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The paper presents the obtaining of a phenothiazine based blue 
light emitter via an efficient oxidation process of a phenothiazine 
based aldehyde to the corresponding carboxylic acid in basic 
media – a quite unusual synthetic route, evidenced in the 
approach of Horner–Wadsworth–Emmons coupling reaction. 
The structure of the reagent and corresponding product was 
evidenced by spectroscopic methods as Fourier transformed 
infrared spectroscopy and nuclear magnetic resonance 
spectroscopy, while unequivocal proof of the reaction was 
brought by single crystal X-ray diffraction. The introducing of 
the carboxyl unit on the phenothiazine core proved to be a good 
pathway to obtain blue light emission. 

 
 

 
INTRODUCTION* 

Phenothiazine is a heterocyclic fused ring, 
intensely studied as a component of materials 
addressed for electronic or opto-electronic devices as 
photovoltaic cells, field effect transistors, light 
emitting diodes or chemical sensors.1-4 The 
phenothiazine ring contains rich electron sulfur and 
nitrogen atoms which confer a strong electron-
donating character, much more intense as compared 
to the compounds containing only one heteroatom5, 
which recommends it as building block of highly 
                                                            
* Corresponding author: bcsimion@icmpp.ro 

electron delocalized donor-acceptor dyes. On the 
other hand, phenothiazine has an excellent thermal 
and electrochemical stability, essential features in 
high performance applications. In this context, an 
intense activity is directed to the synthesis of new 
phenothiazine derivatives.6-10 The introduction of 
carboxylic acid functionality on the phenothiazine 
ring is of interest not only for the obtaining of new 
chromophoric compounds, but also of intermediates 
in further reactions. 

The oxidation reaction is a fundamental chemical 
transformation widespread in organic chemistry, 
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especially for industrial purposes. The use of 
oxidation reaction to transform aldehydes to the 
corresponding carboxylic acids is of long standing 
interest for synthetic organic chemistry, due to the 
use of carboxylic acids in biological and large 
applicative areas.11-13 Usually, the oxidation proceeds 
in the presence of stoichiometric amounts of toxic or 
expensive oxidants such as potassium permanganate, 
chromium VI reagents, chlorides or peroxides often 
associated with harmful organic solvents such as 
benzene, formic acid, methylene chloride, etc. For 
these reasons, an important attention goes to the 
developing of new oxidation procedures to effect old 
reaction in a more eco-friendly manner.   

In this paper we report the conversion of an 
aldehyde functionalized phenothiazine into the 
corresponding carboxylic acid derivative in mild 
reaction conditions, in the presence of tBuOK – a 
synthetic route never reported in the literature up to 
now. 

RESULTS AND DISCUSSION 

The phenothiazine based carboxylic acid named 
10-(4-hexyloxyphenyl)-10H-phenothiazine-3-car-
boxylic (2Ac) acid has been obtained from 10-(4-
hexyloxyphenyl)-10H-phenothiazine-3-
carbaldehyde (1A), as the main product during a 
Horner-Wadsworth-Emmons coupling reaction – 
known to be of interest especially for the 
preparation of alkenes from aldehydes. Compared 
to the standard procedure14, the reaction was 
performed in the absence of an inert atmosphere, 
this appearing to drastically influence the reaction 
pathway leading to a carboxylic functionality 
instead a double bond, the oxidation of the formyl 
unit being the main reaction. The synthetic 
pathway is represented in Scheme 1.  

The unexpected synthetic pathway was 
demonstrated by spectroscopic and X-ray 
diffraction analysis. As can be seen in Fig. 1, a 
comparison of the FTIR spectra of the aldehyde 
reagent and of the carboxylic acid product shows 
that the absorption band at 1670 cm-1, specific to 
the vibration of the C=O group into aldehyde unit 
is shifted to a higher wavenumber at 1730 cm-1, 
indicating its transformation into a carboxylic 
unit.15 Besides, the absorption band characteristic 
to the O-H stretch can be observed as a broad peak 
around 3450 cm-1, which could also be the 
signature of inter-molecular H-bonds16 and H-
bonding with water, characteristic to the carboxylic 
compounds.17 All the other bands belonging to the 
aliphatic or aromatic units18,19 are present in the 
both spectra, as detailed in the Experimental part. 

