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A palladium-catalyzed arylation/aza-Michael addition cascade
reaction of B-substituted cyclic enones and 2-haloanilines is
reported. Using 1 mol% Pd(PPhs), as a catalyst, C2-spiroindolines
are accessed via an intermolecular vinylogous arylation of B-alkyl
cyclic enones and 2-haloanilines followed by an intramolecular aza-
Michael addition. Functional group tolerance of this transformation
is examined by 18 examples in up to 93% yield. In the second part,
we have developed an a’-arylation/aza-Michael addition cascade
strategy to construct azabicyclo[3.2.2]nonanones catalyzed by
Pd(MeCN),Cl,#PPh;. This study provides a quick route to complex
and useful spiro- and bridged-heterocycles from readily available
starting materials in good yields with high regioselectivity.

Transition-metal-catalyzed arylation of carbonyl derivatives is a
powerful method for the formation of carbon—carbon bonds.! An
increasing number of palladium-catalyzed a-arylation reactions of
carbonyls have been developed! since the seminal work reported by
Miura,? Buchwald,®> and Hartwig.* In comparison, vinylogous
arylation (y-arylation) of a,B-unsaturated carbonyl compounds that
can provide useful synthons (e.g., enones) for further diverse
functionalization remains underdeveloped.

One of the main challenges of the vinylogous arylation is to control
the regioselectivity of the multiple reactive sites (i.e., a’-, y-, or y’-
arylation of cyclic enones, Scheme 1a). Moreover, double-arylation,®
Heck-type side reaction,® and condensation of the enone substrates
and/or products under basic conditions would also be problematic.
In 1998, the first palladium-catalyzed vinylogous arylation was
reported by Miura and coworkers (Scheme 1b).” Then the reactions
of a,B-unsaturated ketones and aldehydes,? esters,® amides,'® and
nitriles,* were subsequently disclosed by Miura, Hartwig, Li and
Zhang, Mazet, and others (Scheme 1c). Alternatively, Buchwald,
Fleming and Knochel, and their coworkers successfully demonstrated
the y-arylation of B,y-unsaturated ketones,*? lactones,3 and nitriles!!
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for the construction of the corresponding y-arylated a,B-unsaturated
analogs (Scheme 1d).

Possible arylation products of cyclic enones ( regloselechvny
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Scheme 1. Pd-catalyzed arylation of a,3- and B,y-unsaturated carbonyl

compounds.
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Figure 1. Representative natural products containing C2-spiroindolines.

With the interest of our group in the arylation chemistry and
heterocycle synthesis,'* we sought to develop a palladium-catalyzed
selective vinylogous arylation of B-alkyl cyclic enones with 2-
haloanilines (Scheme 1le, left). We envisaged that the arylation
product could undergo a sequential aza-Michael addition leading to
the formation of C2-spiroindolines!® in a single operation. Similarly,
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a cascade a’-arylation/aza-Michael addition reaction is also feasible,
when B-aryl cyclic enones are employed, to access
azabicyclo[3.2.2]nonanones (Scheme 1e, right).’® This approach
allows the rapid construction of molecular complexity from simple
substrates, which is attractive given the vast abundance of those
important scaffolds in alkaloids (Figure 1).17

To test our arylation/aza-Michael addition hypothesis, N-benzyl-2-
iodoaniline 1a and 3-methyl-2-cyclohexen-1-one 2a were employed
as the model substrates (Table 1 and Tables S1-54 in the ESI). To our
delight, C2-spiroindoline 3aa was obtained in 37% vyield with
Pd(OAc),*PPh; as a catalyst, NaOBu as a base, and LiCl as an additive
in DMF at 100 °C (entry 1). Next, several bases were examined (Table
1, entries 2-7), and LiO'Bu was proven to be the optimal base,
producing the desired product 3aa in 62% yield together with minor
amount of azabicyclo[3.2.2]nonanone 4aa (entry 5). In general, the
reaction underwent well in polar aprotic solvent, such as DMF, NMP,
and DMSO, delivering the desired product in moderate yields.
However, no product was detected in THF, toluene, DME or 1,4-
dioxane (Table S2). A brief investigation of catalysts revealed that the
use of Pd(PPhs), resulted 3aa in 71% vyield (entries 8-9). Further
extensive investigation of the reaction parameters (Table S4),
including concentration, catalyst loading, temperature, and the
equivalent of the base and the additive, led to the identification of
the optimal reaction conditions, which employed only 1 mol% of
Pd(PPh3); in DMF at 60 °C (entry 17). Control experiments
demonstrated that no desired product was detected without either
Pd(PPhs), or base (entries 18—19).

