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abs absorbance

Ac acetyl

aq. aqueous

Ar aryl

Bu butyl

Bz benzoyl

conc. concentrated

DART direct analysis in real time
DCE 1,2-dichloroethane

DFT density functional theory
DME 1,2-dimethoxyethane
DMF N, N-dimethylformamide
DMSO dimethylsulfoxide

em emission

eq equivalent

ESI electrospray ionization

Et ethyl

FT Fourier transform

h hour

HOMO highest occupied molecular orbital
IR infrared

LUMO lowest unoccupied molecular orbital
m-CPBA mr-chloroperbenzoic acid
Me methyl

Ms methanesulfonyl

MS mass spectrometry

MS4A molecular sieves 4A

NMP N-methylpyrrolidone
NMR nuclear magnetic resonance
Ph phenyl

phen phenanthroline

ppm parts per million

Py pyridyl

TBA tetrabutylammonium



TBHP
TD-DFT
TG-DTA
THF
TLC

Ts
UV-Vis

tbutyl hydroperoxide

time-dependent density functional theory
thermogravimetry-differential thermal analysis
tetrahydrofuran

thin-layer chromatography

ptoluenesulfonyl

ultraviolet-visible
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B1E ~TouFEREEW N3 XY F-BFCF: 85K DAL
11 HR

U DUVER, XU VR, BIOZOHEKROEER~T 0 HFERIT. KW, EERLO
BEREPMERM B DB & L CHEFICEETH D 19, FEHRAT v HFEFRITHT HALERRA
FOSE, fix OFEREZDRINCART D10 TH Y | 2 (ICEHRIEZE A 5 ik
E LT, BEZB~ATuEERILAED NAXY RERER OGN HEL MHAMERTWD
(Scheme 1-1)9, GHEFZ~T 0 HEFHRILAEYW NAF RO S 572 55REFHRTEMIES L
TIE, TIUNERANVKR=VEOEANLHINTEBY, 7, =/ =), T4 =)L,
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It xT OR  x O R 2o SNP SN
o- \[r 2
o 0o Nu = NRR', OR, SR, CH(CO,R),, CN

Scheme 1-1. General approach to 2-position-selective functionalizations of pyridine and

quinoline N-oxides and their derivatives

Bl 21X, Baran HIZ K> T, ZFER~T v FHFRILED NAF2 RO 2 (LRI 7 1
EALAHE STV S (Scheme 1-2)9, 1HMEALA & L THAK Mo V@ z Hvnd 2 & T, bk
FIBREEHI T 2 BALA 4> & DTSN EITLTEY . ARSI~ OBE#RLE2 9
LH5X% 7V NFIFXFVR AVX )V NEXU REVSTEFRREMER LT-EEFRE~T 1
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¥ NAF Y ROTEHEAEOREBE TR X 7 U v NAF 2 ROTEHELIRIC R TR N 29,
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TBABr (1.5 eq)

R Ts,0 (1.5 eq) /R \/\R 0 AC \/\R
i s MS4A | q,l P (\,l
_ Z — N Br N” " Br

NZ  CH,CI, (0.01 M) NT N" Br
+ .
& 2 6. OTs 35-97% 92% 0%
- Ts (11 entries) (23 entries)
OMe
s
S
Z NN
Br  PhO,S g
50-97% 65%
(5 entries)

Scheme 1-2. Regioselective bromination of fused heterocyclic N-oxides reported by

Baran group
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A B c D E F G H
~0.61
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Figure 1-1. Comparison of LUMO levels of several pyridine derivatives (BSLYP/6-31G*



for A; BSLYP/6-31+G* for B, C, D, F, G, and H; BSLYP/LAV3P+* for E)

13 vU Iy NEXY F-RT VRO SRR

4-T7z= YTV NAFXFV REREE L, xR T7 ViR EE/R LTz, 47 ==/
v U Y N % R-BFeCFs $5R D& ik % 773 (Scheme 1-3), HiilROHZ Y 7 A Y 7)1
FuAFN Y 7t aRb— b 112 BFs OEt: 2 G S8, 5 *TBR@%OM&%%%
WL, 47=2=1Y Yy NAXFY F@a)asdtEbZ &z ARFIZR G T CHBY
& T DA 4a 8 89%DINRTH LN, FT-, KA&%177Axﬁ~w BWTH, [
FEDIFH(92%) THATT 2 Z & MR S iz,

Ph
BF;-OEt, 4-Ph-pyridine N-oxide
(1.1 eq) 3a | =
K[BF3CF3] —_— BF2CF3‘OEt2 ' P/
1 CH,Cl, 2 25°C,1h N+
25 °C, 20 min in si O.g
(1.1eq) ’ in situ BF,CF;
4a

89% (145 mg)
92% (1.17 g)

Scheme 1-3. Preparation of 4-phenylpyridine N-oxide-BF2CFs complex 4a

BLRIZENZ 212, R T v BFCFs 132X Cofigd 5 Dloxt L, 85K 4a 13255 CIER
WCEETHY, DRBEIC LD BLBC U TNV T DMK DN ARETH D Z &N
bhrot= D, JFE 8a IXEBIE LAY TH D DIZK L, 5K 4a XS LA THY . ¥
sun AL o RBIREEELE L2 U B PN BT 2RI LY . mMEOLEMRE bz,
ANE Y R T LRICBWTHIRH S E LS Z EITAIEETH - 7223, 9F I LN 1B NMR
REICL D, TLC THEGR TE RWIEEE 1 ICHRT 2 M H3 0B T & TV 2 & D3RR
STz, 81K 4a 13, D 7e< EBFEKRIREET 3 » A, THF-ds 35 L 1Y CDsCN #&#H ¢ 2 i
XM L7202 L 2R LTV 5,

Bk 4a O TH NMR JIEI2 XV, Ba bk _RTHEFR EOT 1 b UASKHET D v 7 Fum
BRGY 7 P LTS Z NN, VU VVEBENLVEFREICRSTND I EIUR
e E 7z, 19F NMR HIEIZ LY, BFCFELD 2 FiD 7 » RISk T DRk 2:3 D
7 AR Sz, 1B NMR JIEIZ LY. BFCF DR U RIS T 5> 7 i
BHEh, ZoFy 7 ME@G 0.61 ppm) LV, AL —hTHDHZ ENRXFFEINTZ,

[FER DIV T, Hix DRT & 8a & DSKRDOA R Z ML 7= (Figure 1-2), ~ U 7/v
Fu AFNIER—T A v TV F L LB L7 BF2CF2CFs 88K (5), /R—7 41~
x =V LR U 7e BF2CeFs 8514(6). BF2(p-CF3CeF)SEAR(T), 3 XU BF: K@) DU
THH, FAROTGIETHELND Z & BRISERD H, 19F, B3 X 1BNMR #IEIZ LY
MR TET, —FH, NI TIAFRATFARKEATAR, 7=V B 1-~F v =1
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Figure 1-2. Relative stability of several 4-phenylpyridine N-oxide-borane complexes
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Table 1-1. Synthesis of various pyridine and quinoline N-oxide-BF:CF3 complexes

R
rf;\ s
v
L}:/ N/
BF,-OEt, 0 PN
(1.1 eq) 3 N
K[BF3CF3] —_— lBFzCF3'OEt2] b\‘;r N/
1 CH,CI, 2 25°C,1-24h 6+—
(1.1 eq) 25 °C, 20 min in situ “BF,CF3
4
R R= H 4b 93% /@ m Phﬁ
S NMe, 4c 83% Me” “N% Me N7 N7
- - ]
r;ﬁ OMe 4d 86% O‘BFZCF:, O‘BFZCF3 “BF,CF,
°~,§F2CF3 Me 4e 85% 4h 68% 4i 82% 4j 94%
Cl 4 81% O
CF; 4g 54%  ph” “N7
|
O‘BFZCF3
4k 85% 4l 84% 4m 69%
= 0,
Rm R H 4n 90% [Oj mMe
OMe 40 89% <
e ° \ e
- M 4p 849 -
O\BcmFs ° P 84% | o‘BFZCFa
cl 4q 96% z 4w 68%
':l+
0, -
Br ar T77% O‘BF20F3 | X
CO,Me 4s 74% av 31% N
+
]
Phil 4t 86% Me 0~§F2CF3
Ph——+%- 4u 72% 4x 53%

B ORX U UHEEERLSMNT, fEx OGER~T v EEFERICAEY NI XY REEE
ELTHWESEAICS, FROTECT, A VX7V UFHEK 4y, 7o RV VU8
Kz, 77 VP FEK 4aa, XV (B Y VB (K 4ab, 7 =) b r U U RBEAK 4ac,
TH T UHEIK 4ad, BU 2V UFFEIK 4ae, MEBRE Y U ibiEK(4af, 4ag). BLOA
2 H Y — )LihiE K (4ah, 4ai) )35 H 7= (Table 1-2),

—J7. Figure 1-3 |Z/R"7 %/ 5%V UFEK, 7V UFER BIOE Y XV U FE
KIZ, SOSIERIRO TH, ¥YF, BX OB NMR AIEIC X 0RO AKITMR T8, v
ATNTTT DK R DO~T v FEFICEY NI XY R~L5fRd 52 L5 TLC I2X
DR CE 7o, BHEICL X0, — I, X/ XV VL BTV BB F VY
OHIEMEF, BV U0k 2 U AR TERY, ZORRIY, ~T e FERILEYw N4
X3 R-BF2CFs $ERDZEEMIT. RT o DA ZABPEE T TR . ~T u BEFRILEY
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Table 1-2. Synthesis of various heterocyclic N-oxide-BF2CF3 complexes

Heteroaromatic

BF;-OEt, N-oxide
(1.1 eq) 3 .
K[BF;CF;] —— 3 [ BF,CF-OEt, l "\",ete.rga';;’gtl'f
1 CH,Cl, 2 25°C,1-24h -oxide-BFabTs
(1.1 eq) 25°C, 20 min in situ 4
I + N P
AN I N
(o] N+
- N3 o. -
BF,CF; o. - “BF,CF,
“BF,CF,
4y 60% 4z 74% 4aa 69% 4ab 89%
N
CICh. Q <1
':l+ Ph N T:l+
N -
2 Bcmp3 BFzCF3 O-gr CFy T O‘BFZCF3
4ac 10% 4ad 29% 4ae 87% 4af 75%
o Ph, Me Ph, Me
Ph S N N
. T3 T
'y e e CO,M
0 - - - Ve
"BF,CF3 O-BF,CF, O-BF,CF,
4ag 90% 4ah 82% 4ai 91%

@1 @f”e (2 ,,hm CH

o\_
BFZCF3 BFZCF3 O-5 “BF,CF; BF2CF3 BF,CF;
Figure 1-3. Decomposed heterocyclic MN-oxide-BF:CF3 complexes by silica-gel
chromatography
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ETHIENTE, 727V Yy NAFY ROBEFR I, BF:CFs O7F 7 FFIZEANL
LTCWD Z DRI NI AR 4daa 1T 1T D8 U RIRT & FERET O AR 1.514
AThHo, —r7e B-O BACREAIC R, 2 D EW 2 & Rbhro7=(e.g., B-O in BFs
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Figure 1-4. ORTEP drawing of acridine N-oxide-BF2CF3 complex 4aa (50% probability

for thermal ellipsoids. Hydrogen atoms are omitted for clarity.)

TG-DTA 5312 £ 0 | G b ile~T v FHFEFRLEY N4 2 F-BF2CFs $5A DB 22 7E
PRI L7c, TORE. A7 O A RA@BMEE RO DL EIZEY . ~T e &R LAY
N-F3% 2 F-BF2CF3 5K DB L EMED M L35 Z Ldbinolc, 47 ==LV EY TV N
Z % R-BFeCFs $51K 4a OEM AT 162 CTHLDITH L, L0 ILA ABRED EWR
7 v T % BFCFCF3 &k 5 OEV iR ST 275 CThHh -T2, I BT, ~T aFERILA
W NFx2 RO AR AZEDDLZ LIk > Th, ~TuHFERILAEY NAX2 R
—BFoCFs 85RO 2BV N 8 325 2 N binotz, B Y N4 %3 R-BF:CFs${k
b OEESIL 189 CTH L DI L, B GHEHRETH LA TFAT I ) KEFT
LB YV NAF T R-BF2CFs ${k 4c D #EAIL 176 CThH T,

fix DY Py NAXY F-RT7 U8R NBO HEICE Y | fAER L ORAKREDH
FECTd % Wiberg bond index # fAE S > 72/ H. O-B i Wiberg bond index |34 7
DIVA ABRERFE EDICONTREL 2D Z ERbD o7 (Table 1-3), Ziud, 4-7 ==L
UV NAFY R-RT UK 8, 4a BL N5 OLZEMEFMEOMEEZ LRFLTHD LN
25,

Table 1-3. Selected bond lengths and the Wiberg bond indices of pyridine MN-oxide

complex with various boranes#

bond lengths [A] Wiberg bond index
compound

N-O O-B N-O O-B
PyO-BF3 1.34770 1.568717 1.0359 0.4711
PyO-BF2CF3 1.35253 1.55893 1.0292 0.5226
PyO-BF2C2F5 1.35235 1.55710 1.0290 0.5304

a Calculated at the MP2/6-31+G(d) level.



tat 4a © THF IEIERTPICBT DA 7V v 7R Z A N —HEICLY, E—2 &
N-1.87 V OARA[HY 728 T A B S, LUMO = /L X —¥E(713-3.30 eV TH D L H
H & 7= (Figure 1-5)9, Figure 1-1 (2R L72 L 91, DFTHEICL Y AL -7 Vv
N-A % R-BFeCF3#K0 LUMO = 3L ¥ —%Ef713-3.28eV TH Y 47 ==L EY Vv
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BF:CF; L6952 & T, HEER EOBFZHMENR ELTND Z ENIFFI N 6,
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Figure 1-5. Cyclic voltammogram of 4a in THF

1-6 /iR
BEFOFIBEZ L B8 ) VU EROIEMELIZH S, S HITREFIRIEE LR E LT,

~T 0 EEFECEY N4 %2 R-BFCFs 8tk z M L7z, RMEEaWRHL, ~7 v 5 EFiREb
B NAFY Rn, WBMREET. SVWERETFAMETHED Z LR TH D . ki
ERV U BT NT T ML D BB A RERIZERETHDH I EBbroTz, £z, A
7 v BF2CFs D@\ LA ZAFBPEIZ LY AT m EHR EREFICEFARRIZR> TS L
25, IH NMR O I N7 bRV A7 U w7 AVE oA Y —RIEIC K DETTEMND
XFrSnTz, AMEEVOEVKREFEELIEHNT 22 LIk, ZNETIEARRETH
STEFRVREER & DRINIZ L D, SR EERA~T O FROARP AREIC /e 5 & WfFS
N5,

Experimental

General. All reactions were carried out in a dry solvent under an argon atmosphere.
Potassium trifluoro(trifluoromethyl)borate was purchased from Tokyo Chemical
Industry Co., Ltd. Known heteroaromatic N-oxides 3gl?, 3i1V, 3j12, 3k13), 3113, 3q°, 3rd,
3s4, 3v1®, 3w, 3x17, 3ac?, 3ad!®, 3ael?, 3af20, 3ah2V, 3ai??, and potassium
trifluoro(perfluorophenyl)borate2? were prepared according to the literature methods
and 1dentified by comparing these spectroscopic data with those of reported data. Other

reagents and heteroaromatic compounds were purchased from commercial sources and

10



used without further purification unless otherwise noted. Column chromatography was
performed with silica gel (230-400 mesh ASTM). NMR spectra were recorded on JEOL
JNM-ECX500 (500 MHz for 'H NMR and 125 MHz for 3C NMR) and JEOL
JNM-ECS400 (400 MHz for 'H NMR, 125 MHz for 13C NMR, 368 MHz for 19F NMR, and
125 MHz for "B NMR) spectrometers. Proton and carbon chemical shifts are reported
relative to the solvent used as an internal reference. Fluorine and boron chemical shifts
are reported relative to trifluoroacetic acid (§ -76.55 ppm) and BFs-OEt2 (5 0.00 ppm) as
an external reference, respectively. Infrared (IR) spectra were recorded on a JASCO
FT/IR 410 Fourier transform infrared spectrophotometer. ESI-MS spectra and
DART-MS spectra were measured on a JEOL JMS-T100LC AccuTOF spectrometer for
HRMS. Single crystal X-ray structure analysis was performed on a Rigaku R-AXIS
RAPID II imaging plate area detector with graphite-monochromated Cu-Ka radiation.
TG-DTA analysis was performed on a SHIMADZU DTG-60/60H system. Cyclic
voltammetry (CV) was performed on an ALS/CHI-617A electrochemical analyzer. The
CV cell consisted of a glassy carbon electrode, a Pt wire counter electrode, and an
Ag/AgNOs reference electrode. The measurements were carried out under an argon
atmosphere using a THF solution of sample with a concentration of 1.0 mM and 0.10 M
tetrabutylammonium hexafluorophosphate (BusNPF¢) as a supporting electrolyte. The

reduction potentials were calibrated with a ferrocene/ferrocenium ion couple.

Preparation of (£)-6-styrylquinoline.

A mixture of 6-bromoquinoline (2.08 g, 10.0 mmol), styrene (1.25 g, 12.0 mmol),
potassium carbonate (5.10 g, 36.9 mmol), PdCl2(PPhs)2 (250 mg, 0.356 mmol), and DMF
(9.1 mL) was heated at 160 °C for 24 h. Then the reaction mixture was filtered through
a pad of Celite, evaporated in vacuo, and purified by column chromatography on silica

gel (hexane/ethyl acetate = 3/1) to afford the title compound.

(B)-6-Styrylquinoline. 88% yield; yellow solid; Rf = 0.20 Ph

(hexane/ethyl acetate = 3/1); 'TH NMR (400 MHz, CDCls) & \/\©\/\j
7.28-7.32 (m, 3H), 7.38-7.42 (m, 3H), 7.57 (d, J= 7.9 Hz, 2H), 7.84 N
(d, J=2.2 Hz, 1H), 7.99 (dd, J= 8.8, 2.2 Hz, 1H), 8.10 (d, J= 8.8 Hz, 1H), 8.16 (d, J= 8.8
Hz, 1H), 8.87 (dd, /= 4.0, 1.8 Hz, 1H); 13C NMR (100 MHz, CDCls) § 121.5, 126.0, 126.7,
127.3, 127.8, 128.0, 128.6, 128.8, 129.7, 130.2, 135.6, 136.0, 137.0, 148.0, 150.1; IR (KBr,
v/cm™) 1568, 1498, 1362, 1117, 1075, 962, 890, 799, 753, 693; HRMS (DART) Calcd for
Ci7H14N+ [M+H+] 232.1121, Found 232.1129.
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Preparation of 6-(phenylethynyl)quinoline.

To a solution of 6-bromoquinoline (2.08 g, 10.0 mmol) in EtsN (25.0 mL) was added
PdCla(PPhs)s (35.1 mg, 0.0500 mmol) and Cul (19.1 mg, 0.100 mmol), and the mixture
was stirred for 15 min. Ethynylbenzene (1.32 mL, 12.0 mmol) was added, and the
mixture was stirred at 25 °C. After the reaction was completed, white precipitates were
filtered through a pad of Celite, and the filtrate was concentrated under reduced
pressure. Water (20 mL) was added, and the mixture was extracted with diethyl ether (3
x 20 mL). The combined organic layer was washed with brine, dried over anhydrous
Na2S0y4, and concentrated under reduced pressure. The product was purified by column

chromatography on silica gel (hexane/ethyl acetate = 15/1) to give the title compound.

6-(Phenylethynyl)quinoline. 97% yield; white solid; Rf = 0.26 Ph

(hexane/ethyl acetate = 3/1); 'TH NMR (400 MHz, CDCls) & X N
7.36-7.40 (m, 4H), 7.57-7.60 (m, 2H), 7.82 (dd, J = 8.5, 1.8 Hz, N7
1H), 8.03 (d, J= 1.8 Hz, 1H), 8.08 (d, J= 8.5 Hz, 1H), 8.14 (d, J=

8.5 Hz, 1H), 8.92 (dd, /= 4.0, 1.8 Hz, 1H); 13C NMR (125 MHz, CDCls) § 89.1, 90.7, 121.6,
121.7, 123.0, 128.0, 128.5, 128.6, 129.6, 131.1, 131.7, 132.2, 125.7, 147.7, 150.9; IR (KBr,
v/ em) 1371, 1128, 1070, 955, 919, 887, 839, 799, 758, 690; HRMS (DART) Calcd for
C17H12N+ [M+H+] 230.0964, Found 230.0976.

General procedure for preparation of heteroaromatic N-oxides.

Method A: To a 0 °C solution of a pyridine derivative (1.0 equiv) in CH2Cl: (0.5 M) was
added m-CPBA (77%, 1.0 equiv) and the mixture was stirred at 25 °C for 1-24 h. After
the reaction mixture was diluted with CH2Cls, powdered potassium carbonate (1.5
equiv) was added to the reaction mixture, and the mixture was stirred for 1 h. Insoluble
solid was filtered off through a pad of Celite, washed with CH2Clz2, and then the solvent
was removed under reduced pressure. The crude product was purified by column
chromatography on silica gel (CH2Cle/MeOH = 10/1) to give the corresponding N-oxide

of the pyridine derivative.

Method B: To a solution of a pyridine derivative (1.0 equiv) in CH2Cl: (1.0 M) was
successively added MeReOs (0.030 equiv) and aqueous hydrogen peroxide (30 wt%, 2.0
equiv), and then the mixture was stirred at 25 °C for 12 h. After excess amount of
hydrogen peroxide was quenched with MnOgz, the reaction mixture was diluted with
CH:Clz2 and water. The layers were separated, and the organic layer was dried over

sodium sulfate, filtered and concentrated under reduced pressure. The crude product

12



was purified by column chromatography on silica gel (CHzCloe/MeOH = 10/1) to give the

corresponding N-oxide of the pyridine derivative.

6-Methylquinoline 1-oxide (8p). 81% yield (Method A); white solid; Rt pe N
= 0.10 (ethyl acetate); 1H NMR (500 MHz, CDCls) & 2.55 (s, 3H), 7.38 \@(j
(dd, J=5.7, 5.7 Hz, 1H), 7.59 (s, 1H), 7.60 (d, J= 5.7 Hz, 1H), 7.69 (d, (’:;j
J=8.9 Hz, 1H), 8.64 (d, J= 5.7 Hz, 1H), 8.72 (d, J= 8.9 Hz, 1H); 13C

NMR (125 MHz, CDCls) § 20.0, 117.9, 119.8, 123.9, 125.8, 129.3, 131.0, 133.5, 137.5,
138.6; IR (KBr, v / cm™) 3854, 3038, 1929, 1637, 1054, 969, 931, 893, 873, 627; HRMS
(DART) Caled for C10H10NO* [M+H+] 160.0757, Found 160.0763.

(B)-6-Styrylquinoline 1-oxide (3t). 61% yield (Method A); yellow pp, N

solid; R¢= 0.31 (CH2Clx/acetone = 1/1); 1H NMR (400 MHz, CDCls) _

5 7.28-7.34 (m, 3H), 7.39-7.43 (m, 3H), 7.57 (d, J = 7.4 Hz, 2H), gj

7.73 (d, J=8.5 Hz, 1H), 7.86 (s, 1H), 8.01 (dd, J=9.2, 1.8 Hz, 1H),

8.49 (d, J= 6.3 Hz, 1H), 8.73 (d, /= 9.2 Hz, 1H); 13C NMR (100 MHz, CDCls) & 120.2,
121.5, 125.9, 126.0, 126.8, 126.9, 128.3, 128.5, 128.9, 131.1, 131.9, 135.5, 136.6, 138.0,
141.0; IR (KBr, v / cm') 2210, 1568, 1489, 1417, 1356, 1228, 893, 827, 759, 691; HRMS
(DART) Caled for C17H14NO* [M+H+] 248.1070, Found 248.1067.

z

6-(Phenylethynyl)quinoline 1-oxide (3w). 67% yield (Method A); pp,

yellow solid: Re = 0.38 (CHzCly/acetone = 1/1); 1H NMR (500 MHz, X N
CDCls) & 7.32 (dd, J = 8.5, 6.3 Hz, 1H), 7.38-7.40 (m, 3H), N7
7.57-7.59 (m, 2H), 7.71 (d, J = 8.5 Hz, 1H), 7.86 (dd, J= 9.0, 1.3 -
Hz, 1H), 8.04 (s, 1H), 8.51 (d, J= 6.3 Hz, 1H), 8.73 (d, J= 9.0 Hz,

1H); 13C NMR (100 MHz, CDCls) & 88.0, 92.3, 120.2, 121.8, 122.5, 124.4, 125.5, 128.6,
129.1, 130.1, 131.1, 131.9, 133.2, 136.1, 140.9; IR (neat v / cm™) 1614, 1504, 1425, 1301,

1219, 1091, 959, 821, 734, 663; HRMS (DART) Calcd for Ci17H12NO+ [M+H*] 246.0913,
Found 246.0918.

Phenanthridine 5-oxide (3z). 61% yield (Method B); pale pink solid; R¢ =
0.34 (ethyl acetate); 'H NMR (400 MHz, DMSO-ds) & 7.73 (dd, J = 7.4,
7.4 Hz, 1H), 7.78 (dd, J= 7.4, 7.4 Hz, 1H), 7.86-7.93 (m, 2H), 7.99 (d, J = I
7.4 Hz, 1H), 8.68-8.79 (m, 2H), 8.87 (dd, /= 5.8, 3.1 Hz, 1H), 9.15 (s, 1H);
13C NMR (100 MHz, DMSO-ds) & 119.8, 122.5, 123.7, 125.6, 126.1, 126.3,
126.7, 129.0, 129.3, 129.5, 129.7, 133.7, 138.9; IR (KBr, v / cm') 1574, 1491, 1457, 1436,

0O

+

o-z
I
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1310, 1236, 1195, 1113, 898, 766; HRMS (DART) Calcd for C13sH10NO+ [M+H+] 196.0757,
Found 196.0767.

(ethyl acetate); tH NMR (400 MHz, CDs0D) & 7.63 (dd, /= 8.0, 7.7 Hz,

2H), 7.89 (dd, J= 8.5, 7.7 Hz, 2H), 8.09 (d, /= 8.0 Hz, 2H), 8.64 (s, 1H), !
8.71 (d, J= 8.5 Hz, 2H); 13C NMR (100 MHz, CDs0D) § 119.5, 128.5,

128.7, 129.9, 130.3, 133.8, 140.4; IR (KBr, v / cm'1) 3388, 1621, 1560, 1436, 1401, 1330,
1288, 1254, 1099, 835; HRMS (ESI) Calcd for C1sHoNNaO+ [M+Na+] 218.0576, Found
218.0576.

Acridine 10-oxide (3aa). 53% yield (Method B); yellow solid; R¢ = 0.41 O N
e

Benzol[Alquinoline 1-oxide (3ab). 65% yield (Method B); orange solid; R
=0.25 (ethyl acetate); 1H NMR (400 MHz, acetone-ds) § 7.57 (dd, J= 8.1,
6.3 Hz, 1H), 7.72-7.82 (m, 2H), 7.81 (d, J= 9.0 Hz, 1H), 7.91 (dd, J= 8.1,
1.5 Hz, 1H), 7.95 (d, /= 8.1 Hz, 1H), 8.03 (dd, J= 8.1, 1.5 Hz, 1H), 8.66
(dd, J=6.3, 1.1 Hz, 1H), 10.91 (dd, J= 8.1, 1.1 Hz, 1H); 13C NMR (100 MHz, acetone-ds)
§122.9, 125.7, 126.4, 126.9, 128.0, 128.6, 129.0, 129.7, 131.0, 132.3, 134.9, 138.8, 140.0;
IR (KBr, v / em™) 3039, 1570, 1433, 1409, 1321, 1258, 1231, 1208, 827, 805; HRMS
(DART) Caled for C1sH1o0NO* [M+H+] 196.0757, Found 196.0765.

2-Phenylfurol3,2-blpyridine 4-oxide (3ag). 71% yield (Method A); pale 0\

yellow solid; Re = 0.49 (CH2Cly/MeOH = 10/1); 'H NMR (400 MHz, Ph—Q Ul _
N

CDs0D) § 7.32 (dd, /= 8.4, 6.6 Hz, 1H), 7.36-7.45 (m, 4H), 7.71 (d, J= o

8.4 Hz, 1H), 7.79-7.86 (m, 2H), 8.22 (d, J= 6.6 Hz, 1H); 13C NMR (100

MHz, CDsOD) & 96.8, 114.1, 121.6, 126.7, 129.2, 130.2, 131.7, 135.8, 140.5, 152.0, 161.6;
IR (KBr, v / cm') 1616, 1490, 1434, 1270, 1240, 1061, 1015, 918, 856, 787; HRMS
(DART) Caled for C13H10NOg+ [M+H+*] 212.0706, Found 212.0708.

