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1. General: Unless otherwise mentioned, all reactions were carried out under argon
atmosphere. 1,2-Dicholoroethane (1,2-DCE) was dried using calcium hydride under the
established protocol. Reagent grade 2,2,2-trifluoroethanol (TFE) was used as such from the
commercial sources.H and 13C NMR were recorded on JEOL (400 MHz) and JEOL (500 MHz)
using CDCIs as a solvent. Chemical shifts (§) are given in ppm relative to TMS, coupling
constants (/) in Hz. The solvent signals used as references and the chemicals shifts converted
to TMS scale (CDCls: 6c= 77.0 ppm; residual CHCI3 in CDCls: 6u = 7.26 ppm). All the reactions
were monitored by analytical thin layer chromatography (TLC) using commercial aluminium
sheets precoated with silica gel. Column chromatography was conducted on silica gel (Merck,
200-400 mesh). EI-MS/ESI-MS was recorded on a Waters Micromass Quattro Micro
triplequadrupole mass spectrometer. LC-MS was recorded on an Agilent technologies 6120
Quadrupole LC/MS. Unless otherwise mentioned, all other chemicals were received and used

as such from the commercial sources.

2. Experimental Section:

2.1. General Procedure (A) for the preparation Ketone:1

t
Br MgBr © Bu

Mg - 1.3 equiv.
< @ lodine (cat.) . ij Pivaloyl chloride -1.2 equiv. N
LY > R_
N THE, 75 °C, z THF, 0 °C - rt, N

3-5h 2-3h 1

Comercially available magnesium was washed with 1(N) HCI followed by washing with
distilled water and acetone. Magnesium was dried in oven for overnight. Magnesium (1.3
equiv.) was charged in an oven dried two necked round bottom flask equipped with a
reflux condenser and a glass vacuum adapter. The flask was heated under vacuum two to
three times to activate magnesium. After cooling to room temperature, a pinch of iodine
followed by dry THF (4.0 mL per mmol) were added to the flask. The resultant suspension
was heated to 75 °C, subsequently aryl bromide in dry THF (5.0 mL) solution was added

1 Mo, F.; Trzepkowski, L. J.; Dong, G. Angew. Chem. Int. Ed. 2012, 51, 13075 —13079.
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dropwise to the reaction flask. Disapperance of iodine colour was observed and slowly
reaction mixture turned into the light black solution. The reaction was continued for
additional 3-5 h and monitored by TLC. After that the reaction mixture was cooled down to
room temperature. The corresponding Grignard solution was transferred to a solution of
pivaloyl chloride (1.3 equiv.) in dry THF (4 mL per mmol) via cannula at 0 °C. After additional
stirring for 2-3 hours at ambident temperature, the reaction was quenched by saturated
NHa4Cl aqueous solution (20 mL), extracted with ethyl acetate (15 mLx3), combined organic
layers were dried over NazS04. The solvent was removed under reduced pressure, and the
residue was purified by flash column chromatography on silica gel (Hex/EA=99/1 to 90/10)
to give aryl tert-butyl ketone 1 in good yield (70 - 85 %).

Aryl ketone 1a, 1b, 1c, 1d, 1e, 1f, 1g, 1h, 1i and 1j were prepared according to the general
procedure (A).

Ethyl benzoate 4a, 4b, 4c and 4d were prepared according to the literature procedure.?

2.2. Procedure (B) for the synthesis of ketone (1u):3

Cu,0 - 10 mol %

0 : 0
t ~ t
Bu NN DMF (2.0 mL), 150 °C ( = Bu
24 h N
1f 6 1u

Ketone 1u was prepared from it's bromo derivative 1f using modified reported procedure
mentioned below. An oven-dried Schlenk tube was charged with 1H-pyrrolo[2,3-b]pyridine
6(0.200 g, 1.69 mmol, 1.0 equiv.), Cu20 (0.024 g, 0.169 mmol) and Cs2C03 (1.10 g, 3.38 mmol,
2.0 equiv.) under argon atmosphere. 1-(4-Bromophenyl)-2,2-dimethylpropan-1-one 1f
(0.611 g, 2.53 mmol, 1.5 equiv.), followed by dry DMF (2.0 mL) were added to the Schlenk
tube. The Schlenk tube was sealed under argon, and then sealed tube was placed to a
preheated oil bath at 150 °C (oil bath temperature). After stirring at this temperature for 24

h, the heterogeneous mixture was cooled to room temperature and diluted with

2Sun, L.; Xing, H.; Liang, Z.; Yu, J.; Xu, R. Chem. Commun., 2013, 49, 11155-11157.
3 Correa, A.; Bolm, C. Adv. Synth. Catal. 2007, 349, 2673-2676.
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dichloromethane. The resulting solution was directly filtered through a pad of silica gel and
concentrated to yield the product, which was purified by silica gel chromatography (5:95
ethyl acetate/hexane) to yield (0.282 g, 1.01 mmol, 60 % yield) 1-(4-(1H-pyrrolo[2,3-
b]pyridin-1-yl)phenyl)-2,2-dimethylpropan-1-one 1u as white solid.

1-(4-(1H-Pyrrolo[2,3-b]pyridin-1-yl)phenyl)-2,2-dimethylpropan-1-one (1u):
_— O  1H NMR (400 MHz, CDCI3): § 8.40 (dd, ] = 4.7, 1.5 Hz, 1H), 7.99-7.94
8'\]4@_/(@[1 (m, 3H), 7.92-7.89 (m, 2H), 7.56 (d,J = 3.7 Hz, 1H), 7.17 (dd, /= 7.8,
4.7 Hz, 1H), 6.67 (d,] = 3.7 Hz, 1H), 1.41 (s, 9H).
13C NMR (100 MHz, CDCl3): 6 207.3, 147.4, 143.7, 140.7, 135.1, 129.7, 129.2, 127.1, 122.4,

121.9,117.1,102.6, 44.1, 28.1.
HRMS calculated for C1sH19N20 is [M+H]*: 279.1497; found: 279.1490.

2.3. Procedure (C) for the synthesis of ketone (1k):4

THF O°C to rt KBr - 10 mol %
I ©/MQBI’ ©)\iPr Oxone - 1.0 equiv.
) NH,CI (a MeCN:H,0 (9:1)
4Cl (aq.) o1
7 8 1k

The phenyl magnesium bromide solution was prepared according to the procedure A.
Grignard solution was added to a solution of isobutyraldehyde 7 (1.3 equiv.) in dry THF (4
mL per mmol) via cannula at 0 °C. After additional stirring for 3 h at ambident temperature,
the reaction was quenched by saturated NH4Cl aqueous solution (20 mL), extracted with
ethyl acetate (15 mL x 3) and the combined organic layers were dried over Naz2S0O4. The
solvent was removed under reduced pressure and the residue was purified by flash column

chromatography on silica gel (hexane/ethyl acetate= 85/15) to give secondary alcohol 8.

4 Slagbrand, T.; Kivijarvi, T.; Adolfss, H. ChemCatChem 2015, 7, 3445 —3449.
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Alcohol 8 was subjected for oxidation according to the literature procedure to furnish 2-

methyl-1-phenylpropan-1-one (1K) in good yield. >

2.4. General Procedure (D) for the synthesis of N-aryl/N-alkyl maleimide derivatives:®
N-Aryl/Alkyl maleimides 2 were prepared using the modified reported procedure

mentioned below from the corresponding primary amine.

a. AcOH, 120-130 °C, 5-8 h Qo
b. H,0
rRenp, + L0 2 | N-R
c. NaHCO3 (aq)
R = Aryl, Alkyl o
2

Maleic anhydride (2.0 equiv.) and primary amine (1.0 equiv.) were stirred in acetic acid (1.5
ml per mmol of amine) until maleic anhydride dissolved completely. The reaction mixture
was refluxed for 6-8 h at 125 °C (oil bath temperature). After completion of the reaction, the
reaction mixture was then allowed to cool down to room temperature and the whole
reaction mixture was transferred to a 500 mL beaker. Saturated sodium bicarbonate
aqueous solution was added to the beaker containing reaction mixture until effervescence
stop. The aqueous mixture was extracted with ethyl acetate (3x20 mL). The organic layer
was further washed with 1(N) HCI (2x50 mL) and brine solution (30 mL) respectively. The
excess solvent was removed under reduced pressure and the residue was purified by flash
column chromatography using ethyl acetate/ hexane (10/90-60/40) to get highly pure
maleimide 2 in good yield (60-90 %).

® Moriyama, K.; Takemura, M.; Togo, H. J. Org. Chem. 2014, 79, 6094—6104.
6 Deshmukha, G. B.; Patila, N. S.; Gaikwada, V. B.; Bholeb, A. D.; Patil, S. V. J. Chem. Pharm. Res. 2014, 6, 393.
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2.5. General catalytic procedure (E) of coupling of maleimide (2) with ketone (1):

Cp*Co(CO)l, - 10 mol %

R'._0O o AgSbFg - 20 mol %
NaOAc - 10 mol %
H H
A + _
r3L QN R 1,2-DCE (0.2 M)
= | 120 °C, 24 h, Ar
1 2 3

An oven-dried Schlenk tube equipped with a magnetic stir bar was charged with Cp*Co(CO)I2
(9.5 mg, 0.02 mmol, 10 mol %), AgSbFs (14.0 mg, 0.04 mmol, 20 mol %), NaOAc (1.6 mg, 0.02
mmol, 10 mol %) under argon atmosphere. Small amount of 1,2-DCE (0.2 mL) was added to
the Schlenk tube and stirred for few minutes. Ketone 1 (0.2 mmol, 1.0 equiv.), maleimide 2
(0.3 mmol, 1.5 equiv.) followed by 0.8 mL 1,2-DCE were successively added to the Schlenk.
The closed tube was placed to a pre-heated oil bath at 120 °C for 24 h. After completion of
the reaction, the reaction mixture was then allowed to cool down to room temperature. The
crude mixture was purified by flash column chromatography (ethyl acetate/hexane) on silica

gel afforded 3.

2.6. General catalytic procedure (F) of coupling of maleimide (2b) with ester (4):

Cp*Co(CO)l, - 10 mol % ')
EtO.__O @) AgSbFg - 20 mol %
NaOAc - 10 mol %
H X H + | N—Bn
R3—! TFE (0.2 M), 120 °C
Z O Ar, 24 h
4 2b 5

An oven-dried Schlenk tube equipped with a magnetic stir bar was charged with Cp*Co(CO)I2
(9.5 mg, 0.02 mmol, 10 mol %), AgSbFs (14.0 mg, 0.04 mmol, 20 mol %), NaOAc (1.6 mg, 0.02
mmol, 10 mol %) under argon atmosphere. Small amount of 2,2,2-trifluoroethanol (TFE) (0.2

mL) was added to the Schlenk tube and stirred for few minutes. Ester 4 (0.2 mmol, 1.0
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equiv.), 1-benzyl-1H-pyrrole-2,5-dione 2b (56.1 mg, 0.3 mmol, 1.5 equiv.) followed by 0.8
mL TFE were successively added to the Schlenk tube. The closed Schlenk tube was placed to
a pre-heated oil bath at 120 °C for 24 h. After completion of the reaction, the reaction mixture
was then allowed to cool down to room temperature. The crude mixture was purified by

flash column chromatography (ethyl acetate/hexane) on silica gel afforded 5.

2.7. General catalytic procedure (G) of coupling of ethyl acrylate (6) with ketone (1):

Cp*Co(CO)l, - 10 mol %

Bu._O AgSbFg - 20 mol % ‘Bu._0 o
(@] PivOH - 50 mol %
HoxeH o \)ko/ Et - Ho X o Et
a DCE (0.2 M), 120 °C R4
_ Ar, 24 h Z
1 6 7

An oven-dried Schlenk tube equipped with a magnetic stir bar was charged with Cp*Co(CO)I2
(9.5 mg, 0.02 mmol, 10 mol %), AgSbFe (14.0 mg, 0.04 mmol, 20 mol %), PivOH (0.010 mg,
0.1 mmol, 50 mol %) under argon atmosphere. Small amount of 1,2-DCE (0.2 mL) was added
to the Schlenk tube and stirred for few minutes. Ketone 1 (0.2 mmol, 1.0 equiv.), ethyl but-
3-enoate 6 (0.4 mmol, 2.0 equiv.) followed by 0.8 mL 1,2-DCE were successively added to the
Schlenk tube. The closed Schlenk tube was placed to a pre-heated oil bath at 120 °C for 24 h.
After completion of the reaction, the reaction mixture was then allowed to cool down to room
temperature. The crude mixture was purified by flash column chromatography (ethyl

acetate/hexane) on silica gel afforded 7.

