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RiSREE LTI, RIGSEEZFOMDERHFICELZN, HZAIF0. 25~
4 8EFERETHY. 0. b~24FHBETHL &/ HFELL, 0. 7
5~15ERENLYFFELL., 5~ 1 5FEEESAILITHFFE LV,

RIGREY RIGFHFEOFREIE, NEZEZR L ODORBELEXGEZRET ST
ENTED, INEELTIE, 40mo | %UUETHBZEIFFELL., 60
mo | %BULETHZ &N FYFELL, 80mo | BUETHZZ &H'E
SICIFFELL, 90mo | BUETHBZEMNFICHFELL., 95mo | %
LETHBZEDNZETFELLW,

AFEPOREAEICSVWTR, EENICAEEBVWTICT hbE&t (1
) EERRLEY (2) ORBZETOIIEBARETH D, I T, EEMIC
BEEZAVWTICRBEZIT) &, —BILBREEOREERAVWTICREEZT
ST EEVWL, BIZIE, MEERRYTIEEOLEOREEAVERIGIE.
EENICEHEZAVWAVWRIGICEENS, BEANIC. AEBOREFEICS
[FTREENICAEZAVEVWRIGTOREER. 7h2EEH (1) 1Tmm
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[0053]

[0054]

o lICHLT. HAIEO0. TmLUTFTH3,
EhEfl 1
[t DiRad (1) ]
AmLONATIICERFEAN, ME (0. 01 0mmo |, 5. Om
ol %) EMATHETE— MY TMEREIR LI, BEER. XA TFILET
WIVTHEREL, Zhoedt (1) ELToRYY 7z /Y (0. 20m
mol) . BEELTHOE//OORYEY (0. 20mL, 1. OM) |
ZRRELEEYM (2) ELTOER (MRYXFILPYII) 7T (0. 22m
mol, 1. 1H8) ZMArk, BREWEZOO0TTI 2EIRH LR, &
R DINESE RGHEERYO ' H NMRBIEICL YRk, BRERTICH
ERS
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[0055]

[%&1]
)O]\ . Me3Si\N,SiMe3 catalyst (5.0 mol%) _ NH
Ph™ ~Ph H PhCI (1.0 M) Ph” “Ph
(0.20 mmol) (1.1 equiv) 90°C, 12 h
entry catalyst yield? entry catalyst yield®?
1 Sc(0Tf), >95% 16 none n.r.
2 Y(OTf); 85% 17 TMSOTf 20%
3 Sm(OTf)3 65%
4 Eu(OTf); 94%
5 Gd(OTf), 52%
6 Er(OTf); >95%
7 Yb(OTf)3 88%
8 Fe(OTf), 84%
9 In(OTf), 44%
10 Sn(OTf), >95%
1 Bi(OTf), >95%
12 Sc(NO3); 37%
13 BiBr; 24%
14 Sc(ONf); >95%
15 Sc(NTf,); 59%

aDetermined by "H NMR analysis of the crude mixture.

RUIITRTELDIC, AREPOREFETHWONSME (entryl—15) D
BE. WIThE20%%BADPRTH>7, chbDHFTH, Sc (0T
f) 5, Y(OTF); Sm (OTf) 5 Eu (OTF) 5, Gd (OTF
) 5, Er (OTF) 5, Yb (OTf) 5, Fe (OTf) 4, In (OTF
) 3, Sn (OTF) . Bi (OTF) 3. Sc (ONF) 3, Sc (NTf,
) bk INEAOWBUUEEERTEHIENTE, Gd (OT f) ;kU'Sc
(NT f5) sICDWTIES5 0%ULEDIRETHY, Sm (OT f) 5iIZ2WT
IF6 0%ULDINEKRTHY., Y (OTFf) ., Eu (OTf) 5. Fe (OTf
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) sBUYb (OT ) sIC2WTIE8 O%UEDINETHY., Sc (OT f
) s« Er (OTf) 5. Sn (OTf) ,. Bi (OTf) ;R0U'Sc (ON
) 3ICDVWTIE9 S %ULEDINETH > 7,
BB, LEDOHERIZ, EME (entry 16) . RUBELORISZMET 2
EHERE (T. Morimoto, M. Sekiya, Chem. Lett. 1985, 1371.) X hTW3
TMSOT f (entry 1) & YUBHBEBNR TV,
[0056] [ DREY (2) ]
BICHERNARPFTH-7-Sc (OTF) 50 Er (OTF) 5o Yb (OT
f) 5. Sn (OTf) ,RUBi (OTF) 5iIc2WT. Fhviedd (1)
RUZRELEY (2) EOREEWE 7 0CT 1 BEEHRLALLUNL. L&
MR DRET (1) | EERICERZITo/, BRER2ICTT,
[0057] [5R2]

j\ . MesSix .SiMe; catalyst (5.0 mol%) NH
Ph™ "Ph H PhCI (1.0 M) PR “Ph
(0.20 mmol) (1.1 equiv) 70°C, 1 h
entry catalyst yield?
1 Sc(OTf)3 83%
6 Er(OTf)s 49%
7 Yb(OTf)3 78%
10 Sn(OTf), 42%
11 Bi(OTf)3 12%

aDetermined by "H NMR analysis of the crude mixture.

[0058] K2ICRTLIIC. Sc (OTF) sk 70C1EEEWVWIKBEEREOD
RGEBETHZICEDIDDHLLT, INKBOBULZEXKLTHY., FICENL
IR TH D ENDH B,

Kl 2
[0059] [BED#RE]
AmLONRATICERFEAN, BEELTORNY Z)FOXF Y RI
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[0060]

[0061]

[0062]

RUBAAhYTU9L (III) (0. 0O1O0Ommol, 5. Omo | %) A#i0%
TRETE—NAYTHREE Lz, AEE. NMT7ILETILIVTEEL
TbhveEY (1) ELToRYY T/ (0, 20mmo |) | AE
(0. 20mL, 1. OM) . £FRFRLEY (2) ELTOER (M) XF
WoY)) 7TV (0. 22mmo |, 1. 1H8) #mMxrt, BE&WETO
CTT1HEER LR, ERYMONEERIGHER DO " HNMRAIEICELY
RK&Dfz, fBRERIICTT,

[£3]
)o]\ . Me3Si\N/SiMe3 Sc(0OTf); (5.0 mol%) NH
Ph” ~Ph H solvent (1.0 M) Ph” “Ph
(0.20 mmol) (1.1 equiv) 70°C, 1h
entry solvent yield? entry solvent yield?
1 PhCI 83% 5 PhF 74%
2 toluene 76% 6 DCE 54%
3 THF 84% 7 acetonitrile 74%
4 dioxane 32%

@Determined by "H NMR analysis of the crude mixture.

RIIWLTFTLIIC, BEELT, E/770QRVYEY, MLIV, T35
EROTSY., YAFHY (1, 4—UdFHY) | ZiAaRvEY, U
s00xTdy, PEMZMN)ADMERTETHY., £/ 70QRVEY, b
VIY, Fh3eROZ75Y, 72040V EY, FERZ M) IILHDRICE
nNTWaZ & hhsd,

Ehehl 3

[ERIFEDHET]

AmLONRATICERFEAN, BEELTORNY Z)FOXF Y RI
RUBAAhYTU9L (III) (0. 0O1O0Ommol, 5. Omo | %) A#i0%
TRETE—NAYTHREE Lz, AEE. NMT7ILETILIVTEEL
TbhveEY (1) ELToRYY T/ (0, 20mmo |) | AE
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ELTOE/O0ORVYEY (1, OmL, 1. OM) . ZEEE/LLEY (2
) (0. 22mmo |, 1., 1¥E) #MAk, REWE I OCT2HMEIE

BLUER £ERMOREEZRICEERIO'H NMRAIBICE Y KD, #&

RAEKRAIITRT,
[0063] [34]

W R5
o é, g. Sc(OTh3 (5 Mol%) NH
J,. T R® - N
Ph~" ~Ph Ra PhCl (1.0 M) Ph~”" ~Ph
: 90°C, 2 h
(0.20 mmol) (1.1 equiv)
. , Me Me Me Me
Me38|\N,S|Me3 Hod; él' \\él
H M"W
>95% 73% 88%
Me Me
HN-S1NH
Me_éLN,éi-Me
me H Me
>95%

“Yields were determined py '"H NMR apalysis of the crude mixture.

[0064] FTA4IKRTLDOIC. BRBLEEWELTE EX (MUXFILZYI) 7
TURV2, 2, 4, 4, 6, 6—A~"FHAFII/ON)ISHFUA, N
KHAILERULETHY., BICBNAEZRRIELEMTHD I DL D,

SiEhl 4
[0065] [#k~ RZEHR EEEEA I VEEHOEM]

(BARRIGEM)
AmLONRATICERFEAN, BEELTORNY Z)FOXF Y RI
RUBAAYIY L (III) (0. O1O0mmol, 5. Omo | %) &0
TRETE—NAYTHMERRZIE L, BEE. NATIEFI IV THEEL
M EE (1) (0. 20mmo |) | BESLTOE/ Z7O0ORY
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> (0. 20mL, 1. OM) | ZRRELEY (2) &LTOERX (MY

AFILTYIV) 7E(0. 22mmo |, 1. 1HE)E2MA . BEW%E

QO0CTHRERRBIEHLALR. REDHERE'H NMRAIEICK YHEEL.
SVATNAS LA NI S 74 —ICE > TERLERESAIVILEWME

BREL, UEORIFHEEERRIBFLEE WD,
[0066]
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[55]
Sc(OTH)3 (5.0 mol%
ﬁ + MesSixSibles (OTNs ( °) TJ\H
R" "R? PhCI (1.0 M) R “R?
{(0.20 mmol) (1.1 equiv) 90°C
NH NH NH
¢ Cryre
N
H
2 h, 86% 2h,97% 10 h, 91%?
NH OH NH NH
‘ ‘ ol ‘ ‘ “Cl Me” ‘ ‘ "Me
2 h, 70% 2 h, 95% 3 h, 95%
NH NH NH
F3CCF3
Br MeO OMe
2 h, 96% 24 h, 97%" 48 h, 88%"

12 h, 88%"°

12 h, 98%P 48 h, 99%°
24 h, 93%" 24 h, 88%¢ 24 h, 97%
NH2+CI
é _NH NH
g Me Me
24 h, 45%°° 48 h, 59%"9 6 h, 72%2:mi 24 h, 84%

aThe reaction was performed at room temperature. 1.5 equiv of (Me3Si),NH were
used. ‘Isolated with 8% of ketone. 92.0 equiv of (Me;Si),NH were used. ®90% purity

3.0 equiv of (Me3Si),NH were used. 9'"H NMR yield. 71.0 equiv of HCI (1M in Et,0)
>95% purity.
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[0067] [3<6]

+H
J?\ .\ TMS\N/TMS Sc(OTf)3 (5.0 mol%) TJ\
R “R2 H PhCI (1.0 M) R “R2
(0.20 mmol) (1.1 equiv) 90°C
NH NH NH
2 h, 99% 2 h, 95% 2 h, 98%
NH NH .o
0
OTBS Ns
24 h, 80%7 2 h, 84%7 24 h, 68%%¢

1.5 equiv of (TMS),NH were used. 22.0 equiv of (TMS),NH were used. 10 mol% of
Sc(OTf); were used. “Treated with HCI (1 M in Et,0).

