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Over the past decade tandem processes based on free radical 5
methods have gained increasing importance in organic synthesis,

since they allow for the simultaneous formation of more than
one bond in a single synthetic operation from relatively simple
precursord. Carbon monoxide also participates in such tandem
free radical reactions as a useful €dical acceptor/donor
synthon?

In this paper, we report the synthetic potential of a double
CO-trapping reaction by pent-4-enyl radicals that starts with
pent-4-enyl iodides. Interestingly, we found that the major

products obtained via double CO trapping are dependent on the

radical mediator used. The tin hydride mediated system

afforded the anticipated keto aldehy®eand surprisingly, the

germyl hydride mediated system afforded the bicyghliactone

3 as the principal double CO incorporation product (eq 1).
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Reaction of pent-4-enyl radical and CO would be expected
to yield hex-5-enoyl radical A) as the initial intermediate
(Scheme 1). The subsequenefe cyclization of radicalA
generates 3-oxocyclopentyl carbinyl radic8),(which rapidly
isomerizes to the thermodynamically more stable 3-oxocyclo-
hexyl radical C).2 We anticipated that, under high CO
concentrations, the kinetic radicBl would be trapped by a

second molecule of CO, in preference to isomerization leading
to C. As we had envisioned, we have successfully developed
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Table 1. Double Carbonylations of Alk-4-enyl lodides

run Rl R'3MH? y-lactone 3, %°

AN m éj

keto aldehyde 2, %°

1 1a BusSnH 2a 44,42°70° 3a
2 (Me;Si);SiH 12 19
3 BuyGeH 6 27
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4 1b BusSnH 2b 4o (62/38) 3b
BuzGeH 26 (63/37)’
o] f
/\L'
6 1c BuzSnH 2c
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a 1d  BusSnH 2d 33
BugGeH
1e BugSnH  2e 47 (38/62)’
Bu;GeH 29 (50/50)'
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aM = Sn: 0.01 M in benzene, B8nH (1.2 equiv), AIBN (0.1

the procedure to obtain five-membered cyclic 4-keto aldehydes equiv), CO (90 atm), 7880°C, 3—-4 h. M= Si: 0.01 M in benzene,

in reasonable yields. For example, when the AIBN-initiated
reaction of pent-4-enyl iodide with tributyltin hydride (1.2 equiv)
was carried out under 90 atm of CO (0.01 M in benzene, 80
°C, 3 h), 2-(2-oxoethyl)cyclopentanon@dj, the anticipated
double carbonylation product, was obtained in 42% vyield after
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TTMSS (1.1 equiv), AIBN (0.35 equiv), CO (90 atm), 8C, 5 h. M

= Ge: 0.06-0.2 M in benzene, BieH (1.5 equiv), AIBN (0.3-0.5
equiv), CO (90 atm), 76100°C, 16 h (see the Supporting Information).
bIsolated yields purified by preparative HPL@solated yield purified
by silica gel chromatography.GC vyield.®Ratio of cigtrans was
determined by GC'.Ratio ofenddexoor cistranswas determined by
IH NMR. 9 Unsaturated-lactone was also formed<@%).

isolation by flash chromatography on silica §elThis double
CO-trapping reaction, which gives rise to the keto aldehyjes
appears to be a general reaction, and secondary iodides function
as well as primary iodides (Table 1, runs 1, 4, 6, 8, 10, and
12).

When tributylgermyl hydride was used as the radical mediator
in the reaction ofLla, we were surprised to observe the formation
of the bicyclic y-lactone 2-oxabicyclo[3.3.0]octan-3-on&aj
(Table 1, run 3). This lactone is an isomer of keto aldehyde
2a, since two molecules of CO were incorporated as the
C—0O—C=0 linkage of the lactone ring. N8awas produced

(4) Experimental details are provided in the Supporting Information. The
yields of this reaction require optimization: Single carbonylation products
constitute main byproducts, and a small amount of six-membered double
carbonylation products were also detecteet4%).
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Scheme 1 other data collected on this system are not entirely consistent
1a with this simplified scenario. Dilution failed to increase the
product ratio of3ato 2ain favor of an intramolecular reaction
l course leading t@a. Furthermore, the corresponding pent-4-
PN enyl bromideyielded only a trace amount 8a when exposed
¢ to standard BgGeH/CO conditions such as, for example, run 3
l co in Table 1. These observations suggest that an iodine atom
o o) o] transfer reaction may play an important role in thidactone
| . ring formation. One possible rationale may involve an iodine
. é/ - . é transfer reaction from alkyl iodid#éa to acyl radicalD to give
A B c. acyl iodide E,2 which might be permitted by a slow mediator

system involving BeGeH, and the cyclization of the resulting
co E to yield F (path b, Scheme %). Although iodine transfer
from an alkyl iodide to an acyl radical may be regarded as an

o ] energetically unfavored process, the intermediaci af this
MI L m RgMH é/\”/H reaction system is a reasonable suggestion, based on indirect
o o o evidencel?
E

D 2a Thus, through this study, we have demonstrated an easy
access to two fascinating free radical intermediates, five-

path b (indirect) J path a (direct) membered cyclic 4-keto acyl radicals and bicyclidactone
radicals, from readily available alk-4-enyl iodides and CO. Work

o 0 o o 0 in this area is currently underway and includes tandem applica-
léﬁ
F

. RyMH tions of these free radical intermediates as well as the precise
evaluation for the cyclization mechanism.
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