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An Alternative Strategy for CO2 Valorization with Solar Energy  

Xing He, Xiang-Yang Yao, Kai-Hong Chen,* and Liang-Nian He* 

Dedicated to the 100th birthday anniversary of Professor Ruyu Chen and the 100th anniversary of Nankai University 

Abstract: A visible-light-promoted metal-free carboxylative cyclization of 

propargylic amines with CO2 is described to offer exo-iodomethylene 2-

oxazolidinones. Incorporation of both CO2 and iodo moiety into the titled 

compounds is realized efficiently. The mechanism study reveals that this 

carboxylative cyclization proceeds via a radical path. Notably, the iodine-

functionalized 2-oxazolidinone as a platform molecule can be easily 

converted into wide ranges of value-added chemicals through Buchwald-

Hartwig, Suzuki, Sonogashira, photocatalytic ene and photoreduction 

reaction, respectively. As a result, the plentiful downstream transformations 

remarkably enlarge the range of chemicals derived from CO2 and open a 

potential avenue for CO2 functionalization to circumvent energy challenge 

in this field. 

Photocatalysis, particularly for visible-light-driven catalysis, has 

attracted numerous attentions and used as a sustainable and green 

methodology in organic synthesis, due to the unique advantages 

of mild conditions, high efficiency and clean energy supply.
[1]

 

Traditionally, organic substrate is activated through three patterns 

in the photochemical process, i.e., photoredox,
[2]

 energy transfer,
[3]

 

and photoexcitation.
[4]

 Different from the first two types, no extra 

photosensitizer (transition metal complexes or organic dyes) is 

needed in the third one, some substrates, such as ketones, 

carboxylic acids, halides and so on, can absorb light, and 

transforms themselves into reactive intermediates then initiate the 

photochemical reaction.
[5]

 Iodine (I2), a cheap and versatile 

chemical, is widely used in various synthetic reaction.
[6]

 The 

ability to absorb visible light (450-600 nm)
[7]

 makes I2 as a 

photocatalyst in Mallory reaction,
[8]

 photo-oxidation,
[9]

 aerobic 

photo-decarboxylation,
[10]

 and other photoreactions.
[11]

 In this 

regard, I2 has enormous potential in metal-free photocatalysis. 

Although known as the major greenhouse gas, CO2 is an 

abundant, nontoxic and sustainable C1 source for the synthesis of 

various value-added chemicals.
[12]

 Among the prosperous CO2 

transformations, the carboxylative cyclization of propargylic 

amines with CO2 is an appealing and promising approach to offer 

2-oxazolidinones. Such a strategy not only is endowed with high 

atom-economy for CO2 fixation, but also provides a handily 

approach to 2-oxazolidinones, which have been found broad 

applications in organic synthesis and pharmaceutical chemistry.
[13]

 

To date, several catalyst systems have been developed for this 

reaction,
[14-26]

 including transition metal catalysts (Cu,
[14]

 Pd,
[15]

 

Ru,
[16]

 Au,
[17]

 Ag
[18]

 and Zn
[19]

) or organocatalysts (such as 

superbases,
[20]

 ionic liquids,
[21]

 N-heterocyclic carbene,
[22]

 t-

BuOI,
[23]

 triethanolamine (TEOA)
[24]

 and NH4F
[25]

). Generally, 

heating is necessary and serves as energy input for the above 

mentioned reactions. From the standpoint of green and 

sustainable chemistry, developing a renewable and clear energy 

input mode for CO2 conversion will show profound significance 

for CO2 capture and utilization (CCU).
[12b, c]

 In this context, we 

hypothesized whether a reactive intermediate generated from light 

irradiation, for example, radical ions or radicals, could trigger the 

carboxylative cyclization of propargylic amines with CO2.  

To overcome the energy intensive CO2 conversion, we would 

like to develop a visible light-induced metal-free protocol for the 

carboxylative cyclization of propargylic amine with CO2 by using 

I2, resulting in incorporation of CO2 and iodo moiety into exo-

iodomethylene 2-oxazolidinone, a potential platform molecule for 

further downstream transformations (Scheme 1). 

 

Scheme 1. Visible-light-induced formation of exo-iodomethylene 2-oxazolidinones 

serving as useful derivatization portfolio. 

To validate our hypothesis, the carboxylative cyclization of 

N-benzylprop-2-yn-1-amine (1a) with CO2 was initially selected 

as the model reaction under a 300 W xenon lamp (wavelength 

400<λ<780 nm) to start our investigation. This reaction in the 

absence of base failed in forming the target product (E)-3-benzyl-

5-iodomethyleneoxazolidin-2-one (2a) (entry 1, Table 1), 

indicating the base is necessary. Subsequently, the effect of 

different bases was investigated. The organic base gave better 

results than inorganic base (entries 7-10 vs. 2-6), being 

presumably attributed to solubility variation. Specifically, TMG 

(tetramethylguanidine) and TBD (1,5,7-triazabicyclo[4,4,0]dec-5-

ene) with stronger basicity than other organic bases in this study, 

exhibited superior performance (entries 9-10 vs. 7-8). But TMG 

displayed better reactivity than TBD when the loading was 

reduced to 0.5 equivalents (entry 11 vs. 12). A sharp decreased 

yield was obtained upon exclusion of light (entry 13), implying 

the requirement of visible-light radiation. Further, controlled 

experiments (Scheme S1, Supporting Information) shown that the 

reaction underwent a non-radical pathway in the absence of light. 

