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Multicomponent reactions play an important role in the prepara-
tion of complex organic molecules.1 The tetrahydropyran ring has
attracted significant attention in recent years, as it is a part of the
backbone of many natural products.2 We envisioned that the
tetrahydropyran nucleus could be formed by [3+3] cycloconden-
sation which would complement [4+2] hetero-Diels-Alder meth-
ods3 (see Scheme 1). This strategy calls for biselectrophileA,
revealed sequentially, and 3-atom bisnucleophileB.4 4-Acetoxy-
1,3-dioxane15 fulfills the requirement of a biselectrophile; the two
acetals are sufficiently differentiated that their rates of ionization
allow selective revelation of one over the other. Allyl silane2
appeared to be an attractive option for the bisnucleophile compo-
nent, since a Prins cyclization6 could be used to close the ring after
the initial Sakurai reaction. Herein, we report the successful
execution of this strategy utilizing a Ritter reaction to quench the
4-tetrahydropyranyl cation, with the overall sequence proceeding
in excellent diastereoselectivity.7,8

Rychnovsky has demonstrated that dioxanyl acetals undergo dia-
stereoselective allylation to afford 1,3-anti relationships in excellent
yield.9 In ample studies investigating Prins cyclization reactions,
Rychnovsky has shown that the reaction forms 2,6-cis tetrahydro-
pyrans diastereoselectively.10 In an attempt to develop a diastereo-
selective and efficient one-pot process, we have discovered that
treatment of 4-acetoxy-1,3-dioxanes1a-e5 with allyltrimethylsilane
2a in the presence of TMSOTf, followed by the addition of TfOH11

(2 equiv) in the presence of acetonitrile as a cosolvent, affords
4-acetamidotetrahydropyrans3aa-3ae12 in good yields and high
diastereoselectivities (entries 1-5, Table 1).13 All three substituents
on the tetrahydropyranyl ring occupyequatorial positions, as
confirmed by NOE experiments. In each case, an excellent degree
of selectivity was observed for the newly formed stereogenic centers
at the 2-, 4-, and 6-positions of the tetrahydropyran ring.

A rationale for the all-cis selectivity could be found in computa-
tional work from Alder.14 This work suggests that Prins cyclization
of an (E)-oxocarbenium ion proceeds through a chairlike transition
state with the formation of tetrahydropyranyl cation4 (R3 ) H)
(Scheme 2), which has an increased stability relative to the open-chain
oxocarbenium ion due to delocalization. The calculated optimal geom-
etry for delocalization places the hydrogen atom at C4 in a pseudo-
axial position, a deviation from the planarity expected at sp2 hybrid-
ized carbon, thus favoring equatorial trapping of the nucleophile.

High selectivity for the formation of 4-methyl-4-acetamidotetra-
hydropyrans3ab-3db was also observed when methallylsilane2b
was used (entries 6-9, Table 1). In each case the major diastere-
omer possesses anaxialacetamide substituent. Moreover, the temper-
ature dependence of the diastereomeric composition of the products
was clearly observed: the axial acetamide isomer predominated

Scheme 1. [3+3] Cyclocondensation Strategy

Table 1. Sequential Sakurai-Prins-Ritter Reactions

a Procedure A: (i) TMSOTf (1 equiv),-45 °C; (ii) TfOH (2 equiv),
-45 to-15 °C; (iii) Ac2O, -15 to 0°C, CH2Cl2/MeCN (1:1).b Procedure
B: (i) TMSOTf (1 equiv),-45 °C; (ii) TfOH (2 equiv),-45 to 0°C;(iii)
NaHCO3, MeCN; see Supporting Information for details.c Tertiary alcohol
8 was isolated in 8% yield as a 1:1 mixture of diastereomers at the
4-position.

Scheme 2. Stereochemical Rationale Based on Alder’s Model
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when the reaction mixture was allowed to warm to 0°C.15 This,
again, is consistent with Alder’s model for the tetrahydropyranyl
cation, where it was shown that 4-methyl substituted tertiary cation
5 is much more stable than the open form4 (R3 ) Me). The trapping
of the tertiary carbocation with the nitrile leads to the formation of
equatorial nitrilium ion6, which then equilibrates to the apparently
more thermodynamically stable axial isomer7.

Destabilization of the intermediate tertiary cation with an
electron-withdrawing acetoxymethyl substituent was observed when
2-acetoxymethyl allylsilane2c was used (entry 10, Table 1). In
this case the formation of equatorial acetamide product was
observed in addition to a small amount of tertiary alcohol8.16

This three-component coupling sequence allows the installation
of added diversity at the 4-position. Indeed, a variety of nitriles
successfully participate in the one-pot Sakurai-Prins-Ritter reac-
tion (Table 2) to give substituted amides9a-j in good yield and
excellent diastereoselectivity. The presence of functional groups
in the amide moiety opens a way for further functionalization of
the products, including attachment to the solid phase.

It was also shown that the intermediate nitrilium ion could be suc-
cessfully trapped intramolecularly by a neighboring protected hydroxyl
group to form spiro-oxazoline10 with excellent selectivity (eq 1).

A substantial advantage of this method is the potential to use
substituted silanes to introduce additional groups around the
tetrahydropyran ring. An excellent degree of stereochemical induc-
tion and transfer of geometry of the double bond was observed for
crotyl silanes11a,b (eq 2).

In summary, we have developed an operationally simple
procedure for the highly diastereoselective preparation of 4-acyl-
amino-2,6-substituted tetrahydropyrans by a one-pot Sakurai-
Prins-Ritter reaction from readily available reagents. We note that
up to four new stereocenters may be controlled from a single
stereocenter present in the hydroxyacid starting material.5
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Table 2. Nitriles Scope

entry product R dr yield (%)

1 3aa Me 97:3 79
2 9a Et 96:4 84
3 9b i-Pr 94:6 81
4 9c t-Bu 95:5 71
5 9d CH2F 99:1 83
6 9e CH2Cl 97:3 79
7 9f CH2Br 95:5 89
8 9g CH2OMe 94:6 66a

9 9h vinyl 98:2 75a

10 9i allyl 95:5 42
11 9j Ph 93:7 77

a Isolated yield after aqueous workup and acetylation of unpurified
reaction mixture with Ac2O/Py/DMAP.
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