 1 H), 3.43 (t, 1 H, J=9.7 Hz), 2.88-2.72 (m, 3
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H), 2.41 (dd, 1 H, J=13.2, 9.5 Hz), 1.40 (s, 9 H), 1.31 (s, 3 H), 1.22-1.13 (m, 3 H), 0.82
(d, 3 H, J= 6.3 Hz), 0.81 (d, 3 H, J = 6.3 Hz); °C NMR (125 MHz, CDCl;) & 155.3,
140.0, 137.2, 129.3, 128.9, 127.9, 125.6, 79.2, 65.9, 57.4, 43.1, 41.3, 37.6, 28.3, 24.2,
23.0, 22.0, 10.9; EIMS m/z 331 ([M-CH,0]", 11), 304 (5), 275 (30), 248 (25), 214 (100),
187 (19), 130 (75), 91 (80), 57 (97); HRMS (EI) m/z caled for CyH33NO, (M-CH,0)
331.2511, found 331.2513.

F|’h
BocHN™ & \\o
CH,
(0] H N
MeO._~ NN
N
WGJI
o? o)
NHCbz

Boc-Leu-qp[(E)-C(CH3)=CH]-D Phe-Pro-Val-Orn(Cbz)-OMe (7a). A solution of
121 mg (0.335 mmol) of 5a in 12.0 mL of dried CH,Cl, was treated at 0 “C with 284 mg
(0.670 mmol) of Dess-Martin Periodinane. The reaction mixture was stirred at 0 °C for
3.5 h, quenched with saturated Na,S,0s3 in saturated NaHCOjs solution, stirred for 30 min
at room temperature, and extracted with CH,Cl,. The organic layer was dried (Na,SOs),
concentrated in vacuo to give a yellow foam and subsequently dissolved in 10.0 mL of
THF, and treated at 0 "C with 1.00 mL (2.00 mmol) of 2-methyl-2-butene (2.0 M solution
in THF) followed by a solution of 96.3 mg (1.07 mmol) of NaClO, and 92.5 mg (0.679
mmol) of NaH,PO4*H,0 in 10.0 mL of H,O. The reaction mixture was stirred at 0 °C for
1 h and room temperature for an additional 4 h, extracted with EtOAc, and washed with
H,O. The organic layer was dried (Na,SO4) and concentrated in vacuo to yield crude 6a
as a yellow foam.

A solution of crude 6a in 10.0 mL of CHCl; was treated at 0 "C with 53.5 mg
(0.402 mmol) of HOBt, 70.7 mg (0.396 mmol) of EDC, a solution of 319 mg (0.670
mmol) of H-Pro-Val-Orn(Cbz)-OMe (10)° in 5.00 mL of CHCl; and 3.8 mg (0.031 mmol)

of DMAP. The reaction mixture was stirred at room temperature for 4 d, diluted with

3 Tamaki, M.; Akabori, S.; Muramatsu, I. Bull. Chem. Soc. Jpn. 1993, 66, 3113.
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CHCI3, and washed with H,O. The organic layer was dried (Na;SO4), concentrated in
vacuo, and purified by chromatography on SiO, (2 : 1, hexanes/EtOAc; 50 : 1,
CHCIl3/MeOH) to yield 263 mg (94%) of 7a as a colorless foam: [a] ®p —5.8 (¢ 1.0,
CHCIl); IR (neat) 3316, 2957, 2871, 1709, 1653, 1522, 1453, 1366, 1253, 1173, 1020,
754, 699 cm™; "TH NMR (600 MHz, CDCl3) 8 7.40 (b, 1 H), 7.29-7.06 (m, 10 H), 6.62 (d,
1 H,J=8.1 Hz), 6.20 (b, 1 H), 5.86 (d, 1 H, J= 8.0 Hz), 5.35 (d, 1 H, J=9.7 Hz), 5.02,
4,99 (AB, 2 H,J=12.7 Hz), 4.63 (b, 1 H), 4.49 (d, 1 H, J = 6.5 Hz), 4.40-4.45 (m, 1 H),
4.00-3.90 (m, 1 H), 3.70 (s, 3 H), 3.41 (b, 2 H), 3.24-3.14 (m, 3 H), 3.05 (dd, 1 H, J =
13.3, 5.6 Hz), 2.61 (dd, 1 H, J = 13.3, 8.3 Hz), 2.08-2.03 (m, 2 H), 1.98-1.80 (m, 4 H),
1.73-1.67 (m, 1 H), 1.63-1.55 (m, 2 H), 1.45 (s, 9 H), 1.39-1.36 (m, 1 H), 1.27 (s, 3 H),
1.24-1.21 (m, 2 H), 0.88 (d, 6 H, J = 6.8 Hz), 0.86 (d, 3 H, /= 6.6 Hz), 0.83 (d, 3 H, J =
6.6 Hz); °C NMR (150 MHz, CDCls) & 174.0, 172.2, 171.4, 170.6, 156.7, 155.3, 141.6,
139.2, 136.7, 129.3, 128.2, 128.0, 127.9, 127.6, 125.9, 120.2, 78.4, 66.2, 60.6, 57.6, 54.7,
52.1,52.0, 51.7, 46.4, 42.8, 40.5, 37.6, 31.4, 29.1, 28.9, 28.3, 28.2, 26.1, 24.9, 24.5, 23.0,
21.6, 18.9, 17.9, 14.3; HRMS (ESI) m/z calcd for Cs4cHs7NsO9Na (M+Na) 856.4836,
found 856.4832.

NHCbz
Boc-Leu-p [(E)-C(CH3)=CH]-" Phe-Pro-Val-Orn(Cbz)-Leu-p [(E)-

C(CH;)=CH]-"Phe-Pro-Val-Orn(Cbz)-OMe (8a). A solution of 250 mg (299 umol) of
7a in 1.88 mL of MeOH was treated at 0 °C with 598 uL (598 umol) of 1 N NaOH. The
reaction mixture was stirred at 0 °C for 1 h, at room temperature for an additional 2 h, and
treated at 0 °C with 598 uL (598 umol) of 1 N HCI. The solution was extracted with
CHCl; and the organic layer was dried (Na,SO4) and concentrated in vacuo to give crude

acid as a colorless foam.
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Another solution of 250 mg (299 wmol) of 7a in 2.07 mL (8.28 mmol) of HCI (4.0
N solution in 1,4-dioxane) was stirred at 0 °C for 10 min and at room temperature for an
additional 40 min. 1,4-Dioxane was removed in vacuo and a solution of the resulting
colorless, foamy residue in 50.0 mL of CHCl; was washed with 5% Na,CO; solution.
The organic layer was dried (Na,SO4) and concentrated in vacuo to give the crude amine
as a yellowish foam.

A solution of acid and amine in 3.00 mL of CHCI; was treated at room temperature
with 46.1 mg (341 umol) of HOBt, 57.3 mg (299 umol) of EDC and 3.7 mg (30 umol) of
DMAP. The reaction mixture was stirred at 0 °C for 1 h and at room temperature for 2 d,
diluted with CHCIs, and washed with 5% citric acid, 5% Na,COj; and H,O. The organic
layer was dried (Na,SOs), concentrated in vacuo, and purified by chromatography on
Si0, (2 : 1, hexanes/EtOAc; 50 : 1, CHCI:/MeOH) to yield 445 mg (97%) of 8a as a

colorless foam which was used directly without any further purification.

NHCbz
Cyclo[(Val-Orn(Cbz)-Leu-qp[(E)-C(CH3)=CH]-D Phe-Pro);] (9a). A solution of

68.0 mg (44.3 umol) of 8a in 3.61 mL of MeOH was treated at 0 °C with 443 uL (443
umol) of 1 N NaOH. The reaction mixture was stirred at 0 °C for 30 min and at room
temperature for an additional 8 h. The solvents were removed in vacuo and the residue
was dissolved at 0 °C in 3.61 mL (14.4 mmol) of HCI (4.0 N solution in 1,4-dioxane).
The reaction mixture was stirred at 0 °C for 5 min and at room temperature for an
additional 1 h. 1,4-Dioxane was removed in vacuo and the resulting colorless, foamy
residue was dissolved in 20.0 mL of benzene, treated at room temperature with 37.2 mg
(443 umol) of NaHCOs;, and evaporated to dryness by azeotropic distillation with
benzene at 25 °C. The solid residue was dissolved in 36.9 mL of CHCI;, and treated at
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room temperature with 6.6 mg (48.7 umol) of HOBt, 10.2 mg (53.2 umol) of EDC and
5.4 mg (44.2 umol) of DMAP. The reaction mixture was stirred at room temperature for
2.5 d, diluted with CHCl3, and washed with H,O. The organic layer was dried (Na;SOs),
concentrated in vacuo, and purified by chromatography on SiO, (3 : 1, hexanes/EtOAc;
10 : 1, CHCI3/MeOH) and repurified by RP-HPLC (C;s; 20% H,0O, 80% CH;CN, 5
mL/min) to yield 26.1 mg (42%) of 9a as a colorless soild: Mp 105-107 'C (MeOH/H,0);
'H NMR (600 MHz, DMSO-dg) & 9.01 (d, 2 H, J = 8.8 Hz), 7.95 (d, 2 H, J = 9.4 Hz),
7.27-7.22 (m, 12 H), 7.18-7.11 (m, 10 H), 6.31 (d, 2 H, J= 8.5 Hz), 5.24 (d, 2 H, J = 10.1
Hz), 4.89, 4.86 (AB, 4 H, J=12.6 Hz), 4.69 (q, 2 H, J= 7.9 Hz), 4.61 (dd, 2 H, J = 8.2,
4.9 Hz), 434 (d, 2 H, J= 7.1 Hz), 4.14 (t, 2 H, J = 9.8 Hz), 3.60 (q, 2 H, J = 8.7 Hz),
3.55-3.49 (m, 2 H), 3.30-3.26 (m, 2 H), 3.11-3.05 (m, 4 H), 2.96 (dd, 2 H, J = 13.3, 4.8
Hz), 2.47 (dd, 2 H, J = 13.6, 9.1 Hz), 2.07-2.01 (m, 2 H), 1.98-1.90 (m, 2 H), 1.90-1.77
(m, 4 H), 1.73-1.64 (m, 2 H), 1.60-1.53 (m, 2 H), 1.52-1.42 (m, 4 H), 1.38 (t, 2 H, J =
11.0 Hz), 1.21 (s, 6 H), 1.17-1.11 (m, 2 H), 0.84-0.77 (m, 4 H), 0.73 (t, 12 H, J = 6.7 Hz),
0.71 (d, 12 H, J = 6.5 Hz); °C NMR (150 MHz, DMSO-d¢) & 172.7, 170.4, 169.6 (2C),
156.1, 141.4, 139.5, 137.1, 129.4, 128.2, 127.6, 125.6, 118.8, 65.1, 60.0, 55.3, 52.1, 51.7,
45.9,45.3, 42.1, 40.3, 36.6, 33.3, 30.7, 29.5, 26.1, 24.9, 24.1, 23.1, 20.5, 18.6, 17.6, 15.0;
HRMS (ESI) m/z calcd for CgoH;11N10O12 (M+H) 1403.8383, found 1403.8369.

