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1. General Methods. All reactions were carried out under a nitrogen atomosphere unless
otherwise specified. THF (<0.02% water content), Et,O, dioxane, MTBE, DCM, DCE,
Xylene and toluene were purchased from Sigma Aldrich and used directly without further
purifications. Commercialized reagents were used without further purifications.

'H, *'P and C NMR data were recorded on a Bruker-Topspin DRX400 or 500
NMR Spectrometer with CDCl; as the solvent. '"H shifts were referenced to CDCl; at
7.27 ppm. 3Ip shifts were referenced to 85% H;3;PO4 in D,O at 0.0 ppm as external
standard and obtained with 'H decoupling. "*C shifts were referenced to CDCl; at 77.23
ppm and obtained with 'H decoupling. MS was measured on Agilent 1100 Series
LC/MSD mass spectrometer. Chiral HPLC analyses wee performed on an Aglient 1200
system using a Chiralcel OD-H, Chiralpak AD-H column or Chiralcel Lu-Amy lose-2
column. Racemic compounds were prepared by reaction using [[rCODCI], and Nal
without using the ligand at 80 °C. The optical rotations were recorded on a Rudolph

Research Automatic Polarimeter.

2. Synthesis of 1a~1e (i

R R
R Br
n-BuLi R
Yl 0
R Br 0 -78 ° C~RT R
R THF 1
1a: R = OMe, R' = H; 1b: R = H, R" = OMe; 1a~1e

1c:R=Br,R'=H; 1d:R=F,R'=H;
1e:R=H,R"=H;

Under N, a stirred solution of substituted 1, 2-dibromobenzene (14.06 mmol) in
anhydrous THF 25 mL Furan 30 mL was treated drop wise with 5.8 mL of BuLi (2.4 M
in hexane) at -78°C. The solution was stirred at -78°C for 1.5 hr. 20 mL distillated water
was added to reaction mixture and left to warm up to room temperature, diethyl ether was
added to the reaction mixture, separated, extracted and dried over Na,SOy4. The ether was
then removed in vacuo and the resulting mixture was purified by flash chromatography
(10%~50% ethyl acetate in hexanes) to give the product 1. 1a: White solid (2.5g,
87%). 'H NMR (400MHz, CDCls) 6 6.97 (s, 2H), 6.90 (s, 2H), 5.60 (s, 2H), 3.77 (6H,
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s); >C NMR (100MHz, CDCl3) 6 146.0, 143.5, 141.9, 106.9, 82.7, 56.7, 56.6.; 1b: White
solid (1.8 g, 63%). 'H NMR (400 MHz, CDCl3): 67.01 (s, 2H), 6.94 (s, 2H), 5.65 (s, 2H),
3.82 (s, 6H). *C NMR (100 MHz, CDCl;): & 145.8, 143.3, 141.7, 106.8, 82.6, 56.5.; 1c:
White solid (1.4 g, 43%). '"H NMR (400MHz, CDCl;): & 7.45 (s, 2H), 6.97 (s, 2H), 5.64
(s, 2H). > C NMR (100 MHz, CDCls): d 150.1, 142.6, 125.3, 120.5, 81.6. 1d: Yellow oil
(2.5g, 87%).; * F NMR (376 MHz, CDCls) 6 -142.39; '"H NMR (400MHz, CDCls) §
6.90-6.97 (m, 2H), 5.57 (s, 2H).; ° C NMR (100MHz, CDCl5) 6 148.5 (d, J= 15.0 Hz),
146.0 (d, J= 14.8 Hz), 145.3 (d, J= 4.7 Hz), 143.1, 110.7-110.9(m), 82.1 (d, J= 7.9 Hz).;
le: White solid (1.5g, 75%). 'H NMR (400MHz, CDCl3) d 7.15-7.17 (m, 2H), 6.94 (s,
2H), 6.87-6.89 (m, 2H), 5.63 (s, 2H).; > C NMR (100MHz, CDCls) § 149.0, 143.1, 125.1,
120.3, 82.4, 82.3.

3. Synthetic procedures for ligand L1~L4 21

(1) Synthesis of ligand L1

0 PhNTf,
Pd(OAC P ©
(;[F)O Et;N, DCM O d(O )2 ©ys P> PMHS, Ti(OiPr), P>
- D|oxane 100 C
) T 0°C~RT o
H tBu 959 T tBu THF,70°C 16 h \tBu

MBu
h 90 % h
10 11 95% 12 ° L1

The ligand L1 was synthesized from chiral 10 through a coupling reaction to obtain
compound 12 followed by a stereospecific reduction of the 12 mediated by PMHS/Ti
(Oi-Pr)4. The synthetic procedures were published in our previous paper ?. '"H NMR

(400 MHz, CD,Cl,): & 7.71 (m, 2H), 7.42 (m, 2H), 7.35 (m, 2H), 6.99 (m, 1H), 6.90 (dd,
J=28.1, 0.8 Hz, 1H), 4.87 (dd, J = 12.7, 1.9 Hz, 1H), 4.57 (dd, J = 25.9, 12.7 Hz, 1H),
0.64 (d, J = 12.1 Hz, 9H); *'P NMR (162 MHz, CD,Cl,): 5-11.2; *C NMR (100 MHz,
CD,Cl,): 8164.8, 146.5, 143.1, 131.9, 129.9, 129.8, 128.9, 127.9, 122.7 (d, J = 17.9 Hz),

122.3 (d, J=3.1 Hz), 110.5, 70.5 (d, J = 26.9 Hz), 32.1 (d, J=20.2 Hz), 27.0 (d, J=13.8
Hz). ESI-MS: m/z 271 [M +H] .

(2) Synthesis of ligand L2
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o) PhNTY, PMHS, Ti(OiPry,
P>O ELN, DOM Pd OAC)2 CysP P>O
= THF, 7
“Bu O0°C~RT N E% Dioxane, 100 ° C MBu 0950/16 h tBu
H 95% Tf KF  Meo OMe ° MeO OMe

10 1 95 %

The ligand L2 was synthesized out from chiral compound 10 by a couplmg reaction to
obtain compound 13 followed by a stereospecific reduction of 13 mediated by PMHS/Ti
(Oi-Pr)4. The synthetic procedures were published in our previous paper . '"H NMR
(400 MHz, CDCl3): 6 7.29 (m, 2H), 6.87 (m, 2H), 6.65 (d, J = 8.2 Hz, 1H), 6.59 (d, J =
8.3 Hz, 1H), 4.81 (dd, J = 12.5, 1.8 Hz, 1H), 4.53 (dd, J = 25.2, 12.5 Hz, 1H), 3.77 (s,
3H), 3.71 (s, 3H), 0.73 (d, J = 12.1 Hz, 9H); *'P NMR (162 MHz, CDCls): § -7.9; *C
NMR (100 MHz, CDCl3): 6 163.4, 157.9. 157.1, 138.4 (d, J = 22.3 Hz), 130.5, 129.0,
125.0 (d, J=16.4 Hz), 123.8 (d, J= 5.4 Hz), 119.6, 109.5, 104.5, 103.6, 70.4 (d, J = 33.8
Hz), 55.9, 55.4,30.9 (d, J=23.2 Hz), 26.6 (d, J = 18.1 Hz); ESI-MS: m/z 331 [M +H]".

(3) Synthesis of ligand L3

0 0
O p>:0 LDA,CHl O P>O PMHS, Ti(OiPry, O P>'

St-BU T 750 o~ St-Bu ~t-Bu
OMe 78" C~RT \1e0 oMo THF,70°C16h peo OMe

(] Qg J

13 14 L3

MeO

The ligand L3 was synthesized from chiral compound 13 by a LDA-mediated homo-
coupling reaction to obtain compound 14 followed by a stereospecific reduction of 14
mediated by PMHS/ Ti(Oi-Pr)4. The synthetic procedures were published in our previous
paper . '"H NMR (400 MHz,CD,Cl,): d 7.35-7.20 (m, 2H), 6.85-6.75 (m, 2H), 6.64 (d, J
=8.4 Hz, 1H), 6.61 (d, J=8.4 Hz,1H), 4.97 (q, J =7.0 Hz, 1H), 3.73 (s, 3H), 3.71 (s, 3H),
1.40 (dd, J=16.4, 7.0 Hz, 3H), 0.71 (d, J/=12.0 Hz, 9H); *'P NMR (162 MHz, CD,Cl,): 6
9.9; C NMR (100 MHz, CD,Cl):  163.1, 158.2, 157.4, 139.5 (d, J=17.0 Hz), 130.7,
129.4, 125.78, 125.0 (d, J =6.0 Hz), 124.0, 120.0, 109.9, 104.6, 104.0, 79.2 (d, J=24.0
Hz), 56.0 (d, J =2.0 Hz), 31.1 (d, J =19.0 Hz), 25.6, 21.6 (d, J =29.0 Hz); HRMS calcd
for C0H26O03P [M+H]+: 345.1614; found: 345.1605.
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(4) Synthesis of ligand L4

o) o) o)
O on LDA,t'BUzpcl O F}éle'Buz PMHS, TI(OIPr)4 O P> ' |Pt'BU2
< _— = -

720 ~~ ~t-Bu ° “t-Bu
OMe 78° C~RT OMe THF, 70 C16hMeO OMe

O 939 MeO O 95 % O

13 15 L4

The ligand L4 was synthesized from chiral compound 13 by a LDA-mediated homo-
coupling reaction to obtain compound 15 followed by a stereospecific reduction of 15
mediated by PMHS/Ti(Oi-Pr)4. The synthetic procedures were published in our previous
paper . "H NMR (400 MHz, CD,Cl,) d 7.42 (m, 1H), 7.25 (m, 1H), 6.90 (m, 1H), 6.81
(d, J= 8.0 Hz, 1H), 5.60 (dd, J = 5.4, 4.4 Hz, 1H), 1.37 (d, J = 11.0 Hz, 9H), 1.18 (d, J
=11.1 Hz, 9H), 0.96 (d, J = 12.2 Hz, 9H); *'P NMR (162 MHz, CD,Cl,): 6 52.0 (d, *J pp
= 146.1 Hz), 122 (d, °J pp = 146.4 Hz); °C NMR (100 MHz, CD,Cl,) & 164.7,
131.5,131.3, 121.1 (dd, J = 64.3, 6.4 Hz), 121.0 (d, J= 6.1 Hz), 111.3, 80.2 (dd, J = 45.3,
37.4 Hz), 34.6 (d, J = 24.4 Hz), 34.1 (dd, J=22.4, 11.3 Hz), 32.0 (dd, J = 22.5, 7.6 Hz),
31.5(dd, J=12.2,3.6 Hz), 31.4 (d, J=12.5 Hz), 26.3 (d, J = 14.7 Hz).

4. General procedure of asymmetric ring-opening of oxabenzonorbornadiene with
amines

To a mixture of oxabenzonorbornadiene 1 (0.347 mmol, 1 equiv), amines 4 or 6 (1.041
mmol, 3 equiv), Nal (10.34 mg, 0.069 mmol, 0.2 equiv), ligand L1 (4.5 mg, 0.0167
mmol, 4.8 mol %) and [Ir(coe),Cl], (6.2 mg, 0.0069 mmol, 2.0 mol %) was added THF
(2.0 mL). The mixture was stirred at reflux for 8~14 h and then the residue was directly
subjected to silica gel column chromatography [ethyl acetate/hexanes (1:1~2:1 v/v) as the
eluent] to afford the desired alcohol product 5 or 7. The enantioselectivity was
determined by chiral HPLC on a chiralcel OD-H, chiralcel AD-H, or Lux Amylose-2

column.
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5. Analytical data of asymmetric addition products
H,CO I I
) ONO

yD)-1, 2-dihydronaphthalen-1-ol (3): White solid (91% yield); >99% ee; [a]p® = -
225.27° (¢ = 0.62, CHCl3); "H NMR (400MHz, CDCl3) 6 7.17-7.21 (m, 2H), 7.06 (s, 1H),
6.77-6.86 (m, 3H), 6.56 (s, 1H), 6.39 (dd, J = 2.4 Hz, J=9.9 Hz, 1H), 5.95 (dd, J = 2.6
Hz, J=9.9 Hz, 1H), 4.78 (d, J=11.8 Hz, 1H), 3.84 (s, 3H), 3.78 (s, 3H), 3.39 (td, /= 2.4
Hz, J=11.2 Hz, 1H), 3.29 (br, 1H), 3.08-3.18 (m, 4H), 2.83-2.88 (m, 2H), 2.60-2.65 (m,
2H); *C NMR (100MHz, CDCls) ¢ 151.35, 148.71, 148.12, 129.92, 129.25, 129.05,
124.69, 122.52, 120.06, 116.35, 110.08, 108.77, 67.83, 67.72, 56.17, 56.14, 49.91, 49.11.
ESI-MS: m/z 367 [M +H]". Chiral HPLC conditions: Chiralcel OD-H, 25 °C, flow rate:

(1R, 2R)-6, 7-dimethoxy-2-(4-phenylpiperazin-1-

1.0 mL/min, hexane/isopropanol: 75/25, 254 nm, 13.22 min (major), 17.55 min (minor).

2 >
o &
-— |
/ \ TN
- 1 — — I — — |
T I T T I I T
12.5 15 175 min
e B el S g wE W 1T A W5 vy 5 Ty A
# [min] [min] [MAT*s] [mAU] %
-— - |- el | ———————=
1 13.225 BB 0.556l 178.31558 4,.66319 50.9884
2 17.549 MM R 0.8320 171.40239 3.43351 49 .0116
=
.'-.-\'.
/ e
12.5 1's 175 rin|
g R BEE A ra] 2SR s 5 T A e =y e T A
# [min] [min] [MAU* 3] [MAU] %
-—— - |- == | —————————- |- |——————-
1 13.218 BB 0.6201 1506.26477 36.60312 100.0000
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Table 2, Entry 1

H,CO

(1R, 2R)-6, 7-dimethoxy-2-(4-(2-methoxyphenyl-
piperazin-1-yl)-1, 2-dihydronaphthalen-1-o0l (Saa): White solid (93% yield); >99% ee;
[a]p? = -199.43° (c = 0.82, CHCI3); '"H NMR (400MHz, CDCl3) ¢ 7.06 (s, 1H), 6.91-
6.94 (m, 1H), 6.84-6.87 (m, 2H), 6.78 (d, J = 7.8 Hz, 1H), 6.56 (s, 1H), 6.40 (dd, J=2.4
Hz,J=9.9 Hz, 1H), 6.00 (dd, J=2.7 Hz, J=9.8 Hz, 1H), 4.79 (d, J=11.1 Hz, 1H), 3.84
(s, 3H), 3.79 (s, 3H), 3.78 (s, 3H), 3.43 (br, 1H), 3.39 (td, J = 2.4 Hz, J = 11.1 Hz, 1H),
3.02-3.06 (m, 4H), 2.88-2.92 (m, 2H), 2.66-2.70 (m, 2H); *C NMR (100MHz, CDCls) &
152.18, 148.57, 148.00, 141.12, 129.90, 128.82, 124.63, 123.05, 122.77, 120.97, 118.21,
111.07, 109.99, 108.76, 67.58, 60.36, 56.03 (d, J = 1.5 Hz), 55.31, 51.15, 21.02, 14.19.
ESI-MS: m/z 397 [M +H]". Chiral HPLC conditions: Chiralcel OD-H, 25 °C, flow rate:
1.0 mL/min, hexane/isopropanol: 75/25, 254 nm, 10.52 min (major), 16.65 min (minor).

|I 7\
! / \‘
\\
T \\”777 L B B 7/"' \\,,,,77777
5 'II'D 12‘,5 'IIE- 17‘ 5 i
e LR e PSR e LEINEER I 5 LS IE
# [min] [mimn] [mMAT* 3] [mATU ] %
-—— - [l e |- I-----—-————/-——-————
1 10.515 BB 0.5154 2942 .32104 86.38968 49,4350
2 lc.646c BBA 0.9798 3009.57617 44,.79609 50.5&650
e
{ III
]
)
|
|
|
|
III
S ..\\\_,, . ) —
7's 10 125 1's 17.5
I B A ral SEomy gESE W T A 5 vy 5 T AL
# [min] [min] [mMAU* =] [mAT] 5
- |- |- | - | -
1 10.552 BB 0.52Z64 1431.44482 40.89610 100.0000
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Table 2, Entry 2
H,CO
) OND
F (1R, 2R)- 2-(4-(2-fluorophenyl)piperazin-1-yl)-6,

7-dimethoxy-1, 2-dihydronaphthalen-1-o0l (Sab): White solid (93% yield); >99% ee;
[a]p®’ =-198.32° (¢ = 1.07, CHCl3); "’ F NMR (376 MHz, CDCl3) ¢ -119.78; 'H NMR
(400MHz, CDCl3) 6 7.14 (s, 1H), 7.00-7.14 (m, 2H), 6.92-6.97 (m, 2H), 6.65 (s, 1H),
6.48 (dd, J = 2.5 Hz, J = 9.9 Hz, 1H), 6.06 (dd, J=2.7 Hz, J=9.9 Hz, 1H), 4.86 (d, J =
11.3 Hz, 1H), 3.93 (s, 3H), 3.87 (s, 3H), 3.47 (td, J = 2.5 Hz, J = 11.3 Hz, 1H), 3.28 (br,
1H), 3.09-3.17 (m, 4H), 2.94-2.98 (m, 2H), 2.72-2.76 (m, 2H); *C NMR (100MHz,
CDCl3) 0 156.83, 154.87, 148.47 (d, J= 72.5 Hz), 140.15 (d, J = 8.5 Hz), 129.98, 129.03,
124.75, 124.61 (d, J = 3.5 Hz), 122.76, 122.71, 119.11 (d, J = 2.9 Hz), 116.26 (d, J =
20.7 Hz), 110.16, 108.85, 67.84, 67.80, 56.19, 56.17, 51.23 (d, J = 3.2 Hz), 49.22. ESI-
MS: m/z 385 [M +H]". Chiral HPLC conditions: Chiralcel OD-H, 25 °C, flow rate: 1.0

mL/min, hexane/isopropanol: 75/25, 254 nm, 10.19 min (major), 13.82 min (minor).

