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Figure 2. Reversible covalent binding of boron-containing compounds.
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TICEA L. W% H 72 REERIG & 73 WNERLIRGIC X T tavaborole Z & L 72,

Akama 5 (3 PDE4 HEEMEZ /R L 7 F & — WG RIGHRIETH 5 crisaborole DAIEE
5 L 72(Scheme 5)*°, Tavaborole & [AIfRIC 70 EX V¥ VEFEKR 24 2L EK L, T a—
NERELTALEM 27 I L. Ay 7Y v IRISE AV Y RIRTFOEAN L #EEZ 7
WAREE S IG & 53 T NERIL G T X o T crisaborole % &A% L 7=,

Baker. 2006
MeOCH,CI
/@iBr NaBH, /©/\B/r i-Pr,NEt
—_— —_—
F CHO  MeOH Of chyel,
21 rt 22 rt
1) (i-PrO),B
n-BuLi
THF OH
/(:Eii/r —78°Ctort B
. \
F O _OMe 5 6N Hel /©1/O
THF F
23 rt tavaborole

T. rubrum and T. mentagrophytes
MIC 1 pg/mL

Scheme 4. Synthesis of tavaborole?6
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1) NC
Akama. 2009 \©\
F

K,CO3
TsOH Br DME
/@Br ethylene glycol 100 °C
: O >
HO CHO toluene HO \) 2) 3M HCI
reflux (@] THF
24 25 reflux
1) NaBH,4
O,
o CHO 2) 3,4-dihydro-2H-pyran
camphorsulfonic acid
26 CH20|2, rt
1) (i-PrO);B
n-BulLi
THF OH
NC\@\ /@;Br _78°Ctort  NC d
\
O
o OTHP ) 6N HCl \©\o/©i/
THF, rt
27 crisaborole
PDE4 IC5q
0.49 uM

Scheme 5. Synthesis of crisaborole®

Chen & IZESYEIRIEHK L LCRFE I N TV 3 SCYX-7158 DAk % L 72(Scheme
6)%, 2-7 0 ELEKMA F L 28 B HFIEL L L. grignard JIGIC L W 7 ra—afk29 & L
Tete. Ay 7YV IROGERRIC X 20 FHNBMLIGIC X o TAF IR e — VB8 2L
770
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Chen. 2011 1) (i-PrO)sB

n-BulLi OH
Br THF 7
@Br MeMgBr 28 eC g HNO,
- OH O — _—
0°C THF (CF3CO)20
28 29 —-78°Ctort 30
F
OH _ H, o o o
B\ 5% Pd-C H5N B\ CF; O B/
o —— > N
THF K2CO3 CE 0o
THF 3
SCYX-7158
T.b. brucel

ICsp 0.20 pg/mL

Scheme 6. Synthesis of SCYX-71584

Akama & (ZFIRIER & L TR TN T\ 5 AN3484 D EE % H L 72(Scheme 7)%, H
KEE 33 220 2 TRTRu vy Fa— LT AT K35 4K L. ZDhL I ks
TCRIGIC X O T a—n~Ze it BRIC X 20 FHELEIGIC X o T F ¥ K — v Eig
G 72,

_yEvERE 6 BEABETAAFHRY VREKICHEBIT S L, *OAIFE~DIGH
Bl & ERENE D7 v, Bl IE, Akama S IIPUREEE L L CTAF 3 H Y VEFER 42 O ARGE
%R L 72 (Scheme 8)32 3%, HAFRI 7 2 A F ATV a2 —LiFER IS O T —T LK 39 %
AL, 5 BEREERRICO THERLKISICE > THA 3R Y vEKREREEL 72,
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Akama. 2013

Bis(pinacolato)diboron

PdCl,(dppf)
MeO\@OH (Tf0),0 MeO oTf KOAG
Py .
CHO CHO dioxane
-10to 0°C o
33 34 80 °C
F
F
1) NaBH,
THF/MeOH OH NC
9/k< 0°C HO d K,CO3
MeO B\O —_— \ >
LT 38 e °  ouso
r3, LHoL I, 80-90 °C
CHO ~10t0 0 °C
35 36
1) LiAIH,
THF
OH . F OH
\
O
2) HCI HN \©1/
‘HC AN3484
TNF-a, IL-1B, and IL-6
ICso 33-43 nM
Scheme 7. Synthesis of AN34844!
Akama. 2014 1) (i-PrO)s;B
n-BuLi OH
3,4-dihydro-2H-pyran THF T
@i\ camphorsulfonic acid @EL\ -78°C B\O
OH CH,Cl, OTHP 2) HCI
rt
38 39 40
1) Hy
Pd-C
' THF

fuming HNOg3 O,N

%GQC

\
N
N Y
Ne)
cl O
42

T.brucei IC5q T.congo ICgq
0.011 mg/mL  0.019 mg/mL

cl
NEt,

THF Cl e}

Scheme 8. Synthesis of benzoxaborin 423233
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Scheme 4-8 T/R L7z Y . “BRMEE & v RFEMAR DG TIE, tavaborole IR I 5 X
vEVERIC 5 BREMMAEAF R o —AFEERL I N TR S, L LA
O, % OEEEEEDERBUIA K 2 FWNICEERR 28 L -HiEEics Ly 7Y v
ZROGIC XY A RFEF 2 EAR, BRICX 20 FNERILRICZ V2 5ERNHEI NS, £
7. 6 BEEEHT 24 F IR ) VEEREOGKICIE, LAMIB DL I rm v b L
KB ZHT 2 7 2 A F AT A2 — VSR Z A L L CHEET 2 08850, 5 8
RS2 AT A F R e — Vi EARGH L L T, Z oG ICFHE D302 2 72 D Al%E
~DIGHBIRR S T 5,

HIRDEFR Y RICEMERIEL E LD 5 &, Matteson IGZEH L 72~ 7 F FiFEAD
EBHGE & FHNBRLR)CZ R L 72 B A * 9K o — V8RO GEGERH.LTH D,
KO BRI FRGEHIGT & Tk, 5. &R v BUEM 2 G L 28138098 % F e
T D0, HHGHEZ AT 265 VR HEEREGHITHIGTE 2 HHlAKER A
RCTHY, ZoHThH, AEENFRCHHING VT v 7 I 4 7 @R EEEZHA2bE -6
T FEVOEBIEDREIIHENTH 5,
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FVuEi ALEMT A 77 ) —IC#E L 7L AR

KEITRACAEYMTA 77V —#E L 7291 & BRERR R Ic oWk R %, BISEFEICE
WCRBERI I HTER LAY E AR T 20 icBo@w ke 74 77 ) — ko b hTn
5, WRACEMT A 77 ) —ohh b Hom LAYt 2 & T 2 T e LT Lavo
BN SN FHIC KO K P ETH 5, Bl 2 1E, RO SR ER S OfEE L L
T Lipinski @ rule of five 2587 2> 5 A1 H 41T\ % (Table 2)13, EARMYICIZ, 437848 500 LA
T, LogP 285 AT, Fa b v FF—HHBSHEUT, FuabvT7 7272 =85 10T &
WHREETH 5, £ D%, Hann 23 — FMUEWOHE L 72¥1EEL LT, 21 &2 460 LA
. LogP 2342 UF, 7a b v FF—BBSHEUT, 7a b v 7 727 2 —8H 9 LT,
6] §i5 AT RE Ze A 4K 10 AT, BROE 4 ELAT & v 5 FHEA 208 L 72 (Table 2)*2, Rule of five
ST 2 L L WEEETH 208, —fRIIC, Y — MMEEYos#Eic ko T TR A
BPEITHEIN T 2EMICH 2 -0 GHNTH D B, D XD IR LAY, Sv
RIBEEIITERE S IfFCE 2 BEAMTH V. Filitk e ZHRIEICEAL 2L  DiLAEW KD
b TWwd, ZNEFEKHC, by MUAYIAEREMLE 2 FoREfbLIND L2 FET S
&, MfEIC SRR BEIRE PN BATE 38KIEDHLETH S,

Table 2. Drug-like and lead-like properties.

Drug-like Laed-like

o1& =500 =460

LogP =5 =42

7u by FF—5 =5 <5
TabrvT e TR =10 =9
[E] 2 AT BE 75 A 4K <10
B =4
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(1) Avuft&EYoF M

2 ufbEP L i3 2 OBRMEED | DORFBFEFTHEI N TR LEMTH Y. 3KTT
HISZAREE 2 S D, (ERDAZEITTE TR, 702y 7Y v 7R X7 LA BROFREIC XY |
sp? (IKFE D v F o FHILEV DL AR I TE 2 4, LarLhasrb, FHEDE WL
BYNIEER % v o3 7 ~ DR EFRPE PRV IOKIE 7 EDE % b 5> T 5, Lovering bl
sp? RFBDHEDBRZLEMCAF R —2U LD 2 LAY O RSN XE > &)
FHLY, £, —RVICA o {LEWIIER 2 v o3 7 L ORI, Kiatk, T Ets
X O OFHHEOBI A TAY v b 23B B %, ZD—J7 T, —MRIIC 4 R FEDORES LN
HTHD, foT, A MULEMDIA 77V —%REIR L0, 7 4 BIKFROH
PEBKRDOLNT VB,

(2) AvatFy 4 v F—LiFEEORKS)

EHEMDBELZ 90%F~TrEEZAELTEY | GERERREPLICKL a~T 0ol
BEERMLNT WS Y, BT A F o4 v F—ABRE2ET 2 ERML T, JEER PR
JWIETH 5 ziprasidone, ~¥—F vV VIHIAHIE TH % ropinirole I X CHHBAAITH 5
sunitinib 2315 7L T > 5 (Figure 11), HHXEE A 6 108 Al F T2 Kk 7o BISERE 0 5 5 i 1
HubhTnwadZenb, AF LAV F—VEKEIF Ty 774 7 nGiETH %,

n-Pr\,Tj
n-Pr
N
H 0]
- N
ropinirole / ) H

ziprasidone sunitinib

Figure 11. Drugs including oxindole scaffold

XA VEAEREET 2LAYOTTH . 3- A A F A Vv F—AEKITRAY)
PEHEMER LAY CHEBEICR DN 2HETH D, KW TH 5 horsfiline*®, Murine Double
Minute 2 (MDM2)-p53 I HE/EF % 7R3 SAR405838%, -t U v A F ¥ A 1.7 1cxf LTI
EVER % 83 XEN402%, JAK2/STAT % D & 27" F MEE % ] 3 3 SOID-85!, Y 7L
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v V2 ZAARIC U CHRIPUER % 78 3 satavaptan®® 532 & 238k 5 X LT\ B (Figure 12), £ D X
ST 3R BAF A VP VEKIIRAL ARG Z R L, Ao Th I T

TWVWARRXF Y 74— L FED12CTHb, DD, 3-AratrFi 4 v F—LDHEEEDA
WL SFEH I NTE Y RN CEIELRAFTEEAEHE I T w3 3,

gee

horsﬂllne

Q\\‘\‘

SAR405838

SOID-8 satavaptan

XEN402

Figure 12. Natural products including spirooxindole scaffold.

Bl Z 1. George H 1A ¥ F VEFE(K 43 L A BIMI T b VEEER 4 L N-AFALT Y v 45

ERIGXHZLICE0 1 TRCEMER3-AvatF i 4y F—LiEEk46 DKL E
FERK L 72 54,

George. 2013

O
% I
@) NN
N + R AN = R+ ” COZH
\\N/\\X
(.
43 44 45

¥ 72, Monteiro 134 ¥ 4 v ¥ —)L 47 & hydrazonyl chlorides 48 % KIS X & 5 Z & 1T X
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D 3-2vatFo Ay F—LiF8K49 ORNFEREIRE L7255,

Monteiro. 2014

R? 4
/ HN” Et;N
= * CluN —
R | 0 e DCM R
N R3
H
47 48

okricrvatrFof v F—iFERT, ke nE EtEs R"T NIy 7942 T
B AREETH D, ZOEBIFELEATH B 2 20, AIEEFZRIC W TCHE ARG T
»H5,

SR IINEE A R T A B A F o4 v F—A BRI, FHMEAEERRBfGcE 25y
FIRTZHAAL 2 & T, BFEOEIRG I 72 WEFEEY 72T B SR BTG VR 23 H A & Bk 23
b7-Nb, LoLAalnb, FvEAYaLF L A4 v F— LK R,
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BAHE AIERICEB T B in vitro SRY)EHARE A o 15 E|

— M E 7R O ESR A ORI A & B £ ColEfE % Figure 13 18 d, 3. IRAL &0

G L E ~BAT LIRS %, IR L 228808050 13/ G, IR, PR % e L 4 5 0g 5
MA~BITS 2 (WIGERE) . 25 EBR BT (IR ~50 10 L. B I cR#E# 2 %0
PR E 7 iR~ R S L 5, C o T BIGEFE ORIz EECcH Y, & b 't«@ftutlﬂﬂz%

T 23R E Pl 5 720102, invitro iR 2 W2 AEsma G I Twvw b, fil x
ANLRZE @ % v 7z e b g @ P L S i 7uy —2R# 27V 77 v 2 &}\Iﬂx:@
BEE W7 CYP3A4 HH O /NG@E@EMETHRE 7. X 72wy — L% 72 3 o G 7
V77 v ARG M2 VT 7 v R FHRE S el TRIGEREZZ T b kA e Pk
BEINTz, T B L e P OMICITREEZEL D O BT E & T D bioavailability I$
FEAL 2728 9, @5EER7> 5 & b @ bioavailability % RfED 2 2 L ZREETH 5, Y
MIMHAEF O ®8ls < b invitro ilBRIZEECTH Y, FDAH A F 74 v Tk, FI7my—4
AR 2 F v 72 CYP BEEERABR - M AE %> HepaRG MIAE & F > 72 B3R 58 550 o FE it % #fE
LT3, EFRic, v b oEE%Z W in vitro EEYENREEM S REIC IR o T2 6, HY)
BHE DN R K CERRFAR 2 P32 7 — 213 % 7572 O, 20 X 5 IO S S - [E3E
mAie P TED XD RIMAREHL 2RI 2Tl 2 72912, in vitro 3EY)BREFTAM (3 %
mE 2R o T b,

Bt
ED—> 1B —> PR —> il == 25ERN 2 1t —»

\ J
|

TIPOEiE

Figure 13. Fate of drugs.
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N AR B LA O SR B HE ST

i
=
>

&R v FRLEY OEYBETAM IC O Wik 5, & v RILEY ORISR HREHIL D
. FRCzo3EYEE T 0 7 7 A L OMEFNIREN TH 5, 2 BIEA F ¥ Ko — L iFE
R D invivo SEYIBNREH X\ { D AhME TN TH Y, F > HiFHD bioavailability 1%, AN3365
D 21%>°, SCYX-7158 D 55%°1, GSK8175 D 43%52 7841 & 41T\ % (Figure 14), £72. E b
TROLGRER &+ v RIERMTH % ixazomib Dt + TOD bioavailability 13 60%TH %
6, ZTNOHMEGIH O Z OWIGETRE GHILERIGE, MtEB XU T <4 280 7 4)
EZTHDE, 1437 bioavailability /R 3 Z & 20 HIRIGEREIC BT 2 &+ v RILEVIFE
HOBERVRWEEZLNS, L2LAEL, BFvH LAY in vitro SKYIBHRE M D
WERIIZ L L, AEBRYIHICEESE S & L CoREEM: 2 HIBT 3 % 720 OfEHIZ A 7 v,

HO "0 oy F
/ H /()H
B, N B
0] 0
2 CF; O \©/7<
—NH,
AN3365 SCYX-7158
bioavailability 21% in murine bioavailability 55% in mouse
° N/H
/\

o O
Qg)l‘i p Qi» F cl o OH
0% |
| ~B~g
¢ N
o \r/o OH
Cl

g—OH
o
GSK8175 ixazomib
bioavailability 43% in rat bioavailability 60% in human

Figure 14. Bioavailability of boron-containing compounds.

RicgF v RIEAEVORBREICHEZT 2 L, &FvRICAWIERNTZDOFRY R
AL DR S UK LR~ L B I 5, Bl zIE, 7 v MickT 5 AN6414 DRGEMIE.
LA 7 FBAUE 258 T LKER{L iR AN7050 % #8H L 72 Hifg T &k Mla & M2a 72 &%
FTH 5 (Figure 15)%, F 7z, bortezomib ® & FAFHK I 7 v v — LGSR <1, KEE(LiR
Mi1b & M2b 23 4EK 3 % (Figure 16)'% — Y 72K T DRSS T H 2 F5HGKEEL -~
TR EORT A FAMEKIG & R L T, & 7 BERAL D IKER{L iR~ D (R HHEEE D 7 A3
W EHEE S, KBLIRZEHEARE L T2 70 KTy SRR Y LR 3 A TH B,
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/

0]
I
Ncﬁcm ﬁ_OH |\ /@/
(@) 7
HO L~ 0 OH | © \( Y07 N Yo
M1a

Figure 15. Metabolic pathway of AN6414 in rat®4.