BU3Sn
X
OTBDPS

Ph
(8)-[2-Benzyl-4-(tributylstannanyl)-but-3-ynyloxy|-fer-butyldiphenylsilane
(2b). A solution of 685 mg (1.23 mmol) of E in 10.0 mL of dried THF was treated at -78
°C with 1.69 mL (2.71 mmol) of n-BuLi (1.6 M solution in hexane). The mixture was
stirred at -78 °C for 1 h and at room temperature for an additional 1 h, cooled to -78 °C
and treated dropwise with 0.350 mL (1.29 mmol) of Bu3SnCl. The solution was warmed
to 0 °C, stirred for 30 min, quenched with saturated NaHCO; solution, extracted with
ether, dried (Na,COs3) and concentrated in vacuo to yield 860 mg (quant) of crude 2b as a
light yellow oil: [a]*°p +11.8 (¢ 1.0, CHCLs); IR (neat) 3070, 3028, 2956, 2929, 2856,
2146, 1463, 1428, 1112, 824, 740, 700 cm™; "H NMR (500 MHz, CDCl3) & 7.76-7.72 (m,
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4 H), 7.47-7.41 (m, 6 H), 7.34-7.20 (m, 5 H), 3.80 (dd, 1 H, J = 9.8, 4.9 Hz), 3.66 (dd, 1
H,J=9.8,7.7 Hz), 3.14 (dd, 1 H, J= 13.0, 4.9 Hz), 2.94-2.88 (m, 1 H), 2.81 (dd, 1 H, J
=13.0, 8.5 Hz), 1.57-1.51 (m, 6 H), 1.38-1.30 (m, 6 H), 1.14 (s, 9 H), 0.98-0.94 (m, 6 H),
0.91 (t,9 H, J= 7.3 Hz); C NMR (75 MHz, CDCL;) § 139.4, 135.6, 135.5, 133.6, 133.5,
129.5, 129.5, 127.8, 127.6, 126.0, 111.4, 84.5, 65.5, 38.0, 37.6, 28.8, 26.9, 26.8, 19.3,
16.3, 13.6, 10.8; EIMS m/z 631 (IM-C4Ho]", 60), 575 (80), 539 (10), 517 (13), 461 (10),
341 (15), 263 (30), 199 (68), 135 (40), 91 (100); HRMS (EI) m/z calcd for
C35H4708i''%Sn (M-C4Hy) 627.2414, found 627.2386.

|
WOTBDPS
BuzSn

Ph
[(285)-Benzyl-(4E)-iodo-4-(tributylstannanyl)-but-3-enyloxy|-zert-

butyldiphenylsilane. A solution of 1.53 g (2.22 mmol) of 2b in 15.0 mL of dried THF
was treated at room temperature with 802 mg (3.11 mmol) of Cp,ZrHCL. The reaction
mixture was stirred at room temperature for 40 min and treated with a solution of 597 mg
(2.35 mmol) of I, in 5.0 mL of dried THF. The mixture was stirred at room temperature
for 1 h, diluted with Et,O, and washed with H,O. The organic layer was dried (Na,SOs),
concentrated in vacuo, and purified by chromatography on SiO; (100 : 1, hexanes/EtOAc)
to yield 1.46 g (80%) of [(2S)-benzyl-(4E)-iodo-4-(tributylstannanyl)-but-3-enyloxy]-
tert-butyldiphenylsilane as a colorless oil: [a] *p +29.1 (¢ 1.0, CHCl3); IR (neat) 3070,
3027, 2956, 2929, 2856, 1463, 1427, 1112, 823, 740, 700 cm™; '"H NMR (300 MHz,
CDCls) 6 7.69-7.65 (m, 4 H), 7.46-7.37 (m, 6 H), 7.32-7.13 (m, 6 H), 3.54 (d, 2 H, J =
5.2Hz),2.95(dd, 1 H,J=13.3, 6.2 Hz), 2.63 (dd, 1 H, J=13.3, 7.7 Hz), 2.36-2.29 (m, 1
H), 1.46-1.37 (m, 6 H), 1.32-1.20 (m, 6 H), 1.10 (s, 9 H), 0.92-0.84 (m, 6 H), 0.86 (t, 9 H,
J = 7.2 Hz); °C NMR (75 MHz, CDCl;) & 157.6, 139.5, 135.7, 133.5, 133.4, 129.7,
129.5, 128.3, 127.8, 127.7, 126.2, 103.3, 65.6, 52.6, 37.3, 28.7, 27.3, 27.0, 19.4, 13.6,
12.6; EIMS m/z 815 (M, 0.13), 759 (25), 631 (40), 361 (100), 305 (32), 263 (35), 199
(62), 135 (47); HRMS (EI) m/z caled for CssHigIOSi*Sn (M-C4Ho) 759.1541, found
759.1526.
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A

Boc\N Z

H
BU3SH Ph

OTBDPS

[(4S)-Benzyl-5-(fert-butyldiphenylsilanyloxy)-1-isobutyl-2-(tributylstannanyl)-
pent-(2E)-enyl]-carbamic acid tert-butyl ester (3b). A solution of 810 mg (0.993 mmol)
of [(25)-benzyl-(4FE)-iodo-4-(tributylstannanyl)-but-3-enyloxy]-fert-butyldiphenylsilane
in 5.00 mL of dried Et,O was treated dropwise at -78 °C with 1.46 mL (2.48 mmol) of ¢-
BuLi (1.7 M solution in pentane). The reaction mixture was stirred at -78 °C for 1.5 h and
treated at -78 °C with 552 mg (2.98 mmol) of N-Boc-isovaleraldimine 7°. The reaction
mixture was stirred at -78 °C for 1 h, quenched with H,O, and extracted with Et,O. The
organic layer was dried (MgSQO,), concentrated in vacuo, and purified by chromatography
on SiO; (60 : 1, hexanes/EtOAc) to yield 610 mg (70%) of 3b as a colorless, oily 1 : 1.5
mixture of diastereomers: IR (neat) 3449, 3264, 2956, 2929, 2857, 1718, 1699, 1494,
1472, 1428, 1389, 1356, 1247, 1172, 1112, 1051, 741, 701 cm™; '"H NMR (300 MHz,
CDCls) & 7.71-7.63 (m, 4 H), 7.46-7.35 (m, 6 H), 7.27-7.15 (m, 5 H), 6.24 (d, 0.4 H, J =
9.4 Hz), 6.09 (d, 0.6 H, J=9.1 Hz), 4.35-4.00 (m, 2 H), 3.63-3.40 (m, 2 H), 3.12-3.00 (m,
1 H), 2.71 (dd, 0.4 H, J=12.6, 5.9 Hz), 2.63 (dd, 0.6 H, J = 13.1, 7.5 Hz), 2.40 (b, 1 H),
1.68-1.34 (m, 15 H), 1.32-1.21 (m, 9 H), 1.13 (s, 9 H), 0.95-0.79 (m, 21 H); >C NMR (75
MHz, CDCls) 8 154.8, 146.9, 146.6, 141.1, 140.0, 135.7, 135.7, 135.7, 133.7, 133.7,
133.6, 133.5, 129.6, 128.1, 127.6, 125.9, 78.6, 66.3, 66.1, 56.9, 56.7, 48.8, 48.6, 45.5,
45.4,39.9, 38.2, 38.1, 34.8, 29.7, 29.2, 28.5, 27.8, 27.4, 27.0, 26.3, 25.3, 24.9, 24.8, 24.1,
22.8,22.6,21.6, 19.4, 13.6, 10.8; EIMS m/z 818 ([M-C4Ho]", 31), 762 (80), 718 (47), 428
(47), 330 (20), 250 (25), 199 (100), 135 (45); HRMS (EI) m/z caled for
C4sHesNO3Si"?%Sn (M-C4Ho) 818.3990, found 818.4018.

PN

Boc.
HJ\K\COTBDPS
|

Ph
[(4S5)-Benzyl-5-(tert-butyldiphenylsilanyloxy)-(2Z2)-iodo-1-isobutylpent-2-enyl]-
carbamic acid zert-butyl ester. A solution of 1.17 g (1.34 mmol) of 3b in 20.0 mL of
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CH,Cl; was treated at 0 °C with 391 mg (1.74 mmol) of NIS in one portion. The mixture
was rapidly stirred at 0 °C for 2 h, quenched with saturated Na,S,03 in saturated NaHCO;
solution and stirred until a clear solution formed. The solution was extracted with Et,0,
dried (MgS0,), filtered and concentrated in vacuo. The residue was purified by
chromatography on SiO, (20 : 1, hexanes/Et,0) to yield 758 mg (80%) of [(4S)-benzyl-5-
(tert-butyldiphenylsilanyloxy)-(2Z2)-iodo-1-isobutylpent-2-enyl]-carbamic acid tert-butyl
ester as a colorless, oily 1 : 1.5 mixture of diastereomers: IR (neat) 3435, 3339, 3070,
3026, 2957, 2931, 2858, 1705, 1494, 1472, 1366, 1244, 1169, 1112, 823, 741, 701 cm’';
"H NMR (300 MHz, CDCl3) § 7.71-7.64 (m, 4 H), 7.47-7.35 (m, 6 H), 7.25-7.15 (m, 5 H),
595(d, 0.4 H, J=8.4 Hz), 5.74 (d, 0.6 H, J = 7.8 Hz), 4.62 (d, 0.4 H, J= 9.1 Hz), 4.59
(d, 0.6 H, J = 8.7 Hz), 3.90-3.80 (m, 0.4 H), 3.80-3.70 (m, 0.6 H), 3.68-3.60 (m, 2 H),
3.10-2.95 (m, 1.4 H), 2.90-2.82 (m, 0.6 H), 2.76-2.60 (m, 1 H), 1.48 (s, 3.6 H), 1.40 (s,
5.4 H), 1.33-1.26 (m, 2 H), 1.20-1.14 (m, 1 H), 1.11 (s, 5.4 H), 1.09 (s, 3.6 H), 0.93-0.90
(m, 2.4 H), 0.84 (d, 1.8 H, J = 6.2 Hz), 0.79 (d, 1.8 H, J = 6.0 Hz); °C NMR (75 MHz,
CDCl) 0 154.4, 154.2, 139.2, 139.0, 137.8, 137.2, 135.5, 133.4, 129.5, 129.3, 129.1,
128.0, 127.6, 125.9, 115.6, 109.3, 79.2, 64.7, 64.6, 57.5, 50.1, 49.9, 44.4, 44.2, 36.6, 36.4,
28.3, 26.8, 26.8, 24.2, 23.9, 23.0, 22.9, 22.1, 21.6, 19.2; EIMS m/z 638 (IM-OC4Ho]",
2.3), 598 (50), 554 (59), 520 (36), 476 (33), 349 (31), 198 (100), 135 (55), 91 (71);
HRMS (EI) m/z calcd for Cs33Hs 1 INO,Si (M-OC4Hy) 638.1951, found 638.1975.

