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1. Enantioselective 1,4-addition of MeNO,: Optimization, mechanistic consideration, and
plausible pathways for the for mation of byproducts

Table S-1. Selected Results of Asymmetric 1,4-Addition of MeNO,*

OTMS
F H Ph E NO,
Ph
F. x_CHO
\(j/\/ 5mol% 15 F CHO
14 co-catalysts
MeNO, 12
MeNO, . Conversion® | Yield® | e 0
Entry Co-catalysts (equiv) Solvents Conditions (%) (%) (%) Byproducts (%)
o 16a (varied from 2-20%), 18
1 | 20 mol% PhCO,H 6 MeOH 10°C, 17 h 99 =075 |95 | 1 20.50%). 19 (1%). 20 (2%)
. o 16b (varied from 1-15%), 18
2 | 10 mol% PhCO,H 6 i-PrOH 20°C,25h 98 ~55-70 | 94 (<19%). 19 (1%). 20 (7.9%)
0, 0,
3 | 10 mol% PhCO,H 6 MeCN 20°C, 14 h 99 ~20 N/A (1;32f,j)1 %), 19 (3.9%), 20
0
0, -
4 _ 3 10 %II{;O 20°C, 63 h 96 58 95 | 18(<1%), 20 (2.9%)
0, -
5 | 10mol%PhCOH | 6 25 ?}II{FzO 20°C, 14 h 31 NA | NA
15 mol% t- 25% H,0- . 18 (<1%), 19 (1.0%), 20
6 BuCOH 6 THE 20°C, 14h 93.7 65 96 (7.2%)
25% H,0- 18 (<1%), 19 (1%), 20
0, [¢]
7 | 100 mol% B(OH); 5 THE 20°C,67h 85 61 9% | (0.7%)
Smol% t- 0 0 0
8 BuCO,H, 50 6 17%?;0' 20°C,29h 94 73 95 (1285/0)'1 %), 19 (1.0%), 20
mol% B(OH); o
Smol% t- 0 0 0
9 BuCO,H, 25 6 s {?PII-;ZO_ 20°C,23h 88 72 95 (1‘?5/0).1 %), 19 (0.8%), 20
mol% B(OH); e
Smol% b 25% H,0- 18 (<0.1%), 19 (0.9%), 20
10 BuCO,H, 100 6 THFZ 20°C,23 h 92 71 95 (2.9% )' o B
mol% B(OH); e
5mol% b 25% H,0- 18 (<0.1%), 19 (0.9%), 20
11 BuCO,H, 50 4 THFZ 20°C,22h 97 66 95 3 50/)' o B
mol% B(OH), e
5 mol% t- o o o
12 BuCO,H, 50 8 % éﬁ{on- 20°C,39h 96 74 95 (1285/0)'1 %), 19 (1.6%), 20
mol% B(OH), e
0, -
13 | 5mol% LiOAc, 3 10%;20 20°C,24h 72 16 N/A | 18(17%), 20 (5.7%)

* All the reactions were carried out in the presence of 5 mol% of 15. ° The enantiomeric excess (ee) was
determined by high performance liquid chromatography (HPLC) analysis: ChiralPak AD-RH column, 4.6 x 150
mm, 5 um particle size, 45 °C, isocratic 0.1% aq H;PO,/MeCN/ MeOH (30:45:25); flow rate: 0.5 mL/min. The
yield and Z:E ratio were determined by high performance liquid chromatography (HPLC) analysis: Ascentis
Express C18 column, 4.6 x 100 mm, 2.7 um particle size, 60 °C, mobile phase: 0.1% aq HCIO,/MeCN; flow rate:
2.5 mL/min. HPLC sample preparation: 12 was converted to the corresponding hydrazone by treatment with 2,4-
dinitrophenylhydrazine in aq H;PO4-MeCN at 40 °C for 5 min.

The use of t-BuCO;H led to a higher reaction rate and conversion; however, overcharging t-
BuCO,H had an adverse effect on the stability of product 12, giving rise to a higher level of
impurities including 20. In contrast, the use of B(OH); alone resulted in a much slower reaction
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rate. Interestingly, the use of a combination of B(OH); and t-BuCO;H allowed for reducing the
t-BuCO;H charge from 15 mol% to 5 mol% without sacrificing the reaction rate or conversion,
while the formation of impurities, especially 20, was successfully suppressed to improve the
yield significantly.

In addition, with a reduced amount of nitromethane (4 equiv), the reaction yield was
decreased to 66%. Increasing the nitromethane charge to 8 equiv improved the yield to 74%;
however, the reaction became sluggish. As a result, the use of a combination of proper weak
acids t-BuCO,H (5 mol%)/B(OH); (50 mol%) allowed for the balance of the reaction efficiency
and product stability. The formation of the byproducts, such as 19 and 20, was thus suppressed
significantly.

Figure S-1. Identified Byproducts Formed During the Asymmetric Addition of MeNO; to 14.
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Many low level impurities were formed during the reaction. The impurity profile varied as the
reactions were changed. Several significant impurities were isolated and characterized (Figure
S-1). The plausible pathways for the formation of the desired aldehyde product 12 as well as
byproducts 16-20 are depicted in Scheme S-1.

