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1. General
meso-1,2-Cyclohexanedicarbolyic anhydride (5), 2-cylclohexene-1-one (9) were purchased from Aldrich
and used without further purification. The racemic valine-derived azlactone (7) was prepared from
racemic valine according to the literature procedure.!'! Alcohols (methanol and allyl alcohol) and thiols
(thiophenol and 2-methoxy thiophenol) were purchased from Aldrich and used without further
purification. Thiourea catalysts (1%, 2P%) 3a!®), 3bl*) and squaramide catalysts (4al", 4b")) were
prepared according to the literature procedure.

2. Procedure for the methanolysis of meso-1,2-cyclohexanedicarboxylic anhydride (5)
Methanol (202 uL, 5 mmol) was added dropwise to a stirred solution of anhydrides (5, 0.5 mmol) and
catalysts (1, 2, 3a and 4a) (10 mol%) in appropriate solvents (2.5 mL - 40 mL) at the temperature
indicated in Figure 2 (Table S1, S2, S3 and S4). The reaction mixture was stirred at that temperature until
the starting material was consumed, as indicated by TLC analysis. The reaction was quenched by adding
HCI (1IN, 3 mL) in one portion. The aqueous phase was extracted with EtOAc (2 x 100 mL). The organic
phase was dried (MgSQ,), filtered, and concentrated in vacuo to yield the crude product. Purification by
column chromatography (EtOAc:Hexane = 1:4) gave hemiester product (6)

The enantiomeric excess (ee) of the product was determined by HPLC analysis of a diastereomeric
mixture of the corresponding amide-ester prepared from hemiester 6 according to the literature
procedure™ (Scheme S1).

Scheme S1

CO,Me
H

’, NH2
OMe EDCl N., Me

3. Procedure for the DKR reaction of racemic valine-derived azalactone (7)

Allyl alcohol (68 pL, 1 mmol) was added to a stirred solution of the azlactones (7, 0.5 mmol) and catalyst
(3b and 4b) (10 mol%) in CH,Cl, (5 mL - 50 mL) at the temperature indicated in Figure 3 (Table S5 &
S6). The reaction mixture was stirred at that temperature until the starting material was consumed, as
indicated by TLC analysis. The reaction was quenched by adding HCI (IN, 3 mL) in one portion. The
aqueous phase was extracted with EtOAc (2 x 100 mL). The organic phase was dried (MgSO.), filtered,
and concentrated Iin vacuo to yield the crude product. Purification by column chromatography
(EtOAc:Hexane = 1:4) gave N-benzoylated ai-amino allyl ester (8).

4. Procedure for the conjugate addition of aryl thiol to 2-cyclohexene-1-one (9)
Thiophenol (61 uL, 0.6 mmol) or 2-methoxybenzenethiol (73 pL, 0.6 mmol) was added in one portion to
a stirred solution of 2-cylclohexene-1-one (9, 0.5 mmol) and thiourea catalyst 3a(0.25 mol% - 100 mol%)
and squaramide catalyst 4a(0.25 mol% - 10 mol%) in CH,Cl, (0.6 mL - 20 mL) at the temperature
indicated in Figure 3 (Table S7 & S8) and Table 1(Table S11 & S12). The reaction mixture was stirred at
that temperature until the starting material was consumed, as indicated by TLC analysis. The reaction was
quenched by adding HCI (1N, 3 mL) in one portion. The aqueous phase was extracted with EtOAc (2 X
100 mL). The organic phase was dried (MgSQ,), filtered, and concentrated in vacuo to yield the crude
product. Purification by column chromatography (EtOAc:Hexane = 1:4) gave thiol added products (10
and 12)
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5. HPLC spectra for Figure 2

Table S1. Concentration and temperature effects on enantioselectivity in the desymmetrization of meso-
anhydride 5 using the catalyst 1 (Figure 2)

