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Ac acetyl

Ad 1-adamantyl

APCI Atmospheric pressure chemical ionization
Ar aryl

aq. aqueous solution

Bn benzyl

Boc tert-butoxycarbonyl

Bu butyl

Bu tert-butyl

Bz benzoyl

calcd calculated

CM ChemMatrix®

COD cyclooctadiene

conc. concentration

mCPBA m-chloroperoxybenzoic acid

Cy cyclohexyl

CuAAC Cu-catalyzed azide alkyne cycloaddition
DCM dichloromethane

dec. decomposition

DFT density functional theory

DIPEA diisopropylethylamine

DMAP N,N-dimethyl-4-aminopyridine

DMF N,N-dimethylformamide

DMP Dess-Martin periodinane

DMDO dimethyldioxirane

DMSO dimethyl sulfoxide

DNA deoxyribonucleic acid

DOPA 3,4-dihydroxyphenylalanine

dppf 1,1'-Bis(diphenylphosphino)ferrocene
dtbpy 4,4'-di-tert-butyl-2,2'-bipyridyl

DTC 1,4,7,13-tetraoxa-10,16-dithiacyclooctadecane
EDG electron donating group

El electron impact ionization

Et ethyl

EtCN propionitrile



ESI Electrospray ionization

equiv. equivalent

FG functional group

fum. fuming

GC gas chromatography

h hour(s)

Het hetero

HFIP 1,1,1,3,3,3-hexafluoroisopropanol
HITB [Hydroxy(tosyloxy)iodo]benzene
HPLC high performance liquid chromatography
HRMS high resolution mass spectrum
IBX 2-iodoxybenzoic acid

ITT iodine tris(trifluoroacetate)

IR infrared

L ligand

LC liquid chromatography

LET linier energy transfer

M molor concentration

mAb monoclonal antibody

Me methyl

MeCN acetonitrile

Mp melting point

Ms methanesulfonyl

MS mass spectrometry

molecular sieves

MW molecular weight

NMR nuclear magnetic resonance

Nu nucleophile

NCS N-chlorosuccinimide

[O] oxidant

PEG polyethylene glycol

PEGA polyethylene glycol polyacrylamide copolymer
PET positron emission tomography
PG protecting group

Ph phenyl

phen 1,10-phenanthroline

PIDA phenyliodine diacetate

PIFA phenyliodine bis(trifluoroacetate)

pin pinacolate



PPAR peroxisome proliferator-activated receptor

Pr propyl
iPr isopropyl
PS polystyrene
PSMA prostate specific membrane antigen
quant quantitative
RCY radio chemical yield
recov. recovery
Rf retention factor
RI radio isotope
t room temperature
SM starting material
SPECT single photon emission computed tomography
SPIAd (11,3r,51,7r)-spiro[adamantane-2,2'-[ 1,3]dioxane]-4',6'-dione
TAT targeted alpha therapy
TBAF tetrabutylammonium fluoride
temp. temperature
TEMPO 2,2,6,6-tetramethylpiperidine 1-oxyl
Tf trifluoromethanesulfonyl
TFA trifluoroacetic acid
TFAA trifluoroacetic anhydride
TFE 2,2,2-trifluoroethanol
TG Tentagel®
THF tetrahydrofuran
TIC Total Ion Chromatogram
TIPS triisopropylsilyl
TLC thin-layer chromatography
™ target material
transion-metal
TMS trimethylsilyl
TRIS tris(hydroxymethyl)aminomethane
Ts p-toluenesulfonyl
TS transition state
TSPP 4,4' 4" 4"-(porphyrin-5,10,15,20-tetrayl)tetrabenzenesulfonate
uv ultraviolet
wt weight
w/ with
w/o without

y year
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WTH, ZLOMEBICLE > TEHL I BAICHEIN TS,

BERFEIVERLEENORELRISMEIZ. =P SEEFHEEQGcde) T AL TWB Z LI
Hk T 5 (Figure 1) I VE®D 5p BB L @RS LAERMUTF L ORNEHNERNICHEEA
LT, 3 20ORF LA Z4EEMEME(y) X RIEGHEE(y:). AIRICHET LS
BB TR IND, 2ZIC4EFORBEINDS -0, fEoMHE L EEEMNEN 2 EFS
DI IN, FVERFULERMF L L OBISHEERI 05 OEEVEL S, TDRHBED
BESrBL T, ZHCmEFRARIESTHVHEETHY ., BELSLTVZ t9ms i
TW5, 1z, FEEEUHMNBEICEFHIREINSGZ LY S, BB @EROEMLF EICEAE
I£9 %, LEd> T, 3VERFPOSETEPNLCEERNEFUOTCHEY., BWKREFHEET
3,

&, CACAC>D  —— Vs antibonding
!.I‘\m' oD - OD _$ Y2 nonbonding
O
6_L CAOCD —*i’ V4 bonding
L I—L

Figure 1. Three-center four-electron bond of hypervalent iodine compound.
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FILEM OB TRAFREARI Y., BIOORENI EITT S22 LT, KEFIELRKREFHIN
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KA 7)o ITHhEITLERMIBOLNSE, WTHORKIZEWTH, 37 L— 22
NEBEEY L THELTEY., BEFEIVENGVKREFHELEE > T, #r 2K&KHF
EDORISHITEETH 5,
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L ligand Nu reductive

[ e _ exchange I) elimination . B
Al'_||'\_ + Nu: - Ar—i —~ =~ Nu+L

L L:_ L) Arl

pseudorotation

Ar
| ligand coupling

Nu—‘:l+ T Nu-L
L Arl
Scheme 1. Reaction mechanism of A3-iodanes with nucleophile
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ARIL)D LA, 7Y —ILEZ 1 DUEBL TV EBRFMEI VEMCEMIARAINT WS,
COBRC LT, £ARLAIVIETL—OBVEBHEICIA, (CLEMEFINLERHZE T
BNNBZTHEENET NS, REZ T, $HRLBRETMIVRLEEMHIFHAR TN,
BILRER S VAILRIG. ALRY - 4 FLVBARK, 7)) — LRSS EZ 0 F B A
ISAZE TN X F AV VN (Figure 1),
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| | | 7 \ |
(ArlO), I I I I
OAc OCOCF, OH 'FL' X
lodosylarenes  (Diacetoxyiodo) [Bis(trifluoroacetoxy)iodo] [Hydroxy(tosyloxy)iodo] (Dihaloiodo)
benzene benzene benzene arenes
(PIDA) (PIFA) (HTIB)
Y.
\
+ - |
4/ S -/ R O
R NSO,R _C.
R R R RTR R R
lodonium Salts Iminoiodanes lodonium Ylides Benziodoxoles

Figure 2. Main classes of organic A3-iodane reagents.
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JEAEWIL)IE. REGUID R VRS H, W DDDTIL—TITL > TERITHNT

\\ % (Figure 3)%,
oL OCOR cl 0S0,CFs ONO,
\\.' ; /l\ I\ /I\ /I\
L_Ig. | ROCO” “OCOR  CI7 “Cl  F4C0,S0” “0SO,CF;  O,NO” “ONO,
||_ T iodine iodine iodine iodine

e i tricarboxylate trichloride tris(trifluoromethanesulfonate) trinitrate

Figure 3. Examples of inoganic hypervalent iodine reagents.
INS5DIEEHD D L HLEEREIEA TV S H D X L T, iodine triacetate I(OAc); X> iodine
tris(trifluoroacetate) (ITT)% ¥ |28 % ¥ 41 % iodine tricarboxylate %% |F 5 41 5% 3, 1928 & | Fichter,
Stern 513, AVEDFEBROANF VBT AV, FEMHBRICE > THILT 5 2 ¥ T iodine
tricarboxylate D EMEZHREL TWB(R D)2, Ll s, HENDBRETIIHEEICL>T
iodine tricarboxylate D & % R L THE Y | MBI T AVWAEBERER I ITHhN TV H
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Fichter, Stern (1928): Synthesis of iodine tricarboxylate
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Birchall (1989)/Wirth (2018): Solid-state X-ray structure analysis
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Figure 4. Strucures of I(OAc); and ITT
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% 1% lodine triacetate * AWN=E/ AFTO7 ) — L)\ —F > ERED MR
L1t B

(Diacetoxyiodo)benzene (PIDA)X°[bis(trifluoroacetoxy)iodo]benzene (PIFA)Z I LHh T 5 E /
T -3 - UIE BRALRISR CRR R R B ERRENOBRANERETH Y . RBIEL
FMAINGZBRFEIVERILENEO—DOTH5, RKMLEWMEIL. IVATL—BUANG
WEEBEREICH KT BB L TORAN S 2 EH S8 £/ 7)) — A2 —9>%7 )
— LB LTAVARROLEETIERAICHREINTNS 30, F/, £/ 7 —L-)-3
— I SEEICARTEER T —ILI— F=I4q ) Fld. EERAOEWEEMEDEE)
* R TERE T 5 I5E F AT B # 52 (positron emission tomography, PET)ICFH W\ %, *F {23 %
FTO-—TOERICARATHS I LHBE LA > TS I,

®/ 7))L -FUERWS T —IIMERIGIE, Y7 b E -t MLk 2-3 —
F7 ) —ILEDENYGEITT 200 — B TH S 519, 1988 FIZ Oh SiE. 7LV S >0,
BF*OEL RUI— RUIRIEY 2 2 RISIETEFTREI LT ILAF A > %@iF 3
L. PL—C 2 FRAIE S FEHRRKEFERRISHEITL. 7IYILT7L—2 4055
NEZZLERELTVS, TOLIEERML LT, AILET7)ILI—FRDEY 5575
N3ZrreEbhdTHRE L TV 5(Scheme 2)’, BIEKY 5 IPEAAKTHE 7))L 7z =)L 3
—F=YLE3HN 6, RELETFE 6 BEIREBRE 6 2R L (HTFAEKMT 52 ¥ TEK
LEYEZON, COKRIZE/ 7Y —IL3-2—F D7) —ILtHlr L TORABBEEE
BROBAICLY RLEOBITH %,

Oh (1988 - A
( ) (PhlO), 2 FZBO—I—\_
— BF3'OEt2 — ArH P
MesSi™ . A+ Phl
1 4

' |
2\ =
. - -
OBF,
5

L 6 J
byproduct
Scheme 2. Evidence of arylation using monoaryl-)3-iodane



Fr. 1991 FITEELSIWE, Y7 FVI-FTL—2T7 7O/ FLYS 8 ERIS
TELZZYTHLNZBEAETL =LA —F 2905 BRI VERINI 51 € VER(l
ERTCALETO/LELI-RFT7L—2 10 90BONEZ L ERELAR DY, NI,
BERFBIAVENEET 33377 b0 E—8RULRBLAEMOFITH S, RBEUE,
KEE £ ZE LRMOEADRISH Shafir 574 LISL YBRE SN TS 810,

Ochiai (1991)
I(OAc),

|
N BF;*OEt

7 8 10

THISE/ TN =LA —F DAL RS LBEEMKERERKRTIE S L TESRIC
é&ﬂ%@?U—wa—P;ﬁA4uPu\7w%4&%%ﬁﬁwmfm—7mﬁﬁté&ﬁ
ERARTH 5 "3, 2010 &I Satyamurthy, Barrio 51&, Y7 ¥ a—F7L—> 1 gL
TX»P%A%H%W%*&%“Z?%@LEE—FLWA%UFB#1W0mmﬁmA
BRICERTHSZ ¥ 23RE L 7~ (Scheme3)''), ZHUIKKH F 7 v RILF TAVWTEFEE
BREBRTOCFBIROIGERLLABFEIXRIRETH %,

Satyamurthy and Barrio (2010)

o o
W BocO CO,Et

. 0
BocO CO,Et
z BocO N(BoC) 18 IKFKryptfix222

N(Boc), oL _o
BocO |(OAC)2
13

[ONgpe

e

BocO CO,Et HO COLH
BocO N(Boc), HO 18 2
15

8F-DOPA
Scheme 3. Synthesis of '®F-DOPA via nucleophilic '8F-fluorination of aryliodonium ylide 13.

F 72 2014 £, Vasdev,Liang 513, 3T L—> 16 DEEIL Y AL K5 LBEHFEKR 17 12 &
ZRBIZCLES>TT7ORY P TERLEREOBEREETEI—R=94L4") K18 2 AV,
ISF 423 PET 70— 7 DA MK % 84 L 7=(Scheme 4)'%, 7z 2016 F I3, R EOBHBIRAL %
7aRVFUENSTITUFILEIEET ST BF 7vEILOHpEIEA LTS L
LIE L T3 19, RISDILFEBR M - FAHE F YR F (radio chemical yield, RCY)DEL =D 5,
PET 70— 7&KICBE I 2 AN FEN—Fl2HILLIZLEAS 'Y



Vasdev and Liang (2014, 2016)

| 'one-pot’ 18
= ©/ mCPBA or Selectfluor® , rj\ [18F]ﬂuor|de N
. —. T
Z then O Z

10% Na,COj; aq.

16 O><j 19
g 36— 80%

17

(0]
1) stabilization
NaBOs ><:| -
AcOH 3 activation (O
. ©/l(OAC)z O 17 ipsg, o
R |—
_ 0% NasCOs 2 R\,O/ =

7 fo;
26-88% -

auxiliary

Scheme 4. Spirocyclic iodonium(lll) ylides as precursors for '®F-labelled PET probe synthesis

COEOIBT) IR TIE, /7 —LAB3-3 -9 >R HhTH PIDA X PIFA % 1
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BADAVERDDENE LV IIDNDBILRSERSLDOTH S (KX )5, < DIFE. B
BEX b ) 7L A OBFEREAE T CREFER 19X mCPBA'Y, AR V8 ') 74 17, Oxone®¥7% ¥
BALGBAFEAWNT, PREEL L BEFRRETENOVALRFYI-FTL—220 %17
%, SEFTIIBEFIE LT, REIBEB T M) 2L 9% Selectﬂuor®2°)€'}ﬁk‘%§'—$’f’ TR
BALICL > TERT 52FE DL HISEBRBFETIAHILEFII—FRTL—2 20 286K
TEHEFENHBINTVE, UEDLHITHL LS DHEEITL > T, Vﬁwﬁ#va
—RF7L—COERENHEINTELD, BILRREBRSFEATERRILICHVERELA
THREEICRHFATELRVLVWIREZEL T Y, FERICEANTRL EREEICITHIRY
HLEDOBHERTH 5,

' X2 x = ocom
AN ) N e
R + Oxidant + HX R-— (8)
©/ o L OCOCF3
16 - 20 ete.

[ AcOOH mCPBA NaBO3 Oxone® NaClO*5H,0  Selectfluor® 0,/CH;CHO

BMILRRERT., FERICEHEBRTMIVRINNEXEANTS2F AL LT, B TRLE
iodine tricarboxylate * A\ 3 BF B EKEFELRICHIFHREIN TS 400, LHrLINso
REFBENBMLFFIRICBREINTE Y BRREHFFHEIBHLSNITINTWR W, F 12,
BRFEIVEINDDENAENFERVEFEEIREL LY., EFEENVNIRMUE
NOBNIIHERFETHH- <,



MU EDRBEIHT L T, 2018 FICHAAREOMRELIET ) LY S>> - TILw>r - XY+
2123 X ITT 2 AW ipso LR ISICE B ER MY 74072 X3 —-F7L—>
25 DERKEERE L TV 5(Scheme5)?), B o7zbE&¥ 2513, kBALERI—F=V 4L
A FI8ANTURY P TERTSEZ U THEEZT-> TS, ARG, Y ILER Copsh
RICHXT % ipso MBRME ITL-> THERBRYICBRFMEIVE (IIDDEANTRETH
%5, 3. ITT OEVWKREFUHNLOIBRETLERSOEITT LI U SRR EBERET R
THREVERRICGLTLEATETH S, THI1I, HAREORFFZEIE, 7')— L+
J7ILFaRL— 8 24 FREHIAWTDY ipso MBRRSHIEITTSZ 2 RE L. #HA
a7 BRE DOHRRICEITI L T\ % ),

Ms Komami and Ms Nakano's works (2018, 2021)
[I(OCOCF3)3],(OCOCF3)NO

(0]
N M (TT) N I(OCOCF3), N I\ o
FGT/ FGT/ —— FGT/
Lh
25 18

M = SiMe; : 21
GeMe;: 22 chemo- and site-selective A up to 85% yield
SnBuj : 23 generation of monoaryl iodane(lll) ' FG = aliphatic amine
BF;K :24 ! styryl group

phenylalanine moiety

v /_\ i(oc:oc:Fs)2 oo,
A v/ococa ® I(OCOCF3),
|

(S . o
Fe FE_J Ms_ ococr,

Scheme 5. Synthesis of monoaryl-A3-iodanes via ipso-substitution reactions using ITT
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—AH T, 7)== 22 XL ITT 2AV: ipso IBRRISIE. ERBALEM~NDE
BAIERY 2 H-7= 9, IxFY—IL, AFHVO> AVYAXHY—ILEKERET ST ) —
WLl LT, BERRETI—R=DLa1) NE5427k, LovL, ¥/ ) > FE
REREEY LEBEIE. RISEEXAE BRI LA BNNEITILACRONG D - 12,
/N COBEBERFHANITT ICERMT A2 TRREMBELACEZ, KT S M) 740
AYURILKR IR 26 *BEEICAVWTRIREIT> 7285 BRI vEREK 16 0" BRITINZD
Bt ROVFAT 2 UFERERAVERER, TLC L TEWHS LERKRY b EERY
Y UTHER TS0, B R AR IAVERIBON, ZERICI—F=D44 ") Y&k
BRLUEDEIDILELTIE RV, 4> F—LFEEERLAH LN — ILFEKRTIZ, RISFED
EHNBERRFOFRERELRT LAY, ZLDGEERTBENEELL2DHTH-, 2D
LA, A R=IRF /Y R EBIICHVEERETEBNDHERIIRETH L 1 b,
RANRE/) 7)) =L EBRENHILLIEIE AT, TDEREEFEEICHKENOR
5L TV =,

GeMe, [I(OCOCF3)3],(OCOCF3)NO (0.6 equiv.) 0
|
22 solvent (0.1 M), temp., 2 h \f\o . A
Foy "

or then

Me;Ge x ><j
iy (1. 0 equiv.)
N

= Ar—(I")
26 M OTf
w/v 10% NaZCO3 aq. (0.33 M), rt, 1 h

s U= Mo

75% 78% 81%
(DCM/ -20°C) (DCM/-20°C) (DCM/-20°C)
Il Il
(1" N (1" N \
(llll)
N7 N” “Me S
<10% <10%, many byproducts >80%°
(DCM/=20°C, EtCN/-60°C) (DCM/-20°C) (DCM/=20°C, EtCN/-20°C)
am am FOEL 1T Il
" " )
R W@b N g
N N
Boc Boc
<10%, many byproducts 5% complex mixture <20%, many byproducts
(DCM/=20°C, EtCN/-20°C) (DCM/-20°C) (DCM/-20°C) (DCM/=20°C)

@ Determined by TLC analysis since isolation was difficult. It may be unstable product.

Scheme 6. Substrate scope and limitations of the ipso-substitution reactions of heteroarylgermanes using ITT



AT L—COBIERKGICLZE/ AT 7Y —ILA-A—F>DERITBEVWTEH, HR
FEROBVERAMMED=DH. ZL DFEBRRXEN SPREOIRNRICL Y E S, 2015 F
DiMagno 51&, 3 — FA > F—LEEEKR 27 I2xF L TMSOAc 77 T. B#1L#F| ¥ L T Selectfluor®
FERAIELZ2CT V7N FYIA—RTPL—228%8K L. TDEOEHRIZL>TA >
F—ILBREBETZY7)—ILI—F=IL3E29 L LTEEL VSR 9™, F/, 2016
F Vasdev, Liang 513, BEE T ICBIALFIZEET S22 TCX/ ) XA F—ILBREAT
ZIANKRFYA-RFTL—>31,34 8GR L. AILFSLBRBFERTRET 22 L TAT
O7')—iL3a—F=94L4") F 32 35 15T\ 5(Scheme 7)), LA L. WTHORKEIZH
WTHFHMRRAD R INAICE0 DD ST TORBRIPEEICLLCE>TWS, £/ 7Y
—LA-A=F D7) R LTO#ER Y LY AEELONERT 27 HI12I1E. BRMLIC
PFUWEERFEREETLE/ ATO7Y) —ILV-T—F O DORO G EREDHENEER
RETH5,

DiMagno (2015) PF,

/
| (AcO),| MeO@B&K |
X \ Selectfluor® X A NaPFe 100 X N
STy /= O ST e
Q TMSOAc g TMSOTf or TMSOTFA E‘
27 28 29
2 examples

35-64% yield

Vasdev and Liang (2016)

| (TFAO), } SPIAd=!
X x SPIAd-H, X

X S Oxone® S
X | & CHCI3/TFA X | & Na,CO X | AP
3 a,L03 , i
30N 31 N N , 0 .
3 examples : o '
12-48% yield 5 5
;0" 0 :
| (AcO), H, SPIAd=! : E
/\/ | \ DMDO /\/ | \ SPIAd H2 @E\> ; SPIAd '
—_—m Yy | e e e e e e e e
X g acetone/AcOH X g Na,CO4 X g
33 34 35
3 examples

14-55% yield

Scheme 7. Synthesis of heteroaryliodonium ylides via oxidation of aryl iodide
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A F1EE 1 &

MERRTELEREHEIA. SEEZBET ) —LAILEL ITT 2AVE pso LEHBRK
KRIICBEEBL, AVWSBEREFMIVEREL ITT 5 5 [(OAc):; ICEET 52 T, Bt
PFWEEFTEFRICERAITETHSLLEL I ITT2RAVWSFENE/ ATOT ) — A3 —
ToDERICERTER>HRRY LIRTO=Z2%F 417/, —2BIX ITT 2 EEICHW
KEFHEZAL VWSRO, BILICHVWERFERECEI L WVIE TR RELZTH
5, 2DBIERMTHLER M) 7LA0 7L b XV I—-RFT7 L2 B0 TRETH ST
DITHBLTILE->T-RATHS, UEDORZEIIL, BEEMMLKRKEFHEEALTEY.,. £K
MNL Y BRERYT7EIFYIA—R7L—>7 LR % [(OAc): E AVWHILEBRETEETH B &
il TbE. 7')—ILAZILFEYL [(OAc); X ANz ipso MEBRRISICE » T BAERIS
ERLVMEE - MIBBIRWRE/ ATOT Y —IL3-3— 9 > DEHRERINTREICR B L
# 7_7=(Scheme 8).

Previous method: ipso-substitution using ITT

[I(OCOCF;)5],(0COCF;)NO
(ITT)

high electrophilicity

25
unstable product

Working hypothesis: ipso-substitution using I(OAc);

I(OAc);

M 1(OAc),
moderate electrophilicity

7
relatively stable product

Scheme 8. Present issues and working hypothesis: synthesis of monoheteroaryl-A3-iodanes

11



ZE28 I(OAc: ERAWVWAEE/ATOT!Y —ILA-3—F U ERRISOFHERT

T/ATFATY) LN - UERDFRMHREIICEIL L. 1(OAc); AV ipso ME#K
ISDOFRERFIEF L, BH. ITT LB L TIHOAc); DKEFHIMENZ D6, 71— L
AZILFEY LT ipso MIEBERISORISENBVWEFEINSGT ) —ILRIF+> 23 ZRAWNT
W52 F e BITHETHE7 ) —ILT L= 22 X ITT AV ipso MIEHRIG D Y [
RIS, HECHBITEBRICTRCAERLEY7ERFYI—F7PL—2T7 8, 7Ry b T
PET 70— JRIBEARL LTHERGRERI - F=J74L4 ") FI8~NELZ v L,

FRITHEDRUESEIC, TETILRAEY L T4-700722)LRFF>28a sAVY 70
OXZ>HP20°C TR T->HE25, $<OREAIEELEAM18a IZITLAYEON
7 H > f=(Table 1, entry 1), RIGBE%-20°C 55 0°C, ERFTHRELALYLYZ S, BEETR
IRET->BICPREEDIRETENWAE 5417 (entries 2,3)o JRICRISEE %20 °C ICEE
URIGEERE % 2 BFR A 5 12 BFR E TR L7290 KERQREDE LIZR 5179 - 7z (entries
4,5),

Table 1. Initial screening of ipso—substitution using I(OAc); O

0
I(OAC); o><:| 17 o)
(jS”BUS (1.2 equiv.) ()/'(OAC)Z 3 (2.0 equiv.) '\]j‘\o
Cl DCM (0.1 M) | ¢ w/v 10% NayCOj3 aq. c/Ej o O)O

23a temp, time 7a (0.16 M), rt, 1 h
0.05 mmol

18a

entry temp (°C) time (h) T™ 18a (%)a SM recov. (%)a 16a (%)a

S

1 —20 2 8 74 6

2 0 2 19 48 1

3 rt 2 48 13 5 16a
--------------------------------------------------------- byproduct

4 —20 6 13 64 4

5 20 12 23 59 3

@ Determined by "H NMR analysis using 1,1,2,2-tetrachloroethane as an internal standard.

RISHNPREDPREIZL L FE > TWBERAD [(OAc); DEVWVKEFHICLEZENDTHS L
7. I(OAc); DKEFHNE LE BB L L TEROARMIE % 51 L /=(Table 2)*), RISEBE
% 0°C ¥ L T THO, TMSOTS, BFs*OEt, B(CsFs); D & J i@ W EE iR L =358, BREH» T2
LT 2000 BRI SN D - F(entries 1-4), 2HDE I, FEFRHLLTYT ) —
WA= R=I L3836 HF 572 ¥H, ESI-MS HWABITICL YRS Y >,
BTHBYT7ELEFTIA—FTL— U EBVERICEL YIESEILIN, BER S ipso LEHRISH
HITLALOHLLERLTWS 8D, —FTRBALBEAMLIEE. RISEMENICEE
LFREEHN»SBFLRWRETENNDI — F=744 ") F 18a #'1F 5 417/ (entries 5-7)e T/ ~NT
Q7Y =LA —F VR FRETH S I UHNTRINALOH. RGIEL Y ERERSGT TR
REEERMEL L TAVSZUNEEI LY, T2 T, RUVBRAGBTHLE 7 VvERTILI—
)L HFIP % &8 7 mn#| & L 7z (entry 5)°7,
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Table 2. Screening of acid additives

I(OAc); (1.2 equiv.)
additive (1.3 equiv.)

o}
/©/Sn8u3 DCM (0.1 M), 0°C, 2 h /@/fo /©/|
cl then Q cl o) O/D cl
18a

(0]
23a ><j 17
0.05 mmol o (2.0 equiv.) byproduct

o)
w/v 10% Na,COg3 aq. (0.16 M), rt, 1 h

entry  additive TM 18a (%)°  SMrecov. (%)°  16a (%)®

0 none 19 48

1 Tf,0 0 1 2 ' N E

2 TMSOTf 0 2 26 5 ' |

3 BF;-Et,0 0 0 39 5 |
i Cl cl!

4 B(CeFs)3 0 0 15 ' 36 |

5 HFIP 73 16 8 k ESI-MS m/z = 348.80 |

6 TFA 39 42 9

7 TFAA 78 0 8

@ Determined by 'H NMR analysis using 1,1,2,2-tetrachloroethane
as an internal standard.

SJYVEKETRBETI CETRISHENMET T 2 L FRINALO. RIREDBA EE BB
L TAHRME|D Y E % MRETL 7~(Table 3), RISGSEE%-20°C ¥ L HFIP % 13 Y ERAVTIRIK%.
-7 2%, WRIIFEEICL L F > (entry 1)e RISHIL HFIP DU E Z3ENT 512241
TELEL, 10 HEBERAVABRICEFIIELEL TENDI—RF=244") R18a »IZITEEMIC
8 5 M7= (entries 2,3)e @7 VvETINI—ILY LT HFIP X A#IGAAIMNS TFE DWW T
T Z1T> 724 HFIP % LE % +57% RISHEIZ R 5 172 5> - 7= (entries 4-6) A L DFERH 5,
RISEE%-20°C Y LTHFIP % 10 SERAW 5 &K (entry ) e HBRMB L L1,

Table 3. Screening of amounts of additive

I(OAc); (1.2 equiv.)
additive (X equiv.)

o}
/©/S"BU3 DCM (0.1 M), =20 °C, 2 h /Q/Ifo /@/'
cl then Q o cl 0 O/D cl
23a ><j 17 18a 16a
0.05 mmol o (2.0 equiv.) byproduct
0

w/v 10% Na,COj3 aq. (0.16 M), rt, 1 h

entry  additve  Xequiv. TM18a(%)®  SMrecov. (%)  16a (%)

1 HFIP 1.3 62 17 2
2 HFIP 3.0 77 2
3 HFIP 10 97 3
4 TFE 1.3 9 68 0
5 TFE 3.0 22 80 2
6 TFE 10 53 33 2

@ Determined by 'H NMR analysis using 1,1,2,2-tetrachloroethane as an internal standard.
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E3 T/ (NTOT - LULAI—FUEARRISDEE#E R

RiEL L RISERGT. REERSEEOIFEE 1T > 72(Scheme9), 2. ipso L EBHRITD
RESHERLHBENY T FFYIA—F7L—C0RERIEL T, REZVICRSEENR
BILEIT->5, TLAECOEBKRERETEATOT7) —LI—F=7464") N 18 I3EERMEHIE

BIlED -, L DREIIEWTIV AT LASLIOR VTS5 T4 —ICL 2R %

THTI, BEEBEERICH L THERBELTI L TEBICHEENITEEL >z, ETIL
B L THAWAEFERONFMUISERRF AT S 23a DIIHN. A MFIVEEZHT S 23b
FRAVTRIGET-RIBETH, BELRWRETI—F="744") F 18a, 18b 1"F S5 tz, A

> F—=L23¢, 23d ANV =L 23e WENDBFEERBEREERRC. £/ ) > 231, 23g
NDEIREFARLREERBEEZREATSA7)—ILRIFT I LT, HEOEFHMEIC
RS TIBIRAYIC ipso MEBEBRRISHEITL. 66-88%NDIRETHHNIA— F="74L4") F 18c-
18g %187, /2. 75722 XF 4 7 2 28, 230,23j. N>V 752K 23K,23m XY
FAT7zER23,23n AT ST —ILRAIFUITOVWTHRRELR L RHPHEITLTHE Y.
BLWEERRICEMNERT 52 N TEETH - =,

I(OAc); (1.2 equiv.)

HFIP (10 equiv.) (0]
|
Ar—SnBu, DCM (0.1 M), temp., 2 h Ar” \rj\o
2 h
3 then o O/D

0.3 mmol
&30 ;
(2. 0 equiv.) = Ar—(")

wiv 10% NaZCO3 aqg. (0.16 M), rt, 1 h

n CO,Et
amy \@\ (I )\©\ (|I|I)\©E\> am 2 (IIII)
OMe Il\-ls [;E O N

Boc
18a, 73% (—20 °C) 18b, 83% (-20 °C) 18¢, 88% (—40 °C)a 18d, 87% —40 °C) 18e, 78% (20 °C)

amy amy 0
Il (0] Il S i S
\©\/j \©\/j\ ( )\@ ( )\@ ( )\@)K

18f, 66% (0 °C) 18g, 66% (0 °C) 18h, 76% (-40 °C) 18i, 86% (40 °C)” 18j, 77% (40 °C)

o e G G

18k, 69% (40 C) 181, 83% (-20 °C) 18m, 87% (-40 °C) 18n, 96% (—40 °C)

4 |solated yield after column chromatography on silica gel. ? 1(OAc); (0.3 mmol) was used.
Scheme 9. Substrate scope of the ipso-substitution reactions of (hetero)arylstannanes using I(OAc);
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FA48H ITT L OXTRBREER

WEDITT A5 ipso MIBBRRBIZEVWT, ITTOET EFL2REFUHNLZDHICE/ AT
uﬂu—wmia—fymAﬁwm%T%étwﬁﬁﬁ%ﬁﬂT&<ﬁ%£ﬁ%ﬁata%m
4), FATHIORISFEHIHEN, A > F—ILEEER 22¢,23¢ IS L ITT 2 EATER L2 5 R

/mr’?/ﬁﬁ%@f\”fﬁn‘fLtb‘&%’ﬁ’l BEME S A DA TH - = (entries 1-5), FAERM D
'HNMR T, 4> F—ILERD 2 iIX 3 MBI N L B L SEEMER S N0 a7
BATICIEZE > T\, 7Y —ILRIF+> 23 L, oA =Fr"YILP40°C TIIT %
R 2 29BENIRETI— R4 1) F18c 18 & M1z (entry 6)s LA LAY S
KEEDENERMOLEHERINAZZ DS, BRIEICHVWERFEFRICEL T ITT oF W
KEFHEICERT ZEIRNETLTILI N, RIVELZHIET 22 CITEETHS 2 LHYEA
LMo, LD > TRAGKEFHEETAET S5 [(OAc TAVSEZ Y, £/ ~A787)Y
—IA IO ERICEETH S LR INT,

Table 4. Control experiments: ipso-substitution of indole derivatives using ITT

[I(OCOCF3)3],(OCOCF3)NO (0.6 equiv.)

(0]
M /l
m solvent (0.1 M), temp., 2 h 0 \©\/\>
N then 0 O\O 0] N
Ts
18c

Ts
22c, 23c C><::] 17
0.05 mmol o (1.0 equiv.)
(0]
w/v 10% Na,COj3 aq. (0.33 M), rt, 1 h
entry substrate (M) solvent temp (°C) result
1 22c (GeMej) DCM -20 complex mixture
2 22c (GeMej) EtCN -20 complex mixture
3 22c (GeMej) DCM -40 complex mixture
4 22c (GeMej) EtCN -40 complex mixture
5 23c (SnBuj) DCM —-40 complex mixture
6 23c (SnBuj) EtCN -40 44%+ byproducts

2@ Determined by "H NMR analysis using 1,1,2,2-tetrachloroethane as an internal standard.
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F58 T/ ATOF7Y)—IIB-T—FCERVETVRY FEBRISOIRE

E3EHTIE. AP TRESILLEYT7EIFYI-—FTPL—2T7 %27 KRy bTA—F=D
LA) FISAEMT Z2 0T, BEFEREAT 5 FPET 70— TRIBRKOERATRE L 7
St BSETIE. AFENT LR Z2GAUETINL, PHAKRTHSEY 7L FVI—F
FL=>T70507 iRy FEBRISORET 21T 2 L £ L7 (Scheme 10), F 1 8HTHRL
LI, YHALKRFYI—R7L—=2%7 ) —ILERIE LTAWVWS 7Y —ILERKD % L
2. REORE AVELEVREINLE2-TI—FR7Y —ILENY I baEl—&lEAMLT
BANINFHEL DY), TDH. EBRYOFEFRIEELALIVEER, 70xhy 7Y
ST EREELDHDETE2XTNEOEBROBEHNY IR DI LV -FAEHLTWS,

(0]
(0]

SnBu I(OAc)s / HFIP [ I(OAC) ~‘ Oi:?iO [ i
| IS f@

23 7

‘ One-pot iodonium ylide synthesis

One-pot transformations of Arl(OAc),

ORI
l ;
[ '8F
wll,
37 19

Scheme 10. Application of (diacetoxyiodo)arene generated by ipso-substitution of arylstannanes using I(OAc);

VT7EMEYI-FTPL—2TOT YRy FEBISERT 5 RIS L T.2018 &< Huang,
Wang. Peng S5ICE > THREINAT T/ ZILFILIERE DICEB LA 10). # 51,
TMSOTf #AVWTY 7L b Fva—F7L—> 7 25FMHELAZDBEIC, KBEFIL L Ta-R ¥
ZWL=bYILIEERAIEEILTALIMICHY 7/ 7ILFIALEEKL TV S,

Huang, Wang, Peng (2018)

I(OAc), BusSn N TMSOTf (2.0 equiv.) ! "
* = (10)
H R DCM

7 38 —78 °C, 5 min 39 R

53 examples
up to 86% yield
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A F1EESH

COHREESEIC, T)—ILRIF 23 X [(OAc); AW ipso LWBMRISICEY £ L 5
V7 I~=\'—~/3—|~ L—> 718 LT, TMSOTf FHETa-A 9 =/IL="F") L 38 2FATHE

52 « VT TILF IR 39 HY1F 545 ¥ E Z 7= (Scheme 11),
X\
SnBu N§ |
‘OAMV‘ b e ol o
HFIP SnBu3 \_| -
23 40 LR 39
iTMSOTf

TfO, ,/_\\

[ N N R
\
OTf
SnBu3

Scheme 11. Working hypothesis for one-pot cyanoalkylation

T7')=ILREIF 23 L TIOAc); ZERTE 7~ D B5, Huang, Wang. Peng 5 D FHI(C
P> T-78°CIZTTMSOTf BL UPa-R 7 =IL=+")IL 41 2MmA S, FRICR L TESYIZ
BONTHEMLEBEEMEELS5DAHTH- =(Table 6, entryl) . HEKRMD 'H NMR ¢ ESI-
MS 2B L7253, A1V F—ILERD2MURIMUNTE FFIMINLILEYN 402X 43 D
EROHER TSz, TMSOTS ISL » TEMIEINAA > F—ILFEROKREFEHNIIFEE IS
KARRETH-EEDHIT, BIERISHHEITL H’Em LTW3 3D, XMBENFHTIIVT

I TILFINALDEIT LR > 8, JEHAERIDRET 1T > <, TMSOTf &£ Y) LiBFL KE

FHEEFOEMHAF ZRIT LA LI S, TFAA T AWEE PEEORETY 7/ 7ILFILL
K 39¢ 0’F 57z (entry3)e TDEE 4> F—ILIRD 4ﬁLZ 6L TV 7/ FILFILLIN
il & RMAER 39¢, 390D F L ND, INHEV AT ILIZav T 57 4 =2k B 58T
BETH- 7=,

Table 6. One-pot Cyanoalkylation CN
BusSn._CN 41 | N
I(OAc); (1.0 equiv.) | (1.2 equiv.) N

BusSn N\ HFIP (10 equiv.) (AcO), N\ activator (2.0 equiv.) Ts
N N 39c

DCM (0.1 M) DCM (0.1 M)
Ts Ts "
23c -40°C,2h 7c —78 °C, 30 min |
0.05 mmol A\
N
Ts
CN  39c
entry activator yield (%) ' OAc OAc '
| | i
1 TMSOTf complex mixture® \Cf\g OAc !
! N N .
. i a i Ts Ts !
2 BF3+OEt, complex mixture | 42 43
3 TFAA 62 (39c:45, 396':17)b , MW : 455.27 MW : 515.32

' ESI-MS, m/z = 454.97  ESI-MS, m/z = 514.99
@ Determined by 'H NMR analysis using 1,1,2,2- T T ’

tetrachloroethane as an internal standard.
bsolated yield on a 0.10 mmol scale.
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INFE

22ETENET B, SEZEEIR. ~ATOF ) —ILRIF+ > ¥ [(OAc) X A= ipso LB
BRBICLE.E/ATO7 ) —ILA-3—F DB FEEEFFREL .1(OAc); £ HFIP
TRAVSERLRSEHFICLY. HEROBAERKTIIREE > BARENRKVERFTER
NDOBAMRICKSH Lz, BPFTELCEE/ ATOT7 Y =LA —F 23, EEMEHT A
IWRSLBFERLRRIESZILT, 7Ry bTATa7)—iL3a—R=94641") I
THEgES >z, . TRV P TOY T/ PLFIMERKEITIZ LT, Y7/ 7ILF
IWEANEANINAZI VT L — > EERITEEL S 1=,

R r e
e

.....................................................................

1 EBEBTHRRELHIC, 7)—Lla— F=v4a4) Rl BF BERISO B L L2 ATERK
Thd, ~NTO7)—=ILI—F=94LA4") REPRWIZERT 2EKFEICL-> T, 5125
EERIB4 BRAZH L/~ PET 70— 7JOMBBMEIEET I Y 2B,
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£

i
"
\S]
i
G
=

F£28 7Y)—ILI—F=Z9LA4) FERAVETRIF 201 BEBERSORE
Z18 B

DAEERADTETRED by 7 TH 55, BEBMORRBICLY., FREITALEEL
DHA TS5 FAAFEFRILS0%EBADL IR > TELDADEZREETH S IEEE,
BATARFEE. BEMEEICIA, IEF TR RERELES L TETEY ., YA =%) ORRT
X< 22H%, LHxLas s, FRIETERNKN 3 B0 DAICL>TIHTLTWSZ
X EROA RSO A, BBD S - BENAR EDOEEEMIAITOWT, KK 5 FAER
EGEENMEV EHABBE LYWL S, HEAMPA T SO ENABRENDRIAABG *ERT 50
Ild, DADEELIT TR CEGEFEREREDVADEBICEhE ., EIMLERENISEEN
W5,

E, RERDEREERY LTS/ X7 4 7 X(theranostics)ASEB 2 EH TV 5 39, t
2/ X714 7 R4, 2 Wi(diagnostics) ¥ 6 F (therapy) ¥ A EHEHLEEBTHY . A—DHALE
RREBNT 2B LEERETRAVSZ LT, 2WEEERZAETLUITOMITH S, BE
BlenmE* EHICER - BEL, TORAIEOE THEYL GRS EDHLZ LT, BED
BERERANRICEEDHDD, BVWERMRENET 5EIMEERNERTE 5,

BREFNFHETIIELS /) RT4 7 RAOFR/EDVWEEENHL LY IThNTEL D, BE
FREIZ. MEOBFABRLRET 2ZE0ZHEINAARALEEES L AAICKRSE L, £0 %y
BOREXBERIDSRETEZ LT EFOBEXCIH /BT IRETH S, EFl%
B5%. HHBRICERT 2 TORMCERELHET 522 v T, mRXCKRE R CDHEE
BHREEBILTAZUDHETH S, £RRNOBEENDFF*EBZRILT S22 U TESL00
FAA =YL THRELLFIEIN, ZOEDIFERTIEENDFAA I ITHTH S, BIE
IZOWTIE, B T7AY b= TEEISEEINT VS, 2 F A A -V TR TRV LNSE
BALD =D DOBHMERMTE (RD ORHY I, SGEDLHDORI ZFAT 22 T, 12899
FREWNGEENERIN D, DA EIZNT 2 KF 265A R TEH L. ARICERET
22rT, AR ENICaBECPRERE LIBELITI 39, BE5 LA MEERIH»IALE
RFENICEET S0 5, RRICEHET 2&H0°A0. M FMICE WV TRENICK
HOEELHND» AN L TELEERDREVBRFTCES, DFAA -V TEENTAY b—
TEEEBMELEEEREBRISI VA LS/ AT 4 7R RIEN, UTICRTZE IO —TIT
b5 Figures). TT. HEDI /R IXHRLHFENIENT 590 FER L 2MA R THF
L. TNEZRAIKRSET 22 TEGRESHMER LTS5, SWE/VAMMIIRENICETRA
L7BE. R—DFEREEEA R THRBLAEREAERRIKRS L. "AMIRFENICa

P ANA BRI INEANDDI L S FRICEFEL TWVWBADNE|ES, BAASKT 5 £4I4H
LTWVWBANEIESIZERTEDL 5WVMEWHATET, DA LB INARRIZ, YD 508
ETERERA D0 D & RTIEE,
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BOPRERATE L TERET 5, —HZMENLER LG VIHFEIE. R EEENIRE R
D, FEETOBEEECHIIRET 5, 2HLIHIISVAES/ 257147 RIE, BRI
DU EITI CY THEMNRNDEELHBI TELZ2 805, REVOVMRNIEEREHEDS 2
Y TE, BEIMEERNBEAITETH S, UL LOBREZTIE, HEMENGAEEDHS
KOV ADEBERETEICTEI5VFECS /AT A I RADEUNEERFETH 5,

. EEMROEEE
specific Q it G e

specific : molecule

specific + +
molecule molecule f F—%RBEHE &<
/? ol 48 K
% At R

Figure 5. Theranostics in nuclear medicine

o/

ZEFZRE TIE, B— X FRITUE HR (single photon emission computed tomography, SPECT)
X5 E F 1 ST W7 /& #% 27 (positron emission tomography, PET)0"F|A XM 5%, HTH, [PF]7 /L
AOTFAFT TN I -XFDO)EHHET S, BFERAWELPETA A -2 IHNERIN TV
% (Figure 6)'Y, “F 0 ERIE T BFRICHREINSGBEFIE. MEP THELT S L TITEF UHE
MY BT, TRILF—511keV D2 ADHFHE X #R%E 180 EHBICKET 5, TN % RE
IKRET B2 LT, ERRATORNBEEERBTRL L TRBLZHITRETH S, RERE
NE, EERDLBVI LD S, PADBERME L TERLTEY . ITNZTITKRR L BF

EEERIBEARIN TS,
positron emitting
\iadionuclide

@ Dpositron
511 keV X ray ~. 511 keV Xray
electron”’

Figure 6. Positron emission tomography

BET7AY b—700KIE, < LYBREFRA LGRS ITHON T E 3, BIRRITAEBAR
A mm L HEBRHKRWZ CH 6 FHERHNEBLAZAZICHEEY 20AMRISHEL T,
JORT7AV—%BICL > (BRERFTE 2O TEETH S, LA L. AEADEEMIZD
BIEFICHRIE K T5 2 " BRINS, HE. BERTITHN TV BBMIEEL LT, [P1]32 V1L
FTRYVDLERWAERERIBRBIIHT 268X, AV M) oLAT)VERTFIXFELI Y
CYYET T )OO ERWE, RBMEE BMERMIERY X2 S /ER Y LAk /&
IS T B8N BIToNG, TLTLKRA, VI NRIFUZBERBHED MR A DRSS
T BEEEY LT, LFFILAFY R LA F RTLu) LI T IODKBEINE L L, B
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IERDAMNMUENRDO SN TV S

FVFXI/RT4A T RAERRLTWBEERBIE LT, VI FRIFUZBERBEDHR
WD RER 8B H 5 (Figure 7). ABETIE. VR MR I FUHEBRTF RIS LEF
L— FERALICA > VI A1 In) R I NI >V LR T LA F R ) LT F
D L-177(TL0) DRI ML T F O LA XY R LA F FTLu)d AW SN S, Mn [3yAR
ERETEZETHY . SPECT ICL 5 BRI TEETH S, Lu ldEICHNAL SIS, B
BERET B THAMREZRADICEET 2, WITNORKFHEESRL. £ 7 LA XF
P UCBLUNLI T LTERATEHKRABINTEY., SNLE2HAEDLE S 2 L THENIC
DAEEBERT DI UHNTEETH 5,

o o . [0 o
W0 W SoH W SoH W SoH
[ In]indium pentetreotide [""7Lu]Lutetium oxodotreotide
OctreoScan® Lutathera®
SPECT imaging B therapy

Figure 7. Theranostics for neuroendocrime tumor

PICEEICL 2L S /AT 4 7R INITIITONTE LD, PROBIXILY -5
(linear energy transfer, LET)IA"PRE TH 5 DICZT DEENEINRENTHS Z eHLILL
SRR ING, 2OLIRERN S, MFETITEEMI AT L THIEA LGRS R H
FTESL, af6RICL 2 €S/ RT14 7 XHSEBR I T\ S (Figure 8)°Y, offD LET X, B
BULEEIL TH 400 BBV L9 5, DNA —E8YMT s S4BE I3 S22 7, T/, afR
DRFRIE 100 um KT LIEF TV 0. IZHER 2 A MIBIRNICERIE 52 e TE
U, BBRIROICHIAFIREZRAIEET 22 LD TEETH %, RE. PRaBILT VI LV
— 74 AN EBEHDH 5 ERIEMMEIMILRIADEBEREYL LT, BRIABTERAIN TV
3, Bt AT AEPEMUAIIRERE TR Y LS MMBEKRARTH 5 ALSYMPCA
Clinical Trials |2BW T, TS5 RB Y LB L TAEBHBOEZEENRD SN TEY ¥, a0 F|
AICL > TREDBIEE TR LARVE VI AEBEDREEZERLTVS

BRSO E R L RIB T S, REOEMAKRIGEYICEHL TR I T RLF—,
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afiR BiR
LET 50-100 keV/pm 0.2 keV/um
2 50-100 pm 200-10000 pm

Figure 8. Variety of radiation for targeted radionuclide therapy

afRIRERIEE A WAZE T A Y b — TIEERIL. 128Y0sR 8K (targeted alpha therapy, TAT) &
i (4, [PPRa3BAL T 0 LA DEIFBUARE. TAT OEERISHAICE T R INERIITHN TV S
O, Lo ULRdSs, BRRIBIG TR ATRER afRIE RS HER RV — 7 1 T°DHTH Y.
b DSFREZIEE @Dz, T 575 TAT DHRERHNEE NS, TAT I[SFIA T N5 ofEH
KIEIL, RD3ODDBEHEHLTLOHNEZ LV EINSG YD, ) RIFFTET IR, BY
RRIDOEFE, 1) BIZEORICREFCEEOEVBEET A LW, 1) R ERIEN L
EWENER, TNI T RABI VAL EE D, kA QofRFEZIEN F0 5TV S5 TAT
NDSANEFINS L DL T HT H IR 541 5 (Figure 9).