II.-.l'I
| =
' =
i =
| I
I )
|
| l
| \ |
| f \,
! \\,,,777 A T~
7',5 IID 1 2'5 'IIS 'l?l,5
UE (L P A a] PSR R SR e T A W 5 W [T L
# [Tnin] [tTnin] [mAT* s ] [T ] =
— - l——— | —————————— | ————————
1 10.189 BB 0.4179 2.25425=4 817.10095 50.0027
2 13.819 BB 0.6099 2.25401le4 562.04510 49 .9973
=
=
[
|
|
|
|
|
|
]
|II
.-'III \\
& 10 1= 19 16
W fht B 0-Fm] SEop U5 T S A AL W5 vy e A AL
H# [Tnin] [min] [MAT* s ] [mAT] =
———— l———— - l—————— = ——— = l———————
1 10.410 MM R 0.4711 18e68.5285844 ©c6.10877 100.0000
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Table 2, Entry 3
HsCO
HscON/\

oH LN

\@ (1R, 2R)-2-(4-(3-chlorophenyl)piperazin-1-yl)-6, 7-
dimethoxy-1, 2-dihydronaphthalen-1-ol (5ac): White solid (95% yield); 95% ee; [a]p”’
=-177.95° (¢ = 1.20, CHCl3); '"H NMR (400MHz, CDCl3) § 7.14-7.27 (m, 2H), 6.88 (t, J
= 2.1 Hz, 1H), 6.77-6.82 (m, 2H), 6.65 (s, 1H), 6.48 (dd, J = 2.5 Hz, J = 9.9 Hz, 1H),
6.00 (dd, J=2.7 Hz, J=9.8 Hz, 1H), 4.85 (d, /= 11.2 Hz, 1H), 3.93 (s, 3H), 3.87 (s, 3H),

3.47 (td, J = 2.6 Hz, J = 11.2 Hz, 1H), 3.16-3.25 (m, 4H), 3.04 (br, 1H), 2.89-2.93 (m,
148.67, 148.08,

114.02,

2H), 2.67-2.71 (m, 2H); '*C NMR (100MHz, CDCl;) § 152.26,
130.05, 129.74, 129.02, 124.55, 122.19, 119.46, 115.88,
67.62, 56.07, 56.04, 49.28, 48.83. ESI-MS: m/z 401

134.94,

110.04, 108.75, 67.78,
[M +H]". Chiral HPLC conditions: Chiralcel OD-H, 25 °C, flow rate: 1.0 mL/min,

hexane/isopropanol: 75/25, 254 nm, 14.87 min (major), 19.19 min (minor).

—
oo
= =
a2y é;
f 4 £
\\_ # \
L — — —_— .
‘ll5 ZIG I
U LB O Al SRR EE LES T E 2 e 1y U T A
# [min] [min] mAT* s ] [mAT] %
- |- e |-
1 14.871 MM R 0.7779 522B.82617 112.02203 49.9690
2 19.193 MM R 1.01l60 5235.30859 85.88049 50.0310
III
)
|
|
)
|
|
III N\
/ , =
\;” . e ,7‘1)77,
‘II5 2‘0
5 LRy E ] =R IETE LE TR E R [ESnsn W T AL
# [min] [min] [MAT* 3] [mAT] %
- | ——— - |- |- |-
1 14.705 MM R 0.7808 1.71190e4 365.42398 97.681
2 19.546 MM R 0.975¢6 406.27414 6.94072 2.3182
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Table 2, Entry 4

H;CO - N/\

(1R, 2R)-6, 7-dimethoxy-2-(4-p-tolylpipera-

zin-1-yl)-1, 2-dihydronaphthalen-1-ol (5ad): White solid (97% yield); >99% ee; [a]p?
=-202.68° (¢ = 0.88, CHCl3); 'H NMR (400MHz, CDCl3) 6 7.15 (s, 1H), 7.09 (d, J= 8.2
Hz, 1H), 6.86-6.88 (m, 2H), 6.66 (s, 1H), 6.49 (dd, J = 2.5 Hz, J= 9.9 Hz, 1H), 6.05 (dd,
J=2.6 Hz,J=9.9 Hz, 1H), 4.87 (d, /= 11.4 Hz, 1H), 3.94 (s, 3H), 3.89 (s, 3H), 3.49 (td,
J=2.6 Hz, J=11.4 Hz, 1H), 3.28 (br, 1H), 3.14-3.28 (m, 4H), 2.94-2.98 (m, 2H), 2.70-
2.75 (m, 2H); °C NMR (100MHz, CDCl3) ¢ 149.33, 148.80, 148.20, 130.03, 129.82,

129.64, 129.06, 124.76, 122.64, 116.75, 110.18, 108.82, 67.90, 67.83, 56.24, 56.21,
50.56, 49.22, 20.61. ESI-MS: m/z 381 [M +H]". Chiral HPLC conditions: Chiralcel OD-

H, 25 °C, flow rate: 1.0 mL/min, hexane/isopropanol: 75/25, 254 nm, 9.95 min (major),

12.48 min (minor).

1 10.067 BB

0.4424 1563.19739

=
= —
=+ L
2 Py
fo et
1} i A"
| .ll *
i AN
e A \\
1 - - — | —
T T T T T T T . T
8 10 12 14
I LR ] SR 0 EIER s 3 EES
# [min] [min] [mMAT* s [mAU] %
- - |- -—————- /-] |-
1 S.953 BB 0.4222 7629 .80cc4 272 .85229 50.7354
2 12.477 BB 0.5333 7408.63379 212.18878 49 . 2cdo
=
|In.'|
[
[
[
[
| i
I 1}
|
III \,
74l_/'.l -‘-\\”’77777
] IO n | I5
e L EF O Al SRR R s WEE T A == IEE AT A
# [min] [mimn] [mAUT*s] [mAU] %

53.57660 100.0000
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Table 2, Entry 5
H,CO
T,

thyl)phenylpiperazin-1-yl)-1, 2-dihydronaphthalen-1-ol (5ae) White solid (81%
yield); >99% ee; [a]p” = -198.38° (¢ = 1.23, CHCls); "°F NMR (376 MHz, CDCl3) § -
61.45; '"H NMR (400MHz, CDCl3) d 7.40 (d, J = 8.6 Hz, 1H), 7.06 (s, 1H), 6.83 (d, J =
8.6 Hz, 1H), 6.57 (s, 1H), 6.41 (dd, J=2.1 Hz, J=9.9 Hz, 1H), 591 (dd, J=2.6 Hz, J =
9.8 Hz, 1H), 4.78 (d, J=11.0 Hz, 1H), 3.84 (s, 3H), 3.79 (s, 3H), 3.49 (td, J=2.4 Hz, J =
11.2 Hz, 1H), 3.27 (br, 1H), 3.17-3.26 (m, 4H), 2.82-2.86 (m, 2H), 2.61-2.65 (m,
2H); >C NMR (100MHz, CDCls) 6 153.38, 148.86, 148.29, 129.29, 129.83, 129.26,
126.57, 126.54, 124.71, 122.21, 114.80, 110.21, 108.97, 67.98, 67.78, 56.22, 56.19, 48.91,
48.72. ESI-MS: m/z 435 [M +H]". Chiral HPLC conditions: Chiralcel OD-H, 25 °C, flow

3

(1R, 2R)-6, 7-dimethoxy-2-(4-(4-(trifluorome-

rate: 1.0 mL/min, hexane/isopropanol: 75/25, 230 nm, 11.64 min (major), 14.27 min

(minor).
=5 -1
b =
= L |
— -
~— =
— 1 / e 1 _/_q\'-u-_
I T T T T I II T T T I T T
e R EE O ra] S R 5 TAT X L& = E T =
# [min] [mimn] [MAT* 5] [mAT] %
-—— - [ |- |- | ———————=
1 11.€44 BB 0.5832 838.84070 21.88454 50.4471
2 14.274 BR 0.6606 823.97345 18.82775 49 .5529
|II
]
]
I|
III
— 7““\\‘7 —
'IIO 12‘,5 'II5
e B U ral SEm g Es S AT FH I =y U T FH
# [min] [min] [MAT* 3 ] [AU] %
——— - | ——— === |- |- | ————————
1 11.550 BB 0.5647 2190.34229 58.5156%9 100.0000
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Table 2, Entry 6
H,CO
}hcole!'IiLN
g :
H5C CH4

(1R, 2R)-2-(4-(2, 4-dimethylphenyl)piperazin-

1-yD)- 6, 7-dimethoxy-1, 2-dihydronaphthalen-1-ol (Saf): White solid (93% yield); 89%
ee; [o]p?’ =-178.97° (¢ = 0.93, CHCl;); '"H NMR (400MHz, CDCl3) § 7.19 (s, 1H), 6.95-
7.02 (m, 3H), 6.67 (s, 1H), 6.50 (dd, J=2.5 Hz, J=9.9 Hz, 1H), 6.12 (dd, J=2.5 Hz, J =
9.9 Hz, 1H), 4.89 (d, J=11.6 Hz, 1H), 3.96 (s, 3H), 3.89 (s, 3H), 3.49 (td, J=2.5Hz, J =
11.6 Hz, 1H), 3.34 (br, 1H), 2.92-2.99 (m, 6H), 2.70-2.74 (m, 2H), 2.31 (s, 3H), 2.30 (s,
3H)); °C NMR (100MHz, CDCl3) J 148.95, 148.61, 147.99, 132.63, 132.45, 131.83,
130.03, 128.76, 127.04, 124.64, 122.86, 118.93, 110.00, 108.62, 67.77, 56.08, 56.04,
52.47, 49.59, 20.71, 17.75. ESI-MS: m/z 395 [M +H]". Chiral HPLC conditions:
Chiralcel OD-H, 25 °C, flow rate: 1.0 mL/min, hexane/isopropanol: 75/25, 254 nm, 7.39

min (major), 10.38 min (minor).

0.4634 1.57546=4

=
I|I IIII
{4 =
4 =
| E £
|
|
|
; \, N
. e T
‘Eli il?r ’IIO II2
s B B el =0 [LE S WS T AL = e = e i AL
# [min] [min] [MAT*s] [mAU] %
- Il /- Il
1 T7.394 BB 0.2999 1 .58978=4 799 .8c200 50.2263
49 . TFT737

514.21814

. ’ _ _
10

T
1=

2 lo.681 MM R 0.4989 370.41794

& &

g {HiBE A ra)l SR W e W T A LE =1 e iy AL
# [mimn] [min] [mMmAT* =] [T ] %=
- - el |l |l -
1 7.479 MM R 0.3304 ©£332.44824 319.42947 c4a.4737

12.37340 5E.5263
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Table 2, Entry 7
HsCO
H3CO /\

o LN@

(1R, 2R)-2-(4-(3-3, 4-dichlorophenyl)piperazin-1-yl)-6,7-
dimethoxy-1,2-dihydronaphthalen-1-ol (5ag): White solid (92% yield); >99% ee;
[a]p®’ = -210.27° (¢ = 0.85, CHCl3); 'H NMR (400MHz, CDCl;) & 7.24 (d, J = 8.9 Hz,
1H), 7.12 (s, 1H), 6.93 (d, J = 2.8 Hz, 1H), 6.69-6.72 (m, 1H), 6.63 (s, 1H), 6.47 (dd, J =
2.4 Hz, J=9.9 Hz, 1H), 597 (dd, J=2.7 Hz, J=9.9 Hz, 1H), 4.83 (d, /= 11.0 Hz, 1H),
3.84 (s, 3H), 3.91 (s, 3H), 3.85 (s, 3H), 3.46 (td, J= 2.5 Hz, J=11.0 Hz, 1H), 3.12-3.20
(m, 4H), 3.08 (br, 1H), 2.86-2.90 (m, 2H), 2.65-2.69 (m, 2H); *C NMR (100MHz,
CDCl3) 6 150.58, 148.66, 148.10, 132.74, 130.43, 129.67, 129.08, 124.54, 122.22,
122.09, 117.28, 115.40, 110.04, 108.82, 67.79, 67.55, 56.06, 56.03, 49.21, 48.70. ESI-
MS: m/z 435 [M +H]". Chiral HPLC conditions: Chiralcel OD-H, 25 °C, flow rate: 1.0

mL/min, hexane/isopropanol: 75/25, 254 nm, 14.82 min (major), 17.45 min (minor).

- . o~ S o~

’I2I,5 1S ’I?I,E- i
e R EE R ra] SEmy g T W AT A I[E=h= W AT AL

# [Tnin] [min] [MATT*s ] [mAIT ] %
-l - l--l - |-

1 14.2819% BB 0.7407 5332.21973 109.77583 49 _.7854
2 17.452 BBA 0.8274 5378.180¢66 99.68394 50.2146
o )
P
—
[
.-"’—1"'-.
ra x“'—.
___/f \_h
e —_— -

T T T T T T T
125 15 17 .5 20
% e ra] 2y hE s W5 i A W5 vy 5 Ty L

# [min] [min] [mMAT* s ] [mAT] %
-—— - |- /- |-

1 15.059 BB 0.7548 252.81935 4.18473 100.0000
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Table 2, Entry 8

H3 : “ “ v
3CO N/\ \/©\
Cl

OH K/N

1-y1)-6,7-dimethoxy-1,2-dihydronaphthalen-1-ol
yield); >99% ee; [a]p>’ =-160.47° (c = 0.89, CHCl;); "H NMR (400MHz, CDCl;3) § 7.26

(s, 1H), 7.10-7.19 (m, 3H), 7.04 (s, 1H), 6.55 (s, 1H), 6.37 (dd, J = 2.5 Hz, J = 9.9 Hz,
1H), 5.940 (dd, J = 2.6 Hz, J= 9.9 Hz, 1H), 4.72 (d, J= 11.4 Hz, 1H), 3.84 (s, 3H), 3.78

(s, 3H), 3.40 (s, 2H), 3.32 (td, J = 2.5 Hz, J = 11.4 Hz, 1H), 3.17 (br, 1H), 2.71-2.75
148.12, 140.43,

1-(1R, 2R)-2-(4-(3-chlorobenzyl)piperazin-
(5ah):  White solid (95%

(m,2H), 2.42-2.51 (m, 6H); *C NMR (100MHz, CDCl3) ¢ 148.71,
129.62, 129.19, 128.88, 127.41, 127.34, 124.76, 12291,

134.32, 130.08,
62.54, 56.19, 56.17, 53.68, 48.96. ESI-MS:

110.12, 108.77, 67.83, 67.65,
m/z 415 [M +H]". Chiral HPLC conditions: Chiralcel OD-H, 25 °C, flow rate: 1.0

mL/min, hexane/isopropanol: 75/25, 254 nm, 7.16 min (major), 9.89 min (minor).

=
Ill—lll
\
|
| 1
[ 2
| I|I q’
{ P
|
|
|I
| .,
o 7‘;' '-\,\;7777777 L \w,,, -
é EIS 1'0 1'2
e 4t EE A ra] 2SR W e g AT A e ey WEE AT A
# [min] [mmin] [MAaTU* =] [mAT] %
- - l-—-—————- |- | --—————- |-
1 7.163 BB 0.3186 5790.30420 273.98938 50.0828
2 9.894 BB 0.5500 5771.15918 158.05579 49.9172
=
II. \
|
i
| \
f |
|
|
|
|
i
i T o
— T T T
(=] == -
W (L E S IR) 2Eof R B i T A I 555 i [T AL
# [min] [min] [MAT* =z ] [AT] %=
-—— - |- |- | ---—————- |-
1 7.124 MM R 0.3470 8143.10059 391 .09521 100.0000
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Table 2, Entry 9
H;CO - N/\
OH K/N*Boc
tert-butyl 4-((1R, 2R)-1-hydroxy-6, 7-dimethoxy-1, 2-

dihydronaphthalen-2-yl)piperazine-1-carboxylate (5ai): White solid (93% yield); 98%
ee; [a]p®’ =-172.45° (¢ = 1.19, CHCls); '"H NMR (400MHz, CDCls) 6 7.04 (s, 1H), 6.56
(s, 1H), 6.39 (dd, J=2.4 Hz, J= 9.9 Hz, 1H), 5.87 (dd, J = 2.7 Hz, J = 9.9 Hz, 1H), 4.74
(d, J=11.1 Hz, 1H), 3.86 (s, 3H), 3.79 (s, 3H), 3.34-3.40 (m, 5H), 3.10 (br, 1H), 2.64-
3.06 (m, 4H), 2.64-2.67 (m, 2H), 2.41-2.46 (m, 2H); °C NMR (100MHz, CDCl3) §
129.13, 124.69, 122.42, 110.17, 108.92,
28.58. ESI-MS: m/z 391 [M +H]".

rate: 1.0 mL/min,

154.82, 148.81, 148.24, 129.87,

67.95, 56.22, 56.19, 49.14,

79.90, 68.02,
Chiralcel OD-H, 25 °C, flow

Chiral HPLC conditions:
hexane/isopropanol: 75/25, 254 nm, 7.72 min (major), 10.93min (minor).

