¥, > ChemPubSoc

oy

M Prins

?HEMISTRY

Journal

% DOI: 10.1002/chem.201xxxxxXx

Competitive Silyl-Prins Cyclization vs Tandem Sakurai-Prins
Cyclization: interesting substitution effect
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Asuncion Barbero*[l

Abstract: Two different mechanism pathways are observed
for the reaction of allylsilyl alcohols 1 and aldehydes in the
presence of TMSOTT. In the case of allylsilyl alcohols without
allylic substituents, the reaction gives dioxaspirodecanes,
which are the products of a tandem Sakurai-Prins cyclization.

In contrast, allylsilyl alcohols with an allylic substituent R?#H
selectively provide oxepanes, corresponding to a direct silyl-
Prins cyclization. Both type of products are obtained with
excellent stereoselectivity. Theoretical studies have been
performed to get some rationalization for the observed
stereoselectivity.

Introduction

Different sized oxacycles are structural motifs present in a wide
range of natural products with important biological activities.
Especially abundant are the corresponding 7-membered
oxacycles, which occur in a great number of mono- and poliethers
such as isolaurepinnacin,!'! insecticidal component of the marine
red alga Laurencia pinnata Yamada, rogiolenyne,? acetogenin
isolated from the red seaweed Laurencia microcladia,
raspacionin,l 3] main triterpenoid from the marine sponge,
Raspaciona aculeuta Johnston, with anti-cancer activity against
MCF-7 tumor cell line, 3-epi-sodwanone K 3-acetate,”! triterpene
from the marine sponge Axinella sp., which shows cytotoxic
activity to T47D cells or Hemibrevetoxin B, polyether produced
by marine dinoflagellate Karenia breve which exhibits important
cytotoxic activity and it's a sodium channel activator (Scheme 1).
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Scheme 1. Natural products containing oxepane rings

Several approaches have been developed for the
stereoselective synthesis of substituted oxacycles. Within them,
Prinst® or the so called silyl-Prinsl”! Cyclization have emerged as
promising tools for the construction of these units in a simple and
efficient manner.

However, while Prins Cyclization has been extensively used for
the preparation of 5- and 6-oxacycles, less frequent are the
examples described for the synthesis of oxepanes.

For instance, Overman has used an application of the Prins-type
cyclization in the synthesis of natural halogenated oxepane
isolaurepinnacin.l®l Another example reported by Furman!® shows
the synthesis of 3-vinylidene oxepanes by acid-catalyzed reaction
of secondary homopropargylic alcohols with aldehydes. Recently,
Padron et al. have reported a short synthesis of natural (+)-
isolaurepan, where the key step is the Prins cyclization of bis-
homoallylic alcohols with aldehydes catalyzed by Fe (l11) salts.!"

Following our interest in the synthesis of different sized carbo-
.12 and heterocycles!'® using silicon-containing substrates, we
have recently reported an approach towards the synthesis of
oxacycles based in the intramolecular Prins reaction.[4]
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In this paper, we present the full study on the different factors that
influence both the chemo- and the stereoselectivity of the Prins
cyclization of allylsilyl alcohols.

Results and Discussion
Scope of the process

For that purpose we have synthesized different substituted
allylsilyl alcohols using our methodology of silylcupration of
allenes.[9

Thus, the reaction of allylsilyl alcohol 1a (1 mmol) with
benzaldehyde (1.2 mmol), in the presence of 1.2 mmol of
TMSOTf gave the desired oxepane 2a in excellent yield (Table 1,
entry 1). The starting alcohol is completely transformed in a very
short time (within 5 min.). In addition, the reaction proceeded with
excellent stereoselectivity providing a single cis-2,5,7-
trisubstituted oxepane.

The scope of this process was then explored using different
substituted aldehydes and allylsilyl alcohols. As it can be seen in
Table 1, the reaction works well both for electron-rich and
electron-poor aromatic aldehydes. Vinyl aldehydes give also good
results in the Prins cyclization.

