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Experimental

General procedures

Infrared spectra (IR) were determiraegliquid filmson a NaCl plate doy theKBr disk method with a
JASCOFT/IR-4100 typeA spectrometeand all spectra are reported in wavenusiten 3). 'H and
3C NMR spectra were measured with a JEOL NMA0O0 NMR spectrometefH: 400 MHz and
3C: 100 MHz)in a chloroforrad (CDCl) solutionand the chemical shifts areported in parts per
million (ppm) using the residual proton or carbon in the NMR sof%nNMR (376.05 MHz) spectra
were measured with a JEOL JNAL 400 NMR spectrometer in a CDChkolution with
trichlorofluoromethane (CFglde = O ppn) as an interdastandard.  Higitesolution mass spectra
(HRMS) were taken on a JEOL JMBOMS spectrometenith fast atom bombardment (FAB)

ionizationmethod.

Materials

All reactions were carried ousing dried glassware with a magnetic stirretubaer an atmospheoé
argon and routinely monitored by’F NMR spectroscopy or thiayer chromatography (TLC)
Ethanoland DMF employed as solventrere freshly distilledusing magnesium (Mgjr calcium
hydride (Cak)), respectivelyas a drying agent prior to uggl chemicals were of reagent grade and, if
necessary, were purified in the usual man@elumn chromatography was carried outsilica gel

(Wako gef C-200 and TLC was performed on silica gel TLC plates (Merck, Silica gek§0 F
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Typical procedure for the preparation of methyl

2,2,3,3tetrafluoro -4-oxo-4-[4-(4-propyl phenyl)phenyl]butanoate @b)

To a solution of dimethy2,2,3,3tetrafluorosuccinate’( 7.4 g, 30mmol) in THF (60 mL) was added a
THF  soluton  of  4(4-propypbheny)phenymagnesium  bromide, prepared  from
4-(4-propybheny)pheny bromide(60 mmol) andnagnesium turnirg(66 mmol) ai 78 °C. Thernthe
mixturewas stirred at that temperature overnight. The reaction mixture was pousegigdasNH,Cl
solution, then thevhole was extracted with EtOAc three times. The combined organic layers were dried
over anhydrous N&8Q, filtered, and concentrated vacuo.The residue was purified by silica gel

column chromatography to afford tpketo ester@p, 7.7g, 20 mmal 67%yield).

Methyl 2,2,3,3tetrafluoro -4-oxo-4-(4-propylphenyl)butanoate 6a)

Yield 85% (7.1 g, 23mmoal);, Yellow liquid; IR (neat) /72963, 2935, 2874, 1605, 1569, 1419, 1261,
1132, 1105, 1038, 863, EmHRMS (FAB+) calcd for CiHisH4Os [M+H]"™: 307.0957,found:
307.0956'H NMR (CDCE): d0.95 (tJ = 7.7Hz, 3H), 1.68 (sext]= 7.7Hz, 2H), 2.68 (tJ = 7.7Hz,
2H), 3.95 (s, 3H), 7.34 (d,= 84 Hz, 2H), 8.02 (d) = 84 Hz, 2H) **C NMR (CDC}): d13.5, 24.0
382, 53.8, 108.3 (i) = 2668, 275 Hz), 1113 (tt, J = 2668, 28.9 Hz), 128, 129.2, 13@, 1519, 1604

(t, J=28.9 Hz), 188.(t, J= 275Hz). % NMR (CDC}, CFC): ofi 121.08 (s, 2F),113.35 (s, 2F).

Methyl 2,2,3,3tetrafluoro -4-oxo-4-[4-(4-propylphenyl)phenyl]butanoate €b).

Yield 67% (7.7 g, 20mmol); Yellow solid; m.p. = 5657 °C;IR (KBr): 73012, 2958, 2912, 1597,
1436,1260, 1162, 1107, 956m*%; HRMS (FAB) calcd for GyHig4Os [M+H]": 383.1270, found:
383.1270'H NMR (CDCh): d1.96 (tJ = 74 Hz, 3H), 1.69 (sext]= 74 Hz, 2H), 2.65 (&)= 74 Hz,

2H), 3.97 (s, 3H), 7.31 (d= 84 Hz, 2H), 7.57 (d)=80Hz, 2H), 7.75 (d) =80Hz, 2H), 7.66 (d) =

84 Hz, 2H)C NMR (CDC}): d13.8, 24.4, 37.7, 54.0, 108.2 (= 262.7, 27.8 Hz), 111.2 (&=

270.1, 28.5 Hz), 127.2, 127.3, 129.2, 130.8 (two carbons were overlaped), 136.4, 143.8, 148.2, 160.4 (t,
J=30.0 Hz), 184.9 (f] = 27.1 H2) *%F NMR (CDC}, CFCE): d 11 120.97 (tJ = 49 Hz, 2F),i 113.46

(t, J=49Hz, 2F).

