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Abstract

Photolabile protecting groups, or PPGs, can be -
bound to a substrate (the payload, PL) and —
cleaved from the PL by irradiating them with ‘ l

light of a specific wavelength. This is of great ETN NBS _ar M Q\\rM
. . . . N N-N N-N N-NH Ny
interest for applications in the body, such as the ) N N BODIzy dye
delivery of drugs, as drugs can be deactivated

with a PPG, injected into the body, and be

activated with high spatiotemporal control only @ }«/“‘{) =

M]

Possible future application

at the desired site, greatly enhancing its
efficacy. However, to be activated through
tissue, PPGs need to absorb NIR light, which has
good tissue penetration and does not show
phototoxicity. The best performing PPGs are
currently based on scaffolds that absorb around
500 nm, 200 nm shy of the NIR range. In the

'
diffusion to |
target site
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search for a new PPG scaffold that performs 3

well as PPG and absorbs in the NIR without
extensive derivation, computational analysis
was done in our lab on derivatives of one of the current state-of-the-art PPG, BODIPY. This revealed a
new PPG, BODIzy, which has been calculated to have AAmax = +96 nm compared to the parent BODIPY
chromophore. However, BODIzy has never been synthesized and as such, a synthetic route must be
developed to confirm these calculations. Successful single addition of C3 metalated indazoles to model
acid chloride electrophiles was achieved via a Directed ortho-Metalation (DoM) strategy and a stepwise
lithiation strategy. Stepwise lithiation also showed a second addition to the electrophile, clearing the
first and second hurdle towards the synthesis of BODIzy. These results pave the way towards obtaining
and characterizing BODIzy, with the ultimate goal of providing a PPG scaffold that can be tailored to
many different in vivo applications with simple derivatives.

Figure 1: Summary of this work and possible future application.

1. Introduction

The field of photochemistry is of increasing importance for a plethora of applications in biological
systems.>? Light can be used to activate target molecules, providing high spatiotemporal control, down
to millisecond and submicron resolutions.? Possible benefits of applying this technology to local drug
activation pharmacology are decreased side effects and potentially significantly improving a drugs
therapeutic index.»* A prominent category of such biological photoresponsive tools are photocages, also
known as photolabile protecting groups (PPGs). While PGGs are often referred to as “photocages”, it
could be considered more akin to locking a molecule using a padlock (the PPG) and unlocking it using a
key (light of a wavelength specific to the PPG). When bioactive molecules are bound to a PPG, they are
rendered inactive, or “caged”. Upon irradiation with light of the appropriate wavelength, the bond
between the molecule and the PPG irreversibly cleaves, restoring the activity of the molecule,
“uncaging” it.
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Figure 2: A diagram schematically showing the use of a photocage. a) an uncaged bioactive molecule, b) the molecule is
caged by a PPG, c) the inactive molecule is injected into the body and diffuses to the target site d) at the target site the
molecule is irradiated with light of the appropriate wavelength, initiating photocleavage, e) the molecule is uncaged, and
its bioactivity is restored, it reacts only at the target site.

Biological photoresponsive tools such as PPGs offer high orthogonality to biological processes, making it
ideal means for externally controlling biological systems.> While biological applications of PPGs such as
drug delivery are the focus of this thesis, they also show promise in other fields like DNA chip technology
®, polymer science 7 and synthetic organic chemistry. &1 Initially, one might have the impression PPGs
are inferior versions of photoswitches, which can reversibly undergo photoisomerization to change a
molecules’ chemical and/or biological properties. However, structural changes following the cleavage of
a PPG are generally notably more significant, making PPGs a better fit for many purposes.!! Specific to
our purposes, rendering a molecule virtually completely biologically inactive is an example of something
that requires such significant structural changes, and is quite challenging to do with photoswitches.?

1.1 Development of the field of PPGs

Photolabile protecting groups have been around for a long time, starting with a publication by Barltrop
and Schofield in 1962, covering the liberation of glycine after irradiating benzyloxycarbonylglycine with
UV light.**!* Towards the end of the 1970’s, Kaplan and Engels published papers researching in situ
photolytic release of bioactive compounds and introduced the term “caging”, from which point the field
has continued to grow.'*'® In recent years the field has received much attention. Interesting
developments include the design of orthogonal systems with multiple functional levels,!* two photon
absorption PPGs,'” organelle-targeted PPGs, ® and much more.»**2° Additionally, requirements and
desirable properties were composed, particularly for biological applications, most importantly: °

1. A PPG requires good absorption in the NIR region, between 650 nm and 950 nm.% Lower
wavelength photon possesses three considerable downsides. Firstly, low wavelength photons do
not penetrate tissue sufficiently for appreciable in vivo applications and require invasive
procedures to achieve target irradiation. Such photons are also more susceptible to interact
with biological substances, possibly causing two issues. Firstly, autofluorescence is more
prevalent at wavelengths of light lower than NIR, which can interfere with molecular imaging
applications of chromophores. Also photons in the UV region cause phototoxicity, harming the
organism’s cells.?223

2. When photocleavage occurs after irradiation with photons of the appropriate wavelength, the
M\max Of the PPG, the subsequent process of uncaging must possess a high rate constant.
Assuming a first order reaction, the rate constant kuncging is given by equation 1, showing a
proportionality to the quantum yield, ®, and the molar absorptivity, . This is referred to as the
efficacy of the PPG. %11

kuncaging <& P (1)
a. Assuch, the PPG should possess a high quantum yield (®), given by (2).%*



__ number of uncaged payload molecules

(2)

number of absorbed photons

b. In addition, the molar absorption coefficient, or molar absorptivity, € should be high,
given by the rearranged Lambert-Beer Law (3), where A is the absorbance, c is the molar

concentration and / is the path optical length.?*

A
£= 3)

T
3. The PPG should be soluble in the target medium/media. In the case of biological applications

this is water, but it can also be advantageous to tailor this property to more specific
environments such as particular cells or cell membranes.

4. By-products of the uncaging should not interfere with the photochemistry (i.e. should not show
significant absorption at the same wavelength the photocage does) and should not be toxic to
the organism.

1.2 Prominent classes of PPGs

The library of photocage scaffolds is extensive and varied, each of these have a unique set of properties
making them suitable for particular purposes. Table 1 shows an overview of popular photocage scaffolds
and how well-suited they are for biological applications according to the previously defined criteria.
Note that the properties of each photocage can often be fine-tuned through derivatization to a certain
extend.

Photocage 1. Wavelength | 2. Rate 3. Solubility 4. Toxicity
p-Hydroxyphenacyl v’
Bimane

o-Nitrobenzyl group

Nitro stilbene

(Coumarin-4-yl)-methyl group <515 nm

Quinones <500 nm ~28
Si-Phthalocyanines <690 nm v
BODIPY <700 nm v

Table 13931 Qverview of suitability of several notable PPG classes for applications in complex biological systems. Note that this
table is only meant to give an impression of the current PPG library. Under “Wavelength” the AAmqx Of the derivative with the
highest bathochromic shift is reported. The other ratings are based on general descriptions of the PPG found in literature,
though these may differ between derivatives, see text below. Competitive processes caused by photolysis products is included
under “Toxicity”.

From this table 1, it is abundantly clear that the ideal photocage scaffold for use in tissue is yet to be
developed. However, this is not to say no promising in vivo experiments have taken place yet. Through
significant derivatization, there are many examples of effective utilization of photocages for the delivery
of bioactive molecule in mice, including for the treatment of tumours.3*3> Such developments are
fantastic examples of the fields progress since Barltrops initial publication and why further
improvements are still highly desirable. Extensive derivatization is complex and limited in scope as
tuning one property may inadvertently influence another. For example, placing sizable ligands on the

"Insufficient literature available.



scaffold PPG to yield a bathochromic shift may come at the cost of the compounds solubility in water or
its quantum vyield.3! As such, it can be troublesome to improve on such PPGs. Creating a new scaffold
with favourable properties and a higher wavelength absorption compared to the current top performers
would allow for significantly more adaptability and absorption even further into the therapeutic
window. This thesis explores the synthesis of BODIzy, a new class of PPGs based on BODIPY.

1.3 Background and application of BODIPY derivatives

BODIPY, short for boron-dipyrromethene (IUPAC: 4,4-difluoro-4-bora-3a,4a-diaza-s-indacene), was first
synthesized by Treibs and Kreuzer, albeit accidentally, in 1968.3¢ Since then, its derivatives have been
well-utilized in a plethora of applications, including the labelling of biomolecules for cellular imaging,®”-3®
LED’s,*® photodynamic therapy,’® dye-sensitized solar cells,***> and more.**** In recent years the
popularity of BODIPY derivatives as visible light/NIR photocages has also grown significantly.** This
popularity is for good reason. BODIPY derivatives generally have a good stability under physiological
condition, are resistant to photobleaching and are stable in a relatively broad pH range. They possess a
sharp fluorescent peak with high quantum yields and good molar extinction coefficient. What gives rise
to these photochemical properties is that the potential energy surfaces of the Sp and S; states of this
molecule are quite similar due to the molecule’s rigid, planar structure.3! However, this also results in a
small Stokes shift, which can be problematic for application such as intracellular fluorescence imaging
and molecular probes.*% The BODIPY scaffold are easily modified on the a and B position, allowing for
facile modification of electronic or solubility properties.®®*” BODIPY derivatives have had successes such
as allowing transition-metal-free in vivo delivery of CO 33, the first organic NIR-photocontrolled NO
donors for photoacoustic tomography “, and organelles specific targeting for the delivery of bioactive
molecules.®®

A) B) c)

S :
OMe | Targeting

BODIPY core Group

Figure 3: Left: BODIPY core with indications of the a and 8 substituent sites and the payload (PL). Right: Various BODIPY
derivatives. A) CO delivery photocage by Palao et al.33 B) NO donor by Zhou et al. 3>c) organelles specific delivery photocage by
Kand et al.'®

These properties and the progress made with BODIPY derivates make it a particularly interesting class of
photocages, which, if the scaffold could be improved, would me more impressive still. Opposed to only
placing substituents on the a and B positions, there are also BODIPY derivatives where the heterocycles
have been adapted, giving rise to electronically more favourable products. These have been developed
for other applications of BODIPY, such as organic photovoltaics , yet these derivates have not been
well-investigated to function as photocages. According to our groups unpublished computational
exploration, the “bis-indazole” BODIPY derivative is predicted to have a AAmax = 496 nm compared to the
BODIPY PPG. This alternate heterocycle BODIPY derivative is called BODIzy; its synthesis the focus of this
thesis.



New photocage design
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Figure 4: Overview of the computational findings suggesting BODIzy as novel photocage scaffold. Adapted from G.

Alachouzos for the use in this thesis.

1.4 Photochemistry of BODIPY and BODIzy

The photocleavage of BODIzy derivatives is
expected to work similarly to those of BODIPY
derivatives. The chromophore is excited by a
photon corresponding to the energy difference
between its S1 and S; excited state. From this
point, intersystem crossing can take place,
yielding the triplet excited state Ti. In both
excited states, there is an increased electron
density on the meso carbon of the molecule.
This mixes with the o* antibonding orbital of
the BODIPY-PL bond, enabling bond cleavage.
The resulting intermediate is a carbocation

BODIPY-based photocage

“Caged”

PL } payload

=

g ®
REN._ N>R

FO'F
1

K

Uncaging wavelength
(Rmax): 500-700 nm,
depending on R

Single electron promation from HOMO to LUMO (81% contribution to Apyqy)
HOMO LUMO
pL StorTt PL StorT1 e ]
* LG
. OcpL @
hv heterolysis ~—
— — | § @ O
N. N PL released Nog-N=
FO'F
meso-carbon (*) = meso-carbon (*) = Cation of same —
node lobe multiplicity (S1 or T1)
LUMO mixes with o™ of C-PL bond
(€-PL bond undergoes heterolysis)

absorbance n.r.

81 (singlet heterolysis
excited state)

S0 (ground state)

c-PL Singlet cation

cPL
T1 (triplet heterolysis
%‘_ excited state) //

/""“ P!

Triplet cation

with a multiplicity corresponding to the Figure 5: The reaction mechanism and Jablonski diagram of
BODIPY-PL photoinduced heterocleavage adapted from G.
Alachouzos for use in this thesis.

preceding excited state. The quantum vyield,
and therefore the efficacy of photocleavage is

limited by fluorescence, phosphorescence, nonradiative decay and recombination of the formed ion
pair. It has been found that for BODIPY, most effective heterocleavage takes places from the T state.’
Singlet excited state cleavage is thought to be heavily affected by the aforementioned undesirable

processes.’

1.5 Previous attempts from the group and new strategy for the synthesis of BODIzy

The Feringa group has made previous attempts at synthesizing BODIzy, mostly based on Friedel-Crafts
acylation or the aldehyde variation thereof with indazole’, sadly to no avail. The recurring issue was
insufficient nucleophilic behaviour from the C3 site, a notorious synthetic challenge.>®*! Either no
reaction was seen at all, or N1 showed better reactivity. Vide infra for a summary of the attempts thus

far.

i In this thesis “indazole” always refers to 1H-indazole, unless otherwise stated.