[0068] [=MEHI4—1—1]
RV T I VAIVDER)
FRERARIGEHETO. 20mmo | ORYY T/ VvEBWT2ERER
NEiTolc, BONFHMERBIIH L, AFTFY/ MN)IFNTIV=9/
1ORMAABE T Y ASXNASLIAT NI ST 4 —%TW. BHORYVY
T/ VA VEFEBDAAMINELTHERL (31, 2mg. 8 6%IXXK) ,

[0069] [1517]

Sc(OTf),
i . TMS\N/TMS (5.0 mol %) )'\JI\H
Ph” “Ph H PhCI (1.0 M) Ph™ “Ph
(0.20 mmol) (1.1equiv)  90°C.2h 950 vield ('H NMR)

86% yield (isolated)

[0070] 'H NMR (500 MHz, CDCly) & 9.72 (br, 1H), 7.58 (br, 4H), 7.50-7.46 (m,

2H), 7.44-7.41 (m, 4H).
3C NMR (125 MHz, CDCl;) & 178.38, 139.35, 130.33, 128.45, 128.36.

(00711 [=EmEehHl4—1-2]
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[0072]

[0073]

[0074]

[0075]

(K2 —J) (10mmo |) TORVYY I/ VLAIVDER)
FRERARIGEHEICK T, 50mLOT7SRAOICKY Z)FO0XAF VR
IWRVBAAhYY L (III) (12, 3mg, 0. 025mmo |, 0. 25
mol%) . XvYyrJzxz/>v (1. 82g, 10mmo |) ., £/700R
Y (10mL, 1. OM) , EX (MYXFLIYIL) 7TV (2. 3
mL, 1T1Tmmol, 1. 1H8) Z/MAT. 90CT24B5EMETERL
T=o BEEBER. BERMEAFYY /NI IFILT7IV=9/10EH
BTV ATNAZ LAY NS4 —2BVWTHEREL., BHORVY
T/ A0 EBOFMINELTHERL (1. 799, 99%INE) ,
[1E18]

Sc(OTf)s
i . TMS\N/TMS (0.25 mol %) )NJ\H
Ph™ ~Ph H PhCI (1.0 M) Ph™ "Ph
(10 mmol) (11equiv)  90°C.24h 950 vield ('H NMR)

1.79 g, 99% yield (isolated)

H NMR (500 MHz, CDCl,) & 9.72 (br, 1H), 7.58 (br, 4H), 7.50-7.46 (m,
2H), 7.44-7.41 (m, 4H).
[=EFl4 —1—3]
(KX —=JL (B0mmo |) TORYYIT/)VAIVDEK)
FEREARIBEBICHE->T, 100mLO7SRIICN) 204028y
ANEKRVBRAV YL (III) (49, 2mg, O, TOmmo |, 0. 20
mol%) . "XvYy7xz/)v (9. 11g, 50mmol), EX (kX
FIYN) T (11. 5mL, 55mmo |, 1. 1%8) 2#mMx<T
. 90CT24EMBRER L, RIGEEWMEERETREZ LR, HEK
MERERE L TENORYY I /) VA IV EBBDTAILELTEL (
7. 66g. 85%IXXE) ,
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[1£19]
Sc(OTHs
o) . 0 NH
g + TMS. TMS (0.20 mol %) P
Ph™ "Ph H neat Ph™ "Ph
(50 mmol) (1.1equiv)  90°C.24h 950 vield ("H NMR)

7.66 g, 85% yield (distillation)

[0076] H NMR (500 MHz, CDCly) & 9.72 (br, 1H), 7.58 (br, 4H), 7.50-7.46 (m,
2H), 7.44-7.41 (m, 4H),
C NMR (125 MHz, CDCly) & 178.23, 140.25, 138.29, 130,29, 129.16, 12
8.28, 127.60.

[0077] [RfEHI4 —2]
(9—4A43X/27)FLYDERK)
FREARIGEETO., 20mmo DI —TIF L/ vERBWT 2E[M
Rib&ETof, BoNRIGHERMICOWTIAFY Y/ KN)IFILT IV
=9 /1 OREBAETY VAN AZ L7OR NI ST 1 —%1TW\, BHOD
O—AXI/I7IWVFLVEEBOEGKELTERL (34, Tmg., 97 RINX
) o

[0078] [1k20]

0 Sc(OTf)
TMS., TMs (5.0 mol %)

Saln .
G0 e (D
90°C2h

(0.20 mmol) (1.1 equiv) >95% ('H NMR)
97% vyield (isolated)

[0079] 'H NMR (500 MHz, CDCl;) & 10.27 (br, 1H), 7.91 (br, 2H), 7.62 (d, J =
7.5 Hz, 2H), 7.47 (td, J = 1.0, 7.5 Hz, 2H), 7.34 (td, J = 1.0, 7.5
Hz, 2H).
150 NMR (125 MHz, CDCL) S 173.17, 142.21, 134.67, 128.17, 122.25, 120
. 09.

[0080] [=fEHl4 —3]
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[0081]

[0082]

[0083]

(B3=A3X/4VR)v=2—-FVDEK)
FEREEARKEHETO, 20mmo | O HFUEBWVWTEERT 1 OBSH
Rib%E1T2, BONAERIGHERBDICOWTAFHY /UoOoaxyy )/
NIZFALT7IV=3/1/10RBEBETS VAN ASLIOTNTS
J14—%1TFTW, BHO3 -1 /A VY R) -2 —FVEBEBOERKELT
B (26. Tmg. 91%INXK) ,

[1b21]
0 Sc(OTf); NH
T™MS. TMs (5.0 mol %)
o* °N o
N H PhCI (1.0 M) N
H rt, 10 h H
(0.20 mmol) (1.1 equiv) >95% ('"H NMR)

91% yield (isolated)

'H NMR (500 MHz, DMSO-d;) & 12.35% (s, 1H), 11.27 (s, 1H), 10.92 (br,
1H), 10.83% (br, 1H), 7.73% (d. J = 7.5 Hz, 1H), 7.64 (d, J = 7.5 Hz

, 1H), 7.46 (td, J = 1.0, 7.5 Hz, 1H), 7.40% (td, J = 1.0, 7.5 Hz, 1H

), 7.08 (t, J =7.5Hz, 1H), 7.03% (t, J = 7.5 Hz, 1H), 6.92 (d, J =

8.0 Hz, 1H), 6.86% (d, J = 8.0 Hz, TH).

3C NMR (125 MHz, DMSO-d;) & 165.01%, 163.82%, 163.54, 159.35, 146.47,
144,92%, 143,39, 133.93%, 123.59%, 123.14, 122,59, 122.01%, 120.45,

117.96x%, 111,33, 110.90%,

[* denotes the minor diastereomer]

[Efefl4 — 4]

(2=(132 /(72X FI)T T/ —ILDEK)
FREREARBEHETO., 20mmo | D2 -k RAFIRVYY T/ VE

AWT2BERGET 27, BONAERBAERMICODVWTAFHY K

IFILFTIV=4/10BREBETI)AFXNVAZLI)OXNIZT74—%

W BRO2 -2/ (72X FIV) 72/ -V emBOEKELT

B/ (27. 8mg., 70%WE) ,
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[0084] [1822]

O OH Sc(OTH)s3 NH OH
(5.0 mol %)
. TVS, TMs  BTTMOR) )
H PhCI (1.0 M)
90°C,2h
(0.20 mmol) (1.1 equiv) 70% yield (isolated)

[0085] 'H NMR (500 MHz, CDCl;) & 8.33 (br, 1H), 7.53-7.47 (m, 3H), 7.42-7.40
(m, 2H), 7.36 (ddd, J
0 Hz, 1H), 7.05 (dd, J
.0 Hz, 1H).

1.5, 7.5, 8.5 Hz, 1H), 7.20 (dd, J = 2.0, 8.

1.0, 8.5 Hz, 1H), 6.74 (ddd, J = 1.0, 7.0, 8

13C NMR (125 MHz, CDCl,) & 181.32, 163.57, 139.11, 133.46, 132.14, 129
.91, 128.69, 127.21, 118.41, 118.31, 117.62.
[0086] [ZEfEHI4 —5]
(EX(4—20072Z)L)AF VA IVDERK)
FEREARBEHTO. 20mmo 1 D4, 4’ —vsoaRvyy oz )
VHAWT 2BEBERINET 2. BONERISEERMICOWTAFYY /K
VDIFILTIV=9/10REBRETI VATV A LIOXMNIZT7 14—
TV, BROEZR(4—7007 2 A9V1IVEHBOEEKELT
/7 (47. 6mg, 95%WEK) ,
[0087] [1£23]

Sc(OTfh);
TMS. /TMS (5.0 mol %)
O O PhCI (1.0 M) O
Cl 90 C 2h Cl
(0.20 mmol) (1.1 equiv) >95% ("H NMR)

95% yield (isolated)

[0088] 'H NMR (500 MHz, CDCL3) & 9.76 (br, 1H), 7.58 (br, 4H), 7.41 (d, J
8.0 Hz, 4H).

130 NMR (125 MHz, CDCl3) & 176.07, 137.23, 136.71, 129.67, 128.72.
[0089] [ZEmEHI4 — 6]
(V—p—MYIAXY VAL ITVDER)
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FTREARBEZETO. 20mmo | M4, 4 —IAFIRVYY T/
VHAWTIRBERINET 272, BONERISEERMICOWTAFYY /K
VIFILT7IV=9/10RRBETI)VATZIVAZ LAY NI ST 4 —
W, BHOY —p—bMULAI VLI VEREBEDOLF ML E LTHEE (3
9. 7Tmg., 95%WEK) ,

[0090] [{k24]

Sc(OTh)3
TMS. /TMS (5.0 mol %)
O oL e YO
Me 90 c 3h Me Me
(0.20 mmol) (1.1 equiv) >95% ( 1H NMR)

95% vyield (isolated)

[0091] 'H NMR (500 MHz, CDCl;) & 9.56 (br, 1H), 7.47 (br, 4H), 7.22 (d, J =
8.0 Hz, 4H), 2.41 (s, 6H).
BC NMR (125 MHz, CDCl;) & 178.12, 140.40, 136.71, 128.93, 128.43, 21.
39.

[0092] [ZEHEHI4 — 7]
(EX(4—XAPMFOT7TZIVAIVAIVDERK)
FREARIGEZEHETO. 20mmo | D4, 4’ —vspoaNvyoz)
vET1., BHEOER (MUXFLIYIN) PRUvEAWT2 4BEKRIGE
T2k, BONERIGHERBICOWTIAFYY /UsOoaxyy /b
FILTIV=8/1/10RBAAE TV ATSINAS LA NITZ5T 14—
HiTW, BHOER(4—XME2 7)) A9 V1TV ERBOEGKRE L
TRk (46. 8mg. 97 %K) ,

[0093] [1£25]

Sc(OTH);

T™MS. TMs (5-0mol %)
+ \N/
H PhCI (1.0 M) O O
MeO OMe OMe

90 C 24h MeO
(0.20 mmol) (1.5 equiv) >95% ("H NMR)
97% yield (isolated)

[0094] 'H NMR (500 MHz, CDCly) & 9.31 (br, 1H), 7.53 (d, J = 6.5 Hz, 4H), 6
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[0095]

[0096]

[0097]

[0098]

[0099]

94-6.91 (m, 4H), 3.86 (s, 6H).

13C NMR (125 MHz, CDCly) & 177.05, 161.18. 132.14, 130.11, 113,52, 55,
37.

