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Table S1 Difluoromethylation of methyl diphenylacetate 1b under continuous flow
conditions”

Ph\(COZMe Feed A -30 °C 25°C 25°C
( > 4 min 12 min 4 min
Ph
1b 3 bar
LIHMDS Feed B
i
nTHE — (O 2ml 6 mL 2 mb
Ph COsMe
FZHC>P(h 2b

LiHMDS CHF; conv  sel
(equiv)  (equiv) (%)° (%)

1 1.3 3 30 53
2 2.0 3 43 74
3 3.0 3 34 62
4 4.0 3 35 71

Conditions: Feed A: 0.5 M diethyl phenylmalonate 1b in THF; Feed B: 1 M LiHMDS in THF; with
flow rates for CHF; = 8.3 mL/min; flow rates of Feed A and Feed B were adjusted to yield the desired
stoichiometry; the following conditions were obtained: LIHMDS (1.3-4.0 equiv); CHF; (3 equiv).
banalyzed by GC-FID.

Experimental Section
General

'H and C NMR spectra were recorded on a 300 MHz instrument. Chemical shifts (d) are
expressed in ppm downfield from TMS as an internal standard. The letters s, d, t, q, and m are
used to indicate singlet, doublet, triplet, quadruplet, and multiplet, respectively. Analytical
HPLC analysis were carried out on a Shimadzu LC20-AD chromatograph equipped with a
C18 reversed-phase (RP) analytical column (150 x 4.6mm, particle size 5 um) at 37 °C using
a mobile phase A (water/acetonitrile 90:10 (v/v) + 0.1% TFA) and B (acetonitrile + 0.1%
TFA) at a flow rate of 1.5 mL/min. The following gradient was applied: linear increase from
solution 3% B to 25% in 9 minutes, 25% B to 80% in 7 min hold at 80% B for 1 minute. Low
resolution mass spectra were obtained on a LC-MS instrument using electrospray ionization
(ESI) in positive or negative mode (Shimadzu LCMS-2020). All chemicals, solvents,
catalysts, and ligands were obtained from known commercial suppliers and were used without
any further purification. Microwave reactions were carried out in a Biotage Initiator+ single-
mode microwave instrument. Reaction times refer to hold times at the temperatures indicated,
not to total irradiation times. The temperature was measured with an IR sensor on the outside
of the reaction vessel. Thin-layer chromatography was performed on tlc silica gel 60 254 20
x 20 cm. Trifluorotoluene was used as internal standard for '°F NMR.
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General procedure for continuous flow difluoromethylation

1 , Feed A
RYCOZR 250 pL/min -30 °C -15°C 25 °C
R2 4 min 12 min 4 min
0.5Min THF 12 bar
Feed B [
LIHMDS 250 pL/min
i
; 2mL
1 Min THF 4<>_ 2mL 6 mL R! _CO,R
2 equiv F,HC =2
8.3 mL/min
3 equiv

The flow setup consisted of two continuous syringe pumps (Asia Syrris) to introduce (i) a
solution of substrate in THF (Feed A), and (ii) a commercial solution of LIHMDS (1.0 M in
THF, Sigma-Aldrich); Feed B). Injection loops (perfluoroalkoxy alkanes (PFA), 0.8 mm i.d.,
1.59 mm o.d.; internal volume: 2.0 mL (Feed A) and 2.5 mL (Feed B)) were used to deliver
the two feeds. To start the experiment, the complete reactor setup was flushed by pumping dry
THF with flow rates of Feed A = 250 uLL/min and Feed B = 250 pL/min. Fluoroform was
introduced into the reactor with a flow rate of 8.3 mL/min using a calibrated Bronkhorst mass
flow controller (MFC). The internal pressure of the reactor reached the target pressure of
12 bar after approximately 10 min. Substrate (1.00 mmol) was dissolved in neat THF and
diluted to 2.00 mL in a volumetric flask with THF (Feed A). A LiIHMDS solution (1.0 M, 2.5
mL) in THF was used as Feed B. Both solutions were loaded into their corresponding
injection loops. Feed A and Feed B were pumped from the injection loops in a Y-shaped
connector (Y Assembly PEEK 1/4-28 0.040in) in a cooling bath (-30 °C). The combined
mixture went through a first residence loop at -30 °C (1/16 in. o.d.; 0.8 mm i.d.; residence
volume V; = 2.0 mL), before the mixture was combined with fluoroform in a second Y-
shaped connector (Y Assembly PEEK 1/4-28 .040in) in a second cooling bath (-15 °C). The
combined mixture then went through a second residence loop (1/16 in. o.d.; 0.8 mm i.d.;
residence volume V, = 6.1 mL) and left the flow system through a third residence loop at
room temperature (1/8 in. 0.d.; 1.6 mm i.d.; residence volume V3 = 2.0 mL) and an adjustable
back pressure regulator (Swagelok KCBIHOA2AS5P60000, 0-26 bar).
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Methyl 3,3-(difluoro)-2,2-diphenylpropanoate (2a)

F,HC COOMe

The product mixtures were collected and the solvent removed in vacuo. The products were
isolated by thin layer chromatography (dichloromethane/hexane = 3/2 (v/v)). Yield: 173 mg
(0.62 mmol, 62%); 93% by '’F NMR ;light yellow viscous liquid. '"H NMR (300 MHz, D,0):
§=7.45-7.19 (m, 10H), 6.90 (t, *Jur = 55.0 Hz, 1H), 3.79 (s, 3H). °C NMR (75 MHz,
D,0): §=171.1, 136.3, 129.8, 128.3, 128.2, 115.6 (t, 'Jcr = 246.2 Hz), 64.7, 53.1.""F NMR
(282 MHz, D,0):8 = -123.0 (d, “Jur = 55.0 Hz).