The formation of alcohol 18 could be via 1.2 addition of MeNO; to 14. 19 could be a product
of further condensation of the desired product 12 with MeNO,. Similarly, the desired aldehyde
product 12 could react with starting aldehyde 14 or the intermediate Il followed by a
intramolecular condensation to give 20, which was the major byproduct. The use of the
combination of t-BuCO,H/B(OH); significantly suppressed the formation of these byproducts
and improved the reaction rate. The function of the co-catalysts t-BuCO,H/B(OH); is also
believed to accelerate both of the formation of iminium ion intermediate | and hydrolysis of the
enamine intermediate |1.
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Scheme S-1. Plausible Pathways to Form Aldehyde 12 as well as Byproducts 16-20

OTMS
OH
Q&Ph

Ar/\/K/NOZ

18 \/ MeNO, ‘ MeNO,
/rCHO Ar |
Ar H,O

14 i

!

NO
Ar 2

I o

F
CHO Ar=
12 Ar/\/CHO
14
H,O

Ar

NO, nd OZNIj/CHO

LN O,N CHO

PO G

19 Ar H,0O 20
Various catalysts were screened to identify an optimal catalyst for this transformation. For

example, modification on the structure on 15, including replace the TMS group with TBS or

TES and studying the electronic effects as well as the steric effects by replacing the phenyl

group with various aromatic rings, was explored. Other types of organocatalysts outside the
pyrrolidine skeleton were also screened. To date, the use of TMS-prolinol 15 was optimal.

2. Preparation of sodium 2-acetamidomalonate (32b)

Scheme S-2. Preparation of Sodium 2-Acetamidomalonate (32b)

0O O 0O O 0O O
NaOH, NaOH
EtO OEt EtOH EtO ONa NaO ONa
NHAC t NHAGC EtOH NHAC
s1 S2 32b

The literature procedure for the preparation of acid 32a by hydrolysis of ethyl 2-
acetamidomalonate (S1) in EtOH is not ideal.®’ The isolation of 32a was laborious and the
purity of the isolated solid was poor. Treatment of S1 with 2 equiv of NaOH (50 wt% aqueous
solution) in EtOH under literature conditions® gave the corresponding sodium salt as an

SUFor example, see: (a) Hellmann, H.; Teichmann, K.; Lingens, F. Chem. Ber. 1958, 91, 2427. (b) Hellmann, H.;
Olson, W. H., Jr.; Piechota, H. J. Liebigs Annalen der Chemie 1960, 631, 76.
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amorphous slurry, which was then treated with 2 equiv of 37% HCI. As such, the di-acid 32a
could be dissolved in EtOH as NaCl precipitated in this "slurry-to-slurry" operation. The NaCl
was removed through filtration and the resulting EtOH solution of 32a was concentrated to
remove EtOH and H,O, and solvent-switched to i-PrOAc in order to crystallize acid 32a.
Unfortunately, 32a was not suitable for large scale preparation due to safety concerns of its
decomposition. In contrast, the corresponding di-sodium salt 32b is quite stable.

However, the amorphous di-Na salt 32b obtained under literature conditions® was
hygroscopic and contaminated with both NaOH residue and the sodium salt of the mono acid
S2. Fortunately, we found that the dihydrate of the di-sodium salt 32b is a highly crystalline,
non-hygroscopic solid. Thus, saponification of S1 was carried out by using SN aq NaOH. The
resulting dihydrate 32b was directly crystallized with high quality control from aq MeOH
during the reaction. The process was scaled up to 100 kg scale and gave 98.6% isolated yield.

The di-Na salt 32b is a stable solid, which has no safety concerns regarding its preparation or
storage. In order to dehydrate 32b dihydrate efficiently, it is necessary and crucial to dry the
dihydrate in a 70-80 °C vacuum oven with dry N, sweeping.

couNa Sodium 2-acetamidomalonate dihydrate (32b). To a solution of NaOH (40.5 g,
AcHN—( 1.013 mol) in water (155 mL) and MeOH (5 vol, 500 mL) at 40-45 C was added a

CONa  golution of malonate (100 g, 0.46 mol) in MeOH (3 vol, 300 mL) dropwise. The
batch was seeded (~100 mg seeds) right after ~15% of the SM MeOH solution (~75 mL) wad
added over 30 min dropwise. The seeded batch was aged 1 h at 40 -45 °C. Then, the rest of the
methanol solution was added over 2 h at 40-45 C. After 30 min age, by LC no SM was left. The
batch was gradually cooled to ambient temperature and aged 2 h before filtration. The wet cake
was displacement washed with 5% water in MeOH (200 mL) followed by a slurry wash with
5% water in MeOH (200 mL, 2 vol). Suction dry gave 109 g of di Na salt dihydrate 32b. 98%
yield. ITH-NMR (400 MHz, D,0): § 4.64 (s, 1 H), 2.12 (s, 3 H). I3C-NMR (100 MHz, D,0): &
174.2, 173.0, 62.0, 22.0. Anal calc’d for CsHoNNa,O7: C, 24.91; H, 3.76; N, 5.81. Found: C,
24.97; H, 3.47; N, 5.82.

