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Free Radical-Mediated Ketone Synthesis from Alkyl the result indicates thata is somewhat less reactive th&a,
lodides via Sequential Radical Acylation Approach we conceived that this unexpected result would be due to the
steric bulkiness of two phenylsulfonyl groups 1Ia.12 Thus,
we next examined the reactivity df.% In addition to steric
effects,1b would be more reactive thaba due to the slightly
Department of Chemistry, Korea Aahced lower energy of the LUMO oflb relative tola. As predicted,
Institute of Science and Technology When the reaction was carried out with under the similar
Taejon 305-701, Korea  conditions, the reaction was much faster and complete within
4 h, yielding3b in 82% yield along with a small amount df
Receied April 1, 1997 (9%) as shown in eq  However, in the preparation of more
hindered keton®b, the second step involving intermolecular
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Although numerous reports on the synthesis of ketones have

. . . OTHP
appeared to dafea free radical-mediated ketone synthesis is 1aor1b N’ . j\
fairly uncommon, and only two methods are presently available. R e e o, R7OR (1
Free radical carbonylation approach to a ketone synthesis has 2 °EtOH 3 4
been reported by Ryu et alWe have recently reported a novel 3a:R'
L . . . . 3 a:R'=Ph 28% 58%
free radical acylation approach utilizing radical reactions of R" = PhO(CHo)4 b R'sMe 8290 %

phenylsulfonyl oxime ethers. However, the synthesis of

ketones based on the sequential radical acylation approach has

ddition of cyclohexyl radical t8b turned out to be inefficient,
not been reported and seemed a conceptual advance of ouf‘con . . h
previous findFi)ng§.v4 We now report a gener%l approach for the yielding ketone6b only in 13% yield along with3b (60%).

synthesis of acyclic and cyclic ketones from alkyl iodides with Therefore, we turned our attention to somewhat less sterically

i 8,14 ifvi
bis-sulfonyl oxime ethed under radical conditions. To our zkno(ﬁrr]eiglec > ‘(I;’hrjgfg]r?gn}nc %Z;itirgrl:s?'\:vggtce;rgﬁesdugzt3vsith
knowledge,1 appears to be the first example of a carbonyl qe. ’ 9

equivalent geminal radical accepfdt.

R N/ORZ (MesSn), , hv N,on"’ RO
- + — _—

N’OH2 0 1a:R'=Ph  R2=THP Mesoz)‘\sone EtOH H3)‘\802,\%(Me35n)2, hv

~ 1 2
/lk = [oCo 1b : R'=Me,R“=THP 2 3
RS0, “SOAR' [1e: R"=Me,RZ=CHPn ) borte
1 2
N/ORaq_ HCHO o  6a: R®=PhO(CHp), , R*=Et
. . ~ U (66% from1b, 71% from1c)  (2)
Before we began our study with standard AM1 calculations RIZTRYHOL gt .
of LUMO energies were performed to predict the reactivity of 5 Sb: R =PhO(CHy)y , B = cCetlyy
y 6 (13% from 1b, 57% from 1c )

1 relative to3 and indicated thall would be more reactive
toward nucleophilic radicals thaB’ Our initial experiment
was carried out withla® When 4-phenoxybutyl iodide was
treated withla, hexamethylditin, and acetone as a sensitizer in

ethanol at 300 nm for 15 %:%an initial result was discouraging D ; Lo o\
e . . : . : '’ sensitizer in EtOH (0.3 M in the iodide) and irradiation at 300
yielding 3a in low yield (28%) along with4 (58%) Since nm for 3 h foIIowet(j by addition of anZ)ther alkyl iodide and

(1) (@) O'Neill, B. T. In Comprehensie Organic SynthesisTrost, B. hexamethylditin (1.2 equiv) with an additional irradiation for 7
g"ia':'(eb’;"gg' I Eds.s Pergamon Press: New York, 1991, Vol. 1. Chapter h at 300 nm afforded ketoxim@ This ketoxime was further
13. avis, B. R.; Garratt, P. J. @omprehensie Organic Synthesis ; L2 ) -
Trost, B. M., Fleming, I., Eds.; Pergamon Press: New York, 1991; Vol. 2. hydrolyzed with 30% HCHO solution in THF (1:1) containing