3-Methoxyquinoxaline 1-oxide. 72% yield (Method A); white N. OMe
amorphous; R¢ = 0.45 (hexane/ethyl acetate = 2/1); TH NMR (400 MHz, | j/
CD3CN) & 4.01 (s, 3H), 7.54 (ddd, J = 8.5, 6.7, 1.6 Hz, 1H), 7.69-7.80 (’}')*

(m, 2H), 8.02 (s, 1H), 8.32 (dd, / = 8.5, 1.6 Hz, 1H); 13C NMR (100

MHz, CDsCN) & 54.8, 119.4, 122.9, 127.7, 128.7, 132.9, 135.4, 143.0, 161.2; IR (KBr, v /
em)) 1585, 1557, 1507, 1478, 1420, 1376, 1209, 1092, 1035, 845; HRMS (DART) Calcd
for CoHoN202+ [M+H+] 177.0659, Found 177.0661.
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Preparation of potassium trifluoro F
-(2,3,5,6-tetrafluoro-4-(trifluoromethyl)phenylborate. To a solution F CF;
of 1,2,4,5-tetrafluoro-3-(trifluoromethyl)benzene (1.00 g, 4.59 mmol) KF,B E
in THF (18 mL) at -78 °C was added a hexane solution of

nbutyllithium (2.69 M, 1.88 mL, 5.05 mmol, 1.1 equiv) slowly. The

mixture was stirred for 1 h at -78 °C, followed by the addition of
2-isopropoxy-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (2.57 g, 13.8 mmol, 3.0 equiv). The
mixture was allowed to warm to room temperature and stirred for 3 h, and then
saturated aq. KHF2 (4.30 g, 55.1 mmol, 12 equiv) was added. After the mixture was
stirred for 20 h, the solvent was removed under reduced pressure. The residue was
diluted with acetone (20 mL) and insoluble solid was filtered off, washed with acetone,
and then the solvent was removed under reduced pressure. The crude product was
washed with diethyl ether (10 mL) to give the title compound (82.9 mg, 6% yield) as a
white solid; 1F NMR (368 MHz, acetone-ds) 5 -146.4~-145.9 (m, 2F), -136.1~-135.6 (m,
3F), -133.7~-133.3 (m, 2F), -56.5 (t, J = 20.9 Hz, 3F); !B NMR (125 MHz, acetone-db) &
0.99 (q, J = 48.0 Hz); IR (KBr, v/ cm'!) 1452, 1423, 1383, 1342, 1159, 1062, 1010, 952,
805, 719.

Typical procedure for preparation of N-oxide-borane complexes of pyridine derivatives.
To a mixture of potassium trifluoro(trifluoromethyl)borate (96.8 mg, 0.550 mmol, 1.1
equiv) in CH2Cls (1.0 mL) was added BFsOEtz (77.6 mg, 0.550 mmol, 1.1 equiv), and the
mixture was stirred at 25 °C for 20 min. Then, 4-phenylpyridine N-oxide (85.6 mg, 0.500
mmol) was added to the reaction mixture and the mixture was stirred at 25 °C for 1 h.
After the reaction mixture was diluted with CH2Cls/acetone (1/1), insoluble solid was
filtered off, washed with CH2Cly/acetone (1/1), and then the solvent was removed under
reduced pressure. The crude product was purified by column chromatography on silica
gel (CH:Cl2 then CH:Cls/acetone = 20/1) to give
difluoro((4-phenyl-1-pyridinium-1-yloxy)(trifluoromethyl)borate (4a, 129 mg, 92%
yield).

Difluoro((4-phenylpyridin-1-ium-1-yoxy)(trifluoromethyDborate ~ (4a).  pp,
89% yield; white solid; Re= 0.51 (CH2Clz); 'H NMR (400 MHz, acetone-ds) ﬁﬁ
8 7.61-7.68 (m, 3H), 7.98-8.05 (m, 2H), 8.38-8.43 (m, 2H), 8.87 (d, J = 7.2 |

Hz, 2H); 13C NMR (100 MHz, acetone-ds) & 125.8, 128.8, 130.6, 132.5, g\ _
135.1, 143.4, 154.1; 19F NMR (368 MHz, acetone-de) & -161.2 (q, J = 44.7 BF2CFs
Hz, 2F), -75.3 (q, = 29.8 Hz, 3F); 1B NMR (125 MHz, acetone-ds) § 0.61 (m); IR (KBr, v

~
+
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/ cm?) 3138, 1624, 1561, 1516, 1483, 1431, 1222, 1067, 1011, 916; HRMS (ESI) Calcd for
C12HoBFsNNaO+* [M+Na+] 312.0590, Found 312.0592.

Difluoro(1-pyridinium-1-yloxy)(trifluoromethyl)borate (4b). 93% yield;

AN
white solid; Rr = 0.23 (hexane/ethyl acetate = 1/3); 'H NMR (400 MHz, | N/
acetone-ds) & 8.11-8.21 (m, 2H), 8.50-8.59 (m, 1H), 8.88 (d, J= 6.3 Hz, 2H); (';_

“BF,CF;

13C NMR (100 MHz, acetone-ds) § 129.1, 143.1, 143.5; 19F NMR (368 MHz,
acetone-ds) & -161.3 (q, J= 47.7 Hz, 2F), -75.5 (q, J = 35.8 Hz, 3F); 1B NMR (125 MHz,
acetone-ds) 8 0.61 (m); IR (KBr, v/cm'!) 3133, 1621, 1483, 1260, 1205, 1169, 1065, 1014,
915, 783; HRMS (ESI) Calcd for CéHsBFsNNaO+ [M+Na+] 236.0277, Found 236.0288.

((4-(Dimethylamino)-1-pyridinium-1-yl)oxy)difluoro(trifluoromethyl)borat NMe,
e (4¢). 4-(Dimethylamino)pyridine N-oxide hydrate was used. 83% yield; N
white solid; Rt = 0.35 (ethyl acetate); TH NMR (400 MHz, acetone-ds) & | P
3.27 (s, 6H), 6.92-6.97 (m, 2H), 8.10 (d, J/ = 8.1 Hz, 2H); 13C NMR (100 g:’_
MHz, acetone-ds) 5 40.3, 107.6, 141.4, 155.9; 1F NMR (368 MHz, BF2CFs
acetone-ds) & -162.0 (q, J= 47.7 Hz, 2F), -75.1 (q, J = 35.8 Hz, 3F); 1B NMR (125 MHz,
CDsCN) & 0.46 (m); IR (KBr, v / cm'!) 3152, 1641, 1561, 1446, 1402, 1330, 1223, 1083,

1018, 951; HRMS (ESI) Calcd for CsH10BF5N2NaO+ [M+Na+] 279.0699, Found 279.0706.

Difluoro((4-methoxy-1-pyridinium-1-yDoxy)(trifluoromethyDborate  (4d). OMe
4-Methoxypyridine N-oxide hydrate was used. 86% yield; white solid; Rt = X
0.36 (hexane/ethyl acetate = 1/2); 1H NMR (400 MHz, acetone-ds) § 4.19 (s, | ~
3H), 7.53 (d, J= 7.4 Hz, 2H), 8.61 (d, J= 7.4 Hz, 2H); 13C NMR (100 MHz, gf_
acetone-ds) & 58.4, 113.7, 144.6, 169.6; 19F NMR (368 MHz, acetone-ds) & BF2CFs
-161.8 (q, J = 41.7 Hz, 2F), -75.3 (q, J = 29.8 Hz, 3F); 1B NMR (125 MHz, acetone-ds) &
0.46 (m); IR (KBr, v / cm')) 3138, 1637, 1578, 1518, 1439, 1331, 1313, 1210, 1067, 918;
HRMS (ESD Calcd for C7H7BFsNNaOg* [M+Na+] 266.0382, Found 266.0391.

Difluoro((4-methyl-1-pyridinium-1-yDoxy)(trifluoromethyl)borate (4e). Me

85% yield; white solid; Rt = 0.60 (CH2Cls/acetone = 19/1); TH NMR (400 X

MHz, acetone-ds) & 2.70 (s, 3H), 7.95 (d, /= 7.2 Hz, 2H), 8.68 (d, /= 7.2 Hz, | P

2H); 13C NMR (100 MHz, acetone-ds) & 21.5, 129.3, 142.5, 156.8; 19F NMR ':h_

(368 MHz, acetone-ds) 5 -161.4 (q, J= 47.7 Hz, 2F), -75.3 (q, J= 35.8 Hz,  Br2CFs
3F); 1B NMR (125 MHz, acetone-ds) § 0.76 (m); IR (KBr, v/ cm) 3134, 1633, 1501, 1473,
1387, 1339, 1274, 1204, 1075, 911; HRMS (ESI) Calced for C7H7BFsNNaO+ [M+Na*]
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250.0433, Found 250.0442.

((4-Chloro-1-pyridinium-1-yDoxy)difluoro(trifluoromethyDborate (4). 81% ¢
yield; white solid; R = 0.58 (hexane/ethyl acetate = 1/2); TH NMR (400

AN
MHz, acetone-ds) & 8.24-8.29 (m, 2H), 8.86-8.91 (m, 2H); 13C NMR (100 | N7
MHz, acetone-ds) 8 129.5, 144.6, 150.3; 19F NMR (368 MHz, acetone-ds) & CI)+—
“BF,CF,

-161.2 (q, J = 41.7 Hz, 2F), -75.4 (q, J = 29.8 Hz, 3F); 1B NMR (125 MHz,
acetone-ds) & 0.61 (m); IR (KBr, v/ cm™) 3134, 1621, 1481, 1251, 1206, 1068, 1012, 944,
848, 714; HRMS (ESI) Calcd for CéH4BCIFsNNaO+ [M+Na+] 269.9887, Found 269.9900.

Difluoro(trifluoromethyl)((4-(trifluoromethyl)-1-pyridinium-1-yl)oxy)borat CFs3
e (4g). 54% yield; white solid; Rt = 0.64 (hexane/ethyl acetate = 1/1); 1H N
NMR (400 MHz, CDsCN) § 8.26 (d, J = 6.7 Hz, 2H), 8.92 (d, J = 6.7 Hz, (j
2H); 13C NMR (100 MHz, CDsCN) § 122.4 (q, J= 274 Hz), 126.6 (q, J= 3.6 g\ _
Hz), 142.6 (q, J= 36.4 Hz), 145.3; 19F NMR (368 MHz, CDsCN) 5 -161.1 (q, BF2CFs
J =455 Hz, 2F), -75.8 (q, J = 28.5 Hz, 3F), -65.1 (s, 3F); 'B NMR (125 MHz, CDsCN) §
0.76 (m); IR (KBr, v / cm'l) 3139, 1451, 1327, 1201, 1163, 1089, 1013, 903, 864, 721;
HRMS (ESI) Caled for C7HsBFsNNaO+ [M+Nat] 304.0150, Found 304.0138.

~
+

((2,6-Dimethyl-1-pyridinium-1-yDoxy)difluoro(trifluoromethyl)borate N
(4h). 68% yield; white solid; Rt = 0.47 (ethyl acetate); TH NMR (400 /@
MHz, acetone-ds) § 2.83 (s, 6H), 7.84 (d, /= 8.0 Hz, 2H), 8.19 (t, J =
8.0 Hz, 1H); 13C NMR (100 MHz, acetone-ds) & 18.9 (t, J = 4.2 Hz),
127.7, 141.4, 156.0; 19F NMR (368 MHz, acetone-ds) & -156.5 (q, J= 47.7 Hz, 2F), -75.2 (q,
J=35.8 Hz, 3F); 1B NMR (125 MHz, acetone-ds) § 0.76 (m); IR (KBr, v/ cm™) 1620, 1498,
1459, 1189, 1081, 1024, 899, 821, 797, 717; HRMS (ESI) Calcd for CsHoBFsNNaO+
[M+Na+] 264.0590, Found 264.0601.

Me r;u Me

o.-
BF,CF;

borate (4i). 82% yield; white solid; Rr = 0.53 (ethyl acetate); 1H NMR

(400 MHz, CDsCN) § 1.77-1.85 (m, 2H), 1.86-1.95 (m, 2H), 2.94 (t, J= o -
6.2 Hz, 2H), 3.12 (t, J = 6.2 Hz, 2H), 7.61 (dd, J = 7.0, 7.0 Hz, 1H), BF;CFs
7.99 (d, J= 7.0 Hz, 1H), 8.48 (d, /= 7.0 Hz, 1H); 13C NMR (100 MHz, CD3sCN) § 21.5,
21.5, 25.7, 28.9, 124.7, 140.9, 140.9, 142.5, 154.0; 19F NMR (368 MHz, CDsCN) & -160.3
(q, J=45.5 Hz, 2F), -76.0 (q, J= 31.3 Hz, 3F); 1B NMR (125 MHz, CD3CN) § 0.61 (m); IR
(KBr, v/ cm') 3138, 2948, 2872, 1607, 1492, 1456, 1340, 1262, 1234, 1174; HRMS (ESI)

Difluoro((5,6,7,8-tetrahydroquinolin-1-ium-1-yl)oxy)(trifluoromethyl) N
o®
N%
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Caled for C10H11BFsNNaO+ [M+Na+] 290.0746, Found 290.0749.

Difluoro((3-phenylpyridin-1-ium-1-yDoxy)(trifluoromethyDborate (4j). pp,

94% yield; white solid; Rf = 0.21 (CH2Cl2); '"H NMR (400 MHz, @
acetone-ds) & 7.56-7.65 (m, 3H), 7.86-7.91 (m, 2H), 8.23 (dd, J = 8.1, :.;*_

6.3 Hz, 1H), 8.75-8.81 (m, 1H), 8.82-8.87 (m, 1H), 9.10 (s, 1H); 13C “BF,CF;
NMR (100 MHz, acetone-ds) & 128.4, 128.9, 130.5, 131.2, 134.0, 140.7, 141.1, 141.6,
142.3; 19F NMR (368 MHz, acetone-ds) & -161.0 (q, J= 47.7 Hz, 2F), -75.2 (q, J=29.8 Hz,
3F); 1B NMR (125 MHz, CD3CN) & 0.76 (m); IR (KBr, v / cm™1) 3123, 1508, 1480, 1432,
1258, 1182, 1092, 1064, 1018, 921; HRMS (ESI) Calcd for C12HsBFsNNaO+ [M+Na+]
312.0590, Found 312.0584.

Difluoro((2-phenylpyridin-1-ium-1-yl)oxy)(trifluoromethyl)borate (4k). N

85% yield; white solid; Rt = 0.18 (hexane/ethyl acetate = 1/1); 1H NMR oh I N7
(400 MHz, acetone-ds) & 7.52-7.63 (m, 3H), 7.81-7.87 (m, 2H), 8.08 o

(ddd, /= 8.0, 6.5, 1.3 Hz, 1H), 8.17 (dd, J= 8.0, 1.8 Hz, 1H), 8.51 (td, J
= 8.0, 1.3 Hz, 1H), 8.95 (d, /= 6.5 Hz, 1H); 13C NMR (100 MHz, acetone-ds) & 127.3,
129.2, 130.8, 130.9, 131.1, 131.9, 142.6, 144.1, 154.0; 19F NMR (368 MHz, acetone-ds) &
-159.1 (q, J= 41.7 Hz, 2F), -75.5 (q, J= 23.8 Hz, 3F); B NMR (125 MHz, CD3CN) & 0.46
(m); IR (KBr, v / cm) 3141, 1616, 1574, 1508, 1485, 1429, 1243, 1191, 1168, 1082;

HRMS (ESD Calcd for C12HoBFsNNaO+ [M+Na+] 312.0590, Found 312.0585.

“BF,CF;

Difluoro((3-methyl-2-phenylpyridin-1-ium-1-yDoxy)(trifluoromethyl) Me

borate (41). 84% yield; white solid; Rt = 0.54 (ethyl acetate); 1TH NMR | _

(400 MHz, CDsCN) & 2.24 (s, 3H), 7.41-7.47 (m, 2H), 7.53-7.59 (m, 3H), P~ N+

7.81 (dd, J= 8.1, 6.7 Hz, 1H), 8.23 (d, J= 8.1 Hz, 1H), 8.69 (d, J=6.7 o‘éFzCFs
Hz, 1H); 13C NMR (100 MHz, CDsCN) § 20.1, 126.8, 129.3, 130.06, 130.13, 131.1, 140.7,
140.99, 141.02, 141.03, 143.9, 153.6; 19F NMR (368 MHz, CDsCN) & -159.0 (q, J = 39.9
Hz, 2F), -76.0 (q, J = 28.5 Hz, 3F); "B NMR (125 MHz, CD3sCN) § 0.46 (m); IR (KBr, v /
cm1) 3140, 1599, 1478, 1453, 1338, 1243, 1173, 1072, 1025, 958; HRMS (ESI) Calcd for
C13H11BFsNNaO+ [M+Na+] 326.0746, Found 326.0758.

X

([2,2'-Bipyridin]-1-ium-1-yloxy)difluoro(trifluoromethyl)borate

(4m). 69% yield; white solid; Rt = 0.26 (ethyl acetate); TH NMR
(400 MHz, acetone-ds) § 7.60 (ddd, = 7.6, 4.7, 1.0 Hz, 1H), 8.02
(ddd, J= 8.0, 8.0, 2.0 Hz, 1H), 8.17 (ddd, J= 6.9, 6.9, 2.0 Hz, 1H),
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8.39 (dd, J= 8.0, 1.0 Hz, 1H), 8.54-8.64 (m, 2H), 8.79-8.84 (m, 1H), 8.95 (d, /= 6.9 Hz,
1H); 13C NMR (100 MHz, acetone-ds) 5 126.6, 127.8, 128.2, 131.1, 137.3, 142.8, 144.1,
148.3, 150.9, 152.0; 19F NMR (368 MHz, acetone-ds) & -159.6 (q, J= 47.7 Hz, 2F), -75.6 (q,
J=35.8 Hz, 3F); 1B NMR (125 MHz, CDsCN) & 0.46 (m); IR (KBr, v/ cm'!) 3141, 1618,
1581, 1497, 1464, 1449, 1423, 1253, 1190, 1083; HRMS (ESI) Caled for
CuHsBF5N2NaO+ [M+Na+] 313.0542, Found 313.0533.

Difluoro((quinolin-1-ium-1-yloxy)(trifluoromethyl)borate (4n). 90%

AN
yield; white solid; R = 0.53 (ethyl acetate); 'H NMR (400 MHz, |

N
acetone-ds) & 8.01-8.08 (m, 1H), 8.15 (dd, J = 8.5, 6.1 Hz, 1H), o
8.23-8.30 (m, 1H), 8.43 (d, J= 8.5 Hz, 1H), 8.62 (d, J = 8.5 Hz, 1H), BF2CF;

9.12(d, J=8.5 Hz, 1H), 9.29 (d, J= 6.1 Hz, 1H); 13C NMR (100 MHz, acetone-ds) 5 119.3,
122.3, 130.1, 131.3, 131.5, 136.0, 139.6, 143.9, 145.1; 19F NMR (368 MHz, acetone-ds) &
-160.4 (q, J=41.7 Hz, 2F), -75.5 (q, J= 35.8 Hz, 3F); 1B NMR (125 MHz, CDsCN) & 0.92
(m); IR (KBr, v / cm) 3130, 1591, 1523, 1400, 1386, 1325, 1227, 1158, 1070, 1027;
HRMS (ESI) Calced for C10H/BFsNNaO+ [M+Na+*] 286.0433, Found 286.0436.

Difluoro((6-methoxyquinolin-1-ium-1-yl)oxy)(trifluoromethyl) MeO

borate (40). 89% yield; white solid; Rr = 0.57 (ethyl acetate); 1H \@
NMR (400 MHz, CD3CN) § 4.00 (s, 3H), 7.61 (s, 1H), 7.77 (d, J N
=9.5 Hz, 1H), 7.84 (dd, /= 8.5, 6.1 Hz, 1H), 8.45 (d, J= 9.5 Hz, “BF,CF;
1H), 8.74 (d, J= 8.5 Hz, 1H), 8.89 (d, J= 6.1 Hz, 1H); 13C NMR (125 MHz, CDsCN) § 57.2,
107.4, 120.9, 122.7, 129.0, 133.6, 135.3, 142.0, 142.2, 161.5; 19F NMR (368 MHz, CD3sCN)
5 -160.8 (q, J = 42.7 Hz, 2F), -75.8 (q, J = 28.5 Hz, 3F); 1B NMR (125 MHz, CD3sCN) §
1.07 (m); IR (KBr, v / em™) 3131, 3101, 3025, 2963, 1899, 1719, 1339. 747, 724, 703;
HRMS (ESD Calcd for C11HoBFsNNaO2* [M+Na+*] 316.0539, Found 316.0526.

Difluoro((6-methylquinolin-1-ium-1-yl)oxy)(trifluoromethylbor Me

ate (4p). 84% yield; white solid; Rr = 0.56 (ethyl acetate); H \©|\/j
NMR (400 MHz, CDsCN) & 2.58 (s, 3H), 7.87 (dd, J= 8.7, 6.2 Hz, N+
1H), 8.02 (d, J = 9.4 Hz, 1H), 8.06 (s, 1H), 8.46 (d, /= 9.4 Hz, o‘éFzCFs
1H), 8.79 (d, J= 8.7 Hz, 1H), 9.00 (d, /= 6.2 Hz, 1H); 13C NMR (125 MHz, CDsCN) & 21.6,
118.8,122.1, 128.6, 131.8, 138.1, 138.4, 142.6, 143.2, 143.8; 19F NMR (368 MHz, CDsCN)
5 -160.8 (q, J = 45.5 Hz, 2F), -75.8 (q, /= 31.3 Hz, 3F); "B NMR (125 MHz, CDsCN) &
1.07 (m); IR (KBr, v / cm™) 3104, 1590, 1520, 1435, 1382, 1330, 1278, 1221, 741, 689;
HRMS (ESI) Calcd for C1iHsBFsNNaO+ [M+Na+] 300.0590, Found 300.0582.
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((6-Chloroquinolin-1-ium-1-yl)oxy)difluoro(trifluoromethyl)bora
Cl

te (4q). 96% yield; white solid; R¢ = 0.57 (ethyl acetate); 1H NMR | A
(400 MHz, CD3CN) & 7.96 (dd, J= 8.5, 6.3 Hz, 1H), 8.12 (dd, J= N
|
9.4, 2.2 Hz, 1H), 8.35 (d, J=2.2 Hz, 1H), 8.54 (d, J=9.4 Hz, 1H), O.Gr.cF
2 3

8.83 (d, J= 8.5 Hz, 1H), 9.09 (d, J= 6.3 Hz, 1H); 13C NMR (125

MHz, CDsCN) & 121.3, 123.6, 128.8, 132.3, 136.7, 137.1, 138.3, 143.3, 145.2; 19F NMR
(368 MHz, CDsCN) & -160.7 (q, J= 45.5 Hz, 2F), -68.3 (q, J= 28.5 Hz, 3F); 1B NMR (125
MHz, CDsCN) § 0.92 (m); IR (KBr, v/cm') 3127, 1588, 1518, 1379, 1205, 1172, 829, 812,
742, 690; HRMS (ESID) Caled for Ci0HeBCIFsNNaO+ [M+Nat*] 320.0043, Found
320.0055.

((6-Bromoquinolin-1-ium-1-yloxy)difluoro(trifluoromethyl)bora g,

te (4r). 77% yield; white solid; Rr = 0.63 (ethyl acetate); 1TH NMR \©|\/j
(400 MHz, CD3sCN) § 7.95 (dd, J= 8.5, 6.0 Hz, 1H), 8.23-8.26 (m, (’.‘;_

1H), 8.46 (d, J=9.8 Hz, 1H), 8.53 (d, J=2.2 Hz, 1H), 8.82 (d, J= "BF,CF;
8.5 Hz, 1H), 9.10 (d, /= 6.0 Hz, 1H); 13C NMR (125 MHz, CDsCN) § 121.3, 123.7, 125.4,
132.3, 132.7, 138.7, 139.4, 143.3, 145.5; 19F NMR (368 MHz, CDsCN) § -160.7 (q, J= 45.5
Hz, 2F), -75.8 (q, J = 28.5 Hz, 3F); 1B NMR (125 MHz, CDsCN) & 0.91 (m); IR (KBr, v /
cm'l) 3093, 1585, 1435, 1377, 1239, 1204, 1176, 804, 739, 691; HRMS (ESI) Calcd for
C10HeéBBrFsNNaO+ [M+Na+] 363.9538, Found 363.9555.

Difluoro((6-(methoxycarbonyl)quinolin-1-ium-1-yloxy)(trifl MeO,C N
uoromethyl)borate (4s). 74% yield; white solid; Re = 0.17 m

(ethyl acetate); TH NMR (500 MHz, CDsCN) & 4.01 (s, 3H), g*_

8.01 (dd, = 8.1, 6.2 Hz, 1H), 8.65 (m, 2H), 8.96 (d, J= 1.2 "BF,CF3
Hz, 1H), 9.05 (d, /= 8.1 Hz, 1H) 9.18 (d, J= 6.2 Hz, 1H); 13C NMR (100 MHz, CD3CN) §
53.7, 120.0, 123.3, 131.2, 132.3, 132.8, 135.1, 141.3, 145.5, 146.7, 165.8; 19F NMR (368
MHz, CDsCN) § -161.7 (q, J= 39.9 Hz, 2F), -76.9 (q, /= 34.2 Hz, 3F); 1B NMR (125 MHz,
CDsCN) § 0.92 (m); IR (KBr, v/ cm') 3052, 2965, 1587, 1389, 1368, 977, 794, 738, 692,
609; HRMS (ESI) Calcd for C12H9BFsNNaOs+ [M+Na+] 344.0488, Found 344.0494.

(B)-Difluoro((6-styryl-1-quinolinium-1-yloxy)(trifluoromet  pp,

. . =z X
hyDborate (4t). 86% yield; yellow solid; Rt = 0.74 (ethyl | _
acetate); 1H NMR (400 MHz, CDsCN) & 7.35-7.39 (m, 1H), M+
7.42-7.47 (m, 3H), 7.55 (d, J=16.6 Hz, 1H), 7.68 (d, J=17.6 “BF,CF;

20



Hz, 2H), 7.89 (dd, /= 8.5, 6.1 Hz, 1H), 8.30 (s, 1H), 8.44 (d, /= 9.2 Hz, 1H), 8.54 (d, J=
9.2 Hz, 1H), 8.84 (d, J = 8.5 Hz, 1H), 8.99 (d, J = 6.1 Hz, 1H); 13C NMR (125 MHz,
CDsCN) & 119.5, 122.6, 126.7, 126.9, 128.1, 129.8, 129.9, 132.2, 134.0, 134.5, 137.4,
139.0, 140.6, 143.5, 143.9; 19F NMR (368 MHz, CDsCN) & -161.7 (q, J = 45.5 Hz, 2F),
-76.9~-76.7 (m, 3F); 1B NMR (125 MHz, CD3sCN) & 0.89 (m); IR (KBr, v / cm™) 1596,
1518, 1389, 1337, 1074, 1022, 964, 900, 825, 744; HRMS (ESI) Calcd for
C1sH1sBFsNNaO* [M+Na+*] 388.0903, Found 388.0897.

Difluoro((6-(phenylethynyl)-1-quinolinium-1-yDoxy)(trifluo pp,

romethyDborate (4u). 72% yield; white solid; Rt = 0.56 N N
(CH2Clp); 'H NMR (400 MHz, CDsCN) & 7.44-7.50 (m, 3H), | P
7.64-7.67 (m, 2H), 7.94 (dd, J= 8.5, 6.3 Hz, 1H), 8.23 (dd, J Ej_

= 9.0, 1.6 Hz, 1H), 8.43 (d, J= 1.6 Hz, 1H), 8.56 (d, J= 9.0 BF2CFs

Hz, 1H), 8.87 (d, J= 8.5 Hz, 1H), 9.07 (d, /= 5.4 Hz, 1H); 13C NMR (125 MHz, CD3sCN) §
87.7, 94.5, 119.8, 122.7, 123.1, 126.4, 129.8, 130.6, 131.6, 132.5, 132.8, 138.8, 139.0,
143.7, 145.2; 19F NMR (368 MHz, CDsCN) § -161.7 (q, J = 39.9 Hz, 2F), -76.9~-76.7 (m,
3F); 1B NMR (125 MHz, CD3CN) § 0.89 (m); IR (KBr, v / cm'}) 3127, 2212, 1587, 1513,
1436, 1383, 1337, 1235, 757, 691; HRMS (ESI) Calcd for C1sHuBFsNNaO+ [M+Na+]
386.0746, Found 386.0761.

Difluoro((4-morpholino-1-quinolinium-1-yl)oxy)(trifluoromethylbora
te (4v). 31% yield; yellow solid; R¢ = 0.46 (ethyl acetate); 1H NMR
(400 MHz, CDsCN) & 3.69 (t, J= 4.7 Hz, 4H), 3.91 (t, J= 4.7 Hz, 4H),
7.00 (d, J= 7.3 Hz, 1H), 7.71-7.75 (m, 1H), 7.98-8.02 (m, 1H), 8.17 (d,
J=8.8 Hz, 1H), 8.36 (d, /= 8.8 Hz, 1H), 8.58 (d, J= 7.3 Hz, 1H); 13C N
NMR (125 MHz, CDsCN) & 53.4, 66.9, 106.2, 119.3, 122.1, 127.0, O‘BFZCFS
128.2, 134.8, 140.6, 143.4, 160.5; 9F NMR (368 MHz, CDsCN) &

-162.1 (q, J = 40.0 Hz, 2F), -76.9~-76.6 (m, 3F); 11B NMR (125 MHz, CDsCN) & 0.90 (m);
IR (KBr, v/ cm') 3113, 2868, 1369, 1335, 1312, 1243, 817, 685, 657, 620; HRMS (ESI)
Calcd for C14H14BF5N2NaO2* [M+Na+*] 371.0961, Found 371.0973.

8=C°

+

Difluoro((3-methylquinolin-1-ium-1-yl)oxy)(trifluoromethylborate Me
(4w). 68% yield; white solid; R = 0.57 (ethyl acetate); 1H NMR (400 | \/

MHz, CDsCN) § 2.65 (s, 3H), 7.93 (dd, J= 8.2, 7.0 Hz, 1H), 8.12-8.18 (’I;+_

(m, 1H), 8.18 (d, /= 8.2 Hz, 1H), 8.50 (d, /= 9.0 Hz, 1H), 8.70 (s, 1H), "BF,CF;

8.99 (s, 1H); 13C NMR (100 MHz, CD3CN) § 18.6, 118.9, 129.3, 131.1, 131.3, 133.5, 135.1,
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137.9, 143.2, 145.6; 19F NMR (368 MHz, CDsCN) & -161.8 (q, /= 45.5 Hz, 2F), -76.8 (q, J
= 31.3 Hz, 3F); 1B NMR (125 MHz, CDsCN) & 1.22 (m); IR (KBr, v / cm'?) 3854, 3735,
3649, 3126, 1598, 1520, 1381, 1336, 1285, 732; HRMS (ESI) Calcd for C1itHoBFsNNaO+
[M+Na+] 300.0590, Found 300.0580.