S3



Methyl 2,2,3,3tetrafluoro -4-oxo-4-[4-(trans-4-n-propylcyclohexyl)phenyl]butanoate 6c)

Yield 86% (4.5g, 12 mmol), Yellow liquid; IR (KBr) 2955, 2370, 1696, 1165, 1030, 948, 869 cm
HRMS (FAB+) calcd foCadH2440,[M]": 388.1662, found: 388.1664H NMR (CDCE): ¢/0.91 (t,J
=72 Hz, 3H), 1.07 (m, 2H), 1.20.40 (m, 5H), 1.421.52 (m, 2H), 1.90 (d} = 12.0 Hz, 4H), 2.57 (t)

= 120 Hz, 1H), 3.95 (s, 3H), 7.37 (d= 84 Hz, 2H), 8.03 (dJ = 84 Hz, 2 H) “*C NMR (CDC}):
d114.3,20.0, 33.4, 33.8, 36.9, 39, 45.0, 53.8, 108.(it, J = 2696, 275 Hz), 1113 (tt, J = 2695, 28.9
Hz), 127.6, 128.7, 13).156.7, 16@ (t, J = 28.9 Hz), 180 (t, J = 27.49 Hz) *°F NMR (CDC},
CFCh): d=1121.09 (tJ=49Hz, 2F)i 113.37 (tJ= 49 Hz, 2F).

Typical procedure for the synthesis of

3-ethenyl-4,4,5,5tetrafluoro -6-[4-(4-propylphenyl)phenyl]-1, 7-octadiene3,6-diol (5b).

To a solution ob-keto ester@p, 5.8 g, 15mmoal) in ether (150 mL) was added a THF solution of
vinylmagnesium chloride (2.1 N6 mL, 54 mmol) at room temperataredthe reactiorwasstirred at
reflux temperature overnight. Tinehemixture was poured intajgeous\NH,Cl solutionandthe whole
was extracted with ether three times. The combined organic layers were dried odevuanhy
NaSQ, fitered, and concentrateth vacuo The residue was purified by silica gel column
chromatography to afford the desired digh,(2.8 g, 6.5mmol 43% yield, together withthe
conjugated addition produdy, 3.1 g, 7.2Jmmol, 47% yield.

1-Ethenyl-4,4,5,5tetrafluoro -6-(4-propylphenyl)-1, 7-octadiene3,6-diol (5a)

Yield 46%(3.8g, 11 mmol), Yellow liquid; IR (neat) 73570, 3098, 2961, 1708, 1641, 1152, 1119, 935
cm; HRMS (FAB) calcd forCigHaiF4O, [Mi H]: 357.1478, found: 357.147tH NMR (CDCh): d
0.93 (tJ= 7.5 Hz, 3H), 1.64 (sexil= 7.5 Hz, 2H), 2.57 (f]= 7.5 Hz, 2H), 3.30 (s, 1H), 4.24 (s, 1H),
5.36 (dJ= 108 Hz, 2H), 5.40 (dJ = 108 Hz, 1H), 5.50 (dJ = 172 Hz, 1H), 5.51 (dJ = 172 Hz, 1H),
5.52 (dJ=172Hz, 1H), 6.09 (ddd])= 172, 108, 1.6Hz, 1H), 6.17 (dd)= 172, 108 Hz, 1H), 6.61
(ddd,J= 172, 108, 1.6 Hz, 1H), 7.16 (dl= 82 Hz, 2H), 7.46 (d) = 82 Hz, 2H) *C NMR (CDC}):
ad13.9 244, 377, 774 (t, J=25.2 Hz), 115.9, 117,117.66, 117.71 (1] = 2651, 28.5 Hz), 117.9 (i
=265.1 29.3 Hz), 1214, 1281, 133.9 (dJ = 2.5 Hz), 1346 (d,J= 1.6 Hz), 135.9, 137.1, 1&The
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peaks ofolefinic carbons and tertiary carboosuld not be completely identified because they are
overlapped with other carborid NMR (CDCh, CFCE) i 116.75 (d,) = 2783 Hz, 1F),i 116.33 (dd,
J=2783,49Hz, 1F),i 114.80 (dJ = 2783 Hz, 1F),i 113.48 (d,) = 2783 Hz).

2-(3-Buten-1-yl)-5-ethenyt4,4,5,5tetrafluoro -5-(4-propylphenyl)tetrahydrofuran -2-ol (8a).

Yield 42%(3.5g, 98 mmol); Diastereomeric ratio &a. 1 : 1; Yellow liquid; IR (neat) /73588, 3516,
2962, 1643, 1513166, 1000, 938m’%; HRMS (FAB) calcd folCigHa1F4O,[Mi H]': 357.1478, found:
357.1479*H NMR (CDCE): ¢0.96 (t,J= 74 Hz, 3H), 1.65 (sext]= 74 Hz, 2H), 2.012.13 (m 2H),
2.453.28 (m, 4H), 3.08.27 (m, 1H), 5.506.97 (m, 6H), 7.237.39 (m, 4H)*C NMR (CDC}): d
13.9, 24.5266, 333 and 343, 378, 843 (td, J = 22.7, 3.3 Hz) and 84.6 (dl~= 23.1, 3.3 Hz), 100.4
(ddd,J=28.5, 20z, 3.3 Hz) and 101.(ddd,J = 28.5, 207, 3.3 Hz), 115.5 (2C Overlapped) and &15.
(2C Overlapped), 11%(2C Overlapped) and 1642C Overlapped), 125.128.57 and 1259, 133.9
and 134, 1355 and 1365, 1377 and 13, 143.0 and 143; *F NMR (CDCE, CFCh): ¢f132.84 (dd,
J=2441, 147 Hz, 1F) and([1i 132.54 (ddd) = 241.8, 14, 7.1 Hz, 1F),[11128.16 (dd,) = 2452, 12.0
Hz, 1F)Jand 1123.83 (dd,) = 241.8, 14 Hz, 1F),i 126.54 (dd,) = 241.8, 14 Hz, 1F) and 122.54
(dd,J = 2441, 147 Hz, 1F),i 119.89 (ddJ = 241.8 12.0Hz, 1F) and 110.80 (dd, = 2452, 147 Hz,
1F).