((45)-Benzyl-5-hydroxy-(22)-iodo-1-isobutylpent-2-enyl)-carbamic acid tert-
butyl ester. A solution of 600 mg (0.843 mmol) of [(4S5)-benzyl-5-(tert-
butyldiphenylsilanyloxy)-(2Z2)-iodo-1-isobutylpent-2-enyl]-carbamic acid fert-butyl ester
in 10.0 mL of dried THF was treated at 0 °C with 1.69 mL (1.69 mmol) of TBAF (1.0 M
solution in THF) and a solution of 96.7 uL (1.69 mmol) of CH;COOH in 2.00 mL of
dried THF. The reaction mixture was stirred at room temperature for 24 h, diluted with

EtOAc, and washed with brine. The organic layer was dried (Na,SQO4), concentrated in
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vacuo, and purified by chromatography on SiO; (4 : 1, hexanes/EtOAc) to yield 337 mg
(84%) of ((4S5)-benzyl-5-hydroxy-(2Z)-iodo-1-isobutylpent-2-enyl)-carbamic acid fert-
butyl ester as a colorless, oily 1 : 2 mixture of diastereomers: IR (neat) 3411, 3324, 3027,
2956, 2869, 1694, 1496, 1366, 1249, 1167, 1042, 1018, 745, 700 cm™; "H NMR (500
MHz, CDCls) 6 7.26-7.16 (m, 5 H), 5.83 (d, 0.33 H, J = 8.8 Hz), 5.71 (d, 0.67 H, J=9.3
Hz), 4.66 (d, 0.33 H, J = 8.0 Hz), 4.60 (d, 0.67 H, J = 6.3 Hz), 3.90-3.81 (m, 0.33 H),
3.75-3.64 (m, 0.67 H), 3.59-3.40 (m, 2 H), 3.17-3.05 (m, 0.67 H), 2.96-2.85 (m, 0.33 H),
2.83-2.73 (m, 1.34 H), 2.61 (dd, 0.66 H, J=13.5, 9.0 Hz), 2.44 (b, 0.33 H), 1.67 (b, 0.67
H), 1.60-1.50 (m, 0.66 H), 1.46 (s, 3 H), 1.42 (s, 6 H), 1.34-1.26 (m, 1.34 H), 1.20-1.08
(m, 1 H), 0.95-0.91 (m, 2 H), 0.84 (d, 2 H, J = 6.5 Hz), 0.80 (d, 2 H, J = 6.3 Hz); °C
NMR (125 MHz, CDCl3) 6 155.0, 154.6, 139.0, 138.9, 136.9, 129.3, 129.1, 128.1, 125.9,
116.7, 116.1, 79.9, 79.4, 64.5, 64.0, 58.0, 57.9, 51.1, 50.1, 44.1, 42.9, 36.5, 36.1, 28.3,
24.3,23.7,23.1,22.7,22.0, 21.5; EIMS m/z 473 (M, 0.2), 443 (2.9), 316 (43), 290 (76),
272 (16), 260 (50), 246 (35), 229 (20), 91 (100); HRMS (EI) m/z calcd for CoH30INO;
(M-CH;0) 443.1321, found 443.1323.

Acetic acid (2S)-benzyl-5-tert-butoxycarbonylamino-(42)-iodo-7-methyloct-3-
enyl ester. A solution of 310 mg (0.655 mmol) of ((4S)-benzyl-5-hydroxy-(22)-iodo-1-
isobutylpent-2-enyl)-carbamic acid fert-butyl ester in 15.0 mL of dried CH,Cl, was
treated at 0 °C with 183 uL (1.31 mmol) of TEA, 247 uL (2.62 mmol) of Ac,O and 8.0
mg (65.5 umol) of DMAP. The reaction mixture was stirred at 0 “C for 1 h and at room
temperature for an additional 3 h, diluted with EtOAc, and washed with brine. The
organic layer was dried (NaySOs4), concentrated in vacuo, and purified by
chromatography on SiO, (200 : 1, CH,Cl,/EtOAc) to yield 98.0 mg (29%) and 236 mg
(70%), respectively, of the diastereomers of acetic acid (25)-benzyl-5-tert-
butoxycarbonylamino-(4Z2)-iodo-7-methyloct-3-enyl ester.
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PN

Boc.
N/Y\(\OAC
H |

Ph
Acetic acid (25)-benzyl-5R-tert-butoxycarbonylamino-(42)-iodo-7-methyloct-3-
enyl ester (less polar, minor epimer): Colorless oil; [a] *’p +26.3 (¢ 1.0, CHCl;); IR (neat)
3365, 3027, 2957, 2927, 2869, 1743, 1713, 1496, 1366, 1245, 1167, 1040, 1018, 748, 700
cm™; 'H NMR (500 MHz, CDCls) & 7.29-7.26 (m, 2 H), 7.21-7.19 (m, 3 H), 5.83 (d, | H,
J=28.8 Hz), 4.63 (d, 1 H,J=8.0 Hz), 4.03 (dd, 1 H, J=10.9, 5.2 Hz), 3.98 (dd, 1 H, J =
10.9, 7.1 Hz), 3.81 (g, 1 H, J=7.3 Hz), 3.05 (bq, | H, J=6.7 Hz), 2.74 (d, 2 H, J= 6.7
Hz), 2.03 (s, 3 H), 1.55-1.48 (m, 1 H), 1.46 (s, 9 H), 1.29-1.23 (m, 2 H), 0.93 (d, 3 H, J =
6.6 Hz), 0.90 (d, 3 H, J = 6.5 Hz); °C NMR (75 MHz, CDCl3) § 170.8, 154.5, 138.3,
136.6, 129.3, 128.4, 126.3, 116.8, 79.6, 65.4, 57.8, 46.9, 44.2, 36.9, 28.4, 24.4, 23.0, 21.8,
20.8; EIMS m/z 458 ([M-C4Ho]", 0.5), 443 (2.4), 358 (30), 332 (20), 298 (45), 171 (50),
105 (77), 91 (100); HRMS (EI) m/z caled for C19HysINO, (M-C4Ho) 458.0828, found
458.0833.

Boc.
N
H

= OAc

I
Ph

Acetic acid (25)-benzyl-55-tert-butoxycarbonylamino-(42)-iodo-7-methyloct-3-
enyl ester (more polar, major epimer): Colorless oil; [ot] 5 4.2 (¢ 0.9, CHCLs); IR (neat)
3361, 3027, 2957, 2929, 2869, 1743, 1713, 1496, 1366, 1246, 1168, 1040, 1017, 747, 700
cm™; 'H NMR (500 MHz, CDCls) § 7.28-7.25 (m, 2 H), 7.02 (d, 1 H, J = 7.2 Hz), 7.16 (d,
2H,J=73Hz),572(d, 1 H,J=8.8 Hz), 4.60 (d, 1 H, J=7.7 Hz), 4.07 (dd, | H, J =
10.7, 5.8 Hz), 4.01 (dd, 1 H, J=10.8, 6.5 Hz), 3.75-3.65 (bm, 1 H), 3.25-3.10 (bm, 1 H),
2.84 (dd, 1 H,J=13.7, 6.5 Hz), 2.66 (dd, 1 H, J=13.7, 8.3 Hz), 2.06 (s, 3 H), 1.43 (s, 9
H), 1.35-1.28 (m, 1 H), 1.18-1.12 (m, 2 H), 0.83 (d, 3 H, J=6.1 Hz), 0.78 (d, 3 H, J= 5.9
Hz); C NMR (125 MHz, CDCl;) § 171.0, 154.4, 138.4, 136.4, 129.1, 128.3, 126.3,
117.2, 79.6, 65.4, 57.6, 46.6, 44.0, 37.0, 28.3, 24.0, 23.1, 21.7, 20.9; EIMS m/z 458 ([M-
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CsHo]', 0.6), 442 (3.7), 358 (34), 332 (22), 298 (50), 171 (57), 129 (27), 91 (100); HRMS
(EI) m/z caled for C1oHasINO, (M-C4Ho) 458.0828, found 458.0842.

Boc.
N
H

= OAc

CF
> “ph

Acetic acid (285)-benzyl-(55)-tert-butoxycarbonylamino-7-methyl-(42)-
trifluoromethyloct-3-enyl ester (4b). A solution of 10.0 mg (19.4 wmol) of acetic acid
(25)-benzyl-5S-tert-butoxycarbonylamino-(42)-iodo-7-methyloct-3-enyl ester in 0.80 mL
of DMF was treated at room temperature with 20.3 mg (107 umol) of Cul and 42.4 uL
(243 umol) of HMPA followed by 24.7 uL (194 umol) of methyl-2,2-difluoro-2-
(fluorosulfonyl)-acetate. The reaction mixture was warmed to 70-80 °C for 24 h, cooled
to room temperature, diluted with EtOAc, washed with saturated NH4Cl solution, dried
(NaxSQ,), filtered and concentrated in vacuo. The residue was purified by
chromatography on SiO; (2 : 1, hexanes/Et,0) to yield 8.2 mg (92%) of 4b as a colorless
oil: [a] *’p +2.0 (¢ 0.5, CHCL); IR (neat) 3368, 3029, 2960, 2932, 2871, 1745, 1705,
1497, 1455, 1383, 1367, 1245, 1160, 1119, 1041, 700 cm™; "H NMR (500 MHz, CDCl;)
d 7.31-7.28 (m, 2 H), 7.24-7.21 (m, 1 H), 7.14(d, 2 H,J=7.3 Hz), 5.80 (d, 1 H,J=11.0
Hz), 4.62 (d, 1 H, J=8.5 Hz), 4.13 (q, 1 H, J=7.3 Hz), 4.09 (dd, 1 H, J=10.8, 5.3 Hz),
4.02 (dd, 1 H,J=10.4, 7.3 Hz), 3.33-3.25 (m, 1 H), 2.80 (dd, 1 H, J=13.5, 6.9 Hz), 2.68
(dd, 1 H, J=13.5, 7.2 Hz), 2.05 (s, 3 H), 1.50-1.44 (m, 1 H), 1.47 (s, 9 H), 1.40-1.29 (m,
2 H), 0.90 (t, 6 H, J = 6.6 Hz); >°C NMR (125 MHz, CDCl3) & 170.8, 154.6, 138.6, 137.8,
132.5 (q, J=27.5 Hz), 129.0, 128.4, 126.5, 124.0 (q, J = 243 Hz), 79.5, 65.6, 51.9, 43.4,
39.5, 37.8, 28.3, 24.8, 22.6, 22.1, 20.7; "’F NMR (282 MHz, CDCl3) § —=55.7 (s); EIMS
m/z 400 ([M-C4Hy]", 0.8), 300 (15), 240 (75), 223 (7), 130 (15), 91 (100); HRMS (EI)
m/z calcd for CyHsF3sNO4 (M-C4Hog) 400.1736, found 400.1732.
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Boc.
N
H

