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General Methods

All air- and moisture-sensitive manipulations were carried out with standard
Schlenk techniques under nitrogen or in a glove box under nitrogen. 'H, °C and *'P
NMR spectra were recorded on a Varian instrument (300 MHz, 75 MHz and 121Hz;
400 MHz, 100 MHz and 162 MHz, respectively). 'H, *CNMR chemical shifts are
reported vs tetramethylsilane signal or residual protio solvent signals.

Toluene and THF were distilled over sodium benzophenone ketyl under nitrogen.
Dichloromethane and tert-amyl alcohol was distilled over CaH, under nitrogen.

The pincer-PdOAc catalysts', diarylphosphine” and a,f-unsaturated sulfonic esters’
were synthesized following the literature procedures. All other chemicals and solvents

were purchased from commercial company and used as received.

Experimental Details and Characterization Data

General Experimental Procedures for Table 2.

Diarylphosphine (0.20 mmol) was added to a solution of (S,S)-Pd catalyst (6.7
mg, 10 umol Pd) and a.f,y,6~unsaturated sulfonic ester 1 (0.21 mmol) in toluene (4.0
mL) at —60 °C (realized with a refrigerated bath circulator), then the resulting solution
was stirred for 24 h at the same temperature. The reaction was quenched with 30%
H,0, aqueous solution (0.1 mL) and concentrated under vacuum. The residue was
purified by silica gel chromatography with CH,Cl,/MeOH = 100/1 to afford the
1,6-adduct.

0]

II/
ST
= OCH,CF;

Entry 1. White solid. (80.2 mg; 81% yield). The ee was determined on a Daicel
Chiralcel OD column with hexane/2-propanol = 70/30, flow = 0.7 mL/min. Retention

times: 12.2 min [(R)-enantiomer], 14.1 min [(S)-enantiomer]. 94% ee. [a]*’p = —12.1
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(c 0.500, CH,Cl,), The absolute configuration was assigned by analogy with Table 2,
entry 4.
'H NMR (400 MHz, CDCl;): & 7.89-7.83 (m, 2H, Ar), 7.61-7.45 (m, 5H, Ar),
7.40-7.35 (m, 1H, Ar), 7.29-7.18 (m, 7H, Ar), 6.36-6.16 (m, 1H, olefin), 5.58-5.48 (m,
1H, olefin), 4.33-4.21 (m, 3H), 3.89-3.76 (m, 2H, CH,S). >*C NMR (100 MHz,
CDCl): 6 136.7 (d, Jcp = 6.4 Hz), 134.5 (d, Jop = 5.7 Hz), 132.3 (d, Jop = 2.7 Hz),
131.8 (d, Jcp = 3.0 Hz), 131.6 (d, Jcp = 8.7 Hz), 131.19 (d, Jcp = 8.8 Hz), 131.16 (d,
Jep = 96.1 Hz), 131.0 (d, Jep = 97.2 Hz), 129.4 (d, Jcp = 5.7 Hz), 128.9 (d, Jcp = 10.3
Hz), 128.85, 128.4 (d, Jcp = 11.8 Hz), 127.7 (d, Jcp = 2.3 Hz), 121.9 (q, Jcr = 277.8
Hz), 119.8 (d, Jcp = 11.0 Hz), 65.1 (q, Jcr = 37.8 Hz), 55.0 (d, Jcp = 1.9 Hz), 51.6 (d,
Jep = 64.5 Hz). *'P{'"H} NMR (161 MHz, CDCl3): 6 28.2 (s). HRMS (ESI) calcd for
C4H23F304PS (M+H)": 495.1001, found: 495.1002.

O\\Pth 0

/O
Y% S<

OCH,CF5
HsC

Entry 2. White solid. (79.1 mg; 78% yield). The ee was determined on a Daicel
Chiralpak AD column with hexane/2-propanol = 90/10, flow = 1.0 mL/min. Retention
times: 86.7 min [(R)-enantiomer], 98.5 min [(S)-enantiomer]. 94% ee. [a]*’p =—5.2 (¢
0.50, CH,Cl,), The absolute configuration was assigned by analogy with Table 2,
entry 4.

'H NMR (400 MHz, CDCl;): & 7.86-7.82 (m, 2H, Ar), 7.56-7.48 (m, 5H, Ar),
7.40-7.35 (m, 1H, Ar), 7.31-7.25 (m, 2H, Ar), 7.15 (d, J= 7.6 Hz, 2H, Ar), 7.02 (d, J
= 7.6 Hz, 2H, Ar), 6.36-6.16 (m, 1H, olefin), 5.55-5.46 (m, 1H, olefin), 4.33-4.15 (m,
3H), 3.89-3.75 (m, 2H, CH,S), 2.26 (s, 3H, Me). °C NMR (100 MHz, CDCls): &
137.5 (d, Jcp = 2.3 Hz), 137.0 (d, Jcp = 6.0 Hz), 132.2 (d, Jcp = 3.0 Hz), 131.8 (d, Jep
= 2.7 Hz), 131.6 (d, Jcp = 8.8 Hz), 131.4 (d, Jcp = 6.1 Hz), 131.31 (d, Jcp = 89.0 Hz),
131.29 (d, Jcp = 9.1 Hz), 130.21 (d, Jcp = 96.9 Hz), 129.6 (d, Jcp = 1.5 Hz), 129.3 (d,
Jop = 5.7 Hz), 128.9 (d, Jcp = 11.4 Hz), 128.4 (d, Jcp = 11.8 Hz), 121.9 (q, Jcr = 277.7
Hz), 119.6 (d, Jcp = 11.0 Hz), 65.1 (q, Jcr = 38.2 Hz), 55.0 (d, Jcp = 1.9 Hz), 51.2 (d,
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Jep = 64.8 Hz). *'P{'"H} NMR (161 MHz, CDCl3): 6 28.2 (s). HRMS (ESI) calcd for
CasH,sF304PS (M+H)™:509.1158, found: 509.1156.

Entry 3. White solid. (66.3 mg; 63% yield). The ee was determined on a Daicel
Chiralcel OD column with hexane/2-propanol = 85/15, flow = 1.0 mL/min. Retention
times: 15.4 min [(R)-enantiomer], 26.6 min [(S)-enantiomer]. 96% ee. [a]*’p = —18.4
(c 0.50, CH,Cl,), The absolute configuration was assigned by analogy with Table 2,
entry 4.

'H NMR (400 MHz, CDCl;): & 7.86-7.82 (m, 2H, Ar), 7.56-7.46 (m, SH, Ar),
7.40-7.35 (m, 1H, Ar), 7.31-7.25 (m, 2H, Ar), 7.15 (dd, J = 6.8 and 1.6 Hz, 2H, Ar),
6.75 (d, J = 8.8 Hz, 2H, Ar), 6.32-6.22 (m, 1H, olefin), 5.55-5.46 (m, 1H, olefin),
4.31-4.15 (m, 3H), 3.87-3.75 (m, 2H, CH,S), 3.75 (s, 3H, OMe). °C NMR (100 MHz,
CDCls): 6 159.0 (d, Jcp = 2.3 Hz), 136.8 (d, Jep = 6.1 Hz), 132.2 (d, Jop = 2.7 Hz),
131.8 (d, Jcp = 3.0 Hz), 131.6 (d, Jcp = 8.3 Hz), 131.21 (d, Jcp = 9.1 Hz), 131.18 (d,
Jer = 99.1 Hz), 131.0 (d, Jcp = 96.5 Hz), 130.5 (d, Jcp = 5.7 Hz), 128.9 (d, Jep = 11.3
Hz), 128.4 (d, Jop = 11.7 Hz), 126.5 (d, Jcp = 6.1 Hz), 121.9 (q, Jcr = 278.1 Hz),
119.6 (d, Jcp = 11.0 Hz), 114.3 (d, Jcp = 1.9 Hz), 65.1 (q, Jcr = 37.8 Hz), 55.2, 54.9 (d,
Jep = 1.2 Hz), 50.6 (d, Jep = 65.2 Hz). *'P{'"H} NMR (161 MHz, CDCl;): & 28.2 (s).
HRMS (ESI) caled for Cp5HysF305PS (M+H)™: 525.1107, found: 525.1106.

HsC =

Entry 4. White solid. (88.3 mg; 87% yield). The ee was determined on a Daicel

Chiralpak AD column with hexane/2-propanol = 80/20, flow = 1.0 mL/min. Retention
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times: 18.7 min [(R)-enantiomer], 20.8 min [(S)-enantiomer]. 93% ee. [a]*’p = —11.9
(c 0.500, CH,Cl,), The absolute configuration was determined as S according to the
X-ray crystal diffraction analysis of the product.

'"H NMR (400 MHz, CDCls): & 7.87-7.82 (m, 2H, Ar), 7.55-7.46 (m, 5H, Ar),
7.40-7.35 (m, 1H, Ar), 7.31-7.25 (m, 2H, Ar), 7.10-7.00 (m, 3H, Ar), 7.00 (d, J = 7.2
Hz, 1H, Ar), 6.35-6.28 (m, 1H, olefin), 5.57-5.48 (m, 1H, olefin), 4.32-4.15 (m, 3H),
3.88-3.75 (m, 2H, CH,S), 2.23 (s, 3H, Me). °C NMR (100 MHz, CDCls): & 138.5 (d,
Jer = 1.9 Hz), 136.7 (d, Jcp = 6.3 Hz), 134.3 (d, Jop = 5.9 Hz), 132.2 (d, Jcp = 3.0 Hz),
131.8 (d, Jep = 3.0 Hz), 131.6 (d, Jep = 8.2 Hz), 131.3 (d, Jcp = 9.0 Hz), 131.2 (d, Jcp
=99.1 Hz), 131.0 (d, Jep = 96.9 Hz), 130.0 (d, Jcp = 5.6 Hz), 128.9 (d, Jcp = 11.5 Hz),
128.7 (d, Jcp = 1.5 Hz), 128.4 (d, Jor = 2.3 Hz), 128.3 (d, Jcp = 11.9 Hz), 126.4 (d, Jcp
=6.0 Hz), 121.9 (q, Jcr = 278.3 Hz), 119.7 (d, Jcp = 11.2 Hz), 65.1 (q, Jcr = 38.1 Hz),
55.0 (d, Jep = 1.5 Hz), 51.6 (d, Jep = 64.3 Hz), 21.4. *'P{'H} NMR (161 MHz,
CDCls): & 28.1 (s). HRMS (ESI) calcd for CasH,sF304PS (M+H)": 509.1158, found:
509.1162.

