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Radical cyclization chemistry has provided powerful means to analysis of the produ@-d resulting from destannylation with deu-
construct both carbocycles and heterocyéfeBor radical cycliza- terium chloride (DCI), which is known to proceed with retention
tions to be generally applicable, two hurdles need to be sur- of configuration®
mounted: (i) levels of regioselective control in cyclization modes AIBN

.. - . ’ . . Z , CeHe
and (ii) broad applicability covering small to medium ring cycliza- ///\/\Nﬁ/ + CO + BugSnH wcen
tions. In this regard, we are interested in the possibility of providing '

L ) e . . 1f 0.021 M 88 atm 1.1 equiv
a kinetic boost to radical cyclizations by introducing a polar
component. We previously reported that complete 5-exo cyclization BugSn O D ©
of acyl radicals onto imine nitrogens can be accomplished by this \@/\( DCI H)\d\,/\( @)
methodE?.Herein we report .that by. employing amﬁ-unsaturated of 5.25 ppm y
acyl radical as the attacking radical and an imino group as the 75% (E/Z = 0/100) 3-d quantitative
acceptor, a radical cyclization process can be developed which has ] ) ] ) )
unusual generalityCyclizations occur with high regioselegity Using azaenynes with various carbon chains, we then examined

favoring the N-philic mode for the synthesis of 4-, 5-, 6-, 7-, and the generality of the cyclization of unsaturated acyl radicals onto
8-membered rings The radical cyclization was conveniently ~N—C double bonds (Table 1). Most radical cyclizations suffer from
accomplished by using a tin hydride mediated carbonylation system @ rather limited spectrum of cyclization modes, for example, 5-exo
using azaenynes as the substrates, which ledgtannylmethylene and 6-exo cyclizations, while systems in which smaller and larger

lactams, precursors far-methylene lactams (Scheme 1). rings are effipier_ﬂly formz_ad are scarce. Su_rprisingly, the polarity
matched cyclization reaction described herein has an unusual scope,
Scheme 1. Polarity-Matched Acyl Radical Cyclization including 4-exo, 5-exo, 6-ex0, 7-exo, and even 8-exo cyclizations.
) Ry 6-endo R Thus, a variety pﬁ-lactam derivatives were prepgreq (runs4)?
||/\/\§- A e () and carbonylative 5- to 8-membered ring cyclizations also pro-
ICO (ref 6) N. ceeded in good yield (runs-3®). On the other hand, carbonylative
06— s = cyclization of 1j, which yielded 9-membered ring lactagj,
Lo+ N;Z\ 6-ex0 Y occurred in a very low yield (run 10). In this case, the compound
s h N-philic %“ R @ resulting from hydrostannylation df as well as unreactetj was
polarity-matched this work detected.

Vinylstannanes are versatile functional groups, and we examined

The N-philic cyclization of acyl radicals is counter-intuitive, since ~ Several destannylative reactions of the prodctwhich are also
acyl radicals generally behave as nucleophilic radicals towar@ C ~ shown in Table 1. For example, treatmengbfwith HCI (MesSiCl,
double bondé3 Unlike the case of acyl radicals, the corresponding MeOH, rt, 1 h) gave the correspondingmethylene lactan8
5-exo cyclization of vinyl radicals onto-NC double bonds is highly ~ quantitatively. lodination oE andZ isomers of2awith molecular
inefficient, suggesting that the combination of a nucleophilic vinyl iodine (, ether, 0°C, 1 h) gave the correspondifgandZ form
radical and the nitrogen atom of imines is polarity-mismatchied.  of a-iodomethylene lactamé(E) and4(2) quantitatively° Stille
The radical instead preferred to react via 6-endo cyclization onto coupling reaction of2b(z) with Phl (cat. Pe(dbay, DMF)!
the carbon (eq 19 By adding carbon monoxide to this same reac- Proceeded to give the stereo-retained phenylation pros{@gt
tion, we envisioned that in situ conversion of the “polarity-mis- ~ We think that the unusual scope of the present cyclization may
matched” vinyl radical/imine combination to a “polarity-matched” originate from the unique ability of the,5-unsaturated acyl radical
o,B-unsaturated acyl radical/imine combination would result in to behave as am-ketenyl radicat? which would serve as an
efficient cyclization leading to the-amino radical of--methylene-  €fficient polar partner of an imino functionality (eq 4).
substitutedd-lactams (eq 2). o

