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ABSTRACT

A first synthetic effort toward total synthesis of highly potent solomonamides is disclosed. An efficient strategy to synthesize this class of
compounds, along with the synthesis of a core macrocycle (shown in red) and the key fragment AHMOA, is described.

In early 2011, two cyclic peptides solomonamide A (1)
and solomonamide B (2) with an unprecedented chemo-
type were isolated from the marine sponge Theonella
swinhoei by Zampella’s group from Italy.1 The gross
structures of these cyclic peptides were established on the
basis of detailed NMR analysis and HRMS. The Marfey
method,2 QM J based analysis, and DFT J/13C calcula-
tions were used in combination to determine the absolute
configuration of the molecules. Solomonamide A (1) showed
significant reduction (∼60%) of inflammation in the carra-
geenan induced paw edema model.1

Interestingly, this compound 1 exhibits its anti-inflam-
matory potential at a very low concentration of 100 μg/kg
in animal models. The scarcity of the material has ham-

pered further profiling of these compounds. Because of

potent in vivo biological activity, novel chemotype, and

scarcity of the material, it is expected that many synthetic

and medicinal chemists across the globe are in a race to

synthesize this target.3 We have initiated a program to

access these important class of molecules by means of

chemical synthesis in sufficient quantities for further biolo-

gical evaluation.We have plans to perform systematic SAR

(1) Festa, C.; De Marino, S.; Sepe, V.; D’Auria, M. V.; Bifulco, G.;
Debitus, C.; Bucci, M.; Vellecco, V.; Zampella, A. Org. Lett. 2011, 13,
1532.

(2) Marfey, P. Carlsberg Res. Commun. 1984, 49, 591.

(3) Solomonamides A and B were highlighted as part of a “Hot off
the press” natural products review published May, 2011. See: Hill,
R. A.; Sutherland, A. Nat. Prod. Rep. 2011, 28, 1031.
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monitoring around this scaffold (including the simplifica-
tion of structural complexity)4 to come upwith optimized
lead(s) which may potentially bring forth a novel com-
pound to be developed as an anti-inflammatory agent.5

Herein, we report an efficient strategy to synthesize this
class of compounds, the synthesis of a macrocyclic core,
and the synthesis of a key fragment AHMOA (3).
The key disconnections toward the total synthesis of the

target compounds are shown in Figure 1. The macrolacta-
mization was chosen as a final step to assemble cyclic
peptides. The fragment AHMOA (3) could be prepared
starting from known compound B in which diastereose-
lective crotylation and Photo-Fries rearrangement/palla-
dium catalyzed C�H activation would be the key steps.
Other building blocks A and C could be used for assem-
bling the southern part of the target molecules. Rubottom
oxidation6 could be used for the stereoselective installation
ofR-hydroxylationof ketone in the final stages of synthesis
to obtain solomonamide A.

Before embarkingon the synthesis of anactualmolecule,
we wanted to explore the model synthesis to test the de-
signed strategy, inparticular, oxidative couplingof aldehyde
toN-acyl-m-anisidine throughC�Hactivation, less reactive
anilinepeptide coupling, andkeymacrocyclization.Accord-
ingly, themodel synthesis of amacrocycle was achieved and
the results are compiled in Scheme 1. The model synthesis

commenced with the key C�H activation step starting
fromknownN-acyl-m-anisidine 47 and aldehyde 5.8 After
a few attempts, we were successful in obtaining com-
pound 6 by employing the recently reported Li and
Kwong method (Pd(TFA)2 catalyst, TBHP in toluene)
in 65% yield.9 Deacetylation was carried out by acidic
hydrolysis to release free amine 7 in 92% yield.10 As
anticipated the peptide coupling was not smooth because
of the weak nucleophilicity of the aryl-NH2 which was in
an extended conjugationwith the carbonyl group (such as
vinylogous amide).11 As we were not successful in the
coupling of dipeptide Boc-Gly-Ala-OH despite several
attempts, Fmoc-protected alanine was coupled through
the corresponding acid chloride, Fmoc-D-Ala-Cl,12 to
provide compound 8 in good yield. Next, deprotection
of the Fmoc group in 8was carried out using standard con-
ditions (piperidine). However, we could not isolate the
desired compound 90; instead benzodiazepinone 9 was
isolated in 93%yield. It is interesting tonote that compound
9 and its derivatives can be explored further, as this skeleton
is a privileged structure in medicinal chemistry.13,14

To circumvent the problem of benzodiazepinone forma-
tion, the ketone present in 6 was protected with propane-
dithiol in thepresenceofBF3 3Et2O togivedithioketal10 in
89% yield. At this stage, coupling of dipeptide Boc-Gly-
Ala-OH was attempted considering that the protection of
ketone removed the vinylogous amide functionality. How-
ever, the coupling of dipeptide was not successful. Hence,
the compound 10 was transformed to compound 11 in a
two-step sequence (deacetylation followed by N-acylation
with Fmoc-D-Ala-Cl). Fmoc deprotection (piperidine) gave
the desired free amine 12, which was coupled with Boc-Gly-
OH to produce 13which on further hydrolysis furnished the
acyclic precursor 14 in good yields. The crude acyclic amino
acid resulting from Boc deprotection was subjected to key
macrolactamization15 using HATU followed by thioketal
deprotection under standard conditions resulted in the for-
mation of key macrocyclic core 1516 of solomonamides.

