Accepted Manuscript

Unusual formation of novel highly substituted N-(3-indolyl)-imidazoles

Ji Qu, Mohan Bhadbhade, Naresh Kumar, David StC. Black

Pll: S0040-4020(18)31334-6
DOI: https://doi.org/10.1016/j.tet.2018.11.007
Reference: TET 29918

To appearin:  Tetrahedron

Received Date: 8 October 2018
Revised Date: 2 November 2018
Accepted Date: 5 November 2018

Please cite this article as: Qu J, Bhadbhade M, Kumar N, Black DS, Unusual formation of novel highly
substituted N-(3-indolyl)-imidazoles, Tefrahedron (2018), doi: https://doi.org/10.1016/j.tet.2018.11.007.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to

our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.



https://doi.org/10.1016/j.tet.2018.11.007
https://doi.org/10.1016/j.tet.2018.11.007

Graphical Abstract

Unusual formation of novel highly
substituted N-(3-indolyl)-imidazoles

Ji Qu, Mohan Bhadbhade, Naresh Kumar, David Stéci8|

R

HN)QO

N
H

Y

Leave this area blank for abstract info.

To create your abstract, type over the instructiortke template box below.

Fonts or abstract dimensions should not be chaogetlered.




Tetrahedron 1

Unusual formation of novel highly substitutedN-(3-indolyl)-

Imidazoles

Ji Qu, Mohan Bhadbhade, Naresh Kumar, David Stéci8l
School of Chemistry, The University of New South Wales, UNSW Sydney, NSW 2052, Australia

Abstract— . © 2018 Elsevier Science. All rights reservetealment of 3-amidoindoles with phosphoryl chlorielzds to a dimerization
of the resulting iminochlorides to form tetrasubggd imidazoles in moderate yield. One indole timglergoes ring-opening to allow the
formation of the imidazole ring. This strategicadiynple synthesis considerably expands the scogeliveringN-indolylimidazoles.
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1. Introduction

Imidazoles are commonly synthesized from 1,2-dica Me
compounds and aldehydes in the presence of amrhonia. Me, o
Tetraphenyl imidazoles can be synthesized from dienz NOH (@) HN
aniline and benzaldehydgspr from benzil, benzonitrile N ph P ©\/\g,ph
and aniline or related primary amirf&s. N = N

b Ph
Although highly substituted imidazoles are well Wmoin ' ¢ 4-BrCgH, %
the literature, compounds linking indole and imidlaz (")l g j:'(:-\’(l:iﬂjét
rings are not common. However, the indole-imidazol f 4-MeOCgH, R
structure features in some bioactive alkaloids. NH, HN/QO
Granulatimide and isogranulatimide, isolated frohe t (i)
Brazilian ascidiarDidemmum granulatum,” are strong G2 H—ph —_— ©\/\g—Ph
checkpoint inhibitors® and have been synthesizZédhese N N
link the indole through C2 to the imidazole C4 aNd 2
respectively. The bicyclic peptide moroidin, whishows Ay 3b-f
potent inhibitory activity on tubulin assembly, hbheen R
isolated from the seeds 6&losia argentea and the leaves N=
of Laportea moroides,***and has also been synthesized. O \
The linkage in this case is also from the indolet€2he N
imidazole N1. The nortopsentins and topsentindated Hoy

from deep-sea sponges, and which show potent antiec
activity, contain indole rings attached through ith€3
positions to C2 and C4 positions of an imidazofg.ri For Scheme 1.Conditions: (i) conc. HSO,, MeCN, 64%; (ii)
example, topsentin A has been isolated frdopsentia conc. HSQO,, 60%; (iii) RCOCI, 18-51%; (iv) s, 26-
genitrix’® and nortopsentin A from Spongosorites 67%.
ruetzleri.*” The nortopsentins have also been synthesfzed.