[EHef4 — 8]

(4=7O0F7z2I)(TZZI)AI VLI VDERK)
FREARIGEMETO., 20mmo | D4 —7OERVYY T/ VERV
T2RKERGEIT >/, BONERBMEERMDICOVWTIAFHY /M) ITF
WPIVv=9/10RABETY ) ATV AZ LAY NI T 4 —%4TW

BHO4-TOFE7 (T ITIVAI VLA IVERBOLI ML EL
T/ (50, 2mg. 96%INXK) ,

[{1£26]
0] Sc(OTf), NH
T™MS TMS (50 mol %)
+ N~
O O H PhCI (1.0 M) O O
Br 90°C,2h Br
(0.20 mmol) (1.1 equiv) >95% ('H NMR)

96% vyield (isolated)

H NMR (500 MHz, CDCL,) & 9.74 (br, 1H), 7.56 (dd, J = 2.0, 6.5 Hz, 2
H), 7.55-7.47 (m, 4H), 7.45-7.41 (m, 4H).
13C NMR (125 MHz, CDCl,) & 177.29, 139.01, 137.92, 131.52, 130.44, 130
.18, 128.48, 128.12, 124.95.
[EREHI4 — 9]
(EX(3=(RNYZNAOQXAFIL)TZZNIAI VLIV DER)
FEREARBEHTO. 20mmo 1 D3, 37 —EX (MY7)40x%
FI) RyYJI7z/vET1., BEHEBOER (M)AFLIYL) PIVER
WT4 SEBRNEITo>, BoNIRIGHEERDICOWVWTAFHY N
IFLTIV=9/10BRHEBAETYYAFXNAZLyO NI ST 1 —%
TUW, BHOEZR(3—(MYZLAQAFIVITIZNIAI VA IV ERE
DFAINELTEL (566. Omg, 88%INXE) ,
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[1627]
0 Sc(0Tf);
FsC CFs , TMS. TMs _(S0mol™) F.c CFs
O O H PhCI (1.0 M) O
90 °C, 48 h
(0.20 mmol) (1.5 equiv) >95% ('H NMR)

88% vyield (isolated)

[0100] 'H NMR (500 MHz, DMSO-ds) & 11.26 (br, TH), 8.00 (s, 1H), 7.93-7.90 (
m, 2H), 7.83-7.82 (m, 2H), 7.76-7.68 (m, 3H).
3C NMR (125 MHz, DMSO-ds) & 172.61, 139.27, 139.02, 132.76, 131.72, 1
29.76, 129.73, 129.43 (q, Jor = 32 Hz), 129.27 (q, Jer = 32 Hz), 127.1
8 (a, Jor = 3.5 Hz), 126.68 (q, Jor = 3.5 Hz), 124.63 (q, Jor = 3.8 Hz
), 124,43 (q, Jor = 3.8 Hz), 124,05 (q, Jor = 271 Hz), 123,97 (q, Jos
= 271 Hz).
SF NMR (470 MHz, DMSO-ds) &-61.14 (s, 3F), -61.27 (s, 3F).
[0101] [=MefI4 —10]
(ZxZ(ENDY =2 ) AXF VA4 I VDER)
FEREARBEHTO. 20mmo D2 —RYYAIJIEYISVET, B
LEOER (MRYXFILIYIL) PRUEAWTT 2EBEARBEIT > &, 8
LNARBBEBRMICOVWTAFHY N IFILTIV=9/10DEREA
WT)ATNAZLOR NS4 —%1TW, BHOT7z=ZIL(EY TV
—2—AIIIAIVAZIVET N VDREMEBRBBDOAAILELTERL (31
6mg, 1IV/Hhv=92/8, 1IVDOINES81%) ,
[0102] [1£28]

(6] Sc(OTf)3 NH
N TMS., TMs (5.0 mol %) N
Xy + N AN
| _ H PhCI (1.0 M) | P
90 °C, 12 h
(0.20 mmol) (1.5 equiv) >95% ('"H NMR)

81% yield (8% ketone contained)

[0103] 'H NMR (500 MHz, CDCl;) & 11.05 (br, 1H), 8.75 (d, J = 4.0 Hz, 1H), 7
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.77 (dd, J = 7.5, 7.5 Hz, 1H), 7.66 (br, 2H), 7.51-7.44 (m, 3H), 7.41
-7.38 (m, 1H).
13C NMR (125 MHz, CDCl,) & 175.35, 155.35, 149,75, 137.88, 136.77, 130
.24, 128.70, 128.34, 124.80.

[0104] [ZEmEfHI4—1 1]
(BH—Y~RvY [a, d] [7] 7XLY—5—-1IVDEK)
FEREARBEETO. 20mmo | DYRYYIRL /v ET, DHE
DODER (F)XFILTYIV) PRUERAWT 2EERIEZT>7%, F5N
T RIGHERIICOWTAFHY /N IFLTIV=9,/1DREBET
SYATNAZLYAR NS T4 —%TW, BHOSEH-YRVY [a,
d]l [7] 7XVLY—56—-AIVEEEBOFA(IINELTHE (40, Tmg
. 9 8%INX) ,

[0105] [1£29]

0 Sc(OTf)3 NH
5.0 mol %
O O . TMS. TMS ( o) O O
H PhCI (1.0 M)
90 °C, 12 h
(0.20 mmol) (1.5 equiv) >95%, (1H NMR)

98% yield (isolated)

[0106] H NMR (500 MHz, CDCly) & 9.72 (br, 1H), 7.70 (br, 2H), 7.48-7.44 (m,
4H), 7.40-7.38 (m, 2H), 6.93 (s, 2H).
3C NMR (125 MHz, CDCl,) & 178.49, 139.60, 133.16, 130.83, 129.42, 129
11, 129,03, 127. 35,

[0107] [ErEHI4—1 2]
(OH—FHUFV—-—9 -1 IVDAEK)
FEREARBEMHTO. 20mmo | DFH VIV ET, BYUEBDEZR (
RUXFILYII) PRUEAWTC4E 8SHERINEIT2 2. Boh/iRIGHE
EWRMICOWTAFRY Y UooOxdy / N)ITFILTIV=8/1/1
DERBRE T AFIVAS LAY MNTS T 4 —%1TW, BMOIH—F
HBUFV—9—AIVERBDERKRELTERE (38, 5mg, 9 9%PX
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) o
[0108] [1£30]
0 Sc(OTf)3
TMS., . TMg (5.0 mol %)
+ N

D aanew O >

O 90 °C 48h
(0.20 mmol) (1.5 equiv) >95% (1H NMR)

99% vyield (isolated)

[0109] H NMR (500 MHz, CDCl,) & 9.49 (br, 1H), 8.17 (br, 2H), 7.58 (ddd, J
= 1.5, 7.0, 8.5 Hz, 2H), 7.35 (dd, J = 1.0, 8.5 Hz, 2H), 7.31 (ddd, J
= 1.0, 7.0, 8.0 Hz, 2H).
8C NMR (125 MHz, CDCly) & 159.06, 152.84, 132.58, 124.56, 123.68, 119
.73, 117.93.

[0110] [=fEHI4 —1 3]
(2=(4—-((4—27007z=ZN)AI/)AFIV)T/FV)—2-XF
LV7oEx V4 Y TOEILOERK)
FEEARBEHTO, 20mmo D7/ 747L—hE1. BEE
DEX (MUXFLIYIN) PRVZAWTC24KBERIGZT >, FH5N
ERISHEERBMICOVWTIAFHY N IFLTIV=9,/1DERMAAET
SVATNAS LAY NI ST 4 —%47W, BHO2—-(4—-((4—700
TJxZII)AIND)AFIV 7/ F2)-2—XAF)L7OEA VB4 Y 7O
WEEBEDAAIILELTRE (67, 2 mg, 93%K) ,

[0111] [{B31]

Sc(OTh);,
L TMs. Tms _(3-0mol %) %)
\N/
O By ¥ o O O
cl Y 90 c 2an i Y
(0.20 mmol) (1.5 equiv) >85% ('H NMR)

93% vyield (isolated)

[0112] 'H NMR (500 MHz, CDCl,) & 7.46 (br, 4H), 7.39 (dd, J = 1.5, 6.5 Hz, 2
H), 6.85-6.82 (m, 2H), 5.09 (septet, J = 6.0 Hz, 1H), 1.64 (s, 6H), 1
.22 (d, J = 6.0 Hz, 6H).
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[0113]

[0114]

[0115]

[0116]

13C NMR (125 MHz, CDCl,) & 276.46, 173.33, 157.68, 137.94, 136.23, 129
.58, 128,53, 117,77, 79.20, 69.18, 59.34, 25,34, 21,54, 8,49,
[EfeH4—14]
(2=(3—(M2/(ZzzIV)AFI) 7)) TOEL VEBOERK)

FREARBEETO. 20mmo 1O MOz vE2. OKEDE
2 (MNUXFILT)I) PRUERAWTC24KERIGZIT> . BoNER
ISMERICOWTY 700X 8 Y /X85 /) —=)b=9 /1 DRFABETY )
ATNAZ LA N TS T4 —%TW, BRO2—(3—(13X /(7=
IXFIIT7IZN)TREF VEBEEBEBOA (I ELTRHE (44, 4mg,
8 8 %INE) ,

[1832]
o] Sc(0Th)s NH
OH , TMs. Tms _(0mol%) OH
O O 0 H PhCI (1.0 M) O O 0
90°C,24 h
(0.20 mmol) (2.0 equiv) >95% ("H NMR)

88% yield (isolated)

'H NMR (500 MHz, CDCl;) & 7.79-7.76 (m, 3H), 7.64 (d, J = 7.0 Hz, 1H)
, 7.59 (dd, J =7.0, 7.0 Hz, TH), 7.54 (d, J = 7.5 Hz, 1H), 7.47 (dd,
J=7.5 7.5Hz, 2H), 3.79 (q, J = 6.0 Hz, TH), 1.53 (d, J = 6.0 Hz,
3H).
3C NMR (125 MHz, CDCl,) & 198.86, 180.08, 141.36, 137.69, 137.29, 132
.63, 131,84, 130.19, 129.18, 128.97, 128.42, 128,32, 45.99, 18.37.
[E/EHI4 —15]
(2, 2=YXF)—3, 4=V RO+ 7%L>v—1 (2H) —413XV®
EH)
FREARBEHTO., 20mmo | D2, 2—IAFJ—3, 4—k
FOo+r24L>—1 (2H) —AVAWTC24KBERBZTo> 7, BNk
RIGHERMICOWTAF Y Y / YIFNI—FTI/ MIIFILFTIV=2
O/1/1DRFEBRETYYATSNVAZSLIOR NS T7 1 —%1TW. BY
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[0117]

[0118]

[0119]

D2, 2—=IXAFI—-3, 4-YebrOr749Lr—-1 (2H) —13V%
BFBEOAMILELTEL (33, 7Tmg, 97 %K) ,

[1£33]
) Sc(OTf); NH
TMS., TMs (5.0 mol %)
+ \N —_—
H PhCI (1.0 M)
90 °C, 24 h
(0.20 mmol) (1.1 equiv) >95% ("H NMR)

97% yield (isolated)

