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Abstract: The syntheses and photophysical study of novelordéiscent boron-
aminotroponimine complexes are described. The at@nstructure of one of the boron
complexes was confirmed by single crystal X-raylysis, which shows the appearance of
the distorted tetrahedral geometry at boron. Thetq@hysical studies of these complexes
revealed that the boron-aminotroponimines are dsoent molecules with quantum yields ca.

0.17-0.28.

1. Introduction

Tropone and tropolone chemical moieties are ungpwen-membered ring non-benzenoid
aromatic system present in many biologically acthagural products.[1] The electronic
structure of the tropolonoids is distinctive frohetbenzenoid aromatic compounds and have
characteristic photophysical properties (absorptiod emission).[2, 4a-d] However, notable
fluorescence was observed with the bioactive tmpad natural product colchicine,
comprising a methoxytropone moiety, which has shéiworescence after binding with the
tubulin protein.[3] Later, fluorescent propertiektmpolone were also explored, quantum
yields of both tropolone and colchicine are verw lat room temperature.[4] Moreover,
substituted tropolone derivatives have shown flsoeace with enhanced quantum yields.[5-

6]



Aminotroponimines Eigure 1A) are the synthetic aza-derivatives of tropolonkictv are
bidentate nitrogen chelating ligands.[7a] The armomonimine metal complexes are
synthesized extensively and a few have been usedatsysts in selective organic
transformation reactions.[7,12] Additionally, thenthesis of tropocoronands has also been
elaborated, which are derived from cyclic aminotroines and metals.[8] However, the
synthesis and hydrolytic stability of a few 2-bd@&diazaazulene complexes have been
reported in early 1962 but the fluorescent propsrtf these molecules are not explored so
far.[9] On the other hand, Boron-Dipyrromethene BBY, Figure 1B) fluorescent dyes are
widely explored.[11] Importantly, organic fluorestelyes are enormously useful in different
fields for many applications such as labeling agg¢bda] chemical sensors,[10b,c] cell

imaging agents[10d] and energy related cassettiest{iLOfg]

Overall, fluorescent molecules consisting of tr@malid core structure are yet to be fully
explored. Hence, it is important to develop theifkscent molecules containing tropolonoid

aromatic system.
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aminotroponimine ligand 4,4difluoro-4-bora- 2,2-difluoro-2-bora-
3a4a-diaza-s-indacene 1,3-diaza-azulene
C3N; core, C,N, core

Figure. 1 Chemical structures of A) aminotroponimine ligaBjlboron dipyrromethene core. C) boron-
aminotroponimine core (this work).

The fluorescent properties of a few reported tropolds and boron-dipyrromethene
complexes inspired us to design a set of novel mmegduorescent molecules, boron-
aminotroponiminesHigure 1C). These molecules are synthesized from aminotiopoe
ligand, containing tropolonoid aromatic system, place of dipyrromethene ligand of
BODIPY complexes. However, boron-aminotroponimirggecstructure is a bicyclic core

structure with the seven membered troponyl ring anfive membered ring, which is



distinctive from BODIPY core structure. Herein, weport the syntheses of various boron-

aminotroponimines and examine their photophysioaperties.
2. Resultsand Discussion

Syntheses and characterizatiofVe began the syntheses of boron-aminotroponimine
complexes from commercially available tropolone foylowing the previously reported
procedures.[13] In scheme 1, tropolone was congdenié 2-tosyloxytropone and then
treated with different amines (ca. 3.0 equivalentshich produced N-substituted
aminotropone derivatives) in good yield. These aminotroponé) (vere further converted
into aminotroponimines4j by treating sequentially with triethyloxonium r@fluoroborate

and an amine.[113]

0 (i) Tosyl chloride, Et;N 0 (ii) Amine, Et;N,EtOH g; El PhCH,
DCM, 24 h, 95% CZ _reflux48 h, 80% 3R, - CH3 -

s R,3dRi=pCiPh

1 Ri3d Ry = p-F-Ph

3e Ry = p-CH30-Ph
(iii) Et;0BF,, DCM, 4-12 h

(iv) Amine, EtOH, 12 h

Ry (v) BF30Et,, Et;N

,N‘E,F DCM, 30 min
N °F NH

5 Ry
4aR1= PhCH,, R, = PhCH, | 4e R1 p-Cl-Ph, R, = PhCH,
4bR,=Ph Ry=PhCH,  |4fR;=p-F-Ph, Ry = PhCH,
4c¢ R, = p-CHa-Ph,R, = PhCH,! 49 R; = p-CH30-Ph, R, = PhCH,
4dR, =Ph, R, = Ph |4h R, =Ph, R, = CHCCH,

