
This is an Accepted Manuscript, which has been through the 
Royal Society of Chemistry peer review process and has been 
accepted for publication.

Accepted Manuscripts are published online shortly after 
acceptance, before technical editing, formatting and proof reading. 
Using this free service, authors can make their results available 
to the community, in citable form, before we publish the edited 
article. We will replace this Accepted Manuscript with the edited 
and formatted Advance Article as soon as it is available.

You can find more information about Accepted Manuscripts in the 
Information for Authors.

Please note that technical editing may introduce minor changes 
to the text and/or graphics, which may alter content. The journal’s 
standard Terms & Conditions and the Ethical guidelines still 
apply. In no event shall the Royal Society of Chemistry be held 
responsible for any errors or omissions in this Accepted Manuscript 
or any consequences arising from the use of any information it 
contains. 

Accepted Manuscript

ChemComm

www.rsc.org/chemcomm

http://www.rsc.org/Publishing/Journals/guidelines/AuthorGuidelines/JournalPolicy/accepted_manuscripts.asp
http://www.rsc.org/help/termsconditions.asp
http://www.rsc.org/publishing/journals/guidelines/


Journal Name RSCPublishing 

COMMUNICATION 

This journal is © The Royal Society of Chemistry 2012 J. Name., 2012, 00, 1-3 | 1  

Cite this: DOI: 10.1039/x0xx00000x 

Received 00th January 2012, 

Accepted 00th January 2012 

DOI: 10.1039/x0xx00000x 

www.rsc.org/ 

A novel carbamoyl radical based dearomatizing 
spiroacylation process.  

Alejandra Millán-Ortiz,a German López-Valdez,a Fernando Cortez-Guzmána and Luis 
D. Miranda*a 

 

 

 

An easy entry to novel spirodienonamides based on a 

dearomatizing spiroacylation process is described for the first 

time. This process was realized using carbamoylxanthates 

which were transformed into the spirodienonamides 

containing an acyl-functionalized all-carbon quaternary 

center. 

The spirodienone system (II, Scheme 1) is a molecular motif found 
in a variety of natural products1 and represents a fundamental 
template to build up more complex molecular architectures, both in 
vivo in the biosynthesis of several complex natural products2 and 
through synthetic organic chemistry for the construction of 
molecules of varied complexity. Over the past decades, the direct 
dearomatizing spirocyclization of phenol derivatives has attracted 
much attention because this methodology permits straightforward 
access to the highly valuable spirodienone building block (A, Figure 
1). Various methods for the spirocyclization of C-4 phenolic 
derivatives have been devised. Several C-C, C-O, or C-N bond 
forming dearomatizing C-4 ring-closures have been accomplished 
through an oxidative phenolic coupling reaction (nucleophilic spiro-
ring-closure) using different oxidizing metals3 or hypervalent iodine 
reagents.4 The spirodearomatizations of appropriately substituted 
phenols using Pd-catalyzed processes,5 electrophilic6 or radical 
(electrochemically7 or chemically8) cyclizations, as well as a carbene 
based insertion process, have been reported.9 While various types of 
alkyl, aryl, alkenyl and akynyl groups3-9 have been attached to C-4 in 
phenolic dearomatizing spirocyclizations, the direct attachment of an 
“acyl group” has not been realized (II, Figure 1). This difficult 
phenolic C-C bond-forming spiroacylating process has remained 
elusive, although it offers a direct entry to an acyl-functionalized all-
carbon quaternary center at the spiro ring junction (B, IV).  The 
challenge in this process centers on the choice of an acyl donating-
group of the appropriate electronic nature in the C-4 substituted 
phenol derivative. Under the broadly used classical oxidative 
conditions,3-4 the generation of a problematic nucleophilic acyl-
species (B, III, Figure 1) might be necessary to secure the 
cyclization. It would be more logical to use the innate electrophilic 

nature of most acylating functional groups (i.e., under typical 
Friedel-Crafts-type acylation conditions).  An examination of 
previous reports on intramolecular aromatic ionic acylation 
processes revealed however, that only benzofused systems (i.e. 
dihydroisoquinolinones10d) were isolated under  various reaction 
conditions, when 4-methoxy substituted benzenoid starting materials 
were used.10 This outcome may be a consequence of a direct ortho-
addition and/or a fast ipso-attack/rearrangement process as the main 
mechanistic pathway.  Another option for the phenolic 
spiroacylation process is the scarcely explored use of an acyl-radical 
donor, in an oxidative homolytic cyclization process.11 
 

 
Figure 1. Spirocyclization process. 