3. Hydrogenation of acid 34a
As the reaction proceeds, the corresponding hydrogenation intermediates, shown in Scheme

S-3, could be observed by HPLC (Ascentis Express C18, 4.6x100 mm, 2.7 um particle size, 40
°C, mobile phase: 0.1% HCIO4+/MeCN; flow rate: 2.0 mL/min.).
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Scheme S-3. Hydrogenation of 34b n-Bu;N Salt in the Presence of 10% Pd(OH),-C and
H,SOy in i-PrOH

OH
| OH NH

NO
. F 20 H,/Pd-C F (Nopo  HePdC F (NH o HyPd-C . F 2 0
X OH E E - OH
NHA OH OH NHA
¢ NHAC NHAc ¢

H*C 34b n-BuzN salt
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HySO, H,S0, H,S0,
H,/Pd-C i-PrOH i-PrOH i-PrOH
H,SO,, i-PrOH

NO; o

OH
F H,/Pd-C N H/Pd-C v H,/Pd-C F (NH2 o
F x OPr-i 2 F ~OHO - F o I .
F OPr-i OPI-i OPr-i
NHAC T T NHAC
42

Table S-2. Selected Results for Optimization of Hydrogenation in Attempts to Minimize
Defluorination.”

Catalysts - . Temp Conversion
Entry (10 Wt% loading) Additives H,(psig) °C) I somers of 43 (%) (%)

10% Pd(OH),-C

with 50% water - 50 50 1.06-2.5% >99
2 - 100 35 1.06-2.5 >98
3 LiCl, 0.25 equiv 100 50 0.05,0.13 98
4 LiCl, 0.3 equiv 75 35 0.03,0.09 98¢
5 LiCl, 0.3 equiv 100 35 0.03,0.09 98
6 35% HCI, 0.3 equiv 100 35 0.06, 0.11 97
7 n-Bu;NH'CI, 0.3 equiv 100 35 0.04, 0.08 94
8 Et;NH'CI', 0.3 equiv 100 35 0.07, 0.08 92
9 ZnCl,, 0.5 equiv 100 50 0.28,0.33 95
10 NacCl, 0.5 equiv 100 50 0.26, 0.52 99
11 CuCl, 0.5 equiv 100 50 Complicated reaction profile
12 CsF, 0.5 equiv 100 50 038,12 90
13 5% Pd/C shell LiCl, 0.5 equiv 100 50 <0.02, <0.02 65
14 Pd/BaSO, LiCl, 1.0 equiv 100 50 <0.02, <0.02 20

 Unless otherwise mentioned, hydrogenation of 34b n-Bu;N salt was carried out in the presences of H,SO, (2.5
equiv) and 10wt % of 10% Pd(OH),-C in i-PrOH. Full conversion was typically obtained after 20 h.

. NH,
OPr-i
NHAc
43
Des-fluoro byproduct
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4. Alternative preparation of caprolactam 2 via an epimerization catalyzed by aldehyde 8

Scheme S-4. Alternative Preparation of Caprolactam via Epimerization of |11

CHO
OH
1.
Fscw Fscw O2N 8, 2 mol% Fscﬁ
N. O N. O 1eq Et3N N_ O
HCI 50% aq MeOH
! MTBE
NHAc 24 -ProH NHg*cl_50°C,20h ""NHg*Cl
F F 2. HCl, i-PrOH or MeOH F
£ £ MTBE £

46 1l 2

90% yield
99.9% purity, >99.9% ee

An alternative preparation of caprolactam 2 via epimerization of S3 is depicted in Scheme S-
4. A mixture of cis/trans isomers 46 was hydrolyzed to give a mixture of diastereomers |11,
which were then isolated as the corresponding HCl salt. Epimerization of the deacylated
caprolactam epimers |1 in the presence of 2 mol% ArCHO in aq MeOH was very efficient and
gave a ratio of 97:3 (trans/cis) in the crude reaction solution, although this epimerization was
previously carried out in dry MeOH in the presence of 10 mol% aldehyde 8.° The final isolated
HCI salt MTBE solvate 2 from 20% MTBE in i-PrOH (preferred) or 70% MTBE in MeOH
gave 99.9 A% purity of HCI salt 2 MTBE solvate with no impurity >0.1A% and 100% ee.

5. Experimental

0N o (S,E)-1-(3-(2,3-difluor ophenyl)-4-nitr obutylidene)-2-(2,4-
< N z dinitrophenyl)hydrazine. Aldehyde 12 (1 equiv) could be treated
@\J\/\N \(j\ with 2,4-dinitrophenylhydrazine (1.4 equiv) in the presence of 15
F NO;  mol% of HOAc in MeCN at ambient temperature overnight to give
F the corresponding hydrazone derivative, which could be isolated as a
stable crystalline solid from heptane/EtOAc (1:4) for further characterization. lH-NMR (400
MHz, ds-DMSO): & 11.33 (s 1H), 8.80 (d, J=2.6 Hz, 1 H), 8.29 (dd, J=9.6, 2.7 Hz, 1 H), 7.93
(t, J=99Hz 1 H), 7.69 (d, J=9.6 Hz, 1 H), 7.38 (m, 1 H), 7.31 (m, 1 H), 7.23 (m, 1 H), 5.09
(dd, J=13.6, 5.9 Hz, 1 H), 5.01 (dd, J=13.6, 9.4 Hz, 1 H), 4.20 (m, 1 H), 2.83 (m, 2 H). 13C-
NMR (100 MHz, ds-DMSO): 8 150.9, 149.7 (dd, J=245.6, 13.2 Hz), 148.1 (dd, J=246.4, 12.9
Hz), 144.5, 136.7, 129.6, 129.0 (d, J= 10.4 Hz), 128.9, 125.1 (dd, J=7.2, 4.8 Hz), 124.1 (t, J =
3.0 Hz), 122.9, 116.4 (d, J = 16.8 Hz), 116.0, 78.1, 34.7, 33.8. "’F NMR (376 MHz, dg-DMSO):
0 -138.6 (d, J = 22.6 Hz), -143.2 (d J = 22.6 Hz). Anal calc’d for C,cH;3F,NsO¢: C, 46.95; H,
3.20; N, 17.11. Found: C, 46.81; H, 3.01; N, 16.95.

