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Nomenclature of triangulenium ions

2 2
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DAOTA ADOTA Pyrene 4,8,12,12c-tetrahydro-

dibenzo[cd,mn]-pyrene

0 0L O
&b b &

Triangulene Heterotriangulenes Triangulenium
(all sp?, non existing) (all sp?) (all sp?)

ADOTA

The triangulenium dyes are after IUPAC nomenclature a functionalized pyrene derivative, but the fused ring
system has the trivial name triangulene as named after Clar. The trivial name of the ionic versions is
triangulenium. The heteroatom substitutions in the structure in the IUPAC nomenclature introduced as prefixes,
thus the system with two oxygen bridges and a single nitrogen bridge becomes:

4-aza-8,12-dioxa-4,8,12,12c-tetrahydro-dibenzo[cd,mn]-pyrenylium
or
azadioxatriangulenium
Either name can lead to the abbreviation: ADOTA.

A N- substituent in the azadioxatriangulenium structure equals the 4-substituent, so e.g. the substituted
azadioxatriangulenium dye, 4a can be named either:

4-(3-Carboxypropyl)-4-aza-8,12-dioxa-4,8,12,12c-tetrahydro-dibenzo[cd,mn]-pyrenylium
or

N-(3-carboxypropyl)-azadioxatriangulenium
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DAOTA
The heteroatom substitutions in the structure in the IUPAC nomenclature introduced as prefixes, thus the system

with one oxygen bridge and two nitrogen bridges becomes:
4,8-diaza-12-dioxa-4,8,12,12c-tetrahydro-dibenzo[cd,mn]-pyrenylium
or
diazaoxatriangulenium
Either name can lead to the abbreviation: DAOTA.

N, N’- substituents in the diazaoxatriangulenium structure equal the 4- and 8-subsitutents, so e.g. the substituted
diazaoxatriangulenium dye, 5a can be named either:

4-(3-Carboxypropyl)-8-methyl-4,8-diaza-12-oxa-4,8,12,12c-tetrahydro-dibenzo[cd,mn]-pyrenylium
or

N-(3-Carboxypropyl)-N’-methyl-diazaoxatriangulenium

Systematic names for [4]helicenium ions

1A+

2 /O

.
4

Chromenium

Acridinium

DMQA" 1,13-dimethoxy-5,9-dialkyl-quin[2,3,4-kl]acridinium or N,N’-dialkyl-1,13-dimethoxy-quin[2,3,4-
kllacridinium
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Quantum Yield (QY)

The QY's (¢) were determined by the relative method using the formula:

a-n?
br1 = Prirer trer < s,
Where n is the refractive index of the solvent used and « is the slope determined from a linear fit for three or
more points of Iy vs. f, Here, f, is the fraction of light absorbed (f, = 1-10", where A is the absorbance
measured at the excitation wavelength) and I is the integrated emission intensity. The subscript “ref” refers to a
fluorescence reference standard (here rhodamine 6G, ¢ = 0.95) measured using the instrumental same
settings. The absorption spectra of the fluorophores were measured at three or more different concentrations (all
between 1-12 uM) obtained by titration of a dye stock solution directly into the cuvette. Each absorption
measurement was followed by an emission measurement with an excitation wavelength of 510 nm using a solid
state laser excitation source. For all measurements the absorption was kept below 0.1 in the maximum of the
longest wavelength absorption band. The settings for both the absorption and emission measurements were the
same for every fluorescence quantum yield measurement to ensure comparability. The emission signal was
measured with a PMT detector with a spectral range of 300-900 nm. The spectral bandwidth in the absorption
spectrometer was 1 nm, whereas the laser used for excitation in the emission measurements has a spectral band
width of 7 nm. To compensate for the difference in the spectral bandwidths of the excitation sources of the two
instruments, the measured absorption spectra were multiplied by a Gaussian fit of the spectral band shape of the
laser pulse before the fraction of absorbed light (f,) was determined. Magic angle settings were used for the
emission measurements and emission spectra were corrected for the wavelength dependent response of the
detection system before use in the fluorescence quantum yield determinations. A worked example and all the
plots used for quantum yield determination are shown below. Single-point QY measurements for 5¢c-BSA with
different degree of labeling (DOL) were calculated from the formula:

Iint " faref" n?

P51 = Dfirer

2
fa- Iintref - Nyef



Ilkay Bora et al.

Diazaoxatriangulenium: synthesis...

