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New Radical Cascade Reactions Incorporating Recently, the Kim group has reported that sulfonyl oxime
Multiple One-Carbon Radical Synthons: A Versatile ethers, such aB andC, can serve as viable C1 radical acceptor
Synthetic Methodology for Vicinal Singly and Doubly synthons, which serve as latent carbonyl groups, providing novel
Acylated Oxime Ethers free radical methods for acylatiénThe emergence of these
powerful C1 newcomers in radical chemistry led us to attempt a
llhyong Ryu,*" Hiroki Kuriyama/ Satoshi Minakatd, series of unprecedented type of radical cascade reactions leading
Mitsuo Komatsu, Joo-Yong Yoort, and Sunggak Kim* to vicinal di- and tricarbonyl compounds based on multiple radical

) ) C1 synthons: CO and sulfonyl oxime ethers. Herein we report
Department of Applied Chemistry  that this new strategy is indeed promising and permits the
Graduate School of Engineering, Osaka bnisity synthesis of several types of vicinal singly and doubly acylated
Suita, Osaka 565-0871, Japan  gyime ethers, which would be precursors of vicinal di- and
Center for Molecular Design and Synthesis tricarbonyl compounds.
Korea Adanced Institute 3e§ggnmceenggg (':I'g?:m:)tlg In the event, the three-compongnt coupling reaction comprised
Taejon 305-701 Koreagy of RX, CO, and phenylsulfonyl oxime ethBf2was successfully
’ achieved, providing the desiredacyl-substituted aldoximes (eq
Receied June 22, 1999 1). For example, whem-octyl iodide (la) was treated with
phenylsulfonyl oxime etheB in the presence of allyltributyltin,
Due largely to the extensive efforts of Wasserman and co- AIBN (catalytic) in a pressurized CO (autoclave) in benzene at
workers, vicinal tricarbonyl compounds have found wide ap- 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. 1).° Cyclohexyl iodidelb and adamantyl iodidéc were converted
Among many possible approaches for the synthesis of vicinal di- to the corresponding 2-oxo aldoxim2k and2c, in 77 and 52%
and tricarbonyl compoundshe sequential coupling of multiple  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 concentration was 0.029.05 M and AIBN was used as radical
tricarbonyl compounds also seem unlikely to provide a viable 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 M s cos T S

radical to CO occurs only with great difficulfyTo our knowl- 0.095. PROs™ "N W, P S oFn

edge, similar free radical transformations using isonitriles °°15M 1oSeauV o soam o , 1
B

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

In this thermally induced radical chain reaction, allyltributyltin
serves as the radical chain carrier which traps benzenesulfonyl
radical and generates tributyltin radical. Fortunately, the competing

strategies. addition of acyl radicals to allyltin, leading t6,y-unsaturated
PhOSS_CO,CH, ketqneslfL was negligiple, suggegting that the add.ition of acyl
PRO:S Hscozsx,rsozCHa \Nf radicals to sulfonyl oxime ethé® is much more rapid than the
R-N=C Neogn N ogn "OBn addition to allyltin.
A B c D Cascade reactions with carbon monoxide and bis-sulfonyl
— oxime etheiC® are found to be useful for the synthesis of 2-oxo
Inglga University. and 2,2-di-oxo ketoximes. Treatment of octyl iodidéd) with

(1) For selected references, see: (a) Wasserman, H. H.: Chen, J.-H.; Xia,ON€ mole equivalent of under CO pressure gave a nonanoyl-
4999 121, 1401. (b) Wasserman, H. H.: Shiraishi, M.;  substituted sulfonyl oxime ether. Subsequent treatment of the
Coats S. J.,; Cook, J. [nissisnsesssiagit1995 36, 6785. (C) Wasserman,

H. H. Lee, G. M. nissiaasiesesingit1994 35, 9783. (d) Wasserman, H. H,; (7) For the retrosynthetic analysis of radical cascade reactions, see: Curran,
Blum, C. A tt1994 35, 9787. (e) Wasserman, H. H.; Vu, C. D. P. 11991, 63.
B. tt1994 35, 9779. (f) Wasserman, H. H.; Rotello, V. M.; (8) (@) Kim, S.; Lee, I. Y.; Yoon, J.-Y.; Oh, D. 4996
Krause, G. B tt1992 33, 5419. (g) Wasserman, H. H.; Duzer, 118 5138. (b) Kim, S.; Yoon, J.-Y; Lee, |. \Qyleft1 997, 475. (c) Kim, S.;
J. H.; Vu, C. B. sisssasesisstt1990 31, 1609. Yoon, J.-Y. Sl 1997, 119, 5982. (d) Kim, S.; Lee, I. Y.

