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General: Reactions were carried out under nitrogen in flame-dried glassware.
Tris(dibenzylideneacetone)dipalladium was purchased from Strem Chemical Co. and
used without further purification. Dichloromethane and toluene were purified using a

GlassContour solvent system. Anhydrous dioxane was purchased from Acros Organics
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in a sure seal bottle and used as received. All other solvents and aryl halides were
purchased from commercial sources and used as received. 1-(But-3-en-1-
yl)cyclopentan-1-ol  (1a),!"!  2,5-dimethylhex-5-en-2-0ol  (1d),"! and (+)-(1S,2R)-2-
phenylcyclohexan-1-ol,” 4-methyl-2,2-diphenylpent-4-en-1-ol (5),”! and ligands L1-L6!!
were synthesized according to literature procedures. 4-Penten-1-ol (1b) was purchased
from commercial sources and was used without further purification. Yields refer to
isolated compounds that are estimated to be >95% pure as judged by 'H NMR or GC
analysis unless stated otherwise. The yields reported in the supporting information
describe the result of a single experiment, whereas yields reported in Tables 2 and 3
are average yields of two or more experiments. Thus, the yields reported in the

supporting information may differ from those in the manuscript.

Synthesis of Substrates:

Ph OH
=
1,1-Diphenylpent-4-en-1-ol (1c).”! A flame dried round bottom flask equipped with a
stir bar was cooled under a stream of nitrogen and charged with 4-pentenoyl chloride (5
mmol, 0.55 mL) and diethyl ether (50 mL). The mixture was cooled to 0 °C in an ice
bath for five min and then PhMgBr (20 mL, 20 mmol, 1M in THF) was added dropwise
to the flask. The resulting mixture was warmed to rt and stirred for 12 h, then the flask
was cooled to 0 °C in an ice bath and slowly quenched with saturated aqueous
ammonium chloride (10 mL). The mixture was transferred to a separatory funnel, the
layers were separated, and the aqueous layer was extracted with ethyl acetate (3 x 25

mL. The organic layers were combined, dried over anhydrous sodium sulfate, filtered,
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and concentrated in vacuo. The crude product was then purified by flash
chromatography on silica gel to afford the title compound (864 mg, 72%) as a colorless
oil. "H NMR (500 MHz, CDCl3) § 7.43 (d, J = 7.4 Hz, 4 H), 7.33 (t, J= 8.1 Hz, 4 H), 7.24
(t, J=6.6 Hz, 2 H), 6.85-6.78 (m, 2 H), 5.06—4.96 (m, 2 H), 2.44-2.38 (m, 2 H), 2.18 (s,
1 H), 2.12-2.04 (m, 2 H). Spectroscopic data was consistent with that previously

reported in the literature.”

Ph_ OH
Ph><_>:

Me
4-Methyl-1,1-diphenylpent-4-en-1-ol (1e). A flame dried round bottom flask equipped
with a stir bar was cooled under a stream of nitrogen and charged with PhMgBr (25 mL,
25 mmol, 1M in THF). The solution was cooled to 0 °C in an ice bath for five min. In a
separate flask ethyl 4-methylpent-4-enoate’® (1.0 g, 7 mmol) was dissolved in 20 mL
anhydrous THF, and the resulting solution was added dropwise to the flask containing
the cooled PhMgBr solution. The reaction mixture was then warmed to rt, stirred for 12
h, then was cooled to 0 °C in an ice bath and slowly quenched with saturated aqueous
ammonium chloride (20 mL). The resulting mixture was transferred to a separatory
funnel, the layers were separated, and the aqueous layer was extracted with diethyl
ether (3x25 mL). The organic layers were combined, dried over anhydrous sodium
sulfate, filtered, and concentrated in vacuo. The crude product was then purified by
flash chromatography on silica gel to afford the tittle compound (1.54 g, 88%) as a
colorless oil. 'H NMR (500 MHz, CDCl3) 6 7.43 (dd, J = 8.31, 0.98 Hz, 4 H), 7.34-7.31
(m, 4H), 7.25-7.20 (m, 2 H), 4.73 (s, 1 H), 4.70 (s, 1 H), 2.48-2.42 (m, 2 H), 2.25 (s, br,
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1 H), 2.06-1.99 (m, 2 H), 1.74 (s, 3 H); *C NMR (175 MHz, CDCl3) 5 147.1, 146.4,
128.4, 127.0, 126.2, 110.1, 78.5, 40.0, 32.2, 23.0; IR (film) 3469, 2932, 1446 cm™; MS

(El) 252.1515 (252.1514 calcd for C1gHz00, M +).

Ph_ OH

"

Me
(E)-1,1-Diphenylhex-4-en-1-ol (1f). The title compound was prepared from PhMgBr (50
mL, 50 mmol, 1M in THF) and (E)-ethyl hex-4-enoate!”! (2.28 g, 16.0 mmol) using a
procedure analogous to that described above for the synthesis of 1e. This procedure
afforded the title compound (1.23 g, 30%) as a colorless solid, mp 53-54 °C: '"H NMR
(500 MHz, CDCl3) 6 7.40-7.43 (m, 4 H), 7.28-7.33 (m, 4 H), 7.20-7.24 (m, 2 H), 5.37-
5.51 (m, 2 H), 2.33-2.38 (m, 2 H), 2.23 (s, 1 H), 1.96-2.03 (m, 2 H), 1.63 (dd, J = 5.9,
1.0 Hz, 3 H); *C NMR (175 MHz, CDCl3) & 147.2, 131.3, 128.3, 127.0, 126.2, 125.7,
78.6, 41.7, 27.3, 18.1; IR (film) 3556, 2958, 1446 cm™; MS (El) 252.1510 (252.1514

calcd for C1gH200, M +).

Ph_ oH
Ph

3-(Cyclohex-1-en-1-yl)-1,1-diphenylpropan-1-ol (1g). The title compound was
prepared from PhMgBr (11 mL, 11 mmol, 1M in THF) and 3-(cyclohex-1-en-1-yl)-1-
phenylpropan-1-one'® (1.2 g, 5.5 mmol) using a procedure analogous to that described
above for the synthesis of 1e. This procedure afforded the title compound (600 mg,
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37%) as a colorless oil. 'H NMR (500 MHz, CDCl3) § 7.39-7.49 (m, 4 H), 7.28-7.34 (m,
4 H), 7.18-7.24 (m, 2 H), 5.41 (s, 1 H), 2.38-2.45 (m, 2 H), 2.37 (s, 1 H), 1.88-2.03 (m,
6 H), 1.48-1.67 (m, 4 H); ®C NMR (175 MHz, CDCl3) & 147.2, 138.2, 128.3, 126.9,
126.2, 121.6, 78.7, 39.8, 32.5, 28.7, 25.4, 23.1, 22.7; IR (film) 3467, 2923, 1446 cm™;

MS (El) 292.1823 (292.1827 calcd for C21H240, M +).

Synthesis of ligand L7.

OH

Ph
(-)-(1S,2R)-2-[(1,1'-Biphenyl)-4-yl]lcyclohexan-1-ol (S1). A flame-dried 2-neck round
bottom flask equipped with a stirbar and a reflux condenser was cooled under a stream
of nitrogen and charged with magnesium turnings (1.76 g, 72 mmol) and THF (50 mL).
A solution of 4-bromobiphenyl (11.65 g, 50 mmol) in THF (15 mL) was slowly added.
The reaction mixture began to rapidly reflux, and the reaction temperature was
controlled by placing the flask in an ice bath until reflux subsided. Once the magnesium
turnings had disappeared, the reaction mixture was cooled to -20 °C for 10 min then
CuCl (8 mol%) was added to the reaction mixture immediately followed by the addition
of cyclohexene oxide (3.36 mL, 33.3 mmol) as a solution in THF (7 mL). The resulting
mixture was allowed to slowly warm to rt and stirred for 4 h. The mixture was then
cooled to 0 °C and quenched with saturated ammonium chloride (1mL/mmol
cyclohexene oxide). The mixture was filtered through a pad of celite, and transferred to
a separatory funnel. The layers were separated and the aqueous layer was extracted

with ethyl acetate (3x). The combined organic layers were then dried over sodium
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sulfate, filtered, and concentrated in vacuo. The crude product was purified by flash
chromatography on silica gel to afford 4.00 g (48 %) of (£)-S1 as a white solid.

A flame dried round bottom flask equipped with a stirbar was cooled under a stream
of nitrogen and charged with PS 30 Amano Lipase (14.8 mg), (x)-S1 (3.74 g, 14.8
mmol) and tert-butyl methyl ether (45 mL). Neat vinyl acetate (13.6 mL, 148 mmol) was
then added and the resulting mixture was stirred at rt until one enantiomer of the alcohol
had been consumed as judged by chiral HPLC analysis (3 days). The mixture was then
filtered through a fritted funnel and the enzyme was washed with diethyl ether and then
recycled for future use (if desired). The resulting solution was concentrated in vacuo
and the crude product was purified by flash chromatography on silica gel to afford 1.72
g (46%) of the title compound as a white solid, mp 122-125 °C. This material was
judged to be >99:1 er by chiral HPLC analysis (Chiracel OJH, 25 cm x 4.6 mm, 4%
IPA/Hexanes, 1.00 mL/min, A 254 nm, RT= 21.8 and 25.0 min). [a]*®, —13.99 (c 3.38,
CH.Cly); '"H NMR (700 MHz, CDCl3) 6 7.62-7.57 (m, 4 H), 7.45 (t, J = 7.7 Hz, 2 H),
7.37-7.34 (m, 3 H), 3.72 (td, J = 10.0, 4.2 Hz, 1 H), 2.51 (td, J= 11.1, 3.6 Hz, 1 H), 2.1-
2.15 (m, 1 H), 1.95-1.88 (m, 2 H), 1.81 (app. d, J = 13.2 Hz, 1 H), 1.64-1.35 (m, 5 H);
3C NMR (175 MHz CDCls) & 142.6, 141.1, 140.0, 128.9, 128.5, 127.7, 127.3, 127.2,
74.6, 53.1, 34.5, 33.5, 26.2, 25.3; IR (film) 3548, 2919, 1490 cm™'; MS (ESI+) 270.1850

(270.1852 calcd for C1gH200, M + NH4").
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(+)-(1S,2R,3aS,8aS)-6-{[-2-([1,1'-Biphenyl]-4-yl)cyclohexyl]oxy}-2’,2’-dimethyl-

4,4,8,8-Tetraphenyltetrahydro-[1,3]dioxolo[4,5-€][1,3,2]dioxaphosphepine (L7).
The ligand was prepared according to a previously reported procedure for the synthesis
of chiral phosphites.”! A flame dried round bottom flask equipped with a stirbar was
cooled under a stream of nitrogen and charged with (1S,2R)-2-([1,1'-biphenyl]-4-
yl)cyclohexan-1-ol (255 mg, 1.01 mmol), and dry dichloromethane (2 mL). Neat PCl; (86
uL, 1.01 mmol), was added and the resulting mixture was allowed to stir for 1 h at rt.
After this time, anhydrous NEt3 (0.56 mL, 4.04 mmol) was added dropwise and the
mixture was stirred at rt for 30 min. A solution of (S,S)-TADDOL (450 mg, 0.963 mmol)
in dichloromethane (2 mL) was added, and the reaction mixture was stirred at rt for 12
h. The mixture was then diluted with diethyl ether (20 mL) and then filtered through
celite. The solvent was evaporated in vacuo and the crude product was purified by flash
chromatography on silica gel to afford 520 mg (72%) of the title compound as a white
foamy solid, mp 115-118 °C. [a]®p +130.0 (¢ 5.81, CH.Cl,); '"H NMR (700 MHz,
CDCl3) 6 7.51 (d, J= 7.9 Hz, 2 H), 7.38-7.02 (m, 27 H), 4.94-4.90 (m, 1 H), 4.88 (d, J =
8.4 Hz, 1 H), 4.56 (app. qd, J = 9.9, 3.7 Hz, 1 H), 2.71-2.66 (m, 1 H), 2.28 (app. d, J =
13.8 Hz, 1 H), 1.95 (app. d, J = 13.2 Hz, 1 H), 1.81-1.73 (m, 2 H), 1.69-1.50 (m, 2 H),
1.41-1.31 (m, 2 H), 1.19 (s, 3 H), 0.30 (s, 3 H); "*C NMR (175 MHz CDCl;) & 146.6,
146.1, 143.0, 141.8, 141.25, 141.23, 139.4, 129.4, 129.0, 128.92, 128.89, 128.6, 128.0,
127.8, 127.54, 127.48, 127.45, 127.38, 127.34, 127.30, 127.18, 127.15, 127.12, 127.06,
126.9, 112.0, 82.9, 82.7, 82.6, 82.12, 82.10, 81.92, 81.88, 78.10, 78.09, 51.39, 51.37,
35.7, 33.8, 27.6, 26.0, 25.5, 25.3 (due to the complexity of the spectra all the peaks are

listed without assigning C-P couplings); *'P NMR (202 MHz CDCls) & 140.6; IR (film)
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2932, 1486, 1447 cm™'; MS (ESI+) 747.3224 (747.3234 calcd for C4gH4705P, M + HY).

General procedure for asymmetric Pd-catalyzed carboalkoxylation reactions. A
flame-dried Schlenk tube equipped with a stirbar was cooled under a stream of nitrogen
and charged with Pdy(dba)s (2 mol %), L7 (5 mol %), the alcohol substrate (1.0 equiv),
and NaO'Bu (1.50-2.0 equiv). The flask was purged with N, then the aryl or alkenyl
halide (1.40-2.0 equiv), and dioxane or toluene (0.10 M) was added. The resulting
mixture was heated to 90 °C with stirring until the starting material had been consumed
as judged by TLC analysis (ca. 12 h). The reaction mixture was then cooled to r,
saturated aqueous ammonium chloride (6 mL/mmol substrate) was added, and the
mixture was transferred to a separatory funnel. The mixture was extracted with ethyl
acetate (3 x 5 mL) then the combined organic layers were dried over anhydrous
NaySO., filtered, and concentrated in vacuo. The crude product was purified by flash

chromatography on silica gel.

(+)-(S)-2-(Naphthalen-2-yImethyl)-1-oxaspiro[4.4]nonane (2a). The general
procedure was employed for the coupling of 1-(but-3-en-1-yl)cyclopentan-1-ol (28.0 mg,
0.20 mmol) and 2-bromonaphthalene (75.0 mg, 0.36 mmol) using a catalyst composed
of Pdy(dba)s (3.7 mg, 0.004 mmol) and L7 (7.5 mg, 0.010 mmol), a reaction temperature
of 90 °C and a reaction time of 12 h in 2mL of dioxane. This procedure afforded the title
compound (31.1 mg, 58%, 10:1 regioselectivity) as a colorless oil: [a]*’p +12.4(c 2.1,
CH.Cly); "H NMR (500 MHz, CDCl3) 6 7.85-7.79 (m, 3 H), 7.67 (s, 1 H), 7.49-7.35 (m, 3
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H), 4.29-4.22 (m, 1 H), 3.15 (dd, J = 13.6, 5.0 Hz, 1 H), 2.87 (dd, J = 13.3, 7.7 Hz, 1 H),
1.95-1.87(m, 1 H), 1.86-1.49 (m, 11 H); *C NMR (125 MHz, CDCl3) & 136.6, 133.7,
132.3, 128.4, 127.84, 127.79, 127.75, 127.7, 91.6, 79.2, 43.0, 39.4, 38.6, 36.6, 24.2; IR
(film) 2953, 2361, 2338, 1508 cm™. MS (Cl) 267.1743 (267.1743 calcd for C19H2,0, M +
H*). The enantiopurity was determined to be 89:11 er by chiral HPLC analysis (Chiralcel
OJH, 25 cm x 4.6 mm, 1% IPA/Hexanes, 1.00 mL/min, A 254 nm, RT= 10.5 and 12.8

min).

