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Development of the synthetic methods for construction of
fully substituted carbon centers

containing a CF3 group by way of p-quinone methides generated in situ
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Ac acetyl

acac acetylacetonate

aq. aqueous solution

Ar aryl

Bn benzyl

Boc tert-butoxycarbonyl

Bu butyl

cat. catalyst or catalytic amount
mCPBA meta-chloroperoxybenzoic acid
DBU 1,8-diazabicyclo[5.4.0Jundec-7-ene
DDQ 2,3-dichloro-5,6-dicyano-p-benzoquinone
DFT density functional theory
DIBAL-H diisobutylaluminium hydride
DIPEA N, N-diisopropylethylamine
DMAP N,N-dimethyl-4-aminopyridine
DMF N,N-dimethylformamide

DMSO dimethylsulfoxide

dr diastereomer ratio

eq. equivalent(s)

Et ethyl

EWG electron withdrawing group

FAB fast atom bombardent

h hour(s)

HMPA hexamethylphosphoric triamide
HOMO highest occupied molecular orbital
HRMS high-resolution mass spectroscopy
Pr isopropyl

LDA lithium diisopropylamide

LUMO lowest unoccupied molecular orbital
M molar

Me methyl

Mes mesitylenyl

min minute(s)

MOM methoxymethyl



mp

NBS
NBO
NHC
NMR
Oxone
Ph

PG
Pin
PPTS
Pr
quant.
Rf

r.t.
SOMO
TBAF
TBAI
TBS

TEBAC
temp.

Tf

TFA
THF
TLC
TMAF
TMEDA
TMS

Ts

melting point

mass-to-charge ratio
N-bromosuccinimide

natural bond orbital
N-heterocyclic carbene

nuclear magnetic resonance
potassium peroxymonosulfate
phenyl

protecting group

pinacol

pyridinium p-toluenesulfonate
propyl

quantitative

retention factor

room temperature

singly occupied molecular orbital
tetrabutylammonium fluoride
tetrabutylammonium iodide
tert-butyldimethylsilyl

tert-butyl
benzyltriethylammonium chloride
temperature
trifluoromethanesulfonyl
trifluoroacetic acid
tetrahydrofuran

thin-layer chromatography
tetramethylammonium fluoride
N,N,N’,N’-tetramethylethylenediamine
trimethylsilyl

p-toluenesulfonyl
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N A ot 35 Wohler 30 DA ZZER L TH 6, #1200 FE23FE L L5 & LTw
%, BE, ARG IE. SHE TOH L WIS 2L <, k4 A RtE
MEBRONEFELTAET 27200 FEE L TR2ERVD DL o7z, LETIE, &7
v ZEHBLAEYD., Fex OEFICHE BIRT 2 MR RS &\ o 2 IEA V4B TR
INTVE, FICEREROSIT TR, &7 v FABRILAYO R 3HENTKRZ v, ITFE,
iR oR 2 H ISO A2 HG L 2R3 0 6 i 2367 v FARILAEYTH 5 &
EbN T3, AT, VIOAKT v RILAVOAKIZ., Wohler DIIED & 30 FFEtk
IZ, BY T OELBRERFD—ANTH % Borodin I X VE X LT3, 1862 41T Borodin
IZ. benzoylchloride & 7 v {L¥) A4 4 v & DKL T v MEHGIC X % benzoylfluoride D A
EHRELTWE,%2 22 0B E TOR 150 F[]CT. Moissan 28 7 v 32 /7 A O HHEfEZ 2R L |
ax nERYE DA, L% DA 7= D RIGHH RS L DFEFHIC L ViThhTn
%, ZDFER, ARILEY~D 7 vy ROBASIGIE., B w7 VIRTOBEARIGH S
BRESLEOTF DO —DDEE L L L THRMZG2 E TICKEL 72,

TH L cHRoEH 7 v FZbPix, XVEMAEKREET 287 v ZFERILEY %,
WMTENERINICE LT % 0> & v 5 BB H %, FRICERIES T, ES Z o o L5
HEATHWEZ Lo db, FIHICHE ISR IOICHFENGE RTINS, 225
T, 7y EPEFHICEH S OEEENHCHAI NS DIF, CFREAOREECLY, ZhboD
EYEATREENICH ET 223505 TH 5, HlziE Y 7adv XF (CF) Hid,
RFFETICHEAL T b 7 vy BEFVPKFERFICRT/hI W ehn, FHRFEFTC
BACHWONR TV EZETARTKICELSEI 2T O N8R, b2 HH7ZES) % i
TTTERTERNZD, M TOREIC X 2FHEMHRIIEL VIS5 0, 2D b, 5l
NEVDRFENBRTEL LTEI LI, ZOEBEROE A LIEAEMD B Fic o752,
Tz, HEORH S LT VIS 2 Me £ % CFHRICERRT 5 2 &, REREMR E
RPBEEFICRN D 7 — 2B %0, flxiE, ABARBEOSE T HERKHER O BRI H %
alpelisib (1a) (R =CF3) 1%, 7ZEIHY phosphatidylinositol-3 kinase-a (PI3Ka)fHEHITH V. Z DHE
¥TH 2LEY 1b (R =CHs) & OIEILED % Table 1 ICF & 0723, ZoLEYDFE AR
IR, Budko CHEGOe Fr¥fb, 3 LAE7 e ) viliRoE KT I PO
KDL TTw b, 1b & PI3Ka BER OIAER O X BikE M EMNT 2> 5, Bu o9 A4
AebTPICRELTE LT, ALAEVD LV BRICEEROIEHIICGEATE S 2 L2
REINT W, 22T, 1b D Bukd Me % 1 D CFRICEEL L 726558, 7 v M AFhR 2
7wy —2L (RLM)ICE T 2 in vivo TORFHLEMED M L 727210 T4 <. PI3Ka R D
MREHED I HLD—DTH % Pl100 1K T 21HHED 2 5L R/ 2 2 LB 278 5 72,
¥ 72, 1a & PB3Ko BEROMAE M2 O, 1a 3 FHNTD m-o* MHAMFHIC X 2 ZE Lz Ficm
%, PB3Ka BEEH O Lys802 O 7 v E =7 LERfiz &, 1a ® CFs 5 & DKEMABHER I N T



W3 (H--F HEEL 2.3 A) (Figure 1) & 5121, C-F #5& (484 kJ/mol)%’ C-H #5& (410 kJ/mol)
XY HHVFEETH S 2 eh b, EERNICHFET 2l Of LiFER L EDER 2% 1Tt < <
b, DF D, HE LWER L OFMES. Bl o R E M L EER O IHETRA ~ D A I
Mz T, 1a OFEHER EORE RERE LT b5,

Table 1 SARs, metabolic stability, and in vivo clearance associated with the PI3Ka inhibitors

>—NH

| N
N
R P110a ICs0 (nM) rat clearance in vivo (mL/min/kg)
CF3(1a) 5 10
CHs(1b) 14 39
I( Va|851
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X
| \ %
N~ n-0%0
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Figure 1 Key drug—target interactions between Alpelisib 1a and the PI3Ka enzyme

Fiko X 52, 4 oDRFEELILD LK S H IEH&F/% HH6IC CR: B2 B3 o2&k, IFFE
ICEHBEREE 2R LTEH D, Alpelisib LT b % < OEIMEEWE ICE £ 1 5 HERER
SHEETH B4 — T, RRICHIET 567 /ﬁﬁ*)&ﬂﬁ/\% ILEYwTHL, ZDONS
DX F ChaYr ik o RSN OFBEACcH 2 2 L 26, IERICZZN D 2Rz 6 DL
DHEEI N TWARWS, b oftAYoHICiE, HBURKERE 1‘% B2 CR 2 AT 5
CEWVT OHFEL RN b, Ll O BEE BRI D 72 0113, FEE A A LY % 5K



592 DIFMARTH 5, %72, —MRIIRBIUPTI R TS DREZIEIC OV TIIER & 7o Abii 2378
RINTHE =T ChREZHETIDDOEMPEL X5 & LBICIE, BIMOFE2REEL
TORGICIEHTERVEAED L, DI, #WEoWmE 2Rz %06, [EEREAE] &
[erFavr-Tay 2iE] O ODFFHEICTOWTHHAL T,

[(BEEEARK] I X 2 BERREOHEE

PRI R AR T 2 1Ch 2 0. FlZIE BR-iEH Do, B- AR A LR =LA L CFs
T=Fvd L RZo%itke OKIET, FTEDBEK~EFETE 2L EZLND, Hiffik
TAFAEELEAT L0 THNE, A GARSBEAELZH V2 AT 20, WET 2
IhHD CRALEEIX, Zn ¥ Cu L O—HoBE 2R CLEICHER D 5720, E
R A EN 27, HlziE, CFl & MeLi & DY F 7 L VG CHEITE 5
CFsLi %, EDEFRFEICMA Y TV L-7 v ROFHEDOE X 26, KR T T FF < a-
PHBEAHEIT L C CRa ARV %4 LU % (Scheme 1), F 7z, CFsMgl 1t CFsl & Mg 20 & il X
. CRREEAFE LRI L 723513 ® 5 23, Grignard sl FABLELE O 36U 23 FE 5 1
HchHY, FTED Grignard AFEOER LD d, Y7 aARVvEORECE O EIRT
HHrTr77rFuTFL Y, ILICERY ~—{LBELET S,

CF3—| + CH3—L| — CF3—L| W Li-F + :(:F2 R FzC:CFZ

Scheme 1 Degradation of CFzLi and generation of CF: carbene

—FC.CF 7 = VEHfitk & L CHH TN T 3 trimethyl(trifluoromethyl)silane (Ruppert-
Prakash idF) (). 7T A7 e F 7 b v IR AT ALED ALK LEWITHTT 5 1,2-
IS8 DT, SR Ca,p AR A AR = AL A ~D 1A b T2 2 &
DS T 59, Sevenard b 1x. RN L 72 & &\ Lewis B2 3 2 T, HE 4 OBz
DIEMEAL &, ANF ZVRFEFE~O KRG OEE 2 11 5 Z & T, @ ALEER T 1,4-
Nz ST S &, BURIKR ARG T 2LAEY 5 DREEZZER L T 510 (Scheme 2),



1.0 eq. AlMe,
CF, 3.0 eq. 2,6-diphenylphenol F;C CF; ! Ph Ph Ph
2.0 eq. CF5TMS (2) ! 0. .0
X 3.0 eq. TMAF : A." Ph
0 o CH,Cly, rt.,, 6 h o) o) E Ph
4 5 i Ph
61%
! 3

Scheme 2 1,4-Addition of the CF; anion equivalent

I HIGEE, HRIEERFEL T, ap HERHAALR=LEY 6 ~D CF; 7Y A AFED
LA-fHIISIC X % %A% Ravelli & 12 & » THRE S LT 31 (Scheme3), L2 L. AW
7 OWKICHEIEREI N TS,

3.0 eq. CF3SO,Na CF3
)YCOZEt 5 mol% TBADT? >I\(002Et
MeCN/H,0 = 5/1 (VIv)
CN rt., hv (SolarBox, 24 h) CN
6 7
52%"P)

a) TBADT: tetrabutylammonium decatungstate.
b) Conversion yield.

Scheme 3 1,4-Addition of CF3 radical generated from CF;SO;Na

LA-GHIMBISIC X 5 CF B0\ A % 2 CHEMRIR RS 2 T 2 ik, chEcol
CHLERLZHIRREINTHEIDATHL, IHIT, &5 6OEA D Michael XD
B-LLIEH ICIEM L E RT3 b DIcRohTw3, MEX b, CFEHMiiAD 14K
JGIXIE7 v FBUE D Z L LR THEAN R TFIE L 135 0E,

ETAHT, Me 7V AT FHEEE DD 1-7 VAN (sp? IR TANET 1T p Bl
T 2)TH LD L, CF 7V AR E T 1y FGED o-7 VAN (spd IRK)TH
2,2, 7y EOELEBET N EREZLOANETFEDRFEICLIELDTHELEZS
EHEfR L 4\ (Figure2), £72. Me 7 ¥ 7 iC X % fluoroform D/KFEF| & Ik & KIS T,
R FHEDITH 10 keal/mol REENLENBZ 5. CER 7Y ANIEMe 7V AN KD A%
ERfbFETH D 52D
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Figure 2 Comparison of radical species from CF3; and CH;

—J7 T 7y HROBOETREIZIRICE Y, SOMO DAL F —HEMAKT L T2 7%
B, BTEE T olefin FH & DUGITHE S, A F 7V A A3, ethylene & D D tetrafluoroethylene
WCRTL T 10 f53# < JRIGF 2 D icx LT, CFs 7 ¥ /1Tl ethylene & D RIGD 75743 10 fi5E
CIEfTT 22 ERAONTVEE, T/, FV ARG L T L BICIZ, — a7 v
FT T HNDOHLRKREL sp? RIAKTED DEBIRIE X FEH L T sp? B~ L WLUE Z 2L X
BT, R L 72 CF 7Y AMITEAE T 2y FEETH 2 720, KIGDOBITIZ R

b EFIICD AR 121, ERRICAL 7 4 VEHEDRIGTIX, CF 7Y Anid, —i%
BT AFA 7 A0 X0 EERNICHE CRIGT 515 (Table 2), FFIC, styrene X W EHFEE
7z a-methylstyrene TIXZ D IF L VBEHEIC R > CTWwd, LEABRRTEZX S5, CF 7V 7
NMIKEF 7R TV HNTH 5728, Scheme 3 D X 9 7 Michael 11 T D KIGIC 1ZA ]
XThHhHEFE XD,

Table 2 Absolute rate constants of addition of CF; and alkyl radicals to styrene and o-

methylstyrene®
. kaddition/10 ¢ M~1s™!
Radical
CsHsCH=CH C5H5C(CH3) =CH;
CH;3;CH,CH,CH,CH>’ 0.12 0.06
CF5’ 53 87

a) Alkenes in Freon 113 at 298 =2 K, as Measured by LFP.

¥ 7z, 1-Trifluoromethyl-1,2-benziodoxol-3(1H)-one (Togni reagent IT) (8)2> b ¥4 & ¥ 7= & X
IHEDORBF I ANVOWERZFAT S, TIALL T VEH 9 R 10 & DG, Sodeoka H
X Gouverneur HIZ X o TEREIN TV BE, LA L, IO DFRIIFE=MREGKEZHT
2ALEY) 11 OERICH RN 7223, %@#&F:ﬁ@%ﬁ TEMTE 2\, FFIC. Gouverneur 5 (%
CHATPC, BE 10b 2728550, B9 12b IRFR L G o ad o L& L
T\ 2 16b



Sodeoka et al.

1
R’ 10 mol% Cul R

MeOH, r.t., 24 h

9 CF3 : I/
1" ! \
11 examples ! O
up to 93% vyield !
Gouverneur et al. E (0]
TMS E 8
20 mol% Cul R ' Togni reagent Il
R 12 eq. 8 N CF; |
MeOH, 70 °C, 24 h !
10a (R = H) 50% (11a,R=H)
10b (R = Me) trace (12b, R = Me)

Scheme 4 Trifluoromethylation of allylsilanes 9

TR, Co MUBEAFAE T CLMi MBI CTH D CFBr % CF e L TH W3
hydroxytrifluoromethyl L JGA% Liu 512 & o TG S 72, Lo L. 50U 3B O R
1 2,3-dimethylbut-2-ene % W7z —fFloHTH b, EFKY 13 OICRICH FEIEK I LT v
% (Scheme 5),

Me 30 mol% CO(BF4)2'6H20 Me

4 eq. tertiary amine CF3
Me_ ~ about 3 eq. CF3Br Me
Me Me

MeCN/H,0 = 52/1 (v/v) HO
Me air baloon, r.t., 24 h Me

>

tertiary amine
13

23%
51% vyield by the crude'®F NMR

Scheme 5 Hydroxytrifluoromethylation of 13

¥ 7. CF; 7V AN, I ZIE R CF 1 T4 v % il Y 7o jRFBRILHI T L, FrE D
HIE~LHAT BT, BRA 7V —TIC Ko THREIN T2, KT/ 7 — F R 2 D%
flifd% F VT a-hZ23 S PARRETH D . Z DEHEE D —DH CF 5 TH 5. o-CFs-0-55 MY
WA R = AALEY) 19 ~ L FFEET 2 HIZIER 1T W18, I IcZzh o o EN 262 R §
(Scheme 6); Umemoto © %, (trifluoromethyl)dibenzothiophene triflate (Umemoto reagent) (14) %
MIET2F PV vLT T—1F 16 TUML, 19a DEMZEMR L T 519, F7z, Togni b
X, B-7 P X7 17 X0, HEABE AT, 1-trifluoromethyl-3,3-dimethyl-1,2-
benziodoxole (Togni reagent I) (15)% fI\> % 19b DAL EIRE L TV 50, 2 b L3R D,



Mikami S 3BV oL J—rHkoz /) —Ar v )z —F5 0 18 % BuLi TUHE L T
FHNTYF VLT T — b~ triethylborane f77E I, CFsl Z 72 A1 LR = L Fa-
fTD TN CR b Z{T> T\ 52,

0O

Na
o~ “. (0] !
\ /O 1.0 eq. 14 _ '
DMF, 65 °C tort, 2.5 h CF,OFEt O O
OEt | 9
. § e
16 19a ! CF; OTf
67% ('°F NMR vyield) ! 14
| Umemoto reagent
o) 10 mol% TBAI 0O |
o 15eq.15 0 |
3.0 eq. K,CO4 :
. F3C_
OEt  MeCN.rt, 28h CF,OEt : I—O
17 19b :
67% :
OTMS @) 15
Ph 1) 1.0eq.BuLi Ph X Togni reagent |
THF, 0 °C, 30 min !
CF; |
2)5.0 eq. CF3l '
1.0 eq. BEt; '
18 -78°C,2h 19¢ :

5%
Scheme 6 The representative examples for construction of o-CFs-a-quaternary carbonyl

compounds

FREMIAL DT L A EGEE L TiE. Aggarwal ©IC X 0 5 X 417z allylborane 20 & D )&
DET b5 2(Scheme 7)o & DRIGIE, ArLi idZEC 20 2L, A TRICHEKT 27—+
R 21 ~ &AL T, Sp2' BT Togni 33K 8 & IEHNET S 2 LIRIBEN T2, KGR
DALEERIE?Z T T < BURREZ A 5 A8 22 OE L RERIEZ M5 Bz F
HTH B, MIKECRIFEOKEE S L 55,



BPin Me Ar. © ' CF,
o 1.2 eq. ArLi BPin Me : I/
TBSO - Et — .~ : ' M
H _ o / |
: THF, -78°C, 1 h TBSO : Et : O
Ar = 3,5-(CF3)2C6H3 E :
20 21 @]
: 8
1.05eq.8 EC ;Me E Togni reagent Il
THF, -78 °C TBSO Y Et :
overnight = .
22 |
59% |
yla: >95:5 :
dr: >95:5 :

Scheme 7 The Reactions of allylboronate complexes with the Togni reagent

PALER A~ 775351, A RIS O Rl BRIEHE T 7 v RBAZAT 2 % D) Tl
HHH,ENT 27y RELEMTH 270, FRFNRH CHEIKRINL TS, T HiCk
LD CHEICFIH X 2T 72 Togni al3E 1, MR 1l 2 7 FEABICREE OBTER 7n a7
BBEINTVEE,

(ersasv s Ty 78] ik 2ERRREORSE

CF; LY n ERe k2 B3 2 WH I /LA L Mz i L. TE OB~ LFET 2 FiEx
[erTFav 2y 7ay 73k] LS, FFIC, trifluoroacetic acid % 2.2,2-trifluoroethanol %5 @
AFEGHOL’M7 CF RERLAY» O, Btz 2{bameiEE L LT
5LV TEIEAICIE, RFMTRELRAY Yy b23BH 5, LA L, ZOMEDOEE T CF i
DEFI R OTERINRIC X > T FRERKISHEEZ R T Z 2 03% v, % Oz 501k, Kk
BESIGICEWT, CREOHMICL YV RE I ICENZT 2L o7z Th 5,
JREERE DR A L 72 IRBOBETRKEIFEEZH L T3 &, Bl & 2 0 RFE DA I35 I
5, D5 %, CRHEDMNETRIMEIC X o CTHERZE LA VRN F 4 VITRLENL
INB720, CF DA L2kF LT Syl BRICOETIZIEF ICHEIC R 5, FE,
Scheme 8 D()IC/RL72X 97, CRh:H% 2 2H4 27— 23a &G d 3967 v HEib
4 23b DINVEBE D REREIZ. 108 5% E OHETHE N L3 h o T b2, I HiT, (b)IC
~ L 72 & 9 7% hexafluoro-2-propanol KD + > 7 — + 24 OFENUK R, EE D C-O fi&ér
TiE7l, SO MADUINI ZBHE L TGEITLTWB 2205, CREZATEIINLRAF
FVOFERCHICEH L Wb b,

10



(@) R solvolysis E (b) Ts
Phﬁ—OTs | SOMOWR | : OEQ 98% H,S0, OH
R kasalka3p = 1018 : -
| F3C FsC
23a (R = CF3) !
23b (R = Me) ; 24

Scheme 8 Effects of a CF3 group for Sx1 type reactions

THITx LTS\ i, Jeih U 7= REERE DA FAERICHN A, CFs kD 7 v RO IEIAE
TRDRIEHN DEEE 2 YT 5 720, IFFEICHET LI { oo T %, il 21X, NaSPh DK%
WEDMHE X, iodoethane & 1,1,1-trifluoro-2-iodoethane & Tld, BEDHFHE X % 10° 5
2% (Scheme 9),

k
R-CH,l + NaSPh — > R-CH,SPh + Nal
MeOH
R=Me k=1

R=CF; k=57x10"

Scheme 9 Effects of a CF3 group for Sx2 type reactions

UEXY, —MRAICRZEBRIGIC X 2 PR R ORESRIIIER IC N2 L S 2 %,

FVUR R R OWRE L LC, CREZH T 2 H =M= v kikhl & KEFA & RS
XD EDR, OEEN R GFEO—2L LTEZXLLNDS, LrL., CRECHETZT =
A VIR T b, LIFLIFRICRPEHIL T 2 FoRERE L 57,
Ishikawa © (%, dimethyl (trifluoromethyl)malonate O =/ 7 — + 26 25t 7 v RAL)IC 3
fTL, Y7ueutL 74y 27 LinoBRic, 7 v{tWA A v Dffhinic XY 27 3HAET 2
SIS % % BRI LT 528(Scheme 10), L 2> L, 26 % F34E & & 2 72 d I & D CsF 23
MFEICTR Y, CREOE T E I ERIC L Y, 26 DRBMEIIET T2 & FlIN 2,
% D7-® . iodomethane % benzylbromide D X 5 ICiEM R v 7 LT AV F L% KEFAHI L
LTHWTS, £ 25 DIREFPREICHE > T 5,

11



3.0 eq. CsF 0 o

1.1 eq. Mel _
DME, r.t., overnight - MeO OMe
CF O O Me CF,
’ 25a
F5C XN-F T Meo OMe 60%
CF 3.0 eq. CsF
F } 2.5 eq. BnBr O o
DME, 70 °C, 50 min MeO OMe
Bn CF;
25b
45%
0] 0] 0] @) F- O (0]
—H* o - .
MeOMOMe —> MeO OMe MGOJKH)J\OMe — degradation
CF3 CF; +F- CF,
26 27

Scheme 10 Synthetic utlities of a.-CF3 carbanion for construction of quaternary carbon centers

A, CF3 D o-fLICT =4 v R FE I &, FBURR R 2 RS 2 TR BblkdE S nc
WEBE, ZDOT =&V OREND-DICET R FEEZHEL T 5, 51T, ZORVRK
M 2 IGBEHATE 2 RETAIDHIBEI NG,

—J7. CR: B2 HT3EZMMANRAF A 291, BT 3 CEREOE R LY
RLENINDG, 2O XS B Ah T4 v Z2RFHET 2R0E, HEOME, b L RIS
HillBR 232> 2> 5 B 5 23% > (Scheme 11), il 21X, Rao & 135 =k 7 V=2 — )L 28 2> 5 Ga(OTH);
FFET, WFAVIRFLIC 2 20T ) —AHIC X o TLRENM S N h F 4 V1 29a % #FHH
T3 MG EHE LT 330, 29a 134~ F— )L & @ Friedel-Crafts T G % £ C. SBVUSRR
ZE®EET S 30 k525, £/, Vasilyev b TOH %\ 2B ©. A F 4
VIE29b RS A, B VR Y R A VR = ALEY) 31 & DRIGIC X B LAY 32
DEEHE LT3,

12



Rao et al.30®

28

30
32 examples
29a up to 89% yield

Vasilyev et al.*P

o) 512 q. [::j CF,
A ®
Ar/\)J\CFs TIOH, 20°C, 12 h Cﬁ?
31

Ar
29b

32
9 examples
up to 85% yield

Scheme 11 Synthetic utilities of a-CF3 carbocation for construction of quaternary carbon

centers

7z, WIG$ 2 7 VAN A F A VEERER. CF EOFRMIRIC X o THALENEZ T
2rEZbND, BHHE, CFCHy-H (427.1 kJ/mol)D J5 75 CH;CHa-H (409.1 kJ/mol) X V) & #%
BIARET A X —13EINT 2 2 EBF SN T B B, TiE, HEH 33550 Br 7 ¥V L Of
BEIC X O RAEIRST NN 34 EH T C-CHEATEIGAS. Chen & Guo H I X W #E
NI N TS, FlZIX, 34 LTy, TATVERIEFA V=PIV EDRIGIC
X0, BURREEZE T 2LEY 35 DEDSER X LT 53 (Scheme 12), — /7, 34 L&
TARBZEND L DORIETIE, 35 DINEPKT T2 2 eBMEI N TS, Tk, CF#
T, COMe HDFELDEDMD DT, 34 ORETHULA LV A LEL TS 7207
tEZLND,
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A R N CO,Me
Br CFs
R
35a
33 examples
1 up to 88%
R R2
,)< Br
é//\N Ir cat. O N //R —
By visible light = R CF;
- N CO,M
CF =
MeO,c” C'3 MeO,C ’ Rz& a
R’ °
33 34
35b
16 examples
_ up to 67%
S

35¢c
27 examples
up to 91%

Scheme 12 Reactions of the tertiary radical containing a CF3 group under visible light conditions

ETAT, L7k S Ic CRERETRIIETH 270, HEHICEAT S L LUMO O
IANK—HENETT2@E2H 5, £/, CRED, KGHTH 5 sp? ik & [Fl—Fi%z
di DL KL & CF3 B AR OVEFRIRFEITEM I N D Z L B3 FF T L5 (Figure 3),

building blocks with Csp,-CF3
Nu

|
EWG lR

CF3

decrease of steric hindrance and
electronic repulsion beween
nucleophiles and a CF; group

Figure 3 The approach of a nucleophile to the building block with a Csp*- CF3 unit
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PlED X5 efiEtic ko &, Scheme 13 ISR T X 9 7, Csp-CR: i 2 BT A E LT 4 vV
77wy 7k 7B AR E S ORENESIE T TH Y. (1) Michael fHHI15IE32,
(2) BALAIIEIE3S, (3) Sn2’ IKIE34,  (4) Claisen A7, (5) % DB 4w il %

WG IR BTN 5,

CF, + NuH
MeOH + | ==
Ar
Michael addition R

R’ CE Transition-metal S.2'ne t: n +
catalyzed reactions e reactio
Nu

2 CFs \
FiC

Het-ArH + | 4 @/&.Q.\ ®
i S
= Cu cycloaddition

Claisen-type
rearrangements

R EWG R EWG R
i‘=< or >=: or >=
CF; F,C FsC
+
@

RTR2 a//b\ce //_\\
Scheme 13 Construction of quaternary carbon centers from building blocks containing a Csp*-

CF3 unit

INHDHFTH(1) D Michel fHIMK)EIZ, Shibata & DFfSC 320 % Y] 0 i, f4 DRFE
KA & DRICHERE T D (Scheme 14), Z 9 L7zflix, "z F v FAEREO KN
LEEICER L TWED DD, ZDIFE A EDP-ALIC CFs#k & fh o B L %6 3 % B, p- &
DARFAR AN R = ALEY 36a D L 1x=+ v fbEP36b¥ ZiEiicT 2D TH L, OF
D, GRS OYE AR EAREICT 2720103, 2L EBRRIF-AEALT 4V T

7a vy 7 DFFEIEI KD LN T WS
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10 mol% Ni(ClO4),*6H20 10 mol% cat. A

12 mol% L2
' H HO_CN
F.c R ~—R N 30eq. O
3% A R ONC CF
O,N g A\ / 1.5eq. _ // 3.0 eq. Cs,CO3 )J\//( 3
\ Toluene, 60 °C Pr,0, 0 °C, Ar Ar
NH ! 2
16 examples
25 examples up to 99% yield, 96% ee
up to 97% yield, 97% ee .
10 mol% Ni(acac),
11 mol% L3 20 mol% cat. B
o mol% cat.
F;,C R O N 5.0 eq. NO,Me ’i‘oz
O,N_ - N 1.0eq. Ar | EWG 5.0 eq. K,CO5 o | cr,
v _! MS 4A P
Ar . i X CFs Ar R
- PrOH, 0 °C, Benzene, -10 °C
31 examples R 18 examples
up to 97% yield, 99% ee up to 99% yield, 93% ee
36a (EWG = PhC(O)
15 mol% cat. C 36b (EWG = NO,)
R
, /
R CF3R 1.5 eq. o 20 mol% L' R
0N - N 2.0 eq. EtpZn \\
P 7.5eq. =—R' ] \/, CF;
o \P Toluene, 36 h Toluene, 37 °C Ar R
23 examples
22 examples up to 90% yield, 90% ee

up to 98% yield, 99% ee

OMe

cat. A cat. B cat. C
CeFs
(0} O, o
OO OH Ph~<’W><lr \Ph w><\ro
N N N N\)

OH N 5
oq A

CeFs

L L2 L3

Scheme 14 Reactions of various nucleophiles with Michael acceptors with a CF3 group at the 8-

position

Z ZTEH X, mBICTED Michael ML L CGREFEHEH LT % p-quinone methides
PQM)BEHEITIER L 72, FFIC pQM IC CF3 B 2B A L 72 Int-1 (F, KEFHI L LTI AR B K
JGtED R BRI N D T e b, BRA GIKERKAI L ORIGVEBITE 3 LE2bND,
2O Int-1 ZVURIREHRED -0 DF 2T 4 v - Tuy 7 & LTSI cEnIE, B
FHOFEL IR 287 E 7 v FLAEV~DOFEERREL 25, 29 LEEXDT T, AR
FEEESCTIE. 2 D Int-1 DFAETEDHEL OGO R, K OGEBILZEIFIHZ By e L
T ZfTH> 2Lk L,
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AHHE 1 BT, HEE TIRHE I N T WS pQM D KL+ % O FHEEZ i L. 5=l
V3 Int-1 BIEER DG 21T o 720 £72. 2 DG L 2 HIERA & 4 DGt A 7L LAY
EERGTE D LT, FBURREFTROMELRN T L & L,

BocO CF3 CF3 Nu CF3
/©)<R cat. Base Q/\R NuH /©)<R
TBSO o HO
Quaternary
in situ generated pQM (Int-1) carbon centers

Highly reactive Michael acceptor

HF2E T, MTEOEEA FL v LaEYI» b KLl EZ N-~TeBRkArX v e T T
LRI VFARINE T AT A VEMAEICEE L, 2l Int-1 DRIGIC X % o-CFs-a-
FURT b OFHEEBIEORFEEHNE Lz, /. 25 LTHELNET F v EERE
Al & D 12ATMBIGA & FHPURRER R &5 = 7 v a — U psEife 32 & v 5 JER IC BRI
WEEERR T 2 R RITI 2 L e LT

BocO CF; 1) R®CHO R! CF, R

1 cat. Base R2
R cat. pre-NHC R3Lj R
g ¢} - HO R®
TBSO 2) desilylation HO HO

Highly diastereoselective

CF3 construction of successive
carbon centers
Z R 4T
0)
Int-1
R +

: R R
HO N HO o ND =]
R2CHO - = I[ -~ =Y I
R2 X RZ X7
acylanion equivalent

FBI3ETIE, Int-1 &E~T o REHIE DRGERET L. CEs %2 H 3 2 DUE i R E G
PEaUbEYHO AR RO E HigL 72,
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1) R2XH

BocO CF; cat. Base or Acid R2X C Fs
or
R' R?XNa _ R!
2) desilylation
TBSO or PO
silylation
CF;
Z R
O -
Int-1
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1T CREX2ET I 5% VAF FoFHERKREEOBERL
BIURE OER~D B

1-1 ¥8

ITAFE, p-quinone methides (pQM) & FEIZ AL 2 LA fE & | Bk A4 7 skKikAl & © 1,6-FHINRIGIC X
> TH2IC C-X Wi Z T 2 T8, % OFEEEDEHZHED T 31 (Scheme 1-1),
Z DAL L, SO ~RILAND B U 742, AR EIE AN T 5 2 LI X 2 RE(L 2% T
5 &b, EFICTEMEL Michael ZFMAETH S Z LA THINDG, S HIT, Hiffik 1,6-fF
IS I TR, BAaDRIGEMAGDLES LI Y, SR ABHR~FYER AR 7%
AT AV - Tay ITHD,

R1 R1
R2
HO 0 _
&— —
1 Nu
R R’
R? pPQM
R'" R R R
O 0= <
2
RT RO R A

Scheme 1-1 Various conversion of pQMs

KRIHTIE, 2D X ) 7% pQM % & CF LAV OMEITH M L 7201, LT pQM DFEATT
FEl R L. B THRIFEFRPRET 5 BRI FEDWEIC O TR T L,
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[HBEL 72 pQM % FH V- 2 #EATER 5]

RS TN T2 pQM Z A L 2/ ETEROG IE, 13 & A LD pQM % i L CTHIw
TWwb, Bz, Liu O I3EMEFE T, BEEL 72 pQM-1 & CF; 7 ¥ A AHE & D KIGIC X
D, C-CF; AT &M L T\ %2 (Scheme 1-2), T #LiZ, pQM ~® CF; FLEEHE A O iff
—oflTHh 5,

5 mol% cat. D

tB 1
u 0.5 eq. TFA Bu
7 "R 20 eq. CF;SO,Na CF;
0 acetone, blue LEDs (22W)  HO
rt., 60 h

‘Bu Bu
PQM-1 22 examples cat. D
= _ Up to 98% yeild ’
R = Ar, het-Ar Mes-Arc*

Scheme 1-2 1,6-Addition of CF;radical to pQM-1 by the photoredox catalyst

¥ 72, T T Waser 512 & 5 T, 2,6-di-tert-butyl-p-cresol ~D CF3 HDE A K& ALK
JGZAET, 8-fLIC CF 2 H T % pQM-2 D B3 T 7z (Scheme 1-3)%

tBu 1.5eq.8 tBU E
10 mo% Cul _ CF, :
DMF, 40°C,1h !
"o HO : CF,
‘Bu Bu : I/
! \
I 0
91% : O:(
I (0]
tB | 8
2.5 eq. DDQ _ u = CF, ! Togni reagent Il
MeOH, rt., 1 h !
© :
‘Bu !
pPQM-2 ,
84% :

Scheme 1-3 Synthesis of the CF3-containing pQM

X 51T, Waser b (% Scheme 1-4 IC/R L7z X 512, pQM-2 & Bk % 7o KK A & D |G % 15T
LTw3,
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R._ _CO,Et 12eq R._COsEt
1.2 eq. Cs,CO3
f 10 mo% TEBAC
Bu
CFs CH,Cly, rt., 24 h
HO
Bu
62%
O 5% 12e NH
_ 2 eq. P
" 1.2 eq. NEt3
Bu 20 mo% BF3°OFEt
CF3 -
CH,Cly, r.t., 16 h
HO
Bu
88%
¢ XBn 1.2 eq. BnXH
Bu 1.2 eq. Cs,CO3
CF; 10 mo% TEBAC
HO CH,Cly, rt., 24 h
By
69% (X =NH)
76% (X = O)
78% (X = S)

O%/OEt

© =
Br ® -
1.5eq. RaN__COEt g,
2.0 eq. Cs,CO3 CF
> 3
CH,Cly, rit.,, 24 h 0

Bu
78%, d.r. = 20:1, 76% ee

Ph_ _Ph Ph
| Bu0,C.__N=(
1.0 eq. N._CO,Bu y Ph
1.1 eq. Cs,CO;3 Bu CE
10 mol% cat. E 3
CH20|2, rt., 24 h HO
By

84%, d.r. =7:1,90% ee

o O-NBoc

ne
0.67 eq. NH

0.73 eq. Cs,CO;3
7 mol% cat. F

Et,0, —20 °C, 24 h

97%%, d.r. = 10:1, >99% ee

a) The Yield was based on isoxazolidin-5-ones.

R3N- =

cat. F =

Ar = 3,4,5-F3-CgHy

Scheme 1-4 Reactions of pQM-2 with various nucleophiles

¥ 72, pQM-2 O Mayr DREFXT A =% — (E: TOMERKE VIZEGFHCRETFEZR
)E E=-11.68 TH Y. pQM LV b EKEBEFHEZRT T L2390 o T b, ZE CF;
REoFEGRIGERT b0, kb ch~onTw2 (Figure 1-1),
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\ Bu ‘Bu

M __ pam-2(-11.68)

12 — == R =Ph, Ar = Ph (-11.87) |
w
P -13 —— F3C
5 — R =Ph, Ar = 4-NMe,CgHy (~13.39) pQM-2
5 -14
g == R =Bu, Ar= 4-NO,CgHy (~14.36) o
° _15 - R R
b}
W = R =Bu, Ar= 4-MeCgH, (-15.83)

™ R =Me, Ar = 4-NMe,CgH, (-16.36) |
T = R=Ph, Ar=Ph (L1729 Ar
= Ph, Ar=Ph (-17.29) pQM-1

Figure 1-1 Electrophilicity E of pQM-2

L2 L7223t Eal L7z Liu & & Waser © O TIXEEPUARIR TR ORI ZER I LT 07,
—ODHELE LT, §,5-"ED pQM OEHHIIE 7 v ROFIICEIDL L TIEF I HnwT
EBBRLTCwRbDeEZLNDL, HlZIE, S —EHRD pQM-1 & [FERICEKTE 2 4
P F VEIHEER pQM-3 ZFRVT, ZOEMEITITE A EWE S TR (Scheme 1-5)%

tB O
1) 1.0 eq. 2,6-di-tert-butylphenol u
o) 2.0 eq. piperidine ‘Bu
(a) )J\ toluene, reflux, 3 h -
Ar H 2) 2.0 eq. Acy0, 15 min
(@) 1) 1.0 eq. 2,6-di-tert-butylphenol
2.0 eq. piperidine
X toluene, reflux, 1 h
(b) R{jf&o g
= N 2) 2.0 eq. Ac,0, 15 min
\

Scheme 1-5 Synthesis of pQM-1 and pQM-3

—J5. RS X 172 Scheme 1-6 12783 Pan & D F7EIE, 8,6- iEHLD pQM-4 DD 7x
WABIED—DTH 25 LirL. ZOAKRDORMKEICE T, BFAEfEco7 2/ —
N ITALRIER B E L o Tnd, IHIC, §ALICT ) —AEoffbYicT A EzE
A L7z pQM-4b D51, TO8-—EIED pQM-1 Z &R T 2 HERH L 2 b, [EHiE
7 AR L 13 E W,
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(0] 3.0 eq. ArfMgX OH
Ar‘l H Et,0, 0 °C to r.t., 20 min Ar1 Ar2
2.0 eq. 2,6-di-tert-butylphenol
1.0 eq. H2$O4
CH,Cly, 0 °C to r.t.,, 20 min
0] OH 0]
Bu Bu Bu Bu Bu Bu
3.0 eq. alkyl-MgX 2.0 eq. Agy,0
| Et,0, 0 °C to r.t., 20 min THF, 100 °C,2h |
Ar'” T H A" "R Ar'” "R
pQM-1 37a (R = Ar?) pQM-4a (R = Ar?)
37b (R = alkyl) pQM-4b (R = alkyl)

Scheme 1-6 Examples for the synthesis of 8,5-disubstituted pQMs by Pan

b —DODKREARMAE LT, HEEL THW2 pQM 3T L F o CTLWiE, ZoREN
W ED7zoic, ALRZAFITH L Co-fiic Bud X 5 @ CERESLHEE 25 b
BETF oD, b oEWHIIT, RICKRICHRETE 2 LIEF 2. ZDOBRICIZT R 7 Lewis
% <° Bronsted FE23 0L & 72 55, F72, ZoOEMFICk Y, B F v F A @REMET
T256bH 5 O,

PERRTEZIHIC, pQM ZHEEL THW 2 5EICIIRE RRLEGIR2EH 5720, X
D SRR BIEIEER D 721X, KD DR G ICZ ORGEZLIDMT 2 2 FE O m A ¥
INnd,

[(FRTHREI R pQM ZHFT 2 AR OHI]

FRL2X o, BECHFT22LDTE2 pQM 2 &EH L L THW 25/, Z0%
EMER LD D E oG IC K E REIRR 225, LaL, ZNTpQM 2 FEX ¢, 20
FERICEITHIZ LT, 20X AR RT LB TE S, ZD X5 7% pQM DFAE
. BEMEE I3RS T T bbb T L 3%y, Scheme 1-7 IR L72d DlE. F T4
U VRS X 2 T v a — S8 38 DRI AR BUKSIG % #2 T, pQM-5 % F4E X ¢ 3 kT
Hb, TDSun bDOIWEE LYY I, FISET THAE I 72 pQM DI A Zn S5 X
Tw3,
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9-anthryl

1 R2 \
R' R? R'R !
R3 H 5.0 mol% cat. G : H
SN 5 MS 3A D '

+ | % > \ / I
| R4 . R4 '
P R CHCI3, 0 °C, 48-72 h R '
HO 2.0eq HO :
38 ) : !
; 24 examples 1
R" = alkyl, Ar up to 98% vyield i
R? = alkyl, Ar, het-Ar, alkynyl up to >99% ee .
R3=alkyl, F \
R* = alkyl or Ar '

Proposed reaction mechanism

Me Ph Me
H-B* &) B
(cat G) Ph —— Ph
-H o e
HO HO " Ho

38 39

N
R Me | > M
S / e Ph
VR R _— 7R H
20N /\
o R

0" 0----H—_
N
;/}

R is oriented backward to
minimize steric repulsion

Scheme 1-7 Chiral Bronsted acid-catalyzed construction of quaternary carbon centers via pQM-
5

ZONEIHERFRAS R EE 2 VW Tw 3 H, BT ) v FAERNICE R E S
BEBERCTELZ LW AT, EHICENTH L, L L, KEHHEETH 2HE =B LRD
FA V39 ELRECHKEZI 720, BEAR S LI ROEL L2DBHEEELET 24
bbb, ChrEEFzsL, CREOMHE L, 2o WETRIMECHET 2 1R 0 F
AV EARENT 5720, COREFETLIHEOARICIOFEEXZ0E FHEMHAT 2013
Witch s LA TFHRING,

T i, DDQ % W TEYE 40 DR L2 ATV RV VAL DIKFEE T & A RIS
HORIGEPE Lz, CR:EZ AT 568,6- ~EHLD pQM (Int-1)FEA4 K2 Liu b1 X 0 s &
728, TORIGIE Shi D DE LFIC L H1c, F 70 ) v %/ L 72 indole 1 pyrrole
¥ D Friedel-Crafts KB TH Y | CF3 3% H T 2 SHIURR R EHE O @ = 7 v F AR 7o i
I L Tw3, L2 L, DDQ DHEELD -0 ICHFIED MnO, Z2H4FEE 5 2 &2, &
AR 2 VR A F A Vg 41 OREEDOR LD 7D h, FH 40 OEIRIER (27 Y
— LT A F AR O L, BEORMPEREI N TV,
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.
h R’
F,C 1)0.25 eq. DDQ F;C R : O
3.0 eq. MnO, ' o o)
R CH,Cl,, 60 °C _ ““NH ' OIP:’OH
X o !
HO 2)1.1-3.0 eq. R'@ HO a : OO ,
45 u R« / ' R
0 or 2.0 eq. K,CO4 | =g, SiPh
R = Ar or alkynyl 5.0 mol% cat. H 31 examples ; R' = 9-anthryl or SiPh3
MS 3A up to 95% vyield . cat. H
-78°C uo to 96% ee !
.

MnO, H
cat. H
F;C R *
“ONH SN _ \ @
H R = R
HO % Ul — -
Ry 0 HO DDQH
Int-1 a1
o) o® o® OH
cl CN cl CN Cl CN Cl CN
cl CN cl CN  Cl CN Cl CN
0 0. OH OH
DDQ DDQ poaH® DDQH,

Scheme 1-8 Construction of quaternary carbon centers containing a CF3 group by reactions with

PQMs generated in situ via C-H activation process

L7z X 5, BEMESMET © pQM & FAE B TS ICH W 2 FiRoBRIX. M
ICHIZER TN T w5, —77 T, THEMSMT CpQM 2 RAE L W& IZP 7w, BUT
Iy HEREMESME T T pOM 2 RAE X E 3 -0 ICHEBICHVL O T W3 Hikerd, ke
EEROMSICIVELZ 72 FV FAFY BOBETOHLIARICL Y, phioxy
UMLICHEA L7 B e (L)2° ElcB Bl CHAAES 2 2 & T, pQM 23FAET 2 2 L 3 EIR
INTnw3,

L 1 L)R1 R1
Rz B )\A R2 NG R?2
AN R ase /\|
o N O o P
PO R Base-P R L R
42 43

Scheme 1-9 Proposed mechanism of in situ generation of pQMs under basic conditions
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Bz, ofLIcEIEAZB L TRy =/ — 44 ZFE L LCHW 2 TiE25, 1989 4
I Loubinoun & i€ X o T TN T %9 (Scheme 1-10), Z DA, 44 55 pQM-6 % F4:
XEDL0ICHCBIERER, 20T EREFE LTpQM-6 & KT %, L2L., 44 134
BT CORREIAET 2 LBARETH Y, HRL CHi7REBIcT 2 L EAELTL
IOl IN TN B,

EtO,C CO,Et
OAc

2.0 eq. NaCH(COOC,Hs),
> _
THF, 25 °C, 2-3 h
HO (@) HO

44 pQM-6 72%

Scheme 1-10 In situ generation of pQM-6 from 44 via formal elimination of acetic acid

2019 £EIC Jeferry & (%, FEE 45 D KOH IC X 3 7 = 7 — LT 25 AL OEIRA T AL %
HE 32 pQM-T O FNHEE L HE L 72 (Scheme 1-12), F A L, R v I Ao
dichloroacetate 7 =4 ¥ O iff % #2 T4 U 72 pQM-7 13, LK F & DRIGIC L b | BiHH
AL ZETI RO RF U P 252250, L L ZoWETld, pQM-7 D X 5 1Z5-f1—
ELD pQM & DG L RET S T,

0]
Cl
O)K(
Cl 3.0 eq. KOH 0]
Q | h R 3.0 eq. H,0, Z N R = .
-, D —— —_—
cl (@] X ' MeCN, -5 °C N o N
Cl R © R’ R'
45 pQM-7 16 examﬁ)les
R' = alkyl, Cl Up to 83%

R = alkyl

Scheme 1-11 Base-mediated generation of pQM-7 by hydrolysis of bis-dichloroacetate 45

REMSRMFTCCREZ AT 2 pQM & RNFEAE X &, GRALERICHA L 7283 X o i
D72y, Umemoto B, p-fiZiC CoFs #:% 3 % phenol #H 46 &g EOER A~ HwT, ¥
KA HE % §2C pQM-8 % RN THAE X &, 4 ORFREH & G & 27200 % M L
T\ %% (Scheme 1-12),
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1) 5.6 eq. NaH Bu 7
Et,0, 1t, 5 h CF3
—
HO_ CN 1)
2)1.7 eq.
1.0 eq. NaH Bu
r.t., overnight
88%
F
R C,Fs R _ t NC OEt
2.9 eq. NaCN CF; Bu CE
] > 3
HO EtOH, reflux, 1 h o)
R HO
R By
46 pQM-8
64%
2.8 eq. NaH
1.2 eq. H,C(CO,Et), N OEt
dioxane, reflux, 70 min
HO (0] OEt

87%
Scheme 1-12 Generation of pQM-8 via formal dehydrofluorination process under basic

conditions

¥ 72 Kato & 1%, HE 47 20 5 DN R BUERE RS 2 F2CTHEL 5 pQM-2 & k4 7ok
Fle DRIGEIRE L TWB2, X512, Waser D Kato 5 DFWT W23 b D & IFITEIER DR
BxH L. Scheme 1-4 /R L7 ORICE, pQM-2 ZHEiT 2 2 L {fT>oTWn3
(Scheme 1-13),

OH
R
CF, CF,
1.1 eq. NaH Me R’
HO R 1.1eq. R'\/COZEt
1.4 eq. SOCI, Toluene or THF, r.t.,, 6-8 h HO CO,Et
1.0 eq. Pyridine
Toluene, 0 °C, 1 h Me
then, 70 °C, 2 h 80-97%
CF;
R R Z CF NJ\Ph
CF, 3.0 eq. PhCH(CH3)NH, 3 | N
CH,CI,, 0°C,8h
HO (0] ! HO
61%
R ° Fs
47 pPQM-2
X
6.0 eq. -~ MgBr
THF, -5°C,8h HO

88%

Scheme 1-13 Base-mediated generation of pQM-2 via dehydrochlorination from 47
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INFETDEZASNICCERIEEZAT 2 pQM ZHEIEMEM T CRNFAE & & 2 5k,
Faf U 72 Umemoto, Kato, Waser 28¥Rt5 L 72 FiEDATH S, L L, ThoDFHIFFE L
L CHUE L O =R B OREEETH D . HEPURR BB O~ D © Al 1A
TH5, $7-, WHUESLFETTpQM 2HEx 237201z, 7y HZOFECEDLS T, @&
FEOWHAMVALERDH Y, Troaxa) I —0@A» L bLEORAEI LT,
%, UEXVE-ETIR, MIKEDHIECREI R pQM 25, CFHEE2H T 2 FEIUHRE
WEEOHPIEA L 2 2 FEORREZ RO & L T2,
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1-2 BEEFOFE R URIGEH O REL

FE Sub-1 X V| HEEMESRMF T CSALICRFEERER (R)L CR: &% H T 2 Int-1 2 2 HNH
B, 20 Int-1 1R L, i < RFBREA Nu)D 1,6-(HIE 25T 330, AT o B
~EHET L FiEL 7D (Scheme 1-14), T 72, pQM % £ 3 % SHPUMN K BREE & M5
HFCiro20lix, 7 vy ROFRICEDL L FTECHEIN TR, BLEd 6, RFEIH
Mg DTH D LYWL 72,

Y CF; Y CF,
jon @* ;ff |
PO \\\\
Sub-1 Int-1
l u_
Nu CF;

R
Sub-1

Scheme 1-14 Working hypothesis for the generation of Int-1 by a catalytic amount of base

ETAT,FIRDORVINVATFAVIE, B ANK AT A v L AREORENZH
LTW3LINTWEB, 2ol éthrb, BEEMORVYIVATF v IFHEMARE = Ho
RAFAVEVRETHL ZEBRTREINE, 5T, Sub-1 225 Y23 HFEMWICTHIREL <
RET IRV INAT AV IE pNOBREREDETHGICL 2L ENER TS5, 2F D,
Sub-1 @ El B2 R T 2 RREPMREZ N2 BN H Y | HEOREELEL LT

EiFond, LAL, T Chib_7228, CFEIxBEET 2 AR A F4 v 2L RENT 2
IR D 5720, &5 L aifiL oo, ZEIC Sub-1 5> 2 enTEx 2L THEL
726

%mﬁf%ﬁi@ﬁﬁfhnl%%iéﬁé & DTE % Sub-1 D BRI Z5i%E 21T 5 72,
e o7 nEToRETIE, HE XICXk3 72/ — v OIRERL P OR#E L il
RYINALOERE Y- ORI XY pQM ZFE I Tz, T ORRBHEEL T < Y23
" Sub-1 D P % fiiffi#Ec & ni, il E o Cnt-1 2F4ETX 3 L WfF X3 (Scheme
1-14),

THIC, BT 4 v Tay ZEOR R A RAKRAED» T 7201t 2 0RE 0P BE
BTHLIEBRLEEND, TOXIBRERD?S. Sub-1 OFHRICEOMIL L 7n 2 RFHER %
ﬁ%é@b%@ii%wéfa@ﬁéést@@ﬁﬁ%ﬁta%xantoéaqsw-
1 DLGEER ED 7D ICid, PITEEICHIRE X ic  w—77 T, @Y A S Ic Ul
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TEZLVHWHEDIEENS, U LS 27 3 IRER L LT BEADRES ., LEM.
L OMRESICD LRI DO, T A RRREEPRETH 2 L EZ DN,

T 72, Int-1 DFAEREOMIBAL ZEK T 27201213, Y IXEAREDTHY, 2074
RRREL A BIRERER T = A VETH L L AR END, FRCHIE OB ICE VT, B
ST =49 13, B S b v A8 L VAR TE 3720, £ D OH HoZHIT X
Y ZEAT S EBREHNAREIEEELOND, £ T, Scheme 1-15 IZ78 L 72 Sun & 2%

5 L 72 LiOAc 1T X % TBS DM RESIGICHFH LM, P % TBS RIiC. Y # OAc &ZICHE
L7,

OH
R OB 10 molo Lioac ~ R N
L DMF/H,O = 50/1 (v/v) =
rt-70 °C
24 examples

up to 99% yield

Scheme 1-15 Previous report on the deprotection of the TBS group at the phenolic position.

I HIT, 49 DERRITIE, 48 ZREHT 2 FEUANCH . AR BEZ oD L HF]
M%ZHL T3 (Scheme 1-16),

/©)‘\ + TMSCF3
TBSO
HO CF,
R CF; . R-M
—
TBSO TBSO
49
O
TBSO

Scheme 1-16 Possible synthetic plans for the alcohols 49X from various starting materials with

a CF3 group

FE 50 D REBAIE Me ke L, 7+ v 48 75%%’,’% 50aa DK %17 72 (Scheme 1-17),
MR D 4-bromophenol ® TBS &%, H# ik CTEEMICHET L 72, iV T EtLO HC BuLi &
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DYV F v Lvy RIS X Y FE X ¥ 72 Arli % ethyl trifluoroacetate THLHH L T 48
37z, —J7. THF IR © 2 O KIGEAT 2 723541213, 48 O TBS £ 1 7 iifR#E 28
MR INT720, EO BRI AFIR L7z, D 48 % MeMgBr THLELL . % Z~ Ac,0 Z NN
L 726558, HIVE 32 F'H 50aa ~ & one-pot SGH D EINER CHE T X 7z,

1.1 eq. TBSCI
Br 2.0 eq. Imidazole Br
CH,Cl,,0°Cto 30°C,1h }
HO TBSO
quant.
1) 1.1 eq. BuLi o
Et,0,-80°Cto0°C, 1h R CF3
2) 1.2 eq. CF3CO,Et
-80°C,1h TBSO
48
88%
HO CF3 AcO CF3
1) 1.5 eq. MeMgBr 2) 2.0 eq. Ac,O M
Me e
Et,0,0°C,1h 30:C,1h
TBSO TBSO
- 49a - 50aa

94%

Scheme 1-17 Synthesis of S0aa

B o7z 50aa 2> 5 Int-la BEKT 25 &5 R HERET 5729, AT DMF-H,0 % iR
L. L LT LiOAc Z/INBERIE T, RFERIZHA acetylacetone & D G % 54 7z (Table
1-1,Entry 1)o L% L. Scheme 1-15 IZ/R L 72 1,6-fHINBOG 134 < MEFTR, TBS o i {##
DHDMERI NI, BEOA A vz 322720, WIGT2F M) v aEeH ) 7L
EHVE e, PETEDDIHN 2 ODF 727 — 75 UFNMR X VRSN, Ricz sy
HiVY)51aa &AL 7 4 v 52 TH 5 Z & A3 L 7z (Entries 2, 3), HaH% TBAF ICEHE L,
T2 DIFEDOWRGT 21T - 724558, toluene H1 CTHe D W INFE 59% T Slaa AFHLN72d DD,
HBEFZ IR IR U 7256, FR E B R & 41, S1aa DY IT AN L 72 il & [FE D 10%
& 7% o7 (Entries 4-8), TDZ L 55 toluene D X 5 ZRAKIRMAEIEF Clx, F'E 50aa 2> 5
HEL 72 AcO 7 =A ¥ A OIE O TBS Kz BifRi#E S 2 720 0+ OtEEZH L Tw
mWEEZ LNz, 51T, DMSO HTD AcOH (12.3) & acetylacetone (13.3)D pK, % E[E T
2L, FET DL AcO 7 =A v acetylacetone DIEEAFL v 7'a b v 5| EIKE 1T\,
T 77— bEERTZ0EREEL L FRINES . 200, GREEECTH S DMF £
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THF i~ toluene 1T X Y RWIFHE T 50aa 2315 5 41172 D 1L, acetylacetone 7T/ 7 — b
TR/ = LT, Int-la L RIGL T2 2 EAFERZ EFEZ T 5,

Table 1-1 Investigation of the reactivity of the pQM precursor 49aa

(o)
o fo) [0) Me
AcO CF3 20eq. Me)J\/U\Me Mé CF3
Me 1.1eq.Base . Me . CF;
TBSO Solv.,30°C, 18 h HO HO
50aa 51aa 52
CF;
o
(0]
Int-1a
9F NMR yield (%)
Entry Base Solv.
51aa 52 others
19 LiOAc DMF/H,0 = 50/1 (v/v) 0 0 0
2 NaOAc DMF/H,0 = 50/1 (v/v) 8 6 0
3 KOAc DMF/H,0 = 50/1 (v/v) 27 5 19
4 TBAF DMF 17 10 2
5 TBAF THF 42 6 11
6 TBAF CH,Cl, 48 5 23
7 TBAF Toluene 59 3 8
8b©) TBAF Toluene 10 0 0

a) 72% of the TBS deprotected S0aa was isolated. b) 10 mol% of Base was used. c¢) 88% of S0aa was recovered.

Table 1-1 DFER L 0 | HE L TOMIES 4 7 ViSRG EETE R 2720, i
R OREMER OEEE R A X2 e AR ETH L L E LN, HEEEE M
I, B2 50 Int-1a DFAEZEAFNCT 2 & FHINS, Fl2iF, HEMTra—1 49a i
LT AcfbofRb D Ic T v F ALz fT 21, BBEHEIE 7 v a %o F 7k b 7205
ZRT, LHL, —MAa T La—Ld DMSO H T pK, 1 29-32 TH b | phenol i 18 T
HHLZLREETLE S, HERKDO7 2/ %2 FXYVENHEMICRLERT =4 VDS,
Int-la DFEDIRICIZAEL 22 LIC2 2720, ZORICOMBHETIZIED v, DF Y,
iR 1Z phenol X 0 DKW pK, ZH L. WidERIZRKZAION 70 kv Lz2fTH> 2L DTE
LREOEEMNEE T 5 AN TH 5, 22T, BB L LThHLFRF— MITEHL
720 DMSO HITD pK, IZfRE I N T\ 7z0, IKFTD pK, TLAHIRTEZ s, Th
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iZ. FLD HaCOs D pK, 1 6.35 T, phenol (pK,:10,in HoO)D Z 1L X D KV, Z D7z, H
NARF— IR L CoMZmZLTWwbEEEZILNE, T HIC, AIVEF—FRD
PREEFL T, 2 OMER ICIIMRESICZRCTrax s P ek b, 2% 0, Lot cHwy
TW/zHHE S0aa 2> 54U % AcO & ik 3 2 L HEHMERKIFICH L3 5 7290, HARE L 72 fik
W A 7 A ED K ROCHFIEICHET I 2 2 L s IfF S 7z,

7+ v 1% MeMgBr CULL L, o NZFE =T v a— 49a iICh VKR F— MM % i
32 & T, HH S0ab. S0ac  FIECTAKT S5 Z LA TE 7, FFIC 49a 1T Boc fRe#EZfitE L
7-3H 50ab (X, 7 F ¥ 1 2> 5 one-pot THIKIC DR L 72 (Scheme 1-18),

0 HO CF,
CF3 1.5 eq. MeMgBr R Me
Et,0,0°C, 1h
TBSO TBSO
48 49a
92%
1.5 eq. Boc,O BocO CF3
1.2 eq. NEt3
10 mol% DMAP Me
CH,Clp,rt,1h
TBSO
50ab

97% (92%%)

MeO,CO CF;
1.5 eq. CICO,Me
2.0 eq. NaH 2 Me
THF, 1t, 1 h  1BSO

50ac

87%
a) One-pot reaction was carried out from 48 under shown below conditions.
1) 1.2 eq. MeMgBr, THF, 0°C, 1 h
2) 1.5 eq. Boc,0,30°C, 1h

Scheme 1-18 Synthesis of other pQM precursors from 48

N5 % Table 1-1,Entry4 DT L7z 22, FHEEE Y KIGHEIT L. 63%T 5laa
233 H 7z (Table 1-2, Entry 1), 7z, 50ab OfUH Y IC 50ac ZH W Td ., Z fLEWILIE
D% R L7 (Entry2), T DR, BE»SLRAETEZTLaxy 25 Int-la ~D 1,6-
KIS EFEORIKIS A ETT 2 2 L BB INA L0, ERVBuO ZFHAEL, EHIC
EfETH 2720 DR ES TH % 50ab % FoBEE & L CTED 72, #il>T TBAF UsD
RROBGET 21T - 72, % DfthdifR e LT, KF, CsF, KOAc, BUuNOAc, KO'Bu, K»CO;, DBU
Z 7223 K,CO;3 & DBU D 4 TBAF & [AIFREE D )G % 7R L 72 (Entries 3-9), 712, K2CO3
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% OB I AN 51aa @ TBS {L{F 53aa 23R S L7z, 72, DBU &R U =T I v
TH % NEt; TlE, &L ICIETL e d o 72 (Entry 10), KiZ, —EHiE % TBAF ICHEE
L. BIEOMET 21T o720 % OF5H. DMF X Y @iRIEREECH %2 DMSO %\ ORI % 1T
> 72 5E. KIIEE L CH#EFTL 7225, DMF X 0 b k2K WA <t 51aa OUED
K22 EDHSITH -7 (Entries 11-13,15), —/5 . EBUAEcDd 7' v b v UREC
» % EtOH W Cid, HARFT 2 A G I3 ST L 7 b o 72 (Entry 14), 15 b 1724 fI1{A S51aa D
INE 2S5, EtOH T, RN THAET 2HHIC X % 50ab Ot TBSLSEIT L 8\ & A3
FHRZEEEZ2 b5, KE%E 50 °C TiTo72& T A, S5laa OICRIZETUHE X 1. 84%
L7 o7 (Entry16), & 5iC, il % 10 mol%2> 5 5mol%ITAKIH L T b . ARk IR IG AN
142 2 &b h o7 (Entries 15, 17).Entry 8,9 T RAF 72 St % /8 L 72 KoCO3 %° DBU %
Entry 16 DT TBAF Db D I W 7256, FKOFER 1G5 17 (Entries 18, 19), %
Do, FHEEECTH Y, WY R BES D OL]fi7% DBU Z il & L TED 7z, ik
IRILAN D YU & DG &2 1T o 72, KiZH % 1.1 Y& F CEE L 728546 D 51aa 1315 5 L7223,
Z DL 51aa 2 TBS i & 117z 53aa MRS Nz, T D720, KIGHK THRICKIGIEAY %
KF CULEE L 7= & 25, KEHIZ 2.0 MEHAGT LB L FFLE QIR D 83%T 50aa %15
5 Z L3 TE 7z (Entries 20, 21), LA X V| Entry 21 &M% m#ESEfEE LTRHTC &
TE 7z,
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Table 1-2 Optimization of the reaction conditions

0]
o o (o] Me
BocO CF; 20eq. Me)J\/U\Me Me CF;
Me 10 mol% Base . Me N CF,
TBSO Solv., 30 °C, 18 h PO HO
50ab 51aa (P =H) 52
53aa (P = TBS)
F NMR yield™” (%)
Entry Base Solv.
S51aa 52 others

1 TBAF DMF 63 15 12

29 TBAF DMF 62 16 14

3 KF DMF 46 25 12

4 CsF DMF 55 14 18

5 KOAc DMF 40 12 23

6 BusNOACc DMF 46 12 30

7 KO'Bu DMF 46 25 13

8 K>COs DMF 41 (30) 15 4

9 DBU DMF 61 14 25
10 NEt; DMF 0 0 0
11 TBAF Toluene 20 5 53
12 TBAF THF 21 6 46
13 TBAF MeCN 24 5 43
14 TBAF EtOH 12 0 0
15 TBAF DMSO 76 8 10
169 TBAF DMSO 84 16 0
1749 TBAF DMSO 84 [81] 16 0
1849 K2COs DMSO 83 13 0
1949 DBU DMSO 84 [83] 17 0
204D DBU DMSO 63 (21) 17 0
21%&hD DBU DMSO 66 (17) [83] 17 0

a) In the brackets were shown the isolated yields. b) In the parentheses were shown the '’F NMR yields of the TBS protected
S1aa (53aa). c) S0ac was used as the substrate instead of 50ab. d) Conducted at 50 °C. e) Usage of 5.0 mol% of bases. f) Usage
of 1.5 eq. of acetylacetone. g) Usage of 1.1 eq. of acetylacetone. h) After appropriate reaction time, the TBS group of the product
53aa was deprotected under the conditions like addition of 1.5 eq. KF and stirring at 30 °C for 1 h. i) Conducted at 50 °C for 9

h.
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1-3 EEE R o mET
RIZ, Table 1-2 THH U 72 /ol % v <, FE @ HEIPH O MGt 217 - 72,

Table 1-3 Reactions of 50ab with various NuH

BocO CF3 1)1.1eq. NuH Nu CF3
5 mol% DBU
Me bwmso, or30°C, 24 h CF;
2)1.5eq.KF, 30°C, 1h >

TBSO
50ab 51aX 52
0 O O O O O O O
Nu =
Me Me Ph Ph Me OEt Me OBu
, 70% 50%P) 72% (dr = 64:36)
(51aa) 87% (dr = 61:39) (51ad)
(51ab) (512¢)
NC Ph
)Eﬁm E@ijk I:ba ];\% J;
91% (dr = 58:42) 86%
(51ae) (51af) 87% (dr= 74.26)d (51ah) (51a|)
(51ag)

Formation of olefin 52 as the major product

” _OEt o= ;
NuH = Me)J\/U\NMez EtO)J\/ OEt Ph M

30%°) (dr = 63:37) , 86% , 90% e 9
(51aj) (82) (52) (52) (52)
70%
(52)

a) d.r. was determined by 'F NMR. b) Usage of 4.0 eq. of NuH. c) '’F NMR yield of the sum of TBS protected and non-
protected products before the step 2. d) Conducted at 30 °C for 72 h and usage of 10 mol% of TBAF instead of DBU. e) "°F

NMR yield f) Conducted for 18 h and usage of 2.0 eq. of NuH. g) Conducted for 18 h.

