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Ac acetyl

acac acetylacetonate

br broadened

Bu butyl

Bz benzoyl

cod 1,5-cyclooctadiene

d doublet

DMF N,N-dimethylformamide
DMSO dimethyl sulfoxide

ee enantiomeric excess

eq equation

equiv equivalents

ESI electrospray ionization

Et ethyl

h hour

HPLC high performance liquid chromatography
HRMS high-resolution mass spectrometer
IR infrared radiation

KIE Kinetic isotope effect

Me methyl

min minute

MS mass spectrometry

NMP N-methylpyrrolidone

NMR nuclear magnetic resonance
Ph phenyl

phen 1,10-phenanthroline

piv pivaloyl

q quartet

Rf retention factor
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tert-butyl hydroperoxide

tert-butyl

temperature
2,2,6,6-tetramethylpiperidin 1-oxyl
trifluoromethanesulfonyl
tetrahydrofuran

thin layer chromatography

ultraviolet
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Hodlb— KR AEMRIEL LTI T NI vLaT vaxy Fe e b7 v L%
Bt &8 % Williamson {E3HI 5TV 5  (Scheme 1) ', P 7 LF /Lo —T L4EiE 21
ECEDLMERSIETIZDH L0, WEOFRIC LB A2 ES 52 L MREEOEL
ZAFTRT W & FERICAREREEITITHND Z N TE LW EOMBERNH
%, i 2 5 Ullmann VEIZ BT U — Lo —F LS ORI SN 5 B GTh
08, UIE LIZE R O§if & 5 3RS 5 . F7- Buchwald, Hartwig 512X - TA
<WFgE STz D Buchwald-Hartwig ST, T 5@ )@ I3 A EICFE TR
S, BRBEFEDOREITEREINTETLWVZ D, LU LINNIHWDIEEEIZ
FNB T URANVR BT AT NI EOBERELZEAT HLEN DV | Z OFREL)N K
ERDEELEN Y, —h, BIEISEFA L C=—T M E SR T 5 2 L b Al
THHN, ZOGEITIET =/ — WMWK EOH HREMBMEENRE W E Fa koL
EATOHHREERNDILENS D

ZOXHIRBREST A, RTH L= —T UEEOAKIEE LT, ThAa—LEE
BLLTHWSEBN CH 7)Vax i bRISZRETHZ LI Lz, TDO X5 AL
BOS Tl MR IE OFR 2 8 &9 BIERM D7 2 & B BRI 7 JT ik
ThodEe&EZXDBND,



WilliamsoniZ

R! R2 R*
X /—\ k -
R®” “ONa LX
X = halogen or OSO5R etc.
Ullmanni%

R!' R?

RSO OR4

X X HO X Cu
RS—— + | —-R®
= =

Buchwald-HartwigZ & 2 71 >~ 7" U > 7 K is

5I\O N 6
R>—— | —R
/ /

. AN X Pd catalyst S AN OR®
R= +HOR8  base R=
b RS
OH S Oo._R™
X R10 R PPhs X 7/
Rg | + X Rg ! P
= HO R12 ~ RIORM
EERC-HT /v = Ak
catalyst
R13 R4 oxidant R13 R14
R15 H + HOR16 R15 OR16
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C(sp)-H 7V ax At

A, BE C-H BHUSITIERICHFE I TR Y, 7%k, 71U —ufbie E
R — IRFBRECTERSIEDIED, v Vb, RU b, ~a oAb, 7 /bl LDk

R REATERIE b EZ <Mt Tnd °, —F, Tha—nzREE L
THWDEFBELEHD C(sp®)-H 7 /b = % AU T LSS 51 23D 7, RS O BR
HAEREEIZ L CWDHERE LT, BERTORWVEREMEENRT OND, —RISER
ERAEE WD 7 e 27y 7Y U T RISIZE W CE T BBEREOR Z 0 T & &
AT DREGTHIETSE CC > CN > CODIEEENTWD, T72bbER
BEHEE R REVEEARFITH Y | 2T IKIZ BT ST D &R — RS
PO IEHE & L TRE AT RV =2 oD EEZ LTS 5, —F, K
T Wang HIZE > TRBEHWRNAT e {bEW & T NV a— VOB s v 7Y 7
FISHEESNTE (K1) 7, 7V = VWV RHATHEITL TN EEZ 658, &
DA RE —BFHEA IR ENT T L a— LD o fifkFE L TORE — REMEER
FOGEITT 5, T a X ALEOFE & LTT v a— L& V2 BT s
BPNRUETHDZ L E2RLTND, ZOM, C-H 7V ax U AbKIETIEE < O5AmL
KON, T AT —RNBILANZ L > TT LT B RO hUicEfisnTLEY Z &
b IEBRR E R L TV D ERNTH D,

s TBHP (4 equiv) s OH
[;[}++0Am (j:%{ (1
N 120°C, 6 h N Me

(solvent)
89%

—~T

%

A

sp” IRFEDEIT V3 X ALOHEFIE LTk, (Scheme?2) , (a) /X7 Vv ATz
I LD R T T VO . (b) EamEOSEEM VLS TFN CH T
axAuE ° () NI VT LML D0 TN CH T vaxifbERL Ve R
RV T T UVEOAER ", (d) RNT Y AR W25y C-H TV 3 ¥ A
ISR ERH D, LOLARRS IO OMGITHEMA TE A EENRENTHY , ~T 1
FHEBROERIIRT L ax Aol ey, £72, 45FH C-H 74 aFx I AbRs Tl



B EDRARAIR T H Z & 7T a— L2 RSN T2 0581 H 5 Z L3 RER &
LTETF LN,

(@) 73T VU AFE TSR X B R T T DA

cat. Pd(OAc),

- l oxidant

b) Fim O #2293 FNC-HT /L =1 3 AL

o__0O

FeC|3
= _ >
b O

(€) RT VT A XDy FNC-HT v ax bz kb Ruaxr 77 UHHOARK

cat. Pd(OAc),

i A oxidant

INT DT Ll T2 53 FRIC-HT L =2 % SABRUE

cat. Pd(OAc),
J Q oxidant

=N MeOH

Scheme 2. sp?fK 3 D EEAI T /L =2 3 AL DO H A

C(sp’)-H 7 /v 2 AL

T a— &2 BEE LTHWD C(Spd)-H 7L a X AL OBITE B, —fi%
12 sp* [RE— KFBREA DA T K NF—=DREWZ LTz, £k (=—T U bLEW)
D sp’ fRFE — KFEEE TRV —IFFEOZ LY b/hE <, BREOHE GREIG
WIETT HATREME) EL D Z b RUGOMBEZH L T2HEREBZZObND, ZiLE
THE SN BlE LTk (Scheme 3) . (a) T VU LML, ¥/ U ¥ A7 OR



FEEZFHT 5 O A R XA, (b) NT VT AT, ¥
5 A TORMEEFIHT S tert - 7 R ARG 2, (0) /ST V7 AT EENT
OEAIEZFIAT 27 a X AR R, (d) SABEAAET, B2 sp’ RFELETOT
N ARG ¥R EBB D, T ZEFEORICW L O BEFIASINZ SN £ E
BlI DI, £728T D0 AL T 25E . RS Z T S W 5 ICIEE M S0 L3
KRR THDHZ &, TIAFABERGETLOEIT LW &, T a— v EEE S LT
T D0BENSH D Z L 7 IR REMBEAAE STV D

(@) NT VUL, XU A TORMBEEFITT DR UAALA B F ARG

X, cat. Pd(OAc), N
oxidant P>
2 N
N
MeOH
MeO

(b) T VT LT AU o F A T ORI MEEFIHT Htert-7 b F ARG

O'Bu

cat. Pd(OAc),
J< + PhCOOO'Bu /J<

o
(C) /NT VU AP TR OB A 2 RIS D TV = ARG

| Pd(OAc) ~
cat. C)o
Nx oxidant Nx

HN 9] ROH/p—Xerne OR HN 9]

d) SRAfEAEAE T, Fr i ZespliRdE L TO T L 3 X LIS

| X
_N cat. Cu(OAc), _N
oxidant
BuOH OBu

Scheme 3. sp3iRFEDOE M T /L =2 F ALOHEH
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B C-H 7 vax b

VL oSG 2R D EAH%D C-H 7 v afx ALRIGOBI DR A > M

@t EwREDT N A— NV EELE L THWDZ R TEDZ L

QL CEEI/AET 2HE —AMERSB MM LTHWD Z L

EER Do RO LW Z BT T IUXEREM 2 EARMEEM DO EA~DIEH & i T
x5,

FAE Z I E THE O 7o T8 2 /=7 > — VD C(sp?)-H 7L = IAb
IEERR L (K2, 3) P BEE LTI, HEo7 v a— b rERE (14%E)
Tz b, BmEE2nEL LW L Thbh, FMTE _EThsb,

/A( cat. CuCl
oxidant
oy e
N

cat. CuCl
Me N,N-ligand Me

1

N oxidant N
@: )+ ROH @: )—OR (3)
N N

F 7 SR AE N TeT m B LA DR P AANLD C(sp))-H 7V 2 3 AR % B
L7 (4, 5) % ZOKGSOREITEEFECIBRE O T L 3 —/L & WD MR
WZ &, TAFNEHOKREGTE T TR THRISHETTHZ & Th b, iEMITE =

ETCiR~%,
cat. CuBr,
A( N,N-ligand
OH oxidant
N (e

L, U

cat. CuBr,
Me N,N-ligand Me

N oxidant N OR
©E »>— + ROH @[ — (5)
N N
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WIE 7Y —VED C(sp)-H T FLRIE

B HERLHZEAN

DTV V=T RT A X T T L= BRI R BRI, A RESREIER B
IR ARb B EETH D, Wk, 2hbO=—F LEEE Ullmann 75 ',
Buchwald-Hartwig % *, WIERE * 72 ECAT 5 2 EXFRETH D, —F, T4 C-H
BRSPS ANTHIE SN TE Y, C(sp)-H TV ax bz ik s o—F AiEo s
WiEbMESND L)oozt BT a— a2 EE L TRISICHANWS Z R T
TR, B E OBV E 2 | BIVAERD D70 b 2 BRI IEIC
nhHEEBEZOLND,

FLIHTHERZEK D delamanid® P& £ D candesartan® 72 & F D4y FHNIZ2 - T ax o7
VW AEIE R AT HERLDGAETHZ LIZEH L (Figure 1) , ZHUE THID 20>
ST N a— ) E BV T V= VEOEEN 7 Csp))-H 7 /b2 % ARG & B
KT HIENTENL, ZNOARCEMORHIAERIEL 72D EZXMRICETF LI,

N\
H

0
Q/ COOH O
L VO /O/ roa N>_ \_

FTI<w=K BT

Figure1.2 - 7/ a7V — L& 2 H 4 5 EIR L
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BE  RS&REOREL

FPT, RURALIFY I 1a O TRT L F ARKIEORFHIE T Lz, 7 —
NFAD C-H BRESVEUS TiX, HEEOIFE T CEB S BB Z(FH S 2 7ERH S
NTWDNR T, 2D X5 M TIEAMORISTET LMo T, RIHEZ AZen
S CHGET 2D TR R, 1a Z Al E O I, 2 YEOWMBILY - tert - 7F L &
EHIT hrmf 80 CTIR2BERIEM S & & AT b= AURIED C-2 4L
TEIAYITHETT U BB 2a 23 98% DR TR LD Z & & FLH L 7= (Table 1, entry 1)
Y, ZDEERVEUVERO CH T L a X AL ERDRIAERMITE T2 bR o
Teo ZOBRISIIRIG/ ST A —2 — (S, FRLA), ) OBIIRE TR R E < 5%
T80Tz, MREEZ SALSRD 2> B M OMRIE-CHSE AN X 7o & 25, T UALEID R D A UG
DIHEFT L7272 (Table 1, entry 3) | o> & D Tlid 2a 23R L7220, Ak L CHARIRER
77~ 7= (Table 1, entries 2, 4-6) %, F - —BEMERBEEOHELYLZ 6 DOFEA
TH I TEIT L7 h - 7= (Table 1, entries 7-11) . —J7. B LA ORIR G HETH -
oo IREESRZ W L EHPREDINE T 2a #5272 DD (Table 1, entry 12) | i
At 2> TH o7 < 2a BAER LD > 7 (entries 13-17)

15



Table 1. flfitflt & FRALA| O
/A( cat. (5.0 mol %)
N OH oxidant (2.0 equiv) N/\F
@: ) toluene, 80 °C, 12 h @: ) ©
N N

1a 2a
entry catalyst oxidant yield?
1 CuCl (‘BuO), 98 (98)°
2 CuBr (‘BuO), 3
3 Cul (‘BuO), 70
4 CuCN ('BuO), 0
5 Cu(OTf)(NCMe), ('BuO), 7
6 CuCl, (‘BuO), 0
7 MnCl, (‘BuO), 0
8 MnBr(CO)s ('BuO), 0
9 FeCl, (‘BuO), 0
10 CoCl, (‘BuO), 0
11 NiCl, (‘BuO), 0
12 CuCl Ag,CO4 42
13 CuCl K,S,0g 0
14 CuCl Phl(OAc), 0
15 CuCl TBHP 0
16 CucCl ‘BuOOBz 0
17 CuCl O, (1.0 atm) 0

@ Yield was determined by "H NMR. ? Isolated yield.
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FIMZHW BRI v o3 b > & b LT Y (Table 2, entry 1) . & DO
BT S SOUNMTHEITT 5 L O DRI ToHh > 7= (Table 2, entries 2-10)

Table 2. %Dt
CuCl (5.0 mol%)
oH (BuO), (2.0 equiv)

N N/\F
0
©[N/> solvent, 80 °C, 12 h @:N/Y

1a 2a
entry solvent yield®?

1 toluene 98 (98)°
2 PhCF, 1

3 CsFs 1

4 hexane 0

5 1,4-dioxane 40

6 THF 28

7 CH,CICH,CI 2

8 CH;CN 18

9 DMF 33

10 DMSO 20

2 Yield was determined by "H NMR. ? Isolated yield.
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B=E  EEER#EN

WA HE O i %2 R ~<7= (Table 3) , 7 = =/VER EOEHLIL L L CE 7GR,
BARBIMEEDOWTNNAE L CTHREL 515 2 & e < RGN ITHETT L 72 (entries 1-4)
Flonv T b OB TIIENOEH2 D 2T & BIDOT )V 2 AUBUR A ELT
L7z (entries 5-7) o ZHOHDOFERITL, BIEH 70 Ay 7Y RIS TZ &b
ARETHLZ L ZrT, TAT/V, T WA ET LS50, TNOHEREZELR S Z
Ep S SITHEIT LTz (entries 8 and 9) , XU VT IV a— VAR T HHEE 1k bR
WO LTz (entry 10) o, ZOKISIE S BERIEIT T, 6 BEROEKICHFIHAIRET
Hole (entry 11) , SHIZAIFXY =/ 1m =X In D L ) BRHEE(LEW &> T 1
N7 v ax I ALROE HEIT L7 (entries 12and 13) . —HF C1fkEIZ 2/ T va—u
Dy FHNT v axiAfus (Thbb2- (IH- XU V[dAIF )= -1-A)L) =
)=l - (IH- XV [dAIF = -1-A)) -2-Tax)—LE2HEEIZL
T2ROR) 13T Lo 72, ZOBRERICOWTIBELE D 3) o FRIKGDOE TELT
Do
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Table 3. FLE o> 4t

R>  cuCl (5.0 mol %)
Yan oH  (‘BuO);, (2.0 equiv) V\)\FRZ

o~ —N o~ —N o
y Ui Y% toluene, 80-100 °C, 6-12h 1., |I Ve
/’ N N // Nag N
R’ 1 R' 2
entry substrate product yield / %

/A(R=5—Me 1b 2b 74
OH 6-Me 1c /\FZC 77

1
2 N

6~ N MeO1d R O 2d 7
ZR— | /> 6-MeO R ~ | N/>/ ‘ 0

5 N 5-CF; 1e 2 73
5b 5-F 1f 2f 64
6 5-CI 19 2g 75
7b 5-Br 1h 2h 71

Ph
10 A< 1k /\th 2k 88
OH N

11 //% 1 //54 2l 83
N N
OH
v v
N N
12 A( 1m 2m 45
OH

N
(5

Ph
13 A< 1n /\th 2n 38
OH N

¥, Lo

@ Reaction temperature and time are reported in the experimental
section. ? 1,2-Dichloroethane was used as a solvent.
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BUE  RSEEOESR

Table 1, entry | D&% T ¥ I ARIEFITH 5D TEMPO (2,2,6,6 - 7 h T A F /LB
UTv 1-FFIV) OFETFICEB LI E Z A, 2a OILRITIIELN whoTz, =
DFERNIART NV a R IMUIEN T PR THEIT L TWARNWI L AR LTS &
Bz, % Scheme | O Xy icHEE L= Y, (1) @Y - tert - 7F LI L »
THALSAMAEL E N5 % (2) tert - BuOH DM A& T T /b = 2 S48 P A 23 A il
+T5 2, (3) C-HfEAEMLEZRTRR T Vax o @blEsEREsns B @) &
TEHIMEE P Ic k> THEMY 2 25 2, SIfENHAES D, &V Yo 7 %%
2T\ 5,

Scheme 1. C(sp?)-H7 /L =1 3 SAL OHEE Skt

o
t oo

v »
N 2 (tBUO), N 1
CuCI—}> CuCI(0'Bu),
“) ©) N\ BuoH

N>/C((,) - ©) @[N/> (C?JUCI(OtBu)
N 2 N

FHE A OWNT

1) 7T AR —LTOERKR

ORI, T LA =L THZIUTENEREER S 7T L, 1.20gD
la (2R & OEALHET) & mERIL Y - tert - 7T NV EERSES & 1.09 g D 2a 28 92%D
WRTEHELN (K1) , Table 1, entry 1 IZ/R L7248 mg A7 — /L DERL (98%) &It

NTNRICKERENTNZ Ebnd,
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CuCl (5.0 mol %)
OH (tBUO)2 (20 eqUiV) /\F
N N6 om
N/> toluene, 80 °C, 12 h N/>/

1a 2a 92%
(1.20 ) (1.09 g)

2) BRILWYR ZRBALRIS

BLEEPRVNZ L 1T, Table 1, entry | D JSFFITHILZ M 728 2 A, Fo7o<BIDK
JERERA~ &2 b LTz, Table 1, entry | OFUSIZ 2 9 ED Y F T L - tert - 7 hF 2 F& 0
2T ZA, ATV aF ACRISITE ST <ETET, DI 1a Dby —
BALSUSHHEIT L, LA 3 B TT%DOIETH LN (K2) 97, Zo b xFHEDK
BRI DN D Z Lo T, RUSIREE 100 CETERSED L 3 OILR
X 92%F ChFES NIz, ZOXIIC, HWEEZMZ D, Mx72nE v o0 ET M
BORRLERY (2a & 3) ZBININIED 31T 5 2 L TE T,

CuCl (5.0 mol %) oH

/A( (‘BuO), (2.0 equiv)
ot .
N OH LiO'Bu (2.0 equiv) N /N
> < 2
@[ /> toluene, 12 h ©[N/ N (2)
N
" 3 84

