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Substitution at nitrogen by  a,f-unsaturated acyl radicals took place accompanied by elimination of an o-phenethyl radical. This reaction led

to the development of a new carbonylative annulation method for five- to seven-membered ring lactams.

Whereas radical cyclization reactions have become a power-reaction of acyl radicals at the nitrogen of amines also
ful tool for creating heterocyclic ring's? the potential of provides a useful route for the synthesis of nitrogen-
intramolecular homolytic substitution (i} reactions to create  unsubstituted lactams (the second equation of Scherte 1).
heterocyclic rings has remained underexploited. Examples We envisioned that if an acyl radical bearing a benzyl-
are restricted to mainly group 14 and 16 elements, such asamine moiety could be generated expulsion of a benzyl
Si, Ge, Sn, S, Se, and Péwhereas g-type ring formation
reactions at nitrogen, an element in group 15, have bee
scarcely reportedl. In pursuit of new radical-mediated
carbonylation processésye recently reported that polarity-
matched acyl radical cyclization onto the nitrogen of imines
is a useful tool for the synthesis of lactams (the first equation G'\ ,CO R G O R G 0 R

of Scheme 1) Herein, we report that the substitution \\7\)4%: _,\i)%ﬂﬁydiza‘b“”m“ sA AR )

Scheme 1. Two Types of b + 1] Annulation Strategies to
Lactam Rings

addition: previous work (ref.7b)
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radical in an §i manner would lead to the formation of a smoothly from tributyltin hydride and instead permits dimer-

lactam ring. When we examined the stannylcarbonylation
of (N-benzyl)pentynylaminel@) with tributyltin hydride and
AIBN under CO pressure, we found that the envisaged six-
membered ring lactar®a, which does not contain a benzyl

ization.N-t-Butylhexynylamine also gave the desired product
in good yield®

We examined the generality of the lactam ring formation
using a variety of substituted-a-phenethyl alkynylamines,

group on nitrogen, is formed, albeit in low yield together as summarized in Table 1. For examphunsubstituted

with lactams containing a benzyl substituent on nitrogen
(Scheme 2).

Scheme 2. Effect of the Substituent at Amine Nitrogen for
Radical Substitution Reaction
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BusSn IO BugSn O
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“H
2a
R =1a; benzyl 25% {E/Z = 0/100)
1b; o-phenethyl 74% (EIZ = 4/96)
1c¢; +Bu 75% (E/Z=5/35)

1d; diphenylmethyl 44% (E/Z = 7/93)

This prompted us to examine several substituents at amine

nitrogen, includingx-phenethyl, diphenylmethyl, artebutyl.

To our delight, we found thatb, which has am-phenethyl
group, resulted in the formation &a in 74% vyield after
isolation by silica gel chromatography. The diphenylmethyl
group gives excellent selectivity for the desired prod2et
however, the yield oR2a was modest due to poor chain

propagation. In this case, tetraphenylethane was detected in

the crude reaction mixture, which suggests that the expelled
diphenylmethyl radical is too stable to abstract hydrogen
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Table 1. Carbonylative §i-Type Reaction Leading to

Nitrogen-Unsubstituted Lactarhs

entry alkynylamines 1 products yield®
1 E Ph BusSn o
é/\/ T le %NH 2e 84% (E/IZ=17/83)
H BusSn O
: =Y NTPh 1t %NH 2 69% (E/Z= 20/80)
ph !
Ph
K BusSn O
s /\g‘NTPh 1g ‘*&(NH 29 73% (EIZ= 14/86)
& Bugsn  Q m
s Z Y NTPh 1h %NH 2h 62% (EIZ= 13/87)
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2n 64% (E/Z=9/91)

aReaction conditions: for entries-B, [RX] = 0.01 M, AIBN (19-20
mol %), CO (74-90 atm), BySnH (1.3—1.5 equiv), gHs (50 mL), 90°C,
4 h; for entries 10 and 11, [RX§ 0.01 M, V-40 (1,1-azobis(cyclohexane-
1-carbonitrile)) (20 mol %), CO (90 atm), BBnH (1.3 equiv), €Hs (50
mL), 110°C, 4 h.b Isolated yields by flash chromatography on silica gel.

