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72(Table 1), FF=RFT F23 I LTI HEDOT VX 16 ZHNDHMET
BOSH R 2 i U7z (entry 1), £ DGR, HROREF 0/ OLF LT )L a—)1 24
PRFHNTIZ b ODRIERIZ & EF D (IR 34%), SOSRITIIRS O TR %
R23 WAL TCWNWDZ L2kl LT, £2C, 7% 16 & 2 JEITHML
TR TR E /R LTz (entry 2), EOFER, =ARF T F 23 B3 {EKL L, BHO
RET /LT L3 —)L 24 PNEINERTE LR 75%),

> = OTBS
B O\/\/\// Iy\/\‘/\ B o\/\/\/\l/\/\‘/\
" + 0 OTBS Table 1 BN OH OTBS

: otes :
16 OTBS 29 oTBS

24
Table 1.
entry condition result
1 16 (1.0 eq.), n-BuLi (1.1 eq.), THF, -78 °C, 45 min.  34%
then BF5-OEt, (1.2 eq.), 23 (1.0 eq.),-78°C, 3.5h
2 16 (2.0 eq.), n-BuLi (2.2 eq.), THF, -78 °C, 45 min. 75%

then BF5-OEt, (1.2 eq.), 23 (1.0 eq.), -78 °C, 3.5 h

Tablel. 7% 16 L AR K283 ) 7

WNT, REZ O/ ULF LT )L a— L 24 2OV T Ka OB GD
fREt %47 > 72 (Table 2), Ley BgfbZiRA7=23, BIED 7 k2 25 DL Z R T
o Tlz(entry 1), —FRLAE-E Y DUEHA L DA F NV ANVE A F T KL
Dess-Martin it3RIZ L2t 2FEh L7 & 2 A BRINRRN S 7 h o 25 B L
72 (entry2,3), NaHCO; Z ¥R L7- & 2 A, WD LR H BT S O DORILERIZ
& EFE o7 (entry 4),

7 oTes Y Y oes
/ /
BnO OH OTBS Table2 BnO

- ; o) OTBS
OTBS 24 OTBS 25
Table 2
entry reagent condition result
1 TPAP (0.05 eq.), NMO (5.2 eq.), MS4A, CH,Cl, 22h, 1t not detected
2 805-Py (5.0 eq.), Et3N (5.0 eq.), DMSO, CH,Cl, 15h, 1t 15%
3 Dess-Martin Periodinate (3.0 eq.), CH,Cl, 75h, it 17%

4 Dess-Martin Periodinate (3.0 eq.), NaHCO; (10 eq.), CH.Cl, 9 h, rt 31%

Table 2. 7'/ ULE LT L3 — )L 24 OELIIE Dt
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BnO OH OTBS Table 3
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24 25
Table 3
entry reagent condition result
1 H, (1 atm), Lindlar cat., EtOAc 40 h, rt 26, main product
2 H, (1 atm), Lindlar cat., MeOH 4.5h,rt 26, main product
3 H, (1 atm), Pd/C (10%), EtOAc 1.5h, 1t 26, main product
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JE—T )L 39 ~EFFE LTI quant.), T 2 CTELNTZTVF 2 39 (Cxf LT
Birch B2t &1T5 2 & T, FTEDT V7 2 40 D355 T- (I 93%), 'HNMR fi#
MricBasA v e 7a NoBoy 7Y 7ERJI=152Hz)) 6 ERTH
HZ EERMBR L, —H®“T7 NIV EREXCULETHREL T VLT —
TV AL ~EFHE LU 81%), Z Z T Sharpless HIZ L D ESINTZARFTE
ReE Ak BIcX Y C79-C96 7T 7 A v b 42 DA Z K L2, B
ST H ODIRIRIZ & EF o 7o (IF 26%., FUEHAIY 35%), 15D & &\ TIPS
ERGRZEL TS EE X, TIPS BERELTZOLIZRAEYE Fex i
ERHEDZEE LT, FT VI NLT—T/1 41 O TIPS ZfRETH2 & Tz
—/L 43 ~LFHE LT, Sharpless DAFTE FarXifbBoobic, —fHFk7 /L=
—/L % BB TIPS £ CHRET 5 Z & TN 51% in two steps), Symbiodinolide C79-
C96 7T T Ak AR2UDEREET L,
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6,0

2,6-lutidine
CH,CI.

BnO L., BnOC oTf

-78°C
86%

34

n-Buli

DMPU

THF BnO

—_—
-78°C

82%

R=TBPDS (38)
R=H (38) I TBAF, THF, rt, 98%

R=TIPS (39) < TIPSCI, imidazole, DMAP, DMF, t, quant.

i Na, lig. NHs, THF/t-BuOH

-78 °C, 93%

BnBr, NaH, TBAI, THF
0°Ctort, 81% AD-mix

BnO

TBAF, THF _
rt, 78% (2 steps from 40) 1) OADéﬂ;IIXr[:, MeSO,NH,, t-BuOH/H,0
°Cto
2) TIPSCI, imidazole, DMAP, CH,Cl,
BnO oH 1t BnO

51% in 2 steps

Scheme 6. C79-C96 7 5 7 A > kDAL
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FONHT ERIFTEE I KD 2 D% O REE

Aiizk L7z Symbiodinolide C79-C96 7 7 7' A ' Rk DA ML T B L= k0 7 %
EN L. C79-C104 7 Z 7 A b 44 OGN LFFREIZ LD EDOBER I
7=(Figure 2)'%, = ZTHKL7=7 7 27 A b & Symbiodinolide @ 3C NMR A<
7 MVERB LT Z A, ALY T P OR—EDHER S - (Table 4), T 95
MAZKHET 2 ATFNVEOILFE Y 7 "R RELS B2 ENHLNE o T,

OH

HO

OH OH
Figure 2. Symbiodinolide C79-C104 7 7 7' A > b 44 Db #AkiE

position Symbiodinolide 44 Ad?
83 70.3 70.4 -0.1
87 97.0 97.2 -0.2
91 67.1 67.2 -0.1
92 42.0 41.8 +0.2
93 68.7 69.1 -0.4
94 80.9 80.9 0.0
95 33.5 33.1 +0.4
95-Me 19.0 17.3 +1.7
96 38.7 37.7 +1.0
97 70.5 70.1 +0.4
98 78.5 78.1 +0.4
99 68.8 69.4 -0.6
100 30.7 31.1 -0.4
101 67.1 67.3 -0.2

2 A 6 =0 Symbiodinolide— 0 44 in ppm
Table 4. Symbiodinolide C79-C96 7 7 77" 2 > k@ BC NMR by 7 b @ bhiig
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WIZ, BZODYT AT UVAY—%2TXTHEKL, Tb & KRR E D NMR
T BT S LW FENE b, EORER. symbiodinolide @
C79-C104 7 Z 7 A > b, 2B &7z 44 TlI7p <, 45 (DR HE AR E %
HT 5 Z &) iz (Figure 3),

OH Me OH
83
: OiVIe

measmmwmmwcwcm47§7fy$45@%%%@
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FLHET Fio

VL FICR A RREIEIZ & - T Symbiodinolide C79-C96 7 7 7' A v s DA%
BERY L 72(Scheme 7).

1,5-_U 2 o= @) b T TRIZTT VF 16 ~& | L-(-)-V > TE(1T7)
5T TRROEMBICCTRI Y R 23 ~EFHE L, TAX 16 2BELET
TFY REZARFTR23 LD SN2 T L - T, RET R 2L LT )L a— b
24 457, IRE T O s ULF LT L a—)L 2A b A a T X — )VER OFEE
B4 TRIZTRY 77—k 35 ~EFFE L7, NOESY A7 RMUZ XY | Fr
UM L F AT LA R T v X4 — W ECTH D Z L AR LT,

R-(-)-t R UEEEE A T L5 4 BEFEIC TT VX 34 ~EFHE L, T
WE B MHELTETEFI RE R 7T =835 D SN2 MISIZE D 7
V36 ~EFFEEL, C79-C96 7T 7 AL FNDORFBEKEHEE L, R5VE K
FIAbEET 7 TRICE > T, TN EH TS5 C19-C96 7T 7 A b
42 ~LFHEE LT,

7 steps

HO._~_~_0OH _“““P°_Bno
8 OTBS OTBS
OH OTBS
CO,H 7 steps OTBS
2
HO,C™ ™~ — O (> otBs 24
OTBS
17 23
4 steps BnO fe}
e “o oTf Me
~__OTBDPS
BnO (0]
35 7
o
Me Me
B : 36
B 4 steps B
OH OTBDPS
Meozc/\/ = l 7 steps
29 34
OH Me
BnO. (0] -
p OTIPS|
‘0
OH
C79-C96 fragment 42

Scheme 7. Symbiodinolide C79-C96 7 7 7" A > bk 42 DA%
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General Method

Optical rotations were recorded on JASCO DIP-1000. IR spectra were recorded on
JASCO FT/IR-460 plus. 'H and '3C NMR spectra were recorded on JEOL JNM-EX270,
JNM-A400 and JINM-A600. Chemical shifts in the NMR spectra are reported in ppm with
reference to the internal residual solvent ("H NMR, CDCl3 7.26 ppm, CsDs 7.15 ppm,
CD3OD 3.31 ppm; 3C NMR, CDCIs 77.0 ppm, CD30D 49.0 ppm). The following
abbreviations are used to designate the multiplicities: s = singlet, d = doublet, t = triplet,
m = multiplet, br = broad. Coupling constants (J) are in hertz. High resolution mass
spectra were recorded on Waters Micromass LCT (ESI-TOF-MS).

Propargyl Alcohol 11

To a solution of TMS acetylene (7.5 mL, 53.7 mmol) in THF (140 mL) was added a
solution of 1.59 M n-BulLi in hexane (30.4 mL, 47.8 mmol) at -78 °C and the mixture was
stirred for 1 h. Then, aldehyde 10 (3.4 g, 17.7 mmol) was added and the mixture was
stirred at -78 °C for 1.5 h. The reaction was quenched with H2O and extracted with Et20.

The organic layer was washed with brine and dried over NaxSO4. Concentration and

column chromatography (hexane/EtOAc = 8:1) gave propargyl alcohol 11 (4.52 g, 92%):
'"H NMR (270 MHz, CDCl3) §7.28-7.19 (m, 5H), 4.44 (s, 2H), 4.28 (dd, J= 5.9 Hz,11.9
Hz, 1H), 3.42 (t, J = 6.8 Hz, 2H), 1.96 (d, J = 0.8 Hz, 1H), 1.69-1.44 (m, 6H), 0.01 (s,
9H).

a.f-Unsaturated Ketone 12

To a solution of propargyl alcohol 11 (4.41 g, 16.0 mmol) in CH2Cl> were added dried
MS4A (2.0 g), N-methyl morphorine (11.25 g, 83.2 mmol) and TPAP (281 mg, 0.80

mmol) at room temperature; then the mixture was stirred for 1 h. Concentration and

column chromatography (hexane/EtOAc = 10:1, 8:1) gave a,B-unsaturated ketone 12
(3.18 g, 72%): 'H NMR (400 MHz, CDCl3) §7.27-7.19 (m, 5H), 4.43 (s, 2H), 3.41 (t, J
= 6.4 Hz, 2H), 2.52 (t, J=7.2Hz, 2H), 1.70 (m, 2H), 1.57 (m, 2H), 0.16 (s, 9H).
Propargyl Alcohol 14

To a solution of a,B-unsaturated ketone 12 (3.51 g, 12.8 mmol) in i-PrOH (100 mL) was
added Ru catalyst 13 (244 mg, 0.41 mmol) at room temperature and the mixture was

stirred for 1 h. Concentration and column chromatography (hexane/EtOAc =8:1, 6:1, 4:1)
gave propargyl alcohol 14 (3.45 g, 98%, >99% ee): 'H NMR (270 MHz, CDCls) &§7.28-
7.18 (m, 5H), 4.44 (s, 2H), 4.29 (dd, J = 12.2 Hz, 6.8 Hz, 1H), 3.42 (t, /= 6.2 Hz, 2H),
1.78 (d, J=5.7 Hz, 1H), 1.67-1.47 (m, 6H).
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Terminal Alkyne 15
To a solution of propargyl alcohol 14 (39.2 mg, 0.142 mmol) in MeOH (2.0 mL) was

added K2COs3 at room temperature and the mixture was stirred for 1 h. The reaction was
quenched with saturated aqueous NH4Cl and extracted with EtOAc. The organic layer
was washed with H2O and brine; then dried over Na>SO4. Concentration and column
chromatography (hexane/EtOAc = 10:1, 2:1) gave terminal alkyne 15 (29.9 mg, 97%):
'"H NMR (270 MHz, CDCls) §7.28-7.18 (m, 5H), 4.44 (s, 2H), 4.26 (m, 1H), 3.41 (t, J =
6.2 Hz, 2H), 2.73 (br, 1H), 2.38 (d, /= 1.9 Hz, 1H),1.98-1.44 (m, 6H).