[]\(¢k o

VTSN
Lt Gt
| @

M1b M2b

IZ

H

Figure 16. Metabolic pathway of bortezomib in human liver microsomes'®.
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FLE Tw N7y 7 olcHpl

W) % L 75 A A LEIRER 72 U IRER X 2 5 72 © D TR (drug delivery system)®
=D LTCTu NIy IBH5, 7ulr 7y idERN oLt A s 2 -4
I, IEPEARMR & 7 0 R Z R T 23D 2 & TH B (Figure 17), KT 70 —F 1351
ARAR DARPE P ARTA IR L 72 & DRy FERMOREZ R T 2 AN FRTHY, Z
NETIEA R T N Ty ZPFRINTE 2, ERBRIC 2006 F2 5 2016 FFF Tl ki &
NEROEEGOK 10%3 78 K7y 7 Thblehrnb S 7ak Ty 7ifFtidglEEcs
WTHERBICIVHEN TS, T, RENE T e FIF v 7iconTiir s,

XC?T’ TX—

708395 A
€/373:1: 3]

DAY

Figure 17. Concept of prodrugs.
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(1) BLEEED R -

—HRIC A VR VEED K5 kR 2 A T K T DM EEE K, 2o XSk
Gy, TATNHEMRNLZWUIEAREZ M L5 2 ik o T, BEEEELZSET 5 C
EDHRETH B, BlIZIE. 4 v 7 vz v IR oseltamivir (iM% X I 7)) 1k, &R
& RO64-0802 D TF VT AT LiFEARTH Y, TR T MLIC X > T bioavailability % 5%L4
T 5 80%% T L 7= (Figure 18)%, He b, Hl&KICH 2 AL ARF NI RXT 7 —FIC X
Y oseltamivir 237K % 32 T iEPEA R RO64-0802 %2 Ak L 72 & ey L 72 7,

prodrug
oseltamivir R0O64-0802
bioavailability 80% bioavailability <5%

Figure 18. Prodrug to improve permeability.

() KHEtEoMm k-

IR 3 2 W L, REOANC 351 2 WINE, FESTANIC 3510 2 -FILICBE D 2 TS
IR CTH 5, IWIREASGE L 72 hEHl e LT, V) v AT LV OMIEEREREZEA L 72
PLTA D AFED fosphenytoin 235 %, Phenytoin DR % 2000 f5LA EoeksE L, RN £
LI DR T B 2 [y T & B L 7= (Figure 19)%%,

HO o
prodrug
fosphenytoin phenytoin
solubility : 50 mg/mL solubility : 0.020-0.025 mg/mL

Figure 19. Prodrug to improve solubility.
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B F 7 v AFR—2—DFIH

BBz EX 2 FRE L TUNGF I VAR =2 —%2HHT 2 & 3A[gETH 5, il
IX. Landowski & [E~_ 2T A ) RIEGUEIRIESECH 5 acyclovir D/KEREALIC AN Y v &
BAT 23 eickoT, AR acyclovir © AUC (area under the concentration-time curve) &
Crnax 23580 45 5171 | U 72 & 5 L 72 (Figure 20)%, Yang &1, Z DBEEEM LO X =X L L
LT, WIGERICE T 2/MNERTF F b7 v 2K —%—(PEPT]) DEAS Z/RIE L 72 7,

0
HN)tN
| \ HN N
s N> NH, |::> PN >
H,N” =N

ko/\/ OjH\( NK OH
0o o

prodrug
valacyclovir acyclovir
AUC 9.44 (ugehr/mL) AUC 2.04 (ugehr/mL)
Cmax 2-75 (ng/mL) Cmax 0.47 (ug/mL)

generated from prodrug

Figure 20. Prodrug to improve exposure.

@Rt

EIEMZIRBULT 2 Z Lic X o T, HEREORED . Eihorikib., BIfEH ORI AT
TE 5, HlziX. [EXHEIEEIRTH 5 terbutaline DF-JHEA X 34 L ME I N T 3
I, Rosenborg & (37 = / — WPIKIEHE~EBEHIDE A 972 2 & T2 ICTETEALK tebutaline
DI U 72 & S L 7z (Figure 21)72

H
/N\H/O N\’< OH
HO N
0 —> \’<
l \Q)\/
N (0]
OH

)
prodrug tebutaline
bambuterol Ti2 3.4 hr

terbutaline T4/, >22 hr
generated from prodrug

Figure 21. Prodrug to improve half-life.

Fido X oic, BEom L2 SEIEHOERE o ZZIBLEWHINTHRA & 7a N7 v 7
PR INT NS,
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W, F B EYOKBIE~DRFZHAL 272 F Iy LR fE I N5, 7=
J = VHKEREE T 2{LEMOYE. RN TV a4 FlasCohiigiaaEous
NMIt%Z\T 3720, Z2OREKIGE 70 F 7y 7bic X o THIfl<© & I RYIESZE o H

HBHAFF T & 5, FFRIC, Zhong 5l 4-hydroxytamoxifen (4-OHT)D&+F v =R 7w b 7 v 7K
ZB497 %~ R 5 L 728 2 A, 4-OHT D Coax 1357 30 f2179 F L. AUC 1349 60 20 1 L

7= & L 72 (Figure 22)73,

e
|
DR SU
O\ITD’ O/\/\
(e

prodrug
ZB497

4-OHT generated from ZB497
Cnax (ng/mL) 114.0
AUC (ng/mL-h) 3777.7
1 mg/kg, p.o. in mouse

NS
|
HO ‘i ‘:

4-hyroxytamoxifen
(4-OHT)

|
O/\/N\

4-OHT
Cinax (Ng/mL) 3.6
AUC (ng/mL-h) 61.5
1 mg/kg, p.o. in mouse

Figure 22. Pharmacokinetic parameters for ZB497 and 4-OHT following oral administration’>.

Zheng 5 IHLH v HITH % belinostat D70 N7 v FMKkETHFA v L, v~V AEZHWE
BRickbBWwT, Z2D7 v FZ v 74K belinostat X 0 b BAAMIEOKEZIHIL 72 L RE L 7~
74, Belinostat DE A 7= X 2L LT, CYP RS L < IFd#EEE kEd L < IFMmEIC L -
T7 =/ — VR R, IEEARIRD R T 5 & HEE L 7= (Figure 23).
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\\ //

o S
>§V o

Oxdation by CYP450
and/or H202

\/
\ 4 \\//

LT

intermediate belinostat

Figure 23. Putative metabolic pathway of belinostat’.

F72. Wang 137 = 7 — VKB Z RO ERG O &R YR 7w F 7 v ZRICET 55
HFEFR L, 2oXdic, FvRMLEMORHMEZNAL 727w F 7 v 7, BEgEOm L
PHRIL D B CRIZEEIHIE B THOIL T WD, LALARAEL, £7a N7 v 7hbDERED
L EIE R OEHRIIAR L THE Y KRN LEFRVHET 0 F 7 v FOHEz KD b
ntns
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B E  Spiro-fused benzoxaborin iR D HIHEL A IERHFE

Ff fES

HIFE G728 0 | &F 7 REEWIIERIC R HAFERZIAGcE 21 B0 63, Al
I 213 F 7 FFEBRO GBI D7 | FICEFR Y REREOGHANIZR >
TWwb, Ioic, FHESSWACaEE~OEAHII RV, 2T, KETIEAF AV
F=@tge Ry 29 RY) vEREZ A oihE e L CTHAAALZLEY 50 DG RE%
B L 7z (Figure 24)7°,

molecular hybridization !B’OH
o _OH
N + B | > o}
H N @

0]

H
50

oxindole benzoxaborin

Figure 24. Chemical structure of hybrid compound 50.
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FHE AvweAFHaRY VFFEROYE K

L&Y 50 DA GTHH Z Scheme 9 ISR $, AWFFEOHR T TH 5 R v u BREFEKISICH
WAHEIEREE LT, AF 4 v F— 3 (OB RIGK 0N AT SRR )E 2
ATRE A LAY 51 ZEE L7z, C ORI L 7 (LAY 51 LAY 52 © 3 (iR IG &
LEMS3 D= DB ITCICI 3 F 4 Vv F—ABER AR TEONE L E L, 35
ICHFFER 5S4 DTV FALRIGIC L D AT HFE2 =y PEZEBAT L L & Lz, REHGHHE
ZETRTH Y B ERIE» ORI NG -0, Bifko Lt ciccE, &A% Al

EHFFEICICHTE 5,
N o %
B\O B\O
g—OH A .
h cyclization decarboxylation
O ° o 3| _H [ > 3| -CO,Me
; (L= (L
H N N

H

50 51 52
9&

B \O
cyclization alkylation CO,Me

——> COMe ———5
COzMe

T
N02 NOZ

53 54

Scheme 9. Retrosynthesis of 50.
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HEM AT 2T VEEERE v 7RG

FF. ve VEBHEREH VAL F 4 Y P BB IC o W T T ok R
Nammalwar &t 2-= b0 7 = = )b~ nw VEFEEARD = F v F 2§k L BEE % H v CEIT
TETAHFUA v F—=AFEREST,

%,
j—

Nammalwar, 2015

[i:i*C%Me+'[i:[%=o
AcOH N
NO, 92-94% H

R = Me, allyl, Bn

Yamai & (3 di-t-butyl-2-alkyl-2-(2-nitrophenyl)malonate 77538k D = + v i % FElE & Pd/C % H
THEILT 52 L THE oA v F— A B 7,

Yamai, 2018
: » CO,tBu R?
R1 COztBU _— R1 o)
AcOH N
NO; MeOH, rt H

YL ko R %51, AFAHER dimethyl (2-nitrophenyl)propanedioate 54 % H R & L |
3B/ BEMAF AV N -V OBILERICE LRV RAY DA F 4 v F—LifE
TR D2 H YA R T DB FEICHE F L 72 (Scheme 10), A Fr[RER LAY 54 55 2-
bromomethylphenylboronic acid pinacol ester % Fi\ > 72 7V F AALROGIC X L&Y 53 & L 72
i, kM wiz= b e EoEITIC X > TLEY) 52 I8 W7o, (LAY 55 2155 72012, 1L
f@%n@3ﬁlx%w%ﬁ%mmﬁﬁﬁ\Mm;%%ﬁ@&m%ﬁ&t#\I@mé%ﬁ
FfEonT. BIERYTH 2LEY 56 EK L 72 HWEMSFMTCHF 4 v M= 341
DEALSIGHETS 2 L L dic, FuvREF a— T X7 AR NUKG IR L 72 72 0 REK
N— b+ EBIERL 2,
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‘?J%
B\O
COzMe

CO,Me i COzMe i
— coMe ——>
NO,
NO,
54 53
9J§< 9J§< on
B0 o Bo O
i, v
— ¥ OH
CO,Me O o
> . O
H H
52 55 56
0% 229

Scheme 10. Reagents and conditions: (i) 2-bromomethylphenylboronic acid pinacol ester, KoCOs3,
DME, rt, 83%; (ii) Fe, AcOH/EtOH, 70 °C, 80%; (iii) NaOH aq. THF/MeOH, rt; (iv) H.

FRloRER T 2 EEESE IR ABESRE T AT A RRET S 2 TLEY
55 BME 5N LE . BEIESMECERE L BURBESIG S RIRE 7R tert- 7' F V= A T VIEICHE
HlL7e F AV F—A 3 DRAFNVNIRTNVEE tert-7 FNZ AT NVEA~ LR 72
L&Y 59 13Xt 3 21L& 5778 2> & Scheme 10 & AR D FiE THEL T & 72 (Scheme 11), 1t
AP 59 &+ ) 7oA uFERR(TFA) CULER L 7= & 2 A, Wi 0 Ik MR RGIC X 2 Bl ik
PR 3 ICE I cHINLEY) 55 215 7-, Ric, o h{ba ss E T F o A4
v F = 3O RG E BET L 7z,
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Scheme 11. Reagents and conditions: (i) 2-bromomethylphenylboronic acid pinacol ester, K»COs3,

DMF, room temperature, 63%; (ii) Fe, AcOH/EtOH, 70 °C, 90%; (iii) TFA, CH2Cl,, room temperature,

quant.
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EVUET  BLEE & 7o A v n RS RG
() AFo A4 v F=AaH8ED 3 FEELKIG

3/ EWA F A v F—VEEEARD 3ARRLSOCIEA T D& D 5,
Chaudhari 5 % 3-benzylindolin-2-one % ZE5\ F P v = v Hi| +BuOK Z{EH I &5 Z & iC X
> TCHAF VAV F—n 3AKEE IR E R 7,

Chaudhari. 2017 O
OH
t-BuOK
(L= - (L=
N toluene N
H H

air, rt
93%

Zhu 53 3-%F J E#A XA v F-AFFEAZZEKT THE B, flUER O 2.2,6.6-
tetramethylpiperidine 1-oxyl (TEMPO)Z {Ff & & 5 Z & 1T & o T 3 /KL IA % 1572 %0,

R3
OH
TEMPO (20 mol%)
> R! o)
THF N
ha

air, rt
63-93%

Zhu. 2018

Buckley & (% 3-€ / [E#faA F o 4 v F— A FHE(RZ 225U T THF H1. tetrabutylammonium
fluoride (TBAF)Z{EH & ¥ % &I X o T 3 fikig{bik % 57 81,

R® o
TBAF (20 mol%)
R? o)
THF N\
air, rt 3
R
81-97%

Buckley. 2013
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(2) 3 Pl )G DFRET

Lo A AT 2, LAY 55 2IE L L -4 OFE{L )G % BET L 72 (Table 3),
Chaudhari & DG ICHEV +BuOK # W2 H&6 8 L OBLAI & LT H0, T 721 m-
chloroperoxybenzoic acid (mCPBA) % FH W2 7256, A F 4 v F— 3 oAU IZE T8
F.EEEME LCRe VBY F 2 — L T 2T AERREAIIK R D L I3k T 2 Ld
) 60 23 4E K L 7= (entries 1-3), ¥iC, TEMPO ¥ X U TBAF # w7241k, B E 3514k
A 50 12 HEE X TR RN AU X 217z (entries 4 and 5)o LA EDFERD S K7 RIR T MR
I N DML LETH B L& 2 72, Shaikh & IFFEMEMEGEIE T, B3 v EBEF ) v
LT3 ik, P VEREROBILICH EST L REFRFEARBAEL L
TeEWE LR, 72, ARFR R viBe Fa— L2 X7 Aoy F 3 — LIS ICH W
LBz B FURFFHREIND LE X T2, £ T T, LAWY 55 1T T DEEALRIGEL:
EEALZL A, BARZZLICERTHF VAV F—1 3 Vot XU+ o vy
Fa— NI X7 NDORK L FHBKERLRIGSFEIRICET L. BRIE 3T 2{LAaY 50 %
87% DI TIF 5 Z L ITHEN L 7z (entry 6), FEZ NG T IS % IT o 725 H 1T id. (LAY
50 |3 HHES N FRIDS AN & 7z 2 8 A D (entry 7). BRIIARSICOEEICHIETH B, AKX
JOIXERCHET L, T LR BB T LAY S0 w BRI ck L, ffET
N A VR VIEEROGHIETH b,
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Table 3. Screening of the reaction conditions of S5.

O OH
B\O
conditions 60

55 L, OH o]
Cr- | Oy
N H,O H
- Ho 50
entry reagents (eq.) solvent % yield of 60* % yield of 50?

1 t-BuOK (1.0) toluene 47 0
2 H202 (1.5) DMSO/H:0 82 0
3 mCPBA (1.2) MeCN 89 0
4 TEMPO (0.2) THF 0 0
5 TBAF (1.1) THF 0 0
6 NalO4 (5.0), HCI (6.0) THF/H20 0 87
7 NalO; (5.0) THF/H20 0 0

2 [solated yield.
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(3) BLEISDPLHM:

ZOBALRIG DI RS 5 HI T, &7 HEZELRWLEY 613 #H\vT, WM
T BRI vEEF ) Y LATUEL 72 & 25 LAY 627 LLAEY) 635 3% NLZ 1 40%
& 52%DUCE TG H L7z (Scheme 12), & DfEHE D & . RIS X B 2> O A 22 5T A
XAV F—nAD 3 MbiEB L O3 o a s vkl U CHEEA LS FEEELS . 4
Y F— VBT 2 KA E - ZEERER LS O L WEEZ R L 22 Gt 5
HcHh s,

NalO
HCl aq. OH Cl
(L7 eme ULy + Lo
N THF/H,O N N
H rt, overnight H H
61 62 63

40% 52%

Scheme 12. Oxidation reaction of oxindole 61 using NalOs.
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WA BEfizv ot IR VHEEO AL

AT CILEY 50 DA EZER L, Avut xR vatg 2R 2 HiExi#EL L 72,
REZIGHL, &RV EACoBLEM T4 77 ) —EEEAL T, T F A v =0
DRy EVE R A OEHEZEA L 2B v B8RO A& MICE T L 72(Scheme 13),
B3 2{LEY) 50a-50d (X, WIGT EHR 7 VA= F V¥V 64a—64d T HFEH
Bl LT, AoAREIC X Y 2 n HbeMmE 57,

B\
CO,tBu O 0
R’ F i R! i i
T S e
RZ N02 R2 N02 O COztBU
R2

NO,
64a: R'=Cl, R2=H 57a: R'=Cl, R2=H 58a: R'=Cl, R2=H
64b: R'=F, R2=H 57b: R'=F, R2=H 58b: R'=F, R2=H
64c: R'=H, R2=ClI 57c: R'=H, R2=Cl| 58c: R'=H, R2=Cl|
64d: R'=H, R?=CF; 57d: R'=H, R?=CF, 58d: R'=H, R?=CF,

9J§< ‘?J§< [
B~ B~
(@) (0]

—_— —_— /

R! o}
R! CO,tBu R! O 0
O o O o ” N
R2 N N H

2
H R H
59a: R'=Cl, R2=H 55a: R'=Cl, R2=H 50a: R'=Cl|, R*=H
59b: R'=F, R2=H 55b: R'=F, R2=H 50b: R'=F, R?=H
59¢: R'=H, R?=Cl 55¢: R'=H, R?=Cl 50c: R'=H, R?>=ClI
59d: R'=H, R2=CF, 55d: R'=H, R2=CF4 50d: R'=H, R*=CFy

Scheme 13. (i) di-tert-butyl malonate, NaH, DMF, 0 °C to 1t; (ii) 2-bromomethylphenylboronic acid
pinacol ester, K;CO3, DMF, rt, 38—-70% in two steps; (iii) Fe, AcOH/EtOH, 70 °C, 74-86%; (iv) TFA,
CH.Cl, rt; (v) NalO4, THF, HCI aq., rt, 71-86% in two steps.
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Vi

RIZ, AF AV F—=n 1| MERFF~DEIEA %] L 72(Scheme 14), 7 v F AL
., baY 59 oEFRF T EICEREEZEALZ, HIWE T2/ 50e & 50f (2. &
B X 7z N EHER(59e and 592> 5. Z N Z ILEY) 55¢ & LEWY) 59f %R CRIBRICAR L

7z
8% I 98
i

N

H h3

59 59e: R3=Me
59f: R3=Et

R3 R3
55e: R3=Me 50e: R3=Me
55f: R3=Ft 50f: R3=Ft

Scheme 14. Reagents and conditions: (i) Mel or Etl, KoCOs3, DMF, room temperature (ii) TFA, CH2Clo,
room temperature, (iii) NalO4, THF, HCI aq., room temperature, 61-69% in three steps.

