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Abstract—A new approach to the generation of acyl radical equivalents has been developed. Treatment of amides with triflic
anhydride followed by samarium diiodide allows for cyclization onto appropriately substituted olefins. © 2000 Elsevier Science
Ltd. All rights reserved.

The generation of acyl radicals and their subsequent
cyclization onto a pendant olefin has drawn substantial
interest over the past decade.1 The most synthetically
relevant procedures involve acid chlorides,2 acyl sele-
nides,3 acyl tellurides,4 acyl germanes,5 acyl cobalt
derivatives6 and carbonylation of alkyl radicals.7 Acyl
radical equivalents are also known. Acetals8 and
thioacetals9 have shown utility in this capacity. In this
letter we report that N-alkyl-N-phenylamides can serve
as useful precursors for the generation of a new class of
acyl radical equivalents and that they are capable of
cyclization to form five- and six-membered rings.
Amides have received little attention as radical precur-

sors. Ogawa et al. have reported that amides will
dimerize with deoxygenation upon treatment with sa-
marium diiodide and samarium metal in refluxing
THF.10 Kamochi has directly reduced amides to the
corresponding aldehydes and primary alcohols using
samarium diiodide with phosphoric acid catalysis.11

Our approach to using amides as radical precursors is
outlined in Scheme 1. Unsaturated amide 1 is initially
treated with an electrophilic species, such as triflic
anhydride, to generate an intermediate iminium triflate
(2).12 An initial one electron reduction by samarium
diiodide is thought to generate radical 3 (an acyl radical

Scheme 1.
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entry         starting material                                                  product                                              yield

    

1                                                                                                                                                       68%

2                                                                                                                                                       74%

3                                                                                                                                                        17%a

4                                                                                                                                                       15%b

5                                                                                                                                                       70%

6                                                                                                                                                       58%

7                                                                                                                                                       49%

(1.4:1)

(1.5:1)

(1.2:1)

(2:1)

a18% aldehyde also isolated.  b.34% aldehyde also isolated
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Table 1.

R2 Z ElectrophileR1 AdditivesEntry Yield (%)

1 CH3Ph CO2(CH2)5CH3 2.5 TMSCl 4.0 HMPA 20a

CH3 CO2(CH2)5CH3 1.2 Tf2OPh 4.0 HMPA2 39
Ph3 CH3 CO2(CH2)5CH3 1.2 Tf2O 0.2 NiI2 66

CH3 CO2(CH2)5CH3 1.2 Tf2O4 0.2 NiI2, 2 t-BuOHPh 87
Ph CO2(CH2)5CH3 1.2 Tf2OPh 2.0 HMPA5 5
n-Bu CO2(CH2)5CH36 1.2 Tf2On-Bu 2.0 HMPA 0

CO2(CH2)5CH3 1.2 Tf2O-(CH2)4- 0.2 NiI2, 2 t-BuOH7 37
Ph8 CH3 (CH2)8CH3 1.2 Tf2O 0.2 NiI2, 2 t-BuOH 0

a The E+ was added last at 0°C.

equivalent) which can then cyclize forming 4. Further
reduction, protonation and rapid hydrolysis upon addi-
tion of water affords cyclic ketone 5.

Our initial efforts towards radical cyclization used
chlorotrimethylsilane as the electrophile because it had
previously been shown to be compatible with samarium

Table 2.
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diiodide.13 This reaction proceeded best by adding 2.5
equiv. of TMSCl to a mixture of the amide, 4.5 equiv.
of SmI2 in THF, and 4.0 equiv. of HMPA at 0°C to
afford a modest yield of the target cyclic ketone (entry
1, Table 1).14 A somewhat better result was obtained by
adding 1.2 equiv. of Tf2O to a mixture of the amide and
dry Et2O (−78 to −10°C), then adding 4.5 equiv. of
SmI2 and 4 equiv. HMPA at −10°C (entry 2). It was
then determined that the inclusion of NiI2, which has
been shown to facilitate a variety of different SmI2

reactions (presumably as an electron transfer cata-
lyst),15 afforded a substantially improved yield of cy-
clized product (entry 3). The inclusion of t-BuOH as a
proton source (entry 4) was found to further increase
the yield. Entries 5–7 in Table 1 summarize our further
examination of the effect of modifying the amide nitro-
gen substituents. Clearly the initial choice of N-alkyl-
N-phenyl was the best at effecting cyclization. Entry 8
illustrates the importance of alkene activation by an
electron withdrawing group. In cases where little or no
cyclized products were isolated (entries 5, 6 and 8),
substantial amounts (>50%) of starting amide were
isolated from the reaction mixtures.

Table 2 summarizes our efforts at generalizing this
reaction. Entries 1 and 2 provide further examples of
5-exo-trig cyclizations using the optimized conditions
described in entry 4 of Table 1.16 Six-membered carbo-
cyclic rings can be formed, albeit in low yield, as shown
in entry 3. Entry 4 is noteworthy because it examines
the steric sensitivity of the reaction at the site of ring
closure. In all cases, side reactions typically afforded
small amounts of amide reduction products (aldehydes,
amines, alcohols). In entries 3 and 4, significant
amounts of the corresponding aldehydes were isolated.
The last three entries in Table 2 examine an interesting
variant of the reaction where the amide nitrogen is
internal to the incipient ring. In such cases, after cy-
clization, further reduction occurs to produce good
yields of 2,3-disubstituted nitrogen heterocycles.17 Note
(entry 7) that this particular 6-exo-trig cyclization is
apparently significantly more favorable than that de-
scribed in entry 3. If the reduction reaction described in
entry 5 is conducted at lower temp (SmI2 added at
−30°C instead of −10°C), substantial preference for the
cis isomer (8:1) is observed (although the yield dropped
to 37%).18

In conclusion, a new radical generation system has been
uncovered which allows for the efficient cyclization of
appropriately substituted unsaturated amides. We are
currently working on acyl radical equivalents that will
allow for the production of carbocycles in enantioselec-
tive fashion.
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