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Ac acetyl

aq. aqueous
AZADO 2-azaadamantane N-oxyl

Boc tert-butoxycarbonyl

br broad

Brsm based on recovered starting material
Bu butyl

Bz benzyl

°C degree Celsius

caled calculated value

CAN ceric ammonium nitrate

Cbz benzyloxycarbonyl

COSY correlation spectroscopy

DBU 1,8-diazabicyclo[5.4.0Jundec-7-ene
DCE dichloroethane

DMAP 4-(dimethylamino)pyridine

DMF dimethylformamide

DMPU N,N’-dimethylpropyleneurea
DMSO dimethylsulfoxide

DTBMP 2,6-di-fert-butylmethylpyridine
DTBP 2,6-di-tert-butylpyridine

EI electron ionization

ESI electrospray ionization

esp a,a,0’,0’-tetramethyl-1,3-benzenedipropoinate
eq equivalent

Et ethyl

EWG electron withdrawing group

FAB fast atom bombardment

h hour (s)

HFIP hexafluoroisopropanol

HMBC hetero-nuclear multiple-bond connectivity



HMQC
HPLC

HRMS

IMes
IAd
IR

MS4A
min
mp
MS
NHC
NMO

NMR

pent
Ph
PMP
iPr

Py

TASF
TBAF
TBAT
TBS
TEMPO
TES

Tf

TFA

hetero-nuclear multiple quantum coherence
high performance liquid chromatography
high resolution mass spectrometry

hertz

iso
1,3-bis(2,4,6-trimethoxyphenyl)imidazolium
1,3-bis(adamantyl)imidazolium

infrared spectroscopy

coupling constant

molar

methyl

molecular sieves 4 A

minute (s)

melting point

mass spectrometry

N-heterocyclic carbene
N-methoxymorpholine N-oxide

nuclear magnetic resonance

para-

pentyl

phenyl

pentamethylpiperidine

isopropyl

pyridine

room temperature

tertiary

tris(dimethylamino)sulfonium difluorotrimethylsilicate
tetra-n-butylammonium fluoride
tetra-n-butylammonium difluorotriphenylsilicate
tert-butyldimethylsilyl
2,2,6,6-tetramethylpiperidine N-oxyl
triethylsilyl

trifluoromethanesulfonyl

trifluoroacetic acid



THF
TIPS
T™MS
™G
TLC
Ts

uv

tetrahydrofuran
triisopropylsilyl
tetramethylsilyl
tetramethylguanidine

thin layer chromatography
p-toluenesulfonyl

ultraviolet
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ARABILEDTRRIE, L EDARLT, AWY, FACHREIREREZ OO L7 1899 FIC P A Y
D Beyer tE X 0, ¥IO ALHKEZEMTH L [TACY v | BBFEIN-0ZEYIYIC, HETHE LD
ING TR DAL DN ZFIH L TR I hTwa | —FCHBEABLHN 2 TRIC X V5D
N1y — AR L 2 EGBRROMIARSE, $75bb (7 IAr 4 Fuy—] LR 2 RN
PR 2D Ty 5. Schreiber 51T & % FK506 FE(L € — X2 MM L 72, By 2 v o8 7 EH O FRIEWTIE &
A1 = X LEIARTSE & Y 012 2, % K O ARG ALY & Y E O EIR %88 2 7T 2 17 7%
oTW3,

TAF VL, AERABLFEICECTRENAEIRED 2 TH 3. 20D sp IRKHLEDKFEF T 2> 5 K
DT AF VR, o= BRGHEREEERRL, LIEUIRAERARKICHEREE 25, &5, sp B
BICHED A ZFHEMIC XV RBO R VI T & 72 2 729, AHESEEEZ AL 7ZK6IcE W TH
HETH L. THFORBICT 2EC0LIE 3FHOMAENCHWARREETH 5. bbb, riiaHulE
DIL—Jihrod ok, THEERT 2 afAaHELSDrith, ZLTTAF VO *FuEicx 3 2
Wit 5 CH % (Figure0-1°. THOHOMHAEHICL > TTAF v i3S L Cmd ihrL, % offEse
CEREE S+ 5720, TAFVIHMEERIGOTTHRBEZ AV EEBEE ClEInTnd

4

CMD (@5 ] >M |
J Clc.) OO cca
ot 5 5 mft s

Figure 0-1. 7 V% ¥ O&EH I35 2 fhz & 2 05rFiE

[NAFALY TFAT I XY — | OHEE, T7hbb MR ICE T R H 0 m &R M cHEf T
5 RIGDOBHF L, BEABALY: L3, EYFICE T2 T A v oEEMZ X W EEEIC L7 5. FRiC, 1961
£ Hiisgen HICX VR INATAF v T Y FICX 3 B3R2BR{IEAMEISIE, N4 AF vy a7 s 2
Z b Y —OREFNIGTH % (Scheme 0-1a) °. Hiiisgen B{l 1, 2002 41 Mendal’, Sharpless® & i &
D, Ki7¥ v T Y PR T, @SBRI SIG S 5 2 & o3 iiE S T bk, BEEEmFIS
D FHERA B BTN T 2RI U722 v o8 2 BER R EIE W BN TW 5 (Scheme 0-
1b)°. ZD—J7 T, KimT7 ¥ v & 7Y FED Hiisgen BRL & AEMIICHIH L 72 WG4, Sifildtic X 24
RHEED LIE LISRIE L 72 . % £ C Bertozzi b 1%, SfMEIETFE T Ch R CTHET T2 EAT AL XV &

1



7 ¥ F @ Hiiisgen BRILDFHFEICHII L T\ 3 (Scheme 0-1¢) 0. X HICEFETIE, S X 0 b HHEOK
Vo Uy LA M L 2 EREAEO S WG D IE I N TS, TN T Yy LR L 7
X, LV DbFLx AT EOEMZ EICHIHE S (Scheme 0-1d)'.

(a) Huisgen annulation

N N
N” N O-N"*N
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(b) Cu(l)-catalyzed Huisgen annulation

N
[Cu], rt N7 N id, mi
.// + NS\O et AL rapid, mild and

[3+2] cycloaddition — bioorthogonal reaction

(c) Strain-promated alkyne azide cyclization (SPAAC)

N=N
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e

) Pd catalyzed bioorthogonal reaction

‘H\ \©\O _ Pd(NOy), Ws\@\o

Scheme 0-1. 7 A F V2R L 7254 AN Y 2 F 0 JOHEEE
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Kim 534 7 v B2 fon 71 284 A VRIS T LTHRELTWw23 P 1 fliofA 4+ v iE, i) v
RFECHDIA =T 74 vReTFAY) VIWF PV v LICHCLNE T, EENTIlioeA A+
YL ZALT B 2 L CEHELME, B, RHEtRICRE R 2RI TR0, &4 4ol TR
T2 DTELRAFT VY T —TORFERRDLNT VT, 4/ v 11E, @44 VEET TOARL

FOGHSEFT LHEND T 2 ~ BRI N D, in vivo RERICE VLT 3044 A v 2STFELE T 2 HllIE % 2R K
AR R RER Iy T C°H 5.
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ToiIcTAF R, 70y 2 ROGR EROSEICE DK IEHO B b FHEEN T v v 4 A=V v i)
FIHZI N CWE M TAFVICHERT S 72 E—210%, 2000-2200cm™ fEic@lllEn 2203, Zov—
7 ZERSTICHET 2 7~y e —27 EEE LR\ (Figure0-2), ZD7®H, TLF VDT~ VEHELA R
7 P nid, EEREGIICE D 7w VEEELA R 7 POVICHE I N5 © & GERIICBIZATRETH Y, Ch
#MHT 5z, EH, #Es FMiEo 7~y 4 A=Y v 7KL Tna B
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Figure 0-2. 71X VX 7D I7= VAT F v
Yamakoshi, H.; Dodo, K.; Okada, M.; Ando, J.; Palonpon, A.; Fujita, K.; Kawata, S.; Sodeoka, M., J. Am. Chem.

Soc. 2011, 133,6102. © 2011 American Chemical Society.

Nicholas &%, TAF V& —DDAF L VIRENDLK D T vV FAE2E AT 5 RN 2 G0 —
DTH Y, 1972 1 Nicholas & Pettit H 1T & Y & T 7z 10 a0 MEERMBEALL 72T v F v 3 F 0D
B E L, REBHIALRANFAVIEL 2720, ZOEEEEZHHT 2 2 & TEHEOKEH L DRIG
PIEINTWE VT, KISEDO T F v a v bR, BEgEic X oxhicd 2 7a S Faii~ 28
fur]HE T % %5137, Pauson-Khand )7 LICIGH T 5 2 & TE % (Scheme 0-3)'%,

080‘ 0 R3 R? LeW|s acid I
“‘Co_ CO ) R3 R2 idant R3R
2 I\ Co,(CO Nucleophiles oxidan
Ri? 2Co-CO = x& L£02(CO)e RQ\ 02(CO)e | PR . Cox(CO% NG
C \ \
X R co R! Brgnsted acid X R1 R

R' = H, alkyl, phenyl, silyl ...
R2, R® = H, alkyl, phenyl ...

Scheme 0-3. =2 7 ARIGEFH L 72 7 v v ¥ b o

Lol FEWE, T IAATo—TAIEZIER L7, Nicholas ST X 2 B BEAEYEE 7 Ficxid 3 1A
B 7 a S FAE A FEOFKEE B I o72. X 51T, HER & IZER LR B M0 ME% > Nicholas Kt
DRFEZHME L, Y7ArtuaTa Xy ann koG E, ZEFHLZBER I3



Y 7nFaTu S FAMMERICZFHFE L 72, A3 X ORRE O N AR Z £ Lo b DT
H5.

H—E Tu s Fa Y a s M ERENH L 2 EREYEND 0 2 TR 7 v SV FAAURIED B
i

VRGN TR R OB T 2L 2T T 2720, T E Ok A RN FE RS BRF S
E72 . ZD—DIT, T LR OB AR U CEER S 7% %9 %, ~directapproach (ft.
HHT Ta—F) CHBEET S Y. Ny oo HHIZEA L [Ta—7] w3 ZoTkE A
WC, TNFE TS ORER T FERDGI A HE T 3.

7u— 7K B FRICERE L 75 5 DG MBS (structure-activity relationships: SAR) T 3. It
THHEAEBE &1L, N T OIEMIRGL (7 7 v~a 7 5 T) CREERATN OERE X 2D TH Y, ik
WEHEAEBE % b LT, N T OIEMBALA HiE WAL E ORGE R AILICHE & 2 3 BREE A BAT 2 2 L
T, ZOEYERIN YT OmEEERIEE A CEADT T 7L, ENFREICHVS LR TE S L
fran3 2. £z, EELDTOMERELIC D EEHEHRBIIH o0, ZoEEELSS5HTH LS
D EYRGE MNP IR R L A O RIS HEARBITSE 08 7 77 7 1 7 PRI TR I T w2,

MOEEE B S o d iy A Tk & L, B EMEIE NG T, BERMEH{L AT O FHEER % AR
L FRIC XV L, 200 OWEMEEFHIET 2 5EAGFET 2. 3T7abb, el LA — b icht
> T, FRD OB TR AL ENZERIC X VEROFEREHET 2. 2L T, ZhoHEkoEYS
WaRBIRT LT, COFBEKITTEELD 5 Dh, 7272 0FEKORESD O IHHHRM2HEET 2
LSHREL 72 B (Figure 0-3 /£). LA L&A s, 2Nk, HEOFEKREZ —>—28M L& TIE%R
53, HZLOKRRIEHNZEE L ATNERbEVEWI REEZAL TV,

VAR, AR L CIZEMEM NS T2 Db 0okt L TEBERIL 21T 5 Late-stage functionalization
(LSF) & MEITN 3 Hikimas, RGBS 7 I A4 dn Y —fERCEH S LT3 (Figure 0-3 )%
EVRE N T OFERZ TSI T TAKT 20T, AWEH N T2 0 b ok L CEEE
BERAL 217 5 ATEIR, ERBAIRL s I 70 7 n — 7 AIEIC LA e GEE R BIRTZE 1< 35\ TR 7
VAT BEEZLND, EPENNMI TR LIE L ISEE RS ERO B Ao L n, B
B ORI A BRI Fy Ly Yy 2 Th 5. Lo Ladb, HOAEYEE Ny T2 o i
PHERIC X > T, #EUNCRIE, RISEHZERL, 2 2/Nr A3 D“innate (PEIY 72 SIS % FIH
TENE, EEN» BRI A ERELAELTE 2 EX LN 2.



Derivative synthesis for R Late-stage
SAR studies

% f functionalization (LSF)
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LSF &, K7 AF v 2idLd L Lz, NAFANy TFAVRIGIC XY LK — & —55F % i T hE
(%7 | %#BAT IR HET 2 E2 N5, EBIC, ChETHTICHLTRET L v 2 E
AT BFEDIRLALIR, SEBEAHICEY 7o — 728K T 2 FESREYIHIES T O E BRI R
5T 7z (Scheme 0-4)°. X o T, AVIEHD FICHET 2 ThE CHALKEECH - 2 HREE P

FRRAICIET 2 ERE, M2 CHBERCHLTTAF Y 2B EATENIE, L0% L DFEERS
ASAlREIC R B LA I N B,

H
™S hil p/ o
X 0
N OH [ oo P
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(0] multi step synthesis n-Cyq st/v\w f

lipstatin probe

Scheme 0-4. {EHRKD T V¥ v & 78 Ak

2006 F1C Romo 51X 7 v F VAL & SCEN. 2 SR /-2 7= [ Bt 7 2350, S hzfl
ALZZTAF v 2 EAERRE LB, 2 LT, EVELE/INFRICEE S 2 KEEE: 2% 72 L o flEE
BEHOBRLELT, TATZ Y BT YAl RV IAh B4 C-H AR ESHEE W LT e



RWICBEAT 22 0T 32 EBUIEL, Dl eSS AHBINIZE & 7' n — 71L& RIS L

T % (Scheme 0-5).

P T™MS
Rh(esp)» (3 mol%)

CH,Cly, 1t

t-BuOK, DMSO, 50 °C

o

TMS

o OMe
Scheme 0-5. Romo 5 IC X % Simultaneous arming/SAR %

X HICRomo B, HE L OFHEOHMAMEEEIFT L, NP AEEEZFF> /T, ZOENE v
HHRHMTH 5 7= Eupalmerin acetate (EuPA:7)DFHEMARIL L, 156 N2FFEMRICHAT 2 X Vv N7 HDE
BN 70 T4 — L% B T o 72 (Figure 0-4) 2. 372 H Romo &I, FREICFAFK L 725¥K 8 %
EuPA ICfEIE €2 2 & T, 13L A LTRIFEDENEZ D EuPAyne ()2 KL, THEHIHT 2 & THA
BAHIC B 2 2 v o8 7 H % 58 EuPA OMIIIWEERR X v o8 ZE DRIEICHKII L T 5.

OCIsC 0 0O
X - N\ N
A N _S. _
\%\HJ\AO’SM \ME\NJK/\O NH = o

8 (2eq)
Rhy(esp), (5 mol%)

T
o
(@]

PhI(O,CtBu), (4 eq)
benzene, rt, 30 min

EuPAyne (9)

|

Quantitative proteomic profiling

EuPA (7)

Figure 0-4. Romo © I X % EuPAyne &k & 7' 10 7 4 — LfEHT~ DG H



TYRPELE-EYEESFICN L TEAINS XD TFD—2TH 5.l 21 2013 41T Baran b 13,

MHEICBIFE L 72 sodium (difluoroalkylazide)sulfonate (DAAS-Na) (10) % FIFH L 72~ 7 v 5 &FE D C-HfE &I

W27V FY vAh—EARERE LTS (Scheme0-6)**. i 5 I3 papaverine (11)2> H 58K 12 & 13,

FIT aciclovir (14)2> HAFEMK 15 #F 2 HICHIIL T3, X 5ic, BohFEREZEATLF Vv 2

7= R 7=k & EfE &2 5 2 & T, Antibody-Drug Conjugate (ADC) % i3l 3-2 2 & iCH I L T 5.

?
.S
NaO %Ng,
FF
10

ZnCl X
| Het—— CF»(CH,)g-N3
¢-BuOOH, TsOH or TFA Z

CH20|2:H20 or DMSOHzO

MeO l
MeO

MeO
BeS
MeO Z

papaverine (11)

aciclovir (14)

MeO l

MeO

MeO

BOS

MeO =
CF3(CHz)s~N3

12

0}

MeO l
MeO

MeO
BOY
MeO 7

13

CF3(CH2)s-N3

HN N,
< H—CF5(CH,)s-N3
H,N N

L_oH
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Scheme 0-6. Baran 51C X 2 ~7 v 5 & FICK 3 % % 7418 Ak

2016 4F1C Hartwig & 1%, SR, @R vHR-7 ¥ Vil 2MH L 72, AViEEsr 72 &50h0
BN TFDOAFVE, Ry UARRICHT 5 CH 7Y FMEE#E LT3 (Scheme 0-72)%. T 721% 5 13,

fFonte7 LYK L, Hiisgen 37 EBMEEHSIC 2 MM T 2 2 & C, SR RFEEDO A AHE

TH 5 L%~ L7 (Scheme 0-7b).



a) Hartwig’s C-H azidation
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_ 2O+ o _— Na O Upto79% N NJ,
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Scheme 0-7. Hartwig & IC X % sp’ fK3R, XV YLD C-H T ¥ ML

INLOERDP L, EHZEVEESTO CHEATH L TN T AF v 2 V%8B AT 2 T ko
REHE L 72 NE T A F v 2 2%, B TFRRICH LT DEEZHELIC WEEZ LN 2D

Romo O 23K L IR E R T A3 v 2 7 3B 2 BE R FFC2eEZONE. TAF VX RE
AT 50T E LT, HEBRCEVICER L7z, HERIRAYON 40%, EIHEGHOM 80%ICEHTN 5
W R EERNCTH 2 L2 b, ZOHREMLOMBEIIEHTH LHEZ LN 5,

EHE, NERTAF Y 2R HEFRICEAT 35 E LT Nicholas KIGICEH L7z, 7a ¥y
a0 BRI BRI RAE T B2 RER S T A v ZFIH L7z Nicholas G IE, &1 & A7 &ER
& DIIGHIDS, % DIFFEFIC L o Tl S Tw 3, il 2 1E Nicholas 5 1%, 7B SAVFAL T a—u
DY AL bR 16 1K LR T H 2 HBF, 2L EmMEHV 2 2 & T, BETEEASFERILEY T

» % anisole D o-, p-IBIRX)IC % T L T3 (Scheme 0-8)7.

(OC)sCo;_

/\’

OMe
©/ OMe

(0C) 6002

HO/\\\/Soz(CO)e HBF-Et,0 \ Co,(CO)g

BF4
16
17 18

Scheme 0-8. Nicholas 512 X %2 7 =V — e xt 3 2 @Y



FH 1, Nicholas H 1T X Y BB X NG CH 285K 17 2 Db D V72 RIGICEH L7, 51K 17
FEE LR 72T CRIGBHETT 5720, BEEBEFECKISEZITA S Z EBFRTH 2. IR
Nicholas 5 (%, #{& 17 %\ »7z N-acetylhomoveratrylamine 20 O E e L 2ET L, —H T, 7 I VMR
EINTHaWRE 22 icbBnwTl, EXFETLECTRICHETT S L 2T LT3 (Scheme 0-9).
k17 &7 2 v L OKIGIE, Roth HiC X o TR AR I THY ¥, IHICv I LT ) —LT—
TARELDRKIEDMEIN TS 3, LA LAaDS, #ik 17 135E L o KIGK ICHEE ©H % HBF,
RREX D20, MEEICX 2 REONMRSBS I N

MeO NHAc
é’)\\/COZ(CO)e MeO NHAG m\//’
S + _ = 2
BF, ~ :©/\/ CH,Cly, rt MeO Co,(CO)e

17 MeO
20 21 (40%)
(OC)6C02/
T
® MeO NH: MeO N MeO N
0 00 j@/v . ~"Coy(CO)s © ~ Coy(CO)s
BF, ¥ MeO CH,Cly, rt +
17 (23:24=4:1)  MeO MeO
22 23 24

Scheme 0-9. Nicholas & I X % #&{& 17 ZHH L 72 Kt

1987 4E1C Jaouen & (ZEMEM/INGYT-CH B O-methyl estrone (25)DFE#k L%, T A FA T a b
R 17 ZHWTIT 5T\ % (Scheme 0-10)°!. 55 L7 f2ikik i, v bR Lo —fg{LiRED H v F
Ev—N—L LT, R ZHOTHRHAARETH Y, 7 I AT —TL L THWEILBTEE/EA)
LT WS, LaLAadd, HoRINKRERE Lo, ML TTb 2 Nicholas SGA % kR

R EREE R RO AEYNEE N IS L CEOREEHTE 200 3RO EETH 5 7.

MeO
O-methyl estrone (25)

(Yields were not given.)

Scheme 0-10. Jaouen & IZ X 2 4EWNEMEFICN 3 % 17 2 FIH L 72 BEReRAt

2016 4£1C Harki, Brummond & X Y, 7 I/ #E X OEMEHD T 2582 ~F v Jfi+ D Nicholas [t %
FIFHL 72 2 TR 7 v 5L FAALDHE S 172 (Scheme 0-11) 2. 1 5 1%, $5K 17 & L < IZATERIAK 16,28 &
9



VA REERGT, SRT I Bo~Taliicnd 2 BRI L, CAN ZHWZ=RiggAtic L b 2
TRETaSAEFAMCEERL TS, L2LARREL, 5 DNIGIEE K OIEE THIY %2 hREE DK
K5 221 8E Y, EERUESERIROE T 2B WT 03 2 ERRBIN TN,

R /902((30)
BF3°OEty, 0°C AA Coy(CO)y _CAN AA.
AA . xf —— % /\\\/\\ X /\\\
16: R = CH,OH s acetone
28: R = CH,0Me 6-97%

X=8,0,NH 18-97%
AA = amino acid

Scheme 0-11. Harki, Brummond 5 IC X % 2 T 7' v oL ¥4l

PLEo®ss s, EH#Ei, ENRETTZ & EEE B o sl 2 515 L 7205 &L © 7 r 3
NFEML, ZOohThETERERTEREFEOEVIEE NG T O 7 a0 FOACICER & S TR %
KL 7. TSR EREZFOEMEES T ORI 2T 1T, ARBIEEETciTbh s
Nicholas SSDFMURBELETH 5 LF 2, BN ZIZ LD L L7z OGSO REC 21T 7R o 72 EER
IZ 17 DATRIGEITY &, HWHEEDMIGICX o TH U7z HBE, I X o CTRE, AW ofiE L, Harki,
Brummond & D&t & FlER, INROIK TR S Nz, 2 2T, HaRBERERINT 2 2 L T2 oS
troMfilzilAa7z & 25, BFEERECTH D C,COs 2HmMT 22 LT, 1TORIEHEEE T &<, I
RreWHETE L L. X5, KIEEZ RO ERAEDIEN/N T TH % mestranol I35\ T
i, HEAES WYY VU TH 2 DTBP ICAE T 2 & TIL B IRERZ L, KEEEGER I K
JERT2 B e R L7, Bohiz7a s ¥y a - bRIZ, TEMPO'BFy % 2% C & Tl
LD ARETH 0, R 17 232 TR TO 7 SV FOALKISICEHACTE 2 2 & Z/R L 72 (Scheme 0-12).
b OO & —E Tk 3,

C)

o /\ 05(CO)s (00)60?2 o . (00)59?g

BF4 N < == 1] N ==
o @ 17 . A O BF, . IS
N Cs,CO;4 A A

Scheme 0-12. 17 ZF|H L 7= F BB EYEE /NG 70 2 TR 7 a5 ¥4l

Pavaxd

B L o-T A F ARV YT — F B3 5 Nicholas id3E % FI|H L 72 H# Nicholas )t D B F

B D SOGSIE X, R4 2 EVETED T DITEERD 70 SV F ARG Z R L 72— 77 C, il o sk
EHWS 20T, ICHBZR BReE 2 R o H ICHE SN CH o 72, 2 2 THEHIL, £ % bk
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BHECR, b L ILfllE ORED AT Nicholas SIGAEK T E i, HHEZHMET & bR ASMt
TOERLAFIREIC 2 5 &5 2 72, Wil % R L 7z Nicholas K& 1%, Sieera, Torre H1C & » i & v
T2, HODOKIETIE, BFA+ v iEhiliikEREIE 2 20I1C, BBMESEMTE 2 =i L
7 2= AEBTAF v a v MRCHETH Y, Bifih 7 m A XA EAT 2 EEOHN
ICHW 2 ICIZA#ETH > 72 (Scheme 0-13) .

X OH R

i R I
- Co2(CO)e

HO_ /7"Co2ACO)  agBF, or AGCIO, (5 mol%)
CH,CI rs
5Cly, 1t PN 7R

Scheme 0-13. Sierra, Torre 5 IC X 2 M % H\ 72 =2 7 A K&

FHEL, BSEARCRICHM R 7o NV F N FA BT R, Ol E O Lewis BECIETE(L S 2 35
DENELZ AT, 22T, 2008 FICHE XN, Yu bITX B o-TAFoAXRY YT — L ZEEEL L
THH L7227 ) 2 ALicEH L7z (Scheme 0-14a) **. {5 1%, SABIC X o> TEELT 2 0- 7 L F =
NRy YT —F 27V avABICEAT S5 28T, maftEco 7 ) av mbiER L b, KK
JECIE, BIAEBE LAY 7= vy EL 200, a7 Y av B ACE 25HAKIGT
HbH. Fiz, 2000 FICERES T, Yu b LFRIERIC o-TAF ARy YT — 2T 2 ET, Bz
FIHLZzxvonhdtvox—7a0fe 7 I /1, % L T Friedel-Crafts )JKJGZ T LT 2% (Scheme

0-14b) ».
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a) Yu’s glycosylation

OBz

O
BzO 0 ROH . OBz
BzO 0__0 PPh3AUOTf (10 mol%)
OBz / n-Bu BZBO o 0 or * (e}
2!
Z CH,Cly, MS4A, rt OB P
byproduct
b) Asao’s etherification, amination, and Friedel-Crafts reaction using o-alkynylbenzoate
(e}
PhCH,CH,0H 2-methylfuran
b, PPhAUOT 0 Re PPhAUOTY PR/
CgHsCl, rt, 1 h N CgHsCl, rt, 1 h o
R2 = CH,Ph R! R2 = CH,Ph
R' = n-Bu or Ph
PhCH,CH,OH
SNH | PPhyAuOTH
) ;
Ts 1,4-dioxane
R2 = allyl
\N/\/
Ts

Scheme 0-14. 0- 7V F =RV 7 — b &St FIH U 72 &G

EHE, Yo, BELOMENESEIC, AE 29 2H AR LT ERILAEYD & DRIGE E TilH T,
% OFER, HEW 30 2155 LI L=—1C, AFAVIEhRkE 4V 2= ) v 31 ORISKIEEK
TH LT WEIERY) 32 234 U 255 %4572 (Scheme 0-15). FlEpY) 31 OB % B CHINT, %k
BEMBEEBREILEbDowTholad 32 ORIAE2 BTS2 L3 CTEhrok. AV <)V
301, 29 VATV AT LU ST T 4=l Ko BT 2L TES, SHEROETH R
AL 72

CO,Me
Coy(CO)  MeO (2 eq) CO;Me 0
0N PPh3AUSbF¢ (5 mol%) S o . P
“« MeO ~ Bu
N Bu
Bu

CH,Cl,, MS4A, rt, 30 min \/002(00)6 _Coy(CO)s
29 30 (72%) 31 (70%) 32 (14%)
undesired
product

Scheme 0-15. 343% 29 % 72 &l ic X 2 Nicholas G DT

ZZTHEHR, TIAKDORDVICATIAFOTAAY (FAAFTRAZRBAL e H-icT

¥4 v L7z (Figure0-5). BIAEFKYI 3213, 4V 7 ~) v CANOETEEREL, hFAvE7T ey
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N ANV MR ERIG LTz EZ bNZ, 22T, BIRHETHLINA TR TEEAL, £ U7
AV 7<) VD CAMORETHERTEIFLAL. HICTAVFTRE 7 %2ET 5/Nr1IE, Curran 5 I
LOVMEINTZTINF TR VAT AAT LA~ b T7T7 4 —ICXVIET I T RABNGT & Do
DAREIC TR B 2 e D, B ORED iR TE 5 L WIFRFL 72 .

O O

- C0,(CO)g Co,(CO)g electron withdrawing group
O/\\/\\\ /\ S — decreasing C4 position of isocoumarin
p—
- fluorous tag
X redesign A — separability of isocoumarion
n-Bu CnFans1

~
Figure 0-5. H17-1C 7 ¥4 v L 7233

Fitoave 7 bob L AMRLZRSE 33 3, 29 L FEBRICAEROSMEIC X Y EE LT BNYE S
ZT2—FC, BIAERWY) 35 #5272 2B L 72 (Scheme 0-16). X S ICRFER 6 D=L T7AFtua T
NEALEZRGCZHET, HWEA YV 2~V Y 34DTAA TRV VATA DT Lra~ 777 4 —IC

SEEDSFIRECTH o 7. EBRCEAIEKE 33 RV B &, SRR A ER/ N AL e CcH Y, 8
R17 L REE > 7 22 MM L 72 OGS CIRERIMLAE L », Beiiih o Siis BRett 2 R0 B E I
BOUTHENECRIGHET L. Io&MBEOh Y Y 2—T =4V 2 EHT 2HT, RIGORERE
ZHIEICE L 2 L AL AIC L. TS DR OFHlIT &S —FHTibR 5.

o]
CeFi3 (CO)eCoy o

33 (1.2-1.5 eq) “i=
LS (4F-CoHSPAINTE, (20 mol%e) ¢ f/ . o .
A i 7 CeF13

CICH,CH,CI, rt, 15 min

@

CeF13

S
35

NOT observed

Scheme 0-16. 743 33 ZHIH] L 725 LGN 3 2 BRAMGE) = 2 7 Z MG

Sh —= S

FHEF FHSOCTEES RN L TR Y 7 Ao 7 e oSy Fa o — F SR DR &G

HFAVET BN F Y a0 R, BFEERTERCAYZT TR, AL T4y, TV

PEIVY, YIAL) VT =T AR ERRAIRRIGAI L RJG L, ST s Y a v Mtk e 52 5. &
Tz, TRASLFLY AN M EROBRERED IR F A v DORETMEL, Mayr 5T X - TEEEIC
£ 5 ROGHEOEA ARG T T 5 3,
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ZO—TLHERN 2 =2 7 ANGIFIE LA EHRE I N TESL S, DTIORT 1987 FiciE I Nk
Jaouen HIC X 2 TR+ v VEFEMRICXK T HHIDHRTH 2 (Scheme 0-17) 38, 7z, %S 1xZ Ol L A3
EHLTHELT, BA BRI ERERET, BTOEREL RIET 2 =3 7 ARIEDEMIZEL M S
RO ME I T,

'P ™
T L.
MOMO™ BF4 “ G»
‘D (mcwx

: SO
MOMO

MOMO

mixture of 5 products

Scheme 0-17. Jaouen & IZ X 2{LFE N =2 7 ARG

7 v RIFRTFIE, KFRTF LKL CRVWERBEEZ oA T, ZORTERIITLALER RV H
=120A, F=147A)°. ozt hb, BEHSTOKERTFORDYVICT v HBFETA4EAT 2 LT,
DTOREIRIFLEAEEEEZ TR, ZoEN, VAN REEZ KE (A2 L
NTED, PlZIX, 7vRETFIE, WKRDOAINVENFA v Z2RENNIEEZEBRHMoNTED, I
7 v FD 2 WEDINLE T NBHIALRAF A Y DED pWBEICH LET 25T 27-20TH5 Y. £1-
7 v FEIE, EEGAHICEOTOAHZETTHY, L VbIKEL 7 v BICEWRL 2 EYNEES 113
AN TRFZZ T I W, IBAESE LT 2 & o MRS 2 4. w2 IC7 v EREA L ZEEIT
KOz INTE Y, 2L 0E7 vy REFEGBFZIC EHIN TV, 20T bt G/
T LC7 v BRTEEAT B IGR, 74 uTAFAEEEAT LRSI IMICEE T
% 4,

FEHE I = a7 ARICOTEEETH 2 T F v a v b EEROBERFRO AV R A FA ekt L, ERLo
WEHEFO7 v BB ED LS g8 % 52 5208k E o 7. WYY, T e v FAfiicr vHi
REALZTAFY a L MEEREIHREINTEL T, ZOAME D AbE TTo 72, BitoklR,
difluoropropargyl bromide 36 IZXf L, Cox(CO)s Z{FH &4 2% Z & CTEA3T 2 G T 2 Z LTI L7z, &
SICEEAR 37 1L, SRAIC L > TiEM LI N, TLra—A L KIET 32 e TCo—TAREKT 2L 2R
H L7z (Scheme0-18). X L IfGRoiz—7 g, Btk sz coyyrtu e v ¥ro—7
ANEZEWRRECH o7z, DD TAF VOSELRKIGEEZFIH L7 vt T e Az — T AEK
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~D RS A b CTEHE L 72,

E F PN
5 _Co2(CO)s )& CoyCO)y 1 OH K Cos(CO)s
AN AgOTY o

TIPS TIPS S Tips
36 37

Scheme 0-18. 7 A u 7o ¥ 7o I Fyaxsn R 37 oG58 L 0

-V T AAFBTAFALI =T AL, BEOL—T L K L CERN ToRLLE MR IEAED [
HFFIN2ERRETH Y, EBICW L D2 DEERCZ OBMHLAEYICEAIN TS (Figure0-6). L
2L, ZoMERFOBEEME, 7y REEMCED 2HAE TS LIEFICD AL, oY Tt T d
NI =T AEEES L VERTNE, SRz AEd L AR R BT 2 LHIfFL 7.

OMe o
OMe H F &O
CF.
DT, i L. I v=0
NN PR Fic” 0 F S FF
o N 0" F N
Pantoprazole Sevoflurane TRPV1 antagnoist

Figure 0-6. 7 L4 0 7L ¥ VT —7 V% G4 EERLKROCZ oEGLEY

INFBTAFAL=TAERDOFEIRELSHTT, ()7 v FEREEHAV 25K S, QEBRFET
LTI aTAFflEITIHE Y, Q) 7AVFuTAFAI—TAZDO DEAKT 2 5L Y,
D3I T NS, Lol, HiELRESDEERVOHL W7 vy R ARz w2 2 L, 77ik2,3
TIHBEATZZ 740 T AFAERHMASDICRONS Z EARRERTH o7z, L TY7tnm
TRAVNFNT =TV, TAFVORIGHEEZFIFT 2 2 & TEHRARFER~ L LZAfETch v, ki
DRIV Y 7 ERHETE B LTINS 4,

V7 u T a o FOH R IKIERONE A B T L LT, 2005 FEICHRE 7z Hammond & 1T &
2V 70Fu 7 asuFARET 55 (Scheme 0-19)Y. %513, BB ICHBA[RERY 74w 7o
SNAFALTE I R360 LY 2 TRECHMARER Y 7L AuT LY 38 2T 2 2 & T, S SKIELHI~
DY TINAB T UEFMMEERE LTS, L LA D, 38IERIGHEICZLL, =—T7139 %153
RICIRIEEDO TN I -V ERBL T HILRRETH -7z,
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F FF

F F /& KoCO3
p——— . Br - Me0>\
Br& 2 steps Y MeOH, rt X PS
TIPS TIPS

36 38 39

Scheme 0-19. Hammond 5 IC X 2 3KRE TR 7 v 4 v 7 a1l

Z T, Wil lCHAB LR 37 &, TAra—a2BELE LAY 70t 7o FLrs— T 5/~
LRIHL, 8 a-Y 7 AT AT — TSR AEECH 2 03T % 1T 572 (Scheme 0-20). st
DGR, 37 IFEEAAET, HEEOT v a— Ve KIGL, EBa-Y 7V FA BT AF AT T AT 5 2 72,
BRZR L 2 Lig, FFEL RIS, IBIGET 2 v RETRE R RER, AL 7 4 V75 LilE D Nicholas X
JETIERIGL 9 2 EREFET T, Tra— e SSERNICKIG L7z, 2ol ehb, 7y RETIE
HFFVET BNV FN T a5 PO ROGHEICK E g8 e 525 2 LRI L.

igE A L 1Z, CAN % L < 1% NN, N -trimethylethylenediamine iZ X W 3K L, #¢ { TBAF Z 7zt V) v
fLick vy 7rto 7oA FALL—FADERICKII L 72, SoN-2—FA8iT b s
AL Th b, REIGBET v BEEVERICHERHTH L L, IHICINETHRBEL o7z -
TINABVTAFANI—TAEENTE L L ZitAL . 2o DWIFEOFEMIINE 3T T~ 5,

FF
2 Lox(COls
Br N 1. CAN or R/\O>§/

SN FF
37 TIPS _©03(00);  MeNHCH,CHoNMe
R0 2(CO)e e §

AgOTY, EtsN “Nqps 2 TBAF . RS . RF
RO %, RO 0
| °N | N
N
Bn

Ph

Scheme 0-20. 7L 2 — VXt 2L A& RN R 7 v A4 v Faou FaL )G

BNE FHlY 7 rtu oo v — T AGREOE L &7 v BLEVE A~ DICH
7RI LIELIED TORERICOFER 5 2, 7 v BOEA I N EWEES T ORI i34 ER
THfR, BER7v{tKEZELCLZ DB HS N T3 (Scheme 0-21)°. f#l 21X, 4

(difluoromethyl)imidazole (38)1%, ZHERJFE T ONZE T X OFZEIC X 0 I 2.5 K< 7 v R A3 Wi Lok
ERIET B LT, 7 v {bKEDOMIEEE 7 A5 4-formylimidazole (39)I1C72 5 T EAH LN T W5, £
7= DPP-IV FHEH] 40 13, AARNTR#ESNE 2 LT v LKEDBEERZ N RD S, <A TAT 72T
£ —41 AL 2 EGRNRBICHEEEZ A 2L TH B, o e r b, ERICE7 vy ENTEAKL,
Z OREELYIER T T 2 & & IZEEMSFHBIC B CEERFETH 5.
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(a) Hydrolysis of difluoromethyl groups

N H7.4,30°C ) =N N

pH7.4,30° N N

I s gy ey — I

HFZC H t1/2 ~2.5 hrs F H H _2HF OHC H
38 H H,O 39

(b) Metabolism of DPP-1V inhibitor with removing HF

F
H O OH 0
N
S o rat CYP3A ,‘a}]\ N é )L NH
/ —HF
F

F OO ( '\D WO
NH, /

40 F 41

Scheme 0-21. 7 v FEJ7 123tk 3 % 5

HHIE, R LSRR L2 S 5387 v BRILAWABR~OIEHZIEAL, Y7140 7o
AEATEIEY a0 RSO RIH & G L R BE R TS T, Z b v L RIG LIS
T NI —TNEGZ B R RAML T (Scheme0-22). IS, AFAVET moOLF LY a0
PEEKIZ, b Y Dol k RIEAEET 5 C & AHIHITE D 0, 5 N RO 7 S I B
Tz, Ko TEFEI, AT b VIc L CRRICAEH AIREP R 21T o7z, £z, o/ —
NI =T AL, BRAD T — T A DR L FERICHEARICK Y, Y7t e Fre=r—7

N~EEL L DBAFETH o 7=,

FF
Co,(CO)s
Br™ 4 RF FF
ASE CAN or
fj\ m2 O&f\oz(cme MoNHCH,CHoNMe, O>\
_ = N > e AN
R AgNTf,, iPr,NEt Rt R RH\ R2

Scheme 0-22. 7 F VIZx$ 3 2 TR 74t 7o ¥ ik

TusNFA e L= TR, OSSP EE OEIEIC X o TEHRGR I~ EZWR[RETH 5 C
0D, —ODNFORA BiEEEEZES LTIFHICENAEE TH 2 . Toste b ITBifE 2 7=
7' a8 F )L Claisen fifL Z# G L CTh Y, MO LD ISSFETETLZATAT e FAELN L DIC
L2 KERMLEZEGEICE, e Fee s vEEAHELN5 2 & 2MEL T3 (Scheme 0-232)>. %
D—FT, CoAKICE TR FEE e TIE, BWARSMT 7 9L X)L Claisen Baf 258173
LI lHBAONT VS, ZTHobRMAICEIREZZESTL2 LT, 77V, TL—V, Yeire )y

Vi Uk A B L ARV EETH B (Scheme 0-23b),
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a) Lewis acid-catalyzed propargyl-Claisen rearrangement

A —[Au]+ R NaBH, .
R2 7 R1 R! R1

M R3

@a

(b) Propargyl-Claisen rearrangement under thermal conditions

Ko g ’
A \[ A 0 ~Z g PNH
| ‘ COZR R1M\HJ\R4 RS =H R1 X
R! CO:R COQR COzR
R2 = EWG
R*=H R?= 7R

EW
G Re R OFb R
O X 0
= 7 COR*
RO2C R1 R4 R1

Scheme 0-23. 7 1)L ¥ )L Claisen ¥z 2 FIIFH L 72 558K & K

INLDEEIPLY IR T u N F A VT —TAERFHLZE 7 v RIEEV DGR Z A4,
ZOREWR EZIA L 72, BITOHE, Y7rtuo o suFure oo — 7 3B ]G
KXo TRRZ 7 vRLEMEG 222 L Z WL AT L7z (Scheme0-24). T7abbH, BN TIE 7 0
2LV FE )L Claisen BRIV 23EFTL, Y 7adu 7Ly, LRy 7rtudyn /) viaffhonsd e 285
P LTz, ZDO—FT, VA RBERHLZSE, VI I7Adeve o vzBa 2 ICliLz. Y7t
oY/ v Iatue v, chETREALHORCT vy RILAEYMTH Y, RFELIHHH
D%k 7 v RLEVOEHICHIATE 22 L2 AL L Lz, FEllIIFEUE TR 2,

FF

R F
o) F O>\ o™
JJ\/\/\ X
R F R2=H R1§ R2  R2=Ph R'L Ph

Scheme 0-24. 7 A uFu A FAvo s —TA %R LEHH 7 v E2LEYE K
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ENT
BI1E HFAMTO/UFALIONN P REEERWEFEREYEESFTO 2 TR0/ UL F L
RIS DFEF
B ATA T B E AL a5 b RO AR L KGR
9, Nicholas b DHRITFITHE 2 TAR %, FRIK 80% THifA 17 Z A4/ L 7 (Scheme 1-1).

Co,(CO)g (1 eq.) Co,(CO). HBFs#OEt (3eq) g
HO Ny —m8mm———— Ho/\\\/\\OZ( o T4 . \\\/\\COZ(CO)G

CHyCly, rt, 5 h, 93% Et;O,r1t,2h,86% BF,
16 17

Scheme 1-1. FE{K 17 D &AL

iR 1713, ROCERICHEIEECTH 2 HBFs 2L L 23 Th 2. 2Dk, ZoFEHwgEIclE, X
Bon@rgasni, EBIC, 8E 17 ZHW7z, KA eugenol (42) & [E3E i mestranol (45) D& Hfi %
et L7z& 25, K 17 V72D ATIE, eugenol (42)DFHE(R 43, 44 (HEINEKTHONDZ DA TH
Y, %72 mestranol @3)IC BV CIFE DML R LN, EEPITELE5 N2> 72 (Scheme 1-2).

INHDFERD G, FIHMALE CHEELZRNT 2 £ G0HE 21TV, £ Otk EERICEYRE
P o U CGEHRE» R 21T 2 & & L7z,

2

&
Co,(CO)s

17 (1.5 eq) HO HOD(>1002(00)6
- - + AN

CH,Cly, rt, 2 h MeO R MeO B

43 (<8%) 44 (5%)
17 (1.5 eq)
decomposition
CHyClp, rt, 2 h

mestranol (45)

Scheme 1-2. 51k 17 % F 72 B REAEAL W BB T

¥ T HMAEE TH 2 veratrol (46) %W TR 21T o7z, F7-, FFRFICAEBOBETbITV, $5K17 %
Aoz SiclHEhTwa Yy rzun 2 2y B 1) RWRIEDR D 2 R % 1T -7 (Table 1-1).
BRE LCREA YV v iz 25, BEZBIML 2wk e L CHIY) 47, 48 DIEER DT
i E L7z (entry 1,2). ZOFERP L, KEBEH ) v 2 2BMLTH 17 ORISHEICK & g Er 7k <,
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OBEENFIcE TV LHBTL, RICRIEA Y v 22w, BEZZLE 22 2 & TR L
T AL 7.

AU VRERELTCY a2 xy, Yranxy EHCESAEKIGIGET L 2—H T, PR
FEHCTGERICIEEET LD o7z (entry 2-4). TN, 17 Y r/um ARy, YrurTRy
BART 20K L, THELIRFBICRELIBMRL 2d 272720 TH 5. FARICHBFRERREICTE VT,

FUTZAFABRAFARY LRI 11 3D T2 RDB OB, KIGHWETL 72— T, RvEviciise
B3, RICH 2 HEITL 7D o7z (entry 5,6). HFIP Z W26 13, 17 IR ICHEML 72D 0D
B & G L 2RI S S 7z (entry 7). £7z, JE7 v b v A EECH 5 DMF, DMSO 12
WTHRIGDEHET L b o 72 (entry 8,9).

A OMEHER, ICRoM LSRR onhdh o770, L ICEEEZRE L. Blt~r4> T4, ) Vil
KFEF VU LTRHPERICKE BT RD o7 (entry 10, 11). REX TV LiE VT, FEATR
THEL, COoORTRLBVIEZ 52 2fERL 20, ZOWEFEER 49 RGOz (entry 12). Zn¥bih

BR 49 OFEEII HMBC IC X VIRFEL /2. Z0—)T, EREHKTHS ) =FL7 I, DBU,DMAP
RV EMGIEELSET LR o7 (entry 13-15). TRIF T AF v an ko BHERER T & &
RIETHEEEEK, b L BMAHAFER L2077 eE 2615 5, FEREICEGN 32 o &2
% &, Mk IO AR S0 2 T 2 2 L AT E 7z (Scheme 1-3).

\/902(00)6 Et3N (excess) Ets N/\ Co,(CO)g

BF4 N i, 1 h, 60% o)
17 BF4 50

Scheme 1-3. F V) ZF L7 I v L3 17 DG

DL ED#ERD S, EEDRESEELE L KXV L, GolAEzY 7nn Xz L, FEERICEYELE/)
NrEETMULAEYE LT, RICSRHD S 552K 2T 7.
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Table 1-1. Veratrol % € 7 /VHE & L 72355 & A Mgt

\ Co,(CO)s
Me0© I13"1:4(1 5 eq), base Meoj@/\\/COZ(CO)G MeO \/\COZ(CO)G MeO
= + A + M
MeO CH,Cl,,0°Ctort,2h MeO Meojg%\ MeO
(OC)sCo, s H
46 47 48 " Coy(COYs
49
[\ :HMBC_
yield (%)
entry base equiv. solvent 47 48 recovered SM
1 none CHCl, 50 6 13
2 K,CO3 10 CH.Cl, 55 14 22
3 K2CO3 10 DCE 55 10 9
4 K2CO3 10 CCly 0 0 N.D.
5 Ko,CO3 10 benzene 0 0 N.D.
6 K2CO3 10 CF3Ph 24 0 5
7 K,CO4 10 HFIP 0 0 N.D.
8 K,COj3 10 DMF 0 0 N.D.
9 K,COj3 10 DMSO 0 0 N.D.
10 MgO 10 CH,Cl, 44 3 18
1 NayHPO, 10 CH,Cl, 48 8 13
12* Cs,CO3 10 CHCl, 73 18 0
13 EtsN 2 CH,Cl, 0 0 N.D.
14 DMAP 2 CH,Cl, 0 0 N.D.
15 DBU 2 CH,Cl, 0 0 N.D.

* 49 was also obtained in 5% yield. N.D.: Not determined.

B2 fi HERAEYIEES TR A L 72 SOGSIE R

F B YR T O T ARE L LT, O-methyl estrone (25)% FVy, L& —EHUAK 26, 27 258 WK
TROL N B MET L 72 (Table 1-2). Jaouen O & [FFRIC E TR A MA FICKICEITo7z & & A3, K&
BONERR LN, HIPONEIIPREICL o7 (entry 1). 4 DR AZ TN 2 & IERIZA E
L, R > v L2 L 728, BEE@BNIc SO0 L 72384 51 o2 b 00, mbdIFE L L 26,

27 %135 T LB TET (entry2-4). 72¥, mmWe ) Y VIETH 2 DTBP Z w5 L, JEd EtN Of

HEVEEEROIEERB R ONT, 72, KSR X {HEFTL 72 (entry5). T iLid, DTBP 235EICH
WeT I VIR R Y, ERIcEE L, BERE T L T AF v ao o MR O KBRS
B TCE otz o7 LI NS,
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Table 1-2. O-methyl estrone (25) % H \» 72 )G SR aE L

(11 O 7
17 (1.5 eq) n-
base (10 eq)
—_— + +
CH20|2, O°Ctort
30 min MeO MeO
C 02(CO)s
25 26 27
yield (%)?
entry base 26 27 51 recovered SM
1 none 21 24 0 1"
3 Cs,CO3 45 40 7 0
4 EtsN 17 17 0 37
5 DTBP 44 36 0 15

[a] Yields were calculated based on the total aomount of mixuture of 25-51
and its NMR peak ratio. See the experimental section for details.

RN EVESF IS S B REFRL CH 3 3 T v 2 — A % F5D mestranol (45) % VT, & &7 3RO BT
%17 o 7-. (Scheme1-4). BIEFENZ LI, AREICHE W TIH V2L ZEH T3 2 L C, ERELZE
fbLiz. bbb, Ry L2EEE LCHHLSE, HERLECTORICHETL 52, 53 23155
Nzt L, DTBP % H\» 3 L/KEEEL | CRICDSEST L 723584k 54 O BANEIRICHE SNz, FELW
HEZHHL TWARnb DD, pKazE 2 5 L v ) P /i (pKa=4-5)2% mestranol D5 3 k7L a—n
(pKa = 17-19)Di 7w + bz 2 L, KEEDRIGHESZILL Twd L idFFE I Wiktd, 17 DA T
F VR FET & DTBP OERE AR L, MIGHESZL L 72720 LHEHI L T 5.

17 (1.5 eq)
Cs,CO3 (10 eq)
—
CHQC|2, O°Ctort
30 min

+ C,O-dialkylated
products (<4%)

MeO

mestranol (45)

17 (1.5 eq)

DTBP (10 eq)
>
CH,Cly, -20to 0 °C
30 min MeO

54 (58%)

Scheme 1-4. Mestranol % Fi 72 ERE R L D g
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T2, T—TN54 FFHILENRHBRIC X DL, BEAFA VT o v F s a v bk
EEL7Z0ObIC, FEARS2P 3R ELAREENE X ON. 2T, T—T V54 1K L TR~
Y LAEE N, HBF ZAEH S 72 & 25, 0 C BB L CERL L 72 52-56 03 A5 21% TR oz d D0,
54 3 34% TN X N7z (Scheme 1-5). AFER D, T—T 1 54 1%, Kt > v L& T 50035
bDOD, ZOETHHMET 20T TIERL, KICOEREZRINFIOZLIc X > T g I L
DS & o7z, BAFE L 25FREMAIZ A 2 2 & LRSI L 2FlTch v, SEEAERE
2o EMEE My F O EREHALIC B W TER AT 7o —FTh B L W2 5.

|i-Cox(cO)s J|$Coz(c30)6

OH
HBF4*OEt, (1.5 eq.) (OC)GCOZ,\j’/

Cs,CO3 (10 eq.)

CH,Cly, rt, 2 h

54 52, 53 (8%) 55, 56 (13%)
+ 54 recovered (36%)

Scheme 1-5. T — 7\ 54 D/ fiFEER

D EDKRD O, R 17 Z w725 EF LGV OBMICIE, Hike LR v LPERTHS C

Do T,

53 fi FLEDEHIVE oGt & T B ERAEWIE S T~ DI H]

T, BHEBREWEE N FRERRICS C RN 2T EKE o ¥l a5 &L AW, 5 O
3L 72 RGBS TIERI T & 2 25T 21T - 72 (Table1-3). JCD veratrol (46) T % 2 [E#afA % & T 3 fEsH
DFERBELNT (entry 1). —/5T, 2 207 =) —AMKBRERAFL VY TCRERBEI NS 13-
benzodioxole (57) TIEINFE T 1 DDFFEIR S8 HFH N DHRTH o7z (entry 2). 1-methylindole (59)T
1Z, C3HLTRIG L 72358 60 S RRE DGR TR H L7 (entry 3). 7 =/ — /KB % 52 eugenol
(42) T3, FHEBRECENL 28K 43, 44 D132, 7 =/ — APKEEEE |Gl L 723581k 61 2315
b7z (entry 4).
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Table 1-3. Hili 7275 & HRLEY)

17 (1.5 eq) A _Oz(CO)
N x Cs,CO3 (10 eq) (\/_——
2 CH,Cl,, temperature KJ
time
entry substrate temperature time (h) products and yields
& 1
MeO COZ(CO)G M COZ(CO)G
e Coy(CO
1 @ 0°Ctort 15 @/\ 2(CO)s MeO MeO )
<
MeO MeO Coy(CO)s
veratrol (46) 47 (73%) 49 (5%) 48 (12%)
e} o . C02(CO)g
2 ( Kj 0°Ctort 2 { S
0 [¢]
1,3-benzodioxole (57) 58 (22%)
29
Co,(CO)s
3 @ 0°C 2 >
N tort N
\ \
1-methylindole (59) 60 (57%)
I
i—C0,(CO
OMe L 0 ON)Ise
HO o
42 20°Cto0°C 2 \@\/\
S X
i Co2(CO
eugenol (42) i Co2(CO)s
43 (15%) 44 (18%) 61 (7%)

[a] Ko,CO3 was used instead of Cs,CO3.

RICHEWMIET 3 v 2o Ml FEE LYo W TR 2 1To 72, 7 3 2 e BodyiEt Ny 713
SHEET 200, TIVHEEETTOAFR ETORICEETS 25 OMGIXEETH 5.
kb, BIEEGHEREZF D IMT IV R 2HT7 T vid, 317 3ERLRIGT 2 T &2 BEICAH
bNTWE B, ZoZehrb, 7I/RIRETILEND S LFAMRELEDOERZITo 7.
¥4, Ac, Boc, Cbz B TZOERFTAHELLFETXRTPIALTIVEHOVT, AHEREETOK
JCHHETT I % DRRET 21T o 72 (Table1-5). 7nd, HEHFEE 1% Ac HTRELGAICIE, HHRELTOK
JOHMESE T 5 T &A%, I TIC Nicholas HIC ko TG I N T 528 B, R ZH W& TiifTbiT
Wig\a 7z, FEHEORFE L 5T AROMRAIG LN 2 et 217572, £72, Cbz TIRFEI L7 2
Wh—AF3—PBELTORIGT 2HMERDH 2 b 00, BFEELFEREEF COBRIIFIThATK
Wi, ZORIGHEDOTHERZIT - 72 2.
T3 ) HEFRF Boc L TIRHEL 72 62 TIE, EFR L TEMLL 2FFER 63 0 AMRINECE LN, TLC E

TR DAKR Y FBE LN (entry 1). T, Boc EEAKIGENDEEIC X o THEL 7272072 &%
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Zbib.
JiCEELL 72 67 O 3 N
Bl gond, AEREECERL S

AFNFEERT PIALT IVOE
69,70 235 5417z (entry 4).
LT, £,

DB L 7=,

NS FERII PR RMEE SRS 2 720, BighiRftic

So 17 (entry2). Ac TIRF#EL 7z 20 TIE, Wi
ik 21 &R O AAEINE L5
R T % Coz FCIREL 72 68 T, HEHEKR L
INSDFERD LEEDEMETIZ
2T IV Coz HTIRET L 2L T, 2T I FIAREC T L DFEMLEITAD T L

BEROH y 7)) v IEBBIES 5 2 & THIEZRE L 7-.

Table 1-4. BT 2 v 2 o0 TR UOZ ORE KD E

—7J7, Cbz 3 TREL /- 64 Tl, ERLTEWELZ 65 HERLTEILZ 66, £7-Z D
[ER N Wit

HYEFRLET
MR L 7
TEMRL

"o 7

"H-NMR DiEr[Z € — FCHlE L,

AL

17 (1.5 eq) _C0,(CO
o N Cs,CO3 (10 eq) « (\ -
L~ CH,Cl,, 0 °C to rt N
time
entry substrate time (h) products and yields
P
X
H / Co,(CO)g
MeO N. MeO N.
1 ji)/\/ Boc 0.5 Kj/v Boc
MeO MeO
N-Boc homoveratrylamine (62) 63 (29%)
/ C0,(CO)g
MeO H
MeO Coz(CO)s
N-Cbz homoveratrylamine (64) 65 (16%) 66 (11%)
=~
/ Co,(CO)g
MeO N
© _ Cbz
2
MeO Co,(CO)e
67 (27%)
MeO N MeO N
3 © ~Ac 1.0 © ~Ac
' =<
MeO MeO C0,(CO)g
N-Ac homoveratrylamine (20) 21 (33%) (OC)sCoy
/\/
MeO lll MeO lll l
e N N
4 @N Cbz 05 © m/ Cbz MeO N-chz
2
MeO MeO Co,(CO)g MeO
N-Me, Cbz homoveratrylamine (68) 69 (70%) 70 (5%)
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IEoRMRA%Z S &, SHEFEEREYEE N T OFER{LOMET %217 > 72 (Table 1-7).  Naproxen
methyl ether (71)Tld, 7 XL VERD C-1 fi TG L 72558 40 O A 535 5072 (entry 1). 40 D&
g AL 21 COSY, HMBC % HI%E L #7E L 72. Indomethacin methyl ether (72)Ti%, %72 2 (& CE R
L7z 2 FEOFEM 73,74 3517z (entry2). 4 v F—ABgE L, JiigmtzH4 2Law 75 ©
X, 4 ¥ F—nro 3 CEIRE N-FHEER 76 235517z (entry 3) *°.

¥ 72, MBS %O rotenone (77) b FHEARLATRETH o 72 (entry4). ¥ X b F R v E VLD
RINICZENT W5 CH A CERLZFHEA T8 &, b9 =20 V¥ VERTHEWL 72 2 Bk 79 ©
2ESE LN, b OFEEROMEEIL, JFEE 'THNMR 2=27 P ZIIKT 2 2 & THRELR Y,

7 <) V&% FD xanthotoxin (80) Tl, ~4 7 v v = — 7HHEMHT, 40°C TRILZEITH) 2 & TO~
Y v D C5 WA ER X M- HE 81 28557z (entry5). L2>L, ipriflavone (82)ICH W TCiE, =4 71
vz — 7R TOEMTH IGITETTL o7 (entry6). 4V 7aRF L EAFFOZ &2 O KIGDHE
1732 LHfFI N, 77 R VERPBETARTHL L, T2, 4V 7RI v ENERVEREET
HBTEBRIEDET L o 2HEE LTHET LN,

IO DRERL S, K17 3B TEE 27 ER & Friedel-Crafts o KSEST L, MIGT 2 £8P %
522 Z EHIAL 7. F72, HEIC X o CREBOFEARIE O 03, HEOFERE —FiHEon
% d, MEEMAHBE SRR L o8l bEETH 5.
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Table 1-5. EWGEME/INr D ERERAL

17 (1.5 eq) C0,(CO)
o N Cs,CO3 (10 eq) o \/\ ==
N CH,Cl,, temperature -
30-120 min
entry substrate temperature products and yields
(Ho ~H
) OO CO,Me 0°Ctort OO COMe H OO Nco,Me
MeO MeO MeO H
\/Coz(CO)e H ‘/‘
S5 \\

naproxen methyl ester (71) 30 (93%) "/’\H’M’Bé‘
. ¥ X :COSY !

(OC)sCo

2
COzMe
MeO MeO
T
N
2
ol
Cl

CO,Me CO,Me

A\
Z
=
@
e}
Zz

0°Ctort o
(0]
(3 oo

Cl Cl
indomethacin methyl ester (72) 73 (51%) 74 (15%)
////
o Q Coy(CO)s
MeO MeO
A\ A\
3 0°Ctort
MeO N\ MeO N\
OMe OMe
75 76 (76%)
(OC)GCOZ\///
7
0°Ctort
rotenone (77) 78 (26%)
(OC)6C02>//
79 (2%) Co,(CO)e
29
COZ(CO)G
5 % A 40 °C 4 N
(microwave e}
© o "o irradiation) 0”0
OMe OMe
xanthotoxin (80) 81 (28%)
40°C
6 (microwave no reaction
irradiation)

ipriflavone (82)
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HN T, M ERER 2 RO HE IC O W T DMET 21T - 72 (Table 1-8) . 5t D #E, THI > 72 estrone, mestranol
& [AIRRIC steroid ‘B 1% % FFD estradiol (83)Tld, A aEER L CiEML L 72555k 84, 85,86 DAL, 7=
J = NEKIBE R O, 2 BOKIER: FCE#L L 2558 R X 2GS o e o7 (entry 1). 7 =/ — K
FEELIC DWW, ISR H E V&< 7\ T & D35ED eugenol DFEMLREHC B WCTHIBAL TWwW 25—
T, 2 MOKBEL S BRI A FAEDTAE L, SARREE IS X0 RIGHERET L Tw3d & F X b 5. Jaouen
5%, FKIC=2 7 ZARIGEM 72 estradiol DHRER(LZIT-> T2, Mo IE—DDOFFERDOHRL
BONTORVANRHRE R 2, EROFERIFONS & IT, FEEEMEMHBEINIZE o3l & v
IRTCTHEHTH® Y, HFEDWE L Jaouen b DIFEFMEZENLTE 2 —K L7 5.

I podophyllotoxin (87) D #FHEARIL 21T o 72 (entry 2). AFEICEHB W TIE, LD estradiol DFFE |35
7Y, KERHE I CEWL L =358k 88 D B MG L. S, RIICRA T W WK TH B T b,
7z, BRI ND LB I N EREVPEE WLEICIFEL T2 TH 5. MW
WX, oA K= aipsBUL L 27072 eFEzx b b, —J7, TBS RCKEEHE % (RGE L 72 &
H 89 Oify, HERLETEMRINLFLEE 90 gohi. CoZ e bKBEEDLAS 1/, 2/H/7
IV EFRRICRER AL EZbNS.

RRICERET 2 B U EREMEE N T OFEMRE 21T o 72 (entry3-5). F7z, 247 I F&Ff
2 colchicine (91) T, EIEZLAS, BTEHER MY X P F U v VR ECEMEL 25558 K 92 255
b7z (entry 3).

