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1. General information

All reagents were obtained from various chemical suppliers and were used without previous purification.

'H NMR and 13C NMR spectra were recorded on an AV-300, AV-400, or Fourier-300 Bruker equipment. All chemical shifts
(8) are reported in parts per million (ppm) downfield of tetramethylsilane and coupling constants (J) in hertz (Hz). The residual
solventsignals were used as references for 'H and 13C NMR spectra (CDCls: 8H = 7.26 ppm, 8C = 77.16 ppm; Abbreviations
used in the reported NMR experiments: b, broad; s, singlet; d, doublet; t, triplet; g, quartet; hept, heptuplet; m, multiplet. All
measurements were carried outatroom temperature.

Gas chromatography was performed on Agilent 7890A equipped with FID detector and HP5 column. High resolution mass
spectrameasurements were recorded on MAT 95XP ThermoFisher Mass Spectrometer using Electrospray lonisation mode.

Scanning transmission electron microscopy (STEM) measurements were performed at 200 kV on a probe aberration-corrected
JEM-ARM200F (JEOL, corrector: CEOS). The microscope is further equipped with a JED-2300 energy dispersive x-ray
spectrometer (JEOL) having a silicon drift detector (dry SD60GV). For general imaging a high-angle annular dark field
(HAADF) and an annular bright field (ABF) detector were used. Sample preparation was conducted by dry deposition of the
catalystpowder on a Cu grid (mesh 300) covered by a holey carbon film, which was then transferred into the microscope.

The XPS (X-ray Photoelectron Spectroscopy) measurements were performed on an ESCALAB 220iXL (Thermo Fisher
Scientific) with monochromated Al Ko radiation (E = 1486.6 eV). Samples are prepared on a stainless-steel holder with
conductive double-sided adhesive carbontape. The electron bindingenergies were obtained with charge compensation usinga
flood electron source, no further charge referencing is applied. For quantitative analysis the peaks were deco nvoluted with
Gaussian-Lorentzian curves using the software Unifit 2021. The peak areas were normalised by the transmission function of
the spectrometer and the element specific sensitivity factor of Scofield.

Determination of the diastereoselective ratio was performed usingthe GC-FID area (A) of the isomers and was calculated using
the following formula:

A

major isomer

d.r.=
Z Aisomers

In the case isomers have the same retention time on the GC under the conditions of analysis, the diastereoselective ratio was
calculated using the intensity of signals correspondingto the differentisomers in the NMR spectra of the product.
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2. Counting of the marketed compounds

The counting of the marketed compounds was performed using the “Availability in other databases: SigmaAldrich” feature
from the search engine Reaxys (www.reaxys.com) on the 15.12.2021. The search settings and number of results are presented
in Table S1.

Table S1. Counting of the marketed compounds.

Number of

Entr rch in
try Search settings results
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3. Characterisation of Ru:Phen(1:2)@Ti02-800

3.1. Scanning transmission electron microscopy

Figure S1. STEM-HAADF images of the fresh Ru@TiO2-800 catalyst (a, b) and of the recycled catalyst after one run (c, d).
The observed changes in the material by the applied reaction conditions are minimal and only few larger Ru particles can be
seen.
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Figure S2. Selected EDX spectra of the marked areas of the fresh catalyst (left) are shown on the right. While area 1 shows
almostexclusively ruthenium and carbon, area 2 highlights TiO2. Note that aluminium was also found in the material, which

may arise from the ceramic crucible used for the catalyst synthesis.
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3.2. X-ray Photoelectron Spectroscopy
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Figure S3. XP spectraofthe N 1s (a, b), C 1s and Ru 3d (c, d) region for the fresh (a, c) and recycled (b, d) catalyst,
respectively.

Table S2. XPS quantification of detected elements at the surface of the fresh and recycled catalyst

C O Ti N Ru Si P Cl F
[at.%0] [at.%] [at.%] [at.%] [at.%] [at.%] [at.%] [at.%] [at.%]
fresh 67.5 18.6 7.8 1.9 1.7 0.5 0.3 0.6 1.0
recycled 64.0 23.2 7.2 2.4 15 0.8 0.4 - 0.5

3.3. Elemental analysis

Table S3. Elemental analysis of the fresh catalyst

Ru C H N
[wt. %] [wt. %] [wt. 90] [wt. 90]

2.06 5.87 0.44 0.16
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4. General procedures

Ru:Phen(1:2)@TiO2-1000

A 100 mL round bottomed flask was charged with RuCl3 (61.6 mg, 0.30 mmol), 1,10-phenanthroline monohydrate (108.2 mg,
0.55 mmol) and absolute ethanol (40 mL). After stirringat room temperature for 30 min, TiO anatase (830.2 mg) was added
to the reaction mixture via a funnel, and the resulting heterogeneous mixture was stirred at room temperature overnight. The
solventwas removed in vacuo and dried under high vacuum for 4 hours. The sample was ground to a fine powder which was
transferred to a ceramic crucible and placed in an oven. The furnace was heated to 800 °C at a rate of 25 °C/min and held at
800 °C for 2 hours under argon atmosphere. After the heating was switched off, the oven was allowed to reach room
temperature, givingthe Ru-Phen(1:2)@TiO2—-800 as a black powder. Note that during the whole process, argon was constanty
passed through the oven.

Hydrogenation of arenes and pyridines

A 4 mL glass vial equipped with a Teflon coated oval magnetic stirring bar and a plastic screwcap was charged with a substrate
(0.5 mmol), the Ru:Phen(1:2) @TiO,-800 catalyst (10 mg), water (1 mL) and 'PrOH (1 mL). The silicone septum was punctured
with asyringe needle and the vial was placed in an aluminium plate (up to 8 vials), which was then transferred into the 300 mL
steel Parr autoclave. Once sealed, the autoclave was placed into an aluminium block and purged two times with hydrogen (at
around 20 bar). Then, it was pressurised with H2 (10 bar) and heated up to the required temperature under thorough stirring
(700 rpm). After 16 hours, the autoclave was removed from the aluminium block and cooled to room temperature in a water
bath. The remaining hydrogen was discharged, and the vials containing reaction products were removed from the autoclave.
The crude mediawas diluted with ethyl acetate to fill the 4 mL vial and the resulting mixture was intensively stirred for 30 s.
The solid catalyst was separated by filtration over a celite pad (~2 cm), and the organic phase was dried over Na>SO4 and
subjected to GC analysis to determine the diastereoisomeric ratio in the crude reaction mixture. For isolation of the products,
the reaction media was diluted with ethyl acetate to fill the 4 mL vial and the resulting mixture was intensively stirred for 30 s.
The solid catalyst was separated by filtration overa celite pad (~2 cm), and the aqueous phase was further extracted with EtOAc
(3x 2 mL). The combined organic phases were dried over Na2SOg, filtered and concentrated under vacuo. The products were
isolated in sufficient purity without further purification necessary.

Volatile piperidines were isolates as their hydrochloride salts: the combined organic phases were stirred for 1 h in presence of
0.5 mL of 1.25M HCI in methanol followed by removal of the solvents under reduced pressure.
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5. Different batches of commercially available catalysts under the optimised
conditions

Table S4. Catalyst screening for the diastereoselective reduction of 2,6-lutidine.

Ru cat.
| N H, (10 bar)
N7 H,0:PrOH N
25°C, 17 h
Entry® Catalyst Conversion Yield are
(%)° (%)° '
1 Ru:Phen(1:2)@TiO2-800 >99 93 97:3

Alfa Aesar reference 11748 — “Ruthenium, 5% on activated carbon

2 . 99 92 97:3
powder, reduced
Sigma-Aldrich reference 908045 — “Ruthenium on carbon Evonik

Noblyst® P3059 5% Ru”
4 Strem reference 44-4050 — “Ruthenium, 5% on carbon” >99 91 97:3

TCI reference R0O076 — “Ruthenium 5% on Carbon (wetted with ca. 50%
Water)”

22 6-lutidine (53.6 mg, 0.5 mmol), Ru:Phen(1:2) @TiO2-800 (0.4 mol%, 10 mg) or Ru@C (0.4 mol%, 4 mg), H20:'PrOH
(1:1,2mL), H2 (10 bar), 25 °C, 17 h.

b Determined by GC-FID using hexadecane as internal standard, average of two runs.

