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ABSTRACT: Net selective bromination and 

chlorination of activated C–Hs can be effected 

in generally high yield via a simple perhalo-

genation/dehalogenation sequence.  The pho-

tochemical reductions require no photocata-

lyst, relying instead on the formation of an 

electron donor-acceptor complex of the sub-

strate and reductant, or alternatively auto-photocatalysis.  Some reactions proceed despite any apparent 

photon absorption, serving as a cautionary tale for other photochemical reactions involving amines.  

Mechanistic experiments provide an explanation for this observation. 

 

Alkyl bromides and chlorides are found in natural products1 and 

play a central role in synthesis.2  Consequently, efforts have fo-

cused on the development of mono-3 and enantio-4 selective halo-

genation.  Often the increased reactivity of the products leads to 

inseparable mixtures un-, mono-, and di-halogenated material.  Our 

group has approached the similar problem of organofluorine syn-

thesis from an alternative direction,5 sculpting molecules by 

defluorinating poly- or per-fluorinated molecules to reveal the de-

sired organofluorine.  The approach presented herein parallels the 

work, effectively separating the problems of bond formation and 

reaction selectivity in the context of organo-bromides and –chlo-

rides (Scheme 1A). 

The replacement of a halogen by hydrogen is known as hy-

drodehalogenation, and a number of strategies exist including metal 

halogen exchange,6 nucleophilic hydride substitution,7 atom trans-

fer,8 or single electron transfer fragmentation.9 Recently, Stephen-

son has shown that hydrodehalogenation is possible using a silane 

via an iridium mediated photocatalysis.10 While a mild and efficient 

protocol with broad functional group tolerance, it requires super-

stoichiometric amounts of relatively expensive tris(trimethylsilane) 

in addition to an iridium catalyst which could complicate scaling of 

the reaction. 

Recently, visible light-induced photocatalyst-free organic trans-

formations have received considerable attention.11 Among these, 

electron-donor–acceptor (EDA) complex-mediated reactions are 

particularly intriguing. The diffusion controlled, ground-state asso-

ciation between an electron-rich donor and an electron-poor accep-

tor, produces an electron donor−acceptor (EDA) complex often 

characterized by the appearance of a weak absorption band due to 

charge-transfer from donor to acceptor. In many cases, the energy 

of this transition lies within the visible range.12  EDA complexes 

have been postulated to initiate organic transformations when irra-

diated by visible light.13 Though the photophysical properties of 

EDA complexes have been extensively studied recently,14 their use 

in synthetic chemistry has been more limited, though notable ex-

amples of their utility exists.  They include radical-nucleophilic ar-

omatic substitutions,15 nitration of substituted benzene com-

pounds,16 2-arylation of pyrroles with diaryliodonium salts,17 intra-

molecular cyclization α,β-unsaturated lactams, lactones, and cyclo-

alkenones with pendant alkyl iodides,18 asymmetric α-alkylation of 

aldehydes with alkyl halides19 and α-C–H functionalization of ter-

tiary amines.20 

Scheme 1. Conceptual Comparison 

  

Encouraged by the examples of successful reactions mediated by 

the photochemistry of EDA complexes, we began studying the vis-

ible light mediated debromination by N,N-diisopropylethylamine 

(DIPEA) (Scheme 1B). We chose ,-dibromo sulfonyl acetate 

(1b) for optimization of the debromination reaction (Table 1). The 

debromination of 1b was carried out with 1.5 equiv of DIPEA with 

blue LED irradiation at room temperature. Initial solvent screening 



 

(entry 2) revealed that dichloromethane, toluene and tetrahydrofu-

ran gave low conversion, while polar solvents (entry 3) facilitated 

the complete conversion of the reaction with high yield. However, 

MeCN was found to be the optimal solvent (entry 1) for the debro-

mination. The rate of the reaction did appear to depend on the 

equivalents of amine (entries 1, 4 and 5) and an increase in the 

amount of amine led to didebrominated product. Use of 1.5 equiv 

of amine gave the highest yield for mono-debromination. Explora-

tion of other amines showed diminished reactivity or low yield with 

triethylamine (entry 6) and DBU (entry 7). As expected, the use of 

inorganic base, potassium carbonate, did not form any product (en-

try 8). The reaction did proceed with Hantzsch ester instead of 

amine, but showed relatively slow conversion (entry 9). Adding 

water accelerated the reaction (entry 10), but led to undesired dide-

brominated product.  Thus, dry conditions provided higher yields. 

When the reaction was irradiated with lower energy green light (en-

try 11) the reaction gave only trace conversion, while higher energy 

violet light (entry 12) more rapidly gave complete conversion, but 

also led to didebrominated product, thus we opted to use blue light 

so as to maintain better control of the product distribution. Control 

studies demonstrated the necessity of both amine and light (entry 

13). The addition of 1.5 equiv TEMPO led to only trace conversion, 

suggesting the presence of a radical intermediate (entry 14). 