=3
o
I|I '|I
1
III i =
[ =
| N
/ / |
|II ™,
™,
B e . \\77 e 7/’," \_7\777 - )
é EIB ‘IIG 1'2 ‘IIAI
e P R ra] 2ER IR EE W T FH I vy W Ty AL
# [mimn] [min] [mMAT* s ] [mAU] =
el [ [ |- |-
1 7.71lc BB 0.3574 1158.22290 49.,.42559 50.247%9
2 10.927 BB 0.el1l83 1146.79407 27.97493 49 .7521
=
—
IIII
II I|
|
1
1
I| |II
| |
|
|
|
/ =
/"II "\7_77 S L 7:
T — T T T — T T T — T T T T T T
& 8 10 1z 14
e e O ) SEo IETE L= o (== =N R
# [min] [mimn] [MAT* s ] [mAU] %
-—— - | —— - |- |- | ———————=
1 J.660 MM R 0.4021 5957.544¢ 246.90808 98 .9229
2 11.070 MM R 0.4959 cd.8678¢6 2.18011 1.0771
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Table 2, Entry 10

OMe

N

K/)\I‘F’h
dihydronaphthalen-1-ol (5ba): White solid (93%). 93% ee; [a]p’ =-202.55° (c = 0.38,
CHCls); '"H NMR (400 MHz, CDCl3):  7.24-7.19 (m, 2H), 7.11 (d, J = 12 Hz, 1H),
6.86-6.74 (m, 5H), 5.99-5.95 (m, 1H), 5.28 (d, J = 12 Hz, 2H), 3.82 (s, 3H), 3.79 (s, 3H),
3.56 (d, J=5.2 Hz, 1H), 3.09 (td, J = 4.8, 5.2 Hz, 4H), 2.84-2.78 (m, 2H), 2.56-2.50 (m,
2H). *C NMR (100 MHz, CDCl3): 6 151.4, 150.7, 149.7, 129.0, 124.9, 124.4, 122.7,
121.8,119.6, 116.1, 111.1, 110.4, 63.7, 61.2, 56.1, 55.8, 49.6, 48.3. ESI-MS: m/z 367 [M

OMe (EDH

(1R, 2R)-5, 8-Dimethoxy-2-(4-phenylpiperazin-1-yl)-1, 2-

+H]". Chiral HPLC conditions: Chiralcel OD-H, 25 °C, flow rate: 1.0 mL/min,

hexane/isopropanol: 85/15, 254 nm, 9.60 min (major), 16.80 min (minor).

g
|'I.I"I
I
|
I
[ =
| ==
| e
II| g \\
_ S S L T —
7’5 10 12 5 15 17.5 mi
e fYLEAIE] M B Ve [T A K 25 e [
# [min] [min] [mAU*=s] [mAU] %
——— |- [ | -—————————- |-
1 9.602 BB 0.4356 1.94741e4 €65.09131 51.5111
2 16.797 BBA 1.1537 1.8331ce4 228.55994 48.4889
=
II“I'I
n
[
|
[
I
AN 5
. Y S~ L=
IID 1'5 2'0
e P BE A ra] SEMY g EE W 1T 5 155y W 1T AR
# [min] [min] [MAT*s] [mATU] %
e | ——— === |- | ———————=
1 9.504 VB 0.4341 4.44619e4 1525.34045 96.4538
2 18.204 MM R 1.1353 1634.66174 23.99658 3.5462
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Table 2, Entry 11

::N/\

&H K/N\Ph

dihydronaphthalen-1-ol (5ca): White solid (95% yield); 88% ee; [a]p” = -172.55° (¢ =
0.26, CHCl;); 'H NMR (400MHz, CDCl;) 6 7.41-7.44 (m, 1H), 7.26-7.31 (m, 2H), 6.96
(d, J= 8.0 Hz, 2H), 6.88-6.91 (m, 2H), 6.45 (dd, J=9.9 Hz, J = 2.7 Hz, 1H), 6.19 (dd, J
=99 Hz, J= 1.8 Hz, 1H), 4.84 (d, J = 12.5 Hz, 1H), 3.49 (td, /= 2.5 Hz, J = 11.5 Hz,
1H), 3.41 (s, 1H), 3.21-3.30 (m, 4H), 2.99-3.03 (m, 2H), 2.70-2.74 (m, 2H); °C NMR
(100MHz, CDCl3) ¢ 150.1, 147.4, 128.1, 126.7, 124.3, 124.2, 119.1, 115.3, 114.0, 113.8,
113.4, 113.3, 66.3, 66.1, 48.8, 48.0. ESI-MS: m/z 463 [M +H]". Chiral HPLC conditions:

(1R, 2R)-6, 7-dibromo-2-(4-phenylpiperazin-1-yl)-1, 2-

Chiralcel OD-H, 25 °C, flow rate: 1.0 mL/min, hexane/isopropanol: 90/10, 254 nm, 9.66

min (major), 12.23 min (minor).

]
B
o o
[ L]
|I IlI 2
,'I \ N
- ,\—\‘:'—*—.—r& =S ~ ;
7.5 10 12.5 15
e B A ra) SRR WEE o W5 AT FH 5 sy U Ay FH
# [min] [mimn] [MAT* s ] [mAT] %
F—— - |- [ |- |-
1 9.660 BB 0.4676 335.59189 10.76793 51.9338
2 12.233 BB 0.6368 310.59952 T7.23594 48 .0662
=
|III III'.
i i
| 1
II )
II
]
| =
) "\\_777_7 7//‘:,_,7_777_ ,

P 10 12.5 1's
e SR BE EFral e g UEE 1T 5 e =y e [ L
# [min] [min] [mAU*s] [mAU] %
el | ——————————= Rt B ——— | ————————
1 9.630 BB 0.4614 1205.08276 39.56097 94.0070
2 12.245 MM R 0.654¢6 T76.82498 1.95¢615 5.9930
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Table 2, Entry 12
F
Fi]liillil‘wN/‘\j

oH L_N \@
(1R, 2R)-6, 7-difluoro-2-(4-phenylpiperazin-1-yl)-1, 2-

dihydronaphthalen-1-o0l (5da): White solid (97% yield); 86% ee; [a]p? = -72.55° (c =
0.28, CHCl;); 'F NMR (376 MHz, CDCls) J -138.43, -140.87; 'H NMR (400MHz,
CDCl3) 6 7.41-7.44 (m, 1H), 7.26-7.31 (m, 2H), 6.88-6.96 (m, 4H), 6.45 (dd, J = 2.7 Hz,
J=9.9 Hz, 1H), 6.19 (dd, J = 1.8 Hz, J= 9.9 Hz, 1H), 4.84 (d, J= 12.5 Hz, 1H), 3.48 (td,
J=2.5Hz, J=11.5 Hz, 1H), 3.41 (br, 1H), 3.21-3.30 (m, 4H), 2.99-3.03 (m, 2H), 2.70-
2.74 (m, 2H); °C NMR (100MHz, CDCl;) ¢ 151.39, 148.65, 129.39, 127.94, 125.53,
125.52, 120.32, 116.54, 115.22, 115.08, 114.67, 114.52, 67.57, 67.33, 50.05, 49.29. ESI-
MS: m/z 343 [M +H]". Chiral HPLC conditions: Chiralcel OD-H, 25 °C, flow rate: 1.0

mL/min, hexane/isopropanol: 90/10, 254 nm, 12.21 min (major), 15.17 min (minor).

Pt ]
=~
o =
fx L
[ i
] 1 P
] ﬂ
| \
|II II' I'l
[} 1} L
f Y S ,
[ R\_—""'r— = [ e S
I T I T T T T I
12 5 15 175
e g A ral SR g s WS Al A I vy W T A
# [min] [min] [mMAUT* 3] [mAU] %
el |———— | ——————— R e | ————————
1 12.212 MM R 0.3444 397.65598 19.24551 50.9773
2 15.172 MM R 0.4386¢6 3B82.40826 14.53155 49.0227
=
n
[
[
|
] I|
f x
|
II II|
f =
! (e
' ul . . e T
'IICI 1 I2 | I-4 ‘llﬁ i
e A A] 2R R IR EE W T A L= e iy AL
#* [min] [min] [mMAT*s] [mAU] %
-— - [ ——— - |- |- |l ———————-
1 12.244 MM R 0.3457 1932.72168 93.18774 93.0099
2 15.236 MM R 0.4002 145.25226 6.04981 6.9901
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Table 2, Entry 13
F

OH LN

F:© (1R, 2R)-6, 7-difluoro-2-(4-(2-fluorophenyl)piperazin-1-
yl)-1, 2-dihydronaphthalen-1-ol (5db): White solid (96% yield); 86% ee; [a]p” = -
113.03° (¢ = 0.73, CHCl5); '”’F NMR (376 MHz, CDCl3) 6 -122.91, -138.47, -140.86; 'H
NMR (400MHz, CDCls) 0 7.40-7.44 (m, 1H), 7.02-7.10 (m, 2H), 6.91-6.99 (m, 2H),
6.87-6.89 (m, 1H), 6.44 (dd, J=2.7 Hz, J = 10.0 Hz, 1H), 6.22 (dd, J= 1.9 Hz, J = 10.0
Hz, 1H), 4.84 (d, J=12.5 Hz, 1H), 3.48 (td, /= 2.5 Hz, J = 11.5 Hz, 1H), 3.43 (br, 1H),
3.12-3.21 (m, 4H), 3.00-3.04 (m, 2H), 2.72-2.76 (m, 2H); °C NMR (100MHz, CDCl5) ¢
156.92, 154.96, 150.73(dd, J = 13.0Hz, J = 23.4Hz), 148.76(dd, J = 13.0Hz, J = 21.0Hz),
140.11(d, J = 8.64Hz), 134.37 (dd, J = 3.7Hz, J = 5.7Hz), 128.69 (dd, J = 4.0Hz, J =
6.3Hz), 127.87, 125.73 (d, J = 2.5Hz), 124.71 (d, J = 3.6Hz), 122.93 (d, J = 7.9Hzz),
119.21 (d, J = 3.0Hz), 116.337 (d, J = 20.8Hz), 114.84 (dd, J = 18.60Hz, J = 70.1Hz),
67.56, 67.27, 51.26 (d, J = 3.2Hz), 49.32. ESI-MS: m/z 361 [M +H]". Chiral HPLC
conditions: Chiralcel OD-H, 25 °C, flow rate: 1.0 mL/min, hexane/isopropanol: 90/10,

254 nm, 8.10 min (major), 9.77 min (minor).

=
{ ~s——
L= =T —
= —
1L o
L | .
LI R
| 1 II II|
i
i i
|I I| ! 5
! .I I} b
_ _ ’ e L B
T v . = . T
= o
s P arra] 2E [E =5 IEE AT A WEE =y WEE T A
R [mimn] [min] [MAT*s ] [mAaT] %=
- - |- = |- ---———-— | -
1 8.096 MM R 0.2091 3T769.23584 300.45862 49 .e6137

S.771 MM R 0.2593 3827.92700 2Z46.0e316 50.2863

==
- ‘ T /‘c’):;\-\
= 2
5 By B el 2oy e BE g T AR S =5 W g AL
# [min] [min] [mAT* =] [mAT] =
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Table 2, Entry 14

:N/\

OH LN \@\
H
O] 1R, 2R)-6, 7-difluoro-2-(4-(4-methoxyphenyl)-

piperazin-1-yl)-1, 2-dihydronaphthalen-1-o0l (5dc): White solid (98% yield); 88% ee;
[a]p®’ = -113.86° (¢ = 0.89, CHCl3); "F NMR (376 MHz, CDCls) & -138.47, -
140.88; 'H NMR (400MHz, CDCls) § 7.31-7.35 (m, 1H), 6.76-6.85 (m, 5H), 6.35 (dd, J
=2.6 Hz, J=10.0 Hz, 1H), 6.11 (dd, J = 1.7 Hz, J = 10.0 Hz, 1H), 4.74 (d, J = 12.5 Hz,
1H), 3.69 (s, 3H), 3.40 (td, /= 2.5 Hz, J=11.5 Hz, 1H), 3.37 (br, 1H), 3.00-3.10 (m, 4H),
2.88-2.93 (m, 2H), 2.60-2.65 (m, 2H); °C NMR (100MHz, CDCl3) 6 154.20, 150.93(dd,
J=13.0Hz, J = 19.2Hz), 148.47(dd, J = 12.7Hz, J = 16.6Hz), 145.67, 134.36 (dd, J =
3.7Hz, J = 5.4Hz), 128.66 (dd, J = 3.9Hz, J = 6.2Hz), 127.84, 125.64, 118.60, 115.09 (d,
J = 18.1Hz), 114.63, 114.44, 67.42, 67.24, 55.72, 51.43, 49.28. ESI-MS: m/z 373 [M
+H]". Chiral HPLC conditions: OD-H, 25 °C, flow rate: 1.0 mL/min, hexane/isopropanol:
90/10, 254 nm, 13.66 min (major), 15.86 min (minor).
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II _=.t .... o
—— ..| s, -—
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T T T
= 1 = 1 F =
e B R ral =2 5 T g T AL e iy N E o
# [min] [Tnin] [MAT* s ] [AT ] =
el e e - l--—— |-
1 13.659 BB o.3778 481 .91223 19.80743 44 . T707T79
2 14.743 BB O.3T7T77T 50.54827 Z2.05008 4. a6895
3 15.8e2 BB O.451 & A2 .9371C le.73091 45 .4524
4 17.359 MM R O.5266 55.51564 1.75721 5.1503
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—_———
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Il--ll
i Y
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§
'
'
! =
i e
! ., —
R T
= = 1= 1 =
e e A ral 2Ry L= = e AT A e vy W A AL
* [Tnin] [Tnimn] [mMAT* =] [T ] =3
- - |- |- |l - |-
1 13.727 MM R O.4177 871.21124 34.7c403 93 .9160
2 le.08c BB 0.4010 56.43802 Z.13097 G .0840
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Table 2, Entry 15

(1R, 2R)-2-(4-phenylpiperazin-1-yl)-1, 2-dihydronaphthalen-

1-0l (5ea): White solid (93% yield); 83% ee; [0]p>’ = -158.92° (¢ = 0.53, CHCl3); 'H
NMR (400MHz, CDCl3) & 7.50 (d, J = 7.1 Hz, 1H), 7.14-7.21 (m, 4H), 6.99-7.01 (m,

1H), 6.77-6.86 (m, 3H),

6.47 (dd, J=2.5 Hz, J=9.9 Hz, 1H), 6.04 (dd, /= 2.5 Hz, J =

9.9 Hz, 1H), 4.84 (d, J= 11.6 Hz, 1H), 3.45 (td, J = 2.5 Hz, J = 11.5 Hz, 1H), 3.28 (br,

1H), 3.08-3.19 (m, 4H),

CDCls) 6 151.42, 137.

2.85-3.08 (m, 2H), 2.60-2.65 (m, 2H); *C NMR (100MHz,
17, 131.91, 129.60, 129.32, 128.09, 127.65, 126.40, 124.97,

124.58, 120.13, 116.43, 67.91, 67.62 (d, J = 2.9 Hz), 49.98, 49.13; ESI-MS: m/z 307 [M
+H]". Chiral HPLC conditions: Chiralcel OD-H, 25 °C, flow rate: 1.0 mL/min,

hexane/isopropanol: 90/10, 254 nm, 11.18 min (minor), 12.38 min (major).

B - ] [ me—-
—— -
—r— —_
Ilrlll L
LI ll I|I
[ i
{ {
| 1 | !
o I
| \ |
I I
L L]
§ , § .
- e —
T T .
O |
=g B Al S WS T LE TS = U =y W T A
# [min] [min] [MAT* = ] [mAT] %
- - e I el e | -
1 11.184 VW 0.3154 5341 .83252 253.98758L8 49,7077
2 12.380 VB 0.3375 5404.65918 242 .98349 50.2923
=
Il"lI
Py
|
[
b
|I \
=3 |
— | .
Pl —
1" = = 1'=
e BE B rE] 2R LE = W5 i FH = =n W [
# [min] [nin] [mAT* =] [mAT] %
-——— - |- - l------——--—--————— |-
1 11.229 MM R 0.3324 2801 .20343 40.17772 8.4802
2 12.269 MM R 0.3598 86de.75000 400.54092 91 .5198
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Table 2, Entry 16

OH

@

H,CO

e

(1R, 2R)-2-(4-(2-methoxyphenylpiperazin-1-yl)-1, 2-dihydro-

naphthalen-1-ol (5eb): White solid (95% yield); 85% ee; [a]p? = -131.84° (¢ = 0.57,
CHCls); '"H NMR (400MHz, CDCls) 6 7.50 (d, J= 7.1 Hz, 1H), 7.12-7.20 (m, 2H), 6.98-
7.00 (m, 1H), 6.90-6.94 (m, 1H), 6.81-6.87 (m, 2H), 6.76-6.78 (m, 1H), 6.46 (dd, J= 2.5
Hz,J=9.9 Hz, 1H), 6.09 (dd, J = 2.5 Hz, J=9.9 Hz, 1H), 4.84 (d, /= 11.5 Hz, 1H), 3.77
(s, 3H), 3.70 (s, 1H), 3.42 (td, J= 2.5 Hz, J= 11.5 Hz, 1H), 2.89-3.03 (m, 6H), 2.64-2.69
(m, 2H); °C NMR (100MHz, CDCl3) ¢ 152.31, 141.23, 137.21, 131.92, 129.44, 127.95,
127.55, 126.31, 124.94, 124.91, 123.21, 121.11, 118.37, 112.21, 67.75, 67.55 (d, J = 2.9
Hz), 55.44 (d, J = 5.8 Hz), 51.27, 49.22; ESI-MS: m/z 337 [M +H]". Chiral HPLC

conditions: Chiralcel OD-H, 25 °C, flow rate: 1.0 mL/min, hexane/isopropanol: 90/10,

254 nm, 10.14 min (major), 10.94 min (minor).

