Organic &
Biomolecular
Chemistry

Accepted Manuscript

This is an Accepted Manuscript, which has been through the
Organic& Royal Society of Chemistry peer review process and has been
Biomolecular accepted for publication.

Chemistry

Accepted Manuscripts are published online shortly after
acceptance, before technical editing, formatting and proof reading.
Using this free service, authors can make their results available

to the community, in citable form, before we publish the edited
article. We will replace this Accepted Manuscript with the edited
and formatted Advance Article as soon as it is available.

You can find more information about Accepted Manuscripts in the
Information for Authors.

Please note that technical editing may introduce minor changes
to the text and/or graphics, which may alter content. The journal's
standard Terms & Conditions and the Ethical guidelines still
l(’msm apply. In no event shall the Royal Society of Chemistry be held

2 responsible for any errors or omissions in this Accepted Manuscript
or any consequences arising from the use of any information it
contains.

[y RO~YAL SOCIETY
OF CHEMISTRY WWW.rsc.org/obc


http://www.rsc.org/Publishing/Journals/guidelines/AuthorGuidelines/JournalPolicy/accepted_manuscripts.asp
http://www.rsc.org/help/termsconditions.asp
http://www.rsc.org/publishing/journals/guidelines/

Page 1 of 4

Journal Name

COMMUNICATION

Organic & Biomolecular Chemistry

RSCPublishing

Synthesis of novel tryptamine-based macrocycles using

Cite this: DOI: 10.1039/X0XxX00000X

reaction protocol

Received ooth January 2012,
Accepted ooth January 2012

DOI: 10.1039/X0XX00000X

www.rsc.org/

A practical synthesis of novel tryptamine-based macrocycles
using a Ugi 4-CR/click-cycloaddition sequential reaction
protocol is described. The main features of the macrocyclic
scaffolds are a peptoid moiety, a 1,3-substituted indole
nucleus, and a triazole ring.

The impact of macrocyclic structures on modern medicinal
chemistry is demonstrated by the diverse structures that display
significant biological properties.! The prevalence of macrocyclic
structures in natural products’ and synthetic derivatives® has
stimulated the development of elegant and efficient syntheses,
particularly as applied to the search for new drugs.! The indole
heterocyclic system is found in several natural and synthetic
macrocyclic structues, many of them with remarkable biological
functions.* The indole heterocyclic platform is frequently found in
alkaloid compounds, especially those that regulate biological
functions.*® The biosynthesis of most of the these natural alkaloids
derives from the amino acid tryptophan and/or its decarboxylated
derivative tryptamine.”

Ruboxistaurine (1) 3

Figure 1. Indole-based macrocycles.

Ruboxistaurin 1 (Figure 1), for example, is a synthetic bis-1,3-
disubstituted indole macrocyclic molecule found to selectively
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a Ugi 4-CR/microwave assisted click-cycloaddition

Lizbeth Chavez-Acevedo® and Luis D. Miranda. “*

inhibit protein kinase C beta (PKC-3) and has been proposed for the
treatment of diabetic retinopathy and macular edema.® Interestingly
in related inhibitory molecules 2 and 3, the kinase selectivity could
be modulated by changing the size of the macrocycle. Shorter chains
caused a conformational change of the bis-indoles leading to
preference for the anti-conformer 2 (Figure 1) and providing some
selectivity towards inhibition of GSK3-f. In contrast, longer chains
favored syn-conformer 3, resulting in enhanced PKC-B inhibition.®
In the active macrocycle 3, three main structural motifs are
anticipated: a 1,3-substituted indole, an imide, and a 1,4-substituted
pyridine ring (nitrogenated heterocyclic system). Encouraged by the
interest in the macrocyclic 1,3-substituted indole units, we developed
a methodology for the synthesis of macrocyclic structures with
various ring sizes that would contain a peptoid moiety, a 1,3-
substituted indole (tryptamine-based), and a triazole ring, with the
general structure of 4 (Scheme 1).
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Scheme 1. Construction of macrocycles containing a 1,3-substituted indole, a
peptoid moiety and a triazole..

