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Abstract: A bioassay-directed investigation of the cytotoxic constituents of the Japanese sPalbhedla auricularia
resulted in the isolation of two cytotoxic compounds designated dolastati?) Bin@l isodolastatin H3) from the

wet animals at the yields of @ 1077%. On the basis of spectroscopic analysis, these compounds were shown to
be new peptides that were closely related to dolastatirLl¢lated from Western Indian Ocean specimens of this
animal. The notable structural feature of these new compo@rats]3, is that 3-phenylpropane-1,2-diol is attached
through the ester linkage to the C-terminus of a tetrapeptide containing unusual amino acids. The absolute
stereostructures &f and3 were unambiguously determined by enantioselective total synthesis. A cytotoxicity test
for synthetic2, 3, and their C-2 epimers revealed that the stereochemistry of the 3-phenylpropane-1,2-diol moiety on
the C-terminus plays an important role in their cytotoxicitp. vivo antitumor activity against murine P388 leukemia
was evaluated, and it was shown that isodolastatiBHekhibited antitumor activity a little weaker than that of
dolastatin 10 J).

The Western Indian Ocean sea hBxa@abella auriculariais report here the isolation of these new compounds and their
known to produce remarkably potent antitumor agents with absolute stereostructures, which were determined using the
novel structures that have been referred to as dolasfatins. enantioselective synthesis 2fand 3 and their sterecisomers.
Among these, dolastatin 10L)(is a unique linear peptide  Results on the biological evaluation of these synthetic com-
containing unusual amino acids and has been shown to possesgounds are also described.
unprecedented potent antitumor actiityDue to its chemical,
biological, and clinical significance, extensive studies on the

total synthesis of® and the structureactivity relationships of

synthetic analogué%*have been carried out. We recently found

that the Japanese specimens of this animal contained new Irj;r N
cytotoxic peptides and depsipeptileand other unique me- MezN :/)
tabolites® which have not been isolated from Western Indian O Me OMeO OMe o S
Ocean specimens. Further investigation of the cytotoxic Dov  Val Dil Dap
constituents of the Japanese sea Imarauricularia has resulted

in the isolation of two potent cytotoxic peptides, dolastatin H
(2)7 and isodolastatin H3],” as very minor constituents. We
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Results and Discussion
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Table 1. *H NMR Data for Dolastatin HZ) and Isodolastatin
H (3) in CeDe?

Isolation. The MeOH extract of the internal organs of the

2

3

sea hard®. auricularia, collected in Mie Prefecture, Japan, was position
partitioned between EtOAc and,8. The EtOAc-soluble !
material, which exhibited cytotoxicity against HeLa€®lls with 2

an 1Gy of 1.2 ug/mL, was further partitioned between 9:1 3
MeOH/H,O and hexane. Bioassay-guided separation of the

material obtained from the aqueous MeOH portion was per- 2 6.7
formed by repeated chromatography on silica gel [(1) benzene/ a

EtOAc, then EtOAc/MeOH, step gradient; (2) 80:16:4 to 0:80: 10

20 benzene/EtOAc/MeOH, linear gradient] and ODS silica gel  10a,b
[(1) 4:1 MeOH/HO, then MeOH; (2) 7:3 MeOH/$D to MeOH, 11
linear gradient] to give a cytotoxic fraction &= 0.036ug/ g

mL). The fraction was further separated by reversed-phase
HPLC (5:5 to 6:4 MeCN/HO, linear gradient) and subsequently 17
by silica gel TLC (20:7:3 CHGlacetone/MeOH) to give a 18
potent cytotoxic fraction (I = 0.0038 ug/mL), which
contained dolastatin HJ and isodolastatin H3) in a ratio of 19
1:1. This cytotoxic fraction was then purified by silica gel TLC
(12:1 CHCH/MeOH) and by reversed-phase HPLC (7:3 MeOH/ 19¢

0.01 M NH,OACc) to afford pure2 (9 x 107 7% yield based on 19d
wet weight) and3 (9 x 107"%) as a colorless powder. The 20a
cytotoxicities of2 and3, while not tested with naturd@ and3 g%a

because of the inadequate amounts of natural samples (0.3 mg
each), were demonstrated using synthetic samples of these 55

compounds as described below. 22d
Gross Structures. Dolastatin H 2) has a molecular formula 23

of C41H70N4Os, which was determined by high-resolution ggb c

FABMS [m/z 747.5294 (MH), A + 2.2 mmu] and high-field 26

IH NMR data (Table 1). The IR spectrum showed bands at 27
3425, 1730, 1660, 1635, and 1260 cnthat were assigned to 28
hydroxyl, ester, and amide groups. TH&NMR data showed OH

3.76 dd (11.0, 1.9)
4.60dd (11.0, 9.5)
4.35m

2.58 dd (13.5, 6.6)
2.84 dd (13.5, 6.6)
7.05-7.20 m

2.57 dq (10.3, 7.0)
1.30d (7.0)
4.29.dd (10.3, 1.5)
3.27s

4.28 ddd (6.3, 4.2, 1.5)
1.57,1.90m
1.21,1.63m
2.84, 3.00 br
1.91,2.11 br

4.12 br

3.25s

4.99 br

1.48 br
1.06,1.41m
0.881(7.7)

0.93d (7.0)
2.73s

4.99dd (8.8, 8.1)
1.86m
1.23,1.71m
0.86t(7.7)

1.06 d (6.6)
6.72d (8.8)
2.30d (7.0)
2.19s

2.02m

0.96 d (7.0)
1.11d (7.0)

5.26 d (3.4)

3.80 ddd (13.0, 7.0, 6.2)
3.90 ddd (13.0, 7.5, 2.4)
554 m

2.77 dd (14.0,6.2)
2.93 dd (14.0, 7.5)
7.0%#7.15

2.51dq (10.6, 7.0)
1.22d(7.0)

4.27 dd (10.6, 1.1)
3.2%s

4.20m
1.62,1.92m
1.20,1.63m
2.83,3.01 br

1.90, 2.10 br
4.13 br

3.20's
4.99 br

1.47 br
1.07,1.40m
0.871t(7.3)

0.94d (7.0)

2.73s

4.98 dd (8.8, 7.6)
1.86 m

1.22,1.70 m
0.851(7.3)

1.05d (6.6)

6.68 d (8.8)

2.29d (7.0)

2.19s

2.01m

0.96 d (7.0)
1.11d(7.0)
5.21dd (7.5, 7.0)

the presence of an amide NH group 6.72) and anN-
methylamide groupd 2.73), suggesting the peptidic nature of
2. Resonances in tHél NMR spectrum were assigned by DQF-
COSY, HMBC, and decoupling experiments, as shown in Table
18 Although the'3C NMR spectrum could not be obtained
due to the scarcity of the sample, carbon chemical shifts were = Mex
partially determined by HMBC experimentdc(; = 6 and 8 Me
Hz). These spectroscopic data suggested the presence of five
components ir2:N,N-dimethylvaline (dolavaline, Dov), isoleu-
cine (lle), dolaisoleuine (Dil), dolaproine (Dap), and 3-phenyl-
propane-1,2-diol (Figure 1). Three of them, Dov, Dil, and Dap,
are the unusual amino acid units of dolastatin 1)0%( It was
difficult to prove the presence of the Dil unit, since most proton
signals from this unit were extremely broad and no cross-peaks
were observed in the COSY spectrum regarding the connec-
tivities between H-19 and H-19a and between H-19a and H-19b.

N\

)

lle

¥ CO/MeBOv 1 Q/
Dap

aRecorded at 600 MHz. Coupling constants (Hz) are in parentheses.
b Interchangeable signals.