Difluoro((8-methylquinolin-1-ium-1-yDoxy)(trifluoromethyDborate
(4x). 53% yield; white solid; R¢ = 0.54 (ethyl acetate); 'TH NMR (400 | P
MHz, CDsCN) 5 3.06 (s, 3H), 7.78-7.87 (m, 2H), 7.93 (d, J= 6.5 Hz, g gf_
1H), 8.1 (d, J= 7.6 Hz, 1H), 8.85 (d, J= 8.5 Hz, 1H), 9.05 (d, J= 6.5 BF2CFs
Hz, 1H); 13C NMR (125 MHz, CDsCN) § 23.9, 121.6, 129.0, 130.8, 132.1, 133.2, 139.2,
139.6, 145.2, 146.5; 19F NMR (368 MHz, CD3CN) & -161.3 (q, J= 45.6 Hz, 2F), -76.1 (q, J
= 31.3 Hz, 3F); 1B NMR (125 MHz, CDsCN) § 0.92 (m); IR (KBr, v / cm™) 3127, 1524,
1211, 1163, 1078, 1022, 973, 896, 830, 755; HRMS (ESI) Calcd for C11HoBFsNNaO+
[M+Na+] 300.0590, Found 300.0589.

Difluoro(isoquinolin-2-ium-2-yloxy)(trifluoromethyDborate  (4y).
60% yield; white solid; Rt = 0.61 (ethyl acetate); 1H NMR (400 MHz, N
acetone-ds) & 8.02-8.08 (m, 1H), 8.15-8.22 (m, 1H), 8.34 (d, /= 8.5

Hz, 1H), 8.49-8.62 (m, 3H), 9.77 (s, 1H); 13C NMR (100 MHz,

acetone-ds) 8 127.2, 128.3, 128.6, 130.3, 132.2, 135.6, 136.6, 136.6, 146.1; 19F NMR (368
MHz, acetone-ds) & -160.8 (q, J = 41.7 Hz, 2F), -75.2 (q, J = 29.8 Hz, 3F); 1B NMR (125
MHz, CD3CN) § 0.76 (m); IR (KBr, v / cm™1) 3127, 1639, 1508, 1389, 1351, 1257, 1216,
1072, 1021, 945; HRMS (ESID) Caled for Ci10H7BFsNNaO+ [M+Na*] 286.0433, Found
286.0444.

I—
BF,CF3

74% yield; white solid; Re = 0.47 (hexane/CH2Clz = 1/3); TH NMR (400

MHz, CD5CN) & 7.86-7.98 (m, 2H), 8.02 (ddd, J= 8.7, 7.2, 1.3 Hz, 1H), I
8.13 (ddd, /=8.7, 7.2, 1.3 Hz, 1H), 8.35 (d, J= 7.6 Hz, 1H), 8.60 (d, J

= 8.5 Hz, 1H), 8.66-8.76 (m, 2H), 9.64 (s, 1H); 13C NMR (100 MHz, “BF,CF3
CDsCN) & 120.3, 123.9, 124.4, 124.6, 127.6, 131.3, 131.9, 132.4, 132.8, 133.8, 135.7,
137.6, 148.3; 19F NMR (368 MHz, CD3CN) & -160.21 (q, /= 39.9 Hz, 2F), -75.9~-75.3 (m,
3F); 1B NMR (125 MHz, CD3CN) & 1.01 (m); IR (KBr, v / cm'!) 3091, 1877, 1622, 1528,
1505, 1461, 1398, 1342, 1312, 1116; HRMS (ESI) Calcd for C14HsBFsNNaO+ [M+Na+]
336.0590, Found 336.0606.

Difluoro(phenanthridin-5-ium-5-yloxy)(trifluoromethylborate  (4z). i

~

N7
|

22



(Acridin-10-ium-10-yloxy)difluoro(trifluoromethyl)borate (4aa). 69% N

yield; yellow solid; Rt = 0.62 (ethyl acetate); 'TH NMR (400 MHz, l e
acetone-ds) & 7.95-8.01 (m, 2H), 8.34-8.41 (m, 2H), 8.54 (d, J= 8.5 Hz, g\ _
2H), 8.82 (d, J = 9.4 Hz, 2H), 9.85 (s, 1H); 13C NMR (100 MHz, BF2CFs
acetone-ds) & 119.2, 127.6, 128.8, 130.5, 138.1, 141.1, 145.8; 19F NMR (368 MHz,
acetone-ds) & -156.9 (q, J= 44.7 Hz, 2F), -74.9 (q, J= 29.8 Hz, 3F); 1B NMR (125 MHz,
CDsCN) & 1.22 (m); IR (KBr, v/ cm) 3069, 1623, 1543, 1397, 1146, 1075, 1022, 888, 863,
772; HRMS (ESID Calcd for C1sHoBFsNNaO+ [M+Na+] 336.0590, Found 336.0581.

b
+

(Benzo[hlquinolin-1-ium-1-yloxy)difluoro(trifluoromethylborate
(4ab). 89% yield; pale yellow solid; Rr = 0.54 (ethyl acetate); 'H
NMR (400 MHz, acetone-ds) & 7.85-7.92 (m, 1H), 7.94-8.01 (m, 1H),
8.12(d, J= 8.5 Hz, 1H), 8.19 (d, J= 8.1 Hz, 1H), 8.21-8.27 (m, 2H),
9.08 (d, J=8.1 Hz, 1H), 9.29 (d, J= 6.3 Hz, 1H), 10.04 (d, /= 8.5 Hz, 1H); 13C NMR (100
MHz, acetone-ds) & 123.3, 124.1, 125.5, 129.2, 130.1, 130.5, 132.2, 132.6, 133.1, 137.1,
138.9, 143.4, 145.6; 19F NMR (368 MHz, acetone-ds) & -159.0 (q, J= 41.7 Hz, 2F), -75.0 (q,
J=29.8 Hz, 3F); 1B NMR (125 MHz, CD3CN) § 1.07 (m); IR (KBr, v / cm') 3133, 1591,
1498, 1456, 1413, 1335, 1081, 1026, 887, 839; HRMS (ESI) Calcd for C14HsBFsNNaO+
[M+Na+] 336.0590, Found 336.0591.

O‘éFZCF3

((1,10-Phenanthrolin-1-ium-1-yDoxy)difluoro(trifluoromethyl)bora
te (4ac). 10% yield; white solid; R¢ = 0.58 (CH2Clo/MeOH = 10/1); In

NMR chart, some signals arise from impurities were observed

because this compound was gradually decomposed in CDsCN. 'H
NMR (400 MHz, CDsCN) & 7.88 (dd, J= 8.3, 4.3 Hz, 1H), 8.12 (dd, J= 8.3, 6.3 Hz, 1H),
8.14 (d, J=9.0 Hz, 1H), 8.22 (d, J=9.0 Hz, 1H), 8.52 (dd, J= 8.3, 1.8 Hz, 1H), 8.98 (dd, /
= 8.3, 1.8 Hz, 1H), 9.14-9.19 (m, 1H), 9.22 (dd, /= 4.0, 1.8 Hz, 1H); 13C NMR (100 MHz,
CDsCN) & 124.5, 126.3, 126.5, 132.1, 132.3, 134.1, 137.5, 138.4, 141.0, 143.7, 146.9,
151.2; 19F NMR (368 MHz, CDsCN) & -159.6 (q, J = 45.5 Hz, 2F), -74.4 (q, J = 34.2 Hz,
3F); 1B NMR (125 MHz, CD3CN) § 0.89 (m); IR (KBr, v / cm™?) 3062, 1590, 1523, 1434,
1337, 1070, 891, 850, 715, 700; HRMS (ESI): A target mass was not detected due to the

decomposition of 4ac to the corresponding N-oxide.

Difluoro(2-phthalazinium-2-yloxy)(trifluoromethylborate  (4ad). N
29% yield; white solid; Re= 0.54 (ethyl acetate); 'TH NMR (400 MHz, CC[{]‘:O
CD3CN) 5 8.26-8.40 (m, 2H), 8.42-8.51 (m, 2H), 9.64 (s, 1H), 9.80 (s, BF,CF,
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1H); 13C NMR (100 MHz, CDsCN) & 128.3, 129.2, 130.0, 131.0, 137.3, 138.8, 143.9, 155.4;
19F NMR (368 MHz, CDsCN) § -160.4 (q, J= 45.5 Hz, 2F), -75.8 (q, J= 34.2 Hz, 3F); !B
NMR (125 MHz, CDsCN) § 0.89 (m); IR (KBr, v / cm') 3097, 1620, 1577, 1460, 1385,
1351, 1282, 1223, 937, 760; HRMS (ESI): A target mass was not detected due to the

decomposition of 4ad to the corresponding N-oxide.

(4ae). 87% yield; white solid; Rr = 0.43 (CH2Clz); 'H NMR (400 MHz,
CDsCN) 8 7.57-7.64 (m, 2H), 7.66-7.73 (m, 1H), 7.90 (dd, /= 6.7, 4.6
Hz, 1H), 8.18-8.24 (m, 2H), 8.99-9.05 (m, 1H), 9.22 (dd, /= 4.6, 1.6 Hz,
1H); 13C NMR (100 MHz, CDsCN) & 122.7, 129.4, 130.6, 132.1, 134.1, 151.9, 160.2, 161.7;
19F NMR (368 MHz, CDsCN) § -159.2 (q, J = 45.5 Hz, 2F), -75.9 (q, J= 34.2 Hz, 3F); 1B
NMR (125 MHz, CD3CN) § 0.61 (m); IR (KBr, v / cm™) 3119, 1600, 1552, 1497, 1466,
1247, 1188, 1089, 908, 841; HRMS (ESI): A target mass was not detected due to the

Difluoro((2-phenyl-1-pyrimidinium-1-yl)oxy)(trifluoromethyl)borate N
)
Ph T

':l
O.-
BF,CF3

decomposition of 4ae to the corresponding N-oxide.

((8-Benzyl-3 H-imidazo[4,5- b]-4-pyridinium-4-yDoxy)difluoro(trifl N
uoromethyl)borate (4af). 75% yield; white solid; Rf = 0.57 (ethyl </N | _
acetate); tH NMR (400 MHz, CDsCN) 6 5.87 (s, 2H), 7.30-7.41 (m, o, _/
5H), 7.67 (dd, J= 8.3, 6.3 Hz, 1H), 8.37 (s, 1H), 8.56 (d, /= 8.3 Hz, BF,CF3
1H), 8.57 (d, /= 6.3 Hz, 1H); 13C NMR (100 MHz, CDsCN) § 51.3, 119.7, 128.8, 129.5,
130.0, 134.8, 136.4, 138.4, 138.5, 143.8, 149.9; 19F NMR (368 MHz, CDsCN) § -160.5 (q, J/
= 45.5 Hz, 2F), -75.3 (q, J = 34.2 Hz, 3F); 1B NMR (125 MHz, CDsCN) § 0.98 (m); IR
(KBr, v/ cm') 3109, 1634, 1508, 1454, 1409, 1350, 1292, 1091, 896, 798; HRMS (ESI): A
target mass was not detected due to the decomposition of 2B to the corresponding
N-oxide.

Difluoro((2-phenylfuro[3,2-b] pyridin-4-ium-4-yDoxy)(trifluorome o
thyDborate (4ag). 90% yield; white solid; Rr = 0.49 (hexane/ethyl Ph—\ | _
acetate = 1/1); TH NMR (400 MHz, CDsCN) § 7.52-7.61 (m, 4H), _
7.68 (dd, J= 8.5, 6.7 Hz, 1H), 7.99-8.05 (m, 2H), 8.35 (d, /= 8.5 "BF,CF3
Hz, 1H), 8.56 (dd, /= 6.7, 0.9 Hz, 1H); 13C NMR (100 MHz, CDsCN) & 97.1, 121.1, 124.2,
127.7, 128.0, 130.4, 133.2, 138.9, 142.7, 152.1, 165.8; 1YF NMR (368 MHz, CDsCN) §
-160.4 (q, J= 45.5 Hz, 2F), -75.6 (q, J= 45.5 Hz, 3F); "B NMR (125 MHz, CDsCN) § 0.89
(m); IR (KBr, v / cm™) 3140, 1561, 1477, 1443, 1389, 1282, 1168, 1092, 904, 791; HRMS
(ESD Caled for C14HsBFsNNaOs+ [M+Na*] 352.0539, Found 352.0552.
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Dfluoro((1-methyl-5-phenyl-1 H-imidazol-3-ium-3-yDoxy)(trifluorometh  pj, Me

yDborate (4ah). 82% yield; white solid; Re = 0.34 (CHzCl»); 1H NMR (400 ng
MHz, CDsCN) § 3.71 (s, 3H), 7.44-7.60 (m, 6H), 8.53 (s, 1H); 1°F NMR NZ
(368 MHz, CDsCN) & -162.5 (q, J = 39.9 Hz, 2F), -75.4 (q, J = 28.5 Hz, O-BE,cF,

3F); 1B NMR (125 MHz, CD3CN) & 0.28 (m).

Difluoro((2-(4-(methoxycarbonyl)phenyl)-1-methyl-5-phenyl-  pp,

1 H-imidazol-3-ium-3-yloxy)(trifluoromethylborate (4ai). Z/‘il
91% yield; white solid; Rr = 0.62 (hexane/ethyl acetate = 1/3); l}l+
'H NMR (400 MHz, CDsCN) & 3.57 (s, 3H), 3.93 (s, 3H), o
7.57-7.63 (m, 5H), 7.69 (s, 1H), 7.90 (d, J = 8.1 Hz, 2H), 8.23

(d, J = 8.1 Hz, 2H); 19F NMR (368 MHz, CDsCN) § -161.1 (q, J = 39.9 Hz, 2F), -75.8 (q, J
= 45.5 Hz, 3F); 1B NMR (125 MHz, CDsCN) § 0.31 (m).

Me
_ C02M9
“BF,CF,

Difluoro(perfluoroethy)((4-phenyl-1-pyridinium-1-yloxy)borate  (5).  pp,
87% yield; white solid; Rt = 0.56 (hexane/ethyl acetate = 1/1); 1H NMR N
(500 MHz, acetone-ds) § 7.61-7.67 (m, 3H), 7.98-8.04 (m, 2H), 8.41 (d, J | ~
=17.2 Hz, 2H), 8.85 (d, J= 7.2 Hz, 2H); 13C NMR (125 MHz, acetone-ds) \
§ 125.9, 128.8, 130.6, 132.5, 135.1, 143.4, 154.1; 1F NMR (368 MHz,
CDsCN) & -158.8 (q, /= 45.5 Hz, 2F), -136.4~-136.0 (m, 2F), -84.0 (s, 3F); "B NMR (125
MHz, CD3CN) & 1.37 (s); IR (KBr, v / cm') 3141, 1630, 1517, 1484, 1435, 1337, 1204,
1071, 979, 900; HRMS (ESD Caled for CisHoBFsNNaO+ [M+Nat] 362.0558, Found
362.0565.

*BF,CF,CF;

Difluoro(perfluorophenyl)((4-phenyl-1-pyridinium-1-yl)oxy)borate (®. Ph

This compound was purified by recrystallization from ethyl acetate at

X

60 °C instead of column chromatography on silica gel. 55% yield; white I N7

solid; TH NMR (400 MHz, acetone-ds & 7.62-7.67 (m, 3H), 7.99-8.05 (m, c')+-
“BF,C¢F5

2H), 8.37-8.41 (m, 2H), 8.88 (d, J = 7.2 Hz, 2H); 13C NMR (100 MHz,
acetone-ds) & 125.7, 128.8, 130.6, 132.4, 135.3, 143.6, 153.6; YF NMR (368 MHz,
acetone-ds) & -166.1~-165.8 (m, 2F), -159.5 (t, /= 19.9 Hz, 1F), -144.1~-143.3 (m, 2F),
-135.2~-134.9 (m, 2F); 1B NMR (125 MHz, CDsCN) § 4.28 (m); IR (KBr, v/ cm'?) 3142,
1634, 1520, 1468, 1430, 1298, 1130, 1046, 966, 887; HRMS (ESI): A target mass was not
detected due to the decomposition to 4-phenylpyridine N-oxide.
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Difluoro((4-phenyl-1-pyridinium-1-yl)oxy)(2,3,5,6-tetrafluoro-4-(tr  pp,
ifluoromethyl)phenylborate (7). This compound was purified by N
recrystallization from ethyl acetate at 60 °C instead of column I P
chromatography on silica gel. 63% yield; white solid; 1H NMR (400 g+_
MHz, acetone-ds) & 7.60-7.68 (m, 3H), 7.98-8.06 (m, 2H), 8.42 (d, J  Br2(4-CFsCeFa)
= 7.0 Hz, 2H), 8.91 (d, J= 7.0 Hz, 2H); 13C NMR (100 MHz, acetone-ds) & 125.8, 128.8,
130.6, 132.4, 135.2, 143.6, 153.8; 19F NMR (368 MHz, acetone-ds) & -145.0~-144.6 (m,
2F), -144.6~-143.9 (m, 2F), -133.4 (s, 2F), -56.7 (t, J = 20.3 Hz, 3F); 1B NMR (125 MHz,
CDsCN) & 3.97 (m); IR (KBr, v / em™) 3136, 1632, 1563, 1460, 1431, 1323, 1224, 1152,
1050, 970; HRMS (ESI): A target mass was not detected due to the decomposition to

4-phenylpyridine N-oxide.
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Computational Method. The geometry optimization of A-H was performed using the
B3LYP functional with the 6-31G(d) basis set for A, 6-31+G(d) basis set for B-D and F-H,
or LAV3P (+,d) basis set for E, implemented in the Jaguar program??. A stationary point
was optimized without any symmetry assumptions and characterized by frequency
analysis at the same level of theory (the number of imaginary frequencies, NIMAG, was

0.) The Cartesian coordinates for A-H are given in Tables 1-4 to 1-11.

Table 1-4. Cartesian Coordinates of A.2

atom X y z
C1 2.1413524835 -0.4966349420 0.2708214210
N2 1.5054670538 0.6774958783 0.2633168790
C3 0.1706871841 0.6413622678 0.2612830240
C4 -0.5743095123 -0.5356952241 0.2664654438
C5 0.1047523034 -1.7480854244 0.2743807394
Ce 1.4942780966 -1.7302024196 0.2767583818
H7 3.2287036687 -0.4456243201 0.2723032895
H9 -0.3286826271 1.6085969339 0.2554044059
H10 -1.6601961522 -0.5001127407 0.2643064945
H11 -0.4386771799 -2.6892366784 0.2789030587
H12 2.0678419178 -2.6529270622 0.2829643810

a Calculated at the B3LYP/6-31+G(d) level.
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Table 1-5. Cartesian Coordinates of B.2

atom X y z
C1 3.2925223154 -1.2513678441 0.2746003848
N2 2.6161392574 -0.0600469462 0.3081000349
C3 1.2458922458 -0.0720561710 0.3092933260
C4 0.5440435189 -1.2574337800 0.2779183958
Cb5 1.2238305647 -2.4744538411 0.2441306994
Ce 2.6181046204 -2.4525503651 0.2428024188
H7 4.3697090892 -1.1480188195 0.2759946743
H9 0.7954799876 0.9115081395 0.3365219202
H10 -0.5403253211 -1.2204451964 0.2803655910
H11 0.6818169572 -3.4144450217 0.2192900632
H12 3.1934912558 -3.3720631870 0.2170713193
012 3.2584433419 1.0535987940 0.3382511806

a Calculated at the BSLYP/6-31+G(d) level.
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Table 1-6. Cartesian Coordinates of C.2

atom

Y

C1
N2
C3
C4
C5
Cé
H7
HS
H9
H10
H11
012
C13
C14
015
016
C17
018
C19
H20
H21
H22
H23
H24
H25

-0.1962056030
-0.5668337588
-1.8292460262
-2.8305584234
-2.5070814933
-1.1699650471

0.8597675641

-1.9946547369
-3.8540501195
-3.2880529410
-0.8797527308

0.3913269560
1.19456337534
1.8672526006
1.3831800404

-1.8801162662
-1.7646982308
-1.2685489217
-2.2901375133
-3.3812911732
-2.0498481748
-1.8663645028

2.9178151449
1.3679824210
1.8116499428

-2.0367790472
-0.9202910527
-0.6348814476
-1.5053803364
-2.6490603190
-2.9213168902

-2.1763128018
0.2787778928

-1.2603689236
-3.3318444159
-3.8061005291
-0.0726163036

0.5661459694
1.7642962499
0.1348923566
1.2176642152
2.3018387373

2.3867192894
3.6854253117

3.6303687746

3.56975046273

4.4707955136

1.5312162533
2.0840474884
2.5726044747

0.3471617424

-0.3128344769
-0.6751964908
-0.2837205302

0.4412132461
0.7498632719
0.5246310089

-1.2384759025
-0.5382383199

0.75699975114
1.3032030390

-0.8393054445

0.0887113296
-0.5214846035
1.1950383571
1.2017616320
0.5404512578

-0.6265199464

1.1988644443
1.1033695775
2.2673335759
0.7153478463
-0.7228482973

-1.4392066071

0.2097307290

a Calculated at the B3LYP/6-31+G(d) level.
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Table 1-7. Cartesian Coordinates of D.2

atom

Y

C1
N2
C3
C4
C5
Cé
H7
HS
H9
H10
H11
012
S13
014
015
C16
Cl17
H18
H19
H20

1.3831902397
1.1965679363

-0.0021801313
-1.1137283006
-0.9695261274

0.2900377545
2.3957053531

-0.0102419048
-2.0867252012
-1.8420869044

0.4229014947
2.3196371356
3.0625001328
2.2088023771
3.5211575100
4.4517490420

-0.1065725103

5.0026586364
5.0668442409
4.0869154168

-0.9069290996

0.3338407085
0.8386986175
0.0390132156

-1.2602015907
-1.7279728722
-1.1740835164

1.8590789031
0.4496294921

-1.8913799477
-2.7107513537

1.0639755256
2.0700009555
3.22778736961
1.1782479989
2.5140012074
0.8933441280
1.6157146377
3.1609739503
3.0612519280

0.0980980321
0.5956931823
0.9487630739
0.8194711989
0.3380050053

-0.0381745981
-0.1712951232

1.3076950080
1.0586036098
0.2111749850

-0.4729879077

0.9815784578

-0.2294269444
-0.4148184741
-1.2814270551

0.8255718315

-2.3597711760

1.1101596364
0.1969144346
1.6967493848

a Calculated at the B3LYP/6-31+G(d) level.
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Table 1-8. Cartesian Coordinates of E.2

atom

Y

C1
N2
C3
C4
C5
Cé6
H7
H9
H10
Hi1
H12
012
C13
014
Bri5
C1e6
C17
C18
C19
C20
C21
H22
H23
H24
H25
H26

1.6110669007
1.4825822106
0.6239752577

-0.1522550547
-0.0323785379

0.8521491091
2.2983804329
0.5814122215

-0.8624036072
-0.6495163967

0.9370360843
2.2445955636
3.4769261563
3.8915782980

-0.4830818185

5.56141637048
6.1233763059
5.4518962780
4.1650721112
3.5514331874
4.2298642396
6.0414363344
7.1224060888
5.9178699115
2.55633845869
3.7534697017

-1.2551901760

-0.3476787037

-0.4428498126
-1.57477449474
-2.5688685896

-2.4008112753
-1.0126224025

0.4006841670

-1.6549378582
-3.4595080057

-3.1349838001
0.7988204835
0.7529218668

-0.2226021286

1.5349636895

4.4541693059
3.3977771749
2.1934536034
2.0425368081

3.0987233464
4.3023234613
5.3965758902
3.5138673839
1.3697143665
2.9841789581
5.11956854204

1.3149269251
0.3379510271

-0.6861379316
-0.7856841939

0.1830858815
1.2466918694
2.1143025932

-1.3621982062

-1.5997376134

0.1263114163
2.0386145216
0.4282785124

-0.1864086491

-0.7735395021

2.0538549831

0.3166669853
-0.3687272859
-0.5301933444

-0.0021804113

0.6901332361
0.8439575164
0.4395349810
-0.7782325110
-1.0619288189
1.1069967418
1.3769881056

a Calculated at the BSLYP/6-31+G(d) level.
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Table 1-9. Cartesian Coordinates of F.2

atom

Y

C1

N2

C3

C4

C5

Cé

H7

HS

H9

H10
H11
012
S13
014
015
016
S17
018
019
C20
C21
C22
C23
C24
C25
C26
H27
H28
H29
H30
C31
C32

1.5569853285
1.2216590349
0.6767012630
0.4017453754
0.6912835165
1.2669432045
2.0578154829
0.4999304471

-0.0128253969

0.5111143978
1.5749046521
1.3790752008
2.8292148953
2.6994280190
3.9858482929
3.6335294777
4.2226560302
3.6161928598
4.2300343739
1.4571541005
1.0954765045
1.5027349208
2.2873002545
2.6643318704
2.2421074610
1.0403605616
0.4900142170
1.2311829248
3.2801543622
2.5315263401
8.6694708033
8.1080205627

-0.9196896782

0.2575120478
0.3731791878

-0.7756157514
-2.0223607167
-2.0903589921
-0.8678891476

1.3816376605

-0.6871897602
-2.9327293566
-3.03156355217

1.4025518369
2.4188866774
2.7874739043
1.7570296841

-3.0171799851
-1.8244007063
-0.5281417291
-1.9485914188

5.8350611824
5.8062961856
4.7674310758
3.7447033381
3.7387527853
4.7870418083
6.9849174782
6.6100997802
4.7549937508
2.9366321957
4.7928732599

-1.7067746807
-0.6776646971

32

-0.7198502319
-0.15629431187

1.0805199837
1.7930012320
1.2279233936

-0.0383482474
-1.6757935558

1.4268806313
2.7906951779
1.7885449951

-0.4746275092
-0.9094480492
-0.5412761115

0.8600493550

-1.1118953504

1.6864193298
1.0060037896
1.4529132225

-0.4902138934
-3.2462955193
-1.8893214050
-1.0552894934
-1.5946387869
-2.9402465331
-3.75650457289
-4.1309444200

-1.4779359409

-0.0048478054

-3.3338314910
-4.8029165823
2.25569610237
1.4814713862



C33
C34
C35
C36
C37
H38
H39
H40
H41
H42
H43
H44
H45
H46
H47

6.7645029312
5.9580040989
6.4932419522
7.8419637279
10.1209672138
8.7338548144
6.3404370975
5.8523768729
8.2554003918
0.8983055295
0.1089533453
1.8107318812
10.5006356266
10.7560091990
10.2545217302

-0.7036859801
-1.7727379834
-2.8061721005
-2.7680384760
-1.6539914018

0.1548902207
0.0962843203

-3.6296818064
-3.56802977649

6.6627768277
7.44277246283
7.7678181927

-2.6505503935
-1.2413534826
-1.0188478030

1.1092537859
1.5095817203
2.2763474082
2.6435287908
2.6785089651
1.1639231499
0.5093479590
2.5747369599
3.2390424883

-5.1676827036
-3.78256879456
-4.1335209879

2.9302197408
1.8855592705
3.5653527180

a Calculated at the BSLYP/6-31+G(d) level.
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Table 1-10. Cartesian Coordinates of G.2

atom

Y

C1
N2
C3
C4
C5
Cé
H7
H9
H10
H11
H12
012
B13
F14
F15
Fi16

-2.0038002023
-2.3930351627
-3.6337940404
-4.5631160718
-4.1983947223
-2.9050852233
-0.9748175697
-3.8084255918
-5.5593102505
-4.9165027531
-2.5871099318
-1.5030493403
-0.7186088607
-1.6463262834

0.1857942052

-0.0966796469

-2.27784266912
-0.9918444997
-0.5910407505
-1.6325641701
-2.8757134281
-3.2489312022
-2.4577311105
0.4748199667
-1.2078701378
-3.6276175617
-4.2845771873
-0.0562485190
0.5397825933
1.1824031342
1.4141682089
-0.5290593992

-0.2719143725
-0.2901627053

0.0388182489
0.4292005013
0.4682469847
0.1114253779

-0.5517994063
-0.0126620740

0.7059143944
0.7793152255
0.1363594378

-0.7178419840

0.4675564210

1.3083725874
-0.1111930414

1.1382862952

a Calculated at the B3LYP/6-31+G(d) level.
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Table 1-11. Cartesian Coordinates of H.2

atom

Y

C1
N2
C3
C4
C5
Cé
H7
H9
H10
H11
H12
012
B13
C14
F15
F16
F17
F18
F19

1.3014580000
0.8427570000

-0.4012640000
-1.2622450000
-0.8279530000

0.4688900000
2.3231630000

-0.6315900000
-2.2594690000
-1.4909250000

0.8452730000
1.6582990000
2.5072160000
3.4143500000
4.2339380000
4.2301330000
2.66'75220000
1.6201910000
3.2732220000

-1.9130090000
-0.6524730000

-0.3782550000
-1.4222490000
-2.7401990000

-2.9825960000
-1.9895660000
0.6740440000

-1.1926170000
-3.5676030000

-3.9912390000
0.3785630000
0.8294410000
2.0663270000
1.7064390000
2.5779100000
3.1170140000
1.2232820000

-0.2626040000

-0.4061580000
-0.2489900000

0.1997490000
0.5023020000
0.3447170000

-0.1133680000
-0.75631700000

0.2985390000
0.8611250000
0.5776320000

-0.2435250000
-0.5677140000

0.6609960000
0.0952290000

-0.9406320000

1.0626010000

-0.3659420000

1.6611170000
1.0644760000

a Calculated at the B3LYP/6-31+G(d) level.
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The geometry optimization of pyridine MN-oxide adducts with BFs3, BF:CFs, and
BF2CF2CF3 were performed using the BSLYP functional with the 6-31+G(d) basis set,
implemented in the Gaussian 0925. A stationary point was optimized without any
symmetry assumptions and characterized by frequency analysis at the same level of
theory (the number of imaginary frequencies, NIMAG, was 0.) The Cartesian
coordinates for all calculated compounds are given in Tables 1-12 to 1-14. For pyridine
N-oxide adducts with BFs, BF2CFs, and BF2CF2CFs, natural bond orbital (NBO)
analysis were performed with the MP2 theory and 6-31+G(d) basis set using the

optimized structures as initial geometries.

