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Straight access to highly fluorescent angular indolocarbazoles via
merging Au- and Mo-catalysis
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A straightforward and efficient synthesis of the two less explored types of indolocarbazoles has been developed. Two
DOI: 10.1039/x0xx00000x . . . . .

different processes for the carbazole nucleus preparation, a gold-catalysed regioselective cyclization followed by the
dioxomolybdenum-catalysed version of Cadogan reductive cyclization, enables the sequential construction of two carbazole
cores. The procedure features total regioselectivity and high overall yields. The required starting a-indol-3-ylalkyl propargylic
alcohols are easily and efficiently accessed from commercially available reagents. In addition, the photoluminescent

properties of two indolo[2,3-c]carbazoles, with fluorescence quantum yields around 0.7, have been studied.

Our previous work:

Introduction a) Au(lll)-catalysed synthesis of 1-(indol-3-yl)carbazoles
Indolocarbazoles are privileged scaffolds that possess a wide 3-Ind R2

range of biological activities! and diverse applications in organic i:z l/\ Y _PTSA (cat) @j
electronics.?2 Five different isomers have been recognized \ O ~mecNn %Rz
depending on the position and orientation of the fusion N ref. 10a

between the indole and the carbazole units.®> Among them, Met R

angular indolocarbazoles, such as indolo[3,2-a]carbazoles® and, ‘ ‘ 3dnd o

mainly, indolo[2,3-c]carbazoles® have been studied in much OH

lesser extension than the linear isomers likely due to the lack of R? \ \ %
efficient methods for their preparation. Even though some N \ ,eﬁ211:

reports have revealed the potential of the indolo[2,3- I‘?1 B R®

c]carbazole core as fairly promising OLEDs and other interesting
) . : 2+
optoelectronic properties,2>6 the synthesis of these molecules b) [MoO,]**-catalysed Cadogan reductive cyclization

appear limited and frequently focused in simple examples.” .
Moreover, most of the reported procedures afford substrates MO, (cat)
Ph3P, toluene N

with both nitrogen atoms equally substituted. Recently, few

methods have been designed to synthesize functionalised =~ refma 77777777777777777777777777777
indolo[2,3-c]carbazoles with the aim of achieving a fine-tuning c) This work: combined Au- and Mo-catalysis for accessing

of the optical properties.62< By contrast, carbazole synthesis functionalised angular indolocarbazoles

has experienced an outstanding development.®? Into this O
regard, we have described the Au(lll)-catalysed© cyclization of NH
1,1-bis(indol-3-yl)-3-alkyn-2-ols B, prepared from readily O NH

accessible a,a-bis(indol-3-yl) ketones A,1! affording a wide O O R®
range of 1-(indol-3-yl)carbazoles C through a selective 1,2- N\ O R? O
rearrangement involving an alkyl migration over the alkenyl R’ N\
migration (Scheme 1a).12 Due to the elevated functional group [Ind0|0[3 2-a]carbazoles and Ind0|0[2 3- C]Carbazoles

tolerance of this reaction, carbazoles bearing 2-nitroaryl o I
substituents could be easily accessed opening the possibility to % R2 o NO,
subsequently carry out Cadogan reductive cyclization, such as N %Ra = MgX R*

« Commercially and/or readily available reagents and catalysts

¢ High overall yields
Departamento de Quimica, Facultad de Ciencias, Universidad de Burgos, Pza.