A Dj
24 H r\_g

21 L‘
ﬁzro/r_l\'@ OMe

Dil

3-phenylpropane-
1,2-diol

However, the HMBC correlations shown in Figure 1 clarified Figure 1. Partial structures a2 derived from 2D NMR experiments.

these connectivities.
oxymethylene protons (H-1) of 3-phenylpropane-1,2-diol and
the carbonyl carbon (C-8) of Dap indicates connectivity between
these two components, as shown in Figure 1. Although the

The HMBC correlation between the Important HMBC correlations are shown with arrows.

methine carbon (C-22) of lle should be connected to the
carbonyl carbon (C-21) of the Dil unit. Thus, the gross structure

presence of three carbonyl groups (C-8, C-21, and C-24) was®f dolastatin H is unequivocally shown as

disclosed by HMBC experiments, the molecular formul&of

suggested the presence of an additional carbony! group, which€@mParison with the spectral data
9 P y! group of 3 was identical with that oR. The

were similar to those fo? except for the chemical shifts of the
oxymethylene (H-1) and oxymethine (H-2) protons: the signals
due to H-1 were observed at3.76 and 4.60 and the signal of
H-2 was atd 4.35 in 2, whereas the signals arising from H-1
were observed al 3.80 and 3.90 and the signal of H-2 was at
0 5.54 in 3. These data suggest that the Dap unit3ins
esterified by the secondary hydroxyl group of 3-phenylpropane-

must correspond to the C-16 carbonyl group of the Dil portion.
Further evidence for the connectivity of these partial structures
could not be obtained from either HMBC experiments or
NOESY data due to the scarcity of the sample. However,
considering that the Dov and Dap units are the N- and C-termini
of 2, respectively, the carbonyl carbon (C-24) of the Dov unit
must be bonded to the amino nitrogen (N-23) of Ille and the

The gross structure of isodolastatin B) vas elucidated by
f The molecular formula
IH NMR data (Table 1)

(8) The numbering adopted in this paper corresponds to that of dolastatin 1,2-diol. Thus, isodolastatin F8J was shown to be a structural

10 @) (ref 2).

isomer of2 with regard to the 3-phenylpropane-1,2-diol moiety.
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Scheme %
a OH
HO RO
© 2 R=H
5, R=
4 [ 6, R = tBuPh,Si
c OBn
RO
>
7, R = tBuPh,Si
d
L. 8, R=H

a(a) DIBAL, CH.Cl,, hexane, O°C. (b) t-BuPhSiCl, imidazole,
DMF, rt. (c) BnBr, LiN(SiMey);, DMF, THF, rt. (d) HF, MeCN, HO,
0°C—rt.

Absolute Stereochemistry and SynthesisThe stereochem-
istries of dolastatin H Q) and isodolastatin H 3) were

Sone et al.

group in 16 gave (XH-3. The epimer (R)-3 was also
synthesized usingnt6 in the same manner. Of the two
stereoisomers, the spectral data foB)3, [a]%8y —47.6 (c
0.051, MeOH), were identical to those for natuBaja]?p —47°

(c 0.04, MeOH), thus establishing the absolute stereostructure
of 3.

Cytotoxicity of Dolastatin H (2), Isodolastatin H (3), and
Their C2-Epimers. Since the cytotoxicity of naturdd and3
could not be tested, as described above, synti2etind 3, as
well as their epimers C2pi-2 and C2epi-3, were subjected to
cytotoxicity testing using the HeLas$ell line. Both synthetic
2 and3 showed potent cytotoxicity with 1§ values of 0.0022
and 0.0016:g/mL, respectively, indicating that both natugal
and3 are the active principles of the cytotoxic fraction §G=
0.0038ug/mL (see the section on isolation)] prepared from the
sea haréD. auricularia. It is noteworthy that the C2-epimers
of 2 and 3 are much less cytotoxic (kg = 0.020 and 0.029
ug/mL, respectively) tha@ and3 themselves. These findings

determined by the synthesis of the possible stereoisomerssuggest that the cytotoxicity @and3 is quite sensitive to the
assuming that the stereochemistries of the Dov, Dil, and Dap C-terminal structures of these peptides. It should be noted that

units were identical to those of dolastatin 10) @nd that

the phenyl group of the C-terminus &fwas reported to be

isoleucine has an L configuration. Since the absolute stereo-essential for biological activity in a study of a structtaetivity
chemistry of the 3-phenylpropane-1,2-diol unit is unknown, our relationships of dolastatin 1a)*

synthetic targets were §-2 and (%)-3 and their C2-epimers
(2R)-2 and (R)-3.

The 3-phenylpropane-1,2-diol ur8twas prepared from the
optically pure epoxy alcoho#® (Scheme 1). Regioselective
reductiorl® of 4 gave §)-3-phenylpropane-1,2-diob),}* which
was converted to silyl ethed. Benzylation of6 followed by
deprotection of the silyl group of the resulting benzyl etfer
gave the desired primary alcoh&l The enantiomer o8 was
also prepared fronent4 in the same manner. The Dap and
Dil units, Boc-Dap 9) and Cbz-Dil-Ot-Bu (11), were synthe-
sized using the methods of Shidftiand Kogai® respectively.

The first target (%)-2 was synthesized as follows (Scheme
2). Condensation of primary alcoh®land Boc-Dap 9) under
the Keck condition® gave ested 0. Deprotection of the Chz
group of Cbz-Dil-Ot-Bu (11) followed by coupling with Cbz-
L-isoleucine using (benzotriazol-1-yloxy)tripyrrolidinophospho-
nium hexafluorophosphate (PyBGPyave dipeptidd 2, which
was converted to tripeptid@3 by condensation withN,N-
dimethylvaline (Dov}* using DEPCL> After deprotection,
tripeptide13 and esteflOwere coupled using DEPC to provide
tetrapeptidel4, debenzylation of which yielded §-2. The
epimer (R)-2 was also synthesized usirent8 by the same
sequence of reactions employed for the synthesis §fZ20f
the two synthetic stereocisomersg2 was found to be identical
to natural2 in all respects, including specific rotation [synthetic
2 [0]% —48.C° (c 0.061, MeOH); naturaR, [a]?>> —56°

(c 0.04, MeOH)], thus establishing the absolute stereostructure

of 2.

The synthesis of @-3 was performed by a sequence similar
to that used for the synthesis of§22 (Scheme 3). Thus,
esterification of Boc-Dap9) with silyl ether6 gave ested5.
Ester15 and tripeptidel3 were deprotected, respectively, and
condensed to provide tetrapeptidlé. Removal of the silyl

(9) Gao, Y.; Hanson, R. M.; Klunder, J. M.; Ko, S. Y.; Masamune, H.;
Sharpless, K. BJ. Am Chem Soc 1987, 109 5765-5780.

(10) Suzuki, T.; Saimoto, H.; Tomioka, H.; Oshima, K.; Nozaki, H.
Tetrahedron Lett1982 23, 3597-3600.

(11) (a) Bergstein, W.; Kleemann, A.; Martens Synthesid 981, 76—
78. (b) Cardillo, G.; Orena, M.; Romero, M.; Sandri,T&trahedrori 989
45, 1501-1508.

(12) Boden, E. P.; Keck, G. B. Org. Chem 1985 50, 2394-2395.

(13) Coste, J.; Le-Nguyen, D.; Castro, Betrahedron Lett199Q 31,
205-208.

(14) Bowman, R. E.; Stroud, H. H. Chem Soc 1950 1342-1345.

(15) Shioiri, T.; Yokoyama, Y.; Kasali, Y.; Yamada, Betrahedrorl976
32, 2211-2217.

Evaluation of in Vizo Antitumor Activity for Dolastatin
H (2) and Isodolastatin H (3). Dolastatin H 2) showed acute
toxicity against mice at doses above 10 mg/kg by intravenous
injection. On the basis of this toxicity tesh vizo antitumor
activity of 2 and3 was examined. While no significant activity
was shown for dolastatin H2), isodolastatin H ) exhibited
antitumor activity with a T/C of 141% at a dose of 6 mg/kg/
day against P388 leukemia (intraperitoneal tumor inoculation
intravenous drug administration). This antitumor activity for
3is a little weaker than that for dolastatin 10 (T/C = 155%
at 6.5ug/kg/day against P388 leukeniiand3 requires a higher
concentration thad.

Conclusion. New potent cytotoxic peptides, dolastatin®) (
and isodolastatin H3), were isolated from Japanese specimens
of the sea har®. auricularia. Their structures were deduced
and unambiguously established by total synthesis. The cyto-
toxicities of 2, 3, and their C-2 epimers were evaluated and
depended largely on the C-terminal stereostructures of these
peptides. The present investigation provides the first isolation
from the natural source of potent cytotoxic peptid2snd 3,
which are closely related to dolastatin 10),(a well-known
potent antitumor agent.

