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1. General information on the experimental conditions, chemicals, and
instrumentation

All manipulations in the course of the synthesis of the secondary phosphine-oxide 1 were
carried out under argon or nitrogen using Schlenk-line techniques. Solvents were purified,
dried and deoxygenated using standard methods. All the achiral nitrile substrates, as well as
Pt(COD)Cl, and Pt(PPh;3), were purchased from Aldrich, and used as received. (rac)-[1,1'-
binaphthalene]-2,2’-dicarbonitrile was prepared according to a published method." The
synthesis of ligand 1 has been described by us earlier," here we publish an optimized method,
which yields purer crude product, and higher isolated yields. **P{*H}-NMR, *'P-NMR, *H-NMR,
13C{lH}—NMR—spectra were recorded using Bruker ATM-400 spectrometer operating at 161.98,
161.98, 400.13, 100.61 MHz, respectively. *H NMR and C{*H} NMR chemical shifts are
reported in ppm (8) relative to tetramethylsilane, referenced to the chemical shift of residual
solvents resonances. *'P{"H} and *'P NMR chemical shifts are reported in ppm (8) relative to
HsPO,. Coupling constants (J) are given in Hz, and the multiplicity of the signals is described as
singlet (s), doublet (d), triplet (t), quartet (g) and multiplet (m). Mass spectra were recorded
using a Waters LCT Premier spectrometer. Gas chromatography was performed on an Agilent
gas chromatograph, using an HP-5 column (30m), 50 °C initial temperature, 325 °C final

temperature, 25 °C/min heating rate, 1.5 mL/min gas flow.



2. Experimental procedure of the improved synthesis of the chiral SPO 1

4-diethylamino-4,5-dihydro-3H-dinaphtho(2,1-c; 1',2'-e)phosphepine obtained from 2,2'-
dimethyl-1,1'-binaphtyl-dilithium-2N,N,N',N'-tetramethylethylenediamine (8.87 g, 16.8 mmol),
not purified, was dissolved in 96% EtOH (45 mL). Aqueous HCI solution (17 mL, 6N, 102 mmol)
was added at 0 °C external temperature. It was stirred at room temperature overnight.
*'p{*H}- and *'P-NMR spectra of the reaction mixture confirmed the formation of the product.
All the volatiles were removed in vacuum. The solid residue was taken up ina 1 M HCl : DCM
solvent mixture (30 mL / 30 mL). The organic phase was separated, the aqueous phase was
washed with DCM (2 x 20 mL). The combined organic phase was washed with 0.1 N HCI
solution (30 mL), and water (3-4 x 20 mL), until the aqueous extract was neutral. During the
extraction steps the system tends to form an emulsion. The organic phase was dried over
MgSO,. The solvent was removed in vacuum. The off-white, foamy crude product (5.79 g) was
purified by column chromatography. CH,Cl, was wused as eluent to separate
dimethylbinaphthyl, then CH,Cl,:EtOH (9:1) was used to isolate the product. The column was
repeated (CH,Cl,:EtOH = 9:1, then 95:5) to isolate the product from some mixed fractions of
the first column. The product fractions were combined, and all the volatiles were removed in
vacuum. Residual EtOH was removed from the product by dissolving it in DCM, removal of the
solvent in vacuum, and drying the product in high vacuum. White solid. Overall yield (based on
the lithiated dimethyl-binaphthyl): 3.43 g (62%). The product can be recrystallized from hot
benzene yielding the title compound as large colorless crytals.™

'H-NMR (400 MHz, CDCls): & = 2.94-3.14 (m, 2H, CH,, CH,’), 3.26-3.47 (m, 2H, CH,, CH,’), 7.26
(dd, Jpy = 461 Hz, Jyy = 7.9 Hz, P(O)H), 7.19-7.33 (m, 4H, binaphthyl), 7.45-7.56 (pseudo q, 3H,
binaphthyl), 7.66 (d, Jus = 8.2 Hz, 1H, binaphthyl), 7.92-8.03 (m, 4H, binaphthyl). *P{*H}-NMR
(162 MHz, CDCl5): & = 42.67 (s). *'P-NMR (162 MHz, CDCI3): 6 = 42.67 (dm, Jpy = 461 Hz).



3.3'p{*H} and *'P NMR spectra of SPO 1
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4. HPLC analysis of SPO1 isolated by column chromatography

Data File C:%CHEM32%1%Z008 VAN LEEUWEN‘HG"HZ343-150%HG2432-150_ZX H20-ACN-10-100_Z0MIN.D

Sample Mame: hg343-1E50Q

Acg. Operator
Acg. Inatrument

ecm
HFLZI-1
Injection Date : Z/6/2008 2:42:50 PM

Acg. Mesthed
Last changed

C:\CHEM2 2 1\ METHCODS Y ACH . M
27672003 2:41:34 PM by ecm
(modified after loading)
C:\CHEM2 2" 1\ METHCDS\ ACH . M
Z/E/2008 4:04:37 PM by ecm
{modified after loading)

Analyeis Method
Last changed

Sampls Info

HzO [/ ACHN S0:10

Location

Column: Eorbax 150x4.8 mm, 3.5 pm

gradisnt 10% MeCH up to 100% in Z0min

1 mL/min
1.5mg/mL {MeOH)

Ing Volume

Vial 1

: B opl

DADTE, Tipg=154.10 Refof (CICRENEITZO0EWVAN LEENEN R HGIE3-TIIREE45-T50_Z¥_HIG-ACN-1T
mall b §
1750 g
1500
1250
1000
T80
500
a - R =1"] y
250 L § 83 mos §4
2 ®E 3 0w e
0 ) 5
I e e e e e e e B L B e e e e e e e S e LA e e T —TT
0 25 5 7.5 10 12.5 15 17.5 niin|
Area Percent Report
Sorted By H Signal
Hultiplisr : 1.0000
Dilution : 1.0000
Use Multiplier & Dilution Factor with ISTDs
Signal 1: DAD1 E, S5ig=254,16 Ref=off
Peak RetTime Typse Width Area Height Area
3 [min] [min] [mAU*=] [maT] %
12.077 WV .0643 E.441Zc 1l.z2elo@ Q.08l0
Z 13.044 BV 2.0726 BE94.01953 1858.02387 97,4008
3 13.447 WV a.o7e2 18.01774 3.32347 Q.2018
4 13.598 VB 2.1350 9.53338 1.0358% a.10&8
E 14.024 BV .1754 44 . 04807 3.68E18 0.4835
& 14.542 VB 0.1017 1%.93422 2.658118 0.2233
T 15.318 BV .1385 41.0894% 3.94225 0.4603
g2 15.81% VB .087s8 TE.4297% 10.92734 0.8563
@ 15.99& BB .0%8s G.45443 1.326367 Q.1o0&0
13 19.0z2 BV Q.0787 8.08758 1.5E5173 0.0504
Totales 8926.04547 18BE5.B4E5E6
¥*+ End of Report *+
HELC-1 2/6/2008 4:04:28 PM =cm Page 1 aof 1



5. Single crystal X-ray analysis of the chiral SPO 1

Table 1. Crystal data and structure refinement for SPO1.

Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta =38.03°

Absorption correction

hg427150_0m

C28H230P

406.43

100(2)K

0.71073 L

Orthorhombic

P2(1)2(1)2(1)

a= 7.9622(4)L a= 90.00°.
b= 12.3209(7)L B =90.00°.
c= 21.0198(11)L y = 90.00°.
2062.07(19) L3

4

1.309 Mg/m?3

0.151 mm-!

856

0.10 x 0.10 x 0.03 mm3

2.74 t0 38.03°.
-6<=h<=13,-21<=k<=7,-36<=1|<=27

10895

9504[R(int) = 0.0286]

0.984%

Empirical
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Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [I>2sigma(l)]
R indices (all data)

Largest diff. peak and hole

Table 2. Bond lengths [L] and angles [°] for SPOL1.

0.9955 and 0.9851
Full-matrix least-squares on F2
10895/ 0/ 275

1.050

R1 =0.0407, wR2 = 0.1006
R1 =0.0500, wR2 = 0.1058
0.521 and -0.252 e.L3

Bond lengths----
C1-C2
C1-P1
C2-C11
C2-C3
C3-C4
C4-C5
C5-C6
C5-C10
C6-C7
C7-C8
C8-C9
C9-C10
C10-C11
C11-C12
C12-C21
C12-C13
C13-C18
C13-C14
C14-C15
C15-C16
C16-C17
C17-C18
C18-C19
C19-C20
C20-C21
C21-C22

1.5065(14)
1.8282(9)

1.3886(12)
1.4224(13)
1.3714(15)
1.4225(13)
1.4187(14)
1.4282(13)
1.3737(15)
1.4159(15)
1.3768(14)
1.4254(12)
1.436(13)

1.4912(12)
1.3854(12)
1.4356(12)
1.4224(13)
1.4248(13)
1.3767(13)
1.4168(15)
1.372(15)

1.4196(13)
1.4216(13)
1.3703(14)
1.4213(13)
1.5097(13)



C22-P1
0O1-P1
C1A-C6A
ClA-C2A
C2A-C3A
C3A-C4A
C4A-C5A
C5A-C6A

C2-C1-P1
C11-C2-C3
Cli-C2-C1
C3-C2-C1
C4-C3-C2
C3-C4-C5
C6-C5-C4
C6-C5-C10
C4-C5-C10
C7-C6-C5
C6-C7-C8
C9-C8-C7
C8-C9-C10
C9-C10-C5
C9-C10-C11
C5-C10-C11
C2-C11-C10
C2-C11-C12
C10-C11-C12
C21-C12-C13
C21-C12-C11
C13-C12-C11
C18-C13-C14
C18-C13-C12
C14-C13-C12
C15-C14-C13
C14-C15-C16
C17-C16-C15

1.8155(9)

1.4873(8)

1.3907(16)
1.3957(16)
1.3874(16)
1.3945(15)
1.3925(15)
1.3898(16)

110.74(6)
119.88(9)
120.49(8)
119.58(8)
120.97(9)
120.74(9)
121.33(9)
119.72(9)
118.88(9)
120.67(9)
119.89(10)
120.89(9)
120.54(9)
118.28(8)
122.25(8)
119.41(8)
119.88(8)
119.90(8)
120.15(7)
119.59(8)
119.93(8)
120.44(7)
118.39(8)
119.19(8)
122.31(8)
120.57(9)
120.79(9)
119.77(9)



C16-C17-C18
C17-C18-C19
C17-C18-C13
C19-C18-C13
C20-C19-C18
C19-C20-C21
C12-C21-C20
C12-C21-C22
C20-C21-C22
C21-C22-P1
01-P1-C22
0O1-P1-C1
C22-P1-C1
C6A-C1A-C2A
C3A-C2A-C1A
C2A-C3A-C4A
C5A-C4A-C3A
C6A-C5A-C4A
C5A-C6A-C1A

120.80(9)
120.71(9)
119.67(8)
119.55(8)
120.14(8)
120.91(8)
120.26(8)
119.89(8)
119.84(8)
112.36(6)
113.14(5)
115.32(5)
104.96(4)
120.06(10)
119.70(10)
120.21(9)
120.05(10)
119.71(10)
120.25(9)

Table 3. Torsion angles [°] for SPO1.

P1-C1-C2-C11
P1-C1-C2-C3
C11-C2-C3-C4
C1-C2-C3-C4
C2-C3-C4-C5
C3-C4-C5-C6
C3-C4-C5-C10
C4-C5-C6-C7
C10-C5-C6-C7
C5-C6-C7-C8
C6-C7-C8-C9
C7-C8-C9-C10
C8-C9-C10-C5
C8-C9-C10-C11

71.71(10)
-105.99(8)
-2.20(14)
175.51(9)
-1.99(14)
-174.09(9)
2.94(13)
176.82(9)
-0.18(14)
0.02(14)
0.61(15)
-1.08(14)
0.90(13)
-176.54(9)
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C6-C5-C10-C9
C4-C5-C10-C9
C6-C5-C10-C11
C4-C5-C10-C11
C3-C2-C11-C10
C1-C2-C11-C10
C3-C2-Cl11-C12
C1-C2-Cl11-C12
C9-C10-C11-C2
C5-C10-C11-C2
C9-C10-C11-C12
C5-C10-C11-C12
C2-C11-C12-C21
C10-C11-C12-C21
C2-C11-C12-C13
C10-C11-C12-C13
C21-C12-C13-C18
C11-C12-C13-C18
C21-C12-C13-C14
C11-C12-C13-C14
C18-C13-C14-C15
C12-C13-C14-C15
C13-C14-C15-C16
C14-C15-C16-C17
C15-C16-C17-C18
C16-C17-C18-C19
C16-C17-C18-C13
C14-C13-C18-C17
C12-C13-C18-C17
C14-C13-C18-C19
C12-C13-C18-C19
C17-C18-C19-C20
C13-C18-C19-C20
C18-C19-C20-C21
C13-C12-C21-C20
C11-C12-C21-C20
C13-C12-C21-C22
C11-C12-C21-C22

11

-0.27(12)
-177.35(8)
177.24(8)
0.17(12)
5.29(13)
-172.40(8)
-177.83(8)
4.48(12)
173.14(8)
-4.27(12)
-3.73(12)
178.86(8)
-65.53(11)
111.35(10)
112.10(10)
-71.03(11)
-4.16(13)
178.21(8)
171.91(8)
-5.73(13)
1.56(14)
-174.53(9)
-1.32(15)
0.13(16)
0.78(16)
176.31(10)
-0.50(15)
-0.66(13)
175.55(9)
-177.51(8)
-1.29(13)
-171.79(9)
5.02(14)
-3.32(14)
5.95(13)
-176.41(8)
-173.02(8)
4.63(13)



C19-C20-C21-C12
C19-C20-C21-C22
C12-C21-C22-P1
C20-C21-C22-P1
C21-C22-P1-01
C21-C22-P1-C1
C2-C1-P1-01
C2-C1-P1-C22
C6A-C1A-C2A-C3A
C1A-C2A-C3A-C4A
C2A-C3A-C4A-C5A
C3A-C4A-C5A-C6A
C4A-C5A-C6A-C1A
C2A-C1A-C6A-C5A

12

-2.24(14)
176.73(9)
71.08(10)
-107.89(8)
-168.56(7)
-42.01(8)
81.62(8)
-43.58(8)
0.93(17)
-0.75(16)
-0.46(16)
1.50(15)
-1.33(15)
0.11(16)



6. Formation of the cis-Pt(1),Cl, in the reaction of Pt(COD),Cl, with two equivalents
of1

31 1
P{ H}-NMR (CDC,)

\ \ \ \ \ \
120 110 100 90 80 70 60 50

7. Formation of the [Pt(1);CI]Cl in the reaction of Pt(COD),Cl, with three
equivalents of 1

31 1
P{ H}-NMR (CD,0D:CDCl, V/V = 5:2)
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8. In situ formed Pt(COD)Cl,/1 catalytic system, effect of the Pt:P ratio on the
catalytic activity

Pt(COD)Cl, (7.5 mg, 0.02 mmol), SPO 1 (13.8 mg, 0.042 mmol / 20.7 mg, 0.063 mmol / 27.6 mg
/ 0.084 mmol), and 4-bromo-benzonitrile (182 mg, 1 mmol) were subsequently transferred
into a 14 mL screw-cap vials, supplied with magnetic stir bars. The vials were purged with
argon via the septum of the cap, and then isopropanol (6 mL) was added. Each vial was placed
into an oil bath heated at 80 °C. After a few minutes water (1 mL) was added, the septum of

the cap was sealed with clay and parafilm, and the reaction mixtures were stirred for 10 hours.