In recent years both the Ugi four component reaction (4-CR) and
the copper(I)-catalyzed azide alkyne cycloaddition (CuAAC), the
most frequently used “click” reaction, have emerged as efficient
methodologies for the construction of a range of different
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macrocyclic structures for different purposes.’ It is worth noting that
both  methodologies  produce  adducts  with  important
pharmacological properties. Accordingly, the Ugi 4-CR reaction
represents a highly convergent and effective methodology for the
construction of peptoid backbones from four different starting
materials (an aldehyde, a carboxylic acid, an amine, and an
isocyanide).'® The structure of the peptoid motif, obtained in a Ugi
4-CR, can be modulated by choosing the appropriate structures for
the four component-input set. On the other hand, CuAAC have been
utilized as an efficient protocol to close macrocycles of different
sizes by formation of 1-4 triazoles.'' In this report, we describe a
practical approach for rapid access to a tryptamine-based
macrocyclic skeleton containing a peptoid Ugi-adduct and a 1,4-
substituted triazole.

The structure of N-alkylated tryptamine 6a-d was chosen as the
template from which the macrocycle would be constructed in
accordance with the Scheme 2. Accordingly, the N-Boc tryptamine
was alkylated with the corresponding alkyldihalide reagent (for n=2,
1,2-dichloroethane, for n=3, 1-bromo-3-chloropropane, for n=4 1,4-
dibromobutane and for n=5, 1,5-dibromopentane were used; Scheme
2). Then, the remaining halide in the side alkyl chain was substituted
by an azide group under standard conditions, and finally, removal of
the Boc protection of the amine (Scheme 2). In the case of the
alkylation with 1-bromo-3-chloropropane (n=3), NaH was used as a
base in anhydrous THF to avoid the competing bromo elimination
process. It is worth pointing out that starting amines 6a-d could be
obtained in gram scale in good overall yields over the three steps,
and required only one column chromatography purification (Scheme
2).
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N ior ii, NHe  6an=2 80%
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Scheme 2. Conditions. i. X(CH,),X, n-BusNI, NaOH 50%, THF, 50 °C, 8 h.
ii. For n=3, NaH, THF, r.t. iii. NaN3;, DMSO, 80 °C, 3 h. iv. HCOOH 0.3M,
0.5h

We chose propargyl aldehyde 7 as the aldehyde input in the Ugi
reaction. This reagent was prepared by propargylation of 4-
hydroxybenzaldehyde under previously reported reactions
conditions."?

With the amines 6a-d and aldehyde 7 components in hand, we

sought to optimize the Ugi four-component reaction conditions. We
first investigated our previously reported conditions'® by performing
the reaction at room temperature in methanol in the presence of
InCl; as catalyst. Under these conditions the Ugi adduct was isolated
in 60% along with recovery of starting materials. Later a brief survey
of conditions indicated that the presence of InCl; was not necessary.
High temperature also was not beneficial for the reaction. The use
of dichloromethane or acetonitrile as the solvent did not improve the
product yield (See S11 in supporting information). Thus the
transformation proceeded in acceptable 75% yield, in a 1M solution
of 1 equivalent of each component, using methanol as the solvent
and during 48 h, at room temperature. Under these conditions,
twelve Ugi adducts were prepared from amines 6a-d and
benzaldehyde 7 using acetic (10-12, 16, 18, 20) or benzoic acid (13-
15, 17, 19, 21) in combinations with three different isonitriles,
including  fert-butylisonitrile (10, 13, 16-18, 19-21),
cyclohexylisonitrile (11 and 14), and 2,6-dimethylphenylisonitrile
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(12, 15); these were all commercially available reagents. Yields and
structures of the products of these reactions are presented in Table 1.
Except for the adduct 19 which was obtained in a low 26% yield,
most the other products were obtained in moderate to good yields
(Table 1).

Table 1. Ugi four-component reactions.
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@

O

21 (59%)

Conditions: 1 eq amine, 1 eq aldehyde, 1 eq isocyanide, 1 eq acid in MeOH
1M, 48 h, r.t.

