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Free-radical carbonylation of v-alkynylamines with tributyltin
hydride gives a mixture of a-methylene lactams and
a-stannylmethylene lactams. Nucleophilic addition of an
internal amino group to the carbonyl group of a-ketenyl
radicals is proposed as the cyclization step. The subsequent
unusual 1,4-H shift from the resulting 1-hydroxyallyl radical,
followed by elimination of the b-tributyltin radical leads to
the formation of a-methylene lactams.

The reaction between ketenes and nucleophilic reagents, such as
amines, alcohols, and carbon nucleophiles, is a well known reaction
that provides access to a wealth of carbonyl compounds.1 In the
particular case of a ketene bearing an internal amino group, the
reaction gives rise to lactams of various ring sizes. Having
developed a facile method for the preparation of a-ketenyl radicals
by radical carbonylation,2,3 we examined the reaction of amine
containing substrates, to determine whether or not a similar
cyclization will occur in the radical version of simple ketenes
(eqn. (1)). a-Ketenyl radicals are elusive but suggested frequently in
the reaction of a,b-unsaturated acyl radicals.2,4 Ab initio calcula-
tions predict a slightly higher energy with low energy barriers
between two radicals.5 In this communication, we report that
a-ketenyl radicals, which are generated by radical carbonylation of
amino acetylenes, can be trapped by internal amino groups leading
to the formation of lactam rings.6 This work represents a useful
concept that nucleophilic addition to a polar function of radical
species can generate novel radical species.

Thus treatment of 4-pentynylpropylamine (1d) with tributyltin
hydride as radical mediator (1.1 equiv.) under CO pressure
(75 atm.) in the presence of AIBN (2,2’-azobisisobutyronitrile) as a
radical initiator at 90 uC for 3 h gave a set of six-membered ring
lactams. After chromatographic separation, unsaturated six-
membered ring lactams 2d (35%) and 3d (37%) were obtained as
major products, along with a-stannylmethyl lactam 4d (6%) as a
byproduct (Scheme 1). The stannylcarbonylation of 1d, when
coupled with the subsequent protodestannylation procedure
(TMSCl (7 equiv.) plus MeOH, room temperature, 10 min) gave
a-methylene lactam 3d in 71% yield after isolation by silica gel
chromatography.

In order to test the generality of the radical ring forming
reaction, a variety of substrates were examined (Table 1). Method
A corresponds to the stannylcarbonylation, whereas method B is
a combined procedure of stannylcarbonylation (Method A)
and subsequent protodestannylation. As shown in Table 1, the
reaction permitted the efficient formation of five-, six-, seven-, and

eight-membered ring lactams. Primary alkynylamines gave rise to
lactams having no alkyl substituent at the lactam nitrogen (runs 1,
4, 7, 10, and 11). It is interesting to note that the amount of the
destannylated product 3 seems to increase as the ring size increases.
With exception of 7-amino-1-heptyne (1g), saturated a-stannyl-
methyl lactams were observed as byproducts. These are most likely
produced by further hydrostannylation of the initial a-methylene
lactam products 3. In a separate experiment, we confirmed that the
eight-membered ring product 3g did not undergo hydrostannyla-
tion using standard radical conditions (AIBN/Bu3SnH), whereas
five- and six-membered compounds 3a and 3c undergo smooth
hydrostannylation leading to 4a and 4c, respectively.

Having these basic results in hand, we examined alkynes having
cyclic amine moieties (Scheme 2). When alkynes 1h and 1i, having
piperidine and tetrahydroisoquinoline moieties were subjected to
method B, the corresponding bicyclic and tricyclic a-methylene
lactams, 3h and 3i were obtained in 61% and 48% yields,
respectively. Similarly, an alkynylamine 1j derived from L-proline
gave a chiral a-methylene lactam 3j in 52% yield.

The formation of a-methylene lactams 3 in this study brings
about intriguing mechanistic questions. We propose that these
species are formed by a 1,4-H shift from 1-hydroxyallyl radicals,
which are formed by addition of an amine NH bond to the ketene
carbonyl. Scheme 3 illustrates such a mechanism using 1c as the
substrate. Thus, nucleophilic addition of the internal amino group
to the carbonyl group of a-ketenyl radical A would give rise to
zwitterionic intermediate B, which would give hydroxyallyl radical
C. The subsequent 1,4-H shift from the hydroxyallyl radical C,7

followed by b-elimination of tributyltin radical from the resulting
radical D, would lead to the formation of a-methylene lactam 3c.8

The formation of a-stannylmethylene lactam 2c requires a formal
‘‘oxidation’’ step, which serves as a chain termination step.9 One
possibility is hydrogen abstraction from the hydroxyallyl radical C.

In summary, five- to eight-membered ring lactams were prepared
by free-radical mediated stannylcarbonylations of v-alkynyla-
mines. The nucleophilic trapping of the a-ketenyl radical by an
amino group to give a hydroxyallyl radical and the 1,4-hydrogen
shift would account for the formation of a-methylene lactams. We
believe that the basic concept that nucleophilic trap of polar radical
species can generate novel radical species would find many useful
applications in synthesis.

{ Electronic supplementary information (ESI) available: Experimental
procedure and characterization for all compounds. See http://www.rsc.org/
suppdata/cc/b4/b408746a/D
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Scheme 1 Carbonylation of 4-pentynylpropylamine.
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Table 1 Cyclizative carbonylation of alkynylamines 1 using tributyl-
tin hydride

Run 1 Methoda

Productsb

(G ~ Bu3Sn),
Yield (E/Z)c

a Method A: 1 (0.5–0.6 mmol), Bu3SnH (0.53–1 mmol), CO (70–
80 atm.), AIBN (0.1–0.15 mmol), benzene (50 mL), 90 uC, 3–8 h.
Method B (Method A plus protodestannylation): After the stannyl-
carbonylation (Method A), crude reaction mixture was treated with
TMSCl (3.5–5.0 mmol) in MeOH at room temperature. b With
exceptions of runs 10 and 11, stannylmethyl lactams were formed as
byproduct: 4a (26%), 4b (20%), 4c (5%), 4d (6%), 4e (5%), 4f (5%).
E/Z ratio of 2 was determined by 1H NMR. c Isolated yields by flash
chromatography on SiO2.

Scheme 2 Preparation of bicyclic and tricyclic a-methylene lactams.

Scheme 3 Possible reaction mechanisms leading to unsaturated lactams.

C h e m . C o m m u n . , 2 0 0 4 , 2 4 8 2 – 2 4 8 3 2 4 8 3