B
5 oA b@m Fbﬂzn v
5a (77%) 5b (73%) 5¢ (90%) 5d (70%)

oA O @’ @r” N
& i) PO
5e (81%) 5F (76%) 59 (45%) 5h (66%)

Scheme 1. Synthesis of boron-aminotroponimine complexes

Importantly, the reaction was fast with alkyl ansr{benzyl/propergyl) as compared to aryl
amines. The reported conversion bfphenyl aminotropone 3p) into N-(Phenyl)-2-
(phenylamino)troponiming€4d) was extremely slow (ca. 8.0 days) and yield wasr@app
45.0%.[13a] Further, these aminotroponimines were/erted into boron-aminotroponimines

4



by treating with an excess of boron trifluoridettig¢ etherate (1@quiv) and triethylamine
(10 equiv) at room temperature within 30.0 minutes. Exaaplly, the synthesis dfl,N*-
diaryl substituted boron comple®%d) required 20 equivalents of boron trifluoride tit

etherate and triethylamine.

Further, we designed a dimeric complBx that contain two monomeric units &b
connected by a butyl chain. This dimeric compléy (vas synthesized from thé-phenyl
aminotropon€3b) and 1,4-diaminobutan&gtheme 2).

@o Q\N’\/\/NM2

NH (i) Et;OBF,, DCM, 8 h
(ii) 1,4-diamino butane, EtOH, 3 days 4j, 50%

an
3b

d
(iii) BF;OEt,
(25 eq), Et;N
F e DCM, 30 min Q
N-B- N NH N
N \/\/\?‘-B_N @; .
F ’F’ N NN \\©
@ 4i,20%

Scheme. 2 Synthesis of dimeric aminotroponimideand its boron compleXi.

5i, 40%

First N-phenyl aminotropone3p) was treated with triethyloxonium tetrafluorobarat
followed by the treatment with 1,4-diaminobutansufes in formation ofN,N-(diphenyl)-2-
(1,4-diaminobutyl) ditroponiminevith moderate yield (20%). To avoid the formatioh
monomeric ligand4j), only1.0 equivalent of 1,4-diaminobutane was adgertionwise, but
still we were unable to control the formation oé ttnonomeric ligand4{). Next, this dimeric
ligand was subjected to BEomplexation under the above optimized conditionkjch
produced the desired comple%i)( with good vyield (40.0%). The synthesized boron-
aminotropnimine complexes are stable at room teatpe¥/in the open air and were
characterized byH, °C, !B, % NMR and HRMS (ESI-MS). Their spectral data are

provided in the Supplementary Data.

Finally, the chemical structure of one of the boommplexessc, was established by the

single crystal X-ray analysis and its ORTEP diagratepicted irFigure 2A.
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Figure. 2 A) ORTEP diagram obc with 25% probability of ellipsoidshydrogen atoms are deleted for
clarity; B) Asymmetric unit obc.

The X-ray analytical data as cif file is also depexs in Cambridge Crystallographic Data
Center (CCDC) with CCDC number1400815. The asymimatrit of complexsc is depicted
in Figure 2B, which shows well-ordered molecular packing in utsit cell. The crystal
structure analysis revealed that the boron centistsein distorted tetrahedral geometry and
both the seven and five membered rings of boromatroponimine core structure are tilted
in 7.19. N»-B bond is a typical N-B single bond, with the bdedgth 1.542 A. The bond
length of N-B is 1.528 A, which is lesser than-B bond length.[15] Selected bond lengths

and bond angles are given in Table 1.

The crystals of the boron complég were grown in chloroform by slow evaporation metho

for single crystal X-ray diffraction studies. Thdygwe attempted to crystallize the other



solid boron complexes likea, 5d but our trials ended with needle like structufemn which

we could not collect good X-ray diffraction data.