We then undertook the macrocyclization process using the Ugi
adducts as substrates in the copper(I)-catalyzed azide-alkyne
cycloaddition (CuAAC). Thus, Ugi adduct 10 was chosen as the
model compound to optimize the reaction conditions to obtain the
18-membered macrocyclic scaffold 22 (Table 2). The first attempt
for the cyclization process was based on the methodology reported
by Marcaurelle and coworkers' using Amberlyst 21/CuPF, in
toluene at 0.02M concentration (entry 1). Under these conditions the
starting material at room temperature was recovered unchanged;
however, when the reaction was heated to reflux (entry 2), 48% yield
of the desired product was obtained along with 52% of recovered
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starting material. The use of TBTA (tris[(1-benzyl-1H-1,2,3-triazol-
4-yl)methylJamine) and Cu(MeCN),BF, in dichloroethane, as
reported by James and Chouhan' (entry 3), yielded the macrocyclic
product in a similar 50%. In the absence of the TBTA, formation of
the product was not observed (entry 4) and with shorter reaction time
under microwave irradiation, the product yield was slightly
decreased (entry 5). We increased the temperature of the reaction to
110 °C by using toluene as the solvent and the reaction was carried
out using 20 mol% of inexpensive CuBr'® and DBU as a base, under
a more dilute concentration (0.005M); under these conditions, we
initially recovered only the starting material (entry 6). However,
when microwave irradiation was used, the expected macrocycle 22
was obtained in 32% (entry 7). Finally, the use of 40 mol% of CuBr
under microwave conditions lead to the isolation of the product in a
satisfactory 75% yield (entry 8).

Organic & Biomolecular Chemistry

a different aromatic system (i.e., 1,3-substituted indole) and/or with
variations in chain length. These experiments along with the study of
cytotoxic activity of these macrocycles are in progress in our
laboratory and will be reported in due course.

Table 3. Microwave assisted click-cycloaddition reaction protocol.

Table 2. Optimization of the azide-alkyne cycloadditions for the
transformation of 10 into 22.
Ex copper source additive solvent temp. time Yield
(WO )] (%)
1 Amberlyst - Toluene 25 72 -
21/CuPF¢ 0.02M
2° Amberlyst Toluene 110 72 48%
21/CuPFs - 0.02M
3@ Cu(MeCN),BF, TBTA DCE 55 72 50%
5 mol% 5 mol% 0.01M
4? Cu(MeCN)4BF4 - DCE 55 72 -
5 mol% 0.02M
5 Cu(MeCN)4BF4 TBTA DCE 55 4 42%
5 mol% 5 mol% 0.02M
6° CuBr DBU Toluene 110 72 -
20 mol% 100 mol% 0.005M
7° CuBr DBU Toluene 110 4 32%
20 mol% 100 mol% 0.005M
8® CuBr DBU Toluene 110 4 75%
40 mol% 100 mol% 0.005M

“ Conventional heat. * Microwave

Once the optimized conditions were established, the remaining
Ugi adducts were submitted to the macrocyclic process. Thus,
macrocycles 23 and 24 where the isonitrile moiety was varied
(cyclohexyl and 2,6-dimethylphenyl substituents) were obtained
both in good yields from 11 and 12, respectively. The structure of 24
was confirmed by single-crystal X-ray diffraction analysis (Figure
2)."7 Likewise, introduction of the benzoic acid moiety did not affect
the performance of the macrocyclization process and 25-27 were
obtained also in good yields from the corresponding azide-alkyne
13-15. Parent homologues 28 and 29 were obtained from the
respective Ugi adducts 16 and 17, though in lower yields. A
remarkable difference in the macrocyclization process was observed
when adduct 18 and 19, bearing four carbon atoms in the N-alkyl
chain of the indole, were submitted to the macrocyclization process.
Acetic acid derivative 18 afforded macrocycle 30 in 48% yield,
while the analog derived from benzoic acid 19 gave the
corresponding product 31 in superior 92% yield. Interestingly, the
addition of one more atom in the chain allowed the macrocyclization
process and 32 and 33 were obtained from adducts 20 and 21 in 38%
and 52% yields, respectively. Table 3 summarizes twelve novel
tryptamine- derived macrocycles obtained through the Ugi reaction
followed by a click-macrocyclization process. It is worth noting that
the present protocol opens up a practical entry to explore structural
diversity in this later class of macrocycles, not only by further
variation of the isonitrile and carboxylic acid moieties, but also by
the alternative use of different alkynyl-aldehydes (analogs of 7) with

This journal is © The Royal Society of Chemistry 2012

CuBr, (0.4 eq)
DBU
toluene 0.005 M,
110 °C, mw.
nt b\ /
n= 2,3,4,5 n=1,2,3,4
22 (75%)
) 6% 24 (60%
25 (67%) 0% 27 (80%

e e
31 (92%) N N
32 (38%) 33 (52%)