AT, 50ab & Bk % ZiGtE 2 7L v ALEY & O RIGZBET L 72 (Table 2-3), Acetylacetone
LAt o 1,3-diketone {L&#1 & L T 1,3-diphenylpropane-1,3-dione % 272556, 4.0 ¥EFE T
KA R L2, BHIWPYITH % S1ab DIEEIL 50%ICH £ 572, —77. ethyl acetoacetate
% diethyl malonate & 50ab @ It (% 8 EILL LD UICR T HIWY) 50ac, 50af % 5 272, X 51
NS DOREAI L DRIGIE. FISIREE 50 °C 225 30 °C I FIFCd ., mIECHIY
fFoNs, 72, B-ketoesters DT AT LD T )L a— LA % EtOH 2 & BuOH ~ & & <
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L 7556 X AR S1ad DU 72% % TR T35 Z & 238 5 21T 72 o 72, — 77 . B-ketoester
DT b v EE  LeGAIciE, Slae OICE~DEEII/NS o7z, Ht T, 1,3,
dicarbonyl {L VLN DERFEKLAI & LT, BBIEE DSV AFL v T a b+ v 2 H3 2{L6Y
& 50ab & OKIGEMET L 72, Ethyl cyanoacetate & D), HHF L L < DBU #H\Ww7z8;
ARG TERE L h o7z, Lor L, Hik% TBAF ICZH 2 & RIGTER £ TICRIFRH %
P75, XVmMZAEFICELT, 9EE K DIEE T Slag A3 bz, ZDJHEKFICO W
TIIRIOEERE 2 28 2 TRk 3% . % Dfthd KiLAl & L T, benzylphenylketone % nitromethane
EHCIEEITIE. 20N 83%, 53%DIERTHI &3 5 Ik S1ah, 51ai 2355 N7z,
¥ 7z, nitromethane & DRIGTIE, ZDOHEZ 4.0 BE~LHMT 2 &, IEFED 68%F TL
AT 5 EDBHLIC o T2,

L %> L. N,N-dimethylacetoacetamide & S0ab & @ K& CTlid, FTE DI 50aj DUER 30%
KT, AL 74y 52 BEERPWE LT 70%DINETELNZ, T /2. triethyl
phosphonoacetate, acetophenone, diethyl methylmalonate, 2-methyldimedone % > 7z BRI %, +
L7 4 Y82 DHEDBEL T,

Table 1-4 Correlation between pK, values of NuH and yields of 50aX

BocQ CF3 1)1.1eq. NuH Nu CF;
5 mol% DBU
Me DMSO,50°C,9hor30°C,24h Me CF;
2)1.5eq.KF, 30 °C, 1 h -
TBSO HO HO
49ab 51aX 52
(0] (0] (0] (0] (0] (0]
Nu =
Me Me Ph Ph Me OEt
y 70% , 50%b)
(13.3)" (13.4)" 87% (dr = 61:39)
(14.4)"
(0] (0] (0] (0]
NC Ph NO
Eto)yj\OEt I “OEt I “Ph WJ: 2
, 86% c) ) b)
(16.4)"* 87% (dr = 74:26)% (7.7)" (17.2)"
(13.1)1%2

olefin 52 was obtained as the major product

o O o o o] O O
I O
NuH = MeMNMeZ Eto)k/P\OEt )J\Ph EtOMOEt
Me Me (0]
(18.2)'52 (18.6)'% (24.7)" (18.0)'%0 (11.2)'%0

a) d.r. was determined by '’F NMR. b) Usage of 4.0 eq. of NuH. c) °F NMR yield of the sum of TBS protected and non-protected

products before the step 2. d) Conducted at 30 °C for 72 h and usage of 10 mol% of TBAF instead of DBU.
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T T, Table 1-3 THWZZREAIOIEEAFL v 7 a b v OB L 1518 [ 51aX
DIV % Table 1-4 ICE L ® 7z, F1v IWNDEFIE DMSO 1D pK, /R LT %, KT, i
HEAFLYyTabrvopK, 2818 Z 2 % L. FEBYOICERKIFITAKR T 3 2 ER 2 - 5
N2y ZOFRICONWTIERD L HICEZ TS, KEFID 7o b v OBHEEEWIGA,
W63 B HREROKEE DR T T 2HAED 5, 2F 0, &5 LARKEAIT Int-1a & D
FIGDSEL 720, ZOfEF L LCInt-la D7 v b VALMEBIE L7z &5 2 72, il 21X, ki
fill & L T acetylacetone & ethyl acetoacetate %\ 723556 %tk 3 2 & | BRI DKW HTE ©
Fi3. HEIOIEME N, —7, WA FL v 7 a b v ORBIEEMET X 254, KEEH
DHODT A VEORKEIEL 5720, Int-la ~Dfi 7o b VLBERL,. AL 7 4 v 52
DBEAEBY L 72 5, FFIC, 2-methyldimedone 13, FHNTT/ 77— F 24U 5720 D+53 7=l
HEEHLTWE2, ERLoHA»OED L-(TMRICHET L o2 EZ LS,

& T AT, Table 1-2 DIRETT 51aa 28 TBS L X #1172 53aa DAEKPER SN TS, ZTD

TBS 1t4% 53aX (F. Int-1a ~ D KEAINuw L CTHEL 2 7 =/ F 2 F A4 4V 54aX D TBS
fBic k> THERT 2 & PRI NS (Scheme 1-19), F 7z, 54aX I3 F L L&Y 7
o b AL EAT O RICHEEE D ZE 2 b b, FFIC, DMSOHTD 7 =/ —1LD pKa (X 18 TH Y
BN HIERCEEEEAE T AEEAF L VLAY CIRINIGT 2 7 = A4 v O RN
#elsd, 2F 0, Int-la ~LTE 2 KK NeDEIGRP R, AL 7452 %
Bz RIGBERLI-EEZLND,

CF,
P
(0] ® HO
Int-1a H-Base 52
@
Nu
Nu CF3 Nu CF3 Nu CF3
Me Nu-H Me T1BS-X Me
,7 ©)
HO ) 0 TBSO
51aX Nu 54aX 53aX

Scheme 1-19 Plausible reaction mechanism in the generation of Nu~ from Nu-H

PIEX Y, REIGHTIEZ DMSO HC pK, 28 14-17 BRE DA 7L vikFEE2HT 2{LE
M. RIFICRIGT 5720 uwﬁfkm MCX 5, ZOERICHAZ, Int-1a D CF3 A & 77
TR, BRI K E L R 2 REFI DA ICBNTH, BT 3 IGCOET IR o n 3

k:&b\B%%@WﬁﬁT:O&#otk%x%néo
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Fe T, Me AN EHIL A T 2 HEH O KISHEDOBET 21T 5 72912, 50bb-50pb D&
X% 1T > 7z (Table 1-5), BB, 7 b v 48 X0 T 2 JRFREEHICUUR L CHE =M T v a—
49 ~LEFE L #i< Boc {LIC & Y 50bb-50pb % Ak L 7z (Entries 1-13), L 2> L. &R
FoBFHEGER L LT pALIc NMe; B2 T % 742 — )L 49q D Boc (L IZRKIE A1 4E &
720, HNOHE 50qb #1535 2 L1 TE &b 57 (Entry 14),

Table 1-5 Synthesis of various 49Xb with other substituents

(0] RLi HO CF3 1.2 eq. Boc,O BocO CF3
or 1.5 eq. NEt3
CF, RMgX R 20 mol% DMAP R
—_— —
CH,Cl,
TBSO TBSO 0°Cto30°C,1h TBSO
48 49 50
Isolated Yield (%)
Entry RLi or RMgX
49 50
1 PhLi 96 (49b) 93 (50bb)
2 p-F-CeH,Li 91 (49¢) 95 (50ch)
3 p-F3C-C¢HyLi 83 (49d) 95 (50db)
4 p-NC-C¢H,MgCI°LiCl 57 (49¢) 70 (50eb)
5 p-Me-CsH,Li 96 (49f) 85 (501b)
6 p-MeO-C¢H,Li 56 (49g) 76 (50gb)
7 0-MOMO-C¢H,Li 79 (49h) 82 (50hb)
8 2,4-MeO-C¢H,Li 68 (49i) 82 (50ib)
9 2-pyridylLi 71 (49§) 54 (50jb)
10 1-naphthylLi 86 (49K) 94 (50kb)
11 PhCCLi 96 (491) 88 (501b)
12 ‘BuMgCl 47 (490) 61 (500b)
OLi
13 94 (49p) 92 (50pb)
OEt
14 4-Me,N-C¢H,Li 75 (49q) Complex

7. BHE 50 oEHIE R & LT, Me RSO T A F AR ZIEICEAT 256, W
T3 T AFAEEREA L DIIETIX, 48 DIRTTIGHHET 5 2 L 2B I NY, 2D
2o, TAFAEEEANLZT P v 55 L, CRTMS (2) L ORIGIC X V=T va — 56
AT BRREEICAE T L 72 (Scheme 1-20), % D&, 53 D 7 = / — Ao MoKEER: % TBS
TERMICIRE L, HIZIC Boc {L%Z1T 5 Z & T 50mb, 50nb % 1372,
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1) 1.1 eq. BuLi

Br THF, -80 °C, 1 h
2) 0
MOMO

‘/\NJ\R

1.2 eq. o
-80°Cto25 °C,1h

Y

Q.

1) 1.5 eq. TMSCF; (2)
10 mol% NBu4OAc
toluene, 0 °C to 30 °C, 3 h

2) 20 mol% p-TsOH+H,0
MeOH, reflux, 1 h

1.1 eq. TBSCI
2.0 eq. imidazole

CH,Cl,, 0°Ct030°C,1h

1.2 eq. Boc,0
1.5 eq. NEt3
20 mol% DMAP

Y

MOMO

CH,Cl,, 0°Ct030°C,1h

76% (55m, R = Pr)
74% (55n, R = Pr)

HO CF,

o

HO
82% (56m, R = Pr)
82% (56n, R = Pr)

HO CF,
R

3

TBSO
94% (49m, R = Pr)
99% (49n, R = Pr)

BocO CF;
R

o

TBSO

76% (50mb, R = Pr)
80% (50nb, R = 'Pr)?)

a) 3.2 eq. NEt3, 2.5 eq. Boc,0 were used.

Scheme 1-20 Synthesis of S0 containing other alkyl substituents
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5 5 2172 50bb-50bp % F\>"CT. 50ab & Imfl17a 55 T b X K KOG L 72 RFER LA < H
% diethyl malonate & @ &% Fiat L 72 (Table 1-6), Ph % 3 2 FE 50bb 13, Me F%
2 50ab V72 BE L [FRRIC, @I TGS 2 (10 S1bf 2 5-2 72, 7=, HER LI
BRGIECHEGEAF T 2HE ClZ. ZoBBXAMNRIIICHEICKE &L 5 2 312,
51cf-51if 2% 88%72> b 93% T3 H 4172, FFIC 51hb % 51lib D X 5 ICHFERD oI EiRE %
HLTEY, VEICREAA > TV ARBAICEWTH., FIBICCITETLZ, 20
Pad L L C~T7uBPeF 7 XL VERDBERHVEETH D | EE S1jf 2 SIKf 23T d 90%D
BINECARTEZZ EHMALE, TAF Y ZET S 50b & ORIGTIE, MGEP ot
U2 pQM IR LT, KEHFID 6 (77210 T 8MLICKIGT 2 2 & dFZ bz 238, FEiR
FC L6-fHMERYITH % SIE DA% 5 2 7,

Table 1-6 Reactions of a variety of 49Xb with diethyl malonate

(o)
o o (o) OEt
1) 1.1 eq.
BocO CF3 EtO)J\/U\OEt EtO CF3
5 mol% DBU
R DMSO, 30 °C, 18 h _ R
TBSO 2)1.5eq.KF, 30°C,1h HO
50bb-50pb 51Xf
: : F : CF3 : CN : Me
91% 89% 89% 91% 93%
(51bf) (51cf) (51df) (51ef) (51ff)
OMOM
N
| AN
J U
92% 88% 88% 90% 90%
(51gf) (51hf) (51if) (51jf) (51kf)
?\fx gPr ?;’Pr ?(iBu
Ph
97% 90% 46% Complex mixture
(511f) (51mf) (51nf) (510f)
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KIZ 50mb-500b FED T N F NREHEEH T 2 HEICOW TR Z/To7%, Zhb Dl
Hlix, TArFAErEE L R bIcon, HE 3 2LEY Simf-510f DI I T L7z, N
Z T, HE L LT 50pb %}Eﬁusﬂf CiE. SREXA & D RIGHHEITS B ETICHEE L 72 Int-1p 22
OIFEFEIC X 27w b AEAHEST L, IR Sipf TiE <AL 74 v 571 Bfgohi
(Scheme 1-21), Z #LiZ, ﬁ/vwl‘-—/Vﬁoc fo7ve b voHEOE I BIRKTH DB LHEZ T
w5,

o o o
o EtOJ\/U\OEt 0 OEt
BocO CF
°° * DBU CF; O EtC CF;0
— B
OEt _ OEt et
TBSO o H HO
50pb Int-1p NOt(g?:ffi)ned
CF; O
Base X OEt
HO
95%
(57)

Scheme 1-21 Reactivity of S0pb under optimized condition

ARG THETZ 2 BURKFZZ G TILAYMOEED T b 24k LD =0T, IGHIERX
F L ALEYILS O R RILA & B S0ab & O SIGERET L7z, mANIC. T ‘/flﬁ%% 7+
v OFiifA & L T acetone cyanohydrin Z F{\»C, > 7 / FDEA %5 472 (Scheme 1-22),
Z OfEFR, W L7zl 0 ic e 7 2 EAEA T 7z Slak 25 7T6% DR TR LTz,

oy NC OH
.1 eq.
BocO CF - NC CF,
3 5 mol% DBU "
Me DMSO, 30 °C, 24 h e
2)1.5eq. KF
TBSO 30°C,1h HO
(51ak)

Scheme 1-22 Reaction of cyanide with 50ab
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& T AT, Table1-3 I bR L7243, acetophenone % fik 3 KA & L CHWZERICIE, KIS
FHICBT MG T ST T — F DAEEHREL 2 ) . T DMK 51al 2L {FoN7%
Do 7z, % Z T, acetophenone % T/ —)L¥ Y LT —F VAL, filiftE D DBU f#7E
IZ50ab & DRILZEIT o7z, % DFEE. IRIFED Slal 3453 5 4172 (Table 1-7, Entry 1), Hik %
DBU 7*5 TBAF ~¢EH L7722 A, B 51 OAERDHIHE & ., 51al DGR 36%
& 72 o7z (Entry2)e RIT, RGO BEBEINFOWE 21T o 72, 68 % DMSO 7> 5 Toluene ~
EEFEL T T A, 1R A ERIGPHETR T 50ab 2RI iz, —J, e LT THF %
w2 &, DMSO TG & L L, 51al DUEEDS 10% L5 L 72 (Entries 3,4), #t\» T
TR DR & MIET L 720 Jeib U 7223, RRIGR Tld Int-1a DFEEEE & | KA 0L
DEE T, Int-1a ~D 1,6-(HIMBIGDEE L DIRAVHIEFICEETH 5 2 L HUREB X
NTWw3, X551, Entry4 Tl 51al DILKIZ EF L7225, 52 LIS D EIA: il s 8538 &
NTWiz, 22T, @RIGED Int-1a DFAERE AT &, EHRORIKICEZI X 5 2
LA, RO 1L,6-MIGDERED A Fic#EA32 &5 Pl 27T, D7 Entry 5
T MGERDOEEZ 2T TD 025M 25 0.IM ~EFIRL 728 2 A, 2 DIRIZ 63%
FCWEIN, IHIKT ) =AY VLI —TL% 1.5 YEF TINS5 L, HERICE 68%
TSlal BMfFoNd 2 b o,

Table 1-7 Investigation of the reaction of 50ab with silylated nucleophiles

;\TMS o
1.1 eq.
BocO CF; Ph Ph CF, g
Me 5 mol% Base . Me E CF3
solv, 30 °C, 18-24 h '
TBSO HO ' HO
50ab 51al 52
concentration 19F NMR yield® (%)
Entry Base Solv.
(M) 51al + 53al 52
1 0.25 DBU DMSO trace 76
2 0.25 TBAF DMSO 36 56
3 0.25 TBAF  Toluene trace 0
4 0.25 TBAF THF 46 31
5 0.1 TBAF THF 63 27
629 0.1 TBAF  THF 76 [68] 15

a) In the bracket was shown the isolated yield of the desired product. b) 1.5 eq. of the silyl enol ether was used.c) After the
appropriate reaction time, desilylation was conducted by 1.5 eq. of KF in MeOH/THF = 1/2 (v/v) at 30 °C for 1 h.
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¥ 7z, Table 1-3 DFRFTICT I\ T, triethyl phosphonoacetate <° diethyl methylmalonate & 50ab
EDRIGIZ AV 7 4 v 52 BEABI) & 72 545K % 5 2 Twiz, £ & T LFiiamE D NaH
XY, INLDANVR=LEW%ETFOT ) 7 —F~EFFEL, 50ab & ORILH G L
720 T DFER, FHEIURR BT % T 2 LAY S1am (56%) 7 & TNIC S1an (69%) 235 b L7z,
Table 1-4 I H /R L 7225, DMSO H1T®D pK, . triethyl phosphonoacetate (18.6), diethyl
methylmalonate (18.0)CH 5720, 7=/ =L XD 3D L FFREBEOMEEEZEL T
w3, 2%, RO CIE, chobDx ) T— L ORENEEL Y, BEN D 1,6-
IR E LN ol 8 WOIREZ R T 28R L o7z, £72, Slan OUGEEL, HH
Z 05 YEECTHELZHAIC38%E TR T Lz, BLEX Y, Table 1-44 TOEFED X I ic,
77—t DRREED, RROCOETICIEF ICEERZEHZRZL T eEzoN
726

BocO CF; 1) 1.0 eq. NaH Nu CF;
1.1 eq. NuH
Me  DMSO, 50 °C, 30 min Me
2)1.5eq. KF
TBSO MeOH, 30 °C, 1 h HO
50ab
o o o o
'Ial,OEt
Nu = Eto” I “OEt EtO OEt
Me
56% (dr = 75: 25)) 69%
38%"°) (dr = 74: 26)? (51an)
(51am)

a) Detremined by "°F NMR of the crude mixture.
b) 0.5 eq. NaH was used, and the yield was determined by '°F NMR.

Scheme 1-23 Reaction of sodium enolates with 50ab
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1-4 RICEEOZEE

RGO Z A O 21 5 720, AT DIRAEFES %2 1T > 72 (Scheme 1-24),

BocO CF;
5 mol% DBU CF3
(a) Me >
DMSO, 30 °C, 24 h HO
TBSO 52
50ab 95%2)
(98% of 50ab was recovered
in the absence of DBU.)
O O
1.1 eq. EtOJ\/U\OEt
> 85%%2 of 50ab was recovered.
DMSO, 30 °C, 24 h
a) 19F NMR yield.
5 mol% DBU
BocO CF; ° o o BocO CF,
Me 1.1eq. EtOJ\/U\OEt Me
(b) >
DMSO, 30 °C, 24 h
oTBS OH
58 59
75% (23% of 56 was recovered.)
5 mol% DBU
BocO CF; o o
1.1eq. EtOJ\/U\OEt
Me .
(c) > No reaction (98% of 60 was recovered.)
DMSO, 30 °C, 24 h
MeO
60
(0]
o OTBS (o) Me
H1teq A A 61
’ " Me Me CF
o 3
5 mol% DBU Me
DMSO0, 50 °C, 9 h
(d) 50ab - Me
2)1.5eq. KF
30°C,1h HO
51aa

39% (56% of 52 was obtained)

Scheme 1-24 Control experiments

50ab & DBU O &, 7213 DBU # /I 2 $IC 50ab & KA DA TIGEITH &, HiIFZ T
AL 7 4 v SUHAERL, BE TRIZIZER2EULE 117z (Scheme 1-24-a), A BSUG D HEST
25, REEHD pQM ~D 1,6-(INEFRE L 72 b D2 %2R T 2 7-01c, FE 50ab O E %R
HARTH 5 m-EHR 58 % v, iR O IFAFAET . diethyl malonate & D KIS % #ET L
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7o Z DGR, TBS HDWILR D & H3HET LI IRFE 59 23 75% TR o725, HIITH %
BIURIR BB T 5 ERY)IHEE X e > 72 (Scheme 1-24-b), & & 1T 50ab D p-fif %
TBS H T3 7 { Me A~ EAH L 2 5E 60 % V72 5E1k. &R RETES, JFED
[ X+ 7= (Scheme 1-24-c) TN O DEEAER X V. KRG~ v LT D B 70 KL
B CiE7a <, pQM ZREH L7z 1L6-MKISTH 5 Z & 35 M I N7z, E 7. Scheme
1-24-b,c THL 7 4 v 52 D X5 AR MR I Nind o7 2 &1, 52 1 50ab 75 DO
HERIGTIE 7K, Int-la DL 7w b v fLIC K> TEL L2 LFT B L Ro 7%
( Scheme 1-25),

BocO CF;
CH, -2 . CF,
H N
TBSO ® HO
50ab H-Base 52
OBoc
TBS-Base J Base
“OBoc
CF;
|
H
0 o
Int-1a H-Base

Scheme 1-25 Plausible reaction mechanism of generation of 51

Ioic, RNTRAET 2 RFREMICK 5, HWHO TBS EOR#ESIC»ETT 2 0%
84 5 728, acetylacetone Z L/ — AT VAT —F L 61 ~LFHEL, Z%HT 50ab
E IG5 LARINER 7223 S1aa DAFKHHERL X 4172 (Scheme 1-24-d), 2% V. FHTiEM:
AFLv7a b vRglERrNTELET ) 77— MiE, KEEFE L CREOFREZITY
)NV INT TN LA[REMEDRH 5 2 LRI NI,

BRI ARG 2SI 7 v AU VIR SR B ORGSR C & % 02 & 2 3~ < L 50ab D
7 v RO EK Z AT (Scheme 1-26), LA L. =K T v 2 —v 49r % Boc THRiE
R 5orb 3o 0T Rb VAL 74 v 2 BEAKY L L <TREbk, it FFiicil
N7zFRIC, CREEDBEEE T 2 KB BTt MEERICOSEITLICK (7 2 LA, IEDER &
LTz bzRML72b0bEZLNSE, DX, BFRIHETH 5 CFEDHFEIC X
Y. BocO HDiBEEEICHI 2 b 2 & T, WHALEICHETE 2 &) FELFR
WNCEEHS 5 2 L BT & 72,
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HO Me 1.2 eq. Boc,O
1.5 eq. NEt; BocQ Me
Me 20 mol% DMAP
- Me + Me
CHQC'Z
TBSO 0°Cto30°C,1h  TBSO TBSO
49r 50rb 62
0% 62%°2)

a) 34% of 49r was recovered.

Scheme 1-26 Synthesis of the nonfluorinated pQM precursor

7o, Int-1 2L % 720, DMSO-ds (A% NMR 4~ 7 AT, ZFE D TBAF & 50ab
Z G E 4, FNMR IC X o THEFFZ L 2880 L 72, Figure 1-2 1C13, WHEMEEYE L LT
7SI L 72 hexafluorobenzene (—163.00 ppm)D &' — 7 23H. 2 % 3 D%/~ L. Figure 1-3 (% Int-1a
CHRFEI N = DBET BEN ZILR LD DRI L 72,

BocO CF, Me
Me 1.0eq TBAF Z “CF3 . CF;
DMSO-ds, 30 °C
TBSO ® o) HO
50ab Int-1a 52
=4 &z
ool [-1-]
Fe 7T
5 v 1 min
1;0 s 1’1 1'II] 4 4[81 K *‘l"] ¥ 4 *‘lb 1" |
g8 853 ]
s ggd
§% §5% ]
Y N 5 min
g
&0 4o 420 —190 _160
PEEEEE £
§955885¢ 20 min
Ll g
e
] |
80 4o 420 1 —160
3z8 287583 . g
$83 §9558% 60 min 5
% e g
2 g
T )
J L]
60 80 <00 420 140 -160

Figure 1-2 NMR experiment for the present reaction
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52 Int-1a

l /
1 min ﬁ
H ]
o
|»—~—-r——»—~——-——f_ — ER|
ol ™ = ™ PR P~
5 min ;
g 3
o o
IIZIII —63{25 ! -61I{5\ —G&ITS —6¢ItlIl —6425
. : ¥ 8
20 min § §
: 5| e
[ [ Ac—; P
ﬁ'm —63{25 ! -61I{5\ ' —G&ITS ' ‘ ' —6¢ItlIl —6425 ‘
. : g f
60 min g g
B Lo g
2 g 8
L -63.25 Iﬂ] —63[75 -ﬁtlllIl —64|.25
5 min and ¥ g 8 3
& #O|FF
quenching | \ N
e —— e r —p i
—63.25 —63.50 6375 64 @ 6425

Figure 1-3 NMR experiment for the present reaction (enlarged view)

FOGBHE 1 9tk AL 7 4 v 52 (=63.4 ppm)DERK &, Z DL DICKADILEY D & —
7 (-63.8ppm) DRI N, I HIC, ZDOVY—7 LJFREMHE (- 80ppm)0)§£11}%F VXIRFE D %
e & BHITHHD L T E | —HHERICIZIZIEHRT 5 07T, 52 BHML CTno7z, X C
T, RIGBIGR 2D 590 Tr7 = v F %170, a-@ﬂi/\%@ﬁftiﬁ%uﬁ%kto L2 L., AU ED
YFNMR T, ISR IR I N Tz btaPo v — 27 13HKk L T, 2ol
5, ZOLEMBDRVARLETH D L TPHINE, 72, Int-la ZDH D TIHZRVD,
Murray © OHREHICH 5, “7,7-bis(trifluoromethy 1 )quinonemethide is stable at room temperature
in pure form for a short time, and for at least several weeks in solution” & \» 9 Feib 2> b D19, a-fiL
ICEHEED 70 pQM O HBESINEECTH 2 2 E AT I N, T HiC, oLy 7 Ml
—MREIC sp? IRFRICHE T LT CRs 2 AT 2L TH 22 L2 RRT 25D THL I L h
b, ZoftEYD Int-1a TH 2 AEEMEA RV EEZ TV,
¥ 72, '"HNMR IZBWTH ABRDOSEET CHIE Z 1T o 7228, HFHREEBICERO Y — 2
BIEFEEL. Int-lafiskov =17 u bt vE2HAT2 2 LR TERD - 7,
PAEoEEFR L VF 2 b, KROCOHEE SKICHRE % Scheme 1-27 178 L 7z,
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Nu CF,
/©)L6F3 /©)<R TBS-X
-
HO TBSO

52 53

Base Base H*
(R = Me) TBS-X ﬁ

BocO CF, CF3 Nu CF; Nu CF,
—_— —_—
or o
TBSO 0% HO o
Int-1 54
Base
TBS-Base + 'BuO™ H*-Base + Nu~

Base: DBU, 'BuO™, Nu-, 54

N

TBSX

Scheme 1-27 Plausible reaction mechanism

RUYIC, Base IC X 0 HE 50Xb O TBS HDPI{RHEDMEIT L, i N v P AALD BocOHk
DOBEEIC XY Int-1 24T %, FFRRC, BiffEL 72 BocO HIIWUREESIC % #% T, BuO-& 7x
%, D BuO A, ML L THU 50Xb OfifRi#E%ZTT5. L IE NuH Ot 7w b vt %
TN RETZEEZOLNS, $7-, Scheme 1-24-d DFER L2 L, =/ -1 > ) LT —
TADBRNTREL T AREESRETE R \WA®, Nu 250 3 L < Ik 53 O TBS #%
iR L =) — A VAT —F AR o288, Int-l & RIGT BA[REEDE 2 bz, X
I Int-1 & Nu 2SS L, 78 b AL ERETS1 &2, 51 807 e b vikan s,
F3 70 b AT TARIIC 7 2 ) ¥ VA4 v 5428, TBS B2 H T 2L L DK
JBICE o T3 %522 E26N5, LEXYD | RKIGH T Base & L Cflh < {Lopff iz
PN T 2 iR DI, BuO, Nu, 54 TH2ELEZ T3

DF Y RN A R ORI X > T, FNTEH LB I DT D - T
WBZ bbb, FD-O, MEEOEL2MATE S, 1R I Int-1 2FHE X4
BOMEST ARG MEITIEE B TERLEEZTVS

& Z AT, ethyl cyanoacetate 2355k & L € DBU %ﬁﬁb‘fcﬁ%—Wi\ Z LA EHETL Do 72
DICH L, TBAF ZHW7BITIZMFICIS L 2B IO W T, LT X5 IcEZTWw 5,
Ethyl cyanoacetate |% Table 1-4 £ D BH 5 227 X 5 1T, acetylacetone (pKa = 13.3) & [AIFEEE D pK,
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FHLTWS (pKa=13.1), —WICWIET Z 2 I3 TERVE, ZhooxtTsz)/) 7—
FOELRT X T BEEARICHIERL 2B, RKECEEDLLRWIETTH L, 2D,
AL7T /) 77—t DRED, COZODANRMLEYORKIEEDERICKELFHFEL
TWw3eEZLNT,

Z ZTCRBE LFIC XY, 2nE o) 7 - OFEMERD -, G T Gaussian 09 7' 1
77 LERGTT O, fERECEHE (B3LYP/6-311G+(d) level of theory) D%, HAAFE A HA
1 (NBO)i#H 2> 5 KFCR L7k LOBEMEL L, ZORE Lo —7%267 3 2EHuE
DI ANF MG Z KD (Figure 1-4), £ Dk, acetylacetone DEHRF 1D /7A3 L Y A8
MZHRITCNDE T LHHL 7z, X512 HOMO O T 4 )L ¥ —HE{T |3 ethyl cyanoacetate D /7
23 acetylacetone I b, 0.5eV ML EEWZ &L 22107 572, D% D, ethyl cyanoacetate
DHBEY T =A v MR OREHITH 5 L 2RB I, £ D72 TBS HOBRHERED
acetylacetone £ ¥ K< 722 & &z bz,

F 72, DBU % L £ I¥ TBAF 23455 & L T T, ethyl cyanoacetate & O =/ 7 — + %4
L7220 77— tOXtAFAVvEIZEDL L DFEBRICURT vE=T L L5, 21
Fhoh LEROREKIUEIZ. DBU HzkD 7 F A @D sp? IR TH V. NBuy 1 F4 v 28
spPiRTH S, 2F V., s DR REDHF A VEEEL D TBAF ZH WX,
52 7—troAFvERMETIEEZONDE, ZTDD, WIETET ) T— B
TBS H% iR T 2 Ic+ R OCHEEHET 5 L5 1ck b, REHE T 223 50ab & D G IE
gefn L7zo B X0 ARG Z P IcET ¢ 2 7291213, NuH & W £ U % Nu-D TBS
R ERPEECTH 5 2 L 2RI Nz,

0® (0]
|
NN e
OEt < 0]
HOMO energy level: —2.201 eV HOMO energy level: —1.651 eV
NBO charge: -0.724 NBO charge: -0.740

CR
—N ®
0® H 0© NBu,

NC\/\OEt NC\/\OEt

more ionic nature

Figure 1-4 NBO charges of the corresponding enolate
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1-5 P D EBALENFIE

SEIERL L 720 K 22D 51 DABACERIFIH &2 BT L 72,

WPIC, 51aa % NH,OH*HCI & jKlEF bV v ok ic, =& 7 — e 12 BERTINEGET
L7ze b, ZEOBKKIGERT, 10%TA VA FH YV —AREETS 63 Kb
(Scheme 1-28),

o o
. Me
o Me N\ /
1.1 eq. NH,OH*HCI CF
Mé CF; 1.1 eq. Na,CO4 . Me 3
Me EtOH, reflux, 12 h Me
HO HO
63
51aa

1) 2.0 eq. Tf,0
1.5 eq. NEt3

CH,CIl;,0°Cto25°C,1h Ac CF;
2) 5.0 mol% Pd(PPh3), Me

2.0 eq. PhB(OH),

6.0 eq. K,CO3 Ph

Toluene:EtOH:H,0
=2:2:1 (viviv) 64
reflux, 24 h 68%

/

Scheme 1-28 Synthetic application of S1aa

F72.51aa D7 = ) —VHIKEEFEE P 7 7 — MICEHRL 7214, Suzuki-Miyaura 7 v 7'V
VI DRISFEMCATT e BT e F b2 E AR LT U =L 64 BEMTE 7z, DX
57, 7 2 F b % 4ES Suzuki-Miyaura 77 v 77V v Z KGR, @BEICHHRE I N TV 3,
1 z2 1. Iwasaki & 1% S1aa DEEHE 65a % > T2 Szostak & 1ZFE 65b % FH\» T 200 Suzuki-
Miyaura 77 v 7V v 7 ROG%RIT > T2 23, BEHIEIMT e F ULzt B o735 2 &
BREINTWE, 2F 0, 64 AMITEHT BT £ FAALBIGIZ, BT 2 B ED
VRN ECTHDLEEZLNS,

O O o O

(Iwasaki et al.)

cat. Pd(PPhs),
1.1 eq. ArB(OH),

R sat. Na,COs3 aq.
Br EtOH/H,0 = 1/1 (v/v), reflux, 12 h Ar e
65a (R = H)
65b (R = Me)

(Szostak et al.)

Me
5 mol% Pd(OAc),
1.5 eq. 4-methoxyphenylboronic acid

3.0 eq. Na,COs4 O
EtOH/H,0 = 1/1 (v/v), reflux, 12 h MeO

Scheme 1-29 Previous report of deacetylative Suzuki-Miyaura cross coupling
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BT Slac D7 =/ —ABOZWZAT o 7, BEHE IS, RN CTHE L 2=z v
FEEH WA v EKZEK L 72 (Scheme 1-30),

(o]
(o) OEt Me
10 mol% Phl (o] o
Mée CFs 1.5 eq. mCPBA
Me o OEt

CH,CIp: TFA = 4:1 (viv)

0°C t0 25 °C,1h (0] Me CFs

HO
51ac 66

64%

Scheme 1-30 Spirocyclization of 51ac

ZD A aBLKEIGIE, Slac D 1,3-P ALK AE O 27 AT L BRI b
YMMDOANKZNEEFRTT = 7 — 1D phLIc B LBLICD EST L 72, £ 720 (LAY 66
FFEFRIC X > CREDHRE G 272720, 20O XSG EEEMTIC X Y = RoTHE % i
ET&E 7z,

ZORE, 7 b ICEIRICERIRIC B EIT L 722 IO T T D X H IcEFEE L 72,
Figure 1-5 1T ethyl acetoacetate @ T/ — VA& DS Rl LEH 2T o 2R 2R L 72
(B3LYP/6-311++G(d,p))e T DFERD S, 7+ T ) — A ALDSEFTL T3 2 & 2358 K
Fixdh 2z, 72, HOMO-1 OB ld = 2 7 Al D A v R = ViR FICHEE L CTE b . HOMO-
2DHEIT T ) —AMIDER FICHFEEL CTWBE Z ERHAL IR >72, 2F D, Slac D7 b
I AT VLI, BRIESE T IC BT P vfllc ) —fbl T e EZ2 b5, I biC,
ethyl acetoacetate ® HOMO-1 (ZL/ — WK & D FNKBEMBEICHEH I AT 2HEET
HbHIEBRTRBEINT, —T7, T/ =ML I NHEEOPE L, JEOBIEICH L EESTFIC
FELTEY, ARt icoFEOCICHHTtE 2 E2 b5, BB, Slac D7 T
AT N T ) — AL L Z2BRICiE, =/ — SR BICRUGICE ST & 2 HOMO 23FA7E L
T 35720, BRI ARBCSOG N HEST U 72 & ffamiT T 72,

HOMO-1 HOMO-2
—8.047 eV -8.864 eV

Figure 1-5 Visualization of HOMOs of the enol form of ethyl acetoacetate
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EHLICTHNMR BT, 66 D EtO Ko A F L v 7a b vid, REMLSEENL T

DICH D O FIFEMMICEHE X A, 66 D vk A —vavigRELHEIEhTw3E
BRBEINT, £ 2T, % A2 O SR 7 IBHERL 120 > TR 2 17 - 72, %03%*
RUEBORE Me L CRELPERVEI av A —va VHEEET 2 2 L 2HL I
o7z (Figure 1-6-a), 2% U | X s s it OF R 5 b o225 X 5 ic, Lo kkESE
ZHET 5729 EtO # % D 5 —J7D Me FEIC AT 72 Figure 1-6-b D2 X LE & TH
2EEzbN, 2FY T FUAARAKORELFIKE LHH I LT 2720, 66 D
EtO o A F L v 7'm b VIZIFEfICBI S iz 2 FE 2 T b

Me Me
(a) o o b g o/
o} (0]
o e CF6< o Me CF3
disfavored favored

Figure 1-6 Plausible conformations of 66

T/, WHIZAREETTO oD BrfLic X, SIEETY 7 ek 67 AR TE 7
(Scheme 1-31),

(0] o 9
o OEt 2.2 eq. KBr EtO c‘,?ft
2.2 eq. Oxone®
EtO CF3 > Br Me
Me MeOH, 50 °C, 3 h
HO
HO Br
51af 67

Scheme 1-31 The ortho bromination of 51af
o XHIic, EHDT7 =/ —VED ofLICEIIEBFEE L R\ 72D, pQM ~D KA D

Hm{ E%ﬁb%@ﬁ%g%ﬁkﬁéé@ﬁ\$$%@ﬁ%ﬁ%9?%@%éo
L BEEICEE ARG E LT SInf 2720 7 HER(L 23T L 72 (Scheme 1-32),
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o O

40 mol% p-TsOH+*H,0 EtO 0

EtOH, reflux, 12 h HO O CF O
3

51hf 68
85% (dr = 82:18)

Y

Scheme 1-32 Deprotection and intermolecular cyclization of 51hf

T X — AR et & F 12 BERBETR L 72 & 2 A, MOM £ o [litfRi#Ek & o1 N
ERIEA—2B T L, MRERICFE QRIS Z K Z T2 L7, 85% T 7 I V1K 68 23
Bohiz,

INLDFEELS, LAY S1IZCREZE T 2HUMKELRIF L2 T, SR EK
~NIBEARETH B Z L AHL IR Y . RRISOFMAED iz Rnd 2 LB TE 7%,

LAEX Y., filditE oI X o CTRHNTS-CF-5-EH pQM 2 FEA %2 Z LI L,
e RERIEA & D 1L,6-MBIGIC X b, HIURRBEOEICHEI L 72, & 2 TORER
Al LTid, 13- AR LAY acetone cyanohydrin, ¥/ / —Av J LT —7L
PHEHATE 2 2 EBHL DI, T HIC, FONT BRI O FEUMRFE LR L 2% £,
KALHIH Sk & B K ol T DERAL T DAL AR A ER L 72,
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General Informations

Most of reactions where an organic solvent was employed were performed under argon with magnetic
stirring using a flame-dried glassware. Unless otherwise noted, materials were obtained from
commercial suppliers including anhydrous THF, Et:O, and CH2Cl,, and were used without further
purification. DMSO was freshly dried prior to the reaction over 4A MS which was activated by
irradiating with a microwave for 1 min and heating under vacuum for 1 h. Analytical thin-layer
chromatography (TLC) was routinely used for monitoring reactions by generally using a mixture of
hexane and ethyl acetate. Spherical neutral silica gel (63—210 um) was employed for usual column
chromatography.
'H (300.40 MHz), '3C (75.45 Hz), and '°F (282.65 Hz) NMR spectra were recorded in CDCI; unless
otherwise noted, and chemical shifts were reported in parts per million (ppm), downfield from internal
tetramethylsilane (Me4Si: 8 0.00, for 'H and '3C) or hexafluorobenzene (CsFs: & —163.00 for '°F). Data
were tabulated in the following order: number of protons or fluorines, multiplicity (s, singlet; d,
doublet; t, triplet; q, quartet; quint, quintet; sex, sextet; sept, septet; m, multiplet; b, broad peak),
coupling constants in Hertz. In the case of '3C NMR, because it is difficult to observe perfluoroalkyl
carbon atoms even after long time data acquisition due to multiple coupling, these data are not shown.
Infrared (IR) spectra were reported in wave numbers (cm™'). High resolution mass spectrometry was
performed by the positive ionization mode. Melting points were measured by Differential Scanning

Calorimetry (DSC; Shimadzu DSC - 60).

Synthesis of ketones containing a CF3 group (GP1).

1-[4-[{(1,1-Dimethylethyl)dimethylsilyl} oxy]|phenyl]-2,2,2-trifluoroethan-1-one (48)
(0]
CF;

TBSO

To a 200 mL three-necked round-bottomed flask were added 1-bromo-4-[{(1,1-dimethylethyl)di-
methylsilyl} oxy]benzene® (11.482 g, 39.969 mmol) and Et,0 (40 mL), where BuLi (a 2.67 M hexane
solution, 16.5 mL, 44.1 mmol) was introduced slowly at —80 °C, and the mixture was warmed up to
0 °C with stirring for 1 h at the same temperature. To this mixture was added a solution of ethyl
trifluoroacetate (5.7 mL, 48 mmol) in Et,O (40 mL) via a syringe at —80 °C, and after stirring for 1 h

at the same temperature, the reaction mixture was quenched with 1 M HCI aq. and extracted with Et,O

three times. After the organic layer was washed with sat. NaCl aq. and dried over anhydrous Na>SOs,
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concentration in vacuo afforded the crude product. The crude product was purified by column
chromatography (hexane:CH,Cl, = 6:1) to give the desired product 48 as a colorless oil (10.7415 g,
35.290 mmol, 88%).

Rf=0.23 (hexane:CH,Cl, = 4:1).

'"H NMR: & 0.27 (s, 6H), 1.00 (s, 9H), 6.93-6.96 (m, 2H), 8.00 (d, /= 9.0 Hz, 2H).

BCNMR: § —4.4,18.2,25.5,116.9 (q,J = 292.6 Hz), 120.5, 123.6, 132.7 (d, J= 1.8 Hz), 162.3, 178.9
(q,J=34.8 Hz).

YF NMR: § —72.31 (s).

IR (CHCI3) v 3021, 2957, 2932, 2860, 2859, 1708, 1599, 1513, 1284, 1162 cm ™.

HRMS (FAB+, m/z): [M+H]" Calcd for C14H21F30,Si, 305.1185; Found, 305.1201.

1-[3-[{(1,1-Dimethylethyl)dimethylsilyl}oxy]|phenyl]-2,2,2-trifluoroethan-1-one
(0]

CF;

OTBS

Following to the above GP1, I1-bromo-3-[{(1,1-dimethylethyl)dimethylsilyl}oxy]benzene 2
(2.8765 g, 10.013 mmol) was used instead of 1-bromo-4-[ {(1,1-
dimethylethyl)dimethylsilyl} oxy]benzene to furnish the desired product as a colorless oil (2.4021 g,
7.8996 mmol, 79%).
Rf=0.30 (hexane:CH,Cl, = 8:1).
"H NMR: & 0.23 (s, 6H), 1.00 (s, 9H), 7.18 (d, J = 7.2 Hz, 1H), 7.18 (t, J= 7.8 Hz, 1H) 7.51 (s, 1H),
7.67 (d, J=6.7 Hz, 1H).
BC NMR: § —4.6, 18.2, 25.9, 116.7 (q, J = 291.4 Hz), 121.0 (q, J = 1.8 Hz), 123.1 (q, J = 2.9 Hz),
127.6, 130.2, 131.2, 156.3, 180.1 (q, J = 34.8 Hz).
F NMR: 8 —72.58 (s).
IR (CHCl3) v 3019, 2958, 2932, 2860, 1719, 1598, 1437, 1264, 1154, 906 cm™".
HRMS (FAB+, m/z): [M+H]" Calcd for C14H21F30,Si, 305.1185; Found, 305.1201.

2,2,2-Trifluoro-1-(4-methyloxyphenyl)ethan-1-one®
0O
CF;

MeO
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Following to the above GP1, 1-bromo-4-methoxybenzene (2.8065g, 15.005 mmol) was used instead
of 1-bromo-4-[ {(1,1-dimethylethyl)dimethylsilyl} oxy]benzene in THF (30 mL) to furnish the desired
product as a colorless oil (2.3820 g, 11.668 mmol, 78%).

Rf=0.13 (hexane:AcOEt = 30:1).

'"H NMR: & 3.90 (s, 3H), 6.99 (d, J = 9.3 Hz, 2H) 8.04 (d, J = 8.1 Hz, 2H).

BC NMR: & 55.6, 114.4,116.9 (q, J = 291.3 Hz), 122.7, 132.6, 165.4, 178.8 (q, J = 33.5 Hz).
F NMR: § —72.26 (s).

Synthesis of tertiary alcohols containing a CF; group by the reaction with MeMgBr (GP2).

2-[4-[{(1,1-Dimethylethyl)dimethylsilyl} oxy]phenyl]-1,1,1-trifluoropropan-2-ol (49a)
HO CF;

o
TBSO

To a 30 mL two-necked round-bottomed flask were added 48 (2.0404 g, 6.7035 mmol) and Et;O (6.7
mL), where MeMgBr (a 3.0 M Et,O solution, 3.4 mL, 10.2 mmol) was introduced slowly at 0 °C, and
the mixture was stirred for 1 h at the same temperature. Then, the reaction mixture was quenched with
sat. NH4Cl aq. and extracted with Et>O three times. After usual workup, the crude product was purified
by column chromatography (hexane:AcOEt = 10:1) to give the desired product 49a as a colorless oil
(1.9804 g, 6.1806 mmol, 92%).

Rf=0.30 (hexane:AcOEt=10:1).

"H NMR: & 0.20 (s, 6H), 0.98 (s, 9H), 1.76 (s, 3H), 2.33 (s, 1H), 6.84 (d, J=8.7 Hz, 2H), 7.42 (d, J =
9.0 Hz, 2H).

BCNMR: 6 4.5, 18.2,23.6,25.6, 74.6 (q,J=29.2 Hz), 119.7, 125.6 (q,J = 273.3 Hz), 127.4, 131.1,
155.9.

F NMR: & —82.44 (s).

IR (CHCl3) v 3447, 2957, 2932, 2887, 2859, 1609, 1515, 1472, 1267, 1172 cm™,

HRMS (FAB+, m/z): [M]*Calcd for Ci5H23F305Si1,320.1419; Found, 320.1445.

1,1,1-Trifluoro-2-(4-methoxyphenyl)propan-2-ol
HO CF;
Me

MeO
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Following to GP2, 2,2,2-trifluoro-1-(4-methyloxyphenyl)ethan-1-one (1.0238 g, 5.0149 mmol) was
used instead of 1-[4-[{(1,]1-dimethylethyl)dimethylsilyl}oxy]phenyl]-2,2,2-trifluoroethan-1-one to
furnish the desired product as a colorless oil (0.9504 g, 4.316 mmol, 86%).

Rf=0.30 (hexane:AcOEt=10:1).

"H NMR: 8 1.42 (s, 3H), 2.10 (s, 1H), 3.81 (s, 3H), 6.89-6.94 (m, 2H), 7.37 (d, J = 8.4 Hz, 2H).
BCNMR: § 23.5,55.2, 74.5 (q,J =29.2 Hz), 113.6, 125.7 (q, J = 285.1 Hz), 127.4, 130.7, 159.5.

F NMR: § —82.13 (s).

IR (CHCl3) v 3482, 3004, 2940, 2841, 1613, 1515, 1465, 1289, 1254, 1161 cm ™!,

HRMS (FAB+, m/z): [M]" Caled for CioH 2F302, 221.0789; Found, 221.0775.

1-(4-[[(1,1-Dimethylethyl)dimethylsilyl|oxy]phenyl)-1-methylethanol (49r)
HO Me

Me

TBSO

Following to GP2, acetone (0.45 mL, 6.1 mmol) was used instead of ethyl trifluoroacetate to afford
the desired product as a colorless oil (1.1639 g, 4.3681 mmol, 87%).
Rf=0.23 (hexane:CH,Cl, = 4:1).
"HNMR: 6 0.19 (s, 6H), 0.98 (s, 9H), 1.56 (s, 6H), 1.74 (s, 1H), 6.77-6.81 (m, 2H), 7.31-7.35 (m, 2H).
BCNMR: 6 -4.5, 18.1, 25.7,31.7, 72.1, 119.5, 125.5, 141.8, 154.3.
IR (CHCIl3) v 3447, 3019, 2958, 2932, 2859, 1608, 1511, 1255, 1215, 1172 cm™!.
HRMS (FAB+, m/z): [M]" Caled for Ci5H260,Si, 266.1702; Found, 266.1701.

Synthesis of the tertiary alcohols by reaction with 1 and R-Li (GP3)

1-[4-[{(1,1-Dimethylethyl)dimethylsilyl} oxy]|phenyl]-2,2,2-trifluoro-1-phenylethanol (49b).
HO CF;

TBSO II II

To a two-necked round-bottomed flask were added bromobenzene (2.0420 g, 13.005 mmol, 1.3 eq.)
and THF (10 mL), where BuLi (a 2.67 M hexane solution, 4.5 mL, 12.0 mmol, 1.2 eq.) was introduced
slowly at —=80 °C, and the mixture was stirred for 1 h at the same temperature. To this mixture was
added a solution of 48 (3.0444 g, 10.002 mmol, 1.0 gqe.) in THF (10 mL) via a syringe at —80 °C. After
1 h at the same temperature, the reaction mixture was quenched with sat. NH4Cl aq. and extracted with
AcOEt three times. After usual workup, the crude product was purified by column chromatography

(hexane:AcOEt = 10:1) to give the desired product as a colorless oil (3.6709 g, 9.5974 mmol, 96%).
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Rf=0.17 (hexane:AcOEt = 15:1).

'"H NMR: & 0.20 (s, 6H), 1.97 (s, 9H), 2.85 (s, 1H), 6.78-6.83 (m, 2H), 7.16 (d, J = 8.4 Hz, 2H), 7.31-
7.38 (m, 3H), 7.48-7.5 (m, 2H).

BCNMR: 6 —4.4,18.2,25.5,79.2(q,J=27.8 Hz), 119.6, 125.4 (q,J = 286.3 Hz), 127.4, 128.1, 128.5,
128.8,132.1, 139.5, 155.9.

YF NMR: § —=75.70 (s).

IR (CHCIl3) v 3467, 3063, 2956, 2931, 2887, 2859, 1608, 1511, 1268, 1168 cm™.

HRMS (FAB+, m/z): [M+H]" Calcd for C20H26F30:Si, 383.1654; Found, 383.1669.

1-[4-[{(1,1-Dimethylethyl)dimethylsilyl} oxy]|phenyl]-2,2,2-trifluoro-1-(4-fluorophenyl)ethanol

(49¢).
HO CF,

TBSOF

Following to GP3, 1-bromo-4-fluorobenzene (1.0680 g, 6.1029 mmol, 1.2 eq.) and BuLi (a 2.67 M
hexane solution, 2.1 mL, 5.6 mmol, 1.1 eq.) were used instead of usage of bromobenzene (1.3 eq.) and
BuLi (1.2 eq.) to afford the desired product 49¢ as a colorless oil (1.8170 g, 4.3679 mmol, 91%).
Rf=0.30 (hexane:AcOEt= 8:1).

"H NMR: & 0.21 (s, 6H), 0.98 (s, 9H), 2.82 (s, 1H), 6.79-6.83 (m, 2H), 6.98-7.07 (m, 2H), 7.32 (d, J
= 8.4 Hz, 2H), 7.43-7.48 (dd, J= 8.7, 5.9 Hz, 2H).

BCNMR: 8 4.5, 18.2,25.6,78.9 (q,J=29.8 Hz) , 115.0 (d,J=21.2 Hz), 119.8, 125.3 (q, J = 285.8
Hz), 128.7, 129.5 (d, /= 8.1 Hz), 132.0, 135.2 (d, /= 3.7 Hz), 156.1, 161.2 (d, J = 248.1 Hz).

F NMR: 8 —114.75-—114.64 (m, 1F), =75.90 (s, 3F).

IR (CHCIl3) v 3405, 2957, 2932, 2859, 1608, 1505, 1473, 1413, 1269, 1166 cm™,

HRMS (FAB+, m/z): [M]" Calcd for C20H24F40,Si, 400.1482; Found, 400.1441.

1-[4-[{(1,1-dimethylethyl)dimethylsilyl} oxy]phenyl]-2,2,2-trifluoro-1-[4-(trifluoromethyl)-
phenyl]ethanol (49d)

HO CF,

TBSO : ‘ Fa

Following to GP3, 1-bromo-4-(trifluoromethyl)benzene (1.4625 g, 6.4997 mmol, 1.3 eq.) was used
instead of bromobenzene to afford the desired product 49d as a white solid (1.8755 g, 4.1632 mmol,
83%).

Rf=0.30 (hexane:AcOEt= 15:1).
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m.p.: 44.1°C.

'"H NMR: § 0.21 (s, 6H), 0.98 (s, 9H), 2.87 (s, 1H), 6.82 (d, /= 8.7 Hz, 2H), 7.31 (d, J= 8.4 Hz, 2H),

7.62 (bs, 4H).

BC NMR: § 4.5, 18.2, 25.6, 79.1 (q, J = 29.1 Hz), 120.0, 124.0 (q, J = 272.0 Hz), 125.0 (¢, J=4.3
Hz), 125.1 (q, J=287.6 Hz), 128.1, 128.7, 130.7 (q, / = 32.2 Hz), 131.7, 143.2, 156.3.

YF NMR: & —75.74 (s, 3F), —64.06 (s, 3F).

IR (KBr) v 3473, 3041, 2933, 2861, 1938, 1608, 1512, 1325, 1270, 1168 cm™ .

HRMS (FAB+, m/z): [M+H]" Calcd for C21H25Fs02Si, 451.1528; Found, 451.1568.

1-(4-Cyanophenyl)-1-[4-[{(1,1-dimethylethyl)dimethylsilyl} oxy]phenyl]-2,2,2-trifluoroethanol
(49e)
HO CF;

TBSO II II CN

To a two-necked round-bottomed flask were added 1-cyano-4-iodobenzene (1.4886 g, 6.4999 mmol,
1.3 eq.) and THF (5 mL), where ‘PrMgCIsLiCI* (a 0.80 M THF solution, 7.5 mL, 6.0 mmol, 1.2 eq.)
was introduced slowly at —15 °C, and the mixture was stirred for 1 h at the same temperature and
further 5 min at 0 °C. To this mixture was added a solution of 48 (3.0444 g, 10.002 mmol, 1.0 ge.) in
THF (5 mL) via a syringe at 0 °C. After 2 h stirring at the same temperature, the reaction mixture was
quenched with sat. NH4Cl aq. and extracted with AcOEt three times. After usual workup, the crude
product was purified by column chromatography (hexane:AcOEt = 10:1) to give the desired product
as a white solid (1.1591 g, 2.8443 mmol, 57%).

m.p.: 87.4 °C.

Rf=0.23 (hexane:AcOEt = 10:1).

"HNMR: & 0.21 (s, 6H), 0.98 (s, 9H), 3.03 (s, 1H), 6.80-6.85 (m, 2H), 7.29 (d, J= 8.7 Hz, 2H), 7.61
(d,J=9.0 Hz, 2H), 7.37 (d, J = 8.4 Hz, 2H).

BCNMR: § 4.5, 18.1,25.5,78.9 (q,/=29.2 Hz), 112.1, 118.2, 120.0, 125.0 (q, /= 286.3 Hz), 128.4,
128.6, 131.4, 131.8, 144.6, 156.2.

F NMR: 8 —75.64 (s).

IR (KBr) v 3462, 2954, 2933, 2857, 2236, 1606, 1510, 1274, 1172, 917 cm™,

HRMS (FAB+, m/z): [M+H]" Calcd for C»1H25F3NO-Si, 408.1607; Found, 408.1601.

1-[4-[{(1,1-Dimethylethyl)dimethylsilyl} oxy]phenyl]-2,2,2-trifluoro-1-(4-methylphenyl)ethanol
(491).
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HO CF,

TBSO II II ~

Following to GP3, 4-bromotoluene (1.0304 g, 6.0243 mmol) was used instead of bromobenzene to
produce the desired product 49f as a colorless oil (1.9020 g, 4.7967 mmol, 96%).
Rf=0.33 (hexane:AcOEt = 15:1).
'"H NMR: & 0.20 (s, 6H), 1.25 (s, 9H), 2.35 (s, 3H), 2.78 (s, 1H), 6.80 (d, /= 8.7 Hz, 2H), 7.16 (d, J=
8.4 Hz, 2H), 7.31-7.37 (m, 4H).
BCNMR: § 44, 18.2,21.0,25.6,79.0 (q,J=26.7 Hz), 119.6, 125.4 (q, J = 288.2 Hz), 127.3 (4, J =
2.3 Hz), 128.7 (g, J= 1.9 Hz), 128.8, 132.2, 136.6, 138.4, 155.8.
19F NMR: 5 —75.89 (s).
IR (CHCIl3) v 3449, 2957, 2931, 2859, 1725, 1608, 1510, 1267, 1165. 1046 cm™".
HRMS (FAB+, m/z): [M]" Calcd for C21H27F30:Si, 396.1732; Found, 396.1711.

1-[4-[{(1,1-Dimethylethyl)dimethylsilyl}oxy]phenyl]-2,2,2-trifluoro-1-(4-methoxyphenyl)-
ethanol (49g).
HO CF,

TBSO II II OMe

Following to GP3, 1-bromo-4-methoxybenzene (0.6079 g, 3.250 mmol, 1.3eq.) was used instead of
bromobenzene to afford the desired product 49g as a white solid (0.5953 g, 1.443 mmol, 56%).
Rf=0.25 (hexane:AcOEt= 15:1).

m.p.: 85.1 °C.

"H NMR: & 0.20 (s, 6H), 0.98 (s, 9H), 2.76 (s, 1H), 3.81 (s, 3H), 6.80 (d, /= 9.0 Hz, 2H), 6.87 (d, J =
9.0 Hz, 2H), 7.32 (d, J= 8.1 Hz, 2H), 7.37 (d, J = 8.4 Hz, 2H).

BCNMR: 6 —4.5,18.1,25.6,55.2,79.0 (q, J=26.7 Hz), 113.4, 119.6, 125.4 (q, J= 286.4 Hz), 128.8,
131.7,132.3, 155.8, 159.4.

F NMR: 8 —75.62 (s).

IR (KBr) v 3482, 3004, 2961, 2940, 2841, 1613, 1515, 1465, 1254, 1116, 1154 cm™.

HRMS (FAB+, m/z): [M]" Calcd for C21H27F303Si, 412.1682; Found, 412.1666.

1-[4-[{(1,1-Dimethylethyl)dimethylsilyl}oxy|phenyl]-2,2,2-trifluoro-1-{2-(methoxymethoxy)-
phenyl}ethanol (49h).
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HO CF,OMOM

TBSO I I

Following to GP3, 1-bromo-2-(methoxymethoxy)benzene (1.3032 g, 6.0039 mmol, 1.2 eq.) and
BuLi (a 2.67 M hexane solution, 2.1 mL, 5.6 mmol, 1.1 eq.) were used instead of usage of
bromobenzene (1.3 eq.) and BuLi (1.2 eq.). After addition of 48 to the solution, the reaction mixture
was stirred at —80 °C for 1 h, then at 0 °C for 1 h. Purification of the crude product by column
chromatography (CH:Cl), followed by washing the obtained solid with hexane afforded the desired
product as a basically pure white solid (1.7493 g, 3.9576 mmol, 79%).

Rf=0.17 (hexane:CH,Cl,= 4:1)
'HNMR: § 0.16 (s, 6H), 0.95 (s, 9H), 3.11 (s, 3H), 4.87 (d, J= 6.6 Hz, 1H ), 5.02 (d, J= 6.6 Hz, 1H),
5.34 (s, 1H), 6.77 (d, J= 7.8 Hz, 2H), 7.06 (t, J= 7.5 Hz, 1H), 7.14 (d, J = 8.4 Hz, 1H), 7.30 (d, /=
8.4 Hz, 2H), 7.35 (t, /= 7.8 Hz, 1H), 7.46 (d, J= 7.8 Hz, 1H).

BC NMR: § 4.5, 18.2, 25.6, 56.0, 80.0 (q, J = 26.1 Hz), 94.5, 115.6, 119.3, 121.8, 124.9 (q, J =
287.1 Hz), 128.2, 128.3 (q, /= 3.1 Hz), 128.5, 129.9, 132.8, 154.9, 155.7.
19F NMR: § —75.76 (s).
IR (CHCl3) v 3515, 3042, 2955, 2861, 2508, 1905, 1603, 1507, 1255, 1165 cm™.
HRMS (FAB+, m/z): [M]" Caled for C22H29F304Si, 442.1787; Found, 442.1796.

1-(2,4-Dimethoxyphenyl)-1-[4-[{(1,1-dimethylethyl)dimethylsilyl}oxy]phenyl]-2,2,2-
trifluoroethanol (49i).

HO CF,OMe

TBSO I I OMe

Following to GP3, 1-bromo-2,4-dimethoxybenzene® (1.3032 g, 6.0025 mmol, 1.2 eq.) and BuLi (a
2.8 M hexane solution, 2.0 mL, 5.6 mmol, 1.1 eq.) were used instead of usage of bromobenzene (1.3
eq.) and BuLi (1.2 eq.). After addition of 48 to the solution, the reaction mixture was stirred at —80 °
Cfor 1 h, then stirred at 0 °C for 1 h.  After usual workup, purification of the crude product by column
chromatography afforded the desired product as a colorless oil (1.4134 g, 3.1938 mmol, 68%).
Rf=0.23 (hexane:AcOEt=10:1)

"HNMR: 5 0.19 (s, 6H), 0.97 (s, 9H), 3.67 (s, 3H), 3.81 (s, 3H), 5.50 (s, 1H), 6.47 (d, /= 2.4 Hz, 1H),
6.50 (s, 1H), 6.75-6.80 (m, 2H), 7.19-7.23 (m, 1H), 7.30 (d, J = 8.4 Hz, 2H)

BC NMR: 8 —4.6, 18.0, 25.5, 55.0, 56.8, 79.8 (q, J = 28.6 Hz), 100.4, 104.4, 119.1, 120.0, 125.1 (q, J
=286.0 Hz), 128.5, 129.4, 133.0, 155.4, 158.5, 160.7.
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19F NMR: § ~75.92 (s).
IR (CHCL3) v 3471, 2955, 2934, 2858, 1612, 1509, 1465, 1264, 1165, 1040 cm.
HRMS (FAB+, m/z): [M]* Calcd for CoxHaoF304Si, 442.1787 ;Found, 442.1813.

1-[4-[{(1,1-Dimethylethyl)dimethylsilyl} oxy]|phenyl]-2,2,2-trifluoro-1-(2-pyridyl)ethanol (49j).
HO CF;
N

N

TBSO =

Following to GP3, 2-bromopyridine (0.9451 g, 5.982 mmol, 1.2eq.) and BuLi (a 2.67 M hexane
solution, 2.1 mL, 5.6 mmol, 1.1 eq.) were used instead of bromobenzene to furnish the desired product
2’j as a yellow solid (1.3546 g, 3.5324 mmol, 71%).

Rf=0.43 (hexane:AcOEt=10:1).
m.p.: 34.8 °C.
"HNMR: 8 0.19 (s, 6H), 0.97 (s, 9H), 6.82 (d, J= 8.7 Hz, 2H), 6.94 (s, 1H), 7.32-7.36 (m, 1H), 7.44-
7.49 (m, 3H), 7.71-7.77 (1H, m), 8.59-8.60 (m, 1H).
BCNMR: 6 4.5, 18.1,25.5,84.9 (q, /= 28.0 Hz), 119.2, 122.8 (q, J= 1.9 Hz), 123.3, 123.7 (q, J =
286.4 Hz), 127.6, 129.6, 148.6, 149.9, 154.6, 156.1.
YF NMR: 6 —76.23 (s).
IR (KBr) v 3515, 3270, 3052, 2960, 2899, 2868, 1627, 1518, 1291, 1203, 1087 cm™".
HRMS (FAB+, m/z): [M+H]" Calcd for C9H25F3NO-Si, 384.1607; Found, 384.1630.

1-[4-[{(1,1-Dimethylethyl)dimethylsilyl}oxy]phenyl]-2,2,2-trifluoro-1-(1-naphthyl)ethanol (49Kk).

HO CF, ‘
TBSO E ‘

Following to GP3, 1-bromonaphthalene (1.2428 g, 6.0018 mmol) and BuLi (a 2.67 M hexane
solution, 2.1 mL 5.6 mmol, 1.1 eq.) were used instead of bromobenzene to afford the desired product
49k as a colorless oil (1.8657 g, 4.3138 mmol, 86%).

Rf=0.30 (hexane:AcOEt= 15:1).

"HNMR: 8 0.17 (s, 6H), 0.95 (s, 9H), 3.04 (s, 1H), 6.75 (d, J = 8.7 Hz, 1H), 7.19-7.24 (m, 1H), 7.29-
7.40 (m, 3H), 7.50 (t, J = 7.8 Hz, 2H), 7.82 (d, J= 8.1 Hz, 1H), 7.88-7.95 (m, 3H).

BCNMR: § 4.5, 18.1,25.6,80.4 (q,J=27.9 Hz), 119.5, 124.0, 125.3 (q, /= 288.2 Hz), 125.4, 125.7,
127.3, 128.75, 128.82, 130.3, 130.7 131.5, 133.8, 135.0, 155.7.

F NMR: 8 -75.71 (s).

IR (CHCl3) v 3585, 3017, 2957, 2931, 2858, 1606, 1509, 1472, 1266, 1166 cm™.
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HRMS (FAB+, m/z): [M]" Calcd for C24H27F30,Si, 432.1732; Found, 432.1767.
2-[4-[{(1,1-Dimethylethyl)dimethylsilyl} oxy]phenyl]-1,1,1-trifluoro-4-phenylbut-3-yn-2-ol (491).