Ph
(+)-(S)-2-(Naphthalen-2-ylmethyl)-1-oxaspiro[4.4Jnonane = (2b). The general
procedure was employed for the coupling of 1-(but-3-en-1-yl)cyclopentan-1-ol (28 mg,
0.20 mmol) and 4-bromobenzophenone (94 mg, 0.36 mmol) using a catalyst composed
of Pdy(dba)s (3.7 mg, 0.004 mmol) and L7 (7.5 mg, 0.010 mmol), a reaction temperature
of 90 °C, and a reaction time of 12 h in 2mL of dioxane. This procedure afforded the title
compound (34.6 mg, 53%, 6:1 regioselectivity) as a clear oil: [a]®p +21.9 (¢ 1.77,
CH.Cly); "H NMR (500 MHz, CDCl3) & 7.80-7.77 (m, 2 H), 7.74 (d, J = 8.1 Hz, 2 H),
7.57 (t, J=7.3 Hz, 1 H), 7.49-7.45 (m, 2 H), 7.34 (d, J = 8.3 Hz, 2 H), 4.19 (app. quint,
J=6.6 Hz, 1 H), 3.01 (dd, J=13.4, 5.6 Hz, 1 H), 2.80 (dd, J = 13.4, 6.8 Hz, 1 H), 1.96—
1.90 (m, 1 H), 1.83—1.48 (m, 11 H); *C NMR (125 MHz, CDCl3) 6 196.5, 144.1, 137.9,
132.2, 130.1, 129.9, 129.4, 128.3, 128.2, 127.6, 91.5. 78.5, 42.7, 39.2, 38.4, 36.4, 31.3,
24.0, 23.9; IR (film) 2959, 1655, 1606, 1277 cm™. MS (Cl) 321.1848 (321.1849 calcd for

CaoH2402, M + HY). The enantiopurity was determined to be 82:18 er by chiral HPLC

S9



analysis (Chiralcel ADH, 25 cm x 4.6 mm, 1% IPA/Hexanes, 1.00 mL/min, A 254 nm,

RT=17.4 and 18.4 min).

save

(+)-(S)-2-(Naphthalen-2-ylmethyl)tetrahydrofurantetrahydrofuran (2c). The general
procedure was employed for the coupling of pent-4-en-1-ol (17 mg, 0.20 mmol) and 2-
bromonaphthalene (58 mg, 0.28 mmol) using a catalyst composed of Pdx(dba)s (3.7 mg,
0.004 mmol) and L7 (7.5 mg, 0.010 mmol), a reaction temperature of 90 °C, and a
reaction time of 12 h in 2mL of dioxane. This procedure afforded the title compound (9.9
mg, 23%) as a light yellow oil. [0a]®p= +2.1 (c 0.95, CH2Cl,); "H NMR (500 MHz, CDCl5)
d 7.83-7.75 (m, 3 H), 7.68 (s, 1 H), 7.48-7.36 (m, 3 H), 4.18 (app. quint, J = 6.5 Hz, 1
H), 3.95-3.89 (m, 1 H), 3.79-3.73 (m, 1 H), 3.08 (dd, J = 13.5, 6.4 Hz, 1 H), 2.92 (dd, J
=13.7, 6.4 Hz, 1 H), 1.98-1.82 (m, 3 H), 1.66-1.57 (m, 1 H). Other spectroscopic data
matched those previously reported.! The enantiopurity was determined to be 58:42 er
by chiral HPLC analysis (Chiralcel OJH, 25 cm x 4.6 mm, 1% IPA/Hexanes, 1.50

mL/min, A 254 nm, RT= 19.8 and 26.1 min).

Ph_ O_ .

)
(+)-(S)-5-(Naphthalen-2-ylmethyl)-2,2-diphenyltetrahydrofuran (2d). The general
procedure was employed for the coupling of 1,1-diphenylpent-4-en-1-ol (48 mg, 0.20
mmol) and 2-bromonaphthalene (58 mg, 0.28 mmol) using a catalyst composed of

Pdz(dba)s (3.7 mg, 0.004 mmol) and L7 (7.5 mg, 0.010 mmol), a reaction temperature of
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90 °C and a reaction time of 12 h in 2mL of dioxane. This procedure afforded the title
compound (48.7mg, 67%) as a white solid, mp 83-86 °C. [a]*’p +29.6 (c 4.24, CH,Cl,);
'H NMR (500 MHz, CDCl3) 6 7.86 (d, J = 7.2 Hz, 1 H), 7.81 (d, J = 8.6 Hz, 2 H), 7.74 (s,
1 H), 7.55-7.44 (m, 7 H), 7.37-7.31 (m, 4 H), 7.28-7.21 (m, 2 H), 4.53 (app. quint, J =
6.7 Hz, 1 H), 3.34 (dd, J = 13.6, 6.0 Hz, 1 H), 3.02 (dd, J = 13.6, 7.0 Hz, 1 H), 2.71-2.64
(m, 1 H), 2.58-2.51 (m, 1 H), 2.03-1.95 (m, 1 H), 1.89-1.81 (m, 1 H); "*C NMR (125
MHz, CDCl3) & 147.4, 146.9, 136.6, 133.7, 132.3, 128.31, 128.25, 128.2, 127.88,
127.87, 127.8, 127.6, 126.76, 126.74, 126.1, 126.0, 125.4, 88.5, 79.9, 42.8, 38.8, 31.0;
IR (film) 2934, 1601, 1446 cm™. MS (Cl) 365.1899 (365.1900 calcd for Co7H240, M +
H*). The enantiopurity was determined to be 95:5 er by chiral HPLC analysis (Chiralcel
ADH, 25 cm x 4.6 mm, 2% IPA/Hexanes, 1.00 mL/min, A 254 nm, RT= 5.2 and 6.3 min).
When 2.0 equiv of H,O was added with toluene as solvent the enantiopurity was

determined to be 96:4 er.

Ph. o
Ph

(+)-(S)-{4-[(5,5-diphenyltetrahydrofuran-2-yl)methyl]phenyl}(phenyl)methanone

(2e). The general procedure was employed for the coupling of 1,1-diphenylpent-4-en-1-
ol (48 mg, 0.20 mmol) and 4-bromobenzophenone (94 mg, 0.36 mmol) using a catalyst
composed of Pdz(dba); (3.7 mg, 0.004 mmol) and L7 (7.5 mg, 0.010 mmol), a reaction
temperature of 90 °C and a reaction time of 12 h in 2mL of dioxane. This procedure
afforded the title compound (52 mg, 62%) as a colorless oil. [a]*p +18.9 (c 2.40,

CHCly); "H NMR (500 MHz, CDCl3) 6 7.82-7.78 (m, 2 H), 7.75 (d, J = 8.1 Hz, 2 H),
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759 (t, J=7.2Hz, 1 H), 7.51-7.40 (m, 6 H), 7.38 (d, J = 8.1 Hz, 2 H), 7.31-7.25 (m, 4
H), 7.22-7.17 (m, 2 H), 4.42 (app. quint, J = 6.6 Hz, 1 H), 3.16 (dd, J = 13.6, 6.6 Hz, 1
H), 2.91 (dd, J = 13.7, 6.4 Hz, 1 H), 2.68-2.61 (m, 1 H), 2.54-2.47 (m, 1 H), 2.03-1.96
(m, 1 H), 1.81-1.73 (m, 1 H); *C NMR (125 MHz, CDCl3) & 196.7, 147.2, 146.7, 144.2,
138.0, 135.7, 132.4, 130.4, 130.2, 129.5, 128.40, 128.35, 128.2, 126.83, 126.80, 126.0,
125.9, 88.6, 79.5, 42.7, 38.7, 31.2; IR (film) 2362, 1654, 1446 cm™. MS (Cl) 419.2006
(419.2006 calcd for C3oH2602, M + H*). The enantiopurity was determined to be 92:8 er
by chiral HPLC analysis (Chiralcel ADH, 25 cm x 4.6 mm, 5% IPA/Hexanes, 1.00
mL/min, A 254 nm, RT= 9.8 and 11.7 min). When 2.0 equiv of H,O was added with
toluene as solvent the enantiopurity was determined to be 95:5 er (an unknown product

co-eluted when water was used with this reaction see spectra for product 2e below.)

Ph .
ph@\\\
od

(+)-(S)-5-[(6-methoxynaphthalen-2-yl)methyl]-2,2-diphenyltetrahydrofuran (2f). The
general procedure was employed for the coupling of 1,1-diphenylpent-4-en-1-ol (48 mg,
0.20 mmol) and 2-bromo-6-methoxynaphthalene (85 mg, 0.36 mmol) using a catalyst
composed of Pdz(dba); (3.7 mg, 0.004 mmol) and L7 (7.5 mg, 0.010 mmol), a reaction
temperature of 90 °C and a reaction time of 12 h in 2mL of dioxane. This procedure
afforded the title compound (52 mg, 66%) as a white solid, mp 93-96 °C. [a]*p +29.8 (c
5.19, CHxCl,); "H NMR (500 MHz, CDCl3) 6 7.69 (app. dd, J = 8.6, 3.2 Hz, 2 H), 7.65 (s,
1 H), 7.53-7.46 (m, 4 H), 7.69 (d, J = 8.4 Hz, 1 H), 7.36-7.28 (m, 4 H), 7.27-7.13 (m, 4

H), 4.50 (app. quint, J = 6.7 Hz, 1 H), 3.94 (s, 3H), 3.29 (dd, J = 13.7, 5.9 Hz, 1 H), 2.97
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(dd, J=13.7, 7.1 Hz, 1 H), 2.69-2.61 (m, 1 H), 2.55-2.48 (m, 1 H), 2.00-1.93 (m, 1 H),
1.87-1.79 (m, 1 H); "®*C NMR (125 MHz, CDCl3) & 157.4, 147.4, 146.9, 134.2, 133.3,
129.2, 128.6, 128.3, 128.2, 127.7, 126.74, 126.72, 126.1, 126.0, 118.8, 105.8, 88.5,
80.0, 55.4, 42.6, 38.8, 30.9; IR (film) 2937, 1605, 1448 cm™”. MS (Cl) 395.2004
(395.2006 calcd for CogH2602, M + H™). The enantiopurity was determined to be 95:5 er
by chiral HPLC analysis (Chiralcel ADH, 25 cm x 4.6 mm, 2% IPA/Hexanes, 1.00

mL/min, A 254 nm, RT= 7.5 and 8.9 min).

Ph. o o
P\ ) \@L
OMe

(+)-(S)-5-(4-Methoxybenzyl)-2,2-diphenyltetrahydrofuran  (2g). @ The  general
procedure was employed for the coupling of 1,1-diphenylpent-4-en-1-ol (48 mg, 0.20
mmol) and 4-bromoanisole (46 pL, 0.36 mmol) using a catalyst composed of Pdx(dba)s
(3.7 mg, 0.004 mmol) and L7 (7.5 mg, 0.010 mmol), a reaction temperature of 90 °C
and a reaction time of 12 h in 2 mL of dioxane. This procedure afforded the title
compound (45.0 mg, 65%) as a colorless oil: [a]*’p +24.5 (¢ 2.00, CH.Cl,); 'H NMR
(700 MHz, CDCl3) 6 7.47-7.42 (m, 4 H), 7.30-7.26 (m, 4 H), 7.21-7.15 (m, 4 H), 6.82
(d, J = 8.6 Hz, 2 H), 4.33 (app. quint, J = 6.6 Hz, 1 H), 3.79 (s, 3 H), 3.08 (dd, J = 13.6,
5.8 Hz, 1 H), 2.74 (dd, J = 13.7, 7.2 Hz, 1 H), 2.64-2.59 (m, 1 H), 2.50-2.45 (m, 1 H),
1.95-1.89 (m, 1 H), 1.76-1.70 (m, 1 H); *C NMR (175 MHz, CDCl;) § 158.2, 147.4,
146.9, 131.1, 130.5, 128.3, 128.1, 126.73, 126.70, 126.1, 126.0, 113.9, 88.4, 80.2, 55.4,
41.8, 38.8, 30.9; IR (film) 2936, 1606, 1512 cm™. MS (Cl) 345.1847 (345.1855 calcd for

Ca4H2402, M + H"). The enantiopurity was determined to be 94:6 er by chiral HPLC
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analysis (Chiralcel ADH, 25 cm x 4.6 mm, 2% IPA/Hexanes, 1.00 mL/min, A 254 nm,

RT= 7.5 and 8.9 min).

OOy

=
(+)-(S)-1-Benzyl-5-[(5,5-diphenyltetrahydrofuran-2-yl)methyl]-1H-indole (2h). The
general procedure was employed for the coupling of 1,1-diphenylpent-4-en-1-ol (48 mg,
0.20 mmol) and 1-benzyl-5-bromo-1H-indole (103 mg, 0.36 mmol) using a catalyst
composed of Pdz(dba); (3.7 mg, 0.004 mmol) and L7 (7.5 mg, 0.010 mmol), a reaction
temperature of 90 °C and a reaction time of 12 h in 2mL of dioxane. This procedure
afforded the title compound (63.5 mg, 72%) as a colorless oil: [a]*°y +14.7 (¢ 6.00,
CH.Cly); '"H NMR (700 MHz, CDCl3) & 7.54-7.46 (m, 5 H), 7.33-7.25 (m, 7 H), 7.23—-
7.18 (m, 3 H), 7.15-7.08 (m, 4 H), 6.50 (d, J = 3.1 Hz, 1 H), 5.30 (s ,2 H), 4.44 (app.
quint, J = 6.7 Hz, 1 H), 3.30 (dd, J = 13.5, 5.4, Hz 1 H), 2.88 (dd, J = 13.5, 7.9 Hz, 1 H),
2.65-2.60 (m, 1 H), 2.55-2.50 (m, 1 H), 1.95-1.89 (m, 1 H), 1.84-1.78 (m, 1 H); "*C
NMR (175 MHz, CDCl3) & 147.5, 147.0, 137.8, 135.3, 130.0, 129.0, 128.9, 128.3, 128.1,
127.7, 127.0, 126.68, 126.66, 126.13, 126.08, 123.7, 121.4, 109.5, 101.5, 88.4, 80.9,
50.3, 42.8, 38.9, 30.9; IR (film) 2923, 1485, 1446 cm™. MS (Cl) 444.2319 (444.2322
calcd for C3H29NO, M + H™). The enantiopurity was determined to be 93:7 er by chiral
HPLC analysis (Chiralcel ADH, 25 cm x 4.6 mm, 2% IPA/Hexanes, 1.00 mL/min, A 254

nm, RT=10.8 and 21.3 min).
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Ph

(+)-(S)-Phenyl{4-[(2,5,5-trimethyltetrahydrofuran-2-yl)methyl]phenyl}methanone

(2j). The general procedure was employed for the coupling of 2,5-dimethylhex-5-en-2-
ol’ (26 mg, 0.20 mmol) and 4-bromobenzophenone (94 mg, 0.36 mmol) using a catalyst
composed of Pdz(dba); (3.7 mg, 0.004 mmol) and L7 (7.5 mg, 0.010 mmol), a reaction
temperature of 90 °C and a reaction time of 12 h in 2mL of dioxane. This procedure
afforded the title compound (51.0 mg, 77%) as a colorless oil: [a]*°; +3.48 (¢ 7.10,
CH.Cly); "H NMR (500 MHz, CDCl3) & 7.76-7.82 (m, 2 H), 7.73 (d, J = 8.1 Hz, 2 H),
7.54-7.60 (m, 1 H), 7.47 (t, J = 10.0 Hz, 2 H), 7.35 (d, J = 8.1 Hz, 2 H), 2.85 (s, 2 H),
1.95-2.03 (m, 1 H), 1.76-1.85 (m, 2 H), 1.56-1.66 (m, 1 H), 1.25 (d, J = 2.9 Hz, 6 H),
1.14 (s, 3 H); *C NMR (175 MHz, CDCls) 6 196.8, 143.9, 138.1, 135.6, 132.3, 130.8,
130.1, 129.9, 128.4, 83.3, 81.7, 48.5, 38.6, 36.7, 29.9, 29.4, 28.6; IR (film) 2966, 1654,
1277 cm™; MS (ESI+) 309.1847 (309.1849 calcd for CyH240,, M + H*). The
enantiopurity was determined to be 38:62 er by chiral HPLC analysis (Chiralcel ADH, 25

cm x 4.6 mm, 2% IPA/Hexanes, 1.00 mL/min, A 195 nm, RT= 10.1 and 10.8 min).

