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1. General methods

NMR data were obtained for 'H at 400 MHz, and for °C at 100 MHz. Chemical shifts were
reported in ppm from tetramethylsilane with the solvent resonance as the internal standard in CDCl3
solution. ESI HRMS was recorded on a Waters SYNAPT G2. In each case, enantiomeric ratio was
determined by HPLC analysis on a chiral column in comparison with authentic racemate, using a
Daicel Chiralpak AD-H Column (250 x 4.6 mm) or Chiralpak OD Column (250 x 4.6 mm),
Chiralpak IB Column (250 x 4.6 mm), Chiralpak IC Column (250 x 4.6 mm). UV detection was
monitored at 220 nm or 254 nm. Optical rotation was examined in CHCI; solution at 20 °C. 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. UV light and I, were used to
visualize products. All chemicals were used without purification as commercially available unless

otherwise noted. The secondary amines 1 were synthesized according to the literature procedures.'

1. (@) M. Marigo, T. C. Wabnitz, D. Fielenbach and K. A. Jergensen, Angew. Chem., Int. Ed., 2005,
44, 794; (b) Y. Hayashi, H. Gotoh, T. Hayashi and M. Shoji, Angew. Chem., Int. Ed., 2005, 44, 4212,
(¢) Y.-K. Liu, C. Ma, K. Jiang, T.-Y. Liu and Y.-C. Chen, Org. Lett., 2009, 11, 2848; (d) C. Ma, Z.-J.
Jia, J.-X. Liu, Q.-Q. Zhou, L. Dong, Y.-C. Chen, Angew. Chem., Int. Ed., 2013, 52, 948.

2. General procedure for the preparation of cyclohexenylidenemalononitriles

The cyclohexenylidenemalononitriles 2a—2e were prepared from the corresponding 3-substituted
2-cyclohexenones and malononitrile. The desired condensation product could not be obtained from
simple 2-cyclohexenone.

A solution of 3-methyl-2-cyclohexenone (2.2 g, 20 mmol), malononitrile (1.3 g, 20 mmol),
anhydrous ammonium acetate (0.3 g, 2 mmol) and acetic acid (1.1 mL, 20 mmol) in toluene (20 mL)
was refluxed under a Dean-Stark trap for 48 h at 120 °C. The solvent was removed under reduced
pressure, and the residue was purified by flash column chromatography on silica gel (petroleum

ether/ethyl acetate = 30:1) to give the cyclohexenylidenemalononitrile 2a (2.3 g, 73% yield).

NC | CN 2-(3-Methylcyclohex-2-en-1-ylidene)malononitrile 2a: 'H NMR (400 MHz, CDCls):

8=6.62 (d, J= 1.6 Hz, 1H), 2.72 (t, J= 7.2 Hz, 2H), 2.33 (t, J = 6.0 Hz, 2H), 2.06 (s,
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3H), 1.88 (quint, J = 6.4 Hz, 2H) ppm.

3. General procedure for asymmetric [4+2] formal cycloadditions

Conditions A: The reaction was conducted with cyclohexenylidenemalononitrile 2 (0.1 mmol) and
a,f-unsaturated aldehyde 3 (0.15 mmol) in the presence of a,a-diphenylprolinol O-TES ether 1b
(0.02 mmol), N,N-diisopropylethylamine (DIPEA, 0.02 mmol) in MeCN (1 mL) at room
temperature. After completion (monitored by TLC analysis), the solvent was removed under
vacuum and the residue was purified by flash chromatography on silica gel (petroleum ether/ethyl
acetate) to afford the bicyclo[2.2.2]octanes 4a, 4c and 4d.

Conditions B: The reaction was conducted with cyclohexenylidenemalononitrile 2 (0.1 mmol) and
a,f-unsaturated aldehydes 3 (0.15 mmol) in the presence of a,a-diphenylprolinol O-TMS ether 1a
(0.02 mmol), benzoic acid (0.02 mmol) in MeCN (1 mL) at room temperature. After completion
(monitored by TLC analysis), the solvent was removed under vacuum and the residue was purified
by flash chromatography on silica gel (petroleum ether/ethyl acetate) to afford the
bicyclo[2.2.2]octanes 4b and 4e—4q.

N 2-((1S,4S,5R)-5-Formyl-4,6-dimethylbicyclo[2.2.2]octan-2-ylidene)malononit
OHC
““eon rile (4a) was obtained in 84% yield. After reduction, the enantiomeric excess of

the corresponding alcohol was determined to be 97% by HPLC analysis on
Chiralpak OD column (5% 2-propanol/n-hexane, 1 mL/min), UV 254 nm, tmajor = 25.53 min, tminor =
29.33 min; [a]p™ = -15.3 (¢ = 0.6 in CHCl;); 'H NMR (400 MHz, CDCl;): & = 9.87 (d, J = 2.4 Hz,
1H), 2.98-2.97 (m, 1H), 2.62-2.56 (m, 2H), 2.47 (d, J = 20.4 Hz, 1H), 2.00-1.89 (m, 2H), 1.74-1.59
(m, 2H), 1.33-1.27 (m, 1H), 1.22 (s, 3H), 0.92 (d, J = 6.8 Hz, 3H) ppm; "C NMR (100 MHz,
CDCl): 6 =201.9, 187.0, 111.1, 111.0, 83.6, 61.9, 44.7, 42.2, 34.5, 31.6, 27.0, 24.7, 24.0, 20.9 ppm;
ESI HRMS: calcd. for C14H;sN,O+MeOH+Na283.1417, found 283.1420.

Ph 2-((1S,4S,5R)-5-Formyl-4-methyl-6-phenylbicyclo[2.2.2]octan-2-ylidene)mal

CN

ey ONoONitrile (4b) was obtained in 90% yield. After reduction, the enantiomeric

OHC

excess of the corresponding alcohol was determined to be 98% by HPLC
analysis on Chiralpak OD column (20% 2-propanol/n-hexane, 1 mL/min), UV 254 nm, tmajor =

14.07 min, tminer = 22.66 min; [a]p”"= +44.1 (¢ = 1.8 in CHCL;); 'H NMR (400 MHz, CDCl;): & =
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9.93 (d, J=1.6 Hz, 1H), 7.35-7.26(m, 3H), 7.02 (d, /= 7.2 Hz, 2H), 3.88 (dd, J=7.2 Hz, J= 1.6
Hz, 1H), 3.24-3.23 (m, 1H), 2.83-2.74 (m, 2H), 2.58 (d, J = 20.4 Hz, 1H), 2.20-2.13 (m, 1H),
1.79-1.67 (m, 2H), 1.41-1.34 (m, 1H), 1.35 (s, 3H) ppm; °C NMR (100 MHz, CDCls): & = 201.6,
185.8, 141.1, 129.0, 127.5, 126.8, 111.0, 110.5, 83.7, 59.5, 45.0, 43.0, 42.3, 34.7, 27.1, 25.5, 24.0
ppm; ESI HRMS: calcd. for C1oHsN,O+MeOH+Na' 345.1573, found 345.1576.

