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General. All reactions were conducted under nitrogen atmosphere on a dual-manifold
Schlenk line unless otherwise mentioned and in oven-dried glass wares. All solvents were
dried according to known methods and distilled prior to use.' Other reagents were

commercially available and used as purchased.

Table 1. Solvent Optimization for the Synthesis of Fluorenone by Pd-Catalysed

Intramolecular Oxidative Cyclization®

o) Pd(OAc), (10 mol%) O
Ag,O (1 equiv) OQQ
Solvent, 130 °C, 12 h
1a 2a

Entry Oxidant/equiv = Solvent Temperature Time Yield (%)"

1 Ag,O/1 AcOH 130 12 15
2 Ag,O/1 TFA 130 12 60
3 AgO/1 PivOH 130 12 34
4 Ag,O/1 DCE 130 12 -
5 Ag,O/1 toluene 130 12 -
6 Ag)O/1 dioxane 130 12 -
7 Ag)O/1 butanol 130 12 -
8 AgyO/1 DMF 130 12 -
9 Ag)O/1 DMSO 130 12 -

“All reactions were carried out using benzophenone 1a (1.0 mmol), Pd(OAc), (10 mol
%), Ag,0 (1 equiv) and solvent (2.0 mL) at 130 °C for 12 h.

’Yields were measured by '"H NMR using mesitylene as an internal standard.
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Table 2. Oxidant Optimization for the Synthesis of Fluorenone by Pd-Catalysed

Intramolecular Oxidative Cyclization®

o) Pd(OAC), (10 mol%) O
Oxidant (1-2 equiv) OQQ
TFA, 130 °C, time h
1a 2a

Entry Oxidant/equiv  Solvent  Temperature Time/h Yield (%)"

1 K»S,05 TFA 130 12 -
2 Oxone TFA 130 12 -
3 Cu(OAc), TFA 130 12 -
4 0, TFA 130 12 -
5 BQ TFA 130 12 -
6 AgrO/1 TFA 130 24 85
7 AgOAc/2 TFA 130 24 70
8 AgrCOs/1 TFA 130 24 74
9 Ag0/2 TFA 130 24 96
10 AgrO/1.5 TFA 130 24 93
11 - TFA 130 24 trace
12 AgrO/1.5 TFA 130 24 -
13 AgrO/1.5 TFA 120 24 81

“All reactions were carried out using benzophenone 1a (1.0 mmol), Pd(OAc), (10 mol
%), Oxidant (1-2 equiv) and TFA (2.0 mL) at 130 °C for 12 h.

"Yields were measured by "H NMR using mesitylene as an internal standard.

€ Pd(OAc), is not used.
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General Procedure for Pd-Catalyzed Oxidative Cyclization of Diaryl Ketones to form
Fluorenone Derivatives: A seal tube (15 mL) initially fitted with a septum containing
Pd(OAc); (0.055 mmol) Ag,O (0.825 mmol) and diaryl ketone 1 (0.550 mmol) was
evacuated and purged with nitrogen gas three times. Trifluoroacetic acid (2 mL) was added to
the system and the reaction mixture was stirred at 130 °C for 24-36 h. After completion of the
reaction, the reaction mixture was cooled and filtered through a short Celite pad and was
washed several times with dichloromethane. The combined filtrate was then concentrated and
separated on a silica gel column using hexane/EtOAc as eluent gave the corresponding pure

fluoren-9-one product.

The 'H and °C NMR, IR and HRMS data of these fluoren-9-one products are listed below.

9H-Fluoren-9-one (2a)

SO

Pale yellow solid; m.p. 82-84 °C; '"H NMR (400 MHz, CDCl;): & 7.58 (d, J = 7.6 Hz, 2 H),

7.41 (s, 4 H), 7.24-7.21 (m, 2 H); *C NMR (100 MHz, CDCls): & 193.6 (CO), 144.2 (2 C),
134.5 (2 CH), 133.9 (2 C), 128.8 (2 CH), 124.0 (2 CH), 120.1 (2 CH); HRMS (FAB") calcd
for C13HzO 180.0575, found 180.0574; IR (neat, cm™) v: 1712, 1450, 1295, 956.

3-Methyl-9H-fluoren-9-one (2b)

980,

Pale yellow solid; m.p. 65-67 °C; "H NMR (400 MHz, CDCl3): 6 7.60 (dt, /J=0.8 Hz, J=17.2

Hz, 1 H), 7.51 (d, J = 7.2 Hz, 1 H), 7.45-7.42 (m, 2 H), 7.28 (s, | H), 7.26-7.22 (m, 1 H), 7.05
(d, J=17.6 Hz, 1 H), 2.39 (s, 3 H); >C NMR (100 MHz, CDCls): & 193.6 (CO), 145.7 (C),
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144.7 (C), 144.2 (C), 134.6 (C), 134.3 (CH), 131.8 (C), 129.5 (CH), 128.9 (CH), 124.2 (CH),
124.1 (CH), 121.1 (CH), 120.0 (CH), 22.1 (CHs); HRMS (FAB") calcd for Ci4H;0
194.0732, found 194.0736; IR (neat, cm™) v: 3046, 1704, 1596.