PPh, IOI o

0 SZ
- Z OCH,CF,

Entry 5. White solid. (82.1 mg; 78% yield). The ee was determined on a Daicel
Chiralpak AD column with hexane/2-propanol = 80/20, flow = 1.0 mL/min. Retention
times: 24.8 min [(R)-enantiomer], 30.7 min [(S)-enantiomer]. 95% ee. The absolute
configuration was assigned by analogy with Table 2, entry 4.

'H NMR (400 MHz, CDCly): & 7.88-7.82 (m, 2H, Ar), 7.55-7.46 (m, 5H, Ar),
7.40-7.35 (m, 1H, Ar), 7.31-7.25 (m, 2H, Ar), 7.13 (t, J = 8.0 Hz, 1H, Ar), 6.86-6.79
(m, 2H, Ar), 6.73 (d, J= 8.4 Hz, 1H, Ar), 6.35-6.28 (m, 1H, olefin), 5.55-5.48 (m, 1H,
olefin), 4.32-4.15 (m, 3H), 3.88-3.75 (m, 2H, CH,S), 3.68 (s, 3H, OMe). °C NMR
(100 MHz, CDCl3): & 159.8 (d, Jcp = 1.6 Hz), 136.6 (d, Jcp = 6.5 Hz), 136.0 (d, Jep =
5.6 Hz), 132.3 (d, Jcp = 2.6 Hz), 131.9 (d, Jep = 3.1 Hz), 131.6 (d, Jcp = 8.4 Hz),
131.3 (d, Jcp = 9.1 Hz), 131.2 (d, Jcp = 99.2 Hz), 131.0 (d, Jcp = 96.9 Hz), 129.8 (d,
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Jep = 1.6 Hz), 128.9 (d, Jep = 11.7 Hz), 128.4 (d, Jep = 11.7 Hz), 121.9 (q, Jer = 278.1
Hz), 121.8 (d, Jep = 6.0 Hz), 119.8 (d, Jep = 11.0 Hz), 114.7 (d, Jep = 5.7 Hz), 113.6
(d, Jep = 2.3 Hz), 65.1 (q, Jer = 38.3 Hz), 55.3, 55.0 (d, Jep = 1.9 Hz), 51.7 (d, Jep =
64.5 Hz). *'P{'"H} NMR (161 MHz, CDCls): & 28.2 (s). HRMS (ESI) calcd for
CasHasF305PS (M+H) ™ 525.1107, found: 525.1107.

SPPh, o

SZ

Entry 6. White solid. (95.0 mg; 87% yield). The ee was determined on a Daicel
Chiralpak IC column with hexane/2-propanol = 80/20, flow = 1.0 mL/min. Retention
times: 19.1 min [(R)-enantiomer], 25.2 min [(S)-enantiomer]. 90% ee. [0]*p =—6.4 (c
0.50, CH,Cly), The absolute configuration was assigned by analogy with Table 2,
entry 4.

'H NMR (400 MHz, CDCl;): & 7.91-7.83 (m, 2H, Ar), 7.75-7.68 (m, 4H, Ar),
7.60-7.35 (m, 5H, Ar), 7.45-7.37 (m, 3H, Ar), 7.31 (t, J= 7.6 Hz, 1H, Ar), 7.22 (dd, J
=7.6 and 2.8 Hz, 2H, Ar), 6.45-6.37 (m, 1H, olefin), 5.60-5.52 (m, 1H, olefin), 4.50 (t,
J=9.2Hz, 1H, PCH), 4.32-4.17 (m, 2H, OCH,), 3.87-3.75 (m, 2H, CH,S). °C NMR
(100 MHz, CDCl3): & 136.6 (d, Jcp = 6.3 Hz), 133.4 (d, Jep = 1.9 Hz), 132.6 (d, Jep =
1.5 Hz), 132.3 (d, Jcp = 2.6 Hz), 132.1 (d, Jep = 6.0 Hz), 131.9 (d, Jcp = 2.6 Hz),
131.6 (d, Jcp = 8.5 Hz), 131.2 (d, Jcp = 8.9 Hz), 131.1 (d, Jcp = 98.4 Hz), 131.05 (d,
Jep = 97.3 Hz), 128.9 (d, Jep = 11.6 Hz), 128.62 (d, Jcp = 8.2 Hz), 128.60, 128.4 (d,
Jer = 11.9 Hz), 127.9, 127.7, 127.1 (d, Jep = 4.8 Hz), 126.4, 126.2, 121.9 (q, Jcr =
277.9 Hz), 120.0 (d, Jcp = 11.2 Hz), 65.0 (q, Jcr = 38.1 Hz), 55.9 (d, Jcp = 1.4 Hz),
51.7 (d, Jep = 64.4 Hz). *'P{'"H} NMR (161 MHz, CDCls): & 32.1 (s). HRMS (ESI)
calcd for CogHysF304PS (M+H)+: 545.1158, found: 545.1161.

Cl

S6



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013

Entry 7. White solid. (89.7 mg; 85% yield). The ee was determined on a Daicel
Chiralpak IC column with hexane/2-propanol = 80/20, flow = 1.0 mL/min. Retention
times: 13.2 min [(R)-enantiomer], 17.0 min [(S)-enantiomer]. 88% ee. [a]*’p = —20.7
(c 0.500, CH,Cl,), The absolute configuration was assigned by analogy with Table 2,
entry 4.

'H NMR (400 MHz, CDCl;): & 7.87-7.81 (m, 2H, Ar), 7.58-7.45 (m, 5H, Ar),
7.41-7.35 (m, 1H, Ar), 7.35-7.28 (m, 2H, Ar), 7.24-7.17 (m, 4H, Ar), 6.32-6.21 (m,
1H, olefin), 5.56-5.46 (m, 1H, olefin), 4.30-4.15 (m, 3H), 3.87-3.75 (m, 2H, CH,S).
BC NMR (100 MHz, CDCls): & 136.2 (d, Jep = 6.4 Hz), 133.7 (d, Jep = 2.6 Hz), 133.1
(d, Jep = 6.1 Hz), 132.4 (d, Jcp = 2.6 Hz), 132.1 (d, Jep = 2.7 Hz), 131.6 (d, Jcp = 8.8
Hz), 131.1 (d, Jcp = 9.1 Hz), 130.9 (d, Jcp = 99.2 Hz), 130.7 (d, Jcp = 5.3 Hz), 130.67
(d, Jcp = 97.6 Hz), 129.04 (d, Jep = 3.7 Hz), 128.99 (d, Jep = 9.4 Hz), 121.9 (q, Jor =
278.1 Hz), 120.2 (d, Jcp = 11.0 Hz), 64.9 (q, Jcr = 37.7 Hz), 54.9 (d, Jcp = 1.9 Hz),
51.9 (d, Jep = 64.1 Hz). *'P{'H} NMR (161 MHz, CDCls): & 27.9 (s). HRMS (ESI)
calcd for Co4H,CIF;04PS (M+H)': 529.0612, found: 529.0616.

Br
Entry 8. White solid. (99.5 mg; 87% yield). The ee was determined on a Daicel

Chiralpak AD column with hexane/2-propanol = 80/20, flow = 1.0 mL/min. Retention
times: 40.3 min [(S)-enantiomer], 53.1 min [(R)-enantiomer]. 93% ee. [a]*’p = —25.9
(c 0.500, CH,Cl,), The absolute configuration was assigned by analogy with Table 2,
entry 4.

'H NMR (400 MHz, CDCl;): & 7.89-7.83 (m, 2H, Ar), 7.61-7.48 (m, 5H, Ar),
7.40-7.38 (m, 1H, Ar), 7.35-7.30 (m, 4H, Ar), 7.15 (d, J = 6.8 Hz, 2H, Ar), 6.30-6.22
(m, 1H, olefin), 5.58-5.46 (m, 1H, olefin), 4.33-4.24 (m, 3H), 3.89-3.76 (m, 2H,
CH,S). °C NMR (100 MHz, CDCl3): § 136.5 (d, Jcp = 6.8 Hz), 132.0 (d, Jep = 2.7
Hz), 131.9 (d, Jcp = 2.6 Hz), 131.4 (d, Jcp = 97.7 Hz), 131.1 (d, Jcp = 8.7 Hz), 131.07
(d, Jep = 8.8 Hz), 128.8 (d, Jcp = 13.3 Hz), 128.7 (d, Jep = 12.9 Hz), 121.9 (q, Jcr =
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277.7 Hz), 120.3 (d, Jep = 2.1 Hz), 64.6 (q, Jcr = 37.8 Hz), 54.7, 45.9 (d, Jcp = 68.0
Hz), 20.7 (d, Jep = 2.6 Hz), 12.4 (d, Jep = 13.3 Hz). >'P{'"H} NMR (161 MHz, CDCl;):
o 279 (s). HRMS (ESI) caled for Cy4H2BrF;04PS (M+H)+: 573.0106, found:
573.0114.

Ospph,
1.0

“OCH,CF4

Entry 9. White solid. (86.9 mg; 86% yield). The ee was determined on a Daicel
Chiralpak IC column with hexane/2-propanol = 80/20, flow = 1.0 mL/min. Retention
times: 12.1 min [(R)-enantiomer], 14.5 min [(S)-enantiomer]. 92% ee. [a]*’p = —15.4
(c 0.500, CH,Cl,), The absolute configuration was assigned by analogy with Table 2,
entry 4.

'H NMR (400 MHz, CDCl;): & 7.89-7.83 (m, 2H, Ar), 7.60-7.46 (m, SH, Ar),
7.40-7.38 (m, 1H, Ar), 7.35-7.28 (m, 2H, Ar), 7.19-7.15 (m, 1H, Ar), 7.04 (d, J = 8.0
Hz, 1H, Ar), 7.15 (dd, J = 9.2 and 1.6 Hz, 1H, Ar), 6.89 (t, J = 8.0 Hz, 1H, Ar),
6.30-6.22 (m, 1H, olefin), 5.54-5.46 (m, 1H, olefin), 4.33-4.21 (m, 3H), 3.89-3.76 (m,
2H, CH,S). >C NMR (100 MHz, CDCls): & 162.7 (dd, Jcr = 246.9 Hz, Jep = 1.9 Hz),
137.0 (dd, J= 7.4 and 5.9 Hz), 136.0 (d, Jcp = 6.3 Hz), 132.4 (d, Jcp = 2.6 Hz), 132.0
(d, Jep = 2.6 Hz), 131.5 (d, Jcp = 8.6 Hz), 131.1 (d, Jcp = 9.0 Hz), 130.8 (d, Jcp = 99.5
Hz), 130.6 (d, Jcp = 96.9 Hz), 130.3 (dd, /= 9.3 and 2.6 Hz), 129.0 (d, Jcp = 11.5 Hz),
128.5 (d, Jep = 11.9 Hz), 125.1 (dd, J = 6.0 and 3.0 Hz), 121.9 (q, Jcr = 277.9 Hz),
120.2 (d, J =10.7 Hz), 116.4 (dd, J = 12.3 and 5.9 Hz), 114.6 (dd, J = 21.2 and 1.2
Hz), 64.9 (hept, Jcr = 38.2 Hz), 54.8 (d, Jop = 1.4 Hz), 51.3 (dd, Jcp = 63.9 Hz, Jcr =
1.8 Hz). *'P{'"H} NMR (161 MHz, CDCL): & 27.9 (s). HRMS (ESI) calcd for
C24H2F404PS (M+H)": 513.0907, found: 513.0911.

