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Chapter 3
Red – light – sensitive BODIPY photoprotecting groups
for biological applications
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Introduction
Among the diverse approaches towards targeted chemical action in biological
systems, the use of photoprotecting groups (PPG’s), which allow the selective
release and/or activation of compounds in a discrete manner, has emerged, in the
past years, as a highly versatile, modular and efficient technique that often
minimizes chemical side effects on the biological system it interacts with. It has
been successfully applied to automated RNA synthesis,[1] gene activation and
silencing,[2] light driven activation of biologically active compounds[3] or protein
dimerization, among others.
Since their seminal development by Engels[4] for the protection of adenosine, PPG’s
have been extensively studied, and several key aspects have been determined as
being crucial for their applicability in biological systems. In their recent review, Klan
et al. describe these and highlight the more important ones. These are, firstly,[5] a
single and narrow but intense absorption band, preferably in the so called
“therapeutic window” (650-900 nm),[6] in which the light used for
photodeprotection is less toxic, as not being absorbed by biological tissues.[7]
Secondly, that these compounds show sufficient solubility and stability in the used
media and, finally, that the photorelease reaction should proceed within a short
time frame (minutes) and yield the cargo compound in its active form. In addition
to this release, the residual byproducts from the removed PPG should not absorb
at the irradiation wavelength and should be biologically inert.
There are many examples of PPG’s in the literature, which have been developed
over the years[8] and which exhibit most of the aforementioned properties (Scheme
1). These include coumarins (a),[9] benzoins (b),[10] BODIPY (c)[11] and o-nitrobenzyl
derivatives (d),[12] which can all be used for the protection of nucleophilic
compounds, such as alcohols,[13] carboxylates,[14] phosphates[15] and amines.[16]
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Scheme 21. Structures of commonly used photoprotecting groups

In this context, primary amines as PPG attachment points, in particular, caught our
attention as they are not only prevalent[17] in biologically active compounds, often
playing a central role in their activity, but they are also highly versatile chemical
groups in synthesis, which enables the development of simple and selective
synthetic routes for their inclusion as cargo on a PPG.[18] This particular
combination makes them ideal positions for on/off control. Previous attempts at
building release systems for amine groups have shown that they are usually poor
leaving groups and therefore and additional linker between PPG and amine and
PPG, such as a carbamate, is often need for them to function in the desired
manner.[18] This was exemplified by the photodeprotection of histamine,[3b]
dopamine[3b] and Vemurafenib[19] by the groups of Weinstain and Peifer who
selectively released these compounds in their active forms in their targeted area
without altering their biological activity.
A common issue with o-nitrobenzenes, coumarins and benzoins, is that most of the
used photoprotecting groups release their cargo at a wavelength outside of the
highly sought-after therapeutic window (λ<650 nm), which can potentially lead to
tissue damage. This problem is often encountered in this field and, as it is seen as
one of the more crucial challenges to overcome, it currently attracts the attention
of many research groups. Recently, Zhu et al. used styryl-conjugated coumarins[20]
in an attempt to overcome this problem, while Etchenique[21] approached it by
using ruthenium bipyridine complexes. The λmax values for both of these groups of
compounds were red-shifted in comparison to the commonly used photoprotecting
groups, but this was either not enough to absorb in the therapeutic window (650 <
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λ < 900 nm), or the compounds had a metal imbedded in their structures, which is
not desirable in most pharmaceuticals. The currently explored alternative methods
for using red light in photodeprotection are either two-photon excitation[22] or redshifting the λmax values of the PPG’s by extending the π-systems[23] of the
compounds. Both of these methods, however, are not free from shortcomings
which severely limit their applicability to biosystems. When using two photons, the
excitation occurs when both the photons hit the target simultaneously. Compared
to one photon excitation, irradiation with higher intensity of light is usually needed
as the probability of such a transition is smaller because of the light scattering in
the tissues. While extending the π-systems of the PPG’s is the most direct response
for these problems, it, however, comes with the expense of making the PPG
molecules bigger and less polar, thus limiting their solubility in aqueous media.
With all those challenges and limitations in mind, we set out to develop a new PPG
system which would not only overcome these remaining biological limitations but
would be able, through its synthetic set-up, to accept as cargo a wide library of
amines.
In our approach, inspired by the works of Winter[24] and Weinstain,[3b] we designed
a system which sought to fulfill all four of the aforementioned criteria to render a
PPG applicable in a biological setting. We began by choosing a BODIPY
(borondipyrrolmethene) core because, simple synthetic routes exist to obtain it
and its photochemical properties are near to ideal for our purpose, as it possesses
a narrow absorption band and high ε values (~105 M-1cm-1).[24] Next, we envisioned
extending the π-system of the compound by adding styryl groups, following the
reports of Winter,[25] which would lead to a significant red shift of its λmax.
Furthermore, we also planned to exchange the fluorine atoms on the boron in the
BODIPY core, following Klan’s group[11] findings that this modification should lead
to increased uncaging quantum yield. As PPG attachment point, we swapped the
ester moiety at the meso position of the compound reported by Winter[26] for an
activated carbamate which should allow us to readily attach the amines and which
should enable to release them smoothly, leaving behind biologically silent residues
(Scheme 22).
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Scheme 22. Structure of the BODIPY PPG’s