Test reactjon: OO
H
H,O : i-propanol O
r4< >7— Br—<: :>—<
B =N Pt(COD)CI2/1 H,

100
801
S
§  60;
o
()
2 40
o
O

20-

O_

2 3 4
P/P

General conditions: 1 mol% Pt(COD)CIZ, 2-4 P/Pt ratio,1 mmol nitrile, 6
mL of j-propanol, 1 mL of H,O, 80 0C, 10 hours.

14



Method Column: DB-5 30m, ID 0.25mm, 0.25um
conc: ? mg/mL (THF)
Inj vol: 0.2uL
split 50:1
Tinj/aux: 260°C
He flow: 1.5 mL/min
oven: 50°C up to 325°C (25°C/min)

Chromatogram

Abundance

24000000

2500000

2000000

2500000

2000000

15000004

1000000

S00000 [

Mo

=) =.00 a.bo 5.bo &.bo +.bo 2.bo o.bo 10 00
Time--=

Spectra

Abundance

Average of 4.578 to 4.582 min.: HG361-175.D
450000 181

102
400000
250000
200000
250000

200000

150000 7

100000 50
50000
37 G2
i, AL
(S}

5

=]

1 |‘| 1171130143155168 ml‘193207220 238253 269281 297
| L e o e T A o e e e e BRI NI s o s S o
20

o T
100 120 140 160 120 200 220 240 260 280 200

. I|I|=
a]

40
my/z--=
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Abundance

Average of 6,619 to 6§ 8622 min.: HG261-175. D
Fgslslslalal 183

&50000
00000
550000
soo0000
450000
400000 199
250000
200000 155
=50000
zooooo 75
150000

100000

50000 33‘| 104 |
-
o thdiall, FF LB 11AZSas 170 221234 253267221206

"
4o &0 2o 100 120 140 1&0 120 =200 =2Z0 =240 =2&0 =20 =00
mi=——=

TIC: hg360-175.D AREA
1 4.581 min 15997000

TIC: HG361-175.D
1 4.580 min 19307604
2 6.622 min 74416377

TIC: hg362-175.D

1 4.582 min 8249815
2 6.614 min 32111442
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9. Solvent optimization for the synthesis of carboxamides using the in situ
formed Pt(COD)Cl,/1 catalytic system

Pt(COD)Cl, (3.74 mg, 0.01 mmol), SPO 1 (11.5 mg, 0.035 mmol), and 4-bromo-benzonitrile (91
mg, 0.5 mmol) were subsequently transferred into a 14 mL screw-cap vial, supplied with
magnetic stir bar. The vial was carefully purged with argon via the septum of the cap, and then
the appropriate solvent (3 mL) was added. Each vial was placed into an oil bath heated at 80
°C. After a few minutes water (0.6 mL) was added, the septum of the cap was sealed with clay,
and the reaction mixtures were stirred for 24 hours. Analytical samples were taken and

analysed at 2 and at 24 hours.

Test reactjon: OO

H,O

0
BrO{N Br
PYCOD)Cly/1 <:> i H,

100+

o]
o
1

Conversion (%)
(e}
o

N
o
L

W2 hours
W 24 hours

General conditions: 2 mol% Pt(COD)CIZ, 3.5 SPO:Pt ratio, 3 mL
of solvent, 0.6 mL of H,O, 80 0C. Chemoselectivity: 100% in each

case.
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10. Formation of PtH(PR,OH)(PR,0--H--OR,P) (PR,OH = 1) in the reaction of
Pt(PPhs),; with 4 equivalents of 1"

3p{*H}-NMR; 1/Pt(PPhs), = 4

d7-DMF, 100 °C

'H-NMR, hydride range; 1/Pt(PPhs)s = 4

d7-DMF, 100 °C

The experiment has also been carried out at a 1/Pt(PPhs), ratio 3. The formation of the same

complex, PtH(PR,OH)(PR,0--H--OR,P) (PR,0OH = 1), as only product was observed.

18



10. Selected examples of the catalytic experiments; GC and GC-MS analyses
for the hydration of benzonitrile into benzamide (a), 4-bromobenzonitrile into

4-bromobenzamide (c), 2-bromobenzonitrile into 2-bromobenzamide (e), and

2-phenylacetonitrile into 2-phenylacetamide (j)

BENZONITRILE

GC analysis of the benzonitrile substrate

RT in THF: 3.772 min

pA 1
700
600
500
400-
300
200
100

FID1 A, Front Signal (HENRIK\DEF_GC1 2013-10-01 15-02-44\5UBSTRATES.D)

o
Fm

T

—B6.622

19
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GC analysis of THF

RT of main impurity: 6.622 min

Jata File C:\CHEM32\1\DAWTA\HENRTENDEF_GC1 2813-18-@1 17-33-43\THF.D
Sample Mame: THF

Mch. Dperator - SYSTEM Zeqg. Line : 3
#cy. Imstrument @ 7899 &6C Location : Wial 111
Injection Date :© Bl-0ct-13 6:88:36 MM Inj : 1
Inj volume 1 2 pl
Ddfferent Inj Volure Ffrom Sequence ! MActual Inj Woluwe : 1 pl
Seguence File o CrWHEMEZ\1\DATA\HENRIE\DEF_GC1 2813-18-81 17-33-&B\DEF _&C1.5
Acg. Method - CoWHEMEZAL\DATAHENRIEA\DEF GC1 2813-18-@81 17-33-£8%HENRIKL.M
Last changed - Bl-0ct-13 5:33:48 PM by SYSTEM
Analysis Method @ C:'%WHEMEZ\1\DATA\HENRIEWDEF GC1 2813-18-@1 17-33-&B8YVHENRIKLI.M (Sequence
Mothod)
Last changed - 2\=-Apr-14 F:F:14 PM by SYSTEM
Method Info o spo hemrik
FID A, From Sigesl [THF O]
]
m g
u
]
o
=]
=3
19 I.||‘.L
-yt
2 - & 5 g i (]
Arega Percent Report
Sorted By : signal
Calib. Data Modified 15-Jul-13 3:56:2Z5 PH
Multiplier | 1.0088
D lution | 1.0088

Do not use Multiplier & Ddlution Factor with ISTDs

Signal 1: FID1 A, Front Signal

Peak RetTime Type  Width Aroa Area Mame
& [min] [min]  [pa*s] X
| | | | | |
1 3.8E8@ 9. pesa 9.08008 9.08008 acelophencns
2 5.628 9. peea 9.08088 9.88a98 Ciclobexamal
3 s.883 . pisaa 9.08008 9.88308 Ciclobexanaona
4 &.622 BB 2.8145 55.76578 1.B@8ez ¢
Totals : 56. 76578
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GC analysis of the reaction mixtures of the catalytic reactions

Catalytic hydration of benzonitrile into benzamide (a) with Pt(COD)Cl,/1, reaction time 2h

Yield: 16%.
FID1 A, Front Signal (HG_SS_78.D)
pA 2
350
300 benzonitrile
250
200
1505 benzamide
100 ] -
] @ w
0 E — 1 '((’u X A
T T T T T T | T T T T
3 4 5 6 7 8 9 10 11 min
Catalytic hydration of benzonitrile into benzamide (a) with Pt(COD)Cl,/1, reaction time 24h
Yield: 95%.
FID1 A, Front Signal (HENRIK\DEF_GC1 2013-10-15 17-30-19\HG_SS_66.0)
A s
*q T
200 i
1759 ‘ benzamide
1503
125
100 ‘
75 sbenzonitrile
50 g % ; %
255 e 2
0 1 A — _— . raw - — W
| LS S S S S S B B S S S S S S I S S S S I B S S S R S S S S SN B S S S S S S S T
3 4 5 6 7 8 9 10 11 miry
Catalytic hydration of benzonitrile into benzamide (a) with Pt(PPh;)./1, reaction time 1h
Yield: >99%.
FID1 A, Front Signal (HENRIK\DEF_GC1 2013-10-06 23-14-25\HG_S5_44.0)
ph £+
175 *benzamide
150 -
125 -]
E 2
100 5
o
75 n
50 w @
5 | 3 o g g 5
25 hd o o o o
e © ' P ‘n: B {
03 T & e T ) '
T T T T T T T T T L I
3 4 5 5] 7 a 9 10 11 min|
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Catalytic hydration of benzonitrile into benzamide (a) with Pt(COD)Cl,/AgNOs/1 reaction time
1h

Yield: >99%.
FID1 A, Front Signal (HENRIK\DEF_GC1 2013-10-07 20-24-08\HG_SS_57.0)

oA 4 -
175 FE .
Tbenzamlde
150
125
100 o
753 benzonitrile
501
25

+10.085
| 210453870

3773
r6.436

3479

min|

o
-y

ot . .
L B m s e e o e s B e e e e e L — —
8 9 1
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Isolation of benzamide (a) (Scheme 4, Pt(COD)Cl,/AgNO;/1 system)

The product was isolated on a chromatotron (centrifugal thin-layer chromatography) using a

DCM:EtOH eluent mixture (v/v 10/1). Yield: 66 mg (quantitative). CAS: 55-21-0.

Sample HG-SS-57

HP-5MS, 30mx0.25mmx0.25pm
Tinj-aux: 280°C

1.5mL/min

Split 30:1 (1ul)
50°C-325°C(10")/20°Cmin-1
Sample as received
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4-BROMOBENZONITRILE

GC analysis of the 4-bromobenzonitrile substrate

. . CN
RT in THF: 5.232 min
;
—_—
FID1 A, Front Signal (HENRIK\DEF_GC1 2013-10-04 15-19-18\SUBSTRATE13.D)
pA o
350
300 ]
250
200
150 -1 o
100 ©
| T
50 3 |
0 |£|1'|: 1y —
| T T T T [ T
3 4 5 6 7 8 9 10 1 mir

GC analysis of the reaction mixtures of the catalytic reactions

Catalytic hydration of 4-bromobenzonitrile into 4-bromobenzamide (c) with Pt(COD)Cl,/1,
reaction time 2h

Yield: 51%.
FID1 A Front Signal (HG_55_12_4-BR-BN_ZH.D)
LY &
o
4 [* )
250+ 4-bromobenzonitrile
200
] 4-bromobenzamide
150
- 2
] =
100 ]
- Ly ]
P
L
50
1 2
E bt |
_g L] -
pid l|| '.?Il i |. — I,
u_ T T T T
T T T T T T
3 4 5 G 7 3 9 min
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Catalytic hydration of 4-bromobenzonitrile into 4-bromobenzamide (c) with Pt(COD)Cl,/1,

reaction time 24h

Yield: 99%.

FIO A Eront Sgnal (HG_55_15_4-BR-BN_22A 0]

pé ] E

180

=3

140 ]

120 4-bromobenzamide

100

a0

6521

4-bromobenzonitrile
e
o

) ! i\

23478

s
s ]
in—|
(=1
1]
oo

e —|

min

Catalytic hydration of 4-bromobenzonitrile into 4-bromobenzamide (c) with Pt(PPh;)./1,

reaction time 1h

Yield: >99%.
[ FID1 A, Front Signal (HENRIKI\DEF_GC1 2013-10-07 14-48-20\HG_S5_46.D)
pA ] 2
4 o™
140 - i .
120 4-bromobenzamide

1004

10.570

80

60 4-bromobenzonitrile
404,
205
o]

0 _JT ——

~—9.359
+10.085

5147
76.440
~-57.032

3 4 5 ]

Catalytic  hydration of 4-bromobenzonitrile into 4-bromobenzamide
Pt(COD)Cl,/AgNOs/1 reaction time 1h

Yield: >99%.

FID1 A, Front Signal (HG_SS_18_4-BR-BN_1H_AG D)
pA -

——7-196

140

120
100 ‘

80

6.622

60

40 ‘

3.478
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Isolation of 4-bromobenzamide (c) (Scheme 3, Pt(COD)Cl,/1 system)

The product was isolated by column chromatography using a silica column and DCM:EtOH
eluent mixture (v/v 10/1). Yield: 99 mg (99%). CAS: 698-67-9.

Sample P15

HP-5MS, 30mx0.25mmx0.25um

Tinj-aux: 280°C

1.5mLimin

Split 100:1 (1pl)
S0PC-325°C(10W20°Cmin-1
Sample as received

Abundance
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2-BROMOBENZONITRILE

GC analysis of the 2-bromobenzonitrile substrate

RT in THF: 5.403 min

FID1 A, Front Signal (HENRIK\DEF_GC1 2013-10-04 15-19-18\SUBSTRATE11.D)
pA 1 8

175
150
125
100
75
50 2
25 &

T

1

0

6.622

GC analysis of the reaction mixtures of the catalytic reactions

Catalytic hydration of 2-bromobenzonitrile into 2-bromobenzamide (e) with Pt(COD)Cl,/1,
reaction time 2h

Yield: 1.7%.

FID1 A, Front Signal (HG_SS_14_2-BR-BN_2H.D)
pA

5409

2-bromobenzonitrile

400+
300+

200

100

— 6.622

| 2 2-bromobenzamide
2

©w

1 L

3050

| =3.478
1 ras79

—
7 8 9 min

w
B~
o
@
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Catalytic hydration of 2-bromobenzonitrile into 2-bromobenzamide (e) with Pt(COD)Cl,/1,
reaction time 24h

Yield: 11%.