AV *x 7Y VEREZRD papaverine (11) T3 A V ¥/ UV v OEZRT ERIET 5 2 LB TFRERI NN,
e L CER L 72 iAER 93 DIKINE R HI82 2eTE T (entry4). 7ds, HWEAZFIMNT 2 L HED
it L 7=—7 <, WEEZMAZOWEETHIYAE O L2, &RIZIC 3T I v %FKfD chinomenine (95)IC

WCHEEARL % 1T > 72 (entry 5). Papaverine & FIBRICHIRE AR L e & ©, FEAERHE O T L

&

O

B E 703, HEBDNET 2DHTH 7=,
CNDDRERD S, Ta— L RH#, EET 2R L b HREEALATR 5 T L AVR

R
I Ntz £z, VYT URIWMT IV EROEEIR, AFMFTRITHRROERELIINETH - 7.
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Table 1-6. 16l EREEL % £ > AEWE TR/ Ny + D EREHAL
17 (1.5 eq) _CO,(CO)s
o N Cs,CO3 (10 eq) xf/___
L~ CH,Cl,, temperature K)
30-120 min
entry substrate temperature products and yields
OH " OH
I
1 0°Ctort
HO l ﬁ HO
\/COZ(CO)G . L02(CO)e
estradiol (83) S SR
84 (15%) 85 (23%) 86 (17%)
Co0,(CO)
Ny~ 0? 5
Rg H Q H \/\\\ TBS? H
0] B o) B (0] B
< o € o < o
2 ° : 20°Cto0 ° : ° : H
H - °Ct °© z H
: H 0 00°C - H o) (OC)GCoz/ H e}
///\/
MeO ; OMe MeO ; OMe mOMe
OMe OMe OMe
podophyllotoxin: R = H (87) 88 (28%)
podophyllotoxin: TBS ether 90 (19%)
R =TBS (89)
3 40 °C
(microwave
irradiation)
92 (8%)2
MeO l - /002(00)6 MeO !
MeO MeO
4 : MeO MeO ® C0,(CO)
SN e B - 2 6
CC o
MeO MeO ~ BFy
papaverine (11) 93 (4%)° 94 (62%)°
MeO l
HO
5 rt decomposition

N
e_l
(@)

OMe

chinomenine (95)

[a] 3 equivalnt of 17 was added.

[b] Cs,CO3 was not added.
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3

g4l o b Sk IS

ym

RKIZ Y T b RO BSEAL OBET 21T 5 72, ¥ 2 5L b RO BSEAMLIZEE LA T H 2 CAN % NMO
FHOZMEF LS D DD e, FEFDIFEMR L 2 EWEE N T, b BETEE RS EREF
L, TNOLDBBILINDIBER D -7, Z22T, T MELEYE L T eugenol DFFER 42 % H 4
DEALHIOBE 21T 2L & L7, FHEKR Q2 I1E7 =/ — AWKk EZF- 2 Lo, EFICBLI N
T, TOREHICEWTIERC ¥ a-v b RO BEEARLAET 3L, RIS S 7o APtk
INDTFIRERICBIL T, OIS TZ 5 L HE A T2,

Z OREHE R %773 (Table 1-7). ¥ 251 b EHADBFHALICH WV 5415 CAN £ NMO Tit, 7'm
SOV FNAR 96 ITEINE 2 LB ONAWHERE o7 (entry 1,2). RiC, U, ZELICXVERESH
X F LYY T IvEMuY a0 b EMEROREHRLIC O W T OMRE 21T o7 (entry3) *. KRIGT
X, BELyZa s a v PR OSSR L 138 2 AW = XL TRICHHETT 5 2 20, B sHHER
BHIFF I N, Lo Lad o, RICIIEHLT 20 cHIZE Ao ko7,

LLEDfER DS, oAl %M L7z, MatofE, 7o a3 -1 o {LRIGIc EICH W 535 TEMPO
OFF VT vE=Y LY TEMPO'BEs 2%, FREOICECTHW O a Vv iz 522 2t % RAHL
(entry4) ¥, X610, KIRERE T I 2L 25, IERIRRL A EL, 40°C TRIGETH 2 & T,

HIV% 86% & ) M WINE TR 2 Z L ITlI L7z (entry 5, 6).

Table 1-7. FigE AL O &R

OMe OMe
HO HO
conditions
X X
=~ =
Co,(CO)g
42 96
entry conditions yield (%)

1 CAN (4.5 eq), NEt; (1.0 eq), Acetone (0.01 M), rt, 80 min 23%
2 NMO (ca. 3 eq), THF (0.01 M), rt —A
3 ethylenediamine (0.2 M) —a
4 TEMPO*BF4 (4.0 eq), MeCN (0.01 M), rt, 40 min 57%
5 TEMPO*BF, (4.0 eq), MeCN (0.01 M), - 20 °C, 40 min 81%
6 TEMPO*BF, (4.5 eq), MeCN (0.01 M), - 40 °C, 45 min 86%

[a] decomposition

BBt I N7 5% b LiCkkA e a5 RO IS RL 217 5 72 (Figure1-1). 13 & A CDHHEICE
WT, FRRED S HWICETC T a S X AbRE 52 2 L ICHE L 72, —J7 T estradiol 35E K 106 T,
HINIEKINER TH 72, ZOREICHWTIZ 7 =/ —AMHKEEE DD 28k an, FREROML
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el eFEZ 5.

Il
N'o

(-‘-;02(00)6 O BF, _
/—‘—: (4.0-4.5 eq.) A
S -~ |
@ MeCN, —40 °C =z
40-45 min 97-106
=
— MeO CO,Me
N MeO T/ z ©
X
\ MeO A
97 (72%) 98 (58%) 99 (82%) 100 (91%)
COzMe
MeO \\
A\ 0}
N MeO
0 SASs
| ‘ MeO N\
OMe
Cl
101 (72%) 102 (91%) 103 (94%)

104 (85%) 105 (72%) 106 (33%, 45% brsm)

Figure 1-1. Halift & 172 s AL S F oo BB E

555 i /N

FHHE, Trosoasv bR 1T O EYEE N T O T e oL Fa kT, e L
TR VY L& IRINT 5 2 LT, FRA A EEEMEE N T OBHiBRECcH 72, ZoL %, &
fal 727 v v O 'HNMR Oty 7 MEZERT 5 L, Z DX 6-7ppm DfETH Y, #EE17 %
M 7-EMi 217 5 BRIc—2o DfElIc a2 L Ex b 5.

F72, 7oL F L a0 RO R LIZA F Y T v =7 LI TH 5 TEMPO'BE, THCRR < AT
I T EMNTE .
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F2E L o TIIF ARV T — KEHFT S Nicholas HE % F| A L 713 Nicholas i D B F

B o-TAF=ANY YT —F%HT 2 Nicholas i3 D A K & 5T

HHDHTEL 780K 17 LR M 0 LR T RS, B2 B % 0 5 A M1 )
TD2TRETmAAVFIAHHRERRECTH o7z, ZO—J7T, 17 3HE & G LR D HBF, 2357
HF B, ZOMEAPRIT 2720 L RNLTH ), 2 ok FHTHEIC X > TR

Tz, il 21X, podophyllotoxin TBS ether (89)Tl¥, HEIMRE & E 2 b5 C2 Lo Bk s
BIHl X 17z (Scheme 2-1). TDZ L5, RIEBEOMIMEEZ FAE L 7 WHT 72 e S SM D FAF I h 3
niE, X VEMZaEfECcCoERMEUSREZ EEZONS.

TBS? H TBSQ H

® - H
o - 5 \\\/\?02(00)6 o -
< o BF, ( o
o - 17 (1.5 eq.), Cs,CO; (10 eq.) o :
S H e H S

+ byproducts (desilylation products,

z O z
0C)sCo '
CH,Cl,, 0°Ctort, 2 h (OCe Az epimers...)
MeO OMe MeO OMe

OMe OMe

podophyliotoxin TBS ether (89) 90 (19%)

Scheme 2-1. #5{& 17 % F|F L 7z Podophyllotoxin TBS ether (89)E fit 2 (b D R o [ s

ZIT, YubiCX VG I N, SMERFIHLZZY av MERIBICER L7z, 513, Sl ci
LT 2 o-TAF ARy YT — F ZREEERICEAL 72 107 iz, Wkttt ) a il
ZIE L T3 (Scheme 2-2). ZORIGTIX, 7 FF v RHEY o-T A F =V YT — b 107 i
kT2l TRIKE18ZRCAF V=T LAF V109 %252 5720, ASBEOHE LB L Lixw,
Kave 7k, EEPHACTELZTo AT a L MEKCOICHTE 20 TlRAVWA L E 2T
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ROH OBz
BzO .0 .0 .
BzO -Bu PPh3AUOTf (10 mol%) BzO o
OBz = BzO OR
Z CH,Cly, MS4A, rt 0Bz
110
107
Au cat. HOR
OBz
Bzo/é&z OBz
BzO 0. 0™\ ®
*_n-Bu BzO Q
OBx £ //\/® S0 g
Au OBz
109
108 o o
0 - o]
Zn.Bu protodeauration N Bu
Au H

111 3

Scheme 2-2. Yu HiIc X3 7 ) avifbe A =X 1

Thabb, EEPHOCELAFAVET o XLy a L MERD £z, Yu DO W o-T A F
ARV YT =ML THRAEIROLND LE X7z (Scheme 2-3). T7abb, T H VLI LTI b
WAL oo TV F 2Ry T — b R LR 29 2B L, Chiceilii s E 52 LT,
PEHEGAR 107 & [FIBRIC, SRR ECOL L 22z RiE 12 ZRHBLzobic, EHEcHh A 113 L4V
7= ) vABEAER I BRAET D LE . BHRE AV 7<) vREAER 1 LRI 4 o
protodeaulation IC X W FET 2 LE2 NS, b, BiliL 724V 7=V v 31 IHERIELAYTD % 73,
HERICBETRGETH 2 AT VEDBEEL CW 2720, BTEEMEL, 8K 13 ERIGLAVWE
FRT.
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O
L02C0) 0 Coy(CO
R b S . P O/\\é\ 2(CO)e
Z n-Bu

H X
31 AuX n-Bu
29
(0]
Coy(CO)
Sy Sod)
n-Bu @V
x@ Au/\n—Bu
111 12
o /
0 O Coy(CO
P o>y £ 2(CO)e
n-Bu X N

~H Au
R—l(j/ I 13
=

Scheme 2-3. {EARGER

¥9, XML 72ik3K 29 D&% 1T > 72 (Scheme 2-4). Methyl o-iodobenzoate (115) & 1-hexyne % BHEH 7 v
TV VI Ko TEE LT AVF v 116 2137-D B IC, MUKGARIC X Y STREERI 0% 858 117 % 157-.

Z D%, KRB 1T LT, HF—E TR~ 0HE 17 2EH X €728, 29 BENETHELONDE DAT
Hotz. TDED, ARV EZELLT I A~NEE W ZOBLIC, TaoSrFLY a0 k16 &

EF X ¥ 32 & T,29 ZEWIET Z LI 7.
1-hexyne (1.2 eq.) o)
o] Pd(PPh3),Cl, (2 mol%) o
()
@om Cul (2 mol %) oMe 1M aq. NaOH OH
EtsN, 1t, 24 h, 89% MeOH, 50 °C N
' A 5.5 h, 99% N0
n-Bu
115 116 17
o]
COz(CO)G 77777777777777777777
17 (1.2 eq.), Cs,CO5 (2.0 eq.) o/\ o @\\/002((30)6
CH,Cly, 0°C, 1 h, <33% SN P BFa S
n-Bu S LA
29
1. (COCl), (1.2 eq.), DMF (cat.) T coan  meeemeeseeeseeeses
. o (1.2 eq.), cat. Co,(CO '
CHyCly, 1t, 1 h o/\\\/\\ 2(CO)e L HOTNS 502(00)63
2.16 (0.75 eq.), pyridine (10 eq.) \\ ' ‘
CHzCly, rt, 2 h, 82% from 16 n-Bu S A
29

Scheme 2-4. #A3E 29 D & Hk
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REE 29 BRSO NDT, RICEBMIEAER & &, HERNTF OB FIRE G %47 > 72 (Scheme
2-5). B 1 FICTHR 17 2 VTR WK CIEMiA Al T H - 72 naproxen methyl ester (71)% FE & L,
filii & L C PPh;AuCl & AgOTf X 0 F4E & 472 PPhAuOTf ZFH VT 29 Z# L& 872 & 25, KIGitiE
TUPREDINR CHHEMA 30 #1525 2 LI L7, £7-, 3K 20 & Mhtic X v G L s h=#ic
FOoNDEIERYITHLA Y 7~ v 31 bHEES N7, REIGHEH OEEIRGHE Y 1T LT
LT eI NTZ. —J7, AFAVvEFRRE I3 LAV 2~V v 31 BIG L 7ZRIZERY 32 D 10%DIX

CO,Me
O o
MeO (2eq.) (0]

Coy(CO
0N LAk PPhsAUOTS (20 mol%) CO,Me
- + 0 +
MeO ¥
n-B

N CH,Cl,, MS4A, 1t, 2 h Bu
n-Bu \/Coz(CO)e

n-Bu
\/COZ(CO)G

NS
<

29 30 (48%) 31 (68%) 32 (10%)
undesired product

Scheme 2-5. {3 29 % F|H L 7z naproxen methyl ester (71)D B REFEAL

WU ONEVEEFEZ TCORIEBYIN R ONAZZ L IOV TRUTO LI ICERE L. Thbb,
AREH ORI ESITH L4V 7~V v 31 O 'HNMR 2ERT 24V 7~ VERD C-4 (iofLsEy
7 M iZ 6.25 ppm & EREGHNCEBR X u7-. WEPERE 113 1%, 'H-NMR ICB T 21672 7 F 23 6-7 ppm {18
CHET2HERERIET 2 LBE—FHICBWTHIHLCwE 720, 4 V7<) v 31 IR R
LEZOND. Tz, FULZKIG2S 3 TIC Hashmi H1C & > THRE XN TH Y (Scheme 2-6), AFHISIG
DFRIRD AN =X LTHEITL TSR EEZLND @,

n-pentyINC-AuCl (5 mol%)
AgOTf (5 mol%)

dioxane, rt, 16 h, 93%

Scheme 2-6. Hashmi 5 1T X 2 &fEZFH L7724 ¥V 7<) VHEIRERK

I 29 2T E SR BRI F & gAY 32 OB REMELT 2 720, & filillio =z 7
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Y —= v 7 %{To 72, FIARKGEHC B\ TRV 72 PPhsAuOTS (X PPhsAuCl & AgOTS X 0 3L X 2 fildit ¢
HLY, BAF VOV TV P EREOA T v AT oA VvBEEHET L2 LT, KA nEHOMAAD
O A TS 5 L AAEETH % O
MEIRE R 2R3 (Table2-1). 7z, ®flfix, HlOSOCH S CHANCHHE L, HE &5 29 o +iIc
ML T3 (EERIES)., fLoMstcH vz PPhAuOTf IC DWW T, ERAMEE Z KK L CThofz e &
%, 10mol%LA F TG TERE LA d o 72 (entry 1-3). % 2T, X Uil %k 5 h 3 Sl % R
TR, Do oMBEE%E 10 mol%, %72V 4 Y F% PP ICEEL T, BARAV VY E—T =F v
DET 2T 72 (entry 4-7). fllED A v v 2 =T =F v ClOy DYf, RKIGIETFEM LRd o720 DD,
BF,, NTfy, SbFs DFRICIZ G IF5ERE L7z, D 3 DDfEIC DT 5 mol% £ CRiE % (K% L TG X
#72L A, SbFs, NTH D & & KL% TEfG 1257845 L, 10 mol% DK & 12IE[FSF D IE T HIY, R4
X CA¥ a W

KRG TROGINE R G 272h 7 v 2 =T =IO TliE 2 3 &, SbFs = NTfy >BFy >O0Tf @
IiEE 72 v, Z DM IF Hydrogen Bond Basicity Index (HBI)IC & - CEtHHC% 4. HBI I Hammond & I X
S TEFK I, OAcD HBI DfEi% 10,CTH D HBI D% 0 & LT, AV v EX—T =4 v OKHEMGT
FF —IHE > THIRPNICERE S N72ETH 5 2. HBI DX % 1% 1L SbFs (2.8), NTH (1.0), BFs (5.2),
OTf (3.4)T® Y ,HBI D43 /N X \» SbFe,NTH CRAFRINFELX G 2 7. Yu &1, PFHEAEI1ICHLTDH
— DT OB L 72 © ZBEEDIEKA o-T A F ANy VT —F ZHOW KOS 4 7 0
T2 ERDO—~2E LTHIF T2 S HBI D/hNEWwh v v x—7=4 i, Fik 111 o
protodeauration Z {23t L B A BHAEDIEE 22 & T, MGZRELTWwEEEZ LN,

RICEBMED Y 7 FIZ 2T ORET DT> 72, NHC #RCEVWETHE5HDH 2 Mes ) TV FE L
THW, ORIV TH o b X WINKEE G272 SbFe2h 7 v 2 —T=F v e LTRIGEIT-720
DD, MIGIZIZE A EET LD o7 (entryll). 2D 05, VHY FiZFR7 4 VB8] ©
HDHTEPTRRINT.

RIRIC 7 Uil & L CH V72 PPhsAuCl, AgSbFs % 2 LZ A 2 ICH W 7228, EH L DEHEICE VT K
JSIEIT L e Ao 72 (entry 12,13). 2D T &b, axfill & SRAMER /5 % F o Clui A2 R4 2 2 & 28
KIJGITITHHATH 5 Z L HBRE I NI,

BRI ORER, WO m IR L 72 —77 CRIEEY) 32 DKEZ i< 2 L ixTE ar o, HFE29 T
D EYEM N DERIIIITA 2 b DD, Bl 7204V 7=V v 31 LEHE 13 RIS LR 2 &2
YFE LW, ZORDEIERY 32 3FAE L R Wil E Hiz cikGh, T sz e L.
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Table 2-1. SefFiE L

CO,Me
6 o)
MeO ( 0

Co,(CO 2eq.)
O/\\\/\\\ A% catalyst (x mol%) OO COMe 0 (jijo\
X CH,Cl, (0.05 M), MS4A (50 mg) MeO ' 7 Bu " >
Bu tt, time < Soa(COs < So2(CO Bu
29 (0.1 mmol) N N
30 32 31
yield (%)2
entry catalyst x (mol %) time 30 32 31 SM recovered

1 PPh3AuCl + AgOTf 20 30 min 51 14 85 0
2 PPh3AuCl + AgOTf 10 19h 36 10 59 17
3 PPh3AuCl + AgOTf 5 19h 15 3 31 57
4 PPh3AuCl + AgBF, 10 30 min 52 12 72 0
5 PPhAUCI + AgNTf, 10 30 min 67 15 70 0
6 PPh3AuCl + AgCIO,4 10 7h 29 9 39 17
7 PPh3AuCI + AgSbFg 10 30 min 74 19 78 0
8 PPh3AuCI + AgSbFg 5 30 min 72 14 70 0
9 PPh3AuCl + AgBF, 5 3h 26 4 25 64
10 PPh3;AuCl + AgNTf, 5 30 min 71 14 68 0
11 IMesAuCl + AgSbFg 10 3h 12 9 12 73
12 PPh3AuCl 10 no reaction

13 AgSbFg 10 no reaction

[a] Yield determined by "H-NMR analysis with toulene as the internal standard.

o5 2 i EASREE IS O fod

¥4, Jeicifi~7- Hashmi & DG (Scheme 2-6)iICHE VT, o-TAFZARY VT — DT A F VY
ERIGT € F L VICEZ B L UCKRADBZL T 2 8EICEH L7 (Scheme2-7a) . 3 7&abb, ZORIG
TR X > T 118 22 S FhREIA 120 & 121 240, CO2008KIGT 22 TN BHELNE &H
Zbhd, L2Lads, 19 MENKETELNIZDATHY, 120 & 7 F A4 PRk 121 © St E
ElwnwetEZONS, EHEOMGIKOBEHINEDTHINIE, hF AT A FaLdasn il
R 113 1R 120 & OGS, 128 A EBAYEN NG T O BEREEMLICHBE S b LRGE L 72 (Scheme

2-7b).
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(a) Hashmi’s report.

o}
o = n-PentNC-AuCl (5 mol%)
/\/\© AgOTF (5 mol%)
A dioxane, rt, 16 h, 16%
8

very low yield

1
[0}
9.
\ OTf
Au(H)
120 121
(b) Working hypothesis

o (6]
COz(CO)G
0N Au catalyst (o
o Cp e —— ;
R \ C02(C0)6

X
Au(H)
120 113

Scheme 2-7. Hashmi & IC X 2 3] & & o E2ERER

122

29 DER L FIFRICESES v 7Y v 712 X o T, methyl o-iodobenzoate (115)

I 122 DE B R,
16 ZHW=T7 o bz iT52&C, TLFv

NExVEBALZOBLIC
a NN FEEERAE AL 72 122 #1572 (Scheme 2-8).

. MK AR, BRIEAL)IC A%,

TMS acetylene (1.2 eq.) o) 0
0 Pd(PPh3),Cl, (2 mol%)
Cul (2mol %) OMe 1M aqg. NaOH @é)H
OMe
| EtsN, rt, 24 h, 99% X MeOH, rt, 3 h, 66% X
™S
115 123 124
1. (COCl), (1.2 eq.), DMF (cat.) T e e
. 2 eq.), cat. ! '
CHyCl tt, 1 h @io/\\\/g%(co)s o So2CO)s |
2.2-16 (0.75 eq.), pyridine (10 eq.) N ‘ ) ‘
CH,Cly, 1t, 2 h, 82% from 2-16 oS i 16 j
22 T
Scheme 2-8. FX3E 122 O HHK
fev>C, 122 %\ T naproxen methyl ester (71) D FHEMAC 2 MGT L 72, 29 L FIBRICHFEMRLZTS 2
29% CiF b7z

122 XV AL/ F Y X F L vLEY 120 & )G L 72EIAERY) 126 23

ZTEZHDD,
29 DL Y b EEIGTEIEBYRAE LN SR L 72 Y, Hashmi

(Scheme 2-9). JEiC W T 725038

b DR L FARDRRIITFONL D > T,
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0N /\SOZ(CO)G MeO (2eq) OO CO,Me 5
PPh;AUSbFg (10 mol%)  MeO o, _
A =X
Coz(CO)s Coy(CO)s

CHQC|2, rt, 30 min NA
(NMR yield)
122 30 (64%) 125 (51%) 126 (29%)

>
<

Scheme 2-9. 3% 2-21 ZF[H L = EfeHAL

FeWCTERIX, AV 7<) v CANOBBTFEEOETZHIE LT, 74w h—F vk,

BOLINATARTHTAFVYORICEAT S EE LT (Figure2-1). EHICTINALTAXIE, 7
NATALIYATANAT L= 77 4=k, B LRIERYICHEA Y 7<) vorriix
BEHICT 2 HNbHFERFo. £/, YK RRFERIDINA T AR T HIEEICEY] AR TH - 7

728, C4F9, CeF13, CsF17 D 3 HEHDAZED A pk % 51l L 7=,

electronwithdrawing group

Cou(CO ) ) .
o/\\\/goz(co)e 0N £ 2(COs - -decreasmgl; electron dentisy of C4 position
— of isocoumarin
A redesign A fluorous tag
n-Bu R — separability of isocoumarin
29 127:R = C,Fo
33:R = CgF g
128: R = CgF;

Figure 2-1. =)V 740 7 ¥ V%2 EA L 72 #Fi SR

B2 %G L 2 A K A LT ISR T (Scheme 2-10). £ 37123 O TMS £ Z2RE LD B I, Fu b
Ko THMEINLEEA Yy ) v 7k, IVETRX 7% EAL 130 %G L7 130 % + U 7
A wv TR =R, KA ) v LOKERERIF L AR Vg 131 ~E koL, Jek Rkl
TINANEEG, TAaa—r16 ZERAEE 3 2L THMORIE 127,33 21572, —H T CsFi9D 7 A F
ARG HITAT N 130c FHUKDRDEIC A VA VIR 131 TlE7%RL, 4V 7=V v 132 LR

TN, Fl EAKIBNETDH - 72,
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[(-allyl)PdCl], (5 mol%)

o o Cul (22.5 mol%), IAd-HCI (10 mol%) 0
K,CO3 (2.0 eq. Cs,CO3 (1.4 eq.)
OMe 2C03 (2.0 eq.) ©)\J\0Me + l\/\R e OMe
MeOH, rt, 3 h, 95% DMF-Et,0 (1:2)
S ° S 1.3 equiv. sealded tube, 40 °C, 24 h X R
™S
123 129 R =CyFo 130a: R = C,4Fy (66%)
R = CeFrg 130b: R = CqFyg (67%)
R = GoF 130c: R = CgF;, (48%)
0 ©coch, (18eq) o = e :
DMF (10 mol%) N N !
2M aq. KOH OH CH,Cly, 1t, 1 h; C°2 CO) @ N \@ :
H Cl H
TFE T 16 (0.75 eq.), ;
50°C, 12 h R pyridine (10 eq.) IAd-HCI !
CHLClp,rt,2h R
131a: R = C,Fq (92%) 127:R = C,Fg (84% from 16) .
131b: R = CqF 15 (89%) 33: R = CyF 15 (85% from 16) ‘ ;
131c: R = CgF47 (not observed) HO/\\\/EOZ(CO)G
16
o o
OMe 2M aq. KOH (:ij\/ok/\
0 =
A ;QF!/E’ 50°C CgF17
CSF17 °
130c 132

Scheme 2-9. 7 V7 7 A % 7 %8 A L 72 3K 33, 127 DERK

B L T2 BT REREE 127 [ 0 33 @ S % FEAli L 72.  naproxen methyl ester (71)% ¢ & [FIERIC £ 7 L RE
ELTRIGEITo 72224, RENRTBLICHIYTHS308 4V 7~ 133,34 DA EEWIEET

% ICHRIIL, 4V 27~=0 v 133,34 & T A%y Y a0 b EMESKIG L 72 EI4 5 134, 35 126
INZmh o7,
cone
0
i CoyCO)g MO (2eq) o)
0N T PPhsAUSDFG (10 mol%) OO CO,Me o
+ o + —
N CH,Cly, MS4A, 1t, 30 min ~ MeO _ R
R LoA(CO% R Co2(CO%
30
127: R = C4Fy (99%) 133: R = C4Fg (99%) 134: R = C4Fq (0%)
33:R=CeF13 (99%) 34: R = CgF 13 (99%) 35: R = CgF 13 (0%)

Scheme 2-10. X3 127,33 ZH|H L 72 B R UGS

BT, FAFAT2EEETEA Y 7~ 133,34 28, JETAAT XAV 7<) v 31 LorEERTRE
PRRETZ T 272, 7T A2 ) A7V (FluoroFlash®)Z R L, A% 7 —n /K (1:4)BEHER & LT
SyBER AT (Figure2-1). L 23, CFo@ 70t uh— Ry izHol vy =) v 133 Cli{ V7=
VI LR TE BP0 2D, XYV RWIAF T REEFEO 34 TIE 31 LONHEERTT) 2 LT
&7, ULofiR»o, RE3I3 2milnilde L.
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inseparable

separable

Figure 2-1. 7 V4 7 2> Y A7 VR FIH U 7250 AR

%381 oS L & FREE A O Rt

2-methoxynaphthol (135)% € 7 VHE & L T, 33 2 FIH L 2 BRe b o itk ot 2 7o 72, B2 &
H2fiicB WMDY v X2 =T = A VBRIGICKRE B L2 52722 L b, RO 5 2 72 BFy,
NTf, SbFe D 32D AV v X —T =4 v 2 F Ot MET L 72 & £ A, PPhsAuNTE 235 b R W CTH
99 136 % 5- % 7= (entry 1-3). — /4 C, BAIT& LT\ Wil P54 % 52 Johnphos® & @& ¥k 5 [1E
% F§D triphenyl phosphite % Z N Z N V72 b DD, HIYDOICKIZHRE TH o 72 (entry 4,5). Fi\ T
FY 722 Vh AT 4 vOBEBREEZEE ST 228 CINEORELAATLL T 5, 400 A PR HEEA
L 72(4-MeO-CeHs)sP, & L <17 A Fd vtk A A L 72(4-F-CeHa)sP 2B T L7z & &, BWIKREZ 5 2
2R L (entry6,7). 51T, WL LTy 7nu X a2y ci3Rlyr7aunz i vifnws
T, FRNIHAL, HEZSCICE T2 C LIClII L 72 (entry8,9). AL, ~uZX vHARL, ~
FH ULV IFAI—TATERIGIEIFE A EET LR 57 (entry 10,11). T4 5 DFER 25, entry9
FREEME L, b, entry6 LUED NTHh 2 A0 v 2 —T =F v & L&z, ERCRE ik
TH 5729, HERAUCTEALS BOPLLOAML TREL T2 b D&z %
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Table 2-2. A3 33 ZF|H L 72 b Sttt

(0C)§C0Os . o
/\/ H 1
33 (1.2 eq.) | 9 |
2eq. ! !
OMe catalyst (5 mol%) OO OMe | O/\\\/\E}Oz(CO)S |
solvent, MS4A ‘ ‘
rt, 15 min 1 A C.F 1
! 613 H
135 136 : 33
entry catayst solvent yieldof1362 (%) T
1 PPhsAUC + AgBF ,° CH,Cl, 1 ! O !
i PtBu, !
2 PPhsAUCI + AgSbFy CH,Cl, 37 ‘ 2
3 PPhsAUCI + AgNTY, CH,Cl, 79 : O
4 JohnphosAuClI + AgNTf, CH,Cl, 41 ‘ ohnoh
ohnphos
5 (PhO)3AUCI + AgNTH, CH,Cl, 44 L
6 (4-MeOCgH,)sPAUNTY, CH,Cl, o1
7 (4-F-CgHy)sAUNTH, CH,Cl, 85
8 (4-MeOCgH,)sPAUNTT, CICH,CH,CI 97
9 (4-F-CgHy)sPAUNTF, CICH,CILCl 100
10 (4-F-CgH,)sPAUNTF, hexane 5
11 (4-F-CgH,)sPAUNTF, Et,O 7

[a] Yield was determined by 'H-NMR analysis using mesitylene as an internal standard.
[b] 10 mol% of catalyst was used.

WAL L7 &2 R L <, HEEAEORET%1T 572 (Table 2-3). 7 XL v ® C2 (D&l %,
T AT —TN137), 7= AT —TA(139), NVIAI—TA(14]) ¢ LB TIE, KGIRMEE A
CHETT L 72 (entry 1-3). RIC C2 (@KL %Z X b F S RICEE L, C6 MLIckk% @ik #EA L 7255
EAFICOWTHET 21T o 72 (entry 4-6). 7 U A& FFORE 143 I3ARMIGSMET, Cl E#AE 5 2
72, E72, TUEE (1459 T v FAEAAY L Vo R EREE D ALMIITR L. A, C6 hiic T mE
2O 0 MEKIEETH 72 b 0D, KL LTHFIP 255NT % 2 & TICROSEEICHIIL T3
7. HFIP I, flil+ 4 7 LD protodeauration DIEFEZ I L, MEIFELZ SO T b LEZ LD %
FevC, SR 17 2RI L 22 &FECIIERIMEAREEEC©H o 72, BED L IFHRICHIBUR BRER 2 Ko
HHICOWTHE 21T o 72 (entry 7-11). WRETOMIE, ARG IR ICHBE L MOM A (149)%° Boc #(155)
FROREICE L TH HIWR R RICR oz, 72, TBS & FOHE 151 ks T, RIAIF
RINKCRIEAET L 72, 7o ds, B2 CRIFE L 72881617 L iREE £ o v 2 2 FIH L 72 G EIF o5&
INoDHIPDPERIZRE KT L7z, BRICIEFEICE W TMS T — 7L 153 2 v 72856 T b RINR 2
O H RS C LIS L 7z, RIS EUH7: Fmoe FE & FFOME 157 Tk, ARG gL <
N D KME 72 S T KT L 7z,
REHE~T a BHEBEACEGDCH L COEHRETH > 7. T7bH 3-methylbenzofuran (159)%° 3-
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methylbenzothiophene (161)iICxf L C bEHAHETH Y, C2 (A EREIE(L S N2 FEA A2 & L ITHI)
L7z. %7z, N-methylindole (59)ICEH & 272854, 3 M CEH: L 2358k 60 Z LANTFIR L 725 X 0 B
RWINETHS Z &5 T& 72, 1-Methoxynaphthalene (163)% 345 & L CTHIF L 7284, 3 2 DiFEk)
bz, Thbb, 4t 2fiTENENELRS N-FHEMK 164,165 &, 2,4 fi7ilj 5 CER S W7z FEAK

166 2315 5 7=,
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Table 2-3. F&/BT 6 FH4:

! o :
33 (1.2-1.5eq.) Cox(CO) O/\\/foz(co)e}
N (4-F-CgH4)sPAUNTY, (5-20 mol%) o e ; N 3
FG— FG S : _ :
= DCE, MS4A, rt, 15 min = ; X cF !
' 6" 13 '
] 38 ;
Entry Aromatic substrates Products (yield, previous yield?)
(OC)eCo;_
! 137:R = Pr Z 138: R = iPr (96%)
OR
2 139:R=Ph OR 140: R = Ph (96%P)
3 141:R=Bn OO 142: R =Bn (96%)
0C)sCo
4 143: R = allyl (0C)eCos 144: R = allyl (94%)

OMe
5 145: R = Br OMe 146: R = Br (90%")
R
6 147: R = COCH,4 OO 148: R = COCHjy (74%)
R

7 149: R = MOM (00)60‘12\/ 150: R = MOM (58%, 14%)

OMe -h=
8 151: R=TBS 152: R = TBS (100%, <33%)
RO OMe
9 153: R = TMS OO 154: R = TMS (31%, decomp.)
RO

(OC)sCos,_

/\/
10 OMe 155: R = Boc 156: R = Boc (76%°, 16%)
1 gN 157: R = Fmoc OO 158: R = Fmoc (99%b)
1 E;E\g 159: X // Co,(CO)g 160: X =0 (78%)
. F oY= o..b
12 X 161: X 162: X = S (69%°)

C02(CO)5
13
59 60 (69%)
OMe OMe
QVe COZ CO 6 \/COZ(CO)G
5 CO O CIy
COZ CO \/COz(CO)G
S
163 164 (69%) 165 (21%) 166 (8%)

[a] Condition: 17 (1.5 eq), Cs,CO3 (10 eq), CH,Cl,, 0 °C to rt. [b] DCE-HFIP (10:1) was used as a solvent.
[c] Yield determined after desilylation.



Table 2-3. ZXEFEHTE (continued)

i o)
33(1.2-15eq.) Cou(CO ; O/\\/E;Oz(co)e ‘
N (4-F-CgHq)sPAUNTf, (5-20 mol%) e T : N 3

FG7 FG— N ; _
= DCE, MS4A, tt, 15 min & 1 N !
' CeF13 :
b33 . ;
Entry Aromatic substrates Products (yield, previous yield?)
Iy oo Iy oo
15 MeO MeO

naproxen methyl ester (71)

{i=C0(CO)g

16

MeO MeO

O-Me estrone (25) 26 (53%, 45%)

OC)6002

CO,Me CO,Me
MeO
\ S
N A
17 (OC)GCOZ
Cl

indomethacin methyl ester (72) 73 (42%P, 51%)

OH __

18

MeO

mestranol (51)

TBSO

19

podophyllotoxin TBS ether (89) 90 (21% (99% brsm)®, 19%)

= D e

guaiazulene (167) 168 (37%P)

Coy(CO)g

<=

[a] Condition: 17 (1.5 eq.), Cs,CO3 (10 eq.), CH,Cly, 0 °C to rt. [b] DCE-HFIP (10:1) was used as a solvent.
[d] C,O-disubstituted products 55 and 56 was also obtained in 16% (see the experimental section).
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AR 17 LRI v v ARG ERE, SRR AEME D T O BREEAL S WIRE T H o 72 A%, G 33
b E72% K DM EKEZ RO T OB WEETH 572, X 51T, indomethacin methyl ether (72),
mestranol (51), TIIFEOLGEL R S, LA L 72 FiE X 0 BRI 25 cERRREMLETL Tn 5
T L AIRBE N7z, £ 72 podophyllotoxin TBS ether (89)1%, LARTD M CldKEE£ > v L DRI X 3
C2 Fr 0 BMAL S & 72 28, RS CIIEE SN d o 72, £72, guaiazulene (167)D B HERAL b i
L 7.

54 fi Fl AT Y 7 (7 SRR P A

EVREES T O REETETEMBIIGE 2 17 9 BRic, Rl iAo EETH 2. Zokd, HHOHE
Mk % 31015 3 BUGEME I, BEEEHEmR B W CEMTH 2. 20T, HEEHEHEBI%
I, OB R E R U BN TR AT ) Bacid, SEARH—OFEARO A ERERIICHE S
LIICHMNREE L\, 2D &hb, EROFBERE —FIF 5L, B—0iFB ko2 oNn 5
iS22 L IZEETH L. EfiC Romo 5%, %A 2 Z & T gibberellic acid methyl
ether (169) D /KIEFLIC I T 2 EBRMEALHI G L 2 L ICHII L T 5 20,

N2
oy
4
Br © o
2eq) .

5 mol% catalyst, CH,Cly, rt
Rhy(esp), 170a/170b = 50:50

Oy O
4
o
Br
Rhy(OAc), 170a/170b > 95:5

gibberellic acid methyl ether (169) 170a 170b

Scheme 2-11. Romo & IC X 2 il 771 70 7 & 58 R M o il 1]

#FH X Romo b DMEESHIC, HBOFEEIMFONTZHEICE T, A ZH T2 & C#E
HHRME D HIH 25 A REDMRET 2 1T o 72 (Table 2-4), FRETDHKEHE, 1-methoxynaphthalene (162), indomethacin
methyl ether (72)D & ICEREERSFIHCE 2 2 L2 /AL T4bb, Miiory v —-T7=Fv%
NTH 225 SbFe~ AW T 2 Z LT, RICDOAEZERIEHSZ(L 72, 1-methoxynaphthalene (162) Tl 5L
LTHELNTOWFHER 163 22X DV EWINETHLNDS X ik >7%—77 T, indomethacin methyl ether
(72) TIRFER 73 D APBIRWICHEOND X ) IChoT. L, DAY v & —7F =74 v % SbFs~
EAZ DT LT NTH & L CRUBHEDME T L (Table 2-1 2H8), X 0T LT WRIGHAEIL L 7272
WIEEFEZOND. DX ICHEEREZ G332 Fi51%, Romo & A%R~ 2 X 5 IS A BARSE
RN THRBEMAOBIE LICEETH L. T2, h U v X —T =4 IC XY Nicholas It DFERME%
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TG L 7= i3 fic 237 <, AW DTRELZBHRTH 5.

Table 2-4. flZZ ST & % A7 EERTE O il

OMe OMe OMe
OMe 33(1.2eq.) Co,(CO) Co,(CO)s
Au catalyst (5 mol%) OO OO o002 6 O \\/\\
+ % +
OO DCE, MS4A, rt, 15 min
Co2(CO)e
162 S /\?02(00)6 NA
163 164 165
yield (%)
Au catalyst 163 164 165
(4-F-CgH,4)3PAUNTf, 69 21 8
(4-F-CgH,)sPAUSHF 73 12 9
(OC)SCOZ/
Nz
Co,Me CO,Me CO-Me
MeO MeO MeO
AN 33 (1.5eq.) \\/ AN
o, N
N Au catalyst (20 mol%) + (0C)eCOy N
le) DCE-HFIP (10:1) (0] o
MS4A, rt, 15 min
cl cl cl
72 73 74
yield (%)
Au catalyst 73 74
(4-F-CgH,4)3PAUNTf, 42 45
(4-F-CgH,)3PAUSbFg 78 trace
58T 7y FUEAEE 2 FIH L 72 B L St D bl s

o 1 555 4 fiCRAYE L 7z, TEMPOBF, % i\ 2 5¢ffid, BT RELGTERFET TS 250 FEEED

ALK AL MBS L CGEIT T 2 A RS Cd o 7.

ZFD—F7T, KL TcRIGEITbR FnIE %

bRz ®, XU ERFECOREAR(LAREE R, ESFIHEINIEM 2 E2L2 5.
TBAF 12 U® & L7k 7 v BRI 1L, P a v ERE2 T L3y~ BT 3380 —>oTh
2 3069 AL 7 v FEALRIE 1M A RBLFITII AW, BTEE AN EBRAEORLEHICBLTLY

AN AL RETH 2 L E 2 b B, EBRIC, FEE2RE L -/ %E (Scheme 2-13), DMF & THF

DIRGRES, TBAF % MG X ¥ 352 BT, 136 DS L3 EMp o eIt EfTL, Trsn

17l 2155 2 BT, T-ARKFHEE,

BRI 2T o 2RICHEEZIRE L, F—7 722l
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TR ZIT O 7 v Ry b IR MY —~LEHT L LDRRETH -7 Thbb, I rz—T
V151 1E, BREEALERIC TBAF Z W72 L2175 2 & T, Wi U AL d FRFICET L 72 7o
FATAI—V172 %5 272, X 51T, naproxen methyl ether (71)d 7 B S FAALIK 100 ~& 7 v R v
FCEL ZEAHHETH o 7.

a) decomplexation with TBAF

-
N\

'’ /
Cox(COs ~
OMe TBAF (3 eq.) OMe
OO THF-DMF (1:1) OO

0°C, 3 h, 80%

136 171
b) 2-step propargylation in one-pot procedure
=
33(1.2eq.)
OMe (4-F-CgH4)3PAUNTS, (10 mol%)  TBAF (5 eq.) OMe
TBSO DCE, MS4A, rt, 15 min THF-DMF (1:1) HO OO
then evap. rt,3h
151 172 [100% (one-pot)]
=

33(1.2eq.)
OO OMe (4-F-CoH)sPAUNTH, (10 mol%) TBAF (5 eq.) OO e
MeO,C
2 DCE, MS4A, rt, 15 min THF-DMF (1:1) Meoe
then evap. n3h
B 100 [81% (one-pot)]

Scheme 2-13. TBAF % Fi\ 72 S 4{t & one-pot TD 2 L7 m v Al

556 ffi /N

EH, MIEROBCETT AR 7 2RI 33 2HICAKL, ChERMT S C L TRMA%
T oFEHEAMD BRI ZER L 72, 156 hzikdi, &fiic X - it h, tko=a7
A JOGEM TR BRI ANEECH o 72, BIEICHBR B IC S EHRECTh o 72, I 51, AFIEIT
Bk % I BIEAYREE D IS EAMRECTH 0, FEIC X o TEE 2 BB TEHEV T L 7250 &
DB ECIRTHIE 5 272, & b, MREN I EEREEZEcE s e 2 /AL, =37 &
FIGIC BTG A v v 2= F4 v R ERE KRB 2R T e 2o ic L, —77, Bish
LSt & LC, #i7z1C TABF ZHH L 725Gz FAFE L, one-pot TD 7 B L F AL~ EIGH L 7z,
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F3E TFIO-NIINT BEERIRNE S 7040 7 A FIAL RGO RF & IHH

518 R oS

7 v RIFEFIL, KRICOONIRIEFERLEWERBEEZR ST 2 0 VR TH S, 7y RET
F2p LB ICIELEE TN Z2E L, BERRICEL AT AV (oW VB H T4 V)& IEIEE R o
HICX o TRENIS R, a-IAFAhFF v ORIEHEZNE ¢ 2 =— 27 BFEEZ RO (ah). K
KFEOHN SR OMWEEFIHAT 2T, Y7rtutrL 74 v EFIHAL ST Friedel-Crafts )G
#BHF L T3 (Scheme3-1)!. KRG, Y7 A0Fud L 74 VICX o TAHAF AV HBLENLEI NS 720,
KRS T ELC D ICHEIT T 5.

(a) property of fluorine

2 '/\ 2 @
R R
Rl F ~——— R1tF

a-cation stabilizing effect

(b) fluorine effect in Friedel-Crafts reaction

o o TS °
=
Ph Tmsor Ph ‘ Ph
CF — CF —
2 0°C,0.4h @2

J

(0] o
Ph TMSOTY Ph
H - -
CH, refulx, 0.5 h

Scheme 3-1. 7 v E D a-I VAR B F A4 v icH 2 25015

FHEZ, Ya s MEROBHERFEICAE L ZIARHF A v ORIEHED, 7y BFRTOEAICK o> TE
L3200 ER o7, THET, Ya v MEEOBHEKERIC 7 v FBET2EA L Z O RIGHE % BE
L2 IEEEVHBRY nnied, 320 X5 REERSEGRATRE B 21T o 72, et OfER, Sk
BRIy 7 rAtu 7a uEFr7u I FiFEk 36¥ icxf LA 7 2Ry a o ik EEH S 2
2L, Vann k3T AELNSE & xR L7 (Scheme3-2). $5{k 37 IZIRRH L E REEATH D,
BEt oM R, Bile L b ROMGICHIHT 2 2 L BARETH o 72, X S ICAREHAIZ IR I X - TiF
PEALRIBETH b, phenylethyl alcohol (173) & It L, T—7 4 174 4K L 72, £D—J5T, naproxen

methyl ether (71)72 BT EHERAHR L X2 KIGET, 1RO =23 7 ARG L TR - 72 % #F
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DI LRI N

(a) Synthesis or complex 3-2

FF FF
Br>\ CoaCO)s /COZ(CO)S - Stable in solvents
S Tips CDClg, rt \TIPS * Available in situ
36 37
5 =-35.5 ppm 8 =-27.7 ppm ("°F-NMR)

(b) reaction with complex 3-2

Chia 50 e wlT ™

 £02(CO)s
&

-— No reaction
TIPS AgOTf T|PS AgOTf
174 37

Scheme 3-2. K37 DA ETAra—A, HEREDONIG

AT, KL ORIGIE, KISEREICX > TED T -7V 174 MBS L CEKRT 285658, =27
175 DEIEST A D 0 YYIERMEICH 2 S 572 (Scheme 3-3). METOFEE, REOMIP 2 IC
Lo THONIEBYIVENT L2 /AMLE. ThbbBEEEZVvEYE L, KIGEE% 20 °C T
1o 72586, TATA1IS BEEBYITH >0k L, KIGEES 30°C & L7=5E&, =T—T 4174 5
FAEBMCH L2 AL 202 e2b, MGREICKTEE T, Loz —T7 A 3@8ENicfons
FrORKR T o 72,

o
AgOTf (1.5eq.
(j\A . a x Cop(CO); _AJOTF(1-5eq) ©\/\o )K Coa(CO)s
OH

o XA
TIPS bg?/zene 20°C S TIPS
173 37 ° 175
(1.5€eq.)
AgOTf (1.5eq.) RF
©\A * Br K/COZ(CO)S — O>&\/(:;02(CO)6
benzene, 30 °C XX
OH TIPS posb TIPS
173 37 174
(1.5€eq.)

Scheme 3-3. SOGAE ) O AR

5 2 i OGS R L

T NVNITFATAIA—NEETAREL LT, BRI TI—TV 174 23d oL 3 RVIE TR LN
3 RS BET L7z (Table3-1). 7ods, AMeHcEWTERE 1L, 1525 EoREIECTH 5. Jeicah

7Y, $ERITIEN Y Tt m X 2y 2k VR (AgOTHIC X VGt LrlRETH H, RvEY, ¥7
oo A xR CTHERORE L KIG LT (entry1,2). L22L, Tz —T 1174 ZIZ LA EHONT, &k
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IR XS5 I AT 1T B3 FAY & LT LT,

Table 3-1. SefFiE L

37 (1.5€eq.)
AgOTf (1.5 eq.) R F o}
©\/\OH base (1.5 eq.) ©\Ao>\ o200k, ©\ﬂo M £odCO%
173 solv. (0.1 M) 174 TIPS 175 \TIPS
0.1 mmol 10 min, rt
yield (%)?
entry base solv. 174 175 SM

1 none CH,Cl, 0 76 0
2 none benzene 5 69 0
3b none toluene —°
4 EtsN benzene 85 0 9
5 EtsN CH,Cl, 88 0 0
6 Et;N toluene 99 0 0
7d Et;N toluene 85 4 0
8¢ EtsN toluene <16 0 34

[a] The yields were determined by 'H-NMR using mesitylene as a internal standard.
[b] MS4A was added. [c] 175 was only observed.[d] AgNTf, was used instead of AQOTf.
[e] AgBF4 was used instead of AgOTHf.

HEMDE L LR WEHIC DWW T, Tara—ne 37 BRIGKRICAEL S P ) 7t a X v 2k Vi
XY RICRTFREEL Y, 7 v RIETF2WHEEL KD TFOIMINT 2L CTRATANREL B LEEL
72 (Scheme3-4). Z DG, FEELEH Y Z7un X2 2 v T3 7 v RFEFOMEESEZC h 3L, =
AT NDERHPMERT 5 —/7 T, FEEMMRCGABTH v E v TlE, OGREIC XY B ES
NEREREDAKT S 2 ZoEH» D RISERFTOKERL 2L THWYIZBONE LEZ, ELF¥a T

— Y =7 ORMERET L7223, T—T V174 %2155 2 L 13 TE b o7 (entry 3).

o-H
RF o o) HEX R F) F

R. K 02(CO)g KCO (CO), @ Coy(CO

o i/\\ R‘O 5+§/\ 2(CO)s R\O)\\\/\ 2(CO)s

TIPS Tips  -HF - STips

174
F OH o}
H20 R\QQ Co,(CO)g R Co,(CO)s R :
o] i/\\ T T 0N, P 1
TIPS STips
175

Scheme 3-4. T ATV 175BlED A H =X L
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Z T CRICRFOBELZ CHR T, B TH2 EN 2i/MLZL 25, TX7 175 OHEIEIRIZ
EAETERINT, HNOZ =70 174 25 WICE TR 5 2 LI L 72 (entry 4). B ZRvE Yy, ¥
saaAxy, P VOIFEICOWTHEI L7z A, PAVZVYDRRETH 572 (entry4-6). FREAIE
% AgNTH ICEF L 7256 CIINER DT 2K T L (entry 7), AgBFs ZFIH L 72 85&KI)IG23584E L 72 20>
572 (entry 8). TN D DFERD L, entry 6 ZIESM & L7z,

38 HELE AT & ALEREIC O WT

ATETIC CRoBfb L 72 &tF 2 TSR BREZ o T v a— v o — 7 AL %85t L 72 (Figure 3-1).

#

, IEREEREE ZFF OB IC O W THET %17 > 72 (Figure 3-1a). A F ¥ HL 7 v i e fio 7
T AFAT N a—FHERE, BOICRCTHNOZ—T A 176,171 25 27-. £/2, =T—71 17613, 1
mmol A7 — AT, IWEEIHL ) Z L ARAIEETH o7, METRKIMEEFF>= kT, X

DIV A AETH D AINTHARFIHAT 2L T, T—TNM1T8 5272, RV I AT a— LiFEkY
T —TMURTRETH - 7223, HEIY) 179, 180 DULEITHIEE TH o 72, Boc 5% Fmoc 2 &\ o 7
BRICHOVEREZFFOHED, SWIEECTERALAAEETH Y, ZNZ 181,182 25z 7=, {3
DYUBAMECT L TIH/T A I—NDT =TV 183 DELEER L 72, O, HH L L TEGN Tk
72 { DTBMP Z H\, HHEMEIC X 2 AgOTf DI T 2 < C & <, IEom LR bz, 7z, TIPS
HoRDLYVICTZT 2= VETEBRLZY 7 v4An T e v rre I Fyau Mgk 184 2 w7286
ThH, T—T V185 %135 Z LDR[HETH - 7=,

BT, REMEREZIEERFOT L = IcH L =T b % 1T, ARG DILEERMEIC D W T
Wz % 1T -7 (Figure3-1b). 4 ¥ F—n, v YUYy, 7=V v, Ok 5 AFHOREEERE2Fo/-RE
X, TAa—L BRI — T AL ET L 72 (186-189). X HICHE=MT I v, BT I v, FH—
W7 v ERFEOEETCI ATV a - ERINICKRISITETL, ZZnE LT —7 1 190, 191, 192 %
23z lliL. b7 =) v, €U Yy, BT IV, BokT I v o E TR, kL
LT DTBMP %3 Z & TINEMM L, F=W7 I vaefiof ik, iEzimes e ¥t
—TABEO NI, 3T I Vv ERORE R, HTHOT I v ERoRD Y IEAL 27201, o
BNBAECTH o7z FEZ2bNDL, 72/ —AMMKBEECAHL 7 4 v, BTEERSEREZFFOMEC
by, T—TALMEL 72 (193-195). 25t £ d Nicholas KIGTRIGHI L L THE D H 2 BHeH T
H5. & L GHE D Nicholas UG TIEANGT =Y LUK T 22 & THIbNS, AVT 4 FEHEZFROR
HIZBWTh T =T ALAER L TEITL 72,  oEW &R0 B IZIRE S 2122 o TR\
25, 7yROEICLY) ZDX D ERENFEHEL CW2 2 L IIWHL2TH 5.
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REIGFECT AT = VEREZRT L0, 73 BRFERSL AV T8 L < s g
WA L 72 (Figure 3-1c). AL A= VEFHK 2250k, T—F1 198 5N 7=—HT, Y_7F F 199
TREE?DHL, BHIZE{BoNhr o7 Y_TF ¥ 199 350f# L 72HHICoWT, k371
TIFERIEL, ANLEREBIDBHRONTRICHR L2707 e HFER LD, EEHToFe 74
UV TCIRREFRIEECTHWY) 200 2155 2 & iIClIL, REYIEF 740 b Fo v, IeveviciL
TOREHIZEATRETH Y, MET2T—T12001 L 202 %527, L»L, 7077/ 0—1 (203)
DI —TMUITHET L e o7z, SRR L =27 I ) 7T ra— Ak 2 R L, R3EK

Gl eFEzon s,
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AgOTf (1.5 eq.)
Et3N (1.5 eq.)

JEN )& C0,(CO)
FG

T|PS toluene

o& Coy(CO)g

rt, 10-90 min S TiPs
37(1.5 eq.) ! 176-202
(a) substrates containig non-nucleophilic groups
O,N
MeO MeO
\©\/\ F>< Co,(CO) K S
Cox(CO)g K 02(CO)s
N B
074 r

TIPS TIPS

176 (84%) 177 (84%)

1 mmol scale (91%)

R F
x Co,(CO)s 0 0e(CO0s
TIPS S1ps
MeO FsC

179 (64%) 180 (63%)
MeO
FmocN \©\>< FF
K Cox(CO)s 0P o0
AN
S1ips TIPS

182 (85%) 183 (64%)P

(b) substrates containig nucleophilic groups

N
=
| E F
QQ\A K Co,(CO)g E,\lj\/\o&ioz(co)s
STips TIPS

186 (47%)°

Me,N o >K/oo2 (CO)s
@ TIPS

187 (58%)°

/\
CL & Cox(CO)e
(0]

TIPS

189 (60%)°: f 190 (76%)9

OK S HO\@\/\ "\
5
S1ips OK C02(CO)e

%

192 (62%)° 193 (41%)  FS

FF
MeOD o /002«30)6 MeS 002(00)6
N .
MeO @ TIPS @ STips
195 (90%) 196 (84%)

TIPS
178 (60%)?

BocN
K Co5(CO)s

STips
181 (89%)

@w x Cox(CO)s

185 (94%)°

C
Qﬁox Coy(CO)s

STips
188 (83%)°

Phy 1R,
% O\OK/C% CO)

STips
191 (64%)"

MeO
F F
. C02(CO)g
4
TIPS
194 (84%)

MeS._~ o K Coo(CO)s

NHBoc TIPS

197 (69%)

[a] AgNTf, was used instead of AgOTf. [b] DTBMP was used instead of EtzN. [c] Reagents were used at 2 equiv.

[d] A phenyldifluorobromopropyne dicobalt complex 184 was used. [e] Reagents were used at 1.2 equiv. [f] Benzene was used instead of toluene
[9] EtsN was not added. [h] Toluene-CH,Cl, was used. [i] The product was isolated after acetylation of the amino group.

Figure 3-1. FLE08 F
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FF AgOTf (1.5 eq.)

Co,(CO Et;N (1.5 eq.) R F
ra Mgy + Br& 200k o Coa(CO)e

TIPS toluene

rt, 10-90 mi TIPS
37(1.5 eq.) min 176-202

(c) amino acids and bioactive molecules

X\mw%
N | \>
NN S Tips MeO T]/\NHBOC VL 002(00)6

NHBoc TIPS
198 (50%)° 199 (dcomposition) 200 (86%)"
FF
\/002(00)
H S
o STips
4 o)
0 -
© - ‘ o J_A
MeO OMe K Co,(CO j/
. MeOZC 2(CO)e
TIPS
201 (61%, 99% brsm)®: 202 (74%)% 203 (dcomposition)

[a] AgNTf, was used instead of AgOTf. [b] DTBMP was used instead of Et3N. [c] Reagents were used at 2 equiv.
[d] A phenyldifluorobromopropyne dicobalt complex 184 was used. [e] Reagents were used at 1.2 equiv. [f] Benzene was used instead of toluene.
[g] EtsN was not added. [h] Toluene-CH,Cl, was used. [i] The product was isolated after acetylation of the amino group.

Figure 3-1. JLE B M (continued)

5 4B EE AL o RET

fFonizyarn RIS i YV M ic X Y, SFERGERICEWCERZ LI Y
TG T aoOr XA LR A[RETH 5. Schreiber HIFTAF VAT Y AFTEBEL 2P 2L b
FeiR DRSS L & i ) ALy TBAF I Xk o TRIFFICETT 2 2 L 2WiGE L TH Y 0, FFD T hicH

WRIRY 7048 7a S FL T —F A ~DE RS L 7.

I—FA195 2ETAMEEL LT, HUOY 7t un 7a Sr XLt —7 A 204 250K TCE LR
S % et L 72 (Table 3-2). Schreiber © D5 L [FEkIC, TBAF % THF S ¢7-& 25, HEIZ
DET D DHRTH o7 (entry ). THIIFIH L 72 TBAF O THF ISR ICHIET 2K FIc X o CTHRET
LZT7naxy M, ERLERmY 7 vt e XV X2 B L2707 E 2oz, £ CHE
KDO7 vtA A viEe LTHWO S TBAT ZHWTKIGR{T272& 25, HIWYZKIE TS 323
%2 ICHE L7z (entry 2). X 51T TBAT [FERICHIKD 7 vk 4 A+ v e LRI &% TASF %
Mo Tiigtz{To72& 25, THF W CIREEV DT 2DHTH o7 b DD (entry 3), T F=F VL
HORIGEIT) T THREODINKTHNDOY 7 tn Fa ¥ Lo —F 1 %2825 2 LICKIL 7
(entry 4). BBEICOWTDMF, Y27 BB XX VICOWTHRETZ2ITo720 DD, B RIE 24 L 15
LN WEERIC A 572 (entry 5, 6).
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Table 3-2. 7 v #ALEASE 2 M L 22 gl iARAL & i s U At o gt
FF

FF
Meo@ O& \CO2(CO)6 F- source (2.0 eq.) Meo@ o>\\\

AN
. TIPS
MeO © solvent, rt, time, yield MeO

195 204
entry F- source solvent time (h) results

1 TBAF THF — decomposition
2 TBAT THF 12 204 (29%)
3 TASF THF — decomposition
4 TASF MeCN 2 204 (48%)
5 TASF DMF 3 204 (7%)
6 TASF CH,Cl, — decomposition

LLE oGt 2 6, 1| TRECOBsEAR & i U MED b2 SR EICGEA ¢ 5 2 L i3#L v e
Wil7z. 22T, BBRL el ) ALz BRSRICAT 5 2 & & L7z, WETofEE, CAN % Flv Cliidifk
tzfTo7-Dbic, KB T T TBAF Z{EH &€ 5 2 LT, B4 REEOBsEARL L s U AL HRET
HbZEERHLZ (Figure3-2). K&, ArxvT7Lr—v, 37 v, HEICH W Fmoc £ % 7T
KL, ZNFNHNDOY 740 7a 8L FLo—Fu 205,206, 207 #5272, X573/ EEKEAk
208 LAYNENES TRAEMR 200192 C LICH I Lz, E7z, CAN 2RI L 25013, 7 ==L HCE
fax 7t n T u L XD LS AIEETH 0, 210 GO T,

1. CAN (4.5 eq.) R F
K Coy(CO)s MeCN, t, 10 min FGOK
T|p3 2. TBAF (1.1 eq.)
THF, ~78 °C, 15 min

MeO
e\©\/\FF Ph/\,\O\FF Fmocl\O\FF
O& O>\\\ O>\\\

205-210 (2-step yield)

205 (71%) 206 (82%) 207 (74%)
F F
>\ ' Meo R F
0 07 ™\
B S Y N O& \©\A
MGOJ\{\ l >\)\ o\
NHBoc Ph
208 (72%) 209 (79%)? 210 (80% 1 step)

[a] Acetone was used as a solvent in the first step.

Figure 3-2. CAN Z H[FH L 7= B g4 Ab.
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CAN IZ X > TGP ET T 2L 2 Z T T WERE ZFFOEE L, N,N,N -trimethylethylenediamine
ERIH L 725D B0l CH - 72 %8, BERFHS T, = — 7 A H T N,N,N -trimethylethylenediamine % {f:
TEDHTET, AMFUTL—VIVETFEERT =V v, ALT7 4 FEFOEETH - CH RS
DEWGICECH#ET L, B 211,212 2 5.2, b olliy Vb, 5 & FRICERS T TBAF %
M2 & T215216 ICEBAECTH 7=, F72, I v EVFHFERLRE 741 b F o vFERIC
XL CTHhARSFREHAEETH 72, kb, KF7 48+ F o AR 214 128 L T TBAF 2w

3¢, HEY 218 L IZRlic v ~—219 285 H 7=,

1. MeHNCH,CH,NMe; (6 eq.)

K Coy(CO)s O (balloon), EL,O, rt, 6 h-12 h - >\

“STips
2. TBAF (1.1 eq.), THF ,:211 214 (R = TIPS)
—78°C, 15 min 215-219 (R=H)
@ N
MeS
\/\‘/\OK
>\ NHBoc R

211 (94%) 212 (81%)
215 (87%)2 216 (95%)

H 0 3 R : :_\Ri
N ) - '
{ SSG se O N
H i H . O - :
‘ A 1

N H = F F o)
4 N % >\ : : °
MeO,C 07 ™ :
g MeO OMe ;
OMe : MeO OMe
o g OMe
213 (54%) 214 (47%) ‘
217 (63%) 218 (39%)° 219 (40%)

[a] The yield was determined by "H-NMR using CH,Br, as an internal standard.
[b] An epimer 219 was also obtained.

Figure 3-3. 7 I v Z2HIH L 7= Big& AL DfRaT

BSH YuatuTua AL —TARFHLEZY 7 T F LT — T AFEERE KA~ DIGH

VINFRTa AR, TAX vEROSE R OCEERIHT 5 2 & THERAKA~ LICH T
LILHARETH S, FEXH R T X7 4 ) VEVERINLY T A n T oA —T 0 209 &
FALT, %Ay 7rdos—FAFHERBAKAEETDH 2 25T %1T > 72 (Scheme 3-2).