Diethyl 2-(difluoromethyl)-2-phenylmalonate (2b)

0O O

EtO)%OEt

Ph CHF,

The product mixtures were collected and the solvent removed in vacuo. The products were
isolated by thin layer chromatography (dichloromethane/hexane =3/2 (v/v)). Yield: 21 mg
(0.07 mmol, 7%); 7% by ""F NMR ;light yellow viscous liquid. '"H NMR (300 MHz, D,0):
8=7.45-7.31 (m, 5H), 6.56 (t, “Jur = 54.9 Hz, 1H), 4.44 — 4.32 (m, 4H), 1.33 (t, *Jgn="7.1
Hz, 6H)."’C NMR (75 MHz, D,0): § = 166.2, 129.5, 128.8, 128.3, 114.2 (t, 'Jcr = 251.6 Hz),
62.8, 14.1."’F NMR (282 MHz, D,0):8 = -123.57 (d, “Jur = 55.0 Hz).

Diethyl 2-(difluoromethyl)-2-phenylmalonate (2c)

F,HC_ COOMe

The product mixtures were collected and the solvent removed in vacuo. The products were
isolated by thin layer chromatography (dichloromethane/hexane = 3/2 (v/v)). Yield: 39% by
PF NMR. 'H NMR (300 MHz, D,0): § = 7.42 — 7.31 (m, 5H), 6.38 (dd, “Jur = 56.0, 55.4 Hz,
1H), 3.75 (s, 3H), 1.71 (s, 3H). °C NMR (75 MHz, D,0): & = 136.6, 129.0, 128.3, 126.7,
116.7 (dd, 'Jcr = 247.1, 245.5 Hz), 54.8, 52.8, 14.7."”F NMR (282 MHz, D,0): § = -124.48
(dd, Jgr = 277.0, *Jyr = 55.3 Hz), -129.91 (dd, 2Jgr = 277.1, 2Jyyr = 56.1 Hz).
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Dimethyl 2-(difluoromethyl)-2-ethylmalonate (2d)

0O O

MeO OMe
Et CHF,

The product mixtures were collected and the solvent removed in vacuo. The products were
isolated by thin layer chromatography (dichloromethane/hexane = 3/1 (v/v)). Yield: 172 mg
(0.82 mmol, 82%); 93% by '’F NMR :light yellow viscous liquid. "H NMR (300 MHz, D,0):
8 =6.28 (t, 2Jyr = 54.6 Hz, 1H), 3.79 (s, 6H), 2.14 (q, *Jyu = 7.5 Hz, 2H), 1.01 (t, *Jyn="7.5
Hz, 3H)."’C NMR (75 MHz, D,0):8=167.3 (t, *Jcr = 4.4 Hz), 115.1 (t, "Jcr =247.9 Hz),
62.0 (t, 2Jcp=21.2 Hz), 53.2, 23.0 (t, *Jcr=2.9 Hz), 9.4 (t, Jor=1.6 Hz)."”F NMR
(282 MHz, D,0):8 = -126.18 (d, *Jur = 54.6 Hz).

Diethyl 2-(difluoromethyl)-2-methylmalonate (2e)

O O

EtO)S(U\OEt

ME CHF,

The product mixtures were collected and the solvent removed in vacuo. The products were
isolated by thin layer chromatography (dichloromethane/hexane = 3/1 (v/v)). Yield: 82% by
F NMR; light yellow viscous liquid. '"H NMR (300 MHz, D,0): & = 6.32 (t, 2Jyr = 55.4 Hz,
1H), 4.21 (q, *Jun = 7.1 Hz, 4H), 1.50 (s, 3H), 1.24 (t, *Jyy = 7.1 Hz, 6H).">C NMR (75 MHz,
D,0):6=167.0 (t, *Jcr = 4.9 Hz), 114.6 (t, 'Jcr = 246.2 Hz), 62.4, 58.3 (t, *Jcr = 22.7 Hz),
13.9, 12.1 (t, *Jcr = 4.0 Hz)."’F NMR (282 MHz, D,0): & = -128.32 (d, “Jur = 55.4 Hz).

Diethyl 2-(difluoromethyl)-2-propylmalonate (2f)

O O

EtO)J><U\OEt

nPr’ CHF,

The product mixtures were collected and the solvent removed in vacuo. The products were
isolated by thin layer chromatography (dichloromethane/hexane = 3/1 (v/v)). Yield: 80% by
F NMR; 'H NMR (300 MHz, D,0): & = 6.27 (t, *Jur = 54.7 Hz, 1H), 4.25 (q, *Jun = 7.1 Hz,
4H), 2.07 — 1.98 (m, 2H), 1.49 — 1.33 (m, 2H), 1.27 (t, *Jun = 7.1 Hz, 6H), 0.95 (t, *Jyu = 7.3
Hz, 3H). °C NMR (75 MHz, D,0): 8 =166.8 (t, *Jcr = 4.5 Hz), 115.1 (t, 'Jcr = 247.7 Hz),
62.0, 61.6, 31.4 (t, *Jcr = 2.4 Hz), 18.0, 14.6, 14.0."°F NMR (282 MHz, D,0):8 = -126.10 (d,
2Jyr = 54.7 Hz).
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a-Difluoromethylalaninhydrochloride (29)