~ -
|1Re
S
P CF; 1 (10 molos) C'?tco H
O
|£| o] So%iﬁtﬁ'l%%p?glrjzj\\t/&re H COMe
5 ent-6
Entry Concentration T (°C) Time (h) Yield (%)™ % ec!®]
1 THF (40 mL, 0.0125 M) RT 12 82 92
2 THF (10 mL, 0.05 M) RT 4 81 85
3 THF (2.5 mL, 0.2 M) RT 16 84 63
4 THF (2.5 mL, 0.2 M) 0°C 5 83 55
5 THF (2.5 mL, 0.2 M) -20°C 24 80 51
6 Toluene (40 mL, 0.0125 M) RT 11 81 61
7 Toluene (10 mL, 0.05 M) RT 3.5 80 48
8 Toluene (2.5 mL, 0.2 M) RT 1.2 85 36
9 Toluene (2.5 mL, 0.2 M) 0°C 4 83 23
10 Toluene (2.5 mL, 0.2 M) -20°C 22 81 11

2] Reactions were carried out with 5 (0.5 mmol), MeOH (5 mmol) and 1 (10 mol%, 0.05 mmol). ™

Isolated yields after chromatographic purification. [ ee value of ent-6 was determined by HPLC.
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HPLC spectra for Table S1.

The ee value was determined by the HPLC analysis (Hypersil, Hexanes : IPA (40 : 1), I mL/min,

t(minor) = 8.30 min, t(major) = 11.33 min) of the diastereomeric mixture of the corresponding amide-

ester, which was prepared as depicted in Scheme S1.

Table S1. Entry 1

Table S1. Entry 2
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Table S1. Entry 5

Table S1. Entry 6
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Table S2. Concentration and temperature effect on enantioselectivity in the desymmetrization of meso-
anhydride 5 using the catalyst 2 (Figure 2)

N, .~
. H o H oy
S Ph
H P H
R CF; 2 (10 mol%) (Icone
O L
z MeOH (10 equiv) ~CO,H
H o Solvent, Temperature H
5 6
Entry Concentration T (°C) Time (h) Yield (%)™ % eel®
1 THF (40 mL, 0.0125 M) RT 17 89 94
2 THF (10 mL, 0.05 M) RT 9.5 87 93
3 THF (2.5 mL, 0.2 M) RT 2 91 89
4 THF (2.5 mL, 0.2 M) 0°C 4 90 89
5 THF (2.5 mL, 0.2 M) 20 °C 9 89 83

4 Reactions were carried out with 5 (0.5 mmol), MeOH (5 mmol) and 2 (10 mol%, 0.05 mmol). ™
Isolated yields after chromatographic purification. [/ ee value of 6 was determined by HPLC.

HPLC spectra for Table S2.

Table S2. Entry 1 Table S2. Entry 2
Peak Peak Name Result () Ret. 5 Peak Peak Name Result () Ret.
No Time = . No Time
(min} (min)
31936 8.047 1 35380 8474
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0E 0.2%
3
0.0 Q.00
5 a1
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Peak Peak Name Result () Ret. e Peak Peak Name Result () Ret.
No Time = - No Time
{min) | (min)
1 57206 B964 1 56542 B.65T
94,2794  11.073 i - 943458 10698
Totals 100.0000 Totals 1000000
B
75
A0
0 300
.....
00
25 3
H 100
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Table S2. Entry 5

Peak
No

Peak Name Result ()

Ret.
Time
(min)

1

Totals

8.35%
a1.6404
100.0000

8.99]1
11.08%

0.186—

Mintes

Table S3. Concentration and temperature effects on enantioselectivity in the methanolytic

desymmetrization of meso-anhydride 5 using the catalyst 3a (Figure 2)

CF3
8 3a (10 mol%) (j':‘:oz""e
Qiii MeOHT(:l(I):equiv) H CO,H
5 6
Entry Concentration T (°C) Time (h) Yield (%)™ % eel

1 THF (40 mL, 0.0125 M) RT 10 84 95
2 THF (10 mL, 0.05 M) RT 7 83 93
3 THF (2.5 mL, 0.2 M) RT 0.6 82 82
4 THF (2.5 mL, 0.2 M) 0°C 5.5 81 81
5 THF (2.5 mL, 0.2 M) -20°C 11 80 77

[T Reactions were carried out with 5 (0.5 mmol), MeOH (5 mmol) and 3a (10 mol%, 0.05 mmol). ™