DlEoZeno, KAFERRIEHRAEGTVRAY a8 ARGHICHIETE 2 2 & SFKREE

Nizo REBIEICE T, WTFNDIRMARICRATH Y, RLETH 7 LFUIFETH
5 RPRHETH 5,
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o

HSHET NG

ARETIERMRAE~DOIGHBRIECEX 3 A a4 R VLo m T HE
mAERGEZ R U7, Frc, TR e L, BUESRHTEaI v EE I PV VL EHwE
T BEFRNICAF o 4 v F =L 30 BLIG, ©F a2 — L ORBRKIGE X 0% Lk < 3R
CBOCHHETS 2 2 b 2 A L7z, F7o, REEIIA BEBA Y A X598 ) v iFEAR
DERICHBEHAATRETH Y, ZDIFA 77 ) —fLEFERL 72, T HIC, KEKEEFLTOL
FRICBWTH T LEUBRETH B0, AT —AT v 7A[lETH B HIMIITH 3,

(Scheme 15)
%
e
Rﬁ': NalO,
— R g
R? NO, O o THF/HClag.
N

R2

h3

Scheme 15. Summary of this chapter.
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B=5 HFUEEYD in vitro I EHRE S

B ARERER C 0 BUINHERL ) B o 72 912 | BISEWIIELES 2> & BB e O E 2 il L . &R
FIC X VRS 2 BED B 2, EYBREFHTi O T b, 5 R M BREEE 215 2 72 0 1 RUGE
BROFHHIZEECTH ., ZOfHliEe LTATEZ AV ZEBEF MY e P70y —
L 7R E TR 23 5 2 5680, F 7z, NEATEDTEEE L 72 % LogP IFAIZENISE D H T
E3R MR LAY o FECERNS A Z2 FHlT 2 -0 0EERYMETH 2 ¥, §lziT
Chen & 13#% 584 100 mg/day LA 72D logP 78 3 LA EDEZ X DDLI ® Y X 7 3EWn» &
i L7z 88, 7z, Hughes © %, clogP 2% 3 X V&< tPSA 2% 75 Kiii DL AP I3 FEER IR
BRCEHMER TR T W EME LY, LA LA, AERIHIcEfiEh 2 &y ZLEMmo
in vitro FHliOMEHNIP 7L, 2D T a7 7 A MICHBER S 2N Db, £ T, HIETHK
L7zAv et X3RY) VFEROIEYBIE 70 7 7 4 VERRGEEL 72,
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H A A wud 4R ) VIEEEROYEER

ZeuAt*HRY VIF ROV ERIIEE %R L 72(Table 4), T 41 5 F5E£K(50, 50a-50¢
and 50e) D7 &% 265-300, 7B b ¥ T 7T X —E(HBA)B X 4, Tu v FF—H
(HBD)? X 12 TH Y., RO IEE L 72 5 logP {EiL 2.98-3.68 TH - 7z(Table 4, entries
1-4 and 6), Z D#EHEIE. Lipinski 51C X o TIRIET W= OEHSOIEECH 2 [rule of
five] (Mw =500 Da, logP = 5, HBA=10, HBD=5)%iii7= 3 13, £/2. AvutFH+K)Y
VIHEARD logP HIZFIHMECTH 5 clogPlEE KELENDH o7z, AlFEZERML2EFVH
L& A RE 2 I L 221 REMN TH 2 L h b, FonMAIdE+RY R
LEPID logP T HIKEE D LICHBATE 2,

Table 4. Physical properties of the spiro-fused benzoxaborin.

50: R'=R?=R3=H

50a: R'=Cl, R?=R3=H
50b: R'=F, R>=R3=H

50c: R'=H, R?=CI, R®=H
50d: R'=H, R>=CF;, R®=H
50e: R'=R?=H, R3®=Me
50f: R'=R?=H, R3=Et

entry compound Mw HBA? HBD® clog P¢ log P
1 50 265 4 2 1.71 2.98
2 50a 299 4 2 2.68 3.61
3 50b 283 4 2 2.11 3.14
4 50c 299 4 2 2.68 3.68
5 50d 333 4 2 3.05 NT
6 50e 279 4 1 2.19 3.52
7 50f 293 4 1 2.72 NT

NT: Not tested

a expressed as the sum of Ns and Os.

b expressed as the sum of OHs and NHs.

¢ calculated by ChemDraw professional 15.01.
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FEH Avud RS RY vIHEEAROELEENE: & UHE R

2enAFHRY VIFEEEO N TIRERZ vz BEEiE i EEPAMPA) . & FIFI 7\
Y — I % o 72 3 E T EE % 7R 9 (Table 5), {L&%) 50 12 pH5.0 & pH7.4 ik T
10x10 Scmy/LA_L D R AT 70 JEE @R 5L % 78 L 72 (entry 1)o —M%AYIC, 10x10 e/ LA L & i@ %
AT LEYiz e b CRIFABLEBRSIHRETE 2 9, /2, ATAREELEE: & et (3 AHBIEE
RD3H % &h b o B 50a-50e b [FERRIC RIFABLEEEZ RS LB NS, X
2, b MFIZ vy —24H(0.1 mg/mL, 37 °C)D ENE % FAlli L 72 (Figure 25), T & T
% [ fE 3R buspirone & HHX L CRIFRERGFRZ R L2200, AL L TOHFAIN
% JTF R AT 2 E 1 23 B ARF C % 5 (entries 1-6)o

Table 5. In vitro studies of the spiro-fused benzoxaborin.

50: R'=R?=R3=H

50a: R'=Cl, R?=R3=H
50b: R'=F, R>=R3=H

50c: R'=H, R?=CI, R®=H
50d: R'=H, R>=CF;, R®=H
50e: R'=R?=H, R3®=Me
50f: R'=R?=H, R3=Et

remaining  Pe (107® cm/s)

entry  compound 00 pH 5.0 /7.4
1 s 84 26.7/34.9
2 50a 80 NT
3 50D 82 NT
4 50c¢ 83 NT
5 50d 85 NT
6 50e 94 NT
7 50f 90 NT
8 Buspirone® 23

NT: Not tested
@ Metabolic stability was evaluated as remaining % after incubation with 0.1 mg/mL human liver
microsomes in NADPH for 30 min.

b Reference compound for metabolic stability assay.
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Figure 25. Metabolic stability of spiro-fused benzoxaborin in human liver microsomes.
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FHPUET 7 I Nk DA

A aAF PR Y VIFERIIIERD & v RERMEMLED L ZE R Y, 200 FD
HFEIC A B BREEZ A L T\ 5 2 LR TH 5, T DM IARREE D 723012 | 171
&Ny bR Y B E O AR 2SRRI 72 B ATREME DS B 2, % 2 T, (LAY 50e & &
VBRI 727 2 Pk 642 & T, % OkEREAIC X 2 AR % 'THNMR(CDCl:)
FRHOCTHIT L7z TIFAADEEZ OmM 25 75mM £ AL B/ L 25, BEK
FHITALAY) 506 DR TERICHIGT 2 70 b ve—2 D7 I Ay 7 P MRS~ 7 b
L 7z (Figure 26), Z DGR b, VARNITIALG o7z A A 3R Y VEFEEKIZT I M
EDFRIKEREZIERT 52 2 &b o7z,

02?7
64
50e/A M W
5/75 mM M
A

5/40 mM

5/10 mM

5/5 mM

5/ 0mM

PPM
T T T T T T T
5.25 5.00 4,75 4,50 4.25 4,00

Figure 26. Hydrogen bonding ability of 50e.
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LR T i

ARETFACBAFHRY VFEARD in vitro YBHE T v 7 7 A LV EIHL T LT, T
NODAEaFFHRY VEFEERIIROFNCE L 2P LA EE & in vitro 3EY)EHRE 7' 1
T7ANEIRLTZ, EHIC, A A FHRY VHERIZT I FE LT RIKERE 2K
T3 EMBbh o7z (Figure 27)y THHT7B 77 ANETATT) —{LEWE LTHL T
w3,

» Molecular weight: 265
/B’OH « LogP: 2.98

0] « Membrane permeable
o » Metabolically stable
N « Interacted with bulky amide

H

Figure 27. Summary of this chapter.

48



FHE TR ET7 I 72 VHBERYRT BT Y 7 ORHFE

all]

e T

T BRCAVOKBE~ORFFEZFH L7270 F 7 v MM EINTE0D, %
DEFHE~DIGHINIZ V7 L, FRAILLZZD DIt ixazomib DA TH S, ZI T, TUVED
BALHREH 2 M L 288l 7 0 & 7 v 7 o2 A 7, MEGERED 1 >Thbs 72
7 2/ 7 = VIZERRN T N-acetyl-p-benzoquinone imine (NAPQI)~fRH X 17214, fFiE D 7 v
ﬂ%ﬁyuiofﬁé%ﬁﬁ\mﬁén5@@mmw L L, ZAF A8 T 5 8K
JGHED E Y NAPQI 25ild A &7 & AR A L. MR & L THlluEtCirfaE 2 5 2k 2
T, EE. TR T2 /71/iWA11EQWﬂmmg%&D&53n Z D fiFEA
abf@ﬁMM$%Fisao%MLf%é%oﬂﬁm@ﬁﬁfi‘m¢%§#wo%ML
BHEZROCGEICHFFEEIREL2WS, L2, T 7 2/ 7 = v o 2-3 K
aﬁ<%\ﬁ%m¢%§ui%m%¢5t@mulHmﬁ@%ﬁ?%:amﬁ%o%of\
T M7 I 72 vORBALIC X b, ARIMHIRE 2R T2 2 ko bnTn s

H glutathione H
N (GSH) N
W \f( g W I:> elimination
O CYP450 (@)
HO
SG
Acetaminophen N-acetyl-p-benzoquinone imine
(NAPQI).
-
Toxicity

Figure 28. Metabolic pathway of acetaminophen.

RKECTETEMNT I/ 7 voRlErvR T V7 vy 72BT 22 HIWE L,
T EEKBREICERI NI R v Ru VBT AT, 2 LOKBIEO N v U AR
HicFro vBI AT AEEALE 32D %4 7{LEYI(65, 66 and 67a—67¢) DEEE{LKFHE T 7
€ b7 I/ 7 = VHERE% L 72 (Figure 29),

49



ZT

g 5
JOR! 12
O\IIB HO
0] Acetaminophen
66

seasdie fﬂj

ZI

67a: R'=BPin, R2=R3%=H 68a: R'=OH, R2=R3=H
67b: R'=H, R2=BPin, R%=H 68b: R'=H, R2=0OH, R3=H
67c: R'=R2=H, R®=BPin 68c: R'=R2=H, R3=0OH

BPin : boronic acid pinacol ester

Figure 29. Prodrugs of acetaminophen.
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B Tu Py SMEoAR

L&) 67a—67c LALEY) 68a—68c DAIIEEZU TN ICHE~2, AFARERT T I/ 7
= ¥ % bromomethylphenylboronic acid pinacol ester & JX)J& X4, L&Y 67a—67c = AL L
720 TH% mPCBA ClE{Ld % Z Lic X V(L&D 68a—68c % 5K L 7z(Scheme 16).

H
. N
e DY
O 0]
HO X

Acetaminophen R

67a: R'=BPin, R?>=R3=H

—— 67b: R'=H, R>=BPin, R3=H
67c: R'=R?=H, R3=BPin
BPin : boronic acid pinacol ester

68a: R'=OH, R2=R3=H
> 68b: R'=H, R2=0OH, R3=H
68c: R'=R?=H, R3=0OH

Scheme 16. Reagents and conditions: (i) 2-, 3- or 4-bromomethylphenylboronic acid pinacol ester,

K>CO3, DMF, room temperature, 43—88%; (i) mCPBA, MeCN, room temperature73—84%.
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B EERACKSR e TR

7'm F 7 v 7K 65, 66, 67a—67¢ (30 uM) DiEIE{L KKK H (600 uM), EIRTOT & F 7 2
J 7z VAEKEE 'HNMR 2T L7z, 2R, LAY 65 L 66 25 1%, HL D
T2 T 27 = v MERK L 72 (Figure 30). — /7 T LAY 67a—67c¢ 133 5> IC/LAY) 68a—
68c ~EHAL 7225, 1200 ECTT R FT 2 7 = v DERKIZAER CE 72 A > 7= (Figure 30 and
31) 2Dk, RICEMGELBIZ LzL 25, 6 HIRILAEY 68¢c D 9% 3T FTI /7 =
VIR T,

L&Y 68¢ o7 1 T I/ 7 =2 v ~OEWRIGIZ A T RIEFOBERSIC X VDo 72
7, EBEEEANIC X o CEDAERGRED TR 5 L FE 2T, ZD—J7 T, {LEY) 68c 2>
L7272 72 BERTIEICAEL S F 7 /1K 69 12, NAPQI & [FEIFRIC G H: = < .
RN E ST & D HEREAIC X 2 TS EHE & iz (Figure 32), % & T, LAWY 67¢ & [FIER
TR bbT I 7 v ML, 2o, BIESYICTH 2 X 7 VIRORIEHEZ KIS T 5 2 L
 HAICEHFSE A 2 5T L 72,

o 100 A Prodrug 65
v
"—'5_. ® Prodrug 66
S 20 ®
8 AProdrug 67a
% ® A OProdrug 67b
2 60
o e ® OProdrug 67¢
©
g 40 ° A
o )
8 A
® 20 @
é A
& A

0 @ @ ) )

0 20 40 60 80 100 120

Time (min)

Figure 30. Formation of acetaminophen.
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Figure 31. formation of phenol intermediate.

H
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“ IOh

AN
@]
Acetaminophen

HO™Y 67c

T
o] f’
A

@ ?

Toxicity

Figure 32. Formation of quinone.
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FHVU  EREEERO T YA v LA

VARBEE E 2B TFEEON I X o T, BIERYF ) viRORISHEERKRTE 3 &
Z. LAY 67c DNV IATRALIC BRI F 2 ZERIFETEZEAL LAY 12a-72d 2 T
A v L, ZOBEBEENEERG Lz, Hlzi3, A FAEoEAIZZ oRBEEICZ, &
WEDOBTEE2 LT 50, 2V 28 OEEESOKEMINMIGZYT 5 2 &8
WffcE 2, PV IZAF R RAFAROB AR _EHEGOBTFEEL T T 5720% 7 viko
FOGHER T ES 225, 20— CHRBALPIGEcE 2, ERFT2EAL Y ) Y ViFEA
72d 3. LA-FHIALICERIT 7235 2 7= O KNG Z2 T 5 2 &, 2 bic, ERED
SGESIAFCE 228, MBLIEEF T T I 72 Vv BERT 2 RAHTH B, T,
BREDBRICE > TT 2 b7 2/ 7 2 v OEBGRESZL T T, P REHER S 21 d
5 LR TE B,

L&Y 72a-72d % AFRIREZR NG S 5 74 2 — LEBEMR 70a-70d%7 %% 7> b HIERE &
Pd 71y 7'V v 7S % W TEHEK L 72(Scheme 17)

R 70a: R'=Me, R?=H, X=CH
2 L pl_ 2_ _
R0y 70b:R'=H, R?=Me, X=CH
X 70c: R'=CF3, R2=H, X=CH
~
Br 70d: R'=R2=H, X=N

v O
O
HO 71a: R'=Me, R?=H, X=CH
Acetaminophen 71b: R'=H, R?=Me, X=CH
i 71c: R'=CF3, R?=H, X=CH
71d: R'=R?=H, X=N

R’ N
R? Ji;r @f
S
O\? #% 72a: R'=Me, R%=H, X=CH
O 72b: R'=H, R?=Me, X=CH
72c: R'=CF;, R?=H, X=CH
72d: R'=R?=H, X=N

Scheme 17. Reagents and conditions: (i) alcohol derivatives 70a—70d, diethyl azodicarboxylate,
triphenylphosphine, THF, 0 °C to rt, 30-52%; (ii) Pd(dppf)Cl>- CH,Cls, bis(pinacolato)diboron, AcOK,
toluene, 100 °C, 33-78%.
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BT Ta N7y S OBEERER L IERE

L&Y 72a-72d (30 M) % Hiffli & [FIRRICERE LK ZFRAKF (600 M) TDT 2 F T 2 ) 7 =2V
AR EHER L A AFAEEH T 2{LEY 122 LALEY 72b 2> SLED) 67c & [FIFE
o7 T I 7 xR L 72(Table 6, entries 1-3), HLEEZE W &, {LEY) 72d 525
QEPICT R T I 7 2 VBERL Z(entry 5), X HICAMIEZTER L2 25, LAY
72d (ZEETESEAE T T 4.0 mg/mL LA_E O @ IS fEE % 7R L 72 (Table 6),

Table 6. Effects of substituents on formation of acetaminophen.

