YAKUGAKU ZASSHI 129(10) 1187—1199 (2009) © 2009 The Pharmaceutical Society of Japan 1187

—Reviews—

L7 A9 MR EZBNETIHRIAVERLAIZAVDEHREDRSR
T F X

Development of Rare Metal-Free Synthetic Method Using New lodine Reagents

Toshifumi DOHI
Ritsumeikan University, 1-1-1 Nojihigashi, Kusatsu, Shiga 525-8577, Japan

(Received May 30, 2009)

Oxidation is synthetically important as functional group transformation as well as bond-forming method. Hyperva-
lent iodine reagents such as phenyliodine (III) diacetate (PIDA) and phenyliodine (III) bis (trifluoroacetate) (PIFA)
are one of the promising reagents for development of environmentally benign oxidations, due to their mild reactivity,
low toxicity, safety, ready availability, and easy handling. Our recent challenge to this chemistry is to enhance the syn-
thetic value of the reagents as useful alternative to highly toxic heavy metal oxidants and even rare transition metals, by

pioneering a new method for enabling their efficient utilization and development of unique and new reactivities. During
this course, we have succeeded in the development of new recyclable reagent 1 and its catalytic utilization, and design of
a new chiral reagent 2 and its application to asymmetric oxidations. The summary of these important achievements in

hypervalent iodine (III) chemistry is described herein.
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Scheme 2. General Reaction Scheme for the Oxidations Us-
ing Iodine (III)
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Scheme 3. Recycle Diagram for New Hypervalent Iodine (III) Reagents 1
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Table 1. Survey of the Catalytic Conditions for Spirocycliza-
tion of Phenol 3a

OH o)
Catalyst (10 mol%)

wet. mCPBA (1.5 equiv.)

CH,Cly, r.t. o)
CO,H
3a 0]
4a

Time Yield

Entry Catalyst CF;CO,H (h) (%)a
1 PhI (OAc),(PIDA) — 4 15
2 PhI (OCOCF3), (PIFA) — 3 56
3 Phl +b 2 60
4 4-MeOC4H 41 +b 2 21
5 2,4-FC¢H3-1 +b 17 60
6  4-Tol-I +b 2 72
74 4-Tol-I +e¢ 2 71

2 Isolated yield. b 1 equiv. ¢ Catalyst loading: 5 mol%. ¢ Catalyst: 1 mol
% . €50 equiv.

phenoxenium ion

o) 0
RTg | R
o)
I/\/COZH R
R . 5
4
OH
R b
=
Y~rCOH g o alkyl, halogen
R R' = H, alkyl, aryl
3

Scheme 4. Catalytic Cycle for Spirocyclization of Phenols 3

mCBA =meta-chlorobenzoic acid.
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Table 2. Reactions Using 4-Iodotoluene or Recyclable Iodoa-
rene 17 as Catalysts

OH cat. Arl (0.05 equiv.) (e}
Rl R2 mCPBA (1.5 equiv.) R R?
CF4CO,H (1 equiv.) |—< >—x©\
3 |
0
4

; TR
COH CH,Cly, rt. @
Ry
‘
R R & cat. Arl

3 4

Y=adamantane Y= methane

=
2
2
6

Yield (%)™  Yield(%) Yield(%)

H H H H 71 713h) 672(8h)
Br H H H 77 86(4h) 70°(6 h)
Me H H H 66 78(3h)  762(12h)
H H Me H 76 74(3.5h) 722(7.5h)
H H H Me 73 52(5h) 87°(9h)
Br Br Me H 91 93(6h) 92°(6h)
Me Br Me H 80 85(2h) 72°(5h)

* Arl: 4-iodotoluene, 2 h. 22 eq. of CF;CO,H was used. > 10 eq. of
CF;CO,H was used.
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OMe o
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K=
fi=
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2 [ CF3CH,0H (80%, 4 h) ]