'H NMR (500 MHz, CDCl;) & 9.42 (br, 1H), 8.08 (br, 1H), 7.35 (td, J
1.5, 7.5 Hz, TH), 7.27 (tt, J = 0.5, 7.5 Hz, 1H), 7.17 (dd, J = 0.5,
7.5 Hz, 1H), 2.93 (t, J = 6.5 Hz, 2H), 1.85 (t, J = 6.5 Hz, 2H), 1.2
2 (s, 6H).
3C NMR (125 MHz, CDCl,) & 181.16, 139.71, 132.50, 130.40, 128.76, 126
.36, 126.11, 38.36, 36.42, 25.93, 25.73.
[E/EHI4 —1 6]
(1, 7, 7T—MYXFESZO[2. 2. 1] ATHY—-2—(3IVD
EH)
FREARIGEHETO. 20mmo | ODL—AYT77—&1, BHED
EZX (RYXFILIYL) PRI, 10mo |l %D RN ZiLAOX SV R
RYBAAYI L (III) 2EAVWT 2 4BBRNET >, BEROMEELEH
NMREIE CHERE. RINEEWIC—5 0CICARMLEAFY Y EMA. A
FHY/M)IFILTIV=100/1THEaIICFELLLa— Sy R
SDATWNASLIZEHEM U, Oy RESBEULIAFH U TESR LR
BoNEAFYUVEEDBL, Ny RE-L0TCICAALEY 700X %
VTEBEHLE, B5hAT /00Xy VBRI SRETREAES L. B
o1, 7, 7—-KUXFLEDIO [2. 2. 1] ATHYY-2—-q43Y
EREEAOEGEELTELE (15, 3mg., ¥ O%E. #4 5%IEK) ,
BB, AEREGIOT1, 7, T-M)XFEDIO[2. 2. 1] ~T%H
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V24 IVOEKIE. BRMOFETRTROAFEZR YIS DA
KEH2-3BRBEOIRNMBETHDIN, AFETRTROAFEZRMLE
S 1 BRBETERTE 2,

[0120] [1£34]

o Sc(OTf); NH
. TMS. Tms _(10mol%)
H PhCI (1.0 M)
90°C,24h
(0.20 mmol) (1.5 equiv) 45% vyield (Purity 90%)

[0121] 'H NMR (500 MHz, CDCl;) & 2.47-2.42 (m, 1H), 1.97 (d, J = 17.5 Hz, 1H
), 1.92 (t, J = 4.5 Hz, 1H), 1.91-1.83 (m, 1H), 1.69-1.63 (m, 1H), 1.
38-1.25 (m, 2H), 0.94 (s, 3H), 0.93 (s, 3H), 0.80 (s, 3H).
3C NMR (125 MHz, CDCl,) &. 194.41, 54,86, 47.37, 43.74, 40.35, 32.06,
27.41, 19.64, 19.04, 10.44,

[0122] [EmEeHI4—1 7]

(PRI Y—2—4IVDERK)

FREARIGEETT. Ommo | OFPYT VIV —2—F2&3. 04
EOERX (M)XFILIYI) XV, 10mo |l %D RNYZ)LAOXS Y
AIWKRVBRAAV L (III) #AWT4 SEERINETTo> 7. HERYD'
HNMRRAIEAT>7/&Zl 5. BEEE—DERYHI BRI N, ZTOERY
DINEILE 9% TH > /=,

[0123] [1£35]

o) Sc(OTh); NH
g TMS., TMs (10 mol%) g
+ N -
H PhCI (1.0 M)
90 °C, 48 h
(1.0 mmol) (3.0 equiv) 59% yield ("H NMR)

[0124] [=HeHI4 —1 8]
(2, 2=IAFI—1—0z=Zn7ANRY—1—A3I=Z0L9054 KD
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[0125]

[0126]

[0127]

amx)
FTREARBEHTT. Ommo IDtert—JFILTzZIT IV E
1. BHEOER (MJXFLIYIN) PRVEAVWTCERAEARIGEZT> &
o ERODBERE HNMRRIE TCHRER. ~FH U TERLERIGEEYE
4 h2BLE, 2RERET TRIEER. ZEZ1. OmLOYIFIT—
TIVISEDN L, 1. OHEDIEE (1MYITFILI—FILAK. 1. OmL
) EMZ. BMEBRE 1 REER L. BEBKRESEBTZIETEND2, 2
—IUAFI—1—-DzZ)WFAORY -1 43I0 L0514 REEHBODE
RELTH/RE (143 mg. 7 2%INE, >9 BEME) ,

[1£36]
+ -
0 Sc(OTf)3 NH NH,CI
, TMS. TMS (5.0 mol %) HCl in Et,0
H PhCI (1.0 M) Et,0
90°C,6h rt, 1h
(1.0 mmol) (1.5 equiv) >95% comversion 72% vyield (Purity >95%)

("H NMR)

H NMR (500 MHz, DMSO-d;) & 12.75 (br, 2H), 7.67-7.63 (m, 1H), 7.59-7

.58 (m, 4H), 1.35 (s, 9H).

13C NMR (125 MHz, DMSO-d,) &. 199.86, 132.74, 132,11, 128,93, 127,59,

40.99, 27.93.

[Erefd4—19—1]

(2, 2, 2—=M)NAO-1—-TzZINIVIVAIVDERK)
AmLONATIVICERTFEAN, M IOLAOQXSVRIVKVEEBR Y

UL (III) (0. 020mmol, 2. Omo | %) #MATREETFE—
NAY TINEEZIE L, BEE’. NMTILETIIVTHALZL, 2, 2, 2

—fNyzidar7teb7z/v (1. 0 mmo |) . E/27O0ORVEY (
1. OmL, 1. OM) { EX (MYXFNLIYI) 7T (1. Tmmo
|, 1. 148) 2MAk, BAYWEIOCT2 4FEMHEHLLE. KA

SFNMRRAIEICLYHERLALEZA, 95%LUED2, 2, 2—-K Y TILF

A—1—7xZI I VA IUANOEBAEREINT,
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[0128] [1b37]

Sc(OTh,
/ﬁ\ , TMS. s _(20mol%) /ﬂ?
Ph™ "CF3 H PhCI (1.0 M) Ph” “CF;
(1.0 mmol) (11equv)  0°C.24h  >05% (1°F NMR)

[0129] [=MEHI4—19—2]

(K245—=J) (10mmo |) TM2, 2, 2—hY7)40-1-7z=
WIZVAIVDER)

FEEREHL 14 -1 ORISEHFICE>T, 50mLOTZZRIOICKY
INAQXY YV ZIVKRVEBEBRAAY YL (11 1) (49, 2mg, 0. 10
mmol, 1. Omol%). 2, 2, 2—h Y407 b7x/V (
1. 4mL, 10Ommo |) . ZiAFARYEY (10mL, 1. OM)
EX (MYXFLYYNL) PR (2. 3mL, T1mmol, 1. 148
) ZMMA T, 90CT24BMEMEBIREIE L, BBDHEKEZ ' *FNMRAIE
THERE. RINEEWIC-50TCITHAHMLIAFY VY EMA. AFH Y b
DIFNTIv=100/1THEaNCFEEELLLYa— by R YASTIL
AZLITHRIM Uz ZDO/NY RERBEULIEAFH U THELILER. BNk
ANFYUVEBEDBEL., Ny RE-S50CICARMLAEY 7O00XA% Y THEEL
oo BONAEY700X9 VBRI LBETAEAZE AL, BMOD2, 2
, 2= K70 A0-1 -z VIS VA IVERBOTAMINELTHEE
(1. 459, 84%PNK) , NHAX>vOFOMVODE /ZEMEKIZLS
STAFLALIE FNMRICELY 2. 6 : 1 ERELE,

[0130] [1£38]

Sc(OT),
0 (1.0 mol%) NH
1 ., TMS. TMS )
Ph™ “CF3 H PhF (1.0 M) Ph”™ “CF3
(10 mmol) (11equiv)y  90°C.24h >95% ('9F NMR)

1.45 g, 84% yield (isolated)

[0131] 'H NMR (500 MHz, CDCl;) & 10.78% (br, 1H), 10.69 (br, 1H), 7.99-7.97
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(m, 2H + 2Hx), 7.59-7.47 (3H + 3Hx),
13C NMR (125 MHz, CDCl,) & 166.76% (q, Jor = 33 Hz), 163.16 (q, Jor =
31 Hz), 132.29%, 123.32, 131.84%, 130.93, 129.12%, 128.70, 128.10, 12
6.56%, 120.27% (q, Jor = 278 Hz), 118.42 (q, Jo = 280 Hz).
15F NMR (470 MHz, CDCl,) &-68.65%, -69.56.
[* denotes the minor diastereomer]

[0132] [ZEfEHI4 —20]
(EX (4—7)0407xZ)) XH9VA4AIVDERK)
FEREARBEETO. 20mmo | M4, 4™ =V 4aRVY I
JERWT2KERLBZT >, BohRBMEERMICOVWTAFH Y
JSMNIIFANTIV=9/1DRFEBETY YAV AS LA NI ST
{1 —%TW, BHOER (4—20A07TZ)L) X9VAIVEEBDL
ANELTERE (42, 8mg., 99%INXK) ,

[0133] [1£39]

Sc(OTf);
TMS. /TMS (5.0 mol %)
O L, magow O
90 C 2h
(0.20 mmol) {1.1 equiv) >95% ('H NMR)

99% yield (isolated)

[0134] 'H NMR (500 MHz, CDCL,) & 9.64 (br, 1H), 7.56 (br, 4H), 7.11 (t, J =
8.5 Hz, 4H).
13C NMR (125 MHz, CDCly) & 176.07, 164.10 (d, Jor = 250 Hz), 135.35, 1
30.43, 115.48 (d, Jor = 22 Hz).
SF NMR (360 MHz, CDCl;) & -109.86 (br, 2F)

[0135] [ZEfEHI4 —2 1]
(EX (4—=70OF7xZI) A9VLAZIVDERK)
FEREARBEHTO. 20mmo 1 D4, 4’ —<7TOERYY 71
VERWTC2EERIGETT ., BoNRIGEERMICOVWTAFY Y/
N)IFLT7IV=9,/10REARETY)ATNASLIOR NI ST 4
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[0136]

[0137]

[0138]

[0139]

[0140]

—A&TW, BNOER (4—7JOF7x2)) X994 VEHBOREGKEE
LTHE~E (65. 5mg. 97 %IXK) ,

[1t40]
SC(OTf)
O O PhCI (1.0 M) O O
90°C,2h Br
(0.20 mmol) (1.1 equiv) >95% ("H NMR)

97% yield (isolated)

H NMR (500 MHz, CDCl;) & 9.77 (br, 1H), 7.56 (d, J = 8.0 Hz, 4H), 7
43 (br, 4H).
13C NMR (125 MHz, CDCl,) & 176.21, 137.79, 131.70, 129.88, 125,12,
[EmfI4—22]
((4—=bO7z=i) (7)) AF9VAIVDERK)
FRERARIGEHETO. 20mmo | @4 —=rARYY I/ VERWL
T2RERGEIT >/, BONTERBMEERMICOVWTIAFY Y BT F
W/ KMVIFLT7EIV=8/1/10DERFEBRET YA S IVAZ L OTK
T274—%fFw, BHO (4—=bO7zxZ)) (7xZ)b) XHUAX
VEBBODFAINLELTERL (44, 5mg, 98%IE) , NHAIVD
JOMNYOE/ZEMERICEZYTAFTLUALIETHNMRICEY 1. 4 1

ERE LTz,
[1b41]
0O Sc(OTf), NH
™S, TMs (5.0 mol %)
+ \N/
O O H PhCI (1.0 M) O O
NO, 90°C,2h NO;
(0.20 mmol) (1.1 equiv) >95% ("H NMR)

98% yield (isolated)
'H NMR (500 MHz, DMSO-dg) & 11.12 (br, 1H), 10.93 (br, 1H%), 8,32-8.2

3 (m, 2H + 2Hx), 7.86 (d, J = 8.5 Hz, 2H), 7.67 (d, J = 8.5 Hz, 2Hx%),
7.63 (dd, J = 8.5, 1.5 Hz, 2Hx), 7,56-7.44 (m, 5H + 3H%),.
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[0141]

[0142]

[0143]

[0144]

13C NMR (125 MHz, DMSO-d;) & 174.46, 174.18%, 148.93, 148.37%, 145.86x%
, 145,06, 138.64, 138.02%, 131.30%, 130.71, 130.45, 129.49%, 129.12,
128.94%, 128.90%, 128,06, 124,12%, 123,94,
[* denotes the minor diastereomer]
[E=/EHI4 —2 3]
((4— ((tert—FFLIAFILIYI) #F2) 7zZ) (F7zx
) AHVALZTVDER)
FEREARIGEHETO. 20mmo l®W4— ((tert —TFIIAF
W) FF2) Ry TIz/vET, BHEDER (KRYXFLTYL
) PRVERAWT24BBEREEITo2 -, BONAERIGHERBICOVWTA
FHY/RMNVIFLTIV=9/10BRAE TV AFIVAZLs0OT b
TS5714—%TW, BHO (4— ((tert—TFILIAFILIYIL) #
FV) 7)) (FxZI) A9VAIVEBRBBOIAILELTEL (4
9. 6mg. 80%WK) ,

[1b42]
0 Sc(OTf); NH
TMS TMS (50 mol %)
+ \N/
O O i PhCI (1.0 M) O O
OTBS 90 °C, 24 h OTBS
(0.20 mmol) (1.5 equiv) >95% ('H NMR)

80% yield (isolated)

H NMR (500 MHz, CDCL,) & 9.51 (br, 1H), 7.52 (br, 4H), 7.48-7.44 (m.
1H), 7.43-7.40 (m, 2H), 6.85 (dt, J = 9.5, 2.5 Hz, 2H), 1.00 (s, 9H)

, 0.23 (s, 6H).