Table 1. Selected bond lengths and bond angles of boron lesrBpin solid state.

selected bond length selected bond angle selected bond angles

C:-C; = 1.463A N;-B-N, = 98.10° F1-B-N, = 113.90°
C]_'Nl = 1334A FZ‘B'NZ = 112260 C]_'Nl‘B =11287°
C7'N2= 1.350 A Fl‘B'Fg = 107720 C7'N2‘B = :I.:I.:|.64-Q
Nl‘B =1.528 A FZ‘B'N]_ = 113440 N2‘C7‘C]_ 2108450
NZ‘B =1.542 A Fl‘B'Nl = 111360 Nl‘Cl‘C7 = 108610

Photophysical Studies. After synthesis, we performed the photophysicabist with the
boron-aminotroponimine complexesbafi). First, the absorption and emission of
aminotroponimine ligandsté-g) were recorded in cyclohexane as control experisaérhe
absorption spectra of liganddafg) in cyclohexane are depicted kgure 3A, while their

absorption spectra in acetonitrile are provide8in(Figure S2). The UV-Vis spectrum of
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Figure 3. A) Absorption spectra of aminotroponiminate ligan@&-g) in cyclohexane. B) Normalized
absorption spectra of boron-complexém-{) in cyclohexane, while their absoption spectraagetonitrile
provided in SD (Figure S2).

aminotroponimine ligandta exhibits three peaks at 416 nm, 359 nm and 345imm
cyclohexane. The absorption peaks at 359 and 345hasnshown partial splitting and
separated by 1130 émWhile a clear separation was observed betweeahberption peaks

at 416 and 359 nm and separated by 38176 de absorption peak at 416 nm is a broad



absorption peak. The appearance of two major absorpeaks are due to transition to two
different electronically excited states.[4a-d] Tiartial splitting between the two peaks at
359 nm and 345 nm is possibly due to the vibromggpession of the electronic transition to
the same electronically excited state. In literatwsimilar kind of absorption patterns is
reported for tropolone in cyclohexane.[4a-d] Butedshift in absorption peaks and changes
in their intensities are observed with aminotropanie ligand 4a when compared to
tropolone absorption spectrum in cyclohexane. Thsomtion spectra of the remaining
aminotroponimine liganddb-g exhibits a broad absorption peak with the absonpthaxima

at ca. 402 (fodd, Amax=412 nm) and a shoulder peak at 362 Fingyre. 3A).

We also found a blueshift in absorption maxima dominotroponimine ligandgb/c/e/f/g
(Amax=402 nm) oveda (Amax=416 nm). This blueshift of ligandkb/c/e/f/g is due to replacing
the benzyl substituent at amine nitrogen atom ef ltgand with phenyl and substituted
phenyl substituents. The presence of phenyl rin§-atom of aminotroponimine decreases
the basicity of nitrogen, and subsequently the @dipation of nitrogen lone pair decreases
towards the troponyl ring. [14b,c] However, the stithents on the phenyl ring does not have
any effect on the absorption maxima of ligartigc/e/f/g. For exampledb/c/e/f/g have
shown similar absorption pattern though ligateff contains 4-chlorophenyl/4-fluorophenyl
substituents and ligands4b/c/g contains phenyl/4-methylphenyl/4-methoxyphenyl
substituents on nitrogen atoms. In contrast, th&om dion maxima of aminotroponimine
ligand4d is redshifted ovedb/c/e/f/g to ca. 412 nm with a shoulder peak at 362 nm. Enis
possibly occurring due to replacement of two benszybstituents with the phenyl
substituents, as a result extension of conjugaitevards phenyl ring occurs through the

imine N-atom of aminotroponimines.

All aminotroponimine ligands, other thda, have shown broad absorption peak with
absorption maxima at 402 nm and 412 ) (and a shoulder peak at 362 nm. The
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absorption spectra of aminotroponimine ligandls-@) in acetonitrile has shown more
separation between 363 nm and 405-410 nm absonpsiaks (SDFigure S2), unlike
absorption spectra in cyclohexane. Interestinglycase of ligandla, partial merging
of absorption peaks at 346 and 358 nm was obsarvedetonitrile. These studies
supports that the appearance of shoulder peak @2 nf is most probably due to
another electronic transition.[14a-d] Overall, telectronic transitions were observed
for all aminotroponimine ligands in cyclohexane awetonitrile, and substituents on
the nitrogen atoms of ligands have significant @ffen their absorption properties.
However, the emission spectra of these ligaddsgj did not exhibit any significant
emission peaks. These studies supports the fedfuatr¢he ligands are non-fluorescent
molecules in cyclohexane solvent.