Planned synthetic pathway
R OH R
5 3 R
Che = o = ol - QD
N2+ )k N ®, N \
7 9N H® R N N #\l N-
8 I-: H H HN NH
1H-indazole  Aldehyde BODIzy-PPG precursor
Conditions \)OK (0] Solvents: DCM, toluene, DCE,
HFIP, TFE
. PN )Y\ ,
Aldehydes: _ © Acids: p-toluenesulfonic acid, triflic acid
Propionaldehyde 0 Temperatures: 20°C-120°C
Isobutyraldehyde Ethyl glyoxylate Reaction times: 17h-24h
Results
O H+ N\
N HR H )\OH
N1 Alcohol Aminal
intermediate

Figure 6: Overview of previous attempts at synthesizing BODIzy PPG precursors from our group.

The strategy followed in this thesis focuses on improving C3 reactivity, either through activation by
means of halogenation and various organometallic reagents and/or the protection of the competing
functionality, N1. The starting point of the exploration of these options is displayed below. It should be
noted that for the purposes of developing the synthetic route towards BODIzy PPG 1, model reactions
are used. For simpler purification and as there is more literature available, benzoyl chloride and acetyl
chloride are used as electrophiles, which would yield a dye as final product not a PPG.

O
05equ|v _NH HN =N
ocCl

3
s
9 N (known from
Figure 7: The synthetic pathway suggested to improve C3 reactivity of indazole.

M]

Et3N (excess)
BF3Et,0 (excess)

W
N’N N‘N

BODIzy PPG1

8 literature)

1H-indazole

Element Electronegativity A variety of different organometallic reagents are explored,
Lithium 0.98 to solve the challenges of low C3 activity, competing N1
Magnesium 1.31 pathways and, fragility of the starting material.>®> An
Zinc 1.61 important factor to keep in mind is the electronegativity of
Copper 1.90 the metal in question, data relevant to this thesis is shown
Cérbon 220 in table 2. Metals with higher electronegativities are
Nitrogen 3.04

Table 2: An excerpt of the Pauling scale showing the
electronegativity of metals used this in thesis,
carbon, and nitrogen.>2

increasingly mild organometallic reagents, resulting in lower
reactivity and higher selectivity.



2. Results and discussion

The results have been categorized and divided into four sections. Each section is introduced with an
outline of the planned strategy and the expected advantages and disadvantages. Next, the individual
steps of the strategy and the experimental results are discussed in subsections. At the end of each
section, the results are summarized, and the strategy’s performance is evaluated, with particular
attention for the challenges described in the introduction of this thesis.

2.1 Attempted synthetic route 1: Regioselective zincation

Stepwise
BzCl

N

N,N _ TMPZn CuCN 2Licl ©E< Bzl
\ N/N N\

MOM 0.5eq

1-MOM-indazole

3
1.TMP,Zn (0.5 eq) O Ph
(2. CuCN-2LiCI)
A 3. 1-MOM-3- benzoyl |ndazole BF3OEt2
N OH! N~

N~ QN
MOM N’N N~NH FF
BODIzy dye 1
One pot
! O
1) TMP,Zn (0.25 eq)
@E\\N 2) CuCN-2LiCI (0.5 eq) O O _BFOEL
N I OH!l NN Cg N\N
MOM HN NH s
BODIzy dye 1

Figure 8: Planned synthetic strategy towards synthesizing BODIzy dye 1 via regioselective zincation. The synthesis of 2 is adapted
from literature, where “TMP2Zn” refers to (TMP),Zn-2MgCl-2LiCl.5* The second step seeks to expand on this literature to
determine whether for synthetic progress towards BODIzy. If the stepwise synthesis proofed successful, attempting a one pot
strategy could be attempted. This exciting prospect could pave the way to a facile synthesis of BODIzy.

This planned synthetic strategy, as shown in figure 8, is reliant on use of TMP,Zn for the metalation of
N1 MOM protected indazole. These are then expected to perform a nucleophilic attack on benzoyl
chloride, and again to 2 yielding the bis(indazole) 3. This method uses mild conditions to create a bis-
indazolylzinc species which can selectively react at the C3 position with various electrophiles or be used
for Negishi coupling with aryl iodides.>? It can also be transmetalated with CuCN-LiCl to create an even
milder reactive intermediate, see table 2. This method deals with the aforementioned challenges in the
following ways:

10



1) While zinc organometallic reagents are relatively mild compared to alternative organometallics
reagents, if successful zincation takes place the activity of the C3 site is expected to be
considerably increased, and there is literature precedent showing TMP,Zn possesses high
metalation activity.’**>> Moreover, the procedure followed reported a 71% vyield for the
synthesis of 2, suggesting the reactivity of the bis-indazolylzinc species should be sufficiently
high for our purposes.®® Do note in the literature reaction a Boc protecting group is used
opposed to the MOM group used here.

2) As the starting material is notoriously fragile, the relatively mild conditions should help prevent
side reactions resulting from the degradation of the substrate.

3) A MOM protecting group on N1 prevents processes where N1 nucleophilic activity competes
with C3 reaction pathways, as was problematic in the Friedel-Crafts attempts.

The experiments to explore this method were based on the strategy shown in figure 7. First, 1-MOM-
indazole was synthesised using NaH and MOMCI. From this point, attempts were made to replicate the
literature procedure for the synthesis of 2, both only using TMP,Zn and combined use of TMP2Zn and
copper reagent. A similar reaction can then be attempted, using 2 as electrophile. If 3 is generated
successfully, it is expected BF; chelation using BF;OEt, would proceed relatively smoothly, as it does in
the synthesis of BODIPY.>® An attempt was made at performing these three steps in one pot for
convenient synthesis of BODIzy dye 1.

1 |
N Zn
N N—N N-N N
MOM MOM MOM

0.5eq \
MOM

Figure 9: lodine quench of the bis-indazolylzinc species to determine the degree of metalation.

To monitor the degree of zincation in the reaction mixture, aliquots were taken and quenched in a
solution of iodine in THF. This sample was then analysed using *H-NMR and the degree of metalation
was determined by comparing the integration of the C3-H signal to a well-defined aromatic signal of the
substrate. The degree of diminishment of the C3-H signal corresponds to the degree of zincation in the
sample.

2.1.1 Protecting indazole at N1 using MOM group

1
1. NaH (1.25 eq) N
@E\\/N 2. MOMCI (1.2 eq) @E\'N
N DMF, 0°C, 56% N
H MOM

Figure 10: Reaction scheme for the N1 MOM protection of indazole.

To attempt a new synthetic route for the linkage of two indazole units at their C3 positions, the
synthesis of 1-(methoxymethyl)-indazole, from here on referred to as MOM-indazole, was required.>!
The N1 position is deprotonated using NaH, increasing its nucleophilicity, allowing it to attack MOMCI,
displacing the chloride ion. The first synthesis of MOM-indazole was performed at a 5 mmol scale and
gave a 20% vyield. The product has been reported to be a colourless oil, but *H-NMR analysis showed
slightly yellow fractions were also of high purity. TLC analysis of the crude product showed two major
spots, one of which corresponding to indazole, which helps explain the low yield. Some product may
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also have been lost in the separation of the product from other compounds. The yield may be improved
by adding more NaH and MOMCI and/or performing the reaction at a higher temperature. A second
synthesis was done under the same conditions, except at a 20 mmol scale, and gave 56% yield. This
product was also of high purity judging by H-NMR analysis.

2.1.2 Synthesis of (TMP)2Zn-2MgCl>-2LiCl from commercial TMPMgCI-LiCl

-2MgCl
zncl, -2LiCl
R N-Zn-N
N THF

|
+ Mg )
LiCl
-Cl
TMPMgCI-LiCl (TMP),-2MgClI-2LiCl 0.28M

"TMP,Zn"

Figure 11: Reaction scheme for the synthesis of TMP>Zn from commercial TMPMgCI-LiCl.

(TMP),Zn-2MgCl-2LiCl (TMP short for 2,2,6,6-Tetramethylpiperidyl), in this thesis abbreviated to TMP.Zn,
was synthesized from commercial TMPMgCI-LiICl and ZnCl,. It has been reported that with a
TMPMgCI-LiCl solution of 1 M, TMP,Zn with a concentration of 0.4 M is obtained.** It should be noted 1
mL of 0.4 M TMP2Zn is sufficient to deprotonate 0.8 mmol of substrate. In the product of the first
synthesis, a grey powder settles to the bottom of the vessel holding the product, suggesting a significant
excess of ZnCl, remains. The product was titrated, giving a concentration of 0.28 M, significantly lower
than expected. The commercial TMPMgCI-LiCl was titrated also, which turned out to be 0.757 M instead
of 1 M, explaining the discrepancy in product concentration. The second batch was produced from the
same TMPMgCI-LiCl source and also had a final concentration of 0.28 M. Both concentrations have a
margin of error of £3% due to the accuracy of the syringe used.

2.1.3 Attempted zincation of MOM-indazole at C3 position

1 2
\ z
@E\,N TMP,Zn @/ n“/@ BzCl
Nl\\/loM r.t. ,N/N N\N\ \
MOM MOM MOM

Figure 12: Synthetic plan scheme for the synthesis of 2 via zincation, which does not correspond with results, see table 3.

MOM-indazole was stirred at room temperature with TMP,Zn. As the TMP2Zn was of lower
concentration than what is used in the procedure, no additional THF was added. The effective
concentration of TMP,Zn used in literature is 0.21 M as the TMP,Zn (2.2 mL, 0.4 M) is diluted with 2 mL
of THF, meaning our TMP>Zn should be sufficient in concentration. Aliquots were taken and quenched
with iodine, this allows using the integration of the *H-NMR C3-H signal to determine the degree of
metalation of the substrate. Both attempts showed little conversion at room temperature, around 10%.
In entry 2, the mixture was then heated to 50 °C for 72 h, which showed a minor increase in conversion,
to approximately 23%, though this was not as significant as was hoped. This outcome is noteworthy as
diorganozinc compounds have been reported to show good reactivity.>” It should also be noted that
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Entry Temperature Results significant deprotection of the N1 MOM group took
1 rt,1h <10% metalation place after heating the reaction from which can be
inferred that prolonged heating is not the solution to
the issue of low reactivity. The results are
summarized in Table 3.

2 r.t., then 50 °C  ~23% metalation
16 h,then72 h  ~45% deprotection

Table 3: Summary of the attempted synthesis of 2 via zincation.

2.1.4 Attempted zincation and transmetalation of MOM-indazole

1
\
, TMPaZn CuCN 2LiCl BzCl
N’N

MOM

Figure 13: Synthetic plan for the synthesis of 2 via zincation and copper transmetalation, which does not correspond with our
results, see Table 4.

More attempts were made successfully performing zincation at the C3 position of indazole. In these
instances, copper reagent CuCN-2LiCl was added 1 h after addition of the TMP,Zn, its purpose being to
transmetalate the bis-indazolylzinc to even milder organometallic reagent using copper see table 2. The
addition of this reagent serves no purpose if the zincation step does not first occur, which it does not,
deduced from the results of the attempted synthesis shown in figure 12. Nevertheless, to ascertain the
lack of the copper reagent is not the cause for the poor results, these reactions were attempted still.
Table 4 displays the results. In entry 1, it is noticeable the C3-H singlet has disappeared entirely in the
H-NMR spectrum of the crude product, suggesting full conversion. However, at least 3 different
products containing a MOM group were formed (7:5:2 by comparison of CH; signal integration) and a
significant portion was deprotected, as indicated by the N1-H signal at 8.65 ppm. The ratio between
deprotected indazoles and the various MOM-indazoles combined is 20:15. Entry 2 and 3 also created a
complex mix of starting materials and various products. The most abundant product from entry 2, listed
in table 4 as 6, was isolated and analysed by 'H-NMR and LCMS, no structure that would satisfy the
outcomes of both methods of analysis could be determined, see Appendix.

Products 026, 028

Entry Temperature Degreeof Time Results
Metalation (1:4:5:6:7) Q\( Q\(
1 r.t., then50 °C  0%° 10 min, 2 h See text ?
2 -40 °C, then 36%° 10 min,72h  1:1:3:3:0 /O
r.t. 6 7
3 -40 OC, then 23% 10 min, 16 h 1:0:3:3:3 unknown unknown
rt. structure product

Table 4: Results of the 3 attempted synthesis as shown in figure 14 and the structures of the products. Results column shows 1H-
NMR ratios of the products. a) note that during the 12 quench of entry 1 and 2, the formation of a side product could be
identified as another set of CH2 and CH3 MOM signal could be observed.
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2.1.5 Synthesis (TMP)2Zn-2MgCl;-2LiCl from TMP and iPrMgCI-LiCl

-2MgCl
PrMgCI-LiCl -2LiCl
7[%”9 '7[% Z”C'Z N-Zn-N
I

*'V'9 LiCl

(TMP),-2MgCl-2LiCl
T™P TMPMgCI-LiCl "TMP,Zn"

0.41 M, no toluene

Figure 14: Reaction scheme of the synthesis of TMP,Zn of a higher concentration than before and absent of toluene.

Following the advice of prof. Knochel, who was contacted about the encountered issues with
reproducing his synthesis, an attempt was made to make an improved TMP,Zn that was both of a higher
concentration and did not contain any toluene, which is present in one of the starting materials
previously used. TMP,Zn of low concentration and the presence of toluene would significantly
negatively affect the reaction rate. The new TMP2Zn (see figure 14 for information on the synthesis) was
titrated to have a concentration of 0.41 M 5%, slightly higher than what was used in the literature.

