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ABSTRACT: A one-pot, stereoselective construction of 2,3-
dihydroxy-2,3-diaryltetrahydrofurans has been achieved via N-
heterocyclic carbene (NHC)/base-mediated domino reactions
of aldehydes and vinyl selenone. The products containing two
contiguous quaternary hydroxyl functionalities among the
three stereocenters are obtained advantageously as either
acetals or ketals through the formation of five new chemical
bonds in a single operation. This report constitutes an
altogether different reactivity of vinyl selenone in comparison with the corresponding sulfones and phosphonates under NHC/
base-mediated reactions.

The catalytic stereoselective synthesis of functionalized
scaffolds in a concise manner is a highly desirable and

challenging endeavor in organic synthesis; e.g., multisubstituted
tetrahydrofuran moieties present in numerous natural products
and pharmaceutical ingredients.1 In that direction, one-pot
multicomponent reactions2 and domino reactions3 are vital
tools. N-Heterocyclic carbenes (NHC) alone, or in combina-
tion with co-catalysts like Bronsted acids, Lewis acids, or
transition-metal complexes, have enabled the discovery of a
wide range of such reactions via new modes of activation.4,5

The synthesis of organoselenides/-selenones has recently
attracted considerable attention because of their biological
properties.6 More significantly, the insertion of a selenide/
selenone group is often accompanied by self-induced
unexpected, yet interesting, transformations like vicinal group
functionalization and the formation of rings/stereocenters via
rearrangement because of a weaker C−Se σ-bond than even a
closely resembling C−S bond.7 Despite these aforesaid
properties, metal-free catalytic asymmetric synthesis has
remained relatively unexplored. Marini and Melchiorre’s
amine catalyzed α-selenenylation of aldehydes,8i Jacobsen’s
selenocyclization of alkenes in the presence of hydrogen-bond
donor catalyst,8e and Zhu’s Bronsted base-catalyzed addition of
isocyanoacetates to vinyl selenones7g are some of the elegant
methods for preparing chiral organoselenium compounds.8 The
group of Marini prepared spirolactones7h and cyclopropanes,7k

whereas Zhu et al. reported oxazolidin-2-one7c and 1,3-
oxazinan-2-one7e synthesis, taking advantage of the unprece-
dented self-rearrangement of the in situ generated organo-
selenones.
Our interest in expanding the horizons of NHC catalysis to

unexplored or less explored domains,9 on one hand, and the
attractive properties of organoselenones, on the other hand, led

us to explore the NHC-catalyzed addition of acyl anions,
enolates, and homoenolates of aldehydes and enals to vinyl
selenone and its other derivatives, which has so far proven
elusive in the literature. It is worth noting here that Biju and co-
workers reported Stetter reactions of aldehydes first with vinyl
sulfones in 2012 and later with vinyl phosphonates in 2014 (eqs
1 and 2, Scheme 1).10,11 We began our studies using 4-
bromobenzaldehyde and vinyl selenone (Table 1). In analogy
with sulfones and phosphonates, due to their comparable
reactivity, the formation of the Stetter product via addition of
an acyl anion equivalent to the vinyl selenone was anticipated.
To our surprise, we obtained a highly functionalized
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Scheme 1. NHC/Base-Mediated Reaction of Aldehydes and
Vinyl Selenone
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tetrahydrofuran with two consecutive quaternary hydroxyl
functionalities among the three newly generated chiral centers
(eq 3, Scheme 1).
The serendipitous discovery of the first one-pot construction

of this challenging moiety, with potential to access a large
number of analogues, encouraged us to further optimize the
reaction conditions. Our investigation commenced by examin-
ing different NHC precatalysts in CH3CN in the presence of
DBU as the base (Table 1). Imidazolium precatalyst A was
ineffective, while thiazolium catalyst B self-dimerized under the
reaction conditions (entry 2, Table 1, and Table SI-1). Achiral
triazolium salts C and D furnished the desired product 2a in
38% and 12% yield, respectively, with high diastereoselectivity,
since no other diastereomer could be traced by the 1H NMR
analysis of the crude reaction mixtures. The use of amino-
indanol-derived triazolium salts E and F led to poor results
(entries 5 and 6). Replacement with a phenylalanine-based
NHC salt G again resulted in an erosion of yield (entry 7). The
screening of various solvents and bases using precatalyst C

