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Syntheses of o-iodobenzyl alcohols-BODIPY
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tagsfor positron emission tomography and
optical imaging.

Leave this area blank for abstract info.

Thifanie Christine, Alexis Tabey, Thomas Cornilleau, Eric Fouquet* angppaiHermange*

Univ. Bordeaux, CNRS, Bordeaux INP, ISM, UMR 5255, F-33400, 351, Cours de la Libération, 33405 T

Cedex, France.

( PETt@

A

["cico |

OH "Coupling”
| TN —
< g + oJ®
\_NEONE
N B:N

'

OH
|
.
_
+ BF.
z’l\\o s

(Z=H, OR)

"BODIPY d /E_\g
synthesis" 2 N
H

Fluorescence,

[alence




Tetrahedron

journal homepage: www.elsevier.com

Syntheses af-iodobenzyl alcoholsBODIPY structures as potential precursors of
bimodal tags for positron emission tomography gptical imaging.

Thifanie Christine, Alexis Tabey, Thomas Cornille&uic Fouquet* and Philippe Hermange*

Univ. Bordeaux, CNRS, Bordeaux INP, ISM, UMR 58533400, 351, Cours de la Libération, 33405 Tale@eelex, France.

ARTICLE INFO ABSTRACT

Article history

Received

Received in revised form
Accepted

Available online

Keywords

Positron Emission Tomograpy
Fluorescence Imaging
Multimodal tracer

BODIPY

Carbonylation

Aiming the faster development from bench to bedsiflmew potential tracers, uttimoda
tracers for positron emission tomography (PET) aptical imaging (Ol) havemerged as

very promising tool. Indeed, they combine the sioigl of use of optical techniques for vitro

/in vivo pre-clinical studies with the various clinical pislities offered by PET imaging using
their radioactive versions. In this context, thegaration ohew tags detectable by fluoresce
imaging and potentially suitable for PET imagingteafa last-step''C-labeling of th
corresponding precursor has been investigatedoMsudesigns and syntheses were explored by
linking o-iodobenzyl alcohols and tetramethyl-BODIPY moigstiegether. Among thenthe
most promising structure was produced ir#@3@ield over five steps from a commercii
available and inexpensive starting material.

2009 Elsevier Ltd. All rights reserved

1. Introduction

“Precision medicine” is a concept based on an iddalized
therapeutic approach, which is particularly useféibr

heterogeneous classes of diseases such as candeed) it # e dosions forbimodal PET/Oltracers

q Blomolecule F|U°|'0Ph°|' Radioelement @ Fluorophor Radioelement @

provides access to a more optimized treatmentdoh @aﬂenf
but the use of advanced diagnostic tools, as &mirte medical
imaging, is required by the clinician. Among theivas imaging

desired biological target) with both /& emitter element and a
fluorophore, providing linear or tripodal moleculéScheme
1A).°

Blomolecule )
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t ec h n |q ues a.Vai |ab | e P 0s | t| on E m iS s | on TO mo g r amET) iS a B) Examples of BODIPY-based precursors for the last step synthesis of potential bimodal PET/OI tracers

powerful method that localizeés vivo a radiotracer designed to

be specific for a biological proce$sHowever, the clinical
development of new PET-radiotracers is strongly henegh by

the short half-life of thg™ emitters mainly employed (109.8min,

20.4 min and 68.3 min fo’F, "'C and®Ga, respectively), as
well as the technical constraints resulting from ipalating

radioactive materials. On the other hand, fluoreseatetection
is an optical imaging technique (OIl) that is much reno

—— NN e NNy
C_Peptide A >—N_L__N_o C_PeptideA —N_L _N_o

convenient in the translational process from chahsyntheses _Pepid

to preclinical studied’ Unfortunately, despite being
therapeutically useful for fluorescence-guided ewy@ the
limited light-permeability of the biological tisssigprevents its
use for medical imaging in clinical diagnostics ushdeveloping
new structures that could be detected by both afethechniques
would be highly beneficial to speed up the develapnud new
potential tracers from bench to bedside. Indeech saultimodal
PET/OIl tracers would combine the simplicity of usé
fluorescent techniques fam vitro and pre-clinical studies, while

Scheme 1. BODIPY-based PET/OI bimodal tracers general
designs and examples. Peptide A: bombesin, Peptide B

octreotide.
o}

In particular, boron-dipyrromethene (BODIPY) cores éav

allowing in vivo localization in clinical experiments when been extensively employed as fluorescent moieties td their

switching to their radioactive versions. This sbgg{teas recently
been investigated by researchers, and relies in oasgs on the
linking of a biomolecule (possessing a high afﬁnfbr the

versatile syntheses and excellent optical properfi®r instance,
they can provide radiotracers potentially suitafole PET after
activating the boron center and reacting it witfFfluoride®
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Nevertheless, such strategy remains challenginghfoidast-step
labeling of highly functionalized biomolecules dtege the high
reactivity of the activated precursors. On the otlnd,
structures combining BODIPY cores to various ligandeevedso
explored as potential bimodal PET/IO tracers af@ordination
to a metallics” emitter (Scheme 1B)In this case, the labeling
could be performed in very mild conditions, butstimethod is
restricted to metal-based tracers. We recently deinated that
o-iodobenzyl alcoholscfIBA) were a versatile platform forcC-
labeling, affording the corresponding lactone attemild and
last-step reaction with"iC]JCO (Scheme 2A)"*"**However, to
our knowledge, BODIPY structures that could be labeasily
by carbon-11 in the last-step of synthesis weré wtitlescribed.
In this context, the design and the synthesis akhstructures

combiningo-iodobenzyl alcohols and tetramethyl-BODIPY were was determined

studied, as they could be potential precursorsmabdal tags for
PET and fluorescence imaging after conjugation tspecific
biomolecule. While aiming for a protecting-grougdr safe and
reproducible synthesis, the choice of the linkitrgtegy between
the two units would also determine the final form thie
biotracer. Indeed, a direct coupling between the awits could
produce a linear tracer after bioconjugation athbeon atont?
whereas tripodal compounds would be preferred in cdsa
linker with a third anchoring point (Scheme 2B).Hath cases,
two retrosyntheses were envisaged, i.e. direct auypbf

existing o-IBA and BODIPY moieties, or subsequent formation

of the tetramethyl-BODIPY core from amiodobenzyl alcohol
bearing a suitable carbonyl-based functional gi@gheme 2C).
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Scheme 2. Last-step labeling ofo-iodobenzyl alcohol
bioconjugates by'{C]CO, newo-IBA-BODIPY tag targeted,
and retrosynthetic pathways studied.

2. Results and discussion
2.1.“Coupling” strategy employing CUAAC

As explained in the introductory part, our firstterion was
the design of a synthesis that would avoid any ptivig group
in order to limit the overall number of steps. Thtiee coupling
reaction between the-IBA and the BODIPY had to be tolerant
to nucleophilic benzyl alcohols and iodoaryls, whiate often
reactive groups in classical nucleophilic substing and
palladium-catalyzed couplings. Following our prewou
experience in syntheses of bioconjugaf@s! copper catalyzed
alkyne azide cycloaddition (CuAA&)was firstly selected as

coupling reaction for the proof of concept. Inde#lie azido-
BODIPY 3 was readily obtained in two steps from the
corresponding phthalidd using slightly modified conditions
from the literaturé® and it was coupled with the propargylated
tag4'*®in standard conditions to synthesize the desiomjugate
5 with a good vyield of 73% (Scheme 3). Then, thetieigy of 5

in Pd-catalyzed carbonylation was confirmed usingdeho
conditions, i.e. 1.5 equivalent of§]CO generategx situfrom
[**C]SilaCOgen in a two-chamber systéfrPd(dba) (5 mol%)
and Xanthphos (5 mol%) in THF at 40 °C for 16h. testingly,
the desired lactone was produced with a good yield3%o,
which suggested a possible transfer flC[CO labeling'®
Maximal absorption and emission PfC]6 were measured at
500 nm and 516 nm, respectively, and a quantund wél74%
in this case (see ESI for detaild)is T
demonstrated that the photophysical properties bk t
tetramethyl-BODIPY core were retained after conjugatio an
o-iodobenzyl alcohol, allowing potential applications
fluorescence imaging. However, as the important sipel
flexibility of the aryle-triazole linker could havgeen a drawback
for further biological studies, other methods werplered to
link directly the o-IBA unit to thenesoposition of the BODIPY.