2.1.6 Attempted zincation and transmetalation of MOM-indazole with improved TMP2Zn

With the improved TMP,Zn, the reactions as shown in figure 13 were attempted. As the TMP,Zn was
now of the correct concentration, in this attempt, additional THF was added to the reaction mixture to
follow the procedure as closely as possible.” The TMP,Zn was added and after 16 h and an iodine
quench as shown in figure 9 was performed with an aliquot of the reaction mixture, showing
approximately 25% metalation, no significant improvement over what was seen with the different
TMP2Zn and certainly far from literature, where a final yield of 72% was obtained with 2 h reaction time
for the zincation step.>! The product ratio in the crude product was 1:2:1 of 1-MOM-indazole, indazole,
and an unknown product respectively.

2.1.7 Conclusion Strategy 1

Despite various efforts and advice from prof. Knochel, the literature procedure could not be reproduced.
TMP,Zn, even when of good concentration and without retarding toluene present, was unable to
effectively metalate the C3 position of indazole. Attempting to heat the reaction mixture for extended
time periods, showed slightly improved metalation when using the low-quality TMP,Zn, however this
also caused significant deprotection, ~45%, and is therefore no viable solution. Entries 2 and 3 of the
attempted zincations, 6 was present, as determined from *H-NMR. It was isolated from the product of
but its structure could not be determined, though its *H-NMR signals and LCMS peaks do not correspond
to any desired products or expected intermediates.

Looking back on the established challenges of this synthesis, we can conclude the following:

1) Despite promising literature findings, the TMP,Zn did not show significant metalation in any of
the performed experiments. Heating the reaction mixture improved metalation but degraded
the substrate to a much greater extent. The addition of CuCN-2LiCl seemed to improve
metalation slightly, up to 36% percent at best, though the desired product was still not
obtained. Moreover, our observed metalation of 36% percent is far less than the metalation
reported in literature, where 72% yield was obtained in a 2 h reaction time.*! In the literature by
Unsinn et al. Boc, MOM, and SEM were used. In the instance of using benzoyl chloride as
electrophile with metalated indazole as nucleophile, a Boc protecting group was used instead of
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MOM. It is unlikely the poor results are a consequence of protecting group choice as these are
not expected to have a significant effect on C3 reactivity.

2) No competing N1 products were observed, also after the MOM groups were removed due to
prolonged heating.

3) The substrate did not degrade under the conditions as reported in the followed procedure. Only
after prolonged heating, deprotecting of N1 took place.

From these results, it is evident that stronger metalating reagents are needed. The TMP,Zn does not
seem to cause issues with N1 side reactions or cause degradation of the substrate, but this is to be
expected of the mild and soft TMP,Zn. The next synthetic route therefore explored more reactive
metalating agents at the risk of increased side reactions or substrate degradation.

2.2 Attempted synthetic route 2: Lithium/Halogen exchange and Turbo Grignard

Stepwise strateay

BuLi or

A\ NBS Br Turbo Grignard
N I N-NH
N N-N 3eq, -78°C N-N 1eq 9
& H Li 3-acetyl-2H-indazole
3-bromo-indazole
BuLi or Et;N (excess) \ SN O
Q\rBr Turbo Grignard BF3Et,0 (excess) N O N@
N-N~g~N=N
I IB\
g NN 3eq, -78°C rt. FE
" BODIzy dye 2
One pot strateqy
O
/[k Et3N (excess) C O
Q\rar Buli Q\ru cl BF3;Et,0 (excess) (S @\ -
| @ N-NEO_NSy
N’L‘ 3eq, N-N 0.5eq \N’NH HN= " B,
P 78 °C L ocl FF
BODIzy dye 2

Figure 15: Planned synthetic strategy towards BODIzy PPG1, showing both a stepwise strategy and a one pot process. The
stepwise process also shows the synthesis of 8, though it should be noted this compound is also commercially available. BuLi and
Turbo Grignard reagent were used for the attempted metalation of 8.

This planned synthetic strategy is uses n-Buli, t-Buli, and iPrMgCI-LiCl, also known as Turbo Grignard
reagent, for metalation. As would be expected from table 2, these reagents, in particular Buli, are
significantly more reactive than zinc organometallics. As such, in these cases C3 metalation is likely to
be successful, but there is an increased chance of side products via different pathways and product
degradation.

Similarly to the zincation strategy, in the stepwise strategy the electrophilic intermediate product, in this
case 9, is synthesized and worked up, then added to a second reaction vessel containing lithiated
indazole. This is opposed to the one pot strategy, where 9 would be generated in situ, and would then
react with remaining lithiated indazole. If the generation of the bis(indazole) intermediate is successful,
chelation with BF, can be attempted, yielding BODIzy dye 2.

The experimental exploration started with the synthesis of 3-bromoindazole from indazole, though 3-
bromoindazole was later obtained from a commercial source. Lithiation of 3-bromoindazole was
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attempted and aliquots were quenched with D,0. Similar to the iodine quench in figure 9, this allows for
the determination of the degree of metalation of the substrate, from the diminishment of the C3-H
signal compared to other 3-bromoindazole signals. See figure 17 for the reaction scheme. This method
of monitoring the reaction also enables the observation of potential side reactions.

2.2.1 Bromination of indazole using NBS

8 Br
NBS (1 eq)
Cry e ol
N 1:1 HFIP/DCM N/N
H 0°C H
34%
z 23 ewes aakAR
% I_.l \‘ f'lr‘J L___zlf)___J
D (s) atd)| [Bfm) (m)
10.19 ;f.ps 7 .23
I
lh | |
L | LU
= .Jir':._.m pAL SN, S

10.3 10.2 1DI.1 IDI.D 9.I9 Q.IB 9.7 9j6 9.I5 9.I4 9.3 QjZ 9.I1 Q.ID 3.8 fsljs[ppﬁ;f B.IS 8.5 8j4 8.I3 B.IZ 8.1 BjD ?.IQ }".IB 17 }"jﬁ }".IS I-".I4 73 ?jz
Figure 16: Top: The reaction scheme of the bromination of indazole using NBS. Bottom: The aromatic region of the H-NMR
spectrum of the purified product in CDCls, see appendix for full spectrum.

A literature procedure from Tang et al. was followed.>® Said procedure was scaled up 10x and a 1:1 mix
of HFIP/DCM was used as solvent, opposed to pure HFIP, as it was believed this should not influence the
catalytic effect of HFIP significantly. The obtained yield was of the experiment was 334 mg, 33.9%,
significantly lower than the 84% reported in literature. From TLC analysis of the flash column
chromatography fractions, it appeared that significant amounts of product were present in fractions also
holding a side product. The mass of these mixed fractions amounts to 469 mg, meaning the total
conversion into the desired product lies between 33.9% and 81.6%. The product, 8, could be
characterized though H-NMR spectroscopy. A doublet and a triplet overlap to form a multiplet
integrating to 2, a triplet partially overlaps with the residual solvent peak, a clear doublet can be seen at
7.64 ppm and the distinct N1-H peak can be seen at 10.21 ppm. Moreover, the spectrum lacks the C3-H
signal characteristic of the starting material. In future attempts the yield could be improved by using a
less polar eluent for the flash column chromatography purification step. Also, using only HFIP will
increase its catalytic effect and may therefore increase the yield.
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2.2.2 Attempted lithium/halogen exchange 3-bromoindazole and deuteration studies

Entry 1 Br Li b
{ . n-BuLi (3.5 eq) \ N D,0O {
) NI N
N THF ¥ N
- o I \
78 °C D
Entry23 Br 1. n-Buli(3eq) b Entry4-6 Br 1. tBuLi(3eq) p
2.D,0 N 2.D0 N
O o Oy O 25— oy
N THF N N THF N
H 78 °C D H -78 °C D

Figure 17: Expected reaction mechanism and schemes of the deuteration studies performed on 3-bromoindazole using n-Buli
and t-Bull in the case of full lithiation, which did does not correspond with the results, see table 5.

Several attempts were made to perform a lithium/halogen exchange with 3-bromoindazole, which, if
successful, could allow for facile linkage of 2 indazole units at C3. Entry 1, with the conditions as shown
above, resulted in a 2:5 ratio of products. It should be noted that the N1 position was fully deuterated,
as the corresponding signal in the H-NMR spectrum had disappeared entirely. The solutions of n-Buli
and t-BuLi were titrated and more lithiation attempts were done to investigate if higher conversion
could be obtained via this method. In the *H-NMR spectra of the crude products of entries 2,3 and 4, a
signal characteristic of N1-H can be found around 10-12 ppm, suggesting these experiments were
contaminated with a source of *H, likely water. The results are summarized in table 5. The formation of
12 is elaborated on the in next subsection. The H-NMR spectrum of the crude product of entry 5 can be
seen in figure 18, showing the ratio of products as indicated in table 5.
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Figure 18: 'H-NMR spectrum of the crude product of entry 5 in CDCls, showing the ratio of products and the expansion of the 6.73 ppm multiplet.
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The C3-H signal at 8.08 ppm integrates to 4 while the doublet at 7.76 and 7.51 ppm integrate to 5. These
doublets are shifted differently from those seen in 3-bromoindazole (see Appendix) and correspond well
with literature on indazoles 'H-NMR spectrum.>® As the C3-H signal is diminished by 20% and no NH
signal was observed, we can deduce that 10 and 11 exist in a 5:4 ratio. In the next subsection, it was
discovered that ring opening, the cause of the formation of 12, results in an aromatic triplet and doublet
being shifted upfield to around 6.7 ppm. At this shift, a multiplet integrating to 2x the doublet at 7.38
ppm or the triplet at 7.32 ppm is found in the spectrum of the product of entry 5, which, upon closer
inspection, is a triplet and a doublet overlapped. This is evidence for the formation of product 12.

Entry Reagent Eq Temp Reaction Results

Time (10:11:12:13) D/Br
1 nBuli 35 -78°C 1h 1:10:25:0 @N @N
N ,
2 15 min 1:1:3:0 H N
10 11 D
3 2h 1:0:4:8
_N D/Br
4  t-Buli 15min  1:5:15:0 7 {
5 2h 5:4:55:0 ND N,N
.0:0- 122 13 H
6 3h 1:0:0:5

Table 5: The reaction conditions, results, and structure of the products of the attempted deuteration reactions as shown in figure
17. The results column shows the ratios of products by 1H-NMR analysis.

2.2.3 Synthesis of N1-benzyl-3-bromoindazole

14 Br 5 14 Br
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N : Yy 2BrBr(16eq.dh@rt N
HFIP, 0 °C ! N
: N THF
H-NMR yield 27% 66%
A e G R AR AR A AR SRR AN ARRARAARANNAANARARERE
R SIN R RS it e L
E (m)
7.29
B (dt) C (ddd) | |D(m) Alts)
7.62 7.38 721 556
1 U A | —
1 \ i Hﬁl
'I Al M)\i\l
ulifl'- . __'ﬂl:_‘-l\'_'l ; \‘»:.I :!'J'.-. l-'lllh__
8 z & 3 2
7.9 7.8 7.7 7.6 7.5 74 73 72 7.1 7.0 6.9 6.8 6.7 6.6 6.5 5.4 5.3 6.2 6.1 6.0 5.9 5.8 5.7 5.6 5.5
1 (ppm)

Figure 19: Top: Reaction schemes for the two attempted synthetic pathways toward N1 benzyl protect 3-bromoindazole.
Bottom: *H-NMR spectrum of 14 resulting from the benzylation of 3-bromoindazole in CDCl;.

The target molecule of this reaction, N1 benzyl protected 3-bromoindazole, was synthesized to be used
as a substitute for 8 as shown in the reaction mechanism in figure 15. First, the bromination of N1-
benzylindazole was attempted using NBS. The attempted bromination of N1-benzylindazole, the same
procedure was followed as was done for the bromination of indazole, only using N1-benzylindazole as
starting material. 'H-NMR analysis shows a mix of products was formed, and the ratio between the
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desired product and side products was 4:11. Instead, the N1 benzylation of 3-bromoindazole was
attempted. Literature and previously obtained, unpublished results from our group have shown that
while the C3 position has a relatively low reactivity, the N1 position will react quite readily, of which this
new approach takes advantage.®® Commercially obtained 3-bromoindazole was treated with potassium
tert-butoxide, then benzylated using benzyl bromide, adapting a procedure for the benzylation of 3-
iodoindazole and at one fourth the scale, 0.259 mmol.?* While assigning individual signals is difficult due
to significant overlap, the H-NMR spectrum of the obtained product as shown in figure 19, corresponds
with what was reported by Xiao et al.’’. From the spectrum can be determined that conversion to the
95% of the substrate was converted to N1 benzylated product, compared to the N2 benzylated by
product, through comparison of the CH, peaks to literature.®! Their relative integrations can be found in
figure 19 around 5.55 ppm. The yield was 66%, lower than the reported 95%. The second time this
procedure was followed, a scale of 2.59 mmol was used and a 73% vyield was achieved, a slight
improvement over the first attempt.

