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Herein, we describe an Au-catalyzed cascade diyne cycloisomerization process that was projected to con-
struct the central furopyran bicyclic core of Diocollettines A. Our intended strategy for the annulation of
the third thf ring is based on epoxidation and subsequent intramolecular acetalization. However, the ini-
tial alkynol cyclization occurred in an undesired 5-exo-dig mode, ultimately leading to an undesired
furopyran.

� 2020 Elsevier Ltd. All rights reserved.
Introduction

The accomplishment of the total synthesis of any natural pro-
duct has its own significance in terms of the strategy, which has
paved the path and choice/compatibility of functional/protecting
groups and chemical transformations that contribute to this
success [1]. However, in many cases, there are bottlenecks and
roadblocks resulting from the incompatibility between the
components, which result in the undesired reactivity/selectivity
at an advanced stage [2]. As has been described by Nicolaou, each
successful total synthesis was a result of learning from many
unsuccessful efforts [3]. In this manuscript, we describe an unsuc-
cessful effort towards the synthesis of the recently isolated natural
product Diocollettines A (1), due to an undesired regioselectivity in
the key skeletal construction event.

In 2017, Gao and co-workers reported the isolation of Diocollet-
tines A (1) from the rhizomes of the plant D. collettii (belonging to
the genus Dioscorea). Diocollettines A is a novel diaryl heptanoid
possessing an unprecedented [6–5–5] fused tricyclic skeleton com-
prising of one tetrahydropyran ring and two tetrahydrofuran rings
with five stereogenic centres [4]. The preliminary biological
evaluation of Diocollettines A (1) against the lung cancer cell line
NCL-H460 revealed promising cytotoxity (IC50 = 20.15 lM). Very
recently, streptoglycerides A � D, having a similar unique [6–5–
5] tricyclic core of Diocollettines A, were isolated from the Strepto-
myces strain and found to have anti-neuroinflammatory activity
[5]. After the report on the isolation of Diocollettines A appeared,
we started a program of synthesizing the natural product by fol-
lowing a modular strategy that employs an alcohol initiated yne-
yne cyclization cascade process. Recently, the Ito and Kuwahara
groups reported the enantioselective total syntheses of Diocolletti-
nes A, featuring stereoselective aldol reaction as one of the key
steps [6].
of gold-
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Fig. 1. Structures of [6–5–5] fused tricyclic molecules Diocollettines A (1) and
Streptoglycerides A-D.

Scheme 2. Synthesis of 1,6-diyne.

Table 1
Optimization of cascade cyclisation 8.

Entry [Au]/Ag salt solvent time Yield

1 AuCl CH2Cl2 4 h decomposed
2 AuCl3 CH2Cl2 4 h decomposed
3 Au (PPh3)Cl AgSbF6 CH2Cl2 4 h 23%
4 Au(PPh3)Cl AgOTf CH2Cl2 2 h 58%
5 Au(PPh3)Cl AgOTf CH3CN 2 h 20%
6 Au(PPh3)Cl AgOTf THF 4 h 14%
7 iPrAuCl AgSbF6 CH2Cl2 2 h 41%
8 tBuXPhos Au(MeCN)SbF6 CH2Cl2 2 h 46%
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Results and discussion

As shown in Scheme 1, our applied key skeletal construct was
inspired from the work of Yang’s group on gold catalyzed tandem
cyclisation of 1,6-/1,7-diynes for the synthesis of natural products
like oxygenated C-15 sesquiterpeniods and Cladiellins [7,8]. We
intended to employ a gold-catalyzed cascade cyclisation of the
1,6-diyne system (a dipropargyl ether) with an ether linkage,
which had not been explored earlier [9]. A regioselective 6-
endo/5-exo dig mode of cascade cyclisation of 1,6-diyne 3 should
result in the construction of the AC ring of tricyclic diocollettines
A (Fig. 1), which upon epoxidation and intramolecular ketalization
is expected to deliver the natural product. However, there is a com-
peting alternative possibility comprising of an unwanted 5-exo/6-
exo dig mode cyclisation of 1,6-diyne 3 in the initial gold-catalyzed
cycloisomerization [10]. Previous reports from our laboratory and
others in the gold catalysed cyclisation of alkynols indicated more
chances for a desired 6-endo selective initial alkynol cyclization
(Scheme 1) [10e].

In this context, the diyne 3 has been selected as a suitable sub-
strate to examine our hypothesis. However, as one could notice, it
has the opposite configuration at the hydroxyl centers and if our
approach is successful, it provides the Diocollettines A enantiomer.
One of the reasons why the diyne 3 has been selected is because its
synthesis from known furanoside 4 is a straightforward exercise
and compound 4 can be easily prepared in 5 steps from glucose
diacetonide [11] (Scheme 2).

