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ABSTRACT

R = 2-furan

EY

R = styryl or
phenylethyny _II\_I
s

In this paper, an amine-triggered cascade Sy2/cycloaddtion sequence between 2-(acetoxymethyl)buta-2,3-dienoate 1 and various s-system
functionalized tosylamides 3 has been reported, which provides a facile method for stereoselective construction of structurally diverse

azaheterocycles.

The development of new reactions that increase mole-
cular complexity in an economical' and green® fashion is a
paramount goal of modern chemical synthesis. Cascade
reactions represent one of the most efficient techniques for
this goal, which combine multiple transformations in one
pot, thereby eliminating the need for separate workup and
isolation steps.® In the majority of cases, the functionality
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produced from the first step renders the subsequent step
possible, which can allow for a rapid increase in molecular
complexity. Herein, we report a new cascade reaction
under mild conditions for facile construction of complex
azaheterocycles from readily available starting materials 1
and 3 (Scheme 1).

In our laboratory, we are interested in exploring alleno-
ate 1, which can be readily converted into intermediate A
with the interaction of a phosphine catalyst (Scheme 1).*
We have demonstrated that A is a potential biselectrophile
for (4 + n) annulations with various 1,n-bisnucleophiles.

Surprisingly, a formal Sy2-substituted product 2 was
isolated in 76% yield when N-butyl-tosylamide was tested
(Scheme 1). This result led us to propose that the remaining
allenic moiety in 2 might offer an additional chance to
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Scheme 1. Design Plan for Cascade Reaction
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develop a cascade reaction when tosylamide 3, bearing a
proper functionalized group (FG), was instead employed
(Scheme 1). Indeed, the chemistry of allenes has been
recognized as an integral part of modern synthetic
methods.’ The higher reactivity of this type of cumulated
system, compared to that of alkenes and alkynes, offers
unique opportunities for the invention of new reactions. In
this context, thermally and photochemically induced allene
cycloadditions have been well developed for the prepara-
tion of natural and non-natural products of interest.® With
these considerations in mind, we thus envisioned that
sr-system functionalized tosylamide 3 might be able to initiate
a cascade reaction: catalytic SN2-type substitution follo-
wed by intramolecular cycloaddition of an allenoate and a
s-system (Scheme 1).

Ph
BnOQC:/ 20 mol % cat. B"OZC\(?F‘H
1
052003 (1.3 equiv) N M
TsHN toluene, 50 °C Ts
4a

cat. = PPhg: 76% yield

cat. = DABCO: 99% yield

We initially employed tosylamide 3a to verify the pos-
tulation outlined in Scheme 1. The reaction of 1 and 3a,
with the use of PPh; (20 mol %) as the catalyst and Cs,CO;
(1.3 equiv) as the base in toluene solvent at 50 °C, delivered
the desired bicyclo[4.2.0]oct-1-ene 4a in 76% yield, in which
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only the terminal C—C double bond of allene participated in
[2 + 2] cycloaddition (eq 1).” Further optimization of the
conditions disclosed that DABCO is a better catalyst for this
cascade reaction, enabling 4a to be obtained in 99% yield
under otherwise identical conditions (eq 1).* It is worth
noting that the corresponding Sy2-substituted compound
was not observed at all, strongly implying that the subse-
quent [2 + 2] cycloaddition might be a fast step.

I BnO,C o
[ N>
1. Il 20mol % DABCO = @
Cs,CO3 (1.3 equiv) N
TsHN ap  toluene, 50°C Ts

4b: 58% yield

This amine-triggered SN2/[2 + 2] cycloaddition sequen-
tial reaction can be extended to alkyne-functionalized
substrate 3b. Indeed, the DABCO-catalyzed reaction of 1
and 3b occurs smoothly to afford bicyclo[4.2.0]octa-1,6-
diene 4b in 58% yield (eq 2).”

R
1 (1.2 equiv) J
20 mol % DABCO B
NGNS
TN NN g IO 2= BiOC AL ()

Cs,C03 (1.3 equiv)

3c:R=Me toluene, 50 °C N

3d:R=Ph Ts

4c¢: 69% yield
4d: 99% yield

The success of [2 + 2] cycloaddition inspired us to
explore the possibility of a Diels—Alder reaction with the
use of diene-functionalized tosylamide as the substrate. Some-
what surprisingly, [2 + 2] cycloaddition products 4¢ and 4d
were still isolated in yields of 69% and 99%, respectively,
when compounds 3¢ and 3d were employed (eq 3).

Scheme 2. Synthesis of Compounds 5d—g via a Two-Step
Procedure
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3d: Ar=Ph

3e: Ar = 4-CI-CgHy
3f: Ar=4-Br-CgH,
3g: Ar = 4-Me-CgH,

Interestingly, 4d was found to undergo a rearrangement
reaction in refluxing toluene, offering 5d in 58% isolated
yield as a single isomer (Scheme 2). It should be noted that
the overall yield of 5d would dramatically drop to 21%
when the rearrangement step was directly conducted by
heating just after the completion of SN2/[2 + 2] cycloaddi-
tion. Probably, the presence of DABCO and salts might
impose some negative effects on the subsequent rearrange-
ment. This two-step procedure is also applicable to sub-
strates 3e—f, offering the rearrangement products Se—f in
moderate overall yields (Scheme 2). However, 4¢c was

(8) Without the catalyst, the reaction was sluggish and the yield of 4a
was 7% even when the reaction time was elongated to 48 h.
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Figure 1. X-ray crystal structures of 5e. Thermal ellipsoids are
set at 50% probability.

recovered in 91% yield even upon exposure to refluxing
toluene for 24 h.

