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Abstract - Acyl radicals produced by tributyltin hydride-azobisiscbutyronitrile
induced homolysis of phenylselenol esters undergo highly selective 6-exo-trig addi-
tion to double bonds, affording, in a chain reaction, cyclic oxo-oompounds in very
high yield. Suitably substituted phenylselencsalicylates are thus comverted into
the corresponding chromanones.

The intramolecular addition of carbon-centered free-radicals to carbon-carbon multiple bonds
has recently beccme an extensively used process for the synthesis of cyclic organic com-
pa.mds.l'3 A cowenient method for the site specific generation of carbon-centered free-radi-
cals involves the chemospecific homolysis of a C-Halogen, C-S or C-Se bond by trialkyltin redi-
cals derived from the corresponding tin hydrides.? The first reports on the application of
this method for the synthesis of multifunctional comlex organic compoundds invelwved the intra-
molecular addition of alkyl,® vinyl® and ary1” radicals to carbon-carbon multiple bonds. While
these early reports were subsequently followed by scores of othars,1*? tha analogous cyeliza-
tion of carbonyl radicals has been rarely employed in synthesis., The first report on the
intramolecular addition of acyl radicals to double bonds, dated 1964, is related to the cycli~
zation of e-canpholenic aldshyde to camphor induced by diacetyl pemn:ide.s It was followed by
thres similar reports on peroxide-induced cyclization of unsaturated aldehydes,”s1C0 and by two
contrasting reports on the reductive cyclization of acyl chlarides induced by tributyltin
hydride (TETH) and azohisischutyronitrile (AIEN).11:12  an esr study indicated that at low
temperatures, citronelloyl radical does not undergo ring closure.l? In 1986, we reported a
novel efficient method for the synthesis of wx-alkylidene-7-lactones, which is based on the
intramolecular addition of alkoxycarbonyl radicals to triple bonds.l4

The success of this methodl® led us to investigate the suitability of scyl radical annelation
for the preparation of chromencnes and other 6-membered cyclic ketones.l® e repeated the
reaction of citronelloyl chloride la with TBTH/AIBN, 1! and compared it to the same reaction
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Table I: Reactions of Citronelloyl Chloride la and of Phenylselenyl Citronelloate 1b with TBTH

(1.15 egiv) and initiator or inhibitor (0.015 equiv) in Toluens at 110°C.

1 Initiator/ Mode of Products*
X Inhibitor addition of oyclic Acyclic
TBTH/In 2+3 2/3 4 1
il 1 AIEN single 85% 1.5:1 103
bk 1 AIBN 90 min 45% 1.5:1 --
(ol c1 Galvinoxyl single - 8%
dr* PhSe ATBN sirgle 87% 1.6:1 12%
exkk FPhSe ATBN 90 min 98% 1.6:1 -
g PhSe hydroquinone single - 100%

*Products determined by GC analysis 20 min after the start of the reaction. **Initial concen-
tration of 1 was 0.02M; standard conditicns, 19 #***Individual solutions of TBTH (0.1M) and AIBN

{0.01M) were similtanecusly added to a solution of 1 (0.0334 initial concentration).

with the selenol ester of citronelloic acid 1b, as shown in Scheme I and Table I. In experi-
ments performed by mixing all the reagents at the start of the reaction!® no substantial dif-
ference between the reaction patterns of the chloride la and selenol ester 1b was observed,
both compounds (entries a and d) afforded cyclic products (menthone 2 and iscmenthons 3) in
good yield, accompanied by non-negligible amount of acyclic reduction product (citronellal 4).
As cxpocted, lowering the TBTH concentration suppressed the formation of acyclic aldehyde 4.
However, while in experiments involving the selenol ester 1b the yield of ketones increased to
a nearly quantitative value (entry e), a pronounced decrease in yield was cbserved in experi-
ments irvolving the acyl chloride la (entry b). The superiority of the selenol ester over the
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acyl chloride derivative in the TBTH/AIBN induced homolytic cyclization seems to derive mainly
from the lower susceptibility of selenol esters to campetitive icnic reactions. Noteworthy is
the stability of the ester 1b (and 5a-d, which are discussed later) to chromatography. In
accord with a previous report on other acyl chlorides,?C the acyl chloride la reacts spontane-
ously with TBTH in the absence of AIBN and in the presence of galvi.rm:y121 to give citvonellal
(entry ¢), while the selencl ester lb &id not react at all under simllar conditions {entry £).
To study the application of the hamlytic cyclization to the synthesis of chromanones the
pheylselenosalicylates Ba-d were prepared,22'23 and reacted with TBTH/AIBN under standard con-
ditions,1? In each case, the corresponding chromancne 7, deriving from 6-exo-trig cyclization
of intermediate acyl radicals 6, as shown in Scheme II and Table II, was isolated in high
vields. In none of these experiments were products derived from hydrogen transfer to an
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Table XI: Reactions of Selenol Esters 5 with TBTH and AIBN.

Salenol Conditions/ PFroducts
Estor concentration (isolated yield)
5a standard'?/0.02M 7a (90%)
5b standard!?/0.02M 7b (87%)
5¢ standard?/0.02M 7c (79%) 8 (8%)
5c standara?/0.2m 7c (74.5%) 8 (7.5%)
5¢ standard!? /neat 7c (75%) 8 (7%)
5c low TBTH canc, 23 7c (77%) 8 (8%)
5d standard'?/0.02M 7d (91%) 9 (3%)
5d Low TBTH conc. 20 7d (70%) 9 (17%)
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acyl radical of type 6 identified, Particularly gratifying is the absence of products derived
from intramolecular abstraction of allylic hydrogen atoms through a six-membered ring tran-
sition state as was opserved in an attempted 6-exo-trig cyclization of 6-heptenyl radicals.24
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A 7-endo cyclization product was identified in the reaction of the methallyl derivative Sc.
Thus, the chromanone 7¢ was acoampanied by the 7-membered ring cxo-campound 8. The observed
(Table II) independence of the 7c¢/8 ratio on the TBTH concentration indicates kinetic partition
_rather than a thermodynamic process involving ring expansion,2’28

The cyclization of 5d afforded, in addition to the benzylchromancne 7d, the chromancne 9. The
formation of this compound 1s due to attack of tributyltin radical on the primary product 7d,
givirg the adduct radical 10, which loses benzyl radical through A-cleavage, affording the tin
enclate 11 as shown in scheme III.

The TBTH/ATBN-induced cyclization of selenol esters is clearly a useful method for the prepara-

tion of chromanones and other 6-membered ring cxo-compounds under mild non-polax od)ditias.zg
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