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Figure 1. Bioactive bicyclic pyrrolidines.

Please cite this article in press as: Hunter, J.; et al. Tetrahedron Lett. (2016), http://dx.doi.org/10.1016/j.tetlet.2016.05.029
Jamie Hunter, Christopher M. Pask, Visuvanathar Sridharan ⇑
School of Chemistry, University of Leeds, LS2 9JT, UK

a r t i c l e i n f o
Article history:
Received 14 April 2016
Revised 27 April 2016
Accepted 9 May 2016
Available online xxxx

Keywords:
Iridium
Dehydrogenation
1,3-Dipolar cycloaddition
Azomethine ylide
Multicomponent reaction
a b s t r a c t

A three component iridium-catalyzed 1,3-dipolar cycloaddition reaction has been used for the synthesis
of fused ring heterocycles as endo/exo isomers, in good yields with the formation of three new bonds and
four stereo centers.
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Bicyclic pyrrolidines are important heterocycles and form the
structural skeletons of a wide range of compounds which exhibit
bioactivities for a variety of medical conditions. Some of these
medicinal properties include HIV inhibitors,1 as well as antifungal,
antibacterial,2 and antithrombotic activities3 (Fig. 1).

It has become increasingly more important in the drug discov-
ery process that new facile methods are developed in which more
complex variants of these heterocyclic scaffolds may be produced
in ‘greener’ ways. This can be achieved by using more selective
methods where the number of steps involved and the amount of
solvents used and waste produced are reduced, allowing the pro-
cess to be more efficient and environmentally friendly.

Nonstabilized azomethine ylides are highly reactive intermedi-
ates. Classical methods to generate nonstabilized azomethine
ylides include desilylation of the methyl iminium ion,4 reaction
of N-oxides with strong base,5 and condensation of a-amino acids
with carbonyl compounds.6

Our group and others have been involved in generating stabi-
lized and non-stabilized azomethine ylides and subsequent 1,3-
dipolar cycloaddition reactions either via a metal catalyzed route
or a thermal decarboxylation pathway.6,7

Indirect functionalizationof alcoholsusing catalytic amounts of a
metal complex andbasewhich generates onlywater as a by-product
is an attractive green alternative to standard CAC and CAN bond
forming reactions. These cascades are termed as redox—neutral,
hydrogen auto transfer or hydrogenborrowingprocesses. Our group
and others have been involved in the alkylation of amines and active
methylene compounds using alcohols catalyzed by iridium, rho-
dium, and rutheniumcomplexes, to formnewCANandCAC bonds.8

In this communication we report a novel one-pot three compo-
nent iridium catalyzed dehydrogenation/1,3-dipolar cycloaddition
cascade utilizing alcohols to generate fused-ring heterocycles with
the formation of three new bonds and four stereo centers
(Scheme 1, path A).

The initial reaction was performed using 3,4-dimethoxybenzy-
lalcohol (1 mmol), L-proline (1.5 mmol), N-methylmaleimide
(2 mmol), Cs2CO3 (0.2 mmol), and [IrCp*Cl2]2 (0.05 mmol) in
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Scheme 1. Ir-catalyzed three component cycloaddition cascade.

