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Graphical Abstract Synopsis

The design and synthesis of bis(dicarbollyl)nick@inplexes bearing two fluorophore molecules
capable of fluorescence resonance energy transtermperformed. The FRET couple witlh &
approximately 26 A consisted of tryptophan and BB The target compounds were prepared

via a multistep organic/organometallic synthesid tneir fluorescence spectra were studied.
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Abstract

In continuation of our work on nickelacarboranedzh nanomolecular devices, the design and
synthesis of a bis(dicarbollyl)nickel complex, iath formal Ni(lll) and Ni(IV) oxidation states, beag
two fluorophore molecules capable of fluoresceresomance energy transfer (FRET) was performed.
The FRET couple with a small Forster radiug (R26 A) consisted of tryptophan and 4,4-difludro-
bora-3a,4a-diaza-s-indacene (BODIPY). Each fluooophvas connected to the nickelacarborane core by
a rigid linker containing two pairs of alternatieghynyl andpara-phenylene groups, which created a
specific distance I\ between the fluorophore molecules depending am ¢bnformation of the
nickelacarborane core. The presence (13 B<<39 A) or absencd ¢ 39 A) of energy transfer in the
designed system provides insight into the confaiomat changes of nickelacarboranes in solution. The
target nickelacarboranes were prepared via a rteptisrganic/organometallic synthesis. The strusture
and compositions of the intermediates and finaldpots were established by a combination of
spectroscopic methods and X-ray structure analysipreliminary fluorescence study of the prepared
nickelacarboranes was performed.
Keywords: Nickelacarborane; Molecular motor; Synthesis; Fdsoence; BODIPY; FRET.

1. Introduction

Transition metal metallacarboranecomplexes were first discovered in the mid-1960s $ince
that time, most of the research in the area has lbeacentrated on the synthesis of new types of
complexes [2] and their application in homogenetatalysis [3]. However, when the general interast i
homogeneous catalysis research began to declitieea¢énd of the 1990s, medicinal applications of

transition metal metallacarboranes started to een&kghumber of potent HIV inhibitors [4], nitric @e
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synthase inhibitors [5], new boron neutron captthrerapy reagents [6], PET-CT [7] and Raman
spectroscopy [8] imaging agents containing metatla@arane complexes of various transition metalewer
discovered. During the explosive development ofosarence and nanotechnology in the 2000s, it was
postulated that their unique capability of prodgcoomplexes with redox-controlled rotational motion
might allow some transition metals metallacarbosate find applications in nanoelectronics and
nanomachine engineering [9].

A key step toward the application of metallacarbesain nanotechnology is the visualization of
their controllable conformational interconversionsolutions and, eventually, on a surface. Fluaese
spectroscopy is a very powerful tool permitting lswwonformational assignments in solution. Among
fluorescence spectroscopy techniques, fluorescesomance energy transfer (FRET) is extensiveld use
in biology for structural and dynamical studiespobteins [10]. FRET occurs between two fluorescent
molecules in solution, and its efficiency dependsntany parameters. The most important parameter is
the degree of overlap of the emission spectrunm@fdonor and the absorption spectrum of the accepto
For the energy transfer to occur, the distdnlbetween the donor and acceptor molecules must thigey
Forster equation, 0.50k | < 1.5 R, where R is the Forster radius, the distance at which #soence
energy transfer occurs with 50% probability. Ingtige, FRET does not occur at distances »f1.5 R.
Besides for spectral overlap and the appropriagtadce, the relative orientations of the fluorogisoin
space is also very important.

Recently, it was demonstrated that tryptophanaB@DIPY dye derivative, N-(4,4-difluoro-5,7-
dimethyl-4-bora-3a,4adiaza-s-indacene-3-yl)metbgtbacetamide, form a FRET couple with ajvRlue
of approximately 26 A [11]. During the folding studf the two-state protein S6 (frofhermus
thermophilus), this small value of Rallowed the investigators to probe intramoleculistances ranging
between 17 and 34 A with an error of less than 1DBe. tryptophan/BODIPY couple appeared to be very
attractive for small-molecule FRET measurementschsuas conformational assignments in
nickelacarboranes. The distances determined fortryptophan/BODIPY couple within an effective
FRET range are easily achievable in metallacarl@@remistry. The conformational changes of the
nickelacarborane core during oxidation-reductiomcpsses would provide the necessary distance
changes between the dye molecules, and the presertxsence of the FRET effect would theoretically
allow for the conformational assignment of the riatarborane moiety.

Herein, the design, synthesis, characterizatiod, @eliminary fluorescence study of Ni(lll) and
Ni(IV) nickelacarborane complexes bearing tryptapB®ODIPY FRET couple connected to the
metallacarborane core by rigid linkers are reported



2. Results and discussion
2.1. Design of the target compounds

To facilitate the synthesis of the target produbtsoc-tryptophan and 8-(romophenyl)-4,4-
difluoro-4-bora-3a,4a-diaza-s-indacene were chasaihe FRET donor and acceptor, respectively. & wa
decided that the introduction of the tryptopharofaphore into the molecule could be achieved by an
esterification reaction such the amino-group optophan was protected to avoid the formation of any
by-products. The introduction of a brominated phemg into the BODIPY molecule was necessary to

facilitate attachment of the molecule to the compla cross-coupling.
To ensure that the fluorescent molecules form @&TFRouple with a Forster radius of

approximately 26 A, their absorption and fluoressehehavior was studied. As seen from Figure 1, the

spectroscopic behavior of both dye molecules isxgected. N-boc-tryptophan showed absorption and
emission maxima at 280 and 326 nm, respectivelg. BODIPY dye molecule revealed two absorption
maxima at 354 and 505 nm and one emission maxintus3®k nm. The fluorescence band of N-boc-
tryptophan shows a significant overlap with the dowwavelength absorption band of 8-(4
bromophenyl)-4,4-difluoro-4-bora-3a,4a-diaza-s-tetee. Using the recorded spectra of the compounds
and Photochemcad 2.1 software [12], the Forsteusdg) of this FRET couple in C¥l, was calculated

to be 25.5 A, which is very close to the publisbeth [11].

Figure 1. Normalized absorption (solid black line) and flescence (dashed black line) spectra of N-boc-
tryptophan and absorption (solid grey line) andofascence (dashed grey line) spectra of '8-(4

bromophenyl)-4,4-difluoro-4-bora-3a,4a-diaza-s-wetee (10 M, CH,Cly, 293 K).
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During the design of the complex, four main regomients were formulated for the linkers
connecting the dye molecules to the nickelacarkecane:

1) Rigidity. The linkers must provide a constanstdnce between each carborane cage of the
nickelacarborane complex and the fluorescent dylecute.

2) Length. The length of the linkers must providdistance of 12 A ¢ <38 A (0.5 R<| < 1.5 R)
between the dye molecules in ttis conformation of the nickelacarborane [Ni(IV)] aadlistance of at
least 38 A, or more than 1.%,Rn thetrans conformation [Ni(ll)].