3-Ethenyl-4,4,5,5tetrafluoro -6-[4-(4-propylphenyl)phenyl]-1, 7-octadiene3,6-diol (5b).

Yield 43% (2.8 g, 6.5mmol);, Yellow liquid; IR (neat) 73349, 2960, 1497, 1120, 1005, 936'rm
HRMS (FAB+):calcd for GaHog=O,[M]': 434.1869, found: 434.187%5 NMR (CDC): ¢/1.03 (t,J
=74 Hz, 3H), 1.73 (s J= 74 Hz, 2H), 2.68 (t) = 74 Hz, 2H), 3.75 (s, 1H), 4.75 (s, 1H), 5.42d,
=108 Hz, 1H), 5.43 (dJ = 108 Hz, 1H), 5.45 (dJ = 108 Hz, 1H), 5.57 (dJ = 172 Hz, 2H), 5.58 (d)

= 172 Hz, 1H), 6.15 (dd) = 172, 108 Hz, 1H), 6.23 (dd) = 172, 108 Hz, 1H), 6.69 (dd) = 172,
108Hz, 1H), 7.30 (dJ = 84 Hz, 2H), 7.56 (d) = 84 Hz, 2H), 7.62 (d) = 84 Hz, 2H), 7.68 (d) = 84

Hz, 2H) °C NMR (CDCL): d13.8, 24.5, 37.6, 77.27 (= 24.9 Hz), 77.33 (t) = 24.9 Hz), 116.0,
117.1, 1174, 117.6 (l,= 265.0, 28.5 Hz), 117.8 (&= 264.3, 29.2 Hz), 126.3, 126.9, 127.4, 128.8,
133.7, 134.5, 137.1, 137.3, 137.8, 140.8, 14FONMR (CDCE, CFCh): d1116.23 t0i 116.19 (m,
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2F),i 114.45 (d) = 2783 Hz, 1F);i 113.36 (d,) = 2783 Hz, 1F).

2-(3-Buten-1-yl)-5-ethenyt4,4,5,5tetrafluoro -5-[4-(4-propylphenyl)phenyljtetrahydrofuran -2-ol

(8h).

Yield 47% (3.1g, 7.1 mmol) Yellow liquid; Diastereomeric ratio ea. 1 : 1 IR (neat) 73515, 2961,
2871, 1643, 1497, 1331, 1166, 1003'LHRMS (FAB) calcd forCosHad=O,[M]': 434.1869, found:
434.1874'H NMR (CDCh): d0.99 (t,J = 7.3 Hz, 3H), 1.70 (s&xJ = 7.3 Hz, 2H), 2.02.2 (m, 2H),
2.45 2,55 (m, 2H), 2.65 (t] = 7.3 Hz, 2H), [3.05 (s, 0.5H) and 3.304¢ 3.2Hz, 0.5H)], 5.055.25

(m, 2H), [5.33 (dJ = 10.4Hz, 0.5H) and 5.42 (d,= 108 Hz, 0.5H)], [5.375.45 (m, 0.5H) and 5.80
5.68 (M, 0.5H)], 5.96.30 (M, 1H), [6.20 (dddl= 16.8, 10.4, 2.44z, 0.5H) and 6.45 (ddd,= 16.8,
108, 2.0Hz)], 7.27 (dJ = 76 Hz, 2H), 7.457.55 (m, 4H), 7.607.64 (m, 2H) *C NMR (CDCk): d
13.8, 24.5, [26.36 and 26.41], [33.1 and 34.1], 37.7, [84J=(R2.7 Hz) and 84.5 (§,= 24.2 HZ)),
[100.0100.6 (m) and 100i201.3 (m)], 11210120.6 (m, 2C), [115.5 and 115.8], [117.1 and 117.8],
[125.8 and 125.9], 126.9, 128.9, [135.1 and 135.2], [135.6 and 135.7], 136.2, [137.5 and 137.63],
[137.68 and 137.71], [141.2 and 141.3], 14%2 NMR (CDCk, CFCE): d[i 132.78 (dd,) = 2437,
13.5 Hz, 1F) anél126.58 (dd)) = 2437, 13.5 Hz, 1F)],i[132.61 (ddd) = 2422, 15.0, 88 Hz, 1F) and
1127.87 (dm)) = 2422 Hz, 1F)], | 123.54 (dd,) = 2407, 13.5 Hz, 1F) anii1198 (dd,J = 2407, 13.5

Hz, 1F)] i 122.73 (ddyJ = 2437, 128 Hz, 1F) and 110.62 (ddy = 2437, 13.9 Hz, 1F)].

