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ABSTRACT

A stepwise [3 +3] annelation sequence to tetrahydropyridines via addition of the Bu  “‘chi Grignard to aziridines has been developed. These
intermediates can be further functionalized with good regio- and stereocontrol and this methodology has been employed in the stereoselective
formal synthesis of ( —)-dihydropinidine.

Recent work in our labs has focused on exploiting aziridines studies by Craig and co-workers have shown that a sulfone-
in the stereoselective synthesis of functionalized piperidines based three-carbon homologating agent can be used to
through a [3-3] annelation strategl? Initial studies centered  achieve this goal.We report herein that the addition of
on the employment of Trost's conjunctive reagent in tandem propionaldehyde homoenolate equivaléfitto aziridines
with a Pd catalyst to deliver a series of enantiopure represents a simple and practical alternative to these meth-
2-alkylpiperidines with an exomethylene moiety at C-5. ods® Furthermore, we demonstrate the employment of this
Additionally, we have also discovered that an allyimagne- methodology in target synthesis by the preparation of a
sium based reagent can be used to deliver similar compoundstepresentative cis 2,6-disubstituted piperidine alkaloid.
generally with greater efficiency. While TMM-based reagents  Pioneering studies by Blichi showed that 1,3-dioxolane
2 and 3 (Figure 1) have participated in addition to a broad based reagerfh represented a competent propionaldehyde
range of aziridines, the exomethylene unit limited us homoenolate equivalent, although it was found to decompose
somewhat to a single point of functionalization on the

piperidine ring. Accordingly, we anticipated that synthon _
would allow us to construct piperidines by a similar strategy,

while providing the opportunity to deliver greater function-

alization around the heterocycle. In this context, elegant
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at temperatures above 3%.° By way of contrast, the  deprotection—cyclization protocol. This process was found
corresponding 1,3-dioxanghas been reported to be more to proceed efficiently with both acetal intermedia@and
thermally stablé.Given that both precursor alkylbromides 10 to give the tetrahydropyridinell, without loss of

are commercially available, we began our investigations by enantiopurity over the two steps (Scheme 1).These studies
examining the efficiency of the addition of each Grignard
reagent to readily available Bn-substituted azirid&eour
results are outlined in Table 1. Scheme 1
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NHTs
n=1;6 TBIoRT n=1;9 highlighted that both Grignard reagents were suitable for the
n=2;7 n=2;10 formation of tetrahydropyridines. However, the milder cy-

clization conditions employed in the 1,3-dioxolane system
entry Grignard additive yield, % prompted us to investigate the scope of the annelation
1 6, 1.5 equiv - 33
2 6, 5.0 equiv - 80
i ;: gg Egsg 2_0 mol % CuBr-DMS 1(2)341 Table 2. Stepwise Annelation of Aziridines
5 6, 2.0 equiv 20 mol % CuBr-DMS 98
aReaction heated at reflux for 16 h. R, L
ﬁ MgBr 1M HCI 1M HCliag) Rn‘@
N 20 mol % Cusr.oms R _E\/L Acstone® y
Preliminary studies with the dioxolane-based reagent THF; 7810 25 °C
were discouraging: a low yield of produBtwas observed  entry aziridine addition product piperidine

which could only be improved by the use of a large excess

of Grignard reagent (entries 1 and 2). Surprisingly, the 4 B”ﬁ m

dioxane-based reagenproved to be inferior and a low yield N N

of product was obtained even when a large excess of

Grignard was used. Paquette and co-workers have reported Me

that the dioxane reagent addition to enones can be promoted 2 \7 /(\/k 13; 70% /@ 14; 84%

by Cu catalysi$.Indeed, the addition of 20 mol % of CuBr 12 Ts N

DMS improved the efficiency of the Grignard addition to

the aziridine and provided the desired product in quantitative

yield (entry 4). Pleasingly, these conditions were also 3 )ﬁ

applicable to the dioxolane-based reagent, and further 15 35

investigations showed th@tcould be furnished in high yield

when only 2 equiv of Grignard reagefitwere employed 0/>
o

(entry 5). 4 Mew
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We next turned our attention to the piperidine-forming
reaction and opted to perform an in situ acid-catalyzed
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sequence with the Bulchi Grignard reagénand our results  a short synthetic route. Accordingly, we performed the Blchi
are highlighted in Table 2. The Grignard addition reaction Grignard additior-cyclization methodology on aziridirent
was found to proceed in good to excellent yield in all cases 12 without purification and were delighted to find that
examined. The 2-alkyl- and 2,2'-spiroaziridines underwent piperidineent-14was generated in excellent overall yield.
regioselective addition at the methylene unit while the more The TFA-mediated allylation provided produ@3 in excel-
hindered bicyclic aziridine participated smoothly in the lent yield as a single diastereomer. Finally, hydrogenation
addition reaction without any significant drop in yield (entry provided compoun@®4, thus completing a formal synthesis

5). In addition, we were pleased to find that this technique
was compatible with a SES-protecting group (entry 4).
Finally, the cyclization reactions provided the desired dihy-
dropyridines in high yield, although they were generally
found to be more sluggish in the formation of bicyclic and
spirocyclic products (entries 5—7).

Having established the scope of the piperidine-forming
reaction, we decided to perform some representative func-
tionalization reactions. As outlined in egs 1 and 2, both acid-
mediated allylation and dihydroxylation processes were
highly efficient and proceeded to giv&0 and 31, respec-
tively, with good to excellent levels of diastereoconfrol.
Moreover, regioselective substitution of the enamide moiety
in 11 provided bromide32 in good yield (eq 3).
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30; 85% (100:0)

of (—)-dihydropinidine in high overall yield (Scheme B).

Scheme 2
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Finally, we wished to exploit the enantiospecific piperi-
dine-forming reaction and diastereoselective functionalization
reactions in the synthesis of a piperidine alkaloid. Specifi-

In conclusion we report a stepwise annelation procedure to
dihydropyridines that is complementary to our previously

reported [3+3] strategies to functionalized piperidines. The
further employment of this technique in target synthesis is
currently ongoing and will be reported in due course.
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cally, we envisaged that we could access the 2,6-disubstituted (1) (4 isolated from the Mexican Bean Beefiilachnaarivestis:

piperidine natural product=)-dihydropinidine34% within

(9) The stereochemistry 80 was determined by X-ray crystallography;
please refer to the Supporting Information for details.
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