HO CF,

A
Ph
TBSO

Following to GP3, ethynylbenzene (0.66 mL, 6.0 mmol, 1.2 eq.) and BuLi (a 2.67 M hexane
solution, 2.1 mL, 5.6 mmol, 1.1 eq.) were used instead of usage of bromobenzene (1.3 eq.) and BuLi
(1.2 eq.) to furnish the desired product 491 as a colorless oil (1.9020 g, 4.7967 mmol, 96%).
Rf=0.50 (hexane:AcOEt=10:1).

'"H NMR: & 0.22 (s, 6H), 0.99 (s, 9H), 3.07 (s, 1H), 6.85-6.90 (m, 2H), 7.33-7.44 (m, 3H), 7.52-7.56
(m, 2H), 7.66 (d, J= 8.7 Hz, 2H).

BC NMR: § 4.5, 18.2, 25.6, 73.1 (q, J= 32.9 Hz), 84.6,87.9, 119.7, 121.1, 123.4 (q, J = 285.4 Hz),
127.9, 128.4, 128.6, 129.4, 132.0, 156.8.

F NMR: 6 —81.76 (s).

IR (CHCIl3) v 3450, 2956, 2931, 2886, 2859, 1607, 1509, 1269, 1168, 1085 cm™'.

HRMS (FAB+, m/z): [M+H]" Calcd for C22Ha6F305Si, 407.1654; Found, 407.1633.

2-[4-[{(1,1-Dimethylethyl)dimethylsilyl}oxy]phenyl]-1,1,1-trifluoro-3,3-dimethylbutan-2-ol
(490).
HO CF;

TBSO

Following to GP3, +-BuMgC(l (a 0.8 M Et;O solution, 9.2 mL, 7.4 mmol) was used instead of PhLi
prepared in situ for the reaction with 48 ( 1.5249 g, 5.0099 mmol) to give the desired product 490 as
a colorless oil (0.8560 g, 2.361mmol, 47%).

Rf=0.33 (hexane:AcOEt=10:1).

"HNMR: 8 0.21 (s, 6H), 0.98 (s, 9H), 1.02 (s, 9H), 2.45 (s, 1H), 6.82 (d, J=9.0 Hz, 2H), 7.42 (d, J =
8.4 Hz, 2H).

BC NMR: § 4.5, 18.2, 25.6, 26.3 (q, J = 1.8 Hz), 38.0, 81.7 (q, J = 26.1 Hz), 118.9, 127.0 (q, J =
288.9 Hz), 128.1, 129.8, 155.4.

F NMR: 6 —69.53 (s).

IR (CHCl3) v 3019, 2960, 2922, 2859, 1608, 1610, 1472, 1258, 1215, 1166, 1154 cm™.

HRMS (FAB+, m/z): [M+H]* Calcd for C1sH30F30,Si, 363.1967; Found, 363.1989.
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Ethyl 3-[4-[{(1,1-dimethylethyl)dimethylsilyl}oxy]phenyl]-4,4,4-trifluoro-3-hydroxybutanoate
(49p).

HO CF;0
OEt

TBSO

A solution of 48 (1.2249 g, 4.0242 mmol) in THF (4 mL) was added to a mixture containing the
enolate from ethyl acetate (0.47 mL, 4.8 mmol) and LDA (prepared from diisopropylamine (0.72 mL,
5.1 mmol) and BuLi (a 2.67 M hexane solution, 1.8 mL, 4.8mmol) in THF (4 mL)), and then the
mixture was stirred for 1 h at that temperature. Addition of sat. NH4Cl aq., and the usual workup
furnished the desired product 49p as a colorless oil (1.4882 g, 3.7912 mmol, 94%).

Rf=10.47 (hexane:AcOEt=10:1).

"H NMR: 8 0.20 (s, 6H), 0.98 (s, 9H), 1.17 (t,J = 7.2, Hz, 3H), 3.09 (d, /= 15.9 Hz, 1H), 3.15 (d, J =
15.9 Hz, 1H), 4.12 (q, J = 8.1 Hz, 2H), 5.24 (s, 1H), 6.84 (d, /= 8.7 Hz, 2H), 7.43 (d, /= 8.7 Hz, 2H).
BC NMR: 8 —4.5, 13.8, 18.1, 25.5, 38.4, 61.5, 75.1 (q, J = 29.8 Hz), 119.7, 124.6 (q, J = 285.1 Hz),
127.7,129.6, 156.2, 171.4.

YF NMR: 6 —-81.97 (s).

IR (CHCIl3) v 3458, 3019, 2958, 2932, 2897, 2851715, 1511, 1215, 1172 cm™.

HRMS (FAB+, m/z): [M]" Caled for CigH27F304Si, 392.1631; Found, 392.1642.

1-{4-(Dimethylamino)phenyl}-1-[4-[{(1,1-dimethylethyl)dimethylsilyl}oxy]phenyl]-2,2,2-
trifluoroethanol .(49q)

HO CF,

TBSO E ‘ NMe,

Following to GP3, 1-bromo-4-(dimethylamino)benzene (1.3006 g, 6.5004 mmol, 1.3 eq) was used
instead of bromobenzene to afford the desired product as a white solid (1.6051 g, 3.7716 mmol, 75%).
Rf=0.30 (hexane:AcOEt= 6:1).

m.p.: 85.1 °C.

"HNMR: 6 0.20 (s, 6H), 0.97 (s, 9H), 2.68 (s, 1H), 2.96 (s, 6H), 6.64-6.69 (m, 2H), 6.77-6.82 (m, 2H),
7.30 (d, J=8.7 Hz, 2H), 7.34 (d, J= 8.7 Hz, 2H).

BCNMR: 6 -44,18.2,25.6,40.3,79.0 (q,J=27.9 Hz), 111.6, 119.4, 125.6 (q, J = 286.3 Hz), 127.0,
128.3, 128.8, 132.5, 150.2, 155.6.

F NMR: 8 —75.95 (s).
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IR (KBr) v 3219, 3017, 2933, 2931, 2857, 1610, 1513, 1277, 1067, 919 cm'".
HRMS (FAB+, m/z): [M+H]* Caled for CooHs FsNO,Si, 426.2076; Found, 426.2095.

2-[4-[{(1,1-Dimethylethyl)dimethylsilyl}oxy]phenyl]-1,1,1-trifluoroprop-2-yl acetate. (S0aa)
AcO CF;
Me
TBSO
Following to GP2, 48 (0.6086 g, 1.9995 mmol) and MeMgBr (a 3.0 M Et;O solution, 1.0 mL, 3.0
mmol) were used to afford the crude mixture where a solution of Ac,O (0.38 mL, 4.0 mmol) was added
via a syringe at 0 °C. After 1 h at 25 °C, the reaction mixture was quenched with sat. NH4Cl aq. and
extracted with AcOEt three times. After usual workup, the crude product was purified by column
chromatography (hexane:AcOEt = 10:1) to give the desired product as a colorless oil (0.6804 g, 1.877
mmol, 94%).
Rf=0.47 (hexane:AcOEt=10:1).
'"H NMR: & 0.20 (s, 6H), 0.98 (s, 9H), 2.07 (s, 3H) 2.14 (s, 3H), 6.81 (d, J = 8.7 Hz, 2H), 7.25 (d, J =
8.4 Hz, 2H).
BCNMR: 8 4.4, 18.1, 18.5, 21.8, 25.6, 81.5 (q, /= 29.2 Hz), 119.7, 124.2 (q, J = 283.8 Hz), 127.7,
127.9, 156.2, 168.0.
F NMR: 6 —82.60 (s).
IR (CHCl3) v 3019, 2958, 2932, 2859, 1753, 1608, 1512, 1472, 1215, 1176 cm ™.
HRMS (FAB+, m/z): [M+H]" Calcd for C17H26F303Si, 363.1603; Found, 363.1644.

1,1-Dimethylethyl 2-[4-[{(1,1-dimethylethyl)dimethylsilyl} oxy]phenyl]-1,1,1-trifluoropropyl
carbonate (50ab).
BocO CF;
Me
TBSO
To a 30 mL two-necked round-bottomed flask was added 49a (0.6413 g, 2.001 mmol), and
CH>ClI; (2 mL), where NEt; (0.34 mL, 2.4 mmol, 1.2 eq.) and DMAP (0.0244 g, 0.200 mmol, 10
mol%) was added. Then, a solution of Boc,O (0.6547 g, 3.000 mmol,1.5 eq.) in CH2Cl> (3 mL) was
introduced via a syringe at 0 °C. After 1 h at 30 °C, the reaction mixture was quenched with sat.
NH4Cl aq. and extracted with CH»Cl, three times. After usual workup, the crude product was purified
by column chromatography (hexane:AcOEt =20:1 to 10:1) to give the desired product 50ab as a
white solid (0.8170 g, 1.9427 mmol, 97%).
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one-pot synthesis from 1-[4-[{(1,1-Dimethylethyl)dimethylsilyl} oxy|phenyl]-2,2,2-

trifluoroethan-1-one

To a 100 mL two-necked round-bottomed flask were added 48 (3.0440 g, 10.000 mmol) and THF
(10 mL), where MeMgBr (a 3.0 M Et;O solution, 4.0 mL, 12 mmol, 1.2 eq.) was introduced slowly at
0 °C, and the mixture was stirred for 1 h at the same temperature. Then, to the reaction mixture was
added a solution of Boc,O (3.2739 g, 15.001 mmol, 1.5 eq.) in THF (10 mL) via a syringe at 0 °C.
After 1 h at 30 °C and usual workup, the crude product was purified by column chromatography
(hexane:AcOEt = 20:1 to 10: 1) to give the desired product as a white solid (3.8066 g, 9.0517 mmol,
91%).

Rf=0.36 (hexane:AcOEt =20:1).

m.p.: 50.9 °C.

"H NMR: 8 0.20 (s, 6H), 0.98 (s, 9H), 1.41 (s, 9H), 2.09 (s, 3H), 6.83 (d, /= 8.7 Hz, 2H), 7.30 (d, J =
8.4 Hz, 2H).

BC NMR: 8 —4.4, 18,1, 18.5, 25.6, 27.6, 81.9 (q, J = 29.2 Hz), 83.1, 119.7, 124.0 (q, J = 286.6 Hz),
127.7,128.2, 150.1, 156.3.

F NMR: 6 —82.16 (s).

IR (KBr) v 2999, 2971, 2937, 2850, 1756, 1610, 1512, 1473, 1271, 1176 cm™.

HRMS (FAB+, m/z): [M]" Caled for C20H3,F304Si, 421.2022; Found, 421.2064.

Methyl 2-[4-[{(1,1-dimethylethyl)dimethylsilyl}oxy]phenyl]-1,1,1-trifluoropropyl carbonate
(50ac).

0]

NP

(0] O CF;
Me

TBSO

To a 30 mL two-necked round-bottomed flask was added 49a (0.6413 g, 2.001 mmol), and
CH>ClI; (2 mL), where NEt; (0.34 mL, 2.4 mmol, 1.2 eq.) and DMAP (0.0244 g, 0.200 mmol, 10
mol%) was added. Then, a solution of Boc,O (0.6547 g, 3.000 mmol,1.5 eq.) in CH2Cl> (3 mL) was
introduced via a syringe at 0 °C. After 1 h at 30 °C, the reaction mixture was quenched with sat.
NH4Cl aq. and extracted with CH»Cl, three times. After usual workup, the crude product was purified
by column chromatography (hexane:AcOEt =20:1 to 10:1) to give the desired product 50ac as a
white solid (0.8170 g, 1.9427 mmol, 97%).

Protection of 49X with a Boc group (GP4)
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1,1-Dimethylethyl 1-[4-[{(1,1-dimethylethyl)dimethylsilyl}oxy|phenyl]-2,2,2-trifluoro-1-
phenylethyl carbonate (50bb).
BocO CF;

TBSO II II

To a two-necked round-bottomed flask was added 49b (3.6709 g, 9.5974 mmol) and CH»Cl, (10
mL), where NEt; (2.1 mL, 15 mmol, 1.5 eq.) and DMAP (0.2389 g, 1.955 mmol, 20 mol%) was
added. Then, a solution of Boc,O (2.5722 g, 11.786 mmol,1.2 eq.) in CH>Cl, (10 mL) was
introduced via a syringe at 0 °C, and after 1 h at 30 °C, the reaction mixture was quenched with sat.
NH4Cl aq. and extracted with CH>Cl, three times. After usual workup, the crude product was purified
by column chromatography (hexane:AcOEt=20:1 to 10:1) to give the desired product 50bb as a
colorless oil (4.3200 g, 8.9515 mmol, 93%).

Rf=0.40 (hexane:AcOEt = 15:1).

'"H NMR: & 0.20 (s, 6H), 0.97 (s, 9H), 1.36 (s, 9H), 6.81 (d, J = 8.7 Hz, 2H), 7.26-7.38 (m, 5H), 7.46
(bs, 2H).

BCNMR: 8 4.4, 18.2,25.6, 27.5, 83.1,85.9 (q, /= 29.2 Hz), 119.3, 124.1 (q, J = 286.9 Hz), 127.9,
128.1, 128.5, 128.7, 129.8, 136.0, 149.6, 155.1.

19F NMR: § —72.17 (s).

IR (CHCl3) v 3019, 2961, 2932, 2859, 1764, 1608, 1509, 1256, 1216, 1173 cm™.

HRMS (FAB+, m/z): [M+H]" Calcd for C2sH34F304Si, 483.2144; Found, 483.2178.

1,1-Dimethylethyl 1-[4-[{(1,1-dimethylethyl)dimethylsilyl}oxy]phenyl]-2,2,2-trifluoro-1-(4-
fluorophenyl)ethyl carbonate (S0cb)
BocO CF;

TBSOF

Following to GP4, 49¢ (1.4022 g, 3.5012 mmol) was used to furnish the desired product S0cb as a
colorless oil (1.6631 g, 3.3222 mmol, 95%).
Rf=0.30 (hexane:AcOEt = 15:1).
"H NMR: § 0.21 (s, 6H), 0.98 (s, 9H), 1.36 (s, 9H), 6.80-6.85 (m, 2H), 7.02-7.10 (m, 2H), 7.31 (d, J
=8.7 Hz, 2H), 7.45 (dd, J= 8.7, 5.3 Hz, 2H).
BCNMR: 6 4.5, 18.2,25.6,27.5,83.3, 85.5(q,/=29.8 Hz), 114.9 (d, /= 21.8 Hz), 119.5, 124.0 (q,
J=287.6 Hz), 128.2, 129.6 (q, J = 1.5 Hz), 130.3 (dq, J= 8.1, 1.3 Hz), 132.0 (d, /= 3.7 Hz), 149.5,
156.3, 161.7 (d, J = 249.0 Hz).
F NMR: 8 —114.13~—114.03 (m, 1F), —=72.6 (s, 3F).
IR (CHCl3) v 2948, 2932, 2865, 1764, 1608, 1510, 1371, 1256, 1166, 1087 cm .
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HRMS (FAB+, m/z): [M]* Caled for CasH3F404Si, 500.2006; Found, 500.1996.

1,1-Dimethylethyl 1-[4-[{(1,1-dimethylethyl)dimethylsilyl}oxy|phenyl]-2,2,2-trifluoro-1-{4-
(trifluoromethyl)phenyl}ethyl carbonate (50db).

BocO CF;

TBSO E ‘ CF,

Following to GP4, 49d (1.3516 g, 3.0002 mmol) was used to afford the desired product 50db as a
colorless oil (1.4046 g, 2.5524 mmol, 95%).

Rf=0.57 (hexane:AcOEt = 15:1).

"H NMR: 8 0.21 (s, 6H), 0.98 (s, 9H), 1.37 (s, 9H), 6.80-6.85 (m, 2H), 7.29 (d, J = 8.7 Hz, 2H), 7.59
(d, J=8.7Hz, 2H), 7.64 (d, J = 8.7 Hz, 2H).

BC NMR: & —4.5, 18.2, 25.6, 27.4, 83.6, 85.4 (q, J= 29.2 Hz), 119.6, 123.8 (q, /= 271.7 Hz), 123.9
(q,/=290.3 Hz), 125.0 (q, J= 3.7 Hz), 127.8, 128.68, 128.69, 129.69, 129.72, 130.9 (q, /= 32.9 Hz)
140.3, 149.5, 156.5.

19F NMR: § —75.72 (s, 3F), —64.04 (s, 3F).

IR (CHCl3) v 3019, 2955, 2933, 2873, 1764, 1608, 1512, 1256, 1215, 1173 cm ™.

HRMS (FAB+, m/z): [M+H]" Calcd for C26H33Fs04Si, 551.2052; Found, 551.2093.

1,1-Dimethylethyl 1-(4-cyanophenyl)-1-[4-[{(1,1-dimethylethyl)dimethylsilyl}oxy]phenyl]-2,2,2-
trifluoroethyl carbonate (50eb).
BocO CF;

TBSO II II CN

Following to GP4, 49¢ (0.8150 g, 2.000 mmol) was used to afford the desired product 50eb as a
colorless oil (0.7150 g, 1.409 mmol, 70%).
Rf=0.30 (hexane:CH,Cl, = 1:1).
"HNMR: & 0.21 (s, 6H), 0.98 (s, 9H) 1.37 (s, 9H), 6.80-6.85 (m, 2H), 7.26 (d, J= 8.7 Hz, 2H), 7.31-
7.59 (d, J=8.1 Hz, 2H), 7.68 (d, J= 8.7 Hz, 2H).
BCNMR: 6 —4.6,25.4,27.3,83.7.85.0 (q, J=29.8 Hz), 112.7, 118.0, 119.6, 123.6 (q, J = 287.0 Hz),
127.3,128.8, 129.4, 131.6, 141.3, 149.3, 156.4.
F NMR: 6 =71.91 (s).
IR (CHCl3) v 3022, 2939, 2861, 2859, 2234, 1764, 1607, 1510, 1265, 1170 cm™.
HRMS (FAB+, m/z): [M]" Calcd for Co6H32F3NO4Si, 507.2053; Found, 507.2047.
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1,1-Dimethylethyl 1-[4-[{(1,1-dimethylethyl)dimethylsilyl}oxy|phenyl]-2,2,2-trifluoro-1-(4-
methylphenyl)ethyl carbonate (501b).
BocO CF;

TBSO II II >

Following to GP4, 49f (1.3886 g, 3.5020 mmol) was used to afford the desired product 50fb as a
colorless oil (1.4792 g, 2.9785 mmol, 85%).
Rf=0.50 (hexane:AcOEt = 15:1).
'H NMR: 8 0.20 (s, 6H), 0.97 (s, 9H) 1.25 (s, 9H), 2.36 (s, 3H), 6.77-6.82 (m, 2H), 7.17 (d, J = 8.4
Hz, 2H), 7.31-7.35 (m, 4H).
BC NMR: § —4.5, 18.1, 21.0, 25.5, 27.4, 82.8. 85.8 (q, J = 26.7 Hz), 119.3, 124.2 (q, J = 287.0 Hz),
128.0, 128.6, 129.8, 132.9, 138.5, 149.6, 156.0.
YF NMR: 6 —72.34 (s).
IR (CHCIl3) v 2983, 2955, 2931, 2859, 1763, 1649, 1609, 1510, 1256, 1171 cm™.
HRMS (FAB+, m/z): [M]" Caled for C26H35F304Si, 496.2257; Found, 496.2219.

1,1-Dimethylethyl 1-[4-[{(1,1-dimethylethyl)dimethylsilyl}oxy]phenyl]-2,2,2-trifluoro-1-(4-
methoxyphenyl)ethyl carbonate (50gb).
BocO CF;

TBSO II II OMe

Following to GP4, 49g (1.4438g, 3.0000 mmol) was used to afford the desired product 50gb as a
colorless oil (1.3631 g, 2.6590 mmol, 76%).
Rf=0.53 (hexane:AcOEt = 15:1).
"HNMR: & 0.20 (s, 6H), 0.97 (s, 9H), 1.35 (s, 9H), 3.82 (s, 3H), 6.81 (d, /= 8.7 Hz, 2H), 6.88 (d, J =
9.0 Hz, 2H), 7.33 (d, J= 8.4 Hz, 2H), 7.39 (d, /= 8.7 Hz, 2H).
BCNMR: 6 44, 18.1,25.6,27.5,55.2, 83.0, 85.8 (q, /= 29.8 Hz), 113.2, 119.3, 124.1 (q, J = 279.5
Hz), 127.8, 128.5, 129.7, 149.6, 156.0, 159.7.
F NMR: 8 —72.56 (s).
IR (CHCl3) v 3069, 2992, 2961, 2927, 2837, 2046, 1618, 1517, 1216, 1154 cm™.
HRMS (FAB+, m/z): [M+H]* Calcd for C26H36F30sSi, 513.2284; Found, 513.2275.

1,1-Dimethylethyl 1-[4-[{(1,1-dimethylethyl)dimethylsilyl} oxy]phenyl]-2,2,2-trifluoro-1-{2-
(methoxymethoxy)phenyl}ethyl carbonate (50hb).
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BocO CF,OMOM

TBSO I I

Following to GP4, 49h (1.5486 g, 3.4993 mmol) was used to furnish the desired product 50hb as a
colorless oil (1.5579 g, 2.8709 mmol, 82%).
Rf=0.30 (hexane:AcOEt = 15:1).
'"H NMR: 8 0.14 (s, 6H), 0.95 (s, 9H), 1.36 (s, 9H), 2.95 (s, 3H), 4.65 (d, J=7.2 Hz, 1H ), 4.85 (d, J
= 06.6 Hz, 1H), 6.73 (d, /= 8.7 Hz, 2H), 7.06 (t, /= 7.8 Hz, 1H), 7.11 (d, J="7.8 Hz, I1H), 7.24 (d, J =
9.3 Hz, 2H), 7.35 (t,J= 7.8 Hz, 1H), 7.66 (d, J= 6.6 Hz, 1H).
BCNMR: & 4.6, 18.1, 25.5, 27.4, 55.1, 82.2, 84.2 (q, J = 28.6 Hz), 93.5, 114.6, 118.9, 120.8, 124.0
(q,J=287.6 Hz), 125.4, 127.8 (q, J = 2.5 Hz), 128.6, 130.1, 130.3, 149.7, 154.8, 155.6.
19F NMR: § —72.50 (s).
IR (CHCl3) v 3018, 2957, 2932, 2859, 1760, 1607, 1509, 1370, 1255, 1157 cm .
HRMS (FAB+, m/z): [M+H]" Calcd for C27H3s8F306Si, 543.2390; Found, 543.2428.

1,1-Dimethylethyl 1-(4-dimethoxyphenyl)-1-[4-[{(1,1-dimethylethyl)dimethylsilyl}oxy]phenyl]-
2,2,2-trifluoroethyl carbonate (50ib).

BocO CF,OMe

TBSO I I OMe

Following to GP4, 49i (1.5486 g, 3.4993 mmol) was used to furnish the desired product 50ib as a
colorless oil (1.5579 g, 2.8709 mmol, 82%).
Rf=0.30 (hexane:AcOEt = 15:1).
"HNMR: 6 0.17 (s, 6H), 0.95 (s, 9H), 1.38 (s, 9H), 3.43 (s, 3H), 3.84 (s, 3H), 6.39 (d,/=2.4 Hz, 1H),
6.39 (dd, J=8.7,2.4 Hz, 1H ), 6.70-6.75 (m, 2H), 7.26 (d, /= 7.8 Hz, 2H), 7.51 (dd, J=9.0, 2.4 Hz,
1H).
BCNMR: 6 4.5, 18.1,25.6,27.4, 55.10, 55.14, 82.0, 84.3 (q, /= 28.6 Hz), 99.7, 103.2, 117.2, 118.8,
124.2 (q,J=287.6 Hz), 125.4, 128.6, 130.4, 149.9, 155.5, 158.6, 161.0.
F NMR: 8 —72.52 (s).
IR (CHCl3) v 3043, 2958, 2933, 2858, 1759, 1614, 1509, 1260, 1169, 916 cm™.
HRMS (FAB+, m/z): [M+H]" Caled for C27H3sF306Si, 542.2390; Found, 542.2405.

1,1-Dimethylethyl 1-[4-[{(1,1-dimethylethyl)dimethylsilyl}oxy]phenyl]-2,2,2-trifluoro-1-(2-
pyridyl)ethyl carbonate (50jb).
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TBSO
Following to GP4, 49j (0.9581 g, 2.4984 mmol) was used to afford the desired product 50jb as a

yellow oil (0.6535 g, 1.3513 mmol, 54%).

Rf=0.30 (hexane:AcOEt = 6:1).

'"HNMR: 8 0.19 (s, 6H), 1.00 (s, 9H), 1.42 (s, 9H), 6.80 (d, J = 9.0 Hz, 2H), 7.29-7.33 (m, 1H), 7.43
(d, J=8.7Hz, 2H), 7.57 (d, J=7.5 Hz, 1H), 7.74-7.79 (m, 1H), 8.68-8.69 (m, 1H).

3C NMR: 6 —4.5, 18.1, 25.5, 27.4, 83.2, 84.9 (q, J = 28.5 Hz), 119.3, 122.8 (q, J = 2.4 Hz), 123.3,
123.7 (g, J=285.9 Hz), 127.6, 129.6, 136.2, 148.6 149.8, 154.6, 156.1.

YF NMR: 6 —73.21 (s).

IR (CHCl3) v 3021, 2983, 2961, 2932, 2859, 1765, 1608, 1510, 1257, 1173 cm™.

HRMS (FAB+, m/z): [M+H]* Calcd for C24H33F3NO4Si, 484.2131; Found, 484.2140.

1,1-Dimethylethyl 1-[4-[{(1,1-dimethylethyl)dimethylsilyl}oxy]phenyl]-2,2,2-trifluoro-1-(1-
naphthyl)ethyl carbonate (50kb).

BocO CF; ‘
TBSO l I

Following to GP4, 49k (1.2978 g, 3.0007 mmol) was used to afford the desired product S0kb as a
white solid (0.6535 g, 2.8084 mmol, 94%).
Rf=0.50 (hexane:AcOEt = 15:1).
m.p.: 103.3 °C.
'HNMR: 8 0.17 (s, 6H), 0.93 (s, 9H), 1.08 (s, 9H), 6.71 (d, J = 8.7 Hz, 1H), 7.17-7.22 (m, 1H), 7.28-
7.36 (m, 3H), 7.53 (t, J = 8.1 Hz, 2H), 7.73-7.81 (m, 2H), 7.89 (d, J = 8.1 Hz, 2H).
BC NMR: § —4.6, 18.0, 25.5, 27.0, 82.6, 86.3 (q, J = 28.0 Hz), 119.3, 124.16, 124.21 (q, J = 288.2
Hz), 125.3, 125.7, 126.0, 128.9, 129.3, 129.9, 130.0, 131.6, 134.5, 149.3, 156.1.
F NMR: 8 —=71.50 (s).
IR (KBr) v 3049, 2989, 2960, 2856, 1764, 1603, 1509, 1472, 1257, 1163 cm™.
HRMS (FAB+, m/z): [M]" Caled for C2oH35F304Si, 532.2257; Found, 532.2242.

1,1-Dimethylethyl 1-[4-[{(1,1-dimethylethyl)dimethylsilyl} oxy]phenyl]-2,2,2-trifluoro-4-
phenylbut-3-yn-1-yl carbonate (501b).
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BocO CF;

A
Ph
TBSO

Following to GP4, 491 (1.6242 g, 3.9954 mmol) was used to afford the desired product 501b as a
white solid (1.7737 g, 3.5010 mmol, 88%).
Rf=0.33 (hexane:AcOEt = 15:1).
m.p.: 93.5 °C.
'"H NMR: 8 0.21 (s, 6H), 0.98 (s, 9H), 1.41 (s, 9H), 6.85-6.90 (m, 2H), 7.33-7.43 (m, 3H), 7.56-7.61
(m, 4H)
BC NMR: § 4.5, 18.2, 25.6, 27.5, 78.8 (q, J = 39.1 Hz), 81.0, 84.0, 89.7, 119.8, 121.2, 122.3 (q, J =
288.2 Hz), 126.0, 128.4, 129.5, 132.1, 149.3, 156.9.
F NMR: 6 —79.82 (s).
IR (KBr) v 3057, 2966, 2953, 2892, 2241, 1757, 1611, 1509, 1267, 1188 cm™".
HRMS (FAB+, m/z): [M+Na]* Calcd for C2,H33F304SiNa, 529.1998; Found, 529.2004.

3,3-Dimethyl-2-[4-[{(1,1-dimethylethyl)dimethylsilyl}oxy]phenyl)-1,1,1-trifluorobutyl 1,1-
dimethylethylcarbonate (500b).

BocO CF;
Bu
TBSO

Following to GP4, 490 (0.7250 g, 2.000 mmol) was used. After stirring for 24 h, NEt3 (0.28 mL, 2.0
mmol, 1.0 eq.) and. Boc,O (0.5230, 2.396 mmol, 1.2 eq.) were added again and the reaction mixture
was stirred for 1 h. After usual workup, the desired product S0ob was obtained as a yellow oil (0.5718
g, 1.236 mmol, 61%).

Rf=10.50 (hexane:AcOEt =20:1).

"HNMR: & 0.21 (s, 6H), 0.98 (s, 9H), 1.02 (s, 9H), 1.42 (s, 9H), 6.79 (d, J = 8.1 Hz, 2H), 7.08 (d, J =
8.7 Hz, 2H).

BCNMR: 6 4.4,18.2,25.6,26.2 (q,J= 1.8 Hz), 27.5, 40.5, 82.6, 89.7 (q, J = 26.7 Hz), 118.3 125.6

(q,J=285.1 Hz), 128.1, 150.4, 155.2.

F NMR: 6 —61.31 (s).
IR (CHCIl3) v 3044, 2957, 2932, 2898, 2858, 1763, 1607, 1509, 1255, 1166 cm™.
HRMS (FAB+, m/z): [M+H]* Calcd for C23H3sF304Si, 463.2491; Found, 463.2531.

1,1-Dimethylethyl 2-[4-[{(1,1-dimethylethyl)dimethylsilyl} oxy]phenyl]-1-(ethoxycarbonyl)-
3,3,3-trifluoropropyl carbonate (50pb).
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BocO CF,0
OEt

TBSO

Following to GP4, 49p (1.1776 g, 3.0000 mmol) was used to afford the desired product S0pb as a
white solid (1.3631 g, 2.7672 mmol, 92%).
Rf=0.30 (hexane:AcOEt = 15:1).
m.p.: 71.1 °C.
'"HNMR: 8 0.21 (s, 6H), 0.98 (s, 9H), 1.27 (t, J= 7.2, Hz, 3H), 1.47 (s, 9H), 3.44 (d, J= 14.7 Hz, 1H),
3.82(d,J=14.7Hz, 1H), 4.19 (q, J= 7.2 Hz, 2H), 6.84 (d, /= 8.4 Hz, 2H), 7.28 (d, /= 8.4 Hz, 2H).
BCNMR: 8 -4 .4, 14.0, 18.2, 25.6, 27.6, 35.4, 61.0, 80.9 (q, J = 29.1 Hz), 83.3, 119.8, 123.5 (q, J =
284.7Hz), 127.2,127.5, 150.1, 156.4, 167.7.
F NMR: 6 —79.86 (s).
IR (KBr) v 3044, 2958, 2862, 2529, 1760,, 1740, 1609, 1511, 1272, 1183 cm™".
HRMS (FAB+, m/z): [M]" Caled for C2sH35F304Si, 492.2155; Found, 492.2150.

1,1-Dimethylethyl 2-[3-[{(1,1-dimethylethyl)dimethylsilyl}oxy|phenyl]-1,1,1-trifluoroprop-2-yl
carbonate (58).
BocO CF;

Me

OTBS

Following to GP4, 1-[3-[{(1,1-dimethylethyl)dimethylsilyl}oxy]phenyl]-2,2,2-trifluoroethan-1-one
(1.5074 g, 4.9524 mmol) and MeMgBr (a 3.0 M Et,0 solution, 2.0 mL, 6.0 mmol) were used and the
resultant mixture was treated with solution of Boc,O (1.6368 g, 7.4997 mmol, 1.5 eq.) in THF (5 mL).
After usual workup afforded the desired product as a white solid (1.8246 g, 4.3387 mmol, 87%).
Rf=0.33 (hexane:AcOEt =20:1).

"HNMR: § 0.19 (s, 6H), 0.98 (s, 9H), 1.43 (s, 9H), 2.09 (s, 3H), 6.83-6.87 (m, 1H), 6.90 (s, 1H) 7.02
(d,J=7.8 Hz, 1H), 7.24 (t, J= 7.8 Hz, 1H).

BC NMR: 8 -4.5 (q, J = 3.1 Hz), 18.1, 18.4, 25.6, 27.6, 81.7 (q, J = 29.2 Hz), 83.1, 118.4, 119.4,
120.6, 129.2, 123.9 (q, J = 283.2 Hz), 137.0, 150.1, 155.6.
F NMR: 8 —81.92 (s).
IR (CHCl3) v 3019, 2958, 2932, 2859, 1754, 1603, 1586, 1488, 1222, 1112 cm™'.
HRMS (FAB+, m/z): [M]" Calcd for C20H31F304Si, 420.1944; Found, 420.1935.

1,1-Dimethylethyl 1,1,1-trifluoro-2-(4-methoxyphenyl)prop-2-yl carbonate (60).
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BocO CF;
Me

MeO
Following to GP4, 2-(4-methoxyphenyl)-1,1,1-trifluoropropan-2-ol (0.6607 g, 3.001 mmol) was
used and the reaction mixture was stirred for 9 h at 30 °C to afford the desired product as a white
solid (0.7524 g, 2.349 mmol, 78%).
Rf=0.66 (hexane:AcOEt=10:1).
m.p.: 63.2 °C.
'H NMR: § 1.42 (s, 9H), 2.10 (s, 3H) 3.82 (s, 3H), 6.91 (d, J=9.0 Hz, 2H), 7.37 (d, /= 9.0 Hz, 2H).
BCNMR: & 18.4,27.6,55.1,81.5 (q,J=29.2 Hz), 83.1, 113.7, 124.0 (q, J = 282.8 Hz), 127.6, 127.7,
150.2, 160.0.
F NMR: 6 —82.60 (s).
IR (KBr) 2992, 2961, 2927, 2837, 1752, 1618, 1517, 1456, 1261, 1171 cm™".
HRMS (FAB+, m/z): [M+H]" Calcd for CisH20F304, 321.1314; Found, 321.1329.

1-[{(1,1-Dimethylethyl)dimethylsilyl} oxy]-4-(prop-1-en-2-yl)benzene (62).

Me

TBSO

Following to GP4, 1-(4-[[(1,1-dimethylethyl)dimethylsilylJoxy]phenyl)-1-methylethanol (0.2990 g,
1.001 mmol) was used to afford the product as a colorless oil (0.1563 g, 0.6182 mmol, 62%), and
0.1017 g (0.3406 mmol, 34%) of the starting material was recovered.
"HNMR: 5 0.20 (s, 6H), 0.98 (s, 9H), 2.12 (dd, J= 1.5, 0.9 Hz, 3H), 4.98 (q, J= 1.5 Hz, 1H), 5.28 (q,
J=0.9 Hz, 1H), 6.77-6.81 (m, 2H), 7.32-7.37 (m, 2H).
BCNMR: 6 —4.4,18.1,21.9,25.7,110.7, 119.7, 126.5, 134.2, 142.6, 155.2
IR (CHCl3) v 3017, 2966, 2931, 2859, 1604, 1509, 1472, 1259, 1215, 1173 cm™.
HRMS (FAB+, m/z): [M+H]" Calcd for C15H2503S1, 249.1675; Found, 249.1685.
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Synthesis of tertiary alcohols and their derivatives with a CF3 group and Pr or ‘Pr groups as R.

0o 1) 1.5 eq. TMSCF; HO CF,
Br 1) 1.1 eq. BuLi 10 mol% NBu4OAc
THF, -80°C, 1h ‘ R toluene, 0°C 1030 °C,3h R
/©/ 2) o 2) 20 mol% p-TsOH+H ,0
MOMO I MOMO MeOH, reflux, 1 h HO
1.2 eq. (NTR
o

-80°Cto25 °C,1h

HO CF3 1.2 eq. Boc,O BocO CF3
1.1 eq. TBSCI 1.5 eq. NEt3
2.0 eq. imidazole R 20 mol% DMAP R
CH,Cl,,0°Ct0 30 °C,1 h TBSO CH,Cl,, 0°Ct030°C,1h TBSO

Reaction with amides and Ar-Li (GP5)

1-{4-(Methoxymethoxy)phenyl}butan-1-one (55m)

To a 50 mL two-necked round-bottomed flask were added 1-bromo-4-(methoxymethoxy)benzene®
(3.747 g, 17.26 mmol) and THF (15 mL), where BuLi (a 2.67 M hexane solution, 6.2 mL, 16.5 mmol)
was introduced slowly at —80 °C, and the mixture was stirred for 1 h at the same temperature. To this
mixture was added a solution of 1-(4-morpholinyl)butan-1-one’ (2.3590 g, 15.000 mmol) and THF
(15 mL) via a syringe at —80 °C. The reaction mixture was warmed up to 25 °C and stirred at the same
temperature for 1 h. The reaction mixture was quenched with sat. NH4Cl aq. and extracted with AcOEt

three times. After usual workup, the crude product was purified by column chromatography

(hexane:AcOEt = 3:1) to give the desired product as a colorless oil (2.3728 g, 11.393 mmol, 76%).
0
Pr
MOMO

Rf=0.47(hexane:AcOEt = 3:1).

"HNMR: & 1.00 (t, J= 7.5 Hz, 3H), 1.76 (sex, J= 7.5 Hz, 2H), 2.90 (t, J = 7.5 Hz, 2H), 3.50 (s, 3H),
5.24 (s, 2H), 7.05-7.10 (m, 2H), 7.92-7.96 (m, 2H).

BCNMR: 8 13.6, 17.7, 39.9, 55.9,93.8, 115.4, 129.9, 130.8, 160.7, 198.7.

IR (CHCl3) v 3019, 2964, 2932, 2904, 1676, 1601, 1508, 1237, 1216, 1154 cm™.

HRMS (FAB+, m/z): [M+H]" Caled for C12H703, 209.1226; Found, 209.1202.

1-{4-(Methoxymethoxy)phenyl}-2-methylpropan-1-one (55n).

Following to GPS, 2-methyl-1-(4-morpholinyl)propan-1-one (0.6074 g, 3.864 mmol) was used instead
of 1-(morpholinyl)butan-1-one to furnish desired product as a yellow o0il (0.5985 g, 2.874 mmol, 74% ).
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ipr
MOMO

Rf=0.47(hexane:AcOEt = 3:1)

'"HNMR: & 1.21 (d, J= 6.9 Hz, 6H), 3.49 (s, 3H), 3.52 (sept, J = 6.9 Hz, 1H), 5.24 (s, 2H), 7.06-7.10
(m, 2H), 7.90-7.96 (m, 2H).

3C NMR: & 19.0, 34.8, 56.0, 93.9, 115.6, 129.8, 130.3, 160.7, 202.9.

IR (CHCIl3) v 2969, 2938, 2905, 2872, 1676, 1600, 1508, 1466, 1228, 1153 cm ™.

HRMS (FAB+, m/z): [M]" Calcd for C12H1603, 208.1099; Found, 208.1121.

Reaction with ketones and TMSCF; (GP6).

1,1,1-Trifluoro-2-(4-hydroxyphenyl)pentan-2-ol (56m).
HO CF;
Pr

HO

To a 30 mL two-necked round-bottomed flask were added 1-{4-(methoxymethoxy)phenyl}butan-1-
one (0.6260 g, 3.006 mmol), NBusOAc (0.0902 g, 0.299 mmol, 10 mol%), and toluene (6 mL), where
CF3TMS (0.66 mL, 4.5 mmol, 1.5 eq.) was introduced slowly at 0 °C, and the mixture was stirred for
3 hat30 °C. The reaction mixture was quenched with sat. NH4Cl aq. and extracted with AcOEt three
times. After usual workup and concentration in vacuo, to a 30 mL two-necked round-bottomed flask
were added this crude product and MeOH (15 mL), where p-TsOH-H,O (0.0580 g, 0.305 mmol, 10
mol%) was added, and the mixture was stirred for 1 h under reflux. After the reaction mixture was
cooled to room temperature, MeOH was removed by evaporation. To the residue was added H,O and
extracted with AcOEt three times. The organic layer was successively washed with sat. NaHCO3 and
sat. NaCl aq., and the crude solid was washed with hexane:AcOEt = 3:1 to give the desired product as
apale brown solid, which was found to afford the substantially pure compound (0.5782 g, 2.469 mmol,
82%).
Rf=0.27 (hexane:AcOEt = 3:1).
m.p.: 142.1 °C.
"HNMR: & 0.90 (t, J= 7.5 Hz, 3H), 0.99-1.16 (m, 1H), 1.28-1.45 (m, 1H), 1.89-1.99 (m, 1H), 2.09-
2.19 (m, 1H), 2.24 (s, 1H), 4.82 (bs, 1H), 6.85 (d, /= 8.7 Hz, 2H), 7.40 (d, J = 8.1 Hz, 2H).
13C NMR (acetone-de): 14.3, 16.3,37.4,77.3 (q, J = 26.7 Hz), 115.5, 127.3 (q, J = 282.6 Hz), 128.8,
129.0, 157.9.
9F NMR: 6 —81.84 (s).
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IR (KBr) v 3368, 3019, 2962, 2933, 2859, 1608, 1512, 1266, 1216, 1158, 1105 cm™.
HRMS (FAB+, m/z): [M+H]" Calcd for C11H14F302, 235.0946; Found, 235.0958.

1,1,1-Trifluoro-2-(4-hydroxyphenyl)-3-methylbutan-2-ol (56n).

HO CF;

Pr

HO
Following to GP6, 1-{4-(methoxymethoxy)phenyl}-2-methylpropan-1-one (0.6245 g, 2.999 mmol)
was used to afford the desired product as a pale brown solid (0.5727 g, 2.445 mmol, 82%).
Rf=0.27 (hexane:AcOEt = 3:1).
m.p.: 146.7 °C.
"HNMR: § 0.73 (d, J = 6.6 Hz, 3H), 0.73 (dq, J = 6.6, 1.5 Hz, 3H), 2.34 (s, 1H), 2.46 (sept, J = 6.6
Hz, 1H), 4.88 (bs, 1H), 6.82-6.87 (m, 2H), 7.41 (d, J= 8.4 Hz, 2H).
BCNMR: § 17.1, 17.6, 34.6, 79.8 (q, J=26.7 Hz), 115.5, 127.6 (q, /= 290.4 Hz), 128.1, 130.6, 157.8
19F NMR: § —75.41 (s).
IR (KBr) v 3363, 2973, 2944, 2884, 1616, 1600, 1517, 1397, 1239, 1185 cm™.
HRMS (FAB+, m/z): [M]" Calcd for C11Hi3F30,, 234.0868; Found, 496.0905.

TBS protection of the OH group in phenols (GP7)

2-[4-[{(1,1-Dimethylethyl)dimethylsilyl} oxy]phenyl]-1,1,1-trifluoropentan-2-ol (49m).

HO CF;

Pr

TBSO
To a 30 mL round-bottomed flask were added 1,1,1-trifluoro-2-(4-hydroxyphenyl)pentan-2-ol (0.5854
g, 2.499 mmol), imidazole (0.3405 g, 5.001 mmol, 2.0 eq.) and CH>Cl> (2.5 mL), where the solution
of TBSCI (0.4140 g, 2.747 mmol, 1.1 eq.) in CH,Cl, (2.5 mL) was introduced slowly at 0 °C, and the
mixture was stirred for 1 h at 30 °C. The reaction mixture was quenched with 1 M HCI aq. and extracted
with CHxCl, three times. After usual workup, the crude product was purified by column
chromatography (hexane:AcOEt=10:1) to give the desired product as a colorless oil (0.8199 g, 2.353
mmol, 94%).
Rf=0.30 (hexane:AcOEt=10:1).
"HNMR: § 0.21 (s, 6H), 0.90 (t, J= 7.2 Hz, 3H), 0.96-1.09 (m, 1H), 0.98 (s, 9H), 1.27-1.42 (m, 1H),
1.88-1.98 (m, 1H), 2.10-2.18 (m, 1H), 2.25 (s, 1H), 6.82-6.86 (m, 2H), 7.37 (d, J= 7.8 Hz, 2H).
BC NMR: § —4.5, 14.0, 15.6, 18.2, 25.6, 37.3, 77.3 (q, J = 28.0 Hz), 119.7, 125.8 (q, J = 285.7 Hz),
127.5,129.2, 155.7.
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19F NMR: § -81.65 (5).
IR (CHCls) v 3352, 2971, 2938, 2880, 1617, 1599, 1517, 1448, 1248, 1152 cm™".
HRMS (FAB+, m/z): [M]* Calcd for C17H7F30,Si, 348.1750; Found, 348.1732.

2-[4-[{(1,1-Dimethylethyl)dimethylsilyl}oxy]phenyl]-1,1,1-trifluoro-3-methylbutan-2-ol (49n).
HO CF;
Pr
TBSO
Following to GP7, 1,1,1-trifluoro-2-(4-hydroxyphenyl)-3-methylbutan-2-ol (0.3297 g, 1.408 mmol)
was used to furnish the desired product as a colorless oil (0.4888 g, 1.403 mmol, 99%).
Rf=0.30 (hexane:AcOEt = 10:1).
'"H NMR: § 0.20 (s, 6H), 0.72 (d, J = 6.6 Hz, 3H), 0.98 (s, 9H), 1.07-1.09 (dq, J = 6.9, 1.5 Hz, 3H),
2.32 (s, 1H), 2.45 (sept, J = 6.6 Hz, 1H), 6.81-6.86 (m, 2H), 7.38 (d, J = 8.4 Hz, 2H).
BC NMR: & —4.5, 16.7 (q, J = 1.8 Hz), 17.2 (q, J = 1.2 Hz), 18.2, 25.6, 33.7, 79.4 (q, J = 26.7 Hz),
119.6, 126.2 (q, J=287.6 Hz), 126.9 (q, J = 1.2 Hz), 130.5, 155.5.
19F NMR: § —75.29 (s).
IR (CHCl3) v 3352, 3017, 2955, 2927, 2866, 1510, 1267, 1211, 1172, 1150 cm™.
HRMS (FAB+, m/z): [M+H]* Calcd for C17H2sF30,Si, 349.1815; Found, 349.1811.

1,1-Dimethylethyl 2-[4-[{(1,1-dimethylethyl)dimethylsilyl}oxy]phenyl]-1,1,1-trifluoropentyl
carbonate (50mb).

BocO CF3

Pr

TBSO
Following to GP4, 49m (0.3490 g, 1.001 mmol) was used to afford the desired product S0mb as a
colorless oil (0.3414 g, 0.7610 mmol, 76%).
Rf=0.73 (hexane:AcOEt = 10:1).
"HNMR: 6 0.20 (s, 6H), 0.96-1.01 (m, 12H), 1.32-1.49 (m, 1H), 1.43 (s, 9H), 1.64-1.75 (m, 1H), 2.43-
2.64 (m, 2H), 6.79-6.86 (m, 2H), 7.29 (d, J= 9.0 Hz, 2H).
BCNMR: 6 4.5, 14.4,16.5(q,J= 1.8 Hz), 18.1, 25.6, 27.6, 35.0, 82.9, 83.4 (q, /= 28.6 Hz), 119.6,
124.3 (q,J=285.1 Hz), 127.5, 129.3, 150.1, 156.0.
9F NMR: 8 —78.24 (s).
IR (CHCl3) v 3042, 2985, 2959, 2852, 1756, 1676, 1608, 1509, 1472, 1259, 1172 cm™.
HRMS (FAB+, m/z): [M+H]" Caled for C22H36F304Si, 449.2335; Found, 449.2344.
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1,1-Dimethylethyl 2-[4-[{(1,1-dimethylethyl)dimethylsilyl}oxy]phenyl]-1,1,1-trifluoro-3-
methylbutyl carbonate (50nb).

BocO CF;

Pr
TBSO
Following to GP4, 49n (0.3485 g, 1.000 mmol), NEt; (0.44 mL, 3.2 mmol), and Boc,O (0.5376 g,
2.463 mmol) were used to afford the desired product 50nb as a colorless oil (0.3595 g, 0.8014 mmol,
80%).
Rf=0.73 (hexane:AcOEt=10:1)
'"H NMR: 8 0.20 (s, 6H), 0.91 (d, J= 6.9 Hz, 3H), 1.02 (s, 9H), 1.18 (d, /= 6.6 Hz, 3H), 1.48 (s, 9H),
2.62 (sept, J= 6.9 Hz, 1H), 6.80-6.83 (m, 2H) , 7.20 (d, J= 8.7 Hz, 2H).
BCNMR: 6 —4.5,16.5(q,J= 1.8 Hz), 18.1, 25.6, 27.6, 35.0, 82.9, 83.4 (q, /= 27.9 Hz), 119.6, 124.3
(q,J=285.1 Hz), 127.5, 129.3, 150.1, 156.0.

YF NMR: 6 —67.19 (s).
IR (CHCl3) v 3432, 2982, 2957, 2932, 1763, 1610, 1513, 1275, 1216, 1168 cm™.
HRMS (FAB+, m/z): [M+H]" Calcd for C22H36F304Si, 449.2335; Found, 449.2344.

General Procedure for the reaction of 2 with NuHs (GP8).

3-{1,1,1-Trifluoro-2-(4-hydroxyphenyl)propyl)pentane-2,4-dione (51aa)

To a test tube under an argon atmosphere were introduced 50ab (0.1682g, 0.4000 mmol),
acetylacetone (0.0529 g, 0.4403 mmol, 1.1 eq.), and 0.8 mL of DMSO, where a mixture of DBU
(0.0030 g, 0.020 mmol) and 0.8 mL of DMSO was added. This reaction mixture was stirred for 9 h at
50 °C (see Table 1-3). Then KF (0.0350 g, 0.602 mmol, 1.5 eq.) was added to the reaction mixture and
stirred for 1 h at 30 °C. After quenching with sat. NH4Cl aq., the reaction mixture was extracted three
times with Et;O and the combined Et,O phase was dried over anhydrous Na>SOa. After filtration,
evaporation of the volatiles afforded a crude material which was purified by silica gel column
chromatography using AcOEt:hexane=3:1 to 1:1 as an eluent to furnish 0.0688 g (0.366 mmol) of the
desired product S1aa in 91% yield as a pale brown solid.

(0]
(o) Me

CF
Me 3

Me

HO
Rf=0.23 (hexane:AcOEt = 3:1).
m.p.: 98.6 °C.
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'"HNMR: 8 8 1.97 (s, 6H), 2.42 (s, 3H), 4.87 (s, 1H), 4.99 (brs, 1H), 6.81 (d, J= 8.7 Hz, 2H), 7.35 (d,
J=28.4 Hz, 2H).

13C NMR (acetone-de): & 14.6,31.5,31.7 (d,J = 8.7 Hz), 32.0, 32.98-33.05 (m), 33.3, 33.5-33.6 (m),
50.5 (q, J=24.3 Hz), 50.6 (q, J = 24.2 Hz), 66.7, 115.9, 128.5 (q, J= 283.2 Hz), 128.9, 129.4, 157.9,
198.9-199.0 (m), 202.1-202.2 (m).

YF NMR: § —-75.17 (s).

IR (KBr) v 3399, 3012, 2805, 1729, 1699, 1615, 1518, 1363, 1267, 1179 cm™".

HRMS (FAB+, m/z): [M]" Calcd for C14H15F303, 288.0973; Found, 288.0956.

4-(3,3,3-Trifluoroprop-1-en-2-yl)-1-hydroxybenzene (52)

CF;
HO
Following to GP8, 1.1 eq. of acetophenone (0.0529 g, 0.4403 mmol) was used to furnish the product
51 as a pale brown oil (0.0688 g, 0.366 mmol, 91%).
Rf=0.33 (hexane:AcOEt = 3:1).
'HNMR: & 5.10 (brs, 1H), 5.69 (q, J= 1.8 Hz, 1H), 5.87 (q, /= 1.8 Hz, 1H), 6.82-6.90 (m, 2H), 7.37
(d, J=8.7 Hz 2H).
BCNMR: § 115.4,119.0 (q,J= 5.6 Hz), 123.4 (q, J=273.5 Hz), 126.2, 128.9, 138.2 (q, J=29.7 Hz),
156.1.
F NMR: 6 —66.18 (s).
IR (CHCIl3) v 3392, 3020, 2966, 2855, 1613, 1518, 1354, 1216, 1169, 1128 cm™.
HRMS (FAB+, m/z): [M]" Caled for CoH7F30, 188.0449; Found, 188.0445.

1,1,1-Trifluoro-3-[4-[{(1,1-dimethylethyl)dimethylsilyl}oxy]phenyl]propylpentane-2,4-dione
(53aa)

(o)
(0) Me
CF
Me 3
Me
TBSO

Following to GP7, 51aa (0.0411 g, 0.143 mmol) was used to furnish the desired product a colorless
0il (0.0360 g, 0.0894, 63%).

"HNMR: & 0.19 (s, 6H), 0.97 (s, 9H), 1.57 (s, 6H), 1.90 (s, 3H), 6.82 (d, J= 8.7 Hz, 2H), 7.33 (d, J=
8.4 Hz, 2H).
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BCNMR: § —4.5, 14.5, 18.1,25.6, 29.7, 31.0-32.9 (m), 50.06 (g, J = 24.2 Hz), 50.13 (q, J = 24.2Hz),
120.1, 127.4 (q, J = 283.5 Hz), 128.4, 129.2, 155.6, 199.0, 201.1.

19F NMR: & —73.02 (s).

IR (CHCL) v 3019, 2958, 2933, 2859, 1763, 1609, 1511, 1371, 1257, 1172 cm ™.

HRMS (FAB+, m/z): [M+H]" Caled for C2oH30F303Si, 403.1916; Found, 403.1907.

2-{1,1,1-Trifluoro-2-(4-hydroxyphenyl)propyl)-1,3-diphenylpropane-1,3-dione (51ab)

o)
o) Ph
CF
Ph 3
Me
HO

Following to GP8, 2.0 eq. of 1,3-diphenyl-1,3-propanedione (0.1796 g, 0.8009 mmol) was used to
furnish the desired product S1ab as a pale brown solid (0.0849 g, 0.206 mmol, 50%).

m.p.: 97.7 °C.

Rf=0.17 (hexane:AcOEt = 3:1).

'"H NMR: § 2.12 (s, 3H), 5.15 (brs, 1H), 6.70 (d, J = 9.0 Hz, 2H), 7.24-7.29 (m, 1H), 7.39-7.68 (m,
9H), 8.17 (d, J=7.5 Hz, 2H).

BC NMR (acetone-ds): 6 15.7,51.8 (q,J=24.3 Hz), 56.2, 115.9, 128.7 (4, J = 283.9 Hz), 129.0, 129.4,
129.7,129.8, 129.9, 134.0, 134.7, 137.7, 138.3, 192.0, 193.5.

YFNMR: 6 -72.31 (s).

IR (KBr) v 3323, 3074, 2968, 2922, 1686, 1661, 1518, 1447, 1267, 1182 cm™.

HRMS (FAB+, m/z): [M]" Calcd for C24H19F303, 412.1286; Found, 412.1313.

Ethyl 2-{1,1,1-trifluoro-2-(4-hydroxyphenyl)propyl}-3-oxobutanoate (51ac)

(o)
(0] OEt
CF
Me 3
Me
HO

Following to GP8, 1.1 eq. of ethyl acetoacetate (0.0571 g, 0.4388 mmol) was used and the mixture
was stirred for 24 h at 30 °C to furnish the desired product 51ac as a white solid as an inseparable
diastereomer mixture (0.1147 g, 0.3604 mmol, 90%, dr = 61:39).

Rf=0.17 (hexane:AcOEt = 3:1).

m.p.: 26.5 °C.

IR (KBr) v 3340, 2980, 2912, 2875, 1740, 1713, 1516, 1369, 1264, 1138 cm™.
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HRMS (FAB+, m/z): [M]" Calcd for C1sH17F304, 318.1079; Found, 318.1066.

The major compound

'"HNMR: & 1.33 (t,J= 6.6 Hz, 3H), 1.94 (brs, 3H), 1.97 (s, 3H), 4.27 (q, J= 7.2 Hz, 2H), 4.57 (s, 1H),
5.39 (brs, 1H), 6.77-6.80 (m, 2H), 7.32-7.37 (m, 2H).

BC NMR: & 14.1, 14.8, 30.9, 49.6 (q, J = 24.3 Hz), 61.1, 62.4, 115.9, 128.2 (q, J = 283.2 Hz), 128.7,
129.3, 157.8, 167.5, 198.7.

YF NMR: & —73.83 (s).

The minor compound

'HNMR: & 1.01 (t,J= 7.2 Hz, 3H), 1.94 (brs, 3H), 2.45 (s, 3H), 3.91 (q, J= 7.2 Hz, 2H), 4.66 (s, 1H),
5.39 (brs, 1H), 6.77-6.80 (m, 2H), 7.32-7.37 (m, 2H).

3C NMR (acetone-de): 8 13.9, 14.7, 32.8, 50.2 (q, J = 24.3 Hz), 60.2, 61.6, 115.8, 128.4 (q, J = 283.9
Hz), 128.7, 129.4, 157.9, 166.3, 201 4.

F NMR: 8 -73.19 (s).

1,1-Dimethylethyl 2-{1,1,1-trifluoro-2-(4-hydroxyphenyl)propyl}-3-oxobutanoate (51ad)

(0]
o OBu
CF
Me 3
Me
HO

Following to GP8, 1.1 eq. of fert-butyl acetoacetate (0.0700 g, 0.4425 mmol) was used and the mixture
was stirred for 24 h at 30 °C to furnish the desired compound 51ad as a white solid (major: 0.0602 g,
0.179 mmol, 45%, minor: 0.0394 g, 0.114 mmol, 28%).

The major compound

m.p.: 136.8 °C.

Rf=0.20 (hexane:AcOEt = 3:1).

"H NMR (acetone-ds): 6 1.17 (s, 1H), 1.47 (s, 9H), 1.94 (s, 3H), 2.80 (s, 3H), 6.78-6.83 (m, 2H), 7.38
(d, J=8.4 Hz, 2H), 8.46 (s, 1H).

3C NMR (acetone-ds): & 14.8 (q, J = 2.5 Hz), 27.8, 49.4 (q, J = 24.2 Hz), 62.5, 83.0, 115.8, 115.9,
128.4 (q, J=285.0 Hz), 129.1, 129.3, 129.6, 157.9, 166.7 (q, J = 2.5 Hz), 198.7 (q, /= 3.1 Hz).

F NMR: 8 -73.71 (s).

IR (KBr) v 3312, 3011, 2974, 2938, 1734, 1711, 1518, 1371, 1266, 1151 cm™".

HRMS (FAB+, m/z): [M+H]* Calcd for C17H22F304, 347.1470; Found, 347.1468.

The minor compound

m.p.: 98.4 °C.

Rf=0.30 (hexane:AcOEt = 3:1).
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"H NMR (acetone-ds): & 1.17 (s, 9H), 1.50 (s, 1H), 1.91 (s, 3H), 2.74 (s, 3H), 6.82-6.87 (m, 2H), 7.41
(d, J=8.4 Hz, 2H), 8.51 (brs, 1H).

13C NMR (acetone-de): & 14.6 (q, J = 2.5 Hz), 27.6, 50.0 (q, J = 24.3 Hz), 61.3, 82.3, 115.7, 115.9,
128.6 (q, J=282.6 Hz), 128.9, 129.3 (q, J = 1.2 Hz), 129.6 (q, /= 1.2 Hz), 158.0, 165.5, 201.5 (q, J
= 3.7 Hz).

YF NMR: & —72.68 (s).

IR (CHCl3) v 3416, 3044, 2974, 2933, 1730, 1712, 1519, 1369, 1261, 1149 cm ™.

HRMS (FAB+, m/z): [M+H]" Calcd for C17H22F304, 347.1470; Found, 347.1467.

Ethyl 2-{1,1,1-trifluoro-2-(4-hydroxyphenyl)propyl}-3-oxo-3-phenylpropanoate (S1ae)

o)
o) OEt
CF
PH 3
Me
HO

Following to GP8, 1.1 eq. of ethyl benzoylacetate (0.0848 g, 0.4412 mmol) was used and the mixture
was stirred for 24 h at 30 °C to furnish the desired compound 51ae as a slightly yellow oil as an
inseparable diastereomeric mixture (0.1391 g,, 0.3657 mmol, 91%, dr = 58:42).

Rf=0.17 (hexane:AcOEt = 3:1).

IR (CHCIl3) v 3438, 2958, 2932, 2859, 1765, 1608, 1512, 1327, 1256, 1173 cm™.

HRMS (FAB+, m/z): [M+H]" Calcd for C20H20F304, 381.1314; Found, 381.1314.

The major compound

'"HNMR: 8 1.25 (t,J=7.2 Hz, 3H), 2.10 (s, 3H), 4.21 (q, J = 7.2 Hz, 2H), 5.49 (brs, 1H), 6.68 (d, J =
8.7 Hz, 2H), 7.31-7.66 (m, 5H), 7.86 (d, J = 8.4 Hz, 2H)

BCNMR: 6 14.0, 15.3, 50.3 (q, /= 24.3 Hz), 54.1, 62.4, 115.9, 128.5 (q, J = 283.2 Hz), 128.9, 129.3,
129.6, 129.7, 134.4, 137.6, 157.8, 166.4, 191 4.

F NMR: 8 —68.98 (s).

The minor compound

"H NMR: § 0.95 (t, J = 7.2 Hz, 3H), 2.06 (s, 3H), 3.85-3.93(m, 2H), 5.57 (brs, 1H), 6.84 (d, J = 8.7
Hz, 2H), 7.31-7.66 (m, 5H), 8.08 (d, J= 8.4 Hz, 2H).

3C NMR (acetone-ds): 6 13.9, 14.8, 50.6 (q, J = 24.3 Hz), 56.3, 61.7, 115.9, 128.4 (q, J= 283.3 Hz),
128.9, 129.3, 129.5, 129.7, 134.5, 138.4, 158.0, 167.4, 194.0.

9F NMR: 6 —71.48 (s).

Diethyl 2-{1,1,1-trifluoro-2-(4-hydroxyphenyl)propyl} propanedioate (51af)
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(0] OEt
CF

EtO 3

Me

HO

Following to GP8, 1.1 eq. of diethylmalonate (0.0722 g, 0.450 mmol) was used and the mixture was
stirred for 24 h at 30 °C to furnish the desired compound 51af as a white solid (0.1494 g, 0.3640 mmol,
91%). (All 3fs were synthesized under this condition.)

m.p.: 56.3 °C.

Rf=0.33 (hexane:AcOEt = 3:1).

'"HNMR: & 1.01 (t,J = 7.2 Hz, 3H), 1.32 (t, J = 7.2 Hz, 3H), 1.98 (s, 3H), 3.93 (q, J = 7.2 Hz, 2H),
4.26 (q,J=17.2 Hz 2H), 4.40 (s, 1H), 5.09 (brs, 1H), 6.77-6.82 (m, 2H), 7.36 (d, J= 8.7 Hz, 2H).
BCNMR: § 14.0, 14.1, 14.9 (q, J= 2.4 Hz), 49.6 (q, J = 24.3 Hz), 55.4, 61.8, 62.4, 115.9, 128.2 (q, J
=283.3 Hz), 128.4, 129.5, 158.1, 166.0, 167.1.

19F NMR: & -73.91 (s).

IR (CHCl3) v 3426, 3077, 2987, 2904, 1747, 1712, 1518, 1444, 1268, 1150 cm ™.

HRMS (FAB+, m/z): [M]" Calcd for Ci6H19F30s, 348.1185; Found, 348.1197.

Ethyl 2-cyano-4,4,4-trifluoro-3-(4-hydroxyphenyl)-3-methylbutanoate (51ag)

o)

OEt
NC— cF,

Me

HO

Following to GP8, 1.1 eq. of ethyl cyanoacetate (0.0500 g, 0.442 mmol) and 10 mol% of TBAF (1.0
M in THF, 0.04 mL) were used and the mixture was stirred for 72 h at 30 °C to furnish the desired
product S1ah as a pale brown oil as an inseparable diastereomeric mixture (0.1046 g, 0.3472 mmol,
87%, dr = 62:38).

Rf=0.23 (hexane:AcOEt = 3:1).

IR (CHCl3) v 3418, 3021, 2987, 2965, 1747, 1616, 1519, 1323, 1264, 1189 cm™.

HRMS (FAB+, m/z): [M]" Calcd for C14H14F3NO3, 301.0926; Found, 301.0912.

The major compound

"HNMR: & 1.00 (t, J= 7.5 Hz, 3H), 2.01 (s, 3H), 3.94 (dq, J = 10.8, 7.5 Hz 1H), 3.97 (dq, J = 10.8,
7.5 Hz, 1H), 4.34, (s, 1H), 6.80-6.85 (m, 2H), 7.31 (d, J = 8.7 Hz, 2H).
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13C NMR (acetone-ds): 8 13.3, 16.1 (q, J= 2.5 Hz), 42.4, 49.0 (q, J = 25.5 Hz), 63.2, 114.0, 115.4,
124.8,126.4 (q, J = 284.5 Hz), 128.6, 156.5, 163.0.

YF NMR: & —74.25 (s)

The minor compound

'"HNMR: 8 1.31 (t,J= 7.5 Hz, 3H), 1.91 (s, 3H), 4.23-4.32 (m, 3H), 6.87-6.91 (m, 2H), 7.42 (d, J =
8.7 Hz, 2H).

13C NMR (acetone-de): & 13.6, 16.3 (q, J = 2.5 Hz), 44.9, 49.0 (q, J = 26.1 Hz), 63.5, 114.2, 115.8,
126.1, 126.2 (q, J = 283.2 Hz), 128.6, 156.6, 163.5.

9F NMR: & —72.68 (s)

IR (CHCl3) v 3418, 3021, 2987, 2965, 1747, 1616, 1519, 1323, 1264, 1189 cm ™.

HRMS (FAB+, m/z): [M]" Calcd for C14H14F3NO3, 301.0926; Found, 301.0912.

4,4,4-Trifluoro-3-(4-hydroxyphenyl)-3-methyl-1,2-diphenylbutan-1-one (51ah)

(o)
Ph

Ph CF,
Me

HO

Following to GP8, 1.1 eq. of benzyl phenyl ketone (0.1580 g, 0.8051 mmol) and 10 mol% of TBAF
(1.0 M in THF, 0.04 mL) were used and the mixture was stirred for 72 h at 30 °C to furnish the desired
product S1ah as a yellow oil as an inseparable diastereomeric mixture (0.1413 g, 0.3676 mmol, 92%,
dr=78:22). ("*C NMR spectrums of the major and minor were not determined, so all spectrums were
described below.)

