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Abstract 

This study investigates thienyl-substituted diketopyrrolopyrrole (DPP) derivatives with 

tailored alkyl chain modifications on the DPP core to tune molecular packing, solubility, 

and optoelectronic properties critical for device applications. A key advancement is the 

use of microwave-assisted synthesis, which dramatically reduces reaction times (40 min 

vs. 12 h), improves yields (up to 80% for long chains), and lowers energy consumption, 

supporting green chemistry principles. The combined strategy of molecular engineering 

and efficient synthesis enables sustainable production of high-performance DPP materi-

als. 
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1. Introduction 

Diketopyrrolopyrroles (DPPs) are a class of organic dyes first discovered in the mid-

1970s by Farnum [1] and co-workers. Initially developed as high-performance red pig-

ments [2,3], DPPs found widespread use in inks, paints, and plastics due to their vibrant 

color and durability. Over time, these molecules have garnered significant attention from 

chemists and physicists owing to their exceptional optical, electronic, and structural prop-

erties, coupled with good thermal- and photo-stability [4,5]. As a result, DPPs have 

emerged as key players in the thriving field of organic electronics [6,7]. This versatile class 

of organic compounds has been widely explored for applications in diverse electronic de-

vices such as organic photovoltaics (OPVs) [8–12], organic field-effect transistors (OFETs) 

[13,14], organic light-emitting diodes (OLEDs), sensors [15–17], two-photon absorption 

materials [18], and even bioimaging [16,19–21] and photothermal agents for cancer treat-

ment [10,22,23]. Recent theoretical and experimental studies have also highlighted the po-

tential of DPP derivatives as singlet fission (SF) materials [24–26], attributed to their pho-

tostability, inherent diradical character, and chemically tunable structure [27–29]. 

The rapid evolution of organic electronics is not only fueled by the development of 

increasingly high-performance materials, such as DPP-based dyes with their π-conju-

gated backbone and outstanding optoelectronic properties, but also by the growing de-

mand for environmentally sustainable processes. In line with current sustainability goals, 

organic optoelectronics now requires the implementation of greener synthetic methodol-

ogies. One of the most critical steps in the development of DPP derivatives is the N-
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alkylation, which in conventional protocols often involves long reaction times, high en-

ergy consumption, and hazardous reagents. 

These challenges underscore the urgent need for greener and more sustainable syn-

thetic approaches. 

In our work, we present a series of thienyl-DPP-based molecules featuring varying 

substituents on the lactam nitrogens. Specifically, we have synthesized derivatives with 

N-alkyl chains of different lengths and branching patterns, exploiting microwave-assisted 

organic synthesis (MAOS) to streamline this functionalization process. 

 

Figure 1. Microwave synthesis method. 

Microwave-assisted (MWA) synthesis has emerged as a transformative tool in or-

ganic chemistry [30], enabling rapid and uniform heating that enhances reaction rates, 

yields, and product purity while reducing energy consumption and environmental im-

pact [31,32]. This method aligns with the principles of green chemistry by offering a sus-

tainable and efficient alternative to traditional heating techniques [33,34]. 

By adopting MAOS for the N-alkylation of DPP derivatives, we aim to achieve effi-

cient functionalization under milder and more sustainable conditions, reducing the envi-

ronmental footprint of the synthesis process. 

N-alkylation is a critical step in tailoring the solubility and electronic properties of 

DPP derivatives, which directly influence their performance in device applications [35]. 

Introducing a variety of alkyl groups allows fine-tuning of molecular packing, charge 

transport, and light absorption properties, essential for optimizing their functionality in 

organic electronic devices [36–38]. Despite its importance, traditional N-alkylation meth-

ods often pose challenges related to harsh conditions, hindering their scalability and en-

vironmental viability. 

Our investigation focuses on employing microwave-assisted techniques to enhance 

the efficiency and sustainability of DPP N-alkylation, testing the use of alkyl chains of 

varying lengths—nominally C4, C6, and C12—as well as branched chains such as 2-

ethylhexyl. By optimizing reaction conditions, we demonstrate a novel approach to 

achieving products with reduced reaction times and energy consumption. This method-

ology not only addresses the limitations of traditional N-alkylation processes but also ad-

vances the principles of green chemistry in the synthesis of high-performance materials. 

2. Materials and Methods 

2.1. General Information for Synthesis 

All reagents were purchased from commercial sources and used without further pu-

rification. All solvents have been distilled prior to use. All reactions were carried out in 

inert atmosphere. The microwave reactions were conducted using CEM Discover 2.0 

(Charlotte, NC, USA). The 1H- NMR spectra were recorded with a Bruker ARX 400 MHz 

spectrometer (Karlsruhe, Germany). The molecules synthetized are reported in Scheme 1. 
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Scheme 1. N- Alkylated DPP derivatives with alkyl chains of varying lengths—nominally C4, C6, 

and C12 and branched chain 2-ethylhexyl, synthetized in the paper. 