¢ Diastereoisomeric ratio correspondingto the cis stereoisomer calculated by GC-FID, average of two runs.

5 >99 96 96:4
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6. Catalystrecycling

The catalyst was filtered after each cycle, washed with ethanol, dried under high vacuum, and used forthe following run without
reactivation.

T
1 2 3 4 5
B Selectivity [ Yield

Figure S4. Catalyst recycling. 2,6-lutidine (53.6 mg, 0.5 mmol), catalyst (5 mg), H20 (1 mL), 'PrOH (1 mL), H2 (10 bar),
25°C, 17 h.
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7. Diastereoselective reduction of ortho, meta, and para-xylene at different

temperatures

Table S5. Xylene reduction at different temperatures.

CHj, Ru:Phen(1:2)@TiO,-800 CH,
H, (10 bar)
AN : -
| _JCHs H,O:ProH (1:1) —=CHj
T,17hor1h
Product

Temperature
(°C)
25 93:7 83:17 76:24
60 93:7 83:17 74:26
80 92:8 80:20 73:27
1202 88:12 81:19 71:29

Reaction conditions: substrate (0.5 mmol), Ru:Phen(1:2) @TiO2-800 (10 mg), H20 (1 mL), ‘PrOH (1 mL), H2 (10 bar),

17 h. Conversions >98 %.
d.r. determined by GC-FID.
a1 h reaction time.
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8. Hydrogenation of quinoline

Hydrogenation of quinoline under our standard reaction conditions provided 1,2,3,4 -teterahydroquinoline as main product
(Table S6). While 5,6,7,8-tetrahydroquinoline was not detected here, trace amounts of cis-decahydroquinoline were formed
and no trans-decahydroquinoline was observed.

Table S6 Hydrogenation of quinoline.

Ru:Phen(1:2)@TiO,-800

N H, (10 bar)
NT H,O:PrOH
25-80°C,17 h

N
H

1,2,3,4-Tetrahydroquinoline

Entry?  Reactiontemperature Conversion (%) (%)°
1 25 ! )

2 40 13 0
] . 23 29

) . 04 94

2 Reaction conditions: quinoline (64.6 mg, 0.5 mmol), Ru:Phen(1:2)@TiO2-800 (0.4 mol%, 10 mg), H20:'PrOH (1:1,
2mL), H2 (10 bar),25°C, 17 h.
b Determined by NMR.

9. Unreactive substrates

The following substrates were tested underour standard reaction conditions (0.5mmol scale, Ru:Phen(1:2) @TiO2-800 (10 mg,
0.4 mol% Ru, 10 bar Hz, 17 h) and did notprovide high conversion /yield when the reaction was performed at either 25 °C,
40°C, 60 °C or 80 °C.

naphthalene

O
OH
OH
0]

phthalic acid

(X

2,3-dimethylpyrazine

Figure S5 Unreactive substrates of the diastereoselective hydrogenation methodology.

S11



10.Products characterisation

LN

2a

m/z [M+H]* calculated for C7H1sN: 114.1283; observed: 114.1286. The product was converted to its hydrochloride salt for
isolation. White solid. 91%. 'H NMR (400 MHz, DMSO) § 9.30 (s, 1H), 8.63 (s, 1H), 3.47 —3.32 (m, 0.12H, trans-NH,CH),
3.19-2.84 (m, 1.86H, cis-NH2CH), 1.85 — 1.63 (m, 3H), 1.63 — 1.31 (m, 3H), 1.24 (d, J = 6.5 Hz, 6H). 3C NMR (101 MHz,
DMSO) $ 52.2,29.5,22.1,18.8.

A

2b

Off-white solid. 93%. 'H NMR (300 MHz, CDCl3) § 2.12 (dd, J=11.1, 2.3 Hz, 2H), 1.92 — 1.76 (m, 1H), 1.65 — 1.49 (m, 2H),
1.36 — 0.92 (m, 4H), 0.87 (s, 18H). 3C NMR (75 MHz, CDCl3) § 66.8, 33.9, 26.8, 26.7,25.8. m/z [M+H]* calculated for
Ci3H2sN: 198.2222; observed: 198.2225. Characterisation data in accordance with previously reported literature.!

ol

2c

m/z [M+H]* calculated for CgH1gN: 128.1439; observed: 128.1443. The product was converted to its hydrochloride salt for
isolation. White solid. 94%. THNMR (400 MHz, DMSO) & 9.33 (s, 1H), 8.52 (s, 1H), 3.07 (q, J=9.1 Hz, 2H), 1.85 - 1.60
(m, 3H),1.24 (d, J = 6.5 Hz, 6H), 1.07 (dt, J = 13.3, 11.6 Hz, 2H), 0.89 (d, J = 6.4 Hz, 3H). 13C NMR (101 MHz, DMSO) &
51.8,38.0,28.7,21.3,18.7.

ot

2d

m/z [M+H]* calculated for C7H16N: 114.1283; observed: 114.1286.The product was converted to its hydrochloride salt for
isolation. White solid. 85%. *H NMR (400 MHz, DMSO) 8 9.49 (brs, 1H),9.10 (brs, 0.2H), 8.78 (brs, 1H), 3.29 (brs,
0.18H, cis-NCH), 3.06 (d, J=12.3 Hz, 0.18H, trans-NCH>), 2.98 — 2.83 (m, 0.82H, cis-NCH>), 2.82 — 2.64 (m, 0.82H, cis-
NCH?>), 2.42 (m, 0.18H, trans-NCHy), 2.04 — 1.29 (m, 4.82H), 1.26 (d, J =6.8 Hz, 2.46H, cis-NCHCH3), 1.23 (d, J= 6.4 Hz,
0.54H, trans-NCHCHzs), 1.16 — 1.05 (m, 0.18H), 0.97 (d, J=7.0 Hz, 2.46H, cis-NCH2CHCH3), 0.86 (d, J= 6.7 Hz, 0.54H,
trans-NCH2CHCH3). 3C NMR (101 MHz, DMSO) cis-product § 48.6,45.0,26.6,26.2,26.1,17.7,15.7. 3CNMR (101
MHz, DMSO) trans-product$51.4,49.2,30.7,29.9,27.5,18.6,18.4.

MeO,C H CO,Me
2e

White solid. 88%. 'H NMR (300 MHz, CDCl3) & 3.65 (s, 6H), 3.30 (dd, J = 11.0, 2.8 Hz, 2H), 2.33 (s, 1H), 2.00 — 1.80 (m,
3H), 1.65-0.79 (m, 4H). 13C NMR (75 MHz, CDCls) cis-productd 172.9,58.3,52.0,28.6,24.1. m/z[M+H]* calculated for
CoH16NO4: 202.1079; observed: 202.1083. Characterisation data in accordance with previously reported literature.?
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O

2f

GC yield with internal calibration: 82%. EI m/z (%): 112 (43),97 (100), 83 (48),70 (34),55 (77), 41 (32) .Characterisation
data in accordance with previously reported literature.®

o

2g

GC yield with internal calibration: 75%. EI m/z (%): 112 (30), 97 (100), 69 (14),55 (47), 41 (14).

=

GC yield with internal calibration: 57%. EI m/z (%): 112 (37),97 (100), 83 (9), 69 (15), 55 (60), 41 (19).