2-((1S,4S,5R,6S)-6-Ethyl-5-formyl-4-methylbicyclo[2.2.2]octan-2-ylidene)malo

CN o . . . . . .
one _ nonitrile (4c) was obtained in 73% yield. After reduction, the enantiomeric excess

- of the corresponding alcohol was determined to be 91% by HPLC analysis on
Chiralpak OD column (20% 2-propanol/n-hexane, 1 mL/min), UV 254 nm, tyajor = 7.06 min, tminor =
8.40 min; [a]p™’ = -21.6 (¢ = 1.3 in CHCl;); 'H NMR (400 MHz, CDCl3): & = 9.88 (d, J = 2.0 Hz,
1H), 3.14-3.12 (m, 1H), 2.56 (dd, J = 20.4 Hz, J= 2.4 Hz, 1H), 2.46 (d, J=20.4 Hz, 1H), 2.39-2.37
(m, 1H), 1.96-1.92 (m, 1H), 1.71-1.57 (m, 2H), 1.31-1.22 (m, 3H), 1.22 (s, 3H), 1.13-1.09 (m, 1H),
0.89 (t, J = 7.2 Hz, 3H) ppm; *C NMR (100 MHz, CDCls): & = 202.2, 187.4, 111.2, 111.0, 83.4,
60.6, 44.8, 40.3, 38.8, 34.6, 28.8, 27.4, 24.9, 24.1, 11.5 ppm; ESI HRMS: calcd. for C;sH;gN,O-H"

241.1346, found 241.1341.

2-((1S,4S,5R,6S)-5-Formyl-4-methyl-6-propylbicyclo[2.2.2]octan-2-ylidene)mal
OHC /CN ononitrile (4d) was obtained in 76% yield. After reduction, the enantiomeric

excess of the corresponding alcohol was determined to be 93% by HPLC analysis
on Chiralpak IC column (30% 2-propanol/n-hexane, 1 mL/min), UV 254 nm, tmajor = 26.70 min,
tminor = 31.71 min; [o]p™ = -11.4 (¢ = 0.45 in CHCl;); '"H NMR (400 MHz, CDCl3): § =9.88 (d, J =
2.4 Hz, 1H), 3.09-3.09 (m, 1H), 2.56 (dd, J = 20.8 Hz, J = 2.4 Hz, 1H), 2.49-2.44 (m, 2H),
1.97-1.93 (m, 2H), 1.71-1.59 (m, 2H), 1.31-1.19 (m, 4H), 1.21 (s, 3H), 1.05-1.01 (m, 1H), 0.89 (t, J
= 7.2 Hz, 3H) ppm; °C NMR (100 MHz, CDCl;): & = 202.3, 187.4, 111.1, 111.0, 83.3, 60.8, 44.8,
40.4, 38.0, 36.7, 34.6, 27.4, 24.9, 24.1, 20.0, 13.8 ppm; ESI HRMS: calcd. for C;sHyN,O-H"

255.1503, found 255.1501.

2-((1S,4S,5R)-5-Formyl-6-(4-methoxyphenyl)-4-methylbicyclo[2.2.2]octan-2-ylidene)malononi

trile (4e) was obtained in 94% yield. After reduction, the enantiomeric excess of the corresponding
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ome alcohol was determined to be 95% by HPLC analysis on Chiralpak OD column

(30% 2-propanol/n-hexane, 1 mL/min), UV 254 nm, tysjor = 20.26 min, tminor =

oc— /[ " 844 min; [a]p’"= +13.4 (c = 1.2 in CHCl3); 'H NMR (400 MHz, CDCl3): § =
9.90 (d, J = 1.2 Hz, 1H), 6.95 (d, J = 8.8 Hz, 2H), 6.84 (d, J = 8.4 Hz, 2H),

3.80-3.78 (m, 1H), 3.78 (s, 3H), 3.19 (d, J = 2.4 Hz, 1H), 2.77 (dd, J = 20.8 Hz, J = 2.4 Hz, 1H),
2.70 (d, J = 6.4 Hz, 1H), 2.57 (d, /= 20.8 Hz, 1H), 2.17-2.05 (m, 1H), 1.77-1.65 (m, 2H), 1.38-1.26
(m, 1H), 1.33 (s, 3H) ppm; >C NMR (100 MHz, CDCl3): & = 201.7, 186.0, 158.7, 133.1, 127.9,
114.3, 111.0, 110.7, 83.7, 59.8, 55.2, 45.0, 43.3, 41.6, 34.7, 27.0, 25.5, 24.0 ppm; ESI HRMS: calcd.

for Co0H20N,0,+MeOH+Na" 375.1679, found 375.1689.

2-((1S,4S,5R)-5-Formyl-4-methyl-6-(p-tolyl)bicyclo[2.2.2]octan-2-ylidene)mal

ononitrile (4f) was obtained in 83% yield. After reduction, the enantiomeric
CN

Ny EXCESS of the corresponding alcohol was determined to be 95% by HPLC analysis
N

OHC

on Chiralpak OD column (30% 2-propanol/n-hexane, 1 mL/min), UV 254 nm,
tmgjor = 14.04 min, toyiner = 7.18 min; [o]p™ = +21.3 (¢ = 0.43 in CHCl;); '"H NMR (400 MHz,
CDCl3): 6=9.91 (d,J=1.2 Hz, 1H), 7.12 (d, J = 7.6 Hz, 2H), 6.91 (d, J = 8.0 Hz, 2H), 3.82 (dd, J
=7.2 Hz, J = 1.6 Hz, 1H), 3.22-3.20 (m, 1H), 2.77 (dd, J = 20.8 Hz, J = 2.4 Hz, 1H), 2.72 (d, J =
6.8 Hz, 1H), 2.57 (d, J = 20.4 Hz, 1H), 2.32 (s, 3H), 2.15-2.14 (m, 1H), 1.74-1.69 (m, 2H),
1.37-1.32 (m, 1H), 1.33 (s, 3H) ppm; >C NMR (100 MHz, CDCls): & = 201.6, 186.0, 138.1, 137.2,
129.7, 126.6, 111.0, 110.6, 83.7, 59.7, 45.1, 43.1, 42.0, 34.7, 27.1, 25.6, 24.1, 20.9 ppm; ESI HRMS:
caled. for CooH2oN,O+MeOH+Na" 359.1730, found 359.1734.

ol 2-((1S,4S,5R)-6-(3-Chlorophenyl)-5-formyl-4-methylbicyclo[2.2.2]octan-2-yli
dene)malononitrile (4g) was obtained in 91% yield. After reduction, the

OHC ¢N  enantiomeric excess of the corresponding alcohol was determined to be 94% by
—
“ HPLC analysis on Chiralpak AD column (20% 2-propanol/n-hexane, 1 mL/min),

UV 254 nm, togior = 5.70 min, tminor = 7.60 min; [a]p™’ = +28.6 (¢ = 1.3 in CHCl3); '"H NMR (400
MHz, CDCls): & = 9.92 (d, J = 1.2 Hz, 1H), 7.29-7.23 (m, 2H), 7.03 (s, 1H), 6.92-6.89 (m, 1H),
3.87 (dd, J = 6.8 Hz, J = 1.6 Hz, 1H), 3.22-3.21 (m, 1H), 2.79 (dd, J = 20.4 Hz, J = 2.4 Hz, 1H),
2.69 (d, J=7.2 Hz, 1H), 2.59 (d, J = 20.4 Hz, 1H), 2.18-2.12 (m, 1H), 1.78-1.61 (m, 2H), 1.41-1.33

(m, 1H), 1.36 (s, 3H) ppm; °C NMR (100 MHz, CDCl): § = 201.1, 185.1, 143.2, 134.9, 130.3,
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127.8, 127.3, 124.8, 110.8, 110.5, 84.0, 59.5, 45.0, 42.6, 41.8, 34.8, 27.0, 25.6, 24.0 ppm; ESI
HRMS: calcd. for C oH,7CIN,O+MeOH+Na" 379.1184 (CI**) and 381.1155 (CI*’), found 379.1187
and 381.1160.

