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1. General Data

NMR spectra were recorded on Aglient-600 MHz or Brucker-400 MHz
spectrometer. Mass spectra were recorded on a Thermo LTQ Orbitrap XL (ESI+) or a
P-SIMS-Gly of Brucker DaltonicsIinc (E1+). HPLC analysis was performed on waters
2489, 2487 and Agilent 1200 (UV detection monitored at 254nm). Chiralpak OD-H,
AD-H, columns were purchased from Daicel Chemical Industries, LTD. Optical
rotations were measured on Perkin Elmer Model 343 Polarimeter. UV detection was
monitored at 220 nm. Column chromatography was performed on silica gel (200-300
mesh) eluting with ethyl acetate and petroleum ether. TLC was performed on
glass-backed silica plates. All chemicals were used without purification as
commercially available unless otherwise noted. Indole substrates were prepared
according to the literature procedurest™?. Cinnamic aldehyde substrates were prepared
according to the literature procedures®. a,a-Diarylprolinol ethers were synthesized

according to the literature procedurest®.

1L .-L. Cao, D.-S. Wang, G.-F. Jiang, Y.-G. Zhou, Tetrahedron Lett. 2011, 52, 2837-2839.

23 L. Zhang, Z. L. Yu, Org. Biomol. Chem. 2016, 14, 10511-10515.

® A. Schmidt, G. Hilt, Org. Lett. 2013, 15, 2708-2711.

4 M. Marigo, T. C. Wabnitz, D. Fielenbach, K. A. Jorgensen, Angew. Chem. Int. Ed. 2005, 44, 794-797.
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2. Screening of palladium species and oxophilic Lewis acids

1) cat. 1 (20 mol %)
DDQ (1.2 equiv)

Additive (20 mol %)

Ph PhCO,H (20 mol %) Ph,  CH2OH
CHO  CHCl, 4 AMS, 50 °C Ph
. _
N—Me Ph/—/ 2) NaBH,,, MeOH N
i O*Ph :
2a 3a N Ph 4aa
H oOTMs
1
entry additive yield(%) dr ee
1 Pd(OAc), 70 >10:1 98
2 PdCl, 11 >10:1 ND
4 Pd(acac), 60 >10:1 99
5 Pd,(dba)s 57 >10:1 80
6 SingaCyCle(TM)-Al 18 >10:1 96
7 AlICl; 33 >10:1 98
8 BF;-Et,O trace

Reaction conditions: 2a (0.15 mmol), 3a (0.3 mmol), benzoic acid (0.03 mmol), catalyst 1 (0.03
mmol), Additive (0.03 mmol), DDQ (0.18 mmol), 4 A MS (50 mg) in CHCI; (1.0 mL) under N,

at 50 °C for 72 h.

Several palladium species were screened. Pd(OAc), performed better than other
species (entry 1 vs entries 2-6). AICl; could improve the diastereoselectivity to >10:1
and maintian the enantioselectivity, however the yield decreased to 33%. When
BF3;-Et,O was added to the reaction system, there is no obvious product and the

starting material 2a decomposed.
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3. General procedure for the asymmetric synthesis of

tetrahydrocarbazoles

1) cat. 1 (20 mol %)

DDQ (1.2 equiv)
Bh Pd(OAC), (20 mol %) ph  CH,OH
cho  PPCOoH (20 mol %)
. CHCl,, 4 AMS, 50 °C Ph
N—Me ot 2) NaBH,, MeOH N
N N
H Ph H
2a 3a N Ph 4aa
H oTMs
1

3-Benzyl-2-methyl-1H-indole 2a (33 mg, 0.15 mmol), DDQ (41 mg, 0.18 mmol),
PhCO;H (3.7 mg, 0.03 mmol), Pd(OAc), (7.3 mg, 0.03 mmol), 4 A (50 mg) and
catalyst 1 (9.8 mg, 0.03 mmol) were added in an oven-dried Schlenk tube. The tube
was then sealed, evacuated, and backfilled with nitrogen using standard Schlenk
technique. CHCI; (1 mL) and Cinnamic aldehyde (40 mg, 0.3 mmol), were
sequentially added by syringe at ambient temperature. The resulting mixture was
heated to 50 °C (oil bath) for 72 hours. Solvents were evaporated under reduced
pressure. The residue was directed purified by column chromatography on silica gel
(petroleum ether/EtOAc = 30/1 to 20/1) to afford crude aldehyde compound. The D-A
product was dissolved in MeOH, then NaBH; (1.2 equiv.) was added. After the
reaction was completed (monitored by TLC), the solvent was evaporated and the
residue was purified by column chromatography on silica gel (petroleum

ether/EtOACc=8/1 to 5/1) to afford separable pure product 4aa.
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4. 1 mmol-scale reaction of 2a with 3a

1) cat. 1 (20 mol%)
Ph DDQ (1.2 equiv) Ph CH,OH

CHO additive, acid -
. o solvent, 4 A MS, 50 °C Ph
N—Me ot 2) NaBH,, MeOH \
N N
H Ph H
2a 3a N Ph 4aa

H OTms yield: 51%
1 ee: >99%

1 mmol scale

A 1 mmol scale reaction of 2a with 3a was performed smoothly to give the product
in slightly decreased yield (51%) and excellent enatioselectivity (>99% ee).

3-Benzyl-2-methyl-1H-indole 2a (221 mg, 1.0 mmol), DDQ (272 mg, 1.2 mmol),
PhCO3H (22.4 mg, 0.2 mmol), Pd(OAc), (44.8 mg, 0.2 mmol), 4 A (350 mg) and
catalyst 1 (65 mg, 0.2 mmol) were added in an oven-dried Schlenk tube. The tube was
then sealed, evacuated, and backfilled with nitrogen using standard Schlenk technique.
CHCI3 (7 mL) and Cinnamic aldehyde (264 mg, 2.0 mmol), were sequentially added
by syringe at ambient temperature. The resulting mixture was heated to 50 °C (oil
bath) for 72 hours. Solvents were evaporated under reduced pressure. The residue was
directed purified by column chromatography on silica gel (petroleum ether/EtOAc =
30/1 to 20/1) to afford crude aldehyde compound. The D-A product was dissolved in
MeOH, then NaBH; (1.2 equiv.) was added. After the reaction was completed
(monitored by TLC), the solvent was evaporated and the residue was purified by
column chromatography on silica gel (petroleum ether/EtOAc=8/1 to 5/1) to afford

separable pure product 4aa.
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5. Product derivatization

Diversity-oriented derivatization of the cycloaddition products was conducted. A
Wittig reaction of unstable 4aa’ with methyl (triphenylphosphoranylidene) acetate
gave the E-selective unsaturated ester D1. In the presence of 4-bromobenzoyl chloride

and pyridine, esterification of 4aa afforded the D2 in 65% yield (Scheme 4).

CO,Me
Ph CHO
N
Ph PhgP”" "CO,Me
N CH,Cly, 1t
N 41%
H
4aa’
[NaBH“, MeOH COCI
Ph CH,OH
/ Ph Br . .
N pyrindine Ph
N CH,Cly, rt N\
H 65% N
4aa H

(2R,3R,4R)-2,4-diphenyl-2,3,4,9-tetrahydro-1H-carbazole-3-carbaldehyde  (4aa’)
(52 mg, 0.15 mmol) was dissolved in CH,Cl, (1 mL), then PhP=CHCO,Me (100 mg,
2.0 equiv) was added. After the reaction was completed (monitored by TLC), the
solvent was evaporated and the residue was purified by column chromatography on
silica gel to afford separable pure product D1 (25 mg, 41% yield).

((2R,3R,4R)-2,4-diphenyl-2,3,4,9-tetrahydro-1H-carbazol-3-yl)methanol (4aa) (67
mg, 0.2 mmol), pyridine (79 mg, 5.0 equiv) and DMAP (2.4 mg, 0.1 equiv) was
dissolved in toluene, then 4-bromobenzoyl chloride (131.4 mg, 3.0 equiv) was added.
The reaction was stirred at 50 °C After the reaction was completed (monitored by
TLC), the mixture was cooled to room temperature and extracted with
dichloromethane. Then, the combined organic layer was dried by anhydrous sodium
sulfate. After concentration under vacuum, the crude product was purified by flash

chromatography on silica gel to afford the product D2 (70 mg, 41% yield).
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6. Characterization Data for the Products

((2S,3S,4S5)-2,4-diphenyl-2,3,4,9-tetrahydro-1H-carbazol-3-yl)methanol (4aa)
@ 4aa (39 mg) was obtained as a white semisolid in 74% vyield after
dadl flash chromatography and the enantiomeric excess was determined

Ph
N to be 99% by HPLC analysis on Chiralpak AD-H column (20%

i 2-propanol/n-hexane, 1 mL/min), UV 254 nm, t (major) = 10.52
min, t (minor) = 15.54 min; [a¢]o®® = +12.0 (c 0.05, CHCIls); *H NMR (400 MHz,
CDCl3) § 7.91 (s, 1H), 7.34 — 7.17 (m, 9H), 7.16 — 7.06 (m, 3H), 6.88 (m, 1H), 6.81 (d,
J=7.8Hz, 1H), 412 (d, J = 4.4 Hz, 1H), 3.62 (dd, J = 3.2 Hz, 1H), 3.54 (dd, J = 10.5,
6.8 Hz, 1H), 3.47 (dd, J = 10.4, 6.8 Hz, 1H), 3.23 (dd, J = 16.5, 5.9 Hz, 1H), 3.08 (dd,
J = 16.5, 6.8 Hz, 1H), 2.46 — 2.37 (m, 1H). *C NMR (101 MHz, CDCls) & 144.46,
142.54, 136.44, 134.25, 128.76, 128.48, 128.37, 128.12, 127.43, 126.64, 126.33,
121.29, 119.29, 119.21, 111.21, 110.51, 61.69, 50.89, 39.97, 37.94, 26.65. HRMS

(ESI) m/z (M+H)" calculated for C,sH24NO: 354.1858, observed: 354.1858.

((2S,35,4S)-2-phenyl-4-(o-tolyl)-2,3,4,9-tetrahydro-1H-carbazol-3-yl)methanol
(4ba)

@Me 4ba (36 mg) was obtained as a white semisolid in 66% vyield

CH,OH . .
2 after flash chromatography and the enantiomeric excess was

Ph
D determined to be 94% by HPLC analysis on Chiralpak AD-H

" column (15% 2-propanol/n-hexane, 1 mL/min), UV 254 nm, t
(major) = 23.17 min, t (minor) = 9.83 min; [o]po® = +4.3 (c 0.054, CHCl3); *H NMR
(600 MHz, CDCl3) & 7.93 (s, 1H), 7.33 (d, J = 8.1 Hz, 1H), 7.28-7.24 (m, 2H),
7.22-7.20 (m, 4H), 7.11 (m, 3H), 7.04 (t, J = 7.4 Hz, 1H), 6.88 (t, J = 7.5 Hz, 1H),
6.77 (d, J = 7.9 Hz, 1H), 4.51 (d, J = 5.2 Hz, 1H), 3.66 (q, J = 6.2 Hz, 1H), 3.56 (dd, J
=115, 5.4 Hz, 1H), 3.46 (dd, J = 11.5, 6.3 Hz, 1H), 3.27 (dd, J = 16.8, 5.8 Hz, 1H),
3.09 (dd, J = 16.9, 5.8 Hz, 1H), 2.65 — 2.57 (m, 1H), 2.40 (s, 3H). *C NMR (151
MHz, CDCl3) & 146.90, 142.46, 138.87, 136.30, 133.40, 132.36, 131.26, 130.11,
129.69, 129.15, 129.03, 128.45, 123.85, 122.23, 121.70, 114.47, 113.11, 66.10, 49.47,

42.15, 37.85, 22.37. HRMS (ESI) m/z (M+H)" calculated for C,6H26NO: 368.2009,
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observed: 368.2007.