3-Ethenyl-4,4,5,5tetrafluoro -6-[4-(trans-4-propylcyclohexyl)phenyl}-1, 7-octadiene3,6-diol (5¢)
Yield 38%(1.9g, 44 mmol);, Yellow liquid; IR (neat) 72921, 2850, 1641, 1518414, 1122, 997, 935,
853 cm’; HRMS (FAB+) calcd forCoHsFNaQs [M+Na]*: 463.2236found: 463.2226'H NMR
(CDCh): d0.90 (tJ= 72 Hz, 3 H), 0.981.08 (m, 2H), 1.18L.37 (m, 5H), 1.38L.48 (m, 2H), 1.87 (@

= 108Hz, 4H), 2.5 (i, J= 122, 3.1 Hz, 1H), 3.33 (s, 1H), 4.25 (s, 1H), 5.368)¢d 108 Hz, 2H), 5.40
(d,J=108Hz, 1H), 5.50 (dJ = 172 Hz, 1H), 5.51 (d) = 172 Hz, 1H), 5.52 () = 172 Hz, 1H), 6.10
(ddd,J =172, 108, 2.0 Hz, 1 H), 6.17 (dd,= 172, 108 Hz, 1H), 6.61 (ddJ = 172, 108 Hz, 1H),
7.19 (d,J = 84 Hz, 2H), 7.46 (dJ = 84 Hz, 2H) *C NMR (CDCk): 145, 20.1, 3%, 343, 371,
39.8,44.2, 7B(t,J=24.4 Hz), 77.3 () = 24.4 Hz), 115.8, 117.1, 1¥{it, J= 265.4, 28.7 Hz), 117,
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1179 (tt, J = 265.4, 28.7 Hz), 124.127.1, 133.9, 134.5, 136.0, 137.0, 14%8 NMR (CDC},
CFQy): il 17 (d,J= 2783 Hz, 1F),i 116.00 (ddJ = 2783, 7.5 Hz, 1F)j 114.86 (d,] = 2783 Hz,
1F),i113.46 (dt) = 2783, 7.1 Hz, 1F).

2-(3-Buten-1-yl)-5-ethenyt4,4,5 5tetrafluoro -5-[4-(trans-4-propylcyclohexyl)phenyljtetrahydrofu
ran-2-ol (8c)

Yield 46%(24 g, 5.3 mmol) Diastereomeric ratio ga.1 : 1, Yellow liquid; IR (neat) /73590, 3080,
2922, 1643, 1513, 1448, 1331, 1166, 999, 821 ¢tRMS (FAB+) calcd forCoHs 40, [M]™:
440.2338, found: 440.2344 NMR (CDCE): ¢0.91 (tJ= 72 Hz, 3H), 1.011.10 (m, 2H), 1.201.39
(m, 5H), 1.401.50 (m, 2H), 1.88 (fJ = 100 Hz, 4H), 2.002.14 (m, 2H), 2.46 (m, 3H), 3.24 (s, 1H)
and 3.25 (s, 1H), 5.05.62 (m, 4H), 5.906.99 (m, 1H), 6.126.45 (m, 1H), 7.207.38 (m, 4H)*C
NMR (CDCk): d147, 204, 26.7, 33.4, 39, 346, 374, 401, 446, 845 (t, J = 22.3 Hz) and 88.(dt,J
=223, 3.3 Hz), 100.6 (ddd,= 25.7, 215, 3.3 Hz) and 101.3 (dddi= 24.8, 19, 3.3 Hz), 113.0121.5
(m, 2C), 118 and 116.0117.0 and 117,225.6, 127.2, 134.2 (8= 2.0 Hz) and 134.7 (4= 2.5 Hz),
1357 (d, J = 5.8 Hz) and 136.7 (d,= 3.3Hz), 137.9 and 138.148.35 and 148.4The peaks of
methylene carborsould not be completely identified because tieyoverlappedith other arbons
9% NMR (CDCL, CFCH): dfi 132.90 (ddJ = 241.8, 147 Hz, 1F) and 132.57 (ddd) = 236.5, 14, 7.5
Hz, 1F),1 128.09 (dddJ = 236.5, 14, 49 Hz, 1F) and 123.90 (dd,) = 2423, 147 Hz, 1F),i 126.52
(dd,J=2430, 147 Hz, 1F) and 122.42 (dgJ = 2419, 147 Hz, 1F),i 119.89 (dd,) = 2423, 147 Hz,
1F) and 110.71 (dd) = 2430, 147 Hz, 1F).

Typical procedure for the preparation of

cis-1-ethenyl-5,5,6,6tetrafluoro -4-[4-(4-propylphenyl)phenyl]-2-cyclohexenel ,4-diol (4b)

To a solution ofl0 mol% o f GV gerteratisndcatalyst (0.37 g, 0Hmol) in CHCl, (45 mL)

was added 1;@ctadiene3,6diol (Bb, 2.0 g, 46 mmol) at room temperaturand stirred at that
temperature for 40.hen, he reaction mixture was passed through a gihagtof silica gelusing

EtOAc as an eluerdnd concentrated wacuoto give the crude materidPurificationby silica gel

column chromatography affa@dthe desired produdb (1.1 g, 2.7mmol, 59% yield.
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cis-1-Ethenyl-55,6,6tetrafluoro -4-(4-propylphenyl)-2-cyclohexenéel 4-diol (4a).