2-((1S,4S,5R)-6-(2-Bromophenyl)-5-formyl-4-methylbicyclo[2.2.2]octan-2-ylid

N ene)malononitrile (4h) was obtained in 87% yield. After reduction, the
OHC
7 Ncnv  enantiomeric excess of the corresponding alcohol was determined to be 94% by

HPLC analysis on Chiralpak OD column (30% 2-propanol/n-hexane, 1 mL/min),
UV 254 nm, tmgjor = 10.14 min, tuinor = 8.47 min; [a]p™’= +10.4 (c = 1.4 in CHCl3); 'H NMR (400
MHz, CDCls): & = 9.88 (d, J = 1.2 Hz, 1H), 7.64-7.62 (m, 1H), 7.33-7.29 (m, 1H), 7.18-7.14 (m,
1H), 6.83 (d, J = 8.0 Hz, 1H), 4.44 (dd, J = 7.2 Hz, J = 1.6 Hz, 1H), 3.19 (d, J = 2.0 Hz, 1H), 2.81
(dd, J=120.4 Hz, J= 1.6 Hz, 1H), 2.74 (d, J = 7.2 Hz, 1H), 2.58 (d, J = 20.4 Hz, 1H), 2.30-2.22 (m,
1H), 1.81-1.74 (m, 2H), 1.43-1.35 (m, 1H), 1.35 (s, 3H) ppm; °C NMR (100 MHz, CDCl3): § =
200.8, 184.6, 138.9, 134.0, 129.2, 127.7, 126.4, 125.5, 110.9, 110.1, 84.1, 57.9, 44.9, 42.0, 41.6,
34.8, 27.1, 24.7, 24.2 ppm; ESI HRMS: calcd. for CoH,7;BrN,0+MeOH+Na"423.0679 (Br'”) and
425.0659 (Br*"), found 423.0681 and 425.0664.

¢ e 2-((1S,4S,5R)-6-(3,4-Dichlorophenyl)-5-formyl-4-methylbicyclo[2.2.2]octan-2-

ylidene)malononitrile (4i) was obtained in 85% yield. After reduction, the
CN

_ enantiomeric excess of the corresponding alcohol was determined to be 96% by
CN

OHC

HPLC analysis on Chiralpak AD column (30% 2-propanol/n-hexane, 1 mL/min),
UV 254 nm, tygjor = 10.09 min, tpiner = 11.38 min; [a]p™’=+17.9 (¢ = 2.1 in CHCl3); "H NMR (400
MHz, CDCl3): 8 =9.93 (s, 1H), 7.41 (d, J = 8.4 Hz, 1H), 7.14 (d, J = 2.0 Hz, 1H), 6.86 (dd, J = 8.4
Hz, J = 2.4 Hz, 1H), 3.87-3.85 (m, 1H), 3.23 (d, J = 2.4 Hz, 1H), 2.79 (dd, J = 20.8 Hz, J= 2.4 Hz,
1H), 2.65-2.58 (m, 2H), 2.18-2.12 (m, 1H), 1.78-1.61 (2H), 1.42-1.34 (m, 1H), 1.37 (s, 3H) ppm;
C NMR (100 MHz, CDCls): & = 200.9, 184.7, 141.4, 133.2, 131.8, 131.0, 129.2, 125.9, 110.7,
110.4, 84.2, 59.8, 45.0, 42.4, 41.2, 349, 27.0, 25.6, 24.2 ppm; ESI HRMS: calcd. for
C1oH14CLN,0+MeOH+Na" 413.0794 (C1*) and 415.0764 (CI*"), found 413.0793 and 415.0766.

2-((1S,4S,5R)-5-Formyl-4-methyl-6-(4-nitrophenyl)bicyclo[2.2.2]octan-2-ylidene)malononitrile

4j) was obtained in 90% yield. After reduction, the enantiomeric excess of the correspondin
y p g
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NO, alcohol was determined to be 92% by HPLC analysis on Chiralpak AD column
(20% 2-propanol/n-hexane, 1 mL/min), UV 254 nm, tmajor = 16.21 min, tminor =
” on  14.95 min; [a]p™ = +14.0 (¢ = 0.94 in CHCl3); '"H NMR (400 MHz, CDCl;): & =
cN - 9.95 (s, 1H), 8.20 (d, J = 8.8 Hz, 2H), 7.23 (d, J = 8.8 Hz, 2H), 4.05 (dd, J = 7.2

Hz, J = 1.2 Hz, 1H), 3.26-3.25 (m, 1H), 2.85 (dd, J = 20.8 Hz, J = 2.4 Hz, 1H),

2.73 (d, J = 6.8 Hz, 1H), 2.65 (d, /= 20.8 Hz, 1H), 2.23-2.16 (m, 1H), 1.82-1.74 (m, 1H), 1.72-1.64
(m, 1H), 1.46-1.38 (m, 1H), 1.41 (s, 3H) ppm; °C NMR (100 MHz, CDCls): & = 184, 148.5, 147.1,
127.9, 124.3, 110.6, 110.4, 84.3, 59.6, 45.0, 42.3, 41.7, 34.9, 27.0, 25.6, 24.0 ppm; ESI HRMS:

caled. for C1oH7N305+MeOH+Na" 390.1424, found 390.1430.

/N 2-((1S,4S,5R)-5-Formyl-4-methyl-6-(pyridin-2-yl)bicyclo[2.2.2]octan-2-ylidene

N )malononitrile (4k) was obtained in 94% yield. After reduction, the enantiomeric
OHC

~Ncn - excess of the corresponding alcohol was determined to be 84% by HPLC analysis

on Chiralpak IC column (10% 2-propanol/n-hexane, 1 mL/min), UV 254 nm, tyajor
= 16.48 min, tminer = 19.72 min; [o]p™" = +9.3 (¢ = 0.56 in CHCl3); '"H NMR (400 MHz, CDCls): § =
9.94 (s, 1H), 8.54 (dd, J = 4.8 Hz, J = 1.6 Hz, 1H), 8.37 (d, J = 2.0 Hz, 1H), 7.36-7.26 (m, 2H),
3.94-3.93 (m, 1H), 3.21-3.20 (m, 1H), 2.83 (dd, J = 20.8 Hz, J = 2.4 Hz, 1H), 2.71 (d, J = 6.8 Hz,
1H), 2.64 (d, J = 20.8 Hz, 1H), 2.22-2.16 (m, 1H), 1.81-1.65 (m, 2H), 1.43-1.39 (m, 1H), 1.39 (s,
3H) ppm; °C NMR (100 MHz, CDCls): & = 200.8, 184.6, 149.1, 148.6, 136.7, 134.2, 123.7, 110.7,
110.4, 84.3, 59.5, 45.1, 42.5, 39.8, 34.8, 27.0, 25.6, 24.0 ppm; ESI HRMS: calcd. for
C1sH17N30+MeOH-+H" 324.1707, found 324.1705.