Scheme 5. Unique Solvent Effect
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Chart 1. Comparison of the Reoxidation Rates of PhI in
Several Solvents
[PhI (0.07 M), wet mCPBA (1.5 equiv.), 25°C]. (O): in CD,Cl,, Phl
=68% (15min.), 55% (30 min.), 44% (45 min.), 26% (105 min.), 12%
(360 min.); (@) : in CD,Cl, with 1 equiv. of trifluoroacetic acid, PhI=12%
(15min.), 0% (45 and 105 min.); (X): in CF;CD,0D, Phl=1% (15
min.), 0% (30, 60, and 105 min.).
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@ ~ R2
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o) (0]
- 6
10 examples

53-89% yield

Scheme 6. Catalytic C—-N Bond Forming Reaction Leading to Spirolactams 6
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Scheme 7. Catalytic Cycle for the Synthesis of a Key Intermediate of (+)-Maritidine
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0 R'" R? R®
‘ OMe OMe OMe H 76% (2 h)
O OCH,O" /I 75% (4 h)
MeO,C OMe
/ OBn OMe /I 66% (1.5h)
F,COC
8a /I /I OBn 53%(2h)
b @i sk i/ Br /I 53%(2h)
o 0
OMe
2o OC
OMe
OMe .
8h 8i
0,
69% (1 h) 64% (2.5 h)

41% (1 h)

Fig. 1. Spirocyclic Products 8 via the Catalytic C—C Bond Forming Process

(R)-2a (R)-2'

iodine atom

Fig. 2. Spirobiindane Compound 2a and Its Iodoarene Precursor 2

ROARFHBLZITV, Fm T 2% OAFINE %15
7208, 3 ZUIAKRHP TOF I)V it 2 IV RN
ERRALUERBEFETTODDOTHS. WHIEDH)
M3 DL BFINBIUNT L REFT 2 RILH
MR SN0, UA 2 RN EDIZD
NTAYRFEFNSMEEL THh 2D, ERPOAR
BRI T,

T TERANIDIRND, HFETIIEKEFICF
FJUVT 14— BTN FEINT NS, 3639
UL, #L TRISIZBIT BDAFINRIIL N DR
BIZHEED, MEOWSHBERIIVELGESN TN
W, EBE, EESOMERTHMENMFTLNEZT
PRk L7228, F )07 3 0 RROGHNC X 0 SRS
5FELA OV TEEHMIRLL, HITF>F
AR AF REOEBNINE#ETH - 7=

ZOEOBERT, EFESIFIVERIGH ZEHN

eIt FARRNBAFRICORRZHME
LU, FHFIIVRKIBAIORG EBRICET L. &K
ZDFTIVKIRAIZGRLUZHPT, ArOEA >4
CEBERETARIGH2NEETHS Z L&A
WHL 7z,

3. FIRFTILREEI2DEM  KGH 2 &
CYIBEBEHICFIU T —2FL, AEOMK
RICEDEWEICIVEEZEATLHILET, Kb
A THZIAVRETOREIMG DA 25 VERIC
L OFRMICERS N TS (Fig. 2). F/-MHE
BEKTHD, RINDOEITZELTITEEDDOD
FIUT A —DNREENDENINETIIHESNL
ROSEI LI K ERBIZ D5 T, HamicHLlnd
DEIRS.

BRRIZDONVWTIE, IR UF 27t b riFEElR
MO EGITERR T E 5B O EE R Y 7
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X (2a: X=OAc)

(2b: X = OCOCF,)
(2c: X=0Ts)

(R)}2
(R*)Z(YI)+—_]c

Reagents and Conditions
(a) Pd(OAc),, BINAP, BnNH,, Cs,CO3, toluene, 100 °C, 2 h;
(b) Pd(OH),/C, H, (1 atm), ACOEt/MeOH, 40 °C, 16 h, 80% (2 steps from triflate (R)-10).
(c) NaNO,, TFA, 0 °C, 30 min., then K, r.t. to 40 °C, 5 h, 52%.
(d) Selectfluor™, AcOH/CH,CN, r.t., 12 h, 90% (for 2a).
Selectfluor™, CF;CO,H/CH,CN, r.t., overnight, 59% (for 2b).
mCPBA, TsOH + H,0, CHClg, r.t., 3 h, 90% (for 2c).