Table 1-12. Cartesian Coordinates of Pyridine M-Oxide-BFs complex.2

atom X y z
C 3.03697055 0.00554259 0.34039600
C 1.06049574  -1.18701372 -0.33421080
C 1.05192444 1.18147269 -0.33854711
C 2.36376722 1.20754573 0.11112415
C 2.37255538  -1.20210518 0.11478616
H 0.43727955 2.05042737 -0.53130129
H 2.84086118 2.16653102 0.28113911
H 2.85692867 -2.15696836 0.28744734
H 4.06377231 0.00977752 0.69261739
N 0.44414895 -0.00541888 -0.55498141
H 0.45216098 -2.06105509 -0.52409737
O -0.81874462  -0.01168269 -1.02546104
B -1.88194827 0.00023497 0.15288667
F -1.62443088 -1.13623016 0.91862318
F -3.08444290 -0.01557491 -0.49717380
F -1.63719589 1.16167769 0.88488721

a Calculated at the BSLYP/6-31+G(d) level.
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Table 1-13. Cartesian Coordinates of Pyridine N-Oxide-BF2CF3 complex.2

atom X y z
C 3.95858502 0.00067133 0.14902300
C 1.92073667 -1.18491430 -0.32536587
C 1.92019805 1.18627721  -0.32290930
C 3.27091601 1.20623575  -0.00896470
C 3.27147995  -1.20485510 -0.01135539
H 1.29326565 2.05793682  -0.45507481
H 3.76699154 2.16291085 0.11239401
H 3.76798219  -2.16154610 0.10813984
H 5.01573455 0.00066326 0.39561842
N 1.29216512 0.00067830  -0.47695801
H 1.29432581  -2.05667016  -0.45934006
O -0.01735800 0.00088662 -0.81531311
B -0.92809189  -0.00237874 0.44992357
F -0.63381484  -1.15553229 1.17521693
F -0.63101124 1.14506045 1.18304099
C -2.44741130 0.00124019 -0.15332220
F -2.71674773  -1.08690050  -0.93949840
F -3.38748670  -0.00431415 0.83582263
F -2.71662377 1.09822288  -0.92711298

a Calculated at the B3LYP/6-31+G(d) level.
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Table 1-14. Cartesian Coordinates of Pyridine N-Oxide-BF2C2F5 complex.2

atom X y z
C -4.69280869  -0.00199049  -0.38548935
C -2.70524279  -1.18792675 0.26715068
C -2.70981406 1.18358342 0.28173995
C -4.02559378 1.20352459 -0.15612401
C -4.02091079  -1.20763273  -0.17080353
H -2.09990093 2.05523882 0.47812166
H -4.51043203 2.16022259 -0.31637156
H -4.50209386  -2.16413573  -0.34285523
H -5.72258913  -0.00192949  -0.72888717
N -2.09630859  -0.00229557 0.48518156
H -2.09188852  -2.05949505 0.45283336
O -0.82441675 -0.00306280 0.94467438
B 0.19873119 0.00959333  -0.22902185
F -0.03320432  -1.12777304  -0.99950701
F -0.02311454 1.17039638 -0.96672900
C 1.64778316  -0.00888212 0.54619366
F 1.75657652  -1.13253537 1.34552914
F 1.76523938 1.08290684 1.38703670
C 2.91889470 0.00266575  -0.33489267
F 4.04029864 -0.02404563 0.41544687
F 2.96278787 1.11197868 -1.10036843
F 2.94573823 -1.06952189  -1.15230228

2 Calculated at the B3LYP/6-31+G(d) level.
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X-ray Structure Report (4aa)

Experimental

Data Collection

A yellow block crystal of C14HgBF5NO having approximate dimensions of 0.466 x

0.344 x 0.178 mm was mounted on a glass fiber. All measurements were made on a
Rigaku R-AXIS RAPID diffractometer using graphite monochromated Cu-Ka radiation.

The crystal-to-detector distance was 127.40 mm.

Cell constants and an orientation matrix for data collection corresponded to a
primitive triclinic cell with dimensions:

a = 9.3821(2) A o = 89.3186(7)0
b 10.5283(2) A B = 86.5533(7)°
c = 12.8919(3) A y = 84.1267(7)°
V = 1264.44(4) A3

For Z = 4 and F.W. = 313.03, the calculated density is 1.644 g/cm3. Based on a statistical
analysis of intensity distribution, and the successful solution and refinement of the
structure, the space group was determined to be:

P-1 (#2)

The data were collected at a temperature of -165 + 10C to a maximum 20 value of
136.40. A total of 45 oscillation images were collected. A sweep of data was done using
o scans from 80.0 to 260.00 in 20.00 step, at y=54.00 and ¢ = 60.00. The exposure rate
was 60.0 [sec./O]. A second sweep was performed using o scans from 80.0 to 260.00 in
20.00 step, at x=54.00 and ¢ = 150.00. The exposure rate was 60.0 [sec./O]. Another
sweep was performed using o scans from 80.0 to 260.0° in 20.00 step, at x=54.00 and ¢
= 240.00. The exposure rate was 60.0 [sec./O]. Another sweep was performed using o
scans from 80.0 to 260.00 in 20.0° step, at y=54.00 and ¢ = 330.00. The exposure rate
was 60.0 [sec./9]. Another sweep was performed using o scans from 80.0 to 260.0° in

20.00 step, at ¥=0.00 and ¢ = 60.00. The exposure rate was 60.0 [sec./O]. The
crystal-to-detector distance was 127.40 mm. Readout was performed in the 0.100 mm
pixel mode.
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Data Reduction

Of the 14047 reflections that were collected, 4542 were unique (Rjnt = 0.0443);
equivalent reflections were merged.

The linear absorption coefficient, p, for Cu-Ko radiation is 13.531 cm-1. An
empirical absorption correction was applied which resulted in transmission factors ranging
from 0.523 to 0.786. The data were corrected for Lorentz and polarization effects.

Structure Solution and Refinement

The structure was solved by direct methodsl and expanded using Fourier
techniques. The non-hydrogen atoms were refined anisotropically. Hydrogen atoms were

refined using the riding model. The final cycle of full-matrix least-squares refinement2 on

F2 was based on 4542 observed reflections and 397 variable parameters and converged
(largest parameter shift was 0.00 times its esd) with unweighted and weighted agreement
factors of:

R1 =3 ||Fo| - [Fc|| / = |Fo| = 0.0415
WR2 = [ X (w (Fo2 - Fc2)2 )/ 5 w(Fo2)2]1/2 = 0.1296

The standard deviation of an observation of unit weight3 was 1.13. Unit weights
were used. The maximum and minimum peaks on the final difference Fourier map

corresponded to 0.39 and -0.35 e/A3, respectively.

Neutral atom scattering factors were taken from Cromer and Waber4. Anomalous
dispersion effects were included in Fcalc®; the values for Af' and Af* were those of
Creagh and McAuley®. The values for the mass attenuation coefficients are those of

Creagh and Hubbell/. All calculations were performed using the CrystalStructure8
crystallographic software package except for refinement, which was performed using

SHELXL-979.
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References for X-ray structure report

(1) SHELX97: Sheldrick, G.M. (2008). Acta Cryst. A64, 112-122.

(2) Least Squares function minimized: (SHELXL97)

SW(Fo2-Fc2)2 where w = Least Squares weights.

(3) Standard deviation of an observation of unit weight:
[Ew(Fo2-Fc2)2/(No-Ny)] 12

where: No = number of observations
Ny = number of variables

(4) Cromer, D. T. & Waber, J. T.; "International Tables for X-ray Crystallography", Vol. 1V,
The Kynoch Press, Birmingham, England, Table 2.2 A (1974).

(5) Ibers, J. A. & Hamilton, W. C.; Acta Crystallogr., 17, 781 (1964).

(6) Creagh, D. C. & McAuley, W.J .; "International Tables for Crystallography", Vol C,
(A.J.C. Wilson, ed.), Kluwer Academic Publishers, Boston, Table 4.2.6.8, pages 219-222
(1992).

(7) Creagh, D. C. & Hubbell, J.H..; "International Tables for Crystallography”, Vol C,
(A.J.C. Wilson, ed.), Kluwer Academic Publishers, Boston, Table 4.2.4.3, pages 200-206
(1992).

(8) CrystalStructure 4.0: Crystal Structure Analysis Package, Rigaku Corporation
(2000-2010). Tokyo 196-8666, Japan.

(9) SHELX97: Sheldrick, G.M. (2008). Acta Cryst. A4, 112-122.
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EXPERIMENTAL DETAILS

A. Crystal Data

Empirical Formula C14HgBF5NO

Formula Weight 313.03

Crystal Color, Habit yellow, block

Crystal Dimensions 0.466 X 0.344 X 0.178 mm
Crystal System triclinic

Lattice Type Primitive

Lattice Parameters a= 9.3821(2) A

b= 10.5283(2) A
c= 12.8919(3) A
o= 89.3186(7) ©
B= 86.5533(7) 0
y= 84.1267(7) 0

V = 1264.44(4) A3

Space Group P-1 (#2)

Z value 4

Dealc 1.644 g/cm3
Fooo 632.00
n(CuKa) 13.531 cm-1
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B. Intensity Measurements
Diffractometer R-AXIS RAPID

CuKa (A = 1.54187 A)
graphite monochromated

Radiation

Voltage, Current

Temperature
Detector Aperture

Data Images

o oscillation Range (x=54.0, $=60.0)
Exposure Rate

o oscillation Range (x=54.0, $=150.0)
Exposure Rate

o oscillation Range (x=54.0, $=240.0)
Exposure Rate

o oscillation Range (x=54.0, $=330.0)
Exposure Rate

o oscillation Range (x=0.0, $¢=60.0)

Exposure Rate
Detector Position
Pixel Size

Zemax

No. of Reflections Measured

43

50kV, 40mA

-165.00C
460 x 256 mm

45 exposures
80.0 - 260.00
60.0 sec./O
80.0 - 260.00
60.0 sec./O
80.0 - 260.00
60.0 sec./O
80.0 - 260.00
60.0 sec./O
80.0 - 260.00

60.0 sec./0
127.40 mm
0.100 mm
136.40

Total: 14047



Unique: 4542 (Rint = 0.0443)

Corrections Lorentz-polarization

Absorption
(trans. factors: 0.523 - 0.786)
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C. Structure Solution and Refinement

Structure Solution
Refinement
Function Minimized

Least Squares Weights

20max cutoff

Anomalous Dispersion

No. Observations (All reflections)
No. Variables
Reflection/Parameter Ratio
Residuals: R1 (1>2.000(1))
Residuals: R (All reflections)
Residuals: wR2 (All reflections)
Goodness of Fit Indicator

Max Shift/Error in Final Cycle
Maximum peak in Final Diff. Map

Minimum peak in Final Diff. Map

45

Direct Methods (SHELX97)
Full-matrix least-squares on F2
3 w (Fo2 - Fc2)2

w = 1/ [ 62(Fo2) + (0.0707 - P)2
+0.0625- P]
where P = (Max(Fo2,0) + 2Fc2)/3

136.40

All non-hydrogen atoms
4542

397

11.44

0.0415

0.0538

0.1296

1.129

0.001
0.39 /A3

-0.35 e-/A3



Table 1. Atomic coordinates and Biso/Beq

atom
F1
F2
F3
F4
F5
F6
F7
F8
F9
F10
o1
02
N1
N2
c1
C2
C3
c4
C5
C6
C7
C8
C9
C10
c11
C12
c13
C14
C15
C16
C17
c1s
C19
C20
c21
c22
c23

X

0.1986(2)
0.3941(2)
0.2366(2)
0.1175(2)
0.0518(2)
0.2417(2)
0.4141(1)
0.1244(2)
0.2481(2)
0.0845(2)
0.3087(2)
0.3717(2)
0.3933(2)
0.4472(2)
0.3245(2)
0.1741(2)
0.1115(3)
0.1948(3)
0.3404(3)
0.4114(2)
0.5597(2)
0.6253(2)
0.7770(2)
0.8362(3)
0.7478(3)
0.6017(3)
0.5384(2)
0.1699(3)
0.3734(2)
0.2241(2)
0.1558(3)
0.2301(3)
0.3735(3)
0.4511(2)
0.5981(2)
0.6706(2)
0.8218(2)

y
0.6290(1)
0.6398(1)
0.5512(2)
0.7155(1)
0.5271(1)
0.9543(1)
0.8929(1)
0.9115(1)
1.0544(2)
1.1080(1)
0.4369(2)
1.1132(2)
0.4018(2)
1.1211(2)
0.3746(2)
0.3852(2)
0.3577(2)
0.3210(2)
0.3090(2)
0.3335(2)
0.3169(2)
0.3408(2)
0.3200(2)
0.3434(2)
0.3880(2)
0.4075(2)
0.3852(2)
0.5922(2)
1.1720(2)
1.2096(2)
1.2579(2)
1.2700(2)
1.2357(2)
1.1847(2)
1.1502(2)
1.1012(2)
1.0670(2)
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z

0.33403(8)
0.22354(9)
0.05615(9)
0.1290(1)
0.1596(1)
0.21171(8)
0.32404(9)
0.42508(9)
0.48358(9)
0.37597(9)
0.25535(9)
0.28150(9)
0.3372(2)
0.1870(2)
0.4300(2)
0.4434(2)
0.5376(2)
0.6232(2)
0.6118(2)
0.5143(2)
0.4973(2)
0.3999(2)
0.3785(2)
0.2825(2)
0.2014(2)
0.2168(2)
0.3166(2)
0.1474(2)
0.1055(2)
0.1168(2)
0.0320(2)

-0.0660(2)
-0.0782(2)

0.0080(2)
-0.0001(2)
0.0853(2)
0.0808(2)

Beq
2.29(3)
2.16(3)
3.48(3)
3.10(3)
3.06(3)
1.69(3)
2.06(3)
2.71(3)
2.65(3)
2.17(3)
1.47(3)
1.24(3)
1.34(3)
1.22(3)
1.25(4)
1.48(4)
1.66(4)
1.73(4)
1.65(4)
1.28(4)
1.46(4)
1.41(4)
1.67(4)
1.83(4)
1.73(4)
1.55(4)
1.35(4)
1.96(4)
1.28(4)
1.51(4)
1.80(4)
2.06(4)
1.84(4)
1.43(4)
1.48(4)
1.39(4)
1.72(4)



Table 1. Atomic coordinates and Biso/Beq (continued)

atom

C24
C25
C26
Cc27
C28
Bl

B2

Beq =8/3 rsZ(Ull(aa*)2 + U22(bb*)2 + U33(cc*)2 + 2U12(aa*bb*)cos y + 2Uq3(aa*cc*)cos B + 2Uo3(bb*cc*)cos o)

X

0.8886(3)
0.8080(2)
0.6630(2)
0.5921(2)
0.1919(2)
0.2718(3)
0.3080(3)

y
1.0214(2)
1.0094(2)
1.0409(2)
1.0874(2)
1.0154(2)
0.5791(2)
0.9871(2)
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z

0.1664(2)
0.2621(2)
0.2716(2)
0.1827(2)
0.3960(2)
0.2449(2)
0.2995(2)

Beq

1.87(4)
1.77(4)
1.46(4)
1.31(4)
1.64(4)
1.39(4)
1.42(4)



Table 2. Atomic coordinates and Bijso involving hydrogen atoms

atom

H2
H3

H4

H5

H7

H9

H10
H11
H12
H16
H17
H18
H19
H21
H23
H24
H25
H26

X

0.1168
0.0098
0.1485
0.3952
0.6175
0.8370
0.9373
0.7911
0.5438
0.1726
0.0557
0.1791
0.4225
0.6502
0.8767
0.9892
0.8564
0.6109

y
0.4113
0.3632
0.3047
0.2840
0.2888
0.2895
0.3298
0.4047
0.4356
1.2014
1.2841
1.3024
1.2454
1.1602
1.0762
0.9975
0.9784
1.0318
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z

0.3871
0.5463
0.6889
0.6695
0.5528
0.4321
0.2695
0.1348
0.1613
0.1819
0.0390
-0.1237
-0.1440
-0.0647
0.0173
0.1621
0.3214
0.3363



Table 3. Anisotropic displacement parameters

atom
F1
F2
F3
F4
F5
F6
F7
F8
F9
F10
o1
02
N1
N2
c1
C2
C3
c4
C5
C6
C7
c8
C9
C10
c11
c12
c13
C14
C15
C16
C17
c1s
C19
C20
c21
c22
c23

U11
0.0400(8)
0.0203(6)
0.068(1)
0.0445(9)
0.0279(7)
0.0259(7)
0.0190(6)
0.0379(8)
0.0415(8)
0.0190(7)
0.0199(8)
0.0175(7)
0.0203(9)
0.0146(8)
0.022(1)
0.022(1)
0.021(1)
0.028(2)
0.030(2)
0.024(1)
0.022(1)
0.020(1)
0.021(1)
0.019(1)
0.026(2)
0.027(1)
0.017(1)
0.027(2)
0.019(1)
0.019(1)
0.021(1)
0.031(2)
0.032(2)
0.023(1)
0.023(1)
0.018(1)
0.018(1)

U2z
0.0233(7)
0.0206(6)
0.0490(9)
0.0240(7)
0.0314(7)
0.0239(6)
0.0180(6)
0.0284(7)
0.0463(8)
0.0299(7)
0.0215(7)
0.0198(7)
0.0179(8)
0.0171(8)
0.0109(9)
0.019(1)
0.021(1)
0.022(1)
0.020(1)
0.0117(9)
0.015(1)
0.0134(9)
0.016(1)
0.024(1)
0.022(1)
0.015(1)
0.0114(9)
0.021(1)
0.0117(9)
0.018(1)
0.021(1)
0.025(1)
0.024(1)
0.015(1)
0.018(1)
0.0143(9)
0.026(1)

Uss
0.0223(7)
0.0424(8)
0.0165(8)
0.0528(9)
0.061(1)
0.0152(6)
0.0405(8)
0.0355(8)
0.0134(7)
0.0315(8)
0.0150(8)
0.0094(7)
0.0127(9)
0.0143(9)
0.015(1)
0.016(1)
0.020(2)
0.015(1)
0.012(1)
0.013(1)
0.018(1)
0.020(1)
0.027(2)
0.027(2)
0.017(1)
0.018(1)
0.023(1)
0.028(2)
0.019(1)
0.021(1)
0.027(2)
0.024(2)
0.015(1)
0.018(1)
0.015(1)
0.020(1)
0.021(2)
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U1z
0.0015(6)
-0.0057(5)
-0.0109(8)
-0.0072(6)
-0.0122(6)
-0.0082(5)
0.0006(5)
-0.0107(6)
-0.0068(7)
0.0032(5)
-0.0008(6)
-0.0023(6)

-0.0004(7)

-0.0025(7)
-0.0021(8)
-0.0011(9)
0.0003(9)
0.0015(9)
0.0026(9)
-0.0008(8)
0.0006(8)
-0.0014(8)
-0.0021(9)
0.0003(9)
-0.0010(9)
-0.0024(9)
-0.0017(8)
-0.0067(9)
-0.0046(8)
-0.0015(8)
-0.0012(9)
-0.006(1)

-0.009(1)

-0.0073(9)
-0.0064(9)
-0.0042(8)
-0.0044(9)

Uis
0.0019(6)
-0.0060(6)
-0.0077(7)
-0.0295(7)
-0.0230(7)
0.0014(5)
0.0001(6)
0.0183(6)

-0.0002(6)

0.0049(6)
-0.0094(6)
0.0046(6)
-0.0047(7)
0.0024(7)
-0.0033(9)
-0.0045(9)
0.0007(9)
0.0013(9)
-0.0052(9)
-0.0041(9)
-0.0068(9)
-0.0036(9)
-0.0061(9)
-0.0010(9)
0.0042(9)
-0.0049(9)
-0.0035(9)
-0.009(1)

-0.0034(9)
-0.0012(9)
-0.0052(9)
-0.010(1)

-0.0025(9)

-0.0004(9)

0.0035(9)
0.0045(9)
0.0050(9)

U23
0.0029(5)
0.0025(5)
0.0040(6)
0.0164(6)
0.0134(6)
-0.0028(5)
0.0073(5)
0.0045(6)
-0.0020(6)
-0.0022(6)
0.0043(6)
0.0008(5)
0.0021(7)
0.0022(7)
-0.0003(8)
0.0012(8)
-0.0013(8)
0.0012(8)
0.0001(8)
-0.0008(8)
0.0004(8)
0.0014(8)
0.0033(8)
-0.0004(9)
-0.0025(8)
0.0005(8)
0.0001(8)
0.0103(9)
0.0035(8)
0.0015(8)
0.0034(9)
0.0076(9)
0.0056(9)
0.0012(8)
-0.0011(8)
-0.0027(8)
-0.0032(9)



Table 3. Anisotropic displacement parameters (continued)

atom
C24
C25
C26
Cc27
C28
Bl
B2

U11
0.014(1)
0.020(1)
0.018(1)
0.016(1)
0.022(1)
0.020(1)
0.016(2)

U2z
0.026(1)
0.020(1)
0.019(1)
0.0116(9)
0.021(1)
0.020(1)
0.016(1)

Uss
0.031(2)
0.028(2)
0.019(1)
0.023(1)
0.020(1)
0.012(1)
0.021(2)

U1z
-0.0025(9)
-0.0049(9)
-0.0056(8)
-0.0041(8)
-0.0047(9)
-0.0019(9)
-0.0019(9)

Uis

0.0015(9)
-0.0063(9)
-0.0012(9)
-0.0006(9)
0.0003(9)
-0.0020(9)
0.001(1)

U23
-0.0020(9)
0.0026(9)
0.0015(8)
0.0003(8)
0.0032(8)
0.0005(9)
0.0042(9)

The general temperature factor expression: exp(-2n2(a*2U11h2 + b*2U»k2 + c*2U3312 +
2a*b*U1ohk + 2a*c*U13hl + 2b*c*Uo3kKl))
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Table 4. Fragment Analysis

fragment: 1
F(1)
O(1)
C(4)
C(9)
C(14)

fragment: 2
F(6)
0(2)
C(18)
C(23)
C(28)

F(2)
N(1)
C(5)
C(10)
B(1)

F(7)
N(2)
C(19)
C(24)
B(2)

F(3)
C(2)
C(6)
C(11)

F(8)
C(15)
C(20)
C(25)
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F(4)
C(2)
C(7)
C(12)

F(9)

C(16)
C(21)
C(26)

F(5)
C(3)
C(8)
C(13)

F(10)
C(17)
C(22)
C(27)



Table 5. Bond lengths (A)

atom atom distance atom atom distance
F1 Bl 1.383(3) F2 B1 1.382(3)
F3 Cl4 1.353(3) F4 Cl4 1.363(3)
F5 Cl4 1.361(3) F6 B2 1.388(3)
F7 B2 1.379(3) F8 C28 1.357(3)
F9 C28 1.359(3) F10 C28 1.363(3)
o1 N1 1.383(2) o1 Bl 1.508(3)
02 N2 1.3788(19) 02 B2 1.520(3)
N1 C1 1.365(3) N1 C13 1.365(3)
N2 C15 1.367(3) N2 Cc27 1.367(3)
C1 Cc2 1.405(3) C1 C6 1.435(3)
C2 C3 1.358(3) C3 C4 1.418(3)
C4 C5 1.358(3) C5 C6 1.420(3)
C6 C7 1.389(3) C7 C8 1.397(3)
C8 C9 1.428(3) C8 C13 1.433(3)
C9 C10 1.356(3) C10 Cl1 1.420(3)
C11 C12 1.367(3) C12 C13 1.411(3)
Cl4 Bl 1.622(3) C15 Cl6 1.414(3)
C15 C20 1.426(3) Cl6 C17 1.368(3)
C17 C18 1.417(3) C18 C19 1.357(3)
C19 Cc20 1.435(3) C20 Cc21 1.388(3)
c21 C22 1.394(3) C22 C23 1.426(3)
Cc22 Cc27 1.431(3) C23 C24 1.360(3)
C24 C25 1.419(3) C25 C26 1.365(3)
C26 Cc27 1.417(3) C28 B2 1.613(3)
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Table 6. Bond lengths involving hydrogens (A)

atom atom distance atom atom distance
C2 H2 0.950 C3 H3 0.950
C4 H4 0.950 C5 H5 0.950
C7 H7 0.950 C9 H9 0.950
C10 H10 0.950 Cl1 H11 0.950
C12 H12 0.950 Cl6 H16 0.950
C17 H17 0.950 C18 H18 0.950
C19 H19 0.950 Cc21 H21 0.950
C23 H23 0.950 C24 H24 0.950
C25 H25 0.950 C26 H26 0.950
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Table 7. Bond angles (©)

atom
N1
o1
C1
02
N1
c2
c2
Cc4
C1
C6
c7
c8
C10
N1
c8
F3
F4
F5
N2
C15
C17
C15
C19
c21
c23
c23
C25
N2
F8
F8
F9
F1
F1
F2
F6
F6
F7

atom
O1
N1
N1
N2
C1
C1l
C3
C5
C6
C7
C8
C9
Cl1
C13
C13
Cl4
Cl4
Cl4
C15
Cl6
C18
C20
C20
C22
C22
C24
C26
C27
C28
C28
C28
Bl
Bl
Bl
B2
B2
B2

atom
Bl
C1
C13
Cc27
C2
C6
C4
C6
C7
C8
C13
C10
C12
C8
C12
F5
F5
Bl
C20
C1lv
C19
C19
Cc21
C23
c27
C25
Cc27
C26
F9
B2
B2
F2
Cl4
C14
F7
C28
C28

angle

113.86(14)
117.22(15)
124.99(17)
118.18(15)
121.87(17)
120.48(17)
121.35(19)
120.68(18)
119.27(17)
121.07(18)
119.50(18)
120.71(19)
121.57(19)
117.39(17)
120.62(17)
105.24(17)
104.97(16)
114.13(17)
117.90(17)
118.49(18)
120.66(19)
118.13(17)
122.28(18)
122.69(18)
117.92(18)
120.01(19)
118.48(18)
121.46(17)
105.42(15)
112.72(16)
114.20(17)
110.04(17)
110.81(16)
110.63(17)
110.66(16)
110.79(17)
111.20(16)
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atom
N2
o1
02
C15
N1
c1
Cc3
c1
C5
C7
C9
C9
c11
N1
F3
F3
F4
N2
Cc16
C16
c18
C15
C20
c21
c22
C24
N2
c22
F8
F9
F10
F1
F2
o1
F6
F7
02

atom
02
N1
N2
N2
C1
C2
C4
C6
C6
C8
C8
C10
C12
C13
Cl4
Cl4
Cl4
C15
C15
C1l7
C19
C20
C21
C22
C23
C25
c27
Cc27
C28
C28
C28
Bl
Bl
Bl
B2
B2
B2

atom
B2
C13
C15
Cc27
C6
C3
C5
C5
C7
C9
C13
Cl1
C13
C12
F4
Bl
Bl
C16
C20
C18
C20
C21
C22
C27
C24
C26
C22
C26
F10
F10
B2
o1
0O1
Ci4
02
02
C28

angle

113.77(13)
117.47(15)
117.24(14)
124.36(16)
117.65(17)
119.31(18)
120.32(18)
117.80(17)
122.91(18)
122.60(18)
117.89(17)
120.31(19)
118.89(19)
121.97(18)
104.99(16)
114.15(17)
112.46(17)
121.23(17)
120.86(18)
121.75(19)
120.10(18)
119.58(18)
120.92(18)
119.37(17)
120.78(19)
122.04(19)
117.79(17)
120.75(17)
105.04(15)
104.93(15)
113.65(16)
110.99(16)
110.82(16)
103.40(16)
109.99(16)
109.97(16)
104.03(15)



Table 8. Bond angles involving hydrogens (©)

atom
C1
C2
C3
C4
C6
C8
C9
C10
Cl1
C15
C16
C1lv
C18
C20
C22
C23
C24
C25

atom
C2
C3
C4
C5
C7
C9
C10
Cl1
C12
Cl6
C17
C18
C19
C21
C23
C24
C25
C26

atom
H2
H3
H4
H5
H7
H9
H10
H11
H12
H16
H17
H18
H19
H21
H23
H24
H25
H26

angle
120.3
119.3
119.8
119.7
1195
119.6
119.8
119.2
120.6
120.8
119.1
119.7
120.0
119.5
119.6
120.0
119.0
120.8
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atom
C3
C4
C5
C6
C8
C10
Cl1
C12
C13
C1l7
C18
C19
C20
C22
C24
C25
C26
C27

atom
Cc2
C3
C4
C5
Cc7
C9
C10
Cl1
C12
C16
C17
C18
C19
C21
C23
C24
C25
C26

atom
H2
H3
H4
H5
H7
H9
H10
H11
H12
H16
H17
H18
H19
H21
H23
H24
H25
H26

angle
120.3
119.3
119.8
119.7
1195
119.6
119.8
119.2
120.6
120.7
119.1
119.7
119.9
119.5
119.6
120.0
119.0
120.8



Table 9. Torsion Angles(©)
(Those having bond angles > 160 or < 20 degrees are excluded.)

