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General. All reactions were conducted under nitrogen atrhesp on a dual-manifold
Schlenk line unless otherwise mentioned and in -@read glass wares. All solvents
were dried according to known methods and distifigdr to usé. Starting materials

were commercially available and used as purchased.

General procedurefor the cobalt-catalyzed synthesis of biarylketones. A seal tube
(20 mL) containing CoGl(0.10 mmol, 10 mol%), tmphen (0.015 mmol, 15 mol%)
4-methoxycarbonylbenzaldehyd&.00 mmol) phenylboronic acid (1.50 mmol) and
CsCO; (2.00 mmol) were evacuated and purged with nitmogeas three times.
Freshly distilled acetonitrile (3.0 mL) and tolue(leO0 mL) were added and stirred
well until the solution became deep blue. Then ridection mixture was evacuated
and filled with oxygen. The reaction mixture wasteel with stirring at 80 °C for 14
h and then cooled, diluted with 30Aéhexaneethyl acetate and stirred in air for 10
min. The mixture was filtered through a Celite ailkita gel pad and washed with
30% n-hexaneethyl acetate. The filtrate was concentrated arel résidue was
purified on a silica gel column usinghexane-ethyl acetate as eluent to afford the
desired producBa. Similar procedures were employed to prepare camge3b-t.
Similar procedures were also used for the premaratif 3u-w, except that the

reactions were carried out under nitrogen atmospher
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Table 1. Optimization studies for the cobalt-catalyzed addition of organoboronic

acids with aldehydes to give diarylketones.?

CHO B(OH),
CoCl,, ligand

CO,Me

additive, solvent
80 C,12h

(0]

MeO,C I I
la 2a

3a

Entry Catalyst Ligand Additive Solvent Yield
(%)"

1 CoCb dppe CsCO; CHsCN:Tol (3:1) N.R
2 CoCb 1,10-phen CL£O; CHsCN:Tol (3:1) 58
3 CoCb bipy CsCOs CHsCN:Tol (3:1) 38
4 CoCb tmeda CsLOs CHsCN:Tol (3:1) 31
5 CoCb 2,9-dm-1,10-phen GE0O; CHsCN:Tol (3:1) 47
6 CoCb tmphen CsLOs CHsCN:Tol (3:1) 64
7 CoCb tmphen CsCOs CHsCN 36
8 CoCb tmphen CsLOs Toluene 17
9 CoCb tmphen CsLOs 1,2-DCE 12
10 CoC} tmphen CsLOs THF 18

11 CoC} tmphen CsLOs 1,4-dioxane N.R
12 CoC} tmphen KCOs CHsCN:Tol (1:1) 27
13 CoC} tmphen CsLOs CHsCN:Tol (2:1) 82
14 CoCl;, tmphen Cs,CO3  CH3CN:Tol (3:1) 91
15 CoC} tmphen CsLOs CHsCN:Tol (4:1) 85
16 CoC} tmphen CsLOs CHsCN:Tol (1:1) 54

& Unless otherwise mentioned, all reactions wereieduout using aldehydg (1.00 mmol), arylboronic

acid2 (1.50 mmol), CoGl(0.10 mmol) tmphen (0.15 mmols,CO; (1.50 mmol) and CECN/toluene

(3:1, 4 mL) at 80 °C for 12 h undek (1 atm at room temperatur8)solated yields® The reaction was

carried out under N
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General procedure for the cobalt-catalyzed synthesis of 3-arylphthalides. A seal
tube (20 mL) containing Ce0.050 mmol, 5 mol%), dppe (0.050 mmol, 5 mol%),
K>CO; (1.50 mmol) phthalaldehydd&.00 mmol) and phenylboronic acid (1.50 mmol)
was evacuated and purged with nitrogen gas thmeesti Freshly distilled THF (3.0
mL) was added and the mixture was stirred until sbkition became deep brown.
The reaction mixture was heated with stirring at’80for 14 h and was then cooled,
diluted with 30%n-hexaneethyl acetate and stirred in the air for 10 mine Thixture
was filtered through a Celite and silica gel pad aashed with 309%-hexaneethyl
acetate. The filtrate was concentrated and thelueswas purified on a silica gel
column usingn-hexaneethyl acetate as eluent to afford the desired mtoda.

Similar procedures were employed to prepare comgsdin 4k.
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Table 2. Optimization studies for the cobalt-catalyzed addition reaction of

or ganobor onic acids with phthalaldehydes to give 3-arylphthalides®

B(OH), D
CHO catalyst, ligand
©: * additive, solvent O o ©i«\0
CHO 80<C,12h

0 o)
1p 2a 4a 5a
Entry Catalyst Ligand Additive Solvent Yield of Yield of
4a(%)° 5a(%)°
1 CoCb tmphen CsC0O; CHiCN:Tol (3:1) 62 28
2 CoCb 1,10-Phen KCO; CH:CN 36 65
3 Cob dppe KCO; CHsCN 56 30
4 Col, dppe KoCOs3 THF 89 10
5 Cob dppe KCO; THF 87 1¢F
6 Cob dppe KCO; Toluene 48 41
7 Cob dppe KCO; 1,2-DCE 35 60
8 Cob dppe KCO; 1,4-Dioxane - -
9 Cob dppe CsF THF 67 32
10 Cob dppe CsCOs THF 78 18
11 Cob dppe NaCOs; THF 80 14
12 Cob dppe KPO, THF 82 15

# Unless otherwise mentioned, all reactions wereiamhrout using phthalaldehyde (1.00 mmol),
arylboronic acid (1.50 mmol), Cal (0.050 mmol), dppe (0.050 mmoK,CGO; (1.50 mmol) and THF

(4 mL) at 80 °C for 12 h under,N Isolated yields® The reaction was carried out under air.
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The spectral data and a copy of fite and *C NMR spectra of compoundsare
listed below.

4-M ethoxycar bonylphenyl(phenyl)methanone (3a)

0
MeO,C” ‘ ‘

White solid m.p. 65-67 °C*H NMR (400 MHz, CDC4): & 8.13 (d,J = 8.0 Hz, 2 H),

7.82 (dJ=8.0 Hz, 2 H), 7.78 (d] = 7.6 Hz, 2 H), 7.60 ()= 7.2 Hz, 1 H), 7.48 (t, J
= 7.6 Hz, 2 H), 3.94 (s, 3 H}*C NMR (100 MHz, CDC}): & 196.0 (CO), 166.3
(CO-Ester), 141.3 (C), 136.9 (C), 133.2 (C), 138, 130.1 (2CH), 129.7 (2CH),

129.5 (2CH), 128.5 (2CH), 52.4 CHs); IR (neat) 1720\(co), 1655, 1438 and 1282

cm®; HRM S (EI") caled for GsH1-05 240.0786, found 240.0780.

4-Nitr ophenyl(phenyl)methanone (3b)

o'

Light yellow solid m.p. 76-77 °CH NMR (400 MHz, CDC}): 5 8.32 (d,J = 8.4 Hz,

2 H), 7.92 (dJ = 8.8 Hz, 2 H), 7.80 (d) = 7.6 Hz, 2 H), 7.63 (t) = 7.6 Hz, 1 H),
7.50 (t,J = 7.6 Hz, 2 H)."*C NMR (100 MHz, CDC}): & 194.8 (CO), 149.8 (C),
142.8 (C), 136.3 (C), 133.&H), 130.7 (2CH), 130.1 (2CH), 128.7 (2CH), 123.5 (2
CH); IR (neat) 1650\co), 1594, and 1513 ¢ HRMS (EI") calcd for GsHgNO;3

227.0582, found 227.0590.

3-Cyanophenyl(phenyl)methanone (3c)
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Pale yellow oil:'H NMR (400 MHz, CDC}): & 8.04 (s, 1 H), 8.02 (dl = 8.4 Hz, 1

H), 7.85 (d,J = 7.6 Hz, 2 H), 7.75 (d] = 7.6 Hz, 2 H), 7.64-7.59 (m, 2 H), 7.50 {t,
= 7.6 Hz, 2 H)®C NMR (100 MHz, CDCY): & 194.4 (CO), 138.6.(C), 136.3 (C),
135.3 CH), 133.8 CH), 133.4 CH), 133.2 CH), 129.9 (2CH), 129.4 CH), 128.7
(CH), 117.9 (CN), 112.8(C); IR (neat) 2231, 1664d), 1597and 1283 cih HRMS

(EI") caled for GsHoNO 207.0684, found 207.0681.

4-Cyanophenyl(phenyl)methanone (3d)

Bsacl

Pale yellow oil:*H NMR (400 MHz, CDC}): 5 7.83 (d,J=8.0 Hz, 2 H), 7.74 (d] =

8.4 Hz, 4 H), 7.60 (1) = 7.2 Hz, 1 H), 7.47 () = 7.6 Hz, 2 H)*C NMR (100 MHz,
CDCly): 8 194.9 (CO), 141.1.(C), 136.2 (C), 133CH), 132.1 (2CH), 130.1 (2CH),
129.9 (2CH), 128.5 (2CH), 117.9 (CN), 115.5(C); IR (neat) 2228, 1649), 1596,

and 1447 cit; HRM S (EI") calcd for G4HgNO 207.0684, found 207.0681.

Phenyl(2-tolyl)methanone (3¢e)

ol

Light yellow solid m.p. 114-116 °CH NMR (400 MHz, CDCY): & 7.84 (ddJ = 7.6,

J=1.4Hz, 2 H), 7.56 (tt) = 7.2 Hz,J = 1.2 Hz, 1 H), 7.37 (t) = 7.6 Hz,2 H), 7.37

(dt,J= 7.4 Hz,J = 1.2 Hz, 1 H), 7.30-7.21 (m, 3 H), 2.31 (s, 3 HC NMR (100
7
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MHz, CDCk): 6 198.6 (CO), 138.6 (C), 137.7 (C), 136.7 (C), 13€H), 130.9 CH),
130.2 CH), 130.1 (2CH), 128.5 CH), 128.4 (2CH), 125.2 CH), 19.9 (CH); IR
(neat) 1654 \(co), 1598, and 840 ch HRMS (EI) calcd for G4H1,0 196.0888,

found 196.0884.

Phenyl(4-tolyl)methanone (3f)

O

gege

Pale yellow oil:'H NMR (400 MHz, CDC}): & 7.85 (d,J = 8.0 Hz, 2 H),7.72 (d] =

7.6 Hz, 2 H), 7.57 () = 7.2 Hz, 1 H), 7.47 (J = 7.6 Hz, 2 H), 7.28 (d] = 7.6 Hz, 2
H),2.43 (s, 3 H)*C NMR (100 MHz, CDCJ): & 196.3 (CO), 143.0 (C), 137.7 (C),
134.7 (C), 131.9GH), 130.1 (2CH), 129.7 (2CH), 128.8 (2CH), 128.0 (2CH), 21.5
(CHa); IR (neat) 1657 \(co), 1605 and 833 cth HRMS (EI") calcd for G4H1,0

196.0888, found 196.0884.

4-M ethoxyphenyl(phenyl)methanone (3g)

O

MeO II II

Pale yellow oil;"H NMR (400 MHz, CDC}): & 7.80 (dd,J = 7.6 Hz,J = 1.2 Hz, 2

H),7.72 (ddJ = 7.6 Hz,J = 1.2 Hz, 2 H), 7.51 (t} = 7.6 Hz, 1 H), 7.43 (tJ = 7.2
Hz, 2 H), 6.90 (ddJ = 8.4 Hz,J = 1.2 Hz, 2 H), 3.84 (s, 3 H}*C NMR (100 MHz,
CDCly): & 195.0 (CO), 162.0 (C), 137.9 (C), 132.1QRI), 131.5 CH), 129.7 (C),
129.3 (2CH), 127.8 (2CH), 113.2 (2CH), 55.1 (CH); IR (neat) 2839, 1651¢0),

1508 and 1318 cth HRMSS (EI") calcd for G4H1,0, 212.0837, found 212.0836.