After initial studies with BODIPY photoprotected 4-fluorobenzyl amine as the
model compound, we prepared an analogous carbamate derivative for dopamine,
a commonly used cardiac drug.[27] The compound was then delivered to the group
of Prof. Peter van der Meer (University Medical Center Groningen) for further
study.

Results and discussion
The synthesis of the desired compounds started with the preparation of BODIPY
ester 1 as reported previously[28] (Scheme 2), followed by a Knoevenagel
condensation leading to compound 2. The latter reaction was initially run under
standard Dean-Stark conditions, allowing us to obtain compound 2 in 43 % yield.[29]
However the yield was greatly improved by placing the neat reaction mixture under
vacuum[25] instead (80% yield). Compound 2 was then hydrolyzed using NaOH(aq)
and methanol to prepare alcohol 3 in 75% yield, which was then coupled with pnitrophenyl chloroformate to obtain the desired compound 4 in 91% yield. We
chose to also test this intermediate as a PPG and to compare its properties with the
dimethylated BODIPY we initially targeted. We therefore reacted this substrate
with 4-fluorobenzylamine and obtained the desired carbamate in 90% yield.
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Scheme 23. Synthesis of protected compounds 2, 5, 8, 9 and 10

A similar strategy was used to obtain compound 8. To install CH3 groups on the
boron on the BODIPY moiety, alcohol 3 was reacted with CH3MgBr at room
temperature following a modified protocol described by Klan.[11] With this method,
72

compound 6 was obtained in 60% yield. The formation of carbamate 8 with
carbonate 7 was done similarly as for 5, yielding the desired compounds in 30 and
55% yield respectively. Lastly, for comparison sake, compound 6 was reacted with
acetic acid in the presence of EDCI and DMAP to yield compound 9 (73% yield).
The photochemical properties of compounds 2, 5, 8 and 9 were then tested to
evaluate the capacity of these modified BODIPY derivatives to serve as
photoprotecting groups.

Figure 15. UV-Vis spectra and time vs. max absorbance plots for 10 µM in 50% acetonitrile / 5 mM phosphate
buffer pH = 7.5 samples of compounds 2 (a) and 5 (b) under irradiation with λ = 650 nm LED light; spectra taken
every 5 minutes

First, to determine if the compounds were indeed photoactive, we proceeded to
measure their UV-Vis spectra before and under irradiation with red light LED (λmax =
650 nm). For all of these compounds a decrease in absorption was observed (Figure
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15. a and b and Figure 2. a and b for compounds 2, 5, 8 and 9 respectively).
As expected, compound 2 reacted slowly (half-life of 18 min). Unfortunately, the
same could be said for compound 5, which, even after installing the carbamate
linker, needed around 1 h of irradiation to fully react.
Both compounds 2 and 5 had also fairly low solubility in the used media (1:1
mixture of acetonitrile with aq. phosphate buffer) and had the most red-shifted
λmax values of all the obtained compounds (Tab. 1.).

