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Abstract: The first and collective total syntheses of periconia-
sins A–E, a group of naturally occurring cytochalasans, were
achieved by a series of rationally designed or bioinspired
transformations. Salient features of the syntheses include
a tandem aldol condensation/Grob fragmentation to assemble
the linear polyketide–amino acid hybrid precursor, a Diels–
Alder macrocylization to construct the 9/6/5 tricyclic core of
periconiasins A–C, and a transannular carbonyl–ene reaction
to forge the polycyclic framework of periconiasins D and E.

Cytochalasans comprise a growing family of polyketide–
amino acid hybrid metabolites with over 200 members having
been identified to date.[1, 2] Owing to their remarkable
structural and biological diversity, they have emerged as
ambitious targets for total syntheses and important chemical
tools for biomedical studies.[3, 4] Structurally, most cytochala-
sans feature a tricyclic skeleton with a macrocycle fused to an
isoindolone moiety, as illustrated by the structures A–C in
Figure 1A. Notably, the macrocycles presented in the cyto-
chalasans are generally 11/13-membered carbocyclic or 12/14-
membered lactone rings. Comparably, cytochalasans bearing
a medium-size ring had not been discovered until 2013 when
periconiasins A–C (1–3 ; Figure 1B) were identified by Dai
and co-workers from the endophytic fungus periconia sp.
F-31.[5] 1–3 possess an unprecedented 9/6/5 tricyclic frame-
work which constitutes a new subclass of cytochalasans. More
interestingly, several structurally relevant congeners were
also disclosed by the same laboratory in 2015,[6] as exemplified
by periconiasins D–F (4–6). Distinct from previously identi-
fied cytochalasans, 4–6 possess highly complex polycyclic
architectures embracing multiple stereogenic centers, which
largely enrich the chemodiversity of the cytochalasan family.
Equally noteworthy is the fact that some members of the
periconiasins (e.g., 1 and 2) display selective and potent

cytotoxicity against the HCT-8 and BGC-823 cell lines,[5] thus
representing excellent lead compounds for anticancer drug
development. The intriguing structures of 1–6 combined with
their promising biological profiles render them attractive but
unexplored synthetic targets. Herein, we report the first and
collective total syntheses of periconiasins A–E (1–4, 6
through a highly efficient and biomimetic strategy.

Our synthetic plan for 1–6 was inspired by their plausible
biosynthetic origin.[5,6] As depicted in Scheme 1 A, it is
believed that 1–6 should stem from a common linear
precursor (7) which, in turn, could be assembled from some
elementary building blocks by a polyketide synthase/non-
ribosomal peptide synthetase (PKS-NRPS) hybrid machinery.
Starting from 7, an intramolecular Diels–Alder (IMDA)
reaction could take place via transition-state TS-1 to afford
the tricyclic intermediate 8, which would then advance to
1 and 2 by oxa-Michael addition (path a). Subsequently, 1 and
2 could be transformed to 3 by oxidation. Besides, they could
also undergo a transannular carbonyl–ene reaction to yield 4/
5 and their C17 epimer (11), respectively. Eventually, 11 could
be converted into 6 by intramolecular etherification.

Apparently, it is a wise option for synthetic chemists to
make the targets 1–6 by mimicking natureÏs synthesis.
However, the realization of such a biomimetic synthesis
may encounter considerable challenges, particularly in terms
of the Diels–Alder reaction leading to the tricyclic compound
8. Although Diels–Alder macrocyclizations have been
applied to the syntheses of some other members of the
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Figure 1. Structures of the cytochalasans.
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cytochalasans,[4b,k–m] the current approach has two competitive
pathways as shown in paths b and c (Scheme 1A). Indeed, as
a versatile precursor, 7 could also evolve into the 6/6 bicyclic
compounds 9 and 10 by two other Diels–Alder reactions.
These processes may account for the biogenesis of pericoan-
nosins, a group of natural products identified along with
periconiasins from the same species.[6,7] While nature ele-
gantly makes periconiasins and pericoannosins from
a common precursor by divergent Diels–Alder reactions,
presumably by means of enzyme catalysis, controlling the
chemoselectivity of such processes poses a formidable chal-
lenge for synthetic chemists.

Keeping the above concern in minds, our retrosynthetic
analysis for 1–6 is shown in Scheme 1B. We envisioned that 1–
6 could be derived from the common tricyclic precursor 8
following the biosynthetic proposal. Since direct access of 8
from 7 by a Diels–Alder reaction might suffer from the
underlying selectivity issue, we intended to achieve this goal
through an alternative way, wherein 8 could be first traced
back to 15 by dehydrogenation, and the latter would then
arise from 16 by a Diels–Alder reaction. As a continuation of
the retrosynthesis, 16 could be obtained from the fragments
18 and 19 by tandem aldol condensation/Grob fragmenta-
tion[8] followed by dehydrogenation. Finally, both 18 and 19
could be prepared from readily accessible material according
to known methods.