NH,

HO ﬁ(}\ ‘HCl
CF,H

0]

The reaction mixture was concentrated in vacuo and diluted with 10 mL Et,O. After filtration
the filtrate was concentrated in vacuo and treated with 10 mL 6N HCI. The reaction mixture
was heated to 150 °C for 45 min in a microwave reactor and washed with Et,0O (2x20 mL).
The aqueous layer was mixed with activated carbon which was subsequently filtered off.
After concentrating the crude product in vacuo it was recrystallized from MeOH/EtOH. Yield:
151 mg (0.86 mmol, 86%); colourless powder. mp 272 °C; 'H NMR (300 MHz, D,0):
§= 6.32 (t, yr=53.1 Hz, 1H), 1.60 (s, 3H).?C NMR (75 MHz, D,0): 6= 169.2 (d,
Jer=62Hz), 1143 (dd, 'Jor=249.1 Hz,'Jor =246.0 Hz), 61.4 (dd, *Jcr=20.9 Hz,
2Jer = 19.3 Hz), 16.8 (dd, *Jcp = 4.6 Hz, *Jcr = 2.1 Hz)."”F NMR (282 MHz, D,0):8 = -126.77
(dd, *Jpr = 281.4, 2Jyr = 52.7 Hz), -133.44 (dd, “Jpr = 281.6, 2Jyr = 53.4 Hz).

a-Difluoromethylvaline hydrochloride(2h)

NH

HF,c NP2

HOW net
O

The reaction mixture was dried in vacuo and diluted with 10 mL Et,O. After filtration the
filtrate was concentrated in vacuo and treated with 10 mL 6N HCI. The reaction mixture was
heated to 150 °C for 45 min in the microwave reactor and washed with Et,O (2x20 mL). The
aqueous layer was mixed with activated carbon which was subsequently filtered off. After
concentrating the crude product in vacuo it was recrystallized from MeOH/EtOH. Yield:
155 mg (0.76 mmol, 76%);colourless powder. mp 272-282 °C; 'HNMR (300 MHz, D,0):
8= 6.47 (t, *Jur = 52.8 Hz, 1H), 2.33 (h, *Juyu = 6.9 Hz, 1H), 1.07 (d, *Juu = 6.9 Hz, 3H), 1.02
(d, *Jun=6.9 Hz, 3H).*C NMR (75 MHz, D,0): 6= 168.7, 114.8 (dd, 'Jcr = 249.0 Hz,
2Jop =244.3 Hz), 68.5 (t, Jcr=17.5Hz), 30.30 (d, *Jcr=4.3 Hz), 16.6, 15.9.”F NMR
(282 MHz, D,0):8 =-126.46 (dd, “Jpr = 283.9, “Jur = 52.3 Hz), -130.72 (dd, 2Jpr = 281.6,
2Jur = 53.3 Hz).

a-Difluoromethylleucine hydrochloride(2i)

NH,
HOM Hel
CF,H

0O 2

The reaction mixture was dried in vacuo and diluted with 10 mL Et,O. After filtration the
filtrate was concentrated in vacuo and treated with 10 mL 6N HCI. The reaction mixture was
heated to 150 °C for 45 min in the microwave reactor and washed with Et;O (2x20 mL). The
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aqueous layer was mixed with activated carbon which was subsequently filtered off. After
concentrating the crude product in vacuo it was recrystallized from MeOH/EtOH. Yield:
189 mg (0.87 mmol, 87%); colourless powder. mp 242-243 °C; 'HNMR (300 MHz, D,0):
8= 6.21 (t, “Jyr = 53.4 Hz, 1H), 1.97-1.84 (m, 1H), 1.07 (m, 2H), 0.93(d, *Jun = 6.5 Hz, 3H),
0.89(d, *Jun = 6.5 Hz, 3H)."*C NMR (75 MHz, D,0): & = 170.0 (d, *Jcr = 5.0 Hz), 115.3 (dd,
Uer=249.1Hz, 'Jor=2463Hz), 653 (dd,*Jcr=20.3 Hz’Jcr=162Hz), 38.7 (d,
3Jer =23 Hz), 23.5, 22.9, 21.4. F NMR (282 MHz, D,0):5 =-127.14 (dd, *Jpz =277.9,
2Jur = 53.0 Hz), -132.73 (dd, “Jgr = 277.9, 2Jyr = 53.9 Hz).

a-Difluoromethylphenylalaninehydrochloride (2j)

NH,

HO ‘HClI
CF,H
o) 2

The reaction mixture was dried in vacuo and diluted with 10 mL Et,O. After filtration the
filtrate was concentrated in vacuo and treated with 10 mL 6N HCI. The reaction mixture was
heated to 150 °C for 45 min in the microwave reactor and washed with Et;O (2x20 mL). The
aqueous layer was mixed with activated carbon which was subsequently filtered off. After
concentrating the crude product in vacuo it was recrystallized from MeOH/EtOH. Yield:
216 mg (0.86 mmol, 86%); colourless powder. mp 245 °C; 'HNMR (300.36 MHz, D,0):
8= 7.40-7.32 (m, 3H), 7.26-7.20 (m, 2H), 6.39 (t, “Jur = 53.1 Hz, 1H), 3.44 (d, Iy = 14.3
Hz, 1H)), 3.06 (d, *Jun = 14.3 Hz, 1H).">C NMR (75 MHz, D,0):5 = 168.6 (d, *Jcr = 5.9 Hz),
131.5 130.1, 1292, 1284, 1148 (dd, 'Jcr=249.0Hz, 'Jcr=246.4Hz), 66.5
(dd,Jcr = 20.3 Hz,2Jcr = 16.9 Hz), 36.5 (d, *Jcr = 2.8 Hz)."’F NMR (282 MHz, D,0): & = -
127.01 (dd, 2Jpr = 280.8, “Jpyr = 52.6 Hz), -132.02 (dd, *Jpr = 280.8, “Jyr = 53.6 Hz).