3) Synthesis. The complexes containing the linlsatssfying the two previous conditions must not be
extremely difficult to prepare.

4) Spectroscopic properties. The absorption anordkcence of the linkers must not interfere with th
absorption and fluorescence of the attached dyecutsds.

The first two requirements were relatively easgatisfy. Indeed, alternatirmara-phenylene and
ethynyl fragments could provide the linkers witke thecessary rigidity. Geometry optimization [13] of
the suggested structure with two alternating ethymyg twopara-phenylene linkers (Figure 2) showed
that the distance between the dye molecules woaldpproximately 45 A and 22 A in theans andcis
conformations of nickelacarborane, respectivelyictvifie within the required distance range.

Synthetically, the attachment of such linkers e tarborane cage could be achieved via Pd-
catalyzed cross-coupling reactions. In Figure &,lihkers are positioned on atoms B(6) and"Bg6 the
nickelacarborane core because the starting materahis attachment (i.e., 3-iodo-1,2-dicartiaso-
dodecaborane) is easily accessible and the symmkthe products avoids any stereocisomerism-related
problems.

Figure 2. Schematic representation of the target nickelacarie complexes.
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Although the synthesis and characterization ofaliand poly(phenylacetylenes) has been the
subject of multiple studies [14], spectroscopicomiiation of lower-molecular-weight species is not
readily available. Thus, the decision regardingapplicability of the conjugated (phenylethynyhKers
in the system under consideration was based omnfoemation available for 1,2-diphenylacetylene. It
was demonstrated that this compound’s absorptidnflanrescence bands appear at approximately 300
nm; however, the fluorescence quantum yield wasrdenhed to be 0.003 [15]. Theoretically, if the
linkers absorb some of the excitation energy, tbeimtribution to the fluorescence will be minimal.

The results of the preliminary spectroscopic ssdind calculations were encouraging, and based

on these results, the synthesis of the target laickeboranes was initiated.

2.2. Synthesis of the target nickelacarboranes

Initially, the preparation of twmido-carboranes was envisioned, each bearing a dyeculele
attached to the cage through the linker at posi®g8). Next, an equimolar mixture of these two
compounds would be used in the reaction with Niggce the presence of an appropriate base. This
reaction would yield a mixture of three complexasnixed-ligand target compound and two symmetrical
nickelacarboranes. The separation of the mixedwiggomplex from the by-products was to be achieved
chromatographically.

The synthesis of th@oso-carborane complexes began from the preparatidimeafnono-protected
1,4-diethynylbenzen2 (Scheme 1). The organozinc derivativegirepared by deprotonation of the free
ethynyl group was cross-coupled with 3-iodo-1,2adia€l oso-dodecaboraned] in the presence of the
Pd(PPR), catalyst. Compound was isolated in very good yield and characteribgda variety of

spectroscopic techniques (see Experimental).

Scheme 1Synthesis of protectedoso-carboranel.

1. BuLi
2. TIPSCI
—— / \ — ﬂ —— TIPS
— THF \—_/
1 2

, ®-CH o-BH o-B
1. BuLi, ZnBr,

2. 3-1-1,2-C,B1gH44 (3)
Pd(PPhy), J \ Ps
—_— —— —
THF \—/
4
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The protective group was removed using TBAF at>CQ@o avoid deboronation of the carborane
cage. The produd@ (Scheme 2) was introduced into a cross-coupliagtien with 8-(4bromophenyl)-
4,4-difluoro-4-bora-3a,4a-diaza-s-indacéhm the presence of N,N-diisopropylethylamine (DRENd
Pd(PPBh), catalyst according to the Sonogashira protocom@mnd7 was isolated chromatographically
and characterized by multinuclear NMR spectroscdjme ‘*H NMR spectrum of7 showed the presence
of the ortho-carborane fragment (characteristic broad single8. a8 ppm and a broad multiplet in the
range 2.9 — 1.6 ppm, which correspond to the cage &d B—H resonances, respectively), waoa-
phenylene groups of the linker and the BODIPY fragim In the*'B NMR spectrum of7, a 2:1:1:2:4
pattern in the 0 — (-20) ppm range characteristi8-substitutedcloso-ortho-carboranes was observed,
along with an additional triplet signal at 0.1 pf¥p_r 28 Hz) from the Bigroup of the BODIPY. In the
F{’H} NMR spectrum of7, a characteristic quartel=(;15 28 Hz) overlapping with a lower intensity
septet Jr_108 7.5 Hz) was observed at -145 ppm. HRMS data aoefir the composition of the

compound.

Scheme 2Synthesis o€loso-carborang.

TBAF

-70 °C /T \ Pd(PPhj),4, Cul, DIPEA
4 —> 25 — -

THF \_/ toluene

®-CH o-BH o-B

We were able to obtain single crystals7aind study its structure by X-ray diffraction (FigwB).
The structure of was found to contain@oso ortho-carborane fragment substituted at position B(Bg T
substituent contained two alternating ethynyl and para-phenylene fragments. Thmra-position of
the terminal phenyl ring was connected to a BODIKR¥ consisting of two pyrrole rings connected
through a carbon atom in tleepositions and coordinated to a Bffagment via the nitrogen atoms of the
rings. The interatomic distances within the carberahe linker and the dye were in the normal range

The distance between the substituted cage borom B{8) and the boron atom B(13) of the Bfagment
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of the dye was determined to range from 18.0928890 A for different crystallographically unique
units (molecules) of.

Figure 3. ORTEP representation @f drawn at the 40% probability level. Only one lofete crystallographically
unique molecules is shown.

Unfortunately, attempts to synthesinglo-carborane8 from closo-carborane7 in satisfactory
yields were unsuccessful (Scheme 3). Standard metfib6] such as the use of NaOH/EtOH or
TBAF/THF led to the decomposition of the BODIPY graent. Attempts to use other systems, such as
NaCN/EtOH, KF(dry)/18-crown-6/DCM, KF(wet)/18-crowdiIDCM, CsF/TBABr/DCM, or Deoxo-
Fluor/DCM, were unsuccessful and resulted in ordgeé amounts of the targ@tio-carboranes.

Scheme 3Synthesis ohido-carboranes.

Nu = EtO, CN or F
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Based on the obtained results, the synthetic agprowas modified slightly. Instead of
constructing the target nickelacarborane from nihde-carborane compounds bearing fluorescent dyes
with subsequent separation of the nickelacarbonairture, the revised approach involved first prapmr
and isolating the mixed ligand nickelacarborane glembearing modified linkers and then attaching th
dye molecules at the end of the process.

