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Total Synthesis of the Thiazoline-based Cyclopeptide Cyclodidemnamide
Christopher D J Boden, Mark C Norley and Gerald Pattenden*
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Abstract: A total synthesis of the proposed structure 1 for cyclodidemnamide from the marine
ascidian Didemnum molle is described, which features the novel double, sequential formation of chiral
thiazoline and oxazoline rings as the key stratagem. Copyright © 1996 Elsevier Science Ltd

Cyclodidemnamide 1 is a newly described thiazoline-oxazoline containing 21-membered cyclopeptide which has
been isolated from the marine ascidian Didemnum molle.! The compound, which is weakly toxic toward human
colon tumor cells, is related structurally to other thiazoline-based cyclopeptides from marine organisms including
mollamide 2 and lissoclinamide 4 3. Chiral thiazoline units of the type contained within the structures 1 — 3
are well known to be configurationally labile under a range of conditions.* We recently achieved the first
synthesis of a thiazoline-containing cyclopeptide, ie lissoclinamide 4 3, whereby the thiazoline ring was
produced simultaneously with an oxazoline ring via a novel, double cyclodehydration sequence from an
appropriate cyclopeptide precursor as a final step.” We now illustrate further scope for this strategy towards
thiazoline-containing cyclopeptides by describing a concise synthesis of the structure 1 reported for
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Thus, our synthetic strategy to cyclodidemnamide 1 was based on double cyclodehydration from the
monothioamide-based cyclopeptide 4 which we planned to elaborate from the known substituted thiazole 7¢ via

cyclodidemnamide.
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6 and 5 as key intermediates (Scheme 1).

9111



9112

NH TNH
| Ph\ o
v NHBOC
H OH
MGOZC N
IO °
S
5
BOCN
N S MeO,C N NHBOC
—_> H —_> \E N
Hz/\m s
MeO,C N N
T ° ’
S
Scheme 1
BOCHN
77%
i, i H OH i, i, v i, ii
—— - e e

—_——— = MeOC

N N 6
BOC-Ser-OH \[ o\ o] BOG-Val-OH
80% S BOCN 79%
s
8 0t
NSO
H

i, il

BOC-aThr-OH BOC-D-Phe-OH

BDCHNj:'( Q HO I(
0 s i, i BOCHN
HN
N H /Z/\ OH 72% H OH 74%
\[ }_& o Meogc\[N\ NN,
s S>‘§_
1

i, 50% TFA-CH,Clp, 0°C, 1 h; ii, DCC, HOBY, ProNEY, CHyClp, 0°C — 1t 18 1
iii, ag. NaHCOg-CH,Cly; iv, 9, DMF, 0°C - r.t, 18 h

Scheme 2
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The BOC group in the thiazole 7 (>97% ee) was first removed and the resulting amine was next coupied
with BOC-Ser-OH in the presence of DCC-HOBt giving rise to the tripeptide 8 (Scheme 2). The
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monothiotetrapeptide 6 was now elaborated from the tripeptide 8 following removal of the BOC group and
coupling of the free amine with the thioacylating reagent 9. BOC-deprotection of 6, by the usual method, and
coupling of the resulting amine with BOC-Val-OH next produced the pentapeptide 10, which was elaborated in
a similar manner to the hexapeptide 11 (using BOC-aThr-OH) and finally to the key heptapeptide precursor §
(using BOC-D-Phe-OH).

Saponification of the heptapeptide ester 5 using NaOH in THF-MeOH and removal of the BOC group next
provided the amino acid 12 in readiness for macrocyclisation to the cyclopeptide 4 (Scheme 3). However
attempts to macrocyclise 12 using our favoured DPPA or FDPP reagents failed to provide any of the
corresponding cyclopeptide; instead degradation occurred and a number of unidentified products were produced.
Suspecting that the free hydroxy groups in 12 were principally responsible for this sensitivity towards the
reagents used in its cyclisation, we decided to convert them into their corresponding acetate derivatives prior to
macrocyclisation. Thus, the bis-acetate 13 was produced from 5, and this underwent clean macrocyclisation in
the presence of DPPA (i-Pr,NEt, DMF, 0°C - r.t.) to produce the cyclopeptide 14a in a satisfying 74% overall
yield from 5. Saponification of the acetate groups in 14a using K,CO, in MeOH then provided the key
penultimate precursor 4 (= 14b) in our synthesis in essentially quantitative yield. Treatment of the cyclopeptide
14b with Burgess’ reagent® in refluxing THF for 2h then resulted in double, simultaneous cyclisation to the