Inspired by the available results, a sunlight driven reaction was 

implemented and a satisfactory yield of 2a was obtained (entry 

14). A limited promotion was observed when the reaction time 

was even prolonged to 24 h (entries 15 and 16). To our delight, 92% 
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yield of 2a was obtained when the CO2 pressure was increased to 

2.0 MPa (entry 17 vs. 10).  

Table 1: Optimization of reaction conditions.[a] 

 

Entry Base Time (h) Yield[b] 2a (%) 

1 - 8 0 

2 tBuOLi 8 5 

3 tBuONa 8 4 

4 tBuOK 8 4 

5 CsF 8 4 

6 Cs2CO3 8 10 

7 TEA 8 9 

8 TEOA 8 16 

9 TBD 8 63 

10 TMG 8 63 

11[c] TBD 8 12 

12[c] TMG 8 21 

13[d] TMG 8 22 

14[e] TMG 8 52 

15 TMG 12 75 

16 TMG 24 76 

17[f] TMG 8 92 

18[f] TMG 12 95 

[a] Reaction conditions: 1a (36.3 mg, 0.25 mmol), base (0.25 mmol), I2 (63.4 

mg, 0.25 mmol), CH3CN (1 mL), CO2 balloon, 300 W xenon lamp (400-780 

nm), 8 h. [b] Determined by 1H NMR, 1,3,5-methoxybenzene was used as 

internal standard. [c] Base (0.125 mmol). [d] Without light. [e] Conducted under 

sunlight. [f] 2.0 MPa CO2. 

It is understandable that higher CO2 pressure is beneficial to the 

formation of the guanidinium carbamate and thus renders the 

reaction significantly. Finally, 2a yield could be increased to 95% 

with extension of the reaction time to 12 h (entry 18).  

With the optimized conditions in hand, the generality of this 

protocol was further explored with various propargylic amines 

(Scheme 2). Firstly, methyl substituent at the para-, ortho- and 

meta-position of benzene ring was tested, demonstrating the steric 

effect has negligible effect (2b-d). Aryl rings with electron-

withdrawing were able to offer excellent yields of the 

corresponding products (2e-h). The substrates featuring the 

electron-donating groups (-OMe, -tBu) also gave moderate yields 

(2i, 2j). Then, a heterocycle substrate with pyridine ring, was 

capable to provide 2k with a reasonable yield. Although bearing a 

gem-disubstituent at the propargylic position, 2l could be obtained 

in a 75% yield under the given conditions. In addition, 

propargylic amines with other substituents except N-benzyl group 

were examined and the corresponding iodine-functionalized 2-

oxazolidinones were provided with moderate yield (2m, 2n), 

showcasing the generality of this protocol. 

 

Scheme 2. Substrate scope. All reactions were run with 1 (0.25 mmol), TMG (28.8 mg, 

0.25 mmol) and I2 (63.4 mg, 0.25 mmol) in MeCN (1 mL) with 2.0 MPa CO2 under 

visible-light irradiation (400-780 nm) for 12 h. Yields were provided for isolated 

yields. 

To prove the synthetic utility of this visible-light-driven 

metal-free protocol for the carboxylative cyclization of 

propargylic amines with CO2, we explored diverse 

transformations of the iodine-functionalized 2-oxazolidinones 

(Scheme 3, for details see Supporting Information). At the outset, 

the most desired reaction to be examined is the cross-coupling 

reaction, being regarded as one of the most useful tools in organic 

synthesis.
[27]

 The enamines, obtained from Buchwald-Hartwig 

reaction, have been known as valuable intermediates in numerous 

organic synthesis and widespread structural components in many 

natural products, such as antibiotic or the antitumor 

Salicylihalamide A, Oximidine.
[28] 

Thankfully, Buchwald-Hartwig 

reaction, Suzuki reaction and Sonogashira reaction could be also 

successfully implemented using 2a as substrate, giving the 

respective products 3a, 4a and 5a in good to excellent yields. In 

addition, 6a and 7a could be obtained via the photocatalytic “ene 

reaction”
[11b, 29]

 and photoreduction
[30]

 of 2a, respectively. The 

product 6a featuring aldehyde group has an ability to be easily 

transformed into the corresponding alcohols, carboxylic acids, 

esters or imidazoles.
[31]

 Similarly, 7a also can be further 

converted into other fine chemicals due to the exocyclic double 

bond.
[32]

 The abundant transformation in this study proves that 

exo-iodomethylene 2-oxazolidinone, a versatile chemical, can 

hereby be regarded as a platform compound, which can readily 

transformed into numerous of useful derivatives. Moreover, this 
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methodology also provides an alternative avenue to enlarge 

domain of value-added products originating from CO2. 