(entries 8−18) eventually furnished 2a in 62% overall yield
using Cs2CO3 as the base in CH3CN solvent (entry 12). It is
worth mentioning here that even though the overall yield for 2a
was moderate over three steps, the average yield for each step
was >85%. Further tuning of the other reaction parameters like
molar ratios of the substrates, catalyst loading, and temperature
variations did not lead to any noticeable improvement in the
yield (entries 19−22).
With these optimal conditions in hand, we next investigated

the generality of the reaction with respect to the aldehydes
(Scheme 2). In general, electron-deficient aldehydes performed

much better in this reaction than the corresponding electron-
rich aldehydes, giving products in moderate to good overall
yield (2a−m). Benzaldehyde and its electron-rich variants
produced benzoin products (in poor yield) along with a trace
amount of the desired products. A reasonable impact of the
substitution pattern was observed; e.g., para- and meta-
substituted aldehydes were tolerated well in the reaction,
whereas ortho-substituted aldehydes remained unreactive or
decomposed (2a−m). A heteroaromatic aldehyde was also
compatible (2n). Aliphatic aldehydes either remained un-
reacted or decomposed under the reaction conditions. A single-
crystal X-ray analysis of 2a unambiguously furnished the
structure of the product.12 The structure and relative
configuration of all other products were assigned by analogy.
Taking our protocol a step further, we examined the

tolerance of ketones as the third substrate in the reaction
mixture (instead of third molecule of the aldehyde, refer to
Scheme 5). After a brief reaction optimization (see Table SI-2),
acetone was found to give the corresponding acetonide-
protected cis-dihydroxydiaryltetrahydrofuran products in mod-
erate to good yields using 1,1,3,3-tetramethylguanidine (TMG)
as the base (3a−d, Scheme 3). 2,2,2-Trifluoroacetophenone
also participated in the reaction smoothly under conditions
similar to those of Table 1 (4a−d, Scheme 3).
To gain mechanistic insights into this one-pot reaction, a set

of control experiments were performed. When a preformed

Table 1. Optimization of the Reaction Conditionsa

aReaction condition unless otherwise specified: 1a (0.4 mmol), vinyl
selenone (0.1 mmol), NHC (20 mol %), base (0.15 mmol), solvent
(1.0 mL) at rt. bIsolated yields of 2a based on vinyl selenone. The
product was obtained as single diastereomer based on 1H NMR
analysis of the crude reaction mixture. c1.0 mmol of 1a was used.
dReaction performed at 70 °C. e0.3 mmol of Cs2CO3 was used.

f30
mol % NHC was used. DBU = 1,8-diazabicycloundec-7-ene, DABCO
= 1,4-diazabicyclo[2.2.2]octane, TFE = trifluoroethanol, NMM = N-
methylmorpholine, Mes =2,4,6-trimethylphenyl.

Scheme 2. NHC/Base-Mediated Reactions of Aldehydes and
Vinyl Selenonea

aIsolated yields under optimized condition (as in entry 12, Table 1).
All of the products were obtained as single diastereomer based on 1H
NMR analysis of the crude reaction mixture. bThe reaction was
performed at 0 °C.
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benzoin product 513 was subjected to our optimized conditions
in the absence of NHC, the desired product 2a was obtained
(eq 4, Scheme 4). On the other hand, we isolated azide