Cl _~__S%
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Entry 10. White solid. (86.5 mg; 82% yield). The ee was determined on a Daicel
Chiralpak IC column with hexane/2-propanol = 80/20, flow = 1.0 mL/min. Retention
times: 12.0 min [(R)-enantiomer], 14.1 min [(S)-enantiomer]. 89% ee. [a]*’p = —20.7
(c 0.500, CH,Cl,), The absolute configuration was assigned by analogy with Table 2,
entry 4.

'H NMR (400 MHz, CDCl;): & 7.88-7.83 (m, 2H, Ar), 7.61-7.46 (m, 5H, Ar),
7.43-7.38 (m, 1H, Ar), 7.34-7.28 (m, 2H, Ar), 7.23-7.12 (m, 4H, Ar), 6.32-6.22 (m,
1H, olefin), 5.58-5.48 (m, 1H, olefin), 4.35-4.24 (m, 3H), 3.89-3.77 (m, 2H, CH,S).
BC NMR (100 MHz, CDCl3): 8 136.6 (d, Jep = 5.9 Hz), 135.9 (d, J = 6.3 Hz), 134.5
(d, Jep = 1.9 Hz), 132.4 (d, Jcp = 2.9 Hz), 132.1 (d, Jep = 3.0 Hz), 131.6 (d, Jcp = 8.6
Hz), 131.1 (d, Jcp = 8.9 Hz), 130.8 (d, Jcp = 99.5 Hz), 130.5 (d, Jcp = 98.4 Hz), 130.0
(d, J=1.5 Hz), 129.5 (d, Jcp = 5.5 Hz), 129.0 (d, Jcp = 11.9 Hz), 128.5 (d, J = 11.9
Hz), 127.8 (d, J=2.3 Hz), 127.5 (d, J = 5.6 Hz), 121.9 (q, Jcr = 277.9 Hz), 120.3 (d,
J =10.8 Hz), 64.9 (hept, Jcr = 37.8 Hz), 54.8 (d, Jcp = 1.1 Hz), 51.3 (d, Jcp = 63.6
Hz). *'P{'"H} NMR (161 MHz, CDCL): & 28.0 (s). HRMS (ESI) calcd for
C4H,CIF;04PS (M+H)": 529.0612, found: 529.0615.

O\\Pth o

-0
% S<

OCH,CF;

Entry 11. White solid. (74.8 mg; 84% yield). The ee was determined on a Daicel
Chiralpak IC column with hexane/2-propanol = 80/20, flow = 1.0 mL/min. Retention
times: 18.2 min [(R)-enantiomer], 19.9 min [(S)-enantiomer]. 71% ee. [a]*’p = —12.7
(c 0.500, CH,Cl,), The absolute configuration was assigned by analogy with Table 2,
entry 4.

'H NMR (400 MHz, CDCl;): & 7.82-7.50 (m, 4H, Ar), 7.52-7.45 (m, 6H, Ar),
5.89-5.82 (m, 1H, olefin), 5.56-5.48 (m, 1H, olefin), 4.40-4.33 (m, 2H, OCH,),
3.91-3.77 (m, 2H, CH,S), 3.08-2.95 (m, 1H, PCH), 1.79-1.65 (m, 2H), 0.92 (t, Jcu =
7.2 Hz, 3H). *C NMR (100 MHz, CDCl3): 6 136.6 (d, Jcp = 5.9 Hz), 135.9 (d, J = 6.3
Hz), 134.5 (d, Jcp = 1.9 Hz), 132.4 (d, Jcp = 2.9 Hz), 132.1 (d, Jcp = 3.0 Hz), 131.6 (d,
Jor = 8.6 Hz), 131.1 (d, Jep = 8.9 Hz), 130.8 (d, Jcp = 99.5 Hz), 130.5 (d, Jcp = 98.4
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Hz), 130.0 (d, J =1.5 Hz), 129.5 (d, Jep = 5.5 Hz), 129.0 (d, Jep = 11.9 Hz), 128.5 (d,
J=11.9 Hz), 127.8 (d, J = 2.3 Hz), 127.5 (d, J = 5.6 Hz), 121.9 (q, Jcr = 277.9 Hz),
120.3 (d, J = 10.8 Hz), 64.9 (hept, Jcr = 37.8 Hz), 54.8 (d, Jep = 1.1 Hz), 51.3 (d, Jcp
= 63.6 Hz). *'P{'H} NMR (161 MHz, CDCls): & 28.0 (s). HRMS (ESI) calcd for
CaoH23F304PS (M+H)": 447.1001, found: 447.0999.

0]

P

-0
ST

Entry 12. White solid. (95.5 mg; 87% yield). The ee was determined on a Daicel
Chiralpak IC column with hexane/2-propanol = 85/15, flow = 1.0 mL/min. Retention
times: 12.7 min [(R)-enantiomer], 16.6 min [(S)-enantiomer]. 86% ee. [a]*p = —14.5
(c 0.50, CH»Cl,), The absolute configuration was assigned by analogy with Table 2,
entry 4.

'H NMR (400 MHz, CDCl3): § 7.45 (d, J = 11.2 Hz, 2H, Ar), 7.28-7.18 (m, 6H, Ar),
7.04 (d, J = 11.2 Hz, 2H, Ar), 6.97 (s, 1H, Ar), 6.34-6.26 (m, 1H, olefin), 5.58-5.47
(m, 1H, olefin), 4.32-4.15 (m, 3H), 3.87-3.77 (m, 2H, CH,S), 2.73 (s, 6H, Me), 2.17 (s,
6H, Me). >C NMR (100 MHz, CDCls): & 138.6 (d, Jep = 11.9 Hz), 137.9 (d, J = 12.3
Hz), 137.0 (d, Jcp = 6.3 Hz), 134.8 (d, Jcp = 6.0 Hz), 133.9 (d, Jcp = 3.0 Hz), 133.4 (d,
Jep = 3.0 Hz), 131.1 (d, Jep = 98.8 Hz), 130.8 (d, Jep = 96.2 Hz), 129.5 (d, Jcp = 5.6
Hz), 129.1 (d, J =8.2 Hz), 128.8 (d, Jcp = 8.9 Hz), 128.7 (d, Jcp = 2.8 Hz), 127.5 (d,
Jep = 2.2 Hz), 121.9 (q, Jor = 277.9 Hz), 119.6 (d, J = 11.1 Hz), 65.2 (q, Jcr = 38.1
Hz), 55.0 (d, Jcp = 1.1 Hz), 51.4 (d, Jcp = 63.6 Hz), 21.4 (d, Jcp = 0.8 Hz), 21.2 (d, Jcp
= 0.7 Hz). *'P{'"H} NMR (161 MHz, CDCl3): & 28.8 (s). HRMS (ESI) calcd for
CysH31F304PS (M+H)": 551.1627, found: 551.1626.
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0
5P
“OCH,CF4

Entry 13. White solid. (95.0 mg; 86% yield). The ee was determined on a Daicel
Chiralpak AS column with hexane/2-propanol = 85/15, flow = 1.0 mL/min. Retention
times: 41.8 min [(R)-enantiomer], 54.8 min [(S)-enantiomer]. 76% ee. [0]*p =-8.6 (c
0.50, CH,Cly), The absolute configuration was assigned by analogy with Table 2,
entry 4.

'H NMR (400 MHz, CDCl3): & 7.73 (t, J = 8.8 Hz, 2H, Ar), 7.36 (dd, /= 10.4 and 8.8
Hz, 2H, Ar), 7.26-7.20 (m, 5H, Ar), 7.02 (d, J = 6.8 Hz, 2H, Ar), 6.78 (d, J = 6.8 Hz,
2H, Ar), 6.36-6.28 (m, 1H, olefin), 5.55-5.47 (m, 1H, olefin), 4.30-4.19 (m, 3H), 3.86
(s, 3H, OMe), 3.84-3.78 (m, 2H, CH,S), 3.76 (s, 3H, OMe). °C NMR (100 MHz,
CDCl3): & 162.6 (d, Jep = 2.6 Hz), 162.2 (d, J = 3.0 Hz), 137.2 (d, Jep = 6.3 Hz),
135.0 (d, Jcp = 6.0 Hz), 133.4 (d, Jcp = 10.0 Hz), 133.1 (d, Jcp = 10.0 Hz), 129.5 (d,
Jep = 5.6 Hz), 128.8 (d, Jcp = 1.8 Hz), 127.5 (d, Jep = 2.3 Hz), 122.7 (d, J =105.4 Hz),
122.1 (d, Jcp = 104.3 Hz), 121.9 (q, Jcr = 277.9 Hz), 119.4 (d, /= 10.4 Hz), 114.4 (d,
J=12.2 Hz), 113.9 (d, J=12.6 Hz), 65.1 (q, Jcr = 38.1 Hz), 55.4, 55.3, 55.0 (d, Jcp =
1.1 Hz), 52.3 (d, Jep = 65.1 Hz). *'P{'"H} NMR (161 MHz, CDCl;): & 28.6 (s). HRMS
(ESI) calcd for Co6H,7F306PS (M+H)": 555.1213, found: 555.1212.

0,
PPh, O

Table 1, Entry 1. White solid. (81.0 mg; 93% yield). The ee was determined on a

Daicel Chiralpak IC column with hexane/2-propanol = 80/20, flow = 1.0 mL/min.

Retention times: 14.3 min [(S)-enantiomer], 17.2 min [(R)-enantiomer]. 93% ee. The

absolute configuration was assigned by analogy with the literature example (Pincer

Pd-catalyzed asymmetric 1,4-addition of diarylphosphines to a,f-unsaturated

enones).'

