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ABSTRACT: Disclosed in this communication is a novel asym-
metric addition of alkynyl nucleophiles to N-alkyl pyridinium elec-
trophiles. The coupling is effected under mild and simple reaction 
conditions, affording dihydropyridine products with complete re-
giochemical and stereochemical control. In addition to several ma-
nipulations of the dihyropyridine products, the utility of this trans-
formation is demonstrated through a concise, dearomative, and 
asymmetric synthesis of (+)-lupinine, a natural acetylcholine ester-
ase inhibitor. 

Alkaloid natural products have a rich history in medicine,1,2 
thus fortuitously inspiring innovation and invention by syn-
thetic chemists for decades.3  In turn, the piperidine heterocycle, 
a common moiety in bioactive alkaloids and rationally designed 
drugs4 has demanded creative new strategies for its construction 
for many years.5–9 Moreover, the asymmetric construction of 
substituted congeners of this important heterocycle has been of 
the utmost importance in the synthetic pursuit of complex and 
medicinally relevant molecular targets.10 

Notable biologically active targets that contain multiply-sub-
stituted piperidines are depicted in Figure 1A. For example, the 
bisquinolizidine alkaloids related to (–)-neothiobinupharidine 
(2) have shown unique inhibition of the NF-kB signaling path-
way,11 and tangutorine (3) has displayed noteworthy anticancer 
activity.12 Recently, the akuammiline alkaloid 2(S)-cathafoline 
(4) has shown remarkable inhibition of Ca+2-ion channels13 
while (+)-lupinine (1) has been shown to inhibit acetylcholine 
esterase.14 Beyond their impressive biological profiles, each of 
these synthetic targets contains at least one of its stereogenic 
centers adjacent to the nitrogen atom of the piperidine hetero-
cycle (See starred atoms, Figure 1A). While considering this sa-
lient structural feature, we aimed to develop a unified approach 
that would be general for building various piperidines thus al-
lowing concise and asymmetric access to these privileged bio-
active substances. 
     Recently, our research group became interested in the syn-
thesis of biologically active alkaloids through the dearomatiza-
tion of heterocyclic aromatic starting materials.15 For example, 
(+)-lupinine (1) was envisioned to arise from dihydropyridine 
5, which would be derived from the dearomative coupling of  
alkyne 7 and pyridinium 6 (See Figure 1B).16–23 One example 
of this type of asymmetric dearomative alkynylation was 
demonstrated by Charette in 2001 exploiting a chiral iminoyl 
group to activate the pyridine (8) electrophile.24 Regioselective 
addition of the alkynyl Grignard reagent, as directed by the ac-
tivating group, provided dihydropyridine 9. While innovative, 

superstoichiometric amounts of the pyridine heterocycle (8) had 
to be employed in this protocol, limiting its broader utility. 
Years later, Ma and coworkers demonstrated a similar transfor-
mation using a chiral Cu catalyst and acylated pyridiniums for 
enantioselective dearomative alkynylation (see 13).25 This 
transformation was also remarkable, but only pyridine (8) was 
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Figure 1. (A) Representative and important piperidines and tetrahydropyridines. 
(B) Previously observed regioselective pyridinium dearomatizaton driven by che-
lation, and proposed chelation-driven asymmetric alkynylation. 



 

used as a substrate, and only ynone and ynoate nucleophiles 
provided high enantioselectivities. Shortly after this, another 
single example of an enantioselective alkynylation of an acyl-
ated pyridine was also demonstrated by Arndtsen.26 Further-
more, while much work has been done activating pyridines and 
other aromatic azacycles27,28 via acylation, including these 
aforementioned examples, selective additions to N-alkyl pyri-
diniums have lagged behind,29–32 despite  their potential to pro-
vide more robust and strategic access to piperidine heterocycles 
with higher regio- and stereocontrol (vide infra). 
     Prior work in our group established a working model for the 
innate regioselectivity for the attack of Grignard nucleophiles 
on substituted pyridiniums.[15] In one scenario (See Figure 1C), 
an amide substituent provided for a regioselective nucleophilic 
addition  at C2 that  resulted in the conversion of pyridinium 11 
to dihydropyridine 13. Seeing that it was likely amide chelation 
of the organometallic that drove this regioselective preference 
(see intermediate 12), it was thought that substituting the amide 
with a simple chiral guide (X*, see 15) would both control the 
regiochemistry and stereochemistry of the dearomative addition 
(see 16). Regioselective preference was likely to be enhanced 
by using alkynylmagnesium nucleophiles (e.g. 14), which show 
preferential pyridinium addition at C2 and C6. It should be 
noted that, while alkynyl nucleophiles have been added into 
pyridiniums previously, there are no examples of highly regi-
oselective and stereoselective additions to substituted pyridini-
ums. Overall, overcoming these obstacles in selectivity would 
add value to employing dearomative strategies and tactics to-
ward the asymmetric synthesis of polysubstituted piperidine 
motifs. 
     Initially, exploration of the desired alkynylation reaction 
was inspired by Koga’s work on addition to unsaturated alde-
hydes from several decades ago (See Table 1).[33] Following 
simple condensation between L-tert-leucine tert-butyl ester and 
3-formylpyridine to form 17, chemoselective methylation and 

