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A New Access to Bl-Quinolizines from 2-Vinylpyridine and Alkynes Promoted by
Rhodium-N-Heterocyclic Carbene Catalysts

Ramén Azpiroz!® Andrea Di Giuseppe®® Ricardo Castarlenas,® Jesus J. Pérez-Torrenté
and Luis A. Oro*®

N-bridgehead heterocycles are prevalent in manyraktand
synthetic biologically active alkaloidd. The development of
efficient synthetic methodologies for the prepanatiof these
intricate structures has been the focus of interesearch?
among which transition metal catalysts have playguteeminent
role® However, derivatives based on the quinolizine skele
have received little attention, probably due tarthestability, and
are mainly limited to quinolizidiné! quinolizinium saltS! or
quinolizinoné! compounds. Indeed, Hdquinolizines are very
scarcé!! particularly the 4-unsubstituted counterp&ttand are
usually involved in a tautomeric equilibrium withhet
corresponding butadienylpyridine derivatives (Schert)®
Interestingly, we have now observed that the paen be
shifted towards the quinolizine tautomer dependimy the
presence and position of certain substituents am dienyl
fragment. However, a straightforward and generahog: for the
preparation of butadienylpyridines is still an im@mt challenge
for which organometallic catalysts emerge as aiafuwde, as
they can potentially achieve this task from 2-vpyyidine and
alkynes through sequential C-H activation and C-Cpling
reactiond!” Particularly, we have been interested in the atesfg
rhodium catalysts based on N-heterocyclic carbehg4Cs)*
for new C-C and C-X bond forming reactidffd Now, we have
discovered that rhodium catalysts bearing NHC lizargive
access to the elusiveH4quinolizines with total atom economy
under mild conditions.
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Scheme 1. Tautomerization 4ifi-quinolizines.
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Our research group has recently reported that hikola
mononuclear Rh-NHC species can be obtained by N-daysord
promoted bridge cleavage reaction of the correspgnd
dimer*?d Similarly, we have now observed that the treatnwént
[Rh(1~CI)(NHC)(/7”-coe)b (NHC = IPr (), IMes @Q); coe =
cyclooctene; IPr = 1,3-his-(2,6-diisopropylphenyliilazol-2-
carbene; IMes = 1,3-bis-(2,4,6-trimethylphenyl)iazdl-2-
carbene) with 2-vinylpyridine afforded RhCI(INH@N,7-
CH,=CHGsH;N) (NHC = IPr @), IMes @)) in good yields (see
Supporting Information for synthetic details and RMata). The
chelating coordination of vinylpyridine is corrolabed by an
upfield shift for the olefinic protons (3.39-2.1%m) and the
occurrence oflc g, coupling for the carbon atoms of the alkenyl
fragment (16-12 Hz) in théH and “C{*H} NMR spectra,
respectively.

It has been previously described that rhodium-phasp
catalysts promote efficiently the C-C coupling betwe
alkenylpyridines and olefif&® though the coupling with alkynes
has not been reported up to date. Now, we havevbsed that
the introduction of an NHC ligand in complex@and4 allow for
the straightforward preparation of butadienylpym&i from 2-
vinylpyridine and alkynes (Scheme 2). Indeed, itasiceable the
ability of 3-4 to involve terminal alkynes in these type of

transformation  without the observation of competiti
dimerization or polymerization processes.
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Scheme 2. C-C coupling reactions mediated by Rh-N#&t@lysts.

Catalytic reactions were carried out in an NMR tubé&Dg
using a 1:1 pyridine:alkyne ratio. Preliminary gestith
phenylacetylene under the optimized conditions@@t 5 mol %
catalyst loading, showed thdtwas slightly more active tha®
(see table S1 in supporting information). Initialitywas observed
the formation of (Z,3E)-2-(4-phenylbuta-1,3-dien-1-yl)pyridine
(Figure 1), however, unexpectedly it was accommhnigh a new
set of resonances that were unequivocally ascribephenyl-
4H-quinolizine (see below). The formation of this g¢wat may
arise from a f electrocyclization involving the two conjugated
double bonds and one C=N of the pyridine moiety witan
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undetected @ 3gem)butadienylpyridine  species.  Similar

transformation has been previously observed forjugmted Hg He H, H, H,
imined* or oxime&™! but dearomatization of a pyridine moiety is s o 1
considerably more challengif§! The similar initial rate for the 15N NMR
formation of both organic products points out tolaak of

regioisomeric preference in the C-C coupling procdsg the —
(1Z,3E)-butadienylpyridine product smoothly isomerizes to

produce the (&,3E) derivative. A conversion of 97% was reached

after 4 h with a TOp, value of 35 R calculated at 50 %

conversion of vinylpyridine. It is noticeable thtae formation of
4-phenyl-H-quinolizine was not detected. Both
butadienylpyridine isomers were isolated by column
chromatography methods but, unfortunately, the ajizime I I I
derivative could not be recovered despite sevdtahgpts under 6.0 45
different conditiond!4
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Figure 2.*H->N NMR correlation spectrum for aH4quinolizine.
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Catalyst4 is a versatile precursor for coupling reactions

between 2-vinylpyridine and diverse terminal angrinal alkynes
(Table 1). Aromatic terminal alkynes reacted faster than alijzh
ones and with higher selectivity tdd4quinolizine (entries 1-3s