(+)-(S)-{4-[(2-Methyl-5,5-diphenyltetrahydrofuran-2
yl)methyl]phenyl}(phenyl)methanone (2k). The general procedure was employed for

the coupling of 4-methyl-1,1-diphenylpent-4-en-1-ol (51 mg, 0.20 mmol) and 4-
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bromobenzophenone (94 mg, 0.36 mmol) using a catalyst composed of Pd(dba); (3.7
mg, 0.004 mmol) and L7 (7.5 mg, 0.010 mmol), a reaction temperature of 90 °C and a
reaction time of 12 h in 2mL of dioxane. This procedure afforded the title compound
(74.8 mg, 86%) as a colorless solid, mp 89-91 °C: [a]*®; +20.9 (c 6.30, CH.Cly); 'H
NMR (500 MHz, CDCl3) 6 7.79-7.86 (m, 2 H), 7.72 (d, J = 8.1 Hz, 2 H), 7.58-7.64 (m, 1
H), 7.46—7.54 (m, 6 H), 7.26-7.40 (m, 6 H), 7.16-7.25 (m, 2 H), 3.03 (d, J = 13.2 Hz, 1
H), 2.91 (d, J = 13.2 Hz, 1 H), 2.62-2.75 (m, 2 H), 2.09 (m, 1 H), 1.86 (m 1 H), 1.31 (s, 3
H); ®C NMR (175 MHz, CDCls) & 196.7, 148.2, 147.7, 143.8, 138.0, 135.6, 132.3,
130.6, 130.1, 129.9, 128.4, 128.1, 128.1, 126.7, 126.5, 126.0, 125.8, 88.7, 84.6, 48.5,
38.4, 37.4, 27.2; IR (film) 2966, 1654, 1277 cm™; MS (ESI+) 433.2160 (433.2162 calcd
for C31H2302, M + H"). The enantiopurity was determined to be 95:5 er by chiral HPLC
analysis (Chiralcel ADH, 25 cm x 4.6 mm, 2% IPA/Hexanes, 1.00 mL/min, A 275 nm,

RT=15.4 and 18.1 min).

(+)-(S)-1-Benzyl-5-[(2-methyl-5,5-diphenyltetrahydrofuran-2-yl)methyl]-1H-indole

(21). The general procedure was employed for the coupling of 4-methyl-1,1-
diphenylpent-4-en-1-ol (51 mg, 0.20 mmol) and 1-benzyl-5-bromo-1H-indole (103 mg,
0.36 mmol) using a catalyst composed of Pdx(dba)s (3.7 mg, 0.004 mmol) and L7 (7.5
mg, 0.010 mmol), a reaction temperature of 90 °C and a reaction time of 12 h. This
procedure afforded the title compound (80.5 mg, 88%) as a colorless solid, mp 127-128

°C : [a]®p +22.6 (c 6.91, CH,Clo); 'H NMR (500 MHz, CDCl3) & = 7.43-7.51 (m, 5 H),
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7.22-7.33 (m, 10 H), 7.10-7.20 (m, 5 H), 7.08 (d, J= 3.2 Hz, 1 H), 7.04 (dd, J=8.4, 1.6
Hz, 1 H), 6.46 (d, J = 3.2 Hz, 1 H), 5.29 (s, 2 H), 3.04 (d, J=13.4 Hz, 1 H), 2.90 (d, J =
13.4 Hz, 1 H), 2.62-2.66 (m, 2 H), 2.06-2.13 (m, 1 H), 1.67-1.75 (m, 1 H), 1.26 (s, 3 H);
3C NMR (125 MHz, CDCl3) & 148.5, 148.1, 137.8, 135.3, 129.8, 128.9, 128.7, 128.3,
128.1, 128.0, 127.7, 127.0, 126.5, 126.4, 126.2, 126.0, 124.8, 122.5, 109.1, 101.5, 88.4,
85.4, 50.2, 48.5, 38.8, 36.9, 27.1; IR (film) 2924, 1485, 1447 cm™; MS (ESI+) 458.2478
(458.2478 calcd for C33H31NO, M + H™). The enantiopurity was determined to be 96:4 er
by chiral HPLC analysis (Chiralcel ADH, 25 cm x 4.6 mm, 1% IPA/Hexanes, 1.00

mL/min, A 254 nm, RT= 11.6 and 30.3 min).

Ph_ o Me

Phxojﬁ@Nﬁ

L0
(+)-(S)-4-{4-[(2-Methyl-5,5-diphenyltetrahydrofuran-2-yl)methyl]phenyl}morpholine
(2m). The general procedure was employed for the coupling of 4-methyl-1,1-
diphenylpent-4-en-1-ol (51 mg, 0.20 mmol) and 4-(4-bromophenyl)morpholine (87 mg,
0.36 mmol) using a catalyst composed of Pdy(dba)s (3.7 mg, 0.004 mmol) and L7 (7.5
mg, 0.010 mmol), a reaction temperature of 90 °C and a reaction time of 12 h in 2 mL of
dioxane. This procedure afforded the title compound (68.0 mg, 82%) as a colorless
solid, mp 143-145 °C : [a]** +28.8 (¢ 6.70, CH,Cl,); '"H NMR (500 MHz, CDCl3) & 7.47
(dd, J=12.8, 7.5 Hz, 4 H), 7.22-7.33 (m, 4 H), 7.13-7.19 (m, 2 H), 7.12 (d, J = 8.3 Hz,
2 H),6.79 (d, J= 8.3 Hz, 2 H), 3.87 (t, J= 4.7 Hz, 4 H), 3.09-3.14 (m, 4 H), 2.88 (d, J =
13.5 Hz, 1 H), 2.74 (d, J = 13.5 Hz, 1 H), 2.59-2.68 (m, 2 H), 1.98-2.03 (m, 1 H), 1.69—
1.74 (m, 1 H), 1.23 (s, 3 H); "*C NMR (125 MHz, CDCl3) § 149.7, 148.4, 148.0, 131.3,
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130.3, 128.1, 128.0, 126.5, 126.5, 126.1, 125.9, 115.4, 88.4, 85.1, 67.1, 49.7, 47.6,
38.7, 37.0, 27.0; IR (film) 2966, 1515, 1446 cm™"; MS (ESI+) 414.2427 (414.2428 calcd
for CogH31NO2, M + H*). The enantiopurity was determined to be 93:7 er by chiral HPLC
analysis (Chiralcel ADH, 25 cm x 4.6 mm, 2% IPA/Hexanes, 1.00 mL/min, A 210 nm,

RT= 8.7 and 10.7 min).

Ph_ole
L
CN

(+)-(S)-4-[(2-Methyl-5,5-diphenyltetrahydrofuran-2-yl)methyl]benzonitrile (2n). The
general procedure was employed for the coupling of 4-methyl-1,1-diphenylpent-4-en-1-
ol (61 mg, 0.20 mmol) and 4-bromobenzonitrile (66 mg, 0.36 mmol) using a catalyst
composed of Pdz(dba); (3.7 mg, 0.004 mmol) and L7 (7.5 mg, 0.010 mmol), a reaction
temperature of 90 °C and a reaction time of 12 h in 2mL of dioxane. This procedure
afforded the title compound (27.0 mg, 38%) as a colorless solid, mp 100-104 °C: [a]*p
+23.9 (c 2.00, CH,Cl,); "H NMR (500 MHz, CDCl3) & 7.47 (d, J = 8.1 Hz, 2 H), 7.38—
7.42 (m, 4 H), 7.27-7.30 (m, 4 H), 7.22-7.25 (m, 2 H), 7.13-7.22 (m, 2 H), 2.90-2.95 (d,
J=13.5Hz, 1 H), 2.79-2.85 (d, J = 13.5 Hz, 1 H), 2.55-2.67 (m, 2 H), 1.96-2.02 (m, 1
H), 1.79-1.86 (m, 1 H), 1.23 (s, 3 H); *C NMR (125 MHz, CDCl;) 6 148.1, 147.4,
144.2, 131.7, 131.4, 128.2, 128.2, 126.8, 126.6, 126.0, 125.7, 119.4, 110.1, 88.8, 84.3,
48.5, 38.2, 37.5, 27.3; IR (film) 2925, 2223, 1607 cm™; MS (ESI+) 376.1670 (376.1670
calcd for CosH3NO, M + Na¥). The enantiopurity was determined to be 87:13 er by
chiral HPLC analysis (Chiralcel ADH, 25 cm x 4.6 mm, 2% IPA/Hexanes, 1.00 mL/min,

A 195 nm, RT= 7.5 and 8.4 min).

S18



Me

Ph Ph

@)
Ph

(+)-(R)-{4-[(2-Methyl-4,4-diphenyltetrahydrofuran-2-

yl)methyl]phenyl}(phenyl)methanone (6). The general procedure was employed for
the coupling of 4-methyl-2,2-diphenylpent-4-en-1-ol®! (51 mg, 0.20 mmol) and (4-
bromophenyl)(phenyl)methanone (94 mg, 0.36 mmol) using a catalyst composed of
Pdz(dba)s (3.7 mg, 0.004 mmol) and L7 (7.5 mg, 0.010 mmol), a reaction temperature of
90 °C, and a reaction time of 12 h in 2mL of dioxane. This procedure afforded the title
compound (73 mg, 84%) as a light yellow oil. [a]**,= +0.01 (c 5.9, CH.Cl,); "H NMR
(500 MHz, CDCl3) 8 7.57-7.62 (m, 1 H), 7.46-7.52 (m, 2 H), 7.26-7.36 (m, 11 H), 7.16—
7.22 (m,2H),453(d,J=9.5Hz,1H),4.39(d, J=9.5Hz, 1H),2.90 (d, J=13.2 Hz, 1
H), 2.81 (d, J =12.7 Hz, 1 H), 2.73 (d, J = 13.2 Hz, 1 H), 2.61 (d, J = 12.7 Hz, 1 H), 1.12
(s, 3 H); >C NMR (125 MHz, CDCl3) & 196.7, 146.5, 143.4, 138.0, 135.7, 132.4, 130.6,
130.1, 130.0, 128.6, 128.5, 128.4, 127.3, 126.4, 126.4, 83.7, 75.5, 56.5, 50.3, 47.8,
26.9; IR (film) 2926.7, 2247, 1654, 1276 cm™"; MS (ESI+) 433.2164 (433.2162 calcd for
C31H2802, M + H"). The enantiopurity was determined to be 51:49 er by chiral HPLC
analysis (Chiralcel ADH, 25 cm x 4.6 mm, 5% IPA/Hexanes, 1.00 mL/min, A 254 nm,

RT=15.6 and 21.3 min).
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Determination of absolute configuration:

Product 2i was synthesized according to general procedure D. The optical rotation of
this compound ([a]*’p +4.54 (¢ 0.22, CHCI3)); was compared with that in the literature®
(litf}a]**> +8.30 (c 0.6, CHCI3)). Both compounds were dextrorotatory, thus 2i was

assigned the (S) configuration on this basis.

Ph
Ph>®'\\\\/\©\

OMe
(+)-(S,E)-5-[3-(4-Methoxyphenyl)allyl]-2,2-diphenyltetrahydrofuran (2i): The general
procedure was employed for the coupling of 1,1-diphenylpent-4-en-1-ol (48 mg, 0.20
mmol) and (E)-1-(2-bromovinyl)-4-methoxybenzene (85 mg, 0.40 mmol) using a catalyst
composed of 2 mol % Pdz(dba)s (3.6 mg, 0.004 mmol) and L7 (7.5 mg, 0.010 mmol), a
reaction temperature of 90 °C and a reaction time of 12 h. This procedure afforded the
titte compound (14 mg, 18 %) as a colorless oil. [a]*°p +4.54 (¢ 0.22, CHCIs); lit®[a]%p
+8.30 (¢ 0.6, CHCI3); '"H NMR (400 MHz, CDCl3) § 7.46 (d, J = 7.5 Hz, 4 H), 7.33-7.23
(m, 6 H), 7.22-7.15 (m, 2 H), 6.83 (d, J = 8.8 Hz, 2 H), 6.40 (d, J = 16.0 Hz, 1 H), 6.83
(dt, J=15.7, 7.0 Hz, 1 H), 4.31-4.21 (m, 1 H), 3.80 (s, 3 H), 2.70-2.58 (m, 2 H), 2.57-
240 (m, 2 H), 2.06-1.86 (m, 1 H), 1.81-1.70 (m, 1 H). Other spectroscopic data
matched that of the literature.”! The enantiopurity was determined to be 79:21 er by
chiral HPLC analysis (Chiralcel ADH, 25 cm x 4.6 mm, 0.5% IPA/Hexanes, 1.00

mL/min, A 254 nm, RT= 17.5 and 18.8 min).
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Screen of Chiral TADDOL-Derived Phosphite Ligands:

6 mol% ligand

2 mol% Pd2(dba)3 O[O)
.

