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Deaminative Carbonylative Coupling of Alkylamines with Styrenes 
under Transition-Metal-Free Conditions 

Fengqian Zhao,a Chong-Liang Lia,b and Xiao-Feng Wu*a,b 

A transition-metal-free deaminative carbonylation of alkylamines 

with styrenes has been developed. The reaction shows good 

functional group compatibility and various α, β -unsaturated 

ketones were obtained in moderate to good yields. The alkyl 

radical generated from Katritzky salts via base-promoted C-N bond 

cleavage is one of the key intermediates in this reaction. 

Transition-met al-cat al yze d cross-c oupling reactions are among 

the most powerful methods in organic synthe sis and have  

been achieve d in the c onstruc tion of vari ous C -C, C-N, C-O, and  

C-S bonds in the past fe w dec ades.1 Given that some  

transition-met al c at alyst s are expensive, se nsitive  to air and  

moi sture, and speci al attention should be given to the met al  

residues in the produced fi ne chemic als, the development of 

transition-met al -free strategie s would offer ec onomic al  

friendly and environment al beni gnl y alternate s in organic  

synthesis. 

Alkylamine s are widely prese nt in nat ural product s,  

pharmac eutic als and materi als.2 Derivati zation of amino 

groups is one of the most import ant transformations, and it is 

also an attractive direction to modify the structure of relate d  

biomolecule s.3 Compared  to t he be nzylic and  allylic amine s,  

which are used as an al kyl ating age nt vi a t he cle avage of 

C(sp3)-N bonds,4 al kyl amines are rarely use d due t o the  

stronger C-N bonds. Recentl y, an at tractive strate gy, by 

conve rting the  al kyl ami nes into  K atrit zky salt s t o activate t he  

C-N bonds, have been de velope d. The synthetic value of the  

Katrit zky salt s have been demonstrate d by the ac hieve ment s 

in cross-coupling re actions (Sche me 1a).5 Met al- or photo -

cat alyst s were applied to initiate the single electron transfer  

(SET) process.6 -7 Re markably, in 2019, Shi, Li and co -workers 

reporte d a met al/li ght -free deaminative boryl ation of 

alkylamine s under mild conditions with c atal ytic amount of 

Lewis base as the promoter.8 Hong’s group developed a N-

heteroc yclic carbene -c at alyzed de ami nati ve radical -radic al  

coupling strate gy of K atrit zky salt s with al dehyde s.9 More  

recently, t he re search group of L oh and Hu described a base -

promote d deaminati ve vinyl ation of alkylamine s with alke nyl  

boronic acids vi a Katrit zky salt s.10a Intere stingly, the se  

transformations provided novel approache s to transform the  

C-N bonds under metal- and photocatalyst -free conditions. 

 

 
Scheme 1. Deaminative transformations of alkylamines through Katritzky salts. 

 
 

On t he ot her hand, as a conve nient and c he ap C1 re source,  

CO is an indispensable reage nt for carbonyl ation re actions.11  

Numerous procedure s have bee n develope d and applied  

based on ac ade mic or industrial inte rest s. In 2 019, Xi ao, Lu and  

co-workers report their achie veme nt on deaminative alkyl -

Heck-t ype re acti ons by photo -induced C -N bonds scission of 

Katrit zky salt s. By performing the re action under CO pressure,  

the carbonylative transformation version can be re alize d as 

well and five example s of α, β -unsat urated ke tone s were  
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obt ained i n good yields (Sche me 1 b).1 2 Howe ver, t ransition -

met al- and/or phot o-cat al yst free de ami nati ve c arbonylation  

reactions of K atrit zky salt s have not bee n reported yet.  

Consideri ng our c ontinual inte rest s in t he field of c arbonylati ve  

transformations, and to develop methodol ogie s to ove rcome  

the challenge s di scussed, we herein report a transition met al -

free de aminati ve carbonylati on reac tion of alkyl amine s with  

styrenes toward the synthesize of α, β-unsaturated ketones. 