4-Bromophenyl(phenyl)methanone (3h)
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0

S0

Pale pink solid m.p. 81-83 °CH NMR (400 MHz, CDC}): d 7.76- 7.70 (m, 2 H)

7.67-7.50 (m, 5 H), 7.48-7.44 (m, 2 HJC NMR (125 MHz, CDC}): 5 195.6 (CO),
137.1 (C), 136.2(C), 132.€H), 131.6 (2CH), 131.5 (2CH), 129.8 (2CH), 128.3 (2
CH), 127.4 (C); IR (neat) 1648¢o), 1586 and 1279 ¢ HRMS (EI) calcd for

C13HoBrO 259.9837, found 259.9836.

4-Chlorophenyl(phenyl)methanone (3i)

ool

Pale yellow solid m.p. 72-75 °G4 NMR (400 MHz, CDC}): & 7.74 (t,J = 8.0 Hz,

4 H), 7.57 (tJ = 7.6 Hz, 1 H), 7.48-7.42 (m, 4 HFC NMR (100 MHz, CDCY): &
195.4 (CO), 138.8 (C), 137.1(C), 135.8(C), 13THl), 131.4 (2CH), 129.8 (2CH),
128.5 (2CH), 128.3 (2CH); IR (neat) 1649\(c), 1585, 1444 and 863 cHRM'S

(EI") caled for GaHoClO 216.0342, found 216.0338.

Benzophenone (3j)

0]

White solid m.p. 48-50 °C*H NMR (400 MHz, CDCY): & 7.78 (d,J = 7.6 Hz, 4

H),7.50 (t,J = 7.2 Hz, 2 H), 7.45 (t) = 8.0 Hz, 4 H);®*C NMR (100 MHz, CDC}):

5 196.4 (CO), 137.4 (2C), 132.2 CH), 129.8 (4CH), 128.0 (4CH); IR (neat) 1651
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(Veo), 1598 and 1320 cm HRMS (EI') calcd for GaH:gO 182.0732, found

182.0736.

2-Furyl(phenyl)methanone (3k)

0
\ |

Yellow oil; *H NMR (400 MHz, CDCY): § 7.94 (d,J = 7.2 Hz, 2 H), 7.68 (s, 1 H),
7.56 (t,J= 7.2 Hz, 1 H), 7.46 (t) = 7.6 Hz, 2 H), 7.20 (d] = 2.8 Hz, 1 H), 6.57 (dd,
J= 3.4 Hz,J= 1.2 Hz, 1 H);*C NMR (100 MHz, CDC}): 5 182.5 CO), 152.2 (C),
147.0 CH), 137.2 (C), 132.5GH), 129.2 (2CH), 128.3 (2CH), 120.5 CH), 112.1
(CH); IR (neat) 2839, 1651v{c), 1508 and 1318 cm HRMS (EI') calcd for

C11HsO, 172.0524, found 172.0521.

Phenyl(2-thienyl)methanone (3l)

NA®

Brown oil; '"H NMR (400 MHz, CDCY): & 7.84 (d,J = 7.2 Hz, 2 H), 7.70 (dJ = 5.2

Hz 1 H), 7.62 (dJ = 3.6 Hz, 1 H), 7.57 () = 7.2 Hz, 1 H), 7.47 () = 7.6 Hz, 2 H),
7.14 (t,d = 4.4 Hz, 1 H);®*C NMR (100 MHz, CDC}): 5 188.1 (CO), 143.6 (C),
138.0(C), 134.8GH), 134.1 CH), 132.2 CH), 129.1 (2CH), 128.3 (2CH) 127.9
(CH); IR (neat) 1636\(co), 1598 and 1412 cth HRMS (EI") calcd for GiHgOS

188.0296, found 188.0302.

Phenyl(3-pyridinyl)methanone (3m)

1C
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o)

Colourless oil'H NMR (400 MHz, CDC}): 8 8.96 (s, 1 H), 8.79 (d,= 4.8 Hz, 1 H),

8.15 (d,J = 7.6 Hz, 1 H), 7.79 (dJ = 7.6 Hz, 2 H), 7.62 (tJ = 7.6 Hz, 1
H),7.52-7.41 (m, 3 H)**C NMR (100 MHz, CDC}): & 194.4 (CO), 152.5GH),
150.5 CH), 136.8CH), 136.3 (C), 132.8GH), 132.7 (C), 129.7 (TH), 128.3 (2
CH), 123.0 CH); IR (neat) 2231, 1664/¢c), 1597 and 1283 ¢l HRM S (EI*) calcd

for C13H9NO 183.0684, found 183.0677.

Phenyl(4-Pyridinyl)methanone (3n)

oo

White solid m.p. 66-69 °CH NMR (400 MHz, CDCY): & 8.75 (d,J = 6.0 Hz, 2 H),

7.76 (d,J = 7.2 Hz, 2 H), 7.58 (1) = 7.60 Hz, 2 H), 7.52 (d] = 6.0 Hz, 2 H) 7.45 (t,
J = 7.6 Hz, 2 H);®C NMR (100 MHz, CDC}): & 195.0 (CO), 150.2 (TH),

144.2(C), 135.7(C), 133.4CH), 130.0 (2CH), 128.5 (2CH), 122.7 (2CH); IR (neat)
1652 {co), 1598, 1550 and 1408 EmHRMS (EI*) calcd for GsHoNO 183.0684,

found 183.0683.

4-Cyanophenyl(4-tolyl)methanone (30)

(@]
NC I I Me

11
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Yellow liquid; *H NMR (400 MHz, CDC}): & 7.85 (d,J = 8.4 Hz, 2 H), 7.78 (d] =
8.4 Hz, 2 H), 7.69 (d) = 8.0 Hz, 2 H), 7.31 (dJ = 8.0 Hz, 2 H), 2.45 (s, 3 H}’C
NMR (100 MHz, CDCY): & 194.8 CO), 144.4 (C), 141.6 (C), 133.6 (C), 132.1 (2
CH), 130.3 (2CH), 130.1 (2CH), 129.3 (2CH), 118.1(CN), 115.4(C), 21.7 (GH IR
(neat) 2230, 1649v{o), 1603 and 1140 ch HRMS (EI*) caled for GsHi:NO

221.0841, found 221.0843.

4-Cyanophenyl(2-methoxyphenyl)methanone (3p)

(@] OMe
I\C

Yellow solid m.p. 128-130 °CH NMR (400 MHz, CDCY): & 7.82 (d,J = 8.4 Hz, 2

H), 7.69 (d,J = 8.4 Hz, 2 H), 7.50 (t) = 8.0 Hz, 1 H), 7.40 (dd] = 7.6 Hz,J= 1.6
Hz, 1 H), 7.04 (t) = 7.6 Hz, 1 H), 6.96 (d = 8.0 Hz, 1 H), 3.65 (s, 3 H’C NMR
(100 MHz, CDC}): 5 194.9 CO), 157.5 (C), 141.4 (C), 133.€@H), 131.9 (2CH),
130.0 CH), 129.7 (2CH), 127.3 (C), 130.8GH), 118.1(CN), 115.6(C), 111.€H),
55.4 (CH); IR (neat) 2847, 2230, 1666dp) and 1598 cil, HRMS (EI*) calcd for

Ci5H11NO, 237.0790, found 237.0793.

4-Cyanophenyl(4-methoxyphenyl)methanone (3r)

0
NC I I OMe

Yellow solid m.p. 131-134 °C:H NMR (500 MHz, CDC}): & 7.81- 7.52 (m, 6 H),

6.97 (dd,J= 7.5 Hz,J = 2.0 Hz, 2 H), 3.88 (s, 3 H’C NMR (100 MHz, CDCY): &

193.7 CO), 163.8 (C), 142.0 (C), 132.6 (H), 132.0 (2CH), 129.9 (2CH), 128.9

12
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(C), 118.1(CN), 115.1(C), 113.9 @H), 55.6 (CH); IR (neat) 2851, 2230, 1655

(Veo) and 1598 cit; HRM S (EI") calcd for GsH1iNO, 237.0790, found 237.0793.

4-Chlor ophenyl(4-cyanophenyl)methanone (3s)

o

Yellow solid m.p. 137-140 °CH NMR (400 MHz, CDCY): & 7.83 (d,J = 8.4 Hz, 2

H), 7.78 (d,J = 8.0 Hz, 2 H), 7.71 (d] = 8.4 Hz, 2 H), 7.47 (d] = 8.4 Hz, 2 H);**C
NMR (100 MHz, CDCY): & 193.8 CO), 140.8 (C), 139.9 (C), 134.6 (C), 132.2 (2
CH), 131.4 (C), 130.1 (ZH), 129.0 (2CH), 117.8(CN), 115.9(C); IR (neat) 2228,
1645 co) and 1588 cm; HRMS (EIY) calcd for G4HsCINO 241.0294, found

241.0298.

4-Cyanophenyl(4-flourophenyl)methanone (3t)

@)

Yellow solid m.p. 92-95 °C*H NMR (400 MHz, CDCY): & 7.84- 7.76 (m, 6 H), 7.17

(t, J = 8.6 Hz, 2 H);"*C NMR (100 MHz, CDC}): 5 193.5 CO), 165.8 (d,Jcr =
254.0 Hz, C), 141.1 (C), 133.3 (C), 132.7 C&), 132.5 (2CH), 130.0 (2CH),
117.8(CN), 116.0QH), 115.8 CH), 115.7(C); IR (neat) 2231, 1648), 1598 and

860 cm; HRM S (EI") calcd for G4HgFNO 225.0590, found 225.0588.

4-M ethoxycar bonylphenyl(Phenyl)proponone (3u)

13
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O]

MeO;C

White solid; m.p. 78-82 °H NMR (400 MHz, CDC4): & 8.11 (dd,J = 6.8 Hz,J =

2.0 Hz, 2 H), 8.00 (dd] = 6.8 Hz,J = 2.0 Hz, 2 H), 7.32 -7.21 (m, 5 H), 3.94 (s, 3H),
3.33 (t,J = 7.6 Hz, 2 H), 3.07 (t) = 7.6 Hz, 2 H);*C NMR (100 MHz, CDC}): &
198.6 CO-ketone),166.1GO-Ester), 140.8 (C), 139.9 (C), 133.7 (C), 129.TH),
128.5 (2CH), 128.3 (2CH), 127.8 (2CH), 126.1 CH), 52.4 (CH), 40.7 CH,), 29.8
(CH.); IR (neat) 1712, 1684v{o), 1626 and 1576 ch HRMS (EI*) calcd for

C17/H1603 268.1099, found 268.1102.

4-M ethoxycar bonylphenyl(4-trifluor omethylPhenyl)pr oponone (3v)

)
Meozcm0Cc )

White solid m.p. 117-120 °CGH NMR (400 MHz, CDCY): & 8.10 (d,J = 8.0 Hz, 2

H), 7.97 (dJ = 8.4 Hz, 2 H), 7.52 (d] = 7.6 Hz, 2 H), 7.35 (d] = 8.0 Hz, 2 H), 3.91
(s, 3H), 3.32 (tJ = 7.6 Hz, 2 H), 3.11 (t) = 7.6 Hz, 2 H);**C NMR (100 MHz,
CDCly): 3 198.0 CO-ketone),166.1 GO-Ester), 145.1 (C), 139.7 (C), 133.9 (C),
129.8 (2CH), 128.7 (2CH), 128.7 (2CH), 127.8 (2CH), 125.4 (q, G.rJ = 3.6Hz, C),
52.4 (CHy), 40.1 CHy), 29.5 CHy); IR (neat) 2924, 1725, 167%dp) and 1571 cnt;

HRMS (EI") calcd for GgH1sF303 336.0973, found 336.0977.