O oo

NaOBu, toluene

90°C,12 h
1a 2a 3(3-7%)
Ph_Ph ph Ph Ph\zh pnh Ph
o0 020 0.0 O])LO
¢ P-O Ph ¢ P-O Ph P-0, > ] PO,
q . ., q . (0] O (0] % -0
0 > O o A0 Ph Ph’h
Ph Ph Ph Ph
Ph Ph TBDPSO TBDPSO
50%, 73:27 er 43%, 32:68 55%, 65:35 er 50%, 33:67
pn Ph ph Ph Ph_Ph ph Ph
N Ph N
o_Yo Y o) 0 Ph 0.0 Ph
>< ])L P-0 NMe P P-O  NMe X T Po L P po
o o 00 o] o '
Ph Ph Ph” ph Ph ph Ph” pp
75%, 17:83 58%, 82:18 48%, 18:82 58%, 82:18
ph Ph Ph Ph Ph_Ph ph Ph
o 20 RYe 0 20 oo
P4 P-O  NEt >< P-O  NEt > P-O  OPh P4 P-OPh
o] O N 0 o) N o %O 0 o)
Ph” pn Ph” pp PhPh <:> Ph” pn
55%, 14:86 75%, 85:15 er 25%, 27:73 25%, 27:73 er
Ph\zh Ph Ph pp Ph\zh Ph _Ph
0.0 oo 0.0 0 20
P P-0 > P-0 > P-o oph X P-O  OPh
07N 0 0°\.0 0™\ 0 0”0
Ph pp Ph” ph Ph Ph pp Ph pp
52%, 59:41 er 20%, 66:33 er 52%, 79:21 46%, 41:59
7N Ph Ph
ph Ph O pn Ph Ph Ph ph Ph
0.0 Q 00 ><O])LOP-O
X P-O > PO 0. 4 =
" ™0 OO Ph Ph;ro
Ph pn . Ph pn Ph Ph
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OMe

ph _Ph ph _Ph
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C:\LabSolutions\Data\B. Hopkins\2-arylcyclohexanols\RACcyclohexanol-BAH-7-176-1.00mL_min-4.00%IPA-OJH.lcd
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Data File Name
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:6/17/2014 3:49:42 PM
:6/17/2014 4:54:01 PM
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min
1 PDA Multi 1/254nm 4nm
PeakTable
PDA Chl 254nm 4nm
Peak# Ret. Time Area Height Area % Height %
1 21.833 38905320 645897 49.439 55.274
2 24.956 39788133 522646 50.561 44.726
Total 78693453 1168542 100.000 100.000

S27



3/16/2015 15:15:191 /1

Shimadzu LCsolution Analysis Report

C:\...\Data\B. Hopkins\2-arylcyclohexanols\CHIRAL-cyclohexanol-BAH-9-62-1.00mL_min-4.00%|PA-OJH-3days.lcd

Acquired by

Sample Name

Sample ID

Tray#

Vail #

Injection Volume
Data File Name
Method File Name
Batch File Name
Report File Name
Data Acquired
Data Processed

: Admin
CHIRAL-cyclohexanol-BAH-9-62-1.00mL_min-4.00%I|PA-OJH-3days

1

1

:1ul
CHIRAL-cyclohexanol-BAH-9-62-1.00mL_min-4.00%IPA-OJH-3days.lcd

Cyclic Urea Method.lcm
Default.lcr

: 2/9/2015 10:31:38 AM
: 2/9/2015 11:41:41 AM

<Chromatogram>
C:\...\Data\B. Hopkins\2-arylcyclohexanols\CHIRAL-cyclohexanol-BAH-9-62-1.00mL_min-4.00%I|PA-OJH-3days.lcd
mAU
150 3 PDA Multi 1
] e
] [
§ |
100 ,' \.\
m |
i I| \ S1 Ph
] [
_ L
50— |
] |
_ |
] | -
’ 3
) S ¢
0 T T |
— T T T
20.0 225 25.0 27.5 30.0 325
min
1 PDA Multi 1/254nm 4nm
PeakTable
PDA Chl 254nm 4nm
Peak# Ret. Time Area Height Area % Height %
1 21.535 10056711 144136 99.784 99.956
2 25.931 21749 63 0.216 0.044
Total 10078460 144200 100.000 100.000

528



Agilent Technologies

Sampie Name

Date coliectec 2015-03-18

Puise sequence  PROTON
Sowvent odols

Temperature 23

Stugy cwner  bahopkl
Frntec Yo dy.ohem.ica.umioh.edu-vnmercs00

7.267
7.260

7.019
7,313
m

P

206
7.162

=

Ph

1.199

A Jf/)(

Data fie imisc/Y

Agilent Technologies

YBAH-8-21proton.nd

5

L
0.88 1.00
0.90

3 2 1 0 Ppm
L Y Yy L
0.95 1.97 2.34 2.79
0.93 0.83 3.37 3.10

Piot date 2015-03-16

Sample Name
Date collected  2015-03-16

Fulse sequence  CARBON

Solvent cdel3

Temperature 22
Operator  bahopki

Study owner  bahopki
Frinted from  kr.chem.Isa.umich edu-vnmrs500

LU,

220

200

Data file /misc/Y

180

-8-21carbon fid

160

140

120

S29

100

80

60 40 20 o PpPm

Plot date 2015-05-04



5 : Sample Name Fulse sequence PROTON Temperature 22 Study owner  bahopki
Agilent Technologies Date collected  2015-03-21 Solvent cdel3 Operstor bahopki Frinted from  kr.chem.Isa.umich_edu-vnmrs500

2a

e 1 A
L AL T PR A S e L A L A B S Sl
11 10 9 8 7 6 5 4 3 2 1 ppm

wy o 0 oo tybphipty

3.001.96 1.00 1.05 6€.30.33
1.000.98 1.05 1.15.2803

Data file /mi: Y -8-118proton. fid Pilot date 2015-05-04
H Sample Name Fulse sequence CARBON Temperature 22 Study owner  bahopki
Anll‘“‘ TthnOIOn o Date collected  2015-03-21 Solvent cdcl3 Operator bahopki Printed from  kr.chem.Isa.umich.edu-vnmrs500

Data file /misc/y 119carbon.fid Plot date 2015-05-04

S30



5/4/2015 12:09:58 1 /1

Shimadzu LCsolution Analysis Report

C:\LabSolutions\Data\B. Hopkins\Sprio-RAC-BAH-8-92(1)-1.00%IPA-1.00mL_min-OJH1.lcd

Acquired by
Sample Name
Sample ID

Tray#

Vail #

Injection Volume
Data File Name
Method File Name
Batch File Name

- Admin
: Sprio-RAC-BAH-8-92(1)-1.00%IPA-1.00mL_min-OJH

1

1 oy

S1ul O~ OO
: Sprio-RAC-BAH-8-92(1)-1.00%IPA-1.00mL_min-OJH1.lcd

: Cyclic Urea Method.lcm

Report File Name - Default Icr 2a
Data Acquired 1 10/16/2014 11:44:43 AM
Data Processed 1 10/16/2014 12:54:46 PM
<Chromatogram>
C:\LabSolutions\Data\B. Hopkins\Sprio-RAC-BAH-8-92(1)-1.00%IPA-1.00mL_min-OJH1.Icd
mAU
1 3 PDA Multi 1
40+ 3 g
301
20
104
o + | )
-—tY—— 77— T 7T
50 75 100 125 15.0 175
min
1 PDA Multi 1/254nm 4nm
PeakTable
PDA Chl 254nm 4nm
Peal= Ret. Tume Area Height Area % Height %
1 10418 1241027 40824 40.700 53.782
2 12.802 1256030 35082 50.300 46.218
Total 2497057 75905 100.000 100.000

C:\LabSolutions\Data\B. Hopkins\Sprio-RAC-BAH-8-92(1)-1.00%IPA-1.00mL_min-OJH1 Icd

S31



Shimadzu LCsolution Analysis Report

5/4/2015 12:15:09 1 /1

C:\..\Data\B. Hopkins\cyclopentylfused (3018-15 and on)\CHIRAL-BAH-9-147(2)-1.00%IPA-1.00mL_min-OJH.lcd

Acquired by
Sample Name
Sample ID

Tray#

Vail #

Injection Volume
Data File Name
Method File Name
Batch File Name
Report File Name
Data Acquired
Data Processed

<Chromatogram>

- Admin
: CHIRAL-BAH-9-147(2)-1.00%IPA-1.00mL_min-OJH

1
1
cTuL
: CHIRAL-BAH-9-147(2)-1.00%IPA-1.00mL_min-OJH.lcd
: Cyclic Urea Method.lcm

- Default lcr
- 4/10/2015 10:45:11 PM
- 4/10/2015 11:20:21 PM

C:\..\Data\B. Hopkins\cyclopentylfused (3018-15 and on)\CHIRAL-BAH-9-147(2)-1.00%IPA-1.00mL_min-OJH.lcd
U

2 PDA Multi 1
4
¥ el (5
50-
] 2a
25- N
] =
o
L
T T
— 7T T T[T T T
50 75 10.0 12.5 15.0 17.5
min
1 PDA Multi 1/254nm 4nm
PeakTable
PDA Chl 254nm 4nm
Peal Ret. Time Area Height Area % Height %
1 10459 3154717 92708 80.034 90.370
2 12.772 388542 0879 10.966 9.630
Total 3543250 102587 100.000 100.000

C:\LabSolutions\Data\B. Hopkins\cyclopentylfused (3018-15 and on)\CHIRAL-BAH-9-147(2)-1.00%IPA-1.00mL_min-OJH.lcd

S32



i i Sample Name Fulse sequence PROTON Temperature 26 Study owner  bahopki
Agilent Technologies Date collected  2015-05-08 Solvent cdel3 Operator  bahopki Printed from  te.chem Isa.umich_edu-vnmrs500

O N

Ph

. s -
L I} lJ. I

77— 7 T T T [ T [ T

10 9 8 7 6 5 4 3 2 1 0 ppm

Wy Yoy L R S
2.53.12. 0.16 1.06 0.18 13.17
2.1@.41 1.00 1.12 0.17 1.84 0.58
Data file -0 P .fid Plot date 2015-05-08
: : Sample Name Pulse sequence  CARBON Temperature 25 Study owner  bahopki
M'I.nt T.ch“oloﬂl.‘ Date collected  2015-05-08 Solvent cdel3 Operator  bahopki Printed from  te.chem.sa.umich.edu-vnmrs500

S33



5/8/2015 19:05:44 1 /1

Shimadzu LCsolution Analysis Report ====

C:\..\Data\B. Hopkins\cyclopentylfused (301815 and on)\RAC-BAH-9-58(5)-1.00%IPA-1.00mL_min-ADH.lcd

Acquired by
Sample Name
Sample ID

Tray#

Vail #

Injection Volume
Data File Name
Method File Name
Batch File Name
Report File Name
Data Acquired
Data Processed

<Chromatogram>

- Admin
. RAC-BAH-9-58(5)-1.00%IPA-1.00mL_min-ADH

1

1

1uL

. RAC-BAH-9-58(5)-1.00%IPA-1.00mL_min-ADH.lcd
: Cyclic Urea Method.Ilcm

 Default.lcr
- 5/8/2015 1:22:52 PM
- 5/8/2015 1:50:25 PM

C:\..\Data\B. Hopkins\cyclopentylfused (3018-15 and on)\RAC-BAH-9-58(5)-1.00%IPA-1.00mL_min-ADH.Icd

mAU
] 3 “ PDA Multi 1
o~
] O
1 Ph
250-] 2b
i
T T
L e e e L e B e e L B e o e B e e o e A e o
15 16 17 18 19 20 21 22 23
min
1 PDA Multi 1/254nm 4nm
PeakTable
PDA Chl 254nm 4nm
Peal Ret. Time Area Height Area % Height %
1 7.333 14045763 531427 49.132 53.520
2 8224 14541794 461515 50.868 46.480
Tot 28587558 002042 100.000 100.000

C:\LabSolutions\Data\B. Hopkins\cyclopentylfused (3018-15 and on)\RAC-BAH-9-58(5)-1.00%IPA-1.00mL_min-ADH.lcd

S34



5/8/2015 19:07:43 1/1

==== Shimadzu LCsolution Analysis Report ====

C:\..\Data\B. Hopkins\cyclopentylfused (3018-15 and on)\CHIRAL-BAH-9-180(3)-1.00%IPA-1.00mL_min-ADH.Icd
“Ad

Acquired by - Admin

Sample Name : CHIRAL-BAH-9-180(3)-1.00%IPA-1.00mL_min-ADH
Sample ID :

Tray# 1

Vail # 1

Injection Volume S1uL

Data File Name : CHIRAL-BAH-9-180(3)-1.00%IPA-1.00mL_min-ADH.lcd
Method File Name : Cyclic Urea Method.lcm

Batch File Name :

Report File Name : Default.lcr

Data Acquired - 5/8/2015 2:54:37 PM

Data Processed : 5/8/2015 3:18:40 PM

<Chromatogram>

C:\...\Data\B. Hopkins\cyclopentylfused (3018-15 and on)\CHIRAL-BAH-9-180(3)-1.00%IPA-1.00mL_min-ADH.lcd

mAU
PDA Multi 1
100—_ 0
Ph
50
o~ 1
T T
16.0 16.5 200
min
1 PDA Multi 1/254nm 4nm
PeakTable
PDA Chl 254nm 4nm
Peals Ret. Time Area Height Area % Height %
1 17430 860939 30219 18.094 18474
2 18.385 3897330 133358 81.906 81.526
Total| 4758269 163577 100.000 100.000

C:\LabSolutions\Data\B. Hopkins\cyclopentylfused (3018-15 and on)\CHIRAL-BAH-9-180(3)-1.00%IPA-1.00mL_min-ADH.lcd

S35



==== Shimadzu LCsolution Analysis Report

5/8/2015 19:03:37 1 /1

C:\LabSolutions\Data\B. Hopkins\other THFS\RAC-BAH-9-149(1)-1.00%IPA-1.50mL_min-OJH.Icd

Acquired by
Sample Name
Sample ID

Tray#

Vail #

Injection Volume
Data File Name
Method File Name
Batch File Name
Report File Name
Data Acquired
Data Processed

<Chromatogram>

- Admin
: RAC-BAH-9-149(1)-1.00%IPA-1.50mL_min-OJH

1
1
s1uL
. RAC-BAH-9-149(1)-1.00%IPA-1.50mL_min-OJH.lcd
: Cyclic Urea Method.lcm

 Defaultlcr
© 4/12/2015 11:07-32 AM
- 4/12/2015 11:53:14 AM

C:LabSolutions\Data\B. Hopkins\other THFS\RAC-BAH-9-149(1)-1.00%IPA-1.50mL_min-OJH.lcd

mAU
& PDA Multi 1
50+ 3 0 “
| e
1 2c
25
0 T
T T T T T T T T T T T T T T T T T T ——
150 175 20.0 225 250 275 30.0 325 350
min
1 PDA Multi 1/230nm 4nm
PeakTable
PDA Chl 230nm 4nm
Peal= Ret. Time Area Height Area % Height %
1 20.112 3431556 56621 50.157 57.013
2 26543 3410131 42691 40843 42087
Tota] 6841687 00312 100.000 100.000

C:\LabSolutions\Data\B. Hopkins\other THFS\RAC-BAH-9-149(1)-1.00%IPA-1.50mL_min-OJH.lcd

S36



5/8/2015 19:01:31 1 /1

==== Shimadzu LCsolution Analysis Report ====

C:\LabSolutions\Data\B. Hopkins\other THFS\CHIRAL-BAH-9-166-1.00%IPA-1.50mL_min-OJH.lcd

Acquired by - Admin

Sample Name . CHIRAL-BAH-9-166-1.00%IPA-1.50mL_min-OJH
Sample ID :

Tray# 1

Vail # 1

Injection Volume c1uL

Data File Name : CHIRAL-BAH-9-166-1.00%IPA-1.50mL_min-OJH.Icd
Method File Name : Cyclic Urea Method.lcm

Batch File Name :

Report File Name : Default.lcr

Data Acquired : 5/5/2015 6:02:55 PM

Data Processed : 5/5/2015 7:12:57 PM

<Chromatogram>

C:\LabSolutions\Data\B. Hopkins\other THFS\CHIRAL-BAH-9-166-1.00%IPA-1.50mL_min-OJH.Icd

