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A glycine Schiff base Michael addition is used in sequence with free radical-mediated aryl amination to ultimately arrive at the ambiguine G

ABC-tricycle convergently. Additionally, thermal Diels
diastereoselectively construct the

—Alder cycloaddition of
D-cyclohexane ring bearing a neopentyl chloride.

p-chloromethacrolein with Cohen’s diene is used to

The blue-green algadapalosiphon delicatuluproduces a
variety of indoloterpenes, including the hapalindblis-
cherindole? and welwitindolinonéclasses of natural products
(Figure 1). The ambiguines have been isolated from this
source as well, appearing formally as prenylated hapalindoles,
and often bearing an additional element of complexity in
the form of a fifth (fused) seven-membered ring (e.g.,
ambiguine G,1).* The entanglement between structural
diversity and apparent homology within these natural prod-
ucts has led to the proposal that the individual biosynthesis
pathways may overlap.

In contrast to total syntheses within the first three cla38es,
the pentacyclic ambiguines and their highly ring-fused
skeletons remain without approach, much less a synthetic
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Figure 1. Representative alkaloids from cyanobacteria.
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solution. Ambiguine G X) further attracted our attention by
virtue of the challenge it poses on a strategic level to the
development of a convergent synthesis. Of the 19 atoms that



comprise the structural core, eight (42%) are involved in ring
fusions. This uncharacteristically high level of ring interde-

pendence provides a unique challenge for traditional annu-

lation approaches whose implementation might result in a

through the intermediate norcaradiene and regioselective cy-
clopropane ring-opening to deliver tjfetetralone!! Regio-
selective dimethylation at the more acidic benzylic methylene
could be effected in 71% yield using potassitert-butoxide

rather linear approach. Figure 2 outlines the key elementsin tert-butanol and methyl iodide in slight excésg.reatment

Rh(ll) catalyzed
annulation

CH3

free radical-mediated
aryl amination

(+)-ambiguine G (1)
Figure 2. Ambiguine G: key retrosynthetic disconnections.

of a global solution to this problem. Instead of reliance on
an indole template, we targeted the construction of the BC
rings by a Buchner reactionfollowed by selective frag-
mentation of the norcaradiene intermediate. TAeing
would then be annulated using a sequence of carlbarbon
and arytk-nitrogen bond formations. Separately, we sought
a means to validate the use of a Die/slder cycloaddition

to establish the chiral chlorocyclohexane.

We targeted intermediateas a template for design of a
convergent indoline annulation. Our plan was to combine
the operationally mild nature of free radical-mediated aryl
aminatio$° with conjugate addition of a glycine Schiff base
(5) to a suitably functionalize@-tetralone 4).

o-Bromobenzyl acetic acid 2] was homologated to
o-diazo ketone3 in 88% overall yield by treatment of the
derived acid chloride with diazomethane. This intermediate
was then treated with rhodium(ll) acetate at elevated tem-
perature to effect a formal aryl-€H insertion, proceeding
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of this intermediate with IBX in a DMS©toluene binary
solvent mixture led in 65% yield to the key eno#é?

Schiff base5 (now available commercially, or prepared
in one step from benzophenone imine andhlorotert-butyl
acetaté’) adds to enond under conditions of standard phase
transfer catalysis to deliver the product of Michael addition
in 79% isolated yield, and as a single diastereomer as
observed byH NMR of the crude reaction mixture. We did
not determine the relative stereochemistry since the two chiral
centers would not be preserved in the targeted intermediate.
Conversion of the aryl bromide to the derived indoline
proceeded as anticipated after application of standard radical-
generating condition$BusSnH, AIBN, 90°C). The isolated
yield of the intermediate indoline was 66%, and notably, the
reduced aryl halide amounted to no more than 5% of the
crude reaction mixture when it could be detected. The
indoline was immediately oxidized to the desired intermedi-
ate 7 through the application of DDQ in benzenethyl
acetate at 60C. In this manner, indol@ was retrieved in
60% yield in addition to 20% of unreacted indoline.

