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Marco Bandinia 

 

ABSTRACT: A novel gold(I)-catalyzed protocol for the synthesis of 4H-1,3-dioxin-3-ones is 
presented. The protocol exploits a metal induced cascade sequence involving a [3,3]-sigmatropic 
rearrangement followed by regioselective O-annulation reactions. A wide range of oxygen-based 
heterocyclic scaffolds (21 examples) were achieved in excellent yield (up to 80%) and a detailed 
computation as well as deuterium-labelling investigations enabled all the plausible reaction 
pathways to be mapped and the rationalization of the recorded regioselectivity. 
 
Homogenous gold catalysis has revolutionized the realm of the manipulation of unsaturated 
unfunctionalized hydrocarbons in just twenty years.1 In particular, the site-selective electrophilic 
activation of C-C double and triple bonds enabled a plethora of single- as well as multi-step 
synthetic sequences in a convenient manner. 
The synthesis of densely functionalized heterocycles deeply benefited by this advent, exploiting 
the unique functional groups tolerance exerted by cationic [Au(I)] complexes and the realization of 
new C-C and C-X annulation events.2 In this context, the 1,3-dioxin-3-one scaffold (A, Figure 1a) is 
of particular relevance since it identifies synthetically flexible building blocks for organic 
transformations such as: ketene chemistry, aromatization reactions, rearrangements, 
cycloadditions and total syntheses.3 In addition, aromatic analogous of the 1,3-dioxin-3-one 
scaffolds (Figure 1b), namely dioxanones4 are common motifs in numerous natural compounds 
(i.e. chlorotheolide family) that display intense antiproliferative actions on several tumor cell 
lines.5 
Notably, despite the undoubted transversal utility of this class of building blocks, their preparation 
still relies on stoichiometric protocols (i.e. lithiation/alkylation, [4+2]-cycloadditions) with only few 
notable catalytic exceptions.6 Therefore, the request for flexible, selective and environmentally 
benign synthetic methodologies for their preparation has been and continues to be widely 
investigated. 
In continuation with our ongoing commitment towards the realization of gold catalyzed 
electrophilic activations of alkynes,7,8 we envisioned the possibility to realize a new direct 
synthetic protocol of densely functionalized 1,3-dioxin-3-ones via [Au(I)]-assisted manipulation of 
readily available propargylic-ketoesters 1. In particular, an initial intramolecular [3,3]-sigmatropic 
rearrangement9 could lead to the corresponding carboxyallene intermediate 1’ that might undergo 
a rapid annulation reaction delivering the desired six-membered ring 2 (Figure 1c).  However, the 
present working plan poses several important regiochemical interrogatives due to the multiple 
electrophilic as well as nucleophilic sites present in the [Au+]-1 adduct. 
  



Figure 1. a) The 1,3-dioxin-3-one scaffold (A) and relative synthetic manipulations; b) a representative example of natural occurring compound 

comprising the dioxanones core; c) the present gold(I)-catalyzed synthetic approach to 2. 

 
Aiming to verify our hypothesis and to get optimal reaction conditions, an extensive survey of 
reaction parameters was carried out by considering the propargylate 1a as a model substrate. In 
Table 1, a summary of tested reaction parameters is reported (see SI for a complete collection of 
results).  
Delightly, we found out that JohnPhosAuNTf2 (5 mol%) proved to be the catalyst of election over 
a series of phosphine and carbene-based gold complexes (C2-C10). Additionally, the use of 
 
Table 1. Optimization of the reaction conditions 

 
Runa Deviation from optimal Yield 2a/2a’ 

(%)b 
1 -- 80 
2 C1 at 60 °C, toluene 50/- 
3 C2 at 60 °C, toluene 22/- 
4 C3 at 60 °C, toluene 42/- 
5 C4 at 60 °C, toluene 40/- 
6 C5 at 60 °C, toluene NR 
7 C6 at 60 °C, toluene 20/19 
8 C7 at 60 °C, toluene 13/- 
9 C8 at 60 °C, toluene -/25 

10 C9 at 60 °C, toluene 20/- 
11 C10 at 60 °C, toluene NR 
12c AgSbF6 instead of AgNTf2 37/- 
13c AgTFA instead of AgNTf2 NR 
14c AgOTf instead of AgNTf2 37/9 
15 with KOAc (2 eq) 40/- 
16 Toluene 100 °C 60/- 
17 Toluene 120 °C 68 

Reaction conditions: 1a (0.2 mmol, 0.05 M), under nitrogen conditions. b Determined after flash 
chromatography. c The cationic gold complex was obtained in situ in toluene. NR: no reaction. 
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reagent grade xylene at 120 °C and very short reaction time (50 min) fulfilled the optimal 
parameters delivering the dioxinone 2a in high regiochemical manner and 80% yield (Scheme in 
Table 1).  
Worthy of mentioning, the protocol led almost exclusively to the six-membered scaffold through 
the planned O-ring-closing procedure. On the contrary, the five-membered counterpart 2a’ was 
observed in very low amount mainly when bidendate phosphines were employed (entries 6-9).  
Analogously, NTf2- emerged as the counterion of election among the ones tested (entry 1 vs 
entries 12-14).10 Finally, while the addition of a base (i.e. KOAc) did not affect significantly the final 
outcome of the process (entry 15), an increase in the temperature (entries 16 and 17) led to a 
significant improvement in the isolation of 2a (up to 68% in toluene at 120 °C). 
Having established the optimal parameters with compound 1a, the generality of the protocol was 
envisioned by reacting, under the conditions reported in the Scheme of Table 1, a series of terminal 
propargylic derivatives carrying molecular variations on the �-ketoester motif (1b-p). The 
corresponding chemical outcomes have been collected in the Scheme 1. Ketoesters featuring 
diversely functionalized aromatic rings at the keto-site were adequately tolerated regardless the 
electronic properties of the substituents. In details, sterically congested ortho-substituted arenes 
(i.e. 2b, 2d and 2k) and the mesitylene analogous 2e performed satisfyingly too, delivering the 
corresponding dioxin-3-one cores in good yields (up to 72%). 
Scheme 1. Scope of the reaction. Variations on the �-ketoester skeleton (X-ray structure of 2k is also documented). 