2.8. Procedure for synthesis of the product (3nb) in (> 1.0 mmol scale):

An oven-dried Schlenk tube equipped with a magnetic stir bar was charged with Cp*Co(CO)I2
(197 mg, 0.416 mmol, 10 mol %), AgSbFs (286 mg, 0.832 mmol, 20 mol %), NaOAc (34 mg,
0.416 mmol, 10 mol %) under argon atmosphere. Small amount of 1,2-DCE (1.0 mL) was
added to the Schlenk tube and stirred for few minutes. Acetophenone 1n (0.5 g, 4.16 mmol,
1.0 equiv.), 1-benzyl-1H-pyrrole-2,5-dione 2b (0.945 g, 6.24 mmol, 1.2 equiv.) followed by 9
mL 1,2-DCE were successively added to the Schlenk. The closed tube was placed to a pre-
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heated oil bath at 120 °C for 36 h. After completion of the reaction, the reaction mixture was
then allowed to cool down to room temperature. The crude mixture was purified by flash
column chromatography (ethyl acetate/hexane) on silica gel afforded 0.752 g of 3nb in 59
% yield.

1-Phenyl-3-(2-pivaloylphenyl)pyrrolidine-2,5-dione (3aa):
By O o Compound 3aa was prepared according to the general procedure E and
N-pp, Was purified by flash column chromatography (EtOAc : hexane = 10 :
90) afforded 62.4 mg of 3aa in 93 % yield as yellow solid.
1H NMR (500 MHz, CDCl3): 6 7.58 (dd, J = 7.7, 1.2 Hz, 1H), 7.50-7.34 (m,
7H),7.28 (dd,J =7.7, 1.1 Hz, 1H), 4.15 (dd, ] = 9.7, 6.0 Hz, 1H), 3.32 (dd, / = 18.3, 9.7 Hz, 1H),
3.02 (dd,J=18.3, 6.0 Hz, 1H), 1.31 (s, 9H).
13C NMR (125 MHz, CDCls): 6 213.3, 176.9, 175.0, 139.1, 135.6, 132.0, 130.5, 130.0, 129.1,
128.6,126.9,126.79, 126.75, 45.1, 44.7, 38.7, 28.1.

HRMS calculated for C21H22NO3 is [M+H]* : 336.1600; found: 336.1601.

O

1-Benzyl-3-(5-methyl-2-pivaloylphenyl)pyrrolidine-2,5-dione (3bb): Compound 3bb

By o 0 was prepared according to the general procedure E and was purified by
N-gn flash column chromatography (EtOAc : hexane = 7 : 93) afforded 68.3 mg
of 3bb in 94 % yield as colourless liquid.
! ° 1H NMR (400 MHz, CDCls): § 7.45-7.42 (m, 2H), 7.37 (d, ] = 7.9 Hz, 1H),
e

7.35-7.28 (m, 3H), 7.09 (d, /= 7.9 Hz, 1H), 6.77 (brs, 1H), 4.75 (d,] = 14.1
Hz, 1H), 4.70 (d, J = 14.1 Hz, 1H), 3.89 (dd, J = 9.5, 5.2 Hz, 1H), 3.15 (dd, / = 18.4, 9.6 Hz, 1H),
2.76 (dd, ] = 18.4, 5.2 Hz, 1H), 2.27 (s, 3H), 1.29 (s, 9H).
13CNMR (100 MHz, CDCls): 6 213.1,177.7,175.7, 140.5, 136.8, 135.84, 135.83, 129.3, 128.7,
128.5,127.8,127.3,126.2, 44.7, 44.3, 42.5, 38.7, 27.8, 21.1.
HRMS calculated for C23H26NO3 is [M+H]* : 364.1913; found: 364.1911.

S8



1-Benzyl-3-(5-tert-butyl-2-pivaloylphenyl)pyrrolidine-2,5-dione (3cb):

8y O O Compound 3cb was prepared according to the general procedure E and
N-pn Was purified by flash column chromatography (EtOAc : hexane = 3 : 97)
0 afforded 77.0 mg of 3cb in 95 % yield as colourless liquid.
| 1H NMR (400 MHz, CDCl3): 6 7.45-7.42 (m, 3H), 7.34-7.28 (m, 4H), 6.94
u

(d,J = 1.8 Hz, 1H), 4.77 (d,] = 14.2 Hz, 1H), 4.73 (d, ] = 14.2 Hz, 1H), 3.93
(dd, ] = 9.6, 5.3 Hz, 1H), 3.17 (dd, ] = 18.4, 9.5 Hz, 1H), 2.79 (dd, ] = 18.5, 5.3 Hz, 1H), 1.30 (s,
9H), 1.20 (s, 9H).
13C NMR (100 MHz, CDCl3): & 213.2, 177.8, 175.8, 153.7, 136.6, 135.9, 135.7, 128.7, 128.6,
127.8,126.2, 125.7, 123.8, 44.8, 44.7, 42.5, 38.8, 34.7, 30.9, 27.9.
HRMS calculated for C26H31NNaOs is [M+Na]* : 428.2202; found: 428.2206.

1-Benzyl-3-(5-methoxy-2-pivaloylphenyl)pyrrolidine-2,5-dione (3db):

By O O Compound 3db was prepared according to the general procedure E and
N-gn the was purified by flash column chromatography (EtOAc : hexane = 20
O : 80) afforded 65.3 mg of 3db in 86 % yield as colourless liquid.
o 1H NMR (400 MHz, CDCl3): § 7.51 (d, J = 8.6 Hz, 1H), 7.44-7.42 (m, 2H),
e

7.33-7.26 (m, 3H), 6.79 (dd, J = 8.6, 2.5 Hz, 1H), 6.50 (d, ] = 2.5 Hz, 1H),
4.74 (d,] = 14.1 Hz, 1H), 4.69 (d, ] = 14.1 Hz, 1H), 3.96 (dd, ] = 9.4, 5.5 Hz, 1H), 3.69 (s, 3H),
3.16 (dd, ] = 18.3, 9.6 Hz, 1H), 2.79 (dd, ] = 18.3, 5.5 Hz, 1H), 1.29 (s, 9H).
13C NMR (100 MHz, CDCl3): § 212.0, 177.5, 175.6, 160.7, 138.2, 135.8, 131.5, 128.7, 128.57,
128.50,127.8,114.7, 111.8, 55.1, 44.8, 44.6, 42.5, 38.5, 28.1.
HRMS calculated for C23H26NO4 is [M+H]* : 380.1862; found: 380.1858.

1-Benzyl-3-(5-chloro-2-pivaloylphenyl)pyrrolidine-2,5-dione (3eb):

By O O Compound 3eb was prepared accoding to the general procedure E and
N-pn Was purified by flash column chromatography (EtOAc : hexane=7:83)

5 afforded 68.3 mg of 3eb in 89 % yield as colourless liquid.1H NMR (400

& MHz, CDCl3): 6 7.43-7.41 (m, 3H), 7.35-7.27 (m, 4H), 7.02 (d, / = 1.9 Hz,

1H), 4.74 (d, ] = 14.1 Hz, 1H), 4.70 (d, ] = 14.0 Hz, 1H), 3.89 (dd, J = 9.6,
5.5 Hz, 1H), 3.14 (dd, ] = 18.4, 9.6 Hz, 1H), 2.76 (dd, ] = 18.4, 5.5 Hz, 1H), 1.29 (s, 9H).
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13C NMR (100 MHz, CDCI3): 6 212.2, 176.8, 175.1, 137.8, 137.6, 136.0, 135.5, 129.1, 128.7,
128.6,127.9,127.5,126.9, 44.7, 44.2, 42.6, 38.3, 27.8.
HRMS calculated for C22H23CINOs is [M+H]* : 384.1366; found: 384.1367.

1-Benzyl-3-(5-bromo-2-pivaloylphenyl)pyrrolidine-2,5-dione (3fb):

By .0 O Compound 3fb was prepared according to the general procedure E and
N-pn the was purified by flash column chromatography (EtOAc : hexane = 7
O : 83) afforded 68.5 mg of 3fb in 80 % yield as dence colourless liquid.
5 1H NMR (400 MHz, CDCl3): 6 7.45 (dd, ] = 8.4, 1.8 Hz, 1H), 7.44-7.41 (m,
r

2H), 7.35-7.29 (m, 4H), 7.17 (d, ] = 1.8 Hz, 1H), 4.75 (d, ] = 14.1Hz, 1H),
4.69 (d,] = 14.1 Hz, 1H), 3.87 (dd, /= 9.5, 5.5 Hz, 1H), 3.15 (dd, J = 18.4, 9.6 Hz, 1H), 2.77 (dd,
J=18.4, 5.5 Hz, 1H), 1.30 (s, 9H).
13C NMR (100 MHz, CDCI3): 6 212.4, 176.8, 175.1, 138.4, 137.8, 135.6, 132.0, 129.9, 128.8,
128.7,128.0,127.6, 124.3, 44.8, 44.2, 42.7, 38.4, 27.8.
HRMS calculated for C22H23BrNOs is [M+H]* : 428.0861; found: 428.0860.

1-Benzyl-3-(4-methyl-2-pivaloylphenyl)pyrrolidine-2,5-dione (3gb):
8y .0 O Compound 3gb was prepared according to the general procedure E
N-gn and the was purified by flash column chromatography (EtOAc :

O hexane = 8 : 92) afforded 65.4 mg of 3gb in 90 % yield as colourless

Me liquid.

1H NMR (500 MHz, CDCl3): 6 7.43-7.41 (m, 2H), 7.34-7.27 (m, 3H), 7.22 (brs, 1H), 7.15 (dd, J
= 8.0, 0.9 Hz, 1H), 6.89 (d, J = 7.9 Hz, 1H), 4.74 (d, / = 14.1 Hz, 1H), 4.69 (d, /= 14.1 Hz, 1H),
3.86 (dd,J=9.5, 5.4 Hz, 1H), 3.14 (dd, J = 18.4, 9.5 Hz, 1H), 2.73 (dd, / = 18.4, 5.4 Hz, 1H), 2.35
(s, 3H), 1.30 (s, 9H).

13C NMR (125 MHz, CDCls): 6 213.5, 177.6, 175.6, 139.9, 136.6, 135.8, 132.4, 130.9, 128.7,
128.5,128.3,127.8,126.4, 44.7, 43.9, 42.5, 38.7, 27.8, 21.0.

HRMS calculated for C23H26NO3 is [M+H]* : 364.1913; found: 364.1913.
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1-Benzyl-3-(4-methyl-2-pivaloylphenyl)pyrrolidine-2,5-dione (3hb):

BU. O O Compound 3hb and 3hb’ were prepared accoding to the general
N-gn DProcedure E and was purified by flash column chromatography
0 (EtOAc : hexane = 20 : 80) afforded 37.2 mg of 3hb (49 % yield) as

MeO

white solid and 23.5 mg of 3hb’ (31 % yield) as red liquid.

1H NMR (400 MHz, CDCl3): 6 7.43-7.40 (m, 2H), 7.34-7.28 (m, 3H), 6.94 (d, ] = 2.6 Hz, 1H),
6.93 (d, ]/ = 8.6 Hz, 1H), 6.87 (dd, / = 8.6, 2.6 Hz, 1H), 4.74 (d, ] = 14.1 Hz, 1H), 4.68 (d, / = 14.1
Hz, 1H), 3.83 (dd, ] = 9.6, 5.4 Hz, 1H), 3.80 (s, 3H), 3.13 (dd, J = 18.4, 9.5 Hz, 1H), 2.72 (dd, ] =
18.4, 5.4 Hz, 1H), 1.30 (s, 9H).

13C NMR (100 MHz, CDCls): 6 213.0, 177.8, 175.7, 157.8, 140.9, 135.8, 129.6, 128.8, 128.6,
127.9,127.3,115.0,112.4, 55.4, 44.8, 43.6, 42.6, 38.8, 27.8.

HRMS calculated for C23H26NO4 is [M+H]* : 380.1862; found: 380.1859.

1-Benzyl-3-(2-methoxy-6-pivaloylphenyl)pyrrolidine-2,5-dione (3hb’):
1H NMR (400 MHz, CDCls): 6§ 7.51 (d, J = 6.9 Hz, 2H), 7.34-7.22 (m, 3H), 7.23 (d, /] = 8.0 Hz,
Bu__0 4 1H), 6.58 (d, ] = 7.5 Hz, 1H), 6.78 (d, ] = 8.2 Hz, 1H), 4.73 (d, ] = 13.8 Hz,
N~Bn 1H), 4.66 (d,] = 13.8 Hz, 1H), 3.56 (dd, J = 8.6, 5.6 Hz, 1H), 3.13 (s, 3H),
OMS 3.00 (dd,J = 8.6, 5.6 Hz, 1H), 2.67 (dd, = 18.2, 5.4 Hz, 1H), 1.29 (s, 9H).
13C NMR (100 MHz, CDCIs): 6 213.8, 178.1, 176.1, 157.1, 143.1, 136.1,
129.6,128.5,128.2,127.8,122.5,117.2,111.4,54.8,45.1,42.5,41.3, 36.4, 27.3.
HRMS calculated for C23H2sNNaO4 is [M+Na]*: 402.1681; found: 402.1687.

1-Benzyl-3-(3-pivaloylnaphthalen-2-yl)pyrrolidine-2,5-dione (3ib):

0 Compound 3ib was prepared according to the general procedure E and

N~gn Was purified by flash column chromatography (EtOAc : hexane = 20 :
80) afforded 70.3 mg of 3ib in 88 % yield as white solid.

