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Due largely to the extensive efforts of Wasserman and co-

workers, vicinal tricarbonyl compounds have found wide ap-
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Recently, the Kim group has reported that sulfonyl oxime
ethers, such aB andC, can serve as viable C1 radical acceptor
synthons, which serve as latent carbonyl groups, providing novel
free radical methods for acylatiénThe emergence of these
powerful C1 newcomers in radical chemistry led us to attempt a
series of unprecedented type of radical cascade reactions leading
to vicinal di- and tricarbonyl compounds based on multiple radical
C1 synthons: CO and sulfonyl oxime ethers. Herein we report
that this new strategy is indeed promising and permits the
synthesis of several types of vicinal singly and doubly acylated
oxime ethers, which would be precursors of vicinal di- and
tricarbonyl compounds.

In the event, the three-component coupling reaction comprised
of RX, CO, and phenylsulfonyl oxime ethBf2was successfully
achieved, providing the desiredacyl-substituted aldoximes (eq
1). For example, whem-octyl iodide (la) was treated with
phenylsulfonyl oxime etheB in the presence of allyltributyltin,
AIBN (catalytic) in a pressurized CO (autoclave) in benzene at
90 °C for 5 h, the anticipated produc-benzyl nonanoyl

plicability as versatile synthetic intermediates for the synthesis aldoxime2a, was obtained in 80% isolated yield (Table 1, entry

of numerous biologically active natural and unnatural compotinds.

Among many possible approaches for the synthesis of vicinal di-

and tricarbonyl compoundshe sequential coupling of multiple

1).° Cyclohexyl iodidelb and adamantyl iodidéc were converted
to the corresponding 2-oxo aldoxim@k and2c, in 77 and 52%
yields, respectively (entries 2 and 3). In entry 4, 5-exo cyclization

molecules of carbon monoxide, while a direct and straightforward preceded the consecutive addition to CO &ndhs indicated in
method, has been difficult to achieve. Only restricted examples eq 1, these radical reactions were generally conducted by initially

of the synthesis of aromatic-keto amides and-keto esters have

pressurizing the reaction vessel (autoclave) with carbon monoxide

been reported thus far in transition-metal catalyzed carbonylation to 65—-80 atm, followed by heating to ST for 5 h. The substrate

chemistry? Radical one-carbon (C1) approaches to di- and
tricarbonyl compounds also seem unlikely to provide a viable

concentration was 0.029.05 M and AIBN was used as radical
initiator (20—40 mol%). Unlike simple oxime ethers which exist

alternative, since no evidence for double CO trapping was as a mixture oBynandanti isomerso-acylated aldoxime ethers
observed during the radical copolymerization of ethylene and CO 2 were obtained as a single stereoisomeawti-geometry:®

even at extremely high CO pressureslQ00 atm, ethylene/CO
= 3/7)45 This observation suggests that the addition of an acyl
radical to CO occurs only with great difficulfyTo our knowl-
edge, similar free radical transformations using isonitrifes
another representative radical C1 synthare also unknown.

Thus, the synthesis of vicinal di- and tricarbonyl compounds based

on the coupling of multiple radical C1 synthons remains a

challenge among possible intermolecular radical cascade reactio

strategies.
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In this thermally induced radical chain reaction, allyltributyltin

pserves as the radical chain carrier which traps benzenesulfonyl

radical and generates tributyltin radical. Fortunately, the competing
addition of acyl radicals to allyltin, leading t6,y-unsaturated
ketones! was negligible, suggesting that the addition of acyl
radicals to sulfonyl oxime ethé® is much more rapid than the
addition to allyltin.

Cascade reactions with carbon monoxide and bis-sulfonyl
oxime etheiC8¢ are found to be useful for the synthesis of 2-oxo
and 2,2-di-oxo ketoximes. Treatment of octyl iodidéd) with
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substituted sulfonyl oxime ether. Subsequent treatment of the
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Table 1. Synthesis of Vicinal Acylated Oxime Ethers by Three-,
Four-, and Five-Component Coupling Reactions

C1 synthons

entry RX product yield® (isomer ratio) ©9
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1a
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60%

co, b
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co, b
90°C,5h
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(71/29)
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84%
(70/30)

Co, D
62%

90°C,5h
[RI] = 0.050 M (100/0)°

co, b
90°C,5h
[RI]=0.025 M

51%9
(82/18)

19%
(76/24)

@ For reaction procedures, see footnote 9 and Supporting Information.
b|solated yields by silica gel chromatography. For entrie 16, and
13, preparative HPLC was used for purificatiéiDetermined by*H
NMR. ¢ To determinesynanti configurations, nOe experiments were
carried out for2a and 5b. © The stereochemistry has not yet been
determined! Both yield and selectivity are not optimizedSix-
membered ring products were formed in small amounts.

crude product with ethyl iodidelp) gave the unsymmetrical
product3ain 47% yield (entry 5). Remarkably, using 2 equiv of
alkyl iodide, a five-component coupling reaction, comprising two
molecules of RI, two molecules of CO, and one molecul€pf
took place efficiently to give doubly acylated oxime ethers in
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Scheme 1
N0~ Ph ° N
o o AcOH 0o

MeO
7 70%

m1h mp 133-135 °C

5h 6 85%

the well-precedented nucleophilic nature of acyl radiéals,
sulfonyl oxime etheb bearing a methoxycarbonyl gratiserved

as an efficient acyl radical acceptor. The three-component
coupling reaction proceeded quite smoothly to give high yields
of the coupling products (entries—82). The four-component
coupling reaction comprising 4-pentenyl radical, two molecules
of CO, and sulfonyl oxime ethdd was also successful, where
the anticipated cyclopentanobg(51%) was obtained along with
an uncyclized produddj (19%) (entry 13).

Since 2-oxo oximes are useful synthetic intermediates for the
synthesis of a variety of nitrogen-containing heterocyéles,
including quinoxalines, 2-aminopyraziméoxides, 4-aminopte-
ridines, etc., it is obvious that the present technique offers a
completely new method for the incorporation of two vicinal C1
units in these important compounds. Although several methods
for deoximation of oximes and oxime ethers have been reported,
many of them appeared not applicable to the conversion of vicinal
acylated oximes and oxime ethers to the corresponding vicinal
di- and tricarbonyl compound$ However, we found that a zinc/
AcOH reduction system is particularly useful for the deoximation
of acylated oximes. For example, when the oxime efifewas
treated with zinc powder (3 equiv) in acetic acid (rt, 1 h), the
corresponding vicinal tricarbonyl compoudwas obtained in
85% vyield after isolation by silica gel chromatography (hexane/
EtOAc = 2/1) (Scheme 1% Treatment of the crude mixture
containing6 with o-phenylenediamine gave the corresponding
quinoxaline7 in 70% isolated yield.

In summary, we have shown that a new radical cascade
methodology has been achieved, based on multiple radical C1
synthons, which will be a useful addition to radical cascade
methodologies. We believe that the extension of this new radical
cascade strategy to include C2 synthons holds promise.
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