2.2.4 Attempted metalation of N1-benzyl-3-bromoindazole
Planned synthetic strateqy

Br Met

O
A BuLi N A
@(,:N TLLJer::rGrignard @(;N Cl AN N

Br Met N N

~ =
A t-BuLi or \1 ~
NN Turbo Grignard Ny N Met D,0 or H,0 or E* N E

Figure 20: Diagram showing the planned synthetic strategy and experimental results for the attempted metalation of NI-
benzyl-3-bromoindazole. Planned synthetic strategy: The reaction scheme for the metalation of N1-benzyl-3-bromoindazole
where 3 eq of t-Buli or 2 eq of Turbo Grignard reagent (iPrMgCl-LiCl) is used. Experimental results: shows the experimental
product observed in aliquots and the mechanism proposed by Welch et al.%2 See Table 6 for all results.

Several attempts of metalating the C3 position of N1-benzyl-3-bromoindazole were done. As t-Buli had
shown slightly better conversions compared to n-Buli in the experiments shown in figure 20, t-Buli was
used for the N1 protected lithiation experiments. After adding the base, aliquots were taken and
quenched with D,0, and analysed using *H-NMR. Using t-BuLi at both -78 °C or -98 °C, and using the
Turbo Grignard reagent at room temperature, all showed the formation of an unexpected product on
'H-NMR. A curiosity found in entry 3 was that starting the Turbo Grignard reagent at -78 °C showed no
reaction, even after heating the mixture to 50 °C. This was possibly the result of a leak in the Schlenk
system. The unexpected product was isolated from the reaction ran in entry 1 and was analysed further
using APT, COSY, HSQC, and gHMBC NMR. This analysis confirmed ring opening between N1 and N2 took
place, see 17 in the overview below. Similar results have been obtained in literature before and the
mechanism in figure 20 has been suggested in several publications.>¢>63 The results are summarized in
table 6.
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Entry Reagent Eq Temp Reaction Results Br/D
Time (15:16:17:18) W ©\/ND
1 t-BulLi 2 -78 °C 1h 1:20:0:0 N
2 t-BulLi 2 98 °C, 30 min, 7:2:1, then \\© K@
r.t. 18 h 7:2:1 16
3 iPrMgCI-LiCl 1.1+ -78°C,0 3 h,16 h, No reaction @\/
11 °C, rt, 24h,3h @j
50 °C K©
4 iPrMgCI-LiClI 1.1 r.t. 1h, 1h, 1:0:10:7
1h J

Table 6: Reaction conditions, results, and structure of the products of the attempted reactions as shown in figure 20.

2.2.5 Conclusion Strategy 2

Straightforward lithiation proves to be no viable pathway for the purpose of improving the
nucleophilicity of the C3 site of indazole. For both N1 substituted and unsubstituted 3-bromoindazole,
the major product is generally the corresponding benzonitrile when lithiated or magnesiated at C3, in
line with literature findings.t%%%%4 Evaluation against our previously determined challenges is as follows:

1) The C3 position was certainly metalated, so while this point could be considered a success,
though degradation of the substrate makes this improved reactivity inapplicable to our
purposes.

2) The N1 position did not compete with C3 reactivity, as was seen in the Friedel-Crafts attempts,
though the N1 did react in the form of N-N bond cleavage. Placing a benzyl substituent on N1
seemed to be of little effect to this process.

3) Ring opening was seen in every experiment aside from two reactions which are expected to
have been contaminated by water and are therefore not as relevant. Even at -98 °C, with t-Buli,
the first product that is formed was determined to be 17. Using an organometallic somewhat
gentler than t-Buli, the Turbo Grignard reagent, did not improve the results either.

A synthetic method is required that is more reactive than the TMP,Zn, but does not result in ring
opening, as was seen in the case of straight forward lithiations and magnesations. As the ring opening
process has been a known issue for decades, there are solutions that have been developed.®?> Two of
these have been attempted and the results will be discussed in the next two subsections.

2.3 Attempted synthetic route 3: Stepwise lithiation

Reaction mechanism from literature

Br Br
©
n-BuLi (1 eq) t-BulLi (2 eq)
Crh et Oy, ;
N  -78°C, 5min N J -78 °C, 15 min N
H
8

-78°C,1h

©

Figure 21: Reaction mechanism of the stepwise lithiation of 3-bromoindazole from Welch et al.®2 Note that N1 and C3 are
lithiated rather than fully anionic, though this simplification is helpful in illustrating the mechanism.

This planned synthetic strategy is identical to figure 15, with one crucial difference. Fundamental to this
approach from Welch et al. is the formation of the anionic intermediates in a controlled fashion by
adding Buli in two instances opposed to one.® First, 1 eq of n-Buli is added, and the solution is stirred
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for 5 min. This serves to deprotonate the N1 position, creating an increased electron density at this
position. This disables the pathway to ring opening, as observed in previous lithiation and magnesiation
approaches, see figure 20, since the mechanism involves placing a negative charge on the N1 position
after C3 metalation takes occurs. With the N1 position now fully deprotonated, we are free to metalate
the C3 position, without fear of ring opening if the lithiated nucleophile is used sufficiently quickly. The
resulting dianion can then be trapped with an electrophile, such as acetyl chloride, creating 3-acetyl-2H-
indazole, 9. This process is then repeated using 3-acetyl-2H-indazole as electrophile, or it could be
attempted to perform this reaction in one pot, simply by adding only 0.5 eq of acetyl chloride. The
dimeric intermediate can then be chelated with BF,, yielding BODIlzy dye 2. This deals strategy deals
with the challenges in the following ways:

1) If the dianion is formed, the C3 position will be a strongly nucleophilic. It is likely this lithiation
will occur, as can be deduced from the results of previous lithiation experiments.

2) In this strategy, the N1 position will also be lithiated and could therefore participate in reaction
pathways competing with C3. However, negatively charged secondary amines, such as N1, are
generally significantly less reactive than negatively charged secondary carbons, such as C3, as
can be deduced from their relative positions on the Pauling scale, see table 2. Therefore, it is
expected the N1 position will be the first to be lithiated but second to perform a nucleophilic
attack of the electrophile. Competing reactions can therefore be avoided by simply using 1 eq of
electrophile.

3) Resultingly, when the first equivalent of Buli is added, the first intermediate will be the N1
anion, preventing ring opening as previously discussed. To what extend formation of the ring
opening product can still be observed will depend on the exact relative reactivities of N1 and C3
in the lithiation step.

Experimentally, first the literature reaction yielding 9 via stepwise lithiation of 8 and trapping with acetyl
chloride was performed. In subsequent reactions, 9 can then be used as electrophile. A model reaction
was performed using commercially obtained phenyllithium as nucleophile and 9 as electrophile, to serve
as a proof-of-concept electrophilic activity for indazole with a carbonyl substituent on C3. The reaction
in figure 21 was also attempted with 9 as electrophile.
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2.3.1 Synthesis of 3-acetyl-2H-indazole via stepwise lithiation of 3-bromoindazole
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Figure 22: Top: Synthesis of 3-acetyl-2H-indazole from indazole via stepwise Buli addition. Bottom: full 1H-NMR spectrum of the
product of the reaction as shown above in CDCl; and a magnification of the aromatic region thereof.

The experiment was performed twice, at a 1 mmol and 4 mmol scale respectively. In the 1 mmol scale
attempt, a mass corresponding to 18% yield was obtained, though the product seemed to be only 70%
pure from its H-NMR spectrum, suggesting the vyield is closer to 13%. Some product was not
successfully purified and remained in a mixture contaminated with indazole and solvent. Approximately
50% percent of the 59 mg the contaminated fraction consists of the desired product, bringing the total
conversion to the desired product to approximately 25%.

In a second synthesis, 51% yield was obtained. This yield, being significantly higher than that obtained
before and what is reported in literature,®® 20%, is likely due to an increased scale, as the
aforementioned reactions were run at a 4 mmol and 0.2 mmol scale respectively. Running the reaction
on a smaller scale results in minor water contamination or leaks in the Schlenk system to have more
pronounced effects on the yield. This is also supported by the crude *H-NMR ratios between 3-acetyl-
2H-indazole in the 1 mmol scale synthesis, ratio of 5:3, and in the 4 mmol scale synthesis, ratio of 4:1.
The H-NMR spectrum of the purified product of the 4 mmol scale synthesis very clearly shows the 4
aromatic 1H signals (where one doublet and one triplet overlap) and a 3H singlet at 2.27 ppm
corresponding to the acetyl CHs. LMCS results are as follows: 160 (5), 118 (100), the former
corresponding to 9 and the latter to indazole, in line with literature findings.®?> A mass of 261 was also
detected, possibly suggests ionization caused dimerization to form 22, see figure 24, as masses
correspond. This compound also shows strong absorption at 365 nm, as would be expected from 22.
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2.3.2 Nucleophilic attack of phenyllithium on 3-acetyl-2H-indazole
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Figure 23: Top: Reaction scheme of the nucleophilic attack of 3-acetyl-2H-indazole on phenyllithium, resulting in 20. Bottom: 1H-
NMR spectrum of the product of the reaction above in CDCl; and a magnification of the aromatic region thereof. The sample
shows ethyl acetate contamination, identifiable by the characteristic quartet, singlet and triplet around 4.10, 2.01, and 1.26
ppm respectively.

This experiment explores the reactivity of 3-acetyl-2H-indazole as an electrophile by using commercially
obtained phenyllithium as a model for lithiated indazole attack this position. The recovered yield after
flash column chromatography was 18%, with minor contamination of EtOAc and acetone. In the crude
product, a ratio of 4:1 was determined between the desired product and a different acetyl-indazole side
product via 'H-NMR. No starting material was present, suggesting 80% conversion into the correct
product. The 'H-NMR spectrum clearly shows an aromatic triplet integrating to 2H, an aromatic triplet
integrating to 1H and 2 multiplets integrating to 2H and 4H respectively, together corresponding to the 4
aromatic indazole protons and the 5 phenyl protons. Additionally, a singlet integrating to 3H is found at
2.95 ppm, slightly downshifted from where the acetyl CHs is found in the *H-NMR spectrum of 9,
supporting the notion of extended conjugation in the product, as shown in 20. The suggested structure
was confirmed with HRMS, showing an m/z of 221.10745 (Calcd. 221.10732). Though TLC analysis, the
presence of benzene was confirmed, the product of phenyllithium and water, which could have resulted
from the quenching step or minor water contamination in the system. Considering the small scale and
the moisture present in the starting material, 80% conversion into the desired product with only a small
excess of phenyllithium this model reaction can be considered a promising proof-of-concept.
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2.3.3 Nucleophilic attack of lithiated indazole on 3—acety|-2H—indazoIe
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Figure 24: Top: Expected reaction scheme for the nucleophilic attack of lithiated indazole on 9, see figure 25 for the results.
Bottom: 1H-NMR spectrum of the product of the reaction above in CDCl3 with product ratios as shown in figure 25. Only product
signals are analysed here, for full analysis see the appendix.

An attempt at the synthesis of BODIzy dye 1 was

made by using the same 2 step addition of BuLi O

to generate the dianionic species and using 0.5 O | O N Unknown
eq of 3-acetyl-2H-indazole to trap it, resulting in \N”N N product
either alcohol, 21, or the elimination product, H

22, as shown in figure 25. In the case of 22, the 3 : 2 : 2

addition of BF;OEt, was proposed to result in the Figure 25: Ratio of products and their structures from the
formation of BODIzy dye 1 akin to its function in reaction as shown in figure 24.

the synthesis of BODIPY.*® With the hydroxy-bis(indazole) a similar chelation is expected to take place,
with the resulting electron rearrangement resulting in the elimination of the hydroxyl group. As 22 is
symmetrical due to its conjugation, it would be expected that the aromatic signals overlap, giving 2
triplet and 2 doublets integrating to 2 in the aromatic region and a singlet integrating to 3 further
upfield. This is exactly what can be found in figure 24, except the two doublets happen to overlap also,
giving a doublet integrating to 4. However, due to the lability of the OH proton it is not possible to tell
whether 21 or 22 formed from only the crude product H-NMR spectrum, however the product could
not be purified due to time constraints. As BODIlzy dye 1 is expected to be a dye with high molar
absorptivity in the visible light region, and such strong coloration was not observed, it is likely this
product did not form. LCMS analysis indicated a m/z of 261 with strong absorption at 365 nm,
confirming 22 as the product. The ratio of products is determined to be 3:2:2 by H-NMR, with the
corresponding structures as shown in figure 25. This low yield may be partially explained by the
presence of acetic acid in the starting material, as it can be observed in the H-NMR of the product also,
(see Appendix).
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2.3.4 Conclusion Strategy 3

Stepwise lithiation seems to be a simple, yet effective strategy for the synthesis towards BODIzy. For all
attempted reactions, the desired product was obtained, including two compounds that have not been
synthesized before, 20 and 22, the latter of which could not be purified due to time constraints. The
formation of these was confirmed with 'H-NMR, and HRMS or LCMS respectively. The synthesis of 3-
acetyl-2H-indazole was produced a significantly higher yield than expected from literature, likely due to
an increased scale. This could mean the modest yields of 20 and 22 may be improved when performed
at a larger scale also. Due to time constraints, the one pot synthesis could not be attempted, though
considering the results thus far, this is a promising concept. While the synthesis of 22 was successful,
chelation with BF; in the same pot seemed to be ineffective. The next step for this synthetic pathway is
investigating this by performing this reaction in a separate reaction vessel with purified 22.