+

GC yield with internal calibration: 76%. EI m/z (%): 140 (14),97 (100), 96 (66),81 (33), 69 (18), 55 (78), 41 (19).
Characterisation data in accordance with previously reported literature.*

OH

J

Colourless liquid. 75%. *H NMR (300 MHz, CDCl3) § 3.76 (m, 0.64H, cis-CHOH), 3.10 (m, 0.35H, trans-CHOH), 2.00 — 1.08
(m, 9H), 0.99 (d, J = 6.4 Hz, 1.28H, trans-CHCH3), 0.92 (d, J = 6.9 Hz, 2.17H, cis-CHCH3). 3C NMR (75 MHz, CDCl3) cis-
product§71.2,35.9,32.6,28.9, 24.6,20.8,17.0. 3C NMR (75 MHz, CDCl3) trans-product §76.6,40.4, 35.6, 33.8,25.8, 253,
18.7.El m/z (%): 114 (11), 96 (76),81 (100),71 (52),68 (75),57 (87), 55 (36), 41 (31), 93 (20), 29 (13). Characterisation data
in accordance with previously reported literature.>8

Jon
2k

Colourless liquid. 98%. *H NMR (300 MHz, CDCl3) § 3.95 —3.87 (m, 0.56H, cis-CHOH), 3.51 (m, 0.43H, trans-CHOH), 2.00
—1.12 (m, 9H), 0.89 (d, J=6.1 Hz, 1.79H, cis-CHCHs), 0.85 (d, J = 6.5 Hz, 1.49H, trans-CHCH3). 3C NMR (75 MHz, CDCls3)
cis-product 8 67.0, 32.3, 31.2, 29.1,21.8. 3C NMR (75 MHz, CDCl3) trans-product & 71.0, 35.7, 33.4, 31.9, 22.0. EI mfz
(%):114 (8), 96 (33), 81 (54), 70 (38), 57 (100), 41 (26). Characterisation data in accordance with previously reported
literature.5
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o

21

White solid. 99%. *H NMR (300 MHz, CDCls3) & 4.06 — 3.94 (m, 0.58H, cis-CHOH), 3.61 — 3.36 (m, 0.42H, trans-CHOH),
2.07-0.87 (m, 10H), 0.83 (s, 5H), 0.82 (s, 4H). 3C NMR (75 MHz, CDCl3) cis-product§ 65.9,48.1,33.5,32.6,27.6,21.0.
13C NMR (75 MHz, CDCI3) trans-product §71.2,47.3,36.1, 32.4,27.7, 25.7. GC-MS m/z (%) 141 (2), 123 (22), 99 (38), 82
(53), 67 (58), 57 (100). Characterisation data in accordance with previously reported literature.”

103

2m

Colourless oil. 88%. 'H NMR (400 MHz, CDCl3) & 4.10 — 4.05 (m, , 0.05H neomenthol CHOH), 3.99 (dt, J=6.5, 3.4 Hz, 0.73,
neoisomenthol CHOH), 3.76 (td, J=7.8, 3.8 Hz, 0.21H, isomenthol CHOH), 3.37 (td, J =10.4, 4.3 Hz, 0.02H, menthol CHOH),
2.03-1.16 (m,13H),1.15-1.06 (m, 1H), 1.04 (d, J = 7.1 Hz, 2.2H neoisomenthol methyl-CH3), 0.97 (d, J= 6.6 Hz, 2.2H,
neoisomenthol 'Pr-CHz), 0.90 (m, 4H, neoisomenthol iPr-CHs, isomenthol iPr-CHs), 0.84 (m, 1H, isomenthol methyl-CHs). C
NMR (101 MHz, CDCl3) neoisomenthol § 70.9, 47.5, 39.1, 31.1, 28.4, 27.6, 22.1, 21.9, 21.6, 21.6. 13C NMR (101 MHz,
CDCls) isomenthol § 68.1,49.7,40.2,30.6,27.7,26.2,21.2,20.1,19.7, 18.2. 3CNMR (101 MHz, CDCl3) necomenthol & 67.8,
48.1,42.7,35.2,29.3,24.3,22.5, 21.3,20.8. 3 C NMR (101 MHz, CDCl3) menthold 50.2,45.2,34.7,31.8,25.9,23.2,223,
21.1,16.2. EI m/z (%): 156 (0.34),139 (4), 138 (26), 123 (40), 109 (21),95 (82),81 (73), 71 (100), 39 (31),55 (37), 41 (31).
Strong overlap of the signals, assignation performed taking advantage of reported literature and 2D NMR .89,

jogs

White solid. 99%. *H NMR (400 MHz, CDCl3) & 5.37 (s, 1H), 2.04 (hept, J = 4.1 Hz, 0.77H, cis-CHCONH), 1.82 (tt, J = 8.5,
3.4 Hz, 0.23H, trans-CHCONH), 1.78 —1.28 (m, 9H), 1.26 (s, 6.93H, cis-Bu), 1.25 (s, 2.07H, trans-'Bu), 0.86 (d, J = 7.0 Hz,
2.31H, cis-CH3), 0.79 (d, J = 6.6 Hz, 0.69H, trans-CH3). 3C NMR (101 MHz, CDCl3) cis-productd175.2,50.8,43.7,31.2,
28.9,25.8,19.6. 3C NMR (101 MHz, CDCls3) trans-product175.7,46.1,34.5,32.1,29.8,29.1,22.6. m/iz[M+Na]*
calculated for C12H23NO: 220.1672; observed: 220.1678.

/O/COZMS
MeO,C

20

Colourless liquid. 89%. 'H NMR (300 MHz, CDCl3) § 3.61 (s, 5H, cis-CO2CHs), 3.60 (s, 1H, trans-CO2CH3), 2.53 —2.31 (m,
1.66H, cis-CHCO2CH3), 2.06 — 1.91 (m, 0.33H, trans-CHCO,CH3), 2.32 — 2.15 (m, 0.74H, trans-CH>), 2.09 — 1.71 (m, 3.46H,
cis-CHy), 1.71 - 1.49 (m, 3.46H, cis-CHy), 1.49 — 1.25(m, 0.74H, trans-CH2).3C NMR (75 MHz, CDCls) cis-product 8175 4,
51.6,40.6, 26.0. 3C NMR (75 MHz, CDCls3) trans-product§175.9,51.6,42.4,28.0. m/z[M+Na]* calculated for C1oH1604Na:
223.0946; observed: 223.0946. Characterisation data in accordance with previously reported literature. *0
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CO,Me
CO,Me

2p

Colourless liquid. 82%.'H NMR (300 MHz, CDCl3) § 3.62 (s, 5.76H, cis-CO2CH3), 3.61 (s, 0.24H, trans-CO,CH3), 2.93 —
2.66 (m, 1.92H, , cis-CHCO2CHg), 2.61-2.51 (m, 0.08H, trans-CHCO2CH3), 2.11 —-1.82 (m, 2H), 1.82 - 1.57 (m, 2H), 1.57
—1.10 (m, 4H). 3C NMR (75 MHz, CDCls3) cis-product § 174.2, 51.6, 42.6,26.2,23.8. 13C NMR (75 MHz, CDCls) trans-
product & 175.5, 51.8, 44.8, 28.9, 25.2. m/z [M+Na]* calculated for CioH1s0sNa: 223.0946; observed: 223.0948.

Characterisation data in accordance with previously reported literature. !

S15



11.References

R. F. Francisand E. L. Colling, J. Org. Chem., 1986, 51, 1889.

R. Chénevertand M. Dickman, J. Org. Chem., 1996, 61, 3332.

P. Natalis, Bull. Soc. Chim. Belg., 1964, 73,961.

Y. Song, X. Feng, J. S. Chen, C. Brzezinski, Z. Xu and W. Lin, J. Am. Chem. Soc., 2020, 142, 4872.

T. Hattori, T. Ida, A. Tsubone, Y. Sawama, Y. Monguchiand H. Sajiki, Eur. J. Org. Chem., 2015, 2015, 2492.
K. W. Wiitala, Z.F. Al-Rashid, V. Dvornikovs, T. R. Hoye and C. J. Cramer, J. Phys. Org. Chem., 2007, 20, 345.
H. Li, L. Wang, Y. Zhang and J. Wang, Angew. Chem., Int. Ed., 2012, 51, 2943.