Rf=0.23 (hexane:AcOEt = 3:1).

BCNMR: & 15.3, 50.6 (q, J = 23.0 Hz), 52.2 (q, J = 23.6 Hz), 55.6, 55.7, 115.2, 128.4 (q, J = 283.3
Hz), 128.5 (q, J = 283.2 Hz), 128.9, 129.3, 129.6, 129.7, 134.4, 134.5, 137.3, 137.9, 155.3, 155.4,
197.5, 198.7.

IR (CHCl3) v 3418, 3055, 3019, 2971, 1683, 1615, 1518, 1262, 1215, 1153 cm™.

HRMS (FAB+, m/z): [M+H]" Calcd for C23H20F302, 385.1415; Found, 385.1409.

The major compound

"H NMR: 8 1.92 (s, 3H), 4.97 (brs, 1H), 5.43 (s, 1H), 6.74 (d, J = 8.7 Hz, 2H), 7.02-7.54 (m, 10H),
7.94 (d, J=17.5 Hz, 2H).

9F NMR: & -74.00 (s).

The minor compound

"H NMR: § 1.61 (s, 3H), 4.94 (brs, 1H), 5.84 (s, 1H), 6.69 (d, J = 8.7 Hz, 2H), 7.02-7.54 (m, 10H),
7.19 (d, J=17.8 Hz, 2H).
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19F NMR: & —72.95 (s).

1,1,1-Trifluoro-2-(4-hydroxyphenyl)-2-methyl-3-nitoropropane (51ai)
O:N— cF,
Me

HO

Following to GP8, 2.0 eq. of nitromethane (0.0996 g, 1.600 mmol) was used to furnish the desired
compound 51ai as a brown oil (0.1494 g, 0.3640 mmol, 91%).

Rf=0.20 (hexane:AcOEt = 3:1).

"H NMR (acetone-de): 8 1.87 (s, 3H), 5.10 (d, /= 12.6 Hz, 1H), 5.34 (d, J = 12.6 Hz, 1H), 6.89 (d, J
=9.0 Hz, 2H), 7.45 (d, /= 8.4 Hz, 2H), 8.7 (s, IH).

BC NMR (acetone-ds): & 18.2,48.7 (q,/=24.8 Hz), 79.5, 116.2, 125.5, 127.6 (q,J = 282.7 Hz), 129.9,
158.6.

19F NMR: & —75.48 (s).

IR (CHCl3) v 3391, 3027, 2961, 2924, 1691, 1616, 1559, 1519, 1263, 1190 cm .

HRMS (FAB+, m/z): [M]" Calcd for CioH11F3NOs3, 250.0691; Found, 250.0719.

3,3,3-Trifluoro-2-(4-hydroxyphenyl)-2-methylpropanenitrile (51ak)

NC CF;

Me

HO
Following to GP8, 1.1 eq. of acetone cyanohydrine (0.0375 g, 0.4406 mmol) was used to furnish the
desired compound S1ak as a white solid (0.0654 g, 0.3039 mmol, 76%).
Rf=0.37 (hexane:AcOEt = 3:1).
m.p.: 74.0 °C.
"HNMR: & 1.98 (s, 3H), 5.35 (brs, 1H), 6.89-6.92 (m, 2H), 7.45 (d, J = 8.7 Hz, 2H).
BCNMR: 8 20.3 (q, /= 1.8 Hz), 48.0 (q, /= 29.8 Hz), 116.7, 118.5 (q, J= 2.5 Hz), 122.4, 125.2 (q,
J=1282.6 Hz), 129.7, 159.6.
YFNMR: 8 —75.63 (s).
IR (CHCIl3) v 3404, 3034, 2958, 2853, 1891, 1615, 1519, 1369, 1254, 1080 cm™.
HRMS (FAB+, m/z): [M]" Calcd for C1oHsF3NO, 215.0558; Found, 215.0587.

4,4,4-Trifluoro-3-(4-hydroxyphenyl)-3-methyl-1-phenylbutan-1-one (51al)
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Ph
CF,

Me

HO

To a test tube under an argon atmosphere were introduced 50ab (0.1683 g, 0.4002 mmol), the enol
silyl ether from acetophenone® (0.1154 g, 0.6000 mmol, 1.5 eq.), where a 1.0 M THF solutionof TBAF
(0.02 mL, 0.02 mmol, 0.05 eq.) was added at 0 °C. After stirring for 24 h at 30 °C, 2 mL of MeOH
and KF (0.0350 g, 0.602 mmol, 1.5 eq.) were added to the reaction mixture and stirred for 1 h at 30
°C. After usual workup and purification by silica gel column chromatography using
AcOEt:hexane=3:1 to 1:1 as an eluent furnished 0.0836 g (0.271 mmol) of the desired product 51al in
68% yield as a white solid.
Rf=0.20 (hexane:AcOEt = 4:1).
m.p.: 132.7 °C.
'"H NMR: § 1.84 (s, 3H), 3.44 (d, J = 18.0 Hz, 1H), 4.10 (d, J = 18.0 Hz, 1H), 5.30 (brs, 1H), 6.72-
6.77 (m, 2H), 7.28 (d, /= 9.7 Hz, 2H), 7.43-7.49 (m, 2H), 7.55-7.61 (m, 1H), 7.89-7.93 (m, 2H) .
BC NMR (acetone-ds): 8 19.1 (q, J = 2.4 Hz), 42.1, 46.6 (q, J = 23.6 Hz), 115.6, 128.6, 129.1 (q, J =
282.3 Hz), 129.2, 129.4, 129.5, 133.8, 138.4, 157.5, 195.8.
I9F NMR: & —75.68 (s)
IR (KBr) v 3450, 3033, 2998, 2962, 1685, 1597, 1516, 1445, 1363, 1272 cm™".
HRMS (FAB+, m/z): [M]" Caled for C7H5F302, 308.1024; Found, 308.1052.

Triethyl 2-{1,1,1-trifluoro-2-(4-hydroxyphenyl)propyl}-2-methylpropanedioate (51am) (GP9)

O O
p—OEt
EtO “OEt

CF;
Me

HO

To a test tube containing 55% suspension of NaH in mineral oil (0.0174 g, 0.399 mmol, 1.0 eq.) in
DMSO (1.0 mL), the solution of triethyl phosphonoacetate (0.0986 g, 0.440 mmol, 1.1 eq.) in DMSO
(1 mL) was introduced, and this reaction mixture was stirred for 30 min at 30 °C. Then, 50ab (0.1682
g, 0.4000 mmol) in DMSO (2.0 mL) was added to the reaction mixture, and the whole solution was
further stirred for 30 min at 50 °C. After cooling to 30 °C and quenched with sat. NH4Cl aq. the
reaction mixture was extracted three times with AcOEt and the combined Et,O phase was washed with
sat. NaCl aq. After drying over anhydrous Na;SO4, evaporation of the volatiles afforded a crude

material which was introduced to a 30 mL round-bottomed flask containing a mixture of KF (0.602
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mmol, 1.5 eq.) and MeOH (1 mL) and the mixture was stirred for 30 min at 30 °C. After evaporation
of MeOH from the reaction mixture, the residue was washed with AcOEt. Then, evaporation of AcOH
from the filtrate afforded crude oils which were purified by silica gel column chromatography using
hexane:AcOEt = 1:2 as an eluent to furnish the desired product S1am as a white solid (major; 0.0747
g, 0.181 mmol, 45% minor; 0.0177 g, 0.0429 mmol, 11%).

The major compound

m.p.: 105.1 °C.

Rf=0.25 (hexane:AcOEt = 1:2).

'"HNMR : 8 1.06 (t, J = 6.9 Hz, 3H), 1.21 (t, J= 6.9 Hz, 3H), 1.33 (t, J = 6.9 Hz, 3H),2.06 (s, 3H),
3.41-3.54 (m, 1H), 3.68-3.82 (m, 1H), 3.91-4.71 (m, 3H), 4.25 (q, /= 6.9 Hz, 2H), 6.73 (d, /= 8.7 Hz,
2H), 7.41 (d, J= 8.4 Hz, 2H)

BC NMR: & 13.8, 14.9, 16.0 (d, /= 6.2 Hz), 16.1 (d, J = 6.8 Hz), 48.8 (q, J = 24.8 Hz), 50.4 (d, J=
140.7 Hz), 61.9, 62.6 (d, J=6.9 Hz), 63.4 (d, /= 6.8 Hz), 115.2, 126.3, 127.1(dq, J = 25.7, 272.0 Hz),
129.4, 156.9, 166.8 (d, J=3.7 Hz).

F NMR: 8 —66.12 (s).

IR (KBr) v 3284, 2992, 2935, 2938, 1733, 1616, 1520, 1443, 1319, 1234 cm ™.

HRMS (FAB+, m/z): [M+H]" Calcd for C17H25F306P, 413.1341; Found, 413.1339.

The minor compound

m.p.: 143.1 °C.

Rf=0.33 (hexane:AcOEt = 1:2).

"H NMR: 8 0.90 (t, /= 6.9 Hz, 3H), 1.29 (t, J = 6.9 Hz, 3H), 1.36 (t, J = 6.9 Hz, 3H), 2.09 (s, 3H),
3.76-3.86 (m, 3H), 4.01-4.25 (m, 4H), 5.31 (brs, 1H), 6.80 (d, J = 8.7 Hz, 2H), 7.37 (d, J = 8.7 Hz,
2H)

BCNMR: & 13.5,15.7,16.1 (d, J= 3.0 Hz), 16.2 (d, J = 2.4 Hz), 49.2 (q, J = 26.0 Hz), 50.9 (d, J =
132.8 Hz), 61.5, 63.26 (d, J = 6.9 Hz), 63.34 (d, /= 6.8 Hz), 115.1, 128.0 (d, /= 14.9 Hz), 127.1 (q,
J=1282.3 Hz), 129.0, 156.5, 166.5 (d, J= 3.7 Hz).

F NMR: 8 —72.05 (s).

IR (KBr) v 3235, 2993, 2924, 2933, 1735, 1617, 1593, 1228, 1159, 1051 cm™.

HRMS (FAB+, m/z): [M+H]" Calcd for C17H25F306P, 413.1341; Found, 413.1345.

Diethyl 2-{1,1,1-trifluoro-2-(4-hydroxyphenyl)propyl}-2-methylpropanedioate (51an)
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EtO OEt
CF;

HO

Following to GP9, Diethyl methylmalonate (0.0766 g, 0.440 mmiol, 1.1 eq.) was used instead of
triethyl phosphonoacetate, and the crude mixture was purified by silica gel column chromatography
using hexane:AcOEt = 3:1 as an eluent to furnish the desired product S1an as acolorless oil (0.1001
g, 0.2763 mmol, 69%).

Rf=0.23 (hexane:AcOEt = 4:1).

'"HNMR: 8 1.12 (t, J = 7.2 Hz, 3H), 1.26 (t, J = 7.2 Hz, 3H), 1.58 (s, 3H), 2.01 (s, 3H), 3.99 (q, /=
7.2 Hz, 2H), 4.20 (q, J = 7.2 Hz, 2H), 4.95 (brs, 1H), 6.75-6.80 (m, 2H), 7.51 (d, /= 8.4 Hz, 2H).
BCNMR: 4 13.5,13.7 18.6 (q, J= 3.1 Hz), 21.2, 52.9 (q, J = 23.0 Hz), 59.6, 61.5, 61.9, 114.3, 127.8
(q,J=285.8 Hz),128.0, 130.7, 155.5, 170.1, 170.3.

19F NMR: & —65.68 (s)

IR (KBr) v 3435, 2984, 2940, 1726, 1616, 1519, 1464, 1388, 1253, 1146 cm™ .

HRMS (FAB+, m/z): [M]" Calcd for Cy7H2:F30s, 362.1341; Found,362.1322.

Invesigation of the reactivity of other substrates with diethyl malonate

Diethyl 2-{2,2,2-trifluoro-1-(4-hydroxyphenyl)-1-phenylethyl} propanedioate (S0bf)

o
o OEt
CF
EtO 3
Ph
HO

Following to GP8, 50bb (0.1930 g, 0.3999 mmol) was used to furnish the desired compound 51bf as
a colorless oil (0.1494 g, 0.3640 mmol, 91%).

'HNMR: $ 1.10 (t,J=7.2 Hz, 3H), 1.14 (t, J= 7.2 Hz, 3H), 4.04 (q, /= 7.2 Hz, 2H), 4.07 (q, /= 7.2
Hz, 2H), 4.75 (s, 1H), 5.18 (brs, 1H), 6.72-6.77 (m, 2H), 7.28-7.33 (m, 5H), 7.41-7.44 (m, 2H).

BC NMR (acetone-ds): & 13.91, 13.94, 57.5, 60.6 (q, J = 23.7 Hz), 62.06, 62.08, 115.0, 127.8 (q, J =
286.3 Hz),128.49, 128.53, 131.0 (q, J = 1.8 Hz), 132.3 (q, /= 1.8 Hz), 157.8, 166.6, 166.7 (m).

F NMR: 6 —65.33 (s)

IR (CHCIls) v 3444, 3020, 2985, 2939, 1751, 1732, 1616, 1518, 1217, 1149 cm™.

HRMS (FAB+, m/z): [M]" Calcd for C21H21F30s5,410.1341; Found, 410.1360.
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Diethyl 2-{2,2,2-trifluoro-1-(4-fluorophenyl)-1-(4-hydroxyphenyl)ethyl} propanedioate (51cf)
(0]
0] OEt

CF
EtO 3

Following to GP8, 50cb (0.2001 g, 0.3997 mmol) was used to furnish the desired compound S1ecf as
a colorless oil (0.1530 g, 0.3572 mmol, 89%).

Rf=0.23 (hexane:AcOEt = 3:1).

'HNMR: § 1.13 (t, /= 7.2 Hz, 3H), 1.14 (t, J= 7.2 Hz, 3H), 4.067 (q, J = 7.2 Hz, 3H), 4.071 (q, J =
7.2 Hz, 3H), 5.22 (brs, 1H), 6.73-6.79 (m, 2H), 6.96-7.04 (m, 2H ), 7.27 (d, /= 8.4 Hz, 2H), 7.31 (dd,
J=13.6,8.7 Hz, 2H).

BC NMR (acetone-de): & 13.92, 13.94, , 57.2, 60.1 (q, J = 24.3 Hz), 62.17, 62.19, 114.8 (d, J=21.2
Hz), 115.1, 127.6 (q, J= 285.7 Hz), 128.4, 132.1 (q, J = 1.8 Hz), 133.4 (dq, J= 8.0, 1.8 Hz), 134.2,
157.9,162.9 (d, J=246.3 Hz), 166.5 (q, /= 1.2 Hz), 166.6 (q, /= 1.8 Hz).

19F NMR: & —115.47 (s, 1F), —65.92 (s, 3F).

HRMS (FAB+, m/z): [M]" Calcd for C21H20F4Os, 428.1247; Found, 428.1230.

Diethyl 2-[2,2,2-trifluoro-1-(4-hydroxyphenyl)-1-{4-(trifluoromethyl)phenyl} ethyl} propanedioate
(51df)
(0)
o OEt

CF
EtO 3

HO O O (N

Following to GP8, 50db (0.2202 g, 0.3999 mmol) was used to furnish the desired product 51df as a
colorless oil (0.1746 g, 0.3650 mmol, 91%).

Rf=0.30 (hexane:AcOEt = 3:1).

'THNMR: § 1.12 (t,J=7.2 Hz, 3H), 1.15 (t, J= 7.2 Hz, 3H), 4.07 (4, /= 7.2 Hz, 2H), 4.08 (q, /= 7.2
Hz, 2H), 4.78 (s, 1H), 5.12 (brs, 1H), 6.77 (d, J = 8.7 Hz, 2H), 6.24 (d, /= 8.7 Hz, 2H), 7.57 (d, J =
8.7 Hz, 2H), 7.63 (d, J= 8.7 Hz, 2H).

3C NMR (acetone-ds): & 13.86, 13.94, 57.0, 60.6 (q, J = 24.3 Hz), 62.32, 62.34, 115.3, 1249 (q, J =
3.7Hz), 125.1 (q, J=271.4 Hz), 127.5 (q, J = 285.1 Hz), 127.9, 129.1, 129.6, 130.6 (q, J = 32.2 Hz),
132.1 (q,J = 1.8 Hz), 142.7, 158.1, 166.5, 166.6.

9F NMR: 6 —65.68 (s, 3F), —64.68 (s, 3F).

IR (CHCl3) v 3458, 3019, 2977, 1760, 1733, 1617, 1519, 1328, 1215, 1172 cm™.
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HRMS (FAB+, m/z): [M]* Caled for C2HaoF¢Os, 478.1215 Found, 478.1215.

Diethyl 2-{1-(4-cyanophenyl)-2,2,2-trifluoro-1-(4-hydroxyphenyl)ethyl} propanedioate (51ef)
(0]
o OEt

CF
EtO 3

HO I l CN

Following to GP8, 50eb (0.2034 g, 0.4007 mmol) was used to furnish the desired product Slef as a
colorless oil (0.1585 g, 0.3640 mmol, 91%).

Rf=0.25 (hexane:AcOEt =2:1).

'HNMR: § 1.15 (t, J = 7.2 Hz, 3H), 1.16 (t, J = 7.2 Hz, 3H), 4.09 (q, J = 7.2 Hz, 4H), 4.75 (s, 1H),
5.28 (brs, 1H), 6.77 (d, J= 8.4 Hz, 2H), 7.19 (d, J= 8.4 Hz, 2H), 7.61 (d, J= 9.0 Hz, 2H), 7.63 (d, J
= 8.7 Hz, 2H).

BC NMR (acetone-ds): & 13.87, 13.90, 56.7, 60.5 (q, J = 23.0 Hz), 62.34, 62.38, 112.3, 115.3, 118.9,
127.2 (q,J=285.7 Hz), 127.5, 131.7, 132.1, 132.3, 143.3, 158.1, 166.3, 166.5.

19F NMR: & —65.88 (s).

IR (CHCl3) v 3415, 3030, 2987, 2234, 1755, 1737, 1615, 1516, 1265, 1155, 833 cm™".

HRMS (FAB+, m/z): [M+H]" Calcd for C22H21F3NOs, 436.1372 Found, 436.1383.

Diethyl 2-{2,2,2-trifluoro-1-(4-hydroxyphenyl)-1-(4-methylphenyl)ethyl} propanedioate (51ff)
(0]
(0] OEt

CF
EtO 3

HO I I M

Following to GP8, 50fb (0.1986 g, 0.3999 mmol) was used to furnish the desired product S1ff as a
pale colorless oil (0.1580 g, 0.3735 mmol, 93%).
Rf=0.23 (hexane:AcOEt = 3:1).

e

'HNMR: § 1.128 (t, J = 7.2 Hz, 3H), 1.133 (t, J = 7.2 Hz, 3H), 2.34 (s, 3H), 4.06 (q, J = 7.2 Hz, 4H),
5.06 (brs, 1H), 6.72-6.78 (m, 2H), 7.11 (d, J = 8.1 Hz, 2H), 7.28-7.34 (m, 4H).

13C NMR (acetone-ds): & 13.91, 13.93, 20.8, 57.4, 60.3 (q, J = 23.5 Hz), 62.0, 66.0, 114.9, 127.8 (q, J
= 285.4 Hz), 128.6, 128.8, 130.9 (q, J = 1.9 Hz), 132.3 (q, J = 1.9 Hz), 135.3, 138.2, 157.7, 166.6,
166.7.

19F NMR: § —65.74 (s).
IR (CHCls) v 3443, 3020, 2985, 2933, 1755, 1731, 1616, 1517, 1215, 1149 cm™.
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HRMS (FAB+, m/z): [M]* Caled for C2oHa3F30s, 424.1498; Found, 424.1498.

Diethyl 2-{2,2,2-trifluoro-1-(4-hydroxyphenyl)-1-(4-methoxyphenyl)ethyl}propanedioate (51gf)
(0]
o) OEt

CF
EtO 3

HO I l OMe

Following to GP8, 50gb (0.2160 g, 0.4214 mmol) was used to furnish the desired compound 51gf as
a colorless oil (0.1703 g, 0.3867 mmol, 92%).

Rf=0.17 (hexane:AcOEt = 3:1).

'HNMR: § 1.14 (t, J = 7.2 Hz, 6H), 3.81 (s, 3H), 4.06 (q, J = 7.2 Hz, 4H), 4.72 (s, 1H), 5.18 (brs, 1H),
6.74 (d, J= 8.7 Hz, 2H), 6.83 (d, J = 8.7 Hz, 2H), 7.29-7.36 (m, 4H).

BC NMR (acetone-ds): 8 13.9, 55.4,57.4,60.0 (q, J=23.7 Hz), 62.0, 113.4, 114.9, 127.8 (q, J = 288.9
Hz), 128.7, 129.9, 132.20, 132.24, 157.7, 160.0, 166.7.

19F NMR: & —65.88 (s)

IR (CHCl3) v 3502, 3019, 2985, 2938, 1757, 1733, 1557, 1482, 1215, 1162 cm™.

HRMS (FAB+, m/z): [M]" Calcd for C2,H23F306, 440.1447; Found, 440.1435.

Diethyl 2-[2,2,2-trifluoro-1-(4-hydroxyphenyl)-1-{2-(methoxymethoxy)phenyl}ethyl|propanedioate
(51gfh)

Following to GP8, S0hb (0.2106 g, 0.3881 mmol) was used to furnish the desired compound 51hf as
a white solid (0.1555 g, 0.3305 mmol, 85%).

m.p.: 149.4 °C.

Rf=0.17 (hexane:AcOEt = 3:1).

"HNMR: & 0.99 (t,J= 7.5 Hz, 3H), 1.21 (t,J= 7.2 Hz, 3H), 3.36 (s, 3H), 3.78 (dq, /= 10.2, 7.2 Hz,
1H), 3.88 (dq, /= 10.8, 7.2 Hz, 1H), 4.08 (dq, /= 10.8, 7.2 Hz, 1H), 4.19 (dq, /= 10.8, 7.2 Hz, 1H),
492 (d, J= 6.6 Hz, 1H), 5.01 (d, J = 6.0 Hz, 1H), 5.16 (s, 1H), 5.90 (brs, 1H), 6.71 (d, J = 8.1 Hz,
2H), 6.88 (t,J= 7.5 Hz, 1H), 7.11 (d, J= 7.8 Hz, 2H), 7.22-7.27 (m, 1H), 7.54 (d, J= 7.8 Hz, 2H).
3C NMR (acetone-de): & 13.8, 14.0, 56.1, 58.0, 60.0 (q, J = 24.8 Hz), 61.6, 61.8, 95.4, 114.9, 115.3,
121.4,127.9 (q, J = 285.4 Hz), 128.5, 129.6, 130.2, 132.1, 133.5, 157.3, 157.5, 166.9, 167.8.

F NMR: 6 —66.11 (s)
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IR (CHCls) v 3408, 2983, 2916, 2835, 1735, 1711, 1518, 1371, 1275, 1160 cm™.
HRMS (FAB+, m/z): [M]* Caled for CosHasF304, 470.1552; Found, 470.1522.

Diethyl 2-{1-(2,4-dimethoxyphenyl)-2,2,2-trifluoro-1-(4-hydroxyphenyl)ethyl}propanedioate (51if)

OMe

Following to GP8, 50ib (0.2170 g, 0.3999 mmol) was used to furnish the desired compound 51if as a
white solid (0.1650 g, 0.3507 mmol, 88%).

m.p.: 164.0 °C.

Rf=0.25 (hexane:AcOEt =2:1).

'H NMR: § 0.98 (t, J = 7.2 Hz, 3H), 1.22 (t, J = 7.2 Hz, 3H), 3.68 (s, 3H), 3.77 (dq, J = 10.8, 7.2 Hz,
1H), 3.78 (s, 3H), 3.82 (dq, J=10.8, 7.2 Hz, 1H), 3.87 (dq, /= 10.8, 7.2 Hz, 1H), 4.10 (dq, /= 10.8, 7.2
Hz, 1H), 4.16 (dq, J = 10.8, 7.2 Hz, 1H), 4.95 (s, 1H), 5.02 (brs, 1H), 6.34 (dd, J= 8.7, 2.4 Hz, 1H), 6.40
(d, J=2.1Hz, 1H), 6.75 (d, J= 9.0 Hz, 2H), 6.85 (d, /= 8.4 Hz, 1H), 7.59 (d, /= 8.1 Hz, 2H).

3C NMR (acetone-ds): 6 13.8, 14.2, 55.3, 55.5, 57.8, 59.5 (q, J = 24.9 Hz), 61.4, 61.6, 99.3, 104.7,
114.8,119.9, 128.1 (q, /= 286.4 Hz), 129.4, 132.0, 134.8, 157.4, 160.3, 161.6, 167.1, 167.6.

19F NMR: & —67.38 (s)

IR (KBr) v 3445, 3080, 3018, 2969, 1747, 1702, 1611, 1513, 1460, 1159 cm™".

HRMS (FAB+, m/z): [M]" Calcd for C23HasF307, 470.1552 Found, 470.1542.

Diethyl 2-{2,2,2-trifluoro-1-(4-hydroxyphenyl)-1-(2-pyridyl)ethyl} propanedioate (51jf)

Following to GP8, 50jb (0.1943 g, 0.4018 mmol) was used to furnish the desired product 51jf as a
pale brown solid (0.1476 g, 0.3588 mmol, 90%).

m.p.: 141.3 °C.

Rf=0.083 (hexane:AcOEt = 3:1).

"HNMR: 8 1.12 (t, J = 7.2 Hz, 3H), 1.20 (t, J = 7.2 Hz, 3H), 4.02-4.20 (m, 4H), 4.89 (s, 1H), 5.85
(brs, 1H), 6.65-6.70 (m, 2H), 7.22-7.31 (m, 4H), 7.61-7.67 (m, 1H) 8.52-8.55 (m, 1H).
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BCNMR: 8 13.5,13.7,55.7,61.4,61.7,61.8 (q,J=23.6 Hz), 114.5, 122.9, 125.2, 126.4 (q, J = 286.3
Hz), 126.6, 131.4, 135.9, 147.4, 155.9, 156.5, 167.3, 167.4.

9F NMR: 8 —65.80 (s).

IR (CHCIl3) v 3443, 3068, 2997, 2938, 1754, 1733, 1619, 1519, 1249, 1069 cm™.

HRMS (FAB+, m/z): [M+H]" Calcd for C20H21F3NOs, 412.1372; Found, 412.1381.

Diethyl 2-{2,2,2-trifluoro-1-(4-hydroxyphenyl)-1-(1-naphthyl)ethyl} propanedioate (51kf)

Following to GP8, S0kb (0.2131 g, 0.4001 mmol) was used to furnish the desired product S1kf as a
pale brown oil (0.1709 g, 0.3714 mmol, 93%).

Rf=0.30 (hexane:AcOEt = 3:1).

'"HNMR: § 0.67 (t,J= 7.2 Hz, 3H), 1.20 (t, J = 7.2 Hz, 3H), 3.63 (dq, /= 10.8, 7.2 Hz, 2H), 4.21 (q,
J =72 Hz, 2H), 4.89 (brs, 1H), 5.15 (s, 1H), 6.68 (brs, 3H), 7.04-7.09 (m, 1H), 7.23-7.29 (m, 3H),
7.46 (t,J="1.8 Hz, 1H), 7.74 (d, /= 8.3 Hz, 1H), 7.80 (d, /= 8.4 Hz, 1H), 7.93 (d,/=8.4 Hz, 1H)
BCNMR: § 13.0, 13.5, 58.5, 61.0 (q, J=24.3 Hz), 61.5, 62.4, 114.9, 124.3, 124.7, 125.1, 126.4 (q, J
=286.4 Hz), 126.9, 128.8, 129.2, 129.8, 130.7, 131.2, 133.1, 134.9, 155.8, 166.0, 166.9.

F bNMR: 6 —63.58 (s).

IR (CHCl3) v 3444, 3021, 2984, 2938, 1759, 1731, 1615, 1517, 1222, 1150 cm™.

HRMS (FAB+, m/z): [M+H" Caled for C2sH24F30s, 461.1576; Found, 461.1573.

Diethyl 2-[{1,1,1-trifluoro-2-(4-hydroxyphenyl)-4-phenyl}but-3-yn-2-yl]propanedioate (51If)

o
o OEt
CF
EtO 3
N\
HO Ph

Following to GP8, 50Ib (0.2026 g, 0.3999 mmol) was used to furnish the desired compound 511f as a
white solid (0.1685 g, 0.3879 mmol, 97%).

m.p.: 112.0 °C.

Rf=0.23 (hexane:AcOEt = 3:1).

"HNMR: § 1.05 (t,J = 7.2 Hz, 3H), 1.30 (t, J = 7.2 Hz, 3H), 3.99 (q, J= 7.2 Hz, 2H), 4.29 (dg, 10.8,
7.2 Hz, 2H), 5.82 (brs, 1H), 6.77 (d, J = 7.2 Hz, 2H), 7.32-7.36 (m, 3H), 7.57-7.61 (m, 4H).
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3C NMR: § 13.5, 13.7, 52.0 (q, J = 28.6 Hz), 55.9, 62.0, 62.4, 81.5, 89.7, 115.4, 122.1, 124.6 (q, J =
284.5 Hz), 124.9, 128.2, 128.8, 129.1, 131.9, 156.6, 165.1, 165.6.

19F NMR: § —71.72 (s).

IR (CHCL) v 3467, 3068, 2988, 2906, 1753, 1735, 1614, 1513, 1239, 1174 cm.

HRMS (FAB+, m/z): [M]* Caled for CosHaoF30s, 435.1419; Found, 435.1415.

Diethyl 2-{1,1,1-trifluoro-2-(4-hydroxyphenyl)pent-2-yl}propanedioate (51mf)

(0]
(0] OEt
CF
EtO 3
Pr
HO

Following to GP8, 50m (0.1794 g, 0.3999 mmol) was used to furnish the desired compound 51mf as
a white solid (0.1351 g, 0.3590 mmol, 97%).

m.p.: 142.3 °C.

Rf=0.27 (hexane:AcOEt = 3:1).

'HNMR: § 0.98 (t, /= 7.2 Hz, 3H), 1.01(t, J= 7.2 Hz, 3H), 1.30 (t, J = 7.2 Hz, 3H), 1.45 (brs, 1H),
1.84 (brs, 1H), 2.34-2.45 (m, 1H), 2.61-2.69 (m, 1H), 3.89 (dq, J = 10.8, 7.2 Hz, 2H), 4.15 (s, 1H),
4.24 (dq, J=10.8, 7.2 Hz, 2H), 5.78 (brs, 1H), 6.80 (d, J= 8.7 Hz, 2H), 7.30 (d, J= 8.4 Hz, 2H).

3C NMR (acetone-ds): 6 13.9, 14.1, 15.0, 18.5, 31.1, 54.0 (q, J = 23.0 Hz), 57.8, 61.7, 62.2, 115.9,
126.6, 128.4 (q, J = 285.2 Hz), 130.0, 157.9, 166.2, 166.7

F NMR: 8§ —65.55 (s).

IR (CHCl3) v 3601, 2990, 2938, 2900, 1745, 1711, 1591, 1521, 1266, 1149 cm™'.

HRMS (FAB+, m/z): [M]" Caled for CigH23F30s5, 376.1498; Found, 376.1482.

Diethyl 2-{1,1,1-trifluoro-2-(4-hydroxyphenyl)-3-methylbut-2-yl}propanedioate 2-(1-(4-
hydroxyphenyl)-2-methyl-1-trifluoromethylpropyl)propanedioate (51nf)

(0]
(o) OEt
CF
EtO ol
'Pr
HO

Following to GPS8, 50n (0.1794 g, 0.3999 mmol) was used to furnish the desired compound 51nf as a
colorless oil (0.0696 g, 0.1849 mmol, 46%).
Rf=0.27 (hexane:AcOEt = 3:1).
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'"HNMR: § 0.92 (d, /= 6.9 Hz, 3H), 1.09 (t, /= 7.2 Hz, 3H), 1.16 (d, /= 6.6 Hz 3H) 1.25 (t, /= 7.2
Hz, 3H), 3.07-3.12 (m, 1H) , 4.01 (q, J= 7.2 Hz, 2H), 4.20 (q, J= 7.2 Hz, 2H), 4.28 (s, 1H), 5.84 (brs,
1H), 6.69-6.75 (m, 2H), 7.36 (d, /= 8.7 Hz, 2H).

13C NMR (acetone-de): 8 13.9, 14.0, 19.4, 19.5, 33.3, 56.5, 58.1 (q, J = 21.7 Hz), 61.7, 62.2, 115.3,
127.7,129.2 (q, J=288.4 Hz), 130.3 (q, /= 1.8 Hz), 157.3, 167.0, 167.3.

YF NMR: § —73.77 (s).

IR (CHCIl3) v 3443, 3019, 2989, 1750, 1731, 1617, 1520, 1267, 1216, 1164 cm™*.

HRMS (FAB+, m/z): [M]" Calcd for C1sH23F30s, 376.1498; Found, 376.1482.

Ethyl 4,4,4-trifluoro-3-(4-hydroxyphenyl)but-2-enoate (57)
(0]

N

| OEt
CF;

HO

Following to GP8, S0pb (0.2051 g, 0.4164 mmol) was used to furnish the desired compound as a
colorless oil as the stereoisomeric mixture (0.099 g, 0.3805 mmol, 91%, major:minor = 83:27).
Rf=0.43 (hexane:AcOEt = 3:1).

IR (CHCl3) v 3418, 3021, 2983, 1715, 1613, 1516, 1444, 1373, 1281, 1173 cm™..

HRMS (FAB+, m/z): [M]" Calcd for Ci,H11F303, 260.0660; Found, 260.0677.

Major isomer

'"HNMR: § 1.14 (t,J=7.2 Hz, 3H), 4.09 (q, J = 7.2 Hz, 2H), 5.36 (brs, 1H), 6.57 (q, J= 3.9 Hz, 1H),
6.79-6.87 (m, 2H), 7.17 (d, J= 8.4 Hz, 2H).

BCNMR: § 13.7, 61.6, 115.4, 122.53 (q, J = 274.8 Hz), 122.54, 123.6 (q, J = 5.6 Hz), 130.2, 142.9
(q,J=31.0 Hz), 157.1, 165.3.

F NMR: 8 —68.81 (s).

Minor isomer

'"HNMR: 8 1.35 (t, J= 7.2 Hz, 3H), 4.30 (q, J = 7.2 Hz, 2H), 5.29 (brs, 1H), 6.29 (s, 1H), 6.79-6.87
(m, 2H), 7.32 (d, J = 8.4 Hz, 2H).

BCNMR: & 13.9, 62.0, 115.6, 122.3 (q, J = 275.4 Hz), 125.4, 125.7 (q, J = 2.5 Hz), 129.3, 137.7 (q,
J=31.0Hz), 157.3, 165.7.

F NMR: 6 —61.41 (s).

Experiments for obtaining mechanistic information (Scheme 1-24).
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5 mol% DBU

BocO CFs o o BocO CF;
Me 1.1eq. EtOJ\/U\OEt X Me
© DMSO0, 30 °C, 24 h ]
oTBS OH
58 59

75% (23% of 56 was recovered.)

5 mol% DBU
BocO CF3 (0] (o)
1.1eq. E J\/”\
Me to OEt .
() > No reaction (98% of 60 was recovered.)
DMSO, 30 °C, 24 h
MeO
60
o
S i N
1) 1.1 eq. Me = Me (61)
CF3
5 mol% DBU Me
DMSO, 50 °C, 9 h
(d) 50ab - Me
2)1.5eq. KF
30°C,1h HO
51aa

39% (56% of 52 was obtained)

(b) Usage of the meta-substituted 50ab analogs to the standard conditions
1,1-Dimethylethyl {1,1,1-trifluoro-2-(3-hydroxyphenyl)prop-2-yl} carbonate (59)
BocO CF;
Me

OH
Following to GP8, 58 (0.1685 g, 0.4006 mmol) was used to afford the desilylated product as a white

solid (0.0908 g, 0.297 mmol, 75%) along with recovery of 58 (0.0397 g, 0.0944 mmol, 23%).
Rf=0.17 (hexane:AcOEt = 10:1).

m.p.: 153.2 °C.

"HNMR: & 1.43 (s, 9H), 2.09 (s, 3H), 5.08 (s, 1H), 6.80 (ddd, J= 8.1, 2.4, 0.9 Hz, 1H), 6.92 (s, 1H),
7.01 (ddd, J="7.8, 2.1, 0.9 Hz, 1H), 7.25 (t, J= 8.1 Hz, 1H).

BCNMR: 8 18.4 (q, /= 1.2 Hz), 27.6, 81.9 (q, J = 29.2 Hz), 83.7, 113.9, 116.1, 118.6, 126.6 (q, J =
283.4 Hz), 129.5, 137.1, 150.4, 155.7.

9F NMR: & —81.84 (s).

IR (CHCl3) v 3528, 3094, 2985, 2922, 1758, 1591, 1491, 1372, 1260, 1188 cm™.

HRMS (FAB+, m/z): [M]" Calcd for C14H17F304, 306.1079; Found, 306.1102.
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(c) Usage of para-methoxy-substituted 50ab analogs to the standard conditions
Following to GP8, usage of 60 (0.1280 g, 0.3996 mmol) led to recovery of the starting material (0.1255
g, 0.3918 mmol, 98%).

(d) Reaction of 2a with the enol silyl ether

Following to GP8, the enol #-butyldimethylsilyl ether from acetylacetone® (0.0948 g, 0.0442 mmol)
was used to afford a mixture of 51aa (0.0454 g, 0.158 mmol, 39%) and 52 (0.0423 g, 0.225 mmol,
56%).

Synthetic applications

3,5-Dimethyl-4-{1,1,1-trifluoro-2-(4-hydroxyphenyl)prop-2-yl}isoxazole (63)
N-O
/
Me Z~Me

CF
Me 3

HO

Literature procedure was modified as follows.!® To a pressure tight glass tube were added 51aa
(0.1150 g, 0.3989 mmol), hydroxylamine hydrochloride (0.0310 g, 0.446 mmol), Na,CO3 (0.0475 g,
0.448 mmol), and EtOH (2 mL), and the mixture was stirred for 18 h at 80 °C. Then, H,O was added
to the reaction mixture which was extracted with AcOEt three times. After usual workup, the crude
product was purified by column chromatography (hexane:AcOEt = 3:1) to give the desired product 63
as a white solid (0.0800 g, 0.280 mmol, 70%).
Rf=0.30 (hexane:AcOEt = 3:1).
m.p.: 123.7 °C.
"H NMR (acetone-ds): & 1.78 (s, 3H), 1.89 (s, 3H), 2.21 (s, 3H), 6.86 (d, J= 8.7 Hz, 2H), 7.20 (d, J =
8.1 Hz, 2H), 8.53 (bs, 1H).
3C NMR (acetone-ds): 6 12.4,13.3 (q, /= 1.9 Hz), 24.2 (q, J = 2.5 Hz), 48.6 (q, /= 26.0 Hz), 114.6,
116.2,129.0 (q, J=282.3 Hz), 129.3 (q, /= 1.8 Hz), 131.9, 157.6, 160.2, 167.7.
F NMR: 8 —72.15 (s).
IR (KBr) v 3235, 3015, 2932, 2955, 2922, 1594, 1520, 1446, 1282, 1158 cm™.
HRMS (FAB+, m/z): [M+H]* Calcd for C14H;5F3NO3, 287.1055; Found, 287.1048.

3-[1,1,1-Trifluoro-2-[4-{(trifluoromethanesulfonyl) oxy}phenyl]prop-2-yl|pentane-2,4-dione
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(o) Me
CF

Me 3
Me

TfO

To a 10 mL round-bottomed flask were added 51aa (0.2881 g, 0.9994 mmol), NEt; (0.20 mL, 1.4

mmol), and CH»Cl, (2.0 mL), where Tf20 (0.20 mL, 1.2 mmol) was added at 0 °C, and the mixture

was stirred for 1 h at the same temperature. Then, sat. NaHCO3 aq. was slowly addedwhich was

extracted with CH,Cl, three times. After usual workup, the crude product was purified by column

chromatography (hexane:AcOEt = 2:1) to give the desired product as a white solid (0.3013 g, 0.7168

mmol, 72%).

Rf=0.30 (hexane:AcOEt = 3:1).

m.p.: 75.7 °C.

"HNMR: & 1.93 (s, 6H), 2.51 (s, 3H), 4.86 (s, 1H), 7.27-7.32 (m, 2H), 7.58 (d, J = 9.0 Hz, 2H).

3C NMR (acetone-ds): & 14.5, 31.3, 33.3, 50.3 (q, J = 24.2 Hz), 67.5, 118.7 (q, J = 320.4 Hz), 121.3,
126.9 (q, J=283.2 Hz), 129.3, 137.7, 149.1, 197.7, 200.7.

19F NMR: § —74.11 (s, 3F), —72.70 (s, 3F).

IR (KBr) v 3118, 3080, 3013, 2965, 1731, 1705, 1598, 1420, 1212, 1141 cm™".

HRMS (FAB+, m/z): [M+H]" Calcd for CisHisF¢OsS, 421.0544; Found, 421.0570.

4-Biphenylyl-4-(trifluoromethyl)pentan-2-one (64)
o)
CF
Me :
Me

Ph
To a pressure tight glass tube were added 3-[1,1,1-trifluoro-2-[4-{(trifluoromethanesulfonyl)oxy}-
phenyl]prop-2-yl]pentane-2,4-dione (0.0840 g, 0.200 mmol), phenylboronic acid (0.0488 g, 0.400
mmol), K»CO;3(0.1658 g, 1.200 mmol), Pd(PPhs)4 (0.0115 g, 0.0996 mmol), toluene (0.4 mL), EtOH
(0.4 mL), and H>O (0.2 mL), and the mixture was stirred for 24 h at 80 °C. Then, H,O was added to
the reaction mixture which was extracted with AcOEt three times. After usual workup, the crude
product was purified by column chromatography (hexane:CH>Cl> = 1:1) to give the desired product
64 as a colorless oil (0.0579 g, 0.189 mmol, 95%).
Rf=0.17 (hexane:CH,Cl> = 1:1).
"H NMR: & 1.80 (s, 3H), 2.07 (s, 3H), 2.93 (d, J= 17.1 Hz, 1H), 3.56 (d, J = 17.1 Hz, 1H), 7.32-7.37
(m, 1H), 7.41-7.50 (m, 4H), 7.57-7.60 (m, 4H).
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3C NMR: 8 18.5(q, J = 2.5 Hz), 31.5, 46.0 (q, J = 24.2 Hz), 47.0 (d, J = 1.2 Hz), 126.96, 127.04,
127.4,127.5 (q, J=283.5 Hz), 127.7, 128.7, 136.1, 140.3, 140.5, 203.8.
YF NMR: § —77.38 (s).
IR (CHCl3) v 3031, 2955, 2927, 1725, 1487, 1263, 1151, 1075, 1282, 1158 cm™.
HRMS (FAB+, m/z): [M]" Calcd for CisH;7F30, 306.1232; Found, 306.1220.

Ethyl 2,4-dimethyl-8-oxo0-4-(trifluoromethyl)-1-oxaspiro[4.5]deca-2,6,9-triene-3-carboxylate (66)
Me

(o) N (o)
o CF3me OEt
Literature procedure was modified as follows.!* To a test tube were added Slef (0.0798 g, 0.251
mmol), iodobenzene (0.0051 g, 0.025 mmol), and CH>Cl> (0.5 mL), where TFA (0.25 mL) and
mCPBA (contains. ca. 30% water) (0.0998 g, 0.376 mmol) were slowly added at 0 °C, and the mixture
was stirred for 1 h at room temperature. The reaction mixture was quenched with sat. NaHCO3 aq. and
extracted with CH>Cl; three times. After usual workup, the crude product was purified by column
chromatography (hexane:AcOEt = 3:1) to give the desired product 66 as a brown solid (0.0371 g,
0.117 mmol, 53%).
Rf=0.50 (hexane:AcOEt =2:1).
m.p.: 73.3 °C.
'HNMR: & 1.31 (t, J= 7.2 Hz, 3H), 1.39 (s, 3H), 2.29-2.35 (m, 3H), 4.20 (dq, /= 10.8, 7.2 Hz, 1H),
4.26 (dq, J=10.8, 7.2 Hz, 1H), 6.29 (dd, /= 10.2, 2.1 Hz, 1H), 6.42 (dd, J = 10.8, 2.1 Hz, 1H), 6.78
(dd, J=10.2, 3.3 Hz, 1H), 6.78 (dquint, J = 10.2, 3.0 Hz, 1H).
BCNMR: § 14.1, 15.1, 29.6, 58.8 (q, J = 25.5 Hz), 60.1, 84.6, 104.5, 126.6 (q, J = 286.3 Hz), 129.6,
131.6, 141.1 (q, J = 1.8 Hz), 142.4, 163.8, 171.6, 184.1.
F NMR: 8 —73.62 (s).
IR (CHCIl3) v 3066, 2999, 2925, 2860, 1709, 1633, 1447, 1373, 1249, 1166 cm™".
HRMS (FAB+, m/z): [M]" Caled for CisH;5F304, 316.0922; Found, 316.0923.

Diethyl {2-(3,5-dibromo-4-hydroxyphenyl)-1,1,1-trifluoroprop-2-yl}propanedioate (67)
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Literature procedure was modified as follows.'? To a pressure tight glass tube were added S1af
(0.0684 g, 0.200 mmol), oxone® (0.2459 g, 0.4000 mmol), KBr (0.0476 g, 0.400 mmol), and MeOH
(1 mL), and the mixture was stirred for 3 h at 50 °C. After removal of MeOH by a rotary evaporator,
to the reaction mixture was added H>O and the mixture was extracted with AcOEt three times. After
usual workup, the crude product was purified by column chromatography (hexane:AcOEt = 3:1) to
give the desired product 67 as a colorless oil (0.0966 g, 0.191 mmol, 95%).
Rf=0.33 (hexane:AcOEt =3:1).
'"HNMR: & 1.08 (t,J = 7.2 Hz, 3H), 1.32 (t, J = 7.2 Hz, 3H), 1.96 (s, 3H), 4.00 (q, J/ = 7.2 Hz, 2H),
4.27(q,J=17.2 Hz, 2H), 4.30 (s, 1H), 5.97 (brs, 1H), 7.57 (s, 2H).
BCNMR: 8 13.7,13.8, 14.3 (q, J= 1.8 Hz), 48.8 (q, J= 24.9 Hz), 54.5, 61.7, 62.2, 109.8, 126.5 (q, J
=255.1 Hz), 131.2, 131.5, 149.4, 165.2, 166.0.
F NMR: § —73.81 (s).
IR (CHCIl3) v 3442, 3019, 2985, 2938, 1758, 1733, 1516, 1369, 1259, 1148 cm™.
HRMS (FAB+, m/z): [M]" Calcd for Ci6H1779Br2F30s, 503.9395; Found, 503.9383.

Ethyl 4-(4-hydroxyphenyl)-4-(trifluoromethyl)-2-oxochroman-3-carboxylate (68)

0O o
-0 0

oL

To a pressure tight glass tube were added 51gf (0.0945 g, 0.201 mmol), p-TsOH-H>O (0.0168 g, 0.0883
mmol), and EtOH (2 mL), and the mixture was stirred for 12 h at 80 °C. Then, H>-O was added to the
reaction mixture which was extracted with Et;O three times. After usual workup, the crude product
was purified by column chromatography (hexane:AcOEt = 3:1) to give the desired product 68 as a
colorless oil as a diastereomeric mixture (0.0646 g, 0.1699 mmol, 85%, dr = 82:18). (13C NMR spectra
of these two isomers were not completely identified, so all peaks were described.)

Rf=0.20 (hexane:AcOEt=3:1).

BC NMR: § 13.3, 13.4, 52.6, 53.5, 54.3 (q, J = 27.2 Hz), 55.4 (q, J = 25.4 Hz), 62.8, 115.3, 117.5,
117.6,119.7,124.4, 124.8, 125.09 (q, J = 284.1 Hz), 125.10, 126.1 (q, J=284.7 Hz), 127.2 (q, J=2.5
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Hz), 129.5,130.2 (q,J=2.5 Hz), 130.4, 131.2, 141.2, 151.3, 153.0, 156.3, 156.9, 161.6, 162.5, 164.3.
164.0.

IR (CHCIl3) v 3446, 3050, 2984, 2938, 1759, 1731, 1615, 1517, 1226, 1150 cm ™.

HRMS (FAB+, m/z): [M+Na]" Calcd for Ci9H5F30sNa, 483.0769; Found, 483.0814.

Major isomer

'"HNMR: 6 1.11 (t,J= 7.2 Hz, 3H), 4.05 (dq, J= 10.8, 7.2 Hz, 1H), 4.14 (dq, J = 10.8, 7.2 Hz, 1H),
4.70 (s, 1H), 5.63 (brs, 1H), 6.71 (d, J = 9.0 Hz, 2H), 7.00 (d, J = 8.4 Hz, 2H), 7.16-7.35 (m, 2H),
7.44-7.51 (m, 1H), 7.58-7.60 (m, 1H).

YF NMR: & —67.68 (s)

Minor isomer

"HNMR: & 0.90 (t, J = 7.2 Hz, 2H), 3.66 (dq, J = 10.8, 7.2 Hz, 1H), 3.85 (dq, J = 10.8, 7.2 Hz, 1H),
4.27 (s, 1H), 5.63 (brs, 1H), 6.78 (d, J= 8.7 Hz, 2H), 7.16-7.35 (m, 4H), 7.44-7.51 (m, 1H), 7.58-7.60
(m, 1H).

YF NMR: 6 —70.61 (s)

X-Ray Crystallographic Data of the Compounds 51hf and 66.

Table 1. Crystal data and structure refinement for D:.

Identification code 51hf

Empirical formula C23 H25 F3 O7

Formula weight 470.43

Temperature 173(2) K

Wavelength 0.71073 A

Crystal system Triclinic

Space group P-1

Unit cell dimensions a=8.6848(3) A o= 84.786(3)".
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Volume

4

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 25.242°
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [1>2sigma(l)]
R indices (all data)

Extinction coefficient

Largest diff. peak and hole

b = 9.8256(3) A

¢ =13.1255(5) A
1115.20(7) A3

2

1.401 mg/m3

0.119 mm-!

492

0.213 x 0.185 x 0.169 mm3
2.791 to 25.497°.

B=88.888(3)°.
v = 89.989(3)°.

-10<=h<=10, -11<=k<=11, -15<=I<=15

9822

4031 [R(int) = 0.0777]

97.3%

Full-matrix least-squares on F2
4031/01/302

0.959

R1=0.0511, wR2 = 0.1197
R1=0.0610, wR2 = 0.1282
n/a

0.212 and -0.239 e.A3
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Table 1. Crystal data and structure refinement for D:.

Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 25.242°
Refinement method

Data / restraints / parameters

63

C15H15F3 04

316.27

173(2) K

0.71073 A

Orthorhombic

P212121

a=7.3643(8) A o= 90°.
b = 8.6863(10) A B=90°.
c=22.636(3) A y=90°,
1448.0(3) A3

4

1.451 mg/m3

0.129 mm-!

656

0.190 x 0.170 x 0.170 mm3

2.956 to 25.499°.

-8<=h<=4, -10<=k<=9, -27<=I<=17
4392

2686 [R(int) = 0.0302]

99.7 %

Full-matrix least-squares on F2

2686 /0/202
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Goodness-of-fit on F2

Final R indices [1>2sigma(l)]
R indices (all data)

Absolute structure parameter
Extinction coefficient
Largest diff. peak and hole

Flack parameter

1.073
R1 = 0.0569, wR2 = 0.1294
R1 =0.0747, wR2 = 0.1461
0.3(8)

n/a

0.271 and -0.186 e.A3
0.3+0.8
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2B NHCAHEZRHWAT7AT e FEORNEENTF ) VY AFF
~D L6-HMEIGIC X 2afiic CF: E2SDEURKELZE TS
Tt OFHREBREORRELE Y T X7 LA BRN _EiE M E
Wk 3R DS

2-1 #8

AIE CHRFARLA & LT, iERXF L VL&Y, acetone cyanohydrine, =/ —/L Y LT
— 7D 3 FESEHTE 2 2 L SHAL 7, fﬁu\-tzti%atf/\;ﬂzf% % RPN SR A
DLELEZ BIE L. % Ot RFBEREAOBET 2175 2 Lic L7z,

B oREOMEm Cb 7z X S ic, TNE TICkRA 7&)‘;@*1‘*?’]& PQM & DL HHE T 1
Twd, Friczhb oGO Ty, SRS L 72 HH 50Xb ORHEZE & L, SIS
TTITO)ZEDTELRIGHRETH 5 £ E 2. Scheme 2-1 IR L 72T L7 =7 v 4
R & DFIGICHEH L7zt Anand 5° Sun H3RE L2 2o DFEIF, 77 e F & NHC
i & D FOGIC & 0 GRINTHEAET Breslow FIHEDR 7 o7 =4 V& flifk & LCEH L.
PQM-1 ~D 16 MKIEZEFET, TPV 69 % 525L0wHHbDTH S,

R® i
OH !
20 mol% cat. 1 O ! Et,N NEt,
20 mol% DBU |
(a) > R'] R3 E @ @
DMF, r.t., 2.5-12 h _ ! H BPh4
'_R2 X
P , cat. 1
69 :
28 examples :
up to 98% yield ,
Bu I
OH | S
20 mol% cat. 2 O . ||/@/
1.0 eq. K2003 1 ¢ : Et/N
(b) » R Bu ! o
DMF, rt., 2 h ! Br HO
= :—R2 i cat. 2
NS |
69
18 examples '

up to 87% yield

Scheme 2-1 Reaction of pQM-1with acylanion equivalents from aldehydes and NHC catalysts
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¥ 72, Anand S, pQM-9 & 7 T =4 VAR L O R)GHE., BEE O %
& T, 2,3-diarylbenzo[b]furan #H 70 DR D EMK L T % (Scheme 2-2).

0O tBU OH .
# # 1) 20 mol% cat. 3 .
Bu Bu 50 mol% NaH By
MeCN, r.t. !
R'CHO + | 2)2.0 eq. p-TsOH+H,O _ !
r.t. 2 I
N R [ Nt @ c
| —R?2 XN ') ,
/ 1
HO 70 :
29 examples '
pQM-9 up to 97% yield !

mz 3z

Scheme 2-2 Tandem reaction of pQM-9 with acylanion equivalents for synthesis of 70

INFETOL A, ZnbIMTIE, pQM & T T = vEffitk & D KIS IE
TELT, FIUBKFEHROME D FERK ST TR,

DF D, Int-1 L DRIGT, REREAN & LTT 7 =4 vZ ik Int-2 % 5#H
B TEINUL afLIC CFR B2 EABUNRFEEZG T 27 v 71 OBEHEL 7 5
2-3),

-
1) R2CHO 1
BocO CF; cat. Base R CF3R2
cat. pre-NHC
R' .
I 0]
2) desilylation
TBSO )desly HO™ =~
50Xb _\_
CF,
L |
O -
Int-1
R +
N
/
:C |
X

R R
HO N HO NO®
R2 X R2 X
(Int-2)
acyl anion equivalents

Scheme 2-3 1,6-addition of acyl anion equivalents to pQMs with a CF3 group
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—fRIIC, ZDOFED T + VIZ O DA DIE 2 b3 Db (Scheme 2-4), [ T b filldn 7z,
Wbwz [EEE AL (Scheme 2-4-a)] & [T 4 v 7 - 7'my 7k (Scheme 2-4-b)] T
H b,

(a) (b)

' ®
OR CF, (0] oM
Alkyl“‘%\R . or AIkyI>HJ\R F3CH§/\R + Alkyl-X
Ar
Ar (.:F3 CF; Ar
(R*'=M, TMS " 2

Scheme 2-4 Plausible synthetic route for 68

HiE D6 ClX. i Scheme 6 T filiiv7-23, ZEROEEL ) 7—+F/21k, =/ —
N INTZ—=T V%, CF D7V ANED L 3AF A VERIGE T IREELTETH 5,
FRIZ, CR L & L C Togni il 01l 2 v RGEEEL A T W2 5604 % v, 2iuh
DORIEILIEF IR 7 CREEARTH 5 —F. Eifich 5 Z LTz, @IS h
TW3 I eHRERE LTETLNDS

¥, BT 4 VT Tay ZETEH, —HOEBRRET ) 7— 2RV TE, 72 OLE
HEICHERZE T b5, il 21X LDA 5o —fRIy i © 72 2 F84: &7z, CF 3o
a-PLICT =F v sRET 5, SO, EEASE T v ZEGICRRT 87 v BLRIG (B-
W) 23R BIHEIT L, 72 DOfEBERE L CTL E 94 (Scheme2-5), £72. TNHLDT =F v
T2 RkEH & LCRIAT 260 i CRA L7225, CR R A T, ARSI o FHL
BFRIC X 2T RIGHEAMET LT % 720 LMK,

M

F,’ \o M-F F 0
| / A B —
F,C. = R F)\(U\R ——» decomposition
Ar
Ar
72

Scheme 2-5 Decomposition of 69

AR, EREUAOTFRICL Y, 71 AT 2 FENHEIN TS D DDS, HIGEE
FORREIEC, HEREN BRI N BREEMIEA LEE T LFENTFLRoTWD,

& Z AT, NHC Ml ILEFERA IS fTb v 2 HifiiED —oTch 2, Fric kil
L 72 % Breslow Hli{A Int-2 ZFH 32 747 & F OB KICIIEIWICHE I TE
V. % OEHMERIT T OERICHIHZT TV 56 (Scheme 2-6),
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0O

R1M\/\EWG : electrophilic cite

Stetter reaction : nucleophilic cite
ZEWG
\/> LG X/ - \N s‘/\R2
- -
®N or oxidation R
R |
HO™ "R! L

Breslow intermrdiate homoenolate

acyl imidazolium
(Int-2)

(0]
N N ?L/NRa OINR® J)J\R4
u
O/NR® R¥H R4JLR5 R3|
2
R R4
o Oy Nu o
T RAK(OH/NHR?’
xO/NR? R2
R2 R2 R5 R2
Diels-Alder-like azolium substitution ~ benzoin condensation R4 RS
annulation formal [3+2] decarboxylative
cycloaddition ~ cyclopentene
formation

Scheme 2-6 Major NHC-catalyzed umpolung reaction of aldehydes via Breslow intermediate

X 5T, NHC filEriEiiRcH 2 HHEIZ. ZRPTRER D DD L L IEF I VLT »
KNz, MIROHIED L L ELREEEZ B ICERTE 5, 2F D, Scheme2-3 IC/RL 72
}iﬁﬁﬁiaéfﬁé N, MEOBIEHEED - DTk b 2 eI,

CF; 4.0 eq. BuzSnH _F
2.0 eq. EtAl F,C7 DAIEt, O CF3
Fh : _n A _pn
Me - > Hi A O Mo .
toluene, =78 °C, 2 h Me si-face selective -
OH
Ph
syn:anti = 15:85
M.
6 F
I
CF3 CF, Me. O CF,
4 b Ph

Me/'\/Ph < Me CFs  _» Me

oH LH N H N OH
e

Cram's chelation model Felkin-Anh model

Scheme 2-7 Diastero selective hydride reduction by way of M-F interaction
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& Z AT, Hanamoto, Fuchikami &%, # IV HR=Z LD afiic CR:iE42HT L7 P ThH D
3,3,3-trifluoro-2-methyl-1-phenylpropan-1-one D EY 7 AT L AERN BTG R, @& L
Z7yvFELoFL—vaviEAHT LI L TERL TS (Scheme 2-7),

LitoflxEz 5L, 7 b v 71T 28RSO 12-(H)GiE, @Y ae)Ee
7y FERTEDOFXFL—vavEAMATS LT, RKKHIOEHLT R OFIEHA K IR T
% % (Scheme2-8), T DG TV ET T IE, MEHIB D7, YT AT L AER
AYSEIR ol P E IR R DERE L 7 5 72 08, JERICHERTH S .

favored
1
R1 CF3 R CF3R2
RZ  yum \FR? S
r - © T HO Nu
HO
HO
71 oM

Highly diastereoselective
construction of successive
tetrasubstituted carbon atoms

Q disfavored

Scheme 2-8 Working hypothesis of highly diastereoselective 1,2-addition of metal nucleophiles

PLERRTE 2RI D, RECTIE TRAFEE pQM ~D NHC i w717 e F
D 1L,6-MHMBIGIC X 2afific CF &2 &L HEUMIKFZEZH T 5 7 b v OBl A RGE O BFE

ERY T AT UASERE s E R R O | oW EHIE L, R T 72, AET
X, ZOFERICOWTEARICERTH L,
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2-2 T YNT = vtk & O RIGEHOBREL

F7 VU v LRI NHC il lERTERR pre-NHC A f77E T, 28 1 B ChRoB 2l L L CED 72
DBU &, RV X7 A7k FEFHWT, DMSO HCHE 49ab & OKIG%1T - 7 (Table 2-1,
Entry 1), % O#ER, HIYE 3 2 04K 71aa & Z © TBS (£#ATH 2 73aa DIREME L T
YEBROLNTZ, ZOFE. YFNMR TZ OIEEZRD A, cnbDe—7 0—FnE% > T
Wiz72®, IR T1aa & 73aa DEFHEE L CEEE L T3, RicHH% DBU 2> 5 TBAF
ICEELE A, 2DEFHICED 67%% TWEI N (Entry 2), B\ TR OB %217
272, DMSO X 9 HHEPEDMEVIFIECTH %2 DMF, THF < toluene % il L 7223, % OffE
PME T F 2122 T Tlaa & 73aa DIYLFE L (KT L 7z (Entries 3-5). HF#IC toluene 1 CTl. 9 #l
< 49ab BEUR X N7z Z & 225, Int-la DFEEDMBER OEE I IcEfT LR nwC &
DRB I N7z, —77. DMSO. DMF % THF 1 Cld, KIEAEML L Tz, 7oA T
=F VEMiA L DRIG L D D Int-la DERTICHETL CWE LEZ LN, ZDHEKD
—D2 & LT, HE L 49ab & O RICHE 7D, {HEFTH 2 Int-1a 23R RHICFEET 2
TeNREZOLNTZ, DF V. Int-la DFERED, 7o T =4 VEEMEOFERE, 7=
ZZ L Int-la & ORIGHEE X Y bH & WIHIRGERE LTz, £ 2T, MIGHERE AT
%2 LT, Int-la R4 ICHRES L 2 LB TENIR, Int-la DI Z b5 LHIFFL
7oo Z D728 Entry 6 TIIRICIERZ 0.25M 2*5 0.1 M ICEH L KIGEAIT 5 720 Z DAEHE,
Entry2 & L €, HARRE O IR OUGED L 572, Entries 7-9 Tld. HEERE O 21T
> 72, TBAF DAL DR L LT DBU, K,COs, Na,COs ZHl\W7z & & A, K,COs % W 72 [
IC 7T1aa & 73aa 23 D M@ WIPER(EEF 93%) TR O L7720, KoCOs il & L TE® 72
(Entries 7-9), #E\>C. Z Dfth NHC il BERTER{A % W TR 21T 2 720 pre-NHC A & [k D
F7 V'V 7 LBID pre-NHC B, C Tlt, KIEICIEEDK T 23MfEFZ X 4172 (Entries 10, 11), %
72e U TV VT LD pre-NHC D, E. 4 XXV 7 LRID pre-NHC F T3S EHN L F
% G HETT L 7n 2> o 72 (Entries 12-14), X S, filflifE e 77 FOYRIZOWTH IR
WNEfTo7n, EHBOLDWREI L L ZNITIEVIGEEL(KT L7 (Entries 15, 16), 82 I1C K
JORE DR 21T o728 &5, 50 °C ~E FiRE 42 L HETOPEKEM L3RS 7228, 70 °C
T CHET 2 L HIYOICRITK E KT L7 (Entries 17, 18), FHE 50 °C TO KL %1T 5
&L 2 R CRIGTERE L Cniz & & 3B B 217 o 72 (Entry 19), A EX V| Entry 19 %
ROBSGMFE LCRIBST R TE 2,
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Table 2-1 Optimization of the reaction conditions of 1,6-addtion of acyl anion equivalent

1) 1.5 eq. PACHO

BocO CF; 10 mol% Base Me CF3
10 mol% pre-NHC
/©)<Me Solv,, 30 °C, 3 h
2) 1.5 eq. KF o
TBSO 30 °C, 30 min PO
S0ab 71aa (P =H)
CF3 73aa (P = TBS)
=~ "Me
0]
Int-1a
s /=S
“/@/ BnN® /N\N' —
N g ves N N-y,
O © N— O es” N\ es
cl HO Br BF, .
pre-NHC A (R" = Bn) pre-NHC C pre-NHC D (Ar = Ph) pre-NHC F
pre-NHC B (R’ = CH;Mes) pre-NHC E (Ar = CgFs)

concentration 1F NMR yield® (%)

Entry Base pre-NHC Solv.
(M) 7laa+73aa 52
1 0.25 DBU A DMSO 5 15
2 0.25 TBAF A DMSO 67 4
3 0.25 TBAF A DMF 6 27
4b) 0.25 TBAF A THF Trace 8
5 0.25 TBAF A Toluene 0
6 0.10 TBAF A DMSO 74 1
7 0.10 DBU A DMSO 5 18
8 0.10 K2COs3 A DMSO 93 1
9 0.10 Na;CO3 A DMSO 86 6
10 0.10 K2COs3 B DMSO 21 22
11 0.10 K2COs3 C DMSO 2 25
12 0.10 K2COs3 D DMSO 0 12
13 0.10 K2COs3 E DMSO 15 24
14 0.10 K2COs3 F DMSO 0 9
159 0.10 K2COs3 A DMSO 75 9
169 0.10 K2COs3 A DMSO 75 6
179 0.10 K2CO3 A DMSO 97 Trace
18" 0.10 K2COs3 A DMSO 35 31
199 0.10 K.CO3 A DMSO 95 [84]M  Trace

a) Yields determined by '’F NMR right before the step 2. b) 87% ('°F NMR Yield) of 50ab was recovered. ¢) Usage of 5 mol% of cat A. d) Usage

of 1.1 eq. of PACHO. e) Conducted at 50 °C. f) Conducted at 70 °C. g) Conducted at 50 °C for 2 h. h) The isolated yield of 71aa.

117



2-3 HE @O
L 72 5ol (Table2-1,Entry 19)Z VT, A DT AT e FEDORIGEITo72, 2D
r\%%% Table 2-2 ccﬁ_\.j_o

Table 2-2 Scope and limitation of aldehydes and substrates.