1H NMR (400 MHz, CDCl3): 6 7.99 (s, 1H), 7.85-7.82 (m, 1H), 7.67-7.65
(m, 1H), 7.55-7.48 (m, 5H), 7.38-7.30 (m, 3H), 4.80 (d, / = 14.0 Hz, 1H),
4.76 (d,] = 14.0 Hz, 1H), 4.12 (dd, J = 9.5, 5.3 Hz, 1H), 3.22 (dd, ] = 18.4, 9.6 Hz, 1H), 2.89 (dd,
J =18.4, 5.3 Hz, 1H), 1.40 (s, 9H).
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13C NMR (100 MHz, CDCI3): 6 213.0, 177.6, 175.7, 136.6, 135.8, 133.3, 133.1, 130.9, 128.8,
128.5,128.3,128.0,127.9,127.7,127.4,127.0, 126.3, 44.9, 44.6, 42.5, 38.8, 28.1.
HRMS calculated for C26H26NO3 is [M+H]*: 400.1913; found: 400.1913.

1-Benzyl-3-(2-pivaloylthiophen-3-yl)pyrrolidine-2,5-dione (3jb):

By O O Compound 3jb was prepared according to the general procedure E and
N-gn, Wwas purified by flash column chromatography (EtOAc : hexane = 20 :

S : 0 80) afforded 60.4 mg of 3jb in 85 % yield as colourless liquid.

1H NMR (400 MHz, CDCls): 6 7.46-7.43 (m, 3H), 7.34-7.27 (m, 3H), 6.86 (d, ] = 5.2 Hz, 1H),

4.77 (d, ] =14.2 Hz, 1H), 4.73 (d, / =14.2 Hz, 1H), 4.47 (dd, ] = 9.5, 6.1 Hz, 1H), 3.18 (dd, J =

18.0, 9.4 Hz, 1H), 2.68 (dd, /= 17.9, 6.1 Hz, 1H), 1.33 (s, 9H).

13C NMR (100 MHz, CDCls): 6 200.5, 170.0, 175.7, 143.6, 135.8, 132.8, 129.3, 129.0, 128.7,

128.5,127.7,44.5,42.5, 42.0, 36.9, 27.7.

HRMS calculated for C20H22NO3S is [M+H]* : 356.1320; found: 356.1322.

1-Benzyl-3-(2-isobutyrylphenyl)pyrrolidine-2,5-dione (3kb):
Pro O O Compound 3kb was prepared according to the general procedure E and
N~gn Was purified by flash column chromatography (EtOAc : hexane = 20 :
80) afforded 43.6 mg of 3kb in 65 % yield as colouless liquid.
1H NMR (500 MHz, CDCl3): 6 7.77 (dd,J = 7.7, 1.1 Hz, 1H), 7.47-7.39 (m,
4H), 7.34-7.27 (m, 3H), 7.15 (dd, J = 7.5, 1.1 Hz, 1H), 4.77 (d, ] = 14.1 Hz, 1H), 4.72 (d,] = 14.1
Hz, 1H), 4.26 (dd, ] = 9.4, 6.1 Hz, 1H), 3.45 (sep, ] = 6.9 Hz, 1H), 3.19 (dd, J = 18.1, 9.5 Hz, 1H),
2.79 (dd,J=18.1, 6.1 Hz, 1H), 1.13 (t, ] = 6.7 Hz, 6H).
13C NMR (125 MHz, CDCls): 6 207.8, 177.6, 175.8, 137.1, 136.5, 135.9, 132.2, 131.2, 129.2,
128.8,128.5,127.9,127.7,45.7, 42.5, 38.2,37.4, 18.8, 18.6.

HRMS calculated for C21H22NO3 is [M+H]* : 336.1600; found: 336.1600.

o)
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3-(2-Benzoylphenyl)-1-benzylpyrrolidine-2,5-dione (31b):

Compound 31lb was prepared according to the general procedure E
and the reaction was continued for 36 h. The crude reaction mixture
was purified by flash column chromatography (EtOAc : hexane = 40
: 60) afforded 45.0 mg of 31b in 61 % yield as white solid. The NMR

data of 31b is in accordance with the literature.”

1H NMR (400 MHz, CDCl3): 6 7.79-7.77 (m, 2H), 7.62-7.58 (m, 1H), 7.51-7.34 (m, 7H), 7.31-
7.26 (m, 3H), 7.21 (d, / = 7.5 Hz, 1H), 4.72 (d, / = 14.1 Hz, 1H), 4.65 (d, / = 14.1 Hz, 1H), 4.31
(dd,J=9.5,5.8 Hz, 1H), 3.23 (dd, J = 18.3, 9.6 Hz, 1H), 2.90 (dd, J = 18.3, 5.9 Hz, 1H).

13C NMR (100 MHz, CDCl3): 6 197.8, 177.6, 175.6, 137.6, 137.3, 137.2, 135.7, 133.2, 131.6,
130.6,130.3,129.6, 128.7,128.5, 128.3, 127.7, 127.0, 44.5, 42.5, 38.3.

1-Benzyl-3-(2-propionylphenyl)pyrrolidine-2,5-dione (3mb):

Et. O 0 Compound 3mb was prepared according to the general procedure E and
N-gn Was purified by flash column chromatography (EtOAc: hexane =35:75)

O afforded 54.0 mg of 3mb in 84 % yield as colourless liquid. The NMR

data of 3mb is in accordance with the literature.”

1H NMR (400 MHz, CDCl3): & 7.80 (dd, J = 7.6, 1.4 Hz, 1H), 7.48-7.38 (m, 4H), 7.35-7.27 (m,

3H), 7.16 (dd,] = 7.6, 1.2 Hz, 1H), 4.78 (d, ] = 14.1 Hz, 1H), 4.71 (d, ] = 14.1 Hz, 1H), 4.34 (dd,

J=9.4, 6.2 Hz, 1H), 3.19 (dd, J = 18.0, 9.4 Hz, 1H), 2.95 (q, / = 7.2 Hz, 2H), 2.80 (dd, J = 18.0,

6.2 Hz, 1H), 1.11 (t,/ = 7.2 Hz, 3H).

13C NMR (100 MHz, CDCl3): 6 204.3, 177.7, 175.8, 136.6, 136.2, 135.9, 132.2, 131.3, 129.6,

128.7,128.4,128.0,127.7,44.8, 42.5, 37.8, 33.8, 8.12.

3-(2-Acetylphenyl)-1-benzylpyrrolidine-2,5-dione (3nb):

Me. O 0 Compound 3nb was prepared according to the general procedure E and

N-gn Was purified by flash column chromatography (EtOAc : hexane = 40 :

o 60) afforded 43.6 mg of 3nb in 71 % yield as red solid. The NMR data

of 3nb is in accordance with the literature.”

7 Bettadapur, K. R.; Lanke, V.; Prabhu, K. R. Org. Lett. 2015, 17, 4658-4661.
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1H NMR (400 MHz, CDCl3): 6 7.85 (dd, J = 7.6, 1.5 Hz, 1H), 7.51-7.41 (m, 4H), 7.35-7.28 (m,
3H), 7.17 (dd, ] = 7.3, 1.2 Hz, 1H), 4.79 (dd, ] = 14.0 Hz, 1H), 4.74 (dd, ] = 14.0 Hz, 1H), 4.39
(dd, ] = 9.4, 6.2 Hz, 1H), 3.19 (dd, ] = 18.0, 9.5 Hz, 1H), 2.76 (dd, ] = 17.9, 6.1 Hz, 1H), 2.57 (s,
3H).

13C NMR (100 MHz, CDCl3): & 201.2, 177.6, 175.8, 136.5, 136.2, 135.9, 132.7, 131.5, 130.7,
128.8,128.5,128.1, 127.1, 45.9, 42.5, 37.6, 28.7.

3-(2-Acetyl-5-methoxyphenyl)-1-benzylpyrrolidine-2,5-dione (30b):

Me. .0 O Compound 30b was prepared according to the general procedure E and
N~gn Was purified by flash column chromatography (EtOAc : hexane = 50 :

0 50) afforded 43.6 mg of 30b in 64 % yield (24 h) as red solid. 47.2 mg

OMe of 30b in 70 % yield obtained when the reaction was continued for 36

h. The NMR data of 30b is in accordance with the literature.”
1H NMR (400 MHz, CDCl3): & 7.87 (d, J = 8.6 Hz, 1H), 7.46-7.44 (m, 2H), 7.34-7.27 (m, 3H),
6.87 (dd, /] =8.7, 2.5 Hz, 1H), 6.63 (d, / = 2.5 Hz, 1H), 4.80 (d, ] = 14.2 Hz, 1H), 4.73 (d, /] = 14.2
Hz, 1H), 4.38 (m, 1H), 3.77 (s, 3H), 3.16 (dd, ] = 18.0, 9.4 Hz, 1H), 2.68 (dd, J = 17.9, 6.1 Hz,
1H), 2.52 (s, 3H).
13C NMR (100 MHz, CDCl3): 6 198.9, 177.5, 175.9, 162.6, 139.4, 136.1, 133.8, 128.8, 128.4,
128.2,127.7,117.7, 112.4,55.3, 44.4, 42.4, 37.4, 28.3.

3-(2-Acetyl-5-methylphenyl)-1-benzylpyrrolidine-2,5-dione (3pb):

Me. O O Compound 3pb was prepared according to the general procedure E and
N~gn Was purified by flash column chromatography (EtOAc : hexane = 50 :
0 50) afforded 39.2 mg of 3pb in 61 % yield as dence colourless liquid.

Mo The NMR data of 3pb is in accordance with the literature.”

1H NMR (500 MHz, CDCl3): 6 7.76 (d, ] = 8.0 Hz, 1H), 7.46-7.44 (m, 2H),
7.34-7.27 (m, 3H), 7.21 (dd, ] = 8.0, 1.0 Hz, 1H), 6.92 (bs, 1H), 4.79 (d, J = 14.1 Hz, 1H), 4.73
(d, ] = 14.1 Hz, 1H), 4.36 (dd, ] = 8.7, 6.2 Hz, 1H), 3.16 (dd, ] =18.0, 9.4 Hz, 1H), 2.70 (dd, ] =
18.0, 6.0 Hz, 1H), 2.53 (s, 3H), 2.33 (s, 3H).
13C NMR (125 MHz, CDCls): 6 200.4, 177.8, 175.9, 143.5, 136.8, 136.0, 133.2, 132.3, 131.1,
128.8,128.6, 128.4, 127.7, 45.9, 42.4, 37.6, 28.5, 21.3.
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3-(2-Acetyl-3-methoxyphenyl)-1-benzylpyrrolidine-2,5-dione (3gqb):

Me. O 0 Compound 3qb was prepared according to the general procedure E

N~gn and was purified by flash column chromatography (EtOAc : hexane
=45:55) afforded 31.0 mg of 3qb in 46 % yield as colourless liquid.
1H NMR (500 MHz, CDCl3): 6 7.41-7.39 (m, 2H), 7.33-7.28 (m, 4H),

6.89 (d,J=8.3 Hz, 1H), 6.93 (d, /] = 7.8 Hz, 1H), 4.72 (d, / = 14.2 Hz, 1H), 4.70 (d, ] = 14.2 Hz,

1H), 4.07 (dd,J=9.5, 5.5 Hz, 1H), 3.85 (s, 3H), 3.15 (dd, /= 18.4,9.6 Hz, 1H), 2.83 (dd, / = 18.4,

5.5 Hz, 1H), 2.51 (s, 3H).

13CNMR (125 MHz, CDCls): 6 205.2,177.4,175.6,157.4, 135.79, 135.74, 131.3, 130.8, 128.7,

128.6,127.9,120.4,110.6, 55.7, 43.9, 42.6, 38.1, 32.4.

HRMS calculated for C28H19N202 is [M+H]*: 338.1392; found: 338.1391.

MeO

3-(3-Acetylnaphthalen-2-yl)-1-benzylpyrrolidine-2,5-dione (3rb):

0 Compound 3rb was prepared according to the general procedure E and

N-gn Wwas purified by flash column chromatography (EtOAc : hexane = 40 :
60) afforded 46.5 mg of 3rb in 65 % yield as white solid.

1H NMR (400 MHz, CDCl3): & 8.40 (s, 1H), 7.92 (d, ] = 7.6 Hz, 1H), 7.74
(d, J = 8.1 Hz, 1H), 7.63-7.54 (m, 3H), 7.50-7.48 (m, 2H), 7.37-7.29 (m,
3H), 4.83 (d,] = 14.2 Hz, 1H), 4.79 (d, ] = 14.2 Hz, 1H), 4.52 (dd, ] = 9.9, 6.1 Hz, 1H), 3.21 (dd,
J=18.0,9.4 Hz, 1H), 2.84 (dd, J = 18.0, 6.0 Hz, 1H), 2.69 (s, 3H).

13C NMR (100 MHz, CDCI3): 6 200.7, 178.0, 176.0, 136.0, 134.6, 133.5, 132.9, 132.4, 131.7,
131.2,129.0,128.9, 128.6, 128.5, 127.7,127.3, 127.2, 46.3, 42.5, 37.6, 28.4.

HRMS calculated for C23H20NO3 is [M+H]* : 358.1443; found: 358.1441.