VNG a T a0 F )T =TV 209 1%, HREAEET, X7 Y KL Hiisgen KIGIC XD F U T
V=20 B A, T OW, BRI E RN L 22854 T 2 7 AMROBIE SR S e, & DRk
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DIRAFERESAAD 2 FIFH L 72, HiCT= R UL N-A F o F & DRIGZ iR A 72, SOG4 500 F#EfT L,
AV FHF Y= 211 BEWINETHELNE, KRIGTE 2 DOMEREEROERLBHE 2 55, Ak
YIDOREE X NOESY w2 2 & TIRIEL, % DOfiERMEARE ORI 141 TH o7z, ETAF v
MR ERBILTLILT, Y7440 7B E LI =T 212 ~EAWARETH - 72, icdi~7z@y, &
b L3 Z 0Btz 0 b 0 2L AERMi L, SRRAFEAR~ L ZHT 2 FiRiEELAHICHE T

HHTH 5.
F F
Y | \Zj\x[ N'N
(0] Bn

210

BnNj; (1.5 eq.), Cu(OAc), (5 mol%)
sodium ascorbate (20 mol%)
tBuOH-H,0 (1:1), rt, 12 h, 89%

cl
FF s, oM | R F

Ph” N O NN
Y \ O>\ EGN (3 6. (3eq.) Y N o 0
| > 3 | > | N
\)\ /N N\)\ Y,
o "
H

o EtOH, 40 °C, 12 h
209 99% (211:regioisomer = 14:1)

PdC (20%wiw) e
H, (balloon) ' N NOESY
THF, rt, 180  mmeeseneEeee

86%
| F F
O _N
Y |N\> OX/
N NJ\
O
212

Scheme 3-2. 7 A a7 a L F LT —F A %HH L ZHEEREK

HeoHi Y7AABTEAALFLI—FTALDTIwY AL FAHIE

TAFVORRE T~ VEELZFH L2 I~ v A A=V v I ~DIeHZIERIL 72, 72=ATxF L
V, VAV, TAXFZAANTA FRESGKRETAF VDIV A7 FPAVHTER N E TG I T
2—J7C, YIAAR T NUVENED T VHEIRRZTONT I b oz, FEHIL, Y7 rtn T
NAELED X SR A IGHEHEOIGEAHIEL, Y7artu oA Ao < v x<=2 b HlE
% BALAWTE T D #lif A HE S AL AT 7 IR L 72

ART PADLEONTT — X2 OFEREZ/RT (Table 3-3). 7~ ¥ A7 FLDiEE X, EdU (5-ethynyl
deoxyuridine) & DA TRIE C/R L 72, ¥ 7t v T a v FAEBkD T~y 27 b idxicd 3 7 e
SNAFNEDD D LR L T, WBENIZEAEZLLBW—T1T, 7= ViltoRRIEREMANICS 7

PR32 EDBHALRERoT. Thbb, Y7AFE T O S F LTI —FT)L 205 X, WEHEDO T O SLF
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LI —7 )L 213 & L TR T IE 28 cm!, DMSO H1Cid 20 em 13 EREHMIC 7 LA T
T AETERINZ 7 F e 7 L F LT =T 0 210 ITEWTYH, FRKORFREHE~DL 7 5
BHIINTWE, TNOLDERLD, Y744 7o AFALRIIZOREIRIILALEZL L
(T2 v v 7 V22 LI R 3CTE L2720, BAh27v vy 7V 2FoT7 v 2 72 8EMMHL
Te"NFAA=Y VI ~DICHPARF I N 5.

Table 3-3. ¥ 7 WA 7w SV FANKLIIGT 5 70 SVFALED T AR P T — &

alkynes X= Raman shift (cm™) Raman intensity

Neat / DMSO vs EdU

F (205) 2147 /2133 0.14

MeO
\©\/\ %
o>§§§ H (213) 2119/2113 0.15
MeO F (210) 2251 /2248 0.69
\©\/\ 5%
O>\

H (214) 2241 /2239 0.63

%78 NME

FEIZ, MABCARHLZY 7 vrua oo 7a I Yo bERERIAL 2, BRI
a2 2-3 TIRTOY 7t u 7T u S XA EERL 72, $&5K 37 13 EGN 7#E T, AgOTf % {ER X
5L TIEEARETH D, TLra— L e RIET 52 L T —TAEEML 72, ¥ a3 L FifRIE CAN,
b L < l¥ N,N,N-trimethylethylenediamine C X Y Bigf{Afb T, HEMis ) mfbic X - TRigy 7 v4
Tu SN ENL T —F N BRI NI,
Bohzy7rtuFosA Lo —TuiL, TArF ootttz fH+ 3 2 & C4iEhFEE~L
BWARECTH o772, T HIT, Y7AFBTORNAFALLI—F LD T VA7 FADHRIERITV, BEHD
TuSAFAILLE R — 7 7 RO ERAL L L.

SEFFSIGIE, FiflozuEnTra—VEREEZRFO = a7 ARG TH S, ChET=a T AK
JEDALEERYE % HIE L 72611, Jaouen SOBIOATH Y, & SI1ITH S OIS IFIEEFEHAEIC > WTD
SERBIEE L E o7z T L CEEMTE L RACEEERAE 2R, Ylo—Kkitomeit

FERN = 7 ARG TH D EE X 5.
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FBAE FRIDILAOQTA/UFILE LI -TILEREDRFEELEE 7 v RILEYMER~ DA

11 FER O & OGS REL

varFuraXuXiera I FYan bR 371E, SRAEREGFETICEW T Tla— L E

RGCIGL, e+ 2z —TA% 5272, —HT, TAra—nres b v RO testosterone (215)I1C
W UREFEFRHI R A, 2—T70 217 LI =L =T 216 BMHF LN 5 T AL A L

72572 (Scheme 4-1). 7 F VI L7 AAa TSR E2EAT 3K, fIIREHSICX>TTT
KHREINTWERTE, Y 7udu 7T u W FAREZEAT L RCIERERE I N TR, 72, —i%
ic=a 7 ARIGETIE, ANVEZADofL L IET 2 LAHMOLNT L0, SRIOKIGTIEZD XD
BAEBYIIE GO e o, FEF R IOL D RRELICIEICHEK Z D, 3 57% 5 RIGOWE %

iTo7-.

oH g K/COZ(CO)G c:o2 CO)s
STips ‘G TIPS
! 37(1.5eq.)
o ‘e H AgOTf (1.5 eq.) C02(CO)6

EtsN (1.5 eq.)
toluene, rt, 30 min TIPS

testosterone (215) 216 (21%) 217 (33%)

+ SM recovered 19%

Scheme 4-1. 7 b VIZKd % O-¥ 7 vFdu Fa ¥ il

Cyclohexanone (218)% € 7 VHE, 7 x = AR CEMBINZY 7 vtv T o ¥ re I Fyau
FEER184 IR LT, b o LB RWIER T = —F A 219 235 5 1 B & F DMt 21T > 72 (Table
4-1). T—TMUKISTRIE L X7z AgOTE % E6N 77 PRV 2 &b Tix, BV 219 OICK T HREE
e EE o7 (entryl). e THIEL LT ) v EHWED, ICRIZET L7 (entry2). HEHED
WEHERZETIE TS LEZ, IVEEVIERTH S PoNEt ZHWEZ L 25, KoM EAR LN
(entry3). AU EE W TH 2 DTBMP IZ, ProNEt & FRE QIR %E 5 2 72 (entry4). Fit\»TT7 I
ViiHTH B DBU, /7T =V VIR TH L TMG W28, HIWIE L L BINECR LN D
e EE o7 (entry 5, 6). 7z, 3EEIHTH 2 BuOK ZHWW 2L 5270057 (entry 7). THHD
RS, HEEPEHET LU ENEEZ R X225 2 LR & & 2, i3 % AgNTH ~ &
L7z 25, B Z @ OINETH 2 Z LI L 72 (entry 8). AgNTH 23R WINE % 5. 2 72 FHH 1X
TAa—LEWHBLTT by OREERE NS &5, 5K 184 2 X 0 Gk 20k Vv 4 R
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BERNESE 527077 E 26N 5.

Table 4-1. SISt b

R F
Br \\/32((:0)6 F>< .
O Ph 184 (1.5€eq.) 07N ? 6
Ag salt (1.5 eq.), base (1.5 eq.) \\ph
é toluene (0.2 M), rt, 30 min @
218 219
entry Ag salt base yield@
1 AgOTf Et;N 57%
2 AgOTf pyridine 28%
3 AgOTf iProNEt 71%
4 AgOTf DTBMP 65%
5 AgOTf DBU 0%
6 AgOTf TMG 33%
7 AgOTf tBuOK 0%
8 AgNTH, iProNEt 100% (95%)°

[a] Yield was determined by "H-NMR using 1,3,5-trimethoxybenzene as an internal standard.
[b] isolated yield

Fofi ThviTATero—TAbEIUOERKL 7z =L — T L DiEER{L
o N RICEEE A, EEEHAEIC O WTRET 2 1To7%. 37k b7 2/ VFEEREHWEE
BEoBHBEZREILZL A, RARIGIE 4 Ll X o, 2ound, 272 E2Eo0HE 23R

L, ZNZN 222,223,224 %527, ZD—/HTY7 I/ BEefofEcid, MGETLZb oD%
B 225 IALETH Y, KBS CICHET 2B TH o7, O THER LD 3 KT 2 fizic A
FEVEEROT R 7 2/ VICOWTHE 2 T2z 2 A, HTOIKRIKTARONE DD, %
NZNHIY 226,227 %152 2 LA TE ., BOBFRIEZFEO ) 74 m A F A EefFoRH I
DWTHIEOMETITR O 228 AL, ~T e HHFETH S 3-TEFARV )7/, N-Ts 3-
TEFALER—=LICENTH AT —T LAY 229,230 MfFoNz. AV T7Furc ) viedge
LTHW=EE, 4@EfAL 74 v 231 Moz, ZoOREERE LT DIBMP 23 2 & T, KIG
235efE L7z, DTBMP l3@m\WIEHETH 2 720, SEEOEEZE R WIC L, 7 b v oBEE T O K%
PEPMEGEE 1T L CRISZIT O BRI AEMNZEEZONE. A VALYV T 2 vOT—T LTI,
E/Z BAERDOEEY) 232 235 b7z, MERERITSEEATORAYTH Y, Aptix 'THNMR X Y iRE
L7z. %72, NOESY #FffH 9 2% C & TEUAR DGR HE L /2.

#t\ T ethyl 4-oxocyclohexanecarboxylate % F\ > THE{A 184 DEHEILICOWTHET 2T o7 & 2 5, A
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JoIE 7 = =BT TR, PV FA I AR~ UL Y T A T o F LT I FYa
AL EERR 220, 221 T O MIGHSEITL, ThEFhe =T —7)1 233,234,235 ¥ 5272, %\ C
JERFR T b i oW TRRET 21T 5 72, 2-(2-methoxyphenyl)cyclohexanone 1%, Hi—d T — 7 L 236 % &K
IC5 z2 72, Z ek L, 2-(hydroxymethyl) cyclohexanone F5E(A % FE & L THW 2 &, 237 & 238 7% 6.8:1
DT THE SN2, X 5IC ethyl 2-oxocyclohexanecarboxylate # #£H & L 7286, 4@EEA L 74 v & 3 &
faA L 7 4 v AR SR L 72 (239:240=1:14). 2D &h b, JERNHT b v olii7 v b v {ULiE X
SAREE R UG RN BKED pKa ITIKIFT 5 Z L ARBEINT, T v EIEEE LA IIRIE

T3V 241,242 S LTz,
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iProNEt (1.5 eq.) R F
5 )& Coy(CO)s  AgNT, (15 eq.) OK/COZ(CO)G
+ r /& N4
Ph

RJ\ toluene (0.1 M)
(1.5eq.) rt, 30 min
184: R =Ph
220: R = SiEts
221:R = CGH13

R

F F
Co,(CO)g C0,(CO)s
0,(CO)g oMe OK Coy(CO)g OK/\

K

222: R = OMe, (89%)
223: R = Cl, (97%) 226 (87%) 227 (73%) 228 (85%)
224: R = CO,Me, (94%)

225: R = NMe;, (45%)?

FF FF EE FF
K C0,(CO)s OK Co2(CO)s K Coy(CO)e O>&\/E:og(00)6
07 ™ SN 00N Spp

ASN X A
i [ " N “en =
|
o N Ve MeO H

* A

229 (86%) 230 (63%)° 231 (80%)° 232 (74%, EIZ = 2.3:1)
| ¢\ NOESY |
OMe F F EF
K COZ(CO 6 . COZ(CO)S K COZ(CO)G
0N 0 07K
O " o
"0

CO,Et !
233: R = Ph (90%) 236 (82%) 237. +1238 (86°/o,. 6.2821)
234: R = SiEt; (93%) 237:R'=H,238:R“=H

235: R = CgH13 (90%)

Co,(CO)g Co,(CO
o o& 2 o O&/\ 02(CO)s OMe OK Co,(CO)g

N
EtO Ph NC\©)ko/ﬁ]/§ Ph w Ph

239 + 240 (58%, 1 :1.4) 241 (57%) 242 (43%)
239: R' = H, 240: R =

[a] 255 was unstable. [b] DTBMP was used instead of iPr,NEt.

Figure 4-1. JLEEH 1%
gt A ix, 55 3 35 4 HilAME CAN & L < 1%, NN,N -trimethylethylenediamine % F\»% Z & CTH[HET

BHot. BTEELRATFREZEFF DR TIE, NN N -trimethylethylenediamine 23 R WINE % 5.2 21235 -

72, BonzY 7 u T a L EFA L LT —FTAN3-20 °C TIRTET B 2 & CTHIRL 720 » 7=,
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condition A: CAN (4-5 eq.)

MeCN, rt
R2
condition B: MeNHCH,CH,NMe, (5-6 eq.) N
Et,0, rt Ry
2% =

243
condition A: 83%

R F

QﬁK
MeO

246
condition B: 95%

TIPS m
MeO

244

condition B: 77% condition B: 70%

FF

°>\

TIPS

247
condition B: 81%

Figure 4-2. 5 AL O I E WA

FWTHRE L LT AT e FOBMHAREEL G 21T - 7-. ¥ e LT DIBMP #f W3 2 L T AT
Ky —FAALICHIAARECH b, MIGT e =ArT—FL%5%7 (Figure 4-3). B _&EZ Lic,
Y a L MEERONAER REE S ICOEDL LT, RKRIGIE Z FEIRICHET L 7.

b N D 4 (BRI ZEA L 28T, EfREICX Y 2D EREIZENT 2 b0, @& Z#ERET

Tz AT T AT

SOBDSEEFT L 72 (248-250). Z D—J5 T, (3-methoxyphenyl)acetoaldehyde Tl Z A D LK 3k L (251, Z.E
=6:1), (2-methoxyphenyl)acetoaldehyde (% X 5 I T L 72 (252, Z:E = 2:1). Hydrocinnamaldehyde (%, X¥)i
TEIEZAT—T A 253 2E0 2 BT 272, TATAFEERSL 7 204 I R CETRTIHEE I
DHEICEWTH £72, £D ZE HIZIA L7z (254,255). 7k, —HROEEIC D W TII G ICBigE A
LT\, BoN/Ya U EERERICY 7 F a7 u L FA LoV —FA~NLBEITFE L %

~LTz.
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iProNEt (1.5 eq.)

R F
DTBMP (1.5 eq.) K
o X CoyCO)y 7 07N LAOk
RJ]\H toluene_(0.1 M) R._— \\ph
rt, 30 min
184 (1.5 eq.) 248-255
F F
R F M Lox(CO% ><\\C°ﬂC°
(¢} N
R M Lox(CO%s N
O \/\\\ _ Ph
_ Ph MeO
OMe
248: R = OMe 71% (Z/E > 20:1) 251: 56% (Z/E = 6:1) 252: 37%2 (Z/E = 2:1)°

249: R = CI 37%2 (Z/E = 12:1)°
250: R = Ph 59%? (Z/E = 7:1)°

FF
K C0(CO)s o K/COZ(CO)G K C0y(CO)s
AN
Ph/\) Bzov\/ Ph PhthNW

253: 52% (Z/E > 20:1) 254: 65% (Z/E 5:1) 255: 52% (Z/E 7:1)

[a] Yield was calculated after decomplexation. Decomplexation conditions; MeNHCH,CH,NMe, (4.5 eq.), O,
(balloon), Et,0-MeCN (1:1), rt, 12 h. [b] Z/E ratio was determined after decomplexation.

Figure 4-3. 7 V7 & N ORE#EHTE

> Z BRI R OBCEE & B 7 e b ARIC K D EBITE 5. ARIGTIE, AR =L, #

ROSECAL L 721l 7' e b v ALSEIT 95 C L CAhEBIBRO s tEZbNS. Tabb, ARIGT
FPERORERAEEIC R 305, AF Y =y LA 4 VRO 0 — wHAERIC XY B2 L
EfbEn, 2oz e b ALBETT 2 ETCERPERLTEKLZEEZLONS

R3N: o
RaN: & > o
R
\ R % A

_ (o] o)
H O+ _ + - > 7
¥ = ¢

R

o — xt* interaction

Figure 4-4. JEJWERIROHEE A /1 = X L

A3 Yvartu o Favo s —TARFHALEE T v BLEYEK~DIGH

9, VA ABEFIH L BERGOMSN 2 1Tho/z. TR 72/ v X 0L N7 244 1T0 L THRA
BN A ABERSTI L7722, 7y R EEMEE{BonT, voav 256 o5 DA TH 57 (Scheme
4-2b). LR VYRR OLNE XN ZRALICDNTROMBIEZIRE L7z (Schemed-2b). T bbb, #AF V=7
LA F vl 257 Apktg, W7 w b oALDETTL, 2 0% T v RSBt T st TE ) YV v AL F Y
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258 D3ERK, TR L 7235 C 256 MRS T & EE L 7.

(a) initial study

FF o
/ix conditions o |
Ph ——M8M
Ph vide infra Ph X Ph
244 256

condition: 1. (3,5-diCF3CgH3)3PAUBF,
2. AgNTf, + DTBMP or PMP
3. Cul, CuOTf etc...
(b) putative reaction mechanism

FF

O>\ Lewis acids
X
X
NN Ph
244

|

FF R F /E< )
0 i/\“\U 95 | Au deprotonation j{)\
Np, T | - -
Ph*/ Ph Ph ph protodeauration pp X Ph Aromatization

Scheme 4-2. VA4 A% H 7B LROCHIIARRET & vr VAKX =X 4

Z T, AgNTH 2t e L, oA Fy =y afliifkz + 7 v 742 HIT, 7v{lbkFErY) = F
LT IVEERERMLIZE 25, TRETHABRERIZLALMEIN TRV MY 7 rda e 7Y 259
FHRREDOINEKTES Z LTI L7z (Table4-2, entry 1). £ 2T, €7V 259 BRRVIEKTH LN
TFOMET &2 1T o 72, SRAEE T AgNTE Z W 2 &fFREch o7z, 22T, fho 7 v REANICOWTH
Mt 2{T o7& 25, HF*-DMPU Tl m v 256 B33 b5 DA TH Y, HHM 7 v FEHFI<H 5 TASFE

TBAT I DO W TII G HEIT L I o 72,
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Table 4-2. R A W72k 7 v 4 v o — F L&D St it

R F
0,
O& catalyst (10 mol%) /ogj\ . o |
Ph/& Ph additive (xx eq.) Ph t Ph Ph X

solvent, rt, 24 h Ph
244 259 256
yield (%)?
entry catalyst additive 259 : 256 : SM
1 AgNTf, 3HF-Et;N (0.4 eq.) 48: 42 : 0 (isolated)
2b AgBF, 3HF-Et;N (0.8 eq.) 25:36:18
3b AgSbFg 3HF-Et;N (0.8 eq.) 17:12:23
4  AgNTf,+ DTBMP HF-DMPU (1.2 eq.) only 256
AgNTf, TASF (1.2 eq.) no reaction
6 AgNTf, TBAT (1.2 eq.) no reaction

[a] Yiled Determined by "H-NMR using CH,Br, as an internal standard.
[b] 20 mol% catalyst was used.

T 7 L FL LT — T ADBEEILICOWTHE 21T > 72 (Table 4-3). 7 = = A3 4 i %
sunii~LEHE L2245 Tk, HO MY 704w T v 260 BEWGIETH LR, va vyoERKi
T A ETER D o7z, ZD—)T, A FF AR ORE 262 TlE, N T7AABE T VTGS
Ny, vuv 23 PEONEDATH-7-. T A VOERKLICOWTHE2{To7. ~F oLk
TEfLZ{LAYciiy e v 265 DARE LN, TES HETERL 72{LEY 266 TlX, MIGERAY D 'H-
NMR KO "F-NMR ICEWCTHIY) 267 LExbN =7 OMBICEYILzd 0D, BT s 2Lk
TEhholz, ZUL, 267 BDEVEREERFFOOELEZOND. TR T 2 ViFEFTIERL,
vroua~dh ) uyrbBoiiYIatre T Frr ol —TL 243 ¥/, P TR E S
vEED 2BRIEELAY) 268 ~LE L T L BHRETH o 7=,

TATEFIVEONAETa XA FALEZ VLT =TV 269 bE/, P T7AFRETy~2EL
DARED BRI 21T o 72, 46T A P ¥ o B Ao/ E Cld, JIGAEITLEMYTH L P ) 7rtdny 7
v 270 % 2 OO RMRBEMZR S Z LTI 7.

INL/ONTZ M) TAFRE T VL, 20°CRFCBEVTHIRAICHIREL, ¥Ry~ h i1t

BYRECTH o 72,
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Table 4-3. $RfiEEZFIH L 72 7w S X0 7 T 4 ¥ vifinfiy o B8 —ik ik

. FEF o
. o,
o>\ AgNTF, (10-40 mol%) o™ ad) O |
X or
S additive (0.4-0.8eq.)  ph Ph X
3 R2 4-0.8 eq. Ph Ph
R1J\/R R DCE, rt, 5-48 h F
entry substrates products (yield)
FF FF o]
0 o]
1 OK | |
oS T " e
F
Cl Cl cl
245 260 (73%) 261 (4%)
FF o

o)

Oy\ S

2 /©/§ Ph Ph
MeO MeO

262 263 (only observed)
R F
Ao
3 ©/§ 5
264 265 (only observed)
F F o]

O& o
4 TES
F
Cl Cl

266 267 (not detected)*

243 268 (79%, dr=2.5:1)
RF
FF 0 |
07 F Ph
N
6 K R® Ph

269: R? = 4MeO-CgH,
OMe

270 (73%, cis:trans = 2.2:1)

LW TS CRIG DS EIT T 2 e 21 T2 72, 7 v F Lo LT —7 DT F v OEHREL
DIKFEDOHE 271 DRRIC, YorFud ) v fEbns LR LA 2hid, [33]-> 27~k
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0 —OG0SHERT L2tk B iR 2 FEcibnizeExons. KARIGIE, 7= 4 {7
KA PFUEEFFODDTHHEITL, 274 Do N/— /T, 7unZFob0Tll, ARELRY 7L
Fux ) w276 BEICETHEON DR TH -7z, 276 ZARERLEYTH Y, HEEE LIS LT
IHREDHER S N, TV OBEBEN 7 £ = AKORE 277 T, BWRISEETIRBERYAE LA
bNhole. 2O b, TAFVEMICEIEESTFET 5 &, ZAKREEIC X Y RIISHHET LR < 7
2LEZONG. T/, AV T FR T2 UpbRoNY 7 AF R T ANLF AL Z LT —T )L 278 T
1%, Claisen (74 D B E TR 1,1-Y 7 ArFuT Ly 279 BAERL 72, Y7 ada 7L v il

LICX W BESHREINTWE DY, EFEOHIIH - 7rFa T L vyAREICRE w5 D,

Table 4-4. FAISHEIC X B2 T u XL F N2 T 4 ¥ ViGnh; ofEt

FF
(6]
Ox 2 conditions -R
" R® "R ‘
33
Ra R1 R°R

R1
entry substrates conditions products
F F
1 271:R'=H 272: R'=H (63%)
o S o F
2 N 273:R'=0Me DTBMP (20 mol%) NP g 274:R' = OMe (72%)
3 275 R = Ol toluene, 80 °C
Rl o R' 276: R = Cl (<13%)

4 @ Ph toluene, 80-110 °C decomposition
MeO

277
FF
X\\ Q
s 0 toluene, 100 °C, 2 d X
N 86% NF
MeO F
MeO
278 279 (86%)

548 g
FEHIZ, Yt FasAFaTa I FYasu ALy Py oBBERFARIGL, ZJAadee
NI —FTABELNEZ EEHZICRH L. oo —Fidlsisibicky, angr v E

{LEY)~E B[R Y 7ArFa T a L FALE VT — T AN EBWA[ETH 572, 7 F VY OERF

69



FICHT 3= a7 AROITEIEIN R, TV EFAfio 7 vyER a7 ARIGICKE RFEY 52 5

LR T AR o7,
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faam

FEHE=a I ARISERIA L2 7o v FAAICE R %2 YT, RSSO S ORI O 70 SOGTHE
RER L =2 7 ARICOMR % 1TR o7z, 2 L <, mAAREFET coRFFBREDEE N1 2 T
TRV EFMMEERFEL, IOICRERRICEERZFFOY 7 vdr T o T e RNy asvu sk
ERIHLZ7Aa—=A RO b vy 70Ftu 7 a v Eaftz @& L7z,

H1E

TONLFELS ANV EIANFHIARAERT I T 70 o R — P EEZHAWRERICKRLEETDH
o 7 BRETH 5 HBFs DFeE %, BERER CH 2K v 22N 5 2 & THAIL, k7 EHREHR
EREOAEWENE S T OHBEERICH T 2 HEERL ZER L /2. ¥ 3 ko sk, KET
TEMPOBF, Z#{EfH & %2 2 L TEKL, HNDO 7 u S XA~ L BHARETH - /2. 55 N7-HEAK
T, HEIGHEAHBI R O AR O T T AF v 2D LB FHER~DISHIC S FIHHETH 5. 7z,
INE T T e N FARITTEEEZHELIC W LD, RWI VY A—%FOT AT v 270138 58
RetE o L slifEa N B,

H2

13 TIE, L7 HBE, 23 CHfIT 2 & CIRAAMIGEEZFEHR L7228, 23 % b fildEo
Wz o CEE 3 2 EBRFE TR R, XV IRAIGIGSEIECO = a2 7 AIEHEBIARE & & 2
bille., ZZ T, YuRERESICX Y lE SN S CIEIEL X 715 o-alkynylbenzoate & = 2 7 RF{HE
DO DR R H R L, MR = a7 ARIEEER L 72, BoNil3E, 1 Eo &N
TIXEREMUDEH L 220 72, IEFICHBOBERICH VEREL R OHFEILEY TH - Td, FEhkzs
LI LT-. 5T, Mg LS L L C TBAF 2#i7zICfH\ 5 Z & T, one-pot TD 2 T 71
SN FNACEERK L T

H3E

PG 7 v BEMEREOF L, 7 v RETH=a 7 ARIGICE 2 58 ICEEY b, Y74
oZasorEFirra I FYa b EREEK, ChEFIHT2ETCTAra—LIcNT Y 704
TSR ER L 7. B L 225K I EsN A T, AgOTf 2 E & 5 2 & CiitkfbrligTcH v,
TAa—VeRIETEIETHIET T —T Vi 527 REIGIEEEEERECETL, B
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LEZRMT IV, 7z /=, AVT 4K, AL 74y, BEFEERTEREENTD T — 7 MLMEx
LGEITLZZ, 2o X AEe BB iR, BEo=a 7 2 E6TcER_ohky, Y 7rte 7o
Frrm I FYasu M ERFEEORIGTH S, Tz, BisEAMEIZCAN D LA P AFLZFL VY
TIvEAMAT 2 L TERIN, TAF B TIPS HCTRES LTV 2 5AICIE, TBAF 2 KR TEH
I L TREMRETH o 7.

Bonzyrrturo AL —T0lF, SRS IAAB T T AR~ L EARETH - /2.
il 21X, Hiisgen BALZFH LA PY 7Y —AGHC, =V AtAFo VEHWELTA YV FH Y =0
~NEEWAETH o7z, X HIT, YTIAFRTUNAFALI-FAD TV AN PARHIETE
T, V7AARTONVFNEY F, TeVA RV VY TICHRBA TR DB EHL D
L7z, Y7rtudu S FLI—TA0, &7 v RBERGERSLT IS ey —HEICER

THBETEEBRT LI 7=,

H4E

EEITS T A FuTOALE LT O I R au bk, 72 vHEHTH B iPLNEt EE T, SRt
ELTIAN=PY T D 7 AIFEHCEZIETT Y ERIGL, oAz —TAE5225 %2R
MLl JBon7zt=rIT—FTVECANR I AFAZFL VYT IVICKVEIRIOB WY 7 rdn T
OANAEFLE AL —FTANEEBAGECH o72. V70 FurasrE¥re— iz —Fu 3@EEkL
FISEIFIC X 0B O N2 EEBZLL, BWIEIETIE, Y7t vy ) v, Bttt v 7
AR T YRERLE. b iE, EEPD TARL ERMTH Y, Y7t T m e

ZNANT =T ADHRE 7 v RERGBICHRZRBMATH 5 2 L ARREI N,
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KERIA

General Procedure

All reactions were carried out under an argon atmosphere with dehydrated solvents under anhydrous conditions,
unless otherwise noted. Dehydrated THF and CH,>Cl, were purchased from Kanto Chemical Co., Inc. Other solvents
were dehydrated and distilled according to standard protocols. Reagents were obtained from commercial suppliers,
unless otherwise noted. Reactions were monitored by thin-layer chromatography (TLC) carried out on Silica gel
plates (Merck Kieselgel 60 F254) or Silica gel plates (Fuji Silysia Chemical Co., Ltd.). Column chromatography was
performed on Silica gel 60N (Kanto Chemical Co., Inc., spherical, neutral, 63-210 um) Silica gel 60 (Merck, 63-200
um) or CHROMATOREX® -NH (FUIJI SILYSIA CHEMICAL LTD., spherical, basic, 40-75 um or 75-200 um).
Flash column chromatography was performed on Silica gel 60N (Kanto Chemical Co., Inc., spherical, neutral, 40-50
um). High performance column chromatography was performed on Mightysil Si60 250-20 mm (Kanto Chemical Co.,
Inc., spherical, neutral, 5 pm). All melting points were determined with Yazawa Micro Melting Point BY-2 or AS
ONE ATM-02 and are uncorrected. IR spectra were recorded on a JASCO FT/IR-410 Fourier Transform Infrared
Spectrophotometer or JASCO FT/IR-4100 Fourier Transform Infrared Spectrophotometer. "H-NMR (400 and 600
MHz) and '3*C-NMR spectra (100 and 150 MHz) and 'F-NMR spectra (560 MHz) were recorded on JEOL JNM-
AL-400, JEOL INM-ECA-600 spectrometers, respectively. For 'H-NMR spectra, chemical shifts (5) are given from
TMS (0.00 ppm) or CHCI3 (7.26 ppm) in CDCl3, CHD,COCD:3 (2.05 ppm) in CD3COCD; and CHD>SOCD; (2.50
ppm) in CD;SOCD; as internal standards. For '*C-NMR spectra, chemical shifts (5) are given from CDCl; (77.0
ppm), CD;COCD; (29.84 ppm and 206.26 ppm) and CD3SOCDj5 (39.52 ppm) as internal standards. "’F-NMR spectra,
chemical shifts (8) are given from CeFs (—164.9 ppm) as an internal standard. The following abbreviations were used
to explain the multiplicities: s = singlet, d = doublet, t = triplet, q = quartet, quin = quintet, sept = septet, dd = double
doublet, dt = double triplet, ddt = double double triplet, tt = triple triplet, td = triple doublet, qd = quartet of doublet,
m = multiplet, br = broad. EI mass spectra were recorded on JEOL JMS-DX303, JEOL JMS-700 and JEOL JMS-T
100 GC. FAB mass spectra were recorded on JEOL JMS-700. ESI mass spectra were recorded on Thermo Scientific
Exactive Mass Spectrometer or JEOL JMS-T100LP. HPLC was performed by Mightysil Si60 250-20 mm (Kanto
Chemical Co., Inc., spherical, neutral, 5 pm), Gilson Model 305, 306 as pomps and Gilson Model 118 as a detector
at 254 nm. Microwave irradiation was performed by using a DiscoverTM system (CEM Japan Inc). GPC was
performed on SHIMADZU LC-64D as a pump, SHIMADZU RID-10A as a refractive index detector, Prominence
SPD-20A as a UV/VIS detector, and SHODEX GPC H-2001L as a column.
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<Chapter 1>

Synthesis of (prop-2-yn-1-ol)dicobalt hexacarbonyl (16)

Co,(CO)g (1.0 eq)
HO/\\\/SOZ(CO)G

16

A mixture of prop-2-yn-1-ol (0.90 mL, 15.6 mmol) and Co(CO)s (5.22 g, 15.6 mmol) in CH>Cl, (38 mL) was stirred

HO™ Sy

CH,Cly, rt, 5 h, 93%

at room temperature for 5 h. The solution was concentrated in vacuo. Column chromatography of the residue on

silica gel (AcOEt : Hexane = 1 : 4) yielded cobalt complex 16 as a red solid (4.76 g, 13.9 mmol, 93%).

Synthesis of hexacarbonyl(2-propynylium)dicobalt tetrafluoroborate (17)

HBF4*Et,0 (3 & ®
4°E0O (3 eq) o \\\/\EIOZ(CO)G

<

Co,(CO
HO NS £ 02(CO)s >
S Et,0, rt, 2 h, 86% 4
16 17

To a solution of HBF4*Et:O (1.10 mL, 6.99 mmol) in Et,O (6.0 mL) was added a solution of cobalt complex 14 (798
mg, 2.33 mmol) in EtO (5.5 mL) dropwise over 15 min. The resulting mixture was stirred at room temperature for
2 h, causing precipitation of a red solid. The solid was filtered and rinsed three times with ether to remove fluoroboric

acid. After vacuum drying, complex 17 was obtained as a fine red powder (828 mg, 2.01 mmol, 86%).

Synthesis of ammonium salt 50

@ Et;N @
0 NG /\E:oz(CO)e t3N (excess) Et3N/\\\/§02(CO)6

BF4 i, 1h, 60% o

17 BF4 50

To a suspension of complex 17 (100 mg, 0.243 mmol) in CH>Cl» (4.0 mL) was added Et;N (2.0 ml). The reaction
mixture was stirred at room temperature for 1 h and then concentrated in vacuo. The residue was purified by silica
gel column chromatography (MeOH : CHCI3 = 1 : 4) to give complex 50 (74.5 mg, 0.145 mmol, 60%) as a red
amorphous. 00: red amorphous; IR (neat): 2055 cm™'; 'H-NMR (400 MHz, CD;COCDj): § 7.06 (s, 1H), 5.22 (s, 2H),
3.69 (q,J=7.1 Hz, 6H), 1.47 (t,J = 7.1 Hz, 9H); '*C-NMR (100 MHz, CD3COCD3): 8 199.7, 77.2, 75.7, 60.6, 53.6,
8.1; HRMS (ESI): calcd for CisHisNOsCoz (M"): 425.9793, found: 425.9778.

Functionalization of aromatic molecules

General procedure for the functionalization of aromatic molecules

Procedure A: To a suspension of complex 13 (0.150 mmol) and Cs2COs3 (1.0 mmol) in CH>Cl, (1.0 mL) was added
neat substrate (0.100 mmol) or a solution of substrate (0.100 mmol) in CH>Cl, (1.0 mL) at -20 °C or 0 °C. The
solution was allowed to warm to 0 °C or room temperature and stirred until completion of the reaction as monitored
by TLC. The reaction mixture was diluted with water (2.0 mL) and extracted with CH>Cl (4.0 mL x 2). The combined
organic layers were dried over MgSQOy, filtered and concentrated in vacuo. The residue was purified by silica gel

column chromatography or HPLC.
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Procedure B: The suspension of complex 17 (0.150 mmol), Cs>COs (0.100 mmol) and substrate (0.100 mmol) in
CH>Cl, (2.0 mL) was heated at 40 °C by microwave irradiation. After reaction was complete, the mixture was diluted
with water (2.0 mL) and extracted with CH»Cl, (4.0 mL x 2). The combined oragnic layers were dried over MgSQs,

filtered, and concentrated in vacuo. The residue was purified by silica gel column chromatography.

Procedure C: To a suspension of complex 17 (0.150 mmol) in CH>Cl> (1.0 mL) was added a solution of substrate
(0.100 mmol) in CH2ClI; (1.0 mL) at room temperature. The reaction was stirred until completion of the reaction as
monitored by TLC. The resulting mixture was diluted with water (2.0 mL) and extracted with CH>Cl» (4.0 mL x 2).
The combined organic layers were dried over MgSOy, filtered, and concentrated in vacuo. The residue was purified

by silica gel column chromatography.

Functionalization of O-methyl estrone (25)

17 (1.5 eq), Cs,CO3 (10 eq)

CH,Cl,, 0 °C to rt, 30 min

26 (40%) 27 (45%) 51 (9%)

The procedure A was followed with a reaction time of 30 min at room temperature to provide a mixture (57.8 mg) of
51 (6.60 pmol, 7%) and 26 (0.0451 mmol, 45%) and 27 (0.0397 mmol, 40%). The product ratio was determined by
"H-NMR. The analytical samples were obtained by HPLC separation (250-20 mm, AcOEt : Hexane = 15 : 85, 9

mL/min).

51 (retention time: 11.7 min): red oil; IR (neat): 2017 cm™'; "TH-NMR (400 MHz, CDCl3): & 7.18 (s, 1H), 6.09 (s, 1H),
5.92 (s, 1H), 4.19 (s, 2H), 4.17 (s, 2H), 3.81 (s, 3H), 3.02 (dd, /= 17.1 Hz, 5.4 Hz, 1H), 2.90-2.81 (m, 1H), 2.51 (dd,
J=18.4 Hz, 8.6 Hz, 1H), 2.36 (br s, 1H), 2.21-2.04 (m, 4H), 1.97 (d, J = 9.6 Hz, 1H), 1.65-1.43 (m, 6H), 0.88 (s,
3H); *C-NMR (100 MHz, CDCls): § 220.7, 199.7, 154.3, 136.4, 134.8, 131.9, 130.2, 126.5, 96.2, 95.2, 74.2, 61.4,
50.5,47.9,44.3,37.4,35.9,34.7,31.6,31.2,27.0,26.4, 25.9, 21.6, 13.7; HRMS (ESI): calcd for C37H27014Co4 ([M-
HJ): 930.8723, found: 930.8743.

26 (retention time: 13.5 min): red oil; IR (neat): 2018 cm™'; 'H-NMR (400 MHz, CDCl5): & 7.07 (s, 1H), 6.57 (s, 1H),
6.00 (s, 1H), 4.07 (s, 2H), 3.79 (s, 3H), 2.89-2.86 (m, 2H), 2.50 (dd, J = 19.1 Hz, 8.5 Hz, 1H), 2.40-2.37 (m, 1H),
2.23-1.95 (m, 4H), 1.64-1.36 (m, 6H), 0.91 (s, 3H); '>*C-NMR (100 MHz, CDCl): § 221.0, 199.9, 155.0, 136.4, 131.5,
127.6, 126.0, 110.6, 98.4, 73.7, 54.8, 50.4, 48.0, 43.8, 38.4, 35.9, 33.9, 31.6, 29.6, 26.6, 25.8, 21.6, 13.8; HRMS
(ESI): calced for CosH2705Co0, ([M+H]"): 609.0364, found: 609.0361.
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27 (retention time: 14.3 min): red oil; IR (neat): 2014 cm™'; "TH-NMR (400 MHz, CDCl;): § 7.19 (d, J = 8.8 Hz, 1H),
6.71 (d, J= 8.8 Hz, 1H), 5.94 (s, 1H), 4.26 (d, /= 15.1 Hz, 1H), 4.14 (d, J= 15.1 Hz, 1H), 3.81 (s, 3H), 3.06 (dd, J
=16.7 Hz, 5.8 Hz, 1H), 2.93-2.84 (m, 1H), 2.51 (dd, J= 18.5 Hz, 8.8 Hz, 1H), 2.39 (br s, 1H), 2.27 (br s, 1H), 2.20-
2.05 (m, 4H), 1.66-1.40 (m, 6H), 0.90 (s, 3H);'"*C-NMR (100 MHz, CDCls): § 220.9, 199.8, 155.0, 135.5, 132.5,
126.7, 124.8, 107.8, 95.9, 73.6, 54.7, 50.5, 47.9, 44.2, 37.7, 35.9, 31.6, 29.8, 27.0, 26.5, 26.1, 21.6, 13.8; HRMS
(ESI): calcd for CosH2605C0,Na ([M+Na]"): 631.0184, found: 631.0184.

Functionalization of mestranol (45) using 2,6-di-zert-butylpyridine as a base

[-Co,(CO)s

17 (1.5 eq), DTBP(10 eq)

CH,Cly, -20 °C to 0 °C, 30 min

54 (58%)

The procedure A was followed, employing 2, 6-di-fert-butylpyridine instead of Cs>CO3 as a base, with a reaction time
of 30 min. The crude was purified by silica gel column chromatography (AcOEt : hexane = 1 : 20) to provide 54
(36.7 mg, 0.0579 mmol, 58%) and recovered 45 (11.2 mg, 0.0361 mmol, 36%).

54: red oil; IR (neat): 2033 cm’'; "H-NMR (400 MHz, CDCls): & 7.21 (d, J = 8.6 Hz, 1H), 6.71 (dd, J = 8.6 Hz, 2.6
Hz, 1H), 6.63 (d, J = 2.6 Hz, 1H), 5.99 (s, 1H), 4.86 (d, J = 13.0 Hz, 1H), 4.72 (d, J = 13.0 Hz, 1H), 3.78 (s, 3H),
2.85-2.84 (m, 2H), 2.63 (s, 1H), 2.32-2.24 (m, 3H), 2.12-2.02 (m, 2H), 1.99-1.77 (m, 4H), 1.51-1.35 (m, 4H), 0.93
(s, 3H); BC-NMR (100 MHz, CDCls): § 199.7, 157.4, 137.9, 132.6, 126.4, 113.8, 111.5, 93.3, 85.7, 84.8, 76.1, 70.8,
65.8, 55.2, 49.4, 47.8, 43.5, 39.2, 36.7, 33.9, 29.8, 27.3, 26.5, 22.9, 12.8; HRMS (FAB): calcd for C3pH29005Co2
(IM+H]"): 635.0526, found: 635.0537.
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Functionalization of mestranol (45) using Cs;CO; as a base

)

17 (1.2 eq), Cs,CO3 (10 eq)

CH,Cly, 0°C to rt, 5 min

54 (<2%) 55 (<1%) 56 (<1%)

The procedure A was followed with a reaction time of 30 min to provide a mixture (36.2 mg) of 52 (0.0266 mmol,
26%), and 53 (0.0248 mmol, 24%) and a mixture (4.50 mg) of 54 (<1.58 pmmol, <2%), 55 (<0.689 pmmol, <1%),
and 56 (<0.896 pmol, <1%) containing inseparable and unknown byproduct. The ratio was determined by 'H-NMR.
In this case, 1.2 equivalent of 17 was added.

The analytical samples were obtained by extensive silica gel column chromatography separation (AcOEt : hexane =

1:8to01:4).

52: red oil; IR (neat): 2018 cm™'; "TH-NMR (400 MHz, CDCl3): § 7.07 (s, 1H), 6.56 (s, 1H), 5.99 (s, 1H), 4.07 (s, 2H),
3.79 (s, 3H), 2.83 (br s, 2H), 2.60 (s, 1H), 2.37-2.30 (m, 2H), 2.20 (br s, 1H), 2.04-1.99 (m, 1H), 1.95-1.67 (m, SH),
1.53-1.33 (m, 4H), 0.88 (s, 3H); '*C-NMR (100 MHz, CDCl3): § 199.9, 154.9, 136.6, 132.0, 127.7, 125.9, 110.5,
98.5, 87.5,79.9,74.0, 73.7, 54.7,49.4,47.1, 43.4, 39.4, 39.0, 34.0, 32.8, 29.7, 27.3, 26.3, 22.8, 12.6; HRMS (ESI):
calcd for C3pH2708Co2 ([M-H]): 633.0364, found: 633.0394.

53: red oil; IR (neat): 2018 cm'; "H-NMR (400 MHz, CDCls): § 7.20 (d, J = 8.7 Hz, 1H), 6.70 (d, J = 8.7 Hz, 1H),
5.93 (s, 1H), 4.24 (d, J = 15.0 Hz, 1H), 4.13 (d, J = 15.0 Hz, 1H), 3.80 (s, 3H), 3.01 (d, J = 16.8 Hz, 1H), 2.88-2.79
(m, 1H), 2.60 (br s, 1H), 2.35 (br s, 2H), 2.24 (br s, 1H), 2.06-1.67 (m, 6H), 1.53-1.29 (m, 4H), 0.87 (s, 3H); 13C-
NMR (100 MHz, CDCls): § 199.8, 154.9, 135.7, 132.9, 126.6, 124.8, 107.7, 96.0, 87.5, 79.9, 74.0, 73.7, 54.7, 49.5,
47.0, 43.8, 39.0, 38.7, 32.7, 29.8, 27.2, 27.1, 26.6, 22.8, 12.6; HRMS (ESI): calcd for C3oH205Coz ([M-H]):
633.0364, found: 633.0388.

A1 : 1 mixture of 55 and 56: red oil; IR (neat): 2019 cm™'; "TH-NMR (400 MHz, CDCl3): § 7.18 (d, J= 8.7 Hz, 0.5H),

7.07 (s, 0.5H), 6.70 (d, J = 8.7 Hz, 0.5H), 6.55 (s, 0.5H), 6.00 (s, 1.5H), 5.93 (s, 0.5H), 4.86 (d, J = 13.0 Hz, 1H),

4.72 (d,J=13.0 Hz, 1H), 4.24 (d, J= 14.7 Hz, 0.5H), 4.13 (d, J= 14.7 Hz, 0.5H), 4.07 (s, 1H), 3.80 (s, 1.5H), 3.79
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(s, 1.5H), 3.02-2.98 (m, 0.5H), 2.88-2.82 (m, 1.5H), 2.63 (s, 1H), 2.33-2.24 (m, 3H), 2.21-1.99 (m, 3H), 1.88-1.74
(m, 4H), 1.53-1.33 (m, 4H), 0.93 (s, 1.5H), 0.92 (s, 1.5H); 3C-NMR (100 MHz, CDCI3):  199.9, 154.87, 154.86,
136.6, 135.7, 133.0. 132.1, 127.7, 126.6, 125.8, 124.8, 110.5, 107.7, 98.5, 96.0, 93.3, 85.70, 85.67, 84.9, 84.8, 76.1,
73.7,70.8, 65.8, 54.75,54.71,49.48, 49.42,47.8,47.7,43.8,43.4,39.2, 38.5, 36.7, 34.0, 29.7, 27.3, 27.2, 26.7, 26 4,
22.9, 12.8; HRMS (FAB): calcd for C36H30011Cos ([M-3CO]"): 873.9116, found: 873.9118.

Functionalization of veratrol (46)
I
11-Co,(CO)s
i Coa( Co2(CO
Meom 17 (1.5 eq), Cs,CO3 (10 eq) jg/\ Coz CO)6
MeO CH,Cly, 0°Ctort, 1.5 h 00 (GO
46 7 (73%) 48 (18%) 49 (5%)

The procedure A was followed with a reaction time of 1.5 h. The crude was purified by silica gel column
chromatography (AcOEt : hexane =1 : 15) to provide 47 (33.8 mg, 0.0731 mmol, 73%), 48 (14.2 mg, 0.0184 mmol,
18%), and 49 (2.22 mg, 4.80 umol, 5%).

47: red oil; IR (neat): 2018 cm™; 'H-NMR (400 MHz, CD3COCD3): § 6.97, (s, 1H), 6.87 (m, 2H), 6.55 (s, 1H), 4.12
(s, 2H), 3.81 (s, 3H), 3.76 (s, 3H); "*C-NMR (100 MHz, CD;COCDs): § 200.9, 150.5, 149.6, 134.3, 121.9, 113.8,
112.9, 100.5, 75.0, 56.2, 56.0, 40.3; HRMS (EI): calcd for C1sH1207Co, ([M-CO]"): 433.9247, found: 433.9246.

48: red oil; IR (neat cm™): 2018 cm™'; "TH-NMR (400 MHz, CDCl3): § 6.72 (s, 2H), 6.05 (s, 2H), 4.17 (s, 4H), 3.86
(s, 6H); >*C-NMR (100 MHz, CDCls): & 199.4, 148.3, 130.5, 113.4, 96.7, 73.2, 55.9, 37.1; HRMS (EI): calcd for
C26H14014Cos (M"): 785.7712, found: 785.7723.

49: red oil; IR (neat): 2018 cm™'; "H-NMR (600 MHz, CDCl3): § 7.01 (t,J = 7.9 Hz, 1H), 6.90-6.84 (m, 2H), 6.03 (s,
1H), 4.11 (s, 2H), 3.87 (s, 3H), 3.86 (s, 3H); *C-NMR (150 MHz, CDCl3): § 199.7, 152.9, 147.1,133.9, 123.9, 122.5,
111.5,97.2,73.7, 60.6, 55.8, 34.2; HRMS (EI): calcd for Ci4H;205Co2 ([M-3CO]T"): 377.9349, found: 377.9329.

Functionalization of 1,3-benzodioxole (57)

<O© 17 (1.5 eq), Cs,CO3 (10 eq) <O©/\/COZ(CO)6
o CH.Cl;,0°Ctort, 1.5h e}
57

58 (22%)

The procedure A was followed, employing K,COj instead of Cs,CO3 as a base, with a reaction time of 1.5 h. The

crude was purified by silica gel column chromatography (hexane) to provide 58 (9.94 mg, 0.0223 mmol, 22%).

58: red oil; IR (neat): 2017 cm™'; "H-NMR (400 MHz, CDCl;): § 6.76 (d, J = 7.5 Hz, 1H), 6.75 (s, 1H), 6.71 (d, J =
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7.5 Hz, 1H), 6.07 (s, 1H), 5.93 (s, 2H), 3.99 (s, 2H); '*C-NMR (100 MHz, CDCl3): & 199.6, 147.7, 146.6, 134.3,
121.9, 109.2, 108.3, 101.0, 98.3, 73.3, 40.0; HRMS (EI): caled for CisHgO7Co, ([M-COT"): 417.8934, found:
417.8936.

Functionalization of N-methylindole (59)

P
e

X
COz(CO)G
17 (1.5 eq), Cs,CO3 (10 e
@ ( q), Cs2CO3 (10 eq) N
N CH,Clp,0°Ctort, 2 h N
\ \
59 60 (57%)

The procedure A was followed with a reaction time of 2 h. The crude was purified by silica gel column

chromatography (hexane) to provide 60 (26.1 mg, 0.0573 mmol, 57%).

60: red oil; IR (neat): 2015 cm™'; "TH-NMR (400 MHz, CDCl;): & 7.63 (d, J= 7.5 Hz, 1H), 7.29 (d, J= 7.5 Hz, 1H),
7.22 (d,J=7.5Hz, 1H), 7.15 (t,J=7.5 Hz, 1H), 6.94 (s, 1H), 6.05 (s, 1H), 4.27 (s, 2H), 3.75 (s, 3H); *C-NMR (100
MHz, CDCls): 6 199.7, 137.0, 127.3, 126.9, 121.8, 119.0, 118.7, 114.1, 109.3, 98.9, 73.6, 32.6, 30.1; HRMS (EI):
caled for Ci6H11NO4Co, ([M-2COT%): 398.9352, found: 398.9341.

Functionalization of eugenol (42)

1
o OMe . o OMe o OMe |l COZ(COOIV)IGe
@\/\ (1.5 eq), K,CO3 (10 eq) . ., ©
AN CH,Cl,, -20°Ct0 0°C, 2 h AN AN @\/\
42 -Coy(COs St
43 (15%) 44 (18%) 61 (7%)

On 0.200 mmol scale, the procedure A was followed, employing K>COs instead of Cs;COs3 as a base, with a reaction
time of 2 h. The crude was purified by silica gel column chromatography (AcOEt : hexane=1:20to 1 : 8) to provide
a mixture of 43 (18.4 mg, 0.0369 mmol, 15%) and 61 (7.23 mg, 14.5 pmol, 7%) and a single product of 44 (15.1 mg,
0.0303 mmol, 18%). The mixture of 43 and 61 was separated by HPLC (250-20 mm, AcOEt : hexane =1:19, 9.4

mL/min).

43 (retention time: 19.0 min): red oil; IR (neat): 2020 cm™'; '"H-NMR (400 MHz, CDCl;): § 6.61 (s, 1H), 6.60 (s, 1H),
6.03 (s, 1H), 5.92 (ddt, J = 16.8 Hz, 10.0 Hz, 6.5Hz, 1H), 5.60 (s, 1H), 5.09-5.04 (m 2H), 4.10 (s, 2H), 3.86 (s, 3H),
3.30 (d, J = 6.5 Hz, 2H); 3*C-NMR (100 MHz, CDCl3): § 199.7, 146.4, 141.9, 137.7, 131.3, 125.9, 122.7, 115.5,
109.9, 97.3, 73.7, 56.1, 39.9, 33.6; HRMS (EI): caled for CisH1407C02 ([M-CO]"): 459.9404, found: 459.9400.

44: red oil; IR (neat): 2020 cm™; 'H-NMR (400 MHz, CDCl3): § 6.81 (s, 1H), 6.65 (s, 1H), 6.04 (s, 1H), 5.97 (ddt, J
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=17.0 Hz, 10.3 Hz, 6.4 Hz, 1H), 5.46 (s, 1H), 5.11 (dt, /= 10.3 Hz, 1.4 Hz, 1H), 5.04 (dt, /= 17.0 Hz, 1.4 Hz, 1H),
4.04 (s, 2H), 3.85 (s, 3H), 3.43 (dd, J = 6.4 Hz, 1.4 Hz, 2H); *C-NMR (100 MHz, CDCls): & 199.6, 145.7, 144.1,
137.2, 131.6, 128.8, 116.1, 115.9, 112.2, 97.1, 73.5, 56.0, 36.82, 36.78; HRMS (ESI): calcd for C19H405Co2Na
(IM+Na]"): 510.9245, found: 510.9238.

61 (retention time: 20.7 min): red oil; IR (neat): 2023 cm™'; "TH-NMR (400 MHz, CDCl;): § 6.88 (d, J = 9.0 Hz, 1H),
6.73 (s, 1H), 6.72 (d, J=9.0 Hz, 1H), 6.03 (s, 1H), 6.01-5.91 (m, 1H), 5.25 (s, 2H), 5.10-5.06 (m, 2H), 3.81 (s, 3H),
3.34 (d, J = 6.8 Hz, 2H); 3C-NMR (100 MHz, CDCls): § 199.2, 150.2, 145.9, 137.6, 134.1, 120.3, 115.7, 115.1,
112.9, 89.6, 72.4, 69.7, 55.7, 39.9; HRMS (EI): caled for Ci2H;1402Co2 ([M-6CO]"): 319.9658, found: 319.9637.

Functionalization of N-Boc homoveratrylamine (62)

//\”/
Co,(CO)g
¥ 17 (1.5eq), Cs;,C03 (10€9)  MeO N

OoC

MeO N
Boc
jg/v CH,Cly,, 0 °C to rt, 30 min jg/v
MeO MeO

62 63 (29%)

The procedure A was followed with a reaction time of 30 min. The crude was purified by silica gel column

chromatography (AcOEt : hexane = 1 : 8) to provide 63 (18.7 mg, 0.0292 mmol, 29%).

63 (a mixture of two rotamers): red oil; IR (neat): 2022 cm™'; "H-NMR (400 MHz, CDCl;): § 6.82-6.68 (m, 3H), 6.03
(s, 1H), 4.36 (s, 1H), 3.86 (s, 3H), 3.86 (s, 3H), 3.50-3.46 (m, 2H), 2.86-2.79 (m, 2H), 1.46 (s, 9H); *C-NMR (100
MHz, CDCls): 6 199.4, 155.0, 154.5, 149.1, 147.7, 131.6, 120.8, 112.1, 112.0, 111.5, 91.5, 91.1, 80.4, 80.0, 73.3,
73.0, 55.9, 55.8, 49.5, 49.0, 48.7, 34.7, 33.7, 28.4, 28.3; HRMS (ESI): calcd for C24H2sNO19Co:Na ([M+Na]"):
628.0035, found: 628.0021.

Functionalization of N-Cbz homoveratrylamine (64)

Pl /<//
X -
H [ CoxcON [ Coslcon
Me! N
Meoji)/\/N\Cbz 00 (1.5 eq), Cs,CO3 (10 eq) Meom/N ~Cbz . @/\/ Cbz
2
MeO CH,Clp, 0°Ctort, 2 h MeO Coa(CO) MeO
64 65 (27%) 66 (16%)
MeO N
MeO Co,(CO)g
67 (11%)

The procedure A was followed with a reaction time of 2 h. The crude was purified by silica gel column
chromatography (AcOEt : hexane =1 : 8 to 1 : 2) to provide 65 (11.2 mg, 0.0175 mmol, 18%), 66 (7.28 mg, 0.0114
mmol, 11%), 67 (26.4 mg, 0.0274 mmol, 27%), and recovered 64 (4.85 mg, 0.0154 mmol, 15%).
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65 (a mixture of two rotamers): red oil; IR (neat): 2024 cm™'; '"H-NMR (400 MHz, CDCl5): § 7.36 (br s, 5H), 6.80-
6.73 (m, 2H), 6.64 (d, J= 8.3 Hz, 0.5H), 6.57 (s, 0.5H), 6.03 (s, 0.5H), 5.93 (s, 0.5H), 5.18 (s, 1H), 5.14 (s, 1H), 4.41
(s, 1H). 4.36 (s, 1H), 3.85 (s, 3H), 3.80 (s, 1.5H), 3.75 (s, 1.5H), 3.59-3.56 (m, 2H), 2.88 (t, /= 7.1 Hz, 1H), 2.80 (t,
J=17.1Hz, 1H); *C-NMR (100 MHz, CDCl3): § 199.3, 155.9, 155.3, 149.0, 147.7,136.5, 131.4, 131.2, 128.5, 128.2,
128.04, 128.0, 120.7, 112.0, 111.8, 111.4, 90.6, 73.0, 72.8, 67.5, 67.3, 55.9, 55.7, 49.8, 49.6, 49.3, 34.8, 33.8; HRMS
(EX): caled for C21H23NO;9Coz ([M-6COTY): 471.0291, found: 471.0293.

66: red oil; IR (neat): 2025 cm™'; '"H-NMR (400 MHz, CDCl3): § 7.38-7.32 (m, 5H), 6.73 (s, 1H), 6.64 (s, 1H), 6.04
(s, IH), 5.11 (s, 2H), 4.81 (brs, 1H), 4.09 (s, 2H), 3.86 (s, 3H), 3.81 (s, 2H), 3.44 (q, /= 7.0 Hz, 2H), 2.87 (t, /= 7.0
Hz, 2H)."*C-NMR (100 MHz, CDCl3): § 199.6, 156.3, 148.3, 147.7, 136.5, 131.1, 128.5, 128.4, 128.2, 128.1, 113.6,
112.7,97.0, 73.3, 66.7, 56.0, 55.9, 42.2, 36.9, 32.7; HRMS (FAB): calcd for C21H23NO04Co, ([M-6CO1"): 471.0291,
found: 471.0296.

67 (a mixture of two rotamers): red oil; IR (neat): 2021 cm™'; "TH-NMR (400 MHz, CDCls): § 7.36 (br s, SH), 6.72 (s,
0.5H), 6.68 (s, 0.5H), 6.64 (s, 0.5H), 6.49 (s, 0.5H), 6.05 (s, 0.5H), 6.04 (s, 0.5H), 5.95 (s, 0.5H), 5.92 (s, 0.5H), 5.17
(s, 1H). 5.13 (s, 1H), 4.49 (s, 1H), 4.45 (s, 1H), 4.09 (s, 1H) 3.94 (s, 1H), 3.87 (s, 1.5H), 3.85 (s, 1.5H), 3.77 (s, 1.5H),
3.70 (s, 1.5H), 3.68-3.55 (m, 2H), 2.99-2.88 (m, 2H); *C-NMR (100 MHz, CDCl3): § 199.5, 155.8, 155.3, 148.42,
148.37, 147.8, 136.34, 136.27, 131.2, 130.8, 128.5, 128.4, 128.30, 128.23, 128.20, 128.1, 113.6, 113.5, 112.9, 112.7,
97.2,96.9,90.5,90.4, 73.34, 73.26, 73.0, 72.8, 67.7, 67.4, 55.8, 49.6, 49.5, 48.9, 36.7, 36.5, 31.7, 30.8, 29.7; HRMS
(FAB): calcd for C26HasNOgCos ([M-10COT"): 682.9010, found: 682.9001.

Functionalizaiton of N-(3,4-dimethoxyphenethyl)acetamide (20)

H H
MeO N\A 13 (1.5 eq), Cs,CO3 (10 eq) MeO N\Ac
c
]@/\/ CH,Cl,, 0°Ctort, 2 h :©\/\/;/\
MeO MeO Co,(CO)g

20 21 (33%)

The procedure A was followed with a reaction time of 2 h. The crude was purified by PTLC (MeOH : CHCl; =1 :
20) to provide 21 (17.9 mg, 0.0327 mmol, 33%) and recovered 20 (5.44 mg, 0.0243 mmol, 24%)).

21: red oil; "TH-NMR (400 MHz, CDCls): § 6.74 (s, 1H), 6.66 (s, 1H), 6.07 (s, 1H), 5.55 (br s, 1H), 4.10 (s, 2H), 3.87
(s, 3H), 3.84 (s, 3H), 3.49 (q,J = 7.2 Hz, 2H), 2.87 (t,J = 7.2 Hz, 2H), 1.97 (s, 3H).">*C-NMR (100 MHz, CDCl3): §
199.6, 170.0, 148.3, 147.7, 131.1, 128.5, 113.6, 112.7, 96.9, 73.4, 56.1, 55.9, 40.6, 36.9, 32.3, 23.3; HRMS (ESI):
caled for C2oH2sNO4Coz ([M-6CO]Y): 485.0448, found: 485.0462.
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Functionalization of benzyl (3,4-dimethoxyphenethyl)(methyl)carbamate (68)

(ocC) 6002\/
MeO ’1‘ 17(15e :&\/
m// Cbz .5 eq), Cs,CO3 (10 eq)
MeO A Coy(CO);  CH2Cla 0°C to tt, 30 min m 602 (0N
68 69 (70%) 70 (5%)

The procedure A was followed with a reaction time of 30 min. The crude was purified by silica gel column
chromatography (AcOEt : hexane =1 : 8 to 1 : 2) to provide 69 (45.5 mg, 0.0697 mmol, 70%) and 70 (3.09 mg, 4.73
pmol, 5%).