The relative stereochemistry of 5e was unambiguously
determined by single crystal X-ray diffraction analysis
(Figure 1). The stereochemistry of other compounds was

Scheme 3. Proposal for the Diradical-Involved Rearrangement
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0,
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tentatively assigned by comparing the '"H NMR spectra
with those of Se.

The chemical outcome of this rearrangement can be
explained by the proposed mechanism shown in Scheme 3
(with 4d as the substrate). Compound 4d might be able to
undergo thermally induced selective homocleavage of the
a-bond of cyclobutane to produce diradical intermediate B
which is believed to coexist with its resonant C.° For inter-
mediate C, the phenyl group and cyclohexane moiety should
be in opposite directions in order to minimize their steric
hindrances. As a result, product 5d with a trans-configuration
would be formed after recombination of the two radicals.

While the anticipated Diels—Alder reaction was not
observed in the cases of diene-functionalized tosylamides
3c—g, we next wanted to extend the chemistry to the
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Figure 2. X-ray crystal structure of 7c¢ (left) and transition state
for [4 + 2] cycloaddition (right). Thermal ellipsoids are set at
50% probability.

Scheme 4. Scope of Cascade SN2/[4 + 2] Cycloaddition”

R
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6a-g 7a-g
EV BV g g
N N N "'Ph N "'Bu
Ts Ts Ts Ts
entry 1, 50°C  entry 2, 50 °C entry 3,25°C  entry 4,25°C

7a: 98% yield  7b: 95% yield 7c: 98% yield

87% ee
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“ Reaction conditions: 1 (0.24 mmol), 6 (0.2 mmol), DABCO (20 mol %),
Cs,CO; (1.3 equiv), toluene (2.0 mL), 3 h, under Ar. All yields reported are
those of isolated products.

furan-functionalized analogue considering that furan has
been proven to be an excellent diene in Diels—Alder
reactions.'” Fortunately, tosylamide 6a was found to react
well with 1 under the optimized conditions, offering oxa-
tricycle 7a in almost quantitative yield (Scheme 4, entry 1).
In contrast to [2 + 2] cycloaddition, the internal C—C
double bond of allene participated in the [4 + 2] cycloaddi-
tion process selectively. Introduction of a methyl group
into the 5-position of furan had no negative effect on the

(10) For selected reviews, see: (a) Schindler, C. S.; Carreira, E. M.
Chem. Soc. Rev. 2009, 38, 3222. (b) Takao, K.-i.; Munakata, R.;
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reaction, and the corresponding product 7b was obtained in
95% yield (Scheme 4, entry 2). In this case, three quaternary
stereocenters were successfully established. Substrate 6c,
with a tethered phenyl group, gave 7¢ in 96% yield with a
6:1 diastereoselectivity (Scheme 4, entry 3). However, redu-
cing the reaction temperature to 25 °C significantly im-
proved the diastereoselectivity, rendering 7c¢ as a single
isomer. The [4 + 2] cycloaddition could smoothly occur at
a lower temperature likely due to the Thorpe—Ingold
effect'! imposed by the tethered phenyl group. As a result,
7c with 87% ee was obtained in 98% yield when 6¢ with
85% ee was reacted at 25 °C. Similarly, the reaction of the
substrate with an alkyl group at tether, such as 6d, 6e, and 6f,
afforded the corresponding products as a single isomer in
high yields (Scheme 4, entries 4—6). The structure of 7¢c was
unambiguously established by X-ray analysis, which clearly
disclosed that the subsequent Diels—Alder reaction pro-
ceeded in an endo-fashion (Figure 2).'> The reaction of
substrate 6g with an extended carbon tether was found to
be worse, offering 7g only in 31% yield (Scheme 4, entry 7).

20 mol % DABCO O
OOO 1.3 equiv Cs,CO5 ‘
1 + toluene, 50 °C, 3 h BnO,C Q @
TsHN”  6h N
7h: 97% yield

Interestingly, anthracene-functionalized tosylamide 6h
also proceeded under these conditions, producing com-
pound 7h in 97% yield (eq 4).

The products of the cascade reaction possess olefins,
which might be available for further transformations. For
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example, the endocyclic olefin of 7a can be selectively
epoxidated using common m-CPBA epoxidation condi-
tions while the exo-one is untouched, providing epoxide
product 8 in 70% isolated yield (eq 5)."*

H, Hp

a m-CPBA (4 equiv
BnOzC“g MCPBAE eV poc)
" CH,Cly, 25°C

7a T8 70% yield 8

(5)

In summary, we have developed an efficient Sn2/
cycloaddtion cascade reaction of allenoate 1 with various
m-system functionalized tosylamides in the presence of a
catalytic amount of DABCO, which provides a facile
access to important classes of azaheterocycles. The reac-
tion features readily available starting materials and mild
reaction conditions. More importantly, this cascade reac-
tion increases molecular complexity by forming three
o-bonds and up to three rings, as well as quaternary
centers. Additional investigations of the synthetic trans-
formation are currently underway in our laboratory.
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