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Abbreviations

Ac acetyl

AcOEt ethyl acetate

aq. aqueous

AZADO 2-azaadamantane N-oxyl
bmim 3-butyl-1-methylimidazolium
Bn benzyl

Boc tert-butoxycarbonyl

Bu butyl

BuLi butyllithium

CAN ammonium cerium(I'V) nitrate
cat. catalyst or catalytic amount
Cbz benzyloxycarbonyl

CE counter electrode

CSA camphor-10-sulfonic acid
CV cyclic voltammetry

DMF N,N-dimethylformamide
DMSO dimethyl sulfoxide

DCE dichloroethane

eq. equivalent

Et ethyl

Et;:N triethylamine

Et,O diethyl ether

EtOH ethanol

FAB fast atom bombardment
GMP good manufacturing practice
h hour (s)

HRMS high resolution mass spectrometry
IBX o-iodoxybenzoic acid

IR infrared spectroscopy
mCPBA 3-chloroperbenzoic acid
LiAlH4 lithium aluminum hydride
Me methyl

MeCN acetonitrile

MeO methoxy

MeOH methanol

min minutes

MOM methoxymethyl

mp melting point

MS mass spectrometry

n- normal-

NCS N-chlorosuccinimide

NMR nuclear magnetic resonance
o- ortho-

p- para-



PCC
PDC

Ph
quant.
RE

RT

sat.

SET

t-, tert-
TBAB
TBDPS
TBS, TBDMS
TCCA
TEMPO
temp.
Tf

TFA
THF
TLC
TON
TPAP
Ts
p-TsOH
UHP
v/v

pyridinium chlorochromate
pyridinium dichromate
phenyl

quantitative yield

reference electrode

room temperature

saturated

single electron transfer
tertiary-

tetrabutylammonium bromide
tert-butyldiphenylsilyl
tert-butyldimethylsilyl
trichloroisocyanuric acid
2,2,6,6-tetramethyl-1-piperidine N-oxyl
temperature
trifluoromethanesulfonyl
trifluoroacetic acid
tetrahydrofuran

thin layer chromatography
turnover number
tetra-n-propylammonium perruthenate
p-toluenesulfonyl
p-toluenesulfonic acid

urea hydrogen peroxide
volume per volume
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20 AL 0 HBRIZ T T, AR —Heck B, A H —/MZ—Stille 1 > 7"V 7, $5AK—&
WAy TV TapbeT 8@l At A L7 1 b WIS RIEEME DT 1 X
BTV TG, AV T 4 A E VARG, AT E D BOG e B < o R
PA RTED BT Sa, BHEE RO ARG D X 0 IEE D ORE e BN FIRE L 78> T
2. 2L - T, AIEEOGBOLER T — /L TITON DB RIZB W TIE, EMREELET
DA BRAGT D Z ENAREL o T& 2. L LAaRD, “at, BE~OAM, AMKICHT
HRBENEBEH IN LSBT W T, SRR D L SR AT OV CRIEGRERER, S
KRR ZAT O T2 O &M A B9 & L2 8hE 7 o' 20m iRIE K o fE 7 v & 2125 H T6E
RFEOEITRONTWS. | foT, A —AT v 7 Euied T 5%4M, Bk, Rk
IZENT-FEOBRIIL, BRAERIEPICREONTEEERMEFED 1 DTHLEWVZ D,

WHOIZ, BROEGHALFE R DS O B E PRI T oS AR L2 7 7 A ¥ —+t
O Ripin HIZ X D5 COME Z P L CORT. " ZOFIZHVT Ripin 51X, 1985 445 2002
FEORIZ BAETIT I 2400 B> GMP 23V 7 Gk & R OSEEE T1Thi 7= FK506 (25
a3 6, G 3 61) & reserpine (&Gl 36, FEAAK 2 6) OARESGE, L THEE
DEWEEZRL, TOERIZOWTELRE H 27, Figure 1 IZ7 7 A P —4ED GMP /L7 G4k,
Figure 2 (Z FK506 D%k, Figure 3 IZ reserpine DI DU TEAVEFLH W B V72 BUG & FEERIC
SELUIHEREZRT. 2077 7008H SN RISOFEBIZENH D ON RTINS A, £oH
T, BALEITSE, FKS06 DA CTIX R TFED 28%, reserpine DAL TIL 36%ICFH% 35 T
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Figure 3 Ripin 5|2 X % reserpine D& A B 5748

Ripin 512 & 2 JEBRA 7 RIS IRITIC B\ T, K5 O 2N FEASRIC 351 2 B B D T A3
FK506 & reserpine (ZfR S D Th 72728, Ripin & OFGHLOMFE & BLR O X 0 ERe/ iz %
HEY & L TEHFIL, 2007 FFICHK SN RO OLRERAE L L Lz 15FOER 1220 T,
Ripin 5 D/ FAEICHEVIR B SUGRI S FEE AT - 72 (Figure 4). & DGR, Z OMHTRWT HER LR
JCBUSIE, BTFED 31% & Hir) E i H & 23w < Ripin & OHE DS ML MR Lz, FiZ, b

SO, #BICOnDOERE G 2 EREY, 7 7 A P —%ED GMP SV 7 AR O FENT & T3 BRI 7ok R
Lol

el C=C bond formation
20% St
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. derivative
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TV 2 — VD VIR = AL E W~ DAL X, AR T o D VAR = VIR KR BRI
FNLMEHRMN TH D727 T <, FBEAHAIRIZI T 2 REFE—IRBMEOTERSE BE AL H DO PLA
LD END, ROBBEBERRISO—DIIMEDT HND. ZDD, ZIVE THRRIFROS &,
B OENT-FENEBEINTEX. 7TLa— 1o bi, Scheme 1 IR L-EHICHET L2
— ORI E B OFRIHIC L > TA4FEICKNTHZ LN TE S, T7ob6, () 1 k7 /La—uhn
ST NT B RAOBLLE, (b) 28T Va—hb sl s ~OBIEKIS, (¢) 1 #kT Vv a—ninbh
WRVFES~DT Ry ML, (d) 38T VAT v a— uink 1,3-7 U VERAL & & Eep-E L o,p-

REGFN B L = AL S ~DRIV I D A FETH 5 .

@ e [0] H © e [0] OH
a R H c R OH
© R/&O R™0
R
R [O] R / [©]
(b) RN
Lo X j )
R" (@]

Scheme | 7 /Lo — )L OER{LE
INHENENDINNIDNWT, BB IEAFAET, M, BREOm T— KOS WG E &
FC, TOMAMEE ST S LU TOMBEAEERT 22N TE 5.

@) 1T IVa—nhb 7 T B RO
TEMPO (1) (2,2,6,6-tetramethylpiperidine N-oxyl) F2{L - - +NaOCl % i\ 5 i3RIk, 22 att,
BRECAANMEIC B, EIEARE T v 2~ b3 T RE.
(b) 2T IV T— LD b ~DERALEG
TEMPO Al - - i WA B IS x L Tl T & e,
FRJF Tl 2 o FaHE - REAA~OBEANEEL <, FEEPPEICHIEAZE L TV D
() 18T /v a— i VIR BRSO
TEMPO fft.- - - BB E R r B2 AT 2REITEMATE 0.
Rl = o SRR - B A PRI B 5 .



(d) 3T VAT N a—innB-{EHE o,B- B VR = VAL G W)~ DR LA BOG

BRBEs AR BN T FIEOREIT A .

Dk, (@ 1H\TNa—nnbT T e FOBRICEALTE, A= Fraexi 70T
&% TEMPO (1) Z MW S (EEUGAY, WHEHEFERET Y v A& LR kAl & U THW TR, %4
IREBRBEARMED BN T Vv a— VRIS 7 e A2 LB T 5 Z b T¥ET a2~ A b
RPEEEZLTMEST O TS, * ZhicxtL, () 28T va—iAnbr rORizisnT
I%, TEMPO FE2{ti%, fitliCd& 5 TEMPO O EORBED 212, SLARRIZIRA G 572 2 k7 L =
— /LTI LI LIRBROS S ETT L7V, SEBRE R r— L D KIRW) G A ClE Dess-Martin i {b<° IBX

(0-iodobenzoic acid) F&{k & Vo 72 SAMEE i I ¥ &K 2 V5 FIED, HR7RFIEL LTHL
NTWDR, ZiubDFER, (b EmEO A2 WD %1 B EC~DOEMPEIZEA L T
IHEE L T D, P FE, BREARIMECE L CHLERIEEORMAE L TD. X5,
3 IR -l 2 7 R b 2 CEREGRAIEICE N B A & LGRS 2D TR D IEF 2
FEDNER STV DY, R AREA IR BV 2 B3k & BRI & ) S BLUR TIERTESE O A
ZHRLTWD. () 1T /v a—Anb VR BE~OBERISIZE L TY, TEMPO (1) % M7z
Fik, HIFETAG S U RREE AW EFIEOWT I BIERE RN 2SN TWDLR, EFEER &
FEETHIESE T HEANICEEEZE L TS, &5 d) 3H/TUAT IV a—nbp-
B o, B- RN A LR = ALE W~ DELAEEAL BRI DWW T, BED R 6 flid 7 v AR E
EEHAWDFEOHLPMERICHNONTETEY, BERMSEETOREHIIRV. 22T, F
FHolL, EEELTHD ), (o), (d DO3EOISICE LT, BREEFHMME, M, KRES
FR~ D308 F P LA AU (8 C IR B0 FAME D R W BUS SBAFE T X AU, G s o 1 2 ) | S
. AR, EEER T m ARG E2 525N TED LD LB IMREIT> TE .



1L U2, TEMPO BRAL S DOFEHIRE B & & I LR 7 /v a— VR LG D3I 5 (b)
2T A= E T~ OGS DRIE R T o To SARIIZIR G - T2 2 kT /v 3 —vd
fbloxt LIgR 2 5.2 7o, FEHEOICK 27T &4~ 2 VA= bax o7 O 0 Vg bt
2-azaadamantane N-oxyls (2) (AZADOs)? BAFEHFFE DRI SOV THERR T 5.

TEMPO (1) 1% 1960 4F(Z Lebedev 3 & U8 Kazarnovskii (2 L > THID TEKRENZ. = haF o T
PN, TN THDLILDPDLTELIH CTHLEICHFIETE S (Figure 5). iU

Scheme 2 (Z/R T K H ICEERF T L HHRA T ECETOHBAH D20 & S TND, Y

O.
|

lTiji o’ ot
SO
LX) .+
TEMPO (1)

(2,2,6,6-tetramethylpiperidine N-oxyl)

Figure 5 Scheme 2 TEMPO (1) D ALesf ik

Z D%, 1965 4£121%, Golubev 512 & - T 4-hydroxy-TEMPO (3) ##i#E H 2V IR FE TRE T
5l EBITBILEED WA Y T ' =T A (4-hydroxy-TEMPO'X (4)) MG 5005 2 & M3
A& (Scheme 3). ¢ F7z, RFIFEZ, #ioidAx YT = A4 2T L a— L TUET S
LE RRFUAT IS EANVR=MMbEMEEZ D ZEBRML, XY T =T LEOT
JU =)W B ERAIE M & bR D THAT L 72 (Scheme 4). °
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Scheme 4 A V7 v T=vULiE 4 ONILE

1975 2121, Cella 5723, mCPBA % :f2{bAl & L CTHID TEMPO (1) % Ao il b F1% %
WE Lz, T ZoOWMEEFREL LT, TO®RITAMBIER L RTEE kR 2 Ao IR LA R S hoie
(Table 1). HTH, 1987 D Anelli & 2308% L7= NaOCl & F\V 7= 51%, 22l CEREEFAAIME S &
SPISEELENZ ENSEEGLE o 2B TH EmATRER TEE LGRS
TEMPO (1) % F\ - iR (L TIESEYE 218 OV D ikt & 7e o 72, ° 1997 4, Margarita 512K >
Tt SN ToBEM = 7 32538 PhI(OAc), % Le(bil & 42 F{EIE, NaOCl % V7o FiEAN

Table 1 fibiif) TEMPO P2t o JEE s

iR RRE 8| el Z D

1975 | J. A. Cella et al. mCPBA WO Rl EER R b A

19848 M. F. Semmelhack et al. | CuCl, O, TEMPO % F 7= #) DEFEEAL
1987° | P. L. Anelli et al. NaOCl 2o, BREEAAE

1990 | T. Endo et al Cl,

1996'" | J. Einhorn et al. NCS, Bu,NCl

1997'* | R. Margarita ef al. PhI(OAc), A V7 o R A TR

1999 | M. M. Zhao et al. NaOCl/NaClO, | # ViR E~DLIZKk L THED
2000'* | C.Bolm et al. Oxone

2001" | G. Giacomelli et al. TCCA 2003 £E 77 JVIR VR~ DERKIZ I
2003' | R. A. Miller et al. I, CES S ST e

20057 | A.J, Ragauskas ef al Eﬁ&iﬁt

2006" | Y.-G Wang et al. NalO,, NaBr

2006" | J.-M. Vatéle PhIO, Yb(OTf);



HT& oA L7 4 VEBE~VADTHY, ZOFIEORIICE > THEMREE L2 AT 5 K%
MoOBKRICHISHEND Z otz P kDX 912, TEMPO (1) Zfilfiil LCT7La—om
PR LI B 2N 7ok 2 72 UL B ST 7= (Table ).

TEMPO B&fbiE, 147 v a—L & 2T v a—n 24T 5 EEICE 0T 1T L a— LER I
LT T DR 2 E 2 o T D 2 & 23, Semmelhack X° Skarzevski H 12 K> Ty &4, =
DORJEHEZFA LA b E < HE SN TS, P L LARS, TO—FTEEWV 2 KTV

=V OBALICITRIEE R X Tz, 2O RISk LEHR 51X, TEMPO B{Lo S #EIZE B LT
D 28TV 3= S S R = b a T O VRl o B % A 4T - 72. TEMPO
BRkiZ, Scheme 51278 L7 K 5 2ol 4 7 V&AL L CHEA TS 2 Z L MEFE ST 5. 2 3772
bbb, BEAHK= I aXI LT T HNThsD TEMPO (1) BIEELAIC K-> Tk ShAx Y T v
EFEmULH6 LY, TZICHEOT L a— LRI L T2, oxy-Cope BUZ/H L T Rr ¥ b
TIVTEINR=MEEMEE 2, &%ICE Faxi 7 2 0 7 8 ERIEANC L > TSN D

& TEMPO (1) 2FA4 U CHMEEY 1 7 VR 5ERT 5.

/"“ﬁzsz
‘:4T o oxoammonium salt ‘:%&;o R

nitroxy radical
\»o Ry

hydroxylamlne

Scheme 5 TEMPO [E&{l D FEME S AsA%

T HEEOT A= RN EF YT =T LISAHIN L T oxy-Cope B A i3 L Z 5 BRIZ TEMPO
(1) D4ODAFNIEL ORICSIRFENE L H. T 1T V3 — VIR e kA TR &
=TT, MEMIZEEWIEEORILOET 2T HHERE > TS, EoT, TD4ODAF

VDN AREE LRSS 2 N TEE, SEWV 2 HlT7 L a— VOB RSCHEITT 5 & Wi



TE5. LLRRL, = X T VUV afilKRIRTF 2855 F1%, Scheme 6 D X 5 721K
RNRARICERL T Z D, 2= hax T I H a4 50 A F VR, TEMPO (1) A
BENAIET DT D DUEDKERN L W2 5D, £ 2T, FHE DX af/KFED Bredt QN2 L » T#
ENHFIET D EDRMHFTE S AZADO (11) Zi%GH L7- (Figure 6). NARREE 2SRRI & v 7= ARfilfit

ERORIEE @O RT3 — L ORRE SRS ITHEITT S Z L3 i S v,

, A S ke S
! ) )
O, OH o
8 9 10

Scheme 6 o f\IZ/KFBRFEHTH= ha kT 2B NLO5 kS

e = H.

hindered
TEMPO (1) TEMPO?* (6)

H
; i'; . h
N+O N:O

stable y‘
(Bredt's rule) less hindered

AZADO (11) AZADO* (12)

Figure 6 TEMPO (1) & AZADO (11)

CHRFRA OFE R, AZADO (11) [ ZEEHE CT&H - 7225, Dupeyre & Rassat I K> CT—EAK S
T VN DL EM L EMEE N ERE SN OB T, e L L ToOREHIRS RS ATV
Sl B ZIT, X UDIE, TOHEDH DT Henkel HICE > THRENTZV7 130505
TEHT 2 AL E D FIEICHE > TERZRA T (Scheme 7). % LZLZRRN S, P47 b 13005
ERRX T T X~ 214 ~DBEIHT I bEHELTH I ENTEehole. 22T

AZADO (11) (2, A FILE—20 & S AT 1-Me-AZADO (16) %A% L 7= (Scheme 8). *°



Henkel et al.
AcONH,

0 NaBH,CN @\H 1. SOCl, (93%) @H
O -
12N HCI, MeOH OH 2. LiAlH,, DME
7 days, 37% (47%)
13 14 15

Scheme 7 Henkel HIZ L2 2-TH T X~ X2 (15) OERKIE

OH 1) NH,OH
TsCl @O ) oyriine NHCbz
gg\ pyridine 2) NaBH @
OH (830/0) ) M?)0341
17 18 : CbzCl 19
(75%)
Cbz 1) Hp, Pd-C Q
2N HCl N MeOH N°
MeOH @\ 2) UHP @\
reflux Na,WO,
(quant.) MeOH
20 (76%) 1-Me-AZADO (16)

Scheme 8 1-Me-AZADO (16) DFEHLk

ARk L72 1-Me-AZADO (16) & TEMPO (1) DOfifiiEM: 2>V T, Anelli & @ NaOCl & v 5 544
T 7 & Margarita 5 @ PhI(OAc), & FAW =550 F PICHst 24T o 72, ZOFER, Anelli DT T
I 3-phenyl propanol (21) % JEE & L7=H412, 0.1 mol% D& CTlianv - ofililt a2 =54
INWERLSTATE K225 52 2501Zx L, 0.01 mol% Tix 1-Me-AZADO (16) DA MPULEE L 7 v
7 b K& 5 2 7= (Table 2). 1-Me-AZADO (16) 1Z 0.004 mol% CTHH N TH-7-Z &5, TEMPO (1)

DFI 20 fFLL EOTEZH T 5 Z L&MW b E L.



Table 2 Anelli & D54 T OfREETE M i

cat.
NaOClI (1.3 eq.)
KBr (10 mol%)
BuyNBr (5 mol%)

/\/\ M
Fh OH sat. NaHCO; Ph O
2 CH,Cl, , 0 °C, 20 min 22

loading yield (%) / time (h)
amount (mol%) TEMPO (1) 1-Me-AZADO (16)
0.1 926 95
0.01 23 o1
0.004 ND 882
0.001 ND 62b

@ The run time was 30 min. ? The run time was 60 min.
Margarita & D Z:{C%, cinnamyl alcohol (23) ZE7 /VHEE & L THWTHE 21T 9 & TEMPO
(1) 1% 10 mol% D filil & % 342 D 2%} L T 1-Me-AZADO (16) 1% 1 mol% D filt i & CTH-on iRl

D3EST L7z (Table 3).

Table 3 Margarita © DS Ol TE M D g

cat.

Ph/\/\OH Ph/MO
23 PhI(OACc), 04
CH,Cl, (1 M), rt
loading yield (%) / time (h)
amount (mol%) TEMPO (1)  1-Me-AZADO (16)
10 95/1.5 96 /0.1
1 42/6 93/0.7
0.1 ND 39/3

SEIZ, TEMPO (1) & %% 1-Me-AZADO (16) % 1 mol%fH\ T NaOCl % % Anelli D5
TR, 2 kxR 2 T v a— VB OL ARG L7 (Table 4). T OREE, AL IARE Ok
)0 72 N 2-adamantanol (25) TIXEH b O 2 AW 72556 T H @R T HI O RS b
7o, ZHUTx L, e 28k T L3 — 1 26 - 29 1 TEMPO (6) Z W =35E 1213 & A ERUG A

ITL2R2D 27273, 1-Me-AZADO (16) % JHW 25 A ITITIELHNT BUS S LT LT, BIEaREIK 30 %

10



HWT=851%, NaOCl Z W5 54Tl < ORIE N A URIERIZ E EE -7, BR7ia v
F#3K PhI(OAc), Z FlV 7= 550 2 T 1-Me-AZADO (16) % W2 I ERAIC B DRI 15

bhd Z L aEs L.

Table4 TEMPO (1) & 1-Me-AZADO (16) O A& i F 1

OH cat. (1 mol%), NaOCI (150 mol%) 0
)\ KBr (10 mol%), nBu,NBr (5 mol%) )J\
R1 R2 R’l R2
CH,Cl,, aq.NaHCO3, 0 °C, 20 min
NH,
N—~>N
OH 0 AL
5 o 2 G
o OH I <X T
HO ©OTBS
28 29 30

t@“ . 83 0 16 5 8 n.d.2 (12°)
N-o

1

@ 94 94 99 95 99 19 (100°)
N

-0
16

@ not determined.  Reaction was run using 3.3 eq. of Phl(OAc), for 14 h at RT.

& 512, 1-MeAZADO (16) 25753 1 W AR BETE M A3 4 3] L 7= & O (St yE PR il e 55 0D i 1) & A3
B SN2 LIk D2 & 2RI D720, TEMPO (1) & RO &R & 2415 1,3-DiMe-AZADO
(31) & XV SRBEE A BB L 72 AZADO (11) % & Ak L& OffiiyEM: 2 Fhig U7z, 1 mol% O fill it &
T NaOCl & % Anelli & DO THET L7455, 3-phenyl propanol (21) TiE, W ALOfEET ¢
FOSDMEITT 5 DIk L, menthol (28) TiE, 1,3-DiMe-AZADO (31) X TEMPO (1) & [FRIERIZIZ &
b EBUSHHELT L7273 - 7= (Table 5). Z OMFHIT L > T, 1-Me-AZADO (16) 0759 1 U MfiyF 4

(YT OFTHE O TS PEERALIT RS O & S IS N2 Z &Ik D T L 2R T LR 2157,

11



Table 5 TEMPO (1) & AZADOs O B D bk

OH cat. (1 mol%), NaOCI (1.5 eq.) 0
KBr (10 mol%), nBusNBr (5 mol%) )J\
R1 R2 R'l R2
CH,Cl,, ag.NaHCO3, 0 °C, 20 min

s L
o) @Ed N-o N
1 31 16 11

Ph” >"0H 21 90 92 91 89

> . Q‘ 28 trace trace 95 94
HO

\O.

F£72, AZADO (11) & 1-Me-AZADO (16) DOfIETEMIZ DWW T X 0 FEMIC T2 %, 287 /L
2—/L 32 VT Anelli 505, NaOCl O PR % 1.5 4 & L CSEE & g L. =
DOFER, AZADO (11) %, 1-Me-AZADO (16) % L[R5 fiyEE2 63252 L LM E o7

(Figure 7).
OH cat. (1 mol%), NaOCI (1.5 eq.)

0]
KBr (10 mol%), nBusNBr (5 mol%)
Ph Ph
CH,Cl,, ag.NaHCO3, 0 °C, 20 min
32 33
100 . A | N-o

\@R

O)

yield (%)

0 ) g\ekg

time (h) N-o

Figure 7 AZADO (11) & 1-Me-AZADO (16) O F s B oD i

12



PLERRTELHI, FEOIIHH = hax o7 U VALt AZADOs ¥ L7-Z &
(20 Scheme 1 @ (b) 2 LT /L a— LB 7 b 2 ~OERVEOE O BIE ST LT, ARARR 72 fif ik &
B2 LIS Lz, £ 2T, AIZETIE, HEEEOSWESBEZLEL LRV L HERE
FRFEDEWTFIEE LTHERAZED TV ARl 3 v HRIE L A= b r 2T Vh Lok
TEHNERMEICE R LT, BMEOEESN TS () 1T L a—nS AR FEADT Ry Mk
LB & (d) 34T VLT b 3 — L OFRAGERA SOS ISR L CHZ R FIEE BT 5 2 L # HEL

W E T 7.
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IBX ZAWE3IHMTUILTILI—ILDOR-EHER o, B-FEEFM A LR ILIEEY DOER L BIER AL R IS D
A F

3FRT VLT L3 — LG o, f-ANEFI T LR = AL A~ DR AR BT, ARES R R IR D
1L2-fHAis & f A G o D 2 & TEB{b LA M7 1,3-alkylative carbonyl transposition” % F]§E

ETDEERNGTHS (Scheme 9). 7

X X
O, ke
% O % R
1,2-Addition Oxidative % R
’ Rearrangement

Scheme 9 1,3-alkylative carbonyl transposition

AIENE, Biichi 512X o T jasmone (35) DH KD ERIZ Jones iFEZ VW THIO THT AT UG
THDHN, ™ Jones I E AW AITIT, SREEESM: TH 2 AICUCRICITHEZ 7% L iz
(Scheme 10). * 1970 £ #1272 > T, K W iEFI72 PCC X° PDC % W5 &4 72 ST %F L TR
B OGS HETT4 % Z L A3 Babler, Dauben, Hertz 512 Xk - THiiE &=, *° Zhllk, 347V
VT v a2 — )V OB CRIEEAL OGS R AR CIL R &, 2o AMNRIEFES N T& 2. L
L, ABUSTIFBRMRICE DS ETEEO®mW 67 v 5% W2 HIEO RV EEIEH S v TE 7.

(0]
— CrO3, 5% H2SO4
OH ether
34 Jasmone (35)

Scheme 10 Biichi 52X AH]D 3 &7 U LT v 22— )L OEEAVEIERNAL St

7 a LERIT, BT E AT 5720 T, BEINET L LRER, 7 n G854
FlEEZL, £, BHESLIAMREEZRAT L EATRELZIISE IS LRERSh, TF
DUVITIERIRBI O R E STz, 2D, 7o LRE, REXA7—/LTOMEMITE I EFTHRW
ISFFEE, TEFE ORERE L OBUN & BEREEY ORI O ERE L VL TOMEH bR b D K
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I TETWD. 22T, FROEREME X EH L, AUSEBREFMSEIE TICERT LT
LD 2 BRI A T o 72,

XU DT 7 L% O T2 B LEIRRAL IR O SOSBRE I35 B L7z (Scheme 11). *° ARISIE 2 1
LR 3FET VAT va— b raxr— 270 (1) 2K LIZHKRIC[B3]Y 7~ b E—is{i &
BT INATRB- BRI L, B%IC 28T VAT L a— L R ERL S 2 Mk Gt T3 % .
DT, EFEIT, AKIEOEITICIEZ v ABOEOF XY A 2L (M=0) BN EETHY, BIR

Tl a U FRHREOFF oI — A XY (1=0) HAL S REOZEEZFI-3 6 0 L #iFF L7z (Figure 7).

0
Il
Y on O Q| s g0 B <=0 | (g «
"+ R - 0 || O |
% R % R % R

I II

Scheme 11 7 11 ABRIZ & 2 FRAGAIHRNL LS O BUSAHEHE

oo — RR'

Figure 7 7 v AP &8R-l 2 & 38 O &R R

HRE = 7R LAWIE, 1886 4£1C Willgerodt (2 L - T (dichloroiodo)benzene (PhICL) #3427 7

v MUWEBZ 2 lia A9 2068 72 & LT RIS TEUR, Bix 1= v # s
WMIDVRE ST E 2 FRIS 3 OE)R 1M 3 ¥ £33 T & % PhI(OAc),, PhlO, PhI(TFA), Ti, Scheme
12173 F £ 9218, T VBNAMIRKISHEZFIH UTEBURIER)G (eq. 1), HRERDOEIL (eq.2,5,10), 7
R =)V a i (eq.3,6), 1847 X RERFTOMIL (eq. 4,9), AL 7 4 ~OBBLIESRT (eq.

