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A concise [4+3] cycloaddition reaction of pyrroles with 2-(silyloxy)allyl cations has been developed. The
oxyallyl cations stabilized with a methylthio group or geminal methyl groups were generated from the
corresponding allylic alcohols under the influence of a Bronsted acid (Tf;NH), respectively. The use of
N-nosyl-protected pyrroles as the four-carbon unit was found to give tropinone derivatives in high yield.
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Tropane alkaloids, which comprise a large family of natural
products, have received a great deal of attention due to their vari-
ety of pharmacological activities and structural diversities.! In par-
ticular, atropine, cocaine, and scopolamine are famous lead
compounds of pharmaceuticals,”> stemofoline> and himandrine*
are also known as a class of challenging synthetic targets. One of
the most powerful synthetic approaches to tropane scaffold may
be a [4+3] cycloaddition reaction of pyrroles with oxyallyl cations,
giving rise to tropinones (Scheme 1).°

While there are a number of reports concerning the [4+3] cyclo-
addition reactions of furans or cyclopentadienes,® the use of pyr-
roles as four-carbon units is generally difficult due to
competition with the Friedel-Crafts type reaction.® The oxyallyl
cation species applicable to pyrroles thus far have been confined
to those generated from o,o¢-dihaloketones’ or allenamides.® On
the other hand, one of the authors reported the regio- and stereo-
selective [3+2] cycloaddition reactions using allyl acetates 1a and
1b as a three-carbon unit (Scheme 2).° Under the influence of EtAl-
Cl,, allyl acetate 1 reacted with alkene 2 to afford cyclopentanone 3
in good yield. In this reaction, the methylthio group of 1 plays an
important role in stabilizing the allyl cation species A as well as
controlling the regioselectivity of the cycloadducts.'®

These results led us to examine the [4+3] cycloaddition reaction
of 1 with pyrrole derivatives. Herein, we describe concise [4+3]
cycloaddition reactions of 2-(silyloxy)allyl cations stabilized by a
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methylthio group or gem-dialkyl groups with pyrroles having var-
ious substituents.

The 2-nitrobenzenesulfonyl (nosyl, Ns) group,'' which can be
removed under mild conditions, was chosen for protection of the
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Scheme 1. The [4+3] cycloaddition reaction of oxyallyl cation with pyrrole
derivative.
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Scheme 2. The [3+2] cycloaddition reaction using sulfur-stabilized siloxyallyl
cations.
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Table 1
The reactions of 4 with three-carbon units 1 promoted by an acid*®
OSI’PF3
Ns Mes. A _
N _acdd 1 1
\_/ CHZCIQ, Q/
4 -78°C, 1
Entry 1:X Acid Yield® (%)
5 6
1 1a:0Ac EtAICl, 15 0
2 1a:0Ac Tf,NH 34 27
3 1c:0CO,Me Tf,NH 54 0
4 1d:0OH Tf,NH 85 5
5 1d:0OH TfOH 41 38

R = CH,C(O)CH,SMe.

2 Conditions: N-nosyl pyrrole (0.10 mmol), 1
CH)Cl, (0.2 M).

b Isolated yield.

(0.30 mmol), acid (0.60 mmol),

nitrogen atom. The reactions of N-nosyl pyrrole (4) with 1a or its
derivatives under acidic conditions are summarized in Table 1.

While the reaction of 4 with 1a promoted by EtAICl, led to the
formation of cycloadduct 5 in 15% yield (entry 1),!? the use of a
Bronsted acid was found to be more effective for the desired trans-
formation. Thus, under the influence of trifluoromethanesulfoni-
mide (Tf,NH), tropinone 5 was obtained in 34% yield along with
27% of 6 (entry 2). Interestingly, the Tf,NH-promoted reaction of
4 with carbonate 1c gave 54% of 5 (entry 3), and the yield increased
to 85% with alcohol 1d° (entry 4).> On the other hand, the use of
trifluoromethanesulfonic acid (TfOH) instead of Tf,NH in the reac-
tion of 4 and 1d resulted in decrease of 5 (entry 5), probably be-
cause of the low solubility of TfOH in dichloromethane.

