Total synthesis of marine natural products
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Introduction

H

Blue-green algae-cyanobacteria

(-)-fischerindole | (+)-welwitindolinone A

J Moore and co-workers’ isolated hapalindole, fischerindole, ambiguine
and welwitindolinone indole alkaloides form marine blue-green algae
(cyanobacteria)

J They exhibit a broad range of bioactivities including antifungal, antibacterial,
antimycotic and anticancer properties

J Further studies of these agents is restricted because of cyanobacteria
produce complex mixtures of these natural products in low yield

4 Small quantities (~5mgq) of all four natural products have been isolated in
yields ranging from 0.00671% to 0.0213% following tedious purification
and HPLC separation

- Moore et al. JACS 116, 9935-9942, 1994



Introduction

Hapalindole U (2) Fischerindole | (5)

Q Structurally
related

Hapalindole Q (3) Fischerindole U (6)

J Proposed biosynthetic relationships of ambiguine, fischerindole, hapalindole and
welwitindolinone



Synthesis of starting material

. COzMe
1.i. CICOCCl3, Zn 4. Nal, acetone, heat
Et,0, sonication 2. DIBAL, DCM _ -0 thenDBU, THF, heat
ii. NaOMe, MeOH, 3. MsCl, pyr
heat then AcOH:H,0
(61%) OH (73%) OMs
OH H H
Mechanism??
-Starting material for (-)-hapalindole U and
(+)-ambiguine H synthesis
-Starting material for (-)-fischerindole |
and (+)-welwitindolinone A synthesis
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Synthesis of hapalindole

| LHMDS (4.4 eq) Herrmann's cat. (5 mol %)
| Br Cu(l)-2- NaOCHO (1.25 eq.)
0 4 3  ethylhexanoate (2.0 eq) e TBAB (2.0 eq.)
+ \ THF, -78 to 25 °C5 min Et3N (22 eq)DMF, 80 °C
2 > -
N 50% O 65%
H gram Sca|e Br =~ gram scale
NH
7 N
10 "
9
single diasteromer
reductive Heck-type annulation -
9 10 mol, #s Pd, EtgM (2.2 equiv), HCOgMa (1,25 equiv), DMF, 80 °C 10 o- Tul u Tol ,L

Entry Pd-source, additives, time Yield (9a)7 p 070

1 Pd{OAc);, TBAC (1.0 equiv), Et;N (2.5 equiv), 15 h 180 Pq‘ouofp(]@

2  Pd{QAg)s, PhaP (0.2 equiv), 15 h 39° \'|" rp\

3 Pdy(dba),, TBAB (2.0 equiv), EtsN (2.2 equiv), 15 h 22 o-Tol o-Tol

4 Pd(PPha)s, TBAB (2.0 equiv), EtN (2.2 equiv), 15 h 42 1

5  Herrmann's catalyst, TBAB (2.0 equiv), 15 h 50 ) - .

6 Pd(OAC), TBAB (2.0 equiv), EtN (2.2 equiv), added over 5 07 Structure of Herrmann— Beller phosphapalladacycle

7 Herrmann's catalyst, TBAB (2.0 equiv), EigN (2.2 equiv), added over 5 h 657

?igolated yield after chromatagraphy; ® conditions from ref. 26; © conditions fram ref, 25; 9
Isalated yield after & h {syringe pump) addition complate

Jd Friedel-Crafts annulation from 9 to 10 failed; leading to cyclization at C2 rather than C4, with
decomposition
J Radical cyclization lead to 7-endo-trig, rather than 6-exo-trig



Synthesis of hapallndole

(o)
)ﬁ ) R/1 o\ reductive
A Cu" X, _)j cu" elimination
R1 > R2 ) (/JU\L
Rz (,—N )
+ ( I

LHMDS (4.4 eq)

Cu(ll)-2-
ethylhexanoate (2.0 eq) Hl
THF, -78 to 25 °C5 min

Y
50% o)
gram scale Br =~

single diasteromer

J Observations that support this mechanistic model:
JJd dimerization never observed
J4 N-protected indoles (& pyroles) do not react
Jd only 1 equiv. of oxidant is necessary; although use of 1.5 equiv gives higher yield
JJ characteristic red-brown colour of copper(l) salts is observed at the end of rxn

- Baran et al. Angew. Chem. Int. Ed. 2005, 44, 609-612



Synthesis of hapalindole

1) NH4OAc, NaCNBH; pw 150 °C,

MeOH/THF
2) HCO,H (2 eq.) CDMT(2.2 eq) "
" DMAP (5 mol %) Y
Y NMM (2.2 eq) CH,Cl, H

3) COCl, (2 eq) +

o Et;N (17.5 eq) CH,Cl, A\

\ (60% overall) N ©
N hapalindole U (2
10 H - (-)-hapalindole U (2)

single diastereomer

J Previous synthesis of hapalindole U made in 20 steps, racemic; by non-stereocontrolled
sequence.
Jd Sythetic 2, prepared in four steps from ketone 7, 20% isolated yield, >1g prepared.



Synthesis of amblgume

/th

CH,Cl, tBuOCI (1.15 eq.)

en prenyl-9-BBN (2 eq.)

H  -78°C, CH.CL,

+
Cl (60%)

(-)-hapalindole U (2)
single diastereomer

(+)-ambiguine H (1)

-Reaction cannot be run to full conversion,
since product itself is photoreactive
-Under similar conditions, the de-boronated

product cleanly forms (+)-ambiguine H in >70%

- 1 unstable under prolonged storage
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Synthesis of fischerindole

I(':HMDS (3.3 eq) 1) Montmorillonite
et%(lll)t;i;(anoate K10 pw 120 °C, 57%
(1.5 eq)THF. 2) NH,0Ac, NaCNBH,
-73 to 25 °C5 min sonication, MeOH/THF
> -
(62%) o
gram scale (42%) ¢l l
H H H HyN H
16
1) HCO2H (2 eq.)
CDMT (2.2 eq)
(95%) DMAP (10 mol %)
gram-scale | NMM (2.2 eq) CH,Cl;
2) COCl, (2 eq)
v Et;N (17.5 eq) CH,CI,
DDQ (2.5eq)
H,O/THF
0°C
- — Cl
0,
Tautomerization (92%)
(-)-fischerindole | (5) | 19 _ 11-epi-fischerindole G (18)

-Note stable to even mild
acid conditions



Synthesis of welwitindolinone

L C,XeF
v F _
O XeF2CH3CN, Hzo * OH
cl N > LLE '@
H (44%) C
Cl NO
H
H H
(-)-fischerindole | (5)
— 21
-HF
-Rxn from 5 to 4 run at room temp. for 5 mins
- Is it uphill or downhill? driving force?? Y
(of B
H : _
,-; [1,5] sigmatropic
= Q shift
/ .
-
_C’/,N+ Oéj\u

(+)-welwitindolinone (4) -
single diastereomer 22

J The only reported previous synthesis of 4 requires 25 steps with six protecting groups, to give
4 as racemic material.




Summary

J4 Enantioselective synthesis of ambiguine H, hapalindole U, welwitindolinone A
and fischerindole | require seven to ten steps form commerically available
materials

4 These natural products can easily be prepared on a preparative scale using
inexpensive reagents

J4 Exclusion of protecting groups from overall synthesis

J4 Exclusion of protecting groups aided in the development and discovery of
new chemical reactions by exploiting the natural reactivity of functional groups