atoml atom2 atom3 atom4 angle atoml atom2 atom3 atom4 angle

N1 01 Bl F1 -59.4(2) N1 01 Bl F2 63.22(19)
N1 01 Bl Cl4 -178.22(12) Bl o1 N1 C1 92.44(16)
Bl 01 N1 C13 -93.71(16) N2 02 B2 F6 -45.97(18)
N2 02 B2 F7 76.15(18) N2 02 B2 C28 -164.68(12)
B2 02 N2 Cl15 91.73(16) B2 02 N2 C27 -93.40(17)
01 N1 C1 C2 -1.9(3) o1 N1 C1 C6 177.73(12)
01 N1 C13 C8 -176.05(13) 01 N1 C13 Cl2 25(3)

C1 N1 C13 C8 -2.7(3) C1 N1 C13 Cl12 175.80(15)
C13 N1 C1 Cc2 -175.20(15) C13 N1 C1 C6 4.4(3)

02 N2 C15 Cl1l6 -2.8(3) 02 N2 Cl15 C20 178.00(13)
02 N2 C27 C22 -177.31(13) 02 N2 C27 C26 2.4(3)

C15 N2 C27 C22 -2.8(3) C15 N2 C27 C26 176.87(15)
C27 N2 Cl5 Cl16 -177.34(15) C27 N2 Cl5 C20 3.5(3)

N1 C1 C2 C3 -179.58(15) N1 C1 C6 C5 178.08(14)
N1 C1 C6 C7 -3.2(3) Cc2 C1 C6 C5 -2.3(3)

Cc2 C1 C6 Cc7 176.36(15) C6 C1 Cc2 C3 0.8(3)

C1 Cc2 C3 C4 1.3(3) Cc2 C3 C4 C5 -1.9(3)

C3 C4 C5 C6 0.3(3) C4 C5 C6 C1 1.8(3)

C4 C5 C6 C7 -176.89(16) C1 C6 Cc7 C8 0.7(3)

C5 C6 Cc7 C8 179.31(16) C6 Cc7 C8 C9 -177.48(15)
C6 C7 C8 C13 1.0(3) C7 C8 C9 C10 179.38(16)
Cc7 C8 C13 N1 -0.1(3) Cc7 C8 C13 Cl2 -178.65(15)
C9 C8 C13 N1 178.45(15) C9 C8 Cl3 Cl12 -0.1(3)
C13 C8 C9 C10 0.9(3) C8 C9 C10 C11 -0.5(3)

C9 Cl10 Cl11 cC12 -0.6(3) Cl0 Cl11 Ci12 C13 1.4(3

Cl1 Cl12 Ci13 N1 -179.49(16) Cl1 Ci2 Ci3 cC8 -1.0(3)

F3 Cl4 B1 F1 176.86(15) F3 Cli4 B1 F2 54.5(2)

F3 Cl4 B1 01 -64.2(2) F4 Cl4 B1 F1 57.4(2)

F4 Cl4 B1 F2 -64.9(2) F4 Ci4 B1 01 176.37(14)
F5 Cl4 B1 F1 -62.0(2) F5 Cl4 B1 F2 175.62(14)
F5 Cl4 B1 01 56.93(19) N2 Cl5 Cl6 C17 -178.91(15)
N2 Cl15 C20 C19 178.76(14) N2 Cl5 C20 C21 -2.5(3)
Cl6 Ci15 C20 C19 -0.4(3) Cl6 Ci15 C20 C21 178.28(16)
C20 Ci15 Ci6 Ci17 0.2(3) Cl5 Cil6 Ci7 Ci18 0.6(3)

Cle Ci17 C18 C19 -1.2(3) Cl7 C18 C19 C20 1.0(3

Cl18 C19 C20 Ci15 -0.2(3) C18 C19 C20 C21 -178.88(17)
Cl5 C20 C21 C22 1.2(3 Cl9 C20 C21 C22 179.82(16)
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Table 9. Torsion angles (°) (continued)

atoml atom2 atom3 atom4

C20
C21
C21
C23
C22
C24
C25
F8

F9

F9

F10

Cc21
C22
C22
C22
C23
C25
C26
C28
C28
C28
C28

C22
C23
Cc27
Cc27
C24
C26
Cc27
B2
B2
B2
B2

c23
C24
C26
C26
c25
c27
c22
F7
F6
02
F7

angle
-178.76(16)
178.99(17)
-178.46(16)
-0.1(3)
-1.1(3)
-0.3(3)
-0.1(3)
-60.7(3)
-176.86(14)
-58.70(19)
179.98(15)
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atoml atom2 atom3 atom4 angle

C20
C21
C23
Cc27
C23
C25
F8

F8

F9

F10
F10

C21
C22
C22
C22
C24
C26
C28
C28
C28
C28
C28

C22
Cc27
Cc27
C23
C25
C27
B2
B2
B2
B2
B2

Cc27
N2
N2
C24
C26
N2
F6
02
F7
F6
02

-0.5(3)
1.2(3)
179.57(16)
0.7(3)
0.9(3)
-179.78(16)
62.9(2)
-178.98(14)
59.6(2)
-56.5(2)
61.7(2)



Table 10. Intramolecular contacts less than 3.60 A

atom
F1
F1
F1
F2
F2
F3
F6
F6
F6
F7
F7
F9
o1
02
N1
C1
C1
Cc2
C6
C9
C12
C15
C15
Cl6
C20
C23
C26

atom
F4
N1
C2
F4
C12
o1
F8
N2
C16
F9
C26
02
C2
C16
C7
C4
Bl
Bl
C13
C12
Bl
C18
B2
B2
C27
C26
B2

distance
2.9047(17)
2.8584(18)
2.936(3)
2.9648(18)
2.965(2)
2.9102(17)
2.9475(16)
2.741(2)
2.933(3)
2.9502(16)
2.978(3)
2.8740(17)
2.740(3)
2.732(3)
2.748(3)
2.784(3)
3.220(3)
3.395(3)
2.820(3)
2.820(3)
3.422(3)
2.789(3)
3.220(3)
3.372(3)
2.810(3)
2.823(3)
3.432(3)
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atom
F1
F1
F2
F2
F2
F5
F6
F6
F7
F7
F7
F10
o1
02
N2
c1
C2
Cc3
c8
C10
c13
C15
C16
c17
c22
C24
c27

atom
F5
C1
F3
N1
C13
o1
F10
C15
F8
N2
Cc27
02
C12
C26
C21
C8
C5
C6
Cl1
C13
Bl
C22
C19
C20
C25
c27
B2

distance
2.9722(18)
3.089(2)
2.9031(19)
2.8884(19)
3.136(2)
2.8452(18)
2.9142(15)
2.993(2)
2.9315(16)
2.9961(19)
3.247(3)
2.8950(17)
2.750(3)
2.757(3)
2.752(3)
2.812(3)
2.810(3)
2.798(3)
2.802(3)
2.793(3)
3.234(3)
2.809(3)
2.828(3)
2.799(3)
2.800(3)
2.794(3)
3.246(3)



Table 11. Intramolecular contacts less than 3.60 A involving hydrogens

atom atom distance atom atom distance
F1 H2 2.563 F2 H12 2.555
F3 H12 3.368 F5 H2 3.231
F6 H16 2.645 F7 H26 2.483
F10 H16 2.788 o1 H2 2.434
o1 H12 2.451 02 H16 2.430
02 H26 2.461 N1 H2 2.627
N1 H12 2.639 N2 H16 2.633
N2 H26 2.639 C1 H3 3.244
C1 H5 3.307 C1 H7 3.296
Cc2 H4 3.268 C3 H5 3.267
C4 H2 3.280 C5 H3 3.255
C5 H7 2.653 C6 H2 3.325
C6 H4 3.273 C7 H5 2.667
Cc7 H9 2.674 C8 H10 3.280
C8 H12 3.331 C9 H7 2.661
C9 H11 3.255 C10 H12 3.293
Cl1l1 H9 3.267 C12 H10 3.281
C13 H7 3.302 C13 H9 3.313
C13 H11 3.252 C15 H17 3.252
C15 H19 3.316 C15 H21 3.291
Cl16 H18 3.279 C17 H19 3.269
C18 H16 3.292 C19 H17 3.255
C19 H21 2.651 C20 H16 3.330
Cc20 H18 3.279 c21 H19 2.674
c21 H23 2.671 C22 H24 3.282
Cc22 H26 3.336 C23 H21 2.659
C23 H25 3.254 C24 H26 3.295
C25 H23 3.266 C26 H24 3.282
Cc27 H21 3.298 Cc27 H23 3.309
Cc27 H25 3.250 C28 H16 3.369
Bl H2 2.954 B1 H12 2.979
B2 H16 2.928 B2 H26 2.994
H2 H3 2.304 H3 H4 2.356
H4 H5 2.301 H5 H7 2.502
H7 H9 2.507 H9 H10 2.299
H10 H11 2.357 H11 H12 2.314
H16 H17 2.316 H17 H18 2.349
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Table 11. Intramolecular contacts less than 3.60 A involving hydrogens (continued)

atom atom distance atom atom

distance
H18 H19 2.301 H19 H21 2.502
H21 H23 2.505 H23 H24 2.304
H24 H25 2.354 H25 H26 2.311
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Table 12. Intermolecular contacts less than 3.60 A

atom
F1
F1
F2
F2
F3
F3
F4
F4
F5
F5
F5
F6
F6
F7
F7
F8
F8
F9
F9
F9
F9
F10
F10
F10
F10
o1
o1
02
02
N1
N2
N2
C1
Cc2
C3
C4
C5

atom
F7
c3?
F6
C5?
c114
Cc18°
c17°®
c213
C10’
C16°
c18°®
F4
c24’
F2
C62
F1
F108
c1°®
c3®
c5°
Cc25%°
Fg8
c3®
ci1o
Cc25’
N2°
Cc16°
N1°
c13°
N2°
N1°
c13°
02°
F10°
F9°
F9°
F72

distance
3.5966(16)
3.251(3)
3.4755(15)
3.456(3)
3.371(3)
3.377(3)
3.382(3)
3.473(3)
3.269(3)
3.595(3)
3.491(3)
3.1032(17)
3.400(3)
3.0047(16)
3.492(2)
3.2046(16)
3.1507(16)
3.569(3)
3.381(3)
3.379(3)
3.360(3)
3.1507(16)
3.413(3)
3.479(3)
3.318(3)
3.5453(19)
3.195(3)
3.160(2)
3.447(3)
3.529(2)
3.529(2)
3.467(3)
3.348(3)
3.261(3)
3.381(3)
3.330(3)
3.114(3)
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atom
F1
F1
F2
F2
F3
F4
F4
F4
F5
F5
F6
F6
F7
F7
F7
F8
F8
F9
F9
F9
F9
F10
F10
F10
o1
o1
02
02
N1
N2
N2
c1
C2
C3
Cc3
C5
C5

atom
F8
C72
F7
Cc19°
c17°
F6
c18°
Cc23°
C11’
c17°
F2
c21®
F1
C5°
C7?
Fg®
C9?
c2°
c4°
c6°
c26%°
c2°
Cgll
c24’
02°
C15°
01°
c1°
02°
01°
Cc12°
F9°
F9°
F1!
F10°
F2?
F9°

distance
3.2046(16)
3.328(3)
3.0047(16)
3.165(3)
3.276(3)
3.1032(17)
3.396(3)
3.580(3)
3.351(3)
3.323(3)
3.4755(15)
3.187(2)
3.5966(16)
3.114(3)
3.175(3)
3.3631(16)
3.589(3)
3.519(3)
3.330(3)
3.488(3)
3.426(3)
3.261(3)
3.461(3)
3.536(3)
3.4148(18)
3.394(3)
3.4148(18)
3.348(3)
3.160(2)
3.5453(19)
3.511(3)
3.569(3)
3.519(3)
3.251(3)
3.413(3)
3.456(3)
3.379(3)



Table 12. Intermolecular contacts less than 3.60 A (continued)

atom atom distance atom atom distance
C6 F72 3.492(2) C6 F9° 3.488(3)
C6 c8? 3.591(3) C7 F12 3.328(3)
c7 F72 3.175(3) Cs8 C6° 3.591(3)
C8 C26° 3.559(3) C9 F82 3.589(3)
C9 F10%? 3.461(3) C9 C25° 3.592(3)
C9 C26° 3.550(3) C10 F5'3 3.269(3)
C10 F10%? 3.479(3) C10 C25° 3.568(3)
C11 F3* 3.371(3) C11 F5'3 3.351(3)
C11 Cc22° 3.545(3) C12 N2° 3.511(3)
C12 c27° 3.415(3) C13 02° 3.447(3)
C13 N2° 3.467(3) C13 c27° 3.572(3)
C15 01° 3.394(3) C16 F5° 3.595(3)
C16 01° 3.195(3) C17 F3° 3.276(3)
C17 F4° 3.382(3) C17 F5° 3.323(3)
C18 F3° 3.377(3) C18 F4° 3.396(3)
C18 F5° 3.491(3) C19 F2° 3.165(3)
C20 c223 3.573(3) c21 F43 3.473(3)
c21 F6° 3.187(2) Cc22 c11° 3.545(3)
C22 c20° 3.573(3) C23 F43 3.580(3)
C24 F6™ 3.400(3) C24 F10'3 3.536(3)
C25 F9*0 3.360(3) C25 F10%3 3.318(3)
C25 c9’ 3.592(3) C25 c10° 3.568(3)
C26 F9*0 3.426(3) C26 cs® 3.559(3)
C26 c9’ 3.550(3) c27 Cc12° 3.415(3)
C27 c13° 3.572(3)

Symmetry Operators:

(1) -X,-Y+1,-Z+1 (2) -X+1,-Y+1,-Z+1
(3) -X+1,-Y+2,-Z (4) -X+1,-Y+1,-Z

(5) X\Y-1,Z (6) -X,-Y+2,-Z

(7) X-1,Y,Z (8) -X,-Y+2,-Z+1

(9) XY+1,Z (10) -X+1,-Y+2,-Z+1
(11) X-1,Y+1,Z (12) X+1,Y-1,Z

(13) X+1,Y,Z
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Table 13. Intermolecular contacts less than 3.60 A involving hydrogens

atom
F1
F1
F2
F2
F3
F3
F3
F4
F4
F4
F5
F5
F5
F6
F6
F7
F7
F8
F8
F9
F10
F10
F10
o1
N2
c2
c2
C3
c4
C5
c9
C10
c11
C12
C14
C15
C16

atom
H3!
H7?
H52
H19°
H11*
H17°
H213
H17°
H213
H24’
H10’
H16°
H17°
H21°
H24'
H7?
H213
H7?
H25’
H258
H2°
H910
H24'
H16°
H12°
H3!
H10’
H3!
H1g8!
H19%!
H212
H212
H17%:
H52
H18°
H12°
H10%

distance
2.412
2.547
2.670
2.378
2.523
3.445
3.326
2.785
2.738
3.112
2.771
3.514
3.362
2.377
2.486
2.501
3.494
3.068
2.937
2.675
3.245
2.913
3.215
3.086
3.528
3.010
3.346
3.239
3.262
3.331
3.431
3.178
3.551
3.583
3.378
3.446
3.382
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atom
F1
F1
F2
F2
F3
F3
F4
F4
F4
F5
F5
F5
F5
F6
F7
F7
F8
F8
F8
F9
F10
F10
F10
N1
N2
C2
C3
Cc3
c4
c8
C9
C10
c11
C14
C14
C15
C16

atom
H4t
H9?
H7?
H213
H12*
H17°
H4t
H18°
H233
H4t
H11’
H17°
H18°
H233
H52
H19®
H3!
H9?
H258
H268
H3°
H10%°
H25’
H7?
H213
H9’
H2!
H9’
H252
H26°
H312
H16'3
H18°
H17°
H213
H213
H24’

distance
3.291
3.134
2.981
2.936
3.388
3.378
3.343
2.813
2.878
3.073
2.915
3.006
2.727
3.246
2.451
3.009
3.278
2.798
3.502
2.836
3.479
2.956
2.781
3.557
3.595
3.428
3.191
3.134
3.300
3.383
3.233
3.531
3.521
3.452
3.376
3.574
3.318



Table 13. Intermolecular contacts less than 3.60 A involving hydrogens (continued)

atom
C17
C18
C20
C23
C23
C24
C25
c27
C28
B2
B2
H2
H2
H2
H2
H3
H3
H3
H3
H4
H4
H4
H4
H5
H5
H5
H5
H7
H7
H7
H7
H9
H9
H9
H9
H10
H10

atom
H23’
H11®
H12°
H17%?
H24%
H18°
H4?
H19°
H25’
H7?
H24'
c3t
Cc10’
H9’
H16°
F8!
c2!
co’
H3!
F1!
F5!
C25°
H19%!
F2?
C12
C26°
H19%!
F1?
F72
N1?
B12
F1?
F10%
C312
H312
F512
C212

distance
3.412
3.516
3.528
3.344
3.543
3.585
3.347
3.563
3.408
3.487
3.559
3.191
3.178
3.059
3.449
3.278
3.010
3.233
3.098
3.291
3.073
3.347
3.456
2.670
3.583
3.584
2.457
2.547
2.501
3.557
3.243
3.134
2.913
3.134
2.443
2.771
3.346

atom
C18
C19
C22
C23
C24
C24
C26
C28
Bl
B2
H2
H2
H2
H2
H3
H3
H3
H3
H3
H4
H4
H4
H4
H5
H5
H5
H5
H7
H7
H7
H7
H9
H9
H9
H9
H10
H10

64

atom
H414
H514
H11°
H23b
H16%
H23b
H52
H7?
H7?
H213
F10°
co’
H3!
H10’
F1!
F10°
c3?
H2!
H9’
F4!
c1s8t
H1g8!
H252
F7°
c19ott
H1g8!
H262
F2?
Fg?
C282
B22
F8?
C212
H212
H25°
F10%3
c16*d

distance
3.303
3.283
3.573
3.258
3.441
3.237
3.584
3.579
3.243
3.401
3.245
3.431
2.670
2.551
2.412
3.479
3.239
2.670
2.443
3.343
3.303
2.450
2.990
2.451
3.283
3.246
3.333
2.981
3.068
3.579
3.487
2.798
3.428
3.059
3.571
2.956
3.382



Table 13. Intermolecular contacts less than 3.60 A involving hydrogens (continued)

atom
H10
H10
H11
H11
H11
H12
H12
H16
H16
H16
H16
H17
H17
H17
H17
H17
H17
H18
H18
H18
H18
H19
H19
H19
H19
H21
H21
H21
H21
H23
H23
H23
H23
H24
H24
H24
H24

atom
H212
H17%
F512
Cc22°
H18®
N2°
Cc20°
F5°
c10%
H2°
H24'
F3°
F5°
Cc11%°
c23’
H11%°
H24'
F5°
c11®
c24°
H514
F23
C514
H414
H123
F33
F6°
N2°3
c15°
F43
c17%
Cc24%°
H23%
F41?
F10'?
c23b
H16%2

distance
2.551
3.134
2.915
3.573
3.126
3.528
3.528
3.514
3.531
3.449
2.908
3.378
3.006
3.551
3.344
2.885
3.488
2.727
3.521
3.585
3.246
2.378
3.331
3.456
3.408
3.326
2.377
3.595
3.574
2.878
3.412
3.237
2.695
3.112
3.215
3.543
2.908

65

atom
H10
H11
H11
H11l
H12
H12
H12
H16
H16
H16
H17
H17
H17
H17
H17
H17
H18
H18
H18
H18
H18
H19
H19
H19
H21
H21
H21
H21
H21
H23
H23
H23
H23
H24
H24
H24
H24

atom
H16%
F3*
c18®
H17%5
F3*
C15°
H193
01°
c24’
H10%
F3°
F4°
F5°
C14°
H10%°
H23’
F4°
c4t4
Cc14°
H4
H113
F7°
c273
F23
F4°
F7°
c148
B23
F6°
c23®
H17%
H24%
F612
c16%
8212
H17%

distance
2.665
2.523
3.516
2.885
3.388
3.446
3.408
3.086
3.441
2.665
3.445
2.785
3.362
3.452
3.134
2.918
2.813
3.262
3.378
2.450
3.126
3.009
3.563
2.457
2.936
2.738
3.494
3.376
3.401
3.246
3.258
2.918
2.651
2.486
3.318
3.559
3.488



Table 13. Intermolecular contacts less than 3.60 A involving hydrogens (continued)

atom atom distance atom atom distance
H24 H23Y 2.651 H25 Fgl2 2.937
H25 Fg® 3.502 H25 Fo? 2.675
H25 F10%? 2.781 H25 C4? 3.300
H25 Cc2812 3.408 H25 H4? 2.990
H25 H9°® 3.571 H26 Fo? 2.836
H26 cs® 3.383 H26 H52 3.333

Symmetry Operators:

(1) -X,-Y+1,-Z+1 (2) -X+1,-Y+1,-Z+1
(3) -X+1,-Y+2,-Z (4) -X+1,-Y+1,-Z
(B5) X,\Y-1,Z (6) -X,-Y+2,-Z

(7) X-1,Y,Z (8) -X+1,-Y+2,-Z+1
(9 X\Y+1,Z (10) X-1,Y+1,Z
(11) X,Y-1,Z+1 (12) X+1,Y,Z

(13) X+1,Y-1,Z (14) X, Y+1,Z-1

(15) -X+2,-Y+2,-Z
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F2E ~TuFHFREEMOMERRE MY 7rFd e A F VARG
2-1 EHR

MU 7 a AFOVHIIER S, R, RN E e CICE EN 2 EERERETHY .
FRICEEMBARIZBWL L, AWIBAEES L OERSIMEEZHETSH N 74 a2 F L
DEAIZE Y U — FMeEOYERREBI L ENE R & OSEWBIHE /ST A — & OUGERHIFF
TED YV, £O7H, MEICHREEINTEHFEBHEIZIIH L, M) 7t AFLErE
AT 2 HIETE DRV RAIFMFRIIER AN TH Y . £ OBFENIZEN Z ZEHFEDRIZE
HICHER L TWD 2, 5RO FIEIC LD b Y 7oA 1 X F L E B A T8 72 5SS
W —MENRETHD . N A F e A TFAUENREAINTWAEIELT 477y
7 ZfiEHE T BRI D MENH o7 20, —RANICFIF SN TEAamIEE LT, A
Boa oAb R e VEBEFREA L N T AFa AT bRIE R W= e R Y
FOSRZET Hivd 34, ZOWE, MEBERIICRISPET L, BAOME RO %215
D EINTEDN, FETH LA 1 7 AR v L EH SR DRI 2 B & B
LT DA ALFEIRMBEOGBFEEMVRAERD E L TAEL L2 RPHETH L,

T, IO OMEE R 5 H5EE LT, C-H BAaTEMHEic k2 MY 7 vde 2 F 1
EER SN TEY, FEFREEY C-HFEED R 70341 A F /ALBNEFRITHIE ST
W5 5D, C-HfEEIEMELIC X ANERI Y 7t 2 F b LT, B Vviad
DANT B HFEHFRST X REZERIEE L THWHIN SRS ST 5 9, Blinkas vy
BEEE W ERIRET R 7 v Fd e X F b E AR E T 2R AR GIETH L0, RERIC
REL 22 HELAFEDOBREDLETH D SAHETH 5,

Blmdkz el E LT, Qing HiE, YU 7t a AF Lz iEfm e L, B
DE b BERAT 0 HFEFRICEMO 200 C-HFESOBLHI N Y 74 v 2 F bz s L
T 5 (Scheme 2-1)69, ~7 1 F&E ORI L 0 Feili 72 iR, BbAl, 36 X O 2
BN, FaeOA~TaHFFERICGEAAMETHY . REOEMELE LT L LWAa 7205k
Th b,

Me;SiCF; N—N\ Me N
(3.0-4.0 eq) . o)-CFs \©: O\>_CF3
CuX, / phen Ph Me
(10-40 mol%) 89% 72%
H > H—CF;
oxidant, base N N
] N N
DCE, 80 °C @: S—CF, @:N‘FCFs Me
S

6-12h Me 87%
74% 57%

Scheme 2-1. Oxidative trifluoromethylation of various 5-membered heterocycles

SO T Fr—F L LTI, D@ WRY Zvda A F T D vE v
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C-H #aoE#HEN e MY 7vdm A F AL RE S Tnd 7, MacMillan & (X6l %
RAWicfix O~T v FEBCEMSSH AW O N 7 A a A F bz REL TWD
(Scheme 2-2)™, #4525 U ZAA B AF VT UHIVIREFHTH LD, 5 BR~T
B HEEBFECEYIRBNTIL 202, 6 BEROFGEFRILEH TIE LV EFHEEOEWALE TG
WHEEITT 5, 5 BER~T 0 HFEBRICAV OGS TIEE O ERIRME 2 R 32, 6 BRI ER
LA O IBIT HALERPFEIIEE O IEICREUKFELTHEY ., B—04mmE L
TR TZNF B RAFMAEERDITIE, BHREICE D W D0 DRSO 5 HELOD
bR USNET vy 7§56 Z ERREE 5, BV UUFERIIE FRRERA~T 0 HR
ThHID, KEFR MY 70t AF LT Phn s ORI E < f@b\k%z am{)o
FAXIIIC B b REZBICTH D 3 AL CRIGT DA H 22, B GIEEHREIC LV B Lo
BIEELZmOLEEHIC, MORIGEHMZ 7 2y 7 LTWAZ NI NN Z, 6 BER~T
0 HERACAYONNBERIRA R U 7 rFda A F IARITRETH D L W2 5,

CF3S0,CI (2.0 eq)
Ru(phen);Cl, (1 mol%)

Heteroaromatics KzHPO, (3.0 eq) - | r: CF3 D_cps D_cps
Aromatics CH4CN, 23°C,24 h l\lle Me’ o Me’ S
light 94% 87% 82%
Me OMe Me. _N_ _CF, Me
- CF3 N O3 \E \:[ Oy _N._CF;
l P )l\ p7 N/ Me U
Me~ "N 'Me MeO~ 'N° "OMe
81% 86% 78% 87%
OMe
3 CF3
A 2 X 2
O Y e
OMe "
74% 7% 85% 84%
C2:C3 4:1 C2:C4 2:1

Scheme 2-2. Electrophilic radical trifluoromethylation by photoredox catalyst

Z D%, Baran HIZL > THREFAINY ZLF B AFALT I HNVERNT, ~T )5
FRALE D N Y 7V F a2 F AL ST 5 (Scheme 2-3)7ed, MacMillan & 0 J5
L FREC. 5 BEE~T B EEHL A O RIGITHE O TIHEE O BRI 257 L, RRye
IS OB ATEETHD, —HT, EUPUERELT D 6 BBE~T 0 HEELA
MORIEICEO T, < OBEITBOTHEREEORGM L LTELRD 2 L 23HE
ShTnb
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CF3;SO,Na or

(CF3802)22n
(3.0-6.0 eq) NHA
TBHP (5.0-10 eq) RN MeO 4 ¢
Heteroaromatics p» AcTNN7TCF; CF3
CH,CI, / H,0 (2.5:1) H H
23 °C, 3-24 h 57% 51%
o
Me H Ac CO,Et CN
N
A || )—CFs X3 X3
o7 N N | /)—ZCF:, —CF3 | /)—ZCFs
Me N N
96% 67% 53% 48%
C2:C32.4:1 C2:C34.1:1 C2:C32.4:1
F.C 5
X3 3
Ccr, (;[ DS
N2 Meo, c)\ 5 we (LR
43% 37% 75% 70%
C2:C31.1:1 C4:C51:1 5 isomers C5:C6 2.3:1

Scheme 2-3. Electrophilic radical trifluoromethylation of several heteroaromatics

UboXoic, BEOFIEICEIDEY P2 I T2 6 BE~T o FEHEILAYMD
NERRAL N 70 Fdm 2AFIRIIREETH Y, £O X 9 2SO FEBITEERFRET
HD, 2R NI TNABRATFAEEZRETHEY DX U UFBERT, EERLOBKLE
LCHRAREEMRECTH Y . Fix O~T vl HHFEGEWICHEIG FTREe B RRIEDOBFEIZ XL
HERA 72 BISRRFFE S ATREIC 72 D & B 2 B L5 (Figure 2-1)2¢),

HO. OMe
H MeO™ X o A
S I ~
| 0~ N7 TCF;
N~ TCF;
CF,
Mefloquine Picoxystrobin
(Anti-malarials) (Fungicide)

Figure 2-1. 2-Trifluoromethylated heteroaromatics as drugs and agrochemicals

2-2 QCEERH b Y 7 A v A F ARG DR & RGO E L

BEFF O RIS B T 2 IRV EIRIETH D . ZHULEWEEE BT H R U 7L
FaAFNANTOANEEEREE L THWS Z EICER LTS, £I2C, KREFIICTEM
fbEanle~T a HFHRFEEWITS T 5, WMARFRLE D REMASMBOSIZE D MU 7 A
0 A FVIEOE AN %G LTz (Scheme 2-4)8, T4, RE W72 b U 74w 2 F bl %
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WSS < HE STV DA, REN M T, BREOBEHHE STV DR
KbHo I LBRWEE LTHETOND 9, RN Y 7w AFUbflz ng Z & T,
T SIS ATREZR R BUSIT/R Y 9 5 LB R T,

H CF3_ CF3
>
regioselective
R R R\, X N
AN PN i P
E PP 2N I N CF;
N "CF; N” "CF; CF, ~.N
S R N R R
T, T, O, 0L
N CF; cF, kN, Lz

7
N CF, N-N CF,

\

AN
ﬂ.z N>

Scheme 2-4. Our goal: regioselective trifluoromethylation of various heteroaromatics

MRS LT, SRE SIS b SN =x 2 U VSR E AW 2 (LR Y 71
Fo XAF AL RN Uz, REH R U 704 X F Al & LT el #2272
Ruppert-Prakash i3 (MesSiCFs) %, = OIEMHEALFIE LTET7 vk BV v A 7 vkt
VA, BEORTZALT VT TTFAT =T LA EHWTRE (T o720, HO G
1T L7e o 7=(Scheme 2-5), ZDJFK & LTlE, hY Z/da X F T =4 OREMENMK
Wb ThbEBEZLND,