The firstnido-carborane was prepared by deboronation o€lite®-carborane! in mild conditions
[17] to avoid TIPS-deprotection (Scheme 4). Simitathe spectra of, the'H NMR and**C{H} spectra
of compound9 contained characteristic signals of the TIPS grsge Experimental). ThEB NMR
spectrum oB contained characteristitdo-carborane 2:2:1:2:1:1 intensity pattern in thegeaf — (-40)
ppm as well as a unique non-splitting resonanc&&®? ppm, which corresponds to the substitutedror

atom B(3). HRMS data confirmed the suggested coitippf 9.

Scheme 4Synthesis ohido-carborane.

1. NaCN, EtOH

2. TBABr, H,O
4 —— > TBA

®-CH o-BH o-B

For the preparation of the seconilo-carborane, the&loso-carboranes containing a terminal
acetylene functionality was introduced into a crosspling reaction with ethyl 4-bromobenzoai€)(to
producecloso-carboranell (Scheme 5). LIAIH in THF reduced the ester group in the latter caummplo
with the formation of the corresponding benzyl &lgoin the targetloso-carboranel2. In the'H NMR
spectrum of12, three groups of signals were observed. Dh#no-carborane fragment revealed a
characteristic broad singlet at 3.76 ppm and adnoaltiplet in the range 2.9 — 1.7 ppm correspogdmn
the cage C—H and B—H resonances, respectivelysifimals of the linker were observed in the aromatic
region as two pairs of doublets of the tpava-phenylene groups. The benzyl alcohol showed tgoais
at 4.73 and 1.69 ppm from the benzyl @ioup and OH-group, respectively. TH8 NMR spectrum
revealed a standard 2:1:1:3:3 signal pattern faul3stitutedortho-carboranes with a non-splitting
resonance of the substituted boron atom B(3) at2-Jidbm. HRMS data confirmed the suggested

composition ofL2.

Scheme 5Synthesis o€loso-carborand 2.



1. BuLi, ZnBr,
2. BrCgH,4CO,ELt (10)
- Pd(PPh3)4

- /7 THF

12

®-CH o-BH 0o-B

Closo-carboranel2 was deboronated under standard conditions usingFTBB THF at reflux
temperature, and the produt8 was isolated in excellent yield by water treatmehthe evaporated
reaction mixture and filtration of the precipitai®cheme 6). Produd3 was characterized based on
multinuclear NMR spectroscopy and HRMS data (sgeeEmental).

Scheme 6Synthesis ohido-carboranel 3.

TBAF
12 —— TBA

THF

®-CH o-BH o-B

The synthesis of the mixed-ligand Ni(lll) nickedaboranel4 was achieved by the reaction of the
equimolar mixture of the tetrabutylammonium saftgido-carborane® and13 with excess butyllithium
and then with Ni(acag)in THF (Scheme 7). The separation of nickelacabermixtures can often be
very difficult and generally results in poor yield6the individual compounds. However, the presesfce
the hydroxyl group facilitated the separation pssctor the mixture of complexdgl—-16 After addition
of butyllithium, the hydroxyl group is deprotonatakbng withnido-carborane anions. After the addition
of Ni(acac), all three complexes initially form dianionic Nilcompounds. Therefore, compl&x exists
in the reaction mixture as a trianion and complebeand16 as a di- and tetra-anions, respectively. The

charge of these species determines their solullififHF: complex15 appeared to be the most soluble
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and complexl6 the least soluble, whereas complekhad limited solubility. Removing the supernatant
from the heterogeneous reaction mixture and theshimg the precipitate with a small amount of
anhydrous THF achieved the initial separation. Singernatant and the THF wash contained compex
and a small amount of compléX, whereas the precipitate contained only compléxeand16. After air
oxidation and methanol quenching, pairs of commexere separated chromatographically without
complications. In the next step, compoudwvas deprotected by TBAF in THF to form the paransig

Ni(lll) complex 17 in excellent yield (Scheme 7).

Scheme 7Synthesis of mixed-ligand nickelacarboranes.

1. BuLi

14, R, = TIPS, R, = 4-C¢H,CH,OH
2. Ni(acac), 15R, =R, = TIPS
9 +13 — > @ 16, R, = R, = 4-CoH,CH,OH TBAF/THF
THF 17, Ry = H, R, = 4-CgH,CH,OH

®-CH O-BH 0-B

Ni(Ill)

In the final step, the heterodisubstituted nickathoranel7 was functionalized by the two
components of the FRET couple. First, N-boc-tryptp (L8) was esterified by the benzyl alcohol group
of 17 under mild conditions using BOP (Castro’s reagent)the presence of triethylamine in
dichloromethane in 76% yield (Scheme 8). Secoraljdblated and purified complé® was introduced
into the cross-coupling reaction with 8-@romophenyl)-4,4-difluoro-4-bora-3a,4a-diaza-saoenes in
the presence of Pd(P§h catalyst according to the Sonogashira protocothdlgh compoundO is
paramagnetic, it was characterized by multinucMR spectroscopy and HRMS. In tHel NMR
spectrum oR0, all signals from linkers and dyes were observambpt for the two pairs of protons of the
phenyl rings closest to the metallacarborane a&ssignment of the signals in thid and**C{*H} NMR
spectra 020 was based on th#d-'H COSY and'H-*C HMQC spectra (see Experimental). In @
NMR spectrum oR0, along with a set of very broad resonancesidé-carboranes in the range 20 — (-

60) ppm, a characteristic triplet resonance oBRggroup was observed at 0.1 ppm. A quartet resonance
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at -145.2 ppmJ-s 28 Hz) was also observed in th&{'H} spectrum of20. The composition of the

compounds was also confirmed by the HRMS data.

Scheme 8Synthesis of the target Ni(lll) nickelacarbor&tte

(@]
N
boc” O/\O\
_ . TBA
NH
Br

A
) N_F
+B
\ N F
6 A )
N-boc-Tryptophan (18) Pd(PPhj),4, Cul
Et;N, BOP DIPEA
17,Nil)  —————— > .
CH,Cl, L toluene
~
. H
19, Ni(lll)
(0]
H
boc” O/\Q\
_ ) TBA
NH
L = =5

®-CH o-BH o-B

20, Ni(lln

Oxidation of nickelacarboranes from formal Ni(It9 Ni(IV) oxidation states is usually achieved
by the treatment of the former with ferric chloride polar organic solvents, such as acetonitrile or
methanol [18]. However, all attempts to quantitaiyvoxidize complex20 by ferric chloride led to its
decomposition. Good yields @flL were achieved by air oxidation of solutions26fin dichloromethane

(Scheme 9) with subsequent chromatographic putidicaf the produc®l (see Experimental).