Nuclide Half-life Decay mode
212 61 min 1o, 1B~
213p; 46 min 1o, 2B~
211 At 72h 1a, 1EC
2Ra 11.4d 4a, 2B
2250¢ 9.9d 4a, 2B
227Th 18.7d 5a, 2B~

Figure 9. Potencial radionuclides for targeted alpha therapy

rROuEREBEDLHTH, 77 F = L-22535Ac)h TAT DEEFRMEIZEVWT—ED
REEZEIF TS, TO—Flr L TEBMRTILRSADBE I LU, RIILARS AR
JRY /37 (PSMA) .12 Y LRREI") &> RTH S 25Ac-PSMA-617 2% ET 52 ¥ T\
AMRFERB ORI . 8ERE 12 7 BRICBVWTHLEMREEMIFT 22 LRI INT
W5 92, —HT, PAc IRERBOB THRELEZRT . ZAc ld M) D L-229%Th, t1,=7340y)
DBEICEL>TEICBEINSGD, TOFZETH SV 5 >-233(tp=1.6x10°y) I IZEHHAFH
DBITHN TN 1960 FRICEEINAZLDEFEAL TVWS0. 2HFRD ZAc DEHBEIL
FM 63GBq lcFEF3 ¥, ZNIIEMOITOTFALDERICAVWLNEETHY ., J8EA
RIFELHVMERARL L THLEIIROGBVETHS . FM 700> 2FAL K PAcBEE
DL AT, A EIEEORMBEMAHNEETOLNTNEH0D, BRERMGHIKA L L THE
TH5ZCIIEBERMANDERICE T EKIREETH 5,
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e F2EE 1 &

TAT NDORRAHAFEINSG L ) —DDuRBREEBL LT N T >R THETRIF >
2UCETAYDEIT 5N B D, BRUEMEBFENBEZ I L, 2At 123 T 117 Anti-Tenascin C
MAERET 22T £EHEHMOERIBRESN TS 9, FLAFTI. ETILYIR
TOREITBWT, /LIEXR7 > b5 RAK— 9 — %480 ¢ L -8 BMEBIEDGHRE ¥
R DAKRERN T I/ BN IV RAFR— 9 — 5B LT WO A DEERE O RR X
NTEY., VAt T AWz TAT DBEZHEHER 50N I8 > F,

WAL ITRBEBTAFERREMHABENERBEIZRIIHL, /70 b > AV TallF
* BBATT % 2Bi(a, 2n)*'At RISIZE > TEEINS(RK 11)?, L7 T AL I Ac LI
Bipl) MEORERGHTETH 5,

2%Bi + sHe ———  2At + 20 (11)

WAL DEBEAIL 72 BEETH S0, EENOERBNIEVNVNYFASERHIE NS > /7
FTCHHRLBENERNELRAT 2 L0 TEETH 5. 2AtIE =R Y DIEZEHHFEET 5 (Figure 10),
1 2B E, afIFORE E > THEBEAS 33 F0 2Bi ITBE L, T D% 2Bi "#EE FHE
ICE > TRER 2P NEET 5, 2 2B, BuE8EFHEICL > THEHA 0.52 # o 2Po IT
BEEL, TOHBKFERET E2 T2Oph ITHEET 5, L > T AL IE 100% ol F %
R L dY S3BE T (5.9 MeV(42%), 7.5 MeV(58%))o & 7=, VAt #¥ 2'Po |ZEAIEE FRME 1<
Lo TELETIRIEBEXBERET S22 05, TNERET S22 L TEMHFELR YDA
A—=I T RTEEICT B,

211At
7.2h
o (42%)
E 0,
Ea = 5.9 MeV @ C (58%)
211
Po
207 R;
Bi 052s
33y

@ . (100%)

EC (100%) Ea = 7.5 MeV

207Pb
stable

Figure 10. Decay scheme of astatine-211

CodHic, MALIIENYEBEZHOMEEZRT I 0L, TAT ICBIT52RERBHEL WA
%5, LHrL, 7RIF U IIRERMIMAHIFEELET. REFBIAOBHERMATH 5 20At T
LZOEBAILSIEFRTH S0, MEN. LFHEEIIODVWTRAEFTRALRZI LS, F
FEERIENEE L BRI 2ERY > T35, TAT DRRE YEKRICH % RIBA 1546,
ERMREDEFTIE. VAZBILEYONRNEBEDHMENERRFETH %,
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TAT ([ZHW % VAL 23L&, C(sp)-At EENLBRHLZETHSL 2 eH 5 0, FEHR
ERREBLAZLON—MBNTHS ), FEREZZHTHHBNLF R LT MAt AFF >
C'ATRAWAEKREFELRRISOIEIT 545, 1985 F Vasaros 51d, FO¥iixf L TGRE
RBRBET VAU FRAIE ST, TERKETFELRRH/ETL MALERF O 29
BONDZrERE LA 122,

Vasaros (1985)
AL, HCIO,, AcOH 211 p

H CO,H CO,H
]©/\r j©/\r (12)
NH ° i NH
HO 2 160 °C, 30 min HO 2

61.9+3.7% RCY

FRRAETETRIFOOBNAELFHT 57HI. 7)) — LRI+ > 2 iRHATRIAR L
LA TYRBHBRISO —MRICRIAIN S, EERAR X LT 1986 &2 Bloomer 5 &, €
FUTLVFEERDT ) ILRIFIIH L, BEAEKEERAVEZRPERILICEL > TRET
At EEREE S 2 LT AL AR E 0% BETMEFIRERCY) TR/ LN S Z L2 RE
LR 13)%, TOMELTRMYIC, 7 —ILR I F 2 2 EBBFAERK L L1z VALEBHBRISIC
BT 2R RA IO, BRI /N TEOREICERZ N-E XY aNTBRIRT
ILDAZRTBE R B FE X 4172 (Figure 112) %Y, F /2, AMIZ(LENMDFEUORBEZEAL T,
RY)ZF L BEECA & VBRERICEEAINLZT ) —ILR I T ORI N, EHBILLEHMH
L5AMR X ERET 5T KD T4 T\ S (Figure 11b, ¢) *Y,

Bloomer (1986)

I
o/\/ N O/\/ N
BuzSn Mat
O " AtiNaAt, Nal, H,0, O
(13)
_ THF/acetate buffer _
O rt, 5 min O

60% RCY

a) NHS ester precursors for 2! At-labeling of proteins and antibodies

o) )
o 0
N N
o” o”
(0] o
BusSn
SnBus

b) polystyrene-supported precursor c) ionic liquid-supported precursor

0
.
h H,N oN
S—NH,
NH

Et, PFe ©

(/
+N—_—\
SnBu
BUZSnd K/NMG 2

Figure 11. Application of arylstannane precursor for 211 At-astatination

24



e F2EE 1 &

EOEMIAINEENORBICEHEL T, KREUL T — LY > 2EHABRAE L LTHW
- RKEFH VAL 2R IS0 5415, Vaidyanathan 5 IR YL T T =Y HKDT ) —IL
I rilix L. NCS RU TFA HH& T YA S FRA I & %5 2 ¥ T, meta-
[*!! At]astatobenzylguanidine D& EHE L 72(N 14)°9, T BT S I, AFRORISFEIZEL -
TERET LT 7= VFEERO VALRBILETRE L TV 3K 157,

Vaidyanathan (1992)

NH NH
PR 21AL, NCS, TFA 211

Me3Si ) )
o> ” NHy —mMmM8M—— ”J\NH2 (14)
70 °C, 5 min

83.0£2.6% RCY
Watanabe (2019)

CO2H ZAt*, NCS, TFA CO,H
/©/\r - " . (15)
Et,Si NH 70°C,10min  211p NH,

75% RCY

KEFH VA BBRISIE, VAL IEEEEWMDOERITE S AVSNEHY, WL DH DR
H5, 1 2BIE, VAL ERAPRESELADICBKRILFIZTAVSISENH L0, BEREEHE
MHOBREL i 5356055, 2 DBEY LT, RCY 'S DIBFEPREICL L FE 52 L HvEIf
5%, ZHIE. TRIF A1 fln s 7E THEHRLBILRELTIRS Z 95, BILEE
ET. TRERVAIORKMEEHIHTE I L0 RBETHE-DIELELSND D,

WAL 7 =F D CUANIZBTHOERH T BAV pH DEHEETREICHET 2LFEETH S Y,
WAL B L T 2ACIZERY BRWHOIBE TH S 2 L H 5, AL T AV KA 2V AL R R IS
HGEB X ESH TV 5 (Scheme 12), H#AY7 ¥ L T, Simonian 513, RPREILALT ) —
WY T = LRI LT, 2MArE 0°C TIERAIE 52 T, YAt R#RE BIRETER
L T\ %5 (Scheme 122)°%, F 7= Mitchell 513, FEGRRKZEBRIGICEL > TELHEBEDIGRE
EREETH S VAIERBAFL > TIL—DEKERE L T\ % (Scheme 12b)°), 3HFTIE, L
V)RR KAZH AL BER ISHOSHAFE I N TV S, 2016 F L2 Guérard 51E, V7! — L3 —
F=r) LB T AZEATERAR & U 7= KA H9 2 AL AR RIS = R4 L 7= (Scheme 12¢)29, AR IS T
FERMAREEEZAVSE RRENZLVWEFHEENERLATEREMHEEL L TAL
52T, ALFEBIROLZBHSTRETH 5. RAFIL LT ARKICL > TEMKL 7= 2UAL
FWAE T AN BRI /XTI EOZREALAER I N T B 209, B 5 KAZHY 21AL 1R
RISY LT, 2018 £ Makvandi. Mach 5137 ") —ILARO >EESF 3—ILT X7 IL % 2T
BRAR Y U 7= 2VAt 23R IS * #RE L 7= (Scheme 12d)%Y, $AfAE % A\ 5 2 ¥ T, BB TERRH
IC2IAt BB A T BRETEKT 522 UDTEETH 5, T 5122021 F 1T Gestin, Guérard 5 1,
ARIGE—PRRT 52T, KRBED, RIS LT ) — RO BOBEE At

AL % 3 X L 7= (Scheme 12¢)%Y,
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a) from diazonium salt
21AL, KI

CO,H
X 2
+
N

5 NaOH/Na,S,03 aq., 0 °C

b) from iodoarene

2" At]NaAt, 18—crown-6

N

N

JI
MezN S

c) from diaryliodonium salt
TsO~™

NMe; 100 °C, 30 min

NN 2" At]NaAt
£ e .
= = MeCN, 90 °C, 30 min

d) from arylboron compounds with Cu cat.

[?" AtINaAt, Cu cat.

N Bpin
RT
¥z

e) from arylboronic acid containing antibody

MeOH/MeCN
23 °C, 10 min

B(OH)2 2" At]NaAt, Cu cat.

TRIS buffer/DMF

o N/\/\/mAb 23 °C, 30 min

H

Scheme 12. Nucleophilic 2! At-astatination using 211 At

/©/C02H
21 At

>97% RCY
N
\
PO ®
MegN S NM82
21 At

72+ 10% RCY

211 21
N At N At
R + EDG
/ /

up to 99% RCY

21
AN At
RT
=

up to 99% RCY

byproduct

211At

o N/\/\/mAb
H

93 + 4% RCY

MERNRTELL DI, KW VAL EEBRICITEREEFEEITEN. SUIRET VAL Z2H
IEEMEERTERRISE VWA S, 2THOZYNLEHIT, BA HEHATERAET BV REH
MALIRERISERMET 22 LT LY SHRLIZHCEMEDRNICERT 52 L TETH
Y. MAtERWE TAT DEERMIENER 2 REBICESTES5 £ 1,
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e F2EE 1 &

EH SVFELIT/ATAIXNORAEREAL. "FREBRISOZHRBRARZ AVTEK
ZE VAt IEBRICEHRET AU ERTHB L EA TDL I RRIREME TS LT,
B — DAZERATER A D 5 BF AZHRUT R v | WA ABECAER Y DT B 2 LRI R B,
COEOIBREENSL, T —ILI—R=DL4Y) FERAWEREN NALEEBRICEETE L 2
(Scheme 13), 7' — /LI —F=U4LA4") FIE 1 EE | 8 TR L 51T, KEHY °F 15K
RESOBRGHEAYLY L TRLoNS M2, ARKIZ. BAFLEBAELTAVS I R<{gaR
BTPFZHAR 19 ZERTETH S, T, ABREZEORILMAEBICERLAFTERY. K
KENZ LWEFHEENBBRLAFTERICHLTCLBERATELZ LD S, SREDFER
LIEHBARETH S ', F LAKBEONOT >TETH S VALICTEWTH, AEORKERT
KZE VAR EITT 2L E A, TRbE VAYA— R 464 ") FOKEFHL
IVERCARBKET L2y =m0 PRAREHR L. LYRERAIL RS LEES
BERANTEHILGL, 7)) —ILEHNTAH MY TILAIME T 2 PRGN EEGRZ, BTaBEE
HDHEITT B2 LT UALEEBER M HIBOINEEEL, BERERAELTRAVSLEZ LR %
M FEREZETELFEAOEILEBIEL. AEICEF L,

Vasdev and Liang: Nucleophilic '8F-fluorination

0
18
N I\ o 18- N F
R—,/ we. R_I/
07 "O7\_ !
19
Working hypothesis: Nucleophilic 2'! At-astatination
0o
[ 211 p¢- 211At
NS Yo At .
R_I/ . R
oo\ Z
T- 44
' A
y
211p¢ 211Alt’\, R
. =/=
4 %o LoD
- -
q X
R—— o0.__0

Scheme 13. Working hypothesis for 2" At-astatination of aryliodonium ylide
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F28 RIREKNDIFRSE L VRISEH KBRS

MWALICEAT RIS KRAAFEERETHY . MEN - FHOHEICEAL TFRRARELELF
ELTWS, ZTO—fFlr LT, YAt DEEECREBEZHE LU Oy boiBWITE > T, 123
RIGDORISENRELEIAT 22N EITONS, TN, VAt D SHLEELIREE L 572
OIT, EFHNBRBEOBMAZRICL > T, WAt DILEENBBICEML ) 20K L EHIG
WHELTWSE, 2OZHh5 MAtEFRAVSARE TR, RSEHRIFITE VT, B—0 VAt
gy FEAVEBEIRY FEOEENLERELUVRRBEZITV. B0 S5 2MAtay P2 AW
IBEIIEMNRERMLLED S,

KL VAt ABRERICEFHET 2I1HY . KIXERRIRORISENZ LWEFHEENE
BULAEFTER* BT S, TR IOVFEKR 180 2 TTILEEY L TRIRL L, RISERDMR
HIZDOWT, (EEMDIREIL HPLC DI & - TITW, 1LEHD RCY DEHIES VA TLC
DTS TIT> 2o MEARRET L L T, °F Zb O £G4 2 28E (12, BHEICT EuNHCO; AW T
100 °C T 30 f YAt RIS E /¥ 2 5, &\ RCY % 9°5 BHID 2At RFHAK 440 117
5M7(RX 16) RALEWHNBHD YAt 128K 440 THEZ L2 RET 50, BERKTH
57— ILRYF 2 EIZHAERAR YL L KEFH AL IRBRISZ TV, AL RFR 440 %
ERLER17). TR FOVEEERDTY —ILZA I F > 180 I L. BEFI Y LTNCS 2 H
WA F ) — L/EEER A BB R At 2 ER I E 5 2 ¥ T BN AL B K 440 V8 SN 1=,

21 At (52 MBq)
Et,;NHCO,

B ——E

MeOH
100 °C, 30 min

(16)

211 At (8.9 MBq)
NCS

_— =

MeOH/AcOH
rt, 30 min

(17)

detected

T AHATEALEL VAR AF A COREIN TRV, RREHTIEIGAF A > %
BiEEE 9. BICVAt L RET %
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ZNZEND RIS radio-HPLC 7 9% b 7'5 L # AT IR (Figure 12), 7 X 9 F V3R E
BMASBELAEVWI LSS, REDIVELNTRIF LM LALFHMEERT 2L
R L. JERRGHME I Y EAZHEAED UV-HPLC OREFFE%Z D v I VAt 28R 4 2 RET
L2 TH S, TNZTNORIED radio-HPLC 7 B < k75 LIZE W T, 13.0-15.0 2
ICE—OBEEEE— 79BNz, /2. I VEZEAEKD UV E— 75%14.0-16.0 75 | &R
INFZeD S, EEFELAKREEE— 7 B0 VAt 12#R 440 THRLELLND, 2D
2ens, 7)mII—RZDLA4") 180 ¥ MAt T AWAERKIZE - T, 1At #Z234K 440
DRONEZ USRS T,

on_I - CH2

Intensity [uv]

10,0 12.0
Retention Time [min]

Inkensity [1v]
g

(from electrophilic astatination of 230)

10.0 12.0
Retention Time [min]

Inkensity (1]

12.0

10.0
Retention Time [min]

Figure 12. UV-HPLC chromatogram of I-labeled standard (top), radio-HPLC chromatogram of the

electrophilic astatination of aryl stannane 230 (middle), radio-HPLC chromatogram of the nucleophilic

astatination of aryliodonium ylide 180 (bottom)
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FOBERRBRA LT R ROV 70XV FILEEEATEI— F=Y41") F 180
IZxt L, 3E& ¥ LT EuNHCO;s, BH| ¥ LT PPh; F& T. DMF & F 100 °C T 30 %4
HWACERISEE S Z 2T, BHID AL AZFAK 440 5 58% RCY TR 5 #17=(Table 7, entry 1),
A—F=D4L4") FOBEBENEEZ 2O Y 7aXRDFILBINL IAF IR LTI
CFILE 46 ICEE L7 X 23 RCY IIMET L 7 (entries 2, 3)'%, ¥ X FILE 45 (ITD W\ T,
RSEZEGHTICBIT 2 REMEIMBET LAEZOICRCY METLAEEELZONS, 7V FILE
46 Tld, IHEEHNRETWVWZUHORCYRTHOEREFEL T\ 5, JRIC. EWNHCO; & R\
TRISEIT > 2%, RCY DRI KT Liz(entry 4) 2D YD S, RISR P TPAL
EuNAt # X T % 2 L TAt D KRZMEA B EL RCY 2@ LEIETWE 2 A TREINA,
PPh; xRV T RIS IT> 3B E. ET D RCY KT HH 5417 (entry 5)e RIGRE % 100 °C H°
5 60 °C ICTIFe 23, BHD VAL 231K 440 [ IHTH 12% RCY LHESNLH - 1:
(entry 6),

Table 7. Optimization of reaction conditions.?

211 At
Et,NHCO3, PPh,

DMF
100 °C, 30 min 211 p¢
|| 180
[Auxiliary]
entry variation from standard conditions RCY (%)b

1 none 58
2 substrate 45 instead of 180 32
3 substrate 46 instead of 180 12
4 without Et;NHCO4 23
5 without PPhj3 53
6 performed at 60 °C 12

Ar—I=[Auxiliary]

o) 0 o
| [ [

Ar” \f\o Ar” \f\o Ar” \rj\o
o O)O o o)( 0”0

180 45 46

aReaction conditions:180 (10 mg), Et;NHCO; (7 mg), PPh; (5 mg), and 2" At
(25-52 MBq) in DMF (500 pL) at 100 °C for 30 min, unless otherwise noted.
bRCYs were determined by radio-TLC analysis.
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F38 VAR RIS EE % A # F

REL L RISEHT. REBEAZHEOIFER % 1T - 72(Scheme 14), 2''At 1FHX 44 DIZE
3. IEZEHMESFEML TV ZIERSMED I 2 RAED HPLC REFFM L OBICL YREL
foo F 72 MALIZHAR 44 D RCY 13, VA TLCENICE>THE LA, ETLEETHS
IR b+arFEER4do ITMA, EFHEEHNBEHLL 7 2VAL BFHAR 44p 1Y BRIF 7% RCY TH S
N ddp 2B ENB T 4 TS5 — FBRBRIZ BRIV £V — LBEFEFREMEALZ BR(PPARQ)
D7IT=RA P LTHERT S22 05N%, 7x=IL7 5= FEK 18q 2 1ZHATEEMA L
L7=B&. 69% RCY THEID MAL 128k 44q 218, EFAEFEREATS7Furz/
CHEMARI8r AV Y 25, IZITEEIC AL EREAR 4r 1NE LN, ARKIIEERL
EMIONTE VAL IZIE»HEIT L, A VAFHY - ILER M4s X/ ) VIR 44, N2V F
A7 VR EBT HEEAEETVTNELERCY THS 2T,

211At—
| 211At
i XX 0 Et,;NHCO3, PPh, = @/
T _— T
=
o O/D DMF =
18 100 °C, 30 min 44
o)
o)
Jora
Me Me
211
211 At
440, 58% RCY 44p, 63% RCY
0 o}
o)
OMe N
211 p¢ NHBoc » o
At
44q, 69% RCY 44r, >99.5% RCY
211 211 21
At At At
N I
o NG s
44s, 92% RCY 44f, >99.5% RCY 441, 93% RCY

Scheme 14. Substrate scope of the 2'!'At-astatination of aryliodonium ylides.
Reaction conditions: 18 (10 mg), Et4NHCO; (7 mg), PPh; (5 mg), and 2"At
(16-43 MBq) in DMF (500 pL) at 100 °C for 30 min, unless otherwise noted.
Product identities were confirmed by HPLC analysis of nonradioactive I-labeled analogues.
RCYs were determined by radioTLC analysis.
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F4th BIRCEIERYIETSIER

A > F— LR 18c ZZMARMA Y LT, REFHT MAERRSET->7(R 18). K
RZEDERE TV F TLC ITL » ToHHT L AR % AT ISR 9 (Figure 13),

21 At (33 MBq)

Et,NHCO3, PPh; 211At
\©\/> 211 At@ ) (18)
DMF

R Ts
100 °C, 30 min
44c, 78%
as at least two regioisomer
Measurement 20200128-02-Ts-indole-2nd.rta raytest GmbH Page 1/1
C:\GINA_NT\HOKUDAI\REZO200128-02-TS—INDOLE—2ND.RTA Print date: 2020/11/26
C/mm *1000 I 5} TLC
M o
I o
ful -
3.50 n B
3.00
2.50
2.00
1.50
1.00
0.50
1 T T __7_7|7_ T e
0 50 100 mm
Measurement: 20200128-02-Ts-indole-2nd.rta, started: 2020/01/28 16:
Method: Hokudai from: 2000/01/01
Origin: 100 mm Front 180 mm
Meas. time: 1.0 min Resolution: 0.3 mm
Radio detector: raytest Ramona-92 Serial Nr.: 0
TLC
Substance R/F | %Total Type Area| %Area
% Counts %
Reg #1 0.238| 21.88| DD 15541.00| 22.37
Reg #2 0.471| 58.22| DD 41358.00| 59.54
Reg #3 0.558| 17.68| DD 12560.,00| 18.08
Sum in ROI 69459.00
Total area 71041.00
Area RF 70485.00

Figure 13. The result of radio-TLC analysis in the reaction of 18¢ with *!*At-
Development solvent: hexane/ethyl acetate = 8:1 (developed twice)

Retention factor of the corresponding non-radioactive I-labeled compound: 0.42
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TLC 7’L— FLEICERZ3DOE— I FEERM L L TEAINALD, RLEBEOE—
JRf =024 FBE)IRRKSD VAt TH B L BEINS, BUEISEMLALZEY 2 DOE—7
(Rf=0.47 #&,Rf=0.56 FE)L. JEMEHEN IV ERAKRRI=042) LiFEE L ME ICHERAIN
<o 2OZYD S ABEHEEM L 72 2 DOMKEME L NALAREA > F— L ddc DB EM
BTHBIUDTEIN, MERUKEESY) 4de PELC ZHBL LT, UT o 3 EENE
Z 5415 (Scheme 15), | PED#EY LT, 3— F=44 ") K18 I L. FEEKRKE
BRSO HEITT 5 2 £ T 5ALIC 2NAL HYE N X N AZFAR C5-44¢ 117 5 415 (Scheme 152a), 2
SHO#MEIZ, MOICI—RF=ILA) FOBBEFE > TT7 A4 0 LCEDE, MAHH
MTBZrT. A2 F—ILD4LF 7= IS 6 MR T N2 1LEW(Ca-d44¢ or C6-440)0 T 5
%(Scheme15b), 3 — R= LAY RO 5754 H4E LS LId SFEEBRRTIREIN
TW3 D, ZHORKTIZ, EFEEFTEREELG L LABIC, 754 > %428 L T SFEH
EHOMEEMRBEEHME L TR/OMNEZLDALNITR>TWS, 3281, 1 > F—ILERY
WACHEDFEEBRRKREFERRISHEITL T 244 21 3MLIC VAL BEANINEZDSE, 3
—R=944") RORET % 2 £ T2AHZEAR(C2-44¢ or C3-440)0°1F L N SR BIF 51
% (Scheme 15¢), RISITBITIFZHET TT> TV 59%, 2MAH BRI N T 2ACA . L 5 TR
MIITERICIIHBRTERVWEEERL TV S,

(a) Nucleophilic aromatic substitution reaction

N 0
JI/

211
211 pg— At .
Ts <j\

18¢ C5-44c °

Z; /g
z

’/—\ At
H“—\ at C-4 N < T N

[IIII] /
N
N base
H _
. N \ A L A
at C-6 |
N 21 p¢ N

(c) Electrophilic aromatic substitution reaction/Ylide decomposition

[Illl]
N

/
18c ™® I

at C-3

at G2 Ny 21154

Az

C2-44c

N
AE A~

C3-44c

Scheme 15. Plausible pathways to afford regioisomers 44c
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Kih FE2EFE 48

RISV 75 HEA 18k £AZHATEEAR Y LT, RERMET VA BERISE T - (R

19). RIG1ED

15).

BRE HPLC B L U5V 7 TLC IS & » TH#T L 72 &R % AT ISR T (Figure 14,

21 At (31 MBq)

”I@o

Measurement 20200128-04-benzofuran.rta
C:\GINA_NT\HOKUDAI\20200128-04-BENZOFURAN.RTA

raytest GmbH

44k, ca. 76%

Print date:

Et,NHCOj, PPhs 1At
Y (9
DMF o

100 °C, 30 min

Page 1/1
2020/01/28

C/mm *1000

Start

Front

TLC

Measurement: 20200128-04-kenzofuran.rta, started: 2020/01/28 18:15

Method: Hokudai

Origin: 100 mm Front 180 mm

Meas. time: 1.0 min Resclution: 0.3 mm

High voltage: 1626.0 V

Radio detector: Serial Nr.: O

TLC

Substance R/F | %Total Type Area| %Area
% Counts %

Reg #1 0.192| 23.45| DD 7280.00( 24.39

Reg #2 0.388| 72.6%| DD 22570.00| 75.61

Sum in ROI 29850.00

Total area 31049.00

Area RF 30610.00

Figure 14. The result of radio-TLC analysis in the reaction of 18k with ?!*At-

Development solvent: hexane

Retention factor of corresponding non-radioactive I-labeled compound: 0.46
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Ftornon Tme [min]

Figure 15. Radio-HPLC (top) and UV-HPLC (bottom) chromatogram of the reaction mixture of 18k
with 21AL
Eluent: 45% H>O (0.1% HCOOH)/55% MeCN

Retention time of the corresponding non-radioactive I-labeled compound: 13.8-15.6 min

TLC ETERAITNE 2 2OE—7 D55, GRMERIOE— 7 Rf=0.19 FE)IRRED
MALTH D LHBEL, BEBEROE— 7 RF=039 HB)IY a/Ld—E—I7HEBRINE:
LD, WHKT SIEMEHMEN I I EARF=046)D E— 7 1iHHE L =& ISERIS 417z, HPLC
7079 b 7SLICBWT, ADEED UV E— 7 DIRFEIC 12.8-142 5 DG E— 7 HYEH
TN, TNSORIERREN S, 75 VFEENDI— F=744") F 18k £ AVEFHRS
HHEITL, BD MAHEER >V TS5 Mk IBEE LT 76% RCY TE L7 Z LH%EF 5 H

2% > 7=,

9% TLC BV TYalLd—E—I714 CABHEHESRL, B—d TLC 7L —
FEBEBRLE, TDFYF TLC D DAER T U T IR T (Figure 16), —E £ITD TLC E
—JRf=039 HEUIEWT, LVEBEDNDE—INEERMTHY . EFBKEOE—75E|
Y TH % (Figure 14), LH L7065, —E LT TLC TIEERDORET M E — 7 H BRI x
n, LYVEBEOE—I7H9BIEXRMTHY (Rf =047 FE, Rf =0.56 FiFE). LY aBED
E— 70 EEMM & 7 > -(Rf=0.37 7~ &) (Figure 16) 2D rH 5, —E EIF TLC THE
BINAEYaLI—E—TIZB-LZEHEI LDERY TIEHRL, TLC 7'L— b ETh1L
EMOEF—E LT ZELETOLETEAELTVWSEZLERLTWS, HENLZ 3,
WALRRBR VY 752 Mk 0V ) AT IS LTRRETHY . TLC 7L — + ETEBMAL
EMNDRLIEEEL TV S,
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Measurement 20200128-04-benzofuran-2nd.rt raytest GmbH Page 1/1
C:\GINA NT\HOKUDAI\re20200128-04-BENZOFURAN-2ZND.RTA Print date: 2020/11/26
C/mm *1000 I D TLC
E N 5
1.30 o - £
[ o B
1.20
1.10
1.00
0.90

0.20

Measurement: 20200128-04-benzofuran-2Znd.rt, started: 2020/01/28 18:

Method: Hokudai from: 2000/01/01

Origin: 100 mm Front 180 mm

Meas. time: 1.0 min Resclution: 0.3 mm

Radioc detector: raytest Ramona-92 Serial Nr.: 0

TLC

Substance R/F | %Total Type Area| %Area
% Counts %

Reg #1 0.192| 27.62| DD 6908.00| 28.21

Reg #2 0.371| 45.22| DD 11310.00| 46.19

Reg #3 0.467 9.23| DD 2309.00 9.43

Reg #4 0.558| 15.82| DD 3957.00| 16.1¢

Sum in ROI 24484.00

Total area 25010.00

Area RF 24674.00

Figure 16. The result of radio-TLC analysis in the reaction of 18k with >**At (developed twice)
Development solvent: hexane (developed twice)
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N

INFE

UEE2EZ/NET S, EHWE, SFBLVMNAtZRAVEES /  AT4 7 2ADEREEW
LT, 7)=3—=F=IL4") FEZRHRIBRIA L L7 Rixey 2VA BERIS E RS L 1<,
ARRIIEELEBEGBETAVS IR, EXGPFICRONSGDTFERS. BANEER
ERHREIC VAL ERT AU TRETH S, 7)) — L3 — F=7 LA ") RH° SFAZEATERA
DH LT, MALIZZRAEREARY LTHLARTHSB I L AN T,

O 211At_
N Et,;NHCO3, PPh, VA
| O |
R+ P R~ P
0”0 DMF
100 °C, 30 min

transition-metal-free nucleophilic 2! At-astatination

ARKDEAETEH SN EA, VAt ZFILEHMDEKR L 2MAt E AW TAT DEERME
DERED—BY B NILENTH S,
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E2BEIBHTRRALLIIC, PAOENMERICATAERBRL LT, 5V4€5/
ATA4I7XDEEEEDH TV S, ZBARI TH5 SFX 21 ¥, JBFEARI TH 5 At TV
TNENOTCTETH SO, TNTNHPIFRBI NIRRT EUOENEE L T,
L7dY> T, F 2 A\ /2 PET EfR2WiEH L U121 % AV /2 SPECT Ef& 28 v, 2"At # AW
FofBRICEL B E T/ AT 4 7 RIF HEEMNAICLBRITRER SRR, S BER O
R WMEFMEER Y L THEFEIN TV 5,

I/ RTATRTBVWTHERIN TN S BF 8L U AL ZHLEMIE. %EDFHHA
("F: 110 %, VAt 7.2 BEFR)OE A 5, ERICER 2 BRET HERABTERT 52 L1 —
BROTHS, FERE FEL U MARET 5F AR, TNETIKELREINTV S
€5/ RAT74 7 XEMLIEIGE. B—OIFEABRAED 5 BF AZFBAR L VAL IZEE /Y 2
VB FEH, RREATRAORIE IR FRBEMENSEE LV, TN TR TAREATERAD —
Ble LT, 7Y —iL3a—R=74L4") F 18 # (¥ 541 % (Scheme 16), Vasdev, Liang 5 A B F
U7 K8y BFARRIS D EE 0B L - Kigey VAtiFER SIS L > T 7Y -3 —
F=2244") FH 5 BFAZEA 19 BL UV VAIZEAR M4 2 TN ITNEKTRETH S, 748
AR ADEMRICDOWNT, M7 L — Y DOERILRIS 52DX° iodine tricarboxylate & FA\N =55
EBRREFERRSYIDITIHN, EZELHBFELLT ) —ILA FILFE X iodine tricarboxylate ¥
D ipso MBBRIE BPERAT ST, $HLERELEATS7) - L3 —F=D4sq))
FEERITRETH 5,

o)
o) ><:|
o
~-|  Oxidant o 17
R
= base

(0]
H  I(OCOR), 17 R—:(j/l\f\o -
base Z 0o O/b \ 211 p¢
18 21 p¢ R{j/
P
N M  I(OCOR), 17 T 44
RO/ base

M = Si, Ge, Sn, B

CT;
\ 7

Scheme 16. Aryliodonium ylide: precursor for '8F/21 At-based theranostics
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Aim HIEH 1

T')=LI—F=9L4") FERIBRARYL LAEERRICEY €T/ X714 7 ADOERHE
FINED, BRIBTOMAE2EALLIZFEVW DV DRFEIH S, T, 7')—I/IL3—F
Z9LA") REZEBT TOREMENBENZ ENEITLNS, TD&H, BRFIGICHEITSE
BT TORMRGIRETHY . AREGILEBEICKE D, T, affDE\WV LET OEHICA
BIEL LABOBEENFEEITKEVI LA S VAt ORYBWICIIEM LB ET 5,
L7zdS> T, WAL ZEBRY IR D 2 U TRERAMIIREN THY . R TIET FH LV AL %
AWkt /) RATA 7R ERTHZ LIS LW EEBEINS,

UERRTETAERERIA, EFRIAARICE T 2RLBZ L LT, EMREFT7) — L
A—F=94L4") FERAWVET7O—BEY R T LDHEIL %R E L 7=(Scheme 17), A X7 4
IZ. EABBIREICHBEFINA T — LI —R=DLA4 ) REASLICTHIEL, T ZITBF F 21
MWASEREARMT 22T, EH0D BF B LV VAEBEHAEEZEKT 5, REMICOWT, 3
— =944 F2EHMBAEICHEFT L2 LT, 2 FEH MR SNEEE» B LT % L H
Bl /., 70— BEBEREITIZ LT, RERETZLIIRAMZELTRYKRI 2 L
DEEETH D, MMEBV AT LEMRET ST, BEHND>RELICBF LU VAL 2EiLE
MEEGRTETHY ., CF7 /AT A 7RG BERTES2E L1z, SREHIT. FMEHKY
AT LDOEILICEIT MR LT, EMREFI— F=244 ") FERENDHILL TN%E
AW MARBRISOREE T BWICHRICEF L -,

(0]
= N o)
R |
O O)O‘O 18F
18 —
B

or { } :
211
211 p - AN ©/At
R
=

Scheme 17. Polymer-supported aryliodonium ylide mediated
radiolabeling reaction under continuous-flow systems
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E28 EMEBREEFET7Y) LI —F=T74L4") FOEK

MO RY RF L UEARICHEEZI N AL RS LABRFHER 50 DA K % 1T > 7= (Scheme 18),
BRISERBIIED IR BIEZITV, BONALRIRART LY SEREEOFAEZHE L., RIKD
WITEEMHOICHM LA, TEROZO0OXFILKRY) ZF L RBIETH 5 Merrifield resin 47
(1.6-1.8mmol/g, 1.8mmol ¥ L TEHE) T HFERERH L L. 7L+ M DLt AWETY ML
Lo THRIRE 48 2187, RIC, BB 48 L RIRTILF > 2B T 2 4L NS LBEFEKR 49 =, §H
FIEERAVS 7Y R - 7ILF DBREAMRIS(CUAAC)ITA T 2 ¥ T, HiAE 50 =8 7<,

NaNj Cul, DIPEA

N
4 i N N o)
O/\CI - . Ny + O)i —— ( 0
47 DMF 48 O‘Q\Cf\o o THF o
Merrifield resin 80 °C, 24 h 35°C,16 h o o
(1.6-1.8 mmolig)’ 49 50

@ Loading amount was calculated as 1.8 mmol/g.
Scheme 18. Synthesis of polystyrene-supported meldrum's acid derivative 50

Vasdev, Liang & &, REFHFICT, BE Y LT I10%REST M) D LKEREAWN. =59/
— LB PY TE R FY AR TP L= T AL RS LABRBFEKRKIT 2RGIEEZ2TC. 7
J—LI—R=94L4") F18 #&KL TV 5(RX 20, —fx&ICEH RIS T, BAEHIEE
IKE->TEBLTWSZUORIRDETICERTH S, T0RH. 7O HEETSEYL
TEREETHBRKENEVER) RF L UBIEOEENEZ 5T +2ICRIRIETLRW
SRR INT,

o) 0
o [(OAc), o 10% Na,COj; aq. o o
R~ + R (20)
= fe) O)O EtOH = o) O)O
7 17 18

25°C,0.5-4h

36-80%

R RF L UHEEDEET %2 DCM X° DMF % 38%ICAWT, 3— F=7 44 ") FOEKRSE
4 % 4%zt U 7= (Table 8), F TRHEEKFMIC T BIEN ) > A — O B L AL RS LEE
FEARSI LU PIFA 2 EE Y L, DCMBEPAMIBEE TR LA A E) YAV
PR 60%URETEHD I — F=2 44" F 52 51F 5 417 (entries 1-3), JRIC DMF &&a%# ¥ L
TEMIEE DR % 1T > 7 (entries 4-7)0 KEEA ') VL ERAWIEE, IREBIX 31%ICLLE >
. LYVEBENSVREEY Y ARAVEY 22 66%F CIEIEMA L L 7 (entries 4,5)o
BEBR A ) DL ZBEYL LI 25, FREORETENMIE SNz(entry6), T/, AWVS
BEFEIVERELZ PIFAHD S PIDAICEE L TH ABRENRETENYHIE 5 417 (entry
7o
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Table 8. Screening of base and solvent under liquid-phase conditions

N -Bn o PhI(OCOCFa), (1.5 equiv.) N7 *N-BN o
82/ )i base (5.0 equiv.) 82/ |
o sqe
(0] solvent (0.25 M) 0
51 52
0.02 mmol
entry base solvent yield (%)@
1 Et;N DCM trace
2 DIPEA DCM traceb
3 pyridine DCM 60
4 K,CO4 DMF 31
5 Cs,CO3 DMF 66
6 KOAc DMF 59
7 KOAc DMF 612°

@ Determined by "H NMR analysis using 1,1,2,2-
tetrachloroethane as an internal standard. © 0.01
mmol scale. ¢ Phl(OAc), was used.

BEFGETRERIEL 5 Z 72514 (Table 8, entries 3,5,6)x AWV T, EMHFHTORET 21T

- fz(Table 9), IRENFMEIL. &KL AEMHBRHI—F=7 44" F53I1Ix L. BwNI F&
T DMF B 120 °C T 2 BRMAT 22 v T, #EHN LI — KR E> 16t 219 H L
GCMS TEET 52 ¥ TIiT- 1=, REATDER. DMF BEPEFEE A ) VLo AWV, 3 —
PR 16t 1Y 4 T2 41%IRETE S 7<(entry 1) DMF BEFREBELI VLAWY
CH EFEA) I LERAVERERBER WMER LR 5> F(entry 2)o DCM SBEHREY YA
W35 E, URERIZ LXK T L = (entry 3)e U EDFERHA 5. DMF BEPEEEA ) Yo E AV
% E&MH(entry D E &Y L 7=,

Table 9. Screening of base and solvent under solid-phase conditions

N,,N\N/\O PhI(OCOCF3), (5.0 equiv.) N

8:/ 9 base (15 equiv.) 8:/ /\O Q |
(@) (0) =
0 Jl solvent (0.25 M) o) JI \©
%O ° i, 3h %0 o
53

50
46.2 mg
entry base solvent 16t (%)°
BuyNI (10 equiv.)
1 KOAc DMF 41
DMF (0.1 M) 2 Cs,CO3 DMF 39
120 °C, 2 h 3 pyridine DCM 29

16t
@ 4 steps yield which was determined by GC/MS
analysis using n-octane as an internal standard.

=EIELFRHT. 2EE M %HAEL /= (Scheme 19), EHEIEFI— F=J 41 ") RO
ZHELIUVHEEFEIZ, BLNI L RIGESE 522 Ta—R7L—> 16 28iEN LYY EHL., B2
TEHZUYTEE LI, 722 ILENBHLAEI— R4 FS3DIEFLN A bFP 722

41



IWENB L 54 ITOWTHELRLKEBES 2N TSk, /YY) 2B S55I12DWTIE. /7
)= 3-F—FNYUEF2YUEFTRHRLLTH., BREBTEKTEEL > 1=,

N i N
N” N/D o Arl(OAc), (5.0 equiv.) NG N/\O o
— KOACc (15 equiv.) — |
o) o] Z Ar
o DMF (0.25 M) 0

0" 7o tt, 3 h SN

50 53-55
= Ar—("
am am am N
1S L ®
OMe N
53, 41%, 3 steps? 54, 39%, 3 steps 55, 74%, 3 steps®
(0.42 mmol/g) (0.37 mmol/g) (0.64 mmol/g)

@ The yield and loading amount of resin 53—55 were calculated from the amount of iodoarene 16
obtained by cleavage of resin 53-55 with BuyNI. ® PhI(OCOCF;), was used. ° 2.0 equiv. of
Arl(OAc), in DMF (0.1 M) was used and stirred for 2 h.

Scheme 19. Substrate scope of polystyrene-supported aryliodonium ylide?

-

RICE 1 ETHRAREL, EFHSHPBERELET ) —ILAFILFEY iodine tricarboxylate £ DA 7°
YHBHMRSICEZE/ 7Y =LA 3 —F o BEFE AV, BEBEEI - FoYaq Y R
A % 1T > = (Scheme 20), TR bO VFEMALRNT ) —ILR I+ > ¥ ITT %. DCM B+
20°C TRIEEEBZETE/ 7Y —ILA-T—F > 25 £RESE, WET 0°C THEEEH
E L%, AT LBRFEARS) LEFERA ) VAB LU DMF 2404 %2 £ T, E+tEEEFZ
—RF=94L4") F56 0"RFLRETRHR SN,

OCOCF,

N
CF3;0CO” ~OCOCF,

(NO)(OCOCF3)
(2.0 equiv.)