8) I U, BEAAKIGMHEATDHZ ENLRBMERICBWTHEACER S TS, 3

15



Suarez et al. Kita et al.

CO,H

OH
PhI(TFA),
I, Phl(OAc), (e9.2)
o MeCN o
4, refux CO.H (86%)
8 94% . 1 z
AcO : ©4%) o : 5
J. Org. Chem. 1986, 51, 402. J. Org. Chem. 1987, 52, 3927.
Moriarty et al. Moriarty et al.
PhI(OAc),

(0]
PhI(OAc)z CONH NHCO,Me (eq.4)
CO,Me COQMe (€a3) @/\/ 2 KOH, MeOH @/\/ 2
" KOM, MeOH (88%)

~p

J. Org. Chem. 1993, 58, 2479
J. Am. Chem. Soc. 1989, 111, 6443.

Moriarty et al.
Kita et al.

OTMS OMe
OMe OMe — PhI=0
PhIOTFA), ©/—<oa @2\ COEt  (eq6)
MeOH
O | BREWO e
OMe (eq.5)
CHyCly, -40 °C OMe Synth. Commun. 1997, 27, 3273.
(91%)
OMe
Chem. Commun. 1996, 1481. . .
Tingoli et al.
Kita et al.
Z I, PhI(TFA), HO |
OH Phi=0, KBr CO,H - (eq.8)
o ©/ (eq.7) MeCN, H,0
2
(quant.) -15°C, 95%
Angew. Chem. Int. Ed. 2000, 39, 1306. Tetrahedron Lett. 2001, 7245.
Du Bois et al. Kilic et al.
Rh,(OAC), H o o o]
O. _NH Phi(OAG), PhI(TFA),, TBHP
< > D O/N\f (eq.9) (eq.10)
o) MgO, CH,Cl, %0
Rath NaFLCOa, CH,Cl,
-30 °C (45%)

o
Angew. Chem. Int. Ed. 2001, 40, 598

Synlett 2004, 2151.

Scheme 12 3 filid8 il = 7 3& 53 2 7o BOG

F7o, SOBIR N E v FERIETH 5 IBX (36) (0-iodobenzoic acid, 10-1-4 iodinane oxide,
1-hydroxy-1,2-benziodoxol-3(1H)-one 1-oxide, 1898 4F Hartman & Meyer (2 & > ThEO TEK S 7.
34) 3% %2 Dess-Martin periodinane (37) (DMP, 12-1-5 triacetoxyperiodinane, 1,1,1-triacetoxy-1,1
-dihydro-1,2-benziodoxol-3(1H)-one, 1983 4E Dess & Martin (2 L - THAO TEHR SN, )* b, 1EFn
I lE Tk % 227 v 3 — VIR B3t D VR = AL G~ LT 5 2 L b A RUEFIC
WTIAS WL TWD. 51T, 2000 4E(Z Nicolaou 512 X - TIBX (36) =MW 7= /LA =,k

BWNS op-REIFI T VIR = IALED~DBRALSIER (eq. 11) RS D & Z ORI IR
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SRR 280 5 L 917 o7-. 7" ZORER, Scheme 13127 K H 12T =V U HNLICKT S
LSS PEZ R L7271 (eq. 12, 13, 14, 15, 17), X2 P IALOBRE (eq. 16), 7 = 7 —/LDFELEY
5L (eq. 18), ¥F 7 » OEALIIBLIRE (eq. 20), BLi U AL (eq. 19) 7 EFkx 7 BB UG
NS T ons s MEE TS v RREKE, FEARESRTY Y —ThHAT
user-friendly TH D Z ENDHLIEHEZHEDTZ. £ Z AT Dess-Martin i3 (37) 12 IBX (36) 7 & F
MEIZ K - THRL s 28, IBX (36) 13X, LAANIE 1936 4 Greenbaum (2 X » CTH#iiE S vz
o-iodobenzoic acid (38) % WilE/KIA K KrBrO; THLELY % 7 MEER 2L L Sh Tz,
L L2 D, Z OFFEYEIT KBrO, BSHEMEME TH 5 &\ 9 SRR FIC KBEDORFZDES (62
g/mol of IBX (36)) 2 ¥AT 5 S CTRBEA I Z Tz, * & 5121%, 1990 ££12 Pumb 578, IBX IZ
BN D Z L 2WME LI ENORY VST 2EEOLEEABE S . Y 2L,
Z DOFAE, Dess & Martin |2 L » TIEREMITEO S oo & SR GRS, *® RAEITE
A L7- KBrO; RO RGNS = DR DJRR TS > - A REMEN B SN D L 9 1o o7, 378 x5
lZ, 1999 41T Santagostino © T & > TZAli CTH Y DS 72 Oxone (2KHSOs-KHSO4-K,S0,) %
WD FENHE S22 LT, IBX(36) 1, £V user-friendly 72783 & 72 > 7= (Scheme 14). ¥ 4

HTIE, 20T SN X220 BIROAEHEMRICHHDORED —> L > TV,
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0 OA
% _OH N
|\ |\70AC
o) o)
o)
IBX (36) DMP (37)
Nicolaou et al.
IBX (36) IBX (36)
(1.5eq.) (4.0 eq.)
fluorobenzene fluorobenzene (eq.11)
DMSO, 65 °C DMSO0, 65 °C
(80%) (71%) o
J. Am. Chem. Soc. 2000, 122, 7596.
N (2|BOXe(q3()i) P DMP (37)
N 0Oeq.
©/ TS ié,\,@ (e9.12) (eq.13)
o THF/DMSO benzene
90 °C (86%) Eﬁgh‘/f)

Angew. Chem. Int. Ed. 2000, 39, 625.

0. OMe 1)PMeOCSHNCO TPsO O ~OMe
TPSO/U“ 2) IBX (36) . (eq.14)
RN :

HO" 3)CAN St
(79%) 4 Angew. Chem. Int. Ed. 2000, 39, 622.
Angew. Chem. Int. Ed. 2000, 39, 2525. DMP (37) o
NHAc (4.0 eq.) NHAc
IBX (36) C H,0 (2.0 eq.) (eq.15)
Me (3.0eq.) cHO CH,Cl,, 25 °C 0
(eq.16) (52%)
fluorobenzene
DMSO, 85 °C Angew. Chem. Int. Ed. 2001, 40, 207.
(85%)
IBX (36)
J. Am. Chem. Soc. 2001, 123, 3183. P
N (1.1eq.) N
H (eq.17)
Pettus et al. DMSO, 40 °C
(83%)
OH IBX (36) o Angew. Chem. Int. Ed. 2003, 42, 4079.
(1eq.) (0]
DMF, rt (ea18)
MeO (99%) MeO Wu et al.
Org. Lett. 2002, 4, 285 IBX (36)
(1.1eq.)
Panek et al. BnO BnO
M/s\OTEs M/S\OH (eq.19)

DMSO, 20 °C

m o (93%)

S._S DMP (37) . : .
(0.20) Org. Lett. 2002, 4, 2141
MeOH/CH,Cl,/H,0
(92%)

Org. Lett. 2003, 5, 575.

Scheme 13 IBX (36) <° DMP (37) % F\ 7=l
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Greenbaum et al.

I 2.0 M H,S0, W ~OH
\
+ KBrO3 O
CO,H (1.5 eq.) 65°C,2.5h
38 (1 eq.) 36O
Santagostino et al.
| Q\I/OH
©i + Oxone \O
COzH (1 3 eq) Hzo, 70 OC, 3h
79-819 0
38 (1.5eq.) ( %) 36

Scheme 14 IBX (36) O iflik

A, BELE 7RI E AW RT3 ®%T U AT v a3 — )V OREACIIRENL S & BT
LI, RIS ZNFANTEITIED 3 M6 L <X SMOERFh g v RRIEL R L. Ok
R, 55°C I[ZHNiE L 7= DMSO I IBX (36) Z VW5 & 5 BB L6 BB b TRl oL AisiT
FOSIEITT 5 Z & 2 R L7 (Scheme 15). AISIE, BIEO R T 1 AR Z RO BB
PEICENTZ 38T U AT L 3 — b b B-E R o,B-RELF 7 VAR = AL S W~ DB IEEAL B D)

HDTOFITH D, ZOROFEMZR D OISO DB ELFIZHONTHMmF —H T~ 5.

IBX (36)
( OH
™~ R DMSO (R
(o]
R = alkyl, aryl 55°C
n=0,1

Scheme 15 IBX (36)/DMSO & F D 3 k7 U VT v 2 — )L OERACIIERAL R i
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FTXITVEZDLAFT O EFREET S 3/T VLT ILI— L OEBEALBIERAL R IE DB 5

AR L72 & 918, 3T VLT v a— L ORI SOS T A HE A LA A2 K ETH 5
—77, PCCEHEDOBEMDE W 6 lid 7 1 AREFHEIRZ VN D FIED Z D KEIWA A I T A5 HY)
WCHWHRTE . 27 FHHPBI% L= DMSO I8+ IBX (36) Z AWV 2 5:ME1%, #1HTH A Z L
7 —T non-toxic 7RGAMEENLE ST D Z ENTE S, IBX (36) DIEFEMEICET 286 Y /b
HEimE D IBX (36) W5 7228 E VB EOAHEEM AL SR, S BERBIU 6 BBRAE
DHRTHANR LI TNV D 7 EREZE L T2, IBX 36) ZHWD ML, 7 a @iz k b
FRAL AL SOS DS E B L, 7 8 ABOFF AT Y A X)L (M=0) BN EETH D Z &
1B IBX (36) Db oI — FAFY (I=0) BALBREMOBE 25 THH 5 LW O HERIO b &GS
ZBA L, FTMIOBIZERT D2 ENTE7. 22T, =Xy I U VOBLIEERE LT
MONOTXYT U E=ZULAF L (6,39) b, 72 ABEORD Cr=0 X IBX(36) DH-D =0 &
BEMEL LA Y T =T A (AN=0) B 2RO Z LICEFEB L, = bhaXxv v 7 VOB D
WEAF YT B LA WA RN N TCORKICOFEB L HIYE L THRETZ1T -7 (Figure 8).
= hrF T IANERND ML, B O X 9 ISR 7 LR b 2 D TREEERY T LV = — LR

LSRR RSN TWD T2, fili b~ R b HfF T 72,

ﬂ O
OH I
Cr O A —> N
" o 9
(0]
36 6

Figure 8 7 1 A%, IBX (36) &A% V7 & =10 ADOREEIIMEFEME

39

IZ U ®IZ TEMPO (1) & 5\ 1-Me-AZADO (16) % AT NaOCl % % 544, ° PhI(OAc), %
WD 5, Z0xone AWV A5, 1 3 vFEE VDS ST L o — L Ot ER L OGS
ELTHOLIL TS E2f 2 Bt L2, 2O O5M T CIIINERR S S Z#ITSE51213E

Lo lo. £IT, AXYT UE= Y LAENZEICHBEAETH D Z & 21k <7 Golubev X°
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Bobbitt & DEAHFICER L, PHM = ha X LT D h AR AW AR SR OB FIZESLD, TR

WML 72AF YT o'y MR EREN O TAKSED FER Ot 2B RTLHZ & &

L 72 (Scheme 16). Z DWERTIE, EFH LI L7 1-Me-AZADO (16) 1%, {L¥&EimE MW 7o fGt
(2 2 B BIBHE S REETH - 7272, 1T LDIZ TEMPO (1) DA F VYT =T Al 6 2T

Rt L7z,
Golubev et al. (1965)

Cl, or Bry JV
HO . ——— HO
N-O CcCly N<o
3

4 X
4a X = CI (100%)
4b X = Br (100%)

Golubev et al. (1971)

/L — HBF4 > /L /P
. +
E%N_O t%lll:o + WH/OH
BF; BF,
1 6c (72%) 7¢ (65%)

Bobbitt et al. (1998)

Jv HBF,, NaCIO k
t% * N:O

N-O Et,O (78%)
BF,

1 6¢c
Scheme 16 XV 7 L E=17 LA 42 DOFHLE

ZORER, Cl,By e W v A —A F 2 T HFXY T U E=17 L (63, 6b)° & HWZHEICIE
FEAEBORMERES N7, BEL, SR U v X —A 4 T 4% YT E=
7 LML (6, 6d)Y E WA IITESC NS SO LT LEIR CHMORBEARN S 6N D Z & &
R L7 (Scheme 17). & 51T, XY T U E=T LM (6¢, 6d) % AV 728-A121%, IBX (36)/DMSO
ZE BIRCEEEAEEZRL, S BERBLOV 6 BEROLEIZIR ST IBX (36) & AW -5&M4TiX

EZ R L TOW P ERC~ 7 n BRIEE, SURAE TOIRERE CRUGEIT Lz, K0 @m0 BOSHE
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DORBEFEFL T, 1-Me-AZADO (16) OAF V7 =0 AFIZOWT BT 21T 7228, i
ML TEMPO (1) S ZIEFRFRE C, $URIVEICB W TIE, TEMPO'X (6) 78 1-Me-AZADO'X (12)
U b EUGKH, IR, O TNEM Th o7, RRNE, BEOEWT o AL Hvind
e ER, v iR, HIRREA~BEAATRE RNV IRE A E AT 3T VAT L3 — s
B B-EHR o, B- AR VAR = AL B~ DLV OE DORID TOFITH S . Z OROFEMIZ S

WL, & w5,

771‘/>OH (1.5eq.) ‘i)i
% R MeCN, RT 151
X =BF, (6c), SbFg (6d)
R = aryl, alkyl

Scheme 17 A{bLFERBEDOA X VT =17 ME A2 AW - BRIV IEEAT Kt

BFEREDAF YT =D L6 Z HWTHEINO N 7 o & —A o ORI SOGPEIC R &
REBEH 2D N bhote. LT, AXYT VRSV LEOI T X —A F U OFIENZFE B
U A S DO B 2 TR O 7. i, (b FERRE DG TR Y RV R4 5 2 72 TEMPO (1)
HDHUVILTEMPO'X (6) ZHWAHZ & & Lz, thdIT, EE<, K, HEREEORWD T v & —
A F BT HAX YT =y L TEMPO'X (6) ZiEMREL 5 2 N TEIE, flta) /e
{EHJEEAL SRS FIRE & 72 2 b O L HIRF L TRt 21T o 72, ZDFER, 10 mol%? TEMPO'CIO, (6e)
& PhI(OAc), & g {bAl & L CTHW, 3 YE&DOKEZTINT 5 & AR SOSHEIT L 42 TIE 80% TH

1 DAL HIEENL R 43 231% H 4172 (Scheme 18).

22



=

ClO,

6e (0.05eq.) o
Phl(OAc), (1.5 eq.)
[:LPH
n-Bu MeCN, RT, 2 h
(80%) n-Bu
42 43

Scheme 18 TEMPO'CIO, (6€) % F\ 7= fil i) 7o e b iR S i

L22L72R23 5, 2@ TEMPO'CIO, (6e) Zfillfif & U CHW 2 i BERVE TR T
bolz. T T, BICHFZERLHR, LReAlzia VR~ v A Ed %5 L& TEMPO (1) %
AT ORI SOSDEITT 2 Z RO EeoTe, SHITT Y BT NIRAESE-HI UFRE
B b Y T APEHND L RIAERY O ARG S AUEEN A B LTz, > U 7 USRS SE 7l
VKT N U LERODLSEET, REEAMEORGZ1T 9 & K &=V IE TIIRIS BT L
ol HERR, v 7 e, HROWTHOREZHWSE b IR T H OSBRSS 6
AU7= (Scheme 19). AFUSDOBAFIZ L T, 3 &7 VLTIV a2— L ORI SO O A1 [k
LT, KRS T 2 X OVERK D% _E T Vatéle (2 X - T TEMPO (1)/PhIO/Bi(OTf); or Re,0; 5
T DSBER 7R B LRI ROGSRE E LT Sz, P L L, ZowiE<TiE, 3 %7 UL
T A— )LD 28T VLT N 3= SOOI A F Y T o =0 MG T LA AEEN
IR L T D Z A SN TWA T2,  FHH DO TEMPO (1)/Nal0,-Sio, SRFidA4 V7=
U LDBERLRR E T 261 L LT, Wl TOMRETH L. ZOMOFEMIZ OV TE, Kimsh &

I TGS U
ﬁiﬁd
1 (1 mol%) o
%{)OH NalO,-SiO, %L)j\
% R CH,Cl,, RT R

%

R = alkyl, aryl

Scheme 19  fitE Ay 72 357 U LT )L 20— )L D ERALHIEEAT S i
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THRT7ZILA—=IHSHILRVEEADT Ry MR RIG DB F

LT V2 — b DFMEIZ L o THNR VIR E S5 TR, WBEAHRERIZRT 2k~ 72 )&
THASNDEERKIETHD. ZOEME | TRTHEIT LU Ry MU, KERYEK
WZBWTHIREZ A LS LHEERISTH Y, H<POIERRMEN RSN TE . &b
WZidil~ o R E D 5, Y EER A VB J51E, Y Jones BB L ANE LT D 7 v AfRE
WD 515 3 1950 AELLAT L 0 W BT X 72, 1970 FAREAREICHFFEANEFIT 22 0, FFIZ 1979 4T
Corey 512X » THiE 7= PDC/DMF X, ~A L RS FICEOENEITT 2 2 & DR T
HED12ELTARICEDETELSIERENTWS. ¥ F72, BEoEmWELSREOMEHEOHIE &
WL D HEEN R S, RuCly/K,S,0s,” RuCly/NalO,,”' CrOs/HsIO,,”* PCC/HsI0g >
Na,Cr,07/NalO4,™ RuCly/TCCA™ &\ o T il S S BHF S e, T2 & 7 ) — 2 r I A b
V=T 5B0OEmEY ND, L0ZeReEs mig{b/kFEL Hu 7z Cull) complex 44 / H,0,
(Figure 9),”° Na,WO,/H,0,”7 % % 23 eco-friendly 7255t & L CHE SNz, & 612, &% AV
B b B AENE, ZaPEDmm HEO0AHED, TEMPO (1)/co-oxidant,”' 2> NaBrOy/HBr,*
PhIO/KBr, > IBX (36)/pyridine-2-ol or N-hydroxysuccinimide® % D St 3 s Sz, ¢, TEMPO
(1) ZAVDEMEE, = FrX LT U OCFERMEIC T 2 BIE D B e b T EEI DL A,
LM 500 TH 5 A1 1987 4F Anelli 512 & - TNaOCl % W2 03010 THE STk, ™ if
WL A D2 R RN SN TE 7, LUFIZ, TEMPO (1) AW LT v a—nmns VR

VEESDU Ry NEEEOA B E TORBORIEIZ DN TS,

Figure 9 $l&(A 44
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TEMPO (1) ZH\W 72U Ry MERALEOGIE, Bl L7z & 912 1987 4EIZ Anelli HIT X > T
4-MeO-TEMPO (45) & NaOCl & W2 5:04D%, 17 v a— A b7 T B RaOBRALEIGR & 2 &
T2 — )LD kL ~OEALIE & IO THAE S 72 (Scheme 20). * LasL7an s, A%k
V3 R S B 2R BB R AL K B DRSS E T L a3 — VIR 5 TH Y, ponitrobenzyl alcohol (48) <2

p-methoxybenzyl alcohol (49) (21l T & 7eu 72 & B @ A O CRIEZ 7% LTz,

Anelli et al. k
Meo/t%N_o-

45
NaOCI, KBr COH
Aliquat 336 2
7 o ™~
CH2C|2, Hzo, 5 min 47 (98%)

46

Scheme 20 NaOCl # W\ 727U R > MRV OG

Z D% 1999 412 Widlanski 5 (2 & > T TEMPO (1)/PhI(OAc), 2MERE R EARDELICHE RN TH D =
&, " Herbert 512 X - T TEMPO (1)/BuOCI/NaOH 235 SR OB LICA R TH D Z &, % Merck
@ Zhao 51T X - T TEMPO (1)/NaOCI/NaClO, 78 Anelli & D FEO KT WA EZSHETE L 2L
72 EDFRR D THE & HL72 (Scheme 21). & DD 1990 42 & )& 512 & - T TEMPO (1)/NaBrO, %

AW ELRESNTZNT Ry Mg b~om A5)1X 1-undecanol @ 1 BID A TH Y Z DRMD

AR CTH L. O
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Widlanski et al.

NH2 JV . NH2
N-O
¢ J 1 (20 mol%) ¢ )
~ —
PhI(OAc),
CH,Cl,, H,0
< <2
50 51 (90%)
5 examples
Herbert et al. k
E%N—O'
HO~§/X9H\ 1 (< 2 mol% HO%@H
PhOX -0
OH #BuOCI, NaOH PhO -0 =Co,H
52 52 (100%)
1 example
Zhao et al.

[:T“w

54

N-O°
1 (7 mol%)

t&

NaOCI (2 mol%)

NaClO,, buffer
MeCN, 35 °C

©/COZH

55 (98%)
12 examples

Scheme 21 U ViR v MRV G DRI

F72, 2003 FITIE, FHIEDICE > THFr A — L OBRbE A[HE & 35 Merck O F{ED L BILENH
wmEe. P RIS Giacomelli 12 X - TG &7z TCCA % F\ % Ti41E, cinnamyl alcohol (23)
DX DR 2EMAEATDEEICITHEA TE 220V H OO B ROV A & R EREETH D
MTCENZFIETH S, 2005 4EIC Riva HIZ L - TEESE & fLAA 72 TEMPO (1)/laccase/O, 75

A ERORLICAERN TH D Z & BNEE Sz (Scheme 22).
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Zanka

©AOH

t@?—o'

1 (7 mol%)
12% NaOCI (1.1 eq.)

©/CO2H

MeCN, pH 8-10
; 25% NaClO,
54 pH 5.0 55 (98%)
9 examples
Giacomelli et al. JV
YZ&wd
1 (1 mol%)
OH CO,H
NaBr, TCCA
MeO acetone, aq NaHCO4 MeO
49 56 (98%)
16 examples
Riva et al.
N-O°
HO 1 (10 mol%) HO,C
0 Laccase 0)
H36££§%<L/0Ph HOS OoPh
OH 02, buffer OH
52 53 (50%)
8 examples

Scheme 22 U ViR MRV G DRI

PLERBRRTELZLIIC, VAR y MB{ERIGIE TEMPO B2k 4 il & U TIEF R BFFE A3 T oL T
e, BTEERaETEETL2REICHED 2 FIEIKARE LTHRE I TRY. RERBERIC
FUNTiT Dess-Martin B21k, Swern f2{t,, TPAP Be(b 554 /H L7 1 7 L3 — A nbT LT B R
DOl & Kraus-Pinnick B2t ® 12 L 5T VT & RD2D WVR VER~DORR LA A A DR T 2 BefED
FOSIIAKREBHBEIZHNONTWASZ b b, KV RFRFREEAMEA AT D 1fk7T v —d
SHNVRUBE~DOU Ry NBLKISOBRBNRLENTND EFH Z LN TED (Scheme 23). %
I, FHEIL, KRERS—/V~EH PRI CEREERAIME D @ ek & VT, BB MDA

<, BAELRIERY Ry MRICTIEDORREZ Bfs LT 21T 72,
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Kraus-Pinnick ox.
Dess-Martin ox.

or Swern ox. NaClO, ﬁ
N —_— -~
R™ "OH or TPAP ox. R™™0 2-Me-2-butene R™ 0

Scheme 23 1 &7 /L 2 — )L 1 VIR R ~D 2 BRSO

LT Va3 —Vinb INVRARETOU Ry MRLIZ—RIZIT TRED 3 27 v 7 AR TH#EITT
% (Scheme 24).
) 1T Ava—nAmnbT VT e ROEE
2) A FL— FDERK
3) NA FL— b2 IR iE~DORE
TEMPO (1) IEmEWEEOMILICE W TREZ R 258N Z N2 L bE%29 5 &, TEMPO (1)
ZAWTED Ry SRS BAFIZHEELT L2 WIS, 2 BEFS H OLIEE & 72 5N FL— |
N1 BB OFRMLIRE L 72 D 1T Va2 — VT ASNEREDREAS K LB b 232 2 nWZ sz
DTHDHLEWIRMENLTHI ENTED., £IT, LITHE LIEAEENEMIN= e ¥
VIVT VAT D 1-Me-AZADO (16) % TEMPO (1) OfUH 0 ICHWIE, A2 fhE T
HZHOEMFE LT, Fl2, YA 27V v IR Z A N —HIEDS 1-Me-AZADO (16) 1% E” =+186
mV (Ag/AgCl) T TEMPO (1) @ E” =+294 mV (Ag/AgCl) (Zl~/NE W2 LD ESALFEMSMET

XL A2 TS0 2 Z 0D 1-Me-AZADO (16) (XN RS EZ R~ 2 & S sz,

H

oH I

@)
R™ O

R H,0 OH
R \O _— H
R)\

OH

R/\

Scheme 24 U ViR v M ERAV I D SO
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Z 2T, MEHIZ NaOCl Z 5 Anelli & D5 FiREt 21T -7 (Scheme 25). ° ZD#EHE,
1-Me-AZADO (16) (%, TEMPO (6) |Ztb~@WEUSMEIFRT 6 O D mesitylenemethanol (57) Tl
EANENT LT E RS LLTHELND LWIFERICKDTZ. £, —MEESHTICTHEERN
N ALS T 60 X 61 Dy FEICHY T H B — 7 2R T RIS T,

1) TEMPO (1) or
1-Me-AZADO (16)
NaOCI, Bu4NBr OH
PN CH20|2, aq. NaH003

2) CH,N,, CH,Cl,

1) cat. (5 mol%)

(0] (0]
NaOCI, BuyNBr
OH OMe * H
CH,Cl,, ag. NaHCO4
59 58

0 °C, 20 min.
57 2) CH,N,, CH,Cl,
1-Me-AZADO (16) <5% 61%
TEMPO (1) <5% 70%
by products

) )
60 61

Scheme 25 NaOCl # W72 U R > MRV OG

Z T, I, ~a Ak & abEEY % HAY T PhI(OAc), 2 HV 5 Widlanski ©H OS5 FIZHiE 21T
572 (Scheme 26). ' ZDOFEE, Kt =LV BB W TIIAR TH - 7273, mesitylenemethanol (57)
X, ZOHAELREANT AT E K58 L LTHLNLD LW ERICKDoTZ. 22T,
mesitylenemethanol (57) OFED X HIZT VT & R 58 BRI/ 1G H 4, 2 BB ORL3 T L7
WHRRE, 747k RS WEFEERFFRICIEE L THDHHIT A RL— |k 62 & OYHRT v
T RS8R TWNWAHZ LIZHDH EEZ LT (Scheme 27).

LI Ed Anelli ® NaOCl & 72 564 F Ot & Widlanski © @ PhI(OAc), Z AV 7254 F D%

Vavand

AFOREMIC OV TIE, e — 5 —fi Tk~ 5.