Misael Bafiuelos s/n, 09001-Burgos, Spain. E-mail: rsd@ubu.es; Fax: (+34) * Only two chromatographic purifications

947258831
1 Electronic Supplementary Information (ESI) available: Experimental procedures, Scheme 1 Our previous work: Au(lll)-catalysed synthesis of indolylcarbazoles and
characterization data, complementary photophysical studies, and NMR spectra. See [MoO,]?*-catalysed reductive cyclization of 2-nitrobiaryls. This work: synthesis of

DOI: 10.1039/x0xx00000x regioselectively-functionalised angular indolocarbazoles.
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the Mo-catalysed one developed by our group and widely used
by other authors (Scheme 1b).13 At this point, we envisaged that
indolocarbazoles could be synthesized by an initial gold-
catalysed carbazole synthesis followed by a [Mo0O;]%*-catalysed
Cadogan reaction. This strategy of synthesis is based on using
readily available reagents such as indole, Grignard reagents, a-
hydroxyketones, and 2-nitro-1-halobenzenes (Scheme 1c).
Interestingly, the regioselectivity of the migration step during
the carbazole generation under gold-catalysis could determine
which of the two proposed indolocarbazole cores could be
synthesized.

Results and discussion

Initially, to test the feasibility of our strategy, a,oa-bis(indol-3-
yl)ketone 1a was prepared in gram scale (5.5 g, 17.6 mmol)
upon treatment of N-methylindole and pyruvaldehyde with
catalytic amounts of p-toluenesulfonic acid.l@ After the
addition of ethynylmagnesium bromide, the 1,1-bis(indol-3-yl)-
3-alkyn-2-ol 2a was almost quantitatively obtained (Scheme 2).
Interestingly, the crude alkynol was successfully subjected to a
standard Sonogashira-type reaction to install the 2-nitroaryl
moiety leading to the nitro-functionalised alkynol 3aa. After
performing the first purification by column chromatography,
the synthesis of the carbazole derivative was evaluated. When
compound 3aa was treated with NaAuCl;.2H,O under the
disclosed reaction conditions,122 the desired cyclization
proceeds smoothly affording carbazole 4aa. After the initial
tests, the reaction was successfully scaled up to gram scale,
providing pure enough carbazole in 90% yield (1.3 g, 3 mmol)
(Scheme 2).

With an efficient access to 4aa just developed, we evaluated the
planned Cadogan reaction (Table 1). Based on our previous
experience in  molybdenum catalysed reduction of
nitroarenes,3214 we selected MoO,Cl,(dmf), as a suitable
catalyst. Initial experiments revealed that under microwave
irradiation at 150 °C in toluene after 30 min, the desired
indolo[2,3-c]carbazole 5aa was obtained (entry 1). Although in

< Z \; ‘o < 2 § ;
|
3aa, 75%

a (95%, crude)
O O NaAuCly-2H,0 (5 mol%)
CH,Cl,, rt
7
N

4aa, 90% /

7MgBr
THF, -45 °C tort

2-NO,CgHyl, DMF, rt
PdClIy(PPhgz), (3 mol%)
Cul (5 mol%), Et3N

Scheme 2 Preparation of model indolylcarbazole 4aa from a,a-bis(indol-3-
yl)ketone 1a.

2 | Org. Chem. Front., 2020, 00, 1-3

Table 1 Reaction conditions for the reductive cyclization of |nd9)glca&bggpl%4me

Synthesis of indolocarbazole 5aa“ DOI: 10.1039/D0QO00405G

(e oy

OO

MoO,Cly(dmf), (5 mol%)
PPh3 (2.4 equiv), toluene
MW (T, t)

T‘ A Ind=1-methylindol-3-yI

4aa Saa
Entry T(°C) t (min) Conversion® (%) Yield® (%)
1 150 30 73 60
2 150 45 93 80
3 150 60 100 88 (82)°
4 180 60 100 83
54 110 overnight 100 82
6° 150 60 32 20

9 Reaction conditions: 4aa (0.3 mmol), PPhs (0.72 mmol), MoO2Cl2(dmf)2 (5 mol%)
in toluene (0.6 mL). ? Determined by 'H NMR using CH2Br; as an internal standard.
¢ Isolated yield after column chromatography. ¢ Carried out under conventional
refluxing conditions. € The reaction was performed in absence of the catalyst.