a-Difluoromethylornithinedihydrochloride (2k)
NH, -2HCI

HOW NH,
CFH
lo) 2

The reaction mixture was dried in vacuo and diluted with 10 mL Et,O. After filtration the
filtrate was concentrated in vacuo and treated with 10 mL 6N HCI. The reaction mixture was
heated to 150 °C for 45 min in the microwave reactor and washed with Et,O (2x20 mL). The
aqueous layer was mixed with activated carbon which was subsequently filtered off. After
concentrating the crude product in vacuo it was recrystallized from MeOH/EtOH. Yield:
194 mg (0.76 mmol, 76%) colourless powder. mp 228 °C; 'H-NMR (300.36 MHz, D,O):
§=16.33 (t, 2ur=53.2 Hz, 1H), 3.02 (t,’Jun = 7.6 Hz, 2H), 2.16-1.53 (m, 4H).”C NMR
(75 MHz, D,0): 6= 168.8 (d, *Jcr = 5.9 Hz), 114.9 (dd, 'Jcr = 248.4 Hz, 'Jcr = 246.0 Hz),
65.1 (dd, *Jcr=21.3Hz, Jcr=16.6 Hz), 38.7, 27.7 (d, Jcr=5.0 Hz), 20.9.”"F NMR
(282 MHz, D,0): 6=126.83 (dd, Zpr=281.6Hz, “yr=52.6Hz), -132.39 (dd,
2Jpr = 281.6 Hz, “Jyr = 53.8 Hz).
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General procedure for the preparation of benzylidene-protected amino acid esters

benzaldehyde
R NH triethylamine
0] - —
R o R N
CHCI3, Ar, 0°C-RT, 24h !
@) O\H)\R

A dry 20 mL vessel with magnetic stirring bar was charged with 1 eq of amino acid ester
hydrochloride (1g to 1K), sealed and flushed with argon three times. CHCl; was added to
afford a 1 M solution followed by the addition of 0.99 eq (1.99 eq in case of ornithine (1K)) of
benzaldehyde. The resulting stirred solution was cooled to 0 °C. After adding 1.1 eq (2.2 eq in
case of ornithine (1k)) of triethylamine over 10 min, the mixture was gradually warmed to
room temperature and stirred for 24 h. The reaction mixture was filtered through Na,SO, and
the obtained light yellow filtrate was concentrated under vacuo and treated with Et,O to
precipitate Et;N-HCI. The formed colourless precipitate was filtered off and the obtained
filtrate was concentrated in vacuo to give the benzylidene protected amino acid.

Methyl (S)-2-(benzylideneamino)propanoate (19)

oA
@]
970 mg (6.95 mmol, 1.0 eq) L-Alanine methyl ester hydrochloride, 700 uL (6.88 mmol,
0.99 eq) benzaldehyde, 1.06 mL (7.65 mmol, 1.1 eq) triethylamine and 7 mL CHClIs. Yield:
1.289 g (6.74 mmol, 97%), yellow viscous oil. "H-NMR (300 MHz, CDCls): & = 8.31 (s, 1H),
7.81-7.74 (m, 2H), 7.48-7.38 (m, 3H), 4.16 (q, *Jun = 6.8 Hz, 1H), 3.75 (s, 3H), 1.53 (d,
3Jun = 6.8 Hz, 3H). >C NMR (75 MHz, CDCl3): 8 =173.1, 163.1, 135.8, 131.3, 128.7, 128.6,
68.2,52.4,19.6.

Methyl (S)-2-(benzylideneamino)-3-methylbutanoate (1h)

=
N
@]

1.165 g (6.95 mmol, 1.0 eq) L-Valine methyl ester hydrochloride, 700 uL (6.88 mmol,
0.99 eq) benzaldehyde, 1.06 mL (7.65 mmol, 1.1 eq) triethylamine and 7 mL CHClI;. Yield:
1.4925 g (6.80 mmol, 98%), yellow viscous oil. 'H-NMR (300 MHz, CDCls): &=28.24 (s,
1H), 7.83 — 7.74 (m, 2H), 7.46 — 7.36 (m, 3H), 3.75 (s, 3H), 3.67 (d, *Juu = 7.3 Hz, 1H), 2.39
(dq, *Jun = 13.7, *Jun = 6.8 Hz, 1H), 0.95 (dd, *Jun = 8.9, 6.8 Hz, 6H).’C NMR (75 MHz,
CDCl): 6= 172.6,163.4,135.8, 131.2, 128.7, 128.7, 80.6, 52.1, 31.9, 19.6, 18.8.
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Methyl (S)-2-(benzylideneamino)-4-methylpentanoate (1i)

1.271 g (7.00 mmol, 1.0 eq) L-Leucine methyl ester hydrochloride, 706 pL (6.93 mmol,
0.99 eq) benzaldehyde, 1.07 mL (7.70 mmol, 1.2 eq) triethylamine and 7 mL CHCls. Yield:
1.609 g (6.90 mmol, 99%), yellow viscous oil. 'H-NMR (300 MHz, CDCl3): & = 8.23 (s, 1H),
7.76 —7.70 (m, 2H), 7.36 —7.29 (m, 3H), 4.05 (dd, *Jus = 8.5, 5.9 Hz, 1H), 3.65 (s, 3H),
1.90-1.73 (m, 2H), 1.61 — 1.46 (m, 1H), 0.87 (dd, *Juy=14.1, 6.6 Hz, 6H).’C NMR
(75 MHz, CDCls): 6 =172.5, 162.9, 135.5, 130.9, 128.4, 128.3, 71.3, 51.8, 41.9, 24.2, 23.0,
21.2.