The solutions stepwise lithiation was expected to offer for the issues encountered in straightforward
lithiation are effective. The C3 position was successfully lithiated, afterwards showing good
nucleophilicity, no competing N1 reactions were observed, and ring opening was fully suppressed.

2.4 Attempted synthetic route 4: N2 SEM protection for Directed ortho-Metalation

Stepwise
23
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Figure 26: Planned synthetic strategy towards 3-benzoyl-2H-indazole and the corresponding BODIzy dye. The synthesis of 3-
benzyol-indazole is reproduced from research by Luo et al, the synthesis of the BODIzy dye is an adaptation of this method.%°
Note that a deprotection step may be required between before the addition of BF;OEt, see “Attempted one-pot synthesis of
BODIzy dye 2 from N2-SEM-indazole” below.

The following strategy is based on placing a trimethylsilylethoxymethyl (SEM) protecting group on the
N2 position of indazole. This serves three purposes:

1) The SEM group has long been a well-known Directed Metalation Group (DMG), for aryls,
pyridyls, pyrroles, and indoles alike.®>®” In short, the oxygen of the SEM group interacts with
stabilizes lithium at the ortho position, facilitating the lithiation of these sites, see figure 27,
this is referred to as Directed ortho-Metalation (DoM).®® This should help to resolve the
issue of limited metalation at this site, as encountered in previous experiments.
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2) Secondly, the SEM group binding to the N2 position causes a rearrangement of electrons in
the molecule, resulting in the loss of the labile N1-H, and this N1 electron is now engaged in
a stable double bond, delocalized over the conjugated system. This serves to prevent
competing reactions via the N1 pathway.

3) Thirdly, the creation of the N2-SEM bond results in the breaking of the N2=C3 double bond,
hereby blocking the path to the formation of the benzonitrile as shown in figure 20 and
therefore also the ring opening of the heterocycle. This improves the molecules tolerance of
harsh conditions.

Li\\o_/—Si(CHg)S E O_/—Si(CHs)s

= n-BuLi (1.1 eq) E*
N—SEM ———— ~\N—/ — ~ N—
\N THF -/ <\

N

Figure 27: Reaction scheme showing the Directed ortho-Metalation effect with SEM as Directed Metalation Group.

It should be noted that the aforementioned benefits of this strategy closely correspond to the issues
faced in the development of this synthesis so far, competition of N1 pathways in Friedel-Crafts attempts,
the lack of reactivity found with TMP,Zn, and the ring opening caused by straightforward lithiation or
magnesiation.

The experimental examination of the planned synthetic strategy starts with the synthesis of N2-SEM-
indazole from indazole. From this point, a stepwise synthesis can be followed, where 24 is purified
before being added to lithiated indazole as an electrophile. Similar to what was done in the reaction
shown in figure 23, a model reaction using phenyllithium was performed to confirm nucleophilic
behaviour 24 with a reagent similar to lithiated indazole. Lastly, a one pot strategy was attempted to
investigate a facile and quick synthetic route to BODIzy dye 1.

2.4.1 N2 SEM protection of indazole
Cyhex,NMe (1.2 eq)

\ - —
©\/\/N SEM-CI (1.2eq) @:N_SEM
N N

H THF, r.t., 3 h, 669
, r.t., 3 h, 66% 23

Figure 28: Reaction scheme for the synthesis of N2-SEM-indazole.

The synthesis as shown above was performed at a 10 mmol scale and a yield of 1.661g, 66%, was
recovered. Literature reports purifying the product by flash column chromatography using 0-50%
hexanes:EtOAc as eluent.?® In this experiment, the product was also purified by flash column
chromatography, but a gradient of 0%-10% pentane:EtOAc was used. However, still fractions containing
two products were obtained and these were analysed using *H-NMR, from which could be determined
these fractions were composed of 23 and impurities in a 4:1 ratio. The mass of the contaminated
product was 577 mg, suggesting and additional 462 mg N2-SEM-indazole was synthesized but not
recovered. Conversion to the desired product is therefore 85%. The recovered yield could be improved
by further lowering the polarity of the gradient of eluent used in the flash column chromatography
purification step.
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2.4.2 Lithiation and BzCl electrophile trapping of N2-SEM-indazole

23 Li
_ n-BuLi (1.1 eq), THF [ _ BzCl (1.1 eq)
N—SEM N—SEM -
=N -78 °C, r.t.,, 10 min., 5 min. { =N J -78 °C, 30 min.

N2-SEM-indazole

N2-SEM-3-benzoyl-indazole
~71% by "H-NMR

Figure 29: Reaction scheme for the lithiation of indazole and the trapping of the intermediate with benzoyl! chloride.

The experiment was performed as described in the figure 29. The product was not purified due to time
constraints, however there were certainly significant impurities present as a crude yield of 401 mg was
obtained, which would correspond with 113%, was obtained. From the *H-NMR signals of the major
project correspond well to what is reported for the desired product in literature procedure followed,
though there cannot be absolute certainty due to signal overlap with impurities.®® In the *H-NMR
spectrum between 6.2 and 5.5 ppm, 1 major and 4 minor singlet signals are found. The major singlet at
6.16 ppm is attributed to the CH, from the SEM group, the other, minor signals are thought to result
from 4 minor SEM-indazole side products. As such, the ratio of products was determined to be
12:2:2:2:1. As all starting material was converted, this suggests an approximate conversion to the
desired product of 71%.

2.4.3 Attempted one-pot synthesis of BODIzy dye 2 from N2-SEM-indazole

A one-pot synthesis of the BODIzy dye 2 was attempted by following the same procedure as was done in
in the reactions as shown in figure 29, but only adding 0.55 eq of benzoyl chloride. In theory, ~0.5 eq of
the lithiated N2-SEM-indazole reacts with benzoyl chloride, forming N2-SEM-3-benzoyl-indazole, 24. The
remaining 0.5 eq of lithiated N2-SEM-indazole, assuming complete lithiation, may then react with the
carbonyl of 24, creating the alcohol intermediate as shown in figure 26 and then BODIzy dye 2 after
addition of BF3;OEt,. Deprotecting SEM-pyrroles using BFsOEt; is a known process, but unlike in our
experiment this is generally followed by treatment with a base such as Triton-B or sodium acetate.®®
BODIzy dye 2 is expected to be a high € dye, and while the product did have a distinct red color, it was
not as strongly absorbing in the visible light region as a BODIzy would be expected to be, and as such,
significant formation of this product is unlikely.

1 1
R= BF4OEt, (4 eq)  OH Base  Ri—
— N-SEM - _NH

R2 N R2 N

Figure 30: General reaction mechanism for SEM deprotection using BF3OEt, and a base as described by Muchowski et al.®>

The procedure was followed as shown in figure 26 and the crude product was analyzed using *H-NMR.
The SEM Si-(CHzs)s singlet can clearly be observed and is slightly shifted downfield. The CH, signal cannot
be observed in the region of 2.5-7 ppm, where it would be expected. As such, it is unlikely that the SEM
protecting group is still bound to N2 or that the process as shown in figure 30 took place. Hence, it is
expected that the N2-SEM bond was cleaved, and the SEM Si-(CHs); singlet is caused by the presence of
free SEM in the crude product. The products of the reaction are difficult to identify by the *H-NMR
spectrum as there is a complicated overlap of signals in the aromatic region.
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2.4.4 Nucleophilic attack of phenyllithium on N2-SEM-3-benzoyl indazole
Planned synthesis

PhLi (1.25 eq)

~ N-SEM
N

-78°C, 3h

Figure 31: Reaction scheme for the planned synthesis of 25. The structure of the product could not be confirmed due to lack of
analytical data and time constraints.

The second step in stepwise process, as shown in figure 26, was attempted. For this reaction crude 24,
N2-SEM-3-benzoyl-indazole, was used as starting material. The product was analyzed using *H-NMR
analysis, but due to complicated overlap of signals and a low concentration of product in the sample,
making definitive statements on the structure of the formed products remains difficult. HRMS analysis
shows 283.12298 (M*, 1), 212.11851 (100). While the mass of 25 is detected, its relative abundance is
quite low, and unlike the case of the reaction in figure 22, there is no literature to compare this data to.
This makes drawing conclusions on this basis alone difficult.

2.4.5 Conclusion Strategy 4

The DoM strategy was confirmed to work well for the first step of the synthesis, reacting the indazole C3
site with an acid chloride electrophile. Synthesis of the starting material, N2-SEM-indazole was
straightforward and it is expected the yield can be improved significantly with minor adjustments to the
procedure. Lithiation and nucleophilic activity of this starting material was good, showing a conversion
to the desired product of 71% in *H-NMR analysis of the crude product. The products of nucleophilic
attack of phenyllithium on 24 and of the attempted one pot synthesis towards BODIzy dye 1 could not
be determined. The effectiveness of this strategy regarding the established challenges is as follows:

1) The indazole C3 position was successfully activated and was able to perform a nucleophilic
attack on benzoyl chloride. The conversion to the desired product was determined to be 71% in
the crude product, which, while lower than the 99% yield reported in literature, can still be
considered good. Whether 24 is a sufficiently good electrophile to undergo nucleophilic attack
by a second equivalent of lithiated N2-SEM-indazole could not be confirmed due to a lack of
analytic data.

2) No competing N1 reactions were observed, suggesting the electron rearrangement caused by
the SEM protection of N2 was an adequate method for stabilizing the N1 position.

3) No ring opening could be observed meaning the SEM protection of N2 was also an effective
method for preventing the formation of the benzonitrile side product.

As it was not possible to collect sufficient data on 24 as electrophile, more research is required on these
reactions. Since lithiation of N2-SEM-indazole and subsequent nucleophilic attack on benzoyl chloride
worked well, it is expected that the reactivity of this lithiated species should be sufficient to attack the
carbonyl on 24 proceed also.

3. Conclusion

Photolabile protecting groups could be of tremendous value for applications in complex biological
systems. However, currently, there is no photocage that can fulfill all four strict requirements for such
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applications, namely NIR absorbance, high efficacy of uncaging, high solubility in water, and low toxicity
of the PPG and its cleavage products.’*° One of the best performing PPGs in these requirements is
BODIPY, reaching AAmax=700 nm after heavy derivation. However, not only is placing all these derivatives
synthetically challenging and laborious, there is also a limit to the performance of a particular PPG
scaffold and its derivatives. Our proposed BODIzy PPG scaffold is predicted to have AAmax = +96 nm
compared to the parent chromophore BODIPY, possibly capable of opening many doors in the
application of PPGs in tissue.

Various synthetic routes towards BODIzy PPG precursors were explored through model reactions. It was
determined that straightforward lithiations or magnesiation were ineffective, with or without an N1
protecting group, as lithiation of the C3 position resulted in N-N bond cleavage, yielding nitriles instead
of lithiated heterocycles as reaction intermediates. A synthetic route through the usage of a milder base,
(TMP)2Zn-2MgCl-2LiCl on 1-MOM-indazole, was also attempted, based on promising literature results,
though these could not be successfully replicated.>® This method showed poor metalation, even after
reaction times significantly longer than reported. This could be slightly improved by heating the reaction
mixture to 50 °C for extended time periods, however this also caused considerable deprotection of the
MOM group. TMP2Zn is a soft, mild base, by our results too much so to activate the C3 position and
harsher conditions are not tolerated by the MOM-indazole reactant. It is therefore deemed unlikely
methods will be found to improve the effectiveness of this synthetic route.

The stepwise lithiation strategy gave good results. It differs from straightforward lithiation only by first
adding 1 eq of Buli so only the N1 position is lithiated, significantly increasing electron density at this
position. This negative charge prevents the N-N bond cleavage, meaning the C3 position can now safely
be lithiated without risking ring opening.?? A yield of 51% was obtained when reacting lithiated 3-
bromoindazole with acetyl chloride to give 3-acetyl-2H-indazole, 30% higher than was reported in
literature, likely due to the reaction being run at a larger scale, 4 mmol instead of 0.2. A model reaction
using phenyllithium and 3-acetyl-2H-indazole was successful, confirmed by 'H-NMR and HRMS, acting as
a proof-of-concept. Moreover, the synthesis of a bis(indazole) was attempted by using 3-acetyl-2H-
indazole as electrophile, was confirmed to be successful by *H-NMR and LCMS analysis of the product.

The DoM strategy also shows promise. In theory it should: stabilize lithiation at C3, prevent competing
N1 reactions due to electron rearrangement and prevent ring opening, all of which seem to hold true in
our experimental results. Nucleophilic attack of lithiated N2-SEM-indazole on benzoyl chloride yielded
the desired product N2-SEM-3-benzoyl-indazole, supported by *H-NMR analysis of the crude product,
however it could not be purified due to time constraints. Two attempts to use this product as
electrophile were made, with lithiated phenyllithium and N2-SEM-indazole, however the formation of
the desired products could not be confirmed due to lack of analytic data, although for the former the
correct mass was detected by HRMS, albeit at a low relative abundance.