y-lactam 2e can be prepared frol-phenethyl homopro-
pargylaminele in 84% vyield (entry 1). The reaction of
substituted alkynylaminesj—I also proceeded smoothly to

(10) In this case, the lactam havitgputyl on nitrogen of the lactar@a
and theN-t-butyl-o-methylene lactam were also obtained in 6% and 12%
yields, respectively. See: Tojino, M.; Uenoyama, Y.; Fukuyama, T.; Ryu,
I. Chem. Commur2004, 2484.
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give the correspondingrlactams2j—I in good yields (entries  reduction of4 and subsequent hydrogenation using Pd(OH)
7—9). In a similar way, seven-membered ring lactaZns catalyst gave the alkaloid sibirine (6).
and 2n were synthesized fromim and 1n, respectively

(entries 10 and 11). The preparation of chirdactams was _

also examined. A diastereomeric mixture of alkynylamines  Scheme 4. Carbonylative §i-Type Reaction of a Tertiary

1f and1gwas obtained by the condensatioroephenethyl- Alkynylamine 1o and Its App.li'cation to the Synthesis of
amine having anR)-configuration with benzaldehyde, fol- ()-Sibirine

lowed by reaction with propargyl bromide in the presence 1 2533"” Bugsn O TMSCH 0

of zinc. This gave a mixture of diastereomdrsand 1g, ///\Arlu P \\@/ oOH %u/
which were separated by recrystallization of the HCI salt.

The resulting chiral alkynylaminelf and1g were subjected 10 20 86%
to the standard reaction conditions, which gave the chiral

y-substituteda-methylene-y-butyrolactamaf and 2g, re- o eIMS -t 0

spectively (entries 2 and 3). In a similar way, chivainethyl- %ﬂ/ * mmm/
substitutedy-lactams2h and 2i were prepared from the

corresponding alkynylaminedh and 1i in good yields 2 ° 4 0%

(entries 4 and 5). LiAlH, Pd(OH),/C

For the present homolytic substitution reaction at N by ether W/HZ—— m/
o,f-unsaturated acyl radicals, we propose a pathway which rt,1h
involves the nucleophilic trap af-ketenyl radicals, forming 5 68% 6 60% (x)-sibirine

intermediateA as the first event (Scheme 3). Thus formed

In conclusion, we have demonstrated thgt-unsaturated

I o) radicals, generated by radical carbonylation of N-

Scheme 3. Proposed Reaction Pathway substituted alkynylamines in the presence of tributyltin
6 o G hydride, undergo unusual substitution at the nitrogen atom.
e '.N)\Ph . p:NJ\Ph Gexoby N According to the protocol, five- to seven-membered ring
“H H lactams were prepared in good yields. Thus, in addition to
G =BusSn radical addition to imine N-C bonds, homolytic substitution

G o, G 0 G O of acyl radicals at nitrogen is a useful tool for lactam ring
\@\/;J\Ph \@H . \i:NH formation with incorporation of CO.
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productC 2 _ ~ Note Added after ASAP Publication. The stereochem-
Although the pregent methpd is usgful for _the syn.theS|s istry of structures4—6 in Scheme 4 and the Supporting
of lactams unsubstituted at nitrogen, interestingly, the S |hformation was incorrect in the version published ASAP

type reaction at nitrogen is possible even in the case of aJanuary 30, 2007; the revised version was published ASAP
tertiary amine. The carbonylativesiype reaction oflo, February 5, 2007.

coupled with the subsequent protodestannylation procedure, ) ] ) ]

gave the correspondiny-methyl-substituted lactar®o in Supporting Information Available: Experimental pro-
86% yield (Scheme 4). Thus prepar2dwas subjected to cedures and full spectroscopic data for all new compounds.
a Diels—Alder reaction with siloxydien@, resulting in This material is available free of charge via the Internet at
spirocycle4 in 50% yield. The lithium aluminum hydride  http:/pubs.acs.org.
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structure. (b) Deyine, A.; Poirier, J. M.; Duhamel, L.; Duhamel, Retrahedron Lett.
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