
Facile 5-Endo Amidyl Radical
Cyclization Promoted by Vinylic Iodine
Substitution
Yu Tang and Chaozhong Li*

Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences,
354 Fenglin Road, Shanghai 200032, China

clig@mail.sioc.ac.cn

Received May 23, 2004

ABSTRACT

BF3‚OEt2-catalyzed atom-transfer radical addition of iodoacetamides to alkynes yielded the corresponding vinyl iodides, which upon treatment
with tBuOCl and I2 afforded γ-lactam derivatives in moderate to good yield. The mechanism was proposed to be 5-endo amidyl radical cyclization,
and vinylic iodine substitution provided the driving force for the cyclization.

Tremendous progress in free-radical reactions and their
applications in organic synthesis have been achieved within
the past two decades.1 Among them, cyclization of amidyl
radicals has received considerable attention2 because it is
the direct way to construct a lactam skeleton via C-N bond
formations and thus is of great potential in natural product
synthesis. The most widely studied mode of amidyl cycliza-
tion is 5-exo cyclization.2,3 Other modes of cyclization such

as 6-exo cyclization4 are rarely seen and remain a challenging
task for synthetic organic chemists. We here report the first
examples of efficient 5-endo amidyl cyclization reactions
leading to the formations of cyclic iminoketones or unsatur-
ated lactams, and our results reveal that the iodine substitu-
tion on the CdC bonds plays an important role in the
cyclization.

Our finding originated from our investigation on the atom
transfer radical addition (ATRA) reactions of iodoacetamides
(1) with alkynes (2). We envisioned that the treatment of
the ATRA products3 with tBuOI5 would generate the
corresponding amidyl radical4, which might add to the Cd
C bond in a 5-endo mode to give the cyclized radical5. The
radical5 then underwentâ-elimination to afford the lactam
6, which might rearrange to the thermodynamically more
stable lactam7 as the final product (Scheme 1). This two-
step radical sequence would provide a simple entry to the
pyrrolidinones7, which are important building blocks in
organic synthesis.
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The ATRA reactions of iodoacetates or iodoacetonitriles
with terminal alkynes with bis(tributyltin) as the initiator were
well studied by Curran et al.6 However, the corresponding
ATRA reactions of iodoacetamides have not been explored.
As a model example, we carried the reaction ofN-
phenyliodoacetamide with 1-hexyne at room temperature
with triethylborane or bis(tributyltin) as the initiator. The
reaction was very slow, and more than 50% of the starting
amide remained unchanged after 24 h. The expected product
N-phenyl-4-iodo-3-octenoamide (3e) was isolated as a mix-
ture of two stereoisomers (Z/E ) 3:1) in less than 30% yield.
To achieve higher yield, we tried the catalysis of Lewis acids7

in the above reaction. Among the Lewis acids screened (BF3‚
OEt2, BCl3, MgBr2‚OEt2, Mg(OTf)2, Yb(OTf)3, ZnCl2), boron
trifluoride etherate8 showed the best result. When the above
reaction with BEt3 as the initiator was carried out in the
presence of BF3‚OEt2 (2 equiv) at room temperature for 20
h, 3e was achieved in 78% yield with a slightly higher
stereoselectivity (Z/E) 5:1). Thus, a number of iodoacet-
amides1 and alkynes2 were employed and satisfactory
yields (64-90%) of the corresponding condensation products
3a-g were achieved in this manner (eq 1). The ratios of
stereoisomers were in the range of 2.5:1 to 10:1 with the
(Z)-isomers preferred (see the Supporting Information for
details).

The next step was to generate the amidyl radical. It was
well documented that treatment of an amide withtBuOI could

generate the correspondingN-iodoamide, which upon heating
or photolysis would produce the amidyl radical via the
homocleavage of the weak N-I bond.5 Thus, the two isomers
of 4-iodo-3-octenoamide3a, without separation, were sub-
jected to the reaction withtBuOCl and I2 in CH2Cl2 in the
dark at room temperature. The reaction was complete within
10 h, and the product was isolated in 72% yield and
characterized to be the cyclic iminoketone8a rather than
the expected lactam6 or 7 (eq 2).

While there are other ways to preparetBuOI in situ
(AgOAc/I2/tBuOH,9 PhI(OAc)2/I2/tBuOH,10 tBuOCl/I2,5 tBuOK/
I2

11), we observed thattBuOCl/I2 gave a higher yield of the
cyclization product. The reason for the differences is still
unclear.12 It should be mentioned that the direct treatment
of 3awith I2 at room temperature did not give8aat all while
3a remained unchanged.

The reactions of other substrates3b-g with tBuOCl/I2
were then carried out in the same fashion (eq 2), and the
results are summarized in Table 1.

As can be seen in Table 1, withN-unsubstituted substrates
3a-d, the cyclic iminoketones8a-d were obtained as the
cyclization products in good yield. On the other hand, the
reactions ofN-phenyl substrates3e,f led to the formation of
the dienes8e,f with excellent stereoselectivity. Compound
8e could be further converted to itsp-iodo-substituted
derivative9 if the reaction of3e was allowed to run for a
much longer time. The structure of9 was unambiguously
characterized by its X-ray diffraction analysis (see the
Supporting Information). WithN-methyl-substituted substrate
3g, the corresponding diene8g was also formed. However,
the yield was low and the stereoselectivity was poor.

As a comparison, we used compounds10 and11 as the
substrates. Their reactions withtBuOCl/I2 under the above
same experimental conditions were complicated, and no
meaningful products could be isolated. These results indi-
cated that, rather than simply acting as a substituent, the
iodine atom in3 played a crucial role in the above cycliza-
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tion reactions presumably by offering the driving force for
the 5-endo cyclization viaâ-elimination of the iodine radical
(5 f 6).

On the basis of the above results, a plausible mechanism
could be drawn as follows: First, efficient 5-endo amidyl
cyclization occurred to give lactam6 as depicted in Scheme
1. With the presence of the excess amount of I2 or ICl
(formed by reaction oftBuOCl and I2),5 6 underwent
iodination (to give12) rather than rearrangement (to give
7). The intermediate12 then rearranged to13. When R2 is
H, the corresponding iminoketone was formed as the product.
If R2 is an alkyl or aryl group, dehydroiodination occurred
to give the intermediate14, which furnished the unsaturated
lactam via the loss of a proton (Scheme 2). Our attempt to
obtain the intermediate6 by stopping the reaction of3a
halfway was unsuccessful presumably because the iodination
of 6 was fast.

Cyclic iminoketones are unique building blocks in the
synthesis of some natural products.13 They are also important
precursors to lactams.14 As a typical example, treatment of
compound8c with DBU (1.5 equiv) in CH2Cl2 at -78 °C
for 2 h afforded the lactam15 in 85% yield with high
stereoselectivity (eq 3). The configuration of15 was deter-
mined by the characteristic chemical shift of the NH proton
(δ 11.6 ppm) resulting from the intramolecular hydrogen
bonding.

In conclusion, the intermolecularR-carbamoyl radical
addition to an alkyne followed by the intramolecular 5-endo
amidyl radical cyclization provides a convenient route to the
synthesis of cyclized iminoketones or unsaturatedγ-lactams.
Detailed investigation on the general picture of 5-endo amidyl
cyclization is currently in progress in our laboratory.
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Table 1. 5-Endo Cyclization of3a-g

a Isolated yield based on3. b Trans/cis) 6:1. c Z/E ) 1:1.
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