29



1) TEMPO (1) or
1-Me-AZADO (16)
PhI(OAC), OH

CH,Cl,
2) CH,N,, CH,Cl,

1) cat. (5 mol%)

0 o}
PhI(OAC),
OH OMe * H
CH,Cl,

0°C, 10 h.
57 2) CH,N,, CH,Cl, 59 58
1-Me-AZADO (16) 8% 77%
TEMPO (1) 3% 90%

Scheme 26  PhI(OAc), Z HH\W\\ =V R » ML

O OH O
[O] (O]
57 58 62 63

Scheme 27 Mesitylenemethanol (57) @ i

DXL, " RL—MEIFEAERBRLEWT LT b RERHBT 2B L THHEN RGO
AR Z HEYE LT, TT & KD VR g~ ORI IR S EYE 6 4 F 9% Kraus-Pinnick
Bk ®IZFEH Lz, ZORIGE, ™A RL— MERBT 25 2 & 72 < B9 NaClo, B3k Clo, 23
TOT e Rk LRI 2 SOSHRERRE ST b, % 20 NaClo, DUSHEE 7 LT & Ry
ANV SO FOSIZFIHTEIL, A FL— FOER LT SIKFET 2 2 &R <tkx 2T
VT RASESCDIC A VR CBEICER L S H, Kraus-Pinnick 216 & [FIRE IR AW FLVE 8 AV 2 5 - 72

FOSFETE L & HIfF L72 (Scheme 28).
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0 N
(0] O’ ) I H 0] (o)
)J\ + ] [ )l\ /Cl —_— H/Oﬁ()\:cbl) —_ = H/O\Cl + )J\

R” “H Cl R'\H O R” “OH
o \_/ R

Scheme 28 Kraus-Pinnick F2{t D Kot

T, 2D NaClO, DUSHEEFIA L7z D R v MEELIUE T D Merck O Zhao b DHEIZHE
H L7z (Scheme 29). " i & D Fi%1%, NaClO, D RS ZFIF 5 Z &2 & » UL &R E D NaOCl
DI VD Anelli & OSMAIZHABICE WEEEAEZ B L T0D. LnLaenb, 205k
RIZEBWT S Figure 10 IR L7 L) RE T EEREFERSA LV 7 VAT REICITEA T
722V R NaOCl & NaClO, [ # DIR AT & o TREE & /e W BSOS & 5] & 2 faRENH 5
DI ZNBIETR 2 IZP o< D EH T T HORENH DL E VS TZ#ELO A CHEZZ TWD. £
T, FFEIL, nE T EORIKIEEEZ LW NaOCH O F % 8138 U 72 81 7= 72 SO 4 % AL
T L LIS, VAREEDOEM S 1-Me-AZADO (16) DOFFIZ X - THlfE & FEORSH & DI

IGEfEE L, T D ORBERICHRZ 52 5RY Ry MRILEOSDOBRFEZ Hig L.

TEMPO (1)
cat. NaOCI
NaClO, OH
R™OH
MeCN/buffer R (e
NaCl NaOCI

>~

k cat. NaOCl JV k
WN_O' t%tho N-OH NaCIO,
X
U OH
PO ~ N

OH R X0 R0

R

Scheme 29  Merck 15D it
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MeO OH
Cl
64 23
Me0:©/\/OH @AOH /@/\OH
MeO \ MeO
65 66 49

Figure 10 Merck {EDEH TE 20 147 /v —b

HOIZ, 1-Me-AZADO (16)/PhCHO/NaClO, :f % F Wiy, LioOREREZ L TE 5 5 0 &

£ L 7= (Scheme 30). Benzaldehyde (%, NaClO, & itz L C NaOCl #3434 572012, © ZOHMIC

Lo T NaOCI WARE L 720 fEtEZ B TE 5. S 51T, FRHTHRA L NaOCl THIUE, HE
WZXFT 2RISR & 0 Jel il 2 Felb 9~ 2 7o O SR YRS RS 2 ATRBE N B 5. BRETORE R, BT
WY EY WD EOREZ T E, F7o, REEAEICEBNTOHESNIERA LT 0267 b
IWRESEBENEITT 222 ALz, L L s, ARKIGIE benzaldehyde 72 5 £ T 5%,
Bl LR & BT D MEN D DT80, BAHEPNEHMEZ 2D &V EERH -T2,

cat. (5 mol%)
PhCHO (5 mol%)
NaClO, (5 eq.
O/\)\ 2 (5eq.) O/\)\
aq. NaH,PO,
kv/\v/\OH CH,Cl, kv/\v/\cozme

67 » CH2N, 68

TEMPO (1) trace
1-Me-AZADO (16) 81%

Scheme 30 benzaldehyde Z# 7= >R v NER{LES

FEt D& £ T, benzaldehyde DIRMORIDVIZ, = b X LT U H VOB LT 7oA % Y
TR LYEAEEE LTHWD &9 F A7 (Scheme 31). AR IT, X7 €=
VA K THET Va— AR EINT VT e RBERL, NaClO, 32 D7 VTt REfE{EL

JIVIR R L NaOCl % ZEf% T 5 72 benzaldehyde WAE L 72 513 T THDH. EEEITHHE2IT-o7=
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Zhao
p-methoxybenzyl alcohol (48) cinnamyl alcohol (23) 2-(3,4-dimethoxylphenyl)ethanol (65)
TEMPO X" (6) p-methoxybenzyl alcohol (48) cinnamyl
alcohol (23)

1-Me-AZADO X" (39)

1-Me-AZADO*X" (39)(5 mol%)
NaClO, )OJ\
PN
R OH R OH
phosphate buffer, MeCN

NaCl >_< NaOCl
@ NaOCl
N-OH

. . N=0p
nitroxyl radical (16) + .
avoidable ! oxoammonium hydroxylamine (69) NaClo,
ion (39)
g —_—— E
R” OH R X0 R0

Scheme 31 1-Me-AZADO'X (39)



IBX 3 B- a,B-

3
3
1-phenyl-2-cyclohexen-1-ol (40) 3 PhI(OAc),
PhIO (Table 6) PhI(OAc),
(entry 1) DMSO 1.5 PhIO 55°C
1,3- 2 72 35 (entry 2)
PhIO CSA
(entry 3) ™ CSA PhIO TsOH
68
CSA CH,Cl, PhIO
Table 6 3
0] OAc OH
X
Co — Qo 0,
Ph /\/\ Ph
Ph Ph Ph Ph
40 41 70 71 72 40
_ yield (%)
entry reagent solvent temp. (°C) time (h) a1 70 71 79 40

1 PhI(OAc), CH,Cl, rt —reflux 5 trace ——  trace trace 95

2 PhIO DMSO 55 5 — trace —— 35 65

3 PhIO/ CSA CH,Cl, rt 5 38 trace

4 PhIO / KBr H,O rt 48 66
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PhIO

KBr e
(entry 4)
5 (Table 7) IBX (36)
24 78 41
1 85
Table 7 5
OAc OH
©<OH - . + + @\ + ©<OH
Ph X Ph
Ph Ph Ph
40 71 72 40
yield (%)
entry  reagent solvent  temp.(°C) time (h) 41 70 71 72 40
Q. _oH
1 N~ DMSO 78 17
\
2 DMSO 85 13 ]
o)
3 PhIO, DMSO 87
4 HIO; DMSO 40
5 1,05 DMSO 40
AcO O
\|//
6 @o CH,Cl, %  — 46 16 S
o]
7 10, CH,CI, rt - reflux 16 84
-+
8 ©ECOZNBU4 DMSO trace 95




41 PhIO, 90 °C
% Nicolaou o, B-
5 LOs  HIO;
40 Dess-Martin (37)
IBX Martin
73
DMSO 55°C IBX(36)
(Table 8)
1-butyl-2-cyclohexen-1-ol (42)
33 (entry 2)
m 2 pyridine
(entry 3) 5
787 80 ”
(entries 4-7) 80 PCC
84 (entry 7) 7 82
5 6
(Table 9) TBDMS 93
TBDMS
Ac MOM TBDPS 90, 91, 92

36

70

71
IBX (36)
36b
IBX (36)
80
6
73b 15
84, 86
94



Table 8 IBX (36)/DMSO

IBX (36) 0
N 1. )
E/}OH (15 eq.) 'S
'721 R DMSO, 55 °C 'l& R
entry substrate product time (h) yield (%)2
1 ©<OH 1 85 (9129b)
Ph 40
2 ©<OH 2.5 560
3¢ n-Bu 42 35 80°
(0]
‘ OH
OTBS
O ‘ ‘ OTBS 4 84
(0]
5
Q/OH d 05 80
Ph
6
10 79¢
OMOM
OMOM
7
2 79 ¢ (6373b)
O @ -
9 M )\H/Y 8 57d,e
\M
8 3809
1 Y\/>(\ WCHO 10 Od (7829b)
88

a Numbers in parentheses are reported yields using PCC, ? 33% of dehyderated products are
obtained. © Pyridine ( 2 eq.) was added. ¢ 2 eq. of IBX (36) was used. € 5 eq. of IBX (36) was

used. f E:Z = 98:2. 9 E:Z ratio was not determined.



Table 9

OH

IBX (36)
(2.0 eq.)

O DMSO, 1h, 55°C
OR

entry  substrate yield (%)
1 90 (R = Ac) 81 o
2 91 (R = MOM) 88
3 92(R=TBDPS) 82 ‘
4 93 (R = TBDMS) 49 (29)2

55°C
2
IBX (36)
TES

(single electron transfer)

Galvinoxyl 0.1

@ A number in parentheses is yield of 94

2
1
1,3-
OH IBX (36)
(2eq.)
DMSO, rt
Ph 1h (99%)
72
Scheme 32 2

I CHO

72 IBX (36)

94

(Scheme 32) 55°C

0]

QL

41

Nicolaou SET

37 SET

1-phenyl-2-cyclohexene-1-ol (40)

(Scheme 33) ™

SET
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IBX (36)

(2 eq.) (0]
©< oH Galvinoxyl
Ph
DMSO0, 55 °C dph
40 41
(95%)

Scheme 33  Galvinoxyl

4-tert-butylcyclohexanone (95) (Scheme 34)
40  4-tert-butylcyclohexanone (95) 55 DMSO 2 IBX (36)
3 40 87

4-tert-butylcyclohexanone (95) 87%

IBX (36)
37a,g,74d
0 IBX (36) o 9 Q
X —
OH + + +
Ph DMSO oh
40 tBu 55°C,1.5h t-Bu t-Bu
95 41 95 9%
(87%) (87%) (13%)
Scheme 34
PCC Dauben 2
(Scheme 35) *"7 IBX (36) 3
IBX (36)
(A) 3 IBX (36)
13 B 2

39

41



Scheme 35 IBX (36)

Figure 11 1-methyl-2-cyclopenten-1-ol (97), 1-methyl-2-cyclohexen-1-ol (98),
1-methyl-2-cycloheptene-1-o0l (99), 3-methylbut-1-en-2-ol (100) 5 6
97,98 C-O0 TT
5 6
5 6

40



@OH
Me

& “ 3

OH
Me

99

Figure 11 97, 98, 99, 100

IBX (36)/DMS0/55 °C

41

(MM2

Cler
Me



1-Me-AZADO (16)
(Table 10) NaOCl

(entries 1, 2) ° TEMPO (1)  PhI(OAc),

3) 12

Table 10

Leon
Ph

3 B_ Q’B_
TEMPO (1)

1-phenyl-2-cyclohexene-1-ol (40)

TEMPO (1), 1-Me-AZADO (16)
TLC

(entry

condition
Ph

40 41
entry yield (%)

1 TEMPO (1) (0.1 eq.), NaOCI (1.5 eq.), BuyNBr (0.05eq.), KBr (0.1 eq.), trace
CH,Cl,, aq.NaHCO3, rt

> 1-Me-AZADO (16) (0.1 eq.), NaOCI (1.5 eq.), BuyNBr (0.05eq.), KBr (0.1 eq.), trace
CH,Cl,, aq.NaHCO3, rt

3 TEMPO (1) (0.1-0.7 eq..), Phl(OAc), (1.5 -3 eq.), CH,Cly, rt —reflux 3

4 TEMPO (1) 0.2 eq.), PhI(OAc), (3.0 eq.), CSA (leq.), CH,Cl, rt 652

5 TEMPO (1) (0.2 eq.), PhlO (1.5 eq.), CSA (0.8 eq.), CH,Cl,, rt 75

6 1-Me-AZADO (16) (0.1 eq.), Oxone (2.0 eq.), BuyNBr (0.1 eq.), CH,Cl,, rt <20 (78%)

7 TEMPO (1) (0.2 eq.), I, (2.0 eq.), CH,ClI,, rt 24

a Acetate 71 was observed. P yield of dehydrates OAC

Ph
71
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CSA 1
(entry 4) PhI(OAc), 71 PhIO
75 (entry 5) ' 1-Me-AZADO (16)  Oxone TEMPO

(entries 6, 7)

IBX
(36)/DMSO/55 °C
TEMPO (1)
1-Me-AZADO (16)
TEMPO
1) 1-Me-AZADO (16) Scheme 8

26
TEMPO (1) CI' Bry CCly
642 BE,
HBF, NaOCl
(Scheme 36)

Jv X2 J“
E%N—O' ccl, t%'}‘:o

X
6a X =Cl (100%)
6b X = Brz (100%)

Golubev, V. A. et al. Bull. Acad. Sci. U.S.S.R., Chem. Sci. 1965, 11, 1898.

JV HBF,, NaOClI J“
E%N-d Et,0 (78%) t%)‘QO
BF,

6¢c
Bobbitt, J. M. et al. J. Org. Chem. 1998, 63, 9367.

Scheme 36
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1-phenyl-2-cyclohexene-1-ol 40

TEMPO'CI (6a)

101

Lo
Ph

40

Lo
Ph

40

Lo
Ph

40

Scheme 37

MeCN

(Table 11) 6

104
104
80
111

112

TEMPO'X  (6)

MeCN

o

a " ci

MeCN (0.2 M), rt

Nto

Brg
MeCN (0.2 M), rt

MeCN (0.2 M), rt

TEMPO'BF, (6b) 1.5

IBX (36)

(entry 4)

TEMPO Br;™ (6b)

TEMPO'BF (6¢)

41 (Scheme 37)

Complex mixture

Br
Br

OH
Ph
101
(100 %)

O

Q,

41
(95%)

(entries 4, 5)
H,0
107, 109
76

(entries 6-8)

113

(entry 9) 114, 116

44

1.5



Table 11

i

BF Q
X 4
i‘ﬁ OH 6¢c (1.5€eq.) '%H ‘
%R MeCN, rt %
, R
entry substrate product time (h) yield (%)af entry substrate product time (h) vyield (%)
(e}
Me 03 80
1 8
@OH 0.1 94
n-Bu n-Bu [©]
42 43 80 81
Q (o]
2 3
N 112
OH B
‘ O ‘ \/\/Y Ph/@';} ; 17 (33d)
oR ‘ OR ° pn 111 o

92,102:R=TBDPS 0.1 93

© OF s
Ph

H

3 93,103:R=TBDMS 0.1 83 |
| ° /\/\)\r" '
: X CHO 6 758
Q L10 /\/\)<\ AN
OH 02 8 114 115
4 Ph Ph 0.2 97 i
! OHC
82 83 ' HO, /~~ ‘ 4 769
OH O b1
Ph 0.2 93 :
° Ph : 116 117
105 106 o |12 . _mBu NBU 6 58¢
6 78°¢ o 5 78bc
OH : 0
6 NP : 86 87
Ph '
5 _~__NBuU nBu bh
107 108 ©13 \/X W 1 73
o) i HO o
| OH Ph e 118 119
Ph — 10 80> !
7 : CHO
5 : HO
P14 M “ ‘ 6 trace'
109 110 ' 88 89

2 |solated yield. ® MeCN and H,O (1:1) solution was used as the solvent. ¢ E:Z =2:1 dYield of allylic alcohol 113 © E:Z = 2.4:1 f Reaction
peformed at 40 °C. 9 Reaction performed at 50 °C." E:Z = 3.5:1. | 67% of 120 was obtained.

b HO AN

o

O 120
104 Ph

IBX (36)

40-50 °C (entries 10, 11)

114,116
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86 58%
87 (entry 12) 118 (entry
13) 3 88 Bobbitt 7
120 (entry 14)
116
5
(Table 12) ** BF,, OTf, NTf,
Cl0,,”® PFy, SbFs
Table 12
| t%'}lto OHC
t-Bu MeCN (0.2 M) t-Bu
116 117
entry X temp. (°C) time yield (%)
1 BF,” (6¢) 50 4h 78
2 NTf," (6f) 50 7h 74
3 OTf - (6g) 50 12 h 78
4 Clo, (6e) 40 55h 85
5 PFg (6h) 40 6h 86
6 SbFg (6d) 40 8h 84
SbFy BE, TEMPO'SbF, (6d)
(Table 13) 8 105 BF,
107, 109 15 (entries
2,3) 111 BF4 113
(entry 4) 10 (entries 5-8) 116
70 °C 1 (entry 6)

TEMPO'SbF, (6d)

10 20

TEMPOBF, (6¢)

46



Table 13 TEMPO'SbF¢ (6b)

g

SbFg
%7_% X OH 6d (1.5 eq.) gs)j\

MeCN, rt

entry substrate product time (h) vield (%)% entry  substrate

product time (h) yield (%)?

h 0.2 95P
106

Q :

OH Ph1os multi spots

Ph 99>

/@': 8 = n-Bu
(igb e

14 (60%) 118

113

HO,
5/\/\><\ /\/\)\FCHO 4 80°
114 115
OHC
6 HO /~ | 6 84
0.7 869
116 117
7 )\/Xn—Bu JY\(“'BU 4 g3
HO lo)
86 87

Y\? n-Bu 1 ggb.h
o}
119

2 |solated yield. ® MeCN and H,O (1:1) solution was used as the solvent. ¢ E:Z = 2:1 9 Yield of allylic alcohol 113. © E:Z = 2.4:1f Reaction was

performed at 40 °C. 9 Reatction was performed at 70 °C " E:Z = 3.5:1.

TEMPO (1)

2

1-Me-AZADO (16) 1-Me-AZADO'BE, (39b)

TEMPO 'BF, (6b)
1.5 6

116 TEMPO'BF, (6b)
(entry 3) 86
TEMPO'NTY, (6f) 1-Me-AZADO 'NTT, (39f)

TEMPO X (6)

47

(Table 14)
1-Me-AZADO'BF, (39b)
(entries 1,2)
1-Me-AZADO'BF, (39b)

NTf,

(entry 4)



Table 14 1-Me-AZADO (16)

oxoammonium salt
@L(/)OH (1.5¢eq.) %72
E{ MeCN, temp. |

R
%,z R
entry substrate temp. TEMPO*BF, (6b)  1-Me-AZADO'BF, (39b)
1 OH RT 96 / 3 min 96/ 3 min
Ph 40
2 OH RT 94/ 5 min 96/ 5 min
n-Bu 42
G
3 t-Bu 50°C 76/ 4h 61/10h
116
PSS
4 t-Bu 50 °C 741 7h? 61 /28 hP
116

a1.5 eq. of TEMPO*NTf, (6f) was used. © 1.5 eq. of 1-Me-AZADO*NTf, (39f) was used.

3 42  benzyl alcohol (54)
(Scheme 38) TEMPO'CI (6a)
TEMPO'BF, (6a) 3
TEMPO'CI (6a)  AgBF, TEMPOBE, (6b)

79
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t@&o

Cl
Clo - (T
n-Bu .
MeCN
42 54
VH:O
BF,
©<OH + ©/\OH 6c (Leq)
n-Bu -
MeCN
42 54
i
Cl
6a(leq.)

lon

n-Bu

42 54

PCC  IBX (36)

1,3
(Scheme 39) **

TEMPO'BF, (6c) 3

43

©/\OH
+

AgBF, (l1eq.)

MeCN
Scheme 38
Scheme 40
42
i
1 2

49

(Lo

n-Bu

S
+ [::j//\o
121

(87%) (84%)
+ benzyl alcohol (54)(10%)

23 54
(87%) (100%)
3
A
(B)
H,"*0
H,"0 MeCN 1.5
180
i H,0 S\2’°



+
X X -
%‘/lOH © (Ho. [, O'N\OHX E)j\
R X
K kS O A : concerted H \ % R
% "R M 1,3-rearrangement Lz’?- |
% R N
B : stepwise l i >i)<
H20 (Sn2)

|

Ho. |+ oH
~ 0
"D 0!
|
% R y - H20 (Sn1) % R
ii allyl cation iv
Scheme 39
t&ﬁo
16 18
BFy Q Q
6¢c (1.5 eq.
(lgon 205 @ : @
n-Bu MeCN : H,80 n-Bu n-Bu
42 (1:1) 43 43

(quant.; 43 :43'=1: 20)

Scheme 40

(Scheme 41) BF,
SbF¢
80 TEMPO'BF, (6¢)

3 4
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HBF4 123
124
3 125
TEMPO'CI (6¢)
3
HCI 127
122
BF, /}
%U HO~* ><+ ~
o=N N-o- .
OH O) Ho  © Q 7R {ﬁ\R
a) _— = —_— |\ e
122 123 124 125 126
Cl %ﬁ O\l\%*;j %
on O°N o ho O
b) :j\ ij\ """ b §
R T R R
122 HCI 127 128
Scheme 41
benzyl alcohol (54)
(Scheme 42) Benzyl alcohol (54) TEMPO'CI (6a)
(o 127
130 oxy-Cope 2! TEMPO'BF, (6c)
benzyl alcohol (54) BEF,
131 (@ benzyl

alcohol (54)
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3) OH H H Hcr
- A
Cl 121 7a
129
b) Jw Ph = E‘#o i —— T
OH H O H
- "+ Hcl
Cl
129 130
c) t\%wo Ph e t@v Ph
— /0\14_
gH H " g H "
) -
BF, + HBF,
131 130
Scheme 42

TEMPO'X (6)  1-Me-AZADO'X (39)

TEMPO'BF, (6b) 3
Figure 12 oA
1-Me-AZADO'BF, (39b) 133
Me Me
Me Me
—— Me — Me
¢
Lo O g 0
\NMe N+ H
-\
Me
132 133

Figure 12 TEMPO'BF, (6c) AZADO'BF, (39¢)

52

121

132



o,B- IBX

(36)/DMSO

53



3
a,p- (Table 15) PhI(OAc),
AcO’
BF4 LiBF,
27 (entry 2) *
TEMPO (1) TEMPO BF, (6¢)
(entry 3) 64
H,0O 3 H,O
80 (entry 4) 10
(entry 5) TEMPO ClO4 3
Table 15
catalyst (10 mol%) @)
©< additive, oxidant
OH
n-Bu MeCN ij\
n-Bu
42 43
entry catalyst additive (eq.) oxidant (eq.) time (h) yield (%)
1 TEMPO (1) none PhI(OAC), (1.5) 24 5
2 TEMPO (1) LiBF, (1.5) PhI(OAc), (1.5) 1 27
3 TEMPO*BF, (6¢) none PhI(OAc), (1.5) 0.1 64
4 TEMPO*BF, (6¢) H,O (3.0) PhI(OACc), (1.5) 2 80
5 TEMPO*BF,” (6C) H,O (10.0) PhI(OAc), (1.5) 7 60
6 TEMPO*CIO, (6€) none PhI(OAc), (1.5) 0.1 62
7 TEMPO*CIO, (6€) H,0 (3.0) PhI(OAc), (1.5) 1 85
8 TEMPO*CIO, (6€) H,O (10.0) PhI(OAC), (1.5) 7 60
9 TEMPO*BF, (6¢) none PhI(TFA), (1.5) 1 42
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85% (entries 6-8) PhI(TFA),
(entry 9)
TEMPO'CIO, (6e) 10mol% H,O0 3
6 82, 83
80 (Table 16) PhI(OAc),
3 2
10 mol%
PhI(OAc), AcOr (Scheme 43)
PhI(OAc),
Table 16 TEMPO'BF, (6¢)/Phl(OAc),/H,0
TEMPO*CIO, o
'??L/> 6e (10 mol%) «
OH
% R PhI(OAc), (1.5eq.) |
H,0 (3.0 eq.), MeCN % R
entry substrate product time (h) yield (%)2
0
1 ©<OH ij\ 1 01
4 41
Ph 40 Ph
o)
2 ©<0H 0.3 85
n-Bu 42 43
n-Bu
o)
. O e
Ph Ph
OHPh 3
- O Omo-
5 0.4 61

2 |solated yield.
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=

6i ACO"
inactive? E@V
I
o ©<OH
Phl + 2AcOH 6c BF, e n-Bu
L I
PhI(OAc), t‘yNﬁOH
7c Mo
BF, n-Bu
43
Scheme 43 TEMPO'BF, (6¢)/PhI(OACc)
NaIO4
(Table 17) NalO, TEMPO'BEF, (6¢) TEMPO (1)
NalO,* TEMPO (1)
1 mol%
Table 17
catalyst (10 mol%) 0
©< additive, oxidant
OH
n-Bu solvent ij\
n-Bu
42 43
entry catalyst additve (eq.) oxidant (eq.) solvent time (h)  yield (%)
1 TEMPO*BF, (6¢) H,O (3.0)  PhI(OACc), (1.5) MeCN 2 80
2 TEMPO*BF, (6¢) none NalO,4 (1.5) CH,Cl,-H,0 2 85
3 TEMPO (1) none NalO, (1.5) CH,Cl,H,0 1 70
4 TEMPO*BF, (6¢) none NalO,-SiO; (2.0)  CH,Cl, 0.5 90
5 TEMPO (1) (1 mol%) none NalO4-SiO, (2.0) CH,Cl, 2 92
TEMPO (1) 1 mol% NalO4-SiO, 2 (Table 18)
6 (entries 1-5) 10 mol%

(entries 6-8, 10-11) 111
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1,3- 2 113
112 (entry 9) 114
TEMPOX (6)

114

Table 18 TEMPO (1)/NalO,-SiO,

s

1 (1 mol%) (0]
%N NalO,-SiO, (2.0 eq.)
OH HLL ‘
¥ R
CH20I2, rt '?17 R
entry  substrate product time (h) yield (%)2 Eentry substrate product time (h) yield (%)?
(o] O
\ OH Ph
1 OH 2 92 Ph =
7 24 g2be
Ph Ph
40 o 41
109 110

Sl ()

X CHO
12 /\/\)<\ A 24 oc

114 115

7 Me
OR OR 8 12 81°
o]
2 92,102: R=TBDPS 2 96 80 81
3 93,103: R=TBDMS 2 83 % 5
, M/ /@': 112
0 ; Ph s
: 9(78)°
OH b 9pn OH . 4 (78)
4 Ph Ph 8 94 ; HO D‘i 113
- 111
: Ph 3
82 83 :
Q :
OH Ph ; = nBu v NBU be
5 Ph ' 10 20 76>
14 92 | HO o
: 86 87
105 106 ;
o] :
' = nBu e NBU 15 g4cd
OH ~Ph P11 \ﬁx W
6 X 24 gobe | © o
P : 118 119
107 108 ;

2 |solated yield. P E:Z = 2:1. © The reaction performed with 10 mol% of TEMPO (1) and 4 eq. of NalO,, on silica gel. ¢ E:Z = 3.6:1.
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TEMPO 10,

(Scheme 44) TEMPO'BF, (6¢) 430 Et,0 HIO,
NaOCl TEMPO 10, (6j)
TEMPO 10, (6j) IR
1620 cm™ ESI-MS m/z = 156.1 ([TEMPO]")

m/z = 190.7 ([104])
1.5 3 42
TEMPO 10, (6j) HIO; NaOCl
TEMPO 105 (6k)
TEMPO 10, (6j)

k HslOg (1.1 eq.) k
t%N\o’ Et,0; tl?’)l:o

NaOCI (0.6 eq.) . -
1 (31%) 6 104

tl?'i‘to (15eq) 0
6j 10
©<OH J 4
n-Bu MeCN, rt

3 min, 89% n-Bu
42 43

Scheme 44 TEMPO'10; (6j)

NalO,4

NaIO4
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NaOCl PhI(OAC),

1-Me-AZADO (16)  TEMPO (1)

Anelli ? NaOCl 3 n-BuuNBr 5 mol% TEMPO (1)
1-Me-AZADO (16) 5 mol% 1
(Table 15) TEMPO (1) 1-Me-AZADO (16)
CHuN,

3-phenylpropanol (21) TEMPO (1) 1-Me-AZADO (16)

Table 19 NaOCl

cat. (5 mol%), NaOCI (3.0 eq.)
n-BuyNBr (5 mol%)

o)
P
R™ OH CH,Cl,, ag.NaHCO3, 0 °C:; R)J\OMe
CH,N,, CH,Cl,
yield(%)?
ent alcohol time
v ' TEMPO (1) 1-Me-AZADO (16)
1 P >"oH 21 15 min 91 93P

2¢ /\M/S\OH 134 20 min 42 (12) 84

3 @\/OH 135 1h 46 (13) 84
4 /@i\OH 57 1h < 59 (70) < 59 (61)

2 Numbers in parentheses are yield of aldehyde. ° Isolated as a carboxylic acid.
€ 0.1 eq. of KBr was added. d 60 and 61 were obtained.