Scheme 8. Preparation of New Chiral Iodine (III) Reagents 2

T — K 104040 I S5 E TR % #% T > 7= (Scheme
8). ¥ (R)-10 Z Buchwald-Hartwig )5 T7 3 /
fbU7=8, ROV EEBTHREL DT I KEL
7=. #:< Sandmeyer BN XD AT EFE FDE
AZ, KINBEZFHET 5 EET T OPERTHET
U7z, 3Mlio 3 7 #EKINA(R)-2a N DAEH#IZ
mCPBA %zl 554 TIZIEEBAID (R)-11 & D
BEWERDGEENREE TH > 727, Selectfluor™
EHWSZEICKDHE—AmE L THEONZ. 2
SLTTILAT =)L TD 2a DERIV— N AT
L. 3B, #iEF I3 RRINAE 2a DR
DR R EERIOMIEIT MS, NMR, IR Z X7 k
NF—F B ETHRL TWS, 2aldLEREART
HYO, FEAEROGHEOMERITA, XORIGHED
ENZNUTZ)FO7E NFIEEET S (R)-2b
, h2OFIMERIEHI(R)-2¢ NOEH#HZITD Z
EINTE.

32. 7x/ - EOFEFBRE~DOKA 31
DAY HRIGAIEZ WD 7 . —)VEOBEAL R
BIRIMNDHELMTH D, < ORBYE I
AEIN=FREBKHETHS (Scheme 9,Eq. 1).9 Z
DML, ETITEINHMNT =/ —IViEFE LY
H 2R, HEKR C BRI NS, HNT, C
IR U TR FEDS B T % 1 22 0 2 B C I 03t
1920, ChoIa— RNV UnBEEL 72 hF4
> H MR DTSR BT D B ) 7R b 2 1%
HMONTNNTRIDEEZEZLND. ZTD2DOD
Rz H5HEEOREI IV RSHERANWDS T 2/ —
WHEOAFBEOEBUCAR TR TH DA, M7zt

Associative | Dissociative
9 “eh 1
(6] R
' )
Q R or r-L y \
=
D

PhiX,

@/R (X=0Ac, OCOCF3)
R

R = alkyl, alkoxy

|-
Cr
)

Nu (1

Scheme 9. Reaction Mechanisms for Iodine (III)-Mediated
Oxidations of Phenols

EIINEFTRINTWARWL, HENBANZXA
ERHT 258025 £<BY, #@YRFIIVRIY
FRONEE WU, AEBIENERTZ 5.
EESITH UL ABRUEFIININHE2 2 H0,
VABEDWMA IR EDRIRGHE S £ < BT T,
BRI X 2T /= )VEOAREFRIL N LS
TEBEEZEZ. 2T, 7/ —=I)LDOA)L MILIZ
TIVIR B 2Rk E L TET ST 7 h—)L 12a %
EFIVICGERL, 2 FHNAFAE OARKILZ MGt
L7 (Bq.2). ZOXIBAEO T b ik E#
DA RN LR DN AEYNE M 2 7R T KARY2 OF
HIZHAENDT0, AHEEGIRICE RS RRIZRD
5%,

Table 3 {Z/”9 Er fEH*40 VA1 D F Mk 2 FH R IC
RIKETHD, ZOENRKREVIFEEXD GHMIET
HBD. (R)2azHWEBRIZOWTHRFLELEZ
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Table 3. Correlation of Solvent Polarity and Ee of the
Product 12a (R=H)?

o
OH [e] o
S22 O
R R
12 13 (R)-2a
Er(30)° . Yield
Entry Solvent [keal/mol] ( /) Time (%)
1 CCly 32.5 70 2h 47
2 CHCl 39.1 72 2h 64
3 CH,Cl, 41.1 59 2h 65
4 CICH,CH,CI 41.9 60 2h 69
5 CH;CN 46.0 20 2h 50
6 CH;CN/AcOH (10/1) 46.5 16 2h 77
7 HFIP 69.3 0 30min 87
a The reactions were performed with 0.55 equiv. (110 mol% of the io-

dine atom) of (R)-2a. ® Reported values in refs. 46.