Table 1. Optimization of the reaction conditions.

), notably with methyl group substituted at each pgsition, were
tolerated in this transformation affordingl: theo3eopEspontling
products 3aa—3ga in 75-83% vyields. Remarkably, 2-iodoaniline
containing F-, Cl-, and Br- substituents were suitable substrates in
this reaction delivering the corresponding products 3hg, 3ia, and 3ja
in 53—-74% yields without the observation of dehalogenation. The
reaction with N-methyl-2-iodoaniline gave spirocyclic product 3ka in
a slightly increased yield (93%). In contrast, the use of less
nucleophilic N-Ac-protected 2-iodoaniline under the standard
conditions did not lead to the occurrence of the reaction. To our
delight, 2-bromoanilines were tolerated despite requiring 5 mol% of
the catalyst and elevated temperature to achieve good yields (3aa,
3ea, and 3ga, 76-81%).

[Pd] (x mol%)
@E /b o O Y
NHBn e ! MF, T uw N N .
::1: Braaa !
entry? [Pd] T (°C) base 3aa/4aa
(x mol%) (%)°
1 Pd(OAc), (5)/PPh; (12) 100 NaO'Bu 37/-
2 Pd(OAc), (5)/PPh; (12) 100 NaOMe -
3 Pd(OAc), (5)/PPhs (12) 100 NaOH 10/-
4 Pd(OAc), (5)/PPhs (12) 100 NaHMDS 27/-
5 Pd(OAc), (5)/PPh; (12) 100 LiO'Bu 62/5
6 Pd(OAc), (5)/PPh; (12) 100 KO'Bu 43/8
7 Pd(OAc), (5)/PPh; (12) 100 Cs,C0;3
8 Pd,(dba); (2.5)/PPh; (12) 100 LiO'Bu 68/6
9 Pd(PPhs), (5) 100 LiO'Bu 71/-
10¢ Pd(PPhs), (5) 100 LiO'Bu 76/5
11¢ Pd(PPh3), (2) 100 LiO'Bu 73/-
12¢ Pd(PPhs), (1) 100 LiO*Bu 80/
13¢ Pd(PPhs), (1) 120 LiO®Bu 71/5
14¢ Pd(PPhs), (1) 80 LiO®Bu 76/5
15¢d Pd(PPhs), (1) 60 LiO'Bu 79/-
164 Pd(PPhs), (1) 40 LiO'Bu 62/-
17¢%¢ Pd(PPh;), (1) 60 LiO'Bu 81 (80)/-
18¢de - 60 LiO'Bu
19¢¢ Pd(PPhs), (1) 60 - -

aReaction conditions: 1a (0.2 mmol), 2a (0.4 mmol) in 1 mL of DMF.  Determined
by *H NMR using 1,3,5-trimethoxybenzene as an internal standard with isolated
yield in the parentheses. ¢ With 2 mL of DMF. ¢For 24 h. ¢ With 1.2 equiv of LiO'Bu.

With the optimal conditions in hand, the scope of 2-iodoanilines

was first investigated with cyclic enone 2a as the coupling partner
(Table 2). Substrates with electron-rich substituents (Me- and MeO-

2| J. Name., 2012, 00, 1-3

Pd(PPh3), (1 mol%)

Table 2. Scope of 2-haloanilines.®
LiO'Bu (1 2 equiv)
LiCl (1.0 equiv)

S
NHR /é DMF, 60 °C, 24 h v

2
1 (X=Br, 1) 3 R

©3<§

3aa, 80% (76%")

o} o] o o

jon® ) o0
Me N N N MeO N
Bn Me Bn Me Bn Bn

X-ray of 3aa (ccdc 1905674)

3ba, 82%

3ca, 77%

3da, 83% 3ea, 80%" 3fa, 75% 3ga, 81%”
o} o o o]
N N N N
\ \ A \
B Bn Bn M
3ha, 74% 3ia, 68% 3ja, 53% 3ka, 93%

@ Reactions conducted with 0.2 mmol of 1 and 0.4 mmol of 2a in 2 mL of DMF.
Unless otherwise stated, X= 1. X = Br and with 5 mol% of Pd(PPhs), at 100 °C for 2
h.