Table 1
Iridium catalyzed three component cycloaddition reactiona

Entry Alcohol Product Yieldb (%)
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a Dipolarophile (2 mmol), L-proline (1.2 mmol), an alcohol (1 mmol), Cs2CO3, (20 mol %), and [IrCp*Cl2]2 (5 mol %) toluene (10 mL) were stirred under reflux (110 �C 24 h).
b Isomers were separated and isolated total yield.
c Only major isomer was isolated.
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toluene (10 mL) at reflux for (110 �C, 24 h) affording the endo and
exo cycloadducts, 5 and 6, in 73% total yield and a ratio of 0.6:1
(Table 1, entry 1). endo/exo ratios were determined by NMR of
the crude reaction mixture. Two equivalents of maleimide were
used to regenerate the active iridium catalyst by acting as a recip-
ient for the hydrogen removed from 3,4-dimethoxybenzylalcohol
during the dehydrogenation process. The relative stereochemistry
of cycloadducts 5 and 6 were assigned using NOE studies and con-
firmed by single crystal X-ray crystallography (Fig. 2).9 The
cycloaddition occurred via the endo/exo transition states of the anti
dipole 1 (with respect to the aryl ring and maleimide) (Scheme 1,
path A). In the above process none of product 4 was formed from
the redox-neutral pathway (Scheme 1, path B). Moreover no reac-
tion took place in the presence of Cs2CO3 alone, indicating that the
combination of the iridium complex and base was necessary for
the reaction.

Benzyl alcohols substituted with electron donating groups read-
ily underwent cycloaddition reaction to afford the endo/exo prod-
ucts 5–12 in good yields (40–77%) (Table 1, entries 1–4). The
endo/exo selectivity trends were similar throughout the series.
However, benzyl alcohols substituted with an electron withdraw-
ing group resulted in a low yield of the cycloadducts (Table 1, entry
5

6 

Figure 2. Single crystal structures determined by X-ray diffraction.
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Scheme 2. Proposed mechanism for Ir-catalyzed 3-component reaction.
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5). The heteroaromatic alcohol, thiophene-2-methanol, was also
used in the above reaction to give the desired product (Table 1,
entry 6) in good yield.

The proposed mechanism for the formation of the fused ring
cycloadducts is shown in Scheme 2.

Iridium catalyzed oxidation of the benzylic alcohol to the corre-
sponding aldehyde followed by condensation with proline gener-
ates the azomethine ylide 1 which undergoes 1,3-dipolar
cycloaddition reaction with N-methylmaleimide or N-phenyl-
maleimide to produce the endo and exo cycloadducts 2 and 3.

In conclusion we have developed a novel one-pot, three compo-
nent iridium catalyzed dehydrogenation/1,3-dipolar cycloaddition
cascade utilizing alcohols to generate fused-ring heterocycles with
the formation of three new bonds and four stereo centers in good
yields.

Acknowledgments

We thank Leeds University for support.

Supplementary data

Supplementary data associated with this article can be found, in
the online version, at http://dx.doi.org/10.1016/j.tetlet.2016.05.
029.

References and notes

1. Gupta, P.; Garg, P.; Roy, N. Med. Chem. Res. 2013, 22, 5014–5028.
2. Darwish, S. E. Molecules 2008, 13, 1066–1078.
3. Schoenafinger, K.; Steinhagen, H..; Scheiper, B.; Heinelt, U.; Wehner, V.;

Herrmann, M. PCT Int. Appl. WO/2013/0040943 A1.
4. (a) Vedejs, E.; Martinez, G. R. J. Am. Chem. Soc. 1979, 101, 6452–6454; (b) Imai,

N.; Tokiwa, H.; Akahori, Y.; Achiwa, K. Chem. Lett. 1986, 1113–1116; (c) Vedejs,
E.; West, F. G. Chem. Rev. 1986, 86, 941–955; (d) Tsuge, O.; Kanemasa, S.; Hatada,
A.; Matsuda, K. Bull. Chem. Soc. Jpn. 1986, 59, 2537–2545; (e) Padwa, A.; Dent, W.
J. Org. Chem. 1987, 52, 235–244; (f) Tsuge, O.; Kanemasa, S.; Yamada, T.;
Matsuda, K. J. Org. Chem. 1987, 52, 2523–2530; (g) Pandey, G.; Lakshmaiah, G.;
Kumaraswamy, G. J. Chem. Soc., Chem. Commun. 1992, 1313–1314; (h) D’Souza,
A. M.; Spiccia, N.; Basutto, J.; Jokisz, P.; Wong, L. S.-M.; Meyer, A. G.; Holmes, A.
B.; White, J. M.; Ryan, J. H.; Org, L.; Chataigner, I.; Piettre, S. R. Chem. Eur. J. 2013,
19, 7181–7192; (i) Buev, E. M.; Moshkin, V. S.; Sosnovskikh, V. Y. Tetrahedron
16), http://dx.doi.org/10.1016/j.tetlet.2016.05.029

