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ABSTRACT

+BuOO—|—0

0
+-BuOOH
R_<O])n * 0 KoCO3
PhH, rt
n=1,2
") 2
t—BuOO><O In R™ 0 Mh

Exposure of cyclic acetals to 1-tert-butylperoxy-1,2-benziodoxol-3(1H)-one in the presence of tert-butyl hydroperoxide and potassium carbonate
in benzene at room temperature results in oxidative ring cleavage to glycol monoesters via intermediate tert-butylperoxy ortho esters.

The crystalline alkylperoxy:#-iodane ltert-butylperoxy-1,2- conversion of cyclic acetalsto hydroxy ester8 with (tert-
benziodoxol-3(1H)-one (2), prepared from 1-hydroxy-1,2- butylperoxy)iodane? in the presence ofert-butyl hydro-
benziodoxol-3(1H)-one by Lewis acid catalyzed ligand peroxide and potassium carbonate (Scheme 1). Substituent
exchange withert-butyl hydroperoxide, is stable in the solid  effects for the oxidation of cyclic aryl acetdland the effect
state but gradually decomposes in solution at room temper-of the free-radical scavenger galvinoxyl were also examined.
ature to generatert-butylperoxy radicak? The hypervalent 1,3-Dioxolanes are among the most widely used protective
(tert-butylperoxy)iodane oxidizes benzyl and allyl ethers  groups for carbonyl compounds and vicinal dib@xidation

to esters at room temperature in the presence of alkali metalof 2-aryl- and 2-alkyl-1,3-dioxolanes derived from aldehydes
carbonates via a radical procésA.variety of sulfides and provides a useful route for the synthesis of 2-hydroxyethyl
4-alkylphenols are readily oxidized to sulfoxides ande¥{ esters. Reagents used for direct oxidative cleavage of 1,3-
butylperoxy)-2,5-cyclohexadien-1-ones, respectively, in good

yields3# The (tert-butylperoxy)iodang also oxidizes sec- _

ondary and tertiary amines to imines atett-butylper-

. . S . . Scheme 1
oxyamino acetals, respectivélyOxidation of amides with L BUOO—I—0
2 affords imides otert-butylperoxyamide acetals, depending _<O v +BUQOH 1 oH
on the reaction conditiorfsWe report herein the oxidative R o-+tn * 0 kco, R™ 07
PhH, rt
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dioxolanes include ozorfemolecular oxygen—Co(ll§,hy- than 60% (compare entries 1, 2, and 7 in Table 1). It has
pochlorous acid? potassium permangandafe\-hydroxyph- been reported that alkali metal carbonates markedly acceler-
thalimide in electrochemical oxidatidfi, and tert-butyl ate benzylic oxidation of benzyl ethers with the peroxyiodane
hydroperoxide in the presence of Pd(ll), Ru(lll), or pyri- 2™ and that the yields of oxidation of 4-alkylphenols to
dinium dichromate (PDCY 2-Hydroxyethyl esters have 4-(tert-butylperoxy)-2,5-cyclohexadien-1-ones with are
found use in selective Diels—Alder reactions, because the significantly improved whetert-butyl hydroperoxide is used
functionality can be preferentially activated with Lewis acids as an additivé.When both of these additives are used in
by forming a seven-membered chelated structure in thethe oxidation ofla, the yield of benzoat8a increased to
presence of simple ester grougs. 80—94% (Table 1, entries911). No appreciable effects of
Oxidations of 2-phenyl-1,3-dioxoland4; R = Ph,n = molecular dioxygen were observed in this oxidative cleavage;

1) with (tert-butylperoxy)iodan€ in benzene were examined ~thus, reactions carried out under argon and in air gave
at room temperature under a variety of conditions (Table cOmparable yields oBa (Table 1, entries 3 and 4). The

1). The reaction with the peroxyiodagé1 equiv) was slow, ~ Oxidative ring cleavage requires a stoichiometric amount of
peroxyiodane2, and without2, only a trace of3a was

I (ctected (Table 1, entries 11-13)