4-M ethoxycar bonylphenyl(4-chlor oPhenyl)proponone (3w)

14
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O

White solid m.p. 104-106 °CH NMR (400 MHz, CDCY): & 8.28 (d,J = 8.4 Hz, 2

H), 8.17 (dJ = 8.4 Hz, 2 H), 7.43 (d] = 8.4 Hz, 2 H), 7.35 (d] = 8.4 Hz, 2 H), 4.11
(s, 3H), 3.48 (tJ = 7.6 Hz, 2 H), 3.21 (tJ = 7.6 Hz, 2 H);*C NMR (100 MHz,
CDCly): & 198.6 CO-ketone), 166.1GO-Ester), 140.8 (C), 139.9 (C), 133.7 (C),
129.7 (2CH), 128.5 (2CH), 128.3 (2CH), 127.8 (2CH), 126.1 CH), 52.4 (CH),
40.7 CHo), 29.8 CHy); IR (neat) 1717 \(co), 1681¢co), 1618 and 1572 cify

HRMS (EI") calcd for G7H;sClOs 302.0710, found 302.0712.

15
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The spectral data and a copy of fite and **C NMR spectra of compoundsare

listed below.

3-Phenylisobenzofuran-1(3H)-one (4a)

o
(T

o)

White solid m.p. 112-113 °CH NMR (400 MHz, CDCY): 5 7.93 (d,J = 7.6 Hz, 1
H), 7.62 (tJ = 7.6 Hz, 1 H), 7.52 (t) = 7.6 Hz, 1 H), 7.36-7.29 (m, 4 H), 7.26-7.24
(m,, 2 H), 6.38 (s, 1 H)*C NMR (100 MHz, CDC}): 5 170.4 CO-lactone), 149.6
(C), 136.3 (C), 134.3 (C), 129.8H), 129.2 CH), 128.9 (2CH), 126.9 (2CH), 125.5
(CH), 125.4(C), 122.8GH), 82.6 CH); IR (neat) 1764\(co), 1495, and 1285 cii

HRMS (EI") calcd for G4H100, 210.0681, found 210.0681.

3-p-Tolylisobenzofuran-1(3H)-one (4b)

o
(Y

White solid m.p. 107-110 °CH NMR (400 MHz, CDCY):  7.92 (d,J = 8.0 Hz, 1

H), 7.62 (dtJ = 7.6 Hz,d= 1.2 Hz, 1 H), 7.52 () = 7.6 Hz, 1 H), 7.29 (dd] = 7.2
Hz,J= 1.2 Hz, 1 H), 7.17-7.11 (m, 4 H), 6.35 (s, 1 HB2(s, 3 H)*C NMR (100
MHz, CDCk): & 170.5 CO-lactone), 149.7 (C), 136.2 (C), 134.TK), 133.3 (C),

129.5 (2CH), 129.2 CH), 126.9 (2CH), 125.6 (C), 125.4¢H), 122.8 CH), 82.7
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(CH), 21.1 (CH); IR (neat) 1754\(co), 1513 and 1463 ¢ HRMS (EI") calcd for

C15H120, 224.0837, found 224.0835.

3-(3-M ethoxyphenyl)isobenzofur an-1(3H)-one (4c)

OMe
[ L p

@)

White solid m.p. 118-120 °CH NMR (400 MHz, CDC}): 6 7.92 (td,J = 7.6 Hz,J

= 0.8 Hz, 1 H), 7.61 (d) = 7.6 Hz,J = 1.2 Hz, 1 H), 7.52 () = 7.6 Hz, 1 H), 7.32
(qd,J = 8.0 Hz,J = 0.2 Hz, 1 H), 7.32 () = 8.0 Hz, 1H),6.88-6.75 (m, 3 H), 6.38 (s,
1 H), 3.74 (s, 3 H)**C NMR (100 MHz, CDCJ): & 170.4 CO-lactone), 159.9 (C),
149.5 (C), 137.9 (C), 134.LH), 129.9 CH), 129.3 CH), 125.5 CH), 125.3 (C),
122.8CH), 118.9 CH), 114.5 CH), 112.3 CH), 82.4 CH), 55.2 (CH); IR (neat)
2837, 1766 \{co), and 1600 ci;, HRMS (EI") calcd for GsH1,05; 240.0786, found

240.0785.

3-(4-M ethoxyphenyl)isobenzofur an-1(3H)-one (4d)

OMe

o
(Y

White solid m.p. 110-112 °GH NMR (400 MHz, CDCY): & 7.92 (dd,J = 7.6 Hz,J

= 1.2 Hz, 1 H), 7.62 (d) = 7.6 Hz,J = 1.2 Hz, 1 H), 7.52 (dt] = 7.6 Hz,J = 0.8 Hz,
1 H), 7.28 (ddJ = 7.6 Hz,J = 1.2 Hz, 1 H), 7.14 (d] = 8.8 Hz, 2H),6.86 (dd,J =

8.8 Hz,J = 2.4 Hz, 2H), 6.34 (s, 1 H), 3.77 (s, 3 H)C NMR (100 MHz, CDC}): &
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170.5 CO-lactone), 160.4 (C), 149.7 (C), 134.2(), 129.2 CH), 129.2 CH), 128.7
(2 CH), 128.2 (C), 125.8(C), 125.8(), 122.9 CH), 114.3 (2CH), 82.7 CH), 55.3
(CHs); IR (neat) 2840, 1753v{o), 1612 and 1286 cm HRMS (EI") calcd for

C15H1203 240.0786, found 240.0782.

(E)-3-Styrylisobenzofuran-1(3H)-one (4€)

White solid m.p. 98-100 °CH NMR (500 MHz, CDC}): 5 7.92 (d,J = 7.5 Hz, 1 H),
7.68 (t,J= 7.5 Hz, 1 H), 7.54 () = 7.5 Hz, 1 H), 7.45 (d] = 7.0 Hz, 2H), 7.39 (d)
= 7.0 Hz, 2 H), 7.31-7.25 (m, 3 H), 6.90 (s 15.0 Hz, 1 H), 6.12 (dd} = 15.0 Hz,
J=7.0 Hz, 1 H), 5.99 (d) = 7.5 Hz, 1 H);"*C NMR (125 MHz, CDC}): & 170.3
(CO-lactone), 148.8 (C), 136.3 (C), 135.4 (C), 135@H), 134.2 CH), 129.4 CH),
128.7 (2CH), 128.6 CH), 126.9 (2CH), 125.7 CH), 123.8 (C), 122.6GH), 82.1
(CH); IR (neat) 1760\co), 1598 and 1284 ¢ HRMS (EI*) calcd for GeH120,

236.0837, found 236.0836.

3-(4-Bromophenyl)isobenzofuran-1(3H)-one (4f)

Br

(o
(Y

White solid m.p. 157-159 °CH NMR (400 MHz, CDCY):  7.96 (d,J = 7.6 Hz, 1

H), 7.66 (dtJ = 7.6 Hz,J= 1.2 Hz, 1 H), 7.56 (dt] = 7.2 Hz,J = 1.2 Hz, 1 H), 7.50
18
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(d,J= 6.8 Hz, 2 H), 7.31 (dd] = 7.6 Hz,J = 1.2 Hz, 1 H), 7.16 (d] = 8.8 Hz,1 H),
6.36 (s, 1 H);*C NMR (100 MHz, CDC}): 5 170.2 CO-lactone), 149.1 (C), 135.4
(C), 134.4 CH), 132.1 (2CH), 129.5 CH), 128.6 (2CH), 125.7 CH), 123.4 (C),
122.7 CH), 81.8 CH); IR (neat) 1768\co), 1598 and 1284 clh HRM S (EI*) calcd

for C14HoBrO, 287.9786, found 287.9786.

3-(3-Chlorophenyl)isobenzofuran-1(3H)-one (49)

( A

o
T
@)

White solid m.p. 132-134 °CGH NMR (400 MHz, CDCY): & 7.95 (d,J = 7.6 Hz, 1

H), 7.62 (dt,J = 7.6 Hz,J = 1.2 Hz, 1 H), 7.56 (dtJ = 7.6 Hz,J = 0.8 Hz, 1 H),
7.35- 7.29 (m, 3 H), 7.25 (s, 1 H), 7.20- 7.17 {nH), 6.39 (s, 1 H)**C NMR (100
MHz, CDCh): 5 170.1 CO-lactone), 148.9 (C), 138.4 (C), 134.&), 134.5 CH),
130.3 CH), 129.6 CH), 129.4 CH), 126.9 CH), 125.7 CH), 125.3 (C), 125.0GH),
122.7 CH) 81.6 CH); IR (neat) 1764\(co), 1597 and 1284 cih HRM S (EI") calcd

for C14HoClO, 244.0291, found 244.0287.

3-(3-Fluorophenyl)isobenzofuran-1(3H)-one (4h)

L
(_Lp

@)

\

White solid m.p. 85-87 °CH NMR (400 MHz, CDCY):  7.93 (d,J = 7.6 Hz, 1 H),
7.64 (t,J= 7.6 Hz, 1 H), 7.54 (t) = 7.6 Hz, 1 H), 7.36- 7.31 (m, 2 H), 7.09 (t=

7.6 Hz, 1 H), 7.03 (tdJ= 8.4 Hz,J = 2.8 Hz, 1 H), 6.94 (td) = 8.8 Hz,J = 2.0 Hz,
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1 H), 6.36 (s, 1 H)**C NMR (100 MHz, CDC}): & 170.1 CO-lactone), 163.1 (d,
Jor =986.8 Hz, C), 149.0 (C), 138.8 (#.+ =7.4 Hz, C), 134.4QH), 130.6 (dJc.r

=8.1 Hz,CH), 129.5 CH), 125.7 CH), 125.3 (C), 122.7GH), 122.5 (d Jor =3.7 Hz,
CH), 116.2 (dJc.r =21.2 Hz,CH), 113.7 (dJc.r =22.6 Hz,CH), 81.6 CH); IR (neat)
1772, 1762\{co) and 1466 cil; HRM'S (EI") calcd for G4H10FO, 228.0587, found

228.0583.

3-(4-Biphenyl)isobenzofuran-1(3H)-one (4i)

Ph

O
(o

O

White solid m.p. 211-213 °CH NMR (400 MHz, CDCY): 5 7.97 (d,J = 7.6 Hz, 1
H), 7.66 (tJ= 7.6 Hz, 1 H), 7.59- 7.54 (m, 5 H), 7.42 (m, 4 HAZ(t,J= 7.6 Hz, 1
H), 7.35- 7.25 (m, 4 H), 6.38 (s, 1 HYC NMR (100 MHz, CDC}): & 170.6
(CO-lactone), 149.6 (C), 142.3 (C), 140.2 (C), 135.2 (C), #3€CH), 129.4 CH),
128.8 (2CH), 128.3 (2CH), 127.7 (2CH), 127.4(2CH), 126.7 CH), 125.6 (C),
122.7 CH), 115.7 CH), 82.6 CH); IR (neat) 1750 \co), 1598 and 1464 ¢

HRMS (EI') calcd for GoH140, 286.0994, found 286.0996.

3-(4-Vinylphenyl)isobenzofuran-1(3H)-one (4))

2C
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White solid m.p. 116-118 °CH NMR (400 MHz, CDCY): 5 7.96 (d,J = 7.6 Hz, 1
H), 7.64 (t,J = 7.6 Hz, 1 H), 7.55 (tJ = 7.6 Hz, 1 H), 7.41 (d] = 7.6 Hz,2 H), 7.32
(dd,J = 7.6 Hz,d = 1.2 Hz, 1 H), 7.23 (dJ = 8.4 Hz,2 H), 6.70 (dd,) = 17.6 Hz,J
= 10.8 Hz,1 H), 6.40 (s, 1 H), 5.76 (d,= 17.6 Hz,1 H), 5.26 (dJ = 11.2 Hz, 1 H);
3C NMR (100 MHz, CDCJ): & 170.5 CO-lactone), 149.6 (C), 138.3 (C), 135.9
(CH), 135.7 (C), 134.3QH), 129.4 CH), 127.2 (2CH), 126.7 (2CH), 125.6 CH),
125.5 (C), 122.8GH), 114.9 CH,), 82.5 CH); IR (neat) 1756\(cc), 1598 and 1284

cm™; HRM'S (EI") calcd for GeH120, 236.0837, found 236.0835.

