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Highly Versatile Preparation of Imidazo[1,5-a]lquinolines
and Characterization of Their Photoluminescent Properties

Niclas Kulhanek,® Niklas Martin, and Richard Gottlich*®

In this work, we describe a simple and robust synthetic
approach for the formation of 1,3-substituted imidazo[1,5-
alquinolines. This was achieved by developing a mild and
selective bromination with N-bromosuccinimide (NBS) in 3-
position of the imidazole ring. This was followed by a Negishi
coupling, which we performed with various coupling partners,

Introduction

Since their introduction in 1987 by Tang and VanSlyke, organic
light-emitting diodes (OLEDs) have become a fundamental part
of the modern lighting industry.™ To this day, there have been
several OLED generations produced utilizing different strategies
to improve the internal quantum efficiency (IQE).” Regardless
of the generation, blue OLED emitter materials are particularly
challenging, due to a band gap of around 3 eV and long exciton
lifetime (us), which are higher than for green or red OLED
emitter materials. The interaction of excitons and polarons
creates hot exciton states that can lead to decomposition of the
material. This means that the lifetime of blue emitters is more
limited, which makes materials with blue emission and high
stability very important.”!

Imidazo[1,5-a]N-heteroaromatic ring systems are a common
structural motif in pharmacologically and biologically active
agents. This important class also includes imidazo[1,5-
alpyridines and imidazo[1,5-alquinolines, which are of particular
interest because these compounds possess interesting photo-
physical properties. The simple and small imidazo[1,5-
alpyridines show blue emission with good quantum yields
(QYs) in combination with a large Stokes shift, qualifying them
as emitter materials for OLED application.” They can also be
used as ligands with various central atoms, without losing their
characteristic photoluminescent properties.”” Weber et al. suc-
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resulting in a wide range of different combinations, usually
unattainable by other approaches and similar coupling reac-
tions. Fluorescence measurements identified beneficial substitu-
tion patterns for the future use of imidazo[1,5-alquinolines in
optical applications, such as organic light-emitting diodes
(OLEDs).

cessfully implemented an imidazo[1,5-alpyridine complex into
an optical device.”

While the synthesis of imidazo[1,5-alpyridines and recently
imidazo[5,1-alisoquinolines were the main topic of many
studies, imidazo[1,5-alquinolines have been examined less.®?
Classically, approaches to the preparation of imidazo[1,5-
alquinolines involve ring closure of a carbonyl species. This
could be achieved via a Vilsmeier-type reaction starting from an
amide, but in the modern variant by Pelletier etal., the
cyclization can occur under milder conditions (Scheme 1a)."%'"
Wang and Xu et al. prepared imidazo[1,5-alquinolines using a
copper-catalyzed decarboxylative cyclization of ketones or
aldehydes with primary amines and amino acids (Scheme 1b)."?
Wu et al. formed the carbonyl species in situ, using a copper-
promoted oxidative amination (Scheme 1¢)."
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Scheme 1. Known strategies for direct formation of imidazo[1,5-alquinolines
using various carbonyl compounds. Di-t-butyl peroxide (DTBP).
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In our group we have already characterized some
imidazo[1,5-alquinoline derivatives and they possessed similar
photophysical characteristics as imidazo[1,5-a]pyridines, but
with higher QY and better stability."” We observed that the QY
of imidazo[1,5-alquinolines was dependent on the residues R’
and R? (Figure 1), but we were not able to identify a clear
trend."™ In addition, we were able to successfully construct an
OLED with PCIC as the dopant, in order to show that these
compounds could be used as blue light-emitting materials
(Figure 1)."® Since imidazo[1,5-alquinolines are suitable as blue
OLED emitters, and showed interesting properties in complexes,
we wanted to investigate this system further.

The focus of this study is to examine the effects of R' and R?
residues on the emission, especially the impact of electron-rich,
electron-poor, and sterically demanding residues in these
positions. Thus, the goal is to develop a synthesis that allows
the simple preparation of imidazo[1,5-alquinolines with differ-
ent residues R' and R%.

Results and Discussion
Synthesis of the imidazo[1,5-alquinolines

To achieve maximum flexibility we decided to close the
imidazole ring with a suitable amide of R* and introduce R
separately, using a cross-coupling reaction (Scheme 2).