Isolated yields after chromatographic purification. () Ee value of 6 was determined by HPLC.
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HPLC spectra for Table S3.
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Table S3. Entry 5
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Table S4. Concentration and temperature effects on enantioselectivity in the methanolytic
desymmetrization of meso-anhydride 5 using the catalyst 4a (Figure 2)

=
Me F3C
HAN
H H CF
T NN ’
=
o (0] (0]

4a (5 mol%)

MeOH (10 equiv)

H
O:COZMe
|5| CO,H

H o THF, RT
5 6
Entry Concentration T (°C) Time (h) Yield (%)™ % ec!®]
1 THF (10 mL) RT 5 88 96
2 THF (5 mL) RT 2.5 86 94
3 THF (2.5 mL) RT 1 85 91

[T Reactions were carried out with 5 (0.5 mmol), MeOH (5 mmol) and 4a (5 mol%, 0.025 mmol). [
Isolated yields after chromatographic purification. () Ee value of 6 was determined by HPLC.
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HPLC spectra for Table S4.
Table S4. Entry 1
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3.171% 7320 4790105 10.2
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100.0000 151016816
Peak Result () Ret. Area Width
No Time (counts) 12
(min) (sec)
1 4.5564 7.298 7318835 9.8
2 954436 _ 9778 _ 153517808 16.0
100.0000 160846656
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6. HPLC spectra for Figure 3

Table S5. Concentration effect on enantioselectivity in the DKR reaction of rac-

catalyst 3b (Figure 3)

azlactone 7 using the

CF3
{ 3b (10 Mol%) F4C i \/q(
N O
M _/7~0 allyl alcohol (2 equiv) Ph H N
pn~ O CH,Cl,, RT
rac-7
Entry Concentration T (°C) Time (h) Yield (%) % ee”
1 CHyCl; (5§ mL, 0.1 M) RT 12 91 77.6
2 CH,Cl, (2.5 mL, 0.2 M) RT 12 93 76.2
3 CH,CI; (1.25 mL, 0.4 M) RT 12 93 75.4
4 CH,Cl, (0.83 mL, 0.6 M) RT 12 93 74.5
5 CH,CI (0.625 mL, 0.8 M) RT 12 97 74
6 CH,Cl, (0.5 mL, 1.0 M) RT 12 98 72.7

[T Reactions were carried out with rac-7 (0.5 mmol), 2 equiv of allyl alcohol (2 equiv, 1 mmol) and 3b

(10 mol%, 0.05 mmol) in CH,Cl, at room temperature. 1 Ee value of 8 was determined by HPLC.

HPLC spectra for Table S5.
The ee value was determined by the HPLC analysis (Chiralpak OD-H, Hexanes
UV detection at 220 nm, t(minor) = 5.70 min, t(major) = 9.12 min).

:IPA (9 :1), 1 mL/min,

Pr Peak Result () Ret. Area Width
e No Time (counts) 1/2
(min) (sec)
el
j\ 7 . 1 502644 5723 125366640 9.7
Ph H/\"/O\/\ 2 497356 9116 124047880 18.8
¥ o 100.0000 249414528
1.0 [e)
fentnNy O
H
0.5 Y
107
0.0—t
0.2
o 20
Minat
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Table S5. Entry 1
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Table S5. Entry 4
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Table S6. Concentration effect on enantioselectivity in the DKR reaction of rac-azlactone 7 using the

catalyst 4b (Figure 3) 1/

F3C

OMe
H AN
CF;

H
| N H N
A
N
I\}/L 4b (lO mol%)
o o allyl alcohol
CH,Cl,
rac-7
Entry Concentration T (°C) Time (h) Yield (%) % eel”!
1 CH,Cl, (0.1 M) rt 12 84 88
2 CH,CL (0.2 M) it 12 86 87
3 CH,Cl, (0.4 M) it 12 89 87
4 CH,ClL, (0.6 M) rt 12 91 86
5 CH,CL (0.8 M) it 12 94 85
6 CH,ClL, (1.0 M) rt 12 98 84

[T Reactions were carried out with rac-7 (0.5 mmol), 2 equiv of allyl alcohol (2 equiv, 1 mmol) and 4b

(10 mol%, 0.05 mmol) in CH,Cl, at room temperature.

