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Carbamoyl radicals from carbamoylxanthates:
a facile entry into isoindolin-1-ones
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Abstract—It has been found that carbamoylxanthates derived from secondary t-butyl amines are stable compounds which function
as efficient sources of carbamoyl radicals. The carbamoylxanthates derived from t-butylbenzylamines can be efficiently transformed
into 2-t-butylisoindolin-1-ones via an oxidative radical cyclization process. The carbamoylxanthates derived from N-t-butylamino
olefins underwent the expected cyclization/xanthate-transfer process to afford the corresponding pyrrolidones and piperidones
under thermally induced DLP fragmentation conditions and in the presence of catalytic Et3B in air, at room temperature.
� 2007 Elsevier Ltd. All rights reserved.
Acyl radicals can be grouped into three major classes:
alkanoyl radicals 1, alkoxycarbonyl radicals 2, and car-
bamoyl radicals 3 (Fig. 1).1 Alkanoyl radicals easily lose
carbon monoxide to produce an alkyl radical, neverthe-
less this class of radicals is by far the most extensively
studied, and has been used for synthetic purposes.1

Alkoxylcarbonyl radicals also ought to be prone to frag-
mentation (loss of carbon dioxide), but these species
have received little attention. Carbamoyl radicals 3,
which should be comparatively long lived species, since
decarbonylation would afford high energy aminyl radi-
cals, have been considerably less studied than have alka-
noyl radicals 1. Presumably, the paucity of convenient
methods of generating 3 has been a factor contributing
to this situation. Nevertheless, carbamoyl radical addi-
tions to double bonds,2 aromatic systems,3 and oxime
ethers4 have been reported. The synthetic potential of
these radicals has been recently illustrated in the synthe-
sis of the complex natural product stephacidin B.5
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Figure 1. Acyl radicals.
In connection with our studies on the addition of alkyl
and acyl radicals to aromatic and heteroaromatic sys-
tems,6 it became of interest to examine the feasibility
of effecting oxidative cyclization of carbamoyl radicals
onto aromatic systems. Given the versatility of alkyl
radical generation from dithiocarbonates, developed
by Zard et al.7 we entertained the possibility of using
the related carbamoyl xanthates (carbamoyldithio-
carbonates) as carbamoyl radical sources.8 We fully
recognized that such species might have stability pro-
blems and could lose carbon oxysulfide to generate thio-
carbamates.2g Indeed, Grainger and Innocenti2g recently
encountered this problem and resorted to the use of
the more stable carbamoyldithiocarbamates as car-
bamoyl radical sources. Our endeavors in this area
commenced with the reaction of the carbamoyl chlo-
rides 5a–c (Scheme 1) with potassium ethyl xanthate
(0.9 equiv; see Ref. 7c for rationalization) in acetonitrile
at room temperature. Whereas carbamoyl xanthates 6a
and 6b were very unstable and rapidly decomposed to
complex mixtures, the N-t-butyl substituted congener
6c was isolated as a remarkably stable, crystalline
compound, the structure of which was verified by X-
ray crystallography (Fig. 2).9 Indeed, 6c remained
unchanged after two hours in chlorobenzene at reflux
temperature. When 6c was, however, submitted to one
of the typical Zard radical generation conditions, that
is, portionwise addition of 1.2 equiv of lauroyl peroxide
to a refluxing solution in 1,2-dichlorethane, isoindoli-
none 9 was isolated as the only product in good yield
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Scheme 1. Preparation and radical reaction of carbamoyl xanthate 6c.

Figure 2. Computer generated perspective drawing of 6c.
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(Scheme 1).10 Thus, the generation of carbamoyl radical
7, its cyclization to 8, and the dilauroyl peroxide (DLP)
mediated oxidation6a,b of radical 8 to isoindolinone 9 all
must take place with high efficiency.