1) 1.5 eq. R'CHO

BocO_ CF3 10 moi% K,CO; Me CF;
10 mol% pre-NHC A R!
Me pwmso,50°C,2h
2) 1.5 eq. KF
TBSO )30 °cc3 30 min PO °
50ab 71aX (P =H)
73aX (P = TBS)
84% (R = H, 71aa) trace?, 56°) ( R = 4-OMe, 71ae)
85% (R = 4-Cl, 71ab) 60%, 89%° (R = 3-Cl, 71af)
X 79%%), 53%P) (R = 4-CO,Me, 71ac)  Complex (19%>9) (R = 2-Cl)
R'= | -R Complex (R = 4-CN) 63%2), 72%°9 (R = 3-OMe, 73ag)

74% (R = 4-Me, 71ad)

& 4o 4G o P

0, 0, 0, 0,
85% (71ah) 83% (71ai) 90% (71aj) 48% (71ak) 85% (71a|)

AP p /\ Ac~pn
Ph

52% (71am) Complex 80% (71an)
A 0Bn A~ COMe /\( /\O /\K
39%%, 52%°) (71a0) 70%%°) (73ap) 25%2), 55%°) (T1aq) 39%% (71ar) 67%%°
""""""""""" Pr cF,  Prcr,
R R
HO ° HO °

32% )R = Ph, 71ma)
32%9 (R = 2-furanyl, 71mi)
89%9 (R = CH,CH,Ph, 71mn)

Complex (R = Ph)
72%9 (R = CH,CH,Ph, 71nn)

a) 'F NMR yield. b) The reaction was conducted at 30 °C for 4 h. ¢) The yield of 52. d) TBS protection was performed at

the stage 2. e) Usage of 3.0 eq. of aldehydes. f) The reaction was conducted for 4 h. g) The reaction was conducted for 6 h.
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FHEBRLED pAiic Cl % MeO,C D X 5 BT REIFEEZBALLT AT & FEHWTY;
£, Tlab, Tlac DY T benzaldehyde # W7 5H L RE KL L b o 72, &1, 50 °
C TRIGEAT S L IR BMEHEAL L Tlac D HEENEEIC R o7, 22T, RIGIE% 30 °
C~ETFRIEERIT-o7ZE A, TERDIE T IZR LN ORBEIREH S N, —H. p-
PCE TG, FFIC MeO BEZEA L 2541013, BRESEM T T 71ad, 71ae 1IEHE L
PO NTED o7z, T2, Tlae [TFREDIGE (56%)THH NS T L BHLHICR o 7,

RIC, HEEEOBERMIESRER LT AT e FEHWT, Z O RIGHEOZEL 2 MGt L 72,
BRESER O S, p-Bak2 513 85%T Tlab M3 b Tz DItk L, m-fricfEa L
75 E T, Taf IZFREOIE (60%)ICH F o7 2OBAICENTH, RISREZ T
% LT, Tlaf DKL 89% ¥ CEI NI —Ti. o MICHERAHET 27T & FTIL,
FER O YF NMR I3\ C, il B2 8Ll & h 2 58I v — 7 135G L TlRR S L9,
Int-la DEPF L L CTEITLCWB Z ERHHL 72, T2, EHt53E LT MeO %
3 % m-anisaldehyde (%, Z DRJGIEI p-IEHR L 1T RE KRR Y BolSMF T TlE 63%
DGR THIAEDGF O 7z, T HIC, JOGIREZ N2 2 & T2 I m L, ol
ICIE TBS IRAEZFFEEIT S T L T73ag & L7z, ZDOMOFEHFBHET LT FELT, F7
AL VERC~THREZEAETL0D ., RRICICHEZR CEHFREZ D, Msd 57+ v
7lah-1 P RIFRINVETH LS T L AL A7 5 7,

e T, AEMT LT e FEORIGERAT L7z, ap-ARMT LT e F2 b4l 2
Breslow HfE{EIZ. T A7 =F VEfifk e L CoIGLINC, mF 7 7 — FEflifke L
TORIEBLEERT TN T 59, il 2 IEUE4E, Enders 51T & 5T pQM-1 & O UG X
N7-1%(Scheme 2-9), Z DKIGIE, FEL 7 — b EHEflifk L pQM-1 3G L 72410, MeOH
KXo T AT MICEf1E NS Z LT, NHC M2 HE x5,

' Ph Ph
0 OHC  TBSO—Y,
/ 20 mol% cat. 4 X / E
R R 30 mol% DIPEA ' N
+ (@] '
N CH,Cl:MeOH = 10:1 (v:v) «@Kj
R’ rt, 36 h R’ b O
Ar R = Me or 'Pr or Bu ' BF4
pQM-1 22 examples . cat. 4

up to 66% vyield, 91% ee!

Scheme 2-9 Reaction of homoelonate equivalents with pQM-1
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BocO CF3  acyl anion X _Ph

Me equivalent
Bn_ o)
N7\ TBSO HO
50ab 71am

HO S
Me CF, ST\
NS
homoenolate P N®
Ph equivalent @ h /40 I\3n X@
HO™,

Int-2m

Q acyl anion - o BuOK \
@ homoenolate 0 e
#
Me CF;
Ph OBu
CF;
Ph O
o Me HO
75 74

Scheme 2-10 Plausible reaction pathway of the Breslow intermediate derived from trans-

cinnamaldehyde

D% Y, X3 % Breslow HE{A Int-2m 2% 50ab & F€x/ 7 — FEAffifk e L CRIGL
56, RNICHEST 2 BuO 7 =4 VICK D, TAT N 74 1L I UNHC 2435 L
WO RRPEHE 2 D ALTz (Scheme 2-10-bold arrow), d L < (1, HEH D 7 = 7 — VEL O 5>
LOBETOHLIAARICED, A vk 75 %52 5 & & 23 1F X 1172 (Scheme 2-10-dashed
arrow)!t12, FER L L€, ARIGER T Int-2m 137 > v 7 =4 v&ffifk e L<RIGL, 7 b
Y TMam % 5 27z, 7=, ZHEHEEEZHT 54 F—VHKD Breslow FlEfAD , ot
J 7= FEMikE LTRIGT 22 ERHAONT SR8, KRICGHH L 72856 13358 0 /) fE
PERLTLE o7,

FeWTHEIAR T VT e F & DRIGZAMTZ & 2 A, BEZF W LI1T 80% DU THE T
%7 b v Tlan 3535 N7z, il 21X, Scheme2-2 THIS L 7z Anand b O 2 ¢ fEN
BT AT e FEBEILTw 205, RISRPEMLLTLE S LRI Tz, 25 ), K
FOGRICE T, pQM EHEMIET V7 & P L OV O RIGEERK L 72, RiC, WP ERESR
EANLZEMBET T e Fid, 7Vv7T e FOYREZMEIE 22 LT, ZhZh 52%L
70%INHE T Tlao,73ap 527z, L2 L7ad b, T b T FVERRED AN ICE S &
2, TAHT e FOLYEZIML TDH, Tlaq, 7Tlar OPCRIIHFREICH T 72, T H (T
pivalaldehyde % i\ 7zFi1c ik, H & T2 LEWIELCHERTE T, FLv 74 v 52 % F4
e LCHEZ2DHTH o7z,

BRBICHE DM 21T o7, PhiEZHT 2 50bb T L F = VEEHT 2 50Ib 2, v
AT AT e N & DREFEMFITH T & ROBMILIHERL S iz, —TTTT A F AR DERIE
%H 3 % 50mb, 50nb Tld. EWET VT F & ORIGIEFER GET L2 0D, HEE
TAT e FETE, 50ab ZHWABRE L T, K& CUEMET Lz, 2hb Rzt
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BL T, MG THOMAERYI D F NMR X 0 IR % FH L 7ZEE. v L&V OYIE
ICZIEFICHE N EHH L 72, o F 0, IGiEHp Tt 7 \yi“éﬂﬁ}iﬁﬁ%ﬁémﬂ}im#@ﬁ
LTWBZtilhd, 2070 AD—2¢ LTEZOLNAD D% Scheme 2-11 I/~ L 7=,

HQ_ Ph H shift Ph

R CF3S\gZ:% R CF3S\§::%

undesired desired

process process
H Om o R CF;

e} R
= %)k(s Ji:fkw
F © K
R /@ﬁ dmd 0
Bn
77

HO

KF

|

decomposition

Scheme 2-11 Plausible decomposition process of the crowded substrates

TYNT =G vEfifkE pQM D KISERICTZRK & 115 EiGEME LR R 76 13, R 25E &
<&5Kﬁw\ﬁW%CE&AOt%E’&ék?Wéﬂé Z D7z, Lo ZEfkE
PR FZAE S L. ZORMEO-OIC, — KN spP REL KL TR hoTWn3 L
EzbiLd, %@:%IWC%%@W%%#5’*@WM#E’%T’ bk L 2R A A
S TZAEE YN I I, CFRETREMNM I NZE ZMRFET =4 v 2L L 2RI HETT 5
AREMED B B, T2, BREO REFIAPhESLCT A X =V EHOYE, AL T =4 VAR X
DWERETHDLI LD, ZOTRRARBEINIEEZOND, ZOT =4 V2L
vy FEACIGERTERT Y 7t ut L 7 4 v 771, MIREER)G &40 R4 2 & T
fd s b TREINGY, 20720, YWEHINZODETICORE o7 EHEL TV

% ZC, preNHCA X U b YZARIIC/N X > thiazolium ¥ % F WiLlE, IR KEIND &
F 2Tz BB, preNHCA OT V& =7 LERL A R v Y HE D 5 Me FEICZH L 72 pre-NHC
G AL, 50mb #FHEH L L THWT, RVXTAT e FEDRIE%EFT> 7 (Scheme
2-12Scheme 3-12), L2 L. ZO5&ED BIYOIGEIZIZ L A EZLE 3, WEIG D B
oko:@:k#6\Kﬁmu%E@J%%ﬂm%ﬁ%<§Téu&#%5#:&oto
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HO

1) 1.5 eq. PhACHO :
BocO CF; 10 mol% K,CO3 Pr. CF, l \/§_(
10 mol% pre-NHC G . —
Pr DMsO,50°C,2h _ Ph © s /NEB
2)1.5 eq. KF o 0 : N Me
TBSO 30 °C, 30 min HO : re-NHC G
50mb 71ma . p

34%

Scheme 2-12 Investigation of the steric effect on the NHC

2-4 TATe FORIGHEDZEICE]T 3 &%

Table 2-2 TORIGHEDZICDOWTIEFTD X HICELL CTWwb, NHC fil#iin 77 e F
(AN L Breslow HEIAZ T2 T 2 £ COMBETIE.ETFARDOT VT & F w288,
NHC fll O W82 Z 173w & TR I NS, —J5 T, Breslow HEEIC R - 72BRICiZ, £
REEPMET T2 L o HRNABEEE2BL T EZLNS, 7, BTEHELRT L
Te FCik, LRt 3o H 35133 ThHs, 2% V., Breslow F[EIARDESGEE,
b L < IFFEE L 72 Breslow RO RICHEEE D, pQM DFEATHE L ) DB VR, IR O(K

TIcERLEZOLNS,

Zz 2T, AERLEOBEHIEOTE S - KolEoEE % Y7 X — % —{L L 72 Hammett O
B ER (o)L IEDBRICOWT Table 2-3 ICF & 072,

Table 2-3 The correlation between the product yields and Hammett parameters ¢

Aldehydes (R-C¢H4sCHO) o (Substituent) Product yield?
H 0 84 (71aa)
4-Cl- 0.22 85 (71ab)
3-Cl- 0.37 60 [89]Y) (71af)
4-CN- 0.66 Complex
4-MeO- -0.27 trace [56] (71ae)
3-MeO- 0.12 63 [72]? (73ag)

a) Yields were obtained under optimised conditions. b) Conducted at 30 °C.

6] CHREBEIATD, o) 0.22, om 037 L ETRKFIBRIZE LY, 3-ClIED T XL Y F
INFEDANFZNVIRZR L Vi ftE T eFEZLN5, L L, Eidd X 5 i NHC
DB A Z T b7, FKIC Breslow FHEAEOKEEBIET T2 EpBEI N
%, 2% 0., Breslow F[EAD pQM ~Off L Y 3 Int-1a Dt 7 v + v {LEDORIKIGH B
Fed . IED 4-CILERL Y KT Lz, 7z, HGREZ KT 425 2 & T pQM DFE4E
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WEAEL 2 0, AIMEDINERm LD EZ NS, T2, MLEFKIIFETY,
CN HEDEA I X WV EWETRIIMEZ RS ol W RIS, 2%V, 3-Cl ik
DB D XY Breslow FEERDOKEEZE D DI s 2 LB TFHEIN, flj\]#%ﬁ?ﬁﬁﬂﬁbf’
ExH)FLHHATE B, K MeO 0 & 5 AETHEGR T, 4LIcEAE LT3
I AN =NV RE B NIEEAL S 2 25, 3-FLICHEA LT\ B & F I3MHNRYIC é‘l‘iﬂ:a‘éﬂ;ﬁw
Nz, 2% D, MeO #2S 4-fLITHEA L T 2541013, NHC i D (N o 4T 23 FREE & 75
D, PEROETFICEN /2 EZ TS, 72, MeO £ 3-frickEE L Tnwd & &L, 3-
Cl AR DIGTELIZAT 2 Twdp\v—T7, MEERAR X 0 T RKEMEME T 375 & v o 2o g i
IIRREIC 72 5 2 & 28 pQM & D IRIEATTBICHET L e d o 2 L LTEZ T 5,

oI, FHERAEICIY, oo T AT e FORIBHEZREL 2, 2hfhoTrT e
N @ LUMO @ T A v ¥ — #4722 GHRBFER IC KO IR L O BIfRTE% £ & 72 (Table 2-4),
BT Gaussian 09 7'0 275 4 % W CiT ., i OB L EHELICIE B3LYP/6-311G+H(d,p) D
R E Wz, 2ok, BAEATLE (NBO)ENT 2> & LUMO @ T 4 L ¥ —HEf; % 3K
726

FDPGEICEED K &L LUMO @ T AL F —HEf7 235 1T 4L1E NHC & D RJIGIFHETT LIc < <
25T TH B, £7-. KT LUMO @ 4 L F —HEA7 2K 4 & 235415\ T, Breslow
kD HOMO ODIETIC BB 2 LEZ LMLz, K 71 OICRHEKT T2 LE
bid,

Table 2-4 LUMO energy level of aldehydes and the product yield

Aldehydes ]
LUMO energy level (eV) Product yield (%)
(RCHO, R 2)

Ph 0.100 84
4-Cl-CgH4 -0.077 85
3-CI-CsH4 -0.119 60

4-MeO,C-CsH4 -0.179 79
3-MeO-CgH4 0.124 63
2-pyridyl 0.017 90
3-pyridyl -0.182 48
PhCH2CH> 0.077 80
4-NC-CgHs —-0.3850 Complex
4-MeO-CeH4 0.2906 trace
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R IC LUMO =4 V¥ —% Mt IcREEF T collFEr ey, 77 7i1cd5L b
LONEZRBL XTI 2D Ero7z,

100 .
2-pyridyl
90 3-C1-CeH, [ ] Ph
g o
80 PY ®
70 4-MeO,C-CsH,4 PhCH,CH,
[ ]

60 3-MeO-CyH,

®
3-Cl-C¢Hy
50

e
40 3-pyridyl

Yield (%)

30
20
10
4-CN-CgH4 4-MeO-CgH,
0 ! @ @
-0.450 -0.350 -0.250 -0.150 -0.050 0.050 0.150 0.250 0.350

LUMO (eV)

Figure 2-1 The correlation of LUMO energy level and product yield

LERAYIC, NHC it 7 o5 & F 25 Breslow FEEOEK I LT 2 AED 52729
W, HEEZIMATICT AT & FORERESMA T CUE L, Benzoin #fi & 2E P D UK T
Lg% A sz, 2 DR, 747 b F & LT, benzaldehyde, p-NC-. p-MeO-, o-Cl-benzaldehyde
X NENRBEGMICH LTz, Z DR, W OBEICH Benzoin M RI121T & A TR
InT, EMRIRAY %S 2 72 p-NC-benzaldehyde Z [\ T, FEIO 7 A F & F D A[EIL X
nr-,

LAEX Y, 7T e FOBEBRN 2 DVARNFEEOHNE VA, RIIGICE W TRIFRINE
THIYZHE27-DICIEFICEETH 5 2 &AM RBI Nk,
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o<, BET V7 e FORRKISICHEACTE ZMRAZ2ERT 520, fHHEEIRICL VS
RN THET S Int-1 &, —WICHCONTWE T Y —LEE2HT 580 —Ef:D pQM
PQM-10 & DH#L % 1T > 7z (Scheme 2-13), FIHLIZ Gaussian09 7’1 7" 7 L &2 H W TiTWw, £
W CEHE (B3LYP/6-311G++H(d,p) level of theory) D&, HAAMSHLE (NBOYEMT 2 &k
FORLEZRFBLOBEMEEZ L, COoRFEZED _HEA LI -7 2FT 2 EHEOT
FF —HER R D T,

[ l\ _H
(j\\c/Cﬁ Ne-CFs c
[

| |
Me Ph

Int-1a Int-1b pQM-10

LUMO+1: 0.163 eV LUMO+4: 0.890 eV LUMO+4: 0.578 eV
NBO charge: -0.012  NBO charge: -0.043 NBO charge: —0.081

Scheme 2-13 Comparison of trifluoromethylated pQMs with the corresponding non-

fluorinated counterpart

AHERER2 O, CREZHET 25 Int-1a (X, —MRIE7 v FEL pQM LD D 04 eV AL
LUMO BHE##E D = 4 F — MUK, SERNTHRAE X &7 2 oL e, JEF ICHE
FOGHED Michael A TH 5 Z & R XFFT 2R L o7z, L2>L. Int-1b ® LUMO
BEEHILE (X pQM-10 DZ N K D D 03 eV AL, Int-la LT 2L 0.7 eVLEZ AL F—
ML R, —HEM TS 2L, &7 v % pQM DS DKFE X, pQM-10 DZ L L D
AT L D hFA Vv HEEZF I CTV S, 2079, Int-1b D _ETh_72 X 512, KE
FRREANE BIFICKIGL7Z2bDEEZ b5, L L, 5EID Breslow HH & O KIGICEH W
TiE, TAALF—HEMNOFE W LUMO OE D70 b 32T, KISHR DM IR 57
ATREPEDS RS X Tz,
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2-5 RICHEEDER
FOCHERE DD 728 . LUT ORRGEEFEER % 1T 5 72 (Scheme 2-14), w25 pre-NHC
i 2 R 7288, AL 7 4 VO BRDBE LN (Scheme 2-14-2), TDZ & h b, KRG
NHC it %/ L CHET LT b EE X LIS, $72. NHC O & T TBS D Wil HEST
T o0 %ERT 57-9, Das b DRE®ZZZEILTO ANV 2 FEAE I 4, 50ab & RIGZAT
572825, JFRBEINE NS DARTH -7~ (Scheme 2-14-b), 2% b, NHC il z o b @
. HED TBS HONF#%1T> DIIWETH 2 L 525, T biC, ﬁﬁ%lﬂﬁ%\ 50ab DAL
Eﬁ@% 58 . REERZ TBS Hip b Me FLICEHE L 72 60 # 728561k, ELRIGITE
TLad7, 2E0, ZORIGICE VTS pQM Z#EH L“Cx_?fbfbxé PR S E IR
B & 7 o7 (Scheme 2-14-c, d),

BocO CF;

Me The standard condition®
w/o cat. A CF;

TBSO HO
75%

10 mol% NaH
11 mol% pre-NHC A

(b) 94% of 50ab was recovered.
DMSO, 50 °C, 2 h

BocO CF, BocO_ CF3
Me The standard condition® Me
(c) >
OTBS OH
59
58 41%
(54% of 58 was recovered.)
BocO CF;
Me The standard condition®  No reaction
(d) (95% of 60 was recovered.)
~
O
60

a) 1.5 eq. PhCHO, 10 mol% pre-NHC A, 10 mol% K,CO3, DMSO, 50 °C, 2 h

a) 1.5 eq. benzaldehyde, 10 mol% K,CO3, 10 mol% cat. A, DMSO, 50 °C, 2 h.

DEXVEZOND, KIS DHEE RICHRNE % Scheme 2-15 17 L 72,
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R' CF,
CF; m 50Xb
-
HO TBSO
52

Base 50Xb N
(R = Me) Base H
R' CF
BocO CF3 R1CF 3R2
Z R
(0]
TBSO
50Xb Int-1
co, \—>—<
n._, /

Base-TBS

B
N

BUO- Base ‘?_ <
RZ S

N ‘ [H-Base]' CI-
V Int-2 NHC-A

TBSX

Base

R2CHO

Scheme 2-15 Plausible reaction mechanism

A& & [FARIC, Base IC & - CTHE O TBS HDFifr#E 25T L. Base Z £ L2 Int-1
%52 %, —7i. Base &, preNHCA X YW #EF 2% NHC-A i, TA7T b FEDRIGICX
Breslow A Int-2 & 720, Int-1 ~ 1,6-(FMT 22 & Tr vik71 252 %, C@IZ%*WC
NHC filt 3 A S v, il 4 2 A 03583 %, MEEFERR L O . RRIGHE D Base & L T,
BRPICHT Z 72 KoCOs, FEEHDODRAIC X o THEL S BuO T=4 v, ¥ 71 Ofi7m b vk
RsanEZLND,

¥ 72, pre-NHC A 23FRERICETEECRIC L 728l o—2 & LT, it icfiffET 5 F
o HEA SO TRIGICEE L Twa ERE L, (RIC, 2Dk FuF o EBKIG
DEMIREBICE W T, KE[BEFORELREE Z2H - T 204513, Z0HN % tho EiE
FA~EEHL -BRITiE. 2o ISP j('ﬁaatt’??ﬂﬁ#i Ldt&FExbhbd, £Z T, pre-NHC
ADFEIE 2 FT V=D Faxoikad Me ECTRE L., ZDHBR Vv VL EITV pre-
NHC H %8 L7, Z Ofiiltz FHv7-FodidetF T CORE S0ab & RV X T VT b FOK
JGIx. pre-NHC A # W72 L OUCRZED 10%FEE ICH £ - 72 (Scheme 2-16), T DFER X
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D, 27 Ed preeNHC A HD FuF o ROFEIR, ARICOIEE KE L IZBERL T
Wi\ ERE X T,

. MeQO
1) 1.5 eq. PhCHO |
BocQ_CF; 10 mol% K,CO3 Me CF; ! \—*\)—ﬂ(
10 mol% pre-NHC H i —
Me  DMSO, 50°C,2h Pho < 2B
> ! o oen
2)1.5eq. KF e} ) )
TBSO 30 °C, 30 min HO : Cl
50ab 71aa . pre-NHC H

72%

Scheme 2-16 Investigation of the effect of the hydroxy group on pre-NHC A

FEv T, NHC D& T X 2 ROGHED R IC O WTEHE L 7=,

WMEINTBFTVITL MIT VI TL A IXYY YLD pK,(in DMSO) % Figure
2-2 TR L 72Y, £72. Mayr b (%, fHi4 O NHC fift#i & benzaldehyde 7> 5423 %, Breslow
A e Fod e Me fRi# L LB 78 ZHHE L, Zh o OkKBMEZ KL Tn 3
B, ZoREMEOFELE LTHWONTWE YT X=X — (N,N DEDK & WEEREMED &
W) b Figure 2-2 ICE & ® 7z,
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S /S
o) BAN® NP =
N ] ~NZ N~
o S N— © Mes™ "X~ "Mes
cl HO Br BF, Cl
pre-NHC A (R' = Bn) pre-NHC C pre-NHC D (Ar = Ph) pre-NHC F
pre-NHC B (R’ = CH,Mes) pre-NHC E (Ar = CgFs)
Q e (e -
MeNYS MeNYS NYN\Ar MeS/N\%N\MeS
H H H H
pre-NHC C pre-NHC A

PK, < g'7a > 16178 14.6 (Ar = Ph)'™® 19.417¢
12.1 (Ar = CgFs)'"®

Ph /
S OMe S OMe PhYN/ OMe ©:N OMe
— — | Y= —/
©:N\ | N-N" Pn NP
Ph

Ph N\ Ph

78a 78b 78¢c 78d
N 10.45 14.77 15.65 16.61
Figure 2-2 pK, values of various pre-NHCs and the nucleophilicity parameter N of MeO-Breslow

intermediates

pre-NHC A ICHEL L 72H0&E D F 7 V') v L (pre-NHC A°)D pKa i\ T 2 % & Sthh
SCHWZZH TR, pre-NHC A, B 3T EEOMIEEL RIS &ichd, £/, I T VY
VLR FT VIV LETE, FT VY VLRI IBEESESVw LR TREIN
2729, preNHCC-E TIEHI AN VEIRELTWZEELZOLNSE, ZD—T, A IXVY
v LHECTH D preNHC F Tld, preeNHC A X 0 D EEMEE XK V2, FNTHET S
BuO~ (‘BuOH: pK, = 322)DMERMZZRETNIE ANV R VIIREL T eFE2 b5, X H
IZ, Mayr b O¥EESEIC, 78b & T8¢, 78d DKM T A — % —N BT 2 L pre-
NHC A Hi2K D Breslow HfEf& X » &, pre-NHC D-F H2K D Breslow HEIAR D 77 23k 14 1%
FWeEZOLNDE, L L, preNHCD-F Z HW72BRICiZ, 13 A EHWIIRE O N2>
7oo OV LD L LT, Breslow FEED&ERE I HBEIT 6N 5, 2F V., pre-NHC B, D-F
Hi2k D Breslow HHIATIX, OGREF ICABERKO T Y —E, S L<IEBn X0 b &
W MesCHy 23ETES 5 728 pre-NHC A HI2K D Breslow Hfil{A X 0 & Int-1a & O AR FES
L0 E, T 2B IEICET L 0072 EZ T, XL T, preNHCA &
[6 U Bn 2% B3 % pre-NHC C H2K D Breslow FEATIE, ZDKEEDK I 55, Int-1a
Do EBME L 72,
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¥ 72, WS N ICE LT, pre-NHC A, C, D, F il % Z 112 2UH T, benzaldehyde &
@}iﬁi%f‘fo 72 (Scheme 2-17), % D&, pre-NHC A % 27z KfD %4 benzoin 23ERE X 41
T2o D F D ARKIESR Tl pre-NHC A IS Ol 513, 7T & F & ORISIC X Y Breslow
FRHADTERR S Lic < . 205 O % F V7251213 pQM & D SUGHEhERINITHEFT L 7p
Do A[REtE D E 2 b Tz,

0 6.7 mol% K,CO3 0 O
6.7 mol% pre-NHC
H DMSO, 50 °C, 2 h
OH
S /=S
f@/ BAN® N-§ @ ph —
BnN /, _NO N
© S © Mes™ "X~ ~Mes
o] HO Br BF, S

Cl

pre-NHC A pre-NHC C pre-NHC D pre-NHC F

10%2 Benzaldehyde was recovered.

a) "H NMR yield.

Scheme 2-17 Investigation of the reactivity of pre-NHCs

LEX Y. pre-NHC A %\ 72 RFITIZANZEAYIC Breslow HEEDOIZHK A {THiIL, Z D
Breslow HEIARDSEE 7 kM2 A L7a A3 5, Int-la & DVARRFEZ EF T CTRICTE
7272, WK CHWYIE b Iz &bt 72,

KGO ERMEZRTI20, 77 LARAT—ATORIGEITo 72, % DR, T 2 K6
ERTE 7R CHETT L. 83% T 7laa 234 54172 (Scheme 2-18),

1) 1.5 eq. PhCHO

BocO CF; 10 mol% Base Me CF;
10 mol% pre-NHC Ph
Me Solv.,, 30 °C, 3 h
2) 1.5 eq. KF 0
TBSO 30 °C, 30 min HO

50ab 71aa

5 mmol 83%
1.2155 g

Scheme 2-18 Gram scale synthesis of 71aa

BT, RIIGEAFIG~ BT 2 2 & 2/ L, (5)-(-)-1,1'-bi-2-naphthol H3E DA
HEREE A A L 72 pre-NHC D&% 1T > 7= (Scheme 2-19),
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OO 2.2eq.THO O‘ 10 mol% NiCly(PPhs), O‘
OH 3.0eq.pyridine OTf 3.0 eq. MeMgBr

OH CHxCl,, 25°C, 6 h OTf 0°C, 1hthen, 25°C, 2h
79 80
HO
N —
2.2 eq. NBS OO 2.1 eq.</s | NQ/S
5 mol% AIBN Br OH ® o
[— . > 2Br
CCly, reflux MeCN, 90 °C, 12 h Né\
- T COE
81 HO
pre-NHC |
highly hygroscopic
N
2.1eq. </S NVS o
> ® 2Br
MeCN, 90 °C, 12 h NAS
79% ®
pre-NHC J
1) 1.5 eq. PhCHO
BocO CF3 10 mol% K,CO5 Me CF;
5 mol% pre-NHC J Ph
Me DMs0,50°C,2h . CF3
2) 1.5 eq. KF (0]
TBSO 30 °C, 30 min HO HO
50ab 71aa 52
not obtained 81%

Scheme 2-19 Attempt to develop the enantioselective 1,6-addition of acyl anion equivalents with

the chiral pre-NHC catalyst

B (S)-(-)-1,1'-bi-2-naphthol ® TH0 TULELL ., + U 7 7 — bEH#EK 79 % EIE90%)
Tz, XRic, (LAY 79 % Kumada-Tamao-Corriu 77 v 7'V ¥ Z RIS DSEFICf L, TO %
DI T o 720 Z DFEFR, XIET % Me L1k 80 23 81%D UK TR S, it < Wohl-Ziegler
BELD BRIFRIE (65%)TY 7 v E{Lik 81 % 5 %2 72,81 & 4-amino-5-hydroxyethylthiazole
ED S22 RIGTE L7 pre-NHC J (ZFIEF ICHIfRER S BB CcE o7z, DD IC
benzothiazole % 272 & 2 A, HIE 3% pre-NHC I 23EINFETH LNz, T D pre-NHC 1
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& FE 50ab MR Y AT VT b R R EGBESEE~ & L7228, BRaa R A RICIE e
CHETE T, 22T L LTHEZ DDA TH - 72,

2-6 VT AT LRI EG N B R S ORBE

T, “OoHDOHMTH 5 HBMUEI R B DR IC O W THRET 21T > 72 (Table
2-5),

Table 2-5 Reaction with various metal nucleophiles and 68aa

Me CF, Me CF;
Ph 20 eq.Reagent Ph
HO O Et,0, -80 °C,1hthen'HO HO R
30°C,2h
71aa
Entry Reagent Yield (%) drd
1 Al(Bu)H 82" (82aa) 45:55
29 Al(Bu)H 77 (82aa) 67:33
3 LiAlH, 94 (82aa) 92: 8
4 EtCH,CHoLi 73 (82aa) >09: 1
5 (CH3).CHMgCI 89 (82aa) 74:26
6 MeMgBr n.r. -
7 MeLi 82 (83aa) >09: 1
89 MelLi 42 (48)% (83an) >00: 1
9 PhLi 71 (84aa) -
107 p-Cl-CsHaLi 86 (85aa) >00: 1
11 PhCCLi 84 (86aa) 92: 8

a) Determined by *°F NMR. b) **F NMR yield. c) CH2Cl2, —80 °C, 3 h. d) Usage of 71an instead of 71aa. e) Recovery of 71an. f) Et.0, —80

°C,1h,then0°C, 4 h.

RPN, RBRIEF TR, WIS he FY FORAGS7T7 Y Tlaa I T 5
JotEAR RS L 72, &@iEIcHl & LT DIBAL-H #H\W7=354. EICIK 82aa A Z 25
CHXCL~EEFHT 5 L Z0ERERE TR ELZDS DD 2:1 FREICHE ¥ - 72 (Entries 1-2),
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—73+ LiAlHs Z W TRIGZRAT 5 & 2T T <L KIBICY T 27 L oAERMED A L
L 7z (Entry 3),

EZAHAT, FhbveTAxA)F v LREES Grignard SEEDOKICORRICIZ, B F Y Fig
BafsEITKICHEIKICE LTERTZZERALNTWEY, flziX, AKX
benzophenone & BuLi % PrMgCl & D KIS Tld, 74 F AR 87a Dfthic, 5=EITH 87b 23
Boh3 & E2HE L T 529(Scheme 2-20),

Nu-M 87a 87b
~ BuLi 58% 38%
'PrMgCl  62% 14%

87a (R = Nu)
wme

Scheme 2-20 Reaction of alkyl metal reagents with benzophenone

COMEITHER L, ARIGHR THIRITKIOHETT 2 LR L T BuLi L O IG%TT > 72
LA RIFRIE (13%) 0 28EY 7 A7 L AEIRIC HOY 25 5 7= (Entry 4), £ 72,
BuLi & [FIffIC, BITRICHETT 5 2 L 35N T 5 PrMgCl % v 5 & 82aa 135X
RTHROLNZD, T AT LAEREIZET L7z (Entry 5),

FEWT, TLFALEDOEADZ®, Tlaa % MeMgBr TULH L 7223, XTS5 5 ki 4
L NTREID I X 4172 (Entry 6), — /7. MeLi I%. BuLi I X 27T & [FERIC, 2R
RIS HEIT L. 82% THIINE 83aa % 5 272 (Entry 7)o Z DFE. 7laa © Ph 23
PhCH.CH, £ CEHR X 7z Tlan W5 & EE 1,2-fIRIED MR A v K = v Eafr o
Bi7m b ACRIE2HEE LT L E v, ST 2 Ak 83an OUEIX 42%I1CH F 72, L
L. ZDMMERM X, 2N E CRBRICIEFEICE VS D TH o 72 (Entry 8)s TN 5 DFEHE A
5. ) F U LROKRBEHIDEE R RKIEEEZE L oo, YHIHIFL WAk Ky Fy oLl
HOXL—vavick V7 AT L AHZGHITE 2HRABHO Ik o72, 2D, YU
2 DV F v LB KREA Z RIGE ¢ 2 LT Lz,

VF UL~y v ZHROGIC X > TS % ArBr 2> 3L L 72 ArLi (X, 71aa & O KIG
KB WT, RIFARIE R OE WIERYECHW O N1k 84aa, 85aa % 5-Z 7= (Entries 9, 10),
7o, BRI GHEZE T2 T7AF 2 VEOBEAZRRTL A 501172 86aa DY T R
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7T UAERME I, HTOET 2R S L7z (Entry 1), I T v F = VRS ZARRIC /N &
Wi, RKIEFIEGE ORI REE SRR @ hh o LAFERE LTE2 LN D,

RIT, LDA HOHELL 7284 AN K= LGSR Y F 7 427 55— & oGt
ZMET L7z (Table 2-6),

Table 2-6 Reaction of various enolates with 71aa

Me CF, Me CF;
3.0 eq. Reagent Ph
HO o THF, -80°C,1hthen HQ HO R
30°C,2h
71aa 88aa
Entry Reagent Yield (%) drd
OLi
1 n.r. -
/I\Me
OLi
2 /I\Ph n.r. -
OLi
3 n.r. -
71\0Et
OLi
4 83 (88aa) 93:7
/I\OtBu
OLi
5 n.r. -
/I\NMez
OLi
6v) complex®
/I\NMez
OLi
7 \)\O‘Bu n.r. -
/Na\
8 O O

| n.r. -
MOEt

a) Yields determined by '°F NMR. b) Reaction was conducted at 80 °C for 12 h. c¢) 39% of 71aa was recovered.

ETORICE T, BEER (80 °C) T KIEA T L Tl o 72720, b & [FEk
IZ 30 °C ¥ CHIE#{To7%. ZFVvHEKDT ) F—FiE, TATART I FHEDOZEN L
DYRETH D720, KIZEPME N EPEINS, HIC, Tlaa DEEHIDOZDIC, K
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JGDSHEST L dr o722 FEZ b L (Bntries 1,2)e 72, TATAHKOT ) 7=+ Tld, 7
mickovrTrverTraxrer Vieagfl, 2o7Lvex ) 7—1FEDRIGT, B-ketoester
w5252 BHONTW B2 (Scheme 2-21),

OLi %\OR O O

_0 ; — >
Aor e 70 + LiOR NG

Scheme 2-21 Decomposition mechanism of ester enolates

DEDXDT A F Y FOREWEPETE, DS VIT %2 2 EpHEH IR
TE2%, IhzHEx 5L, ethyl acetate HRKD T/ 7 — ML CLE oD RIGL
0o 7203, t-BuO 23 EtO & ) b RNLIE 729, tert-butyl acetate FHK D Z 11T, #E 7L E
TEE T aRkiktEz B LT nizZzdic, Tk 88aa fGoN/zEx oD, Ftl» T, T
IVHkROZ ) F—t BRI L2, @ RIGCL7ZAD 57 (Bntry 5)s 7 I FHKDOT /7 Z
—FE ZATAXD BT I FDSTH pKy DIEAIKRE W &6 R T b Kkt &
eDMAREEING, 2, TIFHEDO T ) 7 — P AERT-HERLTO ML AL v
IWEDPHR, ZATAHKDOT ) T— DX, T T— P RELTZ L IEFE 2T 0,
XD, TIVELE CREDBEBTRAENEE L 7Y, BRTEKICL AP 2728 F 2,
Entry 6 CTILEF F CRICEITo 72, £ DfHR. RIGHRDOEHIL MR T Nz, Fric, ik
DEUNEIMED 5722 & &, HBYIO YF NMR X 0 CREIC Y — 27 SRS i 2 L2
o, W7y FSICE KRR T 2 EE O EPHEIT L 72 2 L 2R X 7z,

RIZIC AT L OME L HIE L. tert-butyl propionate KD = 2 7 — b % Z&fF1CfT
L7zo LU, 20 K VRN e & & 23REE & 72 0 | RS 4 EfTE 3R AN & 7z
(Entry 7)o ¥ 72, P-ketoester HKDF PV v LT/ 77— DRIGED L HETL R o7
(Entry 8).
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Nu™  favored
F Me CF;

Me CF;
F—F Ph
Ph  nuLi L Me N
N HO Nu
HO ° ° HO
7T1aa f Ph OLi
Nu~ Q disfavored
Me, CF3 Me, CF3 Me, CF3
TsO
89aa, 83aa, 85aa,

Figure 2-3 The relative configurations of 89aa, 83aa and 85aa

L2-AHIAE D P, 83aa, 85aa (L FHHGAHIC X U A GG AT 23 AT RE 22 A S 2 5 2 720 — 70
EICHR 82aa [FERTIE D o 2B HFEM PG DN d 572, £ T T, 82aa DF 7 5 VIRERME
R A2 IS T © TsCHALEE L . Ts 1% K 89aa ~LHE L, RUFAHEMMSZHE, oh
5D X M EEEENT 2 0, 2N LD EIL, GPIRF L Tw/e X T, CF e
OH 5L & 2% anti DARBURICH 2 2 L DAL M7 o7, HIb, @EkKEL 7 v R L D
FlL—vavitkoTTaadavhA—vavPEEI N, LYZETW2 Me Zfll5 5
Iﬂlﬁ‘iﬁn_ﬁbtfb@f%é EDMEFRTE 72, FFIC, 85aa DFEMNEIED O, BT 2 UE
PR R e fESEERIE, — &%k spP REOMHAE (2 v OB 154pm) X Y DERAK 7
pm b EWI &b o7z (Figure2-3), D DFEHDOMED, CFEDOIRICK 2 b D
{’Hﬂ%# ICF 5 7-%, Denmark HIC X V¥R S - UM EZH T 2LE6Y 90 ICFEB L 72

. 87D C'-C2DHEER% 89aa L T 5 & i T 5 HIURKFR-ZEHK R O A RIC
525780k, CNJL CREE Tk, BLAEELDLLRWI LRHLPICR 272,

5

O,

HO H
Br
90,

Figure 2-4 The length of crowded C-C bond reported by Denmark et al.

136



COENVEREDOFER D, VF T L- 7y REOFL -2 avENLTHELINED
D& AT ORRICER L 72,

Hdic, FL—=3a v EZBEMANICYIKT2 22T, V7T ATLAEREQK T AL NS
&Mt L7z (Scheme 2-22), % & T Table2-5 1B W T, &Y T AT L AR ICETTAME
fT L 72, LiAlHs % H\>CT, HMPA % L £ (3 TMEDA 174 F CRIGE T 72, % DFEHR, &
TCTEH2BYT AT LUABEREDOK TR S N, T, BIFIY F 7 L7 %
L—av®32352¢T, VFvLa-7yEMOoFL—vavRiTFohiiERlreEzD
ns,

3.0 eq. LIAIH, 88%, dr = 88:12
THF: =4:1 (viv)
Me_ CF3 ~80°C, 1 hthen 30 °C, 2 h Me CF;
] L S
HO ) 3.0 eq. LiAH, HO HO H
3.0 eq.
THF 82aa
-80°C, 1 hthen30°C, 2h 95%, dr = 90:10

Scheme 2-22 The effect of additive in the reduction by LiAlH4

F 72 AINVKZN DN FRBBFEET 256, ZOAAE =TT 5 1,2-61K
JG D THERE % BT % 102472 > TiX, Felkin-Anh €7 AV E2H W2 008K TH 5,
Felkin-Anh €7 L C% b v Tlaa ~OREFNDHIN% % 2 57 & 1%, Figure 2-5 D X 9 7%
%, 2% 0. KEFOESEORICIZ A AR = LI C=0 Or*iiiE & . BRI TH % CF;
o C-CF B Do*HUE DRI X Y =4 X =R VHERER X, Zh~DI
BETT 2, CZCEBEDER T DIEIEL 5 revised Taft »¥7 A —X— (B, ATH
NWIED 213 EVARIICE RN L ZEKT 2)DfE% Table2-7 ICFE L D722, ZDRH»H Me
R Ph D EEAKEL BRSPS, 2% 0 RZEANT Ar (4-LiOCeH)HE & D7
I FE T 5 XD ICIET B 720, CF3kE e Nu i anti DNAKDEREY % 52 %,
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o* of the C-CF; bond LG
F3 GF; CF,
Me

@ Me 0 Ar/§:0
oy A PTS o P e

* =
n* of the C=0 bond favored disfavored

l

Me CF;
- Ph
Ar 2
HO Nu
Figure 2-5 The stereoselectivity of 1,2-addtion based on Felkin-Anh model

Table 2-7 Revised Taft parameter (E’s) of some substituents

R E’s values
Me 0

Ph -2.31
CFs -0.78

Pr -0.47

—75. Cram HIOERIC B 70 &5 & 7210 CooAGERME A SiH 32 72 51X, Ph & B fE A

BHB/NEZEDH, C-ArfiAIFC=0 TR L¥izm aviA—va v ERD, REFIZ
RITEFE D CR R 28T 2 X 5 IR 2720, WL syn DML 25, 22T,
Table 2-5 123 % X 512, CFy %k & Pri 3 r(Amy i m X1k, JE7 v BRITH 2 H7fk
P2 L 727 AT e F 91 ikt $ 2 MeLi @ 12-fHINIGOHI % B2 &, % DL
McharTra—n 92 OVREREIZIFEAERTL T nwZ &23bd 5 (Scheme
2235, DF Y, TIVERA—T a VOREED 7, B TAREE 72 0 om0 @E IR R
IV SR N-FREHHT203RECH 2, LEXI Y, 71 ~D Li RKi%fE
DI2AMEIGIE. VF v L7 vER-OFL —v a v 4L CGETL T 3 LSRR 72,

0] Me. OH
2.2 eq. MelLi
H Et,0, reflux, 1 h H

Me Me /—

91 92
68%, dr=60:40

Scheme 2-23 The example of 1,2-addition with the a-quaternary aldehyde and MeLi
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LB 78k, fix D77 e FEEE NHC filiic X b FNCHBlE Nz 7o 7 =7
VMR E . FNTHREIRZ pQM EDRIGICL D, ARV Da-hIC CF 3% &
FVURKFEEHT 57 b v OFHERIEZ ML U7z AT, HE OARHIIR % K % <
I 5—H, 5ETpQOM L DRIGIREEIN T o7, BIET AT e F Xy FEL
2T Y NT = F VEARISEH T HETH B, 2 DFERD S, S 728-CF;3-8-E 1 pQM 23
BENT- Michael ZBAETH 5 &\ S, oI XfFENnt, /2. HFonz7r b v~
D Li KD 12-(GIE, VF v La-7 v REOFL—vavENLTEYTATLE
ERINCHETT L. &filod e CRsE% 3 2 81Kk e UE R R oM %2 EZ K 3 5%
T EITHIIL 72,

139



SE R

1 (a) Ramanjaneyulu, B. T.; Mahesh, S.; Anand, R. V. Org. Lett. 2015, 17,3952; (b) Zhang, G. F,;
Jiang, L.-X.; Shi, W.-J.; Zhou, M.-L.; Qiu, F.-H.; Sun, S.-F.; Wang, J.; Guo, H.-B.
Synth.Commun. 2017, 47, 803; (c¢) Singh, G.; Goswami, P.; Sharma, S.; Anand, R. V. J. Org.
Chem. 2018, 83, 10546.

2 Fiederling, N.; Haller, J.; Schramm, H. Org. Process Res. Dev. 2013, 17, 318.

3 (a) Komatsu, Y.; Sakamoto, T.; Kitazume, T. J. Org. Chem. 1999, 64, 8369. (b) Itoh, Y.;
Yamanaka, M.; Mikami, K. J. Am. Chem. Soc. 2004, 126, 13174. (c) Guo, Y.; Zhao, X. M.;
Zhang,D. Z.; Murahashi, S. 1. Angew. Chem. Int. Ed. 2009, 48, 2047, (d) Shibata, N.; Suzuki, S.;
Furukawa, T.; Kawai, H.; Tokunaga, E.; Yuan, Z.; Cahard, D. 2011, 353 2037; (e) Li, L.; Chen,
Q.-Y.; Guo, Y. Chem. Commun. 2013, 49, 8764.

4 (a) Yamazaki, T.; Ichige, T.; Kitazume, T. Collect. Czech. Chem. Commun. 2002, 67, 1479; (b)
Shimada, T.; Konno, T.; Ishihara, T. Chem. Lett. 2007, 36, 636

5 (a) Fanfoni, L.; Diab, L.; Smejkal, T.; Breit, B. Chimia 2014, 68, 371. (b) Guo, Q.-P. ; Wang, M.-

R.; Liu, H.; Wang, R.; Xu, Z.-Q. Angew. Chem. Int. Ed. 2018, 57, 4747. (¢) Liu, Z.-H.; Sivaguru,
P.; Zanoni, G.; Anderson, E. A.; Bi, X.; Angew. Chem. Int. Ed. 2018, 57, 8927.

6 Hopkinson, N. M.; Richter, C.; Schedler, M.; Glorius, F. Nature 2014, 510, 485.

7 (a) Hanamoto, T.; Fuchikami, T. J. Org. Chem. 1990, 55, 4969.

8 (a) Gosmini, C.; Rollin, Y.; Perichon, J.; Wakselman, C.; Tordeux, M.; Marival, L. Tetrahedron
1997, 53, 6027; (b) Xu, S.; Zhang, Z.-M.; Xu, B.; Liu, B.; Liu, Y.-Y.; Zhang, J.-L. J. Am. Chem.
Soc. 2018, 140, 2272; (¢) Ye, K. Y.; Pombar, G.; Fu, N. K.; Sauer, G. S.; Keresztes, I.; Lin, S. J.
Am. Chem. Soc. 2018, 140, 2438.

9 Menon, R. S.; Biju, A. T.; Nair, V. Chem. Soc. Rev. 2015, 44, 5040.

10 (a) Liu, Q.; Li, S.; Chen, X.-Y.; Rissanen, K.; Enders, D. Org. Lett. 2018, 20, 3622. (b) Chen, X.-
Y.; Zhao, K.; Liu, Q.; Zhi, T.; Ward, J.; Rissanen, K.; Enders, D. CCS Chem. 2019, 1, 261.

11 Recent examples for spiro-cyclization of pQMs. see; (a) Yuan, Z.-B.; Fang, X.-X_; Li, X.-Y.; Wu,
J.; Yao, H.-Q.; Lin, A.-J. J. Org. Chem. 2015, 80, 11123; (b) Roiser, L.; Waser, M. Org.

Lett. 2017, 19, 2338; (¢) Su, Y.-P.; Zhao, Y.-A.; Chang, B.-B.; Zhao, X.-L.; Zhang, R.; Liu, X_;
Huang, D.-F.; Wang, K.-H.; Huo, C.-D.; Hu, Y.-L. J. Org. Chem. 2019, 84, 6719. (d) Kale, S. B.;
Jori, P. K.; Thatikonda, T.; Gonnade, R. G.; Das, U. Org. Lett. 2019, 21, 7736.

12 (a) Jiang, K.; Tiwari, B.; Chi, Y. R Org. Lett. 2012, 14, 2382; (b) Hao, L.; Chuen, C. W.;
Ganguly, R.; Chi, Y. R. Synlett 2013, 24, 1197; (c) Patra, A.; Bhunia, A.; Yetra, S. R.; Gonnade,
R. G.; Biju, A. T. Org. Chem. Front. 2015, 2, 1584. (d) Zhang, J.-Q.; Li, N.-K.; Yin, S.-J.; Sun,
B.-B.; Fan, W.-T.; Wang, X.-W. Adv. Synth. Catal. 2017, 359, 1541.

13 Zhang, Y.; Lu, Y.-Y.; Tang, W.-F.; Lu, T.; Du, D. Org. Biomol. Chem. 2014, 12, 3009.

14 Decomposition of difluoroolefins under basic condition, see, Nanda, K. K.; Trotter, B. W.
Tetrahedron Lett. 2008, 49, 5332. (b) Wu, Y.; Zhang, B.-B.; Zheng, Y.-Y.; Wang, Y.-H.; Lei, X.-
S. Rsc Adv. 2018, 8, 16019.

15 Hansch, C.; Leo, A.; Taft, R. W. Chem. Rev. 1991, 91, 165

16 Das, S.; Bobbink, F. D.; Bulut, S.; Soudani, M.; Dyson, P. J. Chem. Commun. 2016, 52, 2497.

17 (a) Bordwell, F. G.; Satish, A. V. J. Am. Chem. Soc. 1991, 113, 985. (b) Li, Z.; Li, X.; Cheng, J.-

P.J. Org. Chem. 2017, 82, 9675. (c) Dunn, M. H.; Konstandaras, N.; Cole, M. L.; Harper, J. B. J.
Org. Chem. 2017, 82, 7324.

18 Maji, B.; Mayr, H. Angew. Chem. Int. Ed. 2012, 51, 10408.

19 Buhler, J. D. J. Org. Chem. 1973, 38, 904

20 Hatano, M.; Suzuki, S.; Ishihara, K. Synlett 2010, 321.

21 Donald F. Sullivan, D. F.; Woodbury R. P.; Rathke, M. W. J. Org. Chem. 1977, 42, 2038.

22 Woodbury R. P.; Rathke, M. W. J. Org. Chem. 1977, 42, 1688.

23 Denmark, E. S.; Wilson, W. T.; Burk, T. M. Chem. Eur. J. 2014, 20, 9268.

24 Macphee, J. A.; Panaye, A.; Dubois, J. E. Tetrahedron 1978, 34, 3553.

25 Giovannini, E.; Pasquier, P. Helv. Chim. Acta. 2002, 85, 1850.

140



EERDER

General information

Most of reactions where an organic solvent was employed were performed under argon with magnetic
stirring using a flame-dried glassware. Unless otherwise noted, materials were obtained from
commercial suppliers including anhydrous THF, Et;O, and CH>Cl,, and were used without further
purification. DMSO was freshly dried prior to the reaction over 4A MS which was activated by
irradiating with a microwave for 1 min and heating under vacuum for 1 h. The substrates 2 were
prepared as our previous report.! Indole-3-carboxaldehyde,? 4-(benzyloxy)butanal,® methyl 5-

oxopentanoate* were prepared according to the previous reports.

Analytical thin-layer chromatography (TLC) was routinely used for monitoring reactions by generally
using a mixture of hexane and ethyl acetate. Spherical neutral silica gel (63—210 um) was employed
for usual column chromatography. All diasteroselectivity were determined by '°F NMR at the crude

stage.

'H (300.40 MHz), '3C (75.45 Hz), and '°F (282.65 Hz) NMR spectra were recorded in CDCl; unless
otherwise noted, and chemical shifts were reported in parts per million (ppm), downfield from internal
tetramethylsilane (Me4Si: 8 0.00, for 'H and '3C) or hexafluorobenzene (CsFs: & —163.00 for '°F). Data
were tabulated in the following order: number of protons or fluorines, multiplicity (s, singlet; d,
doublet; t, triplet; q, quartet; quint, quintet; sept, septet; m, multiplet; b, broad peak), coupling
constants in Hertz. In the case of 3C NMR, because it is difficult to observe perfluoroalkyl carbon
atoms even after long time data acquisition due to multiple coupling, these data are not shown. Infrared
(TR) spectra were reported in wave numbers (cm™"). High resolution mass spectrometry was performed
by the positive ionization mode. Melting points were measured by Differential Scanning Calorimetry.
Optical rotations were measured on a JASCO DIP-1000 digital polarimeter. Specific rotations [a]D,

were reported in degrees and concentration (¢) was given in grams per 100 mL of the indicated solvent.

Synthesis of pre-NHC catalysts

pre-NHC catalysis A,° C.® D,” E,® F° and G*were prepared according to the previous reports.
However, because no required data for pre-NHC cat. B was found in the previous report,** we dealt
with only this compound as new. pre-NHC cat. H and J were synthesized from the corresponding

thiazole and ArCH,Br following to synthetic method of pre-NHC cat. B.

pre-NHC B
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HO

To a pressure tight glass tube were added 2-(chloromethyl)-1,3,5-trimethylbenzene®? (0.3412 g,
0.3989 mmol), 5-(2-hydroxyethyl)-4-methylthiazol (0.2902 g, 2.027 mmol), and MeCN (2 mL), and
the mixture was stirred for 24 h at 80 °C. After the volatiles were removed by evaporation, the residue
was washed with MeCN to afford the desired product as a white solid (0.4121 g, 1.321, 66%).

m.p.: 176.0 °C.

'"H NMR (DMSO-dp): & 2.18 (s, 6H), 2.28 (s, 3H), 2.61 (s, 3H), 3.06 (t, J = 5.1 Hz, 2H), 3.65 (t, J =
5.1 Hz, 2H), 5.50 (s, 1H), 7.04 (s, 2H), 8.95 (s, 1H).

BC NMR (DMSO-dg): & 11.6, 19.1, 20.7, 29.4, 51.3, 59.6, 125.1, 129.7, 135.9, 138.7, 139.4, 142.2,
154.1.

IR (KBr) v 3282, 3223, 3096, 2906, 2862, 1612, 1591, 1490, 1428, 1337 cm™".

HRMS (FAB+, m/z): [M—CI]" Calcd for C16H22NOS, 276.1422; Found, 276.1416.

pre-NHC H
MeQ

;l?z\:g?Bn
Following to synthetic method for pre-NHC B, 5-(2-methoxyethyl)-4-methylthiazol®® (0.4727 g, 3.000
mmol) and benzyl chloride (0.3938 g, 3.111 mmol) were used instead of 2-(chloromethyl)-1,3,5-
trimethylbenzene to afford the desired product as a yellow solid (0.2895 g, 1.036 mmol, 35%).
m.p.: 144.4 °C.
"H NMR (DMSO-ds): & 2.35 (s, 3H), 3.12 (t, J = 5.1 Hz, 2H), 3.28 (s, 3H), 3.55 (t, J= 5.1 Hz, 2H),
5.86 (s, 2H), 7.32-7.46 (m, SH), 10.41 (s, 1H)
3C NMR (DMSO-d): 8 11.5, 26.4, 55.6, 58.0, 70.2, 128.0, 128.8, 129.1, 133.1, 135.7, 141.8, 157.7.
IR (KBr) v 3003, 2955, 2911, 2815, 1585, 1449, 1105, 1064, 993, 935 cm™".
HRMS (FAB+, m/z): [M+H—CI]* Calcd for C14H9NOS, 248.1187; Found, 248.1202.

pre-NHC J
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To a pressure tight glass tube were added (1S)-2,2” -bis(bromomethyl)-1,1" -binaphthalene
(0.2204 g, 0.5007 mmol), ** benzothiazole (0.1438 g, 1.063 mmol), and MeCN (2 mL), and the
mixture was stirred for 12 h at 90 °C. After the volatiles were removed by evaporation, the residue
was washed with CH>Cl, to afford the desired product as a slightly yellow solid (0.2815 g, 0.3962
mmol, 79%).

m.p.: 194.4 °C.

"H NMR (DMSO-ds): 8 6.00 (d, J=9.0 Hz, 2H), 6.19 (d, J = 16.2 Hz, 2H), 6.27 (d, J= 15.0 Hz, 2H),
6.64 (t, J=17.5 Hz, 2H), 7.32 (t, J = 7.5 Hz, 2H), 7.61-7.66 (m, 4H), 7.73-7.78 (m, 2H), 7.93 (d, J =
8.4 Hz, 2H), 8.09-8.16 (m, 4H), 8.21 (d, J= 8.4 Hz, 2H), 9.91 (s, 2H)

3C NMR (DMSO-de): & 55.6, 116.8, 123.5, 124.9, 126.6, 127.0, 128.1, 128.2, 128.5, 129.2, 130.0,
131.0, 131.1, 132.9, 133.6, 139.7, 164.6.

[a]p 2 —12.32° (¢ 0.10, MeOH)

IR (KBr) v 3419, 3056, 2997, 2048, 1638, 1594, 1464, 1387, 1083, 1040 cm™".

HRMS (FAB+, m/z): [M-2Br]*" Calcd for C1sHNOS, 550.1537; Found, 550.1554.

General procedure for the synthesis of ketones containing a-quaternary carbons with a CF3 group

3,3,3-Trifluoro-2-(4-hydroxyphenyl)-2-methyl-1-phenylpropan-1-one. (71aa) (GP1)

OH
O

Ph
Me CF3

To a test tube under an argon atmosphere were introduced 49ab (0.1684 g, 0.4000 mmol),
benzaldehyde (0.0636 g, 0.0599 mmol, 1.5 eq.), pre-NHC A (0.0108 g, 0.0400 mmol, 10 mol%) and
4.0 mL of DMSO, where K>COj3 (0.0056 g, 0.040 mmol, 10 mol%) was added. This reaction mixture
was stirred for 2 h at 50 °C (see Table 2-2). After cooling to 30 °C, KF (0.0350 g, 0.602 mmol, 1.5
eq.) was added to the reaction mixture which was further stirred for 0.5 h at the same temperature.
After quenching with sat. NH4Cl aq., the reaction mixture was extracted three times with Et;O and the
combined organic phase was dried over anhydrous Na>SOs. After filtration, evaporation of the

volatiles afforded a crude material which was purified by silica gel column chromatography using
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AcOEt:hexane=3:1 to 1:1 as an eluent to furnish 0.0983 g (0.335 mmol) of the desired product 71aa
in 84% yield as a white solid.

Rf=0.23 (hexane:AcOEt = 3:1).

m.p.: 139.5 °C.

'"H NMR: & 1.92 (s, 3H), 4.99 (brs, 1H), 6.87-6.92 (m, 2H), 7.23-7.28 (m, 2H), 7.32 (d, J = 8.7 Hz,
2H), 7.40-7.46 (m, 3H).

13C NMR (acetone-de): 8 18.7 (q, J = 2.5 Hz), 60.0 (q, J = 23.0 Hz), 116.8, 125.6, 127.0 (q, J = 283.3
Hz), 129.1, 130.4, 133.4, 135.8 (q, J = 1.8 Hz), 159.0, 196.0.

F NMR: § —73.40 (s).

IR (KBr) v 3463, 3078, 3015, 2994, 2952, 1672, 1593, 1518, 1439, 1283 cm™".

HRMS (FAB+, m/z): [M]" Caled for Ci6H13F302, 294.0868; Found, 294.0877.

1-(4-Chlorophenyl)-3,3,3-trifluoro-2-(4-hydroxyphenyl)-2-methylpropan-1-one. (71ab)

OH
§_)
O Me' CF,
cl

Following to GP1, p-chlorobenzaldehyde (0.0845 g, 0.601 mmol, 1.5 eq.) was used instead of
benzaldehyde to afford the desired product as a yellow solid (0.1118 g, 0.3401 mmol, 85%).
Rf=0.20 (hexane:AcOEt = 3:1).

m.p.: 128.5 °C.

"H NMR: & 1.90 (s, 3H), 5.11 (brs, 1H), 6.86-6.91 (m, 2H), 7.21-7.25 (m, 2H), 7.29 (d, J = 8.4 Hz,
2H), 7.37-7.42 (m, 2H).

BCNMR: & 18.7 (q, /= 2.5 Hz), 59.3 (q, J= 23.6 Hz), 116.2, 125.6 (q, J = 283.9 Hz), 126.0, 128.6,
129.5,131.3, 133.0, 139.2, 156.4, 195.1.

F NMR: 8 —73.37 (s).

IR (KBr) v 3109, 3030, 2899, 2828, 1698, 1590, 1518, 1458, 1391, 1257 cm™".

HRMS (FAB+, m/z): [M+H]" Calcd for C20H22F303, 329.0556; Found, 329.0570.

3,3,3-Trifluoro-2-(4-hydroxyphenyl)-1-(4-methoxycarbonylphenyl)-2-methylpropan-1-one. (71ac)
OH
i
O Me CF3
MeO,C
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Following to GP1, methyl p-formylbenzoate (0.0986 g, 0.601 mmol, 1.5 eq.) was used instead of
benzaldehyde to afford the desired product as a yellow solid (0.0792 g, 0.225 mmol, 56%).
Rf=0.17 (hexane:AcOEt = 3:1).
m.p.: 108.3 °C.
'"H NMR: 6 1.90 (s, 3H), 3.90 (s, 3H), 5.34 (brs, 1H), 6.88-6.93 (m, 2H), 7.31 (d, J = 8.4 Hz, 2H),
7.45-7.49 (m, 2H), 7.91 (d, J = 8.7 Hz, 2H).
13C NMR (acetone-ds): 8 18.4 (q,J = 2.5 Hz), 52.7, 60.1 (q, J = 23.0 Hz), 116.9, 125.0 (q, J = 1.0 Hz),
126.9 (q, J=282.5 Hz), 130.0, 130.5, 134.2, 139.5 (q, J= 1.9 Hz), 159.2, 166.2, 195.9.
YF NMR: § -71.75 (s).
IR (KBr) v 3454, 3257, 2995, 2956, 1723, 1706, 1687, 1516, 1280, 1175 cm™.
HRMS (FAB+, m/z): [M+H]* Calcd for Ci1sHi6F304, 353.1001; Found, 353.1008.

3,3,3-Trifluoro-2-(4-hydroxyphenyl)-2-methyl-1-(4-methylphenyl)propan-1-one. (71ad)

OH
P
O Me CF;
Me

Following to GP1, p-tolualdehyde (0.0817 g, 0.600 mmol, 1.5 eq.) was used instead of benzaldehyde
to afford the desired product as a yellow solid (0.0908 g, 0.2945 mmol, 74%).
Rf=10.42 (hexane:AcOEt =2:1).
m.p.: 139.8 °C.
"HNMR: § 1.92 (s, 3H), 2.31 (s, 3H), 5.09 (brs, 1H), 6.86-6.90 (m, 2H), 7.05 (d, J= 8.4 Hz, 2H), 7.31
(d, J=8.7 Hz, 2H), 7.35-7.39 (m, 2H).
BCNMR: 6 18.8 (q, J = 2.5 Hz), 21.5, 59.2 (q, J = 22.7 Hz), 113.4, 116.0, 125.8 (q, J = 283.5 Hz),
126.5, 128.9, 129.6, 130.1, 143.7, 156.3, 196.0.
F NMR: 8 —73.40 (s).
IR (KBr) v 3358, 3054, 3008, 2920, 1671, 1608, 1515, 1285, 1238, 973 cm™".
HRMS (FAB+, m/z): [M+H]" Calcd for C17H;6F302, 309.1102; Found, 309.1101.

3,3,3-Trifluoro-2-(4-hydroxyphenyl)-1-(4-methoxyphenyl)-2-methylpropan-1-one. (71ae)

OH
t
O Me CF;
MeO

Following to GP1, p-anisaldehyde (0.0817 g, 0.600 mmol, 1.5 eq.) was used instead of benzaldehyde
to afford the desired product as a yellow oil (0.0728 g, 0.224 mmol, 56%).
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'H NMR: § 1.93 (s, 3H), 3.79 (s, 3H), 5.06 (brs, 1H), 6.70-6.75 (m, 2H), 6.85-6.89 (m, 2H), 7.30 (d,
J=38.1Hz, 2H), 7.47-7.50 (m, 2H).

13C NMR: § 19.0 (q, J = 2.5 Hz), 55.3, 59.2 (q, J = 22.9 Hz), 113.4, 116.0, 125.8 (q, J = 281.9 Hz),
126.6, 127.1, 129.5, 132.5, 156.4, 163.0, 195.1.

19F NMR: § —73.28 (s).

IR (CHCL) v 3427, 3038, 2956, 1674, 1572, 1559, 1512, 1266, 1174, 972 cm .

HRMS (FAB+, m/z): [M+H]" Calcd for C17H;6F303, 325.1252; Found, 325.1270.

1-(3-Chlorophenyl)-3,3,3-trifluoro-2-(4-hydroxyphenyl)-2-methylpropan-1-one. (71af)

OH
O
Cl
O Me CF3

Following to GP1, methyl m-chlorobenzaldehyde (0.0843 g, 0.600 mmol, 1.5 eq.) was used instead
of benzaldehyde and the reaction mixture was stirred for 4 h at 30 °C to afford the desired product as
a yellow oil (0.1174 g, 0.3571 mmol, 89%).

Rf=0.20 (hexane:AcOEt = 3:1).

'"H NMR: & 1.90 (s, 3H), 5.12 (brs, 1H), 6.88-6.93 (m, 2H), 7.14-7.20 (m, 2H), 7.30 (d, J = 8.7 Hz,
2H), 7.40 (dt, J= 6.9, 2.1 Hz, 1H),7.50-7.51 (m, 1H).

BCNMR: & 18.4 (q, /= 2.4 Hz), 59.3 (q, J= 23.7 Hz), 116.3, 125.4, 125.6 (q, J = 283.9 Hz), 127.8,
129.5,129.8, 132.7, 134.5, 136.4, 156.6, 195.3.

F NMR: 8 —73.77 (s).