S11



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013

'H NMR (400 MHz, CDCls): & 7.93-7.88 (m, 4H, Ar), 7.83-7.76 (m, 2H, Ar),
7.56-7.38 (m, 9H, Ar), 7.23-7.12 (m, 5H, Ar), 6.43 (dd, J = 16.0 and 4.0 Hz, 1H,
olefin), 6.15 (ddd, J = 16.0, 9.2 and 6.8 Hz, 1H, olefin), 4.22-4.10 (m, 1H), 3.69 (ddd,
J=18.0, 10.4 and 4.4 Hz, 1H), 3.30 (ddd, J = 18.0, 11.6 and 2.4 Hz, 1H). *'P{'H}
NMR (161 MHz, CDCl;): & 34.6 (s). HRMS (ESI) caled for CagHys0.P (M+H)':
437.1665, found: 437.1666.

O“Ptho
WNO

Table 1, Entry 2. (CAS: 1334387-70-0). White solid. (76.2 mg; 90% yield). The ee
was determined on a Daicel Chiralpak AD-H column with hexane/2-propanol = 80/20,
flow = 1.0 mL/min. Retention times: 25.3 min [(S)-enantiomer], 33.1 min
[(R)-enantiomer]. 96% ee. The absolute configuration was assigned by analogy with
the literature example (Pincer Pd-catalyzed asymmetric 1,4-addition of
diarylphosphines to o, -unsaturated N-acylpyrroles).*

'H NMR (400 MHz, CDCls): 8 7.91 (t, Jun = 8.8 Hz, 2H, Ar), 7.79 (dd, J = 10.0 and
8.0 Hz, 2H, Ar), 7.57-7.16 (m, 13H), 6.45 (dd, J = 15.6 and 3.6 Hz, 1H, olefin), 6.25
(s, 2H), 6.13 (ddd, J = 15.6, 8.8 and 2.4 Hz, 1H, olefin), 4.06 (q, /= 8.8 Hz, 1H), 3.41
(ddd, Jyn = 17.2 and 10.0 Hz, Jup = 4.4 Hz, 1H), 3.21 (ddd, Juyn = 16.8 and 2.0 Hz,
Jup = 10.8 Hz, 1H). *'P{'"H} NMR (161 MHz, CDCls):  33.7 (s).

0, o}
PPh,0 PPh, o)

N OCH(CF3), = OCH(CF3),

Table 1, Entry 3. White solid. (64.1 mg; 61% combined yield). 1.4-adduct :
1.6-adduct=1: 2.

The ee of 1,4-adduct was determined on a Daicel Chiralpak AD-H column with
hexane/2-propanol = 80/20, flow = 1.0 mL/min. Retention times: 6.6 min

[(S)-enantiomer], 11.0 min [(R)-enantiomer]. 61% ee. The absolute configuration was
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assigned by analogy with the literature examples (Pincer Pd-catalyzed asymmetric
1,4-addition of diarylphosphines to a,S-unsaturated carboxylic esters).”

'H NMR (400 MHz, CDCl3) for 1,4-adduct: 8 6.35 (dd, J = 16.0 and 4.4 Hz, 1H,
olefin), 6.02 (ddd, J = 16.0, 8.8 and 6.4 Hz, 1H, olefin), 3.83-3.74 (m, 1H), 3.07 (ddd,
J=16.4 and 8.8 and 3.6 Hz, 1H), 2.94 (ddd, J = 16.4, 11.2 and 5.2 Hz, 1H). *'P{'H}
NMR (161 MHz, CDCl;): & 33.5 (s). HRMS (ESI) calcd for CagHyyFsOsP (M+H)':
527.1205, found: 527.1201.

The ee of 1,6-adduct was determined on a Daicel Chiralpak AD-H column with
hexane/2-propanol = 80/20, flow = 1.0 mL/min. Retention times: 8.6 min
[(R)-enantiomer], 9.6 min [(S)-enantiomer]. 71% ee. The absolute configuration was
assigned by analogy with Table 2, entry 4.

'H NMR (400 MHz, CDCl5) for 1,6-adduct: & 6.15-6.06 (m, 1H, olefin), 5.71-5.63 (m,
1H), 5.60-5.48 (m, 1H), 4.26 (t, J = 9.6 Hz, 1H), 3.24-3.10 (m, 2H). *'P{'"H} NMR
(161 MHz, CDCl;): & 33.0 (s). HRMS (ESI) calcd for CyHpnFsOsP (M+H)':
527.1205, found: 527.1201.

Experimental Procedures for the 1,6-Addition Reaction in Eq. 2

(1) (S,S)-Pincer-PdOAc H3B,
0 (2 mol%) O PPh;

toluene, rt 2
EtO ZN\Zph + HPPhy (2) Me,S-BH, EtO X~ "ph (2)
EtO” SO

EtO" "O
68% vyield, 43% ee; 1,6 /1,4 = 9/1

Diphenylphosphine (18.6 mg, 0.10 mmol) was added to a solution of (S§,S)-Pd
catalyst (1.4 mg, 2 umol Pd) and [(2E)-3-phenyl-2-propenylidene]- diethyl ester (32.9
mg, 0.12 mmol) in toluene (2.0 mL) at room temperature, then the resulting solution
was stirred for 17 h. The reaction was quenched with Me,S-BHj3 (0.15 mL; 2 M in
THF) and concentrated under vacuum. The residue was purified by silica gel

chromatography with hexane/EtOAc = 10/1 to afford the 1,6-adduct as a white solid.
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H3B,
0 PPh,

EtO N Ph
EtO @]

White solid. (32.0 mg; 68% yield). The ee was determined on a Daicel Chiralpak AD
column with hexane/2-propanol = 80/20, flow = 1.0 mL/min. Retention times: 7.8
min [major enantiomer], 8.7 min [minor enantiomer]. 43% ee. [a]*’p = 7.3 (¢ 1.00,
CH,Cl,),
'H NMR (400 MHz, CDCls): & 7.83 (t, J = 8.8 Hz, 2H, Ar), 7.52-7.32 (m, 6H, Ar),
7.30-7.26 (m, 2H, Ar), 7.20-7.10 (m, 5H, Ar), 6.17 (ddd, J=15.2, 9.6 and 6.4 Hz, 1H,
olefin), 5.71 (ddd, J=15.2, 9.6 and 3.2 Hz, 1H, olefin), 4.44 (dd, /= 15.2 and 9.6 Hz,
1H), 4.12 (q, J = 7.2 Hz, 2H), 4.10-4.00 (m, 2H), 3.96 (d, /=9.2 Hz, 1H), 1.19 (t, J =
7.2 Hz, 3H), 1.18 (t, J= 7.2 Hz, 3H). C NMR (100 MHz, CDCls): & 167.5 (d, Jcp =
1.9 Hz), 167.3 (d, J = 2.6 Hz), 135.3 (d, Jcp = 1.5 Hz), 133.5 (d, Jcp = 8.4 Hz), 132.9
(d, Jop = 8.4 Hz), 131.4 (d, Jcp = 2.2 Hz), 131.3, 131.0 (d, Jcp = 2.6 Hz), 129.4 (d, Jep
= 4.9 Hz), 128.6 (d, Jcp = 9.8 Hz), 128.3 (d, J = 9.8 Hz), 128.1 (d, Jcp = 2.3 Hz),
127.8 (d, Jcp = 52.6 Hz), 127.3 (d, Jcp = 2.7 Hz), 127.1 (q, Jcr = 52.7 Hz), 126.1 (d, J
=11.0 Hz), 61.7, 52.2 (q, Jcr = 1.5 Hz), 48.0 (d, Jep = 29.9 Hz), 13.94, 13.93. *'P{'H}
NMR (161 MHz, CDCIls): & 24.7 (m). HRMS (ESI) caled for C,sH3sBNO4P
(M+NH,)": 491.2506, found: 491.2511.

Experimental Procedure for Rhodium-Catalyzed 1,4-Addition of Phenylboronic

Acid to Cyclohexenone

.S :
F3C/\O \/\/\Ph
O O

3.0 mol% [RhCl(CzH4)2]2
3.0 mol% Phos-Olefin ligand
+ PhB(OH), 5
3.0 equiv 50 mol% KOH, Ph

dioxane/H,O (10/1)
50°C,45h 63% vyield, 27% ee

A mixture of [RhCI(C;Hy)]2 (1.2 mg, 6 pumol Rh) and the allylic phosphine (2.9 mg, 6

umol; Table 2, Entry 1) in dioxane (2 mL) was stirred at room temperature for 20 min.

Then, 0.50 M aqueous KOH (0.20 mL, 0.10 mmol) wa added into it, followed by the
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addition of cyclohexenone (119.2 mg, 0.20 mmol) and PhB(OH), (73.2 mg, 0.60
mmol). The solution was stirred for 4.5 h at 50 °C, and was then passed through a pad
of silica gel with EtOAc, and the solvent was removed under vacuum. The residue

was chromatographed on silica gel with EtOAc/hexane to afford the 1,4-adduct .

O

Q,

(CAS 57344-86-2). (22.0 mg; 63% yield). '"H NMR data of the product are identical
with the reported data of the product in literature.” The ee was determined on a Daicel
Chiralcel OD column with hexane/2-propanol = 98/2, flow = 1.0 mL/min. Retention

times: 12.8 min [(S)-enantiomer], 13.6 min [(R)-enantiomer]. 27% ee.

Genernal Procedures for the Preparation of £,y 6-Unsaturated Sulfonic Esters

n-BulLi

)
_-CHO EtO (lP?CH (IS?OCH CF PP PN
RTX + (EtO), 25 2“Fs ToiF 7500 RN o~ >CF

0]
n-BuLi (1.92 mmol; 2.5 M in hexane) was added to a solution of 2,2,2-trifluoroethyl

3

(diethoxyphosphoryl)methanesulfonate (0.6 g, 1.92 mmol) in THF at —78 °C and
stirred for 20 min. Aldehyde (1.6 mmol) was added to it, and the resulting solution
was allowed to warm to room temperature slowly an stirred at room temperature for
20 h. After quenching with AcOH (0.2 mL), the mixture was extracted with EtOAc,
dried over MgSOQy, filtered and concentrated under vacuum. The residue was purified
by silica gel chromatography with hexane/EtOAc = 30/1 to afford product as a white

solid.

N g//o
©/\/\/ "OCH,CF;

(0.42 g; 89% yield). 'H NMR (300MHz, CDCls): & 7.50-7.46 (m, 2H), 7.42-7.36 (m,
4H), 7.03 (d, Jun = 15.0 Hz, 1H, olefin), 6.87-6.78 (m, 1H, olefin), 6.35 (d, Jis = 15.0
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Hz, 1H, olefin), 4.42 (q, Jur = 7.8 Hz, 2H, OCH,). >C NMR (75 MHz, CDCls): &
146.7, 145.0, 135.0, 130.3, 129.1, 127.8, 122.7, 122.1 (q, Jer = 277.8 Hz), 120.3, 64.6
(q, Jor = 38.0 Hz). HRMS (ESI) calcd for Cj,H;sFsNOsS (M+NH,)': 310.0719, found:
310.0726.