1) Et30BF4 (2 eq),
CH,Cl,, reflux, 24 h

N @)
H DPPA (1.2 eq),
@o 0°C to reflux, 4 h DBU (1.3 eq),
° 3) EtsN (6 €q), toluene, 60°C, 3 h
BF3.0Et, (9 eq),
0°Ctort,2h 2 2% 3

40%

! [*cIco (1.5 eq),
/\0 Pd(dba), (5 mol%),
4 Xantphos (5 mol%),
DABCO (2 eq)
CuS0,4.5H,0 (0.1 eq), THF, 40°C, 16 h

NaAsc (1 eq)
t-BuOH/H,0, rt, 16 h

73%

63%

5 cle
Scheme 3. Synthesis ob-iodobenzyl alcohelBODIPY 5 by
CuAAC and carbonylation in model conditions witHQJCO.

DPPA: Diphenylphosphoryl azide, DBU: 1,8-
diazabicyclo(5.4.0)undec-7-ene, NaAsc: sodium asterhiba:
dibenzylideneacetone, Xantphos: 4,5-bis(diphenylphio®)-
9,9-dimethylxanthene, DABCO: 1,4-diazabicyclo[2.2Qme.

2.2.“Coupling” strategy by a Pd-catalyzed Liebeskindsgr
reaction

Looking for a metal-catalyzed reaction that would be
orthogonal to the functional groups present on dHBA, we
firsty  considered gold-catalyzed couplings  between
aryldiazonium salts and arylboronic acfdsHowever, this
strategy was discarded in front of the difficultiesprepare the
required starting materials, and the possibiliétered by Pd
catalysis were re-examined. In particular, the Lsébed-Srogl
reaction is known for its characteristic neutral hreetsm? and
it was previously demonstrated in the literature thathylsulfide
groups on BODIPY substrates could be selectivelytfanalized
with arylboronic acids partners in the presencergihalides and
benzylalcoholé In our case, the first issue was the preparation
of a suitableo-IBA-boronic acid. Various reactions/conditions
were screened, but diazonium formation / radicaylation of 5-
amino-2-iodobenzylalcohdt™® in a two-step one-pot procedure
afforded the best resuftsindeed, after optimization, the desired
compound8 could be produced in 40% vyield (Scheme 4).



Having this synthon in hand, the Liebeskind-Srogiglmg with

3

would be probably difficult, an extremely low quantyiald of

the commercial Biellmann BODIPY*® as model compound was 1% was measured f¢t*C]14, which prevented any application

performed in standard conditions, i.e. tri(2-fupylpsphine (7.5

mol%), Pd(dba) (2.5 mol%) and copper(l) thiophene-2-

carboxylate (3 equivalents) in THF at 55 °C for 15

Interestingly, the desired produt® was obtained in 43% yield,
which demonstrated the validity of the method fosulvstituted

BODIPY. However, as no successful coupling for
difunctionnalized BODIPY was reported in the
(probably due to the high increase of the stendiznce in this
case), and the need of extra steps employing tbsgene for the

in fluorescent imaging. As it was probably due todative
photoinduced electron transfer (d-Pé¥J’ the reduction of the
nitro group was investigated. Indeed, it could iasee the
fluorescence quantum yield by avoiding the unddsit€eT, and
the resulting aniline moiety could serve as anctgppoint for

1,7-further bioconjugation, providing in this case tgal PET/OI
literatur tracers as previously depicted in Scheme 2B. Unfiately, all

our attempts to reduce it without any side reactioith the
iodoaryl and the benzyl alcohol moieties were unessful, and

preparation of custom Biellmann-BODIPY substratesis th this strategy was discarded.

strategy was not explored any further for the tagetIBA—
tetramethylated-BODIPY tags.

s
= X \
| 1) NaNO,, HBF,, | NN CBlNQ
©AOH H,0, 0°C, 15 min ©AOH FF o
2) By(OH)s, ! TFP (7.5 mol%)
NH, NaHCO3, r.t, HO ="OH Pd,(dba)s (2.5 mol%)
7 20 min s CuTC (3eq)

THF, 55°C, 1.5 h
43%

40%

Scheme 4. Synthesis ob-iodobenzyl alcohelBODIPY 10 by
Liebeskind-Srogl coupling. TFP: tri(2-furyl)phospki dba:
dibenzylideneacetone, CuTC: copper(l) thiophenexbaxylate.

2.3.“BODIPY synthesis” strategy from a 4-iodophthalide
substrate

After these first investigations on the “coupling
retrosynthetic pathway, it became clear that linkamg existing
tetramethyl-BODIPY to arm-iodobenzyl alcohol moiety would
be extremely difficult without protecting the frele@hol, and/or

switching to aro-brominated version that would be less reactive

in Pd-catalyzed carbonylations. Thus, still aimifgr a
protecting-group free, safe and reproducible sygithewe
hypothesized that constructing the BODIPY core fromoan
iodobenzyl alcohol bearing a suitable carbonyl-Haectional
group could be a more fruitful strategy. In a fagproach, it was
decided to take advantage of the experience achwith the
synthesis of iodobenzyl alcoh@ODIPY 2. Indeed, using the
same reaction starting from a phthalide with an isdbstituent
at position 4 could lead in one step to the deswdBA-

A) Retrosynthetic pathway

B) Synthesis of o-IBA-BODIPY 13 from 1

12 (1.8 eq),
NalOy4 (0.6 eq), |
H2S04 (98%)

KNO;3 (1.2 eq),
H2S04 (98%)

0°C to rt, 2h30
1 87% 1

80°C, 3d
49% 12

1) Et;0BF4 (2 eq), DCE, 90°C (MW, 67W), 1h30

/\

2) N (3eq), 90°C (MW, 67W), 1h30

12

3) Et3N (6 eq), BF3:OEt; (9 eq),
0°Ctort, 18 h

0-9%

C) Pd-catalyzed carbonylation of 13 with ['°C]CO

['*CICO (1 eq),
Pd(dba); (10 mol%), jmmmmnee
Xantphos (10 mol%), ;Abs = ;)g nm
DABCO (2 eq) e =S 1%"m

THF, 70°C, 16h
13 31%

*c1a
Scheme 5. Synthesis ofo-iodobenzyl alcohelBODIPY 13

tetramethylated-BODIPY compound (Scheme 5A). In this ] : o 13 .
context, phthalidel was firstly nitrated at its most nucleophilic gincc:ﬂorsgt;:rtélyﬁ%a- C?jrigg?])z/ﬁitclj%?]ea\év;ignemcgéntpﬁgg
position (i.e. position 6) using conditions of titerature?* and bis(diphenylphésphiné))-9,9-dimethylxanthene,, DABCO: 4-1,

6-nitrophathlide11 could be obtained in a pure form after a

simple filtration with an excellent yield of 87% (8mme 5B).
Then, looking for a method to iodinate regioseledii the
metaposition of the nitroaryl (i.e. position 4 dfet phthalide),
electrophilic iodination of this highly deactivatedromatic
compound appeared as very challenging. Among th@us
conditions tested, the procedure described by Skulski af®
was the only method that afforded the desired 4-do

diazabicyclo[2.2.2]octane.