1 N PDA Multi 1
o~

[~

o

.7
25.328

9

] 2c
1004
] 4 L
T T
L e e e e T e e e e e e e e L B e e e e e B B e
150 175 200 225 250 275 30.0 325 35.0
min
1 PDA Multi 1/230nm 4nm
PeakTable
PDA Chl 230nm 4nm
Peal Ret. Time Area Height Area% Height %
1 19.272 16768556 273470 58.206 64431
2 25328 12040354 150966 41.794 35.569
Tota] 28808910 24436 100.000 100.000

C:\LabSolutions\Data\B. Hopkins\other THFS\CHIRAL-BAH-9-166-1.00%IPA-1.50mL_min-OJH.lcd

S37



. . Sample Name Pulse sequence PROTON Temperature 25 Study owner  bahopki
Agilent Technologies Date collected  2015-04-11 Solvent 3 Operator bahopki Frint=d from  kr.chem lsa.umich.edu-vnmrs500
Ph__o_ .«
@\\
B S e e e S e e B e e B e e e AL — T —— T T — T
11 10 9 8 7 5 3 2 0 ppm
it o D
0.359 4.06 1.00 1.04 1.03 1.03
2.056.99.07 1.02 1.04 1.04
Data file /misc/Tellurium/bahopkiinmrsys/data/BAH-8-144-1proton.fid Piot date 2015-05-04
Sample Name Pulse sequence CARBON Temperature 25 Stucy owner  bahopki
Agilent Technologies Date collected  2015-04-11 Soivent cdel3 Operstor bahopki Printec from  kr.chem.Isa.umich.edu-vnmrs500
" , “
R e R e R R S S
200 180 160 140 120 100 80 60 40 20 0 ppm
Data file /misc/T ¥ 144-1carbon. fid Plot date 2015-05-04

S38



5/8/2015 19:28:55 1 /1

Shimadzu LCsolution Analysis Report ====

C:\LabSolutions\Data\B. Hopkins\gemdiphenyl thAiRAC-BAH-9-27-2.00%IPA-1.00mL_min-ADH-2.Icd

Acquired by
Sample Name
Sample ID

Tray#
Vail #

Injection Volume

Data File Name

Method File Name

Batch File Name

Report File Name

Data Acquired
Data Processed

<Chromatogram>

: Admin
- RAC-BAH-9-27-2.00%IPA-1.00mL_min-ADH-2

o1

1

1uL

- RAC-BAH-9-27-2.00%IPA-1.00mL_min-ADH-2. lcd
: Cyclic Urea Method.Ilcm

 Default lcr
- 4/6/2015 11:36:45 AM
- 4/6/2015 11:43:16 AM

C:\LabSolutions\Data\B. Hopkins\gemdiphenyl thARAC-BAH-9-27-2.00%IPA-1.00mL_min-ADH-2.Icd

mAU -
754 o 3 PDAMultil] Ph o, .
J © W
Ph
50
25
Ly T :
——7 T T T T T —
40 45 5.0 55 6.0 6.5 7.0
min
1 PDA Multi 1/254nm 4nm
PeakTable
PDA Chl 254nm 4nm
Peal Ret. Time Area Height Area% Height %
1 4873 742501 75958 50.586 52.078
2 6.031 725202 69896 49414 47.022
Tota] 1467793 145854 100.000 100.000

C:\LabSolutions\Data\B. Hopkins\gemdiphenyl thfiRAC-BAH-9-27-2.00%IPA-1.00mL_min-ADH-2. Ilcd

S39



5/8/2015 19:26:59 1 /1

==== Shimadzu LCsolution Analysis Report ====

C:\LabSolutions\Data\B. Hopkins\gemdiphenyl thACHIRAL-BAH-9-144(1)-2.00%IPA-1.00mL_min-ADH.lcd
Acquired by - Admin

Sample Name : CHIRAL-BAH-9-144(1)-2.00%IPA-1.00mL_min-ADH
Sample ID :

Tray# 1

Vail # 1

Injection Volume 1uL

Data File Name : CHIRAL-BAH-9-144(1)-2.00%IPA-1.00mL_min-ADH.lcd
Method File Name : Cyclic Urea Method.lcm

Batch File Name :

Report File Name : Default.lcr

Data Acquired 1 4/7/2015 2:28:04 PM

Data Processed 1 4/7/2015 2:43:36 PM

<Chromatogram>

C:\LabSolutions\Data\B. Hopkins\gemdiphenyl thACHIRAL-BAH-9-144(1)-2.00%IPA-1.00mL_min-ADH.lcd

® PDA Multi 1
] Pho o .
1000+ W
] Ph
500+ 2d
el
&
1 ©
0 T o
e . o s s s e s o e e s LIS B e s e e e e e
3.0 35 40 45 50 5.5 6.0 6.5 7.0 75
min
1 PDA Multi 1/254nm 4nm
PeakTable
PDA Chl 254nm 4nm
Peal Ret. Time Area Height Area% Height %
1 5.218 11628104 13286350 95.102 95.642
2 6.325 508011 60539 4.808 4358
Total 12227015 1380189 100.000 100.000

C:\LabSolutions\Data\B. Hopkins\gemdiphenyl thfiCHIRAL-BAH-9-144(1)-2.00%IPA-1.00mL_min-ADH.lcd

5S40



5/8/2015 19:56:31 1 /1

==== Shimadzu LCsolution Analysis Report ====

C:LabSolutions\Data\B. Hopkins\gemdiphenyl thACHIRAL-BAH-9-152(1)-2.00%IPA-1.00mL_min-ADH-2.Icd

Acquired by - Admin

Sample Name : CHIRAL-BAH-9-152(1)-2.00%IPA-1.00mL_min-ADH-2
Sample ID :

Tray# 1

Vail # 1

Injection Volume “1uL

Data File Name . CHIRAL-BAH-9-152(1)-2.00%IPA-1.00mL_min-ADH-2.Icd
Method File Name : Cyclic Urea Method.lcm

Batch File Name :

Report File Name : Default.lcr

Data Acquired 1 4/16/2015 1:32:51 PM

Data Processed 1 4/16/2015 1:50:10 PM

<Chromatogram>

C:\LabSolutions\Data\B. Hopkins\gemdiphenyl thACHIRAL-BAH-9-152(1)-2.00%IPA-1.00mL_min-ADH-2.lcd

mAU
S PDA MuTti 1
&
w
] Ph o_ ..
] With H,0 (2.0 equiv.) in toluene
250
w
: 3
©
0 r J ﬁ_r/_\k‘\
—+v v v [ T ‘v v ‘v [ ' " ‘v ‘" ‘v ¢ "¢+ ‘¢ [ v v vt [ v v T T
3 4 5 6 7 8 9
min
1 PDA Multi 1/254nm 4nm
PeakTable
PDA Chl 254nm 4nm
Peak= Ret. Time Area Height Area % Height %
1 5.220 5795128 672196 05.568 96.400
2 6.345 268775 25101 4432 3.600
Total 6063903 697207 100.000 100.000

C:\LabSolutions\Data\B. Hopkins\gemdiphenyl thiACHIRAL-BAH-9-152(1)-2.00%IPA-1.00mL_min-ADH-2 Icd

541



i i Sample Name Fulse sequence PROTON Temperature 24 Study owner bahopki
Agilent Technologies Date collected 2015-05-08 Soivent cdeld Operstor bahopki Frinted from  te.chem.lsa.umich.edu-vnmrs500
@\\\\\O\(
L LA A lhl ~
L e B e e e L I B T A e e e ML A ——— T T T T T T T
11 10 9 8 7 6 5 3 2 1 Ppm
Ly w R
2.00. 04 0592 1.02 1.02 1.02
1.9%5.8172 1.00 1.02 1.02 1.02

Data file

178-2proton.fid

Plot date 2015-05-08

Sample Name
Date collected  2015-05-08

Agilent Technologies

CARBON

Pulse sequence
Solvent cdel3

Temperature 26
Operstor bahopki

Study owner
Printed from

bahopki

te_chem.Isa.umich.edu-vnmrs500

Data file /home/bahopki/vnmrsys/data/BAH-8-178-2carbon.fid

542

Plot date 2015-05-08



. . Sample Name
Agilent Technologies Date collected  2015-05-05

Fulse sequence  PROTON Temperature 25 Study owner  bahopki
Solvent edel3 Operstor  bahopki

Pho o .
O 0L
O
Ph
With H,0 (2.0 equiv.) in toluene 2e

Data file /misc/Ytterbium/bahopki/vnmrsys/data/BAH-9-174-3proton. fid

Plot date 2015-05-08

543

Printed from  md.chem.Isa.umich.edu-vnmrs400



5/8/201519:43:21 1 /1

==== Shimadzu LCsolution Analysis Report ====

C:\LabSolutions\Data\B. Hopkins\gemdiphenyl thARAC-BAH-9-163(2)-5.00%IPA-1.00mL_min-ADH.Icd

Acquired by - Admin

Sample Name - RAC-BAH-9-163(2)-5.00%IPA-1.00mL_min-ADH
Sample ID :

Tray# 1

Vail # 1

Batch File Name

Injection Volume S1uL Ph. o “

Data File Name - RAC-BAH-9-163(2)-5.00%IPA-1.00mL_min-ADH.lcd »

Method File Name : Cyclic Urea Method.lcm Ph 0
Ph

Report File Name - Default.lcr

Data Acquired - 4/22/2015 11:43:27 PM 2e
Data Processed - 4/23/2015 12:14:45 AM

<Chromatogram>

C:\LabSolutions\Data\B. Hopkins\gemdiphenyl thARAC-BAH-9-163(2)-5.00%IPA-1.00mL_min-ADH.lcd

§ PDA Multi 1
1 > $
1000—_ -
750
500
250
1 L
Ll T
e I e e o e N B e R B e e e e e B B e S L
8 9 10 " 12 13 14
min
1 PDA Multi 1/254nm 4nm
PeakTable
PDA Chl 254nm 4nm
Pealc Ret. Time Area Height Area% Height %
1 9.087 18652646 1152095 50.859 54585
2 11.867 18022436 058560 49.141 45415
Total 36675082 2110655 100.000 100.000

C:\LabSolutions\Data\B. Hopkins\gemdiphenyl thARAC-BAH-9-163(2)-5.00%IPA-1.00mL_min-ADH.lcd

S44



5/8/2015 19:42:20 1 /1

==== Shimadzu LCsolution Analysis Report ====

C:\LabSolutions\Data\B. Hopkins\gemdiphenyl thACHIRAL-BAH-9-171(1)-5.00%IPA-1.00mL_min-ADH.lcd
Acquired by - Admin

Sample Name . CHIRAL-BAH-9-171(1)-5.00%IPA-1.00mL_min-ADH
Sample ID :

Tray# 1

Vail # 1

Injection Volume s1uL

Data File Name - CHIRAL-BAH-9-171(1)-5.00%IPA-1.00mL_min-ADH.lcd
Method File Name : Cyclic Urea Method.lcm

Batch File Name :

Report File Name : Default.lcr

Data Acquired 1 5/2/2015 12:02:09 PM

Data Processed 1 5/2/2015 12:44:56 PM

<Chromatogram>

C:\LabSolutions\Data\B. Hopkins\gemdiphenyl thACHIRAL-BAH-9-171(1)-5.00%IPA-1.00mL_min-ADH.lcd

3 PDA Multi 1
500+ ¥ Ph. o
Pl
O
Ph
250+
2e
w
8
_/\», J
T
T T T T T T T T . T T T T T T T T T T
50 75 10.0 12.5 15.0
min
1 PDA Multi 1/254nm 4nm
PeakTable
PDAChI 254nm 4nm
Peal Ret. Time Area Height Area % Height %

1 0734 8178331 542062 03.068 04082

2 11385 6091635 34098 6.932 5018

Total 8787496 576160 100.000 100.000

C:\LabSolutions\Data\B. Hopkins\gemdiphenyl thii\CHIRAL-BAH-9-171(1)-5.00%IPA-1.00mL_min-ADH.lcd

545



5/8/2015 19:58:20 1 /1

==== Shimadzu LCsolution Analysis Report ====

Ci\LabSolutions\Data\B. Hopkins\gemdiphenyl thACHIRAL-BAH-9-165(4)-5.00%IPA-1.00mL_min-ADH.lcd

Acquired by - Admin

Sample Name . CHIRAL-BAH-9-165(4)-5.00%IPA-1.00mL_min-ADH
Sample ID :

Tray# 1

Vail # 1

Injection Volume S1uL

Data File Name . CHIRAL-BAH-9-165(4)-5.00%IPA-1.00mL_min-ADH.lcd
Method File Name : Cyclic Urea Method.lcm

Batch File Name :

Report File Name : Default.lcr

Data Acquired 1 4/24/2015 7:47:58 AM

Data Processed 1 4/24/2015 8:04:49 AM

<Chromatogram>

Ci\LabSolutions\Data\B. Hopkins\gemdiphenyl thACHIRAL-BAH-9-165(4)-5.00%IPA-1.00mL_min-ADH.lcd
mAU

PDA Multi 1

: 2 Ph_o_ .
1000+ h
: f Ph
|

750+
] With H,0 (2.0 equiv.) in toluene
500
] 2e
9 ¢
ol L ~
1 T T T T | T T T T I T T T T | T T T T I T T T T | T T T T I T T T T | T T T T T T T T
6 7 8 9 10 " 12 13 14 15
min
1 PDA Multi 1/254nm 4nm
PeakTable
PDA Chl 254nm 4nm
Peal Ret. Time Area Height Area % Height %
1 0837 17433060 1144879 04713 05438
2 11.730 973158 54726 5.287 4562
Total 18406218 1199605 100.000 100.000

C:\LabSolutions\Data\B. Hopkins\gemdiphenyl thACHIRAL-BAH-9-165(4)-5.00%IPA-1.00mL_min-ADH.lcd
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A : Sample Name Fulse sequence  PROTON Temperature 25 Study owner  bahopki
Agilent Technologies Date collected  2015-04-11 Solvent edel3 Operstor bahopki Frinted from  kr.chem.Isa.umich.edu-vnmrs500

Ph

O
OMe

2f

f0r

11 10 9 8 7 6 5 4 3 2 1 0 ppm
o e w Yoy B
2.0853979%6 1.00 1.01 1.02 1.02
0.98.0218 3.10 1.02 1.01 1.03
Data file /misc/Tellurium/bahopki'vnmrsys/data/BAH-9-144-2proton.fid Plot date 2015-05-04

Sample Name Fulse sequence CARBON Temperature 25 Study owner  bahopki
Agilent Technologies Date collected  2015-04-11 Solvent cdel3 Operstor bahopki Frinted from  kr.chem Isa.umich.edu-vnmrs500
N M " —— L ™
l-‘lvvlllvv|vv\v|lvvt|lvvl|v'\vl|vvtl[vvll[\vll[\1|l[‘vll|‘vllv\vllv‘lllv\llv\‘llvv]lvvv|lv\v|lvvllvvvl|v\v||lvll|v
200 180 160 140 120 100 80 60 40 20 0 ppm
Data file /misc/T -8-144-2carbon.fid Plot date 2015-05-04

S47



5/8/2015 19:37:51 1 /1

==== Shimadzu LCsolution Analysis Report ====

C:\LabSolutions\Data\B. Hopkins\gemdiphenyl thARAC-BAH-9-142(1)-2.00%IPA-1.00mL_min-ADH.lcd

Acquired by - Admin

Sample Name : RAC-BAH-9-142(1)-2.00%IPA-1.00mL_min-ADH

Sample ID :

Tray# 1

Vail # 1

Injection Volume S1uL

Data File Name . RAC-BAH-9-142(1)-2.00%IPA-1.00mL_min-ADH.lcd

Method File Name - Cyclic Urea Method.lcm Ph.o o .

