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A new type of Prins cyclization using silylated secondary homopropargylic alcohols and aldehydes vyielding tetra- and pentasubstituted
dihydropyrans is described. The presence of the trimethylsilyl group in the triple bond favors the Prins cyclization and minimizes the 2-oxonia-
[3,3]-sigmatropic rearrangement as a competitive alternative pathway. Ab initio theoretical calculations of the species involved in the
rearrangements support the proposed mechanism. The process is highly stereoselective, affording cis-dihydropyran as the only isomer.

The Prins cyclization is a powerful tool to obtain substituted cyclization, giving a partial or total racemizatiéh’:3 A full
tetrahydropyrans? When homoallylic alcohols ax-acetoxy study including factors to modulate these competitive
ethers are used to generate the oxocarbenium ion intermediprocesses has been recently reported by Rychnovskyet al.
ate, an oxonia-Cope rearrangement can take place as a

competitive process with the Prins cyclization (Figure 1). _

When enantiomeric chiral starting materials are used, this

rearrangement occasionally becomes deleterious to the Prins R2 o ® R I
R RS R P
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sequence through an allenolate formation, further 1,3-O-
transposition, and enolate cqupling leading tp unsaturatedrpe 1. Silylalkyne-Prins Cyclization of Secondary
f-hydroxy ketones$ as the main products. In this sequence, Trimethylsilyl Homopropargylic Alcohols and Aldehydes Using
an oxonia-[3,3]-sigmatropic rearrangement over the oxocar- Fex, as a Promoter
benium ion2, as competitive alternative pathway to the Prins

cyclization, leads to the key allenolaBe(Scheme 1}.The 1, R“:TMS FeXs

Scheme 1. Coupling of Homopropargylic Alcohols and
Aldehydes Catalyzed by Iron(lll) Halides
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entry R! R? R3 X 6/7  yield (%)
R R R
R4 ; .
= \ \ 1 Me H iBu Cl 5050 80
HO FeX; | R N I R \/&\ 2  Me H c¢C¢Hn Cl >99:1¢ 65
R — KNg = Ng2 3 Me H Ph cl
o0 > ®O\ R
1 R, oxoniar ) 4  Me H sBu Cl >99:1¢ 82
* R" [3,3}sigmatropic R 5  Me H sBu Br >99:1° 75
R3CHO 2 Rearrangement 3 6 Et H ¢-CeHn Cl >99:1¢ 75
4 _ .
R*=H Prins R'=R? = R =H ¢ R'%H 7 Bn H c-CeH11 Cl >99:1¢ 57
cyclization i RY=H 8 ¢-CHny H  ¢-Ce¢Hiur Cl >99:1¢ 55
9 ¢CHy H Bn Ccl >99:1¢ 61
R? 10¢  Me Me BroC=CH(CHy)- Cl >99:1° 60

R3©X R3V/WR3 11> Me Me c¢-CeHy Cl >99:1c 62
o O OH a Racemic (R*,3R*)-3-methyl-5-(trimethylsilyl)pent-4-yn-2-ol was used

4 5 as 1. P Racemic (&*3R*)-3-methyl-5-(trimethylsilyl)pent-4-yn-2-ol was
Major product used asdl. ¢ Within the NMR detection limit,7 was not observed.

course of the reaction (rearrangement or Prins type cycliza-réaction works well with a wide range of aldehydes except

tion) depends directly on the stability of the species involved Penzaldehyde (entry 3). However, other aldehydes containing
in this rearrangement. aromatic rings, although located on a distal position relative

to the carbonyl group, proceeded satisfactorily (entry 9).

The presence of the silyl group at the alkyne is essential
to achieve the reaction since when the acetylene is substituted
with a methyl group the process is inhibited. In addition,
the size of the substituent at the silicon atom is also a critical
factor. For instance, when the triple bond bears a triisopropyl
silyl group instead of TMS, the reaction does not take place.

The alkyne silyl-Prins reaction proceeds at room temper-
ature and with complete diastereocontrol, obtaining exclu-
sively thecis-2,6-dihydropyran product. An exception was
found for 3-methylbutanal (entry 1).

With this methodology in hand, we can access tetra- and
| pentasubstituted dihydropyrans in one step using the suitable
secondary trimethylsilyl homopropargylic alcohol. The alkyne-
Prins cyclization worked in good vyields, leading to the
pentasubstituted dihydropyrans, when 3-methyl-5-(trimeth-
ylsilyl)pent-4-yn-2-ol was used as starting material (entries
10 and 11).