N
R \Tr/ 67c: R'=H, R2=H, X=CH
R2 N o 0 72a: R'=Me, R?=H, X=CH

| 72b: R'=H, R?=Me, X=CH

B 72c: R'=CF;, R>=H, X=CH
o 72d: R'=R?=H, X=N

entry  prodrug T bT 17z v
2day 6day
1 67c 5% 9%
2 72a 3% 6%
3 72b 1% 4%
4 T2c <1% <1%
5 72d <1% 1%

*IH NMR % T, 7 & F L3 1.95225 ppm)ic e 7 b v e 72731 7
= VOHFEFBRICHIGT 5 71 b (729 or 6.73ppm)D LR X W EH L 72,

56 Nz B R, Hammett HI 10 % I WCER S 2 2 L A TE %, Me FEE BRI EH
om & op fH1Z-0.07 £-0.17 TH Y 55 VE FHEE5HEZ T L. CF RO BEIIER on & op fH 1L
043 & 054 TH YV BAEFRGIMEZ RS, RVINEDOEFHELT I T I/ 72V D
ARERRGRBERICHY, BEFEEEZTT2ILICEV TN T I/ 7 =2 v OEREE
% KK T % 2 (Table 6, entries 1 and4), F72, ERFTFEAICL o TRV EVEROETHE L
KTFEEe22eTh, 7T b7/ 72 vVOEBEEREKRCTE 2, £/, MeAh L DE
TG ROE AL, REL L FRICRETH 2 ¥ 7 VKo G2 KT 3 2 L 3 fEC
22, ¥l nBIARF~TURZEICL T 7 1/ 7 = VAU & 7z m R kg
L EVERYI* 7 o ARD SOGHE 2 K X &, IR O 868 L IRBUL 2 W2 L 72 ¥l &k v 3

55



Tu 7y I ~OREFNGFTE S,
Table 6. Solubility of prodrugs.

67c: R'=H, R2=H, X=CH

H
R Nm/
R? N o o) 72a: R'=Me, R?=H, X=CH
| i 72b: R'=H, R?>=Me, X=CH
>§;\§; z 72c: R'=CF,, R%=H, X=CH
o]

72d: R'=R2=H, X=N

entry Prodrug Solubility in IN HCI aq. at rt (mg/mL)

1 67c <0.1
2 72a <0.1
3 72b <0.1
4 72¢ <0.1
5 72d >4.0
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ARECTE p MICFRa VBEZATAEET 270 K7y 7ERT R T I 7 2 VRS
T 5 2 & ZBH S AT L 72(Scheme 18) 72, RV I NFEA~NE G ZE AL 7255
EARICBWCHEERALFERKICT T I, 72 v BRI Ns 2 2FEiEL-, &

5 F 2 I ERFETFOEBEANICL - T, BIEEYF /7 VIROMNE D T 3 5 )Ost:
DIKEBIARFCE 2, T/, RV VNANEE~T OBA~EWT 5 2 & CHRBEILE L2 T v
Novicimblimliz, SNLOBRIIRBAUEFVET 0 NI v ZifE~DIGH
BHIREFCTE 5,

Acetaminophen

X

Lower reactivity

Scheme 18. Summary of this chapter.
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CEETI, BHRNEEE T AT v BEAY OEE R G EIEICH Y A, IO R
tmﬁ#%f)/ HEROFHERE R L 72, HTRTH 2 2 v nBIERIETIZ
SRt T, #a v EEF Y v L2 xHwb LT, wfmgﬁ#v4/r~w3M@M
LRIG & & ke  BALRGASET T2 2 & 2 R L 72, ARIGIEAF 4 v F—n 3 {if
OfEERIEE & L CEBLY: RIRZE W, REBGEIIM A B et 3K ) Vi
%Wéﬁmﬂmﬁ%fﬁb\%@?47?U—m%émttoéI&mxwrﬁ?A%@
BARECH 5720 R 7 —LT v Z7R[EETH V., AIEEHIEICHEL 72 51ETH 5,

BE=BTE. AV oA FH R Y VFEEED invitro EYENEE S0 7 7 A L EBHS 2T L 72,
2 uA xR VEEEERITROFNICHEL 2Lt E L Yy 7 s A %
BLTWiz, 2707740374770 —bEWE L TELTW3,

CHIUE T, FHEF VRGO EETTCOT R VT 27 7 = VAEBGERE Z L
oo pIIICHR B VBEIRATARHT IRV OAELZEAT 5 2 & T, BELERF T & b
T 7xvPRACE N LR RIBL 2, RV ONEA~B G E I ERIA
THREALETR N7y 703, REEEMERL 2 TEIERDIOKCEER KRS 5 2 &
PHARFCE 2, CNHORERIE, FHEFVYRT v N7 v JHKOREA D Lk 2 BB
WHIRTH B,

PLb. AR L ZMRIZ, 2hE TICREFID o+ v R LAY D RIFIGH O 5
fEL b Z LW CTE B,
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General remarks

Unless otherwise noted, reagents were obtained from commercial suppliers and used without further
purification. Melting points (mp) were measured using Yanaco MP-500D and are uncorrected.
infrared (IR) spectra were recorded on SHIMADZU FT-IR-8400 or SHIMADZU IRPrestige-21.
Nuclear magnetic resonance (NMR) spectra were recorded JEOL AL-400 or JEOL ECS-400
spectrometer at room temperature (rt), operating at 400 MHz for *H NMR and 100 MHz for 3C NMR.
Chemical shifts are given in & (ppm) relative to tetramethylsilane (TMS) or residual solvent (*H NMR:
TMS & 0.00, DMSO-ds 6 2.50; *3C NMR: CDCl3 & 77.0, DMSO-ds & 39.5) as internal standard;
multiplicities were recorded as s (singlet), br s (broad singlet), d (doublet), dd (double doublet), ddd
(double double doublet), t (triplet), td (triplet double), g (quartet) or m (multiplet). Mass spectra (MS)
were measured using an UFLC-MS/MS system consisting of a Q Exactive orbitrap Mass Spectrometer
(Thermo Fisher Scientific Inc., Waltham, MA) with a Shimadzu 20A series UFLC system (Shimadzu
Corporation, Kyoto, Japan) or Orbitrap Elite (Thermo Fisher Scientific Inc., Waltham, MA) under
electrospray ionization (ESI) condition. Silica gel column chromatography was performed on silica
gel (70-230 mesh). Column chromatography was carried out on a Yamazen W-prep system using
prepacked silica gel.
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General procedure for the synthesis of dimethyl (2-nitrophenyl)[2-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)benzyl|propanedioate (53)

Dimethyl (2-nitrophenyl)propanedioate 54 was dissolved in DMF (1 M). K,COs (2.0 eq.) and 2-
bromomethylphenylboronic acid pinacol ester (1.1 eq.) were added to the reaction mixture. After
stirring at rt overnight, K.COsz (0.4 eq.) and 2-bromomethylphenylboronic acid pinacol ester (0.2 eq.)
were added to the reaction mixture. After stirring for 4 hr, the mixture was diluted with EtOAc and
water was added. The organic phase was washed with water and brine, dried over anhydrous
magnesium sulfate and evaporated in vacuo. The residue was reprecipitated with /hexane to provide
the target compounds.

‘PJ%
o4
CO,Me

O CO,Me
NO,

Yield: 83% as a colorless solid; mp 142.5-143.5 °C; 'H-NMR (CDCls) &: 7.93 (1H, d, J = 7.5 Hz),
7.67 (1H,d, J=75Hz), 7.39 (1H, t, I = 7.5 Hz), 7.29 (1H, t, J = 7.5 Hz), 7.13 (1H, t, J = 7.5 Hz),
7.07 (1H,t,J=7.5Hz), 6.83 (1H, d, J = 7.5 Hz), 6.77 (1H, d, J = 7.5 Hz), 4.31 (2H, s), 3.37 (6H, 3),
1.26 (12H, s); 3°C NMR (CDCls) &: 169.3, 149.6, 141.9, 135.1, 132.5, 132.0, 131.5, 130.1, 129.6,
128.2, 125.9, 125.1, 83.5, 64.2, 52.9, 39.4, 24.8; HRMS (ESI; m/z): [M+H]* calcd for C24sH29BNOs,
470.1981; found 470.1987; IR (CHCIs) 2980, 1740, 1599, 1533, 1435, 1352, 1261, 1146, 1072 cm™.

General procedure for the synthesis of methyl 2-oxo0-3-[2-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)benzyl]-2,3-dihydro-1H-indole-3-carboxylate (52)

Compound 53 was dissolved in ACOH/EtOH (v/iv = 2/1, 0.1 M). Fe (20 eq.) was added to the
reaction mixture. After stirring for 2 hr at 70 °C, the reaction mixture was cooled to rt, diluted with
EtOAc and filtered through celite. The filtrate was washed successively with water and brine. The
organic phase was dried over anhydrous magnesium sulfate and evaporated in vacuo. The crude
mixture was purified by column chromatography (silica gel, EtOAc/hexane = 1/10 to 2/1) and

reprecipitated with EtOAc/hexane to give the target compound.
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Yield: 80% as a colorless solid; mp 169-170 °C; *H NMR (CDCls) &: 8.71 (1H, br s), 7.65 (1H, d, J
=7.1Hz), 7.15-7.12 (4H, m), 6.93 (1H, t, J = 7.1 Hz), 6.89 (1H, t, J = 7.7 Hz), 6.78 (1H, d, J = 7.7
Hz), 4.08 (1H, d, J = 13.4 Hz), 3.95 (1H, d, J = 13.4 Hz), 3.68 (3H, s), 1.27 (6H, s), 1.25 (6H, s); *3C
NMR (CDCls) &: 176.2, 169.7, 141.4, 141.2, 135.7, 130.3, 129.6, 128.7, 128.1, 126.1, 125.4, 122.0,
109.8, 83.4,61.2,53.0, 37.9, 24.9, 24.7; HRMS (ESI; m/z): [M+H]* calcd for C23H27BNOs, 408.1977;
found 408.1981; IR (CHCls) 3437, 2982, 1744, 1620, 1599, 1474, 1441, 1381, 1348, 1313, 1240, 1146,
1072 cm™L,

General procedure for the synthesis of 3-hydroxy-3-(2-hydroxybenzyl)-1,3-dihydro-2 H-indol-2-
one (56)

Compound 52 (300 mg, 0.74 mmol) was dissolved in THF/MeOH (v/v = 1/1, 8.0 mL). 2M NaOH
ag. (3.7 mL, 7.4 mmol) was added to the reaction mixture. After stirring for 6 hr at rt, the reaction
mixture was diluted with water and washed with toluene. The water phase was acidified with 10%
KHSO; ag. to pH 4 and extracted with EtOAc. The organic phase was washed with brine, dried over
anhydrous magnesium sulfate and evaporated in vacuo. The crude mixture was purified by column
chromatography (silica gel, CHCIs to CHCIs/MeOH = 97/3) and reprecipitated with CHClIs to give the
phenol 56.

T
L
N

H
Yield: 22% as a colorless solid; mp 182-183 °C; *H NMR (DMSO-de) &: 10.13 (1H, br s), 8.96 (1H,
br) 7.08 (1H, td, J = 7.5, 1.4 Hz), 6.97 (1H, dd, J = 7.5, 1.4 Hz), 6.93 (1H, td, J = 7.5, 1.4 Hz), 6.88
(1H, dd, J =75, 1.4 Hz), 6.79 (1H, td, J = 7.5, 1.4 Hz), 6.66 (1H, dd, J = 7.5, 1.4 Hz), 6.63 (1H, dd, J
=75,1.4Hz), 6.59 (1H, td, J = 7.5, 1.4 Hz), 3.19 (1H, d, J = 13.4 Hz), 2.91 (1H, d, J = 13.4 Hz); 13C
NMR (DMSO-ds) 8: 179.2, 155.5, 141.5, 131.3,131.2, 128.6, 127.4,124.7,121.8, 120.9, 118.3, 114.9,
109.1, 76.2, 35.9; HRMS (ESI; m/z): [M+Na]* calcd for C1sH1sNNaOs3, 278.0788; found 278.0787:
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[M-H]" calcd for C1sH12NO3z, 254.0823; found 254.0819; IR (CHCls) 3429, 3263, 3024, 1726, 1624,
1489, 1472, 1335, 1234 cm ™.

General procedure for the synthesis of di-ferr-butyl (2-nitrophenyl)propanedioate derivatives
(57a, 57b78, 57¢, and 57d7%)

The mixture of di-tert-butyl malonate (1.1 eq.) and NaH (2.2 eq.) in DMF (0.5 M) was cooled to
0 °C. After stirring for 10 minutes, compound 64a, 64b, 64¢ or 64d in DMF was added to the reaction
mixture at 0 °C. After stirring at rt for 3 hr to overnight, the mixture was diluted with EtOAc/hexane
and 0.1 N HCI ag. was added. The organic phase was washed with water and brine, dried over
anhydrous magnesium sulfate and evaporated in vacuo. The residue was reprecipitated with
EtOAc/hexane to provide the target compounds except for 57c and 57d. The crude 57c¢ or 57d was
used for the next step without further purifications.

Di-tert-butyl (5-chloro-2-nitrophenyl)propanedioate (57a)

COztBU
Cl

COztBU

NO,
a colorless solid; mp 110-112 °C; *H NMR (CDCls) 3: 8.02 (1H, d, J=8.4 Hz), 7.54 (1H,d, J= 2.4
Hz), 7.46 (1H, dd, J = 8.4, 2.4 Hz), 5.11 (1H, s), 1.50 (18H, s); *C NMR (CDCls) &: 166.0, 147.2,
139.8, 131.2, 131.0, 128.9, 126.5, 83.3, 56.3, 27.8; HRMS (ESI; m/z): [M+Na]* calcd for
C17H22CINOsNa, 394.1028; found 394.1028; IR (CHCls) 1728, 1529, 1138 cm ™.

Di-tert-butyl (4-chloro-2-nitrophenyl)propanedioate (57¢)
CO,tBu
CO,tBu
cl NO,
a yellow oil; 'H NMR (CDCls) 6: 8.03 (1H, d, J= 2.4 Hz), 7.61 (1H, dd, J = 8.0, 2.4 Hz), 7.52 (1H, d,
J=8.0Hz),5.07 (1H, s), 1.49 (18H, s); 3C NMR (CDCls) 3: 166.1, 149.3, 134.7, 133.3, 132.2, 127.5,

125.1, 83.2, 55.8, 27.8; HRMS (ESI; m/z): [M+Na]* calcd for Ci7H22CINOgNa, 394.1028; found
394.1027; IR (CHCls) 1728, 1537, 1138 cm™.

General procedure for the synthesis of a-alkylated of malonate derivatives (58, 58a—58d)
Compound 57, 57a, 57b, 57¢ or 57d was dissolved in DMF (1 M). KoCOs (3.0 eq.) and 2-

bromomethylphenylboronic acid pinacol ester (2.0 eq.) were added to the reaction mixture. After
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stirring at rt overnight, the mixture was diluted with EtOAc/hexane and water was added. The organic
phase was washed with water and brine, dried over anhydrous magnesium sulfate and evaporated in

vacuo. The residue was reprecipitated with EtOAc/hexane to provide the target compounds.