Yield 75%(2.7 g, 8.0mmol); Single isomerBrown solid; m.p.80.8 81.5 °C;IR (KBr): 73366, 2960,
2872, 1638, 1414, 1294, 1172, 1094, 985, 878; ¢ARMS (FAB) calcd forCiHig=O, [M]™:
330.1243, found: 330.124% NMR (CDC): ¢0.98 (t,J = 72 Hz, 3H), 1.68 (sext] = 72 Hz, 2H),
2.63 (tJ= 72 Hz 2H), 3.41 (s, 1H), 3.55 (s, 1H), 5.45J¢; 108 Hz, 1H), 5.63 (dJ = 176 Hz, 1H),
5.90 (ddJ = 108, 5.2 Hz, 1H), 5.9%.05 (m, 2), 7.23 (dJ = 8.0 Hz, 2H), 7.39 (dJ = 80 Hz, 2H)
3 NMR (CDCh): 0139, 24.4, 37.7, 60.9, 74.85.0 (m), 113.8 (dddd, = 265.7, 253.7, 28.1, 2.
Hz), 115.2 (dddd] = 265.7, 252.1, 30.5, 231z), 119.0, 124.(d,J= 1.6 Hz), 128, 130.7 (d,J=2.5
Hz), 131.5d,J= 4.1 Hz), 133.5, 133.6 (d= 4.1 Hz), 143.7°F NMR (CDC}, CFC): ofi 132.08 (dd,
J=2654, 196 Hz, 1F),i 130.64 (dd,) = 2654, 17.1 Hz, 1F)j 122.25 (dd,) = 2654, 17.1 Hz, 1F)j
116.11 (ddd) = 2654, 196, 49 Hz, 1F).

cis-1-Ethenyl-5,5,6,6tetrafluoro -4-[4-(4-propylphenyl)phenyl]-2-cyclohexenel ,4-diol (4b).

Yield 59%(1.1 g, 2.7mmol), Single isomerBrown solid; m.p.139 140 °C IR (KBr): 73359, 3027,
2956, 1655, 1499, 1356, 1243, 1149, 1109, 1098, 986, 88FHRMS (FAB+) calcd for GHF0,
[M]": 406.1556, found: 406.1558 NMR (CDCE): ¢/0.98 (t,J = 72 Hz, 3H), 1.68 (sext]= 72 Hz,
2H), 2.59 (d,) = 5.2 Hz, 1H), 2.63 (t) = 72 Hz, 2H), 2.74 (dJ = 4.0 Hz, 1H), 5.49 (d] = 10.7 Hz,
1H), 5.67 (d,) = 168 Hz, 1H), 5.926.09 (m, 3H), 7.26 (dl = 8.0Hz, 2H), 7.507.53 (m, 4H), 7.61 (d,
J=88Hz, 2H) C NMR (CDCL): d13.8 245, 377, 74.4 750 (m, 2C), 111.01191 (m, 2C), 126.6,
1270, 1278, 128.9, 130, 131.65131.69, 1334, J = 5.0Hz), 134.6, 137.6, 149, 1423; *F NMR
(CDCl, CFCh): dfi 132.24 tai 131.45 (m, 1F); 130.93 tai 130.17 (m, 1F); 122.33 (ddd,) = 263.6,
196, 49 Hz, 1F),1i 116.18 (ddd) = 268.5, 17.3, 6.1 Hz, 1F).

cis-1-Ethenyl-5,5,6,6tetrafluoro -4-[4-(trans-4-propylcyclohexyl)phenyl}-2-cyclohexenel ,4-diol

(4c)

Yield 71%(1.3 g, 3.1 mmol) Single isomerBrown solid m.p: 144.2145.5 °G IR (KBr): 173348,
2922, 2859, 1655, 1509, 1446, 1150, 1007, 965, 878 RMS (FAB+) calcd forC,Hag NaG,
[M+Na]*: 435.1923, found: 435.193 NMR (CDCE): ¢0.90 (t,J = 72 Hz, 3H), 0.991.10 (m, 2H),
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1.18 1.38 (m, 5H), 1.391.49 (m, 2H), 1.88 (] = 104 Hz, 4H), 2.48 (tt) = 126, 3.6 Hz, 1H), 2.59 (d,
J=2.8Hz, 1H), 2.69 (d,= 3.6 Hz, 1H), 5.46 (dl= 108 Hz, 1H), 5.64 (d) = 168 Hz, 1H), 5.91 (ddd,
J=92 52, 1.6 Hz, 1H), 5.98.05 (m, 2H), 7.24 (d] = 82 Hz, 2H), 7.37 (dJ = 82 Hz, 2H) **C
NMR (CDCh): d14.5, 2@, 33.6, 34.30, 34.33, 37.1, 39.8, 44.4, 74.3 1207 Hz), /5.0 (d,J=198
Hz), 1141 (dddd,J = 2658, 2426, 302, 227 Hz), 1153 (dddd,J = 2658, 2426, 302, 227 Hz), 1191,
1268, 1271, 127.4, 131.0 (d= 2.5 Hz), 131.6 (dl= 2.2 Hz), 13% (t, J=5.0Hz), 18.0: The peak of
methylene groups could not be identifiEtause they were overlapping with other carbon sigffals
NMR (CDCk, CFCh): ¢i132.10 (ddJ = 2642, 196 Hz, 1F),[11 130.73 (dd) = 2642, 196 Hz, 1F),i
122.24 (ddy = 2642, 17.3Hz, 1F),i 166.02 (ddd) = 2642, 196, 7.1Hz, 1F).

