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Graphical Abstract

Synthesis and optical properties of novel
Troger's base derivatives

Rui Yuan®, Ming-gi Li?, Jiang-biao Xu?, Shu-ying Huang?,
Sheng-liang Zhou?, Peng Zhang?, Jin-juan Liu®", Hui Wu®"

Diphenylamine, phenothiazine or carbazole were introduced into
Troger's base skeleton via Ullmann or Suzuki coupling to afford
new TB derivatives. Their optical properties tests, density
functional theory (B3LYP; 6-31G*) calculations were
investigated. Incidentally anti-cancer activity against human
hepatoma HepG2 cells in vitro (MTT assay) were investigated.
All the results indicated that these novel compounds have the
potential as fluorescence materials.
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1. Introduction 291§\

The unique structure of Troger's base (TB, Figlirand its ﬁ
derivatives has received more attention since foumd1887.
Structurally, TB is an excellent natural candidafer HaC \an/ CHa
luminescence material with high controllability ambvious 90°
advantages: (1) because TB skeleton contains nolastar V-
type twisted structure which cannot be rotated, @it prevent Figurel. Structure of Troger's Base

the intermolecular n-t close stacking and dipole-dipole
interaction. (2) its large dihedral angle (80-9)64llows wider
Stokes shift and less self-absorption. (3) the lgiglgidity and
steric hindrance can restrict the internal rotati®IR) and
reduce non-radioactive transition. (4) the two beidgjtrogen
atoms on the skeleton can form-NH-C bond which make TB
acting as a hydrogen bond acceptor. Therefore,dbnvenient to
adjust the wavelength and intensity of luminescenaeinding
with large cavity and combining with various kindsdafifferent
numbers of objects. (5)
the intermolecular distance between two terminatpjgoximate
to 1 nm and the minimum distance between the metbyle
adjacent to bridge nitrogen atom and aromatic iing.91A%° Therefore, introducing suitable groups to TB slalets an
(6) there are eleven sites in the framework thattmmodified, efficient way to take advantage of TB and get ndiuelrescence
without considering the side chain. So, the TB stmgccan be  materials and tumor inhibitor.

designed, assembled and tailored to meet the rezeily. All of
these advantages can greatly reduce the fluoresacprench and
enhance the fluorescence quantum efficiently.

Moreover, the unique V-type twisted structure of geds
base (can be classified as a family of moleculapased) enable
it selectively embed specific DNA double helix and them off.
Recent studi€s™ indicated that Troger's base derivatives cut off
the A-T-T base pairs on DNA selectively during thegess of
unwinding and rewinding of the DNA helix. To the be$toor
knowledge, the hindrance of the rewinding of the DNMxhsill
lead to the depression of multiplication of cancell. Because
there may be more A-T-T base pairs in tumor celstthat in
normal one¥, Troger's bases can be used as tumor inhibitor.

Although there are many sites on TB framework can be
modified, the species of new TB derivatives aratietly few in
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number. In most cases aromatic nucleus are modifiedford
unilateral or bilateral TB derivatives. Halo-suhsied TB was O/q\‘/‘ ‘/(\’/‘ OO
chosen as starting materigila Buchwald-Hartwig amination and
various coupling reactions such as Corrius-Kum&aeogashira
and Suzuki coupling to obtain novel TB derivatiiéd

Unfortunately, most of them focused on improvingldse by N

optimizing the reaction conditions. OO O 1 )x

Recently, the luminescence properties, moleculemgeition O a

abilities and host-guest chemical properties apfibas of TB

and its derivatives have been repotféd but taken altogether, e

there are few researches on the luminescence piesp@&f new N\‘/‘ N\’, N)/‘

TB derivatives, also, no researches about the buigchave OO O \l, QN@Q. QNm 0

been mentioned. 0 4 @ n @ 4
Diphenylamine (DPA), phenotg?lzine and carbazole are O O

widely used in the field of dyes™ and pharmaceuticals N), N“ N |

aspect€?. In this work, they were introduced into TB skeleton (") N/@Q‘ @ ) N/@Q‘ QU @NQW

4 O 4K @ 5a

to obtain series of new TB derivatives and tiptical properties
and anticancer activity of products were studiedssghently.