Scheme 9Synthesis of the target Ni(IV) nickelacarboréie
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0]
/O/\o NH-boc
L
N
L H
air oxidation
20, Ni(lll) — —
CHoCl, L= = \\ /, =

®-CH 0o-BH 0o-B
21, Ni(IV)

The NMR spectra 020 and21 differ only slightly. For example, all resonandesm the para-
phenylene fragments of the linkers were observeéde@mormal range for aromatic protons (7 — 8 pjm)
the'H and**C{*H} NMR spectra of21. Additionally, both théH and**C{*H} NMR spectra of21 lacked
signals corresponding to the TBA counter ion. la'ff8 NMR spectrum, resonances2if were observed
in a more compact manner; for the Ni(IV) compourtisse resonances were found in the characteristic
range 20 — (-20) ppm. The chemical shifts alB—'°F spin coupling constants of the signals
corresponding to the BRragment persisted both in tHéB and *°F{*H} NMR spectra of21 (see
Experimental). HRMS data f@1 clearly confirmed the suggested composition ofchyapound.

2.3. Preliminary fluorescence study of the nickelacarboranes 20 and 21

The absorption and fluorescence spectra of compRxand21 were studied. Figure 4 shows the
absorption spectra of complex&9) and 21 in CH,Cl, at room temperature. The spectra reveal
characteristic absorption bands for all parts ef miolecules. The broad band centered at approdiynate
300 nm corresponds to the absorption of tryptophwad the linker in the case of compou®d and
tryptophan, the linker, and the Ni(IV) nickelacardée core in case of compou®t A broad band in the
350 — 400 nm region corresponds to the first altiorpf BODIPY in the case &1 and BODIPY and
the Ni(lll) nickelacarborane core in the case06f Both spectra show a band at approximately 500 nm,

which corresponds to the second absorption of BQDIP
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Figure 4. Absorption spectra of complex26 (solid line) and21 (dashed line) in ChCl, (1x10° M, 293
K).

Intensity

250 300 350 400 450 500 550 600
Wavelength (nm)

Although the absorption band of tryptophan caryetlearly distinguished in the spectra26f
and 21, the absorption wavelength of free tryptophan& 8m was chosen for the fluorescence study.
The fluorescence spectra of comple28sand21 are shown in Figure 5. In the emission spectrurthef
formal Ni(lll) complex 20, the intense BODIPY fluorescence band was centete832 nm. Two
additional bands were present in the spectrumwarantensity band at 345 nm, which was interpreted
the residual fluorescence of tryptophan, and adm®raission in the range 450 — 500 nm, which was
difficult to assign. The emission spectrum of th€l\) complex 21 showed only two bands. The more
intense band centered at 359 nm can also be adsagnie residual fluorescence of tryptophan, hed t
band at 532 nm is assigned to BODIPY. The presehtiee BODIPY emission band at 532 nm in the
spectra of both complexes can only be explainetlunyescent resonance energy transfer in soluton f
both the Ni(lll) and Ni(IV) compounds of the studisystem.
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Figure 5. Fluorescence spectra of compleg€gsolid line) and21 (dashed line) in CKCl, (7.5%10° M,
293 K,Aex 280 nm).

10 4

Intensity (a.u.)

(=)

300 350 400 450 S00 550 600 650 700

Wavelength (nm)

Two possible explanations for the observed emissjgectra can be suggested. First, the Ni(lll)
compound20 may exist in solution mostly as an intermedigaache conformation between thes and
trans conformations. Recently, it was demonstrated {a8{ bis(dicarbollyl) complexes of Ni(lll) bearing
massive substituents in positions B(6) and"Béist in acetonitrile solutions at room temperatas
almost equimolar mixtures @fans andgauche conformers. If the same is true for the solutib2@ then
the distance between the components of the FREfpleaould be less than 38 A, which would result in
fluorescent resonance energy transfer betweenldloeophores. Second, energy transfer between the
fluorophores in the Ni(lll) compound may occur thgh the linkers and the nickelacarborane core. A
similar energy transfer was previously observea inichromophoric complex containing two different
iridium-based fluorescent dyes connected to thes czaybon atoms opara-carborane through 1,4-
diethynylbenzene linkers [20]. This type of eneiggnsfer could theoretically occur for the Ni(IV)
complex21if it competes with the FRET process.

Although conclusions regarding the conformatiohghe nickelacarborane core cannot be drawn

directly from the preliminary spectroscopic studycomplexes20 and21, the prepared nickelacarborane
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complexes appear to be very attractive for furtfieorescence studies using various solvents and
temperatures and as a subject of molecular ortétigulations. The system design can also be vaoied

study the effect of the nature of the linkers aretahon the spectroscopic behavior of the compaunds

3. Conclusions

Two bichromophoric nickelacarborane complexes dointg a tryptophan/BODIPY FRET couple
attached to a metallacarborane core by rigid liskeere modeled. The compounds were successfully
prepared via a multistep organic/organometallictlsgsis and characterized by various analytical
techniques. The initial spectroscopic study shotied fluorescent resonance energy transfer ocaurs f

both Ni(lll) and Ni(IV) compounds, hindering theinambiguous conformational assignment.

4. Experimental
4.1. Materials

All reactions were performed in an argon atmospheing standard Schlenk-line and glove-box
techniques. Triisopropylsilyl chloride (TIPSCI)4idiethynylbenzene, anhydrous ZaBn-butyllithium
(BuLi, 2.5 M solution in hexanegopper(l) iodide (Cul), nickel acetylacetonate(fd&ac)], di-tert-butyl
dicarbonate (Ba®), sodium cyanide (NaCN)tetrabutylammonium bromide (TBABr), lithium
aluminum hydride (LiAIH), triethylamine (EiN), N,N-diisopropylethylamine (DIPEA) were purchased
from Aldrich and used as received. (Benzotriazglaxy)tris(dimethylamino)phosphonium
hexafluorophosphate (BOP) was purchased from Fliaassium carbonate {8O;) and sodium
hydroxide (NaOH) were purchased from Fisher. Etdybromobenzoate, L(-)-tryptophan, boron
trifluoride etherate (BFELO) were purchased from Acros Organics and used exived.
Tetrakis(triphenylphosphine)palladium [Pd(BRRh was purchased from Strem Chemicals.
Tetrabutylammonium fluoride (TBAF) was purchasednir TCI America as a 1 M solution in THF.

Tetrahydrofuran (THF) was distilled in an argomasphere from sodium benzophenone ketyl
before use. Dichloromethane (gE), toluene, triethylamine, and DIPEA were distilled an argon
atmosphere over Cahprior to use. Column chromatography was performealr using Sorbtech silica
gel (60 A, 63—20Qum). Thin-layer chromatography was performed on Mepoe-coated glass plates
(silica 60 F254) using a palladium stain solutiongpot development.

((4-Ethynylphenyl)ethynyl)triisopropylsilane 2 was prepared according to a previously
published procedure [21]. 3-lodo-1,2-dicadbaso-dodecaborane3] was prepared according to a
previously published procedure [22] and azeotrdlyicdried with benzene prior to use. 8-(4

Bromophenyl)-4,4-difluoro-4-bora-3a,4a-diaza-s-icelae 6 was prepared according to a previously
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published procedure [23]. N-boc-Tryptophan was asepared according to a previously published
procedure [24].