Our study commenced from the synthesis of 19
(Scheme 2). Alkylation of 2-methylcyclohexane-1,3-dione

Scheme 2. Synthesis of the 9/6/5 tricyclic core of the periconiasins.
Reagents and conditions: a) NaH (1.1 equiv), DMF, 0 88C to RT; then
21 (1.4 equiv), 88%; b) LTBA (1.5 equiv), THF, ¢60 88C, 90 % (d.r.
10:1); c) MsCl (1.3 equiv), Et3N (1.5 equiv), DCM, 0 88C, 92%;
d) KHMDS (3.3 equiv), 18 (3.0 equiv), THF, ¢78 88C to RT, 40% for 17a
and 70% for 17 b ; e) LiHMDS (1.3 equiv), PhSeCl (1.3 equiv), THF,
¢78 88C, 85 % for 24a and 83% for 24b ; f) 30%H2O2/H2O (1:1), DCM,
0 88C; g) CHCl3, BHT, 90 88C, 15a (20%) + 25a (7%) from 24 a ; 15 b
(38%) + 25b (12%) from 24b. BHT =butylated hydroxytoluene,
DMF= N, N-dimethylformamide, KHMDS=potassium bis(trimethyl-
silyl)amide, LiHMDS= lithium bis(trimethylsilyl)amide, LTBA= lithium
tri-tert-butoxyaluminum hydride, Ms =methanesulfonyl, THF= tetra-
hydrofuran.

Scheme 1. A) Proposed biogenesis of periconiasins. B) Retrosynthetic
analysis of periconiasins.
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(20) with the bromide derivative 21[9] afforded 22 in 88%
yield. Partial reduction of 22 with LTBA gave 23 in excellent
yield and diastereoselectivity (d.r. 10:1),[10] and after mesyla-
tion, furnished the key precursor 19. At this point, an
extensive survey of reaction conditions was undertaken to
explore the tandem aldol condensation/Grob fragmentation.
Initially, the lactam 18a[11] was used in the reaction. Depro-
tonation of 18 a with KHMDS followed by quenching the
resulting enolate with 19 led to the formation of the
intermediate I-1 which spontaneously underwent Grob frag-
mentation to provide 17 a as a mixture of ketone/enol
tautomers in 40 % yield. Notably, another product (structure
not shown) resulted from the self-condensation of 18 a was
also isolated in about 30% yield. To avoid the side-reaction,
we evaluated several reaction parameters, including the base,
reaction temperature, and equivalents of 18 a used. However,
no significant improvement could be attained (see Table S1 in
the Supporting Information). Fortunately, we found that the
N-protecting group on the lactam fragment exerted profound
influence on the reaction. When the lactam 18b[12] was used,
the corresponding by-product was largely inhibited, thus
delivering 17 b in 70% yield. It is worth noting that the
preparation of such a polyketide–amino acid hybrid precursor
generally requires stepwise chain extension manipulations, as
witnessed in the literature.[4b,i–k] Comparably, our method
enables expedient access to the linear backbone of the
periconiasins from three readily accessible fragments (20, 21,
and 18b) in a modular manner. Moreover, the stereospecific
nature of the Grob fragmentation ideally secured the
requisite Z configuration of the resulting C14–C15 double
bond.

After sequential selenylation and oxidative elimination,
17a/b is converted into the enones 16 a/b smoothly. Of the
two, 16 a was unstable and had to be immediately submitted to
an elevated temperature (CHCl3, 90 88C) to effect the Diels–
Alder reaction. Pleasingly, the desired endo-adduct 15a was
isolated in 20% yield after two steps, and was unambiguously
confirmed by the X-ray crystallographic study.[13] Meanwhile,
a small amount of the exo-adduct 25 a (7%) was also detected
(for structural assignment see Figure S1). This outcome
seemed to be encouraging, however, the reaction yield was
unsatisfactory because of the severe decomposition of 16 a as
a result of its fragile nature.[14] Fortunately, we found that 16b
was relatively stable and proved to be a superior precursor for
the Diels–Alder reaction. As a result, the corresponding
products were obtained in notably improved yields (15 b :
38%; 25 b : 12%).