Table 3. Scope of cyclic enones.?

o 9 0
Pd(PPhs), (1 mol%)
LiO'Bu (1.2 equiv)
— e
| SR LiCl (1.0 equiv) N SR
R2

DMF, 60°C,24 h \
Bn
1a 2 3
Bn npr
N\\ :: :N :
\ \
Bn (o} Bn o

3ab, R! = Me, 74%
3ac, R'=Bn, 81%

(o]
: N :/é
Bn MeMe

3af, 46% 3af, 24%°

X-ray of 3ac (ccdc 1905675) 3ad, 74%

‘Bn

BnMe Me

3ae, 62% (1.1:1 dr)

3af', 42% j b

3ag, 19% 3ah, 29%

@ Reactions conducted with 0.2 mmol of 1a and 0.4 mmol of 2 in 2 mL of DMF. ©
With 20 mol% LiO'Bu. ¢ NMR yield.

Next, we applied this catalytic system to the arylation/aza-Michael
addition of a range of cyclic enones (Table 3). Reactions with a’- and
y’-substituted cyclic enones proceeded smoothly delivering products
3ab, 3ac, and 3ad bearing two stereogenic centers with perfect
diastereoselectivities. 3-Butylcyclohex-2-en-1-one (2e) was viable

This journal is © The Royal Society of Chemistry 20xx
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substrate delivering a 1.1:1 mixture of diastereoisomers (3ae) in 62%
yield. Interestingly, 5,5-dimethyl-2-cyclohexen-1-ones 2f produced
the desired spirocyclic product 3af in 46% yield together with the
vinylogous arylation product 3af’ in 42% yield. Treatment of 3af’ with
catalytic amount of LiO'Bu could form the aza-Michael adduct 3af
albeit in low yield. Surprisingly, a complicated reaction with multiple
condensation byproducts was observed resulting in a significantly
lower yield of 3ag when 3-methylcyclopent-2-en-1-one 2g was used
as the substrate. The reaction with enantioenriched (—)-verbenone
2h provided y-arylation product 3ah exclusively, possibly due to the
steric hindrance of the bridged substrate. The reactions with acyclic
B-substituted enones, including a,B-unsaturated ketones and
aldehydes, were carried out, but resulted in an inseparable mixture
of arylation and homo-condensation products (Scheme S1).

The choice of B-substituents of the cyclic enones proved to be
crucial to the product formation. When B-aryl cyclic enones 5 were
employed, a selective a’-arylation®8 followed by intramolecular aza-
Michael addition forming azabicyclo[3.2.2]nonanones 6 was
achieved (Table 4). After careful optimization of the reaction
conditions (Table S6-S8 in ESI), we found the use of a palladium
catalyst derived from Pd(MeCN),Cl, and PPhs showed superior
reactivity. A variety of azabicyclo[3.2.2]nonanones (6a—6f) were
obtained in moderate to good yields. Efforts toward asymmetric a’-
arylation/aza-Michael addition reaction employing chiral phosphine
ligands resulted in little enantioselectivity (Table S9).

Table 4. Synthesis of azabicyclo[3.2.2]nonanones.?

Pd(MeCN),Cl; (5 mol%) 0o
PPh; (12 mol%)
LiOMe (1.2 equiv)

i v) _ R
LiCl (1.0 equiv) N
DMA, 80 °C, 8.5 h |

| o
R1<©i +
NHR?
Ar
1 5

(o] o o) o)
N N N N
Bl PN Bi " i A md PP
6b, X = Cl, 49% 6d, Ar = 4-MeOCgH,, 89%

6f, 72%

6c, X = Br, 49% 6e, Ar = 3-MeCgHj, 79%

9 Reactions conducted with 0.4 mmol of 1 and 0.2 mmol of 5 in 2 mL of DMA.

©: /@ standard
condlt/ons
N
NHBn e

Bn
3aa, 82% (1.43 g)

0

1a (6 mmol)

Scheme 2. Gram-scale synthesis.

To showcase the robustness of this strategy, a gram-scale reaction
with 2-iodoaniline 1a and 3-methyl-2-cyclohexen-1-one 2a was
carried out (Scheme 2). With 1 mol% of Pd(PPhs), as the catalyst, 1.43
gram of C2-spiroindoline 3aa was successfully obtained without
erosion of the yield.