FID1 A, Front Signal (HG_SS_17_2-BR-BN_24H D)

pA

5407

200 ] 2-bromobenzonitrile
350
300
250
200

150

100

— 6.622

2 2-bromobenzamide
4 [{e]
50 q

o

|
1 =3478
| Fas79

Catalytic hydration of 2-bromobenzonitrile into 2-bromobenzamide (e) with Pt(PPhs)./1,
reaction time 1h

Yield: 96%.

FID1 A, Front Signal (HENRIK\DEF_GC1 2013-10-07 14-48-20\HG_SS_48.D)

pA 2 .

175 i 2-bromobenzamide

150 ‘

_: o«

125E &

100*; =}

753 -
E 2-bromobenzonitrile

50 8 ‘ ~ -
B p 3 3 8 ||

251 © =] =

S (N _— ) i

L S,

3 4 5 6 7 8 9 10 11 min

Catalytic hydration 2-bromobenzonitrile (into caboxamide e) with Pt(COD)Cl,/AgNO5/1
reaction time 1h

Yield: 88%.

FID1 A, Front Signal (HG_SS_20_2-BR-BN_1H_AG.D)
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Isolation of 2-bromobenzamide (e) (Scheme 4, Pt(COD)Cl,/AgNO/1 system)

The product was isolated by column chromatography using a silica column and DCM:EtOH
eluent mixture (v/v 10/1). Yield: 87 mg (87%). CAS: 4001-73-4.

Sample HG-SS-20

HP-5MS, 30mx0.25mmx0.250m
Tinj-aux: 280°C

1.5mLimin

Split 20:1 (1.0pl)
500C-325°C{5")/20°Cmin-1
Sample in DCM
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2-PHENYLPROPANENITRILE

GC analysis of the 2-phenylpropanenitrile substrate

RT in THF: 4.838 min

CN

—
FID1 A, Front Signal (HENRIK\DEF_GC1 2013-10-04 15-19-18\SUBSTRATES.D)

pA - 2
Ld
-

500
400 —
300
200 —

100

-6.623

{4498
4.5.390

GC analysis of the reaction mixtures of the catalytic reactions

Catalytic hydration of 2-phenylpropanenitrile into 2-phenylpropanamide (k) with Pt(COD)Cl,/1,
reaction time 2h

Yield: 1.4%.
FID1 A, Front Signal (HG_SS_86.0)
pA B
600 2_phenylpropanenitrile
500
400
300
200 ‘ 2-phenylpropanamide
o ~ w
s 5 % S
- ¥ ! £
i T — T T
3 4 5 [} 7 a

10.082

min

Catalytic hydration of 2-phenylpropanenitrile into 2-phenylpropanamide (k) with Pt(COD)Cl,/1,
reaction time 24h

Yield: 19%.
FID1 A, Front Signal (HG_SS5_76.D)
pA ] a
500 ST
1 2-phenylpropanenitrile
400
300 2-phenylpropanamide
200 2
] 0]
100 = e ' 2 3
103 B I 2 =
0 y W Ly by = by
T T T T T T T T T
3 4 ) 3] 7 8 10 11 min
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Catalytic hydration of 2-phenylpropanenitrile into 2-phenylpropanamide (k) with Pt(PPh;)./1,

reaction time 1h

Yield: >99%.

FID1 A, Front Signal (HENRIK\DEF_GC1 2013-10-07 14-48-20\HG_SS_56.D)
pA ] 2
4004 7. h | id
] phenylpropanamide
350
3004
250
200
150 ea s
1004 2-phenylpropanenitrile
50 %
E =
0 B

114832

1-+9.356

10.083

—10.568

o

Catalytic hydration 2-phenylpropionitrile (into caboxamide k) with Pt(COD)Cl,/AgNO;/1,

reaction time 1h

Yield: 99%.

FID1 A, Front Signal (HENRIK\DEF_GC1 2013-10-07 20-24-08\HG_SS_66.D)

pA ] p
4001 iz-phenylpropanamide
3004 |
200
1 2-phenylpropanenitrile
100 - o0 - =
g 3 ¥ 8 3
[)—"r:J b “ﬁ N Hy T
! o T T T T L T v
3 4 ) 5] T 8 ] 10 11 miry
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Isolation of 2-phenylpropanamide (k)

(Scheme 4, Pt(COD)Cl,/AgNO;/1 system)

The product was isolated on a chromatotron (centrifugal thin-layer chromatography) using a
DCM:EtOH eluent mixture (v/v 10/1). Yield: 75 mg (quantitative). CAS: 1125-70-8.

Sample P50

HP-5MS, 30mx0.25mmx0.25um
Tinj-auwx: 280°C

1.5mLimin

Split 100:1 (Apl)
50°C-325°C(10"Y20°Cmin-1
Sample as received
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12. X-ray structures of 4-bromobenzamide (c), 3-bromobenzamide (d) and 2-

bromobenzamide (e)

X-ray structure of 4-bromobenzamide (c)

o
'

Table 1. Crystal data and structure refinement for 4-bromobenzamide (c)

Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta =35.18 °
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters

Goodness-of-fit on F2

HG483_0m
C7TH6BrNO

200.04

100(2) K

0.71073 L

Monoclinic

P2(1)/c

a= 4.9200(7) L a= 90.00 °.
b= 53316(8) L B =93.562(6) °.
c= 27.538(5) L y = 90.00 °.
720.97(19) 1.3

4

1.843 Mg/m?3

5.624 mm-1

392

0.40 x 0.40 x 0.15 mm3

1.48 tol.48 °.

-7 <=h<=7 ,-8 <=k<=8 ,-43 <=1<=43

3157

2791 [R(int) = 0.0639 ]

0.982 %

Empirical

0.4859 and 0.2119

Full-matrix least-squares on F2
3157/0/91

1.080
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Final R indices [I>2sigma(l)] R1=0.0387 , wR2 =0.1026
R indices (all data) R1=0.0439 , wR2 = 0.1057
Largest diff. peak and hole 1.820 and -1.372 e.L3

Table 2. Bond lengths [L.] and angles [°] for 4-bromobenzamide (c)

Bond lengths----

Bri-C1 1.8961(15)
C1-C2 1.384(2)
C1-C6 1.389(2)
C4-C3 1.389(2)
C4-C5 1.3986(19)
C4-C7 1.491(2)
C2-C3 1.397(2)
C5-C6 1.386(2)
C7-01 1.2454(15)
C7-N1 1.3419(17)
Angles----------

C2-C1-Cé 121.82(14)
C2-C1-Brl 120.29(12)
C6-C1-Brl 117.88(11)
C3-C4-C5 119.09(14)
C3-C4-C7 119.61(12)
C5-C4-C7 121.31(12)
C1-C2-C3 118.91(14)
C6-C5-C4 121.16(13)
C5-C6-C1 118.45(13)
C4-C3-C2 120.54(14)
01-C7-N1 121.99(14)
01-C7-C4 121.44(12)
N1-C7-C4 116.57(11)
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Table 3. Torsion angles [°] for 4-bromobenzamide

(©)

C6-C1-C2-C3
Br1-C1-C2-C3
C3-C4-C5-C6
C7-C4-C5-Co6
C4-C5-C6-C1
C2-C1-C6-C5
Br1-C1-C6-C5
C5-C4-C3-C2
C7-C4-C3-C2
C1-C2-C3-C4
C3-C4-C7-01
C5-C4-C7-01
C3-C4-C7-N1
C5-C4-C7-N1

0.0(2)
178.97(12)
-0.8(2)
179.01(14)
-0.9(2)
1.3(2)
-177.76(12)
2.0(2)
-177.75(14)
-1.6(2)
-25.9(2)
154.37(15)
154.48(15)
-25.3(2)

X-ray structure of 3-bromobenzamide (d)

L

Table 1. Crystal data and structure refinement for 3-bromobenzamide (d)

Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

HG_SS16
C7H6BrNO
200.04

100(2) K
0.71073 L
Monoclinic
P2(1)/c

a= 16.189(2)L
b= 4.6448(7)L
c= 9.8821(17)L
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Volume 742.2(2) L3

Z 4

Density (calculated) 1.790 Mg/m3
Absorption coefficient 5.463 mm-1

F(000) 392

Crystal size 0.25 x 0.25 x 0.04 mm3
Theta range for data collection 1.259 to 30.536°.

Index ranges

Reflections collected
Independent reflections
Completeness to theta =30.536°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [I>2sigma(l)]
R indices (all data)

Largest diff. peak and hole

-22<=h<=11,-6<=k<=2, -8<=|<=13
3504

1998[R(int) = 0.0448]

87.6%

Empirical

0.811 and 0.624

Full-matrix least-squares on F2
1998/ 0/ 91

1.022

R1 =0.0524, wR2 = 0.1469
R1 =0.0660, wR2 = 0.1579
1.139 and -1.341 e.L3

Table 2. Bond lengths [L] and angles [°] for 3-bromobenzamide (d)

Bond lengths----

Br1-C5 1.899(4)
N1-C7 1.329(5)
01-C7 1.246(4)
C1-C2 1.392(5)
C1-C6 1.392(5)
C1-C7 1.504(5)
C2-C3 1.397(6)
C3-C4 1.379(6)
C4-C5 1.391(5)
C5-C6 1.400(5)
Angles----------

C2-C1-Cé 120.3(3)
C2-C1-C7 122.4(3)
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C6-C1-C7 117.3(3)

C1-C2-C3 119.8(4)
C4-C3-C2 121.0(4)
C3-C4-C5 118.6(4)
C4-C5-C6 121.8(4)
C4-C5-Brl 119.4(3)
C6-C5-Brl 118.8(3)
C1-C6-C5 118.5(3)
01-C7-N1 122.8(4)
01-C7-C1 120.3(3)
N1-C7-C1 116.9(3)

Table 3. Torsion angles [°] for 3-bromobenzamide (d)

C6-C1-C2-C3 -0.3(5)
C7-C1-C2-C3 178.0(3)
C1-C2-C3-C4 -0.8(6)
C2-C3-C4-C5 0.6(6)
C3-C4-C5-C6 0.7(5)
C3-C4-C5-Brl -178.7(3)
C2-C1-C6-C5 1.5(5)
C7-C1-C6-C5 -176.8(3)
C4-C5-C6-Cl -1.7(5)
Br1-C5-C6-C1 177.7(3)
C2-C1-C7-01 153.9(3)
C6-C1-C7-01 -27.8(5)
C2-C1-C7-N1 -27.8(5)
C6-C1-C7-N1 150.5(3)
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X-ray structure of 2-bromobenzamide (e)

Table 1. Crystal data and structure refinement for 2-bromobenzamide (e)

Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

y4

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta =31.971°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [I>2sigma(l)]
R indices (all data)

Largest diff. peak and hole

HG_SS20_0m
C7TH6BrNO
200.04

100(2) K

0.71073 L
Monoclinic
P2(1)/n

a= 5.0263(6)L
b= 10.9683(15)L.
c= 13.3113(14)L
732.51(15) L3

4

1.814 Mg/m3
5.535 mm-!

392

0.35 x 0.05 x 0.05 mm3
2.408 to 31.971°.

o= 90°.
B =93.465(3)°.
y= 90°.

-7<=h<=2,-4<=k<=11,-17<=I<=8

1110

980[R(int) = 0.0073]
38.600002%

Empirical

0.769 and 0.626
Full-matrix least-squares on F?2
980/ 0/ 91

1.084

R1 =0.0197, wR2 = 0.0499
R1 =0.0227, wR2 = 0.0512
0.247 and -0.214 e.L3
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Table 2. Bond lengths [L] and angles [°] for 2-bromobenzamide (e)

Bond lengths----

Br1-C3 1.903(3)
N1-C1 1.336(2)
0O1-C1 1.238(3)
C1-C2 1.492(4)
C2-C7 1.387(4)
C2-C3 1.407(3)
C3-C4 1.387(4)
C4-C5 1.377(5)
C5-C6 1.398(4)
C6-C7 1.380(4)
Angles----------

01-C1-N1 121.8(3)
01-C1-C2 122.10(18)
N1-C1-C2 116.1(2)
C7-C2-C3 117.7(3)
C7-C2-C1 119.6(2)
C3-C2-C1 122.6(2)
C4-C3-C2 121.0(3)
C4-C3-Brl 117.7(2)
C2-C3-Brl 121.2(2)
C5-C4-C3 119.7(2)
C4-C5-Cé 120.4(3)
C7-C6-C5 119.2(3)
C6-C7-C2 121.8(2)

39



Table 3. Torsion angles [°] for 2-bromobenzamide (e)

01-C1-C2-C7 137.3(3)
N1-C1-C2-C7 -41.4(4)
01-C1-C2-C3 -44.0(4)
N1-C1-C2-C3 137.3(3)
C7-C2-C3-C4 -3.3(4)
C1-C2-C3-C4 177.9(3)
C7-C2-C3-Brl 173.0(2)
C1-C2-C3-Brl -5.7(4)
C2-C3-C4-C5 2.7(4)
Br1-C3-C4-C5 -173.8(2)
C3-C4-C5-C6 -1.1(5)
C4-C5-C6-C7 0.3(5)
C5-C6-C7-C2 -1.1(5)
C3-C2-C7-C6 2.6(4)
C1-C2-C7-C6 -178.7(3)
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13. Kinetic resolution in the hydration of [1,1’-binaphthalene]-2,2’-dicarbonitrile
using the Pt(PPhs);/1 and Pt(COD)Cl,/AgNO3/1 catalytic systems

Catalytic hydration of [1,1’-binaphthalene]-2,2’-dicarbonitrile with Pt(PPh;),/1, reaction time
0.5h

HPLC, reversed phase. Conversion: 45%; yield of the enantioenriched dicarbonitrile (2): 55%;
yield of the monoamide (3): 30%; yield of the diamide (4): 15%.