this case full conversion is not reached, it could be easily
achieved by increasing the reaction time (entries 2—3). Just after
60 min (entry 3), the complete conversion was observed
affording compound 5aa in 88% yield (82% isolated). Higher
temperatures do not provide any improvement (entry 4), and
slightly lesser yields are obtained. Interestingly, the reaction
could also be performed under conventional heating by
refluxing in toluene (110 °C) for 24 h (entry 5). The increased
reaction times cause some degradation of 5aa, affording slightly
lower vyields. Finally, in the absence of the molybdenum
catalyst, the desired indolocarbazole 5aa was obtained in low
yields (entry 6). Increasing reaction times in the absence of the
catalyst does not lead to any improvement in the process.
With suitable catalytic conditions for both the gold and
molybdenum-catalysed steps, we turned our attention to
evaluate the applicability of this strategy to the synthesis of
different indolo[2,3-c]carbazoles 5 (Scheme 3). A selection of
1,1-bis(indol-3-yl)-3-alkyn-2-ols 3 was readily prepared by
varying the indole (R?), the starting glyoxal (R3), and the 2-
nitroaryl moiety (R?%). Then, these compounds underwent a
cyclization reaction, promoted by NaAuCls;, affording the
corresponding carbazoles 4. Without further purification, the
crude carbazoles were directly subjected to Mo-catalysed
Cadogan reaction delivering the desired indolocarbazoles 5.
Starting indoles bearing N-methyl (5aa-af, 5ba-bd) or N-phenyl
(5ca) substituents are well tolerated. Modification of the nature
of R3 does not have a significative influence over the
performance of both steps, and the indolocarbazoles derived
from methyl or phenyl substituted glyoxals were obtained in
similar yields. The presence of electron-donating or electron-
withdrawing groups over the 2-nitroaryl moiety was also
tolerated allowing access to methoxy-functionalised
indolocarbazoles (5ab, 5bb) or halogenated and cyano-
functionalised indolocarbazoles (5ac-af, 5bc-bd), respectively,
in high yields.

This journal is © The Royal Society of Chemistry 20xx

Page 2 of 9


https://doi.org/10.1039/D0QO00405G

oNOYTULT D WN =

O~ WN

oL uuasdSDSDDS SN sPYligiedendd dune2029. Qowsl
SOOI PRWN SOOI NOTNDWN=O © 0

+Organic:Chet

Organic Chemistry Frontiers

02 o 1) =—=—MgBr, THF
2) 2-NO,R*CgH3l, DMF, rt
| PdCl,(PPhg), (3 mol%)
R! Cul (5 mol%), Et;N
1a (R'=R3=Me)
b (R'=Me; R3=Ph)
¢ (R'=Ph; R3=Me)

R'=R3=Me; aa: R*=H, 65%; ab: R*=OMe, 60%; ac: R*=F, 62%;
ad: R*=Cl, 64%; ae:? R*=CF3, 56%, af: R*=CN, 50%
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1) NaAuCl, 2H,0 (5 mol%), CH,Cl,, rt
or toluene, MW (120 °C, 45 min)
2) MoO,Cly(dmf), (5 mol%), PPhs (2.4 equiv)
toluene, MW (150 °C, 60 min)

R'=Me, R3=Ph; ba: R*=H, 70%; bb: R*=0OMe, 55%; bc: R*=F, 60%; bd: R*=Cl, 70%

R'=Ph, R3=Me; ca: R*=H, 72%

OO

5aa, 75%, 69%”
5ab 85%

OO

5bb, 83% Sbc, 74%

OO

5ae, 74% 5af, 82%
NH
Ph O O Ph

OO
oL ;

5ac 80%

Ph
5ca, 73%

5bd, 85%

Scheme 3 Synthesis of indolo[2,3-c]carbazoles 5. °Prepared from 1-bromo-2-nitro-4-(trifluoromethyl)benzene at 70 °C. Reaction performed in a one-pot two step

sequence using toluene as solvent for the Au- and Mo- -catalysed reactions.