3-(2-Acetylthiophen-3-yl)-1-benzylpyrrolidine-2,5-dione (3sb):

Me. O 0 Compound 3sb was prepared according to the general procedure E and

N-gn Was purified by flash column chromatography (EtOAc : hexane = 30 :

X
S 70) afforded 47.0 mg of 3sb in 75 % yield as colourless liquid. The NMR

— (@]
data of 3sb is in accordance with the literature.”
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1H NMR (400 MHz, CDCl3): 6 7.48 (d, ] = 4.9 Hz, 1H), 7.44-7.41 (m, 2H), 7.34-7.27 (m, 3H),
6.93 (d,/ = 5.0 Hz, 1H), 4.79 (d, ] = 14.2 Hz, 1H), 4.72 (d, ] = 14.2 Hz, 1H), 4.67 (dd, ] = 9.5, 6.0
Hz, 1H), 3.18 (dd, ] = 18.1, 9.6 Hz, 1H), 2.62 (dd, J = 17.9, 6.0 Hz, 1H), 2.52 (s, 3H).

13C NMR (100 MHz, CDCl3): & 190.7, 176.7, 175.5, 142.4, 136.2, 135.8, 130.8, 130.6, 128.7,
128.5,127.7, 42.5, 41.5, 36.4, 28.1.

Compound (3tb):

Compound 3tb was prepared according to the general procedure E

0 O and was purified by flash column chromatography (EtOAc : hexane =
’ N-Bn 15:85) afforded 72.4 mg of 3tb in 92 % yield as white solid.
O o} 1H NMR (400 MHz, CDCl3): § 7.58-7.50(m, 4H), 7.48-7.43 (m, 4H),

7.40-7.30 (m, 3H), 7.24-7.19 (m, 1H), 7.05-6.98 (m, 2H), 4.88 (d,/ = 14.1 Hz, 1H), 4.81 (d,/ =
14.1 Hz, 1H), 4.31 (dd, J=9.4, 6.1 Hz, 1H), 3.32 (dd, J = 18.2,9.5 Hz, 1H), 3.03 (dd, /= 18.3, 5.9
Hz, 1H).

13C NMR (125 MHz, CDCl3): 6 196.9, 177.4, 175.8, 140.3, 136.9, 136.7, 135.9, 135.2, 133 .4,
131.38,131.33,130.8,130.7,130.2, 129.1, 128.8, 128.5, 127.8, 46.0, 42.6, 38.7.

HRMS calculated for C26H20NOs3 is [M+H]* : 394.1443; found: 394.1446.

1-Benzyl-3-(2-pivaloylphenyl)pyrrolidine-2,5-dione (3ab):
Bu. O O Compound 3ab was prepared according to the general procedure E and
N-gn Was purified by flash column chromatography (EtOAc: hexane = 8: 92)
afforded 67.0 mg of 3ab in 96 % yield as white solid.
1H NMR (500 MHz, CDCl3): 6 7.45 (dd, J = 8.8, 1.2 Hz, 1H), 7.43-7.41 (m,
2H), 7.36-7.28 (m, 5H), 7.02 (dd, /= 7.8, 0.9 Hz, 1H), 4.71 (d, /= 14.1 Hz, 1H), 4.71 (d,/ = 14.1
Hz, 1H), 3.92 (dd, J =9.5, 5.4 Hz, 1H), 3.15 (dd, ] = 18.4, 9.6 Hz, 1H), 2.76 (dd, ] = 18.4, 5.4 Hz,
1H), 1.30 (s, 9H).
13C NMR (125 MHz, CDCls): 6 213.2, 177.4, 175.4, 139.8, 135.7, 135.5 (overlapped), 130.2,
128.7,128.5,127.8,126.7,126.0, 44.7, 44.3, 42.5, 38.7, 27.7.

HRMS calculated for C22H23NNaOs is [M+Na]*: 372.1576; found: 372.1573.

0]
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1-Methyl-3-(2-pivaloylphenyl)pyrrolidine-2,5-dione (3ac):
By O O Compound 3ac was prepared according to the general procedure E and
N~pme Was purified by flash column chromatography (EtOAc : hexane = 20 :
80) afforded 44.1 mg of 3ac in 81 % yield as red solid.
1H NMR (500 MHz, CDCls): 6 7.46, (d, ] = 7.7 Hz, 1H), 7.36 (td, ] = 7.6,
1.3 Hz, 1H), 7.29 (td, /= 7.6, 1.2 Hz, 1H), 7.13 (d, / = 7.8 Hz, 1H), 3.92 (dd, / = 9.5, 5.6 Hz, 1H),
3.12 (dd,J = 18.3,9.6 Hz, 1H), 3.02 (s, 3H), 2.77 (dd, ] = 18.3, 5.6 Hz, 1H), 1.28 (s, 9H).
13C NMR (125 MHz, CDCIs): 6 213.3,177.9, 175.9, 139.6, 135.4, 130.2, 129.2, 126.7, 126.1,
44.6 (overlapped with quaternary carbon of -CMe3), 38.5, 27.8, 24.9.

HRMS calculated for Ci6H20NO3 is [M+H]* : 274.1443; found: 274.1443.

O

1-Ethyl-3-(2-pivaloylphenyl)pyrrolidine-2,5-dione (3ad):
By .0 O Compound 3ad was prepared according to the general procedure E and
N-gt was purified by flash column chromatography (EtOAc : hexane = 18 :
82) afforded 47.1 mg of 3ad in 82 % yield as red solid.
1H NMR (500 MHz, CDCl3): 6 7.46, (d, ] = 7.7, 1.1 Hz, 1H), 7.38 (td, ] = 7.6,
1.3 Hz, 1H), 7.30 (td, / = 7.6, 1.1 Hz, 1H), 7.11 (d, ] = 7.8 Hz, 1H), 3.90 (dd, / = 9.5, 5.5 Hz, 1H),
3.66-3.56 (m, 2H), 3.12 (dd, J = 18.3, 9.5 Hz, 1H), 2.74 (dd, J = 18.3, 5.5 Hz, 1H), 1.31 (s, 9H),
1.22 (t,/ = 7.2 Hz, 3H).
13C NMR (125 MHz, CDCIs): 6 213.2, 177.6, 175.7, 139.7, 135.6, 130.3, 128.8, 126.7, 126.1,
44.7,44.4, 38.6, 33.9, 27.9, 13.0.

HRMS calculated for C17H22NO3 is [M+H]* : 288.1600; found: 288.1601.

0]

1-Isobutyl-3-(2-pivaloylphenyl) pyrrolidine-2,5-dione (3ae):
Bu. O O Me Compound 3ae was prepared according to the general procedure
N Me E and was purified by flash column chromatography (EtOAc :
5 hexane = 13 : 87) afforded 61.2 mg of 3ae in 97 % yield as
colourless liquid.
1H NMR (500 MHz, CDCl3): 6 7.44 (d,J = 7.7 Hz, 1H), 7.38 (t,/ = 7.6 Hz, 1H), 7.29 (t,/] = 7.6 Hz,

1H), 7.11 (d, ] = 7.8 Hz, 1H), 3.92 (dd, J = 9.6, 5.6 Hz, 1H), 3.41-3.33 (m, 2H), 3.14 (dd, / = 18.4,
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9.6 Hz, 1H), 2.75 (dd, ] = 18.4, 5.6 Hz, 1H), 2.07 (sep, ] = 6.9 Hz, 1H), 1.30 (s, 9H), 0.91 (dd, ] =
6.7, 2.2 Hz, 6H).

13C NMR (125 MHz, CDCl3): § 213.3, 177.9, 176.0, 140.0, 135.5, 130.2, 128.5, 126.6, 126.0,
46.2,44.7,44.1,38.5,27.8, 27.0, 20.1, 20.0.

HRMS calculated for C19H26NO3 is [M+H]* : 316.1913; found: 316.1910.

1-(4-Methoxyphenyl)-3-(2-pivaloylphenyl)pyrrolidine-2,5-dione (3af):

o Compound 3af was prepared according to the general

N\©\0Me procedure E and was purified by flash column
chromatography (EtOAc : hexane = 15 : 85) afforded 64.9 mg
of 3af in 95 % yield as red solid.

1H NMR (500 MHz, CDCls): § 7.57 (dd, J = 7.7, 1.1 Hz, 1H), 7.43 (td, /] = 7.6, 1.2 Hz, 1H), 7.34

(td, /= 7.6, 1.1 Hz, 1H), 7.29-7.26 (m, 3H), 7.00-6.97 (m, 2H), 4.13 (dd, / = 9.7, 5.9 Hz, 1H),

3.82 (s,3H), 3.28 (dd, J = 18.3, 9.7 Hz, 1H), 2.99 (dd, J = 18.3, 5.9 Hz, 1H), 1.31 (s, 9H).

13C NMR (125 MHz, CDCls): 6 213.3,177.1, 175.2, 159.5, 139.1, 135.7, 130.4, 129.9, 127.9,

126.8,126.6,124.7, 114.4, 55.4, 45.0, 44.7, 38.6, 28.1.

HRMS calculated for C22H23NNaO4 is [M+Na]*: 388.1525; found: 388.1529.

Bu_ _O

0]

1-(4-Nitrophenyl)-3-(2-pivaloylphenyl)pyrrolidine-2,5-dione (3ag):

O Compound 3ag was prepared according to the general

N\©\ procedure E and was purified by flash column
NO
’ chromatography (EtOAc : hexane = 20 : 80) afforded 67.7 mg

Bu_ _O

O
of 3ag in 89 % yield as red solid.

1H NMR (500 MHz, CDCls): 6 8.34-8.31 (m, 2H), 7.68-7.65 (m, 3H), 7.46 (td, J = 7.6, 1.3 Hz,
1H), 7.38 (td, / = 7.6, 1.2 Hz, 1H), 7.29 (d, ] = 7.7 Hz, 1H), 4.20 (dd, J = 9.8, 6.2 Hz, 1H), 3.33
(dd, ] = 18.4, 9.8 Hz, 1H), 3.05 (dd, ] = 18.4, 6.2 Hz, 1H), 1.28 (s, 9H).

13C NMR (125 MHz, CDCl3): 6 213.2, 176.2, 174.1, 147.0, 138.2, 137.7, 135.3, 134.5, 131.0,
130.8,127.3,127.2,124.2, 44.7, 44.6, 38.5, 28.2.

HRMS calculated for C21H20N2NaOs is [M+Na]*: 403.1270; found: 403.1270.
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1-(4-Bromophenyl)-3-(2-pivaloylphenyl)pyrrolidine-2,5-dione (3ah):
0 Compound 3ah was prepared according to the general

N\Q\B procedure E and was purified by flash column chromatography
,
(EtOAc: hexane = 7 : 93) afforded 77.9 mg of 3ah in 94 % yield

Bu_ O

(@]
as white solid.

1H NMR (500 MHz, CDCl3): 6 7.62-7.59 (m, 3H), 7.47-7.43 (m, 1H), 7.38-7.35 (m, 1H), 7.29-
7.27 (m, 3H), 4.15 (dd, J = 9.7, 6.1 Hz, 1H), 3.29 (dd, J = 18.3, 9.7 Hz, 1H), 3.02 (dd, J = 18.3,
6.1 Hz, 1H), 1.29 (s, 9H).

13C NMR (125 MHz, CDCI3): § 213.3, 176.7, 174.6, 138.6, 135.4, 132.2, 131.0, 130.6, 130.5,
128.3,127.08,127.00, 122.5, 44.4, 44.6, 38.6, 28.1.

HRMS calculated for C21H20BrNNaOs is [M+Na]* : 436.0524; found: 436.0522.

1-Cyclohexyl-3-(2-pivaloylphenyl)pyrrolidine-2,5-dione (3ai):

O Compound 3ai was prepared according to the general procedure E

N\Q and was purified by flash column chromatography (EtOAc : hexane
=13:87) afforded 68.3 mg of 3ai in 97 % yield as colourless liquid.
1H NMR (500 MHz, CDCl3): § 7.43 (dd, J = 7.7, 0.8 Hz, 1H), 7.37 (td,

J=7.6,1.2 Hz, 1H), 7.29 (td, ] = 7.6, 1.1 Hz, 1H), 7.08 (d, J = 7.5 Hz, 1H), 4.01 (tt, = 12.4, 3.8

Hz, 1H), 3.83 (dd, J = 9.6, 5.5 Hz, 1H), 3.07 (dd, / = 18.3, 9.6 Hz, 1H), 2.67 (dd, J = 18.3, 5.5 Hz,

1H), 2.17 (qd,J = 18.3, 3.5 Hz, 2H), 1.84-1.81 (m, / = 2.0 Hz, 2H), 1.68-1.63 (m, 3H), 1.33-1.31

(m, 10H), 1.27-1.18 (m, 2H).

13C NMR (125 MHz, CDCls): 6 213.2, 177.8, 176.0, 139.9, 135.9, 130.2, 128.3, 126.6, 126.0,

52.0,44.7,43.9, 38.5, 28.8, 28.7, 27.8, 25.8 (overlapped), 25.0.

HRMS calculated for C21H2sNOs is [M+H]* : 342.2069; found: 342.2065.