Table 1. Optimization of dehalogenation 

 
entry modification time conv%a 1c%a 

1 none 45 min 100 96 

2 DCM, Tol or THF instead of 
MeCN 

90 min <39 38-20 

3 DMF or DMSO instead of 
MeCN 

60 min 100 85-87b 

4 1 equiv of DIPEA 73 min 100 90 

5 2 equiv of DIPEA 30 min 100 84b 

6 1.5 equiv of Et3N instead of 
DIPEA 

90 min 78 75 

7 1.5 equiv of DBU instead of 
DIPEA 

90 min 94 75 

8 1.5 equiv of K2CO3 instead of 
DIPEA 

45 min 0 0 

9 1.5 equiv of Hantzsch Ester 
instead of DIPEA 

75 min 63 51 

10 3 equiv of water 35 min 100 87b 

11 Green LEDs instead of Blue 
LEDs 

45 min 5 5 

12 Purple LEDs instead of Blue 
LEDs 

30 min 100 89b 

13 In dark or no DIPEA 45 min 0 0 

14 1.5 equiv of TEMPO 45 min 3 3 

 

adetermined by 19F NMR. bformed didebrominated product is 

10% or more (see SI). 

Having optimized the reaction conditions, we explored the sub-

strate scope (Scheme 2). As the first step, we synthesized a series 

of fully-brominated ketones, esters and sulfones substrates (1b-

12b).  The synthetic utility of our approach hinges on facile 

perhalogenation, and we show that by using established literature 

procedures the di- or tri-brominated starting materials can generally 

be synthesized in high yields.3h, 21 Next, hydrodebromination was 

performed.  Sulfonyl esters (1b-3b) showed complete conversion 

within a short time period (0.75-2 h) and formed the intended 

debrominated product (1c-3c) in excellent yield. Whereas α-bromo 

ketones, esters and mono-activated sulfones (4b-12b) required 

longer reaction times and increased DIPEA loading (2 vs. 1.5 

equiv) compared to sulfonyl esters, but gave mono-debrominated 

products in high yield. Furthermore, it is conceivable that enoliza-

ble substrate including 7b & 8b may undergo debromination via a 

different mechanism under the reaction condition.22  

Scheme 2. Molecular sculpting approach to monohalogenation 

 

Dibromotoluene, 13b, required longer reaction time and higher 

amine loading, but good conversion was achieved. 



 

Upon further investigation, we found that this protocol was also 

amenable to the dechlorination of α-chloroketones (15b, 16b) and 

sulfonyl esters (14b). Longer reaction times were found to be nec-

essary to achieve good yields, however. Moreover, the dechlorina-

tion reaction took place faster upon switching to higher energy vi-

olet LEDs.   

During the course of our studies we noticed that a marked yellow 

color appeared immediately upon mixing ketone 7b with the 

DIPEA.  We suspected the formation of an EDA complex23 and 

that this was responsible for the apparent photochemistry. To gain 

insight, we performed several UV−Vis spectroscopic experiments. 

As shown in Figure 1, while the UV-Vis spectra of both 7b and 

DIPEA in MeCN absorb below 380 nm, the spectrum of a mixture 

of both components shows a bathochromic shift above 400 nm. The 

observation of this charge transfer band strongly supports the ex-

istence of the EDA complex. The formation of a yellow solution 

upon mixing of the substrates and DIPEA was generally a good 

indicator that the reaction would take place via an EDA com-

plex (7b, 8b and 9b), though for some substrates an EDA complex 

formed it was not visible (i.e. 13b).  Moreover, following the 

debromination of 7b via 1H NMR (Figure 2, left) demonstrated the 

benefit of the additional amine, which gave overall greater for-

mation of the product at a faster rate. 

 

Figure. 1 UV-Vis absorption spectra recorded in MeCN in a 1 cm 

path quartz cuvettes; [7b] = 0.1 M, [DIPEA] = 0.15 M, [1b] = 0.1 

M. 

 

In stark contrast to ketone 7b, sulfone 1b did not form any visu-

ally detectable EDA complex which was supported by UV-Vis ex-

periments (Figure 1, right).  Control studies reassured us that this 

was indeed a photochemical reaction, but by appearances the reac-

tion, in violation of Grotthuss–Draper law, did not absorb a visible 

photon.  As shown in Figure 1 (right) the absorption of 1b in 

MeCN approaches zero near 310 nm but a 1:1.5 mixture of 1b and 

DIPEA showed a slight bathochromic displacement but its absorb-

ance too drops off before it reaches the visible region. Following 

the debromination of 1b by 19F NMR (Figure 2, right) revealed a 

sigmoidal profile. The reaction had a conspicuous lag time in first 

few minutes. Such a kinetic profile is consistent with autocataly-

sis.24 

Furthermore, during the debromination reactions of 1b, upon ir-

radiation of the reaction mixture with blue light, it was noted that 

the appearance of the reaction mixture changed from colorless to 

deep yellow and later to yellowish brown (See inset Figure 3). We 

studied the origin of the prominent color change via UV-Vis spec-

troscopy. 