2.4.First “BODIPY synthesis” strategy from aldehydé

Subsequently, a more classical synthesis of BODIPMsco
was considered by starting from an aldehyde molatieed, the
0-IBA-BODIPY 15 may be obtained from the corresponding
iodobenzyl alcohol16, which could be prepared from the

nitrophthalide12 with a satisfying yield of 49% (Scheme 5B). commercially available synthorfy or 18 (Scheme 6A). In the

Then, formation of the BODIPY core starting from sthi
compound was explored. Unfortunately, even afterntipttion
of the conditions, the desired prodd& could only be obtained
in poor and non-reproducible yields up to 9%. Desple
unclear origin of these low yields, compoufd was further
carbonylated in model conditions with one equivalesft

first case, selective oxidation of one alcoholl@fby MnO, lead

to the desired produd® with a decent yield of 46% (Scheme
6B). However, when the iodination of this product wasrapted

in a second step, undesired side-products resutimg the over-
oxidation of the benzylic alcohol were mainly obsstyand less
than 10% of16 could be obtained in all conditions tested (NIS,

[*C]CO, Pd(dba) (10 mol%) and Xanthphos (10 mol%) in THF 1,/AgOTH, I,/NalO,/H,SQ,,...). Thus, it was decided to introduce

at 70 °C for 16h, and compouritfC]14 was produced with a
modest yield of 31% after column chromatographysibica gel

the iodine atom before the oxidation, and compo@thdwas
prepared in 62% over two steps fra®by a Sandmeyer reaction

(Scheme 5C). While this result demonstrated thae thand a consecutive double reduction of the carboxatids with

development of conditions for an efficient¢]CO carbonylation

borane (Scheme 6C, equation 1). Then, the monadixidaf 21
in 16 was investigated. As determined By NMR analysis of



4

the crude, the di-oxidized produ3 was mainly formed for both
oxidants tested (TEMPO/BIAB and IBX) when the reactias
performed in dichloromethane, with 44% and 399YANMR ratio
for 23, respectively (Scheme 6C, entry 1 and 2). Switching
DMSO with IBX allowed to favor the mono-oxidized prodaict
16 and 22 (sum of 52%'H NMR ratio, Scheme 6C, entry 3).
Unfortunately, the steric hindrance originating frahe iodine
atom was not sufficient to induce high levels ofiosglectivity,
as thel6/22 ratio observed byH NMR was roughly 2/1, and the

Tetrahedron

very good yield of 80%. Interestingly, the maxinsdsorption
and emission were measured at 499 nm and 510 npectesly,
and a fluorescence quantum yield of 48% was deteaniwhich
demonstrated the usefulness of the target#8lA—BODIPY 15
for biological applications in fluorescence imagimtpwever,16
was only obtained with a moderate yield of only 169rahree
steps, and its separation by column chromatograpiey silica
gel from the regioisomeR2 was too difficult to envisage the
upscaling of this method. Therefore, alternativetisgtic routes

desired produci6 could only be obtained with an isolated yield were explored to access this compound.

of 26% in this case.

A) Retrosynthetic pathway

Oy, OH
NH,
or
HO 0
18
B) Attempted synthesis of synthon 16 from 17
OH OH npn OH
MnO, (1.5 eq) ” |
CH,Cl,, reflux, 48h lodination
46% <10%
OH O 'H 0" 'H
17 19 16
C) Synthesis of synthon 16 from 18
O_OH 1) NaNO;, (2.5 eq), OH
H,0/HCI(37%), BH3 . THF (4.8 eq)
) NH, 0°C, 30 min | THF, tt, 16h |
2)KI (6 eq), 1t, 19h 62%
HO™ “O 100% HO™ “O OH
18 20 21
OH H_O H_O
Oxidation : : :
@ 2 * * A
O" H OH O 'H
16 22 23
Oxidant 1 16/22/23/21 "H NMR ratio |
Entry (xeq) Solvent Conditions | (isolated yield of 16)
| TEMPO (0.1 eq) )
L mmB(ey | CMCE L i L s
2 IBX (1eq) | CHoCl, refx. 23/119/39119 (n.i.)
3 IBX (1 eq) rt, 30 min 33/19/24/24 (26%)

1 DMSO

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Scheme 6. Retrosynthetic pathways envisaged for the
iodobenzyl alcohol6, first attempt froml7 and synthesis of6
from 18. TEMPO: 2,2,6,6-tetramethylpiperidine 1-oxyl, BAIB:
(diacetoxyiodo)benzene, IBX: 2-iodoxybenzoic acidi.: nnon
isolated.

However, with compound6 in hand, we decided to evaluate
the next steps of the synthesis, i.e. the “BODIPY fdiom” and
the carbonylation of the resulting structure. Thds§, was
engaged with 2,4-dimethylpyrrole under acidic cadodg, the
resulting intermediate was oxidized by DDQ and reaetitt
boron trifluoride etherate under basic conditioagptoduce the
desired BODIPY15 with a good yield of 65% (Scheme 7A).
Furthermore, this compound could react smoothly \{it6]CO
in THF at 70 °C for 1h in presence of the Pd(ga@nthphos
catalytic system, affording the desired prod{/¢€]24 with a

A) Synthesis of 15

1) /qg (2.2 eq), TFA, THF, t, 17h
H

2) DDQ (1 eq), 1t, 5h

3) Et3N (11.5 eq), BF3:OEt, (16 eq),
0°Ctort, 18h

65%

B) Pd-catalyzed carbonylation of 15 with ['*CJCO

['3C]CO (0.9 eq),
Pd(dba), (10 mol%),
Xantphos (10 mol%),

DABCO (2 eq)

THF, 70°C, 1h
80%

18 ['*cl24

Scheme 7. Synthesis ofo-iodobenzyl alcohelBODIPY 15
and its Pd-catalyzed carbonylation witHdJCO. DDQ: 2,3-
dichloro-5,6-dicyano-p-benzoquinone, dba: dibemnigie-
acetone, Xantphos: 4,5-bis(diphenylphosphino)-Or8etiyl-
xanthene, DABCO: 1,4-diazabicyclo[2.2.2]octane.

2.5.0ptimized synthesis of aldehytifor the “BODIPY
synthesis” strategy

In particular, as the esterification @8 in 25 (Scheme 8A)
was previously described in the literatdteye hypothesized that
selective reduction steps may be performed from ¢bimpound
to install the alcohol and aldehyde moieties at thesired
positions. In a first attempt, the Sandmeyer reactias realized
at the beginning of the sequence to produce thigede®doaryl
26 with a good yield of 70%. However, in this case, finst
reduction of the carboxylic acid using a combinatiof
NaBH,/I,” only led to small amounts of desird (19% isolated
yield) among various deiodinated side-products. l@ncontrary,
performing the reduction directly fro®5 using the NaBHl,
method led to the expected benzyl alcoB®lwith a very good
yield of 81%. Moreover, its iodination by a Sandmeyeaction
using the previous conditions afford2d with a very good yield
of 87%. Then, the controlled reduction of the esteiety of 27
in aldehyde was explored, and the best result (7&dd »f 16)
was obtained by a one-pot amidation with freshly areg
diisobutylaluminum morpholide, and consecutive i by
diisobutylaluminum  hydrid&® This optimized sequence
delivered 16 in only four steps from the commercial and
inexpensivel8 with an overall yield of 46%. This was almost
three times the value obtained with the previoustety
described in part 2.4, and this four-steps sequenaseselected as
the optimal method to give BODIPY15 with the best
compromise between yield, length, safety and repribdity.



A)
0O-_OH O~_OH 1) p-TsOH.H,O (3 eq), rt, 5 min 0-_OH
2) NaNO; (2.5 eq), 0°C to rt, 10 min
NHz  1mscl (1.5 eq) NH; 2)KI (2.5eq), 1, 17h |
MeOH, reflux, 15h H,0
HO™ "0 87% MeO™ 0 70% MeO” S0
18 25 26
NaBHy (2 eq), NaBH4 (2 eq),
e | o -
reflux, 16h 0°C tort, 16h
OH OH
1) p-TsOH.H,0 (3 eq), rt, 5 min
NHz  2) NaNO, (2.5 eq), 0°C to t, 10 min !
2)KI (2.5 eq), rt, 17h
MeO™ SO H0 MeO™ 0O
28 87% 27
B) i-Bu\AI/i-Bu )
oH 0 OH
(3eq)
| [ ] I 2) DIBAL-H |
O (2eq)
THF, reflux, 17h THF, reflux, 6h
MeO S0 (N0 0" H
o/ 75%

27 16
Scheme 8. Alternative pathways for the synthesis of
iodobenzyl alcoholl6. TMSCI: trimethylsilyl chloridep-TsOH:
p-toluenesulfonic acid, DIBAL-H: diisobutylaluminum tigide.