HPLC spectra for Table S6.
The ee value was determined by the HPLC analysis (Chiralpak OD-H, Hexanes :
UV detection at 220 nm, t(minor) = 5.70 min, t(major) = 9.12 min).

™l ee value of 8 was determined by HPLC.

IPA (9 :1), 1 mL/min,

2| Peak  Result () Ret. Area Width
No Time (counts) 1/2
(min) (sec)
o7 - 1 502644 5723 125366640 9.7
Ph)LH/\n/O\/\ 2 497356 9116 124047880 18.8
A o . 100.0000 249414528

.....
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Table S6. Entry 1

‘:'_ _ Peak Result () Ret. Area Width
" Na Time (counts) 12
2 (min) (sec)
] 1 57818 5.801 5721267  10.5
= | 2 942182 10.074 ~ 93231992 20.0
' 100.0000 08953256
Table S6. Entry 2
" Peak  Result () Ret. Area Width
L . No Time  (counts) 12
: (min) (sec)
075 - 1 6.7419  5.829 13868503 10.6
B 2 93.2581 10.155 191839008 20.9
100.0000 205707504
Table S6. Entry 3
1064 Peak  Result () Ret. Area Width
5 = No Time (counts) 1/2
i (min) (sec)
i | 6.5451 5.828 12991029  10.6
2 93.4549 10.131 _ 185493888 20.7
100.0000 198484912

0,00
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Table S6. Entry 4

16

1 Peak Result () Ret. Area Width
g No Time (counts) 1/2
: | (min) (sec)
1 7.1164  5.813 13481109 10.7
2 92.8836 _10.085 _ 175957072 204
100.0000 189438176
Table S6. Entry 5
I Peak Result () Ret. Area Width
g No Time (counts) 1/2
. (min) (sec)
1 7.5636  5.806 28478024 10.5
2 92 4364 10.030 348035456 213
c 100.0000 376513472
Table S6. Entry 6
AL Peak Result () Ret. Area Width
et No Time (counts) 12
' (min) (sec)
1 8.0098 5.798 20840232 10.6
7 2 919902 10071 239342352 _ 207
e | 100.0000 260182592
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7. HPLC spectra for Figure 4

Table S7. Concentration and temperature effect on enantioselectivity in the conjugate addition of benzene
thiol to 9 using the catalyst 3a (Figure 4)

N&
H
"HN7;—NH
S
CF3
F3C 0
& SH 3a (10 mol%) ij\ /@
N ( j
CH,Cl, S
9 10
Entry Concentration T (°C) Time (h) Yield (%)™ % ee!®]
1 CH,Cl, (1 mL, 0.5 M) rt 2 83 65
2 CH,Cl, (2.5 mL, 0.2 M) rt 4 79 75
3 CH,CL (5 mL, 0.1 M) rt 6 81 79
4 CH,Cl, (10 mL, 0.05 M) rt 10 78 87
5 CH,Cl, (20 mL, 0.025 M) 18 78 87
6 CH>Cl, (1 mL, 0.5 M) 0 3 88 56
7 CH,Cl, (1 mL, 0.5 M) 20 9 85 51

2] Reactions were carried out with 9 (0.5 mmol), benzene thiol (0.6 mmol) and catalysts 3a (10 mol%,
0.05 mmol) in CH,Cl,. ™ Isolated yields after chromatographic purification. [c] Ee value of 10 was
determined by HPLC.

HPLC spectra for Table S7.
The ee value was determined by the HPLC analysis (Chiralpak AS, Hexanes : IPA (1 : 1), I mL/min, UV
detection at 220 nm, t(major) = 6.09 min, t(minor) = 15.36 min).
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Table S7. Entry 1

