
Accepted Manuscript

Dearomative radical spirocyclization from N-benzyltrichloroacetamides revis‐

ited using a copper(I)-mediated atom transfer reaction leading to 2-azas‐

piro[4.5]decanes

Faïza Diaba, Juan A. Montiel, Agustín Martínez-Laporta, Josep Bonjoch

PII: S0040-4039(13)00400-0

DOI: http://dx.doi.org/10.1016/j.tetlet.2013.03.019

Reference: TETL 42634

To appear in: Tetrahedron Letters

Received Date: 7 January 2013

Revised Date: 5 March 2013

Accepted Date: 6 March 2013

Please cite this article as: Diaba, F., Montiel, J.A., Martínez-Laporta, A., Bonjoch, J., Dearomative radical

spirocyclization from N-benzyltrichloroacetamides revisited using a copper(I)-mediated atom transfer reaction

leading to 2-azaspiro[4.5]decanes, Tetrahedron Letters (2013), doi: http://dx.doi.org/10.1016/j.tetlet.2013.03.019

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers

we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and

review of the resulting proof before it is published in its final form. Please note that during the production process

errors may be discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

http://dx.doi.org/10.1016/j.tetlet.2013.03.019
http://dx.doi.org/http://dx.doi.org/10.1016/j.tetlet.2013.03.019


  

Graphical Abstract 
To create your abstract, type over the instructions in the template box below. 
Fonts or abstract dimensions should not be changed or altered. 

Dearomative radical spirocyclization from N-benzyl 
trichloroacetamides revisited using a copper(I)-mediated 
atom transfer reaction leading to 2-azaspiro[4.5]decanes 

Faïza Diaba, Juan A. Montiel, Agustín Martínez-Laporta, Josep Bonjoch 
 

Leave this area blank for abstract info. 



  

 1

 

 
Tetrahedron Letters 

j ourna l  homepage:  www.e lsev ier .com  

 

Dearomative radical spirocyclization from N-benzyltrichloroacetamides revisited 
using a copper(I)-mediated atom transfer reaction leading to 2-azaspiro[4.5]decanes 

Faïza Diaba,* Juan A. Montiel, Agustín Martínez-Laporta  and Josep Bonjoch∗  

Laboratori de Química Orgànica, Facultat de Farmàcia, Institut de Biomedicina (IBUB), Universitat de Barcelona, Av. Joan XXIII s/n, 08028-Barcelona, Spain. 
 

——— 
∗ Corresponding author. Tel.: +34 934024540; fax: +34 934024539; e-mail: faiza.diaba@ub.edu; josep.bonjoch@ub.edu 

Spirocyclic structures are prevalent in a variety of natural 
products.1 Among them, the 2-azaspiro[4.5]decane ring system is 
found embedded in a small number of compounds of diverse 
biogenetic origin, such as annosqualine,2 the fungal metabolites 
triticones3 and spirostaphylotricins,4 and some stereoidal  
alkaloids.5 Additionally, several synthetic compounds embodying 
this framework exhibit a wide range of biological activities, 
including antiangiogenic (e.g. atiprimod),6 antigastrin,7 and 
antiarthritic,8 as well as HIV-1 protease inhibiton9 (Figure 1). 

 
Figure 1. Structures of 2-azaspiro[4.5]decane natural and unnatural products. 

2-Azaspiro[4.5]decanes are generally prepared from 
cyclohexylmethylamine starting materials10,11 or through a 
dearomatizing process as the key step from benzene derivatives. 
In the latter approach, the typical method to construct the 
spirocyclic core involves oxidative spirocyclization of phenol 
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An atom transfer radical dearomatizing spirocyclization from N-benzyltrichloroacetamides using
CuCl regioselectively leads to 2-azaspiro[4.5]decadienes, in which the labile allylic chlorine
atom is easily replaced by a hydroxyl group in aqueous medium or by quenching with methanol
or allylamine. After oxidation of the target compound, the N-tert-butyl group can be removed
from the resulting spirocyclohexanedione.  
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derivatives,12,13 while there are limited examples of the use of 

non-activated benzene substrates that could deliver 
spirocyclohexadienes through a dearomatiszation.14 

We have recently been interested in copper(I)-mediated atom 
transfer radical cyclisation (ATRC)15 of trichloroacetamides 
leading to six-membered ring formation.16 During the course of 
these studies, we disclosed a copper-catalysed ATRC leading to 
an azaspirocyclohexadienol as a by-product (less than 10%) from 
trichloroacetamide I (Scheme 1).  