‘Bu_ _0O

o)

1-((S)-1-Phenylethyl)-3-(2-pivaloylphenyl)pyrrolidine-2,5-dione (3aj):
O Compound 3aj was prepared according to the general procedure E
N Me and was purified by flash column chromatography (EtOAc : hexane

= 17 : 83) afforded 50.9 mg of 3aj in 70 % yield (d.r. = 1.2:1.0) as

Bu_ O

O
colourless liquid.
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Major Diastereomer: TH NMR (500 MHz, CDCl3): § 7.50-7.43 (m, 3H), 7.38-7.28 (m, 5H), 7.02
(d,J=7.8 Hz, 1H), 5.52-5.48 (q,J =7.4 Hz, 1H), 3.83-3.81 (m, 1H), 3.09-3.04 (m, 1H), 2.67 (dd,
J=18.4,5.4 Hz, 1H), 1.87 (d,J = 7.3 Hz, 3H), 1.31 (s, 9H).

I13CNMR (125 MHz, CDCl3): 6 213.22,177.56,175.64, 139.65, 139.53, 135.89, 130.29, 128.18,
128.39 (overlapped with minor), 127.75 (overlapped with minor), 127.52, 126.69, 126.01,
50.54, 44.81, 43.99, 38.64, 27.84, 16.60.

Minor Diastereomer: 1H NMR (500 MHz, CDCl3): 6 7.50-7.43 (m, 3H), 7.38-7.28 (m, 5H), 6.96
(d,J=7.7 Hz, 1H), 5.49-5.45 (q,/ = 7.4 Hz, 1H), 3.86-3.84 (m, 1H), 3.14-3.10 (m, 1H), 2.71 (dd,
J=18.4,5.4 Hz, 1H), 1.89 (dd, J = 7.3 Hz, 3H), 1.31 (s, 9H).

13CNMR (125 MHz, CDCl3): 6§ 213.25,177.62,175.67,139.98, 139.73, 135.78, 130.27, 128.6,
128.39,127.75,127.55, 126.67, 126.08, 50.60, 44.76, 44.19, 38.65, 27.85, 16.53.

HRMS calculated for C23H26NOs3 is [M+H]* : 364.1913; found: 364.1904.

3-(2-Pivaloylphenyl)pyrrolidine-2,5-dione (3ak):
Bu. O O Compound 3ak was prepared according to the general procedure E and
NH was purified by flash column chromatography (EtOAc : hexane = 20 : 80)
afforded 32.1 mg of 3ak in 62 % yield as colourless liquid.
1H NMR (400 MHz, CDCls): 6 8.86 (bs, 1H), 7.47 (dd, ] = 7.4, 0.9 Hz, 1H),
7.41 (td,J] =7.7,1.4 Hz, 1H), 7.32 (td, ] =7.6, 1.0 Hz, 1H), 7.23-7.21 (m, 1H), 4.00 (dd, J = 9.6,
5.8 Hz, 1H), 3.19 (dd, J = 18.5, 9.7 Hz, 1H), 2.83 (dd, / = 18.5, 5.8 Hz, 1H), 1.31 (s, 9H).
13C NMR (125 MHz, CDCI3): § 213.4, 178.3, 176.3, 139.7, 135.0, 130.3, 129.0, 126.9, 126.1,
45.8,44.8, 39.8, 27.8.

HRMS calculated for Ci1sH1sNOs is [M+H]* : 260.1287; found: 260.1284.

)
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Catalytic Procedure for the synthesis of 1,1'-(ethane-1,2-diyl)bis(3-(2-
pivaloylphenyl)pyrrolidine-2,5-dione) (3al):

o An oven-dried Schlenk tube equipped with a magnetic

Bu._0O i N stir bar was charged with Cp*Co(CO)I2 (9.5 mg, 0.02
Nfo 0” tgy mmol, 10 mol %), AgSbFs (14.0 mg, 0.04 mmol, 20 mol

O %), NaOAc (1.6 mg, 0.02 mmol, 10 mol %) under argon

atmosphere. Small amount of 1,2-DCE (0.2 mL) was added to the Schlenk tube and stirred
for few minutes. 2,2-Dimethyl-1-phenylpropan-1-one 1a (0.42 mmol, 2.1 equiv.), 1,1'-
(ethane-1,2-diyl)bis(1H-pyrrole-2,5-dione) 21 (37.4 mg, 0.2 mmol, 1.0 equiv.) followed by
0.8 mL 1,2-DCE were successively added to the Schlenk. The closed tube was placed to a pre-
heated oil bath at 120 °C for 30 h. After completion of the reaction, the reaction mixture was
then allowed to cool down to room temperature. The crude reaction mixture was purified by
flash column chromatography (EtOAc : hexane = 30 : 70) afforded 70.9 mg of 3al in 65 %
yield as colourless liquid.

1H NMR (400 MHz, CDCl3): 6 7.40-7.32 (m, 4H), 7.29-7.22 (m, 4H), 3.86-3.73 (m, 6H), 3.11-
3.03 (m, 2H), 2.73-2.66 (m, 2H), 1.26 (s, 18H).

13C NMR (100 MHz, CDCls): 6 213.56, 213.54, 178.15, 178.12, 176.21 (overlapped), 140.1,
140.0, 134.76 (overlapped), 130.2 (overlapped), 129.18 (overlapped), 126.71 (overlapped),
125.79, 125.71, 44.7 (overlapped), 44.3, 44.2, 38.5 (overlapped), 37.5, 37.4, 27.79, 27.71.
HRMS calculated for C32H40N306 is [M+NHa4]* : 562.2917; found: 562.2919.

Ethyl 3-(2-pivaloylphenyl)propanoate (3am):

‘Bu.__0O o Compound 3am was prepared according to the general procedure G
o Et and the was purified by flash column chromatography (EtOAc :

hexane = 2 : 98) afforded 20.1 mg of 3am in 38 % yield as colourless

liquid.

1H NMR (400 MHz, CDCl3): 6 7.32-7.28 (m, 1H), 7.26-7.16 (m, 2H), 4.12 (q, / = 7.2 Hz, 2H),

2.80-2.76 (m, 2H), 2.62-2.58 (m, 2H), 1.26 (s, 9H), 1.23 (t,/ = 7.0 Hz, 3H).

13C NMR (100 MHz, CDCl3): 6 214.5, 172.7, 140.6, 136.9, 129.5, 128.9, 125.4, 124.8, 60.4,

449, 35.9, 28.9, 27.4, 14.1.

LCMS calculated for C16H2303 is [M+H]: 263.1647; found: 263.2.
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Ethyl 3-(5-tert-butyl-2-pivaloylphenyl)propanoate (3an):
‘Bu.__0O o Compound 3an was prepared according to the general procedure G
o Et and was purified by flash column chromatography (EtOAc : hexane =
2:98) afforded 18 mg of 3anin 27 % yield as colourless liquid.

‘Bu 1H NMR (400 MHz, CDCl3): 6 7.25 (d,J = 1.6 Hz, 1H), 7.20 (dd, J = 8.1,
1.8 Hz, 1H), 7.14 (d, ] = 8.0 Hz, 1H), 4.12 (q, / = 7.1 Hz, 2H), 2.81-2.77 (m, 2H), 2.63-2.59 (m,
2H), 1.30 (s, 9H), 1.26 (s, 9H), 1.24 (t,J = 7.2 Hz, 3H).
I13CNMR (100 MHz, CDCl3): 6 214.6,172.9,152.0,137.7,136.9, 126.6,124.8, 122.3, 60.3, 44.9,
36.3,34.6,31.1, 29.3, 27.5, 14.2.
LCMS calculated for C20H3103 is [M+H]: 319.2273; found: 319.2.

Ethyl 3-(5-methoxy-2-pivaloylphenyl)propanoate (3ao):
Bu.__0O o Compound 3ao was prepared according to the general procedure E
o Et and was purified by flash column chromatography (EtOAc : hexane =
3:97) afforded 17.9 mg of 3a0 in 31 % yield as colourless liquid.

OMe 1H NMR (400 MHz, CDCl3): 6 7.20 (d, /] = 8.5 Hz, 1H), 6.78 (d, ] = 2.5

Hz, 1H), 6.72 (dd, ] = 8.5, 2.5 Hz, 1H), 4.12 (q, ] = 7.2 Hz, 1H), 3.80 (s, 3H), 2.80-2.76 (m, 2H),

2.63-2.59 (m, 2H), 1.25 (s, 9H), 1.23 (t, ] = 6.9 Hz, 3H).

13CNMR (100 MHz, CDCl3): 6 213.6,172.8,159.8,139.9,132.9,126.7,115.2,110.6, 60.4, 55.2,

449,36.0,29.1,27.7,14.1.

LCMS calculated for C17H2504 is [M+H]: 293.1753; found: 293.2.

Ethyl 2-(1-benzyl-2,5-dioxopyrrolidin-3-yl)-5-methylbenzoate (5ab):

EO. .0 0 Compound 5ab was prepared according to the general procedure F
N-gn and was purified by flash column chromatography (EtOAc: hexane =
0 10 : 90) afforded 31.0 mg of 5ab in 44 % yield as colourless liquid.
Me

1H NMR (400 MHz, CDCl3): & 7.83 (d, J = 1.1 Hz, 1H), 7.45 (dd, ] = 8.0,
1.2 Hz, 2H), 7.34-7.27 (m, 4H), 7.02 (d, ] = 7.9 Hz, 1H), 4.75 (d, ] = 14.1 Hz, 1H), 4.74 (d,] =
14.1 Hz, 1H), 4.54 (dd, J = 9.3, 6.2 Hz, 1H), 4.22 (q, ] = 7.1 Hz, 2H), 3.19 (dd, J = 18.1, 9.5 Hz,
1H), 2.75 (dd, ] = 17.9, 6.1 Hz, 1H), 2.37 (s, 3H), 1.33 (t, ] = 7.1 Hz, 3H).
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13C NMR (100 MHz, CDCls): 6 178.0, 176.0, 166.9, 138.1, 136.1, 135.4, 133.6, 132.1, 130.8,
129.0,128.8,128.6,127.8, 61.3, 45.5, 42.6, 37.9, 21.0, 14.3.
HRMS calculated for C21H22NO4 is [M+H]* : 352.1549; found: 352.1542.

Ethyl 2-(1-benzyl-2,5-dioxopyrrolidin-3-yl)-4-methylbenzoate (5bb):

EO. O O Compound 5bb was prepared according to the general procedure F
N~gn, and was purified by flash column chromatography (EtOAc : hexane =

0 10 :90) afforded 43.0 mg of 5bb in 61 % yield as colourless liquid.
Ve 1H NMR (500 MHz, CDCl3): 6 7.93 (d, /= 8.0 Hz, 1H), 7.47-7.46 (m, 2H),

7.34-7.27 (m, 3H), 7.16 (dd, / = 7.8, 0.9 Hz, 1H), 6.88 (bs, 1H), 4.77 (d, J
=14.1 Hz, 1H), 4.74 (d,] = 14.1 Hz, 1H), 4.61-4.58 (m, 1H), 4.22 (q,/ = 7.1 Hz, 2H), 3.20 (dd,
J=18.1,9.5 Hz, 1H), 2.74 (dd, ] = 18.1, 5.9 Hz, 1H), 2.32 (s, 3H), 1.33 (t,/ = 7.1 Hz, 3H).
13C NMR (125 MHz, CDCI3): 6 177.9, 176.0, 166.6, 143.5, 138.5, 136.0, 131.6, 131.4, 128.9,
128.6,128.5,127.7,126.0, 61.0, 45.5, 42.5, 37.8, 21.3, 14.1.
HRMS calculated for C21H22NO4 is [M+H]* : 352.1549; found: 352.1549.

Ethyl 2-(1-benzyl-2,5-dioxopyrrolidin-3-yl)-4-tert-butylbenzoate (5cb):

EtO. O O Compound 5cb was prepared according to the general procedure F and
N-pn Wwas purified by flash column chromatography (EtOAc: hexane =3:97)

o afforded 44.0 mg of 5¢b in 56 % yield as colourless liquid.
By 1H NMR (500 MHz, CDCI3): 6 7.96 (d, / = 8.3 Hz, 1H), 7.48-7.46 (m, 2H),

7.38 (dd, J = 8.3, 2.0 Hz, 1H), 7.34 -7.27 (m, 3H), 7.08 (d, / = 1.9 Hz, 1H), 4.78 (d, ] = 14.1 Hz,
1H), 4.75 (d, ] = 14.1 Hz, 1H), 4.58 (dd, J = 8.8, 5.9 Hz, 1H), 4.22 (q, / = 7.1 Hz, 2H), 3.21 (dd, J
=18.1, 6.0 Hz, 1H), 2.78 (dd, J = 18.1, 6.0 Hz, 1H), 1.32 (t,/ = 7.2 Hz, 3H), 1.25 (s, 9H).

13C NMR (100 MHz, CDCI3): 6§ 178.0, 176.1, 166.6, 156.5, 138.2, 136.1, 131.4, 129.1, 128.9,
128.5,127.7,125.8,125.1, 61.0, 46.1, 42.5, 37.9, 34.9, 30.9, 14.2.