Experimental Section

General. Melting points are uncorrected. Optical rotations were
measured with a JASCO DIP-181 polarimeter. UV and IR spectra were
recorded on a JASCO UVIDEC-510 spectrophotometer and a JASCO
IR-810 spectrophotometer, respectively. NMR spectra were recorded
on a JEOL JNM EX270 (270 MHz foiH), a JEOL ALPHA400 (100
MHz for 13C), or a JEOL ALPHA600 (600 MHz fofH). NMR
chemical shifts were referenced to solvent peadks:7.26 (residucal
CHCls) for CDCls, 0y 7.16 (residual @HDs) anddc 128.0 for benzene-
ds. Mass spectra were determined on a JEOL JMS LG2000 spectrom-
eter operating in the FAB modengnitrobenzyl alcohol as a matrix).
Elemental analyses were performed with a LECO CHN-900 elemental
analyzer. Both TLC analysis and preparative TLC were conducted on
0.25 mm E. Merck precoated silica gel 6&4 Fuji Silysia silica gel
BW-820 MH was used for column chromatography unless otherwise
noted. Preparative HPLC and medium-pressure liquid chromatography
(MPLC) were performed using a JASCO TRI ROTAR pump and
JASCO 880 pumps, respectively. Unless otherwise stated, materials
were obtained from commercial suppliers and used without further
purification. Organic solvents for anhydrous reactions were distilled
from the following drying agents: triethylamine and diisopropylethy-
lamine (CaH), DMF (CaH. under reduced pressure), and £
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Scheme 2

N OH

Boc
OMe O

Boc-Dap (9)
Ot-Bu m’ Cszx‘, j::/\'(OtBu

O Me OMeO

Cbz N

t\llle OMe O

Cbz-Dil-Ot-Bu (11) 12

PNyl

(0] O Me OMeO

d

0,
87 Yo Me,

OMe O

a(a) DCC, 4-(dimethylamino)pyridine (DMAP), 10-camphorsulfonic acid (CSA).Clk 0 °C. (b) H;, 10% Pd-C, MeOH, rt.
0°C. (d) DEPC, EiN, DMF, 0 °C. (e) CRCO,H, CH.Cl,,

PyBOP,i-PrEtN, CHCl,,
MeOH, HO, AcOH, rt.

Scheme 3

Boc-Dap (9
85%

2(a) DCC, DMAP, CSA, CHCl,, 0
MeCN, H0, 0°C.

OMe (0] E

OSit-BuPh,
15

_C |

13

°C. (b) CRCOH, CH,Cl,, 0

(P:0s). All moisture-sensitive reactions were performed under an
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g o OBn e
Boc” 2
OMe O
10
95% MezNj;r ﬁ' jfr/\r(m o
(0] O Me OMeO
13

SUSN

R =8Bn

7ok (23)2( 2),R=H

(c) Cbz-lle,
(9) Ha, 10% Pd-C,

OMe O E

OR

0°C. (f) CRCOH, CH,Cl, rt.

T T

52% O Me OMeO

16, R = Sit-BuPh,

gror~ (29-3(=3), R=H

. (C) CRCOH, CH,Clp, 0°C — rt. (d) DEPC, EiN, DMF, 0°C. (e) HF,

ug/mL) as an oil. The active fraction was further purified by preparative

atmosphere of nitrogen. Organic extracts were dried over anhydrous TLC (12:1 CHClMeOH, R; = 0.52) followed by preparative HPLC

NaSQO..
Isolation of Dolastatin H (2) and Isodolastatin H (3). D.
auricularia (33 kg, wet wt) were collected by hand at a depth 6fl0

m off the coast of the Shima Peninsula, Mie Prefecture, Japan, in April

1993. The specimens, which were stored-&0 °C for 4 months,

[Develosil ODS-10 (20x 250 mm), 7:3 MeCN/0.01 M NKDAC, flow
rate 5.0 mL/min, detection at 215 nm] to give p@€0.3 mg,tgr = 42
min) and3 (0.3 mg,tr = 46 min) as colorless powders, respectively.
Dolastatin H (2): R = 0.60 (10:1 CHG/MeOH); [0]?% —56° (c
0.04, MeOH); UV (MeOHWmax 208 (€ 23 000) nm; IR (CHGJ) 3425,

were divided into the internal organs and thick outer skin, and the former 1730, 1660, 1635, 1495, 1455, 1260, 1095, 1060'cid NMR data,

(20 kg, wet wt) were extracted with MeOH (40 L). The methanolic
extract was concentrated to.@aL in vacuo and extracted with EtOAc
(3 x 2'L). After concentration in vacuo, the EtOAc extract (91.4 g,
ICso against HeLa-$cells= 1.2 ug/mL) was dissolved in 9:1 MeOH/
H.O (1 L), and the solution was washed with hexanex(2l L).
Evaporation of the aqueous MeOH portion gave a dark brown oil (30.8
g), which was chromatographed on silica gel (590 g), eluting with 1:1
benzene/EtOAc, EtOAc, 95:5, 9:1, and 8:2 EtOAc/MeOH, and MeOH,
successively. The fraction (1.46 g,s4G= 0.1ug/mL) eluted with 9:1
EtOAc/MeOH was subjected to MPLC [Fuji Silysia Micro Bead Silica
Gel 4B (65 g), linear gradient from 80:16:4 to 0:80:20 benzene/EtOAc/
MeOH, flow rate 6.0 mL/min]. The fraction eluted between 28:58:14
and 18:66:16 benzene/EtOAc/MeOH (371 mgsd& 0.044ug/mL)
was subjected to chromatographic filtration through a pad of ODS
(Nacalai Tesque Cosmosil 750PN, 7.2 g), eluting with 4:1 MeOH/
H.O and then MeOH. The fraction eluted with 4:1 MeORIH(300
mg) was subjected to MPLC [Nomura Chemical Develosil ODS 30/
60 (70 g), linear gradient from 7:3 MeOH/8 to MeOH, flow rate

5.0 mL/min]. The fraction eluted between 92:8 MeOkiTHand MeOH

(46 mg, 1Go = 0.036 ug/mL) was separated by preparative HPLC
[Develosil ODS-10/20 (206« 250 mm), linear gradient from 5:5 to 6:4
MeCN/HO, flow rate 5.0 mL/min, detection at 215 nm] to afford an
oil (16 mg, tr = 50—110 min, 1Go = 0.019ug/mL). This oil was
separated by preparative TLC (20:7:3 Chl&tetone/MeOH) to give

a potent cytotoxic fraction (4.0 md = 0.53-0.87, |G, = 0.0038

see Table 1; HRFABMS calcd for,@H71N4Os m/z 747.5272 (MH),
found 747.5294.

Isodolastatin H (3): R = 0.60 (10:1 CHG/MeOH); [0]?% —47°
(c 0.04, MeOH); UV (MeOH)Amax 208 (€ 23 000) nm; IR (CHG)
3425, 1725, 1660, 1635, 1495, 1455, 1260, 1095, 1060;ctd NMR
data, see Table 1; HRFABMS calcd for#871N4Os m/z 747.5272
(MHT), found 747.5309.