Comparing the NMR spectra it can be 
observed that the clear chemical shift at 9.7 ppm – 
belonging to the aldehyde proton in the 1A 
spectrum (Fig. 2a) – completely disappears in the 
NMR spectrum of the corresponding carboxylic 
acid (2Ac), while a new broad peak appears around 
12.6 ppm. This last band is characteristic to the 
proton into the carboxylic unit which can easily 
hydrogen-deuterium exchange with the solvent 
(Fig. 2b).20 All other aromatic and aliphatic protons 
were found with similar chemical shift values (see 
Experimental part), in the right integral ratio, 
indicating that only the aldehyde group transforms 
into carboxylic moiety, the rest of the molecule 
keeping its integrity during the oxidation process. 
Small differences are observed for the chemical 
shift of the protons neighbor to the sulfur 
heteroatom, this reflecting the different 
withdrawing effect of carboxyl versus carbonyl 
groups (Fig. 2c,d). Thus, their doublets are shifted 
from 6.31 ppm (J=8Hz) to 6.155 ppm (J=12Hz), 
and from 6.23 ppm (J=8Hz) to 6.12 ppm (J=8Hz), 
respectively.

 
 

 
Scheme 1 – Synthesis of the 10-(4-hexyloxyphenyl)-10H-phenothiazine-3-carboxylic acid. 
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Fig. 1 – FTIR spectra of phenothiazine aldehyde (black) and of the corresponding carboxylic acid (red). 
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d) 

Fig. 2 – NMR spectra of the a), c) 1A and b), d) 2Ac and of their corresponding expanded aromatic regions. 
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The most incontestable evidence of carboxylic 
acid formation has been brought by single crystal 
X-ray diffraction, which clearly proves the right 
molecular structure and also gives valuable clues 
related to its supramolecular organization and 
consequently to its thermotropic and photophysical 
properties (Fig. 3). 

While the phenothiazine core has an almost 
planar configuration into the 1A (Fig. 3a), it adopts 
the well-known butterfly architecture4,21 into 2Ac 
(Fig. 3b), consequence of the different electron-
withdrawing effects of the two groups – carbonyl 
and carboxyl –, as also evidenced into the NMR 
spectra. Due to the steric hindrance, the oxyphenyl 
ring lays nearly perpendicular on the phenothiazine 
plane, which will further influence the 
photophysical properties. The presence of the 

carboxylic units prompts the forming of H-bonds 
leading to the appearance of dimers, and further to 
supramolecular ribbons (Fig. 3c). The H-bonds 
were also evidenced by FTIR spectra. These quite 
strong H-bonds lead to a close packing into the 
2Ac crystals. As can be observed from polarized 
light microscopy (POM) measurements22,23, while 
the aldehyde derivative 1A melts at 108-110 oC, 
the melting point increases almost 150 oC, at 248-
253 oC, for the 2Ac acid derivative. The strong H-
bonds are also responsible for the easy 
crystallization24,25 during the cooling of the acid 
derivative at high temperature (197 oC), while the 
aldehyde derivative was able to crystalize only 
once the room temperature (RT) was reached  
(Fig. 4).  

 
 
 
 

  a)   b) 
 
 

  c) 

Fig. 3 – Structure of a) 1A and b) 2Ac, and c) supramolecular structure of 2Ac, as obtained by single crystal X-ray diffraction. 
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a) 1A, RT 

  
b) 2Ac, 197 oC 

Fig. 4 – POM images of the 1A and 2Ac crystalline state reached during the cooling scan. 
 

a) b) 

Fig. 5 – a) UV-vis and b) photoluminescence spectra of the understudy phenothiazine derivatives (carboxylic derivative: blue line; 
aldehyde derivative: black and green lines, respectively). 