During the course of the investigation of this Bisc-
We now describe a completely new and unusual sgigthe Napieralski cyclisation, the amide3a-f were heated in
of N-indolylimidazoles. We have previously reported the phosphoryl chloride for 3-5 h and unexpectedly gtwe
synthesis of a range of 3-amido-2-arylindogrom 2- imidazolesba-f in moderate yields (Scheme 2).
phenylindole-3-acetoximel'®.  The oxime 1 directly
underwent the Beckmann rearrangement to give the 3-
amidoindole3a. It was also converted by treatment with
concentrated sulfuric acid into 3-amino-2-phenytited2?,
which was then acylated with a range of benzoybrities
to yield the 3-amidoindolesb-f. These amides were
subsequently converted into a range of indoloquiesli4,
by heating them overnight with,®s in toluene (Scheme
1).
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sat R Yield %
a Me 40 -
b Ph 46 caf
[ 4-BrC6H4 31
d 4-CICeH, 52
e 4-FC4H, 24
f 4-MeOC6H4 52

Scheme 2Conditions:(i) POCk, 110 °C, 3 h, 31-52%.

2. Results and Discussion
2.1.Synthesis of indolylimidazoles

The 3-amidoindoles3a-f were dissolved in phosphoryl
chloride and heated under reflux for several hand the
red solutions were neutralised with sodium hydrexid he
yellow needle-like products were purified
chromatography and recrystallisation. TH& NMR
spectrum of compounBlb showed the amide NH signal at
d 11.76 ppm, which indicated that the amide grou wa
different from that of the 3-amidoindol8b. Also, the
integration of the protons in the aromatic regitonf 6.77-
8.62 ppm was doubled, and indicated the presendeuof
aryl rings. The indolo-imidazole structure was déonéd

by an X-ray crystal structure of compousiol (Figure 1).

by

Figure 1. ORTEP diagram of the crystal structure of
compouncbb.

The new imidazole ring is fully substituted by mitial
indole substituent at N1, the aryl amide at C4, #edtwo
initial benzamide arene rings at C2 and C5. Aldoijexone
of the 2-phenylindole substituents remains intdes, other
indole ring has been opened to give an aryl amide.

A feasible mechanism of the reaction could invobwm
intermolecular coupling of two imino chlorides. €&h
reaction of 3-amidoindoles with phosphoryl chlorigdeuld

be expected to give imino chlorides, which couldiengo
dimerisation to form the imidazole ring (Scheme 3).
Formation of the aromatic imidazole ring would be
favoured and would result in the formation of a 2-
benzamido substituent at the imidazole C4 position.
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Scheme 3 Possible mechanism for the formation of
imidazolesba-f.

This simply-performed reaction represents a coraplet
new synthetic approach to imidazoles. Althougiois not
allow wide scope, it should be adaptable to incladedes
derived from indoles with 2-substituents other tipuenyl,
and also with substituents in positions C4 to CT
inevitably leads to tetrasubstituted imidazoles aisd
probably limited to amidoindoles.

Preliminary biological testing for the new indole-
imidazoles 5a-f indicates that they show antibacterial
activity againstStaphylococcus aureus and weak activity
againstEscherichia coli.

3. Conclusions

Treatment of 3-amidoindoles with phosphoryl chlerid
leads to a dimerization of the resulting iminocldes to
form tetrasubstituted imidazoles in moderate yiglthe
indole ring undergoes ring-opening to allow thenfation
of the imidazole ring. This strategically simplenyesis
considerably expands the scope of deliverimg
indolylimidazoles.
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4. Experimental
4.1.General

Melting points were measured using a Mel-Temp mglti
point apparatus, and are uncorrected. Microanalysse
performed on a Carlo Erba Elemental Analyser EA8140
the Campbell Microanalytical Laboratory, Universiof
Otago, New Zealand.

Mass spectra were recorded on either a Bruker R MS
(EI) or a Micromass ZQ2000 (ESI) at UNSW, or a
Shimadzu LCMS QP 8000 (ESI) at the University of
Otago, New Zealand. Infrared spectra were recovddd

a Thermo Nicolet 370 FTIR Spectrometer using KBcdi
Ultraviolet-visible spectra were recorded using arigh
Cary 100 Scan Spectrometer. Column chromatogramsy w
carried out using Merck 230-400 mesh ASTM silicd, ge
whilst preparative thin layer chromatography was
performed using Merck silica gel 7730 60GF254.