2-Methyl-9H-fluoren-9-one (2¢)

ol

Pale yellow solid; m.p. 90-92 °C; "H NMR (400 MHz, CDCl5): 6 7.57 (d ,J=7.2 Hz, 1 H),

7.40-7.39 (m, 3 H), 7.32 (d,J="7.2 Hz, 1 H), 7.22-7.20 (m , 2 H), 2.32 (s, 3 H); “C NMR
(100 MHz, CDCl3): & 194.0 (CO), 144.5 (C), 141.7 (C), 139.1 (C), 135.0 (CH), 134.5 (CH),
134.3 (C), 134.1 (C), 128.4 (CH), 124.9 (CH), 124.1 (CH), 120.6 (CH), 119.9 (CH), 21.2
(CHs); HRMS (EI+) calcd for C14H ;o0 194.0732, found 194.0738; IR (neat, cm']) v: 1712,
1612, 1457, 952.

3-Methoxy-9H-fluoren-9-one (2d)

MeO O'O

Pale yellow solid; m.p. 94-96 °C; "H NMR (400 MHz, CDCLs): § 7.59 (t, J = 5.6 Hz, 2 H),

7.44 (d,J=3.2 Hz, 2 H), 7.29-7.26 (m, 1 H), 6.98 (s, 1 H), 6.71 (dd, /J=2.0 Hz, J=8.0 Hz, 1
H), 3.88 (s , 3 H); *C NMR (100 MHz, CDCl3): § 192.4 (CO), 165.3 (C), 146.9 (C), 143.2
(C), 135.2 (C), 134.0 (CH), 129.2 (CH), 127.0 (C), 126.2 (CH), 123.7 (CH), 120.0 (CH),
112.9 (CH), 107.0 (CH), 55.7 (CH3); HRMS (EI") calcd for Ci4H;00, 210.0681, found
210.0685; HRMS (EI+) caled for Ci4H;0O, 210.0681, found 210.0678; IR (neat, cm'l)
v:1704, 1612, 1295, 1226.

3-Chloro-9H-fluoren-9-one (2¢)
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) 30

Pale yellow solid; m.p. 159-161 °C; "H NMR (500 MHz, CDCls):  7.63 (d, J= 7.0 Hz, 1 H),

7.54 (d, J=7.0 Hz, 1 H), 7.49-7.44 (m, 3 H), 7.30 (t, J=6.5 Hz, 1 H), 7.23 (d,/J=7.5 Hz, 1
H); ®C NMR (125 MHz, CDCl3): & 192.3 (CO), 146.0 (C), 143.0 (C), 140.9 (C), 134.7 (CH),
134.2 (C), 132.3 (C), 129.7 (CH), 128.9 (CH), 125.3 (CH), 124.4 (CH), 120.9 (CH), 120.5
(CH); HRMS (EI") calcd for C;3H,0CI 214.0185, found 214.0190; IR (neat, cm™) v: 1712,
1597, 1080.

3-Fluoro-9H-fluoren-9-one (2f)

[vse

Pale yellow solid; m.p. 121-123 °C; '"H NMR (500 MHz, CDCl5): 6 7.63 (t,J=6.7 Hz, 2 H),
7.48 (q, J=7.33 Hz, 2 H) 7.32-7.30 (m, 1 H), 7.17 (d, J = 5.5 Hz, 1 H), 6.94-6.90 (m, 1 H);
3C NMR (125 MHz, CDCls): & 192.0 (CO), 168.2 (d, Jo.r = 254.0 Hz, C), 147.4 (d, Je.r =
10.0 Hz, C), 142.7 (C), 134.6 (C H), 134.6 (C), 130.1 (d, Jc.r = 3.4 Hz, C), 129.7 (C H),
126.4 (d, Jc.r=9.9 Hz, C H), 124.2 (C H), 120.5 (C H), 115.5 (d, Jc.r = 23.3 Hz, C H), 108.5
(d, Je.r = 24.4 Hz, C H); HRMS (FAB") calcd for C;3H;FO 198.0481, found 198.0482; IR
(neat, cm™) v: 1712.

3-Tert-butyl-9H-fluoren-9-one (2g)

s N

O

30

Yellow liquid; "H NMR (400 MHz, CDCl3): 5 7.60 (d, J= 7.6 Hz, 1 H), 7.56 (d, J= 8.0 Hz,
1H),7.52-7.49 (m, 2 H), 7.43 (t, J = 7.2 Hz, 1 H), 7.28 (d, J= 7.6 Hz, 1 H), 7.23 (t, J= 7.6
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Hz, 1 H), 1.36 (s, 9 H); *C NMR (100 MHz, CDCL): § 193.4 (CO), 158.8 (C), 144.4 (C),
144.3 (C), 134.5 (C), 134.2 (CH), 131.6 (C), 128.7 (CH), 125.8 (CH), 123.9 (CH), 123.9
(CH), 119.9 (CH), 117.4 (CH), 35.3 (C), 30.9 (3 CHs); HRMS (EI) calcd for C,7H;s0
236.1201, found 236.1199; IR (neat, cm™) v: 1712, 1612.