treatment with propynylmagnesium bromide (18) resulted in 
the selective formation of dihydropyridine 19 in 70% yield. 
This addition occurred with full stereoselectivity (>20:1 dr) and 
regioselectivity for C2 (>20:1 rr). The regioselectivity and ste-
reoselectivity is noteworthy as the regioselective asymmetric 
addition of nucleophiles at C2 to pyridiniums with electron-
withdrawing groups at C3 has not been reported.[34–37] Altering 

the temperature (–40 °C or rt) had little effect on the selectivity, 
but resulted in slightly reduced yields. Changing the solvent 
from THF to either CH2Cl2 or Et2O also resulted in only a minor 
effect on the yield. In the interest of using a removable nitrogen 
substituent, activation of the pyridine 17 with either benzyl bro-
mide or allyl bromide (See Supporting Information for experi-
mental details) followed by propynylmagnesium bromide re-
sulted in comparable yields. 
 With optimized conditions in hand, we embarked on 
exploring the asymmetric alkynylation of various substituted 
pyridine starting materials (Scheme 1). Following alkylation 
with either allyl bromide or methyl triflate, pyridinium inter-
mdiates with substitution at the 4, 5, and 6 positions were suc-
cessfully converted to the corresponding alkynylated dihydro-
pyridines. Furthermore, chloride (21), bromide (22), aryl (23), 
and alkyl (20, 24) substitution were all tolerated under the reac-
tion conditions with adducts isolated in 37–70% yields. A 

Table 1 

Table 1. Reaction optimization studies. aDetermined by 1H NMR analysis 
of   the crude mixture with an internal standard. bIsolated yield.  

Scheme 1 

Scheme 1.  Scope of alkynylation of various pyridines. aisolated yields (Di-
astereoselectivity determined by analysis of crude 1H NMR spectrum). 
b6.5:1 ratio of imine to corresponding aldehyde. 
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dihydroquinoline product (25) was also afforded following ac-
tivation via methylation with MeOTf and treatment with 
propynylmagnesium bromide. In addition, dihydropyridine 26, 
derived from 3-acetylpyridine was also produced with this 
method demonstrating that aldimines are not the only compe-
tent functionality for directing the desired addition. It should be 
noted that, despite the substitution pattern for any of these sub-
strates, only one stereoisomer and one regioisomer was ob-
served in each case. 
     Next, the activating group was further evaluated to under-
stand its effect on the alkynylation reaction. Having established 
that methyl (19), benzyl (28,29), and allyl (31) were all compe-
tent activating groups in the initial reaction screening,  it was 
also determined that p-methoxybenzyl as well as methoxyethyl 
were also competent N-activating groups. The alkynylation of 
these pyridinium intermediates provided 27 in 65% yield and 
30 in 70% yield, each with full regioselectivity and stereoselec-
tivity. Activation of the pyridine nitrogen of 17 via acylation 
was also briefly explored, but upon addition of either organo-
copper or organomagnesium acetylides, complex mixtures of 
regioisomers, diastereomers, and rotamers were observed, in 
agreement with previous work on alkynylation of substituted 
systems.35–38 
     Following the investigation of variously substituted pyri-
dines, the scope of alkyne addition was evaluated using pyridine 
17 as a model substrate (Scheme 2). Upon treatment of 17 with 
allyl bromide, the resultant pyridinium was then treated with a 
variety of alkynyl Grignard reagents to afford variously substi-
tuted dihydropyridine adducts in 30 minutes at –78 °C. Alkynyl 
nucleophiles bearing alkyl (31,37), aryl (33), silyl (34), and 
alkoxy (35) substituents were all competent in this reaction giv-
ing synthetically useful yields with complete regio- and stereo-
chemical control. In addition, ethynylmagnesium bromide was 
used as a nucleophile to selectively give adduct 32 in 75% yield. 
Alkynes bearing propargylic ethers (38 and 39) and  a homopro-
pargylic chloride (36) also gave usefully functionalized prod-
ucts under this reactivity manifold, allowing for further syn-
thetic manipulation following the dearomatization (vide infra). 
Aliphatic and aromatic heterocyclic alkynes also performed 
well yielding dihydropyridine adducts containing indole (40), 
pyridine (43), quinoline (44), and pyrrolidine (45) rings. It is 
worth noting that no epimerization was observed in adduct 45, 
as only one diastereomer was observed in the crude reaction 
mixture. Adducts with important isosteres39 like a cyclopropane 
and chemical reporter groups like a diyne40 also were incorpo-
rated into products 41 and 42 in 49% and 48% yield, respec-
tively. 