Crystallographic data for the structure of compolid
have been deposited with the Cambridge Crystalfdgca

1H and 13C NMR spectra were
obtained on a Bruker DPX300 (300 MHz) spectrometer.

spectrum (300 MHz, DMS@g): 8 2.07 (3H, s, Me), 2.48
(3H, s, Me), 7.11-7.19 (2H, m, ArH), 7.24-7.34 (8,
ArH), 7.47-7.56 (5H, m, ArH), 8.01 (2H, d,7.8 Hz, ArH),
8.62 (1H, d,J 7.8 Hz, ArH), 12.09 (1H, s, NHCO), 12.79
(1H, br s, NH).*C NMR (DMSO4,, 75.5 MHz):8 10.7
(Me), 13.1 (Me), 111.6 (Ar-CH), 117.6 (Ar-CH), 131.
(Ar-CH), 123.2 (Ar-C), 123.7 (Ar-CH), 125.5 (3 x ABH),
125.6 (Ar-C), 127.0 (Ar-C), 127.5 (3 x Ar-CH), 128(Ar-
C), 128.3 (4 x Ar-CH), 128.7 (Ar-C), 129.4 (3 x AH),
129.7 (Ar-C), 131.2 (Ar-CH), 133.1 (Ar-C), 134.4KK),
135.7 (Ar-C), 136.9 (Ar-C), 144.4 (C=N), 165.4 (CO)
HRMS (EST) found m/z 483.2179, [M+H, C3,H7NLO
requires 483.2185).

4.3.4.N-(2-(2,5-Diphenyl-1-(2-phenyl-H-indol-3-yl)-
1H-imidazol-4-yl)phenyl) benzamide (5b)

This was prepared from 3-benzamido ind8ke(0.1 g, 0.6
mmol) in phosphoryl chloride (3mL) during 3 h toeld
indolylimidazole 5b (0.09 g, 46%) as a white solid. mp
287-289 °C. (found: C, 81.8; H, 5.2; N, 9.Q,l€3N,O 0.5
H,0 requires C, 81.9; H, 5.1; N, 9.0 %,).x (KBr): 3225,

Data Centre as supplementary publication no. CCDC 1647, 1585, 1538, 1491, 1471, 1451, 1326, 1260, 698

769425.
4.2.Synthesis of 3-amidoindoles

The 3-amidoindoles5a-f have been reported in our
previous work:

4.3.1. Synthesis of N-(3-indolyl)-imidazoles
4.3.2. General preparative method

The 3-amidoindole was dissolved in phosphoryl dtkr
and heated at 110-12%C for 3-5 h. The resulting red
solution was poured into ice water, and neutralingth
2M sodium hydroxide solution. The mixture was akaiv
to cool to room temperature with thorough stirritigen
extracted with ethyl acetate and dried over anhysiro
sodium sulfate. After concentration under reducexsgure,
the residue was purified by column chromatographg a
eluted with dichloromethane/light petroleum (70:3(@)
give the indolylimidazole. Recrystallization fronthanol
resulted in yellow needles.

4.3.3.N-(2-(2,5-Dimethyl-1-(2-phenyl-H-indol-3-yl)-
1H-imidazol-4-yl)phenyl) benzamide (5a)

This was prepared from indole-3-amida (0.1 g, 0.4
mmol) in phosphoryl chloride (3 mL) during 3 h teeld
indolylimidazole 5a (0.04 g, 40%) as a brown solid. mp
268-270 °C. (found: C, 78.9; H, 5.5; N, 11.2,M3¢N,O
0.25 HO requires C, 78.9; H, 5.6; N, 11.5 %) (KBr):
3185, 3059, 1649, 1618, 1584, 1545, 1521, 14559,139
1327, 1262, 744, 693 ¢ Amax (MeOH): 202 nm 4
161,300 critM™), 204 (160,700), 302 (44,000 NMR