= OH

CF
3 “ph

((4S8)-Benzyl-5-hydroxy-(1S)-isobutyl-(22)-trifluoromethylpent-2-enyl)-
carbamic acid zert-butyl ester (Sb). A solution of 80.5 mg (0.176 mmol) of 4b in 3.00
mL of MeOH was treated at 0 °C with 9.8 mg (0.352 mmol) of K,CO;. The reaction
mixture was stirred at 0 °C for 2 h and at room temperature for an additional 2 h, diluted
with EtOAc, and washed with brine. The organic layer was dried (MgS0Os), concentrated
in vacuo, and purified by chromatography on SiO; (1 : 1, hexanes/EtOAc) to yield 74.0
mg (quant) of 5b as a colorless foam: [a] *°p +26.0 (¢ 1.0, CHCls); IR (neat) 3416, 3344,
3064, 3028, 2960, 2871, 1697, 1497, 1392, 1368, 1253, 1158, 1120, 1044, 1022, 748, 700
cm™; 'H NMR (500 MHz, CDCls) & 7.27-7.24 (m, 2 H), 7.20-7.17 (m, 1 H), 7.13 (d, 2 H,
J=73Hz),584(d, 1 H,J=11.2Hz),4.69 (d, l H,J=7.9 Hz), 4.17 (q, | H, J=7.5 Hz),
3.65(dd, 1 H,J=10.8, 4.2 Hz), 3.54 (dd, 1 H, J=10.9, 6.7 Hz), 3.15-3.05 (m, 1 H), 2.81
(dd, 1 H,J=13.5, 6.7 Hz), 2.62 (dd, 1 H, J=13.4, 7.8 Hz), 1.44-1.35 (m, 3 H), 1.42 (s, 9
H), 0.87 (t, 6 H, J = 6.2 Hz); °C NMR (125 MHz, CDCl;) § 155.3, 142.3, 138.7, 131.0
(q, J =26.3 Hz), 129.1, 128.3, 126.2, 124.0 (q, J = 276 Hz), 80.0, 64.9, 54.4, 43.3, 42.4,
37.4,28.3,24.8, 22.4,22.3; ’F NMR (282 MHz, CDCls) § —-54.9 (s); EIMS m/z 385 ([M-
CH,0]", 0.5), 329 (10), 309 (21), 147 (27), 130 (61), 91 (100); HRMS (ESI) m/z calcd
for CpH3,F3NO3;Na (M+Na) 438.2232, found 438.2244.

CF, PP
O H N
MeO._-~ NN
=N
\[hH
o})i(o

NHCbz
Boc-Leu-qp[(E)-C(CF3)=CH]-D Phe-Pro-Val-Orn(Cbz)-OMe (7b). A solution of

47.0 mg (0.113 mmol) of 5b in 5.00 mL of dried CH,Cl, was treated at 0 °C with 27.6
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mg (0.119 mmol) of trichloroisocyanuric acid followed by 1.8 mg (0.012 mmol) of
TEMPO. The reaction mixture was stirred at 0 °C for 15 min, diluted with CH,Cl,,
filtered through a pad of celite, and washed with H,O. The organic layer was dried
(NaxSOy4), concentrated in vacuo to give a colorless oil and subsequently dissolved in
6.00 mL of THF, treated at 0 °C with 0.70 mL (1.40 mmol) of 2-methyl-2-butene (2.0 M
solution in THF) followed by a solution of 30.7 mg (0.339 mmol) of NaClO, and 31.2
mg (0.226 mmol) of NaH,PO4*H,0 in 6.00 mL of H,O. The reaction mixture was stirred
at 0 °C for 2 h and at room temperature for an additional 5 h, extracted with EtOAc, and
washed with H,O. The organic layer was dried (Na,SOs) and concentrated in vacuo to
yield 6b as a crude colorless foam.

A solution of crude 6b in 5.00 mL of CHCI; was treated at 0 "C with 16.5 mg
(0.122 mmol) of HOBt, 22.8 mg (0.119 mmol) of EDC, followed by a solution of 118 mg
(0.226 mmol) of H-Pro-Val-Orn(Cbz)-OMe (10) in 1.00 mL of CHCI; and 1.5 mg (0.012
mmol) of DMAP. The reaction mixture was stirred at room temperature for 24 h, diluted
with CHCl3, and washed with brine. The organic layer was dried (Na,SOs), concentrated
in vacuo, and purified by chromatography on SiO; (1 : 1, CH,Cly/Et,0) to yield 77.5 mg
(77%) of 7b as a colorless foam: [a] *p —56.4 (¢ 1.0, CHCL;); IR (neat) 3411, 3320, 3065,
2960, 2873, 1716, 1653, 1526, 1454, 1367, 1256, 1159, 1116, 1023, 755, 700 cm™'; 'H
NMR (500 MHz, CDCls) 6 7.40-7.23 (m, 5 H), 7.23-7.11 (m, 5 H), 6.75(d, 1 H, J=8.0
Hz), 6.65 (d, 1 H, J=8.5 Hz), 6.10 (d, 1 H, J=10.5 Hz), 592 (b, 1 H), 5.73 (d, l H, J =
8.5 Hz), 5.12-5.00 (m, 2 H), 4.64 (b, 1 H), 4.55-4.45 (m, 1 H), 4.42 (b, 1 H), 4.17 (t, 1 H,
J =17.8 Hz), 4.00-3.90 (m, 1 H), 3.75 (s, 3 H), 3.43-3.35 (m, 1 H), 3.35-3.20 (m, 2 H),
3.11 (t, 1 H, J=11.7 Hz), 2.83-2.75 (m, 1 H), 2.65 (d, 1 H, J=9.9 Hz), 2.10-1.95 (m, 3
H), 1.80-1.60 (m, 6 H), 1.50-1.40 (m, 1 H), 1.48 (s, 9 H), 1.39 (t, 2 H, J = 6.8 Hz), 0.94
(d, 3 H, J = 6.4 Hz), 0.89-0.87 (m, 9 H); °C NMR (125 MHz, CDCl3) & 172.4, 172.2,
171.1, 170.8, 156.8, 155.2, 138.5, 136.6, 135.2 (q, J = 26.3 Hz), 132.7, 129.0, 128.4,
128.3, 128.2, 127.9, 126.6, 124.0 (q, J = 275 Hz), 79.4, 66.5, 60.7, 57.8, 52.3, 51.8, 49.6,
47.0,46.7, 44.1, 40.5, 38.5, 31.3, 29.3, 28.6, 28.3, 26.1, 25.1, 24.4, 23.3, 21.1, 19.0, 18.0;
F NMR (282 MHz, CDCls) & -56.5 (s); HRMS (ESI) m/z calcd for CysHesF3NsOoNa
(M+Na) 910.4554, found 910.4544.
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NHCbz

Boc-Leu-4 [(E)-C(CF3)=CH] P Phe-Pro-Val-Orn(Cbz)-Leup [(E)-C(CF;)=CH]-
PPhe-Pro-Val-Orn(Cbz)-OMe (8b). A solution of 20.0 mg (22.5 umol) of 7b in 0.60
mL of MeOH was treated at room temperature with 225 ulL (225 wmol) of NaOH (1.0 N
solution in H,O). The reaction mixture was stirred at room temperature for 7 h, treated
with 225 uL (225 umol) of 1 N HCI and extracted with CHCl;. The organic layer was
dried (Na,SOs) and concentrated in vacuo to give the acid as a colorless foam.

Another solution of 20.0 mg (22.5 wmol) of 7b in 600 uL (2.40 mmol) of HCI (4.0
N solution in 1,4-dioxane) was stirred at 0 “C for 5 min and at room temperature for an
additional 40 min. 1,4-Dioxane was removed in vacuo and the colorless, foamy residue
was dissolved in 6.00 mL of CHCI; and washed with 5% Na,COj; solution. The organic
layer was dried (Na,SO4) and concentrated in vacuo to give the amine as a light
yellowish foam.

A solution of acid and amine in 4.70 mL of CHCI; was treated at room temperature
with 3.4 mg (25 umol) of HOBt, 5.2 mg (27 umol) of EDC and 1.0 mg (8.2 umol) of
DMAP. The reaction mixture was stirred at room temperature for 2.5 d, diluted with
CHCI3, and washed with brine. The organic layer was dried (Na,SO,), concentrated in
vacuo, and purified by chromatography on SiO, (2 : 1, hexanes/EtOAc; 20 : 1,
CHCI3/MeOH) to yield 31.4 mg (85%) of 8b as a colorless foam that was used directly

without any further purification.
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NHCbz

Cyclo[(Val-Orn(Cbz)-Leu-qp[(E)-C(CF3)=CH]-DPhe-Pro)Z] (9b). A solution of
31.4 mg (19.1 umol) of 8b in 1.57 mL of MeOH was treated at room temperature with
191 uL (191 umol) of 1 N NaOH. The reaction mixture was stirred at room temperature
for 9 h. Solvents were removed in vacuo and 1.57 mL (6.28 mmol) of HCl (4.0 N
solution in 1,4-dioxane) was added at 0 °C. The solution was stirred at 0 °C for 5 min and
at room temperature for an additional 40 min. 1,4-Dioxane was removed in vacuo and the
colorless, foamy residue was dissolved in 8.37 mL of benzene, treated at room
temperature with 16.2 mg (191 umol) of NaHCOs;, and evaporated to dryness by
azeotropic distillation with benzene at 25 °C. The solid residue was diluted with 15.9 mL
of CHCI; and treated at room temperature with 2.8 mg (21.0 uwmol) of HOBt, 4.4 mg
(22.9 umol) of EDC 1.0 mg (8.2 umol) of DMAP. The reaction mixture was stirred at
room temperature for 2.5 d, diluted with CHCl3, and washed with H,O. The organic layer
was dried (NaySOy), concentrated in vacuo, and purified by chromatography on SiO, (1 :
1, hexanes/EtOAc; 20 : 1, CHCI3/MeOH) and repurified by RP-HPLC (C;s; 100%
CH;CN, 5 mL/min) to yield 12.0 mg (42%) of 9b as a colorless solid: Mp 232 C
(decomp., MeOH/H,0); 'H NMR (600 MHz, DMSO-ds) 8 9.18 (d, 2 H, J= 8.9 Hz), 8.10
(d, 2 H, J= 8.8 Hz), 7.28-7.09 (m, 22 H), 6.14 (d, 2 H, /= 8.8 Hz), 6.01 (d, 2 H, J=10.5
Hz), 4.90, 4.86 (AB, 4 H, J = 12.6 Hz), 4.70-4.64 (m, 4 H), 4.62 (q, 2 H, J = 6.8 Hz),
4.26 (dd, 2 H, J=9.4, 6.2 Hz), 3.91 (b, 2 H), 3.49-3.30 (m, 4 H), 3.16 (dd, 2 H, J = 13.9,
9.1 Hz), 3.13-3.08 (m, 4 H), 2.50-2.48 (m, 2 H), 1.90-1.60 (m, 10 H), 1.55-1.38 (m, 12 H),
1.28-1.22 (m, 2 H), 0.86-0.73 (m, 24 H); >C NMR (150 MHz, DMSO-ds) & 170.4, 170.3,
169.8, 169.6, 156.1, 138.6, 137.1, 134.3 (q, J = 25.5 Hz), 132.6, 128.8, 128.2, 128.1,
127.6, 126.2, 123.5 (q, J = 275 Hz), 65.1, 60.7, 55.4, 51.9, 46.3, 45.9, 43.2, 36.7, 33.2,
30.6, 30.5,29.3, 25.9, 24.8, 24.2, 22.9, 20.1, 18.6, 17.7; "’F NMR (282 MHz, DMSO-dc)
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0 -58.0 (S); HRMS (ESI) m/z calcd for C80H105F6N10012 (M+H) 15117818, found

1511.7858.