3-(Naphthalen-2-yl)isobenzofuran-1(3H)-one (4k)

White solid m.p. 148-150 °CH NMR (400 MHz, CDCY): 5 7.98 (d,J = 7.6 Hz, 1
H), 7.83- 7.78 (m, 4 H), 7.61 (,= 7.6 Hz, 1 H), 7.55- 7.47 (m, 3 H), 7.31 (5 7.6
Hz, 1 H), 7.21 (dJ = 8.4 Hz, 1 H), 6.53 (s, 1 Hf*C NMR (100 MHz, CDC}): &
170.5 CO-lactone), 149.6 (C), 134.3GH), 133.6 (C), 133.5 (C), 132.9 (C), 129.4
(CH), 128.9 CH), 128.0 CH), 127.7 CH),126.8 CH), 126.7 CH), 126.6 CH),
125.6 CH), 125.5(C), 123.7QH), 122.9 CH), 82.8 CH); IR (neat) 1764\(co), 1599,

1465 and 1285 cth HRM S (EI") calcd for GgH1,0, 260.0837, found 260.0836.

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

ed.; Pergamon Press: New York, 1988.
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'H and®*C NMR spectra of compoun@a

gEpesrusisadse H g
a-cozme #7ddRREIRIILI = 2
BANNNNNNNNNNN © -
exps  stdlh %}U//H/) |
SAMPLE DEC.
date Apr 5 2011 dfrg 400436
solvent CDC13  dn H1
11 dpwr 30
ACQUISITION dof 0
sfrg 400.446 dm nnn
tn Hl  cdem c
at 2.733 200
np 32768 PROCESSING
sw 5995.2 3.00
fb 3300 wtfile
bs roc ft
tpwr 58 fn 65536
pw 4.9
dl 1.000 werr
tof wexp
nt 100 wbs wit
c: N 20 wnt
alocl n
Fath MeO,C
FLAGS
i1 n
in n
dp L%
DISPLAY
sp ~-260.3
wp 4204.6
vs 151
sc
we 250
hznm 16.82
is 7588.85
rfl 3867.6
rfp 28989.2
th
ins 100.000
nm no pl
=TT T T T 7 1 | T T T T, T T T 7 T T T | T T 7 T T T T [ e T T = r—r—
9 8 7 6 5 a 3 2 1 0 ppm
B
16.29°  9.12 27.89
31.2915.61
- @ coemmmme oW ©
scome S H RENSEXTL ®sd 3
© @ HeONosed KN ® ~
expl stdidc = 3 e ananag "Gj “i
| e | L
date Apr 5 2011 dfrg 400.336
solvent DC13  dn
ile dpwr
ACQUISITION dof o
sf 100.703 dm yyy
tn Cl3 dem W 0]
at 0.800 def 10582
np 38648 PROCESSII
W 24153.6 1b
fb 13400 wtfile
bs groc ft
tpwr 60 fn 65536
4.3 MeO,C
dl 2.800 werr
tof 1539.2 wexp
nt 100000 wbs
ct 1524 wnt
alock
gain not used |
0 . |
ey " “
dp y N
DISPLAY
0.7
wp 22151.8
ve 50
sc
we 250
hzme a8.61
is 500.00
rf1 a778.6
rfp 7753.3
th 2
ins 100.000
nm ph
o u
) J I .
-
L L B L O L L L L ) B L L B e e o e o SR e R
200 180 160 140 120 100 80 60 40 20 ppm

22



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2011

'H and®*C NMR spectra of compoun@b

exp3 stdlh ‘QM [ J)
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'H and®*C NMR spectra of compoun@c
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'H and®*C NMR spectra of compounad
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'H and®*C NMR spectra of compoun@e
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'H and"*C NMR spectra of compoungf

SNpEaRngscds ]
13C OBSERVE B e R T 5 b
KRNRNRANRN NN o~
exp2 stdlh ll\\l\‘\lJ)/‘// I
SAMPLE DEC. & VT
date Jul 30 2009 dfrq 400.445
solvent cpCl13 dn HL
file axp dpwr 30
ACQUISITION dof 0
sfrq 400.446 de nnn
tn T c
at 2.562 omf 200
30016 PROCESSING
ow 5988.8 1b 1.00
fb 3800 wtfile
bs 4 roc ft
tpwr 52 fn 65536
pw 7.8
dl 1.008 werr
tof 0 wexp
nt 168 whs wit
ct 48 wnt
alock n
gain 4
FL
11 n
in n
ap v (0]
DISPLAY
sp -260.4
wp 4204.5
vs 1
sc
we 0
hzam 16.82
is 879.53
1 [ Me
rfp
th
ins 100.000
nm no pl
/ -
e e s s e s Sy B e e B e e e B LA e, o R B
] 8 7 6 5 a 3 2 1 0 ppm
bl Lt —r
15.88.5616.58
*15.585.87 27.60
a g233a8a¢ R e
methyl ~ SRRIARNIS mSa s
H] grissgss NN ]
exps stdlic = manmaNsn "I\"'j "i
— vec. & vr FULLLLL)
date Jul 29 2009 dfrq 400.4346
solvent €BC13  dn H1
ile Xp  dpwr 34
ACQUISITION dof
sfrg 100.703 de vy
tn C13 dem (@)
at 8.200 dmf
np 386, PROCESSING
- 24154.6 1b 1.8
b 13400 wtfile
bs 4 proc t
tpwr 58 fn 65536
pw 6.5
a1 2.000 werr Me
tof 1538.2 wexp
nt 1000 wbs
ct 44 wnt
alock
gain not used
11 n
"l " .
dp y
DISPLAY
sp -
wp 22151.8
vs
sC
we 250
hzem
is 500.00
rfi 8796.3
rfp 7753.3
th
ins 100.000
=  no
1
. L1 I
O s B B L 0 B0 B L L B L I B M e e S
200 180 160 140 120 100 80 60 ap 20 ppm

27



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2011

'H and’*C NMR spectra of compoundg
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'H and"*C NMR spectra of compoungi
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L " 3
wp 4204.6
ve 10
sc L] CI
we 250
hzem 6.82
h 3a:
r s
rfy 2499.2
o 5
ins 109. 000
-
e e e e e e e L A S m e e e e e e e e e e L B e e e e e e e B e L e e e R T
9 8 7 6 5 4 3 2 1 0 ppm
b
43.5014.58
11.83
- aaMmMaMme~a nwew
et 8 §380888% 788
- A EELEEEEE RES
exXp2 stdl3c 2 R l\l/'
SARPL DEC. & VT Q\LkLIJ)
date Oct 4 2018 dfrq 400.446
n}mt CDCIZ dn l;;
3 exp dpwr
oM dof ]
sfrq 180.703 dm yyy
tn Cl3 dam w
at 0.800 cmf 2900
- o
sw 24154.6 b 1.08
o 13488 wtfile
bs 4
tpwr S8 ’::“ 65536
:l' 2.000 werr
tof 1539.2  wexp
nt 18000  wbe Cl
116 wnt
atock n
gatn not used
11 n
™ "
£ 4
DISPLAY
p 1518
v £l
sC
we 258
hznm 88.6
s 500.00
rf} 8784.5
rfp 7753.3
th
ins 100.000
m  ph

" L

LI i o o e o L S L B S LU BLALELALE LRI BUILILALS IURSLILEUILEUL LS SLRURMA AUALILE IURILALALIURILELE ILELELLILIL B |

200 180 160 140 120 100 a0 60 a0 20 ppm
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'H and**C NMR spectra of compoun@j

date Aug 3 2000 dfrq 400.445
solvent 13 dn

o exp  dpar 30

ACQUISITION dof

sfrq 200.446 om non
tn HL c
at 2.502 ouf 00
np 30016 PROCESSING
W 5898.8 1b .00
i 3400 wtfile

bs 3 proc 1t
tpwr 52 fn 65536
7.8

& 1.860 werr

tof 0 wexp

nt 100 whs wht
ct 16 wnt O
atock n

gain a

FL

11 n

in n

dp y

DISPLAY

sp -200.4

wp 4204.5

vs 1

sc

we 250

hzem 1.64

1s 199.48

rfl 962.7

rf|

W

ins 100.000

-

L
9 8 7 6 5 a 3 2 1 o ppm

[
28.99 39.24
21.77
s g £u% oH
s » ~N®@oS fnow
H 5 SR8 NN
exp2 stdl3c - o oA |\| /l
SAMPLE I DEC. vT I l l ]
date Aug 3 2009 dfrq 400.446
solvent cpCi13  dn HL
file exp dpwr 38
ACQUISITION dof
sfrq 100.703 dm yvy
tn Cl3 dam w O
at 0.800 cmf 8900
38648 PROCESSING
[l 28154.6 1.00
b 13400 wtfile
be a4 proc t
tpwr 53 fn 65536
6.5
dl 2.000 werr
tof 1530.2 wexp
nt 1000 wbs
ct 112 wnt
alock n
gain not used
il n
™ v
L ¥
DISPLAY
p 0.7
wp 22151.8
ve 50
8c
we 250
hzem 5.23
1s 580.00
rfl 880
rfp 7753.3
th
ins 100.000
n no ph
! l '
A B o e o s B B B B L L L B L S R I L L R LR IR I
200 180 160 14 120 108 11 60 ao 20 ppm
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'H and"*C NMR spectra of compoun@k

947
929
682
582
564
546
485
466
aa7
24
208
205
202
6.573
6.569

-
@
w
@

6.561

2-Furyl  qF;q@uewsIYagey

exp3 ;tdlhz DE&%‘\K\U Jy w/[

AMPL
Apr 8 2011 dfrq 400446

solvent cpCl13 dn HL
file exp dpwr 30

ACQUISITION dof 0
sfrq 400.446 om nnn
tn H1 dem c
at 2.732 omf 0
np 32768 PROCESSING
ow §995.2
b 3408 wtfile
bs 4 roc t
tpwr 58 fn 65536
pw a.8
a1 1.000 werr
tof 0 wexp
nt 100 wbs wit
ct 16 wnt O
alock n
gain 4

FLAGS @]

1 n
in n
dp y \

DISPLAY
sp -200.3
wp 4204.6
vs 80
sc (]
we
hzem 16.82
is 3111.11
rfl 386
rfp 2898.2
th
ins 100.080
nm

] 8 7 6 5 a 3 2 1 o ppm
LW w
24:00 13.56 11.97
11.2%.80 11.83
~ w o~ @ mew ~ ~ wma
S ]
2-Furyl 2 & 8 : 288 2 = "S%
o & K N Now o o~ Now
exp3 etdl3c 2 2 = 2 33y =2 o ""l"
- dec.  vr I A AV W
date Apr 8 2011 dfrg 400.446
solvent €013 dn H1L
file exp  dpwr 38
ACQUISITION dof [
sfrg 100.703 om vy
tn €13 omm w O
at 0.800 omf 10582
np 38 PROCESSING
8w 24154.6 b 1 o)
fb 12400 wtfile
be 4 groc ft
tpwr 60 fn 65536 \ I
pw 4.3
a1 2.000 werr
tof 1539.2  wexp
nt 10000 wbs
ct 456 wnt
alock n
gain not used
11 .y Loy l l " e
dp N
DISPLAY
sp -n.
wp 22151.8
vs 60
sC 0
we 250
hzmn 88.61
is 500.00
rfl 8783.8
rfp 7753.3
th 2
ins 100.000
na  ph
. J ] .
R L L B L B L M 0 B B B e e 2 RSP S Y
200 180 160 140 120 100 :11) 60 a0 20 ppm
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'H and"*C NMR spectra of compoundl

2-thio

N N N N N NN
expd  stdlh QU)///
SAMPLE DI

date Oct 27 2008 dfrq 4b0. 346
solvent €DCi3 dn H1
file Xp  dpwr 30

ACQUISITION dof o
sfrq 400.44¢ dm nnn
tn Hl dea <
at 2.502 200
np 30016 PROCESSING
8w 5988.8 1 1.00
fb 3300 wtfile
bs oc Tt
tpwr 52 n $5536
A
d1 1.000 werr
tof 0 wexp
nt 100 whs wit
ct 0 wnt
alock n
gain a