(S)-2-(Diphenyl(trimethylsilyloxy)methyl)pyrrolidine (15). To a slurry of
ﬂph prolinol 24 (10 kg, 39.5 mol) and imidazole (4.57 kg, 67.1 mol) in THF (100 L)

N otms Was added chlorotrimethylsilane (5.57 kg, 51.3 mol) dropwise over 1 h while the
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internal temperature was maintained below 30 °C with external cooling. The resulting slurry
was was then agitated at 50 °C for additional 5 h. The batch was cooled to ambient temperature
and quenched by addition of MTBE (50 L) and 15% NaCl (100 L). The organic phase was
washed with 15% NaCl (50 L). HPLC assay: 12.47 kg of 15. 98% yield.

The solution was directly used for the nitromethane addition and could be stored at 5 °C for

several months. In addition, the crude reaction mixture without any aqueous workup could also
be directly used for the nitromethane addition; however, the chemical yield could drop by 2-3%.
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Current Data Parameters

nmrd00b h-1

NAME di Na salt - o
EXPNO 1 = o
PROCNO 1 “ -
N
F2 - Acquisition Parameters
Date_ 20100514
Time 9.33
INSTRUM spect
PROBHD 5 mm QNP 1H/1
PULPROG zg30
D 32768
SOLVENT D20 NHAc
NS 16 \_/
DS 2
W 6578.947 Hz NaOOC”™ "COONa
FIDRES 0.200774 Hz
aQ 2.4904180 sec 32b
RG 32
DW 76.000 usec
DE 7.00 usec
TE 300.0 K
D1 0.10000000 sec
DO 1
CHANNEL £l
NUC1 1H
Pl 11.20 usec
PL1 6.00 dB
SFO1 399.8724694 MHz
F2 - Processing parameters
SI 16384
SF 399.8699639 MHz
WDW no
SSB 0
LB 0.00 Hz
GB 0
PC 1.00
—_
g
Q I
™
—
o o
i
=
& i ;
T T T T T T T T T T T T T T T T T T
1H 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 1.5 4.0 3.5 3.0 2.5 1.5 1.0 0.5 ppn
O

S9



S10



Current Data Parameters

nmr400b c-13

NAME di Na salt

EXPNO © 2

PROCNO a2 o ‘

1< N ;
<o : :

F2 - Acquisition Par@meters @ A

Date_ 20100514

Time 9la

INSTRUM SpYc]

PROBHD 5 mm QNP 1H/[L

PULPROG zgdc

TD 65536

SOLVENT cDC13

NS 638

DS 4

SWH 26315.789 Hz NHAC

FIDRES 0.401547 Hz \ﬁ

e 1249280 sec NaOOC” “COONa

DW 19.000 usec

DE 7.00 usec

TE 300.0 K 3zb

D1 0.10000000 sec

d11 0.03000000 sec

TDO 40

SFO1 100.5584512 MHz

"HANNEL f£2

CPDPRG2 waltzl6

NUC2 1H

PCPD2 100.00 usec

PL2 120.00 dB

PL12 24.50 dB

SFO02 399.8719994 MHz

F2 - Processing parameters

SI 32768

SF 0.5473910 MHz

WDW EM

SSB 0

LB 1.00 Hz

GB

BC 1.40
i | il 1
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
195 190 185 180 175 170 165 160 15 14 140 13 130 125 120 115 110 105 100 95 90 85 80 75 70 60 55 50 45 40 35 30 P 1% 10 5
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Current Data Parameters

nmr400b h-1

k=]
NAVE 286044-22 ©
EXPNO 2 =
PROCNO 1 . o =
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Date_ 20100514
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PROBHD 5 mm QNP 1H/1
PULPROG 2930 F.
TD 32768 = OH
SOLVENT cpcl3
NS 32
DS 2
SWH 6578.947 Hz 23
FIDRES 0.200774 Hz
AQ 2.4904180 sec
RG 32
DW 76.000 usec
DE 7.00 usec
TE 300.0 K
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TDO 1
CHANNEL f1
NUC1 1H
Pl 11.20 usec
PL1 6.00 dB
SFO1 399.8724694 MHz
, T T T T T 1
F2 - Processing parameters
e 16334 7.2 7.0 6.8 6.6 6.4 ppm
SF 399.8700086 MHz
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= o e
= £ 7|
=l | <
- = od
T T T T T T T T T T T T T T T T T T T
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Current Data Parameters
NAME 286044-22
EXPNO w4185363 HOONAOTNMOWOT A O®
PROCNO lamaoema NOOAHOORN D T T T O ®