Jata File C:ONCGHEMEZN. . N\EZOOIOINMIESIRAS NMOEVAS\HE-SS5-92 0-SH 1H FX H2O0-MECH 10-100 15 2.D
Sample Name: HE-55-92 0-Sh

Aoy, Operstoa : IFE= S=qg. Ldns : 3
Aoy, Instrnament @ Instrmamernt 1 Location @ Visl 14
Injection Date @ 12/11/2013 10:32:29 BM Ig : 1
I Violume : 5 pl
Aoy, Method : CONHBEEE\\WMEHIDSWAPCT .M
Iast charced = 12/10/2013 6:53:34 EM by LFGZ
Aralyeis Method @ C:WHEME2Y D\WETHIDSWEND .M
Iast charced = 12/20/2013 4:38:19 EM v =
modified after losding)
Sample Info : Boodepc XIBE C18 100cct.&mm, Sam

H2o/ MeCH 90:10

10% wvp to 100% in 15", hold 5°
BPCTT 4+

Sampledin 100pl. DO

i

o

13377

B

o

11.476

=]

II

_!'
c
‘.
|

|

Scrted By : Bigal
Multiplier : 1.0000
Ciluticn : 1.0000
ee Multiplier & Dilutbion Factor with ISTDs

Signal 1: [ADL B, Sig-254,10 Ref-off

Pesle FetTime Type Width paie="1 Heighi- Prea
# [rrei] [rmira] [mALT*=] AL %
e e e B —— e — |
1 11.476 BB 0.08Z28 E7.55444 1z 54552 14,5712
2 13.377 BB 0.0826 141.&63557 26.41323 30.5502
3 14.071 BB 0.0799 254.42584 47.97517 54.8786

Toals : 4£3.61586 B&.93802

wak Bl of Feport #e
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Chiral HPLC, normal phase. E.r. of the enantioenriched dicarbonitrile (2): 71/29.

NPVLAMSTA\HGA\MUESTRAS NOVIEMBREMWHG-55-9Z-05H IC HEX-ETOH 20 Z.T

Instrument 2

1272072013 4

B:22 PM I
Inj Volume : 5 pl

C:\CHEM32"2\METHODS\CHIRAL IC1.M

1:20 PM by scC

( d after loading)

Enalysis Method : C:\CHEM3Z2\Z\METHODS\CHIRAL SCREENING_IC1.M

Last changed : ]

Sample Info

Sample: in 100pL DCM

DAD1 A, Sig=254,10 Ref=off [CACHEM32\ _3PVLIMST\HGWMUESTRAS NOVIEMEREWHG-55-82-05H_IC_HEX-ETOH_20_2.D)

n

Use Multiplier & Dilution Factor with ISTDs

Signal 1: DAD1 2, Sig=254,10 Ref=off

Peak BetTime Type Width Lrsa Height Area
% [min] [min] [mAU*s] [mRT] %

1 9.385 EB 0.2451 101.053351
2 10.509 BB 0.2507 - g

Ve

Totals : 345.18087 Z21.66065
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Chiral HPLC, normal phase. E.r. of the monoamide (3): 32/68; e.r. of the diamide (4): >99/1.

Data File C:\CHEM32\...PVL\MST\HG\MUESTRAS NOVIEMBRE\HG-SS-92-05H IC HEX-DCM-ETOH €5-5 2.D
Sample Name: HG-5S-92-05H

Acqg. Operator : sC Seq. Line : 2

Acg. Instrument : Instrument 2 Location : Vial 1

Injection Date : 12/20/2013 4:42:41 EM Inj : 1
Inj Volume : 5 pnl

Acg. Method : C:\CHEM32\2\METHODS\CHIRAL IC2.M

Last changed 11/22/2013 4:44:10 PM by MH

Analysis Method : C:\CHEM32\2\METHODS\CHIRAL SCREENING ICl.M
Last changed : 12/20/2013 5:05:58 PM by sc

(modified after loading)
Sample Info : Chiralpack IC 250x4.6mm, 5Sum

Hex / DCM / EtOH 30:65:5

1 mL/min

25°c

Sample: as received

DAD11 A, Sig=254,10 Ref=off (C\CHEM32\. MST\HG'MUESTRAS NOVIEMBRE\HG-SS-92-05H_IC_HEX-DCM-ETOH_65-5 2.D)
mAU
50
40 “
30 |
20 “ ©
\ o 3 5
i | g o 2
1 =] A —
o Wl AN e
-10 ~
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
0 5 10 15 20 mil
Area Percent Report
Sorted By H Signal
Multiplier H 1.0000
Dilution H 1.0000
Use Multiplier & Dilution Factor with ISTDs
Signal 1: DADL A, S5ig=254,10 Ref=off
Peak RetTime Type Width Area Height Area
¥ [min] [min] [mAU*s] [mAU] %
,,,,‘,,,,
1 9.062 BB 0.2841 76.55771 4.05778 22.0678
2 9.996 BB 0.2951 1le4d.66672 8.93102 47.4652
3 11.947 BB 0.4149 105.69659 3.86704 30.4670
Totals 346.92102 16.85584
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Catalytic hydration of [1,1’-binaphthalene]-2,2’-dicarbonitrile with Pt(PPh;),/1, reaction time
1h

HPLC, reversed phase. Conversion: 67%; yield of the enantioenriched dicarbonitrile (2): 33%;
yield of the monoamide (3): 32%; yield of the diamide (4): 35%.

Data File C:\CHEMBEZ2\...-QER\Z\ONVMUESTRAS NUEVAS\HG-SS-92 1H ZX H20-MHEHCH 10-100 15 2.D
Sanmple Name: HG-SS-92 1h

Aog. Cperator : LEFG Seq. Line : 4
Aog. Imstrument : Instrument 1 Iocation : Vial 15
Injection Date : 12/11/2013 10:57:31 2AM Inj : 1
Inj Volure : 5 pl
Acg. Method : C:\CHEME2\1\METHODS\APCT .M
Iast changed : 12/10/2013 6:53:34 BM by ILFG
Analysis Method : C: \CHEM32\1\METHODS\END .M
Iast changed : 12/19/2013 11:26:23 2M by IFG
(modified after loadirng)
Sanple Info : Zorbeax XOB C18 100x4 .6mm, 5um

H20/ MeCH 90:10

10% wp to 100% in 15', hold 5
APCT +

Sample as received

DAD1 B, Sig=254, 10 Ref=df (C\CHEVEA. . RZACNINIMLESTRAS NLEVASHSGSS 92 1H ZX H2OIVECH (1010015 2.0)
mALJ & 2 g
700 I ‘ o ¥
|
e x ‘
|
400 ‘ l ‘ ‘
|
|
300 \I ‘
1
100 ‘ ‘ ‘l‘ | ‘I
\ 1
I S G | O A N N
7 "7 T T T T T T T T
8] 25 5 75 10 125 15 17.5 Iin
Area Percent Report
Sorted By H Signal
Multiplier H 1.0000
Dilutian H 1.0000
Use Multiplier & Dilution Factor with ISTDs
Sigmal 1: DAD1 B, Sig=254,10 Ref=off
Peak RetTime Type Width Area Height Area
# [rdn] [rimn] [mAL*s] [mAL] %

e e |- |~ R
1 11.483 BB 0.0846 4295.11084 776.11755 35.1106
2 13.378 BB 0.0830 3899.77026 699.96521 31.8789
3 14.076 BV 0.081l6 4038.20044 740.63208 33.0105

Totals : 1.22331ed4 2216.71484

*x%x End of Report **%
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Chiral HPLC, normal phase. E.r. of the enantioenriched dicarbonitrile (2): 10/90.

Data File C:\CHEM32\...127\2013\PVL\MST\HG\MUESTRAS

Sample Name: HG-SS5-92-1H

NOVIEMBRE\HG-SS-92-1H_IC_HEX-ETOH_20.D

Acg. Operator sc

Seqg. Line 7

Acqg. Instrument Instrument 2 Location Vial ©
Injection Date 11/26/2013 2:08:39 PM Inj 1
Inj Volume 5 npl

Acqg. Method
Last changed
BAnalysis Method
Last changed

C:\CHEM32\2\METHODS\CHIRAL ICl.M
11/22/2013 4:40:02 FM by MH
C:\CHEM32\2\METHODS\CHIRAL SCREENING_ IC.M
12/19/2013 10:58:05 AM by sc

(modified after loading)

Sample Info

Chiralpack IC 250x4.6mm,

Sum

Hex / EtOH 80:20
1 mL/min
25°c

Sample:

as received

DAD1 A, Sig=254,10 Ref=off (CACHEM32\.. 2013\PVYLIMST\HGIMUESTRAS NOVIEMBRE\HG-55-92-1H_IC_HEX-ETOH_20.D)
mAU T |
|
] fi
800 ] “ |‘
] |
600 | !
] J\
] |
400 |
1 \
4 |
200 \
o 4¢W,AJ (N - P
T T T T T T T T T T T T T T T T T T T T
0 5 15 20 mi
Area Percent Report
Sorted By Signal
Multiplier 1.0000
Dilution 1.0000
Use Multiplier & Dilution Factor with ISTDs
Signal 1: DADLl R, Sig=254,10 Ref=off
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
|- | === = R — R [ -
1 9.422 Vv 0.3210 747.02631 33.64717 9.6951
2 10.586 VB 0.3727 6958.15723 275.45242 90.3049

Totals

7705.18353 309.09960
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Chiral HPLC, normal phase. E.r. of the monoamide (3): 50/50; e.r. of the diamide (4): 86/14.

Data File C:\CHEM32\...13\PVL\MST\HG\MUESTRAS NOVIEMBRE\HG—SS—QC—lH_IC_HEX—DCM—ETOH_65—5 .D
Sample Name: HG-SS5-92-1H

Acqg. Operator : sC Seq. Line : 16

Acqg. Instrument : Instrument 2 Location : Vial ©

Injection Date : 11/26/2013 €:05:05 BM Inj : 1
Inj Volume : 5 pl

Acq. Method : C:\CHEM32\Z2\METHODS\CHIRAL IC2.M

Last changed : 11/22/2013 4:44:10 PM by MH

Analysis Method : C:\CHEM32\2\METHODS\CHIRAL SCREENING_IC.M

Last changed : 12/19/2013 11:19:28 AM by sc

(modified after loading)
Sample Info : Chiralpack IC 250x4.6mm, Sum

Hex / DCM / EtOH 30:65:5

1 mL/min

25°C

Sample: as received

DAD1 A, Sig=254,10 Ref=off (C:\CHEM32\._ VLAMST\HGIMUESTRAS NOVIEMBRE\HG-55-92-1H_IC_HEX-DCM-ETOH_65-5.D)
mAU J \
= i
] ‘\
1500 3 ‘
1250 ‘ |
1000 ‘|
750 4 ‘ \
500 é ‘
E ‘ | R
250 \ §
E { ' =
0 _: 'L\.f L, _ AN L , 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
0 5 10 15 20 mil
Area Percent Report
Sorted By H Signal
Multiplier : 1.0000
Dilution : 1.0000

Use Multiplier & Dilution Factor with ISTDs

Signal 1: DADL A, Sig=254,10 Ref=off

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*=] [mAT] %
i e | === === | === | == === !
1 9.253 Vv 0.3081 5136.05615 256.00064 24.627¢6
2 10.206 VvV 0.2960 5099.90234 263.21988 24.4542
3 12.387 Vv 0.3583 91982.74219 390.92609 44.0795
4 17.270 vv 0.4710 1426.19421 40.28499 6.8387
Totals : 2.0854%9e4 950.43159

46



Catalytic hydration of [1,1’-binaphthalene]-2,2’-dicarbonitrile with Pt(PPhs),/1, reaction time
1.5h

HPLC, reversed phase. Conversion: 77%; yield of the enantioenriched dicarbonitrile (2): 23%;
yield of the monoamide (3): 27%; yield of the diamide (4): 50%.

Data File C:\CHEM32\...-QER\ZX\NCN\MUIESTRAS NUEVAS\HG-SS-92 1-5H ZX H20-MECH 10-100 15.D
Sample Name: HG-SS-92 1-5h

Log. Cperator : IFG Seq. Line : 8
Acg. Instrurent : Instrument 1 Iocatian : Vial 23
Injection Date : 12/11/2013 12:37:39 BM Inj : 1
Inj Volure : 5 pl
Acg. Method : C:\CHEMBE2\1\METHODS\APCT .M
Iast changed : 12/10/2013 6:53:34 PM by LFG
Aralysis Method : C: \CHEVEB2\1\METHCDS\END .M
Iast changed : 12/19/2013 11:26:23 AM by LFG
(modified after loading)
Sanple Info : Zorbax XIOB C18 100x4.6mm, 5Sum

H20/ MeCH 90:10

10% wp to 100% in 15', hold 5'
APCT +

Sanmple as received

DAD1 B, Sig=254, 10 Ref=of (C\CHEVEZ. .. RZACNCNIVMLESTRAS NLEVASIHG-SS92 1-5H 22X H2OMECH 10-100_15.0)
mALJ
B0 Pl
|
200 “
|
250 | -
\ §
200 | T
|
150 | ‘ ﬁ g
| o )
100 ‘ \I | T 3
| |
@ R ‘\ I I“‘
\ o
[ | LN
0 ~— — - — S S AN £ MY AP — g
—_———— - - T
(0] 25 5 7.5 10 125 15 17.5 ITir)
Area Percent Report
Sorted By H Signal
Multiplier H 1.0000
Dilution H 1.0000
Use Multiplier & Dilution Factor with ISTDs
Signal 1: DAD1 B, Sig=254,10 Ref—off
Pesk RetTime Type Width DArea Height Area
# [rin] [min] [MAIT*s] [ALT] %

1 11.471 EB 0.0842 1022.19702 185.81451 49.5068
2 13.368 EB 0.0841 557.47748 101.39591 26.9996
3 14.066 EB 0.0801 485.08466 91.19616 23.4935

Totals : 2064.75916 378.40659

*** End of Report ***
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Chiral HPLC, normal phase. E.r. of the enantioenriched dicarbonitrile (2): 96/4.

Data File C:\CHEM32\...\18-12-2013\VC98
Sample Name: HG-355-92-1-5h

2013-12-19 13-15-35\HG-88-92-1-5E IC HEX-ETOH 20.D

Acg. Operator 1 sC Seq. Line : 4
Acg. Instrument : Instrument 1 Location : Vial 5
Injection Date : 12/19/2013 2:21:02 BM Inj : 1

Inj Volume : 5 pnl

Acqg. Method C:\Chem32\1\DATA\18-12-2013\VC98 2013-12-19 13-15-35\CHIRAL IC.M
Last changed : 12/19/2013 12:56:18 PM by sc
Analysis Method : C:\CHEM32\1\METHODS\CHIRAL IC2.M
Last changed : 12/19/2013 3:56:58 PM by sc
(modified after loading)
Sample Info : Chiralpak IC 250x4.€mm, 5um
Hex / EtOH 80:20
ImL/min
25°¢

sample as received

DAD1 B, Sig=254,10 Ref=off (18-12-2013\VC98 2013-12-19 13-15-35\HG-SS-92-1-5H_IC_HEX-ETOH_20.D)
mAU

o

]
=]
o o [=]
ol b b b b b Lo b

[s=]
¥
E-Y
[=2]
[==]
g

Area Percent Report

Sorted By H

H Signal
Multiplier H 1.0000
Dilution H 1.0000

Use Multiplier & Dilution Factor with ISTDs

Signal 1: DADl B, Sig=254,10 Ref=off

Peak RetTime Type Width Area Height Area
# [min] [min] [MAU*s] [mAU] %
i B R |- |- [-—mmmmm
1 9.325 MM 0.474¢ 47.52580 66903 4.1216
2 10.4e62 BV 0.3682 1105.56458 42.40327 95.878
Totals : 1153.09037 44.07230
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Chiral HPLC, normal phase. E.r. of the monoamide (3): 72/28; e.r. of the diamide (4): 83/17.