TTITICATIT TOTer e

T

i - Peak  Result () Hel. Area Width
3 Ni Time {eounis) 12
250—| {min) (1w ]
1 S2REWw4 RS9 Q7RO R
200 2 17. 1056 15,850 20137786 ]
L, D 11773744
150—
100
50—
o |
o B fio fis b
Table S7. Entry 2
mAl] 1 & Peak  Result (i Hel Area Widih
00 No Time {eounix) 1.2
{miny {sex)
00|
| ETEIS1 0 S897  RI221&m 30
500 2 12,4845 15365 40117712 (|
3 .00 | &.560 | 45 3.0
400 100, D 3213407 36
300
200 3ne
100—] f
_/\ 10
L — T T
™ = T T b
Table S7. Entry 3
] - ?_}‘ WVerlication Tolaance: NA )
Peak  Resuli () Ret. Arca Width
00 Mo Time {eounis) 12
{min) (sexh
R02035  A03R 161079568 114
e 2 10,7055 15548 193 (EAI5E 603

10, DD

180248608

200

100

ha

fs

]
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Table S7. Entry 4

" - Peak Resull (3 Rel. Area Width
Mo Time (eounis) 1.2
20+ {mim} (5ech
o 1 GRA221 0 RO010 120026328 A0.E
1.5 2 G ATTS 15532 BRI1057 4.7
L0 DD 13RTT7392
1.0+
0.5 5 7
; _
0 L =
o2 E fio fis
Table S7. Entry 5
VenTication Tolaance: WA
™ || Peak  Resultqy  Ret. Area  Widilh
100 Mo Time {zounis) 112
{mim) (sech
1 GRATHD AUEG AROIT 184 o
7 2 54740 15475 J600886 612
100, D0 40627072
50—
25—
D_‘J
B bs Ea s foa hzs
Table S7. Entry 6
™ ] Peak Resumg Ret Area  Width
N Mo Time {eounils) 12
5] N (min) (5ex)
. 7| TR.OMD  AOES | B555 144 40,8
2 21,9051 15428 232650 0.7
101, DI JIRRTTOG

Mirnutes
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Table S7. Entry 7

VenTication Tolaance: WA
mAlT| N PFeak Result () Hit. Area Width
B ous_| No Time {counits) 12
700 | [miny (5]
TAETIO  A103  L1ET16344 360
00| |
2 241230 15,343 ARTRESOG 02h
s00—| - 100 D0 152505248
4 i
300 E —
P \II'!:‘_
100 E N
1
T ‘F/\ T 3
" E o = T B B =

Table S8. Concentration and temperature effect on enantioselectivity in the conjugate addition of benzene

thiol to 9 using the catalyst 4a (Figure 4)
Z
Me FsC
s b

A p= e
S
o 0 o o
©/SH 4a (10 mol%)
+ p—
ij CH,Cl, [ ls/©
9 10
Entry Concentration T (°C) Time (h) Yield (%)™ % ee!!
1 CH,Cl, (5 mL, 0.1 M) it 5 82 60
2 CH,Cl, (10 mL, 0.05 M) rt 8 81 68
3 CH,Cl, (20 mL, 0.025 M) rt 16 80 69

(2] Reactions were carried out with 9 (0.5 mmol), benzene thiol (0.6 mmol) and catalysts 4a (10 mol%,
0.05 mmol) in CH,Cl,. [ 1s0lated yields after chromatographic purification. [c] Ee value of 10 was
determined by HPLC.
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HPLC spectra for Table S8.

The ee value was determined by the HPLC analysis (Chiralpak AS, Hexanes : IPA (1 : 1), 1 mL/min, UV
detection at 220 nm, t(major) = 6.09 min, t(minor) = 15.36 min).

Table S8. Entry 1

AU

050—

e

125

100

Minutes

Table S8. Entry 3

milL

300-

200—]

-

Mrutes

Peak Result () Ret. Area ‘Width
No Time (counts) 12
(min) (sec)
1 §0.4444  6.136 125487144 33.8
2 19.5556 _13.981 30505194 73.1
100.0000 155992336
Peak Result () Ret. Area Width
No Time (counts) 1/2
(min) (sec)

1 84.0635  6.833 211715664 33.6
2 15,9365 14.607 40136268 75.1
100.0000 251851936
Peak Result () Ret. Area Width
No Time (counts) 1/2

(min) (sec)
1 84.3208  6.084 53895040 30.5
2 15,6792 13.868 10021584 75.3
100.0000 63916624

21




Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is (c) The Royal Society of Chemistry 2010

8. DOSY data for Table 1

The "F DOSY experiment was conducted by using a stimulated echo sequence with self-compensating
gradient schemes (convection corrected), a spectral width of 62980 Hz. d1 value was 5s and diffusion
gradient length was 3ms and diffusion delay was 50.0 ms. (1000 - 25000, 16 gradient). The baselines of
all of the spectra were corrected prior to data processing. The data were processed after the Fourier
transformation of each FID with VNMRJ to obtain the chemical shift as the x-axis along with the
calculated diffusion coefficient as the y-axis. All of the diffusion coefficient values, D, were corrected
based on the D value of CFCl; (0.1%, v/v) as an internal standard.