Di-tert-butyl (2-nitrophenyl)[2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-
2-yl)benzyl|propanedioate (58)

CO,Bu
O CO,tBu
NO,

Yield: 63% as a colorless solid; mp 116-117 °C; *H NMR (CDCls) 8: 7.96 (1H, dd, J = 7.7, 1.4 Hz),
7.68 (1H, dd, J=7.7,1.4 Hz), 7.36 (1H, td, J = 7.7, 1.4 Hz), 7.25 (1H, td, J = 7.7, 1.4 Hz), 7.07 (1H,
td,J=7.7,1.4Hz),6.96 (1H,td, J=7.7, 1.4 Hz), 6.87 (1H, dd, J = 7.7, 1.4 Hz), 6.65 (1H, dd, J = 7.7,
1.4 Hz), 4.27 (2H, s), 1.39 (18H, s), 1.33 (12H, s); **C NMR (CDCls) 8: 168.1, 150.0, 142.8, 135.1,
132.8,132.4,131.3, 129.7, 129.3, 127.9, 125.4, 125.1, 83.5, 82.6, 65.2, 39.3, 27.6, 25.0; HRMS (ESI;
m/z): [M+Na]* calcd for C3oH4BNNaOs, 576.2739; found 576.2738; IR (CHCI3) 2980, 1728, 1599,
1578, 1533, 1369, 1350, 1281, 1259, 1144 cm ™™,

Di-tert-butyl (5-chloro-2-nitrophenyl)[2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-
2-yl)benzyl|propanedioate (58a)

| ‘?J%
B\O
CO,tBu

cl
O CO,tBu
NO,

Yield: 70% in 2 steps as a colorless solid; mp 110-111 °C; '"H NMR (CDCl3) é: 7.92 (1H, d, J= 7.6
Hz), 7.71 (1H, d, J = 7.6 Hz), 7.34 (1H, d, J = 7.6 Hz), 7.12 (1H, t, J = 7.6 Hz), 7.04 (1H, t, J = 7.6
Hz), 6.81 (1H, s), 6.68 (1H, d, J=7.6 Hz), 4.26 (2H, s), 1.39 (18H, s), 1.33 (12H, s); *C NMR (CDCls)
5:167.6, 148.3, 142.3, 137.7, 135.4, 134.9, 132.8, 129.6, 129.5, 127.8, 126.4, 125.7, 83.5, 83.0, 65.4,
39.1,27.6,25.0; HRMS (ESI; m/z): [M+Na]* calcd for C3pH3sBCINNaOs, 610.2349; found 610.2356;
IR (CHCIs3) 2982, 1730, 1601, 1570, 1531, 1475, 1439, 1369, 1350, 1313, 1259, 1144 cm ™.,
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Di-tert-butyl (5-fluoro-2-nitrophenyl)[2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-
2-yl)benzyl]|propanedioate (58b)

| ‘?J%
B\O
CO,tBu

F
O CO,tBu
NO,

Yield: 38% in 2 steps as a yellow solid; mp 109-110 °C; 'H NMR (CDCls) §: 8.02 (1H, dd, J = 9.0,
5.4 Hz),7.72 (1H,d, J=7.5Hz),7.12 (1H, t, J = 7.5 Hz), 7.06-7.04 (2H, m), 6.74 (1H, d, J = 7.5 Hz),
6.65 (1H, dd, J = 10.4, 2.6 Hz), 4.26 (2H, s), 1.39 (18H, s), 1.33 (12H, s); 13C NMR (CDCls) 6: 167.6,
163.4 (d, J = 254.9 Hz), 146.2 (d, J = 3.3 Hz), 142.3, 136.4 (d, J = 9.1 Hz), 135.5, 129.6, 129.3, 127.6
(d,J=9.9Hz), 125.7,119.8 (d, J = 25.7 Hz), 114.6 (d, J = 23.2 Hz), 83.5, 83.0, 65.2, 39.3, 27.6, 25.0;
HRMS (ESI; m/z): [M+Na]* calcd for C3oH3zsBFNNaOs [M+Na]* 594.2645; found 594.2645; IR
(CHCIs) 2982, 1730, 1620, 1587, 1535, 1481, 1439, 1369, 1350, 1275, 1250, 1146 cm ™.

Di-tert-butyl (4-chloro-2-nitrophenyl)[2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-
2-yl)benzyl]propanedioate (58c¢)

| ‘?J%
B\O
CO,tBu

O CO,tBu
cl

NO,

Yield: 66% in 2 steps as a colorless solid; mp 101-102 °C; 'H NMR (CDCls) é: 7.96 (1H, d, J=2.3
Hz), 7.70 (1H, dd, J= 7.6, 1.6 Hz), 7.22 (1H, dd, J = 8.6, 2.3 Hz), 7.11 (1H, td, J = 7.6, 1.6 Hz), 7.04
(1H, td, J = 7.6, 1.6 Hz), 6.79 (1H, d, J = 8.6 Hz), 6.72 (1H, dd, J = 7.6, 1.6 Hz), 4.24 (2H, s), 1.39
(18H, s), 1.31 (12H, s); 3C NMR (CDCls) 6: 167.7, 150.4, 142.5, 135.4, 133.8, 133.7, 131.2, 131.1,
129.6, 129.5, 125.6, 125.2, 83.5, 83.0, 65.0, 39.2, 27.6, 24.9; HRMS (ESI; m/z): [M+Na]* calcd for
C3oH39BCINNaOsg, 610.2349; found 610.2348; IR (CHCI3) 2982, 1744, 1616, 1599, 1485, 1443, 1371,
1348, 1315, 1256, 1151 cm 2.,

Di-tert-butyl [2-nitro-4-(trifluoromethyl)phenyl][2-(4,4,5,5-tetramethyl-1,3,2-
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dioxaborolan-2-yl)benzyl|propanedioate (58d)

| ‘?J%
B\O

COztBU

O CO,tBu
FsC NO,

Yield: 46% in 2 steps as a colorless solid; mp 116-117 °C; '"H NMR (CDCls) &: 8.22 (1H, s), 7.71 (1H,
d,J=7.7Hz),7.49 (1H, d, J=7.7Hz), 7.13 (1H, t, J= 7.7 Hz), 7.05 (1H, t, J = 7.7 Hz), 7.01 (1H, d,
J=17.7Hz),6.77 (1H, d, J= 7.7 Hz), 4.28 (2H, s), 1.40 (18H, s), 1.29 (12H, s); '3C NMR (CDCls) &:
167.5, 150.1, 142.3, 136.6, 135.7, 133.7, 130.4 (q, J = 34.2 Hz), 129.8, 129.4, 127.3 (q, J = 3.6 Hz),
125.8, 122.8 (q, J = 272.5 Hz, -CF3), 122.3 (q, J = 3.9 Hz), 83.5, 83.3, 65.4, 39.3, 27.6, 24.9; HRMS
(ESI; m/z): [M+Na]* calcd for C31H39BFsNNaOsg, 644.2613; found 644.2620; IR (CHCI3) 2981, 1730,
1636, 1599, 1543, 1369, 1348, 1331, 1273, 1234, 1144 cm™*.

General procedure for the synthesis of 3,3’-disubstituted oxindole derivatives (59, 59a—59d)

Compound 58, 58a, 58b, 58¢ or 58d was dissolved in ACOH/EtOH (v/v = 2/1, 0.1 M). Fe (20 eq.)
was added to the reaction mixture. After stirring for 3 hr at 70 °C, the reaction mixture was cooled to
rt, diluted with EtOAc and filtered through celite. The filtrate was washed successively with water,
saturated (sat.) NaHCOs ag. and brine. The organic phase was dried over anhydrous magnesium sulfate
and evaporated in vacuo. The residue was reprecipitated with EtOAc/hexane to provide the target
compounds.

tert-Butyl 2-oxo0-3-[2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzyl]-
2,3-dihydro-1H-indole-3-carboxylate (59)

Yield: 90% as a colorless solid; mp 191-193 °C; *H NMR (CDCls) &: 7.88 (1H, brs), 7.64 (1H, d, J
= 7.1 Hz), 7.11-7.10 (4H, m), 7.02 (1H, d, J = 7.6 Hz), 6.89 (1H, t,J = 7.6 Hz), 6.70 (1H, d, J= 7.6
Hz), 3.98 (1H, d, J = 13.7 Hz), 3.94 (1H, d, J = 13.7 Hz), 1.38 (9H, s), 1.30 (6H, s), 1.28 (6H, s); 13C
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NMR (CDCls) &: 176.0, 168.0, 141.8, 141.2, 135.6, 130.1, 129.7, 128.8, 128.4, 125.9, 125.0, 121.9,
109.4, 83.4, 82.2, 62.1, 37.6, 27.8, 25.1, 24.7; HRMS (ESI; m/z): [M+H]* calcd for CzsH33BNOs,
450.2446; found 450.2444; IR (CHCIs) 2982, 1740, 1620, 1599, 1472, 1371, 1348, 1313, 1250, 1153,
1072 cm™L.

tert-Butyl 5-chloro-2-0x0-3-[2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzyl]-
2,3-dihydro-1H-indole-3-carboxylate (59a)

Yield: 86% as a colorless solid; mp 211-212 °C; '"H NMR (CDCls) &: 8.26 (1H, br s), 7.67 (1H, d, J
=7.3 Hz), 7.16-7.07 (5H, m), 6.66 (1H, d, J = 8.3 Hz), 4.05 (1H, d, J= 13.6 Hz), 3.88 (1H, d, J= 13.6
Hz), 1.40 (9H, s), 1.34 (6H, s), 1.31 (6H, s); 13C NMR (CDCL) &: 176.0, 167.4, 141.4, 139.7, 136.0,
130.4, 129.5, 128.4, 127.2, 126.1, 125.5, 110.4, 83.6, 82.7, 62.5, 37.5, 27.8, 25.2, 24.7; HRMS (ESI;
m/z): [M+H]" calcd for C26H32BCINOs, 484.2057; found 484.2060; IR (CHCIs) 2984, 1742, 1620,
1599, 1479, 1371, 1348, 1313, 1271, 1151, 1072 cm ™.

tert-Butyl 5-fluoro-2-o0xo0-3-[2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzyl]-
2,3-dihydro-1H-indole-3-carboxylate (59b)

Yield: 77% as a pale yellow solid; mp 196-198 °C; 'H NMR (CDCls) &: 8.17 (1H, br s), 7.66 (1H, d,
J=7.1Hz),7.16 (2H, m), 7.10 (1H, m), 6.88 (1H, dd, J= 8.2, 2.7 Hz), 6.81 (1H, td, J= 8.2, 2.7 Hz),
6.64 (1H, dd, J=8.2, 4.1 Hz), 4.06 (1H, d, J= 13.6 Hz), 3.87 (1H, d, J= 13.6 Hz), 1.40 (9H, s), 1.33
(6H, s), 1.30 (6H, s); 3C NMR (CDCls) 8: 176.2, 167.4, 158.5 (d, J = 240.0 Hz), 141.5, 137.1 (d, J =
2.5 Hz), 136.0, 130.4, 130.3 (d, J = 8.3 Hz), 129.6, 126.1, 114.8 (d, J/ = 24.0 Hz), 113.1 (d, J=24.8
Hz), 109.8 (d, J = 8.3 Hz), 83.6, 82.7, 62.8 (d, J = 2.0 Hz), 37.6, 27.8, 25.1, 24.7; HRMS (ESI; m/z):
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[M+H]* caled for C2sH32BFNOs, 468.2352; found 468.2352; IR (CHCIs) 2984, 1741, 1634, 1599,
1489, 1371, 1346, 1313, 1256, 1211, 1151, 1072 cm ™.

tert-Butyl 6-chloro-2-0x0-3-[2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzyl]-
2,3-dihydro-1H-indole-3-carboxylate (59c)
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Yield: 74% as a colorless solid; mp 181-182 °C; 'H NMR (CDCls) &: 8.18 (1H, br s), 7.66 (1H, d, J
=7.4Hz),7.18 (1H, t, J= 7.4 Hz), 7.14-7.12 (2H, m), 6.89-6.82 (3H, m), 3.93 (2H, s), 1.39 (9H, s),
1.28 (12H, s); 3C NMR (CDCl;) 6: 176.0, 167.5, 142.3, 141.5, 135.7, 134.1, 130.4, 129.7, 127.2,
126.14,126.11,121.8,110.1, 83.5, 82.6, 61.7,37.6, 27.7,25.0, 24.7; HRMS (ESI; m/z): [M+H]* calcd
for C26H32BCINOs, 484.2057; found 484.2057; IR (CHCIs) 2982, 1744, 1616, 1599, 1485, 1447, 1371,
1348, 1315, 1256, 1151, 1072 cm™L.

tert-Butyl 2-ox0-3-[2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzyl]-
6-(trifluoromethyl)-2,3-dihydro-1H-indole-3-carboxylate (59d)

(L
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Yield: 80% as a colorless solid; mp 101-102 °C; 'H NMR (CDCls) &: 9.22 (1H, brs), 7.66 (1H, d, J
=7.6 Hz), 7.18-7.12 (5H, m), 6.92 (1H, d, J= 7.8 Hz), 4.01 (1H, d, J= 13.6 Hz), 3.93 (1H, d, J=13.6
Hz), 1.38 (9H, s), 1.23 (12H, s); 13C NMR (CDCl3) &: 176.5, 167.1, 142.1, 141.4, 135.7, 132.6 (d, J =
1.7 Hz), 130.7 (g, J = 32.3 Hz), 130.5, 129.7, 126.3, 125.4, 123.9 (q, J = 272.3 Hz, —CF3), 118.7 (q, J
=3.9 Hz), 106.8 (q, J = 3.9 Hz), 83.5, 82.9, 62.1, 37.7, 27.7, 24.8, 24.7, HRMS (ESI; m/z): [M+H]"*
calcd for C27H3BFsNOs, 518.2320; found 518.2321; IR (CHCIs) 2982, 1746, 1636, 1599, 1460, 1371,
1348, 1319, 1258, 1169, 1151, 1070 cm ™.
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General procedure for the synthesis of N-alkylated oxindole derivatives (59e and 59f)
Compound 59 was dissolved in DMF (0.1 M). K.COs (10 eq.) and alkyl iodide (5.0 eq.) were added

to the reaction mixture. After stirring for 3 to 15 hr at rt, the mixture was diluted with EtOAc/hexane

and water was added. The organic phase was washed with water and brine, dried over anhydrous

magnesium sulfate and evaporated in vacuo to provide the target compounds.

tert-Butyl 1-methyl-2-oxo0-3-[2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-
2-yl)benzyl]-2,3-dihydro-1H-indole-3-carboxylate (59¢)

Me

Yield: quant. as a colorless oil; 'H NMR (CDCl;) 6: 7.61 (1H, d, J = 7.5 Hz), 7.16 (1H, t, J= 7.5 Hz),
7.14 (1H, t, J= 7.5 Hz), 7.08 (1H, d, J= 7.5 Hz), 7.07 (1H, t, J= 7.5 Hz), 7.01 (1H, d, J = 7.5 Hz),
6.90 (1H, t, J= 7.5 Hz), 6.59 (1H, d, J = 7.5 Hz), 4.03 (1H, d, J = 13.4 Hz), 3.87 (1H, d, J = 13.4 Hz),
3.03 (3H, s), 1.39 (9H, s), 1.29 (6H, s), 1.27 (6H, s); 23C NMR (CDCls) &: 174.2, 168.2, 144.0, 141.9,
135.6, 129.9, 129.6, 128.3, 128.1, 125.8, 124.7, 121.8, 107.6, 83.4, 82.1, 61.8, 37.7, 27.8, 26.1, 25.1,
24.8; HRMS (ESI; m/z): [M+H]* calcd for C,7H3sBNOs, 464.2603; found 464.2609; IR (CHCls) 2981,
1736, 1713, 1612, 1599, 1493, 1472, 1441, 1371, 1348, 1254, 1153 cm ™.

tert-Butyl 1-ethyl-2-ox0-3-[2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzyl]-
2,3-dihydro-1H-indole-3-carboxylate (59f)
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e

Yield: quant. as a colorless oil; *H NMR (CDCls) &: 7.61 (1H, d, J = 7.5 Hz), 7.15-7.06 (4H, m), 6.99
(1H, d, J = 7.5 Hz), 6.91 (1H, t, J = 7.5 Hz), 6.60 (1H, d, J = 7.5 Hz), 3.99 (1H, d, J = 13.4 Hz), 3.94
(1H, d, J = 13.4 Hz), 3.58 (2H, dg, J = 28.7, 7.1 Hz), 1.38 (9H, s), 1.33 (6H, s), 1.31 (6H, ), 0.98 (3H,
t, J = 7.1 Hz); 13C NMR (CDCls) &: 173.7, 168.4, 143.2, 141.8, 135.6, 129.9, 129.7, 128.5, 128.3,
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125.7, 124.6, 121.7, 107.8, 83.4, 82.0, 61.7, 37.4, 34.4, 27.8, 25.2, 24.7, 12.1; HRMS (ESI; m/z):
[M+H]* calcd for C2sH37BNOs, 478.2759; found 478.2763; IR (neat) 2977, 1736, 1711, 1610, 1599,
1489, 1467, 1442, 1367, 1344, 1146 cm™L.

General procedure for the synthesis of 3-monosubstituted oxindole derivatives (55, 55a—55f)
Compound 59, 59a, 59b, 59¢, 59d, 59e or 59f was dissolved in CH2Cl/TFA (v/iv =1/1, 0.1 M) at
0 °C. After stirring at rt overnight, the reaction mixture was diluted with CHCI; and washed
successively with sat. NaHCO3 ag. and brine. The organic phase was dried over anhydrous magnesium
sulfate and evaporated in vacuo. The crude 3-monosubstituted oxindole derivative was used for the

next step without further purifications.

3-[2-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-yl)benzyl]-1,3-dihydro-
2H-indol-2-one (55)

Yield: quant. as a colorless oil; *H NMR (CDCls) 8: 8.77 (1H, brs), 7.86 (1H, d, J = 7.6 Hz), 7.41 (1H,
t,J=7.6Hz),7.28 (1H,1,J=7.62),7.27 (1H,d,J=7.6 2), 7.14 (1H,t,J = 7.6 Hz), 6.87 (1H,d, J =
7.6 Hz), 6.82 (1H, t, J = 7.6 Hz), 6.45 (1H, d, J = 7.6 Hz), 3.76 (1H, dd, J = 10.1, 5.9 Hz), 3.66 (1H,
dd, J=13.1,5.9 Hz), 3.32 (1H, dd, J = 13.1, 10.1 Hz), 1.27 (6H, s), 1.20 (6H, s); *C NMR (CDCls)
5: 180.0, 145.1, 141.4, 136.3, 130.9, 130.5, 129.5, 127.6, 126.0, 125.2, 121.7, 109.4, 83.5, 48.1, 36.4,
24.7, 24.7, HRMS (ESI; m/z): [M+H]" calcd for C21H2sBNOs3, 350.1922; found 350.1929; IR (CHCls)
3439, 3203, 2982, 1707, 1622, 1599, 1485, 1470, 1443, 1381, 1350, 1313, 1144, 1113, 1069 cm™*.