2-((1S,4S,5R)-5-Formyl-6-(furan-2-yl)-4-methylbicyclo[2.2.2]octan-2-ylidene)
on  Mmalononitrile (41) was obtained in 93% yield. After reduction, the enantiomeric

cN  excess of the corresponding alcohol was determined to be 94% by HPLC analysis

on Chiralpak OD column (20% 2-propanol/n-hexane, 1 mL/min), UV 254 nm,
trmajor = 8.80 MiN, toinor = 12.15 min; [a]p™ = +45.5 (¢ = 1.4 in CHCl3); "H NMR (400 MHz, CDCl;):
§=9.95 (s, 1H), 7.32 (d, J = 1.6 Hz, 1H), 6.29-6.28 (m, 1H), 6.05 (d, J= 2.8 Hz, 1H), 3.96 (dd, J =
6.0 Hz, J = 2.0 Hz, 1H), 3.41-3.40 (m, 1H), 2.78-2.72 (m, 2H), 2.52 (d, J = 20.4 Hz,1H), 2.08-2.03
(m, 1H), 1.76-1.69 (m, 1H), 1.67-1.60 (m, 1H), 1.38-1.29 (m, 1H), 1.34 (s, 3H) ppm; *C NMR
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(100 MHz, CDCl3): 6 = 201.1, 185.7, 153.8, 142.3, 111.0, 110.7, 110.4, 105.8, 83.4, 57.6, 44.6, 40.6,
35.5, 34.6, 27.2, 24.4, 24.0 ppm; ESI HRMS: calcd. for C;7H;sN,O,+MeOH+Na" 335.1366, found
335.1374.

2-((1S,4S,5R)-5-Formyl-4-methyl-6-((E)-styryl)bicyclo[2.2.2]octan-2-ylidene)

Ph

| oy Malononitrile (4m) was obtained in 79% yield. After reduction, the enantiomeric

OHC
cn - excess of the corresponding alcohol was determined to be 92% by HPLC analysis

on Chiralpak OD column (20% 2-propanol/n-hexane, 1 mL/min), UV 254 nm,
trmajor = 6.35 MiN, tminer = 7.15 min; [a]p”” = -20.6 (¢ = 1.1 in CHCl3); '"H NMR (400 MHz, CDCl;): &
=9.93 (d, J= 1.2 Hz, 1H), 7.31-7.23 (m, SH), 6.43 (d, J = 15.6 Hz, 1H), 5.78 (dd, J= 16.0 Hz, J =
7.6 Hz, 1H), 3.43 (t, J = 6.8 Hz, 1H), 3.22 (d, J = 2.4 Hz, 1H), 2.67 (dd, J = 20.4 Hz, J = 2.0 Hz, 1H)
2.52 (d, J=20.4 Hz, 1H), 2.36 (d, J = 6.0 Hz, 1H), 2.05-2.02 (m, 1H), 1.73-1.62 (m, 2H), 1.35-1.26
(m, 1H), 1.29 (s, 3H) ppm; °C NMR (100 MHz, CDCl;): & = 201.4, 186.2, 136.0, 132.0, 129.0,
128.6, 128.0, 126.4, 111.0, 111.0, 83.6, 59.7, 44.9, 41.4, 39.5, 34.6, 27.2, 24.6, 24.0 ppm; ESI
HRMS: calcd. for Co1HaoN,O+MeOH+Na" 371.1730, found 371.1738.

P 2-((1S,4S,5R,6S)-5-Formyl-4-methyl-6-(phenylethynyl)bicyclo[2.2.2]octan-2-y

OHGC cNn  lidene)malononitrile (4n) was obtained in 83% yield. After reduction, the

_—

CN enantiomeric excess of the corresponding alcohol was determined to be 94% by

HPLC analysis on Chiralpak OD column (30% 2-propanol/n-hexane, 1 mL/min),
UV 254 nm, tmgjor = 9.76 min, tyiner = 15.11 min; [a]p™ = 18.6 (¢ = 0.58 in CHCl3); 'H NMR (400
MHz, CDCls): & = 9.97 (s, 1H), 7.38-7.26 (m, 5H), 3.79 (dd, J = 5.2 Hz, J = 2.8 Hz, 1H) 3.40-3.39
(m, 1H), 2.82 (dd, J = 20.4 Hz, J = 2.8 Hz, 1H), 2.71 (d, J = 4.8 Hz, 1H) 2.54 (d, J = 20.4 Hz, 1H)
2.01-1.92 (m, 1H), 1.77-1.69 (m, 1H), 1.57-1.48 (m, 1H), 1.34 (s, 3H), 1.33-1.24 (m, 1H) ppm; °C
NMR (100 MHz, CDCls): 6 = 201.4, 186.2, 136.0, 132.0, 129.0, 128.6, 128.0, 126.4, 111.0, 111.0,
83.6, 59.7, 449, 41.4, 39.5, 346, 272, 24.6, 240 ppm; ESI HRMS: caled. for
C, H sN>O+MeOH+Na" 369.1573, found 369.1573.

2-((1S,4S,5R)-4-Ethyl-5-formyl-6-phenylbicyclo[2.2.2]octan-2-ylidene)malononitrile (40) was

obtained in 84% yield. After reduction, the enantiomeric excess of the corresponding alcohol was
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determined to be 91% by HPLC analysis on Chiralpak OD column (20%
2-propanol/n-hexane, 1 mL/min), UV 254 nm, tmajor = 19.25 min, tminer = 28.50

CN

ZNen min; [a]p™ = +30.5 (¢ = 1.1 in CHCl3); 'H NMR (400 MHz, CDCl;): 8 = 9.91 (d,

OHC

J=1.6 Hz, 1H), 7.35-7.25 (m, 3H), 7.03 (d, J = 7.2 Hz, 2H), 3.88-3.86 (m, 1H),
3.24 (d, J= 2.4 Hz, 1H), 2.89-2.81 (m, 2H), 2.54 (d, J=20.4 Hz, 1H), 2.22-2.15 (m, 1H), 1.80-1.71
(m, 2H), 1.68-1.1.52 (m, 2H), 1.46-1.39 (m ,1H), 1.09 (t, J= 7.6 Hz, 3H) ppm; >*C NMR (100 MHz,
CDCl3): 6 =201.5, 186.3, 141.2, 129.1, 127.6, 126.8, 111.1, 110.6, 83.9, 56.9, 43.1, 42.3, 41.1, 38.3,
29.6, 26.0, 25.5, 8.2 ppm; ESI HRMS: calcd. for CaoH2oN,O+MeOH+Na" 359.1730, found

359.1731.
2-((1S,4R,5R)-5-Formyl-6-phenyl-4-(phenylethynyl)bicyclo[2.2.2]octan-2-yli
e cn  dene)malononitrile (4p) was obtained in 82% yield. After reduction, the
7 New enantiomeric excess of the corresponding alcohol was determined to be 86% by
7 HPLC analysis on Chiralpak OD column (20% 2-propanol/n-hexane, 1 mL/min),

Ph
UV 254 nm, tygjor = 17.31 min, tpiner = 24.01 min; [a]p™ = +10.8 (¢ = 0.51 in

CHCl;); '"H NMR (400 MHz, CDCl;): 8 = 10.21 (s, 1H), 7.44-7.26 (m, 8H), 7.08-7.06 (m, 2H), 4.01
(d, J = 6.4 Hz, 1H), 3.29-3.24 (m, 2H), 3.14-3.08 (m, 2H), 2.19-2.13 (m, 1H), 1.98-1.92 (m, 1H),
1.88-1.75 (m 2H) ppm; °C NMR (100 MHz, CDCl3): & = 201.0, 183.1, 140.7, 131.7, 129.2, 128.9,
128.5, 127.7, 126.8, 121.7, 110.8, 110.3, 88.0, 86.4, 84.5, 57.9, 43.7, 42.6, 41.0, 32.1, 27.2, 24.9
ppm; ESI HRMS: calcd. for Ca6H20N,O+MeOH+Na' 431.1730, found 431.1734.