A plausible catalytic cycle for the palladium-catalyzed cascade
reaction is proposed analogous to the mechanism of a-arylation
provided in the literature (Scheme 3).14 Oxidative addition of a Pd(0)
species with 2-iodioaniline 1 forms aryl-Pd(ll) iodide 1, which
undergoes nucleophilic substitution of the coordinated iodide by
sterically less hindered enolate generates intermediate Il. The
subsequent reductive elimination of Il provides the vinylogous
arylation product 3’, as evidenced by the observation of 3ag with the
sterically congested substrate, and regenerates the Pd(0) catalyst.

This journal is © The Royal Society of Chemistry 20xx
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Recently, a computational study of y-arylation of o,B-unsaturated
aldehydes by Poblador-Bahamonde et al. idextified savepalqualtditsn
species in equilibrium existing after the nucleophilic substitution
step, and the formation of vinylogous arylation product is both
thermodynamically and kinetically favored.'® Finally, under basic
conditions, an off-cycle intramolecular aza-Michael addition?® of 3’
delivers the desired C2-spiroindoline 3.

Pd(0)Ln

Aza-Michael o
addition OXId'a.tIVe
addition
o Ln
N Reductive e Pd\l
R'— elimination R1—: P
1
Z N NHR2
| I
3 R? o o®
SOpe
Pd
R— N H,C

Ligand

" substitution

Scheme 3. Proposed mechanism of vinylogous arylation/aza-Michael addition.

In summary, we have demonstrated a highly efficient palladium-
catalyzed vinylogous arylation/aza-Michael addition cascade
reaction of 2-haloanilines and B-alkyl cyclic enones. An array of
valuable C2-spiroindolines were efficiently synthesized in good
yields. This strategy is scalable and features readily available starting
materials and low Pd(PPhs), catalyst loading. A gram-scale reaction
was conducted successfully. Additionally, under slightly modified
conditions, azabicyclo[3.2.2]nonanones were accessed from B-aryl
cyclic enones and 2-haloanilines via an o’-arylation/aza-Michael
addition process.

Conflicts of interest

The authors declare no competing financial interest.

Acknowledgment

We thank NSFC (21971198, 21772148, and 21602160), the
Fundamental Research Funds for Central  Universities
(2042019kf02008), and Large-scale Instrument and Equipment
Sharing Foundation of Wuhan University (WHU) for financial support.
Dr. Muhammad Usman (WHU) is thanked for proof reading of the
manuscript.

Notes and references

1 Selected reviews: (@) Y.-J. Hao, X.-S. Hu, Y. Zhou, J. Zhou and J.-S.
Yu, ACS Catal., 2019, 10, 955; (b) F. Bellina and R. Rossi, Chem. Rev.,
2010, 110, 1082; (c) C. C. C. Johansson and T. J. Colacot, Angew.
Chem., Int. Ed., 2010, 49, 676; (d) D. A. Culkin and J. F. Hartwig, Acc.
Chem. Res., 2003, 36, 234.

2 T. Satoh, Y. Kawamura, M. Miura and M. Nomura, Angew. Chem.,
Int. Ed. Engl., 1997, 36, 1740.

J. Name., 2013, 00, 1-3 | 3


https://doi.org/10.1039/d0cc04935b

Published on 31 August 2020. Downloaded by University of Rochester on 8/31/2020 4:27:09 PM.

ChemEomm

3 M. Palucki and S. L. Buchwald, J. Am. Chem. Soc., 1997, 119, 11108.

4 B. C. Hamann and J. F.Hartwig, J. Am. Chem. Soc., 1997, 119, 12382.

5Y.Terao, Y. Kametani, H. Wakui, T. Satoh, M. Miura and M. Nomura,
Tetrahedron, 2001, 57, 5967.

6 (a) S. Cacchi and A. Arcadi, J. Org. Chem., 1983, 48, 4236; (b) S.
Cacchi, F. La Torre and G. Palmieri, J. Organomet. Chem., 1984, 268,
c48; (c) A. Amorese, A. Arcadi, E. Bernocchi, S. Cacchi, S. Cerrini, W.
Fedeli and G. Ortar, Tetrahedron, 1989, 45, 813; (d) S. Cacchi, G.
Fabrizi, F. Gasparrini, P. Pace and C. Villani, Synlett, 2000, 650; (e)
A. L. Gottumukkala, J. G. de Vries and A. J. Minnaard, Chem. — Eur.
J., 2011, 17, 3091; (f) T. N. Gowala and J. Pabba, Tetrahedron Lett.,
2015, 56, 1801.