4.2. Physical measurements

The'H, B, ™B{H}, and **C NMR spectra and all 2D NMR spectra were recomiedruker
Avance-400 and Avance-500 NMR spectrometdisNMR and**C{*H} NMR spectra were referenced
to the residual solvent peak. Boron NMR spectraeweferenced to 15% BIE,O in CDC} set as 0
ppm. Fluorine NMR spectra were referenced to GB€t as 0 ppm. Chemical shifts are reported in ppm
and coupling constants in Hz. Mass spectra weraimdd on an ABI QSTAR and Mariner
Biospectrometry Workstation by PerSeptive BiosystefR spectra, UV-Vis spectra, and fluorescence
spectra were recorded on a Nicolet Nexus 470 FTspectrometer, Varian Cary 50 UV-Vis
spectrophotometer, and Varian Cary Eclipse flu@ese spectrophotometer, respectively. Melting goint

were measured in sealed capillaries using an SRiMélpapparatus.

4.3. Descriptions of syntheses and compound characterization

4.3.1. Synthesis of closo-carborane 4

To a cooled (-70 °C) solution @f(0.355 g, 1.25 mmol) in 5 mL of THF was added 5 (0.2 mmol) of
2.5 M BulLi in hexane, and the reaction mixture wtised at -70 °C for 30 min. A solution of anhydso
ZnBr; (0.324 g, 1.44 mmol) in 2 mL of THF was addedhe teaction mixture, and the mixture was then
stirred at room temperature for 15 min. Next, aisoh of 3 (0.260 g, 0.96 mmol) and Pd(Pph(55.0
mg, 4.8x10mol) in 3 mL of THF was added to the reaction migftand the resulting solution was kept
at reflux temperature for 20 h. The reaction migtwas quenched with water and extracted with EtOAc
(3x5 mL). The combined organic layers were drieéroMaSO, and evaporated. Purification of the
product was achieved by flash chromatography irahexo gived (0.278 g, 79%) as @ale-yellow glassy
solid. '"H NMR (400 MHz, CDCJ): ¢ 7.41 (m, 4H, @Hg), 3.76 (br s, 2H, G-H), 2.94-1.53 (m, 9H, B—
H), 1.13 (br s+m, 21H, TIPS}'B NMR (128 MHz, CDC)): ¢ -2.6 (d,J 151, 2B), -8.7 (dJ 159, 1B), -
11.4 (1B), -12.7 (dJ 159, 3B), -13.5 (3B)**C{*H} (100 MHz, CDC}): ¢ 132.35, 132.32, 124.8, 121.8,
106.6, 94.1, 57.6 (&H), 19.0 (TIPS), 11.7 (TIPS). HRMS (TIS—z 424.4505 [M] (calcd for
Co1H3aB10Si 424.3589). R= 0.25 (hexanes—EtOAc, 5:1). IR (KBr, thh 3071 (Gi—H), 2938, 2890, 2863
(C-H), 2604 (br. BH), 2197, 2154%C).

4.3.2. Synthesis of closo-carborane 5
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To a solution o# (0.500 g, 1.17 mmol) in 10 mL of THF was added I'BAF in THF (1.17 mL, 1.17
mmol) at -70 °C. The reaction mixture was allowedvarm to room temperature for 30 min, and then 20
mL of water was added. The reaction mixture wasaektd with ether (3x10 mL). Combined ethereal
layers were dried over N8O, and evaporated. The residue was treated by cotlmamatography using
an EtOAc/hexane mixture (10:90) as the eluent. rAdteaporation and drying in vacuum, compotnd
was obtained as a light-brown solid (0.301 g, 96%)NMR (500 MHz, CDCY): 6 7.46-7.42 (m, 4H,
CeHa), 3.76 (br s, 2H, G—H), 3.19 (s, 1H=C-H), 2.80-1.75 (m, 9H, B-H}'B NMR (160 MHz,
CDCl): 6 -2.4 (d,J 149, 2B), -8.5 (dJ 152, 1B), -11.1 [s, 1B, B(3)], -12.5 (4,167, 2B), -13.5 (d, 4B).
13c{*H} (125 MHz, CDCE): § 132.45, 132.44, 123.4, 122.5, 83.2, 79.9, 57 54). HRMS (APCI-):
m/z 268.2034 [M] (calcd for GoH16B10 268.2256). m.p. 126-128 °® = 0.50 (hexanes—EtOAc, 10:1).
IR (KBr, cn™): 3285 EC-H), 3065 (G—H), 2922 (C—H), 2652, 2611, 2581, 2572, 2558 (B-1p4,
2101 (GC).

4.3.3. Synthesis of closo-carborane 7

A mixture of5 (0.200 g, 0.746 mmolk (0.258 g, 0.746 mmol), Cul (0.007 g, 0.037 mmBY(PPBh)4
(0.043 g, 0.037 mmol), and DIPEA (0.195 mL, 1.12@hnm 10 mL of anhydrous toluene was stirred at
40 °C for 20 h. Next, the reaction mixture was itiarted between CCl, (50 mL) and 1 M NaHS£(15
mL). The dichloromethane layer was dried over,®& and co-evaporated with 10 mL of silica.
Treatment of the reaction mixture by column chrageaphy using an EtOAc/hexane mixture (15:85) as
the eluent gave after evaporation and drying iruuat compound (0.271 g, 68%) as a deep-red solid.
'H NMR (400 MHz, CDCJ): 6 7.95 (br s, 2H, BODIPY-pyrrole), 7.66 (d, 2818.2, linker-GH.), 7.58

(d, 2H,J 8.4, linker-GH.), 7.52 (d, 2H,) 8.6, linker-GHJ), 7.50 (d, 2H,) 8.6, linker-GH,), 6.93 (d, 2H,

J 4.1, BODIPY-pyrrole), 6.56 (dd, 2H; 4.3,J, 1.4, BODIPY-pyrrole), 3.78 (s, 2H,&H), 2.94-1.61
(m, 9H, B—H).*’B NMR (128 MHz, CDC}): 5 0.12 (t, 1B Js_r 28, BR), -2.6 (d, 2B,J 152), -8.5 (d, 1B,

J 152), -11.1 [s, 1B, B(3)], -12.7 (d] 163, 2B), -13.1 (d, 4B).*H} (100 MHz, CDCh): & 146.4
(BODIPY-pyrrole), 144.5 (linker-gH.), 134.8 (BODIPY-pyrrole), 133.9, 132.4, 131.8, 13Tlinker-
CeHs), 131.5 (BODIPY-pyrrole), 130.7, 125.8, 123.7, 2Z%linker-GH,), 118.8 (BODIPY-pyrrole),
91.6, 90.8 (-EC-), 57.4 (Gy—H). **F{*H} NMR (376 MHz, CDC}): 6 -145.0 (q.Jrs 28). HRMS (ES-):
m/z 533.3600 [M-HT (calcd for G/H2sB11FN, 534.3082). m.p. 260-262 °C (decomR).= 0.45
(hexanes—EtOAc, 7:3). IR (KBr, ¢m: 3070 (Gu—H), 2959, 2923, 2852 (C-H), 2596 (B—H), 2197
(C=C), 1557 (B-F).

