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II. Special Topics

Possible Topics:
• heterocyclic chemistry
• pericyclic chemistry [Woodward-Hoffmann Rules]
• medicinal chemistry
• organometallic chemistry
• combinatorial chemistry
• microwave chemistry

II-A. HETEROCYCLIC CHEMISTRY
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Farina, V.; Reeves, J. T.; Senanayake, C. H.; Song, J. J., "Asymmetric
synthesis of active pharmaceutical ingredients." Chem. Rev. 2006, 106,
2734-2793.
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The Heterocyclic Chemistry of Azaindoles
• Structural and electronic properties:

• Azaindoles, or more correctly pyrrolopyridines, are π-deficient heterocycles, related to
pyridine & pyrrole but with a broader variation of pKa’s:

• These different pKa’s illustrate the push-pull interactions between the two parent rings; for
5- and 6-azaindoles, this is reminiscent of 4-aminopyridine (pKa 9.1), and for 4- and 7-
azaindoles, 2-aminopyridine (pKa 7.2) could be used as a comparison.

• The azaindole skeleton is only present in nature as fused polycyclic derivatives, such as
the variolins.

4-azaindole
1H-pyrrolo[3,2-b]pyridine
pKa = 6.94

5-azaindole
1H-pyrrolo[3,2-c]pyridine
pKa = 8.26

6-azaindole
1H-pyrrolo[2,3-c]pyridine
pKa = 7.95

7-azaindole
1H-pyrrolo[2,3-b]pyridine
pKa = 4.59
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• The following electrostatic charges and bond distances were calculated at the
DFT/BLY3P/6-31G* level:

• Structural and electronic properties (cont):

• Structural and electronic properties (cont):

Electron-density surface encoded
with the electrostatic potential

4 5

6 7
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• Structural and electronic properties (cont):

Electron-density surface encoded with the
ionization potential

4 5

6 7

• Structural and electronic properties (cont):

• HOMO and LUMO as calculated at the DFT/BLY3P/6-31G* level:

4 5

6 7
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• Structural and electronic properties (cont):

• The electrophilic frontier density measures the susceptibility of the substrate to attack by an electrophile.  It
reveals reactive sites based on the electron distribution of a set of active orbitals near the HOMO.  It is especially
useful for large molecules where several orbitals may have energies nearly equal to the HOMO [K. Fukui, et. al., J.
Chem. Phys., 11, 1433-1442 (1953)]. The susceptibility to an electrophilic attack is generated by a MOPAC/PM3
wavefunction for the chemical sample, at a geometry determined by performing an optimize geometry calculation
in MOPAC using PM3 parameters.

• Structural and electronic properties (cont):

• The nucleophilic frontier density measures the susceptibility of the substrate to attack by a
nucleophile.  It reveals reactive sites based on the electron distribution of a set of active orbitals near
the LUMO.  It is especially useful for large molecules where several orbitals may have energies nearly
equal to the LUMO.
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• Chemical properties of azaindoles
• Reactions with electrophilic reagents take place with substitution at C-3 or by addition to the
pyridine nitrogen. All azaindoles are much more stable to acid than indoles, no doubt due to the
diversion of protonation to the pyridine nitrogen, but the reactivity toward electrophilic attack at C-3 is
only slightly lower than in indoles. Alkylation under neutral conditions results in quaternization of the
pyridine nitrogen, and alkylation with sodium salts allows N-1 alkylation. Acylation under mild
conditions also occurs at N-1. For 7-azaindole, electrophilic substitution can be summarized as
follows:

• Chemical properties of azaindoles

• Nucleophilic displacement of halogen alpha- and gamma- to the pyridine nitrogen can
be carried our under vigorous conditions or long reaction times.  Reaction of 4-chloro-7-
azaindole with a secondary amine results in normal substitution of the halogen but
reaction with primary amines gives 5-azaindole rearrangement products by the sequence
shown below:
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• Chemical properties of azaindoles

• The reactivity of 4-chloro-1-methyl-5-azaindole toward nucleophilic substitution of
chlorine by piperidine can be compared with that of some related systems: it is
significantly less reactive than the most closely related bicyclic systems, probably due to
increased electron density in the six-membered ring resulting from donation from N-1
(J. Org. Chem. 1982, 47, 1500; Bull. Soc. Chim. Fr. 1973, 10, 511).