To summarize, the overall procedure for synthegizhe o-
IBA-tetramethylated-BODIPYL5 and its corresponding lactone
tag["°C]24 are described in Scheme 9. Further bioconjugatfon
these structuréd are currently under investigation in order to
provide new PET/fluorescence imaging bimodal tracer

| O OH

%NHZ

i Ho o

Oy OH

%NHz

MeO™ O
25

OH

éNHz

MeO™ O

NaBHjy (2 eq),

TMSCI (1.5 eq) I» (1 eq)

MeOH, reflux, 15h THF, reflux, 16h

87% 81%

,,,,,,,,,,,,,,,, 28
1) p-TsOH.H,0 (3 eq), HO, it, 5 min
2) NaNO, (2.5 eq), 0°C to rt, 10 min
2)KI 2.5 eq), t, 17h

87%

1) DIBAL-morpholide (3 eq)
THF, reflux, 17h

2) DIBAL-H (2 eq), THF,
reflux, 6h

75%

”ﬂ ['*c]co (0.9 e
-9 eq),
3) EtsN (1.5 eq),
(2.2 eq), 3
N BF5OEt, (16 <) Pd(dba), (10 mol%),
TFA, THF, it 16h | 0°Ctort, 18h Xantphos (10 mol%),

DABCO (2 eq)
2)DDQ (1 eq), 1t, 1h

THF, 70°C, 1h
80%

65%
(30% over 5 steps)

Fluorescence
imaging tracer

Precursor for ''C-
labeled PET tracer

o)
N
_Biomolecule > omole:

cule >

Scheme 9. Summary of the synthesis ofo-IBA-
tetramethylated-BODIPY 16, 3C-carbonylation, and
bioconjugation envisaged to obtain precursors ‘f@xlabeling
for PET and fluorescence imaging tracers. TMS@héthylsilyl
chloride, p-TsOH: paratoluensulfonic  acid,  DIBAL:
diisobutylaluminum, DDQ: 2,3-dichloro-5,6-dicyano-p-

5
benzoquinone, dba: dibenzylidene-acetone, Xantphh5:
bis(diphenylphosphino)-9,9-dimethyl-xanthene, DABCO;4-1
diazabicyclo[2.2.2]octane.

3. Conclusion

To conclude, various syntheses of iodobenzyl alteho
BODIPY structures were designed and performed, aiming
potential precursors of bimodal tags for positromission
tomography and optical imaging. After demonstratthgt the
photophysical properties of the tetramethyl-BODIPYecavere
retained after their linking to arp-iodobenzyl alcohol by
CuAAC, new methods to obtain “fused” compounds were
explored. Firstly, a Liebeskind-Srogl coupling abulbe
performed using the suitable boronic a8idvith the Biellmann
BODIPY 9, but this strategy was discarded for the synthekis
the targeted tetramethylated BODIPY. Then, the sules®q
formation of the BODIPY core was investigated from @n
iodobenzyl alcohol bearing a suitable carbonyl-Hafenctional
group. Employing the 4-iodo-6-nitrophthalid2 lead to the
desiredo-IBA-BODIPY 13 in poor and non-reproducible yields,
whereas the corresponding carbonylated prod{iéc]14
exhibited an extremely low quantum vyield of 1%, wbhic
prevented any application in fluorescent imagingaky, the
promisingo-IBA-BODIPY structurel5 (possessing both a good
fluorescence quantum yield and an excellent reidgtin Pd-
catalyzed alkoxycarbonylation) could be obtainedhwat good
yield of 65% from intermediat&6. Whereas this latter one was
firstly produced in 16% yield fror8 by a three-step protocol of
iodination/reduction in alcohols/oxidation in algele, a slightly
longer sequence, i.e. selective methylation / réduén alcohol /
iodination / reduction in aldehyde, was more prattiand
efficient (46% over 4 steps). Conjugation of thesufdng
precursorl5 and tag['*C]24 to various molecules of biological
interest are currently under investigatidrand these results will
be disclosed in further studies along with thevitro / in vivo
evaluations of the resulting bioconjugates.

4, Experimental section

All commercial materials were used without further
purification, unless indicated'H NMR and *C NMR were
recorded on a BRUKER AVANCE | 300 MHz spectrometeét: (
300MHz, *C: 75.3MHz) and a BRUKER AVANCE Il 600
MHz spectrometer'd: 600MHz,**C: 150.3MHz). The chemical
shifts for the NMR spectra are reported in ppm ie&dato the
solvent residual peak. Coupling constahtre reported in hertz
(Hz). The following abbreviations are used for thdtiplicities:

s, singlet; d, doublet; t, triplet; g, quartet; gaintet; st, sextet; m,
multiplet; br, broad; dd, doublet of doublet. Yieldsfer to
isolated material determined to be pure by NMR spscbpy
and thin-layer chromatography (TLC), unless spedifin the
text. Analytical TLC was performed on Fluka Silica GélF254.
High resolution mass spectra were performed by th8ADED
(Talence, France) and were recorded on Q-TOF tanuess
spectrometer (APl Q-STAR Pulsari, Applied Biosystems).
Positive ion mode ESI-MS was used for the analyhs. two-
chamber system was bought at SyTracks
(http://lwww.sytracks.com).

4.1.8-(2-Hydroxymethylphenyl)-1,3,5,7-tetramethyl-4,4udifb-
4-bora-3a,4a-diaza-s-indaceng) (

To a solution of phthalidd (1 eq, 0.750 mmol, 100 mg) in
0.75 mL of anhydrous dichloromethane underwés added a
solution of triethyloxonium tetrafluoroborate (5M n i
dichloromethane, 2 eq, 1.5 mmol, 0.30 mL). The ltegy
solution was stirred under reflux for 24h. After dagldown to 0
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°C, 2,4-dimethylpyrrole (3 eq, 2.25 mmol, 0.230 mgs added
and the resulting mixture was stirred under reflax 4h. After
cooling down to 0 °C, triethylamine (6 eq, 4.5 mp@63 mL)
and borontrifluoride diethyl etherate complex (9 6¢¢5 mmol,
1.80 mL) were added dropwise, and the reaction nextuas
stired at rt for 2h. The reaction mixture was ditlitwith
dichloromethane and washed three times with waterwatida
saturated aqueous solution of sodium chloride. driganic layer

Tetrahedron

(ESUTOF+): GiH3BF,IN:O, [M+Na]* calculated 704.1475,
found 704.1485y,,/cmi* : 3336 (O-H), 2925 (=C-K), 1546
(C=Ca,), 1193 (C-N), 1156 (C-O).

4.4.[C]-5-((1-(2-(5,5-Difluoro-1,3,7,9-tetramethy|-5H-484-
dipyrrolo[1,2-c:2',1'-f][1,3,2]-diaza-borinin-10-ybenzyl)-1H-
1,2,3-triazol-4-yl)methoxy)-6-methylisobenzofuraBH)-one
([°cle)

was dried over N&O, and concentrated under reduced pressure. In the chamber 1 of the two-chamber system was added

Then, in order to remove the unreacted phthalidthe residue
was stirred in a mixture of dichloromethane and gmeaus
solution of NaOH (1M) at room temperature overnighheT
organic layer was separated, washed with water and avith
saturated aqueous solution of sodium chloride, ddraver

PhMeSi**COOH (8.2 mg, 0.13 mmol, 1.5 eq.). The chamber 1
was sealed with a screwcap fitted with a silicone/PEE&. In

the chamber 2 of the two-chamber system were added
successivelyo-IBA-BODIPY 5 (23.3 mg, 34.0 umol, 1.0 eq.),
Pd(dba) (1.0 mg, 1.7 pmol, 0.05 eq.), Xantphos (1.0 mg, 1.7

anhydrous Nz50, and concentrated under reduced pressure. Thgmol, 0.05 eq.) and DABCO (7.6 mg, 68 pumol, 2.0 eghe T

residue was purified by silica gel column chromaapdry
(petroleum ether/ethyl acetate : 8/2) to give thsid BODIPY
2 (104 mg, 40%) as orange crystals; (Ryclohexane/ethyl
acetate/: 8/2) 0.17H NMR (300 MHz CDC)) & (ppm): 7.65
(dd,J=6.3 Hz,J= 1.3 Hz, 1H), 7.52 (td] = 7.6 Hz,J = 1.5 Hz,
1H), 7.42 (tdJ = 7.5 Hz,J = 1.3 Hz, 1H), 7.20 (ddl = 7.6 Hz,J

= 1.5 Hz, 1H), 5.98 (s, 2H), 4.60 (s, 2H), 2.56 (s, 6H36 (s,
6H). The spectral data was in accordance with theatiiee®