The radical nature of this oxidation withwas substanti-

Table 1. Oxidative Ring Opening of Cyclic Acetdla with ated by complete inhibition of reaction with the added radical
Hypervalent (tert-Butylperoxy)iodan® scavenger galvinoxyl (Table 1, entries 5 and 14); in these
2 K,CO;  t-BuOOH  time  3ayield® reactions, a large amount @& was recovered unchanged.
entry  (equiv)  (equiv)  (equiv) () (%) A typical experimental procedure is as follows (Table 1,
1 1 24 24¢ entry 11). To a stirred suspension of 2-phenyl-1,3-dioxolane
2 1 2 24 63 (1a, 0.2 mmol) and potassium carbonate (0.4 mmol) in
3 2 4 11 79 benzene (3 mL) was added a solutionteft-butyl hydrop-
4 2 4 Sje " eroxide (4.1 M solution in dichloroethane, 1 mmol) and
Z 2 2 ﬂf 7(1) peroxyiodane (0.2 mmol) at room temperature in air. After
- 1 5 24 65 24 h, the reaction mixture was quenched with 5% aqueous
8 1 2 05 24 56 potassium carbonate solution and extracted with diethyl ether
9 1 2 1 24 80 three times. The combined organic layers were washed with
10 1 2 3 24 86 water and brine, dried over B8O, and concentrated in
11 1 2 5 24 94 vacuo. Purification of the crude product by preparative TLC
12 0.5 2 5 24 50 (silica gel, 7:3 hexane/ethyl acetate) gai«aydroxyethyl
ii . ; 2 gjd’e gz benzoate (3a, 94%). Very interestingly, in the crude product
15 1 5 s o4t =g formation of a large amount of the unstalbéet-butylperoxy

ortho estedta (R = Ph,n = 1) was detected biH NMR, in

aThe reaction was carried out at room temperature in benzene in the ition h nz Th rth a n
air. P Isolated yields¢ 1a(entry 1, 64%; entry 5, 81%; entry 13, 70%; entry addition to the benzoatéa. e ortho estera, upo

14, 79%) was recovered unchangé@he reaction was carried under argon. ~ €Xposure to silica gel, readily hydrolyzes to benz&en
e Galvinoxyl (1—2 equiv) was used as an additil@ EMPO (1 equiv) was high yield. The structure oftfa was confirmed by the

used as an additive. independent synthesis via acid-catalyzed exchange of ortho
ester5 with tert-butyl hydroperoxide (Scheme #)These

and f-hydroxyethyl benzoate (3a; R Ph, n = 1) was

obtained in a low yield (24%) after 24 h at room temperature. _

The use of potassium carbonatetert-butyl hydroperoxide Scheme 2
as an additive increased the yield of benzdzdago more Ph, O £BUOOH
>< j Tson 4a (75%)
MeO' O PhH, reflux
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Table 2. Oxidation of Acetals with tert-Butylperoxy)iodane2 Scheme 4

andtert-Butyl Hydroperoxide o
time yieldP @O t-BuO0O*
entry acetal R n (h) 3 (%) (
1 1b p-MeCgsHa 1 24 3b 84 2 — 12 t-BuOOH — 4
2 1c p-CICgH,4 1 24 3c 80 0O
3 1d  mCiCHs 1 24 3d 78 £Bu0O" R ]
4 le 2-furyl 1 24 3e 77° 0 o
5 1f PhCH=CH 1 8 3f 65 R~ j 13
6 1g PhCH; 1 48 39 544 o}
7 1h n-Cngg 1 24 3h 71d 1
8 1i C-C(;Hll 1 24 3i 624
9 1j Ph 2 24 3j 574
10 6° 24 7 194

assumed to involve the following key steps: (a) homolytic
aThe reaction was carried out usirtgrt-butylperoxy)iodane (1 equiv) indi _ ;
andtert-butyl hydroperoxide (5 equiv) in the presence ofJQ; (2 equiv) Clea.vage of the hypervaler_n iodine(llt) pe.rOXy bond_Zn
at room temperature in benzene in the &lsolated yields¢ 'H NMR vyields. to give tert-butylperoxy radical and [9-1-2] iodanyl radical