2. Results and discussion @LS
N N | N N
2.1. Synthesis of new compounds 3a-b, 4a-k and 5a-d @NQWNG QW ) NJ@@@ @)
S
0w O = 0 =

Seventeen novel TB derivatives were prepared acupridi
the synthetic routes showed in Schetrend?2. Thirteen of them
(3a-b, 4a-k) were obtainedia Suzuki C-C coupling, and four of Figure 2. Compoundta-k and5a-d
them 6a-d) were obtainedia Ullmann C-N coupling. (Scheme

1 and Figure?).
g ) In order to enhance the total yield, reaction cbods were

e N Br N B(OH), optimized. Tablel showed that tetrahydrofuran was the best
(; —— Bm — o) Bmﬁ@/ —i——=  solvent for3a and 3b because of the good solubility. Toluene
Br ' 1a” ’ 2” was the ideal solvent fota-b, 4e 4h-i and5a-d and benzene
was the best solvent fdc, 4g, 4j and4k. The optimum reaction
time for 5a-b was 48 h, whilésc was 36 h andd was 24 h.

(Table2)

Table 1 The effect of different solvents on totaéld.?
Compound Toluerfé %  Tetrahydrofuraiv % Benzen®/ %

Scheme 1Synthetic route o8a and3b: (i)

paraformaldehyde, TFA, -16 to 0C, 6 d; (ii)n-BulLi, se 35 54 28
trimethylborate,-7&C to r.t.; (i) Pd(PPk., K,CO;, toluene, 3b 30 62 31
110°C ( or THF, 76C). 48 68 58 20
4b 52 43 38
' N 4c 25 32 17
(CH,0), | ArB(OH), N Ar
— ,J@@@ o) o ad 15 27 32
N R; N
N 1b . 4e 30 25 27
Ry=Arorl
4f 18 16 20
o | e 4 26 30 28
N NRy 4h 46 35 37
/qm/ /qb/ /qjg/ 4i 25 19 18
5a 5b, 5d .
4 38 42 36
ArB(OH)zl i ArB(OH)Ql i
4k 30 32 25
N: N:
Ar N Ar N
4h, 4 4, 4k 5b 22 17 17
5¢ 42 31 29

Scheme 2.Synthetic route ofa-k and5a-d: (i) TFA, -15°C,

6 d; (ii) Pd (PPH., K,CO;, toluene, 11%C; (iii) Cul, 1,10-

Phenanthroline, GEO;, toluene, 11%C. ) ®*The loading o2 and1b was 0.5 mmol’At 110°C. °At 65°C.
At 80°C.

5d 27 23 24




Table2 The effect of different reaction time on totallgié

Compound 24h 1% 36 h/% 48h /%
58 22 32 37
5b 10 10 14
5¢ 42 45 38
5d 27 25 25

*The loading of and1b was 0.5 mmol, in toluene at 1’0

2.2. Optical Properties

UV-vis absorption spectra of the new compountis-K and
5a-d) in DCM were shown in Figure8 and Figure4. The
maximum UV-vis absorption wavelength di&-k was in the
range of 250-340 nm arkh-d was in the range of 285-310 nm.
Due to the more delocalized and extendezbnjugated system,
there was a strong maximum absorption peak at 275famm
compound 4c. Compound 4d red-shifted because more
conjugated groups were introduced.
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Figure 3. The absorption spectra d&-k (1x10° mol-L" in
CH,Cly)
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Figure 4. The absorption spectra 5&-d (1x10° mol-L* in CH,Cl,)

The fluorescence emission spectra of the new congso@a-
b, 4ak and5a-d) in dichloromethane were shown in Figieb
and 7. Compound3a had a strong emission peak at 435 nm
which caused by the-n* transitions. Compoun@b red-shifted
and the emission intensity decreased which mayaltieetlonger
conjugated chain. (Figu®
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Figure 5. The fluorescence emission spectr@atnd3b (1x10° mol- L*
in CH2C|2)