With the pivotal tricyclic intermediate 15b secured in
a concise and scalable manner (7 steps, gram-scale synthesis),
we proceeded to complete the total syntheses of 1–6
(Scheme 3). To this end, 15b underwent sequential selenyla-
tion, deprotection, and oxidative elimination to afford 26 as
a single Z isomer. Next, introduction of the C17 group by oxa-
Michael addition was attempted. While the direct use of H2O
as a nucleophile[15] failed to deliver promising results (see
Table S2), a novel N-heterocyclic carbene promoted 1,4-
conjugate addition of an alcohol was successful.[16] Indeed, the
desired reaction worked smoothly with PMBOH as the
nucleophile, thus furnishing 28 as a single diastereoisomer in

70% yield.[17] Cleavage of the PMB group from 28 with DDQ
afforded periconiasin A (1) in 82% yield. Furthermore, the
proposed biomimetic transannular carbonyl–ene reaction[18]

of 1 could be effected under thermal conditions (MeOH, seal
tube, 150 88C), and furnished periconiasin E (4) in 36 % yield
(50 % brsm). Notably, periconiasin F (5) was not detected in
this reaction. Mechanistically, we speculate that although the
direct formation of 4 via the transition-state TS-4 (path b;
Scheme 3) could not be excluded completely, it is more likely
that 1 first converts into 5 via the favorable transition-state
TS-5 (path a), and the latter would then undergo double
migration to afford the thermodynamically more stable 4.

At the end of our synthetic campaign, we attempted the
most challenging target, periconiasin D (6). At first, the
proposed biosynthetic process (Scheme 1A) was attempted.
To this end, 1 was oxidized to periconiasin C (3) by Dess–
Martin oxidation, which, as we envisaged, might be converted
into 2 by regio- and diastereoselective reduction of the C17
ketone. However, we found that although a wide range of
reducing regents such as NaBH4, DIBAL-H, LTBA, and L-
Selectride could effect the reduction with excellent regiose-
lectivities, they provided only poor diastereoselectivities (d.r.

Scheme 3. Collective total syntheses of the periconiasins A–E.
Reagents and conditions: a) LiHMDS (1.2 equiv), PhSeCl (1.2 equiv),
THF, ¢78 88C, 78%; b) NaOH (21.0 equiv), MeOH/H2O (20:1), RT;
c) 30% H2O2/H2O (1:1), pyridine (10.0 equiv), DCM, RT, 78% two
steps; d) 27 (2.0 equiv), LiCl (2.0 equiv), nBuLi (2.0 equiv), THF,
¢78 88C to RT, then PMBOH (3.0 equiv), 26 (1.0 equiv), toluene, RT,
70%; e) DDQ (1.5 equiv), DCM/H2O (19:1), RT, 82%; f) MeOH, seal
tube, 150 88C, 36% (50% brsm); g) DMP (1.5 equiv), DCM, RT, 85 %;
h) L-Selectride (2.0 equiv), THF, ¢78 88C, 1 (35%) +2 (47%); i) MeOH,
seal tube, 150 88C, 59%; j) DMP (1.5 equiv), DCM, RT, 83 %;
k) Me4NBH(OAc)3 (10.0 equiv), MeCN/AcOH (10:1), RT, 75%;
l) TsOH, DCM, RT, 80 %. brsm =based on recovered starting material,
DCM =dichloromethane, DDQ =2,3-dichloro-5,6-dicyano-1,4-benzoqui-
none, DMP=Dess–Martin periodinane, L-Selectride = lithium tri-sec-
butyl(hydrido)borate, PMB =p-methoxybenzyl, Ts = p-toluenesulfonyl.
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1:0.6 to 1:1.3; see Table S3). Without further optimization, 2
was submitted to the reaction conditions employed for the
synthesis of 4, and resulted in the direct formation of 6 by
tandem transannular carbonyl–ene reaction/etherification
(Scheme 3). Meanwhile, an alternative approach was also
established to access 6 in a diastereoselective manner. Thus,
oxidation of 4 with DMP produced the corresponding b-
hydroxy ketone in 83 % yield, and then underwent a 1,3-
directed reduction in the presence of Me4NBH(OAc)3 to yield
17-epi-periconiasin E (29) as a single diastereoisomer. Upon
treatment with TsOH, 29 readily converted into 6 by ether-
ification in 80 % yield.

In summary, we have achieved the first and collective total
syntheses of periconiasins A–E, a group of newly identified
cytochalasans, through an efficient biomimetic strategy. An
array of rationally designed or bioinspired transformations,
including a tandem aldol condensation/Grob fragmentation,
a Diels–Alder macrocyclization, and a transannular carbonyl–
ene reaction, led to rapid access of all representative members
of periconiasins from readily accessible fragments. We
anticipate that the unified strategy, particularly the tactic to
assemble the linear polyketide–amino acid hybrid precursor,
can be extended to the synthesis of other valuable cytocha-
lasans bearing different macrocycle and amino-acid residue,
the implementation of which is underway in our laboratory.
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