3-Phenyl-9H-fluoren-9-one (2h)

fete

Yellow viscous liquid; "H NMR (400 MHz, CDCls): & 7.71-7.69 (m, 2 H), 7.67-7.63 (m, 3
H), 7.55 (d, J= 7.2 Hz, 1 H), 7.50-7.46 (m, 4 H), 7.44-7.42 (m, 1 H), 7.32-7.28 (m, 1 H); *C
NMR (100 MHz, CDCls) : & 193.4 (CO), 147.8 (C), 145.1 (C), 144.0 (C), 140.1 (C), 134.6
(CH), 134.5 (C), 132.9 (C), 129.1 (CH), 128.9 (2 CH), 128.4 (CH), 127.8 (CH), 127.1 (2 CH)
, 124.6 (CH), 124.2 (CH), 120.2 (CH), 119.1 (CH); HRMS (FAB") calcd for CioH;,0
256.0888, found 256.0885; IR (neat, cm'l) v: 3054, 1704, 840.

3,6-Dimethyl-9 H-fluoren-9-one (2i)

829

Pale yellow solid; m.p. 108-110 °C; "H NMR (400 MHz, CDCl3): 6 7.47 (d,J=7.6 Hz, 2 H),

7.22 (s, 2 H), 7.02 (d, J= 7.6 Hz , 2 H), 2.37 (s, 6 H); *C NMR (100 MHz, CDCl3): § 186.2
(CO), 1383 (20C), 137.5(2C), 1252 (2 C), 1223 (2 CH), 116.9 (2 CH), 113.9 (2 CH), 15.0
(2 CHs); HRMS (EI") calcd for C;sH;,0 208.0888, found 208.0880;IR (neat, cm™) v: 2915,
1712, 1612.

3,6-Dimethoxy-9H-fluoren-9-one (2j)
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Pale yellow solid; m.p. 137-139 °C; "H NMR (500 MHz, CDCls): § 7.56 (d, J= 7.5 Hz, 2 H),
6.97 (d, J=2.5Hz, 2 H), 6.72 (dd, J= 2.5 Hz, J = 8.5 Hz, 2 H), 3.88 (s, 6 H); *C NMR (125
MHz, CDCls): 6 191.2 (CO), 164.9 (2 C), 145.8 (2 C), 128.3 (2 C), 125.7 (2 CH), 112.9 (2
CH), 107.0 (2 CH), 55.7 (2 CH3); HRMS (FAB") calcd for C;5sH;,0; 240.0786, found
240.0789; IR (neat, cm'l) v: 2923, 1697, 1249, 1226.

11H-Benzo[b]fluoren-11-one (2Kk)

T

Yellow solid; m.p. 141-142 °C; "H NMR (400 MHz, CDCl5): 6 8.16 (s, 1 H), 7.89-7.86 (m, 2

H), 7.82 (d, J= 8.0 Hz, 1 H), 7.75 (d, J= 7.6 Hz, 1 H), 7.71 (d, J = 7.6 Hz, 1 H), 7.57-7.53
(m, 2 H), 7.46 (t,J = 7.6 Hz, 1 H), 7.34 (t, J= 7.6 Hz, 1 H); *C NMR (100 MHz, CDCls): &
193.1 (CO), 144.8 (C), 138.3 (C), 136.9 (C), 136.1 (C), 135.0 (CH), 133.6 (C), 132.7 (C),
130.8 (CH), 129.1 (CH), 128.9 (CH), 128.7 (CH), 126.9 (CH), 125.6 (CH), 124.4 (CH),
120.9 (CH), 119.0 (CH); HRMS (FAB") calcd for Ci7H;00 230.0732, found 230.0728; IR
(neat, cm™) v: 1709, 894.

7H-Benzo|de]anthracen-7-one (21)

Yellow solid; m.p. 162-164 °C; "H NMR (400 MHz, CDCLy): & 8.77 (d, J = 7.6 Hz, 1 H),
8.51(d,J=7.2Hz, 1 H), 8.46 (d, J=7.2 Hz, 1 H), 8.35 (d, J= 8.0 Hz, 1 H), 8.22 (d, J= 8.0
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Hz, 1 H), 8.01 (d, /= 8.0 Hz, 1 H), 7.80-7.72 (m, 2 H), 7.69 (t, /= 8.0 Hz, 1 H), 7.56 (t, J =
7.6 Hz, 1 H); ®C NMR (100 MHz, CDCls): § 183.8 (CO), 136.1 (C), 135.1 (CH), 133.3
(CH), 133.0 (C), 131.1 (C), 130.1 (CH), 129.8 (CH), 128.5 (C), 128.2 (CH), 128.1 (CH),
127.9 (C), 126.8 (C), 126.5 (CH), 126.5 (CH), 124.1 (CH), 123.0 (CH); HRMS (FAB") calcd
for C17H00 230.0732, found 230.0728; IR (neat, cm'l) v: 1650, 1596.

1-Fluoro-9H-fluoren-9-one (2m)

F O
Yellow solid; m.p. 112-115 °C; "H NMR (500 MHz, CDCls): & 7.63 (d, J = 6.0 Hz, 1 H),
7.41-7.15 (m, 3 H), 7.31-7.24 (m, 2 H), 6.90 (t, J = 9.0 Hz, 1 H); *C NMR (125 MHz,
CDCls): & 190.0 (CO), 159.3 (d, Jer = 210.2 Hz, C), 146.3 (C), 143.3 (C), 137.0 (d, Je.r =
17.1 Hz, CH), 134.5 (CH), 133.9 (C), 129.6 (CH), 124.4 (CH), 120.5 (CH), 119.8 (d, Jo.r =

10.7 Hz, C), 117.4 (d, Je.r = 16.9 Hz, CH), 116.3 (d, Jc.r = 2.7 Hz, CH); HRMS (FAB")
calcd for C3H;OF 198.0481, found 198.0486; IR (neat, cm'l) v:1712, 1480.