FL,
11 n
in n
dp - y
DISPLAY

sp -200.3
wp 4204.5
vs 0
sc 0
we 250
hzem 16.82
18 2745.13
rfl 3869.0
rfp 2809.2
th a
ins 100.000
nm no ph

1.730

———r—— T T P TP T
9 a8 7 6 S a4 3 2 1 0 ppm
it W
22. 61
1218318 12.17
° @ wawmLwe wowm
« T DN e N
2-thio ] 9 SErN.eH e faee
] TTNDDN L
oxps stmsc g EEELERN RER
B Ny W
date Oct 27 2009 dfrg 400.446
solvent cDpC13 dn H1
file %P dpwr 33
'Acouxsl ION 5 :f L]
sfr 108.70.
tnq Cl i yyuy' O
at 5.800 daf 8900
np 386 PROCESSING
8w 24153.6 1b 1.00 S
b 13400 wtfile
bs proc t ,
tpwr 59 fn 65536 \
pw
a1 2.000 werr
tof 1530.2 wexp
nt 18000 whs
ek 132 wnt
alock n
gatn not used
"
el hmsomr ! 4
y
DISPLAY
-0.7
wp 22151.8
v 50
8cC
we 250
hzem 88.61
1is 500.00
rfl 8786.0
rfp 7753.3
th 3
ine 100.000
e no ph
i | " _
¥ b -y A A AP . Y i
R s o o B R B R R o o o SUSEEMM D
200 180 160 140 120 100 88 60 40 20 ppm
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'H and"*C NMR spectra of compoun@m

~
@ EnANENT AN NTD 5
= 285RCuRaIIIIER s
ey H EE R RRRR AR :
evps. stath | k%%\g\u)///
SAMPLE 2
date Mar 31 2011 dfrq 400.446
solvent €pci3 dn HL
file exp dpwr 30
ACQUISITION dof
sfrq 400.446 dm nnn
n H1
at 2.733 200
np 32768 PROCESSING
o s985.2 1
b 3800 wtfile
bs a sroc ft
tpur s8 fn 65536
4.
& 1.000 werr
o 0 waun ( \
nt 108 whbs wht
ct 20 wnt 0
alock n
n
o FL
1 n X
in n
up v |
oispiay _
s -200.
u; 4204.6 N
V8 100
sc
we 0
hzme 16.82
is 5165.13
rfl B67 . 6
rfp 259:.2
th 14
ins ldll-nllll
- h
,—ﬁ|.‘,...,,,‘vyw,y.,,...“y‘V‘I‘“.‘y,vy,y‘..iy.yyé.'."
3 8 7 6 [ a 3 2 ppl
aaieal gy ) byl
10.39 10.96 12.2p.88
1B.60 22.6®2.27
- < - B wow
H
3-py < 85 398R8% 3 583
g §3  ssssss o i
expl stdlzc EE - BEEE] M~I~
sape | £C. & vr L Uyl W
date Mar 30 2011 dfrg 400.446
solvent cDC13 dn H1
file exp dpwr 38
ACQUISITION dof 0
sfrq 100.703 dm vy
tn Cl13 dem w le}
at 0.800 oaf 10582
np 38648 PROCESSING
ow 24154.6 b 1.00
fb 13400 wtfile ™
bs 4 proc ft
tpwr 60 fn 65536 |
g a.3 P
a1 2.000 werr
tof 1539.2 wexp N
nt 10008 whs
ct 100 wnt
alock
gain not used
n
™ "
dp v
DISPLAY
sp -0.7
wp 22151.8
vs
8C 0
we 250
hzem 88.61
18 500.00
rf1 8804.4
rfp 7753.3
th
ins 100.900
m  ph
J ) L
R e e B B B B B e e e e e S S S A
200 180 160 140 120 100 80 60 a0

20 ppm

34



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2011

'H and"*C NMR spectra of compoun@n

e R EREE
a-py s nradeaRRsden
L] NANARRNANRNANNANN
expl stath | | KKL)//'
SAMPLE DEC.
date Nov 2 2000 dfrq 400. 4.
solvent cDel13  dn H1
1le exp dpwr
ACQUISITION dof [
sfrq 400.346 om nnn
Hl  dem <
at 2.502 omf 200
np 30016 PROCESSING
[ 5988.8 1 1.00
b 3400 wtfile
be 3 pro rt
pwr 52 fn 65536
7.8 o)
a1 1.800 werr
4 0 wexp \
w 100 wbe wit
ct 48 wnt |
ﬂt;cl: n
n 4
- FLAGS N~
1 n
n n
dp %
DISPLAY
sp -200.3
wp 4204.5
V8 60
8C L]
we 250
hzne 16.82
18 2000.00
rf1 3869.0
rfp 2899.2
th
ins 100.000
-
1l
L JUMLL
L i e e e e e  amaa  ——
9 8 7 6 5 4 3 2 1 0 ppm
w b
21.55 112269
21.782.18
o e o cone o wow
S ! a Sesn § S8R
a-py @ & = hRes [
w s € gegs o KKw
£ e 3 288 & KRR
exp2 stdl3c = E—- ARES 3 i
| nec. 8 vr PTIU L
date Nov 2 2009 dfrq 480.436
solvent cDC13  dn H1L
e oxp dpwr 34
ACQUISTTI! dof (]
sfrq 100.702 om vy
T C13 dam w O
at 0.800 caf 8900
np 28648 PROCESSING
s L6 b 1.00
b 134 wtfile
bs oc e | N
tpur 59 fn 65536
a 2.000 werr N~
tof 1529.2  wexp
nt 1000 wbs
ct wnt
alock n
gatn not used
il ;
ap y
DISPLAY
sp =0.7
wp 22151.8
ve 45
L1
we 250
hzee 88.61
18 500.00
rfl 8780.4
rfp 7753.3
th 2
ins 100.000
"~ ph
A |- l
R B L e L B I L L L B B S W L e B I B s G B e e S SR
200 180 160 140 120 10D 80 60 a0 20 ppm
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'H and®*C NMR spectra of compoun@o

arsasanse 2
WHSBODN B! 2
-t01-CN Lt ] %
L) AANNANARNNN 1
exp7 stdlh Q\v%)/ l) |
SAMPLE DEC. &
da Nov 7 2009 dfrq a00.44a6
solvent coel3 ::“ u
1 exp r
ACQUISITION dof 0
ofrgq 200.446 om nnn
tn H]
at 2.502 2
np 30016 PROCESSING
sw 5998.8 1b 1.00
fb 3400 wtfile
bs roc sss;:
tpur 52 fn
o 78 NC Me
a1 1.000 werr
tof 0 wexp
nt 100 wbs wit
ct 24 wnt
alock n
gain a
FLAGS
11 n
n n
dp vy
DISPLAY
op -200.4
wp 4204.5
vs
8c o
we 250
16.8:
s 8896.28
rfl 062.7
rfp [
th
ins 100.000
na
-
L e A
——— T [ T T T T T T T T T T T T T T T T T
3 8 7 6 5 q 3 2 1 0 ppm
oy
g
17 M.53 29.23
19.19  17.37
o v meons e waw -
3
4-tol-cN N 3* :gzgg 23 738 N
- - - LT E-X ] 0w L -
expS stdl3c o S5 G3548Y an ""I" o
swor e aur o i W
date Nov 7 2009 dfrqg 400.446
solvent coclz  dn HL
file exp dpwr 34
ACQUISTTION f ]
ofrg 100.703 o vy
tn C13 dem w (0]
at 0.800 def 8909
np 38648 PROCESSING
sw 24154.6 1 .00
fb 13200 wtfile
be a proc ft
tpur 50 fn 65536
B 6.5
2.000 werr
tof 1539.2 wexp NC Me
nt 10000 whe
<t 2284 wnt
alock n
gain not used
FLAGS
1 o L o
.l e e ¥
dp v
DISPLAY
ep -p.7
wp 22151.8
vs 55
sc
we 250
hzem 88.6.
18 500.00
rf1 8780.1
rfp 7753.3
th
ins 100.000
na no ph
) - .
- 4 o e v ‘
R O B L B e I e B e e e B o o R R R e
200 180 160 14c 120 100 1] 80 a0 20 ppm
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'H and®*C NMR spectra of compoun@p

832
811
702
681
514
510
492
ars
470
a10
405
391
387
062
043
025
77
957
3.651

7a-p anguuIggIoaInoesent

e g NS

solvent DCI3  dn
file exp  dpwr 30
ACQUISITION
sfrq 300.446 om nnn
tn M
at 2.502 2
np 30016 PROCESSING
sw s988.8 1b 1.00
b 3 wifile
be roc t
tpwr s2 o 65536
o 7.8
a 1.000 werr
tof wexp
nt 100 whs wfit
ct 40 wnt
alock n
gain
FLAGS
11 n
in n
o
" prseuay M (6] OMe
sp -200.3
wp 420a.5
ve 100
sc
we 250
hzea Jls-02
is 1304
1 386! NC
rfp 2899.2
th
ins 100.000
m no p
A A .
AL S s o e s o s s e L B s S e s M sy I e LA s
3 8 7 6 5 4 3 2 1 0 ppm
e
26.2512.94 13.15
24.2211.38 12.06
o~ ~ - NTWLN- NN N
o o o oW M
rean g H R 352883588 8 CH H
< ~ 4 fnooeN oduw o 5
opz starzc 2 E § BER2ERa2n 8 RRR #
o | e ay ! U W !
date Nov 16 2009 dfrg 400.446
solvent cpCi3  dn HL
file exp dpwr 34
ITION dof’ ]
sfrq 100.703 om vy
tn Cl3 dam w
at 0.800 daf 2900 O  OMe
np 38648 PROCESSING
sw 23154.6 b 1.00
fb 13408 wtfile
be 4 groc ft
tpwr 59 n 65536
pw 6.5
d1 2.000 werr NC
tof 1539.2  wexp
nt 10000 wbs
ct 240 wnt
alock n
gain not used
o : l l
——rry "
dp
DISPLAY
sp =0.7
wp 22151.8
vs 50
sc
we 250
hznm 28.61
is 500.00
rfl 8787.4
rfp 7753.3
th
ins 100.000
nm no pl
LR L DL LIS W it e i e e o B R
UL LI SIS s s s s
200 180 160 140 1z0 100 80 60 40 20 ppm
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'H and’*C NMR spectra of compoun@gq