HRMS calculated for C24H28NO4 is [M+H]* : 394.2018; found: 394.2016.
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Ethyl 2-(1-benzyl-2,5-dioxopyrrolidin-3-yl)-4-chlorobenzoate (5db):

EO. O 0 Compound 5db was prepared according to the general procedure F
N~g, andwas purified by flash column chromatography (EtOAc : hexane = 8

0 : 92) afforded 26.0 mg of 5db in 35 % yield as colourless liquid.
& 1H NMR (500 MHz, CDCl3): 6 7.96 (d, / = 8.5 Hz, 1H), 7.45-7.43 (m, 2H),

7.36-7.28 (m, 4H), 7.12 (d, / = 2.0 Hz, 1H), 4.76 (d, / = 14.1 Hz, 1H), 4.72
(d,J=14.1 Hz, 1H), 4.54 (dd, /= 9.3, 6.3 Hz, 1H), 4.20 (q,/ = 7.2 Hz, 2H), 3.19 (dd, /= 18.1,9.6
Hz, 1H), 2.75 (dd, J = 18.1, 6.1 Hz, 1H), 1.31 (t,/ = 7.2 Hz, 3H).
13C NMR (100 MHz, CDCI3): § 177.1, 175.5, 165.8, 140.2, 138.9, 135.8, 132.9, 131.0, 128.9,
128.5,128.2,127.9,127.3,61.5, 45.5, 42.7, 37.5, 14.1.
HRMS calculated for C20H19NO4 is [M+H]*: 372.1003; found: 372.1000.

1-Isobutyl-3-(2-pivaloyl-5-(1H-pyrrolo[2,3-b]pyridin-1-yl)phenyl)pyrrolidine-2,5-
dione (3ue):
Bu. O 0\>\ Compound 3ue was prepared according to the general procedure
N

E and the reaction was continued for 36 h. The crude reaction

0 mixture was purified by flash column chromatography (EtOAc :
N hexane = 25 : 75) afforded 45.7 mg of 3ue in 53 % yield as
N
7\ colourless liquid.

1H NMR (400 MHz, CDCl3): 6 8.34 (dd,J = 4.7, 1.5 Hz, 1H), 7.96 (dd,
J=17.8,1.5 Hz, 1H), 7.80 (dd, J = 8.4, 2.1 Hz, 1H), 7.78 (d, ] = 2.0 Hz, 1H), 7.68 (d, / = 8.4 Hz,
1H), 7.51(d, J = 3.7 Hz, 1H), 7.15 (dd, / = 7.8, 4.7 Hz, 1H), 6.65 (d, ] = 3.7 Hz, 1H), 4.09 (dd, J
=9.5, 5.8 Hz, 1H), 3.44-3.36 (m, 2H), 3.22 (dd, / = 18.3, 9.6 Hz, 1H), 2.93 (dd, / = 18.3, 5.8 Hz,
1H), 2.14-2.06 (m, 1H), 1.36 (s, 9H), 0.93 (d, ] = 6.7 Hz, 6H).
13C NMR (100 MHz, CDCl3): 6 212.3,177.8, 176.0, 147.4, 143.7, 140.0, 137.4, 136.7, 129.2,
127.6,126.7,123.7,121.8,120.9, 117.2,102.8, 44.3, 44.8, 44.6, 38.4, 28.0, 27.0, 20.1, 20.0.
HRMS calculated for C26H30N303 is [M+H]* : 432.2287; found: 432.2282.
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3. Control Experiments:

3.1. Competitive experiment with p-substituted ketone:

o)
‘Bu._O Cp*Co(CO)l, - 10 mol % ‘Bu._O
0 AgSbFg - 20 mol % N<Bn
H H NaOAc - 10 mol % H
+ || N-Bn y
1,2-DCE (1.0 mL), 120 °C
R ='Bu/CI (1c/1e) 2b 3cb:3eb = 1.78:1.00 R ='Bu/CI (3cb/3eb)

An oven-dried Schlenk tube equipped with a magnetic stir bar was charged with Cp*Co(CO)I2
(4.5 mg, 0.01 mmol, 10 mol %), AgSbFs (7.0 mg, 0.02 mmol, 20 mol %), NaOAc (0.8 mg, 0.01
mmol, 10 mol %) under argon atmosphere. Small amount of 1,2-DCE (0.2 mL) was added to
the Schlenk tube and stirred for few minutes. 1-(4-tert-butylphenyl)-2,2-dimethylpropan-1-
one 1c (21.8 mg, 0.1 mmol, 1.0 equiv.), 1-(4-chlorophenyl)-2,2-dimethylpropan-1-one 1e
(19.6 mg, 0.1 mmol, 1.0 equiv) and 1-benzyl-1H-pyrrole-2,5-dione 2b (28.0 mg, 0.15 mmol,
1.5 equiv.) followed by 0.8 mL 1,2-DCE were successively added to the Schlenk tube. The
closed tube was placed to a pre-heated oil bath at 120 °C for 13 h. After completion of the
reaction, the reaction mixture was then allowed to cool down to room temperature. The
crude mixture was purified by flash column chromatography (10/90; EtOAc/Hexane) on
silica gel afforded mixture of 3cb and 3eb. The ratio of 3cb and 3eb (3cb:3eb = 1.78:1.00)

was calculated from 1H NMR analysis.

3.2. H/D exchange experiments:

3.2.1. H/D exchange with ketone:

53 %D o

o Cp*Co(CO)l, - 10 mol % ° By O 53%D
u AgSbF - 20 mol % ‘) (
H H NaOAc - 10 mol % D/H H/D
D5-TFE - 5.0 equiv.
1,2-DCE (0.2 M), 120 °C
8 h
1a

An oven-dried Schlenk tube equipped with a magnetic stir bar was charged with Cp*Co(CO)I2
(9.5 mg, 0.02 mmol, 10 mol %), AgSbFs (14.0 mg, 0.04 mmol, 20 mol %), NaOAc (1.6 mg, 0.02

mmol, 10 mol %) under argon atmosphere. Small amount of 1,2-DCE (0.2 mL) was added to
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the Schlenk tube and stirred for few minutes. 2,2-Dimethyl-1-phenylpropan-1-one 1a (32.4
mg, 0.2 mmol, 1.0 equiv.) and D3-TFE (0.073 mL, 1.0 mmol, 5.0 equiv.) followed by 0.8 mL
1,2-DCE were successively added to the Schlenk tube. The closed Schlenk tube was placed to
a pre-heated oil bath at 120 °C for 8 h. After that, the reaction mixture was then allowed to
cool down to room temperature. Then the reaction mixture was passed through a short pad
of silica gel (eluent 5 % EtOAc/Hexane). The 1H NMR of the isolated product shows

deuterium incorporation of about 53 % in ortho position with respect to carbonyl of 1a.

wwwwwww
NI
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3.2.2. H/D exchange in the the product as well as with ketone (1a):

16 % D
47 %D 58 % H/D 58 % H/D
Cp*Co(CO)l, - 10 mol % H/D 0 By
AgSbFg - 20 mol %
H o, | NaOAc - 10 mol % D/H N~Ph + D/H H/D
D3-TFE - 5.0 equiv.
1,2-DCE (0.2 M), 120 °C

8h
19 %D

An oven-dried Schlenk tube equipped with a magnetic stir bar was charged with Cp*Co(CO)I2
(9.5 mg, 0.02 mmol, 10 mol %), AgSbFs (14.0 mg, 0.04 mmol, 20 mol %), NaOAc (16.0 mg,
0.02 mmol, 10 mol %) under argon atmosphere. Small amount of 1,2-DCE (0.2 mL) was
added to the Schlenk tube and stirred for few minutes. 2,2-Dimethyl-1-phenylpropan-1-one
1a (32.4 mg, 0.2 mmol, 1.0 equiv.), 1-phenyl-1H-pyrrole-2,5-dione 2a (51.9 mg, 0.3 mmol,
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1.5 equiv.) and D3-TFE (0.073 mL, 1.0 mmol, 5.0 equiv.) followed by 0.8 mL 1,2-DCE were

successively added to the Schlenk. The closed tube was placed to a pre-heated oil bath at 120

°C for 8 h. After completion of the reaction, the reaction mixture was then allowed to cool

down to room temperature. The crude mixture was purified by flash column

chromatography (10/90; EtOAc/Hexane) on silica gel afforded 48.6 mg (72 % yield) of 3aa

and 7.2 mg (22 % yield) of 1a.
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_-7.69
~7.68
_-7.46
~ 7.4
_-7.38
X738

58 % HD 58 % H/D

‘)Df H%i H.CfD

The 1H NMR of the isolated product 3aa shows deuterium incorporation of about 47 % in
ortho position with respect to ketone and 19 %, 16 % D incorporation occours to the
methylene carbon of succinimide. Also 58 % D incorporation observed in the ortho position

with respect to carbonyl of 1a.

S28



Wwi—

/99
wo.ov

STZL
9T,
JAYA
8T,

95,
JAyA v

68
HmNW
[4<yA
6L
S6'L
L6,
66'L
6€'8
6€'8
0r'8
0r'8

CH,

CHj

H;C

1lu

1

]

=876

=00T

=ITT
=80T
= &CC

T4

=201

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5

7.0

7.5

8.0

8.5

9.0

9.5



P1'8¢—

Tt —

89°C0T—

ETLIT—
S6°TCT
wv.NNﬁV
asa
mN.mNH”
9/'6¢T—=

9T'GET—

vLObT "
0L EPT—
PLrT~C

CHg
CHg

H3C

SE€L0C—

1lu

muw WMJ I RTR—

A U §

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

210



€T —

00°€
Ho.m/
€0~

soe”
6C°E~_

1€€-F
mm.m\
SE'€

1494
STV
9Ty
Ty

CHs

CHj

H;C

kMl

3aa

7.25

7.30

7.35

7.40

7.45

7.50

7.55

7.60

ii

m

I
I

=606 |

90T

Fsot

00T

7.5

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5

7.0

8.5 8.0

9.0

9.5



18—

SL8E—

SL P~
81'Sp~"

T10°GLT—
96'9LT—

8CETC—

CHj

CHs

H3C

3aa

I

T
L}

Y

Al

abll bt

TR

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

210



6C'T—

(C—

€Le

ﬁ.m\
61°¢
/8¢
68°¢

16°¢

69t
Nm.vW
YLy
R.v.\.

LL9—
80
oHN%
8¢t
mmN%
mme
8¢
NvN\
St'L

CHs

CHj

H;C

CH,3

I |

3bb

69 68 6.7

7.2 7.1 7.0

7.3

7.4

=196 |

=vT°€ |

111

Fert

901

0T'T
meo.H

=0T

/0T

00€ [

£00¢C

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5

7.0

7.5

8.0

8.5

9.0

9.5



bZ'921
9 et
%Nﬁ/
95871 ~\&
6L871-7
€621

€8'SET
bR'SET >
08'9€T

b ovT-"

YLSLT—
0LLLT—

PLETC—

CH,

CHs

HaC

~

CHs

3bb

oot

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

220



0C'T—
0€'T—

9.'C

e
nef

16°€
6’

S6°€

69t
&Ly
vm.vv
LY

CHj

CH,

H;C

N

CHs

CHj

H;C

3cb

6.9

7.0

7.1

7.2

7.3

7.4

7.5

€86

Fr111

= Fart

ﬂ

o0t

=E0'T

= v |

e

=166 |

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5

7.0

7.5

8.0

8.5

9.0

9.5



£8'€zt
mu.mﬁ/
wN.oﬁ/
%.RHM
£9°8T1
bL'821

CL'SET
vm.mmﬁW
89'9¢T

CLEST—

(8'SLT—
98°LLT—

TCETC—

CHj

CH,

HsC

CHs

CHj

HaC

3cb

A

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

210



6C'T—

CHs

CH;3

HaC

7
H;C

|

70 69 68 6.7 66 65 64

3db

76 75 74 73 72 71

e

M

=506 |

it

Fert

=9T'¢ |

01

=00'T

0T

96T |

= P6'T
90T

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5

7.0

7.5

8.0

8.5

9.0

9.5



ET'8c—

§5'8E~

0§'¢y
vo.vv.”
P8y —

LTSS —

0£09T—

89°G/T—
aSUT—

P0'CTC—

CH,

CHg

HaC

e

3db

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

20



6C'T—

0L
NONV.
LTI~
SEL~
Wwei-r
&L

CHs

CHj

HaC

Cl

b )

3eb

750 745 740 735 730 725 720 715 710 7.05 7.00 6.95

I

—€06 |

Es11

Fs11

o

=0T

oty |

=€

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5

7.0

7.5

8.0

8.5

9.0

9.5



08/¢c—

£6°9CT
197/
86°LCT
$9'8¢T

vL'8CT
9T'6¢T /
65°GET
90'9¢T V
69°LET
[8LET

[ANTASS
98°9/LT—

SCUIC—

CHs

CHj

H;C

Cl

3eb

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

210



8CT—

SLY-T
LY

CHs
CHs
Br

H3C

3fb

7.1

7.2

7.3

7.4

7.5

J

JH

=116 |

Fort

Fsr1

/01

6T'T
Wmﬁ.ﬂ

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5

7.0

7.5

8.0

8.5

9.0

9.5



E8LC—

9b'8E~
VL'Th

HN.$M
58—

oT'SLT—~
68°9LT—

ware—

CHs
CHj
Br

HaC

3fb

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

220



0€'T—

89
0Lp~\
YT
Sty

CH,

CHs

H;C

HaC

3gb

e

=/56 |

=ET'e

601

Fort

Ev0T

=80T
507

=00T

0T
=00'T

Roo¢

B0z

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5

7.0

7.5

8.0

8.5

9.0

9.5



80°'T¢—

(8(C—

8L'8E~

6S°CY
wm.va
LY

L9'SLT—
99°LLT—

ES°ETC—

H;C

H3C

3gb

|

140

120 110 100 90 80 70 60 50 40 30 20 10

130

210 200 190 180 170 160 150

20



0€'T—

CHz

CH;

H;C

e

CHj

3hb

7.3 7.2 7.1 7.0 6.9 6.8

7.4

7.5

A

=—/06 |

et

szt

[44n!
Wi.ﬁ

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5

7.0

7.5

8.0

8.5

9.0

9.5



¥8LC—

P8'8E~

9ty
wm.ﬂu.V

8vh—"

&' —

98'/ST—

¢LSLT—
€8LLT—

L0ETC—

CHg

CHs

H;C

3hb

" 1
Wy i

L'_L.IA.