7 Y. Terao, T. Satoh, M. Miura and M. Nomura, Tetrahedron Lett.,
1998, 39, 6203.

8 (a) Y. Terao, T. Satoh, M. Miura and M. Nomura, Bull. Chem. Soc.
Jpn., 1999, 72, 2345; (b) G. N. Varseev and M. E. Maier, Org. Lett.,
2005, 7, 3881; (c) T. Imahori, T. Tokuda, T. Taguchi and H. Takahata,
Org. Lett., 2012, 14, 1172; (d) |. Franzoni, L. Guénée and C. Mazet,
Chem. Sci., 2013, 4, 2619; (e) For a single-flask a,y-Coupling of
ketone enolates, see: M. Grigalunas, P.-O. Norrby, O. Wiest and P.
Helquist, Angew. Chem., Int. Ed., 2015, 127, 11988.

9 (a) D. S. Huang and J. F. Hartwig, Angew. Chem., Int. Ed., 2010, 49,
5757; (b) M. E. Sexton, A. Okazaki, Z. Yu, A. van Venrooy, J. R.
Schmink and W. P. Malachowski, Tetrahedron Lett., 2019, 60,
151057.

10 M. Yu, Y. Xie, J. Liand Y. Zhang, Adv. Synth. Catal., 2011, 353, 2933.

11 S. Duez, S. Bernhardt, J. Heppekausen, F. F. Fleming and P.
Knochel, Org. Lett., 2011, 13, 1690.

12 A. M. Hyde and S. L. Buchwald, Angew. Chem., Int. Ed., 2008, 47,
177.

13 A. M. Hyde and S. L. Buchwald, Org. Lett., 2009, 11, 2663.

14 (a) Q. Wei, J. Cai, X.-D. Hu, J. Zhao, H. Cong, C. Zheng and W.-B.
Liu, ACS Catal., 2019, 10, 216; (b) Z. Dong, X.-W. Zhang, W. Li, Z.-M.
Li, W.-Y. Wang, Y. Zhang, W. Liu and W.-B. Liu, Org. Lett., 2019, 21,
1082; (c) W. Li, Z. Dong, Y. Zhang, Z. Zeng, M. Usman and W.-B. Liu,
J. Org. Chem., 2019, 84, 7995; (d) W. Li, M. Usman, L. Y. Wu and W.
B. Liu, J. Org. Chem., 2019, 84, 15754.

15 Selected recent examples of the synthesis of C2-spiroindolines: (a)
Q. Yin and S.-L. You, Chem. Sci., 2011, 2, 1344; (b) Y.-Q. Zhang, D.-
Y. Zhu, Z.-W. Jiao, B.-S. Li, F.-M. Zhang, Y.-Q. Tu and Z. Bi, Org. Lett.,
2011, 13, 3458; (c) J. Kim, J. S. Schneekloth, Jr. and E. J. Sorensen,
Chem. Sci., 2012, 3, 2849; (d) Q. Yin and S.-L. You, Org. Lett., 2013,
15, 4266; (e) Y. Goriya and C. V. Ramana, Chem. Commun., 2013,
49, 6376; (f) J.-B. Peng, Y. Qi, A.-J. Ma, Y.-Q. Tu, F.-M. Zhang, S.-H.
Wang and S.-Y. Zhang, Chem. — Asian J., 2013, 8, 883; (g) W. Ding,
Q.-Q. Zhou, J. Xuan, T.-R. Li, L.-Q. Lu and W.-J. Xiao, Tetrahedron
Lett., 2014, 55, 4648; (h) C. Guo, M. Schedler, C. G. Daniliuc and F.
Glorius, Angew. Chem., Int. Ed., 2014, 53, 10232; (i) J.-R. Huang, L.
Qin, Y.-Q. Zhu, Q. Song and L. Dong, Chem. Commun., 2015, 51,
2844; (j) L. Kong, M. Wang, F. Zhang, M. Xu and Y. Li, Org. Lett.,
2016, 18, 6124; (k) M. Zhang, Y. Duan, W. Li, Y. Cheng and C. Zhu,
Chem. Commun., 2016, 52, 4761; (/) L.-W. Chen, J.-L. Xie, H.-J.
Song, Y.-X. Liu, Y.-C. Gu and Q.-M. Wang, Org. Chem. Front., 2017,
4, 1731; (m) L. Kong, Y. Sun, Z. Zheng, R. Tang, M. Wang and Y. Li,
Org. Lett., 2018, 20, 5251; (n) X. Tang, H.-P. Zhu, J. Zhou, Y. Chen,
X.-L. Pan, L. Guo, J.-L. Li, C. Peng and W.-Huang, Org. Biomol.
Chem., 2018, 16, 8169; (0) X.-Y. Mao, X.-T. Lin, M. Yang, G.-S. Chen
and Y.-L. Liu, Adv. Synth. Catal., 2018, 360, 3643; (p) Y. Ji, X. He, C.