Ph 2-((1R,4S,5R,6S)-5-Formyl-4,7,7-trimethyl-6-phenylbicyclo[2.2.2]octan-2-ylid

< /CNCN ene)malononitrile (4q) was obtained in 78% yield. After reduction, the
enantiomeric excess of the corresponding alcohol was determined to be 92% by

HPLC analysis on Chiralpak OD column (10% 2-propanol/n-hexane, 1 mL/min), UV 254 nm, tyajor
=9.19 min, tminor = 9.92 min; [o]p>’ = +27.1 (¢ = 0.87 in CHCLs); 'H NMR (400 MHz, CDCLs): & =
9.90 (s, 1H), 7.35-7.26 (m, 3H), 7.03 (d, J = 6.8 Hz, 2H), 4.22-4.20 (m, 1H), 2.79-2.68 (m, 3H),
2.51 (d, J=20.8 Hz, 1H), 1.46 (dd, J = 14.4 Hz, J = 2.8 Hz, 1H), 1.35 (s, 3H), 1.35 (s, 3H), 1.15
(dd, J=18.0 Hz, J= 5.0 Hz, 1H), 0.92 (s, 3H) ppm; *C NMR (100 MHz, CDCl5): 8 = 201.3, 184.7,
140.6, 129.0, 127.6, 127.2, 110.9, 110.5, 85.4, 58.2, 56.0, 43.8, 43.2, 38.1, 36.1, 33.0, 31.6, 28.6,
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24.1 ppm; ESI HRMS: calcd. for C»1H2N,0+MeOH+Na" 373.1886, found 373.1894.

4. Procedure for regio- and diastereoselective reduction of 4a

Ph OH _Ph OH  ph
CN CN
OHC / NaBH(OAc); . - Hantzsch ester _
CN DCM,rt 4h CN  EtoH,80°C,12h CN
4a 6 83%, 98% ee 7 76%, 96% ee
>19:1d.r.

To a solution of bicyclo[2.2.2]octane 4a (0.1 mmol) in DCM (1 mL) was added NaBH(OAc);
(0.15 mmol). After stirred for 4 h at room temperature, the reaction was quenched by water (1 mL)
and the organic phase was separated and dried by anhydrous Na,SO4. Then, the solvent was
removed under vacuum and the residue was purified by flash chromatography on silica gel
(petroleum ether/ethyl acetate) to afford the alcohol 6 in 83% yield and the enantiomeric excess was
determined to be 98% by HPLC analysis on Chiralpak OD column (20% 2-propanol/n-hexane, 1
mL/min), UV 254 nm, tmgjor = 14.07 min, tminor = 22.66 min; [a]p™’ = +35.8 (¢ = 0.89 in CHCL;); 'H
NMR (400 MHz, CDCl3): 6 = 7.34-7.24 (m, 3H), 7.06 (d, /= 7.2 Hz, 2H), 3.78 (dd, J=10.8 Hz, J
=5.2 Hz, 1H), 3.68 (dd, /= 10.8 Hz, J = 6.0 Hz, 1H), 3.10 (d, J = 8.0 Hz, 1H), 3.05-3.03 (m, 1H),
2.66 (d, J = 20.4 Hz, 1H), 2.52 (d, J = 20.4 Hz, 1H), 2.13-1.94 (m, 2H), 1.79-1.68 (m, 2H),
1.30-1.24 (m, 1H), 1.13 (s, 3H) ppm; C NMR (100 MHz, CDCls): & = 187, 142.4, 129.0, 127.3,
127.2, 111.3, 110.7, 83.1, 62.7, 49.0, 48.3, 46.0, 44.8, 33.3, 26.8, 26.1, 24.2 ppm; ESI HRMS: calcd.
for C19H2oN,O+Na" 315.1468, found 315.1474.

A mixture of alcohol 6 (0.1 mmol) and Hantzsch ester (0.15 mmol) in ethanol (1 mL) was stirred
at 80 °C for 12 h. Then the solvent was removed under vacuum and the residue was purified by
flash chromatography on silica gel (petroleum ether/ethyl acetate) to afford the product 7 in 76%
yield. The enantiomeric excess was determined to be 96% by HPLC analysis on Chiralpak OD
column (20% 2-propanol/n-hexane, 1 mL/min), UV 220 nm, tmajor = 12.25 min, tminor = 19.87 min;
[a]p™=-90.4 (¢ = 2.4 in CHCLs); '"H NMR (400 MHz, CDCly): & = 7.42-7.37 (m, 4H), 7.30-7.26 (m,
1H), 3.91 (dd, J=10.8 Hz, J= 5.2 Hz, 1H), 3.57 (dd, /= 10.4 Hz, J= 7.6 Hz, 1H), 3.02 (d, /= 4.4
Hz, 1H), 2.85 (d, J = 12.4 Hz, 1H), 2.43-2.41 (m, 1H), 2.35-2.24 (m, 2H), 1.94-1.86 (m, 2H),
1.78-1.65 (m, 2H) 1.38-1.19 (m, 3H), 1.10 (s, 3H) ppm; *C NMR (100 MHz, CDCl;): & = 142.5,
129.3, 112.3, 112.0, 64.5, 45.3, 44.9, 41.1, 39.3, 35.4, 31.7, 29.3, 26.9, 26.9, 25.6 ppm; ESI HRMS:
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caled. for. C1oH2,N,O+Na" 317.1624, found 317.1629.

Since some typical peaks of compound 7 overlapped, a simple synthetic transformation was
applied to oxidate the hydroxy group to the corresponding aldehyde 10, whose relative

configuration could be established by NOE analysis.