Both the stepwise lithiation and DoM routes have
proven to be effective solutions to the first step of
the total synthesis as shown in figure 7. If after SNNNN N” 'N ~N

N—
further development, either route shows too little ' K) v
reactivity for the second step, the effect of two TMEDA DMPU HMPA
possible solutions can be explored. Firstly, as both
reactions are performed at -78 °C, performing

| O ”—N
N o AN

Figure 32: Structures of the disaggregating additives that could
improve reactivity.
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them at -40°, 0 °C or r.t. could be attempted. Secondly, disaggregating additives, such as TMEDA, DMPU
or HMPA could be used to improve the effectiveness of lithiation, as numerous literature examples have
successfully demonstrated.®® As a bis(indazole) product could already be produced via stepwise
lithiation, chelation with BF; needs to be investigated with this product.

Once the first two steps show good results and the chelation with BF; is also performed successfully,
corresponding BODIzy dye, can be obtained. The photochemical properties of this dye can be measured
and whether the calculations were accurate can be confirmed. If these properties show promise, the
developed procedure(s) can be attempted with and optimized for an electrophile that will yield a PPG,
such as acetoxyacetyl chloride. Finally, at that stage, the PPGs performance with regards to the
aforementioned four requirements can be explored.

4. Experimental Procedures

4.1 General remarks

Synthesis and purification

All compounds were obtained from commercial suppliers and were used without further purification
unless otherwise stated. Dry solvents were obtained from a Demaco Pure Solve MD5 solvent dispenser
with the exception of acetonitrile, which was produced by drying reagent grade acetonitrile for 24 h
over 3 A molecular sieves (10% w/v). For thin layer chromatography (TLC) analysis, aluminium foils with
a silica gel matrix (Supelco, silica gel 60) was used. The compound spots were visualized using UV (254
nm or 366 nm) irradiation or by staining using a phosphomolybdic acid (PMA) solution. Flash column
chromatography purification was performed using silica gel (Supelco, silica gel 60), particle size 40-64
uM, eluding with technical grade solvents.

All reactions were performed under air unless otherwise stated. Standard Schlenk techniques using N>
gas the inert gas and a membrane pump to apply a vacuum were utilized for reactions performed under
inert atmosphere.

Characterization

Nuclear magnetic resonance (NMR) spectra were measured on an Agilent Technologies 400-MR (400/54
Premium Shielded) spectrometer (400 MHz for H, 101 MHz for 3C) at room temperature. The
deuterated solvents utilized for these measurements, CDCl; and d6-DMSO were obtained from Sigma-
Aldrich. For every spectrum, it is indicated which solvent is used in the figure description and the
chemical shift of compound resonances relative to the residual solvent signal (8) is given in parts per
million (ppm). The *H-NMR data are reported as follows: chemical shift, multiplicity (s = singlet, d =
doublet, t = triplet, g = quartet, m = multiplet, dd = doublet of doublets, td =triplet of doublets), coupling
constant (J) given in Hz, and integration, proportional to the number of protons. 3C-APT spectra are
reported as follows: chemical shift (8), number of attached protons (CH, CH,, CH3, C).

High Resolution Mass Spectra (HRMS) was performed using a Thermofisher LTQ Orbitrap XL with eluent
MeOH (0.1% TFA) and flow rate of 0.15 mL/min in positive (ACPI/ESI) mode. UPLC-MS (LCMS) analysis
was performed using a ThermoFisher Scientific Vanquish UPLC System (Waltham, MA, USA) with a
reversed phase C18 column (Acquity UPLC HSS T3 1.8 um, 2.1 x 150 mm; eluents: water and acetonitrile,
both with 0.1% v/v formic acid added; the gradient was established from 5% to 95% organic phase over
17 min) in combination with an LCQ Fleet mass spectrometer and UV-vis detector at 254 nm, 360 nm,
530 nm and 680 nm.
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General procedures

General aliquot procedure: 0.1 mL of the reaction mixture was quenched with D;O in a 20 mL vial.
NH4Cl (aq) (3 mL) and chloroform (1 mL) was added. The organic layer was separated using a Pasteur
pipette and the solvent was removed in vacuo. The sample was analyzed using *H-NMR spectroscopy.

Titrating bases with diphenylacetic acid: A 10 mL round bottomed flask, a magnetic stirring bar and a
rubber septum was connected to a Schlenk line. The system was flame dried and flushed with nitrogen 3
times. The flask was charged with DPAA (212 mg, 1.00 mmol, 1.00 eq) and dry THF (10 mL). The solution
was cooled to 0 °C. Once cooled, n-BulLi (or t-BuLi) in hexane (2.00 eq) was added to the stirred solution
dropwise until a color change is observed. The expelled volume of the respective BulLi solution was
recorded and the molarity of these solution were determined to be 1.42 M for n-Buli and 1.6 M for t-
BulLi. Note that DPAA is deprotonated twice before color change is observed.

Titrating bases with benzoic acid and 4-(phenylazo)diphenylamine ®: A 10 mL round bottomed flask,
equipped with a magnetic stirring bar and a rubber septum, was connected to a Schlenk line. The system
was flame dried and flushed with nitrogen 3 times. The flask was charged with benzoic acid (110 mg,
0.900 mmol, 1.00 eq) and 4-(phenylazo)diphenylamine (2 mg, 0.007 mmol, 0.008 eq). Dry THF (1.5 mL)
was added, and the resulting orange solution was cooled to 0 °C. The analyte was added dropwise to the
solution until the solution changed to a persistent, deep red color. The titration volume was noted, and
the concentration of the analyte was calculated. The following concentrations of commercial reagents
were determined phenyllithium (1.48 M), iPrMgCI-LiCl (1.18 M), TMPZnCI-LiCl (0.78 M).

4.2 Attempted synthetic route 1: Regioselective zincation

4.2.1 Synthesis of 1-(methoxymethyl)-indazole >!

A round bottom flask was equipped with a magnetic stirring bar and charged with indazole (591 mg,
5.00 mmol, 1 eq) and N,N-dimethylformamide (12.5 mL). The mixture was cooled to 0 °C, followed by
the addition of sodium hydride (250 mg, 6.25 mmol, 60% in oil, 1.25 eq). The mixture was stirred for 30
min. To the reaction mixture was added chloromethyl methyl ether (483 mg, 6.00 mmol, 1.20 eq)
followed by stirring at r.t. for 30 min. To the reaction mixture water was added and the aqueous layer
was extracted with ethyl acetate for two times. The organic layer was washed with brine, dried over
anhydrous MgS0. and the solvent was evaporated. The residue was purified and separated by silica gel
flash column chromatography (10:1 pentane:diethyl ether), to give 1-(methoxymethyl)-indazole, 162
mg, 20.0%, as colourless oil. tH-NMR (400 MHz, Chloroform-d) & 8.05 (s, 1H), 7.76 (d, J = 8.2 Hz, 1H),
7.58 (d, ) = 8.4 Hz, 1H), 7.44 (t, ) = 7.6 Hz, 1H), 7.22 (t, J = 7.5 Hz, 1H), 5.73 (s, 2H), 3.31 (s, 3H). H-NMR
data matches that of the literature report.

4.2.2 Synthesis of (TMP)2Zn-2MgCl,-2LiCl from commercial TMPMgCI-LiC| 52

In a 20 mL pressure flask, ZnCl, (1.084 g, 7.93 mmol, 1 eq) was dried in vacuo at 140 °C overnight. After
warming to room temperature under positive nitrogen pressure, dry THF (3.8 mL) and TMPMgCI-LiCl (15
mL, 0.78 M, 11.7 mmol, 1.48 eq) was added slowly. If replicating, using 2 eq of TMPMgCI-LiCl is
recommended. The resulting mixture was stirred for 15 h at r.t.. The freshly prepared
(TMP),Zn-2MgCl,-2LIiCl solution was titrated prior to use at 0 °C with benzoic acid using 4-
(phenylazo)diphenylamine as indicator, yielding a concentration of 0.28 M.
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4.2.3 Synthesis of CUCN-2LiCl >?

In a 20 mL pressure flask with rubber septum, LiCl (2.29 g, 54.0 mmol, 1.00 eq) was dried in vacuo at 150
°C overnight. The reaction flask was cooled to room temperature and under positive nitrogen pressure,
the septum was removed briefly to add copper cyanide (2.318 g, 27 mmol, 0.5 eq) to the flask. Dry THF
(10 mL) was added, and the mixture was stirred at room temperature for 15 min., yielding a green
solution.

4.2.4 Attempted zincation, transmetalation and electrophile trapping of MOM-indazole 5!

A 10 mL round bottomed flask equipped with a Teflon stirring bar and a rubber septum was connected
to a Schlenk line. The system was flame dried and flushed with nitrogen 3 times. The flask charged with
MOM-indazole (324 mg, 2.00 mmol, 1.00 eq). The TMP,Zn (1.2 mmol, 0.28 M, 4.3 mL, 0.6 eq) was added
at r.t. dropwise and the mixture was stirred for 22 h. To determine the degree of metalation, aliquots
were quenched with I, in THF, sodium thiosulfate was added, followed by work up and analysis via the
general aliquot procedure, showing 23% metalation. The reaction mixture was cooled to -40 °C and
CuCN-2LiCl (1.6 mL, 2.2 mmol, 1.1 eq) and benzoyl chloride (0.28 mL, 2.4 mmol, 1.2 eq) were added. The
reaction mixture turned dark red brown while stirred for 2h. The reaction mixture was quenched with a
sat. ag. NH4Cl solution (10 mL), extracted with diethyl ether (3 x 20 mL) and dried over anhydrous
MgSQ,. After filtration, the solvent was evaporated in vacuo. The crude product was purified by silica gel
flash column chromatography (pentane:diethyl ether = 3:2). The product as a colourless solid, a yield of
20 mg, 7.5%. Note that only the product of entry 1 of table 4 was purified as crude as *H-NMR spectra of
the other experiments showed no formation of the desired product. *H-NMR (400 MHz, DMSO-d6) &
8.13(d,J=7.2 Hz, 2H), 7.99 — 7.88 (m, 2H), 7.79 (t, ) = 7.5 Hz, 1H), 7.65 — 7.57 (m, 3H), 7.48 (t, ) = 7.7 Hz,
2H), 7.28 — 7.09 (m, 3H).

4.2.5 Synthesis of (TMP)2Zn-2MgCI2-2LiCl from TMP and iPrMgCI-LiCl 52

A 10 mL round bottomed flask equipped with a Teflon stirring bar and a rubber septum was connected
to a Schlenk line. The system was flame dried and flushed with nitrogen 3 times. The flask was charged
with iPrMgCI-LiCl (8.6 mL, 1.18 M, 10 mmol, 1 eq) and TMP (1.7, 10 mmol, 1.0 eq). The reaction mixture
was stirred for 16 h. ZnCl; (692, 5.1 mmol, 0.5 eq) was dried at 140 °C overnight and the iPrMgCl-LiCl and
TMP solution was added to this. The resulting mixture was stirred overnight. was titrated prior to use at
0 °C with benzoic acid using 4-(phenylazo)diphenylamine as indicator, yielding a concentration of 0.41
M.

4.3 Attempted synthetic route 2: Lithium/Halogen exchange and Turbo Grignard

4.3.1 Synthesis of 3-bromoindazole through bromination of indazole using NBS >8

Commercial N-bromosuccinimide (NBS) was recrystallized from water. To a stirred solution of indazole
(590 mg, 5.00 mmol, 1.00 eq) in HFIP (10 mL) and DCM (10 mL) was added recrystallized NBS (890 mg,
5.00 mmol, 1.00 eq) under air. The reaction mixture was stirred at 0 °C for 1 h, during which the solution
turned from orange to yellow. After, the solvent of the reaction mixture was evaporated under reduced
pressure and the crude product was purified by silica gel flash column chromatography (step gradient 0-
20% ethyl acetate : pentane) to give the product; 334 mg (33.9% yield) of 3-bromoindazole, as white
solid. In 20% EtOAc : pentane the product has an Rf of 0.6. *H-NMR (400 MHz, Chloroform-d) 6 10.19 (s,
1H), 7.65 (d, J = 8.2 Hz, 1H), 7.51 — 7.42 (m, 2H), 7.25 — 7.21 (m, 1H). *H-NMR data matches that of the
literature report.>®
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4.3.2 Attempted lithiation of 3-bromoindazole, deuteration studies

A 10 mL round bottomed flask equipped with a Teflon stirring bar and a rubber septum was connected
to a Schlenk line. The system was flame dried and flushed with nitrogen 3 times. The flask was charged
with 3-bromoindazole (39 mg, 0.20 mmol, 1.0 eq) and dry THF (2 mL) and the mixture was cooled -78 °C.
Once cooled, n-Buli (0.42 mL, 1.42 M, 0.60 mmol, 3.0 eq) or t-BuLi (0.38 mL, 1.60 M in hexane, 0.61
mmol, 3.1 eq) was added to the stirred solution. Aliquots were taken according to the general
procedure. These were analyzed by H-NMR and no product was isolated. See table 5 for the results.

4.3.3 Attempted synthesis of N1-benzyl-3-bromoindazole

To a stirred solution of N1-benzylindazole (21 mg, 0.10 mmol, 1.0 eq) in HFIP (2 mL) was added NBS (18
mg, 0.10 mmol, 1.0 eq) under air. The reaction mixture was stirred at 0 °C for 1h, after which a mixture
of products had formed, and the experiment was halted. An *H-NMR vyield of 27% was determined and
the product was not purified.

