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Synthesis of Tetrahydropyrans through
Formal [4+2] Cycloaddition

Aromatic aldehydes:

CO,Me
COMe j\ Sc(OTf)3 or Hf(OTH)4 (2 mol%) . COMe
COMe P pe CHoCly, 1. 1 ]
R! (3 equiv) R (o) R
1 2 3
R! = Ph, 4-MeOCgHj, 4-BrCqHa, (E)-CH=CHMe 11 examples

R2 =Ph, 4-MeCeH4, 3'BI’C6H4, 4'FC@H4, 2-FCGH4, 4-F3CCsH4,

68-96% yield
dr from 77:23 to 99:1

4-MeOCgHj, 3-0,NCgHj, 2-CICgH4, 4-CICgH4, (E)-CH=CHPh

Aliphatic aldehydes:

catalyst (5 mol%)

~CO,Me H
COMe o)\Rz (CHo)5Cly, r.t.
R (3 equiv)
1 2

R' = Ph, 4-MeOCgHy, 4-BrCgH, (E)-CH=CHMe
R? = n-Pent, i-Pr, Cy
One-pot procedure:

\ . YCOgMe
Ar CO,Me

Sc(0Tf)3
(10 mol%)

CHyClp, —78 °C
2Cl2 Ar

Ar = 4-MeOCgH,4
R= Ph, 3-BI’CGH4, 4-MeCeH4

COoMe
ITCOZME Me tBu
R! O R? 0),AINTf,
3 tBu
6 examples catalyst
68-94% yield
dr from 77:23 to 96:4
_~CO-Me COMe

RCHO S
CO,Me CO,Me
—78t00°C
Ar O R

3 examples
48-63% yield
dr from 97:3 to 98:2

Significance: Although insertion reactions with
cyclopropanes are well known in organic chemis-
try, analogous reactivity with cyclobutanes has re-
mained largely overlooked. The authors describe
a Lewis acid catalyzed reaction between cyclobu-
tanes and aldehydes to yield substituted tetrahy-
dropyrans in high diastereomeric purity. The reac-
tion is further modified into a formally {[2+2]+2}
one-pot process, which gives the products in a
higher overall yield. In the future of this chemistry,
chiral ligands can potentially be applied to yield
enantiopure products.
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Comment: Both aliphatic and aromatic aldehydes
were successfully applied in the transformation,
provided that the correct catalyst was used. The
mechanism of the reaction is not well understood.
In competition experiments products with more
electron-rich aldehydes are favored, yet electron-
poor aldehydes react more rapidly. The later ob-
servation is proposed to result from catalyst poi-
soning and not from enhanced reactivity. Interest-
ingly, enantiopure starting materials give rise to
nearly racemic products, suggesting that racem-
ization of the cyclobutane stereocenter occurs
during the reaction. Notably, only cyclobutanes
bearing aromatic substituents were utilized R' =
Ar), which may be a requirement for facile C-C
bond cleavage.
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