Then, the absorption and emission spectra of bammotroponimine complexes4-

1) were recorded in cyclohexane. Their spectra aowiged in Figure. 3B. The
absorption spectra of these boron-aminotroponindamplexes exhibits only two
major absorption bands at ~350 nm and 430 nm, abgorption maxima at ~430 nm
(approx.) in cyclohexane. The occurrence of twooghtton peaks are due to two
different electronic transitions. The separatiotween the two absorption peaks are
more or less similar for all boron complexes. Sigant redshift in the absorption
maxima is observed from aminotroponimines to baomnotroponimines.The
summary of UV-vis absorption data of boron-aminptmimines $a-i) are provided
in Table 2 (column 2). The extinction coefficients) (of 5a-i are determined atps max
430 nm from the respective absorption spectra hed values are described Trable

2 (column 3). Unlike aminotroponimine ligands, alpgmm maxima for all boron
complexesba-i are observed at ~430 nm. Importantly, sharp absorgteaks were

observed in case of boron-aminotroponimines inatyexane, ethanol and acetonitrile.



The appearance of sharp absorption peaks inditdagesgidification of the structure
after BR-complexation. The absorption spectra of boron dempa in cyclohexane
has shown sharp absorption peaks at 433, 421, @8dnh and in case of other
complexes Bb-i) these peaks were appeared as shoulder peaksapplearance of
these peaks are due to vibronic transition to #meselectronically excited state. This
was further supported by the absorption spectretianol and acetonitrile, where
these peaks are merged and single absorption paskotbserved at ~425 nm (SD,
Figure S1/S2). From the literature, it has been learnt thatdbeurrence of vibronics
are indication of less conformational disorder.[|[l4acase of boron compleda, the
occurrence of well-resolved vibronic peaks are pbgslue to less conformational
disorder. Whereas, in boron complbd the vibronic peaks are merged and single
absorption peak was observed, this is probablytaueore conformational disorder.
The emission spectra of boron complexX&sij were then recorded at excitation wavelength
350 nm in cyclohexane. These spectra are depictddgure. 4B and emission maxima
(hem), Stokes shifts and quantum vyields are summarized Table 2. Boron-
aminotroponimines have shown remarkable fluoreseeharacter. It is important to discuss
the emission properties of these complexes. Fifsallp unlike absorption, tremendous
variation in the emission properties of boron-artoonimines were observed. Nature of
the substituents on the nitrogen atoms of the bamimotroponimines have dramatic effect
on emission properties such as emission maximagaaghtum yield. Boron complesa
exhibits strong emission at 445 nm (blue fluoresegmvith 12 nm Stokes shift. Whereas the
boron complexe®b/5h, containing oneN-phenyl substituent at nitrogen atom, have shown
emission maximaig,) at 478 nm (green fluorescence) with larger Stosl@ft (44 nm).
Interestingly, compleXd, containingN,N-diphenyl substituents on nitrogen atoms, emits at

wavelength 487 nm\{,) with further enhancement in Stokes shift (59 nithus,N-phenyl
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substituted boron complexes shows noticeable r#dshitheir emission maxima with a
corresponding increase in the Stokes shift. Thesgion maxima of boron complexgéegf is
more redshifted when compare3b and their Stokes shifts are 50 and 47 nm, respgtiv
(chlorophenyl/fluorophenyl substituents). Moreoveoyon complexesc has shown further
redshift in emission maxima when compare Sb/e/f. Overall, presence phenyl and
substituted phenyl substituents on nitrogen atofrtsooon complexes leads to larger Stokes
shifts. Furthermore, the electron donating groupstaining phenyl substituents on nitrogen

atom of boron complexes causes more redshift.

Fluoresence intensity

Normalized emission

5 500 550

Wavelength (nm) Wavelength (nm)

Figure 4. A) Emission spectra of boron-aminotroponimine campk ba-i) in cyclohexane at 20,0M
concentration. B) Normalized emission spectra asbba@omplexesa-i) in cyclohexane.