((2S,3S,4S)-2-phenyl-4-(m-tolyl)-2,3,4,9-tetrahydro-1H-carbazol-3-yl)methanol
(4ca)

4ca (39 mg) was obtained as a white semisolid in 72% yield

Me@ CH,0H _ _
o after flash chromatography and the enantiomeric excess was
N\ determined to be 98% by HPLC analysis on Chiralpak OD-H
" column (15% 2-propanol/n-hexane, 1 mL/min), UV 254 nm, t
(major) = 10.54min, t (minor) = 18.43 min; [o]o™° = +13.9 (¢ 0.122, CHCls); *H NMR
(600 MHz, CDCl3) & 7.93 (s, 1H), 7.34 (d, J = 8.1 Hz, 1H), 7.27 — 7.21 (m, 3H), 7.15
(t, 3 = 7.3 Hz, 3H), 7.10 (t, J = 7.5 Hz, 1H), 7.04 (d, J = 9.6 Hz, 2H), 6.98 (d, J = 7.5
Hz, 1H), 6.89 (t, J = 7.4 Hz, 1H), 6.84 (d, J = 7.2 Hz, 1H), 4.08 (brs, 1H), 3.65-3.63
(m, 1H), 3.56-3.53 (m, 1H), 3.51 — 3.46 (m, 1H), 3.28 (dd, J = 16.4, 5.6 Hz, 1H), 3.11
(dd, J = 16.4, 6.6 Hz, 1H), 2.47 — 2.38 (m, 1H), 2.29 (s, 3H). *C NMR (151 MHz,
CDCl3) 6 147.01, 145.19, 140.46, 139.05, 136.80, 132.06, 131.09, 130.83, 130.77,
130.12, 129.77, 129.25, 128.49, 123.85, 121.93, 121.88, 113.10, 64.45, 53.41, 42.61,
40.60, 32.40, 24.21. HRMS (ESI) m/z (M+H)" calculated for CpsHsNO: 368.2009,

observed: 368.2012.

((2S,3S,4S)-2-phenyl-4-(p-tolyl)-2,3,4,9-tetrahydro-1H-carbazol-3-yl)methanol
(4da)
Me 4da (37 mg) was obtained as a white semisolid in 67% yield after
| cH,0H flash chromatography and the enantiomeric excess was determined
\. PP to be 91% by HPLC analysis on Chiralpak OD-H column (15%
N 2-propanol/n-hexane, 1 mL/min), UV 254 nm, t (major) = 12.39
min, t (minor) = 17.52 min; [a]o®® = +12.5 (c 0.08, CHCls); 'H NMR (600 MHz,
CDCl3) § 7.92 (s, 1H), 7.33 (d, J = 8.1 Hz, 1H), 7.28 — 7.19 (m, 3H), 7.16 (d, J = 7.2
Hz, 2H), 7.12 — 7.06 (m, 5H), 6.90 (t, J = 7.4 Hz, 1H), 6.85 (d, J = 7.6 Hz, 1H), 4.10
(brs, 1H), 3.63-3.62 (m, 1H), 3.57 (dd, J = 10.7, 6.7 Hz, 1H), 3.49 (dd, J = 10.6, 6.7
Hz, 1H), 3.26 (dd, J = 16.4, 5.6 Hz, 1H), 3.11 (dd, J = 16.4, 6.8 Hz, 1H), 2.41-2.37 (m,
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1H), 2.33 (s, 3H). *C NMR (101 MHz, CDCls) & 142.60, 141.31, 136.42, 135.71,
134.15, 129.06, 128.58, 128.43, 128.11, 127.49, 126.58, 121.24, 119.26, 119.25,
110.45, 61.82, 50.91, 39.58, 37.99, 21.11. HRMS (ESI) m/z (M+H)" calculated for
CasH26NO: 368.2009, observed: 368.2004.

((2S,3S,4R)-4-(2-chlorophenyl)-2-phenyl-2,3,4,9-tetrahydro-1H-carbazol-3-yl)me
thanol (4ea)

4ea (41 mg) was obtained as a white solid in 71% yield after flash
CH.0H  chromatography and the enantiomeric excess was determined to be

cl
N "™ more than 99% by HPLC analysis on Chiralpak OD-H column (15%

N 2-propanol/n-hexane, 1 mL/min), UV 254 nm, t (major) = 27.14
min, t (minor) = 16.42 min; [a]o®® = +5.71 (c 0.07, CHCI3); *H NMR (400 MHz,
CDCls) & 7.89 (s, 1H), 7.44-7.42 (m, 1H), 7.34 — 7.28 (m, 3H), 7.28 — 7.22 (m, 3H),
7.21 — 7.06 (m, 4H), 6.94 (m, 2H), 5.02 (d, J = 5.5 Hz, 1H), 3.56-3.55 (m, 1H), 3.48
-3.46(m, 1H), 3.31 (dd, J = 11.9, 6.5 Hz, 1H), 3.25 (d, J = 5.8 Hz, 1H), 3.13 (dd, J =
16.8, 8.1 Hz, 1H), 2.77 m, 1H). **C NMR (151 MHz, CDCl3) & 146.46, 142.19,
138.88, 136.55, 136.47, 134.22, 132.35, 131.37, 130.44, 130.32, 129.40, 129.37,
129.31, 124.12, 121.99, 121.61, 114.29, 113.11, 65.79, 49.18, 41.81, 38.50. HRMS

(ESI) m/z (M+H)" calculated for CsH,3CINO: 388.1463, observed: 388.1465.

((2S,3S,4S)-4-(3-chlorophenyl)-2-phenyl-2,3,4,9-tetrahydro-1H-carbazol-3-yl)met
hanol (4fa)

@ 4fa (39 mg) was obtained as a white semisolid in 68% yield after
cl CH,OH
flash chromatography and the enantiomeric excess was determined
Ph

N\ to be 99% by HPLC analysis on Chiralpak OD-H column (15%
" 2-propanol/n-hexane, 1 mL/min), UV 254 nm, t (major) =
11.52min, t (minor) = 22.46 min; [o]p® = +13.0 (c 0.10, CHCl3); *H NMR (400 MHz,
CDCl3) 6 7.93 (s, 1H), 7.33 (d, J = 8.1 Hz, 1H), 7.30 — 7.16 (m, 6H), 7.13-7.10 (m,
4H), 6.97 — 6.79 (M, 2H), 4.17 (brs, 1H), 3.59-3.57 (m, 1H), 3.56 — 3.44 (m, 2H), 3.21
(dd, J = 16.4, 5.8 Hz, 1H), 3.08 (dd, J = 16.5, 7.4 Hz, 1H), 2.44 — 2.30 (m, 1H). **C

NMR (151 MHz, CDCls) 6 149.53, 144.88, 139.06, 137.03, 136.83, 132.26, 131.35,
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131.16, 130.65, 129.85, 129.63, 129.36, 129.24, 124.10, 122.09, 121.62, 113.23,
63.89, 53.52, 42.31, 40.35, 32.39. HRMS (ESI) m/z (M+H)" calculated for
Cy5H,3CINO: 388.1463, observed: 388.1461.

((2S,3S,4S)-4-(4-chlorophenyl)-2-phenyl-2,3,4,9-tetrahydro-1H-carbazol-3-yl)met
hanol (4ga)
o 4ga (42 mg) was obtained as a white semisolid in 73% vyield after

@ flash chromatography and the enantiomeric excess was
CH,OH

//z

o determined to be 99% by HPLC analysis on Chiralpak OD-H

A\

N column (15% 2-propanol/n-hexane, 1 mL/min), UV 254 nm, t
H

(major) = 12.73 min, t (minor) = 24.99 min; [o]o®® = +14.9 (c
0.134, CHCIs); *H NMR (600 MHz, CDClg) & 7.97 (s, 1H), 7.35 (d, J = 8.1 Hz, 1H),
7.31-7.20 (m, 5H), 7.17 — 7.12 (m, 5H), 6.94 (t, J = 7.4 Hz, 1H), 6.86 (d, J = 6.9 Hz,
1H), 4.18 (brs, 1H), 3.59-3.58 (m, 1H), 3.55-3.53 (m, 1H), 3.52 — 3.47 (m, 1H), 3.23
(dd, J = 16.2, 5.1 Hz, 1H), 3.11 (dd, J = 16.4, 7.3 Hz, 1H), 2.40 — 2.31 (m, 1H). **C
NMR (151 MHz, CDCl3) & 145.76, 144.98, 139.09, 136.98, 134.57, 132.69, 131.16,
131.12, 130.64, 129.89, 129.35, 124.10, 122.08, 121.65, 113.22, 63.96, 53.66, 41.96,
40.47. HRMS (ESI) m/z (M+H)" calculated for C,5H3sCINO: 388.1463, observed:
388.1465.

((2S,3S,4S)-4-(4-bromophenyl)-2-phenyl-2,3,4,9-tetrahydro-1H-carbazol-3-yl)met
hanol (4ha)

Br 4ha (37 mg) was obtained as a white solid in 57% yield after flash
@ cH,oH chromatography and the enantiomeric excess was determined to be
{ Ph94% by HPLC analysis on Chiralpak OD-H column (15%

N 2-propanol/n-hexane, 1 mL/min), UV 254 nm, t (major) = 14.08

min, t (minor) = 26.22 min; [o]o®® = +23.0 (c 0.018, CHCI5); *H NMR (600 MHz,
CDCl3) 5 7.94 (s, 1H), 7.40 (d, J = 8.3 Hz, 2H), 7.34 (d, J = 8.1 Hz, 1H), 7.27-7.25 (m,
2H), 7.22-7.20 (m, 1H), 7.13-7.12 (m, 3H), 7.09 (d, J = 8.3 Hz, 2H), 6.93 (, J = 7.4
Hz, 1H), 6.86 -6.84(m, 1H), 4.17 (brs, 1H), 3.62 — 3.53 (m, 2H), 3.50-3.48 (m, 1H),
3.22 (dd, J = 16.5, 5.7 Hz, 1H), 3.11 (dd, J = 16.4, 7.4 Hz, 1H), 2.39 — 2.34 (m, 1H).
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3¢ NMR (151 MHz, CDCl3) 6 146.29, 144.94, 139.08, 136.97, 134.06, 133.10,
131.15, 130.62, 129.86, 129.34, 124.11, 122.68, 122.09, 121.64, 113.20, 63.94, 53.62,
42.01, 40.46. HRMS (ESI) m/z (M+H)" calculated for CasH»3BrNO: 432.0958,
observed: 432.0960.

((2S,3S,4S)-2-phenyl-4-(4-(trifluoromethyl)phenyl)-2,3,4,9-tetrahydro-1H-carbaz
ol-3-yl)methanol (4ia)

FaC 4ia (35 mg) was obtained as a white semisolid in 56% yield after

CH,OH flash chromatography and the enantiomeric excess was determined

Ph to be 99% by HPLC analysis on Chiralpak OD-H column (15%

N 2-propanol/n-hexane, 1 mL/min), UV 254 nm, t (major) = 10.63

min, t (minor) = 20.92 min; [a]o®® = -11.5 (c 0.104, CHCIs); *H NMR (600 MHz,

CDCl3) § 7.98 (s, 1H), 7.54 (d, J = 8.1 Hz, 2H), 7.35 (dd, J = 13.9, 8.1 Hz, 3H), 7.31

—7.21 (m,3H), 7.14 (m, 3H), 6.94 (t, J = 7.5 Hz, 1H), 6.84-6.81 (m, 1H), 4.31 (brs,

1H), 3.63 — 3.48 (m, 3H), 3.24 (dd, J = 16.4, 5.7 Hz, 1H), 3.13 (dd, J = 16.4, 7.6 Hz,

1H), 2.41-2.39 (m, 1H). *C NMR (151 MHz, CDCls) & 151.50, 144.80, 139.07,

137.10, 131.65, 131.20, 130.60, 129.77, 129.42, 127.95 (q, J = 7.5, 3.8 Hz), 126.11,

124.20, 122.15, 121.51, 113.28, 63.76, 53.60, 42.34, 40.40, 32.38. HRMS (ESI) m/z

(M+H)" calculated for CsH23F3NO: 422.1726, observed: 422.1723.