Conditions: 1eq Ugi adduct, leq DBU, 0.4 eq CuBr in toluene 0.005 M, 6 h,
110 °C, mw.
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Figure 2. ORTEP representation of the molecular structure of compound
2417

Conclusions

In closing, we have achieved a practical synthesis of novel
tryptamine-based macrocycles using a Ugi 4-CR/click-cycloaddition
sequential reaction protocol. The main features of the macrocyclic
scaffolds are a peptoid moiety, a 1,3-substituted indole nucleus, and
a triazole ring. The present protocol offered the opportunity to
explore structural diversity by variation of the isonitriles and
carboxylic acids in the four-component set in the Ugi reaction, and
leaves room for further exploration of structural and biological
functional diversity in these novel macrocyclic scaffolds.

Notes and references

¢ Instituto de Quimica, Universidad Nacional Auténoma de México,
Circuito Exterior S.N., Ciudad Universitaria, Coyoacan, México, D.F.
04510, México.

Financial support from CONACYT (167092) is gratefully acknowledged.
We thank R. Patifio, A. Pefia, R. Gabifio, E. Huerta, I. Chavez, H. Garcia-
Rios, L. Velasco, and J. Pérez, and A. Toscano and S. Hernandez-Ortega
for technical support (Instituto de Quimica UNAM).

Electronic Supplementary Information (ESI) available: Experimental
procedures, NMR spectra and characterization for new materials. See
DOI: 10.1039/c000000x/

(a) X. Yu and D. Sun, Molecules, 2013, 18, 6230-6268. (b) E.M.
Driggers, S. P. Hale, J. Lee, N. K. Terrett Nat. Rev. Drug Discov.
2008, 7, 608-624. (c) L. A. Wessjohann, E. Ruijter, D. Garcia-
Rivera, W. Brandt, Mol. Divers. 2005, 9, 171-186. (d) B. F. Ruan,H.
L. Zhu, Curr. Med. Chem. 2012, 19, 2652-2664. (e) E. Marsault and
M. L. Peterson, J. Med. Chem., 2011, 54, 1961-2004.

J. Mallinson and 1. Collins, Future Med. Chem., 2012 4(11), 1409—
1438.

(a) A. L. Pietkiewicz, H. Wahyudi, J. R. McConnell and S. R.
McAlpine, Tet. Lett., 2014, 55, 6979-6982. (b) F. Olmo, M. P.
Clares, C. Marin, J. Gonzalez, M. Inclan, C. Soriano, K. Urbanova,
R. Tejero, M. J. Rosales, R. L. Krauth-Siegel, M. Sanchez Moreno
and E. Garcia-Espafia, RSC Adv., 2014, 4, 65108. (c) J. Tang, S. A.
Jones, J. L. Jeffery, S. R. Miranda, C. M. Galardi, D. M. Irlbeck, K.
W. Brown, C. B. McDanal, N. Han, D. Gao, Y. Wu, B. Shen, C. Liu,
C. Xi, H. Yang, R. Li, Y Yu, Y. Sun, Z. Jin, E. Wang and B. A.
Johns, Med. Chem. J, 2014, 8,23-27.

4.  (a) H. Ishikawa, D. A. Colby, and D. L. Boger, J. Am. Chem. Soc.,
2008, 130, 420-421 (b)W. Hu, F. Zhang, Z. Xu, Q. Liu, Yuxin Cui,
and Y. Jia, Org. Lett., 2010,12, 5, 956-959. (c) R. Alvarez, V. Lopez,
C. Mateo, M. Medarde, and R. Pelaez, J. Org. Chem., 2014, 79,
6840—6857. (¢) S. Vendeville, T. Lin, L. Hu, A. Tahri, D. McGowan,

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

10.

11.

12.

13.

14.

15.
16.

17.

M. D. Cummings, K. Amssoms, M. Canard, S. Last, I. Steen, B.
Devogelaere, M. C. Rouan, L. Vijgen, J.M. Berke, P. Dehertogh, E.
Fransen, E. Cleiren, L. Helm, G. Fanning, K. Emelen, O. Nyanguile,
K. Simmen, and P. Raboisson, Bioorg. Med. Chem. Lett., 2012, 22,
4437— 4443. (d) K. J. Chang, D. Moon, M. S. Lah and K. S. Jeong,
Angew. Chem. Int. Ed., 2005, 44, 7926 —7929.