To obtain the required amine 3, we reduced quinolin-2-
carbonitrile 2, which was excessed from quinoline N-oxide 1,
with conditions described in literature."”

We utilized an Einhorn acylation with an excess of triethyl-
amine (TEA) to introduce R? using a variety of acid chlorides to
form the amides 4. To study the effect of R? the chosen
residues used were a basic system with phenyl 4a, an electron-
rich aromatic group 4b, an electron-poor aromatic group 4c
and a sterically demanding group 4d. Purification of these
compounds proved to be difficult. Therefore, we used the crude
amides 4. For the ring closure, we chose the Pelletier approach
because it proved to be particularly reliable."” Following the
procedure, we obtained the desired imidazo[1,5-alquinolines 5

PCIC, R2 = 2-Pyridyl, R' = 2-Quinolyl

Figure 1. General structure and example for imidazo[1,5-alquinoline from
our group.
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Scheme 2. General approach to the synthesis.
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in excellent yields (Scheme 3). Initially we wanted to perform a
halogenation with bromine in the 3-position of the imidazole
ring system as reported by Shibahara et al® However, this
approach led to undesired side products, so we performed the
bromination at —20°C with NBS. This granted us the bromide 6
in excellent yields for all compounds (Scheme 3). It must be
noted that such bromides can also be accessed directly, as
shown by Sandeep and Tan et al."” These procedures were not
used because they lacked the scalability needed for our project.

2-Boronic acids of N-heteroaromatics are known to be
unstable and the boronic acid of 6 could not be isolated,
making a Suzuki coupling not possible.”” Therefore, we chose a
Negishi coupling as our final reaction. Synthesis with 6 as the
metallo-organic component resulted in better yields. Thus, in all
experiments, bromide 6 was lithiated at —78°C and trans-
metalated using an excess of ZnCl, in THF. We screened for a
suitable Pd catalyst (Table 1). Pd(ll) catalysts (entry 1-5) showed
similar activity to Pd(0) (entry 6-10). However, the yields with
Pd(ll) did not improve with the addition of ligands, while the
Pd(0) complexes led to higher yields in combination with an
electron-rich and sterically demanding ligand. The best reac-
tivity in this cross-coupling reaction was obtained with 3 mol %
[Pd,(dba);]- CHCl; and 6 mol % P(t-Bu); (entry 10). Therefore, the
conditions of entry 10 were adapted for all of the following
experiments.

It should be noted that we applied two different workups in
the following procedures. The presence of ZnCl, during the
coupling reaction led to the formation of Zn complexes for all
chelating compounds 7-10a-f, which could be simply filtered
off then treated with conc. NH; solution to isolate the products
directly. The other compounds g-p were purified by liquid
column chromatography.

We started with the coupling of 6a and the electron-poor
substrates and obtained them in very good yields (Table 2). The
only exception is 7e, which was formed in only 13% yield, a
sterically demanding substrates can be problematic for the
Negishi reaction.”” This trend continued with the ortho-
substituted aryl bromides. Thus, 7j and 7n were formed in
lower vyields than their para-substituted equivalents. Surpris-
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R2COCI, P 2-MeOP
B 3,4 eq TEA N euRyr N
2 Hel i
—
. O~ _NH =N
N7 NH, DCM,0°C-tt, Y DCM. 0°C - 2
200 R2 35°C, 20 h
3 4 5
5a, R2 = Ph, 84% (2 steps)
A A 5b, R? = 4-MeOPh, 82% (2 steps)
NN NBS N7 N\\—Br  5c, R?=4-F;CPh, 91% (2 steps)
RZ):N DCM, -20°C, R):N 5d, R2 = 2-MePh, 88% (2 steps)
4h 6a, R? = Ph, 92%
5 6

6b, R? = 4-MeOPh, 81%

6c, R2 = 4-F,CPh, 96%

6d, R2 = 2-MePh, 95%
Scheme 3. Introduction of the first selectable residue R? using an Einhorn
acylation. The crude amides 4 were then cyclized using triflic anhydride

(Tf,0) and 2-MeO-pyridine. After bromination with NBS the first coupling
component was obtained.
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undefined side products. Purification was therefore challenging
and only 47 % of 7 p could be isolated.