HO
temp. 3
80°C 77%

100 °C 92%
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3) ATFERS

KT NV ax ACROSE S RO T 2 Z e R TH S (X3) . XUV FT
V=)L (4a) L 2- Tz XFNATNa—) (5a) %, fEEOEHE 2 Y EOmEE(L

Tetert-7F L EHIZ b H 115 CT RKFEHSELAZ LT M7 Lvax
SACBOSINEIT L, 2-Taxs Xy F 77— 6a B 16%DINEKRTHLNLHZ &
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EZATDOIRITIONETH E L, RURA IE Y —)L4b LDy T L3 x AL
FOS H#EIT Ly JHST D ERM 6b, 6¢ 3 TIEI 57%, 41%DILRTH LT Y,
. BT a—v (4T aR ) —)b) TIE8%ETIEMET L, B =7 L=
—v (tert - 7% /) —)) TIERINTET Lo o7,

S NBUSC B W T R T v 3 —)L 5 kT /L2 — LGl C(sp’)-H 7L a3
{EROSDEST L7gno e (B =801) o T4 &3S 7RG TS =& 7 L =2 — L
FOGHET, BT N a— A BKIET D ERbnoTo, ZORISHEDEWZ OV T
Thorpe-Ingold B THIATE 2 £E 25 . T2 B THRIGIZEB W T kT v
= — L DIKEE LI Thorpe-Ingold ZhRIC K > TRISHIZHGL LT < o T b, — 7,
SRS BN TIIE SR T L a— L OBRE . BB TR EENE T D & & 2
TWo,

CuCl (5.0 mol %)
('BuO), (2.0 equiv)

additive
X X / N\
L+ v " LG * o
N 5 toluene, 12 h N

4 (1.0 equiv) 6
X R additive temp/°C vyield/ %
S 4a Ph 5a none 115 6a 16
4a Ph 5a  3,4,7,8-Meyphen (5.0 mol%) 115 6a 39

NMe 4b Ph  5a  34,7,8-Mesphen (5.0 mol%) 100 6b 57
4b 4-CICgH, 5b  3,4,7,8-Meyphen (5.0 mol%) 100 6c 41

3,4,7,8-Meyphen = 3,4,7,8-tetramethyl-1,10-phenanthroline
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PlbE L2 L LTSI X 57— VDS TINB L O% T To Csp?)-H 7
Va3 ALROS & B LT 20 REOSITES SR X 5 ~T a FEELEYOE
B2 C-H 7 ax i ALRISOFD TORTH D, FrfET &L, ROSICHWDEE
OT NVa— LM ERE (1%8) Tlunod, ki nEr LanZ Lt Thd,
ek, T —VHED C(sp))-H BRERALIE TR Z AW D L oMb TV, A
C-H 7/ aFx i AblzB W I Z DR WIS GE 2 WL Ui 2 & ks~ 8 &
ol k. ROSFHRHITHE R 2N 2 7256 13 br) 72 B BOS I ROSTE R 524
28D D &) BIREERWEI R A S0, ARRISIE2 - T axs 7y —UEEE /T
HDALED D E RN T2 G A IRET 2D TH Y | AHITEHES, RV DOERIT
JICHESND Z EE2WFFL TV 5D,
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General. All reactions were carried out in a dry solvent under an argon
atmosphere. Toluene and 1,2-dichloroethane were purchased from Wako Pure
Chemical Industries and was dried and degassed before use. CuCl was purchased
from Kanto Chemical Co., Inc. tertButyl peroxide was purchased from Nacalai
Tesque Inc. Lithium tertbutoxide was purchased from Wako Pure Chemical
Industries. 3,4,7,8-Tetramethyl-1,10-phenanthroline was purchased from Aldlich.
Substrates 4a, 4b, 5a, and 5b were purchased from Tokyo Chemical Industry Co.,
Ltd. and were used without further purification. CF105R/W (1% platinum + 0.1%
copper on activated carbon) were purchased from Wako Pure Chemical Industries.
NMR spectra were recorded on JEOL ECX500 (500 MHz for 'H NMR and 125 MHz
for 13C NMR), and JEOL ECS400 (400 MHz for 'H NMR and 100 MHz for 13C NMR)
spectrometer. Proton chemical shifts are reported relative to residual solvent peak
(CDCls at & 7.26 ppm). Carbon chemical shifts are reported relative to CDCls at §
77.00 ppm. IR spectra were recorded on a JASCO FT/IR-410. ESI-mass spectra
were measured on a JEOL JMS-T100LC AccuTOF spectrometer (for HRMS).

The structures of these reaction products were determined by comparing the

spectrum data of these products with those of 1a22 and 1m.23

Preparation of 1c (1b, 1d, le, and 1i were synthesized by the same method). A
mixture of  2-fluoro-4-methyl-1-nitrobenzene (352 mg, 2.27 mmol),
1-amino-2-methyl-2-propanol (303 mg, 3.41 mmol), N, N-diisopropylethylamine (441
mg, 3.41 mmol), and acetonitrile (5.0 mL) was stirred at 80 °C for 4 h. Then, the
solvent was removed in vacuo. After filtering through a short pad of silica gel and
concentration, yellow solid was obtained, and was used without further purification.
This intermediate was dissolved in EtOH (10 mL), 10% Pd/C (50% wet type, 200
mg) was added. Then the mixture was stirred under a hydrogen atmosphere at 50
°C for 3 h. The mixture was filtered through celite. Then, the solvent was removed
in vacuo. A mixture of the residue, trimethyl orthoformate (361 mg, 3.40 mmol),

ptoluenesulfonic acid monohydrate (43.0 mg, 0.226 mmol), and toluene (10 mL)
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was stirred under an argon atmosphere at 50 °C for 4 h. Then, the solvent was

removed in vacuo and the product was isolated by column chromatography on silica

gel (AcOEt/MeOH = 20/1) to give 1c (0.334 g, 71% yield).

Preparation of 1g (1f and 1h were synthesized by the same method). A mixture of
4-chloro-1-fluoro-2-nitrobenzene (398 mg, 2.27 mmol), 1-amino-2-methyl-2-propanol
(303 mg, 3.41 mmol), N,N-diisopropylethylamine (441 mg, 3.41 mmol), and
acetonitrile (5.0 mL) was stirred at 80 °C for 4 h. Then, the solvent was removed in
vacuo. After filtering through a short pad of silica gel and concentration, yellow
solid was obtained, and was used without further purification. After this
intermediate was dissolved in EtOH (10 mL), CF105R/W (110 mg) was added. Then
the mixture was stirred under a hydrogen atmosphere at 50 °C for 3 h. The mixture
was filtered through celite. Then, the solvent was removed in vacuo. A mixture of
the residue, trimethyl orthoformate (361 mg, 3.40 mmol), p-toluenesulfonic acid
monohydrate (43.0 mg, 0.226 mmol) and toluene (10 mL) was stirred under an
argon atmosphere at 50 °C for 1 h. Then, the solvent was removed in vacuo and the
product was isolated by column chromatography on silica gel (AcOEt/MeOH = 20/1)
to give 1g (0.423 g, 83% yield).

Preparation of 1j. A mixture of ethyl
2-((1-(2-hydroxy-2-methylpropyl)-1 H-benzol dlimidazol-6-yl)oxy)acetate (1i, 300 mg,
1.03 mmol), aq. NaOH (2.0 M, 0.61 mL, 1.22 mmol), and EtOH (5.0 mL) was stirred
at 25 °C for 15 h. Then, aq. HCI (2.0 M, 0.61 mL, 1.22 mmol) was added. The
solvent was removed in vacuo. After this residue was dissolved in DMF (5.0 mL),
diethylamine (181 mg, 2.46 mmol), 1-ethyl-3-(3-dimethylaminopropyl) carbodiimide
hydrochloride (472 mg, 2.46 mmol), 1-hydroxy-1H-benzotriazole hydrate (332 mg,
2.46 mmol), and EtsN (249 mg, 2.46 mmol) were added. The reaction mixture was
stirred at 25 °C for 12 h. Water was added and the crude mixture was extracted
with AcOEt. The combined organic extracts were washed with water, dried over
Na2SOs and concentrated to give a white solid. This residue was washed with

AcOEt/hexane and dried under vacuo to give 1j (283 mg, 86% yield).
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Preparation of 1k (In was synthesized by the same method). To a suspension of
1H-benzoldlimidazole (1.00 g, 8.46 mmol), 2-methyl-2-phenyloxirane (1.48 g, 11.0
mmol) in ethanol (20 mL) was added sodium acetate (0.760 g, 9.26 mmol). After
refluxing under an argon atmosphere for 8 h, the solvent was removed in vacuo.
Water was added and the crude mixture was extracted with AcOEt. The combined
organic extracts were washed with water, dried over Na2SO4 and concentrated to
give a white solid. This residue was washed with AcOEt/hexane and dried under

vacuo to give 1k (1.67 g, 78% yield).

Preparation of 11. A mixture of 1-fluoro-2-nitrobenzene (320 mg, 2.27 mmol),
4-amino-2-methyl-2-butanol (351 mg, 3.41 mmol), N, N-diisopropylethylamine (440
mg, 3.41 mmol), and acetonitrile (5.0 mL) was stirred at 80 °C for 12 h. Then, the
solvent was removed in vacuo. After filtering through a short pad of silica gel and
concentration, yellow solid was obtained, and used without further purification.
This intermediate was dissolved in EtOH (10 mL), 10% Pd/C (50% wet type, 200
mg) was added. Then the mixture was stirred under a hydrogen atmosphere at 50
°C for 3 h. The mixture was filtered through celite. Then, the solvent was removed
in vacuo. A mixture of the residue, trimethyl orthoformate (361 mg, 3.40 mmol),
ptoluenesulfonic acid monohydrate (43.0 mg, 0.226 mmol), and toluene (10 mL)
was stirred under an argon atmosphere at 50 °C for 12 h. Then, the solvent was
removed in vacuo and the product was isolated by column chromatography on silica

gel (AcOEt/MeOH = 20/1) to give 11 (0.400 g, 86% yield).

1-(1H-benzo[d]imidazol-1-yl)-2-methylpropan-2-ol (1a).

'H NMR (400 MHz, CDCl3) & 1.35 (s, 6H), 3.87 (s, 1H), 4.14 (s, 2H), 7.23

(t, 3 = 8.2 Hz, 1H), 7.30 (t, J = 8.2 Hz, 1H), 7.46 (d, J = 8.2 Hz, 1H), 7.70 A(OH
(d, J = 8.2 Hz, 1H), 7.92 (s, 1H); *C NMR (100 MHz, CDCl3) § 27.4 (2C), @[N/>
55.5,70.9, 110.2, 119.7, 121.9, 122.8, 134.6, 142.6, 144.2. N
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2-Methyl-1-(5-methyl-1H-benzo[d]imidazol-1-yl)-2-propanol (1b).

91%, white solid, purification: silica gel column

chromatography (AcOEt/MeOH = 20/1), TLC (hexane/AcOEt = /A(OH
1/2): Re=0.15, '"H NMR (500 MHz, CDCl:) 8 1.30 (s, 6H), 2.44 (s, /@[N/>

3H), 4.08 (s, 2H), 7.09 (d, /= 8.3 Hz, 1H), 7.30 (d, = 8.3 Hz, N

1H), 7.46 (s, 1H), 7.86 (s, 1H); 13C NMR (125 MHz, CDCls) § 21.3, 27.4 (20), 55.5,
70.9, 109.7, 119.5, 124.3, 131.5, 132.8, 143.0, 144.1; IR (KBr, v / cm™) 3160, 3101,
2971, 1507, 1456, 1381, 1332, 1240, 1216, 1165, 803, 634; HRMS (ESI*) Calcd for
C12H17N20 (M+H*) 205.1341, Found 205.1339.

2-Methyl-1-(6-methyl-1H-benzo[d]imidazol-1-yl)-2-propanol (1c).

71%, pale yellow solid, TLC (hexane/AcOEt = 1/1): R¢= 0.36, 'H

NMR (500 MHz, CDCls) 8 1.30 (s, 6H), 2.48 (s, 3H), 4.09 (s, 2H), /A(OH
7.06 (d, /= 8.3 Hz, 1H), 7.22 (s, 1H), 7.61 (d, /= 8.3 Hz, 1H), N/>

7.88 (s, 1H); 133C NMR (125 MHz, CDCls) § 21.8, 27.4 (20), 55.4, N

71.0, 110.1, 119.3, 123.5, 132.8, 134.9, 140.9, 143.8; IR (KBr, v / cm') 3220, 2970,
1621, 1505, 1458, 1436, 1337, 1266, 1228, 1219, 1194, 1145, 978, 937, 915, 816, 776,
728, 635, HRMS (ESI*) Calcd for C12H17N20O (M+H*) 205.1341, Found 205.1346.

1-(6-Methoxy-1H-benzo[d]imidazol-1-yl)-2-methyl-2-propanol (1d).

89%, pale brown solid, purification: silica gel column

chromatography  (AcOEt/MeOH =  20/1), TLC MeO N/A(OH
(hexane/AcOEt = 1/1): Rr = 0.11, 'H NMR (500 MHz, CDCls) \©E )
§1.29 (s, 6H), 3.82 (s, 3H), 4.03 (s, 2H), 6.83 (dd, J=8.9, 2.6 N

Hz, 1H), 6.86 (d, J= 2.6, 1H), 7.53 (d, /= 8.9 Hz, 1H), 7.76 (s, 1H); 13C NMR (125
MHz, CDCls) §27.4 (20), 55.4, 55.8, 71.1, 93.9, 111.3, 120.2, 135.3, 137.3, 143.5,
156.7; IR (KBr, v/ cm™) 3225, 2957, 1620, 1507, 1490, 1457, 1434, 1372, 1272, 1214,
1199, 1149, 1033, 941, 826, 808, 634; HRMS (ESI*) Calcd for Ci2H17N202 (M+H*)
221.1290, Found 221.1291.
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2-Methyl-1-(5-(trifluoromethyl)-1H-benzo[d]imidazol-1-yl)-2-propanol (1e).

85%, white solid, purification: silica gel column

chromatography (AcOEt/MeOH = 20/1), TLC (hexane/AcOEt /A(OH
= 1/2): Rr = 0.10, 'H NMR (400 MHz, CDCls) § 1.32 (s, 6H), /@[N/>

4.11 (s, 2H), 7.44-7.52 (m, 2H), 7.86 (s, 1H), 7.94 (s, 1H); 13C CF3 N

NMR (100 MHz, CDCls) § 27.5 (20), 55.6, 70.9, 110.9, 117.4 (J= 3.7 Hz), 119.8 (J=
3.7 Hz), 124.5 (J=32.7 Hz), 124.6 (J= 270 Hz), 136.6, 142.1, 146.0; IR (KBr, v/ cm™)
3266, 3099, 2986, 2970, 1625, 1505, 1444, 1385, 1365, 1328, 1253, 1120, 1049, 981,
918, 898, 821, 773, 675; HRMS (ESI*) Caled for Ci2H14FsN20 (M+H*) 259.1058,
Found 259.1053.

1-(5-Fluoro-1H-benzo[d]imidazol-1-yl)-2-methyl-2-propanol (1f).

chromatography (AcOEt/MeOH = 20/1), TLC (hexane/AcOEt =

1/2): Re = 0.10, 'H NMR (400 MHz, CDCls) § 1.29 (s, 6H), 4.06 /@N/>

(s, 2H), 6.98 (dt, J= 9.0, 2.3 Hz, 1H), 7.21 (dd, J= 9.4, 2.5 Hz, F N

1H), 7.31 (dd, J= 9.0, 4.5 Hz, 1H), 7.83 (s, 1H); 13C NMR (100 MHz, CDCls) § 27.4
(20), 55.7, 70.8, 105.2 (J = 24.3 Hz), 110.8 (J= 10.3 Hz), 111.3 (J= 26.2 Hz), 131.2,
143.0 (J=13.2 Hz), 145.4, 159.0 (J= 237 Hz); IR (KBr, v/ cm™) 3184, 3100, 2975,
1591, 1503, 1449, 1384, 1363, 1236, 1220, 1158, 1132, 1116, 950, 860, 844, 813, 639;
HRMS (ESTI*) Calcd for C1iH14FN2O (M+H*) 209.1090, Found 209.1088.

84%, pale yellow solid, purification: silica gel column /A(
OH

1-(5-Chloro-1H-benzo[d]imidazol-1-yl)-2-methyl-2-propanol (1g).

83%, pale brown solid, TLC (hexane/AcOEt = 1/1): Rr = 0.14,

'H NMR (500 MHz, CDCls) & 1.29 (s, 6H), 4.04 (s, 2H), 7.19 (d, /A(o H
J=8.9 Hz, 1H), 7.31 (d, J= 8.9 Hz, 1H), 7.50 (s, 1H), 7.79 (s, /@:N/>

1H); 13C NMR (125 MHz, CDCls) § 27.5 (2C), 55.7, 70.8, 111.2, Cl N

119.3, 123.4, 127.6, 133.3, 143.4, 145.2; IR (KBr, v / cm™) 3220, 2974, 1497, 1383,
1327, 1240, 1201, 1159, 1053, 915, 875, 808; HRMS (ESI*) Calcd for C11H14CIN2O
(M+H*) 225.0795, Found 225.0794.
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1-(5-Bromo-1H-benzo[d]imidazol-1-yl)-2-methyl-2-propanol (1h).

87%, pale brown solid, this compound is known.2¢ TLC

(hexane/AcOEt = 1/1): R = 0.12, 'H NMR (500 MHz, CDCls) & A(OH
1.31 (s, 6H), 4.08 (s, 2H), 7.31 (d, J= 8.6 Hz, 1H), 7.37 (dd, J= /@:N/>

8.6, 1.7 Hz, 1H), 7.79 (d, J = 1.7 Hz), 7.88 (s, 1H); 13C NMR Br N

(125 MHz, CDCls) § 27.5 (2C), 55.6, 70.8, 111.6, 115.0, 122.4, 125.9, 133.6, 143.9,
145.0.

tert-Butyl 2-((1-(2-hydroxy-2-methylpropyl)-1H-benzo[d]imidazol-6-yl)oxy)acetate (1i).
76%, pale yellow solid, purification: silica gel

column chromatography (AcOEt/MeOH = 20/1), Q /A(
TLC (AcOEt/MeOH = 10/1): R = 0.34, 'H NMR (500 tB“OJ\/O\CEN) "
MHz, CDCly) § 1.29 (s, 6H), 1.48 (s, 9H), 4.04 (s, N

2H), 4.54 (s, 2H), 6.88 (d, /= 8.6 Hz, 1H), 6.92 (s, 1H), 7.59 (d, J= 8.6 Hz, 1H), 7.84
(s, 1H); 13C NMR (125 MHz, CDCls) § 27.5 (2C), 28.0 (3C), 55.4, 66.6, 71.1, 76.7, 82.3,
95.7, 111.5, 120.4, 135.2, 138.1, 143.9, 155.0, 168.1; IR (KBr, v / cm'); 3233, 1740,
1507, 1487, 1460, 1381, 1371, 1286, 1265, 1240, 1200, 1142, 1089, 839, 812; HRMS
(ESI*) Calcd for C17H25N204 (M+H*) 321.1814, Found 321.1815.