derivative 6 in 52% yield after running the reaction in the
presence NaN3 under optimal conditions (eq 5, Scheme 4).
Based on these control experiments, our postulated mechanism
is detailed in Scheme 5. The NHC-catalyzed reaction of the
aldehyde produces benzoin product II, which undergoes further
base-mediated Michael addition to the vinyl selenone giving

intermediate III. The intermediate III next reacts with the third
molecule of aldehyde (or ketone) in domino fashion to
eventually give the dihydroxydiaryltetrahydrofuran products 2
(or 3 or 4) either in acetal- or ketal-protected form.
The acetal- as well as the ketonide-protected tetrahydrofuran

products (2a and 4a) could be easily converted to free
dihydroxy derivative 7 in good yields in the presence of DIBAL-
H in CH2Cl2, followed by hydrolysis during aqueous workup
(Scheme 6).7f,14

In conclusion, we have established the first direct, one-pot
construction of challenging multifunctionalized tetrahydrofur-
ans with two contiguous quaternary hydroxyl functionalities
among the three stereocenters generated through the NHC/
base-mediated reaction of aldehydes and vinyl selenones.
Advantageously, the reaction can be designed to obtain the
products either in acetal or ketal protected form. In addition,
the benign nature of the reaction and the complexity achieved
in a single operation are expected to encourage further studies
on the relatively less explored organoselenone chemistry under
metal-free organocatalysis in general and, more specifically,
under NHC catalysis.
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Blackmond, D. G.; Dingwall, P. Angew. Chem., Int. Ed. 2014, 53, 8700.
(e) Zhang, H.; Lin, S.; Jacobsen, E. N. J. Am. Chem. Soc. 2014, 136,
16485. (f) Wei, Q.; Wang, Y.; Du, Y. L.; Gong, L. Beilstein J. Org.
Chem. 2013, 9, 1559. (g) Guan, H.; Wang, H.; Huang, D.; Shi, Y.
Tetrahedron 2012, 68, 2728. (h) Denmark, S. E.; Kalyani, D.; Collins,
W. R. J. Am. Chem. Soc. 2010, 132, 15752. (i) Tiecco, M.; Carlone, A.;
Sternativo, S.; Marini, F.; Bartoli, G.; Melchiorre, P. Angew. Chem., Int.
Ed. 2007, 46, 6882. (j) Sunden, H.; Cordova, A.; Rios, R. O.
Tetrahedron Lett. 2007, 48, 7865.
(9) For selected examples, see: (a) Zhang, J.; Xing, C.; Tiwari, B.;
Chi, Y. R. J. Am. Chem. Soc. 2013, 135, 8113. (b) Chen, S.; Hao, L.;
Zhang, Y.; Tiwari, B.; Chi, Y. R. Org. Lett. 2013, 15, 5822. (c) Mo, J.;
Yang, R.; Chen, X.; Tiwari, B.; Chi, Y. R. Org. Lett. 2013, 15, 50.
(d) Lv, H.; Tiwari, B.; Mo, J.; Xing, C.; Chi, Y. R. Org. Lett. 2012, 14,
5412. (e) Jiang, K.; Tiwari, B.; Chi, Y. R. Org. Lett. 2012, 14, 2382.
(10) Bhunia, A.; Yetra, S. R.; Bhojgude, S. S.; Biju, A. T. Org. Lett.
2012, 14, 2830.
(11) Patra, A.; Bhunia, A.; Biju, A. T. Org. Lett. 2014, 16, 4798.
(12) CCDC 1510446 contains supplementary crystallographic data
for compound 2a. These data can be obtained free of charge from the
Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/
data_request/cif.
(13) Iwamoto, K.; Kimura, H.; Oike, M.; Sato, M. Org. Biomol. Chem.
2008, 6, 912.
(14) Molander, G. A.; Dehmel, F. J. Am. Chem. Soc. 2004, 126,
10313.

Organic Letters Letter

DOI: 10.1021/acs.orglett.6b03501
Org. Lett. 2017, 19, 444−447

447