 
Scheme 1. Radical cyclization of trichloroacetamide I. 

 

Inspired by this unprecedented Cu(I)-catalysed 
spirocyclization, we went on to explore other ways of 
constructing spirocycles. In this paper we report the first 
dearomative spirocyclization of benzyltrichloroacetamides 
mediated by Cu(I) leading to 2-azaspiro[4.5]decane compounds 
through an ATRC process.17  

The only precedents for dearomative spirocyclization leading 
to 2-azaspirodecadienes via a radical process are the following: 
(i) When working with benzyl derivatives as starting material, the 
use of Ni-AcOH leads to 1,2-cyclohexadienes, p-tolyl 
compounds lead to a mixture of cyclohexadienes, while adding  
(PhSe)2 to the reaction medium to trap the cyclohexadienyl 
radical intermediate  regioselectivity provides 1,4-
cyclohexadienes.14 (ii) Using phenol derivatives as substrates  in 
an oxidative process from xanthates, which is initiated and 
terminated by dilauryl peroxide, provides 
spirocyclohexanediones13 (Table 1). 

 

Table 1. Dearomative radical spirocyclization 
 

 
 

Promoter ref  X     R  R´       X/R´  or      Y 

Ni-AcOH 14 Cl Cl H Cl/H H, SePha

(RO)2 13 SC(S)OEt H OMe --- O 
CuCl This work Cl Cl H --- H, Cl 

a If (PhSe)2 was added to the reaction mixture. 

 

The trichloroacetamides 1(a-e)18 required for our studies were 
easily available by reductive amination of the corresponding 
alkylamine with benzaldehyde and acylation of the resulting 
secondary amines using trichroacetyl chloride (Scheme 2). 

 
Scheme 2. Synthesis of trichloroacetamides:  1a (R = Bn, 78%); 1b (R = Bu, 
96%); 1c (R = iPr (98%); 1d (R = cHex, 96%); 1e (R = tBu, 85%). 
 

Initially, we chose trichloroacetamide 1e as the preferred 
substrate to develop the methodology, since the bulky tert-butyl 
substituent on the nitrogen atom accelerates radical reactions 
leading to five-membered rings. This well-established helpful 
effect is due to the favoring of the productive Z rotamer in the 
proradical haloacetamide.19  

Using 30 % of CuCl and after 16 h of heating at 80 ºC, we 
were pleased to see that the main signals in the 1H NMR 
spectrum of the crude product belonged to a mixture of epimers 
of spirolactam 2. However, purification of 2 on silica gel gave a 
mixture of compounds, showing the instability of the chloro 
derivatives. Luckily, a simple treatment of the reaction mixture 
with water at the end of the reaction generated the corresponding 
alcohols 3, which were stable enough to be easily separated by 
chromatography in 65% yield and as a 1.4:1 mixture of epimers 
(Table 2, entry 1).  

Table 2. CuCl-promoted spirocyclization of trichloroacetamides 1a 

 

 
Entry R  CuCl [%]    Time  Yieldb    [%]         Ratioc 

1 tBu (1e) 30 16 hd 65 1.4:1 
2 1e 30 15 min 49 3:2 
3e 1e 60 15 min 74 3:2 
4 1e 60 30 min 68 3:2 
5 cHex (1d) 60 15 min 29 3:2 
6 iPr (1c) 60 15 min 42 2:3 
7 Bu (1b) 60 15 min 17 3:2 
8 Bn (1a) 60 15 min 24 2:3 

a Unless otherwise noted, all reactions were carried out from 200 mg of 
trichloroacetamide 1 at 80 ºC and using microwave activation. b Isolated yield 
of alcohols 3. c Diastereoisomeric ratio of less and more polar alcohols. d 
Reaction carried out at 80 ºC in a sealed tube. e Reaction carried out on a 100 
mg scale. 