69 (a mixture of two rotamers): red oil; IR (neat): 2018 cm™'; '"H-NMR (400 MHz, CDCl;): § 7.35-7.30 (m, 5H), 6.72
(s, 0.5H), 6.67 (s, 1H), 6.52 (s, 0.5H), 6.07 (s, 0.5H), 5.95 (s, 0.5H), 5.13 (s, 1H), 5.10 (s, 1H), 4.13 (s, 1H), 3.97 (s,
1H), 3.86 (s, 3H), 3.82 (s, 1.5H), 3.74 (s, 1.5H), 3.45 (br s, 2H), 2.93-2.84 (m, 5H); 3*C-NMR (100 MHz, CDCl;):
8 199.8, 156.3, 148.5, 147.9, 137.1, 136.9, 131.2, 131.0, 128.8, 128.7, 128.2, 128.0, 113.7, 113.1, 97.4, 97.2, 73.6,
67.5,67.2,56.2,56.0,51.2,50.8,37.1,36.8,35.3,34.8,31.4, 30.9; HRMS (EI): calcd for C22H2sNO4Co, ([M-6COT"):
485.0448, found: 485.0462.

70 (a mixture of two rotamers): red oil; IR (neat): 2019 cm™'; "H-NMR (600 MHz, CDCl;): § 7.38-7.32 (m, 5H), 6.89
(d, J=8.2 Hz, 0.5H), 6.79-6.73 (m, 1.5H), 5.98 (s, 0.5H), 5.88 (s, 0.5H), 5.12 (s, 1H), 5.11 (s, 1H), 4.23 (s, 1H), 4.06
(s, 1H), 3.85 (s, 2H), 3.82 (s, 4H), 3.44 (t, J = 7.6 Hz, 2H), 2.93 (s, 3H), 2.90-2.84 (m, 2H); *C-NMR (150 MHz,
CDCl3): 6 199.7, 156.0, 151.4, 147.4, 137.0, 136.8, 132.8, 132.5, 129.7, 129.6, 128.5, 128.0, 127.9, 127.8, 125.0,
111.5, 111.4, 95.9, 95.6, 73.8, 67.2, 67.0, 60.3, 55.8, 51.2, 50.6, 35.0, 34.5, 31.4, 30.9, 30.6; HRMS (ESI)
C2sH25C0,019NNa ([M+Na]") caled for 676.0035, found: 676.0017.

Functionalization of naproxen methyl ester (71)

COzMe 17 (1.5 eq), Cs,CO3 (10 eq) OO co,Me
MeO CH,Cl,, 0 °C to rt, 30 min MeO
/COz(CO)G

7 30 (93%)
The procedure A was followed with a reaction time of 30 min. The crude was purified by silica gel column

chromatography (AcOEt : hexane = 1 : 12) to provide 30 (52.6 mg, 0.0925 mmol, 93%).

30: red oil; IR (neat): 2019, 1738 em™'; 'H-NMR (400 MHz, CDCL): § 7.90 (d, J = 8.9 Hz, 1H), 7.75 (d,J = 9.9 Hz,
1H), 7.68 (s, 1H), 7.48 (d, J = 8.9 Hz, 1H), 7.24 (d,J = 9.9 Hz, 1H), 5.91 (s, 1H), 4.61 (s, 2H), 3.96 (s, 3H), 3.87 (q,
J=17.1Hz, 1H), 3.68 (s, 3H), 1.59 (d, J = 7.1 Hz, 3H); '3C-NMR (100 MHz, CDCls): § 199.7, 175.1, 154.0, 135.3,

131.8,129.1, 128.8, 126.8, 126.4, 123.7,121.1, 112.7,96.2, 73.5, 55.6, 52.0, 45.2, 29.0, 18.5; HRMS (EI): calcd for
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Ci9H1304Co02 ([M-5CO]"): 427.9869, found: 427.9864.

Functionalization of indometacin methyl ester (72)

(OC)sCoy_
Nz

CO,Me ~ _CO,Me CO;Me
MeO MeO MeO
N \ N\
N 17 (1.5 eq), Cs,CO3 (10 eq) N . N
0 o - o i o
CH,Cly, 0 °C to rt, 30 min (OC)sCop—

Cl cl Cl
72 73 (51%) 74 (15%)

The procedure A was followed with a reaction time of 30 min. The crude was purified by silica gel column
chromatography (AcOEt : hexane = 1 : 25) to provide 73 (35.6 mg, 0.0511 mmol, 51%) and 74 (10.2 mg, 0.0146
mmol, 15%).

73: red oil; IR (neat): 2020, 1740 cm™'; 'H-NMR (400 MHz, CDCL): § 7.63 (d, J = 7.8 Hz, 2H), 7.45 (d,J = 7.8 Hz,
2H), 6.90 (d, J= 9.0 H, 1H), 6.64 (d, J = 9.0 Hz, 1H), 5.91 (s, 1H), 4.55 (s, 2H), 3.90 (s, 2H), 3.83 (s, 3H), 3.70 (s,
3H), 2.37 (s, 3H); 3C-NMR (100 MHz, CDCls): § 199.9, 171.7, 168.3, 152.9, 139.5, 137.2, 133.9, 131.7, 131.3,
129.1, 128.2, 119.4, 113.3, 111.6, 106.9, 96.7, 73.2, 55.6, 52.2, 31.3, 29.5, 13.2; HRMS (ESI): caled for
Ca20H21NOCICo, ([M+H]"): 695.9513, found: 695.9503.

74: red oil; IR (neat): 2019, 1740 cm™'; 'H-NMR (400 MHz, CDCL): § 7.66 (d, J = 8.3 Hz, 2H), 7.49 (d,J = 8.3 Hz,
2H), 6.91 (s, 1H), 6.90 (s, 1H), 5.89 (s, 1H), 4.03 (s, 2H), 3.88 (s, 3H), 3.68 (s, 3H), 3.67 (s, 2H), 2.33 (s, 3H); 1°C-
NMR (100 MHz, CDCLs): § 199.7, 171.3, 168.4, 153.8, 139.3, 135.2, 131.1, 134.1, 130.3, 129.5, 129.1, 125.1, 116.0,
112.6, 99.1, 97.9, 73.7, 55.1, 52.1, 34.6, 30.3, 13.4; HRMS (ESI): calcd for CaoHaoNOoClCo,Na ([M+Na]"):
717.9332, found: 717.9320.

Functionalization of compound 75

o - o
MeO O O \ 1715 8eq), C5,C05 (10 eq) © O O A
MeO N CH,Cly, 0 °C to rt, 30 min MeO N\
\
OMe OMe

75 76 (76%)

-
A

X
COZ(CO)G

The procedure A was followed with a reaction time of 30 min. The crude was purified by silica gel column

chromatography (AcOEt : hexane = 1 : 2) to provide 76 (49.2 mg, 0.0758 mmol, 76%).

76: red oil; IR (neat): 2018, 1647 cm'; "H-NMR (400 MHz, CDCls): 8 8.18 (s, 1H), 7.76 (d, J = 8.7 Hz, 1H), 7.35
(d,J=8.7 Hz, 1H), 7.08 (s, 2H), 7.06 (s, 1H), 6.04 (s, 1H), 4.29 (s, 2H), 3.94 (s, 3H), 3.89 (s, 6H), 3.82 (s, 3H); 1°C-
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NMR (100 MHz, CDCl3): 8 199.6, 196.4, 152.8, 141.4,139.2, 134.2, 129.1, 128.6, 126.9, 124.3, 122.7, 116.0, 108.9,
107.6, 97.8, 73.5, 60.9, 56.3, 32.9, 29.9; HRMS (ESI): calcd for CsH2oNO19Co> ([M+H]): 649.9902, found:
649.9902.

Functionalization of rotenone (77)

(OC)sCo2-1/ (OC)sCo2+,
mw / /

\\\ 17 (1.5 eq), Cs,CO3 (10 eq)
CH,Cly, 0 °C to rt, 30 min

77 78 (26%) 79 (2%) Cox(CO)e

The procedure A was followed with a reaction time of 30 min. The crude was purified by HPLC (250-20 mm, AcOEt :
hexane = 3 : 7, 9 mL/min) to provide 78(18.9 mg, 0.0261 mmol, 26%) and 79 (2.11 mg, 2.02 pmol, 2%).

78 (retention time: 8.8 min): red oil; IR (neat): 2017, 1676 cm™'; "H-NMR (400 MHz, CDCl5): § 7.83 (d, J= 8.4 Hz,
1H), 6.78 (s, 1H), 6.51 (d, J = 8.4 Hz, 1H), 6.00 (s, 1H), 5.28 (dd, J = 9.9 Hz, 8.0 Hz, 1H), 5.09 (s, 1H), 4.95-4.93
(m, 2H), 4.66 (dd, J=11.9 Hz, 2.9 Hz, 1H), 4.17 (d, J= 11.9 Hz, 1H), 4.14 (s, 2H), 3.85 (d, J=3.9 Hz, 1H), 3.83 (s,
3H), 3.74 (s, 3H), 3.32 (dd, J = 15.7 Hz, 9.9 Hz, 1H), 3.01 (dd, J = 15.7 Hz, 8.0 Hz, 1H), 1.78 (s, 3H); *C-NMR
(100 MHz, CDCls): 6 199.9, 188.8, 167.3, 158.0, 147.7, 147.2, 145.1, 143.0, 130.0, 122.3, 113.4, 112.8, 112.6, 110.8,
109.0, 104.8, 96.6, 87.8, 73.6, 72.1, 65.9, 60.5, 56.4, 45.0, 31.3, 27.6, 17.1; HRMS (ESI): caled for C3:H25012Co2
([M+H]"): 719.0005, found: 718.9995.

79 (retention time: 10.8 min): red oil; IR (neat): 2018, 1677 cm™'; "TH-NMR (400 MHz, CDCls): & 7.73 (s, 1H), 6.73
(s, IH), 6.03 (s, 1H), 5.99 (s, 1H), 5.29 (t,J=9.2 Hz, 1H), 5.11 (s, 1H), 4.98 (s, 1H), 4.91-4.89 (m, 1H), 4.64 (dd, J
=11.8 Hz, 3.1 Hz, 1H), 4.17 (d, J=12.1 Hz, 1H), 4.14 (s, 2H), 4.07 (d, J = 15.5 Hz, 1H), 3.98 (d, /= 15.5 Hz, 1H),
3.83 (s, 4H), 3.72 (s, 3H), 3.32 (dd, J = 15.9 Hz, 9.7 Hz, 1H), 3.04 (dd, J = 15.8 Hz, 8.4 Hz, 1H), 1.81 (s, 3H); 1*C-
NMR (100 MHz, CDCls): 6 199.8, 188.8,165.3,157.1, 147.7,147.1, 145.1, 142.8, 129.8, 122.3, 117.5, 113.3, 113.03,
112.98, 110.8, 109.0, 96.7, 96.2, 88.1, 73.67, 73.63, 72.2, 65.9, 60.6, 56.3, 45.1, 33.3, 31.6, 27.6, 17.3; HRMS (ESI):
caled for C41H27015C04 ([M+H]"): 1042.8520, found: 1042.8508.

Functionalization of xanthotoxin (80)

Pl

X
COz(CO)s
J A 17 (3.0 eq), Cs,CO;3 (10 eq) J A
0 0”0 CH,Cly, 40 °C, MW, 2 h o 070
OMe OMe
80 81 (28%)

The procedure B was followed with a reaction time of 2 h. The crude was purified by silica gel column
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chromatography (AcOEt : hexane = 1 : 4) to provide 81 (15.1 mg, 0.0280 mmol, 28%) along with recovered 80 (14.5
mg, 0.0669, 67%)

81: red oil; IR (neat): 2021 1736 cm™; 'H-NMR (400 MHz, CDCls): 8 8.03 (d, J = 9.8 Hz, 1H), 7.74 (d, J= 2.0 Hz,
1H), 6.91 (d, J=2.0 Hz, 1H), 6.47 (d, J= 9.8 Hz, 1H), 5.95 (s, 1H), 4.50 (s, 2H), 4.24 (s, 3H); '*C-NMR (100 MHz,
CDCl3): 6 199.1, 160.0, 147.3, 146.7, 143.9, 140.3, 132.3, 125.9, 123.5, 114.7, 114.1, 105.3, 94.2, 73.0, 61.5, 33.1;
HRMS (ESI): caled for C21H;1010Coz ([M+H]Y): 540.9011, found: 540.8994.

Funtionalizaation of estradiol (83)

17 (1.5 eq), Cs,CO5 (10 eq)

CH,Cl,, 0 °C to rt, 30 min

- COz(CO)G
<4

83 84 (15%) 85 (23%) 86 (17%)

The procedure A was followed with a reaction time of 30 min. The crude was purified by silica gel column
chromatography (AcOEt : hexane = 1 : 8) to provide 84 (8.88 mg, 0.0149 mmol, 15%), 85 (13.6 mg, 0.0227 mmol,
23%), 86 (15.3 mg, 0.0166 mmol, 17%) and recovered 83 (8.90 mg, 0.0327 mmol, 33%). In this case, starting material
83 was dissolved in 5 ml of CH>Cl, (0.02 M) and added.

84: red oil; IR (neat): 2017 cm'; "H-NMR (400 MHz, CDsCOCD3): & 8.15 (s, 1H), 7.11 (s, 1H), 6.57 (s, 1H), 6.40
(s, 1H), 4.17 (d, J = 15.0 Hz, 1H), 4.10 (d, J = 15.0 Hz, 1H), 3.65 (br s, 1H), 3.58 (br s, 1H), 2.30 (br s, 1H), 2.12-
1.95 (m, 3H), 1.83 (br's, 1H), 1.64 (br s, 1H), 1.46-1.19 (m, 10H), 0.76 (s, 3H); HRMS (ESI): calcd for C27H,505Co;
(IM-HJ"): 595.0208, found: 595.0211.

85: red oil; IR (neat): 2017 cm™'; 'H-NMR (400 MHz, CD;COCD3): & 8.25 (br s, 1H), 7.04 (d, J = 8.2 Hz, 1H), 6.69
(d,J=8.2Hz, 1H), 6.37 (s, 1H), 4.28 (d, J = 14.7 Hz, 1H), 4.22 (d, J = 14.7 Hz, 1H), 3.66 (br s, 1H), 3.57 (br s, 1H),
3.03 (brs. 1H), 2.25 (brs, 1H), 2.13 (br s, 1H), 1.95 (br s, 4H), 1.48-1.19 (m, 8H), 0.75 (s, 3H); HRMS (ESI): calcd
for C27H,505Co, ([M-HT): 595.0208, found: 595.0224.

86: red oil; IR (neat): 2017 cm™'; "TH-NMR (400 MHz, CDCl3): § 7.02 (s, 1H), 6.04 (s, 1H), 5.98 (s, 1H), 4.80 (s, 1H),
4.18 (s,2H), 4.13 (d,J=16.1 Hz, 1H), 4.06 (d, J = 16.1 Hz, 1H), 3.73 (brd, J= 5.9 Hz, 1H), 2.94 (br d, J=16.1 Hz,
1H), 2.81 (dd, J= 15.9 Hz, 10.5 Hz, 1H), 2.28 (br d, J = 11.2 Hz, 1H), 2.15 (br s, 2H), 1.95 (br d, /= 10.7 Hz, 2H),
1.70 (br s, 1H), 1.49-1.19 (m, 10H), 0.76 (s, 3H); '*C-NMR (100 MHz, CDCl5): § 199.5, 149.2, 134.7, 133.6, 126.3,
125.2,123.8,95.6,94.1,81.9,73.6,72.9, 50.0, 44.1,43.2, 38.1, 36.7, 35.3, 30.6, 27.2, 26.4, 23.1, 11.0; HRMS (ESI):
calcd for C3sH27014Co4 ([M-H]"): 918.8723, found: 918.8710.
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Functionalization of podophyllotoxin (87)

OH O/\\\/E:Oz(co)e
T H T HS
0o T o] :
<O]CO;§<\O 17 (1.5 eq), Cs,CO3 (10 eq) <O©\A//\HO
:Ho CH,Cly, -20 °C to 0 °C, 10 min :Ho
MeOQ\OMe MeOQ\OMe
OMe OMe
87 88 (28%)

The procedure A was followed with a reaction time of 10 min. The crude was purified by silica gel column

chromatography (AcOEt : hexane = 1 : 8) to provide 88 (20.4 mg, 0.0276 mmol, 28%).

88: red oil; IR (neat): 2029, 1780 cm™'; "H-NMR (400 MHz, CDCl5): § 7.07 (s, 1H), 6.52 (s, 1H), 6.37 (s, 2H), 6.08
(s, 1H), 5.98 (d, /= 1.0 Hz, 1H), 5.96 (d, /= 1.0 Hz, 1H), 4.82 (d, J=10.7 Hz, 1H), 4.77 (d, /= 12.1 Hz, 1H), 4.69
(d, J=12.1 Hz, 1H), 4.62-4.58 (m, 2H), 4.16 (t,J=9.7 Hz, 1H), 3.81 (s, 3H), 3.72 (s, 6H), 3.04-2.95 (m, 1H), 2.87
(dd, J=14.2 Hz, 4.6 Hz, 1H); *C-NMR (100 MHz, CDCl3): § 199.3, 173.9, 152.6, 147.9, 147.7, 137.0, 135.3, 131.8,
130.3, 109.7, 107.9, 106.8, 101.5, 90.3, 78.0, 71.4, 71.2, 68.7, 60.7, 55.9, 45.5, 43.9, 37.8; HRMS (ESI): calcd for
C31H25014Co, ((M+H]"): 738.9903, found: 738.9888.

Functionalization of podophyllotoxin TBS ester (89)

oTBs oTRS

6] : O -
< 0 { 0
0 00 (1.5 eq), Cs,CO3 (10 e 0 .

; . , Cs2C03 q) ;

:H Do :H o

(OC)sCo,
CH,Cl, 0 °C to rt, 10 min N
MeO OMe MeO OMe

OMe OMe

89 90 (19%)

On 48.8 umol scale, The procedure A was followed with a reaction time of 30 min. The crude was purified by silica

gel column chromatography (AcOEt : hexane = 1 : 2) to provide 90 (8.05 mg, 8.86 pmol, 19%).

90: red oil; IR (neat): 2019, 1782 cm’'; "H-NMR (600 MHz, CDCL): § 6.96 (s, 1H), 6.39 (s, 1H), 6.061 (s, 1H), 6.055
(s, 1H), 5.98 (s, 1H), 5.97 (s, 1H), 4.93 (d, J=9.6 Hz, 1H), 4.91 (s, 1H), 4.81 (d, J= 9.6 Hz, 1H), 4.55 (t,J=7.5 Hz,
1H), 4.43 (d, J = 15.7 Hz, 1H), 4.00 (dt, J= 11.1 Hz, J = 8.6 Hz, 1H), 3.90 (s, 3H), 3.79 (s, 3H), 3.58 (s, 3H), 3.11-
3.01 (m, 1H), 2.98-2.89 (m, 1H), 0.97 (s, 9H), 0.30 (s, 1H), 0.14 (s, 3H); '*C-NMR (150 MHz, CDCls): & 173.7,
151.9, 151.8, 147.5, 147.3, 141.4, 133.64, 133.60, 132.1, 127.8, 110.8, 109.0, 106.6, 101.4, 96.8, 72.7, 72.3, 71.5,
60.5, 60.4, 55.8, 44.9, 40.9, 39.5, 31.5, 25.8, 18.0, -3.8, -4.1; HRMS (FAB): caled for C3,Hs509Co; ([M-5CO]"):
712.0949, found: 712.0972.
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Functionalization of colchicine (91)

17 (3.0 eq), Cs,CO3 (10 eq)

CH,Cly, 40 °C, MW, 1 h

92 (8%)

On 0.05 mmol scale, the procedure B was followed with a reaction time of 1 h. The crude was purified by silica gel
column chromatography (MeOH : CHCl; =1 : 40) to provide 92 (2.83 mg, 3.91 umol, 8%) and recovered 91 (15.7
mg, 0.0392 mmol, 79%).

92: red oil; IR (neat): 2022, 1670 cm™'; "H-NMR (400 MHz, CDCl;): § 7.56 (br s, 1H), 7.54 (s, 1H), 7.21 (d,J=10.7,
1H), 6.85 (d, J=10.7 Hz, 1H), 5.93 (s, 1H), 4.66-4.60 (m, 1H), 4.32 (d, J = 13.4 Hz, 1H), 4.00 (s, 6H), 3.92 (d, J =
13.4 Hz, 1H), 3.91 (s, 3H), 3.61 (s, 3H), 2.90-2.88 (m, 1H), 2.27-2.25 (m, 2H), 2.00 (s, 3H), 1.90-1.87 (m, 1H); '3C-
NMR (100 MHz, CDCl3): 6 199.7,179.6,170.1, 164.2, 152.1, 151.6, 150.5, 145.5, 136.7, 135.6, 132.1, 130.2, 129.4,
126.6, 112.7, 96.2, 96.1, 73.4, 61.4, 60.9, 60.7, 56.4, 52.5, 35.9, 30.3, 25.5, 22.9; HRMS (ESI): calcd for
C31H27NO2Co:Na ([M+Na]"): 746.0089, found: 746.0067.

Functionalization of papaverine (11)

MeO. O \/COZ(CO)S MeO \/COz(CO)e MeO
MeO 17 (1.5 eq) MeO O MeO O

7

MeO SN CH,Cly, 1t, 4 h MeO SN MeO A %/(N?OZ(CO)S
MeO & MeO = MeO ~ BF,
" 93 (4%) 94 (62%)

The procedure C was followed with a reaction time of 4 h. The crude was purified by silica gel column
chromatography (AcOEt : hexane =1: 1 to MeOH : CHCl; =1 : 4) to provide 93 (2.71 mg, 4.09 umol, 4%), 94 (46.8
mg, 0.0623 mmol, 62%) and recovered 8 (2.33 mg, 6.87 umol, 7%).

93: red oil; IR (neat): 2017 cm™'; "H-NMR (400 MHz, CD;COCDs3): § 8.24 (d, J = 5.6 Hz, 1H), 7.54 (s, 1H), 7.51 (d,
J=5.6Hz, 1H), 7.30 (s, 1H), 6.94 (s, 1H), 6.81 (s, IH), 6.48 (s, 1H), 4.72 (s, 2H), 4.40 (s, 2H), 3.97 (s, 3H), 3.91 (s,
3H), 3.80 (s, 3H), 3.61 (s, 3H); 3C-NMR (100 MHz, CD;COCDs): § 200.9, 158.6, 153.6, 151.1, 149.3, 148.9, 141.6,
134.2, 132.8, 131.0, 123.8, 119.3, 115.3, 106.4, 104.8, 99.1, 75.0, 56.2, 56.0, 39.9, 38.2; HRMS (FAB): calcd for
C29H24NO10Co;, ([M+H]") caled for 664.0059, found: 664.0067.

94: red oil; IR (neat): 2032 cm'; "H-NMR (400 MHz, CDCL): § 8.79 (d, J = 6.6 Hz, 1H), 8.41 (d, J = 6.6 Hz, 1H),
7.96 (s, 1H), 7.81 (s, 1H), 6.99 (s, 1H), 6.89 (s, 1H), 6.88 (d, J = 8.3 Hz, 1H), 6.74 (s, 1H), 6.61 (d, J= 8.3 Hz, 1H),
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6.31 (s, 2H), 5.26 (s, 2H). 4.15 (s, 3H), 4.01 (s, 3H), 3.75 (s, 3H), 3.71 (s, 3H); "*C-NMR (100 MHz, CDCl5): § 199.6,
159.2, 155.5, 154.6, 151.1, 150.0, 137.8, 136.2, 128.5, 125.5, 124.3, 120.9, 113.3, 113.1, 107.4, 106.9, 87.5, 75.9,
60.3, 57.5, 57.0, 56.2, 56.1, 35.2; HRMS (FAB): calcd for C29H24NO19Coz (M*): 664.0059, found: 664.0067.

Decomplexation of dicobalt hexacarbonyl complexes

Standard procedure: To a solution of cobalt complex in MeCN (0.01 M) was added TEMPO'BF4 (0.5 eq. x 8 or
9) every 5 min at - 40 °C. After completion of the reaction, the reaction was quenched with sat. NaHCO3 (2 mL) and
extracted with AcOEt (4 mL X 3). The combined organic layers were washed with brine, dried over MgSQyg, filtered,

and concentrated in vacuo. The residue was purified by silica gel column chromatography.

Decomplexation of eugenol analog 42

HO

g

MeO
96

On 0.0234 mmol scale, the standard procedure was followed with TEMPO BFy4™ (total 25.23 mg, 0.104 mmol) and a
reaction time of 45 min. The crude was purified by silica gel column chromatography (AcOEt : hexane =1 : 4) to

provide 96 (4.05 mg, 0.0200 mmol, 86%).

96: colorless oil; IR (neat): 3294, 2054 cm™; "H-NMR (400 MHz, CDCl;): & 7.06 (s, 1H), 6.66 (s, 1H), 5.93 (ddt, J
=16.9 Hz, 10.2 Hz, 6.3 Hz, 1H), 5.46 (s, 1H), 5.06 (dd, /= 10.2 Hz, 1.4 Hz, 1H), 4.99 (dd, /= 16.9 Hz, 1.4 Hz, 1H),
3.87 (s, 3H), 3.46 (d,J=2.4 Hz, 2H), 3.35 (d, J= 6.3 Hz, 2H), 2.15 (t,J = 2.4 Hz, 1H); 3C-NMR (100 MHz, CDCl5):
0 145.4,144.1, 136.6, 128.8, 127.2, 115.8, 115.1, 112.3, 82.1, 70.4, 56.0, 36.8, 21.7; HRMS (EI): caled for C13H;402
(M"): 202.0994, found: 202.0986.

Decomplexation of 1-methylindole analog 60

@C
N
\

97
On 26.1 mg (0.0573 mmol) scale, the standard procedure was followed with TEMPO'BF4 (total 63.7 mg, 0.262

mmol) and a reaction time of 45 min. The crude was purified by silica gel column chromatography (hexane) to

provide 97 (6.96 mg, 0.0441 mmol, 72%).

97: yellow oil; IR (neat): 3292 cm™'; "H-NMR (400 MHz, CDCl3): § 7.62 (d, J = 7.5 Hz, 1H), 7.30 (d, J = 7.5 Hz,

1H), 7.24 (d, J= 7.5 Hz, 1H), 7.13 (t, J = 7.5 Hz, 1H), 7.04 (s, 1H), 3.76 (s, 3H), 3.69 (d, J=2.6 Hz, 2H), 2.13 (t,J

= 2.6 Hz, 1H); "*C-NMR (100 MHz, CDCl3): & 137.2, 127.0, 126.8, 121.8, 119.0, 118.7, 109.4, 109.3, 82.6, 63.9,
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32.7,15.1; HRMS (ESI): caled for Ci2HiiN ([M+H]"): 169.0892, found: 169.0885.

Decomplexation of eugenol analog 44
1
HO

MeO N

98

On 13.1 mg (0.0263 mmol) scale, the standard procedure was followed with TEMPO'BF4 (total 25.3 mg, 0.104
mmol) and a reaction time of 40 min. The crude was purified by silica gel column chromatography (CH,Cl: : hexane

=1:4) to provide 98 (3.01 mg, 0.0149 mmol, 58%) and recovered 44 (1.27 mg, 2.55 pmol, 10%).

98: colorless oil; IR (neat): 3307, 2120 cm™'; "TH-NMR (400 MHz, CDCl3): § 6.89 (d, J = 3.0 Hz, 1H), 6.61 (d, J =
3.0 Hz, 1H), 5.96 (ddt, J = 16.8 Hz, 10.0 Hz, 6.5 Hz, 1H), 5.62 (s, 1H), 5.11-5.05 (m, 2H), 3.87 (s, 3H), 3.58 (d, J =
2.8 Hz, 2H), 3.33 (d, J = 6.5 Hz, 2H), 2.15 (t,J = 2.8 Hz, 1H); 3*C-NMR (100 MHz, CDCl5): & 146.1, 141.3, 137.8,
131.4,121.7,121.1, 115.6, 109.7, 81.9, 69.9, 56.1, 40.0, 18.8; HRMS (ESI): calcd for Ci3H;50, ([M+H]"): 203.1067,
found: 203.1068.

Decomplexation of N-Cbz, homoveratrylamine analog 69

MeO

MeO -Cbz

g

99
On 44.6 mg (0.0683 mmol) scale, the standard procedure was followed with TEMPO'BF4 (total 74.5 mg, 0.306
mmol) and a reaction time of 45 min. The crude was purified by silica gel column chromatography (AcOEt : hexane

=1:1) to provide 99 (20.4 mg, 0.0555 mmol, 81%).

99: colorless oil; IR (neat): 3286 cm™'; TH-NMR (400 MHz, CD3SOCD3): § 7.36-7.30 (m, 5H), 6.97 (s, 1H), 6.72 (s,
1H), 5.06 (s, 2H), 3.74 (s, 1H), 3.70 (s, 3H), 3.49 (d, J = 2.5 Hz, 2H), 3.42 (t,J = 7.5 Hz, 2H), 2.86 (s, 3H), 2.78 (4,
J=71.5Hz, 2H), 2.78 (t, J = 2.5 Hz, 1H); 3*C-NMR (100 MHz, CD3SOCDs): & 154.9, 147.7, 147.3, 136.6, 128.8,
127.8, 127.1, 126.9, 126.6, 114.5, 113.8, 82.2, 71.7, 65.7, 55.7, 48.8, 40.1, 33.8, 29.6, 20.7, HRMS (EI): calcd for
C22HasNO4 (M™): 367.1784, found: 367.1790.
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Decomplexation of naproxen methyl ester analog 30

LIy o
MeO

X
100
On 40.1 mg (0.0706 mmol) scale, the standard procedure was followed with TEMPO'BFy4 (total 62.2 mg, 0.285
mmol) and a reaction time of 40 min. The crude was purified by silica gel column chromatography (AcOEt : hexane

=1:20) to provide 100 (18.2 mg, 0.0643 mmol, 91%).

100: colorless oil; IR (neat): 3290 cm™!; 'TH-NMR (600 MHz, CDCl;): § 8.02 (d, /= 8.9 Hz, 1H), 7.75 (d, J = 7.9 Hz,
1H), 7.69 (s, 1H), 7.50 (d, /= 8.9 Hz, 1H), 7.26 (d,J=7.9 Hz, 1H), 3.97 (d, J=2.3 Hz, 1H), 3.97 (s, 3H), 3.87 (q, J
=7.0 Hz, 1H), 3.67 (s, 3H), 1.97 (t,J = 2.3 Hz, 1H), 1.58 (d, J = 7.0 Hz, 3H); *C-NMR (150 MHz, CDCl5): § 175.0,
154.0, 135.6, 131.8, 129.3, 128.8, 126.7, 123.8, 117.5, 113.9, 82.8, 67.9, 56.8, 52.0, 45.2, 18.5, 14.4; HRMS (ESI):
caled for CisH1905 ([M+H]"): 283.1329, found: 283.1324.

Decomplexation of indomethacin methyl ester analog 74

CO,Me

On 10.4 mg (0.0149 mmol) scale, the standard procedure was followed with TEMPO BF, (total 15.9 mg, 0.0656

mmol) and a reaction time of 40 min to provide 101 (4.42 mg, 0.0108 mmol, 72%).

101: colorless oil; IR (neat): 3301, 1738 cm™!; "H-NMR (400 MHz, CDCl3): § 7.67 (d, J = 8.7 Hz, 2H), 7.48 (d, J =
8.7 Hz, 2H), 7.01 (s, 1H), 6.89 (s, 1H), 3.87 (s, 3H), 3.70 (s, 3H), 3.68 (s, 2H), 3.49 (d, J= 2.6 Hz, 2H), 2.46 (s, 3H),
1.97 (t, J = 2.6 Hz, 1H); 3C-NMR (100 MHz, CDCls): § 171.4, 168.4, 153.4, 139.0, 135.5, 134.0, 131.1, 130.2,
129.14, 129.08, 120.7. 114.7, 112.5, 98.7, 81.5, 70.6, 55.7, 52.1, 30.2, 19.7, 13.3; HRMS (ESI): calcd for C23H21NO-
4CI([M+H]"): 410.1154, found: 410.1148.
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Decomplexation of 76

AN
(0}
MeO
DRSS
MeO N\
OMe
102

On 49.2 mg (0.0758 mmol) scale, the standard procedure was followed with TEMPO'BF4 (total 84.1 mg, 0.346

mmol) and a reaction time of 45 min to provide 102 (25.6 mg, 0.0704 mmol, 93%).

102: white amorphous; IR (neat): 3285, 1644 cm’'; "TH-NMR (400 MHz, CDCl3): § 8.16 (d, J = 1.4 Hz, 1H), 7.80
(dd, J=8.7 Hz, 1.4 Hz, 1H), 7.37 (d, J = 8.7 Hz, 1H), 7.13 (s, 1H), 7.10 (s, 2H), 3.95 (s, 3H), 3.88 (s, 6H), 3.82 (s,
3H), 3.70 (d,J=2.6 Hz, 2H), 2.13 (t, 2.6 Hz, 1H); "*C-NMR (100 MHz, CDCl3): § 196.2, 152.8, 141.4,139.4, 134.1,
129.0, 128.4, 126.3, 124.2, 122.9, 111.5, 109.1, 107.7, 82.0, 69.3, 61.0, 56.3, 32.9, 15.1; HRMS (EI): calcd for
C2H21NO4 (MY): 363.1471, found 363.1485.

Decomplexation of mestranol analog 53

On 0.208 mmol scale, the standard procedure was followed with TEMPO'BF,4™ (total 22. 7 mg, 0.093 mmol) and a
reaction time of 45 min. The crude was purified by silica gel column chromatography (AcOEt : hexane=1:8to 1:

4) to provide 103 (6.83 mg, 0.0196 mmol, 94%).

103: colorless oil; IR (neat): 3301 cm™!; 'TH-NMR (400 MHz, CDCl3): § 7.22 (d,J = 8.5 Hz, 1H), 6.76 (d, J = 8.5 Hz,
1H), 3.84 (s, 3H), 3.55 (s, 2H), 3.02 (dd, J = 17.4 Hz, 4.8 Hz, 1H), 2.89-2.80 (m, 1H), 2.61 (s, 1H), 2.39-2.23 (m,
3H), 2.04-1.66 (m, 8H), 1.56-1.33 (m, 5H), 0.88 (s, 3H); *C-NMR (100 MHz, CDCls): § 154.8, 136.5, 133.2, 124.9,
122.9, 108.5, 87.6, 82.5, 79.9, 74.0, 67.0, 55.9, 49.5, 47.0, 43.8, 39.0, 38.6, 32.8, 27.3, 26.7, 26.6, 22.8, 14.9, 12.6;
HRMS (ESI): calcd for Co4H290, ([M+H]"): 349.2162, found: 349.2160.
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Decomplexation of mestranol analog 54

104

On 32.5 mg (0.0511 mmol) scale, the standard procedure was followed with TEMPO'BF4 (total 59.0 mg, 0.243
mmol) and a reaction time of 45 min. The crude was purified by silica gel column chromatography (CH,Cl: : hexane

=1:4) to provide 104 (15.1 mg, 0.0434 mmol, 85%).

104: colorless oil; IR (neat): 3288 cm™'; "H-NMR (400 MHz, CDCl;): & 7.20 (d, J = 8.4 Hz, 1H), 6.71 (dd, J = 8.4
Hz, 2.2 Hz, 1H), 6.63 (s, 1H), 4.34 (s, 2H), 3.77 (s, 3H), 2.87-2.84 (m, 2H), 2.67 (s, 1H), 2.43 (s, 1H), 2.35-2.25 (m,
3H), 2.22-2.09 (m, 1H), 2.02-1.94 (m, 1H), 1.88-1.71 (m, 4H), 1.54-1.30 (m, 4H), 0.92 (s, 3H); '3C-NMR (100 MHz,
CDCl3): 6 1574, 137.9, 132.5, 126.3, 113.8, 111.5, 86.1, 83.9, 80.8, 76.8, 73.5, 55.2, 53.9, 49.4, 47.7, 43.4, 39.2,
37.1,33.9,29.8,27.2, 26.5, 22.8, 12.8; HRMS (ESI): calcd for C24H290, ([M+H]"): 349.2162, found: 349.2159.

Decomplexation of estradiol analog 85

105
On 19.0 mg (0.0318 mmol) scale, the standard procedure was followed with TEMPO'BFy4 (total 31.9 mg, 0.131

mmol) and a reaction time of 45 min. The crude was purified by silica gel column chromatography (AcOEt : hexane

=1:4to01:2)toprovide 105 (7.13 mg, 0.0230 mmol, 72%).

105: colorless oil; IR (neat): 3305, 2115 cm™'; 'H-NMR (400 MHz, CDCl3): & 7.12 (d, J = 8.3 Hz, 1H), 6.67 (d, J =
8.3 Hz, 1H), 5.23 (brs, 1H), 3.74 (t,J= 8.3 Hz, 1H), 3.55 (d, /= 2.4 Hz, 1H), 2.99-2.93 (m, 1H), 2.85-2.81 (m, 1H),
2.33-2.27 (m, 1H), 2.23-2.10 (m, 2H), 2.02 (t,J = 2.4 Hz, 1H), 2.00-1.92 (m, 2H), 1.75-1.68 (m, 1H), 1.54-1.14 (m,
7H), 0.77 (s, 3H); *C-NMR (100 MHz, CDCls): § 151.3, 136.2, 133.5, 125.1, 120.8, 113.3, 81.9, 81.8, 68.4, 50.0,
44.2,43.2,38.0,36.7, 30.6, 27.3, 26.9, 26.6, 23.1, 15.2, 11.0; HRMS (ESI): calcd for C21H2502 ([M-H]"): 309.1849,
found: 309.1863.
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Decomplexation of estradiol analog 84

106

On 15.43 mg (0.0260 mmol) scale, the standard procedure was followed with TEMPOBF, (total 30.5 mg, 0.125
mmol) and a reaction time of 45 min. The crude was purified by silica gel column chromatography (AcOEt : hexane

=1:8to1:4)toprovide 106 (2.68 mg, 8.63 pmol, 33%) and recovered 84 (4.03 mg, 6.76 pmol, 26%).

106: colorless oil; IR (neat): 3306 cm™'; "TH-NMR (400 MHz, CDCls): § 7.22 (s, 1H), 6.54 (s, 1H), 5.12 (br s, 1H),
3.73 (t, J = 8.5 Hz, 1H), 3.54 (d, J = 2.8 Hz, 2H), 2.82-2.78 (m, 2H), 2.35-2.31 (m, 1H), 2.22 (t, J = 2.8 Hz, 1H),
2.17-2.07 (m, 2H), 1.98-1.93 (m, 1H), 1.88-1.84 (m, 1H), 1.73-1.66 (m, 1H), 1.52-1.15 (m, 8H), 0.78 (s, 3H); 1*C-
NMR (100 MHz, CDCl3): & 151.3, 137.0, 133.0, 126.5, 119.5, 115.9, 81.9, 81.6, 70.9, 50.0, 44.0, 43.3, 38.8, 36.7,
30.6,29.7,29.2,27.2,26.4,23.1, 19.8, 11.0; HRMS (ESI): caled for C21H2502 ([M-H]"): 309.1849, found: 309.1860.

Decomplexation of N-Cbz, methyl homoveratrilamine 70

MeO

MeO -Cbz

=

” m
On 8.73 mg (0.0133 mmol) scale, the standard procedure was followed with TEMPO (13.0 mg, 0.0535 mmol) and a
reaction time of 40 min. The crude was purified by silica gel column chromatography (AcOEt : hexane=1:4to 1:

1) to provide E1 (3.86 mg, 0.0105 mmol, 79%).

E1: colorless oil; IR (neat): 3289 cm™'; '"H-NMR (400 MHz, CD3;SOCD3): & 7.36-7.30 (m, 5H), 7.36 (d, J = 8.6 Hz,
1H), 7.31 (d, J = 8.6 Hz, 1H), 5.07 (s, 2H), 3.79 (s, 3H), 3.77 (s, 3H), 3.51 (d, J = 2.7 Hz, 2H), 3.44 (t, /= 7.8 Hz,
2H), 2.86 (s, 3H), 2.84 (t, J = 7.8 Hz, 2H), 2.60 (t, J = 2.7 Hz, 1H); *C-NMR (100 MHz, CD3SOCD3): & 154.9.
150.6, 146.6, 136.7, 129.6, 128.7, 127.8, 127.1, 126.9, 124.4, 111.8, 82.6, 69.7, 65.7, 59.7, 55.5, 49.1, 33.8, 29.8,
14.6; HRMS (ESI) C22H2604N ([M+H]") caled for 368.1856, found 368.1852.
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Preparation of substrates

Synthesis of benzyl (3,4-dimethoxyphenethyl)(methyl)carbamate (68)
H Mel (2.5 eq)

MeO NHz CbzCl (1.1 eq) MeO Nicpz _ NaH(2.5eq)
THF-1M NaOH (1:1) THF, 0 °C to rt
MeO MeO

o, 0,
22 0°Ctort,9.5h, 90% 64 3.5h, 95%

Benzyl (3,4-dimethoxyphenethyl)carbamate (64)

To a solution of homoveratrylamine (22) (0.9 ml, 5.44 mmol) in THF (14 ml) and 1M NaOH aq. (14 ml) was added
CbzCl (0.85 ml, 6.03 mmol) at 0 °C. The reaction mixture was allowed to warm to room temperature and stirred for
9.5 h. The reaction mixture was dilutied with water (10 ml) and extracted with Et,O (20 ml x 2), washed with brine
and dried over MgSO4 The organic layer was concentrated under vacuum and purified with column chromatography

on silica gel (AcOEt : Hexane =1 : 1) to give carbamate 64 (1.54 g, 4.88 mmol, 90%).

64: white solid; IR (solid): 3331 em'; "H-NMR (400 MHz, CDCLs): & 7.38-7.30 (m, 5H), 6.80 (d, J = 8.2 Hz, 1H),
6.73-6.70 (m, 2H), 5.10 (s, 2H), 4.75 (br s, 1H), 3.86 (s, 3H), 3.84 (s, 3H), 3.44 (q, J = 6.5 Hz, 2H), 2.76 (t, J= 6.5
Hz, 2H); 3C-NMR (100 MHz, CDCL): § 156.3, 149.0, 147.7, 136.5, 131.1, 128.5, 128.1, 126.9, 120.6, 111.9, 111.3,
66.6, 55.9, 55.8, 42.3, 35.6; HRMS (ESI): calcd for CisHa OsNNa ([M+Na]"): 338.1363, found 338.1357.

Benzyl (3,4-dimethoxyphenethyl)(methyl)carbamate (68)

To a solution of carbamate 64 (1.00g, 3.17 mmol) in THF (16 ml) was added 60% NaH (387 mg, 9.68 mmol) at 0 °C
and stirred for 30 min at room temperature. The reaction mixture was cooled at 0 °C and added Mel (0.5 ml, 0.80
mmol). The reaction mixture was allowed to warm to room temperature and stirred for 3.5 h. The solution was
quenched with sat. NH4Cl (5 ml) and extracted with Et;O (20 ml x 2), washed with brine and dried over Mg>SOs.
The organic layer was concentrated under vacuum and purified with column chromatography on silica gel (AcOEt :

hexane =1 : 1) to give 68 (998 mg, 3.03 mm, 95%) as a yellow oil.

68: yellow oil; IR (neat): 1700 cm™; 'H-NMR (400 MHz, CDsSOCD3): § 7.35-7.30 (m, 5H), 6.84 (d, J = 8.2 Hz,
1H), 6.77 (s, 1H), 6.79 (d, J = 8.2 Hz, 1H), 5.04 (s, 2H), 3.73 (s, 3H), 3.72 (s, 3H), 3.46 (t, J = 7.2 Hz, 2H), 2.83 (s,
3H), 2.73 (t, J = 7.2 Hz, 2H); *C-NMR (100 MHz, CD;SOCDs): & 154.9, 148.8, 147.4, 136.7, 131.4, 127.7, 127.1,
126.8, 120.4, 113.3, 112.7, 65.6, 56.0, 55.5, 49.5, 33.7, 32.6; HRMS (ESI): calcd for C19Has04N ([M+H]"): 352.1519,
found 352.1505.
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<Chapter 2>
Reagent synthesis

2-1. Synthesis of reagent 29

1-hexyne (1.2 eq.) o 0
o Pd(PPhs),Cl, (2 mol%)
0,
: | OMe Cul (2 mol %) OMe 1M ag. NaOH OH
Et3N, rt, 24 h, 89% MeOH, 50 °C A
| AN X
N -Bu 5.5 h, 99% n-Bu
115 116 117
1. (COCI); (1.2 eq.), DMF (cat.) T ;
. 2 (1.2 eq.), cat. ' :
CHyCly, 1t, 1 h O/\f°2(co)6 O™, £02C0)!
2.16 (0.75 eq.), pyridine (10 eq.) N
CHCly, t, 2 h, 82% from 16 n-Bu b 16
29

Methyl 2-(hex-1-yn-1-yl)benzoate (116)

To a solution of methyl 2-iodobenzoate (524 mg, 2.00 mmol) and 1-hexyne (0.28 mL, 2.44 mmol) in EtsN (6.0 mL)
was added Pd(PPh3).Cl> (28.0 mg, 39.9 umol) and Cul (8.97 mg, 47.0 umol) at room temperature. The reaction
mixture was stirred at the same temperature for 24 h, then concentrated under vacuo. CH>Cl, (30 mL) was added to
the residue, and the organic layer was washed with water and brine, dried over MgSQOs, filtered, and concentrated
under vacuo. The residue was purified by column chromatography on silica gel (AcOEt : Hexane = 1 : 20) to give

alkyne 116 (385 mg, 1.78 mmol, 89%).

2-(Hex-1-yn-1-yl)benzoic acid (117)

To a solution of benzoate 116 (1.27 g, 5.89 mmol) in MeOH (25 mL) was added 1 M NaOH (25 mL) at room
temperature. The reaction mixture was stirred at the same temperature for 5.5 h. The mixture was poured into 1 M
HCI (30 mL), and extracted with Et,O (40 mL x 2). The combined organic layers were washed with brine, dried over
MgSOs, filtered, and concentrated under vacuo. The residue was purified by column chromatography on silica gel

(AcOEt : Hexane =1 : 1) to give benzoic acid 117 (1.18 g, mmol, 99%).

Reagent 29

To a solution of benzoic acid 117 (296 mg, 1.46 mmol) in CH>Cl» (4.8 mL) was added (COCI), (150 pL, 1.75 mmol)
and DMF (10 pL, 0.13 umol) at room temperature. The reaction mixture was stirred at the same temperature for 1 h.
The reaction mixture was concentrated under vacuo. To the residue was added CH,Cl> (7.3 mL), pyridine (1.2 mL),
and alkyne cobalt complex 16 (370 mg, 1.10 mmol) at room temperature. The reaction mixture was stirred at the
same temperature for 2 h. The reaction mixture was quenched with water (4 mL) and extracted with CH,Cl, (10 mL
x 2). The combined organic layers were dried over MgSOs, filtered, and concentrated in vacuo. The residue was

purified with silica gel column chromatography (AcOEt : Hexane = 1 : 20) to give complex 29 (471 mg, 0.90 mmol,
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82% from 16).

29: red oil; IR (neat): 2022 cm™; '"H-NMR (400 MHz, CDCL): & 7.97 (d, ] = 7.6 Hz, 1H), 7.53 (d, J = 7.6 Hz, 1H),
7.43 (td, J= 7.6, 1.0 Hz, 1H), 7.30 (t, J = 7.6 Hz, 1H), 6.12 (s, 1H), 5.52 (s, 2H), 2.50 (t, J = 7.1 Hz, 2H), 1.69-1.58
(m, 2H), 1.58-1.45 (m, 2H), 0.96 (t, J = 7.3 Hz, 3H); *C-NMR (100 MHz, CDCls): § 199.1, 165.6, 134.5, 131.8,
131.0, 130.1, 127.1, 125.2, 96.5, 88.7, 79.3, 72.2, 65.4,30.8, 22.1, 19.6, 13.7; HRMS (ESI): calcd for C2oH¢05Co;Na
(IM+Na]"): 548.9401, found 548.9393.

2-2. Synthesis of reagent 122

TMS acetylene (1.2 eq.) o) o)
o Pd(PPh3),Cl, (2 mol%)
Cul (2mol %) OMe 1M aq. NaOH OH
OMe
| Et3N, rt, 24 h, 99% % MeOH, rt, 3 h, 66% %
T™MS
115 123 124
1. (COCI); (1.2 eq.), DMF (cat.) 2 T
. b (1.2 eq.), cat. ' :
CH,Cly, 1t, 1 h 0"y, 02CO ' Ho ™ £02(C0)s |
2.2(0.75 eq.), pyridine (10 eq.) X
CH,Cly, rt, 2 h, 82% from 16 P o
122

Methyl 2-((trimethylsilyl)ethynyl)benzoate (123)

To a solution of methyl 2-iodobenzoate (5.24 g, 20.0 mmol) and TMS acetylene (3.39 mL, 24.0 mmol) in EtzN (60
mL) was added Pd(PPh3),Cl> (14.0 mg, 0.02 mmol) and Cul (3.8 mg, 0.02 mmol) at room temperature. The reaction
mixture was stirred at the same temperature overnight and concentrated under vacuo. To the residue was added
CH>Cl, (30 mL) and the organic layer was washed with saturated aqueous .NH4Cl (30 mL), dried over MgSQO4, and
filtered. The filtrate was concentrated under vacuo and purified by column chromatography on silica gel (AcOEt :
hexane =1 : 30) to give alkyne 123 (5.14 g, quant.). Characterization data were in agreement with previously reported

values.?

2-Ethynylbenzoic acid (124)

To a solution of benzoate 123 (996 mg, 4.29 mmol) in MeOH (18 mL) was added 1 M NaOH (18 mL) at room
temperature. The reaction mixture was stirred at the same temperature for 3 h. The mixture was poured into conc.
HCI (4 mL), and extracted with Et,O (30 mL x 3). The combined organic layers were washed with brine, dried over
MgSOs, and filtered. The filtrate was concentrated under vacuo and purified by column chromatography on silica gel
(AcOEt: hexane =4 :1to 1 : 1) to give benzoic acid 124 (412 mg, 2.82 mmol, 66%). Characterization data were in

agreement with previously reported values.*

Reagent 122

To a solution of benzoic acid 124 (295 mg, 2.02 mmol) in CH>Cl; (6.8 mL) was added (COCl), (0.21 mL, 2.42 mmol)
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and DMF (10 pL, 0.13 umol) at room temperature. The reaction mixture was stirred at the same temperature for 1 h.
The reaction mixture was concentrated in vacuo. To the residue was added CH>Cl, (10 mL), pyridine (1.6 mL) and
alkyne cobalt complex 16 (345 mg, 1.01 mmol) at room temperature. The reaction mixture was stirred at the same
temperature for 2 h. The reaction mixture was quenched with water (10 mL) and extracted with CH>Cl, (10 mL x 3).
The combined organic layers were dried over MgSOy, filtered, and concentrated in vacuo. The residue was purified
by silica gel column chromatography (AcOEt : Hexane = 1 : 20) to give complex 122 (395 mg, 0.830 mmol, 82%
from 16).

122: red oil; IR (neat): 2036 cm™; 'H-NMR (400 MHz, CDCL): § 8.03 (d, J= 7.4 Hz, 1H), 7.65 (d, J = 7.4 Hz, 1H),
7.50 (t, J = 7.4 Hz, 1H), 7.41 (t, J = 7.4 Hz, 1H), 6.13 (s, 1H), 5.54 (s, 2H), 3.44 (s, 1H); *C-NMR (100 MHz,
CDCls): § 199.1, 165.3, 135.2, 132.0, 131.7, 130.2, 128.5, 123.1, 88.3, 82.6, 82.0, 72.3, 65.6; HRMS (ESI): calcd for
C15Hs0sCoNa ([M+Na]"): 492.8775, found 492.8754.

2-3. Synthesis of reagent 33

o (we-allyl),Pd,Cl, (5 mol%)
Cul (22.5 mol%), IAd (10 mol%)

OMe . e~ Cs,CO3 (1.4 eq) OMe
CeF
N 613 DMF-Et,0 (1:2), 40 °C, 24 h, 67% N

CeF13
129 (0.75 eq) (1.0 eq) 130b
Q (COCI), (1.3 eq), DMF (10 mol%) o
2 M aq. KOH OH CH,yCly, 1, 1 h; 0 ™ /002(00)6
TFE, 50 °C, 10 h N HO™ o020k S
93% CoFrs S 16 (0.75 eq) N CoF
Py (10 eq), CHyCly, 1t, 2 h 6m13
131b 84% from 16 33

Methyl 2-(5,5,6,6,7,7,8,8,9,9,10,10,10-tridecafluorodec-1-yn-1-yl)benzoate (130b)

To a solution of (n-allyl),Pd>Cl (46 mg, 0.13 mmol), IAd (99 mg, 0.25 mmol), Cul (108 mg, 0.56 mmol), and Cs,CO;
(1.14 g, 3.5 mmol) in DMF-Et,O (1:2) (5 mL) was added alkyne 129 (0.46 mL, 1.88 mmol), and
1,1,1,2,2,3,3,4,4,5,5,6,6-tridecafluoro-8-iodooctane (0.60 mL, 2.5 mmol) at room temperature. The reaction mixture
was stirred at 40 °C for 24 h and concentrated under vacuo and purified by column chromatography on silica gel

(CH2Cl, : Hexane = 1 : 30 to 1 : 8) to give alkyne 130b (629 mg, 1.24 mmol, 67% from 129).

130b: yellow oil; IR (neat): 1733 em'; IH-NMR (600 MHz, CDCL): & 7.91 (d, J = 7.6 Hz, 1H), 7.51 (d, J= 7.6 Hz,
1H), 7.45 (t, J= 7.6 Hz, 1H), 7.36 (t, J = 7.6 Hz, 1H), 3.92 (s, 3H), 2.82 (t, J = 7.6 Hz, 2H), 2.56-2.42 (m, 2H); '>C-
NMR (150 MHz, CDCL:): § 166.6, 134.2, 132.0, 131.6, 130.3, 127.7, 123.6, 91.5, 80.4, 52.0, 30.6 (t, 'Jcr = 21.7 Hz),
11.9 (t, ¥Jcr = 5.8 Hz); '’F-NMR (562 MHz, CDCls):  83.9 (s, 3F), 118.3 (s, 2F), 125.1 (s, 2F), 126.0 (s, 2F), 126.7
(s, 2F), 129.3 (s, 2F); HRMS (EI): calcd for CisHyO2F 3 (M"): 506.0551, found 506.0543.
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2-(5,5,6,6,7,7,8,8,9,9,10,10,10-Tridecafluorodec-1-yn-1-yl)benzoic acid (131b)

To a solution of benzoate 131b (1.37 g, 2.71 mmol) in TFE (7.3 mL) was added 2 M KOH (7.3 mL) at room
temperature. The reaction mixture was stirred at 50 °C for 10 h. The mixture was added 1 M HCI (15 mL), and the
mixture was extracted with EO (20 mL X 3), and concentrated under vacuo. The crude mixture was dissolved in
CHxCl; (10 mL) and extracted with 1 M NaOH (15 mL x 2), and neutralized with 1 M HCI (30 mL), and the mixture
was extracted with Et,O (30 mL X 3). The organic layer was dried over MgSOQs, filtered, and concentrated under
vacuo to give carboxylic acid 131b (1.24 g, 2.5 mmol, 93%).

131b: white solid; mp. 78-80 °C; IR (neat): 1698 cm™'; 'TH-NMR (600 MHz, CDCl;): § 8.06 (d, J = 7.6 Hz, 1H), 7.55
(d,J=17.6 Hz, 1H), 7.51 (t,J= 7.6 Hz, 1H), 7.40 (t,J = 7.6 Hz, 1H), 2.83 (t,J = 7.6 Hz, 2H), 2.56-2.44 (m, 2H); "*C-
NMR (150 MHz, CDCl3): § 170.5, 134.3, 132.5, 131.2, 130.7, 127.9, 124.1, 92.7, 80.2, 30.4 (t, 'Jor = 21.7 Hz), 11.9
(t, %Jcr = 5.8 Hz); ’F-NMR (562 MHz, CDCl3): § 83.9 (s, 3F), 118.3 (s, 2F), 125.1 (s, 2F), 126.0 (s, 2F), 126.7 (s,
2F), 129.3 (s, 2F); HRMS (EI): calcd for C17HoO2F 3 (M"): 492.0395, found 492.0373.

Reagent 33

To a solution of benzoic acid 131b (248 mg, 0.50 mmol) in CH>Cl; (5.0 mL) was added (COCl), (56 pL, 0.65 mmol)
and DMF (10 pL, 0.13 umol) at room temperature. The reaction mixture was stirred at the same temperature for 1 h.
The reaction mixture was concentrated under vacuo. To the residue was added CH>Cl; (5.0 mL), pyridine (0.38 mL,
5.0 mmol) and then alkyne cobalt complex 16 (128 mg, 0.38 mmol). The reaction mixture was stirred at the same
temperature for 2 h. The reaction mixture was quenched with water (10 mL), extracted with CH,Cl, (15 mL x 3). The
combined organic layers were dried over MgSQs, filtered, and concentrated under vacuo. The residue was purified
by silica gel column chromatography (AcOEt : Hexane = 1 : 100) to give reagent 33 (257 mg, 0.31 mmol, 84% from
16).

33: red solid; IR (neat): 2029, 1733 em'; "H-NMR (600 MHz, CDCL): & 8.01 (d, J = 7.6 Hz, 1H), 7.54 (d, J = 7.6
Hz, 1H), 7.43 (t,J = 7.6 Hz, 1H), 7.35 (t, J = 7.6 Hz, 1H), 6.13 (s, 1H), 5.52 (s, 2H), 2.83 (t, J = 7.6 Hz, 2H), 2.61-
2.45 (m, 2H); *C-NMR (150 MHz, CDCls): & 199.1, 165.2, 134.4, 132.0, 131.1, 130.2, 127.7, 124.3, 92.0, 88.6,
80.4, 72.1, 65.4, 30.5 (t, "Jer = 23.1 Hz), 11.9 (t, YJcr = 5.8 Hz); '°F-NMR (562 MHz, CDCls): 5 83.9 (s, 3F), 118.3
(s, 2F), 125.0 (s, 2F), 125.9 (s, 2F), 126.6 (s, 2F), 129.2 (s, 2F); HRMS (ESI): calcd for CeHji05Co,F 3Na
(IM+Nal"): 838.8803, found 838.8793.

2-4. Synthesis of reagent 127
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(m-allyl),Pd,Cl, (5 mol%)

0 Cul (22.5 mol%), IAd (10 mol%) 0 2 M aqg. KOH
OMe CsyC0;3 (1.4 eq) OMe TFE (0.37 M)
I
+ \/\(:4|:9
X DMF-Et,0 (1:2), 40 °C, 24 h, 66% N 50 °C, 10 h, 84%
130 CaFo
129 (0.75 eq) (1.0 eq) a
0 (COCl); (1.3 eq), DMF (10 mol%) 0
OH CH,Cl, (0.1 M), rt, 1 h; 0/\/502(00)6
\ HO S04k N
S CF N 16 (0.75 eq) N C.F
® Py (10eq), CHyCl, (0.1 M), 1t, 2 h 4o
131a 84% from 16 127

Methyl 2-(5,5,6,6,7,7,8,8,8-nonafluorooct-1-yn-1-yl)benzoate (130a)

To a solution of (w-allyl),Pd>Cl» (92 mg, 0.25 mmol), 1,3-di(1-adamantyl)imidazolium hydrochloride (IAd) (198 mg,
0.5 mmol), Cul (216 mg, 1.12 mmol), and Cs,CO3 (2.28 g, 7.0 mmol) in DMF-Et,O (1:2) (10 mL) was added alkyne
129 (0.92 mL, 3.75 mmol) and 2-(nonafluorobutyl)ethyl iodide (0.86 mL, 5.0 mmol) at room temperature. The
reaction mixture was stirred at 40 °C for 24 h, the reaction mixture was concentrated under vacuo and purified by
column chromatography on silica gel (CH2Cl, : Hexane =1 : 30 to 1 : 8) to give alkyne 130a (1.08 g, 2.70 mmol,
53% from 129).

130a: yellow oil; IR (neat): 2955, 1734 cm™'; IH-NMR (600 MHz, CDCl3): & 8.02 (d, J = 8.2 Hz, 1H), 7.70 (t, J =
7.6 Hz, 1H), 7.62 (t, J = 7.6 Hz, 1H), 7.53 (d, J = 7.6 Hz, 1H), 3.88 (s, 3H), 3.37 (t, /= 7.6 Hz, 2H), 2.56-2.41 (m,
2H); *C-NMR (150 MHz, CDCl5): & 195.8, 193.3, 167.3, 138.2, 133.4, 131.5, 129.5, 129.2, 129.1, 52.9, 27.9, 24.8
(t, Jcr = 23.1 Hz); YF-NMR (562 MHz, CDCl;): & 84.1 (s, 3F), 117.5 (s, 2F), 127.5 (s, 2F), 129.2 (s, 2F); HRMS
(ESI): calcd for Cy1H;102F9Na ([M+Na]"): 429.0508, found 429.0505.

2-(5,5,6,6,7,7,8,8,8-Nonafluorooct-1-yn-1-yl)benzoic acid (131a)

To a solution of benzoate 130a (274 mg, 0.67 mmol) in 2,2 2-trifluoroethanol (TFE) (1.8 mL) was added 2 M KOH
(1.8 mL) at room temperature. The reaction mixture was and stirred at 50 °C for 16 h. To the mixture was added 1 M
HCI (5 mL), and the resulting mixture was extracted with CH>Cl, (10 mL x 3). The combined organic layers were
dried over MgSOsq, filtered, and concentrated under vacuo. The residue was purified by column chromatography on

silica gel (AcOEt : Hexane = 1 : 20) to give benzoic acid 131a (244 mg, 0.62 mmol, 92%).

131a: white solid; mp. 82-84 °C; IR (neat): 1705 cm™'; 'H-NMR (400 MHz, CDCl;): § 8.06 (d,J = 7.7 Hz, 1H), 7.56
(d, J=17.7Hz, 1H), 7.51 (t,J = 7.7, 1H), 7.40 (t, J = 7.7 Hz, 1H), 2.82 (t, J = 7.7 Hz, 2H), 2.64-2.38 (m, 2H); 1*C-
NMR (100 MHz, CDCls): 8 170.8, 134.3, 132.6, 131.2, 130.8, 127.9, 124.2,92.7, 80.2, 30.3 (t, 'Jor = 21.3 Hz), 11.9
(t, 2Jcr = 4.9 Hz) ; YF-NMR (562 MHz, CDCl;): & 84.1 (s, 3F), 118.5 (s, 2F) 127.6 (s, 2F), 129.1 (s, 2F); HRMS
(EX): caled for Ci1sHoO,F9 (M*): 392.0459, found 392.0440.
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Reagent 127

To a solution of benzoic acid 131a (196 mg, 0.50 mmol) in CH>Cl, (1.7 mL) was added (COCl), (58 pL, 0.65 mmol)
and DMF (4.0 uL, 0.05 pmol) at room temperature. The reaction mixture was stirred at the same temperature for 1
h. The reaction mixture was concentrated under vacuo. To the residue was added CH>Cl, (2.5 mL), pyridine (0.38
mL, 5.0 mmol) and then alkyne cobalt complex 16 (128 mg, 0.38 mmol) at room temperature. The reaction mixture
was stirred at the same temperature for 2 h. The reaction mixture was quenched with water (5 mL), extracted with
CH>Cl, (10 mL % 3). The combined organic layers were dried over MgSQy, filtered, and concentrated under vacuo.
The residue was purified with silica gel column chromatography (AcOEt : Hexane = 1 : 100) to give reagent 127
(231 mg, 0.32 mmol, 84% from 16).