DCM, -20 °C, 2 h
then evp. 0 °C

230 50
(4.0 equiv.) (1.0 equiv.)
KOAG (15 equiv.) @,@/0 o
0
DMF, rt, 3 h { O\!I\' ‘
B o)
Ne N
N 56

69%, 3 steps?
(0.62 mmol/g)

@ The yield and loading amount of resin 56 were calculated from the amount of iodoarene 160 obtained by cleavage of resin
56 with BuyNI.
Scheme 20. One-pot synthesis of aryliodonium ylide 56 via ipso-substitution of arylstannane 230 with ITT
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Aim HIEH2H

BERRRICEITSRY v—#HAKIE, RERRICE T3 BHNRE*E->TEY, TOME
EEMEIELZ L EREICKELLERET S ¥, 2T, K)XFL>X—D Merrifield
resin ¥ I3 R7% SHIABICIHEFINSLZI—R=_9L14 ) ROEKEIT> 7= BRRICAWVWSKRY <
—1RIE, FHAKMENE L% BAIZ PEG V8 F 11 % 41A8 % 3#4R L 7= (Figure 17),

Merrifield resin (PS) PEG-co- Memfleld resin
o (PS/PEG)

Jx 0
0 NMe2 \C/\O%\f HZN::E:Z\(/\O):\/Zigi:i\/O\@VX
f/\ %\f Y‘% o

PEGA resin (PEGA) ChemMatrix® (CM)
Figure 17. Structure of resins

Tentagel® (TG)

mols, K'Y RFL % PEG %45 L T\ 5 PEG-co-Merrifield resin 57 (PS/PEG) (0.8-1.5
mmol/g, 1.5 mmol ¥ L Tt E)% A\ TEMK % 1T - 7=(Scheme 21), Merrifield resin 47 D ¥ ¥ ¥
Rk, RigD 70O E 7Y FEICEHIR. CuAAC 2L B 4L R LABREEA 49 DEXN

YA ) FRKRER T ¥/ )V UREATSEBERFI - F=744") F60 2 RFLUXE, 18
ﬁ%T“éﬁﬁlbf:o

NaNs _ Cul,DIPEA
O/\CI —_ Ny +

57 58
PS/PEG?
(0.8-1.5 mmol/g)

N, N
o g e
— AcO),l —
o +( )2 m KOAGC o /| N
O (0] (0) (0] N
59 60

(2 equiv.) 57%, 3 steps?

(0.478 mmol/g)

a oading amount was calculated as 1.5 mmol/g. ® The yield and loading amount of resin 60 were calculated from
the amount of iodoarene 16f obtained by cleavage of resin 60 with BuyNI.
Scheme 21. Synthesis of PS/PEG-supported iodonium ylide 60
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RIS, RY RF L >H 5 PEG 58 A L 72 Tentagel® 61 (TG) (0.15-0.30 mmol/g, 0.27 mmol
Y LTEE)., 77)IL7IRFY PEG OHEEHKRTH S PEGA resin 62 (PEGA) (0.10-0.40
mmol/g, 0.39 mmol ¥ L &t &), 100%PEG \— X ® ChemMatrix® 63 (CM) (0.5-1.2 mmol/g, 1.2
mmol ¥ U TEtE)% AW TAK%1T > 7=(Scheme 22), 245 DOFtAGIE. KIFHKEEE DA
THBEEB L L. AVIBICE Y BRBEEAEHEZ, 7Y FOBENET>7, TDI%. CuAAC
ICLBAINFLEFERAWYDENCA) FERRRET >0 WFNoI — =44
) R(I3-THICE VT HEIRE, KEFEL -7/, HENL Z 5, KBED A VLY +5
ICHETLTWRWZ D, BREORERYEEZ TS

MsCl, EtzN // o)
DMAP NaNj / Cul, DIPEA
OH —_ OMs Ny + 0 —_—
o~ Q" Q.+
61: TG (0.15-0.30 mmol/g)? 64: TG 67: TG o 70
62: PEGA (0.10-0.40 mmol/g) 65: PEGA 68: PEGA 49
63: CM (0.5-1.2 mmol/g) 66: CM 69: CM
N ,N
N N”
)Jl (AcO),l \@\/j KOAc _ JI \©\/j
70: TG 7f 73: TG, 7%, 4 steps (0.019 mmol/g)®
71: PEGA (2 equiv.) 74: PEGA, 3%, 4 steps (0.024 mmol/g)
72: CM 75: CM, 11%, 4 steps (0.113 mmol/g)

@ Loading amounts were calculated as 0.27 mmol/g for TG 61 and 0.39 mmol/g for PEGA 62 and 1.2 mmol/g for CM 63,
respectively. ® The yield and loading amount of resin 73-75 were calculated from the amount of iodoarene 16f obtained by
cleavage of resin 73—-75 with BuyNI.

Scheme 22. Syntheses of polymer-supported iodonium ylide 73-75
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E38 EMEERI-F=I4A) FERWVWE VARRRIS

AR LEHEBFI - F=J464") RERWT 2VAt 23RS 83T U 7= (Table 10). 123
T EFERELTCEFRELRF /) VREER LB VARERROFH = 5E (1,
RYZFLUBBICHEBFINALAI-F=I41Y) F 55 AV TIRERSET>RL 2 5,
12%RCY % 5 5 1R 4R 44f 5315 5 417z (entry 1), PS/PEG resin (ZIBEF 4172 60 = A\ 2356
ZIZRAEBE D RCY L7 - T(entry 2)0 — AT, BHKEDELEBEENKE% TG resin 73 X°
PEGA resin 74. CMresin 75 # A\ ¥ 25, WMDY 3-5% RCY |2 ¥ X' F - 7= (entries 3-5).
CNSOBREIIERFEN DL WAEDI, TORREERIBRI > EEZLT WS,

Table 10. Screening of resins?

211At—
EtyNHCO,, PPh,

M 9
211
< o A A At X
0 _ DMF _
(O ©) N N

N
NE

100 °C, 30 min
resin 44f
loading o/ \b
entry O (mmolig) RCY (%)

1 PS 55 0.653 12

2 PS/PEG 60 0.478 14

3 TG 73 0.019

4 PEGA 74 0.024

5 CM 75 0.113

@ Reaction conditions:resin (5 mg), Et4NHCO3 (7 mg), PPh3 (5 mg), and
21 At (27-52 MBq) in DMF (250 pL) at 100 °C for 30 min, unless
otherwise noted. ? RCYs were determined by radio-TLC analysis, and
radioactive decay was corrected.

Table 10 DFERH 5. LM TEHEFEOBIEE NFTELR K RF L > X— D Merrifield
resin ICHEFINAZIA—R=DL4") F55 FAVT. UBEOKRT % 1T- 1z, 1ZHATERIAR S5 &
5mg AV, 250 uL @ DMF SFEF TRIS % 1T 2B, 12%RCY TEEFRAE M4 1 F SN T 2
(R 21), EHATEHREDENIRISICHEL TWVWS I YNTREINSLZ LH 5, iZHATERIK 55 %
10mg IZ3ETE, BEEX 200uL ITHS5 LA T3, RCY E20%ICFTELL .

N”N N 21 p
Et4NHCO3;, PPh3

o (0]
| 211At
0 P> DMF P>
(O] N N
55

100 °C, 30 min
44f

@ = Ps (0.653 mmolig)
12% RCY (55 5 mg, DMF 250 L)
20% RCY (55 10 mg, DMF 200 yL)
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RIS, BEEEREICTRISREXCHRINE DRSS 21T - 7<(Table 11), EBEFI — F= LA
') K55 2452 ATER1A L L, BEIC EuNHCO;. BoH| ¢ LT PPh; B/ T. DMF 5%‘5#%\# 100 °C
T30 DM YAt Y RISTE ¥ 2 5, 39%RCY THEHK 44f 5°1F 5417z (entry 1)V RISRE
% 60°C. 80°C F TRTEH7/ LI 3, RCY IMET L 7 (entries 2,3)c F /2. RISIE )#% 120°C
FTHREBLABETH, RCY IIMET L < (entry 4). EERGENERIL, EFHbLIRILF—DE
BrBA5Ze 0 TETWVWRWY, FARERRKHFIOCBEABANTDICIETE TWRWZ h
EZOND, BREZUOERIZ, 3—F=9L41") K55 DH@BHIELLIEOIC RCY 1K
TLEEEERLTWS, RIZ, HWEFTHS ELNHCO; F 721E PPhs DWW T A EFRWVTRIS
1T ¥, BF D RCY KT HH 5 17z (entries 5,6)0 —7AH. EuNHCO; ¥ PPh; D& H 2 KR\ T
RIGET 12356, 1ZHAEMIIIITLACELNG D S (entryT)e 2D T XD 5, HAT DAL
FHEREFLRKEBRRISHEITT 2720121E. EuNHCO; & 7213 PPhs DWITNHHRBET
H5ZEHBALHNIR > =, EtyNHCO; & DMF NOEBMEABR W HICRBICHRICEET
TTVWRWYEE L AHGEEANDEBRMEHS S\ BuNHSO, 2 AV TRIS 21T > 729 15%RCY
FTET L (entry 8)e W7 =F>THSB HSO, 7=F UL >T, ZARHOEEEIR-7-2 ¥
HDREIETHEEEEL TS,

Table 11. Optimization of reaction conditions?

211At_
EtyNHCO,, PPh,

g
— 211
le} /I X At X
(o) _ DMF _
o” "0 N N

100 °C, 30 min
44f

@ = Ps (0.639 mmolig)

entry variation from standard conditions RCY (%)°
1 none 39
2 performed at 60 °C 5
3 performed at 80 °C 22
4 performed at 120 °C 31
5 without Et4NHCO4 33
6 without PPh3 31
7 without PPhz and Et;NHCO3 trace
8 BuyNHSO, instead of Et4NHCO3 15

@ Reaction conditions: 55 (10 mg), Et4NHCO3 (7 mg), PPh3 (5 mg), and
21At™ (21-97 MBq) in DMF (200 L) at 100 °C for 30 min, unless
otherwise noted. ? RCYs were determined by radio-TLC analysis, and
radioactive decay was corrected.

VARZHIIR 2] TEROZHYRFHTH S, 2MAtnO Y b EA S8, RCY 5°20%
"5 39%FThRLELTWS,
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Aim HIEHAE
B4t TP T-BEMEEZRI-F=D 41" FOEKRY MAFHR IS

% 3 BTN 5, ﬁiﬂﬁ@?ﬁﬁ%’&i%ﬂﬂi“ﬂ"(fif"}f—i%ié‘“(”?‘Z ¥HY RISHEDE EICH)
BUTHDYEEINE, 22 TRYRFLYATIIOR L ARR—F— 2 BA LT K
')7—’*”*Ea“mﬂid)/‘\ﬁiin‘l'uLt(Scheme23) L%@w\%/\ﬁut)%ﬁ'c%‘) EXFEHY

RICE#YIRT 2 ¥ THU(HX, generation) Z#RAIIE L <EXT 2 0" TEETH 5, F 1=,
:P:L.O)I'J‘\')Z%I//:I DORISRE TOERMINBUSZ X THIMENEIHIN, LY At
ZAUHARRARICERELR TR B E LT,

@ protected FG

B
couplmg actlvat|on coupling
core (GO) G1
G2
— I —
activation coupling activation
G2
G3 G3
( . ;
reactive FG !
0\?,0 QTI o 5

E Merrifield resin dendron

Scheme 23. Construction of the dendronized resin through divergent method

RUVINSA RERBETEZR)RFLOR=Z2DT >R 2—EK O%8£(2, 27
¥ L T Merrifield resin (1.6-1.8 mmol/g, 1.8 mmol ¥ L T&tH&), 7> Fo>x L Ts5ktrFoxy
AVTINBIAFILTI6 TRV EIHROSEIHREI TORYIIL7 O FEIAE(Gn(C),
n=1-3)% &5k L 7z(Scheme 24),

COzMe COzMe

LiH, BuyNI LiBH,4, B(OMe)3
Q a + HO ——— Qo
DMF THF
CO,Me o CO,Me .
GO(Cl) 76 2 60°C,12h Gi(ester) = > 60°C, 14 h
Merrifield resin (5.0 equiv.)
(1.6-1.8 mmol/g) q
OH cl cl
PPhs, C,Clg -
O/\o e o) _ o)
THF -
H | [
G1(OH) © . 6h G1(Cl) c Gn(ClI) nC

n=23
Scheme 24. Syntheses of the Gn(Cl) dendronized resin
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AR LER>YIL7alY) REEEGNC), n=13) AV, 7> N) v—REMRBFI—F
=244 ') F(Gn(ylide),n=1-3)% &8 L 7=(Scheme 25), 7{tF+ b)) VL ERAWET Y Mk,
FKIRTILF> 49 LD CuAAC. £/ 7)) —LA-2—F > 7f LEEBEA ) D62 RAWi14 ) K
BIcE > T, AR T ) v —BEHEBRKI— F=7 44 ") F(Gn(ylide),n=1-3)% &K
TEfh, HFEIOVWT, E1HRTIEIKRILELEIGr >N, 23 #HRTIE 0.7-
0.8 mmol/g ¥ T¥EmL 7=,

cl
NNy )i _ Cul, DIPEA
0
DMF, 80 °C THF, 35 °C
cl
n

Gn(Cl) Gn(Cl) 49
n=1-3 n=1-3

(AcO),l \@\/j KOAc
+ - .
N DMF, rt
7f
Gn(MeIdrum) (2 equiv.)

n=1-3

(0]
N< |
/=N = X
N (0]
\)\/O )I \©\/j
o 0" "0 N G1(ylide): 0.433 mmol/g

G2(ylide): 0.809 mmol/g

\)\/ : G3(ylide): 0.731 mmol/g

@ L oading amount of Gn(ylide) were calculated from the amount of iodoarene 16f obtained by cleavage of resin
Gn(ylide) with BuyNI.

Scheme 25. Syntheses of the dendronized iodonium ylide?
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Aim HIEHAE

TR v —REMRBFI - F=744") F(Gnylide),n=13)% A\ T VAt 2RISR
3t U 7=(Table 12), % HARITICE WV TIL, MAt DB OEE L. TNF THW TV E I
RHAREAETFRERMAAEEEE EFERFHAATHEINLZDLOTER L 21LK
FEARBEIERKY AIgEERAIE Ly —T8EINLLOEALEZ T2 b1
— L LT WEHEEHFI—RF=29744") F G0 2AVTRR:2T->7¥Y 23, 2%
RCY THEFR 44f 0°1F 54 < (entry 1) JRIC GO L BFENRZENE | HREMIEHFI— F=
DLA) PGl ERAWEYZ A, RCY B EF@ELL (entry2) —A T, LYHEFENEWE
3HAREMEZHFI - F=D44") FG3 £AVEIEE. RCY 1E31%F TIET L = (entry 3)e 2
ROEMICE > THFZEERIIERLALOD, RIRARFEFETI— RF=D44") FRIEHE
BLAEDIO A > TUREEZTLRY ., RISREMETLEZEYEEL T\W5,

Table 12. Effects of the dendronized iodonium yIides on the 2" At-astatination

Et;NHCO,, PPh,

211 p¢
X
o
100 °C, 30 min N
44f
Gn(yllde)

n=0,1,3
entr Gn(ylide) loading RCY (%)
y y (mmol/g) °
1 GO 0.567 72
G1 0.433 77
G3 0.731 31

@ Reaction conditions:Gn(ylide) (10 mg), Et,;NHCO3 (7 mg), PPh3 (5 mg)
and 2"At™ (5-8 MBq) in DMF (200 pL) at 100 °C for 30 min, unless
otherwise noted. ? RCYs were determined by radio-TLC analysis, and
radioactive decay was not corrected. ° Stirred for 60 min.
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E58 EMREERI- P44 FOREMTH

B1EHICT, 3—F=U44 ) FREEMNMEV 20, BERRSICEV TRAREY?TE
ITH52 xRz, BRRIZ, NIAMF YTz WEE BT S7 ) —LI—R=DLA
') F18b Z AW T RREICE T 5 REM % 1 L 7= (Figure 18), EMRIRETEIR F /21 40°C
THABREL.ZOEBATHI—R=74L414") F18bDESFEEZ 'HNMRAIZETEE L =,
ZTOFER. WVTNOREICEWTE 7 BRZBETIE %DM Lz, BRICEWTHL DI EIT
LE2ed s, 3—R=oaAY) RORBIDIIEERADABE - ARENSALRY ., K
RIGTORBEIHIRINS,

o]
OJII \©\ neat !
<i:j\0 0] OMe temp., day OMe
18b 16b

100

98

(o}
(o)}

94

92

| 8b % 77 (%)

90

88
0 1 2 3 4 5 6 7

ZBEK
= { —p=A( °C

“ The amount of 18b after storage was determined by '"H NMR analysis using 1,1,2,2-tetrachloroethane

as an internal standard. n = 1.

Figure 18. Decomposition rate of iodonium ylide 18b”

EtfHEFFI — F=24L4 ") FOREM:FMET SI1CHRY . BREMEOALLZAEICT BN
{, B3 —RF=94L4") F18b BN T 5B 2HER LIz, TDHER, 60°C T
1 BRELAIFGE. 3—F=244") N 18b OH@EAIIIEEMICHITL, I—F7=V—
IL16b HNIFITEERIICE S N (R 22).

O
| |
Z neat
A
C}\o o OMe  60°C, 1day OMe
18b 16b

quant.
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Aim HIEHSHE

RISL60°CIREICH T BEHIEFI— F=7 441 ') K 54 DL EM % 53 L 7= (Figure 19),
LEEF R Y LT AN > A — Mo s B L AEBEFR I - F=_YLaq1) FTTOREHKD
EIRFICEHME L o EMIEFI - R=744") FS4DBKRBEIL, BE*AMSETEEL 2
B ERELZDS, BwNI BET DMF AT 120 °C T 2 BFRMET 5 2 £ T, #&iEL 5
I—RF7=V—IL16b Y HL GCMS TEET S L THE LA, EEFRI—F=
LA ) RT77I22W TR, B EFICTHNMR B ET 52  THRGE*EE LA, £7. 3F
BEFR 77 T3 1 BB 20%EBELIEEFELTELT., 3 BRBETIEENICHEIN
o —7. BEIFEIEET 54 TIX 3 BRBERICEVWTL 0%REREFLTHY., REHNELE
ERT BN TEL,

100
90
80
70
60
50
40
30
20
10

A" RDFRTZE (%)

I—F=

0 1 2 3
60 CIREIIBIT2 B AL
—@==polymer 54  ==4==non-supported 77

“ The amount of 54 after storage was calculated from the amount of iodoarene 16b obtained by cleavage
of resin 54 with BusNI. The detailed method, see the experimental section. * The amount of 77 after
storage was determined by "H NMR analysis using 1,1,2,2-tetrachloroethane as an internal standard. “ n
=5.

Figure 19. Decomposition rate of iodonium ylide 54 and 77 at 60 °C*
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INFE

ULEEIEEZNET S, BHEEFT7) —ILI—F=J4L4") FEAWE FELIV AL 7
O—#H AT LU RAREZL LT, SEELEIEHAEHFI - =Y 441" FERE
FHEM L, TNETRAVENY FFRGETO VAIERRICEHEBLAE, /A, 7)—La—F=
LA ") FORBBEATH->LEEMEICOVT, EEBEICHEFT 22 TEMH0RALEE
Rk, 5#%I3. 70— Z#tbto#iLs BT,

N N
9 9
= ROCO),| — I
O)i . ( )2 /'—R KOAc OJI /,_R
I I

N”_‘N/O o 211 p -
\/\ 07 NN EtyNHCO,, PPhy  2'"At\_~ .
5 4R — LR
o N0 X DMF X

100 °C, 30 min

O = polystyrene
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A FA4EE 1 &

% 4 & lodine tris(trifluoroacetate) * AWV TVEMET b I T7ILF LY T > OBRLRISDO RS

g8 BR

BT AELENE. TAEP AT ZAURMERCEFHHRICESVAEHELRISEE R
FTIUNL, BRRLAMERRISOVHEIN TS, T YA EVHEKREICEZICEET
ZTETHINFERI THLIuH S, V) a—h rOMEEEME Y LTHAELSHAIN
TW5, 2OLIIHMTARLEMDTESRAVONEZ—RY LT, Y1 RLRENCEARE
EEBR L., BAEXE - BREICH L TRETHEANEITONSE, VWREMHDLSH, Bk
CHEHETBEIITASZIL, BT M EZLLEMEFATEIATORNARTH S,

—AH T, —MRITREBE INSETAEZ-REES TRV T 5 F513. BT 1 RLE
MO BEE KR AME Z REBAICE O 7B TH % (Scheme 26), T D7 56| L T, 1983
FICEE - BELSICL>TREIN, 7V T U BETBBEILKEEZA VS SiCHEE
BAERISHZBIFSMNB(R 23), "asr > RFRHBEILIIERZRTF L EDOANTORFELE
ENBBUETILFILYS 18I TILI—ILTINEBRINSG, LD > TV ) ILEIKEE
BEEMARY L THATETH S I LHAELITR > 2, F 72,1984 FIC Fleming 5 12 & » T,
VAFIL Tz oLy ) ILELKBEEMAY L THATETH S 2 LARE I N 24)0),
FILEFLIAFLIZZINNYS> 80 $7°0 b MY ) IIMERISX T ERKEFEBRRIS
ICE->T, 7z LENBBEL IANTORFHIBEBRLATILFALY SO T8 IIERINSG, &
D% BETRETEZZ L TT7LIA-ILTINRONS, IBEXRHILICEBCRERIYAFILTY
TV ) ILENBRATEEIC R SRR, VI VOBILRKIILY —BREOEFVERFIEL
7=,

Tamao, Kumada (1983)
H202

R—=SiMeX(3_n) _— R-OH (23)
78 F- 79
X =F, Cl, H, OR, NR,
Fleming (1984) Ex AcOOH
R-SiMe,Ph ———— > R-SiMep) X ——Mm R-OH (24)
80 <= 78 or 79
) mCPBA

protodesilylation: HBF4, BF3/AcOH, CF;COOH, HCI
electrophilic aromatic substitution: Hg(OAc),, Br,, KBr/AcOOH

Scheme 26. Tamao-Fleming oxidation: silyl groups serve as masked hydroxyl groups
UEDLS TAR-REAMEERNLRETT A R-BREESNCBRELTTLI-L
=/ 5FAI1E. EE-Fleming BBIERIG Y L THRINS O, BT 1 RILEWMHRE THR WA
BETHHR°. RIRUBAOGRGETEITTEZ2 806, RAVOLEXKICLAVWLNSGR
CABEBALZICBEVWTHEICEERRRTHS, LHLed s, FHICRER L) AFIL
V) ILESIMe) DB LAZL Y BTIERET FZT7ILFILY T UG, ARRICAWS Z 29T
T, KBREZEMAEAL L TOFARRETH - 7~
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E B -Fleming BRIb RISIE. BERILKE L 7V kA A >t AV 56 2 2T THBAT % L,
UT DL S % RISHEETHITT 5(Scheme 27)®, FF . 4BANDTILFILY S > 78I L 7
LA A > e E FaRILAFOT7=FUHEMAL T 5 By ) A7 — b PREE 81 KT
%5, TOETILFILE R ASILBFRNIC[L, 25 AT 2 BHRE R 2R L T7ILIF VY
> 83 HDER L. MKDBRICE>TT7ILI—IL 799 F5NS, ER-Fleming BBLRISDH#E
TSI, RKEFWLRTAERFHECEATLT7ILFILYS> 18I LT, 7 vt A + > 5
KMKETZICTELEY A 81 DERNEETH S, L7z > T, EE-Fleming B8
ERRTE, 7LAFVERNOT VREFLREDEFKIIMERELN | DULEEE LA K
BFISTEREINAZTVYILETRAVSESENH S P, F 7z Fleming 5I12L > THWL
LI, RKEFEBRRICE>TEINOALEGICEHAGELR, 7z ILEXT ) ILE - X
DYUINEGRECDEMEETAET SV ILELAVGNG 000, —FT FYAFILY)ILE
RE)ZTFILY)ILEGSEDNERETSLI%, FEET IS TILXILY SV HEEY LG
BTAERFRECORKEFENZ LWAOICEPHEATHS SEMY ') A — b 81 DK
REETH2Z rHv 5, ERFleming LR ISNDERIIRETH S 7,

F
F- Me, ] Mel : MeMS/F H,0
R—-SiMe,X —— ~Si-Me| —— _“Si-Me S — 2 . R-OH
“ hoo- | R R Me™ "o
OOH O--on
78 81 82 83 79
Applicable
Na:
R SiMe X R SiMeR' R SiMes
Na:
X = alkoxy, F, Cl, etc. R'=Ph, allyl, 2-pyridyl etc. R™ "SiEts

Scheme 27. Plausible mechanism and limitation of Tamao-Fleming oxidation

PUXFILTYILER N ) ZFILY ) LER, 70025 NOAMERARD RKLE R
RisX, BBEBME LAV FOY Y ILLRK ™, Csp)H Y YIRS ™ML > T
ZEHOBEICEANT 2 LHTE HARRREHTHEVRERERT LS, TND
FTEBBEY LTHETATRERT FIT7LFALY T UL, ARERLLFICEWTHRAREKET
ERIR Y L T EREM % 8 % (Scheme 28), EE-Fleming BBIL RIS ® SO - BT 1 RLEW
DEMRIEN, TERET I TLFLY S eRBAT 501, BRGRETRESE Si-
Csp BT T 5FENEINT VS,

P Mg, Me3SiCl
R Br Gri 4 "
rignard reaction
9 \ Cleavage of unactivated
Si—C(sp®) bond
™ . . under mild conditions
i SiMe SiEt. X
HSIEt; 3 3
RX . L mmmmmmmmemmmeeoeeeeeees - )\
hydrosilylation R > R > R >
‘ Low cost production
H ™ Si,Meg or HSiEt3/ Highly stable products
R

C—H silylation

Scheme 28. Synthetic utility of unactivated tetraalkylsilane
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A FA4EE 1 &

FIEM Si-C(sp)iEE 2 YIMT§ 5 F35 ¥ LT, Brensted BB AV 2 7°00 b ALY ) ILIER
BHY, H < L YRR AT E /2 (Scheme 29), 1953 F |2 Sommer 5 &, 7ZILFIL b AFIL
VIS EERBMYRISEIE BT AFILELBIRMNICTO P ML A I > OFRE T4
WA S, vaXH s BoNSs I e RE LAR 25, ARKIEALFFERT 3
JERENTORFERATHEREICH L GERATRTH S, /-, FLERIOOY S Y
TR RERT IS TILFILYS>EAVT, HEEMB Y LTAERRYOXY > 28K
T B2 UNTREL 2 > 2, 2003 FIMEF - FHE - BAS L. BERKPTH) ZILFILFT
VILYS 86N RTAHY ST ANEB|INS I LA LML 2079, . V) ILEE
BT HBMIEDL D RIEEMATIBININIERE I TV, 2018 FIT Oestreich 5
i, BROTEFST7LFLYSY 88 IS LTALRSVEErAVETO b MEEITIZ L
T, HDRAOBEEFES F)TILFILY ) ) ILhFF> 89 OFEEITKIIL TWSB 27),
FLWSIE. DFT SHEEAVERISHEEBRITEIT> TS, XotE=—vLa/F>nTat>
BT A RBRFORMSAN ST L, ILARREE > THRESTIMT SN 2RISR, BER
MICHEMTHEZ L EBALHNIZL TV S,

¥R TLYRTYy FERERAWSZE TREREN) ZLF L) LED T O b LY Y
IEDBIBETH %5, SNLDORISITIEEIGRABELRHF - IIBH TRVEERGIOSET
Ho-HIC, BEVEMALCEEIRENTH S, FLAEZOT7ILFILEHREIL, Sommer 5D
RIS 25t WABISMEIH B DD, < DIFGEBMERTILA VIR ->TLE I D, K
R AMEICZ L,

Sommer (1953)
e conc. H,SO, gﬂieZ ’\S/Iiez
e3Si e
SR RO NHR - on e
84 10°Ctort 85
R = CO,H, NH,, COMe 23-95% yield
(8 examples)

Itami, Yoshida, Kajimoto (2003)

supercritical H,O
w/ or w/o HCI

C12H25—SiR3 Ci2Has—H (26)
26 27 MPa, 390 °C 47
R = Me, Et, 'Pr, dodecyl
Oestreich (2018) . +
+ - /SIMe3
[CeHg*HI"[CHB1H5Brg] RySi* H + _Me

SiR, _ + R-H (27) H
88 CGD6, rt [CHB11H5BI’6]
, 89
R = Me, Et, 'Pr, "Bu, ‘Bu

Scheme 29. Cleavage of unactivated Si—C(sp>) bond via protodesilylation
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Lewis B8z AW B2BRRISICE > TH, FIEM Si- C(sp3)%€{:-\0)fﬂLfT7b B[ RE T H 5 (N 28)7%,
THRITILFILYS U8 UM RB OB TEBRENOREARRZ Y ATORFHIENIN
125290 L 7ILFILEDNERAL L 72 881K 91 913 5N 5, »ﬂi’( 12, ZILI =LA
Yo, BEXRKBOIIN, F)TALRETEERDILA R E RV TRER Si-Csp)iEED
BT ASER I N TS, BATEELREEIIT NI AFILY S OXRBEERENEHRL TV
ROWBML TS TILFLY S VICRENTH 5.

Redistribution reaction

MX, /R\
SiR4 —_— R3S| Mxn ’ —_— R3Si—X +  R-MXn_4 (28)
88 x 90 91
R = Me, Et, etc.

MX,, = AICl5, GaCls, H,PtClg, Hg(OAC),, T(OCOCF3)3, BCl5 etc.

2’ < &if. Chardon. Berionni 53R TET7— FEKR 92 ¥ TRCH O LA L B FKRTERX— /Y
—ILA REEISH, FUAFILT =TT 93D Si-MefEE LLFBIRAICTMTL, A F
LR ET — Nk 04 5722 ¥ £8R4E LA(R 209, 7 2= ILELETOH Csp)-H S
DERARA TVAIBBRISHHERZ 5 2 LK, Si-C(sp)iEE DL FRIRAY L T % 3K L
FREIREIRETH 5,

o0 e e Q@ <0
g S, + (29) B S,
\© 06H50| 80 °C @
Me Me

92 93 94 95
(75 equiv.) 51%

FIEM Si-Csp)EEIZRmALKEFHFICKZFNZRAVSE I L THLYMTERETH S 77,
1949 &|2 Eaborn (&, V7L I=—ILBETIAVEXFAIE S22 T, F7/ 1987 FIC
Olah 513 NOBF; # FA\' % 2 ¥ T, &M Si-C(sp)fE DY T HETH S I L 2 REL T
W 5(X 30,31)74Y, 1967 &< Price 5 |1d. DMSO JB#+ T 'BuOK % EA T ¥ % L KW ED
EITL. TEIAFILY SNV YILI—FILEA I VNIEBRINE L ERELTVE(R
328, ULt s, TNSDHREIIBENEMLT FIAFILY I ORTEIIFILYS
COBALICBREINTE Y, BREFEMIIOVWTIZIELALINTUVRLY, 1996 FI
Woerpel 51d, TIIL Y A FILY S22 LT KHBEET. BuOOH #BEL&FI L L THW S
CYTTH) = EBELNEZLERELTVWAR 33), ARKIE. FEET S 7ILF
WS> EBETILIA-IIAZTHBAETHS 2 tHv 5, EE-Fleming B RIS E A H %
MR LEBrWAS, LHELEDS, RSICIIBELRG2LE Y L, RBIZERBIZL Y
$3, Ff BEET VLMY AFLYS>EAVE 1 BILIERINTE ST, EE—MK
PEIZOWTIFEA S DI TN TV,
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Eaborn (1949) All
3

SiEt, + Iy ——— EtsSi—I + Et—lI (30)
Olah (1987)
SiR + NOBFy, ——(——> R3;Si—F + R—NO, + BF 31
R4 2=h4 sulfolane s>l 2 8 G
R = Me, Et
Price (1967) 4
BuOK
SiMe, Me;Si—OBu + CHy (32)
DMSO, rt

Woerpel (1996)

B —— (33)
SiMe, 120°C OH

37%

TIEM Si-C(spH)fEEEVIMT5F A LT, €BEBARTAVEHIL % 5T\ 5 (Scheme
30)%, 1993 FIATH - NG S 1E, DFRICKBEEETEITEMRT FI7ILFILY T2 961
WML, 72209 YD LI59 T —FILEKIT 5 ERATEEZ LT BRY LI —F L
98 A ] LMD Z ¥ EHE L 2(K 34", & 722011 FIZ Fu 513, TRABET. BMEKER
. REFHROTIARLT 1Y) 8K 101 % AV ARG TSEY Si-C(sp)is & Y18 R RS
KLY, FESTLLFLYS 100 535/ —IL 102 AERTEZZ28HREL TV SR
3500, 1) LT —FIL 98 RUT T/ —IL 102 |33 ¥ O EE-Fleming Bt &SI A T 48 %
BETHB, LEG>TRERLY AFILY ) ILES, KEEEZEMAE YL L TERN%F R
EA BB LHTEINSG, L L, WEORKTIR, HERY ) VLN EFBRE
SBYLT S, TLEEORISIE. KEARKRTHEEH0RILEEEF b 435 100 0 1 4
NHERINTH Y BRKEOB MWL CORE—MHEIITIN TV, LEd > T,
AHERICBEWTINLDORSEAAT S LIIRETH S,

Murai, Kawasaki (1993)

O™
0.\ 0

WOH o 0,
SiMe, + 8/ s SiMe, + [Ph(Me)TI(1,7-DTC)IOTf (34)
@ Y
96 (Ol 25°C, 24 h 98 99

92% yield
[PhTI(1,7-DTC)](OTf), 97
Fu (2011) (TSPP)Rh'' 101
Me_ (cat.) Me_
Me-Si” > “SONa +  H;0 o Ho-S 7 SOiNa + CH, (35)
~3, visible light
Me 100 P & Me 102
R E
- . R= —§©—303Na |
: X = H,0 :
R (TsPP)Rh' 101

Scheme 30. Transition-metal-mediated unactivated Si-C(sp?) bond cleavage
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B TEMNE Si-C(sp)RENTMERT. SEREZTIICEI>THYAFLY ) ILEEK

SEZEMAR Y L THALEFBIRE T4 TV S(Scheme 31)%9, 2017 FIZKHA - 8B 5 14,
A1) T L E RV ALFIRIRE % C(sp’)-H R ) ILMERISISE > T, ZILFIL MY A FIL
VIUNB DA FILELTRYILAFILEICEHL, < 3 BRBOMILNBEREETHICLE ST
FILA—IL T 5BTWS, BATILFILI—FILDOIEN, DNIBFVWIRFILOTELI— L
*HETAEEICEATETH S, LELeds, BrOhILRZILELEHMCEERLLEN.
FEREATHAEERCICEHERAINTE ST, SAAMNGERFELIIT AR - 7 81V,

Ohmura, Suginome (2017)

[Ir(COD)OMel,
Meyphen, B,pin, 3 steps
) BUOK Me Me Me v
SiMe - o ! - OH
R _Si__Bpin * __Si__Bpin R
103 110 °C R 104 _ 79
105Bpln 13 examples
ex.)
o - ? i =
C\/\ N 00
SiMe, ! (6) SiMej; 6\/ |
\/\SiMe3 SiMej

Scheme 31. Conversion of trimethylsilyl group into hydroxyl group via C(sp®)-H borylation

SOEIIT. TEM SiCEPEL UM T 27550, TUEM MY X FILY Y ILES KEE
CEHT 2 FERE S ISR YIRS AT Aas, WY RERAIBETHS T L0,
EE—BHICS LV ER DS, AEARISAAI NS FHOBIICEE > TRV, B
REREBERATOIRERT FIT7LFLY T 20 Si-Csp)iEaE. (LFBIROICYIMTT 5F
EORREIIEREBILZICBVWTEERRETH S,
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A FA4EE 1 &

MUERRTELEREEI A, SEEEE. GVWKEFHELTETS ITT T AVIIL, TF
MT FITILFILYZ 2D Si-Csp’)iEE 2 VIMTAI8E T dH % ¥ & 4 7=(Scheme 32), ITT DFH
KEFHELTEHNL T, Si-CEp)fEENUIMIMMKER THITT 24 61, BHEETCHEALR-T
WRBEREFEMOBBE*RRTEISEF LA, AFETIEET. ITT AV THARE
BEEZHETHITERET E I 7LFLY T 2D Si-Csp)fEE 2 bFBIRNICTIBIL., ~TOR
FEATBTILFILYSVICERT B, TDE. EE-Fleming BALRISICAT Z T, 7L
A—IHRFENE, TOLHITLT, FEERMY TILFILY ) ILED, FEBICRERKERE
EfAr L TRATRETHB EE AT,

cl)cocF3
- I ~
R CF,;0C0” ~OCOCF, R
Q OCOCF,4 _
./\/Si%\R (NO)(OCOCF,) ./\/Si/ H,0,, F ./\/OH
j{ chemoselective cleavage 1 Tamao—Fleming oxidation

Scheme 32. Working hypothesis: chemoselective cleavage of unactivated Si—C(sp®) bond using ITT
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E28 TFEFIAFILYS DL ITT DRIED NMR BT

TEMET FZTILFILYZ 2D Si-CspHfEEDITT &£ » THIMTEEEN ¥ D D RET 5 1T - 1=
(Scheme 33), EHICIET FSAFILYS>106 # AV, RIS% NMR F2 — 7 TTW., RIS
BREEENMR AIET 22 L TRISOBIN 1T>75, E700RILAPERT 2 M. 7
FSAFILYS2106 L ITT 2RI ELNDE, HELUYFNMR 28lE L 25, B
L7BY Si-Me fEEDIBIA#ITL, BRHY > TILLDLEBENS MY AFILY)ILEY) 7L
Fa7ET—r107 AFILEY) LA 7T — b 108 B EEKM L L TE 5 417z (Figure
20,21) 'HNMR IZHWT, A FIL MY 70407 €T — F 108 DIEDMEI ) A F L)L
Y ZLAa7E€T— b 107 ISEERTIIWZ R EKBENN L DHBIEKM(5=3.51,3.57,
4.23,5.48,10.14 ppm)D"HERI Mo THZ YD S, FTT FITAFILT S 106 D Si-Me #E
ENYMTINE 2T AFILEPKREFHLCBREFMEIVEPSANGULTAN ) AFILY
JILRY 740727 — 107 LA FILD-T—F 2109 DEL, FTDEAFILA-T—F

> 109 DRI L. FERME L TR 74 OBBEA FIL 108 25 2 D>, &ﬁm
AEEENERMIEBRINIZEHEL TS, —ROICT7LFIL - —F U IEETTE
RILFRETHY . MR RREFFRIT I UMM T S 828,

(I)COCF3

/|\
[caoco OCOCF,

|\I/|e (NO)(OCOCF3) o o
: ITT
Si_ )j\ . )J\ . .
- _SiMe _Me unidentified
Me ;\/IelvIe CDCl3, rt, 2 h CF™ O P+ CF7 O " byproducts
106 107 108
A
(0] O |
. crs—4 M—cFy ;
b - 107 + 0—1-0
109 Me

Scheme 33. Reaction of Me,Si 106 with ITT as determined using NMR analysis
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CF7 0
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10,0 9|D SI.D T,IU 6.0 Sl.ﬂ 4!0 330 ZI.D 1!0 D,IU ’-‘

Figure 20. 'H NMR spectrum of the reaction mixture (top), Me;SiOTFA 108 (middle), and
MeOTFA 109 (bottom)

TMS_ITT_rt_2h_19F N N ]
8 B 22 | §
g b4 S S
TMSOTFA_19F = -
5 g
L] =
‘f =
o Me‘ Me
Si7
CF 0 “Me
107
: |
MeQTFA_19F -
8 2
P Wi
@ v
Q
CF )J‘o Me
108
A
— PPM
T T T T T T T T T T T T T T
0 -62.0 -63.0 £4.0 -65.0 -66.0 £7.0 -68.0 -69.0 70.0 71.0 T72.0 73.0 T74.0 75.0 76.0 T7.0 78.0 79.0 -80.0 _‘

Figure 21. ’F NMR spectrum of the reaction mixture (top), Me;SiOTFA 107 (middle), and
MeOTFA 108 (bottom). Benzotrifluoride (6 —63.72 ppm) was used as an internal reference.
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B 38 DFT st HEICL 5 RISHIBRET

FRSAFILYT2106 ¥ ITT DRIGIZOWVTRISHEME D42 BT % BEYIC. DFT 3HE
(M06-2X/def2-TZVPPD+SMD(dichloromethane)//M06-2X/def2-SVP level of theory) ¥ T > /=0 £ F
MDHIT, ITT OFERP THILFEMHEE T DFT et R ICL > THE L 72(R 36), ITT IZEMKIREE(C
BWT, M) 7LA0 7L bV ETEBINALI A v —HBEZL>TW 5% Y, DFT 3tE®D
fFER. DCMIBHEHICHE VT, ITT ¥ 2 9 F D [(OCOCF;); ¥ (NO)(OCOCFE:) | fEgft ¥ % RIigH®
FITILDUH)(-14.1kcal/mo) TH % 2 L HNTRE N, 2D LH 5, ITT I DCM B 1
BWTE/ - LTHFELTVBEEZ NS,

OCOCF
} : —14.1 kcal/mol CIJCOCF3
N 2x + (NO)(OCOCF3) (36)
/I\
CF30C0O”~ ~OCOCF, . 6F 000" ~0C0CF,
(NO)(OCOCF3)
ITT

DFT #tEDNHERE LN, ITTICL ST FIAFILY T2 106 D Si-Me #EESUIHTRISH T
FINF—=FA 7T 5 L% KT (Figure 22), RISIETT RILF—BIIXC O TLE(+2.6 keal/mol) %
FEEMEARD ITT2RE L TETL, BRFEIVEPSISHT ST FIAFILY T > 106
DAFILEDKEFOREMAYL., Si-OBEDHRIHENIHEITT 52 LHTEINE, B
BREHEEIZ, BRFEIVERSHOTISAFILYSD 106 DAFILEENLTY A ER
FORMANALE L. X FILENITAERRE L H > (M T 2 HAEHN ZHF T 1172, Qu. Oestreich
LHRELAT7O b MEBREY ) IMERGIZEWTH, A FILENIIHRREEZ > TRKEFHY
ISR 2 FEMAD RISHEB A IRIBEIN TV S 7, RISOEMILF 7 X R ILF—AGHT 22.1
kcal/mol t EH I, EMMICFYRER L VA S, . PIAFLYYILENY 747
T F107 L AFILN-T—F 2109 9 £ C 5iBF21F. FEEITHKITILIT > H9(61.4 keal/mol)
TH5ZUDTEINT,
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Figure 22. Gibbs free energy diagram for the reaction of Me,Si 106 with ITT, calculated at the

M06-2X/def2-TZVPPD+SMD(CH,CI,)//M06-2X/def2-SVP level of theory.
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A FA4EELE

2

LA TEUETFSTILXIILYS >R T7ILI—IATERT 5 2445

TEITPLFALYSDETILI-NAAEBMT ZFEEHILTIRN, TYLMIAFLYS
110a % A\ THRET 24T > 7=(Table 13). R B RISHDEZNIBISF AHREE S L) VL L EED
BEKBREAVEDRIEEICL > UT-> . MOICITTVERVWTEERT 6 REARRIE
Y25, BF110a lZIZITEERITHEL (entry 1) RISBE %20 °C X¥°—40°C F TT Ik

BETH, BEFR 1102 IZIZITEERIITHK L 7<(entries 2,3)e T 512, —60°C TRIGEIT- K
2 5. $T70%RRERISHHEST L 7= (entry 4),

Table 13. Reaction of decyltrimethylsilane 110a with ITT

Na,S,04/NaHCO;

(:/\/\\ ITT (0.53 equiv.) i\/\//\\ aqueous work up i\/\//\\
SiMes DCM (0.1 M) SiMe,0OCOCF,4 SiMe,X
110a ¢ 16 h 111 112
0.05 mmol emp-
entry temp. (°C) conversion?
1 rt quant.
2 -20 quant.
3 -40 quant.
4 -60 71

@ Determined by TH NMR analysis using 1,1,2,2-
tetrachloroethane as an internal standard.

TYUILEIAFLYS > 110a E ITT EORIRTH S NBERY. BLTRBOTVIL b
) AFILYS > 110a D 'HNMR % AT IXR T (Figure 23), RISEDERKRN D 'HNMR 126
WTY Y ILEEKRDERHOE— 7 H/EBRINTWSEA, 2L, ITT tORKTELKE MY
TILFILTYILEYY 7L T7ET— 111 £, 11 D RBIEICEL > ThhKpBINELE
M2 OREMTHLEHEL TS, FULMYAFILYT> 110a DT A ZBEFolLnd A
FLoAFILENTO M IEZNZTN, 047 ppm 2 2H, —0.03ppm IC9OH 5D E— 7 08
BIXNED ITT LORKE. TNZTNOE— 7 I3MBHBEY 7 L TWS, 2O EXFL >
DT7aFCOBAMEIIEELZ 2 THEDIIH L, AFILEDT O FOBENMEIIEELZ
6 LR LTS, LD > T, 420 Si-C(sp)fEE D I B Si-Me #EE 0 RIREYITIHTE 41,
TYNLEBIZLALRBEINSG Z LA LNIIR 5>z, GCMS BIFICEWTH, T VILEA
AL Sz & D R AMIIBR SN h >z, E7. SiCsp)iEdnEbIcdE®k T % 0-CH,
ROMeREDE— 7L 34 ppm IZ2LL BRI N TV R WY, ZTHITERMEDOAFILEY) T
LA T 7ELT— b 108 DIIH, MeOH XD Cl 1LEMH 4 U, DRIBFEDBMREEMEICL S
TREINELEOHEEYE LTV S,

V3 ER TR & IS, ITT IZEMARR BE T IE = BR[I(OCOCF;);](OCOCF)NO ¥ L THIEL
TWBZ Do N TWSAY, BERP TIXEEMR [(OCOCE); ICHEEEL T, *NIT N RISH]
LT e BEINS, LE> T, ITTIE2 BEILYED [(OCOCF:); THBLEZLT, 4
ENE - REBLUVEKROHFEELZIT> T\ 5,
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Figure 23. "TH NMR spectrum of the crude mixture (top) and decyltrimethylsilane 110a (bottom)

1,1,2,2-tetrachloroethane (& 5.956 ppm) was used as an internal reference.
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2> b —ILEBRYL LT, I(OAc); . BHEKICSAA T# 5% PIDA X° PIFA.
[Hydroxy(tosyloxy)iodo]benzene (HTIB)Z AW TR T>74%, RIQSIEE<<HET LRI -
(Table 14),

Table 14. Reaction of decyltrimethylsilane 110a with other I(lll) reagents.
I(111) reagent (1.05 equiv.)