4-((2S,3S,4S)-3-(hydroxymethyl)-2-phenyl-2,3,4,9-tetrahydro-1H-carbazol-4-yl)b

enzonitrile (4ja)

NC@ 4ja (34 mg) was obtained as a white semisolid in 60% yield after
CH,OH

flash chromatography and the enantiomeric excess was

Ph
A determined to be 99% by HPLC analysis on Chiralpak OD-H

Iz

column (15% 2-propanol/n-hexane, 1 mL/min), UV 254 nm, t
(major) = 18.15 min, t (minor) = 37.80 min; [o]o?® = -28.3 (¢ 0.06, CHCl3); *H NMR
(400 MHz, CDCl3) & 7.98 (s, 1H), 7.49 (d, J = 8.1 Hz, 2H), 7.27-7.24 (m, 2H), 7.22 —
7.13 (m, 4H), 7.06-7.00 (m, 3H), 6.86 (t, J = 7.4 Hz, 1H), 6.73 (d, J = 7.8 Hz, 1H),
4.25 (brs, 1H), 3.45 (d, J = 6.3 Hz, 3H), 3.15 (dd, J = 16.5, 5.7 Hz, 1H), 3.05 (dd, J =
16.4, 7.9 Hz, 1H), 2.30 -2.28(m, 1H). *C NMR (151 MHz, CDCl5) § 153.23, 144.62,
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139.09, 137.19, 134.86, 132.15, 131.23, 130.50, 129.64, 129.47, 124.33, 122.25,
121.73, 121.30, 113.34, 112.81, 63.60, 53.60, 42.64, 40.47, 34.26, 32.31. HRMS (ESI)
m/z (M+H)" calculated for CH23N,0: 379.1805, observed: 379.1807.

methyl4-((2S,3S,4S)-3-(hydroxymethyl)-2-phenyl-2,3,4,9-tetrahydro-1H-carbazol
-4-yl)benzoate (4ka)

MeO.C 4ka (34 mg) was obtained as a white semisolid in 56% yield
2

after flash chromatography and the enantiomeric excess was
CH,OH

o, determined to be 98% by HPLC analysis on Chiralpak OD-H

column (15% 2-propanol/n-hexane, 1 mL/min), UV 254 nm, t

Iz

(major) = 18.83 min, t (minor) = 31.19 min; [o]o® = +15.2 (c
0.021, CHCI3); 'H NMR (600 MHz, CDCl3) 8 7.97 (s, 1H), 7.87 (d, J = 8.2 Hz, 2H),
7.27 (d, J = 8.1 Hz, 1H), 7.20 (d, J = 8.1 Hz, 2H), 7.18 — 7.11 (m, 3H), 7.07 — 6.99 (m,
3H), 6.85 — 6.77 (m, 1H), 6.72-6.70 (m, 1H), 4.16 (brs, 1H), 3.82 (s, 3H), 3.51
-3.49(m, 1H), 3.45-3.42 (m, 1H), 3.42 — 3.38 (m, 1H), 3.14 (dd, J = 16.2, 4.9 Hz, 1H),
3.02 (dd, J = 16.4, 7.3 Hz, 1H), 2.36 — 2.26 (m, 1H).*C NMR (151 MHz, CDCls) &
169.94, 152.96, 144.86, 139.05, 137.08, 132.38, 131.46, 131.16, 130.88, 130.67,
129.81, 129.37, 124.09, 122.06, 121.56, 113.27, 63.84, 54.75, 53.48, 42.56, 40.45.
HRMS (ESI) m/z (M+H)" calculated for Co;H26NO3: 412.1907, observed: 412.1904.

((2S,3S,4S)-4-(4-methoxyphenyl)-2-phenyl-2,3,4,9-tetrahydro-1H-carbazol-3-yl)
methanol (4la)

MeO 4la (30 mg) was obtained as a white semisolid in 53% vyield

@ after flash chromatography and the enantiomeric excess was
/' CH,OH

oh determined to be more than 99% by HPLC analysis on

A\

H

Chiralpak OD-H column (15% 2-propanol/n-hexane, 1
mL/min), UV 254 nm, t (major) = 19.73 min, t (minor) = 26.52
min; [o]o® = +2.9 (c 0.138, CHCIs); *H NMR (600 MHz, CDCl3) § 7.93 (s, 1H), 7.33
(d, J = 8.1 Hz, 1H), 7.28 — 7.20 (m, 3H), 7.16 (d, J = 7.0 Hz, 2H), 7.14 — 7.08 (m, 3H),
6.90 (t, J = 7.4 Hz, 1H), 6.86-6.84 (m, 1H), 6.82 (d, J = 8.7 Hz, 2H), 4.08 (brs, 1H),
3.79 (s, 3H), 3.65-3.62 (m, 1H), 3.57 (dd, J = 10.7, 6.6 Hz, 1H), 3.48-3.35 (m, 1H),
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3.26 (dd, J = 16.3, 5.7 Hz, 1H), 3.10 (dd, J = 16.4, 6.7 Hz, 1H), 2.39-2.37 (m, 1H).
3C NMR (101 MHz, CDCls) & 158.03, 142.60, 136.43, 134.12, 129.61, 128.45,
128.11, 127.46, 126.60, 121.25, 119.28, 119.27, 113.71, 110.47, 61.81, 55.23, 50.96,
39.13, 38.01. HRMS (ESI) m/z (M+H)" calculated for CysHsNO,: 384.1958,
observed: 384.1960.

((2S,3S,4S)-4-(naphthalen-1-yl)-2-phenyl-2,3,4,9-tetrahydro-1H-carbazol-3-yl)me
thanol (4ma)

4ma (23 mg) was obtained as a white solid in 38% yield after

flash chromatography and the enantiomeric excess was
/ CH,OH

determined to be 98% by HPLC analysis on Chiralpak OD-H
column (15% 2-propanol/n-hexane, 1 mL/min), UV 254 nm, t

(major) = 31.72 min, t (minor) = 25.21 min; [0]o® = -33.0 (¢ 0.1,
CHCI); *H NMR (600 MHz, CDCls) & 8.20 (d, J = 7.7 Hz, 1H), 7.93-7.90 (m, 2H),
7.81 — 7.70 (m, 1H), 7.57 — 7.47 (m, 2H), 7.37 — 7.29 (m, 5H), 7.27-7.24 (m, 3H),
7.08 (t, J = 7.5 Hz, 1H), 6.81 (t, J = 7.5 Hz, 1H), 6.74 (d, J = 7.9 Hz, 1H), 5.23 (d, J =
5.1 Hz, 1H), 3.70-3.68 (m, 1H), 3.43 (g, J = 11.5, 6.0 Hz, 1H), 3.33 (dd, J = 16.9, 5.8
Hz, 1H), 3.20 (dd, J = 11.4, 6.8 Hz, 1H), 3.15 (dd, J = 16.9, 6.1 Hz, 1H), 2.85 - 2.79
(m, 1H). **C NMR (151 MHz, CDCls) & 146.89, 140.07, 138.99, 136.72, 134.71,
131.77, 131.33, 130.20, 130.12, 129.81, 129.67, 129.24, 128.84, 128.12, 127.82,
125.73, 123.90, 122.35, 121.70, 114.47, 113.09, 65.74, 49.89, 41.76, 36.63. HRMS
(ESI) m/z (M+H)" calculated for CagH26NO: 404.2009, observed: 404.2006.

((2S,3S,4R)-2-phenyl-4-(thiophen-2-yl)-2,3,4,9-tetrahydro-1H-carbazol-3-yl)meth
anol (4na)

4na (27 mg) was obtained as a white semisolid in 51% yield after
flash chromatography and the enantiomeric excess was

determined to be 99% by HPLC analysis on Chiralpak OD-H

column (15% 2-propanol/n-hexane, 1 mL/min), UV 254 nm, t
(major) = 15.37 min, t (minor) = 27.38 min; [a]p® = -70 (c 0.066, CHCl3); *H NMR
(400 MHz, CDCl3) 8 7.90 (s, 1H), 7.36 — 7.06 (m, 9H), 6.99 (t, J = 7.4 Hz, 1H), 6.95

~ 6.88 (m, 1H), 6.84-6.80 (m, 1H), 4.57 (d, J = 3.5 Hz, 1H), 3.69-3.66 (m, 1H), 3.63 —
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3.47 (m, 2H), 3.20 — 3.01 (m, 2H), 2.53 (s, 1H). 3C NMR (151 MHz, CDCly) &
152.03, 145.03, 138.89, 136.31, 131.16, 130.57, 130.09, 129.31, 129.16, 127.97,
126.36, 124.12, 122.16, 121.55, 113.23, 63.78, 54.40, 40.54, 38.11. HRMS (ESI) m/z
(M+H)" calculated for C»3H»,NOS: 360.1428, observed: 360.1422.

((2S,3S,4S)-7-methyl-2,4-diphenyl-2,3,4,9-tetrahydro-1H-carbazol-3-yl)methanol
(40a)

40a (26 mg) was obtained as a white semisolid in 48% yield

Ph,  CH20
¥ oh after flash chromatography and the enantiomeric excess was
,} determined to be 94% by HPLC analysis on Chiralpak AD-H
Me
H

column (20% 2-propanol/n-hexane, 1 mL/min), UV 254 nm,
t (major) = 16.03 min, t (minor) = 27.46 min; [a]o?° = +8.3 (c 0.036, CHCIl3); 'H
NMR (600 MHz, DMSO) & 10.74 (s, 1H), 7.24-7.22 (m, 4H), 7.16-7.15 (m, 2H), 7.11
(d, J = 7.3 Hz, 2H), 7.09 — 7.05 (m, 3H), 6.56 (s, 2H), 4.53 (t, J = 5.0 Hz, 1H), 3.44 (d,
1H), 3.34 (s, 3H), 3.23-3.22 (m, 2H), 3.11 — 3.00 (m, 2H), 2.20 (d, J = 3.2 Hz, 1H).*C
NMR (151 MHz, DMSO) 6 148.73, 146.05, 140.01, 137.34, 132.14, 131.40, 131.23,
131.15, 130.91, 129.21, 128.92, 128.09, 122.78, 120.77, 113.85, 82.29, 61.58, 39.89,
24.48. HRMS (ESI) m/z (M+H)" calculated for C,gH2sNO: 368.2011, observed:
368.2013.

((2S,3S,4S)-7-fluoro-2,4-diphenyl-2,3,4,9-tetrahydro-1H-carbazol-3-yl)methanol
(4pa)
4pa (30 mg) was obtained as a white semisolid in 54% yield

Ph, CH,OH
/ pr,  after flash chromatography and the enantiomeric excess was
A\
. N determined to be more than 99% by HPLC analysis on
H

Chiralpak AD-H column (20% 2-propanol/n-hexane, 1
mL/min), UV 254 nm, t (major) = 10.46 min, t (minor) = 14.20 min; [a]p*° = +8.0 (c
0.05, CHCls); *H NMR (600 MHz, CDCls) § 7.94 (s, 1H), 7.31 — 7.21 (m, 6H), 7.19
(d, J = 7.4 Hz, 2H), 7.14 (d, J = 7.3 Hz, 2H), 7.01-7.00 (m, 1H), 6.69 -6.67(m, 1H),
6.65-6.63 (m, 1H), 4.11 (brs, 1H), 3.63-3.61 (m, 1H), 3.56-3.54 (m, 1H), 3.49-3.47 (m,
1H), 3.24 (dd, J = 16.2, 5.3 Hz, 1H), 3.08 (dd, J = 16.4, 6.7 Hz, 1H), 2.45 — 2.37 (m,
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1H). C NMR (151 MHz, CDCls) & 162.92, 161.35, 146.86, 145.04, 137.06, 131.32,
131.08 (d, J = 12.2 Hz), 130.70, 129.31, 129.07, 126.58, 122.32 (d, J = 9.9 Hz),
110.40, 110.24, 99.86, 99.68, 64.26, 53.43, 42.50, 40.52. HRMS (ESI) m/z (M+H)"
calculated for CysH23sFNO: 372.1758, observed: 372.1760.

methyl(2S,3S,4S)-3-(hydroxymethyl)-2,4-diphenyl-2,3,4,9-tetrahydro-1H-carbazo
le-7-carboxylate (4qa)
4ga (37 mg) was obtained as a white solid in 61% yield

Ph, CH,OH
/ pn  after flash chromatography and the enantiomeric excess
N
. . )
MeO,C N was determined to be 96% by HPLC analysis on

Chiralpak AD-H column (20% 2-propanol/n-hexane, 1
mL/min), UV 254 nm, t (major) = 13.58 min, t (minor) = 24.55 min; [a]p?° = -23.6 (c
0.072, CHCl5); *H NMR (400 MHz, CDCls) & 8.37 (s, 1H), 8.10 (s, 1H), 7.58 (d, J =
8.4 Hz, 1H), 7.31 — 7.21 (m, 6H), 7.17-7.16 (m, 2H), 7.15—7.09 (m, 2H), 6.81 (d, J =
8.3 Hz, 1H), 4.15 (d, J = 5.1 Hz, 1H), 3.90 (s, 3H), 3.65 (d, J = 3.0 Hz, 1H), 3.52-3.50
(m, 2H), 3.28 (dd, J = 16.7, 5.6 Hz, 1H), 3.13 (dd, J = 16.7, 6.8 Hz, 1H), 2.48 — 2.37
(m, 1H). C NMR (101 MHz, CDCls) & 167.33, 142.98, 141.10, 137.15, 134.70,
130.07, 127.60, 127.46, 127.40, 126.98, 125.68, 125.44, 121.72, 119.49, 117.57,
111.72, 110.86, 60.42, 50.90, 49.70, 38.69, 36.66. HRMS (ESI) m/z (M+H)"
calculated for Co7H26NO3: 412.1907, observed: 412.1909.