1-Fluoro-6-methyl-9H-fluoren-9-one (2n)

£ O

|
Yellow solid; m.p. 118-119 °C; "H NMR (400 MHz, CDCl3): 6 7.54 (d, J = 7.6 Hz, 1 H),
7.46-7.41 (m, 1 H), 7.31 (s, 1 H), 7.26 (d, J=7.2 Hz, 1 H), 7.11 (d, J = 8.4 Hz, 1 H), 6.90 (t,
J=28.8 Hz, 1 H) 2.41 (s, 3 H); ®C NMR (100 MHz, CDCl;): & 190.0 (CO), 159.2 (d, Jc.r =
261.5 Hz, C), 146.2 (d, Je.r = 3.0 Hz, C), 145.7 (2 C), 143.7 (d, Je.r = 2.0 Hz, C), 136.7 (d,
Jer= 8.3 Hz, CH), 131.6 (C), 130.2 (CH), 124.4 (CH), 121.4 (CH), 117.4 (d, Jc.r=21.2 Hz,

CH), 116.1 (d, Jc.r= 3.1 Hz, CH), 22.0 (CH3); HRMS (FAB") calcd for C4HoFO 212.0637,
found 212.0631; IR (neat, cm'l) v:1712, 1480.

2-Fluoro-9H-fluoren-9-one (20)
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Yellow solid; m.p. 103-105 °C; '"H NMR (400 MHz, CDCl;): 6 7.60 (d, J = 7.2 Hz, 1 H),

7.46-7.39 (m, 3 H), 7.29-7.22 (m, 2 H), 7.14-7.09 (m, 1 H); *C NMR (100 MHz, CDCls): &
192.3 (CO), 163.4 (d, Je.r = 248.2 Hz, C), 143.7 (C), 140.0 (d, Je.r = 2.9 Hz, C), 136.3 (d, Jc.
7= 6.6 Hz, C), 135.0 (CH), 134.3 (d, Je.r = 2.2 Hz, C), 128.7 (CH), 124.5 (CH), 121.5 (d, Jc.
7= 7.2 Hz, CH), 120.5 (d, Jer = 60.2 Hz, CH), 120.1 (CH) 111.9 (d, Jor = 23.4 Hz, C);

HRMS (FAB™) calcd for C;3H,FO 198.0481, found 198.0482; IR (neat, cm™) v: 1712, 1480.

References:

1. D. D. Perrin, W. L. F Armarego. In Purification of Laboratory Chemicals, 3rd ed.;

Pergamon Press: New York, 1988.
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'H and ®C NMR spectra of compound 2a.

Fluorenone
expa stalh
SaMPLE OEC. & o
te Aug 23 2011 dfrg
solvent cpCl3
file o 30
ACQUISITION dof
afrg a06.440 om non
HI  dem
at 1.985 daf 200
np 54 ING
o 6006.0 wifile
™ a0 rbc Tt
bs a ™ not ussd
tpur 59
P 0 warr
dx 1.000 wexp
tof 0 whe
nt 100 wnt
ct 32
alock n
gatn not used
FL
11 n
in n
ap ¥
DISPLAY
~-200.2
wp az0a.5
ve [
s ]
we 50
hzee 16.82
1 59.75
rfl 1030.2
rfp 8
th 7
1 100.000
. cd
T L e B e e e e e L Eo e S B s m s s e S S s S S
9 a 7 6 5 a 3 2
22.82 25.32
51.87
8 & 8 8 2z =288
Fluorenone-C % o he & 2 A n838
2 3 "E 8 I = RRE
&xps  stdllc = - oo ""l"
soe | ey LU W
date Aug 23 2011 efrq 400 .344
solvent cocla an HL
ila oxp  dpwr ar (o]
1o hcQuISIT dof’ ]
st 100.701 om
o - ]
at 1.100 cmf 8500
np PROCESSING
L 25000.0 1Ib 1.00
s 0 wtfile
bs a ;rnc t
tpwr 58 fn not used
po 8.7
a1 0 warr
tof o wexp
nt 10000 whs
ct 1812 wnt
alock .
gain not used
1 n
n n
o ¥
DISPLAY
it
2151 .
ve 50
sc 0
we 250
6.
i 500.00
rfl 10768.9
rfp 7753.2
th
ins 100.000
=
L 1




Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2012

'H and ®C NMR spectra of compound 2b.
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'H and '*C NMR spectra of compound 2¢
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'H and '*C NMR spectra of compound 2d
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'H and '*C NMR spectra of compound 2e

nevdmvosmaemrvonoen e we o=
EEb PR b ] S B8 23
SRASMSERANANEnninnY = &8 88
B N N N - “a oo
|\\%L)))/ Puou
2387
expl Proton
SAMPLE SPECIAL
date Jun 15 2011 temp not used
solvent 3 gain not used
file /home/oper v Spin not_used
nrsys/data/GANE/ge het 0.008
ne0614.004H.f1d pwi0 12.600
ACQUISITION alfa 6.600
sw 9000.9 FLAGS
at 044 11 n o
np 36788 1in n
b not used dp ¥
bs 4 hs nn
ss 2 PROCESSING
d1 1.000 fn 32768
nt 3z DISPLAY
ct 3z sp -250.0 cl
TRANSHITTER wp 5247.6
tn rfl 4640.0
sfrg 493.818 rfp 3618.7
tof 998.6 rp 138.8
tpwr 55 1p 2.9
o 6.300 PLOT
DECOUPLER wo 250
in €13 sc 0
dof 0 vs 70
dam nnn th 3
dmm c o ph
dpwr 36
dmf 32258
T T T T i ] T T T T T
9 8 7 6 5 4 3 2 1 0 ppm
] —
20.8%. 58402
20.882.36 29.52
= Who NpHeoTToE v~
e hRe NEenheczam nSS
2387 o1 o T e bt
o Bne TENSRRTSS rre
exp3  DEPT - 333 3233388388 ’Uj
e | WUy
date Jun 15 2011
solvent cdc13
f1le /homesoper /vn~
nreys/data/GANE/ga~ 0
ne0614.004D.fid
ACQUISITION
W 30165.9
at 1.300
np 78450
bs 16
55 -4
a1 1.000 |
2048 C
ct 304
TRANSHITTER
n 13
tof 1255.3
tpwr
" 12.500
DECOUPLER
n H1
dof 0
dpwr 38
dm nny
T “ " b N Sl
Y v ¥ i i l i s i '
PRIVI 57 i
179 15.000
PT
Jixh 140.0
SPECTAL
temp not use
gain
spin 0
PROCESSING
3.00
fa not used
SPECTRUN
wp 27648.0
sp -0.4
rp -1.2
i3 -263.1
nm ph
REFERENCE
rfl 17071.8
rfp 15148.8 ”
walan
we 250
sC 0
ve 18
hzmm 110.60
th 34
T T T  EEEEEEEEE R e T T T T T T B i S o S
200 180 160 140 120 100 an 60 40 20 ppm
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'H and 3C NMR spectra of compound 2f

cesn nronenecsonanaie = o
S35 2EaNIR22 RS RRERTRANSEE 3 3
".“’.‘Q".T'.‘("!"{”E’Eﬁ"f’t“.’!'f’!"{'ﬂ'!'!'. ® bl
\<:\\ ,,»//
expl szpul \\
SAMPLE .
uqza nuy [ znon dfrq 499.825
50 coc H1
e /export/ho-e/~ upwr 38
opera/vnmrsys /da dof 0 (0]
STRRE anstsos 00~ dn nnn
6H.fid dmm [
 ACQUISITION dnf 112389
sf 45026 dseg
e 1.0
at 2,182 homo n
np 39276 PROCESSING
sw 5000.9 wtfile F
fb not used proc ft
bs 4 fn 32768
tpwr S5 math f
W 5.5
d1 1.000 werr
tof 380.4 wexp
nt 32 wbs wrt
ct 32 wnt wrt
alock y
gain not used
FLAGS
1 n
in n
dp y
hs m
oISPLAY
sp -250.2
wp 5247,8
vs 80
sc 0
we 250
hznm 2.38
s 502.31
re1 4654.6
rfp 3618
th
ins 100.000
ph
A M—A L
r T T T T T T T T T T
S 8 7 6 S 4 3 2 1 ¢ ppm
w
10.916.39 5.72
135,94
w0 sy mm Yy woandosermns oo Py
2 38 22X 3I3zs922583 oW 332
s a8 SY R B3BRIAINAT 58 ISR
o © o N S¥SossSonn m© Ane
o g8 S Y 333883322 88 RRE
= -7 ««T -u-qTﬂ_H«« as U
vetzro-s ! ! ur uuiu oy
exp2  s2pul

DEC. & VT
date nay s znns dtrq 499.825
H1

olvent
s /sxport/hone/~ uvwr 38 o
opera/vnmrsys/data~ dof 0
1/GANE /gane0505. 00~ dm yyy
6C.fid dom W
ACQUISITION daf 11299
sfrq 125.696 dseq
n €138 dres 1.0
at 0.508 homo n
I 37088 PROCESSING F
sw 36529.7 b
fl not use wtfile
bs proc t
towr 55 fn not used
math f
d1 2.00
tof 3769.1 werr
nt 2048 wexp
ct 128 s
alock wnt
gsatn not used
S
i n
in n
dp 4
nn
DISPLAY
wp 27648.
vs 11
sc
we
hznm 110.6
is 118.2
(34 12265.
rfp 9677
th

ins 100.000
nm ph

) T T T ¥ T r¥] T T T T T T T T T T T TYT Y TR Y FFT

200 180 160 140 120 100 80 &0 40 20 ppm
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'H and '*C NMR spectra of compound 2g

2430-H

N

T T

solvent

exp  dpwr 30 o
ACQUISITION dof 0
sfrq 400.445 dm nnn
tn Hl  dem c
at 2.558 dmf 200
np 32768 PROCESSING
sw 6406.1 b 0.10
b 3600 witfile
bs 4 proc ft
tpur 58 fn 85536
pw 4.4
a1 1.000 werr
tof 423.8 wexp
100 wos wit
28 wnt
alock
gain not used
" n
n n
L
DISPLAY
2
wp g
vs 400
sc 0
we 250
h: 16.82
s 500.00
rfl 800
rfp
th
ing 100.000
mm cdc ph