2.0
/O/\/\V é:oc:H2c3|:3
H,C
(0.38 g; 77% yield). '"H NMR (300MHz, CDCl3): & 7.36-7.28 (m, 3H), 7.12-7.09 (m,
2H), 6.92 (d, Jun = 15.0 Hz, 1H, olefin), 6.74-6.65 (m, 1H, olefin), 6.22 (d, Jun =15.0
Hz, 1H, olefin), 4.32 (q, Jur = 8.1 Hz, 2H, OCH,), 2.28 (s, 3H, Me). °C NMR (75
MHz, CDCls): § 147.0, 145.1, 140.8, 132.3, 129.8, 127.8, 122.1 (q, Jcr = 277.8 Hz),
121.8, 120.5, 64.6 (q, Jcr = 38.0 Hz), 21.5. HRMS (ESI) calcd for C;3H;3F3NaOsS
(M+Na)": 329.0430, found: 329.0417.

(0.39 g; 76% yield). "H NMR (300MHz, CDCls): & 7.46-7.37 (m, 3H), 7.01 (d, Jun =
15.0 Hz, 1H, olefin), 6.93-6.90 (m, 2H, Ar), 6.77-6.68 (m, 1H, olefin), 6.28 (d, Jun
=15.0 Hz, 1H, olefin), 4.41 (q, Jur = 8.1 Hz, 2H, OCH,), 3.85 (s, 3H, OMe). "°C
NMR (75 MHz, CDCls): § 161.5, 147.3, 144.9, 129.5, 127.8, 122.3 (q, Jcr = 277.8
Hz), 120.6, 119.5, 114.6, 64.6 (q, Jcr = 38.0 Hz), 55.5. HRMS (ESI) calcd for
C3H;7F3NO4S (M+NH,) " 340.0825, found: 340.0817.

L0

x-S<

(0.37 g; 76% vield). "H NMR (300MHz, CDCl3): § 7.46-7.38 (m, 1H), 7.30-7.25 (m,
3H), 7.20-7.18 (m, 1H), 7.02 (d, Ju = 15.0 Hz, 1H, olefin), 6.88-6.79 (m, 1H, olefin),
6.33 (d, Jun =15.0 Hz, 1H, olefin), 4.42 (q, Jur = 7.8 Hz, 2H, OCH.), 2.37 (s, 3H, Me).
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3C NMR (75 MHz, CDCls): & 146.8, 145.3, 138.9, 135.0, 131.2, 129.0, 128.5, 125.1,
122.6, 122.1 (q, Jor = 277.8 Hz), 121.0, 64.6 (q, Jor = 37.5 Hz), 21.4. HRMS (ESI)
calcd for Ci3H;7F3NOsS (M+NH,): 324.0876, found: 324.0879.

0]
(@] X g//o
- W “OCH,CF;

(0.38 g; 76% vield). 'H NMR (300MHz, CDCls): § 7.45-7.29 (m, 2H), 7.09-6.78 (m,
5H), 6.35 (d, Jun = 14.7 Hz, 1H, olefin), 4.42 (q, Jur = 7.2 Hz, 2H, OCH,), 3.83 (s,
3H, OMe). *C NMR (75 MHz, CDCLs): & 160.1, 146.5, 144.9, 136.4, 130.1, 123.1,
122.3 (q, Jor = 277.8 Hz), 121.4, 120.5, 116.0, 112.9, 64.6 (q, Jer = 38.6 Hz), 55.4.
HRMS (ESI) caled for C3H;-F3NO4S (M+NH,)': 340.0825, found: 340.0829.

O
IO

s7
OO NNSN0CH,CF,

(0.27 g; 50% yield). '"H NMR (300MHz, CDCls): & 7.74-7.71 (m, 4H), 7.51-7.31 (m,
4H), 7.03 (d, Juy = 15.0 Hz, 1H, olefin), 6.84-6.75 (m, 1H, olefin), 6.25 (d, i =15.0
Hz, 1H, olefin), 4.34 (q, Jur = 7.8 Hz, 2H, OCH,). *C NMR (75 MHz, CDCls): &
146.7, 145.1, 134.2, 133.4, 132.5, 129.6, 128.9, 128.6, 127.9, 127.5, 127.0, 123.3,
123.0, 122.2, 122.3 (q, Jer = 277.8 Hz), 64.6 (q, Jor = 37.4 Hz). HRMS (ESI) caled
for C1H,7FsNOsS (M+NH,)": 360.0876, found: 360.0879.

(0.38 g; 72% yield). "H NMR (300MHz, CDCls): § 7.35-7.46 (m, 5H), 7.01 (d, Jun =
15.0 Hz, 1H, olefin), 6.78-6.86 (m, 1H, olefin), 6.38 (d, Juy =15.0 Hz, 1H, olefin),
4.43 (q, Jur = 7.8 Hz, 2H, OCH,). >C NMR (75 MHz, CDCls): & 146.2, 143.5, 136.2,
133.5, 129.4, 129.0, 123.3, 122.1 (q, Jcr = 277.9 Hz), 121.9, 64.7 (q, Jcr = 38.0 Hz).
HRMS (ESI) calcd for C;,H4CIFsNOsS (M+NH,)™: 344.0330, found: 344.0331.
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PN ('s')//o
W “OCH,CF,
Br

(0.36 g; 61% yield). '"H NMR (300MHz, CDCls): § 7.54-7.51 (m, 2H), 7.45-7.34 (m,
3H), 6.99 (d, Jun = 15.0 Hz, 1H, olefin), 6.88-6.79 (m, 1H, olefin), 6.38 (d, Jux =15.0
Hz, 1H, olefin), 4.43 (q, Jur = 7.8 Hz, 2H, OCH,). >°C NMR (75 MHz, CDCls): &
146.1, 143.5, 133.9, 132.4, 129.2, 124.6, 123.4, 122.1 (q, Jcr = 277.9 Hz), 122.1, 64.7
(q, Jcr = 38.0 Hz). HRMS (ESI) caled for C;H;oBrFsNaO;S (M+Na)™: 392.9378,
found: 392.9362.

0
F P o
\©/\/\/ "OCH,CF3

(0.35 g; 77% yield). '"H NMR (300MHz, CDCls): & 7.46-7.33 (m, 2H), 7.27-7.17 (m,
2H), 7.10-6.98 (m, 2H), 6.88-6.79 (m, 1H, olefin), 6.40 (d, Jis =15.0 Hz, 1H, olefin),
4.44 (q, Jyr = 7.8 Hz, 2H, OCH,). *C NMR (75 MHz, CDCL): & 163.1 (d, Jcr =
247.1 Hz), 145.9, 143.4 (d, Jor = 2.9 Hz), 137.2 (d, Jor = 8.0 Hz), 130.7 (d, Jor = 8.4
Hz), 124.0, 123.8 (d, Jor = 2.8 Hz), 122.4, 122.1 (q, Jer = 278.3 Hz), 117.1 (d, Jor =
21.2 Hz), 114.0 (d, Jor = 22.4 Hz), 64.7 (q, Jcr = 38.0 Hz). HRMS (ESI) caled for
C1,H4F4NO;S (M+NH,)': 328.0625, found: 328.0631.

C'\@/\/\/é\OCHzCFs

(0.6 g; 69% vyield). "H NMR (300MHz, CDCls): & 7.47-7.34 (m, SH), 6.98 (d, Jiyy =
15.0 Hz, 1H, olefin), 6.88-6.80 (m, 1H, olefin), 6.40 (d, Jiyy =15.0 Hz, 1H, olefin),
4.40 (q, Jur = 8.1 Hz, 2H, OCH,). '*C NMR (75 MHz, CDCl3): 5 145.9, 143.1, 136.8,
135.1, 130.4, 130.1, 127.5, 126.0, 124.1, 122.5, 122.1 (q, Jer = 277.9 Hz), 64.7 (q, Jer
= 38.0 Hz). HRMS (ESI) caled for C,H4CIFsNOsS (M+NH,)": 344.0330, found:
344.0333.
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N A g//O
\/\/\/ ~
OCH,CF

(023 g; 60% yield). '"H NMR (300MHz, CDCl3): § 7.30-7.22 (m, 1H, olefin),
6.45-6.35 (m, 1H, olefin), 6.24-6.16 (m, 2H, olefin), 4.39 (q, Jur = 7.8 Hz, 2H, OCH,),
2.31-2.22 (m, 2H, =CCH,), 1.08 (t, Jun = 7.5 Hz, 3H, Me). °C NMR (75 MHz,
CDClL): & 151.4, 147.3, 124.5, 120.8, 122.1 (q, Jcr = 208.5 Hz), 64.4 (q, Jcr = 28.3
Hz), 26.1, 12.3. HRMS (ESI) calcd for CgH;,F;03S (M+H)+: 245.0454, found:
245.0452.

The substrate 1f was prepared from the corresponding acyl chloride with hexafluoro

isopropanol in the presence of Et;N following the literature procedure.

)

WCCH«?F@z

71% yield. '"H NMR (300MHz, CDCls): & 7.66 (dd, Juu = 15.3 and 10.2 Hz, 1H,
olefin), 7.53-7.50 (m, 2H, Ar), 7.46-7.40 (m, 3H, Ar), 7.02-6.85 (m, 2H, olefin), 6.06
(q, Jun = 15.3 Hz, 1H, olefin), 6.08-5.98 (m, 1H, OCH). °C NMR (75 MHz, CDCl;):
0 163.5, 149.1, 143.4, 135.7, 129.9, 129.0, 127.7, 125.5, 122.7, 120.9 (q, Jcr = 282.9
Hz), 116.9, 66.6 (sept, Jcr = 34.7 Hz). MS (ESI): 324.8 (M").
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HPLC Chart