(9)-3-Phenylpropane-1,2-diol (5). To a solution of epoxy alcohol
4° (492 mg, 3.28 mmol) in CkCl, (7.0 mL) was added a solution of
diisobutylaluminum hydride (DIBAL) in hexane (1.0 M, 9.85 mL) over
7 min with stirring at 0°C. The solution was stirred at @ for 30
min, the reaction was quenched by the addition of ethyl acetate (5.0
mL), and the solution was warmed to ambient temperature. The mixture
was diluted wibh 1 M HCI (30 mL) and ether (30 mL) and stirred at
ambient temperature for 30 min. The organic layer was separated, and
the aqueous layer was extracted with ethex(80 mL). The organic
layer and the extracts were combined, washed with saturated aqueous
NaCl (20 mL), dried, and concentrated. The residual oil was purified
by column chromatography (1:1 and then 1:2 hexane/EtOAc) to give
511 (307 mg, 62%) as crystals: colorless needles; mp-44%6 °C
(hexane/CHCly); Rr= 0.19 (1:1 hexane/EtOAc)y] % —35.4 (c 1.00,
EtOH) [lit.1*2[a]?% —36° (c 1, EtOH)].

ent5. Using the same procedure as described for the preparation
of 5, ent4 was converted tent5'*> mp 45-46 °C (hexane/ChCly);
[a]?% +29.9 (c 1.05, EtOH).
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(S)-1-(tert-Butyldiphenylsiloxy)-2-hydroxy-3-phenylpropane (6).
To a solution of alcohob (184 mg, 1.22 mmol) and imidazole (182
mg, 2.68 mmol) in DMF (1.0 mL) was addedrt-butyldiphenylsilyl
chloride (0.35 mL, 1.3 mmol) with stirring at@. After being stirred
at ambient temperature for 20 min, the solution was diluted with 1:1
benzene/EtOAc (50 mL), and the mixture was washed with 10%
aqueous citric acid (5 mL), # (5 mL), saturated aqueous NaHEO
(5 mL), HO (5 mL), and saturated aqueous NaCl (5 mL) successively,
dried, and concentrated. The residual oil was purified by column
chromatography (20:1 and then 10:1 hexane/EtOAc) to give silyl ether
6 (368 mg, 78%) as a colorless o0iR: = 0.28 (10:1 hexane/EtOAc);
[o]%% —0.3C (c 1.0, CHC}); IR (CHCI;) 3580, 1600, 1585, 1495,
1470, 1425, 1115, 1080, 820 cf H NMR (270 MHz, CDC}) o
1.08 (s, 9 H), 2.43 (dJ = 4.3 Hz, 1 H), 2.77 (dJ = 6.6 Hz, 2 H),
3.57 (dd,J = 10.0, 6.4 Hz, 1 H), 3.67 (dd] = 10.0, 4.0 Hz, 1 H),
3.94 (m, 1 H), 7.127.31 (m, 5 H), 7.327.48 (m, 6 H), 7.66-7.75
(m, 4 H); FABMS (addition of Naly/z (relative intensity) 413 (MN§,
22), 199 (46), 135 (100), 117 (53); HRFABMS calcd foss300,-
SiNan/z 413.1913 (MN4), found 413.1928.

Sone et al.

mg, 86%) as a colorless o0ilR = 0.68 (2:1 hexane/EtOAc) %
—40.0° (c 1.34, CHC}); IR (CHCL) 1730, 1680, 1495, 1475, 1455,
1400, 1365, 1245, 1160, 1095, 1025, 900, 865 ¢rtH NMR (270
MHz, CDChk) ¢ 1.27 (d,J = 6.9 Hz, 3 H), 1.47 (s, 9 H), 1.551.74
(m, 1 H), 1.74-2.05 (m, 3 H), 2.4#2.63 (m, 1 H), 2.79-2.99 (m, 2
H), 3.13-3.29 (m, 1 H), 3.323.62 (m, 1 H), 3.41 (s, 3 H), 3.65
4.18 (m, 5 H), 4.45 (dJ = 11.6 Hz, 1 H), 4.56 (br dJ = 11.6 Hz, 1
H), 7.16-7.33 (m, 10 H); FABM3Wz (relative intensity) 534 (MNg,
7), 512 (MHf, 11), 456 (7), 412 (100), 380 (6), 316 (6), 170 (66), 138
(37), 114 (82); HRFABMS (addition of Nal) calcd forsg14:NOsNa
m/z 534.2831 (MNa), found 534.2853.

C2-epi10. Using the same procedure as described for the prepara-
tion of 10, ent8 was coupled witt® to give C2epi10in 75% yield:
colorless oil;R: = 0.68 (2:1 hexane/EtOAc)]*% —20.9 (c 0.86,
CHCl); IR (CHCls) 1730, 1680, 1495, 1475, 1455, 1400, 1365, 1245,
1160, 1095, 1025, 900, 865 ci'H NMR (270 MHz, CDC}) 6 1.25
(d,J = 6.3 Hz, 3 H), 1.46 (s, 9 H), 1.562.04 (m, 4 H), 2.46:2.66
(m, 1 H), 2.76-2.98 (m, 2 H), 3.143.29 (m, 1 H), 3.46-3.62 (m, 1
H), 3.41 (s, 3 H), 3.654.36 (m, 5 H), 4.4%+4.66 (m, 2 H), 7.16

ent6. Using the same procedure as described for the preparation7.34 (m, 10 H); FABMSm/z (relative intensity) 534 (MN3, 6), 512

of 6, ent5 was converted tent6: [a]?% +0.25 (c 1.7, CHC}).
(9)-2-(Benzyloxy)-1-tert-butyldiphenylsiloxy)-3-phenylpropane
(7). To a solution of silyl ethe6 (1.88 g, 4.82 mmol) and benzyl
bromide (2.90 mL, 24.4 mmol) in DMF (7.5 mL) was added a solution
of LIN(SiMe3); in THF (1.0 M, 7.20 mL) with stirring at ambient

(MH™, 9), 456 (7), 412 (100), 170 (70), 138 (26), 114 (86); HRFABMS
calcd for GoHsiNOsNa m/z 534.2831 (MN4), found 534.2838.
Cbz-lle-Dil-O-t-Bu (12). A mixture of Cbz-Dil-Ot-Bu (11)% (518
mg, 1.32 mmol) and 10% Pd on carbon (134 mg) in MeOH (6.6 mL)
was stirred at ambient temperature under 1 atm &b for 70 min.

temperature. After being stirred at ambient temperature for 1.5 h, the The reaction mixture was filtered through a membrane filter (pore size

reaction mixture was cooled to°C and diluted with saturated aqueous
NH.CI (30 mL). The mixture was extracted with 1:1 hexane/benzene
(200 mL, 2x 100 mL). The combined organic extracts were washed
with H2O (30 mL) and saturated aqueous NaCl (30 mL), dried, and
concentrated. The residual oil was purified by flash chromatography
twice (Fuji Silysia silica gel FL60D, 90:1 hexane/ether) to give benzyl
ether7 (1.74 g, 75%) as a colorless ol = 0.27 (10:1 hexane/EtOAc);
[a]3% —34.7° (c 1.19, CHC}); IR (CHC;) 1600, 1585, 1495, 1475,
1455, 1425, 1115, 1080, 820 ci *H NMR (270 MHz, CDC})
1.09 (s, 9 H), 2.81 (m, 1 H), 2.98 (m, 1 H), 3:63.80 (m, 3 H), 4.36
(d,J=11.6 Hz, 1 H), 4.52 (d) = 11.6 Hz, 1 H), 7.16-7.45 (m, 16

H), 7.63-7.73 (m, 4 H); FABMS (addition of Nalynz (relative
intensity) 503 (MN4, 54), 197 (57), 135 (100), 105 (45); HRFABMS
calcd for G;Hz0.SiNanvz 503.2383 (MN4), found 503.2410.

0.50 um), and the catalyst was washed with MeOH (15 mL). The
filtrate and the washing were combined and concentrated. The residue
and Cbz-L-isoleucine (525 mg, 1.98 mmol) were dissolved in@H

(5.0 mL), and the solution was cooled tQ. To the solution were
added (benzotriazol-1-yloxy)tripyrrolidinophosphonium hexafluoro-
phosphate (PyBOM)(1.04 g, 2.01 mmol) and diisopropylethylamine
(0.70 mL, 4.0 mmol) with stirring. The mixture was slowly warmed
to ambient temperature over 11 h with stirring and further stirred for
6.5 h at ambient temperature. The mixture was diluted with 1:3
benzene/EtOAc (200 mL) and washed with 10% aqueous citric acid
(20 mL), HO (20 mL), saturated aqueous NaHE@0 mL), HO (20

mL), and saturated aqueous NaCl (20 mL) successively, dried, and
concentrated. The residual oil was purified repeatedly by column
chromatography [(1) silica gel, 9:1 and then 8:1 hexane/EtOAc, (2)

ent7. Using the same procedure as described for the preparation flash chromatography using silica gel FL60D, step gradient from 20:1

of 7, ent6 was converted tent7: [a]?p +34.8 (c 0.74, CHCY).
(9)-2-(Benzyloxy)-1-hydroxy-3-phenylpropane (8).To a solution
of benzyl ethei7 (1.73 g, 3.60 mmol) in acetonitrile (60 mL) was added
47% hydrofluoric acid (30 mL, 810 mmol) with stirring atC. After
being stirred at 0C for 30 min and at ambient temperature for 2 h,
the reaction mixture was poured into a mixture of ice (1000 g) and
saturated aqueous NaHE@Q@.000 mL). The mixture was extracted
with ether (800 mL, 2x 400 mL), and the combined organic extracts
were washed with saturated aqueous NaCl (200 mL), dried, and

to 10:1 hexane/EtOAc, (3) Cosmosil 7R@PN, 85:15 and then 9:1
MeOH/H;0, (4) Cosmosil 75¢-OPN, 4:1 MeOH/HO, (5) silica gel,