4.2.8-(2-(Azidomethyl)phenyl)-1,3,5,7-tetramethyl-4,4udifo-
4-bora-3a,4a-diaza-s-indaceng)(

To a solution of BODIPY2 (1 eq, 0.970 mmol, 343 mg) and
DBU (1.30 eq, 1.26 mmol, 0.19 mL) in 30 mL of digdl
toluene under nitrogen was added DPPA (1.20 eq, rhr6l,
0.25 mL). The resulting solution was stirred at €f6r 3h. The
reaction mixture was quenched with an aqueous saolutidiClI
(1M). The aqueous layer was extracted four times &iDAC,
the combined organic layers were washed once withrveaie
once with a saturated aqueous solution of NaCl, ddeer

chamber 2 was sealed with a screwcap fitted with a
silicone/PTFE seal. The atmosphere of the two-charspstem
was purged three times with argon. Then, 1 mL of Tdif was
added by syringe in each chamber through the s#i®TFE
seal. The loaded two-chamber system was stirred &€ 4then a
solution of TBAF (5 pL, 1M in THF, Jumol, 15 mol%) was
added through the silicone/PTFE seal in the chambethe
system was stirred at 40 °C for 16 hours. Afterrafcé opening,
the crude reaction mixture from chamber 2 was canatea
under reduced pressure. The residue was purifiedilica gel
flash chromatography (cyclohexane/ethyl acetate 0/5®
affording produc{'*C]6 (40.2 mg, 63%) as a white powder; mp :
195 °C; R (cyclohexane/ethyl acetate : 50/50) Gt2:NMR (300
MHz, CDCL) & (ppm): 7.65 (dJ = 2.0 Hz, 1H), 7.55-7.50 (m,
3H), 7.30-7.27 (m, 1H), 7.01 (s, 1H), 5.94 (s, 2H)05(g, 2H),
5.20 (d,J = 2.0 Hz, 1H), 5.16 (s, 2H), 2.56 (s, 6H), 2.24 (s,,3H)
1.22 (s, 6H)*C NMR (150.6 MHz, CDG) 5 (ppm): 171.3°fC-
enriched), 161.7, 156.6, 147.4, 143.1, 138.2, 13432.3, 130.9,
130.8, 130.3, 129.9, 129.4, 129.0, 127.3, 124.1,.8,2118.2,

anhydrous Ng8O, and concentrated under reduced pressure. Th&l7.7, 104.0, 69.3, 62.2, 51.8, 32.1, 29.9, 29963,222.8, 16.9,

residue was purified by silica gel column chromaapdry
(cyclohexane/ethyl acetate : 90/10) to give the@BODIPY 3
(265 mg, 72%) as a red solid; RRyclohexane/ethyl acetate :
90/10) 0.29H NMR (300 MHz CDC}) & (ppm): 7.59-7.50 (m,
2H), 7.46 (dtJ = 7.2,J = 1.7 Hz, 1H), 7.42-7.33 (m, 1H), 6.00
(s, 2H), 4.34 (s, 2H), 2.57 (s, 6H), 1.35 (s, 6H). $pectral data
was in accordance with the literatdfe.

4.3.(5-((1-(2-(5,5-Difluoro-1,3,7,9-tetramethyl-5H-414451
dipyrrolo[1,2-c:2',1'][1,3,2]diazaborinin-10-yl)bnzyl)-1H-
1,2,3-triazol-4-yl)methoxy)-2-iodo-4-methylphenyl)rastbl )

Under inert atmosphere, azido-BODIRBY(1 eq, 0.24 mmol,
91 mg) was dissolved in 4 mL ¢BuOH/H,O (3/1). (2-lodo-4-
methyl-5-(prop-2-yn-1-yloxy)phenyl)methandt® (1.1 eq, 0.26
mmol, 79 mg), pentahydrate copper sulphate (0.12éqmol,
6.0 mg) and sodium ascorbate (1 eq, 0.24 mmol, g8 were
then added successively. The mixture was stirretD &C for 16
hours. The crude reaction mixture was concentratademu
reduced pressure. The residue was purified by sgielaflash
chromatography (cyclohexane/ethyl acetate : gradiefio then
50/50) to give th@-IBA-BODIPY 5 (120 mg, 73%) as an orange
powder; mp : 128 °C; Rcyclohexane/ethyl acetate : 50/50) 0.3;
'H NMR (300 MHz CDCY)) & (ppm): 7.53-7.51 (m, 4H), 7.29-
7.26 (m, 1H), 7.24 (s, 1H), 7.08 (s, 1H), 5.95 (s, ZH}9 (s,
2H), 5.08 (s, 2H), 4.60 (s, 2H), 2.61 (br s, 1H), A§%H), 2.12
(s, 3H), 1.23 (s, 6H)"*C NMR (75.3 MHz, CDG) & (ppm):
157.0, 156.7, 143.7, 143.1, 141.4, 140.6, 138.5.(13134.0,
132.5, 130.9, 130.6, 130.3, 129.8, 128.9, 128.8.9,2121.8,
112.0, 86.1, 77.4, 69.2, 61.9, 51.6, 41.1, 15.73,1¥4.0; HRMS

14.8, 14.0, 1.2; HRMS (ESI/TOF+);3£°CHyBF,NsO; [M+Na]*
calculated 605.2339, found 605.2355;,/cm™ : 2927 (=C-H,),
1710 (C=0), 1545 (C=£), 1194 (C-N), 1157 (C-0O).

4.5.(3-(Hydroxymethyl)-4-iodophenyl)boronic aci) (

HBF, (48% aqueous solution, 2.5 eq, 15 mmol, 1.96 mL9 wa
added to a suspension of (5-amino-2-iodophenyl)ametty*® (1
eq, 6.00 mmol, 1.49 g) in 7.5 mL of water at roommperature
and the reaction mixture was stirred for 1 min beftweing
cooled to 0 °C. A solution of NaNQ1.2 eq, 7.20 mmol, 497
mg) in 3.7 mL of water was added dropwise with a swjrand
the reaction mixture was stirred for 15 min at 0 T@e solution
was then added dropwise to an aqueous solution @t(@5 mL)
of B,(OH), (2 eq, 12.0 mmol, 1.04 g) and NaHE@ eq, 12.0
mmol, 1.01 g). Then, the mixture was stirred at raéemperature
for 15 min. Ethyl acetate (30 mL) and HCI (6M aqueou
solution) were added to the reaction mixture urigahing pH =
6, and the aqueous layer was extracted two times etlil
acetate. Then, the combined organic layers wereectrated to
30 mL and were transferred into a separatory fur8temL of an
aqueous solution of sorbitol (1M) and 30 mL of ajueous
solution of NaCO; (1M) were added. The two layers were hand
shaken in the separatory funnel for about 5 miu, the organic
layer was discarded. The aqueous layer was placed flask
equipped with a suitable size stir-bar, and coatedni ice-water
cooling bath. An HCI aqueous solution (6M) was addedly
until reaching pH 2-3. The solution was transferratb ian
appropriate separatory funnel, an equal amounttofl @cetate
was added and the aqueous layer was extracted thmes The



combined organic layers were washed twice with wateéeddr
with anhydrous MgS® and filtered. The
concentrated to give the desired (3-(hydroxymethyl)
iodophenyl)boronic aci® (664 mg, 40%) as a brown solith
NMR (300 MHz, DMSO-¢) & (ppm): 6.8 (s, 1H), 6.7 (d,=7.8
Hz, 1H), 6.31 (dd) = 1.9, 7.8 Hz, 1H), 4.4 (1 = 5.6 Hz, 1H),
3.34 (d,J = 5.5 Hz, 2H).