On the basis of this observation, several ring substituted
t-butylbenzylamines were converted into the corre-
sponding stable and isolable carbamoyl xanthates,
which were then subjected to the above carbamoyl rad-
ical generation conditions. In every case the ring substi-
tuted N-t-butylisoindolinone was obtained in excellent
yield (Table 1, entry 1), independent of the nature of
the benzenoid substituent(s). Interestingly, 3,4-methyl-
enedioxy compound 26 and 3-bromo compound 36 gave
mixtures of isoindolinones in which the products derived
from cyclization at C-6, the less hindered position (27
and 37, respectively), were only slightly favored over
those derived from attack at C-2 (28 and 38, respec-
tively). The data in Table 1 convincingly show that a
variety of structurally diverse isoindolinones, a relatively
rare class of compounds, are now readily available.
Furthermore, we realized that the N-unsubstituted cong-
eners ought to be accessible by the removal of the t-butyl
group in acidic media. One of the reported11 conditions
(catalytic trifluoromethanesulfonic acid; TFMSA)
failed, however, to effect this transformation. Neverthe-
less, after some experimentation it was found that the
removal of the N-t-butyl moiety from compounds 9
and 20–24 was accomplished simply by stirring solutions
thereof in neat TFMSA at room temperature or neat
trifluoroacetic acid (TFA) at reflux temperature. The
trifluoroacetic acid procedure gave NH isoindolones
39–44 in excellent yields (Table 2) including compounds
43 and 44, which were obtained somewhat less efficiently
by the TFMSA procedure. It is worth pointing out that
the NH isoindolinones are potential isoindole precursors
whose utility in Diels–Alder reactions is well estab-
lished.12 In addition, many isoindolinone derivatives
possess a variety of significant biological activities,
including antidopaminergic and protein kinase inhibit-
ing activities.13

How does the N-t-butyl group confer such notable sta-
bility upon the carbamoyl xanthates? This stability
may be a consequence of conformational effects (fixed
conformation and a high NCO rotational barrier) or
steric hindrance in the vicinity of the NCO moiety, but
at the present time we have no convincing data in this
regard. Why do the N-t-butylcarbamoyl radicals derived
from the above carbamoylxanthates undergo such effi-
cient oxidative cyclization, which with one exception 3f

has not been observed before, even in substrates where
it might have been expected to occur?2c,g In all of the
previously reported substrates the carbamoyl radical
could select between intramolecular addition to a double
bond or to the ortho sites of a benzenoid nucleus.
Radical addition to a double bond is generally a lower
energy process and is expected to be favored over addi-
tion to an aromatic system. We are currently studying
the synthetic consequences of, and the mechanistic ques-
tions which have been raised by the results described
above.

To further explore the potential utility of the t-butyl-
carbamoylxanthates, we examined the possibility of
intramolecular addition of the derived carbamoyl radi-
cals to a double bond. We were pleased to observe that
the N-t-butylamino olefins 45 and 46 gave the thermally
stable carbamoylxanthates 47 and 48, respectively
(Scheme 2). These compounds underwent the expected
cyclization/xanthate-transfer process to afford the
corresponding pyrrolidone 49 and piperidone 50 under
thermally induced DLP fragmentation conditions. The
c-lactam 49 was obtained in slightly lower yield (76%)
than that observed with the related dithiocarbamate
reported before (80%).2g The reaction of xanthate 68
under the same conditions, afforded piperidone 50 in
62%, as the only product (Scheme 2). In contrast,
in the similar reported experiment (using a related
dithiocarbamate), a mixture (8.4:1) of the piperidone
derivative and a seven-membered lactam (formed by a
7-endo cyclization), was obtained in 65% yield.2g In
addition, products 49 and 50 could also be generated
at room temperature from xanthates 47 and 48, albeit



Table 2. Removal of the t-butyl group
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1 9 H 39 0.5 98 72 100
2 20 Me 40 0.5 97 72 100
3 21 Cl 41 24 100 72 100
4 22 Br 42 24 100 72 100
5 23 OMe 43 3 74 96 96
6 24 CO2Me 44 0.5 42 96 95

Conditions: (A) neat TFMSA, rt; (B) neat TFA, reflux.

Table 1. Synthesis of 2-t-butylisoindolin-1-ones from t-butylbenzylamines
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Scheme 2. Cyclization of carbamoyl radicals onto C–C double
bonds.2g
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in somewhat lower yields, by means of catalytic triethyl
borane in an aerial atmosphere.
In summary, we have demonstrated that carbamoylx-
anthates derived from secondary t-butyl-amines are
stable compounds that serve as efficient sources of
carbamoyl radicals both by thermally induced DLP
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fragmentation and at room temperature in the presence
of catalytic Et3B in air. Carbamoylxanthates derived
from t-butyl-benzylamines are transformed into 2-t-
butylisoindolin-1-ones by oxidative radical cyclization
of the derived carbamoyl radical onto the benzenoid sys-
tem, a process scarcely exploited so far.
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