cm. Amax (MeOH): 226 nm £ 82,700 criM™), 300
(33,800)."H NMR spectrum (300 MHz, DMS@;): 5 6.78
(1H, t,J 7.4 Hz, ArH), 6.83-7.33 (20H, m, ArH), 7.34-7.38
(4H, m, ArH), 7.49 (1H, tJ 7.4 Hz, ArH), 7.98 (2H, dJ
7.4 Hz, ArH), 8.59 (1H, dJ 7.4 Hz, ArH), 11.76 (1H, s,
NHCO), 12.89 (1H, br s, NH)*C NMR (DMSO4,, 75.5
MHz): § 109.2 (Ar-C), 112.3 (Ar-CH), 117.5 (Ar-CH),
121.2 (Ar-CH), 121.3 (Ar-CH), 122.0 (Ar-C), 123.2r(
CH), 125.9 (2 x Ar-CH), 126.1 (Ar-C), 127.5 (2 x-@H),
127.7 (2 x Ar-CH), 127.9 (Ar-CH), 128.7 (8 x Ar-CH)
128.8 (Ar-CH), 129.0 (2 x Ar-CH), 129.3 (2 x Ar-CH)
129.8 (Ar-C), 130.1 (2 x Ar-C), 130.4 (2 x Ar-CH)32.1
(Ar-CH), 133.6 (2 x Ar-C), 134.5 (Ar-C), 135.4 (AT),
136.5 (Ar-C), 137.2 (Ar-C), 146.7 (C=N), 164.7 (CO)
HRMS (EST) found m/z 607.2493, [M+H, C4oH31NLO
requires 607.2498).

4.3.5. N-(2-(2,5-bis(4-Bromophenyl)-1-(2-phenyl-H-
indol-3-yl)-1H-imidazol-4-yl) phenyl)benzamide (5c¢)

This was prepared from 3-benzamidoinddte(0.1 g, 0.25
mmol) in phosphoryl chloride (3 mL) during 3.5 hyteld
indolylimidazole 5¢ (0.03 g, 31%) as a yellow solid. mp
165-168 °C. (found: C, 65.4; H, 4.2; N, 7.Q,d,sBr,N,O
0.5 HO requires C, 65.2; H, 3.8; N, 7.2 %) (KBr):
3413, 3255, 1656, 1614, 1585, 1537, 1487, 14554,131
1260, 1071, 1010, 966, 826, 745, 705, 693" Ciay
(MeOH): 229 nm £ 92,400 critM™), 301 (48,300).*H
NMR spectrum (300 MHz, DMS@): 6 6.88-6.93 (2H, m,
ArH), 6.98-7.09 (5H, m, ArH), 7.10-7.33 (10H, m, K
7.40 (4H, d,J 8.4 Hz, ArH), 7.51 (1H, tJ 7.6 Hz, ArH),
7.95 (2H, d,J 7.6 Hz, ArH), 8.50 (1H, d) 7.6 Hz, ArH),
11.87 (1H, s, NHCO), 12.40 (1H, br s, NHJC NMR
(DMSO-ds, 75.5 MHz):8 108.8 (Ar-C), 112.5 (Ar-CH),
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117.4 (Ar-CH), 121.3 (Ar-CH), 121.8 (Ar-CH), 122(Ar-
C), 123.5 (Ar-CH), 123.6 (Ar-CH), 125.8 (Ar-C), 185(2

X Ar-CH), 127.5 (2 x Ar-CH), 128.2 (Ar-CH), 128.3\¢
C), 128.7 (Ar-CH), 128.8 (Ar-C), 128.9 (2 x Ar-CH)29.0
(Ar-C), 129.1 (Ar-C), 129.2 (Ar-CH), 129.3 (2 x AH),
129.4 (2 x Ar-CH), 131.6 (2 x Ar-CH), 131.7 (2 x-@8H),
132.2 (Ar-CH), 132.3 (2 x Ar-CH), 133.5 (Ar-C), 133
(Ar-C), 134.2 (Ar-C), 134.5 (Ar-C), 135.4 (Ar-C)31.1
(Ar-C), 137.3 (Ar-C), 145.9 (C=N), 165.1 (CO). HRMS
(ESI): found m/z 763.0703, [M+H, CsH,Br,N,O
requires 763.0708).