4.3.4. Synthesis of nido-carborane 9
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To a solution o# (2.3 g, 5.42 mmol) in 50 mL of EtOH was added Na@M8 g, 27.12 mmol), and the
reaction mixture was kept at reflux temperature 20r h. The solvent was removed under reduced
pressure, and the residue was dissolved in 5 mkatér, after which TBABr (2.27 g, 7.05 mmol) was
added. The precipitate formed was filtered on a-porosity glass filter and washed with water (3x5

and EtO (3x5 mL) to give after drying under vacuum ove®#fthe producd (3.26 g, 92%) as a white
solid. 'H NMR (400 MHz, acetones): 6 7.46—7.43 (m, 2H, ), 7.39—-7.37 (m, 2H, &&i4), 3.49 (m,
8H, TBA), 2.59—(-0.29) (m, 8H, B—H), 1.88 (br m,H0Cy—H+TBA), 1.48 (m, 8H, TBA), 1.18 (s+m,
21H, TIPS), 1.02 (t, 12HJ 7.2, TBA), -2.62 (br m, 1H, B—-H-B}'B NMR (128 MHz, acetonek): ¢ -
10.6 (d,J 142, 2B), -16.3 (dJ) 139, 2B), -18.2 [s, 1B, B(3)], -21.3 (151, 2B), -33.7 (br d] 135, 1B), -
36.9 (d,J 144, 1B).**c{*H} (100 MHz, acetonek): 6 133.3, 133.2, 127.2, 123.5, 108.7, 92.9, 60.2
(TBA), 47.6 (G—H), 25.2 (TBA), 21.1 (TBA), 19.7 (TIPS), 14.6 (TRAL2.8 (TIPS). HRMS (TIS-)1z
414.3400 [M+HTJ (calcd for GiH3sBeSi 413.3381). IR (KBr, cit): 3034 (G—H), 2961, 2942, 2866 (C—
H), 2523 (B-H), 2153 (EC).

4.3.5. Synthesis of closo-carborane 11

To a solution 06 (2.45 g, 9.17 mmol) in 50 mL of THF at -70 °C wadded 3.7 mL (9.25 mmol) of 2.5
M BuLi in hexane, and the reaction mixture wasratirat -70 °C for 30 min. Anhydrous ZnBp.48 g,
11.0 mmol) was dissolved in 20 mL of THF and addezpwise to the reaction mixture at -70 °C. The
reaction mixture was stirred at -70 °C for 15 mid&hen allowed to warm to room temperature. A
solution of ethyl 4-bromobenzoat&(Q( 2.73 g, 11.9 mmol) and Pd(P#h(0.529 g, 0.450 mmol) in 25
mL of THF was added to the reaction mixture, arelrisulting solution was kept at reflux temperature
for 24 h. The reaction mixture was quenched withewand extracted with EtOAc (3x20 mL). The
combined organic layers were dried over3ia, and evaporated. The compound was purified by colum
chromatography on silica gel using an EtOAc gradi®-7%) in hexane. After drying in vacuum,
compoundl1 (2.93 g, 77%) was isolated as a pale-yellow cHyseasolid.*H NMR (400 MHz, CDC}):

5 8.03 (M, 2H, GHJ), 7.58 (M, 2H, GH.), 7.51-7.46 (m, 4H, ), 4.39 (g, 2H3J 7.2, CH-0), 3.76 (br

s, 2H, Gi—H), 2.93-1.78 (m, 9H, B—H), 1.40 (t, 384,6.8, CH). 'B NMR (128 MHz, CDCJ): J -2.4 (d,

J 157, 2B), -8.6 (dyJ 155, 1B), -11.3 [s, 1B, B(3)], -12.6 (d,168, 3B), -13.7 (3B)**C{*H} (100 MHz,
CDCl): ¢ 166.4 (O-C=0), 132.5, 132.0, 131.8, 130.5, 12829,7, 124.0, 122.3, 91.8, 91.4, 61.5 (€H
0), 57.6 (G—H), 14.72 (CH). HRMS (APCI-):m/z 416.2234 [M] (calcd for GiH24B100, 416.2779).
m.p. 188—190 °CR; = 0.50 (hexanes—EtOAc, 5:1). IR (KBr, Th 3043 (Giy—H), 2980 (C—H), 2591 (B—
H), 2195 (GC), 1703 (C=0).

4.3.6. Synthesis of closo-carborane 12
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To a suspension of LIAIH(0.32 g, 8.45 mmol) in 100 mL of THF at 0 °C wasled a solution o1
(2.93 g. 7.04 mmol) in 50 mL of THF, and the susp@m formed was stirred at room temperature for 1.5
h. The reaction mixture was quenched by water (@i slowly) at 0 °C until gas evolution ceaset a
the mixture was then passed through a,®i@SQy/celite plug. After evaporation, the compound was
isolated by column chromatography on silica gehgsan EtOAc/hexane mixture (20:80) as the eluent.
After evaporation and drying in vacuum, compod2d?2.51 g, 95%) was obtained as a pale-yellow solid.
'H NMR (400 MHz, CDCJ): 6 7.53-7.44 (m, 6H, £Hs), 7.36 (m, 2H, GHa), 4.73 (d, 2H,%J 6.0,
CH,Ph), 3.76 (br s, 2H, &-H), 2.95-1.70 (m, 9H, B-H), 1.69 (t, 18,6.0, —OH).*'B NMR (128 MHz,
CDCly): 6 -2.5 (d,J 149, 2B), -8.6 (dJ 149, 1B), -11.2 (s, 1B), -12.6 (3,159, 3B), -13.5 (3B)=*C{*H}
(100 MHz, CDC¥): 6 141.7, 132.5, 132.1, 131.8, 127.2, 124.6, 1224,8], 92.1, 89.1, 65.2, 57.6 4

H). HRMS (APCI-):m/z 374.1841 [MT (calcd for GeH2B100 374.2673). m.p. 188-190 °&; = 0.20
(hexanes—EtOAc, 5:1). IR (KBr, ¢mx: 3446 (OH), 3069 (G-H), 2960, 2931, 2872 (C-H), 2528 (B—H),
2211 (GC).