IR (CHCl3) v 3443, 3071, 3025, 2957, 1690, 1613, 1515, 1283, 1234, 1182 cm™".

HRMS (FAB+, m/z): [M+H]" Calcd for Ci¢Hi6F30.Cl, 329.0556; Found, 329.0570.

2-[4-[{(1,1-Dimethylethyl)dimethylsilyl}oxy]phenyl]-3,3,3-trifluoro-1-(3-methoxyphenyl)-2-
methylpropan-1-one. (73ag)

OTBS
t
O Me CF;

OMe

Following to GP1, m-anisaldehyde (0.0817 g, 0.600 mmol, 1.5 eq.) was used instead of benzaldehyde.
After cooling to 30 °C and quenched with sat. NH4Cl aq, the reaction mixture was extracted three
times with EtO, and the combined organic phase was washed with sat. NaCl aq. . After drying over

anhydrous Na;SOs, evaporation of the volatiles afforded a crude material which was introduced to a
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30 mL round-bottomed flask with imidazole (0.0544 g, 0.799 mmol, 1.5 eq.) and CH>Cl; (0.8 mL). To
this solution was added TBSCI (0.0906 g, 0.601 mmol, 1.5 eq.) at 30 °C, and the mixture was stirred
for 1 h at that temperature. After the reaction mixture was quenched with sat. NH4Cl aq. and usual
workup, the crude product was purified by column chromatography (hexane:AcOEt = 10:1) to give
the desired product as a colorless oil (0.1283 g, 0.2925 mmol, 73%).

Rf=0.23 (hexane:AcOEt=10:1).

'"HNMR: & 0.21 (s, 6H), 0.98 (s, 9H), 1.91 (s, 3H), 3.68 (s, 3H), 6.87-6.92 (m, 3H), 6.95 (dd, J = 8.1,
1.6 Hz, 1H), 7.06 (s, 1H), 7.11 (t, J= 8.1 Hz, 1H), 7.31 (d, /= 8.4 Hz, 2H).

BC NMR: § 4.5, 18.2, 18.6 (q, J = 2.5 Hz), 25.6, 55.1, 59.3 (q, J = 23.6 Hz), 114.3, 119.0, 120.6,
122.3,125.8 (q, J=283.3 Hz), 127.0, 129.0, 129.4, 136.2, 156.3, 159.2, 195.5.

YF NMR: 6 -73.32 (s).

IR (CHCl3) v 2957, 2932, 289 6, 2859, 1688, 1596, 1511, 1277, 1260, 1178 cm™".

HRMS (FAB+, m/z): [M+H]" Calcd for C23H30F303Si, 439.1916; Found, 439.1906.

3,3,3-Trifluoro-2-(4-hydroxyphenyl)-2-methyl-1-(1-naphthyl)propan-1-one. (71ah)

OH
Lt
Me CF3

Following to GP1, 1-naphthaldehyde (0.0939 g, 0.601 mmol, 1.5 eq.) was used instead of
benzaldehyde to afford the desired product as a yellow oil (0.1167 g, 0.3389 mmol, 85%).
Rf=0.17 (hexane:AcOEt = 3:1).
"HNMR: & 1.99 (s, 3H), 5.32 (brs, 1H), 6.91 (d, J = 8.7 Hz, 2H), 7.38 (d, J = 8.4 Hz, 2H), 7.44-7.57
(m, 3H), 7.69 (d, J=8.7 Hz, 1H), 7.71 (d, J = 8.1 Hz, 1H), 7.78 (d, J= 8.1 Hz, 1H), 7.98 (s, 1H).
BCNMR: & 18.7 (q, /= 2.5 Hz), 59.4 (q, J= 23.7 Hz), 116.2, 125.2, 125.8 (q, J = 285.6 Hz), 126.2,
126.7,127.5, 127.9, 128.7, 129.60, 129.62, 131.96, 131.99, 135.0, 156.6, 196.6.
F NMR: 6 —-73.27 (s).
IR (CHCl3) v 3436, 3059, 3028, 2957, 1680, 1515, 1465, 1283, 1179, 1160 cm™'.
HRMS (FAB+, m/z): [M+H]" Calcd for C20H6F302, 345.1102; Found, 345.1122.

3,3,3-Trifluoro-1-(2-franyl)-2-(4-hydroxyphenyl)-2-methylpropan-1-one. (71ai)

OH
0)

AN
\_0 Mé CF;
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Following to GP1, furfural (0.0576 g, 0.599 mmol, 1.5 eq.) was used instead of benzaldehyde to
afford the desired product as a yellow solid (0.0947 g, 0.333 mmol, 83%).
Rf=0.13 (hexane:AcOEt = 3:1).
m.p.: 191.5 °C.
'"HNMR: 8 1.99 (q, /= 0.6 Hz, 3H), 4.98 (s, 1H), 6.35 (dd, J=3.6, 1.5 Hz, 1H), 6.75 (dd, /= 3.6, 0.6
Hz, 1H), 6.81-6.86 (m, 2H), 7.26 (d, J= 8.4 Hz, 2H), 7.37 (dd, /= 3.6, 0.6 Hz, 1H).
13C NMR (acetone-de): 8 18.1 (q,J= 3.1 Hz), 59.3 (q, J=22.9 Hz), 112.8, 116.4, 120.9, 125.9, 126.9
(q,J=282.7 Hz), 130.4, 147.7, 150.8, 158.7, 184.6.
YF NMR: § —72.86 (s).
IR (KBr) v 3345, 3142, 3033, 2956, 1899, 1656, 1519, 1454, 1292, 1179 cm™".
HRMS (FAB+, m/z): [M]" Calcd for Ci4H1F303, 294.0660; Found, 284.0687.

3,3,3-Trifluoro-2-(4-hydroxyphenyl)-2-methyl-1-(2-pyridyl)propan-1-one. (71aj)

OH
O

N

N

| = Me CF3

Following to GP1, 2-pyridinecarboxaldehyde (0.0646 g, 0.603 mmol, 1.5 eq.) was used instead of
benzaldehyde to afford the desired product as a yellow solid (0.1064 g, 0.3604 mmol, 90%).
Rf=0.17 (hexane:AcOEt = 3:1).

m.p.: 183.1 °C.

'"HNMR: & 1.91 (s, 3H), 6.81 (d, J= 8.4 Hz, 2H), 7.26 (d, J = 7.8 Hz, 2H), 7.42 (dd, J = 7.8, 4.8 Hz,
1H), 8.08 (d, /= 6.6 Hz, 1H), 8.36 (s, 1H), 8.64 (d, /= 4.8 Hz, 1H).

BCNMR: & 18.5 (q, J= 2.3 Hz), 59.4 (q, J=23.7 Hz), 116.4, 123.9, 124.2, 125.4 (q, J = 283.3 Hz),
129.5,131.6, 138.5, 149.6, 151.5, 157.9, 193.9.

F NMR: 8 —-73.15 (s).

IR (KBr) v 3109, 3030, 2899, 2828, 1698, 1590, 1518, 1458, 1390, 1154 cm™.

HRMS (FAB+, m/z): [M]" Calcd for Ci5sH2F3NO», 295.0820; Found, 295.0833.

3,3,3-Trifluoro-2-(4-hydroxyphenyl)-2-methyl-1-(3-pyridyl)propan-1-one. (71ak)

OH
O

N
| _J md cF,

Following to GP1, 3-pyridinecarboxaldehyde (0.0642 g, 0.599 mmol, 1.5 eq.) was used instead of
benzaldehyde to afford the desired product as a yellow solid (0.0566 g, 0.192 mmol, 48%).
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Rf=0.37 (hexane:AcOEt = 2:1).

m.p.: 144.2 °C.

'"H NMR: & 2.25 (s, 3H), 4.86 (brs, 1H), 6.74-6.77 (m, 2H), 7.20-7.28 (m, 3H), 7.76 (dt, J = 1.8, 7.8
Hz, 1H), 8.06 (dt, /= 8.1, 0.9 Hz, 1H), 8.30 (ddd, /=4.8 1.8, 0.9 Hz, 1H).

13C NMR (acetone-de): 6 17.9 (q, J = 3.1 Hz), 59.9 (q, J = 23.0 Hz), 116.0, 125.0, 126.7, 127.2 (q, J =
283.3 Hz), 130.0, 137.9, 148.8, 149.6, 153.1, 158.0, 196.0.

F NMR: § —73.65 (s).

IR (KBr) v 3367, 3064, 2999, 2946, 2800, 1695, 1599, 1512, 1284, 1188 cm™".

HRMS (FAB+, m/z): [M+H]" Calcd for CsH;3F3NO2, 296.0898; Found, 296.0924.

3,3,3-Trifluoro-2-(4-hydroxyphenyl)-1-(1H-indol-3-yl)-2-methylpropan-1-one (71al)

O o O OH
HN , Me CF;

Following to GP1, indole-3-carboxaldehyde (0.0871 g, 0.600 mmol, 1.5 eq.) was used instead of
benzaldehyde to afford the desired product as a yellow solid (0.1080 g, 0.3240 mmol, 81%).
Rf=10.42 (hexane:AcOEt =2:1).

m.p.: 172.3 °C.

'"H NMR: 8 2.23 (s, 3H), 5.15 (brs, 1H), 6.52 (d, J = 8.4 Hz, 1H), 6.82-6.87 (m, 2H), 7.01 (ddd, J =
8.6,7.2,1.2 Hz, 1H), 7.16 (d, J= 8.1 Hz, 2H), 7.22 (dt, J=7.8, 0.9 Hz, 1H), 8.13 (d, /= 0.9 Hz, 1H),
8.31(d, J=7.8 Hz, 1H), 10.11 (s, 1H).

BCNMR: & 24.5, 67.7 (q, J = 28.6 Hz), 114.9, 116.1, 118.7, 121.7, 123.2, 124.1, 125.4 (q, J = 285.8
Hz), 125.8, 127.2, 128.0, 137.0, 138.6, 156.9, 185.8.

F NMR: 8 —73.40 (s).

IR (KBr) v 3348, 3140, 2999, 2821, 1649, 1543, 1517, 1446, 1247, 1183 cm™.

HRMS (FAB+, m/z): [M+H]" Calcd for C1sH4F3NO2, 333.0977; Found, 333.0986.

5,5,5-Trifluoro-4-(4-hydroxyphenyl)-4-methyl-1-phenylprop-1-en-3-one (71am)

OH
0]

Ph™ X
Me CF,

Following to GP1, cinnamaldehyde (0.0793 g, 0.600 mmol, 1.5 eq.) was used instead of
benzaldehyde to afford the desired product as a yellow solid (0.0612 g, 0.189 mmol, 47%).
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Rf=0.27 (hexane:AcOEt = 3:1).

m.p.: 134.1 °C.

'"H NMR: & 1.83 (s, 3H), 6.49 (d, J= 15.3 Hz, 1H), 6.85-6.90 (m, 2H), 7.26 (d, J= 8.1 Hz, 2H), 7.33-
7.43 (m, SH), 7.76 (d, /= 15.6 Hz, 1H).

BCNMR: 6 17.6 (q,J =2.9 Hz), 59.4 (q, J = 23.6 Hz), 116.0, 121.3, 125.7, 125.8 (q, J = 284.6 Hz),
128.5, 128.8, 129.7, 130.9, 134.0, 144.8, 156.3, 194.3.

YF NMR: § -71.91 (s).

IR (KBr) v 3441, 3020, 2926, 1684, 1602, 1516, 1279, 1156, 1035, 826 cm™.

HRMS (FAB+, m/z): [M+H]" Calcd for CigH;6F302, 321.1102; Found, 321.1130.

1,1,1-Trifluoro-2-(4-hydroxyphenyl)-2-methyl-5-phenyl-3-pentanone (71an)

OH
)

Ph
Me CF,

Following to GP1, 3-phenylpropionaldehyde (0.0805 g, 0.600 mmol, 1.5 eq.) was used instead of
benzaldehyde to afford the desired product as a white solid (0.1025 g, 0.2923 mmol, 80%).
Rf=0.30 (hexane:AcOEt = 3:1).
m.p.: 68.4 °C.
"HNMR: & 1.69 (s, 3H), 2.49-2.68 (m, 2H), 2.78-2.97 (m, 2H), 5.17 (m, 1H), 6.77-6.81 (m, 2H), 7.03-
7.07 (m, 4H), 715-7.26 (m, 3H).
BCNMR: 8 17.0 (q, /= 3.1 Hz), 30.0, 40.0 (q, J= 1.9 Hz), 60.1 (q, J=23.6 Hz), 115.8, 125.4, 125.7
(q,J=283.3 Hz), 126.2, 128.4, 129.1, 140.2, 156.1, 204.9.
F NMR: 6 —-71.90 (s).
IR (KBr) v 3109, 3030, 2899, 2828, 1698, 1590, 1518, 1458, 1390, 1154 cm™.
HRMS (FAB+, m/z): [M+H]" Calcd for Ci1gH;sF302, 323.1259; Found, 323.1260.

6-Benzyloxy-1,1,1-trifluoro-2-(4-hydroxyphenyl)-2-methyl-3-hexanone (71a0)

OH
O

Bn/O

Me CF,

Following to GP1, 4-(benzyloxy)butanal (0.0805 g, 0.600 mmol, 1.5 eq.) was used instead of
benzaldehyde to afford the desired product as a colorless liquid (0.1025 g, 0.2923 mmol, 80%).
Rf=0.30 (hexane:AcOEt = 3:1).
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'H NMR: & 1.76-1.97 (m, 5H), 2.31-2.52 (m 2H), 3.34-3.48 (m, 2H), 4.48 (s, 2H), 5.04 (brs, 1H),
6.80-6.85 (m, 2H), 7.17-7.35 (m, 7H).

3CNMR: § 17.2 (q, J = 2.4 Hz), 23.8, 34.7, 60.1 (q, J = 23.6 Hz), 68.9, 72.7, 115.8, 125.4, 125.7 (q,
J=283.3 Hz), 127.4, 128.4,129.0, 137.7, 156.3, 205.5.

19F NMR: § —71.90 (s).

IR (CHCL) v 3380, 3031, 2934, 2867, 1718, 1613, 1516, 1279, 1160, 1084 cm.

HRMS (FAB+, m/z): [M+H]" Caled for CaHaoF303, 367.1521; Found, 367.1528.

Methyl 6-[4-[{(1,1-Dimethylethyl)dimethylsilyl}oxy]phenyl]-7,7,7-trifluoro-6-methyl-5-

oxoheptanoate (73ap)

OTBS
0] O

Me CF,

Following to GP1, methyl 5-oxopentanoate (0.1556 g, 1.196 mmol, 3.0 eq.) was used instead of
benzaldehyde. After cooling to 30 °C and quenched with sat. NH4Cl aq., the reaction mixture was
extracted three times with Et,O and the combined organic phase was washed with sat. NaCl aq. which
was dried over anhydrous Na>SOs. After filtration, evaporation of the volatiles afforded a crude
material. To a 30 mL round-bottomed flask were added this crude material, imidazole (0.0547 g, 0.803
mmol, 1.5 eq.) and CH>Cl, (0.8 mL), where TBSCI (0.0906 g, 0.601 mmol, 1.5 eq.) was introduced at
30 °C. After stirring for 1 h, to the mixture was further added imidazole (0.054 g, 0.799 mmol, 1.5 eq.)
and TBSCI (0.0910 g, 0.604 mmol, 1.5 eq.) once more and the mixture stirred at 30 °C for 1 h for
completion of the reaction. The reaction mixture was quenched with sat. NH4Claq. and extracted with
CHxCl; three times. After usual workup, the crude product was purified by column chromatography
(hexane:AcOEt = 10:1) to give the desired product as a colorless oil (0.1211 g, 0.2800 mmol, 70%).
Rf=0.16 (hexane:AcOEt=10:1).

"HNMR: § 0.21 (s, 6H), 0.98 (s, 9H), 1.76 (s, 3H), 2.16-2.46 (m, 4H), 3.61 (s, 3H), 6.83-6.88 (m, 2H),
7.15 (d, J= 8.4 Hz, 2H).

BCNMR: 6 -4.51,17.3 (q,J=1.9Hz), 17.9,18.1, 19.1, 25.5, 32.6, 36.8 (4, J= 1.9 Hz) 51.4, 60.1 (q,
J=23.6 Hz), 120.3, 125.7 (q, J = 283.8 Hz), 126.4, 128.7, 156.0, 173.3, 204.1.

F NMR: 8 —71.65 (s).

IR (CHCl3) v 3031, 2955, 2829, 2859, 1725, 1609, 1512, 1472, 1273, 1162 cm™.

HRMS (FAB+, m/z): [M+H]* Calcd for C21H3,F304Si, 433.2022; Found, 433.2043.

1,1,1-Trifluoro-2-(4-hydroxyphenyl)-2,4-dimethyl-3-pentanone (71aq)
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Following to GP1, isobutyraldehyde (0.0870 g, 1.21 mmol, 3.0 eq.) was used instead of
benzaldehyde to afford the desired product as a white solid (0.571 g, 0.219 mmol, 55%).
Rf=0.20 (hexane:AcOEt = 3:1).
m.p.: 139.5 °C.
'"HNMR: 6 0.94 (d, J=7.5 Hz, 3H), 1.05 (d, /= 7.5 Hz, 3H), 1.81 (s, 3H), 2.60 (sept, J= 7.5 Hz, 1H),
5.21 (brs, 1H), 6.85-6.90 (m, 2H), 7.22 (d, J= 9.0 Hz, 2H)
BCNMR: 8 16.6 (q, J = 2.4 Hz), 20.9, 21.2, 36.5, 60.7 (q, J = 23.7 Hz), 115.8, 124.7, 125.7 (q, J =
283.8 Hz), 129.5, 156.4, 210.8.
YF NMR: 6 -71.94 (s).
IR (KBr) v 3459, 3384, 2974, 2938, 2880, 1705, 1603, 1517, 1279, 1151 cm™.
HRMS (FAB+, m/z): [M]" Calcd for C13H15F30,, 260.1024; Found, 260.1021.

1-Cyclohexyl-3,3,3-trifluoro-2-(4-hydroxyphenyl)-2-methylpropan-1-one (71ar)

OH
O

Me CF3

Following to GP1, cyclohexanecarboxaldehyde (0.1346 g, 1.20 mmol, 3.0 eq.) was used instead of
benzaldehyde, and the crude product was purified by column chromatography (hexane:AcOEt = 3:1)
and the resultant solid was washed with hexane to afford the desired product as a white solid basically
as a pure condition (0.0463 g, 0.154 mmol, 39%).

m.p.: 141.3 °C.

Rf=0.20 (hexane:AcOEt = 3:1).

"HNMR: § 0.91-1.27 (m, 3H), 1.35-1.72 (m, 7H), 1.80 (tt, /= 11.1, 3.6 Hz, 1H), 5.26 (brs, 1H), 6.86-
6.91 (m, 2H), 7.23 (d, J= 8.7 Hz, 2H).

BC NMR: 8 16.6 (q, J = 2.5 Hz), 25.26, 25.33, 25.4, 30.5, 31.2, 47.1, 60.6 (q, J = 23.0 Hz), 115.7,
124.8, 125.7 (q, J = 283.9 Hz), 129.5, 156.2, 209.1.

9F NMR: 8 —71.98 (s).

IR (KBr) v 3415, 2998, 2937, 1893, 1702, 1614, 1593, 1517, 1448, 1162 cm™.

HRMS (FAB+, m/z): [M]" Calcd for Ci6H19F302, 300.1337; Found, 300.1350.

2-(4-Hydroxyphenyl)-1-phenyl-2-(trifluoromethyl)-1-pentanone. (71ma)
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OH
¢
O Pr CF;

Following to GP1, 2mb (0.1792 g, 0.3995 mmol) was used instead of 49ab and the reaction mixture
was stirred at 50 °C for 4 h to afford the desired product as a white solid (0.0442 g, 0. 137 mmol, 32%).
Rf=0.20 (hexane:AcOEt = 3:1).

m.p.: 148.9 °C.

'"HNMR: 8 0.77 (t,J=7.2 Hz, 3H), 0.97-1.11 (m, 1H), 1.54-1.67 (m, 1H), 2.29 (tm, J= 13.2 Hz, 1H),
2.59 (ddd, J=14.7,12.9, 4.8 Hz, 1H), 4.80 (brs, 1H), 6.86 (d, /= 8.7 Hz , 2H), 7.23-7.29 (m, 4H),
7.40-7.48 (m, 3H).

BC NMR: & 14.7, 18.1 (q, J = 2.5 Hz), 35.7, 62.9 (q, J = 21.8 Hz), 115.9, 125.9 (q, J = 282.8 Hz),
127.4,128.2,129.5, 129.9,132.7, 135.6, 156.2, 195.9.

YF NMR: 6 —69.65 (s).

IR (KBr) v 3393, 3071, 2969, 2881, 1667, 1602, 1515, 1448, 1280, 1224 cm™".

HRMS (FAB+, m/z): [M+H]" Calcd for CigHisF302, 323.1259; Found, 323.1252.

1-(2-Franyl)-2-(4-hydroxyphenyl)-2-(trifluoromethyl)-1-pentanone. (71mi)

OH
0]

X
\_o Pr CF,

Following to GP1, 2mb (0.1792 g, 0.3995 mmol) and furfural (0.0576 g, 0.599 mmol, 1.5 eq.) were
used instead of benzaldehyde and 49ab and the reaction mixture was stirred at 50 °C for 4 h to afford
the desired product as a brown solid (0.0368 g, 0.130 mmol, 32%).

Rf=0.23 (hexane:AcOEt = 2:1).

m.p.: 143.2 °C.

"H NMR: 8 0.90 (t, J= 7.2 Hz, 3H), 1.10-1.21 (m, 1H), 1.59-1.72 (m, 1H), 2.41-2.59 (m, 2H), 4.97
(brs, 1H), 6.36 (dd, J = 3.6, 1.5 Hz, 1H), 6.74 (dd, J = 3.6, 0.6 Hz, 1H), 6.79-6.84 (m, 2H), 7.22 (d, J
= 8.4 Hz, 2H), 7.38 (dd, J = 3.6, 0.6 Hz, 1H).

BCNMR: § 14.9, 19.1 (q, J= 2.5 Hz), 35.6, 62.8 (q, J = 22.0 Hz), 112.8, 116.2, 120.2, 126.9, 127.1
(9, J=1290.8 Hz), 130.6, 147.6, 151.7, 158.5, 184.2.

F NMR: 8 —69.65 (s).

IR (KBr) v 3375, 3144, 2970, 2881, 1657, 1517, 1453, 1275, 1228, 1165 cm™.

HRMS (FAB+, m/z): [M+H]* Calcd for CisHi6F303, 313.1052; Found, 313.1047.
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4-(4-Hydroxyphenyl)-1-phenyl-4-(trifluoromethyl)-3-heptanone (71mn)

OH
)

Ph
Pr CF;

Following to GP1, 3-phenylpropionaldehyde (0.0806 g, 0.600 mmol, 1.5 eq.) and 2mb (0.1792 g,
0.3995 mmol) were used instead of benzaldehyde and 2a and the reaction mixture was stirred at 50 °C
for 6 h to afford the desired product as a white solid (0.1258 g, 0.3590 mmol, 90%).

Rf=0.37 (hexane:AcOEt = 3:1).

m.p.: 147.1 °C.

'HNMR: § 0.93 (t,J= 7.2 Hz, 3H), 1.10-1.29 (m, 1H), 1.38-1.53 (m, 1H), 2.03 (brt, J= 12.9 Hz, 2H),
2.28 (t,J=12.9 Hz, 1H), 2.29 (t,J=12.9 Hz, 1H), 2.57 (dt, J=17.7, 7.8 Hz, 1H), 2.64 (dt, /=17 .4,
7.8 Hz, 1H), 2.89 (t,J= 7.8 Hz, 2H), 4.99 (brs, 1H), 6.76 (d, J= 8.7 Hz, 2H), 7.00 (d, /= 7.8 Hz, 2H),
7.09 (d, /= 6.9 Hz, 2H) 7.15-7.24 (m, 3H).

3C NMR (acetone-ds): 8 15.0, 19.0 (q, J= 2.5 Hz), 30.3, 34.7,40.9 (q, J = 1.9 Hz), 64.5 (q, J=22.4
Hz), 116.3, 128.2, 126.7, 127.1 (q, J=284.2 Hz), 129.0, 129.3, 130.4, 141.7, 158.4, 204.1.

YF NMR: 6 —67.11 (s).

IR (KBr) v 3477, 3026, 2971, 2881, 2880, 1715, 1603, 1513, 1219, 1172 cm™.

HRMS (FAB+, m/z): [M+H]" Calcd for C20H22F302, 351.1572; Found, 351.1557.

4-(4-Hydroxyphenyl)-5-methyl-1-phenyl-4-(trifluoromethyl)-3-hexanone (71nn)

OH
0O

Ph _

'Pr CF;

Following to GP1, 3-phenylpropionaldehyde (0.0806 g, 0.600 mmol, 1.5 eq.) and 2nb (0.1792 g,
0.3995 mmol) were used instead of benzaldehyde and 49ab and the reaction mixture was stirred at
50 °C for 6 h to afford the desired product as a white solid (0.1004 g, 0.2865 mmol, 72%).

Rf=0.40 (hexane:AcOEt = 3:1).

m.p.: 97.9 °C.

"HNMR: 8 0.84 (d, J= 6.9 Hz, 3H), 1.07 (d, J = 6.9 Hz, 3H), 2.60 (sept, J = 6.6 Hz, 1H), 2.71 (t,J =
6.9 Hz, 2H), 2.85 (dt, J = 14.1, 7.8 Hz, 1H), 2.92 (dt, J = 14.4, 7.8 Hz, 1H), 4.97 (brs, 1H), 6.71-6.78
(m, 2H), 6.89 (d, J = 8.4 Hz, 2H), 7.07-7.13 (m, 2H) 7.14-7.26 (m, 3H).

BCNMR: 8 18.7, 19.4, 30.0, 33.5, 41.9, 68.1 (q, J = 22.9 Hz), 115.7, 126.1, 126.9 (q, J = 290.8 Hz),
127.0, 128.3, 128.5, 128.8, 140.5, 155.0, 203.3.

9F NMR: 8 —69.65 (s).
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IR (KBr) v 3421, 3029, 2991, 2945, 1707, 1606, 1516, 1448, 1274, 1126 cn .
HRMS (FAB+, m/z): [M+H]" Caled for CaHaoF30,, 351.1572; Found, 351.1586.

Synthetic application of 3a

(1R*, 25%)-3,3,3-Trifluoro-2-(4-hydroxyphenyl)-2-methyl-1-pheny-1-propanol (82aa-major)

Reduction with DIBAL

To a two-necked round-bottomed flask were added 71aa (0.1177 g, 0.4000 mmol) and CH>Cl, (10
mL), where DIBAL (a 1.0 M hexane solution, 1.2 mL, 1.2 mmol, 3.0 eq.) was introduced slowly at —
80 °C, and the mixture was stirred for 3 h at the same temperature. The reaction mixture was quenched
with 1 M HCI aq. and extracted with CH>Cls three times. After usual workup, the crude product was
purified by column chromatography (hexane:AcOEt = 2:1) to successfully separate the desired
stereoisomeric products both as a white solid ( major product (0.0599 g, 0.202 mmol, 50%), minor

product (0.0265 g, 0.089 mmol, 22%) ).

Reduction with BuLi (GP2)

To a two-necked round-bottomed flask were added 71aa (0.1177 g, 0.4000 mmol) and Et,O (4 mL),
where BuLi (a 2.80 M hexane solution, 0.42 mL, 1.18 mmol, 1.2 eq.) was introduced slowly at —80 °C,
and the mixture was stirred for 1 h at the same temperature. Then, the mixture was warmed up to 30 °C.
After stirring for 1 h at the same temperature, the reaction mixture was quenched with sat. NH4Cl aq.
and extracted with AcOEt three times. After usual workup, the crude product was purified by column
chromatography (hexane:AcOEt = 2:1) to stereospecifically give the desired product (the same as the
major compound of the DIBAL reduction) as a white solid (0.0863 g, 0.291 mmol, 73%).

The major compound

Rf=0.30 (hexane:AcOEt = 2:1).

m.p.: 132.3 °C.

"HNMR: § 1.45 (s, 3H), 1.90 (s, 1H), 5.00 (brs, 1H), 5.31 (s, 1H), 6.87 (d, J= 8.4 Hz, 2H), 7.18-7.19
(m, 2H), 7.28-7.30 (m, 3H), 7.52 (d, J = 8.7 Hz, 2H).

BC NMR (acetone-ds) : 8 16.4 (q, J=2.5Hz), 52.7 (4, J=21.7 Hz), 76.9, 115.3, 127.8, 128.0. 128.3,
129.2,131.03, 131.01 (q, J=284.3 Hz) 141.9, 157.8.

9F NMR: 8 —69.95 (s).
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IR (KBr) v 3391, 3275, 3034, 2964, 2930, 1685, 1614, 1516, 1267, 1162 cm™".
HRMS (FAB+, m/z): [M]* Caled for C16HisF302, 296.1024; Found, 296.1003.

(1S5%*, 285%)-3,3,3-Trifluoro-2-(4-hydroxyphenyl)-2-methyl-1-pheny-1-propanol (82aa-minor)

Rf=0.40 (hexane:AcOEt = 2:1).

m.p.: 127.4 °C.

'"HNMR: & 1.50 (s, 3H), 2.22 (d, J = 3.3 Hz, 1H), 4.85 (brs, 1H), 5.45 (d, /= 3.0 Hz, 1H), 6.73-6.78
(m, 2H), 6.87 (d, J= 6.6 Hz, 2H), 7.07-7.15 (m, 3H), 7.19 (d, J= 8.7 Hz, 2H).

3C NMR (acetone-ds) : 8 12.6 (q,J = 3.1 Hz), 53.4 (q, J=22.4 Hz), 76.9, 115.6, 127.6, 127.7. 128.6,
129.1, 129.6 (q, J = 285.6 Hz), 129.8 (q, /= 1.9 Hz), 141.5, 157.7.

F NMR: 6 —68.56 (s)

IR (KBr) v 3510, 3297, 3035, 2941, 2902, 1610, 1596, 1516, 1261, 1147 cm™".

HRMS (FAB+, m/z): [M]~ Calcd for Ci6Hi5F302, 296.1024; Found, 296.1011.

(2R*, 35*%)-4,4,4-Trifluoro-2-(4-hydroxyphenyl)-2,3-dimethyl-1-phenylbutanol (83aa)

Following to GP2, MeLi-LiBr (a 3.0 M Et;O solution, 0.40 mL, 1.2 mmol, 3.0 eq.) was used instead
of BuLi. The mixture was purified by column chromatography (hexane:AcOEt=2:1) to give a product
as a solid with some contamination, and washing with hexane gave the desired product as a white solid
basically as a pure condition (0.1013 g, 0.3264 mmol, 82%).

Rf=0.37 (hexane:AcOEt = 2:1).

m.p.: 138.6 °C.

'"H NMR: & 1.48 (s, 3H), 1.83 (q, J = 1.5 Hz, 3H), 2.07 (s, 1H), 4.92 (brs, 1H), 6.70-6.76 (m, 2H),
7.01-7.05 (m, 2H), 7.17-7.26 (m, 5H).

BCNMR: 6 18.3 (q,J=3.7Hz),27.3(q,J=2.5Hz), 56.3 (q,J=21.2 Hz), 77.1, 114.5, 127.2, 127.3,
128.5,129.9 (q, J = 286.3 Hz), 131.5 (q, /= 1.8 Hz), 146.2, 157.3.

F NMR: 6 —63.18 (s).

IR (KBr) v 3468, 3327, 3079, 3015, 2987, 1614, 1590, 1517, 1169, 1144 cm™.

HRMS (FAB—, m/z): [M—H] Calcd for Ci7H16F302, 309.1102; Found, 309.1074.
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(28*, 3R*)-1,1,1-Trifluoro-2-(4-hydroxyphenyl)-2,3-dimethyl-5-phenyl-3-pentanol (83an)
OH

Ph -
Me CF,

Following to GP2, MeLi-LiBr (a 3.0 M Et,O solution, 0.40 ml, 1.2 mmol, 3.0 eq.) and 71an (0.1289
g, 0.3999 mmol) were used instead of BuLi and 71aa to afford the desired product as a white solid
(0.0568 g, 0.168 mmol, 42%).

Moreover, 71an was recovered (0.0621 g, 0.193 mmol, 48%).

Rf=0.20 (hexane:AcOEt = 2:1).

m.p.: 119.6 °C.

"HNMR: 8 1.39 (s, 3H), 1.45 (s, 1H), 1.62 (s, 3H), 2.56-2.75 (m, 2H), 6.82 (d, /= 9.0 Hz, 2 H), 7.04-
7.08 (m, 4H), 7.14-7.26 (m, 3H). 7.45 (d, /= 8.1 Hz, 2 H)

BCNMR: 8 17.3 (q,/=0.8 Hz), 23.1 (q, J=2.5 Hz), 29.8, 38.9 (q, /= 1.8 Hz), 56.2 (q, /= 21.8 Hz),
75.5,114.9,125.8, 127.3, 128.5, 128.7 (q, J = 286.3 Hz), 130.3, 130.6, 142.2, 155.0.

F NMR: 6 —63.18 (s).

IR (KBr) v 3605, 3363, 3032, 2975, 2928, 1612, 1515, 1455, 1254, 1144 cm™".

HRMS (FAB—, m/z): [M] Calcd for Ci9H21F302, 333.1494; Found, 333.1497.

3,3,3-Trifluoro-2-(4-hydroxyphenyl)-2-methyl-1,1-dipheny-1-propanol (84aa) (GP3)

OH

To a two-necked round-bottomed flask were added bromobenzene (0.2071 g, 1.319 mmol, 3.3 eq.)
and Et,0 (1.2 mL), where BuLi (a 2.80 M hexane solution, 0.42 mL, 1.2 mmol, 3.0 eq.) was introduced
slowly at 0 °C, and the mixture was stirred for 1 h at the same temperature. To this mixture was added
a solution of 71aa (0.1178 g, 0.4003 mmol) in Et,O (2.8 mL) via a syringe at —80 °C and the mixture
was stirred for 1 h at the same temperature. Then, the mixture was warmed up to 30 °C. After, stirring
for 2 h at the same temperature and the reaction mixture was quenched with sat. NH4Cl aq. and
extracted with AcOEt three times. After usual workup, the crude product was purified by column
chromatography (hexane:AcOEt=2:1) to give the desired product as a colorless oil (0.1057 g, 0.2838
mmol, 71%).

Rf=0.37 (hexane:AcOEt = 2:1).

m.p.: 146.6 °C.
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'"HNMR: & 1.73 (s, 3H), 2.92 (s, 1H), 4.84 (s, 1H), 6.67-6.72 (m, 2H), 7.12 (d, J= 7.2 Hz, 2H), 7.16-
7.19 (m, 2H), 7.26-7.33 (m, 6H), 7.46-7.50 (m, 2H).

13C NMR (acetone-dp): & 19.6, 57.9 (q, J = 21.1 Hz), 82.6, 114.6, 127.2, 127.4, 127.6, 127.8, 128.8,
129.4 (q, J=285.2 Hz), 130.0, 132.4, 145.2, 146.2, 157.6.

F NMR: § —63.23 (s).

IR (KBr) v 3538, 3391, 3072, 3032, 2972, 1605, 1514, 1441, 1253, 1160 cm™.

HRMS (FAB+, m/z): [M]" Calcd for C12H19F30,, 372.1337; Found, 372.1360.

(1S*,  25*)-1-(4-Chlorophenyl)-3,3,3-trifluoro-2-(4-hydroxyphenyl)-2-methyl-1-pheny-1-propanol
(85aa)

Cl

Following to GP3, 1-bromo-4-chlorobenzene (0.2529 g, 1.321 mmol, 3.3 eq.) was used instead of
bromobenzene and the reaction mixture was stirred —80 °C for 1 h and then, the mixture was warmed
up to 0 °C and stirred for 4 h at the same temperature to afford the desired product as a white solid
(0.1336 g, 0.3370 mmol, 84%).

Rf=0.20 (hexane:AcOEt = 4:1).

m.p.: 117.7 °C.

'"H NMR: 8 1.72 (s, 3H), 2.91 (s, 1H), 4.83 (brs, 1H), 6.71 (d, J = 9.0 Hz, 2H), 7.12 (d, J = 9.0 Hz,
2H), 7.17-7.29 (m, 7H), 7.41 (d, J = 8.7 Hz, 2H).
BCNMR:5819.4,57.0(q,J=21.7Hz),81.4,114.3,127.2,127.4,127.5,128.1 (q,J=287.0 Hz), 128.4,
128.6, 129.5, 131.5, 133.2, 142.3, 143.1, 155.1.

F NMR: 8 —63.32 (s).

IR (KBr) v 3565, 3392, 3064, 3041, 3015, 1652, 1591, 1516, 1281, 1000 cm™".

HRMS (FAB-, m/z): [M—H]" Calcd for Ci3H7F30,Cl, 405.0869; Found, 405.0842.

(3S*, 45*)-5,5,5-Trifluoro-4-(4-hydroxyphenyl)-4-methyl-3-phenyl-1-phenylpent-1-yn-3-ol (86aa)
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Following to GP3, ethynylbenzene (0.1298 g, 1.271 mmol, 3.2 eq.) was used instead of
bromobenzene to afford the desired product as a pale brown oil as an inseparable diastereomeric
mixture (0.1336 g, 0.3370 mmol, dr = 92:8, 84%).

Rf=0.33 (hexane:AcOEt = 2:1).

The major compound

'"HNMR: & 1.74 (s, 3H), 2.92 (s, 1H), 4.85 (s, 1H), 6.67-6.72 (m, 2H), 7.12 (d, J= 7.2 Hz, 2H), 7.16-
7.19 (m, 2H), 7.25-7.33 (m, 6H), 7.46-7.50 (m, 2H).

13C NMR (acetone-de): 8 18.5 (q, J = 2.3 Hz), 57.0 (q, J = 21.8 Hz), 76.8, 87.6, 92.1, 114.6, 123.5,
127.2,128.3,129.1,129.2 (q, J=280.1 Hz) 129.3, 129.4, 130.4, 131.8, 132.1, 142.5, 157.7.

F NMR: § —64.16 (s).

The minor compound

F NMR: 6 —63.78 (s).

IR (CHCIl3) v 3585, 3393, 3088, 3036, 3008, 1615, 1597, 1517, 1267, 1152 cm™.

HRMS (FAB-, m/z): [M—H]" Calcd for Co4H1sF302, 395.1259; Found, 395.1269.

(3S*, 4S*)-tert-Butyl 5,5,5-trifluoro-3-hydroxyl-4-(4-hydroxyphenyl)-4-methyl-3-phenylpentanoate
(88aa)

A solution of 71aa (0.1177 g, 0.4000 mmol) in THF (2 mL) was added to a mixture containing the
enolate from ¢-butyl acetate (0.1559 g, 1.342 mmol, 3.4 eq.) and LDA (prepared from
diisopropylamine (0.19 mL, 1.3 mmol, 3.4 eq.) and BuLi (a 2.80 M hexane solution, 0.43 mL, 1.2
mmol, 3.0 eq.)) in THF (2 mL) at —80 °C for 1 h), and then the mixture was stirred for 1 h at that
temperature. Then, the mixture was warmed up to 30 °C and stirring was continued for 2 h at the same
temperature. After quenching with sat. NH4Cl aq., the reaction mixture was extracted with AcOEtthree
times. After usual workup, the crude product was purified by column chromatography (hexane:AcOEt
=2:1) to give the desired product as a pale brown oil as an inseparable diastereomeric mixture (0.1416
g, 0.3450 mmol, dr = 93:7, 86%).

Rf=0.40 (hexane:AcOEt = 2:1).

The major compound

"H NMR: 8 1.14 (s, 9H), 1.56 (s, 3H), 1.60 (s, 1H), 2.75 (d, J = 15.6 Hz, 1H), 3.36 (d, J = 15.6 Hz,
1H) 4.80 (s, 1H), 6.73 (d, J=9.0 Hz, 2H), 7.18 (s, SH), 7.29 (d, J= 9.3 Hz, 2H).
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BCNMR: § 17.2 (q, J = 3.7 Hz), 27.5, 43.4, 55.9 (q, J = 21.7 Hz), 77.7, 82.5, 114.0, 127.0, 127.3,
127.8, 128.0, 128.2 (q, /= 286.3 Hz), 130.8, 142.0, 155.0, 172.3.

F NMR: § —63.00 (s).

The minor compound

YF NMR: § —62.81 (s).

IR (CHCIl3) v 3592, 3436, 3025, 3010, 2982, 1704, 1616, 1518, 1256, 1152 cm ™.

HRMS (FAB+, m/z): [M]" Calcd for C22H6F304, 411.1783; Found, 411.1788.

(1R*, 285%)-3,3,3-Trifluoro-2-methyl-1-pheny-2-[4-{(toluenesulfonyl)oxy} phenyl]-1-propanol (8§9aa)

To a test tube under an argon atmosphere were introduced 82aa (0.0561g, 0.189 mmol), DMAP
(0.0269 g, 0.220 mmol, 1.2 eq.), and 4.0 mL of CH»Cl,, where TsClI (0.0420 g, 0.220 mmol, 1.2 eq.)
was added at 0 °C. This reaction mixture was stirred for 3 h at 30 °C. After quenching with sat. NH4Cl
ag., the reaction mixture was extracted three times with the mixture of CH>Cl, and the combined
organic phase was dried over anhydrous Na;SO4. After filtration, evaporation of the volatiles afforded
a crude material which was purified by silica gel column chromatography using AcOEt:hexane = 2:1
to furnish 0.0685 g (0.152 mmol) of the desired product 89aa in 80% yield as a white solid.

m.p.: 131.8 °C.

"H NMR: 8 1.44 (s, 3H), 1.92 (d, J= 3.0 Hz, 1H), 2.47 (s, 3H), 5.27 (d, /= 3.0 Hz, 1H), 7.02 (d, J=
9.0 Hz, 2H), 7.05 (d, J= 9.0 Hz, 2H), 7.24-7.29 (m, 3H), 7.33 (d, /= 8.4 Hz, 2H), 7.56 (d, /= 9.0 Hz,
2H), 7.74 (d, J="1.5 Hz, 2H).

BC NMR: & 15.7 (q, J = 2.6 Hz), 21.7, 52.6 (q, J = 23.0 Hz), 76.4, 121.8, 127.4 (q, J = 282.8 Hz),
127.7,127.9, 128.3, 128.4, 129.7, 130.1, 132.2, 134.7, 138.9, 145.5, 149.3.

F NMR: 8 —69.85 (s).

IR (KBr) v 3570, 3066, 2990, 2900, 1920, 1597, 1505, 1368, 1186, 1159 cm™".

HRMS (FAB—, m/z): [M]™ Calcd for C23H21F304S, 450.1113; Found, 450.1124.
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X-Ray crystallographic data of the compounds

Table 1. Crystal data and structure refinement for C:.

Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

Y4

Density (calculated)
Absorption coefficient
F(000)

Crystal size

Theta range for data collection

71mn

C20 H21 F3 02

350.37

173(2) K

0.71073 A

Monoclinic

P21/n

a=10.8717(3) A a=90°.
b =10.7087(3) A B= 95.029(2)°.
c=15.1761(4) A y=90°,
1760.03(8) A3

4

1.322 mg/m3

0.105 mm-!

736

0.130 x 0.130 x 0.110 mm3

2.675 to 25.490°.
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Index ranges -13<=h<=13, -12<=k<=12, -18<=I<=18

Reflections collected 20387

Independent reflections 3265 [R(int) = 0.0239]
Completeness to theta = 25.242° 99.8 %

Absorption correction Semi-empirical from equivalents
Max. and min. transmission 1.00000 and 0.75069
Refinement method Full-matrix least-squares on F2
Data / restraints / parameters 3265/01/228

Goodness-of-fit on F2 1.013

Final R indices [1>2sigma(l)] R1 =0.0339, wR2 = 0.0890

R indices (all data) R1 =0.0365, wR2 = 0.0915
Extinction coefficient n/a

Largest diff. peak and hole 0.272 and -0.186 e. A3
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Table 1. Crystal data and structure refinement for C:.

Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected

Independent reflections

89aa

C23H21F304S

450.46

173(2) K

0.71073 A

Monoclinic

P21/n

a=13.8943(4) A a=90°.
b =9.9889(3) A B=99.237(3)°.
¢ =15.0537(4) A y=90°,
2062.19(10) A3

4

1.451 mg/m3

0.212 mm-!

936

0.090 x 0.080 x 0.060 mm3

2.457 t0 25.499°.

-16<=h<=16, -12<=k<=12, -18<=I<=18
24059

3833 [R(int) = 0.0270]
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Completeness to theta = 25.242° 99.9 %

Absorption correction Semi-empirical from equivalents
Max. and min. transmission 1.00000 and 0.84658
Refinement method Full-matrix least-squares on F2
Data / restraints / parameters 3833/0/283

Goodness-of-fit on F2 1.041

Final R indices [1>2sigma(l)] R1 =0.0320, wR2 = 0.0890

R indices (all data) R1 =0.0352, wR2 = 0.0912
Extinction coefficient n/a

Largest diff. peak and hole 0.256 and -0.354 e. A3
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Table 1. Crystal data and structure refinement for C:.

Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

4

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected

Independent reflections

83aa

C17 H17 F3 02

310.30

173(2) K

0.71073 A

Orthorhombic

Pbcn

a=24.3360(11) A a=90°.
b =7.1684(3) A B=90°.
c=16.7513(8) A y = 90°.
2922.3(2) A3

8

1.411 mg/m3

0.117 mm-!

1296

0.220 x 0.190 x 0.130 mm?

2.432 to 25.499°.

-25<=h<=29, -8<=k<=8, -20<=I<=19
20991

2724 [R(int) = 0.0608]
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Completeness to theta = 25.242° 100.0 %

Absorption correction Semi-empirical from equivalents
Max. and min. transmission 1.00000 and 0.24460
Refinement method Full-matrix least-squares on F2
Data / restraints / parameters 2724 /017203

Goodness-of-fit on F2 1.039

Final R indices [1>2sigma(l)] R1 = 0.0369, wR2 = 0.0935

R indices (all data) R1 =0.0468, wR2 = 0.0989
Extinction coefficient n/a

Largest diff. peak and hole 0.200 and -0.260 e. A3
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Table 1. Crystal data and structure refinement for C:.

Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume
Z
Density (calculated)

Absorption coefficient

85aa

C26 H26 CI F3 04

494.92

173(2) K

0.71073 A

Monoclinic

P2:/n

a=12.0518(6) A a=90°.
b =11.0358(4) A p=103.931(5)°.
¢ =18.5393(9) A y=90°.
2393.22(19) A3

4

1.374 mg/m3

0.214 mm-!
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F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 25.242°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [1>2sigma(l)]
R indices (all data)

Extinction coefficient

Largest diff. peak and hole

1032
0.210 x 0.180 x 0.110 mm?
2.602 to 25.495°.

-14<=h<=13, -13<=k<=13, -22<=|<=22

28431

4433 [R(int) = 0.0376]

99.4 %

Semi-empirical from equivalents
1.00000 and 0.76561
Full-matrix least-squares on F2
4433/0/312

1.052

R1 =10.0458, wR2 = 0.1285
R1 =0.0523, wR2 = 0.1330
nfa

0.726 and -0.389 e.A3
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FoE RHNTCREIZFENNTZXT ) VAFFEATuRERIE O

RIGIC X 3 CF: B %HF T 3 UE#K R DR

3-1 #S
IhE CIRBREH & ORIGE ARG L T & 7205, — &I 7R pQM pQM-1 ~ D S &
LTiE, ~7 o RiEEAI 2RI L 72 b O 03EH IS i T % (Scheme 2-2)423456,

Scheme 3-1 Previous reports of 1,6-addtion reactions of acyl anion equivalents to pQMs

pOM b ~TF ufiF & IR MMICOFTH, 7 I v EREF E LTHW 64D 70,
BTy, Lewis 8D L < IX Bronsted BETELE F CT— XY T 2 v & DG ETEIA < FRET L T
2HE. TNFETDE ZAREINT W R 1de, Scheme 3-2 IS8 L72flE. & & Gl

170



INFBUEH T TCORIGHIZER, 22 THWLNTWS DI,

5-one DATH 5,

Samanta et al.

1 i R
t ’ t N
Bu Z R 5 mol% Zn(OTf), Bu NR',
+ 1
HNR'; MeCN, 40 °C, 8-16 h
() aromatic amines HO
t or i
Bu saccharin Bu
1.1 eq. 45 examples
up to 90% vyield
Blay et al.
Ar
tBU “, 0
7 CAr N’0 5 mol% thiourea cat. r‘j\Zﬁo
+ | —
3A MS, CH,Cl, HO 1
0 : R! rt., 1-6 days t R R?
Bu R? Bu
1.5 eq. 23 examples

~7 1 5B isoxazolin-

up to 90% ee
23-80% yield

Scheme 3-2 Lewis or Bronsted acid catalyzed 1,6-addition of N-nucleophiles to pQMs

WHANEZAM T Cld.Panda HICX D FMMT I v . ~7 8 FFRALRICT I F L pQM-
1 L DORICHHE I N TV b, {LEEwREN LOEREEZHCCT, 7IVvESET I F~L

L &I, KIERINEOKTAR O TWS,

t
Bu 2.0 eq. NaH

+ HNR >
2 DMF, rt, 20-40 min

=~ SAr

Ar

NR,

1e) HO

Bu

Q-1 1.0 eq.

Bu
27 examples
up to 83% yield

Scheme 3-3 1,6-addition of amines to pQM under basic conditions

THIC, CRHEZAET 2 pQM L ORIGICHZRIF TR S &, 5 1 BT/ L 72 Kato b7
% Waser 58DHILAMT ITHEHIAFAE L 7\, FRICPUBEBLIR B DO L 725 L. Umemoto
LDOTVvEZTE CREEZHT S pQM-11 & DRIGHIH 2 DA TH 5%, Fi-, T ET
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FBAL 72 pQM D RIET R TICEBWT, XN T 3B D oL i3 & 2 D EHI % H
LTWwa3,

CN ) NC_ CF;
Bu 7 CF Bu NH,
3+ NH;aq. >
rt., 1.5h
(@) excess HO
‘Bu Bu
PQM-11 76%

Scheme 3-4 Previou report of construction of fully substituted carbon containig trifluoromethyl

group and ammonia.

—H T, FNRET D Int-1 (X, 2D X ) RHEEDHIREZZ T 5 2 &, RERKA &
DRIGHARETH B b h, F2HEEITCCHBT N TEE, IHIC, F2ETITo 725
HEFEOFERD 5| Int-1 25 pQM-1 ICHE~_ T, KEFREE L LTI ilftancnsa e
DRBINTWE, TDZ e, Int-l &7 3V EDMGIE. Scheme 3-3 D X 51T, b
EMBEOHEEAZHNT T I vE2EE7 I P~ AL 2 & O RIEPETT 2 2 & S HfF
INns,

BocO CF, RX CF;
1) hetero Nu (RXH)
R cat. Base R
TBSO 2) desilylation or silylation HO
50Xb

R = alkyl, aryl, alkynyl
CF,
dpes
0%

Int-1

Scheme 3-5 Working hypothesis of the reaction of Int-1 with hetero nucleophiles

CDX57% CR e T I v AT MUBERRKRIZZETAY) 93 ORED £7-. [EHER
BAE] & erTavr-7ay 23] WRHIENS, HE o 2L, moizfg
R & FEIC 93 DABANER I LT B,

&ML (EFEAE] L LT, FiCHlMLEZ CROT =4 v 208 LIE 7 VA
ifA(CE;L 8 1% 4 I v E/zlz = F I v T T 2 HiEAE T oNnd, £/, CRAF4 12
Mtk 14 %, = tu T AR vEERKBEERBIC, = boEEERICT 2L o2 TED R
HINTW B (Scheme 3-6),
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CF;

!

|

\
CF3 sources: CF3TMS (2), CFl, ©:§<O

0

8
Togni reagent Il

NR (1) @

)J\ CF3 sources $
R R [ref. 9a,c, 10a,b] oF
1 i 14° NO,
R CF3 sources (2) Reduction Ry R,
xR -
R1)\( ¢ [ref. 9b, 10c] [ref. 11]
R5

Scheme 3-6 Synthetic examples of direct trifluoromethylation of imines and enamines

WLClerFa s 7ay 7] Tl (Scheme3-7). CR:i%2HT234 I v 94 kL
TRFERILAN % FOG X & 5 Strecker G, (LAY 95 2o F84 X 472 CF HEICBEE S 2
HIBLZENINZT =4 v 2 RETH L RICIEL2TTEDWME I N TV B8, Tz, TR
2 75 B,B-iEHAD o, B-ABIF 77 VR = AALEY)~D aza-Michael KL% S EI N TV 3

14

o

R1 CF3 [ref. 12a-d]

94

l [ref. 12¢e]
R3

®
R3J§NR R2

R'" “CF,

95

Scheme 3-7 Building-block method for construction of the fully substituted carbon atom

containing an amino group and a CF3 group

INoDEICRET S v FAEBREORE ZERL T2 bD0b %<, JFHICENL
FETH 5, LrL, HEEIEDTH 2 EHEEMBEOMM P, &2z oEL T2
3% . BRI O SOCORFEP B EENT WS M5, DF b, ZD XD 5tz
e L pQM &7 IV ORIGHER I L, CF A 7 1 e f 7 2 MiBifin s~
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CHEHEFET AR TR A-ATFEL LT, oI haRET I L 8HFINS, #
CC. TIVHEDRIGDMHELEZFE—~DOHME L, it T ZDfh~T v 77 DEAZIT
Lzl 7=,

Y

3-2 RIbSFHEDRBEL
PR I3 R 50ab & RFA 72T I v & LT benzylamine, i3 (X TBAF %\ T,
NFE CHRIEAIETH - 72 DMSO H CRIGEIT 2 72,

(R

Table 3-1 Optimisation of the reaction with anilines and 49ab

BocO CF3 1)1.2eq. BnNH, BnHN CF;
5 mol% Base
Solv.,, 30°C, 3 h
Me olv . Me N CF,
2) 1.5 eq. TBSCI
TBSO 2.0 eq. Imidazole PO HO
S0ab CH,Cl,, 30 °C, 1 h 93aa (P = H) 52
or 96aa (P = TBS)
1.5 eq. KF
DMSO, 30 °C, 30 min
9F NMR yield® (%)
Entry Solv. Base
90aa+93aa 51 other product
1 DMSO TBAF 76 4 20
29 THF TBAF 46 6 30
39 MeCN TBAF 45 trace trace
4b) CHxCl, TBAF 4 4 31
5 DMF TBAF 66 7 23
6 DMSO DBU 74 6 15
7 DMSO K,COs 83 6 11
8 DMSO Na,COs3 91 3 6
9 DMSO Li,CO; 94 2 2
10 DMSO - 89 1 3
119 DMSO - 97 1 trace
129 DMSO - 96 [80]°) (89)" 3 trace
139 MeCN TBAF 90 9 trace
148 MeCN - trace 0 0

a) Yields determined by °F NMR right before the step 2. b) Conducted at 30 °C for 24 h. ¢) Usage of 50aa with an AcO
group instead of BocO and the reaction was conducted at 50 °C for 24 h. d) Conducted at 50 °C for 2 h. e) Isolated yield of

93aa. f) Isolated yield of 96aa. g) Conducted at 50 °C for 24 h.
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Z DGR, BRDOIIE 93aa, 96aa % RAF 7RI (76%) T 5 Z & 23 CTE 7z (Table 3-1,
Entry 1), fth DT S M5 % 1T 5 7223, CH.Cl. THF, MeCN T3 3 KffEl o IGHEH % 1 H
CHEEL T, FRPERICHE I N o7, DMF Zial L L 7-Bo KIGK 12 DMSO
EHOEEZD bR DD, HIWYIOIHRIZHE T L7 (Entries 2-5), M L O#HR %
B E A, DMSO ZRBEOREBEE L GERL, Hi\ T DORET 21T 572, DBU Tl TBAF
CIRITED O W L 7 5 7223, KoCO; T3 TUED M L L 72 (Entries 1 vs 6, 7)o XTIG
T2+ IV LERLYVFYLEERH LA NATFA VYO F AV EPELS RS, OF
D EFHNEDTH K T 2 IO TS A L L 72 (Entries 8-10), X S i, HEAMZ T & b KIG
BIBICETT 2 2 2 A L7 (Entry 11)s 2% Y| benzylamine H{A2FE O TBS £ D
[ifR#EREZ A LTk Y, 50ab 2°5H pQM (Int-la)Z FHAETE 2 &£ 20N 3, LiL. &9
WM E 735523, U7z nt-la D Me 2Ol 7' v b YMUEDOEIKIGCEIREL TWwWi- 2
E VIR X Tz,

e CIE Z 50°C £ THIRT 5 2 & T, HIWYDIEFIZ X HicA B L 72 (Entry 10), 50ab
D Boc @0 % Ac FEICERL 72 50aa #FEEH L L CTHWBR S, R 2E I 525, HHE%
Mz 5z EINETHNYIDE O L7z (Entry 11), F 72 MeCN IBFIE T ©ld, ElRfhIc
ZHPIDOINE L 45% I8 £ - 7228 (Entry 3). 50 °C £ THIE L 235611 90% % TR
BERFT e Bbh o7z, L LFASZH N T, TBAF 212 2 WA TIE, BIEO HIY
VLA, IZIZFEERY & 72 > 72 (Entries 13,14), L EX V| HE & O RICHFEF L
FEft 3% Entry 12 Z ol SMFICED 72, b, HIWYIO BEEORRIC, RIGD —BFEH T TBS
HoPr#ELZITS &, TABEKRLZ 52 L ONHEARNEECH > 72 L6, HAKDIC
X UCHFEE TBS fREEZ 1T\, 93aa & L CHiIfET 2 2 & & L7z, [k CHEED REE T
H5HLEICE VTR, ZOROIEEHHFA ORI OBICH . C DOFBEZFH L CHEELT
S>TW5,
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3-3 HEEA&REORE
BADT7 I v DORIOHEE % Table 3-2 ICF & ® 77,

Table 3-2 Scope and limitation of the 1,6-addtion of amines

BocO CF RN CF
3 1)1.2eq. R,NH 2 :
Me DMSO, 50 °C, 2 h Me
50ab 2.0 eq. Imidazole 93aX (P = H)

CH,Cl,, 30 °C, 1 h
or

1.5 eq. KF

DMSO, 30 °C, 30 min

H H

BnHN?f BuHN\; \H\; Ho/\/N\; O/N\; tBuHN\;
80% (93aa)

89% (96aa)

96aX (P = TBS)

87% (96ab) 97%? (96ac)  80% (93ad) 62%) (96ae) 9% (96af)

Bn,N N O/\ PhHNHN N/ﬁ
4 C\?f K/N\; Y \\/N?,

complex 84% (96ag) 83% (93ah)  60%?), 50%>Y, 68%%°) (96ai) 89%", 60%9), 84%%) (93aj)
BnHN CF3 96% (R = Ph, 93ba)
R 89% (R = CCPh, 93la)
92%9) (R = Pr, 93ma)
HO 70% (R = 'Pr, 93na)

a) Conducted for 72 h. b) Conducted for 6 h. c) **F NMR yield. d) 5 mol% of Li,CO; was used. e) 2.0 eq. of the
amine was used. f) Conducted for 48 h. g) Conducted for 4 h.

Benzylamine LA%f @ —#t 7 I v & L T, butylamine, propalgylamine, 2-aminoethanol % &t L
72l ZA, WwILD benzylamine & [FIFEE QY CIINEE 5 2 7z, L 2> L. propalgylamine
ZHRHCE, RICTER £ CICRIHZ Z L 7.

—H T RUC—RT I v Td 7 I HICEEEES 2 RFEVHE MIKF IR B L, K REEFIC
LOPRIIET L, FEMREPERE L 727 2 VoA TR ERNYIZE ST, KGR
DBEMILL CLE o7, T, BT I voIotEZ#M#E L 72 & & 5. dibenzylamine T
i tert-butylamine [RIERIC IR BEHMEL L 72D ick L, BRIRE =T I v~ TH % pyrroridine
< morpholine 2> & 13, FINE CHIIWI 242 2 L8 TE 7z, T, BRI TT 3
vou—yRTIRFORMEOEA L, KkktErm ELzbDLEZ T2,
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¥ 7. phenylhydrazine % imidazole % HaBZefFICft L7223, 2o D7 I v id, BT TBS
H & WIREE T 2 eI A3FEH IR\ 729 2>, propalgylamine [FIER, [IGKHE] DILR 2368272 -
720 % T°C, Table 3-1 THEZRFIML 725G, & EVIEETHNY %5 2 72 LiCOs &
BRI L 7= & & A, HIZHREOIE TIEdH % 28, HRFT 2 GO IEER S L
Teo ZDMDT IV EHARPREOIKICHE o 2B TO LI ICELZTHSE, 205
DT I, B TBS EANE#ET 2200t kEEE2 G L TCnwhn Erb, &
WTHRAETZ Int-1a £ DRIGICEWTHEORIGHEETRL, £ L7 Int-1a 25O 7 a b
AEPBET 2RER L o7z, 2T, TNDLT I VOLUBEZHEINE ETLED 1,6-(IK
JCMEHE S N D TlE R EZCTiAe 2 A, FREEY HIWYIOIER LM EL 72,

i, Me LN oE L2 3 2HE L LT, 50bb,50lb, 50mb, 50na % A\ TZh %
1 benzylamine & RIG X272 & 25, mIETHW OIS S iz,

T, HAD7T I v D DMSO H TOHKEED pK, % Table 3 £ & & 7216,

Table 3-3 pK, values of some amines

amines pKa (in DMSO)
BnNH: 9.34
BuNH: 10.59
'PrNH: 10.65
Bu,NH 10.0
Piperidine 11.22
Imidazole 6.95

IO DfiA 5. dibenzylamine, imidazole ZfR\>C, FWZ 7 I v ofEHMIT K E < I3E
bbb EnFHRING,

/o, 2D DODOETIIAR VA, EEOEE X DIEHE L 72 5 revised Taft /X7 X — X —
(E’s; BTHITD 212 EVIEMICEES N L EERT 2)TiE. FUHEMRETDH, #IR
X0 BRIRD ST AR BTN v T L 2SI ISR E T\ B (Table 3-4),

Table 3-4 Revised Taft parameters of some alkyl substituents

R E’s values
c-CsH11-CH> —0.89
‘Bu-CH; -1.63
c-CeHu1 —0.69
(C2Hs).CH —-2.00
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TRICIRFR %2 T I VICE 22 TF 2 L1, ¢-CeH 1-CH, 13 cyclohexylamine, ‘Bu-CH, i%
tert-butylamine, c¢-C¢Hi; Id morpholine, (C,Hs).CH I3 dibenzylamine, @ Taft »xX7 X — X —I(C
HE T2, 2% 0, &&E I DJEFIE dibenzylamine > fert-butylamine > cyclohexylamine >
morpholine & 72 . ZOFINITHWYIONFE L —E T 5, 2O ehb, TNLLDT IVE
7RI B ONEME T LD, 7 I vouKEEICL 20 TH S 2 &8
REINTz, BB, Int-la & D 1L6-(IIMIGE D S, 7 I vEESERE L CE# %X, Int-1a
D7 v b MACFEDORIKISHELR I NRRTH L LEZOND,

KT aniline FEARD KIGHEEMRGT L7z, Z OFERE Table 3-3 ICF & D72,

Table 3-3 Investigation of the reaction conditions with aniline derivatives

BocO CF; PhHN CF;
Me ér?m%llzhLNi::zoe, _ Me CF,
TBSO DMSO, 50 °C, Time  pr HO
50ab 93ak (P = H) 52
96ak (P = TBS)
YF NMR yield (%)
Entry X Time (h)
93ak + 96ak 52 recovery
12 1.2 2 0 0 >99
2% 1.2 48 90 [89] 2 trace
3 1.2 6 36 21 trace
4 2.0 6 43 28 trace
5 3.0 3 68 [62]? 26 0
69 1.2 1 13 45 trac
79 1.2 6 31 10 5
8°) 1.2 6 16 17 20
92.h 1.2 24 96 [931® trace 0
109 1.2 2 80 [771? 9 0
118 1.2 48 59 [53]" 4 0
12 1.2 2 13 26 0

a) Without Li,CO;. b) Isolated yield of 96ak after TBS protection of the crude mixture. ¢) Conducted at 70 °C. d) Conducted at
30 °C. e) Usage of DMF instead of DMSO. f) Usage of p-anisidine instead of aniline. g) Isolated yield of 93al after TBS
deprotection of the reaction mixture by KF. h) Usage of o-anisidine instead of aniline. i) Isolated yield of 96am after TBS

protection of the crude product.

178



aniline FA& Tl TBS H &2 FifRiE T 2 BE 1 2ME K . @S T CIIERIA N X 7z 23,
SO O ERIC X D 89% T HIY) 96ak %372 (Entry 1, 2).