Data File C:\CHEM32\...-2013\VC98 2013-12-19 13-15-35\HG-55-92-1-5H IC HEX-DCM-ETOH €5-5.D

Sample Name:

HG-55-92-1-5h

Acqg. Operator : 3C

Acqg.

Instrument

Injection Date

Acg. Method
Last changed
Analysis Method
Last changed

Sample Info

Seq. Line
Instrument 1 Location
12/19/2013 4:28:59 PM Inj

Inj Volume

10

: Vial 5

1
3 pl

C:\Chem32\1\DATA\18-12-2013\VvC98 2013-12-19 13-15-35\CHIRAL IC2.M

12/19/2013 12:57:54 PM by sc
C:\CHEM32\1\METHODS\CHIRAL IC2.M
12/19/2013 3:56:58 PM by sc
(modified after loading)
Chiralpak IC 250x4.6émm,
Hex / DCM / EtOH 30:65:5
ImL/min

25°ec

sample as received

Spm

DAD1 B, Sig=254,10 Ref=off (18-12-2013\VC98 2013-12-19 13-15-35HG-55-92-1-5H_IC_HEX-DCM-ETOH_65-5.D)

@
=
= o
s B N =
AN s
R _ I —
T[T T — T T T
0 2 4 6 14 16 18 mir
Area Percent Report
Sorted By H Signal
Multiplier H 1.0000
Dilution H 1.0000

Use Multiplier &

Signal 1: DADL B,

Peak RetTime Type

Dilution Factor with ISTDs

5ig=254,10 Ref=off

Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
|- |- | = R — |~ R — |
1 9.210 VB 0.2499 1217.86023 73.27901 25.8517
2 10.132 BB 0.2564 488.2800¢ 28.14875 10.4049
3 12.173 BB 0.3379 2476.42358 111.15575 52.7708
4 16.971 VB 0.3899 510.22571 16.18047 10.8725
Totals

4692.78958 228.76398
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Catalytic hydration of [1,1’-binaphthalene]-2,2’-dicarbonitrile with Pt(PPhs),/1, reaction time

2h

HPLC, reversed phase. Conversion: 83%; yield of the enantioenriched dicarbonitrile (2): 17%;
yield of the monoamide (3): 23%; yield of the diamide (4): 60%.

Data File C:\CHEM32\...N-NBR\ZX\(NON\MUESTRAS NUEVAS\HG-SS-92 2H 7ZX H20-MBECH 10-100 15.D

Sanmple Name: H3-SS-92 2h

Acg. : LFG
Acg. Instrurent : Instrument 1
Injection Date : 12/11/2013 1:02:41 BM

2Aog. Method ¢ C:\CHEMB2\1\METIXDS\APCT .M
ILast charnged : 12/10/2013 6:53:34 BM by LFG
Analysis Method : C:\CHEME2\1\METHCODS\END.M
Last changed : 12/19/2013 11:26:23 AM by LFG
(modified after loadirg)
Sanple Info : Zorbax XIB C18 100x4.émm, Suam

H20/ MeCH 90:10

10% up to 100% in 15', hold 5'
AECT +

Sample as received

Seg. Line : =]
Iocation : Vial 24

Inj - 1

Inj Volure : 5 pl

DAD1 B, Sig=254, 10 Ref=aff (C\CHEVEA. . NBRZXACNCNIMLUESTRAS NLEVASHG SS- 92 2H 2 HPOVECH 10-100_15.0)
mAL ]
300 :
250 ‘
200
1 [
150 el
] o 3
] ‘ - 5
100-] ,‘ |
: | | ||
=7 I | \ ‘|
] I I |
03— B S A N AN A S
[‘] 2‘5‘ % 7‘.5 1‘0 ‘ ‘ ‘12‘25 T 1‘5 ‘ 17‘.5‘ il
Area Percent Report
Sorted By Sigral
Multiplier 1.0000
Diluticon H 1.0000
Use Multiplier & Dilution Factor with ISTDs
Signal 1: DBD1 B, Sig=254,10 Ref=off
Peak RetTime Type Width Area Height Area
# [rdn] [mdn] [mALT*s] [mALT] %
e |-l | T I |
1 11.477 0.0841 1803.32397 328.03119 60.2039
2 13.376 0.0842 689.61877 125.32379 23.0229
3 14.074 0.0800 502.41931 94.59338 16.7732
Totals : 2995.36206 547.94836

**% HEnd of Report ***
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Chiral HPLC, normal phase. E.r. of the enantioenriched dicarbonitrile (2): 2/98.

Data File C:\CHEM32\...TA\18-12-2013\VC98 2013-12-19 13-15-35\HG-55-92-2H IC HEX-ETOH 20.D
Sample Name: HG-SS5-92-2h

Acg. Operator 1 sc Seg. Line : 5
Acqg. Instrument : Instrument 1 Location : Vial 6
Injection Date : 12/19/2013 2:42:24 PM Inj : 1
Inj Volume : 5 pl

Acq. Method ¢ C:\Chem32\1\DATA\18-12-2013\VC98 2013-12-19 13-15-35\CHIRAL IC.M
Last changed : 12/19/2013 12:56:18 PM by sc
Analysis Method : C:\CHEM32\1\METHODS\CHIRAL IC2.M
Last changed : 12/19/2013 3:56:58 PM by sc

(modified after loading)
Sample Info : Chiralpak IC 250x4.€mm, 5um

Hex / EtOH 80:20

ImL/min

25°C

sample as received

DAD1 B, Sig=254,10 Ref=off (18-12-2013\VC98 2013-12-19 13-15-35\HG-55-92-2H_IC_HEX-ETOH_20.D)
mAU |
100]
80
] \
60 \"\
] I
40 | “
] ('
20 i
q ﬂ I N [ /
P — M ‘L,/\.vr v (NP N ____Arci'__gr_)/"/i-\”\—--f —
L 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 T T T T T
0 25 5 75 10 125 15 17.5 mir
Area Percent Report
Sorted By : Signal
Multiplier : 1.0000
Dilution : 1.0000

Use Multiplier & Dilution Factor with ISTDs

Signal 1: DADl B, Sig=254,10 Ref=off

Peak RetTime Type Width Area Height Area
& [min] [min] [mAU*s] [mAU] %
——m |- |- |- |- R —— [
1 9.238 MM 0.3978 21.76396 9.11840e-1 1.8569
2 10.460 BB 0.3392 1150.30652 48.07404 98.1431

Totals : 1172.07048 48.98588
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Chiral HPLC, normal phase. E.r. of the monoamide (3): 86/14; e.r. of the diamide (4): 76/24.

Data File C:\CHEM3Z\...l1Z2-2013\VCY8 Z013-12-19 13-15-35\HG-55-92-2H IC HEX-DCM-ETOH_&5-5.D

Sample Name: HG-S5S-92-2h

Acq. Operator sc Seq. Line 11

Acqg. Instrument Instrument 1 Location : Vial ©

Injection Date 12/19/2013 4:50:23 PM Inj 1
Inj Volume 5 pl

C:\Chem32\1\DATA\18-12-2013\VC98 2013-12-19 13-15-35\CHIRAL IC2.M
12/19/2013 12:57:54 PM by sc

C:\CHEM32\2\METHODS\CHIRAL SCREENING ICl1.M

12/20/2013 5:16:36 PM by sc

(modified after loading)
Chiralpak IC 250x4.6émm,
Hex / DCM / EtOH 30:65:5
1mL/min

25°c

sample as recesived

Acq. Method
Last changed
Analysis Method
Last changed

Sample Info Spm

DAD1 B, Sig=254,10 Ref=off (C\CHEM32\...013\/C898 2013-12-19 13-15-35\HG-55-92-2H_IC_HEX-DCM-ETOH_£5-5.D)
mAU 5
300
250
200
150
100 i 2
] M 8
50 R e
] 11T
04 - I“JI JL\ ‘lL . N ____L,//\,__‘
— — T T T
25 5 15 17.5 mi
Area Percent Report
Sorted By H Signal
Multiplier : 1.0000
Dilution H 1.0000

Use Multiplier & Dilution Factor with ISTDs

Signal 1:

DADL B,

5ig=254,10 Ref=off

Peak RetTime Type

Width Area Height Area
¥ [min] [min] [mAU*s] [mAU] %
|- |- | = R — |~ R — |
1 9.187 BB 0.2555 1759.92163 106.10857 24.29
2 10.105 BB 0.2554 281.90778 16.90764 4.03
3 12.151 BB 0.3429 3993.02393 177.20164 55.12
4 16.969 VB 0.4233 1198.5257¢ 37.65733 1le.54
Totals 7243.37909 337.87519
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Catalytic hydration of [1,1’-binaphthalene]-2,2’-dicarbonitrile with Pt(COD),Cl,/AgNO;/1,
reaction time 0.5h

HPLC, reversed phase. Conversion: 48%; yield of the enantioenriched dicarbonitrile (2): 52%;
yield of the monoamide (3): 31%; yield of the diamide (4): 17%.

Data File C:\CHEM32\. . .BR\ZX\(NON\MUESTRAS NUEVAS\HZ-SS-96 0-5H 1H ZX H20-MECH 10-100 15.D
Sanple Name: H5-SS-96 0-5h

Aog. Operator : ILFG Seq. Line : 10
Aog. Imstrument : Instrument 1 Locatian : Vial 10
Injection Date : 12/10/2013 11:00:48 BM Inj - 1
Inj Volure : 5 pl
Aog. Method : C:\CHEVB2\1\METHODS\AFCT .M
ILast changed : 12/10/2013 6:53:34 BEM by IFG
Mnalysis Method : C:\CHEM32\1\MEIHCDS\END.M
Last changed : 12/19/2013 11:26:23 AM by LEFG
(modified after loadirg)
Sarple Info : Zorbax XOB C18 100x4 .6mm, Sum

H20/ MeCH 90:10

10% up to 100% in 15', hold 5'
APCT +

Sanple as received

DAD1 B, Sig=254, 10 Ref=off (C\CHEVE2... ACNCNMUESTRAS NLEVASHGSS 95 0-8H 1H Z< H2ONVECH 10-100_15.D)
mAL ] 3
500
1 Q
400 9
] g
300 1 ~ |
I
: i 3 |
200] | -
] |
] I |
f ‘. U |
100 ‘ |
] I | \ ‘\
] | l \ |
o4+——— ) } PN AN (S A R
L A B I a  E S e S A e e
0 25 5 75 10 125 15 17.5 mir
Area Percent Report
Sorted By : Signal
Multiplier : 1.0000
Dilution : 1.0000
Use Multiplier & Dilution Factor with ISTDhs
Signal 1: DAD1 B, Sig=254,10 Ref=off
Peak RetTime Type Width Drea Height Ires
# [min] [min] [mAT*s] [mALT] %

1 11.547 BB 0.0806 1023.40985 190.67078 17.2501
2 13.425 EB 0.0797 1820.82080 344.44064 320.6909
3 14.108 BV 0.0796 3088.54882 584.51880 52.0591

Totals : 5932.77948 1115.63022

**% Hnd of Report ***
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Data File

Sample Name:

Chiral HPLC, normal phase. E.r. of the enantioenriched dicarbonitrile (2): 28/72.

C:ZCHEM32%...27\2013%
HG-33-96-05H

VLAMST\HG\MUESTRAS

NOVIEMBRE\HG-3

3
|

w

=
I

H_IC

Lcg. Operator sc

Instrument Instrument 2

f26/2013

Rcg.

Injection Date 11:57:02 &M

Method

Zcg. 32\2\METHOD3\CHIRAL

/2013 4:40:02

Ic

Last changed PM by MH

Enalysis Msthod

Last changesd 12/19/2013 10:58:05 AM by sc

(modified after loading)

Sample Info Chiralpack IC 250x4.émm, Spm

Hex / EtOH

1 mL/min
25°c
received

Sample: as

C:\CHEM32\Z\METHODS\CHIRAL SCREENING_IC.

Zeqg. Line : 2
Location Vvial 1
Inj 1
Inj Volume : 5 pl
1.M

M

C_HEX-ETOH_20.D

DAD1 A, SI0=254 10 Ref=0ff (C:ICHEM32\._013PVLIMS HGWMUES TRAS NOVIEMBRE\HG-55-96-05H_IC_HEX-ETOH_20.0)
mAL ﬂ
- /
1 I
300 ||
] [
] ||
600
] N
] |
400 \
] [
] [
200 | |
| |
] \ /
o4 \ S L . o /"{\_/\
-————¥F——F———— 17—
0 5 10 15 20 min
Rrea Percent Report

Sorted By Signal
Multiplier : 1.0000
Diluticn : 1.0000

Use Multiplier & Dilution Factor with ISTDs

Signal 1: DRD1 &, 3ig=2534,10 Ref=off

Peak RetTime Typs Width Lrea Height
¥ [min] 1 [mRU]
—_————_————_——.— — | __________
1 5.423 BV 1326.55308
2 10.5%% VB 319.365%64
Totals 1.175%43=4 456.32294
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Chiral HPLC, normal phase. E.r. of the monoamide (3): 33/67; e.r. of the diamide (4): 85/15.