NooYMANAANNLYauETOLN® «
PEER NS E TS RS 3
SRR AL RARRANEIIASRNAR 3
3-OMe-CN L L oo L oL
N N R o
expl stdlh \KU))/
SAMPLE
date Apr 14 2011 dfr
solvent cpCl3  dn
file dpur 30
ACQUISITION dof o
sfrg 200.436 om nnn
tn HI  cme c
at 2.733 omf 200
np 32768 PROCESSING
8w 5985.2 b 0.10
fb 3400 wtfile
bs 4 proc e
tpwr 58 fn 65536
b 2.8
d1 1.000 werr
tof wexp
nt 100 wbs wit
ct 8 wnt
alock n
gain a
FLAGS
11 n (0]
in n M
dp y
DISPLAY .
sp 200.3
wp 42045
vs 162
sC 0 NC
we 250
hzmm 16.82
is 733.87
rf1 960.9
rfp 0
th 8
ins 100.000
m no
/ Y
1Y
_ A A
L s s e L s s B e e e L e e e S A e e e N
[ 8 7 6 5 a 3 2 1 o ppm
ki e
17.02 10 582 29.33
17.28 B.6%.22
8 3 28 =28 3NsSey nae 2
3-OMe=cN = 2 €9 828 =mavs aea &
< 2 on NS3 NeNws NS W
exp2 stdl3c o = 28 ARY gnqns ""l" =
s | e | SRy J
date Apr 14 2011 dfrg 400.446
eolvent €DCI3  dn HL
21 dpur 38
ACQUISITION dof ]
sfrg 100.703 om vy
tn C13 dmm W
at 0.800 omf 10582
np 386 PROCESSING
& 24154.6 1o .00
fb 13400 wtfile o
be proc ft
tpwr 60 fn 65536
o P! OMe
dl 2.00 werr
tof 1538.2 wexp
nt 10000 whs
ct 204 wnt NC
alock n
gain not used
i1 5
.l "
p y
DISPLAY
sp -0.7
wp 22151.8
vs so
sC 0
we 250
hzne 88,61
is 500.00
rf1 8791.9
rfp 7753.2
th 3
ins 100.000
ph
I L e I I e B B e e e R R
200 180 160 14p 120 100 80 60 40 20
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'H and**C NMR spectra of compoun@r

mnnoN ovoow @ <
HAoE~G TA~OWw © @
BRNAR N@Do® - H
NANRNAN nmoooe o -

OMe-P

exp51 Proton

SAMPLE SPECIAL
date Dec 24 2009 temp not used
solvent cdc13 gain not used
file /home/sunny/v~ spin not used
narsys/data/GANE/g~ hst 0.008
ane1225.001H pws0 12.600
ACQUISITION alfa 6.600
W 3000.9 FLAGS
at 2.044 i n
np 36788 in n
fb not used dp y
bs 4 hs n
ss 2 PROCESSING
d1 1.000 fn 32768
nt 32 DISPLAY
ct 32 sp -250.0
TRANSMITTER wp 5247.5
n H1 rfl 4642.2
sfrq 499.820 rfp 3618.7
tof 898.6 rp -41.8
tpwr 5 1p -3.2
6.300 PLOT
DECOUPLER we
C13 sc o
dof 0 vs 80
dm nnn  th S
dmm c om ph
dpwr 36 (6]
dmf 32258
NC I I OMe
J Ja | . !
— T T T T T T T T T [T T T T T T T T
9 8 7 6 5 4 3 2 1 0 ppm
ot v ot
86.20 20.12
12.56
- n - @ono Neo wen -
< - s Sana aas S in R
OMe-P ™ “ < i helpthrs Sen 9
] « o NN © 0o ~R© w
expS3 DEPT & = S 2399 oo ’L’L"* v
i i U1 1Uu

c

file /home/sunny/v~

rmrsys/data/GANE /g~
anel2:

25.001D
ACQUISITION
sw 363.6
b Sioss
np
bs 16 9
ss -4
d1 1.000
nt 1024
ot TIANSNITYER1024
tn C13 NC OMe
tof 3140.5
tpwr 55
12.500
DECOUPLER
n
dof
dpwr 38
dm

Jixh 140.0
CIAl

temp not used

gain 54

spin not used
PROCESSING

3.00

fn not used
SPECTRUM

A I L Ll N .

L L L L e 0 2 L L L e e

200 180 160 140 120 100 80 60 40 20 ppm
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'H and®*C NMR spectra of compoun@s

NeHanoneg o
EERINEE R ®
cl-ketone aennhnYva n
N L -
expl stdlh Q\W) |
SAMPLE DEC. &
date Nov 14 2009 dfrq 400. 4346
solvent cDC13  dn H1
file exp dpwr 30
ACQUISITION dof [
sfrq 400.336 om nnn
tn <
at 2.502 omf
np 30016 PROCESSING
o 5008.8 b oo
b 3400 wtfile
bs proc
tpwr 52 fn 65536
7.8
dl 1.000 werr
tof wexp
nt 100 whs wft
ct 28 wnt
alock n
gain a
FLAGS
11 n
in n
dp v
DISPLAY a
8 -200.
w: 3204.5 | O l
ve 70 i
sc 0
we 250
h; 16.82
1:] 6602.54
rf 386!
rfp 2898.2 NC Cl
th
tne 100.000
o
1,
B S e e [ B e ek i e e R P T TN S I N SR N B (N A e e i /B I (S L I e M T e
L] 8 7 6 5 a 3 2 1 0 ppm
Lripir i
2728052
+26.1123.98
~ SumNnLe ) Y
-
Cl-ketons 3 gagncasg a3 838
o SesNmcw Nw NRw
exp2 stdlzc o o888 0S 1] "'“l'“
SAMPLE | DE LJ Lkl JJ 1] k/’
date Nov 14 200! rg 400.346
solvent cpci3  dn HL
file exp dpwr 34
ACQUISITION dof 0
sfrg 100.703 dm yyy
tn Cl3 dam w
at 0-800 daf 8900

38648
sw 24154.6

o)
b 1.00
b 13408 wtfile
bs 4 roc ft
65536
b2 HH NC Cl
tof .

DISPLAY
-0.
wp 22151.8
50

""“WM‘: e o | PRSP UNPp N
e I B e e R B R T AR e —

200 180 160 14e 120 100 80 60 40 28 ppm
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'H and"*C NMR spectra of compoung@t

= = caquaennamndn

exp7? lt!l:E Ecl}k‘l) NL J)/'

S
date Nov 6 2009 dfrg 00.446
solvent cpcl3 dn
11 Xp  dpur 30
dof 0
sf 400.446 dm nnn
tn H1
at 2.502 200
30016 PROCESSING
W 5898.8 1b 1.00
fb 3400 wtfile
be ;roc ft o
tpwr 52 fn £5536
pw 7.8
dr 1.000 werr
tof 0 wexp
nt 100 wbs wft
c: " 0 wnt
alocl n
gain a NC F
FLAGS
11 n
in n
dp ¥
DISPLAY
-200.3
wp 4204.5
ve 100
sc 0
we 250
hzea 16.82
is 1583.33
1 2869.5
rfp 2899.2
th 11
ins 100.000
n no ph

|:y>v,.vr|||..|',V|.-|.x..1|.xx,u,v.,.yun‘v|x|!‘.|;,rf

] 8 7 & 5 a 3 P 1 0 ppm
e v
78.31
21.60
w s MrsefeenKn@T TN N2
~ oW SMOANINTOIMEOAIORN ND®
-F-CN - o ennGuuanneedans e
2 53 EEEEEEREEEE R RRE
oxps stdi3c o 53 i g i e fafaal 'L"U
by R QU
date Nov 7 2 rq 400. 416
solvent 3 dn HL
P dpwr 38
ACQUISITION 3
sfi 100.703 dm vy
tn C13 dem w
at 0.800 daf 8000
np 386 PROCESSING 0
sw 24154.6 1b 1.00
b 13400 wtfile
be 3 proc Tt
tpwr sa fn 65536
o 6.5
d1 2.000 werr
tof 1539.2 wexp NC F
nt 10000 wbs
ct 988 wnt
alock
gain not used
n the.
“”ng g u
DISPLAY
ep -0.7
wp 22151.8
ve 50
sc
we 250
hzem 88.61
18 500.00
rf1 8780.8
rfp 7752.3
th 2
ine 100000
nm no ph
" | oL
) Lo l I J . n
R B L S L L A A B e B B i s e e e e e S AR a e
200 180 160 140 120 10D 80 60 a0 20 ppm
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'H and®*C NMR spectra of compoun@u

a cmommwi
¢ PANADR I
344-1 betd amneans
e moonmon
exps stdih I\L I K‘\U U)
SAMPLE s
date Feb 19 2010 dfP
solvent €0C13  dn
11 exp dpwr
ACQUISITION dof
frq ﬂoﬂ.l; da
at 2.733
np 32768 PROCESSING
sw 5995.2 b
b 3400 wtfile
bs 4 proc 5
tpwr 59 fn 65536
v 4.9
d1 1.000 werr
tof ¢ wexp
nt 100 wbs wft
ct 36 wnt
atock n
gatn q
FL
n n o
in n
y
DISPLAY
§| -200.3
wp 4204.6 T
vs 50 MeC,C
sc [
we 250
[2 16.82
is 3615.58
rfl 960.9
rfp P
th 1
ins 100.000
nm no ph
r T T T [T T [T T T[T T
9 8 7 6 S 4 3 2 1 0 ppm
i — — —
10.78 30.78 13.54
11.81 19.33 13.75
= ° an eanTane wown n o -
S
s & 2 g§8s33es 538 8§ 8
- - Se nenons ~e e o s -
expl std13ch 2 2398848 ""I" "i " "i
p— - Uy W
date Feb 20 2010 dfrq 400.446
solvent €DC13  dn
e exp dpwr 37
ACQUISITION dof
sfrq 100.703 dm yyy
tn c13
at 0.800 daf 8%0 Q
np 38648 PROCESSING
24154.6 1.00
b 13400 wtfile
:‘ 58 :’roc 55.'5;t
pwr n 6
o3 MeO,C
d1 2.000 werr
tof 1539.2 wexp
nt 10000
ct 504 wnt
alock n
gain not used
" . |
T 3l
dp y
DISPLAY
sp 0.7
wp 22151.8
vs 40
sC [
we 250
hzem 8.84
is 500.00
rfl 8788.2
rfp 7753.3
th
ins 100.600
o ph
1 L
T
T e R M e e o R T T R e e R s e o o o o e ]
200 180 168 140 120 100 80 60 40 20 ppm
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'H and®*C NMR spectra of compoun@v

A mo omen ~ wocona
aR N~ LTS = cRena®»
277-p creyeT R bt o=
ommo N < L]
expd  stdih k[ ] L U kLJ LJ)
SANPLE DEC. & VT
date Mar 11 2010 dfrg 400.446
solvent cocIs3  dn H1
e exp dpwr 30
ACQUISITION dof
sfrq 400.446 dm nnn
tn H1 c
at 2.733  dmf 00
np 32768 PROCESSING
sw 5985.2 1b 10
b 3400 wtfile
bs 4 proc
tpwr 58 fn 65536
4.9
d1 1.000 werr
tof 0 wexp
nt 100 wbs wit
ct 32 wnt
alack n
gain 4
LAGS
1 n
in n
dp y o
DISPLAY
sp -200.3
wp 4204.6
e O O
sc o
e MeO,C CF3
hzme 16.82
is 1047.11
rfl 386
rfp 2979.3
th
ins 100.600
na no
-
A
A)Lﬁ_«» A
s e S S e e e o o e LA B s S S S s St { L B e e e T s e T
8 7 6 S 4 3 2 1 8 ppm
B i tept bt b
11.97 13.23 20.45 15.03
13.38 12.85 13.29
- o Nwomnm®ne woo - ~ ~
@ 3 R E ST T S8R a s &
$77-p - et naesnenes o ] = =2
@ " omnanno~ Kee ~ s -
expS  std13ch - anans g'[ R Nl:lj > 7 &
weig | ! L
SANPLE DEC. & VT
date Mar 11 2010 dfrq 400.446 k ‘\
solvent CDCI3  dn H1
file exp dpwr 37
# MOUIS!Y{%I‘: 348 :f
sfrg -70: yyy
tn C13 dem W o]
at 0.800 daf 8300
np 38648 PROCESSING
i 24154.6 b 1.00
fb !.Slllz wtfile
bs proc ft
tpwr 58 fn 65536 MeO,C CFs
o 4.3
a1 2.000 werr
tof 1538.2 wexp
nt 10000 wbs
ct 92 wnt
alock
gain not used l
n
"
P
DISPLAY ‘ ,
P -0.
wp 22151.8
vs 40
sc
we 2!
hzmm 88.61
is 500.00
rfl 8784.5
rfp 7753.3
th

ins 100.000
. ph

| | Ll l

R e e N L e o o e a i

e e o o B L A i e L A B T T T T
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'H and®*C NMR spectra of compoun8w