Y. Sendaand S. Imaizumi, Tetrahedron, 1975, 31, 2905.

F. Bohlmann, R. Zeisbergand E. Klein, Org. Magn. Reson., 1975, 7, 426.

A. Tortajada, R. Ninokata and R. Martin, J. Am. Chem. Soc., 2018, 140, 2050.

Y. Kawamata, M. Yan, Z. Liu, D.-H. Bao, J. Chen, J. T. Starr and P. S. Baran, J. Am. Chem. Soc., 2017, 139, 7448.

PP OO~NO O~ WNPEF

[ =)

S16



12.GC and GC-MS traces

Data File C:\CHEM32\1\DATA\202110%2021-10-19 10-12-55\FB-485-1-2.D
Sample Name: FB-485-1-2

=========z====================================================z======== N
Acg. Operator : Lab 2.112 Seqg. Line : 1 H
Acg. Instrument : GC Lab.133 Location : vial 111
Injection Date : 10/19/2021 10:18:07 AM Inj : 1 2a
Inj volume : 1 pl
Acg. Method : C:\CHEM32\1\DATA\202110\2021-10-19 10-12-55\STANDARDMTH.M
Last changed : 6/25/2020 1:31:14 PM by Lab 2.112
Analysis Method : C:\CHEM32\1\METHODS\STANDARDMTH.M
Last changed : 10/19,/2021 10:38:20 AM by Lab 2.112
(modified after loading)
Method Info : HP5 (30x0.25x0.25): 50/8-120/0/15-200/0/25-300/10/50-310/5
ramped flow: 1/29/1-2; 260i320d; Split 100/1
Additional Info : Peak(s) manually integrated
FID1 A, Front Signal (202110\2021-10-19 10-12-55\FB-485-1-2.D)
pA ]
] w
4 ¥
350
300
250
200
150
100
] ©
8
50 %L'n
Ek4J~'ﬁl
0 T T T T T T T T T
0 10 20 30 40 50 min|
Area Percent Report
Sorted By : Signal
Multiplier : 1.0000
Dilution : 1.0000
Use Multiplier & Dilution Factor with ISTDs
Signal 1: FID1 A, Front Signal
Peak RetTime Type Width Area Height Area
# [min] [min] [pA*s] [pAa] %
Rt R B | mmm e e |
1 3.972 BB 0.0250 6.72378 4.04314 0.30732
2 4.298 BB 0.0226 3.77454 2.59128 0.17252 P
3 4.582 BB 0.0247 2114 .55151 1349.18359 96.64998 hﬂmorlsomer
4 5.126 BB 0.0301 62.79492 30.96748 2.87017 . .
Minor isomer
Totals : 2187.84476 1386.78550
**%* End of Report ***
GC Lab.133 10/19/2021 1:12:23 PM Lab 2.112 Page 1 of 1
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x10 1 {+E TIC Scan FB-485-1-2D
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Chemical Formula: C;H5N
Exact Mass: 113.12
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Data File C:\CHEM32\1\DATA\202201\2022-01-04 10-43-37\FB-512.D

Sample Name: FB-512

Acg. Operator Lab 2.112 Seq. Line : 1
Acg. Instrument GC Lab.133 Location : Vial 111 pd
Injection Date 1/4/2022 10:45:43 AM Inj : 1 F{
Inj Volume : 1 ul
Acg. Method : C:\CHEM32\1\DATA\202201,2022-01-04 10-43-37\STANDARDMTH.M 2b
Last changed : 6/25/2020 1:31:14 PM by Lab 2.112
Analysis Method : C:\CHEM32\1\METHODS\STANDARDMTH .M
Last changed 1/4/2022 1:10:45 PM by Lab 2.112
(modified after loading)
Method Info ¢ HP5 (30x0.25x0.25): 50/8-120/0/15-200/0/25-300/10/50-310/5
ramped flow: 1/29/1-2; 2601i3204; sSplit 100/1
Additicnal Info Peak({s) manually integrated
FIB1 A, Front Signal (202201\2022-01-04 10-43-37\FB-512.D)
A
Q
350 - T
300
250
38
¢ o .
10 2 30 40 50 min
Area Percent Report
Sorted By Signal
Muitiplier 1.0000
Dilution 1.0000
Use Multiplier & Dilution Factor with ISTDs
Signal 1: FID1 A, Front Signal
Peak RetTime Type Width Area Height Area
#  [min] [min] [pA*s] [pal %
e B i R |-=mmmmee- R — | -mmmmee |
1 3.424 BB 0.0191 2.52424 2.05377 0.09047
2 10.130 BB 0.0309 7.26205 3.70553 0.26029
3 10.449 BB 0.0363 4.02603 1.66174 0.14430
4 10.992 BB 0.0332 2753.23999 1315.87952 98.68291 ajorisomer
5 11.682 BV 0.0277 4.41343 2.50609 0.15819
6 11.754 VB 0.0330 18.52086 8.36995 0.66383 K
Minor isomer
Totals 2789.98660 1334.17659
*%*%* End of Report **x*
GC Lab.133 1/4/2022 1:10:55 PM Lab 2.112 Page 1 of 1
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%102 |+EI TIC Scan FB-512.0
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Chemical Formula: C43H57N
Exact Mass: 197.21
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Data File C:\CHEM32\1\DATA\202110\2021-10-27 10-42-40\FB-490-1.D
Sample Name: FB-490-1

Acg. Operator : Lab 2.112 Seqg. Line : 1
‘Acq. Instrument : GC Lab.133 Location : Vial 111
Injection Date : 10/27/2021 10:44:48 AM Inj : 1 Pd
Inj Volume : 1 ul f{
Acg. Method : C:\CHEM32\1\DATA\202110,2021-10-27 10-42-40\STANDARDMTH .M
Last changed : 6/25/2020 1:31:14 PM by Lab 2.112 2C
Analysis Method : C:\CHEM32\1\METHODS\STANDARDMTH .M
Last changed : 6/25/2020 1:31:14 PM by Lab 2.112
Method Info : HP5 (30x0.25x0.25): 50/8-120/0/15-200/0/25-300/10/50-310/5
ramped flow: 1/29/1-2; 260i320d; Split 100/1
Additional Info : Peak(s) manually integrated
FID1 A, Front Signal (202110\2021-10-27 10-42-40\FB-490-1.D)
pA ] &
] e
4 un
350
300
250
200
150
100
: g
50 P
b Q|6
L ¥ii
0 A | T L U T
0 10 20 30 40 50 min|
Area Percent Report
Sorted By : Signal
Multiplier : 1.0000
Dilution : - 1.’6000
Use Multiplier & Dilution Factor with ISTDs
Signal 1: FIDL A, Front Signal
Peak RetTime Type Width Area Height Area
# [min] [min] [pA¥*s] [pA] %
R B R e e |
1 4,623 BB 0.0245 2.51681 1.62352 0.12324 Maior isomer
2 5.334 BB 0.0272 2008.91626 1129.44104 98.36858 J
3 5.905 BB 0.0343 30.80061 13.26650 1.50818 i i
Minor isomer
Totals : 2042.23368 1144.33106
*** End of Report **=*
GC Lab.133 10/27/2021 12:41:12 PM Lab 2.112 Page 1 of 1
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x10 ¥ |+Ei TIC Scan FB-490-1.0

25+ 1
23 4.207
224
21

2-
1.9
1.3
1.7+
16
15
1.4

1.2+
144
14
0.9+
03
07

05
0.4-
0.34
02-
0.14
0

i .

3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 3 2
Caounts (%) vs. Acquisition Time {min)

x10 1 |+El Scan (rt: 4.189-4.235 min, 9 scans) FB-490-1.D

11213

~
70.08

56.07

67.07

--84.00

0 60 70 s 9 100 110 120 130 140 150 160 170 180 190 200
Counts (%) vs. Mass-to-Charge {miz)

N
H

2c

Chemical Formula: CgH¢7N
Exact Mass: 127.14
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Data File C:\CHEM32\1\DATA\202110%2021-10-19 10-12-55\FB-485-13.D
Sample Name: FB-485-13

.Acg. Operator : Lab 2.112 Seqg. Line : 13
Acqg. Instrument : GC Lab.133 Location : Vial 123
Injection Date : 10/19/2021 6:17:50 PM Inj : 1
Inj Volume : 1 nl N
Acg. Method : C:\CHEM32\1\DATA\202110,2021-10-19 10-12-55\STANDARDMTH.M H
Last changed : 6/25/2020 1:31:14 PM by Lab 2.112
Analysis Method : C:\CHEM32\1\METHODS\STANDARDMTH.M 2d
Last changed : 10/19/2021 10:38:20 AM by Lab 2.112
(modified after loading)
Method Info : HP5 (30x0.25x0.25): 50/8-120/0/15-200/0/25-300/10/50-310/5

ramped flow: 1/29/1-2; 260i320d; Split 100/1

Additional Info : Peak(s) manually integrated
FID1 A, Front Signal (202110\2021-10-19 10-12-55\FB-485-13.D)

pA ]

