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Protecting groups[1] are both a blessing
and a curse for organic synthesis. The
introduction of efficient blocking groups
for reactive functional groups enabled
the preparation of peptides, oligosac-
charides, DNA, and most recently RNA
using machines[2] . Protecting groups are
thus directly responsible for the huge
impact of this oligomer chemistry in
biology and medicine. Also for nonoli-
gomeric small molecules, protecting
groups provided solutions in areas such
as total synthesis or combinatorial
chemistry.

In many cases, however, protecting
groups did not facilitate the synthetic
project, but, to the dismay of the practi-
tioner, introduced new problems.[3] The
blocking groups could not be properly
removed with a high yield, migration of
these supposedly silent observers occur-
red, or, surprisingly, they introduced
new, unwanted sites of reactivity. Fur-
ther to these unpredictable events, the
implicit fact that the attachment and the
deprotection adds complexity and
length to the synthetic endeavour fur-
ther accentuates the problems associat-
ed with protecting groups. Chemists
learned to accept these unavoidable
problems with the stoicism of how some
people accept “death and taxes”. From
all these points, avoiding protecting
groups in general constitutes a necessity
for “the ideal synthesis”.[4]

In a recent issue of the journal
Nature,[5] Phil Baran, Thomas Maimone,
and Jeremy Richter described new land-
mark total syntheses of several complex
cyanobacterial alkaloids without resort-
ing to using any protecting groups. In
addition, their syntheses are character-
ized by brevity; the paper details the
introduction of unusual strategies for
bond disconnection and fascinating
mechanistic hypotheses for other chal-
lenging problems.

Cyanobacteria are considered as a
prime source for new bioactive com-
pounds as a large diversity of isolated
structures is known and they contain
many gene clusters for metabolite pro-

duction.[6] These prokaryotic photoau-
totrophs produce an intriguing set of
indole natural products including the
fischerindole, hapalindole, welwitindoli-
none, and ambiguine alkaloids.[7] All
these structurally complex and densely
functionalized compounds display a
broad range of biological activities rang-
ing from antibiotic, anticancer, and
antifungal activities to insecticidal activ-
ities. In addition, the complex architec-

ture inspired the imagination of chem-
ists and established a proving ground for
the development of new strategies and
tactics in organic synthesis.[8]

The structural challenges presented
by hapalindole U, ambiguine H, fischer-
indole I, and welwitindolinone A in-
clude a densely functionalized cyclohex-
ane ring fused to the indole nucleus
forming cyclohexane, cyclopentane, and
cyclobutane rings. All compounds con-
tain at least one quaternary carbon atom
attached to the indole ring and the latter
two compounds are additionally halo-
genated. All four alkaloids contain the
sensitive isonitrile functionality, which is
only rarely found in natural products
and also presents reactivity challenges
to the synthetic design. The most ap-
pealing molecular architecture is dis-
played by welwitindolinone A with its
cyclobutane spiro oxindole structure.

The synthesis started with the cyclo-
hexanone derivative 1, which can be
obtained following established proce-
dures, and 4-bromoindole (Scheme 1).
The indole and terpene units were
merged by a Cu-mediated coupling re-
action, which was developed earlier by
the same group.[8b] This fragment cou-
pling reaction is very powerful in elab-
orating the key C�C bond in 2 in a very
straightforward way, albeit in a moder-
ate yield (50%, 5 mmol scale).

The next bond formation was carried
out by a reductive Heck reaction. After
careful experimentation, the authors
discovered the beneficial role of Herr-
mann>s catalyst as 5 mol% of this Pd
source allowed for the formation of the
hapalindole/ambiguine skeleton 3 in
61% yield. Reductive amination, for-
mylation, and dehydration by using
standard conditions resulted in the first
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target structure, (�)-hapalindole U. This
straightforward synthetic sequence al-
lowed for the preparation of significant
amounts of this material, notably with-
out the use of any protecting groups.

The link between the hapalindole
and ambiguine families would be estab-
lished by a prenylation at C2 on the
indole ring. However, the presence of
the sensitive isonitrile functionality pre-
vented direct instalment of the side
chain under standard conditions. To
overcome these limitations, Baran et
al.[5] elegantly utilized the reactivity
presented both by the indole and the
isonitrile group. Electrophilic chlorina-
tion of hapalindole U followed by treat-
ment with prenyl-9-BBN resulted in the
cyclic chloroimidate 4. The transfer of
the prenyl group is thought to occur
after activation of the imine by the
borane reagent. The observed configu-
ration at the newly formed stereogenic
center is probably a direct consequence
of the molecular shape, with preferred
attack from the less-hindered Re face.