Silyl Ether 16

To a solution of terminal alkyne 15 (2.01 g, 9.21 mmol) in CH2Cl> were added 2,6-lutidine
(2.5 mL, 21.2 mmol) and TBDPSOTTf (3.2 mL, 13.8 mmol) at 0 °C; then the mixture was
stirred for 1 h. The reaction was quenched with MeOH and extracted with Et2O. The
organic layer was washed with H20 and brine; then dried over Na2SO4. Concentration
and column chromatography (hexane/EtOAc = 20:1) gave silyl ether 16 (3.13 g, quant):
'"H NMR (270 MHz, CDCl3) §7.27-7.19 (m, 5H), 4.43 (s, 2H), 4.27 (m, 1H), 3.41 (t, J =
4.6 Hz, 2H), 2.30 (d, /= 1.5 Hz, 1H), 1.64-1.44 (m, 6H), 0.83 (s, 9H), 0.06 (m, 6H).
Alcohol 20

To a solution of methyl ester 19 (5.15 g, 14.2 mmol) in hexane (34 mL) was added 0.94M
DIBAL in hexane (38 mL, 35.5 mL) at -78 °C and the mixture was stirred for 1 h. The
reaction was quenched with brine and filtrated with celite. The filtrate was dried over
NaxSO04. Concentration and chromatography (hexane/EtOAc = 10:1) gave alcohol 20
(3.98 g, 77%): 'H NMR (400 MHz, CDCls) & 3.88 (m, 1H), 3.75 (m, 1H), 3.61 (dd, J =
4.8 Hz, 10.0 Hz, 1H), 3.51 (dd, J = 7.2 Hz, 10.0 Hz, 1H), 2.71 (br, 1H), 1.89 (m, 1H),
1.76 (m, 1H), 0.89 (s, 18H), 0.07 (m, 9H). *C NMR (400 MHz, CDCl3) 6 73.1, 67.6,
60.6,37.5,-3.7,-4.2, -4.6.

lodide 21

To a solution of alcohol 20 in Et2O-MeCN (3:1, 48 mL) were added PPhs (1.92 g, 7.31
mmol), imidazole (498 mg, 7.31 mg) and I> (928 mg, 7.31 mmol) at room temperature;
then the mixture was stirred under reflux for 6 h. PPhs (1.92 g, 7.31 mmol), imidazole
(498 mg, 7.31 mg) and 12 (928 mg, 7.31 mmol) were added at room temperature and the
mixture was stirred under reflux for 8.5 h. The reaction was quenched with H.O and
extracted with Et20. The organic layer was washed with saturated aqueous NaHCO3 and
brine; then dried over Na>SO4. Concentration and column chromatography (hexane) gave
iodide 21 (1.71 g, 76%): '"H NMR (600 MHz, CDCl3) 63.73 (m, 1H), 3.57 (ddd, J=1.0
Hz, 2.5 Hz, 6.9 Hz, 1H), 3.41 (dd, J = 3.5 Hz, 6.9 Hz, 1H), 3.30 (m, 1H), 3.22 (ddd, J =
1.0 Hz, 5.9 Hz, 12.7 Hz, 1H), 2.14 (m, 1H), 1.94 (m, 1H), 0.88 (m, 18H), 0.06 (m, 12H).
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3C NMR (400 MHz, CDCl3) §73.6, 67.6, 39.4, 4.0, -3.4, -3.8, -4.6.

Alkene 22

To a solution of iodide 21 (1.54 g, 3.35 mmol) in benzene (33 mL) were added allyl
tributyltin (5.2 mL, 16.8 mmol) and AIBN (8.21 mg, 0.168 mmol); then the mixture was
stirred under reflux for 7 h. Concentration and column chromatography (hexane) gave
alkene 22 (986 mg, 82%): 'H NMR (400 MHz, CDCl3) §5.81 (m, 1H), 6.00 (td, J=1.6
Hz, 17.2 Hz, 1H), 5.94 (dd, J = 2.0 Hz, 10.0 Hz, 1H), 3.66 (m, 1H), 3.52 (m, 1H), 3.41
(m, 1H), 2.05 (m, 1H), 1.58-1.36 (m, 4H), 1.88 (m, 18H), 0.05 (m, 12H).

Epoxide 23

To a solution of alkene 22 (1.69 g, 4.71 mmol) in CH2Cl2 (47 mL) was added mCPBA
(894 mg, 5.18 mmol) at 0 °C and the mixture was stirred for 1h; then stirred at room
temperature for 6.5 h. The reaction was quenched with saturated aqueous NaHCO3 and
extracted with CH2Cl2. The organic layer was washed with H2O and brine; then dried
over Na2SOas. Concentration and column chromatography (hexane/EtOAc = 20:1) gave
epoxide 23 (1.46 g, 83%): 'H NMR (400MHz, CDCl3) §3.66 (m, 1H), 3.53 (m, 1H), 3.41
(m, 1H), 2.91 (m, 1H), 2.75 (t, /= 4.4 Hz, 1H), 2.46 (dd, J = 2.4 Hz, 5.2 Hz, 1H), 1.61-
1.42 (m, 6H), 0.89 (m, 18H), 0.05 (m, 12H). 3*C NMR (400 MHz, CDCls) 673.7, 68.1,
53.1,47.9, 34.9, 33.5,22.3,-3.9, -4.5. -4.6.

Homo-Propargyl Alcohol 24

To a solution of alkyne 16 (861 mg, 2.58 mmol) in THF (27 mL) was added 1.59 M n-
BuLi in hexane (1.8 mL 2.54 mmol) at -78 °C and the mixture was stirred for 1 h.
BF3-OEt: and a solution of epoxide 23 (237 mg, 0.63 mmol) in THF (3 mL) were added

at -78 °C and the mixture was stirred for 3.5 h. The reaction was quenched with saturated

aqueous NH4Cl and extracted with Et2O. The organic layer was washed with H20 and
brine, then dried over NaxSOs4. Concentration and column chromatography
(hexane/EtOAc = 10:1) gave homo-propargyl alcohol 24 (666 mg, 75%) and alkyne 16
(466 mg, 54%).

homo-propargyl alcohol 24: 'H NMR (400 MHz, CDCl3) 6 7.34-7.26 (m, 5H), 4.50 (s,
2H), 4.34 (t,J= 6.8 Hz, 1H), 3.69-3.64 (m, 2H), 3.54-3.38 (m, 4H), 2.43 (dd, /= 4.8 Hz,
16.8 Hz, 1H), 3.31 (dd, J= 6.8 Hz, 16.8 Hz, 1H), 1.91 (m, 1H), 1.69-1.35 (m, 12H), 0.88
(m, 27H), 0.05 (m, 18H)

Alchohol 25

To a solution of homo-propargyl alcohol 24 (645 mg, 0.91 mmol) in EtOAc (10 mL) were
added EtsN (1 mL) and 10% Pd/C (91mg, wet) at room temperature; then the mixture was
stirred under H> atomosphere (1 atm) for 2.5 h. The mixture was filtered with celite.

Concentration and column chromatography (hexane/EtOAc = 20:1) gave alcohol 25 (614
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mg, 95%): '"H NMR (400 MHz, CDCl3) 67.34-7.26 (m, 5H), 4.45 (s. 2H), 3.64 (m, 3H),
3.53 (dd, J=10.0 Hz, 15.6 Hz, 1H), 3.45 (t, /= 6.4 Hz, 2H), 3.40 (m, 1H), 1.63-1.33 (m,
14H), 0.89 (s, 27H), 0.05 (m, 18H).

Ketone 27

To a solution of alcohol 25 (626 mg, 0.88 mmol) in CH2Cl2 were added MS4A (158 mg),
N-methyl morpholine (619 mg, 4.58 mmol) and TPAP (15.5 mg, 44 umol) at room
temperature; then the mixture was stirred for 1.5 h. The mixture was filtrated with celite.
Concentration and column chromatography (hexane/EtOAc = 20:1) gave ketone 27 (579
mg, 96%): '"H NMR (400 MHz, CDCl3) 67.34-7.26 (m, 5H), 4.50 (s, 1H), 3.64 (m, 2H),
3.52-3.37 (m, 4H), 2.37 (m, 4H), 1.67-1.34 (m, 10H), 0.88 (m, 27H), 0.04 (m, 18H).
Spiroacetal 28

To a solution of ketone 27 (522 mg, 0.74 mmol) in MeOH (7 mL) was added CSA (34
mg, 0.15 mmol) at room temperature and the mixture was stirred for 2.5 h. The reaction
quenched with EtzN (3.5 mL). Concentration and column chromatography
(hexane/EtOAc = 4:1) gave spiroacetal 28 (247 mg, 96%): 'H NMR (600 MHz, CsD¢) &
7.30-7.08 (m, 5H), 4.32 (s, 2H), 3.74 (m, 1H), 3.58 (m, 1H), 3.50-3.43 (m, 2H), 3.33 (m,
2H), 1.96 (qt, J = 13.2 Hz, 4.1 Hz, 1H), 1.80 (m, 2H), 1.70-1.48 (m, 8H), 1.38-1.17 (m,
5H), 1.09 (m, 2H).

Triflate 35

To a solution of spiroacetal 28 (218 mg, 0.45 mmol) in CH2Cl2 (183 mg, 0.53 mmol) were
added 2,6-lutidine (0.19 mL, 1.59 mmol) and Tf20 (0.14 mL, 0.80 mmol) at -78 °C; then
the mixture was stirred for 1 h. The reaction was quenched with saturated aqueous
NaHCO3 and extracted with Et20. The organic layer was washed with saturated aqueous
CuSOs, H>O and brine; then dried with Na>SOs. Concentration and column
chromatography (hexane/EtOAc = 10:1) gave triflate 35 (218 mg, 86%); 'H NMR (600
MHz, CDCl3) ¢ 7.34-7.26 (m, 5H), 4.50 (s, 2H), 4.39 (m, 2H), 3.92 (m, 1H), 3.53 (m,
1H), 3.47 (m, 2H), 1.89 (m, 2H), 1.67-1.15 (m, 18H).

Alkyne 36

To a solution of alkyne 34 in THF (8.5 mL) was added 1.57 M n-BuLi in hexane (0.61
mL, 0.95 mmol) at -78 °C and the mixture was stirred at 0 °C for 1 h; then DMPU (2 mL)
and a solution of triflate 35 (183 mg, 0.38 mmol) in THF (1.5 mL) was added at -10 °C
and the mixture was stirred for 1.5 h. The reaction was quenched with saturated aqueous
NaHCO3 and extracted with Et20. The organic layer was washed with brineand dried over
Na2S04. Concentration and column chromatography (hexane/EtOAc = 40:1, 10:1, 1:1)
gave alkyne 36 (161 mg, 82%): 'H NMR (400 MHz, CDCl3) §7.67 (m, 4H), 7.41-7.33
(m, 11H), 4.49 (s, 2H), 3.74 (dd, J = 5.6 Hz, 9.6 Hz, 1H), 3.60 (m, 1H), 3.45 (m, 3H),
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2.63 (m, 1H).

Alcohol 38

To a solution of silyl ether 36 (21 mg, 321 umol) in THF 0.3 mL was added TBAF in
THF (14 pL, 48 pmol) at room temperature and the mixture was stirred for 7 h. The
reaction was quenched with H20 and extracted with Et2O. The organic layer was washed
with brine and dried over NaxSOs. Concentration and column chromatography
(hexane/EtOAc = 4:1, 2:1) gave alcohol 38 (13 mg, 98%): '"H NMR (400 MHz, CDCl3)
04.51 (s, 2H), 3.68 (m, 2H), 3.49 (m, 3H), 3.43 (m, 1H), 2.63 (m, 1H), 2.32 (ddd, J = 2.0
Hz, 7.6 Hz, 16.4 Hz, 1H), 2.26 (ddd, J=2.4 Hz, 5.6 Hz, 16.4 Hz, 1H), 1.95-1.83 (m, 3H),
1.67-1.37 (m, 16H), 1.18 (d, J = 12.8 Hz, 3H), 1.11 (m, 21H).

Silyl Ether 39

To a solution of alcohol 38 (43 mg, 0.11 mmol) in DMF (1 mL) were added DMAP (2.6
mg, 21 umol), imidazole (14 mg, 0.21 mmol) and TIPSCI (44 pL, 0.21 mmol) at room
temperature; then stirred for 20 h. The reaction was quenched with saturated aqueous
NH4Cl and extracted with Et20. The organic layer was washed with H20, saturated
aqueous NH4Cl and brine; then dried over NaxSOs. Concentration and column
chromatography (hexane/EtOAc = 10/1) gave silyl ether 39 (71 mg, quant.): 'H NMR
(400 MHz, CDCl3) 67.35-7.27 (m, SH), 4.51 (s, 2H), 3.79 (dd, J= 5.2 Hz, 9.6 Hz, 1H),
3.66 (m, 2H), 3.49 (t, /= 6.8 Hz, 2H), 3.45 (t,J = 9.2 Hz, 1H), 2.56 (m, 1H), 2.33 (ddd,
J=2.0 Hz, 8.0 Hz, 16.4 Hz, 1H), 1.67-1.43 (m, 18H), 1.17 (d, /= 7.2 Hz, 3H), 1.06 (m,
21H).

Alkene 40

To a solution of alkyne 39 (54 mg, 95 umol) in NH3/THF/~-BuOH (4 mL/1.6 mL/0.4 mL)
was added Na (132 mg) at -78 °C and the mixture was stirred for 1 h. The reaction was
quenched with NH4Cl (500 mg) and H20; then extracted with Et2O three times. The
organic layer was washed with brine and dried over Na2SOa4. Because the alkyne 39 was
remained, NH3/THF/-BuOH (4 mL/1.6 mL/0.4 mL) and Na (132 mg) was added at -78
°C and the mixture was stirred for 3.5 h. The reaction was quenched with NH4Cl (500
mg) and H20; then extracted with Et20 three times. The organic layer was washed with
brine and dried over Na2SO4. Concentration and column chromatography (hexane/EtOAc
=4:1) gave alkene 40 (44 mg, 93%): 'H NMR (400 MHz, CsD¢) §5.72 (td, J = 7.2 Hz,
15.6 Hz, 1H), 5.53 (dd, J=7.2 Hz, 15.2 Hz, 1H), 3.67 (m, 3H), 3.49 (dd, J= 7.6 Hz, 9.6
Hz, 1H), 3.39 (t, /= 6.0 Hz, 2H), 2.45 (m, 1H), 2.34 (m, 1H), 2.15 (m, 1H), 2.17 (m, 1H),
1.65 (m, 1H) 1.58-1.28 (m, 18H), 1.09 (m, 19H).