 
The photophysical behavior of the two 

phenothiazine derivatives was monitored by UV-
vis and photoluminescence spectroscopy, in diluted 
THF solution (10-5M), in order to avoid any 
intermolecular interactions and to analyze the 
intrinsic behavior of the independent molecules. 
The compounds present two types of absorption 
bands (Fig. 5a), (i) one up to 300 nm – consisting 
in overlapped curves attributed to the π-π* 
transitions of the aromatic and heteroaromatic 
independent rings, while (ii) the second one, 
consisting in a broad band with absorption 
maximum over 300 nm, is attributed to the π-π* 
transitions of the conjugated core giving rise to an 
extended chromophore.4,26 It can be observed that 
introduction of the carboxylic unit 
hypsochromically shifts the absorption with almost 
50 nm, indicating a less extended conjugation as 
compared to the aldehyde substituent. This effect is 
also observed in the emission spectra (Fig. 5b), 
when the solutions are excited with light of 
wavelength corresponding to the absorption 

maximum of the conjugated chromophore. Thus, 
while the 1A aldehyde derivative emits green light 
with emission maximum around 510 nm, the 
emission of the carboxylic derivative shifts in the 
blue light domain, with an emission maximum 
around 460 nm. It appears that the introduction of 
carboxylic unit is a facile pathway to obtain blue 
light emitters. It is remarkable that the emission 
curves are quite sharp, signature of a single 
fluorophore, increasing the potential of the pure 
light emission required by the organic opto-
electronic devices.27-29 

EXPERIMENTAL 

Synthesis 

0.254 g (2.5 mmol) t-BuOK and 5 ml dry THF were 
introduced into a Schlenk tube and cooled by immersing into 
an ice-bath. Then, 0.62 g (2 mmol) of diethyl-(3-hexyl-
thiophen-2-yl)-methylphosphonate dissolved into 5 ml THF 
were added slowly under vigorous stirring, and the resulted 
mixture was kept at 0oC for 1 hour. 
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0.800 g (2mmol) of 10-(4-hexyloxyphenyl)-10H-
phenothiazine -3-carbaldehyde dissolved in 10 ml dry THF 
were then added dropwise during 30 minutes and then the 
temperature of the reaction was left to reach slowly room 
temperature and kept under stirring overnight. The color of the 
reaction mixture changed from red to ochre. After the 
completion of the reaction (monitored by TLC), the solvent 
was removed under reduced pressure, and the inorganic salts 
were washed with distilled water. The residue obtained after 
filtration was purified by column chromatography on silica gel 
(eluent: hexane/ethyl acetate 9:1) to afford the understudy 
compound as fine crystals (0.415 g, 74% yield) which 
crystallized from ethyl acetate as single crystals suitable for X-
ray diffraction.  

The synthetic pathway performed in the absence of 
potassium t-butoxide did not proceed to the carboxylic acid 
compound, highlighting the importance of the salt in the 
oxidation reaction. 

1H NMR (acetone-d, 400 MHz, ppm): δ (ppm): 7.36, 7.33 
(d, 2H), 7.29 (s, 1H), 7.23-7.19 (superposed signals, 3H); 
7.07-7.02 (superposed signals, 3H), 6.95, 6.93, 6.91 (t, 1H), 
6.87, 6.85, 6.83 (t, 1H), 6.75, 6.71 (d, 1H), 6.15, 6.13 (d, 1H), 
6.11, 6.09 (d, 1H), 4.09, 4.08, 4.07 (t, 2H), 1.8 (m, 2H), 1.61-
1.24 (superposed multiplets, 14H), 0.94 (t, 3H), 0.92 (t, 3H). 

FT-IR (KBr, cm-1): 3439 (νO-H), 3067, 3043 (νCHaromatic), 
2957, 2927, 2855 (νCH3, νCH2), 1730 (λC=O), 1606, 1575, 1508 
(νC=Caromatic), 1280 (νC-O-C, νC-OH), 824, 749 (δCHaromatic). 
 