129: red oil; IR (neat): 2030, 1732 cmr'; "H-NMR (600 MHz, CDCls):  8.01 (d,J = 8.2 Hz, 1H), 7.54 (d,J= 7.5 Hz,
1H), 7.47 (t, J = 7.5 Hz, 1H), 7.35 (t, J = 7.5 Hz, 1H), 6.13 (s, 1H), 5.53 (s, 2H), 2.82 (t, J = 6.8 Hz, 2H), 2.56-2.43
(m, 2H); 3C-NMR (150 MHz, CDCL): & 199.0, 165.2, 134.4, 132.0, 131.1, 130.2, 127.7, 124.3, 92.0, 88.6, 80.4,
72.1, 65.4,30.4 (t, "Jor = 21.5 Hz), 11.9 (t, 2Jcr = 5.7 Hz) ; '’F-NMR (562 MHz, CDCls): § 84.1 (s, 3F), 118.6 (s,
2F), 127.7 (s, 2F), 129.9 (s, 2F); HRMS (EI): caled for Co1Hy1FoOsCo, ([M-3COT): 631.9127, found: 631.9111.

2-5. Attempted synthesis of reagent 128

(r-allyl)oPd5Cly (5 mol%) o
0 Cul (22.5 mol%), 1Ad (10 mol%) 2 M KOH
Cs,CO;5 (1.4 €q) OMe TFE (0.37 M)
OMe . |\/\
« CsF17  DMF-E(,0 (1:2), 40 °C, 24 h, 48% S 50 °C, 26 h, 39%
X X
1300 ¢V
129 (0.75 eq) (1.0 eq)
O (0]
=
CsF17 AN
CsF17
132 128

2-(5,5,6,6,7,7,8,8,9,9,10,10,11,11,12,12,12-Heptadecafluorododec-1-yn-1-yl)benzoate (130c)

To a solution of (w-allyl)>,Pd>Cl> (28 mg, 75 pmol), IAd (56 mg, 0.15 mmol), Cul (65 mg, 0.34 mmol), Cs,CO3 (684
mg, 2.1 mmol) in DMF-Et,O (1:2) (3 mL) was added alkyne 129 (0.16 mL, 1.1 mmol),
1,1,1,2,2,3,3,4,4,5,5,6,6,7,7,8,8-heptadecafluoro-10-iododecane (861 mg, 1.5 mmol) at room temperature. The
reaction mixture was stirred at 40 °C for 24 h and concentrated under vacuo and purified by column chromatography

on silica gel (CH2Cl> : Hexane =1 :30to 1 : 8) to give alkyne 130c (327 mg, 0.54 mmol, 48% from 129).

130c: yellow oil; IR (neat): 2926, 1735 cm™'; 'TH-NMR (600 MHz, CDCl3): & 7.92 (d, J = 7.6 Hz, 1H), 7.52 (d, ] =

8.3 Hz, 1H), 7.45 (t, J = 7.6 Hz, 1H), 7.36 (t, /= 7.6 Hz, 1H), 3.92 (s, 3H), 2.82 (t, /= 7.6 Hz, 2H), 2.57-2.44 (m,

2H); *C-NMR (150 MHz, CDCls): § 166.6, 134.2, 132.0, 131.6, 130.3, 127.7, 123.6, 91.5, 80.4, 52.1, 30.6 (t, 'Jcr
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=21.7 Hz), 11.9 (t, 2Jcr = 5.8 Hz); "’F-NMR (562 MHz, CDCl): & 83.9 (s, 3F), 117.8 (s, 2F), 1118.3 (s, 2F), 124.8
(s, 2F), 125.0 (s, 2F), 125.8 (s, 2F), 126.6 (s, 2F), 129.2 (s, 2F); HRMS (EI): calcd for CaHy102F 17 (MY): 606.0488,
found 606.0482.

3-(3,3,4,4,5,5,6,6,7,7,8,8,9,9,10,10,10-Heptadecafluorodecyl)-1 H-isochromen-1-one (132)

To a solution of benzoate 130¢ (327 mg, 0.54 mmol) in TFE (1.5 mL) was added 2 M KOH (1.5 mL) at room
temperature. The reaction mixture was stirred at the same temperature for 26 h. The mixture was added 1 M HCI (5
mL), and the mixture was extracted with EtcO (15 mL x 2). The combined organic layers were dried over MgSQOs,
filtered, and concentrated under vacuo. The residue was purified by column chromatography on silica gel (AcOEt :

Hexane = 1 : 20) to give isocoumarin 132 (124 mg, 0.21 mmol, 39%). Carboxylic acid was not obtained.

132: white solid; mp. 74-76 °C; IR (neat): 1718 cm™'; "H-NMR (600 MHz, CDCl;): § 8.27 (d, J= 7.5 Hz, 1H), 7.71
(t,J=7.5Hz, 1H), 7.51 (t,J=7.5 Hz, 1H), 7.39 (d,J = 8.2 Hz, 1H), 2.86 (t,J = 7.5 Hz, 2H), 2.62-2.49 (m, 2H); "*C-
NMR (150 MHz, CDCls): § 162.4, 154.2, 136.9, 135.0, 129.7, 128.3, 125.3, 120.3, 104.2, 28.7 (t, 'Jcr = 22.9 Hz),
25.0 (t, *Jcr = 4.3 Hz); "’F-NMR (562 MHz, CDCl3): & 83.9 (s, 3F), 117.5 (s, 2F), 117.9 (s, 2F), 124.8 (s, 2F), 125.0
(s,2F), 125.8 (s, 2F), 126.5 (s, 2F), 129.2 (s, 2F); HRMS (EI): caled for C19HoO>F 17 (M"): 592.0331, found 592.0310.

3. Reagent screening

3-1. Reaction of reagent 29 with substrate 71

OMe
MeOzc (00)6002\/// 16)
o 71 (2.0 eq) ” o o
O/\\\/\S°2(CO)6 PPh3AUSbF (5 mol%) OO OMe . @i‘\/(i . B
N CH,Cly, MS4A, 1, 30 min Me0,C Ny < /\\(\302(00)6

Bu
29 30 (74%) 31 (78%) 32 (19%)

To a solution of 29 (0.1 mmol), naproxen methyl ester 71 (0.2 mmol) and MS4A (50 mg) in CH>Cl, (1.6 mL) was
added a solution of 2.5 mM PPh3;AuSbFg in CH>Cl, (0.4 mL) at room temperature. The reaction mixture was stirred
at the same temperature for 30 min. The reaction mixture was quenched with saturated aqueous NaHCO3 (2 mL),
extracted with CH>Cl> (4 mL x 2). The combined organic layers were dried over MgSQOys, filtered, and concentrated
under vacuo to give a crude mixture of 71, 30, 31, and 32. The ratio was determined by 'H-NMR used toluene as the

internal standard. The analytical samples were obtained by extensive PTLC (AcOEt : hexane = 1 : 8).

31: colorless oil; IR (neat): 1729 cm™; 'H-NMR (400 Hz, CDCl5): § 8.25 (d, ] = 7.7 Hz, 1H), 7.67 (td, J = 7.7 Hz,

1.4 Hz, 1H), 7.45 (td, J= 7.7 Hz, 1.4 Hz, 1H), 7.30 (t, J = 7.7 Hz, 1H), 6.25 (s, 1H), 2.53 (t, J = 7.5 Hz, 2H), 1.70

(quint, J=7.5 Hz, 2H), 1.41 (sext, J=7.5Hz, 2H), 0.95 (t,J= 7.5 Hz, 3H); *C-NMR (100 MHz, CDCl5): & 199.1,

165.6,134.5,131.8,131.0, 130.1, 127.1, 125.2, 96.5, 88.7, 79.3, 72.2, 65.4, 30.8, 22.1, 19.6, 13.7; HRMS (EI): calcd
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for C13H;50, ((M+H]"): 203.1067, found 203.1063.

32: red oil; IR (neat): 2017 cm™'; 'H-NMR (400 MHz, CDCL): & 8.33 (d, J = 7.6 Hz, 1H), 7.80 (t, J = 7.6 Hz, 1H),
7.61 (t, J="17.6, 1H), 7.52 (t, J = 7.6 Hz, 1H), 5.93 (s, 1H), 4.19 (s, 2H), 2.69 (t, J = 7.5 Hz, 2H), 1.77 (quint, J= 7.5
Hz, 2H), 1.45 (sext, J = 7.5 Hz, 2H), 0.98 (t, J = 7.5 Hz, 3H); 3C-NMR (100 MHz, CDCls): 5 199.3, 162.2, 155.6,
137.0, 134.5, 130.2, 127.7, 122.8, 120.8, 111.5, 93.1, 73.8, 30.9, 29.8, 22.5, 13.8; HRMS (EI): calcd for C1oH1605Co2
(IM-3COT"): 441.9662, found 441.9668.

3-2. Reaction of reagent 122 with substrate 71

OMe
MeOZC (OC)GCOZ
o 71 (2 eq.)
Oioz\\\ /EOZ(CO)G PPh3AuSbFg (10 mol%) OMe
CH,Cl,, MS4A, rt, 30 min MeO,C
~ / Co,(CO)g

122 30 (48%) 125 (51%) 126 (29%)

To a solution of 122 (0.1 mmol), naproxen methyl ester 71 (0.2 mmol) and MS4A (50 mg) in CH>Cl, (1.6 mL) was
added a solution of 2.5 mM PPh3;AuSbFg in CH>Cl, (0.4 mL) at room temperature. The reaction mixture was stirred
at the same temperature for 30 min. The reaction mixture was quenched with saturated aqueous NaHCOs3 (2 mL),
extracted with CH>Cly (4 mL x 2). The combined organic layers were dried over MgSQOys, filtered, and concentrated
under vacuo to give crude mixture of 71, 30, 125, and 126. The ratio was determined by "H-NMR used toluene as

the internal standard. The analytical samples were obtained by PTLC (AcOEt : Hexane 1 : 8).

125: gray solid; IR (solid): 1765 cm™; "H-NMR (600 MHz, CDCl3): & 7.92 (d, ] = 7.6 Hz, 1H), 7.73 (d, ] = 4.1 Hz,
2H), 7.60-7.58 (m, 2H), 5.25 (d, J = 3.4 Hz, 1H), 4.23 (d, J = 3.4 Hz, 1H); "*C-NMR (150 MHz, CDCl3): & 166.8,
131.8,139.0,134.4,130.5, 125.3,125.2, 120.6, 91.2; HRMS (ESI): calcd for CoHsO2Na ([M+Nal+): 169.0260, found
160.0255.

126: red oil; IR (neat): 2019 cm™; "TH-NMR (400 MHz, CDCl3): & 7.98 (d,J = 7.8 Hz, 1H), 7.87 (d, /= 7.8 Hz, 1H),
7.75 (t,J=7.8 Hz, 1H), 7.61 (t,J = 7.4 Hz, 1H), 6.09 (s, 1H), 6.01 (t,J = 8.3 Hz, 1H), 4.11 (d, J = 8.3 Hz, 2H); 1*C-
NMR (100 MHz, CDCls): 6 199.3, 166.5, 146.8, 137.6, 134.5, 130.3, 126.4, 125.9, 122.9, 110.8, 93.2, 72.8, 30.5;
HRMS (ESI): calced for CsHsOsCo,Na ([M+Na]"): 492.8775, found 492.8765.
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3-3. Reaction of reagent 127 with naproxen methyl ether

OMe
MeOZC (OC)sCo;_
N7
% (2eq) - o
O/\\\/Soz(CO)s PPh3AuSbFg (10 mol%) OO OMe (iii/\
N +
T CH,Cly, MS4A, tt, 10 min MeO,C & CaFs

127 30 (99%) 133 (99%)

To a solution of 127 (71.6 mg, 0.1 mmol), naproxen methyl ester 71 (60.6 mg, 0.2 mmol) and MS4A (50 mg) in
CH>Cl, (1.6 mL) was added a solution of 2.5 mM PPh3;AuSbFsin CH>Cl (0.4 mL) at room temperature. The reaction
mixture was stirred at the same temperature for 30 min. The reaction mixture was quenched with saturated aqueous
NaHCOs3 (2 mL), extracted with CH>Cly (7 mL x 3). The combined organic layers were dried over MgSQs, filtered,
and concentrated under vacuo to give crude mixture of 30 and 71 and 133. The ratio was determined by "H-NMR

used toluene as the internal standard. The analytical samples were obtained by PTLC (AcOEt : Hexane 1 : 8).

133: white solid; mp. 50-52 °C; IR (neat): 1734 cm™'; "H-NMR (600 MHz, CDCl;): § 8.27 (d, J= 8.2 Hz, 1H), 7.71
(t,J=1.6 Hz, 1H), 7.51 (t,J=7.6 Hz, 1H), 7.39 (d, J=7.6 Hz, 1H), 6.37 (s, 1H), 2.86 (t,J = 7.6 Hz, 2H), 2.65-2.47
(m, 2H); 3C-NMR (150 MHz, CDCl5): § 162.3, 154.2, 136.9, 135.0, 129.7, 128.3, 125.3, 120.3, 104.3, 28.6 (t, 'Jcr
=21.7 Hz), 25.0 (t, *Jcr = 4.3 Hz); HRMS (EI): caled for CisHoF9O, (M"): 392.0459, found 392.0477.

3-4. Reaction of reagent 33 with naproxen methyl ether

OMe
MeOZC (OC)eCo;
Q 71 (2.0 eq) ” o)
o/\\/\SOZ(CO)6 PPhsAUSbFg (10 mol%) OMe C@b
A CH,Cly, MS4A, 1t, 30 min MeO,C OO ’ 7 CeF 13
CeF13
13 30 (99%) 34 (99%)

To a solution of 33 (81.6 mg, 0.1 mmol), naproxen methyl ester 71 (60.6 mg, 0.2 mmol) and MS4A (50 mg) in
CH>Cl, (1.6 mL) was added a solution of 2.5 mM PPh3;AuSbFsin CH>Cl, (0.4 mL) at room temperature. The reaction
mixture was stirred at the same temperature for 30 min. The reaction mixture was quenched with saturated aqueous
NaHCOs3 (2 mL), extracted with CH>Cly (7 mL x 3). The combined organic layers were dried over MgSQs, filtered,
and concentrated under vacuo to give crude mixture of 30 and 34 and 71. The ratio was determined by 'H-NMR used

toluene as the internal standard. The analytical samples were obtained by PTLC (AcOEt : Hexane 1 : 8).

34: white solid; mp. 54-56 °C; IR (neat): 1736 cm™'; "H-NMR (600 MHz, CDCl5): § 8.28 (d, J = 8.2 Hz, 1H), 7.71

(t, J=1.5Hz, 1H), 7.51 (t,J=7.5 Hz, 1H), 7.39 (d, J=7.5 Hz, 1H), 6.38 (s, 1H), 2.87 (t,J = 8.2 Hz, 2H), 2.61-2.48

(m, 2H); 3C-NMR (150 MHz, CDCl5): § 162.3, 154.2, 136.9, 135.0, 129.7, 128.3, 125.3, 120.3, 104.2, 28.7 (t, 'Jcr

=22.9 Hz), 25.0 (t, *Jcr = 4.3 Hz); '"F-NMR (562 MHz, CDCl3): § 83.9 (s, 3F), 117.9 (s, 2F), 125.0 (s, 2F), 126.0 (s,
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2F), 126.5 (s, 2F), 129.2 (s, 2F) ; HRMS (EI): calcd for Ci7HoF1302 (M"): 492.0395, found: 492.0366.

4. Synthesis of gold catalyst E2

AgNTf, (1 eq.)
<F~©>»PAuCI F PAUNTf,
3 CH,Cl,, 1t, 24 h 3

89%
E2 ’ E3

To CH2Cl> (5.2 mL) was added gold catalyst E2 (164 mg, 0.3 mmol), AgNTf, (116 mg, 0.3 mmol) at room

temperature. The reaction mixture was stirred at the same temperature for 24 h. AgCl was removed by filtration

through Celite and concentrated under vacuo to give gold catalyst E3 (211 mg, 0.27 mmol, 89%).

E3: white crystal; IR (neat): 1590, 1496 cm™'; "H-NMR (400 MHz, CDCl3): § 7.55-7.44 (m, 2H), 7.30-7.19 (m,
2H) ; BC-NMR (100 MHz, CDCl3): § 165.5 (dd, 'Jcr = 257.2 Hz, 'Jcp = 3.3 Hz), 136.3 (dd, 2Jcp = 15.6 Hz, %Jcr =
9.0 Hz), 122.7 (dd, *Jcp = 69.6 Hz, *Jcr = 3.3 Hz), 119.4 (q, °Jcr = 322.8 Hz), 117.5 (dd, *Jcr = 22.1 Hz, *Jcp = 13.9
Hz); HRMS (EI): calcd for C2oH12FoNO4PS,Au(M"): 792.9467, found: 792.9479.

Functionalization

Procedure A; Two-necked flask containing MS4A (50 mg) was dried using heat gun under vacuo and then cooled to
room temperature. After done heating and cooling three times, in the flask was added substrate (50 pumol), reagent
33 (50 mg, 60 pmol), and DCE (1.0 mL) at room temperature. To the reaction mixture was added (4-F-
CsHa)3sPAUNTT, (5-20 mol%) and stirred at the same temperature for 15 min. The reaction mixture was quenched
with saturated aqueous NaHCO3 (2 mL), and extracted with CH>Cl, (5 mL X 3). The combined organic layers were
dried over MgSOs, filtered, and concentrated under vacuo. The residue was purified by silica gel column
chromatography to give a desired product.

Procedure B; Two-necked flask containing MS4A (50 mg) was dried using heat gun under vacuo and then cooled to
room temperature. After done heating and cooling three times, in the flask was added substrate (50 pumol), reagent
33 (50 mg, 60 pmol), DCE (1.0 mL), and HFIP (0.1 mL) at room temperature. To the reaction mixture was added (4-
F-CsHa)3PAUNTT, (5-20 mol%) and stirred at the same temperature for 15 min. The reaction mixture was quenched
with saturated aqueous NaHCO3 (2 mL), and extracted with CH2Cl, (5 mL X 3). The combined organic layers were
dried over MgSOs, filtered, and concentrated under vacuo. The residue was purified by silica gel column
chromatography to give a desired product.

Procedure C; Two-necked flask containing MS4A (50 mg) was dried using heat gun under vacuo and then cooled
to room temperature. After done heating and cooling three times, in the flask was added substrate (50 pumol), reagent
33 (61 mg, 75 pmol), DCE (1.0 mL), and HFIP (0.1 mL) at room temperature. To the reaction mixture was added (4-
F-CsHa)3PAUNTT, (5-20 mol%) and stirred at the same temperature for 15 min. The reaction mixture was quenched
with saturated aqueous NaHCO3 (2 mL), and extracted with CH>Cl, (5 mL X 3). The combined organic layers were

dried over MgSOs, filtered, and concentrated under vacuo. The residue was purified by silica gel column
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chromatography to give a desired product.

Procedure D; Two-necked flask containing MS4A (50 mg) was dried using heat gun under vacuo and then cooled
to room temperature. After done heating and cooling three times, in the flask was added substrate (50 pumol), reagent
33 (50 mg, 60 pmol), and DCE (1.0 mL) at room temperature. To the reaction mixture was added (4-F-
CsHa)3sPAUNTT, (5-20 mol%) and stirred at the same temperature for 15 min. The reaction mixture was quenched
with saturated aqueous NaHCO3 (2 mL), and extracted with CH2Cl, (5 mL X 3). The combined organic layers were
dried over MgSOs, filtered, and concentrated under vacuo. The residue was purified by silica gel column
chromatography. After concentrated under vacuo, the residue was purified fluorous silica gel chromatography (H>O :
MeOH =1 : 4). Fraction was extracted with CH>Cl> (3 mL x 3) and then dried over MgSQa, filtered, and concentrated

under vacuo to give a desired product.

Functionalization of 2-methoxynaphthalene (135)

(OC)GCOZ
=
OMe o OMe
33 (1.2 eq), (4-F-CgH4)3PAUNTf, (5 mol%) OO
DCE, MS4A, rt, 15 min, 99%
min (] 136

135

Procedure A was followed and used (4-F-CsHa);PAuUNTf, (1.98 mg, 2.5 umol). The crude mixture was purified by

silica gel column chromatography (Hexane) to give 136 (23.8 mg, 49.3 pumol, 99%).

136: red oil; IR (neat): 2017 cm™'; 'H-NMR (400 MHz, CDCl3): § 7.95 (d, J = 8.7 Hz, 1H), 7.82-7.74 (m, 2H), 7.52
(brt, J=7.2 Hz, 1H), 7.35 (t,J = 7.2 Hz, 1H), 7.26 (d, J = 8.7 Hz, 1H), 5.93 (s, 1H), 4.63 (s, 2H), 3.97 (s, 3H) ; 1*C-
NMR (100 MHz, CDCls): 6 199.8, 154.1, 132.7, 129.2, 128.9, 128.7, 126.5, 123.3, 123.2, 121.3, 112.4, 96.4, 73.6,
55.6,29.0 ; HRMS (EI): calcd for C19H206Co2 ([M-CO]"): 453.9298, found: 453.9312.

Functionalization of 2-isopropoxynaphthalene (137)

(OC)sCoy_
7
Oi-Pr o 0i-P
33 (1.2 eq), (4-F-CgHy4)3PAUNTf, (5 mol%) OO )
DCE, MS4A, rt, 15 min, 98%
137 138

Procedure A was followed and used (4-F-CsHa);PAuUNTf, (1.98 mg, 2.5 umol). The crude mixture was purified by
silica gel column chromatography (Hexane) to give 138 (30.0 mg, 48.9 umol, 98%).

138: red oil; IR (neat): 2017 cm™; "TH-NMR (400 MHz, CDCl3): 8 7.95 (d,J = 8.2 Hz, 1H), 7.77 (d, J = 8.2 Hz, 1H),
7.73 (d,J=9.2 Hz, 1H), 7.52 (t,J=8.2 Hz, 1H), 7.35 (t, /="7.7 Hz, 1H), 7.23 (d, J=9.2 Hz, 1H), 5.91 (s, 1H), 4.72
(quint, J = 6.3 Hz, 1H), 4.63 (s, 2H), 1.42 (d, J= 6.3 Hz, 6H) ; 3C-NMR (100 MHz, CDCl5): § 199.9, 152.7, 132.8,

129.2, 128.7, 128.6, 126.4, 123.41, 123.36, 122.6, 115.4, 96.4, 73.9, 71.3, 29.6, 22.4; HRMS (EI): calcd for
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Ci9H1304Co02 ([M-5COT"): 369.9814, found: 369.9786.

Functionalization of 2-phenoxynaphthalene (139)

(OC)GCOZ/
P
“/Oph 33 (1.2 eq), (4-F-CgH4)3PAUNTT, (20 mol%) ‘OPh
OO DCE-HFIP (10:1), MS4A, rt, 15 min, 96% OO
139 140

Procedure B was followed and used (4-F-CsHa4)3;PAUNTT, (7.92 mg, 10 pmol). The crude mixture was purified by

silica gel column chromatography (Hexane) to give 140 (26.2 mg, 48.2 umol, 96%).

140: red oil; IR (neat): 2019 cm™; "TH-NMR (400 MHz, CDCls): & 8.08 (d,J = 8.7 Hz, 1H), 7.84 (d, /= 8.2 Hz, 1H),
7.74 (d,J=8.7 Hz, 1H), 7.60 (dt,J= 7.7 Hz, J= 1.0 Hz, 1H), 7.47 (t,J= 7.5 Hz, 1H), 7.33 (t, J=7.5 Hz, 2H), 7.14
(d, J=7.7 Hz, 1H), 7.09 (t, J = 7.5 Hz, 1H), 6.98 (d, J = 7.7 Hz, 2H), 5.91 (s, 1H), 4.63 (s, 2H) ; 3C-NMR (100
MHz, CDCl3): 6 199.6, 157.8, 151.0, 132.7, 131.1, 129.8, 129.2, 128.8, 126.7, 125.9, 124.9, 123.9, 122.8, 119.9,
117.6, 95.5, 73.7,29.8; HRMS (EI): calcd for C2oH;404Co2 ([M-3CO]"): 459.9556, found: 459.9544.

Functionalization of 2-(benzyloxy)naphthalene (S20)

(OC)sCop
P

OBn
33 (1.2 eq), (4-F-CgH4)sPAUNTT, (10 mol%) OO OBn

DCE-HFIP (10:1), MS4A, rt, 15 min, 96%
141 142

Procedure B was followed and used (4-F-CsH4)3;PAUNTT, (3.96 mg, 5.0 umol). The crude mixture was purified by

silica gel column chromatography (Hexane to CH»>Cl, : Hexane =1 : 50) to give 142 (26.7 mg, 47.8 umol, 96%).

142: red oil; IR (neat): 2018 cm™'; "TH-NMR (400 MHz, CDCl;): § 7.99 (d, J = 8.2 Hz, 1H), 7.78 (d, J = 8.2 Hz, 1H),
7.75 (d,J=9.2 Hz, 1H), 7.53 (dt,J= 8.2 Hz, J= 1.2 Hz, 1H), 7.51-7.45 (m, 2H), 7.43-7.32 (m, 4H), 7.30 (d,J=9.2
Hz, 1H), 5.90 (s, 1H), 5.26 (s, 2H), 4.68 (s, 2H); 3C-NMR (100 MHz, CDCl3): § 199.7, 153.4, 137.1, 132.7, 129.4,
128.9, 128.64, 128.59, 127.9, 127.3, 126.6, 123.6, 123.4, 122.1, 114.2, 96.1, 73.9, 70.9, 29.5; HRMS (EI): calcd for
C23H1604Co2 ([M-3COT"): 473.9713, found: 473.9738.

Functionalization of 2-allyl-6-methoxynaphthalene (143)

(OC)GCOQ/

N7
Z

OMe
33 (1.2 eq), (4-F-CgHa)sPAUNTT, (5 mol%) OMe
Z 7

DCE, MS4A, rt, 15 min, 94%

143 144
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Procedure A was followed and used (4-F-CsHa);PAuUNTf, (1.98 mg, 2.5 pumol). The crude mixture was purified by

silica gel column chromatography (Hexane) to give 144 (24.5 mg, 46.8 umol, 94%).

144: red oil; IR (neat): 2017 cm™'; "TH-NMR (400 MHz, CDCl;): § 7.88 (d, J = 8.7 Hz, 1H), 7.72 (d, J = 8.7 Hz, 1H),
7.57 (s, 1H), 7.38 (d, J = 8.7 Hz, 1H), 7.22 (d, /= 9.2 Hz, 1H), 6.13-5.98 (m, 1H), 5.92 (s, 1H), 5.14 (d, /= 5.8 Hz,
1H), 5.10 (s, 1H), 4.61 (s, 2H), 3.96 (s, 3H), 3.52 (d, J = 6.3 Hz, 2H); 3C-NMR (100 MHz, CDCl5): & 199.8, 153.7,
137.4,134.8,131.3, 129.3, 128.4, 128.1, 127.4, 123.3, 121.1, 116.0, 112.5, 96.4, 73.6, 55.6, 40.0, 29.0; HRMS (EI):
caled for CisH;60.Co, ([M-5CO7"): 381.9814, found: 381.9833.

Functionalization of 2-bromo-6-methoxynaphthalene (145)

(OC)GCOZ/
\Z
OMe OMe
33 (1.2 eq), (4-F-CgHy)sPAUNTY, (10 mol%) OO
Br DCE-HFIP (10:1), MS4A, rt, 15 min, 90% Br
145 146

Procedure B was followed and used (4-F-CsH4)3;PAUNTT, (3.96 mg, 5.0 umol). The crude mixture was purified by

silica gel column chromatography (Hexane) to give 146 (25.2 mg, 44.9 umol, 90%).

146: red oil; IR (neat): 2017 cm™'; "TH-NMR (400 MHz, CDCl;): § 7.94 (d, J= 1.4 Hz, 1H), 7.82 (d,J= 9.2 Hz, 1H),
7.70 (d,J=9.2 Hz, 1H), 7.58 (dd, J=9.2 Hz, J= 1.4 Hz, 1H), 7.28 (s, 1H), 5.92 (s, 1H), 4.59 (s, 2H), 3.97 (s, 3H);
BC-NMR (100 MHz, CDCl5): & 199.7, 154.3, 131.1, 130.5, 130.2, 129.8, 128.0, 125.0, 121.5, 117.0, 113.4, 95.7,
73.4, 55.6, 28.8; HRMS (EI): calcd for CigHi1”BrO3Cos ([M-4COJ"): 447.8556, found: 447.8568.

Functionalization of 2-acetyl-6-methoxynaphthalene (147)

(oC )6C02/

P

OMe OMe
33 (1.2 eq), (4-F-CgHq)3PAUNT, (20 mol%) OO
o}

DCE, MS4A, rt, 15 min, 74%
(6]

147 148
Procedure A was followed and used (4-F-CsHa)3;PAuUNTf, (7.92 mg, 10 pmol). The crude mixture was purified by

silica gel column chromatography (AcOEt : Hexane =1 : 50 to 1 : 20) to give 148 (19.5 mg, 37.2 umol, 74%).

148: red oil; IR (neat): 2017, 1677 cm™'; '"H-NMR (400 MHz, CDCl3): & 8.42 (s, 1H), 8.08 (dd, J=9.2 Hz, 1.9 Hz,
1H), 7.99 (d, J=9.2 Hz, 1H), 7.92 (d, /= 9.2 Hz, 1H), 7.33 (d, /= 9.2 Hz, 1H), 5.93 (s, 1H), 4.63 (s, 2H), 4.00 (s,
3H), 2.71 (s, 3H); *C-NMR (100 MHz, CDCls): 6 199.7, 197.7, 156.3, 135.0, 132.3, 131.2, 130.9, 127.9, 124.6,
123.6, 121.6, 113.1, 95.6, 73.5, 55.6, 28.8, 26.5; HRMS (EI): calcd for Ci7H1403Co, ([M-5CO]T"): 383.9607, found:
383.9607.
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Functionalization of 2-methoxy-6-((methoxymethoxy)methyl)naphthalene (149)

(OC)eCop_

P
z

OMe OMe
00 (1.2 eq), (4-F-CgH4)3PAUNTf, (10 mol%)
MOMO MOMO

DCE, MS4A, rt, 15 min, 58%

149 150
Procedure D was followed and used (4-F-C¢H4)3;PAuNTf; (3.96 mg, 5.0 umol). The crude mixture was purified by
silica gel column chromatography (AcOEt : Hexane = 1 : 50) and then fluorous silica gel column chromatography to

give 150 (16.1 mg, 29 pmol, 58%).

150: red oil; IR (neat): 2017 cm™; "H-NMR (400 MHz, CDCL): § 7.94 (d, J= 8.7 Hz, 1H), 7.77 (d, J = 9.2 Hz, 1H),
7.76 (s, 1H), 7.52 (dd, J= 9.2 Hz, J= 1.9 Hz, 1H), 7.25 (d, J = 9.2 Hz, 1H), 5.92 (s, 1H), 4.75 (s, 2H), 4.74 (s, 2H),
4.62 (s, 2H), 3.97 (s, 3H), 3.45 (s, 3H); *C-NMR (100 MHz, CDCL:): 5 199.8, 154.2, 132.6, 132.2, 128.92, 128.88,
127.6, 1267, 123.6, 121.2, 112.6,96.2, 73.5, 69.2, 55.6, 55.4, 29.0; HRMS (EI): calcd for CaoH 506Co2 ([M-3COT"):
471.9767, found: 471.9776.

Functionalization of zert-butyl((6-methoxynaphthalen-2-yl)methoxy) dimethylsilane (151)

(OC)6C02/

P
z

OMe OMe
33 (1.2 eq), (4-F-CgHy4)3PAUNTf, (10 mol%)
TBSO TBSO

DCE, MS4A, rt, 15 min, 100%

151 152
Procedure A was followed and used (4-F-CsHa);PAuUNTf, (3.96 mg, 5.0 umol). The crude mixture was purified by
silica gel column chromatography (CHCI3 : Hexane = 1 : 20 to CHCI3 : Hexane = 1 : 15) to give 152 (29.0 mg,

quant.).

152: red oil; IR (neat): 2019 cm™; "H-NMR (400 MHz, CDCL): § 7.91 (d, J= 8.7 Hz, 1H), 7.76 (d, J = 8.7 Hz, 1H),
7.71 (s, 1H), 7.48 (dd, J= 8.7 Hz, J= 1.0 Hz, 1H), 7.23 (d, J = 8.7 Hz, 1H), 5.92 (s, 1H), 4.88 (s, 2H), 4.62 (s, 2H),
3.96 (s, 3H), 0.97 (s, 9H), 0.13 (s, 6H); *C-NMR (100 MHz, CDCls): 5 199.8, 153.9, 136.3, 131.9, 129.0, 128.8,
125.5,125.3,123.2, 121.2, 112.4,96.4, 73.5, 65.1, 55.6, 29.1, 26.0, 18.5, -5.2; HRMS (EI): calcd for CasHs06SiCos
(IM-2COT"): 570.0319, found: 570.0313.
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Functionalization of ((6-methoxynaphthalen-2-yl)methoxy)trimethylsilane (153)

(OC)sCopz_

P
2

(OC)sCo

2,
P
2

OMe OMe
33 (1.2 eq), (4-F-CgH4)3PAUNTf, (20 mol%) K,COj3 (4.0 eq) OMe
TMSO TMSO OO T o OO
DCE, MS4A, rt, 15 min, <38% MeOH, rt, 90 min HO
31% (2 steps)
153 154 E4

Procedure A was followed and used (4-F-CsHa)3sPAuUNTf, (7.92 mg, 10 pmol). The crude mixture was purified by
silica gel column chromatography (CHCIs : Hexane =1 :20to CHCIs : Hexane =1 : 15) to give 154 (<10.46 mg,
<17.9 pmol, <36%).

To a solution of 154 (<10.46 mg, <17.9 umol, <36%) in MeOH (2.0 mL) was added K>COs3 (10 mg, 7.23 umol) at
room temperature. The reaction mixture was stirred for 90 min at the same temperature. The solution was quenched
with saturated aqueous NH4Cl (1 mL) and extracted with CH>Cl, (3 mL x 3). The combined organic layers were
dried over MgSOsy, filtered, and concentrated under vacuo. The residue was purified by column chromatography on

silica gel (AcOEt : Hexane = 1 : 30 to AcOEt : Hexane = 1 : 4) to give E4 (7.86 mg, 15.3 pmol, 31% over 2 steps)

E4: red oil; IR (neat): 3321, 2017 cm™'; 'H-NMR (400 MHz, CDCls): § 7.95 (d, J= 8.7 Hz, 1H), 7.77 (d, J= 9.2 Hz,
1H), 7.76 (s, 1H), 7.53 (d, J = 8.7 Hz, 1H), 7.25 (d, J= 8.7 Hz, 1H), 5.92 (s, 1H), 4.84 (s, 2H), 4.62 (s, 2H), 3.97 (s,
3H), 1.70 (brs, 1H); '3C-NMR (100 MHz, CDCL): & 199.8, 154.2, 135.7, 132.2, 129.0, 128.9, 126.4, 126.0, 123.7,
121.3, 112.7, 96.3, 73.5, 65.4, 55.6, 29.0; HRMS (EI): caled for C1sH1405Co, ([M-5CO]"): 371.9607, found:
371.9633.

Functionalization of zert-butyl ((6-methoxynaphthalen-2-yl)methyl)(methyl) carbamate (155)

(OC)GCOQ/

N7
A2

OMe
Boc 33 (1.2 eq), (4-F-CgH4)3PAUNTT; (10 mol%) Boc ove
N "
P

DCE-HFIP (10:1), MS4A, rt, 15 min, 76%

155 156
Procedure B was followed and used (4-F-CsHa4);PAUNTT, (3.96 mg, 5.0 umol). The crude mixture was purified by

silica gel column chromatography (AcOEt : Hexane =1 : 50 to 1 : 20) to give 156 (23.8 mg, 38.0 umol, 76%).

156 (a mixture of two rotamers): red oil; IR (neat): 2019, 1694 cm™'; '"H-NMR (600 MHz, CDCl3): § 7.92 (d,J = 8.9
Hz, 1H), 7.74 (d, J = 8.9 Hz, 1H), 7.58 (brs, 1H), 7.41 (brs, 1H), 7.27-7.23 (m, 1H), 5.93 (s, 1H), 4.62 (s, 2H), 4.55
(brs, 2H), 3.97 (s, 3H), 2.88 (brs, 1.5H), 2.80 (brs, 1.5H), 1.49 (s, 9H); *C-NMR (150 MHz, CDCl5): 5 199.8, 156.3,
155.9,154.1,133.0,131.9,129.0, 128.6, 127.5,127.4, 127.3,126.7, 126.2, 123.7,121.3, 112.7,96.3, 79.8, 73.5, 55.6,
52.6,51.8,33.9, 33.8, 29.0, 28.5; HRMS (FAB): calcd for C22H2sNO4Cos ([M-5CO]"): 485.0448, found: 485.0455.
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Functionalization of (9H-fluoren-9-yl)methyl ((6-methoxynaphthalen-2-yl)methyl)(methyl)carbamate (157)

(OC)GCOZ/
P
OMe 1) OMe
33 (1.2 eq), (4-F-CgH4)3PAUNTT, (5 mol%)
- DCE-HFIP (10:1), MS4A, rt, 15 min, 99% N
157 158

Procedure B was followed and used (4-F-CsH4)3;PAUNTT, (3.96 mg, 5.0 umol). The crude mixture was purified by

silica gel column chromatography (AcOEt : Hexane =1 :30to 1 : 10) to give 158 (35.4 mg, 49.9 umol, 99%).

158 (a mixture of two rotamers): red oil; IR (neat): 2019, 1702 cm™!; '"H-NMR (600 MHz, CDCl3): § 7.92 (d,J = 8.9
Hz, 0.5H), 7.87 (d, J = 8.2 Hz, 0.5H), 7.82-7.68 (m, 3H), 7.63 (brs, 1.5H), 7.51 (brd, J = 8.2 Hz, 1.5H), 7.41 (t, J =
6.8 Hz, 1.5H), 7.38-7.29 (m, 2H), 7.26 (d, J = 6.8 Hz, 1H), 7.18 (brd, J = 6.8 Hz, 1.5H), 5.92 (s, 1H), 4.69-4.59 (m,
3H), 4.57-4.46 (m, 3H), 4.31 (brs, 0.5H), 4.25 (brs, 0.5H), 3.97 (s, 3H), 2.92 (brs, 1.5H), 2.88 (brs, 1.5H) ; 3C-NMR
(150 MHz, CDCls): 6 199.8, 156.8, 156.4, 154.2, 144.0, 141.4, 132.2,132.0, 128.9, 128.7, 127.7, 127.6, 127.4, 127.0,
126.7,126.1,125.0, 124.9, 123.9, 121.3, 120.0, 112.7, 96.2, 73.5, 67.5, 55.6, 52.5, 52.2,47.4, 34.4, 33.4, 29.7, 29.0;
HRMS (FAB): caled for C34H27NOsCo ([M-3COJ"): 663.0502, found: 663.0504.

Functionalization of 3-methylbenzofuran (159)

C[\g 33 (1.2 eq), (4-F-CgH4)sPAUNTY, (5 mol%) ©\/§_\
o DCE, MS4A, rt, 15 min, 78% 0 \\<COZ(CO)G
A\

159 160

Procedure A was followed and used (4-F-CsHa);PAuUNTf, (1.98 mg, 2.5 umol). The crude mixture was purified by

silica gel column chromatography (Hexane) to give 160 (17.8 mg, 39.0 umol, 78%).

160: red oil; IR (neat): 2019 cm'; "H-NMR (400 MHz, CDCls): & 7.45 (dd, J = 6.8 Hz, 1.4 Hz, 1H), 7.38 (dd, J =
6.8 Hz, 1.4 Hz, 1H), 7.24 (d, J= 7.2 Hz, 1.9 Hz, 1H), 7.20 (dt, J = 7.2 Hz, 1.4 Hz, 1H), 6.09 (s, 1H), 4.23 (s, 2H),
2.23 (s, 3H) ; BC-NMR (100 MHz, CDCLy): & 199.4, 153.9, 150.9, 129.8, 123.9, 122.2, 119.1, 111.1, 110.9, 93.3,
73.1,30.4, 7.9; HRMS (EI): caled for Ci7H 007,Cos ([M-5CO]"): 427.9141, found: 427.9161.

Functionalization of 3-metylbenzothiophene (161)

©\/§ 33 (1.2 eq), (4-F-CgH4)3PAUNTf, (20 mol%) @Eg_\
S DCE-HFIP (10:1), MS4A, rt, 15 min, 69% S \\<CO2(CO)6
A\

162

Procedure B was followed and used (4-F-CsH4)3:PAUNTT, (7.92 mg, 10 pmol). The crude mixture was purified by

silica gel column chromatography (Hexane) to give 162 (16.2 mg, 34.2 umol, 68%).
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31: red oil; IR (neat): 2018 cm™'; '"H-NMR (400 MHz, CDCL): & 7.77 (d, J = 8.2 Hz, 1H), 7.63 (d, J = 7.7 Hz, 1H),
7.36 (t, J = 7.7 Hz, 1H), 7.30 (t, J = 7.7 Hz, 1H), 6.10 (s, 1H), 4.37 (s, 2H), 2.40 (s, 3H); '*C-NMR (100 MHz,
CDCls): § 199.4, 140.3, 138.3, 136.5, 128.1, 124.2, 124.0, 122.2, 121.7, 95.1, 73.6, 32.7, 11.7; HRMS (EI): calcd for
C17H1005SCo, ([M-COT"): 443.8913, found: 443.8926.

Functionalization of 1-methylindole (59)

(OC)eCoz
-\=
@ 33 (1.2 eq), (4-F-CgHa)3PAUNTf, (10 mol%) @\/\C
N\ DCE, MS4A, rt, 15 min, 69% N\
59 60

Procedure A was followed and used (4-F-CsHa);PAuUNTf, (3.96 mg, 5.0 umol). The crude mixture was purified by

silica gel column chromatography (Hexane) to give 60 (15.7 mg, 34.4 umol, 69%).

Functionalization of 1-methoxynaphthalene (163)

OMe OMe OMe

OMe Cox(CO)s
OO 33 (1.2 eq), (4-F-CgH4)3PAUNTH, (5 mol%) OO I i 00k OO NV
’ O o ’

DCE, MS4A, rt, 15 min
163 \/COZ(CO)S \\/\COZ(CO)G

7

N
<

164(69%) 165 (21%) 166 (8%)

Procedure A was followed and used (4-F-CsHa);PAuUNTf, (1.98 mg, 2.5 umol). The crude mixture was purified by
silica gel column chromatography (Hexane) to give 164 (16.6 mg, 34.7 umol, 69%), 165 (5.17 mg, 10.7 umol, 21%),
166 (3.22 mg, 4.2 pmol, 8%).

164: red oil; IR (neat): 2016 cm™; "TH-NMR (400 MHz, CDCls): & 8.30 (d,J = 8.2 Hz, 1H), 8.01 (d, /= 8.2 Hz, 1H),
7.58 (t,J=17.2 Hz, 1H), 7.50 (t,J= 7.2 Hz, 1H), 7.30 (d, /= 7.2 Hz, 1H), 6.74 (d, J=7.2 Hz, 1H), 5.94 (s, 1H), 4.49
(s, 2H), 3.98 (s, 3H); 3C-NMR (100 MHz, CDCl3): § 199.6, 155.2, 132.2, 128.8, 126.9, 126.5, 126.1, 125.1, 123.7,
122.8,103.3,97.4, 73.7, 55.5, 37.5; HRMS (EI): calcd for C15H;20,Co, ([M-5CO1"): 341.9501, found: 341.9494.

165: red oil; IR (neat): 2020 cm™'; "TH-NMR (400 MHz, CDCl;): § 8.10 (d, J= 8.2 Hz, 1H), 7.82 (d, J = 8.2 Hz, 1H),
7.61 (d, J= 8.2 Hz, 1H), 7.54-7.43 (m, 2H), 7.46 (dt,J= 8.2 Hz, J = 1.5 Hz, 1H), 7.38 (d, J = 8.2 Hz, 1H), 6.07 (s,
1H), 4.30 (s, 2H), 3.99 (s, 3H); *C-NMR (100 MHz, CDCl3): § 199.7, 153.7, 134.4, 128.4, 128.2, 128.1, 126.0,
125.7,125.6, 124.3, 122.3,96.6, 73.6, 62.2, 34.3; HRMS (EI): calcd for Ci5H;202Co, ([M-5CO]"): 341.9501, found:
341.9510.

166: red oil; IR (neat): 2018 cm™'; "H-NMR (400 MHz, CDCls): 5 8.15-8.10 (m, 1H), 8.06-8.01 (m, 1H), 7.58-7.50
(m, 2H), 7.30 (s, 1H), 6.05 (s, 1H), 5.97 (s, 1H), 4.51 (s, 2H), 4.28 (s, 2H), 3.90 (s, 3H); '>*C-NMR (100 MHz, CDCls):
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6 199.7, 153.5, 133.1, 132.0, 129.2, 128.7, 127.9, 126.02, 125.99, 124.3, 123.1, 96.8, 96.2, 73.8, 73.5, 62.2, 37.3,
34.3; HRMS (EI): caled for C2sH14012Co4 ([M-COT"): 777.7813, found: 777.7826.

Functionalization of naproxen methyl ester (71)

-F- [
~/L Cope 33 (1:2.60), (4-F-CoHa)sPAUNTE, (5 mol%) O O COMe
MeO OO DCE, MS4A, rt, 15 min, 97% MeO
\/COZ(CO)B

7 S
30

Procedure D was followed and used (4-F-C¢H4);PAuNT; (1.98 mg, 2.5 pumol). The crude mixture was purified by
silica gel column chromatography (AcOEt : Hexane = 1 : 30), and then fluorous silica gel column chromatography

to give 30 (27.5 mg, 48.4 umol, 97%).

Functionalization of O-methyl estrone (25)

00 (1.5 eq), (4-F-CgH4)sPAUNTT, (20 mol%)

DCE-HFIP (10:1), MS4A, rt, 15 min

26 (53%)
Procedure C was followed and used (4-F-CsH4)3;PAUNTT, (7.92 mg, 10 pmol). The crude mixture was purified by

silica gel column chromatography (AcOEt : Hexane = 1 : 20) to give a mixture of 26 and 27 (62.02 mg).

Functionalization of indometacin methyl ester (72)

(OC)eCop_

CO,Me ~ _co,Me CO,Me
MeO MeO MeO
A\ N\ AN
N 00 (1.5 eq), (4-F-CgHy)sPAUNTF, (20 mol%) N . N
o)
dt DCE-HFIP (10:1), MS4A, rt, 15 min QEO (OC)sCop ﬁo

cl cl cl
72 73 (45%) 74 (42%)

Procedure C was followed and used (4-F-CsH4)3;PAUNTT, (7.92 mg, 10 pmol). The crude mixture was purified by
silica gel column chromatography (AcOEt : Hexane =1 : 50 to AcOEt : Hexane = 1 : 20) to give 73 (15.6 mg, 22.5
pmol, 45%) and 74 (14.52 mg, 20.9 pumol, 42%).
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Functionalization of mestranol (36)

33 (1.2 eq), (4-F-CgHa)3PAUNTF, (20 mol%)

DCE-HFIP (10:1), MS4A, rt, 15 min

- COz(CO)s
51 Vs
52 (33%) 53 (37%)

I1-Co,(CO)s

J

55 (8%) 56 (8%)

Procedure B was followed and used (4-F-CsH4)3;PAUNTT, (7.92 mg, 10 pmol). The crude mixture was purified by
silica gel column chromatography (Pentane) to give a mixture of 52 and 53 (12.56 mg) and a mixture of 55 and 56
(21.98 mg).

Functionalization of podophylltoxin TBS ether (37).

OTES OTRS
o) S o) S
< o) { o
o) v 33 (1.2 eq), (4-F-CgHa)3sPAUNTf, (10 mol%) 0 .
:H :H o
- (OC)eCoz
DCE-HFIP (10:1), MS4A, rt, 15 min NZ
21% (99% brsm) -
MeO OMe MeO OMe
OMe OMe
89 90

Procedure C was followed and used (4-F-CsHa4)3;PAUNTT, (7.92 mg, 10 pmol). The crude mixture was purified by
silica gel column chromatography (AcOEt : Hexane =1 : 50 to 1 : 4) to give 90 (9.58 mg, 11.2 umol, brsm 99%).

Functionalization of guaiazulene (38)

\/COz(CO)s

CO 00 (1.5 q), (4-F-CqHa)sPAUNTF, (20 mol%) CO

DCE-HFIP (10:1), MS4A, rt, 15 min, 38%

167 168
Procedure C was followed and used (4-F-CsHa4)3:PAUNTT, (7.92 mg, 10 pmol). The crude mixture was purified by
silica gel column chromatography (Pentane) to give 168 (9.05 mg, 19.2 umol, 38%).

168: black oil; IR (neat): 2021 cm™'; 'H-NMR (400 MHz, CDCls): § 8.06 (d, J = 2.0 Hz, 1H), 7.48 (s, 1H), 7.30 (d,
J=11.0 Hz, 1H), 6.90 (d, J = 11.0 Hz, 1H), 5.99 (s, 1H), 4.71 (s, 2H), 3.09-2.96 (m, 4H), 2.58 (s, 3H), 1.33 (d, J =
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6.8 Hz, 6H); *C-NMR (150 MHz, CDCl5): 5 199.8, 144.6, 140.5, 139.6, 138.2, 134.6, 133.7, 131.8, 126.7, 126.0,
124.5,99.6,73.9,37.7, 36.2, 26.5, 24.5, 12.7; HRMS (EI): calcd for C24H2006Co2 ([M]"): 521.9924, found: 521.9934.

7. Decomplexation of dicobalt hexacarbonyl complexes

Decomplexation of 136

(OC)6002
2> =z
TBAF (4 eq)
OMe OMe
OO THF-DMF (1:1), rt, 3 h, 78% OO
136 171

To solution of functionalized compound 136 (5.32 mg, 35 umol) in THF (0.35 mL) and DMF (0.35 mL) was
dropwised 1 M TBAF in THF (0.14 mL, 0.14 mmol) at room temperature. The reaction mixture was stirred at the
same temperature for 2 h. The solution was quenched with saturated aqueous NH4Cl (1 mL) at room temperature and
extracted with E,O (5 mL x 3). The combined organic layers were dried over MgSQOs, filtered, and concentrated
under vacuo. The residue was purified by column chromatography on silica gel (Hexane) to 171 (5.32 mg, 27.1 umol,

78%).

171: white solid; IR (neat): 3291 cm™'; "TH-NMR (400 MHz, CDCl5): § 8.06 (d, J = 8.3 Hz, 1H), 7.88-7.72 (m, 2H),
7.54 (t,J=17.3 Hz, 1H), 7.37 (t,J=7.3 Hz, 1H), 7.28 (d, /= 8.8 Hz, 1H), 4.00 (d, /= 2.9 Hz, 2H), 3.98 (s, 3H), 1.97
(t, J = 2.9 Hz, 1H); *C-NMR (100 MHz, CDCl5): & 154.0, 132.6, 129.3, 129.0, 128.5, 126.8, 123.6, 123.3, 117.7,
113.6, 82.9, 67.9, 56.9, 14.4; HRMS (EI): calcd for C14H120 ([M]"): 196.0888, found: 196.0895.

1-Pot propargylation
1-Pot propargylation of 151

(OC)SCOZ/
oMe 33 (1.2 eq), (4-F-CgH4)3sPAUNTf, (10 mol%) OMe
TBSO
DCE, MS4A, rt, 15 min, then evop. TBSO
151 152
=z
TBAF (5 eq) OMe

THF-DMF (1:1), rt, 3 h, 80% HO OO

172

A solution of reagent 33 (50 mg, 60 pmol), 151 (50 umol) and MS4A (50 mg) in DCE (1.0 mL) was added (4-F-
CsHa)3sPAUNTT (3.96 mg, 5.0 umol) at room temperature. The reaction mixture was stirred at the same temperature
for 15 min. The reaction mixture was concentrated in vacuo. The residue was dissolved in THF (0.5 mL) and DMF
(0.5 mL) and dropwised 1 M TBAF in THF (0.25 mL, 0.25 mmol) at room temperature. The reaction mixture was

stirred at the same temperature for 3 h. The solution was quenched with saturated aqueous NH4Cl (2 mL) at room
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temperature and extracted with Et;O (5 mL X 3). The combined organic layers were dried over MgSOs, filtered, and
concentrated under vacuo. The residue was purified by column chromatography on silica gel (AcOEt : Hexane = 1 :

20to 1:4)to 172 (9.10 mg, 40.2 pmol, 80%).

172: white solid; IR (neat): 3407 (br), 3288 cm™'; "H-NMR (400 MHz, CDCl;): & 8.07 (d, J = 8.7 Hz, 1H), 7.83-7.75
(m, 2H), 7.55 (dd, J=9.2 Hz, J= 1.4 Hz, 1H), 7.34 (d, /= 9.2 Hz, 1H), 4.84 (s, 2H), 4.03-3.95 (m, 5H), 1.98 (t, J=
2.7 Hz, 1H), 1.70 (brs, 1H); 3*C-NMR (100 MHz, CDCl3): & 154.1, 136.0, 132.2, 129.2, 128.9, 126.2, 123.9, 120.3,
117.7,113.9, 82.8, 67.9, 65.4, 56.8, 14.4; HRMS (EI): calcd for CisH140, (M]"): 226.0994, found: 226.0991.

1-Pot propargylation of 71

o = 0,
/“)\ come B (1.2 eq), (4-F-CgH4)sPAUNTF, (5 mol%) O O COMe
MeO OO DCE, MS4A, t, 15 min, 97% MeO

c
71 NS

TBAF (3 eq) OO COzMe
MeO

THF-DMF (1:1), rt, 3 h, 81%

X
100

A solution of reagent 33 (50 mg, 60 pmol), 71 (50 umol) and MS4A (50 mg) in DCE (1.0 mL) was added (4-F-
CsHa)3sPAUNTT (3.96 mg, 5.0 umol) at room temperature. The reaction mixture was stirred at the same temperature
for 15 min. The reaction mixture was concentrated in vacuo. The residue was dissolved in THF (0.5 mL) and DMF
(0.5 mL) and dropwised 1 M TBAF in THF (0.15 mL, 0.15 mmol) at room temperature. The reaction mixture was
stirred at the same temperature for 3 h. The solution was quenched with saturated aqueous NH4Cl (2 mL) at room
temperature and extracted with Et;O (5 mL X 3). The combined organic layers were dried over MgSOs, filtered, and
concentrated under vacuo. The residue was purified by column chromatography on silica gel (AcOEt : Hexane =1 :

50 to 1 : 30) and then fluorous silica gel column chromatography to give 100 (11.4 mg, 40.5 umol, 81%).

Synthesis of substrates

Tert-butyl((6-methoxynaphthalen-2-yl)methoxy)dimethylsilane (151)

TBSCI (2.0 eq)
OMe imidazole (2.0 eq) OMe
HO DMF (0.3 M) TBSO
E5 0°Ctort, 6 h, quant. 151

To a solution of alcohol E5 (94 mg, 0.5 mmol) and imidazole (64 mg, 1.0 mmol) in DMF (1.7 mL) was added TBSCI
(150 mg, 1.0 mmol) at 0 °C. The reaction mixture was stirred for 6 h at room temperature. The solution was quenched
with saturated aqueous NH4CI (2 mL) at 0 °C and extracted with Et;O (5 mL x 3). The combined organic layers were

dried over MgSOs, filtered, and concentrated under vacuo. The residue was concentrated under vacuo and purified
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by column chromatography on silica gel (AcOEt : Hexane = 1 : 30) to give TBS ether 151 (153 mg, quant.).

151: white solid; IR (neat): 1606 cm™'; "TH-NMR (400 MHz, CDCl5): § 7.76-7.67 (m, 3H), 7.45 (d, J = 8.7 Hz, 1H),
7.13 (dd, J = 7.2 Hz, J = 2.4 Hz, 1H), 7.12 (s, 1H), 4.86 (s, 2H), 3.92 (s, 3H), 0.96 (s, 9H), 0.12 (s, 6H); 3*C-NMR
(100 MHz, CDCls): 6 157.4, 136.8, 133.8, 129.3, 128.8, 126.7, 125.3, 1244, 118.7, 105.8, 65.2, 55.3, 26.0, 18.5, -
5.2; HRMS (EI): caled for CisH260,Si (M"): 302.1702, found: 302.1703.

((6-Methoxynaphthalen-2-yl)methoxy)trimethylsilane (153)
TMSCI (3.0 eq)
OMe imidazole (4.0 eq) O'V'e
HO DMF (0.15 M) TMSO

E5 0°Ctort, 1.5h,67%

153

To a solution of alcohol E5 (94 mg, 0.5 mmol) and imidazole (136 mg, 2.0 mmol) in DMF (3.3 mL) was dropwised
TMSCI (0.19 mL, 1.5 mmol) at 0 °C. The reaction mixture was stirred for 1.5 h at room temperature. The solution
was quenched with H,O (2 mL) at 0 °C and extracted with Hexane (5 mL x 2). The combined organic layers were
dried over MgSOsy, filtered, and concentrated under vacuo. The residue was purified by column chromatography on

silica gel (AcOEt : Hexane = 1 : 100) to give TMS ether 153 (87.7 mg, 0.34 mmol, 67%).

153: white solid; IR (neat): 1609 cmr'; "H-NMR (400 MHz, CDCL:): & 7.84-7.64 (m, 3H), 7.40 (dd, J = 8.5 Hz, J =
1.4 Hz, 1H), 7.18-7.08 (m, 2H), 4.82 (s, 2H), 3.92 (s, 3H), 0.17 (s, 9H) ; '3C-NMR (100 MHz, CDCL): § 157.5, 136.2,
133.9, 129.3, 128.8, 126.9, 125.7, 125.0, 118.7, 105.7, 64.8, 55.3, -0.3; HRMS (EI): caled for CisHap0,Si (M"):
260.1233, found: 260.1233.

Tert-butyl ((6-methoxynaphthalen-2-yl)methyl)carbamate (155)

E5 (2.0 eq) ) ] )
O,N 00 DEAD (2.0 eq) Thioglycolic Acid (2.0 eq)

OMe :
PPh3 (2.0 LiOH - H,0O (4.0
S‘NHBOC 3(2.0eq) E‘IOC OO i 20 (4.0 eq)
benzene rt Ns~

overnight, crude DMF, rt, overnight

E6 E7 71% over 2 steps
Mel (2.5 eq)
OMe NaH (2.5 eq) OMe
oo 2
Boc N DMF,0°Ctort,5h,91% -
ES 155

To a solution of alcohol E6 (263 mg, 1.38 mmol), carbamate E5 (235 mg, 0.77 mmol), and PPh3 (367 mg, 1.54

mmol) in benzene (4.5 mL) was dropwised ca. 2.2 M DEAD in toluene (0.71 mL, 1.56 mmol) at 0 °C. The reaction

mixture was stirred overnight at room temperature. The solution was quenched with H,O (5 mL) at 0 °C and extracted

with CHxCl (7 mL x 3). The combined organic layers were dried over MgSQOs, filtered, and concentrated under

vacuo. The residue was purified by column chromatography on silica gel (CHCI3) to give carbamate E7 (crude).

To a solution of carbamate E7 (crude) in DMF (4.0 mL) was added LiOH*H>O (130 mg, 3.08 mmol), and thioglycol
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acid (0.11 mL, 1.54 mmol) at room temperature. The reaction mixture was stirred overnight. The solution was
quenched with saturated aqueous NaHCOj3 (5 mL) and extracted with Et,O (8 mL x 3). The combined organic layers
were dried over MgSOsq, filtered, and concentrated under vacuo. The residue was purified by column chromatography

on silica gel (AcOEt : Hexane = 1 : 5) to give carbamate E8 (156 mg, 0.54 mmol, 71% over 2 steps).

ES8: white solid; IR (neat): 3350 (br), 1697 cm™; "TH-NMR (400 MHz, CDCl3): § 7.71 (d, J = 8.7, 1H), 7.70 (d, J =
8.7, 1H), 7.64 (s, 1H), 7.37 (d, J = 8.2 Hz, 1H), 7.20-7.08 (m, 2H), 4.87 (brs, 1H), 4.44 (d, J = 5.3 Hz, 2H), 3.92 (s,
3H), 1.48 (s, 9H); *C-NMR (100 MHz, CDCl5): & 157.5, 155.9, 134.0, 133.7, 129.0, 128.7, 127.0, 126.2, 125.7,
118.8, 105.6, 79.2, 55.1, 44.6, 28.3; HRMS (EI): caled for Ci17H2iNOs (M*): 287.1521, found: 287.1504.

To a solution of carbamate E8 (156 mg, 0.54 mmol) in DMF (1.8 mL) was added 60% NaH (82 mg, 1.4 mmol) at
0 °C. The reaction mixture was stirred for 30 min at room temperature. The reaction mixture cooled to 0 °C and
added Mel (86 pL, 1.0 mmol). The reaction mixture was allowed to room temperature and stirred for 5 h. The solution
was quenched with saturated aqueous NH4Cl (2 mL) at 0 °C and extracted with Et;O (5 mL x 3). The combined
organic layers were dried over MgSOQs, filtered, and concentrated under vacuo. The residue was purified by column

chromatography on silica gel (AcOEt : Hexane = 1 : 10) to give carbamate 155 (149 mg, 0.49 mmol, 91%).

155 (a mixture of two rotamers): yellowish oil; IR (neat): 1692 cm™'; '"H-NMR (600 MHz, CDCl;): § 7.69 (d,J= 8.3,
1H), 7.68 (d, J= 8.9, 1H), 7.56 (s, 1H), 7.32 (brs, 1H), 7.19-7.05 (m, 2H), 4.52 (s, 2H), 3.88 (s, 3H), 2.86 (brs, 1.5H),
2.79 (brs, 1.5H), 1.50 (s, 9H); '*C-NMR (150 MHz, CDCl): § 157.6, 156.2, 155.9, 133.8, 133.2, 129.1, 128.8, 127.2,
126.6, 126.3, 126.0, 125.8, 118.9, 105.7, 79.7, 55.2, 52.7, 52.0, 33.8, 28.5; HRMS (EI): calcd for CisH23NO3 (M"):
301.1678, found: 301.1702.