Cyclo[(Val-Orn(Cbz)-Leu-"Phe-Pro),] (Cbz,GS).> A colorless solid: Mp 52-53
"C (hexanes/Et,0); '"H NMR (600 MHz, DMSO-ds) & 8.94 (d, 2 H, J= 3.2 Hz), 8.58 (d, 2
H,J=9.1 Hz), 8.38 (d, 2 H, J = 8.9 Hz), 7.34-7.27 (m, 12 H), 7.20-7.16 (m, 8 H), 7.13-
7.10 (m, 4 H), 4.99, 4.96 (AB, 4 H, J = 12.6 Hz), 4.80-4.75 (m, 2 H), 4.57 (¢, 2 H,J=17.9
Hz), 442 (dd, 2 H, J=9.1, 7.2 Hz), 3.35 (d, 2 H, J= 8.1 Hz), 4.33-4.30 (m, 2 H), 3.51 (bt,
2 H, J= 9.3 Hz), 3.00-2.90 (m, 6 H), 2.83 (t, 2 H, J = 11.4 Hz), 2.39 (q, 2 H, J = 8.8 Hz),
2.05-1.95 (m, 2 H), 1.95-1.87 (m, 2 H), 1.75-1.65 (m, 2 H), 1.50-1.35 (m, 12 H), 1.35-
1.20 (m, 6 H), 0.79 (d, 12 H, J = 6.6 Hz), 0.78 (d, 6 H, J = 6.7 Hz), 0.75 (d, 6 H, J= 6.7
Hz); >C NMR (150 MHz, DMSO-d¢) & 171.7, 170.7, 170.5, 170.4, 169.6, 155.9, 137.2,
136.3, 129.2, 128.3, 128.1, 127.7, 127.6, 126.7, 65.2, 59.7, 56.6, 53.7, 51.3, 49.5, 45.7,
41.0, 40.2, 35.7, 31.3, 29.9, 25.2, 24.0, 23.0, 22.7, 22.5, 19.0, 18.0; HRMS (ESI) m/z
calcd for C76H104N12014Na (M+Na) 1431.7693, found 1431.7726.
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Xjb-4-138-2, polar isomer, CDCL3
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Di 6.00000000 sec
Pi 41.00 usec
DE 6.00 usec
SFO1 500.1330008 MHz
NUC4 iH

PL1 0.00 dB
F2 - Processing parameters
SI 32768

SF 500.1299731 MHz
WDW EM

SSB 0

LB 0.40 Hz
6B 0

PC 1.00

1D NMR plot parameters

CX 20.00 cm
FiP 9.000 ppm
Fi 4501.17 Hz
Fap 0.000 ppm
F2 0.00 Hz
PPMCM 0.45000 ppm/cm
HZCM 225.05849 Hz/cm
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ppm

—171.05

Xjb-4-138-2, polar isomer,

——154.93

—137.84

19}
4
g
m
-t

129.11

128.11
=—125.95

125.39

Boc.

Iz

CH;j3

4a

Ph

78.96

< — 77.25
\_

—— B67.00

OAc

cdcl3,

76.99°
76.74

rt,

1286MHZ, C13

-— 55.58

160

T

140

120

100

80

60

40

20

Current Data Parameters

NAME xjb-4-138-2-50
EXPNO 13
PROCND 1

F2 - Acquisition Parameters
Date_ 500000
Time 23.37
INSTRUM spect
PROBHD 5 mm TXI 43C
PULPROG ci3wonce

TD 32768
SOLVENT cbci3

NS 4740

0s 2

SWH 32679.739 Hz
FIDRES 0.997306 Hz
AQ 0.5014004 sec
AG 32768

DW 15.300 usec
DE 6.00 usec
TE 290.0 K
D3 0.00100000 sec
PL12 6.00 dB
D1 12.00000000 sec
CPDPAG2 waltzi6
pCcPD2 100.00 usec
SF02 500.1330008 MHz
NuCc2 1H

PL2 120.00 dB
P1 17.00 usec
BE 6.00 usec
SFO4 125.7715724 MHz
NUC1 13C

PLL 0.00 dB
F2 - Processing parameters
SI 8132

SF 125.7578000 MHz
WOW EM

5SA 0

LB 4.00 Hz
GB 0

PC 1.00

1D NMR plot parameters

CX 20.00 cm
FiP 200.000 ppm
Fi 25151.56 Hz
F2p 0.000 ppm
F2 0.00 Hz
PPMCM 10.00000 ppm/cm
HZCM 1257 .57800 Hz/cm
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X)b-4-15 CDCL3 rt 500

MHz H1 NMR delay 6Bsec

DNWHNDOTODN OONDONUNCTODOODAINDOTMODOMNDONNMNDD A O NNMGIDOD O <
NASOEMOWVY NNUWOCWVIODIN TN CTORIDDIDOOMAONTADN——ODQG OO
STWHDN 1O VODNAUNAUCNOSOMDODAUOSONINODODNOAUDDID o =D —OOMmS
£ SO MAU=ITI@N SO AUNONOONORNMNMET ONAUOTNRNNDRDDDOONDDM~DTON R
S MOoOANAUANAUNN~Y ONODOOMAT OO0 NDONNODOOOOSTITOMIMOMOMHOAUDD @
’
moo,z Z
H OAc
CF; Ph
L
-
Lk”
o o] s ~
® 2213 =3 oo m
5 wloo =} OO <
@ EIr=1r=) S DD =}
-+ O Y Y . of .
S cul=—ticy -t [+3334V] w
_____-_______——q_____a-_____-_-____—q_______H___.__-—______—____________-____—_—______-4
ppm 8 7 6 5 4 3 2 1

current DJata Parameters

Hz
Hz
s5ec

usec
usec

sec
usec
usec
MHz

NAME Xjb-4-15-500
EXPNO 1
PROCNO 1
F2 - Acquisition Parameters
Date_ 500000
Time 15.53
INSTRUM spect
PROBHD 5 mm TXI 413C
PULPROG 29
D 32768
SOLVENT MeOH
NS oIS
0s ¢
SWH 7507 .507
FIDRES 0.229111
AQ 2.1823988
AG 2
DW 66.600
OE 6.00
TE 290.0
D1 6.060000000
P1 11.00
DE 6.00
SFO4 500.1330008
NUC1 1H
Ll 0.00

dB

F2 - Processing parameters

SI 32768
SF 500.1300073
KDW EM
SSB 0
LB 0.40
GB 0
PC 1.00

10 NMR plot parameters

CX 20.00
Fip 9.000
Fi 4501 .17
F2pP 0.000
F2 0.00
PPMCM 0.45000
HZCM 225.05850

MHz

Hz

cm
ppm

Hz

ppm

Hz
ppm/cm
Hz/cm
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Current Data Parameters

v Xxjb-4-15, cdcl3, rt, 125MHz, delay 12 sec oo prantesae
PAOCNO 1
Fe - Acguisition FParameters
2 3 OB LM3BIER I3RS & 32 LRESSE Date_ 500000
= o < O~ NN Q@O0 N O~ M~ © 10 < Oo~ OO Time 14.03
o S 0 280Uy M~~~ v v eOm daaa A INSTRUM spect
% PROBHO 5 mm TXI 13C
PULPROG ci3wonoe
M 32768
SOLVENT coCc13
NS 497
DS 2
SWH 32679.738 Hz
FIDRES 0.997306 Hz
AQ 0.5014004 sec
B A5 32768
°C-N % oW 15300 use:
H OAc 0e 5.00 usec
CF; TE 290 0 K
Ph 03 0.00100000 sec
4b PLi2 6.00 dB
b1 12.00000000 sec
CPDPRG2 waltzi6
PCPD2 100.00 usec
SF02 500.1330008 MHz
NUC2 1H
pL2 120.00 dB
P1 17.00 usec
DE 6.00 usec
SFO1 125.7715724 MHz
NUC1 13C
PL1 000 d9
F2 - Processing parameters
51 8132
SF 125.75768003 MHz
WDW EM
SSB 0
LB 4.00 Hz
GB 0
| ___ { 3_ PC 1.00

1D NMA plot parameters

CX 20.00 cm
FiP 200 000 ppm
F1 25191 .96 Hz
Fap 0.000 ppm
T T T T T I T T T T T I T T T T T T T ] F2 0.00 Hz
opm 180 160 140 120 100 80 60 40 20 PPMCM 10.00000 ppm/cm

HZCM 1267.57800 Hz/cm




Xjb-4-197 CDCL3 rt 500 MHz H1 NMR delay 8

S33

Current Data Parameters
NAME xjb-4-197
EXPNO 1
(o)) 5047712088088842458406
DWW O OO T 8939426723444891269485547462974
a NN ToAOCENYTRO@OaNS ST MIO0ONUAUASSS oo . F2 - Acquisition Parameters
PN PSS SIS 5543333322222222211111111111000

I
)
}

Date_ 500000
ZX /,/./J%. % Time 21.02
INSTAUM spect

PROBHD S mm TXI 13C

PULPROG 29
TD 32768
SOLVENT CDC13
NS 10
0s 0
Boc- = OH SWH 7507.507 Hz
Ho ChH, FIDRES 0.229111 Hz
Ph AQ 2.1823988 sec
RG 1
Sa oW 66.600 usec
DE 6.00 usec
TE 290.0 K
D1 8.00000000 sec
P4 11.00 usec
DE 6.00 usec
SFO4 500.1330008 MHz
NUC4 1H
PL4 0.00 dB
F2 - Processing parameters
SI 32768
SF 500.1300231 MHz
WDW EM
SSB 0
LB 0.40 Hz
GB 0
PC 1.00
1D NMA plot parameters
CX 20.00 cm
FipP 9.000 ppm
Fi 4501 .17 Hz
FeP 0.000 ppm
F2 0.00 Hz
PPMCM 0. 45000 ppm/cm