Table 1. Reaction of allylsilyl alcohols 1a-b with aldehydes in the presence
of TMSOTH.
R2
RZ, R! b
[ = R®CHO
PhMe,Si OH —7—> .
TMSOTf,-78°Cc  R3" O Rt
1a-b 2a-k
Entry 1 R R? R3 dr Product!®
(yield, %)

1 1a Me Ph CeHs >95:5 2a (89)
2 1a Me Ph 4-MeOCeH4 >95:5 2b (93)
3 1a Me Ph 4-MeCsHa >95:5 2c (92)
4 1a Me Ph 4-ClICeHa >95:5 2d (91)
5 1a Me Ph (E)-PhCH=CH  >95:5 2e (90)
6 1a Me Ph (E)-MeCH=CH  >95:5 2f (87)

7 1b Ph Ph CeHs >95:5 2g (93)
8 1b Ph Ph 4-MeCsHa >95:5 2h (91)
9 1b Ph Ph 4-CICeHa >95:5 2i (88)
10 1b Ph Ph CH2=CH >95:5 2j (71)
11 1b Ph Ph (E)-PhCH=CH  >95:5 2k (90)
[a] Conditions: 1a-b (1.0 mmol), aldehyde (1.2 mmol), TMSOTf (1.2 mmol),
at-78°C.

Very high stereocontrol is observed in every example of the
Prins’ cyclization (Table 1, entries 1-11). The stereochemistry of
compounds 2a-k was established on the basis of "H-NMR and
NOE experiments.

The mechanism involving this cyclization implies the initial
formation of an oxocarbenium ion A, by the acid-catalyzed
reaction of the secondary homoallylic alcohol with an aldehyde.
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Subsequent 7-endo cyclization would give an oxepanyl
carbocation, which is also a stable carbocation B to silicon. Final
elimination of silicon would form the exocyclic double bond
(Scheme 2).

The formation of the all-cis isomers is consistent with Alder’s
computational calculations,['® which predict a preferred chair like
transition state in which the substituents adopt an equatorial
position for minimal energy.

H
2
R%, ~R ~CHO PhMeZSi\Ez<\'jJ§R1
PhMe,Si OH A = v)%_,o@
R3
1a-b A

H
PhMeﬁi\Ez}lﬁw
® o)

R3

2a-k

Scheme 2. Mechanism for the obtention of oxepanes 2.

Influence of the configuration of the allylsily alcohol

Next, we screened this cyclization using secondary
homoallylic alcohols with a trans-relationship between R' and R?,
to see the influence of this factor in the selectivity of the process.
The results are shown in Table 2.

Table 2. Reaction of allylsilyl alcohols 1c-d with aldehydes in the presence
of TMSOTH.
R2
V\\KV_ R3CHO
PhMe,Si OH o
TMSOTf,-78°c  R3" O "Rt
1c-d 3a-m
Entry 1 R! R? R? dr Product@
(yield, %)

1 1c Me Ph CeHs >95:5 3a (92)

2 1c Me Ph 4-MeCsHa >95:5 3b (90)

3 1c Me Ph 4-ClICsHa >95:5 3c (91)

4 1c Me Ph (E)-PhCH=CH >95:5 3d (91)

5 1c Me Ph (E)-MeCH=CH >95:5 3e (92)

6 1d Ph Ph CsHs >95:5 3f (92)

7 1d Ph Ph 4-MeCsHa >95:5 39 (93)

8 1d Ph Ph 4-CICeHa >95:5 3h (91)

9 1d Ph Ph 4-MeOCeH4 >95:5 3i (87)
10 1d Ph Ph CH2=CH >95:5 3j (72)
11 1d Ph Ph (E)-PhCH=CH >95:5 3k (90)
12 1d Ph Ph (E)-MeCH=CH >95:5 31(91)
13 1d Ph Ph CeH11 >95:5 3m (81)
[a] Conditions: 1c-d (1.0 mmol), aldehyde (1.2 mmol), TMSOTf (1.2 mmol),
at-78 °C.:

As shown, the cyclization of 1c-d again proceeds with
excellent stereoselectivity and high yields. We now may think in a

2



¥, > ChemPubSoc

oy

competition between substituents R' and R? to adopt a
pseudoequatorial orientation in the transition state. Noteworthy,
the unique isomer isolated is the one that has an axial Ph (R?)
group, despite Ph (R?) being a bulkier group than Me (R").
Presumably, the closer proximity of R' to the C=0* bond
determines this stereocontrol effect. This hypothesis is reinforced
by Houk's computational calculations! 71 which suggest that
nucleophilic attack on an oxocarbenium ion adjacent to a
stereogenic center would occur with stereofacial selectivity, anti
to the neighbouring substituent (R") on the chiral center (Scheme
3).