(:/\;\ DCM, rt, 2 h; (:/\;\
SiMe; SiMe,X

N828203/N3HCO3
110a " 112
0.05 mmol aqueous work up

entry I(111) reagent conversion?
1 1(OAC);3 N.R.
2 PIDA N.R.
3 PIFA N.R.
4 HTIB N.R.
R R', R2 = OAc . PIDA

I\g2 R',R?=0COCF; :PIFA
R'=0OH,R?=0Ts :HTIB

@ Determined by H NMR analysis using 1,1,2,2-tetrachloroethane as an
internal standard.

RISSE)ZF LY ) ILENBH L AZEE 1132 Z AW TITT ¥ D RIS % 1T - 7= (Scheme 34),
ITT % 05 YERAWVWTEEBETRIK%21To ¥ 2 5, Si-Et &84 RIROICYIMT S 17z Ko R
BEVMOR)TILFILYSY N4 BFEBRME L TIIIEENIIB SNz, RISTEDHEERK
ME GCMS SRV TEI LY ZA VYIILELEICTYERFVBRLELBOINSILEY
115 RS M7z, F 7z, Si-decyl EEDYIBTICHKT 5 M) 7L A OBFBRT R TIL 116 ¥
S/ =L 11T HWRIERSSER SNz, 2O EH S ITT X, TORBIRMIIRE TRV
LOD, ILEITNI R TILFLEALBRIRNICRST 52 L0PALNIR >, Y1 ERTF
TR A4AODTILFINEZLTERILT S ZBENEL T ITT 2 2 HEAVWTRR:ETH &
D5, MY TILFLYS > M4 EERME L TELN 2 OREDTILFILENBRILIN1E
EMIBR I NG -, | BEDOBEICL>TY ) ILELICEFKIIMN LY 7407
L EFEFVENBANINEZ T O RERFOEFEEIMET L. f < BLRISHEAT
L -7z LHHEL T\ 5,
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ITT (X equiv.)
CC\ DCM (0.1 M), rt, 4-12 h: CC\
SiEt;  Na,S,04/NaHCO SiEt,X
113a 29273 s 14 7

aqueous work up
0.05 mmol quant. (0.5 equiv.)

quant. (2.0 equiv.)

Scheme 34. Reaction of decyltriethylsilane 113a with ITT

THEITILFILY S 110a, 1132 £ ITT DRISTR SN SFERY 112, 14 0> 5 7L —
IL79a 15 5 X< ERE-Fleming BRL RIS D FHARET = 1T > 7=(Table 15), RISFH <R
FLAEZE, PIAFLY)IILEEZETH2EE 110a 2 AVIHBE, 30%BEILKEKEA
W BBRALERM I & > T2 TFRURE 90% T 7 /L2 —IL 79a 8 7=(entry 1)s b ') T F LTV
IWEZETHEE 13a 125V, BEILKERETRAVSBALRG SO/ T 2 T 74%
DEBRFETT7ILI— L 79a 51§ 5 417 (entry 2)o

Table 15. Optimization of Tamao-Fleming oxidation

1) ITT (0.53 equiv.) 2) Tamao-Fleming
C\/;\ DCM, rt, 2 h; C\/;\ oxidation CC\
SiR3  Na,S,04/NaHCO; SiR,X OH
R = Me 110a aqueous work up R =Me 112 79a
R=Et 113a R=Et 114
entry substrate Tamao—Fleming oxidation yield (%)?

30% H,0, aqg. (20 equiv.), KHCO; (3 equiv.), KF (12 equiv.), TBAF (9 equiv.
] SiMe 110a o H20, aq. (20 equiv.) 3 (3 equiv.), KF (12 equiv.) (9 equiv.) 90
THF (0.11 M), 40 °C, 2 h

5 SiEt. 113 urea*H,0, (30 equiv.), KHCO3; (10 equiv.), KF (10 equiv.), H,O (10 equiv.) 74
i a
8 Buy,NHSO,4 (10 mol%.), MeOH/THF=1:1 (0.04 M), 40 °C, 16 h

2|solated yield on a 0.3 mmol scale.

67



At BARESE

2

E5E TEMT FITILXLY S YOBRERSOEE —REDER

Kb LA-RET. BE—BRMENIFEER%1T> 7~(Scheme 35), 7/L2—I/L 79 DYREL, T b
FTILFILY SO0 6 2 TRRRBL LTEE LA, £/ ITT ORKSERCILZRIREIIKS L
T RE T IR SREX RISKE O &i#1L % 17 - 7=, EE-Fleming BR{L R G IZ 2\ T Table
IS5TRLULE2EEORKREHTEARL LT, BEZTCITRMFIOBEXCYE 2R L 1, 13
EEE L L TAHW: SiMe; X SiIEc E BT 2EHE 110a, 113a DII A, SiMe, Bu EHEH L
EEE 118 IO\ T, FEENSBFLRWRETTILI—IL 19aNEBRAREL >z, WTND
BEEIZBEWTH, ITT ICL 3 TE M Si-C(sp)EEDMTITITIIEENIHEITLAL. YL
ENIAREEIZL > TER-Fleming BIE RSO RISHEHME T L7z @12, SiEt; X SiMe,Bu
E+ BT 5EE 1132, 1182 13 SiMe; 5 AT 2HH 110a LLER TEIRRICL LE -7/ LR
LTW3 P, E2M7ILFILTYS>113b,113c xAVEZYZ S, BERIHNKTS7/ILI—
ILT9b, 19¢ %1852 D TE . AFEIE, TXFTART b2 73 X Weinreb 7 3 KO
I, BRFEIVREENMLRKT S D2 o nd 13-V AT A AHIL
R IcE R EE /S - 72(110d, 110e, 113f-113i), F /=, V7 / EXCERDIRET I >
RETILI-LEFTHREICEVWTEL, BERKTLI-IATHET 52 O THREL - 1=
(113j-113p)e T 512, BAMRHAFICFTF VN Boc EX TIPS 2 H T 5EHE 1131, 113m X°, BLIN
RTVWEREKEELTATSIEE 13 ICLERATESR Y BEEREICET 28V ERE
HFEMERT U ALOICR >z, AMERLBERALREIAR VBT I TIL 113q XER D/
o7 BRESYAT SEE(113r, 1135, 110t, 110u)i DWW T, PREH S5 BFRIRETEHND 7
WA= R"FoN, THIT, BERERERETAT2EEWOv, LHoW)X°, T ') V7 XAEEFE
@ 113x. 7ORXY FEEREAE 113y REDSERBEMCINARBIIODVWTHLARFEASERAT

7= - 1=,
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Alkyl—SiMej 110
or
Alkyl—SiEts 113

1) ITT (0.53 equiv.)

DCM, temp., time;

Alkyl—SiR,X }

2) Tamao—Fleming

oxidation

Alkyl—OH
or aqueous work up For details, see the SI.
Alkyl—SiMe,Bu 118 79
OH 2
90% from 110a OH MeO
74% from 113a e
OH 55% from 118a OH

79a(rt, 2 h)

OH
79e, 78% from 110e
(-40 °C, 16 h)

79i, 69% from 113i
(=20 °C, 6 h)

H
T|PSO/\/\/\/O

79m, 42% from 113m
(-40°C, 16 h)

,P
Eto-P o~
EtO OH

79q, 87% from 113q
(=20 °C, 6 h)

79b, 48% from 113b
(=20 °C, 6 h)

o]

OH
EtoJ\/\/\/

79f, 66% from 113f
(=20 °C, 6 h)

H
NC/\/\/\/O
79j, 60% from 113;
(=20 °C, 3 h)°
o)

O/\/\/OH

79n, 70% from 113n
(-40°C, 16 h)
Clo~o ™~
OH

79r, 72% from 113r
(=20 °C, 6 h)

79¢c, 70% from 113c
(-20 °C, 6 h)

0]

NJ\/\/\/OH
$

799, 56% from 113g
(-10°C, 6 h)

(0]
N/\/\/OH

0]

79k, 68% from 113k
(=40 °C, 16 h)

AN N-OH
TsO

790, 47% from 1130
(~40 °C, 16 h)

CI\@\/\
OH

79s, 49% from 113s
(-50 °C, 16 h)

79d, 58% from 110d
(30 °C, 16 h)?

0]

Me . JJ\/\/\/OH
N

|
OMe

79h, 56% from 113h
(-20°C, 3 h)°

OH
BocHN™ "~

791, 58% from 113l
(=20 °C, 3 h)°

L

OH

79p, 54% from 113p
(-10°C, 3 h)°

79t, 54% from 110t
(-40°C, 16 h)

3C A A
| ~ ~
OH N OH N OH

79u, 76% from 110u
(=40 °C, 16 h)

79v, 53% from 110v
(rt, 16 h)

q*ﬁn Q*CL

’/ \\

79w, 67% from 110w
(rt, 16 h)®

79x, 63% from 113x
(rt, 16 h)°

79y, 70% from 113y
(—40 °C, 16 h)

2|TT (0.50 equiv.). ? ITT (0.75 equiv.). ° With BF3+OEt, (1.1 equiv) as an additive. ¢ Reaction conditions: (1) 110, 113 or 118
(0.3 mmol) and ITT (0.53 equiv.) in DCM (3 mL), unless otherwise noted. The reaction temperature and time are shown in
parentheses; (2) for details of the Tamao—Fleming oxidation, see the experimental section.

Scheme 35. Substrate scope of alcohol synthesis through cleavage of unactivated Si-C(sp®) bond?

69



RICKFED R — LT v T %4R:T L 72(Scheme 36), 24 F THORERTIE, ITT ASERIC
BB TCTRETHE2H0 5. HOVLHEK - REELIT>HBERD ITT 270 —7 Ky 7
ZETHEL TV SEORT—LTy TRERTIE, ITT OFERAFEZHEICT L ITT
ERR77AIATERLEDSE, ZIANBBRBECBRETMA 3FIBEAL -, XEkBEx
DERFME VIR, T VRS TF Y TFAA B L URIEMBE AV T 40 °C T2 RERKI ¥
FOLBEEERETEET S CITT £ 3.0g B ITT 26K LA 75 X2, EH DCM
E114gDTYILEYAFILY S 1M0aEMAZ I LT, NEET RS T7ILFILY S >DEE
(RIS EIT-> 1. TN, BoONFLHEERY * ER—Fleming BBILRIGICAT Z T, IR
—ILDrETrHER L 8WRETEHNNDTILI—IL 79a H1&F 57,

TFAA (11.6 equiv.)

fum. HNO3 (14.4 equiv.) ?COCF3

/I\
F,COCO~ ~OCOCF;

40°C,2h
(NO)(OCOCF3)
888 mg 3.0g
(3.5 mmol) (2.79 mmol)
1) ITT (0.53 equiv.) 2) 30% H,0, aq. (20 equiv.), KF (12 equiv.)
Ci/\\ DCM (0.1 M), 1t, 2 h;  KHCOj (3 equiv.), TBAF (9 equiv.) Ci/\\
SiMe; Na,S,05/NaHCO, THF (0.11 M), 40 °C, 2 h OH
110a aqueous work up 79a
114 g 718 mg
(5.3 mmol) (85%)

Scheme 36. Gram scale reaction of decyltrimethylsilane 110a

EE—MRUELAETS2H T, Weinreb 7I FE2FET ST I 7LFLYS> 1130 2 ITT &
RIETEEE, BERMY LTI FILIRATLERATS7ILFLYS> 120 BB LN
(Scheme 37), F7/. Y7/ EE*ATH3EE I3 *AVERBIITFILT7INEET % 122 5%,
Boc RET7IVEATHREE M3 s AVERBRICTFULA—N\A = 2HET S 124 5, KEEE
FATAEE 113p tAVERBICIFLI-—FTILEAT S 126 " TNTNE LN, 1L,
ITT I2& % Si-Et fEEDYIBTICHEVELC AT FILN-2—F > 1275, BARKEFHZFIL
IEFe LTHERLAEEDIREELEL TS,

e LT FIEEHE TR, Weinreb 7 3 2 BT 2EHE 113h % AV TRME DK
% 1T > 7z(Table 16)e MDITHFMFIZMATICRICEIT>72L 25 BRHOT I 7ILFILY
Z> M3h IFITEAELEELZHDD, Weinreb 7 I FY T FILT XA FILDAERKEEITE 1.9:1 &
o fz(entry 1) HmMFIE LT, BB TELSIFILN-T—F > 127 2312 T 5. Lewis 36&
MBI £ MR 5T U 7= (entries2-5), DMF % 2 HEMA TRK%®1T>7/ ¥ 2 5, ITT I23&8<
BALL 727D, Si-Et EEDIBTIZ 2 <HEIT LD > (entry 2)0 —H. MeCN % iR HnF|
L TRWAREIZ, &KARY LT Si-EtEETMo RISHEIZENDH DD, Weinreb 7 I R T FIL
IRTILOERKEE 3.5:1 FTELL < (entry 3), EFEECEFER T F L X AV /2356, RIS
LUBRMEDKETLNEBILR SN H > Fz(entries 4,5)e T2 T BEED Lewis IBEMEREE
ERPTHRET 25m0F| 2 4R:T L 72 3. HBF4OEL X° BF3*OEL 2 A TRIGE 1T >/ ¥ 2 5,
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A FA4EESHE

Si-Et fEAVIMORISHEE R T CHER DI I <, Weinreb 7 I FOZTFILILEIPHIT 2 2 &
DT = fz(entries 6,7)c M LEDFERN S, TF I FHEELAZEETIE, RLEBREOFHV
BF;+OEt, % il 7 i mmF ¥ L TAW TRIS % 1T > 7= (Scheme 35).

2 T 9 o
Me\'}lJ\/\/\/SiEtg , Me\NJ\/\/\/SiEtzx o SIERX
OMe  113h OMe 119 120
T 0
NC\/\/\/\SiEt — > NC\/\/\/\SiEt X )J\/\/\/\
i 3 2 EtHN SiEt,X
113 121 122
1 T 1 1
SIEt SIEtyX SiEtX
BuO” N7 NP BuO” N7 TN PER g SN PER
H 4131 Ho 23 Ho 124
OH - OH OEt
SO e OO - (T
SiEt, SIEt,X SIEt,X
113p 125 126
o o
Fac—4 M»—cFs
O—I—O
o Et 127 o
Me A~ ~_si M~ si
'}l serve as a EtO

strong electrophile

Scheme 37. Competitive electrophilic ethylation by ethyl-A3-iodane 127

Table 16. Screening of additves that inhibit electrophilic alkylation?

ITT (0.53 equiv.) 0 _
0 . . [e) )J\/\/\/SIEt:;
Me. J\/\/\/SiEt3 additive (X equiv.) Me. J\/\/\/SiEtZX EtO 113f
\ N i
OMe 113h DCM (0.1 M) OMe 119 EtOJ\/\/\/SiEth
0.05 mmol -20°C,6h 120
byproducts
entry  additive (X equiv.) coilféis?;iu(g/o) 1\:\/38"3?1% : ﬁ;?ﬂezro
1 none 97 1.9 1
2 DMF (2.0) 0 1 0
3 MeCN (2.0) 53 35 1
4 ACOH (2.0) 79 2.8 1
5 AcOEt (2.0) 44 36 1
6 HBF,+OEt, (1.1) 90 5.1 1
7 BF4+OEt, (1.1) 80 6.8 1

@ Conversion and the ratio of Weinreb amide-containing substrates 113h and 119 to ethyl ester-containing substrates
113f and 120 were determined by TH NMR analysis using 1,1,2,2-tetrachloroethane as an internal standard.

71



BMNWT, AFILERIFIULELY) DRILRTILFILEDOYIMATENE ) M E2MRIET BN
K TS T7FLY5 2128 EBEH Y L TRISZ 1T > 7= (Scheme 38), DCM J&#E H-40°C T
ITT tRISTEELEZ S, ZITEENICTEN Si-Csp)EENIM A #IT Lz, Bo5NHAE
ERMOTILFILY S >R BEEILKEKE AV ERE Fleming BBILRSIA LA L 2 5,
BBUWRET 1-A7 9/ —IL 129 BTSNz, BB, IRTOF 7 FILENRIGLEBE @W
Er 400% L LTEHELTWS, VY ILENDETFH WD, EE-Fleming BRILRISH+ %
EITLRD>EZ TS, BIRKEVNZ LIZ, BIEBRHE L T2-4279/—IL 130 B F LS
o 1. " BREBDITT Y T FSA7FLY 5> 128 DRISOMBERMIZE VT, KT
%5 2-F)7IAOERBEIITIL 132 DF SN2 LD, GC/MS BITICE > TEH LA IR >
Fco SNLDERNS ITTET R IATFILYS D 128DRIGICELYELC KA 7 FIL-)N-2
— 131D, M EF -S> THBT LI T2-F) 7ILAOBBIATIL IR 0B LNk
HELTW3,

1) ITT (0.53 equiv.) 2) 30% H,0, aq. (20 equiv.)

DCM (0.1 M) KHCOj (3 equiv.) o~~~ OH
—40°C, 16 h; KF (12 equiv.) 129, 83%
TBAF (9 equiv.) ("H NMR yield)
Na,S,04/NaHCO;  THF (0.1 M), 40 °C, 2 h * OH
4/_/_/_:2;_\_\1 aqueous work up \/\/\)\
130

detected
OCOCF3 OCOCF3 OH
' - - \/\/\)\
A e \OCOCF3
131 132 130

detected by GC/MS analysis

Scheme 38. Conversion of tetraoctylsilane 128 to octanol

UTICRTEEIE, T I 7LFILYS>OMERROLCBRIERISHIRETH>EET
% %(Scheme 39), 7 = = IILENEBRLAZ 1B TAVTIRRE TR 25, Si-Mef&EE D]
BTIZ <K HEITLARN > — A TRBIIREITHELL, 72 ILENIIT ¥ EEREEFE
BREERI L, BREICL 2B LEBICE > THFFRICIVEDOIBENINALEY 136 5°
/oD, LYBEBFEERMAILERA DI ZILEETET S5 F2(134,135)I20W\ T
b, FEBRREFELRKSNDAEIT L, T 7FILBI137TPET7z 2L 138. ROV F £ 7
VIR139 AT HEEIIOVWTUL, FERIORIRLAEEMGBEEN 52, /. 7YF
140, BEREHES b 141, 79— LB 142, KIETILT > 143 2t BT HREHEIIHDVWTEH, B
MEBEMES A . TYNAYTOELY S 44 5RIGIMALEL T S, TYILEMN A
BRAMETITT ICL 2B T LA L BRONSEMBRENE 52, 41V TaELLY )L
EDgaTnrzHll, bFBIRMEICBLRDODNALELEZSNS,
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1) ITT (0.53 equiv.)
DCM (0.1 M), temp, 2-16 h
Alkyl—SiR3 Alkyl—SiR,X
2) aqueous work up

Electrophilic aromatic substitution predominantly proceeded.

O T
SiMe; SiMe;

133 134
(-78 °C) (=60 °C)

SiEts N SiRs |

Ve |

135 ; \9\R 136 :

(=60 °C) o ;

Complex mixture was obtained.

SiMej
Sitles SiMes
C 0
137 S
)

138 139
(-50 °C (-50 °C) (~60 °C)
N S SiEt i _ o/_\o
3 NG X~ SiEt
140 141 142
(=20 °C) (~40 °C) (40 °C)
g .
K:C\/snwe3 SiPry
143 144
(~60 °C) (40 °C)

Scheme 39. Unsuccessful substrates
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Lo TEFUETHIFSTILFLALYSC>DEVWVRESEZENLEZZERBEERNDISH

FEET FITILFALYIT VR, RABRIREFHICE W TERICRERERABERAYL LT
DFA’EAFEIND, T T, TERET RS TILFILYS>DEVREREEN LI, $E&
FEE A DS % 384 7= (Scheme 40), B 7 ILFILEICHEET % SiMe; B3tk 7 2 RISEH
TRETHBZ DS, TNEAT HEME BEEFACHILVRISESE. 709X Ay 7
) > T &ML CHRIBEE S RIS LEIEETH. SiMe: %1874 ) 2 v C BEREHRAL
DABETHELEA I, T, BEEEAINAT IS TLFILY S VIE, EHEVRELAITT
1L L U ER-Fleming BBALRISICE Y P A —IAZTBRIAETH B L EZ 1=,

oxidative conditions

highly acidic cross-coupling
conditions

reactions
AN /

.\/\/\SiMe . AN

SiMe;

SiMej group is
remained intact.

oxidation protocol

OH

Scheme 40. Application in the multistep synthesis of tetraalkylsilane

MO, BIEHEE LB T AW B EKR= b 0t RIS % 1T > 7=(Scheme 41)0, T 57
IWFILY > 110d (xF LT, BKEFBUAE P 40°C TRIERBRE L BB X/EFAI YL
25, = bOfbth 145 % B3%IRBTH LI LN TEL, 2TOYLE, SiMe; ED 70 b bR
JIMERISRERALRISHEIT L= & D R T REM IR SN h o=, ERLET IS TILFE
LY > 145 1, ITT BR1b ¥ ER-Fleming BRALRISICEL > TRFLIETT LI —IL 146
FHA BB > T2,

le) fum. HNO3 (1.2 equiv.) le)
MeOJ\©\/\ cone. HzS0, (10 equiv) NO,
SiMe, Ac0 (1TM) SiMe,
110d -20°C,1h 145, 93%
1) ITT o o
MeO 2

2) Tamao—Fleming oxidation
OH

146, 78%
Scheme 41. Aromatic nitration of 110d
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it BA4FEOH

RIZ, Rig 7L 32— ILDOEML RIS ¢ Friedel-Crafts 7 ¥ LG RIS % 3\ &4 7= (Scheme 42), K
FILA—ILEBTETFIT7ILFILIS> 47 I L, BIERE T M) VL LAEEDRE
BERBT M) VLELUTEMPO 2RI E 52 L T ALK B 148 % 81%UWRETHL Y,
FeWT B X L L RRIEE D DMF * AW TEE 7 0 R 149 NE#t%. BT LI =
L% BN F A Friedel-Crafts 7 VILERSICE Y. 4 > 9/ VFEA 150 % B RUIRET
B, —#HORIST, SiMe; ENRG L LEWIIHERIN I o1z, 425/ VFEAK 151
D SiMe; E L, EFZH»HFE L /2 ITT Bk ¥ EE-Fleming BRI RISIZ L Y KEREZE MR YL L T

FA=REE - F.

NaClO, (2.0 equiv.)
Me3Si

Me3Si NaClO (2 mol%), TEMPO (7 mol%)
\/\©\/\/OH MeCN/phosphate buffer (pH = 6.8) \/\©\/\"/OH

147 35°C,20h 148, 81% 0

(COCl), (3.0 equiv.)

Me3Si (6]
DMF (10 mol%) AICI; (1.0 equiv.) ,
cl Me3S|
DCM (0.45 M) DCM (0.04 M)

40°C,2h 149 © 40°C,18h 150, 78%

0O

NHITT
) HO
2) Tamao—-Fleming oxidation

151, 45%

Scheme 42. Alcohol oxidation/Friedel-Crafts acylation
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RIS, CH R IR KR-EHIZIOQRAY T ) > TIZLBET7 ) —ILEREIT- -
(Scheme 43)%, FHEBRE*ABT ST LI T7ILFILYS 121 LT A ) VLAV
= Csp)-HAR ) IWMMERIS%EITHI T, 7Y —ILhO CERFEKR 153 2875, G L7HE
RO T ') — L RO VEEFEAR 153 2. NSV LMEETAVZRILET ) —IL 154 L DHEK
—“EHIORAY T TICZNFEEAT S LT, SiMe; EEERIZ LR, ETY -
IL155 % 2 T2 3% IRKTH/ B I IR Lz, @R LET RS T7ILXILY S 155 IZRA5E
RLLTILT—IL15S6 NEHT 52 T E T,

[Ir(COD)OMe], (1.0 mol%)

Oy, OMe dtbpy (2.0 mol%) Oy, OMe
Bopin, (0.7 equiv.)

Br
N \@\ (
THF (0.67 M
Me,Si ( ) Me,Si Bpin s N~

80°C, 18 h >SC
152 153 1540 O

Os_OMe
PdCly(dppf)~CH,Cly (5.0 mol%)

Na,CO3 (3.0 equiv.) O
DMF/H,0 = 4:1 (0.13 M) Me;Si O (
80°C, 4h N
s{

155, 63%, 2 steps O~ O

Os_OMe
1) ITT O
2) Tamao—Fleming oxidation HO O (
156, 60% sC
o 0

Scheme 43. Biaryl synthesis via sequential C—H borylation/Suzuki-Miyaura cross-coupling
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L7 HoBEETAELEHMYL ITT DR

CNET. FERETF I TALFLY S D CITTORRICER T U TEHREIT> TSI RN
OB T A ZALENLITT N EDL IR RISEF| &2 § 4 3% L 7<(Scheme 44), 7 /L7
ZUWYII5TRTIVILY ST 158 ¥ HEE Y LT, DCM $-40°C TITT E RIsTE R L 2
5, WITNOEHICEWTHLHEMALEEY % 5 4 /=(Scheme 44a), 7 /L7 > DERIL X Si-C &
EDYIIEE LD EEEZ WS, 722I)LM)AFILYS> 03 2 HE Y LIIGE.
33— PR 16t 5% 15%7F 5 4172 (Scheme 44b), Z #1IE. Si-C(sp)iEENDYIBTICL 541 TV
NMEBRISHHEITL TPIFAISI AR LIzDE, FARBT M) DL EENREKER:
AWESRIBEICE S TGBLINTI— RROE 16t 0B LN ELTWS D, 8412,
RUVILM)AFILYS>160 EREICAWTITT L RIRIERLEZT S, ROVILLNY) 7L
A7 ELT— k161 9°32%, 4-F— KXV MY 740 72T — k162 H° 2%F 517
(Scheme44c). SN rH S5, 72 LE L TOFERREFEBRRISIFEET 2HDD, Si-
Bn &G0 BIRAICYIMTI NS 2 L HBES AN TR - T2,

(a) Alkenyl or allylsilane

(Z/\\ Ci:\/\ R

or complex mixture
- AN .
SiMej SiMe; DCM, —40 °C, 16 h

157 158
(b) Phenylsilane 11 4 53 oquiv.) OCOCF; Na;S,05/NaHCO,
©/SW|33 DCM, —40 °C, 16 h ©/I\OCOCF3 aqueous work up ©/|
93 159 16t, 15%

("H NMR yield)

(c) Benzylsilane ITT (0.53 equiv.)

o) o)
©/\SiMe3 DCM, 40 °C, 16 h; ©/\OJ\CF3 . /©/\OJ\CF3
aqueous work up |
160 161, 32% 162, 42%
("H NMR yield) ("H NMR yield)

Scheme 44. Reactions of other organosilanes with ITT
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INFE

4 EBENET S, £HIS. lodine tris(trifluoroacetate) x AWV FRESET S 7 ILFILY S
S OBERISEBE L, ITT 2 AV 5 2 £ T, Bk R TZRIRNICTER S Si-Csp?)
EELUIMARETHS I L R Lz, ITT BR1L ¥ EE -Fleming BILR IS AEHE S 2
¥ T, SiMe; EAIFER ISR ELKBEASMAYL L THATETHS I L EHELNIILE, AR
IROBFE L ZMEIC, 5B 5 ITTUEMN Si-C(sp)fEE NILZRIRMVIMTF A0 HMEIN, TE
BT RS TILFILY S O AEERILZICE T 2IEEICRELRAKAERARYL L THAINS
CrEREI.

CI)COCF3
/I\
R CF;0C0O” ~OCOCF, R 0COCE
./\SS:A\R (NO)(OCOCF3) ./\SSi/ % H,0, F~ ./\/OH
1 chemoselective cleavage 1

+/ mild reaction conditions (=50 °C to rt)
/ various polar functional groups tolerated
+/ unactivated tetraalkylsilanes as masked alcohols
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oK
B

%

UEEEIR BRFEIVRALEHNOSVKEFRLFHRCRISETEN L. AEEK
ILZEE L UCREMLZEICE T 2 RISEHFEMEICRSE L Fz. RREDRIEZIUATISTT,

1. HFIP F&ET. 7Y —ILZXAIF ¥ [(OAc)s T AWVALE - (LFBRRE/ ~ATO7 )
—ILA-I-FUDREEERE L, BRONALE/ ATOT Y —A-I-FUIET
Ry b TIA—F=9LA4") RANEBRITETHHI2LEFTTLELEDHIT, TOMMDOT ) —IL
ERBISH L THLEATRETHB I L2 RHELEY,

2. 7YV—=IiL3A—=FZ=9L4") FEEHRINEAE Y L7=KRKH VAEBBRISEZHARE L. AR
RIZEELEBBERTAVSEZ LR, 2HEDTFERE YVAIERT 522 L TEETH
e 7Y —=L3—R=9LA") RANALZERAERAY LTARATHSE I BALHNITL

7= o0,

3. I/ RTA4JANDERTBAML LT, BHEEFEI—F=I44") FERELHILL,
INERWVENY FRETO VALBBRISEMIE L, £/ 3—F=944") F:E
MBREICHEEZFLAEZ YT, 5/ AT 4 7 RACERATRELRI—RFYAq)) FOEWE
EMEERL

4. lodine tris(trifluoroacetate) * AW/ REMET I 7ILFILY S5 O OBMERIS T BRE L 7=,
ITT & AW =FIEM Si-C(sp))f&E & V1M ¥ EE-Fleming BRALRISIT L Y | SiMe; ZEAHIEE (<
REGKBRESMEAL L THATETHS I L THLAITLE Y,

UEDRRIZ, BRFEIVELENOSEVKRKEF R ULHRCRREICEIVT, Xy
@ MALRBEEMERELE LU RERET I T7ILFLY SO0 RARAMEZRMET S
LOTHB, TNLEORISH., 2MAt T AV BHASERICET 2. BHILEM D& KR
RefTH)LTH—BrG 52 vz,
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General information

General: NMR spectra were recorded on JEOL JNM-ECS400 spectrometers operating at 391.78 MHz
for *H NMR and 98.52 MHz for *C NMR, JEOL JNM-ECX400 spectrometers, operating at 395.88
MHz for *H NMR and 99.55 MHz for 3C NMR, and JINM-ECA500 spectrometers, operating at 500.16
MHz for *H NMR and 125.77 MHz for *C NMR. Chemical shifts were reported in the scale relative to
TMS (0.00 ppm for *H NMR), CHCl; (7.26 ppm for *H NMR), CH3;COCHjz (2.05 ppm for *H NMR),
CDCls (77.0 ppm for 3C NMR), PhCF; (—63.72 ppm for °F NMR in CDClI3), PhF (-113.2 ppm for °F
NMR in CDClIs), HsPO4 (0.00 ppm for 3P NMR in CDCls) as an internal reference, respectively. ESI
mass spectra and APCI mass spectra were measured on Thermo Scientific Exactive. ESI mass
spectrum of 10-(triethylsilyl)decan-1-ol was measured on JEOL JMS-T100LP. EI mass spectra were
measured on JEOL JMS-T100GCv. Infrared (IR) spectra were recorded on a JASCO FT/IR-5300
spectrophotometer, and absorbance bands are reported in wavenumbers (inverse centimeters). Silica gel
column chromatography was performed with Kanto Silica gel 60 N (40-50 mesh) or Yamazen YFLC
Al-580 using Universal Column SiOH. Radioactivity was quantified using a dose curiemeter IGC-7R,
Aloka. Reversed-phase high-performance liquid chromatography (HPLC) was performed on a JASCO
LC-2000Plus series PU-2089i gradient pump equipped with a JASCO UV-2075 UV detector and a
Universal Giken US-3000 radiation detector. Radio- TLC analysis was carried out on Merck KGaA Fzss
plates and analyzed on a M&S Instruments Marita Star detector with GINA Star TLC Software. TLC
analysis was carried out on Merck Kieselgel 60 Fzs4 plates with visualization by UV light, anisaldehyde
stain solution or phosphomolybdic acid stain solution.

Materials: 1,1,1,3,3,3-Hexafluoropropan-2-ol (HFIP) was distilled from activated molecular sieves 3A,
and stored over the same dessicant under argon atmosphere before use. Propionitrile was distilled from
P20s and then CaHo», and stored over activated molecular sieves 4A under argon atmosphere before use.
BF;-OEt; was distilled from CaH». Dichloromethane (CH,Cly), tetrahydrofuran (THF), toluene, and
Et,O were purified by Glass Contour solvent purification system. Commercially available MeOH (Wako
Ltd., deoxidized grade), acetone (KANTO Chemical Co., Inc., dehydrated grade), 1,4-dioxane (Wako
Ltd., super dehydrated grade), 2-Propanol (Wako Ltd., Super Dehydrated grade), N,N-
dimethylformamide (KANTO CHEMICAL CO., INC, Super Dehydrated grade) and Hexane (TCI Co.,
Ltd., anhydrous grade) were used without further manipulation unless otherwise stated. Astatine-211
was produced from an elemental Bi target via the 2Bi(a,2n)*'! At nuclear reaction with a 34 MeV alpha
beam for 3—4 h at a beam current of 12—13 pA using the NIRS-QST isochronous cyclotron AVF-930 in
National Institutes for Quantum & Radiological Science & Technology (QST), Chiba, Japan. ?'' At was
recovered from the irradiated target in chloroform by using a previously described dry distillation
procedure®. I(OAc); and [I(OCOCF;);]1,(OCOCF;)NO were synthesized according to the literature®™.

Meldrum’s acid 17 was synthesized according to the literature!?”. Arylgermane derivative 22¢ was
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synthesized according to the literature®®. All other reagents were commercially available and used as

received.
Caution: Although I have not observed exothermic thermal decomposition of I'TT as long as stored and

handled under inert atmosphere at room temperature, I'TT could potentially be explosive and should be

carefully handled with appropriate personal protective equipment.
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Chapter 1

General procedure for synthesis of arylstannane derivatives 23 (GP1):

Conditions A: To a solution of aryl bromide (1.0 equiv.) in 1,4-dioxane (0.2 M) were added Pd(PPhs)4
(5 mol %), hexa-n-butylditin (1.5 equiv.), and LiCl (2.0 equiv.) under argon atmosphere. The reaction
mixture was stirred overnight at 100 °C. After cooling to rt, the reaction mixture was diluted with water
and extracted with AcOEt. The combined organic extracts were washed with brine and dried over
anhydrous Na,SO;s. Filtration and evaporation in vacuo furnished the crude product, which was purified
by silica gel column chromatography to give the corresponding aryl stannane 23.

Conditions B: A screw-cap vial was charged with aryl bromide (1.0 equiv.), Pd(OAc) (1 mol %), PCy3
(2 mol %), and hexa-n-butylditin (1.1 equiv.) under argon atmosphere. The reaction mixture was stirred
at 110 °C for 24 h. After cooling to rt, the reaction mixture was diluted with water and extracted with
AcOEt. The combined organic extracts were washed with brine and dried over anhydrous Na,SOs.
Filtration and evaporation in vacuo furnished the crude product, which was purified by silica gel column

chromatography to give the corresponding aryl stannane 23.

In NMR analysis of these arylstannanes, satellite peaks from J coupling with 1¥7Sn and 1°Sn are partially
observed, but not assigned.

1-tosyl-5-(tributylstannyl)-1H-indole (23c)
Prepared according to GP1 (Conditions A) from 5-bromo-1-tosyl-1H-indole®® (525 BusSn

mg, 1.5 mmol). Purification of the crude product by silica gel column m
chromatography (hexane/AcOEt = 15:1) afforded 23c as a colorless solid (488 mg, 23¢ Ts
58% yield).

"HNMR (400 MHz, CDCl3): § = 8.00-7.93 (m, 1 H), 7.79 (d, J = 8.3 Hz, 2 H), 7.69-7.56 (m, 1 H), 7.55-
7.51 (m, 1 H), 7.45-7.31 (m, 1 H), 7.22 (d, /= 8.3 Hz, 2 H), 6.64 (d, /= 3.1 Hz, 1 H), 2.34 (s, 3 H),
1.65-1.43 (m, 6 H), 1.39-1.27 (m, 6 H), 1.15-0.97 (m, 6 H), 0.92-0.83 (m, 9 H). *C NMR (100 MHz,
CDCl): 6= 144.8, 135.6, 135.4, 134.9, 132.1, 130.7, 129.8, 129.3, 126.9, 125.7, 113.0, 108.7, 29.1,
27.4, 21.5, 13.7, 9.7. HRMS (ESI): m/z (M+Na") caled for C»;H3NO>SSnNa: 584.1625; found:
584.1609. IR (KBr): 2963, 2923, 1587, 1439, 1375, 1272, 1169, 985, 814, 711 cm™!. Mp: 50.0-51.0 °C.

ethyl 5-bromo-1-tosyl-1H-indole-3-carboxylate (163)

To a solution of ethyl 5-bromo-1H-indole-3-carboxylate®® (429 mg, 1.6 mmol) in CO,Et
CH.ClI; (7.6 mL) was added TsCI (558 mg, 2.9 mmol), "BusNHSO, (27.2 mg, 0.08 Br A\
mmol), and NaOH (89.6 mg, 2.2 mmol) at 0 °C. The reaction mixture was stirred %

at r.t. for 1.5 h. The reaction mixture was quenched by H-O and extracted with 163

CH:Cl.. The combined organic extracts were washed with brine and dried over anhydrous Na>SOs.
Filtration and evaporation in vacuo furnished the crude product, which was purified by silica gel column

chromatography (hexane/AcOEt = 15:1 to 5:1) to give a desired product 163 as a pale red solid (522 mg,
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77% yield).

"H NMR (400 MHz, CDCls): & = 8.28 (d, J = 2.0 Hz, 2 H), 8.25 (s, 1 H), 7.87-7.77 (m, 3 H), 7.46 (dd,
J=9.0,2.0 Hz, 1 H), 7.28 (d,J=8.1 Hz, 2 H), 4.39 (q, /= 7.1 Hz, 2 H), 2.38 (s, 3 H), 1.42 (t, /= 7.1
Hz, 3 H). ®*C NMR (100 MHz, CDCls): = 163.2, 146.1, 134.3, 133.5, 132.7, 130.3, 129.4, 128.3, 127.1,
124.9, 118.2, 114.7, 113.1, 60.7, 21.6, 14.4. HRMS (ESI): m/z (M+Na") calcd for CisHisBrNO4SNa:
443.9876; found: 443.9883. IR (KBr): 3128, 2975, 1719, 1593, 1444, 1381, 1289, 1169, 957, 728 cm™".
Mp: 113.0-115.0 °C.

ethyl 1-tosyl-5-(tributylstannyl)-1H-indole-3-carboxylate (23d)

Prepared according to GP1 (Conditions A) from ethyl 5-bromo-1-tosyl-1H- CO,Et
indole-3-carboxylate 163 (360 mg, 0.85 mmol). Purification of the crude BusSn N
product by silica gel column chromatography (hexane/AcOEt = 10:1) afforded N

23d as a pale red solid (303 mg, 56% yield). 23d T8

'H NMR (400 MHz, acetone-d6): & = 8.38-8.24 (m, 2 H), 8.07-7.96 (m, 3 H), 7.59-7.39 (m, 3 H), 4.37
(q,J=7.1Hz, 2 H),2.37 (s, 3 H), 1.67-1.48 (m, 6 H), 1.43-1.29 (m, 9 H), 1.23-1.03 (m, 6 H), 0.91-0.83
(m, 9 H). BC NMR (100 MHz, CDCls): & = 163.8, 145.6, 137.3, 135.0, 134.7, 132.8, 131.4, 130.1, 129.9,
127.6,127.1,113.4, 112.7, 60.4, 29.0, 27.3, 21.5, 14.3, 13.6, 9.7. HRMS (ESI): m/z (M+Na") calcd for
C30H43NO4S'"”SnNa: 656.1837; found: 656.1848. IR (KBr): 3404, 3112, 2923, 1708, 1553, 1444, 1375,
1295, 1174, 968 cm™'. Mp: 55.5-57.5 °C.

tert-butyl 3-(tributylstannyl)-9H-carbazole-9-carboxylate (23e)

Prepared according to GP1 (Conditions A) from tert-butyl 3-bromo-9H-
carbazole-9-carboxylate®® (346 mg, 1.0 mmol). Purification of the crude Bussn
product by silica gel column chromatography (hexane/AcOEt = 20:1) afforded Sae EIOC
23e as a colorless oil (205 mg, 37% yield).

"H NMR (400 MHz, CDCls): 8 = 8.40-8.23 (m, 2 H), 8.17-7.99 (m, 2 H), 7.63-7.42 (m, 2 H), 7.37 (dd,
J=17.5,7.5Hz, 1 H), 1.78 (s, 9 H), 1.70-1.50 (m, 6 H), 1.44-1.32 (m, 6 H), 1.24-1.05 (m, 6 H), 0.97-
0.87 (m, 9 H). ®C NMR (100 MHz, CDCls): 6 = 151.1, 138.6, 138.3, 135.2, 134.9, 127.4, 126.9, 125.7,
125.6,122.9,119.4,116.2, 115.9, 83.7, 29.1, 28.4,27.4, 13.7,9.7. HRMS (ESI): m/z (M+Na") calcd for
C2oH43sNO>!"2SnNa: 572.2234; found: 572.2238. IR (neat): 2957, 2917, 2356, 1725, 1576, 1461, 1358,

1209, 1151, 1020 cm™

83



EERDER

2-methyl-6-(tributylstannyl)quinoline (23g)
Prepared according to GP1 (Conditions A) from 6-bromo-2-methylquinoline Bu.Sh
3

(222 mg, 1.0 mmol). Purification of the crude product by silica gel column | =

~
N Me

chromatography (hexane/AcOEt = 8:1) afforded 23g as a colorless oil (239 239

mg, 55% yield).

"H NMR (400 MHz, acetone-d6): & = 8.14 (d, J= 8.2 Hz, 1 H), 8.08-7.93 (m, 1 H), 7.93-7.73 (m, 2 H),
7.36 (d,J=8.2 Hz, 1 H), 2.65 (s, 3 H), 1.73-1.49 (m, 6 H), 1.42-1.28 (m, 6 H), 1.28-1.08 (m, 6 H), 0.87
(t,J=7.2 Hz, 9 H). ®C NMR (100 MHz, CDCl;): & = 158.7, 147.8, 139.7, 136.8, 135.9, 135.8, 127.5,
126.3, 121.8, 29.1, 27.3, 25.4, 13.6, 9.7. HRMS (ESI): m/z (M+H") calcd for C2,H36N'"?Sn: 426.1891;
found: 426.1894. IR (neat): 2963, 2917, 2361, 1599, 1455, 1375, 1301, 1054, 831, 687 cm!

1-(5-(tributylstannyl)thiophen-2-yl)ethan-1-one (23j)

Prepared according to GP1 (Conditions B) from 1-(5-bromothiophen-2-yl)ethan-1- waSn s o
one (205 mg, 1.0 mmol). Purification of the crude product by silica gel column W
chromatography (hexane/AcOEt = 8:1) afforded 23j as a yellow oil (279 mg, 67% 23j

yield).

'H NMR (400 MHz, CDCls): & = 7.78-7.76 (m, 1 H), 7.22-7.14 (m, 1 H), 2.57 (s, 3 H), 1.67-1.45 (m, 6
H), 1.38-1.25 (m, 6 H), 1.22-1.05 (m, 6 H), 0.89 (t, J = 7.4 Hz, 9 H). *C NMR (100 MHz, CDCl5): 6 =
190.1, 149.5, 149.3, 136.1, 133.0, 28.8, 27.3, 27.2, 13.6, 10.9. HRMS (ESI): m/z (M+Na") calcd for
CisH3,0SSnNa: 439.1095; found: 439.1086. IR (neat): 2963, 2967, 2361, 1657, 1501, 1410, 1260, 1060,
923,820 cm™!

benzofuran-5-yltributylstannane (23k)

Prepared according to GP1 (Conditions A) from 5-bromobenzofuran (124 uL, 1.0 BuaSn

mmol) using Pd(PPhs)4 (116 mg, 0.10 mmol). Purification of the crude product by m
silica gel column chromatography (hexane) afforded 23k as a colorless oil (163 mg, 23k ©
40% yield).

'H NMR (400 MHz, CDCls): & = 7.76-7.64 (m, 1 H), 7.59 (d, J= 2.2 Hz, 1 H), 7.54-7.47 (m, 1 H), 7.45-
7.29 (m, 1 H), 6.76 (d, J = 2.2 Hz, 1 H), 1.67-1.45 (m, 6 H), 1.41-1.29 (m, 6 H), 1.19-0.98 (m, 6 H),
0.89 (t, J = 7.2 Hz, 9 H). *C NMR (100 MHz, CDCl;): § = 155.2, 144.3, 134.6, 131.8, 129.1, 127.6,
111.2, 106.2, 29.1, 27.4, 13.7, 9.7. IR (neat): 2963, 2917, 2361, 1737, 1530, 1461, 1238, 1129, 1026,
762 cm™!

benzo[b]thiophen-5-yltributylstannane (23I)

Prepared according to GP1 (Conditions A) from 5-bromobenzo[b]thiophene (213 BusSn \
mg, 1.0 mmol) using Pd(PPhs)s (116 mg, 0.10 mmol). Purification of the crude \CE?

product by silica gel column chromatography (hexane) afforded 23l as a colorless 23l

oil (158 mg, 37% yield).
"HNMR (400 MHz, CDCls): § = 7.99-7.76 (m, 2 H), 7.49-7.27 (m, 3 H), 1.75-1.44 (m, 6 H), 1.44-1.21
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(m, 6 H), 1.21-0.97 (m, 6 H), 0.97-0.83 (m, 9 H). >C NMR (100 MHz, benzene—d6): § = 140.4, 140.2,
136.4, 132.0, 132.0, 125.9, 123.8, 122.5, 29.5, 27.8, 13.9, 9.9. IR (neat): 2969, 2911, 2854, 2350, 1455,
1278, 1186, 1038, 802, 693 cm!