To account for the stereochemical course of the reaction,
ab initio” theoretical calculations at the B3LYP/6-31G(d)

: - - level were performed for some casestoénd7 (Table 2).

(5) Miranda, P. O.; Rafmez, M. A.; Padfa, J. |.; Martn, V. S. . . .
Tetrahedron Lett2006 47, 283-286. The calculations showed that tlués stereocisomer$ are

_(6) Silyl-modified Prins cyclization: (a) Semeyn, C.; Blaauw, R. H.; always more stable tharansisomers7. The small energetic
C;gwaséghghi SGpeCSkaanngV J'_\;"L?r%_g:g_mé?ﬂ%é 31‘,%%33_45;5'_% difference for both stereoisomers whef-Ri-Bu accounts
Dobbs, A. P.; Martinovic, STetrahedron Lett2002 43, 7055-7057. (d) for the only exception (50:50) (Table 1, entry 1) relative to

Dobbs, A. P.; Guesne, S. J. J.; Martinovic, S.; Coles, S. J.; Hursthouse, M. the general stereochemical course of the reaction
B. J. Org. Chem?2003 68, 7880-7883. (c) Meilert, K.; Brimble, M. A. 9 )

Considering the well-documented silyl-modified Prins
cyclization® we decided to explore the introduction of a
trimethylsilyl group in the triple bond (R= TMS), as a
way to minimize the 2-oxonia-[3,3]-sigmatropic rearrange-
ment in the above-mentioned equilibrium.

In this paper, we describe a new, general, and stereose
lective method to obtain tetra- and pentasubstituted dihy-
dropyrans based on an alkyne silyl-Prins cyclization cata-
lyzed by iron(lll) halides. Ab initio theoretical calculations
of the species involved in the rearrangement support our
results and the proposed mechanism.

First, to test the scope of FgXn this coupling reaction,
we carried out the reaction between secondary trimethylsily
propargyllic alohols 1, R* = TMS, R = H) and several
aldehydes using FeChnd FeBg® as promoter8.Table 1
summarizes the results obtained in this study.

The methodology produced exclusively and in good yield
the desired six-membered rings. No traces of the products
resulting from the oxonia rearrangement were observed. The,

Org. Lett 2005 7, 3497-3500. As pointed out above, the presence of the trimethylsilane
24é77) Lee, K.-C.; Lin, M.-J.; Loh, T.-PChem. Commur2004 2456~ is essential to generate the corresponding dihydropyran.

(8) FeCl and FeBs were purchased form the Aldrich Chemical Co. Surprisingly, the obtained halosilylalkene proved to be a very
(9) For availability or synthesis of, see the Supporting Information. ~ unreactive system. For instance, all standard conditions
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Table 2. Ab Initio Calculations of Someis- and Scheme 2. Proposed Mechanism for the Addition of
trans-2-Alkyl-4-chloro-6-methyl-5,6-dihydro-d-pyran-3-yl)- Secondary TMS-Homopropargylic Alcohols and Aldehydes
trimethylsilanes B ™S ]
1 ™
entry Rl RZ R3 Ecis - Etransa (kca]-/mOD VTMS R3 | | Raw/&s
1 Me H  i-Bu -0.6 HO™ T Fexq Wlﬁj = T S
2 Me H  c¢GeHn -3.8 1R — | OV g O
) _ 2-Oxonia- 1
3 Me H s-Bu 2.5 + R’ [3,3]-sigmatropic R
ag (cis) and 7 (trang) were fully optimized at B3LYP/6-31G(d) level R3CHO L 8  rearrangement |
“ab initio” calculation.
Prins-type
cyclization
assayed to cleave the-Gi bond proved fruitles®. Fortu- ™S ™S
nately, the cleavage of the TMS group was satisfactorily REA® o RA_ALX
achieved under aqueous iodhydric a&idefluxing for 1 o X o
week. Besides the long reaction time period, the correspond- R? R?
ing desilylated dihydropyrans were obtained in excellent R’ R’
yields with complete retention of thas or trans configu- 9

ration (Table 3).

the other hand, the suppression of the silyl group in the
alkynyl carbocatiori3leads to the 3.24 kcal/mol more stable
allenyl carbocatioril4. This energy profile correlates very
well with our proposed mechanism.

Table 3. Desilylation of the Tetra- and Pentasubstituted
Dihydropyrans. Synthesis of
2,6-Dialkyl-4-chloro-5,6-dihydro--pyrans

3 1
RA_OL_R"  HIH,0 (1:1) RO R

CHzclz N\
TMSL(\[ R? Reflux URZ

Cl Cl
entry R! R2 R3 cis or trans yield (%)
1 Me H i-Bu cis 88
2 Me H i-Bu trans 874
3 Me H C-CeHn cis 86
4 Me Me c-CeH11 cis 92

aThe reflux period was extended to 2 weeks.