(2) For a review on vicinal polycarbonyl compounds, see: Rubin, M. B.  jnisisssssssisgtt1998 39, 1587.
%. 1975 75, 177. (9) Typical procedure: A magnetic stir bar, AIBN (17 mg, 0.1 mmol), a

3) For leading references of metal-catalyzed double vicinal carbonylations, sulfonyl oxime etheB (207 mg, 0.7 mmol), allyltributyltin (199 mg, 0.6

see: (a) Ozawa, F.; Kawasaki, N.; Okamoto, H.; Yamamoto, T.; Yamamoto, mmol), an alkyl iodidela (123 mg, 0.5 mmol), and benzene (20 mL) were

A. Organometallics1987, 6. 1640. (b) Urata, H.; Ishii, Y.; Fuchikami, T. placed in a 50-mL stainless steel autoclave lined with a glass liner. The
tt1989 30, 4407. (c) Yamamoto, ABull. Chem. Soc. Jpn. autoclave was purged with carbon monoxide, pressurized with 80 atm of CO,

1995 68. 433. (d) Kayaki, Y.; Yamamoto, A_;)n. and heated with stirring at ST for 5 h. Excess CO was discharged at room

1998 56, 96. temperature. The crude mixture was washed with ether. After evaporation of
(4) For areview on C1 radical synthons, see: Ryu, I.; Sonoda, N.; Curran, the solvent, the residue was subjected to silica gel flash column chromatog-
. P. 1996 96, 177. raphy (hexane/AcOEt= 19/1) to give thea-keto oxime ether2a which

(5) (a) Coffman D. D.; Pinkney, P. S.; Wall, F. T.; Wood, W. H.; Young, contained a small amount of uncarbonylated product. Further purification by
d.952 74, 3391. (b) Brubaker M. M.; Coffman D. recycling by HPLC with a GPC column gave 112 mg of pReg80% yield).
d.952 74,1509, Also see a review on (10) Recently Naito and co-workers reported that glycoxylic oxime ethers,
gl. analogous t@, act as alkyl radical acceptors, see: Miyabe, H.; Fujishima,

D Hoehn H. Hj
radical carbonylatlons: (c) Ryu, I.; Sonoda,
19946 35, 1050. Y.; Naito, T %ﬂl%g 64, 2174 and references therein

