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The catalytic oxidation of the allylic alcohols 1d—n with iodosobenzene diacetate, mediated by the [Cr'(salen)]X complex, affords the respective
enones in excellent chemoselectivity for CI~ as counterion [complex A(CI)], while for the counterions TfO~ [complex A(TfO)] and PFs~ [complex
A(PFe)] nearly equal amounts of enone and epoxide are observed. This counterion-dependent oxidation of allylic alcohols by Cr''(salen) complexes
is rationalized in terms of Lewis acid catalysis by the complex A(Cl) and redox catalysis for A(TfO) and A(PFg).

The oxidation of alcohols to carbonyl products is a pivotal utility and popularity, a serious disadvantage of such iodine-
transformation in organic chemistry, which has received (V) oxidants is their explosive nature, which obliges their
much attention over the years, especially the search forimpromptu generation, since these potentially dangerous
versatile and selective reagents in catalytic applicattons. reagents should not be stocked.

Particularly in the past decade, the oxidizing properties of  |n contrast, the facile, safe to use, readily available, and
hypervalent iodine compourtihiave been of increasing persistent iodine(lll) oxidants, e.g., iodosobenénand
interest, of which the highly utilized pentavalent iodine most notably its diacetafe have, in comparison, not been
reagents stand out, namely, the Dess—Martin periodihane ysed very much. Consequently, only few selective catalytic
and its direct precursar-iodoxybenzoic acid Despite their  oxidations with iodine(lll) reagents are known, especially
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of alcohols to carbonyl products. Transition-metal catafysis ||| GcTcTcTGNGN

has been quite effective in the use of the heterogeneousrapie 1. Oxidation of Alcoholsl with lodosobenzene

iodosobenzene: Koctii® employed Cf (salen) complexes  piacetate, Catalyzed by the [Ofsalen)]Cl Complex
to epoxidize catalytically olefins by PhlO, which Gilhedfy

recently applied to asymmetric epoxidations. The feasibilty alcohols U(I;)e C(E%n ?}7];) l}?eeti)ie
of oxidizing catalytically allylic alcohols to enones was 2 (%)
demonstrated by Hff for cyclohexen-3-ol, who employed
heterotungstate complexes of chromium(lll) with PhlO. We ('l (la) 24 48 9 96
have recently reportédhat quite generally allylic alcohols ES o
may be chemoselectively transformed to the corresponding 2 OH (1b) 21 60 95 92
enones by the C(salen)/PhlO oxidant under catalytic “1ph
conditions. 3 )Oi (le) 5 67 99 99
The use of iodosobenzene diacetate [PhI(GAdYr Ph
selective catalytic oxidations, which is readily soluble in oH
organic media, is still more limited. In one early rep®it, 4 f\ (E-1d) 6 92 71 77
was shown that ruthenium catalyzes the oxidation of alcohols
by Phl(OAc), as demonstrated for saturated aliphatic and oH
benzylic alcohols. Very recentfan effective and convenient E\ (Z1d) 4 56 3 962?8
polymer-supported Phl(OAgjeagent was developed for the oH O
oxidation of alcohols catalyzed by KBr in aqueous media,
. .- . (le)y 6 92 70 67
but primary alcohols were further oxidized to carboxylic )/K
acids. The latter report prompts us to communicate our OH
preliminary results on the usefulness of Phl(OCAyr the ; /i\ an 6 g5 7 66
efficient and highly chemoselective oxidation of a variety l
of alcohols1 to their carbonyl product® (Scheme 1), OH
8 (j 1g) 5 95 91 96
| oH
Scheme 1. Chgmoselective Oxidatio_n of Alcoholsby 9 J)\ (E-1h) 4 86 97 90
lodosobenzene Diacetate, Catalyzed with' @omplexA(Cl) Ph
OH PhI(OAG),, [ Cr'(salen)]CI [A(CI)] ﬁ OH
RVCH\ R®  CH,CI,, 20 °C > R1/C\Rz 10 f\ (Z-1h) 4 48 92 (981?9)
1 2 Ph :
OH