13C NMR (125 MHz, CDCl;) & 177.92, 157.98, 139.92, 132.03, 130.23, 130
.06, 128.30, 119.80, 115.44, 25.64, 18.24.

[EREHI4 —2 4]

((4— (FPRAFN) 2zZ)) (7)) X9VA4AIVDER)
FEREARBEETO. 20mmo | D4 — (FPYRXFI) RyYTx
JvET1, BYHEOER (MYXFILIYL) PITUEAWT2EBERIGE
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[0145]

[0146]

[0147]

[0148]

T2k, BONERIGHERBICOWTIAFYY /UsOoaxyy /b
FLT7EIV=8/1/10RABETVATINVAZLIOATNTZT 14—
HITW, BBO (4— (PYRAFI) 7)) (=) A9V 2
VEEBODAAILELTHERL (39, 8mg, 84 %INXK) ,

[1£43]

o Sc(OTf); NH
T™MS., .TMs (5.0 mol %)
+ \N/
O O Ng H PhCI (1.0 M) O O N
90°C,2h
(0.20 mmol) (1.5 equiv) >95% ("H NMR)

84% vyield (isolated)

H NMR (500 MHz, CDCl;) & 9.76 (br, 1H), 7.62 (br, 4H), 7.50-7.47 (m,
1H), 7.43 (dd, J = 7.5, 7.5 Hz, 2H), 7.38 (d, J = 8.0 Hz, 2H), 4.41
(s, 2H).
3C NMR (125 MHz, CDCly) & 177.77, 139.22, 137.67, 130.38, 129.03, 128
.42, 128.28, 128.04, 54.41.
[EHEfI4 —2 5]
(1, 7, 7T—RFNYXFLESIO[2. 2. 1] ANTHY—2—g3=
L2054 ROERK)
FREARIGEHETO. 20mmo | ODL—AYT77—&£2. OHED
EZ (FYXFILIYI) PRI, 10mo |l %DRY TILABXY Y RIL
RUVBAAYI LA (III) #BWT24EBERNET2 2. BEDHEKX%ETH
NMRAIZE CHESER,. RINEEWE25mL 7523 L, 4. OHED
X&) —)LEMATERT I KEEKR L, BREMEZRIET TRER. BE
2., OmLOYIFILI—FIIEMNL. 5. OHEDIERE (1M ITF
WI—FTIBR., 1. OmL) Z#ix. BERKRE 1 BEERER L, BBKRE
2B BETEHHDT, 7, T—RYXFiLEDsO[2. 2. 1] AT
Y —2—43XZ0L7054 FZEBOEGKELTERL (25, 4mg,
6 8 %INXK) ,
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[1£44]
Sc(OTf); AT
N s, Tus _(10mol %) NH | Helin Et,0 NH,CI
H PhCI (1.0 M) Et;,0
90 °C, 24 h mo1h
(0.20 mmal) (2.0 equiv) >95% comversion 68% vyield (isolated)
("H NMR)

[0149] 'H NMR (500 MHz, DMSO-ds) & 12.51 (br, 1H), 2.96-2.91 (m, 1H), 2.47 (
d, J =20 Hz, TH), 2.12 (t, J = 4.5 Hz, 1H), 1.93-1.85 (m, 2H), 1.44-
1.34 (m, 2H), 1.11 (s, 3H), 0.95 (s, 3H), 0.79 (s, 3H).
BC NMR (125 MHz, DMSO-d;) &. 207.11, 57.51, 49.85, 43.32, 38.43, 31.8
4, 25.96, 19,63, 18.62, 10.19,
Ll 5

[0150] [RISMEERIDIKRET]

AmLONRATICERFEAN, BEELTORNY Z)FOXF Y RI

RVBEZA AT YL (III) (O, O10mmol, 5. Omo | %) &=
TRETE—NAYTHREE Lz, AEE. NMT7ILETILIVTEEL
TbhveEY (1) ELToRYY T/ (0, 20mmo |) | AE
ELToE/7O0ARVYEY (1. OmL, 1. OM) . E2XFRtEY (2
) (0. 22mmo |, 1., 1T4&) . RIMEER (0. O10mmo |,
5. Omo 1 %) ZMA . RIMEEFRIE LT, MIXFILTS /=)L (T
MSOH) . x4 ./—J)b (MeOH) ZRHWk, BE#M%E50CTE®RLEL
%, ERPONEERIGHEERPO'H NMRBIEICLY KD, BRER
TICTRY,

[0151]
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[0152]

[0153]

[0154]

[£R7]
Sc(OTf)3 (5.0 mol%) y
o TMS. _TMs  additive (5.0 mol%) N
+ N
Ph/ﬂ\Ph H PhCI (1.0 M) Ph” “Ph
(0.20 mmol) (1.1 equiv) 50 °C, time
entry additive time (h) yield (%)?
1 none 1 trace®
2 TMSOH 1 19
3 MeOH 1 25
4 none 10 49
5 TMSOH 10 96

aDetermined by 'H NMR analysis. ?Detected by TLC analysis.

RTIRTEIIT, PIAFIIS /=AY ) —ILERNT DI EIC
SV, RIBSMEET D (IXEHFEETB) &L B,
KEhl 6
[RRIBERENIVIEEMERBLETV O VD I7BEDTVRY b
A% ]
AmLONATIIVICERFEAN. M) ILAQASVRIVKVEBRAY
<4 (III) (0. 0O1O0Ommol, 5. Omo | %) #MATRHRETE—
NV TERRZIE LT, BEE. NATFIEFI IV THELL, RV DT
Jv (36. 4mg, 0. 20mmo |) . E//O0RVEY (0. 20
mL, 1. OM) . EX (FYUXFITYL) XV (0. 22mmo |,
1. 148) #NAxk, BEWE7OCTHREBEE®RL. EEOBEELXEZ THN
MRRIZEICK YRR L %=,

Z0%, YroOx4dy (0. 80mL, 0. 25M) 8LV T ) o ot-
TFINITRATIIIGEEE (33. 5mg, O. 20mmo |, 1. O¥E) %
MAt., BEDEERT2 4RERERL. BONRGHEERDICOVTA
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[0155]

[0156]

[0157]

[0158]

Uy /BRI FIL=10/10ERRAETIVATFINVASLIOXNITS
T4 —%1TW, BROT) Iy JIBEABHBOEEE LTER (4 8.
3mg. 82%INZEK (2 ) .

[{E45]
0
CIH-H,N

Sc(OTh); 2 \)LofBu o

O . 0, NH . .
)]\ + TMS\N/TMS (5 0 mol /0) (1 0 equV) Ph N\)I\OtBu
Ph”” ~Ph H PhCI(1.0M) Ph” "Ph CH,Cl, (0.25 M) ﬁ
. 70°C,5h tt, 24 h _
(0.20 mmol) (1.1 equiv) >95% yield 82% yield
('"H NMR) (2 step, isolated)

'H NMR (500 MHz, CDCl;) & 7.67-7.65 (m, 2H), 7.50-7.42 (m, 3H), 7.41-
7.37 (m, 1H), 7.35-7.31 (m, 2H), 7.19-7.18 (m, 2H), 4.12 (s, 2H), 1.4
6 (s, 9H).
3C NMR (125 MHz, CDCl,) & 117.53, 169.90, 139.38, 136.18, 130.38, 128
.76, 128.76, 128.63, 128.04, 127.74, 81.09, 56.31, 28.12,
Ehef 7
[ERLE/RES I VEEMERALELI S FUANMOT YRy MERK]
AmLONATIVICERTFEAN, M IOLAOQXSVRIVKVEEBR Y
I A (III) (0. O10mmo |, 5. Omo | %) ZMATRETFE—
NAYTIREIE L, BEE. XM T7ILETZILIVTHEEL. AHF2 (
29. 4mg, 0. 20mmo ) . E/7O00RYEY (0. 20mL,
1. OM) . EX (RYUXFLZYIIL) 72T (0. 22mmol, 1. 1
YE) ZAk, BREWMEZ=EET] 2EEER L. BEHOBEREZ " HNMRA
EICLYERLAZ, 7oOXRVEY (0. 60mL, 0. 25M) B&LW
B-7 K NEE (49. 2mg, 0. 30mmo |, 1. B¥YE) 2#Mzxl, BS
YEERTO. SEBEERL. BohARBEERMICOVWTY /700X %
VAR )=/ NYIFLTIV=100/5/10EEBRETYYAHY
WAZL70%KNTZ574—%TW. BHOAMYFUNIIMEZEBEBOEGKE
LT/ (46. 6mg, 87 %INE (2K ) .
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[1£46]
0 0 Q
@] (SSC(O-II-I/):; NH Ph)l\)J\OH HoN Ph
mol/o
%o , TMS. TMS CE/SZO (15 eq) o
N H PhCI (1.0 M) N PhCI (0.25 M) N
H . i, 12 h H 1, 9.5 h H
(0.2 mmol) (1.1 equiv) ’ 87% vield

(2 step, isolated)

[0159] 'H NMR (500 MHz, CDCl;) & 7.88 (d, J = 1.0 Hz, 2H), 7.56-7.53 (m, 2H)
, 1.42 (dd, J = 7.5, 8.0 Hz, 2H), 7.34 (d, J = 7.0 Hz, TH), 7.24 (dd,
J=1.0, 8.0 Hz, T1H), 6.93 (d, J = 7.5 Hz, 1H), 3.89 (d, J = 18 Hz,
1H), 3.62 (d, J = 18 Hz, 1H), 1.90 (br, 2H).
3C NMR (125 MHz, CDCl;) & 196.30, 181,15, 140.92, 136.18, 133.48, 13
1.66, 129.24, 128.62, 128.02, 123.81, 122,73, 58.70, 46.79.