Figure 16. UV-Vis spectra and time vs. max absorbance plots for 10 µM in 50% acetonitrile / 5 mM phosphate
buffer pH = 7.5 samples of compounds 9 (a) and 8 (b) under irradiation with λ = 650 nm LED light; spectra taken
every minute
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Much better results were obtained for compounds 8 and 9 (Figure 16), which
harbor a dimethylboron group instead of BF2. Both of the compounds reacted while
being irradiated with red light in about 20 min. Although their λmax was slightly blue
– shifted (646 vs. 663 nm) when comparing to the values obtained for compounds
2 and 5 (Table 5), the CH3 derivatives were reacting much faster and their solubility
in the used media was relatively higher, making them far more ideal candidates for
PPG’s.
Table 5. Photochemical properties of compounds 2, 5, 8, 9 and 10 in 50% acetonitrile / 5mM phosphate buffer pH
= 7.5.

Entry

Cpd.
No.

X

1
2
3
4
5

2
5
8
9
10

F
F
CH3
CH3
CH3

εmax/103
ε650/103
1⁄(
∗
) 1⁄(
∗
)
98
73
47
46
63

67
54
45
44
61

Half – life
[min]

λmax [nm]

18
9.5
2.7
2.5
1.6

665
663
646
646
643

Next, to prove that the cargo is being released and to check the stability of the
tested compounds in used media, UPLC measurements were performed. Two sets
of samples were prepared for compounds 5 and 8 in 50% acetonitrile / 5mM
phosphate buffer pH = 7.5 and UPLC traces were taken from them immediately
after. Next, one of the sets was irradiated for 1 h with red LEDs (λmax = 650 nm) and
the other one was kept in the dark at room temperature. Another set of UPLC
traces was taken from all of the samples in the same order as before. Finally, after
72 hours in the dark at room temperature, UPLC traces were taken from the nonirradiated set of samples.
As expected, both of the studied compounds fully reacted upon irradiation with red
light λ = 650 nm, leading to the disappearance of the compounds UPLC signals and
the rise of signals attributed to the unprotected amines (Figure 17, a). The lower
signal for both of the compounds after 3 days of incubation in the dark is a result of
the compounds partially precipitating out of the solution during the period
between measurements. This was not due to the solubility of the compounds
themselves but rather to partial evaporation of the acetonitrile/water mixture the
compound was solubilised in as the samples had to be kept open during this time
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due to technical restrictions linked to the state of the machine. However, as no
traces of deprotected amines were found in these samples, there is no indication
that the compounds degraded or released their cargo in any manner during this
period indicating that any observed deprotection was the result of light treatment
(Figure 17, b). Further measurements therefore need to be carried out under
different conditions to achieve deprotection and to obtain quantitative data on
how it proceeds.