The general trends observed for the phenyl system 7 largely
followed the other coupling systems (Table 3). The 1-isoquino-

Table 1. Screening results for the desired Negishi coupling.

Br 1) n-BuLi (1.2 eq), -78°C, 45 min.

ZN=\ o 2 2nCl (25 €q), 1 1 h line substrate could only be isolated in two cases and in low
xn N\/<N % C::FL'G;ZTS’ Z_er_mpyr yields. The sterically demanding products 7-10j and 7-10n
Ph + PG, ewsenight were formed in lower yields, and 7-101 in higher yield than
their equivalents. The allylic product was not formed for 9p and
6a the other products 7p, 8p and 10p were isolated in lower
Entry Cat. Ligand Yield/% yields. Surprisingly, the products 10a—f were isolated in lower
1 PA(OAC), PPh, 69 yields. The Zn complexes for these systems are presumably
S Pd(OAC), P(t-Bu), - more soluble in THF and could not be isolated by filtration in
the same amount as the other products.
30 [PdCI,COD] - 66
4 [PdCl,(MeCN),] - 61
5 [PACI,(PPh;);] - 61 Photophysical measurements
6" [Pd(PCys,),] - 50
7" [Pd(PPh;),] - 69 Optical measurements were conducted using a 0.1 mM chloro-
81 [Pd,(dba),]- CHCl, PPh, 72 form solution at room temperature. A 0.1 mM solution of
gl [Pd,(dba)s]- CHCl, dppf 77 quinine sulfate in 0.5 M H,SO, was used as the reference.”” The
109 [Pd,(dba),]-CHCl, P(t-Bu); 83 fluorescence QY was calculated as described in the literature.””

All measurements were performed under non-inert conditions.
The extinction and emission spectra of all measured com-
pounds are provided in the supporting information.

The measurements showed that no strong deviation of the
Table 2. Isolated products for the couplings with 6a, using the conditions extlnctl'on !n the In.dIVIduaI systems Occur.red'. No major shift in
of entry 109 (Table 1). the extinction maxima was observed, staying in a range of 350-
390 nm (Table 4). In addition, the molar extinction coefficient

Reaction conditions: [a] 6 mol % cat., 12 mol % ligand. [b] 6 mol % cat. [c]
3 mol % cat., 6 mol % ligand.

Nr. R R' Yield/% i ; : .
log € varied at approximately 4 L-mol™'-cm™' (Table 5) and
7a Ph 2-Pyridinyl 3 matches the findings of Volpi et al. with a similar system.”’
7b Ph 2-Pyrimidinyl 60
7¢ Ph 2-(5-Ph-Pyridinyl) 70
7d Ph 2-Quinolinyl 79
7e Ph 1-Isoquinolinyl 3 Table 3. Isolated products in % for all performed coupling reactions using
7f Ph 3-Isoquinolinyl 79 the conditions of entry 10'9 (Table 1).
79 Ph 2-Thiophenyl 58 R' R?
7h Ph 4-F3 C-Ph 77
Ph  4-MeO-Ph  4-F,C-Ph 2-Me-Ph
7i Ph Ph 84 7 8 9 10
7] Ph 2-Me-Ph 52 a 2-Pyridinyl 73 76 61 52
7k Ph 4-Me-Ph 78 b 2-Pyrimidinyl 60 73 65 25
71 Ph 2-MeO-Ph 84 ¢ 2-(-PhPyridiny) 70 89 88 45
7m Ph 4-MeO-Ph 61 d 2-Quinoliny! 79 91 76 46
7n Ph 2-Me;N-Ph 40 1-Isoquinolinyl 13 - - 17
70 Ph 4-MeN-Ph 68 f 3-Isoquinolinyl 79 95 75 12
P Ph Allyl 47 g 2-Thiophenyl 58 88 98 61
h 4-F,C-Ph 77 51 53 96
i Ph 84 95 68 84
ingly 71 opposes this trend. It could be possible that the i 2-Me-Ph 52 52 27 44
methoxy group stabilizes the intermediate by coordination to k 4-Me-Ph 78 69 49 56
the Pd. This chelation would be stronger for a dimethylamine | 2-MeO-Ph 84 97 77 77
group which could inhibit the reductive elimination and hinder m 4-MeO-Ph 61 75 7 66
the anuleng reactllon, resulltlng in lower yield for 7n. The n 2-Me,N-Ph 0 25 62 67
coupling with allylic bromide was also successful, but the
) . . . o 4-Me,N-Ph 68 84 76 74
obtained mixture contained a large amount of various
p Allyl 47 35 - 48
Eur. J. Org. Chem. 2024, 27, 202301007 (3 of 7) © 2023 The Authors. European Journal of Organic Chemistry published by Wiley-VCH GmbH