Typical procedure for the preparation of

cis-1-ethyl-2,2,3,3tetrafluoro -4-[4-(4-propylphenyl)phenyl]cyclohexanel,4-diol (3b)

To a solution of 10% Pd/C (0.46 0.2 mmol) in MeOH (150 mL) was added the RCM prodtct
(15 g, 36 mmol) at room temperature. The reaction flask was fillil hydrogen and theixture

stirred at room temperature for odeday Then, he reaction mixture was passed through a phagt
of silica gelusingEtOAc as an elueiaind concentrated wacuoto give the crude materi&urification

by silica gel column chromatography affedthe desired produb (1.4g, 3.4 mmaql96% yield.

cis-1-Ethyl-2,2,3,3tetrafluoro -4-(4-propylphenyl)cyclohexanel, 4-diol (3a)

Yield: 99% (27 g, 8.0mmol); White solid; m.p. = 104.2104.8 °G IR (KBr) 3388, 2964, 2874, 1618,
1466, 12751125, 1045, 98Zm"*; HRMS (FAB+) calcd forC;H.F,0, [M]™: 334.1556, found:
334.1555"H NMR (CDCH): d0.95 (tJ= 72 Hz, 3H), 1.04 (t) = 72 Hz, 3H), 1.65 (sext]= 72 Hz,
2H), 1.85 (gJ = 72 Hz, 2H), 1.192.03 (m, 3H), 2.10 (] = 14.0 Hz, 1H), 2.23 (tJ = 132 Hz, 1H),
2.60 (t,d = 76 Hz, 3H), 7.22 (dJ = 78 Hz, 2H), 7.45 (dJ = 78 Hz, 2H) ¥*C NMR (CDCL): 065,
140, 23.8, 246, 26.7 (dJ = 4.1 Hz), 30.3 (d) = 4.1 Hz), 377, 74.8 755 (m, 2C), 115.4 (dddd] =
268.2, 243, 289, 21.0 Hz), 113 (dddd,J = 268.2, 243, 289, 21.0 Hz), 126, 1285, 135.5, 14%;
%F NMR (CDC}, CFCh): ¢/i 135.05 (dJ) = 274.5Hz, 1F),i 132.63 (d,) = 258.7 Hz, 1F),117.79 (d,)

= 258.7 Hz 1F);113.74 (dJ = 274.5 Hz, 1F).
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cis-1-Ethyl-2,2,3,3tetrafluoro -4-[4-(4-propylphenyl)phenyl]cyclohexanel,4diol (3b)
[Known compound]Yield 96% (1.4 g, 3.4nmol), White solid m.p.: 139140 °C Analytical data
(*H NMR, *C NMR, F NMR, IR, and m.pyverein excellent agreement with reported data [1].

cis-1-Ethyl-2,2,3,3tetrafluoro -4-[4-(trans-4-propylcyclohexyl)phenyllcyclohexanel, 4-diol (3c)
[Known compounpYield 100% (1.3 g, 3.Inmol), White solid;m.p.: 110111 °G Analytical data
(*HNMR, *C NMR, F NMR, IR, and m.pyverein excellent agreement with reported data [1].

Typical procedure for the synthesis of

1-ethyl-5,5,6,6tetrafluoro -4-[4-(trans-4-propylcyclohexyl)phenyl}-1,3cyclohexadiene (&) [1]

To a solution of the didc (78 mg, 0.19 mmol) in pyridine (5 mL) was addkidpwisephosphorus
oxychloride (0.2 mL, 2.0 mmol) at room temperature. Then, the reaction mixture was heated at 90 °C
for 24 h. After cooling of the reaction mixture tammo temperature, the mixture was poured into
aqueous HCL3N) and extracted with ether three times. The combined organic layers were dried over
anhydrous N&Q, filtered, and concentratéal vacuo The residue was purified by silica gel column
chromatography to give the corresponding tetrafluorocyclohexadiene dededB%emg, 0.4 mmol,

74%yield).