Figure 17. UPLC trace for compound 5, 30 µM in 50% AcCN / 5 mM phosphate buffer, pH = 7.5. at λ = 680 nm. a-d:
stability study; a) freshly prepared sample, b) sample after 3h at rt, c) sample after one day at rt, d) MS trace with
selected mass of the uncaged amine in the sample after one day at rt, presenting no spontaneous hydrolysis to the
product. E-g: photodeprotection study; e) freshly prepared sample, f) sample after irradiation with λirr=530 nm for
1 h, g) MS trace with selected mass of the uncaged amine.
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Conclusion
Our initial goal for this project was to develop a novel photolabile drug-carrier
molecule for use in medicine which would address the existing problems in the
field, such as long deprotecting times and the need to use UV light. We achieved
this by designing red-light-sensitive (λ = 650 nm, in the therapeutic window for
light) BODIPY photoprotecting groups which were then synthetized and used to
protect, carry and release both primary 4-fluorobenzyl amine and dopamine.
Fluorinated BODIPY derivatives 2 and 5 deprotected in aqueous media under red
light irradiation in 10 to 20 minutes on average, which was slower than initially
hoped for. However, the light-driven deprotection reactions for methylated
BODIPY compounds 8, 9 and 10 occurred rapidly in aqueous media and the cargo
molecules were released efficiently in unmodified forms within a couple of
minutes. These compounds proved to be superior to their fluorinated derivatives
not only in terms of the speed of their deprotection but also in terms of solubility in
the used media, as proved by the UPLC measurements.
While our initial objective of developing a novel, efficient and easily implementable
carrier for drugs was achieved, one issue with the design became apparent. Their
solubility in water remains too low for actual use in biological media. If this
problem is successfully addressed, these systems will prove to be an attractive
alternative for any other PPG’s used nowadays.
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Experimental procedures
General Information
Starting materials, reagents and solvents were purchased from Sigma–Aldrich,
Acros and Combi-Blocks and were used without any additional purification.
Solvents for the reactions were purified by passage through solvent purification
columns (MBraun SPS-800). 4-nitrophenol chloroformate was obtained from
Combi-Blocks. Unless stated otherwise, all reactions were carried using standard
Schlenk techniques and were run under nitrogen atmosphere in the dark. The
reaction progress was monitored by TLC. Thin Layer Chromatography analyses
were performed on commercial Kieselgel 60, F254 silica gel plates with
fluorescence-indicator UV254 (Merck, TLC silica gel 60 F254). For detection of
components, UV light at λ = 254 nm or λ = 365 nm was used. Column
chromatography was performed on commercial Kieselgel 60, 0.04-0.063 mm,
Macherey-Nagel.
UPLC traces were measured on Thermo Fisher Scientific LC/MS: UPLC model
Vanquish, MS model LTQ with an iontrap and HESI (Heated ESI) ionisation source
with positive and negative mode. UV-Vis absorption spectra were recorded on an
Agilent 8453 UV/vis absorption Spectrophotometer. Irradiation at 532 nm was
performed using Sahlmann Photochemical Solutions LEDs, type LXMLPM01, opt.
power 810 mV. Obtained UV/vis spectra were baseline corrected. Nuclear
Magnetic Resonance spectra were measured with an Agilent Technologies 400-MR
(400/54 Premium Shielded) spectrometer (400 MHz). All spectra were measured at
room temperature (25°C). Chemical shifts for the specific NMR spectra were
reported relative to the residual solvent peak in ppm; CDCl3: δH = 7.26; CDCl3: δC =
77.16; d6-DMSO: δH = 2.50; d6-DMSO: δC = 39.52. The multiplicities of the signals
are denoted by s (singlet), d (doublet), t (triplet), q (quartet), m (multiplet). All 13CNMR spectra are 1H-broadband decoupled. High-resolution mass spectrometric
measurements were performed using a Thermo scientific LTQ OrbitrapXL (ion trap)
spectrometer with ESI ionization. The molecule-ion M+, [M + H]+ and [M–X]+
respectively are given in m/z-units. Melting points were recorded using a Stuart
analogue capillary melting point SMP11 apparatus.
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Compound Characterisation