Batch File Name : W

Report File Name - Default.lcr Ph><_7 OO

Data Acquired 1 4/6/2015 1:02:20 PM

Data Processed - 4/6/2015 1:28:36 PM OMe
<Chromatogram> 2f

C:\LabSolutions\Data\B. Hopkins\gemdiphenyl thARAC-BAH-9-142(1)-2.00%IPA-1.00mL_min-ADH Icd
mAU

300+ 3 PDA Multi 1
4 e ']
3
@
200
100+
0 r J f J
— 7 T T | T T T T | T T T T T T T T T T T
5 6 7 8 9 10 1
min
1 PDA Multi 1/254nm 4nm
PeakTable
PDA Chl 254nm 4nm
Peal= Ret. Time Area Height Area % Height %
1 7454 3362119 201487 50.829 53.807
2 8.805 3252515 250237 40171 46.193
Tota] 6614634 541724 100.000 100.000

C:\LabSolutions\Data\B. Hopkins\gemdiphenyl thiRAC-BAH-9-142(1)-2.00%IPA-1.00mL_min-ADH.lcd

S48



5/8/2015 19:36:34 1/ 1

Shimadzu LCsolution Analysis Report ====

Ci\LabSolutions\Data\B. Hopkins\gemdiphenyl thACHIRAL-BAH-9-144(2)-2.00%IPA-1.00mL_min-ADH.lcd

Acquired by
Sample Name
Sample ID

Tray#

Vail #

Injection Volume
Data File Name
Method File Name
Batch File Name
Report File Name
Data Acquired
Data Processed

<Chromatogram>

: Admin
: CHIRAL-BAH-9-144(2)-2.00%IPA-1.00mL_min-ADH

1

1

1uL

. CHIRAL-BAH-9-144(2)-2.00%IPA-1.00mL_min-ADH.lcd
: Cyclic Urea Method.Ilcm

 Default.lcr
- 477/2015 3:49:10 PM
- 4/7/2015 4:59:12 PM

C:LabSolutions\Data\B. Hopkins\gemdiphenyl thiCHIRAL-BAH-9-144(2)-2.00%IPA-1.00mL_min-ADH.lcd

3 PDA Multi 1
5004 N
Pho o .
P ()
OMe
250
o~
&
@©
- x 1 ' 1
e E e e e L s e e o I B S e e e B
5 6 7 8 9 10 "
min
1 PDA Multi 1/254nm 4nm
PeakTable
PDA Chl 254nm 4nm
Peal Ret. Time Area Height Area % Height %
1 7495 6299025 527840 04.803 95510
2 8.872 345355 24817 5.197 4490
Total 6645280 352657 100.000 100.000

C:\LabSolutions\Data\B. Hopkins\gemdiphenyl thACHIRAL-BAH-9-144(2)-2.00%IPA-1.00mL_min-ADH.lcd

549



Pulse sequence  PROTON

Study owner  bahopki
Frinted from  yb.chem.lsa.umich_edu-vnmrs700

Temperature 26
Operstor bahopki

Solvent cdel3

Sample Name
Date collected  2015-05-08

Agilent Technologies

Ph. o -
SO0
OMe

29

. JJ\J__;{ Jl A U_J_,L
—_—— —_——
11 10 9 8 7 5 4 3 2 1 0 ppm
AT - Wy W g
4.154.12 1.00 1.05 1.06 1.04
3.93 2.06 3.23 1.02.05 1.04
Data file -9-178-4 fid Plot date 2015-05-08
. . Sample Name Pulse sequence CARBON Temperature 25 Study owner  bahopki
Mll.n'T.chn°|ogl” Date collected  2015-05-08 Solvent ecdel3 Operator  bahopki Frinted from  yb.chem.lsa.umich.edu-vnmrs700
,
B e e R B
160 140 120 100 80 60 40 20 0 ppm
Plot date 2015-05-08

200 180

Data file /home/bahopkifvnmrsys/data/BAH-8-178-4carbon.fid

S50



5/8/201519:47:221 /1

Shimadzu LCsolution Analysis Report ====

C:\LabSolutions\Data\B. Hopkins\gemdiphenyl thARAC-BAH-9-158(1)-1.00%IPA-1.00mL_min-ADH.Icd

Acquired by
Sample Name
Sample ID

Tray#

Vail #

Injection Volume
Data File Name
Method File Name
Batch File Name
Report File Name
Data Acquired
Data Processed

<Chromatogram>

- Admin
- RAC-BAH-9-158(1)-1.00%IPA-1.00mL_min-ADH

o1

1

1uL

- RAC-BAH-9-158(1)-1.00%IPA-1.00mL_min-ADH.lcd
: Cyclic Urea Method.lcm

: Ph. o. .
 Default.lcr Ph><—7 \O\ 29
- 42012015 11:12:08 PM OMe

:4/20/2015 11:25:00 PM

C:\LabSolutions\Data\B. Hopkins\gemdiphenyl thARAC-BAH-9-158(1)-1.00%IPA-1.00mL_min-ADH.Icd

mAU
o s PDA Multi 1
8 -
1 ©
750
500
250+
1
T
— 7T 7T T
5 6 7 8 9 10
min
1 PDA Multi 1/230nm 4nm
PeakTable
PDA Chl 230nm 4nm
Pealz Ret. Time Are Height Area% Heioht %
1 6922 6482730 762039 50.931 47.384
2 8.115 5880069 846210 49.069 52616
Tota! 32362798 1608269 100.000 100.000

C:\LabSolutions\Data\B. Hopkins\gemdiphenyl thARAC-BAH-9-158(1)-1.00%IPA-1.00mL_min-ADH.lcd

S51



5/8/2015 19:46:33 1 /1

==== Shimadzu LCsolution Analysis Report ====

C:\LabSolutions\Data\B. Hopkins\gemdiphenyl thACHIRAL-BAH-9-170(1)-1.00%IPA-1.0mL_min-ADH.Icd
Acquired by - Admin

Sample Name . CHIRAL-BAH-9-170(1)-1.00%IPA-1.0mL_min-ADH
Sample ID :

Tray# 1

Vail # 1

Injection Volume s1uL

Data File Name . CHIRAL-BAH-9-170(1)-1.00%IPA-1.0mL_min-ADH.lcd
Method File Name : Cyclic Urea Method.lcm

Batch File Name :

Report File Name : Default.lcr

Data Acquired 1 5/1/2015 6:05:32 PM

Data Processed 1 5/1/2015 6:46:19 PM

<Chromatogram>

C:\LabSolutions\Data\B. Hopkins\gemdiphenyl thACHIRAL-BAH-9-170(1)-1.00%IPA-1.0mL_min-ADH.Icd

] © PDA Multi 1
750
: Ph. o .
500—. Ph><_7 \©\
] OMe
29
250
P
4 4
T T
e e e I e e o e e e o e e e . e e e e B e o e
5.0 55 6.0 6.5 70 75 80 8.5 9.0
min
1 PDA Multi 1/230nm 4nm
PeakTable
PDAChI 230nm 4nm
Peal Ret. Time Area Height Area% Height %
1 7.076 15706142 769699 94.696 03.385
2 8215 870721 54526 5.304 6.615
Tota] 16585863 824224 100.000 100.000

C:\LabSolutions\Data\B. Hopkins\gemdiphenyl thiCHIRAL-BAH-9-170(1)-1.00%IPA-1.0mL_min-ADH.lcd

S52



5/8/2015 19:59:58 1 /1

==== Shimadzu LCsolution Analysis Report ====

C:LabSolutions\Data\B. Hopkins\gemdiphenyl thACHIRAL-BAH-9-158(3)-1.00%IPA-1.00mL_min-ADH.lcd

Acquired by : Admin
Sample Name : CHIRAL-BAH-9-158(3)-1.00%IPA-1.00mL_min-ADH
Sample ID :

Tray# 1

Vail # 1

Injection Volume S1uL

Data File Name : CHIRAL-BAH-9-158(3)-1.00%IPA-1.00mL_min-ADH.lcd
Method File Name : Cyclic Urea Method.lcm

Batch File Name :

Report File Name : Default.lcr

Data Acquired 14/21/2015 12:21:25 AM

Data Processed 1 4/21/2015 12:31:07 AM

<Chromatogram>

C:LabSolutions\Data\B. Hopkins\gemdiphenyl thACHIRAL-BAH-9-158(3)-1.00%IPA-1.00mL_min-ADH.lcd
mAU

] PDA Multi 1
401
1 Ph o . 29
o P L
] OMe
20 With H,0 (2.0 equiv.) in toluene
104
] 2
- &
] @
) 1
O i
e
4.0 45 5.0 55 6.0 6.5 7.0 75 8.0 85 9.0
min
1 PDA Multi 1/254nm 4nm
PeakTable
PDA Chi 254am 4am
PealE Ret. Time Area Height Area % Height %
1 6.950 01315 3790 05481 01667
2 3204 D10 201 1510 5333
Total 933707 17270 100.000 100.000

C:\LabSolutions\Data\B. Hopkins\gemdiphenyl thACHIRAL-BAH-9-158(3)-1.00%IPA-1.00mL_min-ADH.lcd

S53



Agilent Technologies

Sample Name
Date collected  2015-05-06

Fulse sequence  PROTON
Solvent cdel3

Temperature 26
Operator  bahopki

Study owner  bahopki
Printed from  dy.chem.Isa.umich.edu-vnmrs500

Ph. o .
N
Bn

2h

W 4
S I B Em— I
11 10 9 8 7 6 5 4 3 2 1 0 ppm
W ¥ v o B gy !
1L 058.06 .99 1.00 1.030.99 1.02
2.02887 2.07 1.00 1.02 1.03
Data file /misc/Y 175 fid Plot date 2015-05-08
Sample Name Pulse sequence CARBON Temperature 25 Study owner  bahopki
A'“.“tT°chn°'oni“ Date collected  2015-05-06 Solvent cdcl3 Operator  bahopki Frinted from  dy.chem.lsa.umich.edu-vnmrs500
200 180 160 140 120 100 80 60 40 20 ppm

Data file /misc/Y

-9-175-2carbon.fid

Plot date 2015-05-08

S54



5/8/2015 19:53:01 1 /1

==== Shimadzu LCsolution Analysis Report ====

C:\LabSolutions\Data\B. Hopkins\gemdiphenyl thARAC-BAH-9-167(1)-2.00%IPA-1.00mL_min-ADH.Icd

Acquired by - Admin

Sample Name - RAC-BAH-9-167(1)-2.00%IPA-1.00mL_min-ADH
Sample ID :

Tray# 1

Vail # 1

Injection Volume 1luL

Data File Name - RAC-BAH-9-167(1)-2.00%IPA-1.00mL_min-ADH.lcd

Method File Name
Batch File Name
Report File Name
Data Acquired
Data Processed

: Cyclic Urea Method.lcm

 Default.lcr
- 5/3/2015 9:57:24 PM
- 5/3/2015 10:28:12 PM

<Chromatogram>

C:\LabSolutions\Data\B. Hopkins\gemdiphenyl thARAC-BAH-9-167(1)-2.00%IPA-1.00mL_min-ADH.lcd

mAU
1 8 PDA Multi 1
=
] 2
- Ph__O_ .«
50 A 2h
: Ph
| N
] Bn .
254
0~ S
T T T T T I T T T T I T T T T I T T T T I T T T I T T
10.0 12.5 15.0 17.5 20.0 225
min
1 PDA Multi 1/254nm 4nm
PeakTable
PDA Chl 254nm 4nm
Peals Ret. Time Area Height Area % Height %
1 10.836 143534 65081 49978 65.593
2 21333 144518 34138 50.022 34407
Tota]| 2288033 90219 100.000 100.000

C:\LabSolutions\Data\B. Hopkins\gemdiphenyl thARAC-BAH-9-167(1)-2.00%IPA-1.00mL_min-ADH.lcd

S55



5/30/2015 13:47:36 1 /1

Shimadzu LCsolution Analysis Report

C:\LabSolutions\Data\B. Hopkins\gemdiphenyl thiCHIRAL-BAH-9-175(2)-2.00%IPA-1.00mL_min-ADH.lcd

Acquired by
Sample Name
Sample ID

Tray#

Vail #

Injection Volume
Data File Name
Method File Name
Batch File Name
Report File Name
Data Acquired
Data Processed

:Admin
: CHIRAL-BAH-9-175(2)-2.00%IPA-1.00mL_min-ADH

1

1

:1ul

: CHIRAL-BAH-9-175(2)-2.00%IPA-1.00mL_min-ADH.lcd
: Cyclic Urea Method.lcm

Default.lcr
: 5/6/2015 3:20:11 AM
: 5/6/2015 3:43:56 AM

<Chromatogram>

C:\LabSolutions\Data\B. Hopkins\gemdiphenyl thiCHIRAL-BAH-9-175(2)-2.00%IPA-1.00mL_min-ADH.lcd

mAU
. K] PDA Multi 1
o
e II’,?
500 'l
I Ph. O .
1] o
i M N
] |
250 : 'l 2h Bn
T |
41
I _
| A
1 \ s
0 / \I/ — ’r /\ \I/
— T T T
10.0 12.5 15.0 17.5 20.0 225
min
1 PDA Multi 1/254nm 4nm
PeakTable
PDA Chl 254nm 4nm
Peak# Ret. Time Area Height Area % Height %
1 10.632 10096553 593722 93.160 96.529
2 21.141 741340 21347 6.840 3.471
Total| 10837893 615069 100.000 100.000

C:\LabSolutions\Data\B. Hopkins\gemdiphenyl thACHIRAL-BAH-9-175(2)-2.00%IPA-1.00mL_min-ADH.lcd

S56



5/30/2015 13:52:11 1/ 1

Shimadzu LCsolution Analysis Report
C:\LabSolutions\Data\B. Hopkins\gemdiphenyl thiRAC-BAH-9-138(1)-1.00%IPA-0.50mL_min-ADH.lcd

Acquired by : Admin
Sample Name RAC-BAH-9-138(1)-1.00%IPA-0.50mL_min-ADH
Sample ID :
Tray# 1
Vail # 1
1ul
RAC-BAH-9-138(1)-1.00%IPA-0.50mL_min-ADH.lcd

Injection Volume
Data File Name
Method File Name
Batch File Name
Report File Name
Data Acquired
Data Processed

Cyclic Urea Method.lcm

Default.ler
:4/3/2015 2:58:02 PM
:4/3/2015 3:22:05 PM

<Chromatogram>
C:\LabSolutions\Data\B. Hopkins\gemdiphenyl thiRAC-BAH-9-138(1)-1.00%IPA-0.50mL_min-ADH.lcd
PDA Multi 1

mAU .
400 [ 2 Ph, 0 s
/ \ OMe
2i

)1 786

o [\

200 | \
B [
] / /
100 / J
J . .
R 20 o

07 T
—— — —
16 17 18 19 20
min
1 PDA Multi 1/254nm 4nm
PeakTable
PDA Chl 254nm 4nm
Peak# Ret. Time Area Height Area % Height %

1 17.433 11809441 465170 48.852 54.004

2 18.786 12364382 396186 51.148 45.996

Total| 24173823 861356 100.000 100.000

C:\LabSolutions\Data\B. Hopkins\gemdiphenyl thiiRAC-BAH-9-138(1)-1.00%IPA-0.50mL_min-ADH.lcd