Alcohol 43

To a suspension of NaH (7.6 mg, 0.189 mmol, 60% dispersion in mineral oil, washed
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with hexane in advance) in THF (1.0 mL) were added alcohol 40 (18.3 mg, 37.9 pumol)
in THF (0.5 mL + 0.3 mL + 0.2 mL), BnBr (22 pL, 0.189 mmol), and TBAI (14.0 mg,
37.9 pmol) at 0 °C. The mixture was stirred at room temperature for 5 h. To the mixture
were added NaH (60% dispersion in mineral oil, 7.6 mg, 0.189 mmol) and BnBr (22 uL,
0.189 mmol) at room temperature. The mixture was stirred at room temperature for 15 h.
The reaction was quenched with MeOH at 0 °C. The mixture was diluted with EtOAc,
washed with H20O and brine, and then dried over Na2SO4. Concentration and short column
chromatography (hexane/EtOAc =40:1) gave benzyl ether 41 (31.5 mg), which was used
for the next step without further purification.

To a solution of silyl ether 41 obtained above (31.5 mg) in THF (1.0 mL) was added
TBAF (1.0 M in THF, 0.19 mL, 0.190 mmol) at room temperature. The mixture was
stirred at the same temperature for 1 h. The mixture was diluted with EtOAc, washed with
H20 and brine, and then dried over Na2SOs. Concentration and column chromatography
(hexane/EtOAc = 8:1, 2:1) gave alcohol 43 (12.4 mg, 78% in two steps): 'H NMR (400
MHz, CDCls) 6 7.34-7.28 (m, 5H), 5.61 (dt, J=15.6, 6.8 Hz, 1H), 5.32 (dd, J=15.6, 8.0
Hz, 1H), 4.51 (s, 2H), 3.58-3.42 (m, 5H), 3.32 (dd, /= 10.4, 7.6 Hz, 1H), 2.35-2.28 (m,
1H), 2.23-2.08 (m, 2H), 1.91-1.81 (m, 2H), 1.67-1.11 (m, 16H), 0.97 (d, /= 6.8 Hz, 3H).

Symbiodinolide C79-C96 Fragment 42
To a mixture of alkene 43 (17.5 mg, 42.0 pumol) and MeSO2NH: (4.0 mg, 42.0 umol) in
~-BuOH (0.5 mL) and H20 (0.5 mL) was added AD-mix-f (58.8 mg) at 0 °C. The mixture

was stirred at room temperature for 17 h. To the mixture were added MeSO2NH2 (1.0 mg,

10.5 umol) and AD-mix-f (15.0 mg) at 0 °C. The mixture was stirred at room temperature
for 3 h. The reaction was quenched with saturated aqueous NaHCO3. The mixture was
diluted with EtOAc and washed with H20 and brine. The aqueous phase was extracted
with EtOAc three times. The combined organic phase was dried over NaxSOs.
Concentration and short column chromatography (hexane/EtOAc = 1:1) gave the
corresponding triol (17.4 mg), which was used for the next step without further
purification.

To a solution of the triol obtained above (17.4 mg) in CH2Cl2 (1.0 mL) were added
imidazole (14.1 mg, 0.208 mmol), TIPSCI (32 pL, 0.149 mmol), and DMAP (3.6 mg,
29.7 umol) at 0 °C. The mixture was stirred at room temperature for 4 h. The reaction
was quenched with MeOH. The mixture was diluted with EtOAc, washed with H20 and
brine, and then dried over NaxSOas. Concentration and column chromatography
(hexane/EtOAc = 8:1) gave silyl ether 42 (13.0 mg, 51% in two steps): Rr= 0.20
(hexane/EtOAc = 4:1); [a]p?® +18.1 (¢ 0.09, CHCl3); IR (neat) 3465, 2938 cm™'; '"H NMR
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(400 MHz, CD30D) 6 7.31-7.24 (m, 5H), 4.48 (s, 2H), 3.96 (dt, J = 9.8, 2.7 Hz, 1H),
3.92-3.87 (m, 2H), 3.75-3.68 (m, 2H), 3.49 (t,J= 6.1 Hz, 2H), 3.27 (dd, /= 9.8, 2.7 Hz,
1H), 1.94-1.81 (m, 3H), 1.68-1.05 (m, 41H), 0.98 (d, J = 6.8 Hz, 3H); *C NMR (100
MHz, CD;0D) ¢ 140.0, 129.5, 128.9, 128.7,97.2, 79.0, 74.0, 71.7, 70.5, 69.5, 67.3, 42.3,
40.1, 37.7, 36.9, 33.2, 32.8, 31.2, 23.8, 20.5, 20.2, 18.8, 18.8, 15.2, 13.4; HRMS (ESI-
TOF), caled for C3sHs206SiNa [M + Na]™: 629.4213, found: 629.4220.
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"H NMR (400 MHz, CDCls) spectrum of 43
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'"H NMR (400 MHz, CD3;0D) spectrum of 42
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13C NMR (100 MHz, CD3;0D) spectrum of 42
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HoE SaBFEEERILEY cisitrans-4-B# 70 U ) — LEHERD
NEARFEEE) D> SEARTERIR B B Rk

B8 Fim
Fal ) —EEE LI, RERT7TI BTl Q) EEUOBKEAT 1k
EMRETH Y | ag%@ﬁ%@ BThorer ) PUBREAT D &%
o 5 (Figure 1), FEERALT:. KRS, EIRMLBEIF 72 SHELOFZES
FCHHSIN T HERHEOEVEERETH D,
R3

q HI\Q
R1

> @]
R<O HO
prolinol derivatives 1 proline (2)

Figurel. 7'm U/ — B8R 1 &7 v U QDL S

#R. Jorgensen HABHFE L7 0 U ) — VEREZ AT H AL 31X, RAEE
FROWFFEREIAZ IV Tl b A A 722 il D —->Tdb 2 (Scheme 1), Az &
D BNVRFIIVIED a i3 U CIRSIRICERIL 2B AT 5 2 L 23 AlHE
ThD, HxRBEBREOEANARETHD Z b, FEFITIAMED Bl
ThodI Enbhnd,

R'O,C.
2 3 WS wg
OTMS )J\//,__H BD.,_H R'OQC,NI"H
N Ar R R R
Ar 82-85% yield 71-74% yield  88-79% yield
o Ar = 3,5-(CF3),Ph 92-95% ee 94-95% ee 90-97% ee
i 3
o - R'O,C..
. L5 owg
R Ph S, F. N,
~ ’-H ’-’) R'02C I.H
R R R
60-94% yield 55-75% yield 79-84% yield
95-98% ee 91-97% ee 94-98% ee

Scheme 1. #k, Jorgensen H23BHFE L7z 7' U /7 — L AHEfMIE 3
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7l ) —)VEERIT, RIRERIEEDSOEIEHEL &Y O A RRAFZEIZ )

THART AR ERK & L TEROBREND S 23, E5I2iE, iy LR
g4 SIP 7 A= | e CCR3 ZAMIEGIHE =, A Y ADP U AR — A G Hkl%HE
BHEESK S0 SIP FF—VRHERK < 21X U & HEAV R ABERIC BV CESR
SER LAY O ER E L THIERA SN TWVWS

CgHi7

NH OH
" oS L
Me N
N H Vs t-Bu O A\
[LOH N/ ° H NQ)

0]
N CO,H
S1P agonist anti-virus agent Sphingosin kinase inhibitor

Figure2. 71V J — Vit & A4 2 EMIEM LS OLFE

A B ETIZ, WL ODDFEM 72 cisftrans-4-Efa 7' 1 ) ) — L DA LD B
HEINTE7 %, Goodman B, Wittig Sty & STAREREY 72 /K BRI 2 K]
Fi L7z cisltrans-4-7 /L3 v 7 a ) ) — )L DA E % 84 L= (Scheme 2)8, 7 F
VALK LT, Wittig OMZ K DRk RERIEE BT 57 V7 5 ~EFFE L
72, IXIZ Raney-Ni fitiit 2 N5 Z & Tcis {A% . Crabtree filliitz 5 = & T
trans (&% Buf5 L7z,

H, R
Raney-Ni
OH
e) R N\ N
2;)\/01-88 Wittig ofellnatson_; \ oH _| Boc 6

! | H, -
Boc Boc Crabtree's catalyst
4 5 - OH
N

Scheme 2. Goodman @ 7' )V — 712 X A& Rk

Hanessian & (%, RS & SRR 22K RSN X % cisltrans-4-7 YV —
nrna ) ) — O E RS L7=(Scheme 3)*°, 7 b 8iZktd4 27V —U
F 7 LFEO RGN L 0 =7 b3 —)0 9 ~ L F5E L 7-#12. Burgess
I A WK E D Tur 10 ~EFFEE Lz, RICPA/ICIZ X D cis
BIRMZOKFRIMzZL v Er Y P 11 #8G L2%, LiAIHsZ W Tz 27
NEBRTTHILE TSR THALT Va— L 12 #05 Liz, £/, 717210
12X L CLIAIHe Z W T AT VK ZBICTHZ & TT /L a—/L 13 ~LFFE
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L 72112, Crabtree fililit 2 7= trans R A7 KB IRINZ LD trans (K CTH 5
T a—)L 14 R EE LT,

o} OH Ar
Ar _
?_Hoﬂgu ArLi M(oﬂau Burgess reagent Z_L«oﬂgu
e Y
\ N y
Boc © Boc © Boc ©
8 9 10
Ar Ar
H, .
Pd/C OtBu  LiAlH,4 OH
N \
Boc O Boc
B 1 Hy 12
_ Ar Crabtree's  Ar.
LiAIH4 — catalyst '
— OH e OH
N N
éoc Boc
13 14

Scheme 3.Hanessian & D 7' /L — 72 X A& k1E
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Y.

- cis/trans-4-E#a 7 1 1) ) — )LEHEAR DN ARSI D> D NLAR

SR B RS

cisftrans-4-fEH# 7 1 U ) — JVEFE KO NTRFE B 10 SRR B0 A kG &
L CEFIARE L TLMmNA>HRFICEEICHAET 27 0 ) U LSRR
=L kU 77—k 15 %%E L7=(Scheme4), £ =/L bV 7 F— K 15 (2%
HIAR—Er oAy 7V TRIGICEY . Tk T — e Bk
PICEATBEBRELZEATHZENARETH L 1, IRWT, AREIRYKET
I SZ & o T cisltrans-4-B# 7 10 U ) —/L 1718 25T 5 &\ 9 BIE THh
%o KRFBEWMBUSZIBWTPAC ZFHTHZ & TFrY /) —v 2L DK
&5 cis /K723, [Ir(cod)(PCy3)py]PFs (Crabtree filiii)!2 Z 5 = & T2 LoD
RRMEFEICBUNL L7 2S BKFUSINETT L trans (RA B TE 5 B2 6 b

13

i R
1) cross-coupling |'3
— 2) reduction _ oc
ZM/OMG ) = q)Z\/OH T R2 17

H .

| I 2

Boc O Boc Crabtree's catalyst O\/OH
15 16 N

R' = aryl, alkenyl, alkyl Boc

18

Scheme 4. cis/trans-4-i&# 7" 17 U/ — )L DO FIHE R

IR E LT m U UEBERE O T A RE O Bt & 5 A 72 (Scheme 5),
7 R 1912% LT, NaHMDS & PINTE Z#HWTE=/L R 77— | 20 ~&
FHE LR 59%), SAR—EHIZ0AD v TV ko TT7 2= V%
ALTT NN 20 ~EFFEE LR 78%), AT NVTZAT NV ER LT HI ETT
Jba— b 22 ZEAF LTz, IRWTC, latm KFEFZFHSAL. [Ir(cod)(PCys3)py]]PFs'?

T2 SRR K B USIN 2 3 A 7=, trans-4-7 = =)L 7' J o 23 3 HL—D
DT AT LA —L LTHELIE S DD 87%), HFMENMEFT LTV
ZEMHABNE 5 T72(83% ee), FRIEHKAMHTOIE =LY 7T — MED L
FRICTC, Brl Dr 2 o BMAL ST LIZAREMENE WL E X DD,
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HO),B
o PhNTf, OTf (HO), Pd(PPhs),
NaHMDS Na,CO4
THF A\ 1.2 eq. DME-H,0
BocN

-78 °C, 59% 100 °C, 78%
OMe OMe

O o)
. O

19 20
LiBH, Crabtree's catalyst 3

Bocl D EtOH-THF N CH;Cl,
2 t, 99% BocN . 87% BocN ,
OH

OMe
o OH
21 22 23
83%ee

Scheme 5. trans-4-7 = =)L 7’11 J J — )L 23 G iEDO IR

VL EORRABEZ., #PRAE LTE=A M) 75— 24 2R E LT
T2 IR SRR A ARG 2 £ 22 L 7=(Scheme 6)13, 72 b, AW 1
VMO AT NI AEE Re XU AL FHET D 2 L TR bomEIZH S A&
RIS T D,

H, R?
Pd/C
= OH
TfO . R! N
1) cross-coupling é
- 2) deprotection - oc
h\/OTBS ) dep " U\,OH - e 26
y ) 2 '~
Boc Boc Crabtree's catalyst D\/ OH
24 25 N
R' = aryl, alkenyl, alky! Boc 27

Scheme 6. cis/trans-4-fEH# 7" 1 U/ — )L 26,27 O SLARIE BRI D> O SRR 5 K
R S
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FH SEASSRIRAY K SEUSINRTEAR D5 AR

ARATREIE O RIACHAE =L N 75—k 24 DARICET LT
(Scheme 7), £ 71 U UiBEIA 27 DT I/ J% Boc L TIR#E L 7D H I (X
F quant.), NaBHs & LiCl Z HWZEICIC LD A — 029 ~EFEST 5 LT
(I 92%). A FRAIEINC I T A F LT R F VENL & T L 20— WAL & 2548 L
oo IRWT, —f&T7/Va—/ L% TBS JCIRET D Z & T k7 /L 2—/1b 30 ~
&R L7 (IR 92%), TEMPO (kD ? 512 NaHMDS & PhNTH Z VT =
LR 7T —h24¥ L FFE LT,

