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Abstract 

The synthesis of Diketopyrrolopyrrole (DPP) having secondary interaction in the side chain 

explores its possibility to use in electronic and sensing applications. Herein we report easy 

method to engineer side chains of DPP. The hydrogen bonding is introduced on the side 

chain by substitution of urethane side chains on Diketopyrrolopyrrole (DPPurethane).The 

urethane side chain comprises a branched alkyl chain with good yields and purities. The 

DPPurethane characterized by NMR and IR, optical properties along with energy minimized 

structure were studied. 
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1.   Introduction 

Diketopyrrolopyrrole (DPPs) are known as high performance organic pigments used in 

paints, inks, lacquers, printings and plastics [1-3]. The different color shade can be 

achieved ranging from yellowish green to bluish red, depending on the aryl group attached 

to the chromophore unit [4-6]. The DPPs are resistant to chemicals have good thermal 

stability, light and weather fastness, indicating high quality of color retention. Apart from 

this, DPP has strong emission in the visible region with a high fluorescence quantum yield 

[7-9]. 

 The DPP based soluble conjugated molecules (sCM) have been widely applied for 

fabrication of electronic devices such as organic field effect transistor (OFET) [10-13], 

organic photovoltaic devices (OPV) [14,15]. The DPP molecule is virtually planar, 

however degree of planarity soluble conjugated molecule (sCM) depends upon the type of 
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heterocyclic ring attached [16,17].The heterocyclic ring not only alters the planarity but 

influences the solid state microstructure [18,19]. Thus, solid state structure and optical 

properties of DPPs depend upon molecular structure. These can also be influenced by 

supramolecular interaction such as π-π stacking and hydrogen bonding etc. Nevertheless, 

un-substituted DPPs are insoluble in most common organic solvents, except in polar 

aprotic solvents. To use DPPs in electronic devices, it is necessary to functionalize the 

DPP chromophore in order to prepare soluble and film forming compounds. To increase 

the solubility, the NH group of the DPP unit is substituted long and branched alkyl side 

chain [20,21]. Hydrophilic side chain substituted DPP polymers have showed excellent 

charge transport, but limits the solubility of these polymers [22,23]. Herein, we report the 

synthesis of DPPurethane comprising urethane functionality in the side chain. The urethane 

moiety in the side chain is substituted with branched alkyl chain. The DPPurethane 

chromophore is characterized using 
1
HNMR, IR and UV. We believe that DPPurethane may 

be the choice of material for synthesis of high charge carrier mobility polymers. 

 

2. Materials and Synthesis 

 

1 bromoundecanoic acid and 2 octyldodecanol were purchased from TCI chemicals, and 

diketopyrrolopyrrole (DPP) was synthesized as reported procedure. K2CO3, NaN3, iodine 

and ethyl chloroformate were bought from local supplier (Avra chemicals). The 

anhydrous DMF was prepared in the laboratory. All the compounds were purified by 

coloumn chromatography using silica gel; reprecipitation and recrystallization were 

performed in the purification of final products only. 
1
HNMR and 

13
C NMR spectra were 

measured on Brukerarx 400 MHz and 100 MHz AVANS spectrometer, respectively. UV-

Vis spectra were recorded using a Perkin Elmer Lambda -35 UV-Vis spectrometer and 

band gap were calculated by onset of  low energy peak using formula band 

gap=1245/λmax(onset). 

 

2.1. Synthesis of C10-urethane 

 

Compound 1 (5 g, 17 mmol) was dissolved in anhydrous toluene (50 mL) and heated the 

mixture at 70 °C for 1 h followed by addition of a solution of 2 octyldodecanol (5.1 g, 17 

mmol) in toluene drop-wise over 15 min. The resulting solution was heated at same 

temperature for 12 h. The solution was poured into the water and extracted with diethyl 

ether; the organic layer was washed with brine and dried over Na2SO4. The product was 

purified using column chromatography eluting with ethyl acetate: pet ether (20:80) to get 

viscous oil (yield 90 %). Fig. 1 is 
1
H NMR of C10-urethane (400 MHz, CDCl3): δ 4.62 (s, 

1H), 3.95 (d, J = 5.3 Hz, 2H), 3.41 (t, J = 6.9 Hz, 2H), 3.16 (d, J = 6.3 Hz, 2H), 1.87 (m, 

2H), 1.46 (m, 1H), 1.28 (m, 44H), 0.89 (s, 3H). Fig. 2 is 
13

C NMR of C10-urethane (50 

MHz, CDCl3): δ 157.09, 67.92, 41.41, 37.94, 34.31, 33.12, 32.22, 31.52, 30.30, 29.97, 

29.95, 29.92, 29.88, 29.72, 29.66, 29.63, 29.03, 28.45, 27.04, 22.99, 14.42.  
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Fig. 1. 1HNMR of C10-urethane. 