The fluorescence emission spectradefk were in the range
of blue or green light 382-447 nm excitated at B60(Figure6).
When more conjugate groups were introduced, the new
compounds red-shifted excegt. The fluorescence emission
spectra ofdc exhibited strong fluorescence emission at 445 nm,
and it may be caused by the unilateral introductioh
phenanthrene.
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Figure 6. The fluorescence emission spectrd@k (1x10° mol-L*in
CH,Cl,)

The fluorescence emission spectrabefd were in the range
of 350-430 nm. Figur@ showed that compourtsd red shifted,
partly because the introduction of larger conjudagstem made
the flow of electrons smoother.
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Figure 7. The fluorescence emission spectrabafd (1x10°
mol-L* in CH,Cl,)

2.3. DFT calculations

The electronic configurations were performed on coumols
3ab, 4ak and 5ad using Gaussian 09 progradmand the
B3LYP/6-31G(d) basis sets were used for the calculatidhe
HOMO and LUMO distributions of all the compoundgere
shown in Table3. Because of the introduction of electron
donating or electron-withdrawing groups and the eken
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conjugated system, the band gaps of HOMOs and LUMOs weliahibition rate is 73.5% and 76.8% respectively.eTresult
reduced which conducive to efficient electronic smrssion. indicated these compounds have the profound valudufther
The result indicated that these new TB derivativesspss study.

significant charge-transfer property. Because some of the new compounds may have thatbte

Table 3 Electrochemical property 8&-5d anti-tumor activity, so incidentally compoun@s-b, 4a-k and
Compound HOMO (eV) LUMO (eV) Band (eV) 5a-d were subjected to biological assessment againstahum
B 533 013 52 hepatoma HepG2 cell lines in vitro. Cell proliferatiovas
’ ' ’ determined by MTT assay and HepG2 cells were firsdgted
3a -6.13 2.32 3.81 with 5 pg/mL of the compounds. The results indicathed
30 -5.78 -1.67 3.51 inhibition rate of compound3a, 3b and4b on the HepG2 cells
0 ; ) : :
4 469 0.92 377 was over 10% which showed their effectiveness on daiger
cell. (Table4)
4b -3.78 -1.13 2.65 L o
Table 5 Inhibition rate (%) and IC50 of TB derivatives on
ac 475 087 3.88 HepG2 cell in different concentratidn
4d -4.87 -1.13 3.74 Inhibition rate in difference
concentration ( pg/mL)
4e¢ -3.98 -0.67 3.31 Entry IC50 (uM)
4f -5.37 -1.32 4.05 ° §° %0
ag 4.86 097 3.89 3a 18.1#1.1  73.5+2.6 81.0¢1.5 24.68+1.39
ah 4.33 1.0 3.29 3b 30.0¢1.4  76.8t1.8 78.8t1.6 12.61+1.10
4i 458 123 335 ad 11.6£1.8  28.2¢1.0 80.9+1.5 50.34+1.70
4i 4.91 1.57 3.34 ®The TB derivatives were dissolved in DMSO, and. the
absorbance value was measured at 490 nm in a
4k -5.13 -0.89 4.24 Enzyme Linked Immunosorbent Assay (ELISA).  Experirsent
5a -4.75 -0.54 421 were performed in triplicate, and the results werpressed as
5h 5.39 281 258 mean of percentage inhibition.
5¢ -4.35 -1.86 2.49
5d -5.21 -2.04 3.17 3. Conclusions

In this work, diphenylamine (DPA), phenothiazine or

2.4. Anti-cancer activity against human hepatoma HepG2 cells carbazole were introduced into TB skeletaga Ullmann or
Suzuki coupling and series of new TB derivatives ever
Table 4 Inhibition rate (%) of TB derivatives (5 pg/mL) on synthesized. The results of theiptical properties indicated that

HepG2 ceft some product exhibited strong fluorescence emissiofhe
Entry Inhibition rate (%) Entry Inhibition rate (%) electronic configurations calculated by DFT indécht the
1z 0.0:3.1 aF 38124 extended conjugated system conducive to efficiksut@nic

transmission and the new TB derivatives possessifisaynt
charge-transfer property. The results showed theye hihe
2 -5.0+1.4 4h 0.5+3.1 potential as fluorescence materials. Finally, thsults of their
anticancer activity on the HepG2 cells indicated thtate

1b 5.3+1.8 4q 1.4+2.8

3a 18.1+#1.1 4 2.3+1.7 L .