((2S,3S,4S)-6-methyl-2,4-diphenyl-2,3,4,9-tetrahydro-1H-carbazol-3-yl)methanol
(4ra)

4ra (31 mg) was obtained as a white solid in 57% vyield after
Ph CH,OH

Ve / b, flash chromatography and the enantiomeric excess was
> determined to be 99% by HPLC analysis on Chiralpak

OD-H column (15% 2-propanol/n-hexane, 1 mL/min), UV

254 nm, t (major) = 12.89 min, t (minor) = 10.56 min; [o]o”® = -12.3 (¢ 0.106, CHCl5);
'H NMR (600 MHz, CDCls) & 7.82 (s, 1H), 7.31-7.30 (m, 2H), 7.27-7.25 (m, 3H),
7.23-7.22 (m, 4H), 7.15 (d, J = 7.3 Hz, 2H), 6.95 (d, J = 8.0 Hz, 1H), 6.69 (s, 1H),

4.20 (brs, 1H), 3.60-3.58 (m, 1H), 3.56-3.54 (m, 1H), 3.54 — 3.49 (m, 1H), 3.20 (dd, J
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= 15.8, 4.7 Hz, 1H), 3.09 (dd, J = 16.3, 7.6 Hz, 1H), 2.43 (m, 1H), 2.28 (s, 3H). °C
NMR (151 MHz, CDCl3) & 147.28, 145.29, 137.41, 137.04, 131.35, 131.14, 131.08,
130.97, 130.66, 130.40, 129.20, 128.86, 125.45, 121.53, 112.81, 64.26, 53.85, 42.63,
40.40, 24.07. HRMS (ESI) m/z (M+H)" calculated for Co6H,6NO: 368.2011, observed:
368.2014.

((2S,3S,4S)-6-fluoro-2,4-diphenyl-2,3,4,9-tetrahydro-1H-carbazol-3-yl)methanol
(4sa)

4sa (29 mg) was obtained as a white solid in 53% vyield after

Ph CH,OH
B / pn  flash chromatography and the enantiomeric excess was
A\
N determined to be 99% by HPLC analysis on Chiralpak AD-H
H

column (15% 2-propanol/n-hexane, 1 mL/min), UV 254 nm, t
(major) = 10.90 min, t (minor) = 21.44 min; [o]o® = -60.0 (c 0.02, CHCI3); *H NMR
(600 MHz, CDCl3) § 7.97 (s, 1H), 7.30-7.28 (t, J = 7.4 Hz, 2H), 7.27 — 7.22 (m, 5H),
7.18 (d, J = 7.5 Hz, 2H), 7.12 (d, J = 7.4 Hz, 2H), 7.05 (m, 1H), 6.80 (s, 1H), 4.12
(brs, 1H), 3.63-3.62 (m, 1H), 3.57-3.54 (m, 1H), 3.52 — 3.47 (m, 1H), 3.23 (dd, J =
16.4, 5.3 Hz, 1H), 3.10 (dd, J = 16.5, 7.1 Hz, 1H), 2.41 (m, 1H). *C NMR (151 MHz,
CDCls) 6 146.59, 14491, 138.44, 137.42, 131.24, 131.22, 131.13, 131.12, 130.62,
129.33, 129.17, 127.64, 124.17, 121.25, 114.04, 64.16, 53.55, 42.44, 40.36. HRMS
(ESI) m/z (M+H)" calculated for CosH23FNO: 372.1758, observed: 372.1757.

((2S,3S,4S)-6-chloro-2,4-diphenyl-2,3,4,9-tetrahydro-1H-carbazol-3-yl)methanol
(4ta)
Ph, CHOH 4ta (37 mg) was obtained as a white solid in 64% yield after

Cl Ph
N

N determined to be 97% by HPLC analysis on Chiralpak AD-H

flash chromatography and the enantiomeric excess was

column (15% 2-propanol/n-hexane, 1 mL/min), UV 254 nm, t (major) = 11.85 min, t
(minor) = 17.84 min; [a]p®® = +4.05 (c 0.074, CHCl3); *H NMR (600 MHz, CDCl3) &
7.94 (s, 1H), 7.30-7.28 (m, 2H), 7.27 — 7.21 (m, 5H), 7.20-7.18 (m, 2H), 7.14 (d, J =
7.1 Hz, 2H), 6.84-6.83 (m, 1H), 6.45 (d, J = 9.3 Hz, 1H), 4.08 (brs, 1H), 3.66-3.64(m,
1H), 3.56-3.55 (m, 1H), 3.50-3.48 (m, 1H), 3.25 (dd, J = 16.5, 5.5 Hz, 1H), 3.09 (dd,
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J =165, 6.6 Hz, 1H), 2.46 — 2.38 (m, 1H). *C NMR (151 MHz, CDCls) & 160.96,
159.41, 146.56, 144.97, 138.81, 135.51, 131.28, 131.13, 131.11, 130.70, 129.33,
129.17, 113.55, 113.49, 112.00, 111.83, 107.03, 106.87, 64.27, 53.40, 42.53, 40.54.
HRMS (ESI) m/z (M+H)" calculated for CsH23CINO: 388.1463, observed: 388.1462.

((2S,3S,4S)-6-methoxy-2,4-diphenyl-2,3,4,9-tetrahydro-1H-carbazol-3-yl)methan
ol (4ua)

pn CH,0H 4ua (37 mg) was obtained as a white semisolid in 65% yield

MeO ph  after flash chromatography and the enantiomeric excess was
”\ determined to be more than 99% by HPLC analysis on

Chiralpak AD-H column (20% 2-propanol/n-hexane, 1

mL/min), UV 254 nm, t (major) = 14.63 min, t (minor) = 21.21 min; [a]o?° = -15.0 (c
0.02, CHCI5); *H NMR (400 MHz, CDCl3) & 7.83 (s, 1H), 7.30 — 7.25 (m, 3H), 7.25 —
7.19 (m, 6H), 7.18 — 7.13 (m, 2H), 6.75 (dd, J = 8.7, 2.4 Hz, 1H), 6.25 (s, 1H), 4.08 (d,
J = 5.8 Hz, 1H), 3.68 — 3.60 (m, 1H), 3.57 (s, 3H), 3.56-3.54 (m, 1H), 3.49 (dd, J =
10.6, 6.9 Hz, 1H), 3.25 (dd, J = 16.5, 5.9 Hz, 1H), 3.08 (dd, J = 16.5, 6.7 Hz, 1H),
2.44 (m, 1H). *C NMR (101 MHz, CDCls) & 153.65, 144.26, 142.52, 135.05, 131.45,
128.79, 128.46, 128.37, 128.13, 127.92, 126.63, 126.32, 111.04, 110.80, 101.52,
61.72, 55.63, 50.75, 39.97, 37.94. HRMS (ESI) m/z (M+H)" calculated for

CoH6NO5: 384.1958, observed: 384.1956.

((2S,3S,4S)-4-phenyl-2-(p-tolyl)-2,3,4,9-tetrahydro-1H-carbazol-3-yl)methanol
(4ab)

b CH,OH 4ab (30 mg) was obtained as a white solid in 54% yield
O Me after flash chromatography and the enantiomeric excess was
O N determined to be more than 99% by HPLC analysis on

H
Chiralpak OD-H column (15% 2-propanol/n-hexane, 1

mL/min), UV 254 nm, t (major) = 10.03 min, t (minor) = 21.42 min; [«]o*° = +28.0 (c
0.082, CHCIs): *H NMR (600 MHz, CDCls) 5 7.91 (s, 1H), 7.33 (d, J = 8.1 Hz, 1H),
7.31— 7.25 (m, 3H), 7.23-7.22(m, 3H), 7.10-7.08 (m, 1H), 7.05-7.02 (m, 3H), 6.89 (t,
J=7.4 Hz, 1H), 6.82-6.80 (m,, 1H), 4.14 (brs, 1H), 3.62-3.60 (m, 1H), 3.57-3.54 (m,
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1H), 3.52-3.50 (m, 1H), 3.26 (dd, J = 16.4, 5.5 Hz, 1H), 3.09 (dd, J = 16.4, 6.7 Hz,
1H), 2.43 — 2.38 (m, 1H), 2.31 (s, 3H). *C NMR (151 MHz, CDCl3) & 147.13, 142.09,
139.07, 138.80, 136.92, 131.78, 131.38, 130.96, 130.60, 130.10, 128.91, 123.87,
121.89, 121.85, 113.08, 64.50, 53.52, 42.65, 40.33, 23.64. HRMS (ESI) m/z (M+H)*
calculated for C,sH26NO: 368.2009, observed: 368.2010.

((2S,3S,4S)-2-(4-fluorophenyl)-4-phenyl-2,3,4,9-tetrahydro-1H-carbazol-3-yl)met
hanol (4ac)

4ac (26 mg) was obtained as a white semisolid in 47% vyield

after flash chromatography and the enantiomeric excess was

determined to be 98% by HPLC analysis on Chiralpak
OD-H column (15% 2-propanol/n-hexane, 1 mL/min), UV 254 nm, t (major) = 10.73
min, t (minor) = 21.47 min; [a]o®® = +32.5 (c 0.04, CHCI3); *H NMR (600 MHz,
CDCl3) § 7.93 (s, 1H), 7.33 (d, J = 8.1 Hz, 1H), 7.28-7.25 (m, 3H), 7.24 (d, J = 6.9 Hz,
1H), 7.20 (d, J = 7.6 Hz, 2H), 7.11 (m, 3H), 6.93 (t, J = 8.4 Hz, 2H), 6.88 (t, J = 7.5
Hz, 1H), 6.78 (d, J = 7.4 Hz, 1H), 4.04 (brs, 1H), 3.66-3.64 (m, 1H), 3.56-3.53 (m, J =
10.5, 6.4 Hz, 1H), 3.46 — 3.37 (m, 1H), 3.29 (dd, J = 16.2, 5.2 Hz, 1H), 3.07 (dd, J =
16.4, 6.0 Hz, 1H), 2.40-2.38 (m, 1H). *C NMR (101 MHz, CDCI3) & 162.83, 160.40,
144.22, 138.02 (d, J = 3.3 Hz), 136.44, 133.95, 129.63 (d, J = 7.6 Hz), 128.75, 128.41,
127.31, 126.43, 121.36, 119.30 (d, J = 8.5 Hz), 115.26, 115.05, 110.53, 61.60, 50.61,
39.97, 37.24, 29.74. HRMS (ESI) m/z (M+H)" calculated for C,sHsFNO: 372.1763,
observed: 372.1764.