 

 

 

Figure. 2 Photo-reductive debromination of 7b and 1b in MeCN 

solution under blue light with different DIPEA concentrations. In-

itial concentrations of 7b = 0.1 M. Percentage of product deter-

mined by 1H NMR. Initial concentrations of 1b = 0.1 M. Percentage 

of product determined by 19F NMR. 

 

Monitoring the UV-Vis absorption spectra of a reaction mixture 

taken every 2 min for 32 min during the debromination (Figure 3, 

see SI for details). Initially, only a strong band below 350 nm was 

noted. But after just 4 minutes had elapsed, new bands started to 

emerge and became quite prominent after 8 minutes, the solution 

becoming a deep yellow. Recently, Bach and coworkers25 noted a 

similar observation during the intramolecular cyclization of α,β-un-

saturated lactams, lactones, and cycloalkenones with pendant alkyl 

iodides upon irradiation with visible light (λ=419 nm) in the pres-

ence of DIPEA. The intensely colored by-products were proposed 

to be streptocyanine dyes, based on mass spectrometric evidence 

and comparison with known compounds.  Importantly, they were 

shown to be key to successful reaction.  

 

Figure. 3 Time-dependent UV/Vis spectra of debromination reac-

tion of 1b recorded in MeCN under blue light; [1b] = 0.1 M, 

[DIPEA] = 0.15 M. The reaction was carried out in a 1 cm path 

quartz cuvette using blue light on a fiber optic cable. 

 

Streptocyanine dyes26 are part of the family of polymethine 

dyes.27  These organic compounds are cationic, contain an odd 

numbered carbon chain, which terminates in two acyclic nitrogen 

atoms. When the nitrogen atoms are heterocyclic they are simply 

called cyanine dyes.26a, 28 These dyes are potentially formed from 

the dimerization of amines, conjugating an enamine and an imin-

ium.  Depending on the number of conjugated vinyl units, they are 



 

known to absorb photons that can run the energy gamut from the 

UV to IR region.25, 29  The cationic nature of the amine makes it 

ideal for staining cell surfaces for which it is used extensively.30  

Furthermore, they have been used as photocatalysts to excite elec-

trons into the conduction band of titanate complexes.31  However, 

to our knowledge they have not been used as catalysts in visible 

light photocatalysis-at least from the outset of the reaction.  The 

absence of their use in photocatalysis may stem from their tendency 

to decompose via any number of pathways, including photo,32 ther-

mal,32f and hydrolytic. However, if they can be reliably generated 

in situ, and their reactivity anticipated, they can become another 

useful tool for the synthetic chemist. 

We postulate that a streptocyanine dye of some kind (Scheme 3, 

bottom) is formed under the reaction conditions, and that it is re-

sponsible for photoinduced electron transfer to the substrate, gen-

eration of a radical anion, subsequent alpha-elimination of the hal-

ide and formation of the alkyl radical. The alkyl radical can then 

undergo hydrogen atom transfer with an amine radical cation.  

DIPEA reduces the oxidized dye and completes the cycle.  Alt-

hough our attempts to directly characterize the dye failed, we were 

able to perform several experiments that probed the nature of the 

active photocatalyst.  When the debromination of sulfone 2b was 

run to ca. 50% conversion, a small aliquot was transferred to a fresh 

solution involving a different dibromo-substrate (Scheme 4, eqn 1).  

When compared to a control reaction, in which no aliquot from the 

partially converted reaction had been added, the reaction did not 

display the aforementioned lag time. 

 

Scheme 3. Proposed mechanism and potential streptocyanine 

dye 

 

 

Given that streptocyanine dyes  were not present at the beginning 

of the reaction and therefore could not be the causative agent at the 

beginning of the reaction, we expected that trace amounts of ad-

ventitious UV light might lead to a photoinduced single electron 

transfer (SET) from the amine to the dibromide substrate and initi-

ate a process that ultimately leads to the formation of a visible light 

absorbing dye in situ that was itself capable of the photoinduced 

SET and primarily responsible for subsequent visible light medi-

ated hydrodebromination.  Consistent with this idea, Figure 1 

(right) displayed an EDA complex, though weak and in the UVA 

region, between sulfone 1b and DIPEA.  We probed this idea by 

intentionally subjecting dibromomalonate 4b, which normally took 

18 h to reach completion, to UV-light with a hand-held UV lamp-

designed for TLC analysis for just 1 minute and then returned the 

reaction to the blue LED light bath, we observed that the lag-time 

could also be avoided (Scheme 4, eqn 2). 