N,N-Diethyl-2-((1-(2-hydroxy-2-methylpropyl)-1H-benzo[d]imidazol-6-yl)oxy)acetamide

(1)

pale yellow solid, TLC (AcOEt/MeOH = 10/1): Rt = i o N/A(OH
0.18, 'H NMR (400 MHz, CDCl) 5 1.10 (t, J=7.3 Hz, ~2" \©[ >

3H), 1.19 (t, J = 6.9 Hz, 3H), 1.27 (s, 6H), 2.83 (brs, N

1H), 3.35 (q, J= 7.3 Hz, 2H), 3.41 (q, /= 6.9 Hz, 2H), 4.05 (s, 2H), 4.69 (s, 2H), 6.88
(d, J=9.0 Hz, 1H), 7.04 (s, 1H), 7.59 (d, J= 9.0 Hz, 1H), 7.85 (s, 1H); 13C NMR (125
MHz, CDCls) § 12.7, 14.3, 27.4 (20), 40.3, 41.7, 55.5, 68.6, 71.1, 95.5, 111.7, 120.5,
135.3, 138.0, 143.9, 155.1, 167.3; IR (KBr, v / cm™); 3245, 2972, 1653, 1618, 1484,
1435, 1270, 1221, 1148, 1085, 956, 861; HRMS (ESI*) Calcd for C17H2NsOs (M+H*)
320.1974, Found 320.1984.
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1-(1H-Benzo[d]imidazol-1-yl)-2-phenyl-2-propanol (1k).

78%, white powder, TLC (hexane/AcOEt = 1/1): Rr = 0.44, 'H Ph
NMR (500 MHz, CDCls) 5 1.54 (s, 3H), 4.23 (d, J= 14.0 Hz, 1H), /A<OH
4.27 (d, J = 14.0 Hz, 1H), 4.42 (brs, 1H), 7.10-7.19 (m, 2H), @N/>
7.20-7.27 (m, 2H), 7.28-7.36 (m, 2H), 7.40-7.48 (m, 2H), 7.55 (d, J/ N

= 7.4 Hz, 1H), 7.59 (s, 1H); 13C NMR (100 MHz, CDCls) § 26.9, 56.2, 74.4, 110.1,
119.6, 121.8, 122.7, 125.0 (2C), 127.5, 128.4 (2C), 134.6, 142.4, 144.2, 144.9; IR (KBr,
v/cm™) 3091, 2962, 1613, 1503, 1456, 1385, 1290, 1222, 1155, 1065, 1028, 921, 750,
699; HRMS (ESI*) Calced for C16H17N2O (M+H*) 253.1341, Found 253.1337.

4-(1H-Benzo[d]imidazol-1-yl)-2-methyl-2-butanol (1I).

86%, yellow solid, TLC (hexane/AcOEt = 1/2): Rr=0.11, 'H NMR

(500 MHz, CDCl3) 5 1.34 (s, 6H), 2.02-2.08 (m, 2H), 4.33-4.40 (m, ©[N> i
2H), 7.27-7.34 (m, 2H), 7.41-7.46 (m, 1H), 7.79-7.84 (m, 1H), 7.91 N

(s, 1H); 13C NMR (125 MHz, CDCls) § 29.7 (2C), 40.9, 42.9, 69.6, 109.7, 120.2, 122.1,
122.8, 133.7, 142.8, 143.7; IR (KBr, v / cm™) 3293, 3086, 2975, 1610, 1498, 1458,
1367, 1288, 1259, 1210, 1139, 943, 932, 890, 768, 751; HRMS (ESI*) Calcd for
C12H17N20 (M+H*) 205.1341, Found 205.1341.

1-(1H-imidazol-1-yl)-2-methylpropan-2-ol (1m).

IH NMR (500 MHz, CDCls) & 1.22 (s, 6H), 3.45 (brs, 1H), 3.86 (s, 2H), A{
6.93 (s, 1H), 6.95 (s, 1H), 7.45 (s, 1H); 3C NMR (125 MHz, CDCls) 5  ©OH
§27.0 (20), 58.0, 69.9, 120.6, 128.3, 138.2. | N/>

1-(1H-Imidazol-1-yl)-2-phenyl-2-propanol (1n).

72%, pale brown solid, this compound is known.2> TLC (AcOEt/MeOH Ph
=10/1): Rr= 0.55, tH NMR (500 MHz, CDCls) § 1.56 (s, 3H), 4.07 (d, J A<
14.0 Hz, 1H), 4.12 (d, J = 14.0 Hz, 1H), 6.73 (s, 1H), 6.87 (s, 1H), [N/>

7.28 (brs, 1H), 7.29-7.31 (m, 1H), 7.35 (dd, J= 8.0, 8.0 Hz, 2H), 7.41 (d,

J = 8.0 Hz, 2H); 13C NMR (125 MHz, CDCls) § 26.7, 58.7, 73.5, 120.6, 125.0 (20),
127.2, 127.6, 128.3 (20), 138.1, 145.0.
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Typical procedure for copper-catalyzed alkoxylation. A mixture of
1-(1 H-benzoldlimidazol-1-yl)-2-methyl-2-propanol (1a, 48.0 mg, 0.252 mmol), CuCl
(1.20 mg, 0.0121 mmol), (‘Bu0): (73.3 mg, 0.501 mmol), and toluene (0.50 mL) was
stirred at 80 °C for 12 h in a sealed tube. Then, the solvent was removed in vacuo
and the product was isolated by column chromatography on silica gel
(Hexane/AcOEt = 1/1) to give
2,2-dimethyl-2,3-dihydrobenzol4,5limidazol2,1-bloxazole (2a, 46.5 mg, 98% yield).

2,2-Dimethyl-2,3-dihydrobenzo[4,5]imidazo[2,1-b]oxazole (2a).

pale yellow solid, TLC (hexane/AcOEt = 1/2): Rr = 0.30, 'H NMR /\'L
(400 MHz, CDCls) 8 1.68 (s, 6H), 3.97 (s, 2H), 7.06-7.18 (m, 3H), @:N o)
7.52 (d, J= 7.6 Hz, 1H); 13C NMR (100 MHz, CDCls) 5 27.4 (20), N

53.6, 93.4, 108.3, 118.5, 120.7, 121.7, 131.1, 146.4, 163.0; IR (KBr, v / cm') 1636,
1558, 1438, 1375, 1319, 1207, 1121, 1094, 993, 893, 741; HRMS (ESI*) Calcd for
C1:H1sN20 (M+H*) 189.1028, Found 189.1026.

2,2,7-Trimethyl-2,3-dihydrobenzo[4,5]imidazo[2,1-b]oxazole (2b).

Reaction conditions: 100 °C, 12 h.

74%, pale yellow solid, purification: silica gel column N/\F
chromatography (hexane/AcOEt = 1/1), TLC (hexane/AcOEt = /@: / ©
1/2): Re= 0.54, 'H NMR (500 MHz, CDCls) § 1.68 (s, 6H), 2.42 (s, §

3H), 3.95 (s, 2H), 6.91 (d, /= 8.0 Hz, 1H), 6.97 (d, /= 8.0 Hz, 1H), 7.32 (s, 1H); 3C
NMR (125 MHz, CDCls) & 21.5, 27.4 (2C), 53.7, 93.2, 107.8, 118.8, 121.7, 129.1,
131.3, 146.7, 163.2; IR (KBr, v/ cm™) 1638, 1553, 1483, 1421, 1376, 1318, 1173, 1101,
870, 796, 724; HRMS (ESI*) Calcd for C12H15sN20 (M+H*) 203.1184, Found 203.1189.

2,2,6-Trimethyl-2,3-dihydrobenzo[4,5]imidazo[2,1-b]oxazole (2c).
Reaction conditions: 80 °C, 8 h.

77%, pale yellow solid, purification: silica gel column N
chromatography (hexane/AcOEt = 1/1), TLC (hexane/AcOEt = \©:

1/1): R¢=0.39, 'H NMR (400 MHz, CDCls) & 1.68 (s, 6H), 2.42 (s,
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3H), 3.94 (s, 2H), 6.91 (s, 1H), 6.96 (d, /= 8.8 Hz, 1H), 7.39 (d, J= 8.8 Hz, 1H); 13C
NMR (100 MHz, CDCIs) & 21.5, 27.4 (2C), 53.5, 93.1, 108.7, 118.1, 122.8, 130.6,
131.2, 144.2, 162.8; IR (KBr, v/ cm™) 2975, 1637, 1588, 1555, 1486, 1465, 1446, 1349,
1318, 1213, 1182, 1098, 910, 860, 800, 749; HRMS (ESI*) Caled for CizHisN20
(M+H+) 203.1184, Found 203.1194.

6-Methoxy-2,2-dimethyl-2,3-dihydrobenzo[4,5]imidazo[2,1-b]oxazole (2d).

Reaction conditions: 100 °C, 12 h.

L
chromatography (hexane/AcOEt = 1/3), TLC (hexane/AcOEt \©[N/>/ ©
= 1/2): Re = 0.31, 'H NMR (400 MHz, CDCls) & 1.67 (s, 6H),

3.80 (s, 3H), 3.93 (s, 2H), 6.64 (d, J= 2.7 Hz, 1H), 6.74 (dd, J= 8.8, 2.7 Hz, 1H), 7.38
(d, J = 8.8 Hz, 1H); 13C NMR (125 MHz, CDCls) & 27.4 (2C), 53.5, 55.9, 93.0, 94.4,
108.7, 118.6, 131.6, 140.4, 155.0, 162.5; IR (KBr, v / cm™) 1164, 1597, 1561, 1485,
1453, 1369, 1307, 1269, 1225, 1198, 1169, 1118, 1028, 916, 806, 748, 725; HRMS
(ESI*) Caled for Ci12H15N202 (M+H*) 219.1134, Found 219.1135.

70%, pale yellow solid, purification: silica gel column pe0

2,2-Dimethyl-7-(trifluoromethyl)-2,3-dihydrobenzo[4,5]imidazo[2,1-b]oxazole (2e).
Reaction conditions: 80 °C, 12 h.

73%, pale yellow solid, purification: silica gel column N/\F
chromatography (hexane/AcOEt = 1/3), TLC (hexane/AcOEt /@[ />/ o

= 1/2): Re = 0.37, 'H NMR (500 MHz, CDCly) 8 1.71 (s, 6H), °' 3 §

4.03 (s, 2H), 7.13 (d, J= 8.1 Hz, 1H), 7.34 (d, /= 8.1 Hz, 1H), 7.75 (s, 1H); 13C NMR
(125 MHz, CDCls) § 27.4 (2C), 53.6, 94.2, 108.4, 115.7 (q, J= 3.6 Hz), 118.0 (q, J =
3.6 Hz), 124.2 (q, J=31.2 Hz), 124.8 (q, J= 271 Hz), 133.3, 146.2, 164.0; IR (KBr, v /
cm?) 1644, 1567, 1488, 1428, 1395, 1379, 1326, 1264, 1229, 1166, 1116, 1051, 926,
893, 868, 809, 792, 734, 723, 665; HRMS (ESI*) Calcd for Ci2H12FsN:O (M+HY)
257.0902, Found 257.0907.
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7-Fluoro-2,2-dimethyl-2,3-dihydrobenzo[4,5]imidazo[2,1-b]oxazole (2f).

Reaction conditions: 100 °C, 8 h.

64%, pale yellow solid, purification: silica gel column N/\VL
chromatography (hexane/AcOEt = 1/3), TLC (hexane/AcOEt = . /©:N/>/ °
1/2): Re= 0.52, 'H NMR (500 MHz, CDCls) § 1.69 (s, 6H), 3.97 (s,

2H), 6.79-6.84 (m, 1H), 6.97 (dd, J/= 8.6, 4.6 Hz, 1H), 7.21 (dd, J= 9.8, 2.3 Hz, 1H);
13C NMR (125 MHz, CDCl») § 27.4 (20), 53.8, 93.8, 105.4 (d, J= 25.2 Hz), 108.0 (d, J
= 25.2 Hz), 108.3 (d, J= 9.6 Hz), 127.6, 147.2 (d, J= 13.2 Hz), 159.1 (d, J = 236 H2),
164.1; IR (KBr, v / cm™) 1644, 1551, 1499, 1475, 1429, 1319, 1131, 1093, 953, 871,
800, 727; HRMS (ESI*) Caled for C1iH12FN2O (M+H*) 207.0934, Found 207.0941.

7-Chloro-2,2-dimethyl-2,3-dihydrobenzo[4,5]imidazo[2,1-b]oxazole (29).
Reaction conditions: 80 °C, 8 h.

75%, pale yellow solid, purification: silica gel column N/\F
chromatography (hexane/AcOEt = 1/3), TLC (hexane/AcOEt = C|/©:N/>/ ©
1/1): Re = 0.44, 'H NMR (500 MHz, CDCls) 5 1.69 (s, 6H), 3.97

(s, 2H), 6.97 (d, J= 8.6 Hz, 1H), 7.05 (d, /= 8.6 Hz, 1H), 7.48 (s, 1H); 13C NMR (125
MHz, CDCls) 6 27.4 (2C), 53.7, 94.0, 108.9, 118.5, 120.9, 127.2, 129.7, 147.4, 163.8;
IR (KBr, v/ cm™) 1637, 1544, 1454, 1419, 1374, 1318, 1129, 868, 788; HRMS (ESI*)

Caled for C11H12CIN2O (M+H*) 223.0638, Found 223.0627.

7-Bromo-2,2-dimethyl-2,3-dihydrobenzo[4,5]imidazo[2,1-b]oxazole (2h).

Reaction conditions: 100 °C, 8 h.

71%, brown solid, purification: silica gel column /\F
chromatography (hexane/AcOEt = 1/3), TLC (hexane/AcOEt = /@:N%O
1/2): Re= 0.57, 'H NMR (500 MHz, CDCls) 5 1.70 (s, 6H), 3.97 B' N

(s, 2H), 6.94 (d, J= 8.0 Hz, 1H), 7.19 (d, /= 8.0 Hz, 1H), 7.63 (s, 1H); 13C NMR (125
MHz, CDCls) §27.4 (20), 53.7, 94.0, 109.4, 114.5, 121.4, 123.6, 130.1, 147.8, 163.6;
IR (KBr, v/cm™) 1630, 1541, 1488, 1458, 1414, 1386, 1316, 1132, 1101, 994, 852, 800,
781, 762, 733; HRMS (ESI*) Calcd for C11H:12BrN:0 (M+H*) 267.0133, Found
267.0122.
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tert-Butyl 2-((2,2-dimethyl-2,3-dihydrobenzo[4,5]imidazo[2,1-b]oxazol-6-yl)oxy)acetate
(2i).

Reaction conditions: 100 °C, 6 h. o

70%, pale yellow solid, purification: silica gel column ‘BYO )K/o N/\OF
chromatography (hexane/AcOEt = 1/1), TLC \©:N/>/
(hexane/AcOEt = 1/2): Rr = 0.31, 'H NMR (500 MHz,

CDCls) & 1.48 (s, 9H), 1.68 (s, 6H), 3.93 (s, 2H), 4.51 (s, 2H), 6.71 (d, J= 2.9 Hz, 1H),
6.74 (dd, /= 8.6, 2.9 Hz, 1H), 7.38 (d, /= 8.6 Hz, 1H); 13C NMR (125 MHz, CDCls)
§27.5 (20), 28.0 (30), 53.5, 66.9, 82.2, 93.2, 96.2, 109.2, 118.7, 131.5, 141.2, 153.4,
162.8, 168.4; IR (neat, v/ cm™) 2978, 1750, 1644, 1597, 1566, 1442, 1369, 1314, 1154,
1069, 728; HRMS (ESI*) Caled for Ci7H22N204Na (M+Na*) 341.1477, Found
341.1479.

2-((2,2-Dimethyl-2,3-dihydrobenzo[4,5]imidazo[2,1-b]Joxazol-6-yl)oxy)-N,N-diethylacetami
de (2)).

O
Reaction conditions: 100 °C, 6 h. /\F
EtzN)J\/O N 0
62%, pale yellow solid, purification: silica gel column N/>/
chromatography (AcOEt/MeOH = 20/1), TLC

(AcOEt/MeOH = 10/1): Rr = 0.37, 'H NMR (400 MHz, CDCls) § 1.12 (t, J = 7.3 Hz,
3H), 1.20 (t, J= 7.3 Hz, 3H), 1.67 (s, 6H), 3.34-3.44 (m, 4H), 3.94 (s, 2H), 4.67 (s, 2H),
6.75-6.82 (m, 2H), 7.38 (d, J= 8.6 Hz, 1H); 13C NMR (100 MHz, CDCls) § 12.7, 14.3,
27.4 (20), 40.2, 41.5, 53.6, 68.8, 93.1, 95.7, 109.6, 118.7, 131.5, 141.0, 153.6, 162.7,
167.3; IR (KBr, v/ cm™) 1666, 1634, 1593, 1560, 1477, 1436, 1376, 1311, 1267, 1223,
1196, 1176, 1120, 839, 726; HRMS (ESI*) Calcd for Ci17H2aN30s (M+H*) 318.1818,
Found 318.1823.

2-Methyl-2-phenyl-2,3-dihydrobenzo[4,5]imidazo[2,1-b]oxazole (2k).

Reaction conditions: 80 °C, 12 h.

88%, pale yellow solid, purification: silica gel column N/\F Ph
chromatography (hexane/AcOEt = 1/1), TLC (hexane/AcOEt = ©:N/>/ ©
1/2): Re= 0.63, 'H NMR (500 MHz, CDCls) § 2.01 (s, 3H), 4.35 (s,
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2H), 7.08-7.14 (m, 2H), 7.16 (ddd, /= 8.0, 5.7, 2.3 Hz, 1H), 7.34 (t, J= 7.7 Hz, 1H),
7.40 (dd, J= 7.7, 7.7 Hz, 2H), 7.48 (d, J = 7.7 Hz, 2H), 7.56 (d, J= 8.0 Hz, 1H); 13C
NMR (125 MHz, CDCls) & 28.4, 55.3, 95.3, 108.5, 118.8, 121.0, 121.9, 124.1 (20),
128.4, 128.9 (20), 131.1, 142.5, 146.5, 163.0; IR (KBr, v / cm') 1634, 1589, 1552,
1496, 1453, 1320, 1208, 1083, 921, 789, 763, 740, 699; HRMS (ESI*) Calcd for
Ci16H1sN20 (M+H*) 251.1184, Found 251.1181.

2,2-Dimethyl-3,4-dihydro-2H-benzo[4,5]imidazo[2,1-b][1,3]oxazine (2I).

Reaction conditions: 100 °C, 12 h.

83%, pale yellow solid, purification: silica gel column @EN;%
chromatography (hexane/AcOEt = 1/1), TLC (hexane/AcOEt = N

1/2): Re = 0.31, 'H NMR (500 MHz, CDCls) § 1.50 (s, 6H), 2.13 (t, J = 6.3 Hz, 2H),
4.05 (t, J=6.3 Hz, 2H), 7.08-7.14 (m, 2H), 7.15-7.20 (m, 1H), 7.51 (d, J/= 8.0 Hz, 1H);
13C NMR (125 MHz, CDCls) § 26.5 (20), 31.6, 37.1, 78.7, 107.5, 117.4, 120.2, 121.9,
132.8, 140.2, 154.5; IR (KBr, v/ cm™) 1162, 1529, 1506, 1444, 1313, 1288, 1200, 1168,
1130, 736; HRMS (ESI*) Calcd for C12H14N20 (M+H*) 203.1184, Found 203.1184.

2,2-Dimethyl-2,3-dihydroimidazo[2,1-b]oxazole (2m).

Reaction conditions: 80 °C, 12 h.

45%, yellow oil, purification: silica gel column chromatography [ >/o
(AcOEt/MeOH = 20/1), TLC (AcOEt/MeOH = 10/1): R¢ = 0.63, 'H NMR

(500 MHz, CDCls) & 1.59 (s, 6H), 3.82 (s, 2H), 6.52 (s, 1H), 6.66 (s, 1H); 13C NMR
(125 MHz, CDCls) § 27.4 (2C), 55.2, 92.0, 110.4, 129.2, 159.1; IR (neat, v/ cm™) 2976,
1716, 1573, 1540, 1508, 1489, 1375, 1097; HRMS (ESI*) Caled for C-HuN20 (M+H*)
139.0871, Found 139.0874.