(9H-Fluoren-9-yl)methyl ((6-methoxynaphthalen-2-yl)methyl)(methyl)carbamate (S30)
FmocCl (1.5 eq)
OMe TFA (10 eq) OMe G0, (3.0 oq) OMe
Boc OO H Emoc
N DCM, 0°C to rt N THF, 0°Cto rt, -
24 h, <67% overnight
66% over two steps

155 E9 157

To a solution of carbamate 155 (160 mg, 0.53 mmol) in CH>Cl; (5.3 mL) was dropwised TFA (0.41 mL, 5.3 mmol)
at 0 °C. The reaction mixture was stirred at room temperature for 24 h. The solution was quenched with 1 M NaOH
(10 mL) at 0 °C and extracted with CH>Cl, (15 mL x 3). The combined organic layers were dried over MgSQOs,
filtered, and concentrated under vacuo to give amine E9 (73.8 mg, <0.36 mmol, <67%).

To solution of crude in THF (3.6 mL) was added K»CO3 (150 mg, 1.09 mmol) and FmocCI (140 mg, 0.54 mmol) at
0 °C. The reaction mixture was stirred at the same temperature overnight. The solution was quenched with saturated
aqueous NH4Cl (5 mL) at 0 °C and extracted with Et;O (8 mL X 3). The combined organic layers were dried over

MgSOs, filtered, and concentrated under vacuo. The residue was purified by column chromatography on silica gel
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(toluene : Hexane = 1 : 8) to give carbamate 157 (149 mg, 0.35 mmol, 66% over 2 steps).

157 (a mixture of two rotamers): amorphous; IR (neat): 1699 cm™'; "H-NMR (400 MHz, CDCl;): § 7.85-7.56 (m,
5H), 7.55-7.22 (m, 5H), 7.21-7.07 (m, 4H), 4.63 (s, 1H), 4.51 (s, 3H), 4.30 (brs, 0.5H), 4.25 (brs, 0.5H), 3.93 (s, 3H),
2.92 (brs, 1.5H), 2.87 (brs, 1.5H) ; 3C-NMR (150 MHz, CDCls): § 157.6, 156.7, 156.3, 144.03, 143.96, 141.3, 133.9,
132.5,132.3, 129.2, 128.7, 127.6, 127.3, 127.0, 126.5, 125.8, 125.7, 125.0, 124.8, 119.9, 118.9, 105.7, 67.4, 55.2,
52.6,52.2,47.4,47.3, 34.4, 33.4; HRMS (EI): calcd for C2gHosNO3 (M"): 423.1834, found: 423.1815.

<Chapter 3>

Identification of difluoropropargyl bromide dicobalt complex 37

R F Coy(CO)g (1.5eq) R F

K Coy(CO)s
Bf>\ CDClg, 1t, 3 h Br

TIPS TIPS
36 37

To a solution of triisopropylsilyldifluorobromopropyne (36) (31.0 mg, 1.00 mmol) in CDCl; (0.7 mL) was added
Co2(CO)s (53.2 mg, 1.56 mmol) and stirred at room temperature. After 3 h, the reaction mixture was monitored by
"F-NMR and observed a new fluorine peak derived from 37. The analytical sample was obtained by silica gel column

chromatography (hexane).

37: red oil; IR (neat): 2033 cm™'; 'TH-NMR (600 MHz, CDCl;): § 1.23 (s, 21H); *C-NMR (150 MHz, CDCl;): &
198.5, 118.4 (t, 'Jcr = 299.1 Hz), 104.2 (t, 2Jcr = 35.4 Hz), 74.6, 19.0, 14.0; "’F-NMR (560 MHz, CDCl5): § —27.7
(s, 2F); HRMS (EI): calcd for Ci7Ho1”BrCo,F,0sSi ([M-COJ"): 567.8974, found: 567.8952.

Etherification of alcohol substrates

Standard procedure for the etherification of alcohol substrates

Procedure A: A solution of 36 (0.15 mmol) and Cox(CO)g (0.15 mmol) in toluene (1 mL) was stirred at room
temperature. After 3 h, alcohol (0.1 mmol), triethylamine (0.15 mmol) and AgOTf (0.15 mmol) were added and
stirred until completion of the reaction as monitored by TLC. The reaction mixture was diluted with saturated aqueous
NaHCOs3 (1 mL) and extracted with AcOEt (SmL x 2). The combined organic layers were washed with brine and
dried over MgSQOs, filtered and concentrated in vacuo. The residue was purified by flash silica gel column
chromatography (Because desired products were converted to corresponded esters during silica gel column

chromatography, the eluent containing 1% Et;N was used.).

Procedure B: A solution of 36 (0.15 mmol) and Co(CO)s (0.15 mmol) in toluene (1 mL) was stirred at room
temperature. After 3 h, alcohol (0.1 mmol), DTBMP (0.15 mmol) and AgOTf (0.15 mmol) were added and stirred

until completion of the reaction as monitored by TLC. The reaction mixture was diluted with saturated aqueous
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NaHCOs3 (1 mL) and extracted with AcOEt (SmL x 2). The combined organic layers were washed with brine and
dried over MgSQOs, filtered and concentrated in vacuo. The residue was purified by flash silica gel column
chromatography (Because desired products were converted to corresponded esters during silica gel column

chromatography, the eluent containing 1% Et;N was used.).

Etherification of phenylethylalcohol

The procedure A was followed with a reaction time of 10 min. The yield determined by 'H-NMR (99%). The
analytical sample was purified by flash silica gel column chromatography (hexane containing 1% Et3N).

When the procedure A was followed with a reaction time of 10 min without EtsN in CH>Cl,, Ester 175 was obtained
(85%, '"H-NMR vyield). The analytical sample was purified by flash silica gel column chromatography (AcOEt :
hexane =1 : 20).
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174: red oil; IR (neat): 2029 cm™'; "H-NMR (600 MHz, CDCl3): § 7.29 (t,J = 7.6 Hz, 2H), 7.25-7.19 (m, 3H), 4.26
(t,J=7.2 Hz, 2H), 2.98 (t,J = 7.2 Hz, 2H), 1.32-1.08 (m, 21H); *C-NMR (150 MHz, CDCl3): § 199.2, 137.4, 128.7,
128.5, 126.6, 125.0 (t, 'Jcr = 255.8 Hz), 101.3 (t, 2Jcr = 49.9 Hz), 72.2, 64.9 (t, *Jcr = 5.1 Hz), 35.5, 18.8, 13.7; "F-
NMR (560 MHz, CDCl3): & -60.2 (s, 2F); HRMS (EI): calcd for CasH30C02F206Si ([M-CO]"): 610.0444, found:
610.0418.

o
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175: red oil; IR (neat): 2029, 1708 cm™'; "H-NMR (600 MHz, CDCls): § 7.29 (t, J = 7.2 Hz, 2H), 7.25-7.19 (m, 3H),
4.49 (t,J=17.0 Hz, 2H), 3.01 (t, J = 7.0 Hz, 2H), 1.25 (quint, J = 7.2 Hz, 3H), 1.15 (d, J = 7.2 Hz, 18H); 3C-NMR
(150 MHz, CDCls): § 199.1, 170.0, 137.4, 128.7, 128.5, 126.6, 95.6, 75.0, 66.5, 34.9, 18.8, 13.4; HRMS (EI): calcd
for C21H30C02058i ([M-5CO]"): 476.0628, found: 476.0628.

Etherification of 4-methoxyphenethyl alcohol
The procedure A was followed with a reaction time of 30 min. The crude was purified by flash silica gel column

chromatography (AcOEt : hexane = 1 : 50 containing 1% Et3N) to provide 176 (59.6 mg, 82.5 umol, 84%).

MeO
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176: red oil; IR (neat): 2029 cm™'; 'H-NMR (400 MHz, CDCL): § 7.14 (d, J = 8.2 Hz, 2H), 6.83 (d, J = 8.2 Hz, 2H),
421 (t, J =173 Hz, 2H), 3.79 (s, 3H), 2.91 (t, J = 7.3 Hz, 2H), 1.36-1.04 (m, 21H); 3C-NMR (100 MHz, CDCL):
§199.2, 158.4, 129.7, 129.4, 124.9 (t, 'Jer = 256.1Hz), 113.9, 101.4 (t, 2cr = 50.5 Hz), 72.2, 65.2 (t, *Jcr = 5.4 Hz),
55.2,34.7, 18.8, 13.7; ""F-NMR (560 MHz, CDCls): § -60.2 (s, 2F); HRMS (EI): caled for C21Hs,Co2F20,Si ([M-
6COT"): 500.0804, found: 500.0815.

Etherification of 3-bromo-4-methoxy-phenethyl alcohol
The procedure A was followed with a reaction time of 60 min. The crude was purified by flash silica gel column

chromatography (hexane containing 1% Et;N) to provide 177 (59.4 mg, 79.4 pumol, 79%).
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177: red oil; IR (neat): 2029 cm™'; "H-NMR (400 MHz, CDCl3): 8 7.41 (d, J= 1.9 Hz, 1H), 7.13 (dd, J=8.3 Hz, 1.9
Hz, 1H), 6.82 (d, J = 8.3 Hz, 1H), 4.22 (t, J = 7.1 Hz, 2H), 3.87 (s, 3H), 2.90 (t, J = 7.1 Hz, 2H), 1.31-0.94 (m,
21H); *C-NMR (100 MHz, CDCl5): & 199.2, 154.6, 133.5, 131.1, 128.6, 124.9 (t, 'Jcr = 255.6 Hz), 112.0, 111.6,
101.1 (t, 2Jcr = 48.3 Hz), 72.2, 64.7 (t, *Jcr = 5.3 Hz), 56.3, 34.3, 18.8, 13.7; ’F-NMR (560 MHz, CDCls): § -60.2
(s, 2F); HRMS (EI): calcd for Co1Hz1”BrCo,F,0:Si ([M-6CO]"): 577.9909, found: 577.9889.

Etherification of 4-nitrophenethyl alcohol

The procedure A was followed, employing 1.5 equiv. of AgNTf; instead of AgOT{, with a reaction time of 30 min.
The crude was purified by flash silica gel column chromatography (hexane containing 1% Et3N) to provide 178 (41.8
mg, 61.1 umol, 61%).
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178: red oil; IR (neat): 2031 cm™'; "H-NMR (400 MHz, CDCL): 5 8.16 (d, J = 8.7 Hz, 2H), 7.40 (d, J = 8.7 Hz, 2H),
4.34 (t,J = 6.8 Hz, 2H), 3.10 (t, J = 6.8 Hz, 2H), 1.31-0.94 (m, 21H); 3C-NMR (150 MHz, CDCL): 5 199.1, 146.9,
145.4,129.5, 125.0 (t, "Jer = 256.7 Hz), 123.7, 100.6 (t, Jcr = 50.9 Hz), 72.3, 63.8, 35.2, 18.8, 13.6; '°F-NMR (560
MHz, CDCL): § -60.2 (s, 2F); HRMS (FAB): caled for C2oHa0C02FaNOsSi ([M-4COT"): 571.0447, found: 571.0436.

Etherification of 4-methoxybenzyl alcohol

The procedure A was followed with a reaction time of 10 min. The crude was purified by flash silica gel column

chromatography (hexane containing 1% Et;N) to provide 179 (42.6 mg, 65.0 pumol, 65%).
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179: red oil; IR (neat): 2060 cm™; "TH-NMR (400 MHz, CDCl3): 8 7.27 (d,J = 9.5 Hz, 2H), 6.86 (d, J = 9.5 Hz, 2H),
4.98 (s, 2H), 3.81 (s, 3H), 1.36-1.02 (m, 21H); *C-NMR (100 MHz, CDCl3): § 199.2, 159.6, 130.1, 127.6, 125.0 (4,

'Jcr = 255.7 Hz), 113.7, 101.4 (t, 2Jcr = 48.8 Hz), 72.4, 66.5 (t, *Jcr = 5.8 Hz), 55.2, 18.8, 13.6; "F-NMR (560 MHz,
CDCl3): & -59.5 (s, 2F); HRMS (EI): calcd for C23H30C02F205Si ([M-3COJ"): 570.0495, found: 570.0502.

Etherification of (4-trifluoromethyl)benzyl alcohol
The procedure A was followed with a reaction time of 10 min. The crude was purified by flash silica gel column

chromatography (hexane containing 1% Et;N) to provide 180 (43.5 mg, 62.8 umol, 63%).
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180: red oil; IR (neat): 2032 cm™'; "H-NMR (400 MHz, CDCL): § 7.62 (d, J = 7.8 Hz, 2H), 7.48 (d, J = 7.8 Hz, 2H),
5.11 (s, 2H), 1.32-1.00 (m, 21H); '*C-NMR (100 MHz, CDCls): & 199.1, 139.4, 130.5 (q, 'Jcr = 33.4 Hz), 128.3,
125.4, 125.1 (t, "Jer = 257.0 Hz), 100.5 (t, 2Jcr = 48.0 Hz), 72.6, 65.8 (t, *Jcr = 5.4 Hz), 18.8, 13.7; "’F-NMR (560
MHz, CDCL): -59.7 (s, 2F), -65.8 (s, 3F); HRMS (EI): calcd for Co3H7C0,Fs04Si ([M-3CO]"): 608.0263, found:
608.0242 .

Etherification of 1-boc-4-hydeoxypiperidine
The procedure A was followed with a reaction time of 40 min. The crude was purified by flash silica gel column

chromatography (AcOEt : hexane = 1 : 20 containing 1% Et3N) to provide 181 (63.6 mg, 88.6 umol, 89%).
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181: red oil; IR (neat): 2029, 1701 cm'; "H-NMR (600 MHz, CDCls): & 4.69-4.60 (m, 1H), 3.72 (brs, 2H), 3.27-3.19
(m, 2H), 1.92 (brs, 2H), 1.71 (brs, 2H), 1.46 (s, 9H), 1.25 (sept, J = 7.4 Hz, 3H), 1.18 (d, J = 7.4 Hz, 18H); >*C-NMR
(150 MHz, CDCls): § 199.2, 154.7, 125.2 (t, 'Jer = 256.5 Hz), 101.6 (t, 2Jcr = 49.9 Hz), 79.7, 72.0, 40.9, 32.0, 28.4,
18.9, 13.6; F-NMR (560 MHz, CDCL): § -57.2 (s, 2F); HRMS (EI): caled for C5H3sC02FaNOGSi ([M-3COT"):
633.1179, found: 633.1183.

Etherification of 1-Fmoc-4-hydeoxypiperidine

The procedure A was followed with a reaction time of 60 min. The crude was purified by flash silica gel column
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chromatography (AcOEt : hexane = 1 : 20 containing 1% Et3N) to provide 182 (72.4 mg, 86.2 umol, 86%).
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182: red oil; IR (neat): 2032, 1705 cm'; "H-NMR (600 MHz, CDCls): 8 7.76 (d, J = 7.4 Hz, 2H), 7.57 (d,J = 7.4 Hz,
2H), 7.40 (t, J = 7.4 Hz, 2H), 7.31 (t, J = 7.4 Hz, 2H), 4.66 (brs, 1H), 4.45 (d, J = 6.6 Hz, 2H), 4.25 (t, J = 6.6 Hz,
1H), 3.70 (brs, 2H), 3.32 (brs, 2H), 1.90 (brs, 2H), 1.69 (brs, 2H), 1.35-0.96 (m, 21H); *C-NMR (150 MHz, CDCL):
§199.2, 155.1, 144.0, 141.4, 127.7, 127.0, 125.2 (t, 'Jer = 256.3 Hz), 124.9, 119.9, 101.5 (t, 2Jcr = 48.8 Hz), 72.0,
71.6, 67.2, 47.4, 40.9, 31.9, 18.9, 13.6; ""F-NMR (560 MHz, CDCL): & -57.3 (s, 1F), -57.2 (s, 1F); HRMS (FAB):
caled for C3oHa CooFaNOsSi ([M-6COTY): 671.1488, found: 671.1484.

Etherification of 2-(4-methoxyphenyl)-1-methyl-2-propanol

The procedure A was followed, employing 2.0 equiv. of 37, AgOTT, and EtzN, with a reaction time of 10 min. The
crude was purified by flash silica gel column chromatography (hexane containing 1% Et;N) to provide 183 (44.4 mg,
63.7 umol, 64%) and starting material (2.07 mg, 11.5 pmol, 11%).
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183: red oil; IR (neat): 2027 cm™'; "H-NMR (600 MHz, CDCL): § 7.13 (d, J= 8.2 Hz, 2H), 6.82 (d, J = 8.2 Hz, 2H),
3.79 (s, 3H), 3.00 (s, 2H), 1.43 (s, 6 H), 1.33-1.02 (m, 21H); '*C-NMR (150 MHz, CDCl;): & 199.4, 158.4, 131.6,
129.3, 125.7 (t, 'Jor = 256.7 Hz), 113.4, 104.6 (t, 2Jcr = 48.8 Hz), 85.9, 71.8, 55.2, 48.1, 26.8, 19.0, 13.7; ""F-NMR
(560 MHz, CDCLs): &-49.5 (s, 2F); HRMS (FAB): caled for CaHisCoF205Si ([M-3COT): 612.0964, found:
612.0966.

Etherification of 4-methoxyphenylethyl alcohol using reagent 184

MeO
T
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The procedure A was followed, employing 184 instead of 37, with a reaction time of 50 min. The crude was purified
by flash silica gel column chromatography (hexane containing 1% EtN) to provide 185 (55.5 mg, 94.3 pumol, 94%).
184 was prepared from phenyldifluorobromopropyne (39.4 mg, 0.171 mmol) and Cox(CO)s (54.5 mg, 0.159 mmol).

185: red oil; IR (neat): 2064, 1614 cm™'; "H-NMR (400 MHz, CDCl5): 8 7.52 (d, J = 6.3 Hz, 2H), 7.39-7.22 (m, 3H),
7.15 (d,J= 8.3 Hz, 2H), 6.82 (d, J = 8.3 Hz, 2H), 4.30 (t, J = 6.7 Hz, 2H), 3.79 (s, 3H), 2.96 (t,J = 6.7 Hz, 2H); "*C-
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NMR (100 MHz, CDCl;): § 198.1, 158.3, 136.5, 130.0, 129.9, 129.8, 128.8, 128.3, 125.5 (t, 'Jcr = 255.7 Hz), 113.9,
88.1, 83.3 (t, 2Jcr = 50.1 Hz), 65.2 (t, *Jcr = 4.5 Hz), 55.2, 34.8; '’F-NMR (560 MHz, CDCl;): -62.6 (s, 2F); HRMS
(EX): caled for C21H6C02F20s ([M-3CO]J"): 503.9630, found: 503.9678.

Etherification of 2-indoleethanol

The procedure B was followed, employing 1.2 equiv. of DTBMP, AgOTf and 37, with a reaction time of 30 min. The
crude was purified by flash silica gel column chromatography (AcOEt : hexane = 1 : 8 containing 1% Et3N) to provide
186 (32.3 mg, 47.7 pmol, 48%).
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186: red oil; IR (neat): 3421, 2031 cm™'; 'H-NMR (600 MHz, CDCls): § 7.98 (brs, 1H), 7.60 (d,J= 7.3 Hz, 1H), 7.37
(d, /=73 Hz, 1H), 7.20 (t, J= 7.3 Hz, 1H), 7.14 (t, J= 7.3 Hz, 1H), 7.06 (s, 1H), 4.32 (t, /= 7.5 Hz, 1H), 3.14 (t, J
=7.5 Hz, 1H), 1.49-0.94 (m, 21H); *C-NMR (150 MHz, CDCl3): § 199.2, 136.2, 127.4, 125.0 (t, 'Jcr = 255.0 Hz),
119.5, 118.5, 111.6, 111.1, 101.6 (t, *Jcr = 51.3 Hz), 72.2, 64.4, 25.3, 18.9, 13.7; ""F-NMR (560 MHz, CDCl): & -
60.1 (s, 2F); HRMS (EI): calcd for C25H31Co2F2NO4Si ([M-3COJ"): 593.0654, found: 593.0654.

Etherification of 2-pyridineethanol
The procedure B was followed with a reaction time of 90 min. The crude was purified by flash silica gel column
chromatography (AcOEt : hexane = 1 : 8 containing 1% EtN) to provide 187 (36.8 mg, 57.5 umol, 58%).

O\/\ K Co(CO)g
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187: red oil; IR (neat): 2029 cm™'; "TH-NMR (400 MHz, CDCl3): § 8.54 (d,J = 4.4 Hz, 1H), 7.58 (t, J= 7.8 Hz, 1H),
7.18 (d,J=7.8 Hz, 1H), 7.13 (dd, J = 10.3, 5.4 Hz, 1H), 447 (t, /= 6.8 Hz, 2H), 3.14 (t,J = 6.8 Hz, 2H), 1.25-1.09
(m, 21H); *C-NMR (100 MHz, CDCl3): § 199.1, 157.7, 149.5, 136.3, 124.9 (t, 'Jcr = 255.7 Hz), 123.4, 121.6, 101.3
(t,%Jcr = 50.0 Hz), 72.2, 63.6 (t, *Jcr = 5.8 Hz), 37.8, 18.8, 13.6; ’F-NMR (560 MHz, CDCl3): & -60.3 (s, 2F); HRMS
(E): caled for C2oH29C02FaNO4Si ([M-3COT"): 555.0498, found: 555.0488.

Etherification of 2-(4-(piperidin-1-yl)phenyl)ethan-1-ol
The procedure B was followed with a reaction time of 30 min. The crude was purified by flash silica gel column

chromatography (AcOEt : hexane = 1 : 20 containing 1% Et3N) to provide 188 (59.6 mg, 82.5 umol, 83%).
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188: red oil; IR (neat): 2029 cm™; "TH-NMR (600 MHz, CDCl3): § 7.09 (d,J = 7.9 Hz, 2H), 6.87 (d, /= 7.9 Hz, 2H),
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4.19 (t,J=7.3 Hz, 2H), 3.11 (t,J = 5.1 Hz, 4H), 2.88 (t,J= 7.3 Hz, 2H), 1.75-1.66 (m, 4H), 1.60-1.53 (m, 2H), 1.33-
1.02 (m, 21H); *C-NMR (150 MHz, CDCl3): § 199.2, 151.1, 129.3, 127.9, 124.9 (t, 'Jcr = 255.8 Hz), 116.8, 101.5
(t, 2Jcr = 49.1 Hz), 72.1, 65.3 (t, *Jcr = 5.1 Hz), 50.9, 34.7, 25.9, 24.3, 18.9, 13.7; "F-NMR (560 MHz, CDCl5): & -
60.1 (s, 2F); HRMS (EI): calcd for CosH39Co02FoNOSi ([M-6CO1"): 553.1433, found: 553.1438.

Etherification of trans-2-(4-dimethylaminophenyl)-cyclohexanol

The procedure B was followed, employing benzene instead of toluene, with a reaction time of 15 min. The crude was
purified by flash silica gel column chromatography (hexane containing 1% Et;N) to provide 189 (43.8 mg, 59.5 umol,
60%).

Me,oN 002 (CO)e
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189: red oil; IR (neat): 2026 cm’'; 'H-NMR (600 MHz, CDCls): § 7.07 (d, J = 8.6 Hz, 2H), 6.68 (d, J = 8.2 Hz, 2H),
4.51 (td, J=10.3, 4.1 Hz, 1H), 2.87 (s, 6H), 2.55-2.46 (m, 1H), 2.35 (d, J= 9.6 Hz, 1H), 1.90 (brd, J = 13.7 Hz, 1H),
1.84 (brd, J = 11.0 Hz, 1H), 1.72 (brd, J = 13.1 Hz, 1H), 1.60-1.40 (m, 4H), 1.38-1.19 (m, 1H), 1.17-1.04 (m,
21H); '3C-NMR (150 MHz, CDCls): & 199.2, 149.6, 131.7, 128.2, 124.8 (t, 'Jer = 255.8 Hz), 113.0, 102.1 (t, 2Jcr =
47.6 Hz), 79.1,71.8,49.6,41.0, 35.1, 34.4, 25.8,25.0, 18.9, 13.7; '’F-NMR (560 MHz, CDCls): §-54.8 (d, J= 139.5
Hz, 1F), -57.3 (d, J = 139.5 Hz, 1F); HRMS (EI): calcd for CosHsiCo,FaNOSi ([M-6COT): 567.1589, found:
567.1578.

Etherification of 1-benzyl-4-hydroxypiperidine
The procedure A without EtzN was followed with a reaction time of 60 min. The crude was purified by flash silica

gel column chromatography (AcOEt : hexane = 1 : 4 containing 1% Et;N) to provide 190 (54.2 mg, 76.6 umol, 77%).
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190: red oil; IR (neat): 2030 cm™!; 'H-NMR (600 MHz, CDCl3): § 7.43-7.20 (m, 5H), 4.49 (brs, 1H), 3.48 (s, 2H),
2.72 (brs, 2H), 2.23 (brs, 2H), 2.02-1.96 (m, 2H), 1.90-1.75 (m, 2H), 1.39-1.00 (m, 21H); *C-NMR (150 MHz,
CDCl3): § 199.3, 138.2, 129.1, 128.2, 127.1, 125.2 (t, 'Jcr = 255.8 Hz), 102.1 (t, 2Jcr = 49.9 Hz), 72.6, 71.9, 63.0,
50.7,32.3, 18.9, 13.6; '"F-NMR (560 MHz, CDCl3): § 57.1; HRMS (EI): caled for CosH37C02FaNO5Si ([M-5COTY):
567.1226, found: 567.1208.

Etherification of aminoalcohol

The procedure A was followed with a reaction time of 60 min. The crude was purified by flash silica gel column
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chromatography (AcOEt : hexane = 1 : 2 containing 1% EtN) to provide 191 (47.6 mg, 63.5 umol, 64%).
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191: red oil; IR (neat): 3289, 2030 cm™'; "H-NMR (600 MHz, CDCl3): § 7.33-7.27 (m, 2H), 7.23-7.11 (m, 3H), 4.45-

4.32 (m, 1H), 2.64 (q,J = 7.9 Hz, 4H), 2.43 (t, J = 10.3 Hz, 1H), 2.09 (d, J = 11.0 Hz, 2H), 1.93 (d, J = 12.4 Hz, 2H),
1.80 (quint, J = 7.2 Hz, 2H), 1.46 (q, J = 11.5 Hz, 2H), 1.33-1.03 (m, 23H); 3C-NMR (150 MHz, CDCls):
§199.3, 142.1, 128.4, 125.8 (t, "Jcr = 255.0 Hz), 102.3 (t, 2cr = 50.6 Hz), 75.1, 71.8, 55.5, 46.9, 33.8, 32.0, 31.5,
31.2, 18.9, 13.7; "F-NMR (560 MHz, CDCls): -57.6 (s, 2F); HRMS (EI): calcd for C3;Hi3Co2FaNOGSi (MY):
721.1492, found: 721.1495.

Etherification of 8-amino-1-octanol

The procedure B was followed with a reaction time of 90 min. To the reaction mixture Ac>O (35 pL, 0.368 mmol)
and pyridine (81 pL, 1.00 mmol) was added at room temperature and stirred for 1 h. The crude was purified by flash
silica gel column chromatography (AcOEt : hexane =1:8to 1: 2to 1 : 1 containing 1% Et:N) to provide 192 (43.7
mg, 62.4 umol, 62%).
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192: red oil; IR (neat): 3291, 2029, 1652 cm’'; "H-NMR (600 MHz, CDCls): & 5.39 (brs, 1H), 4.01 (t, J = 6.5 Hz,
2H), 3.22 (q, J = 6.6 Hz, 2H), 1.97 (s, 3H), 1.67-1.60 (m, 2H), 1.53-1.46 (m, 2H), 1.38-1.34 (m, 2H), 1.22-1.31 (m,
9H), 1.18 (d, J = 6.9 Hz, 18H); '3C-NMR (150 MHz, CDCls): & 199.2, 167.0, 124.9 (t, "Jcr = 255.0 Hz), 101.7 (t,
2Jcr =49.9 Hz), 64.5, 39.6, 29.5, 29.1, 29.0, 26.8, 25.7, 23.3, 18.8, 13.6; '°F-NMR (560 MHz, CDCls): -60.2 (s, 2F);
HRMS (ESI): calcd for CogHy Co,FaNOgSiNa ([M+Na]*): 726.1131, found: 726.1152.

Etherification of 4-hydroxyphenethyl alcohol

The procedure A was followed, employing 2 mL of toluene instead of 1 mL with a reaction time of 30 min. The crude
was purified by flash silica gel column chromatography (AcOEt : Hexane = 1 : 4 containing 1% Et3N) to provide
193 (26.3 mg, 40.2 pmol, 40%).
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193: red oil; IR (neat): 2029 cm’'; 'H-NMR (600 MHz, CDCls): 8 7.09 (d, J = 7.5 Hz, 2H), 6.76 (brs, 2H), 4.21 (t,J
= 7.2 Hz, 2H), 2.90 (t, J = 7.2 Hz, 2H), 1.41-0.94 (m, 21H); *C-NMR (150 MHz, CDCls): & 199.2, 154.2, 129.9,
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129.6, 124.9 (t, 'Jer = 254.6 Hz), 115.3, 101.3 (t, 2Jcr = 49.5 Hz), 72.1, 65.1, 34.6, 18.8, 13.7; "’F-NMR (560 MHz,
CDCl3): & -60.2 (s, 2F); HRMS (EI): calcd for C23H30C02F205Si ([M-3COJ"): 570.0496, found: 570.0500.

Etherification of 3-propenyl-4-methoxy-phenethyl alcohol
The procedure A was followed with a reaction time of 30 min. The crude was purified by flash silica gel column

chromatography (hexane containing 1% Et;N) to provide 194 (47.14 mg, 66.5 umol, 67%).

MeO FE
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194: red oil; IR (neat): 2032 cm’'; "H-NMR (400 MHz, CDCl3): 8 7.09 (dd, J = 8.3, 1.9 Hz, 1H), 7.03 (d, /= 2.0 Hz,
1H), 6.79 (d, J = 8.3 Hz, 1H), 5.13 (s, 1H), 5.03 (s, 1H), 4.22 (t, J = 7.4 Hz, 2H), 3.81 (s, 3H), 2.91 (d, J = 7.4 Hz,
2H), 2.10 (s, 3H), 1.31-1.05 (m, 21H); *C-NMR (100 MHz, CDCl3): 5 199.2, 155.4, 144.3, 132.9, 129.7, 1292,
128.4, 124.9 (t, 'Jor = 255.7 Hz), 115.0, 111.0, 101.4 (t, 2Jcr = 50.9 Hz), 72.2, 65.1 (t, *Jr = 5.0 Hz), 55.6, 34.7, 23.1,
18.9, 13.7; '"F-NMR (560 MHz, CDCL): 8 -60.2 (s, 2F); HRMS (EI): calcd for CagHasCosF205Si ([M-6COT"):
540.1117, found: 540.1117.

Etherification of frans-2-(3,4-dimethoxy-phenyl)-cyclohexanol

The procedure A was followed, employing 0.5 mL toluene instead of 1.0 mL, with a reaction time of 60 min. The
crude was purified by flash silica gel column chromatography (AcOEt : hexane = 1 : 20 containing 1% Et3N) to
provide 195 (67.7 mg, 89.9 umol, 90%).
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195: red oil; IR (neat): 2028 cm™'; 'H-NMR (400 MHz, CDCL): & 6.88-6.63 (m, 3H), 4.59 (dt, /= 9.5, 3.9 Hz, 1H),
3.85 (s, 3H), 3.82 (s, 3H), 2.57 (t, /= 9.8 Hz, 1H), 2.40 (d, J = 11.2 Hz, 1H), 1.89 (t, J = 15.8 Hz, 2H), 1.74 (d, J =
12.7 Hz, 1H), 1.63-1.22 (m, 4H), 1.22-0.94 (m, 21H); '3C-NMR (100 MHz, CDCL): & 199.1, 148.7, 147.6, 136.1,
124.9 (t, Jer = 256.6 Hz), 120.0, 111.1, 111.0, 101.8, (t, Jcr = 48.9 Hz), 78.5, 71.9, 55.8, 55.7, 50.3, 35.7, 34.4, 25.7,
24.9, 18.8, 13.6; ""F-NMR (560 MHz, CDCL): § -55.1 (d, J = 156.9 Hz, 1F), -57.1 (d, J = 156.9 Hz, 1F); HRMS
(ED): caled for Co7HaoCoF204Si ([M-5COT"): 612.1328, found: 612.1326.

Etherification of #rans-2-(4-methylthio-phenyl)-cyclohexanol

The procedure A was followed with a reaction time of 60 min. The crude was purified by flash silica gel column

chromatography (hexane containing 1% Et;N) to provide 196 (62.6 mg, 84.7 umol, 85%).
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196: red oil; IR (neat): 2028 cm’'; 'H-NMR (600 MHz, CDCls): § 7.19 (d, J = 8.2 Hz, 2H), 7.13 (d, J = 8.2 Hz, 2H),
4.55 (td, J = 10.6, 4.1 Hz, 1H), 2.58 (td, J = 11.5, 3.0 Hz, 1H), 2.43 (s, 3H), 2.41-2.35 (m, 1H), 1.95-1.82 (m, 2H),
1.74 (d, J= 13.0 Hz, 1H), 1.63-1.42 (m, 3H), 1.40-1.30 (m, 1H), 1.19-1.03 (m, 21H); '*C-NMR (150 MHz, CDCl:):
§199.2, 140.6, 135.8, 128.3, 127.1, 124.8 (t, Jer = 261.0 Hz), 101.7, (t, Jcr = 48.8 Hz), 78.7, 71.9, 50.2, 35.1, 34.4,
25.7,24.9, 18.9, 16.3, 13.7; ’F-NMR (560 MHz, CDCL): & -55.1 (d, J = 148.2 Hz, 1F), -57.2 (d, J = 148.2 Hz, 1F);
HRMS (EI): caled for CosHzsCoaF20-8Si ([M-5CO]"): 570.1045, found: 570.1052.

Etherification of alcohol S11
The procedure A was followed with a reaction time of 30 min. The crude was purified by flash silica gel column

chromatography (AcOEt : hexane = 1 : 20 containing 1% TEA) to provide 197 (51.8 mg, 68.8 umol, 69%).
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197: red oil; IR (neat): 2059, 1720 cm™'; "H-NMR (600 MHz, CDCLs): § 4.57 (d, J = 8.2 Hz, 1H), 4.18-4.10 (m, 1H),
4.06 (dd, J = 9.6, 2.7 Hz, 1H), 3.94 (brs, 1H), 2.60-2.49 (m, 2H), 2.09 (s, 3H), 1.92-1.74 (m, 2H), 1.43 (s, 9H), 1.26
(sept,J = 6.8 Hz, 3H), 1.19 (d, J = 6.8 Hz, 18H); '>*C-NMR (150 MHz, CDCl3): & 199.1, 155.2, 125.0 (t, 'Jcr = 256.7
Hz), 100.6 (t, %Jcr = 48.8 Hz), 79.6, 72.3, 65.9, 49.0, 31.2, 30.5, 28.3, 18.8, 15.4, 13.7; "’F-NMR (560 MHz, CDCL):
-59.7 (s, 2F); HRMS (EI): calcd for C23Ha1Co2FaNO,SSi ([M-5CO]"): 611.1158, found: 611.1150.

Etherification of N-boc threonine methyl ether
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The procedure B was followed with a reaction time of 60 min. The crude was purified by flash silica gel column

chromatography (AcOEt : hexane = 1 : 20 containing 1% Et3N) to provide 198 (37.0 mg, 49.4 umol, 50%).

198: red oil; IR (neat): 3457, 2031, 1756, 1724 cm™'; "TH-NMR (400 MHz, CDCl5): § 5.20-5.03 (m, 2H), 4.40 (d, J
=9.8 Hz, 1H), 3.75 (s, 3H), 1.50-1.36 (m, 12H), 1.30-1.12 (m, 21H); *C-NMR (150 MHz, CDCl3): § 199.1, 170.2,
155.9, 124.9 (t, 'Jcr = 258.1 Hz), 100.4 (t, 2Jcr = 48.0 Hz), 79.9, 73.4, 72.4, 57.7, 52.5, 28.2, 18.9, 13.7; ""F-NMR
(560 MHz, CDCl): -58.4 (d, J = 156.9 Hz, 1F), -57.5 (d, J = 156.9 Hz, 1F); HRMS (FAB): calcd for
C25H30C02F2NOsSi ([M-3COT"): 665.1077, found: 665.1073.
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Etherification of proxyphylline

FF
(Oigi/ioz(com
0 TIPS
~N | N>
7
OZ\ITI N
200
The procedure A was followed, employing toluene:CH>Cl; (1 : 1, ImL) instead of toluene, with a reaction time of 30
min. The crude was purified by flash silica gel column chromatography (AcOEt : hexane =1 :4 to 1 : 1 containing

1% TEA) to provide 200 (64.9 mg, 86.0 umol, 86%).

200: red powder; IR (neat): 2030, 1708, 1665 cm™; '"H-NMR (600 MHz, CDCl3): § 7.51 (s, 1H), 5.08 (brs, 1H), 4.50
(d, J=14.0 Hz, 1H), 4.19 (dd, J = 14.0, 7.5 Hz, 1H), 3.57 (s, 3H), 3.43 (s, 3H), 1.43 (d, J = 7.5 Hz, 3H), 1.33-1.03
(m, 21H); *C-NMR (150 MHz, CDCl3): § 199.0, 155.4, 151.6, 149.1, 141.8, 125.0 (t, 'Jcr = 257.4 Hz), 106.8, 100.1
(dd, *Jcr = 44.7, 38.8 Hz), 72.8, 71.6, 53.4, 51.9, 29.7, 28.0, 18.8, 13.7; YF-NMR (560 MHz, CDCl3): § -57.0 (d, J
=148.7 Hz, 1F),-57.5 (d,J = 148.7 Hz, 1F); HRMS (ESI): calcd for C2sH35C02F2N4O9Si ((M+H]"): 755.0800, found:
755.0784.

Etherification of podophyllotoxin

The procedure B was followed, employing toluene:CH>Cl, (1 : 1, 1 mL) instead of toluene, with a reaction time of
30 min. The crude was purified by flash silica gel column chromatography (AcOEt : hexane=1:4to 1 : 1 containing
1% TEA) to provide 201 (57.5 mg, 61.8 umol, 61%) and starting material (15.8 mg, 38.1 pmol, 38%).
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201: red amorphous; IR (neat): 2033, 1782 cm™'; 'H-NMR (600 MHz, CDCl;): § 7.02 (s, 1H), 6.51 (s, 1H), 6.35 (s,
2H), 6.01 (s, 1H), 5.97 (s, 1H), 5.57 (d, J = 8.2 Hz, 1H), 4.62 (d, /= 4.1 Hz, 1H), 4.51 (t,J= 7.5 Hz, 1H), 4.18 (t,J
= 7.2 Hz, 1H), 3.80 (s, 3H), 3.68 (s, 6H), 3.04-2.89 (m, 2H), 1.33-1.11 (m, 21H); *C-NMR (150 MHz, CDCl5):
§199.0,173.7,152.7,148.2,147.6,137.2,134.9, 132.1, 128.5, 125.5 (t, 'Jcr = 257.4 Hz), 109.7, 108.1, 107.4, 101.6,
99.5 (t, 2Jcr = 46.6 Hz), 76.0, 73.0, 71.1, 71.0, 60.7, 56.0, 45.4, 43.7, 38.2, 18.9, 13.7; ""F-NMR (560 MHz, CDCl5):
8-54.4 (d, J = 148.2 Hz, 1F), -56.3 (d, J = 148.2 Hz, 1F); HRMS (FAB): calcd for C34H4Co,F,0sSi ([M-6CO]):
762.1281, found: 762.1262.
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Etherification of yohimbine
The procedure A was followed, employing toluene:CH>Cl; (1 : 3, 2mL) instead of toluene, with a reaction time of 30
min. The crude was purified by flash silica gel column chromatography (AcOEt : hexane =1 :4 to 1 : 1 containing

1% TEA) to provide 202 (64.7 mg, 74.3 pumol, 74%).

202

202: red oil; IR (neat): 2030, 1745 cm™'; "H-NMR (600 MHz, CDCl5): § 7.79 (s, 1H), 7.45 (d, J = 8.2 Hz, 1H), 7.27
(d,J=8.9 Hz, 1H), 7.12 (t,J =7.2 Hz, 1H), 7.07 (t,J=7.2 Hz, 1H), 5.08 (s, 1H), 3.72 (s, 3H), 3.27 (d, /= 10.9 Hz,
1H), 3.07-3.03 (m, 1H), 2.99-2.90 (m, 2H), 2.71 (d, J= 12.3 Hz, 1H), 2.61 (td, J = 11.1, 3.9 Hz, 1H), 2.43-2.34 (m,
2H), 2.21-2.11 (m, 2H), 2.09-2,01 (m, 1H), 1.76-1.62 (m, 1H), 1.57-1.46 (m, 4H), 1.28 (sept, J = 7.4 Hz, 3H), 1.21
(d, J= 7.4 Hz, 18H); *C-NMR (150 MHz, CDCls): § 199.2, 171.3, 135.9, 134.6, 127.3, 125.2 (t, 'Jcr = 257.2 Hz),
121.3, 119.3, 118.0, 110.7, 108.0, 100.6 (dd, *Jcr = 48.4 Hz, 44.1 Hz), 72.9, 72.5, 61.3, 60.4, 60.0, 52.9, 51.6, 51.5,
40.1, 36.1, 34.0, 31.4, 23.4,21.7, 19.0, 13.8; "F-NMR (560 MHz, CDCl3): § -56.7 (d, J = 148.2 Hz, 1F), -57.2 (d, J
= 148.2 Hz, 1F); HRMS (FAB): calcd for C37H47C02F2N,05Si ([M+H-3CO]"): 815.1785, found: 815.1789.

Simultaneous Decomplexation and Desilylation with TASF
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To a solution of 195 (19.4 mg, 25.8 pmol) in MeCN (2.5 mL) was added TASF (14.2 mg, 45.8 umol). The reaction
mixture was stirred at room temperature for 12 h. The reaction mixture was quenched with saturated aqueous NH4Cl
(1 mL) and extracted with Et,O (4 mL X 3). The combined organic layer was washed with brine, dried over MgSOs,
filtered, and concentrated in vacuo. The residue was purified with flash silica gel column chromatography (silica gel
60 (Merck), AcOEt : hexane = 1 : 20) to give 204 (3.88 mg, 12.5 pmol, 48%).

204: white solid; IR (neat): 2126 cm™; "TH-NMR (400 MHz, CDCls3) § 6.88-6.68 (m, 3H), 4.21 (td, J = 10.5 Hz, 4.5
Hz, 1H), 3.88 (s, 3H), 3.86 (s, 3H), 2.66-2.46 (m, 2H), 2.36-2.20 (m, 1H), 1.94 (d, /= 13.5 Hz, 1H), 1.87 (d, /= 10.0
Hz, 1H), 1.77 (d, J = 8.8 Hz, 1H), 1.65-1.14 (m, 4H);'*C-NMR (100 MHz, CDCls): & 148.4, 147.5, 135.4, 119.5,
113.4 (dd, 'Jcr = 242.5 Hz, 215.1 Hz), 111.5, 110.8, 80.1, 74.0 (dd, %Jcr = 54.9 Hz, 53.3 Hz), 72.2 (t, 2Jcr = 6.6 Hz),
55.80, 55.78, 49.5, 34.0, 33.4, 25.5, 24.8; '"F-NMR (560 MHz, CDCl;): & -54.5 (d, J = 169.3 Hz, 1F), -55.0 (d, J =
169.3 Hz, 1F); HRMS (EI): caled for Ci7H20F203 (M"): 310.1381, found: 310.1402.

129



Decomplexation using Cerium Ammonium Nitrate (CAN)

Standard procedure: To a solution of cobalt complex in MeCN (0.02 M) was added CAN (4.5 equiv.) at room
temperature. After 10 min, the reaction was quenched with sat. aqueous Na>S>03 (1 mL) and extracted with AcOEt
(4 mL % 3). The combined organic layers were washed with brine, dried over MgSOs, filtered, and concentrated in
vacuo. The residue was used in the next reaction without further purification.

To a solution of the residue in THF (0.02 M) was added TBAF (1M in THF, 1.1 equiv.) at -78 °C. After 15 min, the
reaction was quenched with sat. aqueous NH4Cl (1 mL) and extracted with Et;O (4 mL x 3). The combined organic
layers were washed with brine, dried over MgSOy, filtered, and concentrated in vacuo. The residue was purified by

silica gel column chromatography (Silica gel 60 (Merck) was used.).

Decomplexation and desilylation of ether 176

On 610 mg (0.913 mmol) scale, the standard procedure was followed with CAN (2.25 g, 4.10 mmol) and TBAF (1M
in THF, 10 mL, 1.00 mmol). The crude was purified by silica gel column chromatography (Et2O: hexane =1 : 100)
to provide 205 (147 mg, 65.0 pmol, 71%).
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E10: colorless oil; IR (neat): 1613 cm™'; 'H-NMR (600 MHz, CDCl3): & 7.13 (d, J = 8.2 Hz, 2H), 6.84 (d, /= 8.2 Hz,

TIPS

2H), 4.05 (t,J=7.5 Hz, 2H), 3.79 (s, 3H), 2.92 (t, J= 7.5 Hz, 2H), 1.18-1.03 (m, 21H); 3C-NMR (150 MHz, CDCL):
5 158.4, 130.0, 129.8, 129.3, 113.6 (t, Jcr = 239.6 Hz), 95.5 (t, 2Jcr = 52.3 Hz), 88.3 (t, Jcr = 5.0 Hz), 66.6, 55.0 (¢,
2Jcr = 5.7 Hz), 34.7, 18.4, 10.9; 'F-NMR (560 MHz, CDCL): & -57.7 (s, 2F); HRMS (EI): caled for C1H32F,05Si
(M*): 382.2140, found: 382.2136.

L
205
205: colorless oil; IR (neat): 3230, 2144 cm™'; "TH-NMR (400 MHz, CDCl5): § 7.14 (d, J = 8.2 Hz, 2H), 6.85 (d, J =
8.2 Hz, 2H), 4.06 (t, J = 7.2 Hz, 2H), 3.79 (s, 3H), 2.92 (t, J = 7.2 Hz, 2H), 2.71 (t, J = 2.7 Hz, 1H); 3C-NMR (100
MHz, CDCl;): & 158.4, 129.9, 129.1, 114.0, 113.6 (t, 'Jcr = 242.8 Hz), 73.6 (t, 2Jcr = 54.2 Hz), 73.0 (t, *Jcr = 6.5
Hz), 66.3, 55.2,34.6; YF-NMR (560 MHz, CDCl;): § -59.2 (s, 2F); HRMS (EI): calcd for C12H2F20, (M"): 226.0805,
found: 226.0820.

Decomplexation and desilylation of ether 190
On 54.1 mg (74.1 umol) scale, the standard procedure was followed with CAN (183 mg, 0.334 mmol) and TBAF

(1M in THF, 80 pL, 80 umol). The crude was purified by silica gel column chromatography (AcOEt : hexane =1 :
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8) to provide 206 (12.1 mg, 45.6 umol, 61%).
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E11: colorless oil; IR (neat): 1464, 1252 cm™'; "TH-NMR (600 MHz, CDCls): § 7.36-7.28 (m, 4H), 7.26-7.22 (m, 1H),
4.29 (brs, 1H), 3.49 (s, 2H), 2.73 (brs, 2H), 2.20 (brs, 2H), 1.97-1.89 (m, 2H), 1.86-1.75 (m, 2H), 1.17-1.00 (m, 21H);
BC-NMR (150 MHz, CDCl5): § 138.5, 129.0, 128.2, 127.0, 113.8 (t, 'Jcr = 240.6 Hz), 95.8 (t, 2Jcr = 53.5 Hz), 88.1
(t,*Jcr = 5.1 Hz), 73.9, 62.8, 50.7, 32.1, 18.4, 10.9; "F-NMR (560 MHz, CDCl3): § -53.4 (s, 2F); HRMS (EI): calcd
for C4H37F2NOSi (M) 421.2612, found: 421.2584.

Bn 206

206: colorless oil; IR (neat): 3301, 2145 cm™; '"H-NMR (400 MHz, CDCl5): § 7.36-7.22 (m, 5H), 4.31 (brs, 1H), 3.49
(s, 2H), 2.79-2.64 (m, 3H), 2.64 (brs, 2H), 2.22 (brs, 2H), 1.91-1.75 (m, 2H); 3C-NMR (100 MHz, CDCl;): & 138.4,
129.0, 128.2, 127.0, 113.7 (t, 'Jer = 243.2 Hz), 74.1 (t, *Jcr = 54.5 Hz), 73.6, 72.6 (t, *Jcr = 5.7 Hz), 62.9, 50.6, 32.1;
F-NMR (560 MHz, CDCl;): & -55.6 (s, 2F); HRMS (EI): calcd for CsHi7FaNO (M1): 265.1278, found: 265.1279.

Decomplexation and desilylation of ether 182

On 81.4 mg (96.9 umol) scale, the standard procedure was followed with CAN (260 mg, 0.474 mmol) and TBAF
(IM in THF, 0.11 mL, 0.11 mmol). The crude was purified by silica gel column chromatography (AcOEt : hexane =
1 : 8) to provide 207 (28.4 mg, 71.4 umol, 74%).

Fmoc
E12

E12: colorless oil; IR (neat): 1706 cm™'; 'H-NMR (600 MHz, CDCl3): 8 7.76 (d, J = 7.3 Hz, 2H), 7.57 (d, J= 7.3 Hz,
2H), 7.40 (t, J = 7.3 Hz, 2H), 7.32 (t, J = 7.3 Hz, 2H), 4.53-4.37 (m, 3H), 4.24 (t, J = 6.2 Hz, 1H), 3.70 (brs, 2H),
3.33 (brs, 2H), 1.94-1.71 (m, 4H), 1.26-1.00 (m, 21H); *C-NMR (150 MHz, CDCl:): & 155.1, 144.0, 141.4, 127.7,
127.0, 124.9, 120.0, 113.7 (t, 'Jcr = 241.3 Hz), 95.5 (t, 2Jcr = 52.7 Hz), 88.6 (t, *Jcr = 5.1 Hz), 72.4, 67.2, 47.4, 40.8,
31.5, 18.4, 10.9; ""F-NMR (560 MHz, CDCl3): & -54.1 (s, 2F); HRMS (FAB): calcd for C3H42FaNO3Si ([M+H]Y):
554.2902, found: 554.2863.
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207: colorless oil; IR (neat): 2138, 1698 cm™'; 'TH-NMR (400 MHz, CDCl5): § 7.77 (d, J = 7.5 Hz, 2H), 7.57 (d, J =
7.5 Hz, 2H), 7.42 (t,J = 7.5 Hz, 2H), 7.30 (t, J = 7.5 Hz, 2H), 4.53-4.34 (m, 3H), 4.24 (t,J = 6.5 Hz, 1H), 3.69 (brs,
2H), 3.34 (brs, 2H), 2.75 (t,J = 3.4 Hz, 1H), 1.82 (brs, 2H), 1.70 (brs, 2H); '3*C-NMR (100 MHz, CDCl;): & 155.1,
144.0, 141.3, 127.7, 127.0, 124.9, 120.0, 113.6 (t, 'Jcr = 243.7 Hz), 73.8 (t, 2Jcr = 54.1 Hz), 73.0 (t, *Jcr = 6.1 Hz),
72.2,67.2,47.4,40.7,31.5; ""F-NMR (560 MHz, CDCl3): 8 -56.2 (s, 2F); HRMS (EI): caled for C23Ha FaNO3 (MY):
397.1489, found: 397.1495.

Decomplexation and desilylation of ether 198
On 86.4 mg (0.115 mmol) scale, the standard procedure was followed with CAN (288 mg, 0.525 mmol) and TBAF
(1M in THF, 0.13 mL, 0.130 mmol). The crude was purified by silica gel column chromatography (AcOEt : hexane

=1 :8) to provide 35 (25.3 mg, 82.4 pmol, 72%).
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E13: colorless oil; IR (neat): 3451, 1758, 1722 cm™'; "TH-NMR (400 MHz, CDCl;): § 5.24 (d, J=9.7 Hz, 1H), 5.01-
4.80 (m, 1H), 4.41 (d, J = 9.7 Hz, 1H), 3.75 (s, 3H), 1.47 (s, 9H), 1.39 (d, J= 6.7 Hz, 3H), 1.19-1.01 (m, 21H); '*C-
NMR (100 MHz, CDCl5): § 170.1, 155.9, 113.2 (t, 'Jcr = 243.3 Hz), 94.8 (t, 2Jcr = 51.2 Hz), 89.2, 80.3, 74.0, 57.7,
52.6,28.2,18.4, 10.8; ""F-NMR (560 MHz, CDCl3): § -53.9 (d, J= 165.7 Hz, 1F), -54.3 (d,J = 165.7 Hz, 1F); HRMS
(E): caled for CisH24F2NOsSi (M*-fBu-iPr): 364.1392, found: 364.1393.

So A
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208: colorless oil; IR (neat): 3249, 2141, 1755, 1716 cm™'; 'TH-NMR (400 MHz, CDCl5): § 5.25 (d, J = 9.7 Hz, 1H),
5.02-4.87 (m, 1H), 4.41 (d, J=9.7 Hz, 1H), 3.76 (s, 3H), 2.76 (t,J = 3.1 Hz, 1H), 1.47 (s, 9H), 1.40 (d, J = 6.3 Hz,
3H); 3C-NMR (100 MHz, CDCls): § 170.1, 155.9, 113.1 (t, 'Jcr = 245.8 Hz), 80.3, 73.9, 73.3 (t, *Jcr = 6.6 Hz), 73.2
(t, %Jcr = 52.8 Hz), 57.6, 53.0, 28.2, 18.4; ""F-NMR (560 MHz, CDCl3): § -56.3 (d, J = 166.0 Hz, 1F), -57.1 (d, J =
166.0 Hz, 1F); HRMS (EI): caled for Ci3H9FaNOs (M1): 307.1231, found: 307.1224.

Decomplexation and desilylation of ether 200
To a solution of cobalt complex 28 (101 mg, 0.134 mmol) in acetone (5.4 mL) was added CAN (300 mg, 0.547

mmol) at room temperature. After 60 min, the reaction was quenched with sat. aqueous Na>S,03 (2 mL) and extracted
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with Et20 (10 mL x 2). The combined organic layers were washed with brine, dried over MgSQOs, filtered, and
concentrated in vacuo. The residue was purified by silica gel column chromatography (AcOEt : hexane =1 : 1) to
give E14 (52.0 mg, 0.111 mmol, 83%).

To a solution of E14 (71.8 mg, 0.153 mmol) in THF (7.7 mL) was added TBAF (1M in THF; 0.17 mL, 0.170 mmol)
at -78 °C. After 15 min, the reaction was quenched with sat. aqueous NH4CI (2 mL) and extracted with Et,O (4 mL
x 3). The combined organic layers were washed with brine, dried over MgSQs, filtered, and concentrated in vacuo.

The residue was purified by silica gel column chromatography to give 209 (45.6 mg, 0.146 mmol, 95%).
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E14: colorless oil; IR (neat): 1708, 1664 cm™; "TH-NMR (400 MHz, CDCl3): § 7.60 (s, 1H), 4.83-4.69 (m, 1H), 4.57
(dd, J=14.4 Hz, 2.4 Hz, 1H), 4.26 (dd, J= 14.4 Hz, 7.4 Hz, 1H), 3.60 (s, 3H), 3.41 (s, 3H), 1.40 (d, /= 7.4 Hz, 3H),
1.17-0.97 (m, 21H); 3C-NMR (100 MHz, CDCl;): & 155.4, 151.6, 148.8, 142.1, 113.2 (t, 'Jcr = 248.7 Hz), 106.6,
94.7 (t, *Jor = 51.2 Hz), 89.3 (t, *Jcr = 4.9 Hz), 72.5, 51.2, 29.8, 27.9. 18.3, 10.8; "F-NMR (560 MHz, CDCl5): & -
54.5 (d, J = 165.7 Hz), -55.0 (d, J = 165.7 Hz),; HRMS (EI): calcd for C2H34F2N4O03Si (M"): 468.2368, found:
468.2345.

L
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209
209: white solid; mp = 130-131 °C; IR (neat): 2144, 1704, 1659 cm™'; 'H-NMR (600 MHz, CDCl;): & 7.60 (s, 1H),
4.83-4.73 (m, 1H), 4.57 (d, J = 13.7 Hz, 1H), 4.22 (dd, J = 8.4, 8.2 Hz, 1H), 3.60 (s, 3H), 3.41 (s, 3H), 2.68 (t, J =
3.1 Hz, 1H), 1.41 (d, J = 6.2 Hz, 3H); 3C-NMR (100 MHz, CDCls): & 155.4, 151.6, 148.9, 142.1, 113.2 (t, 'Jcr =
245.6 Hz), 106.7, 73.3 (t, *Jcr = 6.5 Hz), 73.1 (t, %Jcr = 52.7 Hz), 72.4, 51.3, 29.8, 27.9, 18.5; YF-NMR (560 MHz,
CDCl3): 6 -57.0 (d, J = 156.9 Hz), -57.5 (d, J = 156.9 Hz); HRMS (EI): caled for Ci3Hi4F2N4O3 (M"): 312.1034,
found: 312.1038.

Decomplexation and desilylation of ether 185

To a solution of cobalt complex (55.5 mg, 94.3 umol) in MeCN (4.7 mL) was added CAN (250 mg, 0.456 mmol) at
room temperature. After 10 min, the reaction was quenched with sat. aqueous Na>S;03 (2 mL) and extracted with
Et;0 (10 mL x 2). The combined organic layers were washed with brine, dried over MgSOy, filtered, and concentrated

in vacuo. The residue was purified by silica gel column chroamrography (AcOEt : hexane = 1 : 50) to give 210 (22.8
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mg, 75.4 umol, 80%).
MeO
\©\/\ \
O>\
210 Ph

210: colorless oil; IR (neat): 2248, 1613 cm™'; "H-NMR (400 MHz, CDCl3): § 7.52 (d, J = 6.8 Hz, 2H), 7.47-7.31 (m,
3H), 7.17 (d, J= 8.7 Hz, 2H), 6.86 (d, /= 8.7 Hz, 2H), 4.12 (t, J= 7.2 Hz, 2H), 3.79 (s, 3H), 2.96 (t,J= 7.2 Hz, 2H);
BC-NMR (100 MHz, CDCls): & 158.4, 132.3, 130.1, 129.9, 129.2, 128.5, 119.6, 114.9 (t, 'Jcr = 242.5 Hz), 113.9,
84.4 (t, %Jcr = 6.1 Hz), 78.8 (t, 2Jcr = 54.1 Hz), 66.3 (t, *Jcr = 3.3 Hz), 55.2, 34.7; ""F-NMR (560 MHz, CDCl3): § -
57.5 (s, 2F); HRMS (EI): calcd for CisHi6F202 (M*): 302.1118, found: 302.1157.

3. Decomplexation using N, N,N’-trimethyl ethylenediamine
Standard procedure: To a solution of cobalt complex in Et,O (0.02 M) was added N, N, N -trimethyl ethylenediamine
(6 equiv.) at room temperature. After completed the reaction, the reaction mixture was added H,O (2 mL) and Et,O
(2 mL) and extracted with Et;O (5 mL x 3). The combined organic layers were washed with brine, dried over MgSQOs,
filtered, and concentrated in vacuo. The residue was purified with flash silica gel column chromatography.

To a solution of the residue in THF (0.02 M) was added TBAF (1M in THF, 1.1 equiv.) at -78 °C. After 15 min, the
reaction was quenched with sat. aqueous NH4Cl (1 mL) and extracted with Et;O (4 mL x 3). The combined organic
layers were washed with brine, dried over MgSOy, filtered, and concentrated in vacuo. The residue was purified by

silica gel column chromatography (Silica gel 60 (Merck) was used.).

Decomplexation of ether 188

On 76.3 mg (106 umol) scale, the standard procedure was followed with N, N, N -trimethyl ethylenediamine (87 pL,
0.635 mmol) in Et;O (5.2 mL) for 12 h. The crude was purified by silica gel column chromatography (AcOEt :
hexane = 1 : 20) to provide 211 (42.4 mg, 97.3 pmol, 92%).

211
211: colorless oil; IR (neat): 1614, 1385 cm™'; "TH-NMR (400 MHz, CDCl5): § 7.09 (d, J = 8.2 Hz, 2H), 6.87 (d, J =

8.2 Hz, 2H), 4.04 (t,J = 7.6 Hz, 2H), 3.12 (t,J = 5.3 Hz, 2H), 2.90 (t, J = 7.6 Hz, 2H), 1.75-1.65 (m, 4H), 1.61-1.51

N
TIPS

(m, 2H), 1.26-1.03 (m, 21H); *C-NMR (100 MHz, CDCl5): 8 151.0, 129.5, 127.7, 116.7, 113.6 (t, 'Jcr = 242.6 Hz),
95.5 (t, 2Jcr = 52.4 Hz), 88.2 (t, 2Jcr = 5.3 Hz), 66.7, 50.8, 34.7, 25.9, 24.3, 18.4, 10.9; F-NMR (560 MHz, CDCl5):
8 -57.6 (s, 2F); HRMS (EI): calcd for CosH39F2NO,Si(M"): 435.2769, found: 435.2742.

On 35.8 mg (82.2 mmol) scale, the standard procedure was followed with TBAF (1M in THF, 90 pL, 90 umol) in

THF (4.1 mL). The crude was purified by silica gel column chromatography (AcOEt : hexane = 1 : 20) to provide
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28.6 mg of the crude mixture containing 215 (71.7 pmol, 87%). Yield determined 'H-NMR using CH,Br; as an

internal standard. The analytical sample was purified by GPC.

O\l FF
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215: colorless oil; IR (neat): 2138, 1614 cm’!; 'TH-NMR (600 MHz, CDCls): 6 7.09 (d, J = 8.6 Hz, 2H), 6.91 (d,J =
8.2 Hz, 2H), 4.06 (t, J= 7.6 Hz, 2H), 3.13 (t, J= 5.5 Hz, 4H), 2.90 (t, J = 7.6 Hz, 2H), 2.71 (t, J= 3.3 Hz, 1H), 1.79-
1.65 (m, 4H), 1.64-1.53 (m, 2H); 3C-NMR (150 MHz, CDCls): § 150.9, 129.5, 127.7, 116.8, 114.5 (t, \Jcr =244.5
Hz), 73.7 (t, 2Jcr =542 Hz), 72.9 (t, 2Jcr = 6.5 Hz), 66.4, 50.9, 34.6, 25.8, 24.2; YF-NMR (560 MHz, CDCl3): o -
59.1 (s, 2F); HRMS (ESI): calcd for Ci6H20F2NO ([M+H]"): 280.1513, found: 280.1523.