 
In this connection, we recently observed that the carbamoyl radical 1 
undergoes ipso-cyclization to yield the corresponding spirodienone 2 
in an oxidative pathway (C, Figure 1). This communication 
describes our preliminary observations of this latter novel radical 
spiroacylation. We have previously demonstrated that carbamoyl 
radicals could be generated from the corresponding 
carbamoylxanthates.12 Indeed, the carbamoyl radical derived from 
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N-t-butylbenzylamine cyclized efficiently to the corresponding 
isoindolone, via a homolytic oxidative aromatic substitution.  
Significantly, the stability of the carbamoylxanthates depended on 
the presence of an N-t-butyl group on the amine moiety. In an 
attempt to extend this later methodology, we decided to test the 
carbamoylxanthates (4-15) derived from the phenethylamine  
homologues 3 in the radical oxidative cyclization. Several N-t-butyl-
N-phenethylamines 3 were converted into the corresponding 
diversely substituted xanthates 4-15 in fairly good yields upon 
treatment of the corresponding phenethylamine with triphosgene and 
Et3N, followed by the addition of the potassium ethyl xanthogenate, 
under the standard conditions established previously (Scheme 1).12 
With these compounds in hand, we examined their oxidative radical 
cyclization using dilauroyl peroxide as the initiator in refluxing 
dichloroethane under the conditions reported previously for the 
cyclization of the parent benzyl amine derived carbamoylxanthate.12 
Unexpectedly, we observed only decomposition with no apparent 
major product in most of the experiments with xanthates 4-15. When 
the experiments were carried out under microwave irradiation to 
shorten the reactions times,14 the N-t-butyl-dihydroisoquinolones 16-
18 were isolated in low yields from the corresponding xanthates 4a, 
4b, and 7a (Scheme 2). 
 

 
 

Scheme 1. Synthesis of carbamoylxanthates 
 

 

Scheme 2. Conditions: DLP, dichloroethane, reflux 1h, mw irradiation. 

On the assumption that these carbamoylxanthates might be thermally 
unstable, we evaluated the reaction at room temperature. Previously, 
we have observed that the Et3B-mediated radical initiating system 
facilitated oxidative radical substitutions on pyrrole and indole 
aromatic systems.13 We were gratified to observe that, when the p-
methoxy substituted carbamoylxanthate 4b was submitted to Et3B-
mediated conditions in dichloroethane, the spirodienone amide 19 
was obtained in 32% yield as the major product at room temperature 

(Table 1, entry 1). A study of reaction conditions to optimize the 
yield of this novel spirocyclization product was then undertaken. The 
presence of FeSO4 did not positively affect the product yield (Table 
1 entries 3), either in catalytic or stoichiometric amounts nor did 
longer addition times (Table 1 entries 3-5). Fe2(SO4)3, copper(II) 2-
ethylhexanoate and CuI2 were also screened with no obvious benefit 
in the product yield (see table S-15, supporting information SI). In 
contrast, when the reaction was carried out at  -5 ºC, the yield was 
considerably increased and the spirodienone 19 was obtained in 
reasonable 62% yield (entry 6). At lower reaction temperatures, the 
consumption of the starting material was not complete (entry 8). 
Addition of 0.5 equivalents of Et3B at 40 minutes intervals gave 19 
in 65% yield, and these reaction conditions were chosen as the 
optimal ones (entry 7).  
 
Table 1. Optimization of the spiroacylation process. 
 

 
Entry Oxidant Solvent Time Temp. yield 

1 - CH2Cl2 14 hb r.t 32% 
2 - CH2Cl2 4 hc r.t 35% 
3 FeSO4

a THF 4 hc r.t 30% 
4 FeSO4

a CH2Cl2/EtOH/H2O 14 hb r.t 32% 
5 FeSO4

a CH2Cl2/EtOH/H2O 4 hc r.t 34% 
6 - CH2Cl2 4 hc -5 ºC 62% 
7 - CH2Cl2 2.6 hd -5 ºC 65% 
8 - CH2Cl2 4 hc -40 ºC NR 

a) 1 equiv. b) 0.14 equiv. of Et3B/1 h, c) 0.5 equiv. of Et3B /h, d) 0.5 equiv. of 

Et3B /40 min. All reactions were carried out at 0.2M concentration in an open 

flak system. 

