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Development of Environmentally Benign Oxidations Using Hypervalent Iodine (III) Reagents
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We have synthesized a novel, nonpolymer-supported recyclable hypervalent iodine (II1) reagent, 1,3,5,7-tetrakis
[4- (diacetoxyiodo) phenyl] adamantane 3a and its derivatives 3b, ¢ and utilized them in environmentally benign oxida-
tions. The new reagents 3a—c mediate a wide range of oxidative transformations with efficiencies similar to those of con-
ventional reagents, phenyliodine (III) diacetate (PIDA), pheyliodine (III) bis (trifluoroacetate) (PIFA), and (hydrox-
yl (tosyloxy)iodo) . benzene (HTIB), and have higher reactivity compared with polymer-supported recyclable reagents
such as poly (diacetoxyiodo) styrene (PDAIS) and poly {bis (trifluoroacetoxy)iodo} styrene (PBTIS). In all cases,
tetraiodide 4 was recovered nearly quantitatively in a pure form after simple workup, i.e., filtration. Reoxidation of 4 to
3a with m-chloroperbenzoic acid also proceeded quantitatively, without loss of oxidative activity. Recyclable 3a—c are
used in various organic solvents as well as water, and thus mild and clean oxidation of alcohols in water has been
achieved using 3a. A facile synthesis of aldehydes from primary alcohols has also been demonstrated using a dual recy-
cling strategy, with 3a and recyclable 2,2,6,6-tetramethyl-1-piperidinyloxy free radical (TEMPO) .
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Fig. 1. Typical Hypervalent Iodine"! Reagents in Organic Synthesis
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Fig. 2. Recyclable Hypervalent Iodine!! Reagents
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Scheme 1. Schematic Recycle Diagram of Recyclable Hypervalent Iodine!! Reagent Based on an Adamantane Structure
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R=I (4) mCPBA
R=1(OAc), (3a) ]

R

(]

C

R

CH,Cly-AcOH (97%)

Scheme 2. Preparation of 1,3,5,7-Tetrakis [4- (diacetoxyiodo) phenyl] adamantane (3a)
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Fig. 3. ORTEP Drawing of 3a

Selected bond lengths (A) and angles (deg) : 1(1)—C (14) 2.097(6), 1(1)
-0(1) 2.170(5), 1(1)-0 (3) 2.174(6), O (1)-1(1)-C(14) 80.6(2), C(14)-1
(1)-0@3) 81.9(2), O(M)-I(1)-0(3) 162.4(2).
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VDX D IeRRMERIE T, I 5IIKPTORIGHTT
DI EMTES, BIAWRINREMFEE (—40°C 0
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ZEMNSENZY YA IINVBIKIREITH S Z ENE
AEINJ-. X512 3a, b & PIDA, PIFA UK U
< —HER A R FI D PDAIS & @ Kk % Scheme
4D e—g THIEL/ZHDH Table 1 Th 5.
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JEZRL, RN —HEFRRH K O BICE, K
IR & BONRE O TENLHRE G A 2. KR

3¢ [R=I(OH)OTs]
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Scheme 3. Transformation of 3a to Other Iodanes 3b—d
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Scheme 4. Reactivity and Recyclability of 3a—c¢

Conditions: (a) -menthol, 3a (1.1X1/4 equiv.), KBr-H,O, r.t. (4 h), quant. [recovered yield (r.y.) of 4:95%], (b) geraniol, 3a (1.0X1/4 equiv.), TEMPO
(0.2 equiv.), CH,Cl,, r.t. (1h),91% [r.y.: 95%], (c) phenylacetamide, 3¢ (1.0X1/4 equiv.), CH;CN, reflux (1 h), 82% [r.y.: quant.], (d) propiophenone, 3b
(1.0X1/4 equiv.), CH;CN, reflux (3h), 76% [r.y.: 98%], (e) 4-bromoveratrole, 3b (0.55X1/4 equiv.), BF;-Et,0, CH,Cl,, —40°C (3 h), 98% [r.y.: quant.],
(f) 3,4,5-trimethoxyphenol, 3a (1.0X1/4 equiv.), MeOH, r.t. (10 min), quant. [r.y.: quant.], (g) methyl p-tolylsulfide, 3a (1.0 X 1/4 equiv.), wet. CH,Cl, (1%
H,0), reflux (2h), 97% [r.y.: quant.].