At this stage and taking advantage of the high efficiency and
reliability of the Au(lll)-catalysed cyclization step, we
hypothesized that the design of a one-pot procedure for this
tandem sequence, involving carbazole formation followed by
Cadogan reaction, could be suitable.

After some screening, it was revealed that whereas the
molybdenum-catalysed Cadogan reaction could be performed
efficiently only by using toluene as solvent, the gold-catalysed
cyclization demonstrated to have a lower dependence with the
solvent and, interestingly, it could be successfully accomplished
in toluene. Moreover, under microwave irradiation at 120 °C
the Au(lll)-catalysed cyclization takes place within 45 min.
Under these reoptimized conditions, we were able to perform

This journal is © The Royal Society of Chemistry 20xx

the one-pot synthesis of indolocarbazoles 5aa and 5ba in high
yields from their parent alkynols 3 (Scheme 3).

In the overall sequence, the gold-catalysed cyclization plays a
decisive role in accessing indolo[2,3-c]carbazoles 5. According
to our previously described mechanism proposal (Scheme 4),
the alkynol 3 after coordination with the gold catalyst delivers
the spirocyclic intermediate 1.1> Then, this compound could
evolve onto two competitive pathways. On the one hand,
through path a an alkyl 1,2-migration takes place generating
intermediate Il, which through aromatization and loss of one
molecule of water delivers carbazole 4. Subsequent Cadogan
cyclization affords the desired indolo[2,3-c]carbazoles 5.
Interestingly, in an alternative way, a 1,2-alkenyl migration
could take place (Scheme 4, path b) obtaining the intermediate

Org. Chem. Front., 2020, 00, 1-3 | 3
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1 Ar
R 3
- I
R# = indol-3-yl
BJ bJ R2 £ indol-3-yl
Ar - )
[Au] R on
N
Crdel o
N ) OH [Au]”
L

[}
[Au] ui\, H,0
NO,

N 2
R
;
R4
Moo+~ 2 PPha
2 0=PPh,

NH
O R3
N
L R2
R's
indolo[2,3-c]carbazoles indolo[3,2-a]carbazoles
R2 = indol-3-yl R2 # indol-3-yl

Scheme 4 Mechanistic proposal for the synthesis of indolo[2,3-c]carbazoles 5 and
proposed approach for the preparation of indolo[3,2-a]carbazoles 7.

I’. Then, a similar evolution of II’ through aromatization and
dehydration provides a different type of carbazole 6 in which
the 2-nitroaryl moiety is found in position 1 instead of position
4 as previously described for the route a. Interestingly,
carbazoles 6 are also plausible substrates for Cadogan reaction,
but in this case, the cyclization would afford indolo[3,2-
alcarbazoles 7. In fact, if the control of one migration over the
other would be possible, the assembly of two differentiated
indolocarbazoles moieties could be achieved. Considering our
previous mechanistic studies,’22 we hypothesized!® the nature
of substituent R2 as a critical factor in achieving this goal. DFT
studies prove that when this substituent is an indol-3-yl group,
the cleavage of the bond between the spiranic carbon and the
alkyl fragment is considerably more favoured because of the
resulting carbocation is stabilized by conjugation with the
vicinal indole. Thus, it is likely to think that replacing this
substituent by another group possessing less electronic density
will render in promoting the competitive 1,2-alkenyl migration.
To provide access to indolo[3,2-a]carbazoles 7 from alkynols 3,
we envisioned that if R2 is a simple alkyl group, the 1,2-alkenyl
migration is more likely to take place and therefore carbazoles

4 | Org. Chem. Front., 2020, 00, 1-3
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—MgBr
VW' O TTuR secton

1d

NaAuCly-2H,0
(5 mol%)

CH,Cly, rt

2-NO,CgH,l, DMF, rt

PdClI,(PPhj), (3 mol%)
Cul (5 mol%), Et;N

O,N

3da, 80%

MoO,Cl,(dmf), (cat.)
PPh; (2.4 equiv)
MW (150 °C, 60 min)
NO, toluene

7da, 73%
6da (crude)

Scheme 5 Synthesis of indolo[3,2-a]carbazole 7da from a-indolylketone 1d.