General procedure for the synthesis of iodonium ylide (GP2):

To a solution of I[(OAc)3 (109.45 mg, 0.36 mmol) in CH>Cl; (1.2 mL) were successively added HFIP
(315 pL, 3.0 mmol) in CH>Cl; (0.6 mL) and arylstannane 30 (0.30 mmol) in CH,Cl, (1.2 mL) at —40 °C
(—20 °C for reaction of 23a, 23b, 23e, 231: 0 °C for reaction of 23f, 23g). After the reaction mixture was
stirred at the same temperature for 2 h, a solution of 6,10-dioxaspiro[4.5]decane-7,9-dione 17 (102 mg,
0.60 mmol) in aqueous Na,CO; (10% w/v, 1.8 mL) was added. The pH of the reaction mixture was
tested and, if necessary, aqueous Na,COs was added to adjust the pH > 10. [We confirmed that the use
of excess aqueous Na,COjs solution did not show any deleterious effects.] The reaction mixture was then
stirred at room temperature for 1 h. The reaction mixture was diluted with water and extracted with
CH,Cl,. The combined organic extracts were dried over anhydrous Na,SOs. Filtration and evaporation
in vacuo furnished the crude product, which was recrystallized from CH,Cly/hexane to afford the
corresponding iodonium ylide 18. If necessary, further purification by silica gel column chromatography
furnished the essentially pure product.

Some iodonium ylides were slightly unstable at room temperature in a solid state and/or in a solution.
Due to such instability, small amounts of decomposed products and/or residual solvents that were

difficult to remove completely were observed in their NMR spectra.

8-((4-chlorophenyl)-A’-iodanylidene)-6,10-dioxaspiro[4.5]decane-7,9-dione (182a)

Prepared according to GP2 from tributyl(4-chlorophenyl)stannane 23a°?. o
Purification of the crude product by recrystallization afforded 18a as a ljfl\o
colorless solid (88.5 mg, 73% yield). C|/©/O O/D
'H NMR (400 MHz, CDCls): & = 7.85-7.80 (m, 2 H), 7.44-7.37 (m, 2 H), 18a

2.20-2.09 (m, 4 H), 1.86-1.74 (m, 4 H). *C NMR (100 MHz, CDCls): § = 164.4, 138.9, 134.5, 131.9,
114.2, 111.0, 57.4, 37.3, 23.3. The *H and *C NMR spectra were in agreement with those reported in
the literature®!, Mp: 82.5 °C (dec).
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8-((4-methoxyphenyl)-A3-iodanylidene)-6,10-dioxaspiro[4.5]decane-7,9-dione (18b)

Prepared according to GP2 from tributyl(4-methoxyphenyl)stannane 23b°®. Purification of the crude
product by recrystallization afforded 18b as a colorless solid (99.9 mg, 83%)

"H NMR (400 MHz, CDCls): 6 = 7.88-7.82 (m, 2 H), 6.94-6.87 (m, 2 H),

3.83 (s, 3 H), 2.16-2.09 (m, 4 H), 1.83-1.72 (m, 4 H). ®*C NMR (100 MHz, I\IJ\O
CDCl): 8 =164.3,162.6,135.9,117.4,113.9,102.7,57.8, 55.6,37.2, 23.3. Meo/©/o O/b
The H and *C NMR spectra were in agreement with those reported in the 18b
literature?®l. Mp: 69.0 °C (dec).

8-((1-tosyl-1H-indol-5-yl)-A*-iodanylidene)-6,10-dioxaspiro[4.5]decane-7,9-dione (18¢)

Prepared according to GP2 from 1-tosyl-5-(tributylstannyl)-1H-indole 23c. O

Purification of the crude product by silica gel column chromatography O)I/Im
(AcOEt) afforded 18c as a colorless solid (149 mg, 88% yield). C}\O 6] ¥S

'H NMR (400 MHz, DMSO-d6): 8 = 8.08 (d, /= 1.8 Hz, 1 H), 8.02 (d, J = 18¢

9.1 Hz, 1 H), 7.92 (d, J = 3.6 Hz, 1 H), 7.90 (d, J = 8.4 Hz, 2 H), 7.71 (dd, J=9.1, 1.8 Hz, 1 H), 7.39
(d, J=8.4Hz, 2 H), 6.96 (d, J=3.6 Hz, 1 H), 2.31 (s, 3 H), 2.01-1.87 (m, 4 H), 1.71-1.59 (m, 4 H). 13C
NMR (100 MHz, DMSO-d6): 6 = 163.5, 146.0, 134.6, 133.7, 132.2, 130.4, 128.7, 128.3, 126.8, 126.5,
115.5,112.2,110.3,109.0, 59.1, 36.7,22.7, 21.1. HRMS (ESI): m/z (M+Na") calcd for C23H20INOsSNa:
587.9948; found: 587.9950. IR (KBr): 3444, 2952, 1696, 1616, 1439, 1283, 1180, 1129, 808, 705 cm™".
Mp: 55.0 °C (dec).

ethyl 5-((7,9-diox0-6,10-dioxaspiro[4.5]decan-8-ylidene)-A3-iodanyl)-1-tosyl-1H-indole-3-
carboxylate (18d)

Prepared according to GP2 from ethyl 1-tosyl-5-(tributylstannyl)-1H- Q | CO,Et
indole-3-carboxylate 23d. Purification of the crude product by O)i[/
oo
18d

A\
recrystallization afforded 18d as a colorless solid (167 mg, 87%). ¥s
IH NMR (400 MHz, DMSO-d6): 8 = 8.52 (s, 1 H), 8.47 (d, J= 1.8 Hz,
1 H), 8.15-7.99 (m, 3 H), 7.80 (dd, J=9.1, 1.8 Hz, 1 H), 7.42 (d, J = 8.2 Hz, 2 H), 4.32 (q, J= 7.0 Hz,
2 H), 2.33 (s, 3 H), 2.04-1.90 (m, 4 H), 1.72-1.60 (m, 4 H), 1.35 (t, J = 7.0 Hz, 3 H). 3C NMR (100
MHz, DMSO-d6): 8 = 163.5, 162.2, 146.8, 134.5, 133.6, 133.0, 130.6, 128.9, 128.6, 127.5, 125.9, 115.6,
112.3, 112.2, 111.5, 60.7, 59.1, 36.8, 22.7, 21.1, 14.1. HRMS (ESI): m/z (M+Na") calcd for
CasH24INOgSNa: 660.0160; found: 660.0160. IR (KBr): 3152, 2975, 1696, 1639, 1433, 1375, 1295,

1180, 1094, 946 cm™'. Mp: 57.0 °C (dec).

tert-butyl 3-((7,9-diox0-6,10-dioxaspiro[4.5]decan-8-ylidene)-A>-iodanyl)-9 H-carbazole-9-
carboxylate (18e)

o)
Prepared according to GP2 from tert-butyl 3-(tributylstannyl)-9H- o _ O
carbazole-9-carboxylate 23e. Purification of the crude product by 00 O N
18e

recrystallization afforded 18e as a colorless solid (132 mg, 78%). Boc
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'H NMR (500 MHz, CDCls): 8 = 8.46-8.42 (m, 1 H), 8.30-8.16 (m, 2 H), 7.92 (dd, J = 8.9, 2.0 Hz, 1
H), 7.80 (d, /= 8.0 Hz, 1 H), 7.54-7.44 (m, 1 H), 7.35-7.27 (m, 1 H), 2.18-2.06 (m, 4 H), 1.79-1.70 (m,
13 H). ®C NMR (125 MHz, DMSO-d6): 6 = 163.6, 149.9, 138.6, 138.0, 131.5, 128.5, 126.7, 125.3,
123.8, 123.6, 120.5, 118.3, 115.9, 112.1, 109.9, 85.0, 59.6, 36.8, 27.7, 22.7. HRMS (ESI): m/z (M+Na")
caled for CosH2sINOgNa: 584.0541; found: 584.0547. IR (KBr): 3456, 2975, 1731, 1639, 1461, 1347,
1278, 1157, 940, 756 cm™'. Mp: 96.5 °C (dec).

8-(quinolin-6-yl-A*-iodanylidene)-6,10-dioxaspiro[4.5]decane-7,9-dione (18f)
Prepared according to GP2 from 6-(tributylstannyl)quinoline 23f°™),

o]
Purification of the crude product by recrystallization afforded 18f as a o)‘r'm
yellow solid (84.1 mg, 66%). C’\o o N
H NMR (400 MHz, DMSO-d6): 5 = 9.07-8.95 (m, 1 H), 8.58-8.41 (m, 2 18f
H), 8.17-7.97 (m, 2 H), 7.72-7.57 (m, 1 H), 2.06-1.87 (m, 4 H), 1.75-1.56 (m, 4 H). 3C NMR (100 MHz,
DMSO-d6): 6 = 163.6, 152.6, 147.6, 136.3, 133.3, 132.2, 131.8, 128.8, 122.7, 113.8, 112.2, 59.2, 36.8,

22.8. HRMS (ESI): m/z (M+Na") caled for C17HsINO;Na: 445.9860; found: 445.9865. IR (KBr): 3438,
2969, 1685, 1628, 1484, 1341, 1295, 1094, 940, 837 cm™". Mp: 90.0 °C (dec).

8-((2-methylquinolin-6-yl)-A*-iodanylidene)-6,10-dioxaspiro[4.5]decane-7,9-dione (18g)

Prepared according to GP2 from 2-methyl-6-(tributylstannyl)quinoline 0
23g Purification of the crude product by recrystallization afforded 189 0 A | A
as a pale yellow solid (86.4 mg, 66%). o) N~ “Me

'H NMR (400 MHz, DMSO-d6): 6 = 8.43 (s, 1 H), 8.35(d, J= 8.6 Hz,

1 H), 8.07-7.91 (m, 2 H), 7.58-7.46 (m, 1H), 2.67 (s, 3 H), 2.07-1.87 (m, 4 H), 1.73-1.58 (m, 4 H). °C
NMR (100 MHz, DMSO-d6): 6 = 163.6, 161.2, 147.3, 136.2, 132.9, 132.2, 131.0, 127.2, 123.4, 112.6,
112.2, 59.1, 36.8, 25.0, 22.7. HRMS (ESI): m/z (M+Na") calcd for Ci1sH;6(INOsNa: 460.0016; found:
460.0017. IR (KBr): 2946, 1685, 1622, 1484, 1341, 1295, 1186, 1100, 946, 831 cm™'. Mp: 94.0 °C (dec).

8-(furan-2-yl-A*-iodanylidene)-6,10-dioxaspiro[4.5]decane-7,9-dione (18h)
Prepared according to GP2 from tributyl(furan-2-yl)stannane 23h°®. Purification ©

of the crude product by recrystallization afforded 18h as a colorless solid (82.3 0)5:'\@
mg, 76%). C}\o @)

18h
'H NMR (400 MHz, DMSO-d6): & = 7.93 (d, J = 1.9 Hz, 1 H), 7.02 (d, J = 3.3

Hz, 1 H), 6.58 (dd, J= 3.3, 1.9 Hz, 1 H), 1.95-1.84 (m, 4 H), 1.69-1.59 (m, 4 H). *C NMR (100 MHz,
DMSO-d6): 6=163.2, 149.2, 121.4, 114.2, 112.9, 112.0, 61.9, 36.6, 22.7. HRMS (ESI): m/z (M+Na")
calcd for Ci2Hi110sNa: 384.9543; found: 384.9546. IR (KBr): 3438, 3135, 2963, 2366, 1696, 1610,
1347, 1301, 1094, 756 cm™'. Mp: 43.0 °C (dec).

8-(thiophen-2-yl-A*-iodanylidene)-6,10-dioxaspiro[4.5]decane-7,9-dione (18i)
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Prepared according to GP2 from tributyl(thiophen-2-yl)stannane 23i°°, o

however, the reaction was run using I(OAc)s (91.2 mg, 0.30 mmol). Purification O)H/:I S
of the crude product by recrystallization afforded 18i as a colorless solid (98.0 o O\D
mg, 86%). 18i

'H NMR (400 MHz, DMSO-d6): & = 7.83 (dd, J = 5.2, 1.0 Hz, 1 H), 7.58 (dd, J = 3.8, 1.0 Hz, 1 H),
7.07 (dd, J =5.2, 3.8 Hz, 1 H), 2.01-1.87 (m, 4 H), 1.71-1.59 (m, 4 H). *C NMR (100 MHz, DMSO-
d6): 6=163.2,136.7, 134.3, 128.6, 112.1, 101.7, 62.2, 36.8, 22.7. HRMS (ESI): m/z (M+Na*) calcd for
C12H11104SNa: 400.9315; found: 400.9320. IR (KBr): 3100, 2952, 1644, 1433, 1330, 1266, 1089, 951,
837,722 cm!. Mp: 81.5 °C (dec).

8-((5-acetylthiophen-2-yl)-A’*-iodanylidene)-6,10-dioxaspiro[4.5]decane-7,9-dione (18j)
Prepared according to GP2 from 1-(5-(tributylstannyl)thiophen-2-yl)ethan-

o)
1-one 23j. Purification of the crude product by recrystallization afforded 18j O)ifl S Qo
as a colorless solid (97.0 mg, 77%). C}\o OW
'H NMR (400 MHz, DMSO-d6): 8 =7.77 (d, J= 4.1 Hz, 1 H), 7.59 (d, J = 18j
4.1 Hz, 1 H), 2.49 (s, 3 H), 2.02-1.86 (m, 4 H), 1.66-1.62 (m, 4 H). *C NMR (100 MHz, DMSO-d6):
8=190.4, 163.2, 149.8, 136.5, 134.1, 112.3, 112.1, 61.9, 36.8, 26.5, 22.8. HRMS (ESI): m/z (M+Na")

calcd for Ci4H310sSNa: 442.9421; found: 442.9421. IR (KBr): 3083, 2957, 2366, 1696, 1639, 1519,
1404, 1272, 1094, 957 cm™'. Mp: 83.5 °C (dec).

8-(benzofuran-5-yl-A3-iodanylidene)-6,10-dioxaspiro[4.5]decane-7,9-dione (18k)

Prepared according to GP2 from benzofuran-5-yltributylstannane 23Kk. o

Purification of the crude product by silica gel column chromatography o)tlm
(AcOEt to AcOEt/MeOH =50:1) afforded 18k as a colorless solid (85.7 mg, C}\O o o
69% yield). 18k

'H NMR (400 MHz, CDCls): 6 = 8.25-8.21 (m, 1 H), 7.82 (dd, J=9.0, 1.8 Hz, 1 H), 7.73 (d, /= 2.2 Hz,
1 H), 7.59-7.52 (m, 1 H), 6.85 (dd, J=2.2, 0.9 Hz, 1 H), 2.18-2.08 (m, 4 H), 1.83-1.73 (m, 4 H). 3C
NMR (100 MHz, DMSO-d6): 5 = 163.6, 154.8, 147.9, 129.6, 128.5, 126.5, 114.0, 112.1, 109.6, 106.8,

59.4, 36.7, 22.7. HRMS (ESI): m/z (M+Na") calcd for CisHi310sNa: 434.9700; found: 434.9699. IR
(KBr): 3129, 2969, 2361, 1633, 1444, 1341, 1295, 1106, 1020, 744 cm™'. Mp: 77.0 °C (dec).

8-(benzo|b]thiophen-5-yl-A*-iodanylidene)-6,10-dioxaspiro[4.5]decane-7,9-dione (181)

Prepared according to GP2 from benzo[b]thiophen-5-yltributylstannane 23| 0

Purification of the crude product by recrystallization afforded 18l as a O)I/'m
colorless solid (106 mg, 83% vyield). This compound was somewhat o X0 S
unstable. 18l

'H NMR (400 MHz, DMSO-d6): & = 8.36 (d,J= 1.6 Hz, 1 H), 8.13 (d,J=8.6 Hz, 1 H), 7.92 (d, J =
5.4 Hz, 1 H),7.73 (dd, J=8.6, 1.6 Hz, 1 H), 7.59 (d, J=5.4 Hz, 1 H), 2.03-1.92 (m, 4 H), 1.73-1.61 (m,
4 H). *C NMR (100 MHz, DMSO-d6): 6 = 163.6, 141.2, 140.9, 130.2, 128.3, 127.4,125.1, 123.8, 112.2,
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112.0,59.2,36.8,22.7. HRMS (ESI): m/z (M+Na") calcd for Ci6H3104SNa: 450.9471; found: 450.9470.
IR (KBr): 3082, 2957, 2356, 1633, 1439, 1330, 1289, 1106, 957, 796, 750 cm™'. Mp: 95.0 °C (dec).

8-(benzofuran-2-yl-A3-iodanylidene)-6,10-dioxaspiro[4.5]decane-7,9-dione (18m)

Prepared according to GP2 from benzofuran-2-yltributylstannane 23m®9, N
Purification of the crude product by recrystallization afforded 18m as a colorless m

solid (107 mg, 87% yield). . O . O
IH NMR (400 MHz, DMSO-d6): & = 7.77-7.66 (m, 2 H), 7.54-7.48 (m, 1 H), Qi)
7.45-7.37 (m, 1 H), 7.36-7.27 (m, 1 H), 1.98-1.85 (m, 4 H), 1.69-1.58 (m, 4 H).

3C NMR (100 MHz, DMSO-d6): & = 163.3, 156.5, 127.1, 126.5, 124.0, 121.9, 120.2, 117.3, 112.2,
111.4,61.3,36.7, 22.7. HRMS (ESI): m/z (M+Na") calcd for C16H;310sNa: 434.9700; found: 434.9702.
IR (KBr): 2969, 2361, 1696, 1633, 1439, 1335, 1283, 1163, 1101, 756 cm™'. Mp: 69.5 °C (dec).

8-(benzo[b]thiophen-2-yl-A*-iodanylidene)-6,10-dioxaspiro[4.5]decane-7,9-dione (18n)

Prepared according to GP2 from benzo[b]thiophen-2-yltributylstannane 23n°, \
Purification of the crude product by recrystallization afforded 18n as a colorless @7

solid (123 mg, 96% vyield). 0 0
'H NMR (400 MHz, DMSO-d6): & = 8.09-8.02 (m, 1 H), 8.02-7.91 (m, 2 H), 18n O@
7.50-7.35 (m, 2 H), 2.04-1.88 (m, 4 H), 1.73-1.58 (m, 4 H). *C NMR (100 MHz,

DMSO-d6): 6 =163.3, 142.5, 138.8, 132.9, 126.0, 125.1, 124.2, 122.4, 112.2, 106.0, 61.2, 36.8, 22.8.
HRMS (ESI): m/z (M+Na") calcd for Ci6H13104SNa: 450.9471; found: 450.9471. IR (KBr): 3083, 2963,
2361, 1702, 1604, 1341, 1283, 1192, 1094, 750 cm™'. Mp: 89.5 °C (dec).
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ipso-Substitution of indolylstannane 23c and subsequent one-pot cyanomethylation:

To a solution of [(OAc)3 (30.4 mg, 0.10 mmol) in CH,Cl, (0.4 mL) were added HFIP (105 pL, 1.0 mmol)
in CH,Cl, (0.2 mL) and 1-tosyl-5-(tributylstannyl)-1H-indole 23¢ (0.10 mmol) in CH,Cl, (0.4 mL) at —
40 °C. After the reaction mixture was stirred at the same temperature for 2 h, a-stannyl nitrile 41°" (39.6
mg, 0.12 mmol) was added to the reaction mixture at —78°C. After stirring for 15 min, TFAA (28.2 pL,
0.20 mmol) was added to the mixture. After stirring for another 30 min, the mixture was passed through
a short silica gel column (eluent: AcOEt) and concentrated under vacuum. The obtained residue was
further purified by silica gel column chromatography (hexane/AcOEt = 7:1 to 5:1) to afford 39c¢ as a
colorless solid (19.8 mg, 45%) and 39¢’ as a colorless solid (7.4 mg, 17%).

2-(5-iodo-1-tosyl-1H-indol-4-yl)acetonitrile (39¢)
'H NMR (400 MHz, acetone-d6): & = 7.96-7.89 (m, 2 H), 7.89-7.82 (m, 3 H), 7.41 (d, J

NC
= 8.2 Hz, 2 H), 7.15-7.09 (m, 1 H), 4.25 (s, 2 H), 2.36 (s, 3 H). *C NMR (100 MHz,
CDCL): 8= 145.7, 135.1, 134.7, 134.6, 130.8, 130.2, 127.8, 126.8, 125.8, 116.3, 115.4, N\
106.4, 93.8, 26.8, 21.6. HRMS (ESI): m/z (M+Na*) caled for Ci7H;3IN,O,SNa: 70 15

458.9635; found: 458.9644. IR (KBr): 3146, 2923, 2247, 1725, 1587, 1410, 1358, 1289,
1157, 808 cm™. Mp: 172.0-174.0 °C.

2-(5-iodo-1-tosyl-1H-indol-6-yl)acetonitrile (39¢’)

'H NMR (400 MHz, acetone-d6): & = 8.30 (s, 1 H), 8.20 (s, 1 H), 7.95-7.88 (m, 2 |

H), 7.78 (d,J=3.6 H z, 1 H), 7.46-7.35 (m, 2 H), 6.79 (d, J= 3.6 Hz, 1 H) 4.16 (s, Ncm
2 H), 2.36 (s, 3 H). ®C NMR (100 MHz, CDCls): 6 = 145.6, 134.7, 134.7, 132.5, 3¢’ T
132.3, 130.2, 128.5, 128.1, 127.0, 117.3, 114.0, 107.3, 91.9, 30.4, 21.6. HRMS (ESI): m/z (M+Na")
caled for Ci17H13IN2O5S Na: 458.9635; found: 458.9639. IR (KBr): 3438, 3123, 2917, 2241, 1737, 1593,
1404, 1266, 1180, 1123 cm™'. Mp: 144.0-146.0 °C.

Control experiments with [I(OCOCF3)3]:(OCOCF;3;)NO

To a solution of [I[(OCOCF3)3]2(OCOCF3)NO (32.24 mg, 0.03 mmol) in CH,Cl, or propionitrile (0.3
mL) was added arylgermane 22¢ or arylstannane 23¢ (0.05 mmol) in CH>Cl; or propionitrile (0.2 mL)
at —20 °C or —40 °C. After the reaction mixture was stirred at the same temperature for 2 h, a solution of
6,10-dioxaspiro[4.5]decane-7,9-dione 17 (8.51 mg, 0.05 mmol) in aqueous Na>,COs3 (10% w/v, 0.15 mL)
was added. The reaction mixture was then stirred at room temperature for 1 h. The reaction mixture was
diluted with water and extracted with CH>Cl,. The combined organic extracts were washed with brine
and dried over anhydrous Na>SOs. Filtration and evaporation in vacuo furnished the crude product,

which was analyzed by 'H NMR using 1,1,2,2-tetrachloroethane as the internal standard.
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Chapter 2
Confirmation of the identity of 2'!At-labeled compounds
Synthesis of an authentic sample 440 via electrophilic astatodestannylation of arylstannane 230

211 a¢
NCS

MeOH/AcOH
r.t., 30 min

BuzSn

To a V-shaped glass vial was added a solution of *''At (8.9 MBq) in CHCls, and then the solvent was
evaporated with the gentle flow of N, gas at 100 °C. Subsequently, a solution of arylstannane 230°9 (2
mg) in MeOH/AcOH = 1000:1 (50 pL) and a solution of NCS (4 mg) in MeOH (10 pL) were added to
the residue. After the reaction at room temperature for 15 min, the reaction mixture was analyzed by
radio-HPLC.

The reaction of aryliodonium ylide 180 with *''At

211At
Et,NHCO,

- =

MeOH
100 °C, 30 min

To a V-shaped glass vial was added a solution of ' At (52 MBq) in CHCls, and then the solvent was
evaporated with the gentle flow of N> gas at 100 °C. The residue was dissolved in MeOH (30 pL),
followed by the addition of a mixture of aryliodonium ylide 180> (2 mg) and EtsNHCOs (7 mg) in
MeOH (70 pL), which is not fully optimized reaction conditions. After the reaction at 100 °C for 30

min, the reaction mixture was analyzed by radio-HPLC.

HPLC conditions and chromatograms

HPLC analysis was performed on InertSustain C18 (150%4.6 mm, 5 um) column with flow rate at 1.0
mL/min using 30% H>O (0.1% HCOOH)/70% MeCN eluent. The injected sample initially passed
through the UV detector, followed by the radiation detector, which cause a slight delay between the
corresponding UV and radiation peaks. For each analysis, a corresponding non-radioactive I-labeled
compound was used as a UV reference. Due to the chemical similarities of iodine and astatine, the
difference of retention time between the I-labeled compound and the ?!! At-labeled compound would be

small.
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General procedure for 2!At-astatination of aryliodonium ylide 18 (GP3)

211 -
211At
Et4NHCO3 PPh, X
Ri
F "

100 °C, 30 min 2

To a V-shaped glass vial was added a solution of 2!'At (16-43 MBq) in CHCl;, followed by removal
of the solvent at 100 °C with the gentle flow of N, gas. Then, a solution of aryliodonium ylide 18 (10
mg) in DMF (300 uL), a solution of Et4NHCO3 (7 mg) in DMF (100 uL), and a solution of PPhs (5 mg)
in DMF (100 pL) were successively added to the residue. After the reaction at 100 °C for 30 min under
nitrogen atmosphere, the reaction mixture was directly analyzed by radio-HPLC and radio-thin-layer

chromatography.

General methods for analysis of 2**At-astatination reactions

The identity of 2'At-labeled compound 44 was confirmed by radio-HPLC. Reversed-phase HPLC
analysis was performed on InertSustain C18 (150x4.6 mm, 5 pm) column with flow rate at 1.0 mL/min
using H>O (0.1% HCOOH)/MeCN eluent. The eluent was changed in response to the product polarity.
The injected sample initially passed through the UV detector, followed by the radiation detector, which
cause a slight delay between the corresponding UV and radiation peaks.

In the HPLC analysis, the adsorption of unlabeled ?!' At on the column has often become a problem
for the calculation of radiochemical yields (RCYs).%® Furthermore, insufficient sensitivity of our
radiation detector led to an insufficient signal-noise ratio of the analysis. For these reasons, RCY's were
calculated as peak area of compound 44/totalx100% on radio-TLC analysis. The decay of radioactivity
during the reaction has not been considered for the calculation of RCY's since the reaction time was only
30 minutes, which was enough short compared with the half-life of 2!*At (7.2 h). Appropriate solvent
conditions were determined to separate the free At (Rf = 0.00-0.25) from the target radiolabeled
compounds 44. For each analysis, corresponding non-radioactive I-labeled compound was used as

references due to the chemical similarities of 1odine and astatine.
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(8R,9S,13S,14S)-3-[?!At]astato-13-methyl-6,7,8,9,11,12,13,14,15,16-decahydro-17H-
cyclopenta[a]phenanthren-17-one (440)

According to GP3, the reaction of 8-(((8R,9S,13S,14S)-13-methyl-17-0xo-
7,8,9,11,12,13,14,15,16,17-decahydro-6H-cyclopenta[a]phenanthren-3-yl)-A2-
iodanylidene)-6,10-dioxaspiro[4.5]decane-7,9-dione 180%® with 2At (43
MBaq) afforded 440 in 58% RCY. AT e
Radio-TLC chromatography

Development solvent: hexane/ethyl acetate = 5:1

Retention factor of the corresponding non-radioactive I-labeled compound: 0.35
Retention factor of 2!' At-labeled 440: 0.31

Radio-HPLC chromatography

Eluent: 30% H>O (0.1% HCOOH)/70% MeCN

Retention time of the corresponding non-radioactive I-labeled compound: 14.0-16.0 min
Retention time of radioactive *!' At-labeled 440: 13.0-15.0 min

ethyl 2-[2'At](4-astatophenoxy)-2-methylpropanoate (44p)
According to GP3, the reaction of ethyl 2-(4-((7,9-dioxo-6,10- 0

dioxaspiro[4.5]decan-8-ylidene)-A3-iodanyl)phenoxy)-2-methylpropanoate QO%OB
Me Me
18p? with 2At (34 MBq) afforded 44p in 63% RCY. At a4p

Radio-TLC chromatography

Development solvent: hexane/ethyl acetate = 8:1

Retention factor of the corresponding non-radioactive I-labeled compound: 0.45
Retention factor of *!' At-labeled 44p: 0.50

Radio-HPLC chromatography

Eluent: 40% HO (0.1% HCOOH)/60% MeCN

Retention time of the corresponding non-radioactive I-labeled compound: 13.8-15.2 min
Retention time of radioactive *!'At-labeled 44p: 12.2-13.6 min

methyl (S)-3-[2!'At](4-astatophenyl)-2-((tert-butoxycarbonyl)amino)propanoate (44q)

According to GP3, the reaction of methyl (S)-2-((tert- o)

butoxycarbonyl)amino)-3-(4-((7,9-dioxo-6,10-dioxaspiro[4.5]decan-8- MoMe
. . . _ 211 NHBoc

ylidene)-A%-iodanyl)phenyl)propanoate 18q% with 2!At~ (16 MBq) afforded 2"t s4q

44qin 69% RCY.
Radio-TLC chromatography
Development solvent: hexane/ethyl acetate = 3:1

Retention factor of the corresponding non-radioactive I-labeled compound: 0.33
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Retention factor of ?!'At-labeled 44q: 0.45

Radio-HPLC chromatography

Eluent: 45% H,O (0.1% HCOOH)/55% MeCN

Retention time of the corresponding non-radioactive I-labeled compound: 14.8-16.2 min
Retention time of radioactive 2!' At-labeled 44q: 11.6-12.8 min

2-[21At](4-(4-astatophenyl)-4-oxobutyl)isoindoline-1,3-dione (44r)

According to the general procedure, the reaction of 2-(4-(4-((7,9- o 0@
dioxo-6,10-dioxaspiro[4.5]decan-8-ylidene)-A3-iodanyl)phenyl)-4- N
oxobutyl)isoindoline-1,3-dione 18r% with 2!At (16 MBq) afforded ., AtQ)tr/v o
44r in over 99.5% RCY.

Radio-TLC chromatography

Development solvent: hexane/ethyl acetate = 3:1

Retention factor of the corresponding non-radioactive I-labeled compound: 0.25

Retention factor of 2!! At-labeled 44r: 0.32

Radio-HPLC chromatography

Eluent: 45% H,0 (0.1% HCOOH)/55% MeCN

Retention time of the corresponding non-radioactive I-labeled compound: 13.5-14.7 min
Retention time of radioactive *!'At-labeled 44r: 7.6-13.0 min

5-[#'At]astato-3-methylbenzo[d]isoxazole (44s)

According to the general procedure, the reaction of 8-((3-methylbenzo[d]isoxazol-5- ,, ,,
yD)-A3-iodanylidene)-6,10-dioxaspiro[4.5]decane-7,9-dione 18s* with At (28 \CE\{N
MBQq) afforded 44s in 92% RCY. 4ds
Radio-TLC chromatography

Development solvent: hexane/ethyl acetate = 8:1

Retention factor of the corresponding non-radioactive I-labeled compound: 0.42

Retention factor of *!' At-labeled 44s: 0.45

Radio-HPLC chromatography

Eluent: 55% H»0 (0.1% HCOOH)/45% MeCN

Retention time of the corresponding non-radioactive I-labeled compound: 16.4-17.8 min
Retention time of radioactive ?!'At-labeled 44s: 14.8-16.6 min

6-[*'*At]astatoquinoline (44f)
According to the general procedure, the reaction of 8-(quinolin-6-yl-A3- 2"t
iodanylidene)-6,10-dioxaspiro[4.5]decane-7,9-dione 18f with At (24 MBq) Z

44f
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afforded 44f in over 99.5% RCY.

Radio-TLC chromatography

Development solvent: hexane/ethyl acetate = 1:1

Retention factor of the corresponding non-radioactive I-labeled compound: 0.38

Retention factor of >!'At-labeled 44f: 0.50

Radio-HPLC chromatography

Eluent: 70% H>O (0.1% HCOOH)/30% MeCN

Retention time of the corresponding non-radioactive I-labeled compound: 11.0-13.0 min

Retention time of radioactive ?!' At-labeled 44f: 6.8-7.8 min

Different basicity of nitrogen atom on iodinated or astatinated quinolines might affect their retention

time in the acidic eluent.

5-[?*!At]astatobenzo[b]thiophene (44l)

According to the general procedure, the reaction of 8-(benzo[b]thiophen-5-ylI-A3- Z“At\©j\>
iodanylidene)-6,10-dioxaspiro[4.5]decane-7,9-dione 18I with 21*At (31 MBq) afforded 44l in s
93% RCY. “
Radio-TLC chromatography

Development solvent: hexane

Retention factor of the corresponding non-radioactive I-labeled compound: 0.51

Retention factor of 2!' At-labeled 441: 0.43

Radio-HPLC chromatography

Eluent: 40% H>0 (0.1% HCOOH)/60% MeCN

Retention time of the corresponding non-radioactive I-labeled compound: 13.4-14.6 min

Retention time of radioactive !' At-labeled 441: 14.2-16.0 min

211 At-astatination of indolyliodonium ylide

211At (33 MBq)
! Et,;NHCO;, PPh = At
(o) =~ 4 3 3 \
o0 Xg N DMF X N N
18¢ S 100 °C, 30 min Ts Ts

44c, 78%
as at least two regioisomer

According to the general procedure, 8-((1-tosyl-1H-indol-5-yl)-A3-iodanylidene)-6,10-
dioxaspiro[4.5]decane-7,9-dione 5 was reacted with 2" At™ (33 MBq), EtsaNHCOs, and PPh; in DMF at
100 °C for 30 min. The reaction mixture was analysed by radio-TLC, and the result is shown in Figure
13.
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211 At-astatination of benzofuryliodonium ylide

21At™ (31 MBq) 211 ¢

)I \<I> Et4NHCO3 PPh, N
o 0

100 °C, 30 min 44k, ca. 76%

According to the general procedure, 8-(benzofuran-5-yl-A3-iodanylidene)-6,10-
dioxaspiro[4.5]decane-7,9-dione 18k was reacted with 2!'At™ (31 MBq), EtsaNHCO3, and PPh; in DMF
at 100 °C for 30 min. The reaction mixture was analyzed by radio-TLC and radio-HPLC. These results

are shown in Figure 14 and 15.
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Chapter 3

Preparation of substrates

3-(4-(benzyloxy)phenyl)cyclopentan-1-one (164)

1) "BulLi, THF, -78 °C,

B B(OH), ©O
/©/ " 2)B(OMe),, ~78 “C to rt, /©/ (OH),
+
BnO 3) HCl ag. BnO

[RhCI(COD)],
COD, NaHCOg4 BnO\Q\gO
dioxane/H,0 = 6:1
100 °C 164

To a solution of 1-(benzyloxy)-4-bromobenzene® (25,1 g, 95.4 mmol, 1.0 equiv.) in THF (191 mL)
was added dropwise "BuLi (39.3 mL, 2.6 M solution in Hexane, 105 mmol) at —78 °C. After stirring at
—78 °C for 1 h, B(OMe); (16 mL, 143 mmol) was added slowly to the reaction mixture. After stirring at
room temperature for overnight, the solvent was removed in vacuo. The residue was diluted AcOEt and
washed with 10% HCI aq., water and brine, and dried over anhydrous Na,SOs. After filtration and
evaporation, the obtained product was diluted diethyl ether (140 mL), and then the mixture was stirred
at rt for 15min. To the reaction mixture was added Hexane (240 mL), and then the mixture was stirred
at rt for 15min. After filtration, the obtained crude product was used directly for the next transformation.

The crude material was dissolved in dioxane/H>O = 6:1 (180 mL), followed by the addition of
NaHCOs3 (303 mg, 3.6 mmol), [Rh(COD)CI], (28.1 mg, 0.057 mmol), COD (797 pL, 6.5 mmol) under
argon atmosphere. After stirring at rt for 5 min., cyclopentenone (6 mL, 72.2 mmol) was added to the
reaction mixture, and then the mixture was stirred at 100 °C for 19 h. After cooling to room temperature,
the reaction mixture was diluted with water/brine = 1:2 and extracted with AcOEt. The combined organic
extracts were washed with water and brine and dried over anhydrous Na,SOs. Filtration and evaporation
furnished the crude product. Purification by silica gel column chromatography (Hexane/AcOEt = 3:1 to
2:1) afforded 164 as a colorless solid (16 g, 63% yield, 2 steps).

3-(4-(prop-2-yn-1-yloxy)phenyl)cyclopentan-1-one (165)

Pd/C, H
BnO\Q\CfO 2 HO\Q\CfO v = Br
MeOH, 35 °C 7
164

V4
K,CO3
N 0
DMF, rt O\Q\Cf

165

To a solution of 3-(4-(benzyloxy)phenyl)cyclopentan-1-one 164 (16.3 g, 62.2 mmol, 1.0 equiv.) in
MeOH (249 mL) was added Pd/C (10% Pd and 50% H-O, 3.26 g, 1.53 mmol). The mixture was stirred

at 35 °C under hydrogen atmosphere (1 atm) for 20 h. The reaction mixture was filtered through a celite
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pad and concentrated under vacuum. The obtained crude product was used directly for the next
transformation.

The crude material was dissolved in DMF (60 mL), followed by the addition of K,CO; (12.4 g, 90
mmol) and propargyl bromide (6.7 mL, 90 mmol). After stirring at 35 °C for 14 h, the reaction mixture
was diluted with water and extracted with AcOEt. The combined organic extracts were washed with
water and brine and dried over anhydrous Na,SOs. Filtration and evaporation furnished the crude
product. Purification by silica gel column chromatography (Hexane/AcOEt = 4:1 to 2:1) afforded 165
as a colorless solid (10 g, 77% yield, 2 steps).

2-(4-(prop-2-yn-1-yloxy)phenyl)-6,10-dioxaspiro[4.5]decane-7,9-dione (49)

74 // i
malonic acid o
O\ng TFAA, 35 °C O\Q\Cf\)i
0" o
165 49
A solution of malonic acid (2.1 g, 20 mmol) in TFAA (2.8 mL) was stirred at 35 °C for Smin, and then
3-(4-(prop-2-yn-1-yloxy)phenyl)cyclopentan-1-one 165 (2.1 g, 10 mmol, 1.0 equiv.) was added to the
reaction mixture. After stirring at 35 °C for 6 h, the mixture was diluted with DCM and washed with
water and brine and dried over anhydrous Na,SOs. Filtration and evaporation furnished the crude
product. Purification by silica gel column chromatography (Hexane/AcOEt = 3:1 to 2:1 to 1:1) afforded
49 as a colorless solid (1.85 g, 62% yield). If necessary, further purification by recrystallization furnished

the essentially pure product.

General procedures for azidodechlorination

Qo —— QN

DMF, 80 °C

A suspension of chloromethyl-terminated resin and NaN3 (5.0 equiv. per chloromethyl unit) in DMF
(0.1 M per chloromethyl unit) was heated at 80 °C for 24 h. After cooling to room temperature, the resin
was washed with H,O, DMF/H,O, DMF, MeOH, Et,0 and then dried at 40 °C under vacuum.

General procedures for 1,3-dipolar cycloaddition
Cul, DIPEA

N” N o
i i
THF, 35 °C o
0" o

A suspension of azidomethyl-terminated resin, 2-(4-(prop-2-yn-1-yloxy)phenyl)-6,10-
dioxaspiro[4.5]decane-7,9-dione 49 (2.0 equiv. per azidomethyl unit), Cul (5 mol% per azidomethyl
unit) and DIPEA (5.0 equiv. per azidomethyl unit) in THF (0.2 M per azidomethyl unit) was heated at
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35 °C for 16 h. After cooling to room temperature, the resin was washed with THF, DCM, MeCN, MeOH,
Et>0O and then dried at 40 °C under vacuum.

General procedure for synthesis of polymer-supported aryliodonium ylides

N N
N* °N o N“ N o
— /\O Arl(OAc),, KOAc — /\O |
o} o Z SAr
o DMF, rt o

o~ o o~ o

A suspension of meldrum’s acid-terminated resin, monoaryl-A*-iodane (2.0 equiv. per meldrum’s acid

unit), and KOAc (15 equiv. per meldrum’s acid unit) in DMF (0.1 M per meldrum’s acid unit) was stirred
at rt for 3 h. The resin was washed with H,O, DMF/H,O, DMF, DCM, Et,O and then dried at room

temperature under vacuum.

Quantitation of loading amount of polymer-supported aryliodonium ylides

BuyNI

|
—_—
SAr

',N\
e I
O /I\Ar
DMF, 120 °C
o
(X6

A suspension of polymer-supported aryliodonium ylide and BusNI (10 equiv. per aryliodonium ylide
unit) in DMF (0.025 M per aryliodonium ylide unit) was stirred at 120 °C for 2 h. After cooling to room
temperature, n-octane for iodobenzene or pentadecane for iodoanisole and iodoquinoline was added as
an internal standard, and the mixture was analyzed by GC/MS. The loading amounts of polymer-
supported aryliodonium ylides were calculated as mole of the obtained iodoarene/amount of polymer-

supported aryliodonium ylide used in the reaction.

One-pot synthesis of aryliodonium ylide 56 via ipso-substitution of arylstannane 230 with ITT

To a solution of ITT (172 mg, 0.16 mmol) in CH>Cl, (2.4 mL) was added arylstannane 230 (174 mg,
0.32 mmol) in CH»Cl, (0.8 mL) at —20 °C. After the reaction mixture was stirred at the same temperature
for 2 h, DMF (3.2 mL) was added to the reaction mixture, and then DCM was removed in vaquo at 0 °C.
Subsequently, meldrum’s acid supported resin 50 (79.0 mg, ca. 0.08 mmol, 1 equiv.) and KOAc (118
mg, 1.2 mmol) were added to the residue. After stirring at rt for 3 h, the resin was washed with H»O,
DMF/H,0, DMF, DCM, Et,0 and then dried at room temperature under vacuum.

The loading amount of polymer-supported aryliodonium ylide 56 was calculated according to the
above procedure with some modifications. The crude reaction mixture of polymer-supported
aryliodonium ylide 56 and BusNI was analyzed by '"H NMR using 1,1,2,2-tetrachloroethane as an
internal standard.
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OCOCFs

/|
CF3;0C0~ ~OCOCF;

(NO)(OCOCF3)
(2.0 equiv.)

DCM, —20 °C
then evp. 0 °C

The procedure for 21! At-astatination of polymer-supported aryliodonium ylide (Table 11, entry 1)

211At_
Ety;NHCO3, PPh,

N,
o g
O)H/:I N 21154 N
O (6] N N
55

100 °C, 30 min
44f

To a V-shaped glass vial was added a solution of 2!!At (43 MBq) in CHCIs, followed by removal of
the solvent at 100 °C with the gentle flow of N> gas. Then, a solution of polymer-supported aryliodonium
ylide 55 (10 mg) in DMF (100 pL) and a solution of E&sNHCO3 (7 mg) and PPh; (5 mg) in DMF (100
uL) were successively added to the residue. After the reaction at 100 °C for 30 min under nitrogen
atmosphere, the supernatant liquid of the reaction mixture was passed through a membrane filter. The
remained resin was washed with DMF (100 pL), and the supernatant liquid was passed through a
membrane filter. This washing procedure was repeated three times. The combined organic layer was

directly analyzed by radio-HPLC and radio-thin-layer chromatography.
Stability evaluation of aryl iodonium ylides
Polymer-supported aryliodonium ylide 56
N~ ‘N/O o
O)H/;/' neat I
O AL,
oge] OMe 60 °C OMe
Q-=rs5s 16b
To a screw-cap vial was added polymer-supported aryliodonium ylide 56 (13.5 mg, 0.005 mmol, n =
5), and then stored at 60 °C for 1 day or 3 days. After cooling to room temperature, the resin was washed

with DCM, MeOH, Et;O and then dried at rt for 30 min. under vacuum. The obtained resin was
suspended in the solution of Bu4NI (18.5 mg) in DMF (50 puL), and the suspension was stirred at 120 °C
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for 2 h. After cooling to room temperature, pentadecane was added as an internal standard, and the
mixture was analyzed by GC/MS. The amount of 54 after storage was calculated from the amount of

iodoarene 16b obtained by cleavage of resin 54 with BusNI.

Non-supported aryliodonium ylide 75

/,N\
N o N o
< 0 /l neat I
(0]
0" "0 OMe 60 °C OMe
77 16b

To a screw-cap vial was added non-supported aryliodonium ylide 77 (6.7 mg, 0.01 mmol, n =5), and
then stored at 60 °C for 1 day or 3 days. After cooling to room temperature, the amount of 77 after

storage was determined by "H NMR using 1,1,2,2-tetrachloroethane as an internal standard.
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Chapter 4
NMR experiments of the reaction of Me,Si with iodine tris(trifluoroacetate) in CDCl;

OCOCF,

/I\
CF;0C0” “OCOCF;

|\I/|e (NO)(OCOCF3) o o
; ITT
Si )J\ . )J\ ) -
OIS _SiMe _Me unidentified
Me ;\AeMe CDCly, it, 2 h CFy~ "0 5 + CcF7 o bvorod
yproducts
106 107 108
' A
(0] (0] |
CF3_< >_CF3
R - 107 + O—I=0 | rrmemoeeoeeoeeoed
109 Me

To a suspension of [I[(OCOCFs3)3;]2(OCOCF3)NO (28.2 mg, 0.026 mmol) in CDCIl; (freshly distilled
from CaH,, 0.33 mL) was added a solution of tetramethylsilane 106 (6.8 pL, 0.05 mmol) in CDCl; (0.17
mL) at room temperature in a NMR tube with a rubber septum under argon atmosphere. After standing
for 2h at room temperature, the reaction mixture was analyzed by 'H NMR. Then, benzotrifluoride was
added as an internal reference to the NMR tube, and the mixture was analyzed by 'F NMR at room

temperature. NMR spectrums are shown in Figure 20, 21.