Table 2. Photophysical parameterstwfron-aminotroponimines

entry  Aapd (NM) & (M*em?) Jend® (NM) O Stokes Stokes
shift (nm)  shift (cm™)
5a 433,421,408  3688: 44k 0.17 12 622
352

5b 434, 421, 355 1670¢ 47¢ 0.17 44 212(C
5¢ 434,421,355  2465! 487 0.07 53 250¢
5d 435, 362 1834: 494 0.0t 59 274¢
5e 432,421,355  1278¢ 482 0.17 50 240z
5f 432,421,355 1157 47¢ 0.1t 47 227z
5¢" 433, 35E 1515¢ nd nd nd nd
5h 431, 419, 354 1667( 47¢ 0.1t 47 2281
5i 435,421,357  1804: 47¢ 0.2¢ 43 206¢

°All measurements were carried out in cyclohex”Quantum yields were determin
py considering quinine sulfate in 0.1 M$0, as standard referencg., = 350 nm.
boron compleXsg has shown negligible fluorescence in cyclohexane.
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Here, we also attempted to investigate the effécexxitation wavelength on emission
maxima. The boron complexesa/b/c/e/f were excited at a wavelength 433 nm in
cyclohexane. Their emission spectra are given ppfunentary Data. These results indicate

that the emission wavelength is independent oftatton wavelength.

Further, the quantum vyields of boron-aminotroponisi ba-i) were determined in
cyclohexane by following the well-known relative tined.[16] Quinine sulfate in 450, (0.1
M) was used as reference standard. All the measumsmwvere carried out under same
instrumental parametera.{( = 350 nm, for reference and samples to be analyared at 20
°C. The obtained emission spectra are depictdéigare. 4B and their quantum yields are
given in Table 2. As mentioned above, nature of the substituentgitngen atoms have
significant effect on the quantum yield of boronkaotroponiminesba-i. The maximum
guantum vyield achieved with the monomeric boronrattoponiminesba/b/e/f/h is 0.15-
0.17 @f). The quantum yield of remaining monomeric boromretroponimines such as
5c¢/d is 0.07 and 0.05, respectively. However, as eonesi, the quantum yield of the dimeric
boron complexbi was remarkably increased, almost twofole)=0.28). Interestingly, the
calculated quantum yield for boron compleXss and 5b was same irrespective of their
substituents. In case of other complexes, we faiadl the presence of electron donating
groups onN-atoms of their ligands such as 4-methylphebyg| ¢:=0.07), 4-methoxyphenyl
(50, negligible fluorescence) leads to dramatic decr@atlee quantum yield, while presence
of electron withdrawing substituents such as 44dgbenyl be, ®=0.17) and 4-
fluorophenyl bf, ®;=0.15) does not lead to significant changes in twraryield of respective

boron complexes when comparedbin(®s=0.17). Overall, substituents at the nitrogen atoms

12



of the boron-aminotroponimines have significaneeffon emission maxima and quantum

yield, unlike absorption.

We also recorded the absorption and emission spettiooron-aminotroponimine&d-i) in
ethanol. Their spectra are provided in Supplemgrata. Unlike in cyclohexane, only two
absorption peaks at ~425 and 350 nm are observéd alli boron-aminotroponimines.
However, the blue shifts (5-10 nm) in absorptior @mission maxima was observed in
ethanol and the larger Stokes shifts were alsoreedein ethanol. Except foba, their
guantum vyields were significantly diminished in abl (Table S3, SI). Overall, our
spectroscopic studies strongly suggest that bomanatroponimine complexes are
fluorescent molecules like BODIPY analogue, but restrioponimine precursors are non-

fluorescent molecules.

3. Conclusions

In summary, we have successfully synthesized varidaoron-aminotroponimine
complexes containing tropolonoid aromatic systemh @eir initial photophysical properties
are explored. The photophysical properties are asinated in two solvent systems. We also
established the chemical structure of one of th@moomplex5c by single crystal X-ray
analysis. Our initial studies revealed that onlyrdmeaminotroponimine complexes are
fluorescent molecules. No emission properties warserved with the aminotroponimine
ligands. These observations provide enormous oppitigs to construct novel fluorophores

containing boron-aminotroponimine structure by mgnthe chemical structure.