CHs

™
4

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

220



6C°'T—

1A%
9P~
A2
YLy

LL9
69~
S8'9-7
98’9
vNNV
8¢t
me“
05
NmN.\.

H3C

CHy

CHj

HsC

3hb'

7.3 7.2 7.1 7.0 6.9 6.8

7.4

7.5

7.6

—606 |

6C'T
6C'T

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5

7.0

7.5

8.0

8.5

9.0

9.5



S€LC—

or'9e—
8¢C'TY

wm.m¢”
ET'Sh~

€8'vS—

L

LT(ST—

PTOLT—
ST'8.T—

68°€TC—

0O
N

H3C

CH,

CHj

H;C

3hb'

T T Y

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

220



or'T—

CH,

CHs

HaC

3ib

Lo

80 79 7.8 7.7 7.6 7.5 7.4 7.3 7.2

8.1

_

=606

H|

H|

—

X

90°T

90°T

T

80°T
€0'T

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5

7.0

7.5

8.0

8.5

9.0

9.5



r8c—

08'8E~
952k

8.3\#
66'vb—"

6£°9¢CT
S0t
ov'LCT
| YAA4
06°/CT
80°8¢T
[414t
65'8¢CT
€8'8¢T
L6°0€T
CT'EET
GE'EET
G8°GET
§9'9€T

e——Ne—

¢LSLT—
69°LLT—

E0°ETC—

CH,

CHs

HaC

3ib

P

L

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

20



€T —

59T
oo.NV
69'C-T
LT
pTE
LT°E~\
6T'c~T
1€

b
Q«W
b

e
69—
m?\
e \

6/t

3jb

|

6.8

6.9

7.0

7.1

7.2

7.3

7.4

A

—06 |

Fort

o

601

61T
9T'T

=00'T

Fooc |

96'¢

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5

7.0

7.5

8.0

8.5

9.0

).5



oULl—

€6'9c—

02T~
YSTr—"
95 b~

e
mv.wﬁ%
€L'8TT—F
mo.mﬁ\n
8E'62T \
£8°Z€T

ow.mmﬁ\

S9'EPT—

PLSLT~
10241

€9°00¢—

3jb

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

210



CHg

H3C

3kb

7.1

7.2

7.3

7.4

7.5

7.6

7.7

7.8

L AN

M

919

FS0'1

801

Fso1

00T

60°T
mmo.ﬁ

B-701

Tere |

T

=0T

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5

7.0

7.5

8.0

8.5

9.0

9.5



981
nw.wﬁv

P8'SLT~
19°2LT—

18°40C—

CH,

H;C

WMWW

3kb

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

220



7.1

7.2

7.3

74

7.5

7.6

7.7

7.8

7.9

3lb

FsoT

Fso1

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5

7.0

7.5

8.0

8.5

9.0

9.5




peE8E—"
(ST~
65~

10°4¢T
6L/CT
SE'8CT
19°8¢T
LL8CT
PI6CT~&
6E°0ET

-7
wo.omﬁ..\.
mo.HmH.\
HN.mmH.\
€L°SET
6C°LET

cELET
€9°LET

¢9'SLT—
aoUT—

€8°L6T—

3lb

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

210



T~
T

HaC

N

3mb

F80¢

F601
1

Firt

Foo1

60T
5601

€01

F1oe |

9Ty

=10T

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5

7.0

7.5

8.0

8.5

9.0

9.5



a8—

€8'G/T—
8L LLT—

0€v0C—

HyC

3mb

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

220



/ST
wue
R.NV
9T-7
8/°C
ST'E
JARENG
oce-T
e

H3C

3nb

7.1

7.2

7.3

7.4

7.5

7.6

7.7

7.8

7.9

=LT€

Frer

Fert

Ee0T

PT°T
ST'T

/01

1o |

Fory

=101

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5

7.0

7.5

8.0

8.5

9.0

9.5



SL'8C—

89/E—

€S —
§6°'St—

6L/CT
P1'8¢CT
€9°8¢T
88'8¢T~—=

PL0ET—
mm.ﬁmﬁ.\.

PLTET
66°GET
8C'9ET

€9°9ET

€8'G/T—
ULLT—

T 10—

H;C

MMJuMMWWA“WWMMNMMMMMWNWMMW

3nb

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

210



44
S9'C
167\
oLe-r
LT
£T°€
ST'E~
[ve-T
6T°€

LLE—

8y —

1Y%
VAN
8LY-T
18t

30b

TOEUN

=/0'¢
Fert

Fsrt

=QT'€ [

90T

/0T

Fsee |

=10¢

90T

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5

7.0

7.5

8.0

8.5

9.0

9.5



e'8c—

WiEe—
e —
oY —

6£°'55—

PTIT—
SLLTT—
1L(TT

NN.wNHV
8817
¥8'82T

£8°€ET—

0T'9eT—
6v"'6ET ~

£9°C9T—

¢6'SLT~
€SLLT—

96'86T—

H3C

H;C

30b

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

210



69—

Ll

H;C

CHs

) VWUM\J_JL

3pb

7.7 7.6 7.5 7.4 7.3 7.2 7.1 7.0 6.9

7.8

JbLJL 1

For1

o1

4"
177

EE0T

=E0'T

g0 |

E00¢

=00T

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5

7.0

7.5

8.0

8.5

9.0

9.5



0€'T¢—

19°8¢—

2917
b Th~
mm.mv./.

¢6'SLT—
18°2LT—

' 00C—

|

3pb

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

220



3gb

ESre

Fert

Fort

T

80T

SCT
m\(.oo.H

=0T

80T

ey |

10T

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5

7.0

7.5

8.0

8.5

9.0

9.5



ee—
9T'8E—

€9°Th~_
06'€b~

T£98S—

99°0TT—

P 0CT—

06221
S.wﬁW
8/°87T
¥8'0sT-7
LETET
bl SET
6L'SET

&V (ST—

€9'G/T~
LT

9¢’'S0Cc—

3gb

Lol

M
TWARIVITINY

TR
UL

"
L

Ly

Ll |

44

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

210



69°C
Hw.N/
8T
87—
877
LTE
ON.MW
we \
v'E

6CL

nm.n/
va/
0S N/
VAN
65, 7

€92
ELL \
A
16°L
€6°L

08—

7.2

7.3

/.4

|

CHs

o

3rb

82 81 80 79 7.8 7.7 7.6 7.5

8.3

8.4

20€ |

Fe601

Feo01

00T

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5

7.0

7.5

8.0

8.5

9.0

9.5



6v'8¢—

(91—
05'¢r—
pEOr—

62121
8e/z1
Yral
05'82T
£9'8TT
16821
8061~
ON.HQ\
b2 TET
ThzeT
16°2€T
pSEET
29'bET
£0°9€T

c09/LT—
Y0 8LT—

¥/'00C—

CHs

3rb

Ll

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

210



Nm.N
mm.N./.
oo.NV
§9°C
ST'E
D.mv
61°¢
NN.M.\|

769~
€69~
[Tt
om.n%
vEL—
WL
z&\
8b'L
6v°L

CHg

n

thUWL JJL

3sb

6.8

6.9

7.0

7.1

7.2

7.3

7.4

7.5

7.6

=I'¢
Ear1

a1

S0'T

6T |

= +0°C
=-00'T

7.5

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5

7.0

8.0

8.5

9.0

9.5



ST'6¢—

&r'oe—

€S TP~
S

6LLTT
Nm.wﬁ/
R.@V
99°0€T

Hw.oﬁw.
G8'SET~_
ST9eT"

T —

8G°G/T~
0£'9LT—

0£06T—

CHz

0" N “

|

3sb

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

200



3tb

iR

Fvot
o1

o001

60°T
80°T

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5

7.0

7.5

8.0

8.5

9.0

9.5



8/8c~"
99'7h—
909 ~_

88'LCT
8G°8¢T
88°8¢T
LT°6CT
0C°0ET
on.omﬁW
C8'0ET
mm.ﬁmﬁ\.
wm.HmH.\
Op"€ET
SC'SET
L6°GET
EL9ET

L6°9€T
9E'0rT

P8°'SLT~
6y’ LLT—

06°96T—

3tb

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

220



0€'T—

06’c
16°€
6
€6'€

89
[VAZNE
SLY-T
9y

CHj

CHs

HaC

3ab

7215 710 7.05 7.00

7.20

745 740 735 730 7.25

7.50

A\

uuL 80T
uuw Fort

= 00T

- T
|m Koot

=016 |

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5

7.0

7.5

8.0

8.5

9.0

9.5



LL—

6v'SLT—
SYLLT—

SCETC—

o

0O
N

CHs

CH,

H;C

3ab

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

220



8CT—

vL'T
mm.m/
wm.Nv

[4¥4
1WA
VA4
Lt
6C'L
6C'L
0€L
0€L
S€L
S€L
9€L
LEL
8€L
8¢,
Sv'L
ElAA

CHs

CHs
CHj

H,C—N

_JLMU\LJJL

3ac

7.0

7.1

7.2

7.3

7.4

7.5

7.6

%

=/06 |

EsoT

=00'€
Fort

1071

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5

7.0

7.5

8.0

8.5

9.0

9.5



wre—
68°/LC—

VAR

L9vr—

8T'9¢T
RIS
Sz6eT—
zzost

'GET—
T19°6ET—

16'8LT—
66 LULT—

TEETC—

CHs

CHs

CHj

3ac

W

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

220



CHj

Q CHs
o)
CHs
HyC—N
o)
3ac
- Y .Jul I'J
I i )
T T T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10



()97
49
6CL
6CL
0L
(1
€L
€L
L8
L8
8€L
6€L
obL
ovL
ShL
SyL
L o
L

CH;3

CH,

HaC

M

CHg

3ad

7.0

7.1

7.2

7.3

7.4

7.5

7.6

=GC'¢E
=116

111

o

Foee

=0T

50T

L0'T
melvo.ﬁ
=€0'T

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5

7.0

7.5

8.0

8.5

9.0

9.5



00°€T—

16—

96°'€€E—
698 —

Sh b~
IR e

L1921~
b2 9T —
18'821—
ocos1
£9'GeT—

6/'6ET—

9/'SLT—
€9LLT—

3ad

CH;3

CH,

HaC

8CETC—

.00 o |

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

220



0T
aL
8¢,
mNN%

1€L
9EL~

8¢
6£L
&L
St'L

T T T T T T T T
740 735 730 725 720 715 710 7.05

T
7.45

|
7.50

CHs

O HC

CH;,
0
3ae

CH,

HaC

AL

ii

|lIL

EAN"]

=/T6 |

Foeo1

60T

Fort

Frze

EsoT

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5

7.0

7.5

8.0

8.5

9.0

9.5



50°92T~_
69'9¢T —
05'8¢T~"
yoct

B
E—
>,
0°0bT — -

[sp]
T
O
O
[ap]
T
®) =z
£0°9/T— O _ |
161/T— ) -—
4]
™M
(@)
o
T
O
[sp]
T
O
)
[ap)
T
€C'ETe— -

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

220



1€T—

8TEF
mN.m\
1€¢

a|e—

Ty
€Ty
€Ty
STV

£6'9~_
00,

9L
(L V.

e
e
bEL
ey
%€,
9€L
WL
WL
b/
b/
Nz
St/
957/
957/
(51
/5

CH,

CHs

_

Mu

H3C

CHy

_ M

3af

7.6 7.5 7.4 7.3 7.2 7.1 7.0 6.9

7.7

L%

i

il

=76 |

F/01

601

e |

o1

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5

7.0

7.5

8.0

8.5

9.0

9.5



a8c—

§9'8e—

1L b~
60°Sy~"