3:1 hexane/EtOAC] to give dipeptide2 (550 mg, 83%) as a colorless
oil: Rr=0.71 (2:1 hexane/EtOAC)p]3% —8.75 (c 1.30, CHCH); IR
(CHCIs) 3430, 1715, 1640, 1505, 1455, 1410, 1365, 1295, 1235, 1155,
1095, 1040, 1025, 840 cr *H NMR (270 MHz, CDC}) (rotamer
ratio 5:1)0 0.83 (t,J = 7.3 Hz, 3 H), 0.88 (tJ = 7.4 Hz, 3 H), 0.95

1.17 (m, 2 H), 0.96 (tJ = 6.9 Hz, 3 H), 0.98 (tJ = 7.6 Hz, 3 H),
1.26-1.82 (m, 4 H), 1.44 (s, 1.5 H), 1.45 (s, 7.5 Hz), 2.30 (d&

concentrated. The residual oil was purified by column chromatography 15.5, 8.9 Hz, 1 H), 2.41 (ddl = 15.8, 3.0 Hz, 0.17 H), 2.44 (dd,=

(3:1 hexane/EtOAC) to giv8 (848 mg, 97%) as a colorless oiR =
0.40 (2:1 hexane/EtOAC)p]|*s> —14.5 (c 1.77, CHCH); IR (CHCL)

15.5, 2.6 Hz, 0.83 H), 2.76 (s, 0.5 H), 2.97 (s, 2.5 H), 3.33 (s, 0.5 H),
3.34 (s, 2.5 H), 3.68 (dd] = 9.2, 5.0 Hz, 0.17 H), 3.88 (m, 0.83 H),

3580, 3460 (br), 1600, 1585, 1495, 1455, 1395, 1350, 1100, 1085, 1070,3.98 (m, 0.17 H), 4.52 (dd] = 9.2, 6.6 Hz, 0.83 H), 4.574.84 (m,

1040, 1030, 915 cnt; *H NMR (270 MHz, CDC}) 6 2.08 (br t,J =
4.6 Hz, 1 H), 2.81 (dd) = 13.5, 6.9 Hz, 1 H), 2.94 (dd, = 13.5, 6.3
Hz, 1 H), 3.49 (m, 1 H), 3.583.76 (m, 2 H), 4.49 (dJ = 11.6 Hz, 1
H), 4.55 (d,J = 11.6 Hz, 1 H), 7.167.38 (m, 10 H); FABMSm/z
(relative intensity) 265 (MN4§, 8), 243 (MH", 16), 207 (22), 181 (18),
165 (12), 117 (100); HRFABMS (addition of Nal) calcd forgH1s0--
Na m/z 265.1205 (MN&), found 265.1208.

1 H), 5.09 (s, 2 H), 5.44 (d] = 9.2 Hz, 0.83 H), 5.60 (d] = 9.2 Hz,
0.17 H), 7.28-7.40 (m, 5 H); FABMSm/z (relative intensity) 529
(MNa*, 2), 507 (MH", 22), 451 (41), 419 (26), 311 (11), 204 (28),
186 (15), 176 (21), 146 (12), 100 (100); HRFABMS (addition of Nal)
calcd for GgHaeN2OgNa mvz 529.3254 (MN4), found 529.3275.
Dov-lle-Dil-O-t-Bu (13). A mixture of dipeptidel2 (354 mg, 0.700
mmol) and 10% Pd on carbon (70 mg) in MeOH (3.5 mL) was stirred

ent-8. Using the same procedure as described for the preparation at ambient temperature under 1 atm ofgds for 30 min. The reaction

of 8, ent7 was converted tent8: [o]?% +13.5 (c 0.65, CHC}).
(9)-2-(Benzyloxy)-1-(N-(tert-butoxycarbonyl)dolaproyl)oxy)-3-
phenylpropane (10). DCC (639 mg, 3.10 mmol) was added to a stirred
solution of benzyl ethe8 (515 mg, 2.13 mmol), Boc-Da@)d (732
mg, 2.55 mmol), 4-(dimethylamino)pyridine (DMAP) (62.8 mg, 0.514
mmol), and 10-camphorsulfonic acid (CSA) (60.2 mg, 0.259 mmol)
in CH.CI, (15 mL) at 0°C, and the mixture was stirred at’C for 12
h. The mixture was filtered through a plug of cotton, and the solid

mixture was filtered through a membrane filter (pore size B9,

and the catalyst was washed with MeOH (8 mL). The filtrate and
washings were combined and concentrated. The residueNa¥d
dimethyl-L-valiné4 (125 mg, 0.866 mmol) were dissolved in DMF (2.0
mL), and the solution was cooled t6’C. To the solution were added
DEPC (0.13 mL, 0.86 mmol) and triethylamine (0.12 mL, 0.86 mmol)
with stirring. After being stirred at 0C for 2 h, the mixture was diluted
with 1:2 benzene/EtOAc (100 mL) and extracted with 10% aqueous

was washed with 1:1 hexane/benzene (15 mL). The filtrate and the citric acid (10 mL). The aqueous extract was made basic (ca. pH 9)
washing were combined and concentrated. The residual oil was purifiedwith NaHCQ; and extracted with CHGI(3 x 80 mL). The extracts

by column chromatography (10:1 hexane/EtOAc) to give eki¢p40

were combined, washed with saturated aqueous NaCl (20 mL), dried,
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and concentrated. The residual oil was chromatographed on ODSMeOH (5 mL). The filtrate and washings were combined, and to the

(Cosmosil 75Gs-OPN, 4:1 MeOH/HO) to give13 (331 mg, 95%) as
crystals: colorless prisms; mp 589 °C (pentane)R: = 0.50 (2:1
benzene/acetone)p?’b —43.4 (c 0.58, MeOH); IR (CHGJ) 3430,

resulting solution was added 10% Pd on carbon (197 mg). The mixture
was stirred for 75 min under the same conditions as described above.
Since the hydrogenolysis reaction d# was slow, the catalyst was

3370 (br), 1720, 1660, 1635, 1500, 1460, 1410, 1370, 1300, 1240, 1150,further added to the mixture three times at intervals [weight of the

1095, 1035, 840 cnt; 'H NMR (270 MHz, CDC}) (rotamer ratio 15:
1) 6 0.80 (t,J = 7.4 Hz, 3 H), 0.89 (tJ = 6.9 Hz, 3 H), 0.90 (dJ =
6.6 Hz, 3 H), 0.95 (dJ = 6.6 Hz, 3 H), 0.95-1.42 (m, 3 H), 0.99 (d,
J=6.6 Hz, 3 H), 1.00 (dJ = 6.6 Hz, 3 H), 1.44 (s, 0.56 H), 1.46 (s,
8.44 H), 1.52-1.85 (m, 3 H), 2.07 (dgoJ = 6.0, 6.0, 6.0 Hz, 1 H),
2.20-2.37 (m, 1 H) [for major rotamer: 2.29 (dd,= 15.5, 9.6 Hz,
0.94 H)], 2.24 (s, 5.63 H), 2.27 (s, 0.37 H), 2:3851 (m, 1 H) [for
major rotamer: 2.45 (ddl = 15.5, 2.3 Hz, 0.94 H)], 2.42 (d,= 6.6
Hz, 1 H), 2.75 (s, 0.19 H), 3.01 (s, 2.81 H), 3.34 (s, 2.81 H), 3.35 (s,
0.19 H), 3.68 (ddJ = 10.1, 5.0 Hz, 0.83 H), 3.88 (m, 0.94 H), 3.96
(m, 0.06 H), 4.75 (m, 0.94 H), 4.81 (dd= 9.2, 7.3 Hz, 0.94 H), 5.09
(dd,J = 9.2, 3.7 Hz, 0.06 H), 6.81 (dl = 9.2 Hz, 0.94 H), 7.04 (d,
J = 9.2 Hz, 0.06 H); FABMS1/z (relative intensity) 500 (MH, 12),
444 (3), 241 (2), 204 (3), 169 (2), 100 (100). Anal. Calcd for
CoHs3N3Os: C, 64.89; H, 10.69; N, 8.41. Found: C, 64.72; H, 10.67;
N, 8.36.