((2S,3S,4S)-2-(4-chlorophenyl)-4-phenyl-2,3,4,9-tetrahydro-1H-carbazol-3-yl)met
hanol (4ad)

4ad (27 mg) was obtained as a white semisolid in 48%
yield after flash chromatography and the enantiomeric

excess was determined to be 99% by HPLC analysis on

Chiralpak OD-H column (15% 2-propanol/n-hexane, 1
mL/min), UV 254 nm, t (major) = 12.73 min, t (minor) = 24.99 min; [a]o®° = +19.3 (c
0.088, CHCI3); *H NMR (400 MHz, CDCl3) & 7.94 (s, 1H), 7.34 (d, J = 8.1 Hz, 1H),
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7.29 — 7.25 (m, 3H), 7.20-7.18 (m, 4H), 7.10 (t, J = 8.2 Hz, 3H), 6.88 (t, J = 7.5 Hz,
1H), 6.77 (d, J = 7.7 Hz, 1H), 4.01 (brs, 1H), 3.67-3.65 (m, 1H), 3.57-3.54 (m, 1H),
3.46 — 3.37 (m, 1H), 3.30 (dd, J = 16.6, 5.7 Hz, 1H), 3.06 (dd, J = 16.4, 5.9 Hz, 1H),
2.41 (m, 1H). *C NMR (101 MHz, CDCl3) & 143.08, 139.79, 135.37, 132.77, 131.24,
128.53, 127.66, 127.42, 127.36, 126.21, 125.39, 120.31, 118.28, 118.19, 109.48,
60.46, 49.44, 38.89, 36.28. HRMS (ESI) m/z (M+H)" calculated for CosH3CINO:
388.1465, observed: 388.1467.

((2S,3S,4S)-2-(4-bromophenyl)-4-phenyl-2,3,4,9-tetrahydro-1H-carbazol-3-yl)me
thanol (4ae)

4ae (26 mg) was obtained as a white semisolid in 41%
Br vyield after flash chromatography and the enantiomeric

excess was determined to be more than 99% by HPLC

analysis  on  Chiralpak OD-H column (15%
2-propanol/n-hexane, 1 mL/min), UV 254 nm, t (major) = 11.54 min, t (minor) =
26.02 min; [0]o® = +30.9 (c 0.084, CHCI3); *H NMR (400 MHz, CDCl3) & 7.85 (s,
1H), 7.28-7.24 (m, 2H), 7.21 — 7.14 (m, 4H), 7.12 — 7.09 (m, 2H), 7.06 — 6.99 (M, 1H),
6.95 (d, J = 8.4 Hz, 2H), 6.79 (t, J = 7.4 Hz, 1H), 6.67 (d, J = 7.7 Hz, 1H), 3.91 (brs,
1H), 3.57-3.55 (m, 1H), 3.47-3.45 (m, 1H), 3.33-3.31 (m, 1H), 3.21 (dd, J = 16.4, 5.8
Hz, 1H), 2.97 (dd, J = 16.4, 5.8 Hz, 1H), 2.32 (m, 1H).  *C NMR (75 MHz, CDCl5)
0 144.10, 141.39, 136.45, 133.74, 131.44, 129.97, 128.71, 128.41, 127.28, 126.44,
121.39, 120.41, 119.35, 119.26, 110.49, 61.57, 50.45, 39.98, 37.46. HRMS (ESI) m/z
(M+H)" calculated for CsH23BrNO: 432.0958, observed: 432.0954.

((2S,3S,4S)-2-(2-bromophenyl)-4-phenyl-2,3,4,9-tetrahydro-1H-carbazol-3-yl)met
hanol (4af)

4af (29 mg) was obtained as a white solid in 45% yield after

flash chromatography and the enantiomeric excess was

determined to be more than 99% by HPLC analysis on
Chiralpak OD-H column (15% 2-propanol/n-hexane, 1 mL/min), UV 254 nm, t
(major) = 19.50 min, t (minor) = 32.71 min; [o]o® = -47.3 (¢ 0.074, CHCIs); *H NMR
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(600 MHz, CDCls3) 6 7.95 (s, 1H), 7.50 (d, J = 7.9 Hz, 1H), 7.35 (d, J = 8.1 Hz, 1H),
7.28 — 7.24 (m, 4H), 7.22-7.20(m, 3H), 7.17 — 7.10 (m, 2H), 7.08-7.06 (m, 1H), 6.97
(t, J = 7.5 Hz, 1H), 455 (brs, 1H), 3.93 — 3.86 (m, 1H), 3.67 — 3.59 (m, 2H),
3.20-3.17 (m, 1H), 2.96 (dd, J = 16.0, 5.1 Hz, 1H), 2.44-2.41 (m, 1H). **C NMR (151
MHz, CDCls) & 147.04, 144.08, 139.13, 136.73, 136.26, 131.54, 131.14, 130.74,
130.26, 129.92, 128.77, 127.90, 124.18, 122.08, 121.71, 113.17, 112.44, 63.91, 51.55,
42.67, 39.57. HRMS (ESI) m/z (M+H)" calculated for CusH»3BrNO: 432.0958,
observed: 432.0955.

((2S,3S,4S)-2-(2-methoxyphenyl)-4-phenyl-2,3,4,9-tetrahydro-1H-carbazol-3-yl)
methanol (4ag)

4ag (38 mg) was obtained as a white semisolid in 66% vyield
after flash chromatography and the enantiomeric excess was

determined to be more than 99% by HPLC analysis on

Chiralpak OD-H column (15% 2-propanol/n-hexane, 1
mL/min), UV 254 nm, t (major) = 14.93 min, t (minor) = 26.23 min; [o]o® = +11.63
(c 0.086, CHCI3); *H NMR (400 MHz, CDCls) & 7.94 (s, 1H), 7.32 (d, J = 8.1 Hz, 1H),
7.30 — 7.17 (m, 6H), 7.12 — 7.04 (m, 2H), 6.89-6.87 (m, 1H), 6.86 — 6.79 (M, 2H),
6.68 (d, J = 7.6 Hz, 1H), 4.12 (brs, 1H), 3.88 — 3.80 (m, 1H), 3.75 (s, 3H), 3.43 (dd, J
= 115, 5.5 Hz, 1H), 3.37 — 3.21 (m, 2H), 3.03 (dd, J = 16.6, 4.4 Hz, 1H), 2.51 (m,
1H). BC NMR (75 MHz, CDCl3) 6 156.78, 144.03, 136.37, 134.41, 130.76, 128.93,
128.18, 127.93, 127.68, 127.38, 126.23, 121.51, 121.12, 119.36, 119.19, 110.45,
110.41, 62.31, 55.67, 49.26, 39.99, 29.71. HRMS (ESI) m/z (M+H)" calculated for
Ca6H26NO: 368.2009, observed: 368.2006.

((2S,3S,4S)-2-(naphthalen-1-yl)-4-phenyl-2,3,4,9-tetrahydro-1H-carbazol-3-yl)me
thanol (4ah)

4ah (34 mg) was obtained as a white semisolid in 57% yield
after flash chromatography and the enantiomeric excess was

determined to be 96% by HPLC analysis on Chiralpak AD-H

column (20% 2-propanol/n-hexane, 1 mL/min), UV 254 nm, t
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(major) = 9.98 min, t (minor) = 7.09 min; [a]o?° = -186.4 (c 0.066, CHCI3); *H NMR
(400 MHz, CDCl3) 6 7.98 (s, 1H), 7.79 (d, J = 8.1 Hz, 1H), 7.72 (d, J = 8.0 Hz, 1H),
7.45 — 7.26 (m, 8H), 7.24-7.22(m, 2H), 7.18-7.16 (m, 1H), 7.03 (t, J = 7.6 Hz, 2H),
6.75 (d, J = 8.6 Hz, 1H), 4.71 (s, 1H), 4.22 (d, J = 10.9 Hz, 1H), 3.65-3.64 (m, 2H),
3.37-3.35 (m, 1H), 2.93 (d, J = 15.5 Hz, 1H), 2.50-2.48 (s, 1H). **C NMR (101 MHz,
CDCl3) 5 144.92, 138.35, 136.50, 134.95, 134.06, 131.59, 128.87, 128.83, 128.38,
127.83, 127.37, 126.34, 126.02, 125.46, 124.99, 123.52, 123.07, 121.58, 119.51,
118.92, 110.60, 109.21, 61.28, 50.69, 40.00, 32.69, 24.29. HRMS (ESI) m/z (M+H)*
calculated for C,9H26NO: 404.2009, observed: 404.2007.

((2S,3S,4S)-4-phenyl-2-(thiophen-3-yl)-2,3,4,9-tetrahydro-1H-carbazol-3-yl)meth
anol (4ai)

4ai (27 mg) was obtained as a white semisolid in 51% yield
after flash chromatography and the enantiomeric excess was

determined to be more than 99% by HPLC analysis on

Chiralpak AD-H column (20% 2-propanol/n-hexane, 1
mL/min), UV 254 nm, t (major) = 10.98 min, t (minor) = 12.06 min; [a]o®° = +15.8 (c
0.076, CHCI3); 'H NMR (600 MHz, CDCl3) 8 7.91 (s, 1H), 7.32 (d, J = 8.1 Hz, 1H),
7.30 — 7.24 (m, 2H), 7.24 — 7.18 (m, 4H), 7.10 (t, J = 7.5 Hz, 1H), 6.95-6.93 (m, 1H),
6.89-6.87 (m, 1H), 6.87 — 6.85 (m, 1H), 6.80 (d, J = 7.7 Hz, 1H), 4.04 (brs, 1H), 3.78
-3.76(m, 1H), 3.58-3.56 (M, 1H), 3.49-3.47 (m, 1H), 3.32 (dd, J = 16.3, 5.7 Hz, 1H),
3.01 (dd, J = 16.3, 5.8 Hz, 1H), 2.46 — 2.39 (m, 1H). 3C NMR (151 MHz, CDCly) &
147.01, 145.70, 139.08, 136.47, 131.40, 131.00, 130.85, 129.97, 129.00, 127.92,
123.93, 123.62, 121.94, 121.86, 113.12, 64.87, 52.77, 42.87, 36.92. HRMS (ESI) m/z
(M+H)" calculated for Co3sH22NOS: 360.1417, observed: 360.1415.

((2S,3R,4S)-4-phenyl-2-(thiophen-2-yl)-2,3,4,9-tetrahydro-1H-carbazol-3-yl)meth
anol (4aj)
4aj (24 mg) was obtained as a white solid in 45% yield after

Ph CH,OH

flash chromatography and the enantiomeric excess was

determined to be 95% by HPLC analysis on Chiralpak OD-H
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column (15% 2-propanol/n-hexane, 1 mL/min), UV 254 nm, t (major) = 12.58 min, t
(minor) = 17.25 min; []o?° = +50.0 (c 0.034, CHCls); *H NMR (600 MHz, CDCls) &
7.89 (s, 1H), 7.32 (d, J = 8.1 Hz, 1H), 7.27-7.24 (m, 2H), 7.22-7.20 (m, 3H), 7.09
-7.06(m, 2H), 6.94 — 6.90 (M, 1H), 6.89 — 6.84 (m, 2H), 6.79 (d, J = 7.5 Hz, 1H), 4.05
(d, J = 26.9 Hz, 2H), 3.63-3.62 (m, 1H), 3.58 — 3.51 (m, 1H), 3.41 (dd, J = 16.1, 5.1
Hz, 1H), 3.03 (dd, J = 16.1, 4.7 Hz, 1H), 2.44-2.42 (m, 1H). *C NMR (151 MHz,
CDCl3) 6 146.83, 139.23, 135.72, 131.44, 131.03, 129.89, 129.07, 129.00, 127.85,
126.34, 124.04, 121.97, 121.95, 113.13, 64.79, 53.04, 42.93, 37.66. HRMS (ESI) m/z
(M+H)" calculated for C23sH22NOS: 360.1417, observed: 360.1415.