HO Ph Ph
CN OHC
PCC

DCM, rt, 1h
7 10

CN

\

CN

PCC (0.15 mmol) was added to the solution of alcohol 7 (0.1 mmol) in DCM (1 mL) at room

temperature. After stirred for 1 h at rt, 30 mg silica gel was added and the mixture was filtrated. The
filtrate was concentrated under vacuum and the residue was purified by flash chromatography on
silica gel (petroleum ether/ethyl acetate) to afford the aldehyde 10 in 76% yield.
'H NMR (400 MHz, CDCl3): 8 = 9.92 (d, J = 2.0 Hz, 1H), 7.42-7.29 (m, 5H), 3.78-3.76 (m, 1H),
3.04-3.02 (m, 1H), 2.74 (d, J = 12.0 Hz, 1H), 2.56-2.54 (m, 1H), 2.35 (dd, /= 19.6 Hz, J=10.8 Hz,
1H), 1.96-1.86 (m, 2H), 1.81-1.73 (m, 1H), 1.65-1.59 (m, 1H), 1.47-1.32 (m, 2H), 1.30 (s, 3H) ppm;
C NMR (100 MHz, CDCls): & = 202.5, 140.8, 129.5, 127.6, 126.9, 112.1, 112.0, 56.0, 40.2, 39.1,
38.9, 34.2, 33.3, 28.5, 27.6, 26.7, 25.2 ppm; ESI HRMS: calcd. for C1oH0N,O+MeOH+Na"
347.1730, found 347.1733.

5. Procedure for asymmetric [4+2] formal cycloaddition of cyclohexenylidenemalononitrile 2a

and nitroolefin 8

NC_ _CN Ph o
| O,N—x
* =
Ph (DHQD),PHAL (20 mol%)
+ \/\NOZ - CN
MeCN, rt, 48 h
8 >19:1 d.r.
2a 962%, 47% ee

The reaction was conducted with cyclohexenylidenemalononitrile 2a (0.1 mmol) and nitroolefin 8
in the presence of (DHQD),PHAL (hydroquinidine 1,4-phthalazinediyl diether, 0.02 mmol) in
MeCN (1 mL) at room temperature. After 48 h, the solvent were removed under vacuum and the
residue was purified by flash chromatography on silica gel (petroleum ether/ethyl acetate) to afford

the nitro-containing bicyclo[2.2.2]octane 9 in 62% yield and the enantiomeric excess was
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determined to be 47% by HPLC analysis on Chiralpak AD column (20% 2-propanol/n-hexane, 1
mL/min), UV 254 nm, tmgjor = 10.63 min, tminor = 12.80 min; [a]p™ = -53.6 (¢ = 1.3 in CHCl3); 'H
NMR (400 MHz, CDCls): 6 = 7.40-7.33 (m, 3H), 7.02 (d, J = 6.8 Hz, 2H), 4.75 (dd, /= 6.8 Hz, J =
1.6 Hz, 1H), 4.03 (dd, /= 6.8 Hz, J= 1.6 Hz, 1H), 3.35 (dd, /= 5.2 Hz, J = 3.2 Hz, 1H), 2.73-2.71
(m, 2H), 2.46-2.39 (m, 1H), 2.16-2.09 (m, 1H), 1.88-1.81 (m, 1H), 1.44-1.37 (m, 1H), 1.18 (s, 3H)
ppm; *C NMR (100 MHz, CDCl3): & = 182.8, 138.6, 129.5, 128.4, 126.4, 110.6, 110.3, 94.6, 84.7,
47.7, 42.7, 42.5, 35.9, 25.6, 24.7, 22.9 ppm; ESI HRMS: calcd. for C1sH17N30,+Na™ 330.1213,
found 330.1207.

6. Crystal data and structure refinement for enantiopure alcohol of 4g

Cl

anl \W .
|'\' lf:.
f cis
[ i
. A 1
L T

-

1 i
SE] ‘;)1_..--‘( A
}I:If e I"-\.:I
ciz

CN
HOH,C

—
L) CN
alcohol of 4g
Identification code 49
Empirical formula CI9HI9CIN20O
Formula weight 326.81
Temperature 143(2) K
Wavelength 0.71073 A
Crystal system, space group Orthorhombic, P2(1)2(1)2(1)
Unit cell dimensions a=7.2494(19) A  alpha=90 deg.

b=13.352(4) A beta =90 deg.
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c=16.888(5) A gamma = 90 deg.

Volume 1634.7(7) A3

Z, Calculated density 4, 1.328 Mg/m"3
Absorption coefficient 0.240 mm~-1

F(000) 688

Crystal size 0.51 x 0.50 x 0.50 mm

Theta range for data collection  3.06 to 31.53 deg.

Limiting indices -10<=h<=10, -19<=k<=15, -24<=1<=24

Reflections collected / unique 16028 / 5405 [R(int) = 0.0622]

Completeness to theta = 31.53 99.5 %

Absorption correction Semi-empirical from equivalents
Max. and min. transmission 0.8895 and 0.8875
Refinement method Full-matrix least-squares on F/2

Data / restraints / parameters 5405/0/222

Goodness-of-fit on F/2 1.002

Final R indices [I>2sigma(I)] R1=10.0579, wR2 =0.1405

R indices (all data) R1=0.0652, wR2 =0.1455
Absolute structure parameter 0.10(8)

Extinction coefficient 0.024(3)

Largest diff. peak and hole 0.283 and -0.271 e.A"-3
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mAU =3
§
175 &
150
CN
125
HO =
CN
100
the racemic alcohol form
75 4a
50
254
0_
-—————— T ———— T T— T[T
0 5 10 15 20 25 30 min|
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *g [mAU 1 %
il Rt [====l======= | === | === [ === |
1 26.540 BV 0.9554 1.1464%9e4 185.13612 49.7521
2 29.274 VBA 1.0432 1.15791e4 170.39453 50.2479
mAU 2
1200 +
1000 + CN
HO =
CN
800
the alcohol form
600 | 4a
400+
2004
~
o
I &
0+ .
-— YT
1] 5 10 15 20 25 30 min|
Peak RetTime Type Width Area Height Area
# [min] [min] mAD *s [mAU ] 3
=== [==== === | === | === | === |
1 25.528 BV 0.9923 8.25961ed4 1259.34399 98.3172
2 29,327 VBA 1.1595 1413.69324 17.80094 1.6828
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VWD A, % F-=254 nm (DACHEM32\1\DAT A\LQZ\1023A-X-OD20%67.D)

mAU N
800+
700+
600+
CN
-]
500 . _ 2
CN 8
400
racemic 6
300
200+
100
0 L
T T T T T T T T T T T T T T T T T T T T
0 5 10 15 20 25 min|
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *g [mAU 1 %
—=== | mm————— |====|======= | === [ === | === 1
1 13.092 BB 0.5602 3.06356e4 838.46545 49.7354
2 23.818 VBA 1.0895 3.09616e4 436.53714 50.2646
mAU ] 2
SDD;
] CN
500
1 HO =
1 CN
400 |
300
200
100
] <+
w
1 «
] B
04 - ) T
R T T C 25 " 3 min
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s3 [mAU ] %
=== | ===l | === | === |====— I
14.068 BB 0.6703 2.77171e4 6£37.55310 99.0948
22.664 BB 1.1555 253.19107 3.26379 0.9052
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AU

AU

1.20]
P~
w
«
1.00+ CN ©
HO _—
CN
0.804
the racemic alcohol form
0.60 4c
0.404
0.20
0.00- M -
100 " "20d "' 300 " 400 " s00 6.00 7.00 god 900
Minutes
RT Area |, Height | %
(min) | ( *sec) | A8 () | Height
117.087 |16115038 50.08 |1306607 | 56.52
2(8.387 |16065068 | 49.92 (1004959 | 43.48
1.004
] CN
0801 HO _—
CN
0.60-
the alcohol form
1 4c
0.40-]
0.20
[Te]
[=2]
«
4 o
0.0 T pay )
tod " ' 2e0 " 'aod ' T4l ' so0 6.00 7.00 "god ' oo
Minutes
RT Area |, Height %
(min | ( *sec) | A% () |Height
117.061 14702674 | 95.56 |1126352 | 96.31
2(8.395| 683400 444 | 43144 3.69
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AU