(@] (@]
Cl Br
OMe OMe
60

61
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20
adamantylmethanol (135)
TEMPO (1)

mesitylenemethanol (57)

1-Octanol (134)

1-Me-AZADO (16) 20 1

58

63 1-Me-AZADO (16)
TEMPO (1) 1-Me-AZADO (16)
Mesitylenemethanol (57)
60, 61 PhI(OAc),
Widlanski 28
PhI(OAc), 3 5 mol%
(Table 20) 1-Me-AZADO (16)  TEMPO (1)
136
mesitylenemethanol (57) 58
10 Figure 13
1 mesitylenemethanol (57) 58
62
(Scheme 45)
137 89 mesitylenemethanol (57) 54

60



Table 20 PhI(OAc), Widlanski

cat. (5 mol%), PhlI(OAc), (3 eq.) o
PN
R™ "OH CH,Cly:H,0 (1:2, 0.33 M), 1t RAOME
) CH2N2, CH2C|2
A yield(%)? E yield(%)
entry alcohol time . entry alcohol time
(h)y TEMPO 1-Me-AZADO! (hy TEMPO 1-Me-AZADO
1) (16) : @) (16)
1 @\/OH 1 76 & | 4 AT on 20 18 84b
135 5 136
E Br
2 OZN@ 20 80 97 ! 5 /@;/ 23 46 (46) 69 (22)
OH 5 MeO OH 85¢ 89¢
: 137
48
3 ou 8 220 70 L6 10 3(90) 8 (77)
: OH 32¢ 54¢
134 '
57

a Numbers in parentheses are yield of aldehyde. ® Aldehyde remained. ¢ 10 mol% of sodium stearate was added.

Ph” " 0H HO)K/\/\
HO

23 138 139 140

Figure 13 PhI(OAc),

OH

H —— OH ----> OH
[O] [O]

57 58 62 63

Scheme 45 Mesitylenemethanol (57)
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AZADO'X™

Kraus-Pinnick

TEMPO (1)/NaOCI/NaClO,

(1)/NaClO,
50 6 90
TEMPO (1)
NaOCl
NaClO,
NaOCl

Zhao's report

Br

OMe 141

NacClO,
1-Me-AZADO  TEMPO
NaClO,
ClOy
NaClO,
65,66
NaClO, Merck Zhao
1ac Zhao 1 141
(Scheme 46)
NaClOz
TEMPO (1)
TEMPO (1)
Anelli TEMPO (1)
Br 0]
oH TEMPO (1) o
NaC|02
142
OMe
2% (1 h)
50% (3 h)
90% (6 h)
Scheme 46 TEMPO (1)/NaClO, Zhao
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cat. TEMPO
3

NaClO,

NaOCl



Zhao Figure 14

NaOCl  NaClO,

Giacomelli'® 13

Meo\@f\/OH MeO OH o) OH OH
~an o T O
o Ph OH \ // MeO

MeO
64 23 65 66 49

Figure 14 Merck

1-Me-AZADO (16)

NaOCl
NaOCl

benzaldehyde NaClO, NaOCl NaOCl
NaClO, (Scheme 47) TEMPO (1)

1-Me-AZADO (16)
(Table 17) 1-Me-AZADO (16) 136 3

67
NaCl NaOCI

NaC|02
PhCHO
PhCO,H j
NaOCl
-
e N \-OH  NaClO,
S 69

16 39
nitroxyl radical oxoammonium ion hydroxylamine
g —_— /OQ|
R”OOH R X0 R™ 0

Scheme 47 Benzaldehyde
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Table 21 Benzaldehyde

cat. (5 mol%), NaCIlO, (5.0 eq.)
PhCHO (5 mol%) (0]

P
R™ OH aq. NaH,PO3, CH,Cl,, 1t R)J\OH

yield (%)? / time

entry alcohol TEMPO (1) 1-Me-AZADO (16)

1 > oH 98/4h 87/2h
134

2 OH 85/5h 94/35h
135

3 NG\OH 16/4h 85/3h
136

/\)\ b
4 Ok/\/\ 67 trace /20 h 81°/6h

OH

2 |solated yield /\?l/g
b 4% of chlorinated products 143 was obtained. o 143

K/\/COZH

NaOCl
benzaldehyde
Scheme 48
benzaldehyde
NaClOz 1
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NacCl NaOCI

QI\T . &N/OH NaClo,
69

39 O
oxoammonium ion hydroxylamine

~ N, N

R” “OH R Yo R0
Scheme 48
TEMPOCI (6a) 42 1-Me-AZADO'CI" (39a) (Scheme 49)
. CCl -
N-O (920/;1) CI|>I’\O
16 39a
Scheme 49 1-Me-AZADO'CI (39a)
TEMPO'CI (6a) 1-Me-AZADO'CI (39a) 5 mol% NaClO,
5 pH NaH,PO, 1 (Table 22)
Na,SO; NaClO, NaOCl NaClO,
entry 5
2-methyl-2-butene 1-Me-AZADO'CI
(39a) NaOCl Anelli PhI(OAc), Widlanski
mesitylenemethanol (57)
(entry 3) Zhao
4-methoxybenzyl alcohol (49) 20 mol% cinnamyl alcohol (23)
(entry 7) 3 67

143
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Table 22

1. oxoammonium salt (5 mol%),
NaClO, (5.0 eq.), NaH,PO, (1.0 eq.) o
R” T OH Jg
H,0, CH,Cl, (0.3 M), 25 °C R”~ "OMe
2-methyl-2-butene;
2. CH,N,, CH,Cl,

42 /\(\ﬁ/\ OH 15 trace 83

}

entry alcohol tiwe Yeld 09 I entry alcohol time yield (%)
M temporcr 1-Me-azapo*Cr | () TEMPO*CI 1-Me-AZADO*CF
(6a) (39a) ; (6a) (39a)
12 P >"on 15 77 97 6 Meo—<;>ﬂoH 10 25 90
2 ' 49
2 0 N—< :H 15 63 93 :
2 oH 7 PhN"oH 3 13° 920
48 23
i-Pr
3 OH 45 20 o1 |
P8 32 <20 86
57 : OH
i 140
! E 9 24 12¢ 72¢
136 E |\/\/\OH
E 67
b <:><\ 10 trace 84 ' HO N/Cbz
° o ;10 5 ND 84
- I 144

2 the reaction mixture was quenched by Na,SOs. b 20 mol% cat. was used. ¢ slightly chlorination was observed.

1 mmol
10 10 mmol  3-phenylpropanol (21)
(Scheme 49)
pH pH
pH
1.0M pH=6.8
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1.0

g (7.4mmol)  3-phenylpropanol (21)
1-Me-AZADO*CI (39a)
NaClO, (3.0 eq.)
P " 0K b~ COH
21 MeCN 145
1.0 g, 7.4 mmol phosphate buffer (100%)
(1.0 M, pH 6.8)
Scheme 50
Cr
TEMPO (6) Bobbitt
BF, BF,
1-Me-AZADO'BF, (39c) TEMPO'BF, (6¢)*"
(Scheme 51)
E;}]?\ HBF,, NaOCl E;EEk\
N-G  EtO,0°C N=o
(75%) BF,
16 39¢c
Scheme 51 1-Me-AZADO BF, (39c)
Table 23 entry 1-4 TEMPO (1) 1-Me-AZADO (16)  CI
BF, Zhao
132¢ Cinnamyl alcohol (23) 50 °C
4 (entry 5)

4-Methoxybenzyl alcohol (49)

(39)

2-(3,4-dimethoxyphenyl)ethanol (65)

1-Me-AZADO X

TEMPO'X" (6) 4-methoxybenzyl alcohol
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(49) , 2-(3,4-dimethoxyphenyl)ethanol (65)

147 10% 139, 136, 148

1-Me-AZADO X (39) TEMPO X (6)
(entries 8, 9, 12) 67

149 1-Me-AZADO X (39) TEMPO'X (6)

(entries 10, 13)

67 1-Me-AZADO'CI (39a) 20% 143
1-Me-AZADO'BF, (39¢) 5% 143 (entry 10)
148, 149
HPLC 140

1-Me-AZADO X (39) CH,Cl,

pH 4.0 / (entry 11, Method C)
pH 4.0 / 4-methoxybenzyl
alcohol (49) (entry 6, Method C) entry 9,10

entry 2 30
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Table 23

oxoammonium salt (5 mol%)

NaClO, (3 eq.) (0]
R/\OH MeCN, buffer; R)J\OMe
2-methyl-2-butene;
CH,N,, Et,0
yield(%)? / time
entry substrate method t%(l\i X @W X
0 N
6 39 ©
1 P " 0H A 98 /30 min 98 / 30 min
B 98/1.5h 93 /30 min
21
Ph 79/10h 93/10h
A
2 @OH B 97/10h 97/10h
138
A 100/9.5h 98/7h
3 B 83/8h 98/7h
OH
57
4 Ph—=—\_,, A 86/4h 100/4h
146
b b
5 P X"0on A 79/5hb 82/6h
B 82/8h 97/5h°
23
. Meo@ A 92/ 40 h° 92235 h°
OH B 96/ 40 hC 97/26ht
4 C 86/3h 99/2h

MeO OH
7 :@N A 6417 ho 92 /10 min
MeO 65

Method A: Reactions were catalyzed by TEMPO*CI" (6a) (5 mol%) or 1-Me-AZADO*CI" (39a) ( 5 mol%) with
NaClO, (3 eq.) in sodium phosphate buffer (1.0M, pH 6.8; 0.3M) and MeCN (0.3 M) at 25 °C.

Method B: Reactions were catalyzed by TEMPO*BF,” (6¢) (5 mol%) or 1-Me-AZADO*BF,” (39c) (5 mol%) with
NaClO, (3 eq.) in sodium phosphate buffer (1.0M, pH 6.8; 0.3M) and MeCN (0.3 M) at 25 °C.

Method C: Reactions were catalyzed by TEMPO™CI (6a) (5 mol%)or 1-Me-AZADO*CI (39a) (5 mol%) with
NaClO, (3 eg.) in CH3zCO,H/CH;CO,Na buffer (1.0M, pH 6.8; 0.3M) and MeCN (0.3 M, entry 6) or
CH,Cl, (0.3 M, entry 11 )at 25 °C.
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Table 23

yield(%)? / time
entry substrate method ELK M X @ X
0 N\\O
6 39
OH
8 HO)L/\/\ A 93/9.5h 92 /30 min
139
o~~~ OH A 74 24 he 94/1h
s B 77124 he 93/3h
136
10 o“)\ A <10/48h 73/ 24 h9
B <10/48h 78/ 18 hh
WOH
67
1 A 32/70h 64 /58 h
c 73/7h 90/4h
HO
140
O\/OH A 100/ 9 hf 100/ 3 hf
12 N B 100/85 hf 100/ 1.5 hf
Chz
148
Ph _ _
13 L A 13/42 i 100/ 18 hi
CbzHN S B 8/42n 94 /24 h
149
14 Ogi A 42124 h 100/1h
OH
BocHN
150

a|solated yield. b Reaction was perform at 50 °C. ¢ Reaction was run using 5eq. of NaClO,. 410% of 3,4-
dimethoxybenzoic acid (147) was obtained. € c.a. 10 % of starting material was still remained. f Enantiomeric
excess was determined by HPLC (CHIRALPAK AD-H, DAICEL). 9 c.a. 18 % of chlorinated product 143 was
obtained as in separable mixture. h ¢. a. 3% of chlorinated product 143 was obtained as insepareble miture. i
Enantiomeric excess was determined by HPLC (CHIRALCEL OD-H, DAICEL)
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1-Me-AZADO X (39)

TEMPO'X (6)

1-Me-AZADO X (39)

(Scheme

12) TEMPO'X" (6)

Merck

cinnamyl alcohol (23) 5 g  2-(3,4-dimethoxyphenyl)ethanol (65) 10 g

(Scheme 52)

1-Me-AZADO*CI (39a)
NaClO, (3.0 eq.)

P "oH
23 MeCN
5 g, 37 mmol phosphate buffer
(1.0 M, pH 6.8)
40°C,8h

1-Me-AZADO*CI" (39a)
NaClO, (3.0 eq.)

Me0:©/\/OH
MeO MeCN

65 phosphate buffer
10 g, 55 mmol (1.0 M, pH 6.8)
25°C,8h
Scheme 52
Merck  Zhao TEMPO (1)/NaOCl/NaClO,

NaClO,

1-Me-AZADO X (39)
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o\ COH
151

4.76 g (32.1 mmol)
87 %

MeO
MeO
152

9.26 g (47.2 mmol)
86 %

1-Me-AZADO X" (39)



(b) 2
(d)3

(b)—(©)

AZADOs (b) 2

(Cr=0)

(a) 1
(©1

(d) 3
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(©1
B (X,B-
(I=0)
DMSO IBX



(36) 5 6 3

(tN=0)
(Cr=0) IBX (I=0)
BF,, SbF¢
IBX (36)
benzyl alcohol (54)
1-butyl-2-cyclohexene-1-0l (42) TEMPO'BF, (6c) 3
42 TEMPO'CI (6a) benzyl alcohol
4 1-Me-AZADO'X
(39) TEMPO X (6) TEMPO X (6)
NalO4 TEMPO
NaIO4

1-Me-AZADO (16)  TEMPO (1)
NaOCl PhI(OAc),

1-Me-AZADO (16)  TEMPO (1)

73



NaClO, Merck
Zhao Tt
1-Me-AZADO'X (39)  NaClO,

Merck

1-Me-AZADO'X ™ (39) TEMPO'X (6)

AZADO 4
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Experimental Section

I. General.

IBX (36)," Dess-Martin periodinane (37),* Phl0,,*” PhIO,*” were prepared according to the literature
procedures. Other chemicals and solvents were purchased from commercial suppliers and used without
further purification, except for DMSO and MeCN distilled over CaH,. All reactions were stirred
magnetically, under an argon atmosphere, unless otherwise noted, and monitored with analytical TLC
(Merck Silica Gel 60 Fys4). Column chromatography was carried out with Silica Gel 60 (spherical, particle
size 0.063-0.210 mm, neutral, KANTO CHEMICAL CO., INC.) or Silica Gel 60 (spherical, particle size
0.040-0.050 mm, neutral, KANTO CHEMICAL CO., INC.). Melting points were taken with Yazawa BY-2
and are uncorrected. NMR spectra were measured in JEOL JNM-AL400 (400 MHz). Chemical shifts
were reported in the & scale relative to tetramethylsilane (TMS) as 0.00 ppm for 'H (CDCls) and residual
CHCl; (7.26 ppm for "H and 77.00 ppm for °C ), as internal reference. The infrared (IR) spectra were
recorded on JASCO FT/IR-410. High resolution mass spectra (HRMS) were recorded on a JMS-AX500 or
IJMS-700 or IMS-T100GC using electron impact (EI). Low resolution mass spectra (MS) were recorded on
JEOL JMS-DX303 using electron impact (EI) or Agilent LC/MSD Trap (SL) using electrospray ionization
(ESI). Elemental analyses were performed using Yanaco CHN CORDER MT-6.

Chapter 1

Synthesis of the tertiary allylic alcohol substrates

General procedure for 1,2-addition of organolithium reagents to o,B-unsaturated ketones (synthesis of

the tertiary allylic alcohols:*

”?z:z\lo RLi (1.5 eq) %Z/>R

THF (0.2 M), -78 °C % OH
Phenyllithium (1.0 M in cyclohexane-diethyl ether), butyllithium (1.6 M in hexane) and methyllithium

(1.0 M in diethyl ether) were purchased from commercial suppliers. The other aryllithium reagents were
prepared in situ from the corresponding aryl bromide by the halogen-lithium exchanging protocol using

tert-buthyllithium (1.5M in n-pentane) in THF at —78 °C.
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To a solution of a,B-unsaturated ketone in THF (0.2 M) at —78 °C was added organolithium reagent (1.5
eq). After the mixture was stirred at —78 °C for 1 hr, H,O was added and the mixture was allowed to warm
to rt. The mixture was extracted with Et,O, and the organic extract was washed with brine, dried (MgSQ,),
and concentrated. The residue was purified by silica gel column chromatography to give terz-allylic

alcohol.

1-Phenyl-2-cyclohexen-1-ol (40)

Lo
Ph

Colorless prism; mp 44-45 °C (recrystallized from hexane); IR (neat): 3398 cm™; "H-NMR (400 MHz,
CDCl;) 6 7.46 (2H, d,J="7.8 Hz), 7.31 2H, t,J="7.8 Hz), 7.22 (1H, tt, /= 7.4, 1.2 Hz), 6.00 (1H, ddd, J =
10.0, 3.9, 3.7 Hz), 5.75 (1H, d, /= 10.0 Hz), 2.16-1.99 (4H, m), 1.85 (1H, dd, J=12.8, 2.8 Hz), 1.82-1.72
(1H, m), 1.63-1.54 (1H, m); "C-NMR (100 MHz, CDCl;) & 147.7, 132.1, 130.4, 127.9, 126.6, 125.3, 72.1,

39.5,25.0,19.2; MS m/z 174 (M), 146 (100%); HRMS Calcd. C,H;40: 174.1045. Found: 174.1013.

1-Butyl-2-cyclohexen-1-ol (42)

©<°H
n-Bu

Colorless oil; IR (neat): 3377 cm™; "TH-NMR (400 MHz, CDCl;) & 5.78 (1H, dt, J=10.0, 4.3 Hz), 5.61 (1H,
d, J=10.0 Hz), 2.05-1.85 (2H, m), 1.80-1.40 (7H, m), 1.40-1.20 (4H, m), 0.91 (3H, t, J = 6.3 Hz); >C-NMR
(100 MHz, CDCl5) § 132.8, 129.5, 69.6, 42.0, 35.4, 25.7,25.2,23.3,19.1, 14.1; MS m/z 154 (M "), 97

(100%); HRMS Calcd. C;oH;50: 154.1358. Found: 154.1342.
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Br\O\/ tert-BuLi, THF, — 78°C ‘ OH
OR - -
then 2-cyclohexen-1-one O OR

153 : R=MOM
154 : R = TBDMS

91:R=MOM
93 : R=TBDMS

TBAF, THF |:
155: R=0OH
TBDPSCI o :_| Ac,0, EtzN, DMAP, CH,Cl,
imidazole |: 90:R=Ac
THF 92 : R = TBDPS
Scheme 51
1-(4-Hydroxymethylphenyl)-2-cyclohexen-1-o0l (155) ‘ OH

(o

To a solution of TBDMS ether 93 (500 mg, 1.57 mmol) in THF (5.2 ml), TBAF (2.4 ml, 1 M in THF)
was added at 0 °C.  After the reaction mixture was stirred for 1 h at ambient temperature, aq.NH4C] was
added and the mixture was extracted with AcOEt. The organic extract was washed with brine, dried
(MgS0,), and concentrated. The residue was purified by silica gel column chromatography (AcOEt :
Hexane =2 : 3) to give benzyl alcohol 155 (280 mg, 1.37 mmol, 87 %) as a colorless solid..

IR (neat): 3348 cm™; "H-NMR (400 MHz, CDCLy) & 7.47 (2H, dt, J = 8.3, 2.07 Hz), 7.32 (2H, d, J = 8.3 Hz),
6.03 (1H, dt, J=9.8, 3.2 Hz), 5.76 (1H, d, J= 9.8 Hz), 4.67 (2H, d, J = 3.5 Hz), 2.20-1.70 (7H, m), 1.70-1.55
(1H, m); *C-NMR (100 MHz, CDCl;) § 147.2, 139.3, 132.0, 130.7, 126.7, 125.6, 72.1, 65.1, 39.6, 25.1,

19.2; MS m/z 204 (M), 145 (100%); HRMS Caled. C3H;405: 204.1150. Found: 204.1137.
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1-(4-Acetoxymethylphenyl)-2-cyclohexen-1-o0l (90)

‘ OH
O OAc

To a solution of benzyl alcohol 155 (58 mg, 282 ummol), in CH,Cl, (1.4 ml), Ac,O (32 ul, 338 pmmol)
and Et;N (95ul, 766 pmmol) and DMAP (3.4 mg, 28 pmmol) was added at 0 °C.  After the reaction mixture
was stirred for 30 min at ambient temperature, H,O was added and the mixture was extracted with AcOEt.
The organic extract was washed with brine, dried (MgSO,), and concentrated. The residue was purified by
silica gel column chromatography (AcOEt : Hexane = 1 : 5) to give acetate 90 (61 mg, 247 umol, 87 %) as a

colorless oil.

Colorless oil; IR (neat): 3455, 1739 cem™; 'TH-NMR (400 MHz, CDCl;) 6 7.48 (2H, d, J= 8.3 Hz), 7.30 (2H,
d, J=8.3 Hz), 6.03 (1H, dt, /= 10.0, 3.2 Hz), 5.75 (1H, d, /= 10.0 Hz), 5.09 (2H, s), 2.20-1.90 (4H, m),
2.09 (3H, s), 1.88-1.72 (2H, m), 1.70-1.56 (1H, m); *C-NMR (100 MHz, CDCl;) § 170.8, 147.9, 134.3,
131.9, 130.8, 128.0, 125.6, 72.0, 66.1, 39.6, 25.0, 21.1, 19.2; MS m/z 228 (M), 186 (100%); HRMS Calcd.

C15H1803§(M-H20) 228.1150. Found: 228.1141.

1-(4-Methoxymethoxymethylphenyl)

‘ OH
-2-cyclohexen-1-ol (91)
O OMOM

Colorless oil; IR (neat): 3444 cm™; "H-NMR (400 MHz, CDCl;) & 7.46 (2H, dt, J= 8.3 Hz), 7.32 (2H, d, J =
8.3 Hz), 6.02 (1H, dt, J=10.0, 3.7 Hz), 5.77 (1H, d, J = 10.0 Hz), 4.69 (2H, s), 4.57 (2H, s), 3.40 (3H, s),
2.20-2.00 (3H, m), 1.96 (1H, dd, J = 10.3, 8.6 Hz), 1.88-1.72 (2H, m), 1.67-1.58 (m, 1H); "C-NMR (100
MHz, CDCLy) & 147.3, 136.2, 132.0, 130.6, 127.6, 125.5, 95.5, 72.0, 68.9, 55.3, 39.6, 25.0, 19.2; MS m/z 248

(M™), 186 (100%); HRMS Calcd. C;sH,00;: 248.1412. Found: 248.1397.
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1-[4-(tert-Butyldiphenylsiloxymethyl)phenyl]

‘ OH
-2-cyclohexen-1-ol (92)
O OTBDPS

To a solution of benzyl alcohol 155 (204 mg, 1.0 mmol) in DMF, TBDPSCI (0.39 ml, 1.5 mmol) and
imidazole (102 mg, 1.5 mmol) was added at ambient temperature. ~ After the mixture was stirred for 3 h,
H,0 was added and the mixture was extracted with Et,0O. The organic extract was washed with brine, dried
(MgSQ,), and concentrated. The residue was purified by silica gel column chromatography (AcOEt :
Hexane =1 : 20) to give TBDPS ether 92 (422 mg, 954 pmol, 95 %).

Colorless oil; IR (neat): 3390 cm’™; "TH-NMR (400 MHz, CDCl;) 6 7.69 (4H, d, J= 6.6 Hz),7.44 (2H, d, J=
8.1 Hz), 7.46 — 7.32 (m, 6H), 7.32 (2H, d, J= 8.1 Hz), 6.03 (1H, dt, /= 10.0, 3.7 Hz), 5.79 (1H, d, /= 10.0
Hz), 4.76 (2H, s), 2.20-1.95 (3H, m), 1.90-1.75 (3H, m), 1.65-1.55 (1H, m), 1.09 (9H, s); *C-NMR (100
MHz, CDCl;) 6 146.3, 139.6, 135.5, 133.4, 132.2, 130.5, 129.6, 127.6, 125.6, 125.3, 72.1, 65.3, 39.6, 26.9,
25.1,19.4,19.3; MS m/z 442 (M ™), 199 (100%); HRMS Calcd. C9H330,Si (M"-H,0): 424.2222. Found:

424.2201.

1-[4-(tert-Butyldimethylsiloxymethyl)phenyl]-2

Qe
-cyclohexen-1-o0l (93)
O OTBDMS

Colorless needle; mp 57-58 °C (recrystallized from hexane); IR (neat): 3393 cm™'; 'H-NMR (400 MHz,
CDCl;) 6 7.44 (2H, d, J= 8.3 Hz), 7.28 (2H, d, /= 8.3 Hz), 6.01 (1H, dt, J=10.1, 3.8 Hz), 5.77 (1H, d, J =
10.1 Hz), 4.72 (2H, s), 2.20-1.88 (3H, m), 1.92 (1H, s), 1.88-1.72 (2H, m), 1.70-1.56 (1H, m), 0.93 (9H, s),

0.09 (6H, s); *C-NMR (100 MHz, CDCl;) & 146.4, 139.9, 132.2, 130.5, 127.6, 125.7, 125.3, 72.1, 64.8,
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39.6,26.0, 25.1,19.3, -5.1; MS m/z 318 (M), 97 (100%); HRMS Calcd. C,9H3,0,Si: 318.2015. Found:

318.1990.

OH

O OTBS

1-[3-(tert-Butyldimethylsiloxy)phenyl]-2- ‘

cyclohexen-1-ol (74)

Colorless oil; IR (neat): 3398 cm™'; "H-NMR (400 MHz, CDCl3)  7.18 (1H, dd, J = 8.0, 7.8 Hz), 7.04 (1H, d,
J=17.8 Hz), 6.97 (1H, s), 6.71 (1H, d, J= 8.0 Hz), 6.01 (1H, dt, /= 10.0, 3.7 Hz), 5.75 (1H, d, J = 10.0 Hz),
2.20-2.00 (2H, m), 1.99-1.89 (2H, m), 1.89-1.71 (2H, m), 1.68-1.54 (1H, m), 0.98 (9H, s), 0.19 (6H, s);
3C-NMR (100 MHz, CDCls) § 155.3, 149.4, 132.0, 130.5, 128.8, 118.3x2, 117.4, 72.0, 39.5, 25.8, 25.0,

19.2, 18.3, -4.3; MS m/z 304 (M), 229 (100%); HRMS Calcd. CisHy50,Si (M"): 304.1859. Found:

304.1859.