Table S9. Diffusion coefficient of 3a at different concentration (Table 1)

M Relative mol% of catalyst D (10" ms™)

(CDCly) (mol%) CFCl; I | corrected
0.2 100 13.3009 2.7990 3.97
0.1 50 15.8880 3.8116 4.52
0.02 10 16.7638 4.8645 5.47

0.01 5 17.1697 5.1184 5.62
0.002 1 17.997 5.582 5.85
0.001 0.5 18.8613 5.8654

DOSY spectrum for catalyst 3a in 0.2 M concentration

QNTU_20090521_0_2M

Sample: ONTU_20090521_0_2H
File: home/vnmrl/vnmrsys/data/jk/F-DOSY/ONTU_20090519_0_2M-DOSY19F .fid

Pulse Seq e: DgcsteSL_cc

ri
030519_0_2M-DOSY19F
moresn0”

Relax. delay 5.000 sec
Acg. time 0.308 sec
Widih 625000 Hz
20 Width 14.8 Hz

16 repetitions

2 crements ]
OBSERVE F19, 470.2367501 WHz 2:
DATA PROCESSING
F1 DATA PROCESSING

e eni

Line b 1 b
FT size 16384 x 256 3
Total time 22 min, 15 sec

CFE 0 oopm, 133009 ‘ i

a2 3990

i ' - R e S Emmm e
30 20 10 0 -10 =-20 -30 -40 -50 -60 -70 -80 -390
F2 (ppm)
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DOSY spectrum for catalyst 3a in 0.1 M concentration

GN-TV- 0.IM

Std Fluorine

Sample: DC_mix

File: xp

Pulse Sequence: DgcsteSl_ce
Solvent: cdcl3

Ambient temperature
operator: vnmr

VNMRS-500  “amores 00"

Relax. delay 5.000 sec
Width 625000 Hz
5

Total time 22 min, 15 sec

CECl3 - 15.8880
(b 3.%W\b

F1
(m2s}

@ &

o®

RN FEETY RRTTN P |

-
=

-
iy

i

vl

R R R e

-s9  -60 -B1 -62 -63 64
Fz (ppm)

— 7
-65 -66 -67

DOSY spectrum for catalyst 3a in 0.02 M concentration

Std Fluorine

Sample: OC_mix 0.°m
File: xp

Pulse Sequence: DgcsteSL_cc

Solvent: cdcld
Ambient temperature
Operator: vomrl
VNMRS-500  "amoreS00"

Relax. delay 5.000 sec
e .308
width 62500.0 Hz
8.4

OBSERVE F1
DATA PROCES:

Total time 22 min, 15 sec

CFel3 ¢ 16.7428
Vs 10

F1 7
(m2s)

5 {

T T T T T T
-58 -59 -60 -61 -62 -63 -64 -65 -66

FZ (ppm)

o -
-67 -68 -89 -70
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DOSY spectrum for catalyst 3a in 0.01 M concentration

std Fluorin 0,@'”

Sample: QNTU_0_01H
File: xp

Pulse Sequence: DgcsteSlL_cc
Solvent: cdc13

Ambient temperature
Operator: vomr

VNMRS-500  “amore500"

Relax. delay 5.000 sec
Acq. time 0.308 s
width  62500.0 Hz

v

DATA PROCESSING

F1 DATA PROCESSING

Line broadening 0.3 Hz
FT size 16384 x 256

Total time 22 min, 15 sec

CBClz @ [F.1697-
SN 5

oty

-
o

g R T . : pacs
20 10 0 -10 -20 -30 -40 -50 ~-60 ~-70 -80 ~-90
Fz2 (ppm)