2-Methyl-2-phenyl-2,3-dihydroimidazo[2,1-b]oxazole (2n).

Reaction conditions: 80 °C, 12 h.

38%, brown oil, purification: silica gel column chromatography N/\O’Lph
(hexane/AcOEt = 1/1), TLC (dichloromethane/MeOH = 10/1): R¢ = 0.66, [N/>/

'H NMR (500 MHz, CDCls) & 1.90 (s, 3H), 4.18 (s, 2H), 6.53 (s, 1H), 6.71 (s, 1H),
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7.29-7.46 (m, 5H); ¥*C NMR (100 MHz, CDCls) & 28.5, 56.8, 94.0, 110.6, 124.1 (20),
128.1, 128.7 (20), 129.6, 143.1, 159.1; IR (neat, v / cm') 1716, 1682, 1572, 1540,
1508, 1488, 1446, 1375, 1269, 1058, 1028, 765, 699, 612; HRMS (ESI*) Calcd for
C12H1sN20 (M+H*) 201.1028, Found 201.1028.

Procedure for copper-catalyzed dimerization. A mixture of
1-(1 H-benzoldlimidazol-1-yl)-2-methyl-2-propanol (1a, 48.0 mg, 0.252 mmol), CuCl
(1.20 mg, 0.0121 mmol), (‘Bu0)2 (73.3 mg, 0.501 mmol), lithium tertbutoxide (40.0
mg, 0.501 mmol), and toluene (0.50 mL) was stirred at 100 °C for 12 h in a sealed
tube. Then, the solvent was removed in vacuo and the product was isolated by
column chromatography on silica gel (hexane/AcOEt = 1/1) to give 3 (47.3 mg, 92%
yield).

1,1'-(1H,1'H-[2,2'-Bibenzo[d]imidazole]-1,1'-diyl)bis(2-methyl-2-propanol) (3).

white solid, purification: silica gel column chromatography

(hexane/AcOEt = 1/1), TLC (hexane/AcOEt = 1/2): R¢= 0.55, 7%

'H NMR (500 MHz, CDCls) § 1.44 (s, 12H), 4.62 (brs, 4H), N N

7.38 (t, J=8.0 Hz, 2H), 7.43 (t, J= 8.0 Hz, 2H), 7.54 (d, J= @ENHND
8.0 Hz, 2H), 7.87 (d, J = 8.0 Hz, 2H); 13C NMR (125 MHz,

CDCls) §29.3 (4C), 54.8 (20), 70.9 (2C), 111.5 (20), 120.1 HO

(20), 123.5 (20), 124.5 (2C), 136.4 (2C), 140.9 (20), 143.1

(2C); IR (KBr, v / cm™) 3185, 2974, 1473, 1457, 1420, 1361, 1341, 1290, 1189, 1160,
762, 743; HRMS (ESI*) Caled for Co2H2rN4O2 (M+H*) 379.2134, Found 379.2124.

OH

Typical procedure for intermolecular alkoxylation. A  mixture of
1-methylbenzimidazole (4b, 33.0 mg, 0.250 mmol), 2-phenylethyl alcohol (5b, 30.5
mg, 0.250 mmol), CuCl (1.20 mg, 0.0121 mmol),
3,4,7,8-tetramethyl-1,10-phenanthroline (3.00 mg, 0.0127 mmol), (‘BuO): (73.3 mg,
0.501 mmol), and toluene (0.50 mL) was stirred at 100 °C for 12 h in a sealed tube.
Then, the solvent was removed in vacuo and the product was isolated by column

chromatography on silica gel (toluene/acetone = 6/1) to give 6b (36.0 mg, 57% yield).
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2-Phenethoxybenzo[d]thiazole (6a).

39%, pale yellow oil, purification: silica gel column chromatography S —
(hexane/AcOEt = 10/1), TLC (hexane/AcOEt = 10/1): R; = 0.43, 'H ©:N/>—O Ph
NMR (500 MHz, CDCls) & 3.14 (t, J = 6.9 Hz, 2H), 4.73 (t, J = 6.9

Hz, 2H), 7.15-7.35 (m, 7H), 7.59 (d, J = 8.0 Hz, 1H), 7.64 (d, J = 8.0 Hz, 1H); *C NMR (125
MHz, CDCl) 8 35.2, 72.1, 120.8, 121.2, 123.4, 125.9, 126.7, 128.5 (2C), 128.9 (2C), 131.8,
137.4, 149.3, 172.7; IR (neat, v / cm™) 1724, 1597, 1536, 1496, 1455, 1442, 1376, 1250, 1220,
1068, 965, 754, 726, 699; HRMS (ESI*) Calcd for C;5H:sNOSNa (M+Na®) 278.0616, Found
278.0613.

1-Methyl-2-phenethoxy-1H-benzo[d]imidazole (6b).

57%, pale yellow oil, purification: silica gel column Me
chromatography (toluene/acetone = 6/1), TLC N /\
(toluene/acetone = 6/1): Re = 0.55, 'H NMR (400 MHz, CDCls) ©[N/>7O o
8 3.18 (t, J= 6.9 Hz, 2H), 3.50 (s, 3H), 4.77 (t, J = 6.9 Hz, 2H), 7.10-7.20 (m, 3H),
7.22-7.35 (m, 5H), 7.52-7.56 (m, 1H); 13C NMR (100 MHz, CDCls) & 27.9, 35.4, 70.3,
107.8, 117.6, 120.8, 121.4, 126.6, 128.4 (20), 129.0 (2C), 134.2, 137.7, 140.0, 157.3;
IR (neat, v / cm') 1622, 1538, 1494, 1455, 1407, 1370, 1285, 1212, 1008, 740, 700;
HRMS (ESTI*) Caled for Ci16H17N20 (M+H*) 253.1341, Found 253.1334.

2-(4-Chlorophenethoxy)-1-methyl-1H-benzo[d]imidazole (6c).

41%, pale yellow solid, purification: silica gel column Me

N
chromatography  (Toluene/acetone = 6/1), TLC @: />—O
(hexane/AcOEt = 1/3): Re = 0.69, 'H NMR (500 MHz, N
CDCls) 6 3.14 (t, J= 6.9 Hz, 2H), 3.49 (s, 3H), 4.74 (t, J= Cl

6.9 Hz, 2H), 7.12-7.19 (m, 3H), 7.22 (d, J = 8.4 Hz, 2H), 7.29 (d, J = 8.4 Hz, 2H),
7.51-7.55 (m, 1H); 3C NMR (125 MHz, CDCls) § 27.9, 34.7, 70.0, 107.9, 117.6, 120.9,
121.5, 128.6, 130.3, 132.4, 134.2, 136.2, 139.9, 157.1; IR (KBr, v / cm™) 1622, 1541,
1491, 1455, 1406, 1360, 1285, 1089, 1061, 1015, 810, 759, 744, 676; HRMS (ESI*)
Calcd for C16H16CIN2O (M+H*) 287.0951, Found 287.0943.
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Bm=E  ~ATFaBEAMOR PN Cspd)-H T2 X AR

B HERLHZEAN

rivoglitazone', balaglitazone®, PF-2545920°, AMG-208* (Figure 1) 72 &, ~7 BEED
NRU DML =T WAERE 2 AT D ERLEM L EMPFET D, @, sp’ IRFE L
T DRSS & aTem—7 LRSI Williamson & s *OMIER G © 72 & TSR S U %
ZERZ, LLAEBRSLINLOHETIE, BHATE 2EICHIRNH D 2 & RmE
OB L BEREDO TRN/MEL 72D Z LD LU NG BIEDOBRRB N E LN T
%,

C(sp>)-H 7 /b = % ALK & ke, C(sp’)-H 7 /b 2 3 AU 138 = — 7 /b A
Gk L UGRERENMThIL T\ 5, BB AR 2 7z Csp’)-H fEA1E L 2§82
WL ODOHEF DN o 203, BLRZEOHE N AR R TH-7 D T a—/ L& KiagE|lz
RS 20N’ H 5 T, FILZN D OMBEAEMRRT D720, ~T B HHFERR L VUL
BT D C(sp’)-H 7 /v 2 XML DB ICET LTz,

Me /@/\(QNH /@/\(QNH
N\/r/\o S\< NQr/\O S\<

VRS Y Bt O NG YRS
(PPARy/EEZK) (PPARy{EHE)HK)
B
N 7
N’\ \WAO
N, OMe
/N
N A\
pZ PF-2545920 AMG-208
(PDE10BHE ) (c-MetBHFE )

Figure 1. ~7 0 FHERD o (il =—T7 WG L H T 5 EHELEHEEY
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BE RISSMEOREL

2-AF NN XA IHFY—)V lalZxt L, £ EOE LS /156 - PATF LT = F R
ol LY - tert - 7 FLE I mr B U 100 CT 4 BEREER S8 8 2
AL TN C(sp)-H T v a I ALRE ST L, BRDOBRIRT—7 /L 2a % 47% DU
TE Oz (Table 1, entry 1) . filiE 2 BAGERH()IC R 2. OSKH 2 6 FEfIZIER L7-
& 2% 2a DYRIL 75% E ThE S L7 (Table 1, entries 2 and 3) 8, D&t & ity
MERTH OO 2a DIRIZEAGED DO L D L0 LKA~ 7= (Table 1, entries 4-7) , 72
B ZORISITEBWTENL ORI EAR TR Th -7 (Table 1, entry 8) , fihdd~
AR ) AT Y UURORN TR L72AY 2a DILRIEA E Lo T

(Table 1, entries 9-16)
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Table 1. Sfiltt & Bl 1-OfET

catalyst (5.0 mol%)
Ph ph

ligand (6.0 mol%) Phoy
/)<OH (‘BuO), (1.3 equiv) //k

N N O
@: )—  PhCI, 100°C, 4 h @: >
N N

1a 2a
entry catalyst ligand? yield?
1 CuCl 5,6-Me,phen 47
2 CuBr 5,6-Me,phen 70
3¢ CuBr 5,6-Me,phen 77 (75)7
4 Cul 5,6-Me,phen 62
5 [(CH3CN)4Cul*(PFg)" 5,6-Me,phen 2
6 CuCl, 5,6-Me,yphen 40
7 CuBr, 5,6-Me,phen 60
8 CuBr none 0
9 CuBr phen 50
10 CuBr 4,7-Mesphen 0
11 CuBr 3,4,7,8-Meyphen 18
12 CuBr 5,6-(MeQ),phen 38
13 CuBr 4,7-(MeO),phen 67
14 CuBr 4,7-Phy-phen 50
15 CuBr 2,2'-bipyridine 4
16 CuBr 4,4'-di-tert-butyl-2,2'-bipyridine 7

@ phen = 1,10-phenanthroline. ? Yield was determined by "H NMR.
¢ 6 h. 9 Isolated yield.
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R b AN mER by - tert - 7 F L3 i Cdh o7 (Table 2, entry 1) , fLOFR(LAIZD
WThIRET L7z & 24 (Table 2, entries 2-8) | [REEER THOTINNIISHEAT LI H DD
RINETH Y (Table 2, entry 2) . MLOELHITIZHPORINTE HEIT LR ST,
Fio, KISICHOWAEBT 7 oo XUBURREETH YD | Lo B 2 RIEE T H RIS
DT L7 b DD, RIRTH 7= (Table 2, entries 9-11)

Table 2. Ee{bH| & L DORES

Ph pp CuBr (5.0 mol%) Ph
H< 5,6-Me,phen (6.0 mol%) H<Ph
OH oxidant (1.3 equiv)
N N O
— solvent, 100 °C, 4 h >
N N
1a 2a
entry oxidant solvent yield?
1 (‘BuO), PhCI 70
2 Ag,CO4 PhCI 11
3 ‘BuOOBz PhClI 0
4 TBHP PhCI 0
5 oxone PhCI 0
6 Phl(OAc), PhCl 0
7 K5S,0g PhCI 0
8 0O, (1.0 atm) PhCl 0
9 ('BuO), PhCF, 9
10 ('BuO), o-xylene 18
11 (‘BuO), m-xylene 6
12 ('BuO), CH,CICH,CI 4
13 (‘BuO), NMP 0

2 Yield was determined by "H NMR .
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B=E EEEMEGEH

R O FHEPHIZ DWW CiiX7z (Tables 3-1and 3-2) , V7 U — VE#H I N7=7 L2
—/b 1b-1e 2> HIFxIET 5 7 v ax ALERY 2b-2e 73 55%-81% DU TH LT

(Table 3-1, entries 1-4) , ¥ AFVEBRI NI TV a—)L If 272546 Al of
DILRIIAL T L7z (Table 2-1, entry 5) °, 1g 2> 513 2 £ {b-A¥) 29 7315 H 7= (Table 3-1,
entry 6) ., ks BICEBILEZGT D 2- AF AR XA I XV —)1 1h-1j TIEHEE
MEEWIERTT L ax I ALS2 AT L= (Table 3-1, entries 7-9) , 7233, entry 9 @
T3 FACBOSIE 2 LD A F VI ECTERIRAISHET L, TEAF VI ETIEE-7<
AT Lo dz, —RICT Va2 UALRISIE T VR VO RN L 0 S INECH#ITSH 5
120 BREE L STV D, BUIRIEWZ L IZART L3 AURIRIET L F VO NETh
S>THEWIRTHEST L7- (Table 3-2, entries 10-13) , = DIE2>, 7 BB (Table 3-2,
entry 14) . 7 U —/L A AbRUL (Table 3-2, entry 15) | F 72X XA I X — L L4t
D~T 1 J5EEE (Table 3-2, entries 16-18) ~MDi A b Al[RETH > 7=,
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Table 3-1. JL/E oD ] i PHA

CuBr,(n=1or2)

]
RR? N,N-ligand R 2
( %OH (‘BuO), (/—)Ko
= N = N
R3—— PhCI, 100 °C R3——
O:N)_\R‘" ’ N | NHR4
1 2
entry catalyst (mol%) ligand (mol%)® 2 yield®
e
N (@)
I
N
R’ R?
1 CuBr (5.0) A (6.0) 4-MeOCgH, Ph 2b 71%
2 CuBr (5.0) A (6.0) 4-MeCgH, 4-MeCgH, 2c 55%
3 CuBr (5.0) A (6.0) 4-FCgH, 4-FCgH, 2d 81%
4 CuBr (5.0) A (6.0) 4-CICgH, 4-CICgH, 2e 81%
5 CuBr (5.0) B (6.0) Me Me  2f 55%
6 CuBr (5.0) B (6.0) o 29 52%
N
v
N
Ph
//kPh
7
o}
6 =~ N
RB— I
51 N>J
7 CuBr (5.0) A (6.0) R3 = 5-CF3 2h 45%
8 CuBr (10) A (12) 6-MeO  2i 70%
9 CuBr (5.0) A (6.0) 7-Me 2i 80%

@ For detailed experimental procedures, see experimental section. ? A: 5,6-

dimethyl-1,10-phenanthroline,

¢ Isolated yield.

B:
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Table 3-2. JL& o> FH #i[H2
CuBr, (n=1or2)

]
RR? N,N-ligand R 2
(o (BuO), o
= N = N
R3-—— PhCI, 100 °C R3-- 4
SR aW P W
1 2
entry catalyst (mol%) ligand (mol%)° 2 yield®

10 CuBr (10) B (12)
11 CuBr (10) B (12) @[ H

12 CuBr (10) B (12)

13 CuBr (10) B (12)

@w

X=H 2k 70%
F 21 67%

2m 71%

2n 41%

14 CuBr (5.0) A (6.0) N 0 20 21%
I~

N
15 CuBr (20) A (24) J o 2P 59%
Qs
N
Ph

16 CuBr, (10) B (12) foko 2q 44%

N

I

N~N r—
17 CuBr; (5.0) B (6.0) RR=Ph 2r 49%
18 CuBr, (5.0) B (6.0) Me 2s 50%

@ For detailed experimental procedures, see experimental section. ? A: 5,6-
dimethyl-1,10-phenanthroline, B:  4,7-dimethoxy-1,10-phenanthroline.

¢ Isolated yield.
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B RISEEDOEER

FALER(1), BAESAAN OWF RS bl & LTl < 2 & 2B RE L HEE SR 2 Scheme
10X &EZxT-, (1) fifiTdH 5 CuBr £7-21% CuBr, 2Nk - tert - 7 F LI &
STEEEN Y, (2) tert - BUOH (CuBr, ®33&13 tert - BUOH E7-1% HBr) D4
BCT v P EAN AR TS M, (3) tert - BUOH (CuBr, #3414 tert - BUOH
F721X HBr) OBEEZRTAZ T %4 7 iRz (C-H #EaTEME(L) L. (4)
EICHIMEELC X > CTHEBD 2155 L FIRFIC CuBr 2 AT 5, WO fillity 1 7 v Th
%,

1 1
RR2 R R2

(e}
= N
SYeTe @
N 2R ('BuO),

CuBr, # CuBrX,
(4)

R! R?
%o
o CuBrx
CuBr < ) = N HEr
SYWEd Rl
HX NN R

(1st cycle: n = 1, 2; X = Br or O'Bu)
(after 1st cycle: n = 1; X = O'Bu)

Scheme 1. X P /LALC(sp3)-HT /L =t % AL DOHEE BBk

AT N2 X ARISE T YV AMERAITTSH H TEMPO (2,2,6,6 - 7 b7 A F )0
ERY Ty 1-FFI0) OFETFICHEMLIZE ZA AIME3 Sz Z &2 b
(K1) . BIOFREME L LT T Vh iR % ST Ot 25 2 72,
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CuBr (5.0 mol%)
Ph pp 5,6-Me,phen (6.0 mol%)

Ph, Ph Ph
/)< TEMPO (1.0 equiv)
OH  ('BuO), (1.3 equiv)

@i:% PhCI, 100 °C, 4 h @: />’J ©: />—\ N

1a 2a21% 45%

TNV T E e HEE SRS 1% Scheme 2 D L 9 12E 2 T, (1) CuBr £7-1% CuBr,
LY - tert - 7 F /LAY Kharasch—Sosnovsky % A 7D i 2 i L T Ao #ith &
tert- 7 hXT T HNEAT D, (2) HX & tert - BUOH Ofiffic L, ~oPono v
HANEEGLT V2 x TR EERT D M (3) Tk VTR IR OmEE T

EXRUNT UHANDND KRB —RBREEDIER S TEEY 2 DAL L SRfRBE A AR
ﬁé\kwiﬁﬁ#4&wf%5”%

Scheme 2. T 2 VP A Z& T ot T8 SO RS

]
R' o /EXW
N o N OH
= =
L g3
X l\‘l 2 R m (‘BuO), XN 1 R
4 \
CuBr, CuBrXx
( ") + \
*OBu
3 2
(3) ;1< i (2)
O—-CuBr /
LR3 -~ | N>—\' '
T N/ - HX + 'BuOH

(1stcycle:n=1o0r2; m=1or 0.5; X = Br or O'Bu)
(after 1st cycle: n=1; m=1; X = O'Bu)

LIk, 2l OHEEROHE 2428 LTz, TEMPO AIAIMAD AR 2 L 5 2 % #E )3

FVAREMED N DD L EXA TV D
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BHE  SHABSEICONT
1) 7I7ALARF—VTOERK

ZORINET T DA —ZBWTHIEMET 52 &< #fT L7, 1.64g D la
ZHEE L THWEE ZA BA%DIERTRIGITEITL, 137 gD 2a #H05 Z LA TE
72 (G2), BRIk —T /L 2a DR T Table LITRL7=b D XY BT E»-7- (la: 41.1

mg) .