5-Chloro-3-[2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzyl]-1,3-dihydro-
2H-indol-2-one (55a)
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Yield: quant. as a colorless oil; '"H NMR (CDCl3) &: 8.85 (1H, br s), 7.89 (1H, dd, J = 7.5, 1.3 Hz),
7.42 (1H,td, J= 7.5, 1.3 Hz), 7.29 (1H, td, J= 7.5, 1.3 Hz), 7.26 (1H, dd, J= 7.5, 1.3 Hz), 7.12 (1H,
d, J=8.3 Hz), 6.78 (1H, d, J = 8.3 Hz), 6.53 (1H, s), 3.74 (1H, dd, J= 9.5, 6.2 Hz), 3.62 (1H, dd, J =
13.2, 6.2 Hz), 3.33 (1H, dd, J = 13.2, 9.5 Hz), 1.30 (6H, s), 1.24 (6H, s); '3C NMR (CDCls) &: 179.7,
144.6, 139.9, 136.5, 131.2, 131.1, 130.4, 127.5, 127.1, 126.2, 125.7, 110.3, 83.6, 48.2, 36.2, 24.79,
24.75; HRMS (ESI; m/z): [M+H]* calcd for C2:H24BCINO3, 384.1532; found 384.1536; IR (CHCls)
3437, 3204, 2982, 1713, 1618, 1599, 1477, 1441, 1381, 1348, 1313, 1271, 1144, 1113, 1070 cm™ 2.

5-Fluoro-3-[2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzyl]-1,3-dihydro-
2H-indol-2-one (55b)
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Yield: quant. as a colorless oil; "H NMR (CDCls) 8: 9.14 (1H, brs), 7.88 (1H, d, /= 7.4 Hz), 7.41 (1H,
t,J=7.4Hz),7.29 (1H, t, J= 7.4 Hz), 7.26 (1H, d, J = 7.4 Hz), 6.85 (1H, ddd, J = 8.6, 8.4, 2.3 Hz),
6.79 (1H, dd, J = 8.6, 4.5 Hz), 6.27 (1H, dd, J = 8.4, 2.3 Hz), 3.76 (1H, dd, J= 9.9, 6.1 Hz), 3.66 (1H,
dd, J=13.0, 6.1 Hz), 3.31 (1H, dd, J= 13.0, 9.9 Hz), 1.29 (6H, s), 1.23 (6H, s); '3C NMR (CDCl;)
180.2, 158.5 (d, J = 239.2 Hz), 144.6, 137.3 (d, J = 2.5 Hz), 136.5, 131.13 (d, J = 8.3 Hz), 131.06,
130.4, 126.2, 113.8 (d, J = 23.2 Hz), 113.1 (d, J = 25.7 Hz), 109.8 (d, J = 8.2 Hz), 83.6, 48.6 (d, J =
1.6 Hz), 36.2, 24.75, 24.71; HRMS (ESI; m/z): [M+H]* calcd for C2:1H24BFNO3, 368.1828; found
368.1830; IR (CHCls) 3439, 3204, 2981, 1709, 1630, 1601, 1485, 1458, 1443, 1381, 1348, 1315, 1273,
1144, 1115, 1069 cm*.

6-Chloro-3-[2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzyl]-1,3-dihydro-
2H-indol-2-one (55¢)
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Yield: quant. as a colorless oil; '"H NMR (CDCl3) &: 8.68 (1H, br s), 7.86 (1H, dd, J = 7.6, 1.5 Hz),
7.41 (1H, td, J= 7.6, 1.5 Hz), 7.29 (1H, td, J= 7.6, 1.5 Hz), 7.24 (1H, dd, J = 7.6, 1.5 Hz), 6.88 (1H,
d,J=1.5Hz),6.79 (1H, dd, J= 7.9, 1.5 Hz), 6.30 (1H, d, J = 7.9 Hz), 3.72 (1H, dd, J = 10.2, 5.8 Hz),
3.65 (1H, dd, J=12.9, 5.8 Hz), 3.25 (1H, dd, J = 12.9, 10.2 Hz), 1.27 (6H, s), 1.22 (6H, s); 13C NMR
(CDClI3) 6:179.8,144.6,142.4,136.4,133.3,131.1, 130.4, 127.8, 126.2,121.6, 110.0, 83.6,47.7,36 4,
24.7, HRMS (ESI; m/z): [M+H]* calcd for C21H24BCINO3, 384.1532; found 384.1537; IR (CHCls)
3435, 3204, 2982, 1713, 1616, 1601, 1485, 1443, 1315, 1240, 1209, 1144, 1113, 1070, 1043 cm™*.

3-[2-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-yl)benzyl]-6-(trifluoromethyl)-1,3-
dihydro-2H-indol-2-one (55d)
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Yield: quant. as a colorless oil; '"H NMR (CDCl3) &: 9.37 (1H, br s), 7.87 (1H, dd, J = 7.4, 1.3 Hz),
7.44 (1H, td, J= 7.4, 1.3 Hz), 7.31 (1H, td, J = 7.4, 1.3 Hz), 7.28 (1H, dd, J = 7.4, 1.3 Hz), 7.14 (1H,
s), 7.10 (1H, d, J= 7.8 Hz), 6.46 (1H, d, J= 7.8 Hz), 3.81 (1H, dd, J = 10.5, 5.9 Hz), 3.68 (1H, dd, J
=13.2, 5.9 Hz), 3.34 (1H, dd, J = 13.2, 10.5 Hz), 1.24 (6H, s), 1.18 (6H, s); '3C NMR (CDCl;) &:
180.0, 144.4, 142.0, 136.4, 133.3, 131.2, 130.4, 130.1 (q, J = 32.3 Hz), 126.3, 1254, 124.0 (q, J =
271.5Hz, ~CFs), 118.7 (q,J=4.1 Hz), 106.3 (q, J=4.1 Hz), 83.6, 48.1, 36.1, 24.7, 24.6; HRMS (ESI;
m/z): [M+H]* calcd for Ca,H24BFsNOs, 418.1796; found 418.1794; IR (CHCIs) 3435, 3207, 2982,
1713, 1636, 1601, 1460, 1381, 1348, 1323, 1246, 1169, 1130, 1059 cm ™.

1-Methyl-3-[2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzyl]-1,3-dihydro-
2H-indol-2-one (55e¢)
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Me

Yield: quant. as a colorless oil; *H NMR (CDCls) é: 7.84 (1H, d, J = 7.5 Hz), 7.40 (1H, t, J = 7.5 H2),
728 (1H,t,J=75Hz), 7.24 (1H,d, J =75 Hz), 7.20 (1H, t, J = 7.5 Hz), 6.84 (1H, t, J = 7.5 Hz),
6.78 (1H, d, J = 7.5 Hz), 6.44 (1H, d, J = 7.5 Hz), 3.73 (1H, dd, J = 9.9, 5.8 Hz), 3.67 (1H, dd, J =
12.4, 5.8 Hz), 3.22 (3H, s), 3.20 (1H, dd, J = 12.4, 9.9 Hz), 1.26 (6H, s), 1.20 (6H, s); 1*C NMR
(CDCls) &: 177.6, 145.2, 144.1, 136.3, 130.9, 130.6, 128.9, 127.6, 126.0, 125.0, 121.8, 107.7, 83.5,
47.6, 36.6, 26.1, 24.75, 24.72; HRMS (ESI; m/z): [M+H]* calcd for C22H27BNO3, 364.2079; found
364.2085; IR (CHCIs) 3024, 1701, 1612, 1601, 1493, 1472, 1449, 1379, 1350, 1317, 1146 cm™™.

1-Ethyl-3-[2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzyl]-1,3-dihydro-
2H-indol-2-one (55f)
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Yield: quant. as a colorless oil; 'H NMR (CDCls) &: 7.83 (1H, d, J = 7.5 Hz), 7.40 (1H, t, J = 7.5 Hz),
7.26 (1H,t,J=7.5Hz), 7.26 (1H, d, J = 7.5 Hz), 7.19 (1H, t, J = 7.5 Hz), 6.82 (1H, t, J = 7.5 Hz),
6.80 (1H, d, J=7.5Hz), 6.44 (1H, d, J = 7.5 Hz), 3.87-3.62 (4H, m), 3.24 (1H, dd, J = 12.4, 9.8 Hz),
1.26 (3H, t, J = 7.3 Hz), 1.25 (6H, s), 1.18 (6H, s); 13C NMR (CDCls) &: 177.1, 145.2, 143.2, 136.2,
130.9, 130.5, 129.1, 127.5, 125.9, 125.2, 121.5, 107.8, 83.5, 47.7, 36.5, 34.5, 24.8, 24.7, 12.7; HRMS
(ESI; m/z): [M+H]* calcd for C23H20BNOs3, 378.2235; found 378.2234; IR (neat) 2977, 1708, 1611,
1600, 1488, 1466, 1442, 1372, 1345, 1314, 1143 cm™™.

General procedure for the synthesis of spiro-fused benzoxaborin derivatives (50, 50a, 50b and
50d-50f)

Compound 55, 55a, 55b, 55d, 55e or 55f was dissolved in THF/H20 (v/v = 1/1, 0.1 M). NalO4 (5.0
eq.) and 1N HCl aqg. (6.0 eq.) were added to the reaction mixture at 0 °C. After stirring at rt overnight,
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the mixture was diluted with toluene and washed successively with sat. NaHCO3 aq., 10% NazS;03
ag. and water. The organic phase was extracted with 1% NaOH aqg. and the water phase was poured
into concentrated HCI ag. at 0 °C. The precipitation was collected, washed with water and dried in

vacuo to provide the target compounds.

1-Hydroxy-1,4-dihydrospiro[2,1-benzoxaborinine-3,3'-indol]-2'(1'H)-one (50)

Yield: 87% in 2 steps as a colorless solid; mp 149-150 °C; *H NMR (DMSO-dg) 6: 10.52 (1H, brs),
8.89 (1H, brs), 7.77 (1H,d,J=7.4 Hz), 7.42 (1H,t,J = 7.4 Hz), 7.31 (1H, t, = 7.4 HZz), 7.22 (1H, 1,
J=74Hz),7.17 (1H,d,J=7.4 Hz), 6.86 (1H, d, J=7.4 Hz), 6.83 (1H, t, J = 7.4 Hz), 6.75 (1H, d, J
=7.4Hz),3.23 (1H, d, J = 16.2 Hz), 3.08 (1H, d, J = 16.2 Hz); *H NMR (CDs0D) é: 7.74 (1H, d, J =
7.5Hz),7.41 (1H,t,J=75Hz), 7.31 (1H,t,J=7.5Hz), 7.23 (1H,t,J=7.5Hz),7.13 (1H,d, J =75
Hz), 6.91 (1H, d, J = 7.5 Hz), 6.81 (1H, t, J = 7.5 Hz), 6.68 (1H, d, J = 7.5 Hz), 3.42 (1H, d, J = 16.0
Hz), 2.97 (1H, d, J = 16.0 Hz); 3C NMR (DMSO-ds) &: 176.6, 141.9, 141.2, 132.4, 131.4, 130.9,
129.7,127.4,126.4,123.4,121.8,110.1, 77.1, 38.0; HRMS (ESI; m/z): [M+H]* calcd for C15sH13BNOs3,
266.0983; found 266.0979; [M+Na]* calcd for C1sH12BNNaOs, 288.0802; found 288.0798; [M—H]~
calcd for C1sH1:BNO3, 264.0837; found 264.0838; IR (CHCIs) 3433, 3215, 1734, 1622, 1603, 1489,
1472, 1452, 1414, 1377, 1344, 1312, 1136, 1101 cm ™.

5'-Chloro-1-hydroxy-1,4-dihydrospiro[2,1-benzoxaborinine-3,3'-indol]-2'(1'H)-one (50a)

Yield: 86% in 2 steps as a colorless solid; mp 214-215 °C; "H NMR (DMSO-dg) 8: 10.65 (1H, br s),
8.97 (1H, brs), 7.77 (1H, d, J= 7.5 Hz), 7.44 (1H, t, J=7.5 Hz), 7.33 (1H, t, J= 7.5 Hz), 7.30 (1H,
d,J=8.2Hz),7.17 (1H, d, J=7.5 Hz), 6.89 (1H, d, J= 8.2 Hz), 6.81 (1H, s), 3.20 (2H, s); 3C NMR
(DMSO-ds) 6: 176.3, 141.6, 140.2, 132.8, 132.5, 131.5, 129.6, 127.5, 126.5, 125.7, 123.6, 111.7,77.2,
37.7, HRMS (ESI; m/z): [M+H]* calcd for C1sH12BCINO3, 300.0593; found 300.0594: [M—H]" calcd
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for C1sH10BCINO3, 298.0448; found 298.0446; IR (CHCIs) 3433, 3202, 1744, 1618, 1607, 1474, 1420,
1377, 1346, 1306 cm™ L.

5'-Fluoro-1-hydroxy-1,4-dihydrospiro[2,1-benzoxaborinine-3,3'-indol]-2'(1'H)-one (50b)
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Yield: 77% in 2 steps as a colorless solid; mp 152-153 °C; 'H NMR (DMSO-dg) &: 10.54 (1H, br s),
8.96 (1H, brs), 7.77 (1H, d, J= 7.4 Hz), 7.43 (1H, t, J = 7.4 Hz), 7.32 (1H, t, J = 7.4 Hz), 7.17 (1H,
d, J=7.4Hz), 7.09 (1H, ddd, J = 9.8, 8.5, 2.7 Hz), 6.87 (1H, dd, J = 8.5, 4.4 Hz), 6.66 (1H, dd, J =
8.0, 2.7 Hz), 3.19 (2H, s); 1*C NMR (DMSO-dg) &: 176.6, 157.7 (d, J = 237.5 Hz), 141.6, 137.4 (d, J
= 1.7 Hz), 132.4 (d, J= 3.3 Hz), 132.4 (d, J = 4.1 Hz), 131.4, 127.4, 126.4, 116.0 (d, J = 23.2 Hz),
111.2 (d, J = 32.3 Hz), 111.1, 77.3 (d, J = 1.6 Hz), 37.8; HRMS (ESI; m/z): [M+H]" calcd for
CisH12BFNOs, 284.0889; found 284.0890: [M—H]~ calcd for CisH1oBFNO3, 282.0743; found
282.0743; IR (CHCIs) 3433, 3223, 1742, 1632, 1605, 1483, 1452, 1416, 1377, 1346, 1308, 1285, 1182,
1136, 1080 cm ™2,

1-Hydroxy-6'-(trifluoromethyl)-1,4-dihydrospiro[2,1-benzoxaborinine-3,3'-indol]-
2'(1'H)-one (50d)
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Yield: 71% in 2 steps as a colorless solid; mp 146-147 °C; '"H NMR (DMSO-dg) &: 10.83 (1H, br s),
9.02 (1H, brs), 7.79 (1H, dd, J= 7.5, 1.1 Hz), 7.43 (1H, td, J=7.5, 1.1 Hz), 7.33 (1H, td, J= 7.5, 1.1
Hz), 7.25 (1H, dd, J= 7.5, 1.1 Hz), 7.17 (1H, d, J = 7.5 Hz), 7.10 (1H, s), 7.00 (1H, d, J = 7.5 Hz),
3.26 (1H, d, J = 16.2 Hz), 3.18 (1H, d, J = 16.2 Hz); '3C NMR (DMSO-ds) &: 176.3, 142.1, 141.4,
135.1, 132.5,131.5, 130.2 (q, /= 31.4 Hz), 127.5, 126.5, 124.2, 123.8 (q, J = 272.5 Hz, —CF3), 119.0
(q,J=4.1Hz), 106.3 (g, J=4.1 Hz), 76.9, 37.6; HRMS (ESI; m/z): [M+H]* calcd for C16H1:BF3NOs3,
334.0857; found 334.0858: [M—H] calcd for C16H10BFsNO3, 332.0711; found 332.0710; IR (CHCls)
3429, 3213, 1747, 1636, 1603, 1456, 1489, 1456, 1416, 1346, 1319, 1234, 1173, 1136, 1059 cm ™.
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1-Hydroxy-1'-methyl-1,4-dihydrospiro[2,1-benzoxaborinine-3,3'-indol]-2'(1'H)-one (50e¢)

Yield: 69% in 3 steps as a colorless solid; mp 178-179 °C; 'H NMR (DMSO-ds) 6: 8.90 (1H, br s),
7.78 (1H,d, J=7.4Hz), 7.42 (1H, t, I = 7.4 Hz), 7.33 (1H, t, J = 7.4 Hz), 7.32 (1H, t, J = 7.4 Hz),
7.16 (1H,d, J=7.4 Hz), 7.06 (1H, d, J = 7.4 Hz), 6.92 (1H, t, J = 7.4 Hz), 6.81 (1H, d, J = 7.4 Hz),
3.25 (1H, d, J = 16.3 Hz), 3.14 (1H, d, J = 16.3 Hz), 3.14 (3H, s); *H NMR (CDCls) 6: 7.88 (1H, d, J
=7.5Hz),7.46 (1H,t,J=7.5Hz),7.38 (1H,t,J=7.5Hz), 7.30 (1H, t, J=7.5Hz), 7.12 (1H,d, J =
7.5 Hz), 6.87 (1H, t, J = 7.5 Hz), 6.85 (1H, d, J = 7.5 Hz), 6.75 (1H, d, J = 7.5 Hz), 4.52 (1H, brs),
3.61 (1H, d, J = 16.1 Hz), 3.24 (3H, s), 2.94 (1H, d, J = 16.1 Hz); *3C NMR (DMSO-dg) 8: 174.7,
142.7, 141.8, 132.4, 131.4, 130.2, 129.8, 127.4, 126.4, 123.0, 122.4, 109.0, 76.8, 37.9, 26.0; HRMS
(ESI; m/z): [M+H]* calcd for CigHisBNOs, 280.1140; found 280.1140; [M+Na]* calcd for
C16H14BNNaOs3, 302.0959; found 302.0958; IR (CHCIs) 3013, 1722, 1614, 1605, 1493, 1472, 1452,
1414, 1377, 1344, 1312, 1254, 1128, 1101 cm ™.

