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High CO pressure (> 40 bar) usually needed in radical carbonylation reactions in the absence of metal catalyst. In this communication, 
we developed a transition-metal-free radical carbonylation of activated alkylamines with phenols and alcohols under low CO pressure 
(1-6 bar). Various esters were obtained in moderate to excellent yields under simple reaction conditions with good functional group 
compatibility. 
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Background and Originality Content 

Carbonyl-containing compounds (esters, amides, aldehydes, 
ketones) are widely found in pharmaceuticals, functional materials, 
and biologically active molecules. Carbonyl structures are also 
important building blocks in organic transformations.[1] Hence the 
synthesis of carbonyl-containing compounds is an attractive sub-
ject. Since the first example of the highly efficient trapping of CO 
by radicals was reported by Ryu et al. in 1990,[2] radical carbonyla-
tion with CO as a cheap carbonyl source has gained considerable 
attention. Nowadays, this strategy represents one of the most 
powerful tools, and has been widely used in the construction of 
carbonyl skeleton in both academia and industry.[3] Various novel 
methods, including transition-metal catalyzed, oxidant-induced 
and photoinitiated carbonylation, have been developed to obtain 
value-added carbonylated products.[4] 

In general, there are two accepted pathways for the radical 
carbonylative transformations: 1) One is trapping the radical by 
(noble)metal center to form an organometallic intermediate and 
then followed by CO insertion (Scheme 1a, path a).[5] However, 
this process is usually limited by the slow oxidative addition 
and/or rapid β-hydride elimination.[6] 2) The other pathway is 
capture the CO by radicals to generate acyl radicals directly 
(Scheme 1a, path b). This acyl radical generation process is re-
versible (the reversed decarbonylation step is even more favored), 
thus require high CO pressure (> 40 bar)[7] or metal catalyst[8] to 
stabilize the acyl radical intermediates. Therefore, there is still an 
unmet need for low CO pressure strategy that can be applied in 
transition-metal-free radical carbonylation. Notably, Ryu and 
co-workers reported their achievement on black-light-induced 
radical carbonylation of alkyl iodides in 2010. The reaction pro-
ceeds under 1 bar of CO in the presence of tetrabutylammonium 
borohydride, the corresponding hydroxymethylated products were 
formed in moderate to good yields.[7f] 
 
Scheme 1 The strategies for radical carbonylation 
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As an effective strategy for the formation of alkyl radicals, 

deamination of Katritzky salts, which are easily obtained from 
amines, has been used in various transformations[9] as well as in 
carbonylation reactions.[10] However, as above discussed, high 
pressure of CO and/or metal catalyst was still required in deamina-
tive carbonylation of Katritzky salts. In order to solve these chal-
lenges, and also as our continuing interest in deaminative car-
bonylation of Katritzky salts, we herein developed a radical car-
bonylative coupling of activated amines and phenols. This new 
transformation proceeds under low CO pressure (1-6 bar) in the 

absence of transition-metal catalysts. 
 

Results and Discussion 

Our initial research started with deaminative carbonylation of 
Katritzky salts 1a and 4-methoxyphenol 2a in the presence of DBU 
under CO pressure, 5% yield of alkylphenol ester 3 was detected 
(Table 1, entry 1). The yield of 3 was greatly improved when 
Cs2CO3 was added to the reaction (Table 1, entry 2). DBU was 
proved to be indispensable through control experiment (Table 1, 
entry 3). Subsequently, other promoters, such as DBN, TBD, and 
DABCO were used to replace DBU, and DBN gave the best result 
and two equivalents of it is necessary (Table 1, entries 4-5, see the 
Supporting Information for more details). Various bases were 
submitted to the transformation and K3PO4 gave a significant im-
provement in the yield (Table 1, entries 6-10, see the Supporting 
Information for more details). In addition, other solvents were also 
used, and DMAc led to a great increase in the reaction efficiency 
(Table 1, entries 11-12, see the Supporting Information for more 
details). It is worthy to mention that good yield can be still ob-
tained when 6 bar of CO was used. Notably, this transformation 
can also be achieved under 1 bar CO with 54% yield of 3 was ob-
tained (Table 1, entry 13). Furthermore, the yield was improved 
slightly by increasing the reaction concentration (Table 1, entry 14). 
Decreasing the temperature led to reduced yield of ester (Table 1, 
entry 15). 