Chapter 3.6. (c) Larock, R. @omprehensie Organic Transformations a small amount of HCI to yield unsymmetrical ketobie

1c. The synthesis of ketones was normally carried out by a
three-step, one-pot procedure. Treatment of an alkyl iodide with
1c, hexamethylditin (1.2 equiv), and acetone (5 equiv) as a

VC'; 'T:Ub”Sh?rsv Inc.: _19893FF; 585|B_1§- da Anaew. Chem. Int. Ed Table 1 summarizes the experimental results and illustrates
Engel&;ar%\g’e‘ivgéos_e&) S‘)),uy T Sonoda N Cunan. b, ehem e the efficiency and scope of the present method. The reaction
1996 96, 177. worked well with primary alkyl iodides but somewhat less
(3)Kim, S; Lee, I. Y.; Yoon, J-Y.; Oh, D. Hl. Am. Chem. Sod.996 efficiently with secondary alkyl iodides. It is noteworthy that
11?4)5&?% S.; Yoon, J-Y.: Lee, I. YSynlett1997 in press. stable allylic and benzylic radicals reacted smoothly viith

(5) Open circles represent radical acceptors. Acetal, ester, alcohol, and carbamate moieties were all tolerated,
(6) For the carbonyl radical acceptor synthons, (a) Acylgermanes: Curran, as would be expected from the unigque nature of the radical

D. P.; Palovich, M.Synlett1992 631. Kiyooka, S.; Kaneko, Y.; Matsue, ; it ; ;
H: Hamada, M. Fuliyama. RJ. Org. Chem 199 55 5562. (b) Thio- reactions. In addition, the syntheses of keto®ésand 6j

and selenoesters: Kim, S.; Jon, SJYChem. Soc., Chem. Comm(896 demonstrates the mildness of the present approach.

1335. Dowd, P.; Wilk, B. K.J. Am. Chem. Socl992 114, 7949. (c) - -

Nitriles: Griller, D.; Schmid, P.; Ingold, K. UCan. J. Chem1979 49, (12) MOPAC low-energy conformations @, 1b, and1lcare shown in

1313. Clive, D. L. J.; Beaulieu, P. L.; Set, lI. Org. Chem.1984 49, the Supporting Information. o o

1313. (13) Intermediate3b is at the oxidation level of a carboxylic acid.
(7) MOPAC calculations (AM1 method, version 6.3) give the following ~ Conversion o8b into an ester and an amide under mild conditions would

LUMO energies in eV:1a(—0.7715),1b (—1.0098),1c (—1.1394),3 (R! be feasible. We thank a referee for helpful suggestions.

= Ph, R = Me) (—0.5869). Further computational results on HOMO _ (14) The preparation dfc (mp 75°C) is as follows. We had difficulties
energies and charges at iminyl carbon atoms are contained in the Supportinqn the preparation of less bulky methyl oxime ethef (RMe in 1c) due

Information. o low boiling points of intermediates shown below.
(8) See the Supporting Information for an experimental procedure and
spectral data. .OH .OCHz2Ph .OCHzPh
(9) 1a, 1b, and1c are slightly soluble in most solvents s, EtOAC, Jt NaH, PhCHzBr _ J\ _ H0p
and THF) and soluble in alcoholic solvents (MeOH and EtOH). Furthermore, s” s DMF s” s CHaCO.H 0§ S0
the use of MeOH as solvent led to the formation of blackish colored /
materials in the reaction mixture. This prevented effective radiation, thereby 90% 78%
decreasing the rate or stopping the reaction halfway. LOGH,Ph oCH
(10) Harendza, M.; Junggebauer, J.; Lebmann, K.; Neuman, W. P.; Tews, NaSCH3 N H20, N-OCT2Ph
H. Synlett1993 286. DMF CH3CO,H
(11) Without acidic workup, the oxime ether group was removed during CHsS™ "SCHs : CH3802" "S02CHs
the reaction. 92% 1c (85%)
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Table 1. Preparation of Ketones from Alkyl lodides