£ 440
T

4.975

o
o
Ly
4007

0 10 20 ' 30 40 ' 50 mi

Sorted By : Signal
Multiplier : 1.0000
Dilution : 1.0000

Use Multiplier & Dilution Factor with ISTDs
Signal 1: FID1 A, Front Signal

Peak RetTime Type Width Area Height Area
# [min] [min] [pA*s] [pA] %

I |
1 4.907 BV 0.0225  6.57610 4.33842 0.39693
2 4.975 VB 0.0251 290.46887 180.75932 17.53271 Inorisomer
3 5.149 BB 0.0266 1359.68030 816.28961 82.07035 —
Major isomer

Totals : 1656.72527 1001.38735

*** End of Report **¥

GC Lab.133 10/20/2021 9:25:34 AM Lab 2.112 Page 1l of1l
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x10 7 |+EI TIC Scan FB-485-13.D
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Chemical Formula: C;HsN
Exact Mass: 113.12
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Data File C:\CHEM32\1\DATA\202110\2021-10-22 10-38-54\FB-486-13.D

Sample Name: FB-486-13

_ Acqg. Operator : Lab 2.112
Acg. Instrument : GC Lab.133
Injection Date : 10/22/2021 6:03:36 PM

Seq. Line : 12

Location : vial 123

Inj : 1
Inj Volume : 1 uMeOZC ” COZMe
Acg. Method : C:\CHEM32\1\DATA\202110\2021-10-22 10-38-54\STANDARDMTH.M
Last changed : 6/25/2020 1:31:14 PM by Lab 2.112 2e
Analysis Method : C:\CHEM32\1\METHODS\STANDARDMTH .M
Last changed : 6/25/2020 1:31:14 PM by Lab 2.112
Method Info : HP5 (30x0.25x0.25): 50/8-120/0/15-200/0/25-300/10/50-310/5
ramped flow: 1/29/1-2; 26013204; Split 100/1
Additional Info : Peak(s) manually integrated
FID1 A, Front Signal (202110\2021-10-22 10-38-54\FB-486-13.D)
pA ] E
] o)
350 T
300 |
250 |
200
1505
100
| w0
] <
50 i
] L L
0 T T T T T T T
0 10 20 30 40 50 min
Area Percent Report
Sorted By : Signal
Multiplier H 1.0000
Dilution : 1.0000
Use Multiplier & Dilution Factor with ISTDs
Signal 1: FID1 A, Front Signal
Peak RetTime Type Width Area Height Area
# (min] [min] [pA*s] [pA] %
R |==mn ] === P e |-=mme o
1 13.669 BB 0.0241 66.70072 43.93755 6.04239
2 13.827 BV 0.0251 1.96088 1.22400 0.17764
3 13.937 VB 0.0276 989.72742 523.94629 89.65897 Major isomer
4 14.282 BB 0.0263 5.60542 3.16343 0.50779
5 14.645 BB 0.0233 39.88549 26.31268 3.61321 . i
Minor isomer
Totals : 1103.87993 598.58394
**%%* End of Report ***
GC Lab.133 10/25/2021 10:57:23 AM Lab 2.112 Page 1 of 1
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x10 1 |#8 TIC Sean F2-483-13D
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Chemical Formula: CgH5NO,4
Exact Mass: 201.10
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Data File C:\CHEM32\1\DATA\202110\2021-10-19 10-12-55\FB-485-3.D

Sample Name: FB-485-3

Acqg. Operator : Lab 2.112 Seq. Line : 3
Acg. Instrument : GC Lab.133 Location : Vial 113
Injection Date : 10/19/2021 11:38:01 AM Inj : 1
Inj Volume : 1 ul 2f

Acq. Method : C:\CHEM32\1\DATA\202110,2021-10-19 10-12-55\STANDARDMTH.M
Last changed : 6/25/2020 1:31:14 PM by Lab 2.112
Analysis Method : C:\CHEM32\1\METHODS\STANDARDMTH .M
Last changed : 10/19/2021 10:38:20 AM by Lab 2.112

(modified after loading)
Method Info : HP5 (30x0.25x0.25): 50/8-120/0/15-200/0/25-300/10/50-310/5

ramped flow: 1/29/1-2; 260i320d; Split 100/1

Additional Info : Peak(s) manually integrated

FIDT A, Front Signal (202110\2021-10-19 10-12-55\F B-485-3.D)
pA ] &
1 &
1 -
350 -
300
250 1
200
] o
150 4 &
4 )
100 4
50—; §
TN
0 T T T T T T i T T i T T T
0 10 20 30 40 50 min
Area Percent Report
Sorted By H Signal
Multiplier s 1.0000
Dilution 1 1.0000
Use Multiplier & Dilution Factor with ISTDs
Signal 1: FID1 A, Front Signal
Peak RetTime Type Width Area Height Area
# [min] [min) [pA*s] [pAl] %
e e e R R E
1 3.972 BB 0.0237  14.14544 9.09770 0.57993
2 4.210 BB 0.0222 162.48473 114.21162 6.66147 inorisomer
3 4.298 BB 0.0226 6.87270 4.70320 0.28176
4 4.626 BB 0.0245 2244.78589 1448.83557 92.03069 .
5 5.983 BB 0.0283  10.88226 6.01377 0.44615 Major isomer
Totals : 2439.17101 1582.86187
***% End of Report ***
GC Lab.133 10/19/2021 1:13:36 PM Lab 2.112 Page 1 of 1

S27



x10}

34-

+Ei TIC Scan FB-485-3.0

32| 3548

28

2.8+
24-

22

1.8
1.6
1.4
1.2+

0.8
0.6
0.4

L]

10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 23 30

Counts (%) vs. Acquisition Time {min)

+El Scan (rt: 3.171-3.211 min, 8 scans) FB-485-3.0

4 8
2
L]
3- =
2 -
24 8 | 3
| Zz @ i =
1 = = < |
=3 © 82 |
i bl H N i
ok 2 i L
x#0 1 §+El Scan {rt: 3.531-3.571 min, 8 scans) FB-485-2.0
a5
3 =)
2.5 5 &
21 2 ‘
2
1.5 o
8 =
E ‘
¢ @
05 o <
0 8 2 )
50 60 8 0 100 110 120 130 140 150 16 170 180 130 200

Counts (%) vs. Mass-to-Charge (miz)

2f

Chemical Formula: CgHqg
Exact Mass: 112.13
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Data File C:\CHEM32\1\DATA\20211042021-10-19 10-12-55\FB-485-4.D
Sample Name: FB-485-4

Acg. Operator : Lab 2.112 Seq. Line : 4
Acg. Instrument : GC Lab.133 Location : vial 114
Injection Date : 10/19/2021 12:17:55 PM Inj : 1
Inj Volume : 1 ul

Acg. Method : C:\CHEM32\1\DATA\202110)\2021-10-19 10-12-55\STANDARDMTH .M
Last changed : 6/25/2020 1:31:14 PM by Lab 2.112 29
Analysis Method : C:\CHEM32\1\METHODS\STANDARDMTH.M
Last changed : 10/19/2021 10:38:20 AM by Lab 2.112

(modified after loading)
Method Info : HP5 (30x0.25x0.25): 50/8-120/0/15-200/0/25-300/10/50-310/5

ramped flow: 1/29/1-2; 260i320d; Split 100/1

Additional Info : Peak(s) manually integrated
FID1 A, Front Signal (202110\2021-10-19 10-12-55\FB-485-4.D)

pA ]
350—5
300—:
250
200—2
150—2
1004

50

|F7B19

0o 1 T " 3 & ‘ 50 i

Sorted By : Signal
Multiplier : 1.0000
Dilution T 1.0000
Use Multiplier & Dilution Factor with ISTDs

Signal 1: FID1 A, Front Signal

Peak RetTime Type Width Area Height Area
# [min] [min] [pA*s] [pA] %

e e e
1 3.975 BB 0.0214 1821.75989 1348.57605 83.20954 Major isomer
2  4.296 BB 0.0231 361.31216 252.41537 16.50306 —
3 4.619 BB 0.0239 6.29218 4.19018 0.28740 Minor isomer
Totals : 2189.36423 1605.18160