4-6). Isomerization of the internal double bondnir@ to E

occurred also faster for aromatic than aliphatigssituted dienyl
derivatives. The presence of an electron-withdrgvgabstituent
on the phenyl ring increased the rate whereastsatgdo the N-

bridgehead heterocycle decreased for both, electooating or -
withdrawing groups (entries 1-3).

conv (%)

t (h)

Table 1. Coupling reaction between 2-vinylpyridine and akgn
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Figure 1. Monitoring of the reaction between 2-¥iyyidine and phenylacetylene ~ENUY_substrate  ih) Hq® Z-E E-E 2" Ed vipy’ TORAM)

catalyzed by4 in CsDs at 40 °C.C-C coupling reactions mediated by Rh-NHC 1 O — 4 48 3 46 - _ 3 35
catalysts.
2 re )= 1 43 2 48 - - 7 51

The nature of the new organic product as 3-phehyl-4 3 meo()—= 6 36 16 31 8 - 8 29
qu!npllzme was confirmed by multlnuclear. NMR exmpeents. A 4 = 5 7 a7 - 5 10 1 26
striking feature of théH NMR spectrum is an unusual set of _
resonances at higher field (6.6-4.9 ppm) comparedthat 5 Cf 9 9 39 - 38 11 3 23
corresponding to aromatic protons, which is fulnsistent with
the presence of non-aromatic bicyclic system. THegdinolizine 6 >= 20 7 14 2 14 - 2 4

- 13,

structgre was further confirmed by HSQC and HMB&C 7 Ni= 14 16 47 - ) . 37 3
experiments. Remarkably, the methylene fragmentpisiton of 4
the quinolizine skeleton was observed as a siraglet.38 ppm. g —~ 14 51 36 12 - - 1 15
Moreover, long range HSQGH-*N correlation confirms the f
presence of a N-bridgehead heterocycle (Figurei@) ad(*°N) 9O=+ 12 28 69 B - - 2 3
of 117:5 ppm, Whlch falls within the typical rander a 10 =) 3 48 25 29 . ) 6 18
trisubstituted amine. In sharp contrast, the E8E)- 05 mL of CiD; with 5 mol % of catalyst at 40 °C; [subs] = TAH-
butadienylpyridine compound was observed at 30p8.p quinolizine; ratio of'H NMR integration. ©2-(buta-1,3-dien-1-yl)pyridine‘gem.

€unreacted 2-vinylpyridindE-Z isomer.%4-methyl."4-phenyl.

The presence of bulky substituents in aliphaticymads
reduced the activity (entries 6-7). It is noticeabhat the key
(1z,3geny-butadienylpyridine isomers were detected for redific
alkynes, and consequently, the conversion to 3HRydinolizine
is lower, which suggests that the tautomerizat®disfavored in
these casés” Monitoring of the reaction showed that the initall
formed Z-gembutadienylpyridine isomerizes to E-gem
derivatives and tautomerizes to thel-duinolizine compounds
(Figure 3). It is worthy of note that for aliphatalkynes the
isomerization of Z,3E to 1E,3E butadienylpyridines was not
detected under catalytic conditidf8. Internal alkynes reacted



smoothly (entries 8-10). The configuration of thenjugated
double bonds of the butadienyl products was coritrby *H-
NOE NMR experiments (see Supporting Information)thia case
of 3-hexyne, the formation of theZBE derivative was initially
observed with subsequent isomerization tB,3E and 4-
quinolizine compounds. However, diphenylacetylerehaved
somewhat different. The initial rate for theH-4juinolizine
formation was higher but the N-heterocycle expenited a
reopening to afford the H3E)-2-(3,4-diphenylbuta-1,3-dien-1-
yl)pyridine derivative with both phenyl groups dised mutually
trans (Figure 4). Dissymmetric 1-phenyl-1-propyne gave
exclusively 4-methyl-3-phenylH-quinolizine and 2-(3-methyl-4-
phenylbuta-1,3-dien-1-yl)pyridine.
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Figure 3. Monitoring of the reaction between 2-Vpyyidine and 3-phenyl-1-
propyne catalyzed b§in CsDgat 40 °C.
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Figure 4. Monitoring of the reaction between 2-¥nyyidine and diphenylacetylene
catalyzed by4 in C¢De at 40 °C. DFT calculated\G (Kcal.mol') for the
tautomerization butadienylpyridire4H-quinolizine.