CuBr (5.0 mol%)
Ph Ph

Ph 5,6-Me,phen (6.0 mol%) Ph
/)<OH (!BuO), (1.3 equiv)

N N @)
2
©[ )— PhCI, 100 °C, 6 h ©[ — @
N N

1a 2a84%
(164 9) (1.379)

2) ARF C-HT7LaxIfeRs

B (L C(sp®)-H ZSH S P12 38\ T R A BUSICIRR L =Bl 220 ) 7 L2 % oAk
FUSOISH & LTRABISERE Lic & 25, IR, REREL bITEN DD, ¥
R F 2 VD = & TARBET L a3 X ALKIENEIT LT (R3) . R XA I XY
—/L U Al EO RS (1) | (-)-sparteine, HEEE(LY - tert - 7L L L HITKIE S
Hi& ZAH, UK 14%, 11%ee T 2% 5 2 7, UG & RAFHE O MZIIBLIR TR
HECH 2 LML, D B G L

R F
CuBr; (10 mol%)
O (—)-sparteine (12 mol%) O
O F ('BuO), (2.6 eq) O F
3)

OH PhCI, 100 °C, 12 h N O
%
1l N

21* 14%, 11% ee

(L

z .z
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3) TG

ARETS W C(sp®)-H 7T a X ARG TE 5 2 L dbinotz, 1,2- VAF
NRUAALIFY—)v A%n-TH /) —)Vbadll32- 7= xF /T /La—) 5b & X
ST Z A ST DT v aFx bR 6a 35 LT 6b A EILE A 33%, 3T% DU T
Bon R4) . F2, FFVU 2 T ORUDIAL C(spd)-H FEAICENTH 7L
aFx AUBUCHETT 2 Z L bholz (5) . TADLDIRITIFREIZE EE-T-
HLOD, BEIOT VA=)V E D Z L Ia | AR DAL C(sp®)-H TV 3 AKX
IS DI DEITEH D,

CuBr (20 mol%)
Me 5,6-Me,phen (24 mol%)

¢ ) Me
,\] (‘BuO), (4.0 equiv) N OR
)— + HOR @[ @
©[N PhCl, 100 °C, 3 h N
5
4 (2.0 equiv) 6
R yield/%

"Bu ba 6a 33
(CH,),Ph 5b  6b 37

CuBr (20 mol%)
5,6-Me,phen (24 mol%)

(!BuO), (4.0 equiv)
(I /K HO PhCI, 100 °C, 3 h (I )\/O\/\Ph

(2. O equw 8 30%
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BAE R

ibE L D5 e, FITRMBAAE T, 7 a— 28 L LTHOW AT B RILED
DR DAL C(sp®)-H 7 b 2 FIALROEZ BIFE L2, ZORIGORE L LTiE, ~7
0 EHEEREON L DNAALRIIICEIT L, XU P UBROR DA TIIRIG LW &
AL ORI O 7 L 2 — L& AN D MER RN & T VSO KGR K OWHETK
JRSEITT 5 Z ENET oD, FLEARKIEDOIEHE LT, 77 AR — /L TOERMN
ARETHD L, HFHRIGICLEATE S Z L &2mR LT,

RN ~NT 2 HEHFEROR L DA T N ax s G T 2L AW O SRR Hi7-
BRIERERET D HDOTHY | SHITERLN, RIHOGHITIIGHA IS 2 L & Hift
LT,
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EEBRE

General. All reactions were carried out in a dry solvent under an argon
atmosphere. Chlorobenzene, 4,7-dimethoxy-1,10-phenanthroline, tertbutyl
peroxide, and (-)-sparteine were purchased from Sigma-Aldlich Co. and were used
without further purification. CuBr and CuBr2 were purchased from nacalai tesque
and were used without further purification. 5,6-Dimethyl-1,10-phenanthroline was
purchased from Tokyo Chemical Industry Co. and were used without further
purification. NMR spectra were recorded on JEOL ECX500 (500 MHz for 'H NMR
and 125 MHz for 13C NMR), and JEOL ECS400 (400 MHz for H NMR and 100 MHz
for 13C NMR) spectrometer. Proton chemical shifts are reported relative to residual
solvent peaks (CDCls at & 7.26 ppm, DMSO-ds at 8 2.50 ppm). Carbon chemical
shifts are reported relative to CDCls at 6 77.00 ppm or DMSO-ds at 8 39.50 ppm. IR
spectra were recorded on a JASCO FT/IR-410. ESI-mass spectra were measured on
a JEOL JMS-T100LC AccuTOF spectrometer (for HRMS). The enantiomeric excesses
(ee’s) were determined by HPLC analysis conducted by JASCO HPLC systems with Daicel
CHIRALPAK column.

Preparation of 1a (1d, 1e, 1f, 1g, and 1k were synthesized by the same method). To a
suspension of 2-methyl-1H-benzoldlimidazole’” (430 mg, 3.25 mmol),
2,2-diphenyloxirane!® (1.30 g, 6.62 mmol) in ethanol (3.0 mL) was added sodium
acetate (270 mg, 3.29 mmol). After heating under reflux conditions for 12 h, the
solvent was removed in vacuo. Water was added and the crude mixture was
extracted with ethyl acetate. The combined organic extracts were washed with
water, dried over Na2SO4, and concentrated in vacuo to give a white solid. This
residue was washed with ethyl acetate and dried in vacuo to give 1la (755 mg, 71%

yield).

Preparation of 1b (1c, 11, 1m, and 1n were synthesized by the same method). To a
solution of 2-methyl-1H-benzoldlimidazole!” (430 mg, 3.25 mmol) in DMF (5.0 mL)
was added sodium hydride (60% in mineral oil, 143 mg, 3.58 mmol) at 0 °C and the
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reaction mixture was stirred at 0 °C for 1 h. Then,
2-(4-methoxyphenyl)-2-phenyloxirane!8 (810 mg, 3.58 mmol) was added. The
reaction mixture was stirred at 60 °C for 12 h. Water was added and the crude
mixture was extracted with ethyl acetate. The combined organic extracts were
washed with water, dried over Na2SO4, and concentrated in vacuo to give a white
solid. This residue was washed with ethyl acetate/hexane and dried in vacuo to give

1b (569 mg, 49% yield).

Preparation of 1h (1i and 1j were synthesized by the same method). A mixture of
1-fluoro-2-nitro-4-(trifluoromethyl)benzene (344 meg, 1.65 mmol),
2-amino-1,1-diphenylethanol’® (351 mg, 1.65 mmol), N,N-diisopropylethylamine
(213 mg, 1.65 mmol), and acetonitrile (2.0 mL) was stirred at 80 °C for 12 h. Then,
the solvent was removed in vacuo. After filtering over a short pad of silica gel and
concentration, yellow solid was obtained and used without further purification. This
intermediate was dissolved in ethanol (5.0 mL), and 10% Pd/C (50% wet type, 100
mg) was added. Then the mixture was stirred under a hydrogen atmosphere for 3 h,
and the mixture was filtered through celite. Then, the solvent was removed in vacuo.
A mixture of the residue, 1,1,1-trimethoxyethane (207 mg, 1.72 mmol),
ptoluenesulfonic acid monohydrate (22.0 mg, 0.116 mmol), and toluene (5.0 mL)
was stirred under an argon atmosphere at 50 °C for 3 h. Then, the solvent was
removed in vacuo and the product was isolated by column chromatography on silica

gel (hexane/ethyl acetate = 1/1) to give 1h (280 mg, 43% yield).

Preparation of lo. A mixture of 1-fluoro-2-nitrobenzene (474 mg, 3.36 mmol),
4-amino-2-methyl-2-butanol (520 mg, 5.04 mmol), N, N-diisopropylethylamine (651
mg, 5.04 mmol), and acetonitrile (3.0 mL) was stirred at 80 °C for 12 h. Then, the
solvent was removed in vacuo. After filtering over a short pad of silica gel and
concentration, yellow solid was obtained and used without further purification. This
intermediate was dissolved in ethanol (10 mL), and 10% Pd/C (50% wet type, 100
mg) was added. Then stirred under a hydrogen atmosphere at 50 °C for 3 h, and the

mixture was filtered through celite. Then, the solvent was removed in vacuo. A
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mixture of the residue, 1,1,1-trimethoxyethane (604 mg, 5.03 mmol),
ptoluenesulfonic acid monohydrate (64.0 mg, 0.336 mmol), and toluene (10 mL)
was stirred under an argon atmosphere at 50 °C for 12 h. Then, the solvent was
removed in vacuo and the product was isolated by column chromatography on silica

gel (ethyl acetate/methanol = 10/1) to give 1o (601 mg, 82% yield).

Preparation of 1p.

Boron tribromide (1.0 M dichloromethane solution, 1.01 mIL, 1.01 mmol) was added
drop-wise to a solution of 1-(2-methoxyphenyl)-2-methyl-1H-benzoldlimidazole20 (100
mg, 0.420 mmol) in dichloromethane (3.0 mL) at 0 °C. The reaction mixture was stirred
for 24 h at 25 °C. Water was added and the crude mixture was extracted with
dichloromethane. The combined organic extracts were washed with water, dried
over NazSOu. Then, the solvent was removed in vacuo and the product was isolated
by column chromatography on silica gel (ethyl acetate/methanol = 20/1) to give 1p
(77.0 mg, 82% yield).

Preparation of 1g. To a solution of 5-methyl-1H-tetrazole (1.00 g, 11.9 mmol),
2-methyl-2-phenyloxirane (1.92 g, 14.3 mmol) in DMF (10 mL) was added cesium
carbonate (5.81 g, 17.8 mmol). The reaction mixture was stirred at 100 °C for 12 h. Water
was added and the crude mixture was extracted with ethyl acetate. The combined
organic extracts were washed with water, dried over Na2SO4. Then, the solvent was
removed in vacuo and the product was isolated by column chromatography on silica

gel (hexane/ethyl acetate = 1/1) to give 1q (1.51 g, 58% yield).

Preparation of 1r (1s was synthesized by the same method). To a solution of
2-methylquinazolin-4(3H)-one (1.00 g, 6.24 mmol), 2-methyl-2-phenyloxirane (1.01
g, 7.53 mmol) in DMF (10 mL) was added cesium carbonate (3.05 g, 9.36 mmol). The
reaction mixture was stirred at 100 °C for 12 h. Water was added and the crude mixture
was extracted with ethyl acetate. The combined organic extracts were washed with
water, dried over Na2SOs. Then, the solvent was removed in vacuo and the product

was isolated by column chromatography on silica gel (hexane/ethyl acetate = 1/1) to
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give 1r (0.930 g, 51% yield)

Preparation of 1t. To a solution of 2-methyl-1H-benzoldlimidazole (1.00 g, 7.57
mmol) in DMF (10 mL) was added sodium hydride (60% in mineral oil, 363 mg, 9.08
mmol) at 0 °C and the reaction mixture was stirred at 0 °C for 0.5 h. Then,
1-bromo-2-propanone (1.14 g, 8.33 mmol) was added. The reaction mixture was
stirred at 25 °C 2 h. Water was added and the crude mixture was extracted with
ethyl acetate. The combined organic extracts were washed with water, dried over
Na2S04, and concentrated in vacuo to give a white solid. This residue was washed
with ethyl acetate/hexane and dried in vacuo. Pale yellow solid was obtained and
used without further purification. This intermediate was dissolved in methanol (10
mL), and sodium borohydride (163 mg, 4.31 mmol) was added at 0 °C and the
reaction mixture was stirred at 0 °C for 2 h. Water was added and the crude
mixture was extracted with ethyl acetate. The combined organic extracts were
washed with water, dried over Naz2SO4, and concentrated in vacuo to give a white
solid. This residue was washed with ethyl acetate and dried in vacuo to give 1t (633

mg, 49% yield).

Preparation of 1u. To a solution of 2-methyl-1H-benzoldlimidazole (1.00 g, 7.57
mmol) and 2-bromoethanol (1.13 g, 9.04 mmol) in DMF (20 mlL) was added
potassium carbonate (2.10 g, 15.2 mmol). The reaction mixture was stirred at 60 °C
for 8 h. Water was added and the crude mixture was extracted with ethyl acetate.
The combined organic extracts were washed with water, dried over NazSOs. Then,
the solvent was removed in vacuo and the product was isolated by column
chromatography on silica gel (ethyl acetate /methanol = 10/1) to give 1u (0.643 g,
48% vyield) as a white powder. The spectroscopic data were identical to the

reported.2!
Preparation of 4. To a solution of 2-methyl-1H-benzoldlimidazole (3.00 g, 22.7

mmol) in DMF (30 mL) was added sodium hydride (60% in mineral oil, 1.09 g, 27.2

mmol) at 0 °C and the reaction mixture was stirred at 0 °C for 1 h. Then,
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iodomethane (3.55 g, 25.0 mmol) was added. The reaction mixture was stirred at
25 °C for 12 h. Water was added and the crude mixture was extracted with ethyl
acetate. The combined organic extracts were washed with water, dried over Naz2SOs,
and concentrated in vacuo to give a white solid. This residue was washed with ethyl
acetate/hexane and dried in vacuo to give 4 (2.16 g, 65% yield) as a pale yellow solid.

The spectroscopic data were identical to the reported.22

Preparation of 7. To a solution of 2-methylquinazolin-4(3H)-one (1.00 g, 6.24
mmol) in DMF (10 mL) was added sodium hydride (60% in mineral oil, 0.30 g, 7.49
mmol) at 0 °C and the reaction mixture was stirred at 0 °C for 1 h. Then,
iodomethane (0.974 g, 6.86 mmol) was added. The reaction mixture was stirred at
25 °C for 12 h. Water was added and the crude mixture was extracted with ethyl
acetate. The combined organic extracts were washed with water, dried over Na2SOa.
Then, the solvent was removed in vacuo and the product was isolated by column
chromatography on silica gel (hexane/ethyl acetate = 1/1) to give 7 (0.919 g, 84%

yield) as a white powder. The spectroscopic data were identical to the reported.23

2-(2-Methyl-1H-benzo[d]imidazol-1-yl)-1,1-diphenylethanol (1a).

71%, white powder, TLC (ethyl acetate/methanol = 10/1): R¢ = Ph ph
0.39, 'H NMR (500 MHz, CDCls) 5 1.95 (s, 3H), 2.64 (s, 1H), 4.85

(s, 2H), 7.02-7.12 (m, 2H), 7.16 (ddd, J= 8.0, 6.9, and 1.4 Hz, 1H), @:N%
7.26-7.40 (m, 10H), 7.61 (d, J= 8.0 Hz, 1H); '3C NMR (100 MHz, N
CDCls) 8 13.6, 54.1, 78.8, 110.7, 118.6, 121.6, 121.7, 126.4 (4C), 128.1 (2C), 128.6
(40), 136.5, 142.3, 144.2 (2C), 153.2; IR (KBr, v/ cm™) 3137, 1614, 1494, 1463, 1397,
1237, 1158, 1071, 1003, 953, 743, 700; HRMS (ESI*) Calcd for C22H20N:0ONa
(M+Na*) 351.1473, Found 351.1461.

OH
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1-(4-Methoxyphenyl)-2-(2-methyl-1H-benzo[d]imidazol-1-yl)-1-phenylethanol (1b).

49%, white powder, TLC (ethyl acetate): Rr = 0.38, 'H

NMR (500 MHz, CDCls) §1.96 (s, 3H), 2.60 (s, 1H), O O OMe
3.79 (s, 3H), 4.81 (s, 2H), 6.81-6.85 (m, 2H), 7.06 (t, J= N OH

8.0 Hz, 1H), 7.11 (d, J= 8.6 Hz, 1H), 7.12-7.20 (m, 3H), @: )

7.26-7.35 (m, 5H), 7.61 (d, J = 8.0 Hz, 1H); 13C NMR §

(125 MHz, CDCls) & 13.6, 54.2, 55.3, 78.5, 110.9, 113.8 (20), 118.5, 121.6, 121.7,
126.5 (20), 127.8 (2C), 127.9, 128.4 (2C), 136.4, 136.5, 142.2, 144.4, 153.2, 159.3; IR
(KBr, v/ cm™) 3055, 1607, 1508, 1464, 1399, 1252, 1177, 1033, 835, 744, 703; HRMS
(ESI*) Calcd for C2sH22N202Na (M+Na*) 381.1579, Found 381.1567.

2-(2-Methyl-1H-benzo[d]imidazol-1-yl)-1,1-di-p-tolylethanol (1c).

66%, white powder, TLC (ethyl acetate): Rf = 0.47, 'H

NMR (500 MHz, CDCls) & 1.91 (s, 3H), 2.34 (s, 6H), 2.73 (s, O

1H), 4.79 (s, 2H), 7.05 (dt, /= 6.9, 1.2 Hz, 1H), 7.09-7.18 O
(m, 10H), 7.59 (dd, J= 7.5, 1.7 Hz, 1H); 13C NMR (125 MHz, ©:N/>_OH

CDCls) 5 13.6, 21.0 (20), 54.1, 78.7, 111.0, 118.5, 121.6 (30), N

126.3 (40), 129.1 (4C), 136.6, 137.8, 141.4 (2C), 142.3, 153.2; IR (KBr, v/ cm?) 3158,
1738, 1614, 1509, 1397, 1288, 1235, 1158, 1085, 1004, 813, 740; HRMS (ESI*) Caled
for C24H24N2ONa (M+Na*) 379.1786, Found 379.1774.

1,1-Bis(4-fluorophenyl)-2-(2-methyl-1H-benzo[d]imidazol-1-yl)ethanol (1d).

64%, white powder, TLC (ethyl acetate): Rr = 0.54, 'H F

NMR (500 MHz, DMSO-db) §2.00 (s, 3H), 4.88 (s, 2H), O

6.25 (s, 1H), 6.94 (dd, /= 8.0, 8.0 Hz, 1H), 7.02 (dd, J= 8.0, O i
OH

8.0 Hz, 1H), 7.07-7.14 (m, 4H), 7.23 (d, J = 8.0 Hz, 1H), ©[N>_
7.31-7.36 (m, 4H), 7.40 (d, /= 8.0 Hz, 1H); 13C NMR (125 N

MHz, DMSO-ds) & 13.6, 53.4, 77.1, 111.5, 114.5 (J= 21.5 Hz, 4C), 117.5, 120.6 (20),
128.9 (J = 8.4 Hz, 4C), 136.6, 141.5 (20), 141.9, 153.0, 161.3 (J = 242 Hz, 2C); IR
(KBr, v / cm™) 3158, 1604, 1508, 1464, 1399, 1231, 1159, 1078, 1013, 839, 745;
HRMS (ESI*) Calcd for C22HisF2N2ONa (M+Nat) 387.1285, Found 387.1283.
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1,1-Bis(4-chlorophenyl)-2-(2-methyl-1H-benzo[d]imidazol-1-yl)ethanol (1e).
61%, white powder, TLC (ethyl acetate/methanol = 10/1): cl
Re = 0.47, 'TH NMR (500 MHz, DMSO-ds) §1.99 (s, 3H),

DR
4.89 (s, 2H), 6.32 (s, 1H), 6.94 (dd, J = 8.1, 8.1 Hz, 1H), O
OH

7.02 (dd, J= 8.1, 8.1 Hz, 1H), 7.24 (d, J = 8.1 Hz, 1H), ©[N
/>
7.30-7.37 (m, 8H), 7.39 (d, J= 8.1 Hz, 1H); 13C NMR (125 N

MHz, DMSO-ds) §13.6, 53.1, 77.1, 111.5, 117.5, 120.6 (2C), 127.8 (4C), 128.7 (40),
132.1 (20), 136.5, 141.9, 144.0 (2C), 152.9; IR (KBr, v/ cm™) 3065, 1736, 1615, 1490,
1464, 1400, 1234, 1159, 1094, 1013, 823, 741; HRMS (ESI*) Calcd for
C22H1sClaN2ONa (M+Na*) 419.0694, Found 419.0681.