enoNmamenn ~ KReoNn®n
SommnDn=ibn 9 SNenan
978-P aaasaNNaaR ’ e Tt
EL L DN AN o} EEEL L]
exp5 stdih u ]/] L [J |\L L)
SANPLE DEC. & VT
date Mar 11 2010 dfrq 400.446
solvent CDCI3  dn
ile p dpwr 30
ACQUISITION f
frq 400.446 dm nnn
tn H1 <
at 2.733 dmf 200
np 32768 PROCESSING
sw 5985.2 b 0.10
fb 344 wtfile
bs proc ft
tpwr 53 65536
pw q.
di 1.000 werr
tof wexp
nt 100 wbs wit
ct 8 it
Al?ck n
gain 4 0
LAGS
11 n
in n
o DISPLAY y
sp -200.3 MeO,C Cl
wp 4204.6
vs 18
s¢
we 250
h: 16.8
is 2578.60
rf1 3868.1
rfp 2899.2
th
ins 100.000
na no
-
=
p
JU g__J LJLJ 1
s e e e o LA B S S s s e — T e e B e e e e o e e e ¢ T
9 8 7 6 S 4 3 2 1 ¢ ppm
R g o
12.79 13.04 20.13 13.83
3.33 13.24 13.65
o @ wuceonmnaNe wow o - e
me 5 g ggzgsgssas §2d g = 3
5 g CEEEE AT £33 8 s =
exp? std13cd 2 Ia3as8aaa8s uJ | i
s w | MW
date Mar 11 2010 dfrg 400.446
solvent cpC13 dn 1
file exp dpwr 37
ACQUISITION dof o
sfrq 100.708 yyy
tn C13  dem w o
at 0.800 f 8300
np 386 PROCESSING
sw 24154.6 1b .00
;h 13400 wtfile rt
s proc
tpwr 58 fn 65536 MeO,C cl
pw 4.3
d1 2.000 werr
tof 1539.2 wexp
nt 10000 wbs
ct 1 wnt
alock n
gain not used
n
.l
y
DISPLAY
H -0.7
22151.8
vs 40
sc
we 2
hzam 88.61
is 500.00
rfl 8781.5
rfp 7753.3
th
ins 100.000
. ph
" L
i
s o o o o L o A B 5 T B e e e R B T
200 180 160 140 120 100 88 60 40 20 ppm
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'H and®*C NMR spectra of compounda

1W043-p 2 ANQNNNunanaaannacaoe

file exp dpwr 30
ACQUISITION f o
sfrq 400.446 da nnn
tn 1
at 2.23: 200
32768 PROCESSING
sw 5985.2 1b 10
fb 3400 wtfile
bs 4 proc
tpwr ‘5: n 65536
di 1.000 werr
tof 0 wexp
nt 100 whs wft
ct 32 wnt
atock n
gain q
E FLAGS
i1 n
in n
dp y
DISPLAY
sp =-200.3
wp 4204.6
vs 80 ~
sc 0 X
we 250 O
ol P
s -1
rfl 3868.5
rfp 2899.2
th 8 o
ins 100.000
na
1
N ML A
r s\r\»,yx,,yK.,.‘K,ry,,..y,K T T
8 7 6 5 4 3 2 1 0 ppm
o w
8.93 10.82.63 9.42
10.52Ra%62
] s pgsssIsss L
1043-P o @ s nn .. R e
g $  sIsssssss sree
expl stdlsc 5 3 22333888 1L
sanpLe vec. a vr! ‘ iy
date Apr 18 2010 dfrg 400.446
solvent coC18  dn H1
file exp dpwr 37
ACQUISITION dof L]
sfrq 100.703 de vyy
tn C13 dem o
at 0.800 dmf 8300
np 38648 PROCESSING
W 24154.6 b 1.00
fb 13400 wtfile
% 58 e 655;:
tpwr n
o 4.3 o]
d1 2.000 werr
tof 1589.2 wexp
nt 10000
ct 404 wnt o
lll:tk % 'd|
n not use
o et Ll
i n
Th w
dp y
DISPLAY
5| .2
wp 22151.8
vs 44
sc o
we 250
hzaa 12.6!
is 500.00
1 8787.4
rfp 2753.3
th 3
ins 100.000
L] ph
| i l J l
r T T I T I o e e N R B e N L i o T IR m e T T T
200 180 160 140 120 100 80 60 49 20 ppm
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'H and®*C NMR spectra of compoundb

T HE TN NAT N ETAR DO BT NRN TN DT O © =
R R N R R L LTI Y e o
1080-P e o e e R e i e e e e S 2 =
.~.~~nuunuunnn@jnunrﬂssnhnnun « ~
exp3  stdih j\/}%j
SAMPLE
date May 3 2010 446
solvent H1
1le exp 30
ACQUISITION dof o
sfrq 400.446 dm nan
tn H1  dee <
at 2.733 daf 200
np 32768 PROCESSING
o 5895.2 1b 0.10
fb 3400 wtfile
bs proc ft
tpwr 59 fn 65536
pw 4.9
d1 1.000 werr
tof wexp
nt 100 wbs wit
ct 28 wnt
alock n
gain 4
FLAGS
11 n
in n
dp y
DISPLAY
sp =200.3
wp 4204.6
vs 100
sc [
we 250
hzem 16.82
is 500.00
rfl 3867.0 O
rfp 2899.2
th
ins 100.000
=
L
s SS T 4
T T T T T T T T e S L
9 8 7 6 S 4 3 2 1 0 ppm
e ] w o
6.91 8.80 32.83 27.21
8.36 8.56 7.34
- - Nemwoona®L T vow @
~ @ denTenaza ~oS® -
1080-P = & R SRR . e =
e 3 aTenencnny N NK® -
exp1 statse g 5 Eoasasdad ] 3
SAMPLE DEC VT‘ LQ\'\LLLJJ
date May S 2010 dfrq 400.445
solvent €DC13  dn H1
file exp dpwr 37
ACQUISITION dof [
sfrq 100.703 dm Yy
tn C13  dem W
at 0.800 dmf 8900
np 38648 PROCESSING
sw 24154.6 1b 1.00
fb 13400 wtfile
bs proc ft
tpwr 58 fn 65536
pw 4.3
d1 2.000 werr o)
tof 1539.2 wexp
nt 10000 wbs
ct 652 wnt
alock o)
gain not used J l
n ) | i
TH T
dy y
DISPLAY
sp -0.7
wp 22151.8
vs 45
sc 0
we 250
hzme 11.52
is 500.00
rfl 8787.4
rfp 7753.3
th
ins 106,000
nm
T
(B e S T i i o e L NS B o i i e L e i e i o o e e ]
200 180 160 140 120 100 80 60 40 20 ppm
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'H and®*C NMR spectra of compoundc

3.236

1084-P R RSN EERE]
~
exp?

O o
DISPLAY

“ does

wp .

vs 162 o)

sC 0

we 250
h; 16.8,
is 1232.14
rfl 3867
rfp 2899.2
th
ins 100.000
na
M .
r —— T T T B e R —T T T—T—
9 8 7 6 5 4 3 2 1 0 ppm
W v w o
7.50 8.838.28 7.3¢0 26.36
o 9.218.01  16.50 7.01
- e ~ o cwonTme oan ~naSwn -
k4 a N nLeonbmoe To Saew &
1094-p < - “ o neanane. ae Lane o
< - - K eoenLN® TN T "
exps std1sc s a 2 2 88588585 a5 'T "Gj "i
sanpLE c. avrl f | truusr i
date May 8 2010 dfrq 400.446
solvent CDCIS dn Hi
1e exp dpwr 3?7
ACQUISITION dof 0
sfrq 100.703 dm yyy
tn Ci3 dam
at 0. 8900
np 38648 PROCESSING
sW 24154.6 1b 1
fb 13400 wtfile
bs 4 proc ft
tpwr .Sg n 65536
d1 2,000 werr
tof 1539.2 wexp
nt 10000 wbs
ct 352 wnt
alock n
gain not used
FLAGS
11 n
TH )
dp
DISPLAY
=0.7
wp 22151.8
vs a0
sc 0
we 250
hzam 12.33
is 500.00
rfl 8786.7
rfp 7753.3
th
ins 100.000
na ph
B ML o e e e T T ML e e e i o o LIS B o
280 180 160 140 120 100 -1 60 40 20 ppm
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'H and®*C NMR spectra of compoundd

PPN A TN ENNBNOBEDENNNNOTERT O o
R N R A R T I I R L L I IS
1085=p SUTEANCGEmRnR ANt 9% 5
I e T T " ”
exp6  stdl [\ku)/y/) |
SAMPLE
date ‘May 4 46
solvent H1
file x| 30
ACQUISITION 0
sfrq 400.446 dm nnn
tn H1  dem c
at 2.733 dmf 200
np 32768 PROCESSING
sw 5985.2 1b 0.10
fb 3400 wtfile
bs 4 proc ft
tpwr 58 fn 65536
v 4.9
d1 1.000 werr
by 100 wos wit Ol
L id
ct 12 wnt Me
alock n
gain
FLAGS
i1 n
in n
dp y
DISPLAY
~200.3
wp 42046 AN
vs 150 Y
sC 0 ‘ O
we 250 =
hzes 16.82
is 1060.00
rf1 3868.1 O
rfp 2899.2
th
ins 100.000
e no pl
-
[
AT
s e e e e e H e e AT H e e e o L e e e e e L e e e L S B e e e LR S e s
S 8 6 S 4 3 2 1 0 ppm
W ¥ o
7.45 8.36 16.72 7.84
*8.29 B.06 16.48 26.80
- < ~ coeemvan o ®mnow w
1001-p s ] 8 SRN8%8 § R s
o =3 L3 eMOOODWLN - L n
exp1 stdisc 5 E 1 EEEERE I =R 2
avil T o i L '
te May 8 2010 dfrq 400.445
solvent ci dan H1 OMe
dpwr 37
ACQU! IT}O: dof 0
tn dum A
at 0.80 8300
np 38648 PROCESSING
sw 24154.6 1.00
b 13400 wtfile
bs 4 proc ft
tpwr 58 fn 65536 o)
4.3
a1 2.000 werr
tof 1538.2 wexp
nt 10000 whbs o)
ct 840 wnt
alock n
in not used
11 n
™ 3
dp y
DISPLAY
sp -0.7
wp 22151.8
vs 40
sC 0
we 250
hzem 88.61
is 500.00
rfl 8784.5
Tfp 7753.3
th 2
ins 100.000
. ph
W
L s s B B B e e e L e e e B A ma R e o B e
200 180 160 140 120 100 80 60 40 20 ppm
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'H and®*C NMR spectra of compounde

HONONDTONAR AR NN NNNO NS HH YN T A D A D
PN ETNNT O RINONON BT THRTNNS NS D
L A R R R T e e e it
;;ﬁﬁhkhsh~@jM\M\M\M.jouoauw
1453-p ‘\\\\ // //
expl Proton
SAMPLE SPECIAL
date Mar 23 2011 temp not used
solven dci3 gain not used
fiie /home/opér/vnv spin not used
mrsys/data/GANE/ga~ hst 0.008
ne0302.008H.fid pwd0 12.600
ACQUISITION alfa 6.600
sw 9000.9 FLAGS
at 2.04 i1 n
np 36788 in n
fb not used dp
bs hs
ss 2 PROCESSING
d1 1.000 fn 32768
nt 32 DISPLAY
ct sp -250.0
TRANSMITTER wp 5247.6
rfl 4640.0
sfrgq 489.813 rfp 3618.7
tof 999.5 rp =-0.8
tpwr 5! 1p 6.2
[ £.300 pLaT
DECOUPLER we 250
dn 13 sc o
dof 0 vs 56
dm nnn  th 7
dmm c om  ph
dpwr 36
dmf 32258
A B s e e e e AN S s s S S B S A S T — T T
9 8 7 6 S 3 0 ppm
N e e o oyl ks
22.09 26.11 24.15 22.88
25.0453.67 28.77
a w TodmoYnod® oo
= w PRONSRBTNY binsw
1453-p “ e M e onan
s < wrnTetoswoy NNN®e
~ < ARANNNNNNS PENINES
= = PR R P 'k\)
- LW
SAMPLE
date Mar 23 2011
solvent cdc13
file shome/oper/vi~
mrsys/data/GANE /ga~
ne0302.0080.71d
ACQUISITION
3 30165.9
at 1.300
np 78460
bs 16
s -4
di 1.000
nt 2048
ct 304
TRANSMITTER
n
tof 1255.3
tpwr 55
pw 12.500
DECOUPLER
dn H1
dof 0
dpwr 38 i "
e Y 3 )
dma ct
dmf 11289
ppivl
13 14.000
Jixh 40.0
SPECIAL
temp not used
gain 24
spin
PROCESSING
fn not used
SPECTRUM
wp 27648.0
sp -0.
rp 100.3
19 23.9
nm cdc_ ph
REFERENCE
rfp 10812.9
PLOT
we 250
sC 0
vs 30
hzmm 110.60
th
P S T s e L L L L LB SRS BN SR LS S I SR
200 180 160 140 120 100 810 60 40 20 ppm
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'H and"*C NMR spectra of compoundf