85UB01 T SUOWIWOD SAMERID (dedl|dde ey Aq peusenob ke sapie YO ‘8Sn Jo sojni Joj A%l 8ul|UO A8]IAN UO (SUOTPUOD-PUB-SWBI 00" AB 1M AReIq 1 U1 UO//STY) SUOTPUOD pUe SWB 1 8U) 88S *[7202/TT/92] Uo ARiqiTauliuo A8|im ‘E1seaun-Bigei1-snisne Aq Z00T0EZ02 90/6/200T 0T/10p/woo A3 |1m Aeiq 1 puljuo-adoune-Alis iweyoy/:sdny woiy pepeojumod ‘T ‘v40Z ‘0690660T



EurJOC

European Journal of Organic Chemistry

Research Article

doi.org/10.1002/ejoc.202301007

Chemistry

Europe

European Chemical
Societies Publishing

Table 4. Measured extinction maxima in nm for all isolated products. Every
measurement was performed using a 1 uM solution of the compound in
chloroform at 25°C in air.

Table 6. Measured emission maxima for the base system 7. Every measure-
ment was performed using a 1 uM solution of the compound in chloroform
at 25°C in air. The extinction maxima of the specific compound was chosen
as the excitation wavelength.

R' R?

Ph 4-MeO-Ph 4-F,C-Ph 2-Me-Ph

7 8 9 10
a 2-Pyridinyl 373 374 360 373
b 2-Pyrimidinyl 369 369 364 369
4 2-(5-Ph-Pyridinyl) 383 385 368 383
d 2-Quinolinyl 390 392 386 389
e 1-Isoquinolinyl 380 - - 377
f 3-Isoquinolinyl 367 368 365 368
g 2-Thiophenyl 375 374 368 375
h 4-F,C-Ph 359 361 354 363
i Ph 361 362 359 360
j 2-Me-Ph 355 354 350 352
k 4-Me-Ph 364 364 362 364
| 2-MeO-Ph 355 355 356 359
m 4-MeO-Ph 364 368 365 366
n 2-Me;N-Ph 360 339 357 362
o 4-Me,N-Ph 377 377 378 381
p Allyl 349 348 - 344

Table 5. Calculated molar extinction coefficient log € in L-mol™"-cm™" for
all isolated products in 1 uM solution with 1 cm cuvette length.

R R?

Ph 4-MeO-Ph 4-F,C-Ph 2-Me-Ph

7 8 9 10
a 2-Pyridinyl 4.20 4.11 4.26 4.26
b 2-Pyrimidinyl 4.27 4.20 4.32 4.41
c 2-(5-Ph-Pyridinyl) 418  4.23 441 438
d 2-Quinolinyl 4.34 4.11 434 4.40
e 1-Isoquinolinyl 4.08 - - 4.23
f 3-Isoquinolinyl 4.5 4.36 4.36 4.41
g 2-Thiophenyl 4.04 4.08 3.90 4.18
h 4-F,C-Ph 415 4.08 4.20 4.26
i Ph 4.08 4.04 4.08 4.08
j 2-Me-Ph 4.08 4.04 4.04 4.04
k 4-Me-Ph 4.00 4.04 4.04 4.04
| 2-MeO-Ph 4.04 4.08 4.08 4.15
m 4-MeO-Ph 3.95 4.08 4.08 4.15
n 2-Me,N-Ph 3.95 3.78 3.95 4.04
o 4-Me,N-Ph 4.00 4.11 4.11 4.15
P Allyl 3.85 3.95 - 3.95

The measured emission data for the base system 7 showed
minor red shifts for 7e, 7g and 70 compared to 7i (Table 6,
Figure 2). Lower emission wavelengths were observed for 7b
and 7 p. Electron-rich and -poor systems in position R' seem to
have only small effects on the emission wavelength. Therefore,