1-Phenyl-2-cyclopenten-1-ol (76)

o

Ph

Colorless oil; IR (neat): 3428 cm’'; 'TH-NMR (400 MHz, CDCl;) 6 7.43 (2H, d,J= 7.6 Hz), 7.32 (2H, dd, J =
8.7,7.6 Hz), 7.23 (1H, d,J=7.2 Hz), 6.1 (1H, dt, J= 5.6, 2.2 Hz), 5.8 (1H, dt, J= 5.5, 2.2 Hz), 2.63 (1H, m),
2.45 (1H, m), 2.24 (2H, t, J = 6.3 Hz), 1.99 (s, 1H); *C-NMR (100 MHz, CDCl5) § 146.9, 136.5, 134.7,
128.3, 128.1, 126.7, 126.0,124.7, 86.9, 42.0, 31.5. ; MS m/z 160 (M), 160 (100%); HRMS Calcd. C;;H;,0

(M"): 160.0888. Found: 160.0868.

Ph
OH

6-Methoxymethoxy-2-phenylbicyclo[3.2.1]oct-3-en-2-o0l (78)

OMOM
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Colorless oil; IR (neat): 3441 cm’'; 'TH-NMR (400 MHz, CDCl;) 6 7.50 (2H, d,J= 7.8 Hz), 7.33 (2H, t,J =
7.8 Hz), 7.25 (1H, t,J= 7.8 Hz), 6.12 (1H, dd, J = 9.8, 6.3 Hz), 5.64 (1H, dd, J=9.8, 2.2 Hz), 4.66 (2H, s),
4.24 (1H, dt, J=9.5, 5.4 Hz), 3.39 (3H, s), 2.64 (1H, dd, /= 9.8, 5.6 Hz), 2.37 (1H, t, /= 6.3 Hz), 2.24 (1H,
dd, J=14.5,9.5 Hz), 2.20 (1H, s), 2.14 (1H, dd, /= 14.5, 5.6 Hz), 1.67 (1H, d, /= 12.2 Hz), 1.35 (1H, dt, J
=12.2, 4.9 Hz); "C-NMR (100 MHz, CDCl;) & 146.7, 132.3, 130.2, 127.8, 127.1, 126.5, 96.0, 82.4, 79.1,
55.5,46.1, 38.6,32.4, 30.4; MS m/z 261 (M "), 154 (100%); HRMS Calcd. C;sH»03 (M"): 260.1412. Found:

260.1386.

3-Methyltricyclo[5.2.1.0>|deca-4,8-dien-3-ol (80) "
e
/
OH

Colorless oil; IR (neat): 3355 cm™; "H-NMR (400 MHz, CDCl5) § 6.17 (1H, dd, J= 5.3, 2.9 Hz), 5.9 (1H, dd,
J=523,3.3Hz), 5.45 (1H, dd, J= 7.9, 4.3 Hz), 3.32 (1H, dd, J = 7.9, 4.4 Hz), 2.94 (1H, s), 2.9 (1H, s), 2.59
(1H, dd, J=7.8, 4.1 Hz), 1.55 (1H, t,J = 13.1 Hz), 1.42 (2H, d, J = 6.6 Hz), 1.32 (s, 3H); >C-NMR (100
MHz, CDCls) § 139.5, 135.3, 133.1, 132.8, 80.9, 54.0, 53.5, 52.4, 46.7, 45.0, 30.7; MS m/z 162 (M "), 66

(100%); HRMS Caled. C;H,,0 (MY): 162.1045. Found: 162.1016.

1-Phenyl-2-cyclohepten-1-ol (82)

QOH

Ph

Colorless crystal; mp 42-43 °C (recrystallized from hexane); IR (neat): 3254 cm™; "TH-NMR (400 MHz,
CDCl;) 6 7.50 (2H, dt,J=7.9, 1.0 Hz), 7.34 (2H, t, J= 7.9 Hz), 7.25 (1H, tt, /= 7.9, 1.0 Hz), 5.96 (1H, dt, J
=11.7,5.8 Hz), 5.76 (1H, d, J= 11.7 Hz), 2.32-2.15 (2H, m), 2.15-2.00 (2H, m),1.97 (1H, s), 1.83-1.70 (1H,

m), 1.70-1.55 (2H, m), 1.45-1.32 (1H, m); *C-NMR (100 MHz, CDCly) & 146.7, 137.4, 131.7, 128.1, 126.9,
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125.6,78.5,41.7,27.6,26.7, 23.4; MS m/z 188 (M), 188 (100%); HRMS Calcd. C;3H;s0 (M"): 188.1201.

Found: 188.1193.

5-Methyl-2-phenylcyclopent-3-en-2-ol (84)
)W

HO Ph

Colorless oil; IR (neat): 3389 cm™; "H-NMR (400 MHz, CDCl;) & 7.43 (2H, dd, J = 8.5 Hz), 7.30 (2H, ddt, J
=8.5,7.6, 1.2 Hz), 7.23 (1H, d, J=7.6 Hz), 5.72 (1H, d, J = 15.9 Hz), 5.64 (1H, dd, J=15.9, 6.2 Hz), 2.31
(1H, oct, J = 6.6 Hz), 1.61 (3H, s), 1.88 (1H, s), 1.00 (6H, dd, J = 6.6, 1.5 Hz); *C-NMR (100 MHz, CDCl;)
8 147.2,135.8, 133.9, 128.0, 126.6, 125.1, 74.3,30.8, 30.3, 22.4. ; MS m/z 190 (M "), 147 (100%); HRMS

Calcd. Cj3H ;30 (M): 190.1358. Found: 190.1397.

1,5-Dimethylnon-3-en-5-ol (86)
)W
HO

Colorless oil; IR (neat): 3390 cm™; 'H-NMR (400 HMz, CDCl;) & 5.56 (1H, dd, J = 15.8, 6.5 Hz), 5.45 (1H,
d, J=15.8 Hz), 2.28 (1H, dt, J=12.3, 6.6 Hz), 1.49 (2H, m), 1.34-1.25 (7H, m), 0.99 (6H, d, J = 6.6 Hz),
0.90 (3H, t, J = 6.7 Hz); *C-NMR (100 MHz, CDCl;) & 134.7, 133.8, 72.7, 42.6, 30.7, 27.8, 26.2, 23.1, 22.5,

14.1; MS m/z 169 (M*-H), 113 (100%); HRMS Calcd. C,;H,,0 (M™-H): 169.1592. Found: 169.1573.

The bicyclic and tricyclic enones destined to 78 and 80 were prepared according to the literature

72,73
procedures.
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Representative procedure for IBX-mediated oxidative rearrangement

To a stirred solution of tertiary allylic alcohol 40 (100 mg, 574 pmol) in DMSO (3 ml) was added IBX
(36) (320 mg, 1.15 mmol) at room temperature. After IBX (36) was dissolved, the reaction was warmed to
55 °C and stirred for 1 h.  After cooling to rt, water was added and the mixture was extracted with diethyl
ether. The organic extract was washed with brine, dried (MgSQ,), and concentrated. The residue was
purified by silica gel column chromatography (AcOEt : hexane = 1 : 4) to give cyclohexenone 41 (84 mg,

488 umol, 85 %) as a colorless crystal and dehydrates (c.a.12 mg, c.a.13 %).

3-Phenyl-2-cyclohexen-1-one (41)
Ph

Colorless prism; mp 64-65 °C (recrystallized from hexane); IR (neat): 1663 cm™; "H-NMR (400 MHz,
CDCl;) 8 7.56-7.50 (2H, m), 7.44-7.38 (3H, m), 6.42 (1H, s), 2.78 (2H, td, /= 6.1, 2.4 Hz), 2.49 2H, t,J =
6.1 Hz), 2.16 (2H, quintet, J = 6.1 Hz); *C-NMR (100 MHz, CDCl5) § 199.7, 159.6, 138.7, 129.9, 128.6,
126.0, 125.3,37.3, 28.1, 22.9; MS m/z 172 (M™"), 144 (100%); HRMS Calcd. C;,H,,0: 172.0888. Found:
172.0856.

OH
3-Phenyl-2-cyclohexen-1-0l (72)

Ph
Colorless solid; IR (neat): 3335, 2934 cem’; "TH-NMR (400 HMz, CDCl;) 6 7.39 (2H, d, J= 7.3 Hz), 7.31 (2H,
t,J="73Hz),7.25(1H,t,J=7.3 Hz), 6.12 (1H, t, J= 2.3 Hz); 4.38 (1H, s), 2.50-2.30 (2H, m), 1.99-1.60

(4H, m). “C-NMR (100 MHz, CDCl3) § 141.3, 140.0, 128.2, 127.4, 126.5, 125.3, 66.3, 31.6, 27.4, 19.4. MS

m/z 174 (M™), 174 (100%); HRMS Calcd. C,,H;40: 174.1045. Found: 174.1041.
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3-Phenyl-2-cyclohex-2-enyl acetate (71) OAc

Q,

Colorless solid; IR (neat): 2936, 1732, 1241 cm™'; '"H-NMR (400 MHz, CDCl;) § 7.33 (2H, d, J = 7.3 Hz),
7.24 (2H, t,J=7.3 Hz), 7.19 (1H, t,J= 7.3 Hz), 6.00 (1H, t, /= 1.9 Hz); 5.38 (1H, s), 2.45 (1H, br-d, J =
16.7 Hz), 2.17 (1H, br-d, J= 16.7 Hz), 2.01 (3H,s), 1.90-1.78 (2H, m), 1.75-1.66 (2H, m). MS m/z 216 (M),

156 (100%); HRMS Calcd. C4H;60,: 216.1150. Found: 216.1150.

3-Butyl-2-cyclohexen-1-one (43) 0

Q.

Colorless oil; IR (neat): 1670 cm™; "TH-NMR (400 MHz, CDCl;) & 5.87 (1H, t, J= 1.4 Hz), 2.35 (2H, ddd, J

n-Bu

=7.5,6.7,22 Hz),2.29 (2H, t, J= 6.1 Hz), 2.21 2H, t, J= 7.5 Hz), 2.05-1.95 (2H, m), 1.53-1.45 (2H, m),
1.39-1.29 (2H, m), 0.92 (3H, td, J = 7.3, 2.2 Hz); *C-NMR (100MHz, CDCls) & 199.7, 166.5, 125.4, 37.7,
37.3,29.6,29.0,22.7,22.3, 13.8; MS m/z 152 (M), 82 (100%); HRMS Caled. C1oH,60: 152.1201. Found:

152.1180.

0]

O OAc

Colorless oil; IR (neat): 1741, 1665 cm™; "H-NMR (400 MHz, CDCl5) & 7.53 (2H d,, J= 8.3 Hz), 7.39 (2H,

4-(3-Oxo-1-cyclohexenyl)benzyl acetate (156)

d,J=8.3 Hz), 6.41 (1H, 5), 5.13 (2H ,s), 2.76 (2H, t, J = 6.0 Hz), 2.49 (2H, t, J = 6.0 Hz), 2.16 (2H, quintet,
J=6.0 Hz), 2.12 (3H, s); *C-NMR (100 MHz, CDCl;) § 199.5, 170.5, 159.0, 138.5, 137.7, 128.3, 126.3,
125.4, 65.6,37.2, 28.1, 22.8, 21.0; MS m/z 244 (M), 156 (100%); HRMS Caled. C;sH,05: 244.1099.

Found: 244.1097.
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3-(4-Methoxymethoxymethylphenyl)-2-cyclohexen o

-1-one (157) ‘
O OMOM

Colorless plate; mp 45.5-46.5 °C (recrystallized from hexane-diethyl ether); IR (neat): 1660 cm™; 'H-NMR
(400 MHz, CDCl3) 6 7.52 (2H, d, J = 8.2 Hz), 7.40 (2H, d, /= 8.2 Hz), 6.42 (1H, s), 4.72 (2H, s), 4.62 (2H,
s), 3.42 (3H, s), 2.77 (2H, t, J = 6.0 Hz), 2.49 (2H, t, J = 6.0 Hz), 2.16 (2H, quintet, J = 6.0 Hz); C-NMR

(100 MHz, CDCls) 6 199.6, 159.2, 139.9, 138.0, 127.9, 126.0, 125.2, 95.7, 68.5, 55.4, 37.2, 28.1, 22.8; MS

m/z 246 (M), 246 (100%); HRMS Calcd. C;sH;30;: 246.1256. Found: 246.1261.

3-[4-(tert-Butyldiphenylsilanyloxymethyl)phenyl] 0

-2-cyclohexenen-1-one (102) ‘
O OTBDPS

Colorless oil; IR (neat): 1667 cm’™; "TH-NMR (400 MHz, CDCl;) 6 7.68 (4H, dd, J= 6.7, 1.1 Hz), 7.51 (2H, d,
J=28.1Hz), 7.50-7.31 (6H, m), 7.40 (2H, d, J= 8.1 Hz), 6.43 (1H, s), 4.79 (2H, s), 2.78 (2H, t, /= 6.0 Hz),
2.49 (2H, t, J = 6.0 Hz), 2.15 (2H, quintet, J = 6.0 Hz), 1.10 (9H, s); >C-NMR (100 MHz, CDCl5) § 199.7,
159.4,143.1, 137.2, 135.4,133.2, 129.7, 127.7, 126.1, 125.9, 124.9, 65.1, 37.3, 28.1, 26.9, 22.9, 19.4; MS m/z

383 (M " -1Bu), 383 (100%); HRMS Calcd. C,sH3,0,Si: 383.1467. Found: 383.1458.

)
3-[4-(tert-Butyldimethylsiloxymethyl)phenyl]

-2-cyclohexen-1-one (103) ‘
O OTBDMS
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Colorless prism; mp 50-51 °C (recrystallized from hexane); IR (neat): 1660 cm™; "H-NMR (400 MHz,
CDCl3) 8 7.51 (2H, d, J=8.1 Hz), 7.36 (2H, d, /= 8.1 Hz), 6.42 (1H, s), 4.76 (2H, s), 2.77 2H, t, J= 5.6
Hz), 2.49 (2H, t, J = 6.3 Hz), 2.16 (2H, tt, J= 6.3, 5.6 Hz), 0.93 (9H, s), 0.11 (6H, s); "*C-NMR (100 MHz,
CDCl;) 6 199.8, 159.5, 143.6, 137.1, 126.1, 125.9, 124.9, 64.5, 37.3, 28.1, 26.0, 22.9, 18.5; -5.2; MS m/z 316

(M™), 259 (100%); HRMS Calcd. C;oH,30,Si: 316.1859 Found: 316.1845.

0]

I CHO

Colorless solid; IR (neat): 1700, 1668 cem’™; 'TH-NMR (400 MHZ, CDCl;) 6 10.0 (1H, s), 7.92 (2H, d, /= 8.3

4-(3-Oxo-1-cyclohexenyl)benzaldehyde (94)

Hz), 7.68 (2H, d, J = 8.3 Hz), 6.46 (1H, s), 2.80 (2H, t, J = 5.6 Hz), 2.52 2H, t, J = 6.8 Hz), 2.20 (2H, tt, J =
6.8, 5.6 Hz); *C-NMR (100 MHz, CDCL;) § 199.2, 191.3, 157.9, 144.6, 136.8, 129.9, 127.1, 126.6, 37.2,

28.1,22.8; MS m/z 200 (M), 200 (100%); HRMS Calcd. C;3H;,0,Si: 200.0837 Found: 200.0812.

3-[3-(tert-Butyldimethylsiloxy)phenyl 0

-2-cyclohexen-1-one (75)
O OTBS

Colorless oil; IR (neat): 1668 cm™; 'TH-NMR (400 MHz, CDCl;) & 7.26 (dd, 1H, J= 7.9, 7.7 Hz), 7.12 (dd,
1H, J=17.7,2.2 Hz), 6.99 (t, 1H, J=2.2 Hz), 6.88 (dd, 1H, J=7.9, 2.2 Hz), 6.38 (t, 1H, J = 1.3 Hz), 2.74 (td,
2H, J = 6.0, 1.3 Hz), 2.48 (t, 2H, J = 6.0 Hz), 2.15 (quintet, 2H, J = 6.0 Hz), 1.00 (s, 9H), 0.21 (s, 6H);
BC-NMR (100 MHz, CDCl3) & 199.7, 159.4, 155.8, 140.1, 129.6, 125.3, 121.5, 119.0, 117.7, 37.3, 28.1, 25.7,

22.8,18.2; MS m/z 302 (M), 245 (100%); HRMS Calcd. C 3H,60,Si: 302.1702. Found: 302.1692.
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3-Phenyl-2-cyclopenten-1-one (77) H

Ph

Colorless plate; mp 81-82 °C (recrystallized from hexane);IR (neat): 1682 cm™; "H-NMR (400 MHz, CDCl;)
8 7.58-7.60 (2H, m), 7.47-7.38 (3H, m), 6.56 (1H, d, /= 1.0 Hz), 3.04-2.98 (2H, m), 2.60-2.52 (2H, m);
PC-NMR (100 MHz, CDCl5) & 209.0, 174.0, 133.9, 131.0, 128.7, 127.3, 126.6, 35.2, 28.6; MS m/z 158 (M

™), 158 (100%); HRMS Calcd. C,H;00: 158.0732. Found: 158.0723.

7-Methxymethoxy-4-phenylbicyclo[3.2.1]oct-3-en-2-one (79)

Ph
O

OMOM

Colorless oil; IR (neat): 1668 cm™; "H-NMR (400 MHz, CDCl3) § 7.55 (2H, d, J = 6.7 Hz), 7.43-7.39 (3H,
m), 6.29 (1H, s), 4.75(1H, ddd, J= 9.3, 6.3, 3,3 Hz), 4.69 (1H, d, J = 6.7 Hz), 4.53 (1H, d, J = 6.7 Hz)
3.38-3.26 (2H, m), 3.33 (3H, s), 2.59 (1H, ddd, J=13.8, 8.5, 5.4 Hz), 2.22 (1H, dd, /= 11.8, 2.5 Hz), 1.89
(1H, ddd, J=11.8, 4.4, 42 Hz), 1.82 (1H, dt, J= 13.8, 3.1 Hz); >C-NMR (100 MHz, CDCl;) & 199.8, 167.1,
137.2,129.9, 128.7, 126.2, 123.9, 95.7, 76.6, 55.6, 54.5, 39.3, 38.7, 38.2; MS m/z 258 (M "), 198 (100%);
HRMS Calcd. C1¢H505: 258.1256. Found: 258.1266.

5-Methyltricyclo[5.2.1.0>°|deca-4,8-dien-3-one (81) 7 Me
0
Colorless solid; IR (neat): 1695 cm™; '"H-NMR (400 MHz, CDCl5) & 5.98 (1H, dd, J = 5.6, 3.0 Hz), 5.79 (1H,
dd, J=5.6,2.9 Hz), 5.69 (1H, s), 3.22 (1H, t,J= 4.9 Hz), 3.18 (1H, s), 3.01 (1H, s), 2.85 (1H, t, J = 5.1 Hz),
1.98(3H, s), 1.77 (1H, d, J = 8.3 Hz), 1.59 (1H, d, J = 8.7 Hz); "C-NMR (100 MHz, CDCl;) & 209.8, 178.06,
133.4,132.9, 131.4,52.4,51.7,51.1, 44.3,43.3, 18.2; MS m/z 160 (M), 66 (100%); HRMS Calcd.

C11H;20: 160.0888. Found: 160.0877.
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3-Phenyl-2-cyclohepten-1-one (83)

Ph

Colorless oil; IR (neat): 1651 cm™; "H-NMR (400 MHz, CDCls) § 7.44 (2H, d, J = 8.8 Hz), 7.41-7.31 (3H,
m), 6.30 (1H, s), 2.88 (2H, t, /= 5.6 Hz), 2.68 (2H, t, /= 5.8 Hz), 1.95 (2H, dt, J= 6.3, 5.8 Hz), 1.91 (2H, dt,
J=6.3,5.6 Hz); "C-NMR (100 MHz, CDCl3) 8 204.1, 157.4, 142.3, 130.3, 128.8, 128.4, 126.3, 42.0, 32.0,

25.3,21.0; MS m/z 186 (M), 157 (100%); HRMS Calcd. C;3H;40: 186.1045. Found: 186.1020.

2-Methyl-5-phenylhex-4-en-3-one (85)
)

Pale yellow oil; IR (neat): 1681 cm™; "TH-NMR (400 HMz, CDCl,) § 7.51-7.46 (2H, m), 7.41-7.34 (3H, m),
6.54 (1H, d, J = 1.4 Hz), 2.72 (1H, septet, J = 7.0 Hz), 2.54 (3H, dt, J= 1.4 Hz), 1.15 (6H, d, J = 7.0 Hz);
BC-NMR (100 MHz, CDCl3) & 205.1, 154.3, 142.9, 128.9, 128.5, 126.4, 123.3, 42.1, 18.5, 18.4. MS m/z 188

(M™), 145 (100%); HRMS Calcd. C;3H;60: 188.1201. Found: 188.1206.

Oxidation of secondary allylic alcohol 72 to cyclohexenone 41

To a stirred solution of secondary allylic alcohol 72 (60 mg, 345 pmol) in DMSO (2 ml), IBX' (190 mg,
690 pmol) was added at room temperature. After IBX was dissolved, the reaction was stirred for 1 h at
room temperature. After cooling to rt, water was added and the mixture was extracted with diethyl ether.
The organic extract was washed with brine, dried (MgSO,), and concentrated. The residue was purified by
silica gel column chromatography (AcOEt : hexane = 1 : 4) to give cyclohexenone 41 (59 mg, 343 pumol,

99%).
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Intermolecular competitive experiment

To a stirred solution of tertiary allylic alcohol 40 (87 mg, 500 umol) and 4-tert-butylcyclohexanone (95)
(77 mg, 500 pmol) in DMSO (3 ml) was added IBX (36) (280 mg, 1.00 mmol) at room temperature. After
IBX (36) was dissolved, the reaction was warmed to 55 °C and stirred for 1.5 h.  After cooling to rt, water
was added and the mixture was extracted with diethyl ether. The organic extract was washed with brine,
dried (MgSQ,), and concentrated. The residue was purified by silica gel column chromatography (AcOEt :
hexane =20:1-1:4) to give 4-tert-butylcyclohexanone (95) (67 mg, 434 umol, 87%) and enone 96 (10

mg, 65.7 umol, 13 %) and cyclohexenone 41 (75 mg, 436 umol, 87 %).
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Chapter 2

Representative procedure for preparation of oxoammonium salts :
Preparation of TEMPO'BF, (6¢)

TEMPO (1) (10 g, 64 mmol) was slurried with HO (9 mL) and 42% HBF, (13.4 mL, 64 mmol) was
slowly added dropwise over 1 h at room temperature. After the solution turned to amber color, NaOCl (23
mL, 32 mmol) was added over 1 h at 0 °C and the mixture was stirred for additional 1 h at 0 °C. The reaction
mixture was filtered and the yellow crystalline precipitate was washed with ice-cold 5% NaHCO; (20 mL),
water (40 mL) and ice-cold Et,O (400 mL). The solid was dried over 24 h at 50 °C in vacuo to yield
TEMPO'BF, (6¢) (12.1 g, 49.9 mmol, 78 %) as the bright yellow solid: mp 162-163 °C (recrystallized from

H,0); Anal: Calcd. for CoH sBF4NO: C, 44.47; H, 7.46; N, 5.76 found: C,44.33; H, 7.12; N, 5.78.

Preparationof TEMPO" SbF,™ (6d)
The same procedure with 65% HSbF, instead of 42% HBF, provided TEMPO" SbF, (6d) (77%) as the
bright yellow solid mp 162-163 °C (recrystallized from H,O): Anal: Calcd. for CoH 3FsNOSb: C, 27.58; H,

4.63; N, 3.57 found: C, 27.36; H, 4.60; N, 3.50.

Preparation of TEMPO" ClO,4 (6¢)
The same procedure with 70% HCIO, instead of 42% HBF, provided TEMPO" ClO,” (6e) (76%) as the
bright yellow solid: mp 158-159 (recrystallized from H,O); Anal: Calcd. for CoHsCINOs: C, 42.28; H, 7.10;

N, 5.48 found: C, 42.01; H, 7.00; N, 5.48.
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Preparation of TEMPO" PF, (6h)
The same procedure with 60% HPF; instead of 42% HBF, provided TEMPO' PFy~ (6h) (59%) as the
bright yellow solid: mp 147-148 °C; Anal: Calcd. for CoH 3FsNOP: C, 35.89; H, 6.02; N, 4.65 found: C,

35.36; H, 6.02; N, 4.55.

Preparation of TEMPO" OT{ (6g)

TfOH (0.45 mL, 5.1 mmol) was added dropwise to TEMPO (6) (400 mg, 2.56 mmol) dissolved in Et,O
(1.6 mL) in an ice bath. After 1 h, the precipitate was collected by filtration. The yellow crystalline
precipitate was washed with ice-cold 5% NaHCO; (2 mL) and ice-cold Et,O (100 mL). The solid was dried
over 24 h at 50 °C in vacuo to yield TEMPO" OTf™ (6f) (375 mg, 1.23 mmol, 48%) as the bright yellow
solid: mp 122-123 °C; Anal: Calcd. for C;oHgF3NO,S: C, 39.34; H, 5.94; N, 4.59 found: C, 39.10; H, 5.89;

N, 4.26.

Preparation of TEMPO' NTf,” (6f)
The same procedure with Tf,NH instead of TfOH provided TEMPO" NTf,” (6f) (59%) as a bright yellow
solid: mp 107-109 °C; Anal: Calcd. for C;;H;gFsN,OsS;: C, 30.28; H, 4.16; N, 6.42 found: C, 30.08; H, 4.03;

N, 6.54.

Preparation of TEMPO" CI” (6a), TEMPO" Br;™ (6b)*.

6a and 6b were prepared by bromine or chlorine oxidation of TEMPO (6).

6a :yellow solid; mp 78-80 °C, Anal: Calcd. for CoH;gsNOBr3: C, 27.30; H, 4.58; N, 3.54 found: C, 26.98; H,
4.31; N, 3.54.

6b :yellow solid; mp 120-121 °C, Anal: Caled. for CoH;sNOCI: C, 56.39; H, 9.46; N, 7.31 found: C, 55.78; H,

9.28; N, 18.65.
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Representative procedure for the oxidative allylic rearragement reaction with TEMPOX" (6).

To a solution of tertiary allylic alcohols 42 (200 mg, 1.3 mmol) in MeCN (6.5 mL, 0.2 M), TEMPO BF,”
(6¢) (474 mg, 1.95 mmol) was added at room temperature. The reaction mixture was stirred for 3 min and
diluted with Et,0. The organic layer was washed sequentially with water and brine and the dried over
MgSO,. The solution was concentrated in vacuo and the residue was purified by flash column
chromatography (Et,O : Hexane = 1 : 6) to give cyclohexenone 43 (185 mg, 1.22 mmol, 94%) as a colorless

oil.

