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Studies towards the synthesis of diazonamide A.
Synthesis of the indole bis-oxazole fragment
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Abstract

The indole bis-oxazole 2, a potential intermediate for the synthesis of the marine natural product
diazonamide A 1, has been synthesised, and attempts to construct the model macrocycle (ring B) 3 are also
described; in both approaches rhodium carbenoid N—H insertion reactions are used in key steps. © 2000
Elsevier Science Ltd. All rights reserved.
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In the preceding letter we described the synthesis of a tyrosine-derived benzofuranone,! a key
intermediate (rings G—H-I) in our projected synthesis of diazonamide A 1, a structurally unique
marine metabolite with potent antitumour properties.”* We now report our approach to the
tryptophan-derived indole fragment of diazonamide A 1, and describe the synthesis of the model
indole bis-oxazole 2,* together with our attempts to construct the right hand macrocycle (ring B)
3 of the natural product by intramolecular biaryl bond formation.
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With the relatively strained nature of the ring B macrocycle in mind, our synthesis was planned
so that one of the oxazole rings (ring E) was formed at a late stage by cyclodehydration of an
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appropriate 1,4-dicarbonyl compound. Therefore, our initial model studies sought to demonstrate
the viability of this approach. The starting material was the valine-derived oxazole-4-carboxylic
acid 5, prepared by our previously developed route based on rhodium carbenoid N—H insertion
reactions.® Thus, dirhodium(I1) acetate-catalysed reaction of methyl 2-diazo-3-oxobutanoate with
(S)-N-benzyloxycarbonylvalinamide 4 resulted in carbenoid insertion into the primary amide
N-H bond; cyclodehydration of the intermediate 1,4-dicarbonyl compound using Wipf’s protocol®
gave the corresponding oxazole-4-ester, alkaline hydrolysis of which gave the required oxazole
carboxylic acid 5 (Scheme 1). Activation of the acid by mixed anhydride formation followed by
coupling with tryptamine (76%) or tryptophan methyl ester (82%) gave the indoles 6 and 7.
Oxidation of 6 and 7 with DDQ’ gave the keto amides 8 and 9, the required 1,4-dicarbonyl
precursors of the second oxazole ring (Scheme 1). The closely related ketoamide 13 was also
prepared by an alternative method. Addition of ethyl diazoacetate (EDA) to the indole-3-carb-
oxaldehyde 10 in the presence of diethylzinc® gave the corresponding a-diazo-B-hydroxyester,
oxidation of which with o-iodoxybenzoic acid (IBX)? gave the a-diazo-B-ketoester 11. Dirhodium-
(IT)-catalysed reaction in the presence of the oxazole-4-carboxamide 12, prepared from the carb-
oxylic acid 5, resulted in carbenoid N—H insertion and formation of the desired ketoamide 13.
The sequence was repeated with the 4-bromoindole 14 to give the corresponding ketoamide 16,
the 4-bromo substituent being incorporated to allow subsequent sp>—sp> coupling at this position.

No
o ZHN
%COZMe
SN

R H
i. cat. Rhy(OAC), ZHN{ for5 =\_N_R?
o1 /290 EtO,CCl, EtsN
ZHN 68%/39% 5 =N 2 3 Me o
" = tryptamine or —
3 NHz ii. PhgP, I,, EtsN YKCOZH r%/rl;/ptophan NH
65%/48% R methyl ester.HCI
4 iii. HO", aq THF
79%/100% 5 R=Me
17 R = 3-Br-CqH4CH, 6 R2=H (76%)
7 R?=CO,Me (82%)
DDQ
aq THF
ZHN
Ny CO,Et ZHN
H o N =N
oA _ oA _ —={__NH, OWH R2
x NBoc - EDA, EtyZn X NBoc Me 0§12 Me &
ii. IBX, DMSO cat. Rhy(OAC), o = 1
X NR
10 X=H 11 X=H (80/86%)
14 X =Br X = Br (72/76%)

8 R'=R’=X=H (94%)

9 R'=X=H,R?=CO,Me (32%)
13 R'=Boc, R2 = CO,Et, X =H (34%)
16 R'=Boc, R% = CO,Et, X = Br (89%)

Scheme 1.
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With two routes to the indole—oxazole 1,4-dicarbonyl compounds available, the subsequent
cyclodehydration to form the second oxazole ring was readily demonstrated. Thus, treatment of 9
with triphenylphosphine/iodine/triethylamine gave the model indole bis-oxazole 2, comprising the
C-D-E-F rings of diazonamide A, in excellent yield (Scheme 2).
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Scheme 2.

In order to adapt the above methodology to the synthesis of the indole bis-oxazole containing
ring B macrocycle of the natural product we required a route to the model macrocycle 3, and our
initial attempts focused on an intramolecular biaryl coupling. In order to construct the dibromo-
precursor 20 by amide bond formation, the relevant acid (5-(3-bromobenzyl)oxazole-4-carboxylic
acid 17) and amine (4-bromotryptophan methyl ester 19) components were required. The oxazole
17 was obtained from the valinamide 4 by another carbenoid N-H insertion, followed by cyclo-
dehydration and ester hydrolysis as shown in Scheme 1. 4-Bromotryptophan methyl ester 19 was
prepared as shown in Scheme 3. Thus, Wadsworth Emmons reaction of N-Boc-4-bromoindole-3-
carboxaldehyde 14 with trimethyl 2-[N-(zert-butoxycarbonyl)amino|phosphonoacetate (itself
prepared in 93% yield by a rhodium carbenoid N-H insertion reaction of trimethyl diazophos-
phonoacetate with rert-butyl carbamate!'’) gave the dehydrotryptophan derivative 18 in good
yield. Hydrogenation followed by removal of the two Boc groups then gave the required 4-bromo
tryptophan derivative 19 (Scheme 3).
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Br NBoc Br. Boc Br. NH
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14 18 19
Scheme 3.

The oxazole acid 17 was activated using mixed anhydride methodology, and coupled with the
tryptophan 19 to give the required dibromo compound 20, the precursor for the intramolecular
biaryl coupling reaction. However, all attempts to effect the intramolecular biaryl coupling of
dibromide 20 using various conditions [e.g. NiCl,, PPh;, Nal, Zn'!' or Pd(PPhs),, MegSn'?] failed
to give any of the desired macrocycle 3 (Scheme 4).!3
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Scheme 4.

With the failure to effect the desired intra-molecular biaryl coupling, efforts were concentrated
on carrying out an inter-molecular coupling at an earlier stage in the synthesis; the results of this

app

roach are described in the following letter.!*
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