H R H R
RA< NG R/\<
Pk o 0
A A
R? Nu R

Scheme 3. Stereoselectivity on the nucleophilic attack to an oxocarbenium
ion.

Influence of the substitution in the outcome of the process

We then examined the effect of the number and position of
substituents on the secondary homoallylic alcohol in the outcome
of the process. For that purpose we choose allylsilylalcohols
where R' or R? are hydrogens. As it can be seen in Table 3, the
Prins cyclization of allylsilyl alcohol 1e (R'=H) leads to
methyleneoxepanes in high yield and with moderate to good
stereoselectivity towards the 2,5-cis isomers. The ratios of
isomers were determined by integration of the "H-NMR spectra of
the crude reaction.

v DOI: 10.1002/chem.201xxxxxXx

CHEMISTRY

A European Journal

Full Paper

R? group causes a less effective steric control in the approach of
the allylsilane to the oxocarbenium ion.

While allylsilyl alcohols with a substituent on the allylic
position (R?£H) selectively undergo direct silyl-Prins cyclization,
providing oxepanes, we were surprised to find a completely
different chemical behavior for allylsilyl alcohols with R?=H. Now,
the reaction of secondary homoallylic alcohols 1f-g with
aldehydes, in the presence of TMSOTT, 'l mainly provided the
novel adducts 6a-p, which were confirmed to be the shown
dioxaspirodecanes (Table 4, entries 1-16).

Table 4. Reaction of allylsilyl alcohols 1f-g with aldehydes in the presence of

Table 3. Reaction of allylsilyl alcohols 1e with aldehydes in the presence of
TMSOTH.

2

TMSOTY.
, R3CHO +
PhMeZS'ﬁ TMSOTY, -78 °C . S
1f-g ’ R R OTR
7
Entry 1 R! R3 Ratio Product®!
667 (yield, %)

1 14 Me CoHs >95:5 6a (85)

2 11 Me 4-MeOCeH:  92:8 6b+7b (89)
3 11 Me 4-MeCeHs >95:5 6c (85)

4 11 Me 4-CICeHs 74:26 6d+7d (75)
5 11 Me CHo=CH >95:5 6e (70)

6 11 Me (E)-PhCH=CH  94:6 6f+7f (88)
7 11 Me (E)}-MeCH=CH  83:17 6g+7g (87)
8 11 Me c-Cathr 55:45 6h+7h (63)
9 19 H CeHs >95:5 6i (86)

10 A1g H 4-MeOGCeH:  89:11 6j+7j (80)
11 g H 4-MeCeHs 87:13 6k+7k (87)
12 g H 4-NO2CoHa 40:60 61471 (68)
13 g H CHz=CH >95:5 6m (70)

14 g H (E)-PhCH=CH  86:14 6n+7n (82)
15 A1g H (E)}-MeCH=CH  72:28 60+70 (88)
16 A1g H ¢-CaHr 40:60 6p+7p (76)

R
PhMeZSi\pH R*CHO
TMSOTf, -78 °C
1e
Entry 1 R? R? Ratio 4/5 Product@
(yield, %)
1 1e Ph CeHs 83:17 4a+5a (93)
2 1e Ph 4-MeOCsH4 86:14 4b+5b (92)
3 1e Ph 4-MeCsH4 80:20 4c+5c¢ (91)
4 1e Ph 4-CICgHq 83:17 4d+5d (91)
5 1e Ph CH2=CH 83:17 4e+5e (90)
6 1e Ph (E}-PhCH=CH  91:9 af+5f (94)
7 1e Ph (EfMeCH=CH  89:11 4g+5g (88)
8 1e Ph CeHi1 75:25 4h+5h (89)