198 CJZ-5-6+- OD-H 73 214 0.7
Sample Name. CJZ-5-6+-0D-H 73 214 0.7 Injection Volume: 8.0
Vial Number: RAZ2 Channeil: uv_vis_2
Sample Type: unknown Wavelength: 214.0
Control Program:  test-dad Bandwidth: 4
Quantif. Method: WXL Dilution Factor: 1.0000
Recording Time: 2013-3-25 10:13 Sample Weight: 1.0000
Run Time (min):  21.00 Sample Amount: 1.0000
201302-DAD #198 [meodified by Admmisirator] Uy VIS 2
400 Tmaly e WYL 214 ninf
0 o\\Pth Cé') o 1-12187
Z 2 i
300 ©)vV OCH,CF3 i
| 2-14.143
240 | .":_
200+ | I
1504 | | |
100 N o
50 [ I | fo
i V) .\f’" A 1
[ miry
T 20 40 60 80 100 120 140 160 130 210
No. | Ret.Time Peak Name Height Area Rel.Area  Amount Type
min mAU _ mAU*min ki)
1 1219 na. 333231 216146 4871 na. EM
2 14.14 n.a. 285955 218711 50.29 n.a. ME
Total: 599.185 434.856 100.00 0.000
199 CJZ-6-9-2 OD-H 73 214 0.7
Sample Name: CJZ-6-9-2 OD-H 73 214 0.7 Injection Volume: 4.0
Vial Number: RA1 Channel: Uv_vis_2
Sample Type: unknown Wavelength: 214.0
Control Program:  test-dad Bandwidth: 4
Quantif. Method: WXL Dilution Factor: 1.0000
Recording Time:  2013-3-25 10:36 Sample Weight: 1.0000
Run Time (min). 23.44 Sample Amount: 1.0000
700-201202-DAD #199 |medified by Adminisiratar] v VIS 2
Jnau WVLZ14 nir
] 214050
G00H i
] Osppn, 0 |
] 52 (|
s00] “OCH,CF3 [
400 | I|
1 | II
300+
4 | 1
200] [ 1
100 1 | \
o — ~d . _
1 miny
1001 T T T T T T T T T
00 25 50 75 100 125 150 175 200 234
No. Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU _ mAU*min %
1 1215 n.a. 25.745 16.234 3.08 na. BME”
2 14.05 n.a. 625.605 510931 96.92 na. BMBE*
Total: 651.350 527.165 100.00 0.000
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== Shimadzu LCsolution Analysis Report ==

Dzl jz-0786- ad-1-0011.lcd

Sample Hame : 120786 2d-1-8010 Date:
Column: The mabile phase:
elovity: The detection mavelength:

l<Chromatogram=>

mmnzogmn
Lz-0786-2d-1-9010 Dz ljz-0786-23-1-0011.1cd
[
Os
~PPh; (o}
= g//o
15000 OCH,CF3
H;C
§ 10000 —
b=
[ =
3 g
=
000+
o 1Det. & Chl
T T T T T T
0 75 a0 25 a0 95 100 105
- min
Dali Tahle
[Petector & Chl 254rm
Teakil et Time Ares Height Bires %
1 85,671 1121208 T4T6 40,042
2 87.053 1123618 afon 50.052
Total 2244015 14241 100 000

== Shimadzu LCsolution Analysis Report ====

Dzl jz-0782- 2d-1-0010. led

[Sample Name Nz 0782-ad-1-9010 Date
Column: The mobils phase:
elocity: The detection wavelength:
l<Chromategram=>
Chromniogran,
1j7:0782-43-1-9010 Dz djz-0782-24- 1-9010.1ed
[\
Os
SPPh, o
4000 P 1.0
“OCH,CF3
3000 HsC
Ju
ol
! o] = "
1000
M
z
b
0 £
. " IDer. A Chl
-4 T T T T T T
0 75 & 85 o0 95 100 105
= mit, ]
Peds Tdble
[etector A Chl 254nem
TediH Tt Tome dires Huight Irva
1 86.663 11584 89 3217
2 98513 345408 2036 96783
Total 360051 2125 100,000
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==== Shimadzu LCsolution Analysis Report ====

Doiljzljz-BOL-0124-00-1-8515 led

Sample Hame : 1jz-BOL-0124-00-1-8515 Date:
Column: The mebile phase:

elacity: The detestion wavelangth:
I< Chromatogram=>

T
LizEBQL-0124-0D-1-8515 D:jznljz-BQL-0124-00-1-5515.1cd

uv
75000 N
Os PPh, 9 o
S
OCH,CF3
~,
50000 a O
2
" =
=
bl
25000 5
/VJV\ e - 1Det.d k1
T T T T T T T

0 H 10 15 20 23 30 35 40
- min
Pedk Tahle
Detector & Chl 254

Teal ot Time Brea Height Biren %

1 14.915 2116586 41234 50.126

p 26328 1105077 22883 40,574

Total 4222363 64116 100,000

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

DAz jz-07 13- 0D-1-8516 led

Sample Hame : ljz-0713-00-1-8515 Date:
Column: The mobile phase:
Welasity: The detection wavelzngth:
<Chromatogram>
iy
4z-0713-00-1-8515 Djajz07 13- 0D-1-8516 1ed
o
O
~PPh, [0}
52
40000
“OCH,CF3
o =
30000 =
]
1] 1
20000
10000
o
2
=
AN
uls - — - — - 1 IDstACH]
T T T T T T T
0 5 10 15 a0 a5 30 5 40
- min
Teal Table
[Detector & Chl 254ren
Peaki# Fet. Time Area Height Area %
1 15.402 51452 270 2042
2 26.610 2468763 26684 07 058
Total 2520215 27553 100.000
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==== Shimadzu LCsolution Analysis Report ====
M2 jz-0751- 3d-8020 1 ed
sample Hame Iz 0751-24-2020.1cd Date:
Column: The mobile phase:
2locity: The detection wavelangth
kk Chromatogram>
Chromitogram.
15 0751-ad 9030 1od D Mjslis 075124 $020.1ed
¥
Os
~PPh, 9 o
HaC ~_SZ
Lsaoo OCH,CF3
T 10000
&
& 2
= il
5000 A
0 1Det & Chl
T T T T T T T T T
15 16 17 12 1 20 21 2 2 4 25
- I
Peski Tible
[Detector & Chl 254mm
Tedif et Tine faea Hright e
1 18.303 153374 4822 43913
2 20.262 165412 4359 51.087
Total 3u3765 9181 100,000
==== Shimadzu LCsolution Analysis Report ====
M2z 0762- 2d-8020.led
Sample Name o |jz-0762- ad-2020.1od Crate:
Column: The mobile phase:
elocity: The detection wavelength:
< Chromatogram>
Chromogran
Lw0762-20-5020 Jod D s w-0763-ad-5020 led
ulf
1
Os
~PPh, 2o
12500 %
H3C = S<
OCH,CF3
100004
=
1 7500 = n
5
000
2300
=
=
=
0 1Det & Chl
T T T T T T T T T
15 16 17 13 19 20 21 2 23 24 25
- it
Peaki Tahle
[Detector 4 Chl 254zm
Do Rt Thme fres Height e
1 13.718 676 266 3429
2 20.770 244361 262 06.571
Total 253037 6327 100,000
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Shimadzu LCsolution Analysis Report

DAj2ujz-0770-2d-5021 .l ed

Sample Name 1jz-0770-2d-8020 Date:
Column: The mobile phase
Welocity: The detection wavelength:
<Chromatogram=>
o
ran
1jz0770-4d-8020 D izjz-0770-24-8021 Jed
uv
Oy
~PPh; (g) o
4000 o) _— 4
- OCH,CF3
3000
] Il
2000
=
1000 = S
- [=3
/\ \
o] AN
1Dt 4 Chl
T T T T T T T
200 2.5 250 73 0.0 32.5 350 375 400
= = a
Peak Table
[Detactor & Chl 254nem
Peak# ERet, Time Arey Height Area %
1 24778 31716 714 40.636
2 30.795 32182 578 50,364
Total 63508 1202 100,000
==== Shimadzu LCsolution Analysis Report ====
Dj2Ajz-0781-2d-8022 led
Sample Name  ljz-0751-ad-B020 Date:
Column The mobile phaze:
Welocity: The detection wavelength:
<Chromatogram>
Chromatogram
1j2-078 1-40-8020 D:Nj7j2-078 1-53-8022 1ed
¥ sp000
Os
~PPh, (o}
o 50
40000 s N
7 OCH,CF3
o
S
30000
] ]
20000
L0000
3
&
]
1 = S
0 1Dt ik Chl
T T T T T T T
0.0 2.5 250 7.5 00 32.5 350 375 400
- min
Teas Table
Detactor & Ch 25drmm
Peak® Fst. Timwe Area Height Ares %
1 24.798 48131 82 2353
2 30.710 1997251 34210 97.647
Tatal 2045382 35002 100.000
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==== Shimadzu LCsolution Analysis Report ====
DAl jz- hnpe 2-53-i0-1-8020-2 led
[Sample Hame o ljz e 2-03-ic-1-8020-2 Date:
Column: The mobile phase:
e locity: The detection wawvelength:
[k Chromatogram>
E:hr\m:nzogam R
Ljz-bame-2-53-10-1-8020-2 D jzvz-Tane-2-53-10-1-8020-2 1ed.
avf,
foN
~PPh, o]
S
+0000] OO “OCH,CF3
30000
1] n
put}
200004 I
I o
g
5
10000
0 1Dt iy Chl
10.0 12.5 150 175 200 25 250 15 0.0 3235 350
- Inin
Peak Tshle
[Detector A Chl 25%mm
Tl Fat. Toue Area Height e
1 20315 747934 16171 50511
2 26227 732305 11221 40430
Tatal 1480739 27993 100.000
==== Shimadzu LCsolution Analysis Report =
DAz 750 1-8020 led
[Sample Hame jz-7-5-ie-1-8020 Date
Column: The mobile phase
2losity: The detection wavelength:
I<Chromatogram=
E:hmmzognm R
Lz 7-5-ic- 1-8020 D \ljzhjz-7-5-ic-1-8020 1cd
'l
Os
~PPh, 95
] ~_SZ
40000 OO “OCH,CF5
30000
| |
%
Ix}
20000+ -
10000+
b=
=
1 T S W S . ¥ — -+ 1Det.A Chl
0.0 12.5 150 175 200 225 250 a7 0.0 3.5 350
- mm
Peak Tahle
[Detector A Chl 254ran
Deak! Ret. Tome Ares Height firea %
1 19.116 54091 1357 4812
2 25239 1069963 18529 95.188
Total 1124055 19885 100.000
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==== Shimadzu LCsolution Analysis Report ====

Sample Name o 1jz-0690-ic-1-8020

Djzdjz-0690-ic-1-5020 lod

Date:

Column: The mobile phase:
Welocity: The detection wavelength
<Chromatogram>
Cl'mmﬁ.ogmn
Tjz0690-ic-1-6020 T Mjzdljs-0690-ic-1-5020 1ed
% sp000
Os
~PPh; o
S
40000 ~OCH,CF3
Cl
30000
]
£
20000 bt w
o ]
S
B
10000
0 - 1Det i Chl
T T T T T
i 7.3 100 12.5 15.0 17.5 20.0
- min
Ted Tible
[Detector & Chl 234
el Feet. Time ren Height B o
1 13 188 482163 16568 50332
2 16038 472000 13722 49 468
Totsl 934173 29290 100.000
== Shimadzu LCsolution Analysis Report ====
D MjZjz-07 10+ 0 1-8020.1cd
[Sample Name iz 07 10-i0-1-8020 Date:
(Column: The mobile phase:
elocity: The detection wavelength:
lcChromatogram>
Chromogran
1207105 1-8020 Drljris-0710-ie-1-8020 led
o Spon
Os
~PPh; (e}
= g//o
40000 “OCH,CF3
Cl
30000
] ]
=
3
200004 i
10000
/\ E
fis
0 1Dt i Chl
T T T T T
i 7.5 1040 125 150 17.5 200
- min
Feak Table
[etector A Chl 254rem
TediH Bt Tome dires Height Tana
1 13211 40916 1100 3872
2 16.950 655904 16654 94.128
Total 696519 17754 100,000
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==== Shimadzu LCsolution Analysis Report ====

DAl jz 07 63-2- ad-8020 lod

Sample Hame : 1jz-07-63-2-2d-8020. lcd Date:
Calumn: The mobile phaze
Welocity: The detection wavelenath:

<Chromatogram>

Cm:mzogmm
0763248020 Jcd DIjpjz-0763-2-04-6020 1ed
uv
Os
~PPh, o)
1.0
2500 P
OCH,CF,
2000 Br
1 1500
1000
£
] -
500 = &
/\ )
o] 1Dut.4 CH1
T T T T T
30 33 40 45 50 55 60
- min
Ded Table
[Detector & Chl 254ran.
] Rt Tme Brea Teight Brea %
1 40,486 36759 461 49.330
2 52.879 37426 353 50430
Total 74185 816 100,000

== Shimadzu LCsolution Analysis Report ====

D jzjz-07 18-ad-8020. led

Sample Hame o 1jz-07 19-ad-8020.1cd Crate
Column: The mobile phaze:
e locity: The detection wawvelength:
[k Chromatogram>
E:hrmnﬁog(m
Liz-0719-33-8030.1cd Dz djz-07 19-2d-8020 1ed
b
Os
~PPh, 9 o
2500 _— §7
OCH,CF3
2000 Br
=
] 1500 Il
=
£
1000+
5004
-
I
=1
04 1]
{— 1Dt 2y Chl
T T T T T
30 35 40 45 0 55 60
- min
Puali Tahle
[[etectar & Chl 254mn
Tedi# Rl Time Aren Height Bired
1 40.295 110539 1353 6593
2 S3074 800 44 407
Total 114438 1305 100 000
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==== Shimadzu LCsolution Analysis Report ====

[Sample Hame
Column:

elacity:

D:jzjz-06100-1C-1-8020-0002. [od
: ljz06100-1C-1-8020-2 Date:

The mobile phase:

The detection wawelength:

[ Chromatogram>

Chromigram.
Yz06100.1C- 1-80:20-2 D jgljz- 06 100-1C- 1-8020-0002 Led
g
Os
~PPh, 9 o
2
F = S<
40000 OCH,CF54
30000 %
] - & [
"
20000
10000
T N N — 1 -1Dst.A Chl
T T T T T T T T T
[il] 2.5 50 735 140 125 150 17.5 00 225 250
- min
TPedi Teble
[retector & Chl 254mm
Tedk Feet. Time Ares Height Bres %
1 11.584 385552 25324 30,393
2 13 829 576421 20965 49.607
Total 1161074 46290 100,000
= Shimadzu LCsolution Analysis Report ====
DM j2Mjz-07 11 -ie-1-5020.led
sample Name < 1jz07 1 1-ie-1-6020 Date:
Column: The mobile phase
elocity: The detection wavelength:
[t Chromatogram>
Chromateogram
1jz-0711-c-1-8020 D:liEjz-07 1 1-4c-1-8020.Led
g
Os
~PPh, o
F _5°
100000
“OCH,CF3
75000 -
&
3
=
50000
25000
o
=)
n
e O - — - — - —|- 1DstAChl
T T T T T T T T T
00 15 50 7.5 00 12.5 150 175 20.0 125 250
min
PedsTible
Detector & Chl 254rm
ekt et Titme Ares Height Ares
1 12.122 98232 2705 3002
2 14.536 2173127 59121 96.098
Total 2261359 61916 100,000
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==== Shimadzu LCsolution Analysis Report ====

[Sample Hame

¢ liz-bgl0123-ic-1-8020

Cnljziliz-bgl-0123-i0-1-5020 led

Date

Column: The mobile phase:
e locity: The detection wawelength:
[<Chromatogram>
E:hrmnz.ogam
Yzbgl0 1 25-ic- 1-8020 D jzdjatgl-0125-ic- 1-6020 Jod
uy
Os
PPh, %) o
cl ~SE
150000 OCHCF3
! a0
z
] @
50000 =) =
=
4 1Dt 4\ Chl
T T T T T
30 1.3 10.0 12.5 150 175 0.0
- min
Tea Table
[Detector & Chl 234ren
Tedit Fet, Time es Height Brea
1 12.004 0TI 30004 50,056
2 14.030 970650 33031 40044
Total 1943492 72933 100,000

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

[Sample Mame o jz-0712-ie-1-8020

D iZi=07 120 1-8020.led

[rate:

Column: The mobile phase:
el ocity: The detection wavelength:
Ik Chromatogram>
Chrocrutogram
Lz-0712-ic-1-2020 D ljeljz-0712-ic- 1-2020. 14
v
Os
~PPh, (g) o
cl = 2
400007 “OCH,CF3
30000+
20000 3
=
=
10000+
a
=
s
I | 1Dwt.i Chl
T T T T T
an 7.5 0.0 12.5 150 17.5 200
min
DPeai Tshle
[Detector A Chl 254mm
TedsHl Fet, Time diren Height rea %
1 12.023 27063 1110 5.582
2 14.051 457745 14720 94418
Total 434809 15340 100.000
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==== Shimadzu LCsolution Analysis Report ====

DMjzijz-bq b0 128-ic-1-58020.1cd

Sample Name  ljz-bql-0128-ic-1-8020 Date:
Column: The mobile phase:
elocity: The detection wavelangth:
< Chromatogram=>
Chrornarogram, T
zbal0129-it-1-8020 Do zbal-0129-it-1-8020 1ed
o
Os
~PPh, (0]
\)\/\/géo
40000 <
OCH,CF3
30000
1] = o |
= a
= =
20000 A
10000
1Det.4 Chl
T T T T T T T T T
in 75 10.0 125 150 17.5 00 225 250 275 30.0
- min
il Tihle
[Detector & Chl 254rm
Pedkt Rt Time Aren Helgt Area %
1 18381 307585 21517 50.072
2 20.420 205261 13863 49.022
Total 1612846 40380 100.000

Shimadzu LCsolution Analysis Report =

Daljziljz-07 16-ic-1-8020 led

Sample Name o 1jz 07 15-ie-1-8020 Date
Column: The mobile phase
Welocity: The detection wavelenath:
<Chromatogram=>
mumzogmn R
Lz-0715-4c- 1-2020 D \jnje-0715-ic- 1-2030 1ed
uv
5000+
o
1.0
ST
OCH,CF3
50000
4
E
1] o L
25000
=
5
=
- F . /\ . — - — | lDet.d Chl
T T T T T T T T T
an 7.5 10.0 125 150 17.5 0.0 2.5 250 ars )
- min
Deaki Tahle
[Detector & Chl 254rem
Puak¥ Eut. Tine ABrey Height Bres %
1 12.170 373575 Ta06 14.530
2 19.949 1608042 37614 85461
Total 1881623 44830 100,000
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Shimadzu LCsolution Analysis Report

Sample Hame

jz0704-e8515

Cevljzuljz- 070} ic-B515. lod

Date

Column: The mobile phase:
Welocity: The detection wavelangth:
<Chromatogram=>
Chromatogram.
Yz 0704-5e-8515 D liadje 07 04-e-8515 led
o
73000 9
| O
ST
ICIJ OCH,CF3
50000
25000 .
b 2
~ 2
]
1Dat.i Chl
T T T T T
1 5 i 15 20 25 il
min
ek Tahle
[etector s Chl 254zem
Tedi# Feet. Time iren Height drea
1 12 666 152616 10469 40,140
2 16640 261453 8112 50,860
Total 514074 18581 100,000
==== Shimadzu LCsolution Analysis Report ====
ConljzMjz- 07 42-ic-8515. lod
Sample Name  ljz- 07424102515 Date:
Column: The mobile phase:
elocity: The detection wavelength:
I<Chromatogram=>
Chromtogran
120742408515 DjE iz 0742108515 1ed
uif
100000
o
Il
P
S/’O
73000 3
1l "OCH,CF3
(e}
" =3
S
R]
30000 5
25000
-
3
3
n
- — - — | -IDtACH
T T T T T
i 5 10 15 a0 25 k)
- min
Tea Table
[Detector & Chl 254ren
Tedit Fet, Time es Hei Brea
1 12684 121656 4847 6861
2 16.586 1651367 43608 93130
Total 1773023 50433 100,000
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==== Shimadzu LCsolution Analysis Report ====

Daljzljz-0694 a2 1-8615. 1 ed

Sample Hame : 1jz-0504 25-1-8515 Date
Column: The mobile phase
Velasity: The detection wavelangth:
<Chromatogram>
Chroaniogran v
1z 0604-55-1-8515 D:jai-0604-a5-1-8515 led
utf
?
150000 P )
= ST
OCH,CF3
T 100000 N
b4
3 g
50000 =
N . — -|—1Dst.s Chl
T T T T T T
10 20 30 40 50 60 0 a0
- min
Pedki Table
[Detector & Chl 254mem
Peakt Fet, Time B Hright faea
1 30,504 FT01301 52034 49,564
3 50753 5355048 33802 50436
Total 17556940 0976 100,000

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

DMjzMjz-0741-As-5515. led

Sample Hame :jz07 M -As-8515 .l od Date:
Column: The mobile phase:
Welocity: The detection wavelength:

<Chromatogram>

Chrometogram. B
Hz-0741-0e-2515.1cd DLGzVjo-074 1-Ae-8515 1ed
uw,
/O O\
25000+ 9
P 0
Lo
20000 “OCH,CF3
15000 L
o
g8
10000 s
#
5000~ Pl
=
jy
1} - 1 10wt A Chl
‘ T T T T T
10 a0 30 40 a0 60 T =0
- min
Pealc Table
[Dretector A Chl 254ram
Dokl Est_ Time Ares Height dires
1 41773 322029 1623 12.075
2 54.790 2344904 8065 87925
Total 2666929 0693 100 000
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==== Shimadzu LCsolution Analysis Report ====
DaljMjz-0531-ic-8020 | ed
Sample Name : jz-0531- 108020 led Date:
Column: The mobile phase:
o city: The detection wawvelength:
[<Chromatogram>
Chromatogran L
Y053 1-ic-8020 led Dzijz-053 1-4c-5020 1od
i
[oN
PPh, O
A
750000 2 O O
a
=
-
*
2
[
500000
250000
1Dst & Chl
T T T T T
0 5 10 13 20 25 i
Imin
PeakTahle
[Detectir & Chl 254
Tedkit Fut. Time Ares Height Ares %
1 14 258 16826752 632342 40880
2 17 044 16901672 509331 50.111
Total 33728423 1141673 100,000
==== Shimadzu LCsolution Analysis Report ====
Doz jz-07 34-i-8020-2. led
Sample Name  ljz-07 34 -8020-2. led [ ate:
Column: The mobile phase:
& locity: The detection wavelength:
 Chromatogram>
Chrommatogran H
1j2-0734-1c-8020-2 1rd D2z 0734-6-8020-2 1ed
i
[ON
5 PPh,0
~
750000 O O
300000
250000
=
=
e e m e — - 1DeL& Chl
T T T T T
1 5 0 15 a0 25 30
paihiyy
Tadk Table
[Detectr & Chl 254rm
Tedill Tt Time Ares Heidt Bres %
1 14318 10746403 T4IT4E 06 502
2 17.157 696752 20714 3408
Total 20443185 763461 100.000
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==== Shimadzu LCsolution Analysis Report ====

Dddidd-1-82-0.led

Sample Hame dd-1-82-0 Data:
Column: The mabile phase:
el gity: The detection wavelength
£ Chromatogram>
gram R
dd-1-22-0 Ddd'dd-1-82-0. 1cd
i
[oN
PPh, O
400000
D
00000
1] n
&
200000 "
b "
]
=
=
=
100000 -
o L — - — - 4 IDstAChl
T T T T T T T T T
i} 5 1 15 an 25 30 35 40 45 50
- in
Pedli Tahle
[Detector & Chl 24 fran
[ Rat, Thue daen Eright e %
1 23.308 TA39253 167694 50.109
2 30.873 TA0TE5E 112113 40801
Total 14447111 285206 100.000

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

DAljzljz-0891- ad-1-8020-2 |ed

Sample Hame  ljz0801- 3d-1-8020-2 Date:
Column: The mobile phase:
elosity: The detection wavelength:
I< Chromatogram=>
Chroratogram o
12089 1-ad- 1-8020-2 [ Aljaim 099 1-ad-1-6020-2.1ed
ui
Os
~PPh,O
=
i A
4 N7
75000
50000
25000
w
2
z
-
e e ee————————————— — | -1Det& chl
0 T T T T T T T
20.0 2.5 250 7.5 0.0 32.5 350 37.5 400
THiR
e Table
[etector & Chl 234mm
Tedit Fut. Time dires Height dires %
1 25.340 3784791 73085 97958
2 33.085 78891 1145 2042
Total 3863682 76230 100.000
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==== Shimadzu LCsolution Analysis Report ====

Sample Name

DMzl jz-0760-ad-3020. led

¢ |jz-0760-ad-28020 | ed

Drate:

Column: The mobile phase:
elocity: The detection wavelength:
ik Chromatogram>
Chromatogram.
17076042020 1cd D2 liz-0760-43-8020 1ed
%
[eN
PPh,0
125000
A
® OCH(CF3),
100000 by
75000 -
"
by
=
50000
25000
1Dt Chl
T T T T
0.0 2.5 i 7.5 100 125 150
min
Pedk Tahle
[etictor & Chl 258y
Tedki Tet. Tome Ared Helgt Atea o
1 6.573 1090506 95029 49.361
2 10.035 1006586 54173 50.130
Total 2167092 149202 100.000
==== Shimadzu LCsolution Analysis Report ====
DA jz0761-2d-8020 led
sample Name  ljz-0761-ad-8020.led [ ate:
Column: The mobile phase:
elocity: The detection wavelength:
Chromatogram>
Chromitogram,
12076 1-ad-5020.1cd D076 1-50-5020 1ed
o
[oN
125000 & PPh,O
o A
OCH(CF3),
100000
m 75000 1
s0000-]
&
25000 ]
1Det 4 Chl
T T T T T
0.0 2.5 50 7.5 0.0 12.5 150
- in
Pedk Tahle
[retector & Chl 254mm
Tedlt Fut. Time dires Height hrea %
1 6.506 1288561 112030 50476
2 10.979 312612 15386 19.524
Totad 1601173 127416 100000
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==== Shimadzu LCsolution Analysis Report

Dlj2Mjz0760-ad-3020. led

Sample Hame : |jz-0760-ad-8020. | ed Crate:
Column: The mobile phase
el city: The detection wavelength:
 Chromatogram:>
Chromatogran h
Ljz-0760-24-2020 1cd D ljzljz-0760-23-8020 led
o
[oN
125000 PPh, 9
=
OCH(CF3),
100000+
T5000
50000
25000+
o =
2 b
g ]
= =
1Dt A Chl
T T T T T
on a3 an T3 0.0 12.5 15.0
min
Deak Tdble
Detector & Chl 254zm
Tedilt Rt Time B Height )
1 2.602 33674 2150 50.553
2 9.935 32937 1835 49.447
Total a6a1l 3955 100.000
==== Shimadzu LCsolution Analysis Report ====
Dlizjz-0761- ad-B8020 1 ed
[Sample Mame o 1jz-0761-ad-2020.1cd Drate:
IColumn The mobile phase:
elacity: The detection wavelength:
K Chromatogram=>
Chrommatogran b
Ljz-0761-0d-2020 1ed D jziljz-0761-53-8020.1cd.
=
[oN
125000 PPhy 9
=
OCH(CF3),
100000
F3000+
S0000
25000+ o
a 5
2 < /\
=
1Dt & Chl
T T T T T
] .5 50 1.5 juli} 125 150
min
Peak Tshle
[Cretector & Chl 254rom
Feili# Fet, Toue oy izt B o
1 2630 27180 1740 14.624
2 8475 158735 940 85376
Total 185024 10680 100000
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= Shimadzu LCsolution Analysis Report ====
DA jz0207 - ad-8020 lod
Sample Name 1jz:0207- 2d-2020 Date:
Column: The mobile phase:
elosity: The detection wavelength:
I<Chromatogram=
Chromatogram.
1j3-0207-2d-8020 D :jzjz-0207-23-3020 led
ul
) ] BH
= 3\
~ = PPh, o
-
L] /
75000 OEt
(¢] OEt
50000
25000
g ]
a a
1Dt A Chl
T T T T 7 T T T 7
5 13 7 8 [ 10 11 12 13 14 15
min
[
[Detectar 4 Chl 254ren
DedeH Rat. Tome Bres Hiigt A%
1 5.536 24469 2821 1025
2 6.543 23686 2477 1202
3 7034 1162773 80068 43728
4 3314 1170348 73056 49.045
Total 1386276 173325 100.000
==== Shimadzu LCsolution Analysis Report ====
DAlZz-0211-24-8020-1.1cd
Sample Name  1jz-0211-2d-8020-1 Date:
Column: The mobile phase:
elocity: The detection wavelength:
I<Chromatogram>
Chrom B oeran
1j2-0211-5d-8020-1 D:irljz-021 1-43-8020-1 1ed
uif
BHg\
PPh, o)
/
75000 OEt
O~ "OEt
I so0004 o
B
=
25000 -
3
g
=
] /\ 1Dt & Chl
0 T T T T T T T T T
H 6 7 8 9 10 11 12 13 14 15
- THin
Peali Tdble
[Detector & Chl 254ran
ekl Ret_Tome Brea Height Brea %
1 7.781 481121 38673 71306
2 5.684 193603 13865 28.694
Total 674727 52542 100.000
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= Shimadzu LCsolution Analysis Report =

Sample Hame
Column:

elocity:

¢ Izq-6-21-04-9802-race

D:lzqilzg-6-31-0d-9802-race. lcd
Date
The mobile phase

The detection wavelength:

l<Chromatogram>

E:hmmzogmm
Izg-6-31-0d-9202 Tace D lmglmg-6-3 1-0d-0202race 1od

S74

uif
(0]
75000
P
¥ sop00-] b4
s -
]
il
25000
0 IDst. A bl
T T T T
5.0 7.5 100 125 15.0 17.5 200
- paiticy
Deak Table
[Detector & Chl 254nm
Dedl Fot. Tone e Height e %
1 12.839 736049 40835 43.989
3 13.581 766435 34144 SL01L
Total 1502485 T4DE0 100000
= Shimadzu LCsolution Analysis Report =
D2z 07 43-0d-1-8802 lod
Sample Name o jz-0743-0d-1-9802 Date:
Column: The mobile phase
elosity: The detection wavelength:
Chrematogram>
an h
1z 7430 1-9802 D: iz lja-0743-0d-1-9802 1cd
v,
(0]
15000
B 10000 i
5000 =
5 3z
Z
5]
o AN 1Det s Chl
T T T T T
50 7.5 100 12.3 150 17.3 200
- min
PedsTahle
[Detector & Chl 234ren
Bkl Fet. Time Bres Hright B %o
1 13438 47118 830 63070
2 13.645 27380 1550 36.030
Total 74708 4389 100,000
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X-ray Data

1.6-adduct in Table 2, Entry 4

Table 1. Crystal data and structure refinement for mo_dm13397 Om.

Identification code

Empirical formula

Formula weight 508.47

Temperature 1402) K

Wavelength 0.71073 A

Crystal system Monoclinic

Space group P21

Unit cell dimensions a=>5.6851(12) A a=90°.
b=16.633(4) A B=99.518(4)°.
c=13.304(3) A v =90°.

Volume 1240.7(4) A3

z 2

Density (calculated) 1.361 Mg/m?

Absorption coefficient 0.246 mm'!

F(000) 528

Crystal size 0.390 x 0.150 x 0.100 mm3

Theta range for data collection
Index ranges

Reflections collected
Independent reflections

Completeness to theta = 25.242°

mo_dm13397 Om
C25H24F304PS

1.552 to 30.606°.

-8<=h<=8, -23<=k<=23, -19<=I<=17

12282
6964 [R(int) = 0.0457]
100.0 %
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Absorption correction Semi-empirical from equivalents

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F?

Final R indices [[>2sigma(])]
R indices (all data)

Absolute structure parameter
Extinction coefficient

Largest diff. peak and hole

0.7461 and 0.6580

Full-matrix least-squares on F2
6964 /19 /308

1.029

R1=0.0513, wR2=0.1135
R1=0.0691, wR2 =0.1236
-0.06(6)

n/a

0.455 and -0.275 e.A
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