OH Boc,0 OH NaBH, OH TBSCI
\ NaHCO, ‘ LiCl Et;N
HN _THPHO - Boen _THF . BooN _ CHCl |

CO,Me rt, gquant. CO,Me rt, 92% OH rt, 92%
27 28 29

OH 1) TEMPO 2) PhNTf, OTf

\ trichloroisocyanuric acid NaHMDS N

BocN CH,Cl, THF BocN
0°C -78°Ctort
OTBS 76% in 2 steps oTBS

30 24

Scheme?7. =)L s U 75—k 24 DEFRL

WIZE=V R 7T — K241 TH8AKR—EH7 A0y 7Y 7 KR
TBS H:fifri# TR O 2 1T - 72 (Table 1),

%7, PdCla(dppf)-CH2Cl2 & NaxCOsfFfE T, =L U 7T —h24 L7 =
AR B ERIGS T A, BB v 7V TSN ES D Z e 0
T& 7z, WRIZ, TBAF Z[lWTTBS & frET 52 Lk, 7va—/3la
15D 2 LN TE (IR 83% in 2 steps), [AERDSULSRIFIZIBWNT, 4- 4 R
VERR2-/3-/4-T AT =R a g, 2-F T F AR U BERNSZ ET
AT O H 115 51 72(31b-f @ YLZR 77-94%), — 5T 2,6-V A F /7 = =LK
o UigERWTEEAE, RS Crazxh vy 70 VRGN EIT Lo T,
OGS JE A DO&EE I NIRRT EZEZDND, S LR OMRETORRS., Pd il L L
T PACI(PCy3)2'CH2CLe Z VNS Z & TEIRAIZ 7 v AT > 7Y o T IOS DI LT
T5Z L& R L7319 : L3R 68%),

WIZT N = VBRI OGN AR LI L 2A, ST o R e UiEd L
EFRa VB ATVEHWD Z & T, T = VEEENEATHZ &
N TE72(31h-j : 83-99%), = HIZIX, FEROERIEIZTT AX A THDL AT
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NIRRT e NV EEHTHILEMHHPREDINRTEL LN TE
(31K : 56%. 311:57%).

1) PdCl,(dppf)-CH,Cl, (5 mol%)
Tio R'B(OH), (1.3 equiv)

_ Na,COs (3.0 equiv)
) OTBS dioxane/H,0, 100 °C Z_)\/OH
N

! 2) TBAF (2.0 equiv) )

Boc THF, 1t 6 h Boc
24 31a-31l
F
MeO F. E
SO OERS! Cr
31a 31b 31c 31d 31e 31f
1h, 83% ah,77% 12 h, 87% 12h,85% 12 h, 90% 12 h, 94%
Me
—_ e} MeO Me
@\ ‘\ P _\:\ Me\ \_\
Me A ' '
31g 31h 31i 31j 31k 311

14 h, 68%® 1 h, 83%° 1 h, 96%9 6 h, 99%° 1 h, 56%° 6 h, 57%

solated yields in two steps. Reaction times in the first step are given in the Table.
®PdCl2(PCys3)2:CH2Cl2 was used in place of PdClx(dppf)-CH2Clz. *Boroxines were used

in place of the corresponding boronic acids. “Boronic acid pinacol esters were used.

Table 1. /KEBEWMFTERA 31 DA% 2
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U AR — B2 W7 SRR cis-4-BH# 7 2 U ) — )L

FHEARDE L

Cis-4-EH T 1) ) —VOEHIELZMNT D720, val VU 2 LoOE#HK L
D NLARREE Z2 R U 7o ST A K BRI S % 3 2~ 7= (Table 2), 7 /v
3laZxf L C, latm KEFHE F. Pd/C ZH\25 Z & Tcis (KDA % EINET
3 HAVTC (R 95%), XKL T 2 & DA O &I TBEH# O TH NMR &t
T AHZETIRELEY, 7=V EO X X UL T VA v BEITKER
IS DO HERVEIZ BT 2 E I EIERE DO @SRRI RS D3 AT
L72(32b-e : V=R 83-97%), 2 BethEDF 7 F L HLICTE T b LR INAY 2 K R
INAHESFT L. RO HB9 235 57 (32F : IR 89%), R\W\T. RIS T
2,6-CAFINT = =LA OEFSERAT20N, RGO EETHOMNED
NIRhoTle, LR LBETORER, RS S LT PAOH)/C N5 Z & T
BN KBRS ETT 5 2 & &2 A L72(329 : ILE 95%), 7mrl J—
IV AT KIIR T D BN T VX VR A VT ¢ v OKRBIRINRTRRIZ B0
THKEBEETISDEIT L, *ET 2 4B T2 ) ) —ABNEGELNT, 05
. —HEOLEW T cislftrans (KNRG T 5 2 & AR L72(32h-1 @ 72-94%)'°,

R‘l R2
- H:
OH Pd/C OH
I\Il N
1
Boc MeOH, rt Boc
31a-31l 32a-321
F
- Q"0 0o o Qo
32a 32b 32¢c 32d 32e 32f

10 h, 95% 10 h, 93% 10 h, 97% 10h,89% 14 h, 83% 10 h, 89%

Me
Me— 0 MeO Me
Q‘ ¢ \‘ _\_\ Me\. \—\

Me
32g 32h 32i,5h,89% 32j,10h, 72% 32k 321,6 h, 84%
10 h, 95%" 10h,94%  (dr=68:32)° (dr=59:41)° 14h,77% (dr=43:57)°

A}

3[solated yield. PPd(OH)2/C was used in place of Pd/C. ®Diastereomeric ratio of Cis- and

trans-products.

Table 2. cis-4-EHr 7" 7 U J —)L 32 DA% 2
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BTN Crabtree il 2 F N /- SEAREEIRAY trans-4-EH#A 7 0 ) ) — )L

FHEIRDOE R

trans-4-iEHL 7 1 ) ) — VOB KIELZ ML T 5728, Crabtree filtfif 12 (2 K %57
RN K B IRNING 2 5 A 7= (Table 3), 7 /v 3lalZxf LT latm /K& 5% B
. F. Crabtree filtfi: 2 {EH éﬁfc & ZAtrans-4-7 ==L 71 J J— L 33l
TR T B 2 (=R 85%), 12 AERIEIZHEVESS LTz trans-4-7 = =
n7my ) —) 33a @i‘é?ﬁﬁﬁfiﬁﬁaﬁbﬂfﬁfm\ & BT LT OGS
>99%), T RO HLARGHIEILT & I LE ) Lf_ﬂd:&%?ﬂé’a/\ﬁmff% L&
2D, Bz REBIEN OWEHEXD 4-7 ) — 17 U VBRI L, ARG
FEEBEIS LI ZA, WTHNOEE S trans KD H AR IS 5 4172(33b,
33c, 33e, 33f : 79-93%), —H T. m-7/ A0 7 == )LERN2,6-FAFILT =
SNVEOEE, KBRS ET L7 -72(33d, 339)'7, R BT /L%
T N = VEDGA, BRI > TEEERENME T T2 00, KE
WIS 25 2 #:47 L 72(33h-331 : 63-89%)7,

R! H R®
Z:X/ [ 2(cod)(Pc )(py)IPF /
e0ECYIPYIPFs [ |
N OH  (1-2 mol%) Y OH
\ -
Boc CH,Cl,, rt Boc
31a-31l 33a-33I
- O "0 QL @ Cr
33a 33b 33c 33e 33f
14 h, 85% 12 h, 91% 10 h, 83% N.D.b 10 h, 79% 10 h, 93%
Me
Me— 0 MeO Me
@[ . € S CL ‘\_\ Me, \
Me i ' :
33g 33h 33i,12h, 79% 33j, 12 h, 79% 33k 331
ND.? 12 h, 63% (dr = 78:22)° (dr = 74:26)° 12 h, 89% 10 h, 79%

3[solated yield. PNot determined. Starting materials were recovered. *Diastereomeric ratio

of trans- and cis-products.

Table 3. trans-4-[E#1 7' 1 U J —/L 33 DERK
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Pd/C J UX Crabtree filfii: 2 FlN 72356 D H 70 2 STAEIRMEIL, LLUR O SO i
(2 &V R T & 5 (Figure 3),

Pd/C W6, 7al) ) —/v 2 fLOEHIL & O SLIRAELR 23 STAR SRR
XL TWDHEEZXLND, T7bb, B E ONIRREZRET D X 91T
WD B DOKRBIRMMBPESE U THEITT D720, cis (RAABIRIIIC AL LT,

Crabtree filtift 2 I\ 2356, 7l J— 2Dt K a2 i D EL
DSARIRIRMER IEL L TV D B2 HILD, 725, Crabtree iy 7' v Y
J =V 2D Ru v HATHEAL L2 S OGS EITT 5729, trans (K23 841

AT AR LTz,

/R
HO '
NN :
Boc—N 5 i Boc—N 5
disfavor ! favor
sterically control A E V coodination control
R‘f : R1
HO | HO
/NN : /NN
Boc— N . Boc—N
Gact) @
favor i disfavor
Pd/C i Crabtree's catalyst

Figure 3. SZAREEIRNEIZ BT % HEE SO A

38



HONED trans-4- A F L7 a ) UEFEARD AR

HifiECIcEON- 4B 0 Y ) —LFHERICHOWT, dudT57m Y
FHEAR A~ DI A 7K T 7= (Scheme 8), trans-4- A F /L7 11 U/ —/L 33k DRI
JixZ et L, TEMPO/PhI(OAc):!® & V5 Z & T trans-4- A F /L7 11 U o 348 ~
IR TERT 5 2 LN TE (R quant), Z OFRERNS | REKIEIL 4-E
o) VHEEOGRICHIERATE 52 &b,

Me. TEMPO e
g PhI(OAC),
&/OH MeCN/H,0 &
N N" Y CO,H
| |
Boc t, quant Boc
33k 34

Scheme 8. trans-4- A F /L7 11 J > 34 DA FK,

39



FLHET Fio

cis/trans-4-iE {7 1 U/ — )L DO STARFEE 0> D SRR 72 5 VL & ST L
oo PR THLIE=LV N 7T — M 242X LT, $WRK—EHI7a Al v
TV TRISERNTT 1Y ) — L 4SS T HEMREEZEAN LD BT,
— IR T T VO AR RET D 2 LT KFBEINBUSETERA 31 ~ L 75
L7z, TUV—NE TAr=nih, TAxAEERE Aa U BEORIIZE Vg
JRNEHRFE DB AN FHE T - 72,

WIS SEARIEINH K BRI L 0 | cisftrans-4-E#i 7 v ) ) — /L&A EfS L
Tco T7205H, PAC ZIZUD & T DAL — Rl 2 5 Z & Teis ik 32 &,
Crabtree filiift 2 FHHu 2% Z & C trans 1K 33 8RNI G RT D FiE &ML LTz,

E BIZIIARARREIZ THUS L 7= N-Boc-trans-4- A F)L 710 Y/ — )L 33K % ik
kT2 TRIETH7T 0 3~ LEIETHEET L EICHRPILT,

40



HI\ET SEBRIA
General Methods.

IR spectra were recorded on PerkinElmer Spectrum One FT-IR Spectrometer. 'H and '*C
NMR spectra were recorded on Bruker 400 UltraShield Plus. Chemical shifts in the NMR
spectra are reported in ppm with reference to the internal residual solvent (‘H NMR,
CDClI3 7.26 ppm; '3C NMR, CDCl3 77.0 ppm). The following abbreviations are used to
designate the multiplicities: s = singlet, d = doublet, t = triplet, m = multiplet, br = broad.
Coupling constants (J) are in hertz. High resolution mass spectra were recorded on LTQ

Orbitrap Velos Pro mass spectrometer equipped with an ESI Lockspray source.

Synthesis of Alcohol 28

A mixture of amine 27 (50 g, 275 mmol), (Boc)20 (63.1 g, 289 mmol), NaHCOs (57.8 g,
688 mmol) in THF/H20 (275 mL/275 mL) was stirred at room temperature for 18 h. The
mixture was concentrated and diluted with EtOAc. The organic layer was washed with
brine and dried over MgSQO4. Concentration gave alcohol 28 (68.7 g, quant.).

Synthesis of Diol 29

To a solution of NaBH4 (20.8 g, 550 mmol) and LiCl (23.3 g, 550 mmol) in THF (500
mL) was added a solution of alcohol 28 (68.7 g, 275 mmol) in THF (300 mL) at 0 °C and
the mixture was stirred for 5 h. The reaction was quenched with saturated aqueous NH4Cl
and the mixture was stirred at 0 °C for 30 min. The mixture was diluted with aqueous
(NH4)2S04 and extracted with CHCIs four times. The organic layer was combined, dried

over Na2SO4 and concentrated. Diol 29 was obtained as a colorless powder (55.1 g, 92%).
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Synthesis of Alcohol 30

A mixture of diol 29 (55.1 g, 254 mmol), TBSCI (40.2 g, 267 mmol) and Et3N (88.5 mL,
635 mmol) in CH2Cl2 (550 mL) was stirred at room temperature for 3 h. The reaction was
quenched with saturated aqueous NaHCO3 and the mixture was extracted with CHCls.
The organic layer was dried over Na2SO4. Concentration and column chromatography
(hexane/EtOAc = 9:1, 3:2) gave alcohol 30 (77.3 g, 92%)

Synthesis of Triflate 24

A mixture of alcohol 30 (5 g, 15.1 mmol), TEMPO (236 mg, 1.51 mmol),
trichloroisocyanuric acid (3.5 g, 15.1 mmol) in CH2Cl2 (30 mL) was stirred at 0 °C for 15
min. The reaction was quenched with saturated aqueous NaHCO3 and the mixture was
extracted with CHCls. The organic layer was washed with 1N HCI, dried over Na2SO4
and concentrated. The residue was used for the next step without further purification.