4.3.6. N-(2-(2,5-bis(4-Chlorophenyl)-1-(2-phenyl-H-
indol-3-yl)-1H-imidazol-4-yl) phenyl)benzamide (5d)

This was prepared from 3-benzamidoinddte(0.1 g, 0.29
mmol) in phosphoryl chloride (3 mL) during 3.5 hyield
indolylimidazole 5d (0.05 g, 52%) as a yellow solid. mp
166-169 °C. (found: C, 74.9; H, 4.4; N, 8.2,,i,4CI,N,O
requires C, 74.7; H, 4.2; N, 8.3 %) (KBr): 3260, 3060,
1655, 1617, 1586, 1537, 1489, 1451, 1410, 13139,125
1091, 1014, 965, 830, 764, 745, 705, 693 Criay
(MeOH): 229 nm £ 100,600 criM™), 300 (63,700)H
NMR spectrum (300 MHz, DMS®g): 6 6.89-7.03 (5H, m,
ArH), 7.09-7.19 (5H, m, ArH), 7.21-7.33 (11H, m, K
7.40 (1H, d,J 8.1 Hz, ArH), 7.52 (1H, tJ 7.3 Hz, ArH),
7.95 (2H, dJ 8.1 Hz, ArH), 8.51 (1H, dJ 8.1 Hz, ArH),
11.84 (1H, s, NHCO), 12.42 (1H, br s, NHfC NMR
(DMSO-ds, 75.5 MHz):6 108.7 (Ar-C), 112.5 (Ar-CH),
117.4 (Ar-CH), 121.3 (Ar-CH), 121.7 (Ar-CH), 122(Ar-
C), 123.5 (Ar-CH), 123.6 (Ar-CH), 125.7 (Ar-C), 126(2
x Ar-CH), 127.5 (3 x Ar-CH), 128.2 (Ar-CH), 128.&\(
C), 128.7 (Ar-CH), 128.8 (4 x Ar-C), 128.9 (3 x &),
129.2 (3 x Ar-CH), 129.4 (2 x Ar-CH), 129.9 (Ar-C)32.2
(2 x Ar-CH), 132.4 (Ar-C), 133.7 (Ar-C), 134.1 (AB),
134.6 (Ar-C), 135.3 (Ar-C), 137.2 (Ar-C), 137.2 (&),
145.9 (C=N), 164.7 (CO). HRMS (ES! found m/z
675.1713, [M+H], C42H29C|2N4O requires 6751718)

4.3.7. N-(2-(2,5-bis(4-Fluorophenyl)-1-(2-phenyl-H-
indol-3-yl)-1H-imidazol-4-yl) phenyl)benzamide (5€)

This was prepared from 3-benzamidoinddé(0.07 g, 0.2
mmol) in phosphoryl chloride (3 mL) during 5 h teeld
indolylimidazole 5e (0.03 g, 44%) as a yellow solid. mp
267-269 °C. (found: C, 75.6; H, 4.3; N, 8.4,,sFN,O
1.25 HO requires C, 75.8; H, 4.6; N, 8.4 %), (KBr):
3416, 3278, 1661, 1586, 1523, 1506, 1493, 14514,138
1322, 1232, 1158, 837, 746, 693 tMma (MeOH): 229
nm ¢ 100,000 critM™), 298 (54,100)'H NMR spectrum
(300 MHz, DMSO+dg): & 6.84-6.95 (3H, m, ArH), 6.98-
7.05 (6H, m, ArH), 7.07-7.17 (3H, m, ArH), 7.22-0.4
(10H, m, ArH), 7.51 (1H, tJ 7.1 Hz, ArH), 7.96 (2H, dJ
8.0 Hz, ArH), 8.56 (1H, dJ 8.0 Hz, ArH), 11.81 (1H, s,
NHCO), 12.49 (1H, br s, NH}3C NMR (DMSOds, 75.5
MHz): § 109.0 (Ar-C), 112.6 (Ar-CH), 115.8 (2 x Ar-CH),
116.1 (2 x Ar-CH), 117.6 (Ar-CH), 121.4 (Ar-CH), 17
(Ar-CH), 122.2 (Ar-C), 123.6 (2 x Ar-CH), 125.8 (43),