     A stereochemical model for this asymmetric alkynylation 
reaction is depicted in Scheme 3A. Following activation of a 
pyridine 17 with allyl bromide to form an intermediate pyri-
dinium bromide, the alkynyl Grignard 46 was introduced at –78 
°C. According to reactivity previously described by Koga for 
the addition to unsaturated imines, chelation of the magnesium 
center by the imino ester guides the alkynyl nucleophile to the 
C2 position (See intermediate 47).33 The tert-butyl group puta-
tively blocks the top face of the pyridinium allowing for the al-
kyne nucleophile to approach from the opposite side, providing 
for high stereocontrol. In addition to the exquisite stereocontrol 
that is observed in this transformation, the absolute regioselec-
tivity can be attributed both to the chelation by the imino ester 
as well as the preference for alkynes to add at the “harder” 2 
position versus the 4 position of the pyridinium.29 Further 

evidence for this regioselective and stereoselective chemical 
model was confirmed by X-ray analysis of 34 which shows ad-
dition of the alkynyl nucleophile opposite of the bulky tert-bu-
tyl side chain to give the expected C2 stereochemical outcome. 
At this time, however, solvent effects on the transition state of 
the addition cannot be completely ruled out, as this has been 
crucial in the success of other asymmetric dearomatizations.41 

The dihydropyridines forged from these asymmetric 
dearomatizations can be manipulated in variety of ways, as 
shown in Scheme 3B. Following cleavage of the chiral guide 

under treatment with basic alumina (See Supporting Infor-
mation), aldehyde 48 (R = H or Me) can be converted to various 
products. Horner–Wadsworth–Emmons olefination at elevated 
temperature an provided ester 49, while activation of 48 with 
TIPSOTf in MeCN followed by TBAF treatment provided 
Mannich product 50 in 50% yield.42 A Cu-catalyzed alkyne-az-
ide “click” reaction with benzyl azide provided 51 in modest 

Scheme 2 

Scheme 2. Scope of alkyne additions to pyridine 17. aisolated yields (Dia-
stereoselectivity determined by analysis of crude 1H NMR spectrum). b3.7:1 
ratio of imine to corresponding aldehyde. 
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yield.43 It is anticipated that each of these modifications both to 
the periphery and the core of the alkynyl dihydropyridines will 
be instrumental in future dearomative synthetic endeavors. 

Lastly, as the synthesis of alkaloid natural products was the 
original inspiration and impetus for this work, a concise synthe-
sis of (+)-lupinine was accomplished (Scheme 3C). Starting 
from pyridine 17, activation with allyl bromide and selective 
alkynylation provided a mixture of aldehyde 53 and the corre-
sponding imine  in a 1:2 ratio and 86% overall yield. This ratio 
was the result of prolonged exposure of the product mixture to 

basic alumina during the purification (See Supporting Infor-
mation for details). Conveniently, imine 36 could by hydro-
lyzed to aldehyde 53 by further exposure to basic alumina. 
Then, reduction of dihydropyridine 53 under Luche conditions 
provided allylic alcohol 54 in 50% yield. This intermediate was 
then deallylated under Pd catalysis, subjected to hydrogenation 

with Raney Ni, and then cyclized under basic conditions in one 
pot to provide (+)-lupinine (1) in a 75% yield and a >10:1 dia-
stereomeric ratio with its epimer epilupinine.44  

In conclusion, a new asymmetric platform for the regioselec-
tive and stereoselective dearomatization of substituted pyri-
dines has been achieved. In addition to having a broad scope 
and functional group tolerance, this transformation is useful for 
synthesizing a variety of dihydropyridines that can be broadly 
useful for the asymmetric  synthesis of various azaheterocyclic 
building blocks. Furthermore, the implementation of this 
method in total synthesis was demonstrated through the concise 
asymmetric construction of the bicyclic alkaloid (+)-lupinine 
(1). The success of this synthesis served as a test for the imple-
mentation of  this stereoselective and redox-economic dearoma-
tive approach to the synthesis of bioactive alkaloids. It is antic-
ipated that further synthetic applications expanding upon this 
dearomative retrosynthetic analysis will be reported by our re-
search group in due course.   
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