_— ==
|'ﬁ'l T
Pk Y
|I L] II l'.
i II II LY
] h |
i 1 j
) II
'.__\_\1‘__.' -.\_\_\
1" 4= =
e B E)m] SR WETE 2 T AL e 7y Nk
# [min] [min] [MATU*s] [mAU] %
-l |- - |-
1 10.140 BV 0.3037 9400.45215 477 .5007¢ 49,2943
2 10.938 VB 0.3337 9669%9.61719 444 .6e3568 bD.70L7
i I|I
[
[
| |
II II e =
| f——
A
’IICZI ’I2I,5
e f4tEgadral MY g Es 5 TR A W 2y e i AL
#* [min] [min] [MAU* s3] [mAT] %
-—— - [ [ | -————————= | ———————=
1 10.091 MM R 0.3299 2.54019%e4 1283.21912 92 .4424
2 11.01e MM R 0.3280 2076.7348¢ 105.52328 T7.5576
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Table 2, Entry 17

N
on LN
L
s (1R, 2R)-2-(4-(4-(trifluoromethyl)phenylpiperazin-1-yl)-1,
2-dihydronaphthalen-1-ol (Sec): White solid (87% yield); 86% ee; [a]p® =-161.89° (¢
= 0.45, CHCl5); "F NMR (376 MHz, CDCl;) 6 -58.33; 'H NMR (500MHz, CDCl;) &
7.59-7.61 (m, 1H), 7.50-7.51 (m, 2H), 7.27-7.31(m, 2H), 7.11-7.12 (m, 1H), 6.94-6.96 (m,
2H), 6.59(dd, J = 2.4 Hz, J=9.9 Hz, 1H), 6.11 (dd, J = 2.5 Hz, J = 9.9 Hz, 1H), 4.96 (d,
J=11.3 Hz, 1H), 3.57 (td, J = 2.4 Hz, J= 11.2 Hz, 1H), 3.33-3.37 (m, 4H), 3.27(br, 1H),
2.97-3.01 (2H, m), 2.73-2.77 (2H, m); °C NMR (125 MHz, CDCl;) 6 153.41, 137.01,
131.85, 129.95, 128.27, 127.84, 126.65 (td, J = 3.7 Hz), 126.55, 125.98, 125.15, 124.06,
114.96, 67.99, 67.78, 48.97, 48.80; ESI-MS: m/z 375 [M +H]". Chiral HPLC conditions:

Chiralcel Lu-Amy lose-2, 25 °C, flow rate: 1.0 mL/min, hexane/isopropanol: 90/10, 254

nm, 10.08 min (minor), 10.78 min (major).

= =
— —
7 P
I|l 'ul |
: x : )
§ K {
I \
i | Y
§ ' %
] ] N
II ..".
0 e
[ - — r — — \—\—ﬁ I
T d - T
1o =3
e s Bl S JUE S WS T AL S = e AT AL
# [min] [mimn] [(mMAT*s ] [mAT] %
-—— - [ e |l-—————————— - | -
1 10.075 BV 0.2896 2076.13306 109.28251 48.9538
2 10.784 VB 0.3099 21c4.87354 106.15694 51.0462
——
o
|'ﬂ".
E %
L] (]
|
— | \
= i )
- § %
— ! “,
Iy \‘\_h_
_.___,-Tf__"““:—r —"I" — o o=
10 12
e Al BE BT ra] SR JUIE o WS iy A e vy W iy AL
# [min] [min] [MmAT* s ] [T ] =
-—— - |- === | ————————— | - |-
1 10.120 MM R 0.2764 105.17548 €.34239 6 .38253
2 10.794 MM R 0.3414 1435.79480 70.10091 93.1747
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Table 3, Entry 1

MeO

noewNe
on M

dronaphthalen-1-o0l (7aa): White solid (81% yield); 93% ee; [a]p? =-152.93° (c = 0.68,
CH,Cl,); 'H NMR (500MHz, CDCl3) 6 7.18-7.26 (m, 2H), 7.03 (s, 1H), 6.69-6.78 (m,
4H), 6.48 (dd, J=3.0 Hz, J= 9.5 Hz, 1H), 5.93 (dd, /=3.4 Hz, J= 9.5 Hz, 1H), 4.78 (d,
J=17.2Hz, 1H), 4.30 (td, J= 2.7 Hz, J = 9.8 Hz, 1H), 3.90 (s, 3H), 3.89 (s, 3H), 2.60 (br,
3H); *C NMR (125MHz, CDCls) § 148.96, 146.80, 129.67, 128.42, 128.40, 125.90,
124.89, 118.59, 114.25, 111.00, 110.46, 110.19, 71.54, 56.27, 56.26, 55.78. ESI-MS: m/z
298 [M +H]". Chiral HPLC conditions: Chiralcel OD-H, 25 °C, flow rate: 1.0 mL/min,

(1R, 2R)-6, 7-dimethoxy-2-(phenylamino)-1, 2-dihy-

hexane/isopropanol: 90/10, 254 nm, 20.90min (major), 33.91 min (minor).

(o]
=

[T

o~

III II|

II \ —

i =

|1 Ear]

| | o5
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|I \ \

| \.

) £y .l'
;.' \\_77 /;. \‘,_,

J— B VA _— — e 1 ———
15 20 Js 30 25 m
e R B AT a] SR TR W i A [lE=n=n e i AL

# [Tnin] [Tnin] [MAT* =] [mAU] %

-—— - e e |l--------———————— | ————————

s 20.903 MM R 1.031le 1223 .28290 19.76399 4G ._.2943
2 33.911 BB 1.5054 1258.31055 11.04288 50.7057
oD
=
=
o
|'ﬁ'|
f I'.
[
[
|I I'
.
I 1
| \ o
] i o
|I l"\. ;
! M
_ S — 4
T T T T T T I| T T T T
15 20 25 30 35 m
e S B A IE] ZE R e s U T FEL WS sy s AL
# [min] [min] [MAT* s ] [mAT] =
- - |- |- |l --———— |-
1 20.769 BB 0.8028 1453 .906c2 Ze.BOog04a 96 .5499
2 34 .429 MM R 1.5076 51 .95430 5.74356e—-1 3.4501
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Table 3, Entry 2

MeO

o L,
OH |

dihydronaphthalen-1-o0l (7ab): Colorless liquid (55% yield); 93% ee; [a]p®’ = -146.04°
(c =0.72, CH,Cl,); 'H NMR (500MHz, CDCls) § 7.24-7.27 (m, 2H), 7.11 (s, 1H), 6.95-
6.97 (s, 1H), 6.52 (dd, J= 2.5 Hz, J= 9.8 Hz, 1H), 5.83 (dd, /= 3.2 Hz, J=9.7 Hz, 1H),
5.02 (d, J=9.3 Hz, 1H), 4.71 (td, J = 2.8 Hz, J= 9.3 Hz, 1H), 3.89 (s, 3H), 3.88 (s, 3H),
2.81 (s, 3H), 2.65 (br, 1H); >C NMR (125MHz, CDCl3) § 150.16, 148.67, 148.37,
129.36, 129.26, 129.24, 125.66, 124.93, 117.90, 114.48, 110.17, 109.62, 70.06, 63.33,
56.04, 56.01, 33.34. ESI-MS: m/z 312 [M +H]". Chiral HPLC conditions: Chiralcel OD-

(1R, 2R)-6, 7-dimethoxy-2-(methyl(phenyl)amino)-1, 2-

H, 25 °C, flow rate: 1.0 mL/min, hexane/isopropanol: 90/10, 254 nm, 22.89 min (major),

27.29 min (minor).
= =
i o
[
"T"x o
L —|__,-"_.- E\\‘__ » /_.r/—\_ R
I T T T T I T T T T I
ELN 25 20
e 4B A [a] SRR lEE R IEE ) I[ar=n EATE
# [min] [min] [MAU*s ] [mAU] %
-——— |- | ————= === - | ———————=
1 22.889 BB 0.7460 2786.75610 57.44615 49 .7295
2 27.287 BB 0.8737 2817.07593 49.52140 50.2705
=
|Il-—-..'|
]
!
]
i
|
|
i
| =
o ‘/' — e ——

I {LEE e ra) 2B g s LEITETE 5= e iy [ESTETE 2l
# [min] [min] [MATU* s3] [mAU] %
-——— - |- === [-—————————= | ———— - | ———————=
1 22.461 MM R 0.8372 2.41909e4 481 .55527 95.521e6
2 27.362 MM R 0.9025 1134.15210 20.94425 4.4784
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Table 3, Entry 4

MeO

OH

(1R, 2R)-2-(benzyl(methyl)amino)-6, 7-dimethoxy-1,

2-dihydronaphthalen-1-0l (7ac): Colorless liquid (95% vyield); 89% ee; [o]p” = -
172.39° (¢ = 0.62, CH,Cl,); '"H NMR (500MHz, CDCls) ¢ 7.24-7.32 (m, 5H), 7.14 (s,
1H), 6.63 (s, 1H), 6.47 (dd, J=2.6 Hz, J=9.9 Hz, 1H), 6.04 (dd, J=2.4 Hz, J=9.9 Hz,
1H), 4.88 (d, J=12.0 Hz, 1H), 3.92 (s, 3H), 3.86 (s, 3H), 3.83 (s, 1H), 3.56-3.60 (m, 2H),
3.35 (br, 1H), 2.33 (s, 3H); °C NMR (125MHz, CDCls) ¢ 148.72, 148.04, 139.09,

130.14, 129.19, 129.02, 128.60, 127.39, 124.80, 123.14, 110.13, 108.59, 68.87, 66.70,

58.93, 56.20, 56.18, 38.12. ESI-MS: m/z 326 [M +H]+. Chiral HPLC conditions:

Chiralcel OD-H, 25 °C, flow rate: 1.0 mL/min, hexane/isopropanol: 85/15, 254 nm, 11.43

min (major), 14.42 min (minor).
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e B e ra) sy 5 B5 W [ FH IS ==h W i
# [min] [min] [MAT*3 ] [mAU] =

0.3820 3123.6931Z2
0.4807 31e2.18433
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-III "\17 ‘%iil,
1'o ) ) 1= ' ' ' 1'a ) ) ' 1's
W REFE R SR Wy i 177 i % e
# [min] [min] [MAT*s ] [mAT] =
-——— |- |- | -———————— | ———————=
1 11.363 BB 0.3984 7280.04883 Z2Ze6.75061 S94.4102
2 14.818 MM R 0.5200 431 .03433 13.81604 5.5898
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Table 3, Entry 5

MeO
Meol\@

OH

(1R, 2R)-2-(3,4-dihydroisoquinolin-2(1H)-yl)-6, 7-

dimethoxy-1, 2-dihydronaphthalen-1-o0l (7ad): Colorless liquid (93% yield); 89% ee;
[a]p®’ = -163.7° (¢ = 0.83, CH,Cl,); 'H NMR (500MHz, CDCl;) 6 7.05-7.09 (m, 4H),
6.94-6.96 (m, 1H), 6.58 (s, 1H), 6.41 (dd, J= 2.5 Hz, J = 9.9 Hz, 1H), 5.96 (dd, J = 2.5
Hz, J=9.9 Hz, 1H), 4.87 (d, J = 11.9 Hz, 1H), 3.91 (d, J = 14.9 Hz, 1H), 3.85 (s, 3H),
3.80 (s, 3H), 3.71 (d, J = 14.9 Hz, 1H), 3.53 (td, J = 2.5 Hz, J = 11.9 Hz, 1H), 3.32 (br,
1H), 3.03-3.05 (m, 1H), 2.83-2.87 (m, 2H), 2.70-2.74 (m, 1H); >C NMR (125MHz,
CDCl3) o 148.80, 148.12, 134.98, 134.61, 130.12, 129.33, 128.98, 126.84, 126.40,
125.89, 124.77, 122.68, 110.16, 108.72, 68.29, 68.08, 56.23, 56.21, 52.18, 47.22, 30.12.
ESI-MS: m/z 338 [M +H]". Chiral HPLC conditions: Chiralcel OD-H, 25 °C, flow rate:

1.0 mL/min, hexane/isopropanol: 85/15, 254 nm, 17.98 min (major), 23.14 min (minor).
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g B B ral sy W5 s g AT AR U = W AT A
# [tTnin] [Tnin] [MAUT* =] [mAadg] %
- - |- -——————= |- |-
1 17.977 BB 0.e312 1538.77c00 37.15349 49 .8749
2 23.139 BB O.7881 1546.494¢3 29.9a6800 50.1251
=
Ir.ll
i
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| 1
I |}
|
|
|
! =
| =
| =
\-\7_ _/'7"\-\_
1's =0 o's
e {LER asrra] 2SR W B WS AT AR e TG W i A
# [min] [mimn] [mMAT*s] [mATU] %=
-l el /- |-
1 17.892 MM R 0.6934 4105.64746 98_.68332 94 2739
2 23.431 MM R 0.816e4d 249 _.37363 5.09117 5.7261
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Table 3, Entry 7

L,

OH |

(1R, 2R)-2-|methyl(phenyl)amino]-1,2-dihydronaphthalen-
1-0l (7ca): Colorless liquid (95% yield); 70% ee; [a]lp® = -112.93° (¢ = 0.72,
CH,Cl,); 'H NMR (500MHz, CDCl3) 6 7.52-7.54 (m, 1H), 7.22-7.27 (m, 4H), 7.09-7.11
(m, 1H), 6.94-6.95 (m, 1H), 6.77-6.80 (m, 1H), 6.57 (dd, J = 2.5 Hz, J = 9.8 Hz, 1H),
591 (dd, J=3.0 Hz, J=9.8 Hz, 1H), 5.08 (d, /= 9.8 Hz, 1H), 4.72 (td, /= 2.7 Hz, J =
9.8 Hz, 1H), 2.83 (s, 3H), 2.38 (s, 1H); °C NMR (125MHz, CDCl3) 6 150.44, 136.72,
132.16, 129.86, 129.46, 128.29, 128.13, 127.95, 126.65, 125.80, 118.29, 114.85, 70.27,
63.70, 33.56. ESI-MS: m/z 252 [M +H]". Chiral HPLC conditions: Chiralcel AD-H,

25 °C, flow rate: 1.0 mL/min, hexane/isopropanol: 90/10, 254 nm, 9.79 min (major),

11.26 min (minor).
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b R BEE A A] SEIR sy LETNE G2 e 5y LE NI
# [min] [mimn] [mMAT*s] [mAT] =
—_— - | ———-——=——= |l--- - | ———————=
1 S.791 BB 0.22359 1.05879=4 T735.5¢7821 49,8791
2 11.264 BB 0.2682 1.06393e4 £619.91925 50.1209
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|I I|
I
I
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7 LA e e ' -"'\\ﬁ
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W PREZETTE] 200 I EE P T 5 I 7 e 1 A
# [min] [min] [MAU* 3] [mAU] %
el e B e el R |-
1 $.800 MM R 0.2397 578B4.85156 402.15182 85.0719
2 11.304 MM R 0.2818 1015.10504 €0.04328 14.9281
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Table 3, Entry 8

on |

13.04 min (minor).