A solution of the residue in THF (15 mL) was dropped into 0.3 M THF solution of
NaHMDS (53 mL, 15.9 mmol) at -78 °C and the mixture was stirred for 20 min. A solution
of PhNTf (8.08 g, 22.6 mmol) in THF (15 mL) was dropped into the mixture at -78 °C;
then the mixture was stirred at room temperature for 16 h. The reaction quenched with
saturated aqueous NaHCO3 and the mixture was extracted with EtOAc. The organic layer
was dried over Na2SOas. Concentration and column chromatography (hexane/EtOAc =
1:0, 9:1) gave triflate 24 (5.3 g, 76% in two steps).

Synthesis of Common Intermediates 31a—31I for cis- and trans-4-Substituted Prolinols

A mixture of vinyl triflate 24 (0.3 M), boronic acid (1.3 equiv), PdCl2(dppf)-CH2CL2 (5
mol%), and Na2COs3 (3.0 equiv) in dioxane/H20 (3:1) was stirred at 100 °C. After vinyl
triflate 24 was consumed, the mixture was diluted with EtOAc and washed with saturated

aqueous NaHCOs, saturated aqueous NH4Cl, and brine. The organic layer was dried over
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Na2S04 and then concentrated. To a solution of the resulting crude material in THF (0.3
M) was added tetrabutylammonium fluoride (2.0 equiv) at room temperature. After the
mixture was stirred at the same temperature for 6 h, the reaction was quenched with
saturated aqueous NaHCOs3 and the mixture was extracted with EtOAc. The organic layer
was dried over Na2SOas and then concentrated. The resulting crude material was purified
by silica gel column chromatography to give 31.

3la: IR 3394, 2974, 2930, 2863, 1672, 1636, 1496 cm™!; 'H NMR (400 MHz, CDCl3) &
1.53 (s, 9H), 3.64-3.70 (m, 1H), 3.83-3.88 (m, 1H), 4.44-4.50 (m, 1H), 4.53-4.57 (m,
1H), 4.66-4.68 (m, 1H), 4.89-4.92 (m, 1H), 5.98-6.07 (m, 1H), 7.29-7.39 (m, 5H); *C
NMR (100 MHz, CDCls) 6 28.5, 54.3, 67.5, 68.6, 80.9, 120.1, 125.5, 128.7, 132.7, 138 .4,
156.6; HRMS (ESI) caled for C16H22NO3 [M + H]" 276.1600, found 276.1598.

31b: IR 3335, 2979, 2925, 2866, 1665, 1639, 1607, 1515 cm™!; '"H NMR (400 MHz,
CDCl3) 6 1.53 (s, 9H), 3.64 (dd, J =11.2, 7.7 Hz, 1H), 3.82 (s, 3H), 3.82-3.86 (m, 1H),
4.41-4.46 (m, 1H), 4.49-4.53 (m, 1H), 4.65-4.70 (m, 1H), 4.87-4.91 (m, 1H), 5.83 (s,
1H), 6.88 (d, J = 8.7 Hz, 2H), 7.32 (d, J = 8.7 Hz, 2H); '*C NMR (100 MHz, CDCIs) §
28.5,54.4,55.3, 67.6, 68.6, 80.8, 114.0, 117.9, 126.8, 137.8, 159.8, 169.1, 198.8; HRMS
(ESI) calcd for C17H24NO4 [M + H]" 306.1705, found 306.1702.

31c: IR 3392, 2975, 2931, 2865, 1671, 1637, 1602, 1511 cm™'; '"H NMR (400 MHz,
CDCl3) 6 1.53 (s, 9H), 3.66 (dd, J=11.2, 7.7 Hz, 1H), 3.84-3.86 (m, 1H), 4.42—4.55 (m,
2H), 4.63-4.65 (m, 1H), 4.89—4.91 (m, 1H), 5.92 (s, 1H), 7.02-7.08 (m, 2H), 7.34-7.37
(m, 2H); '3C NMR (100 MHz, CDCl3) § 28.5, 54.3, 67.4, 68.6, 81.0, 115.7 (d, JcF = 22.3
Hz), 119.9, 127.3 (d, JcF= 7.7 Hz), 137.3, 161.5; HRMS (ESI) calcd for Ci¢H21FNO3 [M

+ H]"294.1505, found 294.1504.
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31d: IR 3360, 2977, 2931, 2865, 1670, 1636, 1613, 1583 cm™'; 'H NMR (400 MHz,
CDCl3) 6 1.53 (s, 9H), 3.67 (dd, J=11.8, 7.7 Hz, 1H), 3.84-3.87 (m, 1H), 4.42—4.47 (m,
1H), 4.51-4.55 (m, 1H), 4.88-4.92 (m, 1H), 6.02 (s, 1H), 6.98-7.08 (m, 2H), 7.14-7.16
(m, 1H), 7.30-7.35 (m, 1H); 3C NMR (100 MHz, CDCI3) § 28.5, 54.2, 67.3, 68.6, 81.0,
112.4 (d, JcF=22.2 Hz), 112.6, 115.3 (d, JcF = 20.7 Hz), 121.3, 121.7, 130.2 (d, JcF =
8.5 Hz), 156.8, 163.0 (d, JcF = 244.3 Hz); HRMS (ESI) calcd for CisH21FNO3 [M + H]"
294.1505, found 294.1503.

3le: IR 3413, 2975, 2930, 2869, 1672, 1631, 1497 cm™'; '"H NMR (400 MHz, CDCls) §
1.53 (s,9H), 3.67 (dd, J=11.3, 7.2 Hz, 1H), 3.85-3.90 (m, 1H), 4.48—4.77 (m, 3H), 4.91—
4.94 (m, 1H), 6.18 (s, 1H), 7.07-7.16 (m, 2H), 7.24-7.30 (m, 2H); *C NMR (100 MHz,
CDCh) & 28.5, 55.0, 67.3, 68.7, 80.9, 116.1, 116.3 (d, JcF = 22.2 Hz), 124.2, 125.0 (d,
Jor=11.5Hz), 128.1, 129.6, 129.7, 156.5; HRMS (ESI) calcd for C1sH21FNO3 [M + H]"
294.1505, found 294.1505.

31f: IR 3363, 3051, 2977, 2903, 2871, 2845, 1658, 1633, 1599 cm™!; 'TH NMR (400 MHz,
CDCI) 6 1.56 (s, 9H), 3.71 (dd, J = 12.3, 7.7 Hz, 1H), 3.87-3.92 (m, 1H), 4.58-4.82 (m,
3H), 4.94-4.98 (m, 1H), 6.11 (s, 1H), 7.55-7.61 (m, 2H), 7.80-7.82 (m, 3H), 7.95-7.98
(m, 2H); *C NMR (100 MHz, CDCl3) § 28.5, 54.3, 60.4, 68.8, 81.0, 120.8, 123.3, 124.6,
126.5, 126.6, 127.7, 128.2, 128.3, 128.6, 133.1, 137.1, 138.4; HRMS (ESI) calcd for
C20H24NO3 [M + H]" 326.1756, found 326.1754.

31g: IR 3396, 2974, 2922, 2861, 1697, 1677, 1652, 1456 cm™!; 'H NMR (400 MHz,
CDCI) 6 1.50 (s, 9H), 2.25 (s, 3H), 2.25 (s, 3H), 3.71 (dd, J=11.3, 7.2 Hz, 1H), 3.86—
3.89 (m, 1H), 4.15-4.36 (m, 2H), 4.71-4.76 (m, 1H), 4.92-4.94 (m, 1H), 5.42 (s, 1H),

7.04 (d, J = 6.7 Hz, 2H), 7.12 (t, J = 6.7 Hz, 1H); 13C NMR (100 MHz, CDCl5) & 20.0,
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28.4,56.2,67.6,68.3,80.8, 118.0, 123.9, 127.4, 127.7, 135.9, 139.4, 156.6; HRMS (ESI)
caled for CisHasNO3 [M + H]* 304.1913, found 304.1909.

31h: IR 3393, 2976, 2933, 1672 cm™'; 'H NMR (400 MHz, CDCL3) § 1.51 (s, 9H), 3.59
(dd, J = 11.3, 7.7 Hz, 1H), 3.77-3.79 (m, 1H), 4.17-4.26 (m, 1H), 4.26-4.30 (m, 1H),
4.62-4.66 (m, 1H), 4.77-4.81 (m, 1H), 5.12 (d, J = 18.0 Hz, 1H), 5.22 (d, J = 10.8 Hz,
1H), 5.56 (s, 1H), 6.44 (dd, J = 18.0, 10.8 Hz, 1H); 3C NMR (100 MHz, CDCls) § 28.5,
52.8, 67.3, 68.1, 80.8, 116.9, 124.6, 130.3, 138.4, 156.6; HRMS (ESI) calcd for
C12H20NOs [M + H]* 226.1443, found 226.1438.

31i: IR 3416, 2974, 2929, 2866, 1672 cm™'; 'H NMR (400 MHz, CDCls) § 1.50 (s, 9H),
2.30 (brs, 2H), 3.58 (dd, J = 10.8, 7.7 Hz, 1H), 3.76-3.80 (m, 1H), 3.84 (t, J = 5.4 Hz,
2H), 4.19-4.31 (m, 4H), 4.63 (d, J = 8.7 Hz, 1H), 4.81 (brs, 1H), 5.50-5.57 (m, 1H), 5.65
(brs, 1H); 3C NMR (100 MHz, CDCls) 5 25.5, 28.5, 53.3, 64.0, 65.3, 67.4, 68.3, 80.8,
119.5, 124.7, 128.5, 138.9, 156.6; HRMS (ESI) caled for C1sH24NO4 [M + H]* 282.1705,
found 282.1703.

31j: IR 3410, 2977, 2931, 2874, 1677, 1657 cm™'; 'H NMR (400 MHz, CDCl3) & 1.50 (s,
9H), 3.36 (s, 3H), 3.55-3.60 (m, 1H), 3.74-3.80 (m, 1H), 3.99 (d, J = 5.7 Hz, 2H), 4.20—
4.41 (m, 2H), 4.62 (dd, J = 8.7, 1.5, 1H), 4.78 (brs, 1H), 5.54 (s, 1H), 5.66 (dt, J = 16.2,
5.8 Hz, 1H), 6.33-6.37 (m, 1H); '3C NMR (100 MHz, CDCls) & 28.5, 58.2, 67.3, 68.1,
72.5,75.0,80.8, 124.3, 125.4, 129.2, 137.5, 156.5; HRMS (ESI) calcd for C14H24NO4 [M
+ H]* 270.1705, found 270.1704.

31k: IR 3370, 2978, 2934, 1763, 1698 cm™'; 'H NMR (400 MHz, CDCls) & 1.49 (s, 9H),
1.75 (s, 3H), 3.54 (dd, = 11.3, 7.7 Hz, 1H), 3.71-3.75 (m, 1H), 3.94-4.07 (m, 2H), 4.69—

4.71 (m, 2H), 5.22 (s, 1H); 13C NMR (100 MHz, CDCl3) § 14.1, 28.5, 57.3, 67.6, 68.1,
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80.5, 120.4, 136.5; HRMS (ESI) calcd for C11H20NOs [M + H]" 214.1443, found
214.1438.

31l: IR 3393, 2963, 2932, 2873, 1732, 1700, 1682 cm™'; '"H NMR (400 MHz, CDCl3) &
0.93 (t,J=7.5 Hz, 3H), 1.44-1.52 (m, 11H), 2.03-2.07 (m, 2H), 3.53 (ddd, J=11.3, 7.7,
1.5 Hz, 1H), 3.73 (ddd, J=11.3, 9.4, 1.5 Hz, 1H), 3.95-4.22 (m, 2H), 4.68-4.75 (m, 1H),
5.21-5.28 (m, 1H); *C NMR (100 MHz, CDCl3) § 13.8, 20.6, 28.5, 30.8, 56.0, 67.8, 68.0,
80.5, 119.3, 141.0; HRMS (ESI) calcd for Ci3H2aNOs [M + H]" 242.1756, found

242.1753.

Synthesis of cis-4-Substituted Prolinols 32a—-32I

A mixture of alkene 31 (0.2 M) and Pd/C (0.2 w/w) in MeOH was stirred at room
temperature under H> atmosphere. After alkene 31 was consumed, the mixture was
filtered through a Celite pad and then concentrated. The resulting crude material was
purified by silica gel column chromatography to give 32.

32b: IR 3500, 2984, 2937, 2881, 1682, 1611, 1515 cm™!; '"H NMR (400 MHz, CDCl3) §
1.48 (s, 9H), 1.57-1.65 (m, 1H), 2.34-2.40 (m, 1H), 3.16-3.24 (m, 2H), 3.64-3.77 (m,
3H), 3.80 (s, 3H), 3.94-3.98 (m, 1H), 4.06-4.11 (m, 1H), 6.86 (d, J = 6.8 Hz, 2H), 7.15
(d,J=6.8 Hz, 2H); *C NMR (100 MHz, CDCl3) § 28.5, 36.6,41.8, 54.2,55.3,61.4,67.7,
80.6, 114.0, 127.9, 128.0, 132.0, 158.6; HRMS (ESI) calcd for C17H26NO4 [M + H]"
308.1862, found 308.1860.