S57



5/30/2015 13:55:36 1/ 1

Shimadzu LCsolution Analysis Report

C:\LabSolutions\Data\B. Hopkins\gemdiphenyl thfiCHIRAL-BAH-9-138(2)-1.00%IPA-0.50mL_min-ADH.lcd

Acquired by : Admin

Sample Name : CHIRAL-BAH-9-138(2)-1.00%IPA-0.50mL_min-ADH
Sample ID :

Tray# 1

Vail # o1

Injection Volume
Data File Name

Method File Name

Batch File Name

Report File Name

Data Acquired
Data Processed

:1uL
: CHIRAL-BAH-9-138(2)-1.00%IPA-0.50mL_min-ADH.lcd

: Cyclic Urea Method.lem

Default.lcr
1 4/3/2015 3:26:59 PM
1 4/3/2015 4:37:01 PM

<Chromatogram>

C:\LabSolutions\Data\B. Hopkins\gemdiphenyl thfiICHIRAL-BAH-9-138(2)-1.00%IPA-0.50mL_min-ADH.lcd

mAU
PDA Multi 1

400

] 1" \ Ph 0 W\ A
300 ;g \l}‘ Ph><_7 \/\O\
] o OMe
200+ | . 2i
‘ / \
|

7 ~
100 | \ 8
| / \ i
0 T “'*”/ — -
— T[T
16 17 18 19 20 21
min
1 PDA Multi 1/254nm 4nm
PeakTable
PDA Chl 254nm 4nm
Peak# Ret. Time Area Height Area % Height %

1 17.493 9690833 388542 79.180 86.888

2 18.827 2548227 58633 20.820 13.112

Total 12239059 447175 100.000 100.000

C:\LabSolutions\Data\B. Hopkins\gemdiphenyl thiCHIRAL-BAH-9-138(2)-1.00%IPA-0.50mL_min-ADH.lcd

S58



{} Agilent Technologies g:;‘:;";"‘f P“*’("““' PROTON Tempersture 24 Mvm ganete

Me _ o Me
Me

Ph

’ A
e i e T T T T T T T T T T S
11 10 9 8 7 6 5 4 3 2 1 0 ppm
W oyuy y ESR T
1.2690.53 0.9%1.25 3.00
1.8%.88 i1.98 2.0 6.18
Data fie /misc/Terumigaretszwnmrsys/datazig jow 2 1973 H1.0d Pict aate 2015-05-34
5 Agilent Techaologies B Pne s CARBON Tergermse 34 e e garetes
Y Dot covecies DVGISST i Doy gartetas Prvees Sor

CHED T S SRR A A D e 3 YT A G2 P S O a
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5/14/2015 13:156:21 1 /1

==== Shimadzu LCsolution Analysis Report ====

C:\LabSolutions\Data\Zac G\RAC-ZJG-2-189C-1-DPEPhos-4bromobenzophenone-2.00%IPA-01.0mL_min-ADH.lcd

Acquired by
Sample Name
Sample ID

Tray#

Vail #

Injection Volume
Data File Name
Method File Name
Batch File Name
Report File Name
Data Acquired
Data Processed

: Admin
: RAC-ZJG-2-189C-1-DPEPhos-4bromobenzophenone-2.00%IPA-01.0mL_min

1

1

c1ul

: RAC-ZJG-2-189C-1-DPEPhos-4bromobenzophenone-2.00%IPA-01.0mL_min-ADH.lcd
: Cyclic Urea Method.lcm

Default.lcr
:4/29/2015 2:38:55 PM
:4/29/2015 2:57:12 PM

<Chromatogram>

C:\LabSolutions\Data\Zac G\RAC-ZJG-2-189C-1-DPEPhos-4bromobenzophenone-2.00%IPA-01.0mL_min-ADH.lcd

mAU
1 PDA Multi 1
1500+ -
i 'c\> Me 0 Me\
i =} o
1 \©\’¢0
1000+ .
1 2j Ph
5004
] ) . L
0+ T
T T T T T I T T T T | T T T T I T T T T | T T T T I T T T T | T T T T | T T T T
9.0 9.5 10.0 10.5 11.0 1.5 12.0 12.5 13.0
min
1 PDA Multi 1/195nm 4nm
PeakTable
PDA Chl 195nm 4nm
Peak# Ret. Time Area Height Area % Height %
1 10.072 27237637 1695761 49.332 58.394
2 10.791 27974754 1208227 50.668 41.606
Total 55212392 2903988 100.000 100.000

C:\LabSolutions\Data\Zac G\RAC-ZJG-2-189C-1-DPEPhos-4bromobenzophenone-2.00%IPA-01.0mL_min-ADH.Icd



5/14/2015 13:17:41 1 /1

Shimadzu LCsolution Analysis Report

C:\LabSolutions\Data\Zac G\CHIRAL-ZJG-2-197-4bromobenzophenon-2.00%IPA-01.0mL_minADH.lcd

Acquired by

Sample Name

Sample ID

Tray#

Vail #

Injection Volume
Data File Name
Method File Name
Batch File Name
Report File Name
Data Acquired
Data Processed

:Admin

: CHIRAL-ZJG-2-197-4bromobenzophenon-2.00%IPA-01.0mL_minADH
1

1

1ul

: CHIRAL-ZJG-2-197-4bromobenzophenon-2.00%IPA-01.0mL_minADH.led
: Cyclic Urea Method.lcm

Default.lcr
1 5/2/2015 11:08:59 AM

1 5/2/2015 11:24:17 AM

<Chromatogram>
C:\LabSolutions\Data\Zac G\CHIRAL-ZJG-2-197-4bromobenzophenon-2.00%IPA-01.0mL_minADH.lcd
mAU
750 N > PDA Multi 1
] e [ s
o |
4 /’\ ‘|’ \ Me
co0] [ Fo M;@.»
[ | \
[ [ Me
1 [ ,' \ \©\’¢0
b | \ | \
] [ \ |
| r‘l \ |' Ph
| \ |
250 | ' :
il | \\ | 2j
] ¢ \ ;
4 / "I
] j ux
— L
0 T * |
T T T T | T T T T | T T T T | T T T T I T T T T | T T T T | T T T T | T T T T
9.0 9.5 10.0 10.5 11.0 115 12.0 12.5 13.0
min
1 PDA Multi 1/195nm 4nm
PeakTable
PDA Chl 195nm 4nm
Peak# Ret. Time Area Height Area % Height %
1 10.101 10171837 637898 37.522 45.663
2 10.851 16936870 759064 62.478 54.337
Total 27108707 1396962 100.000 100.000

C:\LabSolutions\Data\Zac G\CHIRAL-ZJG-2-197-4bromobenzophenon-2.00%IPA-01.0mL_minADH.lcd



Agilent Technologies O et 203605 Soivent ocold

Study owner  ganetcz
Frimtec for co.chem.ica umioh. edu-vmercs00

Ph

CAY 8
L B B e e e e e T o o T o e o B e e L A B e o o e e e e O B B B e
14 12 10 8 (S 4 2 0 pPpPm
ey
SZR23H ge%  ®E A
A O mn o P .
Data fie Mome/ganet=znnmrzy=/oatazg Jow 3.6.5.H1.5d Pict aate 2015-05-95
by Sagi sequence CARBON mpersture 24 owner ganeds
-{;}v Agilent Technologies Datc:lz: 2016-05-14 g:x oe:: ;evermn' gartetcz Ps:::am Cy.chem.ica umioh.edu-vrmrcs00
;.]....,n..l.'.‘.,x...|.”.|...|[.|..|'..|.|....|;.|.|....,..x.ln.‘.'..'..||..x,.”.l....,.‘..]....||'...|..”|x...|.”.|.
220 200 180 160 140 120 100 80 60 40 20 0 ppm

Data fie /mizc/Telkrumigereznmesyz/datarzio w2 208.8.4.C13.50

S62

Pict date 2015-05-34



Shimadzu LCsolution Analysis Report =

5/14/2015 18:16:53 1 /1

C:\LabSolutions\Data\Zac G\RAC-ZJG-2-201A-1-DPEPhos-4bromobenzophenone-2.00%IPA-01.0mL_min1.lcd

Acquired by
Sample Name
Sample ID
Tray#

Vail #
Injection Volume

Data File Name
Method File Name
Batch File Name
Report File Name
Data Acquired
Data Processed

: Admin
RAC-ZJG-2-201-1-DPEPhos-4bromobenzophenone-2.00%IPA-01.0mL_min1

1

1
:1ul
RAC-ZJG-2-201A-1-DPEPhos-4bromobenzophenone-2.00%IPA-01.0mL_min1.lcd

Cyclic Urea Method.lcm

Default.lcr
: 5/14/2015 5:38:49 PM

:5/14/2015 6:13:17 PM

<Chromatogram>
C:\LabSolutions\Data\Zac G\RAC-ZJG-2-201A-1-DPEPhos-4bromobenzophenone-2.00%IPA-01.0mL_min1.lcd
mAU
300 S PDA Multi 1
] /§ 3
] [\ =
1 [ Me
200 | \ Ph o o \
il | \ ' / \
i / \ Ph / \
1 | \ 0 / \
] | \\ / \
1004 / Ph /
_ » - 2k /
/ /
4 / //
0 _— — ) — —
— T T e e e o e e L A e e e e e e o
14.5 15.0 15.5 16.0 16.5 17.0 17.5 18.0 18.5 19.0
min
1 PDA Multi 1/275nm 4nm
PeakTable
PDA Chl 275nm 4nm
Peak# Ret. Time Area Height Area % Height %
1 15.307 7497473 299832 50.619 55.349
2 17.851 7314070 241882 49.381 44.651
Totall 14811543 541715 100.000 100.000

C:\LabSolutions\Data\Zac G\RAC-ZJG-2-201A-1-DPEPhos-4bromobenzophenone-2.00%IPA-01.0mL_min1.lcd

S63



5/14/2015 18:14:16 1/ 1

Shimadzu LCsolution Analysis Report

C:\LabSolutions\Data\Zac G\CHIRAL-ZJG-2-208B-Bligand-4bromobenzophenone-2.00%IPA-01.0mL_min-ADH.lcd

Acquired by
Sample Name
Sample ID
Tray#

Vail #
Injection Volume

Data File Name
Method File Name
Batch File Name
Report File Name
Data Acquired

: Admin
CHIRAL-ZJG-2-208B-Bligand-4bromobenzophenone-2.00%IPA-01.0mL_mi

1

1

:1ul
CHIRAL-ZJG-2-208B-Bligand-4bromobenzophenone-2.00%IPA-01.0mL_min-ADH.lcd

Cyclic Urea Method.lem

: Default.ler
1 5/14/2015 4:44:49 PM

5/14/2015 5:15:41 PM

Data Processed

<Chromatogram>
C:\LabSolutions\Data\Zac G\CHIRAL-ZJG-2-208B-Bligand-4bromobenzophenone-2.00%IPA-01.0mL_min-ADH.lcd
mAU; 25
] N PDA Multi 1
] [
1000+ |
] | M
i [ e
7504 [ \\ NGRS
i | N
] | \ 0
500 |
| /
1 / 2k Ph
250 / g
il / =}
] / ©
o1y — —————
L T s e e o e B L e e e ) s e e AL e e e e e e e I
14.5 15.0 15.5 16.0 16.5 17.0 17.5 18.0 18.5 19.0
min
1 PDA Multi 1/275nm 4nm
PeakTable
PDA Chl 275nm 4nm
Peak# Ret. Time Area Height Area % Height %
1 15.374 31151956 1189142 94.565 95.305
2 18.062 1790297 58578 5.435 4.695
Total 32942253 1247721 100.000 100.000

C:\LabSolutions\Data\Zac G\CHIRAL-ZJG-2-208B-Bligand-4bromobenzophenone-2.00%IPA-01.0mL_min-ADH.lcd

S64



{:} Agilent Technologies z:;‘:;’“:‘““f e P“*"’w" PROTON Tempersture 24 Mom :n-&

Ph>®' m

11 10 9 8 7 6 = 4 3 2 1 0 ppm
Yoy v y Wy oy Wowoy
4.814 0556 1.87 0.96 1.01 3.00
S.€391 o.84 0.9% 1.92 1.04
Data fie /misc/Teurumigaretszwnmrsys/datazig jow 2 208.C 4 H1.nd Pict aate 2015-05-34

wrw Samoie Name Fuse srguencr CARBON Terperatae 24 Ty cener garetesx
Dot colectns 20160634 Toae oo Coeratr ganetes Prreec Som
T T T T T T T T T T T T T T T T T T
220 200 180 160 140 120 100 80 60 40 20 0 ppm
Oats fie M2/ T el U yoaretE v IyL MtV Es Pw 3 €A C13 % Mot ante 20150514
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5/16/2015 13:39:00 1/ 1

==== Shimadzu LCsolution Analysis Report ====

C:\LabSolutions\Data\Zac G\RAC-ZJG-2-206-1-DPEPhos-bromobnindole-1.00%IPA-01.0mL_min1.lcd

Acquired by :Admin

Sample Name : RAC-ZJG-2-206-1-DPEPhos-bromobnindole-1.00%IPA-01.0mL_min1
Sample ID :

Tray# 1

Vail # 1

Injection Volume
Data File Name

Method File Name

Batch File Name
Report File Name
Data Acquired
Data Processed

1uL
: RAC-ZJG-2-206-1-DPEPhos-bromobnindole-1.00%IPA-01.0mL_min1.lcd
: Cyclic Urea Method.lcm

: Default.ler
:5/16/2015 11:18:00 AM
:5/16/2015 12:05:19 PM

<Chromatogram>

C:\LabSolutions\Data\Zac G\RAC-ZJG-2-206-1-DPEPhos-bromobnindole-1.00%IPA-01.0mL_min1.lcd

mAU
] ﬂ§ PDA Multi 1
] =
200 \ Me
1 | Ph o RS
1 |l Ph><_7' N
150 ‘ { N
i | Bn
100+ [
] ‘ | <
] | 3
] | ~
so] || N
] ‘ I‘l /
1]
0_: N _ . J L
— T T — T T T T T T T
10 15 20 25 30 35
min
1 PDA Multi 1/254nm 4nm
PeakTable
PDA Chl 254nm 4nm
Peak# Ret. Time Area Height Area % Height %
1 11.505 6336323 221869 49.463 80.036
2 27.434 6473788 55341 50.537 19.964
Totall 12810111 277211 100.000 100.000

C:\LabSolutions\Data\Zac G\RAC-ZJG-2-206-1-DPEPhos-bromobnindole-1.00%IPA-01.0mL_min1.lcd

S66



5/16/2015 13:38:07 1/ 1

Shimadzu LCsolution Analysis Report

C:\LabSolutions\Data\Zac G\CHIRAL-ZJG-3-6-A-Bligand-bromobnindole-1.0%IPA-01.0mL_minAD1.lcd

Acquired by Admin

Sample Name : CHIRAL-ZJG-3-6-A-Bligand-bromobnindole-1.0%IPA-01.0mL_minAD1
Sample ID :

Tray# 1

Vail # 1

Injection Volume
Data File Name
Method File Name
Batch File Name
Report File Name
Data Acquired
Data Processed

c1ul

: CHIRAL-ZJG-3-6-A-Bligand-bromobnindole-1.0%IPA-01.0mL_minAD1.lcd
: Cyclic Urea Method.lem