4. Experimental Section:

Materials, instrumentation and method&ll required materials and solvents were

purchased from commercial suppliers and used withoy further purification unless noted

13



Anhydrous dichloromethane was freshly prepared stillhg over Calcium hydride.
Reactions were monitored by thin layer chromatdgyapisualized by UV and Ninhydrin.
Column chromatography was performed in 230-400 E0@200 mesh silica. Mass spectra
were obtained from Bruker micrOTOF-Q Il Spectrometed the samples were prepared in
acetonitrile and injected in acetonitrile and wataxture. NMR spectra were recorded on
Bruker AV-400 at room temperaturéH( 400 MHz, *C: 100.6 MHz).*H and **C NMR
chemical shifts were recorded in ppm, downfieldhfreetramethyl silane. Splitting patterns
are abbreviated as: s, Singlet; d, doublet; ddbdwf doublet; app d, apparent doublet; app
dd, apparent doublet of doublet; t, triplet; g, gefa dq, doublet of quartet; m, multiplet. FT-
IR spectra were obtained from Bruker Tensor 27 tspeweter from 4000-600 cfn
Absorption spectra were obtained using Perkin-Eima@é50. Fluorescence spectra were
obtained from Perkin-Elmer LS-55 using Xenon lamlb.spectroscopic measurements were

carried out with spectroscopic grade, non-degassknts and at X{T.

Relative fluorescence quantum yields were deterthimecomparing with quinine sulfate
guantum vyield in 0.1M EBQO, (0.54). The obtained values were substituted enethuation

given below.

F, 1-1074 p

O, =0, . X —X—"FF X—
PR 11074 T 2

The subscriptx andr refers sample to be measured and refereRogenotes the area
under curve of the integrated fluorescence speétrstands for optical density at excited

wavelengthy represents refractive index of the solvent used.

General procedure for the synthesis of boron-amopmnimines 0.1 gm (0.33 mmol) of
Aminotroponimine 4a) was dissolved in anhydrous dichloromethane (6 arg to this 10

equivalents (465 mL, 3.33 mmol) of anhydrous ty&tmine was added under nitrogen

14



atmosphere. To the resultant reaction mixture l@vedents of BE.OEL (411 mL, 3.33
mmol) was added dropwise and mixture left to stirr@om temperature until reaction
completion, as judged by TLC, all reactions werenpteted within half an hour (For the
synthesis ofsd, 20 equivalents of triethylamine and BBEt was used, whereas for the
synthesis obi, 25 equivalents of triethylamine ar8F;.OEt was used). All volatiles were
evaporated under reduced pressure and to the oesikie, water was added to quench the
unreacted BEOE®L and extracted with ethyl acetate (thrice). The loiovad organic layers
were dried over sodium sulfate and concentrate@. drinde product was purified through
silica gel column chromatography by using 100% D&#the mobile phase. Boron complex
5a was obtained in77.0% vyield. Remaining all boron complexes weretlsgsized by

following this general procedure.

Boron compleXa: The pure product was obtained as light green s@i@mg, isolated yield

= 77%, mp = 159-161C). FT-IR (KBr plate)v = 2922, 1599, 1546, 1495, 1469, 1452, 1439,
1415, 1351, 1298, 1248, 1144, 1096, 1075, 1056, 983, 698. 'H NMR (400 MHz,
CDCly) & 7.40 (d,J = 7.6 Hz, 4H), 7.33 () = 7.5 Hz, 4H), 7.26 — 7.21 (m, 4H), 6.81 — 6.65
(m, 3H), 4.85 (s, 4H)C NMR (101 MHz, CDG)) & 156.60, 138.50, 136.77, 128.71,
127.23, 127.18, 122.92, 113.93, 46.88 NMR (128 MHz, CDCJ)  5.57 (t,J = 30.8 Hz).
Y NMR (376 MHz, CDGJ) & -138.32 (dd,J = 61.6, 30.5 Hz). HRMS (ESI-TOF) m/z:

[M+H] " calcd. for GiH19BF-N, 349.1686, found 349.1723.

Boron compleXb: The pure compound was obtained as yellow thickdig{85 mg, isolated
yield = 73%) FT-IR (KBr platey = 2920, 2850, 1600, 1545, 1494, 1469, 1452, 14362,
1251, 1101, 1076H NMR (400 MHz, CDC}) 6 7.49 (t,J= 7.7 Hz, 2H), 7.42 (d] = 5.0 Hz,
4H), 7.37 - 7.29 (m, 4H), 7.27 - 7.24 (m, 2H), 7(@Rp d,J = 10.7 Hz, 1H), 6.84 - 6.76 (m,
2H), 4.86 (s, 2H)**C NMR (101 MHz, CDGJ) & 156.55, 156.26, 139.05, 138.60, 138.55,

136.64, 129.68, 128.71, 127.27, 127.19, 126.15,8014.14.70, 46.88'B NMR (128 MHz,

15



CDCls) § 5.41 (t,J 29.8).**F NMR (376 MHz, CDG) 6 -135.68 — -136.02 (m). HRMS (ESI-

TOF) m/z: [M+HJ calcd. for GgH17BF,N» 335.1529, found 335.1546.

