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Prins cyclization is a versatile method for the construction of a Scheme 1
tetrahydropyran rind.The tetrahydropyran ring is featured in a HO/VN it
variety of biologically active natural products, marine toxins, and ~ »\ ™" H{
pheromones Cyclopropane is a versatile intermediate for the syn- TBDP;,e,,my,diphenws"y,
thesis of a wide range of molecular skeletons, including carbocycles
and heterocyclesCyclopropyl carbinol will give cyclopropyl car- ~ Table 1. Prins Cyclization of 1 with Aldehydes
binyl cation on treatment with an acid. This cation will undergo
either ring expansion to a cyclobutyl catfoor ring cleavage to a
homoallyl catiof to relieve ring strain. We considered promoting

. . A n-Prr,, O \
the ring-cleavage pathway through stabilization of the homoallyl TFA _~_CHO TBDPS
cation by a silylmethyl functioh’ and wished to trap the cation by
a carbonyl function. The subsequent intramolecular nucleophilic 3(72)
capture of the so-formed oxonium ion by the in situ formed olefin o e o
will generate a multiply substituted tetrahydropyranring as outlined  ,  gp.og, _~_cHo "\ " reDPS Q “TBDPS
in Scheme 1. The scope of the Prins reaction will thus stand amply *
expanded. In the present communication, we present an account 4a (52) 4 (26)
of our results.

The results are collected in Table 1. Butyraldehyde reacted with CHO Ph,
18in the presence of 10 equiv of trifluoroacetic acid (TFA) in £H
Cl; at —30 °C to furnish3 in 72% yield as a single isomer (entry ‘ TFA Ph “OH
1). The reaction introduced three stereogenic centers in the product. 5(78)
The high stereoselectivity observed throughout is possibly due to
the bulky silylmethyl group that occupied the equatorial position Sepps Y TBDPS
in the six-membered cyclic transition state and the stereoelectroni- 4  BF:»OEu N ’ Q
cally controlled nucleophilic capture of the aryl-substituted cation
from the axial direction (Scheme 1)Among the several Lewis
acids that were used, BIOEt was found to be the most effective.

However, it provided a 2:1 mixture dlaand4b in 78% combined 5 TFA pr XCHO
yield (entry 2). The intermediate benzylic cation formed from the o

final ring closure had met with exclusive deprotonation. The 2,6- 7(65)
cis-stereoselectivity was ascertained from nOe measurements.

Aromatic aldehydes containing electron-donating and electron- e PO Collien O™ e
attracting substituents and/-unsaturated aldehydes also reacted ¢ TFA
well to furnish the expected products in good yields.

We were naturally tempted to gauge the efficacy of the above
protocol for the construction of tetrahydropyran ring, and thus we CHO PNO, CeHar, O,
attempted reactions dfwith ketones as well® The reactions pro- ; TEA
ceeded smoothly to generate the desired products in good yields PhOH
(Table 2). BR-OEY, (2 equiv) was found to be the most effective NO,
Lewis acid for the reaction as several other Lewis acids including
TFA were found to be either less effective or not effective atlall. ~ addition of the carbene generated frardiazocyclohexanone to
The [6.6] spiro specieslaandllbwere formed as a 3:2 mixture  allyl—tert-butyldiphenylisilane, followed by reduction of the car-
in a combined 75% y|e|d (entry 2§The reaction with unsym- bonyl function with LiA|H4. Optimization studies demonstrated
metrical 2-pentanone furnishd@aand12bas a 3:2 mixture ina  BFs*OE%L to outsmart several other Lewis acids that we attempted,;
combined 60% yield. The exclusive 2,6-cis-stereoselectivity obsery- 13areacted with 1.5 equiv of benzaldehyde and gi4@as a single
ed in12a12b is indeed remarkable (entry 3). It will be useful in  isomer in 70% yield. The reaction had proceeded with high
the synthetic planning of molecules that are rich in multiple selectivity, and four new stereogenic centers were generated in one
stereocenters. shot. The cis stereochemistry of the ring junction and the relative