126.0 (Ar-C), 126.1 (2 x Ar-CH), 126.5 (Ar-C), 1BG(AT-

C), 126.7 (Ar-C), 127.6 (2 x Ar-CH), 128.2 (Ar-CH)28.9
(Ar-CH), 129.1 (3 x Ar-CH), 129.5 (2 x Ar-CH), 129.
(Ar-C), 130.1 (Ar-CH), 130.2 (Ar-CH), 132.4 (Ar-CH)
132.5 (Ar-C), 132.8 (Ar-CH), 132.9 (Ar-CH), 133.8r¢

C), 134.7 (Ar-C), 135.5 (Ar-C), 136.9 (Ar-C), 137(Ar-

C), 146.1 (C=N), 164.9 (CO). HRMS (ESI found m/z
643.2304, [M+H], CasH20FN,O requires 643.2309).

4.3.8. N-(2-(2,5-bis(4-Methoxyphenyl)-1-(2-phenyl-H-
indol-3-yl)-1H-imidazol-4-yl)phenyl)benzamide (5f)

This was prepared from 3-benzamido inddfg0.1 g, 0.3
mmol) in phosphoryl chloride (3 mL) during 5 h teeld
indolylimidazole 5f (0.05 g, 52%) as a yellow solid. mp
175-178 °C. (found: C, 79.0; H, 5.4; N, 8.244@3/N403
0.25 HO requires C, 78.7; H, 5.2; N, 8.3 %)ax (KBr):
3255, 3059, 1654, 1613, 1585, 1526, 1507, 14942,145
1386, 1313, 1293, 1250, 1175, 833, 746, 706".Cifay
(MeOH): 229 nm £ 61,000 critM™), 284 (21,900).*H
NMR spectrum (300 MHz, DMS@g): & 3.59 (3H, s,
OMe), 3.66 (3H, s, OMe), 6.20 (2H, &18.4 Hz, ArH), 6.73
(2H, d,J 8.4 Hz, ArH), 6.79-6.90 (3H, m, ArH), 6.99-7.04
(2H, m, ArH), 7.12-7.34 (12H, m, ArH), 7.39 (1H, X8.4
Hz, ArH), 7.52 (1H, tJ 8.4 Hz, ArH), 7.99 (2H, dJ 8.4
Hz, ArH), 8.59 (1H, d,J 8.4 Hz, ArH), 11.72 (1H, s,
NHCO), 12.92 (1H, br s, NH)*C NMR (DMSO4,, 75.5
MHz): § 55.3 (OCH), 55.5 (OCH), 109.5, 112.4 (Ar-CH),
114.1 (4 x Ar-CH), 117.5 (Ar-CH), 121.2 (2 x Ar-CH)
122.1 (Ar-C), 122.2 (Ar-C), 122.3 (Ar-C), 123.2 (AH),
123.3 (Ar-CH), 125.9 (2 x Ar-CH), 126.4 (Ar-C), 157(2

X Ar-CH), 127.7 (Ar-CH), 128.6 (Ar-CH), 128.7 (ArHQ,
129.0 (2 x Ar-CH), 129.1 (2 x Ar-CH), 129.3 (2 x-AH),
130.0 (Ar-C), 130.2 (Ar-CH), 131.8 (2 x Ar-CH), 122
(Ar-CH), 133.1 (Ar-C), 133.5 (Ar-C), 134.5 (Ar-C135.4
(Ar-C), 136.1 (Ar-C), 137.2 (Ar-C), 146.5 (PhOgH
159.4 (PhOCH), 159.9 (C=N), 164.8(CO). HRMS (E%I
found m/z 667.2704, [M+H, CuH3sN,O; requires
667.2709).
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