Relative rates for nucleophilic displacement with piperidine in MeO(CH2)2OH at 100
°C:

• Metalations of azaindoles

Tetrahedron 1997, 53, 3637
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• Metalations of azaindoles

L'Heureux, A.; Thibault, C.; Ruel, R. "Synthesis of functionalized 7-
azaindoles via directed ortho-metalations." Tetrahedron Letters
2004, 45, 2317-2319.
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Syntheses of Azaindoles
The earliest synthesis of this heterocycle dates back to 1943
(Chem. Ber. 1943, 76, 128).  To date, the most common
synthetic approaches include the Madelung-type
cyclization, a Reissert-type procedure, the Leimgruber-
Batcho reaction, a Lorenz-type cyclization, and Pd-
catalyzed reactions starting from iodoaminopyridines.
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Trejo, A.; Arzeno, H.; Browner, M.; Chanda, S.; Cheng, S.; Comer, D.
D.; Dalrymple, S. A.; Dunten, P.; Lafargue, J.; Lovejoy, B.; Freire-
Moar, J.; Lim, J.; McIntosh, J.; Miller, J.; Papp, E.; Reuter, D.;
Roberts, R.; Sanpablo, F.; Saunders, J.; Song, K.; Villasenor, A.;
Warren, S. D.; Welch, M.; Weller, P.; Whiteley, P. E.; Zeng, L.;
Goldstein, D. M. "Design and synthesis of 4-azaindoles as
inhibitors of P38 MAP kinase." Journal of Medicinal Chemistry
2003, 46, 4702-4713.
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Use of the Bartoli reaction: Zhang, Z.; Yang, Z.; Meanwell,
N. A.; Kadow, J. F.; Wang, T., "A General Method for the Preparation
of 4- and 6-Azaindoles." J. Org. Chem. 2002, 67, 2345-2347. Larger
substituents ortho to the nitro group produced higher yields, and a
halogen atom at the alpha- or 4-position of the pyridine is also highly
beneficial for this reaction:

4- and 6-azaindoles were
prepared, but this protocol should
also work for 5- and 7-azaindoles
from the appropriate
nitropyridines

Regioselective functionalization by the use of the N-
oxides of azaindoles:  Synthesis 1992, 661.
Direct functionalization at the 6-position of 7-azaindoles is rare, but
halogenation is facile using its N-oxide via a Reissert-Henze salt. HMDS
probably traps the HBr resulting from the acylation at N-1. While other
organic bases form ammonium salts with may serve as proton donors
(and thus lead to unreacted, protonated pyridine N-oxide), HMDS
generates ammonia and TMS-Br.
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Synthesis of variolin B
Ahaidar, A.; Fernandez, D.; Perez, O.; Danelon, G.; Cuevas, C.;

Manzanares, I.; Albericio, F.; Joule, J. A.; Alvarez, M. "Synthesis of variolin
B." Tetrahedron Letters 2003, 44, 6191-6194.

Variolins A-D; marine
heterocycles isolated from an
antarctic sponge that show
antiviral and antiproliferative
activities. Variolin D is inactive.

A lithium-carboxylate was used as
an N-protective group as described
by Katritzky for indole-2-lithiation
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A reductive photolysis of the tosyl group was accomplished using a high
pressure Hg lamp with a pyrex filter, and with hydrazine as a reducing
agent.

54

A process synthesis of a 7-azaindole
  Allegretti, M.; Anacardio, R.; Cesta, M. C.; Curti, R.; Mantovanini, M.;

Nano, G.; Topai, A.; Zampella, G. "A practical synthesis of 7-
azaindolylcarboxy-endo-tropanamide (DF 1012)." Organic Process Research
& Development 2003, 7, 209-213.

DF 1012 is a drug candidate in
a new class of non-narcotic
antitussive compounds, and was
prepared for phase II clinical
trials.

The synthetic route is based on
an unusual deprotection step of
a t-butylated intermediate, and
can also be regarded as a
convenient way to produce the
expensive parent 7-azaindole.
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The use of an N-benzyl
protective group had
failed, since its removal
was not possible. In
general, N-benzyl
pyrroles are difficult to
cleave.

  Nazare, M.; Schneider, C.; Lindenschmidt, A.; Will, D. W. "A flexible,
palladium-catalyzed indole and azaindole synthesis by direct annulation
of chloroanilines and chloroaminopyridines with ketones." Angewandte
Chemie, International Edition 2004, 43, 4526-4528.
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  An example of the Batcho-Leimgruber procedure:  Sanderson, P. E. J.;
Stanton, M. G.; Dorsey, B. D.; Lyle, T. A.; McDonough, C.; Sanders, W. M.;
Savage, K. L.; Naylor-Olsen, A. M.; Krueger, J. A.; Lewis, S. D.; Lucas, B. J.; Lynch,
J. J.; Yan, Y. "Azaindoles: Moderately basic P1 groups for enhancing the selectivity
of thrombin inhibitors." Bioorganic & Medicinal Chemistry Letters 2003, 13, 795-
798.

Siu, J.; Baxendale, I. R.; Ley, S. V. "Microwave-assisted Leimgruber-
Batcho reaction for the preparation of indoles, azaindoles, and
pyrroloquinolines." Organic & Biomolecular Chemistry 2004, 2, 160-
167.
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• Carbolithiation route to azaindoles

Cottineau, B.; O'Shea, D. F. "Carbolithiation of vinyl pyridines as a
route to 7-azaindoles." Tetrahedron Letters 2005, 46, 1935-1938.
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