4.3.7. Synthesis of nido-carborane 13

To a solution ofL2 (0.500 g, 1.33 mmol) in 4 mL of THF was added 8 afla 1 M TBAF in THF (8.00
mmol), and the reaction mixture was kept at retemperature for 2 h. The solvent was removed under
reduced pressure, and 5 mL of water was addecetoeidue. The precipitate formed was filtered on a
fine-porosity glass filter and washed with watex33nL) and E{O (3x5 mL) to give after drying under
vacuum over §Os the productl3 (0.790 g, 97%) as a white solitH NMR (400 MHz, acetonék): &
7.54 (m, 2H, @Hy), 7.50 (m, 2H, @H,), 7.45-7.41 (m, 4H, §H,), 4.69 (s, 2H, Ph—CH), 3.49 (m, 8H,
TBA), 2.15-0.33 (m, 8H, B—H), 1.93 (br m, 10H,séH+TBA), 1.47 (m, 8H, TBA), 1.02 (t, 12H) 7.6,
TBA), -2.62 (br m, 1H, B-H-B):'B NMR (128 MHz, acetones): § -10.6 (d,J 133, 2B), -16.3 (dJ 143,
2B), -18.2 [s, 1B, B(3)], -21.3 (d}, 154, 2B), -33.7 (br d, 1B), -36.9 (4,143, 1B).**C{*H} (100 MHz,
acetoneds): 6 145.0, 133.3, 132.94, 132.90, 128.2, 126.9, 1228,0, 92.3, 90.2, 64.9, 60.2 (TBA), 47.5
(Ca—H), 25.2 (TBA), 21.1 (TBA), 14.6 (TBA). HRMS (TI$-m/z 364.2235 [M] (calcd for GgH»BsO
364.2544). IR (KBr, cimf): 3446 (OH), 2960, 2931, 2872 (C—H), 2548 (B—H)12 (C=C).

4.3.8. Synthesis of mixed-ligand nickelacarborane 14

A mixture of compound9 (0.156 g, 0.230 mmol) ariB (0.145 g, 0.230 mmol) was azeotropically dried
with 50 mL of benzene. After removing the remainbenzene under vacuum, the resulting mixture was
dissolved in 50 mL of THF, and 0.29 mL (0.725 mnadflR.5 M BulLi in hexane was added at 0°C. After
2 h, a solution of Ni(acag)0.073 g, 0.280 mmol) in 20 mL of THF was added] the reaction mixture
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was stirred at room temperature for 16 h. The swgiant, which contained compoub8 (by MS) almost
exclusively, was separated from the reaction métua a syringe. The precipitate containing (by MS)
mixture of complexe44 and16 was re-dissolved in methanol and co-evaporatel SvinL of silica. The
mixture was treated by column chromatography usinGHCE gradient (6-80%) in hexane. After
evaporation and drying in vacuum, compoubdl (0.085 g, 33%) was isolated as an orange-brown
paramagnetic solid. HRMS (TIS+)¥z 833.4525 [M] (calcd for GoHseB1gNiOSi 833.5237). m.p. 228—
230 °C.R; = 0.55 (CHCMeOH, 10:1). IR (KBr, crif): 3422 (OH), 2957, 2924, 2864 (C—H), 2553 (B—
H), 2260, 2154 (EC).

4.3.9. Synthesis of nickelacarborane 17

To a solution ofL4 (0.121 g, 0.112 mmolp 2.5 mL of THF was added 0.5 mL of a 1 M TBAFTRHF
(0.45 mmol), and the reaction mixture was stirrecbam temperature for 4 h. The reaction mixtures wa
quenched with water (5 mL) and extracted with,CH (3x5 mL). Combined organic extracts were dried
over NaSQO, and evaporated to dryness. The residue was wagliethexane (3x3 mL) to remove TIPS
fluoride. After drying under vacuum, compouhd (0.095 g, 92%) was isolated as a brown paramagneti
solid. HRMS (TI1S-)m/z 678.3210 [M+H] (calcd for GiH3eB1gNiO 677.3903). m.p. 215-216 °C (with
decomposition)Ri= 0.5 (CHCk-MeOH, 10:1). IR (KBr, cr): 3430 (OH), 3281%C—H), 3037 (Gs—H),
2959, 2924, 2853 (C—H), 2562 (B—H), 218~).

4.3.10. Synthesis of nickelacarborane 19

To a mixture ofl7 (0.091 g, 0.099 mmol}8 (0.033 g, 0.108 mmol), and 4&t (0.015 g, 0.148 mmol) in
4 mL of CHCl, was added BOP (0.066 g, 0.148 mmol) at 0 °C. ‘€hetion mixture was then stirred at
room temperature for 16 h. The reaction mixture washed with water (6x3 mL), dried over JS&),
and co-evaporated with 2 mL of silica before besabjected to column chromatography using a GHCI
gradient (6-100%) in hexane followed by a MeOH gradient8%) in CHC}. After evaporation and
drying in vacuum, compoundl9 (0.090 g, 76%) was isolated as a brown paramagsetid. HRMS
(ESI-): mVz 964.4032 [M] (calcd for GiHsiB1gNoNiO, 964.5224). m.p. 247-249 °C (with
decomposition)R; = 0.35 (CHCMeOH, 10:1). IR (KBr, cf): 3425 (NH), 3121%C—H), 3043 (Gy
H), 2961, 2930, 2871 (C-H), 2563 (B—H), 2185(.