QY data for rhodamine 6G (Rh6G) in EtOH and 5c in DMSO, MeCN and PBS
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Labeling

For the labeling experiment the conjugation of 6¢c and BSA was carried out in BBS buffer (pH 8.2). 5¢ was
dissolved in DMSO and 1.2 equivalents of TSTU and 3 equivalents of DIPEA was added to produce the
activated NHS ester. After stirring at ambient temperatures for approximately 1 hour, 0.4 mL of the NHS ester
solution in DMSO was added to 1.2 mL of BBS buffer while gently shaking. The solution was then slowly
transferred to 2.4 mL of BSA (30 mg/mL) in BBS buffer. After 2 hours on a rocking table, 3 mL of each solution
were transferred to dialysis cassettes with molecular weight cut-off at 10 kDa (Slide-A-Lyzer from Thermo
Fisher Scientific) to remove unreacted ADOTA from the sample. The sample was dialyzed in 800 mL of PBS
buffer with buffer change three times with at least 8 hours in between.

The degree of labeling (DOL) was determined using the absorbance at 280 nm (A,g) to determine the BSA
concentration, correcting for the absorbance of the DAOTA chromophore in this wavelength region by use of the
correction factor (CFapota=Azso/Amax), and from the longest wavelength absorption maximum for the DAOTA
chromophore (Aqax). The DOL is then DOL=Cpao7a/Cgsa. The absorption spectra below were used to determine
the DOL for the 5¢-BSA conjugates.

QY for 5¢c-BSA, DOL 0.9
Experimental procedures as described above.

0,10
0,08 1

0,06 1

Absorption

b
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0,00
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Absorption spectra of 5¢c-BSA with DOL 0.9 measured at different concentrations in PBS solution.
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Emission Intensity - Counts
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Emission spectra of 5¢c-BSA with DOL 0.9 measured at different concentrations in PBS solution.

Integrated emission intensity - Counts
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Plot of integrated emission intensity (l;.) vs. fraction of absorbed light (f,) for 5¢c-BSA with DOL 0.9.
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Rh6G reference data for 5c-BSA
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Absorption spectra of Rh6G measured in EtOH solution at different concentrations.
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Emission spectra of Rh6G measured in EtOH solution at different concentrations.
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QY data 5¢c-BSA with different DOL
The degree of labelling (DOL) was varied by using different 5¢c-BSA ratios. The relative quantum yields of
different DOL were estimated using single point measurements:
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Absorption spectra of 5¢c-BSA with varying DOL measured in PBS solution.
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Emission spectra of 5¢c-BSA with varying DOL measured in PBS solution.
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Time-dependent photophysical properties

Photophysical properties of 5c-BSA and 5c in PBS solution

Data from QY determinations and fitting the time-resolved emission decay profiles of non-bound 5c¢ and 5c-
BSA, are given in figure 3 in the main text. 5¢c has a mono-exponential time-resolved emission decay profile,
while the 5¢c-BSA conjugate exhibits an emission decay profile that requires a multi-exponential fit. Thus, the
non-bound dyes are present in one emitting population, while the dye when conjugated to BSA can be found in
at least three different environments. Despite having two quenched populations the resulting intensity averaged
lifetime <t,,> of 5¢c-BSA is 19.4 ns.

Photophysical properties of 5¢c-BSA and 5¢ measured in PBS solution. Quantum yields (g;) are measured with Rh6G as reference
(@n = 0.95). Fluorescence lifetime 1, (n = 1-3) components are given in ns, and the corresponding fractional contributions A, (n =
1-3) are given in percent. The intensity averaged fluorescence lifetimes <t;,> are given in ns.

 |tlns | A% |t/ns [ A% | tins | Al % | <>/ |y
ns
5¢c 0.35| 14.2 100 - - - - 14.2 1.166
5¢-BSA, DOL 0.9 034 | 21.2 63.7 8.74 23.2 1.37 13.0 194 1.001

Rotational correlation times (8) measured for 5¢c-BSA

The parameters needed to fit the time-resolved anisotropy decay profiles for 5¢c-BSA, are given in figure 3 in the
main text. Two components are required to fit the anisotropy decay, a minor contributing short rotational
correlation time component (6,) is attributed to the fast local motion of the dye, and a dominating long
correlation time component (6,), which is attributed to the overall motion of the 5¢c-BSA conjugate.