Decomplexation of ether 197

On 68.1 mg (90.6 pmol) scale, the standard procedure was followed with N, N, N -trimethyl ethylenediamine (74.5
pL, 0.543 mmol) in Et;O (4.5 mL) for 12 h. The crude was purified by silica gel column chromatography (AcOEt :
hexane =1 : 15) to provide 212 (34.0 mg, 73.0 umol, 81%).

FF

NS o

NHBoc TIPS
212

212: colorless oil; IR (neat): 3342, 2188, 1716 cm’'; 'H-NMR (400 MHz, CDCls): & 4.70 (brs, 1H), 3.93 (s, 3H), 2.55
(t, J="17.5Hz, 2H), 2.11 (s, 3H), 1.95-1.74 (m, 2H), 1.45 (s, 9H), 1.21-1.01 (m, 21H); 3C-NMR (100 MHz, CDCL;):
§155.3, 113.5 (t, "Jer = 241.7 Hz), 94.9 (1, 2Jcr = 51.6 Hz), 89.2, 79.7, 67.3, 48.7, 31.2, 30.5, 28.3, 18.4, 15.4, 10.8;
19F-NMR (560 MHz, CDCL:): & -58.0 (s, 2F); HRMS (FAB): calcd for C2;HaoF,NO3SSi ([M-H]"): 464.2466, found:
464.2463.

On 34.0 mg (73.0 mmol) scale, the standard procedure was followed with TBAF (1M in THF, 80 pL, 80 umol) in
THF (3.7 mL). The crude was purified by silica gel column chromatography (AcOEt : hexane =1 :20to 1 : 8) to
provide 216 (21.4 mg, 69.2 umol, 95%).
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216: White amorphous; IR (neat): 3305, 2140, 1697 cm™'; "TH-NMR (600 MHz, CDCl;): § 4.70 (d,J = 7.6 Hz, 1H),

4.02-3.86 (m, 3H), 2.75 (t, J = 3.4 Hz, 1H), 2.56 (s, 2H), 2.12 (s, 3H), 1.93-1.76 (m, 2H), 1.44 (s, 9H); 3C-NMR

(150 MHz, CDCls): 8 155.3, 113.5 (t, 'Jcr = 244.2 Hz), 79.7, 73.5 (t, *Jcr = 6.5 Hz), 73.2 (t, 2Jcr = 53.2 Hz), 67.0,
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48.7, 31.0, 30.5, 28.3, 15.5; '?F-NMR (560 MHz, CDCL): & -56.2 (s, 2F); HRMS (ESI): calcd for C13H2FaNOsS
(IM+H]"): 310.1288, found: 310.1278.

Decomplexation of ether 201

On 100 mg (107 umol) scale, the standard procedure was followed with N, N, N -trimethyl ethylenediamine (88 pL,
0.642 mmol) in Et;O (5.4 mL) for 10 h. The crude was purified by silica gel column chromatography (AcOEt :
hexane =1 : 6) to provide 214 (32.3 mg, 50.1 pmol, 47%).
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214: white amorphous; IR (neat): 1783 cm™'; "TH-NMR (400 MHz, CDCl3): § 7.03 (s, 1H), 6.53 (s, 1H), 6.38 (s, 2H),
6.00 (s, 1H), 5.99 (s, 1H), 5.38 (d, /= 9.2 Hz, 1H), 4.63-4.55 (m, 2H), 4.06 (t,J=9.9 Hz, 1H), 3.81 (s, 3H), 3.75 (s,
6H), 3.11-2.95 (m, 1H), 2.86 (dd, J = 14.5, 4.3 Hz, 1H), 1.23-1.01 (m, 21H); 3C-NMR (150 MHz, CDCl5): 5 173.6,
152.6, 148.3, 147.7, 137.0, 134.6, 132.4, 128.1, 113.5 (dd, 'Jcr = 247.4, 243.3 Hz), 109.4, 108.0, 107.9, 101.6, 94.8
(dd, *Jcr = 52.1, 48.7 Hz), 89.9, 75.9, 71.1, 60.7, 56.0, 45.6, 43.7, 38.3, 18.4, 10.8; "F-NMR (560 MHz, CDCl;): &
-53.4(d, J=165.7 Hz, 1F), -54.6 (d, J = 165.7 Hz, 1F); HRMS (EI): calcd for C34H4F203Si (M"): 644.2617, found:
644.2589.

On 43.5 mg (67.5 mmol) scale, the standard procedure was followed with TBAF (1M in THF, 74 pL, 74 umol) in
THF (3.4 mL). The crude was purified by silica gel column chromatography (AcOEt : hexane = 1 : 6) to provide 218
(12.9 mg, 26.4 pmol, 39%) and epimer 219 (13.1 mg, 26.8 umol, 40%).
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218: white amorphous; IR (neat): 2142, 1781 cm™'; "TH-NMR (600 MHz, CDCls): 8 6.98 (s, 1H), 6.53 (s, 1H), 6.37
(s, 2H), 6.00 (d, /= 1.4 Hz, 1H), 5.99 (d, /= 1.4 Hz, 1H), 5.40 (d, /= 9.3 Hz, 1H), 4.60 (d, J = 4.5 Hz, 1H), 4.55 (t,
J=28.1Hz, 1H), 4.07 (t, /= 9.8 Hz, 1H), 3.81 (s, 3H), 3.76 (s, 6H), 3.06-2.95 (m, 1H), 2.87 (dd, J = 14.6, 4.6 Hz,
1H), 2.85 (t,J = 3.2 Hz, 1H); "*C-NMR (150 MHz, CDCl3): 6 173.5, 152.7, 148.4, 147.8, 137.2, 134.5, 132.5, 127.8,

113.5 (t, "Jor = 245.6 Hz), 109.6, 108.0, 107.7, 101.7, 76.0, 74.1 (t, *Jcr = 5.8 Hz), 73.1 (t, *Jcr = 51.3 Hz), 71.0 (t,
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3Jcr = 6.5 Hz), 65.1, 60.8, 56.1, 45.5, 43.7, 38.2; 'PF-NMR (560 MHz, CDCLs): & -55.4 (s, 2F); HRMS (ESI): caled
for CasHa3F20s (M+H]"): 489.1361, found: 489.1390.

FF

oY
O B
< O ) NOESY
) e
- H e}

MeO OMe
OMe

219

219: white amorphous; IR (neat): 2141, 1774 cm™'; 'TH-NMR (600 MHz, CDCl;): § 6.88 (s, 1H), 6.49 (s, 1H), 6.44
(s, 2H), 5.97 (d, J= 1.0 Hz, 1H), 5.96 (d, J = 1.4 Hz, 1H), 5.24 (d, J = 5.5 Hz, 1H), 4.42 (dd, J = 9.8, 6.4 Hz, 1H),
4.37 (dd, J = 9.8, 2.6 Hz, 1H), 4.30 (d, J = 4.1 Hz, 1H), 3.83 (s, 3H), 3.81 (s, 6H), 3.22 (dd, J = 8.9, 4.1 Hz, 1H),
3.13-3.07 (m, 1H), 2.81 (t,J = 3.3 Hz, 1H); *C-NMR (150 MHz, CDCls): 5 177.0, 153.4, 148.6, 147.3, 138.4, 136.8,
131.3, 126.0, 113.6 (t, 'Jcr = 264.4 Hz), 109.3, 108.1, 105.3, 101.5, 75.1, 74.1 (t, *Jcr = 5.8 Hz), 73.2 (t, 2Jcr = 52.7
Hz), 70.6, 60.8, 56.1,45.8, 44.3, 40.8; '’F-NMR (560 MHz, CDCl3): § -55.0 (d, /= 174.4 Hz, 1F),-55.6 (d,J=174.4
Hz, 1F); HRMS (ESI): caled for CosHa3F20s ((M+H]"): 489.1361, found: 489.1389.

Decomplexation of analog 202

On 58.9 mg (67.6 umol) scale, the standard procedure was followed with N,N,N’-trimethyl ethylenediamine (65 pL,
0.406 mmol) in Et;O (2.1 mL) at 12 h. The crude was purified by silica gel column chromatography (AcOEt : hexane
=1:2) to provide 213 (21.2 mg, 36.3 umol, 54%).

213: colorless oil; IR (neat): 3384, 1732 cm™!; 'H-NMR (600 MHz, CDCl3): & 7.82 (brs, 1H), 7.46 (d, J = 7.5 Hz,
1H), 7.29 (d, J=8.2 Hz, 1H), 7.12 (d, /="7.5 Hz, 1H), 7.07 (d, J= 7.5 Hz, 1H), 4.89 (s, 1H), 3.74 (s, 3H), 3.40 (d, J
=10.9 Hz, 1H), 3.08 (dd, J = 11.3, 5.8 Hz, 1H), 3.03-2.92 (m, 2H), 2.72 (d, /= 15.0 Hz, 1H), 2.64 (td, J=11.3, 3.8
Hz, 1H), 2.43 (d, J = 12.3 Hz, 1H), 2.36 (d, J = 11.6 Hz, 1H), 2.31-2.20 (m, 2H), 2.08-1.98 (m, 1H), 1.64-1.42 (m,
4H), 1.31-1.03 (m, 21H); '*C-NMR (150 MHz, CDCl5): & 171.4, 136.0, 134.7, 127.4, 121.3, 119.3, 118.1, 113.5 (t,
'Jcr =241.3 Hz), 110.8, 108.1, 95.3 (t, 2Jcr = 52.7 Hz), 89.2 (t, *Jcr = 5.1 Hz), 74.3,61.1, 59.8,52.9, 51.8, 51.6, 40.4,
36.3, 34.3, 30.7, 23.3, 21.8, 18.4, 10.9; ""F-NMR (560 MHz, CDCl;): & -53.4 (d, J = 165.7 Hz, 1F), -53.8 (d, J =
165.7 Hz, 1F); HRMS (ESI): caled for C33Ha7F2N203Si ([M+H]Y): 582.3426, found: 582.3320.
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On 35.5 mg (60.7 mmol) scale, the standard procedure was followed with TBAF (1M in THF, 74 pL, 74 umol) in
THF (3.4 mL). The crude was purified by silica gel column chromatography (AcOEt : hexane =1 : 1) to provide 217
(16.6 mg, 38.7 pumol, 64%).

217

217: white amorphous; IR (neat): 2137, 1727 cm™'; "H-NMR (600 MHz, CDCl;) § 7.82 (s, 1H), 7.46 (d, J = 7.6 Hz,

1H), 7.30 (d, J= 8.2 Hz, 1H), 7.12 (t, J= 6.9 Hz, 1H), 7.08 (t, /= 6.9 Hz, 1H), 4.89 (d, J=2.1 Hz, 1H), 3.75 (s, 3H),
3.41(d,J=11.7 Hz, 1H), 3.07 (dd, J = 11.0, 5.5 Hz, 1H), 3.04-2.95 (m, 1H), 2.95 (dd, J = 11.3, 3.4 Hz, 1H), 2.74 (,
J=3.4Hz, 1H), 2.72 (dd, J = 16.9, 4.8 Hz, 1H), 2.64 (td, J= 11.5, 4.4 Hz, 1H), 2.45-2.33 (m, 2H), 2.28 (1, /= 10.7
Hz, 1H), 2.13-2.22 (m, 1H), 2.04 (qd,J = 11.2, 3.6 Hz, 1H), 1.78-1.45 (m, 5H) 3C-NMR (150 MHz, CDCls):  171.4,
136.0, 134.6, 127.3, 121.3, 119.3, 118.1, 113.4 (t, 'Jer = 244.9 Hz), 110.8, 108.1, 73.7, 73.5 (t, 2Jcr = 52.7 Hz), 73.0
(t, Jcr = 5.8 Hz), 61.0, 59.8, 52.9, 51.8, 51.6, 40.2, 36.2, 34.1, 31.0, 23.3, 21.7; "*F-NMR (560 MHz, CDCL): § -
56.5 (d, J= 174.4 Hz, 1F), -56.8 (d, J = 174.4 Hz, 1F); HRMS (ESI): calcd for Co4Ha7F2N2Os ([M+H]"): 429.1990,
found: 429.1993.

Syntheses of o-difluoroehters
Synthesis of triazole 210
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To a solution of difluoropropargyl ether 209 (31.3 mg, 0.100 mmol) and benzyl azide (20.3 mg, 0.152 mmol) in #-
BuOH-HO (1:1, 1 mL) was added Cu(OAc)> (0.9 mg, 5.0 umol) and sodium ascorbate (3.6 mg, 18.2 umol). The
reaction was stirred at room temperature for 12 h. the reaction mixture was diluted with Et,O (5 mL) and H,O (5 mL)
and extracted with CHCl3 (10 mL X 3). The combined organic layers were washed with brine, dried over MgSQs,
filtered, and concentrated in vacuo. The residue was purified with flash silica gel column chromatography (AcOEt :
hexane =1 : 1 to MeOH : CHCl3 =1 : 20) to give 210 (39.5 mg, 88.6 umol, 89%).

210: white solid; mp = 120-121 °C; IR (neat): 1703, 1660 cm™"; "H-NMR (600 MHz, CDCl3) § 7.66 (s, 1H), 7.56 (s,
1H), 7.36-7.44 (m, 3H), 7.28-7.32 (m, 2H), 5.53 (s, 2H), 4.88-4.96 (m, 1H), 4.61 (dd, J = 14.1, 2.4 Hz, 1H), 4.30 (dd,
J=14.1, 8.2 Hz, 1H), 3.57 (s, 3H), 3.40 (s, 3H), 1.44 (d, J = 6.5 Hz, 3H); 3C-NMR (150 MHz, CDCl3): § 155.4,
151.5, 148.8, 142.3, 133.6, 129.3,129.2, 129.1, 128.2, 122.3, 119.1 (t, 'Jcr = 255.0 Hz), 106.8, 71.2, 54.4,51.4,29.8,
27.8, 18.7; "F-NMR (560 MHz, CDCls): & -67.5 (d, J = 157.0 Hz, 1F), 68.0 (d, J = 157.0 Hz, 1F); HRMS (ESI):
caled for CooHa2FaN7O3 ([M+H]Y): 446.1752, found: 446.1753.
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Synthesis of isoxazole 211
cl F
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EtOH, 40 °C, 12 h o
99% (211:isomer = 14:1) 1 Ph NOESY

209

To a solution of difluoroproaprgyl ether 209 (30.9 mg, 98.9 umol) and (Z)-N-hydroxybenzimidoyl chloride (46.8 mg,
0.301 mmol) in EtOH (1 mL) was added EtsN (42 uL, 0.301 mmol). The reaction mixture was stirred at 40 °C for 12
h. The reaction mixture was diluted with H>O (4 mL) and extracted with Et2O (10 mL x 3). The combined organic
layers were washed with brine, dried over MgSQs, filtered, and concentrated in vacuo. The residue was purified with
flash silica gel column chromatography (AcOEt : hexane =1 : 1 to MeOH : CHCI; =1 : 20) to give 211 (42.1 mg,
97.6 pmol, 99%).

211: white amorphous; IR (neat): 1704, 1660 cm™'; "H-NMR (600 MHz, CDCl3) § 7.79-7.73 (m, 2H), 7.62 (s, 1H),
7.50-7.42 (m, 3H), 6.76 (s, 1H), 4.99-4.91 (m, 1H), 4.60 (d, J = 14.4 Hz, 1H), 4.26 (dd, J = 14.3, 8.4 Hz, 1H), 3.56
(d, J= 1.4 Hz, 3H), 3.37 (d, J = 1.4 Hz, 3H), 1.49 (d, J= 6.2 Hz, 3H); *C-NMR (150 MHz, CDCl5): § 162.2, 162.1
(t, %Jor = 55.1 Hz), 155.4, 151.5, 148.9, 142. 0, 130.6, 129.1, 127.6, 126.8, 117.0 (t, 'Jcr = 257.2 Hz), 106.6, 102.1,
72.2,51.4,29.8,27.9, 18.8; "F-NMR (560 MHz, CDCl3): § 70.5 (d, J = 157.0 Hz, 1F), 71.0 (d, J = 157.0 Hz, 1F);
HRMS (ESI): calcd for CaoHz0F2NsO4 ((M+H]"): 432.1483, found: 432.1505.

Synthesis of fluoropropyl ether 212

RF Pd/C (20% wiw) g RF
Y | \> o>\ H,, (balloon) Y | \> OX/
J\ THF, rt, 18 h, 86% N \)\

209 212

To a solution of difluoropropargyl ether 209 (28.4 mg, 90.9 pmol) in THF (1.8 mL) was added 10% Pd/C (8.5 mg)

(0]

and hydrogenated (Haz, 1 atm). After 16 h, the catalyst was filtered through a pad of Celite followed by washed with
Et,0 (20 mmol). The Filtrate was washed with saturated aqueous NaHCO3 and brine, dried over MgSOQy, filtered,
and concentrated in vacuo. The residue was purified with flash silica gel column chromatography (AcOEt : hexane
=1:1)to give 212 (24.8 mg, 78.4 umol, 86%).

212: colorless oil; IR (neat): 1705, 1661 cm™'; 'TH-NMR (600 MHz, CDCl;) § 7.52 (s, 1H), 4.69-4.77 (m, 1H), 4.51
(dd,J=14.1,2.4 Hz, 1H), 4.14 (dd, J = 14.3, 8.4 Hz, 1H), 3.58 (s, 3H), 3.39 (s, 3H), 1.92-1.79 (m, 2H), 1.32 (d, J =
6.5 Hz, 3H), 0.94 (t, J = 7.6 Hz, 3H); *C-NMR (150 MHz, CDCl3): § 155.3, 151.6, 148.7, 141.9, 125.9 (t, 'Jcr =
262.3 Hz), 106.8, 69.3 (t, *Jcr = 5.0 Hz), 51.7, 29.8, 29.1 (t, *Jcr = 30.3 Hz), 27.9, 18.8, 6.9; "F-NMR (560 MHz,
CDCl3): & -78.1 (s, 2F); HRMS (ESI): calcd for C13H 9F2N4Os ((M+H]"): 317.1425, found: 317.1428.
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Raman spectrum

Raman Spectra of CH;Alkynes/CF;Alkynes

Raman spectra were obtained with a RAMAN-11 slit-scanning Raman microscope (Nanophoton, Japan) with 532
nm excitation. Samples were placed on a quartz substrate during the measurements. The laser output was focused
into the sample by a 60X/1.27 numerical aperture (NA) water immersion objective lens (CFI Plan Apo IR 60X WI,
NIKON, Japan). The slit width of the spectrograph was 70 um. The light intensity at the sample plane was calculated
as 6.0 mW/um* from the ratio of the measured laser power between the sample position and the area of the

illumination line. The exposure time for each line was 10 sec.

Relative Raman intensity vs EAU (RIE)*

The 1 pL each of DMSO solutions of the test compound (10 or 100 mM) and internal standard (10 or 100 mM stock
solution of EdU or PhCN) were mixed on quartz, and Raman spectrum of the mixture was measured by using
RAMAN-11 slit-scanning Raman microscope (Nanophoton, Japan) with 532 nm excitation. The measurement was
repeated 4 times for each test compound. The light intensity at the sample plane was calculated as 6.0 mW/um? from
the ratio of the measured laser power between the sample position and the area of the illumination line. The exposure
time for each line was 120 sec. The background of DMSO was subtracted from the measured spectra, and obtained
spectra were fitted with a Gaussian function. The peak areas were calculated by “Raman viewer” software equipped
on the Raman microscope. Finally, RIE (relative Raman intensity vs EdU) was calculated from the area ratio of 4
spectra and concentrations of the sample and standard (in the case of PhCN as a standard, RIE was calculated from

the peak areas of sample vs PhCN and PhCN vs EdU).
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Figure S1. Raman spectra of 205 and 213.
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Figure S2. Raman spectra of 210 and 214.

Synthesis of substrates
2-(4-Methoxy-3-(prop-1-en-2-yl)phenyl)ethan-1-ol (E16)

1. MeMgBr (3.0 eq.)
AcClI (3.0 eq.)

MeO Et,O (0.15 M) MeO
Me0\©\/\ AICl; (3.5 eq.) % j\ 0°Ctort,1h
OH  DCE (0.66 M) o 2. TsOH+H,O (10 mol%) OH
0°Ctort, 18 h, 50% (0] toluene (0.1 M), 100 °C, 16 h
3. KQCO3 (2 eq.) E16
E15 MeOH (1.0 M), rt, 2 h

28% (3 steps)

To a solution of 4-methoxyphenylethyl alcohol (3.36 g, 22.0 mmol) and AcCl (4.7 mL, 66.0 mmol) in CLb,CHCHCI,
(33 mL) was added AICl; (10.3 g, 77.2 mmol) portionwise over 1 h at 0 °C. The reaction mixture was allowed to
warm to room temperature and stirred for 18 h. Then the reaction mixture was cooled at 0 °C and quenched with ice
water (20 mL) and extracted with CH2Cl, (40 mL x 2). The combined organic layer was washed with water and then
brine, dried over MgSOQ, filtered and concentrated in vacuo. The residue was purified by silica gel column
chromatography (AcOEt : hexane = 1 : 4) to give E15 (2.68 g, 10.9 mmol, 50%) as a colorless oil.

To a solution of E15 (924 mg, 3.91 mmol) in E,O (26 mL) was added MeMgBr (3M in Et;O: 3.8mL) dropwise over
30 min at 0 °C and then stirred for 2 h. The reaction mixture was quenched with sat. NH4Cl aq. (10 mL) and extracted
with Et;0 (20 mL X 2). The combined organic layer was washed with saturated aqueous NaHCO3 and brine, dried
over MgSQy, filtered and concentrated in vacuo. To the residue were added toluene (34 mL) and TsOH*H,O (64.5
mg, 0.338 mmol) at room temperature. The reaction mixture was warm to 100 °C and stirred for 16 h. The reaction
mixture was concentrated in vacuo and AcOEt (50 mL) was added. The organic layers were washed with sat.
NaHCO:s aq. and brine. The organic layers were dried over MgSQOy, filtered and concentrated in vacuo. To the residue
was added K>COs3 (937 mg, 6.78 mmol) and MeOH (34 mL) at room temperature. After stirring 2 h, the reaction

mixture was quenched with water (20 mL) and extracted with Et,O (25 mL x 2). The combined organic layer was
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dried over MgSOs, filtered and concentrated in vacuo. The residue was purified by silica gel column chromatography

(AcOEt : hexane =1 : 2) to give alcohol E16 (209 mg, 1.09 mmol, 28% for 3 steps).

E16: Pale yellow oil; IR (neat): 3341 cm™; "H-NMR (400 MHz, CDCls): § 7.09 (dd, J = 8.5, 1.9 Hz, 2H), 7.04 (d, J
= 1.9 Hz, 1H), 6.82 (d, J= 8.5 Hz, 1H), 5.14 (s, 1H), 4.99 (s, 1H), 3.82 (t, J = 6.5 Hz, 2H), 3.81 (s, 3H), 2.79 (t, J =
6.5 Hz, 2H), 2.11 (s, 3H); *C-NMR (100 MHz, CDCls): § 155.3, 144.1, 132.9, 130.2, 129.9, 128.6, 115.0, 111.0,
63.7,55.5, 38.2, 23.1; HRMS (EI): caled for C1oH 60, (M"): 192.1150, found: 192.1153.

2-(3-Bromo-4-methoxyphenyl)ethanol (E17)

Mel (1.3 equiv.)

HOD\/\ K,COs (1.3 equiv.) Meoj@\/\
Br OH acetone (0.67M) Br OH

40 °C, 20 h, 66%

E17
To the solution of 3-bromo-4-hydroxyphenylethyl alcohol (1.09 g, 5.02 mmol) in acetone (7.5 mL) was added Mel
(0.41 mL, 6.59 mmol) and K>,CO3 (0.90 g, 6.52 mmol) and stirred at 40 °C for 20 h. The reaction mixture was
quenched with water and extracted with EtcO. The combined organic layer was dried over MgSQa, filtered and
concentrated in vacuo. The residue was purified by silica gel column chromatography (AcOEt : hexane = 1 : 2) to

give E17 (761 mg, 3.29 mmol, 66%).

E17: yellow oil; IR (neat): 3342 cm™'; "H-NMR (400 MHz, CDCl;): § 7.41 (d, J= 2.3 Hz, 1H), 7.13 (dd, /= 8.5, 2.3
Hz, 1H), 6.84 (d, J= 8.7 Hz, 1H), 3.87 (s, 3H), 3.81 (t, J= 6.4 Hz, 2H), 2.78 (t,J = 6.4 Hz, 2H), 1.61 (brs, 1H); 1*C-
NMR (100 MHz, CDCls): 6 154.5, 133.6, 132.2, 129.0, 112.0, 111.6, 63.4, 56.2, 37.8; HRMS (EI): calcd for
CoHy17’BrO; (M1): 229.9942, found: 229.9936.

trans-2-(3,4-Dimethoxyphenyl)cyclohexan-1-ol (E18)

OMe

BngO—OMe MeO
o (1.2eq) j@ OT H

Cul (5 mol%) MeO

THF, 0°Ctort, 12 h, 16%
E18

One crystal of iodine was added to a mixture of magnesium (375 mg, 15.4 mmol) and THF (10 mL) in a dry 2-neck
flask with fitted with a Liebig condenser. To this, 2 ml of a solution of 4-bromo-N, N-dimethylaniline in THF was
added and stirred vigorously. As soon as the color of iodine disappeared, a solution of 4-Bromo-1,2-
dimethoxybenzene (1.90 mL, 13.2 mmol) in THF (20 mL) was added slowly over a period of 30 minutes while
refluxing. The reaction was stirred at Almost magnesium was consumed, Cul (109 mg, 0.57 mmol) was added to the
reaction mixture. To this a solution of cyclohexene oxide (1.1 mL, 10.9 mmol) in THF (10 mL) was added slowly

dropwise at 0 °C. Then it was allowed to stir at room temperature for 12 h, then quenched with saturated aq. NH4ClI
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(5 mL). The reaction mixture was filtered through Celite® and extracted with CH>Cl, (20 mL x 3). The combined
organic layer was washed with brine, dried over MgSO4 and concentrated in vacuo. The residue was purified by silica
gel column chromatography (AcOEt : hexane =1:8to 1 : 1) to give E18 (423 mg, 1.79 mmol, 16%).

E18: white solid; IR (solid): 3384, 1589 cm™'; 'TH-NMR (400 MHz, CDCl3): § 6.90-6.74 (m, 3H), 3.89 (s, 3H), 3.87
(s, 3H), 3.72-3.52 (m, 1H), 2.49-2.30 (m, 1H), 2.12 (brd, J = 11.7 Hz, 1H), 1.86 (brd, /= 12.1 Hz, 1H), 1.77 (brd, J
= 12.1 Hz, 1H), 1.58-1.21 (m, 5H); '*C-NMR (100 MHz, CDCl3): § 149.2, 147.9, 135.7, 119.6, 111.6, 111.1, 74.5,
55.9, 55.8, 52.8, 34.3, 33.3, 26.1, 25.0; HRMS (EI): calcd for Ci4H2003 (M"): 236.1412, found: 236.1414.

trans-2-(4-(Dimethylamino)phenyl)cyclohexan-1-o0l (E19)

/ |
Bng@—N N
Q \ (1.2eq) g \© Of H

Cul (10 mol%)

THF,0°Ctort, 10 h, 81%
E19

One crystal of iodine was added to a mixture of magnesium (169 mg, 7.0 mmol) and THF (5 mL). To this, 2 ml of a
solution of 4-bromo-N, N-dimethylaniline in THF was added and stirred vigorously. As soon as the color of iodine
disappeared, a solution of 4-bromo-», N-dimethylaniline (1.2 g, 6.0 mmol) in THF (10 mL) was added slowly over a
period of 30 minutes while refluxing. The reaction was stirred at almost magnesium was consumed, Cul (95 mg, 0.50
mmol) was added to the reaction mixture. To this a solution of cyclohexene oxide (505 pl, 5.0 mmol) in THF (3 mL)
was added slowly dropwise at 0 °C. Then it was allowed to stir at room temperature for 10 h, then quenched with
saturated aquous NaHCO; (5 mL). The reaction mixture was filtered through Celite® and extracted with CH>Cl, (20
mL x 3). The combined organic layer was washed with brine, dried over MgSO4 and concentrated in vacuo. The
residue was purified by silica gel column chromatography (AcOEt : hexane =1 : 4) to give E19 (890 mg, 4.05 mmol,
81%).

E19: light brown solid: IR (neat): 3436, 1613 cm™': "TH-NMR (400 MHz, CDCl;): 6 7.13 (d, J = 8.8 Hz, 2H), 6.73 (d,
J = 8.8 Hz, 2H), 2.32 (dt, J = 10.0, 4.0 Hz, 1H), 2.93 (s, 6H), 2.32 (ddd, J = 13.0, 9.6, 4.0 Hz, 1H), 2.15-2.09 (m,
1H), 1.90-1.80 (m, 2H), 1.80-1.70 (m, 1H), 1.60-1.25 (m, 5H). "*C-NMR (100 MHz, CDCl5): § 149.7, 130.8, 128.5,
113.1, 74.6, 52.2,40.7, 34.3, 33.4, 26.2, 25.1: HRMS (EI): calcd for Ci4H2NO (M"): 219.1623, found: 219.1623.

1-(4-Methoxyphenyl)-2-methylpropan-2-ol (E20)

MeMgBr (3.0 eq.)

Me0\©\/ﬁ\ MeO
THF (0.2 M), 0°C to rt \©\><
0™ 4h, 8(9% ) ° OH
E20
To a solution of Ethyl 4-methoxyphenylacetate (971 mg, 5.00 mmol) in Et,O (25 mL) was added MeMgBr (3M in
Et;0: 5.0 mL) dropwise over 10 min at 0 °C. The reaction mixture was allowed to warm to room temperature and

stirred for 4 h. The reaction mixture was cooled to 0 °C and quenched with saturated aqueous NH4CI (15 mL) and

extracted with Et;O (20 mL X 2). The combined organic layer was washed with brine, dried over MgSOs, filtered
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and concentrated in vacuo. The residue was purified by silica gel column chromatography (AcOEt : hexane =1 : 4)

to give E20 (885 mg, 4.91 mmol, 98%).

E20: colorless oil; IR (neat): 3328 cm™'; 'H-NMR (400 MHz, CDCl3): & 7.13 (d, J = 8.5 Hz, 2H), 6.85 (d, /= 8.5 Hz,
2H), 3.80 (s, 3H), 2.71 (s, 2H), 1.21 (s, 6H); *C-NMR (100 MHz, CDCl;): & 158.3, 131.4, 129.8, 113.6, 70.7, 55.2,
48.8,29.1; HRMS (EI): caled for Cy1Hi602 (M*): 180.1150, found: 180.1150.

2-(4-(Piperidin-1-yl)phenyl)ethan-1-ol (E22)

O, LiAH, (1.2 eq.) O\,
O _
m _ THF(0.1M),0°Ctort \©\/\
0 2h, 89% OH

E21 E22

To a solution of ester E21 (347 mg, 1.49 mmol) in THF (0.1 M) was added LiAlH; (68.5 mg, 1.81 mmol) at 0 °C.
After stirring for 2 h at room temperature, the reaction mixture was quenched with saturated aqueous Rochelle salt
and stirred at room temperature for 30 min. The solution was extracted with Et;O (20 mL % 2). The combined organic
layer was washed with brine, dried over MgSQs, filtered and concentrated in vacuo. The residue was purified by

silica gel column chromatography (AcOEt : hexane 1 : 2) to give E22 (273 mg, 1.33 mmol, 89%)

E22: colorless oil; IR (neat): 3255 cm™'; 'H-NMR (400 MHz, CDCl5): & 7.10 (d, J = 8.4 Hz, 2H), 6.89 (d, /= 8.4 Hz,
2H), 3.80 (t,J= 6.5 Hz, 2H), 3.12 (t,J= 5.3 Hz, 4H), 2.77 (t, J = 6.5 Hz, 2H), 1.80-1.65 (m, 4H), 1.62-1.52 (m, 2H),
1.49 (brs, 1H); *C-NMR (100 MHz, CDCl5): § 151.0, 129.6, 128.8, 116.9, 63.8, 50.9, 38.2, 25.8, 24.2; HRMS (EI):
calcd for CisHoNO ([M]%): 205.1467, found: 205.1497.

tert-Butyl (1-hydroxy-4-(methylthio)butan-2-yl)carbamate (E24)

MeS LiAIH, (1.2 eq.)

MeS
© Et,0 (0.2M),0°C ) on
20 (0. ,0°Ctort
NHBoc 5h, 57% NHBoc
E23 E24

To a solution of ester E23 (1.93 g, 7.74 mmol) in THF (38 mL) was added LiAlHs (377 mg, 9.93 mmol) at 0 °C.
After stirring for 5 h at room temperature, the reaction mixture was quenched with saturated aqueous Rochelle salt
(20 mL) and stirred at room temperature for 30 min. The solution was extracted with Et;O (40 mL x 2). The combined
organic layer was washed with brine, dried over MgSOs, filtered and concentrated in vacuo. The residue was purified

by silica gel column chromatography (AcOEt : hexane 1 : 2) to give alcohol E24 (273 mg, 1.33 mmol, 89%).

E24: white solid; IR (neat): 3358, 1681 cm™'; 'H-NMR (400 MHz, CDCls): & 4.78 (brs, 1H), 3.85-3.53 (m, 3H), 2.66-
2.48 (m, 2H), 2.43 (brs, 1H), 2.12 (s, 3H), 1.91-1.64 (m, 2H), 1.45 (s, 9H); *C-NMR (100 MHz, CDCL): & 156.2,
79.7, 65.4, 52.0, 31.0, 30.7, 28.4, 15.6; HRMS (EI): calcd for C1oHzNOsS (M*): 235.1242, found: 235.1234.
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4-((3-Phenylpropyl)amino)cyclohexan-1-ol (E26)

OH OH
(0] O’ LiAlH, (5 eq.) O/
©/\)J\N\v _— ©/\/\N\\.
H THF (0.1 M), reflux H
12 h, 88%
E25 E26
To a solution of ester E25 (500 mg, 2.02 mmol) in THF (30 mL) was added LiAlH4 (335 mg, 8.83 mmol) portionwise
at 0 °C. After stirring for 12 h at reflux, the reaction mixture was cooling at 0 °C and quenched with sat. Rochelle salt
(20 mL) and stirred at room temperature for 30 min. The solution was extracted with Et;O (40 mL x 2). The combined
organic layer was washed with brine, dried over MgSOs, filtered and concentrated in vacuo. The residue was purified

by silica gel column chromatography (CHROMATOREX® -NH, CHCl5) to give aminoalcohol E26 (415 mg, 1.78
mmol, 88%).

E26: white solid; IR (solid): 3260 cm'; "H-NMR (400 MHz, CDCls): § 7.34-7.24 (m, 2H), 7.22-7.11 (m, 3H), 3.60
(tt, J=10.7, 4.1 Hz, 1H), 2.71-2.57 (m, 4H), 2.41 (tt, J = 11.0, 3.7 Hz, 1H), 1.97-1.86 (m, 4H), 1.80 (quint. J= 7.9
Hz, 2H), 1.37-1.20 (m, 2H), 1.17-1.05 (m, 2H); '3C-NMR (100 MHz, CDCL3): & 142.1 139.0, 128.3, 125.8, 70.5,
56.0, 46.9, 34.1, 33.7, 32.0, 31.3; HRMS (EI): calcd for CisHasNO (M*): 233.1780, found: 233.1773.

1-Methoxy-4-(2-(prop-2-yn-1-yloxy)ethyl)benzene (213)

propargyl bromide (1.5 equiv.)

MeOO\/\ NaH (3.0 equiv.) MeO
THF (0.1 M), 0°Ctort, 6 h \©\/\
OH  30% 0
213

To a solution of 4-methoxyphenethyl alcohol (112 mg, 0.736 mmol) in THF (7.4 mL) was added 60% NaH (82.6 mg,
2.07 mmol) at 0 °C. The mixture was stirred at room temperature for 30 min. Propargyl bromide (84 pL, 1.11 mmol)
was added to the mixture at 0 °C. The reaction mixture was allowed to warm to room temperature and stirred for 6 h.
The reaction mixture was quenched with sat. aqueous NH4Cl (4 mL) and extracted with hexane (4 mL x 3). The
combined organic layer was washed with brine, dried over MgSOQs, filtered and concentrated in vacuo. The residue
was purified by silica gel column chromatography (AcOEt : hexane = 1 : 20) to give 213 (42.4 mg, 0.223 mmol,
30%).

213: yellow oil; IR (neat): 3286 cm™; "H-NMR (400 MHz, CDCls): § 7.15 (d, J = 8.2 Hz, 2H), 6.84 (d, J = 8.2 Hz,
2H), 4.15 (t,J= 1.9 Hz, 2H), 3.78 (s, 3H), 3.71 (t, J = 7.2 Hz, 2H), 2.86 (t, J= 7.2 Hz, 2H), 2.42 (t, J = 1.9 Hz, 1H);
13C-NMR (100 MHz, CDCls): § 158.1, 130.6, 129.8, 113.8, 80.0, 74.3, 71.1, 58.1, 55.2, 35.1; HRMS (EI): calcd for
C12H1402(M"): 190.0994, found: 190.1001.
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1-methoxy-4-(2-((3-phenylprop-2-yn-1-yl)oxy)ethyl)benzene (214)

PhT\I
MeO (1.0 equiv.) MeO
\Ej\A NaH (1.2 equiv.) \©\A
OH THF(0.2M),0°Ctort o/\
overnight, 44% 214 Ph

To a solution of 4-methoxyphenethyl alcohol (103 mg, 0.677 mmol) in THF (3.6 mL) was added 60% NaH (36 mg,
0.90 mmol) at 0 °C. The mixture was stirred at room temperature for 50 min. (3-lodoprop-1-yn-1-yl)benzene (164
mg, 0.677 mmol) was added to the mixture at 0 °C. The reaction mixture was allowed to warm to room temperature
and stirred for overnight. The reaction mixture was quenched with sat. aqueous NH4Cl (2 mL) and extracted with
Et;0 (10 mL x 2). The combined organic layer was washed with brine, dried over MgSOs, filtered and concentrated
in vacuo. The residue was purified by silica gel column chromatography (AcOEt : hexane =1 : 200) to give 214 (78.8
mg, 0.296 mmol, 44%).

214: yellow oil; IR (neat): 2236 cm™'; "TH-NMR (400 MHz, CDCl3): & 7.49-7.41 (m, 2H), 7.34-7.29 (m, 3H), 7.17 (d,
J=71.5Hz, 2H), 6.84 (d, J= 7.5 Hz, 2H), 4.38 (s, 2H), 3.79 (s, 3H), 3.78 (t, /= 7.2 Hz, 2H), 2.90 (t, J= 7.2 Hz, 2H);
BC-NMR (100 MHz, CDCls): & 158.1, 131.7, 130.7, 129.9, 129.8, 128.4, 128.2, 113.8, 86.1, 85.2, 71.2, 58.9, 55.2,
35.2; HRMS (EI): caled for C1sH;502 (M™): 266.1307, found: 266.1306.

<Chapter 4>

Etherification of testosterone

A solution of 37 (48.8 mg, 0.16 mmol) and Co2(CO)g (55.6 mg, 0.16 mmol) in toluene (1 mL) was stirred at room
temperature. After 3 h, testosterone (25.3 mg, 87.7 pmol), triethylamine (21 pL, 0.15 mmol) and AgOTT (42.7 mg,
0.17 mmol) were added. After 30 min, the reaction mixture was diluted with saturated aqueous NaHCO3 (1 mL) and
extracted with AcOEt (SmL x 2). The combined organic layers were washed with brine and dried over MgSQOs,
filtered and concentrated in vacuo. The residue was purified by flash silica gel column chromatography (AcOEt :

Hexane = 1 : 8) to provide 216 (15.1 mg, 18.8 umol, 21%) and 217 (23.3 mg, 29.0 umol, 33%).

216
216: red oil; IR (neat): 2038, 1676 cm™; "H-NMR (600 MHz, CDCls): 8 5.73 (s, 1H), 4.30 (t, J = 7.7 Hz, 1H), 2.27-

2.42 (m, 4H), 2.13 (s, 1H), 2.02 (d,J = 12.0 Hz, 1H), 1.84-1.91 (m, 2H), 1.59-1.75 (m, 5H), 1.02-1.42 (m, 35H), 0.94

(t, J = 9.6 Hz, 1H), 0.82-0.88 (m, 4H); *C-NMR (150 MHz, CDCl3): § 199.5, 199.3, 171.0, 124.8 (t, 'Jcr = 255.8

Hz), 123.9, 101.9 (t, Jcr = 50.6 Hz), 84.4, 71.9, 53.7, 49.9, 42.3, 38.6, 36.2, 35.7, 35.4, 33.9, 32.7, 31.4, 28.4, 23.3,

20.5,18.9,17.4, 13.6, 11.6; "F-NMR (560 MHz, CDCl3): § -55.1 (d, J = 157.0 Hz, 1F), -55.5 (d, J = 157.0 Hz, 1F);
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HRMS (EI): caled for C3sHasCo2F206Si ([M-2CO]T"): 748.1852, found: 748.1873.

(0]

F—__C02(CO)g
FoSa
TIPS

217
217: red oil; IR (neat): 3412, 2059 cm™'; "H-NMR (600 MHz, CDCls): & 5.86 (s, 1H), 5.42 (s, 1H), 3.67 (s, 1H), 2.41-
2.46 (m, 1H), 2.05-2.27 (m, 4H), 1.84-1.89 (m, 2H), 1.56-1.73 (m, 6H), 1.25-1.47 (m, 10H), 1.08-1.20 (m, 23H),
0.96-1.04 (m, 4H), 0.77-0.84 (m, 3H); >*C-NMR (150 MHz, CDCl3): & 199.1, 146.6, 139.6, 124.4 (t, 'Jcr = 260.1
Hz), 123.4,115.3,101.3 (t, 2Jcr = 49.1 Hz), 81.8, 72.3, 51.4,48.2,46.1, 42.9, 36.5, 34.8, 33.8, 31.8, 31.5, 30.5, 25.6,
23.4,20.8,18.9, 13.6, 11.1; "F-NMR (560 MHz, CDCl3): § -55.4 (d, J= 157.0 Hz, 1F), -56.7 (d, J = 157.0 Hz, 1F);
HRMS (EI, FAB, ESI) was not detected.

Formation of propargyl vinyl ether

Standard procedure for the etherification of ketones and aldehydes

Procedure A: A solution of phenyldifluorobromopropyne (0.15 mmol) and Co2(CO)s (0.15 mmol) in toluene (1 mL)
was stirred at room temperature. After 3 h, ketone (0.1 mmol), iProNEt (0.15 mmol) and AgNTf, (0.15 mmol) was
added and stirred at room temperature for 30 min. The reaction mixture was diluted with saturated aqueous NaHCO3
(1 mL) and extracted with AcOEt (SmL x 2). The combined organic layers were washed with brine and dried over
MgSOs, filtered and concentrated in vacuo. The residue was purified by flash silica gel column chromatography

(Kanto).

Procedure B: A solution of phenyldifluorobromopropyne (0.15 mmol) and Co2(CO)s (0.15 mmol) in toluene (1 mL)
was stirred at room temperature. After 3 h, ketone (0.1 mmol), DTBMP (0.15 mmol) and AgNTf; (0.15 mmol) was
added and stirred at room temperature for 30 min. The reaction mixture was diluted with saturated aqueous NaHCO3
(1 mL) and extracted with AcOEt (SmL x 2). The combined organic layers were washed with brine and dried over
MgSOs, filtered and concentrated in vacuo. The residue was purified by flash silica gel column chromatography

(Kanto).
Etherification of cyclohexanone

The procedure A was followed. The crude was purified by silica gel column chromatography (hexane) to provide

219 (50.6 mg, 94.6 pmol, 95%).
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219: red oil; IR (neat): 2034 cm™'; 'TH-NMR (400 MHz, CDCls): § 7.70-7.60 (m, 2H), 7.40-7.31 (m, 3H), 5.61 (s, 1H),
2.26 (brs, 2H), 2.19-2.09 (m, 2H), 1.80-1.70 (m, 2H), 1.66-1.57 (m, 2H); *C-NMR (150 MHz, CDCl3): § 198.1,
148.0, 136.6, 130.0, 128.9, 128.4, 124.9 (t, 'Jcr = 259.4 Hz), 112.7, 88.0, 83.8 (t, 2Jcr = 49.9 Hz), 28.0, 23.8, 22.8,
21.7; YF-NMR (560 MHz, CDCl;): & -58.3 (s, 2F); HRMS (EI): calcd for C21H14Co2F207 (M"): 533.9372, found:
533.9361.

Etherification of 4’-methoxyacetophenone
The procedure A was followed. The crude was purified by silica gel column chromatography (hexane containing 1%

TEA) to provide 222 (59.6 mg, 82.5 umol, 84%).
FF

O& Coo(CO)es

o o
MeO

222
222: red oil; IR (neat): 2035 cm™'; "TH-NMR (600 MHz, CDCl3): § 7.67 (t, J = 1.7 Hz, 2H), 7.48 (d, J = 7.5 Hz, 2H),

7.36 (s, 3H), 6.83 (d, J= 7.5 Hz, 2H), 5.28 (s, 1H), 5.23 (s, 1H), 3.81 (s, 3H); "*C-NMR (150 MHz, CDCl3): § 198.0,
160.1, 152.4, 136.4, 130.0, 128.9, 128.5, 127.8, 126.9, 125.2 (t, 'Jcr = 260.1 Hz), 113.6, 97.7, 88.5, 83.0 (t, “Jcr =
48.4 Hz), 55.2; F-NMR (560 MHz, CDCls): § -59.2 (s, 2F); HRMS (EI): caled for C2H4Co2F>0s ([M-3COTY):
501.9473, found: 501.9470.

Etherification of 4’-chloroacetophenone
The procedure A was followed. The crude was purified by silica gel column chromatography (hexane containing 1%

TEA) to provide 223 (57.4 mg, 97.1 pmol, 97%).

FF
Co,(CO

O&\\Oz( )6
Ph

O

223

223: red oil; IR (neat): 2036 cm™'; "H-NMR (600 MHz, CDCl3): § 7.68-7.62 (m, 2H), 7.46 (d, J = 8.6 Hz, 2H), 7.40-
7.34 (m, 3H), 7.28 (d, J = 8.6 Hz, 2H), 5.38 (d, J = 2.4 Hz, 1H), 5.34 (s, 1H); *C-NMR (150 MHz, CDCls): § 197.9,
151.6, 136.3, 134.8, 133.7, 130.0, 129.0, 128.6, 128.5, 126.8, 125.3 (t, 'Jcr = 262.3 Hz), 99.94, 88.68, 82.5 (t, %Jcr =
49.1 Hz); ""F-NMR (560 MHz, CDCl;): 8 -59.4 (s, 2F); HRMS (EI): calcd for C23H;;*°CIC0,F207 (M): 589.8825,
found: 589.8820.

Etherification of methyl 4’-carboxyacetophenone
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The procedure A was followed. The crude was purified by silica gel column chromatography (AcOEt : hexane 1:20
containing 1% TEA) to provide 224 (57.1 mg, 93.0 umol, 93%).

K C0x(CO)g

@ i
MeO,C

224
224: red oil; IR (neat): 2036 cm™'; "H-NMR (600 MHz, CDCls): § 7.98 (d, J = 7.5 Hz, 2H), 7.69-7.63 (m, 2H), 7.61

(t,J=8.9 Hz, 2H), 7.37 (s, 3H), 5.51 (s, 1H), 5.45 (s, 1H), 3.92 (s, 3H); *C-NMR (150 MHz, CDCL): & 197.9, 166.6,
151.6, 139.4, 136.3, 130.8, 130.0, 129.6, 129.0, 128.7, 125.4, 125.4 (t, "Jecr = 261.6 Hz), 101.5, 88.7, 82.3 (t, ZJcr =
47.7 Hz), 52.1; "YF-NMR (560 MHz, CDCls): & -59.4 (s, 2F); HRMS (EI): calcd for C2,Hi4C02F206 ([M-3COT):
529.9422, found: 529.9432.

Etherification of 4’-dimethylaminoacetophenone
The procedure A was followed. The crude was purified by silica gel column chromatography (hexane containing 1%

TEA) to provide 225 (27.1 mg, 45.1 pmol, 45%).

OK C0,(CO)g

MeaN 225
225: red oil; IR (neat): 2036 cm’'; 'TH-NMR (600 MHz, CDCl3): 8 7.66-7.73 (m, 2H), 7.43 (d, J = 8.8 Hz, 2H), 7.32-
7.40 (m, 3H), 6.63 (d, J = 8.2 Hz, 2H), 5.21 (d, J = 2.1 Hz, 1H), 5.12 (s, 1H), 2.97 (s, 6H); ""F-NMR (560 MHz,

CDCl3): 6 -58.9 (s, 2F); HRMS (EI): caled for C22H;7C02F2NO4 ([M-3COTY): 514.9790, found: 514.9782.

Etherification of 3’-methoxyacetophenone
The procedure A was followed. The crude was purified by silica gel column chromatography (hexane containing 1%

TEA) to provide 226 (50.5 mg, 86.2 pumol, 86%).

MeO Ph

226
226: red oil; IR (neat): 2036 cm™; "TH-NMR (600 MHz, CDCl5): 8 7.67 (s, 2H), 7.35 (s, 3H), 7.23 (t,J = 8.3 Hz, 1H),
7.15 (d, J = 7.2 Hz, 1H), 7.05 (s, 1H), 6.87 (d, J = 7.2 Hz, 1H), 5.39 (s, 1H), 5.33 (s, 1H), 3.68 (s, 3H); *C-NMR
(150 MHz, CDCl3): 6 197.9, 159.5, 152.4, 136.6, 136.4 , 130.0, 129.2, 129.0, 128.6, 125.3 (t, ' Jcr = 261.5 Hz),
118.1, 114.9, 110.7, 99.7, 88.5, 82.7 (t, *Jcr = 49.1 Hz), 55.1; "F-NMR (560 MHz, CDCls): § -59.4 (s, 2F); HRMS
(EX): caled for C21H14Co02F20s ([M-3CO]J"): 501.9473, found: 501.9472.

Etherification of 2°-methoxyacetophenone

149



The procedure A was followed. The crude was purified by silica gel column chromatography (AcOEt : hexane =1 :

50 containing 1% TEA) to provide 227 (43.0 mg, 73.3 umol, 73%).

x C0x(CO)g
OMe O

227
227: red oil; IR (neat): 2035 cm™'; "TH-NMR (600 MHz, CDCls): & 7.66 (s, 2H), 7.46 (d, J = 7.2 Hz, 1H), 7.40-7.26

(m, 4H), 6.92 (d, ] = 6.5 Hz, 2H), 5.48 (s, 1H), 5.44 (s, 1H), 3.84 (s, 3H); ">*C-NMR (150 MHz, CDCl3): 5 198.0,
157.1,150.2, 136.5, 130.04, 129.98, 129.6, 128.8, 128.4, 125.1 (t, 'Jcr = 260.8 Hz), 124.7, 120.1, 110.9, 104.8, 88.3,
83.3 (t, 2Jcr = 49.1 Hz), -55.4 (s, 2F); YF-NMR (560 MHz, CDCl3): § 59.3; HRMS (EI): calcd for Co1Hi4C02F>0s
(IM-3CO1"): 501.9473, found: 501.9468.

Etherification of 3°,5’-bistrifluoromethylacetophenone
The procedure A was followed. The crude was purified by silica gel column chromatography (hexane containing 1%

TEA) to provide 228 (58.5 mg, 64.6 umol, 85%).

K Co(CO)g

FsC

CF
8 228

228: red oil; IR (neat): 2039 cm'; "H-NMR (600 MHz, CDCls): § 7.98 (s, 2H), 7.84 (s, 1H), 7.65 (s, 2H), 7.37 (s,
3H), 5.59 (s, 1H), 5.56 (s, 1H); '3C-NMR (150 MHz, CDCls): & 197.8, 149.8, 137.4, 136.1, 132.0 (q, >Jcr = 33.6 Hz),
129.8, 129.1, 128.8, 125.6 (t, Jer = 263.0 Hz), 125.5, 123.1 (q, 'Jor = 271.3 Hz), 122.5, 102.5, 88.9, 81.3 (t, 2Jcr =
44.8 Hz); 'F-NMR (560 MHz, CDCL): & -59.7 (s, 2F), -66.3 (s, 3F); HRMS (EI): calcd for CosHioCo2Fs07 (MY):
691.8963, found: 691.8971.

Etherification of 3-acetylbenzophenone
The procedure A was followed. The crude was purified by silica gel column chromatography (hexane containing 1%

TEA) to provide 229 (53.4 mg, 89.5 umol, 86%).

Co,(CO)g
OK 0p(

Swall

229

229: red oil; IR (neat): 2036 cm™'; "H-NMR (600 MHz, CDCls): § 7.77 (d, J = 7.5 Hz, 1H), 7.71-7.64 (m, 3H), 7.50
(d,J=17.5 Hz, 1H), 7.42-7.36 (m, 3H), 7.35 (t, J= 8.2 Hz, 1H) 7.31 (t,J = 7.5 Hz, 1H), 5.45 (s, 2H); *C-NMR (150
MHz, CDCl): § 197.9, 155.6, 146.0, 143.7, 136.3, 130.0, 129.0, 128.7, 125.3 (t, %Jcr = 261.5 Hz), 124.9, 124.5,

123.3,120.6, 117.8, 111.9, 100.3, 88.7, 82.6 (t, 2Jcr = 47.7 Hz); "F-NMR (560 MHz, CDCl5): § -59.1 (s, 2F); HRMS
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(EX): caled for C21H12C02F204 (MT): 483.9368, found: 438.9363.

Etherification of 1-Ts-3-acetyl pyrrole
The procedure A was followed. The crude was purified by silica gel column chromatography (AcOEt : hexane = 1:20
containing 1% TEA) to provide 230 (43.6 mg, 62.3 umol, 62%).

OK Co(CO)g

.’F‘
s 230

230: red oil; IR (neat): 2036 cm™'; "H-NMR (600 MHz, CDCls): § 7.77 (d, J = 7.5 Hz, 1H), 7.71-7.64 (m, 3H), 7.50
(d,J=17.5 Hz, 1H), 7.42-7.36 (m, 3H), 7.35 (t, J= 8.2 Hz, 1H) 7.31 (t,J = 7.5 Hz, 1H), 5.45 (s, 2H); *C-NMR (150
MHz, CDCl): § 197.9, 147.2, 145.2, 136.3, 135.7, 130.0, 129.9, 129.1, 128.7, 126.9, 125.2 (t, 'Jcr = 263.0 Hz),
125.0, 121.4, 117.9, 110.9, 96.9, 88.6, 82.5 (t, 2Jcr = 48.4 Hz), 21.6; "F-NMR (560 MHz, CDCl3): § -59.7 (s, 2F);
HRMS (FAB): caled for CosH;7C02FaNO6S ([M-3CO1): 614.9409, found: 614.9415.

Etherification of 4’-methoxyisobutyrophenone
The procedure B was followed. The crude was purified by silica gel column chromatography (hexane containing 1%

TEA) to provide 231 (49.8 mg, 81.1 pumol, 80%).
K/\COz (CO)g

/@)\( Ph
MeO

231
231: red oil; IR (neat): 2035 cm™'; "H-NMR (600 MHz, CDCl3): § 7.62-7.58 (m, 2H), 7.36-7.32 (m, 3H), 7.33 (d, J

= 8.7 Hz, 2H), 6.89 (d, J = 8.9 Hz, 2H), 3.83 (s, 3H), 1.90 (s, 3H), 1.76 (s, 3H); *C-NMR (150 MHz, CDCl5): §
198.1, 158.9, 140.8, 136.5, 130.3, 130.1, 129.7, 128.8, 128.4, 125.5 (t, 'Jcr = 263.0 Hz), 123.8, 113.2, 88.38, 83.8 (4,
2Jcr=48.4 Hz), 55.2,20.2, 18.9; "F-NMR (560 MHz, CDCl5): & -56.3 (s, 2F); HRMS (EI): caled for Co6H;5C02F20s
(M"): 613.9634, found: 613.9645.

Etherification of 4’-methoxyisovalerophenone

The procedure A was followed. The crude was purified by silica gel column chromatography (hexane containing 1%
TEA) to provide the mixture of a inseparable E/Z isomer of 232 (49.1 mg, 78.2 umol, 74%). The E/Z ratio was
determined by '"H-NMR (E/Z = 2.3:1).
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232a 232b
major minor

232a (major): red oil; IR (neat): 2036 cm™'; "TH-NMR (600 MHz, CDCl5): § 7.63-7.56 (m, 2H), 7.35 (d, J = 8.9 Hz,
2H), 7.41-7.29 (m, 3H), 6.89 (d, J = 8.2 Hz, 2H), 5.55 (d, /= 10.3 Hz, 1H), 3.83 (s, 3H), 2.60-2.45 (m, 1H), 1.07 (d,
J=6.8 Hz, 6H); *C-NMR (150 MHz, CDCl3): 5198.1, 159.5, 144.6, 136.6, 130.1, 129.9, 128.9, 128.4, 127.4, 127.0,
125.2 (t, 'Jcr = 258.7 Hz), 113.4, 88.3, 83.9 (t, 2Jcr = 49.1 Hz), 55.3, 27.3, 23.4; "F-NMR (560 MHz, CDCl5): § -
57.7 (s, 2F); HRMS (EI): calcd for C27H20C0,F20s (M"): 627.9790, found: 627.9798.

232b (minor): "H-NMR (600 MHz, CDCl5): § 7.71-7.64 (m, 2H), 7.43 (d, J = 8.2 Hz, 2H), 7.41-7.29 (m, 3H), 6.86
(d, J=8.2 Hz, 2H), 5.43 (d, J = 9.6 Hz, 1H), 3.82 (s, 3H), 3.00-2.88 (m, 1H), 1.06 (d, J = 8.9 Hz, 6H); *C-NMR
(150 MHz, CDCl5): 6 198.1, 159.5, 143.9, 136.6, 129.9, 129.0, 128.6, 128.1, 127.8, 125.1 (t, 'Jcr = 258.7 Hz), 113.6,
88.7, 83.6 (t, 2Jcr = 23.1 Hz), 55.3, 26.5, 22.6; "’F-NMR (560 MHz, CDCl3): 8 -56.7 (s, 2F); HRMS (EI): caled for
C27H20C02F>205 (M): 627.9790, found: 627.9798.

Etherification of ethyl 4-oxocyclohexanecarboxylate
The procedure A was followed. The crude was purified by silica gel column chromatography (AcOEt : hexane

containing 1% TEA) to provide 233 (53.2 mg, 89.7 umol, 90%).

K/Coz (CO)s
Ph

CO,Et
233

233: red oil; IR (neat): 2035, 1734 cmr'; 'H-NMR (600 MHz, CDCls): § 7.74-7.58 (m, 2H), 7.46-7.32 (m, 3H), 5.60
(brs, 1H), 4.16 (q, J = 7.0 Hz, 2H), 2.67-2.52 (m, 1H), 2.41 (brs, 2H), 2.35 (brs, 2H), 2.19-2.04 (m, 1H), 1.97-1.78
(m, 1H), 1.27 (t, J = 7.1 Hz, 3H); *C-NMR (150 MHz, CDCLy): 5198.0, 175.0, 147.3, 136.5, 129.9, 128.9, 128.5,
124.9 (t, 'Jor = 258.7 Hz), 110.9, 88.1, 83.32 (t, 2cr = 49.9 Hz), 60.5, 38.6, 27.1, 26.2, 25.3, 14.2; 'F-NMR (560
MHz, CDCls): §-58.9 (d,J = 167.0 Hz, 1F), -58.1 (d, J = 167.0 Hz, 1F); HRMS (EI): calcd for C2;HisC02F,06 ([M-
3COT"): 521.9735, found: 521.9379.

Etherification of ethyl 4-oxocyclohexanecarboxylate with 220
The procedure A was followed with complex 220 instead of 184. The crude was purified by silica gel column

chromatography (hexane) to provide 234 (60.1 mg, 93.3 pumol, 93%).
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K C0x(CO)g

SlEt3

CO,Et
234

234: red oil; IR (neat): 2031, 1736 cm'; 'H-NMR (600 MHz, CDCls): § 5.54 (s, 1H), 4.15 (1,J= 7.1 Hz, 2H), 2.63-
2.50 (m, 1H), 2.48 (brs, 2H), 2.29 (brs, 2H), 1.92-1.75 (m, 1H), 1.26 (t, J = 7.0 Hz, 3H), 1.06 (t, J = 7.8 Hz, 9H),
0.81 (q, J = 7.8 Hz, 6H); '*C-NMR (150 MHz, CDCls): § 198.9, 175.0, 147.3, 124.4 (t, 'Jcr = 259.4 Hz), 110.6, 99.2
(t, YJcr = 49.1 Hz), 75.3, 60.4, 38.6, 27.1, 26.2, 25.3, 14.2, 7.3, 5.6; '?F-NMR (560 MHz, CDCL): & -57.8 (d, J =
139.5 Hz, 1F), -57.0 (d, J = 139.5 Hz, 1F); HRMS (EI): calcd for Ca1HasCosF206Si ([M-3COT"): 560.0287, found:
560.0278.

Etherification of ethyl 4-oxocyclohexanecarboxylate with 221
The procedure A was followed with complex 220 instead of 184. The crude was purified by silica gel column
chromatography (AcOEt : hexane = 1:20 containing 1% TEA) to provide 235 (55.2 mg, 89.9 umol, 90%).

K Co,(CO)s

C6H13

CO,Et
235

235: red oil; IR (neat): 2032, 1736 cm'; "H-NMR (400 MHz, CDCL): § 5.53 (s, 1H), 4.15 (q, ] = 7.0 Hz, 2H), 2.81
(t,J=7.5 Hz, 2H), 2.62-2.49 (m, 2H), 2.38 (brs, 2H), 2.29 (brs, 2H), 2.10 (brd, 1H), 1.93-1.76 (m, 1H), 1.65, (t, ] =
7.5 Hz, 2H), 1.46 (brs, 1H), 126 (t, ] = 7.0 Hz, 3H), 0.91 (brs, 3H); *C-NMR (150 MHz, CDCls): § 198.5, 175.0,
147.2, 124.6 (t, "Jor = 260.1 Hz), 110.5, 97.8, 84.0 (t, 2Jcr = 49.9 Hz), 60.5, 38.6, 33.3, 31.6, 29.2, 27.0, 26.2, 25 2,
22.5, 14.2, 14.0; ""F-NMR (560 MHz, CDCL3): & -58.9 (d, J = 148.3 Hz, 1F), -58.2 (d, J = 148.3 Hz, 1F); HRMS
(EI): caled for Ca1Hz6C0,F2NOg ([M-3CO]"): 530.0361, found: 530.0357.

Etherification of 2-(3-methoxyphenyl)cyclohexanone
The procedure A was followed. The crude was purified by silica gel column chromatography (hexane containing 1%

TEA) to provide 236 (53.4 mg, 83.3 umol, 83%).