 

Table 1 Optimization of the reaction conditionsa 
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Entry Promoter Base Solvent CO (bar) Yield (%)b 

1 DBU / THF 20 5 

2 DBU Cs2CO3 THF 20 25 

3 / Cs2CO3 THF 20 trace 

4 DBN Cs2CO3 THF 20 47 

5 TBD Cs2CO3 THF 20 14 

6 DBN K2CO3 THF 20 32 

7 DBN Na2CO3 THF 20 32 

8 DBN K3PO4 THF 20 72 

9 DBN t-BuOK THF 20 20 

10 DBN K3PO4 MeCN 20 42 

11 DBN K3PO4 DMAc 20 87 

12 DBN K3PO4 DMAc 6 90 

13 DBN K3PO4 DMAc 1 54 

14c DBN K3PO4 DMAc 6 92 (91)e 

15c,d DBN K3PO4 DMAc 6 60 
a Reaction conditions: 1a (0.12 mmol, 1.2 equiv), 2a (0.1 mmol, 1.0 equiv), 
promoter (0.2 mmol, 2.0 equiv), base (0.1 mmol, 1.0 equiv), solvent (2.0 
mL), CO, 80 oC, 15 h. b Determined by GC using hexadecane as the internal 
standard. c DMAc (1.5 mL). d 60 oC. e Isolated yield. DBN = 
1,5-Diazabicyclo[4.3.0]non-5-ene. DBU = 
1,8-Diazabicyclo[5.4.0]undec-7-ene. TBD = 
1,3,4,6,7,8-Hexahydro-2H-pyrimido [1,2-a] pyrimidine. 

 
Scheme 2 Scope of radical carbonylation 
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Reaction conditions: Katritzky salts (0.24 mmol, 1.2 equiv), phenols or alcohols (0.2 mmol, 1.0 equiv), DBN (0.4 mmol, 2.0 equiv), K3PO4 (0.2 mmol, 1.0 
equiv), DMAc (3.0 mL), CO (6 bar), 80 oC, 15 h, isolated yield. a 2.0 equiv of Katritzky salts were uesd. b 0.1 mmol 2,2'-biphenol was uesd. c 5.0 equiv of al-
cohols and 0.2 mmol Katritzky salts were uesd. d 10.0 equiv of alcohols and 0.2 mmol Katritzky salts were uesd.

 
 

With the optimized reaction conditions in hand, the substrate 
scope of this transformation was examined. A variety of Katritzky 
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salts derived from amines were tested firstly and led to the corre-
sponding esters in moderate to excellent yields (Scheme 2, 3-13). 
Cyclic, chain, and phenyl-containing amine derivatives were 
well-tolerated in this transformation (3-11). When the derivative 
of indan-2-amine was used, moderate yield was obtained because 
of the fast β-hydride elimination of the alkyl radical intermediate 
(8). Remarkably, N- and O-heterocyclic amines were successfully 
converted into the corresponding esters in good yields (12-13). It 
is important to mention that primary alkyl Katritzky salts can not 
be activated in the current reaction system. 

Subsequently, the scope with respect to phenols were exam-
ined. Various phenols were all tolerated and delivered the desired 
esters smoothly (Scheme 2, 14-34). Versatile functional groups 
appended to the phenols, such as alkyl (15-17, 19), phenyl (18), 
alkoxy (20), allyl (21), dimethylamino (22), amide (23), fluorine 
(24), ketone (28), and pyrrolyl (30) were all efficiently transformed 
into the desired products in moderate to excellent yields. Re-
markably, the corresponding esters also can be obtained in mod-
erate yields with electron-withdrawing groups substituted phenols, 
including bromine (25), ester (26), and acetyl (27). Meanwhile, the 
influence of steric hindrance was tested as well, 2-tert-butyl (31), 
2-phenyl (32), 2,6-dimethyl (33), and 2,6-diphenyl (34) were all 
well-tolerated, the yields of the wished esters had no decrease or 
even got better. When 2-hydroxycarbazol was used, the desired 
ester was obtained in good yield, and no amide was detected (35). 
The reaction occurs selectively at the -OH site when benzene rings 
contain both -OH and -NH. Additionally, 2,2'-biphenol can be 
transformed into the corresponding diester in good yield (36). In 
addition to phenols, 3-hydroxypyridine was also applied in this 
transformation smoothly and the corresponding ester was ob-
tained in moderate yield (37). To expand the scope of substrates, 
benzyl alcohols were also tested. As shown in Scheme 2, the cor-
responding esters were obtained smoothly when various benzyl 
alcohols were tested instead of phenols (38-50). Methoxy (38-39) 
and phenyl (40) substituted benzyl alcohols gave the desired es-
ters in excellent yields. Other synthetically valuable groups, such 
as dimethylamino (41), amide (42), halogen (43), trifluoromethyl 
(45), and cyclopropyl (46) were also well-tolerated in this trans-
formation, the presence of benzylic substituent had no obvious 
effect on the reaction. In addition to this, 1-indanol (47), 
1-(1-naphthyl) ethanol (48), thienyl (49), and pyridyl methanol (50) 
able to give the corresponding products in good yields as well. 