*%* End of Report ***

GC Lab.133 10/19/2021 1:13:57 PM Lab 2.112 Page 1 of 1
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%10 7 +E! TIC Scan FB-485-4.D
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Chemical Formula: CgHg
Exact Mass: 112.13
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Data File C:\CHEM32\1\DATA\202110\2021-10-19 10-12-55\FB-485-5.D
Sample Name: FB-485-5

Acg. Operator : Lab 2.112 Seqg. Line : 5
Acqg. Instrument : GC Lab.133 Location : Vial 115
Injection Date : 10/19/2021 12:57:56 PM Inj : 1
Inj Volume : 1 nl 2h

Acg. Method : C:\CHEM32\1\DATA\202110\2021-10-19 10-12-55\STANDARDMTH.M
Last changed : 6/25/2020 1:31:14 PM by Lab 2.112
Analysis Method : C:\CHEM32\1\METHODS\STANDARDMTH.M
Last changed : 10/19/2021 10:38:20 AM by Lab 2.112

(modified after loading)
Method Info : HP5 (30x0.25x0.25): 50/8-120/0/15-200/0/25-300/10/50-310/5

ramped flow: 1/29/1-2; 260i3204d; Split 100/1

Additional Info : Peak(s) manually integrated
FIDTA, Front Signal (202110\2021-10-19 10-12-55\FB-485-5.D)

pA ] §§

] ot
350 4

aooé
250
200%
150—3
100%

50

0 10 20 30 40 50 min

Sorted By : Signal
Multiplier : 1.0000
Dilution : 1.0000
Use Multiplier & Dilution Factor with ISTDs

Signal 1: FIDl1 A, Front Signal

Peak RetTime Type Width Area Height Area
# [min] [min] [pA*s] [pA] %

T e e o.ania sen.asont ersera anores |
1 3.989 BB 0.0214 531.06091 391.58713 24.20168 Minorisomer
2 4.301 BB 0.0231 1660.34778 1160.47253 75.66591 —
3 4.620 BB 0.0236 2.90555 1.96650 0.13241 Major isomer
Totals : 2194.31424 1554.02616

*** End of Report ***

GC Lab.133 10/19/2021 1:43:57 PM Lab 2.112 Page 1L of 1l
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x10 ¥ {+EI TIC Scan FB-485-5.D
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Chemical Formula: CgHg
Exact Mass: 112.13
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Data File C:\CHEM32\1\DATA\202110\2021-10-22 10-38-54\FB-486-2.D
Sample Name: FB-486-2

_Acg. Operator

Acg. Instrument

Injection Date

Acg. Method

Last changed
Analysis Method :
Last changed

Method Info

Additional Info

: Lab 2.112
: GC Lab.133

10/22/2021 10:43:30 AM

Seg. Line : 1

Location : vial 112

Inj : 1

Inj Volume : 1 nl

: C:\CHEM32\1\DATA\202110,2021-10-22 10-38-54\STANDARDMTH.M

6/25/2020 1:31:14 PM by Lab 2.112
C: \CHEM32\ 1\METHODS\ STANDARDMTH . M

6/25/2020 1:31:14 PM by Lab 2.112
(30x0.25x0.25) :
ramped flow:

: HP5S

50/8-120/0/15-200/0/25-300/10/50-310/5

Peak(s) manually integrated

1/29/1-2; 260i3204d; Split 100/1

FID1 A, Front Signal (202110\2021-10-22 10-38-54\FB-486-2.D)
pA | ﬁ
] &
350
300
250
200
160 -
1004
o o
50 bl
] 2 s
0 ! ey ——————— ‘
Q 10 20 30 40 50 min
Area Percent Report
Sorted By Signal
Multiplier 1.0000
Dilution 1.0000
Use Multiplier & Dilution Factor with ISTDs
Signal 1: FID1 A, Front Signal
Peak RetTime Type Width Area Height Area
# [min] [min] [pA*s] [pA] %
e e ou0n 75 a9ant 3w 62927 2620584 |
1 6.926 BB 0.0307 745.99231 383.62927 28.20584 Minor isomer
2 7.207 BB 0.0314 1881.13928 9208.42749 71.12555 .
3 7.528 BB 0.0309 4.70370 2.39342 0.17785 Major isomer
4 7.922 BB 0.0336 7.98650 3.76265 0.30197
5 10.140 BB 0.0396 4.99332 1.84144 0.18880
Totals 2644.81512 1300.05427
**% End of Report ***
GC Lab.133 10/22/2021 12:53:01 PM Lab 2.112 Page 1 of1
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Chemical Formula: C4gH5q
Exact Mass: 140.16
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Data File C:\CHEM32\1\
Sample Name: FB-485-14

DATA\202110,\2021-10-19 10-12-55\FB-485-14.D

.Acqg. Operator Lab 2.112 Seq. Line : 14 ()Fi
Acg. Instrument : GC Lab.133 Location : Vvial 124
Injection Date 10/19/2021 6:57:46 PM Inj : 1
Inj Volume : 1 pl
Acg. Method : C:\CHEM32\1\DATA\202110\2021-10-19 10-12-55\STANDARDMTH .M
Last changed 6/25/2020 1:31:14 PM by Lab 2.112
Analysis Method : C:\CHEM32\1\METHODS\STANDARDMTH .M 2]
Last changed 10/19/2021 10:38:20 AM by Lab 2.112
(modified after loading)
Method Info HP5 (30x0.25x0.25): 50/8-120/0/15-200/0/25-300/10/50-310/5
ramped flow: 1/29/1-2; 260i320d; Split 100/1
Additional Info Peak(s) manuvally integrated
FID1 A, Front Signal (202110\2021-10-19 10-12-55\FB-485-14.D)
pA ] 2
] o
4 L]
350
300
250
200—
150
100 ©
4 o
a <
50 T B
1 bl
Bk
0 — T \ y T T T
0 10 20 30 40 50 min|
Area Percent Report
Sorted By Signal
Multiplier 1.0000
Dilution 1.0000
Use Multiplier & Dilution Factor with ISTDs
Signal 1: FIDl A, Front Signal
Peak RetTime Type Width Area Height Area
# [min] [min] [pAa*s] [pA] %
e | =mmm = ommm o | =mmmmmmee oo |-=mmmme
1 3.428 BB 0.0185 46.96034 39.94128 2.14923
2 5.381 BB 0.0383 15.63956 5.72065 0.71577
3 6.214 BV 0.0309 676.78888 344.72583 30.97457 Inorisomer
4 6.356 VB 0.0324 1445.59363 715.04388 66.16042 L.
Major isomer
Totals 2184.98240 1105.43164
**% End of Report ***
GC Lab.133 10/20/2021 9:25:54 AM Lab 2.112 Page 1 of 1
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Chemical Formula: C;H,0
Exact Mass: 114.10
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Data File C:\CHEM32\1\DATA\202110%2021-10-27 10-42-40\FB-490-7.D
Sample Name: FB-490-7

Acqg. Operator

‘Acg. Instrument
Injection Date

Acg. Method

: Lab 2.112 Seqg. Line : 7
: GC Lab.133 Location : vial 117
10/27/2021 2:44:31 PM Inj : 1

Inj Volume : 1 ul

: C:\CHEM32\1\DATA\202110\2021-10-27 10-42-40\STANDARDMTH.M

OH

Last changed 6/25/2020 1:31:14 PM by Lab 2.112 2k
Analysis Method : C:\CHEM32\1\METHODS\STANDARDMTH .M
Last changed 6/25/2020 1:31:14 PM by Lab 2.112
Method Info HP5 (30x0.25x0.25): 50/8-120/0/15-200/0/25-300/10/50-310/5
ramped flow: 1/29/1-2; 260i320d4; Split 100/1
Additional Info Peak(s) manually integrated
FID1 A, Front Signal (202110\2021-10-27 10-42-40\FB-490-7.D)
pA ] §
] ®
350
300 |
250
200
150 -]
100
50— ||N
|
0 - T T T T T T
a 10 20 30 40 50 min|
Area Percent Report
Sorted By Signal
Multiplier 1.0000
Dilution 1.0000

Use Multiplier & Dilution Factor with ISTDs

Signal 1: FID1 A, Front Signal

Peak RetTime Type Width Area Height Area

# [min]

1 3.427 BB
2 6.390 BB

[min] [pA¥*s] [pA] %

0.0186 11.92049 10.04867 0.54980
0.0343 2156.21558 875.12555 99.45020

2168.13606 885.17422

In this case it is assumed the
two isomers have the same
GC retention time under the
conditions of the analysis.
The diastereoselective ratio

is thus determined by NMR.