_ compounds could inhibit the growth of cancer ceffeatively.
3b 30.0£1.4 4 2.11.4 So, they are worth further study and can be develgsehigh-
4a -5.6+3.1 4K -1.3+0.7 performance anticancer drugs in the future.
4b 1.3+2.7 5a 6.4+3.8
4c¢ 17425 5b -3.£1.8
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procedures, NMR spectra, mass spectrometry, IR)ceded
with this article can be found, in the online versioat
http://dx.doi.org/

References and notes

wh e

10.

12.

13.

15.

16.

17.
18.

19.

21.

22.

23.

24.

Tang, C. W.; Van, Slyke S. Appl. Phys. Lett. 1987 51, 913.
Troger, J. JPrakt. Chem. 1887, 36, 225.

Michon, C.; Sharma, A.; Bernardinelli, G.; FraneocttE.; Lacour,
J.Chem. Commun. 201Q 46, 2206.

Harmata, M.; Onrayanil, K.; Barnes, C.%upramol. Chem. 2006
18, 581.

Pardo, C.; Sesmilo, E.; Gutiérrez-Puebla, E.; Moi#geElguero,
J.; Fruchier, AJ. Org. Chem. 2001, 66, 1607.

Bailly, C.; Laine, W.; Demeunynck, M.; Lhomme REs.
Commun. 2000 273, 681.

Tatibouét, A.; Demeunynck, M.; Andraud, C.; Collat,et al.
Chem. Commun. 1999 2, 161.

Johnson, R. A.; Gorman, R. R.; Wnuk, R. J.; Cridtem N. JJ.
Med. Chem. 1993 36, 3202.

E. B. Veale, D. O. Frimannsson, M. Lawler, T. Gaugsson,
Org. Lett. 2009 11, 4040.

Veale, E. B.; Gunnlaugsson, X.Org. Chem. 201Q 75, 5513.
Paul, A.; Maji, B.; Misra, S. K.; Jain, A. KMuniyappa, K.;
Bhattacharya, Sl. Med. Chem. 2012 55, 7460.

Blaser, H. U.; Jalett, H. P.; Lottenbach, W.; Studié J. Am.
Chem. Soc. 200Q 122, 12675.

Rajski, S. R.; Williams, R. MChem. Rev. 1998 98, 2723.
Kiehne, U.; Weilandt, T.; Lultzen, &rg. Lett. 2007, 9, 1283.
Wang, Z. G.; Wang, D.; Zhang, F.; JinACS Macro Lett. 2014
3, 597.

Neogi, I.; Jhulki, S.; Ghosh, A.; Chow, T. J.; Mthoyr, J. N.ACS
Appl. Mater. Interfaces 2015 7, 3298.

Kiehne, U.; Lutzen, ASynthesis 2004 10, 1687.

Claessens, N.; Pierard, F.; Bresson, C.; Mouch&arKirsch-De
Mesmaeker, AJ. Inorg. Biochem. 2007, 101, 987.

Goswami, S.; Ghosh, Ketrahedron Lett. 1997, 38, 4503.
Dsouza, R. N.; Pischel, U.; Nau, W. &hem.

Rev. 2011, 111, 7941.

Urbani, M.; Gratzel, M.; Nazeeruddin, M. K.; Tes, T.Chem.
Rev. 2014 114, 12330.

Eftekhari-Sis, B.; Zirak, M.; Akbari, AChem. Rev. 2013 113,
2958.

Baldeyrou, B.; Tardy, C.; Bailly, C.; Colson, P otsier, C.;
Charmantray, F.; Demeunynck, Bur. J. Med. Chem. 2002 37,
315.

Frisch, M.J. et al. Gaussian 09, Rev. A. 02, Ganssi
Inc,Wallingford CT, 2009.