 
Analogously, when electron-donating (1b-e, 1k and 1l) or electron-withdrawing (1f-j) units were 
accommodated at the aromatic acyclic precursor, excellent catalytic performance were recorded 
(yield up to 80%). Linear and cyclic aliphatic ketones were also synthesized and tested under 
optimal conditions (1m-p). Interestingly, no variations on the final outcome were recorded in all 
cases (yields: 55-79%).  
Then, our focus moved on the applicability of the protocol towards precursors carrying structural 
diversity at the propargylic unit.  In this line, a series of acyclic precursors comprising internal 
alkynes and branched side chains (1q-u) were subjected to optimal reaction conditions. 
The data collected in Scheme 2 contributed to emphasize the generality of the method. Here, 
propargylic carboxylates deriving from primary and secondary alcohols guaranteed satisfactory 
results in the cyclization reactions along with high stereospecificity for the newly formed C=C bond. 
Analogously, the internal alkyne 1t worked satisfyingly in the cascade process delivering the 
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corresponding dioxin-3-one scaffold 2t in 62% yield. 
Scheme 2. Scope of the reaction. Variations on the propargylic chain. 

 
Finally, the possibility to apply the present methodology towards the realization of vinyl-
dioxanones was envisioned and successfully realized by subjecting the carboxylate 1u to optimal 
conditions. Satisfyingly, the corresponding vinyl derivative 2u was obtained in 66% yield and high 
chemoselective manner. 
Prompted by the experimental evidences and intrigued by the mostly selective isolation of 2a, we 
performed a computational study on the mechanism governing the trans-formation of 1a into 2a 
and 2a’ through DFT. We chose the OTf- (i.e. X in Scheme 3) anion as counterion as both isomers 
2a/2a’ are isolated experimentally when it is present; a summary of the proposed mechanism is 
depicted in Scheme 3a (for a full mechanism see the SI). An analysis of the thermochemical stability 
of both alternate products, 2a and 2a’, suggests that the C-cyclized isomer 2a’, is substantially 
lower in energy than the experimentally observed 2a, thereby revealing that the 1a →  2a 
conversion should be kinetically controlled. Initially, the gold complex coordinates to the alkynyl 
moiety of the keto-enol tautomer of 1, which is more stable thermodynamically, forming 
intermediate INT0 (+12.0 kcal•mol-1). The subsequent stepwise [3,3]-sigmatropic rearrangement 
process towards INT211 involves a stretched 1,3-dioxane-like gold complex featuring an allene 
fragment, INT1. This intermediate is strikingly more stable than both ends of the sigmatropic 
process by about 6 kcal•mol-1. Once INT2 is formed two pathways could be drawn depending on 
its O- or C-annulation mode leading respectively to a 1,3-dioxin-3-one specie INT3-A and to an 
unsaturated lactone derivative INT3-B. Computational results revealed that TS3-A, concerning a 
simultaneously O-cyclization and proton trapping by the OTf anion, is +2.9 kcal•mol-1 lower in 
energy than the alternative C-cyclized transition state TS3-B. This energetic difference would be 
enough to observe product selectivity (2a vs 2a’). A posterior barrierless protodeauration process 
at INT3-A affords the dioxinone derivative 2a (ΔGTS4-A = -1.6 kcal•mol-1) whereas the similar 
event at INT3-B¸ to lead the five-membered isomer 2a’, implies at higher energetic cost (ΔG≠
TS4-B = +13.1 kcal• mol-1).12 
On the other hand, deuterium-labeling experiments carried out on 1a-d3 (see SI for details) 
revealed a substantial incorporation of D-atom (51%) at the internal vinyl position (Cb) of product 
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2, supporting for the protodeauration of the alkenyl-gold intermediate INT3-A as the latest stage 
of the catalytic cycle. Analogously, the high deuteration content at the acetal position Cc prompted 
us to exclude an Au-acetylide mediated cyclization mechanism (Scheme 3b).13 Partial deuteration 
of the Ca-position (ca. 42%) prompted us to consider the participation of a propargylate/allenoate 
equilibria of INT0. Our calculations however revealed that this intermediate is very unstable (18 
kcal mol-1) and is therefore unlikely to participate in this chemistry. Another viable alternative that 
explain this partial deuteration is a 1,3-H shift at INT1 (most probably stepwise, intermolecular and 
counterion-mediated). 
Scheme 3. Computed mechanism for the transformation of 1 into 2 and 2a’ at the PCM(p-Xylene)/M06/def2-SVP theoretical 

level. Gibbs free energies are reported in kcal mol−1 (1 atm and 298 K), relative to keto-enol tautomer of 1a. L refers to PMe3 

and X to OTf anion. 

 
In conclusion, a novel gold catalyzed synthetic methodology for a rapid access to densely 

functionalized dioxinones (yield up to 80%) is documented. The protocol exploits the attitude of 

homogeneous gold(I) catalysis to assist multiple and consecutive chemical events (i.e. sigmatropic 

rearrangement/nucleophilic trapping of allenes) via site-selective electrophilic activation of p-systems. The 

high degree of regioselectivity recorded was corroborated via a detailed computational investigation that 

also mapped all key intermediates of the dual gold activation mode exerted during the catalytic cycle. 
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