1-Ethyl-5,5,6,6tetrafluoro -4-(4-propylphenyl)-1,3-cyclohexadiene (1a)

Yield 82% @.0g, 6.5 mnal); Colorless liquigIR (neat) 73031, 2965, 2874, 1611, 1513, 1464, 1268,
1128, 1077, 907, 885 ¢MHRMS (FAB+) calcd forCiH1g4[M]™: 298.1345, found: 298.1348H
NMR (CDCh): d0.97 (tJ = 7.5Hz, 3H), 1.19 (t) = 73 Hz, 3H), 1.66 (sext]l= 7.5 Hz, 2H), 2.39 (q
=73, 2H), 2.63 (t) = 7.5 Hz, 2H), 6.07 (dl = 62 Hz, 1H), 6.32 (dJ = 62 Hz, 1H), 7.21 (dJ = 84

Hz, 2H), 7.39 (dJ = 84 Hz, 2H) °C NMR (CDC}): d116, 13.9, 218, 246, 37.9, 114.2 (i) = 251.4,
267 Hz), 114.3 (itJ = 251.4, 267 Hz), 1234 (tt, J = 9.1, 25 Hz), 1256 (tt, J = 9.1, 25 Hz), 127.1,
1288, 130.61341 (t, J = 221 Hz), 137.0 (t) = 221 Hz), 1438; **F NMR (CDC}, CFCh): di 126.63
(d,J=49Hz, 2F); 123.30 (dJ= 7.5 Hz, 2F).
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4-Ethyl-5,5,6,6tetrafluoro -1-[4-(4-n-propylphenyl)phenyl]cyclohexal,3-diene (1b)
[Known compourHYield 96% m.p.: 103105 °C;Analytical data {H NMR, *C NMR, F NMR,

IR, and m.p.were in excellent agreement with reportedijat

1-Ethyl-5,5,6,6tetrafluoro -4-[4-(trans-4-propylcyclohexyl)phenyl}-1,3-cyclohexadiene (1c)
[Known compounpYield 74% m.p.: 62 63 °C;Analytical dataH NMR, **C NMR, *F NMR, IR,

and m.p.were in excellent agreement with reportedjat

Typical procedure for the synthesis of

trans-1-ethyl-2,2,3,3tetrafluoro -4-[4-(4-propyl phenyl)phenyljcyclohexane (B) [2]

Cyclohexand. ,4-diol (3b, 0.16g, 0.38 mmol) was adddo flask containing NaH (0.15 g, 318nol,

60% dispersion oiin THF (5.0 mL)and stirred for 30 min at room temperature. TR (0.23 mL,
3.8mmol) was added to the reaction mixture and stirreliftbrer2 h at room temperaturafter the
addition ofMel (0.23 mL, 3.8mmol) to the mixture and stirring for another 2 h teacion was
guenched with water and extracted witbCEthree times. The combined organic layers were washed
with brine, dried over anhydrous 86, and concentrated in vacuo. The residue was dissolved in
CH.Cl, (2.4 mL) thenBusSnH (0.40 mL, 1.%5nmol) andEtB (1.0 mol/L in hexane, 0.72 mL, 0.72
mmol) wereadded to the flask at room temperature. After stirring for 24 h, the reaction was quenched
with water and extracted with GEl, three times. The combined organic layers were washed with
brine, dried over dydrous NaSQ, and concentrated in vacuo. The residue was purified by silica gel
column chromatography (hexetiyl acetate 20:1) to obtain the corresponding cyclohekaas a
diastereomeric mixture. The mixture was purifiedttmgefoldrecrystallizaton from MeOH/EtO to

affordthe purdransisomer (0.038 g, 0.099 mmuokngcis= 100/0, 25% yield).

1-Ethyl-2,2,3,3tetrafluoro -(4-propylphenyl)cyclohexane (2a)

Yield 47% (0.055 g, 0.182 mmokrans: cis= 79 : 21 Colorless liquidIR (neat) /72961, 2874, 1516,
1459, 1284, 1146, 1063, 1014 tnHRMS (FAB+): calcd forfM]* CiHxFs 302.1658, Found:
302.1666H NMR (CDCh): ¢/0.96 (t,J = 72 Hz, 3H), 1.03 () = 76 Hz, 3H), 1.251.45 (m, 2H),
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1.65 (sek, J= 76 Hz, 2H), 1.752.30 (m, 5H), 2.59 (1= 76 Hz, 2H), 3.06(1.28 (m, 1H), 7.17 (d, J=
8.0Hz, 2H), 7.23 (dJ = 8.0Hz, 2H) °C NMR (CDC}): (trans isomer)d11.6, 13.9, 19.5, 24.5, 26.0,
27.6,37.7,42.7 (= 19.7 Hz), 46.7 ()= 19.8 Hz), 114.001122.5 (m, 2C), 128.4, 129.1, 132.3, 142.4;
(cis isomer)d12.5, 13.6, 18.2, 23.9, 26.8, 27.8, 43.8 ,19.6 Hz) "F NMR (CDCk, CFCh): (trans
isomer)]di 129.0 tai 128.1 (m, 1F); 128.0 tai 127.2 (m, 1F); 125.9 ta' 125.8 (m, 2F);disisomer)d
1127.316i 126.5 (m, 2F).

trans-1-Ethyl-2,2,3,3tetrafluoro -4-[4-(trans-4-propylphenyl)phenyl]cyclohexane (2b)
[Known compounpim.p.:117 118 °C; Analytical data’H NMR, *C NMR, **F NMR, IR, and m.p.)

were in excellent agreement with reported 23t
trans-1-Ethyl-2,2,3,3tetrafluoro -4-[4-(trans-4-propylcyclohexyl)phenyljcyclohexane (2c)

[Known compouridm.p: 95/ 96 °G Analytical data"H NMR, *C NMR, F NMR, IR, andm.p.)

