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The first examples of free radical-mediated vinyl amination are described by nonconventional vinyl radical addition to azomethine nitrogen.
This new vinyl amination protocol is mild and provides convenient synthetic access to nonstabilized N,N-dialkyl enamines and tandem bond-

forming processes.

In contrast to the growing number of methods that form
aryl—nitrogen bonds, almost exclusively from aryl halides
or triflates and an amink;32Pthe analogous vinyl amination
process has evolved at a relatively slow p&¢his is despite

reported to form both resonance-stabiliziieagyl or N-aryl)d3
and highly nucleophilic enaminebl{alkyl).” Approaches to
the latter must contend with the high degreeéNoN-dialkyl
enamine nucleophilicify and the attendant potential for

the fact that enamines occupy a prominent place as inter-single-electron transfer. As a result, methods for their
mediates in organic synthedigrget-oriented synthesignd formation are few in number and dominated by dehydrative
as monomers for polymerizatién Metal-mediated and  protocols where selectivity, when an issue, is determined by
thermal vinyl—nitrogen bond-forming processes have been thermodynamic consideratioAsAlkyne hydroamination is
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Table 1. Enamine Synthesis by Free Radical-Mediated Vinyl Amination of Vinyl Bronfides
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a See Supporting Information for individual experimental det&i®bserved byH NMR. ¢ Isolated yields from amine (23 steps depending on substrate)
after trapping with PhCOCI9a—12a), maleimide (13a), or no trapping agei &nd15). ¢ Enaminel2ais volatile. ® A single diastereomer was observed

and isolated after trapping.

presently the most promising entry to nucleophilic enamines, the vinyl radical intermediate may be formed either directly

yet functional group tolerance remains a substantial iss
with lanthanide-based catalystsas well as with methods
requiring oxidativé'! or basic conditiond? This Letter

ueor as part of a tandem series of bond-forming events.
Departing from the conventional approaches that activate
an N—H o-bond toward coupling, we recently investigated

describes our discovery that the addition of vinyl radicals to the scope of aryl radical additions to the nitrogen of

the nitrogen of an azomethine provides a pH-neutral meth

odazomethine$3~1°> However, it was unclear whether nucleo-

for directed, regioselective enamine formation. Furthermore, philic enamines could be produced using this protocol since

(20) Li, T.; Marks, J.J. Am. Chem. Sod 998,120, 1757—1771 and
references therein.

(11) Leonard, N. J.; Cook, A. GI. Am. Chem. S0d.959,81, 5627—
5631.

(12) Dimethyl titanocene: (a) Petasis, N. A.; Lu, STetrahedron Lett.

1995, 36, 2393—2396. (b) Pyrolysis of cyclopropyl ketimines: Cloke, J.

B. J. Am. Chem. S0d.929,51, 1174—-1187; Stevens, R. V.; Ellis, M. C.;
Wentland, M. PJ. Am. Chem. Sod968 90, 5576-5579 and 55865583.
(c) Prévost, N.; Shipman, MOrg. Lett.2001,3, 2383.
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Ogasawara, KHeterocycled994 37, 149. (c) Bowman, W. R.; Stephenson,
P. T.; Terrett, N. K.; Young, A. RTetrahedron Lett1994,35, 6369. (d)
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the corresponding vinyl radicals possess a greater degree ofurthermore, vinyl radicals might also be produced by the

conformational and configurational freedom (ed®yVhen
vinyl bromide 1 was treated witi'BusSnH and AIBN in
refluxing benzene, enamir@a was formed and trapped as
its benzoylated adduct in 68% vyield (two steps from the
imine); the product of direct reduction was not observed in
the'H NMR spectrum of the reaction mixture. Terminal vinyl
bromide2 was cyclized to enaming0a and isolated as its

benzoylated adduct in good overall yield (54%, 2 steps).

addition of heteroatom-centered radicals to alkyrgonds.
Hence, aminostannation was achieved by addition of a
stannyl radical to the ketimine derived from alkyh&in a
highly regio- and stereoselective conversiongtstannyl-
enaminel7 (eq 2)?°~22 Not unexpectedly, enamin&7
acylated at low temperature without the use of addities.

A variety of acid chlorides varying in oxidation state and
steric hindrance furnished vinylogous amides and carbamates

Ketimines possessing additional conformational constraints 18a—dwith comparable easé.Throughout both amination

readily cyclized to a variety of heterocyclic products as well.
Indolizidine enamined.1a were accessed from vinyl bro-
mides3, giving rise to their respective benzoylated deriva-
tives in 64% and 57% yield (entries 3 and 4).

Even vinyl bromides with increased conformational mo-
bility (4 and5) readily cyclized to provide enamiri in

and acylation, a single olefin stereoisomer is observed
spectroscopically® Overall yields ranged from 49 to 60%
(three steps) for the aminostannation sequence. Although less
efficient due to the propensity for thiyl and acyl radicals to
dimerize, both alkyne aminothiolation and aminoacylation
could be similarly effected. Aminothiolation of the interme-

both cases. The lower overall yields of 34% and 36% after diate iminoalkyne provideg@-arylthioenaminel8ein 33%

benzoylation (3 steps from amine) most likely reflect a yield (two steps) with diphenyl disulfide as the thiyl radical
combination of the volatility of the enamine and the use of precursor (eq 23¢ Similarly, phenylselenoacetate and tri-
boiling benzene since direct analysis of the reaction when butylstannane gave the product of aminoacylation (18f) in

performed in @D¢ revealed clean product formation. The
cyclization of4 provided the exocyclic enamine isomer as

the first observable enamine in this transformation, presum-

ably resulting from thermal isomerization of the endocyclic
enamineg-t’

A rapid [1,5]-hydrogen shift followed enamine formation
from 6 to give isoindolel3a. This intermediate was observed
by 'H NMR spectroscopy and fully characterized as its

crystalline, diastereomerically pure maleimide cycloadduct.

Ketimines 7 and 8 cyclized to indoles14 and 15 with

comparable ease, demonstrating that competitive direct

reduction of the azomethine by stannane is not problerifatic.
Scheme 1. Free Radical-Mediated Tandem Addition/Vinyl
Amination (eq 2)
p 2a. "BugSnH, AIBN, 80 °C
NH,
‘ | then RCOCI (for 17)
2b. "BugSnH, AIBN, 80 °C
(PhS), or AcSePh

1. PhC(O)CHj, 4A MS
16 or 18
nBussn\/O I

overall yields (3 steps via 2a, 17):
R = Bz (18a, 60%), Ac (18b, 51%),
PhOCO (18c, 49%), 'BUCO (18d, 53%)

overall yields (2 steps via 2b):
R = SPh (18e, 33%), Ac (18f, 29%)

An advantage to the use of vinyl radicals as a strategy for

amination is the potential for development of carboarbon
bond-forming reactions as part of a reaction caséade.
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Commun.1959,24, 1117-1126.
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29% yield (two steps).

In summary, vinylic free radicals add efficiently to the
nitrogen of an azomethine under conditions sufficiently mild
for regioselective production of even nonstabilizéd N-
dialkyl) enamines. These kinetically controlled transforma-
tions constitute a reductive, nondehydrative method for
enamine formation. As a synthetic method, carbon radical
additions to the nitrogen of an azomethine are presently
unique in their ability to transcend aryl and vinyl amination,
as well as their tandem variants.
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