HZEM 225.05852 Hz/cm
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ppm

——155.33

Xjb-4-197, cdcl3, rt
»
SAa-883
SN @ ®~ o
I QYNY
moo,z 7
H
CHs pp
S5a

OH

125MHz C13 d1

77.01

76.76 .
—— 65.87

—— 57.40

10 sec

_— 43.10

— 41.25%
-— 37.58

160

Current Data Parameters

NAME xjb-4-197
EXPNO 2
PROCNO 1

F2 - Acquisition Parameters
Date_ 500000
Time 20.10
INSTRUM spect
PROBHD 5 mm TXI 13C
PULPROG ci3wonoe

TD 32768
SOLVENT CDC13

NS 314

DS 2

SWH 32679.738 Hz
FIDRES 0.997306 Hz
AQ 0.5014004 sec
RG 32768

OW 15.300 usec
DE 6.00 usec
TE 290.0 k
03 0.00100000 Sec
pPLi2 6.00 dB
b1 10.00000000 sec
CPDPRG2 waltzi16
PCPD2 100.00 usec
SFO2 500.1330008 MHz
NUC2 1H

PL2 120.00 dB
P4 17.00 usec
DE 6.00 usec
SFO4 126.7745724 MHz
NUC1 13C

pLA 0.00 dB
F2 - Processing parameters
SI 8192

SF 125.7578080 MHz
WDW EM

SSB 0

LB 4.00 Hz
GB 0

PC 1.00

10 NMR plot parameters

CX 20.00 tm
FipP 180.000 ppm
F1 22636.40 Hz
Fap 0.000 ppm
F2 0.00 Hz
PPMCM 9.00000 ppm/cm

HZCM 1131.82019 Hz/cm
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Ppm
7.26962
7.25804
7.24322
7.20064
7.18619
7.17168
7.13801
7.42332

t

/
|
\

xjb-4-16 CDCL3 rt 500 MHz H1 NMR delay 6sec \

Current Data Parameters

NAME Xx1b-4-16-500
EXPNO !

o i w 2471415743045969393654
740472723027452218411549887187544..1.
4208986654354321310942193176458764
B87611166665555188BJ6£65A4333?._8.HW88 F2 - Acquisition Parameters
5544444333333333222222221111110000

Date_ 500000
%§_ Time 14.46
INSTRUM spect

PROBHD 5 mm TXI 43C
PULPROG 2g
0 32768
SOLVENT coc13
. NS 43
Boc. 0s o
R = OH SWH 7507 S0° Hp
Quw . FIDRES 0.229141 H7
Ph AQ 2.1823988 sec
. RG g9
Sb DW 66.600 usec
DE 6.00 usec
TE 290.0 K
D1 6.00000000 sec
P1 11.00 usec
DE 6.00 usec
SFOM 500.4330008 MHz
NUCH iH
PL1 0.00 dB
F2 - Processing parameters
51 32768
SF 500.1300235 MHz
WOW EM
' SSB 0
4 LB 0.40 Hz
GB 0
s PC 1.00
’ 1D NMR plot parameters
CX 20.00 cm
FiP 9.000 ppm
F1 4501 17 H7
8 & F2P 0.000 ppm
e < F2 0 00 1z
PPMCM 0.45000 ppm/cm
_.._....._____.....____..__..__._....__.__q._..._.__.._..__._.__...__._......._.__.____..-J HZCM mmmommmmIN\nE
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ppm

—185.29

142.34

138.69

Xjb-4-16,

131.08

130.88

130.66

129.09
= 128.26

127 .34
126.24

125.12

Boc.

122.93

cdc13,

120.71

rt,

CF,

5b

128MHz,

Ph

79.98
77 .28
77 .03

76.77

OH

X

d1

64.89

— 54 .44

= 8 sec

T 42.43

37.37
29.89

28.28

24.78
22 .44

22.31

180

T

T

160

140

120

T

100

Current Data Parameters

NAME xjb-4-16-500
EXPNO 13
PROCNO 1

F2 - Acguisition Parameters

Date_ 500000
Time 15327
INSTRUM spect
PROBHD 5 mm TXI 13C
PULPRGG c13wonoe
D 32768
SOLVENT CDC13
NS 525
DS 2
SWH 32679.738
FIDRES 0.997306
AQ 0.5014004
RG 32768
DW 15.300
DE 6.00
TE 280 ¢
D3 0.00100000
PL12 6 00
D1 8.00000000
CPDPRG2 waltz16
PCPO2 100.00
SFO2 500.1330008
NuCc2 1H
pPL2 120.00
P4 17.00
DE 6.00
SFO1 125.7715724
NUC1 13C
PLA 0.00

Hz
Hz
sec

usec
USer

sec
a8
sec

usec
MHz

dB
usec
usec
MHz

d8

F2 - Processing parameters

SI 8192
SF 125.7577363
WOW EM
558 0
LB 4.00
G8 0
PC 1.00

10 NMB plot parameters

CX 20.00
FipP 200.000
F1 25151 .56
Fap 0.000
F2 T00
PPMECM 1000000
HZCM 1257 .57800

MHz

Hz

cm
ppm

pom

Hz/cm
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x]b-4-238, 600MHz, cdcl3, rt, 1H
WITOMENOONND O~ NONMNOMIONN—-"MNONOTANNODOONDBODWNUNMNODMNSNGONIDOD
DT OTMITTO -~ UVODAITINMNMOWOSCWONDUATNDNDDDOANTDN T AUODNUMNN—=OMOIWOWWOE@ N
E OMOAOVOPUIUNOD O WITOUORAUNUNSDDOAUN—-NIDO~NDONWNITOONN—-NT ~I0F BN (U~
G DOV oDV ITAUNDINNIT VOO ATAU—"DDOMoTODAUNONDIT VDNTOU—DN OO
d MAVNAUNUAA """ O00TMMOCOOTSOITANAUCT T C~OOODONITITMAUNAUUNUNUDDOD D @ @
777777777777..Da.._._..:.g:..55443_.333a.u..J.%._c,ﬁ,/«,.../Aﬁ_ﬁin§\ﬁ00
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Current Data Parameters

NAME xjb-4-238-600
EXPNO 1
PROCNO 1

F2 - Acquisition Parameters

Date_ 20040301
Time 21.49
INSTRUM spect
PROBHD 5 mm T8I {H/
PULPROG 29
0 65536
SOLVENT cbecie
NS 10
DS 0
SWH 8992 .806
FIDRES 0.137219
AQ 3.6438515
RG 1
DW 55.600
DE 6.00
TE 290.0
D1 6.00000000
============ CHANNEL f1
NUC1 1H
P1 9.00
PL1 0.00
SFD1 600.8336050

Hz
Hz
sel

Uuse
ust

Se(

ust
dB
MH:

F2 - Processing parameters

SI 65536
SF 600.8300264
WOW EM
SSB 0
LB 0.10
GB 0
pC 1.00

1D NMR plot parameters

CX 20.00
FipP 9.000
F1 5407 .47
FeP 0.000
Fe 0.00
PPMCM 0.45000
HZCM 270.37350

MH:

Hz

cm
por
Hz
ppr
Hz
ppr
Hz,



Current Data Parameters

. NAME x1b-4-238-600
xjb-4-238, cdcl3, rt, 150Mhz, C13 EXPNO 5
[e0] PROCNO 1
(a0}
(7p] .
F2 - Acquisition Parameters
M~ O0OMOAUODIN U OO S WOWANYTMO—- OO @ T ONO 0O WD WOM®DO O Date_ 20040302
IS OAUTOOOUMODTSNOMMUOCORENLDSTAUONAUYNBEONMMNINT 00O @S onaan Time 13.24
a M AU~ O WOIN 0 WVANMMODOODNNNNINDOONNOCOONTITIAUNCONOOMODOWT IO ONT INSTRUM spect
NN~ N OO TMOAUNNNNNNUAUUURNNNOODOD WD S I ITONNNNAUNNNN S o
 wd e e v v wt owt wt vt w1 v v vt vt vt e v e e o~

PROBHD 5 mm TBI 1H/

WIS TSI P YR

SOLVENT CcDC13

NS 884

DS 0

SWH 37878.789 Hz

FIDRES 0.577984 Hz

AQ 0.8651252 sec

RG 32768

DW 13.200 usec

DE 6.00 usec

TE 290.0 K

D1 8.00000000 sec

D3 0.00100000 sec

============ CHANNEL f1 ======

NUC1 13C

P 13.50 usec

PL1 0.00 d8

SFO1 151.0953827 MHz

!

=zz========= CHANNEL f2 ======

CPDPRG2 waltz16

NucsE 1H

PCPD2 100.00 usec

pL2 0.00 dB

PL12 12.00 dB

SF02 600.8336050 MHz

F2 - Processing parameters

SI 65536

SF 151.0788512 MHz

WOW EM

SSB 0

LB 1.00 Hz

GB 0
({‘ PC 1.00

1D NMR plot parameters

CXx 20.00 cm
FiP 200.000 ppm
Fi 30215.77 Hz
Fep 0.000 ppm

_ ; | . ~ , i ; _ : : . _ - T . i . _ . ~ F2 0.00 Hz

ppm 180 160 140 120 100 80 60 40 20 PPMCM 10.00000 ppm/cn

HZCM 1510.78857 Hz/cm
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Xjb-4-42 CDCL3 rt 500 MHz H1 NMR delay 6 sec

Current Data Parameters
NAME Xjb-4-42-500
EXPNO 12
I L A R R R R A R R A L R
a MmN IR NONNoaRegEN IACARTAAAUNRNOAIONROOBAENIITINMAUNNO @D F2 - Acquisition Parameters
77-/7758666855554444433333332222‘11111111111100000 Omﬁml. mooooo
//%f////f[_/,/,/,,/%ﬂ/yt\:% Time 21.09
T INSTRUM spect
PROBHD 5 mm TXI 43C
. PULPROG ‘ 29
, 0 32768
SOLVENT coc13
NS 100
DS 0
SWH 7507.507 Hz
FIDRES 0.229141 Hz
AQ 2.1823988 sec
RG 71.8
W 66.600 usec
OE 6.00 usec
TE 290.0 K
D1 6.00000000 sec
P4 11.00 usec
DE 6.00 usec
SFO1 500.1330008 MHz
NUC1 iH
PL4 0.00 dB
F2 - Processing parameters
SI 32768
SF 500.1300235 MHz
WOW EM
558 0
LB 0.40 Hz
G8 0
- PC 1.00
1D NMR plot parameters
r _ CX 20.00 cm
FipP 9.000 ppm
_ olo o\ (ol Fi 4501.17 Hz
m =11 212! |12 F2P 0.000 ppm
= ol< e P P P Fe 0.00 Hz
S PPMCM 0.45000 ppm/cm
____-___—____-u-.-__-__-_____--_____--4-_-___-_-_-_.-—-__-_--—-.---_-_..__-A Ian mmm.ommmmIN\n:—
ppm 8 7 6 ] 4 3 2 1
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(\ Current Data Parameters