2.2. Conventional Synthesis 

Conventional alkylation reactions in presence of a base and alkylbromide were per-

formed under nitrogen filled Schlenk tube. The conventional synthesis for DPP-C4 and 

DPP-C6 molecules followed the procedure reported in literature [39]. 

Synthesis of DPP-C4: 3,6-Di(thiophen-2-yl)pyrrolo[3,4-c]pyrrole-1,4(2H,5H)-dione 

(1 eq, 3.33 mmol), K2CO3 (3.3 eq, 10.99 mmol) and a catalytic amount of 18-crown-6 (0.009 

eq, 0.03 mmol) were added in a Schlenk tube and suspended with 12 mL of DMF. The 

reaction was stirred at 120 °C for 20 min and then 1-bromobutane (3.3 eq., 10.99 mmol) 

was added dropwise. The reaction mixture was let at reflux overnight. The next day the 

reaction was allowed to cool to room temperature, the reaction mixture was then recov-

ered using CHCl3. The organic phase was washed with brine two times then dried over 

Na2SO4, filtered and the solvent was evaporated by vacuum. The crude mixture was pu-

rified by flash chromatography on silica gel using 9:1 petroleum ether (PE)/ethyl acetate 

(EtOAc) as the eluent. The clean fraction was dried in vacuum and then analyzed by NMR 

(1H-NMR). The analysis confirms that desired product was obtained with 34% yield 1H 

NMR (CDCl3, 400 MHz): δ (ppm) 8.92 (d, 2H,Ar-H), 7.63 (d, 2H,Ar-H), 7.27 (t, 2H,Ar-H), 4.08 

(t, 4H,-NCH2-), 1.72 (m, 4H), 1.45 (m, 4H), 0.96 (t, 6H,-CH3). 

Synthesis of DPP-C6: 3,6-Di(thiophen-2-yl)pyrrolo[3,4-c]pyrrole-1,4(2H,5H)-dione 

(1 eq, 3.33 mmol), K2CO3 (3.3 eq,10.99 mmol) and a catalytic amount of 18-crown-6 (0.009 

eq, 0.03 mmol) was added in a Schlenk tube and suspended with 12 mL of DMF. The 

reaction was stirred at 120 °C for 20 min and then 1-bromohexane (3.3 eq., 10.99 mmol) 

was added dropwise. The reaction mixture was let at reflux overnight. The next day the 

reaction was allowed to cool to room temperature, the reaction mixture was then recov-

ered using CHCl3. The organic phase was washed with brine two times then dried over 

Na2SO4, filtered and the solvent was evaporated by vacuum. The crude mixture was pu-

rified by flash chromatography on silica gel using 9:1 PE/EtOAc as the eluent. The clean 

fraction was dried in vacuum and then analyzed by NMR (1H-NMR). The analysis con-

firms that desired product was obtained with 40% yield 1H-NMR (400 MHz, CDCl3): δ 8.85 

(d, 2H, Ar-H), 7.55 (d, 2H, Ar-H), 7.21–7.18 (m, 2H, Ar-H), 3.98 (t, 4H, -NCH2-), 1.68 (quintet, 

4H), 1.37–1.21 (m, 12H), 0.81 (t, 6H, -CH3). 



Chem. Proc. 2025, x, x FOR PEER REVIEW 4 of 7 
 

 

2.3. Microwave Alkylation Reaction 

Microwave assisted alkylation reactions were performed in nitrogen filled 10 mL 

pressure vial from CEM for Discover 2.0. 

General procedure for Synthesis of DPP-Cn: 3,6-Di(thiophen-2-yl)pyrrolo[3,4-c]pyr-

role-1,4(2H,5H)-dione (1 eq, 0.1665mmol), K2CO3 (3.3 eq, 0.5494 mmol) and bromoalcane 

(3.3 eq.) and a catalytic amount of 18-crown-6 in a 10 mL microwave vessel and suspended 

with 1.5 mL of DMF. The reactions were conducted using the fixed power method, the con-

dition used was 170 °C, 150 MW for 40 min. The workup procedure was the same as the 

conventional synthesis. 

DPP-C4: Alcane: 1-bromobutane Purified by column chromatography, eluent 

PE/EtOAc 9:1, 1H NMR (CDCl3, 400 MHz): δ (ppm) 8.92–8.91 (d, 2H,Ar-H), 7.63–7.62 (d, 

2H,Ar-H), 7.28–7.26 (t, 2H,Ar-H), 4.09–4.06 (t, 4H,-NCH2-), 1.76–1.69 (m, 4H), 1.49–1.39 (m, 

4H), 0.96 (t, 6H,-CH3), 59% yield. 

DPP-C6: Alcane: 1-bromohexane Purified by column chromatography, eluent 

PE/EtOAc 9:1, 1H-NMR (400 MHz, CDCl3): δ 8.84–8.83 (d, 2H, Ar-H), 7.56–7.54 (d, 2H, Ar-

H), 7.21–7.19 (m, 2H, Ar-H), 4.00–3.97 (t, 4H, -NCH2-), 1.69–163 (quintet, 4H), 1.37–1.31 (m, 

4H), 1.26–1.21 (m, 8H), 0.81 (t, 6H, -CH3), 61.5% yield. 