! ./

AN AN Me3SiCF3
| = L - | F~ A
N 1

O ci o\n/Ph TsO O\s\,Ts solvent N~ "CF;
1a o] oo 4a

Scheme 2-5. Initial trials for the trifluoromethylation of quinoline derivatives

REFHEPREERLATH D Z ERRBINTZF /U v N4 R-BFCFs §{4(2a)
ZHWT, SRR B Y 7 v A a A F b & Et Lz (Table 2-1D)10, {EMEFREE LT R Y 744
B A F VA AW TCRE G 2 2512, @R T MesSiICFs B8 XU vkt v A% [
WK TS E T o728 2 A, 42%DIERT B (4a) 135 S iviz(entry 1), BB
LT RBUSIZB O TIESRMEC X IS LI RN Lo | EREORE N
FEFITEN T &R ST (entry 2), IR Y& L LA MR L7 fE B, B = F P T
DITED e b PCERFE < . BIERB DI Lo Tz (entry 4),
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Table 2-1. Optimization of reaction conditions

catalyst
Me;SiCF; (X eq)

| _ CsF (Y eq) BN
N7 > |
. solvent, 80 °C, 24 h N” ~CF,

“BF,CF, 4a
2a
MesSiCFs CsF yield
entry catalyst solvent
X eq) (Y eq) (‘H NMR)
1 CuCl + phen (20 mol%) 3.0 1.5 THF 42
2 none 3.0 1.5 THF 45
3 none 2.0 3.0 THF 81
4 none 2.0 3.0 EtOAc 82
5 none 2.0 3.0 DCE 81
6 none 2.0 3.0 DMF 76
7 none 2.0 3.0 dioxane 70
8 none 2.0 3.0 MeCN 69
9 none 2.0 3.0 NMP 69
10 none 2.0 3.0 DME 53
11 none 2.0 3.0 toluene 22
12 none 2.0 3.0 DMSO 9

Heiwfl U7z pOi g % Scheme 2-6 127537, Table 2-1, entry 4 OGS %2 S &2, U
Jn#lE LT MS4A & vy, 25 CT 1 If#], AR L T 60 CT 4 FfMEURIET 2 2 LIz &
D IERD 91%IZ ) b L7z, ARG T, oM EEERIIMER I TE LT, mVrE
BPWEZ KRBT 52 LR TET,

Me;SiCF; (3.0 eq)

X CsF (3.0 eq)
©|\/j MS4A N
N > [:I:l
o.- EtOAc N” “CF;
BF,CF3 25°C, 1 h; then 60 °C, 4 h 4a
2a 91% (isolated)
no regioisomer

Scheme 2-6. Optimized conditions for the introduction of the CF3 group

A LS Z VN TCL oTEMELIRZ D TR 21T o728 2A, /2 U A%
¥ R-BF385{K(6) 7 51X 45%. b L VIR X D TEMELIRO)°X 2 U o N4 ¥ 2 R(1a)
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NHITEBED B Lt oo - 7= (Figure 2-2), ZOFER LY, N 74w 25
JALKSE DRI LUMO = L ¥ — ¥R L 0 BAE S o 7o fi 2 OIEMELIR D REFED =R S
ICFIRI L TW B &z b,

Substrate: N7 N% NT - L2
& & o OTs N
“BF,CF3 “BF; “Ts o-
2a 5 6 1a
19F NMR yield: 94% 45% <1% <1%
AN N AN AN
B » ) »
LUMO energy levels: N+ g* 1t oTs gt
‘BcmF3 \BF3 *Ts
-3.23 eV -2.99 eV -2.84 eV -1.56 eV

Figure 2-2. Comparison of yields and LUMO energy levels under optimized

conditions

2-3 EH M

B G L OVE RGO DBEBEZ AT 5 N 7 A e 2 TF i/
U UFHER(Ab-4k) 3 BAFRIGE, @O LERIWE, B I OEOWERETFAETHE O
(Table 2-2), [FERDFTIEIZT, A4 VX /U ViFEE 4, 7 =F 2V DUFHEK 4m, N
V¥V g 4an, 7 =F v e VEER 40,7 7 U U U FRELK 4p A3 BAFIRINER,
W LESEIPEIC TR B ALz, AR T, b EBHEIMEWLE CRISDETT 2720,
AVF U CHERIT LN, 77V P UHERIT IRV TRISAEITT 5, FEERIC, H
NMRHIEL Y., TNTNDOFEETHD 21D 141, BE, 4p D IfMio7T v i, &b
EREGITBIRI SN D Z L 2R L TV D, LAY 4m B LV 4p OIZIZHENTIE, FU 7
VAT AFOVIEDAIEN S O G E R ARET D720, R/ A 2 ) —VERIZ L 5%
REMZ XY BROFRIGERTHRMDBROND Z R bhroT,

e DEWLEZFT L8 ) VU FERAg-4w)., fERE Y U FiERk(4x-4z), ) IV
(R 4aa, X/ XYV UFEK 4ab, BLOT X T U UFHEK 4ac (ZOWTH, EUVMLE
BIRMEICCHME TS MY 7t e 2 F bR Eoniz, % 1 EORLELIC, ~T
2 EEFFRACEY N2 FFEE L REHR L ORISIZBWNTIEX, ¥/ U UiFBERIZHA~T
B O UBERIIROGEMEW 2 FREDOIERCRISHEITL TS EEXbND,

X XYV UFHER 4ab OSSN TIE, U B SV H T 2ERIC L B J0EE 2ab D
BEDMTZ 72N b, ~F /o7 anm A2 PRI X 23 TR U 72 0B 2 -V CROG
ATo72, ®HEFEER L LT Baran HIC K ARE R N U 734 m XA TFNALEIT o T2 G R,
FU 7 a XAFIACERDD 4 BEROMERMEEOREGYM E L THELND Z L Do
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7z(Scheme 2-7), A [EIRH L7z FIEIZIB W CIE, OA7E BMERIL GC/MS f#T I X 0 8L
SNRNWZ AR L TRY, AMREHIETHD LWV A D,
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Table 2-2. Trifluoromethylation reactions of several heterocyclic MN-oxide-BF:CFs

complexes
R Me;SiCF; (3.0 eq)
T CsF (3.0 eq) R
] | 2=~ \/
e AL MS4A A%
v ';l+ > Cae L y/
= EtOAc ~ N” "CF;
ZBFzCFs 25°C, 1 h; then 60 °C, 4 h 4

R R= M 4 9

| N OMe b 93% | x-Me [Oj
()

(IN/lCF Me 4c 83% E I N/I CF, N
Cl 4d 92% 4i 57%?2 N
Br 4e 76% | ~
XN NZ CF,
CO,Me 4f 76%° NG CF, 4k 63%

Ph\/\;\ 4g 76% Me
Ph—=4% 4h 80% 4j 92%
O D P

’N N CF, N“>c

NZcF, (N

41 61%° 4m 74%P 4n 83% 40 58% 4p 52%P
Ph
\(\—CF:;
F 2
CFs CF,
CF,
4q 70% ar 27%° 4s 43%° 4t 43%°¢ 4u 41%¢
C6:C21.7:1 ("F NMR)
A
» XYY" N7 CF; Z NS >
PR NTYCR L N CF, N CF,

4v 62% 4w 59% 4x 34%° 4y 34%°
N
N“SNZNcE 2 I 1

3

o Ph” ~N”CF, Lr,

4z 28%° 4aa 45% 4ab 42%°%¢ 4ac 27%?

225 °C, 1 h; then 60 °C, 24 h. © After trifluoromethylation, the reaction mixture was treated
with ag. HCI/MeOH. ¢ Me;SiCF; (5.0 eq), CsF (5.0 eq). d 25 °c, 24 h. © Trifluoromethylation
was conducted without isolation of an N-oxide-BF,CF3; complex.
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CF;SO,Na (3.0 eq) c

Ny OMe TBHP (5.0 eq) F3C~__N.__OMe
T > 1Y + sm
N CH,Cl, / Hy0 (2.5:1) S A

23°C,24h

4 regioisomers
12% (7.4:5.3:3.3:1) 45%
("H NMR yield)

Scheme 2-7. Control experiment under Baran’s conditions

— 5, Figure 2-3 |Z/RT A I XY —)L N4 X R-BFoCFs SR Z 5B L72 T
WX, R A e 2AF RN B GONRoTe, TDORKELTE, A IF Y —
VERIT 6 BERAT B EER & ITRRV E AR R TR WD, BFCFs 22 X 5 1EMEAL
KTH-TH, REMEDRWNNY 7 vFa AF VT =F & ORIGNARERIE EREAFE
DELIRNWZ ENREZBND,

Ph, Me Ph, Me
N
T T
':H ':H CO,M
- - qlvie
O‘BFZCFs O‘BFZCFs

Figure 2-3. Structures of imidazole N-oxide-BF2CF3 complexes
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BEICERMESNERE~OIGARIE LT, F=—FD Y 748 2 FIHULEIED
5t &1T o 72 (Scheme 2-8), EIEIZHEVY, 2 4D BF:CF3 OEte # V5 Z & THF=—x
N-FF 2 F-BFCF3 885K T % 52%DINR TRz, X7V VU HITH A L7z BF2CFs A
X, EEKERE O RAERIZ L VBRERBETH V. (bEW T biho~T o HEEHEL
HEW N4 R-BF2CFs 5K &[RRI > U BV T BRERUC L 2 HBEN ATRE CTh o 72,
WL LI LD b Y vt a A F o, KOSICE D BASNKBE ED Y
ATFNV Y NIEERETDHZEICED, 22 7B AT X =—F 8 M T5%DINFRT
Foile, Baran HIZX > THESNTWD, REFH N 7t 2 F LT Van%
WERIETIE, Ve Fedx=—3x0 7TAL b U 74 a AFAEPMELND 1, SRR L
72 SO T 2 AL SR B e OB R ATRE T 2 72, M TA A RIETH D &
Wz 5,

= ~
1) KBF3CF3 (2 eq) HO
HO T% BF,-OEt, (2 eq) CH,CI, N
MeO » MeO X
P
+

| N 2) aq. NaHCO,
N% o N
N+ 52% (') _
o- “BF,CF,
7
Me;SiCF; (3.0 eq) =
CsF (3.0 eq)
MS4A - K,CO5 . HO N
EtOAc MeOH MeO N
25 °C, 1 h; then 50°C,5h | N/ CF
° 3
60°C,24h 2 steps 75% 8
CF3;SO,Na (3.0 eq)
HO r\:% TBHP (5.0 eq) HO N
MeO. > MeO
€ B CH,Cl, / H,0 (2.5:1) € B
N7 23°C,16 h CF; N7
dihydroquinine 7-CF;-dihydroquinine
49%

Scheme 2-8. Trifluoromethylation reactions of quinine derivatives

2-4 SERICANT A ERmRE

6-7mnrx ) NA¥xT R-BFCFs ik 2d # /T, 77 LA — /L CRISHITS
7ol Z A, 0.25 mmol(74.4 mg) A 7 — /L E RSO T R U 7oA 1 A F U bARY 4d 23
o7 (Scheme 2-9), 7=, 67X/ U U a2HEYELE L. mCPBA |2 X 51k,
BF:CFs & A~DZEH, 27~ U 7 A v A F ko 3 TREE, TEE U B 75V T A
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5 Z L dTolc, ZOMR, WRZHEVHRLR S 2L, A A 1 HoND
ZEEMEELTRY, EEMMEIC OB REREMNRERIETH D VA D,

Me3SiCF; (3.0 eq)
Cl X CsF (3.0 eq)
Cl
| _ MS4A RS
N3 > P
(') _ EtOAc N7 CF,
g “BF,CF; 25°C,1 h;then60°C,4h ad

1. 19
2.38 g (8.00 mmol) 68 g (91%)

KBF;CF; (1.1 eq)

cl
Cl XN m-CPBA (1.0 eq) | N BF;-OEt, (1.1 eq)
| > ~ »
2 N%

N CHzclz, 0 °C 6 CH2C|2, 25 °C
1d

Me;SiCF; (3.0 eq)

Cl CsF (3.0 eq)
N
N% > ~
N” “CF;

o.- EtOAc
“BF,CF; 25 °C, 1 h; then 60 °C, 24 h; 4d
2d SiO, chromatography 3 steps 69%

Scheme 2-9. Scale-up and sequential operation studies

2-5 HEERICHERE

KIS EF AL EED N Y ZAFa A F AT =4 OREMNINOD L, FHEFR(L
THI LI VEITLTWD Z LR S u/=(Table 2-3), %/ U v N-4 % R-BF2CF3
PR 2a & FAWIZ SR TIE, 1 BB H ORBEAINE =R, 1 R TRET L, BRI TN
I 9 56T, BBRRWZ &I, K 91XV A5 0T T ARSI K 2 HLEEAS AT RE
TohHv, H, 19F, uBNMR IZ X W #&E2RE LT,

R U 72 AIR 2 AV T, 2 BERE B ORI LA BGET Lic, @b Lz Y 74 e A
TS Z#EH L& 2 A, BERIGETHIY 4a DO Z &b REIMEZ R
LU CRIBDET LTV D 2 & B Cx fz(entry 1), — ., BERRIIZNY AF )
VR U T FaRAZ T b v T ABMTIIE E A EHEIT L2 Do T (entries 2 and 3),
ZDd, FRTRERAETHIAAB NI AT TN AfEE LTERT 22 810k
D EGEFEMEEL CWDHEEZBND, ZNEXFFT2ERELT, 74 b)Y 7
=V TUERWSZLICKY, IS ERCDNEITT A L AR LTV
(entries 4 and 5), F7=, GIAIED 19F NMR I L AEHFIC L0, O 4a LS RBOR L
— ME 10 3R L TWD Z LR TE -,
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Table 2-3. Proposed reaction mechanism

1) Nucleophilic addition 2) Aromatization
Me,SiCF5 (3.0 eq) m
N CsF (30 eq) O N/ CF3
P MS4A reagent 4a
N% ' N~ “CF

3

o - EtOAc + & - EtOAc +
“BF,CF; 25°C, 1 h; Cs ~“BF,CF, 25°C, 1 h; HO. 5k cF
2a SiO, chromatography 9 then 60 °C, 4 h Cs+ z23
89% (isolated) 10
19F NMR yield
entry reagent . .
(isolated yield)
1 MesSiCFs (3.0 eq), CsF (3.0 eq), MS4A 89% (79%)
2 MesSiCFs (3.0 eq) trace
3 CsF (3.0 eq) 11%
4 PhsSiF (3.0 eq) 82%
5 PhsSiF (0.30 eq) 92%
2-6 /&

A7 2 BF2CFs (2 L BIEMELIC L 0 Flix 0 6 BER~T 0 FERILEH O ERIRA 7 k
U 7N a AFAbEER LTz, KIS IE BF2CFs 5512 X 0 sRE FHISIH M b iz W E Tt
THMBEEEACEZ E B N IATaAFAT =4 OREMNMODL, RL— MED
iz & b 70 5 HAEBBEIC L VT2 2 L SRR TE 72, ARISITES S Bl 2 2
LT WS MET., SVLERRM, BLXOESWVERETFAETEITT 5, £,
7T KA —AZBWTHRINTEIT L, PREEE HEET 5 2 &<~ T rn K HEROB(L,
BFoCFs JEIC L BiEMAL, b U ZuA o AFAbD 3 THEITH ZENFAETH 5, BEFED
KREFHRY 7 0Fda 2FLT O hNE R IEE RN ESEE L TRBY, —20
TEEENG T D EICE D FlixO~T o FERICAWOAERR S N 704 A
FIALDAIREIZ 72 o Tc &N R D,

Experimental

General. All reactions were carried out in a dry solvent under an argon atmosphere.
Ethyl acetate was purchased, dried and stored with activated molecular sieves 4A
before use. All reagents were purchased from commercial sources and used without
further purification unless otherwise noted. Quinine N-oxide were prepared according
to the literature methods and identified by comparing these spectroscopic data with
those of reported datas?. The known target materials 4b1D, 4¢12, 4d12, 4113, 4p1¥, 4r15),

and 4816 were identified by comparing these spectroscopic data with those of reported
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data. Column chromatography was performed with silica gel (230-400 mesh ASTM).
NMR spectra were recorded on JEOL JNM-ECX500 (500 MHz for '"H NMR and 125
MHz for 13C NMR) and JEOL JNM-ECS400 (400 MHz for 'H NMR, 125 MHz for 13C
NMR, 368 MHz for 19F NMR, and 125 MHz for 1B NMR) spectrometers. Proton and
carbon chemical shifts are reported relative to the solvent used as an internal reference.
Fluorine and boron chemical shifts are reported relative to trifluoroacetic acid (5 -76.55
ppm) and BF3OEt: (§ 0.00 ppm) as an external reference, respectively. Infrared (IR)
spectra were recorded on a JASCO FT/IR 410 Fourier transform infrared
spectrophotometer. ESI-MS spectra and DART-MS spectra were measured on a JEOL
JMS-T100LC AccuTOF spectrometer for HRMS.

General procedure for the preparation of 2-trifluoromethylated N-heteroaromatics.

A mixture of CsF (3.65 g, 24.0 mmol, 3.0 equiv) and MS4A (800 mg, 100 mg/mmol) was
flame-dried under vacuum. After cooling to room temperature,
((6-chloroquinolin-1-ium-1-yloxy)difluoro(trifluoromethyl)borate (2.38 g, 8.00 mmol)
and ethyl acetate (80 mL) were added. To the mixture, MesSiCFs (3.56 mL, 24.0 mmol,
3.0 equiv) was added dropwisely with vigorous stirring. After stirring at 25 °C for 1 h,
the mixture was heated at 60 °C for 4 h, and then cooled to room temperature. Insoluble
solid was filtered off, washed with ethyl acetate, and the solvent was removed under
reduced pressure. The crude product was purified by column chromatography on silica
gel (hexane/ethyl acetate = 15/1) to give 6-chloro-2-(trifluoromethyl)quinoline (4d, 1.68 g,
91% yield).

Technical note for the preparation of 2-trifluoromethylated N-heteroaromatics.

When MesSiCF3 was added along the lateral wall of a glassware, the yields of
2-trifluoromethylated products were decreased slightly maybe due to the decomposition
of MesSiCF3 by CsF on the wall. Therefore, it would be better to add MesSiCFs directly
to the reaction mixture. All reactions were carried out in 0.250 mmol scale unless

otherwise noted.

2-(Trifluoromethyl)quinoline (4a). 91%; white solid; Re¢ = 0.61 X
(hexane/ethyl acetate = 3/1); TH NMR (400 MHz, CDCls) & 7.69 (dd, o »
=8.1,8.1 Hz, 1H), 7.75 (d, J= 8.5 Hz, 1H), 7.80-7.87 (m, 1H), 7.92 (d, N©CRs
J=8.1 Hz, 1H), 8.24 (d, J= 8.1 Hz, 1H), 8.37 (d, /= 8.5 Hz, 1H); 13C NMR (100 MHz,
CDCls) 8 116.9 (q, /= 1.9 Hz), 121.7 (q, J = 275 Hz), 127.8, 128.7, 129.0, 130.2, 131.0,
138.3, 147.3, 148.0 (q, J= 34.8 Hz); 19F NMR (368 MHz, CDCls) & -68.3 (s, 3F); IR (KBr, v

81



/ cm1) 2925, 1619, 1599, 1575, 1509, 1478, 1434, 1119, 945, 887; HRMS (DART) Calced
for C10H7F3N* [M+H+*] 198.0525, Found 198.0533.

6-Methoxy-2-(trifluoromethyl)quinoline (4b). 93% yield; yellow MeO
solid; Re= 0.53 (hexane/ethyl acetate = 3/1); '"H NMR (400 MHz,
CDCls) 8 3.96 (s, 3H), 7.12 (d, /= 1.8 Hz, 1H), 7.46 (m, 1H), 7.68

(d, /= 8.5 Hz, 1H), 8.10 (d, J= 9.0 Hz, 1H), 8.21 (d, /= 9.0 Hz, 1H); 13C NMR (100 MHz,
CDCls) § 55.7, 104.8, 117.2 (q, J = 2.4 Hz), 121.9 (q, J = 275 Hz), 124.1, 130.4, 131.6,
136.5, 143.4, 145.5 (q, J= 34.4 Hz), 159.4; 19F NMR (368 MHz, CDCls) & -69.0 (s, 3F).

Zg\ /;

CF3

6-Methyl-2-(trifluoromethyl)quinoline (4c). 75% yield; white e
solid; Rt = 0.63 (hexane/ethyl acetate = 3/1); 1H NMR (400 MHz,
CDCls) § 2.58 (s, 3H), 7.66 (m, 2H), 7.70 (d, J = 8.5 Hz, 1H), 8.12

(d, J=9.4 Hz, 1H), 8.26 (d, J= 8.5 Hz, 1H); 13C NMR (100 MHz, CDCls) § 21.8, 116.8 (q,
J=2.4Hz), 121.8 (q, J=275 Hz), 126.5, 129.0, 129.8, 133.3, 137.4, 139.0, 145.9, 147.1 (q,
J=34.4 Hz); 19F NMR (368 MHz, CDCls) & -69.2 (s, 3F).

Zg\ /;

CF3

6-Chloro-2-(trifluoromethyl)quinoline (4d). 92% yield; white solid; ¢
Rt = 0.68 (hexane/ethyl acetate = 3/1); 1H NMR (400 MHz, CDCls)

8 7.76 (d, J = 8.5 Hz, 2H), 7.90 (s, 1H), 8.17 (d, /= 9.0 Hz, 1H),
8.28 (d, J=8.5 Hz, 1H); 13C NMR (100 MHz, CDCls) § 117.9 (q, J= 2.2 Hz), 121.5 (q, J=
275 Hz), 126.4, 129.5, 131.8, 132.1, 134.8, 137.4, 145.7, 148.3 (q, J = 35.1 Hz); 19F NMR
(368 MHz, CDCls) § -69.5 (s, 3F).

Zg\ /é

CF3

6-Bromo-2-(trifluoromethyl)quinoline (4e). 76% yield; white solid; Br
R¢=0.70 (hexane/ethyl acetate = 3/1); 1H NMR (400 MHz, CDCls)

§ 7.77 (d, J= 8.5 Hz, 1H), 7.90 (dd, J = 8.5, 2.2 Hz, 1H), 8.09 (s,
1H), 8.10 (d, J=9.0 Hz, 1H), 8.28 (d, /= 8.5 Hz, 1H); 13C NMR (100 MHz, CDCls) § 117.8
(q, J= 2.2 Ha), 121.5 (q, J = 275 Hz), 123.1, 129.9, 129.9, 131.8, 134.6, 137.3, 145.8,
148.4 (q, J=35.1 Hz); 19F NMR (368 MHz, CDCls) § -68.5 (s, 3F); IR (KBr, v/cm™) 1610,
1493, 1341, 1202, 1184, 1134, 1088, 950, 836, 745; HRMS (DART) Calcd for
C10HeBrFsN+ [M+H+] 275.9630, Found 275.9628.

Zg\ /;

CF;

Methyl 2-(trifluoromethyl)quinoline-6-carboxylate (4f). 76% MeO,C
yield; white solid; Rt = 0.79 (hexane/ethyl acetate = 3/1); 1H |
NMR (400 MHz, CDCl3) § 4.02 (s, 3H), 7.82 (d, J= 8.5 Hz, 1H), N "CFs

N\
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8.28 (d, J= 9.0, 2.2 Hz, 1H), 8.41 (dd, J= 9.0, 1.8 Hz, 1H), 8.49 (d, J= 8.5 Hz, 1H), 8.68
(d, J=1.8 Hz, 1H); 13C NMR (100 MHz, CDCls) § 52.7, 117.6, 121.3 (q, J= 275 Hz), 128.0,
130.0, 130.2, 130.5, 130.7, 139.5 148.9, 149.9, (q, /= 34.8 Hz), 166.1; 19F NMR (368 MHz,
CDCls) & -69.6 (s, 3F); IR (KBr, v / cm') 1723, 1437, 1341, 1269, 1202, 1084, 990, 953,
833, 759; HRMS (DART) Calcd for C12HoF3NOz+ [M+H*] 256.0580, Found 256.0580.

(B)-6-Styryl-2-(trifluoromethylquinoline (4g). 76% yield; pp

yellow solid; Rr = 0.72 (hexane/ethyl acetate = 3/1); '1H NMR \/\@j\
(400 MHz, CDCly) & 7.30-7.35 (m, 3H), 7.39-7.42 (m, 2H), N™ "CF
7.57-7.59 (m, 2H), 7.73 (d, J= 7.9 Hz, 1H), 7.89 (s, 1H), 8.09 (dd, J = 8.8, 2.2 Hz, 1H),
8.21(d, J=8.8 Hz, 1H) , 8.33 (d, J= 8.8 Hz, 1H); 13C NMR (125 MHz, CDCls) § 117.4 (q,
J=2.4Hz), 121.8 (q, J= 275 Hz), 125.6, 127.0, 127.4, 128.5, 128.8, 129.0, 129.4, 130.5,
131.7, 136.8, 137.8, 137.9, 147.1, 147.6 (q, J = 34.4 Hz); 19F NMR (368 MHz, CDCls) &
-69.3 (s, 3F); IR (neat, v / cm'!) 1506, 1341, 1176, 1118, 1087, 960, 835, 754, 690, 634;
HRMS (DART) Calcd for C1sH13FsN+ [M+H*] 300.0995, Found 300.1002.

3

6-(Phenylethynyl)-2-(trifluoromethyl)quinoline (4h). 80% pp

yield; yellow solid; R¢ = 0.70 (hexane/ethyl acetate = 3/1); 1H N

NMR (400 MHz, CDCls) § 7.38-7.40 (m, 3H), 7.58-7.60 (m, | NPcr
2H), 7.76 (d, J = 8.5 Hz, 1H), 7.92 (dd, J= 9.0, 1.8 Hz, 1H), :
8.03 (s, 1H), 8.20 (d, &/ = 9.0 Hz, 1H), 8.33 (d, J = 8.5 Hz, 1H); 13C NMR (125 MHz,
CDCls) & 88.6, 92.2, 117.6 (q, J= 2.4 Hz), 121.6 (q, J =275 Hz), 122.7, 124.0, 128.6, 128.8,
129.0, 130.3, 130.8, 131.9, 133.6, 137.8, 146.6, 148.4 (q, J = 34.8 Hz); 19F NMR (368 MHz,
CDCls) 6 -69.4 (s, 3F); IR (neat, v/cm') 1497, 1348, 1193, 1176, 1087, 918, 893, 849, 689,
635; HRMS (DART) Calcd for C1sH11FsN+ [M+H+*] 298.0838, Found 298.0851.

AN

3-Methyl-2-(trifluoromethyl)quinoline (4i). 57% yield; white solid; R¢= Me
0.71 (hexane/ethyl acetate = 3/1); 1H NMR (400 MHz, CDCls) & 2.64 (q, @j
J=0.9 Hz, 3H), 7.60-7.64 (m, 1H), 7.71-7.75 (m, 1H), 7.80 (d, J= 8.1 N
Hz, 1H), 8.07 (s, 1H), 8.17 (d, /= 8.1 Hz, 1H); 13C NMR (125 MHz, CDCls) § 18.4 (q, J=
3.2 Hz), 122.3 (q, J=276 Hz), 126.9, 128.3, 128.8, 129.2, 129.9, 130.0, 139.2, 145.1, 146.8
(q, J=32.4 Hz); 19F NMR (368 MHz, CDCls) 5 -67.8 (s, 3F); IR (KBr, v/cm) 1721, 1601,
1566, 1494, 1319, 1125, 1034, 910, 872, 761; HRMS (DART) Calcd for C1iHoFsN+ [M+H+]
212.0682, Found 212.0689.
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8-Methyl-2-(trifluoromethyl)quinoline (4j). 92% yield; white solid; R¢ = N

0.71 (hexane/ethyl acetate = 3/1); 1H NMR (400 MHz, CDCls) & 2.84 (s, NPNCE
1H), 7.55 (d, J= 7.2 Hz, 1H), 7.66 (d, /= 7.2 Hz, 1H), 7.72 (dd, J=8.3, . :
8.1 Hz, 1H), 7.73 (d, /= 8.1 Hz, 1H), 8.31 (d, J= 8.3 Hz, 1H); 13C NMR

(125 MHz, CDCls) § 17.8, 116.6 (q, J= 2.4 Hz), 121.9 (q, J= 275 Hz), 125.6, 128.5, 129.0,
130.8, 138.2, 138.6, 146.5, 146.8 (q, J = 34.4 Hz); 19F NMR (368 MHz, CDCls) & -69.3 (s,
3F); IR (neat, v / cm™) 1475, 1337, 1305, 1250, 1185, 1136, 1101, 886, 838, 764; HRMS
(DART) Caled for C11HoFsN+ [M+H+] 212.0682, Found 212.0691.

4-(2-(Trifluoromethyl)-4-quinolinyl)morpholine (4k). 63% yield; yellow o

solid; Rt = 0.66 (ethyl acetate); 'H NMR (400 MHz, CDCls) & 3.31 (t, J [ j

= 4.6 Hz, 4H), 4.01 (t, J = 4.6 Hz, 4H), 7.15 (s, 1H), 7.60 (dd, J = 7.6, N

7.6 Hz, 1H), 7.74-7.78 (m, 1H), 8.05 (d, /= 8.3 Hz, 1H), 8.18 (d, /= 8.3 m
Hz, 1H); 13C NMR (125 MHz, CDCls) § 52.7, 66.9, 104.4 (m), 121.8 (q, NZ > CF,

J=276 Hz), 123.7, 123.7, 127.4, 130.4, 131.0, 148.8, 148.9 (q, J= 34.0

Hz), 158.7; 19F NMR (368 MHz, CDCls) § -69.6 (s, 3F); IR (neat, v / cm') 2965, 1579,
1508, 1403, 1296, 1097, 946, 873, 776, 719; HRMS (DART) Calcd for C14H14FsN20 *
[M+H+] 283.1053, Found 283.1055.