 

 
 

Fig. 2. 13C NMR of C10-urethane. 

 

2.2. Synthesis of DPPurethane 

 

DPP (1 g, 3 mmol) was added into the mixture of K2CO3 (0.15 g, 8.3 mmol) and 

anhydrous DMF then heated the solution at 100 °C for an hour under argon atmosphere. 

The solution of compound 2 (4.5 g, 8.3 mmol) in anhydrous DMF (30 mL) was added to 

the reaction mixture slowly. The resulting solution was heated at 100 °C for 24 h. The 

reaction mixture was allowed to become cool and then added in water, then extracted with 
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dichloromethane. The organic layer was washed with brine for two-three times and dried 

over Na2SO4. The product was purified using silica gel chromatography eluting with 

dichloromethane: hexane (50:50) to get red solid (yield 65 %). Fig. 3 is 
1
H NMR of 

DPPurethane (400 MHz, chloroform-d):δ 8.92 (d, J = 3.8 Hz, 2H), 7.64 (d, J = 5.0 Hz, 2H), 

7.31 – 7.26 (m, 2H), 4.62 (s, 2H), 4.11 – 4.01 (m, 4H), 3.94 (d, J = 4.8 Hz, 4H), 3.23 – 

3.02 (m, 4H), 1.83 – 1.67 (m, 4H), 1.61 – 1.53 (m, 2H), 1.52 – 1.37 (m, 10H),1.37 – 1.13 

(m, 48H), 0.87 (t, J = 6.7 Hz, 12H). Fig. 4 is 
13

C NMR of DPPurethane (101 MHz, CDCl3):  δ 

161.36, 156.95, 140.01, 135.27, 130.69, 129.76, 128.61, 107.68, 77.03, 67.61, 42.21, 

41.01, 37.65, 31.93, 31.22, 30.01, 29.95, 29.68, 29.66, 29.63, 29.58, 29.43, 29.36, 29.34, 

29.26, 29.20, 26.74. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
Fig. 3. 1HNMR of DPPurethane. 
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Fig. 4. 13C NMR of DPPurethane. 

 

3. Result and Discussion 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Scheme 1. Synthesis of side chains and DPPurethane. 

 

As shown in scheme, 1 bromoundecanoic acid was converted into acid azide by treating 

with sodium azide in presence of ethylchloroformate at low temperature to obtained 

compound 1. The acid azide to urethane was achieved by Curtis reaction. First, the acid 

azide 1 was converted into reactive isocynate followed by addition of 2 octyldodecanol to 

obtained C10-urethane. Please note that the C10-urethane side chain may be difficult to 
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purify due to presence of hydrogen bonding, nevertheless can be purified using silica gel 

chromatography. DPP was then treated with C10-urethane under basic condition to 

obtainDPPurethane. TheDPPurethanewas purified, usingprocedure mentioned earlier. Final 

DPPurethane derivative were characterized using 
1
H NMR and 

13
C NMR. 

 Optical properties of DPPurethane were recorded in chloroform solvent shown in Fig. 5, 

The absorption of DPPurethaneconsist of two peaks, high energy peak at 330 nm which is 

due to π to π* transition while low energy peak at 550 nm corresponds to charge transfer 

between thiophene and DPP shown in Fig. 5 (a). Similarly, the photoluminounce spectra 

of DPPurethane was recorded and observed two emission peaks at 570 nm and 615 nm 

shown in Fig. 5 (b). 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 5. (a) Absorption spectra of DPPurethane and (b) Emission spectra of DPPurethane. 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 6. (a) IR spectra of DPPurethane and (b) Energy minimized structure of DPPurethane. 

 

 An IR spectrum of DPPurethane is as shown in Fig. 6(a). In the IR spectra, the peaks 

at1680 and 1710 cm
-1

 correspond to N-H stretching in DPP unit and side chain urethane 

group respectively. The results of the calculation reported in this work have been obtained 

using the Gaussian 09 ab initio/DFT quantum chemical simulation package. The geometry 
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optimizations of DPPurethane with truncated terminal alkyl group have been carried out at 

B3LYP/6- 31G* level Fig. 6(b). 

 

4. Conclusion  

 

In the conclusion, we have synthesized a urethane side chain substituted DPPurethane 

chromophore. This structural feature may induce strong intermolecular interaction. We 

characterized DPPurethane using 
1
HNMR, IR and UV spectroscopy. Since the side chains 

are substituted with branched alkyl chains, this would be useful monomer to synthesize 

DPP soluble polymers. 
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