6 would be obtained. To test our hypothesis, we efficiently
synthesized 3-(1-methyl-1H-indol-3-yl)butan-2-one 1d from N-
methylindole and acetoin by using catalytic amounts of
molecular bromine (Scheme 5).11¢ Then, the crude compound
1d was subjected to the developed synthetic sequence. After
reacting with an excess of ethynylmagnesium bromide, the
corresponding alkynol 2d was obtained as a 1:1 mixture of
diastereoisomers. The crude 2d affords, under the previously
established Sonogashira reaction conditions, the alkynol
derivative 3da that possesses only one indole ring. Next, 3da
was treated with catalytic amounts of NaAuCl4.2H,0 in CH,Cly,
according to the general procedure. The reaction proceeded
smoothly, affording only one compound identified, after NMR
analysis, as carbazole 6da. Remarkably, the process takes place
with total control of the regioselectivity. As it was hypothesized,
by merely replacing the R2 substituent in 1 from an indole (1a)
to a methyl group (1d), the 1,2-alkenyl migration is favoured
and, so, carbazole 6da was selectively obtained. Additionally,
the reaction proceeds so efficiently that the crude carbazole
could be used in the next step without further purification.
Finally, we tested the Cadogan cyclization. Under the optimized
reaction conditions, carbazole 6da is efficiently converted into
indolo[3,2-a]carbazole 7da in high yield referred to alkynol 3da
(Scheme 5).

Once it was demonstrated that indolo[3,2-a]carbazoles could
also be accessed from the corresponding alkynols 3, we decided
to synthesize a variety of compounds bearing this scaffold to
test the influence of different substituents (Scheme 6). Initially,
we focused on the substitution of the initial indole. Both N-
methyl (7da-dc, 7ea-ec, 7fa, 7ga) and N-phenyl (7ha)
substituted indoles could be used as starting materials.
Additionally, the influence of substituents R2 and R3 was also
studied. The transformation was proved to be general with both
alkyl (7da-dc) or cycloalkyl (7ea-ec) groups achieving in all cases
similar yields. Besides, an alkynol with RZ=Me and R3=Ph (3fa)
delivered the desired carbazole 7fa in a 73% yield. By swapping
both groups, the reaction takes place, and in the same

This journal is © The Royal Society of Chemistry 20xx
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R2 R
3
R 1) NaAuCl,-2H,0 (5 mol%), CHoCly, rt O O
\ 1) ——MgBr, THF or toluene, MW (120 °C, 2 h) NH
2) 2-NO,R*CgHsl, DMF, rt 2) MoO,Cly(dmf), (5 mol%), PPh, (2.4 equiv) 'T‘1
’T‘ PdCl,(PPhj), (3 mol%) toluene, MW (150 °C, 60 min) R O
R’ Cul (5 mol%), Et;N
1d (R'=R?=R3=Me) 7 R*
e (R'=Me; R>-R3=—(CH,),-
f((R1:R2:Me- Rgzpﬁl) ) R'=R2=R%=Me; da: R*= H, 80%; db: R*=OMe, 72%; dc: R*=F, 72%
g (R1=R3=Mé- R?=Ph) R'=Me, R2-R%=—(CH,),—; ea: R*= H, 81%; eb: R*=OMe, 67%; ec: R*=F, 80%
! 1-R2= 3= . R4

h (R'=Ph: R%=R%Me) R'=R2=Me, R3=Ph; fa: R*=H, 70%

R'=R3=Me, R2=Ph; ga: R*=H, 55%

R'=Ph, R?=R®=Me; ha: R*=H, 75%

Ph
Ph
NH O O NH O O NH O O NH
N N l\‘l
\ \ Ph
7da (R*=H), 73% 7ea (R*=H), 71%, 65%7

db (R*=OMe), 80% R* eb (R*=OMe), 81% 7fa, 73% 7ga, 73% 7ha, 68%

R4

dc (R*=F), 79% ec (R*=F), 69%

Scheme 6 Synthesis of functionalised indolo[3,2-a]carbazoles 7. “Reaction performed in a one-pot two step sequence using toluene as solvent for the gold- and

molybdenum-catalyzed reactions.