o NN~ NNECTTTmNN NN NS0 =
F2 - Aoquisition Paramefefe T T aoassssdNSNaNaT 2
Time 15.52
INSTRUM spect
PROBHD 5 mm QNP 1H/1
PULPROG zgdc
TD 65536
SOLVENT cDC13
NS 767
DS 4
SWH 26315.789 Hz
FIDRES 0.401547 Hz
AQ 1.2452340 sec
RG 8192
DW 19.000 usec
DE 7.00 usec
TE 300.0 K
D1 0.10000000 sec
dil 0.03000000 sec
TDO 40
======== CHANNEL fl ========
NUC1 13C
Pl 4.00 usec
PL1 0.00 dB r T T T T T T T T T T T T T T T T T 1
SFol 100.5584512 MHz 134 133 132 131 130 129 128 127 126 15 124 123 122 121 120 118 118 117 116 ppm
======== CHANNEL f2 ========
CPDPRG2 waltzl6
NUC2 1H
PCPD2 100.00 usec
PL2 120.00 dB
PL12 24.50 dB
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F2 - Processing parameters
SI 32768 F
SF 100.5473707 MHz
WDW EM X OH
SSB 0
LB 1.00 Hz I T T T T T T T T 1
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PC 1.40 23
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 1

175 170 165 160 155 150 145 140 135 130 125 120 115 110 105 100 95 90 85 80 75 70 65 60 55 50 45 3 i 20 15 10 5 ppm
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— 9.6561
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Current Data Parameters

nmr400b h-1
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PROCNO 16w
<
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SWH 6578.347 Hz 14
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AQ 2.4904180 sec
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TDO 1

======== CHANNEL fl =e=s=s==s=

NUC1 1H
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PL1 .00 dE
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SF 399.870040& MHz

WDW no

SSB 1]
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GB [}

PC 1.00
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nmr400b c-13

Current Data Parameters
NAME 286829-123
EXPNO 2 = NOAOWNTAAT MO TOATNONOSTMW
PROCNO 105 SA2TIBNGTSH T8RR2RABEIRS F
o o NNOORRDBBM MM oo T H T DT DO RO E CHO
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PULPROG zgdc
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SOLVENT cpc13
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FIDRES 0.401547 Hz
AQ 1.2452340 sec
RG 8192
DW 19.000 usec
DE 7.00 usec
TE 300.0 K
Dl 0.10000000 sec : : . , : : . . . : ,
MWW oawooooww see 152 151 150 149 148 147 146 145 144 ppm
======== CHANNEL fl ========
NUC1 13c
Pl 4.00 usec
PL1 0.00 dB
SFO1 100.5584512 MHZ
======== CHANNEL f2 =======
CPDPRG2 waltz16
NUC2 1
PCPD2 100.00 usec
PL2 120.00 dB
PL12 24.50 dB
SFO2 399.8719994 VHZ
1 AN AMAN
F2 - Processing parameters
ST 32768
SF 100.5473734 MHZ T T T T T T T T T T T T ]
WDW EM 131 130 129 128 127 126 125 124 123 122 121 120 ppm
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
T T T T T T T T T T T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 30 20 10 ppm
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7,bata Parameters
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2
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2.81840

2.831

T T T T
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Hydrazone from nitroaldehyde

NQO,

hydrazine derivative of 12
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of nitroaldehyde

Current Data Parameters
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sec T T T T T T T T T T T T ]
4B 129.5 129.0 128.5 128.0 127.5 127.0 126.5 26.0 125:5 125.0 124.5 epm
MHz
usec
dB
dB
SFO2 399.8719994 MHz
F2 - Processing parameters T T T T T 1
ST 32768
SF 100.5474413 MHz 151 150 149 148 147 ppm
WDW no
SSB 0
LB 0.00 Hz
GB 0
PC 1.40

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
175 170 165 160 155 150 145 140 135 130 125 120 115 110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30

S17



Current Data Parameters

nmr400b £-19

NAME 0286829-224 .
EXPNO 5 neaN
PROCNO 1 D@ w
LR
Pt
F2 - Acquisition Parameters T NO3
Date_ 20090730 & n ZON
Time 17.16
INSTRUM spect < < F ..!-Z\
PROBHD 5 mm QNP 1H/1
PULPROG zgfhigagn
D 131072 NO3
SOLVENT CDC13
NS 101
DS 4 hydrazine derivative of 12
SWH 112994.352 Hz
FIDRES 0.862078 Hz
AQ 0.5800436 sec
RG 2048
DW 4.425 usec
DE 7.00 usec
TE 300.0 K
D1 1.00000000 sec
dil 0.03000000 sec
diz 0.00002000 sec
TDO 1
CHANNEL f1
NUC1 19F
Pl 3.00 usec
PL1 -6.00 dB
SFO1 376.1972840 MHz
CHANNEL £2
CPDPRG2 waltzl6é
NUC2 1H
PCPD2 100.00 usec
PL2 6.00 dB
PL12 24.00 dB
SF02 399.8719990 MHz
F2 - Processing parameters
SI 65536
SF 376.2537220 MHz
WDW no
SSB 0
LB 0.00 Hz
GB 0
PC 1.00
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 1
-10 =20 -30 -40 =50 -60 =70 -80 -90 -100 -110 -120 -130 -140 ~-150 -160 -170 -180 -190 -200 -210 -220 230 240 =250 260 270 280 -290 ppm
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Current Data Farameters