‘1965%3) (entry 6, 12%;d entr)t/] 7, ZQZ‘;A); enltéyh&dlogé; etrrl]trly 9,%)7;%; dentry 121617 (b) hydrogen abstraction from acetdldy thetert-
y 0) were recovered unchangeoenzaldenyde dimetnylace an . . .
methyl benzoate (7J.1-(tert-Butylperoxy)benzyl methyl ether (13%) was butylperoxy radical to give the carbon-centered acetal radicals

obtained. 13 andtert-butyl hydroperoxide, (c) coupling of 2-dioxolanyl
radicals13 with tert-butylperoxy radical, regenerated from
tert-butyl hydroperoxide by the reaction with iodanyl radical
rate of oxidation of aromatic 1,3-dioxolanes appears to be 124to give thetert-butylperoxy ortho ester, probably via
greater than that of a||phatIC ones. Oxidation of ac&fal Sing'e electron transfer, (d) ring Opening of ortho esteis
derived froma,S-unsaturated aldehyde, affords the conju- g-hydroxyethyl ester8 by silica gel catalyzed hydrolysis.
gated esteBf in good yield. As reported in the oxidation  Formation of acetal radicals3 via hydrogen abstraction in
with ozoné and N-hydroxyphthalimide? acyclic dialkoxy 1 py jodanyl radicall2 might compete with that byert-
acetals react much more slowly than cyclic ones; thus, pytylperoxy radical. Single electron transfer from 2-diox-
oxidation of benzaldehyde dimethylacetal (6) gave methyl o|any| radicalsi3to peroxyiodan€ might also produce the
benzoate (7) in only 19% yield after 24 h and returned a qtho estersl with concomitant regeneration of the iodanyl
large amount of unreacted acetal (47%) (Table 2, entry 10). (5dical12181°The mechanism shown in Scheme 4 is in good
The rates of oxidative cleavage seem to decrease in the Ordeégreement with the intermediate formation of ttest-
five-membered.a > six-membered ring aceta) > acyclic butylperoxy ortho estergl and the product distribution
acetal6. _ _ observed for oxidation of the unsymmetrical acé&alThe

Oxidative cleavage of the unsymmetrical cyclic acetal spservation that attempted oxidation of 2-methyl-2-phenyl-
4-methyl-2-phenyl-1,3-dioxolan@)with 2 favors formation 1 3_gioxolane, possessing no acetal hydrogens, led to recov-
of secondary este® over primary esterlO, although the ery of the acetal (91%) is also compatible with this
degree of regioselectivity is low. A mixture of isomeric achanism.
hydroxy gster@ (54.%) and.10 (39%) and keto estélrl (2%) The slow step of this oxidation is probably acetati@
was obtained in this reaction (Scheme 3). The keto dster S : .

bond breaking in the cyclic acetalsyielding the carbon-

centered radicald3. This is in good agreement with the
_ relatively large deuterium kinetic isotope effégtk, = 8.5
Scheme 3 measured for oxidation of protonated and deuterated 2-phen-

oM sioon 0o R o yl-1,3-dioxolanesla in benzene at 30C under argon. A
Ph—<oj ’ )I\O)YOH + ph)\o/\(o large isotope effectki/ko = 13) has also been reported for
R2

—_—
K,COg, PhH P

1 36h Me the radical oxidation of benzyh-butyl ether withtert-
8 9:R'=Me, R2=H, 54% 1,2% butylperoxyiodan&, which most likely involves rate-limiting
10:R' = H, R? = Me, 39% benzylic hydrogen abstractidh.