[a] No dihydropyrans were observed in the reaction mixture, as some authors
have found in TMSOf catalyzed Prins cyclizations.''"! [b] Conditions: 1f-g (1.0
mmol), aldehyde (2.2 mmol), TMSOTf (1.2 mmol),

at-78 °C.:

[a] Conditions: 1e (1.0 mmol), aldehyde (1.2 mmol), TMSOTf (1.2 mmol),
at-78 °C.-

As shown, the stereocontrol of the reaction is sensibly
decreased when R'=H, which again corroborates that in the
absence of an a-sterogenic center to the C=0* bond, the distant

As it's shown in Table 4, the reaction is general and high
yielding, although in various examples small amounts of the
oxepane derivatives were isolated together with the major
dioxaspirodecane (entries 2,4,6-8,10-12,14-16). The
chemoselectivity of the reaction is dependent on both the
substituents and the nature (vinylic, arylic or alkylic) of the
aldehyde. Thus, unsusbstituted aryl and vinyl aldehydes
exclusively provide dioxaspirobicyclodecanes (Table 4, entries
1,5,9,13). Substituted vinyl aldehydes and electron-rich aryl
aldehydes give a mixture of both dioxaspirobicyclodecane and
oxepane derivatives, favoring the former with good to excellent
selectivity (Table 4, entries 2,3,6,7,10,11,14,15).  However,
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electron-poor aryl aldehydes and alkyl aldehydes give moderate 5 19 H 4-MeCsHa 1.2 28:72 6k+7k (75)
selectivity or an almost equimolar mixture of both 6 and 7. 6 19 H (E)-PhCH=CH 0 86:14 6n+7n (82)
7 19 H (E)-PhCH=CH 0.12 74:26 6n+7n (80)
8 1g H (E)-PhCH=CH 1.2 36:64 6n+7n (74)

Mechanistic proposal

The most feasible mechanism for this tandem process leading to
dioxaspirodecanes is an initial Sakurai reaction between the
allylsilane unit and the aldehyde leading to a homoallylic alcohol
B, which already has another hydroxyl group in a secondary
homoallylic position. Further dehydrative condensation of the
homoallylic alcohol with the aldehyde provides an oxocarbenium
ion which is subsequently trapped by the alkenyl moiety to give a
tetrahydropyranyl carbocation C. Final intramolecular addition of
the secondary homoallylic alcohol to the intermediate carbocation
affords the final product.

R R
3 OH
PhMeZSi\/Q\O(H RCHO
LA
LAO” "R®
B
R3-CHO
R1
OH
<
R3/§o R3
®

Scheme 4. Mechanistic proposal for the formation of dioxaspirodecanes 6.

This process stands in sharp contrast with the reported
observation that TMSOTf is not an efficient catalyst for the
Sakurai reaction of allylsilanes and carbonilyc compounds.?? So,
we initially pressumed that the actual acid catalyst in the Sakurai
reaction leading to B could be the trace of triflic acid present in
the reaction media from the hydrolysis of TMSOTTf. In order to
examine this hypothesis we decided to carry out the reaction in
the presence of 10% TfOH. However, when we performed the
reaction of 1 mmol of allylsilyl alcohol 1g with 2.2 mmol of p-
methylbenzaldehyde, in the presence of 1.2 mmol of TMSOTf
and 0.12 mmol of TfOH we obtained a 65:35 ratio of 6k and 7k
(Table 5, entry 4). This result seems to indicate that the presence
of TfOH facilitates the direct Prins cyclization leading to oxepanes,
rather than the tandem reaction giving dioxaspirodecanes. To
further explore this effect we decided to test the reaction under
different amounts of TfOH. The results are shown in Table 5.

Table 5. Reaction of allylsilyl alcohols 1f-g with aldehydes in the presence of
TMSOTf and TfOH.