4.3.4 Synthesis of N1-benzyl-3-bromoindazole 6

To a solution of 3-bromoindazole (510 mg, 2.59 mmol, 1.00 eq) in anhydrous THF (20 mL) cooled at 0 °C
was added potassium tert-butoxide (465 mg, 4.14 mmol, 1.60 eq) and the mixture was stirred for 1 h
under air. Benzyl bromide (0.55 ml, 4.6 mmol, 1.8 eq) was added dropwise. The resulting mixture was
stirred for 4 h at room temperature and the solvent was removed in vacuo. The residue was dissolved
with EtOAc (50 mL), washed with water and brine, dried using MgSQ,, filtered and the solvent was
evaporated under reduced pressure to give the product; 545 mg (73% yield) of 14 as a light-yellow oil.
'H-NMR (400 MHz, Chloroform-d) & 7.62 (d, J = 8.2 Hz, 1H), 7.40 — 7.26 (m, 5H), 7.24 — 7.19 (m, 3H), 5.56
(s, 2H). *H-NMR data matches that of the literature report.®!

4.3.5 Attempted lithiation of N1-benzyl-3-bromoindazole using butyllithium

A 10 mL round bottomed flask equipped with a Teflon stirring bar and a rubber septum was connected
to a Schlenk line. The system was flame dried and flushed with nitrogen three times. The N1-benzyl-3-
bromoindazole (59 mg, 0.21 mmol, 1.0 eq) was added to the flask followed by dry THF (2 mL). The
temperature was set as described in table 6. Once cooled, t-BuLi (0.04 mL, 1.6 M in hexane, 0.4 mmol, 2
eq) was added to the stirred solution, turning the solution bright yellow. Aliquots were taken at time
intervals shown in table 6 according to the general aliquot procedure. The major product was isolated
using silica gel flash column chromatography (step gradient 0-10% EtOAc: pentane) and characterized
using *H, APT, COSY, HSQC and gHMBC NMR. The product had Rf 0.3 in 5% EtOAc:pentane. *H-NMR (400
MHz, Chloroform-d) & 7.41 (dd, J = 7.7, 1.6 Hz, 1H), 7.39 — 7.33 (m, 5H), 7.33 — 7.25 (m, 2H), 6.69 (t, J =
7.6 Hz, 1H), 6.64 (d, J = 8.5 Hz, 1H), 4.44 (s, 2H). *C-NMR (101 MHz, CDCls) & 137.68 (CH), 134.27 (CH),
132.76 (CH), 128.86 (CH), 127.65 (CH), 127.18 (CH), 117.87 (CH), 116.92 (C), 111.11 (C), 95.98 (C), 47.49
(CH,).

4.3.6 Attempted magnesiation of N1-benzyl-3-bromoindazole using Turbo Grignard

A 10 mL round bottomed flask equipped with a Teflon stirring bar and a rubber septum was connected
to a Schlenk line. The system was flame dried and flushed with nitrogen three times. The flask was
charged with 1-benzyl-3-bromoindazole (53 mg, 0.19 mmol, 1.0 eq) and dry THF (2 mlL). The
temperature was set as described in table 6. iPrMgCI-LiCl (0.16 mL, 1.3 M, 0.20 mmol, 1.1 eq) was added
dropwise. In the case of entry 3 of table 6, more iPrMgCI-LiCl (0.16 mL, 1.3 M, 0.20 mmol, 1.1 eq) was
added at the temperature was increased to r.t., then 50 °C. Aliquots were taken according to the general
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aliquot procedure. The respective time intervals and results can be found in table 6. No desired product
was obtained.

4.4 Attempted synthetic route 3: Stepwise lithiation

4.4.1 Synthesis of 3-acetyl-2H-indazole via stepwise lithiation of 3-bromoindazole ©?

A 50 mL round bottomed flask equipped with a Teflon stirring bar and a rubber septum was connected
to a Schlenk line. The system was flame dried and flushed with nitrogen three times. The flask was
charged with 3-bromoindazole (788 mg, 4.00 mmol, 1.00 eq) and dry THF (20 mL). The mixture was
cooled -78 °C, then n-BulLi was added (2.8 mL, 1.42 M, 1.0 eq). A temperature of at least -65 °C was
maintained. After 5 min., t-BulLi (5.0 mL, 1.6 M, 2.0 eq) was added dropwise and stirred for 15 min at -78
°C. Acetyl chloride (0.28 mL, 1.0 eq) was added. The mixture was stirred for 1 h at -78 °C. The reaction
mixture was quenched with water and the product was extracted with EtOAc. The product was purified
using silica gel flash column chromatography (step gradient 0-20% EtOAc : pentane) loaded with warm
chloroform. The product was obtained; 329 mg (51% yield) of 3-acetyl-2H-indazole, as a white powder.
In 20% EtOAc : pentane the product has Rf 0.4. 'H-NMR (400 MHz, Chloroform-d) & 8.41 (d, J = 8.5 Hz,
1H), 7.59 (t, J = 7.8 Hz, 3H), 7.17 (t, J = 7.6 Hz, 1H), 2.27 (s, 4H). 'H-NMR data matches that of the
literature report. LMCS: m/z 160 (M*, 5), 118 (100). Similar MS results were found in literature.%?

4.4.2 Synthesis of 20 via nucleophilic attack of phenyllithium on 3-acetyl-2H-indazole

A 10 mL round bottomed flask equipped with a Teflon stirring bar and a rubber septum was connected
to a Schlenk line. The system was flame dried and flushed with nitrogen three times. To the flask, 3-
acetyl-2H-indazole (32 mg, 0.20 mmol, 1.0 eq) and dry THF (1.5 mL) was added, and the solution was
cooled to -78 °C. Once cooled, phenyllithium (0.16 mL, 1.54 M in dibutyl ether, 0.25 mmol, 1.3 eq) was
added dropwise. The reaction was followed by TLC using samples taken from the reaction mixture and
guenched with water. The product was purified by silica gel flash column chromatography eluded with
0-20% EtOAc : pentane. The product was obtained; 8 mg (18% yield) of 20 as a white powder. In 20%
EtOAc : pentane, the product has Rf 0.5. *H-NMR (400 MHz, Chloroform-d) & 8.04 (t, 2H), 7.87 (t, J = 7.8
Hz, 1H), 7.78 — 7.72 (m, 3H), 7.59 — 7.49 (m, 4H). HRMS: 221.10745 (M*, 100), 222.11068 (15). Calcd.
221.10732.

4.4.3 Nucleophilic attack of lithiated indazole on 3-acetyl-2H-indazole

A 50 mL round bottomed flask equipped with a Teflon stirring bar and a rubber septum was connected
to a Schlenk line. The system was flame dried and flushed with nitrogen three times. The flask was
charged with 3-bromoindazole (788 mg, 4.00 mmol, 1.00 eq) and dry THF (20 mL). The mixture was
cooled -78 °C, then n-BulLi was added (2.8 mL, 1.42 M, 1.0 eq). A temperature of at least -65 °C was
maintained. After 5 min., t-Buli (5.0 mL, 1.6 M, 2.0 eq) was added dropwise and the mixture was stirred
for 15 min at -78 °C. 3-acetyl-2H-indazole (160 mg, 1.00 mmol, 0.250 eq) was added. The solution was
stirred for 1 h at -78 °C. The reaction mixture was quenched with water and the product was extracted
with EtOAc. Product ratios obtained are 3:2:2 of 22 : 9: unknown product as shown in figure 25,
suggesting a conversion to the desired product of approximately 43%. *H-NMR (400 MHz, DMSO-ds) &
7.56 (d, 4H), 7.43 (t, 2H), 7.20 (t, 2H), 3.34 (s, 3H).
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4.5 Attempted synthetic route 4: N2 SEM protection for Directed ortho-Metalation

4.5.1 Synthesis of N2-SEM-indazole via SEM protection of indazole®

A 250 mL round bottomed flask equipped with a Teflon stirring bar and a rubber septum was connected
to a Schlenk line. The system was flame dried and flushed with nitrogen three times. The flask was
charged with indazole (1.12 g, 10.0 mmol, 1.00 eq) and THF (100 mL). To this was added
dicyclohexylmethylamine (2.6 mL, 12 mmol, 1.2 eq), followed by SEM-CI (2.1 mL, 12 mmol, 1.2 eq) and
the mixture was stirred at room temperature for 3h. The mixture was diluted with ethyl acetate and
guenched with 1 M NaOH (aq.). The organic layer was collected and washed with brine, dried over
sodium sulfate, filtered, and the solvent was removed in vacuo. The residue was purified using silica gel
flash column chromatography, eluding with a step gradient of 0-20% EtOAc : pentane, to give 1.661 g of
product (66% vyield). The product has an Rf of 0.4 in 10% EtOAc : pentane. H-NMR (400 MHz,
Chloroform-d) & 8.11 (s, 1H), 7.73 (d, 1H), 7.68 (d, / = 8.4, 1.1 Hz, 1H), 7.30 (t, J = 8.7, 6.8 Hz, 1H), 7.10 {(t,
1H), 5.73 (s, 2H), 3.63 (t, J = 8.2, 1.0 Hz, 2H), 0.94 (t, J = 8.9, 7.7 Hz, 2H), -0.03 (s, 9H). 'H-NMR data
matches that of the literature report.®°

4.5.2 Synthesis of 24 via lithiation and BzCl electrophile trapping of N2-SEM-indazole ©°

A 25 mL round bottomed flask equipped with a Teflon stirring bar and a rubber septum was connected
to a Schlenk line. The system was flame dried and flushed with nitrogen three times. The flask was
charged with N2-SEM-indazole (248 mg, 1.00 mmol, 1.00 eq) and THF (6 mL), and was cooled to -78 °C.
Once cooled, n-Buli (0.78 mL, 1.42, 1.1 mmol, 1.1 eq) was added dropwise, giving a pale-yellow solution.
The mixture was stirred at this temperature for 10 min., cooling was removed whilst stirring for 5 min.,
then the mixture was cooled to -78 °C again. Benzoyl chloride (0.13 mL, 1.1 mmol, 1.1 eq) was added
and the mixture was stirred at room temperature for 30 min. The reaction was quenched with NH,4CI
(aqg.). The organic layer was separated, washed with brine, dried with MgSQ,, filtered and the solvent
was removed in vacuo. The crude product was analysed using 'H-NMR. By this analysis, the ratio of
desired product to side products is 12:7. The product has Rf 0.55 in 10% EtOAc : pentane. *H-NMR (400
MHz, Chloroform-d) & 7.90 — 7.82 (m, 3H), 7.61 (t, /= 7.6 Hz, 1H), 7.52 (td, / = 7.6, 5.6 Hz, 4H), 7.49 —
7.42 (m, 2H), 7.36 — 7.29 (m, 1H), 7.14 — 7.03 (m, 2H), 6.16 (s, 2H), 3.68 — 3.61 (m, 2H), 0.92 — 0.86 (m,
2H), -0.09 (s, 9H). *H-NMR data roughly matches that of the literature report, there is significant overlap
with side products and starting material.®®

4.5.3 Attempted one-pot synthesis of BODIzy dye 2 from N2-SEM-indazole

A 25 mL round bottomed flask equipped with a Teflon stirring bar and a rubber septum was connected
to a Schlenk line. The system was flame dried and flushed with nitrogen three times. The flask was
charged with N2-SEM-indazole (248 mg, 1.00 mmol, 1.00 eq) and THF (6 mL), and was cooled to -78 °C.
Once cooled, n-Buli (0.78 mL, 1.42, 1.1 mmol, 1.1 eq) was added dropwise, giving a pale-yellow solution.
The mixture was stirred at this temperature for 10 min., cooling was removed whilst stirring for 5 min.,
then the mixture was cooled to -78 °C again. Benzoyl chloride (0.65 mL, 0.55 mmol, 0.55 eq) was added
and the mixture was stirred at room temperature for 30 min., before BF3OEt, was added and the
mixture was stirred for 40 h at room temperature. The reaction was quenched with NH4Cl (aq.). The
organic layer was separated, washed with brine, dried with MgSQO,, filtered and the solvent was
removed in vacuo. The crude product was analysed using *H-NMR, from which no conclusions could be
drawn as to the structure of the formed products.
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4.5.4 Attempted synthesis of 25 via nucleophilic attack of phenyllithium on N2-SEM-3-benzoyl-
indazole

A 25 mL round bottomed flask equipped with a Teflon stirring bar and a rubber septum was connected
to a Schlenk line. The system was flame dried and flushed with nitrogen three times. The flask was
charged with crude N2-SEM-3-benzoyl-indazole (31 mg, 0.070 mmol, 1.0 eq) and dry THF (1.5 mL), and
the solution was cooled to -78 °C. Once cooled, phenyllithium (0.05 mL, 1.54 M in dibutyl ether, 0.08
mmol, 1.1 eq) was added dropwise. The reaction was tracked by TLC using samples taken from the
reaction mixture and quenched with water. The product was purified by silica gel flash column
chromatography eluded with 0-5% EtOAc : pentane. The obtained product was obtained; 6.0 mg (20%
yield) of 25 as a white crystal. The product has Rf 0.8 in 5% EtOAc : pentane. HRMS: 283.12298 (M*, 1),
212.11851 (100). Calcd. 283.12298.
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6. Appendix

6.1 Straightforward lithiations and magnesations.
6.1.1 Compound 8: 3-bromoindazole
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Figure 33: 1H-NMR of the product of the bromination of indazole in CDCls.