T —r—T——— 7T T

" — — v -
9 8 7 6 5 4 3 2 1 0 ppm
b s,
413358.47 59.82
5.6338.24
2 S 23 agr 22
2430-C bt 2 - a9 il
@2 © v Kew w =
expl stdidc o 4 =3 a "i:[j ’; "'
sanpie | OEC. & VT | U [UBRRRYNY|
date Jul & 2011 dfrg 400.444
solvent €0C13 dn WL
file exp  dpwr 37
ACQUISITION vof L]
sfrq 100.702 om ¥y
tn C13  dem w
at 0. onf 8900
" 4030: PROCESSING o
25188.9 b 1.00
b 13800 wtfile
bs proc ft
tpur 59 fn 65536
P 4.
a1 2.000 werr
tof 1555.3  wexp
nt 10000 wbs
t 964wt
alock
gain not used
AGS
1 n
in n
dp
DISPLAY
sp -0.
wp 22151.
vs 10
sc
we. 25
hzee 88.6.
is 500. 01
rf1 8308
rfp 7753
th
ins 100.000
nm no ph
] | I ]l L L
T T T T T T T T T T T T T T T e T T T T 1
200 180 160 140 120 100 80 60 40 20 ppm

S-17



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2012

'H and 3C NMR spectra of compound 2h

8
2432-H B
T L T LT A ko
exp2  stdlh KLU//
SAMPLE
date Jul 3 4
solvent c
file
ACQUISITIO o
sfrq 400 nnn
tn 1 dom ©
at 2.558 dwf 200
np 32768 PROCESSING
sw 8406.1 b 0.10
b 3600 wifile
bs 4 proc ft
towr 58 fn 65536
v 4.4
di 1.000 werr
tof 428.8 wexp
nt 100 whs wrt
ct 36 wnt
alock n
gain not used
n n
in n
dp
DISPLAY
sp -200.2
wp 42045
vs 50
sc
we 250
hzmm 16.82
is 329.24
rel 800.4
rfp
th
ins 100.000
nm cdc L]
I/
T ) REsAE nigy T e Dol T T T L T T T
] 8 7 6 5 a 3 H 1 0 ppm
s s
18 1887201
2330 & 19
- aom
= asR
2432-C = nee
2 RRER
expl std13c i
SAWPLE ‘ DEC. & VT kkkk L W
date Jun 30 2011 dfrg 400.444
solvent €OCI3  dn HL
file exp  dpwr 37
ACQUISITION dof 0
sfrq 100.702 dm vy
tn dam u o
at 0.800 daf 8300
np 4030: PROCESSING
sw 25188.8 1b 1.00
b 13800 wtfile
bs proc Tt
tpwr 5§ fn 65536
v a.
di 2.000 werr
tof 1555.3 wexp
nt 1000 whs
t 56 wnt
alock
gain not used
i n
in n
dp
DISPLAY
sp =0.
wp 22151,
vE 4
sc
we 251
hzem 88.6
s 500.0
34 9299
rfp 7753
th
ins 100.00
mm o pl
J “l ] J |
(RE=s) T T T T T T T T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 ppm
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'H and 3C NMR spectra of compound 2i

28 582 =
2503-H 8% nss £
e ome o~
exp1 stath U
SANPLE vt
date Jul 16 2011 dfrg 400.448
solvent CDGI3  dn
dpwr 30
ACQUISITION dof ]
00. dm nnn o
tn d— <
at 2.558 dmf 200
np 32768 PROCESSING
W 6406.1 b .10
b 3600 wtfile
bs 4 proc t
tpwr 58 fn 65536
pw .4
61 1.000 werr
tof 429.8 wexp
nt 00 whs wit
ct 8 wit
alock n
gain not used
FL
1 n
in n
dp Y
DISPLAY
sp -200.2
wp 4204.6
vs 1
sc
we 25
hzma 16.82
is 108.44
il 800.4
rip 0
th 10
ins 1.000

T
9 8 7 6 5 4 3 z 1 0 ppm
w
0.89  0.35
1 2.86
> wn we = —om -
2 2 g o8 - z
2503-C o e i ot nes -
s s we & Sem a
exp2  stdi3c . a2 4% 23 "'I“‘ 'i
) ik ni ¥ N L
date Jul 16 2011 dfrq 400.344
solvent coCl13  dn H1
e exp dpwr 37
ACQUISITION dof ] o
sfrg 100.702 om vy
tn C13 dms w
at 0.800 8900
np 40302 PROCESSING
25188.5 1 1.00
b wifile
bs proc Tt
tpwr 58 fn 65536
P 4
di 2.0 werr
tof 1555.3 wexp
nt 1000 whs
ct 248 wnt
alock
gain not used
FL
1 n
in n
dp
DISPLAY
p -
22151
vs
sc
we 25
hzem 88.6
is 500.0
1 9302
rfp 7048
th
ins 100.00
-
L
T T T T T T T T T T T T T T T R R : - -
200 180 160 140 120 100 80 60 40 20 ppm
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'H and 3C NMR spectra of compound 2j