Eur. J. Org. Chem. 2024, 27, 202301007 (4 of 7)

Nr. R R' Emission/nm QY /%
7a Ph 2-Pyridinyl 455 28.35
7b Ph 2-Pyrimidinyl 447 33.23
7c Ph 2-(5-Ph-Pyridinyl) 462 3827
7d Ph 2-Quinolinyl 463 34.24
7e Ph 1-Isoquinolinyl 475 3235
7f Ph 3-Isoquinolinyl 462 35.83
79 Ph 2-Thiophenyl 483 24.16
7h Ph 4-F3 C-Ph 460 33.64
7i Ph Ph 464 36.16
7j Ph 2-Me-Ph 462 20.58
7k Ph 4-Me-Ph 465 33.07
71 Ph 2-MeO-Ph 452 26.10
7m Ph 4-MeO-Ph 467 33.58
7n Ph 2-Me,N-Ph 456 26.73
70 Ph 4-Me,N-Ph 475 33.94
7p Ph Allyl 430 27.31
---7a
7b
---7c
7d
= Te
> 7f
2
© 79
5 . --=7h
2 7i
§ [ ’l’ac\\\
o) 100, 7 AN
c 97 CNEY
€ }’/ Sy
2 ) '\
L 1 N\
-8 II \\\‘(
o Y b :\ s
(4 |
) Sty
fll T T T - - 1
400 450 500 550 600

Wavelength / nm

7i
7j
- - - Tk

7m
7n
70
- - - 7p

Photoluminescence / arb. unit

T T T 1
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Figure 2. Photoluminescence spectra as 0.1 mM chloroform solution of
electron-poor (top) and electron-rich substituted (bottom) base system 7.

© 2023 The Authors. European Journal of Organic Chemistry published by Wiley-VCH GmbH

85U801 SUOWIOD AITEID) 8|qeoljdde ay) Aq peusencb a.e ool VO ‘85N JO S9N 10J ARIqI]8UIUQ A8]1/M UO (SUONIPUOD-PUR-SULBY WD A8 | Im ARe.d1jBul[UO//SdNY) SUONIPUOD pue sWwie 1 8y} 89S *[Z0z/TT/92] uo AkeiqiTauluo A8(Im ‘EIsIeAuN-Bigel1-snisne Aq Z00TOEZ0Z 90B/Z00T 0T/I0p/wW00 A8 | Ake.q1puluo'ado.ne-Aus iwsyp//sdny woiy pepeojumod ‘T ‘v40Z ‘0690660T



Chemistry
Europe

European Chemical
Societies Publishing

Research Article

EurJOC > .
doi.org/10.1002/ejoc.202301007

European Journal of Organic Chemistry

all of 7 displayed a strong blue emission around 450 nm. The
QY of 7 was negatively affected by more sterically demanding
substituents R'. Compared to 7i and their para-substituted
equivalents, the ortho-substituted systems 7j, 71 and 7n
showed much lower QYs (Table 6). N-heteroaromatic substitu-

Eur. J. Org. Chem. 2024, 27, €202301007 (5 of 7)

ents showed higher QYs, which could be increased by extension
of their m-system (compare 7a to 7c) or introduction of more
nitrogen centers (compare 7a to 7b). This presumably coun-
tered the negative steric effect of the R'-substituent in 7d, 7e
and 7f. Thiophen 7g and the non-conjugated allyl in 7p
decreased the QY significantly.

The trends of the base system 7 persisted for 8-10 (Table 7)
and no radical changes of the spectra (Figure 2) could be