Figure 1. Key disconnections and building blocks.

(4) Inspired by the concept of diverted total synthesis of bioactive
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(10) Varying amounts of ester hydrolysis product was also observed
during this reaction. The mixture of products was subjected to ester-
ification. See details in the Supporting Information.

(11) (a) Elassar, A-Z. A.; El-Khai, A. A. Tetrahedron 2003, 59, 8463.
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After the successful synthesis of themacrocyclic core, we
turned our attention toward the synthesis of key fragment

AHMOA (3). The known aldehyde 1617 was subjected to a

key crotylation reaction to introduce the new chiral centers

present in the target molecule. Freshly activated CrCl2
gave a 1:2 ratio of diastereomers 17a and 17b in which the

desired 17b was the major compound.18 The stereochem-

istry of more deshielded chiral protons was established by

comparing their proton coupling constants in the corre-

sponding cyclic carbamates 18a and 18b.18a It is worth

mentioning that undesired isomer 17a can be converted to

17b viaan inversion reaction.19The complete stereostructure

of 18b as drawnwas further confirmed by the single X-ray
crystal structure (Scheme 2). The carboxylic acid 19 pre-
pared from cyclic carbamate 18b (TBS deprotection fol-
lowed by Jones oxidation) was coupled with TIPS pro-
tected m-amino-phenol 2020 to provide compound 21.
Attempts to form sp2�sp2 C�C bond formation through
C�H activation in a similar way to that of the model
substrate resulted in very poor yields of the desired pro-
duct. Photolysis of the amide 21 using a Hg lamp (254 nm)
under dilute conditions in acetonitrile furnished the photo-
Fries rearranged product 22 in a highly regioselective
manner.21,22 This reaction needs further optimization to
improve the yield. Oxidative cleavage of olefin in 22 fol-
lowed by further oxidation furnished carboxylic acid 23 in
good yield. Thus, we have prepared the key fragment
AHMOA in a protected form which will be carried for-
ward to the total synthesis of natural solomonamides.

Scheme 1. Synthesis of Macrocyclic Skeleton of Solomonamides

(16) All the spectral data are in agreement with the assigned struc-
ture. See details in the Supporting Information.

(17) Compound 16was prepared by followingmodified and econom-
ical procedures starting from D-methionine. Aleiwi, B. A.; Schneider,
C. M.; Kurosu, M. J. Org. Chem. 2012, 77, 3859.

(18) (a) Ciapetti, P.; Falorni, M.; Taddei, M. Tetrahedron 1996, 52,
7379. (b) Ciapetti, P.; Falorni, M.; Taddei, M.; Ulivi, P. Tetrahedron
Lett. 1994, 35, 3183. (c) Furstner, A.; Shi, N. J. Am. Chem. Soc. 1996,
118, 12349. (d) Furstner, A. Chem. Rev. 1999, 99, 991. (e) Cintas, P.
Synthesis 1991, 248.

(19) 17a was transformed to 17b via a Mitsunobu reaction followed
by ester hydrolysis inmodest yield. This inversion reaction needs further
optimization which is ongoing experimentation in the lab.

(20) Choy, J.; Figueroa, S.; Jiang, L.; Wagner, P. Synth. Commun.
2008, 38, 3840.

(21) (a) Guerrini, G.; Ponticelli, F.; Taddei, M. J. Org. Chem. 2011,
76, 7597. (b) Ferrini, S.; Ponticelli, F.; Taddei, M.Org. Lett. 2007, 9, 69.

(22) Photo-Fries rearrangement of the m-methoxy aniline derivative
resulted in a mixture of regioisomers. Introduction of bulky TIPS
protection solved the problem. Details will be reported in a full paper.
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In short, we have designed a feasible strategy and
executed key steps toward the total synthesis of highly
attractive and potent anti-inflammatory cyclic peptides.
Synthesis of the macrocyclic core and a key fragment in an
orthogonally protected form are the highlights of the
present work. Having tested the feasibility of key reactions
and established a synthetically viable route, the total syn-
thesis, synthesis of analogues, and their biological evalua-
tion will constitute our future publications.
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