32c: IR 3397, 2975, 2930, 2879, 1662, 1602, 1512 cm™'; '"H NMR (400 MHz, CDCls) §
1.48 (s, 9H), 1.61-1.66 (m, 1H), 2.36-2.41 (m, 1H), 3.17-3.28 (m, 2H), 3.64-3.80 (m,
2H), 3.94-3.98 (m, 1H), 4.05—4.11 (m, 1H), 5.19 (brs, 1H), 6.99-7.03 (m, 2H), 7.17-7.21

(m, 2H); *C NMR (100 MHz, CDCl3) § 28.5, 36.6, 41.9, 54.0, 61.4, 67.5, 80.7, 115.5 (d,
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Jcr=21.6 Hz), 128.5 (d, Jcr= 7.7 Hz), 135.7, 156.8, 161.8 (d, Jc F = 245.1 Hz); HRMS
(ESI) caled for C1sH23FNO3 [M + H]" 296.1662, found 296.1659.

32d: IR 3402, 2975, 2930, 2880, 1663, 1615, 1590, 1491 cm™'; 'H NMR (400 MHz,
CDCIs) 6 1.49 (s, 9H), 1.60-1.65 (m, 1H), 2.38-2.43 (m, 1H), 3.20-3.30 (m, 2H), 3.64—
3.78 (m, 2H), 3.98-4.11 (m, 2H), 6.92-7.02 (m, 3H), 7.28-7.31 (m, 1H); *C NMR (100
MHz, CDCIs) 6 28.5, 36.3, 53.7, 61.4, 67.5, 80.8, 113.9 (d, JcF = 16.2 Hz), 114.2 (d, JcF
=17.6 Hz), 122.8, 130.1 (d, Jcr = 8.5 Hz), 163.0 (d, Jc F = 246.6 Hz); HRMS (ESI) calcd
for C16H23FNO3 [M + H]" 296.1662, found 296.1661.

32e: IR 3402, 2975, 2930, 2881, 1665, 1584, 1492 cm™'; '"H NMR (400 MHz, CDCl3) §
1.49 (s, 9H), 1.68-1.77 (m, 1H), 2.36-2.43 (m, 1H), 3.28 (t,J = 10.8 Hz, 1H), 3.45-3.54
(m, 1H), 3.65-3.70 (m, 1H), 3.73-3.81 (m, 1H), 3.96-4.12 (m, 2H), 5.22-5.24 (m, 1H),
7.01-7.06 (m, 1H), 7.09-7.13 (m, 1H), 7.21-7.25 (m, 2H); *C NMR (100 MHz, CDCl3)
028.5,34.9,36.2,52.5,61.1, 67.5, 80.7, 115.6 (d, Jc.r = 22.3 Hz), 124.3, 127.9 (d, JcF =
4.6 Hz), 128.5 (d, Jcr = 7.7 Hz), 161.2 (d, Jcr = 245.8 Hz); HRMS (ESI) calcd for
C16H23FNO3 [M + H]" 296.1662, found 296.1659.

32f: IR 3508, 2978, 2936, 2893, 1681, 1601 cm™'; 'H NMR (400 MHz, CDCl3) & 1.50 (s,
9H), 1.74-1.83 (m, 1H), 2.46-2.52 (m, 1H), 3.33-3.47 (m, 2H), 3.69-3.86 (m, 2H), 4.04—
4.25 (m, 2H), 5.23-5.31 (m, 1H), 7.35-7.37 (m, 1H), 7.44-7.50 (m, 2H), 7.66 (s, 1H),
7.82-7.89 (m, 3H); *C NMR (100 MHz, CDCl3) § 28.5, 36.4,42.7,53.9, 61.5, 67.6, 80.7,
125.3, 125.6, 125.8, 126.3, 127.5, 127.6, 128.3, 132.5, 133.4, 137.5; HRMS (ESI) calcd
for C20H26NO3 [M + H]" 328.1913, found 328.1911.

32g: IR 3383, 2973, 2928, 1666 cm™!; 'H NMR (400 MHz, CDCl3) § 1.48 (s, 9H), 2.02—
2.07 (m, 1H), 2.21-2.26 (m, 2H), 2.40 (s, 3H), 2.40 (s, 3H), 3.60-3.79 (m, 4H), 4.02—

4.11 (m, 1H), 5.36-5.38 (m, 1H), 6.99-7.06 (m, 3H); 13C NMR (100 MHz, CDCl3) § 21.5,
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28.4,33.3,38.0,51.0,61.6, 67.5, 80.6, 126.7, 129.7, 135.3, 136.8; HRMS (ESI) calcd for
Ci1sH2sNOs [M + H]" 306.2069, found 306.2055.

32i: IR 3433, 2968, 2931, 2858, 1671 cm™'; 'TH NMR (400 MHz, CDCl3) § 1.31-1.42 (m,
3H), 1.47 (s, 9H), 1.52—1.98 (m, 5H), 2.85-2.90 (m, 0.68H), 2.98-3.02 (m, 0.32H), 3.32—
3.39 (m, 2H), 3.50-3.73 (m, 3H), 3.91-3.98 (m, 2H), 4.09 (brs, 1H), 5.26 (d, J = 8.7 Hz,
1H); 3C NMR (100 MHz, CDCls) § 28.5, 31.3, 31.7, 31.8, 33.3, 38.9, 39.0, 43.1, 51.0,
59.7,67.7,67.9, 77.2, 80.5; HRMS (ESI) calcd for C1sH2sNO4 [M + H]" 286.2018, found
286.2017.

32j: IR 3419, 2974, 2929, 2863, 1690, 1666 cm™'; 'TH NMR (400 MHz, CDCls) § 1.37—
1.43 (m, 2H), 1.47 (s, 9H), 1.53—-1.70 (m, 4H), 1.98-2.22 (m, 1H), 2.80 (t, J = 10.8 Hz,
0.59H), 2.98 (t, J = 9.5 Hz, 0.41H), 3.33 (s, 3H), 3.36 (t, J = 6.4 Hz, 2H), 3.48-3.73 (m,
3H), 3.90-3.98 (m, 0.59H), 4.05 (brs, 0.41H), 4.35 (brs, 0.41H), 5.30 (d, J = 8.7 Hz,
0.59H); '*C NMR (100 MHz, CDCls) § 28.2, 28.5, 29.5, 29.9, 34.5, 35.6,37.1, 37.3, 53.0,
53.3, 58.6, 59.6, 61.3, 67.9, 68.1, 72.6, 77.2, 80.3, 80.4, 157.2; HRMS (ESI) calcd for
C14H2sNO4 [M + H]" 274.2018, found 274.2017.

32I: IR 3420, 2957, 2927, 2871, 1692, 1666 cm™!; 'H NMR (400 MHz, CDCl3) & 0.89—
0.93 (m, 3H), 1.31-1.32 (m, 4H), 1.47 (s, 9H), 1.60-1.69 (m, 2H), 2.12-2.16 (m, 1H),
2.79 (t, J =10.5 Hz, 0.43H), 2.96 (t, J = 9.5 Hz, 0.57H), 3.47-3.71 (m, 3H), 3.90-3.96
(m, 0.43H), 4.04 (brs, 0.57H), 4.38 (brs, 0.57H), 5.34 (d, J = 8.7 Hz, 0.43H); *C NMR
(100 MHz, CDCls) 6 14.2, 21.3, 28.5, 34.6, 35.5, 35.6, 37.0, 37.2, 53.0, 53.3, 59.7, 61 .4,

68.0, 68.3, 80.3; HRMS (ESI) calcd for C13H26NO3 [M + H]" 244.1913, found 244.1911.
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Synthesis of trans-4-Substituted Prolinols 33a—33l

A mixture of alkene 31 (0.05 M) and [Ir(cod)(PCy3)(py)]PFs (1-2 mol%) in CH2Cl2 was
stirred at room temperature under Hz atmosphere. After alkene 31 was consumed, the
mixture was purified by silica gel column chromatography to give 33.

33b: IR 3493, 2980, 2938, 2876, 1682, 1610, 1514 cm™'; "H NMR (400 MHz, CDCl3) &
1.48 (s, 9H), 1.92-2.02 (m, 1H), 2.09-2.14 (m, 1H), 3.32-3.42 (m, 2H), 3.66-3.76 (m,
3H), 3.80 (s, 3H), 4.15-4.27 (m, 2H), 6.86 (d, J = 8.2 Hz, 2H), 7.14 (d, J = 8.2 Hz, 2H);
BC NMR (100 MHz, CDCI3) § 28.5, 35.9, 41.6, 54.1, 55.3, 59.8, 67.9, 80.5, 114.0, 127.9,
154.6, 158.5; HRMS (ESI) calcd for C17H26NO4 [M + H]" 308.1862, found 308.1858.
33c: IR 3418, 2981, 2941, 2879, 1676, 1600, 1512 cm™'; '"H NMR (400 MHz, CDCls) §
1.48 (s, 9H), 2.02-2.04 (m, 1H), 2.08-2.15 (m, 1H), 3.33-3.44 (m, 2H), 3.70-3.80 (m,
3H), 4.16-4.26 (m, 2H), 6.98-7.03 (m, 2H), 7.16-7.19 (m, 2H); 3*C NMR (100 MHz,
CDCl) 6 28.5, 35.9, 41.6, 53.9, 59.7, 67.8, 80.6, 115.5 (d, JcF=21.6 Hz), 128.4 (d, JcF
=17.7 Hz), 136.8, 156.9, 161.7 (d, JcF = 245.1 Hz); HRMS (ESI) calcd for Ci6H23FNO3
[M + H]" 296.1662, found 296.1659.

33e: IR 3412, 2975, 2932, 2878, 1666, 1584, 1492 cm™'; '"H NMR (400 MHz, CDCls) §
1.48 (s, 9H), 2.00-2.04 (m, 1H), 2.19-2.27 (m, 1H), 3.44-3.50 (m, 1H), 3.68-3.81 (m,
4H), 4.18-4.27 (m, 2H), 7.02-7.06 (m, 1H), 7.09-7.13 (m, 1H), 7.18-7.24 (m, 2H); 1*C
NMR (100 MHz, CDCl3) 6 28.4, 34.3, 35.7, 52.5, 59.5, 67.7, 80.6, 115.6 (d, Jc.F = 23.1
Hz), 124.3,127.5 (d, JcF= 3.9 Hz), 128.4 (d, Jcr = 7.7 Hz), 156.9, 161.0 (d, Jc F = 245.8
Hz); HRMS (ESI) calcd for C1sH23FNO3 [M + H]"296.1662, found 296.1657.

33f: IR 3497, 2976, 2940, 2881, 1682, 1600 cm™'; 'H NMR (400 MHz, CDCl3) & 1.50 (s,
9H), 2.04-2.10 (m, 1H), 2.25-2.33 (m, 1H), 3.51-3.62 (m, 2H), 3.72-3.79 (m, 2H), 3.84—

3.88 (m, 1H), 4.25-4.29 (m, 2H), 7.34-7.36 (m, 1H), 7.43-7.50 (m, 2H), 7.65 (s, 1H),
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7.77-7.82 (m, 3H); *C NMR (100 MHz, CDCl3) § 28.5, 35.8,42.5, 53.8, 56.9, 59.9, 67.9,
80.6, 125.3, 125.4, 125.7, 126.3, 127.6, 128.4, 132.5, 133.4, 138.5; HRMS (ESI) calcd
for C20H26NO3 [M + H]" 328.1913, found 328.1910.

33i: IR 3420, 2928, 2847, 1686, 1666 cm™!; 'H NMR (400 MHz, CDCl3) § 1.31-1.42 (m,
3H), 1.47 (s, 9H), 1.52-1.98 (m, 5H), 2.85-2.90 (m, 0.22H), 2.98-3.02 (m, 0.78H), 3.32—
3.39 (m, 2H), 3.50-3.73 (m, 3H), 3.95-3.98 (m, 2H), 4.09 (brs, 1H); *C NMR (100 MHz,
CDCl) 6 28.5,31.3, 31.7, 31.8, 33.3, 38.9, 39.0, 43.1, 51.0, 59.7, 67.7, 67.9, 77.2, 80.3,
80.5; HRMS (ESI) calcd for C1sH2sNO4 [M + H]" 286.2018, found 286.2018.

33j: IR 3420, 2974, 2928, 2862, 1691, 1666 cm™'; 'H NMR (400 MHz, CDCl3) § 1.37—
1.43 (m, 2H), 1.47 (s, 9H), 1.54—-1.70 (m, 4H), 1.98-2.22 (m, 1H), 2.81 (t, J = 10.5 Hz,
0.26H), 2.98 (t, J=9.5 Hz, 0.74H), 3.33 (s, 3H), 3.37 (t, J = 6.2 Hz, 2H), 3.48-3.73 (m,
3H), 3.90-3.98 (m, 0.26H), 4.05 (brs, 0.74H), 4.35 (brs, 0.74H), 5.30 (d, J = 8.7 Hz,
0.26H); 3C NMR (100 MHz, CDCl3) 6 28.2, 28.5,29.5,29.9, 34.6, 35.6,37.1, 37.3, 53.0,
53.3, 58.6, 59.6, 61.4, 67.9, 68.1, 72.6, 77.3, 80.3, 80.4, 157.2; HRMS (ESI) calcd for
C14H2sNO4 [M + H]" 274.2018, found 274.2017.

33l: IR 3421, 2957, 2928, 2871, 1693, 1666 cm™'; 'H NMR (400 MHz, CDCl3) § 0.89—
0.93 (m, 3H), 1.31-1.32 (m, 4H), 1.47 (s, 9H), 1.63—1.69 (m, 2H), 2.16 (brs, 1H), 2.96 (t,
J=9.5Hz, 1H), 3.49 (dd, J = 10.5, 7.5 Hz, 1H), 3.61 (t, J = 4.6 Hz, 2H), 4.04 (brs, 1H),
4.38 (brs, 1H); *C NMR (100 MHz, CDCl3) § 14.2, 21.3, 28.5, 34.6, 35.5, 37.0, 53.0,
59.7, 68.3, 80.2, 167.4; HRMS (ESI) caled for C13H26NO3 [M + H]" 244.1913, found
244.1912.