The synthesis begins with the preparation of the known inter-
mediate 4 following the literature procedure from glucose diace-
tonide (GDA). Next, compound 4 was subjected to a three-step
sequence comprising of acetonide deprotection in refluxing 60%
AcOH followed by the Ohira-Bestmann alkynylation of the result-
ing lactol and the treatment of the intermediate 1,3-syn-diol in
the same pot with 2,2-DMP and cat. p-TSA in CH2Cl2, which
afforded the target acetonide 6 in 68% yield over three steps [12].
In the 13C NMR spectrum, the two distinct peaks at 19.4 ppm
(Meaxial) and 30.2 ppm (Meequatorial) clearly indicated the presence
of 1,3-syn-diol acetonide. The Sonagashira coupling of alkyne 6
with iodobenzene was carried out by employing 5 mol% of bis
(triphenylphosphine)palladium(II) dichloride and 10.0 mol% CuI
in a 1:1 mixture of triethylamine and THF to obtain compound 7
in 83% yield [13]. Next, the acetonide group in compound 7 was
hydrolyzed employing cat. TFA in CH2Cl2 and the resulting crude
diol was treated with propargyl bromide in the presence of NaH
and tetrabutylammonium iodide in THF at rt to afford the key
1,6-diyne 3 in 80% yield over 2 steps.

After having 1,6-diyne 3 in hand, next, the proposed gold-cat-
alyzed cascade cyclisation was examined initially by simple gold
salts AuCl and AuCl3 and 2-(trimethylsilyl)ethanol as an external
nucleophile. In both the cases (entries 1 and 2, Table 1) the decom-
position of compound 3 was noticed. Next, we examined the catio-
nic gold complexes in this pursuit. Initially, we examined the Au
(PPh3)Cl in the presence of AgSbF6 as an additive and 2-
(trimethylsilyl)ethanol as an external nucleophile in CH2Cl2 at
room temperature. This resulted in the isolation of a new product
8 in 23% yield (entry 3, Table 1) [7d]. With this promising results,
we have optimized this reaction by screening different gold cata-
lysts and silver additives. To our delight, when the Au(PPh3)Cl/
AgOTf combination was employed as an active catalytic system
in CH2Cl2 at room temperature, the reaction was completed in
4 h and the yield was improved to 58% yield. Further screening
of solvents like CH3CN, THF and toluene has not influenced the
yield of the reaction. Since we had obtained the undesired selectiv-
ity during the initial alkynol cycloisomerization of diyne 3, we
examined several other possibilities such as placing bulkier ligand
on gold, hoping that this may alter the course of cyclisation of the
screened (iPr)AuCl, tBuXPhos and Au(MeCN)SbF6. Unfortunately, in
all the cases, compound 8 was obtained exclusively (see Table 1).

As mentioned above, without knowing that the undesired pro-
duct was obtained, we moved to execute our proposed strategy of



Scheme 3. The epoxidation of compound 8 and the hydrolysis of the resulting
epoxides.

Fig. 2. Molecular Structure of Compound 9b.
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epoxidation followed by the Lewis acid catalyzed intramolecular
lactol cyclisation to make the tricyclic core of diocollettines A.
Towards this, compound 8 when subjected for epoxidation
employing m-CPBA in CH2Cl2, resulted in a 1:1 separable mixture
of diasterisomeric epoxides 9a and 9b in 81% yield (Scheme 3) [14].

Our initial attempts to deprotect the trimethylsilylethyl group
and the cyclisation of the resultant hemiketal with epoxide to give
the desired tricyclic core were not successful when using TBAF in
THF at room temperature or even after prolonged heating. Next,
we examined acid catalyzed epoxide opening and cyclization of
9a and 9b employing BF3.OEt2 (Scheme 3). Only, in case of com-
pound 9a, the reaction with BF3.OEt2 resulted in the isolation of
a new compound 10a and under similar conditions the decompoi-
sition of epoxide 9b was noticed The spectral data of the com-
pound 10a revealed the presence a free ketal and showed that
the epoxide ring was intact (Scheme 3). Indeed, after realizing that
the intramolecular ketalization through opening of the epoxide
was not happening, we recorded the single crystal X-ray diffraction
data for the other epoxide 9b (Fig. 2), which revealed the undesired
selectivity during the initial cyclization.
Conclusion

An approach comprising of gold-catalyzed cascade cyclization
of a 1,6-diyne followed by epoxidation and intramolecular ketal-
ization has been proposed for the construction of the central tri-
cyclic core/total synthesis of Diocollettines A (1) and attempted.
The key gold-catalyzed cascade cyclization resulted in undesired
selectivity that has been realized after the failure during the
cyclization step of the penultimate epoxides. Currently, work in
the direction of tuning the regioselectivity and also further explo-
ration of this novel 1,6-diyne 5-exo/6-exo cyclization is in progress.
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