 

 
 

Scheme 3. Spiroacylation process. X-Ray ortep structure of 24.15 
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Accordingly, under the optimized conditions, the monosubstituted 
spirodienones 20 and 21 were obtained from xanthates 7a and 8, 
respectively, in good yields.  Dienones 22-24 containing two 
substituents (OMe or Me) in the dienone moiety were also produced 
efficiently. The reaction proceeded efficiently even in the presence 
of an electron attracting bromine substituent at the ortho (25) or 
meta (26) position of the precursor xanthates 12 and 13. Likewise, 
phenethylamine xanthate 14a, substituted in the alkyl chain with a 
methyl group, afforded the corresponding spirodienone 27 in good 
yield.  A similar outcome was observed with the β-benzyl and β-
methoxycarbonyl phenethylamine, derivatives 14b, and 14c, which 
efficiently gave the spiroacylation products 28 and 29. Furthermore, 
even the naphthalene derivative 15 afforded the expected benzofused 
spirodienone 30 very efficiently. Replacement of the p-MeO 
substituent by a benzyloxy group, as in xanthates 4e and7b, did not 
divert the course of the reaction, the spirodienonamides 19 and 21 
nevertheless being obtained in 80% and 60% yields, respectively. 
Even the diverse substrates 4a, 5a and 6 which lacked a p-MeO-
substituent in the aromatic ring, afforded the corresponding 
spirodienonamides 19, 21, and 24, respectively, although in low 
yields. Thus, under these reaction conditions the carbamoyl radical 
cyclizes at the ipso-position without requiring the presence of the 
otherwise activating methoxyl group. 

Previously the formation of related spirodienones in oxidative 
radical addition of certain alkyl radicals had been observed.8 
Accordingly, the mechanism depicted in Scheme 4 is proposed for 
the present spiroacylation. Thus, once the carbamoyl radical 31 is 
generated by a typical xanthate-based radical mechanism,14 it has 
two possible cyclization pathways: one that affords the stabilized 
spiro-radical 33 by an ipso-addition (path A, Scheme 4) and another 
featuring a direct ortho-addition to form the new radical 32 (path B). 
In principle, radicals 32 and 33 might be oxidized to the 
corresponding cations 34 and 35, by the action of the peroxyboranes 
produced in the autoxidation process of the triethylborane.13,16 

 

 

Scheme 4. Proposed mechanism. 

In order to have some clues of the preferred cyclization pathway we 
performed a computational study at M06-2X/6-31++g(d,p)17 
theoretical level of the radical 31 using Gaussian 09 program.18 We 
also calculated atomic properties (atomic energies and atomic spin 
populations) based on Bader’s19 partition with the program 
AIMAll20 (see S-2, SI). The group energy associated with the 
carbamoyl radical allows an estimation of the contribution of the 

tert-butyl group to the stability of this radical. Interestingly, a 
stabilizing C-H…O hydrogen bond was observed between the 
carbamoyl oxygen and one of the methyl groups of the N-t-butyl 
moiety, which is characterized by a bond critical point,21 (Figure S1, 
SI). The optimized structure of 31 shows a shorter trajectory for the 
reversible cyclization of the radical to produce the spiro-radical 33 
(Figure 2) compared to the direct formation of the six-membered 
ring in the radical intermediate 32. Indeed the calculated energy 
profile revealed that the transition state for the spirocyclization 
pathway A is 4.64 Kcal/mol lower than B for the six-membered ring 
formation (Figure 2). Furthermore, the energy of the cyclized radical 
33 is lower than that of 32 by 3.78 Kcal/mol. These differences can 
be explained by the radical delocalization as described by atomic 
spin populations (S-2, SI), in which the methoxyl group assists the 
delocalization of the radical at the para carbon atom during the 
formation of the spiro structure, whereas the six-membered ring 
formation does not have this assistance. If A is the preferred 
pathway, then the spiroradical 33 might undergo rearrangement to 
the six-membered 32 congener to produce isoquinolone 18 under 
thermal conditions although the calculated barrier for this process is 
44.05 kcal/mol.  Another possibility nonetheless, might be the 
transformation of the cation 35 into 34 by a thermally induced 
rearrangement (Scheme 4).  

 

 

Figure 2. Theoretical calculation of the spiroacylization and six-membered 

ring formation from carbamoyl radical 31 (bond distances in Å). 

Finally, several attempts to remove the of the N-t-butyl moiety from 

compound 24 were carried out. The previously described use of neat 

trifluoromethanesulfonic acid12 failed. At room temperature, the 

starting material was recovered, and heating resulted in its 

destruction. Similar results were obtained with H2SO4
8f and BF3

:2 

CH3COOH22  (S-16, SI).  

 

In closing, an easy entry to novel spirodienonamides featuring, for 

the first time, a dearomatizing spiroacylation  process is described. 
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This process was realized using carbamoylxanthates which, under 

Et3B-mediated radical conditions, were transformed into  

spirodienonamides  containing an acyl-functionalized all-carbon 

quaternary center. In principle, the process was intended to be 

applicable only to p-MeO-phenethyl derivatives; however, we 

observed that the spirocyclic dienone was also produced in 

substrates where no p-MeO substituent was present. 
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