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TOTAL SYNTHESIS OF THE DIDEMNINS - 1. SYNTHESIS OF THE PEPTOLIDE RING!

U.Schmidt*, M.Kroner and H.Griesser
Institut fiir Organische Chemie, Biochemie und Isotopenforschung der Universitit Stuttgart,
Pfaffenwaldring 55, D-7000 Stuttgart 80, Bundesrepublik Deutschland

Abstract - The 23-membered peptolide ring of the didemnins is formed in a two phase cycli-
zation of a linear w-amino-pentafluorophenyl ester in 70% yield without high dilution.
(2RS,485)-2,5-dimethyl-4-hydroxy-3-oxohexanoic acid (Hip) and (3S,4R,5S)~isostatine are syn-
thesized by acylations of trimethylsilyl malonates.

The cyclic depsipeptides didemnin A-C were isolated
from the tunicate Trididemnum solidum by

K.L.Rinehart et al. in 19812. The biological proper-
ties are dependent on the structure of the side chain;
only didemnin B exhibits strong cancerostatic

and immunosuppressive activities and has been

entered into clinical trials. The originally reported
suggestion for the structure has been revised

1 didemnin A, R = H-R-MeLeu

several times: 1) The configuration of N-methyl- 5 didemnin B R <
. X A . . o 3. =d : s = H-Lac-Pro-R-MeLeu
leucine in the side chain has been identified as R°; 3 didemnin C, R = H-Lac-R-MeLeu

2) M.M.Joullie et al. established the 2§S,4S-configu- ia R=12

ration for the hydroxyisovalerylpropionic acid (Hip)4;

)

3) By means of NMR investigations, B.Castro et al. demonstrated that (3S,4R,5S)-~isostatine
and not statine is a ring building block®. A reliable elucidation of the structure and configu-
ration was recently achieved by X-ray crystallog;raphy6 and total synthesis7 (ring closure at
the nitrogen atom of isostatine in 18% yield). The synthesis of didemnin A analog containing
statine as a building block has been reported by T.Shioiri et al.8 (ring closure at the nitrogen
atom of N,O-dimethyltyrosine).

After having completed the synthesis of the didemnin analog containing statine we learned of
the corrected didemnin structure®. We now report on the construction of the didemnin ring with
the Z-protecting group. Substitution of the latter with amino acids or lactylamino acids makes
possible the formation of all naturally occurring didemnins and also the structural variations in
the side chain that determine the bioclogical properties. Our methods for the construction of the
linear substrate and for the ring closure (at the nitrogen atom of proline in 70% yield) are com-
pletely different from the methods used by Shioiri and Rinehart. A simple method for the syn-
thesis of (2RS,4S)-2,5-dimethyl-4-hydroxy-3-oxohexanoic acid ((2RS,45)-Hip) is described.
The preparation of (3S,4R,5S)-4-amino-3-hydroxy-5-methylheptanoic acid ((3S,4R,58)-
isostatine) is reported for the first time. - For the construction of difficulty accessible peptide
bonds the coupling reagent 1-phenyl-2-tetrazoline-5-thione/t-butyl isocyanide10 and the thiol
esters of 4,6-dimethyl-2-thiopyridone-3-carbonitrile11 were used successfully. - Because the
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amino group of the isostatine derivative and the methylamino group of tyrosine have proved not
to be easily attacked in our experiments we do not consider these positions to be especially
suitable for the ring closure.