(a) M.-Z. Zhang, Q. Chen and G.-F. Yang, European Journal of
Medicinal Chemistry, 2015, 89, 421-441. (b) K. Speck and T.
Magauer, Beilstein J. Org. Chem., 2013, 9, 2048-2078. (c) W. Gul
and M. T. Hamann, Life Sciences, 2005, 78, 442 — 453.

H. Zhang, L1. V. R. Bofiaga, H. Ye, C. K. Derian, B. P. Damiano and
B. E. Maryanoff, Bioorg. Med. Chem. Lett., 2007, 17, 2863-2868.

R. B. Herbert, The Alkaloids, 1982, 12, 1-34.

S. Bartlett, G. S. Beddard, R. M. Jackson, V. Kayser, C. Kilner, A.
Leach, A. Nelson, P. R. Oledzki, P. Parker, G. D. Reid, and S. L.
Warriner, J. Am. Chem. Soc., 2005, 127, 11699-11708.

(a) T. M. A. Barlow, M. Jida, D. Tourw¢, and S. Ballet, Org. Biomol.
Chem., 2014, 12, 6986-6989. (b) F. Tahoori, S. Balalaie, R.
Sheikhnejad, M. Sadjadi, and P. Boloori, Amino Acids, 2014, 46,
1033-1046. (c) M. Samarasimhareddy, H. P. Hemantha, and V. V.
Sureshbabu, Tetrahedron Letters, 2012, 53, 3104-3107. (d) T. Pirali,
V. Faccio, R. Mossetti, A. A. Grolla, S. Di Micco, G. Bifulco, A. A.
Genazzani, and G. C. Tron, Mol. Divers., 2010, 14, 109—121. (e) T.
Pirali, G. C. Tron, and J. Zhu, Org. Lett., 2006, 8, 4145-4148.

(a) A. Domling and 1. Ugi, Angew. Chem. Int. Ed., 2000, 39, 3168-
3210; (b) L. A. Wessjohann, D.G. Rivera and O.E. Vercillo, Chem.
Rev. 2009, 109, 796-814; (c) L.A. Wessjohann and E. Ruijter,
Molecular Diversity, 2005, 9, 159-169; (d) D. G. Rivera, A. V.
Vasco, R. Echemenda, O. Concepcion, C. S. Pérez, J. A. Gavn and L.
A. Wessjohann, Chem. Eur. J. 2014, 20, 13150 — 13161.

For a review of click chemistry (a) H. C. Kolb, M. G. Finn, K. B.
Sharpless, Angew. Chem. Int. Ed., 2001, 40, 2004-2021; For reviews
on application of “Click” Chemistry to the Construction of
macrocycles see: (b) L. Xu, Y. Li and Y. Li, 4sian J. Org. Chem.,
2014, 3, 582-602; (c) D. Pasini, Molecules, 2013, 18, 9512-9530; (d)
G. C. Tron, T. Pirali, R.A. Billington, P. L. Canonico, G. Sorba and
A. A. Genazzani, Medicinal Research Reviews, 2008, 28, 278-308.

S. C. Zammit, A. J. Cox, R. M. Gowb, Y. Zhang, R. E. Gilbert, H.
Krum, D. J. Kelly and S. J. Williams, Bioorg. Med. Chem. Lett.,
2009,19, (24), 7003-7006.

M. A. Cano-Herrera and L. D. Miranda, Chem. Commun., 2011, 47,
10770-10772.

A. Kelly, J. Wei, S. Kesavan, J.-C. Marie, N. Windmon, D. Young
and L. Marcaurelle, Org. Lett. 2009, 11, 2257-2250.

G. Chouhan and K. James, Org. Lett. 2011,13,2754-2757.

R. Echemendia, O. Concepcion, F. Morales, M. Paixao and D.
Rivera, Tetrahedron, 2014, 70, 3297-3305.

ORTEP representation of the molecular structure of compound X in
the crystal with 30% ellipsoid probability. The hydrogen atoms are
omitted for clarity. CCDC1043211
crystallography data for this paper. Copies of these data can be

contain the supplementary

obtained, free of charge, from the Cambridge Crystallographic Data
Center via www.ccdc.cam.ac.uk/data_request/cif.

This journal is © The Royal Society of Chemistry 2012

Page 4 of 4