11 (1i) 5 95 96 93
catalyzed by Cf(salen) complexes under homogeneous

conditions. 12 X/;B\/C‘,(Hg (1_]) 6 94 91 69d
Under the mild homogeneous conditions of ca.°20in OH

CH,.CI; and a 1:0.1:1.5 ratio of substratecatalystA(Cl): JWOH (k) 4 9 84 82

. 13
PhI(OAc), the correspondinga,S-unsaturated carbonyl
products2 were obtained from the allylic alcoholkd—n ~ OHOH
essentially exclusively in good to excellent yields (Table 1; 14 PhMe?S'T('\)\ a s 83 95 93°

entries 4—16). This procedure is a major improvement over
our previously reported heterogeneous procedure using
PhlO. No further oxidation of the aldehydes, derived from 15 THPO-/ o  (Im) 4 78 8 8l

the primary alcoholdlk, 1m, and1n (entries 13, 15, and ©03:7)
16), to the respective carboxylic acid was observed. Oxida- ;¢ ‘BuMe,SiO~"-OH (In) 4 66 98 92

tion of the saturatedl@,b) and benzylicic) substrates to (94: 6)
the corresponding ketones was also achieved (ent+i&3,1 aReaction conditions: PhI(OAg}1.5 equiv), catalysA(Cl) (0.1 equiv),

but the saturated substrates showed moderate reactivity an@H:Clz, 20 °C. > Determined by*H NMR analysis of the crude reaction
mixture with dimethyl isophthalate as internal standard; etr&@% of the

were converted in only 50—60% even after long (21—24 h) stated values. mb stands for mass balahtéelds of the respective carbonyl

reaction times. Conspicuous is the fact that no ring-opened products2 based on 100% conversion of the alcolhp5% epoxy alcohol
. was found. In parentheses are giw@sttransratios of the respective enone
pI’OdUCt was observed for the cyclopropyl derlvatl\te(entry 2 (cf. Supporting Information)? Minor amounts of (ca. 10%) ring-expansion

2), which implys that cyclopropylcarbinyl radicals do not product (ref 12a) were found.Observed in 95:5 allylic versus aliphatic

intervenel? regioselectivity.
(10) Halgren, T. A.; Roberts, J. D.; Horner, J. H.; Martinez, F. N.; To assess whether the Coun'te'rion of thé”(SaIen)
Tronche, C.; Newcomb, MJ. Am. Chem.S0c.2000,122, 2988—2994. complex affects the chemoselectivity of the allylic alcohol
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tion is avoided. Indeed, a good mass balance was obtained

Table 2. Product Studies for the Catalytic and Stoichiometric for the 0.5-h run in the presence of PPNO (data not shown).

Oxidation of the Allylic Alcohol E-1h by lodosobenzene and Its In addition to these catalytic oxidations (Table 2, entries
Diacetate, Catalyzed by the [{salen)]X Complexes 1-10), stoichiometric reactions with authenticValen)-
OH o OH (O) complexedD(TfO) andD(PFs) were examined (entries
oxidant 11-14). The triflate [D(TfO)] and hexafluorophosphate
J|/‘\ CH.CL.20°C. 11 | + O [D(PFg)] derivatives were prepared by oxidation of the
P o PV oy PV oo respective Ct(salen) complexes with PhlO or PhI(OAc)

(Scheme 2). When the stoichiometric conditions were applied

convn® mb? chemoselectivity

odant Gqu) edditve 09 09 Zweh .