—J7. Table 3-2 DL FERIC, LiCOs ZMA TRIGEAT S &, RIGTERS £ TR I35
flaxns b, ZOIEKIIKIFICTT L7 (Entry 3), Entry 3 TOUEEK T OJFHFIC DT
% | phenylhydrazine < imidazole & DG & R TH % & FALL | aniline DL EZ L 72,
Z DRFEHR, FEEITH L T 3.0 248 D aniline Z VW LiE, ZoOMNEKGFEEE cRETEsC
EDBH L 72 (Entries4,5). & HICTEHWICEZEK T 2 7201013 Int-1a DFEMELER I ¢ 5
DERD D LEZ, BERfHEE CIREZ T COIGEITo72 8 25, PRICK L TUIEERMK
T L7 (Bntry6), T4 & (3301C, Int-1a 1003 2 (KW IGH: % il 5 72 1 Hm %l A 72 3,
INEDZACIITE ETER X N p> o 72 (Bntry 7)o & 72, IR % 2T 5 7291, DMSO 2>
5 DMF ~ LRI A 0 UG EIT o 7205, SOHED BWiEREZ D 725 X %d > 72 (Entry
8)o TNHDFERA 5, aniline I TIFRIFHEET 525, BIEHRIEZ N2 756 3 RIS57EHE £
TOWREIIFEAM T N2 2, HYIOIEI KB T LTLE S Z e BHL 2R o 72,

— T, BTG MEERILZH T 5 p-anisidine |X. aniline & 0 b KISTEHE E CTORFRIE 1
HiEL R oichz, SR INA%Z S5 272 (Entry 9)e L2>L. LiCOs ZMZ 7254 T
X, ROCTERE E ORI KIEICHEEE NS DD, ICROETAR SN7 (Entry 10), Hit
WTEE D7 % o-anisidine W2 &, KFFHEE L 72BIC S PR IIHREEICHE T Y
(Entry 11). %% T& FERIC LiCOs Z A 7285& 13, 1Z2E A CHIOMINEIZRE o e o
7z (Entry 12),

LiCO; DEINC £ U Int-la DFAV 4 7 VA FHFICHEFT LT 2 013, KIGKREH o K
DOHLPTH B, 7208, % DML Int-1a & p-anisidine & DIGHEEL X Y HH L, HRIG
YD Int-la 3% S FET 2B AEV T 2L e 20, fRE LCRIRSHIFFELTLE
S/ EEZ LNz, ZFNEITHIC, RAIC Int-1a ZFEAET % Entry8 D X 9 G &HICE W T
IZ. FE4 L7z Int-1a ICHF L T p-anisidine 25@RICAET 2 OCHR E 5 d 2 b, BIRIG
EWHICELZDDLEEZ T D,

LIAT, BFHEOBHTHMMALAED, AcO X7 =/ — LR D TBS T —7 L& [Z X
EIHNEAL T2 I EAREINTWEE, 22T, RIGRIC AcOH %Nz 725564
AcOH IRIELHNTH 27 I v L DI ONERTWKT 23T TH2S, 2D, 97 DHET S AcO
DIE D TBS FEDWLIRFE 21T 2L, LiaCOs D & 9 k2 A I & b RICH it
135 2 L3 AfF X 7z (Scheme 3-8),
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CO,

8BS
® Buo
NH, ~NH, 50ab Me NH,
¥
+ — © LZ, CF3 +

@)
97

deprotection reagent

Int-1a

Scheme 3-8 Working hypothesis on the deprotection of the TBS group by aniline acetate

% T C. aniline & D AcOH Z# Ml Z. #E 50ab & OIGEITH & HAERYI DO NMR
ICETIED 52, MIGTkE corliZ 1 HEfI N, HTOIEROSENER I N,
(Table 3-6, Entries 1, 2).

Table 3-4 Effect of acid in the reaction with aniline

BocO CF; PhHN CF;
Me Xaqsud . Me CF,
PO DMSO, 50 °C, 24 h PO HO
50ab (P = TBS) 93ak(P = H) 52
98ab (P = H) 96ak (P = TBS)
1F NMR yield (%)
Entry X acid
93ak + 96ak 52 recovery
12 0 - 90 [89]1>© 2 trace
2 1.2 AcOH 91 4 trace
3 1.2 p-TsOH-H>O 0 0 589 (35)d9)
4 1.2 CF;CO:H 0 0 33 (67)°
5 0.6 AcOH 91 [871> 4 trace
6 0.2 AcOH 64 24 0
7 0.05 AcOH 50 22 0

a) Conducted for 48 h. b) After the reaction, TBS protection was conducted by the following condition; 1.5 eq. TBSCI, 2.0 eq.

imidazole, CH,Cl,, 30 °C, 1 h. ¢) Isolated yield of 96ak. d) Isolated yield. e) Yield of 98ab.

—J7. X VIEWEETH B TsOH % CF3COH Z N L 7zBRIC X, S0ab @ TBS F D Mifri#
DHBBHETLTT =/ =K 98ab 235 L7z, (Entries 1,2), TALH D#E L aniline X Y &
JRE N HEOMEIERE 1, AcOH & DXL HERTE W29, TBS HOPi{R#ERICERL 7'm
FALBET L CRER 7 = 7 — e D K7 w P AT L e oo T 823, &
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DEFECRICHEIELZRREZEEZ NS, £/, AV VX =T =4 vd TBS FHicxt
5RXMEZ. ML 2o EEOm LICHVET S22 enTFliang, 20728
CF;COH %%hnbﬁ AT, TsOH £ 0 b EEEIMEVD T, XD % < D 98ab %éELf’
EFEZOLND, RIT, BT % AcOH DY EHDOMET#TT 572 & & A aniline IZXf L TH53 D
WETHBICRCTHY AR5 25 2 EBIHL TR 57255 (Entry 5). & 51T AcOH ZIHE
T5E, EEHBETT % &350 > 7 (Entries 6,7).

e\ > T, Table 3-4, Entry 5 D&% VT, % Ofthd aniline 75E (&<, Table3-2 T TBS #&
DIREEREDME D 272 7 I v & DRIGZFHERET 3% 2 & & L7 (Table 3-5), p-Anisidine 13,
HAKTH I EICRCHIIAE S LT 7225, AcOH DFINIC X » T, MIGTERS £ Cic
RIFEZ 8T 20, IR IEK M EE2EKL 72, 7. o-anisidine i3, TDT I VDA%
MA BRI B ) SICECHIW % 5 272, LA L., VARRICE R 2,4,6-trimethylaniline
. aniline X ¥ H X 5 IR WIERM: % 7R 3 p-nitiroaniline T3, KICHREML T o458 L
7% o 7z, B{%IC phenylhydrazine %° imidazole Tl¥, Z i Z 4L Table 3-2 DML D D FHWH
HEDCE CRG T 5 k% 57z, e L, EEOAZRFML Z5E5 X0 b, B 0iE
PR B35 & & b IChEERREI N, 7 I VRETRIGIE2 X0 b —FCIRICK
AFEMREI NS 2 EBHL DIk 572,

Table 3-5 Effect of AcOH for the reaction of lower nucleophilic amines

BocO CF3 1)1.2eq.amines R,N CF;
0.6 eq. AcOH
Me DMSO, 50 °C, 24 h Me
TBSO 2) 1.5 eq. TBSCI PO
50ab 2.0 eq. Imidazole 93aX (P = H)

CH,Cl,, 30°C, 1h
or
1.5 eq. KF
DMSO, 30 °C, 30 min

96aX (P = TBS)

\H\; R{jﬂ\; ©/r!1\; PhHNHN?; \\/N\;

92% (96ac) 87% (R' = H, 96ak) Complex 68% (96ai) 88% (93aj)
98%% (R' = 4-MeO, 93al)
80%2 (R' = 2-MeO, 96am)
complex (R' = 2,4,6-trimethyl)
complex (R'=4-NO,)

a) Conducted for 48 h.
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Table 3-6 Effect of acids for the reaction with cyclohexylamine

BocO CF3 1))1(.2qc=f<l.cci:zclohexylamine HN CF3
Me DMSO,50°C, 4h _ Me CF,
2) 1.5 eq. TBSCI
TBSO 2.0 eq. Imidazole PO HO
50ab CH,Cl,, 30 °C, 1 h
93ae (P =H) 52
96ae (P = TBS)
_ 19F NMR vyield? (%)
Entry X acid
93ae + 96ae 52 50ab
1 0 - 74 10 3
2 0.6 AcOH 69 20 0
30 0.6 p-TsOH-H,0 57 trace 40
4 0.20 p-TsOH*H,O 60 2 38
5 0.10 p-TsOH*H,O 75 5 20
6 0.05 p-TsOH<H.O 82 5 13
7 0.05 CF3CO:H 84 4 8
8 0.05 TfOH 87 5 8
9 0.05 PPTS 81 4 12
10 0.05 AcOH 78 11 0
119 0.05 p-TsOH*H,0 95 [88]% 5 0

a) Yields determined by *F NMR right before the step 2. b) Conducted for 36 h. c) Conducted for 24 h. d) Isolated yield of
96ae.

BT TBS B Wiit#ETE 27 I v oBAICh . AcOH DIMABSHER A % #1272 (Table
3-6)o % T C, Table3-2 THREEDULEKICHE £ 5 7= cyclohexylamine % > T, Table 3-4, Entry
SOOI Lz, L2 LA, COHEARBEMATIIToGGE 3L AEEDLL R
WIERE 5 272, —H T, XVBWETH S TsOH Z W54, 1.5 HIEH L T K5iZ
FAE L o72b DD, 50ab DER{LKZICICT 5 &, 9 ELL EOICKCTHINI S L iz,
ZZCHEOYEZFEL T L, 5 mol%RE OV EDOIEDIRIM TS, o3I EKYLER
ERSEEIND Z LS 2T 272, TsOH LA OBEEZAWTKIGZTTR>Th, FEEO
TLELOIEEEZ 2 L. RIFRIECHWYIZ B LN, b DfED DMSO H1To
pKa iZ. TfOH (0.3), PPTS (3.4), CF;CO2H (3.45), AcOH (12.3) T» b, TsOH O 7T — X (31g#,
ENTVRD o720, [HLRLEVEETH D MsOH 28 pKa (1.6) TH - 7219, Mgt %17 - 72

182



DT AcOH IZHEFEIICEEME MK <. TBS ROBifREROE VT I v L OIG T, X
RWEN RN Z B OBV KT 3 2 L mRBEI N, 2hb X0, Kifiz2H b ik
WS 7 TsSOH 2 BB OB MAI L L CED ., ZoIGKH % 1 HE offidd &, K 88%T
96ae 25 HND Z &S 2T o 72 (Entry 11),

Table 3-7 Effect of TsOH for the reaction with strongly nucleophilic amines

BOCO CF3 1) 1.2 €q. RZNH RzN CF3
5 mol% p-TsOH+H,0
Me DMSO, 50 °C, 24 h Me

—
-

2) 1.5 eq. TBSCI
TBSO 2.0 eq. Imidazole PO
50ab CH,Cl,, 30°C, 1h 93aX (P =H)
or 96aX (P =TBS)
1.5 eq. KF
DMSO, 30 °C, 30 min

u
HO > \ff \r \;‘( ?"’ \f"
Ph
86% (93ad) 71%2 (96an)  93%2 (93ah) 19%®) (96af)
(dr =58:42) 56%P) (99)

6% (100)

H -
/©/N?g CF;
MeO Me CF@
e

no reaction

TBSO

100

a) Conducted for 48 h. b) Conducted for 6 h

Table 3-6 @ Entry 11 DFFZHWT, SEIT—HOMREREZ AT 27 I v EDRIEE
1T 7= (Table 3-7) % DHTHHEFEIEF%H 9 % 2-aminoethanol X morpholine IZFH T,
INEOKERR SN2, & 51T, cyclohexylamine U DR 2 EZ o — 7T I v & L
T(R)-(+)-1-phenylethylamine ZfH L 7z & 2 A, RIFRIECHIYIB GO N, £/, %
DY TATLAEREESELZ1 1 1 THol, —JT tert-butylamine X, FINHF| 7 L OFF
ICSOGRDBEHAL U 7203, BRZ AN L 72855601k, AR 96af Z{RINEK 7z 23 o Hiffff 32 C &
BTE, ZOBROEARYIL Int-la BT m b vtk 99 TH Y, T HICAIERME L
T EDAL T 4 v DT x /) —VEMLA Int-1a ik L TR L 72 2k 100 3R S iz,
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¥ 7z, tert-butylamine TIIME DI LY B OMET Z il A 7208, PCROUGEITIZD DO 75D
- 7z (Table 3-8),

Table 3-8 Investigation of the reaction condition with ‘BuNH,

1) 1.2 eq. 'BuNH, ‘BuHN CF
BocO_ CF; 5 mol% 3 CF
DMSO, 50 °C, Time Me 3
Me >
2) 1.5 eq. TBSCI PO PO
TBSO 2.0 eq. Imidazole _
50ab CH,Cly, 30 °C, 1 h 93af (P = H) + 52 (P =H)
96af (P = TBS) 99 (P=TBS)

19F NMR yield® (%)

Entry acid Time (h)
93af + 96af 52
1 p-TsOH-H-O 6 (1919 [56]9
29 p-TsOH-H-O 8 22 57
3 TfOH 4 15 [13]9 66 [37]9

a) Yields determined by '’F NMR right before the step 2. b) Conducted at 30 °C. ¢) Isolated yield of 96af. d) Isolated yield of

99. ¢) Usage of 20 mol% of p-TsOH.

&I, AcOH DRIMITIRITERMNICHIWY % 5 2 72 p-anisidine % Z DFEAFICfTF &, 4
CRIGHEIT LR o7z, ZOBEHICOWTIIFHIETERT S,

oL RREEAFHBILKD =D, T I P4 I FeoIoEZBEET L7 (Table 3-9),
TsNH, ® N-H 7' & b v OFEMEEEIX 163 TH V2D, ‘BuOH D O-H D pK, 73322 TH 5 & %
B E 232, pQM oA E I T 2 BuO T TsNH, D7 v b v &5 2k 2 &R TE
%, 2% 0. KICHRRFIC AR O BEREZ M2 X, 5 Tl D oty 4 7 A mElE L,
Hi%a 52 << PN, £ 2T, Table3-1 THEZFML Z5EEI1C, &DEW
INKCTHWYI %5 272 LiCO; ZfERIFM L7z & 25, HINOMIMRIZEIERICE £ - /-
(Entry 1), Entry 2 T, TsNH, D4 E %I & ¢ TR OUGE % KA 7225, Entry 1 & 1ZIEE
bolhholz, 22T, {L¥EHED NaH T TsNH, ZULH T2 & & TP o kKA 2 FH% L
ThE, ZWCHEZMZ S LW HiEER-7/7-E 25, Entry 1 & EA_PCRIZRIEIC A |
L. TREOINEKCIHREDMINAEZISES 2 & 3T % 72(Entry 3), ISR FES 2 BREE
Tl Int-1a 225 DAE WL 7w b ALAEEINTLE S &F 2 NaH DY @A JHEL 72
2, TOHEIF. KiERICROK T 23R S L7z (Entry 4), T & BT, TsNH, &
NaH OY4BEZ I oM ez L, HTONEOMH LA OoN7D (Entry 5). FEEITHL
T 2 5L BT b JSOSKRER 235546 & A7 LASMIc ZE i3 72 2> 5 7= D T (Bntry 6). &% 2.0
eq. I E O] & e T 72, DMSO W2+ b ) v Aicfidfid 52T, L 7=FvEom
W7 I FRRNTRAET LI LR, ZOEWT =4 VIERARE T OSSO EIK
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JGZfRHEL T2 & PRI 72, 2 2 TROGAHEZ . DMSO & U H{RWELAI AR CH 5 THF
ICZEBE L7223, 13 & A EROGILETE BRI & 72 o 72 (Entry 7). Bef2ICHREE DG %
To7h, RICTEAE E CORFMICEIZAONE DD, ZDIRIZZED L 70> > 72 (Entries
8,9) ALDFER XD Entry5 O5fF% i & L T, phthalimide & acetamide % #1% #LIC#
3% Z & & L7z, Phthalimide I% 31% CHIAN{A 96am % 5 2, F 7B & L T TsNH; [F
FRICA L 7 4 v DR X 7225, acetamide TIZ L AR, AL 74 v 2354
e LTBEoNEDATH -7 (Entries 10, 11),

Table 3-9 Investigation of the reaction condition with S0ab and amide and imide

BocO CF; 1) X eq. NaH TsHN CF;
Me \E()I\G/}Ig(;r,s'::letlnzp., Time Me . CF3
TBSO 2) X+1.5 eq. KF B PO PO
50ab orean 93a0 (P = H) % fg : ¥|)33)
96a0 (P = TBS)
F NMR yield (%)
Entry X Y Temp.(°C)  Time (h)
93ao0 + 96a0 52
12 0.05 1.2 50 24 14 75
29 0.05 2.0 50 24 13 62
3 1.1 1.2 50 1 43 37
4 0.5 1.2 50 1 25 52
5 2.0 2.2 50 1 54 [49]P 40 [3819
6 3.0 33 50 1 51 42
79 2.0 2.2 50 1 0 trace
8 2.0 2.2 70 0.5 53 45
9 2.0 22 30 4 54 38
109 2.0 2.2 50 1 3179 [35]9
119 2.0 2.2 - 1 - (73]

a) Usage of Li,CO; instead of NaH. b) Isolated yield of 96a0 after TBS protection of the crude mixture. ¢) Isolated yield of 99
after TBS protection of the crude mixture. d) Usage of THF instead of DMSO. e) Usage of phthalimide instead of TsNH.. f)
Isolated yield of 96ap after TBS protection of the crude mixture. g) Usage of acetamide instead of TsNH,. h) Isolated yield of

52.
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L AT, FELEILBWTEINECTCHWY % 5 2 72 diethyl malonate @ pK, X 16.4 (in
DMSO)TH D2, TsNH, DZ N L IZIFED LR WHETH 5, £ 2T, ZORIGEDAERICK
WS 2HERKEHLPICT B0, FEAFICIVENFNDT =4 VY DORIGHEDER &
HOMO D T AV F — ([ % K 7= (Figure 3-1)o % DA, KIS R DM 1D T, diethyl
malonate DX D ABRZH UL TWBE I B3 bro72, — 5T, HOMO @ T A )L ¥ —i
firlx 0.5 eV A EDERSH Y, TINH HKD T =4 v OH B3 X ) ANV F—NICKERT =
TV CTHBEHARBIN, 2N Int-la ST 3 RIEEDETICKELHFLE LTS L
EzTw3,

0.0 OEt O
@\S/ M
HN \©\ 07 g~ TOEt
HOMO energy level: -1.953 eV HOMO energy level: —-1.413 eV
NBO charge: —0.588 NBO charge: -1.194

Full optimization of each species was carried out using the Gaussian 09W software with the B3LYP/6-311+G* level of theory

Figure 3-1 Electron orbitals of HOMO in TsNH; and diethyl malonate
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34 BOBMMRICETER

BBOTINC X 2 )OO ZEAL#HA O T 2720, ik DBEAEEE 21T 7=,

T I VICEEERML 72O 2R T 57201, NMR 2T, &7 I vho2o0
RFEL NH, D7 I ANy 7 MADZ L ERKD 5 2 L & L7 (Table 3-10),

Table 3-10 NMR studies for clarification of the effect of acids as an additive ?

/7 \\ C\z
R-C? 'C'-NH, C'-NH,

A (R = OMe) c
B (R=H)
13C NMR spectrums (ppm) 'H NMR (ppm)
Entry additive amines c! c NI,

1 - A 142.26 150.64 4.56

2 50 mol% AcOH A 142.27 (-0.01)  150.69 (—0.05) 5.73 (-1.17)

3 4 mol% TsOH<H,O A 141.75 (0.51) 150.90 (-0.26) 4.48 (0.08)

4% 4 mol% TsOH+H-O A 141.63 (0.63) 150.91 (-0.27) 4.81 (-0.25)

5 - B 148.57 115.65 4.97

6 50 mol% AcOH B 148.60 (-0.03)  115.69 (—0.04) 5.58 (-0.61)

7 - C 49.95 36.37 2.29

8 50 mol% AcOH C 49.58 (0.37) 34.51 (1.86) 3.21 (-0.92)

9 17 mol% AcOH C 49.77 (0.18) 34.50 (1.87) 2.67 (—0.38)
10 4 mol% TsOH*H>O C 49.92 (0.03) 36.06 (0.31) 3.17 (-0.88)

a) In the parenthesis was shown the chemical shift difference from the original shift (a positive value indicates the higher field
shift). The NMR samples were prepared as follows: amine (0.2 mmol) and an appropriate amount of additive was dissolved in
0.5 mL of DMSO-ds. b) The standard NMR sample was diluted by DMSO-d6 so as to set the amine concentration to 0.1 M for

reproducing the experimental conditions.

BHIRZE Z & 12, BCNMR (€ 3T p-anisidine (amine A) DA I 1E, 50 mol% D AcOH X
D3 4mol%®d TsOH DFjH, XY KREpfbFEr 7 P2 bz I LTwd 2 &L 7=
(Entries 1-3), ¥ 7z, EEEOKIGHK L [A—DREICIE, ZORRIZT L V< %257 (Entry4),
EHIC, BCNMR OF Ihny 7 MEDELICOWTHHET % L. NH, S oBEE0Z 1l
ICDOWT XY BRIICER ST 2 2 L3 TE 5, Hlb, CHEIA S L 72Dk, NH o w
—VRTIC X DHMRETENEL T m b fbInNd e THES LI EDBEREZLEEZD
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nNd, —F. CEALMEREES > 7 b L7z, NH2 3 6 0 FIER R 7 a b vbick V5% -
TAEREEZ DL RTE B,

ThHDFER S S, Table 3-7 T 5 mol%® TsOH % #l L 72 BRic 4 < SIS AT L 72 < 7n
> 7B, AED TsOH 25, AK7n s TBS FZWifri# T % % p-anisidine DRZM: % K &
CIETERAZZENFRNLZ ERBEINS, DI, WYy v E—T=4vD TsO %, TBS }&
DIREZRETS LT+ RkZEEEBE LTV ARnE W) 2 b, JFRHEINE 72 -
IR —2  LTEZLNSE, £72. AcOH I L 72FRICiZ, p-anisidine & aniline D2
fLix BCNMR Tllg & A LBUHITZ 722> 5 72 (Entries 1, 2, 5, 6).

—7J7. 'THNMR Ti¥ AcOH ZHRML 725E1C, £ b b RE pfbstsy 7 b 0L ERR X
Niz, £TAT, Sl L 72X 512 AcOH ® DMSO 1 CD pK, 13 123 TH B L 2 2 5
&, HEBED pKa 23 % NLZ 4L 3.8 D aniline, 5.1 D p-anisidine® & BEFEIE % T T % D 1347
KR B1ETFTHS, 20, THHD NMR OEBHROMERS, L, AcOH & 7 I v Dfficit,
W E N WETH, HAFHPFEST 2 2 L BRB I Nz,

—7J Table 3-10 T, 7 I ¥ % cyclohexylamine ICZH L 7286 Tld, b oD EHWT
b, BURL7ZRFDOT I AN 7 MAIZKE KZLL, BCNMR TIERML 7B D pK, £ 9
b, ZOEICHHIL CElT B Labh o7 (Entries 7-10), & T T, 3C NMR 23 &5
7LD NH, DB — Y _TIC X VFEL TR E T WERS, BBick 2 7o b
Mz T E o fERZEFEZ BN S, T HIT, cyclohexylamine D HAXEED pK, 1T aniline
& p-anisidine D Z N XY HEw e PRI S 729 (cf. PhNH;™ (pK, = 3.8), ‘PrNH;3" (pK, =
10.9)!%), AcOH Z &V AcO A A VIGEWIREETHFEL TWBLEZ LI LREYTH S,

%72 'THNMR DR 5. D372 4 mol%d TsOH 235 2 5 ENIEF ICKE T & 235y
oz, DF D, TsOH IC X Y cyclohexylamine & @ NH, DRI K E S EfLT 52 L
DR X 7z,

188



Table 3-11 Investigation of the ability for the deprotection of TBS group
OTBS OH

X eq.
1.2 eq. amine

-
v

DMSO, 50 °C, 3 h

Br Br
101
Entry X amines Yield (%) Recovery (%)
1 1.2 aniline 38 55
2 1.2 p-anisidine 36 47
3 1.2 cyclohexylamine 89 trace
4 1.2 - 28 67
59 0 aniline 0 98
6% 0 p-anisidine 9 86
79 0 cyclohexylamine 76 12
8 0.05 cyclohexylamine 54 35

a) Without AcOH. b) p-TsOH*H,O was used instead of AcOH.

AcOH DOffj & ZHFEICT 2720, 7 I Y, AcOH, b L { IZ AcOH & 7 I v DRAVID .
pQM DHEIEMEDRRERICZ B DIEE X &+ 2 R %2R L 72, £ 2 T, 4 bromophenol ® TBS
RER 02 AT, 2D TBS HEOMifRi#ER, F—FKF T w T ENZTETT 20T
#Aiffi % 1T > 7z (Table3-11); AcOH &7 I v %% BT OEA LK TIX (Entries1-2), 7 I ¥
HifA& (Entries 5-6) & 0 & im0 IR CTHIRFERIGOEIT L7z, £ 72, AcOH HET b i fRFER
JCIZHEFT L 72 b DD, Entries 1-2 £ U UKL T L 72 (Entry 4), cyclohexylamine % FH\>7z
%uﬁlmwsmmv@%%io AcOH Z T % Z & C TBS KDz X b #hR

HEITT 22 L3005, 72, 5mol%D TsOH % AN L 7zBRIC X, cyclohexylamine @ TBS
ﬁ@ﬁ‘ﬁﬁ'ﬂ%ﬁ‘é 13X L 72 (Entry 8).

ZDINEDEITOWT, Entries 1-2 TR 7 I v & AcOH 28 % MW Z MBI T 72720, T
IVHEETHOWESA LY DNifRERE S Gz Mt bbb Tc& 5, Lal,
mMm%WTié(%ﬁ%#LﬁL&#otﬁ%%%ixék&mWﬁ\mMmTiC@ﬂ
BEMEIXE VY, X o T, aniline & AcOH D% TlE. 2D o DEIC# < FHEMERIC X b . aniline
HAR XD OHHED TBS A PRETE 2720, ﬁWhW@ﬂ%LOﬁ#ot&@%f
%2,

¥ 7-. cyclohexylamine I3 AcOH L ZTEM L T2 2 &5, HY OERME & | Table 3-10
DAER D LRI N TS, FFIC Entry 3, Entry 7 DFER X V. 2D, AcO 4 4~ TBS £D

189



FOHRERREZ AL CTWb 005, £ 2T, AcOH Z IR L 7254 @ cyclohexylamine
& S0ab L DJIEDFERZLAT D X 5 1CEEE L 7z (Table 3-6, Entry 2), BB, AcOH DEMIC
KO RNTRAET 2 AcO A A VA, ZDE Lewis HiED 72912 TBS B i fra# &
N, Int-la 2REFT 2L Ez20N%, 2ORICIE, v b Ve LTT vE=Y LEHEH
CHET 225, Int-la DFAEICH > THERT 2 BuO- 28, TBS 3 o BifRFEREA &
cyclohexylamine Z Ff2E T2 2 &6 7 I VHIRD R L IR L TH K& A IZ 70 - 72,
—J7. L DIBEWETH 5 TsOH Z L 72BRICiE, cyclohexylamine @ TBS %t D i fRiEREDS
MK T35 Z &ix, Table 3-11, Entries 7-8 2L TH B, 2 F V., cyclohexylamine &
TsOH & DRI S HAMEMIC X v TBS HOBRFERICOE 75 o 7o fiHR, ROGIC TR
Mz 29 2 BEIR)CIEIH S N7 b BEZOND, £ B L 728D FNTHEKT % BuO-
ZAfR S 5 Z & T, Int-la DR 7 v b AL ZHNGS 2 AlEETED & 5,

—J7. p-anisidine (¥ Table 3-11 DFERZT T, AcOH & DMHAANEH % FIWi < & 7o\, 7225,
Table 3-10 D H 2> & p-anisidine  AcOH 2 FET 25613, T L EHANMERH L 72235 TBS
o PAREL T BA[REXE V., LA L, £ 9 THNIL p-anisidine d AcOH Z L 7=
BRI, ROICKFED S N2 RETH 5, 26 < p-anisidine & H W72 FFicid, EFd st
DERPFET 5 E 2 bz, AJREHED—D2 & L T, AcOH f77E | T p-anisidine % F\>72
FiiE. AcO 7 =4 v ic X o THEKT % TBSOAc & DRICLAT D X 5 7 P AfFEL T 5
729, RISDHETE W L RGE L 72 (Scheme 3-9),

BocO CF; MeOONHg BocO CF;
/©)<Me _ Me
+ TBSOAc
TBSO + ACOH HO

50ab MeO@NHZ 98ab
l CF,
7~ "Me

O/
Int-1a

Scheme 3-9 Equilibrium between 50ab and 98ab with AcOH and p-anisidine
EFRIC, 98ab X ZNZ DT IV CUBT 2 & WIET 2 IINEREFL NS 2 & 2R

L 7z (Scheme 3-10), 2 £ V| 98 2 &ML T IC T, Int-1 28 L B % 5 2 % )IGH[H
RCH 5 nlHetEd i R X L7z,
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BocO CF; Me CF@
N

1.2 eq. aniline
Me ke H

Y

DMSO, 50 °C, 2 h
HO HO

98ab 93ak
55%3)

OMe
Me CF3/©/
1.2 eq. p-anisidine
DMSO,50°C,2h /©)<H
HO

93al
85%

a) "9F NMR yield.

/

Scheme 3-10 Reaction of 98ab with aniline or p-anisidine

% Z°C, TBSOAc Z ML 72 1ZFM L W& ¢, 7 =/ —A{k 98ab % aniline d L
1% p-anisidine & JG X &, FNMR I X Y KIGDO ML %38 > 72 (Figure 3-2),
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BocO CF3 RHN CF; BocO CF;
1.2 eq. aniline or p-anisidine
Me withwithout 0.6 eq. TBSOAC Me Me
HO DMSO, 50 °C PO TBSO
93a (P =H) 50ab
98ab 96a (P = TBS)
100
\\
90 [\%
W
go |\
\:\ » 98ab with aniline
70 \\¥
RS —®—  98ab with p-anisidi
- 60 b_k_:é\- abp with p-anisidine
< e ~—®-—  98ab with aniline and TBSOAc
= ~ S~
§ 40 . ~~_~~_——®-— 98ab with p-anisidine and TBSOAc
30 T =
20 - ‘l\.__‘-::::::::_]‘ 1
10
0 &
0 10 20 30 40 50 60
Time (min)
100
90
80 |\
I —®—  50ab with aniline
S0k
- I\ . i ds
= 60 q\ —®—  50ab with p-anisidine
5 50 * --®——  98ab with aniline
= M ~—®-—  98ab with p-anisidine
E a0
[
=
wi

60

240
Time (min)

480

Figure 3-2 Time dependence of consumption of 98ab by aniline or p-anisidine in the absence or

presence of TBSOAc (Above) and consumption of 50ab and formation of 50ab in the presence

of TBSOAc (Below).
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D277 756, TBSOAc f#7E FCld. JEFELE T & i~ 98ab D iHE 23 EFIRVICES 72 %
DL DR o7, —T7. TBSOAc 3FTE L 72\ R Tl aniline £ U b p-anisidine % ]
WA D753 98ab DIHE HE . CHRIEHEMEOEICI b DLEZ TS,

72, TDZZ 755 Scheme 3-9 THE L 72 X 91T, 98ab/TBSOAc & 50ab/AcOH [HiC
P EBARAFEET B Z L BRI LTz, X HIT, p-anisidine W 28E Tl 98ab &
50ab OIHEHE LY, aniline # WL D D, DI PIEL o T35 T EAHBAL 72,
D% Y, AcOH f#7E I T, il 2 I p-anisidine % F\» 7z IRfIC 12, bl L 7= PTGz i L, A
[EifAk 98ab 7 & Int-1a % 4E U 2 SJGOSHEIT LI Wiz, KD G DR ICE )R - 72 & #
ZAbib,

PIEX Y, ACOH 2T L 7= % Tl 7 3 v & D ESEHIC X - T TBS H D Fi{f#T .
Z DRRICFLET 5 TBSOAC 28 pQM DO FRAHE I B % 5.2 T\ 5 &bt i 72,
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3-5 7 I vo TBS EfifREREICET 2 2%

& T AT, Table3-1 BT, DMSO FCIHEHEZHFME T L H pQM SFFICHEL T
W DIZHh hb 53, MeCN FCIRIZITRIS L7 e o7z, & OEMEANRICHIKRZ RS |
ZDJRKZHL T 2720, A DEWHZIT- 7=,

CORIEEDEEE 2 RKRO—2L LT, 7 I VIZX>TDMSO 2L TD X 5 itk
b &, DMSO HikZSIifr#E#R & LCEALTw3 & PR L7 (Figure3-3), 2% 0. 7 3
VIZX o TDMSO 7' a b v AEMALEZT 3 2 & CRERMICERR Tt sn, 7
A B ~OREESH EL, BREOPRESETT 2L WIHIRETH B,

N
Q-
O\ @ 5
Se\
/ H_S__: 'TJHZ
R

Figure 3-3 Working hypothesis of the activation of the CH,-H bond in DMSO by amines

C OARGE M Y I IREESIG D EIT L TV 7286 DMSO & 7 2 v &2 EAL T NMR % #lE
F T, DMSO O Me #RFBICHY T2 0 — 27 B E L 2134 TH %, £ 2T, TBS &
DIREREDS > benzylamine & {K\» aniline %, %% 41 DMSO & 1:1 TEA L T CDCls
H-C50ab & & b IC NMR ZHIE L 7223, 'H . '>C NMR #£iC DMSO H{&THIE L 7256 &
BITENPR LN Do Tz,

Fe T MeCN IAHECIRIGZ AT - 72 BRICIINAT & L€ DMSO Z Iz 72356, £ fuosfili it
THMHICIEHHETT 2D b IE, SEDRELZ MRS BT 28R L 5 LFEL. G %
1T 7= (Table 3-12),
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Table 3-12 The effect of the additive to the reaction with 2a and BnNH; in MeCN

BocO CF; BnHN CF;
1.2 eq. BnNH,
Me ©:0eq. additive Me
TBSO MeCN, 50 °C, 24 h RO
50ab 93aa (P =H)

96aa (P = TBS)

19F NMR yield (%)

Entry additive MeCN/additive (v/v) Time
93aa + 96aa

1 - - 24 2

29 DMSO 280/1 24 4

3 DMSO 28/1 24 18

4P) DMSO 2.8/1 24 89 [87]
59 DMSO - 2 96 [89]
6% HMPA - 4 15

7¢) DMF - 4 98

8n Sulfolane - 24 54

a) 0.5 eq. of DMSO to 50ab was used. b) 50 eq. of DMSO to 50ab was used. ¢) Usage of DMSO as solvent instead of MeCN.
d) Usage of HMPA as solvent instead of MeCN. e) Usage of DMF as solvent instead of MeCN. f) Usage of sulfolane as

solvent instead of MeCN.

Z DFER. 0.5 eq.® DMSO BT ld A < RIGIFHET L 722> o 7203, HEICHT L 5.0 eq. Tl
VEARS O HMBE LN, 50 eq. v 1LIE DMSO A LB Wi R CHYBE b h
T2o TDT L5, DMSO 23 Figure 3-3 D FHD X 5 i T 2 afgEME IR W & E 2 5h
720 % DD G & L T HMPA, DMF, sulfolane % 5t L 72 & £ A, DMF T3 %V ERkE
iz %9 523, DMSO H & iR L 2 b, HMPA TIXRNEHMEAL L. Sulfolane T
Z—HEBELTHRINTITR L2272, & T AT Gutmann I X DIBIBINTWE TR
— X —T»H 2% FF—% (DN)IZ. Lewis HEMEDIFEE L L TE 2 LN T34, SEHWE
o DN Dl % N ZF ., MeCN; 14.1, DMF; 26.6, sulfolane; 14.8; DMSO; 29.8, HMPA; 38.8 “C
BHb, ZNHDfEE ZOFEEA ORI & iz, 1S 2 0B S 2 X
INCHZb, —DODIREL LT, TIVHETBS EAKELZBICITvye=v 2k
2. ZOBEOFBEDE E BIIGHEICKRECHE L CnwdeExbhd, 250, TVEZY
LEDER FOAKRFET L IO IFA B0 & D fE D ifE R AAEH 2358 < @bb‘
FEOEFHFEIZ LA T 24558, N-Si G AL NI Si-O #i & D VI 2 A H]IC (Eech
TH % (Figure 3-4). T DXNRDO K/, BED Lewis HHNEDHE L KX ZIF L LI
72 ). DMSO % DMF Tid MeCN * Sulfolane & It#53 % & DN H2SKE W T, FIHEICK
JGASEFT L 722 & BHEfETE 3, DMSO & DMF & O JG5EhsE £ CORM o #13, DN D
WIS 722 IR L T b EE X T WD, —J7 T, T Lewis MWD &3 ¥ 2 & KL OEM
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LICEER 2 Z &3, HMPA ZIAEE L CTHWZZ#R2 OO TH 5, £72. Mayr DR
TEANT A =2 — (N, N DfEIZKZ W, mskiPE %2R 3)Tld, benzylamine |3 MeCN H
(N=14.29)% v b DMSO F DT E WME (N=1528)%2 7" T Z LB ONTE VB, SHDE
KEFELERD,

AH®

Ph N—H---:Solv.

o2
BU—SI\

O
Figure 3-4 Plausible deprotection scheme of the TBS group

PLE XY ARG DM 2T 13, DB 7 Lewis ALV IER ICEE CTH 5 %
ATWw5,
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3-6 RICHEEOEE
SOCHRE DB D 72 DI LA T IOR TIRGEEFEER % 1T - 72,
Scheme 3-11 /"3 X 9 IC, p-anisidine 777E [ C 93al & 101 DEAYI 2> 5. TBS FD {7
DER T N,

OMe OTBS OMe
Y Y
1.2 eq. p-anisidine
(a) N + » N
H
Br
101

DMSO, 50 °C, 2 h H

HO TBSO
96al
25%
(recovery of 93al: 46%)

93al

Scheme 3-11 Intermolecular TBS transposition under the present system

T, 7 2 v 93al © OH R iHMA L3 % & & C. 93al DERIF T DKL M E L,
101 © TBS HOWBIRENETL DD EFEZTWw5b, E7-., Table 3-11, Entry 6 2>H. p-
anisidine 2STEFEEHYIC 101 D TBS ZE~RBEEBE L, BifEs 2 TBS £ % 93al 23l /2 - 2 SUGHE
FIIEETE R,

101
H . N
Q O/MH
Me0\©\ H 93al TBSO
L 96al
N
H,
b
e
01 TBS Me
Me CF
MeO TBS 3
B ———
MeO
NH, :
MeO /H 93al
N’
H,

Scheme 3-12 Plausible reaction mechanism for deprotection of the TBS group of 101
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Db, EES055D Int-1 DFET o RE, T I VAERE, $7234EEY 93
BT I ICX ML EZ T RS, 50 © TBS HENifRiET 2RE1SEZOND, /-,
REHNE KIE L 7248 REKT 272 F v P a8 70 b /LT3 IR BHTIC, 50 &
FOG LT 2 ATREME b R X 47z,

(eY0)
4
A
N
(3]
/tg,
x
—
vy)
»
o
<
A
N

54 96

- 50aXx

|HNR2 Int-1 4 HNa,'QZ
BocOQ CFy yng, CO2 BUOH CF; R' CF;
2 TBS-NR, ; NR

]
R Ly Z R HNR, 2
TBSO (@) 0% HO
50aX Int-1 93

Scheme 3-13 Plausible reaction mechanism for generation of Int-1 in the reaction of 50 with

amines

KICHH 50 OIEAEE DS BocO £TH 2 MEM 2 HERE S 5 7201, BiffEk% AcO TH %
50aa ICZ 5 L C., p-anisidine & O KE% 1T > 7z, Benzylamine & #E 50aa & O )G TIE, Fr
Lo HIMEIZIEE ICEIETE LN T WD Ik L (Table 3-1, Entry 11, Scheme 3-14-b), Z
DEEIXD T HIC 50aa Dt TBS {L23EIT L 72D A TH o7z (Scheme 3-14-a), FFic. Jkl
BOT%EINE N2 Db, ZDOEMETIEInt-1a Mg L AL FHEEL T WnWEE L bz,
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OMe
(a) AcO CF, Me CF3/©/
1.2 eq. p-anisidine Me N

DMSO, 50 °C, 24 h
AcO CF; HO HO
12% (98aa)
Me | (recovery of 50aa: 67%) 93al
trace
TBSO Me CF3
50aa 1.2 eq. BANH,
> NHBn
DMSO, 50 °C, 24 h
(Table 3-1, entry 11) PO
93aa (P =H)
(b) +
96aa (P = TBS)
98%32) a) '°F NMR yield

Scheme 3-14 Investigation of the reactivity of 50aa with amines

X 51T, 50aa,50ab DMt TBS LI NG T 27 =/ F & F 7 =4 v (102) DS HiE(L
R % 1T o 72 (B3LYP/6-311G++(d,p) level of theory) (Figure 3-5).

AcO_CF3 BocO CF,4
Me Me
© ©
o 0
102aa 102ab
C-OAc: 152.9 pm C-OBoc: 154.3 pm

BocO CFj;

H AcO CF, \,
Q oy > S
/|\
\O /|\O

more easily generation of pQM

('D

Figure 3-5 Computational study of the structure of 50aa and 50ab

Z DFER. 102ab D C-OBoc # £ 13 102aa O C-OAc & £ D DAY 1.5 pm B\ 2 & AVHH L
720 2% V| BocO FD BB HIRIICHET L <, 50ab D525 L 0 Int-1a ZFAE S 2%
FTWHE LE 2 b b, FFIC, p-anisidine @?M‘*@“C X DENPKE CFEL, HE 50aa >
5D Int-la DERDBRIFICHEIT L e o7z e PRI NG,

¥ 72, T 2T LTz 98aa & FIE p-anisidine TUE S 2 & | KIGHFE % 24 B & LT
93al DK T 6 EIFEEICEH T D, 98ab Z L 72 IRF DGR & K& { H7x 5 72 (Scheme 3-15),
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64%2)

recovery of 98aa: 27%)?
1.2 eq. p-anisidine ( very )

RO CF; DMSO, 50 °C, 24 h Me (;,:3/<j/0'\’|e
R =

— L N

HO HO

1.2 eq. p-anisidine 93al
DMSO, 50 °C, 2 h
(R = 0OBoc)

98aa (R = OAc)
98ab (R = OBoc)

85%
a) "9F NMR yield
Scheme 3-15 The difference of the reactivity between 98aa and 98ab

FIGHERE % # 2 2 & | p-anisidine 75 98 @ 7 = / —AE OH DML 217, B4
Bt AcOH L d L < 1ZWi BocOH L ZEfT L, Int-1 23 54EFT 5L E 2 b5, 2% Y. phenol
L0 WM D8 AcOH 242U % 98aa Tl. p-anisidine |% phenol £V b, FAELTL 3
AcOH & DO AR & PEIND, 2Dz, Int-1a DERDFNZRNICITD
N2y, RICKHZIER L TH, ICHTER L arokeFE2bN5, —J7, 98ab »*
SIIHNIICEEEE DK\ ‘BuOH 24K T 5729, Ed L ZfESE X 37, FIEIcKICH
HEAT L 720

PlEXy, ARIBICE T, XY AT A3 — A OR#ERIC, Boc 5% v 2 44
FERH S 2178 5 72,

RBIC, 037 I vic X 2 OGO #ZERE XV AEIC T 572910, 7 8 At — N —RER
%17 -7z (Scheme 3-16),

NH, NH, Me_ CF,
.R
50ab + + @ 1)DMSO, 50°C.6h /©)<H
2) 1.5 eq. TBSCI TBSO
OMe 2.0 eq. Imidazole 51%, 96al (R = 4-MeOCqH)
06eq.  0.6eq. CH,Clz, 30 °C, 1 h

36%, 96ae (R = c-Hex)

Scheme 3-16 Crossover experiment for clarification of the reactivity of amines to Int-1a

FE 50ab % p-anisidine & cyclohexylamine D& miEAY) T L 72356, 014K 96al D
Jih396ae LV b % {ER L7z, TDT &5, cyclohexylamine & ¥ p-anisidine @ 7% pQM
R LTREV Le-fTHIEEZ B LT\ 2 Z &R I 7z, HIH . cyclohexylamine 55 O &5\
7 I VHIE, FAE L7z Int-la & O RIEDE L0 ITHET L /20729100, Int-1a DfE 7' 1 + v1E
LDREIIGHHETLTLE W, IWEDETICOAR o2 WIHIREL ML XT38
o7,

DL EOBEEEERR % FRICERE L 2R 6 D KGR % LT IR,
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BocO CF;

R' CF,
1
HNR, (¢) /©)<R YR2 50Xb
TBSO <
TBSO

50Xb Base
(b) 96
CO,, 'BuO™
50Xb
TBS-X HX + NHR, TBS-Base Base Base )
HNR, TBS-X (R" = Me) H
HNR, l
BocO CF, CF3 R! CF, R' CF,

TBS NR, .
R1 / R YRZ /©)<YR2
or o
/

Int-1 o

e

[H-Base]" X HX [H-Base]*

54

2

+ - + Base R“YH (+ Base)

'BUOH BUO- (Y=RNH, S, 0)
‘BuOH

Scheme 3-17 Plausible reaction mechanism

BUIC, HE 50 200 Int-1 BFET 272 RFI=WVbreEZLNE, —D2lFTh
¥ T Y .| Base I X o T TBS B iR & [FRFIC, X v I AALD BocOHAMiME L Int-1 %
43 L0 —1FTHD (Scheme 3-17-a), YV DDk, T IVHEESLIIWFT I v EHE
HX)IC X 5T TBS OMifRi#E L 7o b VLA R TI8 &7 b, Z D% Base I X% 98 Dffit
Zua b vibd L FEEE25Ef T L, Int-1 274 T 50— b TH 2D (Scheme 3-17-b, ¢), 98
220 Int-1 ZFEI 2 702 XTI, BEEE BocO DI RIE G % 7 TH2 U % BuO723,
7'u b LT N7z Base 2° 5 Base X F4ET 5, 2O BuO AEELE D TBS Eolifri#E %
HELTT 2 AMHEMED & 5 72, 50 % 98 13XNRIIC Int-1 ~E B b, LA L., fied K%
O L6-IMEIEE Vb DT me 2258 b &, FMNICERIGED Int-1 3% { FFET
i, 7t vEORIKISHFRI NG, T, B HX)EE T TiE, mifEiEc
H5BuOVBHHEINDE LT, ROEKEMHI T dEZ LN,

TN ~T v RELHIDS Int-1 ~NL 7w b oAbk, MY 93 &7 2, 931X Base IC X D
7/ XV FAA Y 54~ I, 50 LRIGLTTBS LI N2REDEZLHNE, D
L <% Scheme 3-13 THih <725, 7u b VLI N BHENT, 50 & IGL T 96 & 72 BHEHE D
HEING,
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EXY, 7IvEDRIGDEED Base & L CTld HNRy, BuO~, 54 # % 2 T\ 5,

3-7 ZDfti~7 v RKiZH & DKIG
TIvSo~TFukigiL L, FA—AVEHE ORIGE RS,

Table 3-13 Optimisation of the reaction condition with thiol and 50ab

BocO CF;

BnS CF;
Me «x eq. BnSH
5 mol% Base o Me + CFS
TBSO solv., 30 °C, 3 h o PO HO
50ab
103aa (P = H) 52
104aa (P = TBS)
9F NMR Yield (%)
Entry X Base solv. 1
103aa + 104 aa 52 Other products

I 1 ) 1 1 1
1 1.5 TBAF DMSO 73 2 4
2 1.5 TBAF DMF 94 4 2

3 1.5 TBAF THF 99 1 trace

4 1.5 TBAF Toluene 5 0 0
5 1.5 TBAF CHCl, 5 0 0
6 1.5 TBAF MeCN >99 0 0
7 1.5 K2COs3 MeCN 0 0 0
8 1.5 DBU MeCN 88 0 0
9 1.2 TBAF MeCN >99 0 0
10 1.1 TBAF MeCN 87 trace 13

RN OSSE O RELD 7z, K&K 7R F 4 —n & LT benzyl mercaptan % £:H L.
DMSO &g, HH e LT TBAF %\ THE 50ab & OJKJE% 1T - 7z (Table 3-13, Entry
Do % DFEHR, REFRICECHINE 103aa & %2 D 2 ) ALK 104aa 255 S N7z, fivs TIAE
DRGET#FT - 72 & & A ARERIEREE C I pQM FAE O fildiiiRiEg 25 5 £ ERE . 12135k
[ & 72 o 7223, % DA %R, FFIC MeCN R CIRIZITERMICHMIY A 525 2L % /A
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H L 72 (Entries 2-6), %\ > T MeCN H T DT %217 - 7225, DBU Ti3# TICKR MK T
L. IO DMSO X 0 KW 72® %>, KoCOs TIIHEE O TBS SO MifriE 034 < #EAT
L7 <7 o7z (Entries7,8), AL XV FlIEE % TBAF ICREL, A —LDYHED 1.2¢q.
FCHWEL TOICRIIZED O %5027 DT, Entry 9 Z i@ 5:FICE® 7z (Entries 9, 10),
Table 3-13, Entry 9 D 5&fF% F\C, Z DfthF 4 — VIH L Ot % il a7z Z DAER % Table
3-141CF 27, RIGHE TR > Y LA & LT KF Z@ L TV 7223, MeCN i&#EH T
TRFFEFE L Cd ., ZhRMIC TBS HE2BRETE R WEab H o7, Thid KF DA
PEICHER D 2720 L EZ, HO0 % I HICMAHEIPT 5 &, BHMER By Y L2575
5 EDRHEHL 72, RO T VX AVILEH 32 decanethiol T d iz < N5 2 7=
23, Wi D UGS OB CRIFMZ B8 L7, 72, FEMT A FAEEZE T 5 PrSH Tl
VAREED 7200, HTUIEOK T2 A 67z, —7F T, methyl thioglycolate ® X 9 I x4
BREZAL T MERCBIYBRHE L5 T &S 2107 5 72, & 1T thiophenol
WG EIE. 2 OBEMERE O ® S ITE U CRRE D KL o 7272, i TIHRIGR I/
¥ o728, kB, AT 52 L T OMBEIRLAUEE T, PMEREDIGECH Ok %
5B TE,
FHIC Me RN O ERERZEA L7256, TAXF=VEZET 25 50b CTlk, WiGd 3
POM TEMED & D 7230 5 G H DSEHEL L 7225, 50bb, 50mb, 50nb TI3HARHE Y 1,6-F(HhN
RIGHHET L, EIECELNEE2HE2 LB TE

Table 3-14 Scope and limitation of thiols

BocO CF3 1)1.2eq.RSH RS CF3

5 mol% TBAF
Me MeCN,30°C,2h Me

2)1.5eq. KF
TBSO MeCN/H,0 = 211wy PO
50ab 30°C,2h
or
1.5 eq. TBSCI
2.0 eq. Imidazole
CH,Cly, 30 °C, 1 h

R= Bn\; c1oH21\j "Pr\; MeO Ph
W Y

93% 83% 76% 86% 60%")
(103aa) (103ab) (103ac) (103ad) (104ae)

103aX (P = H)
104aX (P = TBS)

BnS CF3 & _po (88%. 103ba)
R = Pr° (93%,103ma)
= Ph (97%,103na)
HO = CCPh (complex)

a) Conducted for 24 h at the step 2. b) Conducted at 50 °C for 24 h. ¢) Conducted for 4 h.
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WRIC, ZDMD~T vt & L CTHERKRKA & O RIG %R L 72,

Int-1a ~ @ 2.2 2-trifluoroethanol @ i fll f& 105aa 1. 7 L 2 — )V 49a & 2272-
trifluoroiodomethane 72 £ D17 VLT A F L& D S\2 KIGIC & o THEEEST 2 FiEdE 2
b3 5 (Scheme 3-18),

CF, HO CF,
g\ Me /©)< Me
© Int-1a FsC” 0 CFs 1950 49a
. Base Me Base .
Ho™ CE, TBSO e,
105aa

Scheme 3-18 Considerable synthetic route for 105aa

LA L. i Cii~7- & 91, CFsHRIC Bl L 72 Bk b C o SRR EH G IFIER iS22 Y
WK WEWI T EDBHONTWEZD, T LEAKETEHNTH S L IEEWEEx,

Phenol DfhNED . —fREI R E=RTAra—rChE, vy 7V v IRIGSeFofhoF
ERBICHREIN TR, Zibid, Tra—rZRkEgAlE LTHWSFEThr T Ldh
O EE KD NS 7 v EE SR T AT 492 2N oD TFEICHEAT 2 DL, K
MThHrE2ZLND, LEXY KRFHRICLY I o OFHEEIERTE L, FERIC
D X WIEEE L CoRBAREFEE S, 2,2,2-trifluoroethanol, phenol, ethanol & F&E
50ab & DIIGDHEH % Table 3-15 1 X & D7z,
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Table 3-15 Reaction with some alcohols and 50ab

BocO CF; RO CF3
Me 1) Condition Aor B or C Me .

—
r

CF;

2) desilylation or silylation

TBSO PO HO

50ab 105aX (P = H) 52
106aX (P = TBS)

Condition A; 5 mol% Li,CO3, 1.2 eq. ROH, DMSO, 50 °C.
Condition B; 2.0 eq. NaH, 2.2 eq. ROH, DMSO, 50 °C.
Condition C; 2.0 eq. NaH, DMSO/ROH (9/1 = v/v) , 50 °C.

R = CF3;CH, Ph Et
(105aa) (106ab) not obtained
15%2) (A, 12 h) 19%2) (A, 4 h) 52 as the major product
50% (B, 30 min) 43%9) (A, 4 h) 83%32) (52) (A, 24 h)

77% (C, 30 min) 24%2 (B, 30 min) 85% (52) (B, 30 min)
53%%P) (C, 12 h)
61%2° (C, 12 h)

a) F NMR yield. b) Usage of 5 mol% Li,COjs instead of NaH. ¢) Usage of 5 mol% K,COs instead of NaH. d) Usage of 2.0

eq. of ROH.

2,2,2-trifluoroethanol % fiftlii & @ LixCOs; FA{E T DMSO H1C 50ab & OIS Z{TH &, D=
BLHMYIBEO N2, NaHICX DL 273 %2 FC50ab 2T 2 & PCKIZ
FRRREICE Tl B L7z, & 51T, 2,2, 2-trifluoroethanol Z A EH % 2 & T, 8§ ELE WK
THIWAE 2 Z L ICl I LT, 72, COFMFIcE VT, L LT NaH Tld 7z < filfi
HOD LiCO; ¥ Ko:COs ZHW2GETH . PREEOIE TR 2 (A3 ERT 2 2 L% &
HLTw3,

Phenol & D JZJE T, phenol DffiFHEZHIME 2 Z & T, FREOIEIELNE &
DL 7223, 22 Y@L RICinx & 2 & BEHRMEREIC R 2 2 L 22 b & 2 TR %
ik L7z, F720 2.2,2-trifluoroethanol & [EFRIC T v a %o F2FHHIL | 50ab Z UL L 7235
BBV TH, WEOUEHE TR N o7,

—7JiC, WALT7ra—ATH EOH Tld. HROMIEIZE{/{oNT, AL 74 v 52
FEEBE L TEZ22DATH -7, T, KiEEH DO~ — FERREKO—2 & LTH 2
S, Le-fHINIGER T L0 b, HEL LTl 7m P v b2 B v REERL T
W3,

PEXY, A D~TakiZH (R;NH, ROH, RSH) & ZNFAE pQM & DRIGIC X b | CF;
HEr BT 2NEMKR AR T 287 aFEefAT 2B cE i, Fric, 7TIVHELED
FIGIZ B W T REMEDERWT I v & DRKIBICIE AcOH % RIZED EIWT 1 v iC i p-TsOH
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IS 5 & T RICK O FEHER . AT D 1,6-(HINSG DA &R 2 M L X ¢ 2
ERTER L EAMLE,
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EERDER

Most of reactions where an organic solvent was employed were performed under argon with magnetic
stirring using a flame-dried glassware. Unless otherwise noted, materials were obtained from
commercial suppliers including anhydrous THF, Et;O, and CH>Cl,, and were used without further
purification. DMSO was freshly dried over 4A MS which was activated by irradiating with a
microwave for 1 min and heating under vacuum for 1 h. The substrates 50ab, 50bb, 50mb, S50nb were

prepared following to our previous report.1

Analytical thin-layer chromatography (TLC) was routinely used for monitoring reactions by generally
using a mixture of hexane and ethyl acetate. Spherical neutral silica gel (63—210 um) was employed

for usual column chromatography.

'H (300.40 MHz), '3C (75.45 Hz), and '°F (282.65 Hz) NMR spectra were recorded in CDCI; unless
otherwise noted, and chemical shifts were reported in parts per million (ppm), downfield from internal
tetramethylsilane (Me4Si: 8 0.00, for 'H and '3C) or hexafluorobenzene (CsFs: & —163.00 for '°F). Data
were tabulated in the following order: number of protons or fluorines, multiplicity (s, singlet; d,
doublet; t, triplet; q, quartet; quint, quintet; sept, septet; m, multiplet; b, broad peak), coupling
constants in Hertz. In the case of 3C NMR, because it is difficult to observe perfluoroalkyl carbon
atoms even after long time data acquisition due to multiple coupling, these data are not shown. Infrared
(TR) spectra were reported in wave numbers (cm™"). High resolution mass spectrometry was performed

by the positive ionization mode. Melting points were measured by Differential Scanning Calorimetry.

209



General procedure for the reaction of 2 with amines, followed by deprotection (GP1)

To a test tube under an argon atmosphere were introduced 50ab (0.1682 g, 0.4000 mmol), an amine
(0.48 mmol) and 4.0 mL of DMSO. In some case, Li»CO3 (0.0014 g, 0.020 mmol, 5 mol%) was also
added. This reaction mixture was stirred for appropriate time at 50 °C (see Table 3-2). After cooling
to 30 °C, KF (0.0350 g, 0.602 mmol, 1.5 eq.) was added to the reaction mixture which was further
stirred for 30 min at the same temperature. After addition of H>O, the reaction mixture was extracted
three times with Et2O or AcOEt and the combined organic phase was dried over anhydrous Na,SOj.
After filtration, evaporation of the volatiles afforded a crude material which was purified by silica gel

column chromatography to furnish the desired product.

General procedure for the reaction of 2 with amines, followed by TBS protection (GP2)

Following to GP1, after cooling to 30 °C and quenched with H>O, the mixture was extracted three
times with AcOEt and the combined organic phase was washed with sat. NaCl aq. After drying over
anhydrous Na;SOs, evaporation of the volatiles afforded a crude material which was introduced to a
30 mL round-bottomed flask containing a mixture of imidazole (0.0544 g, 0.799 mmol, 2.0 eq.) and
CH>Cl; (0.8 mL). To this solution was added TBSCI (0.0906 g, 0.601 mmol, 1.5 eq.) at 30 °C, and the
mixture was stirred for 1 h at that temperature. After the reaction mixture was quenched with sat.
NH4Cl aq., usual workup afforded a crude product which was purified by column chromatography to

give the desired product.

General procedure for the reaction of 2 with amines in the presence of acid as the additive (GP3)

To a test tube were introduced p-TsOH - H,O (0.0038 g, 0.020 mmol, 5 mol%) or AcOH (0.0144 g,
0.240 mmol, 60 mol%), an amine (0.48 mmol) and 2.0 mL of DMSO. This reaction mixture was stirred
for 5 min at 30 °C where, 50ab (0.1682 g, 0.4000 mmol) in DMSO 2.0 mL was added, and the resultant
mixture was stirred for appropriate time at 50 °C. After cooling to 30 °C, depending on the desired
product, two types of procedures, deprotection or protection following to GP1 or GP2, respectively,
were selected. In both cases, after the whole mixture was quenched with H,O, the resultant solution
was extracted three times with AcOEt and the combined organic phase was successively washed with
sat. NaHCOj3 and sat. NaCl aq. The usual workup and chromatographic separation afforded the desired

products.

4-(2-Benzylamino-1,1,1-trifluoroprop-2-yl)phenol (93aa)
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BnHN CF;
Me
HO
Following to GP1, benzylamine (0.0515 g, 0.0481 mmol) was used, and the crude product was
purified by silica gel column chromatography using hexane:AcOEt = 4:1 as an eluent to give the
desired product 93aa as a pale-yellow oil (0.0942 g, 0. 3189 mmol, 80%).
Rf=0.33 (hexane:AcOEt = 4:1).
'"HNMR: 8 1.72 (s, 3H), 1.85 (brs, 1H), 3.56 (d, J=12.6 Hz, 1H), 3.65 (d, /= 12.9 Hz, 1H), 4.84 (brs,
1H), 6.86 (d, J= 8.7 Hz, 2H), 7.21-7.41 (m, 5H), 7.52 (d, J= 8.4 Hz, 2H).
3C NMR: 6 21.1, 46.7, 62.8 (q, J = 25.5 Hz), 115.3, 126.7 (q, J = 286.3 Hz), 127.2, 128.1, 128.5,
129.1, 129.3, 139.7, 155.4.
19F NMR: § —77.78 (5).
IR (CHCIl3) v 3340, 3066, 3033, 3010, 1614, 1515, 1455, 1381, 1278, 1156 cm ™.
HRMS (FAB+, m/z): [M+H]" Calcd for Ci6HisF3NO2, 296.1262; Found, 296.1233.

2-Benzylamino-2-[4-[{(1,1-dimethylethyl)dimethylsilyl}oxy]phenyl]-1,1,1-trifluoropropane
(96aa).

BnHN CF;
Me

TBSO

Following to GP2, benzylamine (0.0515 g, 0.0481 mmol) was used, and the crude product was
purified by column chromatography (hexane:CH>Cl, = 4:1) to give the desired product 96aa as a
colorless oil (0.1460 g, 0.3564 mmol, 89%).

Rf=0.37 (hexane:CH,Cl,=4:1).

"HNMR: & 0.21 (s, 6H), 0.99 (s, 9H), 1.71 (s, 3H), 1.84 (s, 1H), 3.56 (d, J=12.9 Hz, 1H), 3.64 (d, J
=12.9 Hz, 1H), 6.82-6.40 (m, 2H), 7.23-7.38 (m, 5H), 7.49 (d, J= 8.7 Hz, 2H).

BCNMR: § 4.4, 18.2,21.7 (q, J= 1.8 Hz), 25.6, 46.7, 62.8 (q, J = 25.4 Hz), 119.7, 127.07, 127.09
(g, J=1286.3 Hz), 128.0, 128.4, 128.8 (q, /= 1.3 Hz), 130.2, 140.3, 155.5.

F NMR: 8 —77.46 (s).

IR (CHCl3) v 2957, 2931, 2886, 2858, 1607, 1510, 1472, 1270, 1150, 916 cm".

HRMS (FAB+, m/z): [M]" Calcd for C23H30F3NOSi, 409.2049; Found, 409.2021.

2-Butylamino-2-[4-[{(1,1-dimethylethyl)dimethylsilyl}oxy]phenyl]-1,1,1-trifluoropropane
(96ab).
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BuHN CF;
Me

TBSO

Following to GP2, butylamine (0.0357 g, 0.488 mmol, 1.2 eq.) was used, and the crude product was
purified by silica gel column chromatography using hexane:AcOEt = 20:1 as an eluent to give the
desired product 96ab as a colorless oil (0.1310 g, 0.3488 mmol, 87%).

Rf=0.37 (hexane:AcOEt=20:1).

'"H NMR: 4 0.21 (s, 6H), 0.88 (t, J= 7.2 Hz, 1H), 0.98 (s, 9H), 1.26-1.49 (m, 4H), 1.63 (s, 3H), 2.33
(dt,J=11.1,7.2 Hz, 1H), 2.46 (dt, /= 11.1, 7.2 Hz, 1H), 6.79-6.84 (m, 2H), 7.38 (d, J= 8.7 Hz, 2H).
BCNMR: 8§ 4.4, 13.9, 18.1, 20.3, 21.1, 25.6, 31.9, 41.9, 62.5 (q, J = 25.5 Hz), 119.6, 127.1 (q, J =
286.4 Hz), 128.7, 130.5, 155.3.

F NMR: 6 -78.14 (s).

IR (CHCl3) v 2959, 2931, 2859, 1608, 1511, 1463, 1268, 1157,917, 840 cm™".

HRMS (FAB+, m/z): [M]" Calcd for C19H32F3NOSi, 375.2205; Found, 375.2218.

4-(1,1,1-trifluoro-2-propalgylminoprop-2-yl)phenol (93ac)

HN CF;
Me

TBSO

Following to GP2, propalgylamine (0.0260 g, 0.472 mmol, 1.2 eq.) was used was purified by silica
gel column chromatography using hexane:CH>Cl> = 1:0 to 4:1 as an eluent to give the desired product
96ac as a slightly yellow oil (0.1230 g, 0.3874 mmol, 97%).

Following to GP3, cyclohexylamine (0.0260 g, 0.472 mmol, 1.2 eq.) and AcOH (0.0144 g, 0.240
mmol, 60 mol%) were used, and the same purification process to the crude product similarly afforded
96ac (0.1160 g, 0.3676 mmol, 92%).

Rf=0.22 (hexane:CH,Cl, = 4:1).

"H NMR: 8 0.21 (s, 6H), 0.98 (m, 6H) 1.62 (brs, 1H), 1.67 (s, 3H), 2.21 (t, J = 2.7 Hz, 1H), 3.25 (s,
2H), 6.81-6.86 (m, 2H), 7.40 (d, J = 8.4 Hz, 2H).

BC NMR: § 4.4, 18.1, 21.2, 25.6,32.2 62.8 (4, J = 26.0 Hz), 71.2, 82.1, 119.8, 126.7 (q, J = 285.7
Hz), 128.8, 129.1, 155.7.

9F NMR: 8 —77.96 (s).

IR (CHCl3) v 3308, 3018, 2958, 2931, 2858, 1608, 1512, 1270, 1157,917 cm".

HRMS (FAB+, m/z): [M+H]" Caled for CisH27F3NOSI, 358.1814; Found, 358.1820.
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4-[1,1,1-Trifluoro-{2-(hydroxyethyl)amino}prop-2-yl)|phenol (93ad).

OH

HN CF,

HO

Following to GP1, ethanolamine (0.0293 g, 0.480 mmol, 1.2 eq.) was used, and the crude product
was purified by silica gel column chromatography using hexane:AcOEt = 4:1 to 1:2 as an eluent to
give the desired product 93ad as a pale-yellow solid (0.0801 g, 0.321 mmol, 80%).

Following to GP3, ethanolamine (0.0291 g, 0.480 mmol, 1.2 eq.) and p-TsOH (0.0038 g, 0.0020
mmol, 5 mol%) were used, and the same purification process to the crude product similarly afforded
93ad (0.0856 g, 0.343 mmol, 86%).

Rf=0.47 (hexane:AcOEt = 1:2).

m.p.: 122.9 °C.

"H NMR (acetone-ds): & 1.16 (s, 1H), 1.52 (s, 3H), 2.33 (dt, J = 10.8, 5.1 Hz, 1H), 2.46 (dt, /= 10.8,
5.1 Hz, 1H), 3.49 (q, J= 5.1 Hz, 2H), 3.59 (t, /= 5.1 Hz, 1H), 6.69-6.74 (m, 2H), 7.30 (d, /= 8.1 Hz,
2H), 8.33 (s, 1H).

3C NMR (acetone-de): 8 20.7,45.1, 62.3, 62.9 (q, J=24.9 Hz), 115.8, 128.2 (q, /= 284.9 Hz), 129.2,
130.0, 158.0.

F NMR (acetone-dc): 6 —76.46 (s).

IR (KBr) v 3414, 3252, 2926, 2849, 1615, 1522, 1462, 1278, 1160, 1077 cm™".