Kkl 8

[0160] [ZEMEHI8 — 1]
[FRSTFLTUVEZDLIZIAY) R (TBAF) #9352, 2,
2—RKNYZ040-1—-JzZVIHVAIVDER CBESR) ]
AmLONATIIICERFEAN, 2, 2, 2—KN) 70407 EMNT T
J>Y (1, Ommo |) . 7OoaR>vE> (1, OmL, 1. OM) . EX
(RUXFLTYNL) PRV (1. Tmmo |, 1. 1%8) RUOT7vibT
NSTFLTFVEZYL (TBAF, 1, OM in THF, 0, 050m
L. O. 0O50mmol, 5, Omo | %) #MNxi/., BEWEQOTCT?2
4 B3R L. HEBRMOD ' FNMRBIEZITo/E A, 95%ULEDK
INDOETHEERE I N,

[0161] [1£47]

TBAF in THF
/jl , s, Tms (50 mol%) /ﬂT
Ph”™ “CF3 H PhCI (1.0 M) Ph”™ “CF3
(1.0 mmol) (1.1equiv)  90°C.24h  >95% yield ("°F NMR)

[0162] [ZEH8 — 2]
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[TBAFAfEE$22, 2, 2—h ) 7)0AO0-1—-TzZINIH VA
IVOEH (REMICAEE) ]
AmLONATIIICERFEAN, 2, 2, 2—KN) 70407 EMNT T
J2 (1. Ommo l) , EX (MYUXFIZYIL) 7T (1. Tmmo
I, 1. 1H8) 8L 9T S TFILTFVEZDL (TBAF, 1,
OM in THF, 0. 10mL, O. 10mmo |, 10mo | %) %N
Al BEYMETOETI 2R LK. HERMOD ' 9F NMRAIE%
Tolc&l b, M8 8%NDRIGDEITHEER I NI,
[0163] [1t48]

TBAF in THF
/ﬁL , s, Tms _(19mol%) /ﬂ?
Ph™ "CF3 H neat Ph”™ “CF,4
(1.0 mmol) (1.1 equiv) 70°C,12h 88% yield ('°F NMR)

Ehefl 9

[0164] [TBAF%fiEET RV I/ VAIVDER (RENICAEE) ]

AmLONAFIICERTFEAN, RyYT7z2/Y (1. Ommo |) |

EX (M)XFILTYI) PR (2. Ommo |, 2. OYE) . 7vit
FERSTFILTYE=ZYL (TBAF, 1. OM in THF, 0. 10m
L. 0. 1Ommol, TOmo | %) ZMA., RBREVWZ=ERT2EHEIE
#BL. BROHERE " HNMRAIETHRA LK. BOhARIGHERYICD
WCAFHY Y/ NIJIFILTIV=9/10DREBETCYIASILAS LY
AT MTS574—%TW. BHORYY Iz /) VA VEBRBOAMILEL
TR/’ (162mg. 90%INxE) ,

[0165] [1t49]

0 i 0 NH
)J\ .\ TMS\N/TMS TBAF in THF (10 mol%) )J\
Ph”™ "Ph H neat Ph™ "Ph
(1.0 mmol) (2.0 eq) r2h 90% yield (isolated)

SHefl 10
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[0166] [AtiEDRE]
AmLONATIVICERFEAN, BETE— MG TMRREIER L, B
WM& N TNETFIIVTHEZL, FhoEEW (1) LT o7O0~F
I (ZxzzZI) Y (1. Ommo |) , BEELTF I SEROTS
¥ (0. 1TmL) . £2FREFELEY (2) ELTER (MYXFILZYI) T
v (2. Ommol, 2. O%&) . M (0. 1Ommol, 1TO0mo
| %) ZMATce BEELTR TRSZTFATUVEZDLTIVAY R (T
BAF) . FhSTFLT7VEZDLYEROY Y N) LAY K (TBA
H,F3) . TBAFOKM#AIZRAW:, BEME=RT24EIEHL. A
IEEMEE LT, 2, 4, 5T SAFIRVEVERWHERY
DO'"HNMRBIEICTIREZRE L, BRERICTT,

[0167] [%R8]

~H
O N
TMS. _TMS cat. (10 mol%)
+ N >
H THF, rt, 24 h
(1.0 mmol) (2.0 equiv)
entry cat. yield (%)?
1 TBAF® 81
2 TBAH,F; 11
3 TBAF-xH,0 53

4Determined by H NMR analysis with 1,2,4,5-
tetramethylbenzene as an internal standard. 1 M THF
solution.

[0168] HKRSBICRTEDIC. TRSTFIFILTVEZDLDIVERESET7=F VIR
EEUMBEARAVWRIEICLY, BREEREFFIVURERLE, IND
DHTEH, TBAFIZINERS OBLULAEENRT DI ENTEL,

s 11
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[0169] [AEO#ET (1) ]
AmLONATIVICERFEAN, BETE— MG TMRREIER L, B
g, NATILETIIVTREEZL, T hobad (1) LTy oOAF
I (Zxzz=) Y (1. Ommo |I) | & (0. TmL) . BERE
£EY (2) ELTER (KRYXFIPYIL) PRV (2, Ommo |, 2
OXE) . ML LTIVIET NS TFILTEZDVLKFY (0. 10
mmol, 10mo | %) ZMAtk, WEELT. FhZrOI75> (T
HF) . N, N=UXFILRILLTIR (DMF) [ E/70RVEY (
PhC 1) #BW:, BEAMAERT24BMERL. ASEENEE LT
1, 2, 4, 5=FRrSXAFIRVEVEBWHEERYOHNMRRAEIC
TINEZRE L, BRERIICTT,
[0170] [3R9]

~H
i N
+ TMS\N/TMS TBAF-xH,0 (10 mol%)
H solvent (0.10 mL)
rt, 24 h

(1.0 mmol) (2.0 equiv)
entry solvent yield (%)2

1 THF 53

2 DMF 89

3 PhCI 54

aDetermined by 'H NMR analysis with 1,2,4,5-tetramethylbenzene
as an internal standard.

[0171] ROILRTLDIC, BEELT, T hZERAOTZ7ZY. N, N=IUXF)

RILAFTIR, E/200RVEVERVEEES. RIBPRIFISETL .

N, N=IUXAFIKRILLTI REBWLEBENIRFICBENRTWSEZ &b H D
[0172] [B#EO#E (2) ]

AmLDINATIICERTFEAN, BETFTE—MNAVTHMRAEZELE, &
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g, NATILETIIVTREEZL, T hobad (1) LTy oOAF
I (7)) v (1. Ommo 1) | BRREEW (2) &LTE
A2 (MYXFILTYL) TV (2. Ommo |, 2, OME) . s L
T2t S TFLFPVEZDL (0. 10mmol, TOmo | %) @
THF®R®K. BmaE (0. 1~2H48) Zi0Ak, BINAES LT, N,

N—IUAXFIKRIVLTIRK (DMF) [ YAFIZIEFT K (DMSO)

« N=—XFi—-2-¥oOyY) Ry (NMP) . N, N=UXFIF7ErFIR
(DMA) ( AFHAFILYVEN)T7IR (HMPA) ( N, N=IUXF
L7AOELVERE (DMPU) [ 1, 3=UAFI—-2—AIFJYI /v
(DM 1) #RW, EEWAEEET2 4BBEHRL,. AEEYPE S LT
1, 2, 4, 5=F R SAFIRVEVERWLHEERYDO ' HNMRBIEIC
TINEARE L, #EREKR1 OICTT,

[0173] [%10]

0o TBAF in THF (10 mol%) NDH
additive
. TMS\N/TMS
H rt, time
(1.0 mmol) (2.0 equiv)

entry additive (mol%) time (h} conversion (%)ai entry additive (mol%) time (h) conversion (%)?

1 DMF (10) 24 90 8 DMSO (100) 6 63
2 DMF (20) 24 95 9 NMP (100) 6 77
3 DMF (100} 24 97 10 DMA (100) 6 78
4 DMF (100) 6 69 : 11 HMPA (100) ¢ 90
5 DMF (200) 6 66 12 DMPU (100) 6 88
6 none 6 45 13 DMI (100) 6 98
7 none 48 94

2Determined by TH NMR analysis with 1,2,4,5-tetramethylbenzene as an internal standard.

[0174] KT OICKRT LI N, N=IUAFIUKRILFTIR (DMF) iF 10
mo |l %~200mo 1% (0. 1~2%8) ORMTREOHLENARSh
. 100mo | BHFICEBNTWE Z &S, Fe N, N—-IXFIL
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[0175]

[0176]

FIWLFTIR (DMF) DIEMNMI, IAFILZAIEFY R (DMSO) . N
—AFN—-2-EAYRY (NMP) { N, N=IXFLFPEI;7IR (D
MA) (. AFHAFILYVEBIN)T7IR (HMPA) . N, N=IJXFILT
OFLYR%E (DMPU) . 1, 3=IUXFIL—-2—-A434J)T /> (D
M) OFMTHPREOMLENRESNZ, HMPU, DMPU, DM | A&
NTHY., DM | BRFICERTWS Z &b h b,
R D®RE (3) ]
AmLONATIVICERFEAN, BETE— MG TMRREIER L, B
WM& NATNLETLIVTEEL, ThobEY (1) ELTRYY T
JVA4XY (1. Ommo |) . ZRRFLEYW (2) ELTER (MYXF
L)) 7T (2. Ommo |, 2, OYE) . LTI viET b
STFILT7YEZDAL (0. 050mmo |, 5. Omo I %) ®THFA
R, BIBEE (1. OXE) ZmMAk, BMBEEE LT, N, N=IXFJ
AIWLTFZIRK (DMF) . N=XF)L—2-EOY K> (NMP) . N, N
—IAFITERIPIR (DMA) | AFHFAFIYVEMN)T7I R (HM
PA) . N, N=IJXF)IT7OELVERR (DMPU) [ 1, 3=IUXFI
—2—-434%V)2 /v (DMI1) ZAWE, REWEERT2REE®RL
ft%. ERPOREERIMEERDDO'H NMRAIEICLY Rodtz, HR%E
x£11ILRY,
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[&11]
TBAF in THF (5.0 mol%) H
O TMS. _TMS additive (1.0 equiv) N’

M, N - N

Ph” “Ph H n,2h Ph” ~Ph

(1.0 mmol) (2.0 equiv)

entry additive yield (%)? ' entry additive yield (%)@

1 none 60 5 HMPA 93
2 DMF 96 6 DMPU 97
3 NMP 63 E 7 DMI 91
4 DMA 93

@Determined by "H NMR analysis.

[0177] K1 VICHRTEDIC. N, N=UXFLRILLFTIR (DMF) | N—X
FIL—2—-¥OYRY (NMP) { N, N=YXFLFPEI7I R (DMA
) ANFYAFILYUEBN) IR (HMPA) | N, N=IXF)L70E
LYR$%E (DMPU) [ 1, 3=UXFIL—-2—-q43X8FV)2 /v (DM
) OFRMTREDOEENAR SN, I, DMF, DMPUMEBhTWSZ
EhhB,

[0178] [AEO#HET (4) ]
BEDOWRE (3) OFEICEWT, BEE LTI VLT NS TFILTUE
=i (0. 025mmol, 2. 5mo | %) OTHF&A®KABAWS &
IS, RFGBRNMEONAEZDMF ZEINBESE LTHEWT, ZORMEEZE
3tk BREXR12IIRT,

[0179]
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[5=12]
TBAF in THF (2.5 mol%) H
O TMS. .TMS DMF N’
5 N J
Ph” “Ph H rt, 2h Ph™ “Ph
(1.0 mmol) (2.0 equiv)
entry DMF (equiv)  vyield (%)? entry DMF (equiv)  vyield (%)?
1 0.5 40 4 6.5 (2.0 M) 96
2 1.0 55 i 5 13 (1.0 M) >99
3 2.0 80 6 26 (0.50 M) 99

aDetermined by "H NMR analysis.