Alkyl alcohols can also be used in this transformation. Both 
primary and secondary alcohols can deliver the desired esters 
successfully (51-59), but tertiary alcohols were not applicable un-
der our conditions. Unsaturated alcohols were also able to be 
transformed in moderate to good yields and the triple bond (57) 
or double bond (58) were retained in products. Meanwhile, 
2-chloroethanol was well-tolerated (59). These functional groups 
provide the possibility for subsequent transformations and utiliza-
tions. Remarkably, compared with phenols, most alkyl alcohols 
provided their esters in moderated yields, this might due to the 
decreased acidity of the -OH group. 

To prove the application values of our transformation, bioac-
tive molecules were also tested. Estrone, which was usually used 
as pharmaceutical intermediates and common raw materials, pro-
vided the corresponding ester in 83% yield (Scheme 2, 60). Natu-
rally occurring steroids, such as epiandrosterone (61) and choles-
tanol (62), could be easily transformed and provided the target 
esters in 41% and 64% yields, respectively. Nerol with multiple 
unsaturated bonds delivered the desired ester smoothly as well 
(63). These results proved the application potential of this transi-
tion-metal-free transformation in the synthesis and modification 
of pharmaceutical molecules. 

To gain some insight into the mechanism of this reaction, 
mechanistic experiments were performed (Scheme 3). When 
TEMPO (2,2,6,6-tetramethyl-1-piperidinyloxy) was added into the 

system under the standard conditions, the reaction was inhibited 
completely, meanwhile the adduct of radical with TEMPO 64 was 
detected by GC-MS (See the Supporting Information for GC-MS). 
In contrast, when the reaction was carried out in the absence of 
DBN or at room temperature, neither 3 nor 64 was detected. Sub-
sequently, the product was obtained in 24% yield when BHT (bu-
tylated hydroxytoluene) was added to the reaction. We also de-
tected the cyclohexyl radicals through EPR spectra (See the Sup-
porting Information for more details). And the addition of 
1,1-diphenylethylene lead to 18% yield of 3 and 35% yield of 65. 
These results suggest that the alkyl radical and acyl radical were 
probably generated in this transformation and the key to promote 
the formation of alkyl radicals is DBN and heat. Finally, when 
PhONa replaced PhOH and K3PO4, the corresponding ester was 
isolated in 36% yield (52% yield, when PhOH and K3PO4 were 
used). It proven that phenols were deprotonated to form PhO- in 
the presence of bases. 

 
Scheme 3 Mechanistic experiments 
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On the basis of above results and previous literatures,[10,11] a 

possible mechanism was proposed (Scheme 4). Firstly, radical I 
was formed from 1 through a SET process with DBN, and DBN 
radical was produced at the same time. Then, CO trapped by the 
alkyl radical I form an acyl radical II which will be oxidized by the 
DBN radical to give the corresponding acyl cation III. Finally, the 
terminal ester product IV will be formed after reacting with alco-
hols in the presence of base. 

 
Scheme 4 Proposed mechanism 
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In conclusion, under low CO pressure (1-6 bar), a transi-
tion-metal-free radical carbonylation of activated alkylamines with 
phenols and alcohols has been developed. Various target esters 
were obtained in moderate to excellent yields under modest reac-
tion conditions. The involvement of radical intermediates was 
proven by our preliminary mechanistic studies. From synthetic 
point of view, this transformation can be more meaningful in the 
pharmaceutical fields which need to avoid the use of metals. 

Experimental 

A 4 mL screw-cap vial was charged with Katritzky salts (0.24 
mmol), phenols or alcohols (if solid, 0.2 mmol, 1.0 equiv), K3PO4 
(0.2 mmol, 1.0 equiv) and an oven-dried stirring bar. The vial was 
closed by Teflon septum and phenolic cap and connected with 
atmosphere with a needle. After flashed the vials with argon and 
vacuum three times, DBN (0.4 mmol, 2.0 equiv), phenols or alco-
hols (if liquid, 0.2 mmol, 1.0 equiv) and dry DMAc (3.0 mL) were 
injected by syringe. The vial was fixed in an alloy plate and put into 
Parr 4560 series autoclave (500 mL) under argon atmosphere. At 
room temperature, the autoclave was flushed with carbon mon-
oxide for three times and 6 bar of carbon monoxide was charged. 
The autoclave was reacted at 80 °C for 15 h. Afterwards, the auto-
clave was cooled to room temperature and the pressure was 
carefully released. The mixture was diluted with water (15 mL) and 
extracted with EtOAc (3 × 5 mL). The combined organic layer was 
removed under reduced pressure and the residue was purified by 
silica gel chromatography (n-Pentane/EtOAc) to afford the corre-
sponding esters. 
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WWW under https://doi.org/10.1002/cjoc.2021xxxxx. 
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Transition-metal-free radical carbonylation of activated alkylamines with phenols and alcohols has been successful developed. This radical carbonyla-

tive strategy can be carried out under low CO pressure (1-6 bar). Esters with various functional groups were obtained in moderate to good yields. 
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