((2S,3R,4S)-2-(furan-2-yl)-4-phenyl-2,3,4,9-tetrahydro-1H-carbazol-3-yl)methan
ol (4ak)

4ak (32 mg) was obtained as a white semisolid in 62% yield

Ph CH,OH

after flash chromatography and the enantiomeric excess was

determined to be 95% by HPLC analysis on Chiralpak OD-H

column (15% 2-propanol/n-hexane, 1 mL/min), UV 254 nm, t
(major) = 13.69 min, t (minor) = 21.54 min; [0]o® = +7.14 (c 0.084, CHCl); *H
NMR (400 MHz, CDCls) § 7.84 (s, 1H), 7.32 — 7.09 (m, 7H), 7.06 — 6.97 (m, 1H),
6.87 —6.71 (m, 2H), 6.20 (q, J = 3.1, 1.9 Hz, 1H), 5.86 (d, J = 3.2 Hz, 1H), 4.09 (d, J
= 5.3 Hz, 1H), 3.62-3.60 (m, 1H), 3.54 (d, J = 6.8 Hz, 2H), 3.20 (dd, J = 16.4, 5.5 Hz,
1H), 2.95 (dd, J = 16.3, 7.1 Hz, 1H), 2.46-2.42(m, 1H). **C NMR (101 MHz, CDCls)
8 156.67, 144.26, 141.01, 136.37, 133.11, 128.67, 128.35, 127.41, 126.35, 121.35,
119.32, 119.12, 110.47, 110.30, 105.67, 62.51, 49.01, 40.09, 32.53. HRMS (ESI) m/z
(M+H)" calculated for Co3sH22NO,: 344.1645, observed: 344.1641.

methyl(E)-3-((2S,3S,4S)-2,4-diphenyl-2,3,4,9-tetrahydro-1H-carbazol-3-yl)acryla
te (D1)

come D1 (25 mg) was obtained as a white solid in 41% yield after flash

Ph, . : .
7 o chromatography and the enantiomeric excess was determined to

\
N be 99% by HPLC analysis on Chiralpak AD-H column (15%
2-propanol/n-hexane, 1 mL/min), UV 254 nm, t (major) = 6.53 min, t (minor) = 5.40
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min; [o]p?® = +41.38 (¢ 0.058, CHCI3); *H NMR (600 MHz, CDCls) & 7.99 (s, 1H),
7.36 (d, J = 8.1 Hz, 1H), 7.30 — 7.20 (m, 6H), 7.15 (dd, J = 15.4, 7.4 Hz, 3H), 7.04 (d,
J=17.2 Hz, 3H), 6.97 (dd, J = 15.8, 8.6 Hz, 2H), 5.62 (d, J = 15.7 Hz, 1H), 4.32 (brs,
1H), 3.65 (s, 3H), 3.48-3.46 (m, 1H), 3.19 (dd, J = 16.2, 10.4 Hz, 1H), 3.11 (dd, J =
16.2, 4.7 Hz, 1H), 3.02-3.00 (m, 1H). *C NMR (151 MHz, CDCl3) & 169.39, 151.09,
146.29, 144.53, 139.11, 136.88, 131.15, 131.01, 131.00, 130.58, 129.99, 129.37,
129.14, 125.55, 124.23, 122.11, 121.51, 113.20, 55.05, 54.09, 45.78, 32.37. HRMS
(ESI) m/z (M+H)" calculated for CogHo6NO,: 407.1885, observed: 407.1882.

((2S,35,4S)-2,4-diphenyl-2,3,4,9-tetrahydro-1H-carbazol-3-yl)methyl
4-bromobenzoate (D2)
YQBF D2 (70 mg) was obtained as a white semisolid in 65% vyield after
(@)

) flash chromatography and the enantiomeric excess was determined

™ o to be 96% by HPLC analysis on Chiralpak AD-H column (15%

rﬁ? 2-propanol/n-hexane, 1 mL/min), UV 254 nm, t (major) = 9.16 min,
t (minor) = 10.89 min; [a]p?° = +11.76 (c 0.068, CHCls):; *H NMR (600 MHz, cdcls) &
8.00 (s, 1H), 7.69-7.67 (m, 2H), 7.57 — 7.50 (m, 2H), 7.35 (d, J = 8.1 Hz, 1H), 7.30 (t,
J=7.1Hz 2H), 7.28 — 7.17 (m, 6H), 7.13 (d, J = 6.9 Hz, 3H), 6.91 (dd, J = 14.9, 7.8
Hz, 2H), 4.32 — 4.25 (m, 2H), 4.23 — 4.17 (m, 1H), 3.64 (brs, 1H), 3.31 (d, J = 14.5
Hz, 1H), 3.20 (dd, J = 16.1, 7.7 Hz, 1H), 2.79-2.76 (m, 1H). *C NMR (151 MHz,
CDCl3) § 168.31, 146.50, 144.66, 139.13, 136.54, 134.27, 133.66, 131.67, 131.26,
131.21, 131.13, 130.64, 130.48, 130.00, 129.37, 129.19, 124.13, 122.04, 121.73,
113.17, 67.44, 50.20, 43.24, 32.36. HRMS (ESI) m/z (M+H)" calculated for

CzoH»7BrNO,: 536.1212, observed: 536.1225.
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7. X-ray Single Crystal Data for 4aa

Identification code cu_dm16449 Om

Empirical formula C27 H27 N 02

Formula weight 397.50

Temperature 130K

Wavelength 1.54178 A

Crystal system Orthorhombic

Space group P212121

Unit cell dimensions a=14.0799(3) A a=90°.
b =14.3773(3) A B= 90°.
Cc = 44.2794(10) A v =90°,

Volume 8963.5(3) A3

Z 16

Density (calculated) 1.178 Mg/m3

Absorption coefficient 0.576 mm-!

F(000) 3392

Crystal size 0.12 x 0.1 x 0.03 mm3

Theta range for data collection 1.995 to 66.658°.

Index ranges -16<=h<=16, -17<=k<=9, -52<=I<=52

Reflections collected 41784

Independent reflections 15250 [R(int) = 0.1282]

Completeness to theta = 66.658° 99.5 %

Absorption correction Semi-empirical from equivalents

Max. and min. transmission 0.7528 and 0.5466

Refinement method Full-matrix least-squares on F2

Data / restraints / parameters 15250/0/1090

Goodness-of-fit on F2 1.004

Final R indices [I>2sigma(1)] R1=0.0696, wR2 = 0.1718

R indices (all data) R1=0.0979, wR2 = 0.1947
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Absolute structure parameter 0.3(3)
Extinction coefficient 0.00110(13)
Largest diff. peak and hole 0.284 and -0.259 e. A3
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8. 'H NMR and **C NMR Spectra for the Product

(2,4-diphenyl-2,3,4,9-tetrahydro-1H-carbazol-3-yl)methanol (4aa)
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(2-phenyl-4-(o-tolyl)-2,3,4,9-tetrahydro-1H-carbazol-3-yl)methanol (4ba)
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(2-phenyl-4-(m-tolyl)-2,3,4,9-tetrahydro-1H-carbazol-3-yl)methanol (4ca)
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(2-phenyl-4-(p-tolyl)-2,3,4,9-tetrahydro-1H-carbazol-3-yl)methanol (4da)
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(4-(2-chlorophenyl)-2-phenyl-2,3,4,9-tetrahydro-1H-carbazol-3-yl)methanol (4ea)
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(4-(3-chlorophenyl)-2-phenyl-2,3,4,9-tetrahydro-1H-carbazol-3-yl)methanol (4fa)
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(4-(4-chlorophenyl)-2-phenyl-2,3,4,9-tetrahydro-1H-carbazol-3-yl)methanol

(4ga)
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(2-phenyl-4-(4-(trifluoromethyl)phenyl)-2,3,4,9-tetrahydro-1H-carbazol-3-yl)met

hanol (4ia)
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(4j2)

4-3-(hydroxymethyl)-2-phenyl-2,3,4,9-tetrahydro-1H-carbazol-4-yl)benzonitrile

6T'T .

~ N\
e
90°¢
80°€- -
et f—
ered ~—
sred
op'e’

$E5
Y8R9
OR'04
Ly
90 Ly
80 LA
ST'L
81'LA
0T LA
1TLA
YT LA
9T LA e
BT LA - T
0ELf —
8V'L~ . B
0s'L"

I
86'L— gt
Q,

= 80"l
.u w.z_._
—= k667

= oot

L0 05 0.0 -05

L5

90 85 80 75 7.0 65 60 55 50 45 40 35 3.0 25 20

fl (ppm)

€76
9TPE—
LPOp—
T

09'€s—

09°¢9—

200 180 160 140 120 100 80 60 40 20

220

fl (ppm)

S35



methyl4-(3-(hydroxymethyl)-2-phenyl-2,3,4,9-tetrahydro-1H-carbazol-4-yl)benzo

ate (4ka)
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(4-(4-methoxyphenyl)-2-phenyl-2,3,4,9-tetrahydro-1H-carbazol-3-yl)methanol
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(4-(naphthalen-1-yl)-2-phenyl-2,3,4,9-tetrahydro-1H-carbazol-3-yl)methanol

(4ma)
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(2-phenyl-4-(thiophen-2-yl)-2,3,4,9-tetrahydro-1H-carbazol-3-yl)methanol (4na)
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(7-methyl-2,4-diphenyl-2,3,4,9-tetrahydro-1H-carbazol-3-yl)methanol (40a)
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(7-fluoro-2,4-diphenyl-2,3,4,9-tetrahydro-1H-carbazol-3-yl)methanol (4pa)
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methyl-3-(hydroxymethyl)-2,4-diphenyl-2,3,4,9-tetrahydro-1H-carbazole-7-carbo

xylate (4ga)
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(6-methyl-2,4-diphenyl-2,3,4,9-tetrahydro-1H-carbazol-3-yl)methanol (4ra)
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(6-fluoro-2,4-diphenyl-2,3,4,9-tetrahydro-1H-carbazol-3-yl)methanol (4sa)
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(6-chloro-2,4-diphenyl-2,3,4,9-tetrahydro-1H-carbazol-3-yl)methanol (4ta)
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(6-methoxy-2,4-diphenyl-2,3,4,9-tetrahydro-1H-carbazol-3-yl)methanol (4ua)
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(4-phenyl-2-(p-tolyl)-2,3,4,9-tetrahydro-1H-carbazol-3-yl)methanol (4ab)
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(2-(4-fluorophenyl)-4-phenyl-2,3,4,9-tetrahydro-1H-carbazol-3-yl)methanol (4ac)
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(2-(4-chlorophenyl)-4-phenyl-2,3,4,9-tetrahydro-1H-carbazol-3-yl)methanol

(4ad)
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(2-(4-bromophenyl)-4-phenyl-2,3,4,9-tetrahydro-1H-carbazol-3-yl)methanol

(4ae)
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(2-(2-bromophenyl)-4-phenyl-2,3,4,9-tetrahydro-1H-carbazol-3-yl)methanol (4af)
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(4-phenyl-2-(o-tolyl)-2,3,4,9-tetrahydro-1H-carbazol-3-yl)methanol (4ag)
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(2-(naphthalen-1-yl)-4-phenyl-2,3,4,9-tetrahydro-1H-carbazol-3-yl)methanol

(4ah)
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(4-phenyl-2-(thiophen-3-yl)-2,3,4,9-tetrahydro-1H-carbazol-3-yl)methanol (4ai)
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(4-phenyl-2-(thiophen-2-yl)-2,3,4,9-tetrahydro-1H-carbazol-3-yl)methanol (4aj)
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(2-(furan-2-yl)-4-phenyl-2,3,4,9-tetrahydro-1H-carbazol-3-yl)methanol (4ak)
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methyl(E)-3-(2,4-diphenyl-2,3,4,9-tetrahydro-1H-carbazol-3-yl)acrylate (D1)
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(2,4-diphenyl-2,3,4,9-tetrahydro-1H-carbazol-3-yl)methyl 4-bromobenzoate (D2)
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9. HPLC Analysis for Pruduct.