2-Methyl-1-(2-methyl-1H-benzo[d]imidazol-1-yl)-2-propanol (1f).

87%, pale yellow powder, TLC (ethyl acetate/methanol = 10/1): R¢

= 0.27, 'H NMR (400 MHz, CDCls) & 1.34 (s, 6H), 2.41 (s, 1H), N/A(OH
2.60 (s, 3H), 4.07 (s, 2H), 7.14-7.22 (m, 2H), 7.35-7.40 (m, 1H), ©:N/>—
7.57-7.62 (m, 1H); 13C NMR (125 MHz, CDCls) § 14.5, 28.1 (2C),

54.3, 72.2, 110.5, 118.5, 121.8 (2C), 136.0, 142.1, 153.0; IR (KBr, v/ cm™) 3174, 2978,
1615, 1403, 1287, 1239, 1186, 1012, 938, 907, 848, 743; HRMS (ESI*) Calcd for
C12H17N20 (M+H*) 205.1341, Found 205.1333.

1-((2-Methyl-1H-benzo[d]imidazol-1-yl)methyl)cyclohexanol (19g).

61%, white powder, TLC (hexane/ethyl acetate = 1/1): R = 0.10,

TH NMR (500 MHz, CDCls) §1.15-1.75 (m, 10H), 2.61 (s, 3H),

4.03 (s, 2H), 7.13-7.20 (m, 2H), 7.35-7.40 (m, 1H), 7.55-7.60 (m, N
1H); 13C NMR (125 MHz, CDCls) § 14.7, 21.3 (2C), 25.5, 35.8 (20), @EN/

54.9, 72.9, 110.5, 118.7, 121.7, 121.8, 136.3, 142.4, 153.1; IR (KBr, v / cm™) 3280,
2937, 1522, 1400, 1287, 1248, 1175, 997, 744; HRMS (ESI*) Calcd for Ci5H2:1N20

(M+H*) 245.1654, Found 245.1644.

OH
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2-(2-Methyl-5-(trifluoromethyl)-1H-benzo[d]imidazol-1-yl)-1,1-diphenylethanol (1h).

43%, white powder, TLC (ethyl acetate): Re = 0.50, 'H NMR Ph pp,
(500 MHz, CDCls) §2.00 (s, 3H), 3.08 (s, 1H), 4.86 (s, 2H), /)<OH
7.11 (d, J= 8.6 Hz, 1H), 7.24-7.40 (m, 11H), 7.75 (s, 1H); 13C /@:N/%
NMR (125 MHz, CDCls) 5 13.7, 54.2, 78.8, 111.3, 116.1 (d, J CF3 N

= 4.8 Hz), 118.6 (d, J= 3.6 Hz), 124.0 (q, J = 32.4 Hz), 124.9 (q, J = 271 Hz), 126.4
(4C), 128.3 (20), 128.7 (4C), 138.5, 141.6, 144.0 (2C), 155.3; IR (KBr, v / cm™) 3136,
1629, 1446, 1327, 1245, 1124, 1068, 890, 811, 755, 698, 622; HRMS (ESI*) Calcd for
C2sH19FsN20 Na(M+Na*) 419.1347, Found 419.1330.

2-(6-Methoxy-2-methyl-1H-benzo[d]imidazol-1-yl)-1,1-diphenyle

thanol (Li). Ph b
23%, white powder, TLC (hexane/ethyl acetate = 3/1): Rt = \e0 N/)< OH
0.09, 'H NMR (400 MHz, CDCls) § 2.01 (s, 3H), 3.00 (s, 1H), \@N/F
3.67 (s, 3H), 4.80 (s, 2H), 6.44 (d, J= 2.3 Hz, 1H), 6.74 (dd, J

=8.7, 2.3 Hz, 1H), 7.27-7.39 (m, 10H), 7.41 (d, /= 8.7 Hz, 1H); '3C NMR (100 MHz,
CDCls) 8 13.8, 54.2, 55.8, 78.7, 94.5, 110.9, 118.9, 126.5 (4C), 128.1 (20), 128.5 (4C),
136.6, 136.9, 144.4 (2C), 152.4, 155.9; IR (KBr, v/ cm™) 3374, 1618, 1485, 1448, 1400,
1216, 1092, 1025, 808, 759, 700, 633; HRMS (ESI*) Calcd for C2sH22N2O2Na
(M+Na*) 381.1579, Found 381.1578.

2-(2,7-Dimethyl-1H-benzo[d]imidazol-1-yl)-1,1-diphenylethanol (1j).

24%, white powder, TLC (hexane/ethyl acetate = 1/1): Rr = 0.09, Ph pp,
'H NMR (400 MHz, CDCls) § 1.74 (s, 3H), 2.54 (s, 3H), 2.76 (s, /A<OH
N
1H), 5.06 (s, 2H), 6.87 (d, J= 7.3 Hz, 1H), 7.08 (dd, J= 8.2, 7.3 Hz, —
N

1H), 7.20-7.27 (m, 4H), 7.28-7.35 (m, 6H), 7.49 (d, J = 8.2 Hg,

1H); 13C NMR (100 MHz, CDCls) § 13.6, 19.5, 54.1, 78.4, 117.0, 121.8 (2C), 125.3,
126.4 (40), 128.1 (20), 128.5 (40), 134.9, 142.8, 144.3 (2C), 153.5; IR (KBr, v/ cm™)
3062, 1594, 1396, 1294, 1072, 951, 745, 700, 604; HRMS (ESI*) Calcd for C2sH23N20
(M+H*) 343.1810, Found 343.1795.
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2-(2-Ethyl-1H-benzo[d]imidazol-1-yl)-1,1-diphenylethanol (1Kk).

83%, white powder, TLC (hexane/ethyl acetate = 1/1): R = 0.20, Ph b
1H NMR (500 MHz, CDCls) 8 1.21 (t, J= 7.5 Hz, 3H), 2.21 (q, J= /)<OH
7.5 Hz, 2H), 2.61 (s, 1H), 4.86 (s, 2H), 7.03-7.10 (m, 2H), @:'\}_\
7.11-7.18 (m, 1H), 7.26-7.40 (m, 10H), 7.67 (d, J = 8.0 Hz, 1H); N

13C NMR (125 MHz, CDCls) & 11.4, 20.3, 53.6, 78.8, 110.7, 118.8, 121.5, 121.7, 126.4
(40), 128.1 (2C), 128.5 (4C), 136.5, 142.4, 144.2 (2C), 157.6 ; IR (KBr, v/ cm™) 3060,
1509, 1461, 1412, 1069, 743, 700; HRMS (ESI*) Calcd for CssH22N2ONa (M+Na*)
365.1630, Found 365.1644.

2-(2-Ethyl-1H-benzo[d]imidazol-1-yl)-1,1-bis(4-fluorophenyl)ethanol (11).
39%, pale yellow solid, TLC (hexane/ethyl acetate = 1/1): F
Re = 0.40, 'H NMR (500 MHz, CDCls) § 1.25 (t, J= 7.5 Hz,

3H), 2.33 (q, J = 7.5 Hz, 2H), 3.15 (s, 1H), 4.82 (s, 2H),
6.96-7.04 (m, 5H), 7.05 (dd, J= 8.0, 8.0 Hz, 1H), 7.15 (dd, N O

J=8.0, 8.0 Hz, 1H), 7.24-7.31 (m, 4H), 7.62 (d, /= 8.0 Hz, ©[N/>_\

1H); 3C NMR (125 MHz, CDCls) § 11.5, 20.4, 53.7, 78.1, 110.5, 115.4 (J = 21.5 Hz,
4C), 118.8, 121.7, 121.9, 128.3 (J= 8.4 Hz, 4C), 136.2, 139.9, 142.2 (2C), 157.4, 162.4
(J = 245 Hz, 20); IR (KBr, v / cm™) 3186, 1603, 1506, 1460, 1226, 1159, 1087, 834,
750; HRMS (ESI*) Caled for C2sH20F2N2ONa (M+Na*) 401.1441, Found 401.1429.

oy

2-(2-Butyl-1H-benzo[d]imidazol-1-yl)-1,1-diphenylethanol (1m).

42%, white powder, TLC (hexane/ethyl acetate = 1/1): R = 0.33, Ph
'H NMR (500 MHz, CDCls) § 0.83 (t, /= 7.5 Hz, 3H), 1.21 (qt, J /)<OH

= 7.5 Hz, 2H), 1.55-1.64 (m, 2H), 2.07-2.12 (m, 2H), 3.00 (s, @:N/

1H), 4.83 (s, 2H), 7.01 (dd, J/= 8.0, 8.0 Hz, 1H), 7.07 (d, J= 8.0 N>_\_\
Hz, 1H), 7.11 (dd, /= 8.0, 8.0 Hz, 1H), 7.25-7.31 (m, 10H), 7.60 (d, /= 8.0 Hz, 1H);
13C NMR (125 MHz, CDCls) § 13.8, 22.6, 26.6, 29.3, 53.6, 78.7, 110.8, 118.7, 121.5,
121.6, 126.4 (40), 128.0 (2C), 128.5 (40), 136.3, 142.3, 144.2 (2C), 156.7; IR (KBr, v /
cm) 3091, 2929, 1614, 1507, 1461, 1267, 1101, 1073, 1026, 956, 735, 700; HRMS
(ESI¥) Calcd for CesH26N2ONa (M+Na*) 393.1943, Found 393.1930.

Ph
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2-(2-1sobutyl-1H-benzo[d]imidazol-1-yl)-1,1-diphenylethanol (1n).

49%, white powder, TLC (ethyl acetate): R = 0.61, 'H NMR (500 Ph
MHz, CDCls) § 0.85 (d, J= 6.9 Hz, 6H), 2.04 (d, J= 6.9 Hz, 2H), /)<OH
2.15-2.24 (m, 1H), 2.76 (s, 1H), 4.88 (s, 2H), 7.03 (dd, J= 8.0, 8.0 @: )

Hz, 1H), 7.07 (d, J = 8.0 Hz, 1H), 7.14 (d, J = 8.0, 8.0 Hz, 1H), N>—>7
7.26-7.36 (m, 10H), 7.64 (d, J= 8.0 Hz, 1H); 13C NMR (125 MHz, CDCls) & 22.6 (20),
27.4, 35.7, 78.7, 110.7, 118.8, 121.5, 121.6, 126.4 (4C), 128.0 (2C), 128.5 (4C), 136.3,
142.5 (20), 144.3, 155.9; IR (KBr, v/ cm™) 3339, 2956, 1508, 1459, 1406, 1327, 1189,
1069, 742, 704, 647; HRMS (ESI*) Calcd for C2sH26N2ONa (M+Na*) 393.1943, Found
393.1929.

2-Methyl-4-(2-methyl-1H-benzo[d]imidazol-1-yl)butan-2-ol (10).
82%, white powder, TLC (ethyl acetate/methanol = 10/1): R¢ =

2H), 2.61 (s, 3H), 4.27 (t, J = 8.0 Hz, 2H), 7.20-7.26 (m, 2H),

7.28-7.34 (m, 1H), 7.66-7.69 (m, 1H); 3C NMR (100 MHz,

CDCls) §13.7, 29.7 (2C), 39.5, 42.6, 69.7, 109.0, 119.0, 121.7, 121.9, 134.9, 142.7,
151.3; IR (KBr, v/ cm™) 3182, 2962, 1513, 1476, 1413, 1365, 1285, 1233, 1163, 918,
732; HRMS (ESI*) Caled for C13H17N20 (M+H*) 219.1497, Found 219.1488.

0.21, 'H NMR (500 MHz, CDCls) 5 1.36 (s, 6H), 1.91 (t, J= 8.0 Hz, N  OH
ges

2-(2-Methyl-1H-benzo[d]imidazol-1-yl)phenol (1p).

(500 MHz, CDCls) §1.82 (s, 3H), 7.00 (dd, &= 7.5, 7.5 Hz, 1H),

7.03-7.07 (m, 2H), 7.10 (dd, J= 6.9, 6.9 Hz, 1H), 7.15 (dd, J= 6.9, ©[N>_

6.9 Hz, 1H), 7.32 (dd, /= 8.6, 1.1 Hz, 1H), 7.37 (d, J= 8.1 Hz, 1H), N

7.45 (ddd, J= 8.6, 7.5, and 1.7 Hz, 1H); 3C NMR (125 MHz, CDCls) & 13.1, 110.7,
118.2, 119.5, 120.4, 122.2, 122.7, 122.9, 128.6, 130.9, 135.3, 141.4, 152.5, 153.6; IR
(KBr, v / cm') 3060, 2864, 2696, 2558, 1598, 1517, 1457, 1326, 1295, 1249, 1229,
1021, 752; HRMS (ESI*) Calcd for C14H1sN2O (M+H*) 225.1028, Found 225.1029.

82%, pale yellow solid, TLC (ethyl acetate): Rf = 0.63, 'H NMR Q
OH
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1-(5-Methyl-1H-tetrazol-1-yl)-2-phenyl-2-propanol (1q).

58%, white solid, TLC (hexane/ethyl acetate = 1/1): R = 0.14, 'H NMR Ph
(400 MHz, CDCls) 5 1.63 (s, 3H), 2.22 (s, 3H), 3.48 (s, 1H), 4.30 (d, J= N’N/A<
14.2 Hz, 1H), 4.44 (d, J = 14.2 Hz, 1H), 7.20-7.38 (m, 5H); 1*C NMR ,{,'\N/F
(100 MHz, CDCls) 5 8.8, 26.8, 57.6, 74.3, 124.8 (2C), 127.9, 128.6 (20),

143.7, 153.1; IR (KBr, v / cm™) 3346, 1527, 1407, 1262, 1221, 1069, 874, 762, 701;
HRMS (ESI*) Caled for C1iH14N4sONa (M+Na*) 241.1065, Found 241.1062.

3-(2-Hydroxy-2-phenylpropyl)-2-methylquinazolin-4(3H)-one (1r).

51%, white powder, TLC (hexane/ethyl acetate = 1/1): R¢ = 0

0.21, *H NMR (500 MHz, CDCls) & 1.69 (s, 3H), 2.29 (s, 3H), @\)LN&éph
4.15 (d, J=14.4 Hz, 1H), 4.31 (s, 1H), 4.68 (d, J= 14.4 Hz, 1H), N/)\ OH
7.26-7.30 (m, 1H), 7.31-7.37 (m, 2H), 7.43-7.51 (m, 3H), 7.59 (d, J = 8.6 Hz, 1H),
7.74 (ddd, J= 8.6, 6.9, and 1.2 Hz, 1H), 8.26 (d, /= 8.0 Hz, 1H); 13C NMR (125 MHz,
CDCls) § 23.7, 27.6, 55.8, 75.6, 120.0, 125.1, 126.6, 126.7, 127.0, 127.5, 128.5, 134.7,

145.3, 147.1, 154.8, 164.8; IR (KBr, v/ cm'™) 3441, 1661, 1592, 1473, 1384, 1148, 768,
702; HRMS (ESI*) Caled for C1sH1sN202Na (M+Na*) 317.1266, Found 317.1257.

3-(2-Hydroxy-2-methylpropyl)-2-methylquinazolin-4(3H)-one (1s).

21%, white powder, TLC (hexane/ethyl acetate = 1/2): R = 0.19, 0

'H NMR (500 MHz, CDCly) § 1.31 (s, 6H), 2.70 (s, 3H), 3.57 (s, @fﬂ«é
1H), 4.25 (s, 2H), 7.45 (dd, /= 8.0, 8.0 Hz, 1H), 7.62 (d, J = 8.0 N/)\ OH
Hz, 1H), 7.74 (dd, J= 8.0, 8.0 Hz, 1H), 8.23 (d, /= 8.0 Hz, 1H); 13C NMR (125 MHz,
CDCls) 524.3, 28.4 (20), 54.7, 71.9, 120.2, 126.6 (20), 126.9, 134.6, 147.2, 154.8,
164.2; IR (KBr, v / cm™) 3422, 2972, 1649, 1592, 1478, 1386, 1342, 1191, 1138, 979,
780, 694; HRMS (ESI*) Caled for C1sH17N202 (M+H*) 233.1290, Found 233.1291.

1-(2-Methyl-1H-benzo[d]imidazol-1-yl)-2-propanol (1t).

49%, white powder, TLC (ethyl acetate): Re = 0.12, 'H NMR (500

MHz, CDCls) § 1.37 (d, /= 6.3 Hz, 3H), 2.44 (s, 3H), 3.96 (dd, J= N//<OH
14.9, 9.2 Hz, 1H), 4.02 (dd, J=14.9, 3.4 Hz, 1H), 4.28-4.34 (m, 1H), ©:N/>_
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6.98 (dd, J= 8.1, 8.1 Hz, 1H), 7.09 (dd, J= 8.1, 8.1 Hz, 1H), 7.19 (d, J= 8.1 Hz, 1H),
7.23 (d, J= 8.1 Hz, 1H); 3C NMR (125 MHz, CDCls) & 14.0, 20.9, 51.5, 65.7, 109.1,
118.3,121.9 (2C), 134.7, 141.6, 152.1; IR (KBr, v/ cm') 3136, 2974, 1411, 1288, 1135,
1083, 754, HRMS (ESI*) Caled for CuHisN:ONa (M+Na*) 213.1004, Found
213.1011.

Typical procedure for copper-catalyzed C(sp3)-H alkoxylation. A mixture of
2-(2-methyl-1 A-benzoldlimidazol-1-y1)-1,1-diphenylethanol (la, 41.1 mg, 0.125
mmol), CuBr (0.9 mg, 6.3 u mol), 5,6-dimethyl-1,10-phenanthroline (1.6 mg, 7.7 n
mol), (‘BuO): (23.8 mg, 0.163 mmol), and chlorobenzene (1.25 mL) was stirred at
100 °C for 6 h in a sealed tube. Then, the solvent was removed in vacuo and the
product was isolated by column chromatography on silica gel (hexane/ethyl acetate
= 1/1) to give 3,3-diphenyl-3,4-dihydro-1H-benzol4,5limidazol2,1-cl[1,4loxazine 2a
(30.8 mg, 75% yield).

3,3-Diphenyl-3,4-dihydro-1H-benzo[4,5]imidazo[2,1-c][1,4]oxazine (2a).

yellow solid, TLC (hexane/ethyl acetate = 1/1): R¢= 0.32, 'H NMR Ph
(500 MHz, CDCls) & 4.67 (s, 2H), 4.93 (s, 2H), 7.26-7.32 (m, 12H), { o
7.35-7.45 (m, 1H), 7.65-7.75 (m, 1H); 13C NMR (125 MHz, CDCl) @: >

8 49.0, 60.8, 78.9, 108.5, 119.5, 122.2, 122.7, 126.6 (4C), 128.1 N

(20), 128.7 (4C), 133.6, 141.1 (2C), 143.1, 147.7; IR (neat, v / cm™) 3404, 1617, 1524,
1476, 1453, 1338, 1227, 1076, 745, 699; HRMS (ESI*) Calcd for Ca2H1oN2O (M+H*)
327.1497, Found 327.1499.

Ph

3-(4-Methoxyphenyl)-3-phenyl-3,4-dihydro-1H-benzo[4,5]imidazo[2,1-c][1,4]oxazine (2b).