[0180] K1 2ICARTLIIC. MMEEZRBOSLTH, LEIBRHNEEDDMFZHWS
ZEIWRFIYFRICRIGDETT B DB,

B, DMFA13%E (1. OM) AV &I, BERELEYW (2)
ELTER (MY XFILT)IL) 7T (1. S5%8) A
W/RTIiE. TBAF%Z1. Omo | %EFTERBIETTEHERSEISET L (

79~94% ("HNMR) ) ,

Ehefl 12

[ZRREEWMEDKRET (1) ]
AmLONATILICERTFEAN, BETE— MY TMRELE L, B

WM& N TNETFIIVTHEZL, FhoEEW (1) LT o7O0~F

I (7)) by (1. Ommo |) | BEERRIEEYW (2) &ELTE

ZARYXAFILTIN) TRV BBEELTIVIET RS TFILTVEZD

LoKFI4 (0. 10mo | %) ZMAlk, BEWME=ERT?2

ABSREERL. REEEYPEE LT, 2, 4, 5-FrSAFIRVEY

ERAWEHERMO " HNMRAIBICTINEREZRE Lz, BRER1 3ICRT

5mmol, 1,

[0181]

1TO0Ommo |,

(o)

[0182]
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[#13]
0 TBAF in THF (10 mol%) o
. TMS\N/TMS DMI (1.0 equiv)
(1.0 mmol)
entry 2 (equiv) conversion (%)? entry 2 (equiv) conversion (%)?
1 3.0 96 L3 15 >99
2 20 98 i 4 1.1 74

@Determined by "H NMR analysis with 1,2,4,5-tetramethylbenzene as an internal standard.

[0183] X1 3ICTRT&LOIC. BRRLELEDMIE, 3. 0~1. 1HET, SET
RIGHETL, 1. SHERWEHEENMFIIBhTWSEZ &b N DS,

[0184] [ZERRILEMEDKRE (2) ]

AmLONATIVICERFEAN, BETE— MG TMRREIER L, B

WM& NATNLETLIVTEEL, ThobEY (1) ELTRYY T
JVA4XY (1. Ommo |) . ZRRFLEYW (2) ELTER (MYXF
Wo)I) PRy, EELTIvET NS TFILTUVEZDL (0. 02
S5mmol, 2. 5mo | %) ZiAl, BEMEEERTIRBEERLLE
 ERMOINEERISHERMD 'H NMRAIEICEY KD, BRER1
427,

[0185] [&14]

i

o TMS. _TMs  TBAF in THF (2.5 mol%) N
+ N
Ph/U\Ph H DMF (1.0 M) Ph” “Ph
(1.0 mmol) t,1h
entry 2 (equiv) yield (%)? entry 2 (equiv) yield (%)?
1 2.0 98 : 3 1.1 97
2 1.5 >09 (geb)

2Determined by "H NMR analysis. %Isolated yield.
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[0186] F14ICRTLOIC. BRFELEYE. 2. 0~1. 1HET, BINET
RIGHDETL, 1. BHEBRAVERENMRICBNRTWS I & DA S,
Ehefl 13

[0187] [RIGEE DIRET]

AmLONAATIICERFEAN, BETE— MY TMRAIE L2, B
WM& N TNETFIIVTHEZL, FhoEEW (1) LT o7O0~F
U (Zzz=N) Hhv (1, Ommo 1) | EBXFFLAEY (2) &LTE
2 (MYAFLIYW) PR (2, Ommo |) | LTI viET b
STFIFVEZDL (0. 0O1TOmmo |, 10mo | %) #MAT. B
EYEERT2 4EER L. NEMEEYES LT, 2, 4, 6—F 3
AFIRVEVERWHEERYMO ' HNMRAIEICTINERARE L, BR
H3FR15ITTRT,

[0188] [k15]

i , TMS.TMs TBAFinTHF (10 mo%) N
H temp, 24 h ©)J\©
(1.0 mmol) (2.0 equiv)
entry temp. yield (%)@ E entry temp. yield (%)?
1 50 °C 50% E 3 rt 81%
2 40°C 62% 4 0°C 16%

aDetermined by 'H NMR analysis with 1,2,4 5-tetramethylbenzene as an internal standard.

[0189] HKI1BIKARTLIIC. OCOMETERMBIEIT L, . EE (25
C) DFE. RIRFICBIFICET L,
Ehefl 14
[0190] [TBAFZfIEE TIRABTILFILTFIVOERK]
(EARRIGEM)
AmLONATILICERTFEAN, BETE— MY TMRELE L, B
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g, NATILETIVIVTEELZL, Thoiba®m (1) (1. Ommo |
)« BRRFLEEY (2) ELTER (MYXFIPYN) PEv (1. Em
mol, 1. BYE) ., BEELTIT, 3—IUAFL—2—AZIFJYT)
¥ (1. Ommo |, 1. OHE) . MELLTIVILT NS TFILTUE
=54 (TBAF, 1. OM in THF, O. TOmL, 0. 10Ommo
. 10mo | %) AT, EEWEERETORBEEREL. NIEEYE
ELTT, 2, 4, 5—FhIAFIRVYEVERBWHEERMDO ' HNMR
AIEICTINEKRAERE Lico MEDRISEGEERRIGEEE WD,
[0191] [3R16]

o TBAF in THF (10 mol%) N’H
TMS., TMS DMI (1.0 equiv)
L, + N L
R "R? H rt, 6 h R "R?
(1.0 mmol) (1.5 equiv)
N“’H NIH N’H
>99% >99% >99%
N‘H N‘"H N‘”H
M M
© © Me
Me
89% 87% 90%
(SM: n.d.) (24 h, SM: 1%) (24 h, SM: 6%)
N“"H N’H N’H
©)‘\/\/Me /U\
81% 60% 96%
(24 h, SM: 10%) (24 h, SM: 35%) (2.5 mol%, 1 h)b,c

a4 NMR vyield. ?13 equiv (1.0 M) of DMF were used instead of DMI.
‘Isolated yield.

[0192] [=rEHI14—1]
(oOAFUI (7)) AI9VAZIVDER)
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FREARBEETT, Ommo | OV yOANFUIL (TzZI) Y
HRAWTOREEMREIT >, "HNMRAIELY BMOY7O~NFUIL (7
TZN) A VAZIUD>I 9DINETER L TWSD & =MR L,

[0193] [1£50]

0 TBAF in THF (10 mol%) NH
. TMS\N/TMS DMI (1.0 equiv)
H rt, 6 h
(1.0 mmol) (1.5 equiv) >99% ("H NMR)

[0194] [Z=fEHI1 4 —2]
(o07FI (ZZI) AF9VLIIVDERK)
FRERARIGEETT. Ommo O PO7FI (7)) V%
AWT6RERE%ZT >/, "HNMRAIELYEMOS7OTFIL (7=
W) A4 I VD> 9 %DIRETERLTWS I & &MEE L1,

[0195] [1£51]

O TBAF in THF (10 mol%) NH
. TMS\N/TMS DMI (1.0 equiv)
H r, 6 h
(1.0 mmol) (1.5 equiv) >99% (1H NMR)

[0196] [=fEHI1 4 — 3]
(o070Bl (7)) AF9VA4IVDERK)
FRERRIGEETT. Ommo Oy O7OEL (7z=ZL) LY
ZRAWTEIEIRERZTo, "HNMRAIELYBERHO Y 7a~NF )L (T
TZN) A VAZIUD>I 9DINETER L TWSD & =MR L,
[0197] [1£52]

O TBAF in THF (10 mol%) NH
. TMS\N/TMS DMI (1.0 equiv)
H rt, 6 h
(1.0 mmol) (1.5 equiv) >99%, (1H NMR)

[0198] [=EhEHI1 4 —4]
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(2—AXFN—1—7z=Z)L7ANRY—1 -4 IVDEK)
FRERARIGEETT. Ommo | DAY 7FOT7 ./ v EBWT6ERE
ER%ET>, "HNMRAIELYERND2 —AFI—1—-Tz=)7TO/RY
—1—-AXIUN8I%DINETERLTWSBZ &E&mR L,
[0199] [1£53]

0 TBAF in THF (10 mol%) NH
Me , TMS. -TMS DMI (1.0 equiv) Me
H rt, 6 h
Me Me
(1.0 mmol) (1.5 equiv)

89% ('H NMR)

[0200] [=MefI14—5]
(1—7zz=07any—1—A43IVDOERK)
FEREARIGEETT. Ommo | OFOEA T/ Y ERBWT 2 4 B5HE
BHETo, "HNMRAIELIYEND T —Jz=070NRY—1 -3V
D87 %DINETEXLTEY, RRIEODTAEF T/ VA1 %FKE>TW
5 MR LT,

[0201] [{k54]

0 TBAF in THF (10 mol%) NH
Me TMS\N/TMS DMI (1.0 equiv) Me
H i, 24 h
(1.0 mmol) (1.5 equiv)

87% ("H NMR)
(SM: 1%)

[0202] [=fEHI1 4 —6]
(1=7zZWTHY—1—-A4AIVDER)
FEREARIGEHETT. Ommo | O7FO7x/ Vv ERWT24EEE
BETo7, "HNMRAIELYEMDT -7z 749V —1—4AIUN9
O%DINKRTERLTHY., RRBOTFOT7T/ UHA6%FE->TVWD I E
=HER LT,
[0203]
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[1£55]
0 M. TMS TBAF in THF (10 mol%) NH
WMe + \H/ DM|r(t:| ;49;1U|V) ©)J\/\Me
(1.0 mmol) (1.5 equiv) 90% ('"H NMR)
(SM: 6%)

[0204] [=MefBI14—7]
(1—=7zZIRVIY—1—(IVDERK)
FRERARIGEETT, Ommo | OAALAT T/ VERWT2 4EEE
BAaTok, "HNMRAIELYEMNDT -T2 RYIY—1 -4 IUH
81%DINETHERLTHY., RRHEOALOT7T/ VA1 0%FE>TWD
&R LT
[0205] [1£56]

0 TBAF in THF (10 mol%) NH

Me , TMS\N/TMS DMI (1.0 equiv) Me
H rt, 24 h
(1.0 mmol) (1.5 equiv) 81% ("H NMR)
(SM: 10%)

[0206] [ErEHI1 4 —8]
(2oO07aELA9 V4 IV DER)
FERERARIGEETT. Ommo | OYYyO7OELT NV ERBWT2
AB5EER%ET >, "HNMRAIELYEBEMOY /070 A4 2
VN6 0%DINETEMRLTEY., KRRIFOTY /07O r hoA35
%FHo>TWB I EEHELK,

[0207] [1£57]

O TBAF in THF (10 mol%) NH
. TMSW(IMS DMI (1.0 equiv)
H rt, 24 h
(1.0 mmol) (1.5 equiv) 60% ('H NMR)

(SM: 35%)
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[0208]

[0209]

[0210]

[0211]

Ehefl 15
[TBAFZMIEETIRYY I/ VA IVDERK (BiEAR) ]
AmLONATIVICERFEAN, BETE— MG TMRREIER L, B

M. NATNETILIVTHEEZL, FhoEY (1) (1. Ommo |

)« BRRFLEEY (2) ELTER (MYXFIPYN) PEv (1. Em
mol, 1. BHE) . BIMBEELTN, N=IXFIKRILLTIR (1
OmL, 1. OM) . ML LTOvIbkT hSTFLT7VEZVL (TB
AF, 1. OM in THF, 0. 025mL, 0. 025mmo |, 2,
5mo | %) #ilA7. BEWEEETIFEERL. BEEOEXRZ " HNM
RAIECHEER L, RIAHRESHEO—MIZL, H,O (10mL) #MA

oo YIFILI—TILTHEER BREZBETTREL. MBS N DA

THRE LI, BEBER. AFYV /NI IFLTIV=9/10RRAEE

TYVATINVAZLIAT NI Z T4 —%1TW. BROXRYY I/ V41
VEBERBOAAINELTHERL (1 73mg. 96%INXK) ,

[1£58]
;i , TMS. . TMS TBAF in TH (2.5 moi%) Jﬁ
Ph"” “Ph H DMF (1.0 M) Ph” “Ph
(1.0 mmol) (1.5 equiv) t,1h 599% ('H NMR)

