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Unsubstituted Pyrylium Salt
Emma E. Drake1,*, Agshin Garayev2, and Rashad R. Karimov3

Heterocycles are critical motifs in natural products and 
pharmaceuticals. Nitrogen and oxygen heterocycles are 
of particular interest given their relative abundance in 
these compounds (Fig. 1). 
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Fig. 1 (a) Selected examples of heterocyclic compounds 
in natural products and pharmaceuticals. (b) Dearoma-
tization of activated heterocycles as a strategy for ac-
cessing functionalized products.

Compared to traditional strategies of accessing het-
erocyclic derivatives such as cyclization reactions, 
cross-electrophile couplings are an attractive alternative 
method. Cross-electrophile couplings avoid the prepa-
ration of sensitive organometallic nucleophiles and are 
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less affected by the stereoelectronic constraints of cy-
cloaddition methods. A variety of efficient cross-elec-
trophile couplings involving nitrogen heterocycles ex-
ist, including our group’s prior work with dearomative 
alkylation of heteroarenium salts (Fig. 2b). In contrast 
to nitrogen heterocycles, dearomative cross-coupling 
strategies utilizing oxygen heterocycles are relatively 
unexplored. Taylor et al. synthesized 4-substituted py-
rylium salts via a range of organometallic nucleophiles 
(Fig. 2a). While regioselective alkylated products were 
obtained in moderate yields, Taylor’s methodology re-
quires low temperatures, long reaction times, and or-
ganometallic coupling partners. Building on our prior 
work using zinc as a terminal reductant, we investigated 
pyrylium salts as substrates for alkylation (Fig. 2c).

Fig. 2  (a) Prior work from Taylor on regioselective al-
kylation of pyrylium salts using various organometallic 
reagents. (b) Our lab’s previous work with the dearoma-
tive cross coupling of heteroarenium salts using Zn as a 
terminal reductant. (c) This work. 
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Table 1 Optimization of the benzylation reaction, with 
qNMR yields obtained using dimethyl terephthalate as 
an internal standard. All optimization reactions were 
conducted at the 0.05 mmol scale with degassed sol-
vents under N2 atmosphere.

We began reaction optimization by conducting time 
and temperature studies with pyrylium tetrafluorobo-
rate 1 and benzyl bromide as the alkyl halide coupling 
partner. Activated zinc powder serves as the terminal 
reductant, with the obtained product being 4-ben-
zylpyran 2. The optimal reaction time was found to be 
30 minutes, with shorter and longer times giving lower 
yields (Table 1, Entries 1-2). The reaction requires no 
external heating, with additional heat and lower tem-
peratures reducing yield (Table 1, Entries 7-8). Stoi-
chiometric excesses of zinc and benzyl bromide are 
required for optimal yield, although further increasing 
their equivalents did not significantly impact the reac-
tion (Table 1, Entries 3-6). Optimal yield is obtained in 
1,2-dimethoxyethane (DME). Dilution of the reaction 
did not improve yields (Table 1, Entry 9). Addition-
ally, the reaction is tolerant of other ethereal solvents 
such as 1,4-dioxane and tetrahydrofuran (THF) (Table 
1, Entries 10-11). Unlike our prior work, we did not 
detect the formation of dimeric products under opti-
mized conditions. 2-benzylpyran or ring opened prod-
ucts were not detected, indicating that the alkylation is 
regioselective. Attempts to use alkyl halides other than 
benzyl bromides with optimized conditions proved to 
be unsuccessful, limiting our scope to benzylated prod-
ucts.

Fig. 3 Representative scope of the reaction, with qNMR 
4-benzylpyran yields in bold and isolated 4-benzyltet-
rahydropyran yields in parentheses. Yields were deter-
mined by 1H NMR analysis of crude reaction mixtures 
using dimethyl terephthalate as an internal standard.  
Products were isolated after hydrogenation and flash 
chromatography as 4-benzyltetrahydropyrans. All 
products were fully characterized via 1H, 13C, and 19F 
(when relevant) NMR, as well as HRMS.

With optimized reaction conditions known, we inves-
tigated the scope of the benzyl bromides with pyryli-
um tetrafluoroborate 1 (Fig. 3). The reaction proved 
to be fairly robust, with a variety of functional groups 
and stereoelectronic environments tolerated on the 
benzyl ring. Simple alkyl-substituted benzyl bromides 
gave products in good yields (3a, 3b, and 3i), with a 
polyaromatic product obtained in moderate yield (3k). 
Methoxy- (3j) and ester-substituted (3f and 3h) ben-
zyl bromides gave close to optimal yields, although 
alcohols did not result in desired product formation. 
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Halide substituents were also successful, with a 4-bro-
mo substituent (3l) and multiple fluorine-containing 
groups (3c, 3d, and 3e) yielding product. A quinoline 
derivative afforded product in moderate yield (3g). 

While the scope of our reaction is limited to benzyla-
tion at the time of publication, our group is actively 
investigating regioselective alkylation using modified 
conditions. Additionally, we are looking into the func-
tionalization of pyran products, including their use as 
precursors for valuable N-aryl pyridinium salts. 
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