Methyl (S)-2-(benzylideneamino)-3-phenylpropanoate (1j)

_
N
_0

o

1.500 g (6.95 mmol, 1.0 eq) L-Phenylalanine methyl ester hydrochloride, 700 pL (6.88 mmol,
0.99 eq) benzaldehyde, 1.06 mL (7.65 mmol, 1.1 eq) triethylamine and 7 mL CHCls. Yield:
1.7831 g (6.67 mmol, 96%), yellow viscous oil. 'H-NMR (300 MHz, CDCls): &=7.92 (s,
1H), 7.72-7.66 (m, 2H), 7.45-7.35 (m, 3H), 7.28-7.14 (m, 5H), 4.18 (dd, *Juyu = 8.8, 5.1 Hz,
1H), 3.75 (s, 3H), 3.39 (dd, 2Jyn = 13.5, Iy = 5.1 Hz, 1H), 3.16 (dd, Iy = 13.5, *Jyu = 8.9
Hz, 1H).*C NMR (75 MHz, CDCLs): 8= 172.2, 163.9, 137.5, 135.6, 131.2, 129.9, 128.6,
128.6, 128.4, 126.7, 75.2, 52.4, 39.9.

Methyl (S)-2,5-bis((benzylidene)amino)pentanoate (1k)

P>
N
/O\[H\/\/N ~
(0]

1.530 g (7.00 mmol, 1.0 eq) L-Ornithine methyl ester dihydrochloride, 1.42 mL (13.93 mmol,
1.99 eq) benzaldehyde, 2.13 mL (15.4 mmol, 2.2 eq) triethylamine and 7 mL CHClIs. Yield:
2.2136 g (6.87 mmol, 98%), yellow viscous oil. 'H-NMR (300 MHz, CDCl3): & =7.68-7.56
(m, 4H), 7.47-7.29 (m, 12H), 7.20-7.08 (m, 4H), 4.10 (dd,*Jun = 8.0 Hz, *Jyu = 5.2 Hz, 1H),
3.71 (s, 3H), 3.33 (t, *Juu = 6.8 Hz, 2H), 2.07-1.88 (m, 2H), 1.79-1.54 (m, 2H).



|
CO,Et
Ph
HE,C CO,Et
2a
B (m)|| A (t) C(m) (L)
7.39 | 6.56 4,37 133
1 ]!
JAI l ' Jk Lknl_.\ I‘l
) T L

~11000

10000

~9000

~8000

7000

6000

~5000

4000

~3000

2000

—-1000

S10



—10000

~9000

8000

7000

6000

5000

4000

3000

2000

1000

~ th @ ANS o ©
o o oo oo ~ < o =] =1
=] i A s . o hF
NP
CO,Et
HPQ J COE
2 2a
C(s)
128.81
A(s) B(s)| | E® F(s) G (s)
166.21 129.54 114.18 62.80 14.06
H T — H ]
D (s)
128.34
I | l |
I ' I ' I ' I ' I ' | | 1 ' | I 1 ' I ' I ' I
210 200 190 180 170 160 150 140 130 120 110 60 20 10 -10

—-1000

S11



S12

123.47
123.67

~1E+05

y

- 1E+05

CO,Et

oh 90000
CO,Et
HF2C 232 80000

70000

60000

A(d)
-1323.57 - 50000

40000

30000

20000

10000

~-10000

' I i I i I i 1 i 1 i 1 i I i I ! 1 i 1 T T T T T T T T T T T LI 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
% 80 70 60 50 40 30 20 10 O -10 -20 -30 -40 1ESO 560 -70 -80 -90 -110 -130 -150 -170 -190
ppm



~ 14000

- 13000

- 12000

- 11000

~ 10000

9000

- 8000

-7000

- 6000

- 5000

~4000

~3000

-2000

- 1000

--1000

R R R EREREEIN 2
PR ARARARARARARARRRARMNMN OO ~m
| el
COgMe
Ph Ph
HF,C 2b
B (m)
7.32
A(D) q(s)
6.90 3.79
[z 3R B
|
|
111
l A T WV
i sy o
@ S =
L= L ] ™
1 1 I I I ! I ! | N 1 . 1 ¥ 1 1 I . I I I 1
16 15 14 13 12 11 10 9 4 2 1 -1 -4

6
f1 (ppm)

S13



A eA7d BhRA @ -
.- N1 oW~ o -
oaSs =Zad & A
<
COo-Me
HF,C
O (s)
138.23
B [s)
129.82
H (s) A(s) E (t) G(s)|| F(s)
171.07 136.31 115.57 64.69| | 53.11
T ] — [ H
[ (s)
1138.29
1
|
|
I
I
1 N I N I N I ' 1 ! 1 ! 1 ! 1 ! 1 I 1 ! 1 !
210 200 190 180 170 160 150 140 130 120 110 60 50