%, ARG TIEELRGE W GEE IR R A 6
(Table 3). KD T F > FAEIFEIIH W D IRE
Otk LB 2R L, JEMMERES TIEE LT
FUFABRRENESNDOITH L, ftEES G T
BEEAEERERIEGES NN Thbs, I
WALk, 7OoOR)VA, P700A5 2, 1,22
ronory e IEMmPEEER TIZZ 0 Er E
WZIEUC T Ee 28 E F L (Entries 1-4), MWk p
TIEHEBWERMENASNT (Entries 5 and 6), i
R 1,1,1,3,3,3-NF ¥ 7)) A o-2-7 )8 ) —
)l (HFIP) HTIIZELRR T IKDERYNES
N7z (Entry 7). T, FEMIEFEHTIEC
%1% 2 R IR HERS CROBDETT T 2 DITK L, i
PERIE R T GAID HIE0R G LisWh F4 >
MK D WRENR S BN EE TED & WD 3
HEDESBHLTWS, LML, ZOXD
W INETERNWICEHZINTE ST, LEOBEH
EBIZDONWTE SITHNT.

Equation 2 O b CHAEZ 7 ooR)L A &L,
HEE 12 05 FROBEHIL R % A7z (Table 4).
1%@&6%—wrfﬁ5t BHoh s 13a OAFK
INZIL 78% 12 F T E L7 (Entry 1). Z DT
IFIVEE, S raOAFIIVE XODIIETEEN
IFFABRENESNDDICK L (Entries 2—
4), BPHGENAE< (Hammet O EHILTEE :
0=—027) NFF 2 ZHRNITLENMTEDA b

Table 4. Effect of the Substituent of Naphthols 12 in Ee
Values (Eq. 2)2

Entry R Product Ee(%)  Yield (%)
1 H (12a) (+)-13a 78 66
2 Et (12b) (+)-13b 81 83
3 c-Hex (12¢) (+)-13¢ 81 80
4 Bn (12d) (+)-13d 86 86
5 OMe (12¢) (£)-13e 0 30

2 Reactions were performed with 0.55 equiv. of (R)-2a in chloroform at
—50°C for 2 h.

FORATIETHEBEOZEREDNAS N2> (En-
try 5). ZORERNS, BAFRIBICHNTIET o
=R EOEBTEENFICEREERD Z &)
%,

Table 3 & 4 DfERZMIEE L TRICHEME ZRL 2
H DN Scheme 10 12725, £ 3T HEKIEH 2a 73
FERROT7x/—)VgFLRIEL THIAER C &7x
5. EMmEEERTETFRGEEERZRVWT

J —=)VHETIRMRT 2 HECDETL, TF2F

BRI AE ORESPHEEINS (path A). —
BT, WERERShFA > 2RENT DA NFS
BE2HETEH T/ —)V 12 TIX, HFF MPRIEA
D NEFEMSIND 20 ORI ETL, £

DRERITF > FAEIRMEIIE SN2 (path B).
ZOXDITEAALFRIGDFEBICKD, 7/ —)VH
DEEAL SIS BV B 1R 7 SOSHERE D FEZE I S
METHIENTEL.®

BB, AR EMEFOFIINITE (ID K
KRN TITozEl A, WINHAFNRIZDT
MBBREETH>Z. ZDEIIT, FIIVRA2
DAY ORFEZEZAT DHMEREKNI T FEHETOI
FEORFREDOBEICHENT, BN AR

ERHTOREBERNERS.

—F, BRICTEEZETSFTIVRINAI 2 8K
DEMAE/R21TIF, MBERSFIHN R RTH
%, £IT, EES5PHREL 7 mCPBA 2z 5%
AR A E 2 ARG L, AiBATHZI— K
TL—22% TE#EME) &L THOWSAER

EREALEZ. 10g 275 —=)VDOEKT, BREAZ
KRBT OEREEZREDFT T h—)b 12f O Kt % fil i
%@zamamA%%mfﬁﬁt,ififxm

