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Pt(I)-catalyzed cycloisomerization of aziridinyl propargylic esters affords 1,2-dihydropyridines
with regiodefined installation of substituents. A mild conversion of the 1,2-dihydropyridines to the
corresponding substituted pyridines as well as chirality retention from the aziridinyl propargylic
ester substrates have been demonstrated.

Nitrogen-containing heterocycles comprise a large percentage of natural products and
pharmaceutically important small molecules.? Methods directed toward the synthesis of
azaheterocycles continue to be an important undertaking, and general strategies for the
regio- and stereocontrolled introduction of substituents remain a challenge.
Dihydropyridines (DHPs) have long been recognized as versatile synthetic intermediates?
that provide ready access to a variety of substituted nitrogen-containing heterocycles such as
piperidines (by reduction)3 or to pyridines (by oxidation).* Historically, 1,4-
dihydropyridines (1,4-DHPs) have been the most studied, whereas 1,2-DHPs have received
relatively little attention. This has stemmed primarily from the ease with which these
compounds can be accessed from pyridinium salts by nucleophilic addition at C(4) and the
emergence of Hantzsch-type 1,4-DHPs as important calcium channel blockers.® The
majority of synthetic approaches to 1,2-DHPs has also relied on nucleophilic addition into
N-alkyl or A-acylpyridinium salts.8:7 Unfortunately, regioisomeric mixtures of addition
products (at the 2, 4, or 6 position) are often obtained if unsymmetrically substituted
pyridinium salts, especially those that do not bear a substituent at the C(4) position, are
employed.8 More recently, other strategies for the synthesis of 1,2-DHPs have emerged that
address some of these limitations.® Because of the lack of general methods for the
regioselective synthesis of highly functionalized 1,2-DHP derivatives, their synthetic and
biological potential remains largely unexplored. As such, there is a continued need for the
development of more functional-group-tolerant methods that avoid the use of organolithium
or Grignard reagents to access 1,2-DHPs as well as general strategies that afford access to
bicyclic 1,2-DHPs.
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We envisioned that 1,2-DHPs (e.g., 5a, Scheme 1) could be realized from aziridinyl
propargylic esters (see 1a) via aPt(ll)-catalyzed cascade sequence. Thus, formation of
zwitterion 2 from la via a 5-exo-dig cyclization of the ester carbonyl functionality onto the
alkyne and subsequent rearrangement could afford metallocarbenoid 3. The strained [3.1.0]
bicycle 4 could then result from nucleophilic attack of the aziridinyl nitrogen on the
metallocarbenoid functionality. At this stage, irreversible valence bond isomerization
coupled with the strain-release fragmentation of the aziridine was expected to produce 1,2-
DHP 5a.

The expectation that 5a could be formed from 1a is supported by our recent report of a
Pt(I1)-catalyzed method for the synthesis of acyloxycyclopentenones (e.g., 9, Scheme 2)
using epoxide-bearing propargylic ester substrates (6).19 Our earlier investigations on the
formation of 9 from 6 support a mechanism involving the intermediacy of 3(2+)-pyran 7
and oxatriene 8. However, unlike 3(2H)-pyrans, which are prone to oxa-6 rz-electrocyclic
ring opening!! and usually exist in equilibrium with the dienone or dienal valence bond
isomer, 1,2-DHPs are relatively robust. As such, we hoped to identify optimal conditions for
their synthesis from aziridinyl propargylic esters without competing ring-opening reactions.

To test the viability of our approach to 1,2-DHPs, a judicious choice of protecting group had
to be made to overcome the following challenges: (1) oxidation of dihydropyridines in the
presence of air;12 (2) the nucleophilicity of the aziridine nitrogen had to be tempered to
allow for an initial interaction of the activated Pt(11)-bound alkyne and the propargylic ester
(see 1af2) without competing nitrogen addition to the alkyne;12 and (3) the reactivity of the
aziridine nitrogen had to be tuned to allow for its addition to the metallocarbenoid
functionality of 3 to afford 4 en route to 5a. Importantly, this addition should be rapid
relative to a potential vinyl aziridine rearrangement of 3.14

The aziridinyl propargylic ester substrates (see Table 1) were prepared by acylation of the
corresponding aziridine propargylic alcohols, which were available from the aziridinyl
aldehyde via a highly diastereoselective (>95:5 dr) 1,2-addition!® of the corresponding
alkynyllithium or Grignard.16 We were gratified to find that under Pt(11) catalysis (10 mol %
of PtCl,, 0.2 M in PhMe, 100 °C, 3 h) a range of aziridinyl propargylic esters afforded the
expected 1,2-DHP products in moderate to good yields.

As shown in Table 1, acetates, para-chlorobenzoate, pivalate, and benzoate propargylic
esters can be employed (entries 1a-d). The permissibility of the nucleophile at the
propargylic position is further highlighted by the reaction of trichloroacetimidate 10 (entry
2) to afford 11 in 56% yield. To the best of our knowledge, this constitutes the first report of
the use of a trichloroacetimidate in a Pt(I1)-catalyzed cycloisomerization reaction.1” In
addition, internal alkynes bearing cyclopropyl or phenyl substituents at the alkyne terminus
(entries 3a and b, respectively) as well as cyclic substrates (entry 4) readily participate in
this transformation to give good isolated yields (62-76%) of the desired 1,2-DHP product.