In another attempt to probe the nature of the active catalyst which 

we suspected were Streptocyanine dyes, we added 10 mol% so-

dium cyanoborohydride which we anticipated, and verified, would 

reduce the iminium but not the sulfone. Indeed, we observed that 

sodium cyanoborohydride slowed the conversion to the mono-bro-

mide, though it did not stop it completely. (Scheme 4, eqn 3).  The 

solution with the sodium cyanoborohydride remained colorless for 

longer than the control reaction, before eventually coloring.  The 

delayed coloring is consistent with reduction of the conjugated dye. 

Using a related commercially available streptocyanine dye, we 

were able to probe its catalytic ability (Scheme 4, eqn 4). Sulfone 

2b was subjected to debromination in the presence of a catalytic 

amount of the commercial streptocyanine dye, which resulted in a 

rate enhancement compared with the standard.33 

 

Scheme 4. Mechanistic experiments 

 

 

In conclusion, we have shown that two-step bromination/debro-

mination is a viable approach to bromination, affording valuable 

building blocks in high yields.  We have also shown that the poten-

tial for a photochemical reaction should not be assumed based on 

the presences/absence of an EDA complex, and have provided use-

able insight into some of the causative agents at work.  Given the 

frequency of the use of tertiary amines in photocatalysis work, care 

should be taken to ensure that any added photocatalyst is truly the 

causative agent in respective applications. 

ASSOCIATED CONTENT  

Supporting Information 

Procedures, compound characterization, additional experiments, 

and spectra (PDF) 



 

AUTHOR INFORMATION 

Corresponding Author 

*Jimmie.Weaver@okstate.edu  

ACKNOWLEDGMENT  

We thank the NSF (CHE-1453891) and Jon Day (Oklahoma State 

University) for editing.  

REFERENCES
1. (a) Gál, B.; Bucher, C.; Burns, N. Z., Chiral Alkyl Halides: 

Underexplored Motifs in Medicine. Mar drugs 2016, 14, 206; (b) Chung, 
W.-j.; Vanderwal, C. D., Stereoselective Halogenation in Natural Product 

Synthesis. Angew. Chem. Int. Ed. Engl. 2016, 55, 4396; (c) Gribble, G. W., 

Naturally Occurring Organohalogen Compounds - A Comprehensive 
Update. Springer Vienna: 2009; (d) Gribble, G. W., The diversity of 

naturally produced organohalogens. Chemosphere 2003, 52, 289. 

2. (a) Kambe, N.; Iwasaki, T.; Terao, J., Pd-catalyzed cross-coupling 
reactions of alkyl halides. Chem. Soc. Rev 2011, 40, 4937; (b) Saito, B.; 

Fu, G. C., Alkyl−Alkyl Suzuki Cross-Couplings of Unactivated Secondary 

Alkyl Halides at Room Temperature. J. Am. Chem. Soc. 2007, 129, 9602; 
(c) Terao, J.; Kambe, N., Cross-Coupling Reaction of Alkyl Halides with 

Grignard Reagents Catalyzed by Ni, Pd, or Cu Complexes with π-Carbon 

Ligand(s). Acc. Chem. Res. 2008, 41, 1545; (d) McMurry, J., Organic 
Chemistry. Brooks/Cole Cengage Learning: 2011. 

3. (a) Saikia, I.; Borah, A. J.; Phukan, P., Use of Bromine and Bromo-

Organic Compounds in Organic Synthesis. Chem. Rev. 2016, 116, 6837; 
(b) Podgoršek, A.; Zupan, M.; Iskra, J., Oxidative Halogenation with 

“Green” Oxidants: Oxygen and Hydrogen Peroxide. Angew. Chem. Int. Ed. 

Engl. 2009, 48, 8424; (c) Kolvari, E.; Koukabi, N.; Khoramabadi-zad, A.; 
Shiri, A.; Ali Zolfigol, M., Alternative Methodologies for Halogenation of 

Organic Compounds. Curr. Org. Synth. 2013, 10, 837; (d) Sabuzi, F.; 

Pomarico, G.; Floris, B.; Valentini, F.; Galloni, P.; Conte, V., Sustainable 
bromination of organic compounds: A critical review. Coord. Chem. Rev. 