Synthesis of trans-4-Methyl Proline 34

A mixture of trans-4-methyl prolinol 33k (619 mg, 2.88 mmol), TEMPO (45 mg, 0.29

mmol), PhI(OAc)2 (2038 mg, 6.33 mmol) in CH3CN/H20 (7 mL/7mL) was stirred at rt.
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After trans-4-methyl prolinol 33k was consumed, the mixture was diluted with EtOAc
and 10% aqueous NaxS203. The water layer was extracted with saturated aqueous
NaHCOs and added 1N aqueous HCI (pH=3). An organic layer was extracted with EtOAc,
dried over NaxSO4 and then concentrated. trans-4-methyl proline 34 was obtained as a

colorless oil (710 mg, quant.).
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"H NMR (400 MHz, CDCls) spectrum of 31b
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'"H NMR (400 MHz, CDCls) spectrum of 31¢
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"H NMR (400 MHz, CDCl3) spectrum of 31d
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"H NMR (400 MHz, CDCls) spectrum of 31e
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"H NMR (400 MHz, CDCls) spectrum of 31f
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"H NMR (400 MHz, CDCl3) spectrum of 31¢
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"H NMR (400 MHz, CDCl3) spectrum of 31h
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"H NMR (400 MHz, CDCl3) spectrum of 31i
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'"H NMR (400 MHz, CDCls) spectrum of 31j
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"H NMR (400 MHz, CDCls) spectrum of 31k
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'"H NMR (400 MHz, CDCl3) spectrum of 311
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"H NMR (400 MHz, CDCls) spectrum of 32b
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'"H NMR (400 MHz, CDCls) spectrum of 32¢
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"H NMR (400 MHz, CDCl3) spectrum of 32d
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'"H NMR (400 MHz, CDCls) spectrum of 32e
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"H NMR (400 MHz, CDCls) spectrum of 32f
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"H NMR (400 MHz, CDCl3) spectrum of 32¢
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"H NMR (400 MHz, CDCl3) spectrum of 32i
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'"H NMR (400 MHz, CDCls) spectrum of 32j
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"H NMR (400 MHz, CDCls) spectrum of

321

3
=
8
]
=
A e e B B S L i e e o e e R
Chemical Shift (ppm)
P
&g
L300
o3& ~ ol
38 EEEF EEEEEE EEEREETETS gls
0o = A Shom—r~olT
55 3255° k- Tosdsiasly ([
) e X KA MR AN Kl
A 8 32 3 5 2 8
= B Be LS I &l
| AALRRAAN MARRE LAY SARRE EEAN RARRERRRAY ARRIRRAES RANMS RARAA NALEE RSN RARAL RALAN AR RARAS RANRI RN RRALE AANRS N ERASN EARRE RSN NRARL AL BARRRARRAY BB RRARN RAARA MRS
100 95 9.0 85 80 75 70 6.5 6.0 55 50 45 40 35 30 25 Chemical Shift (ppm)
Comment AA43477-002 Date 08 Mar 2018 22:23:17
Nucleus 1H Frequency (MHz) 400.1800 Solvent CHLOROFORM-d Operator -J Ando
Origin spect Sweep Width (Hz) 8417.00 Number of Transients 16

Pulse Sequence

13C NMR (100 MHz, CDClIs) spectrum of 321

77.3308
766952

2g30_Bruker AVANCEII400
N

w
)
g
&
g
S 2.2 | § = 8
5 83EENY  Hpgs| ° 5
s S336HS ek S = I <
@ O O e Fg 3 ‘ r
BEo8806 8
" l ) Ll 1 H\. J l
I I A B B L B B LA A B e B B o A BILAE
220 200 180 160 140 120 100 Chemical Shift (ppm)
Comment AA43477-002 Date 08 Mar 2018 22:53:24
Nucleus 13C Frequency (MHz) 1006253 Solvent CHLOROFORM-d Operator - J Ando
Origin spect Sweep Width (Hz) 2525175 Number of Transients 512

Pulse Sequence

74

zgpg30_Bruker_AVANCEIII4
00N



"H NMR (400 MHz, CDCls) spectrum of 33b
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'"H NMR (400 MHz, CDCls) spectrum of 33¢
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'"H NMR (400 MHz, CDCls) spectrum of 33e
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"H NMR (400 MHz, CDCls) spectrum of 33f
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'"H NMR (400 MHz, CDCl3) spectrum of 33i
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'"H NMR (400 MHz, CDCls) spectrum of 33j
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"H NMR (400 MHz, CDCl3) spectrum of 33l
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FIUE  HUEEEEE AT 5 8 2R ERRALEY trans-4-(4-7 7
FNT == T al) ) — L OfHEE R

Efh

Fingolimod 134 R E EL.O—FE T % lsaria sinclairii 7> S S 4U7= ISP-T % i
e LTS LA A i+ = & TRWE ST LA TH D (Figure 1),
Fingolimod IZ4EKNTY Vb &N 5 Z & T SIP ZFIEICHEM L THEL 27
B, WEENT v F=A e LTI, ZoRER, e U ook E 5 ER
LTWD U SRR Y o SHHARICEA TiA® S v, RiHIo U > ERO D % 3
WA L THAMIGH TR X 2 @Eie2 sl 5o 08 TE s

58 72 e e HIE ] 2 A4 5 Fingolimod 1%, 3 MERI{LAE DIEHEER L LTk
€T 2010 4F1T, AARTIL 2011 FFITERFEDBlAG LTc, FE5EBRIGOT 72 T
0w I RNAL—~ERE L, 2017 FEEDOED EIFIX 500 BHEZBZ 518 TH
%5 Z &, Fingolimod N ZFMAEAVIEICE Lip A& ICHBRL TWDH Z &7
VOYIRVAN
0 HO H,N

\CO,H
V\A)WVM
ISP-I OH OH
4
HO
H,N
OH
-HCI
Fingolimod

Figure 1. ISP-1 5 & U} Fingolimod Db AfiiE

R PR RPRENE & L = — 7 2B A ) = X 1 % F#O Fingolimod 132 < DHFSE
FOWMEEZEZ O, ZOFERICEET ZMELEAICE Z b Tn5,
Hanessian & 0 2 /L — 7' |X Fingolimod #EMARIZEIT 258D —Br & LT, trans-
4-(4-F 7 FNT == T ) —(1)H PC3 (ICso = 9.8 uM)Is L (X DU145
(ICs0 = 10.6 uM)MIFEFEIZ I W CHUERBEME A R T 2 & 23E Lo 2, 603 #H
L2 AREZ UL FIZRT(Scheme 1), trans-4-t R -L-7 1 U (2)D 2 #&
7 X % Boc JECHRE LNE 91%), 2 &7 /v 2 —/v % TEMPO BE{L(IEE 91%)
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T5Z LT by 3~LiEW-, t-BuOH/EDC/DMAP O FIiZ T t-7F /1=
ATV 4 NEFFEBELUTBRUGE 57%), 447 F L7 =7 a3 RGNPLAELD
77 V= U F 0 LTI KD REMIMBOSIZ LD =7 va—n 6 Z5uG LTz
(U 32%), Burgess it & W= E D Tour o 7~ & (R
67%). LiAlH43E T(IN K 72%) & Crabtree il 4 % F U 72 STAREER BO/K BRI
S XD —fk T 3 —v 8 B L7 (I 60%), HCLIZ &Y Boc & FRET
52 ETHTED trans-4-(4-4 7 FN 7 ==\ U ) —/()~EiFEE LTz 5,
T bb, trans-4-t Rai -7l 2 Z2HBEEEE L, 8 TR, KRIE
3.5%\C T trans-4-(4-A 27 FIL 7 = =) L)y7r J ) — /(1) DA Z ER L=,

O o]
~©F" 1) Boc),0, 91% +-BuOH, EDC
HN ~ Boc—N DMAP Boc—N
—
2) trichloroisocyanuric acid o
HO,C 2 TEMPO, 91% HO,C 3 57% t-BuO,C 4
CgH
n-BuLi CgHq7 gh7
BrQCBH17 ©/ Burgess reagent
5 Boc—N OH Boc—N__ |
67%
399 +BUOSC 6 t-BuO,C 7

1) LiAH, CeHiz CsHiy
72% . HCl ©
2) H,, Crabtree catalyst BOC—N 80% HN
60%
HO

8 HO 1

Scheme 1. Hanessian © |2 £ % trans-4-(4-4 27 F L7 == \)7a ) ) —/(1)DH
Fk
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B PUEBNEMWE trans-4-(4-4 7 FL T 2=l J—)L

DA A

RO trans-4-7 = = /v 70 U B E BT 2653 L TR I AL~D /N
a7 AERERTEIUE, 2o a PR BN ICEBREA A T 2 b
T trans-4-(4-4 27 FN7 =7 a U /) —)b (D)OWFENRERRIECRY 55
& &2 7-(Scheme 2), T 725, trans-4-7 = =/L 71 U UFFEK 9 OFEFERIC
KU CNTALRINIC N 7 BRI A EANTHZ ETT Y — AT A K10
NEBELEOBIZ, $AR-EHZ 0 A v TV 7 I 0 RIST S ER L A
BALTEDOBINARA b FE M 2 f 35 g Th 5, BEmOARIEL Y 4L
ORI ERIEITR D 95 LT 5,

g 9 T
CeH .
R1-N; halogenation RLN;] (HO),B~ st Hl\jj

CO,R? CO,R? HO
9 10 1

Scheme 2. trans-4-(4-F 7 F /v 7 = =) 71 U ) — )L OH kI
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HH ERETEHRSISS K DT ALEIRE) N1 7 Ak

IZUOIZ, e ALRTEMA 13 DA % G L 72(Scheme 3), Tk @ trans-
4-7 = =b-L-7a U AR LT, IR F U EZTF LT AT LEEA L
THL T I 2 ~E3F8E L0, T 2 EEZ N 7 vte 7Tk
THR#ET D Z LT, trans-4-7 = =/ 7 1 U UFBEIR 13 ~ & 8= (IR 74%,
2 steps)s

@ @ (CF5C0),0, EtN @
B HCI, EtOH CH,Cl, Q
50 °C 0°C F.C
3

Scheme 3. trans-4-7 — =/ /L7 11 U L EF#E(K 13 DAAK

WIZ trans-4-7 = =)L 7' 11 U EHER 13 126 A ALEEIRIY N1 7 AL DO F
Pt &1T - 7-(Table 1),

FINEEIRD T 2 L ORG 20 L 7=, NBS/(BzO»IZ L5 7 vElkd%
TN, FTL OB ITHEIT L7 h o 7= (entry 1), Bra/FeBrs & V7= SO Sef4: 2
BT, EMEO 7 TR 14 OEREZHRT DL EE o (entry 2), 7
TEJR % Bra 25 NBS ~EEBH L72E 2 A 10 SRINEIRAIC 7 e 23 1T

AT HEOW) 14 235 iz (entry 3, U3 24%, 14a:14b =70:30), < =
T, NBS/FeBrs DIRMEZEIM L= & Z A, IR/ T ALRNAC BB
14 D35 B L7 (entry 4, IR 80%. 14a:14b =70 : 30),

e, MEE IR 3 U R ORGETE i L7, 1/AgNOs D SFEETIC
53 0FN R AT L T A, NTAEIRWIICETLE O B9 15 23 jﬂ‘oﬂt
(entry 5, UU3E 54%. 15a:15b = 80:20), 72 HMatOfE R, BILAl %
PhI(OCOCF3)y ~E AR 35 Z & TR0 INENM L35 2 & & JLH L7 (entry 6,
I 66%, 15a:15b = 81:19), Io/ PhI(OCOCF3) DIRMEZ ML= L Z A, &
FICTHTLED I UHFIKEZEISG LT (entry 7, UL 80%, 15a:15b = 87:13), 7 1F&
bbb LT, 3 R T m LT a2 Elmndh o7z, TR
PRERORENVIURFEFDOIFZ ) PVLEAIREEL LV ZTO0T 0N EE X
bid,
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3 X
0] (0] ©/ o] @
N

RGN )

FsC CHClp, i, 14h  F.C FaC
EtO,C Et0,C EtO,C
3 14a: X =Br 14b: X = Br
15a: X = | 15b: X = |

Entry Conditions Yield (%)2 Ratio (a:b)P
1 NBS (1.2 equiv), benzoyl peroxide (1.5 equiv) N.D. N.D.C
2 Br2 (1.2 equiv), FeBr3 (1.5 equiv) N.D.¢ N.D.M
3 NBS (1.2 equiv), FeBr3 (1.5 equiv) 24 (14a + 14b) 70:30
4 NBS (4.0 equiv), FeBrs3 (4.5 equiv) 80 (14a + 14b) 70:30
5 I2 (1.2 equiv), AgNO3 (1.5 equiv) 54 (15a + 15b) 80:20
6 I2 (1.2 equiv), PhI(OCOCF3)2 (1.5 equiv) 66 (15a + 15b) 81:19
7 2 (2.5 equiv), PhI(OCOCF3)2 (3.0 equiv) 80 (15a + 15h) 87:13

3[solated combined yield. "Determined by '"H NMR spectra of the mixture of p- and o-
halogenated products. “Not determined. No reaction was observed. “Not determined.

Formation of trace amounts of 14a and 14b was observed.