R R R® COR* yield®
. o
CH3(CHp)4l Ph(CHy)sl 70%
3(CHy) )I\CHZ 3Ph
o
CHy(CHp)4l >»| CHS(CHz)ls)H/ 6d  52%
0, | o o
PhCH,l |:>/\/ [>/\)\/F’h 6e  63%
o o
CHal | I
Ph(CHz)3 N 6f 64%
Ho Ph(CHI O
/\/\I >7 \/\)k'/ 69 55%
: ~ /\)J\/\
b! N %
AN Cbz— Z ooz 6h  56%
~ ! 0
EtO,C CHal 6  68%
? EtOQC/\)J\CHg
R H. /~COCH,
HN"CO,Me CHal HN™~COMe 6f 52%
Cbz Cbz

aThe yield was based onR and was not optimized.

We next studied sequential inter- and intramolecular acylation
approach leading to cyclic ketones (eq 3). When a mixture of
1,4-diiodobutaneq), 1c (1.2 equiv), hexamethylditin (2.2 equiv),

0B
N n

O

9 (87%)

N,OBn

(o

3)

l—\—/—l 1c, (Me3Sn),

hv, EtOH

7 8
and acetone (10 equiv) in ethanol (0.3 M in iodide) was
irradiated at 300 nm for 5 h, cyclopentanone benzyl oxime ether
(9) was isolated in 87% vyield. As shown in Table 2, similar
results were obtained with other diiodides. Using
allyl bromide and aryl iodide as radical precursors, function-
alized cyclic ketones could be prepared, although the use of
aryl iodide required the standard radical conditions @/
AIBN).

Further synthetic utility of the present approach is shown in
egs 4 and 5. Treatment @&fl with 1c and hexamethylditin in

|1c e, (MegSn), _ df)kom (\t\(
\
| hv EtOH SO,Me XN SOMe
11 E=COOEt

E
aq HCHO 03:
(0]

15 (65%)

— e

EtOH at 300 nm fo4 h and subsequent acidic workup afforded
15 in 65% vyield. Apparently, the reaction proceeded via
intermediatel2 and 13. Furthermore, when the reaction was
carried out withl16a under the similar conditions, enori®a
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Table 2. Preparation of Cyclic Ketones

product yield*

(o}
“—Ph
E_E

B
-3
o

substrate
Ph
/\J\/'
I
E_E
)n
e
E_E
@
Br
cC
|
X °
o™ ©:§

2 The yield was not optimized.Reaction time: 6 h¢ Bu;SnH/AIBN
was used for the second stép.

10a 87%

10b
10c

n=1, 88%
n=2, 79%

10d 1%

O 10e 65%

10f 64%°

was obtained in good yield (eq 5% A similar result was

realized with16b.
h
(F\E\L .
f/ ~OBn

SO,Me

Ph

|
( n
X

Br

1c, (Me3Sn),
hv, EtOH

16a: n=1; 16b: n=2 17

L, e

18a (70%);18b (52%)

Ph

<L

19a (78%);19b (80%)

_MeCOCOOH, NaOAc

ACOH-H,0 ©
N-OBn 2

In conclusion, we have demonstrated the first successful
sequential radical acylation approach, which appears to be highly
useful for the synthesis of various carbocyclic ketones as well
as acylic ketones under mild conditions. Further studies on the
synthesis of polycarbonyl compounds, lactones, and lactams
using 1c and relating reagents are in progress.
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(15) Hydrolysis of18 with agueous HCHO/HCI was unsuccessful and
18was recovered unchanged. Thli8was hydrolyzed intd 9 by treatment
with pyruvic acid and NaOAc in AcOHH,0 (2:1) at 120°C for 6 h16
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