GC Lab.133 10/27/2021 3:40:21 PM Lab 2.112

*** End of Report ***
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2- 5197

0 _ _
——

34 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 2
Counts (%) vs. Acquisition Time {min)

%10t [+El Scan (it; 5.162-5.220 min, 11 scans) FB-480-7.D

2.2-}

~
57.06

1.8
16-
1.4
1.2-

——§1.07
- 0608

79.06
~114.10

- B5.07

0 s 100 110 120 130 140 150 160 170 180 180 200
Counts (%) vs. Mass-to-Charge (m/z)

50

OH

2k

Chemical Formula: C;H,0
Exact Mass: 114.10
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Data File C:\CHEM32\1\DATA\202110)\2021-10-19 10-12-55\FB-485-15.D
Sample Name: FB-485-15

.Acg. Operator
Acg. Instrument
Injection Date

Acg. Method
Last changed

Analysis Method :

Last changed

Method Info

Additional Info

Lab 2.112 Seg. Line : 15
GC Lab.133 Location : Vial 125
10/19/2021 7:37:49%9 PM Inj : 1

Inj Volume : 1 ul
C:\CHEM32\1\DATA\20211042021-10-19 10-12-55\STANDARDMTH .M
6/25/2020 1:31:14 PM by Lab 2.112
C : \CHEM32\1\METHODS\ STANDARDMTH .M
10/19/2021 10:38:20 AM by Lab 2.112
(modified after loading)

HP5 (30x0.25x0.25): 50/8-120/0/15-200/0/25-300/10/50-310/5
ramped flow: 1/29/1-2; 260i320d; split 100/1

Peak(s) manually integrated

FID1 A, Front Signal (2021102021-10-19 10-12-55\FB-485-15.D)
pA g
] ap
350 T
300
250
200
150
100
] ©
50 ]
1 ~
1 |
0 T T T T T T T T T T T T T T T T T T T T T T T
0 10 20 30 40 50 mi
Area Percent Report
Sorted By Signal
Multiplier 1.0000
Dilution 1.0000
Use Multiplier & Dilution Factor with ISTDs
Signal 1: FIDl1 A, Front Signal
Peak RetTime Type Width Area Height Area
# [min] [min] [pA*s] [pA] %
B R o |- | --mmmeeee e {
1 7.093 BB 0.0311 31.36236 15.83591 1.01663
2 10.703 BB 0.0306 1787.68042 833.88367 57.94883 ajorisomer
3 10.866 BB 0.0308 1265.88660 647.17603 41.03454 | |
Minor isomer
Totals 3084.92938 1496.89561
**% End of Report ***
GC Lab.133 10/20/2021 9:26:04 AM Lab 2.112 Page 1 of 1
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%10 1 |+Ei TIC Scan FB-485-15.0
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Chemical Formula: C4oH500
Exact Mass: 156.15
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Data File C:\CHEM32\1\DATA\202110\2021-10-27 10-42-40\FB-490-9.D

Sample Name: FB-490-9

Acqg. Operator : Lab 2.1
Acqg. Instrument GC Lab.
Injection Date 10/27/2

Acg. Method

Last changed
Analysis Method :
Last changed

Method Info HP5 (30

12
133
021 4:04:25 PM

%x0.25x0.25) :

Seqg. Line : 9
Location : vial 119

Inj 1

Inj Volume : 1 nl

C:\CHEM32\1\DATA\20211042021-10-27 10-42-40\STANDARDMTH.M
6/25/2020 1:31:14 PM by Lab 2.112
C: \CHEM32\1\METHODS\ STANDARDMTH .M
6/25/2020 1:31:14 PM by Lab 2.112
50/8-120/0/15-200/0/25-300/10/50-310/5

ramped flow: 1/29/1-2; 260i320d; Split 100/1

Additional Info Peak(s)

manually integrated

FID1 A, Front Signal (202110\2021-10-27 10-42-40\F B-490-9.0)
pA ] 3
] ®
4 <D
350 T
300
250
200
150—_ El
] =
1007
50
] g =
SO | VI
0 T T T T T T
0 10 20 30 40 50 min
Area Percent Report
Sorted By Signal
Multiplier 1.0000
Dilution 1.0000
Use Multiplier & Dilution Factor with ISTDs
Signal 1: FID1 A, Front Signal
Peak RetTime Type Width Area Height Area
# [min] [min] [pA*s] [pA] %
R R R | =ommee o |
1 6.918 BB 0.0301 5.61551 2.86615 0.17775
2 7.188 BB 0.0316  14.09221 6.96992 0.44605 Minor isomer
3 9.721 BB 0.0335 3.67109 1.62879 0.11620
4 10.173 BV 0.0291 168.53304 89.97670 5.33450
5 10.288 VB 0.0318 51.99598  26.36761 1.64580 Minor isomer
6 10.489 BV 0.0321 2272.14526 1064.27356 71.91914 .

7 10.537 VB 0.0261 643.25226 380.25970 20.36055 Major isomer
Totals 3159.30535 1572.34243 Minor isomer
*** End of Report ***

GC Lab.133 10/27/2021 5:42:04 PM Lab 2.112 Page 1 of 1
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x1¢ 1 {+EI TIC Scan FB-490-9.D
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Chemical Formula: C4gH500
Exact Mass: 156.15
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Data File C:\CHEM32\1\DATA\202110\2021-10-19 10-12-55\FB-485-16.D

Sample Name: FB-485-16 ()
-Acqg. Operator Seq. Line 16 NJ<
Acg. Instrument GC Lab.133 Location : Vial 126 H
Injection Date 10/19/2021 8:17:47 PM Inj 1
Inj Volume 1 ul
Acg. Method : C:\CHEM32\1\DATA\202110\2021-10-19 10-12-55\STANDARDMTH.M
Last changed 6/25/2020 1:31:14 PM by Lab 2.112 2'1
Analysis Method : C:\CHEM32\1\METHODS\STANDARDMTH.M
Last changed 10/19/2021 10:38:20 AM by Lab 2.112
(modified after loading)
Method Info HP5 (30x0.25x0.25): 50/8-120/0/15-200/0/25-300/10/50-310/5
ramped flow: 1/29/1-2; 260i320d; Split 100/1
Additional Info Peak(s) manually integrated
FID1 A, Front Signal (202110\2021-10-19 10-12-55\FB-485-16.D)
pA ] §
1 an
350 T
300
250 1
200 -
1504
100
50j ] P
] 98 o
3 [ y
0 — T T T T T T
Q 10 20 30 40 50 miny
Area Percent Report
Sorted By Signal
Multiplier 1.0000
Dilution 1.0000
Use Multiplier & Dilution Factor with ISTDs
Signal 1: FID1 A, Front Signal
Peak RetTime Type Width Area Height Area
# [min] [min] [pA*s] [pA] %
B |===n] == mmee | —mmmmemeee |~=mmmmeee [~ |
1 3.428 BB 0.0200 1.40677 1.02860 0.03843
2 4.298 BB 0.0228 3.10197 2.09901 0.08474
3 12.854 BB 0.0332 4.26904 1.97709 0.11663
4 13.299 BB 0.0340 2804.69897 1183.88403 76.62218 ajorisom
5 13.479 BB 0.0277 B846.95007 464.42343 23.13801 . i
Minor isomer
Totals 3660.42683 1653.41216
*** End of Report ***
GC Lab.133 10/20/2021 9:26:18 AM Lab 2.112 Page 1 o0f 1
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Chemical Formula: C4,H53NO
Exact Mass: 197.18
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Data File C:\CHEM32\1\DATA\202110%2021-10-19 10-12-55\FB-485-12.D