HRMS (FAB+, m/z): [M+H]" Calcd for C1H;5F3NO>, 249.0977; Found, 250.1050.

2-(Cyclohexylamino)-2-[4-[{(1,1-dimethylethyl)dimethylsilyl} oxy]phenyl]-1,1,1-

trifluoropropane (96ae).

HN CF,

TBSO
Following to GP2, cyclohexylamine (0.0476 g, 0.480 mmol, 1.2 eq.) was used was purified by silica

gel column chromatography using hexane:CH>Cl> = 1:0 to 4:1 as an eluent to give the desired product

96ae as a colorless oil (0.0985 g, 0.248 mmol, 62%).
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Following to GP3, cyclohexylamine (0.0476 g, 0.480 mmol, 1.2 eq.) and p-TsOH-H,O (0.0038 g,
0.020 mmol, 5 mol%) were used, and the same purification process to the crude product similarly
afforded 96ae (0.1410 g, 0.3511 mmol, 88%).

Rf=0.33 (hexane:CH,Cl, = 3:1).

'"H NMR: & 0.21 (s, 6H), 0.92-1.19 (m, 6H) 0.99 (s, 9H), 1.59-1.71 (m, 4H), 1.67 (s, 3H), 1.76-1.81
(m, 1H), 2.34-2.42 (m, 1H), 6.78-6.83 (m, 2H), 7.42 (d, J= 8.4 Hz, 2H).

3C NMR: § 4.4, 18.2, 21.5, 25.4, 25.5, 25.6, 25.7, 36.1, 36.6, 51.4, 62.6 (q, J = 25.5 Hz), 119.4,
127.1 (q, J=288.0 Hz), 128.9, 132.0, 155.0.

YF NMR: § —78.65 (s).

IR (CHCl3) v 2931, 2857, 1608, 1511, 1471, 1270, 1156, 1076, 916, 840 cm™".

HRMS (FAB+, m/z): [M]" Caled for C»1H34F3NOSI, 401.2362; Found, 401.2376.

2-[4-[{(1,1-Dimethylethyl)dimethylsilyl}oxy]phenyl]-1,1,1-trifluoro-2-(/N-pyrrolidino)propane

(96ag).

Me

TBSO

Following to GP2, pyrrolidine (0.0342 g, 0.481 mmol, 1.2 eq.) was used, and the crude product was
purified by silica gel column chromatography using hexane:AcOEt = 20:1 as an eluent to give the
desired product 96ae as a colorless oil (0.1261 g, 0.3376 mmol, 84%).

Rf=0.71 (hexane:AcOEt = 10:1).

"H NMR: 8 0.20 (s, 6H), 0.98 (s, 9H), 1.55 (s, 3H), 1.67-1.74 (m, 4H), 2.60-2.64 (m, 4H), 6.76-6.81
(m, 2H), 7.45 (d, J= 8.7 Hz, 2H).

BCNMR: 6 -4.4,13.6, 18.2,23.8,25.6,46.7 (q, J= 1.3 Hz), 64.5 (q, J = 24.9 Hz), 119.3, 127.3 (q, J
=288.8 Hz), 128.8, 132.6, 155.2.

F NMR: 8 —-72.80 (s).

IR (CHCl3) v 2958, 2632, 2858, 1607, 1509, 1472, 1267, 1150, 916, 840 cm™".

HRMS (FAB+, m/z): [M+H]" Caled for C19H30F3NOSi, 373.2049; Found, 373.2074.

4-{1,1,1-Trifluoro-(N-morpholino)prop-2-yl}phenol (93af).
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Lo,

Me

HO

Following to GP1, morpholine (0.0420 g, 0.482 mmol, 1.2 eq.) was used, and the crude product was
purified by silica gel column chromatography using hexane:AcOEt = 4:1 to 2:1 as an eluent to give
the desired product 93af as a pale-yellow oil (0.0915 g, 0.3324 mmol, 83%).

Following to GP3, cyclohexylamine (0.0476 g, 0.480 mmol, 1.2 eq.) and p-TsOH-H,O (0.0038 g,
0.020 mmol, 5 mol%) were used, and the same purification process to the crude product similarly
afforded 93af (0.1021 g, 0.3709 mmol, 93%).

Rf=0.13 (hexane:AcOEt = 1:4).

'"H NMR: 8 1.54 (s, 3H), 2.64-2.67 (m, 4H), 3.67-3.70 (m, 4H), 5.14 (brs, 1H), 6.78-6.84 (m, 2H),
7.50 (d, J=8.7 Hz, 2H).

BCNMR: §17.3,47.4,66.9 (q,J=23.9 Hz), 67.8 115.1, 127.3 (4, J=287.4 Hz), 128.8, 131.2, 155.7.
YF NMR: 6 —69.25 (s).

IR (CHCIl3) v 3304, 3003, 2915, 2857, 1615, 1514, 1377, 1264, 1145, 1109 cm™.

HRMS (FAB+, m/z): [M]" Caled for Ci3H6F3NO>, 275.1133; Found, 275.1105.

2-[4-[{(1,1-Dimethylethyl)dimethylsilyl} oxy]phenyl]-1,1,1-trifluoro-2-phenylhydrazinopropane
(96ai)

Ph
NH
HN CF,

Me

TBSO

Following to GP2, phenylhydrazine (0.0860 g, 0.795 mmol, 2.0 eq.) was used, and the crude product
was purified by silica gel column chromatography using hexane as an eluent to give the desired product
96ai as a yellow oil (0.1123 g, 0.2735 mmol, 68%).

Following to GP3, phenylhydrazine (0.0520 g, 0.481 mmol, 1.2 eq.) and AcOH (0.0144 g, 0.240
mmol, 60 mol%) were used, and the same purification process to the crude product similarly afforded

96ai (0.1101 g, 0.2682 mmol, 67%).

Rf=0.27 (hexane:AcOEt = 3:1).
m.p.: 134.1 °C.
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'HNMR: 8 0.21 (s, 6H), 0.98 (s, 9H), 1.26 (brs, 1H), 1.79 (s, 3H), 6.81 (d, J = 8.7 Hz, 2H), 7.34 (d, J
= 8.4 Hz, 2H), 7.48-7.51 (m, 3H), 7.76-7.81 (m, 2H).

13C NMR: 8 4.4, 17.3 (q, J= 1.9 Hz), 18.2, 25.6, 76.7 (q, J = 26.1 Hz), 119.7, 122.7, 126.2 (q, J =
283.9 Hz), 129.1, 129.2 (q, J = 1.3 Hz), 130.1, 131.5, 151.7, 155.7.

19F NMR: § ~76.38 (s).

IR (CHCL) v 3007, 2957, 2931, 2857, 1608, 1510, 1472, 1270, 1178, 916 cm".

HRMS (FAB+, m/z): [M]* Caled for Ca1HaoFsN,0Si, 410.2001; Found, 410.2002.

4-{1,1,1-Trifluoro-(1 H-imidazolyl)prop-2-yl}phenol (93aj).

N
L er,

Me
HO

Following to GP1, imidazole (0.0544 g, 0.799 mmol, 2.0 eq.) was used, and the crude product was
purified by silica gel column chromatography using hexane:AcOEt = 2:1 to 0:1 as an eluent to give
the desired product 93aj as a white solid (0.0863 g, 0.3368 mmol, 84%).

Following to GP3, imidazole (0.0328 g, 0.482 mmol, 1.2 eq.) and AcOH (0.0144 g, 0.240 mmol, 60
mol%) were used, and the same purification process to the crude product similarly afforded 93aj
(0.0905 g, 0.353 mmol, 88%).

Rf=0.33 (hexane:AcOEt = 1:2).

m.p.: 155.6 °C.

"H NMR (acetone-ds): 8 2.17 (s, 3H), 6.89 (d, J = 8.7 Hz, 2H), 7.00 (s, 1H), 7.08 (s, 1H), 7.13 (d, J =
8.7 Hz, 2H), 7.68 (s, 1H), 8.88 (brs, 1H)

3C NMR (acetone-ds): & 24.2, 66.7 (q, J = 27.9 Hz), 116.5, 120.3, 126.4 (q, J = 285.1 Hz), 128.3,
128.6 (q,J=1.9 Hz), 129.2, 137.9, 159.3.

F NMR: 8 —74.83 (s).

IR (KBr) v 3401, 3141, 3140, 2925, 2819, 1615, 1522, 1517, 1385, 1148, 818 cm™".

HRMS (FAB+, m/z): [M+H]" Calcd for C12Hi2F3N>0, 257.0902; Found, 257.0882.

2-[4-[{(1,1-Dimethylethyl)dimethylsilyl} oxy]phenyl]-1,1,1-trifluoro-2-phenylaminopropane
(96ak).
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HN CF,

Me

TBSO

Following to GP2, aniline (0.1117 g, 1.118 mmol, 3.0 eq.) was used, and the crude product was
purified by silica gel column chromatography using hexane:AcOEt = 30:1 as an eluent to give the
desired product 96ak as a colorless oil (0.0987 g, 0.2495 mmol, 62%).

Following to GP3, aniline (0.0447 g, 0.480 mmol, 1.2 eq.) and AcOH (0.0144 g, 0.240 mmol, 60

mol%) were used, and the same purification process to the crude product the similarly afforded 96ak

(0.1376 g, 0.3479 mmol, 87%).

Rf=0.27 (hexane:CH,Cl, = 4:1).

'"HNMR: § 0.21 (s, 6H), 0.98 (s, 9H), 1.85 (s, 3H), 4.22 (s, 1H), 6.35-6.38 (m, 2H), 6.68-6.74 (m, 1H),
6.82-6.86 (m, 2H), 7.02 (t, J = 8.7 Hz, 2H), 7.46 (d, J= 8.7 Hz, 2H).

BCNMR: 6 4.4, 18.2,20.2,25.6,62.6 (q,J=26.1 Hz), 116.5, 118.9, 120.0, 126.4 (q, J = 287.1 Hz),
128.7,129.2, 129.5, 144.0, 155.8.

F NMR: 6 -79.89 (s).

IR (CHCIl3) v 3416, 3006, 2956, 2931, 2886, 2858, 1606, ,1509, 1270, 1158 cm™.

HRMS (FAB+, m/z): [M+H]" Calcd for C21H20F3NOSi, 396.1971; Found, 396.1995.

4-[{2-(tert-Butoxycarbonyl)oxy}-1,1,1-trifluoroprop-2-yl} phenol (98ab).
BocO CF;

Me
HO

Following to GP3, aniline (0.0442 g, 0.475 mmol, 1.2 eq.) and p-TsOH - H>O (0.0038 g, 0.020 mmol,
5 mol%) were used, and the reaction mixture was quenched with 1 M HCI aq. After usual work up,
the crude mixture was purified by column chromatography using hexane:AcOEt = 3:1 as an eluent to
give 98ab as a pale-yellow solid (0.0425 g, 0.139 mmol, 35%). (58% of S0ab was recovered (0.0969
g, 0.2304 mmol).)
Rf=0.33 (hexane:AcOEt = 3:1).
m.p.: 117.5 °C.
"HNMR: § 1.42 (s, 9H), 2.09 (q, J = 1.2 Hz, 3H), 5,12 (brs, 1H), 6.78-6.83 (m, 2H), 7.81 (d, J = 8.4
Hz, 2H).
BCNMR: 5 18.3,27.8,82.1(q,/=26.0 Hz), 83.6, 115.3, 123.9 (q, J=283.8 Hz), 127.2, 127.9, 150.5,
156.4.
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YF NMR: § —82.19 (s).
IR (KBr) v 3432, 3074, 2997, 2937, 1726, 1616, 1517, 1464, 1175,917 cm™".
HRMS (FAB+, m/z): [M]" Calcd for C14H17F304, 306.1079; Found, 306.1100.

4-[1,1,1-Trifluoro-2-{(4-methoxyphenyl)amino} prop-2-yl} phenol (93al).

OMe

HN CF;
Me

HO

Following to GP1, p-anisidine (0.0591 g, 0.480 mmol, 1.2 eq.) was used, and the crude product was
purified by silica gel column chromatography using hexane:AcOEt = 4:1 as an eluent to give the
desired product 93al as a colorless oil (0.1159 g, 0.3723 mmol, 93%).

Following to GP3, p-anisidine (0.0592 g, 0.481 mmol, 1.2 eq.) and AcOH (0.0144 g, 0.240 mmol,

60 mol%) were used, and the same purification process to the crude product the similarly afforded

93al (0.1228 g, 0.3947 mmol, 99%).

Rf=0.23 (hexane:AcOEt = 4:1).

"HNMR: 8 1.78 (s, 3H), 3.69 (s, 3H), 3.93 (brs, 1H), 4.91 (brs, 1H), 6.37-6.40 (m, 2H), 6.60-6.66 (m,
2H), 6.83-6.87 (m, 2H), 7.51 (d, J = 8.4 Hz, 2H).

BC NMR: § 20.1, 55.6, 62.7 (q, J = 26.1 Hz), 114.3, 115.3, 118.9, 126.4 (q, J = 285.1 Hz), 129.3,
129.4, 137.7, 153.1, 155.7.

F NMR: 6 -79.71 (s).

IR (CHCl3) v 3382, 3001, 2953, 2836, 1614, 1511, 1462, 1270, 1154, 825 cm™.

HRMS (FAB+, m/z): [M]" Calcd for Ci6Hi6F3NO», 311.1133; Found, 311.1152.

2-[4-[{(1,1-Dimethylethyl)dimethylsilyl} oxy]phenyl]-1,1,1-trifluoro-2-(2-
methoxyphenyl)aminopropane (96am).

MeO
HN CF;

Me

TBSO
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Following to GP3, o-anisidine (0.0592 g, 0.481 mmol, 1.2 eq.) and AcOH (0.0144 g, 0.240 mmol,
60 mol%) were used, and the crude product was purified by silica gel column chromatography using
hexane:CH>Cl, = 4:1 as an eluent to give the desired product 96am as a colorless oil (0.1357 g, 0.3196
mmol, 80%).

Rf=0.33 (hexane:CH,Cl, = 4:1).

'"H NMR: & 0.21 (s, 6H), 0.98 (s, 9H), 1.84 (s, 3H), 3.89 (s, 3H), 5.04 (s, 1H), 5.98 (dd, /=8.1, 1.5
Hz, 1H), 6.52 (td, J= 7.8, 1.5 Hz, 1H) 6.65 (td, /= 7.8, 1.5 Hz, 1H), 6.77-6.86 (m, 3H), 7.46 (d, J =
8.4 Hz, 2H).

BCNMR: §6-44,18.2,20.1,25.6,55.6,62.3 (q,J=26.7 Hz), 109.7, 114.5, 117.9, 120.0, 120.4, 126.5
(q,J=285.2 Hz), 129.3, 129.7, 133.8, 147.8, 155.7.

F NMR: 6 -79.89 (s).

IR (CHCl3) v 3382, 3001, 2953, 2836, 1614, 1511, 1462, 1270, 1154, 825 cm™.

HRMS (FAB+, m/z): [M+H]" Calcd for C2,H31F3NO-Si, 426.2076; Found, 426.2095.

2-[4-[{(1,1-Dimethylethyl)dimethylsilyl}oxy]phenyl]-1,1,1-trifluoro-2-((R)-1-
phenylethyl)aminopropane (96an).

Ph

HN CF;
Me

TBSO

Following to GP3, (R)-(+)-1-Phenylethylamine (0.0583 g, 0.481 mmol, 1.2 eq.) and AcOH (0.0144
g, 0.240 mmol, 60 mol%) were used, and the crude product was purified by silica gel column
chromatography using hexane:CH>Cl> =4:1 as an eluent to give the desired product 96an as a colorless
oil as an inseparable diastereomeric mixture (0.1204 g, 0.2842 mmol, 71%, dr = 58:42).

(3C NMR spectrums of the major and minor were not determined, so all spectrums were described
below.)

Rf=0.25 (hexane:CH,Cl, = 4:1).

IR (CHCl3) v 3374, 2957, 2930, 2858, 1607, 1511, 1462, 1270, 1154,917 cm™.

HRMS (FAB+, m/z): [M]" Calcd for C23H32F3NOSi, 423.2205; Found, 423.2225.

BCNMR: 6 —4.42,-4.40, 18.2,20.9, 21.2, 25.6, 26.9, 27.0, 52. 6, 52.8, 63.0 (q, /= 25.4 Hz), 63.4 (q,
J=25.4Hz), 119.3, 119.6, 126.15, 126.18, 126.4, 126.5, 126.7 (q, J = 283.2 Hz) 127.3 (q, J = 287.3
Hz), 130.8, 131.6, 147.8, 148.2, 155.3, 155.5.

The major compound

"H NMR: & 0.19 (s, 6H), 0.97 (s, 9H) 1.28 (d, J= 6.9 Hz, 3H)1.55 (s, 3H), 2.04 (brs, 1H) 3.59 (q, J =
6.6 Hz, 1H), 6.86-6.73 (m, 2H), 7.14-7.35 (m, 7H).
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YF NMR: & —77.93 (s).

The minor compound

'"H NMR: & 0.23 (s, 6H), 1.00 (s, 9H), 1.34 (d, J= 6.6 Hz, 3H), 1.59 (s, 3H), 2.04 (brs, 1H), 3.92 (q, J
=6.6 Hz, 1H), 6.81-6.86 (m, 2H), 7.14-7.35 (m, 7H).

F NMR: & —79.98 (s).

2-tert-Butyl-2-[4-[{(1,1-dimethylethyl)dimethylsilyl}oxy]phenyl]-1,1,1-trifluoropropane (96af).

HN CF;
Me

TBSO

Following to GP3, #-butylamine (0.0352 g, 0.481 mmol, 1.2 eq.) and p-TsOH+H>O (0.0038 g, 0.020
mmol, 5 mol%) were used, and the crude product was purified by silica gel column chromatography
using hexane:CH>Clo = 1:0 to 4:1 as an eluent to give the desired product 96af as a colorless o0il (0.0284
g, 0.0756 mmol, 19%) in addition to other products of 0.0683 g of 99 (0.225 mmol, 56%) and 0.0111
g 0of 100 (0.0226 mmol, 6%))

Rf=0.33 (hexane:CH,Cl, = 4:1).

"H NMR: & 0.20 (s, 6H), 0.98 (s, 9H), 1.00 (s, 9H), 1.79 (q, J = 0.9 Hz, 3H), 6.77-6.82 (m, 2H), 7.41
(d, J=8.4 Hz, 2H).

BCNMR: § 4.4, 18.2,21.3,25.6,32.4,51.7,62.4 (q, J = 24.9 Hz), 119.2, 126.8 (q, J = 284.6 Hz),
128.9, 133.6, 155.3.

F NMR: 5 —80.55 (s).

IR (CHCl3) v 3019, 2959, 2931, 2859, 1607, 1510, 1471, 1270, 1153, 916 cm™.

HRMS (FAB+, m/z): [M]" Calcd for C19H32F3NOSI, 375.2205; Found, 375.2224.

1-[4-[{(1,1-Dimethylethyl)dimethylsilyl} oxy]-4-(3,3,3-trifluoroprop-1-en-2-yl)benzene (99)

CF,
TBSO
Rf=0. 33 (hexane).
"HNMR: § 0.21 (s, 6H), 0.98 (s, 9H), 5.69 (q, J = 1.8 Hz, 1H), 5.86 (q, J = 1.2 Hz, 1H), 6.81-6.89
(m, 2H), 7.33 (d, /= 8.4 Hz, 2H).
BCNMR: 5-4.4,18.2,25.7,118.8 (q,/= 6.2 Hz), 120.1, 123.4 (q, J=274.0 Hz), 126.6, 128.6, 138.4
(9, J=29.8 Hz), 156.5.
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19F NMR: & —66.06 (s).
IR (CHCls) v 3019, 2958, 2931, 2859, 1607, 1513, 1267, 1217, 1129, 915, cm".
HRMS (FAB+, m/z): [M+H]" Caled for C1sHaoF30Si, 303.1392; Found, 303.1384.

2-14-[{(1,1-Dimethylethyl)dimethylsilyl} oxy]phenyl]-1,1,1-trifluoro-2-{4-(3,3,3-trifluoroprop-1-
en-2-yl)phenoxy}propane. (100)

Fs;C

O CF;
Me

TBSO
'H NMR: § 0.23 (s, 6H), 0.99 (s, 9H), 1.85 (s, 3H), 5.66 (q, J = 1.5 Hz, 1H), 5.86 (q, J = 1.2 Hz, 1H)
6.68-6.73 (m, 2H), 6.84-6.89 (m, 2H), 7.25 (d, J = 9.3 Hz, 2H), 7.43 (d, J = 8.7 Hz, 2H).

13C NMR: § —4.4, 17.9, 18.2, 25.6, 81.5 (q, J = 29.2 Hz), 119.4 (g, J = 5.6 Hz), 120.0, 123.3 (q, J =
274.1 Hz), 124.7 (q, J = 284.4 Hz), 127.8, 128.2, 128.8, 129.0, 138.1 (q, /= 29.8 Hz), 154.7, 156.5.
19F NMR: § —82.56 (s, 3F), —66.13 (s, 3F)

IR (CHCL) v 3363, 3004, 2952, 1615, 1516, 1459, 1281, 1171, 1121, 970 cm".

HRMS (FAB+, m/z): [M+H]* Caled for C24HaoF40,Si, 491.1841; Found, 491.1824.

4-{2-(Benzylamino)-1,1,1-trifluoropent-2-yl}phenol. (93ma)
BnHN CF;
Pr
HO
Following to GP1, benzylamine (0.0514 g, 0.480 mmol, 1.2 eq.) and 2mb (0.1794 g, 0.3995 mmol)
instead of S0ab were used, and the crude product was purified by silica gel column chromatography
using hexane:AcOEt = 4:1 as an eluent to give the desired product 93ma as a pale-yellow oil (0.1193
g, 0.3689 mmol, 92%).
Rf=0.33 (hexane:AcOEt = 4:1).
"HNMR: § 0.90 (t, J= 7.2 Hz, 3H), 1.33-1.46 (m, 2H), 1.62 (s, 1H), 2.04-2.24 (m, 2H), 3.54 (d, J =
11.1 Hz, 1H), 3.75 (d, J=11.1 Hz, 1H), 5.00 (brs, 1H), 6.81-6.86 (m, 2H), 7.21-7.31 (m, SH), 7.50 (d,
J=28.1 Hz, 2H).
BCNMR: § 14.3,16.3, 38.1,46.9, 65.6 (q, J = 25.0 Hz), 115.2, 127.1, 127.6 (q, J = 290.7 Hz), 127.8,
128.5, 128.8, 129.4, 140.5, 155.0.
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19F NMR: & ~71.73 ().
IR (CHCls) v 3351, 2965, 2934, 2875, 1608, 1513, 1269, 1165, 916, 761 cm .
HRMS (FAB+, m/z): [M+H]* Caled for CasHsoF305Si, 324.1575; Found, 324.1574

4-{2-(Benzylamino)-1,1,1-trifluoro-3-methylbut-2-yl}phenol. (93na)
BnHN CF;
iPr
HO
Following to GP1, benzylamine (0.0514 g, 0.480 mmol, 1.2 eq.) and 2nb (0.1794 g, 0.3995 mmol)
instead of 50ab were used, and the crude product was purified by silica gel column chromatography
using hexane:AcOEt = 4:1 as an eluent to give the desired product 93na as a pale-yellow oil (0.0906
g, 0.2802 mmol, 70%).
Rf=0.33 (hexane:AcOEt = 4:1).
'"HNMR: 8 0.81 (d, J= 6.9 Hz, 3H), 1.06 (dq, J = 6.9, 1.5 Hz, 3H), 1.77 (brs, 1H), 2.19 (sept, J = 6.9
Hz, 1H), 3.78 (s, 2H), 4.84 (brs, 1H), 6.81-6.84 (m, 2H), 7.28-7.53 (m, 7H).
BCNMR: §17.6,17.8,36.7,47.0, 69.1 (q, J=22.3 Hz), 114.9, 127.0, 127.5, 128.0 (q, J = 294.4 Hz),
128.4, 128.8, 129.5, 140.9, 154.7.
F NMR: 6 —64.37 (s).
IR (CHCIl3) v 3370, 2970, 2938, 2879, 1615, 1514, 1240, 1145, 907, 834 cm™".
HRMS (FAB+, m/z): [M+H]" Calcd for C1gH21F3NO, 324.1575; Found, 324.1578.

4-{1-(Benzylamino)-2,2,2-trifluoro-1-phenyleth-2-yl} phenol (93ba)
BnHN CF,
Ph
HO
Following to GP1, benzylamine (0.0514 g, 0.480 mmol, 1.2 eq.) and 2bb (0.1930 g, 0.3999 mmol)
instead of S0ab were used, and the crude product was purified by silica gel column chromatography
using hexane:AcOEt = 4:1 as an eluent to give the desired product 93ba as a pale-yellow oil (0.1366
g, 0.3822 mmol, 96%).
Rf=0.37 (hexane:AcOEt = 4:1).
"HNMR: & 1.26 (s, 1H), 2.31 (brs, 1H), 3.66 (s, 2H), 6.77-6.81 (m, 2H), 7.28-7.47 (m, 12H).
BC NMR: 6 48.2, 70.0 (q, J = 24.9 Hz), 115.0, 126.9 (q, J=290.2 Hz), 127.1, 127.97, 128.01, 128.1,
128.4,128.5 (q, J = 1.8 Hz), 130.0 (q, /= 1.1 Hz), 131.4, 139.3, 140.4, 155.2.
9F NMR: 5 —68.59 (s).
IR (CHCl3) v 3352, 3064, 2920, 2866, 1614, 1514, 1448, 1259, 1150, 832 cm™.
HRMS (FAB+, m/z): [M+H]* Calcd for C21H19F3NO, 358.1419; Found, 358.1401.
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4-{2-(Benzylamino)-1,1,1-trifluoro-4-phenylbut-3-yn-2-yl}phenol (93la)
BnHN CF,
X

Ph
HO

Following to GP1, benzylamine (0.0514 g, 0.480 mmol, 1.2 eq.) and 2Ib (0.2031 g, 0.4009 mmol)
instead of 50ab were used, and the crude product was purified by silica gel column chromatography
using hexane:AcOEt = 4:1 as an eluent to give the desired product 93la as a brown oil (0.1358 g,
0.3561 mmol, 89%).

Rf=0.37 (hexane:AcOEt = 4:1).

'"HNMR: 6 3.62 (d, J=12.0 Hz, 1H), 3.94 (d, J=12.0 Hz, 1H), 6.86-6.91 (m, 2H), 7.27-7.41 (m, 8H)
7.57-7.60 (m, 2H), 7.82 (d, J= 8.7 Hz, 2H).

BCNMR: & 48.0,70.0 (q,/=129.2 Hz), 84.3, 88.5, 115.3, 121.7, 124.3 (q, /= 284.5 Hz), 125.8, 127.3,
128.3, 128.4, 128.5, 129.0, 130.3, 131.9, 139.3, 156.5.

F NMR: 6 —78.68 (s).

IR (CHCl3) v 3592, 3333, 3066, 3017, 1613, 1597, 1511, 1267, 1193, 1163, 916 cm™".

HRMS (FAB+, m/z): [M+H]" Calcd for C19H33F3NOSi, 376..2284; Found, 376.2257..

General procedure of reaction of amide or imide (GP4)

To a test tube containing 55% suspension of NaH in mineral oil (0.0349 g, 0.800 mmol) in DMSO
(2.0 mL) was introduced an amide or imide (0.88 mmol, 2.2 eq.), and this reaction mixture was stirred
for 15-30 min at 30 °C. Then, 50ab (0.1682 g, 0.4000 mmol) in DMSO 2.0 mL was added to the
reaction mixture, and the whole solution was further stirred for 1 h at 50 °C. After cooling to 30 °C
and quenched with sat. NH4Cl aq., TBS protection was conducted by GP2. Then, after usual work up,
evaporation of the volatiles afforded a white solid which was washed by hexane to remove the excess
imide or amide. Evaporation of hexane from the filtrate afforded crude oils which were purified by

silica gel column chromatography to furnish the desired product.

N-[1-[4-[{(1,1-Dimethylethyl)dimethylsilyl}oxy|phenyl]-1,1,1-trifluoroprop-2-yl]-4-
methylbenzenesulfonamide (96a0)
TsHN CF;

Me

TBSO
Following to GP4, p-toluenesulfonamide (0.1510 g, 0.8820 mmol, 2.2 eq.) was used, and the crude
product was purified by silica gel column chromatography using hexane:CH>Cl, = 1:0 to 1:2 as an

eluent to give the desired product 96ao as a colorless oil (0.0928 g, 0.196 mmol, 49%).
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Rf=0.25 (hexane:CH,Cl, = 1:2).

'"H NMR: 8 0.20 (s, 6H), 0.98 (s, 9H), 1.87 (s, 3H), 2.41 (s, 3H), 5.31 (s, 1H), 6.68-6.73 (m, 2H), 7.22
(d, J=17.8 Hz, 2H), 7.24 (d, J = 8.1 Hz, 2H), 7.61 (d, J= 8.4 Hz, 2H).

BCNMR: 644, 18.1,19.2,21.4,25.6,63.3 (q, J= 28.0 Hz), 119.5, 125.3 (q, J = 283.6 Hz), 127.1,
128.3,128.4,129.4, 138.8, 143.4, 156.0.

YF NMR: § -79.89 (s).

IR (CHCIl3) v 3376, 3027, 2957, 2859, 1608, 1513, 1269, 1165, 916, 761 cm™".

HRMS (FAB+, m/z): [M]" Caled for C2H30F3NO3SSi, 473.1668; Found, 473.1667.

N-[1-]4-[{(1,1-Dimethylethyl)dimethylsilyl} oxy|phenyl]-1,1,1-trifluoroprop-2-yl]phtalimide
(96ap)

N CF;
Me

TBSO

Following to GP4, phthalimide (0.1294 g, 0.8795 mmol, 2.2 eq.) was used, and the crude product
was purified by silica gel column chromatography using hexane:CH>Cl, = 1:0 to 2:1 as an eluent to
give the desired product 96ap as a colorless oil (0.0560 g, 0.1246 mmol, 31%).

Rf=0.33 (hexane:CH,Cl, = 2:1).

"HNMR: § 0.21 (s, 6H), 0.98 (s, 9H), 2.23 (s, 3H), 6.79-6.82 (m, 2H), 7.25 (d, J = 8.1 Hz, 2H), 7.71-
7.76 (m, 2H), 7.78-7.82 (m, 2H).

BCNMR: 6 4.4, 18.1,24.6,25.6,63.9 (q,J=29.1 Hz), 119.8, 123.3, 125.8 (q, J = 286.9 Hz), 126.3,
131.3, 131.4, 134.3, 155.0, 167.5.

F NMR: 8 —72.68 (s).

IR (CHCl3) v 3019, 2954, 2931, 2861, 1728, 1514, 1273, 1216, 918, 761 cm™.

HRMS (FAB+, m/z): [M]" Caled for C23Ha6F3NO3Si, 449.1634; Found, 449.1637.

General procedure for the reaction with thiols (GP5)

To a test tube under an argon atmosphere were introduced 50ab (0.1682 g, 0.4000 mmol), a thiol (0.
48 mmol, 1.2 eq.) and 4.0 mL of MeCN, where tetrabutylammonium fluoride (a 1.0 M THF solution,
0.02 mL, 0.02 mmol, 5 mol%) was added. This reaction mixture was stirred for appropriate time at
30 °C or 50 °C (see Table 3-14). Then, H,O (2.0 mL) and KF (0.0350 g, 0.602 mmol, 1.5 eq.) was

added to the mixture which was further stirred for 2 h at the same temperature. After addition of sat.
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NH4Cl aq., the reaction mixture was extracted three times with AcOEt and the combined organic phase
was dried over anhydrous NaxSOa. After filtration, evaporation of the volatiles afforded a crude

material which was purified by silica gel column chromatography to furnish the desired product.

4-[1,1,1-Trifluoro-2-{(phenylmethane)sulfenyl} prop-2-yl]phenol (103aa).
BnS CF,

Me

HO

Following to GP5, benzyl mercaptan (0.0597 g, 0.481 mmol, 1.2 eq.) was used, and the crude product
was purified by silica gel column chromatography using AcOEt:hexane=3:1 to 1:1 as an eluent to give
the desired product 103aa as a white solid (0.1157 g, 0.3702 mmol, 93%).
Rf=0.37 (hexane:AcOEt = 4:1).
m.p.: 63.6 °C.
'"H NMR: & 1.88 (s, 3H), 3.53 (d, J = 11.4 Hz, 1H), 3.73 (d, J = 11.7 Hz, 1H), 4.92 (brs, 1H), 6.82-
6.87 (m, 2H), 7.17-7.29 (m, 5H), 7.55 (d, /= 8.7 Hz, 2H)
BCNMR: 8 22.4 (q, /= 1.9 Hz), 35.3, 55.3 (q, J = 26.3 Hz), 115.2, 127.3, 127.4 (q, J = 281.6 Hz),
128.5, 129.06, 129.10, 129.4 (q, J= 1.3 Hz), 155.1.
19F NMR: § —72.07 (s).
IR (KBr) v 3245, 3028, 2932, 2740, 1614, 1515, 1455, 1245, 1155, 1074 cm™".
HRMS (FAB+, m/z): [M]" Calcd for C¢HisF30S, 312.0796; Found, 312.0802.

4-{1,1,1-Trifluoro-2-(decanesulfenyl)prop-2-yl} phenol (103ab).
C10H21S CF;3
Me
HO
Following to GPS, 1-decanthiol (0.0841 g, 0.4812 mmol, 1.2 eq.) was used, and the crude product
was purified by silica gel column chromatography using hexane:AcOEt = 6:1 as an eluent to give the
desired product 103ab as a white solid (0.1198 g, 0.3308 mmol, 83%).
Rf=0.40 (hexane:AcOEt = 4:1).
'"H NMR: & 0.88 (t, J = 6.6 Hz, 3H), 1.22 (brs, 14H), 1.45 (quint., J = 7.2 Hz, 2H), 1.85 (s, 3H), 2.36
(dt,J=11.1, 7.2 Hz, 1H), 2.46 (dt, J=11.1, 7.2 Hz, 1H), 4.87 (brs, 1H), 6.79-6.84 (m, 2H), 7.55 (d,
J=8.4 Hgz, 2H).
BCNMR: § 14.0,22.4 (q,J = 1.8 Hz), 22.6, 28.6, 28.9, 29.1, 29.3, 29.4, 29.5, 30.2, 31.9, 54.3 (q, J =
26.3 Hz), 115.1, 127.5 (q, J=278.9 Hz), 129.3, 129.5, 155.0.
F NMR: 6 —-72.52 (s).
IR (CHCl3) v 3370, 2927, 2855, 1614, 1514, 1465, 1378, 1262, 1164, 1076 cm™.
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HRMS (FAB+, m/z): [M]* Caled for C1oHa9oF308S, 362.1891; Found, 362.1909.

4-[1,1,1-Trifluoro-2-{(1-methylethane)sulfenyl}prop-2-yl]phenol (103ac)

'Prs CF,
Me

HO

Following to GP1, 2-propanethiol (0.0365 g, 0.479 mmol, 1.2 eq.) was used, the crude product was
purified by silica gel column chromatography using hexane:AcOEt = 4:1 as an eluent to give the
desired product 103ac as a colorless 0il(0.0807 g, 0.305 mmol, 76%).

Rf=0.33 (hexane:AcOEt = 4:1).

'THNMR: § 1.13 (d, /= 6.9 Hz, 3H), 1.17 (d, /= 6.9 Hz, 3H) 1.88 (s, 3H), 2.82 (sept., /= 6.9 Hz, 1H),
4.84 (brs, 1H), 6.82 (d, /= 7.8 Hz, 2H), 7.53 (d, J= 8.4 Hz, 2H).

BC NMR: 8 22.9 (q, J = 1.8 Hz), 24.9, 25.0, 35.3, 55.1 (q, J = 26.4 Hz), 115.0, 127.3 (q, J = 278.3
Hz), 129.5, 129.8, 155.0.

19F NMR: § —72.67 (5).

IR (CHCIl3) v 3370, 2966, 2928, 2868, 1613, 1514, 1462, 1259, 1165, 1075 cm™".

HRMS (FAB+, m/z): [M]" Calcd for C,Hi5F308, 264.0796; Found, 264.0767.

Methyl 2-{1,1,1-trifluoro-2-(4-hydroxyphenyl)prop-2-yl} thioacetate (103ad)
Meo\io

HO

S CF;
Me

Following to GP5, methyl thioglycolate (0.0509 g, 0.480 mmol, 1.2 eq.) was used, the crude product
was purified by silica gel column chromatography using hexane:CH>Cl, = 1:0 to 2:1 as an eluent to
give the desired product 103ad as a colorless oil (0.1017 g, 0.3456 mmol, 86%).

Rf=0.33 (hexane:AcOEt = 4:1).

'"HNMR: & 1.87 (s, 3H), 3.15 (d, J= 15.3 Hz, 1H), 3.30 (d, /= 15.6 Hz, 1H), 3.65 (s, 3H), 5.04 (brs,
1H), 6.81-6.86 (m, 2H), 7.49 (d, J = 8.7 Hz, 2H).

BC NMR: & 22.3 (q, J = 1.9 Hz), 32.9, 52.8, 55.0 (q, J = 26.3 Hz), 115.4, 127.2 (q, J = 278.9 Hz),
127.6, 129.3, 155.8, 170.8.

F NMR: 6 -72.27 (s).

IR (CHCl3) v 3415, 3028, 3009, 2955, 1731, 1614, 1516, 1438, 1263, 1164 cm™.

HRMS (FAB+, m/z): [M+H]" Calcd for C12H13F3038S, 294.0538; Found, 294.0549.
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2-[4-[{(1,1-Dimethylethyl)dimethylsilyl} oxy]phenyl]]-1,1,1-trifluoro-2-phenylthiopropane (104ae)
PhS CF;

Me

TBSO

Following to GP5, thiophenol (0.0597 g, 0.481 mmol) was used, and after quenching with H»O,
following to GP2, TBS protection was conducted. The crude mixture was purified by silica gel column
chromatography using hexane:CH>Cl, = 15:1 as an eluent to give the desired product 104ae as a white
solid (0.1012 g, 0.2453 mmol, 61%).
Rf=0.23 (hexane:AcOEt = 4:1).
m.p.: 63.6 °C.
'"HNMR: & 0.21 (s, 6H), 0.99 (s, 9H), 1.75 (s, 3H), 6.80 (d, J = 8.7 Hz, 2H), 7.21-7.39 (m, 5H), 7.45
(d, J=8.7 Hz, 2H).
BCNMR: 6 -4.4,18.2,21.5,25.7,56.9 (q,J=24.9 Hz), 119.6, 127.1 (q, J= 282.0 Hz), 128.5, 129.3,
129.6, 129.8, 130.1, 137.5, 157.6.
F NMR: 6 -71.88 (s).
IR (KBr) v 3348, 2965, 2933, 2875, 1614, 1514, 1243, 1160, 1101, 826 cm™".
HRMS (FAB+, m/z): [M+H]" Calcd for C21H2sF30SSi, 413.1582; Found, 413.1563.

4-[1,1,1-Trifluoro-2-{(phenylmethane)sulfenyl} pent-2-yl|phenol (103ma)
BnS CF,

Pr

HO

Following to GP5, benzyl mercaptan (0.0596 g, 0.480 mmol, 1.2 eq.) and 2mb (0.1794 g, 0.3995
mmol) instead of 50ab were used, and the crude product was purified by silica gel column
chromatography using hexane:AcOEt = 4:1 as an eluent to give the desired product 103ma as a pale-
yellow oil (0.1192 g, 0.3502 mmol, 88%).
Rf=0.30 (hexane:AcOEt = 4:1).
"H NMR: & 0.90 (t, J = 7.2 Hz, 3H), 1.36-1.41 (m, 2H), 2.08-2.22 (m, 2H), 3.54 (d, /= 11.1 Hz, 1H),
3.75 (d, J = 11.1 Hz, 1H), 4.99 (brs, 1H), 6.82-6.87 (m, 2H), 7.19-7.31 (m, 5H) 7.50 (d, J = 8.1 Hz,
2H).
BCNMR: 8 14.2,17.5,35.1 (q,J= 1.9 Hz), 36.7, 59.9 (q,J=26.1 Hz), 115.3, 127.3, 127.5, 127.8 (q,
J=285.0 Hz), 128.5, 129.2, 129.6, 136.3, 155.0.
9F NMR: 8 —69.0 (s).
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IR (CHCls) v 3348, 2965, 2933, 2875, 1614, 1514, 1243, 1160, 1101, 826 cm".
HRMS (FAB+, m/z): [M]" Caled for C1sH;oF30S, 340.1109; Found, 340.1116

4-[1,1,1-Trifluoro-3-methyl-2-{(phenylmethane)sulfenyl}but-2-yl|phenol (103na).
BnS CF,
Pr
HO
Following to GPS5, benzyl mercaptan (0.0596 g, 0.480 mmol, 1.2 eq.) and 2nb (0.1794 g, 0.3995
mmol) instead of 50ab were used, and the crude product was purified by silica gel column
chromatography using hexane:AcOEt = 4:1 as an eluent to give the desired product 103na as a pale-
yellow oil (0.1260 g, 0.3702 mmol, 93%).
Rf=0.37 (hexane:AcOEt = 4:1).
'"HNMR: 3 1.00 (d, J= 7.2 Hz, 6H), 2.42 (sept., J= 7.2 Hz, 1H), 3.31 (d, J= 11.1 Hz, 1H), 3.70 (d, J
=11.1 Hz, 1H), 4.95 (brs, 1H), 6.86-6.89 (m, 2H), 7.22-7.31 (m, 5H) 7.63 (d, J= 8.7 Hz, 2H).
BCNMR: § 18.6 (d, /= 1.8 Hz), 19.1 (d, /= 1.9 Hz), 35.3 (q, /= 1.9 Hz), 38.5, 65.6 (q, J = 24.3 Hz),
115.2,127.3,128.2 (q, J =286.3 Hz) 128.6, 129.1, 129.1, 129.9 (q, J = 1.9 Hz), 136,7, 154.6.
F NMR: 6 -60.31 (s).
IR (CHCl3) v 3385, 2972, 2942, 2884, 1614, 1514, 1455, 1247, 1153, 818 cm ™.
HRMS (FAB-, m/z): [M-H] Calcd for C1sH19F303S, 339.1030; Found, 339.1010.

4-[1,1,1-Trifluoro-1-phenyl-2-{(phenylmethane)sulfenyl}ethyl] phenol (103ba)
BnS CF;
Ph
HO
Following to GPS, benzyl mercaptan (0.0596 g, 0.480 mmol, 1.2 eq.) and 2bb (0.1930 g, 0.3999
mmol) instead of 50ab were used, and the crude product was purified by silica gel column
chromatography using hexane:AcOEt = 4:1 as an eluent to give the desired product 103ba as a pale-
yellow oil (0.1260 g, 0.3702 mmol, 93%).
Rf=0.40 (hexane:AcOEt = 4:1).
'"HNMR: & 3.42 (d, J= 11.4 Hz, 1H), 3.50 (d, J = 11.4 Hz, 1H), 4.96 (brs, 1H), 6.76-6.81 (m, 2H),
7.10-7.13 (m, 2H) 7.19-7.27 (m, 3H), 7.31-7.38 (m, 5H), 7.48-7.51 (m, 2H).
BC NMR: & 36.1 (q, J= 1.9 Hz), 64.2 (q, J=26.1 Hz), 114.9, 127.1 (q, J = 283.1 Hz), 127.3, 128.0,
128.1, 128.5, 129.2, 129.6 (q, J = 1.3 Hz), 131.1, (q, /= 1.3 Hz), 136,0, 138.4, 155.1.
9F NMR: 8 —66.76 (s).
IR (CHCl3) v 3363, 3064, 2939, 1614, 1512, 1454, 1371, 1253, 1160, 1036 cm™".
HRMS (FAB+, m/z): [M]" Calcd for C21H17F308, 374.0952; Found, 374.0976.
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4-{1,1,1-Trifluoro-2-(2,2,2-trifluoroethoxy)prop-2-yl}phenol (105aa)
F,C
\—0 CF,

Me

HO

To a test tube were introduced 55% suspension of NaH in mineral oil (0.0347 g, 0.795 mmol, 2.0
eq.), 2,2,2-trifluoroethanol (0.0880 g, 0.88 mmol, 2.0 eq.) and 2.0 mL of DMSO were added. This
reaction mixture was stirred for 15-30 min at 30 °C. Then, 50ab (0.1682 g, 0.4000 mmol) and DMSO
2.0 mL was added to the reaction mixture, and this reaction mixture was stirred for 1 h at 50 °C. After
cooling to 30 °C and quenched with sat. NH4Cl, following to GP1, deprotection of TBS group was
conducted. Then, after usual work up, evaporation of the volatiles of the residue afforded a crude
material which was purified by silica gel column chromatography using hexane:AcOEt = 5:1 as an
eluent to give the desired product 105aa as a colorless oil (0.0580 g, 0.2013 mmol, 50%).
Rf=0.17 (hexane:AcOEt = 4:1).
'"H NMR: & 1.79 (s, 3H), 3.65 (dq, J = 11.1, 8.1 Hz, 1H), 3.71 (dq, /= 11.1, 8.1 Hz, 1H), 6.85-6.90
(m, 2H), 7.39 (d, /= 9.0 Hz, 2H).
BCNMR: § 18.3,61.5 (q, J = 35.4 Hz), 80.2 (q, J = 29.2 Hz), 115.5, 123.5 (q, /= 277.7 Hz), 124.6
(q,J=284.6 Hz), 126.6, 129.3, 156.5.
F NMR: 6 —-80.72 (s, 3F), —75.35 (t, J = 9.0 Hz, 3F).
IR (CHCl3) v 3363, 3004, 2952, 1615, 1516, 1459, 1281, 1171, 1121, 970 cm™.
HRMS (FAB+, m/z): [M]" Calcd for Ci1H0F6O2, 288.0585; Found, 288.0566.

2-[4-[{(1,1-Dimethylethyl)dimethylsilyl}oxy|phenyl]-1,1,1-trifluoro-2-phenoxypropane
(106ab)

o

O CF;
Me

TBSO

Follwing to GP2, phenol (0.0752 g, 0.799 mmol, 2.0 eq.), TBSCI (0.1809 g, 1.200 mmol, 3.0 eq.)
and imidazole (0.1633 g, 2.399 mmol, 6.0 eq.) were used, and the crude product was purified by silica
gel column chromatography using hexane:CH>Cl, = 10:1 as an eluent to give the desired product 106

ab as a colorless oil (0.0696 g, 0.1755 mmol, 43%)
Rf=0.30 (hexane).
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'HNMR: § 0.22 (s, 6H), 0.99 (s, 9H), 1.80 (q, J = 0.9 Hz, 3H), 6.71-6.75 (m, 2H), 6.84-6.89 (m, 2H),
6.97 (tt, J="17.5, 1.2 Hz, 1H), 7.11-7.18 (m, 2H), 7.46 (d, J = 8.4 Hz, 2H).

13C NMR: & —4.4, 18.0, 18.2, 25.6, 81.3 (q, J = 24.9 Hz), 119.8, 120.0, 120.5, 122.7, 124.8 (q, J =
284.4 Hz), 129.1, 129.8, 154.1, 156.3.

19F NMR: & ~71.88 (5).

IR (CHCls) v 2954, 2931, 2878, 2853, 1608, 1509, 1491, 1271, 1174, 770 cm".

HRMS (FAB+, m/z): [M+H]* Caled for C21HasF30,Si, 397.1811; Found, 397.1829.

Investigation of a temporal change of the reaction with 6a and aniline or p-anisidine in the

absence or presence of TBSOAc

BocO CF; RHN CF; BocO CF;
1.2 eq. aniline or p-anisidine
Me  ith/without 0.6 eq. TBSOAGC Me Me
» +
HO DMSO, 50 °C PO TBSO
98ab 93a (P =H) 50ab
96a (P = TBS)

To a test tube were introduced 98ab (0.1225 g, 0.4000 mmol), p-anisidine (0.0591 g, 0.480 mmol)
or aniline (0.0447 g, 0.480 mmol), with/without TBSOAc (0.0417g, 0.0241 mmol, 0.6 eq.)and 4.0 mL
of DMSO, and this solution was stirred at 50 °C. These yields were determined by '°F NMR.

93al was obtained from 98ab in the above condition without TBSOAc for 2 h at 50 °C. Following to
GP1, after usual workup, the crude product was purified by silica gel column chromatography using
hexane:AcOEt = 2:1 as an eluent to give the desired product 93al as a slightly yellow oil (0.1061 g,
0.3408 mmol, 85%).

4-{1,1,1-Trifluoro-2-(phenylaminoprop)-2-yl}phenol (93ak)

HN CF,
Me
HO
93ak was synthesized from deprotection of 96ak (0.1586 g, 0.4010 mmol) by TBAF (a 1.0 M THF
solution, 0.44 mL, 0.44 mmol, 1.1 eq.) in THF (1.0 mL) at 0 °C to 30 °C for 30 min. After addition

of sat. NH4Cl aq., the reaction mixture was extracted three times with AcOEt and the combined organic

phase was dried over anhydrous Na>SOs. After filtration, evaporation of the volatiles afforded a crude
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material which was purified by silica gel column chromatography using hexane:AcOEt = 10:1 to 5:1
as an eluent to give the desired product 93ak as a white solid (0.0978 g, 0.3477 mmol, 87%).

In the above experiments for investigation of a temporal change of the reaction with 98ab and aniline,
the generation 93ak was determined from '"’F NMR spectrum.
Rf=0.17 (hexane:AcOEt = 5:1).
'"HNMR: 8 1.86 (s, 3H), 4.23 (s, 1H), 4.83 (brs, 1H), 6.38 (d, /= 7.5 Hz, 2H), 6.72 (t, J= 7.5 Hz, 1H),
6.82-6.86 (m, 2H), 7.04 (t, J = 7.5 Hz, 2H), 7.49 (d, J= 8.4 Hz, 2H).
BC NMR: 6 21.1 (g, J = 1.9 Hz), 63.1 (q, J = 26.1 Hz), 116.5, 118.9, 120.0, 126.4 (q, J = 287.1 Hz),
128.7,129.2, 129.5, 144.0, 155.8.
YF NMR: § -80.18 (s).
IR (CHCIl3) v 3499, 3380, 3042, 2999, 2953, 1608, 1508, 1279, 1262, 1182 cm™.
HRMS (FAB+, m/z): [M+H]" Calcd for CsH;sF3NO, 282.1106; Found, 282.1122.

1F NMR yields of 93ak and the remained 98aa by using aniline without TBSOAc

9F NMR yield (%)
Time (min) 98ab (%) 93ak (%)
5 27 30
15 16 41
30 6 55
60 2 55
120 0 55

IF NMR yields of 93ak, 96ak, the remained 98ab, and 50ab by using aniline with TBSOAc¢

F NMR yield (%)
Time (min) 98ab 50ab 93ak 96ak

5 68 16 16 0
15 46 22 30 2
30 28 25 43 3
45 19 26 49 4
60 16 24 53 3
120 11 20 57 7
240 7 11 64 12
480 0 1 75 16
720 1 0 78 13
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I9F NMR yields of 93al and the remained 98ab by using p-anisidine without TBSOAc

19F NMR yield (%)
Time (min) 98ab 93al
5 11 74
15 1 86
30 0 86
60 0 85
120 0 86

19F NMR yields of 93al, 96al, the remained 98ab, and 50ab by using p-anisidine with TBSOAc

F NMR yield (%)
Time (min) 98ab 50ab 93al 96al

5 62 20 19 0
15 53 22 25 0
30 29 26 43 2
45 18 29 49 3
60 20 25 51 4
120 15 23 55 7
240 9 16 66 9
480 5 8 72 15
720 2 3 79 16

Control experiments

p-MeOCgH,—NH Me
CF;

HO
93al

p-MeOCgH,—NH Me
CF;

1.2 eq. p-anisidine

1.0 eq, p-Br-CgH,OTBS

DMSO, 50 °C, 2 h
TBSO
96al
25%
(recovery of 93al: 46%)

To a test tube were introduced 93al (0.0311 g, 0.0999 mmol), p-anisidine (0.0147 g, 0.119 mmol), 1-
bromo-4-[ {(1,1-dimethylethyl)dimethylsilyl} oxy]benzene? (0.0287 g, 0.0999 mmol), and 1.0 mL of
DMSO, and this solution was stirred for 2 h at 50 °C. After cooling to 30 °C and quenched with H,O,
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the resultant solution was extracted three times with AcOEt and the combined organic phase was
washed with sat. NaCl aq. After drying over anhydrous Na,;SOs, evaporation of the volatiles afforded
a crude material which was purified by column chromatography using hexane:AcOEt = 8:1 to 4:1 as
an eluent to give 96al as a brown oil (0.0105 g, 0.0247 mmol, 25%) in addition to recovery of 0.0143
g of 93al (0.0459 mmol, 46%).

2-[4-[{(1,1-Dimethylethyl)dimethylsilyl} oxy]phenyl]-1,1,1-trifluoro-2- {(4-methoxyphenyl)amino} -

propane (96al).

'"H NMR: & 0.22 (s, 6H), 0.99 (s, 9H), 1.77 (s, 3H), 3.69 (s, 3H), 3.93 (brs, 1H), 6.35-6.40 (m, 2H),
6.59-6.64 (m, 2H), 6.82-6.87 (m, 2H), 7.48 (d, J= 8.4 Hz, 2H).

BCNMR: 6-4.4,18.2,204,25.6,55.4,62.8(q,J=26.1Hz), 114.2, 119.1, 119.9, 126.5 (q, J = 285.8
Hz), 129.2 (q, J= 1.3 Hz), 130.1, 137.6, 153.5, 155.7.

F NMR: 6 -79.71 (s).

IR (CHCl3) v 3019, 2957, 2932, 2858, 1510, 1266, 1219, 1157,916, 769 cm™".

HRMS (FAB+, m/z): [M]" Caled for C»H30F3NO>Si, 425.1998 Found, 420.2010.

AcO CF; AcO_CF;

Me 1.2 eq. p-anisidine Me

v

DMSO, 50 °C, 24 h HO
50aa 98aa
12%
(recovery of 50aa: 67%)

TBSO

Following to GP1, p-anisidine (0.0591 g, 0.480 mmol, 1.2 eq.) and 50aa (0.1449 g, 0.4000 mmol)
instead of 50ab were used, and the reaction mixture was quenched with 1 M HCI aq. After usual work
up, the crude mixture was purified by column chromatography using hexane:AcOEt =2:1 as an eluent
and the obtained compound was washed with hexane to give 98aa as a white solid (0.0115 g, 0.0463
mmol, 12%) in addition to recovery of 0.0975 g of S0aa (0.269 mmol, 67%).

1,1,1-Trifluoro-2-(4-hydroxyphenyl)prop-2-yl acetate (98aa)

Rf=0.40 (hexane:AcOEt = 2:1).

m.p.: 129.9 °C.

"H NMR: § 2.08 (q, J = 1.2 Hz, 3H), 2.14 (s, 3H), 5.13 (brs, 1H), 6.76-6.81 (m, 2H), 7.26 (d, J= 8.1
Hz, 2H).

BC NMR: & 18.4, 21.9, 81.7 (q, J = 29.1 Hz), 115.3, 124.1 (q, J = 286.5 Hz), 127.0, 127.9, 156.3,
168.9.

9F NMR: 5 —82.62 (s).
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IR (KBr) v 3441, 3041, 2939, 1737, 1517, 1262, 1176, 1114, 959, 821 cm".
HRMS (FAB+, m/z): [M+H]* Caled for C11HyF30s, 248.0660; Found, 248.0657.

p-MeOC6H4—NH Me
CF;

TBSO
BocO CF, NH, NH, :?;'
Me 1) DMSO, 50 °C, 6 h
+ + > +

2) 1.5 eq. TBSCI

50ab OMe 2.0 eq. Imidazole
0.6 eq. 0.6 eq. CH,Clp, 30 °C, 1 h NH Me

CF;

TBSO

TBSO
96ae
36%

Following to GP2,a mixture of p-anisidine (0.0295 g, 0.240 mmol, 0.6 eq.) and cyclohexylamine
(0.0238 g, 0.240 mmol, 0.6 eq.) were used, and the crude mixture was purified by column
chromatography using hexane:CH,Cl, = 1:0 to 2:1 as an eluent to give 96al (0.0936 g, 0.206 mmol,
51%) and 96ae (0.0573 g, 0.143 mmol, 36%).
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EWRY

AWFZEIE, TlGEE X 0 A5 ICTRATRE R R A & L i ROGTED Michael 244k & L THA
£ X 1 % 5-CF3-8-i& ##2 para-quinone methides (pQM) % . filt i & DIFEILIC X © FNTHRE X ¢,
T2 DRFERLAN L DRIGICE Y CREA AT 2 UBERRFEORFEZHNE L-bDTH
%,

AHH 1 FE TR, HEE TIRHE I N T WS pQM D Kt % O FHEEZ M L. 5=l
W5 pQM FIEK R DG E L O, 2 e iEEA F L v LEW L DRIGIC DO W Tk 7z, fili
BOEETpQM 2 RAEZEZICH 2D, XV IO T A a— L DORE#ERIC oW TRET L
TAER. Boc HAERTH D Z &R R L7 (1-1,1-2), KiT. Z D pQM DRIEKA & 3E 4 A
FL bl L oOGIE. il O -CHEIT L. CFR 2 H 3 2 HBIUPUR R B O fEEIC
I L7z, & 60C, EEXF L L&A, v 7 Vb4 A v EflifkTH % acetone
cyanohydrin ¥ =/ — Vv YV T—F A bEMHARETH 5 2 L 2L IC L (1-3), 7z
4 OMGEEERRD b, ARISHRALUYHFEL Twz X 51 pOM 2T 3G TH B 2 &
DIFFE Nz, ORI L, RO T pQM % F4E X 8 74 b RFB KA & D K6
DHETT L T ROGHEE Z IR E L 72, 2hichinz <, RROCHIE 7 v RACHE B R FE IO
WIS TE 20 2R T~ MG 237 v BEE O AR Z Rl H 7223, BE 057 fiF
DLz, chickh, BYREIFETH 2 CREDFEICL Y. BocO F o [t #2358 L 1
Mzons e, HEAPLEICHFETE 5L W) FREEPEBIICIEHIT 2 LB TE 2
(1-4), WIRITHR S N2 AR LAEBAL AR 2 G L7z & 2 5 BRI E Z R L
EEESHRER~LFEAETH 722 &b, KUGCOERMEO %2 RS Z L8 T
&7z (1-5),

BocQO CF3 CF3 Nu CF3
cat. Base 5 Nu-X
o= oy
TBSO o”? HO

Quaternary

R = alkyl in situ generated pQM carbon centers
Ar Highly reactive Michael acceptor 25 examples

alkynyl up to 97% vyield

¥ 28 Clk, KEFEZ N-~TrBRAALRvETATe FELVEINEZT LT =
FVEMRICER L, 2 e pQM DIIGIC X % a-CF-0-PUfk 7 b v DERKIZ DWW TR 7z
(2-1)o METORER, F7 ) v A HKED NHC il % v 3 2 &, HifE L Tz fil
BRICZMEICETTI 2 2 e TE 2R 2 /L2 (2-2), 7. EEHEHHM ORI O
B, f A OB FRT VT & P2 Clida BIET V7 e FHERO T v 7 =4 v 4 itk
EHRIEHETL, HWE T 27 b v BfFonsz, FRCHEOERIZ. pQM & O KIE % &
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KL 720 oflcd Y, SEHVTY 5 pQM 2372 Michael ZFATH 5 T & % BRIV IC
BHO 22 L7z (2-3) & BT, 5HERNES O HIPIOINE R 7 LT & F D LUMO O T AL ¥
— MW OFBERRKELZIT DT ERREINS 2-4), FRRIC, FHERIAIC X Y SRV
PQM DAL DER Y, MIGT 2IE7 v BUAEL Y EHEEF T Z L BHAL TR Y,
CNDBRIGHEDZEICKRE (b o T2 Ll I N, T/, MEEEBREZEL T, ZORIG
L 1 EARRIC, pQM ZRHT MG TH 5 2 LML s -, CofRERERIc, il
HEOHEI L NHC il 5. BRI AERT 2 4 7 V2 RE L2 (2-5), fFbhi:
Trve, BEREAE DO 12-MMBIE LY BUBGRE LB =ZWT v a — v pdEiki T 5 L
W FERICHIRIR D ERE 2 RS 2 N CRET 21T o 720 Z DFER. U F 7 LB REKAIZ
VBRI, VF U L-79vFROFL—v a3 VENLTRICHKETL, BT T AT LAER
I SR —E e PU B IR 3R DRI L 72 (2-6),

S
I
)
Bn’N%
© \ no

Cl
pre-NHC A
BocO CF5 1) R’CHO R' CF, R' CF;
1 cat. K2CO3 R2 )/ R2
R"  cat preNHC A RLi R
o) - HO R®
TBSO 2) desilylation HO HO
R'! = Me. Pr. 'Pr 7 examples
v 22 examples o/ vi - .
R? = aryl, hetero aryl, alkyl CF; up to 90% yield up to 86% yield, dr = >99:1
Pealts
o%
Bn "
N<%,
| /
5

R2CHO

B

HO N HO Eln od
§_< SIS

RZ S R2  S™\¢

acylanion equivalent

3T T, pQM L ~T u kLAl & O RKICZMET L. CF; 2% H 3 2 UG iR 5
ZETILAEYRDOERIC D W TR T (3-1) AT, ~TuREAE LTT I vEHnT
MIG#E{To72. TOEL 7 3 vHESEE O TBS Holiff#E+2H L T\ 235413, fixE
FCTEIFRRD, SFEREZMZ 2 2 L KRR OETL, mIECTHIYIZE O L
(3-2)s F 7. TBS HDOWFEREIK T 2 v OGE, WEAZHRINT 3 & IG5ER £ T oK
FEAEE NS 2, WIFT 2 Le-fRIG X D 3. pQM DA L. BP0 UK AMK
T3 2 enHL2ICTR o7 (3-3)s —J7 T, RO AcOH ZRINT 2 L, —HD7 I v
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TIET I VERTRICZTTO L0 b, RICK I OFEHE & RO LR X 7z, NMR &
M2 OG22 D. AcOH 252N DT I v b MHAEMZ LZad o, E D TBS FZz lifriE L
T ZERRB I N, TN UCRER OFIMEIC D7 2s o 7z LHERI L 72, 72, TBS i
REREDOENT I v LR TsOH ZEAL THWS & 7T I VvoREEMET T2 2 L
DAL 2T 572, THICHIZA T, TsOH 23RN THET 5 BuO ZAliET 5 Z &L T, pQM
DERACERT 2% E 7Y KT CORRIZIER XN 5 28, L 1,6-(HI1 G 0:ER
Mo E L, BICECTHMIIAE O N 3-4). S HIC, BBIRICOWTER 2 {To- &
A, TIvicksd TBS HoRiffi#E 7 0w 22 MG ICHETI ¢ 272010 1E, D Lewis
SRS EEABERL R B0 o7 (3-5) TNODFER AT, I, 7 I v HIE,
S LARMAFEETTOT IV EDRIGEIT S pQM OFAERK L. 2 220 HIWIHRE DL 2
5 ROGHEMZRE LT (3-6), miRICZ Dfti~T v RiEH & DRIGEBRI LIz A, T4
— VIR DA T CHlfT T 2 2 2 WH L7z, 5, Taa—JEH T, filult
HOEED LIS T 27 raxy FEHAWS Z & T, AT oPUERRHE DRSS % EZK
L7z (3-7)

1) R2XH
BocO CF, cat. Base or Acid R2X CF,
or
R? R2XNa R!
2) desilylation
TBSO or PO
silylation
R'= alkyl, aryl, alkynyl 30 examples
X =NR,0O, S up to 98% yield

DL B 7-FRic, fifE O CRAE X 45 2 L 23 TE 550D Michael Z A, 8-
CF3-8-iEfs pQM & ffi 4 DR FRIGH & ORIGIC X 0 . B OMELNE L <2 CF &%
A9 BVUER K E DMSNE R TE. L 7z £ 72, REREFN DD Vi, ~7 v KA b AF
FIGHEHCTE 22 L2 A L7, 518 RFES CRELZ AT 2 UEHRKFEOMEDHH 4
FFEELTHHINE L hMiffan 3,
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AEE

AHFGEIE 2017 4F 10 H 25 2021 4F 3 A0 30, B R TRYERFE LN o
LFEEL KT HLFEEE LRFBR O T TiTwE L7,

AW EITT2ICH 720 DD F721F T | B O FHI e EE RS,
EHECIRECHHELIG D £ U2 IR EER I CGHE L £ 97, FRic, R o Ico
WTHHRR L 72BRIC, TREE L TR 2 X o 2L OHERIC T, 5D EEH L T F,

KX DOEEZ B EZTF 23 AalBUR, HE2HEX £ L Af R TRYK
Sl LA REBMREER. PEPHESCHEE. AR R HE B .. AV BRI 3 < RHTEL
LET, FHMXBEEL T CThRICOWTORRZMN L CIEE F L 7= PRI,
FERIGTIIIZEIc s W CIERIC TS CIRE2THE £ L 2Rl RfEBdz. REBICL »
iR 2 G L CIHE F L 72 T HEBIR IR Rl £ 97,

HOCEEIC B 72 0 L X A SRS IR % 1T o TTE W 72 MR R BB T2 ek} (T2
¥7) PrE e LA B R MR & ARER I BB R L £ 5,

WrgE72 0 ¢ <, OE LB DOLR DFRSE, AFAILICHERICE > TT & o 72 BHHRE
DEAEEFRICECEHBL 3, HA, MO BEELZEHC 7206 2 2, AT T
THREAEFT B B TELDLEEBVWET,

WHEAE 2L 2 ICH 720 . HA DRIE R WTFEERE ORI A S Ke 2 Tl i, 34k %
E#EL L, #ZNEEBEL KHEREL 2R & T 2 58E SN 5%3EOFRICEE
HMLET,

¥ 72, BtE RO A 2 i U2, LR IRE 2 4 BB, &1 2 4 1A
AR, RHPREK, WK, B 18 B THERERK, 2258 4 48 IR ST IR, SfEiRA
K. PEHAGK, LK, EHERBKIC L2 O EHEB L B E3, fFric, SFEULEA
WICYIREKEE L, ALY ORETFED H 5 L BT E BRI R IO X 0 BB
ER

REZBICHOFEICRL ZEZFHALCHE, CZETORVWEAEEFEEZXZ TN
TeREICESEHH L BT E 3,

2021 £ 2 H 26 H
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