1 A(CDh(0.), none 23 99 >95.05 Scheme 2. Reaction of [CY (salen)]TfO with lodosobenzene

2 PhI(OAc); (1.5) PPNO 22 96 >95:05 and Its Diacetate

i Qr(ﬁln)((f '51))’ E(;:jo ;; 3471 3382 [Cr'(salen)|TfO Phio or PhOAR > [CrY(salen)(O)]TfO

5 A(TfO)(0.1), none 48 65 96:04 A(TFO)  CHON,20°C.1h  ELOWY) g green D (TFO)
(1) (87) (73:27)

6 PhI(OAc), (1.5) PPNO 36 91 58:42

7 A(TfO)(0.1),  none o1 50 8911 to the model substrate-1h, nearly equal amounts of enone
(70)  (66) (74:26) E-2h and epoxidd=-3h were obtained in the absence (entries

PhIO (1.5) PPNO 51 93 54:46 11 and 13) and the presence of PPNO (entries 12 and 14).

9 A(PFe)(0.1),  none 77 59 68:32 These poor chemoselectivities for the stoichiometric oxida-

10 PhIO (L5) PPNO 49 93 48:52 tions match those for the catalytic ones in the presence of

11 D(TfO)(11)  none 40 83 67:33 the PPNO additive (entrles 6, 8, gnd .10)..It may, therefore,
28) (94) (55:45) be concluded that in the catalytic oxidations mediated by

12 PPNO 55 86 51:49 the [Ct''(salen)]TfO A(TfO) ] and [Ct"'(salen)]PE [A(PFe)]

13 D(PFe) (11) hone 13 75 61:39 complexes, pres_umably the [@salen)(O)] specied serves

14 PPNO 93 08 4258 as the actual oxidant.

. od as in Table 1. | ) en the values for 0.5 Since the complexes [&fsalen)(0)]X are paramagnetic
etermined as in Table 1. In parentheses are given the values for 0. ; ; P
h reaction timeP The diastereomeE-3h was found in arytro:threoratio and possesses radical character, the present allylic oxidation

of ca. 85:15 (5% of the stated value) as determined-bMR analysis may follow C—H insertion by way of the established oxygen-
of the crude reaction mixture. rebound mechanisit. To scrutinize this mechanistic pos-
sibilty, oxidation experiments were performed with #@-

o _ ) ~ labeled alcohot®O-1c(Table 3). In the stoichiometric (first
oxidation, product studies have been carried by employing

the allylic alcoholE-1h as the model substrate.'@salen)

complexes with different counterions under a variety of _
reaction conditions were used, and the results (Table 2) showTable 3. Oxidation of Alcohol**O-1c by the C¥(salen)(O)

a very high chemoselectivity=(95:5) in favor of the enone Complexes under Stoichiometric and Catalytic Conditions

2h for the complexA(Cl) and PhI(OAc) (entries 1 and 2). time convn 180 content
The chemoselectivity for Phl(OAg)s higher than that for oxidant (equiv) (hy (%) 180-2cb (%)
PhIO (entries 3 and 4), irrespective of whether the additive [cv(salen)o)Tio (1.1) 51 51 84
4-phenylpyridineN-oxide (PPNO) was employed. For the [crin(salen)icl (0.1), PhIO (1.5) 8 95 89
triflate complexA(OTf), a high (96: 4) chemoselectivity  [cr'!(salen)]ClI (0.1), Ph1(OAc), (1.5) 6 95 90

was obtained for Phl(OAg)without the PPNO additive aThe 180 content of the initial alcohot®O-1cwas 90+ 5%. ° The 180

(entry 5), but a poor (58:42) chemoselectivity was obtained content was determined by mass-spectral analysis in terms of the relative
with PPNO (entry 6); similar results were found for PhlO intensities for the respective molecular ion¥#122 and 124), errat: 5%
(entries 7 and 8). The diminution in the chemoslectivity is of the stated value.
still more pronounced in the case off?Eomplex and PhIO,
for which a low enone/epoxide ratio was obtained with and

without PPNO (entries 9 and 10).

entry) as well as catalytic (second and third entries) oxida-
) o tions, the initial 10 content (904 5%) of '80-1c was
In the absence of PPNO, the high chemoselectivity after essentially retained (= 85%) in the carbonyl proctiet-2c.