) o (16) Hashimoto, J.; Segawa, K.; Itoh, H.; SakuragiGtem. Lett2000,
is probably produced by further oxidation of secondary 362.

i . thi : (17) The first-order rate constant for decomposition2ofn dichlo-
alcohol 10 unde_r the condl_tlons, this was confirmed .by @ [ omethane at 36C is 2.62x 10-5 116
separate experiment. A slight preference for formation of  (18) Hypervalent [bis(acyloxy)iodo]benzenes act as good electron ac-
i i i ceptors: (a) Kita, Y.; Tohma, H.; Hatanaka, K.; Takada, T.; Fujita, S.;
the §econdary estérwas Obs.ervgd in oxidative cleavage of Mitoh, S.; Sakurai, H.; Oka, SI. Am. Chem. Sod 994,116, 3684. (b)
8 with tert-butyl hydroperoxide in the presence of PBC Kokkinidis, G.; Papadopoulou, M.; Varvoglis, &lectrochim. Actal989,

and Pd(l1).% 34'(1193)3{4 Iytic cl f the iodine(IH)p bond of th
; ; : P omolytic cleavage of the iodine(It)peroxy bond of the peroxy-
As illustrated !n Scheme _4’ a mechamsm for oxidative iodane2 by nucleophilic attack of.3 may also produce the ortho estdrs
cleavage of cyclic acetals with peroxyiodane might be and the iodanyl radical?2.
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Relative rates of oxidation for a series of substituted 1,3-

dioxolanesla—d were measured by competitive reactions,
in which a mixture of a 10-fold excess of each of two
competing substrates was used. The electron-relepdifg

group increases the rate of oxidation (Table 3). A Hammett

Table 3. Relative Reactivity of Acetald with 2 in Benzene at
30 °C under Argon

substrate R Krel
la CeHs 1.0
1b p-MeCsHg4 15
1c p-ClCsH4 0.68
1d m-CIC6H4 0.64

plot for the oxidation of 1,3-dioxolaneka—d, presented in

peroxyiodane oxidation ofa was not retarded by excess
amounts of 1,4-dimethoxybenzene, a single electron transfer
guencher with oxidation potenti&,x = 1.28 V (vs SCE in
MeCN)2

The decrease in the rate of oxidative cleavage in the order
of five-memberedla > six-membered ring acetd]j >
acyclic acetab probably reflects differences in the rates of
acetal hydrogen abstractions. In fact, it has been reported
that the relative rates of hydrogen abstraction wati-butoxy
radical at—60 °C in cyclopropane decreases in the order
1,3-dioxolane (1 4-methyl-1,3-dioxane (0.06) dimethoxy-
methane (0.03% The stereoelectronic effect that a relatively
small dihedral angle<30°) between the €H bond and the
p-type lone pair orbital on the adjacent ethereal oxygen
results in high rates of the hydrogen abstraction might play
an important role in hydrogen atom abstraction from cyclic
and acyclic ether$??

In conclusion, we have shown that ther¢butylperoxy)-

Table 3, showed a good linear correlation between the iodane2 is a useful reagent for oxidative cleavage of five-

relative rate factors and-constants of substituents in the
aromatic ring and gave the reaction constant —0.69 (r
= 0.97). Thisp value appears to be comparablepo =
—0.30 for the radical oxidation of benzgtbutyl ethers with
tert-butylperoxyiodane 1

An alternative pathway involving single electron transfer
from the cyclic acetalsl to the peroxyiodane& or tert-
butylperoxy radical, followed by loss of a proton generating
2-dioxolanyl radicalsl3, dose not seem to operdteThe

(20) Ates, A.; Gautier, A.; Leroy, B.; Plancher, J.-M.; Quesnel, Y.;
Marko, I. E. Tetrahedron Lett1999,40, 1799.
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membered cyclic acetals to the corresponding hydroxy esters
under mild conditions. It should be noted that the iodane

is very stable in the solid state and an environmentally
friendly oxidizing reagent containing no poisonous heavy
metals and that the-iodobenzoic acid formed in the reaction
can be recycled by oxidation to the hypervalent iod@ne
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(21) Tanemura, K.; Dohya, H.; Imamura, M.; Suzuki, T.; Horaguchi, T.
Chem. Lett1994, 965.
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