. NAME xjb-4-42-500
Xjb-4-42, cdcl3, rt, 125MHz EXPND 130
PROCNO 1
F2 - Acquisition Parameters
nueERnYeaAeRananee NI ASRNCcAARDORonBadonsnaIws8s Date
N o E L E R L R R L L L K R g g g g I PR T 14.03
DAl a R S T TR B I T TR T S Qe R - e oo S i St S mumﬂﬂ
/ PROBHD 5 mm TXI 13C
PULPROG c{3wonoe
T 32768
SOLVENT CDC13
NS 3634
DS 2
SHH 32679.738 Hz
FIDRES 0.997306 Hz
AQ 0.5014004 sec
RG 32768
DW 15.300 usec
DE 6.00 usec
TE 290.0 K
03 0.00100000 sec
PLi2 6.00 dB
D1 6.00000000 sec
CPDPRG2 waltzi6
PCPD2 100.00 usec
SF02 500.1330008 MHz
NuCc2 1H
PLZ2 120.00 dB
P 17 .00 usec
0E 6.00 usec
SFo1 125.7715724 MHz
NUCA 13C
PL1 0.00 dB
F2 - Processing parameters
SI 8192
SF 125.7578003 MHz
WDW EM
SSB 0
LB 4.00 Hz
GB 0
s s g Wi F e

1D NMR plot parameters

CX 20.00 cm
FiP 200.000 ppm
Fi 25151 .56 Hz
Fa2p 0.000 ppm
T | T T T T T T T T T T T T T T T T T 1 F2 0.00 Hz
ppm 180 160 140 120 100 a0 60 40 20 PPMCM 10.00000 ppm/cm

HZCM 1257 .67800 Hz/cm
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ppm

xjb-4-257, DMSO-db, rt, 600MHz, CH3-GS Current Data Parameters

NAME xjb-4-257-600
EXPNO 1
R R eI Y P R NN R Y 8RN R e s TN g8 Y838 a08ns529825ITQ  PRICND 1
SRR RN R I SRR RN I R Rl <R S R s B e I i A -l - A
COAAMAAANANUT I T I NUNNORDOMNMMNO SN TN IIOONAUDN NSNS by acaiicition Parameter
997777777777777777776655444444333222221111000000
Date_ 20040328
R N 1 R VAN 2 T
: INSTRUM spect
PROBHD 5 mm TBI {H/
PULPROG z9
10 65536
SOLVENT DMSO
NS 30
DS 0
SWH 8992.806 Hz
FIDRES 0.137219 Hz
AQ 3.6438515 sec
RG 1
DwW 55.600 use
DE 6.00 use
TE 290.0 K
D1 6.00000000 set
============ CHANNEL f1 ==:
NUC1 1H
P1 9.00 use
PL1 0.00 dB
SFO1 600.8336050 MH:
F2 - Processing parameters
SI 65536
SF 6500.8300115 MH;:
I WOW EM
S5B 0
LB 0.10 Hz
GB 0
% _ ‘T % PC 1.00
.
rfllll. 1D NMR plot parameters

CX 20.00 cm
F1P 10.000 por
- (o] (@3] [felk=) o Q| ([ow|lo]lo[n NMOloioiTfufmI{fofwiMi—lo]lomin
o © o wlmn - —||[o|a|mla|o ol=lmoimiais|mlolo|oio|a|K(n|wls Fi 6008.30 Hz
& 2 - | = oo et T e R St Rt et b et B S s R R
m ~ ~t w|n ~— 1.21.1.1.1.. 1112100121010412m FepP OOOODUq
= F2 0.00 Hz
T _ T T T T T T T Ll T
oom ! m W m W h W m “ 1 PPMCM ) 0.50000 ppr

HZCM 300.41501 Hz,
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ppm
—172.867
170.39
169.55
156.09

/

—

Current Data Parameters

xjb-4-257, DMSO-d6, 150MHz, C13, rt, CH3-GS g eeETe
PROCNO 1

F2 - Acquisition Parameters

N Y MNONNSWONOYS MTNIOUDUOYTOOANET =0~ N 0o Datel 20040328
M T 000 TeNoN MO~ OIDMAOMmIDOo0 oS nNnWmo T 22.02
T25T2TRRRLE BRI LAAT2ATARILIITLDDL  INSTAM spect
PR AR AR AR SRR AR A A PROBHD 5 mm TBI 1H/
% PULPROG c13wonoe
0 65936
SOLVENT CcDhC13
NS 3005
DS 0
SWH 37878.789 Hz
FIDRES 0.577984 Hz
AG 0.8651252 sec
RG 32768
DW 13.200 usec
DE 6.00 usec
TE 290.0 K
D1 8.00000000 sec
D3 0.00100000 sec
========s=== CHANNEL f1 ======
NUC1 13C
P1 13.50 usec
PL1 0.00 dB
SFO1 151.0953827 MHz
===s======== CHANNEL f2 ======
CPDPRG2 waltz16
NuC2 1H
PCPD2 100.00 usec
PL2 0.00 a8
PL12 12.00 dB
SFg2 600.8336050 MHz
F2 - Processing parameters
S1 65536
SF 151.0788998 MHz
WOW EM
558 0
LB 1.00 Hz
GB 0
PC 1.00

10 NMR plot parameters

CX 20.00 cm
F1ipP 200.000 ppm
F1 30215.78 Hz
Fa2p 0.000 ppm
F2 0.00 Hz
! _ ~ . _ _ ! _ ! _ _ _ ! _ _ PPMCM 10.00000 ppm/cn
140 120 100 80 80 40 20 .

HZCM 1510.78906 Hz/cm
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X]b-4-62-600 dmso-d6 298K B0OMHz 1H delay .»mmmn 12/8/03 ft1 Current Data Parameters
‘ NAME xjb462-600-ft1

EXPND 1
R e R kN e N R L LR PR T Rt L L d
e awmm%m%muaaM%mmmmwm%mmmmwummwmmnnMM%%nmm&mmﬂmmum
a 1.13_1.0.22.2.2222.._JJJJO.O.QNQNB.nwﬁG.EjjjjAnNO.ﬂJAA..Ajﬁz.ﬁﬁﬂJJ7J F2 - Acquisition Parameters
ﬁ/./_/%&w %A\ >%/,%/_,4//:/Z¥ Time 8.33
INSTRUM spect
" PROBHD 5 mm TBI 1H/
PULPROG 79
D 65536
SOLVENT cb2ci2
NS 41
Ds 0
SHH 8992.806 Hz
FIDRES 0.137219 Hz
AQ 3.6438515 sec
AG 2
DW 55.600 usec
DE 6.00 usec
TE 290 .0 K
D1 12.00000000 sec
==s==s=sc=x== [HANNEL f1 =s=x==-
NUC1 1H
P4 9.00 usec
PL1 0.00 dB
SFO4 600.8336050 MHz
F2 - Processing parameters
SI 65536
SF 600.8300108 MHz
[ WOW EM
5SB 0
LB 0.10 Hz
: GB 0
5 pC 1.00
L 74 /
sy E v r’l 10 NMR plot parameters
CX 20.00 cm
- [s0] [#))] mjms ol £ 2] Qo] (@ o DiM|-— - g2 R sz B A ITe] _n:u »O.OOOUUE
g S © 5SS 8|9 SIHIE S| 12| 358 B [2(5|8|8]8|F]E Fe 6008.30 Hz
bt 0 - &12 nv.nU. Ul f~t] |~ -t 111 ~ 40nU.A~.20nU. Fap O.OOOUU_.:
S ~ b F2 0.00 Hz
T ] T I T T ' I T | T I T [ T [ T [ T 1 PPMCM 0.50000 ppm/cm
ppm 9 8 7 6 5 4 3 2 1

HZCM 300. 41501 Hz/cm
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ppm

X1b-4-62-600

170.38

P
Xz

170.32

169.78

168.62

—156.08

138.62
137.09
:j%4£:134.34
_1451:134‘17
132 .62

_—128.78

dmso-db6 298K

15IMHz 13C 1H decp delay Bsec 12/8/03 ft1l

18.60
17.74

ppm

180

160

140

120

100

80

60

40

20

Current Data Parameters
NAME xib462-600-f+1
EXPNO 2
PROCNO 1

F2 - Acguisition Parameters

Date_ 20031208

Time B8.25
INSTRUM spect
PROBHD 5 mm TBI 1H/
PULPROG t13wonoe

TD 65536
SOLVENT CoC13

NS 13540

0s 0

SWH 37878.789 Hz
FIDRES 0.577984 Hz
AQ 0.8651252 sec
RG 32768

DW 13.200 usec
DE 6.00 usec
TE 290.0 K

D1 8.00000000¢ sec
03 0.00100000 ser
s====m====== CHANNEL 4 =s=s=esax
NUC4 13C

P4 13.50 usec
PL1 0.00 dB
S5F04 151.0953827 MHz
=====seamsz== CHANNEL 2 mosssesss
CPDPRG2 waltzig

Nuc2 1H
PCPD2 100 .00 usec
PL2 0.00 dB
PL12 12.00 dB
SFO2 6500 . 8336050 MHz
F2 ~ Processing parameters
51 65536

SF 151.0789045 MHz
HDW EM

5SB 4}

LB 1.00 Hz
GB 0

pC 1.00

1D NMR plot parameters

CX 20 .00
Fip 200000
Fi 30215.78
Fep 0.000
F2 0.00
PPMCM 10.00000

HZCM 1510.78906

cm

ppm

Hz

Ppm

Hz
ppm/cm
Hz /em
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xjb-4-235, DMS0O-db, 600Mhz, rt, Current Data Parameters
NAME xjb-4-235-600
EXPNO 3
NMUMMNSNAUNOWNONSNS - 0O T 00NN "OCOoOOUOONDONMNMM— OO0 T WTMN~MSMAUON@ONALW PROCNO 1
c PR N0lE838a809TRaR0RCY8 3250 8RS 882888855833 8088
a 447973310099877621077715416510399832094321309754
4 QOO OMMOOOONT oSS ST OINTOOMO0aOaaNNNNSTOO0O0008O0@NSSN pa o Acquisition Parameters
8888877777777777777444A..4432222222211111111000000
Date_ 20040303
S R N e
INSTRUM spect
PROBHD 5 mm TBI iH/
PULPROG 29
OUNIZ 0 65536
SOLVENT ¢pacie
NS 100
Zm DS 0
< SWH 8992 .806 Hz
o) FIDRES 0.137219 Hz
AQ 3.6438515 set
o“/ H RG 2
N N m DW 55.600 ust
H - DE 6.00 use
Ph TE 290.0 K
D1 6.00000000 sec
ZIOUN
AAUUNNAumv ============ CHANNEL f1 ==
NUC1 1H
P1 9.00 use
PL1 0.00 dB
SFO1 600.8336050 MH:
F2 - Processing parameters
SI 65536
SF 600.8300108 MH:
WOW EM
SSB 0
LB 0.10 Hz
n GB 0
PC 1.00
S f/l.lr 1D NMR plaot parameters
CX 20.00 cm
FiP 10.000 ppr
B S 18D =R FELs[n| S ol (RIRISHB| [BRR<SIR] |8l F1 §008.30 Hz
g s 8] RIS MEIEIIES S |@@2)E) =S58 DS Fop 0.000 ppr
5 ~ |~ ~in|oy QU= ||| ~ ||| || ||| ]|wim miw F2 0.00 Hz
_uua w M W W W M w m T ” T | PPMCM 0.50000 ppr