(1R,

2R)-2-((4-chlorophenyl)(methyl)amino)-1,2-dihydro-
naphthalen-1-o0l (7cb): White solid (91% vyield); 77% ee; [a]p” = -112.04° (c = 0.82,
CH,Cl,); 'H NMR (500MHz, CDCl3) 6 7.53-7.54 (m, 1H), 7.29-7.31 (m, 2H), 7.20-7.22
(m, 2H), 7.14-7.16 (m, 1H), 6.86-6.88 (m, 2H), 6.63 (dd, J = 2.5 Hz, J = 9.8 Hz, 1H),
591 (dd, J=3.1 Hz, J=9.8 Hz, 1H), 5.08 (d, J = 9.5 Hz, 1H), 4.68 (td, /=2.8 Hz, J =
9.5 Hz, 1H), 2.82 (s, 3H), 2.38 (s, 1H); °C NMR (125MHz, CDCl3) & 148.82, 136.37,
131.91, 129.93, 129.04, 128.24, 128.12, 127.32, 126.61, 125.73, 122.81, 115.67, 70.12,
63.57, 33.53. ESI-MS: m/z 286 [M +H]". Chiral HPLC conditions: Chiralcel AD-H,
25 °C, flow rate: 1.0 mL/min, hexane/isopropanol: 90/10,

254 nm, 11.08 min (major),
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e R BEEEPIE] SEAR g g iy A UE=n=t CE TN i
# [min] [min] [MAT*s ] [mATT] =
- —— - |- ——————= -] | ———————-
1 11.082 BB 0.2558 9581.3208¢ 576.71399 49 .9661
2 13.044 BB 0.32033 9594 .39355 483.988959 50.0339%
Lot |
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f i
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[ e
| 1 p—1
b =
| \ =
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_ ] . V4 N
-‘I3 'IID I 1|2 ' I 1I£I-
W fHLEE I ] PSR W e 0 75 I T AL
# [min] [mimn] [MAT* s ] [mAU] %
-—— - [l |-
1 10.792 MM R 0.2671 4518.26855 281 .93347 88.1334
2 12.805 MM R c.3119 c0B8.35748 32.50332 11.8666
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Table 3, Entry 9

oH |

(1R, 2R)-2-(methyl(p-tolyl)amino)-1,2-dihydronaphthalen-1-
ol (7cc): Colorless liquid (95% yield); 87% ee; [a]p®’ = -132.39° (¢ = 0.62, CH,Cl,); 'H
NMR (500MHz, CDCls) ¢ 7.58-7.60 (m, 1H), 7.27-7.31 (m, 2H), 7.10-7.15 (m, 3H),
6.91-6.93 (m, 2H), 6.60 (dd, J=2.5 Hz, J=9.8 Hz, 1H), 5.96 (dd, J=2.9 Hz, /= 9.8 Hz,
1H), 5.13 (d, J=10.1 Hz, 1H), 4.69 (td, J = 2.7 Hz, J=10.1 Hz, 1H), 2.85 (s, 3H), 2.51
(s, 1H), 2.31 (s, 3H); °C NMR (125MHz, CDCl3) § 148.41, 136.83, 132.19, 129.96,
129.77,128.22, 128.02, 127.92, 126.59, 125.64, 115.50, 70.11, 64.36, 33.71, 20.47. ESI-
MS: m/z 266 [M +H]". Chiral HPLC conditions: Chiralcel AD-H, 25 °C, flow rate: 1.0

mL/min, hexane/isopropanol: 90/10, 254 nm, 9.61 min (major), 10.27 min (minor).
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# [mmin] [min] [MATT* = ] [mATT] %
-—— - | ————= == |l --- - | ————————
1 S9.611 BV 0.2301 1.02606e4 ©27.48340 49,9288
2 l10.266 VB 0.2481 1.02898e4 ©€38.33307 50.0712
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|I I
|
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I P T e
= 1'c 1=
e L EE el SR ISR S 1 A e ey U iy A
# [min] [min] [mAT* =] [mAU] =
-———— - [l e - | ———————=
1 9.688 MM R 0.2374 1.68046e4 1180.01733 93.2048
2 10.358 MM R 0.2346 1225.15625 87.04253 6.7952
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Table 3, Entry 10

CL L

OH

(1R, 2R)-2-(ethyl(phenyl)amino)-1, 2-dihydronaphthalen-1-
ol (7cd): Colorless liquid (91% yield); 80% ee; [a]p®’ = -160.7° (¢ = 0.85, CH,Cl,); 'H
NMR (500MHz, CDCls) 6 7.56-7.58 (m, 1H), 7.28-7.33 (m, 4H), 7.16-7.18 (m, 1H),
6.99-7.00 (m, 2H), 6.81-6.84 (m, 1H), 6.64 (dd, J=2.4 Hz, J= 9.8 Hz, 1H), 6.00 (dd, J =
3.2 Hz, J=9.8 Hz, 1H), 5.15 (d, /= 9.8 Hz, 1H), 4.71 (td, J = 2.8 Hz, J = 9.2 Hz, 1H),
3.39 (q, J = 7.0 Hz, 2H), 2.47 (s, 1H), 5.15 (t, J = 7.08 Hz, 3H); °C NMR (125MHz,
CDCl3) o 148.40, 136.57, 132.16, 129.61, 129.48, 128.81, 128.24, 128.21, 126.71,
126.19, 117.80, 114.95, 70.47, 63.39, 41.72, 14.67. ESI-MS: m/z 266 [M +H]". Chiral
HPLC conditions: Chiralcel OD-H, 25 °C, flow rate: 1.0 mL/min, hexane/isopropanol:
90/10, 254 nm, 7.40 min (major), 8.28 min (minor).

=
— =
|I I| o
A M\
| §
[ fﬂ
| u i
| | 1
| n ] \
lI I| |II }
T T v T 1 . T T T
= = 10
e R Era] e e W& i FH WS =y WS i A
* [min] [min] [mAU* =] [mAU] %
e e [ —— === [——— = | - | ———————=
1 7.402 BB 0.1679 5212.77637 483.09421 49 ,.95698
2 8.27¢ BB 0.1930 5219.076l17 419.89813 50.0302
Ill'—'ul
ik
[
| II
|
|I [
/ Y =
- - 1 5 e |/\
&= =
e CRBFETA] SR e (EEE W 2y W 1] A
# [min] [min] [MAU*s] [mAU] %
el [ ——— === |- |- | ———————=
1 7.390 MM R 0.1800 5878.47650 H44.,22766 90.1160
2 8.266 MM R (0.202¢6 644 .7T75275 53.04710 9.8840

S31



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013

Scheme 4 The X-ray structure of the chiral Sae (the abs

center in Sae is R,R)

Table 4 Crystal data

olute configuration of the chiral

Ca3HasF3N2O;
M, =43445
Triclinic, P1

Hall symbol: ?

F(000) =456
?
Dy=1360Mgm"
Melting point: ? K

a=9.2387 (9) A Mo Ko radiation, A = 0.71073 A
b=11.4941 (1) A Cell parameters from 1996 reflections
c=11.8575(11) A 0=5.1-47.6°

0= 64.434 (2)° p=0.11 mm"'
B =69.340 (2)° T=293K

y =84.039 (2)°
V=1061.07 (18) A’
zZ=2

Prismatic, colorless

0.25x0.18 x 0.12 mm

Table 5 Data collection

CCD area detector
diffractometer
Radiation source: fine-focus sealed tube
Graphite monochromator
Detector resolution: ? pixels mm’'
phi and o scans
Absorption correction: empirical (using intensity measurements)

sadabs

S32

5183 independent reflections

4224 reflections with 7> 2o(/)
Ry =0.024
O max = 26.0°, O yin = 2.0°
h=28-11

k=13-14
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T'in = 0.137, Tyax = 1.000 [=13-14

6491 measured reflections

Table 6 Refinement

Secondary atom site location: difference
Refinement on F~

Fourier map
Hydrogen site location: inferred from

Least-squares matrix: full ) o

neighbouring sites
R[F* > 206(F")] = 0.047 H-atom parameters constrained
w=1/[c°(F,°) + (0.0729P)" + 0.0966P]
where P = (F(,2 + 2F02)/3
(A/6) max = 0.001
APmax =0.17 ¢ A~

Apmin =—020e A

WR(F?) =0.132

S=1.02
5183 reflections

619 parameters

Table 7 Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters

(A%
X y z Uiso*/Ugq Occ. (<1)

N1 0.4371 (3) 0.1827 (2) 0.3605 (3) 0.0486 (6)

N2 0.4202 (4) 0.3525 (3) 0.4844 (3) 0.0509 (7)

NI' 0.8962 (3) 0.9144 (3) 0.6387 (3) 0.0552 (7)

N2' 0.9490 (4) 0.7734 (3) 0.4795 (3) 0.0569 (7)

o1 0.3350 (3) 0.1553 (3) 0.1754 (3) 0.0705 (7)

HI 0.3040 0.2041 0.2118 0.106*

02 0.4461 (3) —0.1474 (3) —0.0488 (3) 0.0680 (7)

03 0.6647 (4) —0.2896 (2) 0.0182 (3) 0.0706 (8)

or 1.0414 (3) 0.9807 (2) 0.7772 (3) 0.0628 (7)

HI' 1.0579 0.9217 0.7537 0.094*

02' 0.9293 (4) 1.2851 (3) 0.9994 (3) 0.0758 (8)

03' 0.7059 (4) 1.4208 (3) 0.9390 (3) 0.0728 (8)

F1 0.1741 (14) 0.6984 (12) 0.8046 (12) 0.108 (5) 0.50
F2 0.4104 (17) 0.7078 (15) 0.769 (2) 0.122 (5) 0.50
F3 0.313 (2) 0.8305 (7) 0.6304 (8) 0.102 (3) 0.50
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F4
F5
F6
FI'
F2'
F3'
F4'
F5'
F6'
Cl
C2
H2
C3
c4
cs
H5
C6
C7
H7
C8
HS
C9
HO
C10
H10
Cl1
HI1A
H11B
C12
HI2A
H12B
C13

1.067 (2)
1.2455 (10)
1.032 (3)
0.183 (2)
0.305 (3)
0.417 (2)
1.154 (4)
1.160 (3)
0.9556 (11)
0.5238 (4)

0.4581 (4)
0.3817
0.5054 (4)
0.6231 (4)
0.6897 (4)
0.7686
0.6399 (4)
0.7034 (4)
0.7951
0.6321 (5)
0.6748
0.4826 (4)
0.4006
0.4816 (4)
0.5592
0.5618 (5)
0.6092
0.6407
0.5004 (5)
0.5858
0.4294
0.3015 (4)

0.3198 (10)
0.4447 (15)
0.4712 (19)
0.760 (2)
0.6596 (11)
0.8071 (18)
0.347 (2)
0.4986 (15)
0.3946 (14)
0.0010 (3)

~0.0197 (3)
0.0330
~0.1188 (3)
~0.1945 (3)
~0.1731 (3)
~0.2240
~0.0763 (3)
~0.0555 (3)
~0.0923
0.0144 (4)
0.0270
0.0743 (3)
0.0058
0.1132 (3)
0.1847
0.2803 (3)
0.3101
0.2421
0.3938 (3)
0.4549
0.4373
0.2517 (3)

0.2958 (13)
0.1500 (17)
0.128 (2)
0.724 (3)
0.8338 (11)
0.6529 (18)
0.267 (3)
0.0883 (11)
0.2250 (16)
0.1455 (3)

0.0672 (3)
0.0410
0.0272 (3)
0.0634 (3)
0.1405 (3)
0.1640
0.1836 (3)
0.2715 (4)
0.2815
0.3361 (4)
0.3905
0.3233 (3)
0.3833
0.1846 (3)
0.1222
0.3096 (3)
0.2139
0.3491
0.3415 (3)
0.3110
0.2944
0.5380 (4)
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0.127 (7)
0.109 (2)
0.154 (7)
0.177 (8)
0.138 (5)
0.160 (6)
0.183 (10)
0.177 (7)
0.116 (3)
0.0459 (7)

0.0508 (8)
0.061*
0.0500 (8)
0.0515 (8)
0.0537 (8)
0.064*
0.0464 (8)
0.0564 (9)
0.068*
0.0578 (9)
0.069*
0.0474 (7)
0.057*
0.0485 (7)
0.058*
0.0599 (9)
0.072*
0.072*
0.0624 (10)
0.075*
0.075*
0.0534 (8)

0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
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HI3A
H13B
Cl4
H14A
H14B
Cl15
Cl16
H16
C17
H17
C18
Cl19
H19
C20
H20
C21
C22
H22A
H22B
H22C
C23
H23A
H23B
H23C
cr
c2'
H2'
c3'
c4'
cs'
HS'

0.2190
0.2578
0.3676 (4)
0.4453
0.2857
0.3890 (4)
0.4742 (6)
0.5504
0.4491 (6)
0.5098
0.3394 (5)
0.2493 (7)
0.1713
0.2725 (7)
0.2066
0.3116 (5)
0.3339 (6)
0.2404
0.3128
0.3723
0.8029 (6)
0.8862
0.8267
0.7898
0.8772 (4)
0.9367 (4)
1.0170
0.8780 (4)
0.7564 (5)
0.6959 (5)
0.6139

0.2863
0.2210
0.1402 (3)
0.1021
0.0745
0.4456 (3)
0.5608 (4)
0.5824
0.6457 (4)
0.7225
0.6199 (3)
0.5092 (4)
0.4899
0.4244 (5)
0.3507
0.7110 (4)
~0.0669 (5)
~0.0789
~0.0887
0.0216
~0.3507 (4)
~0.2865
~0.4061
~0.4011
1.1564 (3)
1.1730 (3)
1.1235
1.2623 (3)
1.3357 (3)
1.3176 (3)
1.3655

0.5021
0.6340
0.5035 (3)
0.5445
0.5390
0.5352 (4)
0.4734 (4)
0.3903
0.5324 (5)
0.4882
0.6515 (4)
0.7122 (5)
0.7941
0.6531 (5)
0.6951
0.7136 (4)
~0.0945 (5)
~0.0205
~0.1569
~0.1373
0.0294 (5)
~0.0102
~0.0157
0.1217
0.7795 (3)
0.8643 (3)
0.8866
0.9163 (3)
0.8830 (3)
0.8014 (3)
0.7808
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0.064*
0.064*
0.0508 (7)
0.061*
0.061*
0.0499 (8)
0.0853 (15)
0.102*
0.0859 (15)
0.103*
0.0558 (9)
0.102 (2)
0.122*
0.104 (2)
0.124*
0.0624 (10)
0.0807 (13)
0.121%
0.121%
0.121%
0.0781 (12)
0.117*
0.117*
0.117*
0.0469 (7)
0.0518 (8)
0.062*
0.0561 (9)
0.0569 (9)
0.0566 (9)
0.068*
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Co'
cT
H7
csg'
H¥'
Cco
HY'
C10'
HI10'
C1r
HI11C
HI1D
C12'
HI12C
HI2D
C13'
HI13C
HI3D
C14'
H14C
HI14D
C15'
Cl16'
HI16'
C17
HI7'
C18'
C19'
HI19'
C20'
H20'

0.7559 (4)
0.6909 (5)
0.6241
0.7248 (5)
0.6862
0.8251 (4)
0.7588
0.9479 (4)
1.0152
0.7824 (5)
0.7086
0.7259
0.8585 (6)
0.9263
0.7800
1.0573 (4)
1.1040
1.1394
0.9771 (4)
1.0531
0.9034
0.9898 (4)
0.9016 (7)
0.8167
0.9343 (7)
0.8700
1.0582 (5)
1.1498 (7)
1.2361
1.1189 (6)
1.1855

1.2276 (3)
1.2035 (4)
1.2616
1.1015 (4)
1.0909
1.0022 (3)
0.9481
1.0693 (3)
1.1236
0.8175 (4)
0.8590
0.7771
0.7164 (4)
0.6705
0.6546
0.8779 (4)
0.9210
0.8422
0.9745 (3)
1.0395
1.0174
0.6922 (3)
0.5819 (5)
0.5591
0.5034 (5)
0.4303
0.5306 (4)
0.6376 (5)
0.6578
0.7170 (4)
0.7886

0.7485 (3)
0.6639 (4)
0.6276
0.6380 (4)
0.5802
0.7008 (3)
0.7918
0.7124 (3)
0.6219
0.6675 (4)
0.6229
0.7625
0.6225 (4)
0.6721
0.6408
0.4435 (4)
0.3474
0.4796
0.4957 (4)
0.4748
0.4514
0.4151 (3)
0.4610 (5)
0.5393
0.3954 (6)
0.4293
0.2827 (4)
0.2372 (5)
0.1603
0.3013 (4)
0.2679
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0.0525 (8)
0.0628 (10)
0.075*
0.0659 (10)
0.079*
0.0553 (8)
0.066*
0.0509 (8)
0.061*
0.0687 (10)
0.082*
0.082*
0.0748 (12)
0.090*
0.090*
0.0581 (9)
0.070*
0.070*
0.0584 (8)
0.070*
0.070*
0.0546 (8)
0.1042 (19)
0.125*
0.1057 (19)
0.127*
0.0628 (10)
0.0910 (15)
0.109*
0.0840 (13)
0.101*
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car 1.0915 (7) 0.4434 (5) 0.2144 (5) 0.0828 (14)

Cc22' 1.0432 (7) 1.2053 (5) 1.0455 (5) 0.0869 (14)

H22D 1.0035 1.1169 1.0934 0.130*

H22E 1.0685 1.2315 1.1033 0.130%*

H22F 1.1346 1.2136 0.9709 0.130%

Cc23' 0.5668 (6) 1.4808 (4) 0.9263 (5) 0.0837 (13)