Entry 1 R! R? TfOH Ratio Product(®
equiv 6/7° (yield, %)
1 1f  Me (E)-MeCH=CH 0 83:17 6g+7g (87)
2 1f  Me (F)-MeCH=CH 1.2 27:73 6g+7g (76)
3 19 H 4-MeCiHs 0 8713  6k+7k (87)
4 19 H 4-MeCgHs 012 6535  6k+7k (82)

[a] Conditions: 1f-g (1.0 mmol), aldehyde (2.2 mmol), TMSOTf (1.2 mmol), TfOH
at-78°C.:

As shown in Table 5, increasing the amount of TfOH has the
effect of favoring the formation of oxepanes 6 over
dioxaspirodecanes 7. It's noteworthy that the use of 1.2 mmol of
TfOH produces a chemoselectivity‘'s inversion in the reaction,
now obtaining oxepanes 6 as the major products.

The clear evidence that the traces of TfOH were not the
catalyst for the initial Sakurai reaction of this tandem process let
us to think that in the presence of TMSOTf the TMS ether derived
from allylsilyl alcohol 1 could have been formed, and then the so
called Silyl-Modified Sakurai (SMS) reaction could have taken
place. Indeed, the SMS reaction reported by MarkdP'! describes
that while TMSOTf does not sufficiently activate carbonyl
derivatives towards the addition of allylsilanes, the combination of
TMSOTf and a silyl ether as coreactant readily promotes the
reaction.

Moreover, the tandem reaction proceeds with complete
diastereoselectivity. The stereoselectivity of the process could be
explained by a preferential transition state in which both R2
groups on C-2 and C-6 adopt a pseudoequatorial conformation
for minimal repulsions. On the other hand, whereas Alder’s
modell'®! predicts a favourable axial attack for the nucleophilic
trapping of a tertiary tetrahydropyranyl cation, our
dioxaspirodecanes 6 are generated by equatorial attack of the
internal nucleophilic alcohol. The explanation for this unexpected
stereocontrol could be due to steric factors. Thus, presumably the
axial attack on C is more hindered than the equatorial one due to
1,3-destabilizating interactions.

Hence, two kinds of reaction pathways can be found in the
Prins cyclization of allylsilyl alcohols 1, one leading to oxepanes
2-5 and the other providing dioxaspirodecanes 6. Apparently, the
nature of the allylic substituent (R>=H or R?H) determines this
change in the chemical outcome of the reaction.

This remarkable substitution effect’?? in the chemical pathway of
the reaction could be presumably attributed to steric effects.

Thus, whether the most favorable process is the formation of
intermediates A or B will determine the final obtention of
oxepanes or dioxaspirodecanes. It's known that Sakurai reaction
leading to intermediate B requires a perpendicular alignment
between the silyl group and the double bond to allow the o-p
hyperconjugative stabilization of the intermediate carbocation by
the C-Si bond.[?®! This means that the electrophile attacks the
allylsilane anti to the silyl group. We now presume that in the
reactive conformation of allylsilanes 1a-e the allylic phenyl group
is partially blocking the lower surface of the double bond, through
which the aldehyde should approach. This hypothesis is
consistent with the observation that the Sakurai reaction, which is
the first step of the tandem process leading to dioxaspirodecanes,
is not favored when the allylsilyl alcohol 1 bears an allylic
substituent.



¥, > ChemPubSoc

Ardd DOI: 10.1002/chem.201xxxxxX

Theoretical studies

In order to check if computational calculations can give some
rationalization to the stereoselectivity observed for the formation
of oxepanes 2, ab initio calculations were performed at B3LYP/6-
31G(d,p) level by first obtaining the Gibbs free energies in
solution of two possible oxocarbenium ion intermediates in chair
conformation (A1 and A3) and then calculating their transition
states leading to the oxepanyl carbocations A2 and A4. The
results are depicted in Scheme 5 and Tables 6 and 7.