Preparation of (2RS,4S)-2,5-Dimethyl-4-hydroxy~3-oxohexanoic Acid ((2RS,48)~Hip) and
35,4R,58)-4-Amino~-3-hydroxy-5~methylheptanocic Acid ((3S,4R,58)-Isostatine
The skeletons of (2RS,4S)-Hip and isostatine were built up with the help of a B-keto ester

synthesis developed previously by us using trimethylsilyl malonatelZ2, {8)-2-(Chloroacetoxy)-
isovaleryl chloride (from (S)-valine) reacted smoothly with the lithium enolate of bis-(tri-
methylsilyl)methylmalonate. Subsequent hydrolysis gave a mixture of the two diastereomeric

B~keto acids (Scheme 1).
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Scheme 1 22k

a} Cl-CHg-COCl/pyridine/CH5Cly/20°C/15 hf/S0C19/50°C/3 h/79%; b) MeC(Li)(COqSiMeg)q/
THF/-80° + 20°C/15 h/1-N-KHSO0,4/84%.

The expensive (2R,38)-alloiscleucine was obtained from commercially available (2§,3S)-iso-
leucine via the corresponding a-hydroxycarboxylic acid. Fmoc-(2R,38)-alloisoleucine chloride
was then allowed to react with the lithium enolate of methyl trimethylsilyl malonate to furnish
the B-keto ester, reduction of which resulted in a diastereomeric mixture [3S,4R,55/3R,4R,5S
(77:23)]. The 38,4R,5S-diastereomer could be purified by recrystallization. After acidic
hydrolysis the amino group was deprotected in agueous alkaline solution and the corresponding
Boc derivative was prepared (Scheme 2).
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a) i~CgHgONO/CH3;COOH//CH3OH/HCI; b) diethyl azodicarboxylate/PPhy/HNy/toluene/0°C/

2 h//Ho/Pd/HC1/60%; c) FmoeCl/pyridine/CHgCly/0°C/1 h/8796//HCl/HgOz‘dioxanell()O"C/Z d/
90%//S0Cly/CHyCly/40°C/2 h/91%; d) MeQyC-CHLi-COgSiMeg/THF/-70% + 20°C/1 h/H9O/quant.;
e) NaBH3CN/CHqCOOH/THF/20°C/20 h/90%//separation of (%astereomers by recrystallization
from ethyl acetate/petroleum ether; f) HCl/H9O/dioxane/100°C/5 h/93%; g) 1-N-NaOH/40°C/

2 h/BocgO/dioxane/20°C/24 h/96%; h) TBDMS-Cl/imidazole/DMF/20°C/15 h/quant.;

i) 1~-N-NaOH/ dioxane/20°C/0.1 h/quant.
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Construction of the Linear Peptolide and Ring Closure

The linear peptolide was built up using known methods. For the acylation of N,QO-dimethyltyro-
sine, the activation method using phenyltetrazolinethione/isocyanide developed earlier by usl0
proved to be useful. - The following activation methods were checked for the difficult acylation
of the isostatine derivative (10+11; yields in brackets): pentafluorophenyl ester (33%); mixed
anhydride from pivaloyl chloride (21%; mainly wrong opening); (CgHz0)9P(O)N3 (45%); thiol
ester of 4,6-dimethyl—2-thiopyridone-3-carbonitrilell (55%). Therefore the last proved to be the
reagent of choice. All intermediates containing Hip were diastereoisomeric mixtures. Some of
them have separated f.e. 12. - The ring closure was achieved using the pentafluorophenyl
ester in a two phase system (HZO/CHC13)13. By this way a nearly pure product was isolated.
For spectroscopic investigations it was purified easily using MPLC (ethyl acetate/petroleum
ether (6/4); 70% yield of chromatographically purified cyclopeptolides). The reaction product
consists of the two diastereocisomers with respect to the configuration in the 2-position of the
Hip unit (50/20 probably S/R). The isolated R-diastereoisomer QM rearranges slowly, in
solution and by acid or base catalysis, to the more stable isomer as does the (2-epi-Hip)-

didemnin A (Scheme 3). - All new compounds gave satisfactory 1H-NMR and MS datal3,
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Scheme 3