The intensity averaged fluorescence lifetime <t;,> is given in ns. Rotational correlation times (6,, n = 1-2) measured for 5¢c-BSA
in PBS solution, given in ns. The corresponding fractional anisotropy contributions r,, (n = 1-2).
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0,/ns

I
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I
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Quenching by tryptophan

To form the 5c-tryptophan (5¢-Trp) conjugate shown below 6¢ was reacted with tryptophan. This was done in
order to investigate the extent of quenching of the DAOTA chromophore by tryptophan by comparing the
relative quantum yield of 5¢-Trp to that 5¢c. The geometry of 5¢-Trp corresponds both to a very high local
concentration of tryptophan for a quenching experiment, and to an exaggerated close packing of 5c and
tryptophan residues in 5¢c-BSA conjugates. The very low degree of quenching in 5¢c-Trp demonstrates that 5¢
should experience a very limited amount of quenching by tryptophan, when used in bioconjugation experiments.

5¢-Trp
< NH
o]
+\__OH
H\
0
o) N
C+
N
|

Table showing the redox potential of tryptophan, ADOTA and DAOTA, the former in water pH = 7, while the altter is in

acetonitrile.

. Erq VS. SCE Eo.x vS. SCE
Tryptophan - 0.77
As)/FC))TpAZ' 3 -0.50 -
DAOTA?3 -0.85 1.40

1,01 —5c¢-Trp
8 ——5¢C
& 0,8-
O
o
8 o06-
<
e}
N 041
T
IS
5 0,24
2
0,0

"400 450 500 550 600 650
Wavelength - nm

Normalized absorption spectra of 5¢c and 5¢-Trp measured in PBS solution.
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Emission spectra corrected for their absorbance at the excitation wavelength of 5¢ and 5¢-Trp, respectively.
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NMR data
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Matrix: Dithranol in DCM

Acquisition Parameter
Acquisition Mode Single MS
Polarity Positive
Broadband Low Mass 150.5 m/z
Broadband High Mass 4000.0 m/z
Source Accumulation 0.010 sec
lon Accumulation Time  0.050 sec

Diazaoxatriangulenium: synthesis...

25
Acquired Scans 4
No. of Cell Fills 1
No. of Laser Shots 20
Laser Power 20.01Ip

Laser Shot Frequency 0.002 sec

e —

Calibration Date Tue Jan 27 05:35:41 2015
Data Acquisition Size 4194304
Data Processing Size 8388608
Apodization Full-Sine

1+
445.154969

acq1966_0_I20_00000L.d: +Msi

1+
446.158304
1+
447.1‘61583
4450 | 4455 4460 | wbs | avo | ams 4480 | 4485 | tom
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Acquisition Parameter

Acquisition Mode Single MS Acquired Scans 4 Calibration Date Tue Jan 27 05:35:41 2015
Polarity Positive No. of Cell Fills 1 Data Acquisition Size 4194304
Broadband Low Mass 150.5 m/z - No. of Laser Shots 20 Data Processing Size 8388608
Broadband High Mass . 4000.0 m/z Laser Power 20.01p Apodization Full-Sine
Source Accumulation 0.010 sec Laser Shot Frequency 0.002 sec
lon Accumulation Time - 0.050 sec
Intens, acql967_0_K20_000001.d: +MS
x109] 1+
417.123651
2.09
1.5
1.0
1+
418126960
0.5
1+
419.130328
.-t —T—— T ——T— —
416.5 417.0 417.5 418.0 418.5 419.0 419.5 420.0 m/z
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Acquisition Parameter