1-Phenyl-2-cycloocten-1-ol (105)

OH

'"H-NMR (400 MHz, CDCLy): § 7.48 (2H, d, J = 8.0 Hz), 7.32 (2H, dd, J = 8.0, 7.3 Hz), 7.25-7.12 (1H, m),
5.67 (2H, m), 2.49-2.25 (3H, m), 2.08-1.92 (2H, m), 1.95-1.50 (6H, m). *C-NMR (100 MHz, CDCL): §
157.1, 107.1, 64.2, 62.9, 40.3, 39.8, 34.7, 31.5,29.4, 27.7, 26.5. IR (neat, cm™): 3420, 1488, 1445. MS

m/z: 202 (M), 159 (100%). HRMS: Calcd. for C;4H;50 202.1358 (M"), found: 202.1365.

3-Phenyl-2-cycloocten-1-one (106)

\\-Ph

Colorless oil; 'H-NMR (400 MHz, CDCl;): § 7.46-7.43 (2H, m), 7.39-7.34 (3H, m), 6.45 (1H, s), 3.06 (2H, t,
J=6.8 Hz),2.86 (2H, t, J= 7.1 Hz), 1.88-1.78 (4H, m), 1.70-1.61 (2H, m). *C-NMR (100 MHz, CDCl;):
203.6, 152.6, 143.1, 131.7, 128.7, 128.4, 126.4, 42.4, 32.0, 24.9, 23.6, 23.3. IR (neat, cm™): 1645, 1602,
1572, 1487, 1444, 1336, 1303, 1255.  MS m/z: 200 (M"), 157 (100%). HRMS: Calcd. for C,4H;0

200.1201 (M"), found: 200.1181.
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(2E)-1-Phenyl-2-cycloundecen-1-ol (107)

OH
Ph

Colorless oil; 'TH-NMR (400 MHz, CDCl;): 8 7.5 (2H, d, J=7.2 Hz), 7.34 (2H, dd, J= 7.2, 7.2 Hz),
7.27-7.22 (1H, m), 5.86 (1H, dd, /= 15.6, 1.3 Hz), 5.70 (1H, ddd, /= 15.6, 9.2, 4.6 Hz), 2.31-2.22 (1H, m),
2.10-1.96 (2H, m), 1.62-1.19 (16H, m). C-NMR (100 MHz, CDCls):  147.6, 135.6, 128.5, 128.1, 126.7,
125.0, 77.2, 41.0, 30.9, 26.6, 25.6, 24.9, 24.8, 24.4,24.0, 21.7. IR (neat, cm™'): 3434, 1445. MS m/z: 258

(M), 258 (100%). HRMS : Calcd. for C;sHacO 258.1984 (M), found: 258.1964.

(2E)-3-Phenyl-2-cycloundecen-1-one (108E)

Ph
Colorless solid; '"H-NMR (400 MHz, CDCls): & 7.44-7.30 (5H, m), 6.48 (1H, s), 3.08 (2H, m), 2.59 (2H, m),
1.70 (2H, dt, J=12.8, 6.5 Hz), 1.45 (2H, dt, J = 14.0, 6.5 Hz), 1.37-1.23 (6H, m), 1.21-1.13 (2H, m),
1.08-1.0 (2H, m). "C-NMR (100 MHz, CDCl5): & 204.5, 154.0, 140.9, 129.4, 128.4, 126.9, 41.6, 26.1, 26.1,
26.0,25.1,23.8,23.6,23.2,23.1,22.4. IR (neat, cm™): 1683, 1607, 1574, 1493, 1465, 1363, 1074. MS

m/z: 256 (M), 256 (100%). HRMS: Calcd. for CgH,,0 256.1827 (M"), found: 256.1811.

(22)-3-Phenyl-2-cycloundecen-1-one (1082)

x_-Ph

Colorless oil; '"H-NMR (400 MHz, CDCl;): & 7.35-7.24 (5H, m), 6.4 (1H, s), 2.54 (2H, m), 2.31 (2H, m),

1.75-1.68 (2H, m), 1.62-1.36 (12H, m). *C-NMR (100 MHz, CDCLy): § 203.7, 154.4, 140.0, 128.2, 128.0,

127.6, 126.6, 42.6, 39.5, 26.7, 25.8, 25.7, 25.3, 25.2, 24.6, 24.4. IR (neat, cm™): 1677, 1601, 1586, 1467,
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1460, 1351, 1068.  MS m/z: 256 (M"), 256 (100%). HRMS (EI): Caled. for CisHx,0 256.1827 (M),

found: 256.1811.

(2E)-1-Phenyl-2-cyclopentadecen-1-ol (109)
Ph

Colorless oil; 'H-NMR (400 MHz, CDCls): § 7.47 (2H, d, J= 7.5 Hz), 7.32 (2H, dd, J= 7.5, 7.5 Hz), 7.22
(1H, m), 5.8 (1H, d, J= 15.7 Hz), 5.61 (1H, ddd, J= 15.5, 8.5, 5.1 Hz), 2.25-2.05 (2H, m), 1.9-1.8 (3H, m),
1.53-1.21 (20H, m). >C-NMR (100 MHz, CDCLy): § 147.7, 135.9, 129.1, 128.1, 126.7, 125.1, 76.7, 43.0,
31.3,28.4,28.0,27.3,27.1,26.9, 26.8,25.8, 23.1. IR (neat, cm™): 3191, 3078, 1652. MS m/z: 300 (M"),

300 (100%). HRMS (EI): Caled. for CyH;0 300.2453 (M), found: 300.2448.

(2E)-3-Phenyl-2-cyclopentadecen-1-one (110E)

Ph
Colorless solid; "H-NMR (400 MHz, CDCLy): § 7.45-7.35 (5H, m), 6.43 (1H, s), 3.32 (2H, m), 2.54 (2H, m),

1.77-1.70 (2H, m), 1.43-1.20 (18H, m). *C-NMR (100 MHz, CDCL;): § 202.4, 158.8, 142.0, 128.7, 128.4,
126.9, 125.7, 44.1,29.4,27.9, 27.3,27.0, 26.9. 26.8, 26.7, 26.4, 26.2, 25.2, 23.9. IR (neat, cm): 1682,
1595, 1571, 1458, 1362, 1078.  MS m/z: 298 (M"), 298 (100%). HRMS (EI): Caled. for C5,H3,0

298.2297 (M), found: 298.2276.

(22)-3-Phenyl-2-cyclopentadecen-1-one (1102)
Ph
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Colorless oil; 'H-NMR (400 MHz, CDCls): § 7.37-7.29 (m, 3H), 7.12 (d, J= 7.7 Hz, 2H), 6.22 (s, 1H), 2.51
(m, 2), 2.22 (m, 2H), 1.68-1.60 (m, 2H), 1.50-1.31 (m, 18H). *C-NMR (100 MHz, CDCls): § 202.7, 156.3,
140.3, 128.2, 127.8, 127.3, 125.9, 43.5, 38.9, 27.0, 27.0, 26.9, 26.8, 26.5, 26.4, 26.2, 25.6,25.3,25.2. IR
(neat, cm™): 1689, 1613, 1442.  MS m/z: 298 (M"), 298 (100%). HRMS (EI): Calcd. for C;HsoO

298.2297 (M"), found: 298.2276.

3° allyl alcohol 111

Ph
HO

Colorless solid; 'H-NMR (400 MHz, CDCly): § 7.53 (2H, d, J= 8.0 Hz), 7.34 (2H, dd, J = 8.0, 7.6 Hz), 7.26
(1H, m), 6.15 (1H, d, J=10.1 Hz), 5.51 (1H, d, J= 10.1 Hz), 2.09-1.99 (2H, m), 1.84-1.70 (4H, m),

1.58-0.98 (25H, m), 0.92 (3H, d, J = 6.5 Hz), 0.86 (6H, d, J = 6.5 Hz), 0.67 (3H, s). *C-NMR (100 MHz,
CDCly): § 147.5, 138.2, 129.7, 128.0, 127.1, 126.2, 75.0, 56.5, 56.3, 51.3, 42.7, 42.7, 41.6, 39.9, 39.4,
38.1,36.1, 35.8, 35.5,31.6, 28.2, 28.0, 27.7, 24.1, 23.8, 22.8, 22.5, 21.4, 18.7, 15.0, 12.2. IR (neat,
em'): 3391, 1447, 1376, 1026.  MS m/z: 462 (M), 462 (100%). HRMS (EI): Caled. for C33Hs0

462.3862 (M"), found: 462.3842.

Enone 112

Ph
Colorless solid; '"H-NMR (400 MHz, CDCLy): & 7.56-7.52 (m, 2H), 7.40-7.37 (m, 3H), 6.24 (s, 1H),

3.57-3.43 (m, 3H), 2.0-1.92 (m, 2H), 1.86-1.73 (m, 1H), 1.70-1.08 (m, 24H), 0.92 (d, J = 6.5 Hz, 3H), 0.88
(d,J=1.7 Hz, 3H), 0.86 (d, J = 1.7 Hz, 3H), 0.69 (s, 3H). "C-NMR (100 MHz, CDCL;): 5 206.7, 153.7,

138.1, 129.6, 128.7, 125.8, 124.2, 56.4, 56.4, 47.5, 46.3, 43.0, 42.6, 40.2, 39.5, 36.8, 36.2, 35.9, 32.9, 30.7,
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28.4,28.1,28.0,24.3,23.9,23.6,22.8,22.6, 18.6, 12.3, 10.6. IR (neat, cm™): 1660, 1445, 1375. MS m/z:

460 (M"), 460 (100%). HRMS (EI): Calcd. for C33Hys0 460.3705 (M), found: 460.3683.

2° allyl alcohol 113

OH

Ph

Colorless solid; "H-NMR (400 MHz, CDCLy): § 7.42 (2H, d, J = 7.3 Hz), 7.31 (2H, t, J = 7.4 Hz), 7.27-7.23
(1H, m), 6.23 (1H, d, J=5.4), 3.91 (1H, d, J= 5.6 Hz), 2.34 (1H, dd, J = 18.1, 5.1 Hz), 2.13-1.98 (2H, m),
1.90-1.1 (23H, m), 0.92 (3H, d, J = 6.6 Hz), 0.87 (6H, d, J = 6.6 Hz), 0.76 (3H, s), 0.68 (3H, s). *C-NMR
(100 MHz, CDCl5): & 140.8, 139.5, 128.2, 127.4, 125.3, 124.2, 70.5, 56.4, 56.4, 46.0, 42.6, 39.8, 39.6,
38.5,36.2, 35.9, 35.6, 35.0, 32.8, 31.5, 28.8, 28.3, 28.1, 24.4, 23.9, 22.9, 22.6, 20.8, 18.7, 12.1, 11.5.
IR (neat, cm™): 3367, 1444, 1381, 1016.  MS m/z: 444 (M'-H,0), 444 (100%). HRMS (EI): Calcd. for

Ci3Hys 444.3756 (M'-H,0), found: 444.3738.

3-Methyl-1-octen-3-ol (114)

/\/io)é

Colorless oil; 'H-NMR (400 MHz, CDCl;): § 5.92 (1H, dd, J = 17.3, 10.7 Hz), 5.18 (1H, d, J = 17.3 Hz),
5.03 (1H, d, J = 10.7 Hz), 1.58 (3H, s), 1.54-1.48 (2H, m), 1.35-1.23 (6H, m), 0.88 (3H, t, J = 6.8 Hz).
BC-NMR (100 MHz, CDCLy): & 145.2, 111.3, 73.2, 42.4, 32.26, 27.6, 23.6,22.6, 14.1. IR (neat, cm™):

3334, MS m/z: 142 (MY), 71 (100%). HRMS (EI): Caled. for CoH,50 142.1358 (M), found: 142.1322.
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3-Methyl-2-octen-1-al (115)

Colorless oil; E : "H-NMR (400 MHz, CDCl3): 8 9.99 (1H, d, J = 8.1 Hz), 5.87 (1H, d, J = 8.1 Hz), 2.20 (2H,
t,J =7.6 Hz), 2.16 (3H, s), 2.25 - 2.10 (5H, m), 1.60-1.43 (2H, m), 1.40-1.25 (4H, m), 0.90 (3H, t, /= 6.8
Hz).

Z : "H-NMR (400 MHz, CDCl;): 5 9.94 (1H, d, J = 8.3 Hz), 5.87 (1H, d, J = 8.3 Hz), 2.57 (2H,t,J = 7.3

Hz), 1.97 (3H, s), , 1.60-1.43 (2H, m), 1.40-1.25 (4H, m), 0.90 (3H, t, J = 6.8 Hz).

3-tert-Butyl-1-octen-3-0l (116)

N@Q

Colorless oil; "H-NMR (400 MHz, CDCl;): § 5.85 (1H, m), 5.17 (1H, d, J= 12.2 Hz), 5.16 (1H, d, J = 16.1
Hz), 1.65-1.45 (2H, m), 1.35-1.2 (6H, m), 0.93 (9H, s), 0.88 (3H, t, /= 6.8 Hz). *C-NMR (100 MHz,
CDCLy): § 141.3, 113.2, 79.5, 37.6, 33.9, 32.5, 25.4,23.5,22.8, 142. IR (neat, cm-'): 3389, 1424, 1373.

MS m/z: 184 (M"), 125 (100%). HRMS (EI): Caled. for CjoH,,0 184.1827 (M), found: 184.1823.

(2E)-3-tert-Butyl-2-octen-1-al (117)
OHC

Colorless oil; 'H-NMR (400 MHz, CDCls): § 10.02 (1H, d, J = 8.0 Hz), 5.90 (1H, d, J = 8.0 Hz), 2.53 (2H,
m), 1.58-1.51 (2H, m), 1.48-1.25 (4H, m), 1.14 (9H, s), 0.91 3H, t, J= 7.1 Hz). *C-NMR (100 MHz,
CDCls): § 192.7, 175.9, 124.1, 38.1, 33.6, 32.4, 28.8,28.6,22.2, 13.9. IR (neat, cm™): 1671. MS m/z: 182

(M%), 125 (100%). HRMS (EI): Calcd. for C,H»0 182.1671 (M"), found: 182.1672.
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2,5-Dimethyl-3-nonen-5-ol (86)

)WH—BU
HO

Colorless oil; "H-NMR (400 MHz, CDCls): 8 5.56 (1H, dd, J = 15.7, 6.3 Hz), 5.45 (1H, dd, J= 15.7, 1.0 Hz),
2.28 (1H, dq, J = 6.8, 6.3 Hz), 1.55-1.47 (2H, m), 1.36-1.23 (7H, m), 1.0 (6H, d, J= 6.8 Hz), 0.9 (3H, t, J=
6.9 Hz). *C-NMR (100 MHz, CDCL3): § 134.8, 134.0, 72.6, 42.6, 30.7, 27.9, 26.2, 23.1,22.5, 14.0. IR
(neat, cm™): 3390, 1465, 1379. MS m/z: 169 (M™-H), 113 (100%) HRMS (EI): Calcd. C;,H0 (M*-H):

169.1592. Found: 169.1573.

2,5-Dimethyl-4-nonen-2-one (87)

)\[& n-Bu
0]

Colorless oil; E : "H-NMR (400 MHz, CDCL): § 6.08 (1H, s), 2.61 (1H, septet, J = 7.0 Hz), 2.12 (5H, m),
1.5-1.23 (4H, m), 1.09 (6H, d, J = 7.0 Hz), 0.9 (3H, t, J = 6.8 Hz).
Z : "H-NMR (400 MHz, CDCls): § 6.08 (1H, s), 2.61 (3H, m), 1.89 (3H, s), 1.5-1.23 (4H, m), 1.09 (6H, d, J

= 7.0 Hz), 0.9 (3H, t, J = 6.8 Hz).

4-Methy-2-octen-4-ol (118)

\/H(?<H-Bu

Colorless oil; 'H-NMR (400 MHz, CDCls): § 5.68-5.60 (2H, m), 1.7 (3H, dd, J = 6.1, 1.0 Hz), 1.48-1.40 (m,
3H), 1.36-1.25 (m, 7H), 0.9 (3H, t, J = 6.8 Hz). *C-NMR (100 MHz, CDCl;): & 138.1, 122.3, 72.7, 42.6,
27.8,26.3,232,17.7,14.1. IR (neat, cm™): 3376, 1454. MS m/z: 142 (M"), 85 (100%). HRMS (EI):

Calcd. for CoH; 50 142.1350 (M), found: 142.1358.
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(3E)-4-Methyl-3-octen-2-one (119E)

WH-BU
0]

Colorless oil; "H-NMR (400 MHz, CDCls): § 6.07 (1H, s), 2.17 (3H, s), 2.14-2.09 (5H, m), 1.46 (2H, m),
1.32 (2H, m), 0.92 (3H, t, J= 7.2 Hz). *C-NMR (100 MHz, CDCL): § 198.5, 158.7, 123.3, 40.9, 31.7, 29.6,
22.3,19.2,13.9. IR (neat, cm™): 1689. MS m/z: 140 (M"), 98 (100%). HRMS (EI): Calcd. for CoH,;cO

140.1201 (M"), found: 140.1178.

(32)-4-Methyl-3-octen-2-one (1192)
W
O n-Bu
Colorless oil; 'TH-NMR (400 MHz, CDCl;): § 6.04 (1H, s), 2.57 (2H, t, J= 7.6 Hz), 2.15 (3H, s), 1.87 (3H, s),
1.39 (4H, m), 0.92 (3H, t, J = 7.1 Hz). "C-NMR (100 MHz, CDCl;): & 198.1, 159.5, 123.9, 33.4, 31.8, 30.4,
25.5,22.9,14.0. IR (neat,cm™): 1687. MS m/z: 140 (M), 98 (100%). HRMS (EI): Calcd. for CoH;cO

140.1201 (M), found: 140.1178.

Oxidative allylic rearragement reaction using H,'*0

To a solution of 1-butyl-2-cyclohexenol 42 (20 mg, 0.13 mmol) in "*H,0 (0.32 ml) and MeCN (0.32 mL),
TEMPO'BF, (6¢) (47 mg, 0.20 mmol) was added at room temperature. The reaction mixture was stirred
for 3 min and diluted with Et,0. The organic layer was washed sequentially with water and brine and the
dried over MgS0O,. The solution was concentrated in vacuo and the residue was purified by flash column
chromatography (Et,O : Hexane =1 : 8 — 1 : 4) to give cyclohexenone 43+43° (20 mg, 0.13 mmol) as a

colorless oil; EI-MS 85 (100%), 154 (43°)(C1oH5'*0) (62.7%), 152 (43)(C1oH,5'°0)(3.2%)
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Representative procedure for catalytic oxidative allylic rearrangement reaction with TEMPO'CIO4
(6e)/PhI(OAc),/H,0:

To a solution of 1-phenyl-2-cyclohexenol 42 (70 mg, 0.40 mmol) and TEMPOCIO4 (6e) (10.3 mg, 40
umol) and H,O (22 ul, 1.21 mmol) in MeCN (0.4 ml), PhI(OAc), (194 mg, 0.60 mmol) was added. After
the mixture was stirred for 20 min at ambient temperature and diluted with Et,0, sat. NaHCOj; and Na,S,0;
was added. The mixture was extracted with diethyl ether, and the organic extract was washed with brine,
dried (MgSOy), and concentrated. The residue was purified by silica gel column chromatography (AcOEt :

hexane =1 : 8 ) to give 3-phenyl-2-cyclohexene-1-one 43 (63 mg, 366 umol, 91%) as a colorless solid.

Representative procedure for catalytic oxidative allylic rearrangement reaction with TEMPO
(1)/NalO4-Si0O, :

To a solution of tertiary allylic alchol 42 (200 mg, 1.3 mmol) in CH,Cl, (8.6 ml, 0.15M) was added
TEMPO (1) (2 mg, .0.013 mmol), 1.53g/mmol NalO,-SiO, (4 g, 2.7 mmol) at ambient temperature.  After
the mixture was stirred for 2 h at ambient temperature, the reaction mixture was filtered and washed with
CH,Cl,. The filtrate was concentratd in vacuo and the residue was purified by flash column
chromatography (SiO,, 1:6 Et,O: hexane) to give cyclohexenone 43 (182 mg, 1.2 mmol, 92 %) as a colorless

oil.

Procedure for preparation of TEMPO" 10, (12j)

TEMPO (1) (1 g, 6.5 mmol) was dissolved in Et,0O (22 ml, 0.3 M) and then HsIOg (1.63 g, 7.14 mmol)
was added to the solution at 0 °C under an atmosphere of argon.  After the resulting solution was stirred at 0
°C for 30 min, 3M NaOCl (1.3 ml, 3.9 mml) was slowly added and the mixture was stirred vigorously for 1 h.
The resulting mixture was filtered, and yellow precipitate was washed with cold 10% NaHCO; aq. (5 ml),
cold H,O (10 ml), and Et,0 (50 ml). The obtained yellow solid was dried under reduce pressure, and then

recrystallized from H,O to afford TEMPO" 10, (6j) (700 mg, 2.0 mmol, 31%) as yellow crystal.
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TEMPO' 10, (6j)
Yellow solid; IR : 1619.7 cm™.  Anal: Calcd. for CoH3sINOs: C, 31.14; H, 5.23: N, 4.03 found: C, 31.13; H,
5.15;N,3.90. From ESI-MS analysis, a peak corresponding to [TEMPO]" (m/z = 156.1) and [10,]” (m/z =

190.7) was observed as a major peak.
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Capter 3
Representative procedure for one-pot oxidation of primary alcohol to carboxylic acid under Anelli’s

condition.

To a stirring mixture of adamantyl methanol 135 (150 mg, 0.90 mmol) and 1-Me-AZADO (7.5 mg, 45
umol) and n-BuyNBr (14.5 mg, 45 pmol) in CH,Cl, (9 ml) and sat. NaHCO; (2.4 ml), NaOCI 1.8 ml (1.5 M,
2.71 mmol) was slowly added. After the mixure was vigorously stirred for 1 h at ambient temperature,
Na,SO; was added and the mixure was extracted twice with Et,0. The combined organic layer was washed
with brine and then concentrated to give the crude 1-adamantanecarboxylic acid. The crude product was
diluted by Et,0 and treated with CH,N,, followed by removal of excess CH,N, and Et,0. Purification by
column chromatography (Et,O : Hexane = 1 : 20) provided methyl adamantyl carboxylate (158) (148 mg,

0.76 mmol, 84%).

Methyl 3-phenylpropanoate (159)

©/\/CO2MG

Colorless oil; 'H-NMR (400MHz, CDCls) & 7.32-7.10 (5H, m), 3.66 (3H, s), 3.86 (3H, s), 2.95 (2H, t, J= 7.8
Hz), 2.63 (2H, d, J = 7.8 Hz). *C-NMR (100MHz, CDCls) & 173.1, 140.4, 128.4, 128.1, 126.1, 51.4, 35.5,
30.8. IR (neat, cm’): 3028, 2951, 1739, 1436, 1162. MS m/z 164 (M "), 104 (100%); HRMS Calcd.

Ci0H120,: 164.0837, found: 164.0822.
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Methyl 1-adamantanecarboxylate (158)
@\COZMe

Colorless solid; "H-NMR (400MHz, CDCl;) & 3.65 (3H, s), 2.01 (3H, br-s), 1.89 (6H, m), 1.73 (3H, d, J =
14.8 Hz), 1.69 (3H, d, J = 14.8 Hz). >*C-NMR (100MHz, CDCl;)  178.1, 51.4, 40.7, 38.8, 36.5, 37.9. IR
(neat, cm™): 2907, 1730, 1237, 1079. MS m/z 194 (M), 135 (100%); HRMS Calcd. C,H;505: 194.1307,

found: 194.1290.

Methyl octanoate (160) o~ ~_CO,Me
Colorless oil; 'H-NMR (400MHz, CDCl;) § 3.66 (3H, s), .2.30 (2H, t, J = 7.6 Hz), 1.61 (2H, m), 1.30-1.28
(8H, m), 0.88 (3H, t, J = 6.6 Hz). "C-NMR (100MHz, CDCL3) & 174.2, 51.3, 34.0, 31.6, 29.1, 28.8, 24.9,
22.5,13.9. IR (neat, cm™): 2929, 1742, 1169. MS m/z 158 (M), 74 (100%); HRMS Calcd. CoH 50

158.1307, found: 158.1278.

Mesitylenealdehyde (58)

~0

Colorless oil; 'H-NMR (400MHz, CDCls) § 6.86 (2H, s), 2.54 (6H, s), 2.23 (3H, s). *C-NMR (100MHz,
CDCly) & 192.6, 143.5, 141.2, 130.3, 129.8, 21.2, 20.2. IR (neat, cm™): 2923, 1686, 1608. MS m/z 148 (M),

147 (100%); HRMS Calcd. C;oH;,0: 148.0888, found: 148.0883.
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Representative procedure for one-pot oxidation of primary alcohol to carboxylic acid under

Marigarita’s condition.

To the solution of 1-adamantylmethanol (135) (150 mg, 0.903 mmol) and 1-Me-AZADO (7.5 mg, 45
umol) in CH,Cl, (0.9 ml) and H,O (1.8 ml), PhI(OAc), (873 mg, 2.71 mmol) was added at ambient
temperature. After the mixture was stirred for 1 h at ambient temperature, Na,SO; was added and the
mixure was extracted twice with Et;0. The combined organic layer was washed with brine and then
concentrated to give the crude 1-adamantanecarboxylic acid. The crude products were diluted by Et,O and
treated with CH,N,, followed by removal of excess CH,N; and Et,O. Purification by column
chromatography (Et,O : Hexane = 1 : 20) provided methyl 1-adamantanecarboxylate (158) (148 mg, 0.76

mmol, 85%).

Methyl p-nitrobenzoate (161)

/©/C02Me
O,N

Colorless solid; "H-NMR (400MHz, CDCl3) § 8.29 (2H, d, J=8.7 Hz), 8.21 (2H, d, J=8.21 Hz), 3.99 (3H,
s). BC-NMR (100MHz, CDCl;) § 165.1, 150.5, 135.5, 130.7, 123.5, 52.8. IR (neat, cm™): 3113, 1718, 1524,

1349, 1289. MS m/z 181 (M), 150 (100%); HRMS Calcd. CsH,NO4: 181.0375, found: 181.0395.

Methyl non-8-enoate (162)

M\COZMG

Colorless oil; "H-NMR (400MHz, CDCls) § 5.80 (1H, m), 4.99 (1H, d, J = 18.1 Hz), 4.93 (1H, d, J = 10.1

Hz), 3.67 (3H, ), 2.30 (2H, t, J = 7.5 Hz), 2.04 (2H, m) 1.62 (2H, m), 1.38 (2H, m), 1.31 (6H, m). *C-NMR
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(100MHz, CDCl;) & 174.0, 138.9, 114.0, 51.2, 33.9, 33.6, 29.0, 29.0, 28.8, 28.7, 24.8. IR (neat, cm™): 2928,
1742, 1437, 1198, 1170. MS m/z 184 (M), 74 (100%) ; HRMS Calcd. C;;Hy0,: 184.1463, found:

184.1450.

2-Bromo-5-methoxybenzyl alcohol (137)

Br
/[ I _OH
MeO ©

Colorless solid; "H-NMR (400MHz, CDCl3) § 7.41 (1H, d, J= 8.7 Hz), 7.06 (1H, d, J= 3.1 Hz), 6.71 (1H,
dd, J=8.7,3.7 Hz), 4.70 (2H, d, J = 6.3 Hz), 3.81 (3H, s). *C-NMR (100MHz, CDCl;) § 166.3, 158.4,
134.9, 132.6, 118.9, 116.2, 111.7, 55.5, 52.3. IR (neat, cm’™"): 2952, 1735, 1474, 1292, 1252, 1228.. MS m/z

244 (M), 244 (100%); HRMS Calcd. CoHoBrOs: 243.9735, found: 243.9744.