Preparation of substrates

Tetraalkylsilane 11027, 113a°?, 113b'%0, 110e'°D, 113s'%?, 110v'*®, and 110w'* were synthesized
according to the literature procedure.

tert-butyl(decyl)dimethylsilane (118a)

Me "BuLi H,, Pd/C
+ Cl-Si-Bu ——>
S ) R MeOH, rt SiMe,Bu

Me THF, =78 °C to rt
SiMe,Bu 118a

To a solution of 1-decyne (718 uL, 4.0 mmol, 1.0 equiv.) in THF (5.3 mL) was added dropwise "BuLi
(1.65 mL, 2.6 M solution in Hexane, 4.4 mmol) at —78 °C. After stirring at —78 °C for 1 h, fert-
Butyldimethylchlorosilane (663 mg, 4.4 mmol) was added to the reaction mixture, and then the mixture
was stirred at room temperature for overnight. The mixture was diluted ether and washed with saturated
NaHCOs, water and brine, and dried over anhydrous Na,SOs. After filtration and evaporation, the
obtained crude product was used directly for the next transformation.

The crude material was dissolved in MeOH (13.4 mL), followed by the addition of Pd/C (10% Pd and
50% H,0, 212 mg, 0.1 mmol). The mixture was stirred at room temperature under hydrogen atmosphere
(1 atm) for 22 h. The reaction mixture was filtered through a celite pad and concentrated under vacuum.

The obtained crude product was purified by silica gel column chromatography (Hexane) to give 118a
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as a colorless oil (795 mg, 77% yield, 2 steps).

"H NMR (CDCls, 400 MHz) & = 1.33-1.20 (m, 16 H), 0.91-0.83 (m, 12 H), 0.53-0.44 (m, 2 H), -0.09
(s, 6 H). *C NMR (CDCl;, 100 MHz) & = 34.0, 32.0, 29.7, 29.7, 29.4,29.4, 26.6, 24.4,22.7, 16.6, 14.2,
12.5,-6.3. HRMS (EI): m/z (M*) calcd for 2C16'Hz6?%Si: 256.2586; found: 256.2589. IR (NaCl): 2956,
2930, 2850, 1466, 1360, 1248, 997, 838, 811, 763 cm ™.

Cyclooctyltriethylsilane (113c)

Et3SiH, B(CeFs)s SiEts
DCM, rt

113c

The reaction mixture of cyclooctene (1.6 mL, 12 mmol), Et;SiH (639 uL, 4.0 mmol, 1.0 equiv.), and

B(CsFs)3 (102 mg, 0.2 mmol) in DCM (4 mL) was stirred at 30 °C. After 7 days, the solvent was removed
in vacuo. The residue was purified by silica gel column chromatography (Hexane) and distillation under
reduced pressure (1.3 kPa, 95 °C) to remove low boiling point byproducts afforded 113¢ as a colorless
oil (149 mg, 16%).
'HNMR (CDCl3, 400 MHz) 8 = 1.74-1.24 (m, 14 H), 0.94 (t, J= 7.9 Hz, 9 H), 0.89-0.81 (m, 1 H), 0.53
(q,J=7.9 Hz, 6 H). 3C NMR (CDCls, 100 MHz) & = 28.2, 27.9, 27.4, 26.2, 20.2, 7.8, 2.3. HRMS (EI):
m/z (M*) caled for 2Ci3'Hz'°0,%8Si: 226.2117; found: 226.2111. IR (NaCl): 2935, 2913, 2876, 1466,
1444, 1413, 1231, 1008, 726 cm™'.

methyl 4-(2-(trimethylsilyl)ethyl)benzoate (110d)

O (0] (0]

PdCl,(PPhj3),, Cul H,, Pd/C
Br SiMej; EtsN, 50 °C % MeOH, r.t. SiMej;

SiMes 110d

To a solution of methyl 4-bromobenzoate (860 mg, 4.0 mmol, 1.0 equiv.), PdCIx(PPhs), (36.5 mg,
0.052 mmol), and Cul (13.0 mg, 0.068 mmol) in triethylamine (10.8 mL) was added
trimethylsilylacetylene (664 pL, 4.8 mmol) under argon atmosphere. The reaction mixture was stirred
at 50 °C for 18 h. After cooling to room temperature, the reaction mixture was filtered through a pad of
silica gel and concentrated under vacuum. The obtained crude product was used directly for the next
transformation.

The crude material was dissolved in MeOH (13.4 mL), followed by the addition of Pd/C (10% Pd and
50% H,0, 212 mg, 0.1 mmol). The mixture was stirred at room temperature under hydrogen atmosphere
(1 atm) for 24 h. The reaction mixture was filtered through a celite pad and concentrated under vacuum.
The obtained crude product was purified by silica gel column chromatography (Hexane/AcOEt = 6:1)
to give 110d as a colorless oil (877 mg, 93% yield, 2 steps).

"H NMR (Acetone-d6, 400 MHz) 8 = 7.91 (d, J= 8.1 Hz, 2 H), 7.37 (d, J = 8.1 Hz, 2 H), 3.86 (s, 3 H),
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2.75-2.68 (m, 2 H), 0.95-0.87 (m, 2 H), 0.03 (s, 9 H). 3C NMR (CDCL;, 100 MHz) § = 167.1, 150.8,
129.6, 127.8, 127.4,51.9, 30.2, 18.4, -1.8. HRMS (EI): m/z (M) calcd for 12C13'Hao'*0,2Si: 236.1233;
found: 236.1227. IR (NaCl): 2952, 1732, 1604, 1434, 1284, 1183, 1109, 838, 763, 688 cm".

diethyl 2-(4-(triethylsilyl)butyl)malonate (113i)

o O

EtOMOEt OEt
Et3SiH, HoPtClg - NaH SiEt,
Brr X Br/\/\/SIEt3 fe)
Hexane/IPA = 100:1, 50 °C EtOH, 100 °C 0P OEt 13

The reaction mixture of 4-bromobutene (1.0 mL, 10 mmol, 1.0 equiv.), EtsSiH (1.72 mL, 10.8 mmol),
and H,PtCls*6 H>O (5.18 mg, 0.01 mmol) in Hexane/IPA = 100:1 (10 mL) was stirred at 50 °C for 36 h.
After cooling to room temperature, the reaction mixture was filtered through a pad of silica gel and
concentrated under vacuum. The obtained crude product was used directly for the next transformation.

To an ice-cold EtOH (33 mL) was added NaH (480 mg, 60 w/w % oil dispersion, 12 mmol) in several

portions, followed by diethyl malonate (1.83 mL, 12 mmol). After stirring for 15 min at room
temperature, the crude material obtained above was added to this mixture and the reaction mixture was
stirred at 100 °C for overnight. After cooling to room temperature, the solvent was removed in vacuo.
The residue was diluted with ether and washed with saturated NH4Cl aqueous solution, water, and brine.
The organic layer was dried over anhydrous Na,SOs. After filtration and evaporation, the obtained crude
product was purified by silica gel column chromatography (Hexane/AcOEt = 15:1) to give 113i as a
colorless oil (1.3 g, 38% yield, 2 steps).
"H NMR (CDCls, 500 MHz) & = 4.25-4.14 (m, 4 H), 3.30 (t, J= 7.4 Hz, 1 H), 1.95-1.83 (m, 2 H), 1.38-
1.29 (m, 4 H), 1.27 (t,J= 7.2 Hz, 6 H), 0.95-0.85 (m, 9 H), 0.53-0.44 (m, 8 H). *C NMR (CDCl;, 125
MHz) 6 =169.6, 61.2, 52.0, 31.4, 28.4, 23.5, 14.0, 11.1, 7.4, 3.2. HRMS (ESI): m/z (M+Na") calcd for
Ci7H3404NaSi: 353.2119; found: 353.2120. IR (NaCl): 2956, 2871, 1742, 1455, 1375, 1242, 1157, 1018,
768, 731 cm™'.

ethyl 6-(triethylsilyl)hexanoate (113f)
OEt

SiEt, LiCl, H,0 o
o = _ M ~_siE
DMSO, 160°C  EtO

O~ "OEt 113i 113f

A mixture of diethyl 2-(4-hydroxybutyl)malonate 113i (838 mg, 2.54 mmol, 1.0 equiv.), LiCI (428
mg, 10.1 mmol) and H,O (91 pL, 5.07 mmol) in DMSO (9.0 mL) was stirred at 160 °C for 18 h. After
cooling to room temperature, the reaction mixture was diluted with water and extracted with AcOEt.
The combined organic extracts were washed with brine and dried over anhydrous Na,SOs. Filtration and
evaporation furnished the crude product. Purification by silica gel column chromatography
(Hexane/AcOEt = 25:1) afforded 113f as a colorless oil (549 mg, 84% yield).
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'HNMR (CDCls, 400 MHz) 8 = 4.12 (q, J= 7.1 Hz, 2 H), 2.28 (t, J= 7.6 Hz, 2 H), 1.66-1.58 (m, 2 H),
1.38-1.28 (m, 4 H), 0.91 (t, /= 7.9 Hz, 9 H), 0.54-0.44 (m, 8 H). 3C NMR (CDCls, 100 MHz) § = 173.7,
60.0, 34.2, 33.3, 24.6, 23.4, 14.1, 11.1, 7.3, 3.2. HRMS (ESI): m/z (M+Na") calcd for C14H30O2NaSi:
281.1907; found: 281.1912. IR (NaCl): 2952, 2908, 2871, 1738, 1461, 1248, 1183, 1013, 752, 731 cm

1

6-(triethylsilyl)hexanoic acid (164)

Et3SiH, H,PtClg .
BFM Br\/\/\/SIEt3
Hexane/IPA = 100:1, 50 °C

NaCN
EtOH/H,0
reflux
0 KOH
HOMSiEta NC\/\/\/SIEt3

164 EtOH/H,0, reflux

The reaction mixture of 5-bromopentene (4.7 mL, 40 mmol, 1.0 equiv.), Et3SiH (6.9 mL, 43.2 mmol),
and H,PtClg*6 H,O (20.7 mg, 0.04 mmol) in Hexane/IPA = 100:1 (40.4 mL) was stirred at 50 °C for 36
h. After cooling to room temperature, the reaction mixture was filtered through a pad of silica gel and
concentrated under vacuum. The obtained crude product was used directly for the next transformation.

The reaction mixture of the crude material and NaCN (2.94 g, 60 mmol) in EtOH/H,O = 9:1 (100
mL) was stirred under reflux for 22 h. After cooling to room temperature, the solvent was removed in
vacuo. To the residue was added H,O, and the mixture was extracted with AcOEt three times. The
combined organic extracts were washed with brine and dried over anhydrous Na,SOs. After filtration
and evaporation, the obtained crude product was used directly for the next transformation.

The reaction mixture of the crude product and KOH (4.7 g, 84 mmol) in EtOH/H,O = 1:1 (84 mL)
was stirred under reflux for 23 h. After cooling to room temperature, the mixture was washed with ether
twice. The aqueous layer was acidified with 10% HCl aq to a pH of 1 and extracted with ether twice.
The combined organic extracts were washed with brine and dried over anhydrous Na>SOs. After
filtration and evaporation, the obtained crude product 164 (3.6 g, 39% yield, 3 steps) was used directly

for further transformations.

1-(piperidin-1-yl)-6-(triethylsilyl)hexan-1-one (113g)

o piperidine, DMAP o

) EDCI-HCI, Et3N )
HOJJ\/\/\/SIEI:;; OJ]\/\/\/SIEQ

DCM, 0 °C to rt
164 113g

To an ice-cold solution of crude 164 (115 mg, 0.5 mmol, 1.0 equiv.), DMAP (6.1 mg, 0.05 mmol),
piperidine (64 pL, 0.65 mmol) in CH2Cl, (2.5 mL) were added EtsN (93 pL, 0.67 mmol) and EDCI*HCI
(125 mg, 0.65 mmol). The reaction mixture was stirred at 0 °C for 1 h and warmed to room temperature.
After stirring for overnight, the mixture was diluted with DCM and washed with 1 M HCI aqueous
solution twice and saturated NaHCO; aqueous solution twice. The combined aqueous layers were
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extracted with DCM twice. The combined all organic extracts were washed with brine and dried over
anhydrous Na,SOa. After filtration and evaporation, the obtained crude product was purified by silica
gel column chromatography (Hexane/AcOEt = 2:1) to give 113g as a colorless oil (122 mg, 82%).

"H NMR (CDCls, 400 MHz) & = 3.61-3.47 (m, 2 H), 3.47-3.31 (m, 2 H), 2.30 (t,J= 7.7 Hz, 2 H), 1.68-
1.49 (m, 8 H), 1.41-1.25 (m, 4 H), 0.92 (t, J= 7.9 Hz, 9 H), 0.54-0.44 (m, 8 H). *C NMR (CDCl;, 100
MHz) 6 = 171.5, 46.7, 42.6, 33.7, 33.4, 26.5, 25.6, 25.2, 24.6, 23.7, 11.2, 7.4, 3.3. HRMS (ESI): m/z
(M+Na") caled for C17H3sNONaSi: 320.2380; found: 320.2378. IR (NaCl): 2941, 2866, 2365, 2344,
1641, 1434, 1216, 1013, 773, 720 cm ™.

N-methoxy-N-methyl-6-(triethylsilyl)hexanamide (113h)

MeONHMe+*HCI, DMAP

o EDCI-HCI, Et;N o
H )]\/\/\/SiEb Me\NJ]\/\/\/SiEt:.;
o DCM, 0 °C to rt .
164 OMe  113h

To an ice-cold solution of crude product 164 (920 mg, 4.0 mmol, 1.0 equiv.), DMAP (50 mg, 0.4 mmol),
MeONHMe+HCI (508 mg, 5.2 mmol) in DCM (20 mL) were added EtsN (750 pL, 5.3 mmol) and
EDCI*HCI (996 mg, 5.2 mmol). The reaction mixture was stirred at 0 °C for 1 h and then warmed to
room temperature. After stirring for 20 h, the mixture was diluted with DCM and washed with 1 M HCI
aqueous solution twice and saturated NaHCO3 agqueous solution twice. The combined aqueous layers
were extracted wtih DCM twice. The combined all organic extracts were washed with brine and dried
over anhydrous Na,SOs. After filtration and evaporation, the obtained crude product was purified by
silica gel column chromatography (Hexane/AcOEt = 3:1) to give 113h as a colorless oil (1.09 g,
quantitative yield).

"H NMR (CDCls, 400 MHz) & = 3.68 (s, 3 H), 3.18 (s, 3 H), 2.40 (t, J = 7.6 Hz, 2 H), 1.68-1.55 (m, 2
H), 1.41-1.24 (m, 4 H), 0.91 (t, J = 7.9 Hz, 9 H), 0.55-0.43 (m, 8 H). *C NMR (CDCls, 100 MHz) § =
174.8, 61.1, 33.6, 32.1, 31.8, 24.3, 23.6, 11.1, 7.4, 3.2. HRMS (ESI): m/z (M+Na") calced for
C14H31NO;NaSi: 296.2016; found: 296.2018. IR (NaCl): 2956, 2876, 1673, 1461, 1417, 1386, 1173,
1008, 763, 726 cm ™.

7-(triethylsilyl)heptanenitrile (113j)

i NaCN
EthIH, H2PtC|6 Br\/\/\/\ . aC NC\/\/\/\ .
SiEt; EtOH/H-O SiEt;

2

reflux

B o~ F
Hexane/IPA = 100:1, 50 °C

The reaction mixture of 6-bromohexene (674 pL, 5.0 mmol, 1.0 equiv.), Et;SiH (860 uL, 5.4 mmol),
and H2PtCls*6 H2O (2.59 mg, 0.005 mmol) in Hexane/IPA = 100:1 (5 mL) was stirred at 50 °C for 36 h.
After cooling to room temperature, the reaction mixture was filtered through a pad of silica gel and
concentrated under vacuum. The obtained crude product was used directly for the next transformation.

A mixture of the crude material and NaCN (735 mg, 15 mmol) in EtOH/H>O = 9:1 (16 mL) was
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stirred under reflux for 20 h. After cooling to room temperature, the solvent was removed in vacuo. To
the residue was added H,O, and the mixture was extracted with AcOEt three times. The combined
organic extracts were washed with brine and dried over anhydrous Na,SOs. After filtration and
evaporation, the obtained crude product was purified by silica gel column chromatography
(Hexane/AcOEt =40:1 to 30:1) to give 113j as a colorless oil (303 mg, 27% yield, 2 steps).

"H NMR (CDCls, 400 MHz) & = 2.34 (t,J = 7.2 Hz, 2 H), 1.71-1.60 (m, 2 H), 1.50-1.39 (m, 2 H), 1.39-
1.24 (m, 4 H), 0.97-0.87 (m, 9 H), 0.55-0.44 (m, 8 H). *C NMR (CDCls, 100 MHz) & = 119.9, 32.9,
28.3,25.3,23.6,17.1,11.2,7.4,3.2. HRMS (APCI): m/z (M+H") calcd for C13H2sNSi: 226.1986; found:
226.1987. IR (NaCl): 2946, 2871, 2249, 1461, 1417, 1231, 1018, 965, 752, 720 cm ™.

2-(4-(triethylsilyl)butyl)isoindoline-1,3-dione (113k)

o

BN EtsSiH, HoPtClg B~ SiEls PhthNK NS SiEt

Hexane/IPA = 100:1, 50 °C DMF, 60 °C

o 113k

The reaction mixture of 4-bromobutene (504 pL, 5.0 mmol, 1.0 equiv.), EtsSiH (860 pL, 5.4 mmol),
and H,PtCls*6 H>O (2.59 mg, 0.005 mmol) in Hexane/IPA = 100:1 (5 mL) was stirred at 50 °C for 36 h.
After cooling to room temperature, the reaction mixture was filtered through a pad of silica gel and
concentrated under vacuum. The obtained crude product was used directly for the next transformation.

A mixture of the crude material and potassium phthalimide (1.37 g, 7.4 mmol) in DMF (3.7 mL) was

stirred at 60 °C for 19 h. After cooling to room temperature, the mixture was diluted with ether and
washed with water and brine, and dried over anhydrous Na,SO4. After filtration and evaporation, the
obtained crude product was purified by silica gel column chromatography (Hexane/AcOEt = 5:1) to
give 113k as a colorless oil (534 mg, 34% yield, 2 steps).
"H NMR (CDCls, 400 MHz) & = 7.85-7.79 (m, 2 H), 7.72-7.66 (m, 2 H), 3.66 (t,J= 7.4 Hz, 2 H), 1.74-
1.61 (m, 2 H), 1.40-1.26 (m, 2 H), 0.94-0.84 (m, 9 H), 0.58-0.51 (m, 2 H), 0.51-0.43 (m, 6 H). *C NMR
(CDCls, 100 MHz) 6 = 168.3, 133.7, 132.1, 123.0, 37.6, 32.5, 21.2, 10.9, 7.4, 3.1. HRMS (APCI): m/z
(M+H") calcd for CisH2sNO,Si: 318.1884; found: 318.1882. IR (NaCl): 2946, 2876, 1769, 1711, 1461,
1402, 1360, 1333, 1013, 710 cm™.
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tert-butyl (4-(triethylsilyl)butyl)carbamate (1131)

B X Et3SiH, H,PtClg B~ SiEty
Hexane/IPA = 100:1, 50 °C
NaN3
DMF, 80 °C
PPhy
i Boc,0 Et,0,0°Ctort i
BocHN/\/\/S'Et3 2 2 N3/\/\/S|Et3
1131 rt Then, H,0

The reaction mixture of 4-bromobutene (604 pL, 6.0 mmol, 1.0 equiv.), Et3SiH (1.04 mL, 6.5 mmol),
and H,PtClg*6 H>O (3.1 mg, 0.006 mmol) in Hexane/IPA = 100:1 (6 mL) was stirred at 50 °C for 36 h.
After cooling to room temperature, the reaction mixture was filtered through a pad of silica gel and
concentrated under vacuum. The obtained crude product was used directly for the next transformation.

A mixture of the crude material and NaN3 (780 mg, 12 mmol) in DMF (12 mL) was stirred at 80 °C
for overnight in the dark. After cooling to room temperature, H,O was added and the mixture was
extracted with ether three times. The combined organic extracts were washed with water and brine and
dried over anhydrous Na,SOjs. After filtration and evaporation, the obtained crude product was used
directly for the next transformation.

To an ice-cold solution of the crude material in ether (28mL) was added PPhs (1.5 g, 6.0 mmol).
After stirring for 1 h at room temperature, H,O (2 mL) was added. The mixture was stirred at room
temperature for 19 h, and then Boc,O (5.5 mL, 24 mmol) was added. After stirring for 3 h at room
temperature, the mixture was extracted with ether three times. The combined organic extracts were
washed with water and brine, and dried over anhydrous Na,SO4. After filtration and evaporation, the
obtained crude product was purified by silica gel column chromatography (Hexane/AcOEt =20:1) and
distillation under reduced pressure (0.2 kPa, 100 °C) to remove low boiling point byproducts afforded
1131 as a colorless oil (504 mg, 29%, 3 steps).

"H NMR (CDCls, 400 MHz) & = 4.46 (brs, 1 H), 3.19-2.95 (m, 2 H), 1.54-1.46 (m, 2 H), 1.44 (s, 9 H),
1.36-1.24 (m, 2 H), 0.91 (t,J=7.9 Hz, 9 H), 0.57-0.43 (m, 8 H). *C NMR (CDCls, 100 MHz) 6 = 156.0,
78.9, 40.2, 34.1, 28.4, 21.1, 11.0, 7.4, 3.2. HRMS (ESI): m/z (M+Na") calcd for C;sH33sNO-NaSi:
310.2173; found: 310.2176. IR (NaCl): 3356, 2952, 2871, 2360, 1695, 1524, 1364, 1248, 1173, 720 cm™

1

triethyl(6-((triisopropylsilyl)oxy)hexyl)silane (113m)

Et;SiH, B(CeFs)s

TIPSO~~~ TIPSO~~~
7 SIEt3

DCM, rt 2m
A mixture of (hex-5-en-1-yloxy)triisopropylsilane'®® (2.1 g, 8.4 mmol, 1.0 equiv.), EtsSiH (1.6 mL, 10
mmol), and B(CsFs)3 (86.0 mg, 0.17 mmol) in DCM (8.4 mL) was stirred at room temperature. After 24
h, the solvent was removed in vacuo. The residue was purified by silica gel column chromatography
(Hexane) to give 113m as a colorless oil (2.6 g, 82%).

'H NMR (CDCls, 400 MHz) & = 3.67 (t, J= 6.7 Hz, 2 H), 1.58-1.48 (m, 2 H), 1.38-1.23 (m, 6 H), 1.13-
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1.03 (m, 21 H), 0.95-0.87 (m, 9 H), 0.55-0.44 (m, 8 H). *C NMR (CDCl;, 100 MHz) & = 63.5, 33.7,

33.0,25.5,23.8,18.0, 12.0, 11.2, 7.5, 3.3. HRMS (APCI): m/z (M+H") calcd for C2;H490Si,: 373.3317,;
found: 373.3318. IR (NaCl): 2946, 2866, 1466, 1231, 1098, 1003, 875, 773, 720, 678 cm .

6-(triethylsilyl)hexyl 4-methylbenzenesulfonate (1130)

TIPSO\/\/\/\S'Et TBAF HO\/\/\/\S'Et M TsO N NG
B THR 0°Ctort b bem,o°ctort =l
113m 1130

To an ice-cold solution of triethyl(6-((triisopropylsilyl)oxy)hexyl)silane 113m (1.1 g, 3.0 mmol, 1.0
equiv.) in THF (15 mL) was added TBAF (4.8 mL, 1.0 M in THF, 4.8 mmol). After stirring at room
temperature for 2 h, the solvent was removed in vacuo. The residue was diluted with AcOEt and washed
with water three times and brine. The organic layer was dried over anhydrous Na,SOs. Filtration and
evaporation furnished the crude product, which was directly used for the next transformation.

To an ice-cold solution of the crude product and EtzN (500 pL 3.6 mmol) in DCM (10 mL) was slowly

added tosyl chloride (686 mg, 3.6 mmol). After 13 h of stirring at room temperature, the reaction was
quenched with saturated NH4Cl aqueous solution. The mixture was extracted with DCM three times.
The combined organic extracts were washed with brine and dried over anhydrous Na,SOs. Filtration and
evaporation furnished the crude product. Purification by silica gel column chromatography
(Hexane/Toluene = 3:1) afforded 1130 as a colorless oil (714 mg, 64% yield, 2 steps).
"H NMR (CDCls, 400 MHz) & = 7.83-7.76 (m, 2 H), 7.38-7.30 (m, 2 H), 4.02 (t, J = 6.6 Hz, 2 H), 2.45
(s, 1 H), 1.68-1.58 (m, 2 H), 1.35-1.17 (m, 6 H), 0.95-0.85 (m, 9 H), 0.54-0.39 (m, 8 H). *C NMR
(CDCls, 100 MHz) 8 = 144.6, 133.2, 129.7, 127.9, 70.7, 33.1, 28.7, 25.0, 23.6, 21.6, 11.2, 7.4, 3.2.
HRMS (ESI): m/z (M+Na") caled for Ci9H3403NaSSi: 393.1890; found: 393.1891. IR (NaCl): 2956,
2882, 1594, 1455, 1360, 1183, 1098, 1013, 950, 773 cm™'.

4-(triethylsilyl)butyl benzoate (113n)

PhCO,H o
Et3SiH, H,PtClg i K,CO i
B X Br/\/\/SIEtS 2-3 O/\/\/SIEt3
Hexane/IPA = 100:1, 50 °C DMF, 70 °C 13
n

The reaction mixture of 4-bromobutene (504 pL, 5.0 mmol, 1.0 equiv.), Et;SiH (860 pL, 5.4 mmol),
and H2PtCls*6 H2O (2.59 mg, 0.005 mmol) in Hexane/IPA = 100:1 (5 mL) was stirred at 50 °C for 36 h.
After cooling to room temperature, the reaction mixture was filtered through a pad of silica gel and
concentrated under vacuum. The obtained crude product was used directly for the next transformation.

The reaction mixture of crude product, benzoic acid (610 mg, 5.0 mmol) and K»COj3 (1.38 g, 10 mmol)
in DMF (10 mL) was stirred at 70 °C for overnight. After cooling to room temperature, H,O was added,
and the mixture was extracted with AcOEt three times. The combined organic extracts were washed
with water and brine and dried over anhydrous Na,SO4. After filtration and evaporation, the obtained

crude product was purified by silica gel column chromatography (Hexane/AcOEt = 30:1) to give 113n
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as a colorless oil (714 mg, 49% yield, 2 steps).

"H NMR (CDCls, 400 MHz) 6 = 8.08-8.01 (m, 2 H), 7.59-7.52 (m, 1 H), 7.48-7.41 (m, 2 H), 4.33 (t, J
= 6.6 Hz, 2 H), 1.84-1.75 (m, 2 H), 1.53-1.40 (m, 2 H), 0.99-0.87 (m, 9 H), 0.63-0.56 (m, 2 H), 0.56-
0.47 (m, 6 H). *C NMR (CDCls, 100 MHz) 6 = 166.7, 132.8, 130.5, 129.5, 128.3, 64.7, 32.6, 20.3, 11.0,
7.4, 3.3. HRMS (ESI): m/z (M+Na") calcd for Cy7H,30,NaSi: 315.1751; found: 315.1756. IR (NaCl):
2946, 2914, 2882, 1716, 1455, 1280, 1115, 1072, 1018, 715 cm ™.

10-(triethylsilyl)decan-1-ol (113p)

(v/\/\/OT'PS Et;SiH, B(CoFs)3 @OT'PS TBAF (ZIOH
F DCM, rt SiEts THF, 0°Ctort SiEts
113p

A mixture of (dec-9-en-1-yloxy)triisopropylsilane®® (1.5 g, 4.7 mmol, 1.0 equiv.), EtsSiH (894 L,
5.6 mmol), and B(C¢Fs)3 (48 mg, 0.09 mmol) in DCM (4.7 mL) was stirred at room temperature. After
24 h, the solvent was removed in vacuo. The residue was directly used for the next transformations.

To an ice-cold solution of the crude material in THF (20 mL) was added TBAF (5.6 mL, 1.0 M in

THF, 5.6 mmol). After stirring at room temperature for 13 h, the solvent was removed in vacuo. The
residue was diluted with AcOEt and washed with water three times and brine. The organic layer was
dried over anhydrous Na,SOs. After filtration and evaporation, the obtained crude product was purified
by silica gel column chromatography (Hexane/AcOEt = 6:1 to 3:1) to give 113p as a colorless oil (1.1
g, 82%, 2 steps).
"HNMR (CDCls, 400 MHz) & = 3.64 (t,J = 6.7 Hz, 2 H), 1.62-1.52 (m, 2 H), 1.42-1.21 (m, 14 H), 0.95-
0.88 (m, 9 H), 0.54-0.44 (m, 8 H). 3*C NMR (CDCls, 100 MHz) & = 63.0, 33.9, 32.8, 29.6, 29.5, 29.4,
29.3, 25.7, 23.8, 11.3, 7.5, 3.3. HRMS (ESI): m/z (M+Na") calcd for C1¢H3sONaSi: 295.2433; found:
295.2421. IR (NaCl): 3340, 2925, 2866, 1466, 1407, 1237, 1050, 1008, 763, 715 cm™".

diethyl (6-(triethylsilyl)hexyl)phosphonate (113q)

o)

Et3SiH, H,PtClg Br P(OEt); I
\/\/\/\SiEt

3

BFW

Hexane/IPA = 100:1, 50 °C 160 °C EtO

113q

The reaction mixture of 6-bromohexene (674 pL, 5.0 mmol, 1.0 equiv.), Et;SiH (860 pL, 5.4 mmol),
and H2PtCls*6 H2O (2.59 mg, 0.005 mmol) in Hexane/IPA = 100:1 (5 mL) was stirred at 50 °C for 36 h.
After cooling to room temperature, the reaction mixture was filtered through a pad of silica gel and
concentrated under vacuum. The obtained crude product was used directly for the next transformation.

A mixture of the crude product and triethylphosphite (3.5 mL, 20 mmol) was stirred at 160 °C for 16
h. After cooling to room temperature, the reaction mixture was concentrated under reduced pressure (0.2
kPa, 90 °C). The residue was purified by silica gel column chromatography (Hexane/AcOEt = 1:1) to
give 113q as a colorless oil (431 mg, 26% yield, 2 steps).
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"H NMR (CDCls, 500 MHz) & = 4.14-4.00 (m, 4 H), 1.76-1.65 (m, 2 H), 1.65-1.51 (m, 2 H), 1.40-1.20
(m, 12 H), 0.90 (t, J = 8.0 Hz, 9 H), 0.52-0.41 (m, 8 H). *C NMR (CDCls, 125 MHz) & = 62.3 (d, 2Jcp
=6.0 Hz), 33.3,30.2 (d, 3Jer = 16.8 Hz), 25.6 (d, Jcp = 140.4 Hz), 23.6,22.3 (d, 2Jcp = 4.8 Hz), 16.4 (d,
3Jep = 6.0 Hz), 11.2, 7.4, 3.2. *'P NMR (CDCls, 202 MHz) & = 32.9. HRMS (ESI): m/z (M+Na") calcd
for Ci16H3703NaPSi: 359.2142; found: 359.2147. IR (NaCl): 2962, 2914, 2871, 1455, 1237, 1061, 1024,
950, 773, 720 cm™!.

(6-chlorohexyl)triethylsilane (113r)

Et,SiCl, "BuLi _SEs 4, parc

/\/\/ 7 - S -SiEt
cl Et,0,-78 °Ctort  C! MeOH, rt Cl 113r

To a solution of 6-chloro-1-hexyne (486 pL, 4.0 mmol, 1.0 equiv.) in EtO (10 mL) was added
dropwise "BuLi (1.7 mL, 2.6 M solution in Hexane, 4.4 mmol) at —78 °C. After stirring at —78 °C for 1
h, triethylchlorosilane (738 pL, 4.4 mmol) was added to the reaction mixture, and then the mixture was
stirred at room temperature for 6 h. The reaction mixture was quenched with saturated NH4Cl aqueous
solution and extracted with ether three times. The combined organic layers were washed with water and
brine, and dried over anhydrous Na,SOa. After filtration and evaporation, the obtained crude product
was used directly for the next transformation.

The crude material was dissolved in MeOH (13.4 mL), followed by the addition of Pd/C (10% Pd and

50% H20, 212 mg, 0.1 mmol). The mixture was stirred at room temperature under hydrogen atmosphere
(1 atm) for 30 minutes. The reaction mixture was filtered through a celite pad and concentrated under
vacuum. The obtained crude product was purified by silica gel column chromatography (Hexane) to
give 113r as a colorless oil (300 mg, 32% yield, 2 steps).
"H NMR (CDCls, 400 MHz) & = 3.53 (t,J = 7.0 Hz, 2 H), 1.82-1.71 (m, 2 H), 1.49-1.38 (m, 2 H), 1.38-
1.22 (m, 4 H), 0.98-0.86 (m, 9 H), 0.56-0.43 (m, 8 H). *C NMR (CDCls, 100 MHz) § = 45.2, 33.1, 32.6,
26.6, 23.7, 11.2, 7.5, 3.3. HRMS (EI): m/z (M-Et)" " calcd for '2Co'Hx**CI?Si: 205.1179; found:
205.1176. IR (NaCl): 2952, 2871, 1461, 1413, 1237, 1018, 773, 720, 672, 651 cm".
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(4-iodophenethyl)trimethylsilane (110t)

O,N O,N
PdCI(PPhg), Cul 2
\©\ * %\S'M
Br Mes EtsN, 50 °C [

SiMe;

H,, Pd/C

MeOH, rt

NaNO,, Kl
l\©\/\ TsOH+H,0 HzNO\/\
-~

SiM MeCN/HZO SiM

Mot U geCron e

To a solution of 1-bromo-4-nitrobenzene (808 mg, 4.0 mmol, 1.0 equiv.), PAClx(PPhs), (36.5 mg,
0.052 mmol), and Cul (13.0 mg, 0.068 mmol) in triethylamine (10.8 mL) was added
trimethylsilylacetylene (664 uL, 4.8 mmol) under argon atmosphere. The reaction mixture was stirred
at 50 °C for 7 h. After cooling to room temperature, the reaction mixture was filtered through a pad of
silica gel and concentrated under vacuum. The obtained crude product was used directly for the next
transformation.

The crude material was dissolved in MeOH (13.3 mL), followed by the addition of Pd/C (10% Pd and
50% H>0, 213 mg, 0.1 mmol). The mixture was stirred at room temperature under hydrogen atmosphere
(1 atm) for 12 h. The reaction mixture was filtered through a celite pad and concentrated under vacuum.
The obtained crude product was used directly for the next transformation.

To an ice-cold solution of a half amount of the crude product (395 mg, 2.0 mmol) and TsOH*H.O

(1.14 g, 6.0 mmol) in MeCN (8 mL) was gradually added a solution of NaNO, (276 mg, 4.0 mmol) and
KI (830 mg, 5.0 mmol) in H>O (1.25 mL). The reaction mixture was stirred at 0 °C for 10 min., then
stirred at room temperature for 1 h. To the reaction mixture was added saturated NaHCO3/5% NaxS,0;
aqueous solution, and the mixture was extracted with ether with three times. The combined organic
extracts were washed with water and brine, and dried over anhydrous Na,SO4. After filtration and
evaporation, the obtained crude product was purified by silica gel column chromatography (Hexane)
and distillation under reduced pressure (0.4 kPa, 110 °C) to remove low boiling point byproducts
afforded 110t as a colorless oil (398 mg, 65%, 3 steps).
"H NMR (CDCls, 400 MHz) & = 7.62-7.54 (m, 2 H), 6.99-6.92 (m, 2 H), 2.59-2.52 (m, 2 H), 0.93-0.79
(m, 2 H), 0.03-0.01 (m, 9 H). *C NMR (CDCls, 100 MHz) & = 144.9, 137.2, 129.9, 90.3, 29.6, 18.5, -
1.8. HRMS (EI): m/z (M™) caled for *Ci'H;7'?"1*Si: 304.0144; found: 304.0151. IR (NaCl): 2952,
2898, 1488, 1399, 1248, 1057, 1003, 912, 861, 834 cm™".

trimethyl(4-(trifluoromethyl)phenethyl)silane (110u)

F F F
3C\©\ L X PdCI,(PPhg),, Cul € H,, Pd/C 3C\©\/\
Br SiMes EtsN, 50 °C SN MeOH, rt SiMe
SiMe; 110u

To a solution of methyl 4-bromobenzotrifluoride (552 pL, 4.0 mmol, 1.0 equiv.), PACIx(PPhs), (36.5
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mg, 0.052 mmol), and Cul (13.0 mg, 0.068 mmol) in triethylamine (10.8 mL) was added
trimethylsilylacetylene (664 uL, 4.8 mmol) under argon atmosphere. The reaction mixture was stirred
at 50 °C for 18 h. After cooling to room temperature, the reaction mixture was filtered through a pad of
silica gel and concentrated under vacuum. The obtained crude product was used directly for the next
transformation.

The crude material was dissolved in MeOH (13.4 mL), followed by the addition of Pd/C (10% Pd

and 50% H>0, 212 mg, 0.1 mmol). The mixture was stirred at room temperature under hydrogen
atmosphere (1 atm) for 23 h. The reaction mixture was filtered through a celite pad and concentrated
under vacuum. The obtained crude product was purified by silica gel column chromatography
(Hexane) to give 110u as a colorless oil (758 mg, 77% yield, 2 steps).
'"HNMR (CDCls, 400 MHz) 6 = 7.52 (d, J= 8.1 Hz, 2 H), 7.30 (d, J= 8.1 Hz, 2 H), 2.72-2.62 (m, 2 H),
0.93-0.79 (m, 2 H), 0.03 (s, 9 H). *C NMR (CDCls, 125 MHz) & = 149.5, 128.1, 127.9, 125.2, 124.4,
30.0, 18.5, -1.8. F NMR (CDCls, 500 MHz) & = -62.3. HRMS (EI): m/z (M™) calcd for
2C1,'H17"F3%Si: 246.1052; found: 246.1048. IR (NaCl): 2962, 1615, 1417, 1322, 1253, 1168, 1125,
1066, 870, 832 cm ™.

4-(triethylsilyl)butyl 1-ethyl-7-methyl-4-o0x0-1,4-dihydro-1,8-naphthyridine-3-carboxylate (113x)

(0] (0] (0] (0]
Br "X EsSTH, FaPtClo B SiEt HO | | A KoCO3 Co)m
+ —— .
Hexane/IPA = 100:1, 50 °C NN DMF, 70 °C SiEts N\ 7
L 13x L

A mixture of 4-bromobutene (504 pL, 5.0 mmol, 1.0 equiv.), Et;SiH (860 pL, 5.4 mmol), and
H,PtCls*6 H>O (2.59 mg, 0.005 mmol) in Hexane/IPA = 100:1 (5 mL) was stirred at 50 °C for 36 h.
After cooling to room temperature, the reaction mixture was filtered through a pad of silica gel and
concentrated under vacuum. The obtained crude product was used directly for the next transformation.

A mixture of the crude material, Nalidixic Acid (1.1 g, 5.0 mmol) and K>CO;3 (1.38 g, 10 mmol) in
DMF (10 mL) was stirred at 70 °C for overnight. After cooling to room temperature, H,O was added,
and the mixture was extracted with AcOEt three times. The combined organic extracts were washed
with water and brine, and dried over anhydrous Na,SOs. After filtration and evaporation, the obtained
crude product was purified by silica gel column chromatography (Hexane/AcOEt=1:1) to give 113x as
a white solid (988 mg, 49% yield, 2 steps).

"H NMR (CDCls, 400 MHz) 6 = 8.64 (d, /= 8.2 Hz, 1 H), 8.58 (s, 1 H), 7.23 (d, /= 7.7 Hz, 1 H), 4.47
(q,/J=72Hz,2H),4.33 (t,J=7.0Hz, 2 H), 2.65 (s, 3 H), 1.87-1.77 (m, 2 H), 1.49 (t,/=7.2 Hz, 3
H), 1.47-1.40 (m, 2 H), 0.92 (t,J= 7.9 Hz, 9 H), 0.61-0.55 (m, 2 H), 0.51 (q, J= 7.9 Hz, 6 H). *C
NMR (CDCIs, 100 MHz) & = 174.6, 165.4, 162.5, 148.5, 148.4, 136.8, 121.4, 121.0, 112.0, 64.6, 46.5,
32.6, 25.0,20.2, 15.1, 10.9, 7.4, 3.2. HRMS (ESI): m/z (M+Na") calcd for C»H34N,O3NaSi: 425.2231;
found: 425.2230. IR (KBr): 3074, 2946, 2882, 1732, 1626, 1440, 1333, 1205, 1088, 800 cm™'.
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4-(triethylsilyl)butyl 4—(N,N—dipropylsulfamoyl)benzoate (113y)

Hexane/IPA = 100:1, 50 °C N\/\ DMF, 70 °C S'Et3

113y O 0
A mixture of 4-bromobutene (1.2 mL, 12 mmol, 1.0 equiv.), Et;SiH (2.1 mL, 13 mmol), and H,PtCls*6
H,0 (6.2 mg, 0.012 mmol) in Hexane/IPA =100:1 (12.1 mL) was stirred at 50 °C for 36 h. After cooling

to room temperature, the reaction mixture was filtered through a pad of silica gel and concentrated under

vacuum. The obtained crude product was used directly for the next transformation.

A mixture of the crude material, Probenecid (3.4 g, 12 mmol) and K,COs (3.3 g, 24 mmol) in DMF

(40 mL) was stirred at 70 °C for overnight. After cooling to room temperature, H,O was added, and the
mixture was extracted with AcOEt three times. The combined organic extracts were washed with water
and brine, and dried over anhydrous Na,SOs. After filtration and evaporation, the obtained crude product
was purified by silica gel column chromatography (Hexane/AcOEt = 10:1) to give 113y as a colorless
oil (3.16 g, 58% yield, 2 steps).
'"HNMR (CDCls, 400 MHz) & = 8.18-8.12 (m, 2 H), 7.90-7.84 (m, 2 H), 4.36 (t, J = 6.7 Hz, 2 H), 3.15-
3.05 (m, 4 H), 1.86-1.75 (m, 2 H), 1.61-1.50 (m, 4 H), 1.50-1.40 (m, 2 H), 0.92 (t, /= 7.9 Hz, 9 H), 0.87
(t, J = 7.4 Hz, 6 H), 0.62-0.55 (m, 2 H), 0.51 (q, J = 7.9 Hz, 6 H). *C NMR (CDCls, 100 MHz) & =
165.3, 144.1, 133.8, 130.1, 126.9, 65.3, 49.9, 32.4, 21.9, 20.3, 11.1, 10.9, 7.4, 3.2. HRMS (ESI): m/z
(M+Na") caled for Co3H4NO4sNaSSi: 478.2419; found: 478.2416. IR (NaCl): 2956, 2887, 1721, 1455,
1338, 1274, 1173, 1109, 997, 737 cm™".

3-(4-(2-(trimethylsilyl)ethyl)phenyl)propan-1-ol (147)
Me3Si

X H,, Pd/C Messi\/\©\/\/
X on MeOH, rt OH
147

A mixture of 3-(4-((trimethylsilyl)ethynyl)phenyl)prop-2-yn-1-01'% (2.27 g, 10 mmol, 1 equiv.) and
Pd/C (10% Pd and 50% H-O, 532 mg, 0.25 mmol) in MeOH (33 mL) was vigorously stirred at room
temperature under 1 atm of hydrogen for 24 h. The reaction mixture was filtered through a celite pad
and concentrated under vacuum. The obtained crude product was purified by silica gel column
chromatography (Hexane/AcOEt = 3:1) to give 147 as a colorless oil (1.25 g, 53% yield).
"H NMR (CDCls, 400 MHz) 8 = 7.15-7.08 (m, 4 H), 3.68 (t, J= 6.5 Hz, 2 H), 2.68 (t, /= 7.9 Hz, 2 H),
2.63-2.55 (m, 2 H), 1.94-1.84 (m, 2 H), 0.90-0.81 (m, 2 H), 0.05-0.03 (m, 9 H). *C NMR (CDCls, 100
MHz) 6 = 142.9, 138.8, 128.3, 127.8, 62.3, 34.3, 31.6, 29.5, 18.7, —1.8. HRMS (EI): m/z (M™) calcd for
12C14"H24'90%8Si: 236.1596; found: 236.1585. IR (NaCl): 3334, 2952, 1514, 1417, 1258, 1045, 859, 827,
768, 688 cm™.
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methyl 3-(2-(trimethylsilyl)ethyl)benzoate (152)

7 PACly(PPh3),, Cul 7 - SMes 0
B i 2 3)2, LU = Hyp, Pd/C SiM
MeO r +//S|Me3 MeO ——— > MeO "Mes
= Et;N, 50 °C MeOH, rt
152

To a solution of methyl 3-bromobenzoate (1.08 g, 5.0 mmol, 1.0 equiv.), PACI>(PPhs), (45.6 mg, 0.065
mmol), and Cul (16.2 mg, 0.085 mmol) in triethylamine (13.5 mL) was added trimethylsilylacetylene
(850 puL, 6.0 mmol) under argon atmosphere. The reaction mixture was stirred at 50 °C for 14 h. After
cooling to room temperature, the reaction mixture was filtered through a pad of silica gel and
concentrated under vacuum. The obtained crude product was used directly for the next transformation.