OMe EF

! 0 L02(CONs

ol
236
236: red oil; IR (neat): 2036 em™'; 'H-NMR (600 MHz, CDCls):  7.38 (d, J = 7.5 Hz, 2H), 7.23-7.16 (m, 3H), 6.86
(d,J="17.5Hz, 1H), 6.82 (s, 1H), 6.75 (dd, J=8.2, 2.1 Hz, 1H), 5.97 (s, 1H), 3.75 (s, 3H), 3.66 (s, 1H), 2.33-2.20 (m,
2H), 2.16-2.07 (m, 1H), 1.81-1.73 (m, 1H), 1.73-1.52 (m, 2H); '*C-NMR (150 MHz, CDCL): & 197.9, 159.6, 147.7,
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144.8 ,136.4,129.9, 129.1, 128.7, 128.2, 125.0 (t, 'Jcr = 258.7 Hz), 120.8, 115.0, 113.8, 111.8, 87.9, 83.4 (t, *Jcr =
49.9 Hz), 55.1, 44.4, 33.0, 24.2, 18.4; "F-NMR (560 MHz, CDCl3): § -60.2 (d, J = 148.3 Hz), -58.3 (d, J = 148.3
Hz); HRMS (EI): caled for CasH20C02F20s (M"): 639.9790, found: 639.9777.

Etherification of (2-oxocyclohexyl)methyl 4-iodobenzoate
The procedure A was followed. The crude was purified by silica gel column chromatography (hexane) to provide the
mixture of 237 and 238 (69.4 mg, 87.4 umol, 86%). The ratio was determined by "H-NMR (237 : 238 =6.8 : 1). The

mixture of 237 and 238 was inseparable.

o F F
o0 o \\/32(00)6 K Cox(CO)g
G L

major minor
237 238

237 (major): red oil; IR (neat): 2035, 1725 cm™'; 'H-NMR (600 MHz, CDCl;): §7.78 (d, J = 8.6 Hz, 2H), 7.71 (d, J
= 8.2 Hz, 2H), 7.66-7.59 (m, 2H), 7.36-7.29 (m, 3H), 5.88 (s, 1H), 4.49 (dd, /= 10.8, 2.9 Hz, 1H), 4.33 (dd, J=11.0,
7.9 Hz, 1H), 2.84 (brs, 1H), 2.23-2.16 (m, 2H), 1.96-1.87 (m, 1H), 1.86-1.77 (m, 1H), 1.76-1.69 (m, 1H), 1.68-1.60
(m, 1H); *C-NMR (150 MHz, CDCl3): § 197.9, 165.9, 146.2, 137.7, 136.4, 131.0, 129.9, 128.9, 128.5, 125.2 (t, 'Jcr
=259.4 Hz),116.5, 100.6, 88.3, 83.0 (t, *Jcr = 49.1 Hz), 64.99, 37.65, 26.12, 24.04, 19.03; "F-NMR (560 MHz,
CDCl3): 6 -58.1 (d, J = 157.0 Hz, 1F), -59.0 (d, J = 139.5 Hz, 1F); HRMS (EI): calcd for Cy6Hi9C02F206l ([M-
3COT"): 709.8858, found: 709.8849.

Etherification of ethyl 2-oxocyclohexanecarboxylate

The procedure A was followed. The crude was purified by silica gel column chromatography (AcOEt : hexane =1 :
20 containing 1% TEA) to provide the mixture of 239 and 240 (35.3 mg, 58.2 umol, 58%, 239 : 240 = 1.4 : 1). The
ratio was determined by "H-NMR. The analytical sample was prepared by flash silica gel column chromatography

(AcOEt : hexane =1 : 20).

F
o Ox Co5(CO)s

EtO

239
239: red oil; IR (neat): 2035, 1731 cm™'; "TH-NMR (600 MHz, CDCls): § 7.66 (d, J = 7.5 Hz, 2H), 7.40-7.30 (m, 3H),

4.08 (q, J = 7.1 Hz, 2H), 2.50 (brs, 2H), 2.40 (brs, 2H), 1.81-1.74 (m, 2H), 1.71-1.65 (m, 2H), 1.18 (t, J = 6.8 Hz,
3H); '*C-NMR (150 MHz, CDCls): & 198.0, 166.6, 150.6, 136.6, 130.0, 128.8, 128.4, 125.2 (t, Jcr = 260.1 Hz),
121.1, 88.3, 82.4 (t, 2Jcr = 49.1 Hz), 60.3, 29.5, 26.2, 22.4, 21.5, 14.1; "’F-NMR (560 MHz, CDCLs): & -55.5 (s, 2F);
HRMS (EI): caled for CooH sC0,F207 (M-2COT"): 549.9685, found: 549.9691.
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0 o K Cou(CO)g

EtO

240
240: red oil; IR (neat): 2035, 1737 cm™'; "TH-NMR (600 MHz, CDCl3): § 7.66-7.59 (m, 2H), 7.40-7.30 (m, 3H), 5.90

(s, 1H), 4.10-4.03 (m, 2H), 3.33 (t, ] = 5.1 Hz, 1H), 2.30-2.24 (m, 1H), 2.20-2.14 (m, 1H), 1.99-2.02 (m, 2H), 1.67-
1.80 (m, 1H), 1.59-1.66 (m, 1H), 1.17 (q, J = 6.8 Hz, 3H); 3C-NMR (150 MHz, CDCL3): 5 197.9, 172.7, 144.2, 136 4,
130.0, 128.9, 128.4, 125.1 (t, 'Jer = 260.1 Hz), 115.7, 88.2, 83.1 (t, 2Jcr = 49.1 Hz), 60.8, 44.5,27.3,23.8, 19.1, 14.0;
9F-NMR (560 MHz, CDCls): & -59.2 (d, J= 148.3 Hz), -58.7 (d, J= 148.3 Hz); HRMS (EI): calcd for C2;HisCo2F206
(IM-3COT"): 521.9735, found: 521.9726.

Etherification of 2-methylene-3-oxobutyl 3-cyanobenzoate
The procedure A was followed. The crude was purified by silica gel column chromatography (hexane) to provide

241 (38.0 mg, 57.2 pmol, 57%).

o Ox Co5(CO)s

NC\©)‘\0/\H/&
241
241: red oil; IR (neat): 2036, 1731 cm™; 'TH-NMR (600 MHz, CDCl5): § 8.34 (s, 1H), 8.29 (d, J = 8.2 Hz, 1H), 7.86

(d, J=8.2 Hz, 1H), 7.68-7.63 (m, 2H), 7.60 (t, J = 7.5 Hz, 1H), 7.33-7.40 (m, 3H), 5.68 (s, 1H), 5.46 (s, 1H), 5.36
(s, 1H), 5.15 (d, J = 2.7 Hz, 1H), 5.06 (s, 2H); *C-NMR (150 MHz, CDCls): § 197.9, 164.1, 150.1, 136.7, 136.3,
136.2, 133.7, 133.3, 131.2, 129.9, 129.5, 129.0, 128.6, 125.2 (t, 'Jcr = 261.5 Hz), 118.4, 117.8, 113.1, 101.8, 88.7,
82.3 (t,%Jcr = 47.7 Hz), 65.1; "F-NMR (560 MHz, CDCl5): & -59.3 (s, 2F); HRMS (FAB): calcd for CosHsCo2F2NOg
(IM-3CO7"): 580.9531, found: 580.9549.

Etherification of (E)-4-(2-methoxyphenyl)but-3-en-2-one
The procedure A was followed. The crude was purified by silica gel column chromatography (hexane containing 1%

TEA) to provide 242 (26.4 mg, 43.1 umol, 43%).

G
242
242: red oil; IR (neat): 2036 cm™'; "TH-NMR (600 MHz, CDCls): § 7.75-7.67 (m, 2H), 7.42-7.35 (m, 4H), 7.22 (t, J =
7.9 Hz, 1H), 7.17 (d, J = 15.7 Hz, 1H), 6.91 (t,J = 7.2 Hz, 1H), 6.85 (d, J = 8.2 Hz, 1H), 6.71 (d, J= 15.7 Hz, 1H),
5.24 (s, 1H), 4.99 (s, 1H), 3.75 (s, 3H); '3C-NMR (150 MHz, CDCl5): § 198.0, 157.3, 152.0, 136.4, 130.0, 129.6,
129.2,129.2, 128.9, 128.5, 127.2, 125.6, 125.2, 125.1 (t, 'Jcr = 260.8 Hz), 124.1, 120.5, 110.8, 102.5, 84.5, 82.8 (t,
2Jcr = 49.1 Hz), 55.15; "F-NMR (560 MHz, CDCl3): & -59.2 (s, 2F); HRMS (EI): calcd for Co3H;6C02F20s ([M-
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3COJ"): 527.9630, found: 527.9630.

Etherification of aldehydes

General Procedure. A solution of 184 (0.15 mmol) and Co»(CO)s (0.15 mmol) in toluene (1 mL) was stirred at room
temperature. After 3 h, ketone (0.1 mmol), iProNEt (0.15 mmol) and AgNTT, (0.15 mmol) was added and stirred at
room temperature for 30 min. The reaction mixture was diluted with saturated aqueous NaHCOs3 (1 mL) and extracted
with AcOEt (5mL x 2). The combined organic layers were washed with brine and dried over MgSQOys, filtered and
concentrated in vacuo. The residue was purified by flash silica gel column chromatography (Kanto). When it is
difficult to identify the obtained products by "H-NMR, these products decoplexed following procedure.

To a solution of dicobalt complex in Et;,O-MeCN (1:1, 0.02 M) was added N,N,N’-trimethylethylenediamine (4.5
eq.). The reaction mixture was stirred at room temperature under O atmosphere. After 16 h, the reaction mixture was
diluted with H>O (5 mL) and Et,O (5 mL) and extracted with EtcO (5 mL x 3). The combined organic layers were
washed with brine, dried over MgSO4, and concentrated in vacuo. The residue was purified by flash silica gel column

chromatography (hexane).

Etherification of 2-(4-methoxyphenyl)acetaldehyde
The general procedure was followed. The crude was purified by silica gel column chromatography (hexane) to
provide 248 (42.3 mg, 72.2 pmol, 72%, Z/E > 20/1).

F

F
Co,(CO
MeO O& /\\ 2(CO)s
¥ Ph

248
248: red oil; IR (neat): 2036 cm™'; "TH-NMR (600 MHz, CDCl5): § 7.65 (d, J = 6.2 Hz, 2H), 7.44-7.39 (m, 2H), 7.37-
7.30 (m, 3H), 6.80 (d, J = 7.5 Hz, 1H), 6.68 (d, J = 8.9 Hz, 2H), 5.68 (d, J = 6.8 Hz, 1H), 3.76 (s, 3H); *C-NMR
(150 MHz, CDCls): 197.8, 158.6, 136.2, 133.1, 130.2, 130.0, 129.0, 128.6, 126.3 (t, 'Jcr = 260.1 Hz), 125.0, 113.5,
111.9, 89.0, 80.7 (t, 2Jcr = 44.1 Hz), 55.2; ""F-NMR (560 MHz, CDCl5): & 59.8; HRMS (EI): calcd for C24H4C0,F20s
(M"): 585.9321, found: 585.9331.

Etherification of 2-(4-chlorophenyl)acetaldehyde
The general procedure was followed. The crude was purified by silica gel column chromatography (hexane) to
provide 249 (32.9 mg).
The decomplexation procedure was followed. The crude was purified silica gel column chromatography (hexane) to
give 249’ (12.5 mg, 37.0 umol, 37%)
cl N

249’
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249’: colorless oil; IR (neat): 2249, 1666 cm™; 'H-NMR (600 MHz, CDCl;): § 7.65 (d, J = 6.2 Hz, 2H), 7.44-7.39
(m, 2H), 7.37-7.30 (m, 3H), 6.80 (d, J = 7.5 Hz, 1H), 6.68 (d, J = 8.9 Hz, 2H), 5.68 (d, J = 6.8 Hz, 1H), 3.76 (s,
3H); 3C-NMR (150 MHz, CDCl;): 197.8, 158.6, 136.2, 133.1, 130.2, 130.0, 129.0, 128.6, 126.3 (t, 'Jcr = 260.1 Hz),
125.0, 113.5, 111.9, 89.0, 80.7 (t, %Jcr = 44.1 Hz), 55.2; '’F-NMR (560 MHz, CDCl5): & 59.8; HRMS (EI): calcd for
C17H11*3CIF,0 (M"): 304.0466, found: 304.0461.

Etherification of 2- 2-([1,1'-biphenyl]-4-yl)acetaldehyde

The general procedure was followed. The crude was purified by silica gel column chromatography (hexane) to
provide 250 (48.0 mg).

The decomplexation procedure was followed. The crude was purified silica gel column chromatography (hexane) to

give 250’ (20.2 mg, 58.3 umol, 58% 2 steps).

RF

Ph
2L
= Ph

250’

250’: colorless oil; IR (neat): 2248, 1666 cm™'; 'TH-NMR (600 MHz, CDCl3): § 7.68 (d, J = 8.2 Hz, 2H), 7.61-7.53
(m, 6H), 7.48-7.42 (m, 3H), 7.38 (t, J = 7.7 Hz, 2H), 7.34 (t, J = 7.4 Hz, 1H), 6.69 (d, /= 6.9 Hz, 1H), 5.75 (d, J =
6.9 Hz, 1H); >*C-NMR (150 MHz, CDCls): 140.7, 140.1, 134.5, 132.6, 132.4, 130.5, 129.5, 128.8, 128.6, 127.3,
127.1,127.0, 119.1, 114.3 (t, 'Jcr = 254.6 Hz), 112.4, 86.5 (t, *Jcr = 5.8 Hz), 77.7 (t, “Jcr = 52.0 Hz); "’F-NMR (560
MHz, CDCls): § -57.6; HRMS (EI): calcd for C23Hi6F.O (M"): 346.1169, found: 346.1168.

Etherification of 2-(3-methoxyphenyl)acetaldehyde
The general procedure was followed. The crude was purified by silica gel column chromatography (hexane) to
provide 251 (32.6 mg, 55.7 umol, 56%, Z/E = 6/1).

M L0000

OMe F F
/O \/\\Ph
251
251: red oil; IR (neat): 2037 cm™'; "H-NMR (400 MHz, CDCls): & 7.69-7.59 (m, 2H), 7.38-7.29 (m, 2H), 7.16 (d, J
= 7.4 Hz, 2H), 7.05 (t, J= 7.8 Hz, 1H), 6.91 (s, 1H), 6.88 (d, J= 7.1 Hz, 1H), 6.72 (d,J = 6.72 Hz, 1H), 5.71 (d, J =
7.1 Hz, 1H), 3.761 (s, 3H); *C-NMR (150 MHz, CDCls): 197.8, 159.4, 136.2, 134.7, 123.0, 129.1, 129.0, 128.6,
125.1 (t, 'Jer = 260.1 Hz), 121.5, 114.4, 112.9, 112.3, 88.8, 80.5 (t, 2Jcr = 48.4 Hz), 55.0; "’F-NMR (560 MHz,

CDCl3): & -59.6; HRMS (EI): caled for Co4H14Co2F20g ([M-CO]"): 557.9372, found: 557.9383.

Etherification of 2-(2-methoxyphenyl)acetaldehyde

The general procedure was followed. The crude was purified by silica gel column chromatography (hexane) to
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provide 252 (33.3 mg).
The decomplexation procedure was followed. The crude was purified silica gel column chromatography (hexane) to
give 252’ (11.0 mg, 36.6 pmol, 37% 2 steps).

OK

% Ph

OMe
252’

252’: red oil; IR (neat): 2036 cm™; "TH-NMR (600 MHz, CDCl3): § 7.65 (d, J = 6.2 Hz, 2H), 7.39-7.44 (m, 2H), 7.30-
7.37 (m, 3H), 6.80 (d, J = 7.5 Hz, 1H), 6.68 (d, J = 8.9 Hz, 2H), 5.68 (d, J = 6.8 Hz, 1H), 3.76 (s, 3H); *C-NMR
(150 MHz, CDCls): 197.8, 158.6, 136.2, 133.1, 130.2, 130.0, 129.0, 128.6, 126.3 (t, 'Jcr = 260.1 Hz), 125.0, 113.5,
111.9, 89.0, 80.7 (t, 2Jcr = 44.1 Hz), 55.2; "F-NMR (560 MHz, CDCl5): & 59.8; HRMS (EI): calcd for C24H4C0,F2Os
(M"): 585.9321, found: 585.9331.

Etherification of dihydrocinnamaldehyde
The general procedure was followed. The crude was purified by silica gel column chromatography (hexane) to

provide 253 (29.8 mg, 52.3 pumol, 52%, Z/E = 20:1).

FF
Co,(CO
O& L 02(CO)s
= h

% P
253

Ph

253: red oil; IR (neat): 2036 cm™; "H-NMR (600 MHz, CDCl3): § 7.64 (d, J = 6.8 Hz, 2H), 7.35-7.30 (m, 3H), 7.28
(d,J=17.5Hz, 2H), 7.22-7.17 (m, 3H), 6.81 (d,J= 6.2 Hz, 1H), 5.12 (q,J = 7.1 Hz, 1H), 3.47 (d,J= 7.5 Hz, 2H); "*C-
NMR (150 MHz, CDCls): § 197.9, 140.0, 136.3, 134.7, 134.6, 134.8, 130.0, 129.0, 128.6, 128.5, 128.3, 126.1, 124.9
(t, 'Jcr = 260.1 Hz), 113.0, 88.5, 81.3 (t, 2Jcr = 46.2 Hz), 30.1; "F-NMR (560 MHz, CDCls): § -60.4 (s, 2F); HRMS
(EX): caled for C24H14C02F20s (M™): 569.9372, found: 569.9380.

Etherification of 4-oxobutyl benzoate
The general procedure was followed. The crude was purified by silica gel column chromatography (hexane) to

provide 254 (40.8 mg, 65.0 umol, 65%, Z/E = 5:1).

FF

>\§2(00)6
(0] N
BZON

Ph
254

254 (Z isomer): red oil; IR (neat): 2036, 1720 cm'; "H-NMR (600 MHz, CDCL): & 8.02 (d, J = 7.2 Hz, 2H), 7.62-
7.67 (m, 2H), 7.55 (t, J = 7.4 Hz, 1H), 7.42 (t, J = 7.9 Hz, 2H), 7.38-7.31 (m, 4H), 6.81 (d, J = 6.5 Hz, 1H), 5.03 (q,
J=17.0Hz, 1H), 4.32 (t,J= 6.7 Hz, 2H), 2.59 (qd, J= 6.9, 1.1 Hz, 2H); 3C-NMR (150 MHz, CDCL): § 197.8, 166.5,
136.3, 136.1 (t, YJcr = 5.8 Hz), 132.9, 129.9, 129.5, 129.0, 128.6, 128.3, 124.8 (t, Jcr = 259.4 Hz), 109.4, 88.49, 81.1

(t, 2Jcr = 49.9 Hz), 63.7, 23.7; "F-NMR (560 MHz, CDCl5): § -60.5 (s, 2F); HRMS (EI): calcd for Co3H16C02F206
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(IM-3CO1"): 543.9579, found: 543.9581.

Etherification of 5-(1,3-dioxoisoindolin-2-yl)pentanal
The general procedure was followed. The crude was purified by silica gel column chromatography (hexane) to

provide 255 (34.9 mg, 52.3 umol, 52%, Z/E = 7:1).

R F
0P £o2(CON
= \\\\Ph
PhthN

255
255 (Z isomer): red oil; IR (neat): 2036, 1716 cm™'; 'TH-NMR (600 MHz, CDCl5): § 7.82 (dd, J = 5.4, 2.9 Hz, 2H),
7.70 (dd, J = 5.7, 2.9 Hz, 2H), 7.62 (d, J = 7.6 Hz, 2H), 7.31-7.39 (m, 3H), 6.70 (d, J = 6.5 Hz, 1H), 4.96 (q,J = 7.1
Hz, 1H), 3.64 (t,J=7.4 Hz, 2H), 2.18 (q, J = 7.6 Hz, 2H), 1.75 (quint, J = 7.5 Hz, 2H); *C-NMR (150 MHz, CDCl5):
5197.9, 168.3,136.3, 134.9 (t, Jcr = 5.8 Hz), 133.8, 132.2, 129.9, 129.0, 128.6, 124.8 (t, 'Jcr = 260.1 Hz), 123.1,
112.7, 88.4, 81.3 (t, 2Jcr = 47.3 Hz), 37.4, 28.0, 21.3; "F-NMR (560 MHz, CDCls): & -60.5 (s, 2F); HRMS (FAB):

caled for CosH;17C02F2NOg ([M-3COTY): 582.9688 found: 582.9669.

255 (E isomer): 'H-NMR (600 MHz, CDCls): § 7.85 (dd, J = 2.9 Hz, 2H), 7.72-7.68 (m, 2H), 7.61 (d, J= 10.0 Hz,
2H), 7.39-7.31 (m, 3H), 5.41 (dt, J=12.4, 7.4 Hz, 1H), 3.72 (t, /= 7.0 Hz, 2H), 2.09 (q, /= 7.4 Hz, 2H), 1.81 (quint,
J=17.3 Hz, 2H); *C-NMR (150 MHz, CDCl3): § -60.8 (s, 2F).

The synthesis of trifluoropyrane 259

FF

R F
FF
N M Los(CO)s
o AN 0 YAl 0" N
Ph

184 “Ph(1.0eq.) MeHNCH,CH,NMe; (6.0 eq.) -
©)J\ AgNTf, (1.0 eq.) ©/§ O (balloon), Et,0, rt, 20 h, 77% @
iProNEt (1.0 eq.)

toluene, rt, 30 min, 71% E27 244

2.0 equiv.
FF 0
AgNTf, (10 mol%) 0 o
3HF-Et3N (0.4 eq.) | . « |
Ph Ph
DCE, 24 h, 1t, 48% F
259 256

The 1 mmol scale synthesis of E27

A solution of phenyldifluorobromopropyne (184) (160 mg, 693 pmol) and Co2(CO)s (246 mg, 719 umol) in toluene
(7 mL) was stirred at room temperature. After 3 h, acetophenone (160 pL, 1.63 mmol), iProNEt (125 pL, 717 pumol)
and AgNTf; (272 mg, 701 pmol) was added and stirred at room temperature for 30 min. The reaction mixture was

diluted with saturated aqueous NaHCOj3 (5 mL) and extracted with hexane (20 mL x 2). The combined organic layers
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were washed with brine and dried over MgSOs, filtered and concentrated in vacuo. The residue was purified by silica

gel column chromatography (hexane) to provide E27 (275 mg, 494 pmol, 71%).

E27: red oil; IR (neat): 2035 cm™'; "H-NMR (600 MHz, CDCls): § 7.67 (q, J = 3.0 Hz, 2H), 7.58-7.52 (m, 2H), 7.41-
7.36 (m, 3H), 7.34-7.29 (m, 3H), 5.40 (d, /= 2.7 Hz, 1H), 5.33 (s, IH); '*C-NMR (150 MHz, CDCl5): § 198.0, 152.6,
136.4, 135.2, 130.0, 128.9, 128.6, 128.2, 125.5, 125.3 (t, 'Jor = 267.5 Hz), 99.5, 88.6, 82.8 (t, 2Jcr = 49.5 Hz); '°F-
NMR (560 MHz, CDCLs): §-59.3 (s, 2F); HRMS (EI): caled for CaoH12C0F204 ([M-3COJ"): 471.9368, found:
471.9359.

The synthesis of 244

To a solution of E27 (275 mg, 494 umol) in Et;O (20 mL) was added N, NV, N -trimethylethylenediamine (410 pL,
2.99 mmol). The reaction mixture was stirred at room temperature under O, atmosphere. After 20 h, the reaction
mixture was diluted with H,O (10 mL) and Et,O (10 mL) and extracted with Et,O (20 mL x 3). The combined organic
layers were washed with brine, dried over MgSOs, and concentrated in vacuo. The residue was purified by flash silica

gel column chromatography (hexane) to provide 244 (103 mg, 381 pmol, 71%).

244: colorless oil; IR (neat): 2245 cm™'; "TH-NMR (600 MHz, CDCls): 8 7.63 (d, J = 7.5 Hz, 2H), 7.45-7.36 (m, 6H),
7.33 (t,J="7.5 Hz, 2H), 5.38 (s, 1H), 5.19 (s, 1H); '*C-NMR (150 MHz, CDCl5):  153.0, 134.5, 132.3, 130.2, 129.1 ,
128.44, 128.38, 125.5, 119.4, 114.4 (t, 'Jcr = 243.1 Hz), 99.1, 86.1 (t, *Jcr = 5.7 Hz), 78.2 (t, *Jcr = 52.3 Hz); '°F-
NMR (560 MHz, CDCl3): & -53.3 (s, 2F); HRMS (EI): calcd for C17H12F20 (M*Y): 270.0856, found: 270.0877.

The synthesis of trifluoropyrane 259

To a solution of 244 (27.0 mg, 99.8 umol) and 3HF-Et:N (6.6 uL, 40.4 umol) in DCE (1 mL) was AgNTf, (1.8 mg,
4.6 pmol, 10 mol%) and stirred at room temperature. After 20 h, the reaction mixture was quenched with saturated
aqueous NaHCOs (1 mL) and extracted with CH2Cl, (2 mL x 2). The combined organic layers were dried over
MgSO0O4 and concentrated in vacuo. The residue was purified by PTLC (AcOEt : hexane = 1 : 8) to provide 259 (13.9
mg, 47.9 umol, 48%).

259: colorless oil; IR (neat): 1666 cm™'; '"H-NMR (600 MHz, CDCl3): § 7.69-7.61 (m, 2H), 7.52-7.46 (m, 5H), 7.43-
7.39 (m, 3H), 6.34 (s, 1H), 3.22-3.05 (m, 2H); *C-NMR (150 MHz, CDCls): §140.2 (t, *Jcr = 8.6 Hz), 138.2 (t, Jcr
=24.4 Hz), 129.8, 128.9, 128.6, 125.7 , 124.8 (t, *Jcr = 7.2 Hz), 120.1 (dd, 'Jcr = 251.0, 233.8 Hz), 113.9 (dd, 2Jcr
=37.3,33.0 Hz), 112.1 (dd, "Jcr = 227.0 Hz, *Jcr = 7.2 Hz), 37.0 (d, *Jcr =33.0 Hz); ’F-NMR (560 MHz, CDCl;):
8-54.5(d,J=174.4 Hz),-66.5 (d,J= 191.8 Hz), -107.5 (d, J = 34.9 Hz); HRMS (EI): calcd for Ci7H;3C0.F30 (M"):
290.0919, found: 290.0909.
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The synthesis of trifluoropyrane 260

F R F

F
}K Coy(CO)s
Co,(CO
o o LoulCONe o>\

4 Ph (1.0 eq.) \\\Ph MeHNCH,CH,NMe, (5.0 eq.) Bh
/Ej)k AgNTH (1.2 eq.) @ 0, (balloon), Et20-MeCN (1:1) @
cl iProNEt (1.2 eq.) cl rt, 21 h, 70% Cl
rt, 30

toluene, min, 82%
2.0 equiv. 223 245

FF

AgNTf, (20 mol%) fe)
3HF-Et;N (0.8 eq.) |

Ph
DCE, rt, 17 h, 73% F
cl 260

The 1 mmol scale synthesis of 223

A solution of phenyldifluorobromopropyne (184) (231 mg, 1.00 mmol) and Co2(CO)s (350 mg, 1.02 mmol) in toluene
(10 mL) was stirred at room temperature. After 3 h, 4’-chloroacetophenone (258 pL, 2.00 mmol), iProNEt (210 pL,
1.21 mmol) and AgNTf; (450 mg, 1.16 mmol) was added and stirred at room temperature for 30 min. The reaction
mixture was diluted with saturated aqueous NaHCO3 (5 mL) and extracted with hexane (20 mL x 2). The combined
organic layers were washed with brine and dried over MgSOQs, filtered and concentrated in vacuo. The residue was

purified by silica gel column chromatography (hexane) to provide 223 (482 mg, 817 umol, 82%).

The synthesis of 245

To a solution of 223 (482 mg, 817 pmol) in Et,0O (20 mL) and MeCN (20 mL) was added N,N,N -
trimethylethylenediamine (560 pL, 4.08 mmol). The reaction mixture was stirred at room temperature under O
atmosphere. After 20 h, the reaction mixture was diluted with H>O (20 mL) and Et,O (20 mL) and extracted with
Et,0 (20 mL x 3). The combined organic layers were washed with brine, dried over MgSQOs, and concentrated in
vacuo. The residue was purified by flash silica gel column chromatography (hexane) to provide 245 (173 mg, 568
pmol, 70%).

245: colorless oil; IR (neat): 2246, 1637 cm™; "TH-NMR (600 MHz, CDCl5): § 7.56-7.53 (m, 2H), 7.42 (t,J = 7.7 Hz,
1H), 7.41 (d,J= 7.6 Hz, 2H), 7.35-7.33 (m, 4H), 5.42-5.38 (m, 1H), 5.23-5.18 (m, 1H); *C-NMR (150 MHz, CDCl5):
5 152.0, 135.1, 133.0, 132.2, 130.4, 128.6, 128.5, 126.8, 119.2, 114.3 (t, 'Jcr = 243.5 Hz),99.5, 86.32 (t, *Jcr = 6.5
Hz), 78.0 (t, %Jcr = 52.0 Hz); "F-NMR (560 MHz, CDCl3): § -53.5 (s, 2F); HRMS (EI): calcd for Ci7H;*CIF,0
(M"): 304.0466, found: 304.1468.

The synthesis of trifluoropyrane 260
To a solution of 245 (29.6 mg, 97.1 pmol) and 3HF-Et;N (13.5 pL, 82.8 pmol) in DCE (2 mL) was AgNTf; (8.0 mg,

20 pmol, 20 mol%) and stirred at room temperature. After 17 h, the reaction mixture was quenched with sat. NaHCO3
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ag. (1 mL) and extracted with CH>Cl, (4 mL x 2). The combined organic layers were dried over MgSQO4 and
concentrated in vacuo. The residue was purified by PTLC (AcOEt : hexane = 1 : 8) to provide diastereomeric mixture

of 260 (23.0 mg, 70.8 umol, 73%). The diastereomeric ratio was determined by 'H-NMR.

260: colorless oil; IR (neat): 1666, 1603 cm™'; "TH-NMR (600 MHz, CDCl3): § 7.57 (dt, J = 8.9, 2.1 Hz, 2H), 7.39-
7.50 (m, 7H), 6.33 (t,J=2.1 Hz, 1H), 3.17 (dt,J=17.5, 6.9 Hz, 1H), 3.05 (ddtd, J=34.0, 17.6, 5.5, 2.7 Hz, 1H); "*C-
NMR (150 MHz, CDCl3): § 140.1 (t, *Jcr = 9.4 Hz), 136.7 (t, 2Jcr = 24.6 Hz), 136.0 (t, Jcr = 33.2 Hz), 129.9, 128.94,
128.86, 126.4 (t, >Jcr = 5.8 Hz), 125.6, 120.0 (dd, 'Jcr = 235.5, 251.4 Hz), 113.9 (dd, *Jcr = 37.6, 33.2 Hz), 11.7 (dd,
'Jcr = 229.8 Hz, *Jcr = 5.8 Hz), 36.9 (d, “Jcr = 33.2 Hz); "’F-NMR (560 MHz, CDCl3): § -54.7 (d,J = 191.8 Hz,
1F), -66.6 (d, J = 174.4 Hz, 1F), -107.0 (d, J = 34.9 Hz, 1F); HRMS (EI): caled for Ci7H2*>CIF;0 (M"): 324.0529,
found: 324.0545.

The synthesis of trifluoropyrane 268
R F

FF F
- COz(CO)G
o . 074, 80200 0" %

184\\Ph (1.0 equiv.) \\Ph CAN (4.5 equiv.) Ph
é AgNT, (1.0 equiv.) MeCN, rt, 15 min, 83%

ProNEt (1.0 equiv.)

H 0,
2.0 equiv. toluene, rt, 50 min, 80% 219 243
n.O.e.
AgNTf, (10 mol%) 7N F
3HF-EtzN (0.4 equiv.) = H 4 y

DCE, 20 h, rt, 79%

268

The 1 mmol scale synthesis of 219

A solution of phenyldifluorobromopropyne (184) (205 mg, 887 umol) and Co2(CO)s (316 mg, 924 umol) in toluene
(9 mL) was stirred at room temperature. After 3 h, cyclohexane (190 pL, 1.83 mmol), iProNEt (160 pL, 919 umol)
and AgNTf; (344 mg, 887 umol) was added and stirred at room temperature for 30 min. The reaction mixture was
diluted with saturated aqueous NaHCOj3 (5 mL) and extracted with hexane (20 mL x 2). The combined organic layers
were washed with brine and dried over MgSOs, filtered and concentrated in vacuo. The residue was purified by silica

gel column chromatography (hexane) to provide 219 (380 mg, 711 umol, 80%).

The synthesis of 243
To a solution of 219 (380 mg, 355 umol) in MeCN (28 mL) was added cerium ammonium nitrate (1.80 g, 3.28 mmol).
After 15 min, the reaction mixture was diluted with satirated aqueous Na>S>0s3 (10 mL) and extracted with AcOEt
(20 mL x 2). The combined organic layers were washed with brine, dried over MgSQs, and concentrated in vacuo.
The residue was purified by flash silica gel column chromatography (hexane) to provide 243(159 mg, 585 umol,
83%).
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243: colorless oil; IR (neat): 2048 cm™; '"H-NMR (600 MHz, CDCl;): § 7.52 (d, J = 6.8 Hz, 2H), 7.43 (t,J=7.2 Hz,
1H), 7.37 (t,J =7.5 Hz, 2H), 5.58 (s, 1H), 2.24 (brs, 2H), 2.12 (brd, J = 3.4 Hz, 2H), 1.66-1.81 (m, 2H), 1.48-1.65
(m, 2H); *C-NMR (150 MHz, CDCl;): §148.1, 132.2, 130.1, 128.5, 119.7, 114.3 (t, 'Jcr = 241.7 Hz), 113.7, 85.1 (4,
3Jcr = 5.7 Hz), 78.9 (t, *Jcr = 53.8 Hz), 27.9, 23.8, 22.8, 21.7; "F-NMR (560 MHz, CDCl3): § -52.3 (s, 2F); HRMS
(EI): caled for CisHi4F,0 (M"): 248.1013, found: 248.0986.

The synthesis of trifluoropyrane 268

To a solution of 243 (12.7 mg, 51.2 umol) and 3HF-EtN (3.3 pL, 20.2 umol) in DCE (1 mL) was AgNTf (1.8 mg,
4.6 pmol, 10 mol%) and stirred at room temperature. After 20 h, the reaction mixture was quenched with sat. NaHCO3
ag. (1 mL) and extracted with CH>Cl> (2 mL x 2). The combined organic layers were dried over MgSO4 and
concentrated in vacuo. The residue was purified by PTLC (AcOEt : hexane = 1 : 8) to provide diastereomeric mixture
of 268 (10.8 mg, 40.3 umol, 79%, major : minor = 2.5:1). The diastereomeric ratio was determined by 'H-NMR.
The analytical sample was prepared followed procedure. To a solution of 243 (12.4 mg, 45.8 pmol) and in DCE (1
mL) was AgNTf, (0.90 mg, 2.3 umol, 5 mol%) and stirred at room temperature. After 14 h, the reaction mixture was
quenched with saturated aqueous NaHCO3 (1 mL) and extracted with CH>Cl> (2 mL x 2). The combined organic
layers were dried over MgSO,4 and concentrated in vacuo. The residue was purified by PTLC (AcOEt : hexane =1 :

8) to provide single diastereomer 268 (5.93 mg, 22.1 umol, 48%).

268 (major isomer): colorless oil; IR (neat): 1660 cm™; "TH-NMR (600 MHz, CDCl5): § 7.40-7.52 (m, 2H), 7.36-7.40
(m, 3H), 6.09 (s, 1H), 2.79-2.86 (m, 1H), 2.32 (d, /= 13.7 Hz, 1H), 1.91-1.97 (m, 1H), 1.74-1.91 (m, 3H), 1.60-1.70
(m, 1H), 1.20-1.39 (m, 2H); "*C-NMR (150 MHz, CDCl5): 146.1 (t, *Jcr = 9.3 Hz), 135.9, 129.6, 128.9, 126.1,
120.0 (dd, 'Jcr = 248.1,233.8 Hz), 114.4 (t, *Jcr = 4.3 Hz), 112.9 (dd, >Jcr = 38.7, 31.6 Hz), 41.6 (d, 2Jcr = 24.4 Hz),
35.3 (d, *Jor = 21.5 Hz), 31.2 (d, *Jcr = 7.2 Hz), 24.3, 22.7 (d, *Jcr = 10.0 Hz); F-NMR (560 MHz, CDCl3): & -
103.0 (s, 1F), -65.5 (d,J = 191.8 Hz, 1F), -52.7 (d, J = 174.4 Hz, 1F); HRMS (EI): calcd for C2sHi7C0,F2NO6S (M"):
268.1075, found: 268.1075.

The synthesis of trifluoropyrane 270
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. K C0,(CO)s

S

Ph 184 (1.5€eq.) K
MQOO\)? Ag NTf, (1.5 eq.), DTBMP (1.5eq.)  “eO \©\/ C02(CO)s  MeHNCH,CH,NMe, (5.0 eq.)
toluene, rt, 30 min Ph O, (balloon), Et20-MeCN (1:1)

o,
248 rt, 21 h, 81%

R F AgNTTf, (40 mol%)
3HF-Et;N (0.8 eq.)
/ 0 OMe
Ph” Ar._  DCE, 18h, 1, 73%

(major : minor = 2.2:1)
269

270@ 270b
(major) (minor)

The 1 mmol scale synthesis of 248

A solution of phenyldifluorobromopropyne (184) (277 mg, 1.20 mmol) and Co2(CO)s (560 mg, 1.64 mmol) in toluene
(8 mL) was stirred at room temperature. After 3 h, 4-methoxyphenylacetoaldehyde (130 mg, 866 pmol), DTBMP
(210 pL, 1.21 mmol) and AgNTf; (450 mg, 1.16 mmol) was added and stirred at room temperature for 30 min. The
reaction mixture was diluted with sat. NaHCO3; aq. (5 mL) and extracted with hexane (20 mL x 2). The combined
organic layers were washed with brine and dried over MgSOQs, filtered and concentrated in vacuo. The residue was

purified by silica gel column chromatography (AcOEt : hexane = 1:50) to provide 248 (331 mg, 565 umol, 65%).

The synthesis of phenyl difluoropropargyl vinyl ether 269

To a solution of 248 (331 mg, 565 pmol) in Et;,0 (14 mL) and MeCN (14 mL) was added N,N,N -
trimethylethylenediamine (390 pL, 2.84 mmol). The reaction mixture was stirred at room temperature under O
atmosphere. After 21 h, the reaction mixture was diluted with H>O (20 mL) and Et,O (20 mL) and extracted with
Et,0 (20 mL x 3). The combined organic layers were washed with brine, dried over MgSQO4, and concentrated in
vacuo. The residue was purified by flash silica gel column chromatography (AcOEt : hexane = 1:20) to provide 269
(138 mg, 460 umol, 81%).

269: colorless oil; IR (neat): 2248, 1607 cm™'; "TH-NMR (600 MHz, CDCl5): § 7.59-7.52 (m, 4H), 7.46 (t,J = 7.6 Hz,
1H), 7.39 (t, J = 7.6 Hz, 1H), 6.88 (d, J = 8.6 Hz, 2H), 6.58 (d, J = 6.9 Hz, 1H), 5.66 (d, J = 6.9 Hz, 1H), 3.82 (s,
3H); *C-NMR (150 MHz, CDCls): 158.9, 132.9 (t, *Jcr = 3.6 Hz), 132.5, 130.6, 130.5, 128.7, 126.4, 119.3, 114.4 (t,
'Jcr = 244.9 Hz), 113.9, 112.6, 86.4 (t, *Jcr = 5.8 Hz), 78.29, 77.9 (t, *Jcr = 52.7 Hz), 55.33; "’F-NMR (560 MHz,
CDCl3): & -57.5 (s, 2F); HRMS (EI): calcd for CisHi4F>,0> (M"): 300.0962, found: 300.0932.

The synthesis of trifluoropyrane 270
To a solution of 269 (15.3 mg, 50.9 umol) and 3HF-Et:N (6.6 pL, 40.2 umol) in DCE (1 mL) was AgNTf (7.3 mg,
19 umol, 40 mol%) and stirred at room temperature. After 18 h, the reaction mixture was quenched with sat. NaHCO3

ag. (1 mL) and extracted with CH>Cl> (4 mL x 2). The combined organic layers were dried over MgSQO4 and
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concentrated in vacuo. The residue was purified by PTLC (AcOEt : hexane = 1 : 4) to provide diastereomeric mixture
of 270 (11.8 mg, 70.8 pmol, 73% 270a : 270b = 2.2:1). The diastereomeric ratio was determined by 'H-NMR.The
analytical sample was obtained by PTLC (AcOEt : hexane =1 : 4).

MeO
FF
0o H n.O.e.
| J, = )
Ph “F Ph—\"~H
\ F
H F e}

OMe
270a

270a: colorless oil; IR (neat): 1614 cm™'; 'TH-NMR (600 MHz, CDCl3): § 7.46-7.41 (m, 3H), 7.40-7.37 (m, 2H), 7.28
(d, J=8.9 Hz, 2H), 6.87 (d, J = 8.9 Hz, 2H), 6.16 (d, J = 1.4 Hz, 1H), 5.68-5.58 (m, 1H), 5.54 (d, ] = 44.0 Hz, 1H),
3.81 (s, 3H); *C-NMR (150 MHz, CDCls): § 160.01, 148.2 (t, Jcr = 5.1 Hz), 130.14, 130.10, 129.1, 128.09, 128.05,
127.3 (d, 2J = 21.7 Hz), 127.1, 117.6 (d, J = 33.3 Hz), 113.7, 90.5 (d, 'Jcr = 183.5 Hz), 86.8 (d, *Jcr = 24.6 Hz),
55.27; "F-NMR (560 MHz, CDCl3): § -58.8 (d,J = 165.7Hz, 1F), -61.6 (d, J= 165.7Hz, 1F), -191.9 (s, 1F); HRMS
(EX): caled for CisH;sF302 (M*): 320.1024, found: 320.1011.

MeO
EF
O
| = F
Ph F Ph—\"~F
H \\F
L/Ho
n.O.e
OMe

270b

270b: colorless oil; IR (neat): 1648, 1613 cm™; 'TH-NMR (600 MHz, CDCl3): § 7.47-7.39 (m, 3H), 7.37-7.31 (m,
2H), 7.01 (d, J = 8.6 Hz, 2H), 6.78 (d, J = 8.6 Hz, 2H), 5.97 (s, 1H), 5.93-5.84 (m, 1H), 5.59 (dd, J = 43.6, 2.7 Hz,
1H), 3.78 (s, 3H); *C-NMR (150 MHz, CDCL): 8 160.0, 148.2, 132.2 (dd, 'Jcr = 249.3, 245.4 Hz), 130.2, 129.1,
128.3,128.2, 127.1, 125.5 (d, 2Jcr = 21.7 Hz), 117.6 (t, *Jcr = 33.2 Hz), 113.2, 92.9 (dd, 'Jer = 176.3 Hz, 2Jcr = 7.2
Hz), 86.5 (Jcr = 27.5 Hz), 55.2; '’F-NMR (560 MHz, CDCl3): & -58.4 (d, J = 165.7Hz, 1F), -60.1 (d, J = 165.7Hz,
1F), -191.9 (s, 1F); HRMS (EI): calcd for CsHsF;0, (M"): 320.1024, found: 320.1046.
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Synthesis of phenyl difluorodienone 272

FF
FF
Co,(CO
o 400 0 L02(CO)s

220\\SiEt3 (1.0 equiv.) \\SiEt CAN (5.0 equiv.), Et3N (5.0 equiv.)
3
Ej)k AgNTf, (1.0 equiv.) MeCN, rt, 45 min, 56% 2 steps
iProNEt (1.0 equiv.)

toluene, rt, 30 min E30

RF RF

F
O>\ TBAF (1.1 equiv.) O>\\\ DTBMP (20 mol%) o

A
SiEty —m— e —— NP E
THF, -78 °C, 15 min toluene, 80 °C, 3 h
87% 63%

E31 271 272

The synthesis of E30

A solution of triethylsilyldifluorobromopropyne (220) (96.7 mg, 359 umol) and Co2(CO)g (142 mg, 415 umol) in
toluene (4 mL) was stirred at room temperature. After 3 h, acetophenone (90 pL, 772 pmol), iProNEt (70 pL, 402
umol) and AgNTf; (156 mg, 402 umol) was added and stirred at room temperature for 30 min. The reaction mixture
was diluted with sat. NaHCOs3 aq. (2 mL) and extracted with hexane (10 mL x 2). The combined organic layers were
washed with brine and dried over MgSOQa, filtered and concentrated in vacuo. The residue was purified by flash silica

gel column chromatography (Kanto) to provide E30 containing acetophenone (211 mg).

E30: red oil; IR (neat): 2062 cm™'; "TH-NMR (600 MHz, CDCls): & § 7.60-7.53 (m, 2H), 7.38-7.34 (m, 3H), 5.35 (d,
J =2.1Hz, 1H), 5.25 (s, 1H), 1.08 (t, J = 7.9 Hz, 9H), 0.85 (q, J = 7.9 Hz, 6H); 3C-NMR (150 MHz, CDCl3): §
153.0, 134.4, 129.0, 128.3, 125.4, 112.9 (t, 'Jcr = 243.1 Hz), 98.9, 93.7 (t, 2Jcr = 50.2 Hz), 91.2 (t, *Jcr = 5.0 Hz),
7.12, 3.64; "F-NMR (560 MHz, CDCls): & -57.6 (s, 2F); HRMS (EI): calcd for CapH2C02F206Si ([M-3COTY):
509.9919, found: 509.9903.

The synthesis of E31

To a solution of E30 containing acetophenone (211 mg) and triethylamine (220 pL, 1.58 mmol) in MeCN (14 mL)
was added cerium ammonium nitrate (1.01 g, 1.84 mmol). After 30 min, the reaction mixture was diluted with sat.
NaxS>03 (10 mL) and extracted with AcOEt (20 mL x 2). The combined organic layers were washed with brine, dried
over MgSQO4, and concentrated in vacuo. The residue was purified by flash silica gel column chromatography

hexane) to provide E31 (60.8 mg, 197 umol, 56%, 2 steps).
P

E31: colorless oil; IR (neat): 1638 cm™; "TH-NMR (600 MHz, CDCl3): & 7.58 (d, J = 6.2 Hz, 2H), 7.36-7.30 (m, 3H),
5.34 (s, 1H), 5.12 (s, 1H), 0.93 (t, J = 7.9 Hz, 9H), 0.58 (q, J = 8.0 Hz, 6H); 3C-NMR (150 MHz, CDCls): § 153.0,
134.4,129.0, 128.3, 125.4, 112.9 (t, 'Jcr = 243.1 Hz), 99.0, 93.6 (t, %Jcr = 50.9 Hz), 91.2 (t, *Jcr = 5.0 Hz), 7.1, 3.6;
PF-NMR (560 MHz, CDCl5): & -53.8 (s, 2F); HRMS (EI): calcd for C17H22F206Si (M"): 308.1408, found: 308.1418.
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The synthesis of gem-difluoropropargyl vinyl ether 271

To a solution of E31 (60.8 mg, 197 pmol) in THF (10 mL) was added TBAF (1M in THF, 240 pL, 240 pmol) at —78
°C. The reaction mixture was stirred at —78 °C for 15 min and then quenched with sat. NH4Cl aq. (5 mL). The mixture
was extracted with Et;O (10 mL x 3) and the combined organic layer was washed with brine, dried over MgSQs, and
concentrated in vacuo. The residue was purified by silica gel column chromatography (hexane, Merck) to provide

271 (33.4 mg, 172 pmol, 87%).

271: colorless oil; IR (neat): 2142, 1639 cm™'; "H-NMR (600 MHz, CDCL): § 7.58 (d, J = 6.2 Hz, 2H), 7.43-7.35 (m,
3H), 5.36 (d, J = 1.0 Hz, 1H), 5.13 (d, J = 1.0 Hz, 1H), 2.75 (t, J = 3.4 Hz, 1H); 3C-NMR (150 MHz, CDCls): §
152.7, 134.1, 129.2, 128.4, 125.4, 113.0 (t, 'Jcr = 244.5 Hz), 98.7, 74.5 (t, Jer = 6.5 Hz), 72.9 (t, 2cr = 52.3 Hz);
19F-NMR (560 MHz, CDCls): & -54.8 (s, 2F); HRMS (EI): calcd for CijHgF,0 (M"): 194.0543, found: 194.0542.

The synthesis of difluorodienone 272
The solution of 271 (16.1 mg, 82.9 umol) DTBMP (3.40 mg, 16.6 pmol) in toluene (4.1 mL) was heated at 80 °C for
3 h. The reaction mixture was cooled at room temperature and concentrated in vacuo. The residue was purified by

PTLC (AcOEt : hexane = 1 : 4) to provide 272 (10.1 mg, 52.0 umol, 63%).

272: white solid; IR (neat): 1708 cm™'; "H-NMR (600 MHz, CDCl3): § 7.94 (d, J = 6.9 Hz, 2H), 7.57 (t, J = 6.9 Hz,
1H), 7.53-7.44 (m, 3H), 6.99 (d, J= 15.1 Hz, 1H), 5.29 (dd, J = 23.0, 11.3 Hz, 1H); *C-NMR (150 MHz, CDCl3): §
189.5, 159.3 (dd, "Jer = 304.9 Hz, 299.1 Hz), 137.7, 134.3 (d, *Jcr = 5.8 Hz), 132.9, 128.6, 128.4, 124.9 (d, *Jcr =
10.1 Hz), 82.4 (dd, Jcr = 28.1, 15.2 Hz); "F-NMR (560 MHz, CDCl3): §-79.9, -80.7; HRMS (EI): calcd for
C11HgF20 (M"): 194.0543, found: 194.0531.

Synthesis of 4’methoxyphenyl-difluorodienone 274

Br x C0y(CO)s K C0,(CO)s

o} a7 TIPS (1.0 equiv) MeHNCH,CH,NMe, (5.0 eq.)
Q)K AGNT, (1.0 eq.) @ Oz (balloon), E120, 1, 95%
MeO iProNEt (1.0 eq.) MeO

toluene, rt, 30 min, 73% E28

2.0 equiv.

FF RF

o F
O>\ TBAF (1.1 eq.) OK DTBMP (20 mol%)

\ . .
TPs —— 5 - - ", N E
THF, -78 °C, 15 min toluene, 80 °C, 2.5 h
<100% 72% MeO

MeO
246 273 274

MeO

The large synthesis of E28
A solution of triisopropylsilyldifluorobromopropyne (37) (305 mg, 983 umol) and Cox(CO)s (351 mg, 1.03 mmol)

in toluene (10 mL) was stirred at room temperature. After 3 h, 4’-methoxyacetophenone (295 mg, 1.96 mmol),
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iProNEt (170 pL, 976 umol) and AgNTHf (381 mg, 982 pmol) was added and stirred at room temperature for 30 min.
The reaction mixture was diluted with saturated aqueous NaHCO3 (5 mL) and extracted with hexane (20 mL x 2).
The combined organic layers were washed with brine and dried over MgSOs, filtered and concentrated in vacuo. The
residue was purified by flash silica gel column chromatography (hexane, Kanto) to provide E28 (478 mg, 717 umol,
73%).

E28: red oil; IR (neat): 2029 cm'; 'H-NMR (600 MHz, CDCls): & 7.49 (d, J = 8.2 Hz, 2H), 6.86 (d, J= 8.2 Hz, 2H),
5.23 (s, 1H), 5.13 (s, 1H), 3.82 (s, 3H), 1.28 (sept, J = 7.0 Hz, 3H), 1.20 (d, J = 6.8 Hz, 18H); '3C-NMR (150 MHz,
CDCls): § 199.1, 160.1, 152.7, 128.0, 127.1, 124.5 (t, 'Jer = 261.5 Hz), 113.5, 101.1 (t, 2Jcr = 48.4 Hz), 9.1, 73.1,
55.3,18.9, 13.8; ""F-NMR (560 MHz, CDCls): & -56.5 (s, 2F); HRMS (EI): caled for C24H30C02F205Si ([M-3COT"):
582.0495, found: 582.0489.

The synthesis of 246

To a solution of E28 (478 mg, 717 pmol) in Et,O (29 mL) was added N, N,N -trimethylethylenediamine (500 pL,
3.60 mmol). The reaction mixture was stirred at room temperature under O, atmosphere. After 16 h, the reaction
mixture was diluted with H,O (10 mL) and Et,O (10 mL) and extracted with Et,O (20 mL x 3). The combined organic
layers were washed with brine, dried over MgSOs, and concentrated in vacuo. The residue was purified by flash silica

gel column chromatography (hexane) to provide 246 (258 mg, 678 pmol, 95%).

246: colorless oil; IR (neat): 1610 cm™; "TH-NMR (600 MHz, CDCl3): § 7.50 (d, J = 8.2 Hz, 2H), 6.87 (d, J= 8.9 Hz,
2H), 5.21 (s, 1H), 5.02 (s, 1H), 3.82 (s, 3H), 1,07-0.99 (m, 21H); *C-NMR (150 MHz, CDCl5): § 160.3, 153.0, 127.1,
126.8, 113.7, 113.0 (t, 'Jcr = 261.5 Hz), 96.9, 94.5 (t, 2Jcr = 51.3 Hz), 90.2 (t, *Jcr = 5.1 Hz), 55.3, 18.3, 10.8; "F-
NMR (560 MHz, CDCl3): § -52.9 (s, 2F); HRMS (EI): calcd for CosH;7F20,Si (M"): 380.1983, found: 380.1982.

The synthesis of difluoropropargyl vinyl ether 273

To a solution of 246 (258 mg, 678 umol) in THF (23 mL) was added TBAF (1M in THF, 750 pL, 750 pmol) at —78
°C. The reaction mixture was stirred at —78 °C for 15 min and then quenched with saturated aqueous NH4ClI (4 mL).
The mixture was extracted with Et,O (10 mL x 3) and the combined organic layer was washed with brine, dried over
MgSOs, and concentrated in vacuo. The residue was purified by silica gel column chromatography (AcOEt : hexane

= 1:20, Merck) to provide 273 containing iPr3SiF (162 mg <729 pmol, <100%).

273: colorless oil; IR (neat): 3299, 2140 cm™'; "TH-NMR (600 MHz, CDCl5): § 7.49 (d, J = 8.2 Hz, 2H), 6.86 (d, J =

8.2 Hz, 2H), 5.23 (s, 1H), 5.13 (s, 1H), 3.82 (s, 3H), 1.28 (sept, J = 7.0 Hz, 3H), 1.20 (d, J = 6.8 Hz, 18H); *C-NMR

(150 MHz, CDCl3): § 160.4, 152.6, 130.5, 126.8, 113.8, 113.0 (t, 'Jcr = 243.8 Hz), 97.0, 74.4 (t, *Jcr = 6.5 Hz), 73.0

(t, 2Jcr = 53.1 Hz), 55.32; ""F-NMR (560 MHz, CDCl5): § -54.5 (s, 2F); HRMS (EI): caled for Ci2H;oF20, (M"):
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224.0649, found: 224.0641.

The synthesis of 274
The solution of 273 (28.0 mg, 125 umol) and DTBMP (5.80 mg, 28.2 umol) in toluene (6.5 mL) was heated at 80 °C
for 2.5 h. The reaction mixture was cooled at room temperature and concentrated in vacuo. The residue was purified

by PTLC (AcOEt : hexane = 1 : 4) to provide 274 (20.1 mg, 89.6 pmol, 72%).

274: white solid; IR (neat): 1708 cm™'; "TH-NMR (600 MHz, CDCl5): § 7.95 (d, J = 8.9 Hz, 2H), 7.44 (dd, J = 14.4,
12.3 Hz, 1H), 6.99 (d, J = 15.0 Hz, 1H), 6.96 (d, J = 8.9 Hz, 2H), 5.27 (dd, J = 23.2 Hz, 11.6 Hz, 1H), 3.88 (s,
3H); '*C-NMR (150 MHz, CDCl3): § 187.8, 163.5, 159.2 (dd, 'Jcr = 304.0 Hz, 298.3 Hz), 133.5, 130.7, 130.6, 124.7
(dd, *Jcr = 38.7 Hz, 12.9 Hz), 113.9 (dd, Jcr = 52.3 Hz, 16.0 Hz), 82.4 (dd, “Jcr = 28.0 Hz, 12.2 Hz), 55.5; "F-NMR
(560 MHz, CDCl3): & -81.4, -80.5; HRMS (EI): calcd for C12HioF20, (M"): 224.0649, found: 224.0653.

Synthesis of difluoroallene 279

RF F F
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MeO Pro,NEt (1.0 eq.) MeO E20
2.0 equiv. toluene, rt, 30 min, 63%
R F F F

0>\ TBAF (1.1 eq.) OK 0

N
ws — T —— .
= THF, -78 °C, 15 min = toluene, 100 °C NF
72% 48 h, 86% 4
MeO MeO MeO

247 278 279

The large-scale synthesis of E29

A solution of triisopropylsilyldifluorobromopropyne (37) (121 mg, 390 umol) and Co2(CO)s (141 mg, 412 umol) in
toluene (4 mL) was stirred at room temperature. After 3 h, isobutylacetophenone (145 mg, 814 pmol), iPoNEt (70
pL, 402 pmol) and AgNTf; (162 mg, 412 umol) was added and stirred at room temperature for 30 min. The reaction
mixture was diluted with saturated aqueous NaHCO3 (5 mL) and extracted with hexane (20 mL x 2). The combined
organic layers were washed with brine and dried over MgSOQs, filtered and concentrated in vacuo. The residue was

purified by silica gel column chromatography (hexane) to provide E29 (170 mg, 245 umol, 63%).

E29: red oil; IR (neat): 2028 cm'; 'H-NMR (600 MHz, CDCls): § 7.27 (d, J = 8.6 Hz, 2H), 6.86 (d, J = 8.6 Hz, 2H),

3.82 (s, 3H), 1.89 (s, 3H), 1.73 (s, 3H), 1.30-1.21 (m, 3H), 1.17 (d, J = 7.2 Hz, 18H); 3C-NMR (150 MHz,

CDCls): 5199.2, 158.8, 140.9, 130.3, 129.6, 124.9 (t, 'Jer = 256.7 Hz), 124.0, 113.1, 101.6 (t, 2Jcr = 47.3 Hz), 72.7,

55.2,20.3, 18.9, 13.8; "F-NMR (560 MHz, CDCls): § -53.7 (s, 2F); HRMS (EI): caled for Ca9H3sC02F206Si ([M-
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3COT"): 610.0808, found: 610.0813.

Synthesis of TIPS-difluoropropargyl vinyl ether 247

To a solution of E29 (130 mg, 187 umol) in Et;O (9.4 mL) was added N, N,N -trimethylethylenediamine (140 pL,
1.02 mmol). The reaction mixture was stirred at room temperature under O, atmosphere. After 24 h, the reaction
mixture was diluted with H,O (10 mL) and Et,O (10 mL) and extracted with Et,O (20 mL x 3). The combined organic
layers were washed with brine, dried over MgSOs, and concentrated in vacuo. The residue was purified by flash silica

gel column chromatography (AcOEt : hexane = 1:20, ) to provide 247 (62.1 mg, 152pmol, 81%).

247: colorless oil; IR (neat): 2028 cm™'; "TH-NMR (600 MHz, CDCl3): § 7.28 (d, J = 8.2 Hz, 2H), 6.85 (d, J= 8.2 Hz,
2H), 3.81 (s, 3H), 1.88 (s, 3H), 1.72 (s, 3H), 1.08 (s, 21H); *C-NMR (150 MHz, CDCl3): § 159.1, 141.4, 130.7,
128.0, 123.7, 114.1 (t, 'Jcr = 244.2 Hz), 113.1, 95.3 (t, *Jcr = 50.6 Hz), 89.4, 55.2, 20.1, 18.7, 18.4, 10.9; "F-NMR
(560 MHz, CDCl3): & -50.1 (s, 2F); HRMS (EI): calcd for C23H34F>0:Si (M"): 408.2296, found: 408.2284.

Synthesis of difluoropropargyl vinyl ether 278

To a solution of 247 (66.7 mg, 163 umol) in THF (6.5 mL) was added TBAF (1M in THF, 180 pL, 180 umol) at —
78 °C. The reaction mixture was stirred at —78 °C for 15 min and then quenched with saturated aqueous NH4Cl (5
mL). The mixture was extracted with Et;O (6 mL x 3) and the combined organic layer was washed with brine, dried
over MgSQOy4, and concentrated in vacuo. The residue was purified by flash silica gel column chromatography

(AcOEt : hexane = 1:50, Merck) to provide 278 (29.6 mg, 117 umol, 72%).

278: colorless oil; IR (neat): 3299, 2140 cm™!; "TH-NMR (600 MHz, CDCl5): § 7.27 (t, J = 6.8 Hz, 3H), 6.87 (d, J =
6.8 Hz, 2H), 3.82 (s, 3H), 2.66 (s, 1H), 1.88 (s, 3H), 1.74 (s, 3H); *C-NMR (150 MHz, CDCl3): § 159.2, 140.7, 130.7,
128.0, 124.2, 113.8 (t, 'Jcr = 243.8 Hz), 113.2, 73.9 (t, *Jcr = 6.5 Hz), 73.6 (t, *Jcr = 53.1 Hz), 55.2, 20.0, 18.7; °F-
NMR (560 MHz, CDCls): § -52.6 (s, 2F); HRMS (EI): calcd for C14H14F20, (M"): 252.0962, found: 252.0957.

Synthesis of difluoroallene 279
The solution of 278 (29.6 mg, 117 umol) in toluene (6 mL) was heated at 100 °C for 48 h. The reaction mixture was
cooled at room temperature and concentrated in vacuo. The residue was purified by PTLC (AcOEt : hexane =1 : 4)

to provide 279 (25.4 mg, 101 pmol, 86%).

279: colorless oil; IR (neat): 2011 cm™'; 'TH-NMR (600 MHz, CDCl;): § 7.90 (d, J = 8.9 Hz, 2H), 6.88 (d, /= 8.9 Hz,
2H), 6.73 (s, 1H), 3.85 (s, 3H), 1.47 (s, 6H); *C-NMR (150 MHz, CDCl3): § 199.9, 169.1 (t, 2Jcr = 36.6 Hz), 162.9,
153.9 (t, 'Jer = 263.9 Hz), 131.8, 130.7, 128.5, 127.9 (t, *Jcr = 5.0 Hz), 113.4, 55.4, 50.6, 25.9; '"F-NMR (560 MHz,

CDCl3): & -114.2 (s, 2F); HRMS (EI): caled for Ci4H14F20, (M"): 252.0962, found: 252.0947.
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