1'-Ethyl-1-hydroxy-1,4-dihydrospiro[2,1-benzoxaborinine-3,3'-indol]-2'(1"H)-one (50f)

Yield: 61% in 3 steps as a colorless solid; mp 125-126 °C; *H NMR (DMSO-ds) 6: 8.93 (1H, br s),
7.78 (1H,d, J=7.5Hz), 743 (1H, t, J=7.5Hz), 7.32 (2H, t, I = 7.5 Hz), 7.17 (1H, d, J = 7.5 Hz),
7.11 (1H, d, J = 7.5 Hz), 6.90 (1H, t, J = 7.5 Hz), 6.80 (1H, d, J = 7.5 Hz), 3.72-3.69 (2H, m), 3.26
(1H, d, J = 16.2 Hz), 3.08 (1H, d, J = 16.2 Hz), 1.16 (3H, t, J = 7.2 Hz); *C NMR (DMSO-ds) 5: 174.4,
141.8, 1415, 132.4, 131.4, 130.4, 129.8, 127.4, 126.4, 123.2, 122.3, 109.1, 76.8, 37.9, 34.1, 12.3;
HRMS (ESI; m/z): [M+H]* calcd for C17H17BNO3, 294.1296; found 294.1294: [M—H] calcd for
C17H15BNO3, 292.1150; found 292.1153; IR (neat) 3328, 1696, 1609, 1486, 1464, 1452, 1376, 1349,
1318, 1256, 1227, 1134, 1102 cm ™.
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General procedure for the synthesis of 6'-chloro-1-hydroxy-1,4-dihydrospiro[2,1-
benzoxaborinine-3,3'-indol]-2'(1'H)-one (50c)

Compound 55¢ was dissolved in THF/H0 (v/v = 1/1, 0.1 M). NalO4 (5.0 eq.) and 1IN HCl ag. (6.0
eq.) were added to the reaction mixture at 0 °C. After stirring at rt overnight, the mixture was diluted
with toluene and washed successively with sat. NaHCO3 ag., 10% Na»S,03 ag. and water. The organic
phase was extracted with 1% NaOH ag. and the water phase was poured into concentrated HCI ag. at
0 °C. The water phase was extracted with toluene. The organic phase washed with brine, dried over

anhydrous magnesium sulfate and evaporated in vacuo to provide the target compound.
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Yield: 82% in 2 steps as a pale yellow amorphous; '"H NMR (CDCI3) 8: 8.16 (1H, brs), 7.88 (1H, d, J
=7.3Hz),7.46 (1H,t,J="7.3 Hz), 7.38 (1H, t, J= 7.3 Hz), 7.12 (1H, d, J = 7.3 Hz), 6.92 (1H, s), 6.79
(1H, d, J= 8.0 Hz), 6.60 (1H, d, J= 8.0 Hz), 5.18 (1H, br s), 3.58 (1H, d, J = 16.0 Hz), 2.93 (1H, d, J
=16.0 Hz); '*C NMR (CDCl;) 8: 178.2, 141.0, 140.8, 135.6, 133.1, 132.2, 128.7, 127.7, 127.1, 124.7,
123.0, 111.5, 78.1, 38.7; HRMS (ESI; m/z). [M+H]* calcd for C1sH12BCINO3, 300.0593; found
300.0594: [M—H]  calcd for C15H10BCINO3, 298.0448; found 298.0448; IR (CHCI3) 3431, 3200, 1736,
1616, 1605, 1487, 1452, 1414, 1346, 1310, 1252, 1229, 1136, 1070 cm ™.

General procedure for the synthesis of 3-[(2-hydroxyphenyl)methyl]-1,3-dihydro-2H-indol-2-
one (60) (Table 3, Entry 1)

Compound 55 was dissolved in toluene (0.25 M). +-BuOK (1.0 eqg.) was added to the reaction
mixture. After stirring at rt overnight, the mixture was diluted with EtOAc and washed with 10%
KHSO; ag. to pH 4 and brine. The organic phase was dried over anhydrous magnesium sulfate and
evaporated in vacuo. The crude mixture was purified by column chromatography (silica gel,
EtOAc/hexane = 1/10 to 1/1) to give the phenol 60.

OH
(L
N

H

Yield: 47% as a colorless solid; mp 164-166 °C;*H NMR (CDCls) &: 7.71 (1H, br s), 7.21 (1H, t, J =
75Hz),7.17 (1H,d,J=75Hz), 7.11 (1H,t,J=7.5Hz), 7.05 (1H, t, I = 7.5 Hz), 7.00 (1H, s), 6.95
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(1H, d, J=7.5Hz), 6.89 (1H, d, J = 7.5 Hz), 6.84 (1H, d, J = 7.5 Hz), 6.76 (1H, t, J = 7.5 Hz), 3.88
(1H,t,J=6.0 Hz), 3.33 (1H, dd, J = 14.4, 6.0 Hz), 3.24 (1H, dd, J = 14.4, 6.0 Hz); **C NMR (CDCls)
5:181.3,154.5,140.8, 131.4,129.1, 128.5, 128.2, 124.9, 124.6, 122.8, 120.5, 117.7, 109.9, 47.2, 30.6;
HRMS (ESI; m/z): [M+H]* calcd for CisH14NO,, 240.1019; found 240.1017: [M—H]™ calcd for
C1sH12NO,, 238.0874; found 238.0870; IR (neat) 3174, 1682, 1648, 1620, 1472, 1457, 1343, 1245,
1220, 1187, 1153, 1099 cm™™.

General procedure for the oxidation reaction (Table 3, Entry 2)

Compound 55 was dissolved in DMSO (0.2 M). 6% H>0» aq. (1.5 eq.) was added to the reaction
mixture. After stirring at rt overnight, the mixture was diluted with EtOAc and washed successively
with water, 10% Na,S;0O3 ag. and brine. The organic phase was dried over anhydrous magnesium
sulfate and evaporated in vacuo. The residue was reprecipitated with hexane to provide the phenol 60
(yield: 82%).

General procedure for the oxidation reaction (Table 3, Entry 3)

Compound 55 was dissolved in MeCN (0.15 M). mCPBA (1.2 eq.) was added to the reaction
mixture. After stirring for 2 hr at rt, the mixture was diluted with EtOAc and washed successively with
10% NaS,03 ag., water and brine. The organic phase was dried over anhydrous magnesium sulfate
and evaporated in vacuo. The residue was reprecipitated with hexane to provide the phenol 60 (yield:
89%).

General procedure for the oxidation reaction (Table 3, Entry 4)

Compound 55 was dissolved in THF (0.15 M). TEMPO (0.2 eq.) was added to the reaction mixture.
After stirring at rt overnight, the mixture was diluted with EtOAc and washed successively with water,
10% NazS203 ag. and brine. The organic phase was dried over anhydrous magnesium sulfate and
evaporated in vacuo. The crude mixture was purified by column chromatography (silica gel,

EtOAc/hexane = 1/10 to 1/1) to recover the raw material 55 (recovery 93%).

General procedure for the oxidation reaction (Table 3, Entry 5)

Compound 55 was dissolved in THF (0.1 M). TBAF (1.1 eq.) was added to the reaction mixture at
0 °C. After stirring for 1 hr at rt, the mixture was diluted with EtOAc and washed successively with
water and brine. The organic phase was dried over anhydrous magnesium sulfate and evaporated in
vacuo. The crude mixture was purified by column chromatography (silica gel, EtOAc/hexane = 1/20

to 1/1) to recover the raw material 55 (recovery 86%).

General procedure for the oxidation reaction (Table 3, Entry 7)
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Compound 55 was dissolved in THF/H20 (v/v = 1/1, 0.1 M). NalO4 (5.0 eqg.) was added to the
reaction mixture at 0 °C. After stirring at rt overnight, the mixture was diluted with EtOAc and washed
successively with 10% NaS;Os aq. and brine. The organic phase was dried over anhydrous
magnesium sulfate and evaporated in vacuo. The crude mixture was purified by column
chromatography (silica gel, EtOAc/hexane = 1/5 to EtOAc) to recover the raw material 55 (recovery
80%).

General procedure for the synthesis of 3-benzyl-1,3-dihydro-2H-indol-2-one (61)%*

(Lo
N

H

3-Benzyl-1,3-dihydro-2H-indol-2-one (61) was synthesized by similar procedure for « -alkylated
of malonate derivatives (58, 58a—58d) and 3-monosubstituted oxindole derivatives (55, 55a—55f)
using di-fert-butyl malonate 54 and benzyl bromide instead of 2-bromomethylphenylboronic acid
pinacol ester. '"H NMR spectrum of the compound 61 was consistent with literature values®*.

General procedure for the synthesis of 3-benzyl-3-hydroxy-1,3-dihydro-2H-indol-2-one (62)”°
and 3-benzyl-3-chloro-1,3-dihydro-2 H-indol-2-one (63)%

3-Benzyl-1,3-dihydro-2H-indol-2-one (61) was dissolved in THF/H2O (v/v = 1/1, 0.1 M). NalO4
(5.0 eq.) and 1IN HCI ag. (10 eq.) were added to the reaction mixture at O °C. After stirring at rt
overnight, the mixture was diluted with EtOAc and washed successively with 10% Na,S,03 ag. and
brine. The organic phase was dried over anhydrous magnesium sulfate and evaporated in vacuo. The
crude mixture was purified by column chromatography (silica gel, EtOAc/hexane = 1/10 to 2/1) to
give the compound 62 (yield: 40%) and 63 (yield: 52%). 'H NMR spectra of 62 and 63 were consistent

with literature values’: 85,
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Analytical procedure

Concentrations of test compounds in samples were measured using an UFLC-MS/MS system
consisting of a Quadrupole-Orbitrap Mass Spectrometer (Thermo Fisher Scientific Inc., Waltham,
MA) with a Shimadzu 20A series UFLC system (Shimadzu Corporation, Kyoto, Japan).
Chromatography was performed using a Cadenza CD-C18 column (3 um particle size, 2x50 mm,
Imtakt Corporation, Kyoto, Japan) warmed to 40 °C. The mobile phase consisted of 0.1% formic acid
ag. (A) and 0.1% formic acid methanol (B). The flow rate was 0.2 mL/min, and the gradient conditions
for elution were as follows: gradient [min, B%] = [0, 5]-[2.5, 95]-[4, 95]-[4.1, 5]{5.5, 5]. Mass
spectrometric detection was performed using positive ionization electrospray. The selected reaction
monitoring (SRM) mode quantification was performed using the following MS/MS transitions
[precursor mass / product m/z]: compound 50, 266.1/222.1; compounds 50a and 50¢, 300.1/256.1;
compound 50b, 284.1/240.1; compound 50d, 334.1/122.1; compound 50e, 280.1/262.0; compound
50f, 294.1/276.1; bezafibrate (internal standard), 362.1/139.0.

Octanol—water partition coefficients.

The partition coefficients (log P) were measured by adapting the shake-flask method.!!

A solution of test compound in water-saturated 1-octanol (100 uM, 3 mL) was placed in a test tube.
Then, 1-octanol-saturated distilled water (3 mL) was added. The mixture was intensively vortexed for
more than 10 min at rt. After separation of the two phases, the each of solutions were measured using
an LC-MS/MS system. The peak areas obtained in the measurement were used to calculate the log P

values. The results given are averages of duplicate independent analyses.

Metabolic stabilities in human liver microsomes and calculation.

100 nM test compounds were incubated for 30 min at 37 °C in 100 uL of a reaction mixture
consisting of 50 mM phosphate buffer (pH 7.4), 3 mM nicotinamide adenine dinucleotide phosphate
(NADPH) with 0.1 mg/mL human microsomes (Xenotech LLC). After the incubation, 50 nM internal
standard (bezafibrate) in MeOH (600 pL) was added to the reaction solution. The mixture was
vortexed and centrifuged for protein precipitation. Then, the supernatant was measured using an LC-
MS/MS system. The peak area ratios of test compounds to internal standard (bezafibrate) were used

for the calculation. The results given are averages of triplicate independent analyses.

Permeability evaluation using parallel artificial membrane permeability assay (PAMPA)!2
The test compound in DMSO (10 mM) was diluted 200-fold in 5% DMSO system solution (pH 7.4
and pH 5.0, Pion Inc). After centrifugation (4000 rpm, 10 min, 25 °C), the supernatant was added to
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the donor well. The acceptor filter plate was prepared by adding 4 uL of artificial membrane material
(Gastrointestinaltract-0 Lipid, PION) on top of the filter and ASB-7.4 Acceptor Sink Buffer (Pion Inc)
was added to the acceptor well. The acceptor filter plate was placed on the donor plate to form a
sandwich construction. After incubation for 4 hr at room temperature, the concentration of the test
compound was recorded by using the UV plate reader (190-500 nm, SpectraMax190
spectrophotometer, Molecular Devices). The permeability (Pe) of the test compound was calculated

by using the pION software. The results given are averages of triplicate independent analyses.

General procedure for the synthesis of 2-methyl-N-(propan-2-yl)propanamide (64)%

o

NH

Aﬁ

Isopropylamine hydrochloride was dissolved in DMF (1.0 M). Isobutyryl chloride (1.0 eq.) and
triethylamine (3.0 eq.) were added to the reaction mixture at 0 °C. After stirring for 3 hr at rt, the
mixture was diluted with EtOAc/toluene (v/v = 1/1) and washed with water and brine. The organic
phase was dried over anhydrous magnesium sulfate and evaporated in vacuo. The residue was
reprecipitated with hexane to provide the amide 64 (yield: 33%). '"H NMR spectrum of amide 64 was
consistent with literature values®.

'H NMR study for hydrogen binding ability

"H NMR spectra of 50e (5 mM) in the presence of different amounts of 2-methyl-N-(propan-2-
yl)propanamide 64 (0, 5, 10, 40 and 75 mM) in CDCl3 were recorded at room temperature.
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Synthesis
General procedure for the synthesis of N-(4-{[2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-

yl)phenyljmethoxy}phenyl) acetamide(67a)

N-(4-hydroxyphenyl)acetamide (acetaminophen) was dissolved in DMF (0.5 M). K2COs (2.0 eq.)
and 2-bromomethylphenylboronic acid pinacol ester (1.2 eq.) were added to the reaction mixture.
After stirring at rt overnight, K.COsz (1.0 eq.) and 2-bromomethylphenylboronic acid pinacol ester (0.6
eq.) were added to the reaction mixture. After stirring for 4 hr at rt, the mixture was diluted with EtOAc
and washed with 10% KHSOs aqg. to pH 4 and brine. The organic phase was dried over anhydrous
magnesium sulfate and evaporated in vacuo. The crude mixture was purified by column
chromatography (silica gel, EtOAc/hexane = 1/10 to EtOAc) and reprecipitated with EtOAc/hexane

to give the target compound.
% ]
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Yield: 77% as a colorless solid; mp 140-142 °C; *H NMR (CDCls) &: 7.85 (1H, d, J = 7.5 Hz), 7.51
(1H,d,J=75Hz), 7.44 (1H,t, I =7.5Hz), 7.37 (2H, d, J =9.0 Hz), 7.31 (1H, t, J = 7.5 Hz), 7.06
(1H,s), 6.94 (2H, d, J = 9.0 Hz), 5.32 (2H, s), 2.15 (3H, s), 1.29 (12H, s); 1*C NMR (DMSO0-Dg) &:
167.7, 154.3, 142.7, 135.3, 132.5, 130.9, 128.2, 127.2, 120.4, 114.5, 83.5, 69.0, 24.5, 23.8; HRMS
(ESI; m/z): [M+H]* calcd for C»1H27BNOs, 368.2028; found 368.2029; IR (neat) 3299, 2979, 1664,
1552, 1508, 1345, 1244, 1233, 1441, 1021 cm™™.

General procedure for the synthesis of O-alkylated acetaminophen derivatives (67b and 67¢)
N-(4-hydroxyphenyl)acetamide was dissolved in DMF (0.5 M). K;COs; (2.0 eq.) and 3-
bromomethylphenylboronic acid pinacol ester or 4-bromomethylphenylboronic acid pinacol ester (1.2
eq.) were added to the reaction mixture. After stirring at rt overnight, the mixture was diluted with
EtOAc and washed with 10% KHSO4 ag. to pH 4 and brine. The organic phase was dried over
anhydrous magnesium sulfate and evaporated in vacuo. The residue was reprecipitated with

EtOAc/hexane to provide the target compound.

N-(4-{[3-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl|methoxy} phenyl) acetamide (67b)
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Yield: 88% as a colorless solid; mp 123-124 °C; *H NMR (CDCls) 6: 7.86 (1H, s), 7.77 (1H, d, J =
7.5Hz), 7.53 (1H, d, J=7.5Hz), 7.39 (1H, t, I =7.5 Hz), 7.38 (2H, d, J = 9.0 Hz), 7.07 (1H, s), 6.93
(2H, d, J=9.0 Hz), 5.03 (2H, s), 2.15 (3H, s), 1.35 (12H, s); 13C NMR (DMSO-Dg) : 167.4, 153.9,
136.5, 133.4, 133.2, 132.6, 130.2, 127.5, 120.4, 114.7, 83.4, 69.3, 24.4, 23.4; HRMS (ESI; m/z):
[M+H]* calcd for C,1H27BNOs, 368.2028; found 368.2031; IR (neat) 3292, 2981, 1659, 1556, 1509,
1352, 1224, 1142, 1021 cm™™.