extension affording carbazole 7ga (Scheme 6). The effect of
electron-donating and moderate electron-withdrawing groups
over the 2-nitroaryl moiety was studied by placing methoxy and
fluorine substituents. The presence of methoxy substituents

delivered the corresponding indolocarbazoles in slightly hi
yields (7db, 7eb). Alkynols 3 having the 2-nitroaryl substit
bearing fluorine atoms behave similarly to unfunctiona

substrates allowing the access to fluorinated indolocarbazoles
7dc and 7ec. Finally, we decided to evaluate the one-pot
procedure to access indolo[3,2-a]carbazoles from 1-(indol-3-yl)-
3-alkyn-2-ols 3. To our delight, the synthesis of compound 7ea

was successfully accomplished merging gold-catal

cyclization and molybdenum-catalysed Cadogan reaction

one-pot manner using toluene as solvent for both processes.

Photophysical properties of compounds

The photoluminescent properties of two selected indolo

c]carbazoles, 5aa and 5ba, were investigated in DMSO in order
to gain insight into the effect that the substituent at the C-7

position of the indolocarbazole skeleton (methyl in 5aa,
phenyl in 5ba) has on the photophysical properties of t

compounds (Table 2). The absorbance and the emission
intensity of both chromophores at the absorption and emission
linearly for a

spectrum maximum wavelengths grow
concentration range between 5 x 1077 and 4 x 1076 M.
The normalized absorption and emission spectra of

compounds in DMSO are shown in Figure 1. The absorption

spectra show two main bands at 351 and 397 nm for the me

phenyl-substituted one (5ba) (Table 2), which shows a wider
absorption range (Figure 1). Closely similar spectra are reported
in the literature for N,N’-dimethylindolo[2,3-c]carbazole> and
for a phenyl-substituted N,N’-dimethylindolo[2,3-c]carbazole”™

gher indicating that these bands are characteristics of the indolo[2,3-
uent c]carbazoles, regardless the grade of nitrogen methylation.
lised Since extended conjugated systems lead to high absorption and

emission wavelengths,'* the red shifts of the spectra upon
phenyl substitution (5ba) in comparison to the methylated
compound (5aa), which is of 3 nm for the 351 nm band and 5
nm for the 397 nm band, suggest that the phenyl substituent is
conjugated with the indolo[2,3-c]carbazoles molecular
framework. Additionally, provided the absorption band at 397
nm experiments a higher shift to the red than the band at 351
nm, when methyl is changed by phenyl in the carbazole moiety,
indicates that the band at 397 nm is likely to be due to the
carbazole absorption. Moreover, the higher conjugation of
carbazole in comparison to that of indole would also justify that
the absorption linked to the carbazole segment of the
chromophore appears at higher wavelengths. Moreover, the
pendant indole moiety from the carbazole group in 5aa and 5ba
does not seem to induce significant changes in the absorption
maximum wavelengths when compared to the spectra of N,N'-
dimethylindolo[2,3-c]carbazoles.5a7h

Similarly, the emission band is 24 nm red shifted when the
methyl-substituted 5aa (407 nm) and the phenyl-substituted
5ba (424 nm) are compared (Table 2), supporting the idea that
the phenyl group is conjugated with the rest of the indolo[2,3-
c]carbazole m-system.