[
=1

DOSY spectrum for catalyst 3a in 0.002 M concentration

ONTU_20080521_0_002M-re ’
Sample: QNTU_20080521_0_2H
File: xp

Pulse Sequence: DgcsteSL_cc
Solvent: cdc13

Ambient temperature |

Operator: vomrl |

VNMRS-500 “amore500" ‘

Relax. delay 5.000 sec

Width 62500 Hz =

20 Width 13.8 Hz bois s
16 repetitions F1 1
increments 5
OBSERVE F13, 470.2367710 MHz (m2s
DATA PROCESSING 1
ine broadening 5.0 Hz 24
F1 DATA PROCESSING 1
Line broadening 0.3 Hz E
FT size 16384 x 256 -
Total time 23 min, 41 sec B
44

cEC; AT |
17\* E
5B ]
o
87
10
12+
14
16
18+

|
|

e T T T

YTy
30 20 10 0 -10 -20 -30 -40 -50 =60 -70 -80 -90
F2 (ppm)
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DOSY spectrum for catalyst 3a in 0.001 M concentration

sta Flworine 0, 00 (M (o,‘)—h}\/‘)

Sample: 1BSS-03
File: xp

Pulse Sequence: Dgcstesl_cc
Solvent: cdeld

Ambient temperature
Operator: vnmri

VHMRS-500 “amores00”

Acq. time 2.000 sec
widtn 62500.0 Hz

!

|

Relax. delay 5.000 sec ‘
20 Width 20.7 Hz

16 repetitions F1 1 |
126 increments 3 |
OBSERVE F13, 470.2367752 WHZ (m2s ] |
DATA PROCESSING |
Line broadening 5.0 Hz 24
F1 DATA PROCESSING
Line broadening 0.3 Hz
FT size 16 5
otal time 31 min, 8 sec
a-
CFClp: 1€BED (=
5' S; 8-
10
12~
14
16
18-

El
zni [
3

T T
0 20 10 0 -16 =20 =-30 =-40 -50 -60 =-70 -80 -390
F2 (ppm)
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Table S10. Diffusion coefficient of 4a at different concentration (Table 1)

M Relative mol% of catalyst D (10" ms™)

(CDCL3) (mol%) CECI; | —
0.020 10 16.36 2.901 3.04
0.010 5 16.19 3.490 3.69
0.002 1 16.991 4.718 4.82
0.001 0.5 17.139 4.856 4.85

0.o2M

10

DOSY spectrum for catalyst 4a in 0.02 M concentration

40 =60 =80

FZ (ppm)

-100

.
-1210 =140
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DOSY spectrum for catalyst 4a in 0.01 M concentration

o,0lM

F1
| mZs |

CRUs: (5190 '
coct: 2490

L ppm

Coct + WNIF
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DOSY spectrum for catalyst 4a in 0.001 M concentration
P16 091028-SCE-0, 001N o.00 M

(Rl : 0029
Gt L85t

9. HPLC spectra for Table 1.

Table S11. Asymmetric conjugate addition of thiol 11 to cyclohexenone 9 (Figure 4)

0] H catalyst 3a Q
OMe (1 mol% - 100 mol%)
ij ' é/ CH>Cl, (0.2 M), RT é\SQ
9 11 12 OMe

Entry | Catalyst (mol%) | Time (h) | Yield(%)™ | ee(%)"
1 100 mol% 1.5 87 61
2 50 mol% 3 84 71
3 30 mol% 5 88 76
4 20 mol% 8 84 81
5 10 mol% 16 89 86
6 5 mol% 25 85 90
7 2.5 mol% 34 89 92
8 1 mol% 46 87 94

*Reactions were carried out on a 0.5 mmol scale in CH,Cl, (2.5 mL) at room temperature.
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HPLC spectra for Table S11.
The ee value was determined by the HPLC analysis (Chiralpak AS, Hexanes : IPA (1 : 1), 1 mL/min, UV
detection at 220 nm, t(major) = 6.75 min, t(minor) = 12.73 min).