(6) To our knowledge, no kinetic information about carbonylation of acyl (11) Ryu, I.; Yamazaki, H.; Kusano, K.; Ogawa, A.; Sonoda, JNAG.
radicals and the reverse process has been reported. Shamaeec1991 113 8558.
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Table 1. Synthesis of Vicinal Acylated Oxime Ethers by Three-, Scheme 1
Four-, and Five-Component Coupling Reactions o. Ph N
N7~ o
entry RX % product yield® (isomer ratio) © 6o o° " 1h c o mp 133-135 °C MeO
conditions 5h 6 85% 7 70%
O Ph
Cco, B ope .
1 nCsl en /W\/\g) o) the well-precedented nucleophilic nature of acyl radiéals,
h 7.8% nOe sulfonyl oxime etheb bearing a methoxycarbonyl gratiserved
coe as an efficient acyl radical acceptor. The three-component
2 0°C, 5 T‘ 2 77% coupling reaction proceeded quite smoothly to give high yields
| [HI] 0025M (100/0) . H
1 0 of the coupling products (entries—82). The four-component
co.8 ‘\‘/O\/Ph coupling reaction comprising 4-pentenyl radical, two molecules
s @\‘ Ky @\g) x of CO, and sulfonyl oxime ethdd was also successful, where
e the anticipated cyclopentanoBe(51%) was obtained along with
Ts co.B r,o\/F'n an uncyclized produddj (19%) (entry 13).
4 /\/N\AI A= 0030 M T&NW 2d ovs Since 2-oxo oximes are useful synthetic intermediates for the
1 6 synthesis of a variety of nitrogen-containing heterocyéles,
co.c Nfov"“ including quinoxalines, 2-aminopyrazioxides, 4-aminopte-
5 tathen ’AEJ oo N\/\/}H\/ B e ridines, etc., it is obvious that the present technique offers a
° completely new method for the incorporation of two vicinal C1
et co.¢.60 NJ’O\/Ph units in these important compounds. Although several methods
& 1a R aai /\/\/\/\H)}(\AM 70% for deoximation of oximes and oxime ethers have been reported,
° ° 4a many of them appeared not applicable to the conversion of vicinal
_ 0.¢.C0 N acylated oximes and oxime ethers to the corresponding vicinal
Y (R 5ozt m - ‘ N u 6% di- and tricarbonyl compound$However, we found that a zinc/
" o o AcOH reduction system is particularly useful for the deoximation
cob LO_Ph of acylated oximes. For example, when the oxime eBtewas
s ”’C:Hw' RS wo\ 84% treated with zinc powder (3 equiv) in acetic acid (rt, 1 h), the
o 6 6 = W corresponding vicinal tricarbonyl compoudwas obtained in
o_Pn 85% vyield after isolation by silica gel chromatography (hexane/
. Q o i o) w . EtOAc = 2/1) (Scheme 1) Treatment of the crude mixture
T [Ru=ocom sm 0 (71729) containing6 with o-phenylenediamine gave the corresponding
{for mejor isomer) quinoxaline7 in 70% isolated yield.
NS O . » In summary, we have shown that a new radical cascade
Y:A (RI=0.025M w\ @114) methodology has been achieved, based on multiple radical C1
synthons, which will be a useful addition to radical cascade
o methodologies. We believe that the extension of this new radical
A N B .
. N, [R?](;S%:sng /\/\HYD\ 6w e cascade strategy to include C2 synthons holds promise.
19 o o
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* For reaction procedures, see footnote 9 and Supporting Information. (12) For a comprehensive review on acyl radicals, see: Chatgilialoglu, C.;
b|solated yields by silica gel chromatography. For entrie 16, and p Y oo 9 giu, &3
. o) ) Crich, D.; Komatsu, M.; Ryu, |shaateig 1999 99, 1991.
13, preparative HPLC was used for purificatiéiDetermined by*H (13) For leading references, see: (a) Taylor, E. C.: Lenar
NMR. 9To determinesyrfanti configurations, nOe experiments were  Soc.1968 90, 2424 (b) Taylor, E. C.; Perlman, K. L.; Sword, I. P.. Seguin-
carried out for2a and 5b. ¢ The stereochemistry has not yet been Frey, M.; Jacobi, P F A_mwa 95_6407 (©) Taylor E.C,;
determined! Both yield and selectivity are not optimizedSix- Periman, K. L.; Kim, Y.-H., Sword, |. P.; Jacobi, P — C.

; i 1973 95, 6413. (d) Karpetsky, T. P.; White, E.
membered ring products were formed in small amounts. 3761. (&) Taylor, E. C.- Jacobi, P. oTR s () Taylor,

E. C.; Abdulla, R. F.; Jacobi, P. 1975 40, 2336. (g) Taylor,

E. C.; Kobayashi, Tominitmisiagin1976 41, 1299. (h) Taylor, E. C.; Dumas,
o0 see recent applications: (i) Voegel,
1996 79, 1863. (j) Martin, S. F;

crude product with ethyl iodidelp) gave the unsymmetrical

- o v . -
prodL_Jct3_a|n 47.& yield (entry 5). Re.markabl.)/’ using 2 equiv of Anderson, B. G.; Daniel, D.; Gaucher, gaiiakagean1997 53, 8997. (k)
alkyl iodide, a five-component coupling reaction, comprising tWo - Taghavi-Moghadam, S.; Pfieiderer, \jintamamaammuun(t1997, 38, 6835.
molecules of RI, two molecules of CO, and one molecul€pf (14) For recent studies for deoximation of acyl and alkoxycarbonyl oximes,

s ; ; i see: (a) (DessMartin reagent) Chaudhari, S. S.; Akamanchi, Ksynthesis
took place efficiently to give doubly acylated oxime ethers in 7494760 (b) (Titanium trichloride) Gasparski, C. M.; Ghosh, A.; Miller,

good yields (entries 6 and 7). It should be noted that as can beM. J. jumatmmasn 1992 57, 3546.

seen in the examples of the conversiorBtoand4a, irradiation (15) We also found that treatment %t with fresh 10% Pd on C in EtOH/
. AcOH/H,O (15:2:1) under an atmosphere of hydrogen for 30 min at room
with a xenon lamp through a Pyrex tube also worked well for temperature gave a mixture of debenzylated oxime and the target tricarbonyl

initiating this allyltin-mediated chain system. As anticipated from compoundé as a~1:1 mixture in 83% total yield.