Data File C:\CHEM32\...3\PVL\MST\HG\MUESTRAS NOVIEMBRE\HG-33-9%6-05H IC_HEX-DCM-ETOQH_£5-5.D
Sample Name: HG-33-26-05H

Acg. Operator i sc Seg. Lins : 11

Acg. Instrument : Instrument 2 Location : Vial 1

Injection Date : 11/26/2012 3:53:24 BPM Inj = 1
Inj Volume : 5 pl

Zcg. Method : C:\CHEM32\2\METHODS\CEIRAL IC2.M

Last changed : 11/22/2013 4:44:10 PM by MH

Bnalysis Method : C:\CHEM3Z\Z\METHODS\CHIRAL SCREENING IC.M

Last changed : 12/19%/2013 11:19%:28 aM by sc
(modified after loading)
Samples Info : Chiralpack IC 250x4.6mm, Spm
Hex / DCM / EtOH 30:65:5
1 mL/min

25°¢

Zample: as received

DAD1 A, 5ig=254,10 Rei=off (CACHEM32\. LIMST\HGIWMUESTRAS NOVIEMBRE\HG-55-96-05H_IC_HEX-DCM-ETOH_65-5.0)
mAU

1500

1250

1000

750

500

12241

250

=

| 17.078

e
-
|-

o
o
=
=]
o
o)
(=}

mir

Lrea Percent Report

Sorted By

Multiplier

Diluticn

Use Multiplier & Dilution Factor with ISTDs

3ignal 1: DAD1 R, 3ig=254,10 Ref=off

Peak RetTime Type Width Area Height Area

¥ [min] [min]

1 9.234 VWV 0.2662 3259.55%81
2 10.157 wvv 0.2798 £498.32090
3 12.241 wv 0.3489 4331.37354
4 17.07e vV 0.4091 705.43457
Totals 1.47%58=4 753.12051
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Catalytic hydration of [1,1’-binaphthalene]-2,2’-dicarbonitrile with Pt(COD),Cl,/AgNOs/1,
reaction time 1h

HPLC, reversed phase. Conversion: 63%; yield of the enantioenriched dicarbonitrile (2): 37%;
yield of the monoamide (3): 30%; yield of the diamide (4): 33%.

Data File C:\GEMB2\...Q-QOERNZO\@ONMIESTRAS NUEVAS\HZ-SS-96 1H ZX H20-MECH 10-100 15.D
Sanmple Mame: HZ-S5-96 1h

Aoy, Operator : LEG Seq. Idne : 11
Aog. Instruarent : Instrmuament 1 Iocation : Vial 11
Trjection Date  : 12/10/2013 11:25:52 BM I : 1
I Velumne : 5 pl
Aoy, Method : C:\CHEME2NN\METHODS\APCT .M
Last charged : 12/10/2013 6:53:34 PM by LEG
Aralysis Methed : C:\GQEM32\1\METEDS\END.M
Last charged : 12/19/2013 11:26:23 2M by LFG
(modified after loading)
Sanple Info : Zorbepc XIB C18 100x.6&mm, Sum

H20/ MeCH 90:10

10% wpo to 100% in 15', hold 5
APCT +

Sanple as received

DADT B, Sig=254, 10 Ref=oif (CL\OHEVEZ . NERZACNCNMUESTRAS NLEVAS HE-55-96 TH 24 FHROIVEOH 10-100_15.0)

Z
11538
44400

13423

Sorted By : Sigal
Maltiplier H 1.0000
Diluticn H 1.0000
Tse Multiplier & Diluticn Factor with ISTDs

Signal 1: [RD1 B, Sig=254,10 Ref=off

Pealt RetTime Type Width Pren Height Lrea
H# [rdra] [rrdn] ML+ =] [m&rT] %
o e — R —— R — |
1 11.538 BB 0.0832 2118.43872 391.09674 33.0793
2 13.423 BB 0.0817 1925.26819 363.74927 30.0629
3 14.109 BV 0.0793 2360.41659 448.55795 36.8578

Totals : 6404 12390 1203.80396

*** End of Regport ***
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Chiral HPLC, normal phase. E.r. of the enantioenriched dicarbonitrile (2): 19/81.

HEM3Z\.. . . 1272013\ FVLAMST\HG\MUESTRAS HOVIEMBREA\HG-55-5%6-1H_IC HEX-ETCH 20.

7. Li
Locatior
In
Inj Volume : 5 nl

C:\CHEM322\METHODS\CHIRAL IC1.M
117227201
C:\CHEM32,

Acg. Instrument :
Injection Date

Acg. Method

Last chang

Analysis Metl
Last changed

Sample Info

DAD1 A, Sig=254,10 Ref=off (CMCHEM3ZL 2012 PVIIMETHGWMUESTRAS NOVIEMBRE\HG-55-08-1H_IC_HEX-ETOH_20.0)

2

m
=]
(=]

T 10603

400

?

|

-

|
-g;
|-
N

ra
(
g
(
>

[=1
o]
=
&
&

tiplier
Dilution

Use Multiplier & Dilution Factor with ISTDs

Signal 1: DAD]1 A, S5ig=254,10 Ref=off

2,1

Peak RetTime Type Width Area eight Lrea
s [min] [min] [mAO*s] [mAT] %
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Chiral HPLC, normal phase. E.r. of the monoamide (3): 45/55; e.r. of the diamide (4): 84/16.

HEM3ZY. . . 13\EVLAMST\HG\MUESTRAS NOVIEMBRE\HG-55-9%6-1H_IC HEX-DCM-ETOH 65-5.D

3C

nstrums 2
11/26/2013 4:19:43 M

+ Co\CHEM3Z2M\ZWMETHODS\CHIBAL ICZ.M
11/22/2013 4:44:10 FM by MH

Analysis Method :
Last changed 12/19

19:28 BM by sc

13 11:

cading)

: Chiralpack IC 250x4.cmm,
Hex / DCM / EtOH 30:65:5
1 mL/min

Sample Info Spm

L Te
ot 8

Sample: as

Volume :

C:N\CHEM32\2\METHODS\CHIRAL. SCREENING IC.M

&

=l

1800 ||
1400
1200 |
1000 |
200

DADT A, Sig=254, 10 Ref=off (C\CHEM3ZL._VLUMSTHGMUESTRAS NOVIEMBREHG-S

5-96-1H_IC_HEX-DCM-ETOH_85-5.0)

17111

o

g0 | s 2 &

400 | & o E

@ " 1

200 } i il ﬁ i
a N _ AT N

=1
oo |
I=
=

mir

Area Percent Report

Signal
1.0000
1.0000
Factor with ISTDs

Use Multiplier & Dilution

Signal 1: DBD1 &, Sig=254,10 Ref=off

LAre=a
[mA*s5]

Peak RetTime Type
# [min]

=

]
Totals T2362e4 B53.8B2775
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Catalytic hydration of [1,1’-binaphthalene]-2,2’-dicarbonitrile with Pt(COD),Cl,/AgNOs/1,
reaction time 1.5h

HPLC, reversed phase. Conversion: 72%; yield of the enantioenriched dicarbonitrile (2): 28%;
yield of the monoamide (3): 27%; yield of the diamide (4): 45%.

Data File C:\CHEMB2\...-QER\ZX\QIN\MIESIRAS NUEVAS\HZ-SS-96 1-5H ZX H20-MECH 10-100 15.D
Sanmple MNare: H3-S5-96 1-th

Pogy. Operator : LFG Seq. Line : 12
Pog. Instrnarent @ Instrnament 1 Location @ Vial 12
Injection Date  : 12/10/2013 11:50:54 BM I 1
Inj Volare : 5 pl
Zog. Method : O \CHEMEZ2N\1\METHCDS \APCT .M
Last changed : 12/10/2012 6:52:24 DM by LEZ
Eralysis Method @ C:\CHEME2\1\METHDS\END.M
Last charged : 12/19/2013 11:26:23 EM by 1LFG
(modified after loading)
Sanple Info : Zorbepc OB C18 100x.6nm, Sy

H20/ MeCH 90:10

10% wpo to 100% in 15', haold 5
AECT +

Sanple as received

LAl B, Sig=294, 10 Ref=oit (COVCHEVED L RO CNCNVLES TRAS NLEVAS H-55-95 -0 20 HAOIVECH 10-100_15.00)
AL ] o]
E k

— 13438
14.118

Sorted By : Sigral
Miltiplier : 1.0000
Diluticn : 1.0000

Use Multiplier & Dilution Factor with ISTDs

Signal 1: TED1 B, Sig=254,10 Ref=off

FPeslc RetTime Type Width Ares Hedight aha=cl
# [rin] [rin] [ T*s] [mIT] %
e e B e — e — R —— |
1 11.551 BB 0.0819 4066.34106 742.43195 45.0288
2 13.438 BB 0.0801 2401.93237 450.97620 26.5879
3 14.118 EB 0.0798 Z256Z.25586 483.50641 28.3733

Totals S90320.52930 1676.91455

*** Erxdl of Report ***
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Chiral HPLC, normal phase. E.r. of the enantioenriched dicarbonitrile (2): 14/86.

Data File C:\CHEM32\

.. 7\2013\PVLAMST\HG\MUESTRAS NOVIEMERE\HG-33-%E6-1-5H I
Sample Name: HG— 6-1-5H
kcg. Opesrator sc 3eqg. Line 4
Lcg. Instrument 2 Location vial 3
Injection Date 12:49:41 FPM Inj 1
Inj Volume 5 pl
Recg. Method C:\CHEM32\2\METHODS\CHIRAL ICl.M
Last changsd 11/22/20132 4:40:02 PM by MH
knalysis Method C: \CHEM32\2\METHODS\CHIRAL SCREENING_ IC.}P

Last changsd

Sample Info

12/15/2012 10:58:05 &M by sc

(modified after loading)

Chiralpack 250x4. émm,

Spm

/ EtOH

Hex

received

C_HEX-ETOH_Z2

0.

mAU

800

600

400

200

R9.405

min

Lrea Percent Report

Sorted By
Multiplier
Dilution

Use Multip

Signal 1: DRD1 &,

Peak RetTime Type

¥ [min]
—_——— | —_——_—_-.— |____
1 S.405 vv
2 10.594 vv
Totals

ier & Dilu

Signal
1.0000

1.0000

tion Factor with

ISTDs

Area

60



Chiral HPLC, normal phase. E.r. of the monoamide (3): 56/44; e.r. of the diamide (4): 80/20.

Data File C:\CHEM32\...\PVL\MST\HG\MUESTRAS NOVIEMBRE\HG-S3-96-1-5H_IC_HEX-DCM-ETOH 65-5.D
Sample Name: HG-33-96-1-5H

Rcg. Operator : sc 3eg. Line : 13

Rcg. Instrument : Instrument 2 Location : Wial 32

Injection Date : 11/26/2013 4:46:04 PM Inj = 1
Inj Volums : 5 pl

hcg. Method : C:\CHEM32\Z\METHODS\CHIRAL IC2.M

Last changesd : 11/22/2013 4:44:10 PM by MH

Enalysis Method : C:\CHEM3Z2\Z\METHCD3\CHIRAL SCREENING_IC.M

Last changed : 12/19/2013 11:1%:28 aM by sc

(modified after loading)
Sample Info : Chiralpack IC 250x4.6émm, Spm

Hex / DCM / EtCH 30:65:5

1 mL/min

25°C

Sample: as received

DAD1 A, Sig=254,10 Ref=off (C:\CHEM32\ . \MST\HG\MUESTRAS NOVIEMBRE\HG-5S-96-1-5H_IC_HEX-DCM-ETQH_65-5.0)
mAU
1400
1200
1000

12.288

200

600

400

=10.154

200

(=]
n
=
=]
n
]
=

m

Zrea Percent Report

Sorted By : Signal
Multiplier : 1.0000
Dilution : 1.0000

Use Multiplier & Dilution Factor with ISTDs

Signal 1: DRD1 &, 31g=254,10 Ref=off

Peak RetTime Typs Width Rrea Height Area
¥ [min] [min] [mEU*s] [mAU] %
== e | === | === | === |
1 $.215 Vv 0.2951 B8822.46289 461.3%9587 2Z1.9541
2 10.154 vv 0.2897 €B873.66309 364.93018 17.104¢
3 12.288 vv 0.3578 1.95111=4 837.55072 48.5521
4 17.103 vv 0.5011 4%78.72705 149%9.2%B00 12.38%2

Totals : 4.01860=4 1813.17477
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Catalytic hydration of [1,1’-binaphthalene]-2,2’-dicarbonitrile with Pt(COD),Cl,/AgNOs/1,
reaction time 2h

HPLC, reversed phase. Conversion: 74%; yield of the enantioenriched dicarbonitrile (2): 26%;
yield of the monoamide (3): 25%; yield of the diamide (4): 49%.

Cata File C:\HEMBEZ\...-MERN\ZOMOINMIESTRAS NUEVAS\HE-55-96 ZH 7ZX H20-MECH 10-100 15 2.D
Sample Mame: H3-S5-96 Zh

Poy. Operator : LEFS Seq. Line : 2
Aog. Instrnarent : Instrnaert 1 Iocation @ Vial 13
Injection Date @ 12/11/2013 10:07:26 2M I 1
I Velume : 5 pl
Pogy. Method : C:\CHEME2\1\METHCCS\APCT .M
last changed : 12/10/2012 6:53:34 BM by LRG3
rnalysis Method @ C: \CHEME2\1\METHCDS\END.M
Last charnged : 12/19/2013 11:26:23 EM by 1FG
(modified after loading)
Sanple Info : Zorbepc 0B C18 100x.6&mm, Sumn

H20/ MECH 290:10

10% wo to 100% in 15', hold 5°
APCT +

Sanple as received

DAD B, Sig=254, 10 Ref=off (C\OHEVEZ . RACNCNMUESTRAS NLEVAS HG-S55-96 2H 2 HROIWVEDH 10-100_15 200

AL §

+
E

Ares Percent Repooat

Sorted By : Sigmal
Miltiplier : 1.0000
Ddluticn : 1.0000

Use Multiplier & Diluticn Factor with ISTDs

Signal 1: TED1 B, Sig=254,10 Ref=off

Pegl RetTime Type Width Ares Hedight Ares
# [mndr] [rnim] [mRLT*s] [reLT] %
1 11.4s4 BB 0.0849 33205.18970 594.29810 48.6504
2 13.385 BB 0.0817 1708.14355 313.02380 25.1635
3 14.077 BV 0.0811 1774.83887 328.23285 26.1460
Totals - 6788.17212 1235.55475

*** End of Report ***
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Chiral HPLC, normal phase. E.r. of the enantioenriched dicarbonitrile (2): 14/86.