((2S,3S,4S5)-2,4-diphenyl-2,3,4,9-tetrahydro-1H-carbazol-3-yl)methanol (4aa)
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((2S,3S,4S)-2-phenyl-4-(o-tolyl)-2,3,4,9-tetrahydro-1H-carbazol-3-yl)methanol

(4ba)
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((2S,3S,4S)-2-phenyl-4-(m-tolyl)-2,3,4,9-tetrahydro-1H-carbazol-3-yl)methanol

(4ca)
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((2S,3S,4S)-2-phenyl-4-(p-tolyl)-2,3,4,9-tetrahydro-1H-carbazol-3-yl)methanol

(4da)
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2 |17.519 | &I 59650 462 1633 5.60|BB 96116.683118.283
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((2S,3S,4R)-4-(3-chlorophenyl)-2-phenyl-2,3,4,9-tetrahydro-1H-carbazol-3-yl)me

thanol (4ea)

mAL =1
o %
CH,OH [l
- |
Sas '
Cry "
N || 2
600 H 2
rac-4ea | | N
II II|
400+ | : 1
| 1
| |
II \
200 | : |
| |I II'.
| | | |
r|||| /| / | - |I /
0 TN A S _ N .
, - — — —
0 5 10 15 2 25 0 ' "
Peak RetTime Type Widcth Lres Height Area
£ [min] [min] maT = [mAT %
el R | -=—=——m-- Rl Eett |
1 17.434 BB 0.B560 5.54E830=4 99z.5368 45,9150
2 2B.Z2e64 VB 1.4581 5.56719%=4 S566.52032 50.0850
malt @
Or
/ CHQOH [
400 “ [
Ph [
A\ [ ]
|
a00 N n
||
[ |
200 | \
1
o
! | \
100 “ | |
| ; |
I ' _
g P PIARY - - / — . o . .
0 5 10 15 25 0 as ‘min
Peak RetTime Tyvpe Width Lrea Height Aren
$ [min] [min] m&O = purnl £

1 27.13% VB 1.5158 4.66994e4
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((2S,3S,4S)-4-(3-chlorophenyl)-2-phenyl-2,3,4,9-tetrahydro-1H-carbazol-3-yl)met
hanol (4fa)

mALl ] Cl 3
f
1750 O |
CH,OH |I
e |
m[i \ |
1250 |
N | -
1000 rac-4fa | A
II "I
750 | | [
[ [
500 | || [
f | | \
Il | | I| \
250 [ [ /
P ;'I II'-\ ,' \ - |
ol T B s T .
1] é 1ID 1|5 2ID 2|5 mir
Peak RetTime Type Widch LAreg Height Area
£ [min] [min] BT Ao [maB T ] %
———— |- | === ===~ | ====——m——= i ittt
1 11.283 VV 0.6596 B.53343=4 1981.90417 53.7830
2 22.141 VB 1.148B5 T7.33151e=4 084.38831 46.2120
mal 9
¥
il
600 |
|
coo- 1
| |
400 4 ||
|
300 | [
|
|
200 | [
II
| |
100 | I'.
n |\ g
0 e __.-/"\__J\'\_u'l - _ A
0 5 10 15 20 2 min
Feak RetTime Type Width Lrea Height Area
# [min] [min] onlT = [T ] x
e B | === |==—==-= | === Rl B |
1 11.523 VB 0.61l46 Z2.70730=4 665.16290 99,4252
2 Z2.480 VV 1.0545 155.429354 1.80859 0.5708
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((2S,3S,4S)-4-(4-chlorophenyl)-2-phenyl-2,3,4,9-tetrahydro-1H-carbazol-3-yl)met
hanol (4ga)

Cl
"1
CH,OH T
700 ||
o™
RIoS |
N |
=00 H ‘ | .
rac-4ga | @
400 | | Py
| [
300 ‘ | [
| [
200+ I| |I I".
| | \ |
100 | || | I.I II
\ lll '. |I'. N .'I \
o AP WAVAY N o~ N -
a 5 10 15 20 2 £ 3% i}
Peak RetTime Tyvpe Width Lres Height Aren
# [min] [min] T * o [mi T ] ]
- | e | === | == m e | === | m==m | m [
1 13.508 VB 0.7B09 4.13111=4 TT6.43036 51.5142
2 25.873 VB 1.4087 3.BEBEZSe4 400.70239 48.4858
mAald w
cl g
600 I
/ CH,OH |||
500 Ph | |
N |
400 N ‘ |
H [
300 | ||
[
0] N
|
100 [
| g
0 . P — e = '—_r — - — N
0 5 10 15 2 25 min
Peak RetTimse Type Widtch Lres Height Area
£ [min] [min] o T = [T ] %
e | === === | —==——————= i |
1 12.725 BB 0D.68B69 3.0670EB=4 6£83.06854 899 .1&50
2 24.985 BB 1.0973 25B.26514 2.86776 0.8350
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((2S,3S,4S)-4-(4-bromophenyl)-2-phenyl-2,3,4,9-tetrahydro-1H-carbazol-3-yl)met
hanol (4ha)

mAY Br 3
s
- Q |
CH,OH |'I
300 | I
at |
N | | rr:‘
200 H [
rac-4ha | | [
150 | || II \
|I | I".
100 | [
|| |
504 [ f
|I | | I'.
a- R W B N N — ___,." ~ / L ~ —
0 5 10 15 20 25 30 min
Peak RetTime Type Width Lreas Height Lrea
# [min] [min] maAO *a [T ] E3
—— | R | === el B |
1 17.441 BB 0.B8549 Z2.20532e4 386.56491 43.5472
2 27.779 VB 1.4953 2.33732e4 224.830%8 51.4528
mAL 2
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[
400 |
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300 | |
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200 | |
[
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[ 1
100 |
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(l A e
ol ’MJ'I'.I (Y, P AV \ N~ - —'——"g————.
a 5 10 15 2 % min
Peak RetTime Type Width Eres Height Area
# [min] [min] maO *= [mAT ] £
——— | R | === R aad EESE S |
1 14.08B0 VB 0.7358 Z.263E83e4 481.11267 96.9638
2 Zg8.218 BB 1.3728 7TOB.BT7O012 6.50753 3.0382
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((2S,3S,4S)-2-phenyl-4-(4-(trifluoromethyl)phenyl)-2,3,4,9-tetrahydro-1H-carbaz
ol-3-yl)methanol (4ia)

700 F3;C g
2 |
600 CH,OH |
Ph
500
®
N

400 H ‘| ~
rac-4ia | :
300 | n
|
| [ ]
200 | | f \
[
| | |I
100 [ [ \
| \ i A
A% ~ ujl e /."
[ R e - T —— —_—
0 5 10 15 20 25 min
Peak RetTime Type Width LArea Height Area
£ [min] [min] AT =] [ AT ] x

1 10.245 VW 0.5701 2.71Za68e4 T06.82684 51.%9806
2 Z21.417 VEBR 1.1663 Z2.505%6e=4 310.46713 48.01%94

mAL F3C %
&
1000 I
CH,OH |'|
[
200 Ph |
\ |
N |
600 ||
|
{
400 |=
|
[}
2004 | |II
o S | S - \\.‘__ — 5
0 " 5] T ‘75 b " 425 45 e N 225 min
Peak RetTime Type Width Lres Height Areg
: [min] [min] T = [mAT ] %
el e | —————————= el bttt
1 10.634 VWV 0.6071 4.19518=4 1074.14185 09,4971
2 20.923 BV 1.1969 2Z212Z2.06l66 2.58225 0.502%
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4-((2S,3S,4S)-3-(hydroxymethyl)-2-phenyl-2,3,4,9-tetrahydro-1H-carbazol-4-yl)b
enzonitrile (4ja)

mAU b
a00-] NC %
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280 CH,OH /l
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o U1 |
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|| g
150 | ™,
[ {3
|| [\
100 | | \
i |'| | I| |'
| { Y
s (i o \
{1 ' \ / S
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0 R 5 25 a0 Tas T T4 " i
Peak RetTime Type Width Lrea Height Aren
# [min] [min] mA T = [T ] x
e | === ]==—=——= | —==——————- R B bt |
1 18.211 BW 1.0590 2.94721e4 416.22723 50.7173
2 37.113 VB 2.1930 Z.B63EB4=4 169.956895 45, 2327
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Peak RetTime Type Widch Lres Height Area
£ [min] [min] mAT = [T ] %
e | ====|==————= | -===—————= R |
1 16.154 BB 0.9BBE Z2.73665e24 361.15%360 9%.6016
2  37.78%7 BV 0.B236 109.47755 1.74858 0.3534
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methyl4-((2S,3S,4S)-3-(hydroxymethyl)-2-phenyl-2,3,4,9-tetrahydro-1H-carbazol

-4-yl)benzoate (4ka)

025 | MeO,C
| O CH,0OH
020+
] . Ph g
s ;
b o
015 N
1 H
g 4
. rac-4ka
010+
005
O_@M _
000 500 1000 1500 000 2500 3000 3500
ag
RT | Peak] Area 0 Height |, . Integration Points S.tart End
(min) | Type | (i*sec) %o Area () % Height Type Across Peak Time | Time
‘ - (min) | (min)
1119.686 | &Kl 22920350 | 51.45]256603 62.94|VB 362]17.050|23.083
232.370 | A% |21628533 | 48.55]|151085 37.06|VvB 449129.867 | 37.350
(=]
2
©
000 sbo " 1000 " is00 2000 2500 0 ‘3500
RT | Peak| Area 0 Height |, ) Integration Points S.tart End
(min) | Type | (fi&*sec) % Area (f) % Height Type Across Peak Time | Time
‘ B (min) | (min)
1118.833| k%l |74614538| 98.25]890503 99.01|VvB 345117.200 | 22.950
2131.190 | &H 1327692 1.75 8896 0.99|BB 327128.967 | 34.417
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((2S,3S,4S)-4-(4-methoxyphenyl)-2-phenyl-2,3,4,9-tetrahydro-1H-carbazol-3-yl)

methanol (4la)

S70

mal 3 9
500 '|'-'.I | II|
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e | ———= ===~ | === Rl B
1 18.144 VW 1.5262 5.4Bp32=4 513.428957 48 .4543
pe 24 .8922 VB 1.3304 5.83634=4 554 27417 51.5457
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100 ] | II
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e B | === === | === R |
1 1%.72%9 BB 1.5361 2.377Z2ZEBe4 213.31s28 100.0000



((2S,3S,4S)-4-(naphthalen-1-yl)-2-phenyl-2,3,4,9-tetrahydro-1H-carbazol-3-yl)me
thanol (4ma)

mal &
" e |
CH,OH |'I
250 |
Sa 1
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207 N i b
H | N
I
150 rac-4ma ‘ Il [
| I\
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Peak BetTime Type Widcth Lrea Height Area
# [min] [rin] AT = [mf T ] %
e B el B | ===——————= R Bt |
1 23.729 VB 1.2919 3.14092e=4 334.10483 50.420%9
2 30.46l1 BV 2.26338 3.0BE4E=4 185.45058 49,5791
mAU ©
'rr.
100 By
[
|4
20 [
[
[
60 l \
|
|
40 |
|
|
20 |
|
|
| N,
s | hN
1] L g | \\
A e N o o . - —
0 g 10 15 & 7 ) 35 min
Peak RetTime Type Width Lres Height Area
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e B e i | -===—————- | ===—————=—|—————--- |
1 Z25.214 BB 1.3308 178.08B234 1.6553%9 0.8354
2 31.718 BV 2.2005 1.99359e4 113.18&33 0o .114&
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((2S,3S,4R)-2-phenyl-4-(thiophen-2-yl)-2,3,4,9-tetrahydro-1H-carbazol-3-yl)meth

anol (4na)
0187
016 Z
b S / CHon &
014 g
] Ph ©
0127 A\
] N
0107 H
- 1 rac-4na
< 008
0,06—:
004
0.02—:
000+
000 " s
RT | Peak| Area |, Height |, , Integration Points S_tart E.nd
(min) | Type | (h*sec) % Area (fil) % Height Type Across Peak Time | Time
- - (min) (min)
1116.222| A% | 7054358 | 50.54|127498 62.55|BV 167 | 15.133|17.917
2128419 | k% |6902675| 49.46| 76329 37.45|BB 258 126.633(30.933
[32]
[+0]
«
M~
o™~
0.00 500 1000 1500 " 2000 o500 3000
o
RT Peak Area Height Integration | Peak Points Start
0, V) i i
(min) | Type| (fii*sec) % Area () % Height Type Codes| Across Peak -(rnlqrni
1115.367 | &% | 30612170 | 99.20|569362 99.44 | BB 207 | 14.300
2127.383 | &Kl 245993 0.80 3199 0.56 | BB 108 159126.033
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((2S,3S,4S)-7-methyl-2,4-diphenyl-2,3,4,9-tetrahydro-1H-carbazol-3-yl)methanol

(40a)

CH,OH
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Peak
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Across Peak