6.1.2 Lithium/halogen exchange deuteration studies with entry 1 crude product

EV002c_20210909 M5 n 2 RS SR NE SRR n RS nEgimnsa

335

83
20210909144657 wal S

517

529

\\

550

500

Sl
&

400
G (d)
7.23
£ (dd) f3s0
7.37
C(d)
7.62 +300
8 (d) A (m) H (s
7.80 | 68.73 5.17 Laso
D (m) l
749
il 200
F (i)
731
+150
100
50
!
f\ I
A L LL
VAN P 1 Lo
=
o 50
.0 115 11.0 105 0.0 95 90 &5 80 75 70 65 6.0 E.Ef ‘?D.IJ )4‘5 40 35 30 25 20 15 10 05 00 05 -1.0 -15 -20
1 (ppm

Figure 34: 1H-NMR of the product of deuteration studies entry 1 in CDCls.
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Figure 35: Expansion of 1H-NMR spectrum of the crude product of deuteration studies entry 1. The multiplet around 6.73 ppm
corresponds to formation of the ring opening product (see NMRs of 10 also).

6.1.3 Deuteration studies entry 2 aliquot
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Figure 36: 'H-NMR spectrum of an aliquot of the reaction mixture of deuteration studies entry 2 in CDCls.
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Figure 37: Expansion of previous H-NMR spectrum 2. Note the NH signal around 10 ppm, C3H signal around 8.1 ppm and the

ring opening multiplet around 6.7 ppm.

6.1.4 Deuteration studies entry 3 crude product:
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Figure 38: 1H-NMR spectrum of an aliquot the reaction mixture of deuteration studies entry 3 in CDCls.
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Figure 39: Expansion of the previous H-NMR spectrum.

6.1.5 Deuteration studies entry 4 crude product
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Figure 40: *H-NMR spectrum of the crude product of deuteration studies entry 4 in CDCl;.
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Figure 41: Expansion of the previous 'H-NMR spectrum

6.1.6 Deuteration studies entry 5 crude product
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Figure 42: 'H-NMR spectrum of the crude product of deuteration studies entry 5 in CDCls.
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Figure 43: Expansion of the previous 1H-NMR spectrum.

6.1.7 Deuteration studies entry 6 crude product
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Figure 44: 1H-NMR spectrum of an aliquot of the reaction mixture of deuteration studies entry 6 in CDCls.
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Figure 45: Expansion of the previous H-NMR spectrum.

6.1.8 Compound 14: N1-benzyl-3-bromoindazole batch 1
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Figure 46: 1H-NMR spectrum of batch 1 of N1-benzyl-3-bromoindazole in CDCls. Characteristic signal of the desired products are
integrated, see also the 1H-NMR of compound 14 batch 2, which is the same product, only of higher purity.
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Figure 47: Expansion of the previous H-NMR spectrum. The characteristic CH, benzyl signal of the product (5.56 ppm) compared
to those of side products.

Compound 14: N1-benzyl-3-bromoindazole batch 2
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Figure 48: *H-NMR spectrum of batch 2 of N1-benzyl-3-bromoindazole in CDCls, corresponding to what is reported in literature.
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6.1.9 Ring opening product resulting from N1-benzyl-3-bromoindazole metalation isolated
from attempted metalation of N1-benzyl-3-bromoindazole entry 1
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Figure 49: 1H-NMR spectrum of the ring opening product of N1-benzyl-3-bromoindazole metalation.
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Figure 50: COSY NMR of the ring opening product of N1-benzyl-3-bromoindazole metalation.
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Figure 51: C APT NMR of the ring opening product of N1-benzyl-3-bromoindazole metalation.
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Figure 52: HSQC NMR of the ring opening product of N1-benzyl-3-bromoindazole metalation.
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Figure 53: gHMBC NMR of the ring opening product of N1-benzyl-3-bromoindazole metalation.

f1 {ppm)

52



Compound 14: N1-benzyl-3-bromoindazole batch 3
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Figure 54: 1H-NMR spectrum of batch 3 of N1-benzyl-3-bromoindazole in CDCls.
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Figure 55: Expansion of the previous 'H-NMR spectrum.



6.1.11 Attempted metalation of N1-benzyl-3-bromoindazole entry 2 aliquot
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Figure 56: 1H-NMR spectrum of the 30 min. aliquot of the reaction mixture in CDCls., note the triplet and doublet characteristic
of ring opening around 6.57 ppm and the C3H signals around 8.1 ppm.
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6.1.13 Attempted metalation of N1-benzyl-3-bromoindazole entry 3 aliquot
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Figure 57: 1H-NMR spectrum of an aliquot of the reaction mixture in CDCl3 after at the end of the reaction as described in results

and discussion. Upfield there is significant THF contamination.
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Figure 58: Expansion of 1H-NMR spectrum of the previous spectrum.
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6.1.14 Attempted metalation of N1-benzyl-3-bromoindazole entry 4
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Figure 59: 1H-NMR spectrum of the 3 h aliquot of the reaction mixture in CDCls. Note the NH signal around 9.6 and 10.4 ppm.
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Figure 60: Expansion of the previous 1H-NMR spectrum. Note the triplet and doublet characteristic of ring opening have moved,
suggesting a different major product has formed.
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6.2 Stepwise lithiations
6.2.1 Compound 9 via stepwise lithiation entry 1
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Figure 61: 1H-NMR spectrum of 3-acetyl-2H-indazole in CDCls.
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Figure 62: Expansion of previous 1H-NMR. The doublet at 8.37 is not product but has been integrated to indicate there is an
impurity in the sample 1:10 ratio with the desired product.
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6.2.2 Compound 9 via stepwise lithiation entry 2
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Figure 64: 1H-NMR spectrum of 3-acetyl-indazole in CDCls.
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Figure 63: MS spectrum of synthesized 3-
acetyl-indazole, showing the masses of 3-
acetyl-indazole and indazole in a 5:100

ratio.
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Figure 65: Expansion of the previous 1H-NMR spectrum showing the aromatic region.
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6.2.3 Compound 20: product of nucleophilic attack of phennyllithium on 9
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Figure 66: 1H-NMR spectrum of 20 in CDCls. Note the ratio between aromatic signals and the CHs singlet upfield.
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Figure 67: Expansion of the aromatic region of the previous H-NMR spectrum. Overlap makes precise signal appointing
impossible, but no impurities can be observed in this region and the integration corresponds nicely to the proposed bis(indazole).
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Figure 68: Full HRMS spectrum 20. Top: measured results. Bottom: calculated results of structure 20.
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Figure 69: Zoomed in HRMS results of 20. Top: measured results, bottom: calculated results based on the structure of 20.
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6.2.4 Compound 22: Nucleophilic attack of lithated indazole on 9
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Figure 70: 'H-NMR spectrum of 22 in DMSO. Note the ratio between the aromatic signals and the CHs singlet. Also note the
singlet at 2.08 ppm, likely acetic acid from the starting material, possibility a cause for a lower yield.
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Figure 71: Expansion of the previous *H-NMR spectrum showing the aromatic region. Note the ratio between (t, 7.20 ppm,
product) (t, 7.07 ppm and s, 8.05, indazole) and (d, 7.73, a side product).
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6.3 Regioselective zincation
6.3.1 Compound 1: 1-(methoxymethyl)-indazole batch 1
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Figure 72: 'H-NMR spectrum of the product of 1-MOM-indazole in CDCls;, showing the MOM CH, CH3 signals and the aromatic

signals.
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Figure 73: Expansion of the previous *H-NMR spectrum, clearly showing the aromatic signals of MOM-indazole, corresponding
to literature.>!

6.3.2 Deuteration study: zincation of MOM-indazole
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Figure 74: 1H-NMR spectrum of deuteration MOM-indazole using TMP>Zn in CDCls. Bar from a few impurities, it is clear is this
MOM-indazole with mediocre metalation at best.
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Figure 75: Expansion of the previous H-NMR spectrum.
6.3.3 Compound 1: 1-(methoxymethyl)-indazole
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Figure 76: *H-NMR spectrum of MOM:-indazole batch 2 in CDCls.
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Figure 77: Expansion of the previous 1H-NMR spectrum.

6.3.4 Aliquot of attempted synthesis of 2: Attempted zincation and electrophile trapping of
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Figure 78: 'H-NMR spectrum of an aliquot of the attempted zincation and electrophile trapping of MOM-indazole entry 1 in
CDCl;.
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Figure 79: Expansion of previous 1H-NMR spectrum highlighting the 3 different CH, MOM signals.

e
20211012160334 ™

Figure 80: Expansion of 1H-NMR spectrum of the previous spectrum showing the complex aromatic region.



6.3.5 Aliquot of attempted synthesis of 2: Attempted zincation and electrophile trapping of
MOM-indazole entry 2
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Figure 81: Expansion of the 'H-NMR spectrum of the product of the attempted zincation and
electrophile trapping of MOM-indazole entry 2 highlighting the overlapping singlets upfield,
suggesting 2 products in 1:1 ratio.
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Figure 82: Full *H-NMR spectrum and aliquot of the attempted zincation and electrophile
trapping of MOM:-indazole entry 2 in DMSO.
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6.3.6
electrophile trapping of MOM-indazole entry 2

Isolated unknown product from attempted synthesis of 2: Attempted zincation and
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Figure 83: 1H-NMR spectrum of the isolated product in DMSO, with some impurities upfield, but clearly no CH, MOM signal and

thereofore it is unlikely any of the upfield singlets correspond to the MOM CH3.
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Figure 84: Expansion of the aromatic region of the previous *H-NMR spectrum, containing all signals thought correspond to the

the unknown product.



6.3.7 Aliquot of attempted synthesis of 2: Attempted zincation and electrophile trapping of
MOM-indazole entry 3
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Figure 85: H-NMR spectrum of an aliquot of the attempted zincation and electrophile trapping of MOM-indazole entry 3
reaction mixture in DMSO. There are many impurities including THF, water and EtOAc upfield and CHCl; downfield.
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Figure 86: Expansion of the aromatic region of the previous 1H-NMR spectrum.

69



EV028_aligzh_202110 19132016

—a01
598
574
571

20211019132016

) e [
6.01 5.98 574 5(71

17

10

0®
m

5.20 6.18 6.16 6.14 6.12 6.10 6.08 6.06 604 6.02 6.00 598 5.96 594 ESZF 5{90 ‘588 5.86 5.84 5.82 580 578 5.76 574 572 570 568 5.66 564 5.62 580
1 (nnm

Figure 87: Expansion of the previous 1H-NMR showing the singlets around the region where the MOM CH; singlet is expected.

6.3.8 Aliquot of attempted synthesis of 2: Attempted zincation and electrophile trapping of
MOM-indazole entry 4
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Figure 88: 1H-NMR spectrum of an aliquot of the reaction mixture of attempted zincation and electrophile trapping of MOM-
indazole entry 4 in CDCls.
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Figure 89: Expansion of the previous 1H-NMR spectrum. Note the triplet at 7.22 ppm, characteristic of the starting material,
integrating perfectly with the major MOM CH, and CHj3 signals.
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Figure 90: Expansion of the 1H-NMR spectrum of 6 highlighting the ratio between CH, MOM signals.
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6.4 N2 SEM protection for Directed ortho-Metalation
6.4.1 Compound 23: N2-SEM-indazole
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Figure 91: 1H-NMR spectrum of N2-SEM-indazole in CDCl;. Note the SEM (CHs)s singlet, 2 CH; triplets and CH; singlet and the
indazoles two doublets, two triplets and one singlet, all in perfect integration ratios. (Multiplet analysis integration (purple) is
showing software issues, green integration is correct.)

6.4.2 Crude 24: lithiation and BzCl electrophile trapping of N2-SEM-indazole
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Figure 92: 1H-NMR spectrum crude 24 in CDCls. The regions that are analysed are based on what was reported in literature. The
integrations are higher than reported in the aromatic region due to significant signal overlap with side product signals.
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Figure 93: Expansion of previous 'H-NMR spectrum highlighting the ratio between CH, MOM signals and therefore major

product : minor products.
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Figure 94: Expansion of 'H-NMR spectrum of crude 24 showing the aromatic region in CDCls.
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6.4.3 Product of attempted one-pot synthesis of BODIzy dye 2 from N2-SEM-indazole
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Figure 95: 1H-NMR spectrum of the crude product the attempted one-pot synthesis of BODIzy dye 2 from N2-SEM-indazole in
CDCl3.
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Figure 96: Expansion of the aromatic region of the previous 1H-NMR spectrum.
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6.4.4 Crude product of attempted synthesis of 25: Nucleophilic attack of phenyllithium on N2-

SEM-3-benzoyl-indazole
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Figure 97: *H-NMR spectrum of the crude product of the attempted synthesis of 25 in CDCls. Note the presence of dibutyl ether

between 3.5-0.8 ppm.
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6.4.5 Product of attempted synthesis of 25: Nucleophilic attack of phenyllithium on N2-SEM-3-

benzoyl-indazole
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Figure 98: 1H-NMR spectrum of the product of the attempted synthesis of 25 in CDCls after purification. The concentration is too

low to extract much information.
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Figure 99: Expansion of the previous 'H-NMR spectrum.
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