10-(4-hexyloxyphenyl)-10H-phenothiazine-3-carbaldehyde 

1H NMR (400.13 MHz, DMSO-d6, ppm) δ = 9.76 (s, 1H, 
H22), 7.50 (s, 1H, H4), 7.45, 7.43 (d, 1H, H2), 7. 7.40, 7.37 
(d, 2H, H11, H15), 7.28, 7.26 (d, 2H, H12, H14), 7.05, 7.03 
(d, 1H, H1), 6.97-6.89 (superposed bands, 2H, H7, H8), 6.32, 
6.30 (d, 1H, H6), 6.23 (d, 1H, H9), 4.14 (t, 2H, H16), 1.90-
1.83 (m, 2H, H17), 1.59-1.39 (superposed bands, 6H, H18, 
H19, H20), 0.94 (t, 3H, H21). 
FT-IR (KBr, cm-1): 3059, 3021 (νCHaromatic), 2945, 2920, 2855 
(νCH3, νCH2), 1675 (νC=O), 1595, 1504 (νC=Caromatic), 1239 (νC-O-

C), 836, 813, 744 (δCHaromatic). 

Equipments 

Infrared spectra were recorded on a FT-IR Bruker Vertex 
70 Spectrophotometer in the transmission mode, by using KBr 
pellets. The NMR spectra were obtained on a Bruker Avance 
DRX 400 MHz Spectrometer equipped with a 5 mm QNP 
direct detection probe and z-gradients. The chemical shifts are 
reported as δ values (ppm) relative to the residual peak of the 
solvent. Crystallographic measurements were carried out with 
an Oxford-Diffraction XCALIBUR E CCD diffractometer 
equipped with graphite-monochromated Mo Kα radiation, as 
previously described.4,18 These data can be obtained free of 
charge from the Cambridge Crystallographic Data Centre via 
www.ccdc.cam.ac.uk/data_request/cif. UV–Vis absorption and 
photoluminescence spectra were recorded on a Carl Zeiss Jena 
SPECORD M42 spectrophotometer and a Perkin Elmer LS 55 
spectrophotometer, respectively, in solution, using 10 mm 
quartz cells. 

CONCLUSIONS 

The carboxylic derivative of a phenothiazine 
compound has been obtained from the 

corresponding aldehyde via an oxidation process in 
the presence of tBuOK – an unreported reaction 
pathway. The structures of the new formed acid 
and of the aldehyde reagent were confirmed by 
FTIR and NMR spectroscopic methods and by 
single crystal X-ray diffraction. The photophysical 
study proved that transforming of the aldehyde to 
carboxylic group is an efficient way to blue shift 
the emission capability of the phenothiazine ring 
from green to blue region. 
 

Acknowledgements: The research leading to these results 
has received funding from the Roumanian National Authority 
for Scientific Research, MEN – UEFISCDI, project number 
PN-II-PT-PCCA-2013-4-1861 (272/2014). 

REFERENCES 

1. B. Kim, J. Lee, Y. Park, C. Lee and J. W. Park,  
J. Nanosci. Nanotechnol., 2014, 14, 6404-6408. 

2. G. A. Evtugyn, V. B. Stepanova, A. V. Porfireva, A. I. 
Zamaleeva and R. R. Fakhrullin, J. Nanosci. 
Nanotechnol., 2014, 14, 6738-6747. 