96% yield (isolated)

H NMR (500 MHz, CDCL,) & 9.72 (br, 1H), 7.58 (br, 4H), 7.49-7.46 (m,
2H), 7.44-7.40 (m, 4H).
3C NMR (125 MHz, CDCl,) & 178.36, 139.35, 130.30, 128,34, 128,34,
Ehefl 16
[EXRLE/RESAIVEEMERALETI/ZN)ILOTVRY MERK]
AmLONATIICERFZEZAN, BETE— MO TNREEZE L. B
M. N TFNETFZILIVTHEZL, o20~NFDI) (7z2Z) SRy (
1. Ommo ), EX (MUXFILIYNI) X (1. Emmo |, 1
BYE) . MEELTIvET NS TFLT7VE=ZVL (TBAF, 1.
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[0212]

[0213]

[0214]

[0215]

[0216]

OM in THF, 0. 10mL, O. 10mmo |, 10mo | %) %N
Z. BAEMEREBT2 ABBEHE®RLL,

D%, PEM YT /ERYY (3. 0, mmo |, 3., OHE8) A1
ATCERT24RFEEBH LA, ¥y FIVAHERADEREZHNMRIE THER
L7eDB, RIBMERMICOWTAFY Y FBRIFIL=6/1DEMABE
TV AAZL7O7TNTZ714—%TW. BHOTI/ M) ILZEHEBEE
RELTH/RE (190mg,. 89%INE (2K ) .

[1£59]
HO CN
. NH,
o HMDS (1.5 equiv) NH Me” Me
TBAF in THF (10 mol%) (3.0 equiv) CN
r, 24 h r, 24 h
one-pot
(1.0 mmol) 89% (isolated)

H NMR (500 MHz, CDCl,) & 7.61-7.59 (m, 2H), 7.41-7.33 (m, 3H), 2.08
(br, 2H), 1.93-1.83 (m, 2H), 1.73-1.69 (m, 2H), 1.66-1.64 (m, 1H), 1.
49-1.47 (m, 1H), 1.29-1.25 (m, 2H), 1.15-1.05 (m, 3H).
13C NMR (125 MHz, CDCl;) & 139.40, 128.51, 128.45 (2C), 126.25 (2C), 1
22.83, 62.33, 48.82, 27.82, 27.37, 25.97 (2C), 25.80.

BB, PT/RIE. 1. BHEFTERL TEBME LR RIGHNET L .
T, YF7/IRELTTMSCNZRAWZHEE S RKICKBAETL .
Khedl 17
[RIMEERI DET (1) ]

AmLONATILICERTFEAN, BETE— MY TMRELE L, B
WM& N TNETFIIVTHEZL, FhoEEW (1) LT o7O0~F
I (7)) v (1. Ommo 1) | BRREEW (2) &LTE
2 (MYUXFILTYI) PRV (2. Ommo |, 2. O0YE) . RItEHE
# (1. Ommo I, 1, OHE) . MELLTIVILT NS TFILTUE
=4 (TBAF, 1. OM in THF, 0. 1OmL., 0. 10Ommo
. TO0mo |1 %) ZMxt. RIMEEFRIE LT, MIAFILES /=)L (
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TMSOH) , x4/—J)L (MeOH) ., T4/—J)L (EtOH) ZAWEL
. BEVMEERTOREER L. WEEEYEELTT, 2, 4, 5—FF
SAFIRVEVERVWHERMO " HNMRAIEICTINERERE L, &
RER1TIIRY,

[0217] [ZR17]

0 TBAF in THF (10 mol%) N’H
TMS. _TMS additive (mol%)

(1.0 mmol) (2.0 equiv)

entry additive (mol%) yield (%)#

1 none 45

2 TMSOH (10) 44

3 MeOH (10) 61

4 EtOH (10) 66

5 EtOH (20) 57

6 EtOH (50) 58

7° EtOH (10) 69

gbec EtOH (10) 95

9¢ TMSOH (10) 99

10¢ none 81

aDetermined by "H NMR analysis with 1,2,4,5-tetramethylbenzene as an internal standard.
51.5 equiv of HMDS were used. °Reaction time: 24 h.

[0218] F17ICRTLIIC. NIAFILIS /=, X9 /=), TH /- %
AT B EICELY, RIGHMEE (IREHLHELE) LTHY., HIZTF /-
PMENTWBZ &AM S, T4/ —ILDEIEF. 10~50mo | %TIXX
PELEL, HIZCTO0Omo | ABRATWE I &b D, . BEREOE
Z1, BHUBETDHIETREIABETZ I EDDN D, I5HIC. RGFME
Z2ARBBETCERT 2 ETRIFEENICRIGHIEITT S &hbh s,
2ARBETERTZENIAFILSS /) —INLYBRWHERERT &N
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HbHs,

[0219] [RINMEERIO®KE (2) ]

AmLONATIVICERFEAN, BETE— MG TMRREIER L, B

WM& N TNETFIIVTHEZL, FhoEEW (1) LT o7O0~F
U (Zzz=N) Hhv (1, Ommo 1) | EBXFFLAEY (2) &LTE
A2 (RMYXFILTYL) TV (2. Ommo |, 2, OYE) . BEEL
TN, N=IAFINHRILLTIR (1. Ommo |) | & LTI vitT
NSTFLFVE=ZYL (TBAF, 1. OM in THF, 0. 10mL
. 0. TO0Ommol, 1TOmo I %) . RiMEEFIELTH,O (0. 10m
mol, TOmo | %) ZMAk., RBREVMEZE=RTOREERL. NEMEE
MEELTT, 2, 4, 5—FThIAFIRVEVZRWCHERDO HN
MRIAIEICTINERERE L, BEREKRT1 8ITRT,

[0220] [$&18]

0 TBAF in THF (10 mol%) NG H
TMS. _TMS additive (mol%)
+ N
H DMF (1.0 equiv)
r, 6 h
(1.0 mmol) (2.0 equiv)

entry  additive (mol%) vyield (%)?

1 none 68

2 H,O (10) 79

aDetermined by TH NMR analysis with 1,2,4 5-tetramethylbenzene as an internal standard.

[0221] |1 8ITRT LI, 10mo | %DKEMABZ EICLY., RIENRHE
T2 (RENBLETZ) ZEHbh 2,
EX EOF AN

[0222] AFBAIE. EREE|RES I VEEWERETEZIoh 0, EELER
TH b,
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s5RIA1]

&a R D&

WA ABMEZRTI28BIEEZ2THE. KT ST7LFLTUE
ZOLDIVRERBT A VEESUHMENSREEINDZI DR ED 1
BOMBOELET.

TR (1)

[161]

)k (1)

R2

(RTERUR2E, ThEhBEREEZRL. EWIER L TREZENX
LTHELW, ) THREND T M EEH (1) &,

T&ER (2)
[1E2]
5 5
RKT X Re
RP=Si_ S—R’ ...(2)
N
H

[RERUVR4E. TNETNKRRFIGBEHEEEZRL. RoIE. K
FREF. BIEE. XEEWIHEE LAETEEBEOE
[1£3]

(Relk, KRRFXIBEMEHEEEZRT, ) 2RY, ] TRINDE
RREEY (2) E&2RIGTIET,
Tk (3)
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55 RIR2]

55 KIR3]

55 KIR4]

55 3KIR5]

55 KIR6]

[1b4]

NH
-+ {3)

R! R?

(R"RU'R2iE, R (1) TRINZ T MVEEW (1) 8T 3
HbOERBTHD, ) THRINZA IVILEW (3) XIEZDIEEE
ETDIEER/METIERIEIGES I VILAMORESE,

WA ABMEEET 2EBIEN. FLEEE, Fe, I n, SnRT
BihbBENZDRKEET1EOEEDON)T7S5—ME. /F75
—MEELLIE M) OMAORXA IV ZIVKRZILA 2 R, XiESc (
NO3) s&BLLKIEB i Br;Tha I &aHHE T 255 KE EBHOD
=R LEREA I VLAMOEES X,

#tELEN, Sc, Y, Sm, Eu, Gd, ErXiZYbT#H?3
TEERFHMETIERB2EHOERLERE I VLEDORIES
o

WA ABMEAEETZEEEN. Sc (OTF) 5, Y (OTF) 5
, Sm (OTf) 4, Eu (OTf),, Gd (OTF) 5, Er (O
Tf)s, Yb (OTF),, Fe (OTF) 5 In (OTHF) 5,
Sn (OTf) ,, Bi (OTf),, Sc (ONF) 5, RUSc (
NT f,) shHBENZDAGKEL 1 BTHDIEERHHETSE
RE1~30VWThHhREHOER LERES I VIEEMOEEAE,

ThRSTPLFIVTUVEZDLDIVRERT7T A VEDOTILFILER
DORBENS, 1~6TH3IEERHHETIEKRE BROERL
BIREA I VILEWOEERE,

ThRSTPLFIVTUVEZDLOIVRERT A VEN. Th37
FIVTUVEZDLIIAY R RIETINSZTFILTFVEZDLYER
A7V )T RTHB I EE2/FHET BERE 1 XIEEEHD
=R LEREA I VLAMOEES X,
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[553KIR7]

[53K1R8]

[553KIR9]

[55K1R10]

[55KIR11]

R'RUV/RXIER2HD, FERRV/ XISEHRELEC L &2R
BETIHEKIET~6DVWTIDEHOERRLEERE S I VILEHOD
HEFHE,

WA ZRBEEET 2€BEZECHMEOEET. sOoaxRyEY,
MLIv, FhSeRO75Y, IFFHy, JdarvEy, ¥
JO00IYVRUTEMNZRMN)IUHLBBIENDZDABL EH 1 EEST
BEHRT, S hvibEW (1) SE2REBLEEY (2) ORIGEITS T
EEBHETIEREI ~TOVWThHIEHOER EEREII VL
EYDOHER %,

ThRSTIVRLNTVEZIVLOID VREBT7 A VIBEZSUHIED
BFEET. 7oORyEY, MLy, FhRO77Y, JFFY
. ZhFaxRyEy, oonoxd . N, N=IAFILRILLT
IRUAFIAILEFS R, N=XF)—2-EAY K>, N, N
—IAXAFNTEINTIR AFYXFIL) VBN PR N, N—
JAFLTAOEL VRE. RUP1, 3=IXAFL—2—-A3IFJYY
JUDBLBENZDRCEE 1 BEECBREHRT. FhvbE (1
) EERRLEEY (2) ORBETO L EFHBETHEKREN~7
DODWIFNHIEEHOER LERES I VILEWOREH X,

EEMICAEEAVS AL FhvibaEY (1) SE2RELE
¥ (2) ORINETDI ZEER/FHMETRERE ~700WTNHREHE
DEFZLE/IREA I VIEEMOEESE,

Ko ZIA—=LWRUTS /=IO HBBENZ DAL EE TREDORIG
BEFOEET. F et (1) EB2RRLEY (2) ORIE%E
THITEAEBHETIEREI ~100WThHREHOER HERHE
1 IV baMOEEFE,
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