The crude material was dissolved in MeOH (16.7 mL), followed by the addition of Pd/C (10% Pd and

50% H20, 266 mg, 0.125 mmol). The mixture was stirred at room temperature under hydrogen
atmosphere (1 atm) for 18 h. The reaction mixture was filtered through a celite pad and concentrated
under vacuum. The obtained crude product was purified by silica gel column chromatography
(Hexane/AcOEt = 6:1) and removal of low b.p. byproducts by distillation (0.2 kPa, 120 °C) to give 152
as a colorless oil (670 mg, 57% yield, 2 steps).
'H NMR (CDCls, 400 MHz) & = 7.92-7.87 (m, 1 H), 7.87-7.82 (m, 1 H), 7.43-7.37 (m, 1 H), 7.37-7.29
(m, 1 H), 3.91 (s, 3 H), 2.70-2.61 (m, 2 H), 0.93-0.84 (m, 2 H), 0.04-0.00 (m, 9 H). *C NMR (CDCls,
100 MHz) 6 = 167.3, 145.6, 132.5, 130.1, 128.9, 128.3, 126.8, 52.0, 29.9, 18.6, -1.8. HRMS (ESI): m/z
(M+Na") caled for C13H200:NaSi: 259.1125; found: 259.1129. IR (NaCl): 2952, 1721, 1440, 1284, 1258,
1195, 1104, 864, 843, 758 cm ™.

Transformation of tetraalkylsilanes to alcohols via the cleavage of Si—-C(sp®) bonds in

tetraalkylsilanes with iodine tris(trifluoroacetate) and Tamao-Fleming oxidation

For the reaction of [[(OCOCF;)3].(OCOCF3)NO (ITT) and tetraalkylsilanes, the reaction temperature
was optimized for each substrate to promote the chemoselective cleavage of Si—C(sp*) bonds. In some
cases, BF3*OEt; was used as an additive to suppress electrophilic ethylation of the polar functional
groups.

For Tamao—Fleming oxidation, the reaction conditions were optimized for each substrate to improve

the reactivity and suppress the decomposition of the functional groups.
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decan-1-o0l (79a)
From decyltrimethylsilane 110a

1) ITT (0.53 equiv.) 2) 30% H,0, aq, KF
,i\/\//\\ CH,Cly, 1t, 2 h; ,i\/\//\\ KHCO3, TBAF (Z/\\
SiMe, ~ aqueous work up SiMe,X THF, 40°C, 2 h OH

110a 79a

To a solution of ITT (169 mg, 0.158 mmol) in CH>Cl, (1.8 mL) was added a solution of
decyltrimethylsilane 110a (64.2 mg, 0.3 mmol) in CH>Cl, (1.2 mL) at 0 °C under argon atmosphere.
After the reaction mixture was stirred at room temperature for 2 h, a mixture of aqueous Na,S>03 (5%
w/v, 5 mL) and saturated NaHCO; aqueous solution (5 mL) was added. The reaction mixture was
extracted with CH,Cl, (3%5 mL). The combined organic extracts were washed with brine and dried over
anhydrous Na,SO.. Filtration and evaporation furnished the crude product, which was directly used for
the following Tamao—Fleming oxidation.

To the crude material was successively added TBAF (1.0 M in THF, 2.7 mL, 2.7 mmol), KF (209 mg,
3.6 mmol), KHCO3 (90.0 mg, 0.9 mmol), and hydrogen peroxide aqueous solution (30%, 613 pL, 6.0
mmol) under air. The reaction mixture was stirred at 40 °C for 2 h. After cooling to room temperature,
the reaction was quenched with Na;S,0; aqueous solution (5% w/v, 10 mL). The resulting mixture was
extracted with EtOAc (3x10 mL). The combined organic extracts were washed with water and brine and
dried over anhydrous Na,SOs. Filtration and evaporation furnished the crude product, which was
purified by silica gel column chromatography (Hexane/AcOEt = 3:1) afforded 79a as a colorless oil
(42.7 mg, 90% vyield).

From decyltriethylsilane 113a

1) ITT (0.53 equiv.) 2) ureasH,0,, KHCO4
,i\/\//\\ CH,Cly, 1t, 2 h; ,i:/\/\\ KF, H,0, Bu;NHSO, (Z/\\
SiEt, aqueous work up SIEtX MeOH/THF=1:1 OH

113a 40°C,16h 79a

To a solution of ITT (169 mg, 0.158 mmol) in CH>Cl, (1.8 mL) was added a solution of
decyltriethylsilane 113a (77.0 mg, 0.3 mmol) in CH>Cl, (1.2 mL) at 0 °C under argon atmosphere. After
the reaction mixture was stirred at room temperature for 2 h, a mixture of aqueous Na»S>03 (5% w/v, 5
mL) and saturated NaHCO3 aqueous solution (5 mL) were added. The reaction mixture was extracted
with CH2Cl, (3%x5 mL). The combined organic extracts were washed with brine and dried over anhydrous
NaySOs. Filtration and evaporation furnished the crude product, which was directly used for the
following Tamao—Fleming oxidation.

The crude material was dissolved in MeOH/THF=1:1 (7.8 mL), followed by the addition of KF (174
mg, 3.0 mmol), KHCO; (300 mg, 3.0 mmol), H>O (50 pL, 3 mmol), BusNHSO, (10.2 mg, 0.03 mmol),
and urea hydrogen peroxide (846 mg, 9.0 mmol) under air. The reaction mixture was stirred at 40 °C for
16 h. After cooling to room temperature, the reaction was quenched with Na,S,03 aqueous solution (5%
w/v, 25 mL). The resulting mixture was extracted with EtOAc (3%x15 mL). The combined organic

extracts were washed with brine and dried over anhydrous Na,SOs. Filtration and evaporation furnished
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the crude product, which was purified by silica gel column chromatography (Hexane/AcOEt = 5:1)
afforded 79a as a colorless oil (35.0 mg, 74% yield).

From tert-butyl(decyl)dimethylsilane 118a
1) ITT (0.53 equiv.) 2) 30% H,0, aq, KF
(Z/\\ CH,Cly, 1t, 2 h; (Z/\\ KHCOj, TBAF (Z/\\
SiMe,'Bu ~ @queous work up SiMe/BuX THF, 40 °C, 2 h OH

118a 79a

To a solution of ITT (169 mg, 0.158 mmol) in CH>Cl, (1.8 mL) was added a solution of fert-
butyl(decyl)dimethylsilane 118a (77.0 mg, 0.3 mmol) in CH>Cl, (1.2 mL) at 0 °C under argon
atmosphere. After the reaction mixture was stirred at room temperature for 2 h, a mixture of aqueous
NaxS>03 (5% w/v, 5 mL) and saturated NaHCO; aqueous solution (5 mL) was added. The reaction
mixture was extracted with CH,Cl, (3%5 mL). The combined organic extracts were washed with brine
and dried over anhydrous Na,SOs. Filtration and evaporation furnished the crude product, which was
directly used for the following Tamao—Fleming oxidation.

To the crude material was successively added TBAF (1.0 M in THF, 2.7 mL, 2.7 mmol), KF (209 mg,
3.6 mmol), KHCO3 (90.0 mg, 0.9 mmol), and hydrogen peroxide aqueous solution (30%, 613 pL, 6.0
mmol) under air. The reaction mixture was stirred at 40 °C for 2 h. After cooling to room temperature,
the reaction was quenched with Na,S>0; aqueous solution (5% w/v, 10 mL). The resulting mixture was
extracted with EtOAc (3x10 mL). The combined organic extracts were washed with water and brine and
dried over anhydrous Na;SOs. Filtration and evaporation furnished the crude product, which was
purified by silica gel column chromatography (Hexane/AcOEt = 5:1) afforded 79a as a colorless oil
(25.9 mg, 55% vyield).

"H NMR (CDCls, 400 MHz) & = 3.64 (t,J = 6.8 Hz, 2 H), 1.64-1.50 (m, 2 H), 1.40-1.20 (m, 14 H), 0.88
(t,J=6.8 Hz, 3 H). ®*C NMR (CDCls, 100 MHz) 6 = 63.1, 32.8, 31.9, 29.6, 29.5, 29.4, 29.3, 25.7, 22.7,
14.1. NMR spectra are consistent with the literature °7,

(15,25,4R)-bicyclo[2.2.1]heptan-2-ol (79b)

1) ITT (0.53 equiv.) 2) 30% H,0, aq, KF
SiEts CH,Cl,, —20 °C 6 h; SiEt,X KHCOj;, TBAF OH
aqueous work up THF, 40 °C, 2 h
113b 79b

To a solution of ITT (169 mg, 0.158 mmol) in CH>Cl, (1.8 mL) was added a solution of ((1S,2S,4R)-
bicyclo[2.2.1]heptan-2-yl)triethylsilane 113b (63.1 mg, 0.3 mmol) in CH>Cl, (1.2 mL) at —20 °C under
argon atmosphere. After the reaction mixture was stirred at —20 °C for 6 h, a mixture of aqueous Na>S;0s3
(5% w/v, 5 mL) and saturated NaHCO3 aqueous solution (5 mL) was added. The reaction mixture was
extracted with CH,Cl, (3%5 mL). The combined organic extracts were washed with brine and dried over
anhydrous Na,SOq. Filtration and evaporation furnished the crude product, which was directly used for

the following Tamao—Fleming oxidation.
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To the crude material was successively added TBAF (1.0 M in THF, 2.7 mL, 2.7 mmol), KF (209 mg,
3.6 mmol), KHCO3 (90.0 mg, 0.9 mmol), and hydrogen peroxide aqueous solution (30%, 613 uL, 6.0
mmol) under air. The reaction mixture was stirred at 40 °C for 2 h. After cooling to room temperature,
the reaction was quenched with Na,S,O3 aqueous solution (5% w/v, 10 mL). The resulting mixture was
extracted with EtOAc (3x10 mL). The combined organic extracts were washed with water and brine and
dried over anhydrous Na,SOs. Filtration and evaporation furnished the crude product, which was
purified by silica gel column chromatography (Hexane/AcOEt = 6:1) afforded 79b as a colorless solid
(16.1 mg, 48% yield).

"H NMR (CDCls, 400 MHz) 6 = 3.74 (d, J= 6.8 Hz, 1 H), 2.24 (s, 1 H), 2.13 (d, /J=4.5Hz, 1 H), 1.64
(ddd, J=13.1, 6.8, 2.3 Hz, 2 H), 1.59-1.52 (m, 1 H), 1.52-1.33 (m, 2 H), 1.30-1.24 (m, 1 H), 1.14-1.07
(m, 1 H), 1.05-0.94 (m, 2 H). 3C NMR (CDCls, 100 MHz) § = 74.9, 44.3, 42.3, 35.4, 34.3, 28.0, 24 4.

NMR spectra are consistent with the literature 812,

Cyclooctanol (79c¢)
1) ITT (0.53 equiv.) 2) urea*H,0,, KHCO;
SiEts CH,Clp, =20 °C 6 h; SIEtX KF OH
aqueous work up MeOH/THF=1:1
40°C, 16 h
113c 79¢c

To a solution of ITT (169 mg, 0.158 mmol) in CH>Cl, (1.8 mL) was added a solution of
cyclooctyltriethylsilane 113c (67.9 mg, 0.3 mmol) in CH>Cl, (1.2 mL) at —20 °C under argon atmosphere.
After the reaction mixture was stirred at —20 °C for 6 h, a mixture of aqueous Na>S,03 (5% w/v, 5 mL)
and saturated NaHCO3 aqueous solution (5 mL) was added. The reaction mixture was extracted with
CH:Cl> (3x5 mL). The combined organic extracts were washed with brine and dried over anhydrous
Na;SOq4. Filtration and evaporation furnished the crude product, which was directly used for the
following Tamao—Fleming oxidation.

The crude material was dissolved in MeOH/THF=1:1 (7.8 mL), followed by the addition of KF (174
mg, 3.0 mmol), KHCO; (300 mg, 3.0 mmol), and urea hydrogen peroxide (846 mg, 9.0 mmol) under
air. The reaction mixture was stirred at 40 °C for 16 h. After cooling to room temperature, the reaction
was quenched with Na»>S,0s3 aqueous solution (5% w/v, 25 mL). The resulting mixture was extracted
with EtOAc (3x15 mL). The combined organic extracts were washed with brine and dried over
anhydrous Na,SO,. Filtration and evaporation furnished the crude product, which was purified by
silica gel column chromatography (Hexane/AcOEt = 6:1) afforded 79c as a colorless oil (26.8 mg, 70%
yield).

"H NMR (CDCls, 400 MHz) & = 3.90-3.78 (m, 1 H), 1.89-1.38 (m, 15 H). 3*C NMR (CDCls, 125 MHz)
§=1722,34.7,27.4,25.2,22.6. NMR spectra are consistent with the literature®®.
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methyl 4-(2-hydroxyethyl)benzoate (79d)

o 1) ITT (0.50 equiv.) % 2) 30% H,0, aq, KHF, 0
MeO CH,Cl,, =30 °C, 16 h; MeO KHCO3, TBAF MeO
aqueous work up THF, 40°C, 2 h
SiMe; SiMe,X OH
110d 79d

To a solution of ITT (161 mg, 0.150 mmol) in CH>Cl, (1.8 mL) was added a solution of (2-
(trimethylsilyl)ethyl)benzoate 110d (70.9 mg, 0.3 mmol) in CH>Cl» (1.2 mL) at —30 °C under argon
atmosphere. After the reaction mixture was stirred at —30 °C for 16 h, a mixture of aqueous Na,S;03
(5% w/v, 5 mL) and saturated NaHCO3 aqueous solution (5 mL) was added. The reaction mixture was
extracted with CH,Cl, (3%5 mL). The combined organic extracts were washed with brine and dried over
anhydrous Na,SOs. Filtration and evaporation furnished the crude product, which was directly used for
the following Tamao—Fleming oxidation.

To the crude material was successively added TBAF (1.0 M in THF, 2.7 mL, 2.7 mmol), KHF, (281
mg, 3.6 mmol), KHCO; (90.0 mg, 0.9 mmol), and hydrogen peroxide aqueous solution (30%, 613 uL,
6.0 mmol) under air. The reaction mixture was stirred at 40 °C for 2 h. After cooling to room temperature,
the reaction was quenched with Na;S,0; aqueous solution (5% w/v, 10 mL). The resulting mixture was
extracted with EtOAc (3x10 mL). The combined organic extracts were washed with water and brine and
dried over anhydrous Na,SOs. Filtration and evaporation furnished the crude product, which was
purified by silica gel column chromatography (Hexane/AcOEt = 5:1 to 1:1) afforded 79d as a colorless
oil (31.5 mg, 58% yield).

"HNMR (CDCls, 400 MHz) & = 7.98 (d, J= 8.3 Hz, 2 H), 7.31 (d, J= 8.3 Hz, 2 H), 3.93-3.86 (m, 5 H),
2.93 (t,J= 6.5 Hz, 2 H). 3C NMR (CDCls, 100 MHz) & = 167.0, 144.2, 129.7, 129.0, 128.2, 63.1, 52.0,

39.1. NMR spectra are consistent with the literature 1%,

1-(4-(2-hydroxyethyl)phenyl)ethan-1-one (79¢)

o 1) ITT (0.75 equiv.) % 2) 30% H,0,aq, KF @
CH,Cl,, —40 °C, 16 h; KHCO,, TBAF
_ "AMe 1BAT
aqueous work up THF, 40 °C, 2 h
SiMe; SiMe,X OH
110e 79e

To a solution of ITT (242 mg, 0.225 mmol) in CH,Cl, (1.8 mL) was added a solution of 1-(4-(2-
(trimethylsilyl)ethyl)phenyl)ethan-1-one 110e (66.1 mg, 0.3 mmol) in CH>Cl; (1.2 mL) at —40 °C under
argon atmosphere. After the reaction mixture was stirred at —40 °C for 16 h, a mixture of aqueous
NaxS,03 (5% w/v, 5 mL) and saturated NaHCO; aqueous solution (5 mL) was added. The reaction
mixture was extracted with CH>Cl, (3x5 mL). The combined organic extracts were washed with brine
and dried over anhydrous Na,SOs. Filtration and evaporation furnished the crude product, which was

directly used for the following Tamao—Fleming oxidation.

To the crude material was successively added TBAF (1.0 M in THF, 2.7 mL, 2.7 mmol), KF (209 mg,
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3.6 mmol), KHCOs3 (90.0 mg, 0.9 mmol), and hydrogen peroxide aqueous solution (30%, 613 uL, 6.0
mmol) under air. The reaction mixture was stirred at 40 °C for 2 h. After cooling to room temperature,
the reaction was quenched with Na,S,Os aqueous solution (5% w/v, 10 mL). The resulting mixture was
extracted with EtOAc (3x10 mL). The combined organic extracts were washed with water and brine and
dried over anhydrous Na,SOs. Filtration and evaporation furnished the crude product, which was
purified by silica gel column chromatography (Hexane/AcOEt = 1:1) afforded 79e as a yellow oil (38.5
mg, 78% yield).

"H NMR (CDCls, 400 MHz) 6 = 7.95 (m, 2 H), 7.35-7.27 (m, 2 H), 3.88 (t,J = 6.6 Hz, 2 H), 2.91 (t, J
= 6.6 Hz, 2 H), 2.57 (s, 3 H). *C NMR (CDCls, 100 MHz) & = 198.0, 144.6, 135.3, 129.2, 128.5, 63.0,

39.0, 26.5. NMR spectra are consistent with the literature 19,

ethyl 6-hydroxyhexanoate (79f)

o 1) ITT (0.53 equiv.) o 2) ureasH,0,, KHCO;

T Lsm CH,Cl,, —20 °C 6 h; B s KHF,, H,0, Bu;NHSO, )‘L/\/\/OH
EtO =is EtO = EtO

aqueous work up MeOH/THF=1:1
113f 40°C, 16 h 7of

To a solution of ITT (169 mg, 0.158 mmol) in CH>Cl, (1.8 mL) was added a solution of ethyl 6-
(triethylsilyl)hexanoate 113f (77.5 mg, 0.3 mmol) in CH>Cl, (1.2 mL) at —20 °C under argon atmosphere.
After the reaction mixture was stirred at —20 °C for 6 h, a mixture of aqueous Na>S»03 (5% w/v, 5 mL)
and saturated NaHCO3 aqueous solution (5 mL) was added. The reaction mixture was extracted with
CH:Cl: (3x5 mL). The combined organic extracts were washed with brine and dried over anhydrous
Na;SOq4. Filtration and evaporation furnished the crude product, which was directly used for the
following Tamao—Fleming oxidation.

The crude material was dissolved in MeOH/THF=1:1 (7.8 mL), followed by the addition of KHF>
(234 mg, 3.0 mmol), KHCOs (300 mg, 3.0 mmol), H>O (50 uL, 3 mmol), BuuNHSO4 (10.2 mg, 0.03
mmol), and urea hydrogen peroxide (846 mg, 9.0 mmol) under air. The reaction mixture was stirred at
40 °C for 16 h. After cooling to room temperature, the reaction was quenched with Na;S>03 aqueous
solution (5% w/v, 25 mL). The resulting mixture was extracted with EtOAc (3x15 mL). The combined
organic extracts were washed with brine and dried over anhydrous Na;SOs. Filtration and evaporation
furnished the crude product, which was purified by silica gel column chromatography (Hexane/AcOEt
= 1:1) afforded 79f as a colorless oil (31.7 mg, 66% yield).

'H NMR (400 MHz, CDCl3): § =4.12 (q,J = 7.2 Hz, 2 H), 3.65 (t, J = 6.7 Hz, 2 H), 2.31 (t,J = 7.4 Hz,
2 H), 1.69-1.62 (m, 2 H), 1.62-1.54 (m, 2 H), 1.25 (t, J = 7.2 Hz, 3 H). **C NMR (100 MHz, CDCl;):
8=173.8,62.4,60.2,34.1,32.2,25.2,24.5, 14.1. NMR spectra are consistent with the literature %)
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6-hydroxy-1-(piperidin-1-yl)hexan-1-one (79g)
o 1) ITT (0.53 equiv.) o

CH,Clp, ~10 °C 6 h;
OMSEQ OMSiEtzx

aqueous work up
1139

2) urea*H,0,, KHCOg

MeOH/THF=1:1
40 °C,16h

OMOH
799

To a solution of ITT (242 mg, 0.225 mmol) in CH>Cl, (1.8 mL) was added a solution of 1-(piperidin-
1-yl)-6-(triethylsilyl)hexan-1-one 113g (89.3 mg, 0.3 mmol) in CH,Cl, (1.2 mL) at —10 °C under argon
atmosphere. After the reaction mixture was stirred at —10 °C for 6 h, a mixture of aqueous Na,S,03 (5%
w/v, 5 mL) and saturated NaHCO; aqueous solution (5 mL) was added. The reaction mixture was
extracted with CH,Cl, (3%5 mL). The combined organic extracts were washed with brine and dried over
anhydrous Na,SOs. Filtration and evaporation furnished the crude product, which was directly used for
the following Tamao—Fleming oxidation.

The crude material was dissolved in MeOH/THF=1:1 (7.8 mL), followed by the addition of KF (174
mg, 3.0 mmol), KHCO; (300 mg, 3.0 mmol), and urea hydrogen peroxide (846 mg, 9.0 mmol) under
air. The reaction mixture was stirred at 40 °C for 16 h. After cooling to room temperature, the reaction
was quenched with Na;S,0; aqueous solution (5% w/v, 25 mL). The resulting mixture was extracted
with EtOAc (3x15 mL). The combined organic extracts were washed with brine and dried over
anhydrous Na,SO,. Filtration and evaporation furnished the crude product, which was purified by
silica gel column chromatography (AcOEt) afforded 79g as a colorless oil (33.3 mg, 56% yield).

"H NMR (CDCls, 500 MHz) & = 3.66 (t, J = 6.3 Hz, 2 H), 3.63-3.27 (br m, 4 H), 2.34 (t, J = 7.4 Hz, 2
H), 1.70-1.58 (m, 6 H), 1.58-1.50 (m, 4 H), 1.47-1.38 (m, 2 H). *C NMR (CDCls, 125 MHz) § = 171.3,
62.3,46.6,42.6,33.1,32.3,26.4, 25.5, 24.8, 24.5. NMR spectra are consistent with the literature ',

6-hydroxy-/N-methoxy-/V-methylhexanamide (79h)

1) ITT (0.53 equiv.)
o BF3'OE12 0 2) urea-H202, KHCO3 o
CH,Clp, —20 °C 3 h; KF, H,0, BuyNHSO,
Me- )MSiEt;; Me. MSiEtgx Me. MOH
N aqueous work up N MeOH/THF=1:1 N
OMe 113h OMe 40°C, 16 h OMe 79h

To a solution of ITT (169 mg, 0.158 mmol) in CH,Cl, (1.8 mL) was added BF3;*OEt, (41.4 uL, 0.33
mmol), followed by a solution of N-methoxy-N-methyl-6-(triethylsilyl)hexanamide 113h (82.0 mg, 0.3
mmol) in CH,Cl, (1.2 mL) at —20 °C under argon atmosphere. After the reaction mixture was stirred at
—20 °C for 3 h, a mixture of aqueous Na,S,03 (5% w/v, 5 mL) and saturated NaHCO3 aqueous solution
(5 mL) was added. The reaction mixture was extracted with CH>Cl, (3x5 mL). The combined organic
extracts were washed with brine and dried over anhydrous Na,SOs. Filtration and evaporation furnished

the crude product, which was directly used for the following Tamao—Fleming oxidation.
The crude material was dissolved in MeOH/THF=1:1 (7.8 mL), followed by the addition of KF (174
mg, 3.0 mmol), KHCO; (300 mg, 3.0 mmol), H>O (50 pL, 3 mmol), BusNHSO, (10.2 mg, 0.03 mmol),
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and urea hydrogen peroxide (846 mg, 9.0 mmol) under air. The reaction mixture was stirred at 40 °C for
16 h. After cooling to room temperature, the reaction was quenched with Na,S,03 aqueous solution (5%
w/v, 25 mL). The resulting mixture was extracted with EtOAc (3x15 mL). The combined organic
extracts were washed with brine and dried over anhydrous Na,SOj. Filtration and evaporation furnished
the crude product, which was purified by silica gel column chromatography (AcOEt) afforded 79h as a
colorless oil (29.2 mg, 56% vyield).

"H NMR (CDCl;s, 400 MHz) & = 3.68 (s, 3 H), 3.66 (t, J = 6.6 Hz, 2 H), 3.17 (s, 3 H), 2.44 (t, J= 7.2
Hz, 2 H), 1.74-1.63 (m, 2 H), 1.63-1.56 (m, 2 H), 1.46-1.37 (m, 2 H). *C NMR (CDCls, 100 MHz) § =
174.6,62.3, 61.1,32.3, 32.0, 31.6, 25.4, 24.1. NMR spectra are consistent with the literature %,

diethyl 2-(4-hydroxybutyl)malonate (79i)

OEt 1) ITT (0.53 equiv.) OEt 2) urea*H,0,, KHCO; OEt
O}I\/\/SiEtS CH2Clz, 20 "C 6 h: O%I\/\/Sietzx KHF, O%I\/\/OH
aqueous work up MeOH/THF=1:1
07 Soet M3 07 OEt 40°C, 16 h 0”7 oet 79

To a solution of ITT (169 mg, 0.158 mmol) in CH,Cl, (1.8 mL) was added a solution of diethyl 2-(4-
(triethylsilyl)butyl)malonate 113i (99.2 mg, 0.3 mmol) in CH>Cl> (1.2 mL) at —20 °C under argon
atmosphere. After the reaction mixture was stirred at —20 °C for 6 h, a mixture of aqueous Na>S,0; (5%
w/v, 5 mL) and saturated NaHCO; aqueous solution (5 mL) was added. The reaction mixture was
extracted with CH,Cl, (3%5 mL). The combined organic extracts were washed with brine and dried over
anhydrous Na;SOq. Filtration and evaporation furnished the crude product, which was directly used for
the following Tamao—Fleming oxidation.

The crude material was dissolved in MeOH/THF=1:1 (7.8 mL), followed by the addition of KHF>

(234 mg, 3.0 mmol), KHCO; (300 mg, 3.0 mmol), and urea hydrogen peroxide (846 mg, 9.0 mmol)
under air. The reaction mixture was stirred at 40 °C for 16 h. After cooling to room temperature, the
reaction was quenched with Na,S;03 aqueous solution (5% w/v, 25 mL). The resulting mixture was
extracted with EtOAc (3x15 mL). The combined organic extracts were washed with brine and dried
over anhydrous Na,SOs. Filtration and evaporation furnished the crude product, which was purified
by silica gel column chromatography (Hexane/AcOEt = 1:1) afforded 79i as a colorless oil (47.3 mg,
69% vyield).
'"H NMR (CDCls, 400 MHz) 6 = 4.28-4.09 (m, 4 H), 3.65 (t,J = 6.3 Hz, 2 H), 3.32 (t, /= 7.5 Hz, 1 H),
1.98-1.83 (m, 2 H), 1.65-1.54 (m, 2 H), 1.46-1.35 (m, 2 H), 1.26 (t,J= 7.2 Hz, 6 H). 3*C NMR (CDCl;,
100 MHz) & = 169.4, 62.1, 61.3, 51.9, 32.0, 28.3, 23.4, 13.9. HRMS (ESI): m/z (M+Na") calcd for
Ci1H2005Na: 255.1203; found: 255.1206. IR (NaCl): 3457, 2988, 2935, 2866, 1738, 1455, 1375, 1216,
1035, 768 cm™.
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7-hydroxyheptanenitrile (79j)

1) ITT (0.53 equiv.)

BF3'OEt2 2) urea-H202, KHCO3
CH,Cl,, —20 °C 3 h; KHF5, H,0, BuyNHSO,4
Ao SiEt Ao SIERX AN OH
NC aqueous work up NC MeOH/THF=1:1 NC
13 40°C, 16 h 79j

To a solution of ITT (169 mg, 0.158 mmol) in CH,Cl, (1.8 mL) was added BF3*OEt, (41.4 uL, 0.33
mmol), and followed by a solution of 7-(triethylsilyl)heptanenitrile 113j (67.6 mg, 0.3 mmol) in CH>Cl,
(1.2 mL) at —20 °C under argon atmosphere. After the reaction mixture was stirred at —20 °C for 3 h, a
mixture of aqueous Na,S,03 (5% w/v, 5 mL) and saturated NaHCO3 aqueous solution (5 mL) was added.
The reaction mixture was extracted with CH,Cl, (3%5 mL). The combined organic extracts were washed
with brine and dried over anhydrous Na>SOs. Filtration and evaporation furnished the crude product,
which was directly used for the following Tamao—Fleming oxidation.

The crude material was dissolved in MeOH/THF=1:1 (7.8 mL), followed by the addition of KHF»
(234 mg, 3.0 mmol), KHCOs (300 mg, 3.0 mmol), H>O (50 uL, 3 mmol), BuuNHSO4 (10.2 mg, 0.03
mmol), and urea hydrogen peroxide (846 mg, 9.0 mmol) under air. The reaction mixture was stirred at
40 °C for 16 h. After cooling to room temperature, the reaction was quenched with Na,S,0; aqueous
solution (5% w/v, 25 mL). The resulting mixture was extracted with EtOAc (3x15 mL). The combined
organic extracts were washed with brine and dried over anhydrous Na,SOs. Filtration and evaporation
furnished the crude product, which was purified by silica gel column chromatography (Hexane/AcOEt
= 1:1) afforded 79j as a yellow oil (22.9 mg, 60% vyield).

"HNMR (CDCls, 400 MHz) & = 3.70-3.60 (m, 2 H), 2.35 (t,J = 7.2 Hz, 2 H), 1.76-1.63 (m, 2 H), 1.63-
1.54 (m, 2 H), 1.54-1.36 (m, 4 H). *C NMR (CDCl;, 100 MHz) § = 119.7, 62.6, 32.3, 28.4, 25.3, 25.0,
17.1. NMR spectra are consistent with the literature 4.
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2-(4-hydroxybutyl)isoindoline-1,3-dione (79k)

Q ) 1) ITT (0.53 equiv.) o _ 2) urea+H,0,, KHCO; 0
N/\/\/SlEts CH,Cl,, —40 °C 16 h; N/\/\/SIEth KHF3, Hy0, BuyNHSO, N/\/\/OH
113k aqueous work up MeOH/THF=1:1 79k
0 o] 40°C, 16 h 0

To a solution of ITT (169 mg, 0.158 mmol) in CH>Cl, (1.8 mL) was added a solution of 2-(4-
(triethylsilyl)butyl)isoindoline-1,3-dione 113k (95.3 mg, 0.3 mmol) in CH>Cl, (1.2 mL) at —40 °C under
argon atmosphere. After the reaction mixture was stirred at —40 °C for 16 h, a mixture of aqueous

NaxS>03 (5% w/v, 5 mL) and saturated NaHCO; aqueous solution (5 mL) was added. The reaction

mixture was extracted with CH,Cl, (3%5 mL). The combined organic extracts were washed with brine
and dried over anhydrous Na,SOs. Filtration and evaporation furnished the crude product, which was
directly used for the following Tamao—Fleming oxidation.

The crude material was dissolved in MeOH/THF=1:1 (7.8 mL), followed by the addition of KHF»
(234 mg, 3.0 mmol), KHCO; (300 mg, 3.0 mmol), H,O (50 pL, 3 mmol), BuuNHSO4 (10.2 mg, 0.03
mmol), and urea hydrogen peroxide (846 mg, 9.0 mmol) under air. The reaction mixture was stirred at
40 °C for 16 h. After cooling to room temperature, the reaction was quenched with Na,S,0; aqueous
solution (5% w/v, 25 mL). The resulting mixture was extracted with EtOAc (3x15 mL). The combined
organic extracts were washed with brine and dried over anhydrous Na,SOs. Filtration and evaporation
furnished the crude product, which was purified by silica gel column chromatography (Hexane/AcOEt
= 1:1) afforded 79k as a white solid (44.4 mg, 68% yield).

"H NMR (CDCls, 500 MHz) & = 7.88-7.82 (m, 2 H), 7.75-7.69 (m, 2 H), 3.74 (t,J= 7.2 Hz, 2 H), 3.69
(t, J= 6.6 Hz, 2 H), 1.83-1.73 (m, 2 H), 1.66-1.58 (m, 2 H). *C NMR (CDCl;, 100 MHz) & = 168.4,
133.9, 131.9, 123.1, 62.1, 29.7, 25.0. NMR spectra are consistent with the literature 9,

tert-butyl (4-hydroxybutyl)carbamate (791)

1) ITT (0.53 equiv.)

BF3+OEt, 2) urea*H,0,, KHCOg3
Siet CH,Cly, =20 °C 3 h; SiELX KF, H,0, BuyNHSO4 oH
BocHN™ > 2151 aqueous work up BocHN™ > 2= MeOH/THF=1:1 BocHN™ """~
1131 40 °C, 16 h 791

To a solution of ITT (169 mg, 0.158 mmol) in CH»Cl, (1.8 mL) was added BF3*OEt, (41.4 uL, 0.33
mmol), and followed by a solution of tert-butyl (4-(triethylsilyl)butyl)carbamate 113l (86.3 mg, 0.3
mmol) in CH>Cl; (1.2 mL) at —20 °C under argon atmosphere. After the reaction mixture was stirred at
—20 °C for 3 h, a mixture of aqueous Na,S,0s (5% w/v, 5 mL) and saturated NaHCO3 aqueous solution
(5 mL) was added. The reaction mixture was extracted with CH>Cl, (3x5 mL). The combined organic
extracts were washed with brine and dried over anhydrous Na,SOs. Filtration and evaporation furnished

the crude product, which was directly used for the following Tamao—Fleming oxidation.
The crude material was dissolved in MeOH/THF=1:1 (7.8 mL), followed by the addition of KF (174
mg, 3.0 mmol), KHCO; (300 mg, 3.0 mmol), H>O (50 uL, 3 mmol), BusNHSO, (10.2 mg, 0.03 mmol),
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and urea hydrogen peroxide (846 mg, 9.0 mmol) under air. The reaction mixture was stirred at 40 °C for
16 h. After cooling to room temperature, the reaction was quenched with Na,S,03 aqueous solution (5%
w/v, 25 mL). The resulting mixture was extracted with EtOAc (3x15 mL). The combined organic
extracts were washed with brine and dried over anhydrous Na,SOj. Filtration and evaporation furnished
the crude product, which was purified by silica gel column chromatography (Hexane/AcOEt = 1:1)
afforded 79I as a white solid (33.2 mg, 58% vyield).

"H NMR (CDCls, 400 MHz) 6 = 3.67 (t,J = 6.1 Hz, 2 H), 3.15 (t, J = 6.6 Hz, 2 H), 1.64-1.51 (m, 4 H),
1.44 (s, 9 H). ®C NMR (CDCls, 100 MHz) & = 156.1, 79.2, 62.2, 40.4, 29.6, 28.4, 26.5. NMR spectra

are consistent with the literature 119,

6-((triisopropylsilyl)oxy)hexan-1-ol (79m)

1) ITT (0.53 equiv.) 2) urea*H,0,, KHCO3
CH,Cl,, 40 °C 16 h; KF, H,O, BuyNHSO,
/\/\/\/SiEt3 /\/\/\/SiEtzx /\/\/\/OH
TIPSO aqueous work up TIPSO MeOH/THF=1:1 TIPSO
113m 40°C, 16 h 79m

To a solution of ITT (169 mg, 0.158 mmol) in CH>Cl, (1.8 mL) was added a solution of triethyl(6-
((triisopropylsilyl)oxy)hexyl)silane 113m (112 mg, 0.3 mmol) in CH>Cl, (1.2 mL) at —40 °C under argon
atmosphere. After the reaction mixture was stirred at —40 °C for 16 h, a mixture of aqueous Na,S,0;
(5% w/v, 5 mL) and saturated NaHCO3 aqueous solution (5 mL) was added. The reaction mixture was
extracted with CH,Cl, (3%5 mL). The combined organic extracts were washed with brine and dried over
anhydrous Na;SOq. Filtration and evaporation furnished the crude product, which was directly used for
the following Tamao—Fleming oxidation.

The crude material was dissolved in MeOH/THF=1:1 (7.8 mL), followed by the addition of KF (174
mg, 3.0 mmol), KHCO; (300 mg, 3.0 mmol), H>O (50 uL, 3 mmol), BuyNHSO, (10.2 mg, 0.03 mmol),
and urea hydrogen peroxide (846 mg, 9.0 mmol) under air. The reaction mixture was stirred at 40 °C for
16 h. After cooling to room temperature, the reaction was quenched with Na,S,0O3 aqueous solution (5%
w/v, 25 mL). The resulting mixture was extracted with EtOAc (3x15 mL). The combined organic
extracts were washed with brine and dried over anhydrous Na,SOs. Filtration and evaporation furnished
the crude product, which was purified by silica gel column chromatography (Hexane/AcOEt = 1:1)
afforded 79m as a colorless oil (34.8 mg, 42% vyield).

"H NMR (CDCls, 400 MHz) 6 = 3.68 (t,J = 5.8 Hz, 2 H), 3.64 (t,J = 6.1 Hz, 2 H), 1.65-1.49 (m, 4 H),
1.44-1.33 (m, 4 H), 1.15-0.98 (m, 21 H). *C NMR (CDCls, 100 MHz) & = 63.3, 63.0, 33.0, 32.8, 25.6,
25.6, 18.0, 12.0. NMR spectra are consistent with the literature 7.
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4-hydroxybutyl benzoate (79n)

1) ITT (0.53 equiv.) 2) ureasH,0,, KHCO,

o sgr, _ CHzCla 40 °Ct6 1 Q SiELx KHF2, H,0 2 o
i 1
078 T queous work up 0 TR MeOH/THF=1:1 0T
113n 40°C,16 h 79n

To a solution of ITT (169 mg, 0.158 mmol) in CH>Cl, (1.8 mL) was added a solution of 4-
(triethylsilyl)butyl benzoate 113n (87.7 mg, 0.3 mmol) in CH>Cl, (1.2 mL) at —40 °C under argon

atmosphere. After the reaction mixture was stirred at —40 °C for 16 h, a mixture of aqueous Na,S;03

(5% w/v, 5 mL) and saturated NaHCO3 aqueous solution (5 mL) was added. The reaction mixture was
extracted with CH,Cl, (3%5 mL). The combined organic extracts were washed with brine and dried over
anhydrous Na,SOs. Filtration and evaporation furnished the crude product, which was directly used for
the following Tamao—Fleming oxidation.

The crude material was dissolved in MeOH/THF=1:1 (7.8 mL), followed by the addition of KHF>
(234 mg, 3.0 mmol), KHCO; (300 mg, 3.0 mmol), H>O (50 pL, 3 mmol), and urea hydrogen peroxide
(846 mg, 9.0 mmol) under air. The reaction mixture was stirred at 40 °C for 16 h. After cooling to room
temperature, the reaction was quenched with Na>S;0O3 aqueous solution (5% w/v, 25 mL). The resulting
mixture was extracted with EtOAc (3%x15 mL). The combined organic extracts were washed with brine
and dried over anhydrous Na,SQs. Filtration and evaporation furnished the crude product, which was
purified by silica gel column chromatography (Hexane/AcOEt = 1:1) afforded 79n as a colorless oil
(40.5 mg, 70% yield).

"H NMR (CDCls, 400 MHz) & = 8.10-7.99 (m, 2 H), 7.60-7.52 (m, 1 H), 7.49-7.39 (m, 2 H), 4.37 (t, J
=6.3 Hz, 2 H), 3.73 (t,J = 6.6 Hz, 2 H), 1.93-1.80 (m, 2 H), 1.80-1.67 (m, 2 H). *C NMR (CDCls, 100
MHz) 8 =166.7, 132.9, 130.2, 129.5, 128.3, 64.7, 62.3, 29.2, 25.2. NMR spectra are consistent with the

literature 118,

6-hydroxyhexyl 4-methylbenzenesulfonate (790)

1) ITT (0.53 equiv.) 2) 30% Hy0; aq, KF
CH,Cly, —40 °C 16 h; KHCO3, TBAF
/\/\/\/SiEtg /\/\/\/SiEtZX /\/\/\/OH
TsO aqueous work up TsO THF, rt, 2 h TsO
1130 790

To a solution of ITT (169 mg, 0.158 mmol) in CH,Cl, (1.8 mL) was added a solution of 6-
(triethylsilyl)hexyl 4-methylbenzenesulfonate 1130 (111 mg, 0.3 mmol) in CH>Cl, (1.2 mL) at —40 °C
under argon atmosphere. After the reaction mixture was stirred at —40 °C for 16 h, a mixture of aqueous
NaxS,0s3 (5% w/v, 5 mL) and saturated NaHCO; aqueous solution (5 mL) was added. The reaction
mixture was extracted with CH,Cl, (3x5 mL). The combined organic extracts were washed with brine
and dried over anhydrous Na,SQs. Filtration and evaporation furnished the crude product, which was

directly used for the following Tamao—Fleming oxidation.

To the crude material was successively added TBAF (1.0 M in THF, 2.7 mL, 2.7 mmol), KF (209 mg,
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3.6 mmol), KHCOs3 (90.0 mg, 0.9 mmol), and hydrogen peroxide aqueous solution (30%, 613 uL, 6.0
mmol) under air. After stirring at room temperature for 2 h, the reaction was quenched with Na,S,03
aqueous solution (5% w/v, 10 mL). The resulting mixture was extracted with EtOAc (3x10 mL). The
combined organic extracts were washed with water and brine and dried over anhydrous Na;SOj.
Filtration and evaporation furnished the crude product, which was purified by silica gel column
chromatography (Hexane/AcOEt = 1:1 to 1:2) afforded 790 as a colorless oil (38.0 mg, 47% yield).

"H NMR (CDCls, 500 MHz) & =7.79 (d, J = 8.6 Hz, 2 H), 7.39 (d, J = 8.0 Hz, 2 H), 4.03 (t, /= 6.6 Hz,
2 H),3.61(t,J=6.3 Hz,2H),2.45 (s, 1 H), 1.70-1.62 (m, 2 H), 1.56-1.49 (m, 2 H), 1.38-1.28 (m, 4 H).
3C NMR (CDCls, 100 MHz) & = 144.7, 133.0, 129.8, 127.8, 70.5, 62.5, 32.3, 28.7, 25.0, 25.0, 21.6.

NMR spectra are consistent with the literature 9.

decane-1,10-diol (79p)

1) ITT (0.53 equiv.)
BF4-OEt, 2) urea+H,0,, KHCO;

OH OH OH
C\//V\ CH,Cly, =10 °C 3 h; C\//V\ KF, H,0, Buy,NHSO, C\/X
SiEt, aqueous work up SiEt,X MeOH/THF=1:1 OH

113p 40 °C, 16 h 79p

To a solution of ITT (169 mg, 0.158 mmol) in CH»Cl, (1.8 mL) was added BF3*OEt, (41.4 uL, 0.33
mmol), and followed by a solution of 10-(triethylsilyl)decan-1-ol 113p (81.8 mg, 0.3 mmol) in CH,Cl,
(1.2 mL) at —10 °C under argon atmosphere. After the reaction mixture was stirred at —10 °C for 3 h, a
mixture of aqueous Na,S,03 (5% w/v, 5 mL) and saturated NaHCO3 aqueous solution (5 mL) was added.
The reaction mixture was extracted with CH,Cl, (3%5 mL). The combined organic extracts were washed
with brine and dried over anhydrous Na,SOs. Filtration and evaporation furnished the crude product,
which was directly used for the following Tamao—Fleming oxidation.

The crude material was dissolved in MeOH/THF=1:1 (7.8 mL), followed by the addition of KF (174
mg, 3.0 mmol), KHCO; (300 mg, 3.0 mmol), H>O (50 uL, 3 mmol), BusNHSO, (10.2 mg, 0.03 mmol),
and urea hydrogen peroxide (846 mg, 9.0 mmol) under air. The reaction mixture was stirred at 40 °C for
16 h. After cooling to room temperature, the reaction was quenched with Na,S>03 aqueous solution (5%
w/v, 25 mL). The resulting mixture was extracted with EtOAc (3x15 mL). The combined organic
extracts were washed with brine and dried over anhydrous Na,SOs. Filtration and evaporation furnished
the crude product, which was purified by silica gel column chromatography (Hexane/AcOEt = 2:1 to
1:1) afforded 79p as a white solid (28.2 mg, 54% yield).

"H NMR (CDCls, 400 MHz) 8 = 3.64 (t,J = 6.8 Hz, 4 H), 1.65-1.51 (m, 4 H), 1.38-1.22 (m, 12 H). 1*C

NMR (CDCls, 100 MHz) & = 63.0, 32.7, 29.5, 29.3, 25.7. NMR spectra are consistent with the literature
120)
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diethyl (6-hydroxyhexyl)phosphonate (79q)

1) ITT (0.53 equiv.) o 2) urea+H,0,, KHCO, o
I!' CH,Cl,, =20 °C 6 h; H KHF,, H,0, BuyNHSO,4 B
EtIcE)tzj SN NsiEt, aqueous work up Etg;d SN X MeOH/THF=1:1 Et(ét’o, SN0
113q 40°C, 16 h 79q

To a solution of ITT (169 mg, 0.158 mmol) in CH>Cl, (1.8 mL) was added a solution of diethyl (6-
(triethylsilyl)hexyl)phosphonate 113q (101 mg, 0.3 mmol) in CH>Cl, (1.2 mL) at —20 °C under argon
atmosphere. After the reaction mixture was stirred at —20 °C for 6 h, a mixture of aqueous Na,S,03 (5%
w/v, 5 mL) and saturated NaHCO; aqueous solution (5 mL) was added. The reaction mixture was
extracted with CH,Cl, (3%5 mL). The combined organic extracts were washed with brine and dried over
anhydrous Na,SOs. Filtration and evaporation furnished the crude product, which was directly used for
the following Tamao—Fleming oxidation.