In an effort to expand the scope of the substrates that participate in this reaction, other
substituents at the aziridine nitrogen were explored. The A-acyl substrates (16a-d, Scheme
3) were considered in a preliminary study.18 On the basis of literature precedent, which
highlights the ambident nucleophilicity of acylated aziridines,1® we hypothesized that the
presumed metallocarbenoid intermediate could lead to 1,2-DHP 17 or amide-incorporated
heterocycle 18 products. Although 17 would arise via the initially proposed mechanism in
which the aziridine nitrogen engages the metallocarbenoid intermediate (Scheme 1), 18
could be formed through a pathway involving the nucleophilic addition of the A-acyl
carbonyl to the metallocarbenoid intermediate.
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As detailed in Scheme 3, several acylated aziridines were subjected to the standard reaction
conditions and yielded the 1,2-DHPs (17a-d) as the major product after column
chromatography (65-74% yield). An X-ray crystal structure of 1,2-DHP 17c (Figure 1)20
provides further support for the assigned structure of the 1,2-DHP products that result from
the preferred mode of cyclization of the A-acyl aziridine substrates.

Under the standard reaction conditions, the Pt(Il)-catalyzed transformation of substrates
possessing alkyl substitution on the aziridine nitrogen (e.g., benzyl) has led to complex
mixtures of products from which none of the desired 1,2-DHPs could be isolated.
Presumably, the enhanced basicity of the aziridine lone pair leads to competing
nonproductive pathways. This supports our identification of the aziridine protecting group as
an important parameter in the design of substrates for this reaction.?!

Although ample literature precedent exists for the conversion of 1,2-DHPs to pyridines, the
conditions required for these processes often involve the use of strong oxidants or acids.22
We envisioned that our 1,2-DHP products may provide a suitable synthetic starting point to
highly substituted pyridines under mild conditions. In a preliminary study, 5b was readily
converted in 79% yield to hydroxy pyridine 20 upon treatment with potassium
trimethylsilanoate (TMSOK) at room temperature over 3 h (Scheme 4). Access to 20 now
sets the stage for further functionalization (e.g., by activation of the hydroxyl group by
triflation, followed by organometallic coupling).

We next investigated chirality retention in converting the aziridinyl propargylic ester
substrates to the 1,2-DHP products. As shown in Scheme 5, enantiopure 1a22 is transformed
in 70% yield with only a minor loss of enantiomeric excess to the corresponding highly
enantioenriched 1,2-DHP 5a.

This result attests to the stability of the 1,2-DHP compounds toward epimerization (e.g., via
subsequent ring-opening/ring-closing processes) under our reaction conditions. With access
to highly enantioenriched 1,2-DHPs now defined, the diastereoselective functionalization of
these compounds should provide stereoselective access to a range of important
azaheterocycles. These efforts are currently under investigation.

In conclusion, we report a novel Pt(I1)-catalyzed cycloisomerization strategy for the
synthesis of 1,2-DHPs that achieves the regiodefined installation of substituents using
readily prepared aziridinyl propargylic ester substrates. In addition, a mild conversion of the
1,2-DHPs to the corresponding substituted pyridines as well as high levels of chirality
retention from the aziridinyl propargylic ester substrates have been demonstrated. Efforts to
further expand the scope of these transformations to include other examples of chirality
retention and the identification of other modes of cyclization of the aziridinyl propargylic
ester substrates are underway in our laboratories.
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Scheme 1.
Proposed Formation of 1,2-Dihydropyridines
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Scheme 2.
Epoxide Fragmentation/Pentannulation Reaction
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Scheme 3.
Pt(I)-Catalyzed Cycloisomerization of Acylated Aziridine Substrates
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Scheme 4.
Conversion of 1,2-Dihydropyridines to Pyridines
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Scheme 5.
Chirality Retention in the Formation of 1,2-Dihydropyridines
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Figure 1.
ORTERP structure of 1,2-dihydropyridine 17¢ with ellipsoids shown at the 50% probability
level.
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Table 1
Pt(ll)-Catalyzed 1,2-Dihydropyridine Synthesis?
entry substrate product yield(%)b
A
9] O 0. _R
QD en
1
Ph N
NTE Ts
Ph 5
1
a) R =Me 76
b) R = p-CIPh 72
¢)R=mBu 76
d) R =Ph 76
CCly

H
0 NH = N.__CCly
2 ; Pm \crar 56
TNy %

11

10

QLO o)

= = | \g/

3 NTEN N R
R Ts

12 13
a) R = cyclopropyl 62
b) R=Ph 69
c)R=H 70

* (o]
/
4 Q © O\/T \g/ 76
N
NTON Ts
15
14

aStandard conditions: 10 mol % of PtCI2, 0.2 M in PhMe at 100 °C over 3 h.

blsolated yields after column chromatography are reported.
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