Scheme 3 shows a plausible mechanism for the favmaf
the 3-R-H-quinolizine compounds. Initially, the activatior &
terminal C-H bond of the 2-vinylpyiridine to generahodium-
alkenyl-hydride species is propodtd. The subsequent
coordination of the alkyne, migratory insertion aretluctive
elimination should generate both Z(2E)- or (1zZ,3genj-
butadienyl-pyridine products depending on the regliectivity. In

both cases, the Z configuration of the internal ldeubond is
kinetically favored if a concerted insertion medlsamis assumed.
Then, formation of W-quinolizine skeletons can be rationalized
via a metal-mediated or thermal electrocyclizatida.shed light
on this point, a solution of pur&-gem isomer, F)-2-(3-
benzylbuta-1,3-dien-1-yl)pyridinén C¢Dg was heated at 60 °C.
Monitoring of the reaction by NMR evidenced the sthdo
formation of the #-quinolizine isomer, thus, pointing to a
thermal activated cyclization process. In fact, eguilibrium
mixture of 75/25, butadienylpyridine/heterocycleasvreached
after 3 h, which was corroborated by the excharegkp observed
in the *H-NOE NMR spectrum at 80 °C. It is noticeable that th
formation of theE-gemregioisomer was not observed indicating
that metal catalyst accounts for theto E isomerization of the
internal double bond. A&isoidal configuration of the conjugated
double bonds is essential for the electrocyclicctiea to take
place, thus isomerization of the internal doubleada handicap
to be overcome. A similar equilibrium mixture wdsserved after
heating the (Z,3E)-butadienylpyridine obtained from 3-hexyne,
but in this case the equilibrium is further shiftecthe quinolizine
compound in 60/40 molar ratio.

Insert Scheme 3

Scheme 3. Plausible mechanism for the formatiomtdfquinolizine derivatives
mediated byl

Theoretical calculations (DFT/m06-2x/Keabl?) for the
thermodynamics of the tautomerization process werformed.
In full agreement with experimental results, it waand that 3-
phenyl-H-quinolizine is 1.83 Kcainol'* more stable thad-gem
butadienylpyridine whereas the formation of 4-pHety-
quinolizine from the (E-32)-butadienylpyridine isomer is
disfavored by 2.04 Kcahol? (Figure 5). On the other hand, the
calculated energies for diphenylacetylene were mlsagrement
with the experimental results. Although thd-4quinolizine is 3.24
Kcalkmol' more stable than the ZBZ)-butadienylpyridine
isomer, not detected in the catalytic reactionfdmgrization to
the (1Z,3E) counterpart is also slightly favored (-0.68 Koail™),

thus explaining the smoothly tautometization obsdrv
experimentally (Figure 4).
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Figure 5. Thermodynamic DFT-calculated free enerdleG, Kcatmol™) for the
tautomerization butadienylpyridirequinolizine.

In conclusion, we have described the outstandirtglyta
performance in C-C coupling reactions of new Rh-NH@Glgat
leading to the formation ofHkquinolizine derivatives under mild
conditions with total atom economy. We have shoWwat tthe
thermal 61 electrocyclization process leading to the formatid
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N-bridgehead heterocycles

is favored for intern&kersus

terminal-substituted butadienylpiridine derivativ@fie design of

improved

catalysts for selective geémbutadienylpyridine

formation and reduced Z to E isomerization of thternal double
bond is ongoing in our laboratories.

Experimental Section

Synthesis of catalysts. 3: A yellow solution of1 (300 mg, 0.235 mmol) in 10 mL of
toluene was treated with 2-vinylpyridine (50 uL4P0 mmol) and was stirred at
room temperature for 1 h. After filtration througlelite the solvent evaporated to
dryness. Addition of hexane caused precipitationaofellow solid, which was
washed with hexane (3 x 4 mL) and dried in vacuieldy 250 mg (84%). Anal.
Calcd. for G4H43N3CIRh: C, 64.61; H, 6.86; N, 6.65. Found: C, 64.B2;6.89; N,
6.62.4: The complex was prepared as describe® fstarting from2 (300 mg, 0.271
mmol) and 2-vinylpyridine (58 pL, 0.542 mmol). Y@el260 mg (87%). Anal. Calcd
for CeHasN3CIRh: C, 61.38; H, 5.70; N, 7.67. Found: C, 61.855.80; N, 7.26.

Standard procedure for the catalytic C-C coupling between 2-vinylpyridine and
alkynes. A NMR tube containing a solution of 0.025 mmolaaftalyst in 0.5 mL of
C¢Ds was treated with 0.5 mmol of 2-vinylpyridine and 0nmol of the alkyne and
heated at 40°C. The reaction course was monitoye8iMR and the conversion
determined by integration of the corresponding masaes in théH NMR spectra of
2-vinylpyridine and the products.
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