AU

0.80-] 2]
] @
] S
0.704
0.604
CN
0.504 HO _—
1 CN
0.40
the racemic alcohol form
0.30] 4d
0.20
0.10
0.00] A A . N
0.00 5.00 10.00 15.00 2000 2500 " 30,00
Minutes
RT Area |, Height [ %
(min) | ( *sec) | A3 () |Height
1(24.554 50564833 | 49.89 821856 | 54.01
2(28.869 (50791968 | 50.11 (699951 | 45.99
0.25]
0.20 CN
HO _
CN
0.15-
the alcohol form
il 4d
0.104
0.05- <
~
1 ®
0.004 - e
000 " s00 " 10.00 " 15.00 " 2000 " 2500 3000 " 35.00
Minutes
RT Area |, Height | %
(miny | ( *sec) |*A®@| () |Height
1126.700 (19525827 | 96.40 |278969 | 96.60
2131.714 729004 3.60 9805 | 3.40
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mAU 2
2000
1 OMe
1750
1500 CN
HO =
1250 CN
1000 ] the racemic alcohol form
4e g
~
o
o~
750
500 |
250
0 T
——— 7 " T T — ——
0 2.5 5 7.5 10 12.5 15 17.5 20 225 min
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %
=== | ====|====== |=======——- [=mmmm |======== I
1 8.440 VB 0.4488 6.09301e4 2066.88184 49.9668
2 20.714 BBA 1.2357 6.10111e4 763.04572 50.0332
mAU 2
o
1200
OMe
1000 |
800 + CN
HO =
CN
600
the alcohol form
4e
400
200 9
<
©
N AN
S B B B B A s B e A S e S T ——
0 25 5 7.5 10 12.5 15 17.5 20 22.5 min|
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %
== [====]======- | === === | === I
1 8.435 VB 0.4384 2797.36377 97.84207 2.7001
2 20.259 BBA 1.2243 1.00460e5 1263.97815 97.2909
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mAU

=168

1200
1000 cN
HO =
800 CN
the racemic alcohol form
600 4f

14.112

400
200
0
1 T T T T T T T T T T T T T T T T T T T T T T T T T T
0 2 4 6 8 10 12
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU | %
il Bttt |====] === | ==== |===== | ===
1 7.168 VvV 0.3444 3.0184% 4 1339.48206 50.7208
2 14.112 BB 0.7813 2.93269%e4 580.76318 49.2792
mAL
1000
] CN
800 HO =
CN
600 < the alcohol form
4f
400 —
200+
— 2
1 ™, hE
] / - K
o4 -~ Te—— J_//\T“n. L
— Y ———————
2 4 L] 8 10 12
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *g [mAU ] %

1 7.178 vV 0.3619 1360.31458 55.46121 2.5016
2 14.036 BB 0.7854 5.30182ed4 1042.76135 97.4984
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mAU ]
] cl ©
1200 N
1000 -
1 CN
J HO ==
800 — CN
] the racemic alcohol form
600 — 4g
400
200 +
0 L T
7 T T T T T T T T T T T T T T T T T T
0 2 4 6 8
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %

e R |====mmmm- |====mmmms |===m=mm- !
1 5.695 vv 0.2297 1.90592e4 1342.36780 49.9902
2 7.575 VB 0.2601 1.90666e4 1169.37610 50.0098

mAU
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1750 Cl
1500 ]
1250 -]
HO =

1000
g the alcohol form
750 49

500

250

7.597

Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %
———= |- | ====] === | === | ===—————— |=======- I
1 5.697 vV 0.2299 2.89930e4 2039.22522 96.8512
2 7.597 VB 0.2915 942.61377 49.61486 3.1488

S28




£6€°

°1

°1

A\

T

-

72879
e’ wxl/

(220

v L e

=
AN

LT’

181"

S

29T

€62
1€

186"
ves’
Zv8° L

by9-L-

428"
288"

Br

CN

OHC

CN

4h

!

s
|

[N

LI S

i

e

ppm

——

T
1

e
3

o
Fou T66°TH
- 898 vy~

o £9T° b2

512 b2
gr1-ez—

218 e

809 :NU

998° /5™

ve9° 9L
:__.:wmur

L1320 74
950° b8

.00

088" EET

T98°8ET

CN

4957 peT-

Br

6287002

OHC

CN

4h

LI e e e

L

LN B B

LI e

T

LI e e

ppm

28

40

60

88

100

129

140

1690

180

200

S29



mAU &
1000 - E
S
Br
800 —
CN
HO =
600 - CN
the racemic alcohol form
400 4h
200
/ e
0 P _— — —
¥ T T d T ¥ T g ¥ T T d ¥ ¥ T ¥ T T T
2 4 6 8 10 mir|
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *5 [mAU 1 %
=== |====]======= |=====m==== | ========== | ======== |
1 8.426 vV 0.4240 3.05647e4 1097.35803 48.8988
2 10.115 wv 0.5358 3.19%413e4 914.05096 51.1012
maU ] 5
400 Br
350 CN
] HO —
300 | CN
250 the alcohol form
1 4h
200_
150
100 |
50—_ #
—— -
4 / ~— o
0 _ T t— e + —
1 . ' | : . v T g T g T T d ' 1 T . ' ) ' T v
0 2 4 [ 8 10 12 min|
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAaU 1 %
== m—————— e | ==m——————— | ==———————— | ==—————- |
1 8.474 vV 0.5864 461.44046 11.04608 3.1035

0.5299 1.4406%e4 418.33609 96.8965
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AU

~
™
0.25] =
Cl cl
0.20
] CN
0.154
] HO =
CN
0104 the racemic alcohol form
4
0.05-
0.00 .
200 400 "6.00 " 'so0 1000 12.00
Minutes
RT Area |, Height| %
(min) | ( *seq) | P2 () | Height
1110.003 |5395991 | 49.58 (273179 | 53.38
2111.371 [5486543 | 50.42 |238549 | 46.62
0.30-]
0.25 Cl cl
0.20]
] CN
HO =
0.15+ CN
010 the alcohol form
4
0.05] 0
[+0]
Q
S
0.00+ iy gy
200 ' 400 '6.00 " so0 10.00 " 1200
Minutes
RT Area |, Height| %
(miny | ( *seq) | 222 () | Height
1110.085 | 143413 2.07 7324 2.39
2111.378 [6799468 | 97.93 298540 | 97.61
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mAU =
500 -| '
2]
NO, 3
400
CN
300
HO =
CN
200 the racemic z_ilcohol form
4
100
0 —
——— T ——— 71—
0 25 5 7.5 10 12.5 15 17.5
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s5 [mAU ] %
=== el e |=====———— | === | =======- |
1 14.838 vV 0.6171 2.03335e4 515.88580 49.7454
2 16.662 VV 0.7084 2.05417e4 425.82550 50.2546
mAU
3500 NO, g
3{H}D—-
] CN
2500 HO —
] CN
2000
g the alcohol form
] 4
15CHJ;
1000
500 =]
] 3
] s
0] .
— T T T T T T ——— T T T T T
0 25 5 7.5 10 12.5 15 17.5 mi
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *g [mAU 1 %
- | === | === | === |- |
1 14.949 BV 0.6146 6907.70557 176.21121 4.0712