1-(Trifluoromethyl)isoquinoline (41). 61%; colorless oil; Rf = 0.58 X
(hexane/ethyl acetate = 3/1); 1H NMR (400 MHz, CDCls) § 7.73 (dd, J= 8.0, @q
8.0 Hz, 1H), 7.79 (dd, J= 8.0, 8.0 Hz, 1H), 7.86 (d, J= 5.4 Hz, 1H), 7.94 (d, CF,
J=8.0 Hz, 1H), 8.31 (d, J= 8.0 Hz, 1H), 8.60 (d, J= 5.4 Hz, 1H); 13C NMR

(125 MHz, CDCls) 8 122.4 (q, J= 276 Hz), 124.7, 124.8 (q, J= 2.4 Hz), 124.8, 127.6, 129.0,
131.0, 137.3, 140.8, 146.5 (q, /= 33.2 Hz); 19F NMR (368 MHz, CDCls) § -63.9 (s, 3F).

2-(Trifluoromethyl)benzol Alquinoline (4n). 83%; white solid; R¢ = N
0.62 (hexane/ethyl acetate = 3/1); 'H NMR (500 MHz, CDCls) & 7.70 O P
(d, J=8.6 Hz, 1H), 7.72-7.80 (m, 2H), 7.84 (d, J= 8.0 Hz, 1H), 7.89 CF3
(d, J=8.0 Hz, 1H), 7.90-7.94 (m, 1H), 8.30 (d, /= 8.0 Hz, 1H), 9.35

(dd, J=8.0, 1.7 Hz, 1H); 13C NMR (125 MHz, CDCls) § 117.7 (q, J= 2.4 Hz), 122.0 (q, J=
273 Hz), 124.6, 125.0, 127.7, 127.8, 128.0, 129.2, 130.1, 131.3, 134.0, 137.3, 146.1, 146.5
(q, J=34.6 Hz); 19F NMR (368 MHz, CDCls) 5 -67.9 (s, 3F); IR (KBr, v/ cm'1) 1339, 1278,
1182, 1131, 1109, 1079, 848, 796, 762, 669; HRMS (DART) Calcd for C14HoFsN+ [M+H+]

248.0682, Found 248.0689.
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2-(Trifluoromethyl)-1,10-phenanthroline (40). 58%; white solid; Rt =
0.35 (hexane/ethyl acetate = 1/1); 'H NMR (400 MHz, CDCls) § 7.67
(dd, J=8.1, 4.5 Hz, 1H), 7.81 (d, J= 8.8 Hz, 1H), 7.87 (d, J= 8.8 Hz,
1H), 7.95 (d, /= 8.5 Hz, 1H), 8.25 (dd, J=8.1, 1.8 Hz, 1H), 8.40 (d, J
= 8.5 Hz, 1H), 9.26 (dd, J= 4.5, 1.8 Hz, 1H); 13C NMR (100 MHz, CDCls) § 119.2 (q, J=
2.4 Hz), 121.8 (q, J=275 Hz), 123.8, 125.9, 129.0, 129.3, 129.9, 136.3, 138.0, 145.7, 145.9,
147.9 (q, J = 35.3 Hz), 151.2; 19F NMR (368 MHz, CDCls) § -67.3 (s, 3F); IR (neat, v /
cm'l) 2965, 1560, 1496, 1456, 1397, 1339, 1290, 1179, 1118, 883; HRMS (DART) Calcd
for C1sHsF3Nz+ [M+H*] 249.0634, Found 249.0642.

2-Phenyl-6-(trifluoromethyl)pyridine (4q). 70%; white solid; Rf = 0.61
(hexane/ethyl acetate = 3/1); 1H NMR (500 MHz, CDCls) § 7.44-7.53 (m, l P

3H), 7.48-7.63 (m, 1H), 7.92 (d, J = 4.0 Hz, 2H), 8.07 (dd, /= 8.3, 1.4 Ph™ "N™ "CFs
Hz, 2H); 13C NMR (125 MHz, CDCls) § 118.6 (q, J= 3.6 Hz), 121.7 (q, J= 274 Hz), 122.9,
127.2, 129.0, 129.9, 137.9, 138.1, 148.3 (q, J = 34.6 Hz), 158.0; 9F NMR (368 MHz,
CDCls) § -69.1 (s, 3F); IR (KBr, v/ cm'!) 1597, 1464, 1418, 1346, 1251, 1195, 1133, 1057,
991, 823; HRMS (DART) Calcd for C12HoF3N+ [M+H*] 224.0682, Found 224.0691.

5-Phenyl-2-(trifluoromethyl)pyridine (4r). 17%; white solid; R¢ = 0.71 Ph
(hexane/ethyl acetate = 3/1); 1H NMR (400 MHz, CDCls) § 7.44-7.56 (m, \ll/j\
3H), 7.61 (d, J= 7.2 Hz, 2H), 7.76 (d, J = 8.2 Hz, 1H), 8.04 (dd, J= 8.2, N™ "CF3
1.7 Hz, 1H), 8.95 (d, J= 1.7 Hz, 1H); 13C NMR (100 MHz, CDCls) § 120.6 (q, /= 2.8 Hz),
121.8 (q, J = 274 Hz), 127.5, 129.2, 129.5, 135.7, 136.5, 139.6, 146.9 (q, J = 34.8 Hz),
148.6; 19F NMR (368 MHz, CDCls) § -68.6 (s, 3F).

3-Phenyl-2-(trifluoromethyl)pyridine (4r"). 10%; colorless oil; Rt = 0.56 Ph
(hexane/ethyl acetate = 3/1); 1H NMR (400 MHz, CDCls) § 7.33 (dd, J= 6.5, |
2.9 Hz, 2H), 7.42-7.47 (m, 3H), 7.54 (dd, J= 7.8, 4.6 Hz, 1H), 7.73 (dd, J= 3¢~ N
7.8,1.5 Hz, 1H), 8.72 (dd, J= 4.6, 1.5 Hz, 1H); 13C NMR (100 MHz, CDCls) § 122.0 (q, J=
276 Hz), 125.9, 128.3, 128.5, 128.9 (q, /= 1.8 Hz), 137.2, 137.4, 140.4, 145.3 (q, J = 32.3
Hz), 148.0; 9F NMR (368 MHz, CDCls) § -62.2 (s, 3F); IR (neat, v / cm'!) 3315, 1627,
1450, 1324, 1182, 1134, 1092, 1055, 789, 763; HRMS (ESI) Caled for C12HoFsN+ [M+H+*]
224.0682, Found 224.0675.

N

Z
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4-Phenyl-2-(trifluoromethyl)pyridine (4s). 43%; pale yellow oil; Rt = 0.60 Ph
(hexane/ethyl acetate = 3/1); 1H NMR (400 MHz, CDCls) & 7.46-7.56 (m, X

3H), 7.63-7.68 (m, 2H), 7.69 (dd, J= 4.9, 1.1 Hz, 1H), 7.89 (d, J= 1.1 Hz, |

1H), 8.76 (d, J= 4.9 Hz, 1H); 13C NMR (100 MHz, CDCls) 5 118.6 (q, J= 2.8 N" CFs
Hz), 121.8 (q, J=274 Hz), 124.3, 127.2, 129.5, 130.0, 136.9, 148.9 (q, J= 34.5 Hz), 150.4,
150.5; 19F NMR (368 MHz, CDCls) § -68.8 (s, 3F).

(B)-4-Styryl-2-(trifluoromethyDpyridine (4t). 43% yield; yellow oil; Rt = pp,
0.60 (hexane/ethyl acetate = 3/1); 1TH NMR (400 MHz, CDsCN) & 7.24 (d, J
=16.4 Hz, 1H), 7.35-7.46 (m, 3H), 7.58 (d, J= 16.4 Hz, 1H), 7.64 (d, J= 7.6
Hz, 2H), 7.69 (d, J= 4.9 Hz, 1H), 7.93 (s, 1H), 8.67 (d, J= 4.9 Hz, 1H); 13C ||
NMR (125 MHz, CDCls) § 117.5 (q, J= 2.8 Hz), 121.8 (q, J= 275 Hz), 123 4,
124.8, 127.4, 129.1, 129.5, 135.2, 135.7, 146.7, 149.0 (q, J = 34.4 Hz), 150.5; 1F NMR
(368 MHz, CD3CN) § -69.4 (s, 3F); IR (neat v/cm'?) 1636, 1604, 1433, 1333, 1180, 1082,
962, 830, 749, 689; HRMS (DART) Calcd for C1sHu1FsN + [M+H*] 250.0838, Found
250.0844.

X

N~ > CF,

2-(Trifluoromethyl)pyridine (4u). 41% determined by 9F NMR analysis X
with 1,4-difluorobenzene as a standard; 19F NMR (368 MHz, CDsCN) & l P
-68.3 (s, 3F); GC-MS (ED Calcd for CeH4FsN* [M*] 147, Found 147. The

spectroscopic data was compared with that of an authentic sample (commercial source).

CF3

3-Methyl-2-phenyl-6-(trifluoromethyl)pyridine (4v). 62%; pale yellow Me N

oil; Re=0.67 (hexane/ethyl acetate = 3/1); 'H NMR (400 MHz, CDCls) § D
2.43 (s, 3H), 7.39-7.50 (m, 3H), 7.53-7.58 (m, 3H), 7.74 (d, J=8.1 Hz, Ph~ N° "CFs
1H); 13C NMR (100 MHz, CDCls) § 20.3, 118.8 (q, J= 2.8 Hz), 121.8 (q, J= 274 Hz), 128.4,
128.7, 129.2, 134.6, 139.3, 139.7, 145.7 (q, J = 34.8 Hz), 159.3; 19F NMR (368 MHz,
CDCls) 6 -68.4 (s, 3F); IR (neat, v/ cm™) 3062, 1587, 1466, 1397, 1342, 1212, 1134, 1098,
1054, 862; HRMS (DART) Calcd for C1sHuFsN+ [M+H+] 238.0838, Found 238.0850.

6-(Trifluoromethyl)-2,2"-bipyridine (4w). 59%; white solid; Rt = 0.47
(hexane/ethyl acetate = 3/1); 'H NMR (500 MHz, CDCls) § 7.32-7.38
(m, 1H), 7.65-7.71 (m, 1H), 7.84 (ddd, /= 7.7, 7.7, 1.7 Hz, 1H), 7.98
(dd, J=7.7, 7.7 Hz, 1H), 8.51 (ddd, J= 8.0, 1.1, 1.1 Hz, 1H), 8.62 (d,
J=8.0 Hz, 1H), 8.66-8.71 (m, 1H); 13C NMR (125 MHz, CDCls) § 120.3 (q, /= 2.8 Hz),
121.7 (g, J = 274 Hz), 121.8, 123.6, 124.6, 137.3, 138.4, 147.8 (q, J = 34.8 Hz), 149.3,
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154.8, 156.7; 19F NMR (368 MHz, CDCls) & -68.9 (s, 3F); IR (KBr, v / cm!) 1587, 1464,
1438, 1347, 1115, 991, 833, 781, 746, 671; HRMS (DART) Calcd for C11HsFsNo+ [M+H*]
225.0634, Found 225.0642.

2-(Trifluoromethyl)-5,6,7,8-tetrahydroquinoline (4x). 34%; pale yellow X

oil; Rt = 0.64 (hexane/ethyl acetate = 3/1); 'H NMR (400 MHz, CDCls) l ~

§ 1.75-1.98 (m, 4H), 2.83 (t, J= 6.2 Hz, 2H), 2.98 (t, J = 6.2 Hz, 2H), N"Chs
7.39 (d, J=8.1 Hz, 1H), 7.50 (d, /= 8.1 Hz, 1H); 13C NMR (125 MHz, CDCls) § 22.4, 22.9,
28.9, 32.6, 117.6 (q, /= 3.2 Hz), 121.9 (q, /=274 Hz), 136.0, 137.8, 145.3 (q, J= 34.4 Hz),
158.6; 19F NMR (368 MHz, CDCls) & -68.6 (s, 3F); IR (neat, v / cm™) 2941, 1585, 1416,
1360, 1333, 1311, 1271, 1140, 1101, 989; HRMS (DART) Calcd for CioH11FsN+ [M+H*]
202.0838, Found 202.0847.

2-Phenyl-5-(trifluoromethyl)furo[3,2- blpyridine (4y). 34%; white 0 N

solid; Re = 0.54 (hexane/ethyl acetate = 5/1); 'TH NMR (400 MHz, Ph— Il _
CDCls) & 7.28 (s, 1H), 7.43-7.54 (m, 3H), 7.62 (d, /= 8.5 Hz, 1H), N" CFs
7.88 (d, J= 8.5 Hz, 1H), 7.89-7.94 (m, 2H); 13C NMR (100 MHz, CDCls) § 102.3, 115.9 (q,
J=2.7Hz), 118.4, 122.1 (q, J=274 Hz), 125.8, 129.1, 129.2, 130.5, 144.6 (q, J= 34.4 Hz),
149.0, 149.6, 162.2; 19F NMR (368 MHz, CDCls) § -67.1 (s, 3F); IR (neat, v / cm) 2359,
1362, 1173, 1119, 1088, 1016, 832, 813, 762, 682; HRMS (DART) Calcd for C14HoFsNO+*
[M+H+] 264.0631, Found 264.0637.

3-Benzyl-5-(trifluoromethyl)-3 H-imidazo[4,5- blpyridine (4z). 28%; N N
yellow oil; Re = 0.51 (hexanelethyl acetate = 1/2); 'H NMR (400 </N |
MHz, CDCls)  5.50 (s, 2H), 7.31-7.38 (m, 5H), 7.66 (d, J=8.5 Hz,  _J N© CFs
1H), 8.16 (s, 1H), 8.20 (d, / = 8.5 Hz, 1H); 13C NMR (100 MHz,

CDCls) § 47.6, 115.3 (q, J = 2.7 Hz), 122.2 (q, J = 274 Hz), 128.4, 128.7, 128.8, 129.3,
135.3, 137.2, 142.8 (q, J= 34.7 Hz), 146.6, 146.7; 19F NMR (368 MHz, CDCls) § -66.8 (s,
3F); IR (neat, v/ cm) 1605, 1504, 1456, 1415, 1365, 1310, 1134, 920, 836, 759; HRMS
(DART) Caled for C14H11FsNs+ [M+H+*] 278.0900, Found 278.0895.

0.66 (hexane/ethyl acetate = 3/1); 'H NMR (400 MHz, CDCls) §
7.49-7.57 (m, 4H), 8.49-8.55 (m, 2H), 9.04 (d, J= 4.9 Hz, 1H); 13C NMR
(100 MHz, CDCls) 6 114.5 (q, J= 2.7 Hz), 120.7 (q, J= 275 Hz), 128.7, 128.9, 131.9, 136.3,
156.1 (q, J= 36.5 Hz), 159.7, 165.6; 19F NMR (368 MHz, CDCls) § -71.0 (s, 3F); IR (neat,

2-Phenyl-4-(trifluoromethyl)pyrimidine (4aa). 45%; white solid; R¢ = N
N
Ph” >N “CF,
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v / eml) 1575, 1462, 1437, 1396, 1342, 1316, 1285, 1213, 1135, 849; HRMS (DART)
Caled for C11HsFsNo+ [M+H+] 225.0634, Found 225.0640.

(hexane/ethyl acetate = 2/1); 'H NMR (400 MHz, CDCls) & 8.02-8.15 (m, /ﬁ
3H), 8.26-8.32 (m, 1H), 9.67 (s, 1H); 13C NMR (100 MHz, CDCls) & 122.1 (q, CF,
J=277Hz),123.1, 123.9 (q, J= 2.7 Hz), 127.45, 127.47, 133.6, 134.2, 147.8

(q, J=33.1 Hz), 154.0; 19F NMR (368 MHz, CDCls) § -64.1 (s, 3F); IR (neat, v/cm) 3043,
1385, 1364, 1221, 1196, 1127, 1002, 977, 803, 761; HRMS (DART) Calcd for CoHsF3N2*

[M+H+] 199.0478, Found 199.0483.

1-(Trifluoromethyl)phthalazine (4ac). 27%; pale yellow solid; Rf = 0.24 CCN
|

Preparation of 6-(Trifluoromethyl)phenanthridine and 9-(Trifluoromethyl)acridine.

A mixture of CsF (114 mg, 0.750 mmol) and MS4A (25 mg) was flame-dried under
vacuum. After cooling to room temperature,
difluoro(phenanthridin-5-ium-5-yloxy)(trifluoromethyl)borate (78.3 mg, 0.250 mmol)
and ethyl acetate (2.5 mL) were added. To the mixture, MesSiCFs (111 uL, 0.750 mmol)
was added dropwisely with vigorous stirring. After stirring at 25 °C for 1 h, the mixture
was heated at 60 °C for 4 h, and then cooled to room temperature. Insoluble solid was
filtered off, washed with ethyl acetate, and the solvent was removed under reduced
pressure. Methanol (1.0 mL) and conc. HCI (100 uL) was added to the residue. After
stirring at 25 °C for 1 h, the mixture was treated with 4.0 M aq. NaOH, extracted with
dichloromethane (3 x 4.0 mL), and the solvent was removed under reduced pressure.
The product was purified by column chromatography on silica gel (CH2Clo/hexane = 1/2)
to give 6-(trifluoromethyl)phenanthridine (4m, 45.7 mg, 74% yield).

6-(Trifluoromethyl)phenanthridine (4m). 74%; white solid; Rr = 0.59
(hexane/ethyl acetate = 3/1); 'H NMR (400 MHz, CDCls) § 7.74-7.84
(m, 3H), 7.92 (dd, J=17.6, 7.6 Hz, 1H), 8.26-8.32 (m, 1H), 8.35-8.42 (m, | _

N” > CF,

1H), 8.57-8.63 (m, 1H), 8.70 (d, /= 8.5 Hz, 1H); 13C NMR (100 MHz,
CDCls) § 121.9, 122.1 (q, J = 278 Hz), 122.2, 122.7, 125.3, 126.1 (q, J = 3.6 Hz), 128.2,
129.4, 129.5, 131.3, 131.5, 134.1, 141.9, 146.7 (q, J = 33.1 Hz); 19F NMR (368 MHz,
CDCls) § -64.3 (s, 3F); IR (neat, v/ cm') 1529, 1446, 1381, 1335, 1312, 1254, 1116, 972,
758, 718; HRMS (DART) Calcd for C14HoFsN+ [M+H*] 248.0682, Found 248.0692.
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9-(Trifluoromethylacridine (4p). 51% yield (0.100 mmol scale); yellow CF,

CDCls) 6 7.68 (ddd, J=9.1, 6.7, 1.3 Hz, 2H), 7.83 (ddd, J=8.2, 6.7, 1.3
Hz, 2H), 8.31 (d, J = 8.2 Hz, 2H), 8.50 (d, J = 9.1 Hz, 2H); 13C NMR
(125 MHz, CDCls)  122.4, 122.9, 124.5 (q, J= 5.6 Hz), 125.8 (q, J= 278 Hz), 128.3, 129.7
(q, J=29.4 Hz), 130.8, 149.0; 19F NMR (368 MHz, CDCls) & -51.9 (s, 3F).

solid; Rt = 0.31 (hexane/ethyl acetate = 3/1); 'H NMR (500 MHz, O N
D

Preparation of 2-methoxy-3-(trifluoromethyl)quinoxaline.

To a mixture of potassium trifluoro(trifluoromethyl)borate (484 mg, 2.75 mmol) in
CH2Clz (5.0 mL) was added BFs-OEtz (339 uL, 2.75 mmol), and the mixture was stirred
at 25 °C for 20 min. Then, 3-methoxyquinoxaline N-oxide (440 mg, 2.50 mmol) was
added to the reaction mixture, and the mixture was stirred at 25 °C for 18 h. After the
reaction mixture was diluted with CH2Cls/acetone (2:1), insoluble solid was filtered off,
washed with CHzCle/acetone (2:1), and the solvent was removed under reduced pressure.
The obtained solid was washed with hexane/CH2Cls (1/1) to give
difluoro((3-methoxyquinoxalin-1-ium-1-yl)oxy)(trifluoromethyl)borate (701 mg, 95%).

A mixture of CsF (190 mg, 1.25 mmol) and MS4A (25.0 mg) was flame-dried under
vacuum. After cooling to room temperature, the obtained
difluoro((3-methoxy-1-quinoxalinium-1-yl)oxy)(trifluoromethyl)borate (73.5 mg, 0.250
mmol) and ethyl acetate (2.50 mL) were added. To the mixture, MesSiCFs (185 uL, 1.25
mmol) was added dropwisely with vigorous stirring. After stirring at 25 °C for 1 h, the
mixture was heated at 60 °C for 24 h, and cooled to room temperature. Insoluble solid
was filtered off, washed with ethyl acetate, and the solvent was removed under reduced
pressure. The crude product was purified by column chromatography on silica gel
(hexane/ethyl acetate = 15/1) to give 2-methoxy-3-(trifluoromethyl)quinoxaline (4ab,
23.8 mg, 42% yield).

Technical note for the synthesis of
difluoro((3-methoxy-1-quinoxalinium-1-yl)oxy)(trifluoromethylborate.
This compound could not be isolated by column chromatography on silica gel due to the

decomposition to corresponding N-oxide.

2-Methoxy-3-(trifluoromethyl)quinoxaline (4ab). 42%; white solid; R¢ N. OMe
= 0.60 (hexane/ethyl acetate = 5/1); TH NMR (400 MHz, CDCls) & 4.19 | \j:
(s, 3H), 7.65 (ddd, J= 8.5, 7.2, 1.2 Hz, 1H), 7.77-7.83 (m, 1H), 7.91 (dd,
J=28.5,0.9 Hz, 1H), 8.12 (dd, J= 8.3, 1.2 Hz, 1H); 13C NMR (100 MHz, CDCls) § 54.6,

89



120.7 (q, J = 275 Hz), 127.1, 127.8, 129.9, 132.6, 134.9 (q, J = 36.2 Hz), 136.9, 142.0,
154.8; 19F NMR (368 MHz, CDCls) § -69.0 (s, 3F); IR (KBr, v / cm') 1588, 1454, 1398,
1335, 1288, 1223, 1179, 1127, 1001, 918; HRMS (DART) Calcd for C10HsFsN20+ [M+H+]
229.0583, Found 229.0589.

Synthesis of =
difluoro((4-((1B)-hydroxy((2.5)-5-vinylquinuclidin-2-yl)methyl HO
)-6-methoxyquinolin-1-ium-1-yloxy)(trifluoromethyl)borate N

. ) MeO
. To a mixture of potassium | N
trifluoro(trifluoromethyl)borate (1.03 g, 5.88 mmol, 2.0 N7

|

equiv) in CHzClz (12 mL) was added BFsOEtz (726 uL, 5.88 “BF,CF,

mmol, 2.0 equiv), and the mixture was stirred at 25 °C for 20

min. Then, qunine N-oxides? (1.00 g, 2.94 mmol) was added to the reaction mixture and
the mixture was stirred at 25 °C for 13 h. After the reaction mixture was diluted with
CH:Cls/acetone (1/1), an insoluble solid was filtered off, washed with CH2Cls/acetone
(1/1), and then the solvent was removed under reduced pressure. CH2Clo/MeOH (20/1)
was added followed by the addition of saturated aq. NaHCOs. The two layers were
separated, and the aqueous layer was extracted with CH2Clo/MeOH (20/1). Combined
organic layer was dried over sodium sulfate, filtered, and then the solvent was removed
under reduced pressure. The crude product was purified by column chromatography on
silica gel (CH2Clz, then CHzCls/acetone 2/1, and then CH:2Clo/MeOH = 9/1) to give
difluoro((4-((1R)-hydroxy((2S)-5-vinylquinuclidin-2-yl)methyl)-6-methoxyquinolin-1-iu
m-1-yloxy)(trifluoromethylborate (7, 701 mg, 52% yield). white solid; Rt = 0.67
(CHz2Cl2/MeOH = 5/1); 'H NMR (400 MHz, CD3CN) § 1.45-1.55 (m, 1H), 1.61-1.78 (m,
2H), 1.78-1.88 (m, 2H), 2.22-2.33 (m, 1H), 2.50-2.61 (m, 2H), 2.92 (dd, J/= 13.5, 10.3 Hz,
1H), 3.12-3.29 (m, 2H), 4.00 (s, 3H), 4.92-5.05 (m, 2H), 5.55 (d, J= 6.7 Hz, 1H), 5.89 (ddd,
J=17.5,9.9, 7.6 Hz, 1H), 7.68-7.75 (m, 2H), 7.93 (d, J= 6.3 Hz, 1H), 8.45 (d, J=10.3 Hz,
1H), 8.82 (d, J= 6.3 Hz, 1H); 13C NMR (100 MHz, CDsCN) § 24.5, 28.1, 28.7, 40.7, 43.2,
56.7, 57.3, 62.2, 71.7, 104.4, 114.8, 120.5, 121.4, 127.9, 131.1, 134.8, 140.9, 143.1, 158.0,
161.1; 19F NMR (368 MHz, CD3CN) § -160.9~-160.1 (m, 2F), -75.9~-75.3 (m, 3F); !B
NMR (125 MHz, CD3CN) 5 0.76 (s); IR (KBr, v/ cm'1) 2954, 1619, 1587, 1523, 1475, 1385,
1263, 1076, 1023, 894; HRMS (ESI) Caled for C21H24BF5N2NaOs+ [M+Na+] 481.1692,
Found 481.1690.

Synthesis of
(1R)-(6-Methoxy-2-(trifluoromethyl)quinolin-4-y1)((2.9-5-vinylquinuclidin-2-yl)methano
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1 (8). A mixture of CsF (91.1 mg, 0.600 mmol, 3.0 equiv) and =
MS4A (20.0 mg, 100 mg/mmol) was flame-dried under

vacuum. After cooling to room temperature, N

. . . .. MeO

difluoro((4-((1 B)-hydroxy((29-5-vinylquinuclidin-2-yl)methyl © | N
)-6-methoxyquinolin-1-ium-1-yl)oxy)(trifluoromethyl)borate N7 CFs

(8, 91.6 mg, 0.200 mmol) and ethyl acetate (2.0 mL) were

added. To the mixture, Me3SiCF3 (88.9 uL, 0.600 mmol, 3.0 equiv) was added dropwisely
with vigorous stirring. After stirring at 25 °C for 1 h, the mixture was heated at 60 °C
for 24 h, and then cooled to room temperature. An insoluble solid was filtered off,
washed with ethyl acetate, and the solvent was removed under reduced pressure. To the
residue in MeOH (3.0 mL) was added K2COs (5.5 mg, 0.20 equiv), and the mixture was
heated at 50 °C for 5 h, and then cooled to room temperature. The solvent was removed
under reduced pressure and the crude product was purified by column chromatography
on silica gel (ethyl acetate, then ethyl acetateMeOH = 9/1) to give
(1R)-(6-Methoxy-2-(trifluoromethyl)quinolin-4-y1)((2,9)-5-vinylquinuclidin-2-yl)methano

1 (8, 58.9 mg, 2 steps: 75% yield). white solid; Rt = 0.36 (CH2Clo/MeOH = 9/1); 1H NMR
(400 MHz, CDCl3) § 1.40-1.64 (m, 2H), 1.75-1.92 (m, 3H), 2.31-2.41 (m, 1H), 2.69-2.82 (m,
2H), 3.09-3.20 (m, 2H), 3.55-3.72 (m, 1H), 3.85 (s, 3H), 4.90-5.01 (m, 2H), 5.68 (ddd, J=
17.5, 10.3, 7.2 Hz, 1H), 5.73-5.83 (m, 1H), 7.13 (d, J= 2.4 Hz, 1H), 7.34 (dd, J= 9.3, 2.4
Hz, 1H), 7.91 (s, 1H), 8.04 (d, /= 9.3 Hz, 1H); 13C NMR (125 MHz, CDCls) § 20.6, 27.0,
27.7, 39.4, 43.4, 55.8, 56.6, 59.9, 70.8, 100.7, 114.3 (m), 115.1, 121.9 (q, J = 277 Hz),
123.0, 127.2, 132.2, 141.0, 143.2, 145.1 (q, J=34.4 Hz), 149.8, 159.3; 19F NMR (368 MHz,
CDCls) 6 -67.9 (s, 3F); IR (KBr, v/ cm™?) 3203, 1623, 1509, 1482, 1270, 1234, 1183, 1135,
1097, 954; HRMS (ESI) Calcd for C21H24F3N2O2+ [M+H+] 393.1784, Found 393.1780.