Reaction conditions: CuBr (5.0 mol%),

5,6-dimethyl-1,10-phenanthroline (6.0 mol%), (‘BuO), (1.3 O O
OMe

iv), 100 °C, 6 h.
equiv), , -

N
71%, yellow solid, purification: silica gel column ©: />’/

N
chromatography (hexane/ethyl acetate = 1/1), TLC
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(hexane/ethyl acetate = 1/1): R = 0.36, 'H NMR (500 MHz, CDCls) & 3.76 (s, 3H),
4.58 (d, J=12.9 Hz, 1H), 4.68 (d, J=12.9 Hz, 1H), 4.87 (d, J= 16.4 Hz, 1H), 4.95 (d,
J=16.4 Hz, 1H), 6.81 (d, /= 8.6 Hz, 2H), 7.20 (d, J= 8.6 Hz, 2H), 7.23-7.35 (m, 7H),
7.40-7.46 (m, 1H), 7.67-7.73 (m, 1H); 13C NMR (125 MHz, CDCls) § 49.2, 55.2, 60.7,
78.7, 108.5, 114.0 (20), 119.5, 122.2, 122.7, 126.5 (2C), 128.0, 128.1 (20), 128.6 (2C),
132.7, 133.6, 141.8, 143.1, 147.8, 159.3; IR (neat, v / cm™) 2360, 1510, 1454, 1249,
1179, 1076, 747; HRMS (ESI*) Caled for C23H21N20: (M+H*) 357.1603, Found
357.1594.

3,3-Di-p-tolyl-3,4-dihydro-1H-benzo[4,5]imidazo[2,1-c][1,4]oxazine (2c).
Reaction conditions: CuBr (5.0 mol%),

5,6-dimethyl-1,10-phenanthroline (6.0 mol%), (‘Bu0), (1.3 equiv), O

100 °C, 6 h. O

O
55%, pale yellow solid, purification: silica gel column @ENV
/4
chromatography (hexane/ethyl acetate = 1/1), TLC N

(hexane/ethyl acetate = 1/1): R = 0.43, 'H NMR (500 MHz, CDCls) & 2.31 (s, 6H),
4.62 (s, 2H), 4.91 (s, 2H), 7.11 (d, J= 8.0 Hz, 4H), 7.20 (d, J= 8.0 Hz, 4H), 7.27-7.32
(m, 2H), 7.40-7.47 (m, 1H), 7.69-7.75 (m, 1H); 13C NMR (125 MHz, CDCls) & 21.0
(20), 49.2, 60.7, 78.7, 108.5, 119.5, 122.1 (20), 122.6, 126.5 (4C), 129.3 (4C), 133.6,
137.9, 138.3 (20), 143.1, 147.9; IR (neat, v/ cm™) 2920, 1617, 1510, 1454, 1227, 1087,
810, 744; HRMS (ESI*) Calcd for C24H2sN20 (M+H*) 355.1810, Found 355.1804.

3,3-Bis(4-fluorophenyl)-3,4-dihydro-1H-benzo[4,5]imidazo[2,1-c][1,4]oxazine (2d).
Reaction conditions: CuBr (5.0 mol %), E
5,6-dimethyl-1,10-phenanthroline (6.0 mol%), (‘BuO), (1.3 O

equiv), 100 °C, 6 h. O F

81%, pale yellow oil, purification: silica gel column N >JO
chromatography (hexane/ethyl acetate = 1/1), TLC ©:N/

(hexane/ethyl acetate = 1/1): R = 0.49, 'H NMR (500 MHz, CDCls) & 4.56 (s, 2H),
4.85 (s, 2H), 6.95 (dd, J = 8.6, 8.6 Hz, 4H), 7.15-7.30 (m, 6H), 7.33-7.40 (m, 1H),
7.61-7.68 (m, 1H); 13C NMR (125 MHz, CDCls) 6 49.2, 60.8, 78.2, 108.5, 115.7 (d, J=

65



21.5 Hz, 40), 119.6, 122.4, 122.9, 128.5 (d, /= 8.4 Hz, 4C), 133.4, 136.8 (d, J= 3.6 Hz,
20), 143.1, 147.2, 162.4 (d, J= 247 Hz, 20); IR (neat, v/ cm™) 1605, 1508, 1454, 1372,
1228, 1160, 1085, 1014, 836, 745; HRMS (ESI*) Calcd for CasHi7FsN2O (M+H*)
363.1309, Found 363.1297.

3,3-Bis(4-chlorophenyl)-3,4-dihydro-1H-benzo[4,5]imidazo[2,1-c][1,4]oxazine (2¢).
Reaction conditions: CuBr (5.0 mol%), cl
5,6-dimethyl-1,10-phenanthroline (6.0 mol%), (BuO), (1.3 O

equiv), 100 °C, 6 h. O cl

81%, pale yellow solid, purification: silica gel column N O
chromatography (hexane/ ethyl acetate = 1/1), TLC ©[N/>J

(hexane/ethyl acetate = 1/1): R = 0.46, 'H NMR (500 MHz,

CDCls) § 4.60 (s, 2H), 4.91 (s, 2H), 7.23 (d, J= 8.6 Hz, 4H), 7.29 (d, /= 8.6 Hz, 4H),
7.30-7.35 (m, 2H), 7.41-7.46 (m, 1H), 7.70-7.75 (m, 1H); 3C NMR (125 MHz,
CDCls) §48.9, 60.9, 78.2, 108.5, 119.7, 122.5 (2C), 123.0, 128.0 (4C), 129.0 (40),
133.4, 134.4, 139.2 (20), 143.1, 147.1; IR (neat, v / cm™) 1489, 1454, 1401, 1227,
1090, 1012, 831, 746; HRMS (ESI*) Calcd for C22H17ClaN2O (M+H*) 395.0718, Found
395.0700.

3,3-Dimethyl-3,4-dihydro-1H-benzo[4,5]imidazo[2,1-c][1,4]oxazine (2f).

Reaction conditions: CuBr (5.0 mol%), 4,7-dimethoxy-1,10-phenanthroline

(6.0 mol%), (‘Bu0), (1.3 equiv), 100 °C, 4 h. N o
55%, yellow solid, purification: silica gel column chromatography @E />’/
(hexane/ethyl acetate = 1/2), TLC (hexane/ethyl acetate = 1/2): R¢ "
=0.19, '"H NMR (500 MHz, CDCls) 5 1.44 (s, 6H), 3.96 (s, 2H), 5.05 (s, 2H), 7.26-7.35
(m, 3H), 7.74 (d, J= 8.0 Hz, 1H); 13C NMR (125 MHz, CDCls) § 24.3 (2C), 51.2, 59.9,
70.6, 108.6, 119.3, 122.0, 122.5, 134.1, 143.0, 147.2; IR (neat, v / cm') 3391, 2976,
1740, 1477, 1453, 1386, 1271, 1215, 1157, 1081, 867, 744; HRMS (ESI*) Calcd for
C12H15N20 (M+H*) 203.1184, Found 203.1182.
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1,4-Dihydrospiro[benzo[4,5]imidazo[2,1-c][1,4]oxazine-3,1'-cyclohexane] (29).

Reaction conditions: CuBr (5.0 mol%),
4,7-dimethoxy-1,10-phenanthroline (6.0 mol%), (BuO), (2.0 equiv), /Q
100 °C, 4 h. ©E
52%, pale yellow solid, purification: silica gel column N
chromatography (hexane/ethyl acetate = 1/1), TLC (hexane/ethyl acetate = 1/1): R¢
=0.39, 'H NMR (500 MHz, CDCls) § 1.32—1.44 (m, 1H), 1.47-1.60 (m, 4H), 1.65-1.75
(m, 3H), 1.89-1.95 (m, 2H), 3.92 (s, 2H), 5.02 (s, 2H), 7.23-7.33 (m, 3H), 7.72 (d, J=
6.9 Hz); 13C NMR (100 MHz, CDCls) § 21.4 (20), 25.7, 32.8 (2C), 50.8, 59.1, 71.5,
108.7, 119.3, 122.0, 122.4, 134.2, 143.1, 147.7; IR (neat, v / cm™) 2935, 1740, 1477,
1454, 1338, 1228, 1157, 1079, 887, 744; HRMS (ESI*) Calcd for C1sH1sN2O (M+H*)
243.1497, Found 243.1500.

3,3-Diphenyl-8-(trifluoromethyl)-3,4-dihydro-1H-benzo[4,5]imidazo[2,1-c][1,4]oxazine
(2h).
Reaction conditions: CuBr (5.0 mol%), Ph

Ph
5,6-dimethyl-1,10-phenanthroline (6.0 mol%), (‘BuO), (1.3 equiv), /J<

N O
100 °C, 6 h. Q >

45%, pale yellow solid, purification: silica gel column CFs N
chromatography (hexane/ethyl acetate = 2/1), TLC (hexane/ethyl acetate = 1/1): R¢
= 0.80, 'H NMR (500 MHz, CDCls) § 4.70 (s, 2H), 4.96 (s, 2H), 7.27-7.35 (m, 10H),
7.53 (d, J= 8.4 Hz, 1H), 7.59 (d, J = 8.4 Hz, 1H), 7.99 (s, 1H); 13C NMR (125 MHz,
CDCls) 5 49.2, 60.7, 78.9, 108.9, 117.2 (d, /= 3.6 Hz), 119.3 (d, J= 3.6 Hz), 127.7 (q, J
=272 Hz), 125.3 (q, J=32.4 Hz), 126.5 (4C), 128.3 (2C), 128.8 (4C), 135.6, 140.8 (40),
142.6, 149.8; IR (neat, v / cm™) 1628, 1448, 1330, 1161, 1117, 1051, 913, 755, 699,

671; HRMS (ESI*) Calcd for CesH17FsN2ONa (M+Na+*) 417.1191, Found 417.1185.

7-Methoxy-3,3-diphenyl-3,4-dihydro-1H-benzo[4,5]imidazo[2,1-c][1,4]oxazine (2i).
Reaction conditions: CuBr (10 mol%), Ph

Ph
5,6-dimethyl-1,10-phenanthroline (12 mol%), (‘BuO), (2.6 equiv), MeO /J<

e N (@)
100 °C, 6 h. \©[N/>J
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70%, pale yellow solid, purification: silica gel column chromatography
(hexane/ethyl acetate = 1/1), TLC (hexane/ethyl acetate = 3/1): Re = 0.20, 'H NMR
(500 MHz, CDCl3) 6 3.90 (s, 3H), 4.61 (s, 2H), 4.89 (s, 2H), 6.92 (d, J= 2.3 Hz, 1H),
6.94 (dd, J= 8.6, 2.3 Hz, 1H), 7.26-7.35 (m, 10H), 7.58 (d, /= 8.6 Hz, 1H); 13C NMR
(125 MHz, CDCls) § 49.1, 55.9, 60.8, 78.9, 92.6, 111.5, 119.9, 126.6 (4C), 128.1 (2C),
128.6 (4C), 134.1, 137.5, 141.2 (2C), 146.7, 156.3; IR (neat, v/ cm') 2955, 1624, 1451,
1355, 1274, 1211, 1147, 1075, 816, 754, 699, 639; HRMS (ESI*) Calcd for C2sH21N20
(M+H*) 357.1603, Found 357.1591.

6-Methyl-3,3-diphenyl-3,4-dihydro-1H-benzo[4,5]imidazo[2,1-c][1,4]oxazine (2j).
Reaction conditions: CuBr (5.0 mol%), 5,6-dimethyl-1,10-phenanthroline (6.0 mol%), (‘BuO),
(1.3 equiv), 100 °C, 6 h.

80%, pale yellow solid, purification: silica gel column

Ph
Ph
chromatography (hexane/ethyl acetate = 1/1), TLC /J<
o)
(hexane/ethyl acetate = 1/1): Re = 0.39, 'H NMR (500 MHz, N>’J
/
CDCls) & 2.80 (s, 3H), 4.92 (s, 2H), 4.99 (s, 2H), 7.01 (d, /= 6.9 Hz, N

1H), 7.16 (t, J= 8.0 Hz, 1H), 7.27-7.40 (m, 10H), 7.54 (d, = 8.6 Hz, 1H); 13C NMR
(125 MHz, CDCls) §18.5, 51.6, 60.9, 78.9, 117.4, 120.9, 122.5, 124.5, 126.8 (4C),
128.1 (20), 128.7 (40C), 132.5, 141.2 (2C), 143.2, 147.5; IR (neat, v/ cm™) 1651, 1526,
1474, 1448, 1336, 1272, 1218, 1081, 748, 699, 650, 608; HRMS (ESI*) Calcd for
C2sH21N20 (M+H*) 341.1654, Found 341.1641.

1-Methyl-3,3-diphenyl-3,4-dihydro-1H-benzo[4,5]imidazo[2,1-c][1,4]oxazine (2K).
Reaction conditions: CuBr (10 mol%), 4,7-dimethoxy-1,10-phenanthroline Ph

Ph
(12 mol%), (‘Bu0O), (2.6 equiv), 100 °C, 4 h. N o
70%, pale yellow solid, purification: silica gel column ©E H
N

chromatography (hexane/ethyl acetate = 2/1), TLC

(hexane/ethyl acetate = 1/1): Rr= 0.53, 'H NMR (500 MHz, CDCls) & 1.86 (d, J= 6.6
Hz, 3H), 4.28 (d, J=12.6 Hz, 1H), 4.74 (q, J= 6.6 Hz, 1H), 5.09 (d, J=12.6 Hz, 1H),
7.20-7.29 (m, 5H), 7.30-7.36 (m, 3H), 7.40 (t, J = 7.5 Hz, 2H), 7.44-7.50 (m, 3H),
7.79 (d, J= 8.0 Hz, 1H); 13C NMR (125 MHz, CDCls) § 19.6, 49.2, 66.7, 78.6, 108.7,
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119.6, 122.3, 122.7, 125.5 (2C), 127.6 (20), 127.7, 128.2, 128.4 (2C), 128.8 (2C), 133.7,
139.1, 143.0, 144.4, 151.8; IR (neat, v / cm™) 3420, 1455, 1101, 748, 699; HRMS
(ESI*) Caled for C2sH2:1N2O (M+H*) 341.1654, Found 341.1656.

3,3-Bis(4-fluorophenyl)-1-methyl-3,4-dihydro-1H-benzo[4,5]imidazo[2,1-c][1,4]oxazine

2.

Reaction conditions: CuBr (10 mol%), F
4,7-dimethoxy-1,10-phenanthroline (12 mol%), (‘BuQ), (2.6 O

equiv), 100 °C, 4 h. O F

67%, yellow oil, purification: silica gel column N o
chromatography (hexane/ethyl acetate = 1/1), TLC @ENH
(hexane/ethyl acetate = 1/1): Re = 0.55, 'H NMR (500 MHz, CDCls) 5 1.82 (d, J= 6.3
Hz, 3H), 4.23 (d, J=12.6 Hz, 1H), 4.66 (q, J= 6.3 Hz, 1H), 4.98 (d, J=12.6 Hz, 1H),
6.94 (dd, J= 8.6, 8.6 Hz, 2H), 7.06 (dd, J= 8.6, 8.6 Hz, 2H), 7.16 (dd, J= 8.6, 5.2 Hz,
2H), 7.29-7.36 (m, 2H), 7.37-7.47 (m, 3H), 7.73-7.80 (m, 1H); 13C NMR (125 MHz,
CDCls) 6 19.6, 49.4, 66.8, 78.0, 108.6, 115.3 (J=21.5 Hz, 2C), 115.9 (J=21.5 Hz, 20),
119.8, 122.5, 122.9, 127.4 (J = 8.4 Hz, 2C), 129.5 (J = 8.4 Hz, 2C), 133.6, 134.8 (J =
3.6 Hz), 140.0 (J= 3.6 Hz), 143.0, 151.4, 162.2 (J = 246 Hz), 162.4 (J= 248 Hz); IR
(neat, v / cm) 1606, 1507, 1455, 1373, 1319, 1230, 1159, 1103, 836, 748; HRMS
(ESI*) Caled for C2sH1oF2N2O (M+H*) 377.1465, Found 377.1451.

3,3-Diphenyl-1-propyl-3,4-dihydro-1H-benzo[4,5]imidazo[2,1-c][1,4]oxazine (2m).

Reaction conditions: CuBr (10 mol%), Ph
4,7-dimethoxy-1,10-phenanthroline (12 mol%), (‘BuO), (2.6 equiv), /——J<Ph
100 °C, 4 h. @N/ P
71%, yellow oil, purification: silica gel column N
chromatography (hexane/ethyl acetate = 1/1), TLC (hexane/ethyl acetate = 1/1): R¢
=0.67, 'H NMR (500 MHz, CDCls) § 1.06 (t, J= 7.5 Hz, 3H), 1.73 (q, /= 7.5 Hz, 2H),
2.13-2.22 (m, 1H), 2.30-2.40 (m, 1H), 4.28 (d, J= 12.6 Hz, 1H), 4.67 (d, J/= 7.5 Hz,
1H), 5.10 (d, J = 12.6 Hz, 1H), 7.21-7.31 (m, 5H), 7.32-7.44 (m, 5H), 7.45-7.53 (m,
3H), 7.78 (d, /= 7.5 Hz, 1H); 13C NMR (125 MHz, CDCls) § 13.8, 18.3, 35.8, 49.0,
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69.9, 78.4, 108.6, 119.6, 122.2, 122.6, 125.4 (2C), 127.5 (2C), 127.7, 128.2, 128.4 (20),
128.8, 133.7, 139.1, 143.1, 144.6, 151.2; IR (neat, v / cm') 2959, 1518, 1474, 1455,
1428, 1375, 1327, 1218, 1072, 744, 699; HRMS (ESI*) Calcd for C2sH2sN20 (M+H*)
369.1967, Found 369.1956.

1-1sopropyl-3,3-diphenyl-3,4-dihydro-1H-benzo[4,5]imidazo[2,1-c][1,4]oxazine (2n).

Reaction conditions: CuBr (10 mol%), Ph b
4,7-dimethoxy-1,10-phenanthroline (12 mol%), (‘BuO), (2.6 equiv), N o
100 °C, 4 h. /

41%, yellow oil, purification: silica gel column chromatography N>,$,

(hexane/ethyl acetate = 1/1), TLC (hexane/ethyl acetate = 1/1): R¢ = 0.66, 'H NMR
(500 MHz, CDCls) § 1.04 (d, = 6.9 Hz, 3H), 1.28 (d, = 6.9 Hz, 3H), 2.70-2.80 (m,
1H), 4.23 (d, J= 12.9 Hz, 1H), 4.57 (s, 1H), 5.06 (d, /= 12.9 Hz, 1H), 7.15-7.25 (m,
5H), 7.27-7.42 (m, 5H), 7.44-7.50 (m, 3H), 7.75 (d, /= 6.9 Hz, 1H); 13C NMR (125
MHz, CDCls) & 16.4, 19.0, 32.4, 49.0, 74.5, 78.2, 108.5, 119.6, 122.2, 122.6, 125.4
(20), 127.4 (20), 127.7, 128.2, 128.4 (20), 128.8 (2C), 133.7, 139.0, 143.1, 144.7,
150.7; IR (neat, v/ cm™) 2964, 1454, 1227, 1064, 1024, 753, 699; HRMS (ESI*) Calcd
for C25Ha2sN20 (M+H*) 369.1967, Found 369.1951.

3,3-Dimethyl-1,3,4,5-tetrahydrobenzo[4,5]imidazo[2,1-c][1,4]oxazepine (20).