 
Thus, unlike Zard,14 who achieved 1,2-dihydrobenzenes by a 

Ni-AcOH-promoted spirocyclisation,20 we obtained 1,4-
dihydrobenzenes after cyclisation and atom transfer using Cu(I) 
(Table 1). The sequence involved the generation of the 
carbamoyldichloromethyl radical, an intramolecular ipso attack 
on the benzene ring, followed by consecutive regioselective C-Cl 
bond formation on the initially formed cyclohexadienyl radical.21 
Upon hydrolysis, the lability of the allylic chloride gave the 
corresponding alcohol 3. Thus, the overall process constitutes a 
1,4-carbooxygenation of the benzene ring present in 1.  

To optimize the process we decided to use microwave 
activation, but the same catalyst loading, a 15-minute reaction 
time and further treatment with water gave the same mixture of 
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alcohols with a lower yield of 49% (entry 2). The best results 
were obtained with 60% of CuCl, which gave 3e in 74% yield 
(entry 3).22 Prolonging the reaction time to 30 min did not 
improve the yield (entry 4).23 The optimum conditions were then 
applied to the other trichloroacetamides, and in all cases the 
corresponding alcohols were obtained in low to moderate yields. 
As expected, substrates 1a and 1b, with non-hindering groups, 
gave the worst results, whereas isopropyl and cyclohexyl 
substrates provided alcohols 3 with   slightly better yields (Table 
2).  

The mixture of alcohols 3e was readily converted to the 
corresponding ketone 4 in excellent yields using Dess-Martin 
periodinane or TEMPO. Further cleavage of the tert-butyl group 
in acid medium24 provided secondary amide 5 in 76% yield 
(Scheme 3). 

 
Scheme 3. Synthetic transformations from azaspirolactam 3e. 

 

We next sought to explore the scope of the reaction and 
examined a number of substituted benzene derivatives (Scheme 
4). Starting materials were prepared following the same reaction 
sequence of reductive amination and trichloroacetylation as 
depicted above in Scheme 2. Treatment of 3-methylsubstituted 
benzene 1f with CuCl gave a result similar to that observed in the 
unsubstituted series 1e, the allylic alcohol 3f being isolated as a 
diastereomeric mixture. In contrast, in the 2-methyl substituted 
benzene 1g, the trapping of the cyclohexadienyl radical seems to 
have occurred at C-2, and the chloride derivative evolved to 
exocyclic methylene derivative 6 through an elimination process. 
Moreover, for steric reasons the spirocyclization was disfavoured 
with respect to the ortho-unsubstituted derivatives (1e, 1f), and a 
remarkable increase in the de-tert-butylation reaction from 1g 
occurred leading to secondary amide 7 in 25% yield (not shown; 
see supplementary material). The 3,5-difluorobenzyl derivative 
1h behaved in a particular way, since after the ATRC cyclization 
the allyl chloride showed a low reactivity in the aqueous 
medium, and the initially formed chloride 2h, remaining 
unchanged, was isolated. 

 

Scheme 4. Substrate scope of the ATRC. Reagents and conditions: CuCl 
(60%), CH3CN, μW, 80 ºC, 15 min. Compounds 3f (54%); 6 (21%); 2h 
(42%). 

 
Finally, we used trapping reagents other than water for the 

allylic chlorides formed after the ATRC, starting from 1e as the 
radical precursor (Scheme 5). Thus, when MeOH was added to 
the reaction in the work-up, a mixture of ethers 8 was isolated. 
These were noted to be sensitive to the oxygen atmosphere since 
substantial amounts of ketone 4 were formed on standing in air. 
Otherwise, when the reaction mixture containing 2e was treated 
with allylamine, an epimeric mixture of dienylallylamine epimers 
9 was isolated.   

 
Scheme 5. Trapping of chloride 2e with MeOH or allylamine. 
 

In summary, we have described the first dearomative 
spirocyclization promoted by CuCl upon a benzene ring. The 
results obtained with the different trichloroacetamides used in 
this work again showed the importance of having a bulky group 
on the nitrogen to achieve the cyclization process. Oxidation of 
the epimeric alcohol mixture 3e to the corresponding ketone and 
further cleavage of the tert-butyl group provided 
polyfunctionalized 2-azaspiro[4.5]decadienone 5, which is now 
under study for use as a building block in the synthesis of natural 
and unnatural compounds.25  
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