The carbonylative 6-membered ring forming reaction was af- c G O G NS
fected using azaenynes suctlésnder stannyl carbonylative condi- & . g = N= N/g (4)
tions to giveo-stannylmethylend-lactam2f in good yield (eq 3). . N

The Z-geometry of the product was further confirmed by NMR

t Osaka Prefecture University. It should be noted that stereochemical resultsfefaictam
# Osaka University. formation with respect to newly formed -€C double bonds
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Table 1. Stannylcarbonylation of Azaenynes Leading to
o-Stannylmethylene Lactams and Some Destannylation
Reactions?

run  azaenynes 1 conditions lactams 2 yieldb (EI2°
BuzSn
7
1 7N ’w/ 0.05M H\:(o 2 75%
1a  CO g3atm \)\ (32/68)
90°C, 8h | N
Ip, ether N\ ° 4(E) (from 2a(E))
0°C,1h quantitative
N 4(2) (from 2a(2))
BuzSn quantitative
o
z atm 2
7 /Y 90°C,8h N \)\ b (9r91)
1b Ph
Ph-l NP
cat. Pdy(dba)s & \)\ 5(2) (from 2b(2)
DMF, r.t., 3 days quantitative
BusSn
N (o]
_ 0.02M 74%
8z NY ¢ CO90atm NJ\ 2 (4196)
90°C,8h
SnBug
N\ o
4 p id 005M 40%
= N /\( €O 90 atm N J\Zd (0/100)
90°C, 8 h
Ph
o
Ph-l A\ 62 80%
cat. Pdy(dba)s N J\ (0/100)
DMF, r.t., 4 days
S BusSn o
5 N\ ~7 0.02M o a8%
CO 90 atm N 4196
1e 80°C,3h 2e (4196)
BugSn O
-
N 0.021 M \ 75%
6o = > /Y CO 88 atm NY (01100)
1t 90°C,8h 2f
o
Me3SiCl, MeOH N .
rt,1h quantitative
3
BusSn o
_
N~ 0.01M x
7 N A( CO 80 atm N /Y 69%
1g ~ 20°C8h 29 (19/81)
o

Ph-l
cat. Pdy(dba)s PhﬁY
DMF, rt., 8 h 2 (rom 29(5)

92%

= BusSn (o]
= 0.02M A
8 /IAN ) 2085 atm 61%
90°C, 8 h Nﬁ/ (52/48)
2h

Me3SiCl, MeOH

(o]
rt,1h N -
quanmatlve
8
BuszS

9 Z 0.02M NP
Z 61%

N/ CO 90 atm N

90°C, 8 h (82118)
1i 2
(o]
Me3SiCl, MeOH N
rt,1h quantitative
9
0]
109 0.02M BusSn ™\ N/\(
| | N7 CO 85 atm 10%
115°C,8h
1j 2 (47/53)

aConditions: 1 (0.5 mmol), BuSnH (0.55-1 mmol), AIBN (19-37
mol %), benzene, CO (80 atm). For a typical procedure, see the
Supporting Information®? Isolated yields by flash chromatography on
silica gel.c Determined by!H NMR of crude reaction mixturef V-40
(1,1-azobis(cyclohexane-1-carbonitrile)) was used as a radical initiator.

depended strongly on the substitution pattern at the propargylic
position (runs +4). Thus, if the substituent is anything other than
hydrogen, the tributyltin group tends to be disposed syn to the
carbonyl group to avoid A3 strain.

In summary, free-radical mediated stannylcarbonylation of
azaenyenes provides a generaHf 1]-type annulation approach
leading toa-stannylmethylene lactams. The cyclization is unprec-
edented in its breadth, covering 4-exo, 5-exo, 6-exo, 7-exo, and
8-exo modes. Polar interactions betweejB-unsaturated acyl
radicals and imine R-C bonds are likely responsible for increasing
the ease of these reactions. We believe that the concept of “polarity
matching” will greatly increase the scope of radical reactions and
provide an arena for the development of new radical reactions. Study
along this line is currently underway in our labs, as is the elucidation
of the cyclization transition state of the present reaction.
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