4.6.(5-(5,5-Difluoro-5H-414,5l4-dipyrrolo[1,2-c:2',1'-
f][1,3,2]diazaborinin-10-yl)-2-iodophenyl)methandlq)

A Schlenk tube equipped with a stir bar was charget wit
Beillman BODIPY 9 (1 eq, 0.38 mmol, 90 mg), the (3-

(hydroxymethyl)-4-iodophenyl)boronic acRI(3 eq, 1.14 mmol,
316 mg), and dry THF (15 mL). The mixture was purggith N,
for 5 min, and Pgdba) (0.03 eq, 11umol, 10 mg),

trifurylphosphine (0.07 eq, 26mol, 6.0 mg), and CuTC (3 eq,

1.14 mmol, 217 mg) were added under The Schlenk tube was
then immersed in a preheated oil bath at 55 °C.dihleath was
removed after the starting BODIPY was consumed (3recdiatd
by TLC, cyclohexane/ethyl acetate : 80/20). Aftee tmixture
reached room temperature, the crude material wasrtzets on
silica gel, and the product was purified by silical dlash
chromatography (cyclohexane/ethyl acetate : 80{@Qjive the

desired compoundO (68 mg, 43 %) as a red-green-yellow solid

'H NMR (300 MHz, CDC)) & (ppm): 7.97 (dJ = 8.0 Hz, 1H),
7.93 (s, 2H), 7,67 (s, 1H), 7.18 (dH= 1.7,J =8.0 Hz, 1H), 6.9
(d,J = 3.9 Hz, 2H), 6.53 (d] =3.1 Hz, 2H), 4.76 (s, 2H).

4.7.6-Nitroisobenzofuran-1(3H)-ond1)

7
4.9.5,5-Difluoro-10-(2-(hydroxymethyl)-3-iodo-5-nitrophg)z

residue was 1,3,7,9-tetramethyl-5H-dipyrrolo[1,2-c:2',1"-

fl[1,3,2]diazaborinin-4-ium-5-uide 3)

Under nitrogen atmosphere, to a solution of 4-iodo-6

nitroisobenzofuran-BH)-one12 (1 eq, 0.16 mmol, 51 mg) in 0.4
mL of distilled dichloroethane in a sealed tube vamded
Et;OBF, (5M in dichloromethane) (2 eq, 0.32 mmol, |d§. The
resulting solution was stirred under micro-wave ir@#idn at 90
°C for 1h30. Then 2,4-dimethylpyrrole (3 eq, 0.46hah, 51pL)
was added at rt. The reaction mixture was stirreceumaicro-
wave irradiation at 90 °C for 1h30. Then triethylami(6 eq,
0.98 mmol, 0.14 mL) and BFOE} (45% wiw) (9 eq, 1.5 mmol,
0.40 mL) were added dropwise at 0 °C. The resulsiolyition
was stirred at room temperature for 18h and diluteith
dichloromethane, washed three times with distilledewatnd
once with brine, dried over anhydrous,8@, and concentrated
under reduced pressure. The residue was dissolved
dichloromethane and stirred in the presence of queaus
solution of sodium hydroxide (1M) at room temperatfor 16h.
After separation, the resulting organic layer was westvith
distiled water and brine, dried over anhydrous,@ and
concentrated under reduced pressure. The residupusified by
silica gel column chromatography (petroleum ettibyleacetate :

;8/2) to give the desired compoutd (8 mg, 9%) as an orange

solid; R (petroleum ether/ethyl acetate : 8/2) 0.22.NMR (300
MHz, CDCk) 6 (ppm): 8.84 (dJ = 2.3 Hz, 1H), 8.16 (d] = 2.3
Hz, 1H), 6.04 (s, 2H), 4.76 (d,= 6.0 Hz, 2H), 2.57 (s, 6H), 1.38
(s, 6H); **C NMR (75.3 MHz, CDGJ)) & (ppm): 157.5, 147.9,
146.9, 142.6, 137.0, 135.5, 130.8, 124.0, 122.4,0,®5.6, 15.0;

A solution of phthalidel (1 eq, 22 mmol, 3.0 g) in 30 mL of HRMS (TOF MS): GH:sBN;OsF,Nal [M+Na]’, calculated
H,SQO, (95-98%) was added dropwise at 0°C to a solution 0648.0424, found 548.0423.

KNOs; (1.2 eq, 26.0 mmol, 2.63 g) in 12 mL 0§30, (95-98%).
The reaction mixture was stirred at room temperafare2h30
and then poured on ice. The resulting precipitats fiéered
under reduced pressure and washed with distilled watee
filtrate was once again filtered under reduced pmessnd the
remaining solid was washed with distilled water. Thenkbimed

4.10.[**C]-5,5-Difluoro-1,3,7,9-tetramethyl-10-(6-nitro-1-0x0
1,3-dihydroisobenzofuran-4-yl)-5H-dipyrrolo[1,2-62-
f][1,3,2]diazaborinin-4-ium-5-uide[*C] 14)

in

In the chamber 1 of the two-chamber system was added

Ph,MeSi*COOH (0.9 eq, 5.0 mg, 28mol). The chamber 1 was

solids were dried under reduced pressure to give 6gegled with a screwcap fitted with a silicone/PTFE. deathe

nitroisobenzofuran-BH)-one 11 (3.41 g, 87%) as an off-white
solid; R (petroleum ether/ethyl acetate : 70/30) 0.19;NMR
(300 MHz, CDC}) 5 (ppm): 8.78 (dJ = 2.1, 0.7 Hz, 1H), 8.58
(dd,J =8.4,0=2.1 Hz, 1H), 7.72 (ddl = 8.4, = 0.7 Hz, 1H),
5.45 (s, 2H); HRMS(ESI): GHsO,N [M+Na]", calculated
202.0111, found 202.0105. The spectral data wasdonrdance
with the literaturé”

4.8.4-lodo-6-nitroisobenzofuran-1(3H)-on&2)

lodine (1.8 eq, 20.2 mmol, 5.13 g) was added to 34ofn
H,SO, (95-98%) followed by Nal®(0.6 eq, 6.70 mmol, 1.43 g).
The resulting mixture was stirred at 30°C for 3hjthen 6-

chamber 2 of the two-chamber system was added cordg®in
(1 eq, 13 mg, 25umol), Pd(dba) (0.1 eq, 3umol, 1 mg),
Xantphos (0.1 eq, amol, 1 mg) and DABCO (2 eq, 50mol,
6.0 mg). The chamber 2 was sealed with a screwceay fiitth a
silicone/PTFE seal. The atmosphere of the two-charspstem
was purged three times with nitrogen. Then, 1 mirdfydrous
THF was added by syringe in each chamber through
silicone/PTFE seal. The loaded two-chamber systemstiasd
at 70 °C, then 5 pL of a solution of TBAF (1M in FH5 pumol,
20 mol%) were added through a silicone/PTFE seathim
chamber 1. The system was stirred at 70 °C for 18shd\fter a
careful opening, the crude reaction mixture frorarober 2 was

nitroisobenzofuran-BH)-one 11 (1 eq, 11.2 mmol, 2.00 g) was concentrated under reduced pressure. The residupusifisd by

added. The reaction mixture was stirred at 80 °C3fdays, then
poured on ice. The resulting precipitate was fillenender
reduced pressure. The solid was dissolved in dichiethane,
washed with an aqueous solution of sodium thiosulfat®o)
and distilled water. The organic layer was dried cuenydrous
NaSQ, and concentrated under reduced pressure to giveod-
6-nitroisobenzofuran-BH)-one 12 (1.66 g, 49%) as a white

silica gel column chromatography (petroleum ethetfyl ether :
70/30) to give the desired compoufttC]14 (3 mg, 31%) as an
orange solid; mp : 225 °C;;Rpetroleum ether/diethyl ether :
70/30) 0.25;H NMR (300 MHz, CDCJ) & (ppm): 8.88 (ddJ =
3.1,J = 2.0 Hz, 1H), 8.54 (d] = 2.0 Hz, 1H), 6.07 (s, 2H), 5.25
(d,J = 2.1 Hz, 2H), 2.59 (s, 6H), 1.68 (s, 2H), 1.34 (s,;6f0
NMR (150.3 MHz, CDGCJ) & (ppm): 167.6 ¢C-enriched), 158.5,

solid; mp : 157 °C; R(cyclohexane/ethyl acetate : 70/30) 0.38;150.9, 141.5, 129.1, 122.9, 122.1, 69.2, 53.6,,22995, 28.1,

'H NMR (300 MHz, CDCJ) 5 (ppm): 8.89 (dJ = 1.9 Hz, 1H),
8.73 (d,J = 1.9 Hz, 1H), 5.20 (s, 2H)C NMR (75.3 MHz,

22.9, 15.0, 14.8; HRMS(ESI): Gy °CHiBF.N;O, [M-H]
calculated 424.1356, found 424.1348;/cm™ : 3030 (=C-H,),

CDCly) 6 (ppm): 168.1, 156.5, 137.5, 128.9, 121.0, 88.68,72 1733 (C=0), 1545 (C-N§, 1346 (C-NQ), 1060 (C-O).