Table 1. Comparison of Reactivities of 3a and 3b with PIDA, PIFA, PhIO and PDAIS
Reaction Oxidation of / hol  Biaryl ling of 4-b le Oxidation of methyl p-tolyl sulfid
Reagent xidation of /-mentho iaryl coupling of 4-bromoveratrole Oxidation of methyl p-tolyl sulfide
3a or 3b Quant. (1.1equiv., 4 h, r.t.) 98% (0.55 equiv., 3h, —40°C) 97% (1.0 equiv., 2 h, reflux)

(3a) (3b)

(3a)

Quant. (1.1 equiv., 7 h, r.t.)

PIDA, PIFA or PhIO (PhIO)

(PIFA)

97% (0.55 equiv.,

1.5h, —40°C) 97% (1.0 equiv., 2 h, reflux)

(PIDA)

86% (1.1equiv., 20 h, r.t.)

PDAIS or PBTIS (PDAIS)

58% (0.55 equiv., 24 h, r.t.)?
(PBTIS)

83% (1.0 equiv., 24 h, reflux)
(PDAIS)

* Yield (equivalent of the reagent, reaction time, reaction temperature). a) Reaction was sluggish at —40°C.

4- 7O0EXRT bO—)LOELE 2 Bt K E TIE R
R —RIRGH & DBEE IR ZENA 53, PBTIS Y
FOGCERZ2ETSDICx L, 3bid PIFA &[R4
T RN HEFT U 7z,
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IZDONWT, 3azHnst ROoF/ > Oz K
M7~9 % (Scheme5). £3, 1) bt RoF /%
ARIEBLTEE D U T2 OB R NI RO H 3a 2 A,
2) RKIEDOKRT 2R L OB IR 2 T8 %
L, A/ —=)v&mxs. (KSEHITASY /=)
EHWSHEGIEZOBREIZEKTES.) ZOHRE
WK ORERED I NT b T I — RIK 4 13BRRFICVLE
35,3 @ERETIAT4INI—THEBL, T hH
FA— K4 CAERMEGEET S, 4) BINL 4
Z, mCPBA ZH WA HMLIZTX D KIGA] 3a N &

HETS.
1HNMR%ﬁ%ﬁﬁEE@%%#B,EWéh
T RT3 — RKAIFIZTHRTH o 72, ARKIBA
1A Y — R RGHI TR Z 5 K5 B {bids 5
NxWiED, ZOYA 7N EN EERSEVIRT
ZEMTELZENROREBFETHS.
SSH 2 BN W 2355 B RIS E &I [T

AEETH D, ZOEHITIE, KIS TRICTF AR
FRUTLEMADM, HLLIIZ1Y7O/)N)—)b
P CHTIRBHREZITY ZEICKDERICELET

%3a—c % 1 fiDREE4 NERHL, BT IUT X
v,
UEDESICEES DB LTI U RIK
AN, THIROIEEMNSBHITHRTE, kel
VR, ORGSR T TR D PIDA % PIFA OftD
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after reaction
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of MeOH
o0 } a0
D
solid 4
filtration l 3
4,
Recycle
re-oxdation Q g“;"’% 4
mCPBA
CH,Cl>-AcOH T
rt., 97% 3
MeOH =

Scheme 5. General Experimental Procedure

PhlO
RR'CHOH Pg'rlo RR'G=0
RCH,OH  PhI(OAc), (PIDA) - cat. KBr RCO,H l i
- -O O_ K+
CH,OH (Q—(0Ac), (PDAIS)-cat. KBr CCIJ [ Phi; . ]
OH H,O, r.t. 0] Br

Scheme 6. Hypervalent Iodine (III) -Mediated Alcohol Oxidation

DELTHEZR, »OHET, RUT—HER KN
A& BRI DML NMR TR HICHERETE D2 &M
5, WEILWFZEEBICEAN T TE 58
RISEITH %.