(5,5-difluoro-3,7-bis((E)-4-methoxystyryl)-1,9-dimethyl-5H-4λ4,5λ4-dipyrrolo[1,2c:2',1'-f][1,3,2]diazaborinin-10-yl)methyl acetate (2)
Method a: A solution of compound 1 (0.10 g, 0.31 mmol),
p-methoxybenzaldehyde (0.20 mL, 1.7 mmol, 5.3 equiv.),
piperidine (0.56 mL) and acetic acid (0.56 mL) in dry
benzene (50 mL) was heated under reflux with a DeanStark apparatus, under nitrogen, till the substrate was
consumed (around 6 h). The solvent was evaporated, the
residue was dissolved in DCM, washed with brine (3x30
mL) and dried with MgSO4. The crude mixture was
purified by column chromatography using pentane/EtOAc (4/1->1/1; v/v).
Compound 2 was obtained as dark blue solid (75 mg, 43% yield).
Method b: A solution of compound 1 (0.50 g, 1.6 mmol), p-methoxybenzaldehyde
(2.6 mL, 21 mmol, 14 equiv.), piperidine (1 drop) was heated at 60oC under
vacuum, until the substrate was consumed (around 3 h usually). Then, the crude
mixture was purified by column chromatography using pentane/DCM (4/1->0/1;
v/v) as the eluent. Compound 2 was obtained as dark green-purple solid (700 mg,
80% yield).
RF. = 0.4 (pentane/DCM 1/1; v/v), M.p. = 238-240oC, 1H NMR (400 MHz,
Chloroform-d) δ 2.15 (s, 3H), 2.40 (s, 6H), 3.85 (s, 6H), 5.32 (s, 2H), 6.71 (s, 2H), 6.93
(d, J = 8.8 Hz, 4H), 7.23 (d, J = 16.3 Hz, 2H), 7.53 – 7.62 (m, 6H), 19F NMR (376 MHz,
Chloroform-d) δ -138.43 (dd, J = 66.7, 32.4 Hz). HRMS (ESI+) calc. for [M+H]+
(C32H32BF2N2O4) 556.2339, found 556.2344. Spectrum in agreement with published
data.[26]
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(5,5-difluoro-3,7-bis((E)-4-methoxystyryl)-1,9-dimethyl-5H-4λ4,5λ4-dipyrrolo[1,2c:2',1'-f][1,3,2]diazaborinin-10-yl)methanol (3)
To a solution of compound 2 (0.20 g, 036 mmol) in THF
(20 mL) and MeOH (20 mL) an aqueous solution of
NaOH (0.1 M, 3.6 mL, 1 equiv.) was added and the
mixture was stirred at room temperature for 2 h.
Subsequently, EtOAc was added, the mixture was
washed with brine (3x30 mL) and dried with Na2SO4.
The crude mixture was purified by column
chromatography using DCM and methanol (0.2% MeOH in DCM) as the eluent. The
compound was obtained as dark blue solid (100 mg, 54% yield).
RF. = 0.4 (DCM), M.p. = 242-245oC , 1H NMR (400 MHz, Chloroform-d) δ 2.56 (s,
6H), 3.86 (s, 6H), 4.93 (d, J = 5.5 Hz, 2H), 6.71 (s, 2H), 6.93 (d, J = 8.7 Hz, 4H), 7.23
(d, J = 16.3 Hz, 2H), 7.53 – 7.61 (m, 6H), 19F NMR (376 MHz, Chloroform-d) δ 138.54 (dd, J = 67.2, 34.1 Hz). HRMS (ESI+) calc. for [M+H]+ (C30H30BF2N2O3)
514.2234, found 514.2232. 1H NMR spectrum in agreement with published data.[26]
(5,5-difluoro-3,7-bis((E)-4-methoxystyryl)-1,9-dimethyl-5H-4λ4,5λ4-dipyrrolo[1,2c:2',1'-f][1,3,2]diazaborinin-10-yl)methyl (4-nitrophenyl) carbonate (4)
To a solution of p-nitrophenyl chloroformate (78 mg,
0.39 mmol, 4 equiv.) in dry DCM (10 mL), pyridine (31
μL, 0.39 mmol, 4 equiv.) was added under nitrogen
atmosphere. The suspension was then added dropwise
to a solution of compound 2 (50 mg, 97 μmol), in dry
DCM (10 mL) and DIPEA (57 μL, 0.49 mmol, 5 equiv.) at
0oC, in the dark. The reaction mixture was allowed to
warm up and was stirred for 4 h. After this time the
crude
mixture
was
purified
by
column
chromatography using DCM as the eluent. Compound
4 was obtained as gold-green solid (60 mg, 91% yield).
Rf. = 0.8 (DCM), M.p. = 242-243oC, 1H NMR (400 MHz, Chloroform-d) δ 2.52 (s, 6H),
3.86 (s, 6H), 5.61 (s, 2H), 6.75 (s, 2H), 6.94 (d, J = 7.7 Hz, 4H), 7.26 (d, J = 16.1 Hz,
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5H), 7.41 (d, J = 7.8 Hz, 2H), 7.53 – 7.66 (m, 6H), 8.29 (d, J = 7.7 Hz, 2H)., 19F NMR
(376 MHz, Chloroform-d) δ -138.42 (dd, J = 66.7, 32.9 Hz). 13C NMR (101 MHz,
Chloroform-d) δ 16.0, 55.4, 114.3, 117.0, 119.0, 121.7, 125.4, 126.6, 129.3, 134.5,
137.0, 139.7, 145.6, 152.2, 153.8, 155.3, 160.7. HRMS (ESI+) calc. for [M+H]+
(C37H33BF2N3O7): 680.2329, found: 680.2336.
(5,5-difluoro-3,7-bis((E)-4-methoxystyryl)-1,9-dimethyl-5H-4λ4,5λ4-dipyrrolo[1,2c:2',1'-f][1,3,2]diazaborinin-10-yl)methyl (4-fluorobenzyl)carbamate (5)
To a solution of compound 4 (16 mg, 23 μmol, 1.4
equiv.) in dry THF (0.55 mL), a solution of pyridine in
THF (0.5 M, 11 µL, 5.6 µmol, 0.33 equiv.) was added
O
NH
under nitrogen atmosphere. After stirring for 15
O
minutes at room temperature, a solution of 4fluorobenzylamine in THF (0.5 M, 34 μL, 17 μmol) in
N - N+
was added. The reaction mixture was then stirred for
B
F F
additional 3 hours. Next, DCM (10 mL) and brine (10
mL) were added and the formed phases were
separated. After washing the organic layer with 1 M
O
O
aq. HCl (3 x 10 mL), 0.1 M aq. NaOH (4 x 10 mL) and
brine (2 x 10 mL), it was dried with Na2SO4, filtered and the solvent was
evaporated. The crude mixture was then purified by flash chromatography using
DCM as the eluent. The product was obtained as green solid (11 mg, 97% yield).
F