17000
;16000
15000
;14000
;13000
l12000
;11000
;10000
;9000
;8000
7000
6000
;5000
;4000
;3000
;2000

1000

~-1000

S14



70000

65000

60000

55000

50000

45000

40000

35000

~30000

25000

20000

15000

10000

5000

~-5000

1 (ppm)

&=
COQMG
Ph™>ph
HF,C
2b
A)
-123.02
BN
T | ' | " | " | * | * I * | * I ! I * I * | N I N I ! I ! I I N I ' I ' I ' I ' I ' 1 ' 1 ' 1 1 1 1 1 1
% 80 70 60 50 40 30 20 10 O -10 -20 -30 -40 -50 -60 -70 -80 -90 -110 -130 -150 -170 -190

S15



3.75

1.71

;19000
l18000
;17000
l16000
- 15000
l14000
L13000
;12000
l11000
- 10000
l9000
lBOOD
;7000
lGOOD
;5000
l4000
;3000
;2000

~ 1000

—-1000

N
CO-,Me
Ph M
e
HF-C
2 2c
|
B (m)|| A (dd) d(s) D (s)
7.36 6.38 .75 1.71
III
1l | L
gL T g
6 15 14 13 12 11 10 o 8 7 ¢ ' 3 -

6
f1 (ppm)

S16



— 136.56
128.96
“'f-— 128.33

™\ 126.68

COzMe

Ph Me
2c

HF,C

—119.94
— 116.69

H (dd)
116.68

— 54.76
5281

E(s)

52.81

14.67

F(s)
14.67

~5000

4500

4000

3500

3000

2500

2000

1500

1000

~500

210 200 190 180 170 160 150 140 130 120

110

50

10

~-500

S17



S18

f1 (ppm)

N
COzMe
Ph Me
HF,C
2c
B|{dd)
-149.91
Alfddh
-144.H8
HpE
T I I | ' I N I I I N I N I N I I I I N I N 1 I I I 1 ! 1 1 ! 1 ! 1 ! 1 ! 1 1 1 1 ! 1
90 80 70 60 50 40 30 20 10 0 -10 -20 -30 -40 -50 -60 -70 -80 -90 -110 -130 -150 -170 -190



~40000

35000

30000

25000

~20000

15000

~ 10000

5000

288 g suns g=g

[T Y- WY1 i N - -

\I/ N\ N

CO,Me
= coaMe
2 2d

A (t) g (s) C(q) |D()

6.28 179 2.14| | 1.01
I

|

| 1 I

I I ] . o il
ry 3 i &
16 15 14 13 12 11 10 9 3 2 1 0 -1 -4

7 6
f1 (ppm)

S19



9000

8000

7000

6000

5000

4000

3000

2000

1000

R neE NTW i wn
~N S 6w — Mmool vl o ™
2838 b o oo 885 Q@ N o
NS il NS
I
CO,Me
= "COo,Me
2C 24
F (t)
62.04
A(t) B (t) qd(s) D (t) E (t)
167.32 115.10 5p.15 22.95 9.37
= . — - = H
I
|
r— 1 - 1 1 1 1 - T1T 17T T "~ T " 1T T "~ T 1T " T T *~ T |
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 20 10

f1 (ppm)

~-1000

S20



S21

-126.08
126.27

€

~2E+05
~2E+05
~2E+05

CO,Me

~1E+05

CO,Me [1E+05
2d ~1E+05

~1E+05

HF,C

~1E+05

90000

A (d) 80000
-136.18 I

70000
l60000
;50000
;40000
;30000
;20000

10000

-10000

' I i I i I i 1 i 1 i 1 i I i I ! 1 i 1 T T T T T T T T T T T LI 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
% 80 70 60 50 40 30 20 10 O -10 -20 -30 -40f1i50 ;60 -70 -80 -90 -110 -130 -150 -170 -190
ppm



S22

R85 ANR= B8IR -35000
N/ N\ NN
~30000
CO,Et
HF.o COzEt
2 ~25000
2e
20000
0 (t)
124
A (t) B (q) d é)
6.32 421 1.9 L
15000
~10000
|
~5000
| I
l J ‘ l l]_q._lll- Il _0
'3 g id
I I I I I 1 1 1 1 1 N I I I I I I 1 1 1
15 14 13 12 11 10 9 4 3 2 1 0 1 2 3 -4

7 6
f1 (ppm)



S23

70000

62.36

58.55
57.95

167.01
— 117.85
— 114,59
— 111.33

58.25

¢

65000

- ——13.94
~1213

60000

CO,Et
55000

CO,Et
2e »‘50000

45000

HF,C

40000

D (t) A (s)
58.25 B.94

(s) E(t)
P.36 12.13
=ar T ~30000

-t

—35000

A(b) B (t)
167.01 114.59

KL Na)

25000

20000

15000

| 10000

_, || I I PRI R

~-5000

r-r 15+ 1.+~ 1T T -~ T~ fr -~ 7T ~1 T 7T 7T 7 T T T "~ 1 1 1 1 T T T T 7
210 200 190 180 170 160 150 140 130 120 110 ol |g.(][) ) 90 80 70 60 50 40 30 20 10 0 -10
ppm