RN OO NET AN R TN RNS OO R ~
P R R R T R R 5
1032-p B=eeBEECRRLERRRRRRITSARAnN"
B B N N e N LN ©
exps stdll

SAMPLE
date May 4

solvent coC13 [33
file exp 30
ACQUISITION do’ 0
sfry 400.446 dm nnn
tn den
at 2.733 daf 0
np 32768 PROCESSING
sw 5995.2 1b 10
fb 3406 wtfile
bs 4 proc f
tpwr s fn 65536
pw 4.3
a1 1.000 werr
tof 0 wesxp Br
nt 10000 wbs wit
- 24 wnt
al?ck n
gain
FLAGS
i n
in n
dp ¥
DISPLAY o
& -
- 42046 o]
vs
sC 0
we ¢
hzem 16.82 e}
is 1380.63
rfl 96
rfp
th
ins 100.000
m no p
A
T — + - T — T
— T T T T T T T T ! ! ; . 0
9 8 7 6 5 ] 3 2 1 ppm
e vy w
10.52 12.851.58 9.95
112965.2921.85
® SNELENETORCaT LN aroo
-4 s
§  3¥ssEagsesgessssas 328
s U TNNS ARG E LG 0Ny anoo
exps starac g SERARRNSIININAILNE -;ﬁj
SANPLE vec. & vr! k J/
date May 8 2010 dfrq 400.446 \ N\L))
solvent CDC13  dn H.
3 exp dpwr 37
¢ ACQUISITION 7 P oaor Br
rq 100.703 de
n L ot
at [] f 8300
38648 PROCESSING
sw 24154.6 b 1.0
fb 13400 wtfile
bs 4 proc t
tpwr L 65536
d1 8 werr o]
tof 1539.2 wexp
nt 10000 wbs
ct 672 wnt
alock n (o]
gain not used
11
m 1
dp y
DISPLAY
sp =0.7
wp 22151.8
vs 40
sC
we 250
hzem 88.61
15 500.00
rf1 8783.8
rfp 7758.3
th 2
ins 100.000
n ph
) | (L
I B B B e B o B A e B s e o ST I e AL B g
200 180 160 140 120 100 80 60 40 20 ppm
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1101-p . L o

exp8 W
446
date <
solve H
m ITION K
<t ACQUIS! —
e et 200
. PROCESSING Cl
o i 0.10
a o
tpwr 65536
pw
d1 X \
:‘:f wit | O
ct
alock =
gain O
i1
in
dp
sp
wp
vs
sc 0
hom 16-82
is 1584.22
rfl 160.
rfp
th 7
ins 100.000
L]
J J
L.
T Tt T T |
L e e B N AL AN S S S s B ) ) 0
R e e m e e S LA T 2 1 ppm
9 8 7 6 5 4 3
LT o 525 '
-87 11.5910.81 10.80
11.3633 12038
" ® @avHnobeaccn Smow
s S SKRpmesgIdR S9SR
1101-p -2 " SeNdvaennen eace
s 8 SYecemcnmbo a“nnw
exp2 stdi3c S S aaaaNgyNyy “’L""L'j
sanrie otc. & vr IOy N
date May 14 2010 dfrq 400.446
solvent €DC13  dn H1
exp dpwr 37
ACQUISITION dof ]
sFr 100 yyy Cl
at [] 8900
np 38648 PROCESSING
sw 24154.6
fb 13400 wtfile
bs 4 proc
tpwr 58 fn 65536
4.3 0]
di 00 werr
tof 1539.2 wexp
nt 10000 whs
ct 888 wnt
alock n O
gain not used
FLAGS
1 n
™ n
dp ¥
DISPLAY y
wp 22151.8
vs 40
sc 0
we 250
hzem 8.57
is 500.00
rfl 8784.5
rfp 7753.3
th a
ins 100.000
,—.—ﬁ....,.,,,..,.,,..,,.,H.,,..“«.T.‘,. e i U S S S e s B
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T DTN O NT VO NDDNNDOORBETDOT O~ <« -
TN BT NN BB T NDRTTNAUNAOTDAILIT O N =S DD @ @
102-p AN QLLMURAARNNRNANqqeeq8ean 2 ~
hhhhhhhthhhu@}nunhu‘ © -
S /
3¢
ACQUISITION 0
frq 400.446 de nnn
tn H1  dem 3
at 2.733 def 200
np 32768 PROCESSING
sw 5885.2 1b 1
fb 3400 wtfile
bs 4 proc ft
tpwr 58 fn 65536
oW 4.9
d1 1.000 werr
tof 0 wexp
nt 100 wbs wft
ct 28 wnt
alock n
gain 4 F
FLAGS
11 n
in n
dp Yy
DISPLAY
sp ~200.3
wp 4204.6 ™
SC 0 |
we — O
hzma 16.82
is 788.46
rfl 3867.0
rfp 2899.2 O
th 4
ins 100.000
m h

[ttt T e e e —
g 8 7 6 5 a 3 2 1 0 ppm
G W
10,08 11.92 11318612
11.5422.5410.97 9.98
& on D p—
s 22 S gpecssuseaszesas gansw
Tiss<h S8 og 2 ZggIzEnsissensss f252s
S ew . SmcesssuSuNS S SAnree
expd  stdisc s 2% S Sasmosasassnang LIS

SAWPLE DEC. & VT
date May 15 2010 dfrg 400.446
t CDC13  dn H1

solven
file exp dpwr 37

ACQUISITION dof 0
frq 100.703 dm YYy
n F
at 0.800 f 8900
np 38648 PROCESSING
sw 24154.6 b 1.00
fb 13400 wtfile
bs 4 proc ft
tpwr 58 fn 65536
o™ 4.3
dt 2.000 werr O
tof 1538.2 wexp
nt 16000 whbs
ct 540 wnt
alock n
gain not used O

FL
i1 n
in n
o DISP
ISPLAY

s Ly |
wp 2EEITTE
vs
sC 0
we 250
hzem 10.9
is 500.00
rfi 8785.2
rfp 7158.8
th

3
ins 100.000
na  ph

LD |

o

S B B e B e B e T BAINEE T S 2 e i e e e e

LA e e

T
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'H and®*C NMR spectra of compoundj

expl stdiSc

s ogaty g™ " e N\

4. CEEONANRULERLRENESEROAANOQqeY
N M ARNN G B e
exp8 stdih \\l /l /
date n-y 2: 2010 dfrq 4no 445
solvent €pC13 dn
file exp  dpwr
ACQUISITION dof
sfrq 400.446 dm nnn
H1  dem <
at 2.733 dmf 200
np 32768 PROCESSING
swW 5995.2 1b 0.10
b 3400 wtfile
bs 4 proc ft
tpwr 59 fn 65536
pw 5.9
d1 1.000 werr
tof 0 wexp
nt 100 wbs wit
ct 36 wnt
alock n
gain
LAGS
i1 n
in n
dp v
DISPLAY
sp 200.2
wp 4204.6
vs
sc 0
we 250
hzmm 3.1
s 3960.96
rfl 3867.6
rfp 2899.2
th
ins 100.000
na no pl
e e e e e s e e e s B e Jn A L e e L A e s e I S e s s —
18 9 8 7 6 S 4 3 2 1 ppm
e v
5.50 35.38.20
7.117.72 6.10
~ coamToNTLNNREncSOnG 2 uown
s SoNTNSNLRBERTRDIDNAN s em
1114-P - sagaRTegaveneso. nomse
s CUSNTNBBBA NN ®®GIDW NN Snnwe
~ YO mNNNNaNNNN NN NN PN
T HEAANANANNSSNaaNT |

s
L TR

n
fi dpwr
ACQUISITION dof 0
sf 100.703 dm vy
tn w
at 0. dnf 8900
np 38648 PROCESSING
sw 24154.6 1 1
fb 13400 wtfile
bs 4 proc ft
tpwr 58 fn 65536
4.8
d1 2.000 werr
tof 1539.2 wexp
nt 10000 wbs
ct 1900 wnt
alock n
gain not used
FLAGS
11 n |
TH " v
dp y
DISPLAY
sp -0.7
wp 2215%1.8
vs
sc
we 250
hzma 88.6
is 500.00
rfl 8781.5
rip 7753.3
th
ins 100.000
e P
| | U |
o o e HLJELE e o e LA B o e B e e o e mmma
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'H and"*C NMR spectra of compoundk

1115-P d

852
933
932
647
643
627
25
609
606
568
551
$50
532
514
512
399
378
338
316
314
297
295
240
6.714

~
3
-
°

6.670
871
763
761
719
717
278
250

e exp dpwr
ACQUISITIOR dof
sfrq 400.446 dm nnn
tn H.
at 2.733 f 200
np 32768 PROCESSING
sw 59895.2 b 0.1
fb 3400 wtfile
bs roc ft
tpwr 59 65536
pw 4.9
d1 1.000 werr
tof wexp
nt 100 wbs wft
ct 32 wnt
alock n
gain a
FL,
i1 n
in n
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wp 4204.6
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sc 0
wc 250
hzam 16.82
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date Jun 1 2010 dfrq 400.446
solvent 13 dn H1
ile exp dpwr 37
ACQUISITION dof 0
SFI 0.703 dm yyy
tn C13 dem o
at 0.800 daf 8300
np 38648 PROCESSING
W 24154.6 1b 1.00
fb 13400 wtfile
bs 4 proc ft
tpwr 58 fn 65536
pw 4.3
d1 2.000 werr
tof 1539.2 wexp
nt 10000 wbs
ct 692 wnt
alock
gain not used
i1 n U I l
B w
dp y
DISPLAY
sp =0.7
wp 22151.8
vs 40
sc (]
we 250
hzem 8.16
is 500.00
rfl 8780.8
rfp 7753.3
th
ins 100.000
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SAMPLE
date May 8 2010 dfrq 400.
solvent COCI3  dn
e exp dpwr 30
ACQUISITION dof 14
sfrq 400.446 dm nnn
tn Hi dem c
at 2.733 dmf 200
np 32768 PROCESSING
sw 5995.2 1b 0.10
fb 3400 wtfile
bs 4 proc ft
tpwr 59 fn 65536
pw 4.8
d1 1.000 werr
tof 0 wexp
nt 100 whs wit
ct 28 wnt
atock n
gain 4
LAGS
i1 n
in n
dp y
DISPLAY
sp =200.3
wp 4204.6
vs 80
sc 0
we 250
hzam 16.82
is 763.51
rfi 3867.2
rfp 2899.2
th
ins 100.000
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e e, s y1 U]
date May 8 2010 dfrg 400.446
solvent COC13  dn
ile exp  dpwr
ACQUISITION dof 0
sfrq 100.703 dm yyy
tn C1. w
at 0.800 f 8300
np 38648 PROCESSING
W 24154.6 b 1.00
b 13400 wtfile
bs 4 proc ft
tpwr 58 fn 65536
o 4.3
d1 2.000 werr
tof 1539.2 wexp
nt 10000 wbs
ct 352 wnt
alock n
gain not used
i1 n
™ W "
y
DISPLAY 2
22151.8
vs 40
sc 0
we 250
hzmm 7.10
is 500.00
rfl 8788.2
rfp 7753.8
th 3
ins 100.000
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