Boron compleXc: The pure product was obtained as yellow solid0O (g, isolated yield =
90%, mp = 149-148C) FT-IR (KBr plate)v = 2923, 2852, 1599, 1544, 1512, 1468, 1437,
1414, 1350, 1251, 1099, 1075, 1000, 72VNMR (400 MHz, CDC}) & 7.43 (d,J = 7.4 Hz,
2H), 7.38 — 7.22 (m, 9H), 7.03 (appHz= 10.7 Hz, 1H), 6.82 - 6.75 (m, 2H), 4.86 (s, 2H),
2.41 (s, 3H)*C NMR (101 MHz, CDGJ) § 156.63, 156.22, 138.52, 138.42, 137.02, 136.73,
136.32, 130.31, 128.70, 127.27, 127.25, 125.87,7823114.74, 114.63, 46.89, 21.138
NMR (128 MHz, CDC}) & 5.37 (t,J 29.7).*F NMR (376 MHz, CDGJ) & -135.88 — -136.31

(m). HRMS (ESI-TOF) m/z: [M+Nd]calcd. for GiH:¢BF:N, 371.1505, found 371.1540.

Boron compleXd: The pure product was obtained as yellow fine s¢88.mg, isolated yield

= 70%, mp = 165-16%C) FT-IR (KBr plate)v = 2919, 2850, 1592, 1542, 1493, 1474, 1453,
1434, 1405, 1250, 1097, 1060, 751, 684 NMR (400 MHz, CDCJ) § 7.55 — 7.47 (m, 4H),
7.44 (d,J = 7.2 Hz, 4H), 7.38 - 7.30 (m, 4H), 7.10 (appl & 10.6 Hz, 2H), 6.87 (] = 9.6

Hz, 1H).**C NMR (101 MHz, CDGCJ) & 156.24, 138.93, 138.64, 129.73, 127.30, 126.24,
125.07, 115.66:'B NMR (128 MHz, CDCJ) § 5.21 (t,J 28.7).**F NMR (376 MHz, CDGJ)

& -133.38 (dd,J 57.4, 28.6). HRMS (ESI-TOF) m/z: [M+Najcalcd. for GgHisBF:N,

343.1192, found 343.1048.

Boron compleXse: The pure product is obtained as yellow viscousidiq(75 mg, isolated
yield = 81%) FT-IR (KBr platey = 2923, 2852, 1600, 1544, 1492, 1468, 1452, 14365,
1251, 11004 NMR (400 MHz, CDCJ) § 7.51 — 7.32 (m, 9H), 7.32 — 7.23 (m, 2H), 7.02
(app d,J = 10.7 Hz, 1H), 6.87 - 6.78 (m, 2H), 4.87 (s, 2. NMR (101 MHz, CDGCJ) 5
156.35, 147.07, 138.86, 138.70, 137.63, 136.43,7132129.85, 128.72, 127.48, 127.32,

127.21, 124.42, 115.33, 114.49, 46.88 NMR (128 MHz, CDCJ) § 5.32 (t,J = 29.8 Hz).
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F NMR (376 MHz, CDG)) 6 -135.49 — -135.93 (m). HRMS (ESI-TOF) m/z: [M+Halcd.

for C20H16C|BF2N2 369.1139, found 369.1163.

Boron complexsf: The pure product is obtained as yellow viscouskthiquid. (70 mg,
isolated vyield = 76%) FT-IR (KBr plate) = 2920, 2850, 1641, 1600, 1545, 1508, 1469,
1438, 1253, 1229, 1213, 1102, 815, 796, 732, H&MR (400 MHz, CDC}) § 7.45 — 7.36
(m, 4H), 7.36 — 7.30 (m, 3H), 7.31 - 7.23 (m, 2HR2 — 7.14 (m, 2H), 6.96 (app d= 10.7
Hz, 1H), 6.87 - 6.79 (m, 2H), 4.86 (s, 2HJC NMR (101 MHz, CDG)) §162.77, 160.32,
156.63, 156.33, 138.75, 138.69, 136.53, 128.74,9¥27127.89, 127.33, 127.25, 124.17,
116.72, 116.49, 115.13,114.47, 46.9B NMR (128 MHz, CDGJ) § 5.33 (t,J = 29.8 Hz).
F NMR (376 MHz, CDGJ) & -115.59 (s), -135.93 (dd, = 59.3, 29.3 Hz). HRMS (ESI-

TOF) m/z: [M+HJ calcd. for GgH16BFsN» 353.1435, found 353.1437.