292638-075 TEA salt
1H NMR dmso

NAME © 292638-075 e worw® e o e @ s
EXPNO = 1 g BhIn Baaa Y BB e
PROCNO = 1 e aEe amm b nhvinnerel
- W oo e o e - i e e
F2 - Acquisfition Parameters
Date_ 20090304
Time 15.16
INSTRUM spect
PROBHD & m= QNP 1H/1
PULPROG 2930
D 32768
SOLVENT €DpCl3
NS 32 NO»
DS 2 F
SWH 6578.947 Hz = +
FIDRES 0,200774 Hz F = ~C0z HN'Busy
AQ 2.4504180 sec
RG 456.1
DW 76.000 usec NHAC
DE 7.00 usec
TE 300.0 K 34b
D1 1.00000000 sec
DO 1
======== CHANNEL f] ========
NUC1 1H
Pl 11.50 usec
PL1 6.00 dB
SFO1 399.8724694 MHz
F2 - Processing parameters
SI 16384
SF 325.8700062 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
T T T T T T T T T T T T 1
6.2 6.0 5.8 5.6 5.4 5.2 5.0 4.8 4.6 4.4 4.2 4.0 ppm
= o o - E = = e o
= = o ~ o o = a0 =
= - = = = - = = o
) s. = 4 - | J_h = £
T T T T T T T T T T T T T T T T
9.5 9.0 8.5 B.O 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 ppm
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292638-120 isolated TBA salt
13C NMR dmso

Current Data Parameters

NAME 292638-120c
EXPNO w a M0 DOOna ComoaTTnoN N0
PROCNO 83 SRR 355238828 ©F 2 3 :
~ . =9 Soaawor© SAAN VLT W “ < 0
£2 - Acquisition PargnGrers EEE RS ao9s8sSss A g g R
Date 2010052
Time 1513
INSTRUM spgc]
PROBHD 5 mm QNP 1fi/
PULPROG z4d
D 65536
SOLVENT cDpCl3
NS 644
DS 4
SWH 28248.588 Hz
FIDRES 0.431039 Hz
AQ 1.1600372 sec
RG 3251 E NO,
DW 17.700 usec -
DE 7.00 usec F ™ CO; HN"Bu,
TE 300.2 K
D1 0.80000001 sec
ail 0.03000000 sec NHAe
TDO 40
======== CHANNEL fl ======== 34b
NUC1 13C
Pl 2.60 usec
PL1 0.00 dB
SFOL 100.6228303 MHz r T T J T T !
151 150 149 148 147 ppem
======== CHANNEL f2 ========
CPDPRG2 waltzl6
NUC2 1H
PCPD2 90.00 usec
PL2 120.00 dB
PL12 17.00 dB
SFO2 400.1320007 MHz
F2 - Processing parameters
SI 32768
SF 100.6128128 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40 _<>
[ T T T T T T T T 1
131 130 129 128 127 126 125 124 ppm

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
Hmmpmo:w:opmupmoummpmozm:o:mpwopmw:o:miopowuoowm wo mm mo qm qo mm mo ww mo bm »o .“u ur.

ppm

S20



Current Data Parameters

nmr400b h-1

NAME 286044-H2 MoSWweNAmB o -
EXPNO 1 Eippg-paleap ol 2% ES
PROCNO 1 coocoFNOD D - b4
A T Rr-Ir-pr vy [rpe o
F2 - Acquisition Parameters
Date_ 20100517
Time 11.25
INSTRUM spect
PROBHD 5 mm ONP 1H/1
PULPROG 2930
D 32768
SOLVENT cDpCl3
NS 32
DS 2
SWH 6578.947 Hz
FIDRES 0.200774 Hz
aQ 2.4904180 sec NH,
RG 32
pW 76.000 usec i
DE 7.00 usec F. COzPr-i
TE 300.0 K
D1 0.10000000 sec NHAc
DO 1
======== CHANNEL fl ========
NUC1 1H 42
Pl 11.20 usec
PL1 6.00 dB
SFO1 399.8724694 MHz
F2 - Processing parameters
SI 16384
SF 399.8700086 MHz
WDW no
SSB 0
LB 0.00 Hz
GB 0
PC 1.00
= o te = = S
=l =] [ | ) |
- - e il r £x
T T T T T T T T T T T T T T T T T T T T
9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 ppm
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nmr400b £-19

Current Data Paraceters oMV HT O
NAME ZBED44-HZ A=t
EXPNO z
PROCNO 1 EmeTIed
TrTTTTT
F2 - Acquisition Parameters
Date_ 20100817
ime 11.31
INSTRUM spect
PROBHD S5 == QNP 1H/L
FULFROG zgfhiggn
o 131072
SOLVENT cpcl3
Ns 19%
ns 4
SWH 112994.352 Hz
FIDRES 0.862078 Hz
AQ 0.5800436 sec
RG 4096
oW 4.425
DE 7.00
TE 300.0
Dl 1.00000000
dll 0.0300000
dlz 0.00002000
oo 1
=smsmms=s CHANNEL fl ==
14F I T T T T T T 1
_ieny Gaes -138 -139 -140 -141 -142 -143 ppm
SFO1 376.1972840 MHz
msmsms=s CHANNEL {2 ss=ssss=
CPDPRG2 waltzlé
NuUC2 1H
FPCPDZ 100.00 usec
PLZ €.00 dB
PL12 24.00 aB
5F02 329.8719990 MH:z
FZ - Processing parameters
s1 65536
SF 376.2537220 MHz
WDW
55B
LB
GB
PC
NH.
F 2
F CO4Pr-i
HN
“Ae
42
\
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 1
-20 -30 -40 =50 -60 =70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210 -220 -230 -240 -250 -260 -270 -280 -290 ppm
INIELS
oll=|e
LIRS
allleil =
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nmr400b c-13