Rf. = 0.7 (DCM), M.p. = 215-217oC, 1H NMR (400 MHz, Chloroform-d) δ 2.40 (s, 6H),
3.84 (s, 6H), 4.34 (d, J = 5.7 Hz, 2H), 5.32 (s, 3H), 6.67 (s, 2H), 6.90 (d, J = 8.3 Hz, 4H),
7.01 (t, J = 8.3 Hz, 2H), 7.13 – 7.30 (m, 4H), 7.50 - 7.65 (m, 6H), 19F NMR (376 MHz,
Chloroform-d) δ -138.30 (dd, J = 66.5, 30.9 Hz), -114.85 (tt, J = 8.8, 5.4 Hz). 13C NMR
(101 MHz, Chloroform-d) δ 15.8, 44.5, 55.4, 58.4, 114.3, 115.6 (d, J = 21.6 Hz),
117.0, 118.6, 129.1, 129.2, 129.4, 133.9, 134.5, 136.5, 140.0, 153.3, 155.9, 160.5,
162.2 (d, J = 245.9 Hz). HRMS (ESI+) calc. for [M+H]+ (C38H36BF3N3O4): 665.2667,
found: 665.2674.
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(3,7-bis((E)-4-methoxystyryl)-1,5,5,9-tetramethyl-5H-4λ4,5λ4-dipyrrolo[1,2-c:2',1'f][1,3,2]diazaborinin-10-yl)methanol (6)
To a solution of compound 3 (0.10 g. 0.19 mmol) in dry
THF (10 mL) a solution of CH3MgBr (1 M, 1.9 mL, 10
+
equiv.) in THF was added under nitrogen, at room
N -N
B
temperature. After stirring the reaction mixture for 30
min, brine (20 mL), NH4Cl (saturated aq. solution, 5
mL) and DCM (20 mL) were added and the layers were
O
O
separated. The water layer was extracted with DCM (4
x 10 mL). The combined organic phases were washed with brine and dried with
Na2SO4. The mixture was purified by column chromatography using DCM as the
eluent. The product was obtained as dark blue solid (60 mg, 61%).
HO

Rf. = 0.5 (DCM), M.p. = 213-216oC, 1H NMR (400 MHz, Chloroform-d) δ 0.45 (s, 6H),
2.60 (s, 6H), 3.85 (s, 6H), 5.00 (s, 2H), 6.73 (s, 2H), 6.94 (d, J = 8.7 Hz, 4H), 7.07 (d, J
= 16.2 Hz, 2H), 7.42 – 7.56 (m, 6H), 13C NMR (101 MHz, Chloroform-d) δ 13.5, 15.8,
29.7, 55.4, 114.4, 117.0, 118.3, 129.4, 137.3, 139.8, 154.8, 160.8, 193.0. HRMS
(ESI+) calc. for [M+H]+ (C32H36BN2O3): 507.2813, found: 507.2805.