1.2; HRMS (TOF MS): GH,O,NNal [M+Na]’, calculated
327.9077, found 327.9082../cm® : 3087 (=C-H,), 1770
(C=0), 1534 (C-N@), 1345 (C-NQ), 1090 (C-O).

4.11.5,5-Difluoro-10-(4-(hydroxymethyl)-3-iodophenyl)-7,3-
tetramethyl-5H-dipyrrolo[1,2-c:2',1'-f][1,3,2]diazalrinin-4-
ium-5-uide {5)

the



Under nitrogen atmosphere, to a solution of
(hydroxymethyl)-3-iodobenzaldehyd (1 eq, 2.26 mmol, 591
mg) and 2,4-dimethylpyrrole (2.2 eq, 4.94 mmol, 5@} in 30
mL of anhydrous THF was added trifluoroacetic adi4 (eq,
0.90 mmol, 69uL). The resulting mixture was stirred at room
temperature overnight. A solution of DDQ (1 eq, 2.26ahrf13
mg) in 30 mL of anhydrous THF was added and theltiegu

4-
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40/60) 0.44;H NMR (300 MHz, CDCJ) 5 (ppm) : 10.00 (s, 1H),
7.87 (d,J = 8.2 Hz, 2H), 7.53 (d] = 8.2 Hz, 2H), 4.80 (s, 2H).
The spectral data was in accordance with the litexdtu

4.14.2-lodoterephthalic aci@20)

To a suspension of 2-aminoterephthalic at& (1 eq, 5.5
mmol, 1.0 g) in 30 mL of distilled }#/ concentrated aqueous

mixture was stirred for five hours. At 0 °C were addedsolution of HCI :1 / 1 was added dropwise a solutibsarium

triethylamine (11.5 eq, 26.0 mmol, 3.60 mL) and:;BEL (16
eq, 36 mmol, 4.5 mL) dropwise. The resulting solutiwas
stirred overnight at room temperature, and then aés$o times
with distilled water. The aqueous layers were extrhdtgice
with ethyl acetate, and the combined organic layesse dried

nitrite (2.5 eq, 13.8 mmol, 952 mg) in 10 mL oftdisd water at
0 °C. The resulting solution was stirred at 0 °C36rmin. The
reaction mixture was poured into a solution of psitas iodide
(6 eq, 33 mmol, 5.5 g) in 50 mL of distilled wat&he resulting
dark solution was stirred at room temperature fdn. 18odium

over anhydrous N&O, and concentrated under reduced pressurenijosulfate was added until the solution becamet lgbwn. The

The residue was purified by silica gel column chrogeaphy
(pentane/ethyl acetate : 80/20 then 70/30 then06tydn 50/50)
to give the BODIPY (707 mg, 65%) as an orange salig;: 230
°C; R (ethyl acetate/petroleum ether : 30/70) 0:47NMR (300
MHz, CDCk) & (ppm): 7.78 (dJ = 1.6 Hz, 1H), 7.61 () = 7.8
Hz, 1H), 7.33 (ddJ = 7.8,J = 1.6 Hz, 1H), 5.99 (s, 2H), 4.76 (s,
2H), 2.55 (s, 6H), 1.43 (s, 6H)"C NMR (75.3 MHz, CDG)) &
(ppm): 156.1, 143.8, 143.1, 139.3, 138.5, 136.11.4,3128.5,
128.4, 121.6, 96.9, 69.1, 29.9, 15.0, 14.8 ; HRNESI):
CoH2ON,'BF,I - [M+H]*  calculated  480.0790, found
480.0790yma/cm’ : 3534 (O-H), 2924 (=C-K), 1546 (C=G,),
1193 (C-0), 1157 (C-N).

4.12.4-(Hydroxymethyl)-3-iodobenzaldehyd&)

Under a nitrogen atmosphere, to a solution of mdipad3.1
eq, 0.62 mmol, 55L) in 2 mL of anhydrous THF was added
DIBAL-H (3 eq, 0.60 mmol, 0.60 mL) dropwise at 0 °The
resulting mixture was stirred at 0 °C for 3h and neduon the
methyl 4-(hydroxymethyl)-3-iodobenzoa2® (1 eq, 0.20 mmol,
58 mg) under nitrogen atmosphere. The reaction uréxivas
stirred at reflux overnight. To the reaction mixdwvas added
DIBAL-H (2 eq, 0.40 mmol, 0.40 mL) dropwise at room
temperature. The resulting mixture was stirred #tixefor 6h.
After returning to room temperature, the reactiorxtare was
quenched with an aqueous solution of HCI (1M), thaeags
layer was extracted three times with@&t The combined organic
layers were dried over anhydrous,88), and concentrated under
reduced pressure. The residue was purified by sijegdacolumn
chromatography (petroleum ether/ethyl acetate 2@0fo give
the 4-(hydroxymethyl)-3-iodobenzaldehyde (39 mg%JQs a

white solid; mp : 86 °C; Rpetroleum ether/ethyl acetate : 70/30)

0.38;"H NMR (300 MHz, CDC}) 5 (ppm): 9.94 (s, 1H), 8.31 (d,
J =1.6 Hz, 1H), 7.89 (ddJ) = 7.9, 1.6 Hz, 1H), 7.69 (d} = 7.9
Hz, 1H), 4.74 (s, 2H)°*C NMR (75.3 MHz, CDG)) & (ppm):
190.5, 149.2, 140.1, 137.0, 129.9, 128.3, 96.92;68lRMS
(ESI): GH,0,"1 [M-H]",
VmadC® : 3306 (O-H), 2840 (=C-K), 1692 (C=0), 1593
(C=Cy,), 1190 (C-O).

4.13.4-(Hydroxymethyl)benzaldehydey

Under nitrogen atmosphere, a suspension of
benzenedimethanol (1 eq, 1.00 mmol, 138 mg) and MA®G
eq, 1.50 mmol, 130 mg) in 17 mL of anhydrous diobfoethane
was stirred at reflux for two days. The resulting tmig was
filtrated under vacuum, the
dichloromethane and ethyl acetate and the filtratas
concentrated under reduced pressure. The residupusified by
silica gel column chromatography (petroleum ettibyleacetate :
80/20 to 70/30) to give 4-(hydroxymethyl)benzalddy9 (63
mg, 46%) as a colorless solid; Rf (ethyl acetatedieum ether :

calculated 260.9418, found 260.9412;

resulting solid was filtered under vacuum, tritucatevith a
biphasic mixture of dichloromethane® :50/50, and dried
under vacuum to give the 2-iodoterephthalic a2@ (1.6 g,
quant.) as a tan coloured solid; Rethyl acetate/petroleum
ether/acetic acid : 40/60/1) 0.1%4 NMR (300 MHz, Acetone-
dg) 8 (ppm): 8.61 (dJ = 1.6 Hz, 1H), 8.13 (dd] = 8.0,J =1.6
Hz, 1H), 7.94 (dJ = 8.0 Hz, 1H). The spectral data was in
accordance with the literatute.