Start
Time
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—

16.027

2 1]
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((2S,3S,4S)-7-fluoro-2,4-diphenyl-2,3,4,9-tetrahydro-1H-carbazol-3-yl)methanol

(4pa)

000 200 400 600 800 1000 120 1400 1600
ork
RT | Peak Area 0 Height |, - Integration Points S.tar‘c End
(min) | Type | (Fi*sec) %o Area (Ti) % Height Type Across Peak Time | Time
‘ B (min) | (min)
1110.433 | &% | 10035823 | 50.20 509541 63.49|VB 64110.050 | 11.117
2| 14187 | A% 9954085 | 49.80]293028 36.51| BB 98]13.733115.367

RT | Peak]| Area |, Height |, , Integration Points S.tart E.nd
(min) | Type | (f#"sec) % Area (T) % Height Type Across Peak Time | Time

- - (min) | (min)

1110.457 | &% | 6840837 | 100.00|349546| 100.00|BB 15218.533| 11.067
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methyl(2S,3S,4S)-3-(hydroxymethyl)-2,4-diphenyl-2,3,4,9-tetrahydro-1H-carbazo
le-7-carboxylate (4ga)

] Ph CHOH %
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i Ph ?
\ |
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| ‘ N
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RT Peak Area 0 Height || . Integration Points S.tan E.nd
(min) | Type | (& sec) % Area (58) % Height Type Across Peak Time | Time
’ ’ (min) | (min)
1113.623 | A&kl |32460214 | 49.10( 1125889 66.65 | VB 112 12.883 | 14.750
2124.442 | A% | 33646577 | 50.90| 563400 33.35|BB 207 | 22.967 | 26.417
180 ,
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1601 0 !
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1401 A\ ‘ |
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Start End
RT |Peak| Area |, Height |, ... |integration| Points | >0 | T
min) | Type | (#*sec) Yo Area (i) % Height Type Across Peak Time | Time
! ’ (min) | (min)
1[13.583 | A | 56227930 | 97.95| 1773515 98.97 | VWV 14012.900|15.233
2|24.546 | A 1175830 2.05 18509 1.03 VB 22222617 |26.317
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((2S,3S,4S)-6-methyl-2,4-diphenyl-2,3,4,9-tetrahydro-1H-carbazol-3-yl)methanol

(4ra)
070+ ph  CH,OH
0 60—: Me Ph
] N ©
050-] H -

rac-4ra
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5 ]
< ]
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020
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000+
000 200 400 600 "800 1000 ‘oo 4o 1600 1800
Shih
RT | Peak Area o Height |, . Integration Points S.tart End
(min) | Type | (f*sec) % Area (fi) % Height Type Across Peak Time | Time
h - (min) | (min)
1]10.540 | &%l 124853195 | 49.86 719959 59.30 | vV 149| 9.500]11.983
2 |13.077 | &%l |24992539 | 50.14 494233 40.70 | VV 208| 11.983|15.450
0,5(}7 Ph CH,OH
1 Me Ph
] A\
040
1 N
1 H
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RT | Peak Area o Height |, . Integration Points S.‘can End
(min) | Type | (fi*sec) % Area (Til) % Height Type Across Peak Time | Time
‘ (min) | (min)
1]10.557 | A%l 91410 0.36 2997 0.58 | BB 69110.183 | 11.333
2112888 | &Kl | 24994303 | 99.64|514852 99.42 | BB 209| 11.817(15.300
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((2S,3S,4S)-6-fluoro-2,4-diphenyl-2,3,4,9-tetrahydro-1H-carbazol-3-yl)methanol

(4sa)
0,1&: Ph CH,OH
D,1Er; F { Ph
0.14] N
] H
0-1}: rac-4sa
2 010 E
008’ g
0.06]
004
00
0.0
000 200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400
RT | Peak| Area |, Height |, : Integration Points S.tar‘c E_nd
(min) | Type | (i%*sec) % Area () % Height Type Across Peak Time | Time
a - (min) | (min)
1(10.922 | &% |3801925]| 50.40| 188071 71.83|BV 81110.267 | 11.617
2(20.732 | &% |3740857| 49.60| 73749 28.17| BB 160]20.000 | 22.667
035
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0301 y
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RT Peak Area o Height |, . Integration Points S.tart E.nd
(min) | Type | (i*sec) % Area () % Height Type Across Peak Time | Time
- h (min) | (min)
1110.901] &%l |6884624 | 99.69|342136 99.84 | BB 92110.183 | 11.717
2(21.441 ) 5 21295 0.31 546 0.16 | BB 77120.883|22.167
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((2S,3S,4S)-6-chloro-2,4-diphenyl-2,3,4,9-tetrahydro-1H-carbazol-3-yl)methanol

(4ta)
] \
0.307 Ph CH,OH %
1 c Ph ‘
0.257 AN
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RT Peak| Area % Area Height % Height Integration Points '?it:qz _|_Ei:ﬁ|de
(min) | Type | (#"sec) | ” (5#) °nele Type Across Peak ) .
(min) | (min)
1]11.882| A%l | 7166182 50.81(321919 65.48 | BB 1341 11.033]13.267
2[17.181 | AH [6938805( 49.19|169739 34.52 | BB 164 116.133 | 18.867
0.50: i
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; T o Y% Area i Y% Height T A Peak Time | Time
(min) ype | (BE"sec) (5%) ype cross Pea min) | (min)
1(11.848 [ A%1 | 13441502 | 98.70 (599443 99.25(VB 98| 11.083(12.717
2117.838 | ALK 177480 1.30 4503 0.75| VB 96|17.017 [ 18.617
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((2S,3S,4S)-6-methoxy-2,4-diphenyl-2,3,4,9-tetrahydro-1H-carbazol-3-yl)methan

ol (4ua)
O.‘IG{ Ph CHZOH
1 Meo Ph
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1 o™
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RT | Peak| Area |, Height | , . Integration Points S.tart E.nd
(min) | Type | (f%*sec) % Area () % Height Type Across Peak Time | Time
- - (min) | (min)
1|14.660| Akl |4893446| 51.17|170025 63.08 | BV 137 ]13.467 | 15.750
2121.274 | k%1 | 4670441 | 48.83| 99527 36.92 |BB 176 120.183 1 23.117
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RT | Peak Area o Height |, . Integration Points S.tart End
(min) | Type| (fi*sec) %o Area (T % Height Type Across Peak Time | Time
‘ B (min) | (min)
1]14.625] &% | 13759342 | 100.00|484095| 100.00|BB 91113.967 | 15.483
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((2S,3S,4S)-4-phenyl-2-(p-tolyl)-2,3,4,9-tetrahydro-1H-carbazol-3-yl)methanol

(4ab)
. Ph CH,0OH
0.25
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S
RT Peak| Area o Height | | i Integration Points Sltarl E.nd
(min) | Type | (B*sec) % Area (5i&) % Height Type Across Peak Time | Time
) ) (min) | (min)
1(10.030 | A& | 9450240 | 51.10|274897 70.11|VV 131 9.317| 11.500
2121422 | AH 9044378 | 48.90( 117208 29.89 | BB 264(19.883]24.283
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1(10.008 | A% [27138878 | 100.00|789499| 100.00|VV 141(9.267| 11.617
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((2S,3S,4S)-2-(4-fluorophenyl)-4-phenyl-2,3,4,9-tetrahydro-1H-carbazol-3-yl)met

hanol (4ac)
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e B e | === Rt B |
1 10.729 WV 0.5290 3.07476e=4 851.5250%9 ©3.7780
2 21.474 BB 1.0437 3B0.3BBZSR 5.03948 1.2220
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((2S,3S,4S)-2-(4-chlorophenyl)-4-phenyl-2,3,4,9-tetrahydro-1H-carbazol-3-yl)met

hanol (4ad)
B
ph CH,OH %
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e | === | = | === mm = | mmm e | — o [
1 10.932 VB 0.6034 3.792065e4 953.77881 S52.0585
2 27.684 BB 1.6071 3.420EB6e4 315.78773 47.9415
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e R Rl R Rl D |
1 10.513 WV 0.5171 4.703ZEe4 1362 .682402 95 .01%90
2 27.8623 BV 1.8724 4&65.96320 2.61105 0.9310
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((2S,35,4S)-2-(4-bromophenyl)-4-phenyl-2,3,4,9-tetrahydro-1H-carbazol-3-yl)me
thanol (4ae)
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(min) | Type | (E#*sec) (B&) Type Across Peak min) | (min)
1111.332] k&1 | 10175629 | 50.34 261227 71.29 (BB 173(10.017 | 12.900
2|25.866 | A& [ 10038398 | 49.66| 105219 28.71 (BB 305)24.13329.217
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; o % Area & % Height Time | Time
(min) | Type | (B*sec) (Bi&) Type Across Peak min) | (min)
1| 11.544| A% | 18847596 | 100.00| 441664 | 100.00 | VV 157[10.783 ] 13.400
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((2S,3S,4S)-2-(2-bromophenyl)-4-phenyl-2,3,4,9-tetrahydro-1H-carbazol-3-yl)met

hanol (4af)
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1(19.506 | A% | 11353268 100.00| 161831 | 100.00|BB 294118.050|22.950
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((2S,3S,4S)-2-(2-methoxyphenyl)-4-phenyl-2,3,4,9-tetrahydro-1H-carbazol-3-yl)
methanol (4ag)
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(min) | Type | (B¥'sec) % Area (F&) % Height Type Across Peak Time | Time
) ) (min) | (min)
1]115.967 | A<k | 5738745 49.74 (100015 61.77 | VB 188 14.883|18.017
2(27.149( &%k | 5798001 | 50.26| 61904 38.23 | BB 287 (25.233|30.017
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(min) | Type | (E&*sec) % Area (5&) % Height Type Across Peak Time | Time
’ ' (min) | (min)
1(14.931 | &% |24610269| 99.65]|420912 99.72 | VV 203]13.483|16.867
2|26.226 | & H 86757 0.35 1192 0.28|VB 119]125.233127.217
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((2S,35,4S)-2-(naphthalen-1-yl)-4-phenyl-2,3,4,9-tetrahydro-1H-carbazol-3-yl)me
thanol (4ah)
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1(7.085 | AH1 375904 1.60 28058 2.24|VB 3316.867 | 7.417
219.982 | A | 23178136 | 98.40| 1224486 97.76 | BV 8119.533]10.883
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((2S,3S,4S)-4-phenyl-2-(thiophen-3-yl)-2,3,4,9-tetrahydro-1H-carbazol-3-yl)meth
anol (4ai)
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1110.996 | A% | 19214650 | 49.58| 974011 56.86 | VV 59110.567 | 11.550
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1(10.987 | &% | 22426811 100.00 | 1134957 100.00|BB 61]10.600| 11.617
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((2S,3R,4S)-4-phenyl-2-(thiophen-2-yl)-2,3,4,9-tetrahydro-1H-carbazol-3-yl)meth

anol (4aj)
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(min) | Type | (B'sec) o Area (B&) % Height Type Across Peak Time | Time
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1112.584 | A&Hl |20719213 | 97.68 442216 98.18 | VV 247(11.917116.033
2 17.247 | AH 492540 2.32 8183 1.82|VB 155 16.033 ] 18.617
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((2S,3R,4S)-2-(furan-2-yl)-4-phenyl-2,3,4,9-tetrahydro-1H-carbazol-3-yl)methan
ol (4ak)
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methyl(E)-3-((2S,3S,4S5)-2,4-diphenyl-2,3,4,9-tetrahydro-1H-carbazol-3-yl)acryla

te
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1| 5.403 78732 0.77 9596| 1.08
2| 6.534| 10096897 | 99.23 | 880773 | 98.92
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((2S,3S,4S)-2,4-diphenyl-2,3,4,9-tetrahydro-1H-carbazol-3-yl)methyl

4-bromobenzoate
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1 9.158 | 26724331 49.84 | 1550733 | 55.36
2| 10.878 | 26896648 50.16 | 1250452 | 44.64
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RT Area o Height Yo

(min) | (V*sec) | PA™3| () | Height
1] 9.155| 10645660 | 97.89| 631264 | 98.18
2|10.892| 229882 2.11| 11732| 1.82
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