Table 1. (LEERI) T 7 ALDMET
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FEUER  trans-4-(4-F4 7 FNLT7 =T a ) —LDERK

ATER CHUS L7z 9 w3HEIK 158 2 /- trans-4-(4-4 27 F 7 = =) 7 a
7 =) DB RO HETF LT=(Scheme 4), I 7 FE{A 15a (2% L
PdCla(dppf)-CH2Cl2/Na2COs z iUV 7z trans-1-4 7 F-1-A /LR 1 U FE(16) & Dés
AR-BHZ O AT T ) T KOBEDT VA v 17 45 7- (=R 51%), Pd/C
W ARZRIMZ LY trans-4-7 = =)L 7 a U UFFEK 18 2 ST BIRAIC S
B U722 (U 91%), LiBH4 B TLIC LD = F L A7 VOB ITLE N 704
n 7 v FNVEEOBREEIT O T & TULE 96%), trans-4-(4-4 27 F/NT = =)
a2l =)D EREER LT, HBEEO trans-4-7 = =L-L- 71 U b
6 THE, ¥V 23% CToH Y., Hanesssan H23HAE L TV D ERIE® LI, #RIE
35%) LR TUHET H LN TE T,

©/ 16

. PdCl,(dppf)-CH,CI o

o 2 2Cl H,, Pd/C
3 NQ Na,COj . }_NQ 2

Xe
dioxane/H0,90°C T 4 ot
EtO,C  15a 51% 2 17 ’

CBH'I 7 C8H17
>_N EtOH, 0 °C HN
EtO,C 18 HO

Scheme 4. trans-4-(4-4 7 F )V 7 = =)\ 7'a U J —)LDHERK

1
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EHE Lo

trans-4-(4-4 27 FN7 == )y7a J ) — L OMEERIZ OV TR L7z, £
THBAE AW OB IHEARE trans-4-7 = =)L 7' 1 U U iFEK 13 125%7
Hoa i A R L. I/ PAIIOCOCE: ), % FV 2 5otk R I T8 T (BRI
ICATLED 3 UHEKR 15a VPG TE 52 L2 R L7z (3K 80%, 15a:15b =
87:13), RWTEAR—EHZ 0 A v 7 7 EKREBEHRIMC LY 32— FEE A4
JFNEANEEBRLT-OBIZ, BIRRFMFTICTTXTORELLRET L L
T, PUEBEEEZ AT DA trans-4-4-4 7 FL7 == )7ra ) J —(1)D
AR E R LT-(4 6 TR, IR 23%),
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General Methods

Reagents were used as received from commercial suppliers unless otherwise indicated.
IR spectra were recorded on PerkinElmer Spectrum One FT-IR Spectrometer. 'H and '*C
NMR spectra were recorded on Bruker 400 UltraShield Plus. Chemical shifts in the NMR
spectra are reported in ppm with reference to the internal residual solvent (‘H NMR,
CDClI3 7.26 ppm; '3C NMR, CDCl3 77.0 ppm). The following abbreviations are used to
designate the multiplicities: d = doublet, t = triplet, m = multiplet. Coupling constants (J)
are in hertz. High resolution mass spectra were recorded on LTQ Orbitrap Velos Pro mass

spectrometer equipped with an ESI Lockspray source.

Trifluoroacetamide 13

To a solution of trans-4-phenyl-L-proline (11, 3.00 g, 15.7 mmol) in EtOH (58 mL) was
added 4N HCI (20 mL) at room temperature. The mixture was stirred at 50 °C for 20 h.
Concentration gave ethyl ester 12, which was used for the next step without further
purification.

To a solution of ethyl ester 12 obtained above in CH2Cl2 (52 mL) were added EtsN (6.5
mL, 47.1 mmol) and (CF3CO)20 (2.8 mL, 20.4 mmol) at 0 °C. The mixture was stirred
at 0 °C for 10 h and the reaction was quenched with H2O. The mixture was extracted with
CHCI3 and dried over NaSOs4. Concentration and column chromatography
(hexane/EtOAc = 4:1, 1:1) gave trifluoroacetamide 13 (3.67 g, 74% in two steps, 80:20
mixture of rotamers): IR 2984, 1742, 1688 cm™!; 'H NMR (400 MHz, CDCl3) & 1.31 (4,
J =7.2 Hz, 3H), 2.39-2.57 (m, 2H), 3.63-3.72 (m, 2H), 4.23-4.34 (m, 3H), 4.74-4.76

(m, 1H), 7.21-7.38 (m, SH); 13C NMR (100 MHz, CDCl3) § 14.1, 35.3, 42.8, 53.2, 60.4,
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61.8, 127.0, 127.7, 129.0, 138.5, 170.4; HRMS (ESI) calcd for CisHi7FsNOs [M + H]*
316.1161, found 316.1157.

Aryl Bromides 14a and 15b (Table 1, Entry 4).

To a solution of trifluoroacetamide 13 (100 mg, 0.317 mmol) in CH2Cl2 (1.6 mL) were
added FeBr3 (422 mg, 1.43 mmol) and NBS (226 mg, 1.27 mmol) at room temperature.
The mixture was stirred at room temperature for 14 h. Column chromatography
(hexane/EtOAc = 9:1, 7:3) gave a mixture of aryl bromides 14a and 14b (100 mg, 80%,
14a:14b = 70:30).

Aryl Bromide 14a (80:20 mixture of rotamers): IR 2983, 1741, 1690 cm™!; "TH NMR (400
MHz, CDCls) 8 1.31 (t, J = 7.2 Hz, 3H), 2.30-2.57 (m, 2H), 3.57-3.69 (m, 2H), 4.21-
4.32 (m, 3H), 4.72-4.75 (m, 1H), 7.10-7.12 (m, 2H), 7.47-7.49 (m, 2H); 3C NMR (100
MHz, CDCl3) & 14.1, 35.2,42.4, 52.9, 60.3, 61.9, 116.1 (q, J = 285.7 Hz), 121.5, 128.7,
132.1, 137.5, 155.8 (q, J = 37.5 Hz), 170.2; HRMS (ESI) calcd for Ci1sH1sF3NO3”Br [M
+ H]" 394.0266, found 394.0263.

Aryl Bromide 14b (80:20 mixture of rotamers): IR 2982, 1742, 1691 cm™!; "TH NMR (400
MHz, CDCls) 8 1.31 (t, J = 7.2 Hz, 3H), 2.37-2.49 (m, 2H), 3.65-3.73 (m, 1H), 3.94—
4.14 (m, 1H), 4.22-4.36 (m, 3H), 4.71-4.74 (m, 1H), 7.13-7.18 (m, 1H), 7.21-7.23 (m,
1H), 7.31-7.35 (m, 1H), 7.58-7.62 (m, 1H); 1*C NMR (100 MHz, CDCls) § 14.1, 34.3,
42.1, 51.8, 60.0, 61.9, 116.1 (q, J = 284.9 Hz), 124.9, 126.6, 128.1, 129.1, 133.6, 137.9,
155.9 (g, J = 37.6 Hz), 170.1; HRMS (ESI) calcd for CisHisF3NO3”Br [M + H]*
394.0266, found 394.0262.

Aryl lodides 13a and 13b (Table 1, Entry 7)

To a solution of trifluoroacetamide 13 (100 mg, 0.317 mmol) in CH2Cl2 (1.6 mL) were

added PhI(OCOCFs3)2 (409 mg, 0.952 mmol) and 1> (201 mg, 0.793 mmol) at room
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temperature. The mixture was stirred at room temperature for 14 h. Column
chromatography (hexane/EtOAc = 9:1, 7:3) gave a mixture of aryl iodides 15a and 15b
(112 mg, 80%, 15a:15b = 87:13).

Aryl Iodide 15a (80:20 mixture of rotamers): IR 2981, 1740, 1689 cm™'; '"H NMR (400
MHz, CDCls) & 1.30 (t, J = 7.2 Hz, 3H), 2.29-2.56 (m, 2H), 3.57-3.67 (m, 2H), 4.18—
4.32 (m, 3H), 4.72-4.75 (m, 1H), 6.96-7.00 (m, 2H), 7.66—7.70 (m, 2H); *C NMR (100
MHz, CDCl3) ¢ 14.1, 35.1, 42.4, 52.9, 60.3, 61.9, 92.9, 116.1 (q, J = 284.9 Hz), 128.9,
138.1, 138.6, 155.8 (q, J = 37.8 Hz), 170.2; HRMS (ESI) calcd for CisHi6F3NOsI [M +
H]" 442.0127, found 442.0120.

Aryl Iodide 15b (80:20 mixture of rotamers): IR 2981, 1741, 1688 cm™'; '"H NMR (400
MHz, CDCls) & 1.32 (t, J = 7.2 Hz, 3H), 2.31-2.49 (m, 2H), 3.62-3.70 (m, 1H), 3.95—
4.03 (m, 1H), 4.21-4.34 (m, 3H), 4.71-4.74 (m, 1H), 6.96-7.01 (m, 1H), 7.17-7.19 (m,
1H), 7.34-7.38 (m, 1H), 7.86-7.90 (m, 1H); 1*C NMR (100 MHz, CDCl3) § 14.2, 34.7,
47.1,52.0,60.0,61.9,101.3,125.9, 129.0, 129.4, 140.3, 141.2, 170.1; HRMS (ESI) calcd
for C1sH16F3sNOsI [M + H]" 442.0127, found 442.0122.

Alkene 17

To a solution of aryl iodide 15a (101 mg, 0.230 mmol) in dioxane (4.2 mL) and H20 (1.4
mL) were added trans-1-octen-1-ylboronic acid (16, 54.0 mg, 0.340 mmol),
PdCl2(dppf)-CH2Cl2 (9.3 mg, 11.0 umol), and Na2COs (72.3 mg, 0.690 mmol) at room
temperature. The mixture was stirred at 90 °C for 1 h and the reaction was quenched with
saturated aqueous NaHCOs. The mixture was extracted with EtOAc and dried over
NaxSOs4. Concentration and column chromatography (hexane/EtOAc = 9:1, 4:1) gave
alkene 17 (50.0 mg, 51%, 80:20 mixture of rotamers): IR 2925, 1743, 1694 cm™!; 'H

NMR (400 MHz, CDCl3) § 0.89 (t, J = 6.7 Hz, 3H), 1.24-1.36 (m, 9H), 1.37-1.49 (m,
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2H), 2.17-2.34 (m, 2H), 2.34-2.41 (m, 2H), 3.60-3.69 (m, 2H), 4.18—4.32 (m, 3H), 4.72—
4.75 (m, 1H), 6.22 (dt, J = 15.6, 6.7 Hz, 1H), 6.35 (d, J = 15.6 Hz, 1H), 7.14 (d, J = 8.2
Hz, 2H), 7.32 (d, J = 8.2 Hz, 2H); 1*C NMR (100 MHz, CDCI3) § 14.1, 22.6, 28.9, 29.3,
31.7, 33.1, 35.3, 39.4, 42.6, 53.2, 60.4, 61.8, 126.4, 127.1, 128.9, 131.9, 136.8, 137.5,
170.4; HRMS (ESI) caled for C23H31F3sNOs [M + H]" 426.2256, found 426.2250.

Octyl Benzene 18

A mixture of alkene 17 (35.0 mg, 82.0 umol) and Pd/C (7.0 mg) in MeOH (1.0 mL) was
stirred at room temperature under H> atmosphere for 2 h. Celite filtration and
concentration gave octyl benzene 18 (32.0 mg, 91%, 80:20 mixture of rotamers): IR 2925,
2855, 1744, 1695 cm™'; 'TH NMR (400 MHz, CDCl3) § 0.88 (t, J = 7.2 Hz, 3H), 1.26-1.32
(m, 15H) 2.33-2.42 (m, 2H), 2.58 (t, J = 7.7 Hz, 2H), 3.60-3.69 (m, 2H), 4.18—4.31 (m,
3H), 4.72-4.75 (m, 1H), 7.11-7.17 (m, 4H); '3C NMR (100 MHz, CDCl3) § 14.1, 22.7,
29.2,29.5, 31.5, 31.9, 35.4, 35.5, 38.8, 39.3, 42.5, 53.3, 60.4, 61.8, 116.1 (q, J = 285.7
Hz), 126.8, 129.0, 135.6, 142.5, 155.9 (q, J = 37.5 Hz), 170.4; HRMS (ESI) calcd for
C23H33F3NOs [M + H]" 428.2413, found 428.2407.

trans-4-(4-Octylphenyl)prolinol (1)

To a solution of ethyl ester 18 (20.0 mg, 47.0 pmol) in EtOH (1.0 mL) was added LiBH4
(4.1 mg, 0.190 mmol) at 0 °C. The mixture was stirred at 0 °C. for 1 h and the reaction
was quenched with saturated aqueous NaHCOs3. The mixture was extracted with EtOAc
and dried over Na>SOa. Concentration and HPLC (XBridge C18 column) purification (10
mM aqueous (NH4)2CO3/CH3CN = 3:7, CH3CN) gave trans-4-(4-octylphenyl)prolinol (1,
13.0 mg, 96%): '"H NMR (400 MHz, CDCls) § 0.88 (t, J = 7.2 Hz, 3H), 1.22-1.34 (m,
10H), 1.54-1.63 (m, 2H), 1.94-2.01 (m, 2H), 2.57 (t, J = 8.2 Hz, 2H), 2.93-3.00 (m, 1H),

3.26-3.35 (m, 2H), 3.40-3.44 (m, 1H), 3.54-3.61 (m, 2H), 7.10-7.14 (m, 4H); 3C NMR
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(100 MHz, CDCl3) ¢ 14.1, 22.7,29.3, 29.4, 29.5, 31.5, 31.9, 35.5, 35.8, 44.4, 54.6, 59.1,
65.2, 127.0, 128.5, 140.6, 141.0; HRMS (ESI) calcd for C19H32NO [M + H]" 290.2484,

found 290.2478.
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"H NMR (400 MHz, CDCls) spectrum of 14b
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"H NMR (400 MHz, CDCl3) spectrum of 15a
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"H NMR (400 MHz, CDCls) spectrum of 15b
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"H NMR (400 MHz, CDCls) spectrum of 17
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"H NMR (400 MHz, CDCls) spectrum of 18
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'"H NMR (400 MHz, CDCl3) spectrum of 1
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