Tetrahedron Letters,Vol.29,No.21,pp 2585-2588,1988 0040-4039/88 $3.00 + .00
Printed in Great Britain Pergamon Press plc

SOME STUDIES ON 6,7-UNSATURATED CARBONYL RADICAL CYCLIZATIONS
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Abstract: 6,7-Unsaturated carbonyl radicals, generated by the action of
Tri-n-butylstannane on the corresponding selenol esters, cyclize to give
either cyclohexanones or cycloheptanones depending on the nature and
position of the substituents in the hydrocarbon chain.

In connection with a project aimed at the preparation of oxygenated
cyclohexanones we have been studying the cyclization of functionalized

1,2

6,7-unsaturated carbonyl radicals and wish to report the results of our

work here.

Thus treatment of the selenol ester (_}_)3’4

with tri-n-butylstannane and
azoisobutyronitrile(AIBN) in benzene at reflux resulted in formation of
aldehyde (2) and cycloheptanone (15), but not cyclohexanone (10) (Table,
entry 1). Reinvestigation of our earlier work5 showed that under similar
conditions the ester (3) gave cycloheptanone (16) and not cyclohexanone (11),
together with aldehyde (4) (Table, entry 2). Removal of the oxygen
Vfunctionality from the 5 to 3 position, as in selenol esters (5) and (7) led
to higher overall cyclization yields but with the predominant products now
being cyclohexanones (Table, entries 3 and 4). The inclusion of oxygen
functionality at both the 3 and 5 positions, as in (9), again resulted in a
good yield of cyclized material consisting mainly of cyclohexanone (Table,
entry 5).

Treatment of the selenocarbonate (20) with tri-n-butylstannane and AIBN
under the standard conditions gave no cyclized product6 and only a low yield
of formate (21) was isolated. This result cannot be attributed to
§-hydrogen abstraction competing with cyclization as the use of tri-n-

butylstannyl deuteride in place of the hydride gave, almost exclusively, the
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deuterioformate (22). The selenide (23) gave, under standard conditions,
six and seven membered heterocycles (24) and (25) in a 1:2 ratio (Table,
entry 6)., Finally the selenol ester (26), on irradiation with tri-n-
butylstannane and AIBN in benzene at room temperature, gave (27) and (28);
the product of decarbonylation followed by 5-exo-trig cyclization (Table,
entry 7). No evidence for cyclizétion in the 6-e¢xo-trig mode was observed

in this latter reaction.

Table
Entry Substrate Products (% Yield)
1 (1) (2)(35) + (15)(27)
2 (3 (4)(55) + (16)(32)
3 (85) (8)(10) + [(12) + (17)] (86)t
4 (7 (8)(10) + (13)(54) + (18)(17)
5 (9 (14)(72) + (19)(24)
6 (23) (24)(12) + (25)(25)
7 (26) (27)(25) + (28)(32)

+ Isolated as a mixture; ratio (12):(17) = 6:1 by 1H nmr.

X AN
A BY Z

(1) X = SePh,A = B = H,Y = OEt,Z = H
(2) X=HA=B=H, Y=0Et,Z =H
(3) X = SePh,A = B = H, Y-Z = OCH,CH,0
(4) X = H,A = B = H,Y-Z = OCH,CH,0
(5) X = SePh,A-B = OCH,CH,0,Y = Z = H
(6) X = H,A-B = OCH,CH,0,Y = % = H
(7) X = SePh,A = 0Si*BuPh,,B = Y = 2 = H
(8) X = H,A = 05i*BuPh,,B = Y = 2 = H
(2) X = SePh,A-B = OCH,CH,0,Y = 05i’BuMe,,z = H
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(10) A = B = H,X = OEt,Y = H 15) A= B = H,X = OEt,Y = H
(11) A = B = H,X-Y = OCH,CH,0 (16) A = B = H,X-Y = OCH,CH,0
(12) A-B = OCH,CH,0, X = Y = H (17) A-B = OCH,CH,0,X = Y = H
(13) A = 0Si'BuPh,,B = X = Y = H (18) A = 0Si*BuPh,,B = X = Y = H
(14) A-B = OCH,CH,O0,X = 0Si‘BuMe,,¥Y = H (19) A-B = OCH,CH,0,X = 0Si‘BuMe,,
Y=H
0
(20) X = SePh,A = 0,B = CH,
(21) X = H,A = 0,B = CH, 0 0
(22) X = D,A = 0,B = CH,
= (24) (25)
(23) X = SePh,A = CH,,B = 0
H H R
! \\\ 1 1
0
SePh
O//N\jr// 0 0
H X H
(26) 27 (28)

The prefered formation of seven membered rings in several of the
examples described above (Table, entries 1,2,6 and 7) could be the result of
kinetic cyclization in the exo-mode followed by rapid rearrangement to the
overall endo-mode cyclization product or the result of direct endo-mode
cyclization. Recent papers have drawn attention7 to the fact that closely

related vinyl radicals undergo cyclization almost exclusively in the exo-

mode and that at low stannane concentrations rearrangement to the overall
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endo-mode product is rapid; it is suggested that such rearrangements proceed
via cyclopropylmethyl radicals. Related work involving 3-oxoalkyl radicals

indicates8 that a similar rearrangement may be possible in carbonyl radical

cyclizations of the type described here. Supportive evidence for the attack
of alkyl radicals onto carbonyl groups, as required by such a rearrangement,
is provided9 by the recent work of Fraser-Reid. We are currently attempting
to differentiate between the two mechanistic possibilities and to determine

the effect of ring substituents and heteroatoms on the overall mode of

cyclization.
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