2-O-Benzyldolastatin H (14). To a solution of tripeptidd.3 (607
mg, 1.22 mmol) in CKCI; (3.0 mL) was added GEO,H (3.0 mL)
with stirring at 0°C, and the solution was stirred at ambient temperature
for 1.5 h to give a solution (solution A). To a solution of esi&r
(650 mg, 1.27 mmol) in CECl, (3.0 mL) was added GEO:H (3.0
mL) with stirring at 0°C, and the solution was stirred at’G for 40
min to give a solution (solution B). The solutions A and B were
combined and concentrated to give an oil, which was dissolved in DMF
(5.0 mL). To this solution were added DEPC (0.25 mL, 1.5 mmol)
and triethylamine (0.95 mL, 6.8 mmol) with stirring at°C. After
being stirred at OC for 2 h, the mixture was diluted with benzene
(200 mL) and HO (50 mL), and the aqueous layer was made basic
(ca. pH 11) with NaCOs. The organic layer was separated, and the
aqueous layer was extracted with benzeng (0 mL). The organic
layers were combined, washed with®(50 mL) and saturated aqueous
NacCl (50 mL), dried, and concentrated. The residual oil was purified
by flash chromatography (silica gel FL60D, step gradient from 2:1 to
0:1 hexane/EtOAc) followed by column chromatography on alumina
[E. Merck aluminum oxide 90 (Activity II-1ll), step gradient from 3:1
to 1:1 hexane/EtOAc] to givé4 (888 mg, 87%) as a colorless o
= 0.51 (9:1 CHGYMeOH); [a]?% —49.5 (c 0.79, MeOH); IR (CHGJ)

catalyst and time for stirring: (1) 109 mg for 140 min, (2) 152 mg for
17 h 40 min, (3) 120 mg fo3 h 45min]. The reaction mixture was
filtered through a membrane filter (pore size 0:B60), and the catalyst
was washed with MeOH (20 mL). The combined filtrate and washings
were concentrated, and the residual oil was chromatographed on alumina
[aluminum oxide 90 (activity II-1ll), 2:1 and then 1:1 hexane/EtOAc]
to provide (X)-2 (308 mg, 77%) as a colorless powdeo] ¥, —48.0°
(c 0.061, MeOH);*3C NMR (100 MHz, GD¢) 6 11.0 (g, 2 C, C-19c
and C-22c), 14.9 (q, C-9a), 15.6 (q, C-22d), 16.1 (g, C-19d), 18.4 (q,
C-27), 20.3 (q, C-28), 24.3 (t, C-12), 25.0 (t, C-13), 25.0 (t, C-22b),
26.1 (t, C-19b), 27.9 (d, C-26), 32.0 (q, C-20a), 33.4 (d, C-19a), 37.7
(d, C-22a), 38.0 (t, C-17), 40.1 (t, C-3), 42.7 (q, 2 C, C-25bc), 45.5 (d,
C-9), 47.9 (t, C-14), 53.1 (d, C-22), 57.0 (d, C-19), 57.7 (g, C-18ab),
60.3 (d, C-11), 61.1 (g, C-10ab), 69.5 (t, C-1), 70.2 (d, C-2), 76.2 (d,
C-25), 78.8 (d, C-18), 81.6 (d, C-10), 126.4 (d, C-7), 128.5 (d, 2 C,
C-6), 129.8 (d, 2 C, C-5), 138.9 (s, C-4), 170.7 (s, C-16), 171.1 (s,
C-24), 173.4 (s, C-8), 174.0 (s, C-21). Anal. Calcd fagHzoN4Osg:
C, 65.92; H, 9.44; N, 7.50. Found: C, 65.80; H, 9.59; N, 7.45.
(2R)-2 [= 2-epiDolastatin H]. Using the same procedure as
described for the preparation of22, C2-epi14 was converted to
(2R)-2in 73% yield: colorless powdeR: = 0.35 (2:1 benzene/acetone);
[0]?6p —52.7° (c 0.065, MeOH); IR (CHGJ) 3430 (br), 1730, 1665,
1635, 1495, 1455, 1410, 1245, 1095, 1060 §n*H NMR (600 MHz,
CsDe) 6 0.86 (t,J = 7.5 Hz, 3 H, H-22c), 0.89 (t) = 7.5 Hz, 3 H,
H-19c), 0.97 (dJ = 6.8 Hz, 6 H, H-27 and H-19d), 1.04 (d= 6.6
Hz, 3 H, H-22d), 1.06 (m, 1 H, H-19b), 1.12 (d,= 6.6 Hz, 3 H,
H-28), 1.23 (m, 2 H, H-13 and H-19b), 1.34 @,= 7.0 Hz, 3 H,
H-9a), 1.43 (m, 1 H, H-19b), 1.47 (m, 1 H, H-19a), 1.59 (m, 1 H,
H-12), 1.66 (m, 1 H, H-13), 1.71 (m, 1 H, H-22b), 1.87 (M, 2 H, H-12
and H-22a), 1.91 (m, 1 H, H-17), 2.02 (dgb= 7.0, 6.8, 6.6 Hz, 1 H,
H-26), 2.10 (br, 1 H, H-17), 2.20 (s, 6 H, H-25bc), 2.30 &= 7.0
Hz, 1 H, H-25), 2.58 (dgJ = 10.6, 7.0 Hz, 1 H, H-9), 2.72 (s, 3 H,
H-20a), 2.78 (ddJ = 13.7, 5.5 Hz, 1 H, H-3), 2.83 (br, 1 H, H-14),
3.01 (br, 1 H, H-14), 3.03 (ddl = 13.7, 8.1 Hz, 1 H, H-3), 3.26 (s, 3
H, H-10ab), 3.29 (s, 3 H, H-18ab), 3.68 (di= 11.0, 6.4 Hz, 1 H,
H-1), 4.14 (m, 1 H, H-2), 4.14 (br, 1 H, H-18), 4.18 (m, 1 H, H-11),
4.27 (dd,J = 10.6, 1.1 Hz, 1 H, H-10), 4.82 (dd,= 11.0, 2.2 Hz, 1

3430, 3370 (br), 1730, 1655, 1635, 1495, 1455, 1425, 1415, 1240, 1165,H, H-1), 4.98 (br, 1 H, H-22), 5.00 (br, 1 H, H-19), 5.21 (©= 6.2

1095 cnt?; 'H NMR (270 MHz, CDC}) (rotamer ratio 4:1) 0.81 (t,
J=7.3Hz, 3H),0.86 (tJ = 7.3 Hz, 3 H), 0.90 (dJ = 6.9 Hz, 3 H),
0.90-1.23 (m, 2 H), 0.96 (dJ = 6.3 Hz, 3 H), 0.99 (d] = 6.3 Hz,
3 H), 1.00 (dJ=6.9 Hz, 3 H), 1.23-1.44 (m, 1 H), 1.29 (d) = 6.9
Hz, 2.4 H), 1.30 (d] = 6.9 Hz, 0.6 H), 1.56-1.88 (m, 5 H), 1.89%
2.66 (M, 7 H), 2.24 (s, 4.8 H), 2.25 (s, 1.2 H), 2.90Jc= 6.6 Hz, 2
H), 3.02 (s, 2.4 H), 3.09 (s, 0.6 H), 3.28.52 (m, 2 H), 3.29 (s, 2.4
H), 3.32 (s, 0.6 H), 3.39 (s, 2.4 H), 3.40 (s, 0.6 H), 36808 (m, 10
H), 6.84 (d,J = 9.2 Hz, 1 H), 7.157.34 (m, 10 H); FABMSm/z
(relative intensity) 859 (MNg, 2), 837 (MH, 5), 805 (2), 241 (3),
170 (2), 117 (3), 100 (100); HRFABMS (addition of Nal) calcd for
C4gH75N4OgNa m/z 859.5561 (MNa), found 859.5569.