16,00
H

H
Ph

Ph )V

PhMe,Si \/Mo

14,00

12,00

10,00

H H
Ph
PnMezs|\j<\/ )i:
A1 A
Pathway a

H
ow
Ph
PhMeZSi\/<\/)§
PH

Pathway b

0
000 1 A3 e

H H H
PhMe,Si P /&
e,Si
2! & 0

Ph

Scheme 5. Reaction profile of the 7-endo cyclization step yielding oxepane
2a (in kcal/mol)

Table 6. Relative Gibbs free energy (in kcal/mol) for all
stationary points calculated in solution at the 7-endo
cyclization step leading to 2a.

Stationary Point AG
A1 8.67
A3 0.00
TSI 13.48
TSl 5.86
A2 1.63
A4 -0.25

Table 7. Gibbs free energies calculated in
solution (in kcal/mol) for Pathways A and B

Pathway AG;E AGeaction
a 4.81 -7.04
6.08 -0.25

Both intermediates A2 and A4 are close in energy (A4 being
more stable by 1.88 kcal/mol). Similarly, the activation energy of
TSIl is 1.05 kcal/mo higher than TSI. However the energy
difference between intermediates A1 and A3 is high
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(8.67kcal/mol), making Pathway a very unlikely at low
temperatures, which is consistent with the experimental results
concerning the total diastereoselectivity of the Prins cyclization
leading to 2. The larger difference in energy between A1 and A3
and Houk’s Z and E-oxocarbenium ions'” may be partly atributed
to steric interactions. Thus, Houk et al. studied very simple
systems, such as protonated acetaldehyde and O-
methylacetaldehyde, and found an electronic difference between
trans and cis isomers of 0.3 and 2.0 kcal/mol, respectively. This
means one order of magnitude just by adding a methyl group.
Our system is much more complex than those previously studied,
having much bulkier groups. Moreover, our calculations have
been performed in solution (Gibbs free energies in solution are
given) and Houk et al. calculated electronic energies in gas
phase. So, both factors may explain this difference in energy.

We next tried to connect both pathways by scanning the
energy surface resulting from the rotation about the C—C=0*—C
torsional angle. A new transition state was located and
reoptimized so that the complete potential energy surface could
be drawn.

H H

PhM: Sw
251 Hi—%
=

)
Ph

18,00

16,00 H H

Ph
Ph

H

o°

14,00

12,00

Pathway b

10,00

Pathway a

H H

H
RS
PhMe,Si Aine SR

A2

H H

Ph Ph/‘v
0,00 - phme,s
2! Q) o H

Ad
H
H H
H Ph H /lv H
PhMe,Si )*o PhiesSiee_
PH ) 2 ® 0
Ph

Scheme 6. Complete reaction profile of the 7-endo cyclization step yielding
oxepane 2a (in kcal/mol).

The free energy cost for the interconversion of A3 into A1 is
16.89 kcal/mol, while the energy barrier for its cyclization to A4 is
5.86 kcal/mol. The large difference in activation energies (10.81
kcal/mol) between both pathways indicates that the
interconversion process is not feasible. From all these data we
can conclude that Pathway b is preferred over Pathway a.

The same protocol was followed for the computational study
corresponding to the cyclization step leading to 3a. The results
obtained are very similar to those previously analysed and
correlate  well with the behavior suggested by Houk’s
computational study.['¢]
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Scheme 7. Reaction profile of the 7-endo cyclization step yielding oxepane
3a (in kcal/mol).

Table 8. Relative Gibbs free energy (in kcal/mol) for all
stationary points calculated in solution at the 7-endo
cyclization step leading to 3a.

Stationary Point AG
A5 8.38
A7 0.00
TSIV 12.76
TSV 5.27
A6 0.50
A8 0.11

Table 9. Gibbs free energies calculated in
solution (in kcal/mol) for Pathways ¢ and d

Pathway AG* AGieaction
c 4.38 -7.88
d 5.27 0.11

Thus, computational calculations show that the frans oxonium
ion A7 is 8.38 kcal/mol more stable that the cis A5, which
explains why Patway d is preferred over Pathway ¢ (Scheme 7,
Table 8).24

Additionally, DFT calculations were performed to rationalise
the preferred equatorial attack of the internal nucleophilic alcohol
to the tertiary tetrahydropyranyl cation in the formation of
dioxaspirodecanes 6.