A plausible mechanism for this new alkyne silyl-Prins  gigure 2. Energy (kcal/mol) profile of 2-oxonia-[3,3]-sigmatropic
cyclization is outlined in Scheme 2. The reaction of the rearrangements.

secondary silyl-homopropargylic alcohol and an aldehyde
promoted by ferric halide generates the oxocarbenium ion
8.4 This intermediate evolves to the corresponding-DHP, via  Interestingly, we were unable to locate a dihydropyranyl
the silicon-stabilizegB-carbocatior.*? cation intermediate for the alkynyl carbocation ids,

To provide further evidence of the proposed mechanism, presumably indicating a concerted pathwaylth
“ab initio” theoretical calculations at the B3LYP/6-31G(d) To confirm that no racemization was occurring during the
level were performed on simplified structures. The results cyclizations to the tetrasubstituted dihydropyran®)-1-
of these calculations are summarized in the energy diagramscyclohexyl-4-(trimethylsilyl)but-3-yn-1-ol (93% e¥)was
shown in Figure 2. The rearrangement with silicon is less treated with 2-phenylacetaldehyde and ReQhe corre-
favored than without silicon. Thus, tlesilane allenyl cation  sponding dihydropyrah6 (86% ee) shows a slightly reduced
12is 5.70 kcal/mol less stable thd®, which indicates that  but still synthetically useful enantiopurity compared to the
this rearrangement is not favored. In addition, the silyl cation starting homopropargylic alcohdR}-15 (93% ee) (Scheme

11is 7.71 kcal/mol less stable than its open fat which 3). This small difference may be due either to a fast
could be the intermediate toward the Prins cyclizatio@n equilibrium between the favored cationic species suchlas
(10) Desilylation conditions tested: TBAF/THF, HF/@EN, 1,/H,O/ (13) A transition staté\ of close energy to the silyl cation intermediate
CHCI; refluxing. 11 should exist.
(11) Mayr, H.; Baiml, E.; Cibura, G.; Koschinsky, Rl. Org. Chem (14) The R)-1-cyclohexyl-4-(trimethylsilyl)but-3-yn-1-ol was prepared
1992 57, 768-772. in seven steps (32% overall yield, 93% ee) frag)-8-cyclohexylprop-2-
(12) Siehl, H.-U.Pure Appl. Chem1995 67, 769-775. en-1-ol. See the Supporting Information.
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Scheme 3. Cyclization of Enantioenriched Homopropargylic

Alcohol
OH
= o
™S PhCH,CHO Ph
X
FeCls CH,Cl, ™S
Cl

61%

(R)-15 93 % ee (-)-16 86% ee

and the allenic form12, or may even be caused by
experimental error during the measurement.

Finally, to explore the synthetic scope of this method we
decided to perform the synthesis of a tetrasubstituted
dihydropyran from the more elaborated and non commercial
aldehydel7.'> The unprecedented dimer-tyd# was ob-
tained in 54% yield, showing that this new methodology
could be applied to the synthesis of complex molecules in a
highly efficient and convergent manner (Scheme 4).

Scheme 4. Synthesis of a Tetrasubstituted Dihydropyran

Dimer Type
o) CHO o) 0._Bn
Q/\Mg FeCl, CH,Cl,, 54% W
7 = NS
OH T™S
Cl %/ Cl Cl

In conclusion, we report on a new stereoselective method
to obtain tetra- or penta substituted halo-dihydropyrans,
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avoiding the reactions derived from a competitive 2-oxonia-
[3,3]-sigmatropic rearrangement. The coupling between
chiral secondary homopropargylic alcohols bearing a tri-
methylsilyl group at the triple bond and aldehydes in the
presence of iron(lll) halides, provides (2,5,6-trialkyl-4-halo-
5,6-dihydro2H-pyran-3-yl)trimethylsilane in good yields
maintaining the enantiopurity of the starting material at a
very good level. Ab initio theoretical calculations support
the proposed mechanism and show that the sigmatropic
rearrangement is not a serious competitive pathway providing
the secondary homopropargylic alcohol is silylated at the
triple bond. Synthetic applications of this new methodology
to the synthesis of other natural compounds are under study
and will be published in due course.
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(15) The noncommercial aldehyd& was prepared in three steps (51%
overall yield) from the alkyne Prins cyclization of but-3-yn-1-ol and 11-
bromoundecanal. See the Supporting Information.
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