3. Y. Wu, H. Guo, X. Zhang, T. D. James and J. Zhao, 
Chem. Eur. J., 2014, 17, 7632-7644. 

4. A. Zabulica, M. Balan, D. Belei, M. Sava, B. C. 
Simionescu and L. Marin, Dyes Pigments, 2013, 96,  
686-698. 

5. H. Tian, X. Yang, J. Cong, R. Chen, C. Teng, J. Liu, Y. 
Hao, L. Wang and L. Sun, Dye Pigments, 2010, 84, 62-
68. 

6. L. Yang, J. K. Feng and A. M. Ren, J. Org. Chem., 2005, 
70, 5987-5996. 

7. D. Belei, C. Dumea, E. Bicu and L. Marin, RSC Adv., 
2015, 5, 8849-8858. 

8. M. I. Rednic, S. Szima, E. Bogdan, N. D. Hădade, A. Terec 
and I. Grosu, Rev. Roum. Chim., 2015, 60, 637-642. 

9. G. B. Bodedla, K. R. J. Thomas, C. T. Li and K. C. Ho, 
RSC Adv., 2014, 4, 53588-53601. 

10. J. Sun, H. J. Jiang, J. L. Zhang, Y. Tao and R. F. Chen, 
New J. Chem., 2013, 37, 977-985. 

11. E. Dalcanale and F. Montanari, J. Org. Chem., 1986, 51, 
567-569. 

12. H. U. Vora and T. Rovis, J. Am. Chem. Soc., 2010, 132, 
2860-2861.  

13. L. Sancineto, C. Tidei, L. Bagnoli, F. Marini, E. J. 
Lenardão and C. Santi, Molecules, 2015, 20, 10495-
10510. 

14. R. Chen, X. Yang, H. Tian, X. Wang, A. Hagfeldt and L. 
Sun, Chem. Mater., 2007, 19, 4007-4015. 

15. V. Doan, R. Köppe and P. H. Kasai, J. Am. Chem. 
Soc., 1997, 119, 9810-9815. 

16. L. Marin, A. van der Lee, S. Shova, A. Arvinte and M. 
Barboiu, New J. Chem., 2015, 39, 6404-6420. 

17. C. Peng, M. N. Chan and C. K. Chan, Environ. Sci. 
Technol., 2001, 35, 4495-4501. 

18. L. Marin, V. Harabagiu, A. van der Lee, A. Arvinte and 
M. Barboiu, J. Molec. Struct., 2013, 1049, 377-385. 

19. L. Marin, V. Cozan and M. Bruma, Rev. Roum. Chim., 
2005, 50, 649-653. 



 Blue light emitter 297 

 

20. D. Lankhorst, J. Schriever and J. C. Leyte, Chem. Phys., 
1983, 77, 319-340. 

21. A. Petran, A. Terec, E. Bogdan, A. Soran, E. Lakatos and 
I. Grosu, Tetrahedron, 2014, 70, 6803-6809. 

22. L. Marin, S. Destri, W. Porzio and F. Bertini, Liq. Cryst., 
2009, 36, 21-32. 

23. A. Zabulica, E. Perju and M. Bruma, L. Liq. Cryst., 2014, 
41, 252-262. 

24. V. Tudor, G. Marin, V. Kravtsov, Y. A. Simonov, M. 
Julve, F. Lloret and M. Andruh, Rev. Roum. Chim., 2006, 
51, 367-371.  

25. M. Barboiu, A. Meffre, Y.-M. Legrand, E. Petit, L. 
Marin, M. Pinteala and A. V. D. Lee, Supramol. Chem., 
2014, 26, 223-228. 

26. D. Li, L. Lv, P. Sun, W. Zhou, P. Wang, J. Wu, Y. Kan, 
H. Zhou and Y. Tian, Dyes Pigments, 2009, 83, 180-186. 

27. W. Porzio, S. Destri, U. Giovanella, M. Pasini, L. Marin, 
M. D. Iosip and M. Campione, Thin Solid Films, 2007, 
515, 7316-7323. 

28. U. Giovanella, P. Betti, A. Bolognesi, S. Destri, M. 
Melucci, M. Pasini, W. Porzio and C. Botta, Org. 
Electron., 2010, 11, 2012-2018.  

29. H. Bednarski, J. Gąsiorowski, M. Domański,  B. Hajduk, 
J. Jurusik, B. Jarzabek and J. Weszka, Acta Physica 
Polonica, 2012, 122, 1083-1086. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 