ysed

in a

[2,3-

and
hese

both

thyl-

substituted compound (5aa) and at 354 and 402 nm for the

This journal is © The Royal Society of Chemistry 20xx
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Table 2. Maximum absorption wavelength (A,ps), molar absorptivity at the absorption maximum wavelengths (€max), maximum emission wavelength (Aem), fluorescence quantum

yield (¢¢), average lifetime (t), and fluorescence (ks) and non-radiative (k. ) rate constants of selected 5aa and 5ba in DMSO

Aabs Emax Aem ¢f T kf km
Compound (nm) (Lmol™-cm™) (nm) (ns) (107s7Y) (107s7Y)

338 20700 £ 300
351 23700 £ 300

407 0.72+£0.04 74+0.1 9.54 +£0.10 3.89+0.04
377 6900 + 200
397 8200 + 200
342 16700 + 200
354 20000 £ 200

424 0.69 £0.02 6.4+0.1 10.77 £0.05 4.84 +0.02
384 6500 + 100
402 7500 £+ 100

The fluorescence quantum yields of 5aa and 5ba in DMSO,
around 0.70 (Table 2), are highly remarkable because more than
double the 0.31 of the methyl-substituted N,N'-
dimethylindolo[2,3-c]carbazole in CH,Cl,.7" Although these
chromophores do not have the same nitrogen methylation
grade and the solvent is different, it is likely that the pendent
indole substituent in the carbazole moiety of 5aa and 5ba could
play a crucial role in this dramatic increase in the emission
quantum yields by increasing the molecular rigidity.

Moreover, fluorescence decays of 5aa and 5ba in DMSO were
also registered at several wavelengths (emission maxima and
shoulders), as detailed in Table S1. The decays in the emission
maxima of 5aa and 5ba are also shown in Figure S1 (see ESI for
details). Mono-exponential decays were obtained for all the
cases, and the average lifetimes are shown in Table 2. Although
the lifetime is slightly lower for the phenyl derivative (5ba), the

0.8 0.8

0.6 0.6

0.4 0.4

Normalized Absorbance

0.2 0.2

Nornalized Emission Intensity, a.u.

350 400 450 500

Wavelength, nm

0.0

Figure 1 Normalized absorption and emission spectra of 5aa (black) and 5ba (grey
indolo[2,3-c]carbazoles (4 x 107 M) in DMSO. Excitation wavelengths: 351 an
354 nm, respectively.

6 | Org. Chem. Front., 2020, 00, 1-3

difference is not significant.

From the fluorescence quantum yield and lifetimes, the
fluorescence (k) and non-radiative (knr) rate constants can be
calculated (in the absence of bimolecular processes) by
combining Eq. S1 and Eq S2 (see ESI for details).1” The values of
both constants are shown in Table 2. Both fluorophores have a
similar rate constant, and the fluorescence constants double
the non-radiative ones, showing the higher efficiency of the
radiative channel to deactivate the first electronic states of both
chromophores with respect to the non-radiative ones.

Conclusions

In conclusion, we have developed a new methodology to access
two different angular indolocarbazole moieties by merging
gold- and molybdenum-catalysis through two sequential
carbazole formation reactions. It is remarkable that the nature
of the substituent at the propargylic position of the starting
alkynol plays a decisive role in the regioselectivity of the
migration step in the intermediate spirocyclic indolenine. Thus,
when alkyl migration is favoured indolo[2,3-c]carbazoles are
obtained, whereas if alkenyl migration dominates the process
addition, the
indolocarbazoles could also be synthesized through a single-pot
tandem operation using toluene as a solvent. The methyl-
substituted (5aa) and phenyl-substituted (5ba) indolo[2,3-
c]carbazoles (the latter with a wider absorption wavelength
range) show fluorescence quantum yields (¢¢) around 0.7 in
DMSO, doubling the ¢ of similar compounds in the literature.
The high extinction coefficient and fluorescence quantum yields
of these compounds make them potentially useful for
optoelectronic applications.

indolo[3,2-a]carbazoles are accessed. In

This journal is © The Royal Society of Chemistry 20xx
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