Data File C:\CHEM32%...127%\2013\PVL\MST\HG\MUESTRAS NOVIEMBRE\HG-35-

Sampls Name: HG-33-96-2H

IC_HEX-ETOH 20.D

Rkcg. Operator : sc Seq. Line : 5
Zcg. Instrument : Instrument 2 Location Vial 4
Injection Date 1:16:00 PM Inj = 1

Inj Volume : 5 pl
Bcg. Method : C:\CHEM32%\2\METHOD3\CHIRAL ICl.M

Last changed 4:40:02Z PM by MH
\Z\METHCD3\CHIRAL 3SCREENING_IC.M

Last changesd : 12/19/2013 10:58:05 AM by sc

Lnalysis Msthod

(modified after loading)

Sample Info : Chiralpack IC 250x4.émm, Spm

Hex / EtOQH
1 mL/min
25°¢c

Sample: as received

DAD1 A, Sig=254,10 Ref=off (C\CHEM32\._ 201 3\PVLIMST\HGIMUESTRAS NOVIEMBRE\HG-55-96-2H_IC_HEX-ETOH_20.D)
mAU ] |
3 I
] Il
800+ “
1 (
600 |
] |
] [ 8
400 | 3
] B S
] | | I"'ll
200+ | =+ A
] | | © I
] \ ~g ||
o "J\__l \ ._//r AN S
T T T T T T T T T T T T T T T T T T T
[1] 5 10 20 mir|
Erea Percent Report
Sorted By : Signal
Multiplier 1.0000
Dilutiocn : 1.0000

Use Multiplier & Dilution Factor with ISTDs

Signal 1: D&D1 &,

Peak RetTime Type Height Area
¥ [min] mAU] %
e [=—=== e |
1 9.1le4 vV 50.7181z2 14.0054
2 10.5%zZ wv 297.57462Z 85.994¢
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Chiral HPLC, normal phase. E.r. of the monoamide (3): 61/39; e.r. of the diamide (4): 78/22.

Data File C:\CHEM3Z2\...13\PVL\MST\HG\MUESTRAS NOVIEMBRE\HG-3S-96-2ZH IC_ HEX-DCM-ETOH &€5-5.D

Sample Nams: HG-33-96-Z2H

Acg. Operator i sc Seg. Line : 14

Zcg. Instrument : Instrument 2 Location : Vial 4

Injection Date : 11/26/2013 5:12:25 PM Inj : 1
Inj Volume : 3 pl

Rcg. Method : C:\CHEM32\2\METHODS\CHIRAL ICZ.M

Last changsd : 11/22/2013 4:44:10 PM by MH

Znalysis Mesthod : C:\CHEM32\2\METHCD3\CHIRAL SCREENING_IC.M

Last changsd : 12/19/2013 11:19:28 AM by sc

(modified after loading)
Sample Info : Chiralpack IC 250x4.émm, Spm

Hex / DCM / EtOH 20:65:5

1 mL/min

25°¢

Sample: as received

DAD1 A, Sig=254,10 Ref=off (CACHEM32\._VLIMST\HG\MUESTRAS NOVIEMBRE\HG-55-96-2H_IC_HEX-DCM-ETOH_65-5.0)
mAU |
1600 “
1400 3 |
1200 3
1UUD€ | 2
800 | o
] -
600 | f
E i
400 5 ‘| n &
] |1 -
2003 L I S
3 A fl [
04 J A (8 S — 1 1 N L .
T — T — T T T T T — —T T — T T — —
[1] 5 10 15 20 min
Erea Percent Report
3orted By : Signal
Multiplier : 1.0000
Dilution : 1.0000
Use Multiplier & Dilution Factor with ISTDs
3ignal 1: DRD1 &, 3i1g=254,10 Ref=off
Peak RetTime Type Width Rrea Height Area
¥ [min] [min] [mRU*s] [mEU] %

6468.01416 365.65027 Z1l.8669
4067.26294 221.83714 13.7505
1.4%9873e4 €51.10242 50.6686
4056.47363 123.88087 13.7140

1

2 10.l1lee VvV
3 1z2.289 v
4 17.121 vv

Totals : 2.957580ed4 1362.47070
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14. Mass spectra of the [1,1’-binaphthalene]-2,2’-dicarbonitrile (2), 2'-cyano-[1,1'-
binaphthalene]-2-carboxamide (3) and [1,1'-binaphthalene]-2,2'-dicarboxamide (4)

Mass spectrum of [1,1'-binaphthalene]-2,2'-dicarboxamide (4) (M + H")

Print of window 79: ME Spectrum

ME Spectam
TWED S, Ime=1 1080 1160 O LoV VG TR A

100+

Mmc: B0S23D

o o e .. . |.. .

T oA 7 T a0 T T de T T e T T & T T T

Instrnament 1 12/19/2013 11:23:51 AM LFG Page lof 1
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Mass spectrum of 2'-cyano-[1,1'-binaphthalene]-2-carboxamide (3) (M + H")

Print of window 79: M5 Spectrum

MS Spectrum

100

i o]

e

a0

24

od . T ‘l
] . . v . .
a0 Ax

Instrument 1 12/19/2012 11:24:30 AM LFG

§

IB2

Mass spectrum of [1,1’-binaphthalene]-2,2’-dicarbonitrile (2) (M + H")

Print of window 79: MS Spectium

VDN S0, tmes 1340413617 of COO-EMEZ TDATAZNZFETMST HAHE N NCNER DO MMUESTRAS MUEVAS HGSS86 00H 1H

Mot 42S09E

653

MS Spectrum
SVED SR trve= 1 002 14 5 of OOHEMER T DATA 2 RETMET HGHENCNONER ZCCNCN MUESTRAS NLEVAS HGS556 08H 1H
00 E
ﬂ Menc: Z1983%
oo
@
. £
40
= =
20 4 _ o =
: f
o
=3 o
od I u||| d s |_‘ L 1“. |.|| Ll o
T L T T T T T T T
a0 20 a0 a0 a0 ma
Instrumsnt 1 12;"]93’2013 11:24:57 BM LFG Page
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15. X-ray structures of the racemic [1,1’-binaphthalene]-2,2’-dicarbonitrile, the
enantioenriched [1,1’-binaphthalene]-2,2’-dicarbonitrile (2), and the [1,1'-
binaphthalene]-2,2'-dicarboxamide (4)

X-ray analysis of single crystals obtained from the (rac)-[1,1’-binaphthalene]-2,2’-
dicarbonitrile

Space group P21/c
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Table 1. Crystal data and structure refinement for racemic [1,1’-binaphthalene]-2,2’-dicarbonitrile

Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

y4

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta =36.38 °
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [I>2sigma(l)]
R indices (all data)

Largest diff. peak and hole

hg492f3-4

C22 H12 N2
304.34

100(2) K
0.71073 L
Monoclinic
P2(1)/c

a= 12.3869(6) L
b= 7.7560(4) L
16.0899(8) L
1538.65(13) L3
4

1.314 Mg/m?3
0.078 mm1

632

0.40 x 0.30 x 0.10 mm3
1.65 101.65 °.

C

o= 90.00 °.
B =95.514(3) °.
vy = 90.00 °.

-20 <=h<=20,0 <=k<=12 ,0 <=I<=26

7412

4819 [R(int) = 0.0000 ]
0.990 %

Empirical

0.9923 and 0.9695
Full-matrix least-squares on F?2
7412/01/217

0.971

R1=0.0610, wR2 = 0.1588
R1=0.0888 , wR2 =0.1710
0.737 and -0.284 e.L3
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Table 2. Bond lengths [L] and angles [°] for racemic [1,1’-binaphthalene]-2,2’-dicarbonitrile

Bond lengths----

C1-C2 1.3834(12)
C1-C10 1.4226(12)
C1-C11 1.4922(11)
N1-C21 1.1491(13)
C2-C3 1.4153(12)
C2-C21 1.4408(13)
N2-C22 1.1458(14)
C3-C4 1.3642(13)
C4-C5 1.4129(13)
C5-C6 1.4164(13)
C5-C10 1.4224(11)
C6-C7 1.3674(15)
C7-C8 1.4079(14)
C8-C9 1.3666(13)
C9-C10 1.4167(13)
C11-C12 1.3834(12)
C11-C20 1.4239(12)
C12-C13 1.4204(11)
C12-C22 1.4378(13)
C13-C14 1.3618(14)
C14-C15 1.4154(13)
C15-C16 1.417(13)
C15-C20 1.4209(11)
C16-C17 1.3631(14)
C17-C18 1.4062(13)
C18-C19 1.3671(14)
C19-C20 1.4171(13)
Angles----------

C2-C1-C10 118.99(7)
C2-C1-Cl11 118.88(7)
C10-C1-C11 122.13(8)
C1-C2-C3 121.90(8)
C1-C2-C21 118.61(8)
C3-C2-C21 119.49(8)
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C4-C3-C2
C3-C4-C5
C4-C5-C6
C4-C5-C10
C6-C5-C10
C7-C6-C5
C6-C7-C8
C9-C8-C7
C8-C9-C10
C9-C10-C5
C9-C10-C1
C5-C10-C1
C12-C11-C20
C12-C11-C1
C20-C11-C1
C11-C12-C13
C11-C12-C22
C13-C12-C22
C14-C13-C12
C13-C14-C15
C14-C15-C16
C14-C15-C20
C16-C15-C20
C17-C16-C15
C16-C17-C18
C19-C18-C17
C18-C19-C20
C19-C20-C15
C19-C20-C11
C15-C20-C11
N1-C21-C2
N2-C22-C12

119.34(8)
120.95(8)
121.38(8)
119.75(8)
118.87(8)
120.93(8)
120.03(9)
120.68(9)
120.63(8)
118.84(8)
122.09(7)
119.07(8)
119.13(7)
120.37(8)
120.36(8)
121.70(8)
119.97(8)
118.17(8)
119.37(8)
120.92(8)
121.08(8)
119.86(8)
119.06(8)
120.79(8)
120.02(9)
120.99(9)
120.29(8)
118.81(8)
122.23(7)
118.95(8)
178.89(12)
175.93(10)
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Table 3. Torsion angles [°] for racemic [1,1’-binaphthalene]-2,2’-dicarbonitrile

C10-C1-C2-C3
C11-C1-C2-C3
C10-C1-C2-C21
Cl1-C1-C2-C21
C1-C2-C3-C4
C21-C2-C3-C4
C2-C3-C4-C5
C3-C4-C5-C6
C3-C4-C5-C10
C4-C5-C6-C7
C10-C5-C6-C7
C5-C6-C7-C8
C6-C7-C8-C9
C7-C8-C9-C10
C8-C9-C10-C5
C8-C9-C10-C1
C4-C5-C10-C9
C6-C5-C10-C9
C4-C5-C10-C1
C6-C5-C10-C1
C2-C1-C10-C9
C11-C1-C10-C9
C2-C1-C10-C5
C11-C1-C10-C5
C2-C1-C11-C12
C10-C1-C11-C12
C2-C1-C11-C20
C10-C1-C11-C20
C20-C11-C12-C13
C1-C11-C12-C13
C20-C11-C12-C22
C1-C11-C12-C22
C11-C12-C13-C14
C22-C12-C13-C14
C12-C13-C14-C15
C13-C14-C15-C16
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-0.39(14)
-179.84(9)
178.67(9)
-0.77(14)
0.04(15)
-179.01(10)
0.30(15)
179.80(10)
-0.29(15)
178.93(10)
1.16(15)
-0.30(16)
-0.97(17)
1.34(17)
-0.46(15)
178.90(10)
179.31(9)
-0.78(13)
-0.07(13)
179.85(9)
-178.96(9)
0.47(14)
0.40(13)
179.82(8)
-92.19(11)
88.38(11)
83.39(11)
-96.03(11)
-0.62(13)
175.02(8)
-176.09(8)
-0.45(13)
-1.44(14)
174.11(9)
1.52(14)
-179.65(9)



C13-C14-C15-C20
C14-C15-C16-C17
C20-C15-C16-C17
C15-C16-C17-C18
C16-C17-C18-C19
C17-C18-C19-C20
C18-C19-C20-C15
C18-C19-C20-C11
C14-C15-C20-C19
C16-C15-C20-C19
C14-C15-C20-C11
C16-C15-C20-C11
C12-C11-C20-C19
C1-C11-C20-C19
C12-C11-C20-C15
C1-C11-C20-C15
C1-C2-C21-N1
C3-C2-C21-N1
C11-C12-C22-N2
C13-C12-C22-N2

72

0.42(14)
-178.36(9)
1.56(14)
-0.11(16)
-1.42(16)
1.44(16)
0.04(14)
-179.06(9)
178.41(9)
-1.52(13)
-2.46(13)
177.61(8)
-178.37(9)
5.99(13)
2.53(13)
-173.11(8)
-44(6)
135(6)
125.4(15)
-50.2(16)



X-ray analysis of single crystals obtained from the enantioenriched [1,1’-
binaphthalene]-2,2’-dicarbonitrile (2)

Space group P21

Table 1. Crystal data and structure refinement for the enantioenriched [1,1’-binaphthalene]-2,2’-

dicarbonitrile (2)

Identification code hg513_0m
Empirical formula C22 H12 N2
Formula weight 304.34
Temperature 100(2)K
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Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

y4

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta =28.99°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [I>2sigma(l)]
R indices (all data)

Largest diff. peak and hole

0.71073 L
Monoclinic

P2(1)

a= 7.8740(8)L
b= 7.9775(8)L
c= 12.3173(11L
772.84(13) 1.3

2

1.308 Mg/m3
0.078 mm-!

316

0.60 x 0.40 x 0.20 mm3
3.01 t03.01°.

a= 90.00°.
B =92.715(2)°.
y= 90.00°.