H23D 0.5824 1.5342 0.8340 0.126*

H23E 0.5381 1.5331 0.9749 0.126*

H23F 0.4857 1.4158 0.9613 0.126*

Table 8 Atomic displacement parameters (A%)
T U= T U2 U3 T

NI ~ 0.0512(15) 0.0523 (14) 0.0510(14) —0.0001(12) —0.0175(13) —0.0289 (12)
N2  0.0544 (16) 0.0486 (14) 0.0535(14) —0.0037(13) -0.0123 (13) —0.0283 (12)
NI'  0.0536 (17) 0.0655(17) 0.0564 (16) —0.0012(14) —0.0169 (13)  —0.0352 (14)
N2'  0.0566 (18) 0.0653 (17) 0.0543 (16) —0.0096 (15) —0.0105 (14)  —0.0340 (14)
O1 0.0752(17) 0.0875(18)  0.0912 (18) 0.0410 (15)  —0.0540 (16)  —0.0632 (16)
02 0.0795(19) 0.0814 (17)  0.0784 (17) 0.0205 (15)  —0.0427 (15)  —0.0561 (15)
O3 0.0839(19) 0.0694 (15)  0.0802 (16) 0.0258 (15)  —0.0341 (15)  —0.0510 (14)
O1' 0.0645(16) 0.0716 (16)  0.0831 (17) 0.0245 (14)  —0.0413 (15)  —0.0520 (15)
02 0.091 (2) 0.0841 (18)  0.0865 (18) 0.0192 (17)  —0.0454 (17)  —0.0580 (16)
03" 0.086 (2) 0.0619 (15)  0.0810 (18) 0.0191 (15)  —-0.0257 (16)  —0.0457 (14)
F1 0.098 (8) 0.109 (7) 0.106 (6) —0.033 (7) 0.024 (7) —0.075 (5)
F2 0.119 (7) 0.131 (10) 0.232 (15) 0.067 (6) —0.128 (9) —0.140 (11)
F3 0.184 (10) 0.044 (3) 0.081 (4) 0.029 (5) —0.054 (6) —0.028 (3)
F4 0.190 (15) 0.062 (5) 0.112 (7) —0.008 (8) —0.011 (10) —0.050 (4)
F5 0.104 (5) 0.134 (7) 0.122 (7) 0.035 (5) —0.027 (5) —0.100 (6)
F6 0.230 (15) 0.193 (15) 0.196 (13) 0.162 (13) —0.184 (13) —0.165 (12)
F1' 0.166 (15) 0.233 (18) 0.32 (2) 0.141 (14) —0.170 (16) —0.245 (18)
F2' 0.269 (16) 0.090 (6) 0.098 (6) 0.065 (9) —0.098 (9) —0.063 (5)
F3' 0.169 (11) 0.135(9) 0.172 (12) —0.085 (9) 0.034 (8) —0.115 (9)
F4' 0.29 (2) 0.176 (17) 0.25(3) 0.187 (17) -0.22 (2) —0.176 (18)
F5' 0.265 (18) 0.166 (11) 0.090 (6) —0.028 (14) 0.011 (10) —0.094 (7)
Fo' 0.123 (6) 0.128 (8) 0.160 (8) 0.019 (6) —0.059 (7) —0.110 (6)
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Cl
2
c3
C4
Cs
C6
C7
C8
C9
C10
Cl1
C12
C13
Cl4
Cl15
Cl16
Cl17
C18
Cl19
C20
C21
22
C23
cr
c2'
c3'
c4'
cs'
ce'
c7'
cs'
co'
c10'
Clr
c12'

0.0517 (18)
0.0532 (19)
0.053 (2)
0.059 (2)
0.0520 (19)
0.0462 (18)
0.0520 (19)
0.064 (2)
0.0520 (18)
0.0543 (19)
0.064 (2)
0.075 (3)
0.0528 (19)
0.0496 (18)
0.0541 (19)
0.097 (3)
0.101 (3)
0.061 (2)
0.129 (5)
0.120 (4)
0.072 (3)
0.091 (3)
0.082 (3)
0.0393 (16)
0.0487 (18)
0.061 (2)
0.065 (2)
0.055 (2)
0.052 (2)
0.054 (2)
0.054 (2)
0.0490 (18)
0.0445 (17)
0.068 (2)
0.093 (3)

0.0467 (16)
0.0586 (19)
0.0547 (18)
0.0484 (17)
0.0545 (18)
0.0505 (18)
0.064 (2)
0.066 (2)
0.0483 (16)
0.0487 (17)
0.064 (2)
0.0571 (19)
0.0519 (17)
0.0543 (17)
0.0447 (16)
0.064 (2)
0.063 (2)
0.0478 (19)
0.077 (3)
0.076 (3)
0.051 (2)
0.100 (3)
0.075 (3)
0.0524 (18)
0.0578 (19)
0.060 (2)
0.0493 (19)
0.0502 (18)
0.0539 (19)
0.077 (3)
0.095 (3)
0.069 (2)
0.0631 (19)
0.083 (2)
0.071 (2)

0.0406 (15)
0.0489 (16)
0.0497 (17)
0.0491 (17)
0.0534 (18)
0.0420 (16)
0.067 (2)
0.064 (2)
0.0500 (16)
0.0527 (17)
0.0520 (18)
0.0501 (18)
0.0578 (18)
0.0517 (17)
0.0556 (17)
0.075 (3)
0.081 (3)
0.069 (2)
0.081 (3)
0.085 (3)
0.076 (2)
0.094 (3)
0.088 (3)
0.0510 (17)
0.0580 (18)
0.0526 (18)
0.0532 (18)
0.0571 (19)
0.0498 (18)
0.068 (2)
0.075 (2)
0.0544 (18)
0.0581 (19)
0.0572 (19)
0.058 (2)

S38

0.0043 (15)
0.0096 (16)
0.0036 (16)
0.0056 (16)
0.0118 (16)
0.0036 (15)
0.0163 (17)
0.0103 (18)
0.0042 (14)
0.0072 (15)
~0.0057 (17)
~0.0165 (18)
~0.0062 (15)
~0.0048 (15)
0.0014 (15)
~0.028 (2)
~0.032 (2)
0.0087 (17)
~0.032 (3)
~0.050 (3)
0.015 (2)
0.031 (3)
0.030 (2)
~0.0005 (14)
0.0047 (16)
0.0007 (18)
0.0051 (17)
0.0085 (17)
0.0027 (16)
0.016 (2)
0.015 (2)
~0.0028 (16)
0.0042 (15)
~0.019 (2)
~0.015 (2)

~0.0157 (14)
~0.0209 (15)
~0.0191 (16)
~0.0134 (16)
~0.0188 (16)
~0.0134 (14)
~0.0319 (18)
~0.0379 (19)
~0.0203 (14)
~0.0240 (15)
~0.0090 (17)
~0.0105 (18)
~0.0086 (15)
~0.0126 (15)
~0.0206 (16)
0.017 (2)
0.008 (3)
~0.0294 (19)
0.024 (3)
0.034 (3)
~0.035(2)
~0.058 (3)
~0.028 (2)
~0.0133 (14)
~0.0211 (16)
~0.0171 (17)
~0.0156 (17)
~0.0168 (17)
~0.0149 (16)
~0.0304 (18)
~0.0318 (19)
~0.0167 (15)
~0.0202 (15)
~0.0069 (18)
~0.007 (2)

~0.0200 (13)
~0.0288 (15)
~0.0276 (16)
~0.0271 (15)
~0.0232 (16)
~0.0207 (14)
~0.0332 (18)
~0.0339 (18)
~0.0262 (14)
~0.0269 (14)
~0.0314 (16)
~0.0223 (16)
~0.0314 (15)
~0.0274 (15)
~0.0238 (15)
~0.042 (2)
~0.041 (2)
~0.0288 (17)
~0.056 (3)
~0.051 (2)
~0.0325 (19)
~0.064 (3)
~0.051 (2)
~0.0246 (14)
~0.0307 (16)
~0.0298 (17)
~0.0229 (16)
~0.0192 (16)
~0.0218 (15)
~0.035 (2)
~0.054 (2)
~0.0318 (16)
~0.0355 (16)
~0.0379 (19)
~0.0363 (19)
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C13'  0.0511(19) 0.068 (2) 0.062 (2) —0.0035 (17)  —0.0155(17)  —0.0346 (17)
Ccl4 0.059 (2) 0.0585 (19) 0.067 (2) —0.0020 (16)  —0.0224 (18)  —0.0329 (17)
C15' 0.054 (2) 0.059 (2) 0.0543 (18) 0.0029 (17)  —-0.0153 (16)  —0.0300 (17)
Cle' 0.105 (4) 0.104 (3) 0.090 (3) —0.047 (3) 0.026 (3) —0.064 (3)
Cc17 0.111 (4) 0.092 (3) 0.107 (4) —0.036 (3) 0.010 (3) —0.065 (3)
C18 0.071 (3) 0.060 (2) 0.066 (2) 0.013 (2) —0.023 (2) —0.0368 (19)
C19 0.091 (3) 0.090 (3) 0.077 (3) —0.009 (3) 0.009 (2) —0.049 (3)
C20' 0.085 (3) 0.071 (3) 0.083 (3) —0.020 (2) 0.007 (2) —0.044 (2)
car 0.098 (4) 0.087 (3) 0.090 (3) 0.030 (3) —0.039 (3) —0.061 (3)
Cc22' 0.102 (4) 0.105 (3) 0.100 (3) 0.023 (3) —0.061 (3) —0.068 (3)
C23' 0.089 (3) 0.067 (2) 0.092 (3) 0.022 (2) —0.016 (3) —0.048 (2)
Table 9 Geometric parameters (A,°)
N1—C14 1.451 (4) Cl14—H14B 0.9700
N1—Cl11 1.465 (4) C15—C20 1.368 (6)
N1—C9 1.469 (4) C15—Cl16 1.372 (5)
N2—C15 1.401 (4) Cl16—C17 1.386 (6)
N2—C13 1.444 (4) Cl6—H16 0.9300
N2—C12 1.462 (4) C17—C18 1.342 (6)
NI—C14' 1.453 (5) C17—H17 0.9300
N1—C11' 1.458 (5) C18—C19 1.355 (6)
NI1—C9' 1.468 (4) Cc18—C21 1.477 (5)
N2—C15' 1.392 (5) C19—C20 1.388 (7)
N2—C13' 1.460 (4) C19—H19 0.9300
N2'—C12' 1.468 (5) C20—H20 0.9300
01—C10 1.415 (4) C22—H22A 0.9600
O1—H1 0.8200 C22—H22B 0.9600
02—C3 1.366 (4) C22—H22C 0.9600
02—C22 1.410 (5) C23—H23A 0.9600
03—C4 1.379 (4) C23—H23B 0.9600
03—C23 1.413 (5) C23—H23C 0.9600
o1'—C10' 1.408 (4) C1'—Co' 1.379 (5)
O1'—H1' 0.8200 C1'—C2' 1.388 (5)
02'—C3' 1.357 (4) Cc1'—Ci10o' 1.499 (5)
02'—C22' 1.421 (6) Cc2—C3' 1.387 (5)
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03—C4' 1.365 (5) C2'—H2' 0.9300
03—C23' 1.419 (6) C3—C4' 1.400 (5)
F1—C21 1.317 (9) C4—C5' 1.368 (5)
F2—C21 1.288 (8) C5'—C6' 1.403 (5)
F3—C21 1.298 (7) C5'—HS' 0.9300
F4—C21' 1.316 (11) C6'—C7' 1.463 (5)
F5—C21' 1.355 (10) C7—C8' 1.317 (6)
F6—C21' 1.240 (9) C7—HT 0.9300
FI'—C21 1.245 (11) C8'—C9' 1.499 (5)
F2—C21 1.266 (9) C8—H8' 0.9300
F3'—C21 1.314 (8) C9'—C10' 1.512 (4)
F4'—C21' 1.216 (12) C9'—HY' 0.9800
F5'—C21' 1.279 (11) C10—HI10' 0.9800
F6'—C21' 1.371 (10) Cl1'—C12' 1.493 (6)

Cl—C2 1.381 (5) Cl1I'—HI1IC 0.9700
Cl1—C6 1.393 (5) Cl1I'—HI11D 0.9700
C1—C10 1.521 (4) C12—HI2C 0.9700
C2—C3 1.388 (5) C12—HI12D 0.9700
C2—H2 0.9300 C13—C14' 1.505 (5)
C3—C4 1.391 (5) C13—H13C 0.9700
C4—C5 1.377 (5) C13—HI3D 0.9700
C5—C6 1.389 (5) Cl14—H14C 0.9700
C5—HS 0.9300 Cl14'—H14D 0.9700
C6—C7 1.471 (5) C15—C16' 1.368 (6)
C7—C8 1.316 (5) C15'—C20' 1.389 (6)
C7—H7 0.9300 Cl16—Cl17' 1.375 (7)
C8—C9 1.505 (5) C16—H16' 0.9300
C8—H8 0.9300 C17—C18' 1.352 (7)
C9—C10 1.511 (4) C17—HI17' 0.9300
C9—H9 0.9800 C18—Cl19' 1.357 (6)
C10—H10 0.9800 cl18—cal' 1.488 (6)
Cl1—Cl12 1.512 (5) C19'—C20' 1.371 (7)

Cl1—HI1A 0.9700 C19—H19' 0.9300

Cl11—HI11B 0.9700 C20'—H20' 0.9300

Cl2—HI2A 0.9700 C22'—H22D 0.9600
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C12—HI12B
C13—C14
CI3—HI13A
C13—H13B
Cl4—HI14A
Cl14—N1—C11
Cl14—NI1—C9
CI1—NI—C9
C15—N2—C13
CI15—N2—C12
C13—N2—C12
ClI4'—NI1—C11"
CI4'—NI1—C9'
CI1'—NI1—C9'
CI5—N2'—Cl13'
CI5—N2'—C12'
CI3'—N2'—C12'
C10—O1—H1
C3—02—C22
C4—03—C23
C10'—O1'—HI"
Cc3—02'—C22'
C4—03'—C23'
C2—C1—C6
C2—C1—C10
C6—C1—C10
C1—C2—C3
C1—C2—H2
C3—C2—H2
02—C3—C2
02—C3—C4
C2—C3—C4
C5—C4—03
C5—C4—C3
03—C4—C3

0.9700
1.516 (5)
0.9700
0.9700
0.9700
108.4 (3)
112.5 (2)
114.9 3)
117.5 3)
118.8 (3)
111.8 3)
108.2 (3)
116.2 (3)
1112 3)
120.1 (3)
118.0 3)
111.8 3)
109.5
117.4 3)
117.2 3)
109.5
118.1 (3)
116.6 (4)
120.2 (3)
121.8 3)
117.8 3)
120.4 (3)
119.8
119.8
124.6 (3)
116.1 3)
119.4 (3)
124.0 3)
120.3 (3)
115.7 3)
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C22'—H22E
C22'—H22F
C23'—H23D
C23'—H23E
C23'—H23F
02—C22—H22C
H22A—C22—H22C
H22B—C22—H22C
03—C23—H23A
03—C23—H23B
H23A—C23—H23B
03—C23—H23C
H23A—C23—H23C
H23B—C23—H23C
Co'—C1'—C2'
Co'—C1'—C10'
c2—C1'—C10'
c3—C2'—C1'
Cc3—C2'—H2
c1—Cc2—n2
02'—C3—C2'
02'—C3—C4'
C2—C3—C4'
03'—C4—C5'
03 —C4'—C3'
cs—Cc4'—C3
C4—C5'—Co'
C4—C5—Hs'
C6'—C5—HS'
C1'—C6'—Cs'
C1I'—Co'—CT7'
cs'—Co'—C7'
C8—C7—C6'
C8—C7—HT'
C6e'—C7—HT'

0.9600
0.9600
0.9600
0.9600
0.9600

109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5

119.8 (3)

118.2 (3)

121.9 3)

120.9 (3)

119.5
119.5

124.9 (3)

116.0 (3)

119.2 (3)

125.1 (4)

115.1 3)

119.9 (3)

120.9 (4)

119.6
119.6

119.4 (3)

118.5 (3)

122.1 (3)

121.5 (4)