HZCM 300. 41501 Hz,
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ppm

171.63
170.69

170.52

170.38

169.64

165.87

xjb-4-235, DMSO-db,

137.21

(o3}
o
w
m
~

/

129.21
128.25
128.05
127.68
127 .57

126.69

150MHz,

C13, Z-GS

41.03

49 .54
40.21
39.91
39.78
39.64
39.50

39.36
39.22

39.08

25.16
23.98
22.73
22.46
18.99
17 .96

T 31.28
T~
X |

28.94

PR

80

Current Data Parameters

NAME xjb-4-235-600
EXPNO 2
PROCNO 1

F2 - Acquisition Parameters

Date_ 20040303

Time 8.36
INSTAUM spect
PROBHD 5 mm TBI 1H/
PULPROG c13wonoe

0 65536
SOLVENT coCc13

NS 3533

DS 0

SWH 37878.789 Hz
FIDRES 0.577984 Hz
AQ 0.8651252 sec
RG 32768

DW 13.200 usec
DE 6.00 usec
TE 290.0 K

D1 8.00000000 sec
D3 0.00100000 sec
============ CHANNEL f1 =s=====
NUC1 13C

P1 13.50 usec
PL1 0.00 dB
SFO! 151.0953827 MHz
====z=z======= CHANNEL f2 ======
CPDPRG2 waltz16

NUC2 1H
PCPD2 100.00 usec
pL2 0.00 dB
PLi2 12.00 dB
SF02 600.8336050 MHz

F2 - Processing parameters

SI 65536

SF 151.07839009 MHz
WDW EM

SSB 0

LB 1.00 Hz

GB 0

PC 1.00

10 NMR plot parameters

CX 20.00 cm
F1P 200.000 ppm
F1 30215.78 Hz
F2P 0.000 ppm
F2 0.00 Hz
PPMCM 10.00000 ppm/cn
HZCM 1510.78906 Hz/cm
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xjb-4-235, DMSO. rt, NOESY. 6pOMHz

A
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pom
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TTTTT VI rrrrrrores

4
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TTT I T T T rrI 117
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T I N B R

ppm

NANE x}D-4-235-600
EXPNC 1114
PROCND 1
F2 - Acguisition Parameters

Date_ 0040307
Time 18 0t
INSTAUN m_ﬁ c
PROBHD come ol
PULPROG
™

OUNIZ

O}

Ph

Haz

Current Data Parameters

o4

ZT

4«@

NHCbz

(Cbz),GS

i Avilarn

AR g afe e

NOC
RS .
Rl BOL bas W
FIDRES 23.479060 Hz
SW 10.002 ppm
F2 - Processing parameters
sl 1024
SF 600.68300055 MHz
WO SINE
SSB [}
L8 0.00 Hz
GB 0
pC 1.00
f{ - Processing parameters

14 1024
NC2 TPPI
SF 600.8300058 MHz
WON SINE
558 0
LB 0.00 Hz
G8 0

20 NMR plot parameters
£x2 15.00 cm
Cx1 15.00 cm
FoPLO 9.992 ppm
F2L0 £003.46 Hz
F2PHI -0.010 ppn
FaHl -6.16 Hz
FIPLO 9.992 apm
FiL0 6003.21 Hz
F1PHI -0.01% ppm
F1iH1 -6.41 Hz
FaPPNCM 0.66681 ppm/cm
F2HICN 400.64105 Hz/cm
F 1PPNCM 0.66681 ppm/cm
F{HICM 400.64105 Hz/cm




xjb-4-257, DMSO-d6, NOESY, 600MHz, rt

N A
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:a a mh‘.m [ ] . m
» » ‘nif . . s - o
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R o
- [-] e n o s - ] m
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" ppm
T YT TTrITIrrTrrrrrorr CrTTIT T s rTTrTeyeeyd LN 0 I O N I O N BN BN R N BN O B O B LI LB R L LR S B DL AL I I B 3 A B TTITTTITrrriyrrrryernrayy
pom 3 6 4 2

NAME x)b-4-257-600
EXPND 1"
PROCNO ]
F2 - Acguisition Parameters
Oate_ 20040328
Time 22.17
INSTRUM spect
PROBHD 5 mm 181 14/
P PROG noesyLo
10 1024
SO VEN? s
NG HUd
CbzHN

Current Data Parameters

o
N
o
9a
F1 - Acquisition paramcicrs
NDO ?
1) 2ok
SFOy ROG B My
F1DRES 23.475060 M2
Sw 10.002 ppms
F2 - Pracessing parameters
118 1024
SF 6008300065 MHz
WOM SINE
$58 0
8 0.00 Hz
G8 ]
PC 1.00
F1 - Processing parameters
s1 1024
MC2 1991
SF 600.8300079 Mz
Lo SINE
$58 0
18 0.00 12
G8 ]
20 NMR plot parameters
cx2 15.00 ca
cx1 15.00 cm
FoAL0 9.990 pom
Fa.o 6002.47 Hz
Forul -0.012 ppe
FaHl -7.14 H2
FiPLO 9.988 ope
FiLD 6003.11 Hz
FIPH] -0.0%4 pom
FIHL ~8.51 M2
F2PPHCN 0.66681 ppm/ce
F2HICN 400.64105 H2/cm
F1PPMCH 0.66681 ppm/cm
FIHZCN 400.64105 Hz/cm
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xjb-4-62-600 dmso-d6 298K 600MHz ch2d noesy 12/6/03 ftl
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ppm 3 4 2 0

Current Data Paramaters

NANE XJb462-500-ft1
EXPHO 1141
PROCNO 1

F2 - Acquisition Perssstera

Date _ 20031205
Time 2.2
INSTAUM spect
PROBHD S mm TBI $H/

<% 0.00 ok
SFO3 600.8328640 MHx
Fi - Acquisition paremetery
NDO 2
T 256
SFO4 600.8329 Miz
FIDRES 23.475060 Hz
s 10.002 ppa
F2 - Procssaing paraseters
114 1024
- §F 500.8300120 Mtz
WOW SINE
558 [
1B 0.00 M2
68 0
PC 1.00
Fi - Processtng parsseters
SI 1024
NC2 PPl
& 600.8300118 MHz
WON SINE
58 0
L8 0.00 Hz
-] Q
& MR plot paraasters
o2 15.00 ca
oxXs 15.00 c»
F2PLO 9.781 ppa
FaD 5876.81 Hz
F2PHI -0.221 ppa
F&I -132.81 Hz
FiPLO 9.784 ppa
Filo 5476.686 Hz
FiPHY -0.221 ppm
FAHI -iR.76 Wz
F2PPHOI 56681 ppa/ca
FAZCH 400,64105 Hz/ca
F1PPHCH 0.66681 ppm/ca
FiHIOL 400.64505 Hz/ca




Chemical Shift (ppm)

9.5 -
8.5
7.5

y =-0.0022x + 7.8389
R?=0.9976
7

6.5

Cbz2GS Variable Temperature NMR in DMSO-d6

y =-0.0118x + 12.479

R?=0.9997

y|=-0.0067x + 10.559
R?=0.9998

y =-0.0038x + 9.5163

8 R*=10.9997

y =-0.0086x + 9.937

R?=0.9978

6 T T T T T \ \ \

285 295 305 315 325 335 345 355 365
Temperature (K)

385

& D-Phe-NH

® Orn-NH

A Leu-NH
Orn-delta-NH

X Val-NH

Linear (D-Phe-NH)

Linear (Orn-NH)

Linear (Leu-NH)
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Chemical Shift (ppm)

9a Variable Temperature NMR in DMSO-d6

CbzHN
9.5 -
o u\ O
y =-0.007x + 11.088 N" N A
H
o R?=0.9993 N o
® ° H
a _ N
8.5 —
y =-0.0031x + 8.884
—— - - R*=0.9978
—— — —
7.5 ¢ Orn-NH
y = -0.0084x + 9.7657 w Leu-NH
R? = 0.9999 Orn-delta-NH
o Val-NH
6.5 Linear (Orn-NH)
Linear (Leu-NH)
=-0.0004x + 6.4
y=-0 200 X +6.4088 Linear (Orn-delta-NH)
R*=0.9018 )
Linear (Val-NH)
55
4.5 T T T T T T T 1
285 295 305 315 325 335 345 355 365

Temperature (K)



Chemical Shift (ppm)

9.5 4

9b Variable Temperature NMR in DMSO-d6

y =-0.0046x + 10.549
R? = 0.9997

o

8.5

y =-0.0029x + 8.9628
R? = 0.9997

[ee]

N
w

~

6.5

y =-1E-05x + 6.1395

»

R®= 0.1284

5.5

290

295

300

305

310 315 320 325 330

Temperature (K)

335

340

—o— Orn-NH

Leu-NH

—a—Val-NH

Linear (Orn-
NH)
Linear (Leu-
NH)
Linear (Val-
NH)
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Selected Observed nOes for 9a, 9b and Cbz,GS (600 MHz, DMSO-d,).
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X-ray crystallographic data for 9b (crystallized from MeOH/H,0):

Table 1. Crystal data and structure refinement for 9b.

Identification code pittl

Empirical formula C80 H104 F6 N10 O12 - 3(H,0)

Formula weight 1559.73

Temperature 100.0(2) K

Wavelength 0.71073 A

Crystal system Orthorhombic

Space group P2.2.2,

Unit cell dimensions a=9.6390(9) A a=90°.
b =23.908(2) A B=90°.
c=38.807(4) A v =90°.

Volume 8943.3(14) A3

Z 4

Density (calculated) 1.158 Mg/m?

Absorption coefficient 0.088 mm'!

F(000) 3312

Crystal size 0.29 x 0.06 x 0.06 mm?

Theta range for data collection 1.35 to 25.00°.

Index ranges -9<=h<=11, -28<=k<=28, -46<=I<=46

Reflections collected 42826

Independent reflections 15549 [R(int) = 0.0760]



Completeness to theta = 25.00°
Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F?

Final R indices [[>2sigma(])]
R indices (all data)

Absolute structure parameter

Largest diff. peak and hole

99.7 %

0.9947 and 0.9748
Full-matrix least-squares on F?
15549/0/988

1.013

R1=0.0999, wR2 =0.2574
R1=0.1567, wR2 =0.2868
-0.1(13)

1.593 and -0.439 e. A3
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