Hz, 1 H, OH), 6.72 (d) = 8.8 Hz, 1 H, NH), 7.11 (m, 1 H, H-7), 7.20
(m, 2 H, H-6), 7.31 (m, 2 H, H-5}*3C NMR (100 MHz, GDs¢) 6 11.0

(g, C-19¢), 11.1 (g, C-22c), 14.7 (q, 9a), 15.6 (g, C-22d), 16.1 (q,
C-19d), 18.3 (g, C-27), 20.4 (q, C-28), 24.3 (t, C-12), 24.9 (t, C-22b),
25.0 (t, C-13), 26.1 (t, C-19b), 27.9 (d, C-26), 32.0 (g, C-20a), 33.4
(d, C-19a), 37.7 (d, C-22a), 38.0 (t, C-17), 40.3 (t, C-3), 42.8 (q, 2 C,
C-25bc), 45.6 (d, C-9), 47.9 (t, C-14), 53.1 (d, C-22), 57.1 (d, C-19),
57.9 (g, C-18ab), 60.2 (d, C-11), 61.1 (g, C-10ab), 69.1 (t, C-1), 70.8
(d, C-2), 76.3 (d, C-25), 78.8 (d, C-18), 81.7 (d, C-10), 126.4 (d, C-7),
128.5(d, 2 C, C-6), 129.9 (d, 2 C, C-5), 139.3 (s, C-4), 170.3 (s, C-16),
171.1 (s, C-24), 173.4 (s, C-8), 173.9 (s, C-21); FABM& (relative
intensity) 769 (MN4d, 3), 747 (MH', 5), 100 (100). Anal. Calcd for

C2-epi14. Using the same procedure as described for the prepara- CsH7oN4Og: C, 65.92; H, 9.44; N, 7.50. Found: C, 65.79; H, 9.70;

tion of 14, C2-epi10 was coupled withl3 to give C2epi14in 89%
yield: colorless oil;Ry = 0.51 (9:1 CHCY/MeOH); [0]?% —39.8 (c
0.904, MeOH); IR (CHGJ) 3430, 3370 (br), 1730, 1655, 1635, 1495,
1455, 1425, 1415, 1240, 1165, 1095 ¢ntH NMR (270 MHz, CDCH)
(rotamer ratio 4:1) 0.76-1.22 (m, 20 H), 1.241.43 (m, 1 H), 1.27
(d,J=6.9 Hz, 0.6 H), 1.28 (dJ = 6.9 Hz, 2.4 H), 1.561.85 (m, 5
H), 1.85-2.68 (m, 7 H), 2.24 (s, 4.8 H), 2.25 (s, 1.2 H), 26897
(m, 2 H), 3.02 (s, 2.4 H), 3.08 (s, 0.6 H), 3:23.52 (m, 2 H), 3.29 (s,
2.4 H), 3.32 (s, 0.6 H), 3.39 (s, 2.4 H), 3.41 (s, 0.6 H), 3:6M9 (m,
10 H), 6.86 (dJ = 9.2 Hz, 1 H), 7.157.34 (m, 10 H); FABMSm/z
(relative intensity) 837 (MH, 5), 100 (100); HRFABMS calcd for
CugH76N4OgNa mvz 859.5561 (MN4), found 859.5549.

(29)-2 [= Dolastatin H (2)]. A mixture of tetrapeptidel4 (451
mg, 0.540 mmol) and 10% Pd on carbon (101 mg) in 12:5:3.5 MeOH/
H-O/AcOH (20.5 mL) was stirred at ambient temperature under 1 atm
of H, gas for 1 h. The reaction mixture was filtered through a
membrane filter (pore size 0.50n), and the catalyst was washed with

N, 7.56.
(S)-2-((N-(tert-Butoxycarbonyl)dolaproyl)oxy)-1-(tert-butyldiphe-
nylsiloxy)-3-phenylpropane (15). DCC (480 mg, 2.33 mmol) was
added to a solution of silyl ethés (756 mg, 1.94 mmol), Boc-Dap
(9)%¢ (672 mg, 2.34 mmol), DMAP (118 mg, 0.966 mmol), and 10-
camphorsulfonic acid (135 mg, 0.581 mmol) in &Hb (20 mL) with
stirring at 0°C, and the mixture was stirred at°@ for 11 h. The
mixture was filtered through a plug of cotton, and the solid was washed
with 1:1 hexane/benzene (30 mL). The filtrate and washings were
combined and concentrated. The residual oil was purified by column
chromatography (step gradient from 15:1 to 8:1 hexane/EtOAc) to give
esterl5(1.09 g, 85%) as a colorless oiR: = 0.40 (5:1 hexane/EtOAc);
[0]3% —41.9 (c 1.3, CHC}); IR (CHCl;) 1725, 1680, 1600, 1590,
1500, 1475, 1455, 1430, 1400, 1395, 1365, 1255, 1160, 1115, 820 cm
H NMR (270 MHz, CDC}) 6 1.07 (s, 9 H), 1.131.22 (m, 3 H), 1.47
(s, 9 H), 1.55-1.74 (m, 2 H), 1.741.97 (m, 2 H), 2.36-2.54 (m, 1
H), 2.82-2.99 (m, 1 H), 3.05 (dd) = 13.9, 5.9 Hz, 1 H), 3.123.26
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(m, 1 H), 3.30 (s, 3 H), 3.343.90 (m, 5 H), 5.165.32 (m, 1 H), extracted with CHGI (100 mL, 2x 50 mL). The combined organic
7.13-7.30 (m, 5 H), 7.3+7.47 (m, 6 H), 7.617.76 (m, 4 H); FABMS layers were washed with saturated aqueous NaCl (20 mL), dried, and
(addition of Nal)mvz (relative intensity) 682 (MNg, 16), 660 (MH', concentrated. The residual oil was purified by column chromatography

4), 560 (49), 239 (15), 197 (37), 170 (36), 135 (100), 114 (40); (10:10:1 hexane/EtOAc/MeOH) to provide§23 (274 mg, 87%) as
HRFABMS calcd for GoHssNOsSiNa iz 682.3539 (MN4), found crystals: colorless prisms; mp 885 °C (hexane/ChCly); [o]%%

682.3519. —47.6 (c0.051, MeOH)3C NMR (100 MHz, GDg) 6 10.9 (q, C-19c),
C2-epi15. Using the same procedure as described for the prepara- 11.0 (g, C-22c), 14.8 (q, C-9a), 15.6 (g, C-22d), 16.1 (g, C-19d), 18.4
tion of 15, ent6 was coupled wittP to give C2epi15in 77% yield: (9, C-27), 20.3 (g, C-28), 24.3 (t, C-12), 25.0 (t, C-13), 25.0 (t, C-22bh),
colorless oil;R = 0.40 (5:1 hexane/EtOAc),of* 8.7 (c 1.0, 26.1 (t, C-19b), 27.9 (d, C-26), 32.0 (q, C-20a), 33.2 (d, C-19a), 37.6
CHCL); IR (CHCI;) 1725, 1680, 1600, 1590, 1500, 1475, 1455, 1430, (d, C-22a), 37.1 (t, C-3), 37.9 (t, C-17), 42.7 (q, 2 C, C-25bc), 46.2 (d,
1400, 1395, 1365, 1255, 1160, 1115, 820 &mH NMR (270 MHz, C-9), 48.0 (t, C-14), 53.1 (d, C-22), 56.9 (d, C-19), 57.8 (q, C-18ab),