(3,7-bis((E)-4-methoxystyryl)-1,5,5,9-tetramethyl-5H-4λ4,5λ4-dipyrrolo[1,2-c:2',1'f][1,3,2]diazaborinin-10-yl)methyl (4-nitrophenyl) carbonate (7)
NO2

O

O
O

N

O

B-

N+

O

To a solution of 4-nitrophenyl chloroformate (40 mg,
0.20 mmol, 4 equiv.) in dry DCM (10 mL), pyridine (18
μL, 0.20 mmol, 4 equiv.) was added under nitrogen
atmosphere. The suspension was then added
dropwise to a solution of compound 2 (25 mg, 49
μmol), in dry DCM (10 mL) and DIPEA (26 μL, 0.25
mmol, 5 equiv.) at 0oC, in the dark. The reaction
mixture was allowed to warm up and was stirred for 4
h. Subsequently, the crude mixture was purified by
column chromatography using DCM as the eluent.
Compound 7 was obtained as blue solid (9 mg, 27%

yield).
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Rf. = 0.9 (DCM), M.p. = 152-155oC, 1H NMR (400 MHz, Chloroform-d) δ 0.48 (s, 6H),
2.53 (s, 6H), 3.86 (s, 6H), 5.65 (s, 2H), 6.76 (s, 2H), 6.95 (d, J = 7.7 Hz, 4H), 7.10 (d, J
= 16.2 Hz, 2H), 7.42 (d, J = 7.8 Hz, 2H), 7.45 – 7.55 (m, 6H), 8.30 (d, J = 8.9 Hz, 2H),
13
C NMR (101 MHz, Chloroform-d) δ 13.9, 16.3, 55.4, 62.8, 114.4, 115.6, 119.0,
119.2, 121.6, 125.4, 126.2, 127.9, 128.5, 129.9, 133.3, 133.3, 136.3, 145.5, 151.1,
152.3, 155.4, 160.2. HRMS (ESI+) calc. for [M+H]+ (C39H39BN3O7): 672.2831, found:
672.2853.
(3,7-bis((E)-4-methoxystyryl)-1,5,5,9-tetramethyl-5H-4λ4,5λ4-dipyrrolo[1,2-c:2',1'f][1,3,2]diazaborinin-10-yl)methyl (4-fluorobenzyl)carbamate (8)
To a solution of compound 7 (9 mg, 13 μmol, 1.2
equiv.) in dry THF (0.5 mL), a solution of pyridine in
THF (0.5 M, 7.3 µL, 3.6 µmol, 0.33 equiv.) was added
under nitrogen atmosphere. After stirring for 15
minutes at room temperature, a solution of 4fluorobenzylamine in THF (0.5 M, 22 μL, 11 μmol) was
added. The reaction mixture was then stirred for
additional 3 hours. Next, DCM (10 mL) and brine (10
mL) were added and the formed phases were
separated. After washing the organic layer with 1 M
aq. HCl (3 x 10 mL), 0.1 M aq. NaOH (4 x 10 mL) and
brine (2 x 10 mL), it was dried with Na2SO4, filtered and the solvent was
evaporated. The crude mixture was then purified by flash chromatography using
DCM as the eluent. The product was obtained as green solid (4 mg, 55% yield).
Rf. = 0.8 (DCM), M.p. = 112-116oC 1H NMR (400 MHz, Chloroform-d) δ 0.45 (s, 6H),
2.47 (s, 6H), 3.85 (s, 6H), 4.39 (d, J = 5.1 Hz, 2H), 5.14 (s, 1H), 5.43 (s, 2H), 6.72 (s,
2H), 6.94 (d, J = 8.3 Hz, 4H), 7.00 – 7.12 (m, 4H), 7.24 – 7.28 (m, 2H), 7.40 – 7.56 (m,
6H). 13C NMR (101 MHz, Chloroform-d) δ 13.8, 15.8, 44.5, 55.4, 58.4, 104.8, 114.3,
115.6 (d, J = 21.4 Hz), 117.0, 118.6, 129.1 (d, J = 7.2 Hz), 129.4, 134.5, 134.5, 136.5,
134.0, 153.3, 155.6, 161.2 (d, J = 244.9 Hz). HRMS (ESI+) calc. for [M]+
(C40H41BFN3O4): 642.2934, found: 642.2936.