4.3.11.Synthesis of nickelacarborane 20
A mixture of19(61.0 mg, 0.050 mmolg (17.5 mg, 0.050 mmol), Cul (0.2 mg, 0.0025 mmBY(PPh)4
(28.0 mg, 0.0025 mmol), and DIPEA (0.013 mL, 0.0 o0l) in 3 mL of anhydrous toluene was stirred
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at 40 °C for 20 h. Next, the reaction mixture wastifoned between C}l, (15 mL) and 1 M NaHS®
(3 mL). The dichloromethane layer was dried oveprS{a and co-evaporated with 1 mL of silica.
Treatment of the reaction mixture by column chragedphy using a CHglgradient (6-100%) in
hexane followed by a MeOH gradient-$Q0%) in CHC} gave, after evaporation and drying in vacuum,
compound20 (11.4 mg, 15%) as a red solftf NMR (400 MHz, CRCL,): § 8.48 (br s, 2H, linker-gHa),
8.44 (br s, 2H, linker-gH,), 8.18 (br s, 1H, Trp-indole-NH);.93 (br s, 2H, BODIPY-pyrrole), 7.67 (d,
2H, J 8.4, linker-GH,), 7.61 (d, 2H, 7.9, linker-GH,), 7.55 (d, 1H, 8.0, Trp-GHJ), 7.38 (d, 3H,] 8.0,
linker-CgH4+Trp-GsHa), 7.28 (d, 2H, 8.0, linker-GH,4), 7.20 (t, 1HJ 7.5, Trp-GHy,), 7.11 (t, 1HJ 7.5,
Trp-CeH,), 7.01 (d, 2H,J 3.9, BODIPY-pyrrole), 6.92 (s, 1H, Trp-indole-CHj,61 (d, 2H,J 3.3,
BODIPY-pyrrole), 5.81 (br s, 4H,&-H), 5.18 (s, 2H, OC4J, 5.10 (br s, 1H, Trp-NH-boc), 4.65 (m, 1H,
Trp-CH-C=0), 3.29 (d, 2H] 5.7, Trp-CH), 3.15 (br m, 8H, TBA), 1.6-0.7 (m, 18H, 18),1.68 (br m,
8H, TBA), 1.49 (br m, 8H, TBA), 1.42 (br s, 9Bu), 1.03 (br s, 12H, TBA'B NMR (128 MHz,
CD.Cly): 6 11.7, 0.1 (tJs_r 28, BR), -19.3, -51.3°C{*H} (100 MHz, CD,Cl,): § 173.2(C=0), 172.8
(C=0), 147.1 (BODIPY-pyrrole), 145.0, 137.4, 137185.8, 135.1, 134.0, 133.9, 132.3 (BODIPY-
pyrrole), 131.0, 128.5, 126.5 (linkerids), 123.8, 122.9, 120.3 (TrpeB4), 119.4 (Trp-GH4+BODIPY-
pyrrole), 112.0 (Trp-gH,), 78.4, 78.1, 77.8, 67.0 (OGH 60.6 (TBA), 55.2, 30.50, 28.8-Bu), 27.9
(Trp-CHy), 25.0 (TBA), 20.8 (TBA), 14.4 (TBA)'*F{'H} NMR (376 MHz, CD,Cl,): ¢ -145.19 (qJ-s
28, BR). HRMS (TI1S-):m/z 1230.4674 [M] (calcd for GoHesB1oFoN4NiO, 1230.6141). m.p. 245-246
°C (with decomposition)R; = 0.6 (CHCkMeOH, 10:1). IR (KBr, cm): 3421 (NH), 3044 (G~H),
2960, 2925, 2873, 2853 (C—H), 2563 (B—H), 2213,72&C), 1749, 1739 (C=0), 1558 (B-F).

4.3.12. Synthesis of nickelacarborane 21

Compound2l was isolated with 5.5% vyield during the chromaapipic separation of compouri.
Compound?21 was prepared in quantitative yield by air oxidataf a solution o20 in CHCL over 3 days
with subsequent isolation @fl by column chromatography in chloroforfiti NMR (400 MHz, CRCl.):

0 8.18 (br s, 1H, Trp-indole-NH)7.94 (br s, 1H, BODIPY-pyrrole), 7.70 (d, 28,7.7, linker-GH,),
7.65-7.49 (m, 13H), 7.37 (d, 18,8.3, Trp-GHJ), 7.24 (d, 1H, 8.3, Trp-GH.), 7.19 (t, 1HJ 7.6, Trp-
CgHy), 7.20 (t, 1HJ 7.3, Trp-GHy), 6.98 (d, 2HJ 4.0, BODIPY-pyrrole), 6.94 (s, 1H, Trp-indole-CH),
6.60 (d, 2H,J 3.7, BODIPY-pyrrole), 5.12 (s, 3H, NH-boc, OQH4.88 (br s, 4H, G-H), 4.67 (br m,
1H, CH-C=0), 4.5-0.5 (m, 18H, B-H), 3.30 (br d, ZHp-CH), 1.41 (br s, 9Ht-Bu). 'B NMR (128
MHz, CD:Cl,): 6 18.0, 3.4, 0.1 (tJe_r 28, BR), -6.5, -14.4*C{*H} (100 MHz, CD,Cl,): ¢ 172.8, 167.5,
147.1, 145.0, 137.4, 137.0, 135.8, 135.1, 134.6,913132.3, 131.0, 128.5, 126.5, 123.8, 122.9,3,20.
119.5, 119.4, 118.2, 116.5, 112.0, 67.0, 55.2,,558015, 27.9.19F{1H} NMR (8376 MHz, CD.Cly): o -
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145.1 (q,Jr_s 28). HRMS-TIS:m/z 1231.4337 [M] (calcd for GoHgaB19FN4NiO4 1231.6141). m.p. 270—
271 °C (with decomposition|= 0.95 (CHC+MeOH, 10:1). IR (KBr, cr): 3422 (NH), 3043 (G—H),
2958, 2927, 2874, 2860 (C—H), 2560 (B—H), 2212 92(&C), 1749, 1739 (C=0), 155B-F).

4.4. Crystal structure determination

X-ray quality crystals of compound were obtained by slow evaporation of its £ solution. Data
collection for7 was performed at —100 °C on a Bruker SMART 100@Gea detector system using the
w scan technique with Mo &radiation § = 0.71073 A) from a graphite monochromator. TheEXAI

[25] and SAINT [26] software packages were usedifta collection and data integration. The dateewer
corrected for absorption effects using the SADABSprical method [27]. The structures were solved
and refined using the Bruker SHELXTL [28] softwgrackage. All of the non-hydrogen atoms were
refined with anisotropic thermal parameters extepse in the disordered diazaindacene moiety aed on
of the phenyl groups. All of the hydrogen atomg iwere included at geometrically idealized positions.
The crystallographic data and the details of thta dallection and structure refinement are provided
Table 1.

Table 1. Crystallographic details faf.

compound 7

empirical formula G7H25B11FN,
Fw 534.40
crystal size (mr) 0.14x 0.08x 0.06
crystal system triclinic
Space group P1

a(Ah) 10.132(2)

b (A) 15.079(3)
c(A) 29.558(6)

a (deg) 76.433(3)

£ (deg) 85.249(3)
y(deg) 81.123(3)

V (A3 4331.9(15)

z 6

T (K) 173(2)




23

AA) 0.71073

deaic (9- cmMY) 1.229

4 (mmY 0.075

6nax (deg) 23.26

unique data 36940
observed datd B 20(1)] 4351
parameters 1114

GOF onF? 0.951

R1°, WR2° [I > 20(1)] 0.0796, 0.1620
R1°, wR2° (all data) 0.2439, 0.2326
D\ rmas,min (EA ™) 0.360,-0.322
Tonin/ Tmax 0.990 /0.996

* GOF= [Z[W(F — F) A/ (Nobs— Noarami] 2
"R1 =3|Fo| - FollZIFol. °WR2 = [E[w(Fe? ~ FA/Z[w(FA 2
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Highlights

» Design of a bichromophoric nickelacarborane for the conformational assignment of the
nickel acarborane core by means of fluorescence spectroscopy.

* Multistep organic/organometallic synthesis and characterization of both Ni(lll) and
Ni(1V) nickelacarboranes bearing tryptophan/BODIPY FRET couple.

* Possible energy transfer through the nickelacarborane core revealed during the
preliminary fluorescence study.