CDCk) 0 1.06 (s, 9 H), 1.071.15 (m, 3 H), 1.46 (s, 9 H), 1.53L.96 602 (d, C-11), 61.2 (q, C-10ab), 63.4 (t, C-1), 76.1 (d, C-25), 76.4 (d,
(m, 4 H), 2.34-2.52 (m, 1 H), 2.853.05 (m, 2 H),3.133.25(M, 1 5y 790 (d, C-18), 81.8 (d, C-10), 126.6 (d, C-7), 128.5 (d, 2 C,
H), 3.34 (s, 3 H), 3.463.95 (m, 5 H), 5.145.25 (M, 1 H), 7.12 ¢ 5 1598 (d, 2 C, C-5), 137.7 (s, C-4), 170.7 (s, C-16), 171.1 (s,
7.48 (m, 11 H), 7.557.74 (m, 4 H); FABMSm/z (relative intensity) C-24), 172.9 (s, C-8), 174.0 (s, C-21). Anal. Calcd fagHGoNOs:

’ . ’ ’ . ’ . . 0IN4LJg.
660 (MH*, 11), 560 (93), 239 (17), 199 (39), 170 (65), 135 (100), 114 , : : , '

(70); HRFABMS calcd for GaHsNOSi m/z 660.3720 (MH), found  C' 85:92: H. 9.44; N, 7.50. Found: C, 65.71; H, 9.43; N, 7.45.
660.3741. (2R)-3 [= 2-epiIsodolastatin H]. Using the same procedure as
1-O-(tert-Butyldiphenylsilyl)isodolastatin H (16). To a solution described f;)r the preparation of 923, EZep|-16. V‘_’ai converted to
of tripeptide13 (506 mg, 1.01 mmol) in CkCl, (5.0 mL) was added (2R)-3 Ir'l 702/:; yield: colorless powdeR; = 0.55 (3:3:1 hexane/EtOAc/

CRCOH (5.0 mL) with stirring at 0°C, and the solution was stired ~ M€OH); [0]*% —53.8 (¢ 0.052, MeOH); IR (CHGJ) 3430 (br), 1725,
at 0°C for 1.5 h and at ambient temperature for 30 min to give a 1665, 1635, 1495, 1455, 1410, 1095 ¢rtH NMR (600 MHz, GDe)
solution (solution A). To a solution of est&b (637 mg, 0.967 mmol) 9 0.88 (t,J = 7.3 Hz, 6 H, H-19¢ and H-22c), 0.97 (d,= 7.0 Hz, 3
in CH,Cl, (5.0 mL) was added GEO,H (5.0 mL) with stirring at 0 H, H-27), 0.98 (d,J = 6.6 Hz, 3 H, H-19d), 1.07 (m, 1 H, H-19b),
°C, and the solution was stirred at°’G for 70 min to give a solution 1.08 (d,J = 7.0 Hz, 3 H, H-22d), 1.12 (d] = 6.6 Hz, 3 H, H-28),
(solution B). The solutions A and B were combined and concentrated 1.25 (m, 1 H, H-22b), 1.30 (dl = 7.0 Hz, 3 H, H-9a), 1.37 (m, 1 H,
to give an oil, which was dissolved in DMF (3.0 mL). To this solution H-13), 1.43 (m, 1 H, H-19b), 1.57 (br, 1 H, H-19a), 1.60 (m, 1 H,
were added triethylamine (0.40 mL, 2.9 mmol) and DEPC (0.17 mL, H-12), 1.74 (m, 1 H, H-22b), 1.77 (m, 1 H, H-13), 1.89 (m, 1 H, H-22a),
1.0 mmol) with stirring at CC. After being stirred at OC for 10 h, 1.91 (m, 1 H, H-12), 2.04 (dqd,= 7.0, 7.0, 7.0 Hz, 1 H, H-26), 2.21
triethylamine (0.40 mL, 2.9 mmol) was added and the mixture was (s, 6 H, H-25bc), 2.22 (br, 2 H, H-17), 2.33 (@)= 7.0 Hz, 1 H, H-25),
stirred at 0°C for 70 min. The mixture was diluted with CH{[200 2.56 (dg,J = 8.6, 7.0 Hz, 1 H, H-9), 2.78 (s, 3 H, H-20a), 2.92 (br, 1
mL) and saturated aqueous NaH{C@O0 mL), and the aqueous layer  H, H-14), 3.01 (ddJ = 13.5, 7.7 Hz, 1 H, H-3), 3.07 (dd, = 13.5,
was made basic (ca. pH 10) with }&0s. The organic layer was .6 Hz, 1 H, H-3), 3.10 (br, 1 H, H-14), 3.20 (s, 3 H, H-10ab), 3.30 (s,
separated, and th‘e agueous layer was _extracted with £(E|Gd 100 3 H, H-18ab), 3.64 (ddJ = 12.6, 4.9 Hz, 1 H, H-1), 3.92 (dd, =
mL). The organic Iayers_ were combined, washed Wlt_h satu_rated 12.6, 2.4 Hz, 1 H, H-1), 4.10 (dd, = 8.6, 2.0 Hz, 1 H, H-10), 4.16
Durited by colurmn chromatography (1) sfica ge, tep gracient iom L P F18) 4.57 (ddd) =B, 40, 20 Hz, L, H-11), 500 (o
30:30:1 to 10:10:1 hexane/EtOAc/MeOH); (2) Sephadex LH-20, 1:1 L H, H-19), 5.02 (br, 1 H, H-22), 5.24 (m, 1 H, H-2), 6.79 (= 9.2
CH,Cl,/MeOH, twice] to givel6 (491 mg, 52%) as a colorless oft; Hz, 1 H, NH), 7.04 (m, 1 H, H-7), 7.12 (m, 2 H, H-6), 7.22 (m, 2 H,
22 ’ g g, 22 H-5); 3C NMR (100 MHz, GDg) & 11.0 (g, C-19¢ or C-22c), 11.1 (q,

= 0.65 (2:1 benzene/acetone}i]{r —45.9 (c 0.32, MeOH); IR
(CHC:) 3430, 3360 (br), 1725, 1655, 1635, 1500, 1455, 1415, 1260, ° 22¢ 0r C-19¢), 13.1(q, C-9a), 15.7 (q, C-22d), 16.2 (q, C-19d), 18.4
(q, C-27), 20.3 (q, C-28), 24.7 (t, C-12), 25.1 (t, C-13), 24.9 (t, C-22b),

1165, 1095 cmt; *H NMR (270 MHz, CDC}) (rotamer ratio 3:1)

Hz, 0.7 H)l 1.20 (d,.] = 6.9 Hz, 2.3 H), 1.271.47 (m7 1 H), 1.56 (t, C-3), 37.6 (d, C-22a), 38.1 (t, C-17), 42.7 (g, 2 C, C-25hc), 43.4 (d,
2.17 (m, 8 H), 2.262.54 (m, 4 H), 2.25 (s, 4.5 H), 2.27 (s, 1.5 H), C-9), 47.8 (t, C-14), 53.1 (d, C-22), 57.4 (d, C-19), 57.9 (q, C-18ab),
2.82-3.14 (m, 2 H), 3.02 (s, 2.3 H), 3.08 (s, 0.7 H), 3:1850 (m, 2 60.6 (d, C-11), 60.8 (q, C-10ab), 62.5 (t, C-1), 76.3 (d, C-25), 77.2 (d,
H), 3.29 (s, 4.6 H), 3.32 (s, 0.7 H), 3.35 (s, 0.7 H), 3-8330 (m, 5 C-2), 79.2 (d, C-18), 82.0 (d, C-10), 126.7 (d, C-7), 128.7 (d, 2 C,
H), 4.64-5.11 (m, 2 H), 5.135.34 (m, 1 H), 6.87 (dJ = 9.2 Hz, 1 C-6), 129.9 (d, 2 C, C-5), 137.9 (s, C-4), 170.3 (s, C-16), 171.1 (s,
H), 7.12-7.30 (m, 5 H), 7.3%7.49 (m, 6 H), 7.66-7.72 (m, 4 H); C-24), 173.8 (s, C-21), 174.0 (s, C-8); FABM$z (relative intensity)
FABMS m/z (relative intensity) 985 (MH, 5), 669 (13), 431 (41), 401 747 (MH*, 20), 100 (100). Anal. Calcd for £H-oN4Os: C, 65.92;
(15), 343 (100), 327 (47), 311 (75), 242 (34), 163 (36), 133 (48), 100 H, 9.44; N, 7.50. Found: C, 65.80; H, 9.58; N, 7.50.

(65); HRFABMS (addition of Nal) calcd for £HgsN4OsSiNa mvz
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