a) DCC/CH Clg/0°C/2 h/90%; a') DCC/DMAP/CHZCI%I/-20°C/15 h/90%; 1?) (CHZ)%N-CS-Nﬂzldi-
oxane/NEt3/50°C/3.5 h/85%; c) HF/CH3CN/20°C/15 /quant.;d) HCl-dioxane/20°C/1 h/quant.;
e) phenyltetrazolinethione/t-butylisonitrile/ CHgCl/20°C/15 h/75%; f) Hzl?dll eq. HCl/e'th.anol/
20°C/2 h/100%; g) Z-C1/NaHCO3/H9O/1 h/70%; h) 4,B-dimethyl-2-th10pyr1done-3—car1_)on1tr11e/
Ph3P/CH2C12/-20°C/1 h/11/20°C/15 h/55%; i) Zn/CH COOH/H20/20°C/15 h/quant.; j) DCC/_
CgF5OH/-205C/15 h; k) Me3SiOSO9CF3/CHyClg/20°C]3 h; 1) NaHCOg3/Hp0/CHCl3/20°C/30 min;
j,k,l: 69%.
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The S-diastereocisomer 4a moves faster on normal phase MPLC (ethyl acetate/petroleum ether

(1/1)).

4a: mp 226-227°C, FAB-MS (MH)+ = 950 (glycerol), [(1]D20 = -166.5 (c = 0.76,CHCly);

TH-NMR-data (250 MHz, CDCl3) & = 7.57 (d,d=8.9Hz,1H), 7.35-7.23 (6H), 7.09 (d, J=

8.5Hz,2H), 6.85 (d,J=8.5Hz,2H), 5.50 (d,J=10Hz,1H), 5.22 (d,J=3.4Hz,1H), 5.07 (d,d,
J=12.5Hz,J'=22Hz,2H), 5.04 (m,1H), 4.72 (m,2H), 4.59 (m,1H), 4.11 (d,t,J=4.3Hz, J'=
9.6Hz,1H), 4.01 (d,d,J=9.5Hz,J'=19.5Hz, 1H), 3.92 (q,J=7Hz,1H), 3.80 (s,3H), 3.72 (m,
1H), 3.63-3.56 (m,2H), 3.38 (d,d,J=4.2Hz, J'=14.2Hz,1H), 3.18 (d,d,J=10.6Hz,J'=14.2Hz,
1H), 3.13 (d,J=17.2Hz,1H), 2.97 (m,1H), 2.55 (s,3H), 2.53 (d,d,J=10.5Hz, J'=17.2Hz,1H),
2.34 (m,lH), 2.25-1.10 (10H), 1.27 (d,J=7.0Hz,3H), 1.24 (d,J=7.8Hz,3H), 1.00-0.80 (18H).
4b: 7.36-7.25 (6H), 7.07 (d,J=8.5Hz,2H), 6.83 (d,J=8.5Hz,2H), 6.49 (d,J=8.3Hz,1H), 5.59
(d,J=6.0Hz,1H), 5.33 (d,J=5.1Hz,1H), 5.14 (m,1H), 5.03 (q,J=12.2Hz,2H), 4.72 (m,1H),
4.60 (d,d,J=4.1Hz,J'=7.9Hz,1H), 4.39 (s,br,1H), 4.19 (q,J=7.1Hz,1H), 4.18-4.08 (m,2H),
3.78 (s,3H), 3.76 (d,d,J=1.9Hz,J'=4.1Hz,1H), 3.64-3.49 (m,2H), 3.35 (d,d,J=4.2Hz,J'=
14.2Hz,1H), 3.16 (d,d,J=10.6Hz,J'=14.2Hz,1H), 2.94 (d,d,J=4.9Hz,J'=7.4Hz,1H), 2.88
(s,br,1H), 2.50 (m,1H), 2.63 (s,3H), 2.37 (m,lH), 2.28-1.10 (10H), 1.27 (d,J=4.1Hz, 3H),
1.18 (d,J=6.4Hz,3H), 1.00-0.78 (18H).
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