Synthesis of 6-chloro-2-(trifluoromethyl)quinoline (4d) by ( N

sequential operation without isolation of the intermediates. To a | P

0 °C solution of 6-chloroquinoline (40.9 mg, 0.250 mmol) in N "CFs

CH:2Cl: (0.5 mL) was added m-CPBA (77%, 56.0 mg, 0.250 mmol, 1.0 equiv) and the
mixture was stirred at 25 °C for 10 h. After the reaction mixture was diluted with
CH2Cls, powdered potassium carbonate (51.8 mg, 0.375 mmol, 1.5 equiv) was added to
the reaction mixture, and the mixture was stirred for 1 h. Insoluble solid was filtered off
through a pad of Celite, washed with CH2Cls, and then the solvent was removed under
reduced pressure to give 6-chloroquinoline N-oxide (1d). To a mixture of potassium
trifluoro(trifluoromethyl)borate (48.4 mg, 0.275 mmol, 1.1 equiv) in CH2Clz (0.50 mL)
was added BF3OEts (33.9 uL, 0.275 mmol, 1.1 equiv) and the mixture was stirred at

91



25 °C for 20 min. Then, the obtained 1d was added to the reaction mixture and the
mixture was stirred at 25 °C for 24 h. After the reaction mixture was diluted with
CH:Cly/acetone (1:1), insoluble solid was filtered off, washed with CHzCls/acetone (1:1),
and then the solvent was removed wunder reduced pressure to give
((6-chloroquinolin-1-ium-1-yloxy)difluoro(trifluoromethyl)borate (2d). A mixture of CsF
(114 mg, 0.750 mmol, 3.0 equiv) and MS4A (25.0 mg, 100 mg/mmol) was flame-dried
under vacuum. After cooling to room temperature, the obtained 2d and ethyl acetate
(2.50 mL) were added. To the mixture, MesSiCFs (111 uL, 0.750 mmol, 3.0 equiv) was
added dropwisely with vigorous stirring. After stirring at 25 °C for 1 h, the mixture was
heated at 60 °C for 5 h, and then cooled to room temperature. Insoluble solid was
filtered off, washed with ethyl acetate, and the solvent was removed under reduced
pressure. The crude product was purified by column chromatography on silica gel
(hexane/ethyl acetate = 15/1) to give 6-chloro-2-(trifluoromethyl)quinoline (4d, 39.9 mg,
3 steps: 69% yield).

Reaction mechanism.

Cesium N
difluoro(trifluoromethyl)((2-(trifluoromethyl)quinolin-1(2 H)-yl)oxy)b @(j\c .
orate (I). Rr= 0.38 (ethyl acetate); TH NMR (400 MHz, CDsCN) & 4.84 . 6\ _
(qd, J= 7.0, 7.0 Hz, 1H), 5.71-5.79 (m, 1H), 6.63 (d, J= 9.4 Hz, 1H), ©S BF2CFs
6.63 (td, /= 7.2, 1.8 Hz, 1H), 6.94 (d, /= 7.4, 1.1 Hz, 1H), 7.06-7.15 (m, 2H); 19F NMR
(368 MHz, CD3CN) § -163.1 (q, /= 45.5 Hz, 2F), -74.5 (q, J= 28.5 Hz, 3F), -72.0 (s, 3F);
1B NMR (125 MHz, CD3CN) & 0.61 (m).

3

Preparation of byproduct 10.

To a mixture of potassium trifluoro(trifluoromethyl)borate (194 mg, 1.10 mmol) in
CH:Cl: (2.0 mL) was added BFsOEtz (136 ul, 1.10 mmol), and the mixture was stirred
at 25 °C for 20 min. After insoluble solid was filtered off, washed with CH2Clo, and
CsOH-H20 (185 mg, 1.10 mmol) was added to the filtrate. The mixture was stirred at
25 °C for 8 h, and the solvent was removed under reduced pressure to give the target

compound as a major product.
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Table 2-4. Comparison of chemical shift of byproduct 10.

19F NMR shift in CD3CN (ppm)

Cs(HO-BF:CF5) Cs(HO-BF:CF)
10 in reaction mixture -155.3 -75.6
(Table 2-3, entry 5) (q, J= 45.5 Hz, 2F) (q, J=28.5 Hz, 2F)
Prepared 10 1oz 753
(q, J= 45.5 Hz, 2F) (q, J=28.5 Hz, 2F)
cf. Na(HO-BF) -142.0
in water (pH 4.3)17 (q, J=14.4 Hz, 3F)
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FI3E ~TuFEHEILAYH N4 F-BFCF: 8k tait
31 EXR

AR AT AR R, A= L7 b= 24k (LFEE /L —
— LWV o ERND TEE TIRIAWVDBH CIEA SN TR Y . Fi e etk o BRI
DEEINATON TS, EVY VB, /U VR, BIOZTOEROGERE~T 0 KHFR
1T, REBWREIR G O A7e 63, BEEEMMEIO B L L CIRFICEETHD D, ThHOE
EHRANT REERIL, MO~T o EEBCEWICHASTEFSBEENE N ENRHETH
D, nAPEEERORERE LTHAHATHL 2, BV RX VD NFXFV R-RT7 v
PERDERITE < DR SN TN DA, D OEERITER T ICB W CES IO T 5
HLONZ N, WTHE, M ELIFE Y DUVBRERT VEMI A IRFEH TEBSEDL 2 LICk by,
DFHNTOEY Uy NAXY R-RT VRN LZERMENE LTHELND Z L 2HEL
TWDNR, FNHITENE R IR0 T ERHRE X TV 5 (Scheme 3-1)30,

} [PAClI(z-allyl)], (2.5 mol%) Lo A

Fﬁp DPEPhos (6.0 mol%) | >N-O-B-Ar
+ [Me,NJ[R—==—BAr;] >

/%B toluene, 60 °C 1N SAr

R r R

R'
9 entries, 67-82%

Scheme 3-1. Stable pyridine MN-oxide-borane intramolecular complexes

BODIPY 3R vHFEA2GLeataFze LTHAMNTHY, flix DA A= 7T SN T
W5, [FRRIC, nE T ERICR I NVEREOFR Y EEGOERLZEANLILED D,
RUFREGLrE T HERENRERLE LTHEHATH D 50, ~T o EEFRILEY NAF T R
~BFoCFs $EK1Z, ~T 05 E/R &R T VENLAZERE SN TORWIZ S b b TRER b
AE UCHEE, RFT2ZENABETH D | HREMEAMEL L L CoISHZ2RET LT,

32 47 ==Y PUHBEERORIERED

4-7 ==Y P NAF T F-BFCFs 51K 3a 13, @k L OEARREBIZIS W TER
DHENETT Z E N7 (Table 3-1), 7 b= U AHIIBITHEEETIEE 4-7
=V EV DU NAF T R 2 b 47 2= P 1a & THEELIZEZ A, 3a DBEN
W EIR LT,
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Table 3-1. Photophysical data of 4-phenylpyridine derivatives

N BN
| P | _ | B
N+ N3 Z
oO.- | N
“BF,CF, o
3a 2a 1a
compound 3a 2a la
@r (in MeCN)a 0.35 <0.005 <0.005
Aem, max [nm] 360 342 384

a Determined using 2-aminopyridine as a standard (excited at 270 nm)®

33n#ﬁ%%#ﬁbt$§¢® RE L ARk

{b&¥ 3a &SI R 2 I00R L7 8R, B X OE It GHEHRETH L7 I A
BANLTE R F— - 77277 R E T AT 58K Z%GE Lz, EIEICL Ve D~T
0 HEHALEY N-A X% R-BFCFs $5(K@8b-30723, xtid 25 NA ¥ Rovd B 7200E
TH 57z (Table 3-2)9,

Table 3-2. Synthesis of n-extended pyridine N-oxide-BF2CFscomplexes

Heteroaromatic

BF;-OEt, N-oxide
(1.1 eq) 2 H .
t t
KIBF;,CF;] ——— = | BF,CF;-OEt, l . » Hoteroaromatic
1.1 CH,CI, L 25°C,1-24 h 2CF3
(1.1 eq) . in situ 3
25 °C, 20 min
(N) | e
| BF20F3
N+
BF2CF3
O-BE,cF
o BFZCF3 BFZCF3
3b 65% 3c 57% 3d 69% 3e 71% 3f 67%

3-4 WRIREBIZET BE et
REWNRALEMOT F T Rr 7 7 VU IERB LT 7 F= N U W TIZI T 59t
M % 79 (Table 3-3, Figures 3-1 and 3-2), (D HE 2~ T{LAY 8a DItk R & JLiET
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HZEi2E0, LAY 8¢ BL U 38d 1% 365 nm DIEREH FicBW\W T, £, Hh, &k
BOENER LIz, (LEW 8a B 8¢ DHEI AT R BITK E 2R EEZ0 Rl 38 S
NTELT, R L FIEREBIZH T 2 F-E— A > MIRERE(ITRNEEZ DL
Nb, LAY 8a BLV 3¢ DHNEFIRIL, BWEOMMEICKE S HEBEZTLZ 05D
otz, ALEW 3a XL 0 EiEED 7 F= h U AFIZBWTERWEEE FICEE R T O
U, ALBEY 8 1T L VMM EDT T b Fe 7 7 UEETICB W TRWEDE B FIERZ R
Lz, —J7. AbEY 8d 1TEEA TR AR 7 VR LU AR ML & H1T, B
PEICEABTIE E A LB SN T, MVETIEEZ /R LTz, Ziu, FEECRRE & kiR
EEOWTNIZBWTHEENZL LIZ W, MEZRT 7 VP UEKER T 5720 Thd &
Ezbhbd,

Table 3-3. Photophysical data of several pyridine N-oxide-BF2CF3 complexes

absorption emission stokes
compound solvent Aabs &10* Aem Dr shift
[nm]a [M-lcm] [nml] [cm1]
3a THF 290 2.14 3552 0.0094¢ 6300
MeCN 289 2.15 3602 0.35¢ 6800
3c THF 330 2.91 439¢ 0.10¢ 7500
MeCN 329 2.93 449¢ 0.0075¢ 8100
3d THF 438 0.25 4554 0.53¢ 900
MeCN 438 0.22 4564 0.53¢ 900

2 The longest wavelength absorption band. ¢ Excited at 270 nm. ¢ Excited at 290 nm. 4
Excited at 310 nm. ¢ Determined using 2-aminopyridine in aq. HoSO4 (@r= 0.66) as a

standard.® fDetermined using quinine in aq. H2SO4 (@r = 0.55) as a standard.?
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Figure 3-1. UV/Vis absorption spectra of compound 3a, 3¢, and 3d

3a-THF

————— 3a-MeCN

3¢ THF
----- 3c-MeCN
3d-THF

----- 3d-MeCN

Normalized intensity

300 350 400 450 500 550 600 650
Wavelength/ nm

Figure 3-2. Fluorescence spectra of compound 3a, 3¢, and 3d

bW 3a i) P U ENEFICE T AL TH L0, EritGEERLTHLI Y 7 =
SATREEEATLIEICED, YR R AERT I ERBGENE, 2
TIbEY 8e AR L. FHEARBEFT COWNART M ZRELIZEZA, YN
2 I ALY I ERDb)oT(Figure 3-3), KigED L 7 mAafHhrnby a2 2
~NEMEERLSTHI LY, BhERFaNL AL U UEA~E 82 nm OREE YT R
L7z, TD-DFT #HE LYV, ZofbE% O LUMO L8 Y ¥ U560, HOMO 13v 7 =
=T R RUBUEMLIC EIZREL TWA Z ERDY . HOMO 75 LUMO ~045-
NEMBERLERIC L > CTE URIRIED S O#ETH D &% 2 b5 (Figure 3-4),
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Figure 3-3. Fluorescence spectra of 3e in various solvents

LUMO HOMO
Figure 3-4. Kohn-Sham molecular orbitals of 3e calculated at the BSLYP/6-31+G* level

3-5 BEREBIZIIT B EOEREE

RFAA DO BEERREIC I 5 8 R 5E %2 7~ (Figure 3-5), FyRalkl & 7= JlE of
. fbAY 8a, 3c. 3d. 3e DHECMKN KIXZ N 354, 394, 497, 545 nm TH Y |
365 nm DY Tz T, ¥, F. fk, HOOENEZ R LI, o, @EEFIEEITZE
NZI 0.51, 0.25, 0.28, 0.11 TH -7z, FFiZ, {LEW Sc IXFEMAIRREIZIIT a0 A~
NV OHAERES 42 nm &RV, mREOFAELRIE LTEHTHS EEZ BN,
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Figure 3-5. Fluorescence spectra of 3a, 3¢, 3d, and 3e in the solid state

3-6 /NE

~T uGEFCAEY N4 % 2 R-BFCFs $5K1%. iR L OERREICS W TEEE
AT EE A U, SR OPLRERCHE Y B OB A L\ o T~ T B EFEER O LRI
0. HARMENRE LSBT D Z LRI, WIEROREN Y LN 7 m I XA
ERTHERESD Z LN TE L, ~T uEERILEY N4 F 2 F-BF:CFs $8K1%, ~7
0 EHEBRELOEMRES THY . 7T LA — BV T HERN TR TH D, KA
WIBEITZE R T COMRIENFTRERIF ELETH Y . HEREMEATEL S L CoISHAEIf SR D,

Experimental

General. All reactions were carried out in a dry solvent under an argon atmosphere.
Potassium trifluoro(trifluoromethyl)borate was purchased from Tokyo Chemical
Industry Co., Ltd. Known heteroaromatic N-oxides 2b'V and 2el? were prepared
according to the literature methods and identified by comparing these spectroscopic
data with those of reported data. Other reagents and heteroaromatic compounds were
purchased from commercial sources and used without further purification unless
otherwise noted. Column chromatography was performed with silica gel (230-400 mesh
ASTM). NMR spectra were recorded on JEOL JNM-ECX500 (500 MHz for 'H NMR and
125 MHz for 13C NMR) and JEOL JNM-ECS400 (400 MHz for 'H NMR, 125 MHz for 13C
NMR, 368 MHz for 19F NMR, and 125 MHz for 1B NMR) spectrometers. Proton and
carbon chemical shifts are reported relative to the solvent used as an internal reference.
Fluorine and boron chemical shifts are reported relative to trifluoroacetic acid (5 -76.55
ppm) and BFs0OFEt2 (5§ 0.00 ppm) as an external reference, respectively. Infrared (IR)
spectra were recorded on a JASCO FT/IR 410 Fourier transform infrared
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spectrophotometer. ESI-MS spectra and DART-MS spectra were measured on a JEOL
JMS-T100LC AccuTOF spectrometer for HRMS. UV/Vis absorption spectra were
recorded on a SHIMADZU UV-1800 UV/Vis spectrophotometer using dilute sample
solutions in spectral grade solvents in a 1.0 or 0.1 cm quartz cell. Fluorescence spectra
were recorded on a SHIMADZU RF-5300PC spectrofluorophotometer in 1.0 cm quartz
cell. The measurements of fluorescence spectra and the determination of absolute
fluorescence quantum yields in the solid state were conducted with a Hamamatsu
C9920-02 calibrated integrating sphere system equipped with multichannel
spectrometer (PMA-11). Compounds for the analysis of photophysical properties were
purified by recrystallization from hexane/ethyl acetate or hexane/acetone after column

chromatography on silica gel.

4-(Phenylethynyl)pyridine 1-oxide (2c). 60% yield; pale yellow solid; Rt = 0.10
(ethyl acetate); 'TH NMR (500 MHz, DMSO-ds) & 7.42-7.48 (m, 3H), 7.54-7.61 (m,

4H), 8.23 (d, /= 6.3 Hz, 2H); 13C NMR (125 MHz, DMSO-ds) & 86.4, 94.1, 118.5, | |
121.4, 128.7, 128.9, 129.5, 131.5, 139.1; IR (KBr, v/ cm!) 3062, 2210, 1496, 1473,

1269, 1173, 1137, 1027, 995, 863; HRMS (ESI) Calcd for Ci1sH10NO* [M+H+] | N
196.0757, Found 196.0762. N7

solid; Rt = 0.32 (hexanel/ethyl acetate = 1/2); 'H NMR (400 MHz,
acetone-ds) & 3.58 (s, 3H), 6.61 (d, J= 7.3 Hz, 2H), 6.71 (t, J= 7.7 Hz,
1H), 7.14 (dd, J = 7.7, 7.3 Hz, 2H), 7.55-7.63 (m, 2H), 7.76-7.84 (m,
2H), 7.93 (d, 4= 9.0 Hz, 2H), 8.83 (d, J = 9.0 Hz, 2H); 13C NMR (100 N>
MHz, acetone-ds) & 39.9, 113.4, 118.4, 121.0, 125.7, 127.5, 128.7, 130.1,

131.2, 137.1, 141.6, 150.5; IR (KBr, v / cm'?) 3050, 1594, 1572, 1498, 1430, 1384, 1318,
1287, 781, 768; HRMS (ESI) Calcd for C20H17N20+ [M+H+*] 301.1335, Found 301.1336.

9-(Methyl(phenyDamino)acridine 10-oxide (2f). 48% yield; orange ©\
Q!

(B)-Difluoro((4-styryl-1-pyridinium-1-yloxy)(trifluoromethyl)borate (3b).
65% yield; white solid; Rf = 0.55 (hexane/ethyl acetate = 1/1); 'TH NMR
(400 MHz, acetone-ds) 8 7.42-7.51 (m, 3H), 7.55 (d, J=16.4 Hz, 1H), 7.77
(dd, J=17.5, 1.6 Hz, 2H), 7.95 (d, J= 16.4 Hz, 1H), 8.20-8.25 (m, 2H), 8.73
(d, J=17.2 Hz, 2H); 13C NMR (100 MHz, acetone-ds) 5 123.8, 124.9, 128.9, || D
129.9, 131.1, 136.3, 141.0, 143.1, 151.6; 1°F NMR (368 MHz, acetone-ds) 5 N
-161.3 (q, J= 42.8 Hz, 2F), -75.3 (q, J= 27.0 Hz, 3F); 'B NMR (125 MHz,  C~BF,CF,
CDsCN) 6 0.61 (m); IR (KBr, v / cm™) 3126, 3064, 1619, 1577, 1499, 1460, 1332, 1233,
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1207, 907; HRMS (ESI) Calcd for C14H11BFsNNaO+ [M+Na+] 338.0746, Found 338.0747.

Difluoro((4-(phenylethynyl)-1-pyridinium-1-yloxy)(trifluoromethyl)borat

e (3c). 57% yield; white solid; Rt = 0.65 (hexane/ethyl acetate = 1/1); 'H
NMR (400 MHz, acetone-ds) & 7.47-7.60 (m, 3H), 7.65-7.74 (m, 2H),
8.16-8.23 (m, 2H), 8.87 (d, J = 6.7 Hz, 2H); 13C NMR (100 MHz, |||
acetone-di) & 85.3, 102.4, 121.2, 129.7, 130.3, 131.6, 133.1, 137.5, 143.3;
19F NMR (368 MHz, acetone-d) 8 -161.1 (q, J= 42.8 Hz, 2F), -75.4 (q, J= | _
27.0 Hz, 3F); 1B NMR (125 MHz, CD3CN) § 0.61 (m); IR (KBr, v/cm™) L~
3124, 2223, 2186, 1623, 1506, 1482, 1449, 1207, 1079, 899; HRMS (ES) ~ BF2CFs
Caled for C14H9oBFsNNaO+ [M+Na+*] 336.0590, Found 336.0581.

((4-(4-(Diphenylamino)phenyl)-1-pyridinium-1-yDoxy)difluoro(triflu

oromethyl)borate (3e). 71% yield; yellow solid; R¢ = 0.59 (CH2Cls); 1H @\ /@
NMR (400 MHz, CDsCN) 8 7.02 (d, J/= 9.0 Hz, 2H), 7.17-7.25 (m, 6H), N

7.38 (d, J=17.9 Hz, 2H), 7.40 (d, /= 7.9 Hz, 2H), 7.75 (d, J= 9.0 Hz,

2H), 8.03 (d, /= 7.2 Hz, 2H), 8.52 (d, J= 7.2 Hz, 2H); 13C NMR (100

MHz, CDsCN) § 121.0, 123.9, 125.7, 126.2, 127.2, 130.0, 130.8, 142.7, XN

147.2, 152.5, 153.3; 19F NMR (368 MHz, CDsCN) §-161.5 (q, J= 34.2 | N7

Hz, 2F), -75.8~-75.3 (m, 3F); 1B NMR (125 MHz, CDsCN) 5 0.61 (m); 5\§F o
2 3

IR (KBr, v/cm™) 3125, 1584, 1485, 1335, 1298, 1213, 1073, 909, 818,
762; HRMS (ESI) Calcd for C24H1sBF5N2NaO+ [M+Na+] 479.1325, Found 479.1309.

Difluoro((9-(methyl(phenyl)amino)-10-acridinium-10-yl)oxy)(trifluor

omethyl)borate (3f). 67% yield; purple solid; Rf = 0.71 (hexane/ethyl @\ Ve
acetate = 1/2); 'H NMR (400 MHz, acetone-ds) & 3.91 (s, 3H), N”
6.92-7.00 (m, 3H), 7.28 (dd, J= 7.6, 7.6 Hz, 2H), 7.81 (dd, J= 8.2, 8.0 | \
Hz, 2H), 8.26 (dd, J= 8.6, 8.0 Hz, 2H), 8.30 (d, /= 8.2 Hz, 2H), 8.83 N7

(d, J = 8.6 Hz, 2H); 13C NMR (100 MHz, acetone-dk) & 42.8, 116.7, 0
120.3, 121.8, 126.1, 127.0, 128.5, 130.5, 137.2, 142.9, 150.1, 159.1;

19F NMR (368 MHz, acetone-ds) § -156.9 (q, J = 34.2 Hz, 2F), -74.8 (m, 3F); 1B NMR
(125 MHz, CDsCN) § 1.22 (m); IR (KBr, v / cm) 1609, 1573, 1548, 1489, 1439, 1410,
1382, 1071, 893, 763; HRMS (ESI) Calcd for C21HisBFsNaNaO+ [M+Na+] 441.1168,

Found 441.1187.

“BF,CF;
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Computational Method. The geometry optimization of 3e were performed using the
B3LYP functional with the 6-31+G(d) basis set, implemented in the Jaguar program!3,
respectively. A stationary point was optimized without any symmetry assumptions and
characterized by frequency analysis at the same level of theory (the number of
imaginary frequencies, NIMAG, was 0.) The Cartesian coordinates for all calculated

compounds are given in Tables 3-4.

Table 3-4. Cartesian Coordinates of 3e.2

atom X y z
C1 1.1469520181 -1.1400260173 0.8271161272
C2 0.6317538313 0.0643632712 0.3161030039
C3 -0.6542178061 0.0336272378 -0.2520424158
C4 -1.3916994379 -1.1376334787 -0.3064597965
C5 -0.8745913218 -2.3380795317 0.2170232031
Ce 0.4139078757 -2.3149207392 0.7840916253
H7 2.1436105350 -1.1711213397 1.2570095976
H9 -1.0999829768 0.9401026072 -0.6502268732
H10 -2.3779904372 -1.1202839539 -0.7567134012
N10 -1.6258108237 -3.5234431115 0.1768333053
H12 0.8461764122 -3.2219862161 1.1918035794
N12 2.8266830747 3.6743913420 0.5186355857
C13 2.0031395320 3.4774477781 -0.5275762861
C14 1.2914763490 2.3041074578 -0.6178628814
C15 1.4060891811 1.3176129004 0.3803891981
C16 2.2825832408 1.5850197473 1.4491611520
C17 2.9834274923 2.7672852579 1.5007578956
H19 1.9722091877 4.2774316485 -1.2540284929
H20 0.6551537546 2.1547705128 -1.4813367887
H21 2.4096012131 0.8778873681 2.2596118573
H22 3.6731014969 3.0445266496 2.2858638977
022 3.4734267242 4.8710355595 0.6248694936
B23 4.8427098105 4.8023037779 -0.0548971520
C26 5.5116146894 6.2976608318 0.0857881403
F25 6.7285925640 6.3693849962 -0.5227906829
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F26
F27
F28
F29
C31
C32
C33
C34
C35
C36
H37
H38
H39
H40
H41
C41
C42
C43
C44
C45
C46
H47
H48
H49
H50
H51

4.7461662315
5.7164029022
4.6527121942
5.6183705359

-5.8554766054
-5.1629051949
-3.7706289247
-3.0528698824
-3.75622531419
-5.1440614450
-6.9414819560
-5.7072374733
-3.2353763863
-3.2026514305
-5.6740777829

0.2596832249

-0.7590984488
-1.3771552621
-0.9821510813

0.0362462437
0.6545911291
0.7406560342

-1.0746568009
-2.1667102083

0.3392275277
1.4430136371

7.2829414742
6.6786293249
4.4556745388
3.8276127051

-3.4063162026
-4.1704825206
-4.2066973893
-3.4786269333
-2.7186698106
-2.6812284173
-3.3787514393
-4.7396008864
-4.7986912632
-2.1614440661
-2.0878297920
-7.3108420405
-7.0456776737
-5.7979662897
-4.7979695667
-5.0704151676
-6.3179482310
-8.2848715922
-7.8121285474
-5.56947217760
-4.3043278114
-6.5166177346

-0.4850435823
1.3870009395

-1.4063830780
0.6014958142

0.1340257468

-0.8057111872
-0.7949007795

0.1623447081
1.1096057275
1.0903813046
0.1231321957

-1.55637128539
-1.53156237611

1.8628985149
1.8299419782
0.1169377311
1.0326761711
1.0558885780
0.1579073329

-0.7653801289
-0.7800509374

0.1010655759
1.7346017853
1.7734441229

-1.4734962131
-1.56002688678

a Calculated at the B3LYP/6-31+G(d) level.
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Table 3-5. Photophysical data of various pyridine N-oxide-BF2CF3 complex 3e

absorption emission  stokes

compound solvent Aabs £/104 Aem shift
[nm] 2 [M-lcm-1] [nml] [cm-1]

3e CH2Cl: 426 3.11 5645 5700

THF 411 2.96 557¢ 6400

Et20 411 3.04 5409 5800

toluene 416 2.66 515 4600

cHexane 421 n/alfl 482e 3000

a2 Absorption maximum wavelength of the longest absorption band. 2 Fluorescence

maximum wavelength upon excitation at 430 nm. ¢ Fluorescence maximum wavelength

upon excitation at 400 nm. ¢ Fluorescence maximum wavelength upon excitation at 390

nm. ¢ Fluorescence maximum wavelength upon excitation at 360 nm. fMolar absorption

coefficient in cyclohexane could not be determined due to the poor solubility of

compound 3e.
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N 2N
> A

Kiw LTI BEFEOHIEC K 2~T 0 FHFEFCED OIEMHEIIZH A & HITRE IR
TEMEAEIRE LT, ~T a5/ R(LEY N4> R-BF:CFs 88k % WL L. < OFE%21%
Li=~T a BEEFEALEMOMNEBERIRA R Y 741 2 F ARG DOBIFE., B L O
WE ORIIZ RS LTz 12,

%1 mTE BIFOFIEIC LD ~T u FEBRIEEMOTEIEIT A~ & bIZKEFH72
TEMEAIR E LT o~T e BEERLEY N4 2 F-BFCFs 81K % J M U 7o, KMEEREE.
AT RHEFRICEY NAFT Fhb, WRMREET. mOERRAFAIETHS Z & 2vAEE
THY ., DBIRIESCT VA TNVH T D& D HERERNTRERIZELETH D Z b

-7,

%2 ETIL, REFHRIEMALIETH 2~7 v FHFRILEY N4 2 F-BF2CFs ${k D
Frtb &M L, lx 0 6 BERA~T 0 FERICEWOMERERN L MU 7 A A F bz
B Lo, AROSITEB G RAE 2 LB &9 BMREMET. W ALERRE, XU
EVVEREAFANE CTEIT T 5, BIFOREFHI NI 7 Am AF T DN TGk
MR 2R A L TRY . —ODOHEZMHENRIT D LIZL Y| HaxD~T v IiER
{EEH DALEEIRA 2 N ) 7 A e A F LR afRe & e o7,

H3ETII, ~T n HEBLEY) N4 ¥ F-BFCFs $5(K73, K i L OEAREIC
BOTHAOLEZRT Z &2 A Lc, nGROILRSLEY R ERIELDOHA L W olonT 1
HEBROEBIZ LY | HOERMER RS ST 5 Z LR Sh, WSRO RS WYL
N7 I ALERTHFERELHED LN TE 2, KMEAWRETZERT TORED A REZR
EELRETHY ., HEEMEMEIE L TOISHB IR S5,
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EiraE

AR EATORREGEZATWIZIEE, 2R T8, THREZIBY £ Lz, BaRE
REFGESEFRIIER @I REIRITIR EHWTZ L ETS

AWFFEZ [ TRV E A TS 2 WS E £ LT, TR RZEGHETR
IR BEPE—ELERATO 7'u Y= 7 k7 —"7" U — &2 — (A IR & 72 L
i—a‘o

ARBFFEEITOMR 2 G A T EE £ L, TRAARELREERASHE &MEBEE
BUTHR B G, Aot o 7 =), JER AAREAREENRAS . BRH— R LT ZeT R G
FHISMEERENCIR W2 LET, 70, IRIERIZEHIM T 23R cZ& £ Lz, KA
AEAREEM S B O ERREEFREERPITR A, KR AAREAREESR AR A1l
PR SEImAZEMTIERT R . K B AE AR A SALITSEAES  SRER AR £, P A,
EHERAMEZIZI T, K AAMEALREERAS A TEAT ORISR S EHW 2 L £,

~T 0B FHEEEY N4 %2 R-BFCFs$5 RO E Y FHEDOWIEICB T A7 ZE,
WPERIE D ZHREAZ W& E L, A HBRRFPRFERIEAZER (0O /85LEd%. 4
BRFERFEEFZVER RS BRI EEH = L E T,

~T a EEFEBECEM ORI BRI R ) 701 2 FIALRISOFFZRIC BT, LR
FHTH DR FRFGILRHER FREREL, &L 2F), BLOANT o EERILE
¥y N-7 %> R-BF2CF3 $5KDOH I ERFEDORFTRIZIB VT, LRIFIFEH CTh 24 HERNFRF
BREREORZER L AR L L 2 40) 44 B R REBEE AR KR R (R
Bt 2 N EH N2 L ET

Prclvn s 7e SIS B VIR E E Ui, B R EREE R R Ak S
B2, HURKERLBHEROER RSB, AREREBERIFER Tk
FEFBAUCTR RPN T2 LT

ANFNZ DTV EE 2150 & LI R KFERFFLE LA IER AR A L E, B X
W JST-ERATO & HAsy T A7 a2 = 7 b OREICTE  EHEW - L £,

BT, FAOMFFRAEIE ZEMWEIE L XA T ESWnWE L, & EHEA, X BT
b ZERH, EOAREICRLEET T L E T,
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