Table 7. Measured emission maxima in nm for all isolated products. Every . .
measurement was performed using a 1 uM solution of the compound in observed. Comparing 7-9, the measured emission wavelengths
chloroform at 25°C in air. The extinction maxima of the specific compound were similar. Only 10 showed slightly lower emission wave-
was chosen as the excitation wavelength. lengths. The R? substituent seems to have only a limited effect
R' R? on the emission. In general, it is notable that the imidazo[1,5-
dlquinolines maintained their blue luminescence. We expected
Ph 4-MeO-Ph 4-F,C-Ph 2-Me-Ph . L
7 s 9 10 a wide range of emission colors, as observed for the
imidazo[1,5-alpyridines measured by Shibahara et al.'"®
@ 2-Pyridinyl 455 462 457 il The trends for substitution in R' observed for the base
b 2-Pyrimidinyl 447 458 445 428 system 7 were also observed for the other compounds (Table 8).
¢ 2:(5Ph-Pyridiny) 462 468 461 449 The more electron-rich system 8 showed a slight reduction in
d 2-Quinolinyl 463 456 461 452 QY for all substitutions. While the electron-poor system 9 also
e 1-Isoquinolinyl 475 - - 466 reduced the QY slightly for all electron-poor residues 9a-h, it
f 3-Isoquinolinyl 462 464 463 448 showed a significant decrease for the more electron-rich
9 2-Thiophenyl 483 477 485 473 residues 9i-o. The introduction of a sterically demanding group
h 4F,CPh 460 470 460 448 R? for system 10 led to a strong increase in QY, especially in
; Ph 464 459 165 456 combination with electron-poor residues 10a-h. The nitrogen-
rich pyrimidyl 10b and the substituted pyridyl 10c showed a
i 2-Me-Ph 462 453 459 454 .
very high QY of around 52%. 100 underwent slow decom-
k 4-Me-Ph 465 464 470 460 position in solution. In addition, we obtained a much lower QY
! 2-MeO-Ph 452 457 458 451 for this compound. Substitution with an electron-poor or -rich
m  4-MeO-Ph 467 467 479 466 aromatic group in R’ led to no significant impact. But the
n 2-Me,N-Ph 456 459 486 470 introduction of a sterically demanding group showed an impact
o 4-Me,N-Ph 475 493 493 482 on the photoluminescent properties. The combination with N-
p Allyl 430 437 _ 442 heteroaromatics or electron-poor substituents in R' increased
the QY even further (Figure 3). N-heteroaromatic compounds
have already shown this effect earlier.™ We suspect that the
Table 8. Calculated QYs in % for all measured systems. planar orientation of all the m-systems leads to more orbital
. R overlap and therefore better QYs. The substitution of a phenyl
at R' for pyridinyl or pyrimidyl removes hydrogen in the ortho
Ph 4-MeO-Ph  4-F,C-Ph  2-Me-Ph positions and could create more overlap with the aromatic
7 8 9 10 core.
a 2-Pyridinyl 2835 2636 25.14 43.83
b 2-Pyrimidinyl 3323 27.06 32.64 52.76
¢ 2-(5-Ph-Pyridiny) 3827 3505 3148 5204 Conclusions
d 2-Quinolinyl 3424 29.85 30.94 47.06 ) o ) )
e 1-soquinolinyl 3235 _ 4243 We were successful in designing an easy and reliable synthesis
o to obtain large numbers of imidazo[1,5-alquinoline derivatives.
f 3-Isoquinolinyl 35.83 27.00 28.55 46.91
g 2-Thiophenyl 24.16 28.36 17.88 38.05
h  4-F,CPh 3364 3192 23.19 47.41
i Ph 36.16  37.82 19.47 41.58
i 2-Me-Ph 2058 3043 14.43 25.50
k  4-Me-Ph 33.07 3767 17.38 46.43
| 2-MeO-Ph 26.10  27.89 15.54 28.89
m  4-MeO-Ph 3358  35.83 16.19 41.63
n 2-Me,N-Ph 2673 1825 15.27 33.17
0 4Me,N-Ph 3394 23.02 16.40 27.69
o 73 39 - s | FowedDemontoton ol ieme of compounds a5 002 o
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The developed Negishi coupling conditions are widely appli-
cable for various coupling partners. Optical measurements have
identified that a combination of a sterically demanding group
in R? and an electron-withdrawing group in R' is beneficial for
the emission; especially electron-poor N-heteroaromatics im-
proved the QY significantly, with 10b showing a QY of 53% in
solution. Electron-rich residues as R' lowered the emission,
apart from dimethylamine-substituted residues. In addition, we
showed that ortho-substituted residues as R' reduce the QY
considerably.