Acquisition Mode Singb MS Acquired chns 6 Calibration Date Tue Jan 27 05:35:41 2015
Polarity Positive Na. of Cell Fills 1 Data Acquisition Size 4194304
Broadband Low Mass 150.5 m/z No. of Laser Shots 20 Data Processing Size 8388608
Broadband High Mass ~ 4000.0 m/z Laser Power 20.01p Apodization Full-Sine
Source Accumulation 0.010 sec Laser Shot Frequency 0.002 sec
lon Accumulation Time  0.050 sec
Intens.| MS
x108 1+ )
388.144934
]
3_
2_
) 1+
1 389.148312
1+
390.151667
387.137073
1 "
387 388 389 390 391 miz
[—+ms
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Matrix: Dithranol in MeCN
Acquisition Parameter
Acquisition Mode Single MS Acquired Scans 6 Calibration Date Tue Jan 27 05:35:41 2015
Polarity Positive No. of Cell Fills 1 Data Acquisition Size 4194304
Broadband Low Mass 150.5 m/z No. of Laser Shots 20 Data Processing Size 8388608
Broadband High Mass  4000.0 m/z Laser Power 20.01p Apodization Full-Sine
Source Accumulation 0.010 sec Laser Shot Frequency 0.002 sec
lon Accumulation Time  0.050 sec
Intens.{ +MS|
x108 15
480.155956
1.0
0.8
0.6
0.4
1+
481,159324
0.2
1+
482.162670
(O R s e e o S L A e S e s s e e e L P s s e s s s s e e e o
479.5 480.0 480.5 481.0 481.5 482.0 482.5 483.0 483.5 484.0 m/z
— +MS I
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IVIGLU A, LAILLIGT VL L VIS I
Acquisition Parameter
Acquisition Mode Single MS Acquired Scans 7 Calibration Date Tue Jan 27 05:35:41 2015
Polarity Positive No. of Cell Fills 1 Data Acquisition Size 4194304
Broadband Low Mass 150.5 m/z No. of Laser Shots 20 Data Processing Size 8388608
Broadband High Mass ~ 4000.0 m/z Laser Power 2001p Apodization Full-Sine
Source Accumulation 0.010 sec Laser Shot Frequency 0.002 sec
lon Accumulation Time  0.050 sec
Intens. | i+ +MS
x108 542,171618

4ﬁ

3_

2_

1+
: 543,175035
1 -
1+
544.178396
— T T T T |||»|‘|-J-wr|--w~=| —T 7
541.5 542.0 542.5 543.0 543.5 544.0 544.5 545.0 545.5 m/z
[—+Mms i
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Matrix: Dithranol in MeCN

Acquisition Parameter

Acquisition Mode Single MS Acquired Scans 6 Calibration Date Tue Jan 27 05:35:41 2015
Palarity Positive No. of Cell Fills 1 Data Acquisition Size 4194304
Broadband Low Mass 150.5 m/z No. of Laser Shots 20 Data Processing Size 8388608
Broadband High Mass  4000.0 m/z Laser Power 20.01p Apodization Full-Sine
Source Accumulation 0.010 sec Laser Shot Frequency 0.002 sec
lon Accumulation Time  0.050 sec
Intens. +MS
x108 1+
514.140303
2.04
1.5
1.0
1+
515.143700
0.5
1+
516.147068
0.0..\=-..(r<.......‘..:..‘..;.,....\.—r
513 514 515 516 517 518 519 m/z
[——+ms ]

Bruker Compass DataAnalysis 4.2 printed: 10/19/2015 2:55:53 PM by: Admin Page 1 of 1



Diazaoxatriangulenium: synthesis...

36

Ilkay Bora et al.

ol

7,1H,DMSO
C\

J

=0b'e

21T
o0t

%
&
!

T

0.5

1.5 1.0

2.0

6.0

6.5

7.0

8.0

9.5 9.0 8.5

T
10.0

69°G5€ —

19'90T
£9°90T
96°90T
T°£0T
95°80T ~t
19°80T ¢
Z0°0TT
$0°0TT
2,011

9T'6CT
L 6CT
6G°EET
86'VET /
08'GET
TS°8€ET W
T8'8ET %
0S°6€T
P6'6ET
€TOPT
0L°0¥T
¢6'0PT
L8°TPT
€8°TST
66°1ST

7,13C,DMZ0
a
o
i
I




llkay Bora et al. 37 Diazaoxatriangulenium: synthesis...

Matrix: Dithranol in MeCN

Acquisition Mode Single MS Acquired Scans 6 Calibration Date Tue Jan 27 05:35:41 2015
Polarity Positive No. of Cell Fills 1 Data Acquisition Size 4194304
Broadband Low Mass 150.5 m/z No. of Laser Shots 20 Data Processing Size 83886;]8
Broadband High Mass ~ 4000.0 m/z Laser Power 20.01p Apodization Full-Sine
Source Accumulation 0.010 sec Laser Shot Frequency 0.002 sec
lon Accumulation Time  0.050 sec
Intens. +MS
x108/ 1¢
468.134778
5.
4
3_
2_
* 1+
469,138190
1-
1+
470.141574
0 —————r——A e ————r———1—"r—r—-r—-"r—"1-"r——— 17—
467.5 468.0 468.5 469.0 469.5 470.0 470.5 471.0 471.5 miz

[—+ms
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