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Radical reactions are nowadays a very useful tool for organic
synthesis as demonstrated by their frequent application in the
preparation of natural product§.he majority of these processes
are based on very efficient formation of carbdnydrogen and
carbon-carbon bond. The formation of a carbeheteroatom
bond from a carbon-centered radical is also well-documented
when the heteroatom is sulfur, halogen, and oxyjEne amina-
tion of alkyl radicals was investigated, too, and even though many
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different radical traps were tested, the preparative procedures that The reaction was tested first with different a|ky| jodides

arose from this work are of limited scopén this contribution,

we report preliminary results concerning a novel and unique

azidation process of simple alkyl iodides and dithiocarbonates

based on the use of ethanesulfonylazide as radical trap.
Ethanesulfonylazide, easily prepared from ethanesulfonyl-

(equation 1) and results are summarized in Table 1. Cyclic
secondary alkyl iodides such daand1b are efficiently converted

into the corresponding azid@a and2b by treatment with 3 equiv

of ethanesulfonylazide and a substoichiometric amount of DLP
in a mixture of chorobenzene and heptane as solvent (method A,

choride and sodium azide, is a stable liquid that can be heated afentries 1 and 2). Sterically more hindered secondary cyclic iodides

100°C without decomposition. Our hypothesis was that addition
of alkyl radicals in thea or y position of ethanesulfonylazide
should lead to intermediate nitrogen-centered radidaty (1).
These radicals should fragment to give alkyl azides and the
ethanesulfonyl radical that decomposes readily to give sulfur
dioxide and the ethyl radical (Scheme*®)Since the ethyl radical

such aslcand1d are efficiently converted into azid@s and2d

by treatment with 5 equiv of ethanesulfonylazide (method B,
entries 3 and 4). Tertiary alkyl iodides suchlasare also suitable
substrates for this azidation reaction (entry 5), in this case, total
conversion is achieved with 0.35 equiv of DLP (87% yield
according tdH NMR, 77% isolated yield). As expected, primary

is known to be an efficient promoter of iodine atom and dithio- a|ky| jodides gave On|y low y|e|ds as demonstrated by the
carbonate transfer reactions, this reaction sequence is expectedonversion ofif to 2f (entry 6). Indeed, with this substrate, the

to be suitable for radical azidation of iodides and dithiocarbon-
ates® Dilauroyl peroxide (DLP) has already proved to be an
excellent initiator for the transfer of iodine atoms and dithiocar-
bonated:8 Therefore, it should also be efficient for the azidation
reaction.
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iodine transfer between the ethyl radical and the primary iodide
is nearly thermoneutral; therefore, the chain reaction cannot be
very efficient. lodides resulting from an iodolactonization process
are of synthetic interest; however, the presence gfaxyloxy
group slows the reactiof,under optimized conditions (method
B) yields of 60 and 56% have been reached (entries 7 and 8).
When method A was used with these substrates, formation of
reduction product (X= H) was observed, presumably occurring
by hydrogen atom abstraction from heptane. For substiaté
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2h.1t
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Table 1. Radical Azidation of Alkyl lodides According to Eq 1
Entry R-X Method®  Yield [%]
1 Aco{>—x A 84

la: X = [ (cis/trans 59:41)
2a: X = N3 (cis/trans 54:46)
2 TOVO*X A 8l
1b: X =1
2b: X =N;
3 ©(>to B 80
X
lc: X =1 (exo)
2¢: X = Nj (exo/endo 74:26)
Me
4 N B 77
) A>:O
X
1d: X =1 (ex0)
2d: X = N; (exo/endo 80:20)
< O b
5 A 77 (87)
X
le: X =1
2e: X = N3
° EIOOCJ\/\/X y 24
EtOO0C
If: X =1
2f: X =N;
7 "o B 60
"0
X
lg: X =1
2g: X = N; (exo/endo 82:12)
8 B 56
o OH
o
1h: X =1 (exo)
2h: X = N3 (ex0)

aMethod A: 3 equiv of EtS@N; in refluxing chlorobenzene/heptane
(2:1), DLP (0.35-1 equiv) as initiator; method B: 5 equiv of Et3@
in chlorobenzene at 10TC, DLP (0.35-1 equiv) as initiator? Yield
according to'H NMR.

EtSOQNs (3—5 eqUiV) (1)

R_N3
DLP (0.35-1 equiv)

1a-1h 2a-2h

DLP = dilauroyl peroxide

Interestingly, the azidation procedure can be combined with
an iodine atom transfer carbewarbon bond formation in a one-
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and treatment with ethanesulfonylazide (method A), gave the azide
2d in 80% overall yield.

The use of dithiocarbonates as radical precursors was then
investigated. For instance, when the dithiocarboAatas treated
with ethanesulfonylazide under method B, the azilevas
obtained in 85% isolated yield (equation 2). 2-Alkoxylated radicals
react also efficiently with ethanesulfonyl azide as shown by the
conversion obaand6b to 7aand7b, respectively (equation 3).

In a similar way, the anomeric dithiocarbona8egave the
anomeric azid® as a singlen-anomer in 74% yield (equation
4).12 Such anomeric azides are of considerable interest for the
preparation ofN-linked glycoconjugates. Interestingly, the
isomers are more difficult to prepare by classical nucleophilic
displacement with azide aniéh.

NC CeHis Etsozr\:;L(F:? equiv) NC\/\rceHm @
N
SCSOEt PhCI, 100°C 8
4 585%
EtOOC OR  EtSO:N3 (5 equiv) EtOOC\/Y\OR @
SCSOEt DLP N;
PhCI, 100°C
6a (R = OEt) 6b (R = OFt, 67%)
7a (R = OAc) 7b (R = OAc, 72%)

EtSO,N; (5 equiv)
—_—

DLP
PhCl, 100°C

AcO o
A%%o&/ SCSOEt

8

AcO o
A‘i&&\\ (4)
N=

3

9 74%

In conclusion, we have presented here a new radical approach
to make alkyl azides that is complementary to the well-established
electrophilic and nucleophilic azidation processes. The starting
material can be either secondary or tertiary alkyl iodides as well
as dithiocarbonates. This method is based on easily available and
cheap reagent such as ethanesulfonylazide and dilauroyl peroxide
(DLP). Moreover, one of the main drawbacks of many radical
processes, that is, the use of tin derivatives, could be overcome
by using an approach based on atom or group transfer reactions.
The possibility of running a one-pot transformation involving
carbon-carbon bond formation and azidation offers new op-
portunities in total synthesis
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