 
Table 1. Optimization of the reaction conditions.a 

 

Entry Base Additive T [°C] Yield [%]b 

1 DBU / 100 54 

2 DBN / 100 53 

3 TBD / 100 54 

4 DABCO / 100 1 

5 DBU Cs2CO3 100 58 

6 DBU KOH 100 55 

7 DBU K2HPO4 100 41 

8 DBU t-BuOK 100 64 

9 DBU t-BuONa 100 50 

10 DBU t-BuOLi 100 66 

11 DBN LiOMe 100 68 

12 DBU LiOH 100 59 

13 DBU Li2CO3 100 40 

14 / LiOMe 100 2 

15 DBU LiOMe 80 70 

16c DBU LiOMe 80 76 (74)d 

aReaction condit ions: 1 a (0.1 mmo l), 2 a (0.2 mmol), b ase (0.2 mmol),  add itive  

(0.1 mmol), TH F (1.0 mL), CO (50 bar), 15 h. bDetermined by GC using 

hexadecane as the intern al stand ard. cTHF (2.0 mL). d Isolated yield . DBU = 1,8-

Diazabicyclo [5.4.0]undec-7-ene. DBN = 1,5-Diazabicyclo[4.3.0]non-5-ene. TBD = 

1,3,4,6,7,8-Hexahydro-2H-pyrimido[1,2-a]pyrimid ine. DABC O =  

Triethylenediamine. 

 

 

Our optimi zation  st udie s st arted  with  the cross-coupling of 

cyclohe xyl -substitute d pyridi nium salt 1 a with 1,1 -

diphenylethylene 2 a (Table 1). The desired product 3 aa was 

detected in 54% yield by GC with DBU as the base and THF as 

the solve nt (Table 1, entry 1). Ot her base s, suc h as DBN and  

TBD, gave similar result s whe re as DABCO re sulted poor yield  

(Table 1, entrie s 2-4 ). The amount of DBU w as examined as 

well and no inc rease in the yield even with 4.0 equivalent s of 

DBU were used (see the Supporti ng In formation for more  

detail s). Subse que ntly, some additive s were added to t he  

reaction syste m. It was found t hat Li OMe was be st for thi s 

transformation and give n a si gnific ant incre ase in the yield of 

the target product (Table 1, entries 5-13 ). Howe ver, only trace  

amount of t he de sired product  was dete cted in the absence of 

DBU (Table 1, entry 14). A slight decre ase in temperat ure was 

bene ficial for this conversion (Table 1, entry 15 ). In addition,  

by re ducing the concentration of 1 a t o 0.05 M, the yield was 

increase d sli ghtly as well (Table 1, entry 16 ). Finally, t he  

desire d product 3 aa c an be obtai ned in 76 % yield by re acting 

1.0 equivalent of K at ritzky salt 1a with 2.0 e quivalent s of 1,1 -

diphenylethylene 2 a i n the pre sence  of 2.0  equi vale nts of DBU 

and 1.0 equivalent of Li OMe in THF (2.0 mL ) unde r the CO (50  

bar) at 80 °C for 15 h. 

 
Table 2. Scope of styrenes for the deaminative carbonylation. 

 

 

Reaction condit ions: 1 a (0.1  mmol),  2 (0.2 mmo l, 2 .0 equiv),  DBU (0.2  mmol, 2.0  

equiv), LiOMe (0.1 mmol, 1.0 equiv), THF (2.0 mL), CO (50 bar), 80 °C, 15 h, 

isolated yield. a 1 mmol scale. 

 
 

Under the optimi zed c onditions, the subst rate sc ope of thi s 

transformation we re c arried out. A variety of styrene s were  

tested firstly and led t o the c orre sponding α, β-unsaturate d  

ketone s in moderate to good yields i n ge neral (Table 2 ). 2, 3 or  

4-Alkyl and alkoxyl -substit uted di aryl al kene s c an all be  

effectively transforme d in this reacti on and gave the desire d  

product s in good to excellent yields (3 aa-3 af ). Whe n 

subst rat es with strong electron -de ficient functional groups or  

haloge n were used, the de sired product s can be obt ained in  

good yields as well (3 ag-3 ak). Disubstitute d and  

polysubstit uted di aryl al kene s were also well-tole rate d (3 al -
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3ao). Styrene with 1 -naphthyl, 2-napht hyl, thie nyl and pyri dyl  