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(3,7-bis((E)-4-methoxystyryl)-1,5,5,9-tetramethyl-5H-4λ4,5λ4-dipyrrolo[1,2-c:2',1'f][1,3,2]diazaborinin-10-yl)methyl acetate (9)
To a solution of acetic acid (2 μL, 33 μmol, 1.7 equiv.)
in dry THF (2.5 mL), EDCI (excess) and DMAP (excess)
were added under nitrogen. After 5 min of stirring, a
solution of compound 6 (10 mg, 20 μmol) in dry THF
(2.5 mL) was added. The resulting reaction mixture
was stirred at room temperature until no starting
material was visible on TLC (about 3 h). Next, brine (5
mL) was added and the formed layers were separated.
The organic layer was then washed with aq. NaHCO3
(sat.) (2 x 10 mL) and brine (10 mL) and dried with Na2SO4. After the evaporation of
the solvent, the crude mixture was purified by column chromatography using DCM
as the eluent. The product was obtained as deep blue crystals (7.6 mg, 59% yield).
Rf. = 0.9 (DCM), M.p. = 161-164oC 1H NMR (400 MHz, Chloroform-d) δ 0.47 (s, 6H),
2.17 (s, 3H), 2.43 (s, 6H), 3.86 (s, 6H), 5.39 (s, 2H), 6.73 (s, 2H), 6.94 (d, J = 7.6 Hz,
4H), 7.08 (d, J = 16.2 Hz, 2H), 7.40 – 7.60 (m, 6H). 13C NMR (101 MHz, Chloroform-d)
δ 16.1, 20.8, 55.4, 58.9, 114.4, 118.8, 119.1, 128.4, 130.0, 130.4, 132.8, 133.3,
136.5, 150.7, 160.1, 170.8. HRMS (ESI+) calc. for [M+H]+ (C34H38BN2O4): 534.2684,
found: 543.2664.
(3,7-bis((E)-4-methoxystyryl)-1,5,5,9-tetramethyl-5H-4λ4,5λ4-dipyrrolo[1,2-c:2',1'f][1,3,2]diazaborinin-10-yl)methyl (3,4-dihydroxybenzyl)carbamate (10)
To a solution of compound 7 (9.7 mg, 22 μmol) in dry
THF (1 mL) a solution of dopamine hydrochloride (8.1
mg, 43 μmol, 2 equiv.) and DIPEA (7.7 μL, 44 μmol, 2
equiv.) in dry DMF (0.5 mL) was added under nitrogen
atmosphere. The reaction mixture was stirred at rt till
full conversion as defined by TLC. Afterwards, EtOAc (5
mL) was added and the mixture was washed with
brine (10 mL), 1M HCl (aq.) (2 x 10 mL), NaHCO3sat. (2 x
10 mL) and again brine (2 x 10 mL). Then, after it was
dried over MgSO4 and the solvents were evaporated,
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the crude mixture was purified by flash column chromatography using a mixture of
DCM and methanol (100% DCM -> 5% methanol in DCM) as the eluent. The product
was obtained as blue solid (4.4 mg, 31% yield).
Rf. = 0.3 (5% MeOH in DCM), 1H NMR (400 MHz, acetone-6d) δ 0.46 (s, 6H), 2.46 (s,
6H), 2.70 (t, J = 7.2 Hz, 2H), 3.33 – 3.39 (m, 2H), 3.86 (s, 6H), 5.34 (s, 2H), 6.56 (dd, J
= 7.9, 1.8 Hz, 1H), 6.73 (dd, J = 4.7, 3.3 Hz, 2H), 6.91 (s, 2H), 7.03 (d, J = 8.7 Hz, 4H),
7.32 (d, J = 16.3 Hz, 2H), 7.50 (d, J = 16.3 Hz, 2H), 7.59 (d, J = 8.8 Hz, 4H). 13C NMR
(101 MHz, acetone-6d) δ 13.4, 15.2, 35.3, 42.5, 42.6, 54.8, 58.0, 114.5, 114.6,
115.1, 115.7, 118.5, 118.8, 120.0, 128.4, 128.6, 129.9, 130.9, 132.2, 133.2, 133.2,
137.3, 143.4, 144.9, 150.5, 160.5. HRMS (ESI-) calc. for [M+H]- (C41H43BN3O6)
684.3239, found: 684.3260.
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