S45

Sample Name: FB-485-12 (:C)Zhde
.Acg. Operator : Lab 2.112 Seqg. Line : 12 e() (:
Acqg. Instrument : GC Lab.133 Location Vial 122 2
Injection Date : 10/19/2021 5:37:51 PM Inj 1
Inj Volume 1 pl 20
Acg. Method : C:\CHEM32\1\DATA\202110\2021-10-19 10-12-55\STANDARDMTH.M
Last changed : 6/25/2020 1:31:14 PM by Lab 2.112
Analysis Method : C:\CHEM32\1\METHODS\STANDARDMTH.M
Last changed : 10/19/2021 10:38:20 AM by Lab 2.112
(modified after loading)
Method Info : HP5 (30x0.25x0.25): 50/8-120/0/15-200/0/25-300/10/50-310/5
ramped flow: 1/29/1-2; 260i320d; Split 100/1
Additional Info : Peak(s) manually integrated
FID1 A, Front Signal (202110\2021-10-19 10-12-55\FB-485-12.D)
pA ] 2
] ¥
o
350 T
300 ]
250
200
150
100
] o
50 S &
o~ o
1 L ¥ "
0 T T T \ T ‘
0 10 20 30 40 50 min
Area Percent Report
Sorted By : Signal
Multiplier : 1.0000
Dilution : 1.0000
Use Multiplier & Dilution Factor with ISTDs
Signal 1: FID1 A, Front Signal
Peak RetTime Type Width Area Height Area
# [min] [min] [PA*s] [pAl] %
e R | ==mm == mmm e | ~mmmmmm e —— | -mmmmiem | o
1 4.298 BB 0.0226 4.20372 2.88682 0.17501 Inthis case it is assumed the
2 9.328 BB 0.0306 15.84037  8.18725 0.65949 two isomers have the same
3 9.443 BB 0.0339 3.51295 1.58207 0.14626 GC retention time under the
4 13.483 BB 0.0344 2369.54907 1015.98779 98.65204 conditions of the analysis.
5 13.975 BB 0.0236 8.82001 5.73210 0.36721 The diastereoselective ratio
is thus determined by NMR.
Totals : 2401.92613 1034.37604
*** End of Report ***
GC Lab.133 10/20/2021 9:25:27 AM Lab 2.112 Page 1 of 1
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Chemical Formula: C4gH1504
Exact Mass: 200.10
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Data File C:\CHEM32\1\DATA\202110\2021-10-27 10-42-40\FB-490-3.D
Sample Name: FB-490-3

T ——— CO,Me
Acg. Operator : Lab 2.112 Seqg. Line : 3
Acg. Instrument : GC Lab.133 Location : vial 113 (:C)Z“Ae
Injection Date : 10/27/2021 12:04:36 PM Inj : 1
Inj Volume : 1 ul
Acg. Method : C:\CHEM32\1\DATA\202110\2021-10-27 10-42-40\STANDARDMTH .M
Last changed : 6/25/2020 1:31:14 PM by Lab 2.112
Analysis Method : C:\CHEM32\1\METHODS\STANDARDMTH.M 2p
Last changed : 6/25/2020 1:31:14 PM by Lab 2.112
Method Info : HP5 (30x0.25x0.25): 50/8-120/0/15-200/0/25-300/10/50-310/5
ramped flow: 1/29/1-2; 2601320d; Split 100/1
Additional Info : Peak(s) manually integrated
FID1 A, Front Signal (202110\2021-10-27 10-42-40\FB-490-3.D)
phA ] it
] L
4 N
350 T
3004
250+
200
150 -
z g
100 4 &
] 9
501 >
1 ©
b i
0 T T : T T T
0 10 20 30 40 50 mir)
Area Percent Report
Sorted By : Signal
Multiplier : 1.0000
Dilution : 1.0000
Use Multiplier & Dilution Factor with ISTDs
Signal 1: FID1 A, Front Signal
Peak RetTime Type Width Area Height Area
# [min] [min) [pA*s] [pA] %
e e |-=mmmmmee |- aee | meee |
1 9.391 BB 0.0324 5.49160 2.54459 0.,21009 Mi .
2 12.820 BV  0.0257 86.02828 51.89289 3.29113 Inorisomer
3 12.977 VB 0.0343 2522.42065 1151.82837 96.49878 .
Major isomer
Totals : 2613.94054 1206.26585
**% End of Report **%
GC Lab.133 10/27/2021 12:41:44 PM Lab 2.112 Page 1 of 1
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Chemical Formula: C4oH4504
Exact Mass: 200.10
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13. NMR Spectra
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14.Scaled up reaction

COMe  Ry:Phen(1:2)@Ti0,-800 COMe
H, (40 bar)
H,O:'PrOH (1:1)
CO,Me 80 °C, 17 h CO,Me
10 20'
1049 10.2 g

99% (83% d.r.)

A 300 mL Parr autoclave equipped with a Teflon coated magnetic stirring bar was charged with the substrate (10.0034 g),
Ru:Phen(1:2)@Ti02-800 (516 mg), H20 (50 mL) and 'PrOH (50 mL). The autoclave was closed, flushed with Hz (2 x 20 bar)
and pressurised with Hz (40 bar). The autoclave was placed into an aluminium block and heated to 80 °C under thorough
stirring for 17 h. The autoclave was removed from the block and cooled in an ice-water bath. The remaining hydrogen was
carefully discharged. The media was diluted with EtOAc (100 mL), and the catalyst was removed by filtration over Celite. The
aqueous phase was extracted with EtOAc (3 x 20 mL), the combined organic phases were dried over Na 2SO, filtered, and
concentrated under reduced pressure.
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Data File C:\CHEM3IZ2\1\DATA\2020%,202011%2020-11-12 10-23-414F8-316-1.D
Sample Name: FBE-316-1

EESSS S .

/O’COZMG

hog. Operator : Lab 2.112 Seq, Line : 1
Aog. Instrument @ &0 Lab.133 Location : Vial 119 MeO,C
Injection Date : 11/12/2020 10:26:39 AN inj : 1 20
Inj Volume : 1 ul
hog. Method : O \CHEM3I2W1\DATAM20201142020-11-12 10-23-41\STANDARDMTHNEW . 1M
Last changed : 6/25/2020 1:31:14 PM by Lab 2.112
BnalyEliB Method : C:\CHEM3I2\1\WMETHODSSTANDARDMTH.M
Last changed : BF25/2020 1:31:14 PM by Lab 2.112
Method Info : HPS (30x0.25x0.25): S0/8-120/0/15-200/0/25-300/10/50-310/5
ramped flow: 1/29/1-2; 26043204; sSplic 10071
Additienal Info : Peak(s] manually integrated
FIGT A, Freat Signal (2020202011 2020-11-12 10-23-41FE-316-1.0})
o 3
g T
350 T
300
260
200
180
100
] 2 -
] o - el
50 I~
LR g 3
1 e
I:I T T T T T
0 10 20 ] 40 50 min
Area Percent Report
Sorted By H Signal
Multiplier : 1.0000
Dilution : 1.0000
Uze Multiplier & Dilution Factor with ISTDs
Signal 1: FIDL A, Front Signal
Paal RetTime Typse Width Area Haight Ares
L [min] [min] [pA*s] (&) %
il R Bl R e il ittt Kttt |
1 3.176 BB 04,0176 985620 B.99765  0.20413 In this case it is assumed the
2 4,032 BB 0.0228 3,57927 2.32081 0.07413 :
3 4.346 BV 0.0222 9.29100 £.51128 0.195242 ég?lingrspaveth%sazf
4 4,380 VB 0.0237 B.E0168  5.55505 0.17814 2§inonfnneunle[ e
5 9.418 BE  0.0296  44.76400  23.34316 0.32708 conditions of the analysis.
§ 9.529 BB 0.0308 10.12196  5.17061 0.20963 The diastereoselective ratio
7 13,051 BB 0.0306 10.55927 5.08204 0.21869 is thus determined by NMR.
& 13.534 BB 0.0442 4731.711%1 1558.07520 %7.93573
Totals 4828, 48531 1615.05570

#=++ End of Report *=*+*

GC Lab.133 1/18/2022 8:59:49 AM Lab 2,112
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