substit utions at α-positions gave the c orre spondi ng product s 

smoot hly as well (3 ap -3 as). This novel strate gy can al so be  

extende d to internal diaryl alke nes, 69% yield of the desire d  

product was provi ded when β-e ste r substituted diaryl alke ne  

was use d (3 at). Fu rthermore, α-met hyl substitut ed aryl alke ne  

can al so be used as the  substrate and gave the targete d 3 au in  

43% yield. Howe ver, poor yield (< 30%) was obt aine d whe n  

styrene or trans-1,2 -di phenylethe ne w as te sted  in thi s 

reaction. It i s important to me ntion t hat, for t he  

unsymme tric al diaryl alkene s, (Z) and (E)-stere oisome rs were  

obt ained as a mixture i n al mo st e qual amount (except 3 ab,  

3ak, 3aq, 3 as and 3au ). 2-Phe nyl -substitute d alkene s afford  

the (E)-isome r as t he maj or product (3 ab : E/Z = 8 5:15;  3 ak  :  

E/Z = 96:4 ) due to the steric hindrance. Howe ver, 1-(1 -

phenylvinyl)napht hale ne 2q gave e ven worse result on t he  

stereoselectivity (E/Z = 77:23).  

 
Table 3. Scope of Katritzky salts for the deaminative carbonylation. 

 

 

Reaction conditions: 1 (0.1 mmol), 2 (0.2 mmol, 2.0 equiv), DBU (0.2 mmol, 

2.0 equiv), LiOMe (0.1 mmol, 1.0 equiv), THF (2.0 mL), CO (50 bar), 80 °C, 15 h, 

isolated yield.

 

 

The n various K atrit zky salt s deri ved from alkyl amine s were  

explore d (Table 3).  Cyclic, chain and phenyl-c ont aining amine  

derivative s were transforme d into the desired product s in  

moderate to good yields (3 ba-3 ha). It is worth noting that  

pharmac eutic ally relevant saturate d heterocyclic a mine was 

also tolerated, the desire d product was obt ained in good yield  

(3i a). And free alc ohol c ould undergo the transformation as 

well, given the corresponding products smoothly (3ja-3ka). 

 

 
Scheme 2. Mechanistic experiments. 

 

 

To gai n some insight into the re action mec hanism, se veral  

control expe riment s were performe d (Sc heme 2). The re action  

was inhi bited in the pre sence of TEMP O under the st andard  

conditions, the adduct 4 o f radic al trapped by TEMP O was 

detected by GC -MS while no de sired product could be  

obt ained (Sche me 2 a). And when 2,6 -di -t ert -but ylphenol was 

added to t his re action, the product was only obtai ned in 40 % 

yield (Sc heme 2b). The se result s sugge st that a radical was 

generate d in the re action. In addition, l ack of DBU lead to  no  

adduct 4 obse rved whe reas it was detecte d in the abse nce of 

LiOMe (Sc heme 2c ). These re sult s indicat e that DBU is the key 

to promote the cleavage of C-N bond. 

 

 
Scheme 3. Proposed mechanism. 

 

 

On  the basi s o f t he mechani stic studies and  

literature, 7,8,11,12 a possible mechanism is proposed (Sche me  

3). Unde r the assist ant of DBU, an al kyl radic al 5 was forme d 

from K atrit zky salt s 1 by the cle avage of C-N bonds firstl y and  

me anwhile produce a DBU· radical. Then, the alkyl radic al 5  

was c aptured by CO to give the acyl radical 6. Subse quentl y,  

the addition of ac yl radical 6 to alke nes 2 form a more st able  

radic al species 7, whic h was transforme d into a cati onic  
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interme diate  8 by t he pre viousl y produced DBU· radic al vi a a 

SET pathway. Finally, the deprotonation of 8 afforded the  

corresponding product 3. 

Conclusions 

In summary, a transition-met al -free de ami native c arbonylation  

of acti vat ed alkylamine s with st yrene s via cleavage of C -N 

bonds of Katrit zky salt s has been developed. In the absence of 

transition met al c at alyst or light irradi ation, various α, β -

unsat urated ketone s we re obt ained in  moderate t o good 

yields. Versatile functional groups, such as alde hyde , hal oge n,  

alkoxy, t hienyl, pyri dyl, e ster, hydroxyl, we re tolerate d in thi s 

reaction. 
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Graphic abstract: 

 
Transition -met al-free deaminative c arbonylation through C-N 

bonds activation via Katritzky salts has been successful  

developed. Various α, β-unsaturated ketone s were obtained  

in moderate to good yields with alkylamines and st yrenes as 

the substrates.  
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