It is noteworthy that tropinone 5 was produced as a single dia-
stereomer which underwent partial isomerization to afford epi-5
by chromatography on silica gel. The stereostructure of these com-
pounds was determined by the NOE experiments, indicating that 5
possesses the methylthio group and the nitrogen atom on the
opposite face of the seven-membered ring (endo-type stereochem-
istry). The methylthio group of 5 was easily removed by treating
with PPh; and p-toluenesulfonic acid (TsOH) to give tropinone 7
in good yield, according to the desulfurization protocol of Durst
(Scheme 3).'* Thus, the [4+3] cycloaddition reaction using sulfur-
stabilized 2-(silyloxy)allyl cation is proven to be a concise and
effective method for the preparation of tropinone derivatives.'®

Next, the [4+3] cycloaddition reaction of pyrroles possessing
various protecting groups (X) with allyl alcohol 1d was examined
(Table 2). While N-(p-toluenesulfonyl) and N-methanesulfonyl
pyrroles Ts-4 and Ms-4 afforded the corresponding tropinones
Ts-5 and Ms-5 in low yields, respectively (entries 2 and 3), N-ben-
zyloxycarbonyl (Cbz), N-acetyl (Ac), N-benzyl (Bn), and unsubsti-
tuted pyrroles failed to undergo the cycloaddition reaction
(entries 4-7). These results suggest that the electron-withdrawing
inductive effect of the protecting group (Ns > Ts, Ms > Ac, Cbz) is of
more significance than the steric bulkiness.'®
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Scheme 3. Desulfurization of cycloadduct 5.

Table 2
Comparison of the protecting group on pyrrole®
OS|’Pr3
X MeS
Tf2NH
+
:_\/ CH,Cl, <_7/
-78°C,1h
Entry X Yield® (%)
X-5 X-6
1 Ns 85 5
2 Ms 33 30
3 Ts 46 23
4 Cbz 0 9¢
5 Ac 0 23
6 Bn 0 0
7 H 0 0

R = CH,C(0)CH,SMe.

2 Conditions: pyrrole X-4
CH,Cl, (0.2 M).

b Isolated yield.

¢ NMR yield using CHBr3 as an internal standard.

(0.10 mmol), 1d (0.30 mmol), TfNH (0.60 mmol),

Having established the suitable conditions of the [4+3] cycload-
dition reaction, the scope of the tropinone synthesis was examined
(Table 3). Although the reaction of N-nosyl-2-methylpyrrole (8) led
to the formation of the Friedel-Crafts product 13 (entry 1),
3-methylpyrrole (9) underwent the desired [4+3] cycloaddition
reaction at —60 °C to afford tropinone 14 in 71% yield as a single
product (entry 2). The configuration of 14 and the stereochemical
relationship between the methyl group and the methylthio group
were determined by the 'H-'H COSY and the NOE experiments.
Similarly, tropinone 15 was obtained from the corresponding
pyrrole 10 in a regio- and stereoselective manner, albeit in low
yield due to the instability of the vinyl bromide moiety.!”

The reaction of methyl-substituted three-carbon unit 11 with
pyrrole 4 at 0 °C afforded the desired cycloadduct 16 in 55% yield.
The three-carbon unit 12 having a methyl group at the other side
also gave cycloadduct 17 as a single regio- and stereoisomer, while
the yield was low.

Next, the stabilizing effect of a methylthio group on the 2-
(silyloxy)allyl cation was compared with that of an alkyl group
(Table 4). The reaction of allyl alcohol 18 with 4 under the influ-
ence of ThNH gave neither cycloadduct 7 nor a Friedel-Crafts
type product (entry 1), and allyl alcohol 19 possessing a methyl
group instead of the methylthio group of 1d also failed to under-
go the [4+3] cycloaddition reaction (entry 2). On the other hand,
the use of gem-dimethyl-substituted derivative 20 led to the for-
mation of the desired cycloadduct 22 in 54% yield (entry 3). These
results indicate that a gem-dimethyl group is as effective as a
methylthio group in stabilizing a 2-(silyloxy)allyl cation, while a
single methyl group of 19 is not sufficient for this purpose. Fur-
thermore, we later found that 1,1,1,3,3,3-hexafluoro-2-propanol
(HFIP) is a better solvent for the reaction of gem-dimethyl-substi-
tuted analog 20, and the yield of 22 was increased to 67% (entry
3).8 In contrast to the reaction of 2-methylpyrrole 8 with alcohol
1d which gave only substituted pyrrole 13 (entry 1 in Table 3),
cycloadduct 23 was obtained by the use of 20 as the three-carbon
unit (entry 4). It is noteworthy that the regiochemical outcome of
the reaction of alcohol 20 is also different from that of the
sulfur-containing alcohol 1d. Thus, for the reactions with 3-meth-
ylpyrrole 9, alcohol 20 afforded a 1:1 regioisomeric mixture of
cycloadducts 24a and 24b in 65% yield (entry 5), while the use
of 1d resulted in the formation of cycloadduct 14 as a single
regioisomer (entry 2 in Table 3).



Download English Version:

https://daneshyari.com/en/article/5265966

Download Persian Version:

https://daneshyari.com/article/5265966

Daneshyari.com


https://daneshyari.com/en/article/5265966
https://daneshyari.com/article/5265966
https://daneshyari.com