4.15.(2-lodo-1,4-phenylene)dimethan@llj

Under nitrogen atmosphere, to a suspension of 2-
iodoterephthalic aci@0 (1 eq, 0.340 mmol, 100 mg)) in 2 mL of
anhydrous THF was added a solution of;BHHF in THF (1M)
(4.8 eq, 1.6 mmol, 1.6 mL) dropwise. The resultingtare was
stirred at room temperature for 16h and quencheld ditilled
water and an aqueous solution of HCI (1M). The agsidayer
was extracted three times with ethyl acetate. The bawed
organic layers were dried over anhydrous ,3@& and
concentrated under reduced pressure. The residupusifisd by
silica gel column chromatography (cyclohexane/EtQA©/40)
to afford the (2-iodo-1,4-phenylene)dimethabl(56 mg, 62%)
as a white solid; R(ethyl acetate/petroleum ether : 40/60) 0.23;
'H NMR (300 MHz, DMSO-g) & (ppm) : 7.75 (s, 1H), 7.41 (d,
= 7.6 Hz, 1H), 7.33 (d) = 7.6 Hz, 1H), 5.39 (t) = 5.5 Hz, 1H),
5.24 (t,J = 5.8 Hz, 1H), 4.45 (d] = 5.8 Hz, 2H), 4.39 (1= 5.5
Hz, 2H). The spectral data was in accordance with the
literature®

4.16.5,5-Difluoro-1,3,7,9-tetramethyl-10-(3-0x0-1,3-
dihydroisobenzofuran-5-yl)-5H-dipyrrolo[1,2-c:2%;1'
f][1,3,2]diazaborinin-4-ium-5-uide[(°C] 24)

In the chamber 1 of the two-chamber system was added
PhMeSi*COOH (0.9 eq, 4Qqmol, 10 mg). The chamber 1 was
sealed with a screwcap fitted with a silicone/PTFH. deathe
chamber 2 of the two-chamber system was added cordgddun
(1 eq, 44umol, 21 mg), Pd(dba)(0.1 eq, 4.4umol, 3.0 mg),
Xantphos (0.1 eq, 4.4mol, 3.0 mg) and DABCO (2 eq, 88
umol, 10 mg). The chamber 2 was sealed with a screfittag
with a silicone/PTFE seal. The atmosphere of the-dhamber
system was purged three times with nitrogen. ThemL1of

1,4anhydrous THF was added by syringe in each chanfbeugh

the silicone/PTFE seal. The loaded two-chamber sysigas
stirred at 70 °C, then 11 pl of a solution of TBABM in THF,
25 mol%, 11 umol) were added through a silicone/P$&& in

solid was washed withthe chamber 1. The system was stirred at 70°C Fmut. After a

careful opening, the crude reaction mixture frorarober 2 was
concentrated under reduced pressure. The residupusified by
silica gel column chromatography (petroleum ettibyleacetate :
80/20 to 70/30) to give the BODIPY’C]24 (12 mg, 80%) as an
orange solid; mp : 268 °C;;Rethyl acetate /petroleum ether :



40/60) 0.35!H NMR (300 MHz, CDCJ) & (ppm): 7.90 (m, 1H),
7.65 (m, 2H), 6.00 (s, 2H), 5.44 @@= 2.0 Hz, 2H), 2.57 (s, 6H),
1.32 (s, 6H)®®C NMR (75.3 MHz, CDG)) & (ppm): 170.2 fC-
enriched), 156.6, 147.2, 142.7, 139.1, 136.6, 13433.4, 127.4,
126.5, 125.9, 123.3, 121.9, 69.8, 29.8, 15.0, 14BMS (ESI):
Cy0°CH,O.N,"'BF, [M+Na]*, calculated 404.1433, found
404.1432yma/cm’ : 2924 (=C-H,), 1722 (C=0), 1547 (C=(),
1193 (C-0), 1157 (C-N).

4.17.2-Amino-4-(methoxycarbonyl)benzoic acs)

9

thiosulfate (0.1M). The agueous layer was extratitege times
with ethyl acetate. The combined organic layers weashed
with brine, dried over anhydrous M0, and concentrated under
reduced pressure to give methyl 4-(hydroxymethyl)-3
iodobenzoate27 (1.02 g, 87%) as a brown solid; Rethyl
acetate/petroleum ether : 20/80) 0.28t NMR (300 MHz,
CDCly) & (ppm): 8.47 (d,J = 1.7 Hz, 1H), 8.04 (ddl = 8.0,J =
1.7 Hz, 1H), 7.57 (dJ = 8.0 Hz, 1H), 4.71 (dJ = 5.7 Hz, 2H),
3.92 (s, 3H). The spectral data was in accordance thigh
literature®

Under nitrogen atmosphere, to a suspension of 2220 Methyl 3-amino-4-(hydroxymethyl)benzoa28)(

aminoterephthalic acid8 (1 eq, 10 mmol, 1.81 g) in 40 mL of
methanol was added TMSCI (1.5 eq, 15 mmol, 1.9 rilbe
resulting mixture was stirred at reflux overnightlatoncentrated
under reduced pressure. The residue was dissolvedaturated
aqueous solution of sodium bicarbonate and the aguéayer
was extracted three times with ethyl acetate, andcéimebined
organic layers were washed with a saturated aqueduisosoof
sodium bicarbonate. The combined aqueous layers aziddied
with acetic acid until neutral pH, and extracted ¢htienes with
ethyl acetate, the combined organic layers were vidastith
brine, dried over anhydrous PpBO, and concentrated under
reduced pressure to give 2-amino-4-(methoxycarf)baglzoic
acid 25 (1.7 g, 87%) as a yellow solid; Rf (ethyl
acetate/petroleum ether/acetic acid : 40/60/1);3135MR (300
MHz, DMSO-d) & (ppm) : 7.78 (dJ = 8.3 Hz, 1H), 7.40 (d] =
1.6 Hz, 1H), 7.02 (dd] = 8.3,J = 1.6 Hz, 1H), 3.83 (s, 3H). The
spectral data was in accordance with the literature.

4.18.2-lodo-4-(methoxycarbonyl)benzoic acb)

To a suspension of 2-amino-4-(methoxycarbonyl)benaoid
25 (1 eq, 0.50 mmol, 98 mg) in 3 mL of distilled watsas
addedp-TsOH.HO (3 eq, 1.50 mmol, 286 mg). The resulting
mixture was stirred at room temperature for 5 mid &aNGQ
(2.5 eq, 1.3 mmol, 87 mg) was added at 0 °C. Tlaeti@n
mixture was stirred at room temperature for 10 nmid Kl (2.5
eq, 1.30 mmol, 208 mg) was added. The resulting Baokvn
solution was stirred at room temperature overnighd avas
quenched with 7 mL of an aqueous solution of sodhiosulfate
(0.1M). The aqueous layer was extracted with etlodtate,
slightly acidified with an aqueous solution of hydntoric acid
(1M) to pH 4-5, and once again extracted three timigls ethyl
acetate, the combined organic layers were dried ambBydrous
N&aSQO, and concentrated under reduced pressure to gé&/@-th
iodo-4-(methoxycarbonyl)benzoic ackb (107 mg, 70%) as a

Under a nitrogen atmosphere, to a solution of 2-amin
(methoxycarbonyl)benzoic acigb (1 eq, 5.00 mmol, 976 mg)
and b (1 eq, 5.00 mmol, 1.27 g) in 30 mL of anhydrous-Tiias
added NaBH (2.5 eq, 12.5 mmol, 473 mg) at 0 °C. The resulting
mixture was stirred at reflux overnight. After reting to room
temperature, the reaction mixture was diluted withn3D of
ethyl acetate and quenched with 30 mL of a saturatgstous
solution of ammonium chloride at 0 °C. The layersrave
separated and the organic layer was washed withlefistilater.
The combined aqueous layers were extracted twice etttk
acetate, dried over anhydrous,88, and concentrated under
reduced pressure. The residue was purified by gij@dacolumn
chromatography (petroleum ether/ethyl acetate 4G& 50/50)
to give methyl 3-amino-4-(hydroxymethyl)benzo& (730 mg,
81%) as a yellow solid; mp : 103 °C; @thyl acetate/petroleum
ether : 60/40) 0.34*H NMR (300 MHz, CDCJ) & (ppm): 7.39
(m, 2H), 7.14 (d,J = 8.0 Hz, 1H), 4.72 (s, 2H), 3.89 (s, 3
NMR (75.3 MHz, CDCJ) 3 (ppm): 167.3, 146.1, 130.9, 129.4,
129.0, 119.4, 116.9, 64.0, 52.2; HRNESI): GH1,0;N [M+H]",
calculated 182.0812, found 182.0812,/cm” : 3355 (N-H),
3211 (O-H), 2948 (=C-K), 1707 (C=0), 1440 (N-H), 1301 (C-
N), 1248 (C-0).
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Syntheses of o-iodobenzyl alcohols—BODIPY structures as potential precursors for
multimodal imaging tags (fluorescence / ''C-labeling).
“Coupling” and “BODIPY formation” strategies explored

Most promising structure obtained in five steps from commercially available starting
materials.
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