Reaction conditions: CuBr (5.0 mol%), 5,6-dimethyl-1,10-phenanthroline

(6.0 mol%), (‘BuO), (1.3 equiv), 100 °C, 12 h. N o
21%, yellow solid, purification: silica gel column @ENH
chromatography (hexane/ethyl acetate = 1/3), TLC

(hexane/ethyl acetate = 1/2): R = 0.25, 'H NMR (500 MHz, CDCls) & 1.41 (s, 6H),
2.21 (t, J= 5.2 Hz, 2H), 4.24 (t, J= 5.2 Hz, 2H), 4.94 (s, 2H), 7.21-7.34 (m, 3H), 7.70
(d, J = 6.9 Hz, 1H); 13C NMR (125 MHz, CDCls) § 26.3 (2C), 38.7, 39.8, 59.9, 75.7,
108.9, 119.5, 122.0, 122.3, 135.5, 142.5, 153.9; IR (neat, v / cm™)) 1455, 1374, 1085,
747; HRMS (ESI*) Caled for C13H16N20 (M+H*) 217.1341, Found 217.1350.
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6H-Benzo[b]benzo[4,5]imidazo[1,2-d][1,4]oxazine (2p).

Reaction conditions: CuBr (20 mol%), 5,6-dimethyl-1,10-phenanthroline

(24 mol%), (‘BuO), (1.3 equiv), 100 °C, 12 h. Q
59%, yellow solid, purification: silica gel column chromatography ©iN/>JO
(hexane/ethyl acetate = 1/3), TLC (ethyl acetate): Rt = 0.72, 'H N

NMR (500 MHz, CDCls) §5.38 (s, 2H), 7.19-7.22 (m, 3H), 7.34-7.42 (m, 2H),
7.80—7.88 (m, 2H), 7.90 (d, J= 6.9 Hz, 1H); 13C NMR (125 MHz, CDCls) § 64.5, 111.3,
116.2, 118.4, 120.6, 123.2, 123.3, 124.0, 126.0, 126.4, 131.3, 143.7, 146.4, 146.6; IR
(neat, v / cm®) 1621, 1550, 1504, 1465, 1399, 1343, 1237, 1215, 1031, 738; HRMS
(ESI¥) Caled for C14H11N20 (M+H*) 223.0871, Found 223.0871.

6-Methyl-6-phenyl-6,8-dihydro-5H-tetrazolo[5,1-c][1,4]oxazine (2Qq).

Reaction conditions: CuBr; (10 mol%), N
4,7-dimethoxy-1,10-phenanthroline (12 mol%), (‘BuO), (2.6 equiv), N ﬁ Ph
100 °C, 6 h. N

44%, pale yellow solid, purification: silica gel column chromatography
(hexane/ethyl acetate = 1/1), TLC (hexane/ethyl acetate = 1/1): R¢ = 0.45, 'H NMR
(500 MHz, CDCls) § 1.70 (s, 3H), 4.47 (d, /= 13.4 Hz, 1H), 4.74 (d, J = 16.6 Hz, 1H),
5.09 (d, J=13.4 Hz, 1H), 5.11 (d, J= 16.6 Hz, 1H), 7.27-7.40 (m, 5H); 13C NMR (125
MHz, CDCls) § 27.5, 51.8, 57.9, 75.5, 125.3, 128.8, 129.2, 138.5, 149.1; IR (neat, v /
cml) 2981, 1448, 1380, 1346, 1295, 1158, 1065, 836, 765, 701; HRMS (ESI*) Calcd
for C11H12N4ONa (M+Na*) 239.0909, Found 239.0915.

3-Methyl-3-phenyl-3,4-dihydro-[1,4]oxazino[3,4-b]quinazolin-6(1H)-one (2r).

Reaction conditions: CuBr; (5.0 mol%), o)

4,7-dimethoxy-1,10-phenanthroline (6.0 mol%), (‘BuO), (1.3 equiv), ©\)J\N/\Aph
100 °C, 12 h. N/)\/O

49%, pale yellow solid, purification: silica gel column chromatography
(hexane/ethyl acetate = 1/2), TLC (hexane/ethyl acetate = 1/1): Re = 0.39, 'H NMR
(500 MHz, CDCl3) § 1.66 (s, 3H), 3.96 (d, /= 14.4 Hz, 1H), 4.58 (d, /= 16.9 Hz, 1H),
4.82 (d, J=16.9 Hz, 1H), 5.01 (d, /= 14.4 Hz, 1H), 7.24-7.29 (m, 1H), 7.30-7.38 (m,
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4H), 7.45 (td, J= 7.4, 1.2 Hz, 1H), 7.53 (d, J= 8.0 Hz, 1H), 7.71 (td, J= 6.9, 1.1 Hz,
1H), 8.29 (dd, J = 8.0, 1.1 Hz, 1H); 13C NMR (125 MHz, CDCls) & 28.7, 46.8, 63.4,
75.7, 120.3, 125.3 (20), 126.5, 126.6, 126.8, 128.1, 129.1 (2C), 134.6, 140.3, 147.1,
150.8, 161.2; IR (neat, v/ cm™) 3442, 1673, 1600, 1469, 1335, 1088, 765, 699; HRMS
(EST¥) Calcd for CisHi6N202Na (M+Na*) 315.1109, Found 315.1099.

3,3-Dimethyl-3,4-dihydro-[1,4]oxazino[3,4-b]quinazolin-6(1H)-one (2s).

Reaction conditions: CuBr; (5.0 mol%), 0]
4,7-dimethoxy-1,10-phenanthroline (6.0 mol%), (‘Bu0O), (1.3 equiv), N/\F
100 °C, 12 h. N/)\/O
50%, white solid, purification: silica gel column chromatography (hexane/ethyl
acetate = 1/2), TLC (hexane/ethyl acetate = 1/2): R¢ = 0.53, 'H NMR (400 MHz,
CDCl») 5 1.39 (s, 6H), 3.94 (s, 2H), 4.78 (s, 2H), 7.47 (dd, J= 8.0, 8.0 Hz, 1H), 7.62 (d,
J = 8.0 Hz, 1H), 7.75 (dd, J = 8.0 Hz, 1H), 8.29 (d, J = 8.0 Hz, 1H); 13C NMR (125
MHz, CDCls) §24.7 (2C), 49.3, 62.9, 71.3, 120.5, 126.5, 126.7, 126.8, 134.6, 147.2,
151.0, 161.5; IR (neat, v/ cm™) 3420, 1671, 1596, 1475, 1381, 1323, 1215, 1163, 1102,
770, 697; HRMS (ESI*) Caled for CisHi1aN20:Na (M+Na*) 253.0953, Found
253.0956.

3-Methyl-3,4-dihydro-1H-benzo[4,5]imidazo[2,1-c][1,4]oxazine (2t).
Reaction conditions: CuBr, (10 mol%), 4,7-dimethoxy -1,10-phenanthroline

(12 mol%), (‘BuO), (2.6 equiv), 100 °C, 4 h. N O
40%, pale yellow solid, purification: silica gel column ©:N/>’J

chromatography (hexane/ethyl acetate = 1/2), TLC (hexane/ethyl

acetate = 1/2): Re = 0.18, 'H NMR (500 MHz, CDCls) § 1.47 (d, /= 6.3 Hz, 3H), 3.81
(dd, J=10.4, 10.4 Hz, 1H), 4.05-4.15 (m, 2H), 4.96 (d, J= 16.1 Hz, 1H), 5.15 (d, J=
16.1 Hz, 1H), 7.23-7.33 (m, 3H), 7.71 (dd, J/= 6.3, 2.3 Hz, 1H); 13C NMR (125 MHz,
CDCls) 8 18.7, 47.9, 64.9, 70.1, 108.7, 119.4, 122.3, 122.6, 133.8, 142.7, 147.8; IR
(neat, v/ cm) 2872, 1480, 1424, 1329, 1280, 1097, 862, 744; HRMS (ESI*) Calcd for
C1uH1sN20 (M+H*) 189.1028, Found 189.1021.
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3,4-Dihydro-1H-benzo[4,5]imidazo[2,1-c][1,4]oxazine (2u).

Reaction conditions: CuBr (10 mol%), 5,6-dimethyl-1,10-phenanthroline (12 [’\O
mol%), (BuO), (2.6 equiv), 100 °C, 4 h. @N/}J
24%, pale yellow solid, purification: silica gel column N
chromatography (hexane/ethyl acetate = 1/3), TLC (hexane/ethyl acetate = 1/1): R¢
= 0.10, '"H NMR (500 MHz, CDCls) & 4.15-4.23 (m, 4H), 5.04 (s, 2H), 7.27-7.36 (m,
3H), 7.70-7.75 (m, 1H); 13C NMR (125 MHz, CDCls) § 42.0, 64.0, 65.5, 108.7, 119.5,
122.3, 122.6, 134.0, 142.7, 147.8; IR (neat, v / cm') 2923, 1523, 1451, 1373, 1321,
1096, 984, 920, 878, 745; HRMS (ESI*) Caled for CioHuN:0 (M+H*) 175.0871,
Found 175.0865.

Gram-scale procedure for copper-catalyzed C(sp3)-H alkoxylation. A mixture of
2-(2-methyl-1 H-benzoldlimidazol-1-y1)-1,1-diphenylethanol (1a, 1.64 g, 5.00 mmol),
CuBr (35.9 mg, 0.25 mmol), 5,6-dimethyl-1,10-phenanthroline (62.5 mg, 0.300
mmol), (‘Bu0): (0.950 g, 6.50 mmol), and chlorobenzene (50 mL) was stirred at
100 °C for 6 h. Then, the solvent was removed in vacuo and the product was isolated
by column chromatography on silica gel (hexane/ethyl acetate = 1/1) to give
3,3-diphenyl-3,4-dihydro-1H-benzol4,5limidazo[2,1-cl[1,4]loxazine 2a (1.37 g, 84%
yield).

Typical procedure for intermolecular alkoxylation. A  mixture of
1,2-dimethyl-1H-benzo[dlimidazole?' (4, 18.3 mg, 0.125 mmol), 2-phenylethyl
alcohol (6b, 30.5 mg, 0.250 mmol), CuBr (3.6 mg, 25.0 umol),
5,6-dimethyl-1,10-phenanthroline (6.2 mg, 30.0 umol), (‘BuO): (73.3 mg, 0.501
mmol), and chlorobenzene (2.50 mL) was stirred at 100 °C for 3 h in a sealed tube.
Then, the solvent was removed in vacuo and the product was isolated by column
chromatography on silica gel (hexane/ethyl acetate = 1/2) to give 6b (12.2 mg, 37%
yield).
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2-(Butoxymethyl)-1-methyl-1H-benzo[d]imidazole (6a).

33%, yellow oil, purification: silica gel column /
chromatography (hexane/ethyl acetate = 1/2), TLC @:N/>—\ 4/—/
(hexane/ethyl acetate = 1/1): Re = 0.30, 'H NMR (500 MHz, N ©

CDCls) 6 0.89 (t, J= 7.5 Hz, 3H), 1.35 (q, J="7.5 Hz, 2H), 1.54-1.61 (m, 2H), 3.50 (¢,
J= 6.6 Hz, 2H), 3.86 (s, 3H), 4.80 (s, 2H), 7.26-7.33 (m, 2H), 7.35 (d, J= 7.5 Hz, 1H),
7.75 (d, /= 8.1 Hz, 1H); 13C NMR (125 MHz, CDCls) § 13.8, 19.2, 27.4, 31.6, 65.7,
70.5, 109.2, 119.9, 122.1, 122.9, 136.3, 142.2, 191.0; IR (KBr, v / cm') 2957, 2870,
1617, 1477, 1398, 1333, 1238, 1096, 1005, 741; HRMS (ESI*) Calcd for CisH19N20
(M+H*) 219.1497, Found 219.1501.

1-Methyl-2-(phenethoxymethyl)-1H-benzo[d]imidazole (6b).

37%, yellow solid, purification: silica gel column /
chromatography (hexane/ethyl acetate = 1/1), TLC @:N/>—\ _/—Ph
(hexane/ethyl acetate = 1/1): Rr= 0.13, 'H NMR (400 MHz, N ©

CDCl») § 2.85 (t, = 6.7 Hz, 2H), 3.56 (s, 3H), 3.71 (t, J = 6.7 Hz, 2H), 4.77 (s, 2H),
7.08-7.31 (m, 8H), 7.71 (d, /= 7.8 Hz, 1H); 13C NMR (125 MHz, CDCl») § 29.8, 36.1,
65.7, 71.1, 109.3, 119.9, 122.1, 122.9, 126.2, 128.3 (20), 128.8 (20), 136.2, 138.8,
142.1, 150.6; IR (neat, v/ cm™) 2936, 1705, 1477, 1397, 1333, 1097, 743, 700; HRMS
(ESI*) Caled for C17H1sN20 (M+H*) 267.1497, Found 267.1496.

3-Methyl-2-(phenethoxymethyl)quinazolin-4(3H)-one (8).

30%, yellow solid, purification: silica gel column o)
chromatography (hexane/ethyl acetate = 1/1), TLC @fLN/
(hexane/ethyl acetate = 1/1): R = 0.45, 'H NMR (500 N/)\/O\/\Ph
MHz, CDCls) 6 2.92 (t, J= 8.6 Hz, 2H), 3.52 (s, 3H), 3.82 (t, /= 8.6 Hz, 4.61 (s, 2H),
7.15-7.29 (m, 5H), 7.49 (dt, J= 1.8, 8.6 Hz, 1H), 7.67 (d, J=10.9 Hz, 1H), 7.74 (dt, J
= 1.7, 10.9 Hz, 1H), 8.27 (d, /= 10.3 Hz, 1H); 13C NMR (125 MHz, CDCls) § 30.4,
36.2, 71.7, 72.7, 120.9, 126.4, 126.7, 127.2, 127.3, 128.4 (2C), 128.8 (2C), 134.1, 138 4,

146.8, 152.7, 162.4; IR (neat, v/ cm™) 2924, 1679, 1603, 1474, 1367, 1107, 776, 698,
611; HRMS (ESI*) Caled for C1sH19N202 (M+H*) 295.1447, Found 295.1433.
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1,1-Diphenyl-2-(2-(((2,2,6,6-tetramethyl-1-piperidinyl)oxy)methyl)-1H-benzo[d]imidazol-1
-yl)ethanol (3).

45%, pale yellow solid, purification: silica gel column Ph b
chromatography (hexane/ethyl acetate = 1/1), TLC OH
(hexane/ethyl acetate = 1/1): Re = 0.45, 'H NMR (500 MHz, @EN/

CDCly) §0.92 (s, 6H), 1.14 (s, 6H), 1.20-1.55 (m, 6H), 3.88 N~ ON

(s, 1H), 4.76 (s, 2H), 5.13 (s, 2H), 6.39 (d, J= 7.8 Hz, 1H),

6.89 (dd, J= 7.8, 7.8 Hz, 1H), 7.10 (dd, /= 7.8, 7.8 Hz, 1H), 7.20-7.39 (m, 10H), 7.67
(d, J="7.8 Hz, 1H); 13C NMR (125 MHz, CDCls) § 16.9, 20.2 (4C), 33.1 (2C), 39.8 (20),
54.9, 60.1, 72.6, 111.2, 119.6, 121.7, 122.4, 126.4 (4C), 127.6 (2C), 128.4 (4C), 136.1,
142.0, 145.4 (20), 151.2; IR (neat, v/ cm™) 3191, 2932, 1463, 1415, 1361, 1242, 1132,
1030, 752, 700; HRMS (ESI*) Calcd for CsiHssNsO: (M+H*') 484.2964, Found

484.2986.

Asymmetric alkoxylation reaction A mixture of
2-(2-ethyl-1 H-benzoldlimidazol-1-yl)-1,1-bis(4-fluorophenyl)ethanol (11, 23.7 mg,
62.6 umol), CuBr: (1.4 mg, 6.3 umol), (-)-spartaine (1.8 mg, 7.7 umol), (‘BuO): (23.8
mg, 0.163 mmol), and chlorobenzene (1.25 mL) was stirred at 100 °C for 12 h in a
sealed tube. Then, the solvent was removed in vacuo and the product was isolated
by column chromatography on silica gel (hexane/ethyl acetate = 1/1) to give 21* (3.4
mg, 14% yield). The enantiomeric excesses (11% ee) were determined by HPLC analysis on a
CHIRAPAK AD-H column (hexane/ethanol = 12/1) with retention time; 6.92 min (minor), 34.4

min (major).
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TNha—LEEELE L THWDEEN CH 7L ax ARG ORFFEICE D A,
fib i A VN2 7 — LD Clsp2)-H 7L ax ALK RE L ONT e B{bEWm o~
AL C(spd)-H 7V 2 F ALEUG O BHFSIZ R LT,

W RGN X 5 T = VO TN KOV 1R C(sp?)-H TV a ALK
JRIZOWTHR R, RERITEBGRBMEIC L2 ~T n FRILEWOBEEN
C(sp)-H 7 ax i Meog)db ToflTh 5, FiRE LTE, JUSICHWDEREDT L=
—nfbFEwE (1 488) TRVl BMEEnEE LN L Thd, ik, 7
V' — LD C-H BRSPS T EEZ AW LR LN TWaRN, ACH 7 /vax
MBI W TR Z DR WSR2 R L2 2 L~ L e o7, 723,
FOSFRHICH I 2 0 2 73561203, BB b 722 B b ROS I ROSTE RN SERIZE 0 b 5
& BLRERWLE R S5 TV 5,

BT T, 7V a— V2 EE L LTHWDAT B bEm Do~ VL
AL C(sp®)-H 7 v a X ALISIZ DWW TRz, Bk & LTE, ~T a5 H/EROR VL
AEBIRAICHETT L, RUB VRO DAL TIIRIS L2RWZ & Bl m R0 o 7 v
A= WD BRIV & T F VB OREGS L ONE TS EITT 5 2 &2
ZFohb, EEAKIGOISHE LT, V7 LA — )L TCOEKRNPAIRETHDLZ L, 7
FRRISICHEHTE D Z L Z2FGE LT,

AKERFT =T NEEZHT DBV OERIH T TiEmERET DO THY |
SBITEE S R, et BSOS RIS SN D Z L2 LT D
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KB EAT 92T | KIAHIREE /2 258 L HIRE A 50 £ Uiz, R KRFRF
BEs o p i s Rt gdZ  SIREAEIC O SIEHT S & L bic, ESHLBL B ET,

FIARFRAEATOICHI- 0, EEMEEE, #5200 £ L, FORFPRERIEY:
RHFFER ERATO Ym v =7 Mt/ v —7 1 — & — (WHRAY)  HREHE—RRE
AL IV EFHWTE LET,

KR OME % 5 2 THE £ L, RERIEKRASHE ERMFET T 2o — BN
b, ERLEET T cn— A)IEEL REE IR R EE L,
RBRE—MRFTRIFTE  %EECER LD X0 IEEh - LET,

FEEBRICER LA 72 TS 2 W& F Lo, BURRFPR PRI R ERERR A%
Bl FOR KPR SRR AREZBE L R R REGEE R
JERIBIE EKTPEAE L, RO R R SER  CREST FHTMIEE KR
i LI O L VSTV L ET,

AW S, B 8 x £ Uie, BOR KRB R SR A s A i b =
DOERR, JST-ERATO &Sty 1AM~ 1 v = 7 h OERICEH - LE T,

AR, AR EAT O DT 0 | IR L 1 ) % L C L T2 EH OFIRIT L 5K
- LET,

2014 4£ 6 H
AT AEAE
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