WEELAVE 5 N /= (Scheme 11). Z U3 A el it %
mmt71/—wﬁ@xﬁmm@wmf@mf@
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Ar* path A
concerted O
0 O
>COH _(R)12a 3 co2 -Arl OO
in non- polar solvent
R= H alkyl R
13
path B i
in polar solvent
R = OMe enantioselective
- Ar'l
o® o
R R
D
Scheme 10. Plausible Reaction Mechanism for the Asymmetric Oxidation of Naphthols 12 with Chiral Reagent 2a
Large-Scale Preparation (> 10 g)
cat. (R)-2' (0.15 equiv.) 0
OH mCPBA (1.3 equiv.) 95
OO >CO,H AcOH (1.0 equiv.) OO
CH,Cl,
Br 0 OC, 3h Br
12f 13f
(70% yield)
69% ee
recryst‘
99% ee
* Recovered yield of iodoarene (R)-2' : 90%
Scheme 11. Catalytic Asymmetric Oxidation Using a New Chiral Iodoarene 2’
B, R 138 13— O B TR AR AR & s METIIAREE 2D, ZTNSIIH L WEEAEEE L

O, JILATG—)VTHHZZENTES. £/=, H
mtzuﬁ%®ﬁ7bﬁ%1% BAEASENT &
o, ZZETOMEZBEL, I 0UHEKIGH O AR
ﬂ%&%%%b AT O & W OB F &2 3% 5L T
AN LN HPIOHIEIZK DR SWDELS T &N
TEk.

4. HHYIC
EHSIIIVERISHIO U YA 7)) K OfERF]
MitzBgE L, Az HW=90 TORMAED
H357 /) —IVEOBALKINZZER Uz, ATEK
JNFI DN R IR TR AETE D TR IT K U 26 < Dl K iy

THRMEINDEDITIe o 724D SISl A iR 5K,
JZN, FRPNRRED RNRERICHT R E
WA T, Kk TR % 7 D LAl O B J8 51
U, 3 REKINEZ AWz RIEC BT 2 HifEg o
BIHRICE T ETHENNNDITENRW,
A FERINHE WD AFBRAIINE THRET
Hotem, GEIGHKRUEHFHFIIVRIGH 2187 ©
J —=IVEO@Em I, > F A BRI FNAEFE AL b
A OBR{LZIGEE L. A0S b U2
ﬁ’é‘é%ﬁt% FER RN EPEE 2R T HDNE
, BRI s opRzitH L, 2,3 0F e
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Wit 2 H 9 2 RARMO Gz SERFTTH 5.
AAERNE T T FRIEA 2 W D IRAC RIS TENZZA
FUNER 2 2R L 120D TORIT, KRN ETIV L7
0, GRIZEDELERNBIENTTASDF IV
FOSHIO B w7 ik st e 9 2 AR T 5.

AR TR RISHIOREE & AP 2 28 & T 2k
ROBERI LT, TUROGEIE S OMD 2K
HDRINEZ T 2 2 & b2 ORI AEZ &
FTHEETHZ., dHOEHEG LB TE R
M, LT AZ ) 2N FEICRET S IRERA
DFMERIEEL THER, C-HSGOEZNE
REFLIE DBHFEITEH S IR NRICIROHATHO,
3D 3 HBAI K O A U % ARK D& MR 2 F)
LTl B ROR 2 W< DM BAFE L 7o, 4850 H A
BEFEICZLWETH 20, U RSHRORAERE
D] 40% Z 58 % Hifa H e Al R/ 1ok
THU, RZ<BHEUEMEVLD, ZnzH9H
AT 28 L WEHIEDMENIIA ) v P REW, &£
H O DRRN L THR O RONIZ VT Z @E IR T
O MR RBRICSORDFEFITHI L, ITWRBRIZEE
RAOBANELIEHENS T EZFHN 2N,

BE AR ORI IIRRK I ET TR 5
TABRIEE B TIHONEZBOTHY, KIBETHRE
HEEsEE GO E LA BITRRKERERR (1
SEAEERFEEE) WELSELE L BT £, AT
EFITTHIC4720 THEEHEW - E R E L,
MO EER 21T - T- L RIBFFEH D 2EE D & 1
LUET. X2 AEOHER2EREZITSS
S DFELEHITHEHNZLET. b, RWPFEIIX
R AR E GHES MU A, T B), K&
U H AT 7EBh ik FE ¥ (NEDO), fb2: R iR Bl
M JCID OZTZBICEX0ITONIZHDTT
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