S24

128.22
128.42

g =

~1E+06

r1E+06

CO,Et

~9E+05

CO,Et

2e - 8E+05

HF,C

~7E+05

~6E+05

A(d)
-138.32 - 5E+05
=

~4E+05

-3E+05

2E+05

~1E+05

-1E+05

' I i I i I i 1 i 1 i 1 i I i I ! 1 i 1 T T T T T T T T T T T LI 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
% 80 70 60 50 40 30 20 10 O -10 -20 -30 -40 lESO ;60 -70 -80 -90 -110 -130 -150 -170 -190
ppm



S25

¢ne REYN  83358933RRRRREET 20000
N |
\ 1+ N\ —_— L 10000
18000
-17000
COzMe I
- 16000
HEC Cone _—15000
2 2f 14000
13000
12000
D (m) F
1 -11000
A(t) B (q) C(m)| || F(t) - 10000
6.27 425 2.03| || 0.95 L
— H H —9000
g (1) -
427 8000
| L
~7000
~6000
-5000
-4000
~3000
| I
| 2000
. I
Il Ll |
A , o
g & 3 &xd -1000
(=] bt = o k-
I ' I ! I ! I ! | ! | ! 1 N 1 1 1 ) I Y I % I " I I I | 1 1 _‘2000
14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 -1 2 3 -4



=] HhaRAa w © w ~ow
3 P vl e o1 A B &
o - O ~ o — M~ = M
— — o o O o ag] LR lt el
il % NV
COo-Me
CO,Me
HF,C of
D (s) 6{(s)
61.58 14.60
A(t) B (t) d(s) E (t) F (s
166.80 115.06 6p.05 31.35 17.97
H o I i 1
H (s)
1B.96
]
I
1 ! 1 N I N I N I N | | ! 1 1 1 ! 1 I I N I ' I N 1 ! 1 ! 1 ! 1 ! I ! ] N I
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10

f1 (ppm)

10000

9000

8000

7000

6000

5000

4000

3000

2000

1000

S26



S27

-126.00
-126.19

~1E+05

~1E+05

COzMe

~1E+05

CO,Me -
HF,C '
2 of _ 90000

80000

70000

-126.10

50000

40000

30000

20000

10000

~-10000

' I i I i I i 1 i 1 i 1 i I i I ! 1 i 1 T T T T T T T T T T T LI 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
% 80 70 60 50 40 30 20 10 O -10 -20 -30 -40 lESO ;60 -70 -80 -90 -110 -130 -150 -170 -190
ppm



—6.50
-—6.32

™~-6.14

1.60

16000
;15000
14000
13000
;12000
11000
10000
;9000
8000
7000
6000
;SOOD
4000
3000
;2000

1000

S28



S29

4000

3500

3000

2500

2000

1500

1000

1491
PL9T
8491
0891

ET'T9
ﬁv,“mv
929’19

86°01T ~_
pTHIT

mwéﬂﬁuv
b LTT "

NH,

-HCI

o CF,H 29

HO

-10

200 19 180 170 160 150 140 130 120 110 fl%OO ) 90 80 70 60 50 40 30 20 10
ppm

210



S30

~1E+05

~1E+05

- 1E+05

- 1E+05

~1E+05

90000

80000

70000

60000

50000

40000

30000

20000

10000

£0'vET-
P8EET-
PO'EET-
S8'CET-
9E'LCT-
9ELEZT-
LTLET-
TAQTAS
9€'9Z1-
9€'92T-
BI'9ZT-
FAS TAS

- 1E+05

- 50000

E0'PET-
PB'EET-

PO'EET-
S8'ZET-

[+ A
9€°LTT-
LrTLEn-
L4t~
9€9¢1-
9E'9Z1-
8T'921-
FAN 4G

\YARRY

VY Ve

UM

-127 -129 -131 -133 -135
f1 (ppm)

-125

-123

NH,
‘HCI

CFoH
o "2 29

HO

-110 -130 -150 -170 -190

80 70 60 50 40 30 20 10 O -10 -20 -30 -40 -50 -60 -70 -80 -90
f1 (ppm)

90



HF,c NH2
HO

‘HCI
2h

—6.64
—6.47

™~6.29

£}

16

15 14 13

7 6
f1 (ppm)

- o 563

S31



3 2835 - 3R 83
3 sephs 3 88 84
NN Y \
HF,C NH; HCI
HO
2h
O
|
|
1 ' I N I N I N I | | ! 1 1 I I I I N 1 ! | " 1 ! 1 ! 1 ' I I ' I ! I
210 200 150 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10

f1 (ppm)

S32



90000
;85000
;80000
;75000
;70000
;65000
;60000
;55000
;50000
l45000
40000
35000
;30000
;25000
;20000
;15000
;10000

5000

BEBSTMTM
R8BE 259 KEERERAS
889  d93aa - 1E+05 NP
NV NE A/ i :
- 1E+05
! - 80000
; - 60000
1] L
) - 40000
- 20000
_0 l
I T T T
-120 -125 -130 -135
f1 (ppm)
NH,
F;g;if;E:J\\\T/// 'F+(:I
Jlﬂll
I I ' I ' I ' I I I ' I I ' I I I I I I I I I 1 ' | ' | ' 1 ' 1 1 | | 1 1
9 8 70 60 50 40 30 20 10 0 -10 -20 -30 -40 -50 -60 -70 -80 -90 -110 -130 -150 -170 -190

1 (ppm)

S33



S34

11000

10000

9000

8000

7000

6000

5000

4000

3000

2000

1000

6'C
T'E

= 0
- 5001

b6'S ~
er9—
62'9~"