Br
Methyl 2-bromo-5-methoxybenzoate (163) Q
MeO CO,Me

Colorless solid; "H-NMR (400MHz, CDCly) § 7.52 (1H, d, J = 8.7 Hz), 7.31 (1H, d, J = 3.7 Hz), 6.88 (1H,
dd, J=8.7,3.7 Hz), 3.92 (3H, s), 3.81 (3H, s). *C-NMR (100MHz, CDCl;) § 166.3, 158.4, 134.9, 132.6,
118.9, 116.2, 111.7, 55.5, 52.3. IR (neat, cm’): 2952, 1735, 1474, 1292, 1252, 1228.. MS m/z 244 (M), 244

(100%); HRMS Calcd. CoHyB1rO;5: 243.9735, found: 243.9744.

Methyl 2,4,6-trimethylbenzoate (59)

CO,Me

Colorless oil; 'TH-NMR (400MHz, CDCl;) & 6.85 (2H, s), 3.89 (3H, s), 2.28 (9H, s). "C-NMR (100MHz,
CDCl3) 8 170.5, 139.2, 135.1, 130.8, 128.3, 51.6, 21.0, 19.6. IR (neat, cm™): 2951, 1730. MS m/z 178 (M "),

147 (100%); HRMS Calcd. C;1H40,: 178.0994, found: 178.0983.
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Preparation of 1-Me-AZADO'CI™ (39a)

Cl, gass was bubbled to the mixture of 1-Me-AZADO (16) (500 mg, 3.01 mmol) and CCl, (6 ml) at
room temperature. After stirring for 30 min, the red precipitate was filtered and washed with Et,O and
dried in vacuo to yield 1-Me-AZADO'CI™ (39a) (560 mg, 2.78 mmol, 92%): mp 160 °C (dec.); Anal: Calcd.
for C1oH;6CINO: C, 59.61; H, 8.02; N, 6.94 found: C,59.55; H, 8.00; N, 6.94. IR (neat, cm'l): 2934, 1609.

MS m/z 166 (M"-Cl), 93 (100%); HRMS Calcd. C,,H;sNO: 166.1232, found: 166.1207.

Preparation of 1-Me-AZADO" BF, (39¢)

1-Me-AZADO (16) (1.0 g, 6.6 mmol) was slurried with H,O (6 mL) and 42% HBF, (1.4 mL, 6.6 mmol)
was slowly added dropwise over 30 min at room temperature. After the solution turned to amber color,
NaOClI (1.5 mL, 3.0 mmol) was added over 1 h at 0 °C and stirred for additional 1 h at 0 °C. The reaction
mixture was filtered and the yellow crystalline precipitate was washed with ice-cold 5% NaHCO; (10 mL),
water (10 mL) and ice-cold Et,0 (50 mL). The solid was dried over 24 h at 50 °C in vacuo to yield
1-Me-AZADO'BF; (39c¢) (1.1 g, 4.53 mmol, 75 %) as the bright yellow solid: mp 211 °C (dec.); Anal:
Calcd. for C,0H(BF4NO: C, 47.46; H, 6.37; N, 5.54 found: C,47.34; H, 6.37; N, 5.49. IR (neat, cm'l): 2940,
1617.

Representative procedure for oxidation of primary alcohols to carboxylic acid using 1-Me-AZADO
(16) and PhCHO and NaClO,.

To a stirring mixture of adamantyl methanol 135 (100 mg, 0.60 mmol) in ag.NaH,PO,4 (0.52 M, 1.2 ml)
and CH,Cl, (2.0 ml), NaClO, (80%) (272 mg, 3.0 mmol) and 1-Me-AZADO (16) (5.0 mg, 30 umol) and
PhCHO (3.0 pl, 30 umol) was added.  After stirring for 3.5 h at ambient temperature, Na,SO; was added
and the aqueous layer was adjusted to pH 2.0 — 3.5 with 10% HCI and the mixture was extracted with Et,O.
The combined organic layer was washed with brine and concentrated to give the crude
1-adamantanecarboxylic acid. The crude product was purified with column chromatography provide

adamantanecarboxylic acid (102 mg, 0.57 mmol, 94%)
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Representative procedure for oxidation of primary alcohols to carboxylic acid using
1-Me-AZADO'CI” (39a) and NaClO,.

To a stirring mixture of 3-phenylpropanol (21) (150 mg, 1.10 mmol) in sodium phosphate buffer (1.0 M,
pH 6.8, 3.7 ml) and MeCN (3.7 ml), NaClO, (80%) (375 mg, 3.3 mmol) and 1-Me-AZADO'CI™ (39a) (11
mg, 55 pmol) was added.  After stirring for 0.5 h at 25 °C, 2-methyl-2-butene (1.5 ml) was added. H,O (1
ml) was added and the mixture was extracted with Et;O. Then the aqueous layer was adjusted to pH 2.0 —
3.5 with 10% HCI and extracted twice with Et,0. The combined organic layer was washed with acidic
brine and then concentrated to give the crude 3-phenylpropanoic acid. The crude products were diluted by
Et,O and treated with CH,N,, followed by removal of excess CH,N, and Et,0. Purification by column

chromatography provided methyl 3-phenylpropanoate (159) (178 mg, 1.08 mmol, 98%)

(1-Phenylcyclohexyl) methanol (138)

Ph
(Ao

Colorless needle; mp 54-56 °C (recrystallized from hexane in a freezer). 'H-NMR (400MHz, CDCl;) &
7.40-7.33 (4H, m), 7.25-7.20 (1H, m), 3.49 (2H, s), 2.15 (2H, d, J = 8.9 Hz), 1.63-1.34 (8H, m). "C-NMR
(100MHz, CDCl;) & 143.8, 128.6, 127.3, 126.1, 73.0, 43.9, 32.5, 26.6, 22.0. IR (neat, cm™): 3389, 2930. MS

m/z 190 (M), 159 (100%); HRMS Calcd. C;3H;50: 190.1358, found: 190.1339.

Methyl 1-phenylcyclohexancarboxylate (164)
ke
CO,Me
Colorless solid; "H-NMR (400MHz, CDCl3) 6 7.37 (2H, d, J= 7.6 Hz), 7.29 (2H, m), 7.19 (1H, t, J=7.2

Hz), 3.60 (3H, s), 2.48 (2H, d, J= 12.4 Hz ), 1.74-1.60 (5H, m), 1.52-1.41 (2H, m), 1.30-1.23 (1H, m).
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PC-NMR (100MHz, CDCl;) § 175.4, 143.7, 128.2, 126.5, 125.7, 51.8, 50.8, 34.7, 25.5, 23.7. IR (neat, cm™):

2936, 1730. MS m/z 218 (M), 159 (100%); HRMS Calcd. C;4H,30,: 218.1307, found: 218.1294.

Methyl 3-phenylpropinolate (165)

Colorless oil; 'H-NMR (400MHz, CDCl;) & 7.58 (2H, d, J = 7.8 Hz), 7.45 (1H, t, J= 7.8 Hz), 7.37 QH, t, J
=7.8 Hz), 3.84 (3H, s). *C-NMR (100MHz, CDCl;) § 154.3, 132.8, 130.5, 128.4, 119.4, 86.3, 80.3, 52.6. IR
(neat, cm’™): 3403, 2953, 2226, 1714, 1289, 1203, 1171. MS m/z 160 (M), 129 (100%); HRMS Calcd.

C10Hs0;,: 160.0524, found: 130.0502

Methyl cinnamate (166)

©/\/C02Me

Colorless oil; 'H-NMR (400MHz, CDCl3) § 7.99 (2H, d, J = 8.8 Hz), 6.92 (2H, d, J = 8.8 Hz), 3.88 (3H, s),
3.86 (3H, s). "C-NMR (100MHz, CDCLy) & 167.2, 144.7, 134.2, 130.1, 128.7, 127.9, 117.7, 51.5. IR (neat,
em’): 2950, 1719, 1637, 1315, 1276, 1203, 1172. MS m/z 162 (M™), 131 (100%); HRMS Caled. C;oH;¢Ox:

162.0681, found: 162.0686.
Methyl 2-(3,4-dimethoxyphenyl)acetate (167)
M
GOD/\COQMG
MeO
Colorless oil; '"H-NMR (400MHz, CDCl;) & 6.81 (3H, s), 3.87 (3H, s), 3.86 (3H, s), 3.69 (3H, s), 3.56 (2H, s).

PC-NMR (100MHz, CDCl3) & 172.0, 148.7, 148.0, 126.3, 121.2, 112.3, 111.1, 55.6, 55.6, 51.7, 40.4. IR
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(neat, cm™): 2952, 1738. MS m/z 210 (M), 151 (100%); HRMS Calcd. C;;H,40,4: 210.0892, found:

210.0879.

Methyl 3,4-dimethoxybenzoate (168)
MeO CO,Me
MeOD/
Colorless solid; "H-NMR (400MHz, CDCl3) 6 7.99 (1H, dd, J = 8.5, 2.1 Hz), 7.55 (1H, d, J= 2.1 Hz), 6.89
(1H, d, J = 8.5 Hz), 3.94 (3H, s), 3.93 (3H, s), 3.90 (3H, s). "C-NMR (100MHz, CDCl) & 166.8, 153.0,

148.6, 123.4, 122.7, 112.0, 110.3, 56.0x2, 51.9. IR (neat, cm™): 2952, 1715, 1600, 1516, 1272. MS m/z 196

(M™), 196 (100%); HRMS Calcd. C;oH;,04: 196.0736, found: 196.0720

2-Hydroxy-2-methylheptanol (139) OH

ol

Colorless oil; 'H-NMR (400MHz, CDCls) & 3.47 (1H, dd, J = 10.7, 5.3 Hz), 3.41 (1H, dd, J= 10.7, 5.4 Hz),
2.01-1.31 (10H, m), 1.17 (3H, s), 0.89 (3H, t, J = 6.8 Hz). *C-NMR (100MHz, CDCl;) § 73.1, 69.6, 38.6,
32.4,23.4,23.0,22.5, 13.9. IR (neat, cm’): 3389, 2934. MS m/z 131 (M*-Me), 115 (100%); HRMS Calcd.

C7H,50,: 131.1067, found: 131.1064.

Methyl 2-hydroxy-2-methylheptanoate (169)

Lo, COMe

Colorless oil; '"H-NMR (400MHz, CDCl;) & 3.78 (3H, s), 3.12 (1H, s), 1.76-1.58 (2H, m), 1.48-1.20 (5H, m),

1.40 (3H, m), 1.16-1.05 (1H, m), 0.87 (3H, t, /= 6.9 Hz). *C-NMR (100MHz, CDCl;) 5 177.6, 74.6, 52.5,
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40.1,31.7,25.9,23.2,22.3, 13.8. IR (neat, cm™): 3526, 2955, 1732. FAB-MS m/z 175 (M +H) ; HRMS

Calcd. CoH;905: 175.1329, found: 175.1321.

5-Prenyloxypentanol (67) /\)\
o =

Colorless oil; 'H-NMR (400MHz, CDCls) § 5.35 (1H, dd, J = 6.9, 5.5 Hz), 3.94 (2H, d, J= 6.9 Hz), 3.64
(2H, t, J = 6.4 Hz), 3.42 (2H, t, J= 6.5 Hz), 1.74 (3H, s), 1.67 (3H, 5), 1.65-1.54 (m, SH), 1.47-1.40 (m, 2H).
3C-NMR (100MHz, CDCls) § 136.4, 121.0, 69.8, 67.0, 62.0, 32.2, 29.2, 25.5, 22.2, 17.7. IR (neat, cm™):

3390, 2935. MS m/z 172 (M™), 69 (100%); HRMS Calcd. C;oH00, (M"): 172.1463, found: 172.1459.

Methyl 5-prenyloxypentanoate (68) /\)\
o =

Colorless oil; 'H-NMR (400MHz, CDCls) & 5.34 (1H, t, J = 6.9 Hz), 3.93 (2H, d, J = 6.9 Hz), 3.66 (3H, s),
3.41 QH, t,J= 6.3 Hz), 2.34 2H, t,J= 7.4 Hz), 1.74 3H, s), 1.74-1.57 (4H, m), 1.67 (3H, s). *C-NMR
(100MHz, CDCl3) § 173.9, 136.6, 121.1, 69.5, 67.2, 51.3, 33.7, 29.1, 25.7, 21.7, 17.9. IR (neat, cm™): 2934,

1740. MS m/z 200 (M), 115 (100%); HRMS Calcd. C;1Hy005 (M"): 200.1412, found: 200.1405.

Tetrahydroabietyl alcohol (140)

HO

Colorless oil; IR (neat, cm™): 3391, 2928. MS m/z 292 (M), 261 (100%); HRMS Calcd. CyH360: 292.2766,

found: 292.2754.
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Methyl tetrahydroabietate (170)

MeO,C

Colorless oil; IR (neat, cm™): 2926, 1729. MS m/z 320 (M™), 163 (100%); HRMS Calcd. C,H30, (M"):

320.2715, found: 320.2704.

N-Benzyloxycarbonyl-L-prolinol (148) O\/QH
(,\ZIbz
Colorless oil; "H-NMR (400MHz, CDCl;) & 7.40-7.25 (5H, m), 5.15 (2H, AB-q,J = 12.8 Hz), 4.33 (0.5 H,
br-d, J = 4.3 Hz), 4.02 (0.5 H, br-d, J = 6.0 Hz), 3.64 (2H, m), 3.55 (1H, m), 3.40 (1H, m), 2.20 (0.5H, m),
1.90-1.75 (3H, m), 1.61 (0.5H, m). "C-NMR (100MHz, CDCl;) § 156.73, 136.4, 128.3, 127.8, 127.7, 67.0,

66.3, 60.4, 47.1, 28.3, 23.8. IR (neat, cm™): 3429, 3032, 2953, 1697, 1416, 1358. MS m/z 235 (M), 91

(100%); HRMS Calcd. C;3H,7NO;: 235.1208, found: 235.1210.

N-Benzyloxycarbonyl-L-proline methyl ester (171)

Cbz

Colorless oil; 'H-NMR (400MHz, CDCL3) & 7.40-7.20 (5H, m), 5.15, 5.12 (2H, AB-d, J = 12.7 Hz), 4.40
(0.5 H, dd, J = 8.4, 3.2 Hz), 434 (0.5 H, dd, J = 8.7, 3.5 Hz), 3.74 (1.5H, s), 3.58 (1.5H, s), 3.70-3.40 (2H,
m), 2.20 (1H, m), 2.00-1.80 (3H, m). *C-NMR (100MHz, CDCls) & 173.1 (0.5¢), 173.0 (0.5¢), 154.7 (0.5c),
154.1 (0.5¢), 136.6 (0.5¢), 136.5 (0.5¢), 128.3 (1c), 128.3 (Ic), 127.8(0.5¢), 127.8(0.5¢), 127.7 (1¢),127.6
(1c), 66.9 (0.5¢), 66.8 (0.5¢), 59.1 (0.5¢), 58.7 (0.5¢), 52.0 (0.5¢), 51.9 (0.5¢), 46.8 (0.5¢), 46.3 (0.5¢c), 30.8
(0.5¢), 29.8 (0.5¢), 24.2 (0.5¢), 23.4 (0.5¢). IR (neat, cm™): 2954, 1747, 1705, 1415. MS m/z 263 (M), 91

(100%); HRMS Calcd. C14H;7NO4: 263.1158, found: 263.1162.
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N-Benzyloxycarbonyl-L-prolinol (149)
Ph

CszN/(/OH

Colorless oil; "H-NMR (400MHz, CDCls) § 7.40-7.10 (10H, m),, 5.08 (2H, s), 4.98 (1H, d, J = 7.0 Hz),
3.94 (1H, br-s), 3.68 (1H, m), 3.59 (1H, m), 2.86 (2 H, d, J = 7.0 Hz), 2.05 (1H, br-s). "C-NMR (100MHz,
CDCly) § 171.9, 155.5, 136.2, 135.7, . IR (neat, cm’™): 33349, 1692, 1541, 1256, 1017. MS m/z 285 (M*), 91

(100%); HRMS Calcd. C7H9NO;: 285.1365, found: 285.1385.

N-Benzyloxycarbonyl-L-phenylalanine methyl ester (172)
Ph

CbzHN~ "CO,Me

Colorless oil; "H-NMR (400MHz, CDCls) & 7.40-7.20 (8H, m), 7.15-7.05 (2H, m), 5.22 (1H, d, J = 7.7), (2H,
AB-d,J =12.5Hz),3.71 B3H, s), 3.10 (2H, m). "C-NMR (100MHz, CDCl;) 5 171.9, 155.5, 136.2, 135.7,
129.1, 128.3, 128.1, 127.9, 126.9, 66.7, 54.7, 52.1, 38.0. IR (neat, cm™): 3343, 3030, 2952, 1724, 1520, 1214.

MS m/z 313 (M), 91 (100%); HRMS Calcd. CisH;gNOy: 313.1314, found: 313.1306.

tert-Butyl 5-(hydroxymethyl)-2,2-dimethyl >(
o O
-1,3-dioxa-5-ylcarbamate (150) %
BocHN OH

Colorless solid; '"H-NMR (400MHz, CDCl;) & 5.32, (1H, br-s), 4.23 (1H, br-s), 3.85 (2H, d, J=11.5 Hz),
3.54 (2H, d,J=11.5 Hz), 3.73 (2H, d, J = 6.5 Hz), 1.45 (12H, s), 1.44 (3H, s). >C-NMR (100MHz, CDCl5)
8 156.3, 98.7, 80.4, 64.6, 64.2, 53.3, 28.3, 26.5, 20.6. IR (neat, cm™): 3303, 2978, 1685. FAB-MS m/z 262

(M*+H), 148 (100%); HRMS Calcd. C1,H,4NOs: 262.1649, found: 262.1644.
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Methyl fert-butyl 5-(hydroxymethyl)-2,2-dimethyl

-1,3-dioxa-5-carboxylate (173) <5

BocHN™ "CO,Me

Colorless solid; "H-NMR (400MHz, CDCl3) § 5.45, (1H, br-s), 4.20 (2H, d, J=11.7 Hz), 3.91 2H, d, J =
11.7 Hz), 3.76 (3H, ), 1.47, (3H, s), 1.44 (12H, s). *C-NMR (100MHz, CDCl;) § 170.4,154.7, 98.7, 80.3,
64.1,56.1, 52.4,28.0, 18.5. IR (neat, cm™): 3340, 2991, 1747, 1703. FAB-MS m/z 290 (M *+H), 176

(100%); HRMS Calcd. C;3H24NOg: 290.1598, found: 290.1619

Cinnamic acid (151)

©/\/COZH

Colorless solid; "H-NMR (400MHz, CDCl3) § 7.80 (2H, d, J= 15.5 Hz), 7.60 — 7.50 (2H, m), 7.44 — 7.36
(3H, m), 6.46 (2H, d, J = 15.5 Hz). *C-NMR (100MHz, CDCl;) § 172.7, 147.1, 134.0, 130.7, 128.9, 128.3,
117.3. IR (neat, cm™): 3023, 1681, 1630, 1313, 1287. MS m/z 148 (M), 147 (100%); HRMS Calcd.

CoHgO,: 148.0524, found: 148.0512.

Methyl 2-(3,4-dimethoxyphenyl)acetate (152) MeO

S
MeO

Colorless prism; "H-NMR (400MHz, CDCls) § 6.82 (2H, s), 6.80 (1H, s), 3.87 (3H, s), 3.86 (3H, s), 3.59 (3H,
s). *C-NMR (100MHz, CDCl3) 8 178.1, 148.9, 148.2, 125.6, 121.5, 112.4, 111.1, 55.7, 55.7, 40.5. IR (neat,
em’): 3501, 2938, 1711, 1515, 1263. MS m/z 196 (M*), 151 (100%); HRMS Calcd. C;oH,,04: 196.0736,

found: 196.0739.
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1. Azaspiracid (Evans et al., 2007)

2. Azadirachtin (Ley et al., 2007)

3. Laureatin (Kim et al., 2007)

4. Isolaureatin (Kim ef al., 2007)

5. Pasteurestin A (Mulzer et al., 2007)

6. Pasteurestin B (Mulzer et al., 2007)

7. Platensimycin (Yamamoto et al., 2007)

8. Reidispongiolide A (Paterson et al., 2007)

9. Oseltamivir (Tamiflu) (Corey et al., 2006)

10. Oseltamivir (Tamiflu) (Shibasaki et al., 2006)

11. Oseltamivir (Tamiflu) (Fukuyama et al., 2007)

12. Oseltamivir (Tamiflu) (2nd generation synthesis -1 by Shibasaki et al., 2007)
13. Oseltamivir (Tamiflu) (2nd generation synthesis -2 by Shibasaki et al., 2007)
14. Oseltamivir (Tamiflu) (3rd generation synthesis by Shibasaki et al., 2007)

15. Oseltamivir (Tamiflu) (Hoffmann-La Loche Ldt., 2004)

2 ) i, 1. C-C bond formation, 2. carboxylic acid derivative interconversion, 3. C-N bond formation, 4.
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Azaspiracid (Evans et al., 2007)

entry reaction category number of reaction %
1 C—C bond formation 15 18.8
1-A Redox induced C—C bond formation 0.0
2-1 carboxylic acid derivative interconversion 3 3.8
2-2 protection/deprotection (Ac, Boc et al) 5 6.3
3-1 C-N bond formation 1 1.3
3-2 protection/deprotection (Bn et al) 0.0
4-1 C-0 bond formation 5 6.3
4-2 protection/deprotection (MOM, Bn et al) 2 2.5
5-1 reduction—oxidation 27 33.8
5-2 | protection/deprotection (debenzylation et al) 3 3.8
6-1 other 10 12.5
6-2 protection/deprotection (Si et al) 9 11.3
total 80 100.0
total protection/deprotection 6 23.8
Redox reactions
Oxidation entry methods pure Redox A
7 Cr(VI) mediated oxidation 0.0
8 Swern (activated DMSO) 4 13.3
9 Hypervalent iodine 3 10.0
10 MnO, 0.0
11 transition metal catalyzed oxidation 0.0
12 TEMPO oxidation 0.0
13 other alcohol oxidation 0.0
total alcohol oxidation 7 0 23.3
14 sulfide to sulfoxide/sulfone 2 6.7
15 amine to imine, nitrile, nitron et al 0.0
16 epoxide formation 0.0
17 dihydroxylation, amino—hydroxylation 0.0
18 halogenation 0.0
19 oxidative cleavage (olefine, diol et al) 2 6.7
20 other oxidation 4 13.3
201 Baeyer—Villiger oxidation 0.0
20-2 aldehyde to carboxylic acid 1 3.3
oxidation without alcohol oxidation 9 0 30.0
total oxidation 16 0 53.3
Reduction entry methods
21 hydrogenation 4 13.3
22 hydride reduction 9 30.0
23 deoxygenation 0.0
24 dehalogenation 0.0
25 ketone to methylene 0.0
26 heteroatom—heteroatom bond cleavage 0.0
27 desulfurization 1 3.3
28 other reduction 0.0
total reduction 14 0 46.7
total Redox (pure + A) 30 100.0
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Azadirachtin (Ley et al., 2007)

entry reaction category number of reaction %
1 C—C bond formation 12 13.0
1-A Redox induced C—C bond formation 1 1.1
2-1 carboxylic acid derivative interconversion 12 13.0
2-2 protection/deprotection (Ac, Boc et al) 3 3.3
3-1 C—N bond formation
3-2 protection/deprotection (Bn et al)
4-1 C-0 bond formation 2 2.2
4-2 protection/deprotection (MOM, Bn et al) 12 13.0
5-1 reduction—oxidation 24 26.1
5-2 | protection/deprotection (debenzylation et al) 4 43
6-1 other 11 12.0
6-2 protection/deprotection (Si et al) 11 12.0
total 92 100.0
total protection/deprotection 30 32.6
Redox reactions
entry methods pure Redox
Oxidation 7 Cr(VI) mediated oxidation 1 1.1
8 Swern (activated DMSO) 3 3.3
9 Hypervalent iodine 1 1.1
10 MnO, 1 1.1
11 transition metal catalyzed oxidation 1 1.1
12 TEMPO oxidation
13 other alcohol oxidation
total alcohol oxidation 7 7.6
14 sulfide to sulfoxide/sulfone 1 1.1
15 amine to imine, nitrile, nitron et al
16 epoxide formation 1 1.1
17 dihydroxylation, amino—hydroxylation
18 halogenation 1 1.1
19 oxidative cleavage (olefine, diol et al) 3 3.3
20 other oxidation 3 3.3
20-1 Baeyer—Villiger oxidation
20-2 aldehyde to carboxylic acid 1 1.1
total oxidation 17 18.5
Reduction entry methods
21 hydrogenation 3 3.3
22 hydride reduction 6 6.5
23 deoxygenation 1 2.2
24 dehalogenation 1 1.1
25 ketone to methylene
26 heteroatom—heteroatom bond cleavage
27 desulfurization
28 other reduction
total reduction 12 13.0
total Redox 29 31.5
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Laureatin (Kim et al., 2007)

entry reaction category number of reaction %
1 C—C bond formation 5 14.7
1-A Redox induced C—C bond formation 0 0.0
2-1 carboxylic acid derivative interconversion 3 8.8
2-2 protection/deprotection (Ac, Boc et al) 0 0.0
3-1 C-N bond formation 0 0.0
3-2 protection/deprotection (Bn et al) 0 0.0
4-1 C-0 bond formation 5 14.7
4-2 protection/deprotection (MOM, Bn et al) 3 8.8
5-1 reduction—oxidation 5 14.7
5-2 | protection/deprotection (debenzylation et al) 3 8.8
6-1 other 8 23.5
6-2 protection/deprotection (Si et al) 2 59
total 34 100.0
total protection/deprotection 6 23.5
Redox reactions
Oxidation entry methods pure Redox A
7 Cr(VI) mediated oxidation 0 0 0.0
8 Swern (activated DMSO) 0 0 0.0
9 Hypervalent iodine 0 0 0.0
10 MnO, 0 0 0.0
11 transition metal catalyzed oxidation 0 0 0.0
12 TEMPO oxidation 0 0 0.0
13 other alcohol oxidation 0 0 0.0
total alcohol oxidation 0 0 0.0
14 sulfide to sulfoxide/sulfone 0 0 0.0
15 amine to imine, nitrile, nitron et al 0 0 0.0
16 epoxide formation 0 0 0.0
17 dihydroxylation, amino—hydroxylation 1 (0] 12.5
18 halogenation 0 0 0.0
19 oxidative cleavage (olefine, diol et al) 0 0 0.0
20 other oxidation 2 0 25.0
20-1 Baeyer—Villiger oxidation 0 (0] 0.0
20-2 aldehyde to carboxylic acid 0 0 0.0
oxidation without alcohol oxidation 3 0 375
total oxidation 3 0 37.5
Reduction entry methods
21 hydrogenation 2 0 25.0
22 hydride reduction 3 0 375
23 deoxygenation 0 0 0.0
24 dehalogenation 0 0 0.0
25 ketone to methylene 0 0 0.0
26 heteroatom—heteroatom bond cleavage 0 0 0.0
27 desulfurization 0 0 0.0
28 other reduction 0 0 0.0
total reduction 5 0 62.5
total Redox (pure + A) 8 100.0
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Isolaureatin (Kim et al., 2007)