Ambiguine H was obtained through
a spectacular sequence: Irradiation of 5
led to homolytic cleavage to give postu-
lated intermediate 6. Subsequent hydro-
gen abstraction with concomitant elab-
oration of the indole ring (to give 7) and

simultaneous expulsion of both chloride
and the BBN fragments in one single
operation gave synthetic (+)-ambigui-
ne H. The drawback of this photolysis
strategy is the low yield, which is a direct
consequence of product instability un-
der the reaction conditions. Nonethe-
less, this elegant and straightforward
route constitutes the first total synthesis
of this natural product and enables the
generation of large amounts of material
for further biological studies.

Along the same lines, Baran et al.[5]

demonstrated that other members of
this class of natural products are ob-
tained by applying the same principles:
No protecting groups,[9] a straightfor-
ward synthetic route, and rapid assem-
bly of molecular complexity. The syn-
thesis started again with the Cu-medi-
ated enolate indole coupling to link the
terpene building block 8 (two steps from
carvone oxide) to the indole
(Scheme 2). Acid-catalyzed cyclization
of 9 (montmorillonite K-10, microwave)
gave the tetracyclic intermediate ketone
(26% yield + 55% recovered 9), which
was then followed by a stereoselective
reductive amination resulting in the
precursor 10. In contrast with an earlier
approach to fischerindole I by the same
group, Baran and et al.[5] chose this time

to directly install the sensitive isonitrile
functional group at this stage of the
synthesis, preparing 11-epi-fischerindo-
le G (11). Oxidation of the indole to the
imine 12 allowed, after tautomerization,
the isolation of (�)-fischerindole I in
92% yield.

The conversion of fischerindole I to
welwitindoline A was achieved by a
putative fluorohydroxylation of the in-
dole ring (Scheme 2): Treatment of
fischerindole I with XeF2 first led to
fluorination of the indole ring, followed
by trapping of the intermediate iminium
group in 13 with water. Elimination of
fluoride in 14 could mechanistically lead
to the iminoquinone methide 15, which
serves as a precursor for the rearrange-
ment. Alternatively, a semipinacol rear-
rangement of 14 would be possible to
furnish the target (+)-welwitindoline A
as a single diastereoisomer.

The total syntheses of these four
complex cyanobacterial alkaloids dem-
onstrate the power of modern organic
synthesis. Key features include: 1) pro-
tecting-group-free assembly, 2) high
convergency, 3) cascade reactions are
used to add molecular complexity, and
4) change of the oxidation state of the
carbon skeleton is minimized.

Scheme 1. Protecting-group-free synthesis of hapalindole U and ambiguine H. Reagents and conditions: a) LiHMDS, CuII-2-ethylhexanoate, THF,
�78!25 8C (50%); b) [Pd{P(o-tol)3}OAc]2 (5 mol%), NaOCHO, TBAB, Et3N, DMF, 80 8C, slow addition of Pd over 5 h (65%); c) NH4OAc,
NaCNBH3, MeOH/THF, microwave irradiation at 150 8C; then HCO2H, CDMT, DMAP, NMM, DCM, 25 8C; d) COCl2, Et3N, DCM, 0 8C (60% over
two steps); e) tBuOCl, DCM, �78 8C; then prenyl-9-BBN, �78 8C (60%); f) Et3N, benzene, hn, (63%, based on recovered starting material).
LiHMDS= lithium hexamethyldisilazide, TBAB= tetra-n-butyl ammonium bromide, DMF=N,N-dimethylformamide, CDMT=2-chloro-4,6-dime-
thoxy-1,3,5-triazine, DMAP=4-N,N-dimethylaminopyridine, NMM=N-methylmorpholine, DCM=dichloromethane, 9-BBN=9-borabicyclo-non-
ane.
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Insight from biosynthetic considera-
tions helped to design this elegant route,
which relied on the intrinsic reactivity of
the functional groups present. To exploit
this, a protecting-group-free strategy
was mandatory.

It should be pointed out that several
protecting-group-free total syntheses
have been performed over the last
century. Early key examples include
tropinone by Robinson,[10] usnic acid
by Barton et al.,[11] or muscarine by
Hardegger and Lohse.[12] The examples
discussed herein, however, display much
more complex molecular architectures
and can thus be considered spectacular
new landmarks in the vast arena of
natural product total synthesis.
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Scheme 2. Protecting-group-free total synthesis of fischerindole I and welwitindolinone A. Reagents and conditions: a) LiHMDS, THF, �78 8C,
copper(II)-2-ethylhexanoate, indole, �78!23 8C (62%); b) Montmorillonite K-10 clay, microwave irradiation at 120 8C, (57%, based on recovered
starting material); c) NH4OAc, NaCNBH3, 3-F molecular sieves, MeOH/THF, sonication, 18 h (42%); d) HCO2H, CDMT, DMAP, NMM, DCM,
23 8C, 30 min; Et3N, COCl2, DCM, 0 8C, 10 min (95%); e) DDQ, H2O, THF, 0 8C (92%); f) XeF2, H2O, H3CCN, 23 8C (44%). DDQ=2,3-dichloro-
5,6-dicyanobenzoquinone.
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