NH>

-HCI

HO

8 CFH .

f1 (ppm)

15 14 13 12 11 10

16



l9000
;8500
8000
;7500
l7000
;6500
;6000
l5500
;5000
4500
;4000
3500
;3000
;2500
l2000
;1500
llODO

500

g i 388 i 283
~ 5 f 883 -4 NRA
11y N> N
NH,
|
CFoH 2i
O I
|
! I
1 ' 1 ' I ' I ' I ' I ' I ' 1 1 1 | I I ' I ' I ' I ' 1 ' 1 ' | ' | ’ I ! I r
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10

f1 (ppm)

-500

S35



AN
BT QN @ o ! SERNNAAR
88 89 2% 8§ - 1E+05 |
YARY \i\ 00000
| i
- 80000
70000
- 60000
50000
b -40000
30000
20000
10000
JL,...J.J[ J_J __0
o o [
= 3 10000
I T ] ' ] r I T I T I T ] r ] ' I T I T ] ] r ] T I T I T
-123 125 127 129 -131 133 -135
f1 (ppm)
NH,
CFyH 2i
O [
oo
o o
I ' I ' I ' I ' I ' I ' I ' I ' I ' I ' I ' I ' I I ' I ' | ' I ' I ' 1 ' 1 ' | ' | x | . 1 1 | 1 1 1
9 80 70 60 50 40 30 20 10 0 -10 -20 -30 -40 -50 -60 -70 -80 -90 -110 -130 -150 -170 -190

1 (ppm)

-90000

80000

70000

60000

~50000

40000

30000

20000

10000




S37

4500

4000

3500

3000

2500

2000

1500

1000

500

bo's
60 >
e~
e

179 ~C
6€'9 —
189"
124
1Te
€T
vT'L
bE'L
SE'L
9€'L
LE'L
8E'L

NH,

‘HCI

HO

J CRH

=£8'T
BI0E

f1 (ppm)

15 14 13 12 11 10

16



S38

45000

40000

35000
30000

25000

20000

15000

10000

5000

LP'9E —

4]
Sv'99
6v'99
1299

6b' 11T —
6L’ PIT —
S0°81T —

821
07671

mo.cm.ﬁ.\
IS°1€ET x

65891
£9'891 V:

NH,
‘HCI
o CFoH 2]

HO

-10

200 190 180 170 160 150 140 130 120 110 fl%OO ) 90 80 70 60 50 40 30 20 10
ppm

210



I ~N o ™Mo~ [ ] ﬁﬁhkﬁ;ﬁm
G o i/ - 16000 ek iRk
R TR0 I i) et
Y \/ 14000
12000
| 3
10000
8000
6000
I I
4000
2000
| - J 1o
g 2 I
- o
I | ¥ | ' I X I L) I L T T ¥ T I | L)
-124 -125 -126 -127 -128 -129 -130 -131 -132 -133 -134
f1 (ppm)
NH,
0 CF2H
- AL MY AT L
g
Qo
- o
T I I | ' I N I I I N I N I N I I I I I I I I I 1 ! ! 1 ! 1 : 1 . 1 1 1 1 1 1
9 8 70 60 50 40 30 20 10 0 -10 -20 -30 -40 -50 -60 -70 -80 -90 -110 -130 -150 -170 -190

1 (ppm)

16000
;15000
;14000
;13000
;12000
;11000
;10000
;9000
l8000
7000
;6000
;5000
;4000
;3000
;2000

1000

-1000

S39



5S40

6000

5500

5000

4500

4000
3500

3000

2500

2000

1500

1000

500

~-500

79°T 1
F9°T A
99°T 1
89'T 4
8L'T 4
64°T 1
18'7 4
8T
#8°T A
£8'T 1
06°'T 4
6T 4
v6'1
96°1
£0°T
50T
80°¢
60°¢
4 84
vz
61T
66T
e
v0'E

N

ST'9~_
EE ==
159"

-2HCI

NH

NH>

HO

CF>H
O 't 2k

H j . JLMN

—V._H,v

f1 (ppm)

15 14 13 12 11 10

16



D - o -] r~ =
— - - 0w L] ~ ~
Ly ' [

-2HCI
NH>

NH,
HO

CFoH o

2500

2000

1500

1000

500

~-500

1 ' I N I N I N I * | " | ! 1 ! 1 ! I ' I N I ! I N 1 ! | " | ! 1 ! 1 ' I ' I ' I ! 1 N I
210 200 190 180 170 160 150 140 130 120 110 fl%OO ) 90 80 70 60 50 40 30 20 10 0 -10
ppm

S41



~60000

55000

50000

45000

40000

35000

30000

25000

20000

15000

10000

5000

JYIQ RERY NENRERAS

RENR ERE 60000 Ly

\Y \YARY4
- 50000

1 -40000
- 30000

h

- 20000
- 10000 !

N A g h

I i I i | i | —.' 1 ' | B I—. I I I
-120  -122 -124  -126 -128 -130 -132 -134 -136  -138
f1 (ppm)
NH,
HO NH,
ol
g2
S S
' I i I i I i 1 i 1 i 1 i I i I ! 1 i 1 1 I I I ! I I I I I ' I I I I I I I I I
% 80 70 60 50 40 30 20 10 O ~-10 -20 -30 -40 -50 -60 -70 -80 -90 -110 -130 -150 -170 -190

1 (ppm)

~-5000

S42