entry reaction category number of reaction %
1 C—C bond formation 5 14.7
1-A Redox induced C—C bond formation 0 0.0
2-1 carboxylic acid derivative interconversion 3 8.8
2-2 protection/deprotection (Ac, Boc et al) 0 0.0
3-1 C-N bond formation 0 0.0
3-2 protection/deprotection (Bn et al) 0 0.0
4-1 C-0 bond formation 4 11.8
4-2 protection/deprotection (MOM, Bn et al) 2 5.9
5-1 reduction—oxidation 6 17.6
5-2 | protection/deprotection (debenzylation et al) 2 59
6-1 other 10 29.4
6-2 protection/deprotection (Si et al) 2 5.9
total 34 100.0
total protection/deprotection 6 17.6
Redox reactions
Oxidation entry methods pure Redox A
7 Cr(VI) mediated oxidation 0 0 0.0
8 Swern (activated DMSO) 0 0 0.0
9 Hypervalent iodine 0 0 0.0
10 MnO, 0 0 0.0
11 transition metal catalyzed oxidation 1 0 125
12 TEMPO oxidation 0 0 0.0
13 other alcohol oxidation 0 0 0.0
total alcohol oxidation 1 0 12.5
14 sulfide to sulfoxide/sulfone 0 0 0.0
15 amine to imine, nitrile, nitron et al 0 0 0.0
16 epoxide formation 0 0 0.0
17 dihydroxylation, amino—hydroxylation 1 0 12.5
18 halogenation 0 0 0.0
19 oxidative cleavage (olefine, diol et al) 0 0 0.0
20 other oxidation 1 0 12.5
20-1 Baeyer—Villiger oxidation 0 0 0.0
20-2 aldehyde to carboxylic acid 0 0 0.0
oxidation without alcohol oxidation 2 0 25.0
total oxidation 3 0 375
Reduction entry methods
21 hydrogenation 3 0 375
22 hydride reduction 2 0 25.0
23 deoxygenation 0 0 0.0
24 dehalogenation 0 0 0.0
25 ketone to methylene 0 0 0.0
26 heteroatom—heteroatom bond cleavage 0 0 0.0
27 desulfurization 0 0 0.0
28 other reduction 0 0 0.0
total reduction 5 0 62.5
total Redox (pure + A) 8 100.0
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Pasteurestin A (Mulzer et al., 2007)

entry reaction category number of reaction %
1 C-C bond formation 6 22.2
1-A Redox induced C—C bond formation 0 0.0
2-1 carboxylic acid derivative interconversion 2 7.4
2-2 protection/deprotection (Ac, Boc et al) 1 3.7
3-1 C-N bond formation 0 0.0
3-2 protection/deprotection (Bn et al) 0 0.0
4-1 C-0 bond formation 1 3.7
4-2 protection/deprotection (MOM, Bn et al) 2 7.4
5-1 reduction—oxidation 8 29.6
5-2 | protection/deprotection (debenzylation et al) 0 0.0
6-1 other 2 7.4
6-2 protection/deprotection (Si et al) 5 18.5
total 27 100.0
total protection/deprotection 6 29.6
Redox reactions
Oxidation entry methods pure Redox A
7 Cr(VI) mediated oxidation 0 0.0
8 Swern (activated DMSO) 0 0.0
9 Hypervalent iodine 1 12.5
10 MnO, 0 0.0
11 transition metal catalyzed oxidation 0 0.0
12 TEMPO oxidation 0 0.0
13 other alcohol oxidation 0 0.0
total alcohol oxidation 1 0 12.5
14 sulfide to sulfoxide/sulfone 0 0.0
15 amine to imine, nitrile, nitron et al 0 0.0
16 epoxide formation 1 12.5
17 dihydroxylation, amino—hydroxylation 0 0.0
18 halogenation 0 0.0
19 oxidative cleavage (olefine, diol et al) 2 25.0
20 other oxidation 1 12.5
20-1 Baeyer—Villiger oxidation 0 0.0
20-2 aldehyde to carboxylic acid 0 0.0
oxidation without alcohol oxidation 4 0 50.0
total oxidation 5 0 62.5
Reduction entry methods
21 hydrogenation, hydrogenolysis 0 0.0
22 hydride reduction 2 25.0
23 deoxygenation 0 0.0
24 dehalogenation 0 0.0
25 ketone to methylene 0 0.0
26 heteroatom—heteroatom bond cleavage 0 0.0
27 desulfurization 0 0.0
28 other reduction 1 12.5
total reduction 3 0 375
total Redox (pure + A) 8 100.0
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Pasteurestin B (Mulzer et al., 2007)

entry

reaction category

number of reaction

%

1 C-C bond formation 6 27.3
1-A Redox induced C—C bond formation 0 0.0
2-1 carboxylic acid derivative interconversion 2 9.1
2-2 protection/deprotection (Ac, Boc et al) 1 45
3-1 C-N bond formation 0 0.0
3-2 protection/deprotection (Bn et al) 0 0.0
4-1 C-0 bond formation 1 45
4-2 protection/deprotection (MOM, Bn et al) 0 0.0
5-1 reduction—oxidation 8 36.4
5-2 | protection/deprotection (debenzylation et al) 0 0.0
6-1 other 1 45
6-2 protection/deprotection (Si et al) 3 13.6

total 22 100.0
total protection/deprotection 4 18.2
Redox reactions
Oxidation entry methods pure Redox A

7 Cr(VI) mediated oxidation 0 0.0

8 Swern (activated DMSO) 1 12.5

9 Hypervalent iodine 1 12.5

10 MnO, 0 0.0

11 transition metal catalyzed oxidation 0 0.0

12 TEMPO oxidation 0 0.0

13 other alcohol oxidation 0 0.0

total alcohol oxidation 2 0 25.0
14 sulfide to sulfoxide/sulfone 0 0.0
15 amine to imine, nitrile, nitron et al 1 12.5
16 epoxide formation 0 0.0
17 dihydroxylation, amino—hydroxylation 0 0.0
18 halogenation 1 12.5
19 oxidative cleavage (olefine, diol et al) 1 12.5
20 other oxidation 0 0.0
20-1 Baeyer—Villiger oxidation 0 0.0
20-2 aldehyde to carboxylic acid 0 0.0
oxidation without alcohol oxidation 3 0 37.5
total oxidation 5 0 62.5
Reduction entry methods
21 hydrogenation, hydrogenolysis 0 0.0
22 hydride reduction 2 25.0
23 deoxygenation 0 0.0
24 dehalogenation 0 0.0
25 ketone to methylene 0 0.0
26 heteroatom—heteroatom bond cleavage 0 0.0
27 desulfurization 0 0.0
28 other reduction 1 12.5
total reduction 3 0 375
total Redox (pure + A) 8 100.0
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Platensimycin (Yamamoto et al., 2007)

entry reaction category number of reaction %
1 C-C bond formation 9 39.1
1-A Redox induced C—C bond formation 0.0
2-1 carboxylic acid derivative interconversion 3 13.0
2-2 protection/deprotection (Ac, Boc et al) 2 8.7
3-1 C—N bond formation 0.0
3-2 protection/deprotection (Bn et al) 0.0
4—-1 C-0 bond formation 0.0
4-2 protection/deprotection (MOM, Bn et al) 1 43
5-1 reduction—oxidation 7 30.4
5-2 | protection/deprotection (debenzylation et al) 0.0
6-1 other 1 4.3
6-2 protection/deprotection (Si et al) 0.0
total 23 100.0
total protection/deprotection 2 13.0
Redox reactions
Oxidation entry methods pure Redox A
7 Cr(VI) mediated oxidation 0.0
8 Swern (activated DMSO) 0.0
9 Hypervalent iodine 0.0
10 MnO, 0.0
11 transition metal catalyzed oxidation 0.0
12 TEMPO oxidation 0.0
13 other alcohol oxidation 0.0
total alcohol oxidation 0 0 0.0
14 sulfide to sulfoxide/sulfone 0.0
15 amine to imine, nitrile, nitron et al 0.0
16 epoxide formation 0.0
17 dihydroxylation, amino—hydroxylation 0.0
18 halogenation 0.0
19 oxidative cleavage (olefine, diol et al) 2 28.6
20 other oxidation 1 14.3
20-1 Baeyer—Villiger oxidation 1 14.3
20-2 aldehyde to carboxylic acid 1 14.3
oxidation without alcohol oxidation 5 0 71.4
total oxidation 5 0 71.4
Reduction entry methods
21 hydrogenation, hydrogenolysis 1 14.3
22 hydride reduction 1 14.3
23 deoxygenation 0.0
24 dehalogenation 0.0
25 ketone to methylene 0.0
26 heteroatom—heteroatom bond cleavage 0.0
27 desulfurization 0.0
28 other reduction 0.0
total reduction 2 0 28.6
total Redox (pure + A) 7 100.0
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Reidispongiolide A (Paterson et al., 2007)

entry reaction category number of reaction %
1 C-C bond formation 18 29.0
1-A Redox induced C—C bond formation 0.0
2-1 carboxylic acid derivative interconversion 4 6.5
2-2 protection/deprotection (Ac, Boc et al) 1 1.6
3-1 C—N bond formation 0.0
3-2 protection/deprotection (Bn et al) 0.0
4-1 C-0 bond formation 5 8.1
4-2 protection/deprotection (MOM, Bn et al) 2 3.2
5-1 reduction—oxidation 15 24.2
5-2 | protection/deprotection (debenzylation et al) 3 48
6-1 other 5 8.1
6-2 protection/deprotection (Si et al) 9 14.5
total 62 100.0
total protection/deprotection 13 24.2
Redox reactions
Oxidation entry methods pure Redox A
7 Cr(VI) mediated oxidation 1 5.6
8 Swern (activated DMSO) 1 5.6
9 Hypervalent iodine 3 16.7
10 MnO, 0.0
11 transition metal catalyzed oxidation 0.0
12 TEMPO oxidation 1 5.6
13 other alcohol oxidation 0.0
total alcohol oxidation 6 0 33.3
14 sulfide to sulfoxide/sulfone 0.0
15 amine to imine, nitrile, nitron et al 0.0
16 epoxide formation 1 5.6
17 dihydroxylation, amino—hydroxylation 0.0
18 halogenation 0.0
19 oxidative cleavage (olefine, diol et al) 1 5.6
20 other oxidation 2 11.1
20-1 Baeyer—Villiger oxidation 0.0
20-2 aldehyde to carboxylic acid 0.0
oxidation without alcohol oxidation 4 0 22.2
total oxidation 10 0 55.6
Reduction entry methods
21 hydrogenation, hydrogenolysis 1 5.6
22 hydride reduction 7 38.9
23 deoxygenation 0.0
24 dehalogenation 0.0
25 ketone to methylene 0.0
26 heteroatom—heteroatom bond cleavage 0.0
27 desulfurization 0.0
28 other reduction 0.0
total reduction 8 0 44 4
total Redox (pure + A) 18 100.0
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Oseltamivir (Tamiflu) (Corey et al., 2006)

entry reaction category number of reaction %

1 C-C bond formation 1 8.3
1-A Redox induced C—C bond formation 0.0
2-1 carboxylic acid derivative interconversion 2 16.7
2-2 protection/deprotection (Ac, Boc et al) 2 16.7
3-1 C-N bond formation 1 8.3
3-2 protection/deprotection (Bn et al) 0.0
4-1 C-0 bond formation 1 8.3
4-2 protection/deprotection (MOM, Bn et al) 0.0
5-1 reduction—oxidation 3 25.0
5-2 | protection/deprotection (debenzylation et al) 0.0
6-1 other 2 16.7
6-2 protection/deprotection (Si et al) 0.0

total 12 100.0
total protection/deprotection 2 16.7
Redox reactions
Oxidation entry methods pure Redox A

7 Cr(VI) mediated oxidation 0.0

8 Swern (activated DMSO) 0.0

9 Hypervalent iodine 0.0
10 MnO, 0.0
11 transition metal catalyzed oxidation 0.0
12 TEMPO oxidation 0.0
13 other alcohol oxidation 0.0

total alcohol oxidation 0 0 0.0

14 sulfide to sulfoxide/sulfone 0.0
15 amine to imine, nitrile, nitron et al 0.0
16 epoxide formation 0.0
17 dihydroxylation, amino—hydroxylation 0.0
18 halogenation 3 100.0
19 oxidative cleavage (olefine, diol et al) 0.0
20 other oxidation 0.0
20-1 Baeyer—Villiger oxidation 0.0
20-2 aldehyde to carboxylic acid 0.0

oxidation without alcohol oxidation 3 0 100.0

total oxidation 3 0 100.0

Reduction entry methods

21 hydrogenation, hydrogenolysis 0.0
22 hydride reduction 0.0
23 deoxygenation 0.0
24 dehalogenation 0.0
25 ketone to methylene 0.0
26 heteroatom—heteroatom bond cleavage 0.0
27 desulfurization 0.0
28 other reduction 0.0
total reduction 0 0 0.0

total Redox (pure + A) 3 100.0
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Oseltamivir (Tamiflu) (Shibasaki et al., 2006)

entry reaction category number of reaction %
1 C-C bond formation 1 5.0
1-A Redox induced C—C bond formation 0.0
2-1 carboxylic acid derivative interconversion 3 15.0
2-2 protection/deprotection (Ac, Boc et al) 4 20.0
3-1 C—N bond formation 3 15.0
3-2 protection/deprotection (Bn et al) 0.0
4-1 C-0 bond formation 1 5.0
4-2 protection/deprotection (MOM, Bn et al) 0.0
5-1 reduction—oxidation 7 35.0
5-2 | protection/deprotection (debenzylation et al) 0.0
6-1 other 1 5.0
6-2 protection/deprotection (Si et al) 0.0
total 20 100.0
total protection/deprotection 4 20.0
Redox reactions
Oxidation entry methods pure Redox A
7 Cr(VI) mediated oxidation 0.0
8 Swern (activated DMSO) 0.0
9 Hypervalent iodine 1 14.3
10 MnO, 0.0
11 transition metal catalyzed oxidation 0.0
12 TEMPO oxidation 0.0
13 other alcohol oxidation 0.0
total alcohol oxidation 1 0 14.3
14 sulfide to sulfoxide/sulfone 0.0
15 amine to imine, nitrile, nitron et al 0.0
16 epoxide formation 1 14.3
17 dihydroxylation, amino—hydroxylation 0.0
18 halogenation 1 14.3
19 oxidative cleavage (olefine, diol et al) 0.0
20 other oxidation 1 14.3
20-1 Baeyer—Villiger oxidation 0.0
20-2 aldehyde to carboxylic acid 0.0
oxidation without alcohol oxidation 3 0 42.9
total oxidation 4 0 571
Reduction entry methods
21 hydrogenation, hydrogenolysis 0.0
22 hydride reduction 1 14.3
23 deoxygenation 0.0
24 dehalogenation 0.0
25 ketone to methylene 0.0
26 heteroatom—heteroatom bond cleavage 2 28.6
27 desulfurization 0.0
28 other reduction 0.0
total reduction 3 0 429
total Redox (pure + A) 7 100.0
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Oseltamivir (Tamiflu) (Fukuyama et al., 2007)

entry reaction category number of reaction %

1 C-C bond formation 1 7.1
1-A Redox induced C—C bond formation 0.0
2-1 carboxylic acid derivative interconversion 3 214
2-2 protection/deprotection (Ac, Boc et al) 2 14.3
3-1 C—N bond formation 0.0
3-2 protection/deprotection (Bn et al) 0.0
4-1 C-0 bond formation 1 7.1
4-2 protection/deprotection (MOM, Bn et al) 0.0
5-1 reduction—oxidation 6 429
5-2 | protection/deprotection (debenzylation et al) 0.0
6-1 other 1 7.1
6-2 protection/deprotection (Si et al) 0.0

total 14 100.0
total protection/deprotection 2 14.3
Redox reactions
Oxidation entry methods pure Redox A

7 Cr(VI) mediated oxidation 0.0

8 Swern (activated DMSO) 0.0

9 Hypervalent iodine 0.0

10 MnO, 0.0

11 transition metal catalyzed oxidation 0.0

12 TEMPO oxidation 0.0

13 other alcohol oxidation 0.0

total alcohol oxidation 0 0 0.0

14 sulfide to sulfoxide/sulfone 0.0

15 amine to imine, nitrile, nitron et al 0.0

16 epoxide formation 0.0

17 dihydroxylation, amino—hydroxylation 0.0

18 halogenation 2 33.3

19 oxidative cleavage (olefine, diol et al) 0.0

20 other oxidation 1 16.7
20-1 Baeyer—Villiger oxidation 0.0
20-2 aldehyde to carboxylic acid 1 16.7

oxidation without alcohol oxidation 4 0 66.7
total oxidation 4 0 66.7
Reduction entry methods

21 hydrogenation, hydrogenolysis 1 16.7

22 hydride reduction 1 16.7

23 deoxygenation 0.0

24 dehalogenation 0.0

25 ketone to methylene 0.0

26 heteroatom—heteroatom bond cleavage 0.0

27 desulfurization 0.0

28 other reduction 0.0

total reduction 2 0 33.3
total Redox (pure + A) 6 100.0
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Oseltamivir (Tamiflu) (2nd generation synthesis -1 by Shibasaki et al., 2007)

entry

reaction category

number of reaction

%

1 C-C bond formation 1 4.2
1-A Redox induced C—C bond formation 0.0
2-1 carboxylic acid derivative interconversion 6 25.0
2-2 protection/deprotection (Ac, Boc et al) 4 16.7
3-1 C—N bond formation 3 12.5
3-2 protection/deprotection (Bn et al) 0.0
41 C-0 bond formation 2 8.3
4-2 protection/deprotection (MOM, Bn et al) 0.0
5-1 reduction—oxidation 7 29.2
5-2 | protection/deprotection (debenzylation et al) 0.0
6-1 other 1 4.2
6-2 protection/deprotection (Si et al) 0.0

total 24 100.0
total protection/deprotection 4 16.7
Redox reactions
Oxidation entry methods pure Redox A

7 Cr(VI) mediated oxidation 0.0

8 Swern (activated DMSO) 0.0

9 Hypervalent iodine 2 28.6
10 MnO, 0.0
11 transition metal catalyzed oxidation 0.0
12 TEMPO oxidation 0.0
13 other alcohol oxidation 0.0

total alcohol oxidation 2 0 28.6
14 sulfide to sulfoxide/sulfone 0.0
15 amine to imine, nitrile, nitron et al 0.0
16 epoxide formation 1 14.3
17 dihydroxylation, amino—hydroxylation 0.0
18 halogenation 1 14.3
19 oxidative cleavage (olefine, diol et al) 0.0
20 other oxidation 0.0
20-1 Baeyer—Villiger oxidation 0.0
20-2 aldehyde to carboxylic acid 0.0
oxidation without alcohol oxidation 2 0 28.6
total oxidation 4 0 571
Reduction entry methods
21 hydrogenation, hydrogenolysis 0.0
22 hydride reduction 1 14.3
23 deoxygenation 0.0
24 dehalogenation 0.0
25 ketone to methylene 0.0
26 heteroatom—heteroatom bond cleavage 2 28.6
27 desulfurization 0.0
28 other reduction 0.0
total reduction 3 0 429
total Redox (pure + A) 7 100.0
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Oseltamivir (Tamiflu) (2nd generation synthesis -2 by Shibasaki et al., 2007)

entry reaction category number of reaction %
1 C-C bond formation 1 53
1-A Redox induced C—C bond formation 0.0
2-1 carboxylic acid derivative interconversion 4 211
2-2 protection/deprotection (Ac, Boc et al) 2 10.5
3-1 C—N bond formation 3 15.8
3-2 protection/deprotection (Bn et al) 0.0
4-1 C-0 bond formation 2 10.5
4-2 protection/deprotection (MOM, Bn et al) 0.0
5-1 reduction—oxidation 5 26.3
5-2 | protection/deprotection (debenzylation et al) 0.0
6-1 other 2 10.5
6-2 protection/deprotection (Si et al) 0.0
total 19 100.0
total protection/deprotection 2 10.5
Redox reactions
Oxidation entry methods pure Redox A
7 Cr(VI) mediated oxidation 0.0
8 Swern (activated DMSO) 0.0
9 Hypervalent iodine 1 20.0
10 MnO, 0.0
11 transition metal catalyzed oxidation 0.0
12 TEMPO oxidation 0.0
13 other alcohol oxidation 0.0
total alcohol oxidation 1 0 20.0
14 sulfide to sulfoxide/sulfone 0.0
15 amine to imine, nitrile, nitron et al 0.0
16 epoxide formation 1 20.0
17 dihydroxylation, amino—hydroxylation 0.0
18 halogenation 1 20.0
19 oxidative cleavage (olefine, diol et al) 0.0
20 other oxidation 0.0
20-1 Baeyer—Villiger oxidation 0.0
20-2 aldehyde to carboxylic acid 0.0
oxidation without alcohol oxidation 2 0 40.0
total oxidation 3 0 60.0
Reduction entry methods
21 hydrogenation, hydrogenolysis 0.0
22 hydride reduction 0.0
23 deoxygenation 0.0
24 dehalogenation 0.0
25 ketone to methylene 0.0
26 heteroatom—heteroatom bond cleavage 2 40.0
27 desulfurization 0.0
28 other reduction 0.0
total reduction 2 0 40.0
total Redox (pure + A) 5 100.0
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Oseltamivir (Tamiflu) (3rd generation synthesis by Shibasaki et al., 2007)

entry reaction category number of reaction %
1 C—C bond formation 2 15.4
1-A Redox induced C—C bond formation 0.0
2-1 carboxylic acid derivative interconversion 4 30.8
2-2 protection/deprotection (Ac, Boc et al) 0.0
3-1 C-N bond formation 1 1.7
3-2 protection/deprotection (Bn et al) 0.0
4-1 C-0 bond formation 1 7.7
4-2 protection/deprotection (MOM, Bn et al) 0.0
5-1 reduction—oxidation 3 23.1
5-2 | protection/deprotection (debenzylation et al) 0.0
6-1 other 2 15.4
6-2 protection/deprotection (Si et al) 0.0
total 13 100.0
total protection/deprotection 0 0.0
Redox reactions
Oxidation entry methods pure Redox A
7 Cr(VI) mediated oxidation 0.0
8 Swern (activated DMSO) 1 33.3
9 Hypervalent iodine 0.0
10 MnO, 0.0
11 transition metal catalyzed oxidation 0.0
12 TEMPO oxidation 0.0
13 other alcohol oxidation 0.0
total alcohol oxidation 1 0 33.3
14 sulfide to sulfoxide/sulfone 0.0
15 amine to imine, nitrile, nitron et al 0.0
16 epoxide formation 0.0
17 dihydroxylation, amino—hydroxylation 0.0
18 halogenation 1 33.3
19 oxidative cleavage (olefine, diol et al) 0.0
20 other oxidation 0.0
20-1 Baeyer—Villiger oxidation 0.0
20-2 aldehyde to carboxylic acid 0.0
oxidation without alcohol oxidation 1 0 33.3
total oxidation 2 0 66.7
Reduction entry methods
21 hydrogenation, hydrogenolysis 0.0
22 hydride reduction 1 33.3
23 deoxygenation 0.0
24 dehalogenation 0.0
25 ketone to methylene 0.0
26 heteroatom—heteroatom bond cleavage 0.0
27 desulfurization 0.0
28 other reduction 0.0
total reduction 1 0 33.3
total Redox (pure + A) 3 100.0

130




Oseltamivir (Tamiflu) (Hoffmann-La Loche Ldt., 2004)

entry reaction category number of reaction %
1 C-C bond formation 0.0
1-A Redox induced C—C bond formation 0.0
2-1 carboxylic acid derivative interconversion 2 20.0
2-2 protection/deprotection (Ac, Boc et al) 0.0
3-1 C-N bond formation 2 20.0
3-2 protection/deprotection (Bn et al) 0.0
4—1 C—-0 bond formation 2 20.0
4-2 protection/deprotection (MOM, Bn et al) 0.0
5-1 reduction—oxidation 3 30.0
5-2 | protection/deprotection (debenzylation et al) 0.0
6—1 other 1 10.0
6-2 protection/deprotection (Si et al) 0.0
total 10 100.0
total protection/deprotection 0 0.0
Redox reactions
Oxidation entry methods pure Redox A
7 Cr(VI) mediated oxidation 0.0
8 Swern (activated DMSO) 0.0
9 Hypervalent iodine 0.0
10 MnO, 0.0
11 transition metal catalyzed oxidation 0.0
12 TEMPO oxidation 0.0
13 other alcohol oxidation 0.0
total alcohol oxidation 0 0 0.0
14 sulfide to sulfoxide/sulfone 0.0
15 amine to imine, nitrile, nitron et al 0.0
16 epoxide formation 0.0
17 dihydroxylation, amino—hydroxylation 0.0
18 halogenation 0.0
19 oxidative cleavage (olefine, diol et al) 0.0
20 other oxidation 0.0
201 Baeyer—Villiger oxidation 0.0
20-2 aldehyde to carboxylic acid 0.0
oxidation without alcohol oxidation 0 0 0.0
total oxidation 0 0 0.0
Reduction entry methods
21 hydrogenation, hydrogenolysis 1 33.3
22 hydride reduction 1 33.3
23 deoxygenation 0.0
24 dehalogenation 0.0
25 ketone to methylene 0.0
26 heteroatom—heteroatom bond cleavage 1 33.3
27 desulfurization 0.0
28 other reduction 0.0
total reduction 3 0 100.0
total Redox (pure + A) 3 100.0
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Total

Academic synth.| entry reaction category number of reaction %
1 C—C bond formation 84 17.6
1-A Redox induced C—C bond formation 1 0.2
2-1 carboxylic acid derivative interconversion 54 11.3
2-2 protection/deprotection (Ac, Boc et al) 27 5.6
3-1 C—N bond formation 12 2.5
3-2 protection/deprotection (Bn et al) 0 0.0
4-1 C-0 bond formation 31 6.5
4-2 protection/deprotection (MOM, Bn et al) 24 5.0
5-1 reduction—oxidation 132 27.6
5-2 | protection/deprotection (debenzylation et al) 15 3.1
6-1 other 57 11.9
6-2 protection/deprotection (Si et al) 41 8.6
total 478 100.0
total protection/deprotection 83 22.4
Redox reactions
Oxidation entry methods pure Redox A
7 Cr(VI) mediated oxidation 2 1.4
8 Swern (activated DMSO) 10 6.8
9 Hypervalent iodine 13 8.8
10 MnO, 1 0.7
11 transition metal catalyzed oxidation 2 1.4
12 TEMPO oxidation 1 0.7
13 other alcohol oxidation 0 0.0
total alcohol oxidation 29 0 19.7
14 sulfide to sulfoxide/sulfone 3 2.0
15 amine to imine, nitrile, nitron et al 1 0.7
16 epoxide formation 6 41
17 dihydroxylation, amino—hydroxylation 2 1.4
18 halogenation 11 7.5
19 oxidative cleavage (olefine, diol et al) 11 75
20 other oxidation 16 10.9
20-1 Baeyer—Villiger oxidation 1 0.7
20-2 aldehyde to carboxylic acid 4 2.7
oxidation without alcohol oxidation 55 0 374
total oxidation 84 0 57.1
Reduction entry methods
21 hydrogenation, hydrogenolysis 15 10.2
22 hydride reduction 36 24.5
23 deoxygenation 2 1.4
24 dehalogenation 1 0.7
25 ketone to methylene 0 0.0
26 heteroatom—heteroatom bond cleavage 6 41
27 desulfurization 1 0.7
28 other reduction 2 1.4
total reduction 63 0 429
total Redox (pure + A) 147 100.0
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