Gratifyingly, a scale-up reaction (1a, 4 mmol) was conveniently 

implemented to give desired product 2a in 88% isolated yield (Scheme 

4), exhibiting the potential application of this protocol.  

 

Scheme 3. Representative transformations of product 2a. 

 

Scheme 4. The scale-up reaction. 

To gain insight into this reaction, a series of control experiments 

were conducted subsequently. First of all, the role of TMG in the 

catalytic system was examined. NMR and IR techniques were 

employed to further investigation. In 
1
H NMR (see Fig. S1, SI), the 

signal of N-H of 1a at  = 1.54 ppm disappeared after the addition of 

TMG, indicating an interaction between 1a and TMG. This interaction 

was also conformed from 
13

C NMR study (Fig. 1a vs. 1b), in which the 

chemical shift of 1a changed slightly after mixing with TMG. A new 

peak appeared at 162.0 ppm after the introduction of CO2 (Fig. 1c) 

could be assigned to the carbonyl group of the guanidinium 

carbamate.
[33]

 This signal was enhanced when 
13

CO2 was used (Fig. S2), 

strongly verified the carbonyl group of the carbamate originating from 

CO2. In addition, absorption displayed at 1568 cm
-1

 in IR (Fig. S3) was 

attributed to the C=O stretching vibration of carbamate intermediate A 

(Scheme 5), absorption at 1602 cm
-1

 was related to C=N stretching 

vibration of intermediate A.
[33] 

Although in the absence of CO2, the 

intermediate I was further converted into 2a with 85% yield (Scheme 

5). These results affirm the carbamate is key intermediate in 

carboxylative cyclization of propargylic amines with CO2, and the 

main role of TMG is to accelerate the formation of carbamate 

intermediate I, being consistent with the previous reports.
[20] 

I2 acts as a reactant and catalyst in this metal-free photocatalytic 

carboxylative cyclization of propargylic amines with CO2. Therefore, 

molecular iodine is crucial to running this reaction smoothly. In 

general, I2 may initiate the reaction through two patterns, i.e., iodinium 

pathway
[23]

 or iodine radical
 
pathway. When a commercial iodine 

chloride was chosen as I
+ 

source for the titled reaction (Scheme 6), no 

product was detected, suggesting the reaction might not undergo 

through I
+
 model. When a free-radical scavenger 1 equiv. of TEMPO 

(2,2,6,6-tetramethylpiperidine-1-oxyl) was added in the reaction 

mixture, the yield of 2a fell sharply to 12%. When 5 equiv. of TEMPO 

or BHT (butylated hydroxytoluene) was added into the system, the 

carboxylative cyclization was suppressed completely, indicating the 

reaction proceeded via a radical path.  

 

Figure 1. 13C NMR investigation for interaction among 1a (36.5 mg, 0.25 mmol), 

TMG (28.8 mg, 0.25 mmol) and bubbled CO2 in CDCl3 (0.5 mL). 

 

Scheme 5. Control experiments. 

 

Scheme 6. Contrast experiments and radical-trapping experiments. 

Based on the previous reports
[13, 20]

 and our results, a proposed 

mechanism for the present visible-light-mediated metal-free 

carboxylative cyclization of propargylic amines with CO2 is illustrated 

(Path A, Scheme 7). Initially, the carbamate (intermediate A) is formed 
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through the reaction between substrate 1a and CO2 in the presence of 

TMG. TMG presumably plays an important role in enhancing 

nucleophilic of 1a and accelerating the nucleophilic attack on the C 

atom of CO2. Parallelly, the iodine radical is formed by visible light 

radiation. Subsequently, the addition of iodine radical to the 

intermediate A results in the formation of carbon radical intermediate 

B. Finally, the intermediate B will release the [TMGH]
+
I

-
 in the 

presence of a second iodine radical, the final product 2a is offered 

through a intramolecular nucleophilic cyclization. A non-radical 

pathway (Path B) is also possible for this carboxylative cyclization of 

propargylic amines with CO2 in the absence of light. As such, the 

cyclic iodonium intermediate C is formed from intermediate A and I2, 

and subsequent nucleophilic cyclization to afford the target molecule 

2a. 

 

Scheme 7. Proposed mechanism. 

In summary, we have developed a metal-free photocatalysis 

system for synthesis of iodine-functionalized 2-oxazolidinones through 

the carboxylative cyclization of propargylic amines with CO2 initiated 

by molecular iodine. Control experiments and NMR investigations 

illuminate the proposed mechanism undergoes a radical path, and I2 is 

regarded as radical source. This protocol realizes the incorporation of 

CO2 and iodine moiety into exo-iodomethylene oxazolidinone using 

visible light as energy input. Importantly, the iodine-substituted 2-

oxazolidinones are able to serve as platform molecules for further 

downstream transformations including cross coupling reactions, 

photocatalytic ene reaction and photoreduction reaction. In short, this 

work represents an alternative example for CO2 conversion driven by 

solar energy, and offers a potential tool box for organic synthesis using 

CO2 with renewable energy to address energy barrier.  
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