DPP-C12: Alcane: 1-Bromododecane Purified by column chromatography, eluent 

Hexane/EtOAc 8:2, 1H-NMR (400 MHz, CDCl3): δ 8.92–91 (dd,2H, Ar-H), 7.63–7.62 (dd, 2H, 

Ar-H), 7.28–7.26 (m, 2H, Ar-H), 4.07–4.04 (t, 4H, -NCH2-), 1.76–1.70 (quintet, 4H), 1.43–1.37 

(m, 4H), 1.34–1.20 (m, 32H), 0.86 (t, 6H,-CH3), 82.5% yield. 

DPP-C6(2-Ethyl): Alcane: 2-Ethylhexyl bromide. Purified by column chromatog-

raphy, eluent PE/EtOAc 9:1, 1H NMR (400 MHz, CDCl3): δ 8.88–8.87 (dd, 2H, Ar-H), 7.62–

7.61 (dd, 2H, Ar-H), 7.26–7.25 (d, 2H, Ar-H), 4.06–3.97 (m, 4H -NCH2-), 1.87–1.82 (bs, 2H), 

1.36–1.19 (m, 16H), 0.88–0.82 (m, 12H), 45% yield. 

3. Results and Discussion 

MWA N-alkylation can dramatically shorten reaction times for a range of DPP deriv-

atives while maintaining competitive yields and improving downstream purification effi-

ciency. Switching from conventional bulk heating (24 h) to microwave irradiation (40 min) 

led to a drastic reduction in reaction time without compromising yield—an effect con-

sistent with numerous reports showing that microwave heating accelerates organic trans-

formations by enabling rapid, uniform heating and frequently improving rates, selectivity 

and energy efficiency. 

Microwave conditions also simplified isolation of the desired disubstituted products: 

the reactions run under microwave irradiation produced the disubstituted DPP as the 

dominant product in nearly all tested cases, easing chromatographic separation from 

monosubstituted impurities that typically complicate purifications in bulk procedures. 

This practical advantage contributes to the overall sustainability and scalability of the pro-

tocol by reducing solvent and silica usage in purification steps—an increasingly important 

consideration for synthetic routes aimed at organic electronic applications. MWA N-al-

kylation of DPP with C6 and C4 alkyl chains was first employed to optimize the reaction 

conditions by varying reaction time, temperature, and the presence or absence of 18-

crown-6 [40]. 18-Crown-6 is commonly employed in organic synthesis to enhance the sol-

ubility and reactivity of potassium salts, as the K2CO3 base employed in our reactions, in 

nonpolar solvents by selectively complexing K+ ions, thereby increasing the availability of 

free anionic species and facilitating nucleophilic substitution or elimination reactions. The 

optimized protocol was subsequently applied to DPP derivatives bearing alkyl chains of 

varying lengths—nominally C4, C6, and C12—as well as branched chains such as 2-

ethylhexyl. (Table 1). 
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Table 1. Reaction conditions and yields of DPP derivatives. 

Molecule Temperature Time Crown Ether Yield (%)  

DPP-C4 120 °C 24 h Yes 34 

DPP-C4 1 170 °C 40 min Yes 41 

DPP-C4 1 170 °C 40 min No 59 

DPP-C6 120 °C 24 h Yes 40 

DPP-C6 1 170 °C 40 min Yes 61.5 

DPP-C6 1 170 °C 40 min No 46 

DPP-C12 1 170 °C 40 min Yes 82.5 

DPP-C6(2Et) 1 170 °C 40 min Yes 45 

1 Reaction conducted under microwave irradiation. 

As expected, the yield increases significantly with longer alkyl chains, indicating a 

solubility limitation when shorter alkyl chains are employed, consistent with previous 

reports on DPP [41]. 

4. Conclusions 

Microwave-assisted N-alkylation has been demonstrated as a highly efficient and 

practical method for the functionalization of diketopyrrolopyrrole (DPP) cores. Com-

pared with conventional bulk heating, which typically requires 24 h at elevated tempera-

tures, microwave irradiation enables full conversion in only 40 min, reflecting the sub-

stantial kinetic advantage conferred by dielectric heating. Beyond the acceleration of re-

action rates, MWA promotes the selective formation of N- disubstituted DPP products, 

thereby minimizing the formation of monosubstituted intermediates and N,O-dialkylated 

by-product that complicate purification. This selectivity not only simplifies chromato-

graphic workup but also reduces solvent and silica consumption, contributing to the sus-

tainability, scalability, and cost-effectiveness of the synthetic process. 

The effectiveness of MWA across a range of alkyl chains further underscores its ver-

satility, with longer chains providing improved solubility and higher yields, while shorter 

chains highlight the influence of solubility limitations on reaction efficiency. Such insights 

are particularly valuable for the design and synthesis of DPP derivatives tailored for or-

ganic electronic applications, where precise control over alkyl substitution can directly 

impact film formation, molecular packing, and charge transport properties. 
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