N-(4-{[4-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl|methoxy}phenyl) acetamide (67c¢)

>§ré

Yield: 43% as a colorless solid; mp 179-181 °C; *H NMR (CDCls) &: 7.81 (2H, d, J = 8.0 Hz), 7.41
(2H, d, J=8.0 Hz), 7.37 (2H, d, J = 9.0 Hz), 7.04 (1H, s), 6.91 (2H, d, J = 9.0 Hz), 5.06 (2H, s), 2.15
(3H,s), 1.34 (12H, s); 13C NMR (DMSO0-Dg) 8: 167.7, 153.9, 140.6, 134.5, 132.8, 126.7, 120.4, 114.8,
83.6, 69.1, 24.6, 23.8; HRMS (ESI; m/z): [M+H]* calcd for C2;H27BNO4, 368.2028; found 368.2030;
IR (neat) 3249, 2972, 1658, 1600, 1547, 1509, 1355, 1318, 1240, 1143, 1085, 1044 cm™.

H

oy

General procedure for the synthesis of phenol derivatives (68a—68cC)

Compound 67a, 67b or 67¢ was dissolved in MeCN (0.15 M). mCPBA (1.2-1.5 eq.) was added to
the reaction. After stirring for 1 to 3 hr at rt, the mixture was diluted with EtOAc and washed
successively with 10% Na.S;0s ag. and sat. NaHCOs ag., water and brine. The organic phase was
dried over anhydrous magnesium sulfate and evaporated in vacuo. The residue was reprecipitated with
EtOAc/hexane to provide the target compound.

N-{4-[(2-Hydroxyphenyl)methoxy]|phenyl}acetamide (68a)
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Yield: 73% as a colorless solid; mp 150-152 °C; *H NMR (CDCls) &: 7.40 (2H, d, J = 9.8 Hz), 7.22
(2H,t,J=7.4 Hz), 7.15 (1H, br s), 6.96 (2H, d, J = 9.8 Hz), 6.92 (1H, d, J= 7.4 Hz), 6.91 (1H,d, J =
7.4 Hz), 6.55 (1H, s), 5.17 (2H, s), 2.16 (3H, s); 3C NMR (DMSO0-Dg) &: 167.7, 155.1, 154.3, 132.5,
129.4, 128.9, 123.1, 120.5, 118.8, 115.1, 114.5, 64.7, 23.8; HRMS (ESI; m/z): [M+H]* calcd for
C1sH16NO3, 258.1125; found 258.1124; IR (neat) 3338, 3141, 1616, 1597, 1545, 1508, 1456, 1413,
1273, 1243, 1002 cm 2.

N-{4-[(3-Hydroxyphenyl)methoxy|phenyl}acetamide (68b)

N
H IO
O\©/\O 0]
Yield: 76% as a colorless solid; mp 183-185 °C; 'H NMR (DMSO-Dg) 8: 9.78 (1H, br s), 9.44 (1H,
brs), 7.46 (2H, d, J=9.0 Hz), 7.16 (1H, t, J = 7.6 Hz), 6.91 (2H, d, J = 9.0 Hz), 6.82 (1H, d, J = 7.6
Hz), 6.81 (1H, s), 6.69 (1H, d, J = 7.6 Hz), 4.97 (2H, s), 1.99 (3H, s); 1*C NMR (DMSO-Dg) &: 167.7,
157.4, 154.1, 138.7, 132.7, 129.4, 120.5, 118.0, 114.7, 114.6, 114.2, 69.2, 23.8; HRMS (ESI; m/z):
[M+H]* calcd for CisH16NOs, 258.1125; found 258.1126; IR (neat) 3381, 3151, 1630, 1599, 1514,

1457, 1414, 1369, 1249, 1160 cm ™.

N-{4-[(4-Hydroxyphenyl)methoxy]phenyl}acetamide (68c)

oY
AT

Yield: 84% as a colorless solid; mp 151-153 °C; *H NMR (DMSO-Dg) 8: 9.74 (1H, s), 9.43 (1H, br),
7.45 (2H, d, J=9.0 Hz), 7.23 (2H, d, J = 8.3 Hz), 6.90 (2H, d, J = 9.0 Hz), 6.75 (2H, d, J = 8.3 Hz),
4.89 (2H, s), 1.99 (3H, s); 13C NMR (DMSO-Ds) &: 167.7, 157.1, 154.2, 132.6, 129.6, 127.2, 120.4,
115.1,114.7, 69.4, 23.8; HRMS (ESI; m/z): [M+H]* calcd for C1sH16NO3, 258.1125; found 258.1127;
IR (neat) 3339, 3249, 1632, 1520, 1505, 1445, 1375, 1231, 1211, 1174, 1107, 996 cm™*.

General procedure for the synthesis of (4-bromo-3-methylphenyl)methanol (70b)%”
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To a suspension of LiAlH4 (385 mg, 10 mmol) in THF (34 mL) was added methyl 4-bromo-3-
methylbenzoate (1550 mg, 6.8 mmol) in THF (10 mL) dropwise at 0 °C. After stirring for 3 hr at rt,
the reaction mixture was slowly quenched with H>O (0.4 mL), followed by 15% NaOH ag. (0.4 mL)
and H2O (1.2 mL) at 0 °C. After stirring for 30 min at rt, the reaction mixture was filtered through
celite and evaporated in vacuo. The crude mixture was purified by column chromatography (silica gel,
EtOAc/hexane = 1/20 to 2/1) to give 70b as a brown oil (yield: 66%). '"H NMR spectrum of 70b was
consistent with literature values®’.

General procedure for the synthesis of [4-bromo-2-(trifluoromethyl)phenyl]methanol (70c) %
CF;
OH

Br

To a solution of 4-bromo-2-(trifluoromethyl)benzoic acid in THF (0.3 M) was added borane
tetrahydrofuran complex solution in THF (0.9 M, 2.0 eq.) dropwise at 0 °C. After stirring for 2 hr at
rt, the reaction mixture was slowly quenched with MeOH and evaporated in vacuo. The crude mixture
was purified by column chromatography (silica gel, EtOAc/hexane = 1/20 to EtOAc) to give 70c as a

colorless oil (yield: 59%). "H NMR spectrum of 70c was consistent with literature values®.

General procedure for the synthesis of (5-bromopyridin-2-yl)methanol (70d)*°

Br Z

The mixture of methyl 5-bromopyridine-2-carboxylate and NaBH4 (3.0 eg.) in EtOH (0.5 M) was
cooled to 0 °C. After stirring for 3 hr at rt, the reaction mixture was quenched with 1IN HCl aq. at 0 °C,
neutralized with sat. NaHCOs ag. and extracted with EtOAc. The organic phase was washed with brine,
dried over anhydrous magnesium sulfate and evaporated in vacuo. The crude mixture was purified by
column chromatography (silica gel, EtOAc/hexane = 1/10 to 2/1) to give 70d as a colorless solid

(yield: 88%). "H NMR spectrum of 70d was consistent with literature values®.

General procedure for the synthesis of bromo-substituted ether derivatives (71a-71d)
N-(4-hydroxyphenyl)acetamide was dissolved in THF (0.2 M). Alcohol derivatives 70a, 70b, 70c
or 70d (1.0 eq.), diethyl azodicarboxylate (DEAD, 1.1 eq.) and triphenylphosphine (1.2 eq.) were
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added to the reaction mixture at 0 °C under Ar atmosphere. After stirring at rt overnight, water was
added to the reaction mixture and evaporated in vacuo. The crude mixture was purified by column
chromatography (silica gel, EtOAc/hexane = 1/20 to EtOAC) or reprecipitated with EtOAc/hexane to

give the target compound.

N-{4-|(4-Bromo-2-methylphenyl)methoxy]phenyl}acetamide (71a)

A v

Yield: 52% as a colorless solid; mp 158-159 °C; *H NMR (CDCls) &: 7.40 (2H, d, J = 9.0 Hz), 7.37
(1H,s), 7.34 (1H, d, J = 7.8 Hz), 7.26 (1H, d, J = 7.8 Hz), 7.09 (1H, br s), 6.92 (2H, d, J = 9.0 Hz),
4.95 (2H, s), 2.34 (3H, s), 2.16 (3H, s); 13C NMR (DMSO-Ds) &: 167.7, 153.9, 139.3, 134.7, 132.9,
132.5, 130.2, 128.5, 120.9, 120.5, 114.8, 67.3, 23.8, 18.1; HRMS (ESI; m/z): [M+H]" calcd for
Ci6H17BrNO,, 334.0437; found 334.0440; IR (neat) 3278, 1651, 1539, 1510, 1408, 1371, 1272, 1236,
1000 cmL,

N-{4-[(4-Bromo-3-methylphenyl)methoxy]phenyl}acetamide(71b)

oY
0

Yield: 50% as a colorless solid; mp 183-185 °C; *H NMR (CDCls) 6: 7.52 (1H, d, J = 7.8 Hz), 7.39
(2H, d, J =9.0 Hz), 7.29 (1H, s), 7.09 (1H, d, J = 7.8 Hz), 7.08 (1H, br s), 6.90 (2H, d, J = 9.0 Hz),
4.96 (2H, s), 2.41 (3H, s), 2.16 (3H, s); 13C NMR (DMSO-Dg) &: 167.7, 153.9, 137.3, 136.9, 132.8,
132.1, 130.3, 127.0, 123.3, 120.4, 114.8, 68.5, 23.8, 22.4; HRMS (ESI; m/z): [M+H]" calcd for
Ci6H17BrNO,, 334.0437; found 334.0441; IR (neat) 3295, 1653, 1530, 1510, 1408, 1368, 1237, 1025,
1005 cmL,

N-(4-{[4-Bromo-2-(trifluoromethyl)phenyljmethoxy}phenyl)acetamide (71c)

H
N
CF, Q N
O
J@AO
Br

Yield: 51% as a colorless solid; mp 179-181 °C; *H NMR (CDCls) 6: 7.82 (1H, s), 7.69 (1H, d, J =
8.2 Hz), 7.61 (1H, d, J = 8.2 Hz), 7.40 (2H, d, J = 8.9 Hz), 7.07 (1H, br s), 6.90 (2H, d, J = 8.9 Hz),
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5.19 (2H, s), 2.16 (3H, s); 3C NMR (DMSO-Dg) &: 167.8, 153.5, 135.7, 134.6 (d, J = 1.9 Hz), 133.2,
132.4,128.8 (9, J=6.0Hz), 128.6 (g, J =31.0 Hz), 123.2 (g, J = 274.0 Hz, -CF3), 121.4, 120.5, 114.8,
65.8 (d, J = 2.9 Hz), 23.8; HRMS (ESI; m/z): [M+H]* calcd for Ci¢H14BrFsNO,, 388.0155; found
388.0157; IR (neat) 3290, 1659, 1556, 1509, 1409, 1301, 1239, 1173, 1133, 1057, 1019 cm™™.

N-{4-|(5-Bromopyridin-2-yl)methoxy]phenyl}acetamide (71d)

N
Br =

Yield: 30% as a colorless solid; mp 176-177 °C; *H NMR (CDCls) &: 8.65 (1H, d, J = 2.1 Hz), 7.83
(1H,dd, J=8.2,2.1 Hz), 7.42 (1H, d, J=8.2 Hz), 7.39 (2H, d, J = 8.9 Hz), 7.15 (1H, br s), 6.91 (2H,
d,J=8.9 Hz), 5.13 (2H, s), 2.15 (3H, 5); 3C NMR (DMSO-Dg) &: 167.7, 155.9, 153.6, 149.8, 139.5,
133.0, 123.4, 120.5, 119.1, 114.8, 69.7, 23.8; HRMS (ESI; m/z): [M+H]" calcd for Ci4Hi4BrN>O,,
321.0233; found 321.0236; IR (neat) 3248, 1654, 1509, 1370, 1262, 1244, 1166, 1089, 1053, 1006

cm L.

General procedure for the synthesis of boronic acid pinacol ester derivatives (72a—72d)

Bromo-substituted ether derivatives 71a, 71b, 71c¢ or 71d was dissolved in toluene (0.1 M). [1,1'-
Bis(diphenylphosphino)ferrocene]dichloropalladium(Il) complex with dichloromethane (0.10 eq.),
bis(pinacolato)diboron (1.2 eq.) and potassium acetate (4.0 eq.) were added to the reaction mixture
under Ar atmosphere. After stirring at 100 °C for 15 to 19 hr, the reaction mixture was cooled to rt,
diluted with EtOAc and filtered through celite. The filtrate was evaporated in vacuo. The crude mixture
was purified by column chromatography (silica gel, EtOAc/hexane = 1/20 to EtOAc) and
reprecipitated with EtOAc/hexane to give the target compound.

N-(4-{[2-Methyl-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyljmethoxy}phenyl)

acetamide (72a)

dgn‘r
%r

Yield: 69% as a colorless solid; mp 147-149 °C; *H NMR (CDCls) 6: 7.66 (1H, s), 7.65 (1H, d, J =
7.6 Hz), 7.41 (1H,d, J=7.6 Hz), 7.38 (2H, d, J = 8.9 Hz), 7.08 (1H, brs), 6.92 (2H, d, J = 8.9 Hz),
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5.03 (2H, s), 2.36 (3H, s), 2.15 (3H, s), 1.35 (12H, s); *C NMR (DMSO-Ds) 5: 167.7, 154.0, 138.5,
136.1, 135.6, 132.8, 131.9, 127.3, 120.5, 114.8, 83.6, 67.8, 24.6, 23.8, 18.2; HRMS (ESI; m/z):
[M+H]* calcd for CooH2BNO4, 382.2184; found 382.2185; IR (neat) 3246, 2972, 1659, 1603, 1552,
1509, 1373, 1355, 1315, 1242, 1146, 1040 cm™.,

N-(4-{[3-Methyl-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl]methoxy}phenyl)

acetamide (72b)
N \[(
/©/ O
oo
O\ B

>§ré

Yield: 34% as a colorless solid; mp 171-173 °C; *H NMR (CDCls) &: 7.76 (1H, d, J = 7.9 Hz), 7.37
(2H, d, J =8.8 Hz), 7.21 (1H, s), 7.20 (1H, d, J = 7.9 Hz), 7.07 (1H, br s), 6.91 (2H, d, J = 8.8 Hz),
5.01 (2H, s), 2.54 (3H, s), 2.15 (3H, s), 1.34 (12H, s); 3C NMR (DMSO-Ds) &: 167.7, 154.0, 144.2,
140.0, 135.7, 132.8, 128.6, 123.8, 120.4, 114.8, 83.3, 69.1, 24.6, 23.8, 21.8; HRMS (ESI; m/z):
[M+H]* calcd for C22H20BNO., 382.2184; found 382.2186; IR (neat) 3244, 2974, 1650, 1601, 1552,
1509, 1413, 1374, 1344, 1316, 1242, 1147, 1062, 1044 cm™*.

N-(4-{[4-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-yl)-2-
(trifluoromethyl)phenyljmethoxy}phenyl)acetamide (72c)

H
N
CF, Q e
(@]
@fo
O\IB
(@)

Yield: 78% as a colorless solid; mp 140-142 °C; *H NMR (CDCls) 6: 8.10 (1H, s), 7.96 (1H, d, J =
7.7Hz),7.72 (1H, d, J = 7.7 Hz), 7.38 (2H, d, J = 8.9 Hz), 7.05 (1H, br s), 6.91 (2H, d, J = 8.9 Hz),
5.27 (2H, s), 2.15 (3H, s), 1.35 (12H, s); 2*C NMR (DMSO-Ds) &: 167.8, 153.6, 138.5, 138.4, 133.2,
131.2 (q, J=4.8 Hz), 129.4, 126.2 (q, J = 30.0 Hz), 124.2 (q, J = 274.0 Hz, -CF3), 120.5, 114.8, 84.3,
66.2 (g, J = 2.0 Hz), 24.6, 23.8; HRMS (ESI; m/z): [M+H]* calcd for C22H26BF3NO4, 436.1901; found
436.1903; IR (neat) 3040, 2976, 1646, 1619, 1564, 1509, 1363, 1300, 1275, 1242, 1115, 1044 cm™*.

N-(4-{[5-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-yl)pyridin-2-yljmethoxy}phenyl)acetamide
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(72d)

Yield: 33% as a colorless solid; mp 159-162 °C; *H NMR (CDCls) 6: 8.91 (1H, s), 8.08 (1H, d, J =
7.2 Hz), 7.50 (1H, d, J = 7.2 Hz), 7.38 (2H, d, J = 8.9 Hz), 7.28 (1H, br s), 6.91 (2H, d, J = 8.9 Hz),
5.20 (2H, s), 2.14 (3H, s), 1.36 (12H, s); 3C NMR (DMSO-Dg) 8: 167.7, 159.8, 154.1, 153.6, 142.7,
133.0, 120.8, 120.5, 114.7, 84.1, 70.2, 24.6, 23.8; HRMS (ESI; m/z): [M+H]* calcd for C2H26BN20s4,
369.1980; found 369.1981; IR (neat) 3289, 2981, 1661, 1599, 1543, 1505, 1362, 1311, 1203, 1148,
1101, 1057, 1025 cm 2.

I'H NMR study for formation of acetaminophen
"H NMR spectra of 65, 66, 67a, 67b, 67¢c, 72a, 72b, 72¢ or 72d (30 uM) in the presence of H,0,
(600 uM) in CD30D/H20 (v/v = 19/1) were recorded at room temperature. The peak area ratio of the

acetaminophen (2H, 7.29 or 6.73 ppm) to total peak area of methyl groups (3H, 1.95-2.25 ppm) was
calculated.
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