119.3
119.3
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C4—C5—Co 120.5 (3) CT—C8—C9' 120.6 (3)
C4—C5—H5 119.7 C7—C8—HS8' 119.7
C6—C5—H5 119.7 C9—C8—Hg¥' 119.7
C5—C6—C1 119.2 (3) NI'—C9'—C8' 117.3 (3)
C5—C6—C7 121.7 (3) N1'—C9'—C10' 110.3 (3)
Cl—C6—C7 119.0 (3) C8—C9'—C10' 109.0 (3)
C8—C7—Co6 120.9 (3) NI1'—C9'—H9' 106.6
C8—C7—H7 119.5 C8—C9—HY' 106.6
C6—C7—H7 119.5 C10'—C9'—HY' 106.6
C7—C8—C9 121.0 (3) o1'—C10'—C1' 111.3 (3)
C7—C8—HS 119.5 o1'—C10'—C9' 111.9 (3)
C9—C8—HS8 119.5 C1'—C10'—C9' 111.1 (3)
N1—C9—C8 117.5 (3) 01'—C10—HI10' 107.4
N1—C9—C10 109.5 (2) C1I'—C10'—H10' 107.4
C8—C9—C10 1103 (3) C9—C10'—H10' 107.4
N1—C9—H9 106.3 N1'—C11'—C12' 111.1 (3)
C8—C9—H9 106.3 N1'—CI11'—H11C 109.4
C10—C9—H9 106.3 CI2—CI11—H1IC 109.4
01—C10—C9 111.0 (3) N1'—C11'—H11D 109.4
01—C10—C1 109.8 (3) C12—CI11—H11D 109.4
C9—C10—C1 110.4 (2) HI11C—CI11'—H11D 108.0
01—C10—H10 108.5 N2'—C12—CI11' 111.4 (3)
C9—C10—H10 108.5 N2'—C12'—H12C 109.3
C1—C10—H10 108.5 CI11'—C12—H12C 109.3
N1—C11—C12 110.9 (3) N2'—C12'—H12D 109.3
N1—C11—H11A 109.5 C11'—C12—H12D 109.3
C12—CI11—HI11A 109.5 H12C—CI12—HI12D 108.0
N1—C11—H11B 109.5 N2'—C13'—C14' 111.2 (3)
C12—C11—HI11B 109.5 N2'—C13'—H13C 109.4
HI11A—C11—HI11B 108.1 C14'—C13—H13C 109.4
N2—C12—Cl11 111.4 (3) N2'—C13'—H13D 109.4
N2—CI12—HI12A 109.3 C14'—C13'—H13D 109.4
Cl11—CI12—HI2A 109.3 HI13C—C13—H13D 108.0
N2—C12—H12B 109.3 N1'—C14'—C13' 112.2 (3)
Cl11—C12—HI12B 109.3 N1'—C14'—H14C 109.2
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HI12A—C12—H12B 108.0 C13—C14—H14C 109.2
N2—C13—Cl4 110.7 (3) NI'—C14'—H14D 109.2
N2—CI13—H13A 109.5 C13—C14—H14D 109.2
Cl14—CI13—HI3A 109.5 H14C—C14'—H14D 107.9
N2—C13—H13B 109.5 C16—C15'—C20' 115.8 (4)
Cl14—C13—HI3B 109.5 C16—C15—N2' 121.0 3)
H13A—C13—H13B 108.1 C20—C15—N2' 123.2 (3)
N1—C14—C13 111.3 (3) C15—C16—C17' 122.3 (4)
N1—Cl4—H14A 109.4 C15—Cl16—HI6' 118.9
C13—Cl14—HI14A 109.4 C17—C16—H16' 118.9
N1—Cl4—H14B 109.4 C18—C17—Cl16' 121.3 (4)
C13—C14—H14B 109.4 C18—C17—H17' 119.4
H14A—Cl4—H14B 108.0 Cl6—C17—HI17' 119.4
C20—C15—C16 115.9 (4) C17—C18—C19' 117.5 (4)
C20—C15—N2 121.1 3) C17—C18—C21' 120.1 (4)
C16—C15—N2 122.9 (3) C19—C18—C21' 122.4 (4)
C15—C16—C17 121.4 (4) C18—C19'—C20' 122.0 (4)
C15—C16—HI16 119.3 C18—C19—HI19' 119.0
C17—C16—H16 119.3 C20—C19—HI19' 119.0
C18—C17—C16 121.7 (4) C19-—C20—C15' 121.1 (4)
C18—C17—H17 119.2 C19—C20—H20' 119.5
Cl16—C17—H17 119.2 C15—C20—H20' 119.5
C17—C18—C19 118.1 (4) F4—C21'—F6 130.3 (9)
C17—C18—C21 121.7 (3) F4'—C21'—F5' 111.9 (12)
C19—C18—C21 120.2 (4) F6—C21'—F5' 53.4 (9)
C18—C19—C20 120.5 (4) F4'—C21'—F4 36.0 (13)
C18—C19—HI9 119.7 F6—C21'—F4 111.2 (12)
C20—C19—HI19 119.7 F5'—C21'—F4 129.9 (9)
C15—C20—C19 122.2 (4) F4'—C21'—F5 65.1(12)
C15—C20—H20 118.9 F6—C21'—F5 104.8 (10)
C19—C20—H20 118.9 F5'—C21'—F5 54.5 (11)
FI'—C21—F2' 100.7 (11) F4—C21'—F5 98.7 (8)
FI'—C21—F2 130.2 (7) F4'—C21'—F6' 102.8 (13)
F2'C21—F2 47.6 (7) F6—C21'—F6' 51.0 (9)
FI'—C21—F3 63.9 (10) F5'—C21'F6' 102.2 (11)
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F2'—C21—F3
F2—C21—F3
F1'—C21—F3'
F2'—C21—F3'
F2—C21—F3'
F3—C21—F3'
FI'—C21—F1
F2'—C21—F1
F2—C21—F1
F3—C21—F1
F3'—C21—F1
FI'—C21—C18
F2'—C21—C18
F2—C21—C18
F3—C21—C18
F3'—C21—C18
F1I—C21—C18
02—C22—H22A
02—C22—H22B
H22A—C22—H22B
C6o—C1—C2—C3
C10—C1—C2—C3
C22—02—C3—C2
C22—02—C3—C4
C1—C2—C3—02
C1—C2—C3—C4
C23—03—C4—C5
C23—03—C4—C3
02—C3—C4—C5
C2—C3—C4—Cs
02—C3—C4—-03
C2—C3—C4—03
03—C4—C5—Co
C3—C4—C5—C6
C4—C5—C6—C1
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132.2 (6)
106.1 (8)
106.7 (10)
105.3 (9)
62.0 (8)
48.0 (8)
40.4 (10)
63.1(9)
105.8 (9)
100.6 (7)
128.7 (7)
114.4 (6)
114.2 (5)
114.0 (5)
113.2 (5)
114.2 (5)
115.8 (5)
109.5
109.5
109.5
0.9 (5)
176.4 (3)
2.9 (5)
~175.9 (4)
179.2 3)
~2.0(5)
~13.0 (5)
167.5 (3)
~179.7 (3)
1.4 (5)
~0.3 (4)
~179.1 (3)
~179.2 (3)
0.3 (5)
~1.3(5)
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F4—C21'—F6'
F5—C21'—F6¢'
F4—C21'—C18'
F6—C21'—C18'
F5—C21'—C18'
F4—C21'—C1¥8'
F5—C21'—C1%8'
F6'—C21'—C18'
02'—C22'—H22D
02'—C22'—H22E
H22D—C22'—H22E
02'—C22'—H22F
H22D—C22'—H22F
H22E—C22'—H22F
03'—C23'—H23D
03'—C23'—H23E
H23D—C23'—H23E
03'—C23'—H23F
H23D—C23'—H23F
H23E—C23'—H23F
C6o—C1'—C2'—C3'
c10—C1'—C2'—C3'
C22'—02'—C3'—C2'
C22'—02'—C3'—C4'
c1—C2—C3'—02'
C1—C2'—C3'—C4'
C23'—03'—C4'—C5'
C23'—03'—C4'—C3'
02'—C3'—C4'—03'
C2—(C3'—C4'—03'
02'—C3'—C4—C5'
C2—(C3—C4'—C5'
03'—C4'—C5—C6'
C3—C4'—C5—Ceo'
C2—C1'—C6'—C5'

68.9 (8)
138.4 (6)
113.5 (8)
115.2 (6)
115.0 (7)
114.1 (7)
111.2 (5)
110.1 (6)
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
~1.4(5)
174.4 (3)
~5.1(6)
174.6 (4)
~179.9 (3)
0.5 (5)
9.4 (5)
~169.7 (3)
0.1 (5)
179.8 (3)
~179.0 (3)
0.8 (5)
180.0 (3)
~1.1(5)
1.1 (5)
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C4—C5—C6—C7
C2—C1—C6—C5
C10—C1—C6—C5
C2—C1—C6—C7
C10—C1—C6—C7
C5—C6—C7—C8
C1—C6—CT7—C8
C6o—CT7T—C8—C9
CI14—N1—C9—C8
CI1—NI1—C9—C8
Cl14—N1—C9—C10
CI11—N1—C9—C10
C7—C8—C9—N1
C7—C8—C9—C10
N1—C9—C10—O01
C8—C9—C10—01
N1—C9—C10—C1
C8—C9—C10—C1
C2—C1—C10—01
C6—C1—C10—O01
C2—C1—C10—C9
C6—C1—C10—C9
Cl4—NI1—C11—CI12
C9—N1—C11—C12
CI15—N2—C12—C11
C13—N2—C12—C11
N1—C11—CI12—N2
C15—N2—C13—C14
C12—N2—C13—C14
Cl11—N1—C14—C13
C9—N1—C14—C13
N2—C13—C14—N1
CI13—N2—C15—C20
C12—N2—C15—C20
C13—N2—C15—Cl16

176.9 3)
0.7 (5)
~174.9 (3)
~177.5 (3)
6.8 (4)
~164.0 (3)
14.2 (5)
0.6 (5)
~79.6 (4)
45.0 (4)
153.6 (3)
-81.9 (3)
~160.4 (3)
-33.9 (4)
~56.3 (3)
172.9 3)
~178.3 (3)
50.9 (4)
22.3 (4)
~162.2 (3)
145.0 (3)
~39.4 (4)
~58.9 (4)
174.4 (3)
164.8 (3)
~53.3 (4)
56.0 (4)
~163.9 3)
53.6 (4)
59.9 (3)
~172.0 (3)
~58.0 (4)
17.3 (6)
157.1 (5)
~164.6 (4)

C10—C1'—C6'—C5'
C2—C1'—C6'—CT7'
c10—C1'—Ce'—C7'
C4—C5—Co6'—C1'
C4—C5—Co6'—CT'
Cc1'—C6'—C7—C¢'
C5—C6'—C7'—C8'
C6—CT—C8'—CY'
Cl14'—N1'—C9'—C8'
CI1'—NI1'—C9'—C8'
Cl14'—N1'—C9'—C10'
CI1'—NI1'—C9—C10'
C7—C8'—C9—NT'
C71—C8—C9'—C10'
C6—C1'—C10'—O1'
c2—C1'—C10'—0O1'
Cc6e—C1'—C10'—C9'
c2—C1—C10—C9'
N1'—C9'—C10'—O1'
C8—C9—C10'—O1'
N1'—C9'—C10'—C1'
c8—C9—C10'—C1'
Cl4—NI1—CI11'—C12
C9—N1'—C11'—C12'
C15'—N2—C12'—C1T1'
C13—N2—C12'—C11'
NI'—C11'—C12'—N2'
C15'—N2'—C13'—C14'
C12—N\2'—C13'—C14'
CI1'—N1'—C14'—C13'
C9—N1'—C14—C13'
N2'—C13'—C14'—N1'
CI13—N2'—C15'—C16'
CI12'—N2'—C15'—C16'
CI13'—N2'—C15'—C20'
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~174.8 (3)
~177.2 (3)
6.9 (5)
0.2 (5)
178.3 (3)
12.8 (6)
~165.4 (4)
3.4 (6)
49.8 (4)
~74.5 (4)
~75.6 (3)
160.0 (3)
~161.9 (4)
-35.8 (5)
~165.2 (3)
18.9 (4)
~39.8 (4)
144.4 (3)
-53.1 (3)
176.9 (3)
~178.2 (3)
51.8 (4)
60.0 (4)
~171.3 (3)
~162.1 (3)
52.5(5)
~57.6 (5)
164.4 (3)
~51.0 (4)
~59.1 (4)
175.1 3)
55.4 (4)
169.4 (4)
26.9 (6)
~11.3 (6)
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CI12—N2—C15—Cl16 —24.8 (5) C12—N2'—C15'—C20' —153.8 (4)
C20—C15—C16—C17 4.1 (8) C20—C15—C16—C17' -2.90)
N2—C15—C16—C17 -174.1 (4) N2—C15'—C16'—CI17' 176.4 (5)
CI15—C16—C17—C18 —0.8 (9) C15—C16—C17—C18' 1.3 (10)
Cl16—C17—C18—CI19 -1.9 (8) Cl6—C17—C18—C19' 0.5(9)
Cl16—C17—C18—C21 —179.4 (5) Cle—C17—C18—C21' 179.5 (6)
C17—C18—C19—C20 1.1(9) C17"—C18—C19—C20' —0.6 (8)
C21—C18—C19—C20 178.6 (5) C21'—C18—C19—C20' —179.5 (5)
C16—C15—C20—C19 —4.9 (9) C18—C19—C20—C15' -1.2(9)
N2—C15—C20—C19 173.3 (5) Cl16—C15—C20—C19' 2.8(8)
C18—C19—C20—C15 2.4 (10) N2'—C15'—C20'—C19' —176.5 (4)
C17—C18—C21—F1" 113.6 (18) C17"—CI18—C21'—F4' =79 (2)
C19—C18—C21—F1" —63.8 (18) C19—C18—C21'—F4' 100 (2)
C17—C18—C21—F2' —131.0 (14) CI17"—C18—C21'—F6 91.1 (17)
C19—C18—C21—F2' 51.5(15) C19—C18—C21'—F6 —90.0 (17)
C17—C18—C21—F2 =78.5 (12) C17"—CI18—C21'—F5' 150.6 (18)
C19—C18—C21—F2 104.1 (12) C19—C18—C21—F5' —-30.5 (19)
C17—C18—C21—F3 429 (11) C17"—C18—C21—F4 =393 (11)
C19—C18—C21—F3 —134.5(11) C19—C18—C21—F4 139.6 (10)
C17—C18—C21—F3' —9.8 (16) C17"—CI18—C21'—F5 —149.9 (10)
C19—C18—C21—F3' 172.8 (15) C19—C18—C21'—F5 29.0 (11)
C17—C18—C21—F1 158.4 (10) C17"—C18—C21—F6' 35.8 (10)
C19—C18—C21—F1 -19.0 (11) C19—C18—C21'—F6' —145.3 (9)
Table 10 Hydrogen-bond geometry (A, °)
D—H--A4 D—H H--4 DA D—H-A4
Ol'—H1'"---N1’ 0.82 2.38 2.815(4) 114
O1—HI1---N1 0.82 2.40 2.816 (4) 112

6. References:
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[2] (a) Tang, W.; Capacci, A. G.; Wei, X.; Li, W.; White, A.; Patel, N. D.; Savoie, J.; Gao,
J. J.; Rodriguez, S.; Qu, B.; Haddad, N.; Lu, B. Z.; Krishnamurthy, D.; Yee, N. K.;
Senanayake, C. H. Angew. Chem. Int. Ed. 2010, 49, 5879-5883.; (b) Rodriguez, S.; Qu,
B.; Haddad, N.; Reeves, D.; Tang, W.; Krishnamurthy, D.; Senanayake, C. H. Adv.
synth. Catal. 2011, 353, 533-537.; (c) Tang, W.; Capacci, A. G.; White, A.; Ma, S.;
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R.-S.; Li, K.; Hu, Y. L.; Tang, W. J. Adv. Synth. Catal. 2013, 355, 1297-1302.

7. NMR spectra

Chemical Formula: CooHogN4oO4
Exact Mass: 366.19

| Il
S . 0¥ '
J ! . I
L o W L L
-0 -0 OO0 o [=] ao -wo o o
T

pm (1)

S47



Electronic Supplementary Material (ESI) for Chemical Communications

This journal is © The Royal Society of Chemistry 2013

10000

| —
L6 -
LE6y —— s - =
vLeg —— o
LS — R T 22
2L19 B 2.3
EB°LY —— _ = % 4.2
169 r
£TLL ——2 R — o4
Py —— L

—— = 3f
= =y
L0800 ——,
80011 \ 8

4 TH ///
80024 ;
25°22L N
GI¥ZL A
50621 ~ =
52621 ——, x
ZE6IL —— v

1S
\J |
&

o
Q, <
z Z
[=7] =]
z HM_1 Z. HHZ
© L © -
[4%: 148 So - S = 1.1
) T 5] s @
LUgrh ——— e [ —_—] =1 T
SE'LG1 =R % e = 2 S
EZ EZ - = 1.0
S = L = —_ =
L3 - = T3
w g g o ™ 2 =R
© © S (] L SERS) gu -/ =M
5] (5] £ w < £ 1
5] i) @ T T @
T T 2 =
O - — O
5 =]
o o4
- =
W =
S —a x
@ S
T e
(=%
(=%

10

20

30

40
S48

50

6.0

70

80

ppm (1)



Electronic Supplementary Material (ESI) for Chemical Communications

This journal is © The Royal Society of Chemistry 2013

GL'wl

e

511G
1E'55 N
2095 —
£095 ——

9209 —
895'.9

9,201
66601

LOLLL

1Z8ll N\
LEOZ)

LLTTL N,
50'€Z) %

£o¥eL
cg'azt

056zt ——

Vi ——

008kl —-.
[

1581
alest

H3sCO

OCH,
4

13
C NMR of H,CO

Chemical Formula: CazHagN20O
Exact Mass: 396.20

100

150

ppm (f1)

I

Chemical Formula: C55H5FN5O5

Exact Mass: 384.18

I 20

T 241
T 40
T 08
F 10

3 39

TF1a

T 10

Lty
== hIRI
o=0

0.0

10

20

|
3.0

40

|
5.0

6.0

T0

8.0

ppm (f1)

S49



Electronic Supplementary Material (ESI) for Chemical Communications

This journal is © The Royal Society of Chemistry 2013

9L'2Z1
09 vzl
£9PEL
Sivel

50

100

Exact Mass: 384.18

Exact Mass: 400.16

Chemical Formula: CosHoeFNoO4

@]

Q
fg]

T

Chemical Formula: Co5Ho25CIN,O4

2 C NMR of

200
opm (f1)

T 20
T 24
06
43
14

24

=10

1.0

10
1.0

18

20

S50

ppm (f1)



Electronic Supplementary Material (ESI) for Chemical Communications

This journal is © The Royal Society of Chemistry 2013

— o
L E—
— —— e ————— -
w0
r - 5 F 3.0
B 3241
——— F 21
4.2
= 09
L 11
-8 = == F3f
[agd
_ T
5 - - ar
) - Q
Q - — Nmm1 == 311
He - TN
=] _= L z 8g
S - 1 { ) O
ol u Z =R
=} ma
E= T =
EZ —1 | a 5 5%
FM — & = == 3 1.0
p— I - ]
E = 11
o Qo m £ 1.0
QL R & o o &) .
+ T O L 3] Q, 320
M T T Ww“m
~ [=]
= R
=
=
O - =
o S T
(== -
— o o
oo

S51

ppm (1)



Electronic Supplementary Material (ESI) for Chemical Communications

This journal is © The Royal Society of Chemistry 2013

o902

CH3

Chemical Formula: CaaHagN2O4
Exact Mass: 380 21

50

|
100

|
150

ppm (1)

CFy

Chemical Formula: Co3Ho5F3N504

Exact Mass: 434.18

AV

Fz20
F1.9

05

F38

ppm (f1)

S52



Electronic Supplementary Material (ESI) for Chemical Communications

This journal is © The Royal Society of Chemistry 2013

eLar
LE8F

61'95
229% v

)

94’49
86'L9
96'9L
£CLL ——
il —

2.