Boron complexsg: The pure product is obtained as yellow viscouskthiguid. (50 mg,
isolated yield = 45%) FT-IR (KBr plate) = 2956, 2918, 2849, 1643, 1599, 1544, 1510,
1469, 1454, 1438, 1410, 1245, 1089.NMR (400 MHz, CDCJ) 6 7.43 (d,J = 7.4 Hz, 2H),
7.38 — 7.30 (m, 4H), 7.30 — 7.22 (m, 3H), 7.05 976(m, 3H), 6.78 (m, 2H), 4.86 (s, 2H),
3.86 (s, 3H)*C NMR (101 MHz, CDGJ) $158.62, 156.93, 156.12, 147.07, 138.52, 138.41,
136.75, 131.68, 130.90, 128.71, 127.28, 127.26,2P27124.45, 123.96, 123.71, 114.96,
114.70, 114.57, 55.51, 46.94B NMR (128 MHz, CDC}) § 5.32 (t,J = 29.7 Hz)*°F NMR
(376 MHz, CDCH#) § -136.24 (dd,) = 59.3, 29.4 Hz). HRMS (ESI-TOF) m/z: [M+Najalcd.

for Con]_GBFgNz 387.1454, found 387.1473.

Boron compleXoh: (80 mg, isolated yield = 66%) FT-IR (KBr plate)= 2923, 2852, 1600,
1545, 1492, 1463, 1412, 1252, 1154, 1102, 1051, B85, 695 H NMR (400 MHz, CDCJ)
§7.57 - 7.51 (m, 1H), 7.47 @,= 7.7 Hz, 3H), 7.41 — 7.29 (m, 4H), 7.16 (apP &,10.7 Hz,
1H), 7.04 (app dJ = 10.8 Hz, 1H), 6.91 (f] = 9.7 Hz, 1H), 4.38 (s, 2H), 2.29 {t= 2.5 Hz,
1H). **C NMR (101 MHz, CDGJ) & 156.79, 155.53, 147.05, 138.99, 138.81, 138.78,6R?
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127.30, 126.08, 124.60, 115.44, 114.63, 77.66,472.8.07 B NMR (128 MHz, CDCJ) &
4.93 (t,J = 29.7 Hz).**F NMR (376 MHz, CDGJ) & -136.06 — -139.11 (m). HRMS (ESI-

TOF) m/z: [M+HJ calcd. for GeH13BF,N» 283.1216, found 283.1204.

Boron compleXsi: (30 mg, isolated yield = 40%) FT-IR (KBr plate)= 2923, 2852, 1599,
1544, 1492, 1468, 1453, 1436, 1415, 1251, 1101, 786."H NMR (400 MHz, CDCJ) &
7.50 - 7.45 (m, 6H), 7.38 - 7.33 (m, 6H), 7.31 227(m, 3H), 7.04 (app d,= 10.9 Hz, 2H),
6.95 (app dyJ = 10.7 Hz, 2H), 6.83 (1] = 9.6 Hz, 2H), 3.72 (s, 4H), 2.00 (s, 4H)C NMR
(101 MHz, CDC}) & 156.31, 156.11, 139.10, 138.62, 138.33, 129.66,.112 126.22,
123.71, 113.99, 42.87, 25.94B NMR (128 MHz, CDCJ) § 5.22 (t,J = 30.5 Hz).*°F NMR
(376 MHz, CDCH#) 5 -136.37 (dd,) = 60.8, 30.0 Hz). HRMS (ESI-TOF) m/z: [M+Najalcd.

for CsoH2sBoF4N4 565.2339, found 565.2302.
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Research Highlights

The syntheses and characterization of monomeric and dimeric Boron-Aminotroponimines.
Exploring the absorption and fluorescence properties of Boron-Aminotroponimines.
Boron-Aminotroponimines core structure is distinctive from Boron-Dipyrromethenes.

The fluorescence properties are tunable.
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