3. 7RI CBESTY A7 IILRIEA 3a
ZRAWBKPTO7 I O— )LEEORE LRI

7V =)V DEEALFOSIERER 5 i D RISFI T H %
FAR—F > - X)L A—YF > (Dess-Martin
Periodinane, DMP) % o- 3— RF L2 EEHE (o-
iodoxybenzoic acid, IBX) DEEZETHIRKIED 1 D
THO, BERNDOIBEHD INETIZHELLD
% 48 L 1a 3 f O KOSAI TdH % PIDA 3 — R

PIRE R, 5D RIEH] D DMP %> IBX (2L
NTAEEREHRTOT IV 3 —)V OB TSR
WA, — /5T, EFSIIKP-TO0I REET
T3fid PIDA 3 — RY X EPEEES N
TV A= )VEOBALRIS IR LS ETTHZ L%
#HE L TWB (Scheme 6). 3 A& KGR I3 A M i
TIRANARTOI REAVWTHIF LA EHETET,
KOPEZE RN RENHER S NTZ. KR D ESI-mass
(electrospray ionization mass) DHEIFEFERE LD, =
DRI T PIDA I —RYNEETOIR
X0AEU D, KITaAERI— R L8 6 NG
ERD, KIEHEFTS2ZE2HOMELTVS,
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5M D RISF T A IS, F L <I3A R -
KIBBWEP TRIGZEITD DITHL, AR TIIAD
HEWEE L THADEVWSFEND 5.

ZDXRDITKIFHER ETRBZM T U — 2 7RER
BHRMBMOBRKETH DN —HZT T, &&
WISEMIRIER 3 21— KRG E LT
HIRDE, AR TIXE RIS E mR IR & i
SZLEHDHLIRFENEARTHD. W EFESILIT Y
R 2F CRIKRAIO K H T O JOSEIC B0 & f &,
3a & HWKPTO 7 )V a—)) OEAL KIS & Bt
L7z,

DRIO&MEESEIL, 7 CRIKINA 3a
EHWKFTOAL h=ILOBIEKEZETTD =
(Scheme 7). /NEFID 3a &l & D KBr 2 LT
KRz {TS &, PIDA®I— RYNXENTHART
FOSFERNIMNIN B 0%, £ ETOINETH b 20t
507z (entry 1), —JF, 703 RALTIEE<K
JSEHETE T (entry 2), 70U R 7)LA YU R
RN NN, TOREZTILTOI RORK
TMNEFEIHRATH D ENG0n0, FIEEMN
W2 b oRBES N (entry 3). ZHiE, THY
>H CRIRISKI O E WK Z, ERBEREE D
T ORZULENE O D THBHEEZEATND,
7 EREZULBORIIELIT I EITRD, KIKH
ZRIBIZEHT 2 ZENTE (entry 4).

Table 2 IZHBEZ W DRI, 287V a—
IVOBEETIZEIRDO B D (entries 2—4), 2R
Jba—)b (entry 5) E@EINET, VAN ZEL
A BN (entry 6). JEEEWRY IV —)LT
i, 7OEDULREEREMALS Z LITR O RIEE
BLEREIEDET, JIbEBIFEAEMAS

Table 2. Oxidation of Alcohol with 3a-cat. Et;N*Br~ in
Water

Entry? Substrate T(illll;e Product S({L/il)d
" Om L b
! 4 >99
HO 0
OH 0
20b) 18 38
CeH13 CeH13
OH o)
3 5 91
Ph Ph)j\
OBn OH OBn O

PO

94.)

8 O/\OH 48
O
OH 24 97
OH o)

a) 1.1X1/4 equiv of 3a and 0.5 equiv of Et,N*Br~ were used. b) 0.2
equiv of Bt,N*Br~ was used. c¢) 1.5X1/4 equiv of 3a was used. d) 1
equiv of Et,N*Br~ was used. ) With 3X1/4 equiv of 3a. f) With2X1/4
equiv of 3a.

Ad[PhI(OAc),]; 3a (1.1x1/4 equiv)

>“ additive >
f - {1
Hzo, r.t.