Current Data Parameters

NAME 286044-H2 o NNTROW TN OM® COEEHDONOM = NN
EXPNO O ® = HAEOOTO TS o HOAMAENO©MON®® o
oo o NowrrOTmmA MHTOOOD T T O 000 o
PROCNO 10 s
oo NNSONO®w®D® NNLTLTON 0N 000 .
GRS LOLOHITTTT TS ONNNNNNN NN N o
F2 - Acquisition Parametiers: ek el SR S b i e B B ©
Date_ 20100517
Time 11.44
INSTRUM spec
PROBHD 5 mm QNP 1H/]]
PULPROG zgdc
TD 65536
SOLVENT CDC13
NS 1302
DS 4
SWH 26315.789 Hz
FIDRES 0.401547 Hz
AQ 1.2452340 sec NH
RG 8192 F 2
DW 19.000 usec
DE 7.00 usec F. OOm_u?__.
TE 300.1 K
D1 0.10000000 sec
d11 0.03000000 sec NHAC
TDO 40
======== CHANNEL fl ======== 42
NUC1 13C
Pl 4.00 usec
PL1 0.00 dB
SFO1 100.5584512 MHz r T T T T 1
152 151 150 149 ppm
======== CHANNEL f2 ========
CPDPRG2 waltzlé
NUC2 1H
PCPD2 100.00 usec
PL2 120.00 dB
PL12 24.50 dB
SFO2 399.8719994 MHz
F2 - Processing parameters
SI 32768
SF 100.5473771 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
I T T T 1
124.5 124.0 123.5 ppm

523

APR——— ey W i o W b

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
waHooHmupmo:mzopmwHmoHmmHwozm:owapuozwwmoim:opougomm oo mm moqmqo mw .n _w_._n\_.“\,.:.“ w.._ .J.w_nmmo



Caprolactam acetamide

Current Data Parameters

NAME 0286829-183

EXPNO 2 =

PROCNO 1 =
< v

F2 - Acquisition Parameters

Date_ 20090812

Time 16.25

INSTRUM spect

PROBHD 5 mm QNP 1H/1

PULPROG 2930

D 32768

SOLVENT cDpCl3

NS 17

DS 2

SWH 6578.947 Hz

FIDRES 0.200774 Hz

AQ 2.4904180 sec fo)

RG 80.6

DW 76.000 usec

DE 7.00 usec

TE 295.1 K "NHAc

D1 3.00000000 sec

DO 1

======== CHANNEL fl ========

NUC1 1H

Pl 11.50 usec

PL1 6.00 dB

SFO1 399.8724694 MHz

F2 - Processing parameters

MW 399 mqwmwm“ MH f ! ! ! ' ! ' ' ! ! !
. ¥4
o e 1.8 4.6 4.4 4.2 4.0 3.8 3.6 3.4 3.2 pom
SSB 0
LB 0.00 Hz
GB 0
PC 1.00

o o
o | = ] =| [f=! =
kA =y = £ = =] &
el |- - = il |=led -

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 ppm
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caprolactam acetamide

Current Data Parameters

NAME ~ 0286829-183 o ner TN O POT O N TN
N e SRbwmN o~ TAMPrR OO DTm®mO o Nooowo o o
EXPNO . . 3 P I nHTO~ T el o
PROCNO 2 3 L BHIIIILT SORIIIIININIINGES S oo o ® o
o 2 28333333 R B e e ph e A am
F2 - Acquipitiof Parameters
Date_ 0090812
Time 16.28
INSTRUM spect
PROBHD 5 mm ONP 1H/1
PULPROG zgdc
TD 65536
SOLVENT cDpCl3 F.C
NS 732 2 /_
DS 4
SWH 26315.789 Hz E N. O
FIDRES 0.401547 Hz
RO 1.2452340 sec F.
RG 8192 “NHAC
DW 19.000 usec
DE 7.00 usec
TE 295.3 K
D1 0.10000000 sec 46
d11 0.03000000 sec
TDO 40
======== CHANNEL fl ========
NUC1 13C i
Pl 3.30 us r?ﬁ..:? .\ F
PL1 6.00 dB _
SFO1 100[5584512 MHz .
f T T T T T T T T §Ea D | T
CHANNE] £2 128 127 126 125 124 123 122 121 120 ppm
CPDPRG2 waltzl6 ;
NUC2 1H
PCPD2 100.00 usec
PL2 120.00 dB
PL12 24.00 dB
SFO2 39908719994 MHz
F2 - Procepsing|parameters
SI 32768
SF 1005473876 MHz Ny,
WDW no U
SSB 0 hilind
s o.cm Hz T T T T T T 1
PC 1.40 152 151 150 149 148 147 ppm