thiazoline and oxazoline rings producing the cyclodidemnamide structure 1 in an acceptable 30% yield.
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i, aq. NaOH, THF-MeOH (3:1), 0°C, 1 h; ii, 50% TFA-CH,Cly, 0°C, 1 h;
iii, Ac 0, E3N, cat. DMAP, DMF, r.t., 2 h; iv, DPPA, -ProNEt, DMF, 0°C — r.t,, 3 days;
v, aq. K,COj3, MeOH, 0°C, 1 h; vi, Burgess' reagent, THF, A, 2 h
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Although the synthetic cyclodidemnamide showed closely similar data in its '*C NMR spectrum with those
obtained for the natural product, their corresponding 'H NMR spectra showed significant differences.” These
differences led us to the conclusion that formula 1 does not reflect accurately the stercostructure for
cyclodidemnamide isolated from the marine ascidian Didemnum molle. On the assumption that the amino acid
sequence in the natural product is secure, the known propensity with which chiral thiazole and thiazoline units
undergo racemisation would lead us to suggest that natural cyclodidemnamide has a stereostructure which is
epimeric at the valine-derived thiazole centre in structure 1. Further synthetic work is now in progress to
vindicate this proposition.
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Satisfactory spectroscopic and mass spectrometry data were obtained for all new compounds. Data for

synthetic 1: &y (500 MHz, CDCls): 8.41 (1H, d, J = 7.9), 7.97 (1H, s), 748 (1H, d, J = 7.5), 7.25

(5H, m), 7.08 (1H, d, J =7.5), 5.15 (1H, dd, J = 9.8, 1.9), 5.12 (1H, m), 491 (1H, t, J = 7.2), 4.83

(1H, quintet, J = 6.3), 4.66 (1H, dd, J = 9.9, 2.6), 4.35 (1H, t, J = 7.5), 4.03 (IH, d, J = 6.3), 3.70

(1H, m), 3.64 (1H, dd, J = 11.2, 1.9), 3.52 (1H, m), 3.51 (1H, app. t, J = 10.6), 3.25 (1H, dd, J =

13.7,5.7), 3.18 (1H, dd, J = 13.7, 6.5), 3.03 (1H, m), 2.32 (1H, m), 2.17 (1H, m), 2.00 (2H, m),

1.80 (1H, m), 1.39 (3H, d, J = 6.3), 1.07 (3H, d, J = 6.5),0.76 (3H, d, J = 6.7),0.72 3H, d, J =

6.7), 0.14 (3H. d, J = 6.4); §¢ (125 MHz, CDCl3): 180.5 (s), 171.2 (s), 171.0 (s), 170.6 (s), 169.9

(s), 169.3 (s), 160.8 (s), 147.3 (s), 135.8 (s), 129.7 (d), 128.5 (d), 127.2 (d), 124.9 (d), 82.0 (d),

77.5 (d), 73.9 (d), 63.1 (d), 60.2 (d), 54.2 (d), 48.3 (d), 47.8 (), 39.6 (1), 36.9 (1), 31.2 (d), 30.7 (d),

30.2 (1), 25.5 (1), 21.9 (), 20.4 (g), 20.3 (q), 20.2 (q), 14.6 (q); MS (FAB), m/z (%): 716 (M"* + Na,

55), 694 (M* + H, 100), 597 (14), 415 (13), 356 (6), 285 (18); HRMS, m/z for C34H44N70sS; (M" +

H), calc: 694.2845: found: 694.2813.
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