2019, 385, 100; (e) Nishina, Y.; Ohtani, B.; Kikushima, K., Bromination of 

hydrocarbons with CBr4, initiated by light-emitting diode irradiation. 
Beilstein J. Org. Chem. 2013, 9, 1663; (f) Cantillo, D.; Kappe, C. O., 

Halogenation of organic compounds using continuous flow and 

microreactor technology. React. Chem. Eng. 2017, 2, 7; (g) Smith, A. M. 
R.; Hii, K. K., Transition Metal Catalyzed Enantioselective α-

Heterofunctionalization of Carbonyl Compounds. Chem. Rev. 2011, 111, 

1637; (h) Suryakiran, N.; Prabhakar, P.; Srikanth Reddy, T.; Chinni 
Mahesh, K.; Rajesh, K.; Venkateswarlu, Y., Chemoselective mono 

halogenation of β-keto-sulfones using potassium halide and hydrogen 

peroxide; synthesis of halomethyl sulfones and dihalomethyl sulfones. 
Tetrahedron Lett. 2007, 48, 877; (i) Poteat, C. M.; Lindsay, V. N. G., 

Controlled α-mono- and α,α-di-halogenation of alkyl sulfones using 

reagent–solvent halogen bonding. Chem. Commun. 2019, 55, 2912; (j) 
Erian, A. W.; Sherif, S. M.; Gaber, H. M., The Chemistry of α-Haloketones 

and Their Utility in Heterocyclic Synthesis. Molecules 2003, 8, 793; (k) 

Mohan, R. B.; Reddy, N. C. G., Regioselective α-Bromination of Aralkyl 
Ketones Using N-Bromosuccinimide in the Presence of Montmorillonite K-

10 Clay: A Simple and Efficient Method. Synth. Commun. 2013, 43, 2603; 
(l) Pravst, I.; Zupan, M.; Stavber, S., Halogenation of ketones with N-

halosuccinimides under solvent-free reaction conditions. Tetrahedron 2008, 

64, 5191; (m) Jagatheesan, R.; Joseph Santhana Raj, K.; Lawrence, S.; 

Christopher, C., Electroselective α-bromination of acetophenone using in 

situ bromonium ions from ammonium bromide. RSC Adv 2016, 6, 35602. 

4. (a) Brochu, M. P.; Brown, S. P.; MacMillan, D. W. C., Direct and 
Enantioselective Organocatalytic α-Chlorination of Aldehydes. J. Am. 

Chem. Soc. 2004, 126, 4108; (b) Halland, N.; Braunton, A.; Bachmann, S.; 

Marigo, M.; Jørgensen, K. A., Direct Organocatalytic Asymmetric α-
Chlorination of Aldehydes. J. Am. Chem. Soc. 2004, 126, 4790; (c) 

Bertelsen, S.; Halland, N.; Bachmann, S.; Marigo, M.; Braunton, A.; 

Jørgensen, K. A., Organocatalytic asymmetric α-bromination of aldehydes 
and ketones. Chem. Commun. 2005, 4821; (d) Ueda, M.; Kano, T.; 

Maruoka, K., Organocatalyzed direct asymmetric α-halogenation of 

carbonyl compounds. Org. Biomol. Chem. 2009, 7, 2005. 
5. (a) Senaweera, S. M.; Singh, A.; Weaver, J. D., Photocatalytic 

Hydrodefluorination: Facile Access to Partially Fluorinated Aromatics. J. 

Am. Chem. Soc. 2014, 136, 3002; (b) Khaled, M. B.; El Mokadem, R. K.; 
Weaver, J. D., Hydrogen Bond Directed Photocatalytic 

Hydrodefluorination: Overcoming Electronic Control. J. Am. Chem. Soc. 

2017, 139, 13092; (c) Singh, A.; Fennell, C. J.; Weaver, J. D., Photocatalyst 
size controls electron and energy transfer: selectable E/Z isomer synthesis 

via C–F alkenylation. Chem. Sci. 2016, 7, 6796; (d) Senaweera, S.; Weaver, 

J. D., Dual C–F, C–H Functionalization via Photocatalysis: Access to 
Multifluorinated Biaryls. J. Am. Chem. Soc. 2016, 138, 2520; (e) Singh, 

A.; Kubik, J. J.; Weaver, J. D., Photocatalytic C–F alkylation; facile access 

to multifluorinated arenes. Chem. Sci. 2015, 6, 7206; (f) Priya, S.; Weaver, 

J. D., Prenyl Praxis: A Method for Direct Photocatalytic 
Defluoroprenylation. J. Am. Chem. Soc. 2018, 140, 16020. 

6. Bailey, W. F.; Patricia, J. J., The mechanism of the lithium - halogen 

Interchange reaction : a review of the literature. J Organomet Chem 1988, 
352, 1. 

7. Yoon, N. M., Selective reduction of organic compounds with aluminum 

and boron hydrides. In Pure and Applied Chemistry, 1996; Vol. 68, p 843. 
8. (a) Neumann, W. P., Tri-n-butyltin Hydride as Reagent in Organic 

Synthesis. Synthesis 1987, 1987, 665; (b) Curran, D. P., The Design and 

Application of Free Radical Chain Reactions in Organic Synthesis. Part 1. 
Synthesis 1988, 1988, 417; (c) Curran, D. P., The Design and Application 

of Free Radical Chain Reactions in Organic Synthesis. Part 2. Synthesis 

1988, 1988, 489; (d) O’Mahony, G., Triethylborane (Et3B). Synlett 2004, 
2004, 572. 