4| J. Name., 2012, 00, 1-3

Peng and W. Huang, Org. Biomol. Chem., 2019, 17, 2\%?@%(6@13&%%
Y.-B. Fang, X.-Y. Mao, M. Yang, Y.-L. Zhao PDOiL1hil) 3G /450 Chemcand
Y.-F. Ji, Adv. Synth. Catal., 2019, 361, 1408; (r) Y. Li and X. Zhao,
Org. Chem. Front., 2020, 7, 1663.

16 (a) H. Xu, J. He, J. Shi, L. Tan, D. Qiu, X. Luo and Y. Li, J. Am. Chem.
Soc., 2018, 140, 3555. (b) M. A. Kroc, M. Markiewicz, W. H. Pace,
D. J. Wink and L. L. Anderson, Chem. Commun., 2019, 55, 2309.

17 (a) J. Bariwal, L. G. Voskressensky and E. V. Van der Eycken, Chem.
Soc. Rev., 2018, 47, 3831; (b) W. H. Pearson, Y. Mi, I. Y. Lee and P.
Stoy, J. Am. Chem. Soc., 2001, 123, 6724; (c) M. T. Andrade, J. A.
Lima, A. C. Pinto, C. M. Rezende, M. P. Carvalho and R. A. Epifanio,
Bioorg. Med. Chem., 2005, 13, 4092; (d) C. Zheng and S. L. You,
Nat. Prod. Rep., 2019, 36, 1589; (e) M. S. Kirillova, F. M. Miloserdov
and A. M. Echavarren, Org. Chem. Front., 2018, 5, 273; (f) B. P.
Pritchett and B. M. Stoltz, Nat. Prod. Rep., 2018, 35, 559.

18 (a) J. Ahman, J. P. Wolfe, M. V. Troutman, M. Palucki and S. L.
Buchwald, J. Am. Chem. Soc., 1998, 120, 1918; (b) A. Chieffi, K.
Kamikawa, J. Ahman, J. M. Fox and S. L. Buchwald, Org. Lett., 2001,
3, 1897; (c) T. Hamada, A. Chieffi, J. Ahman and S. L. Buchwald, J.
Am. Chem. Soc., 2002, 124, 1261; (d) A. P. Kale, G. G. Pawar and
M. Kapur, Org. Lett., 2012, 14, 1808; (¢) W.-Y. Hou and Y.-K. Wu,
Org. Lett., 2017, 19, 1220.

19 1. Franzoni and A. |. Poblador-Bahamonde, Organometallics, 2016,
35, 2955.

20 S. Thiyagarajan, V. Krishnakumar and C. Gunanathan, Chem. —
Asian J., 2020, 15, 518.

This journal is © The Royal Society of Chemistry 20xx

Page 4 of 5


https://doi.org/10.1039/d0cc04935b

Page 5 of 5 ChemComm

View Article Online

a 0
Pd(MeCN),Cl, DOI: 10.1039/D0CC04935B
Pd(PPh3)4 a (5 mol%)
A mot) “PPh, (12mol%) »
I

® =Ar Ar
o=
alkyl 6 examples R

18 examples

°

® -arylation/aza Michael addition cascade ® o"-arylation/aza Michael addition cascade

Ar

Construction of spiro- and bridged heterocycles by a palladium-catalyzed

arylation/aza-Michael cascade reaction
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