http://dx.doi.org/10.1016/j.tetlet.2016.05.029
http://dx.doi.org/10.1016/j.tetlet.2016.05.029
http://refhub.elsevier.com/S0040-4039(16)30543-3/h0005
http://refhub.elsevier.com/S0040-4039(16)30543-3/h0010
http://refhub.elsevier.com/S0040-4039(16)30543-3/h0020
http://refhub.elsevier.com/S0040-4039(16)30543-3/h0025
http://refhub.elsevier.com/S0040-4039(16)30543-3/h0025
http://refhub.elsevier.com/S0040-4039(16)30543-3/h0030
http://refhub.elsevier.com/S0040-4039(16)30543-3/h0030
http://refhub.elsevier.com/S0040-4039(16)30543-3/h0035
http://refhub.elsevier.com/S0040-4039(16)30543-3/h0035
http://refhub.elsevier.com/S0040-4039(16)30543-3/h0040
http://refhub.elsevier.com/S0040-4039(16)30543-3/h0040
http://refhub.elsevier.com/S0040-4039(16)30543-3/h0045
http://refhub.elsevier.com/S0040-4039(16)30543-3/h0045
http://refhub.elsevier.com/S0040-4039(16)30543-3/h0050
http://refhub.elsevier.com/S0040-4039(16)30543-3/h0050
http://refhub.elsevier.com/S0040-4039(16)30543-3/h0055
http://refhub.elsevier.com/S0040-4039(16)30543-3/h0055
http://refhub.elsevier.com/S0040-4039(16)30543-3/h0055
http://refhub.elsevier.com/S0040-4039(16)30543-3/h0055
http://refhub.elsevier.com/S0040-4039(16)30543-3/h0060
http://dx.doi.org/10.1016/j.tetlet.2016.05.029


4 J. Hunter et al. / Tetrahedron Letters xxx (2016) xxx–xxx
Lett. 2015, 56, 6590–6592; (j) McAlpine, I.; Tran-Dubé, M.; Wang, F.; Scales, S.;
Matthews, J.; Collins, M. R.; Nair, S. K.; Nguyen, M.; Bian, J.; Alsina, L. M.; Sun, J.;
Zhong, J.; Warmus, J. S.; O’Neill, B. T. J. Org. Chem. 2015, 80, 7266–7274.

5. (a) Beugelmans, R.; Negron, G.; Roussi, G. J. Chem. Soc., Chem. Commun. 1983, 31–
32; (b) Davoren, J. E.; Gray, D. L.; Harris, A. R.; Nason, D. M.; Xu, W. Synlett 2010,
2490–2492.

6. (a) Rizzi, G. P. J. Org. Chem. 1970, 35, 2069–2072; (b) Grigg, R.; Aly, M. F.;
Sridharan, V.; Thianpatanagul, S. J. Chem. Soc., Chem. Commun. 1984, 182–183;
(c) Tsuge, O.; Kanemasa, S.; Ohe, M.; Takenaka, S. Chem. Lett. 1986, 973–976; (d)
Grigg, R.; Idle, J.; McMeekin, P.; Surendrakumar, S.; Vipond, D. J. Chem. Soc.,
Perkin Trans. 1 1988, 2703–2713; (e) Orsini, F.; Pelizzoni, F.; Forte, M.; Destro, R.;
Gariboldi, P. Tetrahedron 1988, 44, 519–541; (f) Nyerges, M.; Fejes, I.; Virányi, A.;
Groundwater, P. W.; Töke, L. Synthesis 2001, 1479–1482; (g) Častulík, J.; Marek,
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