9. Alonso, F.; Beletskaya, I. P.; Yus, M., Metal-Mediated Reductive 

Hydrodehalogenation of Organic Halides. Chem. Rev. 2002, 102, 4009. 
10. Devery, J. J.; Nguyen, J. D.; Dai, C.; Stephenson, C. R. J., Light-

Mediated Reductive Debromination of Unactivated Alkyl and Aryl 

Bromides. ACS Catal 2016, 6, 5962. 
11. (a) Moteki, S. A.; Usui, A.; Selvakumar, S.; Zhang, T.; Maruoka, K., 

Metal-Free C H Bond Activation of Branched Aldehydes with a 

Hypervalent Iodine(III) Catalyst under Visible-Light Photolysis: 
Successful Trapping with Electron-Deficient Olefins. Angew. Chem. Int. 

Ed. Engl. 2014, 53, 11060; (b) Tan, H.; Li, H.; Ji, W.; Wang, L., Sunlight-

Driven Decarboxylative Alkynylation of α-Keto Acids with 
Bromoacetylenes by Hypervalent Iodine Reagent Catalysis: A Facile 

Approach to Ynones. Angew. Chem. Int. Ed. Engl. 2015, 54, 8374; (c) Li, 

L.; Mu, X.; Liu, W.; Wang, Y.; Mi, Z.; Li, C.-J., Simple and Clean 
Photoinduced Aromatic Trifluoromethylation Reaction. J. Am. Chem. Soc. 

2016, 138, 5809; (d) Xie, X.; Li, P.; Shi, Q.; Wang, L., Visible-light-

induced tandem cyclization of 2-alkynylanilines with disulfides: a 
convenient method for accessing benzothiophenes under transition-metal-

free and photocatalyst-free conditions. Org. Biomol. Chem. 2017, 15, 7678. 

12. Lima, C. G. S.; de M. Lima, T.; Duarte, M.; Jurberg, I. D.; Paixão, M. 
W., Organic Synthesis Enabled by Light-Irradiation of EDA Complexes: 

Theoretical Background and Synthetic Applications. ACS Catal 2016, 6, 

1389. 
13. Postigo, A., Electron Donor-Acceptor Complexes in 

Perfluoroalkylation Reactions. Eur. J. Org. Chem. 2018, 2018, 6391. 

14. (a) Foster, R., Electron donor-acceptor complexes. J. Phys. Chem. 1980, 
84, 2135; (b) Rosokha, S. V.; Kochi, J. K., Fresh Look at Electron-Transfer 

Mechanisms via the Donor/Acceptor Bindings in the Critical Encounter 
Complex. Acc. Chem. Res. 2008, 41, 641; (c) Hilinski, E. F.; Masnovi, J. 

M.; Amatore, C.; Kochi, J. K.; Rentzepis, P. M., Charge-transfer excitation 

of electron donor-acceptor complexes. Direct observation of ion pairs by 

time-resolved (picosecond) spectroscopy. J. Am. Chem. Soc. 1983, 105, 

6167; (d) Hubig, S. M.; Bockman, T. M.; Kochi, J. K., Optimized Electron 

Transfer in Charge-Transfer Ion Pairs. Pronounced Inner-Sphere Behavior 
of Olefin Donors. J. Am. Chem. Soc. 1996, 118, 3842; (e) Mulliken, R. S., 

Molecular compounds and their spectra. III. The interaction of electron 

donors and acceptors. J. Phys. Chem. 1952, 56, 801. 
15. Fox, M. A.; Younathan, J.; Fryxell, G. E., Photoinitiation of the SRN1 

reaction by excitation of charge-transfer complexes. J. Org. Chem. 1983, 

48, 3109. 
16. Sankararaman, S.; Haney, W. A.; Kochi, J. K., Aromatic nitration with 

ion radical pairs [ArH.cntdot.+,NO2.cntdot.] as reactive intermediates. 

Time-resolved studies of charge-transfer activation of dialkoxybenzenes. J. 
Am. Chem. Soc. 1987, 109, 5235. 

17. Tobisu, M.; Furukawa, T.; Chatani, N., Visible Light-mediated Direct 

Arylation of Arenes and Heteroarenes Using Diaryliodonium Salts in the 
Presence and Absence of a Photocatalyst. Chem. Lett. 2013, 42, 1203. 

18. Davies, J.; Booth, S. G.; Essafi, S.; Dryfe, R. A. W.; Leonori, D., 

Visible-Light-Mediated Generation of Nitrogen-Centered Radicals: Metal-
Free Hydroimination and Iminohydroxylation Cyclization Reactions. 