Default.lcr
1 5/16/2015 12:06:37 PM
: 5/16/2015 1:06:37 PM

<Chromatogram>

C:\LabSolutions\Data\Zac G\CHIRAL-ZJG-3-6-A-Bligand-bromobnindole-1.0%IPA-01.0mL_minAD1.lcd

mAU
| S PDA Multi 1
4 &
750+ I Me
i “l Ph 0 .\\\
.l Y
] l N
500 | n Bn
] | | 2|
|
i ll‘
250+ | |
- |
\
h ’ \ ©
i ' \ 8
] | \___ 8 J
S —— - — —
— T T T T T T T T T T T T T T T T
10 15 20 25 30 35
min
1 PDA Multi 1/254nm 4nm
PeakTable
PDA Chl 254nm 4nm
Peak# Ret. Time Area Height Area % Height %
1 11.592 30684412 846134 95.635 98.815
2 30.326 1400511 10144 4.365 1.185
Totall 32084923 856277 100.000 100.000

C:\LabSolutions\Data\Zac G\CHIRAL-ZJG-3-6-A-Bligand-bromobnindole-1.0%IPA-01.0mL_minAD1.lcd

S67



{:} Agilent Technologies ;’;“;":.25 2016-05-11 s TReToN

Sovent odol3

Tempersture 26 Study owner  garefsz
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FPrictec fom  Kr.ohem ica_umioh ecu-vnmrc 500

|‘\\
2m
LI N S S S AL S R R S R S B D S B B S S S S B S S S S B B S e S N S B B S N S B S B S S B S B S S B S B S B S S e |
11 10 9 8 7 6 5 4 3 2 1 0 pPpm
Yoy W Yoy Yoo ¥
8 a9 & b3 & 8= 8 = 2
I - e - = -
Data fie /mizc/Yierbiuamgariet=zAr oW 22053 H1%d Pict date 2015-05-34
“:{ Agilent Technologies g:;a;me e ;";T‘““’ CARBON Tempersture 26 m am ganetex
53 = e " ‘ | = g ) i
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Data fie Mome'ganetszimmrsyw/data’zig Jow 2 205 5 C13.0d

Pict date 2015-05-34

568



5/20/2015 09:44:45 1/ 1

==== Shimadzu LCsolution Analysis Report ====

C:\LabSolutions\Data\Zac G\RAC-ZJG-2-201B-1-DPEPhos-4bromobenzomorpoli-2.00%IPA-01.0mL_min2.lcd

Acquired by : Admin

Sample Name : RAC-ZJG-2-201B-1-DPEPhos-4bromobenzomorpoli-2.00%IPA-01.0mL_min
Sample ID :

Tray# 1

Vail # 1

1ul
: RAC-ZJG-2-201B-1-DPEPhos-4bromobenzomorpoli-2.00%IPA-01.0mL_min2.lcd

: Cyclic Urea Method.lcm

Injection Volume
Data File Name
Method File Name
Batch File Name
Report File Name
Data Acquired
Data Processed

: Default.ler
1 5/14/2015 5:17:10 PM
1 5/14/2015 5:34:30 PM

<Chromatogram>
C:\LabSolutions\Data\Zac G\RAC-ZJG-2-201B-1-DPEPhos-4bromobenzomorpoli-2.00%IPA-01.0mL_min2.lcd
mAU
750+ 5 PDA Multi 1
Me
1 / Ph o W 3
_ [\ © ol
1 "‘ '\ Ph>@’ \O\ N
500 | N/\\O /[\
| |
4 |'| l‘\ 2m \\/ /" \
| \
1 [ [
| \ / \
_ | \ f \
| | \ / \
250 |‘ i \
] [ /
| /
i / [
i // /
0+ T - | T —
— T T T T T T T T
8.0 8.5 9.0 9.5 10.0 10.5 11.0 11.5
min
1 PDA Multi 1/210nm 4nm
PeakTable
PDA Chl 210nm 4nm
Peak# Ret. Time Area Height Area % Height %
1 8.637 10540544 739139 49.688 55.597
2 10.569 10672771 590323 50.312 44.403
Total 21213314 1329462 100.000 100.000

C:\LabSolutions\Data\Zac G\RAC-ZJG-2-201B-1-DPEPhos-4bromobenzomorpoli-2.00%IPA-01.0mL_min2.lcd

S69



Acquired by
Sample Name
Sample ID
Tray#

Vail #

Injection Volume
Data File Name

Method File Name

Batch File Name

Report File Name

Data Acquired
Data Processed

Admin
: CHIRAL-ZJG-2-205-1-4bromobenzomorpoli-2.00%IPA-01.0mL_min

1
1

1ul

: CHIRAL-ZJG-2-205-1-4bromobenzomorpoli-2.00%IPA-01.0mL_min.lcd
: Cyclic Urea Method.lcm

: Default.ler
:5/11/2015 12:11:49 PM
1 5/11/2015 12:32:52 PM

5/14/2015 17:43:09 1 /1

Shimadzu LCsolution Analysis Report ====

C:\LabSolutions\Data\Zac G\CHIRAL-ZJG-2-205-1-4bromobenzomorpoli-2.00%IPA-01.0mL_min.lcd

<Chromatogram>

C:\LabSolutions\Data\Zac G\CHIRAL-ZJG-2-205-1-4bromobenzomorpoli-2.00%IPA-01.0mL_min.lcd

mAU
| ] PDA Multi 1
] s Me
] [% Ph oga
300 [ Ph><_7' \©\
b ‘; '; N/\\O
] [
i | \ \\/
200 [ 2m
: 1" ‘y"
B |
- \\\
100+ | \
| i \ 2
] / \ g
0 x / _ L . T J
1 T T T I T T T ‘ T T T | T T T | T T T T I T T T T I T T T T
8.0 8.5 9.0 9.5 10.0 10.5 11.0 1.5
min
1 PDA Multi 1/210nm 4nm
PeakTable
PDA Chl 210nm 4nm
Peak# Ret. Time Area Height Area % Height %
1 8.705 5254484 380375 93.034 94.651
2 10.688 393455 21497 6.966 5.349
Total 5647939 401872 100.000 100.000

C:\LabSolutions\Data\Zac G\CHIRAL-ZJG-2-205-1-4bromobenzomorpoli-2.00%IPA-01.0mL_min.lcd
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Agilent Technologies Sampie Name Puze sequence PROTON Tempersture 20
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Study owner  ganets
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T
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S - -
Data fie /misc/Teurumigaretsziwnmrsys/datazig jow 3 S.6.H1 50 Pict aate 2015-05-96
oy Sample Name Puze sequence  CARBON Terperstue 60 Study owner garsetoz
Lz Agilent Technologies Dot cotect=d 2016-06-16 Soent ocola e garetez Friec too Gy.ohem.ita umioh.edu-vrmrcE00

Data fie /mizc/Tekrumigareznmsys/'datarzio ow 3 5.4.C13.5d Pict date 2015-05-96
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Shimadzu LCsolution Analysis Report

5/14/2015 13:23:19 1/ 1

C:\LabSolutions\Data\Zac G\RAC-ZJG-2-207-1-DPEPhos-bromo4benzonitrile-2.00%IPA-01.0mL_min.lcd

Acquired by
Sample Name
Sample ID
Tray#

Vail #
Injection Volume

Data File Name

Method File Name
Batch File Name
Report File Name

Data Acquired
Data Processed

:Admin
RAC-ZJG-2-207-1-DPEPhos-bromo4benzonitrile-2.00%IPA-01.0mL_min.

1

1
1uL
RAC-ZJG-2-207-1-DPEPhos-bromo4benzonitrile-2.00%IPA-01.0mL_min.lcd

Cyclic Urea Method.lcm

Default.lcr

1 5/12/2015 3:11:17 PM
1 5/12/2015 3:20:54 PM

<Chromatogram>
C:\LabSolutions\Data\Zac G\RAC-ZJG-2-207-1-DPEPhos-bromo4benzonitrile-2.00%IPA-01.0mL_min.lcd

PDA Multi 1

mAU

>8.348

A
[

Ph_ol¥e
L
/" \\ CN ’/ \
/ \ 2n
| ".i
/ \

/ \ ]

7.00

\
/
/ \ /
/ /
/ — / — i
— ‘41?—'
LA E s e e e LA B e s e e e SRS A s sy s s
7.25 7.50 7.75 8.00 8.25 8.50 8.75 9.00
min
1 PDA Multi 1/195nm 4nm
PeakTable
PDA Chl 195nm 4nm
Peak# Ret. Time Area Height Area % Height %
1 7.467 10329364 884476 49.713 52.115
2 8.348 10448562 812688 50.287 47.885
Total 20777926 1697164 100.000 100.000

C:\LabSolutions\Data\Zac G\RAC-ZJG-2-207-1-DPEPhos-bromo4benzonitrile-2.00%IPA-01.0mL_min.lcd

S72



5/14/2015 13:25:38 1/ 1

Shimadzu LCsolution Analysis Report

C:\LabSolutions\Data\Zac G\CHIRAL-ZJG-3-2-Bligand-bromobenzonitr-2.00%IPA-01.0mL_min1ADH.lcd

Acquired by

Sample Name

Sample ID
Tray#

:Admin
RAC-ZJG-3-2-DPEPhos-bromobenzonitr-2.00%IPA-01.0mL_min1ADH

1
1

Vail #
Injection Volume

Data File Name
Method File Name
Batch File Name
Report File Name
Data Acquired
Data Processed

1L
: CHIRAL-ZJG-3-2-Bligand-bromobenzonitr-2.00%IPA-01.0mL_min1ADH.lcd

: Cyclic Urea Method.lem

Default.lcr
:5/13/2015 4:39:14 PM

: 5/13/2015 4:56:56 PM

<Chromatogram>
C:\LabSolutions\Data\Zac G\CHIRAL-ZJG-3-2-Bligand-bromobenzonitr-2.00%IPA-01.0mL_min1ADH.lcd
mAU
| 3 M PDA Multi 1
] /@\ Ph o
1 [ CN
N ," ‘\ 2"
1000 / \
| | \

0 T =
——T ——T — T T T T T T T T — T —
7.00 7.25 7.50 7.75 8.00 8.25 8.50 8.75 9.00
min
1 PDA Multi 1/195nm 4nm
PeakTable
PDA Chl 195nm 4nm
Peak# Ret. Time Area Height Area % Height %

1 7.484 20895001 1791445 86.563 87.549

2 8.371 3243362 254773 13.437 12.451

Total 24138363 2046218 100.000 100.000

C:\LabSolutions\Data\Zac G\CHIRAL-ZJG-3-2-Bligand-bromobenzonitr-2.00%I|PA-01.0mL_min1ADH.lcd
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Sampie Name Puze sequence PROTON Tempershue 26 Study owner  ganetsz
Agilent Technologies Dot colected 2016-08-13 Soivent odol3 Operator  gartetsz Frined fom  dy.ohem.ica umioh.edu-vnmrcs00
gjllllz ;:
) X S
LIS B B B B N B B B B B B N S B B S B B B B N B S B B S B B B B B B S B B B B N B S I B B S R N S B B B B R B B B B
12 11 10 9 8 7 (3 5 4 2 1 Ppm
WYY Ly Hy L
1.98 580.23 1.c0 3.00
1.95.92.5% 1.00
Data fie imisc/ Teilrumigaretznmsys/dataz w3 S7.2nd S H1.Nd Pict aate 2015-08-13
Sarpie Name Puze sequence CARBON Temperstue 26 Study owner  ganetsz
Dot colected  2016-08-12 Scivent odol3 Operstor  gartetsz Frintec fom te.ohemuica.umioh.edu-vnenrc 500

45 Agilent Technologies

Pict aate 2015-08

Data fie Mome\garetszwmmrsy=/data’zo )

S74



8/14/2015 12:40:55 1/ 1

Shimadzu LCsolution Analysis Report

C:\LabSolutions\Data\Zac G\THFs\RAC-ZJG-3-96-DPEPhos-benzophenone-5.0%IPA-1.0mL_minADH.lcd

Acquired by
Sample Name
Sample ID

Tray#

Vail #

Injection Volume
Data File Name
Method File Name
Batch File Name
Report File Name
Data Acquired
Data Processed

: Admin
: RAC-ZJG-3-96-DPEPhos-benzophenone-5.0%IPA-1.0mL_minADH.lcd

1

1

:1ul

: RAC-ZJG-3-96-DPEPhos-benzophenone-5.0%IPA-1.0mL_minADH.lcd
: Cyclic Urea Method.lcm

Default.lcr
: 8/14/2015 11:04:13 AM
: 8/14/2015 11:29:30 AM

<Chromatogram>

C:\LabSolutions\Data\Zac G\THFs\RAC-ZJG-3-96-DPEPhos-benzophenone-5.0%IPA-1.0mL_minADH.lcd

mAU
500 /\% Me PDA Multi 1
] | ‘p’_’
3 A O~f g
400+ b
] I‘ "1 AN
] |‘ | Ph [
. | | \
300 l} .= P h [ \\
] [ [
i | \ | \
200 [ O [\
1 ;’ \ Ph [
] \ [
100 | \ [
] | /
I . _J A
: T B : : ; T : : ! B T : ! : B T ! :
15.0 17.5 20.0 225
min
1 PDA Multi 1/254nm 4nm
PeakTable
PDA Chl 254nm 4nm
Peak# Ret. Time Area Height Area % Height %
1 15.632 12769339 498328 49.746 57.006
2 21.332 12899764 375837 50.254 42.994
Total 25669103 874165 100.000 100.000

C:\LabSolutions\Data\Zac G\THFs\RAC-ZJG-3-96-DPEPhos-benzophenone-5.0%IPA-1.0mL_minADH.lcd
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8/14/201512:52:21 1 /1

Shimadzu LCsolution Analysis Report ====

C:\LabSolutions\Data\Zac G\THFs\CHIRAL-ZJG-3-97-1st-L7-benzophenone-5.0%IPA-1.0mL_minADH.lcd

Acquired by : Admin

Sample Name : CHIRAL-ZJG-3-97-1st-L7-benzophenone-5.0%IPA-1.0mL_minADH.lcd
Sample ID :

Tray# o1

Vail # 1

1ul
: CHIRAL-ZJG-3-97-1st-L7-benzophenone-5.0%IPA-1.0mL_minADH.lcd
: Cyclic Urea Method.lem

Injection Volume
Data File Name
Method File Name
Batch File Name
Report File Name
Data Acquired
Data Processed

Default.lcr
: 8/14/2015 11:33:50 AM
: 8/14/2015 11:59:52 AM

<Chromatogram>

C:\LabSolutions\Data\Zac G\THFs\CHIRAL-ZJG-3-97-1st-L7-benzophenone-5.0%IPA-1.0mL_minADH.lcd
mAU

] [\% PDA Multi 1
1 [ "‘.:’_" Me
7501 [ il S
1 ‘l \ S
T |
4 [
J I‘ ‘;' P h P h "/\\
500+ [ | \
b | \ | \
4 ; l}l O 14 ‘\
R | | \
] | \ [ \
250 ‘.' \ Ph | \
| ‘l \ / \
] / /
_ |
oa P _
T T T T . T T T T T . T T . T T T T T
15.0 17.5 20.0 225
min
1 PDA Multi 1/254nm 4nm
PeakTable
PDA Chl 254nm 4nm
Peak# Ret. Time Area Height Area % Height %
1 15.593 23625033 903116 50.544 57.673
2 21.271 23116394 662804 49.456 42.327
Total 46741427 1565920 100.000 100.000

C:\LabSolutions\Data\Zac G\THFs\CHIRAL-ZJG-3-97-1st-L7-benzophenone-5.0%IPA-1.0mL_minADH.lcd
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