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
kuwmoju:oHmuHaouwm:o:u:ouwuwwoummHmo:u:ouompoowm wo mm mo qm qo ou mo mu wo 5 ho wm
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Current Data Parameters

caprolactam acetamide

NAME 0286829-183 e e
EXPNO 4 = SESIEE]
PROCNO 1 . S oMo
o A
o N i gy F.C
F2 - Acquisition Parameters ! [ 3
Date_ 20090812 J
Time 16.48 E N_..Q
INSTRUM spect
PROBHD 5 mm QNP 1H/1 F
PULPROG zgfhiggn INHAC
TD 131072
SOLVENT €DC13
NS 111
DS 4
SWH 112994.352 Hz 46
FIDRES 0.862078 Hz
AQ 0.5800436 sec
RG 322.5
DW 4.425 usec
DE 7.00 usec
TE 295.2 K
D1 1.00000000 sec
dll 0.03000000 sec
diz 0.00002000 sec
TDO 1
CHANNEL f1
NUC1 19F
Pl 3.00 usec
PL1 -6.00 dB
SFO1 376.1972840 MHz
======== CHANNEL f2 ========
CPDPRG2 waltzlé
NUC2 1H
PCPD2 100.00 usec
PL2 6.00 dB
PL12 24.00 dB
SF02 399.8719990 MHz
F2 - Processing parameters
SI 65536
SF 376.2537220 MHz
WDW no
SSB 0 T T T T T T 1 1
mm o.om Hz -137 -138 -139 -140 -141 -142 =143 ppm
B
PC 1.00
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 1
-10 =20 -30 -40 -50 -60 =70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210 -220 -230 -240 -250 -Z&0 270 -280 =290 ppm
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c-13

nmr4 00k

Current Data Parameters

NAME 286829-313
EXPNO 2 < AWM ®0om TMOMANDA WO
PROCNO 1 - [SE-ELRE o~ w0 - oOHOOMN O - 0O wWwm — o o
o B O D BV R B S ERERS CRLEE L
£2 - Acquisition Paraneters R §E3IIIIL BORCRERAAA g d@gss ¢ d gd
Date 20100611
Time 14.42
INSTRUM spect
PROBHD QNP 1H/1
PULPROG zgdc
TD 65536
SOLVENT DMSO
1208 CF4
4
26315.789 Hz
0.401547 Hz O
1.2452340 sec “
8192 + -
19.000 usec ZT—w ﬁ”_ MTBE
7.00 usec
300.0 K
0.10000000 sec T T T T T T 1
0-03000006 sec 151 150 149 148 147 146 ppm
======== CHANNEL fl ========
NUC1 13C
Pl 4.00 usec
PL1 0.00 dB
SFO1 100.5584512 MHz
======== CHANNEL f2 ========
CPDPRG2 waltzlé
NUC2 1H
PCPD2 100.00 usec
PL2 120.00 dB
PL12 24.50 dB
SFO2 399.8719994 MHz T T T T T T T T T T |
£2 - Processing paraneters 133 132 131 130 129 128 127 126 125 124 ppm
SI 32768
SF 100.5474430 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
_
T T T T T T T T T T T T T T T T T T T T T T
230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 [
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Date_
Time
INSTRUM
PROBHD
PULPROG

F2 - Processing parameters
SI

SF
WDW
SSB

6578947
0.200774
2.4904180

3z

11.20 usec
6.00 dB
359.8724694 MHz

16384
339.8700108 MHz
EM
o
0.30 Hz
[

1.00

nmr400b h-1

T T T T T 1

l T T T T T T 1 2.5 2.4 2.3 2.2 2.1 2.0 1.9 1.8 1.7ppm
4.5 4.4 4.3 4.2 4.1 4.0 ppm
FiC Q 1
Jz OOWI vrmm
g es
CaNH i Ny <EtOH
o
Telcagepant (1)
J 7r s
- £ " ™ i ] ~ ol = il 1=dl | o -
T T T T T T T T T T T T T T T T T T T T
9.5 9.0 8.5 8.0 1.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 ppm
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nmr400b c-13

Current Data Parameters

NAME talcagepant
EXPNO () 2 N NS =HOWONTAO® ~ S SNMmo OO omo o
PROCNO o 1 B AP ITNRDOD S N F8 TUIRNEE AL
e S ArmdooSona ? Ty ordedssd Yewn
mwnm >nmfﬂﬁomovwwmmmm_wamnm A 2053582833 o 85 2383838 Sogs
Time 15.56
INSTRUM spect
PROBHD 5 mm ONP | 1H/1
PULPROG zgdc
TD 65536
SOLVENT cpcl3
NS 1133 0
FsC
DS 4
SWH 26315.789 Hz T\ oo m m
FIDRES 0.401547 Hz N VIZ N
a0 1.2452340 sec £ \EtOH
RG 8192 “INH i N
DW 19.000 usec
DE 7.00 usec =
TE 300.0 K
D1 0.10000000 sec
at 0:03000000 sec vt F A ANAAM o, At WA A Telcagepant (1)
f T T T T T T 1
======== CHANNEL fl ======== 153 152 151 150 149 148 ppm
NUCL 13c
Pl 4.00 usec
PL1 0.00 dB
SFO1 100.5584512 MHz
======== CHANNEL f2 ========
CPDPRG2 waltzl6
NUC2 1H
PCPD2 100.00 usec
PL2 120.00 dB
PL12 24.50 dB
SF02 399.8719994 MHz
F2 - Processing parameters T T T T T T T T T T
SI 32768
SF 100.5472391 MHz 134 132 130 128 126 124 122 120 118 ppm
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40

VT S o

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 1
195 190 185 180 175 170 165 160 155 150 145 140 135 130 125 120 115 110 105 100 95 90 85 80 75 70 65 60 55 50 45 a0 35 0 25 20 15 10 5 ppm
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