&r'9G—

SPPIT—

€Lvel
wo.oﬁ/
68'9¢T

16021
16°6¢1-7
Lb'0ET

0L'SET—

8T'6ET—

S9°68T—

CCSLT—
oTLLT—

0 €TC—

CHj,

CHj

3af

CH3

HaC

I

JUL

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 1

220



8CT—

€0’
vo.m/
90°E~x

80"
0€°E~_

w€e-F
€e'e
se'e

6Tt
ON.v./.
HN.vw
wy

8¢t

CH,

CHs

HaC

o

L

|

=606 |

F-so1
Fo01

ot

=-660

00°'T
e

E81'¢

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5

7.0

7.5

8.0

8.5

9.0

9.5



8 —

§58E—

L9V~
(VA 228

0T vLT—
LTUT—

SCETC—

H3C

3ag

A

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

120



6C'T—

66°C
oo.m/
€07E~E

S0
9T’ e~

8T e-F
0€'E
ece

€Ty
STV
STy
JAN4

OB

CHj,

Br

3ah

CH3

HaC

=£0'6 |

801

601

/01

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5

7.0

7.5

8.0

8.5

9.0

9.5



L18C—

0986 —

89tb~_
WSy

SOVLT—
0£9LT—

CH,

CHj

CEETC—

H

Br

3ah

A AN AT
L i ¥

Iy

il

Wyl




L0
60,
(L
(L
6C'L
6C’L
0€L
1€L
9€L
9€L
LEL
LEL
6€L
6£L
&L
&L
L
'L

CH;

CH,

HaC

3ai

I

N

2.0

2.5

3.0

F 6ozl

=-61°0T

E o12¢

= o1z |
Fosrz|

Eso1|

F 901

= 660 |

E cot

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5

7.0

7.5

8.0

8.5

9.0

9.5



00'5¢
mw.mN%
887~
6182
8882

L5°8E—
S6'€r~_
UL Yy~

10°¢6—

€0°9TT~_
€9'97T—
6£'821 "
czosT”

96°GET—
S6'6ET—

09T —
98LLT—

PCETC—

CH;

CH,

HaC

3ai

1L

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

220



Sb'S
wv.m/
8’9\t

6v'S-T
15°S
78S

569
B.o%
107~
0L
8TL~_

0€L—F
mmN\
peL
8¢
&L
St'L
6v'L
0S2

CH;

CH,

CH,

HaC

33j

6.9

7.0

7.1

7.2

7.3

7.4

7.5

=/56T |

xal
X ot

LT'T

80°T

SC'T

91’1l

A
oo
— o
—

Frror |

F 169

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5

7.0

7.5

8.0

8.5

9.0

9.5



T0°9¢T
80°9¢T
£9°9CT
69°9¢CT
[AyAat
SS/TT
SLLT
81°8¢T
6£'8¢CT
99°8¢T
LTOET
mN.omHV.
8/'GET
mw.mmﬂv

€9°6ET
S9'6€ET
€L°6ET

86°6ET

¥9'SLT
£9°SLT
9S°LLT
9LLT

CCETe
mN.mﬁNV.

CH;3

CHg

CH;

H;C

3aj

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

210



€T—

98'8—

CHj

CH,

H3C

3ak

=506 |

10T

POT
7 90T
L0°T
00T

4.0

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.5

5.0

5.5

6.0

6.5

7.0

7.5

8.0

8.5

9.0

9.5



(8(C—

86—
[4: 847
mw.mv.V

8T'9¢T—
169217,
00'62T
8E°0ET
coser
9L'6ET ~

PEOLT—
T1€81—

6V €ETC—

CH,

CHg

H3C

NH

3ak

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

220



TT—

9T
wo.m/
NN.NW
€Lt

€0’c
no.mV

e
el

€L'E~_
8 €~
98¢

(444
RN%
6CL—7
Nm.m%

V24

CH,

HsC

CHs

H;C

CH;3

HaC

3al

. S

3.15 3.10 3.05 3.00 2.95 290 2.85 280 275 270 2.65

5y

=ET8I [

F coz|

F 60

W £V |
61'v

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5

7.0

7.5

8.0

8.5

9.0

9.5



TTLT~_
AR
srec”

CHj

PSETC
om.mﬁmv

H;C

H;C

— e

CH,
CHs

HaC

3al

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

120



1T
f1\
ST
9C'T

85°¢C

192
N@.NV
9T

L N\
08¢

60t
:«V
STv-7
ST'v

A

CHs

H;C

H;C

O/\CH3

3am

e
wmotm I

E1e70

Foce |

ot

61T°€ |

00°T

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5

7.0

7.5

8.0

8.5

9.0

9.5



LTPT—

WL~
86'8C—

86'SE—

16V —

09—

08"¥CT~_
8b'SeT—
26'82T ~
ss'6e1-"

€6'9€T—
99°0vT—

9LTUT—

8§ vIC—

O/\CH3

W

CH;
3am

H;C
H;C

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

220



[4an!
¢N.ﬁ/

60y
:.VV
STy-T
STy

ETL
STZ
6T,
6T,
1L
1L
L
STA

3an

Es81C

Free |

F11e

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5

7.0

7.5

8.0

8.5

9.0

9.5



0CvT—

SS/C~
T€'6C—
61 1"
€9've—
pe9E—"

vo'vr—

8€°09—

LETT~
08'vCT—
S9'9CT—

T6'9€T~
vLLET"

¢0°¢ST—

€6°UT—

19vIc—

3an

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

220



1T
£

65°C
S.N/
€97
9T

-
sl

08'€—
60t
S.VW
Ty
mH.v.\.

09
Hm.w/.
[7A°]
mm.ov.
8.9
6,9

6T°L~
12

CHs

H;C

H;C

O/\CH3

H3C/

3ao

=

ov'S
A@.m I

Feee

Fwee |

=iee |

Feee

€01

=660 |

00T

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5

7.0

7.5

8.0

8.5

9.0

9.5



8TvT—

L0~
6T'6¢—
909t —

vo'vr—

0C°'SS—

0r'09—

€9°0TT—
CCSIT—

SL9CT—

P6'CET—

06'6ET—

S8'65T—

18°¢UT—

(AR Yo

CHs

H;C

H;C

O/\CH3

my

LHLJL. hdotanammnd st

ot

A

st liahoh "

H3C//

3ao

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

220



NM.H./.

LEC—
e
vL'T
LLTT
8L'C
ST'e
mﬁ.mv
0c'e
NN.M.\.

|

e,

JL JUUM”

5ab

78 77 76 75 74 73 72 7.1 7.0 6.9

7.9

Jlm

J |

FECe

=0zt

Foert

F1et

Fore |

10T
1T
L0°T

e

Fety |

=1¢

00T

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5

7.0

7.5

8.0

8.5

9.0

9.5



EEYT—

a0'Tc—

S6LE—

89—
pS'Sb—

T1€°719—

wwNNH
Nm.wNH/
S8°8¢T
no.mNﬁ“
¢8°0¢ET
NH.NmH.\.
C9'ELT
Hv.mmﬂ.\
ma.omﬂ.\

0T"8ET

S6'99T—

LT9/T—
L0°8LT—

O~ _~CMs

N AR S L AR i

A

Lad

b
MWW

CHs

5ab

10

20

30

40

50

60

70

80

90

100

110

120

130

140

150

160

170

180



1€T
mm.ﬁv
PE'T

¢€eT—

we
€T
SL°T
LLT
JARS
a.m%
12e-T
we

O~ _-CHs

CHz

5bb

7.8 7.7 7.6 7.5 74 7.3 7.2 7.1 720 69 6.8

7.9

8.0

oz |

=—00¢ |

o1t

ForT

Fere |

T-20'T
60°T
Hmmo.ﬂ

=101

A-70T

Feee |

= 10°C

00T

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5

7.0

7.5

8.0

8.5

9.0

9.5



6T VT —

LETC—

98LE—

(ST —
LS'Sh—

0’ 19—

$0'92T
mENH/
Hm.wﬁ/
£9°'8TT

86'87T-"
YEIET-T
79°'1€T

90'9€T —
65'8ET—

8§ €T —

$9°99T—

S09/LT—
6 LLT—

O~ _~CMs

CH,

5bb

10

20

30

40

50

60

70

80

90

100

110

120

130

140

150

160

170

180



ST'T
1T~
€17
€'l

SL'C
9L'C
6LC-T
08¢
8T'¢
0T e~

e F
vl

6Tt
HN.¢/

wr—7
vN.v.\.
9St
(S .v./.
85 .VN
65t
YA 4
9U'v
LY
08t

80%
807
Lt
peL
LEL
LEL
8¢

6£L
i
L
8v'L

96°L~_
L1617

7.1

7.2

(o)
S
——
L~
N =
L
~N
I
[
L <
o
[sp) -—
T
C _—
v [ap] o
I I
o o O
==
@) (@)
[sp)
I

5cb

€06 [

Te

80T

o1t

Fe61C |

FEe0T
LT

860 |

=701

¥
=90°¢

=101

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5

7.0

7.5

8.0

8.5

9.0

9.5



[44 4%

2605
S6PE~
WwLE~_

€S —
LT9—

T10°'19—

059ST—

19991 —

PIOLT—
00°8LT—

Ot

CH,

5cb

CH,

HaC

A
I M Ve

AWMV I

A\

T

10

20

30

40

50

60

70

80

90

100

110

120

130

140

150

160

170

180



we
mm.mk
UT-T
8T
9T’
8T~
oce-T
€Te

O~ _~CHs

Cl

5db

72 71

76 75 74 7.3

7.7

80 79 78

=6T¢ |

ozt

i1

Foce |

il 40
90°T
€T

=80T

W&O¢ I

ETT

=00'T

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5

7.0

7.5

8.0

8.5

9.0

9.5



STYT—

0§/e—

0Lty —
&'Sh—

¢S'19—

S8'99T—

19°9/T—
LT

O~ _-CHs

Cl

5db

MWWWWWWW

10

20

30

40

50

60

70

80

90

100

110

120

130

140

150

160

170

180



60~
¥6'0~"

9ET—

1TE-F
mm.m\
ST

80t
mo.vw
(74

S99
oo.ov

v
STZ
STL
91'L
0S'L
SNV
(9L~
69,
LLL
8Lt
6L
082
187
182
S6'L
S6'L
L6
L6'L
€c'8
€c'8
vE'8
vE'8

CHj

e

CHg

CHs

HaC

3ue

H

———

=119

=6

Fort

80T

FirT

Five

60T

=660

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5

7.0

7.5

8.0

8.5

9.0

9.5



88°C0T—

TTLIT~,
S6°0CT

0L9€T—F+
8Y'LET “
90°0vT

[7R54 ¢4
P T~

L09LT~
98°LLT—

LECTC—

CHj

CHy

CH,

H3C

"
L

7
v

b A

Y

VP "N'AL"‘%L

AL

™

AR PAN IV

A

AT

Al

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

220



]
CpCo(CO)l,- 10 mal % Bu._.0
AgabFs - 20 mal % =B
NaOAc - 10 mol % H
al 0
12-DCE{0mL), 120 °C
13 h L
R ='Bu/Cl (3ch/3el)
FBLIZCl =1.78:1)
[ [
b 38
. =

7.05 7.04 7.03 702 701 700 6.99 6.98 6.97 6.96 6.95 6.94 6.93 6.92 6.91

By, .0
H H
R
R =tBu/Cl
(1cile)
| ' I
| I
&
R 8
S =
T T T T T
8.0 7.5 7.0

—1.30
—1.20




235 S9ITTLY
NNN NNNNNKNN
\ P B
53 % D 5
7 Cp*Co(CO)l,- 10 mol % ; e
0.5 A g Bu._.0
g=hFg- 20 mol %
H H MaOAz - 10 mol % . DM HD
D-TFE-5.0aquiv.
12-DCE 02 M), 120 °C
g h
1a
53% D Bu G/'E:a%n
D/H H/D
|
|
U
- U
% 8 3
(=} — ~
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
805 800 795 790 78 780 775 770 765 760 755 750 745 740 735 730 725 720 715 710 705 700 6.95 6.90



1.31

16 % D
SHESIEO, S ARl Hﬁ; 58 % H/D 58 % H/D
t prl-o z- W mal Y t t
O Bu 2 AgShFg - 20 mol % Blli20 ‘j Pl
DoTFE - 5.0 equiv.
Y 12-DCE (0.2 My, 120 °C 2
1 5 i h 19 %D
a d
72 % 22 %
16 %D
47 %D /-
( g gz HDO
0
19%D
VA WA [ -
7 g g 2 g 2
T < T T T = T T IH T T = T T = T O|
7.6 7.5 7.4 7.3 4.0 3.5 3.0
|
|
i e e ‘ e

e T R T

™M o0 © — < — (Yo}

noe e ® ® <

OoON— — o o (o))

T T T T T T T T T T T T T T T T T T T T T T T
8.0 7.5 7.0 6.5 6.0 5.5 5.0 45 4.0 3.5 3.0 2.5 2.0 1.0 0.5



_~7.69
~7.68

—7.48
—7.42
—7.38

Cp*Co(COlz- 10 mal %
AgShFg - 20 mol %
Maldsc - 10 mol %

D TFE - 5.0 equiy.
12-DCE 0.2 M), 120 °C
8h

/.15%0
47 % D £8 % H/D 53 % H/D
. H/D O 7
Bu. .0 ‘j Eu o(
DH D/ N-Ph , DH H/D
0
19 % D
72 % 22 %,




	SI
	Product NMR-30.4.18