HO 0
Entry Additive Yield of ketone

1 0.2 equiv of KBr 76% (24 h)

2 None Trace (24 h)

3 0.2 equiv of Et,;N*Br- >99% (24 h)

4 0.5 equiv of Et,;N*Br~ >99% ( 4h)

Scheme 7. Influence of Br~ in Alcohol Oxidation with 3a in Water
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ZEBHTER (entry 7). AEEILSMIEZ®RS, A
ROBFERZERE TN I-INVEIOERTE &N
TZE%. §hbs, XOVIT7IVa—ILzHNWS
L, FTXRZTINTE RBEDL, HiNWTRERE
4T % (entry 8). F/z, entry 9 TIEZ—HD7
NA—IIVINEBIEINBEZETT T b=V RHPTH
C, 7 hnEESESNL. BUIUIRIET 53—
RIK A DKICRIBETH B DT, RINEIRZ B HEIEE
L, A% =)L THSZTTX N,

TIVTE REERT 2I1E, AHEIABS T 3 Mo
BETMITEE, 2,2,6,6- 7 b T AF)-1- EX
yrZ—aF, 7U—5I 7)) (TEMPO) DOflA4
BOENERESZAEMEICEN, £ 1HI)Va—))
DHZEIRICEEILT D ZENTES.9 UGy
JVEIEH] PDAIS 2 W= FiENBICHiE SN T
WM, D ZDOHAEITIE TEMPO D438 - [A1IY & 5
FHANTERVWEWS MRS S, T TEHESIT,
Jal U RNTIVICHFELEZEYY A ZIEO
TEMPO 749 % fWT, WA DIEHFZREIL &5
E AT, KR, FTETONETEIRMICT LT
E ROABMNE SN (Scheme 8). Z DAL, X
IS T BRI RIS #R 2 g3 L T TEMPO 7 % 77 it
L, & &13 Scheme 5 O HiEICEDE 4 Z[EITT 1
Xk, — T, PDAIS &7 DR ¥ —HEFAI L
IREIR L DA G DR T, M5O RKISHITET 72
WD KNI Z 57, SEEbARE S 725 7=,

DEoXSiz, 7<% CRIKEH 3a 2N
7o, BERIREHTOZ ) =27 a—)VEOE
K B Uz, AREISET X TORSAIA AU -
BHAHTE, BEBHETHIENI RERKFER
D,

3a (1.1-1.5 x1/4 equiv)

Silica-TEMPO (0.2 equiv)
Alcohol

CH20|21 rt

Aldehyde

4. HHYIC

S, EFHSRTIRUY CEKIEODMEDY
YA INVBBRFMI D HE () KISH Z#H72IC
B L, BRESIRFI 2 U 2B L 5OS O KB kD)
Lk, 7328 RIOBHI 3 IEGRBES T, Z
NETORY Y —HFROEF L D ENITENLZD
DTH%. ZTDORHIIHFEDOI VT F IR I
HEICHE DS EZEZ LN, HEE Y1 7 EDR
BB ZE A5 2 &ICKD, T5ITUS1 7V
DENTZRICHIORFENEBNDTH A5, &ill,
TEIRE4X0HA NI NeT T T2
AL HOI— BRI, FIFITHRTAY /) —)b
T BRI 4 D 1 FRETH 2 Z ENHh
D, ISIUYA I IVEITENTZRIGA] 8 WA TN
HUAHEMEAS®H D (Scheme 9). 8a D KISPEIZDNT
BHEFMICHRATTH BN, Znsiduy1 7))L
EVWSBRERMOY —)LELTOATERL, 8adD
B TULMNBENBNWIZ =T R EZRTZED
Dno Tz 40 TLSHEIETR, BETFMI T E A1)
I O il AL DY R X 4, 4748 4850 PART O i
723 FEMEFEEN WD SOLDE < DI IZ

R

(

R Q “y
O OR 8a [R = I{OAc),]

d 9[R=1]

Scheme 9. A New Recyclable Hypervalent Iodine (III) Rea-
gent Based on a Tetraphenylmethane Structure

silica-gel

Silica-TEMPO 7

MeO RS
o O e
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Scheme 8. Oxidation to Aldehydes by the Dual Recycling System Using 3a and Polymer-Supported TEMPO
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