werein excellent agreement with reported data [2].
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H NMR spectrum of methyl 2,23 afluoro4-oxo-4-[4-(4-propylphenyl)phenylbutanoatey)
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% NMR spectrum of methyl 2,2 3c®afluoro-4-oxo4-[4-(4-propylphenyl)phenyi]butanoatélg)
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FHafluoro4-oxo4-[4-(trans4-propylcyclohexyl)phenyl]butanoatéc]

'H NMR spectrum of methyl 2,2

90

fo— g6t

e
4

5.0

7.0

€0 — 0%l

G = Tesy

goe S _ 108
—_— re= s

X : pats pe Million : 1H

BRafluoro4-oxo4-[4-(trans4-propylcyclohexyl)phenyl] butanoatéc]

3¢ NMR spectrum of methyl 2,2

ol

O
CJ\OMG
Fa

i

Fo
Fa

E—votvtT

=
Fo
F®

fo
ES— 860
m N

——€ECTEe

E Tegoee
F o989
£ S — cos6e

S

[ —— o8ty

0 150.0 140.0

e
200.0 190.0 180.0 170.0 160

_
5

=

\

Q
@
<
8
—

SY9'€S

T9E0ET

2L5'95T
168'65T
61091
061097

Sv8T

©
K]
&
g
lion

13C

X : parts per Mi

S18



F NMR spectrum of methyl 2,2 3&afluoro4-oxo4-[4-(trans4-propylcyclohexyl)phenyl]butanoaté)
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'H NMR spectrum @&Ethenyi4,4,5,5tetrafluoro-6-(4-propylphenybd, 7-octadienes, 6-diol (5a)
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% NMR spectrum & Ethenyi4,4,5,5tetrafluoro6-(4-propylphenyhl, 7-octadiene3,6-diol (5a)
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'H NMR spectrum @& (3-Buten1-yl)-5-ethenyid,4,5,5tetrafluoro 5-(4-propylphenylytetrahydrodura@-ol (8a)
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3C NMR spectrum of @-Buten1-yl)-5-ethenyi4 4,5 5tetrafluoro5-(4-propylphenyl)tetrahydrodura®-ol (8a)
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% NMR spectrum & (3-Butenl-yl)-5-etheny#4,4,5 5tetrafluoro5-(4-propylphenyl)tetrahydrodurag-ol (8a)
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'H NMR spectrum of-Bthenyi4,4,5 5tetrafluoro6-[4-(4-propylphenyl)phenyilL, 7-octadiene3,6diol (5b)
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19F NMR spectrum @& Ethenyi4,4,5,5tetrafluoro6-[4-(4-propylphenyl)phenyill, 7-octadiene3,6-diol (5b)
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'H NMR spectrum of-@-Butenl-yl)-5-ethenyi4,4,5,5tetrafluoro5-[4-(4-propylphenyl)phenylietrahydrodurar-ol
(80)
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% NMR spectrum & (3-Butenl-yl)-5-etheny#4 4,5 5tetrafluoro5-[4-(4-propylphenyl)pheny]
tetrahydrodurar2-ol (8b)
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'H NMR spectrum of-Bthenyi4,4,5,5tetrafluoro-6-[4-(trans-4-propylcyclohexyl)phenyl], octadiene3,6-diol (5c)
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F NMR spectrum @&Ethenyi4,4,5,5tetrafluoro6-[4-(trans4-propylcyclohexyl)phenyll., 7-octadiene 3,6-diol
(50)
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'H NMR spectrum of-@-Butenl-yl)-5-ethenyi4 4,5 5tetrafluoro5-[4-(trans-4-propylcyclohexyl)phenyl]
tetrahydrofurar2-ol (8¢c)
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% NMR spectrum & (3-Buten1-yl)-5-etheny#,4,5 5tetrafluoro5-[4-(trans-4-propylcyclohexyl)pheny]
tetrahydrofurar2-ol (8¢)
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'H NMR spectrum of-Ethenyi5,5,6, 6tetrafluoro4-(4-propylphenyl2-cyclohexend  4-diol (4a)
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NMR spectrum df-Etheny5,5,6,6tetrafluoro-4-(4-propylphenyh2-cyclohexend 4-diol (4a)
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19F NMR spectrum dfEthenyi5,5,6,6tetrafluoro4-(4-propylphenyl2-cyclohexend, 4-diol (4a)
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'H NMR spectrum of-Ethenyi5,5,6,6tetrafluoro4-[4-(4-propylphenyl)phenyiP-cyclohexend, 4-diol (4b)
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3¢ NMR spectrum dtEthenyi5,5,6,6tetrafluoro4-[4-(4-propylphenyl)phenyiP-cyclohexend  4-diol (4b)
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19F NMR spectrum dfEthenyi5,5,6,6tetrafluoro4-[4-(4-propylphenyl)phenylp-cyclohexend.,4-diol (4b)
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'H NMR spectrum of-Ethenyi5, 5,6, 6tetrafluoro-4-[4-(trans4-propylcyclohexyl)pheny-cyclohexenel  4diol
(40)

3C NMR spectrum dtEthenyi5,5,6,6tetrafluoro4-[4-(trans4-propylcyclohexyl)pheny®-cyclohexenel 4-diol
(40)
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