The crude material was dissolved in MeOH/THF=1:1 (7.8 mL), followed by the addition of KHF>

(234 mg, 3.0 mmol), KHCO; (300 mg, 3.0 mmol), H,O (50 pL, 3 mmol), BuuNHSO4 (10.2 mg, 0.03
mmol), and urea hydrogen peroxide (846 mg, 9.0 mmol) under air. The reaction mixture was stirred at
40 °C for 16 h. After cooling to room temperature, the reaction was quenched with Na,S,03; aqueous
solution (5% w/v, 25 mL). The resulting mixture was extracted with EtOAc (3%x15 mL). The combined
organic extracts were washed with brine and dried over anhydrous Na,SOs. Filtration and evaporation
furnished the crude product, which was purified by silica gel column chromatography (DCM/MeOH =
25:1) afforded 79q as a colorless oil (62.2 mg, 87% yield).
"HNMR (CDCls, 500 MHz) & = 4.15-4.01 (m, 4 H), 3.63 (t, J = 6.3 Hz, 2 H), 1.78-1.67 (m, 2 H), 1.66-
1.52 (m, 4 H), 1.46-1.34 (m, 4 H), 1.31 (t,J = 6.9 Hz, 4 H). *C NMR (CDCls, 125 MHz) & = 62.4, 61.4
(d, 2Jep = 7.2 Hz), 32.3, 30.1 (d, *Jcp = 15.6 Hz), 25.4 (d, 'Jcp = 141.6 Hz), 25.1,22.2 (d, °Jcp = 4.8 Hz),
16.4 (d, *Jcr = 6.0 Hz). NMR spectra are consistent with the literature 2V,

6-chlorohexan-1-ol (79r)

1) ITT (0.53 equiv.) 2) 30% H,0, aq, KF
ol CH,Cl,, =20 °C 6 h; ol KHCOj;, TBAF ol
NN s, aqueous work up SN 5iEX THF, 40°C, 2 h N0
113r 79r

To a solution of ITT (169 mg, 0.158 mmol) in CH,Cl, (1.8 mL) was added a solution of (6-
chlorohexyl)triethylsilane 113r (70.5 mg, 0.3 mmol) in CH>Cl> (1.2 mL) at —20 °C under argon
atmosphere. After the reaction mixture was stirred at —20 °C for 6 h, a mixture of aqueous Na»S,0; (5%
w/v, 5 mL) and saturated NaHCO; aqueous solution (5 mL) was added. The reaction mixture was
extracted with CH,Cl, (3%5 mL). The combined organic extracts were washed with brine and dried over
anhydrous Na,SOq. Filtration and evaporation furnished the crude product, which was directly used for

the following Tamao—Fleming oxidation.
To the crude material was successively added TBAF (1.0 M in THF, 2.7 mL, 2.7 mmol), KF (209 mg,
3.6 mmol), KHCO; (90.0 mg, 0.9 mmol), and hydrogen peroxide aqueous solution (30%, 613 pL, 6.0
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mmol) under air. The reaction mixture was stirred at 40 °C for 2 h. After cooling to room temperature,
the reaction was quenched with Na,S,Os aqueous solution (5% w/v, 10 mL). The resulting mixture was
extracted with EtOAc (3x10 mL). The combined organic extracts were washed with water and brine and
dried over anhydrous Na,SOs. Filtration and evaporation furnished the crude product, which was
purified by silica gel column chromatography (Hexane/AcOEt = 2:1) afforded 79r as a colorless oil
(29.7 mg, 72% yield).

"H NMR (CDCls, 400 MHz) 6 = 3.65 (t,J = 6.5 Hz, 2 H), 3.54 (t,J = 6.7 Hz, 2 H), 1.85-1.72 (m, 2 H),
1.65-1.53 (m, 2 H), 1.53-1.28 (m, 4 H). *C NMR (CDCls, 100 MHz) & = 62.6, 45.0, 32.5, 32.4, 26.6,
25.0. NMR spectra are consistent with the literature 122,

2-(4-chlorophenyl)ethan-1-ol (79s)
C|\©\/\ 0T oS ) ClO\A % KE 0, BugHiSOs ClO\A
o SiEts aqueous work up SIEtX 2"099(:"‘”1:?1 1 N OH
To a solution of ITT (169 mg, 0.158 mmol) in CH,Cl, (1.8 mL) was added a solution of (4-
chlorophenethyltriethylsilane 113s (76.5 mg, 0.3 mmol) in CH,Cl, (1.2 mL) at —50 °C under argon

atmosphere. After the reaction mixture was stirred at —50 °C for 16 h, a mixture of aqueous Na,S,03

(5% w/v, 5 mL) and saturated NaHCO3 aqueous solution (5 mL) was added. The reaction mixture was
extracted with CH,Cl, (3%5 mL). The combined organic extracts were washed with brine and dried over
anhydrous Na,SO.. Filtration and evaporation furnished the crude product, which was directly used for
the following Tamao—Fleming oxidation.

The crude material was dissolved in MeOH/THF=1:1 (7.8 mL), followed by the addition of KF (174
mg, 3.0 mmol), KHCO; (300 mg, 3.0 mmol), H>O (50 pL, 3 mmol), BusNHSO4 (10.2 mg, 0.03 mmol),
and urea hydrogen peroxide (846 mg, 9.0 mmol) under air. The reaction mixture was stirred at 40 °C for
16 h. After cooling to room temperature, the reaction was quenched with Na,S>03 aqueous solution (5%
w/v, 25 mL). The resulting mixture was extracted with EtOAc (3x15 mL). The combined organic
extracts were washed with brine and dried over anhydrous Na,SOs. Filtration and evaporation furnished
the crude product, which was purified by silica gel column chromatography (Hexane/AcOEt = 1:1)
afforded 79s as a colorless oil (22.9 mg, 49% vyield).

"H NMR (CDCls, 400 MHz) & = 7.31-7.26 (m, 2 H), 7.20-7.14 (m, 2 H), 3.85 (t,J = 6.5 Hz, 2 H), 2.84
(t, J = 6.5 Hz, 2 H). 3C NMR (CDCls, 100 MHz) & = 137.0, 132.2, 130.3, 128.6, 63.4, 38.4. NMR

spectra are consistent with the literature!?®),
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2-(4-iodophenyl)ethan-1-ol (79t)
| 1) ITT (0.53 equiv.) | 2) 30% H,0, aq, KF |
CH,Cly, -40 °C 16 h; KHCOs, TBAF
O\/\SiMes aqueous work up O\/\SiMeZX THF, 40 °C, 16 h O\/\OH
110t 79t
To a solution of ITT (169 mg, 0.158 mmol) in CH>Cl, (1.8 mL) was added a solution of (4-
iodophenethyl)trimethylsilane 110t (91.3 mg, 0.3 mmol) in CH>Cl, (1.2 mL) at —50 °C under argon

atmosphere. After the reaction mixture was stirred at —40 °C for 16 h, a mixture of aqueous Na,S;03

(5% w/v, 5 mL) and saturated NaHCO3 aqueous solution (5 mL) was added. The reaction mixture was
extracted with CH,Cl, (3%5 mL). The combined organic extracts were washed with brine and dried over
anhydrous Na,SOs. Filtration and evaporation furnished the crude product, which was directly used for
the following Tamao—Fleming oxidation.

To the crude material was successively added TBAF (1.0 M in THF, 2.7 mL, 2.7 mmol), KF (209 mg,
3.6 mmol), KHCOs (90.0 mg, 0.9 mmol), and hydrogen peroxide aqueous solution (30%, 613 uL, 6.0
mmol) under air. The reaction mixture was stirred at 40 °C for 16 h. After cooling to room temperature,
the reaction was quenched with Na;S,0; aqueous solution (5% w/v, 10 mL). The resulting mixture was
extracted with EtOAc (3x10 mL). The combined organic extracts were washed with water and brine and
dried over anhydrous Na,SOs. Filtration and evaporation furnished the crude product, which was
purified by silica gel column chromatography (DCM) afforded 79t as a white solid (40.5 mg, 54% yield).
"H NMR (CDCls, 500 MHz) & = 7.67-7.60 (m, 2 H), 7.03-6.95 (m, 2 H), 3.87-3.79 (m, 2 H), 2.84-2.77
(m, 2 H). BC NMR (CDCl;, 125 MHz) & = 138.2, 137.6, 131.1, 91.7, 63.3, 38.6. NMR spectra are
consistent with the literature 124,

2-(4-(trifluoromethyl)phenyl)ethan-1-ol (79u)
ey VRSB ey | ESSET e
SiMe, ~ 2aueousworkup SiMe,X THF, 40°C,2h OH
110u 79u
To a solution of ITT (169 mg, 0.158 mmol) in CH>Cl, (1.8 mL) was added a solution of trimethyl(4-
(trifluoromethyl)phenethyl)silane 110u (73.9 mg, 0.3 mmol) in CH>Cl, (1.2 mL) at —40 °C under argon

atmosphere. After the reaction mixture was stirred at —40 °C for 16 h, a mixture of aqueous Na,S,03
(5% w/v, 5 mL) and saturated NaHCO3 aqueous solution (5 mL) was added. The reaction mixture was
extracted with CH,Cl, (3%5 mL). The combined organic extracts were washed with brine and dried over
anhydrous Na,SOs. Filtration and evaporation furnished the crude product, which was directly used for
the following Tamao—Fleming oxidation.

To the crude material was successively added TBAF (1.0 M in THF, 2.7 mL, 2.7 mmol), KF (209 mg,
3.6 mmol), KHCO; (90.0 mg, 0.9 mmol), and hydrogen peroxide aqueous solution (30%, 613 pL, 6.0
mmol) under air. The reaction mixture was stirred at 40 °C for 2 h. After cooling to room temperature,

the reaction was quenched with Na,S,0; aqueous solution (5% w/v, 10 mL). The resulting mixture was
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extracted with EtOAc (3x10 mL). The combined organic extracts were washed with water and brine and
dried over anhydrous Na,SOs. Filtration and evaporation furnished the crude product, which was
purified by silica gel column chromatography (Hexane/AcOEt = 2:1) afforded 79u as a colorless oil
(43.5 mg, 76% vyield).

"HNMR (CDCls, 400 MHz) & = 7.57 (d, J= 8.2 Hz, 2 H), 7.35 (d, J= 8.2 Hz, 2 H), 3.90 (t, /= 6.6 Hz,
2 H),2.93 (t,J=6.6 Hz, 2 H). *C NMR (CDCl;, 100 MHz) § = 142.8, 129.3, 129.1, 125.3, 124.2, 63.1,
38.8. NMR spectra are consistent with the literature 2.

2-(pyridin-2-yl)ethan-1-ol (79v)

1) ITT (0.53 equiv.) 2) 30% H,0, ag, KF
Q/\ CH,Cly, tt, 16 h; B KHCO3, TBAF B
= 7 ° —
N SiMe, ~ dueousworkup N SiMe,X THF, 40°C, 2h N OH
110v 79v

To a solution of ITT (169 mg, 0.158 mmol) in CH>Cl, (1.8 mL) was added a solution of 2-(2-
(trimethylsilyl)ethyl)pyridine 110v (53.8 mg, 0.3 mmol) in CH>Cl, (1.2 mL) at 0 °C under argon
atmosphere. After the reaction mixture was stirred at room temperature for 16 h, a mixture of aqueous
NaxS,03 (5% w/v, 5 mL) and saturated NaHCO; aqueous solution (5 mL) was added. The reaction
mixture was extracted with CH,Cl, (3%5 mL). The combined organic extracts were washed with brine
and dried over anhydrous Na,SOs. Filtration and evaporation furnished the crude product, which was
directly used for the following Tamao—Fleming oxidation.

To the crude material was successively added TBAF (1.0 M in THF, 2.7 mL, 2.7 mmol), KF (209 mg,
3.6 mmol), KHCOs3 (90.0 mg, 0.9 mmol), and hydrogen peroxide aqueous solution (30%, 613 pL, 6.0
mmol) under air. The reaction mixture was stirred at 40 °C for 2 h. After cooling to room temperature,
the reaction was quenched with Na;S,0; aqueous solution (5% w/v, 10 mL). The resulting mixture was
extracted with EtOAc (3x10 mL). The combined organic extracts were washed with water and brine and
dried over anhydrous Na,SOs. Filtration and evaporation furnished the crude product, which was
purified by silica gel column chromatography (AcOEt) afforded 79v as a brown oil (19.5 mg, 53% vyield).
"H NMR (CDCls, 400 MHz) & = 8.49 (d,J=4.1 Hz, 1 H), 7.68-7.57 (m, 1 H), 7.22-7.08 (m, 2 H), 4.12
(br, 1 H), 4.02 (t, J= 5.4 Hz, 2 H), 3.02 (t, J = 5.4 Hz, 2 H). *C NMR (CDCls, 125 MHz) & = 160.5,
148.6, 136.7, 123.4, 121.5, 61.7, 38.8. NMR spectra are consistent with the literature 29,
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2-(quinolin-2-yl)ethan-1-o0l (79w)

1) ITT (0.75 equiv.) 2) 30% H,0, aq, KF
@\/ﬁ\/\ CH,Cly, rt, 16 h; @\/ﬁ\/\ KHCO,, TBAF @\/ﬁ\/\
~ ~ ~
N SiMe, aqueous work up N SiMe,X THF, rt, 2 h N OH
110w 79w

To a solution of ITT (242 mg, 0.225 mmol) in CH>Cl, (1.8 mL) was added a solution of 2-(2-
(trimethylsilyl)ethyl)quinoline 110w (68.8 mg, 0.3 mmol) in CH>Cl, (1.2 mL) at 0 °C under argon
atmosphere. After the reaction mixture was stirred at room temperature for 16 h, a mixture of aqueous
NaxS>03 (5% w/v, 5 mL) and saturated NaHCO; aqueous solution (5 mL) was added. The reaction
mixture was extracted with CH,Cl, (3%5 mL). The combined organic extracts were washed with brine
and dried over anhydrous Na>SOs. Filtration and evaporation furnished the crude product, which was
directly used for the following Tamao—Fleming oxidation.

To the crude material was successively added TBAF (1.0 M in THF, 2.7 mL, 2.7 mmol), KF (209 mg,

3.6 mmol), KHCOs (90.0 mg, 0.9 mmol), and hydrogen peroxide aqueous solution (30%, 613 uL, 6.0
mmol) under air. After stirring at room temperature for 2 h, the reaction was quenched with Na»S,03
aqueous solution (5% w/v, 10 mL). The resulting mixture was extracted with EtOAc (3%x10 mL). The
combined organic extracts were washed with water and brine and dried over anhydrous Na;SOj.
Filtration and evaporation furnished the crude product, which was purified by silica gel column
chromatography (AcOEt) afforded 79w as a colorless solid (34.6 mg, 67% yield).
"H NMR (CDCls, 400 MHz) & = 8.11 (d, J=8.1 Hz, 1 H), 8.03 (d, J=8.5Hz, 1 H), 7.80 (d, J= 9.0 Hz,
1 H), 7.75-7.66 (m, 1 H), 7.56-7.48 (m, 1 H), 7.28 (d, /= 8.5 Hz, 1 H), 4.15 (t, J=5.5 Hz, 2 H), 3.21 (t,
J=5.5Hz,2 H). ®*CNMR (CDCls, 100 MHz) 6 = 161.3, 147.1, 136.5, 129.6, 128.6, 127.5, 126.7, 126.0,
121.8, 61.3, 39.3. NMR spectra are consistent with the literature 27,

4-hydroxybutyl 1-ethyl-7-methyl-4-0x0-1,4-dihydro-1,8-naphthyridine-3-carboxylate (79x)

o o 1) ITT (0.53 equiv.) o O o O
BF3+OEt, 2) urea*H,0,, KHCO;
o | | XN CH,Cl,, 1t, 16 h; o | | X KHF,, H,0, BuyNHSO, (o] | | X
N N/ aqueous work up N N/ MeOH/THF=1:1 N N/
. . 40 °C, 16 h
SiEt SiEt,X ’ OH
: 113xK z ~ 79xK

To a solution of ITT (169 mg, 0.158 mmol) in CH,Cl, (1.8 mL) was added BF3;*OEt, (41.4 uL, 0.33
mmol), and followed by a solution of 4-(triethylsilyl)butyl 1-ethyl-7-methyl-4-oxo-1,4-dihydro-1,8-
naphthyridine-3-carboxylate 113x (121 mg, 0.3 mmol) in CH>Cl, (1.2 mL) at 0 °C under argon
atmosphere. After the reaction mixture was stirred at room temperature for 16 h, a mixture of aqueous
NaxS,03 (5% w/v, 5 mL) and saturated NaHCO; aqueous solution (5 mL) was added. The reaction
mixture was extracted with CH,Cl, (3x5 mL). The combined organic extracts were washed with brine
and dried over anhydrous Na,SOs. Filtration and evaporation furnished the crude product, which was

directly used for the following Tamao—Fleming oxidation.

The crude material was dissolved in MeOH/THF=1:1 (7.8 mL), followed by the addition of KHF,
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(234 mg, 3.0 mmol), KHCO; (300 mg, 3.0 mmol), H,O (50 pL, 3 mmol), BuuNHSO4 (10.2 mg, 0.03
mmol), and urea hydrogen peroxide (846 mg, 9.0 mmol) under air. The reaction mixture was stirred at
40 °C for 16 h. After cooling to room temperature, the reaction was quenched with Na,S,0; aqueous
solution (5% w/v, 25 mL). The resulting mixture was extracted with EtOAc (3%x15 mL). The combined
organic extracts were washed with brine and dried over anhydrous Na,SOj. Filtration and evaporation
furnished the crude product, which was purified by silica gel column chromatography (DCM/MeOH =
30:1) afforded 79x as a white solid (57.2 mg, 63% yield).

"H NMR (Acetone-d6, 400 MHz) 8 = 8.74 (s, 1 H), 8.51 (d, /= 8.2 Hz, 1 H), 7.38 (d, /= 8.2 Hz, 1 H),
4.58 (q,J=17.1 Hz, 2 H), 4.26 (t, J= 6.3 Hz, 2 H), 3.77 (br s, 1 H), 3.61 (t, J=6.1 Hz, 2 H), 2.67 (s, 3
H), 1.87-1.77 (m, 2 H), 1.72-1.63 (m, 2 H), 1.48 (t, J = 7.0 Hz, 3 H). *C NMR (CDCls, 100 MHz) § =
174.7, 165.8, 162.7, 149.0, 148.4, 136.7, 121.3, 121.1, 111.5, 65.4, 61.2, 46.5, 30.0, 24.9, 24.5, 15.1.
HRMS (ESI): m/z (M+Na") calcd for Ci6H20N2O4Na: 327.1315; found: 327.1316. IR (KBr): 3457, 2962,
2935, 1679, 1626, 1535, 1450, 1258, 1216, 805 cm ™.

4-hydroxybutyl 4-(V,N-dipropylsulfamoyl)benzoate (79y)

o)
1) ITT (0.53 equiv.) 2) ureaH,0,, KHCO;
CH,Cl,, —40 °C, 16 h; KHF,, H,0 o
aqueous work up MeOH/THF=1:1 -

/S % 40°C, 16 h S
SiEt; M3y o 0 SIEt,X 0 oH 79y O ©

To a solution of ITT (169 mg, 0.158 mmol) in CH,Cl, (1.8 mL) was added a solution of 4-
(triethylsilyl)butyl 4-(N,N-dipropylsulfamoyl)benzoate 113y (137 mg, 0.3 mmol) in CH>Cl, (1.2 mL) at
—40 °C under argon atmosphere. After the reaction mixture was stirred at —40 °C for 16 h, a mixture of
aqueous Na,S;0; (5% w/v, 5 mL) and saturated NaHCO; aqueous solution (5 mL) was added. The
reaction mixture was extracted with CH>Cl, (3%5 mL). The combined organic extracts were washed
with brine and dried over anhydrous Na,SOs. Filtration and evaporation furnished the crude product,
which was directly used for the following Tamao—Fleming oxidation.

The crude material was dissolved in MeOH/THF=1:1 (7.8 mL), followed by the addition of KHF,
(234 mg, 3.0 mmol), KHCOs3 (300 mg, 3.0 mmol), H>O (50 puL, 3 mmol), and urea hydrogen peroxide
(846 mg, 9.0 mmol) under air. The reaction mixture was stirred at 40 °C for 16 h. After cooling to room
temperature, the reaction was quenched with Na,S>03 aqueous solution (5% w/v, 25 mL). The resulting
mixture was extracted with EtOAc (3%x15 mL). The combined organic extracts were washed with brine
and dried over anhydrous NaSQs. Filtration and evaporation furnished the crude product, which was
purified by silica gel column chromatography (Hexane/AcOEt = 1:1) afforded 79y as a colorless oil
(40.5 mg, 70% yield).

'H NMR (CDCls, 400 MHz) & = 8.19-8.12 (m, 2 H), 7.90-7.84 (m, 2 H), 4.40 (t, J= 6.6 Hz, 2 H), 3.74
(t,J=6.3 Hz, 2 H), 3.15-3.04 (m, 4 H), 1.95-1.84 (m, 2 H), 1.79-1.68 (m, 2 H), 1.61-1.49 (m, 4 H), 0.87
(t,J=7.5Hz, 6 H). ®*C NMR (CDCls, 125 MHz) § = 165.2, 144.1, 133.6, 130.1, 126.9, 65.4, 62.2,49.9,
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29.0,25.1,21.8, 11.1. HRMS (ESI): m/z (M+Na") calcd for C17H,7;NOsNaS: 380.1502; found: 380.1501.
IR (NaCl): 3558, 2973, 2871, 1716, 1466, 1338, 1274, 1168, 982, 758 cm ™.

Gram scale reaction using 5.3 mmol of decyltrimethylsilane 110a

TFAA
fum. HNO, (I?COCFB }

I ~IN
20°C CF50C0” “OCOCFs |

(NO)(OCOCF)

At first, ITT was prepared. A flame-dried 100 mL two-necked flask was charged with I, (888 mg, 3.5
mmol) and TFAA (5.7 mL, 40 mmol) under argon atmosphere. The solution was heated at 36 °C and
fuming nitric acid was added dropwise over 15 min. Because the reaction was highly exothermic, the
heating was stopped when needed during the addition. After the completion of the addition, the reaction
was heated to 40 °C and stirred for additional 2 h. The solvent was then removed under reduced pressure
at 40 °C. To the resultant yellow solid, TFAA (2.9 mL) was added and all the volatiles were removed
under reduced pressure. This procedure was repeated twice. The obtained colorless solid was dried in

vacuo at 40 °C for 1 h to afford ITT (3.0 g, 2.79 mmol), which was directly used for the next reaction.

1) ITT (0.53 equiv.) 2) 30% H,0, aq, KF
i\/\/;\ CH,Cly, 1t, 2 h; ,i\/\//\\ KHCO,, TBAF ,i\/\//\\
SiMe3 aqueous work up SIM62X THF’ 40 °C’ 2h OH

110a 79a

The prepared ITT was suspended in CH,Cl, (43 mL) and cooled to 0 °C for 30 min. To the reaction
mixture was added a solution of decyltrimethylsilane 110a (1.14 g, 5.3 mmol) in CH,Cl» (10 mL) at
0 °C under argon atmosphere. After the reaction mixture was stirred at room temperature for 2 h, a
mixture of aqueous Na,S>03 (5% w/v, 75 mL) and saturated NaHCO3 aqueous solution (75 mL) was
added. The reaction mixture was extracted with CH>Cl, (3x100 mL). The combined organic extracts
were washed with brine and dried over anhydrous Na,SOs. Filtration and evaporation furnished the
crude product, which was directly used for the following Tamao—Fleming oxidation.

To the crude material was successively added TBAF (1.0 M in THF, 48 mL, 48 mmol), KF (3.7 g, 64
mmol), KHCO; (1.6 g, 16 mmol), and hydrogen peroxide aqueous solution (30%, 10.9 mL, 106 mmol)
under air. The reaction mixture was stirred at 40 °C for 2 h. After cooling to room temperature, the
reaction was quenched with Na,S,03 aqueous solution (5% w/v, 150 mL). The resulting mixture was
extracted with EtOAc (3100 mL). The combined organic extracts were washed with water and brine
and dried over anhydrous Na,SOs. Filtration and evaporation furnished the crude product, which was
purified by silica gel column chromatography (Hexane/AcOEt = 5:1) afforded 79a as a colorless oil
(718 mg, 85% vyield).
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Application for the multistep synthesis of functionalized molecules

1) Electrophilic aromatic nitration®®

0 0
fum. HNO3 o
Meo}k@\/\ o e b
—_—
SiMe, 1020 —20°C SiMe,
110d 145

(2-(Trimethylsilyl)ethyl)benzoate 110d (118 mg, 0.50 mmol, 1.0 equiv.) was dissolved in Ac,0 (350

pL) and cooled to —20 °C for 15 min. To the reaction mixture, a solution of concentrated H,SO4 (27 UL,
0.50 mmol) in Ac20 (150 pL) was added dropwise, followed by fuming HNO;3 (25 L, 0.60 mmol) at —
20 °C. After stirring for 1 h at —20 °C, the mixture was quenched with saturated NaHCO; aqueous
solution and neutralized to pH 7. The product was extracted with AcOEt three times. The combined
organic extracts were washed with brine and dried over anhydrous Na,SOj. Filtration and evaporation
furnished the crude product, which was purified by silica gel column chromatography (Hexane/AcOFEt
= 6:1) afforded 145 as a yellow oil (130 mg, 93% yield).
methyl 3-nitro-4-(2-(trimethylsilyl)ethyl)benzoate (145)
'H NMR (CDCls, 400 MHz) & = 8.52 (d, J= 1.8 Hz, 1 H), 8.15(dd, /= 7.7, 1.8 Hz, 1 H), 7.46 (d, J =
8.2 Hz, 1 H), 3.95 (s, 3 H), 2.95-2.87 (m, 2 H), 0.91-0.83 (m, 2 H), 0.07 (s, 9 H). 3C NMR (CDCls, 100
MHz) & = 165.1, 148.8, 145.4, 133.4, 131.2, 129.0, 125.9, 52.6, 27.8, 18.2, -2.0. HRMS (ESI): m/z
(M+Na") caled for C13H;9NO4NaSi: 304.0976; found: 304.0975. IR (KBr): 3085, 2952, 1727, 1620,
1535, 1360, 1290, 1248, 1136, 853 cm™".

Transformation of tetraalkylsilane 145 to alcohol 146

O O

1) ITT (0.53 equiv.) 2) 30% H,0, aq, KHF;
MeO NO; CH,Clp, =40 °C 16 h; | \eo NO2 KHCO3, TBAF MeO NO2
) aqueous work up . THF, 40 °C, 2 h
SiMej3 SiMe,X OH
145 146

To a solution of ITT (169 mg, 0.158 mmol) in CH»Cl, (1.8 mL) was added a solution of methyl 3-
nitro-4-(2-(trimethylsilyl)ethyl)benzoate 145 (84.4 mg, 0.3 mmol) in CH>Cl, (1.2 mL) at —40 °C under
argon atmosphere. After the reaction mixture was stirred at —40 °C for 16 h, a mixture of aqueous
NaxS,03 (5% w/v, 5 mL) and saturated NaHCO; aqueous solution (5 mL) was added. The reaction
mixture was extracted with CH,Cl, (3%5 mL). The combined organic extracts were washed with brine
and dried over anhydrous Na,SOs. Filtration and evaporation furnished the crude product, which was
directly used for the following Tamao—Fleming oxidation.

To the crude material was successively added TBAF (1.0 M in THF, 2.7 mL, 2.7 mmol), KHF, (281
mg, 3.6 mmol), KHCOs (90.0 mg, 0.9 mmol), and hydrogen peroxide aqueous solution (30%, 613 uL,

6.0 mmol) under air. The reaction mixture was stirred at 40 °C for 2 h. After cooling to room temperature,
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the reaction was quenched with Na,S,Os aqueous solution (5% w/v, 10 mL). The resulting mixture was
extracted with EtOAc (3x10 mL). The combined organic extracts were washed with water and brine and
dried over anhydrous Na,SOs. Filtration and evaporation furnished the crude product, which was
purified by silica gel column chromatography (Hexane/AcOEt = 1:1) afforded 146 as a yellow oil (52.6
mg, 78% yield).

methyl 4-(2-hydroxyethyl)-3-nitrobenzoate (146)

"H NMR (CDCls, 400 MHz) & = 8.56 (s, 1 H), 8.18 (dd, J=7.9, 1.6 Hz, 1 H), 7.53 (d, J= 8.2 Hz, 1 H),
4.01-3.93 (m, 5 H), 3.22 (t, J = 6.3 Hz, 2 H). 3C NMR (CDCls, 100 MHz) & = 164.9, 149.6, 138.6,
133.2, 133.1, 129.8, 125.8, 62.2, 52.6, 36.0. HRMS (ESI): m/z (M+Na") caled for CioH;iNOsNa:
248.0529; found: 248.0531. IR (NaCl): 3340, 3249, 3074, 2952, 1732, 1524, 1364, 1284, 1141, 1013

cml.

2) Alcohol oxidation/Friedel-Crafts acylation
Alcohol oxidation®”

Me3Si\/\©\N NaClO,, NaCIO, TEMPO Me;Si
OH MeCN/pH 6.8 phosphate buffer OH

147 35°C 148 e}

To a solution of 3-(4-(2-(trimethylsilyl)ethyl)phenyl)propan-1-ol 147 (709 mg, 3.0 mmol, 1.0 equiv.)

and TEMPO (32.8 mg, 0.21 mmol) in pH 6.8 sodium phosphate buffer (11.4 mL) was added 80%
NaClO; (678 mg, 6.0 mmol) in H,O (3 mL), followed by NaOCI solution (min. 5%, 80 pL, ca. 0.06
mmol) in H,0 (1.5 mL). After stirring for 20 h at 35 °C, H,0O (22.5 mL) was added and pH was adjusted
to 8 by addition of 2 M NaOH aqueous solution (3.6 mL). The mixture was quenched with 5% Na,S,;03
aqueous solution and extracted with Et,O (15 mL), then organic extracts were discarded. The agueous
layer was acidified with 10% HCI aqueous solution to pH 3 and extracted Et,O three times. The
combined organic extracts were washed with H,O and brine, and dried over anhydrous Na>SOs.
Filtration and evaporation furnished the crude product, which was purified by silica gel column
chromatography (AcOEt) afforded 148 as a white solid (611 mg, 81% yield).
3-(4-(2-(trimethylsilyl)ethyl)phenyl)propanoic acid (148)
"H NMR (CDCls, 400 MHz) & = 7.17-7.07 (m, 4 H), 2.93 (t, J= 7.9 Hz, 2 H), 2.71-2.63 (m, 2 H), 2.63-
2.54 (m, 2 H), 0.89-0.81 (m, 2 H), 0.02—0.02 (m, 9 H). '*C NMR (CDCls, 100 MHz) 6 = 178.7, 143.4,
137.1, 128.1, 127.9, 35.6, 30.2, 29.6, 18.7, —1.8. HRMS (ESI): m/z (M+Na") calcd for Ci4H,0,NaSi:
273.1281; found: 273.1282. IR Spectrum (KBr): 2956, 2908, 2685, 1711, 1519, 1417, 1317, 1253, 864,
832 cm™.
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Friedel-Crafts acylation

Me;Si Me;Si o
COCl),, cat. DMF AICI i
DCM, 40 °C DCM, 40 °C
(e} (o]

148 150

To an ice-cold solution of 3-(4-(2-(trimethylsilyl)ethyl)phenyl)propanoic acid 148 (250 mg, 1.0 mmol,

1.0 equiv.) and DMF (7.5 pL, 0.1 mmol) in CH2Cl (2.5 mL) was added oxalyl chloride (258 pL, 3.0
mmol). After stirring for 2 h at 40 °C, the mixture was evaporated and dried in vaquo for 1 h. The residue
was dissolved in CH,Cl, (25 mL) and AICIz (133 mg, 1.0 mmol) was added at 0 °C. After stirring for
14 h at 40 °C, ice-cold water was added and the mixture was extracted with CH:Cl, three times. The
combined organic extracts were washed with brine and dried over anhydrous Na,SOs. Filtration and
evaporation furnished the crude product, which was purified by silica gel column chromatography
(Hexane/AcOEt = 6:1) afforded 150 as a colorless oil (182 mg, 78% yield).
6-(2-hydroxyethyl)-2,3-dihydro-1H-inden-1-one (150)
"H NMR (CDCls, 400 MHz) & = 7.62-7.59 (m, 1 H), 7.44 (dd, J=7.9, 1.6 Hz, 1 H), 7.38 (d, /= 8.1 Hz,
1 H), 3.10 (t, J = 5.8 Hz, 2 H), 2.73-2.63 (m, 4 H), 0.92-0.83 (m, 2 H), 0.03-0.00 (m, 9 H). 1*C NMR
(CDCls, 100 MHz) & = 207.3, 152.7, 144.8, 137.2, 134.9, 126.4, 122.3, 36.6, 29.7, 25.4, 18.8. HRMS
(ESI): m/z (M+Na") calcd for Ci4H20ONaSi: 255.1176; found: 255.1179. IR (NaCl): 2956, 1716, 1615,
1497, 1284, 1248, 859, 827, 773, 693 cm ™.

Transformation of tetraalkylsilane 150 to alcohol 151

, O 1) ITT (0.75 equiv.) , O 2) 30% H,0, aq, KF O
MesSi CH,Cly, 40 °C 16 h; | Me2XSi KHCOj, TBAF HO
aqueous work up THF, rt, 2 h
150 151
To a solution of ITT (242 mg, 0.225 mmol) in CH>Cl, (1.8 mL) was added a solution of 6-(2-
hydroxyethyl)-2,3-dihydro-1H-inden-1-one 150 (69.7 mg, 0.3 mmol) in CH>Cl; (1.2 mL) at 40 °C
under argon atmosphere. After the reaction mixture was stirred at —40 °C for 16 h, a mixture of aqueous

NaxS,03 (5% w/v, 5 mL) and saturated NaHCO; aqueous solution (5 mL) was added. The reaction

mixture was extracted with CH>Cl, (3x5 mL). The combined organic extracts were washed with brine
and dried over anhydrous Na,SOs. Filtration and evaporation furnished the crude product, which was
directly used for the following Tamao—Fleming oxidation.

To the crude material was successively added TBAF (1.0 M in THF, 2.7 mL, 2.7 mmol), KF (209 mg,
3.6 mmol), KHCO; (90.0 mg, 0.9 mmol), and hydrogen peroxide aqueous solution (30%, 613 pL, 6.0
mmol) under air. After stirring at room temperature for 2 h, the reaction was quenched with Na,S;03
aqueous solution (5% w/v, 10 mL). The resulting mixture was extracted with EtOAc (3x10 mL). The
combined organic extracts were washed with water and brine and dried over anhydrous Na,SOs.

Filtration and evaporation furnished the crude product, which was purified by silica gel column
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chromatography (Hexane/AcOEt = 1:1) afforded 151 as a white solid (23.8 mg, 45% yield).
6-(2-hydroxyethyl)-2,3-dihydro-1H-inden-1-one (151)

"H NMR (CDCls, 400 MHz) § = 7.65-7.59 (m, 1 H), 7.48 (dd, J=7.9, 1.6 Hz, 1 H), 7.43 (d, J=7.2 Hz,
1 H), 3.89 (t, J=6.6 Hz, 2 H), 3.12 (t, /= 5.4 Hz, 2 H), 2.93 (t, /= 6.3 Hz, 2 H), 2.74-2.65 (m, 2 H).
BC NMR (CDCls, 100 MHz) 8 =207.2, 153.5, 138.2, 137.7, 135.9, 126.7, 123.6, 63.3, 38.6, 36.5, 25 4.
HRMS (ESI): m/z (M+Na") caled for C;;H;202Na: 199.0730; found: 199.0732. IR (KBr): 3452, 2935,
2855, 1689, 1455, 1413, 1290, 1151, 1045, 838 cm ™.

3) C—H borylation/Suzuki-Miyaura cross-coupling

C-H borylation %¥

Oy_OMe Os_-OMe
[Ir(COD)OMe],, dtbpy, B,Pin,
THF, 80 °C
Mej3Si Me;Si Bpin

152 153

A mixture of methyl 3-(2-(trimethylsilyl)ethyl)benzoate 152 (118 mg, 0.50 mmol, 1.0 equiv.),
[Ir(COD)OMe]: (3.3 mg, 0.005 mmol), dtbpy (2.7 mg, 0.01 mmol), and Bpin, (91.0 mg, 0.35 mmol)
in THF (750 pL) was stirred at 80 °C for 18 h under argon atmosphere. After cooling to room
temperature, the solvent was removed in vacuo to furnish the crude mixture of borylated product 153
(89% yield; determined by *H NMR analysis using 1,1,2,2-tetrachloroethane as an internal standard.).

The obtained crude mixture was directly used for the next transformation.

Suzuki-Miyaura cross-coupling

Os_OMe
Os_OMe
PdCl,(dppf)~CH,Cly
Br Na,CO
: P o ®
N DMF/H,0, 80 °C Me;Si r
Me;Si Bpin s .
153 154 © O 155 7%

A solution of the crude borylated product 153, 4-bromo-N,N-diethylbenzenesulfonamide 154 (146
mg, 0.50 mmol), and Na>COs (159 mg, 1.5 mmol) in DMF/H,O = 4:1 (3.8 mL) was purged with argon
for 15 min, and then PdClx(dppf)-CH,Cl, (20.4 mg, 0.025 mmol) was added. After stirring for 4 h at
80 °C, the reaction mixture was filtered through a short pad of silica gel and eluted with AcOEt. The
solvent was removed in vacuo to furnish the crude product. Purification by silica gel column
chromatography (DCM/toluene = 1:2 to 1:1) afforded 155 as a colorless oil (142 mg, 63% yield, 2 step).
Methyl 4°-(V,N-diethylsulfamoyl)-5-(2-(trimethylsilyl)ethyl)-[1,1’-biphenyl]-3-carboxylate (155)
"H NMR (CDCls, 500 MHz) & = 8.08 (s, 1 H), 7.93 (s, 1 H), 7.88 (d, J = 8.0 Hz, 2 H), 7.73 (d, J = 8.6
Hz, 2 H), 7.62 (s, 1 H), 3.95 (s, 3 H), 3.28 (q, /= 7.1 Hz, 4 H), 2.78-2.70 (m, 2 H), 1.16 (t, /= 7.2 Hz,
6 H), 0.97-0.88 (m, 2 H), 0.07-0.02 (m, 9 H). 3C NMR (CDCls, 125 MHz) & = 166.8, 146.5, 144.2,
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139.6, 139.3, 131.1, 130.8, 128.7, 127.6, 127.4, 125.7, 52.1, 42.0, 29.9, 18.7, 14.1, -1.8. HRMS (ESI):

m/z (M+Na") caled for C3H33NO4NaSSi: 470.1792; found: 470.1790. IR (NaCl): 2952, 1716, 1604,
1444, 1333, 1248, 1157, 838, 779, 715 cm ™.

Transformation of tetraalkylsilane 155 to alcohol 156

(@) OMe (@) OMe (0] OMe
1) ITT (0.53 equiv.) 2) 30% H,0, aq, KHF,
O CH,Cly, —40 °C 16 h; O KHCO,, TBAF O
_ = _ >
Me3Si O K aqueous work up Me,XSi O ( THF, 1t, 2 h HO
N _N
P s
155 o’ Yo o’ o 156

To a solution of ITT (169 mg, 0.158 mmol) in CH,Cl, (1.8 mL) was added a solution of methyl 4’-
(N,N-diethylsulfamoyl)-5-(2-(trimethylsilyl)ethyl)-[1,1°-biphenyl]-3-carboxylate 155 (134 mg, 0.3
mmol) in CH>Cl, (1.2 mL) at 40 °C under argon atmosphere. After the reaction mixture was stirred at
—40 °C for 16 h, a mixture of aqueous Na,S>0;3 (5% w/v, 5 mL) and saturated NaHCO3 aqueous solution
(5 mL) was added. The reaction mixture was extracted with CH,Cl, (3x5 mL). The combined organic
extracts were washed with brine and dried over anhydrous Na,SOs. Filtration and evaporation furnished
the crude product, which was directly used for the following Tamao—Fleming oxidation.

To the crude material was successively added TBAF (1.0 M in THF, 2.7 mL, 2.7 mmol), KHF, (281
mg, 3.6 mmol), KHCO; (90.0 mg, 0.9 mmol), and hydrogen peroxide aqueous solution (30%, 613 pL,
6.0 mmol) under air. The reaction mixture was stirred at 40 °C for 2 h. After cooling to room temperature,
the reaction was quenched with Na»S,Os aqueous solution (5% w/v, 10 mL). The resulting mixture was
extracted with EtOAc (3x10 mL). The combined organic extracts were washed with water and brine and
dried over anhydrous Na,SOs. Filtration and evaporation furnished the crude product, which was
purified by silica gel column chromatography (Hexane/AcOEt = 1:1) afforded 156 as a colorless oil
(70.0 mg, 60% vyield).

Methyl 4°-(V,/N-diethylsulfamoyl)-5-(2-hydroxyethyl)-[1,1’-biphenyl]-3-carboxylate (156)

'H NMR (CDCls, 400 MHz) & = 8.18-8.13 (m, 1 H), 7.96 (s, 1 H), 7.89 (d, J= 8.2 Hz, 2 H), 7.72 (d, J
= 8.6 Hz, 2 H), 7.67 (s, 1 H), 4.00-3.91 (m, 5 H), 3.28 (q, J = 7.1 Hz, 4 H), 3.00 (t, /= 6.3 Hz, 2 H),
1.16 (t, J = 7.2 Hz, 6 H). 3*C NMR (CDCls, 100 MHz) & = 166.7, 143.9, 140.2, 139.7, 139.3, 132.4,
131.0, 129.8, 127.7, 127.5, 126.5, 63.1, 52.3, 42.0, 38.8, 14.1. HRMS (ESI): m/z (M+Na") calcd for
Cy0H2sNOsNaS: 414.1346; found: 414.1344. IR (NaCl): 3537, 2941, 1716, 1599, 1450, 1328, 1248,
1146, 1013, 715 cm™.
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DFT calculations for cleavage of Si—C(sp*) bond of Me,Si with iodine tris(trifluoroacetate)

Methods

All the equilibrium and transition structures were optimized at the MO06-2X/def2-SVP level of
theory®?® using GRRM17*#with Gaussian 16 Rev. B.0.1.12 Vibrational calculations were performed to
confirm that no imaginary frequencies (equilibrium structures) or one imaginary frequency (transition
structure) exist. We also performed IRC calculation to confirm the desired connection from the transition
state. For more accurate electronic energies, single point calculations were performed at the M06-
2X/def2-TZVPPD level of theory with SMD solvation model (solvent = dichloromethane)!3! using
Gaussian 16 Rev. B.0.1 program. Gibbs free energies were calculated as the sum of the electronic
energies (M06-2X/def2-TZVPPD+SMD) and the thermal correction terms from the vibrational
calculation (M06-2X/def2-SVP, 298.15 K).

Calculation of the structure for I'TT in solution
While a dimeric crystal structure has been reported for ITT, our DFT calculation suggested that the

dissociation of ITT_dimer into two molecules of ITT I and TFA_NO was exergonic (-14.1 kcal mol~

1) in CH,Cl, solution. Thus, ITT would exist as the monomeric structure ITT _I in the solution state.

OCOCF,
| —14.1 kcal/mol (‘)COCF3
CF30C0O” ~OCOCF, E—— PR + (NO)(OCOCF3)
CF30C0” “~OCOCF,
(NO)(OCOCF3)
ITT_dimer ITT_I TFA_NO

Optimized structures and energies

The cartesian coordinates of all the optimized structures are available as a separated xyz file. The

electronic energies and Gibbs energies are shown below.

ITT _dimer

OCOCFy

/|
CF;0CO” ~OCOCF,
(NO)(OCOCF3)

Free energy correction (M06-2X/def2SVP): 0.118324997045 au
E (M06-2X/def2-TZVPPD (SMD=dichloromethane)): -4408.75737 au
G (M06-2X/def2-TZVPPD (SMD=dichloromethane)): -4408.639045 au
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TFA_NO

(NO)(OCOCF3)

Free energy correction (M06-2X/def2SVP): 0.000547806761 au

E (M06-2X/def2-TZVPPD (SMD=dichloromethane)): -656.118083 au
G (M06-2X/def2-TZVPPD (SMD=dichloromethane)): -656.117535 au

ITT
o o
cFs—4 Y—cFs
O—E‘O
0,0
Q(

Free energy correction (M06-2X/def2SVP): 0.028956894898 au
E (M06-2X/def2-TZVPPD (SMD=dichloromethane)): -1876.300956 au
G (M06-2X/def2-TZVPPD (SMD=dichloromethane)): -1876.271999 au

ITT

Q
CFy—<0 )—CFs
O—E—O

>y

CF3

o)

Free energy correction (M06-2X/def2SVP): 0.032200578981 au
E (M06-2X/def2-TZVPPD (SMD=dichloromethane)): -1876.300133 au
G (M06-2X/def2-TZVPPD (SMD=dichloromethane)): -1876.267932 au

106

I\(Ie

Si
Me” \ Me
Me
Free energy correction (M06-2X/def2SVP): 0.117213722056 au
E (M06-2X/def2-TZVPPD (SMD=dichloromethane)): -449.154424 au

G (M06-2X/def2-TZVPPD (SMD=dichloromethane)): -449.037210 au

107

Me3;Si—OTFA

Free energy correction (M06-2X/def2SVP): 0.100523106981 au

E (M06-2X/def2-TZVPPD (SMD=dichloromethane)): -935.557623 au
G (M06-2X/def2-TZVPPD (SMD=dichloromethane)): -935.457100 au
109
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Free energy correction (M06-2X/def2SVP): 0.045445822352 au
E (M06-2X/def2-TZVPPD (SMD=dichloromethane)): -1389.995334 au
G (M06-2X/def2-TZVPPD (SMD=dichloromethane)): -1389.949888 au

TS

Free energy correction (M06-2X/def2SVP): 0.171389271119 au
E (M06-2X/def2-TZVPPD (SMD=dichloromethane)): -2325.445415 au
G (M06-2X/def2-TZVPPD (SMD=dichloromethane)): -2325.274026 au

IRC backward (optimized)

Free energy correction (M06-2X/def2SVP): 0.166284631508 au

E (M06-2X/def2-TZVPPD (SMD=dichloromethane)): -2325.461523 au
G (M06-2X/def2-TZVPPD (SMD=dichloromethane)): -2325.295238 au

IRC forward (optimized)

Free energy correction (M06-2X/def2SVP): 0.174071497488 au

E (M06-2X/def2-TZVPPD (SMD=dichloromethane)): -2325.554072 au
G (M06-2X/def2-TZVPPD (SMD=dichloromethane)): -2325.380001 au
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