2 16.206 VBA 0.6881 1.62767=25 3500.51123 95.5288
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mAU

80
70 / \
—N
601 CN
1 HO _—

16.697

the racemic alcohol form
4k

0 5 10 15 20 25 min|
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s5 [mAU ] %

el B e |=mmmmmmm R R !
1 16.697 VB 0.6058 1930.58850 48.32963 51.6377
2 19.948 BB 0.7212 1808.12939 38.19479 48.3623

mAU 4

=481

400 7 N\

i HO _—
300 CN

] the alcohol form
] 4k

0 25 5 7.5 10 12.5 15 17.5 20 min|
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %

e o I [=======mm- | === |===m=mm- !
1 16.481 vv 0.5676 1.7419%4e4 462.42593 92.0742
2 19.717 MM 0.9400 1499.46558 26.58686 7.9258
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——8:857

250 | \\ ||
] 0 ||
] CN | o
| S
200 HO = | f\
1 CN ‘ | f
| i
150 the racemic alcohol form ‘ | || \
4] ‘ | [
1 |
| |
1 | [ ]
100 [ ]
J | | |
] \ |
| | | [ |
50 || I| ' |||'|
1 | \ |' \
1 )r\'\'lr\ III \ ) \\
o] VAV A AN N ~— .
T v T | T 1 ¥ T — 3 7 T I U 7
2 4 6 8 10 12 14 min|
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %
————m——————— | ====|===———= | ===——————— e | =m—————— |
1 8.857 vV 0.3897 7218.44482 278.52066 50.4851
2 12.151 VB 0.5419 7079.72900 199.63078 49.5149
mAU 2
=
3000 | O
\ (¢]
2500 CN
HO =
4 CN
2000 4
the alcohol form
4
1500
1000
500
wn
=
o
o . } T
R e T R
0 2 4 6 8 10 12 14 min|
Peak RetTime Type Width Area Height Area
4 [min] [min] mAU *s [mAU ] %
== mm————— [====] === | [ === | =1
1 8.798 vV 0.4054 8.52341ed4 3245.43081 97.0739
2 12.145 VB 0.5213 2569.17773 75.12193 2.9261
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AU

AU

0.30
(2]
] =
0.251 Ph N~
0.20] CN
HO =
CN
0.15]
the racemic alcohol form
il 4am
0.10]
0.05]
0.004 /\/\ ;
1.00 " 200 3.00 " 400 5.00 6.00 7.00 8.00
Minutes
RT Area |, Height [ %
(min) | ( *sec) | A8 () |Height
116.388 (3108836 49.97 |287390 | 54.12
2(7.1793113018 50.03 |243617 | 45.88
4.00]
Ph 3
3.50 hi
CN
3.00
HO =
CN
2.50]
the alcohol form
2.00] am
1.50]
1.00]
0.50 5
~
0.00 S S N
"100 " " 200 " " "sod T T4ed T “s0d T eod 0 700 1 800 9.00
Minutes
RT Area o Height %
(min) | ( *sec) | A3 () | Height
1(6.348 |35725940 95.87 (4171091 | 97.24
2|7.151| 1537867 413| 118589 | 2.76
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mAU a
1 =
600
i Ph
500 —
i // §
g CN -
400 HO >
] CN
300 7 the racemic alcohol form
i 4n
ZDU—-
1004
S , .
1 B e e B e s s e e S s Ry B S B T T —
0 2 4 6 8 10 12 14 16 18 min|
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU ] 2
il Bttt | ===l |======—— [ === |======== |
1 9.722 VB 0.5389 2.38853e4 ©78.40619 49.9173
2 14.884 BB 0.9025 2.3%9645e4 410.44202 50.0827
mAU 4
1 w
1600 Ph
1400 7
j CN
i HO >
1200 CN
1000 - the alcohol form
g 4n
800
600
400
200 ©
1 e
0 .
e 1 ) ) ) L L | T
0 2 4 6 8 10 12 14 16 min|
Peak RetTime Type Width Area Height Area
i [min] [min] mAU *s [mAU ] %
Bl [==== === | ===mmmm |=====———— |=======- |
1 9.755 VB 0.5486 6.14883e4 1730.18323 96.8671
2 15.106 BB 0.8924 1988.69312 34.57166 3.1329
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AU

AU

0.25]
CN
0.201 HO _—
CN
0.15 the racemic alcohol form
] 40
0
I
o
0.104 o
2 )
o
n
©
™
0.054
0.00] L x = i =
‘ 500 1000 " 1500 " 2000 ‘ 25.00 "' 3000 '
Minutes
RT Area |, Height| %
min) | ( *seq) | 28| () |Height
1(19.028 13971639 | 50.02 |88006 | 60.63
2(28.505 |3967968 | 49.98 |57142 | 39.37
0.050-{
0.040-) cN
HO =
1 CN
0.030-{
the alcohol form
40
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0.010-]
| r~
@
h
@©
1 ~
0.000

S
2.00

IRSORENN]
4.00 6.00 8.00 10.00

T
12.00 14.00 16.00

Minutes

RT Area |, Height| %
(min) | ( *seq) | ® A3 () |Height
1]19.247 [2359080 | 95.23 [48876 | 96.49
2|28.497 | 118104 4.77] 1780| 351
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mAl =

700+

17.617

600

5004

400

300 .
the racemic alcohol form

Ph ap

200

100

Peak RetTime Type Width Area Height Area
# [min] [min] mAaD *s [mal ] %
=== mm————- |====]======= | ===mm————- | === | === I
1 17.617 BV 1.5892 7.20520e4 665.51752 49.8377
2 23.591 vB 1.5056 7.22318e4 740.07532 50,0623

mAU ]
800

800

700

600

500 -
PH the alcohol form

4
400 P

300

200

Peak RetTime Type Width Area Height Area
4 [min] [min] mAU *3 [mAU 1 %
=== | mm—————- | ====| === == -=1 | === |
1 17.313 BV 1.6570 1.02612e5 899.53992 93,0029
2 24.013 VB 1.5007 7720.04452 78.63197 6.9971
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1.20
HO Ph
1.004 CN
/
0.804 CN
1 the racemic alcohol form
0.60+ 4q
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0.00] - -
100 2zod " 300 40d 500 | 600 700 | 800 900  10.00 11.00
Minutes
RT Area |, Height %
(min) | ( *seq) | P3| () |Height
119.065 21477507 | 49.87 |1363631 | 52.14
219.755]21592192 | 50.13 |1251481 | 47.86
0.704 ﬁ
1 HO Ph
0.60 CN
/
CN
0.50
0.40.] the alcohol form
4 4q
0.30-]
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0.10] &
<
1 ()]
o.om——ﬁLM pin
200 ' a0d " 600 " Boo 10.00 12.00 1400
Minutes
RT Area o Height| %
(min | ( *sec) |®A™®3| () |Height
1(9.194 [11173064 | 95.83 |743129 | 95.93
2(9.920( 486181 417 | 31547 | 4.07
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