Table S11. Entry 1

" g ] Pesk Resump Ret Area Width
4 = il Time {eounis) 112
i {min) (see)
804285 ATTS 19TDGGSUZ 347
300 —
2 19,5715 12,732 47054380 638
— L, D) 245020978
. =1
- \II'_
I||':_
I T
B 3 o s B B
Table S11. Entry 2
Venlication Tolaance: NA
mal] —‘ Peak  Hesult ) Rel. Area Widlh
s No Time {counis) 1.2
. i i) (sec)
| RS6l6d BTTS 2TI0NITED 345
4o 7 2 43836 12750 4A200544 0.0
T JRLTORTHILEL A2 2304
00— 50
200 7
100
I||':_
L — I
E fio his Eo bs 7]
Table S11. Entry 3
Venfication Tolaance: NA
md ] E b Pesk  Result () el Area Width
o Mo Time {eounis) 1.2
00| {min) isec)
00| -..._ 1 SR4073  6TTS REIZEIETZ 344
T 2 115927 12734 46194176 618
500 | L, D IURATHOSS
dm_ LI
300 _
200 sim_|
100 -
10%
ot I |
" I W Fo o
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1.00—
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Table S11. Entry 4
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Table S11. Entry 5
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Table S11. Entry 6
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Table S11. Entry 7

Venfication Tolarance: NA
A T Peak  Result ) Het. Area Width
e No Time (counis) 12
{miny [ETeq]
- | 9050043 6755 450012080 348
7 2 40657 12,759 1 2401438 [
a  RLCURRTIITETS AT413504
0.50—
0.25—
00—
oo bs Eo s foo hzs fso hrs
Table S11. Entry 8
- ] ]| Pesk  Resultqy  Ret.  Ares  Width
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{min) (5ec)
1.00— -
1 G 0019 G772 ATTIASES 44
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075 . 1000 SURSETIIN
.50
0.25—
0.00—
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Table S12. Concentration effect on enantioselectivity in the conjugate addition of benzene thiol 11 to 9
using the catalyst 4a (Table 1)*

Entry Catalyst Time (h) Yield (%) % ee
1 (10 mol%) 2 89 67.2
2 (5 mol%) 4 87 792
3 (2 mol%) 11 82 84.4
3 (1 mol%) 17 85 90.1
4 (0.5 mol%) 31 87 91.3
5 (0.25 mol%) 46 80 92.7

*Reactions were carried out at 0.5 mmol scale in 2.5 mL CH,Cl, in room temperature at various catalyst
concentrations
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HPLC spectra for Table S12.

The ee value was determined by the HPLC analysis (Chiralpak AS, Hexanes : IPA (8 : 2), 1 mL/min, UV
detection at 220 nm, t(major) = 10.3 min, t(minor) = 20.5 min).

Table S12. Entry 1

mAU | r
I“I 93"_
‘ H
300 N -
| |
| .
|
| | ]
200 ‘ |‘
| ]
‘ || '\
| n .
10 | [ ' Peak Result()  Ret. Area  Width
| \ \ g No Time  (counts) 112
f T |I ¥ i (min) (sec)
[ f \
N |\ . / \7__ we |1 835840 10201 244308864 683
B T 2 164151 20.585 _ 48018600 _ 112.6
T o T To T T 100.0000 292527456
Table S12. Entry
matr] B —
¥ 9%
400— —
. Peak Result () Ret. Area Width
w00 \ No Time (counts) 1/2
| l g (min) (sec)
[ S J _ PN 10% 1 89.6040 10.372 322829696 68.7
7] 2 10.3960 20.543 37455344  107.8
“1 Tio bo ho ko 100.0000 360285056
Table S12. Entry 3
ALl 7
20
15
1.0—] . }
[ | . Peak  Result () Ret. Area Width
05 | I\ No Time (counts) 1/2
: | (min) (sec)
& | 92.1674 9963 515379008  71.7
"7 T m - |2 7.8326 _19.742 43798116 _ 109.3
02 - - " 100.0000 559177152
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Table S12. Entry 4
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Table S12. Entry 5
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10. HPLC spectra for Figure 6

HPLC spectrum for catalyst in 0.01 M concentration
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HPLC spectrum for catalyst in 0.02 M concentration
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HPLC spectrum for catalyst in 0.05 M concentration
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HPLC spectrum for catalyst in 0.10 M concentration

AU] T
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