A solution to the construction of the stereochemically rich
D-ring of ambiguine G has also been developed. This region
of the indoloterpene natural products of interest here is a
substructure with functional and stereochemical diversity
(Figure 1). Thevicinal presentation of a chlorine atom and
gemmethyl/vinyl arrangement is identical between ambigu-
ines D and G, whereas hapalindole L and welwitindolinone
A present a diastereomeric relationship. In only the total
synthesis of hapalindole G has this substructure been
addressed. Specifically, the Fukuyama route began from (
carvone and in nine steps converted thenethyl enone to
a neopentyl chloride by way of a stereospecific cyclopropane
ring-opening by chloride.

Our initial solution to the stereocontrolled construction of
this subunit utilizes the DietsAlder cycloaddition shown
in Scheme 2. We first prepared the requisitechloro
methacrolein8 using the Arnold synthesi$. In practice
however, we were unable to obtain consistent outcomes
during our attempts to increase the scale of the preparation.
As an alternative, we modified the procedure developed by
Williard to convert methallyl chloride td-enal 8 in four
stepst® Following the final oxidation with manganese

dioxide, the olefin isomers were converged to deskesl

by treatment withp-toluene sulfonic acid. This aldehyde is
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Scheme 1. Preparation of the ABC Tricycle Using a Free Radical-Mediated Amination-Based Indoline Annulation
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best prepared just prior to the Dielélder cycloaddition, were only able to detect the regioisomer as the minor product
as some decomposition was noted during storage. in a 3:1 ratio. This ratio is similar to that observed when
using acrylonitrile (7:1}8 The cis relationship éndg was
determined by NOE measurements, with the methyl and
; : allylic methine exhibiting 5% enhancement, and the aldehyde
Scheme 2. - Synthesis of the Neopentyl Cyclohexyichloride 5 chioromethine exhibiting a nearly 10% enhancement.
Using a Stereocontrolled [4 2] Cycloaddition The modest isolated yield is due to the known propensity

8 5 ch, for the Z-vinyl ether to isomerize to the thermodynamically
N CHe 140 °C 5 favored, yet unreactivet-olefin. This process, as well as
| O roene ,cro 10% NOE diene polymerization can be retarded by the addition of
s (44%) sPh Hinig’s base and a radical inhibitor. Additional precautions
9 dem, >g;?5’3 OCH; 10 were found to improve reproducibility, and these included
= ' deoxygenation of the reaction mixture and silylation of the
1 PhaP=CH ¢ CHyf reaction glassware. There is clearly room for optimization;
. 3= 2 ' . . . . . .
EL,O (51%) P CHO e however, the immediacy with which the desired relative
2. Nal, TMSCI : 10 stereochemistry can be established is attractive. Further

"*'sPh
CH3CN (58%)

conversion of the aldehyde to a terminal olefin (Scheme 2)
was accomplished in 51% yield by treatment with methyl
phosphonium ylide. Cleavage of the methyl enol ether using
sodium iodide/trimethyl silyl chloridé furnished thex-phe-
Among the possible dienes that we considered to establishnyithiocyclohexanond 1 in 58% vyield.
the feasibility of this approach, Cohen’s diéhd) emerged In summary, the basis for a solution to a convergent total
as one of the most promising candidates for two reasons:synthesis of ambiguine G and its congeners has been de-
(1) Cohen’s demonstration that a sulfur substituent can directyeloped. Key elements of this report include the use of
regioselectivity in the cycloaddition was expected to facilitate Cohen’s diene and a chlorinated methacrolein to establish
this rather demanding cycloadditidhand (2) its influence  the chiral chlorocyclohexane. Additionally, free radical-medi-
would be opposite that of the 2-methoxy substituent, a group ated aryl amination was employed as a key step in a three-
that we anticipated would simulate the electronic effect of step sequence to generate the tricyc]ic indole required for
the indole nitrogen in the diene derived froth The many of the natural products in this class (Figure 1). This
thiophenyl substituent might be similarly incorporated when  strategy may ultimately find broader application as an alterna-
transforming7 to a derived diene, should enhancement of tjve to indole synthesis when mild conditions are required.
regiocontrol be necessary, fand its presence_in the product Acknowledgment. We are grateful to the National
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