we cunmvam e
B TDN®O N o
Gh S8LERAz H
AN ROOOWOOO L
U Tl I
2412
expl Proton
SPECIAL
Jun 17 2011 temp not used
solvent cdcl3 gain not used
file /home/oper/vn~ spin not used o
Breys/data/GANE /qa~ ht 0.008
nedE14.007H.T1d  pwd0 12600
ACQUISITION aifa 6.600
sw 00.9 FLAGS.
at 2.044 11 n
np 36788 in n
b not used dp ¥
bs 4 nn
58 2 PROCESSING Q o
d1 1.000 fn 32768 \ /
nt 32 DISPLAY
et 32 -250.0
TRANSHITTER wp 5247.6
tn rf1 46405
sfrq 485.819 rfp 3618.7
tof 989.6 rp ~160.9
tpwr 55 1p 01
6.300 PLOT
DECOUPLER we 250
c13 sc [
dof 0 vs 122
dm ann th 3
dam c nm  ph
dpwr 36
dnf 32258
|
o, N -
T T T T T T T T
] 8 7 6 5 a 3 z 1 0 ppm
o - e
14.74 16.14
83 52.31
® ® © o ©® non <
2 2 2R 8 5 235 3
2412 = - o - % ] .
< n P o w rna w
exp3  DEPT & & as L 99 “
i i W
SAMPLE
date Jun 16 2011
solvent cdc13
file shome/oper/vn~
mrsys/data/GANE /ga~ o)
ne0614.007D.f1d
ACQUISITION
0165.8
at 1.300
np 78460
bs
s5 -4
d1 1.000
nt 2048
ct 58;
TRANSHITTER
n ¢
tof 1255.3
r

12.500
DECOUPLER
HL

(O

_0
=0

DEPT
Jixh 140.0
SPECIAL
temp not used
gai
Spin
PROCESSING
b 3.00
fn not used
SPECTRUM
wp 27649.0
sp -0.
rp -187.5
1 1001
nm ph
REFERENCE
rf 13375,5 i
TP —— A R ——
o
vs 22
hzmm 110.60
3
. A | I ",
T T ¥ T T T F T T T T T T T T T
200 180 160 140 100 80 60 a0 20 ppm
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'H and 3C NMR spectra of compound 2k

2505
exps  stdih J))
SAMPLE %
date Jul 14 znu 0847
"acoutstTion ©
sfrg a00.415 n- mm
tn o
at 2,508 2
np 32768 PROCESSING
sw §406.1 b 0.10
b 3600 wtfile
bs 4 proc t
towr 58 fn 65536
o 4.4
a1 1.000 werr
tof 429.8 wexp
100 wbs wit
ct 48 wnt
alock
in not used
Ll 7
I3 n
in n
dp ¥
DISPLAY
sp ~-200.2
wp 4204.8
vs 50
sc 0
we 250
hzme 16.82
is 86.71
rfl 800.4
rfp 0
th
1 100.000
nm cdc
" e l
r e R U Hd ] - - - e
9 8 7 [ 5 4 3 z 1 0 ppm
Gy
7.50 1031230.85
18 $:R .09 .23
= nom
2 ase
2505-C it new
2 RRR
exp2 stdlic o
i )]
il

(e}
! ) .
i 3 7
pw o
d1 2.000 werr Q Q
tof 1555.3 wexp
nt 1000 wbs
ct 271 wnt
alock n
gain not used
i1 n
in n
dp
DISPLAY
™ -0
wp 22151
vs L
e
we 25
hzmm 88.5
is 500.0
rf1 9296
rfp 7753
th
ins 100. 00
e
J Ll
r T T T T T L B T T T T ¥ T T T T T T T T 1
200 180 160 140 120 100 80 60 a0 20 ppm
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'H and 3C NMR spectra of compound 21

BN COREOS T T e Snuom - -

SNSl i eTRnNccsenTNMuNRABRBY B b 4
25 _‘znwmvvvlnwwuo-r\r-r- ~RREsmOne N = &
Soiee -------o AR, 3

By

e
n:qu[slnun i
-4 s o

ﬂ( 200
np 32768 PROCESSING
sw 6406.1 1b 0.10
b 3600 wtfile
bs 4 proc ft
towr sa Tn 65536
™~ 4.4
a1 1.000 werr

tof 423.8 wexp

nt 100 wbs wrt

ct 36 wnt

alock

gain not used
FL

1 n

in n

dp y
DISPLAY

sp 200.2

wp 4204.5

vs 10

sc

we

hzmn 16.8

is 185.33

34l 801

rfp

th

fns 100.000

T - g

9 8 7 6 5 4 3 2 1 0 ppm
e b
8.0011.38.96 20.38.64
9.48.40 9.68 10.98

- am ase o
2504-2-C 2 H :; EH | g
sum
axpd  stdlic L B3R =L:U= =
| QP
SAMPLE DEC. & VT

date Jul 23 2011 ofrg an0.434 I\t\)/]
solven an HL

1le oxp  dpur

acquistTION 7 Gof %

sfrq 108.701 om vy
tn €13 omm w
at 1.199 omf 8500
np s9868 PROCESSING
= 25000.8 b 1.00
] 13800 wif1le n
tpur 58 Fn not used o
3 8.7
a1 o werr
N 1 )
nt 10000 whs
ct 10000 wnt
alock 3

n not used
" FLAGS
op

L " i
T T T T T T T T T T T T L B B e
200 180 160 140 120 100 80 60 ao 20 pPpm
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'H and '*C NMR spectra of compound 2m

vst298-2

exp31  s2pul
SAMPLE
date May 5 2008
solvent cDC13
f1le /export/home/~
opera/vimrsys/data~
1/GANE/9ane(505 .00~