To assess the contribution of the phenyl group to the final ring stereochemistry of the other substituentsl#a were determined
closure and to further expand the scope of the present methodologyfrom nOe measurementsyalues, and further chemical transforma-
for tetrahydropyran ring construction, we studi#@a and 13b tion.3 The isomericl3b gave a 1:3 mixture of the abovetaand
(Scheme 2). that were prepared conveniently by a rhodium-catalyzedthe fluoro-14b under similar reaction conditions. The formation of
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Table 2.
Entry

o)
TBDPS
)?\ N
1
Ph

Reaction of 1 with Ketones in the Presence of BF3-OEt,
Ketone Products (yield)

0]
TBDPS
=
Ph

10 a (38) 10 b (27)
o o}
% TBDPS TBDPS
2 X + Z
Ph Ph
11 a (45) 11 b (30)
SN, O \ SN, O\
TBDPS TBDPS
+
3 PN N 7
Ph Ph
12 a(36) 12 b (24)
Scheme 2
Ph
Lol CHO B -
OV\ BF3-OEt, @
TBDPS * -30 °C/DCM/2h A,/ TEDPS
70% OH
13a 142
I;I li)h ];I lf)h
“1DPS 30 °C/IDCMIzh ', /TBDPS A,/ TBDPS
OH F
14 a (24%) 14 b (70 %)
C% ij _BF3OEt, _ .
S 730 “C/IDCMI2h ",/ TBDPS TBDPS
13a/13b 15 a (20%) 15 b (60 %)

14b is surprising. The inversion of configuration of the alcohol

stereocenter is apparently the cause of the formatidbfas the
major product. However, its incidence on product distribufide/
14b and, particularly, the formation df4b is not clear. We have

established from a separate reaction under identical conditions that

14b was not derived froml4a Both 13a and 13b reacted with

cyclohexanone to furnish an almost identical 1:3 mixture of products
15aand 15h. The carbocation formed from ring closure had met

with exclusive elimination and isomerization.

In conclusion, we have developed the first Prins cyclization of

a silicon-stabilized homoallyl cation formed from a cyclopropyl
carbinol that was vicinally substituted by a silylmethyl function.

The reaction was applied to the synthesis of 2,4,6-trisubstituted

tetrahydropyran rings in good to excellent yield4®
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(14) Typical procedure for the TFA-assisted Prins cyclizationlofvith

butyraldehyde: A solution of cyclopropyl carbinb(76 mg, 0.19 mmol)

and butyraldehyde (21 mg, 0.29 mmol) in €4, (2 mL) was cooled to
—30 °C and mixed with TFA (0.146 mL, 1.9 mmol). The reaction was
quenched with aqueous NaHg@hen it was complete by TLC (1.5 h),
and it was stirred vigorously for 10 min. The layers were separated, and
the aqueous layer was extracted with@{(2 x 10 mL). The combined
organic layer was dried, filtered, and concentrated. The crude material
was dissolved in methanol (2 mL), mixed with®0O; (50 mg, 0.35 mmol),

and stirred for 10 h at 28C. Methanol was removed, and the residue
was dissolved in water (2 mL) and£x (5 mL). The layers were separated,
and the aqueous layer was extracted wilOER x 10 mL). The combined
organic layer was dried, filtered, and concentrated. The crude material
was purified by radial chromatography to obt&r65 mg, 72%).

(15) Typical procedure for the BFOER-assisted Prins cyclization df with

butyraldehyde or acetone: The stirred solution of cyclopropyl carldinol
(76 mg, 0.19 mmol) and butyraldehyde (21 mg, 0.29 mmol) or acetone
(22 mg, 0.38 mmol) in CkCl, (2 mL) at— 30°C (—30°C to 25°C in

the case of acetone) was treated dropwise with-BEt (54 mg, 0.38
mmol) under nitrogen. After the completion of the reaction (1.5 h for
butyraldehyde and 4.5 h for acetone), it was quenched with aqueous
NaHCQ;. The mixture was extracted with £ (2 x 10 mL), and the
combined organic extract was washed with water and brine, dried, filtered,
and concentrated. The crude material was purified by radial chromatog-
raphy for the productda/4b = 2:1, 67.3 mg, 78%10a/10b = 4:3, 54.3

mg, 65%.

JA048000C

J. AM. CHEM. SOC. = VOL. 126, NO. 28, 2004 8653