Angew. Chem. Int. Ed. Engl. 2015, 54, 14017. 

19. Arceo, E.; Jurberg, I. D.; Álvarez-Fernández, A.; Melchiorre, P., 
Photochemical activity of a key donor–acceptor complex can drive 

stereoselective catalytic α-alkylation of aldehydes. Nat Chem 2013, 5, 750. 



 

 

6 

20. Franz, J. F.; Kraus, W. B.; Zeitler, K., No photocatalyst required – 

versatile, visible light mediated transformations with polyhalomethanes. 
Chem. Commun. 2015, 51, 8280. 

21. (a) Raghunadh, A.; Meruva, S. B.; Kumar, N. A.; Kumar, G. S.; Rao, 

L. V.; Syam Kumar, U. K., An Efficient and Practical Synthesis of Aryl and 
Hetaryl α-Keto Esters. Synthesis 2012, 44, 283; (b) Lenihan, B. D.; 

Shechter, H., Chemistry of Conversions of [o-[1-Halo-1-(p-

tolylsulfonyl)alkyl]benzyl]trimethylsilanes to o-Quinodimethanes and 
Benzocyclobutenes. J. Org. Chem. 1998, 63, 2086; (c) Zhang, G.-B.; Wang, 

F.-X.; Du, J.-Y.; Qu, H.; Ma, X.-Y.; Wei, M.-X.; Wang, C.-T.; Li, Q.; Fan, 

C.-A., Toward the Total Synthesis of Palhinine A: Expedient Assembly of 
Multifunctionalized Isotwistane Ring System with Contiguous Quaternary 

Stereocenters. Org. Lett. 2012, 14, 3696; (d) 5,5-Dibromo-2,2-dimethyl-

1,3-dioxane-4,6-dione. In Encyclopedia of Reagents for Organic Synthesis. 
22.  A UV-Vis study is included in the SI. 

23. (a) Here, EDA complex is likely halogen bonding interaction between 

haloalkane and amine; (b) Blackstock, S. C.; Lorand, J. P.; Kochi, J. K., 

Charge-transfer interactions of amines with tetrahalomethanes. X-ray 
crystal structures of the donor-acceptor complexes of quinuclidine and 

diazabicyclo [2.2.2]octane with carbon tetrabromide. J. Org. Chem. 1987, 

52, 1451; (c) Cavallo, G.; Metrangolo, P.; Milani, R.; Pilati, T.; Priimagi, 
A.; Resnati, G.; Terraneo, G., The Halogen Bond. Chem. Rev. 2016, 116, 

2478; (d) Sun, C.; Chang, W.; Ma, W.; Chen, C.; Zhao, J., Photoreductive 

Debromination of Decabromodiphenyl Ethers in the Presence of 
Carboxylates under Visible Light Irradiation. Environ. Sci. Technol. 2013, 

47, 2370. 

24. (a) Semenov, S. N.; Belding, L.; Cafferty, B. J.; Mousavi, M. P. S.; 
Finogenova, A. M.; Cruz, R. S.; Skorb, E. V.; Whitesides, G. M., 

Autocatalytic Cycles in a Copper-Catalyzed Azide–Alkyne Cycloaddition 

Reaction. J. Am. Chem. Soc. 2018, 140, 10221; (b) Ferrer Flegeau, E.; 
Bruneau, C.; Dixneuf, P. H.; Jutand, A., Autocatalysis for C–H Bond 

Activation by Ruthenium(II) Complexes in Catalytic Arylation of 

Functional Arenes. J. Am. Chem. Soc. 2011, 133, 10161; (c) Bissette, A. J.; 
Fletcher, S. P., Mechanisms of Autocatalysis. Angew. Chem. Int. Ed. Engl. 

2013, 52, 12800. 

25. Böhm, A.; Bach, T., Radical Reactions Induced by Visible Light in 

Dichloromethane Solutions of Hünig's Base: Synthetic Applications and 
Mechanistic Observations. Chem. Eur. J. 2016, 22, 15921. 

26. (a) Taft, R. W., Progress in Physical Organic Chemistry. Wiley: 2009; 

(b) Guieu, V.; Izquierdo, A.; Garcia-Alonso, S.; André, C.; Madaule, Y.; 
Payrastre, C., Fluorescent Streptocyanine Dyes: Synthesis and 

Photophysical Properties – Synthesis of a New Hemicarboxonium Salt. Eur. 