Experimental Section

All solvents were purified by distillation prior to use. Anhydrous
solvents were used from ACROS Organics™ as AcroSeal™ bottles.
Commercially available chemicals were used as obtained from the
supplier, unless otherwise stated. Syntheses prepared under
anhydrous conditions were generally performed using standard
Schlenk technique in nitrogen atmosphere. For purification by
column chromatography, silica gel 60 (Merck) was used. 'H and "*C
NMR spectra were recorded on the Bruker Avance Il 400, the Bruker
Avance Ill 400 and the Bruker Avance Il 200 “Microbay” spectrom-
eters in deuterated solvents. 'H and "C chemical shifts were
determined by reference to the residual solvent signals. High-
resolution ESI mass spectra were recorded in methanol with an
ESImicroTOF spectrometer from Bruker Daltonics in positive ion
mode, unless otherwise stated. As a power supply, the Sky
Toppower PS1110 was used. UV-Vis extinction was measured with
an Analytik Jena Specord 200 Plus spectrometer and fluorescence
emission data were obtained from a Jasco Germany FP 8300
spectrometer. Melting points were determined with a Gallenkamp
Melting Point Apparatus.

General procedure for imidazole ring closure adapted from
Pelletier et al.™”

60mL of dry DCM was added to 2-(aminomethyl)quinoline
dihydrochloride 3 (1 eq) under N, atmosphere. The suspension was
cooled to 0°C and dry TEA (3.4 eq) was added. The yellow solution
was kept at 0°C for 30 min. Acid chloride R*COCI (1.1 eq) was
added, and the solution was stirred for 20 h at room temperature.
Finally, 60 mL sat. Na,CO; solution was added, and the aqueous
phase was extracted twice with 60 mL DCM. The combined organic
phases were dried over Na,SO,, filtered, and the solvent removed in
vacuo. The crude quinoline amide 4 (1 eq) was placed in 60 mL of
dry DCM under N, atmosphere and cooled to 0°C. The solution was
first treated with 2-methoxypyridine (1.1 eq), followed by slow
addition of Tf,0 (1.2 eq). The reaction solution was stirred at 35°C
for 20 h. Then, 20 mL sat. Na,CO; solution was added slowly, and
the aqueous phase was extracted twice with 60 mL DCM. The
combined organic phases were dried over Na,SO,, filtered and the
solvent removed in vacuo. Purification was carried out by silica
chromatography.

General procedure for bromination

The imidazo[1,5-alquinoline 5 was placed in 60 mL dry DCM under
N, atmosphere and cooled to —20°C. 1.1 eq NBS was slowly added
to the solution. The reaction solution was stirred at —20°C for 4 h.
Then, 20 ml sat. Na,S,0; solution was added and the aqueous
phase extracted twice with 40 mL DCM. The combined organic
phases were dried over Na,SO,, filtered, and the solvent removed in
vacuo. Purification was carried out by silica chromatography.
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General procedure methods for the Negishi coupling

0.400 g (1 eq) 3-bromoimidazo[1,5-alquinoline 6 was dissolved in
10 mL dry THF under N, atmosphere and cooled to —78°C. 1.2 eq
of n-BuLi (1.6 M) were slowly added dropwise and the solution was
kept at —78°C for 30 min. 2.5 eq ZnCl, in dry THF (1 M) were added
at —78°C and then stirred at room temperature for 1 h. 3 mol % of
[Pd,(dba);]-CHCl;, 6 mol% of P(t-Bu); and 2eq of the chosen
coupling bromide were added and the reaction solution was stirred
at 70°C for 20 h. Depending on the compound, two different
methods for workup were applied.

Method A for 7-10a-f:

The precipitate was filtered off and washed first with THF, then
with H,0 and again with THF. The solid was treated with 15 mL
conc. NHs,, solution and the aqueous phase was extracted three
times with 20 mL DCM. The pure product was obtained after
concentration in vacuo of the combined organic phases.

Method B for 7-10g-p:

15 mL conc. NH,,, solution was added and the aqueous phase was
extracted three times with 20 mL DCM. The combined organic
phases were concentrated in vacuo and the impure product was
purified by silica chromatography.

Supporting Information

Experimental procedures, optical values and spectra for all
measured compounds and analytical data of all compounds are
provided in the online Supporting Information. Additional
references cited within the Supporting Information (Ref. [24]).
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