-10<=h<=10,-9<=k<=9,-4<=I<=16

2638

2561[R(int) = 0.0241]
0.855%

Empirical

0.9847 and 0.9549
Full-matrix least-squares on F?2
2638/ 1/ 217

1.056

R1 =0.0402, wR2 = 0.1091
R1=0.0414, wR2 = 0.1111
0.393 and -0.170 e.L.3
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Table 2. Bond lengths [L] and angles [°] for [1,1’-binaphthalene]-2,2’-dicarbonitrile (2)

Bond lengths----

C1-N1 1.149(2)
C1-C2 1.446(2)
C2-C11 1.389(2)
C2-C3 1.4214(18)
C3-C4 1.367(2)
C3-H3 0.95
C4-C5 1.417(2)
C4-H4 0.95
C5-C6 1.423(2)
C5-C10 1.4247(18)
C6-C7 1.369(2)
C6-H6 0.95
Cc7-C8 1.413(2)
C7-H7 0.95
C8-C9 1.372(2)
C8-H8 0.95
C9-C10 1.423(2)
C9-H9 0.95
C10-C11 1.4299(19)
C11-C12 1.491(18)
c12-c21 1.382(2)
C12-C13 1.422(2)
C13-C14 1.423(3)
C13-C18 1.431(18)
C14-C15 1.371(3)
C14-H14 0.95
C15-C16 1.413(2)
C15-H15 0.95
C16-C17 1.365(3)
C16-H16 0.95
C17-C18 1.421(2)
C17-H17 0.95
C18-C19 1.417(3)
C19-C20 1.367(3)
C19-H19 0.95
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C20-C21
C20-H20
C21-C22
C22-N2

N1-C1-C2
C11-C2-C3
C11-C2-C1
C3-C2-C1
C4-C3-C2
CA4-C3-H3
C2-C3-H3
C3-C4-C5
C3-C4-H4
C5-C4-H4
C4-C5-C6
C4-C5-C10
C6-C5-C10
C7-C6-C5
C7-C6-H6
C5-C6-H6
C6-C7-C8
C6-C7-H7
C8-C7-H7
C9-C8-C7
C9-C8-H8
C7-C8-H8
C8-C9-C10
C8-C9-H9
C10-C9-H9
C9-C10-C5
C9-C10-C11
C5-C10-C11
C2-C11-C10
C2-C11-C12
C10-C11-C12
C21-C12-C13

1.4253(19)
0.95
1.445(2)
1.144(2)

178.13(17)
121.84(13)
119.15(13)
118.99(13)
119.63(14)
120.2
120.2
120.61(13)
119.7
119.7
121.07(13)
120.00(13)
118.90(14)
120.53(14)
119.7
119.7
120.49(14)
119.8
119.8
120.63(15)
119.7
119.7
120.19(13)
119.9
119.9
119.24(13)
121.62(12)
119.14(13)
118.72(13)
120.76(13)
120.29(13)
119.32(13)
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C21-C12-C11
C13-C12-C11
C12-C13-C14
C12-C13-C18
C14-C13-C18
C15-C14-C13
C15-C14-H14
C13-C14-H14
C14-C15-C16
C14-C15-H15
C16-C15-H15
C17-C16-C15
C17-C16-H16
C15-C16-H16
C16-C17-C18
C16-C17-H17
C18-C17-H17
C19-C18-C17
C19-C18-C13
C17-C18-C13
C20-C19-C18
C20-C19-H19
C18-C19-H19
C19-C20-C21
C19-C20-H20
C21-C20-H20
C12-C21-C20
C12-C21-C22
C20-C21-C22
N2-C22-C21

118.03(14)
122.65(14)
122.57(13)
118.89(15)
118.54(15)
120.67(15)
119.7
119.7
120.64(18)
119.7
119.7
120.21(17)
119.9
119.9
120.98(15)
1195
1195
121.30(14)
119.75(15)
118.95(15)
121.01(14)
1195
1195
119.07(16)
1205
1205
121.95(15)
118.52(13)
119.52(16)
179.05(18)

77



Table 3. Torsion angles [°] for [1,1’-binaphthalene]-2,2’-dicarbonitrile (2)

N1-C1-C2-Cl1
N1-C1-C2-C3
C11-C2-C3-C4
C1-C2-C3-C4
C2-C3-C4-C5
C3-C4-C5-C6
C3-C4-C5-C10
C4-C5-C6-C7
C10-C5-C6-C7
C5-C6-C7-C8
C6-C7-C8-C9
C7-C8-C9-C10
C8-C9-C10-C5
C8-C9-C10-C11
C4-C5-C10-C9
C6-C5-C10-C9
C4-C5-C10-C11
C6-C5-C10-C11
C3-C2-C11-C10
C1-C2-C11-C10
C3-C2-C11-C12
C1-C2-C11-C12
C9-C10-C11-C2
C5-C10-C11-C2
C9-C10-C11-C12
C5-C10-C11-C12
C2-C11-C12-C21
C10-C11-C12-C21
C2-C11-C12-C13
C10-C11-C12-C13
C21-C12-C13-C14
C11-C12-C13-C14
C21-C12-C13-C18
C11-C12-C13-C18
C12-C13-C14-C15
C18-C13-C14-C15
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-142(6)
37(6)
0.2(3)

-178.37(17)
-2.2(3)
-176.08(17)
1.8(3)
177.06(18)

-0.8(3)
1.9(3)
-1.5(3)
-0.1(3)
1.2(3)

-177.97(17)
-178.67(18)

-0.8(2)

0.6(2)
178.46(17)
2.1(3)
-179.32(16)
-172.38(16)
6.2(3)
176.78(16)

-2.4(2)

-8.7(3)
172.07(15)
89.6(2)
-84.78(19)
-91.13(19)
94.48(19)
179.21(14)
0.0(2)
-0.6(2)
-179.86(13)
-179.76(14)
0.1(2)



C13-C14-C15-C16
C14-C15-C16-C17
C15-C16-C17-C18
C16-C17-C18-C19
C16-C17-C18-C13
C12-C13-C18-C19
C14-C13-C18-C19
C12-C13-C18-C17
C14-C13-C18-C17
C17-C18-C19-C20
C13-C18-C19-C20
C18-C19-C20-C21
C13-C12-C21-C20
C11-C12-C21-C20
C13-C12-C21-C22
C11-C12-C21-C22
C19-C20-C21-C12
C19-C20-C21-C22
C12-C21-C22-N2

C20-C21-C22-N2
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-1.0(3)
1.1(2)
-0.3(2)
178.96(15)
-0.6(2)
0.9(2)
-178.87(15)
-179.44(14)
0.7(2)
179.74(14)
-0.7(2)
0.0(2)
0.0(2)
179.26(14)
-179.77(13)
-0.5(2)
0.3(2)
-179.93(16)
22(12)
-158(12)



X-ray analysis of single crystals obtained from the [1,1'-binaphthalene]-2,2'-

dicarboxamide (4)

Table 1. Crystal data and structure refinement for [1,1’-binaphthalene]-2,2’-dicarboxamide (4)

Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta =36.60°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters

hg513frac3_Om
C22 H16 N2 02
340.37

100(2)K
0.71073 L
Monoclinic
P2(1)/n

a= 9.3024(10)L
b= 8.3301(11)L
c= 21.227Q2)L
1640.7(3) 1.3

4

1.378 Mg/m3
0.090 mm-!

712

?X?X?mmsd

2.33102.33°.

o= 90.00°.
B =94.100(5)°.
y= 90.00°,

-14<=h<=15,-6<=k<=13,-34<=[<=32

7548

4222[R(int) = 0.0793]

0.933%

Empirical

?and ?

Full-matrix least-squares on F2
7548/ 0/ 235
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Goodness-of-fit on F2 0.976

Final R indices [I>2sigma(l)] R1=0.0647, wR2 = 0.1531
R indices (all data) R1=0.1347, wR2 = 0.1887
Largest diff. peak and hole 0.629 and -0.401 e.1.3
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Table 2. Bond lengths [L] and angles [°] for [1,1’-binaphthalene]-2,2’-dicarboxamide (4)

Bond lengths----
C1-01
C1-N1
C1-C2
C2-C11
C2-C3
C3-C4
C3-H3
C4-C5
C4-H4
C5-C6
C5-C10
C6-C7
C6-H6
C7-C8
C7-H7
C8-C9
C8-H8
C9-C10
C9-H9
C10-C11
C11-C12
C12-C21
C12-C13
C13-C14
C13-C18
C14-C15
C14-H14
C15-C16
C15-H15
C16-C17
C16-H16
C17-C18
C17-H17
C18-C19
C19-C20

1.2307(18)
1.328(2)
1.496(19)
1.3773(18)
1.409(2)
1.358(2)
0.95
1.4121(19)
0.95
1.412(2)
1.4188(19)
1.364(2)
0.95
1.402(2)
0.95
1.364(2)
0.95
1.4121(19)
0.95
1.4263(19)
1.4896(19)
1.37(2)
1.428(19)
1.409(2)
1.418(2)
1.364(2)
0.95
1.406(2)
0.95
1.358(3)
0.95
1.415(2)
0.95
1.41(2)
1.365(2)
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C19-H19
C20-C21
C20-H20
C21-C22
C22-02
C22-N2
N1-H1A
N1-H1B
N2-H2A
N2-H2B

01-C1-N1
01-C1-C2
N1-C1-C2
C11-C2-C3
Cl1-C2-C1
C3-C2-C1
C4-C3-C2
C4-C3-H3
C2-C3-H3
C3-C4-C5
C3-C4-H4
C5-C4-H4
C6-C5-C4
C6-C5-C10
C4-C5-C10
C7-C6-C5
C7-C6-H6
C5-C6-H6
C6-C7-C8
C6-C7-H7
C8-C7-H7
C9-C8-C7
C9-C8-H8
C7-C8-H8
C8-C9-C10
C8-C9-H9

0.95
1.414(2)
0.95
1.4924(19)
1.2371(17)
1.3242(18)
0.88

0.88

0.88

0.88

124.14(14)
119.72(14)
116.08(13)
121.49(13)
121.92(12)
116.59(12)
120.35(13)
119.8
119.8
120.31(13)
119.8
119.8
120.83(13)
119.33(12)
119.82(13)
120.81(14)
1196
1196
119.91(14)
120.0
120.0
120.79(14)
119.6
119.6
120.84(14)
119.6
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C10-C9-H9
C9-C10-C5
C9-C10-C11
C5-C10-C11
C2-C11-C10
C2-C11-C12
C10-C11-C12
C21-C12-C13
C21-C12-C11
C13-C12-C11
C14-C13-C18
C14-C13-C12
C18-C13-C12
C15-C14-C13
C15-C14-H14
C13-C14-H14
C14-C15-C16
C14-C15-H15
C16-C15-H15
C17-C16-C15
C17-C16-H16
C15-C16-H16
C16-C17-C18
C16-C17-H17
C18-C17-H17
C19-C18-C17
C19-C18-C13
C17-C18-C13
C20-C19-C18
C20-C19-H19
C18-C19-H19
C19-C20-C21
C19-C20-H20
C21-C20-H20
C12-C21-C20
C12-C21-C22
C20-C21-C22
02-C22-N2

119.6
118.33(13)
122.57(13)
119.10(12)
118.91(12)
120.11(12)
120.91(11)
119.20(12)
121.37(12)
119.41(13)
118.55(13)
122.22(13)
119.21(14)
120.88(15)
119.6
119.6
120.39(16)
119.8
119.8
120.35(14)
119.8
119.8
120.58(14)
119.7
119.7
121.43(13)
119.38(13)
119.19(15)
120.78(13)
119.6
119.6
119.79(15)
120.1
120.1
121.49(13)
120.01(12)
118.29(14)
123.57(13)
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02-C22-C21
N2-C22-C21
C1-N1-H1A
C1-N1-H1B
H1A-N1-H1B
C22-N2-H2A
C22-N2-H2B
H2A-N2-H2B

120.26(13)
116.13(12)
120.0
120.0
120.0
120.0
120.0
120.0

85



Table 3. Torsion angles [°] for [1,1’-binaphthalene]-2,2’-dicarboxamide (4)

01-C1-C2-C11
N1-C1-C2-Cl11
01-C1-C2-C3
N1-C1-C2-C3
C11-C2-C3-C4
C1-C2-C3-C4
C2-C3-C4-C5
C3-C4-C5-C6
C3-C4-C5-C10
C4-C5-C6-C7
C10-C5-C6-C7
C5-C6-C7-C8
C6-C7-C8-C9
C7-C8-C9-C10
C8-C9-C10-C5
C8-C9-C10-C11
C6-C5-C10-C9
C4-C5-C10-C9
C6-C5-C10-C11
C4-C5-C10-C11
C3-C2-C11-C10
C1-C2-C11-C10
C3-C2-C11-C12
C1-C2-C11-C12
C9-C10-C11-C2
C5-C10-C11-C2
C9-C10-C11-C12
C5-C10-C11-C12
C2-C11-C12-C21
C10-C11-C12-C21
C2-C11-C12-C13
C10-C11-C12-C13
C21-C12-C13-C14
C11-C12-C13-C14
C21-C12-C13-C18
C11-C12-C13-C18
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-121.96(16)
60.62(19)
58.05(18)

-119.37(15)

-1.3(2)
178.72(14)
1.2(2)
178.44(15)
0.0(2)
-178.00(15)
0.4(2)
-0.3(2)
0.0(2)
0.1(2)
0.0(2)
179.35(15)
-0.3(2)
178.14(14)
-179.64(14)
-1.2(2)
0.1(2)
-179.91(14)
-176.96(14)
3.0(2)
-178.19(14)
1.1(2)
-1.2(2)

178.16(13)

-107.16(16)
75.86(18)
71.07(18)

-105.91(16)

-177.66(13)

4.1(2)
3.6(2)
-174.66(12)



C18-C13-C14-C15 1.7(2)

C12-C13-C14-C15 -177.01(14)
C13-C14-C15-C16 0.3(2)
C14-C15-C16-C17 -1.3(2)
C15-C16-C17-C18 0.2(2)
C16-C17-C18-C19 -178.42(14)
C16-C17-C18-C13 1.8(2)
C14-C13-C18-C19 177.50(13)
C12-C13-C18-C19 -3.7(2)
C14-C13-C18-C17 -2.8(2)
C12-C13-C18-C17 176.01(13)
C17-C18-C19-C20 -178.90(14)
C13-C18-C19-C20 0.8(2)
C18-C19-C20-C21 2.2(2)
C13-C12-C21-C20 -0.6(2)
C11-C12-C21-C20 177.61(13)
C13-C12-C21-C22 -175.23(12)
C11-C12-C21-C22 3.0(2)
C19-C20-C21-C12 -2.3(2)
C19-C20-C21-C22 172.39(13)
C12-C21-C22-02 60.1(2)
C20-C21-C22-02 -114.69(16)
C12-C21-C22-N2 -122.11(15)
C20-C21-C22-N2 63.11(19)

T Schareina, A. Zapf, W. Magerlein, N. Miiller, M. Beller Chem. Eur. J., 2007, 13, 6249-6254.

P, M. Castro, H. Gulyas, J. Benet-Buchholz, C. Bo, Z. Freixa, P. W. N. M. van Leeuwen Catal. Sci.
Technol., 2011,1, 401-407.

Carcinogenic solvent. It should only be used in a well-ventiled hood, with appropriate protection and

great care.
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