16'801
2oL
0g'vil
[ra448
LivelL
5921
LE9ZL ——
962k

e9esl ——

i
L,

Chemical Formula: Cy3Hy5F3NoO4

62'8rL
9g'arlL

8£'esk

)

HiCO

3¢ NMR of

50

CFq

100

Exact Mass: 434.18

HsCO
Il

150

pem (f1)

Nﬁ%

Lrars

= 60

- F 24
T8

—| TFos

F141

= Fif

CHy

HsC
Chemical Formula: CoqHagN-O4

Exact Mass: 394 .23

HaCO
HsCO

T"H NMR of

- 11
F11

=== a1
- 10

6.0 5.0 40 30 20 1.0 0.0
S53

70

80

3.0
pm (f1)



Electronic Supplementary Material (ESI) for Chemical Communications

This journal is © The Royal Society of Chemistry 2013

. 1
GLLL —— _ 7
L0z _ L
—af
65 6Y ]
PTG —— — o
....r....r — uwy
¥0°9S —_—
8095 —— N Jl& T+ 21
1009 —— _ = m_.m
58'9L B - 4.2
0b 2L ——2 211
98 LL —— -
= T 38
[ -4
(=}
— e
= 1.1
= — e 31,
= - L [&]
o
m Q
W _ L S =z
o
[=} - —
— (]
A 70
) % _ _— F T <« 1,1
7 A ) S'a &
£9°ZEl =4 L - o
. =8 o] = I 11
66'L¥1 ~_ . EZ _ ° ER: - - =19
19°8%1 > S ST - = -2 E= = 51
S6°8¥L — o o _ =1
g2 [y 0
O N =5 - =10
m o = 1.1
= £
O - ]
o (@] =
Q Q Q
o o
T T L
<]
o
= L
z
(@] =] =
o —a2e
= 3] P
(=9

0.0

S54

50

ppm (f1)



Electronic Supplementary Material (ESI) for Chemical Communications

This journal is © The Royal Society of Chemistry 2013

L8y
176 ——2
£0'95 —_

90'96 —— ==

5529
BL 19—\
1891

EVLL ——2

ge Ll ——

2880l —
POOLE ——

0FGhE —,
GTLLE ——)

\
BOZZL — / "
[+ 2\

e N\
80'6Z} [//

L9621
eroet :
pLzeL ——

oLerl
99'8rL ——
85054

%

HaCO

HaCO

13 C NMR of

Cl

cl

Chemical Formula: CoHo4ClaN2O4

Exact Mass: 434 12

I
100

opm (f1)

10000

Chemical Formula: C23H27CIN2O4
Exact Mass: 414.17

-

F 2.0

Foo
+14

F34

1.0
1.0

S55

T
ppm (f1)




Electronic Supplementary Material (ESI) for Chemical Communications

This journal is © The Royal Society of Chemistry 2013

1801
zLol \
16221 A\
YR 7 f—
¥ELEL /
11zl N
89'9z1 |//

61621
29'621 l.uv
80°0€L /
ZEVEL

EFOFL |\
ek —~
LL8bL

H4CO

H5CO

Cl

3¢ NMR of

Chemical Formula: C3H57CIN,O5

Exact Mass: 414.17

ppm (f1)

000000~

HiCO

"H NMR of H3CO

Chemical Formula: C2qHapN2O5

Exact Mass: 39022

-1

J 22
T 21

F1a
} 54

Fid

F 11
14

S56

e G4



96'82

PLBY ———

6195 ——_
ZT9s —

S6'29
2089 ——-

162 ——
5T ——,

€57 !
562 |/,”__
952 2
6L

18T ——2)

e

80 —F
80°€
LL'E

85—
8§ ——
08¢ —

€9 —

20

30

40

Electronic Supplementary Material (ESI) for Chemical Communications

This journal is © The Royal Society of Chemistry 2013

26'9.L
TN —
gril . —

066, —

ol

I
100

26'800 ——_

(%)
. s & ]
L1OLL @ W,_ = L
vzl 2 B L35 —
BIHZL —— N { ) TN _ - 0€'S o T e——=—= 121
gLz — = S =] [Ep— 3
19621 = - - L =
T 8w 8o
ISHN-} R
s = - = P.w_ by
vz erL — [ = w o == I 11
Laevl w9 == L2 =
2w - o
zapsL d Lo £ -] EZ
o 9 2 - s g 5
™ ™ O o — =
T T i) T 5
= = W
- - = £
5] e @
= P 51
< . S = T
z ‘5 10
O = )
o = & —= T 20
o =z
R =
£
a
ol [=%

S57

6.0

70

pm (1)

10



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013

W L

150.71

149.67
129.01

124.88
12437
12269
121.84
119.62
116.08
111.13
110.39

— 151.38

C—
—

S
e

Chemical Formula: CooHogNoO4
Exact Mass: 366.19

B& NMR of

B!

1 1)

H NMR of ar N/\

OH N.
K/ Ph

Chemical Formula: CogHogBraN-0
Exact Mass: 461.99

|

-
[
L'y L =

S58



Electronic Supplementary Material (ESI) for Chemical Communications

This journal is © The Royal Society of Chemistry 2013

00000~

08h ——_

Br

3C NMR of

Chemical Formula: CogHagBraN20

Exact Mass: 461.99

I
100

I
150

Q
o
4
N
&8
Ba
S'3
ol
2%
E=
]
=
Suw
E
['5]
=
O
£
=]

F20
T 20

340
9§

0.0

1.0

20

30

40

I
6.0

I
7.0

80

ppm (f1)

S59



Electronic Supplementary Material (ESI) for Chemical Communications

This journal is © The Royal Society of Chemistry 2013

e

00149 —
98eLe ———=

1821 ——

O g —
LrarLL M
vaEVLL N
£0E'OLL A
£80°02) ———__
289e8e ) —_
00€'6Zh ——
oLz ——
091'6Z1

g arl —
FA=1 N B8

Chemical Formula: CogHagF2MN20

Exact Mass: 342.15

|
100

|
150

ppm (f1)

Chemical Formula: CogHqgFaN20O

Exact Mass: 360.14

1.

i

0.0

|
6.0 5.0 4.0 3.0 20 1.0

7.0

8.0
nom (f1)

S60



Electronic Supplementary Material (ESI) for Chemical Communications

This journal is © The Royal Society of Chemistry 2013

961611 —|
61261 —||

SZLYZL )
WA \
8eL'5Z1 )

0L8L21
189821
LESYEL
998 HEL ——\_
0800¥1
8vL0PL

L2g'arl
GzL8vl
£68'8¥1

£86°061L

1
189051
0LL05h
ZL8061 i

£96'¥5L —f
6L6'9G1

———

100

Chemical Formula: CogH 1gF3N20
Exact Mass: 360.14
150

200
ppm (f1)

OCH,

= ===

Exact Mass: 372.16

Chemical Formula: CayHa2F2N205

T20
F20

F4o0
K

130

T10
T 10

T10

20

30

S61

40

6.0

70

8.0
ppm {t1)




OCHs

Chemical Fermula: Cy1HaoF2N203
Exact Mass: 372.16

Electronic Supplementary Material (ESI) for Chemical Communications

This journal is © The Royal Society of Chemistry 2013

50

|
100

|
100

ppm (t1)

"H NMR of

Exact Mass: 306.17
S62

Chemical Formula: CogHyoN-0O

e (84



Electronic Supplementary Material (ESI) for Chemical Communications

This journal is © The Royal Society of Chemistry 2013

EVBY ——
96'6%

9.9
LY ——
16'8L
ETLL ——
GG LL —

E¥OLL —

€10zl Y
85°vZl [/,
LBVl i

Y
0¥'egih
GOLEL

BOQZL U
e8I —
09’6zl

LE'LEL s
LVLEL

VIS —

Chemical Formula: CogHxN5O

Exact Mass: 306.17

|
100

|
150

ppm (t1)

TH NMR of

Chemical Formula: CoqHpgN5O5

Exact Mass: 336.18

U

J [

120

F 11

+i4

T10
3 1.0
E35)
J22
=+ 1.0

0.0

ppm {t1)

S63



Electronic Supplementary Material (ESI) for Chemical Communications

This journal is © The Royal Society of Chemistry 2013

[=] [=]
[=] [=] (=]
uw (=] (=]
| - - [ry] =]
| | | | | | | | | | | | | | | | |
1“ — o
j S
L L
a
[ ———{
ZZ'BY I~
LTS ™
1755 R _ - -
L¥GE —— _
5L ~
1829 ——\
6129 ——F |
V9L —— i
£T Ll Jf — ———
854l —— r
T 241
L - T T21
hm”w: I../ LS = W g
LLEL —— _ 10
g =
D NM_ - B == 10
I~ - ¥ o
4 388 5 2
) pO8 2 " g
W o _ — - AN -
< =] i % b
=g 1 .V“\ L]
T 5 = - y &,_m - 1.0
iite] F g =z =
=8 | |W m % - >10
2l 1 4 E ’
o0
O g i ;X <3 - 21
- = =] Ta +1.0
<] o £2 - 23
[id - /m\ A 2 - = ‘_m
= — [&] = .
= -
[ @] |m M
2 3 - =
= =
= I
(=8
a

00

S64

5.0




Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013

40

30

20

=53 23888 58
BES® MG o @
- o [ S = <] - =
| =
P . N_/\l
OH K/N\/{
'C NMR of ]I\/l
=" "CFs;
Chemical Formula: CoyHaFaN-O
Molecular Weight: 374 40
|
|
!
|
|
o
L | |J 1_1 X J
T T T | T T T T | T T T T | T T T T | T T T |
200 150 100 50 0

280

H3CO l I

THNMR of  HsCO NH
OH Ph
Chemical Formula: CygHigNO3
Exact Mass: 297 .14

-0.000C

6¢ L
0T
[N
oL—=
oL
08 L

-E
i

m (f1)

S65

0.0

— 500




Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013

~ N @ D0 oOD

o xt3R @0 0o O T © T
@ + o - 00 o w
o oo N o= = o o~
- - = v = = ~ I~

- 148.98
T 146.80
N —— 12590
__——— 7748
T—— 7723
_——— 56.27
——— 5626

O
BCNMRof  HycO NH

I
OH Ph

Chemical Formula: C4gHgNO4
Exact Mass: 297 14

55.78

200 150 100 50 0
pm (f1)
o 3
o™
BosYe
THNMRof  E0 c N
© oH |
Chemical Formula: CgH2qNO4
Exact Mass: 311.15
| i ' L |
I Lo h A 1
Hryeyy s yor by e
NN et b - - = o W
OO0 =D = - o o o (=T
| T T T T | T T T |
10.0 5.0 0.0
ppm (f1)

S66



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013

129.26
129.24
12566
124,93
117.90
114.48
11017
76.97
56.04
56.01
3334

~—— 7006

— 150.16
—— 10062

— 14867
148.37
~—— 129.35

=
\\

T—— 63.33

7749
~T——77.23

2

OH
Chemical Formula: CgHyyNO+
Exact Mass: 311.15

poese
MeO l\l.l

13 C NMR of

—100

— 50

T T T T
200 50

ppm (1)

2.33
0.000C

HiCO < N
TH NMR of oH !

Chemical Formula: CogHaNO5
Exact Mass: 325.17

L

| |

1 |
NI
&

Zr L =
Pe=
Ve L
60T
e —=

Jdl &L

S67



Electronic Supplementary Material (ESI) for Chemical Communications

This journal is © The Royal Society of Chemistry 2013

= = =] =] =] =] [=1 [=1 [=1 [=1 [=1 [=1 [=1 [=1
o = 9 g © = g g = = 2 b E = = s =)
L L L L1 L L Ll L Ll | T S S I S [ A N S O A v |
— o
Z1ge —— - B
81'95 ]
55\ s
£6'85 — _
0499 - 1Ir
1989 —— N _
96'0L - B
ETLL ——
. - L T 11
YLl T 21
1.1
B T 10
o =10
I £
B ¥
- el II - 21N _nm.o = —
%
o
) - r =
E——i =}
zo8p) = i S g
B =i = +
Z— O R
] - m ]
T 2y G = - 10
e m @ L g - —_— =10
5= g2
= £ =
O L | % E == T8
o0 7] 7] S
g o g L = =
Q (@] =
) ] (] [=]
T = — R 5
s o
o L =
= =
Z I T
3C )
- E
— (=%

0.0

S68

ppm (f1)



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013

148.80
——— 7748
77.23
76.98
66.29
68.08
56.23
56.21
5218
4722

=

L
BoNMRof MO TN
OH

Chemical Formula: Co{H»NO4
Exact Mass: 337.17

anaz2

L M 1 | |

ppm {t1)

l/*j/\‘a J//”]
"HNMR of Lx:'/’ \‘“J\N S

on |

Chemical Formula: Cy7H 7NO
Molecular Weight: 251.32

i

0.00

LT

= =i -
o wooco o

O} € p——

(1 ) A = ——
0l ©  o——

oe —=

10.0 5.0

S69

00



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013

IRNEESRCEE8a 2 @ mo~o © i
Sgniog o~ © W o T TN ]
LeYuuaN g o FEERRB 3 -
LU )]
Ry 2 0
e L L
TNMR of Sy s -
oH |
OH — 100
7NO
1.32 -
50
| I i
| |
| ] -
| | ’ »
| L ,
T T T | T T T T | T T T T | T T T T |
200 150 100 50
pm (f1)
— 1500
—1000
TH NMR of H ’l*‘
OH r
Chemical Formula: C47H45CINO r
Exact Mass: 285.09 L
— 500
| =
I f Il Iy | i
I3 WY NN WS TR |
Ll e o T L Fooy =
= o M= — = = ©w o
o o o o o [=] - [=] =] L
| T T T T | T T |
10.0 5.0 0.0

m (f1)

S70



o (=] (=] o o o o
M~ w uw =t I3z} o -— (=}
| I I S I A I [ I N I S A Iy
egee -
ety ] |
— — z = ——1
wo.m~_|\ 74 9 o _
e6'6Z1 xm\ 3
16'1EL L\ = _
Le'9g) — O«
/ N
zeavl Z— S 8
[
T m =
RIS T
— @
m =
o
O m
o
=
O

Electronic Supplementary Material (ESI) for Chemical Communications
3¢ NMR of

This journal is © The Royal Society of Chemistry 2013

50

100

150

200

ipm (f1)

1000

500

N
|

Chemical Formula: CygH1gNO

Exact Mass: 265.15

330
T+ 08

=30

T 141

F 141

+1.0

T 141

I 21
130
I 241

+1.0

0.0

50

m (1)

S71



Electronic Supplementary Material (ESI) for Chemical Communications

This journal is © The Royal Society of Chemistry 2013

20.0

10.0

i¥oz

Llee

3¢ NMR of

Chemical Formula: CygHgNO

Exact Mass: 265.15

50

I
100

I
200

pm (f1)

250

200

150

Chemical Formula: C1gH1agNO

Exact Mass: 265.15

F 11
T4

LI_I

L

= b= =
= Dbo= =

0.0

50

m (f1)

S72



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013

O M~O =0 == =3O O W
qT N O NN e o; o~ r~
©ONDD B OD OO T ~ <
T ooy o ¢ b 2
3¢ NMR of D
on I
Chemical Formula: CygH1gNO
Exact Mass: 265.15
|
|
by
|
|
| | ‘
T T T | T T T T | T T T T | T | T T T
200 150 100 50

pm (f1)

S73



	Supporting Information
	For
	[2] (a) Tang, W.; Capacci, A. G.; Wei, X.; Li, W.; White, A.; Patel, N. D.; Savoie, J.; Gao, J. J.; Rodriguez, S.; Qu, B.; Haddad, N.; Lu, B. Z.; Krishnamurthy, D.; Yee, N. K.; Senanayake, C. H. Angew. Chem. Int. Ed. 2010, 49, 5879-5883.; (b) Rodrigue...



<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles false

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Gray Gamma 2.2)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Warning

  /CompatibilityLevel 1.6

  /CompressObjects /Off

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJDFFile false

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends false

  /DetectCurves 0.0000

  /ColorConversionStrategy /LeaveColorUnchanged

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize false

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage false

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments false

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Remove

  /UsePrologue false

  /ColorSettingsFile (Color Management Off)

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 150

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages false

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 150

  /ColorImageDepth 8

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /FlateEncode

  /AutoFilterColorImages false

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.76

    /HSamples [2 1 1 2] /VSamples [2 1 1 2]

  >>

  /ColorImageDict <<

    /QFactor 0.76

    /HSamples [2 1 1 2] /VSamples [2 1 1 2]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 15

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 15

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 150

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages false

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 150

  /GrayImageDepth 8

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /FlateEncode

  /AutoFilterGrayImages false

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.76

    /HSamples [2 1 1 2] /VSamples [2 1 1 2]

  >>

  /GrayImageDict <<

    /QFactor 0.76

    /HSamples [2 1 1 2] /VSamples [2 1 1 2]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 15

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 15

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages false

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /FlateEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile (None)

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /Description <<

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /DAN <>

    /DEU <>

    /ESP <>

    /FRA <>

    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)

    /JPN <>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /PTB <>

    /SUO <>

    /SVE <>

    /ENG ()

    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

>> setdistillerparams

<<

  /HWResolution [600 600]

  /PageSize [595.276 779.528]

>> setpagedevice