ACQUISITION
sfra 299.8:

1.665

26
tn Hi
at 2.182  howo
np 33276 PROCESSING
sw 9000.9 wtfile
b not used proc t
bs n 32768
tpwr 55 math f
e 5.5
d1 1.000 werr
tof 380.4 wexp
nt 32 wbs wit
ct 32 wnt wit
alock y
gain not used
S
1 n
in n
dp
hs
DISPLAY
=-250.2
wp 5247.9
vs 61
sC 0
we 250
hznm 20.99
is 236.68
rfl 4654.0
rip 3618.7
th 6
ins 100.000
o ph
UL N -
— T v - T T T — v T T
9 8 7 6 2 1 0 ppm
W o
12.36.40 12.78
23.8
o - Ne aNn~n Hw®Ye o °on
g 3% §g gsIggsacases f8f
e e 2 5B3RRISANNNAS RRR
s ET ....-[ 23384983555a5 ]
vetzsn-2 ! U reupl U\U,p/‘
exp32  s2pul
SANPLE DEC. & VT
date May S 2008 dfrq 499825 E
solvent €DC19 dn H1
file sexport/home/~ dpwr 38
opera/vnarsys/data~ dof ]
1/GANE /gane0505 .00~ dm yyy
2C.fid dum W
ACQUISITION duf 11299
sfrq 125.596 dseq
tn ci3 dres 1.0
at n
np PROCESSING
W 3.00
43 wtfile
bs proc ft
tpwr 55 fn not used
o wath £
a1 2.0
tof 3768.1 werr
nt 1024 wexp
+ 1024 wbs
alock y wit
gain not used
FLAGS
1 n
in n
dp y
nn
pISPLAY
wp 27648,
ve 7
sC
wec
hzmm 110.6
is 113.2
rfl 12267,
ofp 87
th
ins 100.60
oh
I l J 1 "
I B e P LA [T T v] T T Edee m e e | T
200 138 150 140 120 100 80 60 40 28 ppm
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'H and '*C NMR spectra of compound 2n

2era- 02090902 ERNINIRRrrRraLgRRAnaaeaae

ile exp  dpwr
f

2.4v7
—1.636
—1.248

Boa
435
2

a

2

- 3
a_b
2

H

N 3
s 3
8030853
o

-995  dmf
np 239648 PROCESSING I3
sw 6006.0 wtfile

3400

ft
bs 4 fn not used
tpwr 11
po 7.0 werr
1 .
wl

2a74-C

124
121
17
17
116

130
~
—
z
\_116

expé  stdidc

—29.674
—22.082

~—160.537
—157.922

SAMPLE
date Nov 12 2011
solvent cpCi3
file oxp

. Ll ] “ L

LA e e 0 e B

200 1a0 160 140 120 100 80 60 ap 20 ppm
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'H and *C NMR spectra of compound 20

SAMPLE DEC. & VT ‘\H\///
date Aug 17 2008 dfrg 400.445 N
solvent coci3 dn H1
Tile exp  dpur 30
ACQUISITION dof 1]
strg 400445 dm ann
tn HL dea
at 2.502 dmf 200
np 30016 PROCESSING 0
sw 5998.8 1 1.00
I 3408 wirile
bs pr e
tpwr 52 fn 65536 F
pw 7.8
a1 1.000 werr
tof 0 wexp
nt 100 whs wrt
ct 64 wnt
alock n
gain 4
FLABS
1 a
10 n
ap y
DISPLAY
sp -962.5
wp 59386
vs 100
sc [
we 258
hzam 2.48
1s 1344.97
ot 862.7
rfp
th
ins 108.000
na no
J JW_J —
T T T = T T T T T
12 11 10 9 7 & 5 3 2 -8 ~1
Lt
13.728.96
43.28.28
ew oo cssneessumasmrnsaw msw
$3 28 sasgss3IzanRsssnszss aze
bt ] 22 RESUSIINREEReREssS EE
M ‘o MecsemnddyOsanone - “Nw
expt stdl3c 23 as 33355533 3933945384a33 "Gj
i
SR (i
dfrg 400.448
salvent cocia dn HL o
41 exp  dpwr 34
ACQUISITION dof [
strg 100.703 dm yyy
tn c13 dmm v E
at 0.800 daf 8300
p 38648 PROCESSING
W 24154.6 1.00
b 13400 wtfile
bs 4 proc 1t
tpwr ss Tn 65536
pw 6.5
di 2.000 werr
tot 1538.2 wexp
nt 1008 wbs
ct 608 wnt
aloc) n
sain not used I
i 2 .
™ "
dp v
oIsPLAY
sp -a.
wp 226582
vs is
sc
we 251
hzem 20,52
15 500,90
rfl 8784.5
o 7783.3
th
ins 100.008
=
T
T T T T T T T T T T T T T T T
220 200 180 160 140 120 100 80 60 a8 20 ppm
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