Thus, the tetrahydropyranyl carbocation intermediate C1 was
optimized and two transition states corresponding to the axial and
equatorial attack by the hydroxyl group were found. 2% The results
are sumarized in Scheme 8 and Table 10.

-10,00

H,
0
Pathway f -
-15,00 9 H’&pn
Ph’ ] 6a
-20,00 Cc3
W

A
-25,00 Y ©

-30,00 6a'
-35,00 ”’I\pn

Scheme 8. Reaction profile for the final attack of the hydroxyl group to the
carbocation leading to two possible products 6a and 6a’ (in kcal/mol).

Table 10. Gibbs free energies calculated in
solution (in kcal/mol) for Pathways e and f

Pathway AG* AGreaction
e 9.80 -9.92
2.88 -10.69

As expected, the product corresponding to the axial trapping
6a' is more stable (by 1.23 kcal/mol) than the product from the
equatorial attack 6a (Scheme 8). However their reaction
pathways have different free energies of activation. The
difference between both energies is 6.92 kcal/mol (Table 10),
showing that Pathway f is more likely than Pathway e under
kinetic conditions. On the other hand, Alder’'s calculations!'®
predict a favourable axial attack on a cyclic tertiary carbocation
when the trapping is intermolecular. Our experimental and
theoretical results suggest a preference for the equatorial
trapping when the process is intramolecular.

Conclusion

In conclusion the reaction of allylsilyl alcohols 1 with aldehydes in
the presence of TMSOTTf affords two different kinds of products
depending on the structure of 1. Apparently the nature of the
allylic substituent on 1 causes an important effect in the
chemoselectivity of the reaction. Thus, allylsilyl alcohols having
no substituents on the allylic position provide dioxaspirodecanes,
from a tandem Sakurai-Prins cyclization. In contrast, allylsilyl
alcohols with an allylic substituent R%H give selectively
oxepanes, which correspond to a direct silyl-Prins cyclization. A
mechanistical proposal is provided for both pathways.
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Experimental Section

Representative procedure for the synthesis of oxepanes 2-5. To a stirred
solution of the allylsilyl alcohols 1a-e (1 mmol) and the corresponding aldehyde
(1.2 mmol) in CH2Cl2 (13 mL) at -78 °C was added dropwise TMSOTf (1.2
mmol). The mixture was stirred for 10 min at -78 °C. Aqueous NaOH (2 M) was
added and the mixture extracted with ether. The combined organic layer was
dried, concentrated to dryness and chromatographed on silica gel
(hexanes/ethyl acetate), (v/v) to afford oxepanes 2-5.

Representative procedure for the synthesis of dioxaspirodecanes 6. To a
stirred solution of the allylsilyl alcohols 1f-g (1 mmol) and the aldehyde (2.2
mmol) in CHz2Cl2 (13 mL) at -78 °C was added dropwise TMSOTf (1.2 mmol).
The mixture was stirred for 10 min at -78 °C. Aqueous NaOH (2 M) was added
and the mixture extracted with ether. The combined organic layer was dried,
concentrated to dryness and cromatographied on silica gel (hexanes/ethyl
acetate), to afford the corresponding products (Table 4).

Computational details. DFT calculations were carried out by using the
GAUSSIAN09 package.!?®! B3LYP method (Becke Three Parameter Hybrid
Functionals) was applied! 271 A split-valence double-zeta basis set with
polarization functions 6-31G(d,p) was used for C, H, O and Si.*®! Geometry
optimizations were performed in gas-phase on the full potential energy surface
without symmetry restrictions and confirmed by vibrational analysis. Transition
States were obtained by first scanning the Potential Energy Surface along the
bond expected to be formed and then applying the synchronous transit-guided
quasi-Newton method QST3 at the approximate geometry of the TS.?® Once
located, they were confirmed by vibrational analysis. Solvent effects were taken
into account by single-point calculations at geometries previously optimized in

DOI: 10.1002/chem.201xxxxxXx

CHEMISTRY

A European Journal

Full Paper

gas-phase by using PCM algorithm with Dichloromethane (¢=8.93) as a
solvent.l%%!
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