J. Org. Chem. 2007, 2007, 804. 
27. (a) Raghavachari, R., Near-Infrared Applications in Biotechnology. 

Taylor & Francis: 2000; (b) Bricks, J. L.; Kachkovskii, A. D.; Slominskii, 

Y. L.; Gerasov, A. O.; Popov, S. V., Molecular design of near infrared 

polymethine dyes: A review. Dyes and Pigments 2015, 121, 238; (c) 

Ishchenko, A. A., Structure and spectral-luminescent properties of 
polymethine dyes. Russ. Chem. Rev. 1991, 60, 865. 

28. (a) Shindy, H. A., Fundamentals in the chemistry of cyanine dyes: A 

review. Dyes Pigm 2017, 145, 505; (b) Panigrahi, M.; Dash, S.; Patel, S.; 
Mishra, B. K., Syntheses of cyanines: a review. Tetrahedron 2012, 68, 781; 

(c) Hunger, K., Industrial Dyes: Chemistry, Properties, Applications. 

Wiley: 2007. 
29. (a) Le Guennic, B.; Jacquemin, D., Taking Up the Cyanine Challenge 

with Quantum Tools. Acc. Chem. Res. 2015, 48, 530; (b) Lenhard, J. R.; 

Cameron, A. D., Electrochemistry and electronic spectra of cyanine dye 
radicals in acetonitrile. J. Phys. Chem. 1993, 97, 4916; (c) Schreiber, M.; 

Buß, V.; Fülscher, M. P., The electronic spectra of symmetric cyanine dyes: 

A CASPT2 study. Phys. Chem. Chem. Phys. 2001, 3, 3906; (d) Gayton, J. 
N.; Autry, S.; Fortenberry, R. C.; Hammer, N. I.; Delcamp, J. H., Counter 

Anion Effect on the Photophysical Properties of Emissive Indolizine-

Cyanine Dyes in Solution and Solid State. Molecules 2018, 23, 3051; (e) 
Levitz, A.; Marmarchi, F.; Henary, M., Introduction of various substitutions 

to the methine bridge of heptamethine cyanine dyes Via substituted dianil 

linkers. Photochem. Photobiol. Sci. 2018, 17, 1409; (f) Taniguchi, M.; 

Lindsey, J. S., Database of Absorption and Fluorescence Spectra of >300 

Common Compounds for use in PhotochemCAD. Photochem. Photobiol. 

2018, 94, 290. 
30. (a) Ryzhova, O.; Tarabara, U.; Trusova, V.; Kurutos, A. In Aggregation 

of cyanine dyes in lipid environment, 2015 International Young Scientists 

Forum on Applied Physics (YSF), 29 Sept.-2 Oct. 2015; 2015; pp 1; (b) Lu, 
T.; Lin, Z.; Ren, J.; Yao, P.; Wang, X.; Wang, Z.; Zhang, Q., The Non-

Specific Binding of Fluorescent-Labeled MiRNAs on Cell Surface by 
Hydrophobic Interaction. PLoS One 2016, 11, e0149751. 

31. Miyamoto, N.; Kuroda, K.; Ogawa, M., Visible Light Induced Electron 

Transfer and Long-Lived Charge Separated State in Cyanine Dye/Layered 
Titanate Intercalation Compounds. J. Phys. Chem. B 2004, 108, 4268. 

32. (a) Zhao, J.; Chen, C.; Ma, W., Photocatalytic Degradation of Organic 

Pollutants Under Visible Light Irradiation. Top Catal 2005, 35, 269; (b) 
Yang, S.; Tian, H.; Xiao, H.; Shang, X.; Gong, X.; Yao, S.; Chen, K., 

Photodegradation of cyanine and merocyanine dyes. Dyes and Pigments 

2001, 49, 93; (c) Toutchkine, A.; Nguyen, D.-V.; Hahn, K. M., 

Merocyanine Dyes with Improved Photostability. Org. Lett. 2007, 9, 2775; 

(d) Renikuntla, B. R.; Rose, H. C.; Eldo, J.; Waggoner, A. S.; Armitage, B. 

A., Improved Photostability and Fluorescence Properties through 
Polyfluorination of a Cyanine Dye. Org. Lett. 2004, 6, 909; (e) Wang, M.; 

Holmes-Davis, R.; Rafinski, Z.; Jedrzejewska, B.; Choi, K. Y.; Zwick, M.; 

Bupp, C.; Izmailov, A.; Paczkowski, J.; Warner, B.; Koshinsky, H., 
Accelerated Photobleaching of a Cyanine Dye in the Presence of a Ternary 

Target DNA, PNA Probe, Dye Catalytic Complex: A Molecular 

Diagnostic. Anal. Chem. 2009, 81, 2043; (f) Sha, X.-L.; Niu, J.-Y.; Sun, R.; 
Xu, Y.-J.; Ge, J.-F., Synthesis and optical properties of cyanine dyes with 

an aromatic azonia skeleton. Org Chem Front 2018, 5, 555. 

33.  For more experiments with streptocyanine dye see SI. 

 

 

 

 

 

 