1 h is accompanied .by a low mass balance, Wh"e. r_;xfte_r 0'5These180-labeling experiments indicate that this oxidation
h the mass balance is higher but the chemoselectivity is not.

i 2 is not a C—H insertion; otherwise isotopic dilution would
as good (entries 5 and 7). The lower mass balance |nd|cate§1 S . L
. . - ave had to occur. Moreover, the stoichiometric oxidation
that the epoxide is decomposed due to the Lewis acidity of of 80-1cwas very slow (first entry) compared to the catalytic
the Cr(salen) complex, which falsifies the chemoselectivity Y g P
results. Presumably, the ligated PPNO reduces the LeWis 11y yamada, T.: Irie, R.. Mihara, J.. Hamachi, K.. Katsuki, T.
acidity of the Cr(salen) complex and the epoxide decomposi- Tetrahedron1998,54, 10017—10028.
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Scheme 3. Mechanism for the Clf(salen)-Catalyzed Oxidation of Allylic Alcohols by lodosobenzene Diacetyele | for the
Redox Chemistry an@ycle Il for the Lewis Acid Activation
PhI(OAC), R'R?C=0 (2) + epoxy

alcohol (3)
Phl + AcOH + R'R%C=0 (2) cr'(salen)]X (A)

R'R?CHOH (1) PhI -
“ [Cr¥(salen)(O)]X (D) A~ACO

=N_ _N= [Phi(OAC)”
Cr I
do/ Ob (o' (salen){PhKOAC)IIX (B) (PhIOAT
-

1 152, +
) [cr'(salen){PhI(OAC)R'RZCHOWIC! (E) (G (saleny(OAGIX (C)
[Cr(salen)]X (A) R'RCHOH (1)

ACOH ¢ cle ll (x = G Cycle | (X = TfO", PFy)

reactions (second and third entries). This finding suggeststo rationalize the results for the nucleophilic @ounterion;

that some species other than the[Galen)(O)] complex consequently, additional species appear to be involved. It
may be involved in the catalytic oxidation. must be stressed that for the synthesis th& (€alen)Cl

T id | h fth . . complex is the more valuable one, because the e@dse
O provide a clue as to the r?atu.re of the active species, produced exclusively in high yields under mild conditions
the reaction mixture from the oxidation of the [Gsalen)]X (Table 1). In contrast, for the TfOand Pk~ counterions
complex by Phl(OAg) without any alcohol was analyzed  he chemoselectivity is poor since under most conditions

by ESI-MS (cf. Supporting Information). Also, the mass pnearly equal amounts of enone and epoxide are formed
peaksm/z640.4 (8%) and 377.4 (31%) were found, which (Tapje 2),

correspond to the ions with the compositions'[(zalen)- To account for this counterion-dependent mechanistic
{PhI(OACp}]™ (BY) and [CH(salen)(OAC)] (C), in ad-  dichotomy, we propose the Lewis acid activationdyicle
dition to the mass peat/z333.8 (100%) for [Cf(salen)- || (Scheme 3). The pertinent product-branching point is the

(O)I" (D). Their formation (Scheme 3) may be rationalized Cr''(salen) complexB, for which, in the case where X%

in terms of ligation of PhI(OAg) with the C#'(salen) Cl, the chromium metal assists the exchange of an acetate
complexA to afford the addudB and subsequent electronic  group in the ligated Phl(OAg)for a substrate molecule,
reorganization (Cycle 1) with elimination of the PhI(OAc) alcohol 1, to generate the complek. Base-catalyzed
radical to generate the E¢salen)(OAc) complex (C). deprotonation of the alcoholate affords carbonyl prodyct
Electron transfer between the latter and the PhI(®Ac) with concurrent elimination of iodobenzene and acetate ion
radical? leads to CY(salen)(O) complex (D), an established (shown as AcOH in th&€ycle I1). In fact, when NaOAc is
oxidant. added in catalytic amounts (20 mol %) as external base, the

Unquestionably, a rather complex mechanism (Scheme 3)r'eactlwty is significantly enhanced (cf. Supporting Informa-

s : . o tion).
operates in this counterion-dependent catalytic oxidation of
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