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General	considerations	
	

Solvents	 and	 commercially	 available	 reagents	were	 purchased	 from	 standard	 chemical	 suppliers	 (Fisher,	

Sigma-Aldrich,	 ABCR,	 Borochem)	 and	 used	 as	 received	without	 further	 purification	 or	 drying.	 Exceptions	

were	 made	 for	 LiOtBu	 and	 KOtBu	 that	 were	 purified	 by	 sublimation	 prior	 to	 use	 and	 1,5,7-

Triazabicyclo[4.4.0]dec-5-ene	 that	was	purified	by	 recrystallization.	 	All	 glassware	was	 stored	 in	 the	oven	

and/or	was	flame-dried	prior	to	use	under	an	inert	atmosphere	of	gas.	Anhydrous	solvents	were	obtained	

by	filtration	through	drying	columns	(THF,	Et2O,	CH2Cl2,	DMF,	CH3CN,	toluene).	Reactions	were	performed	

under	 an	 atmosphere	 of	 dry	 nitrogen	 argon.	 Thin-layer	 chromatography	 (TLC)	 analyses	were	 done	 using	

aluminum	sheets	 coated	with	 silica	 gel	 60	 F254.	 Flash	 column	chromatography	 (FC)	was	 carried	out	using	

silica	 gel	 60	 Å	 (0.04−0.06	 mm).	 Preparative	 centrifugal	 thin-layer	 chromatography	 carried	 out	 on	 a	

Chromatotron,	Model	7924T	(Harrison	Research,	Palo	Alto,	CA,	U.S.A.);	the	rotors	were	coated	with	silica	

gel	60	PF254	containing	gypsum.	NMR	spectra	were	recorded	with	250	MHz	(BBFO	+	Z-GRD	Probe)	(1H:	250	

and	13C:	63	MHz),	500	MHz	(BBFO	+	Z-GRD	Probe)	(1H:	500	and	13C:	126	MHz)	and	600	MHz	(CPTCI	Z-GRD	

CryoProbe)	(1H:	600	and	13C:	151	MHz)	spectrometers	in	CDCl3.	Chemical	shifts	are	given	in	ppm,	calibrated	

to	the	residual	solvent	peak,	and	coupling	constants	“J”	are	expressed	in	hertz	(multiplicity:	s	=	singlet,	bs	=	

broad	 singlet,	 d	 =	 doublet,	 dd	 =	 double	 doublet,	 dt	 =	 double	 triplet,	 t	 =	 triplet,	 m	 =	multiplet).	 Optical	

rotations	were	determined	at	20	 °C	 in	 the	 specified	 solvents.	High-resolution	mass	 spectra	 (HRMS)	were	

performed	on	Q-TOF	Micro	micromass	positive	ESI	 (EV	=	30	V).	 Enantiomeric	 ratios	were	determined	by	

high-performance	liquid	chromatography	(HPLC)	with	a	chiral	column.	
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I	Synthesis	of	3-(benzofuran-2-yl)dihydrofuran-2(3H)-one	1.	
	

	
	

The	 5-hydroxyfuran-2(5H)-one	 (6.7	 g,	 67.4	mmol)	 and	 the	 2-Benzofuranylboronic	 acid	 (10	 g,	 61.3	mmol)	

were	dissolved	in	acetonitrile	(100	mL),	H2O	(2.5	equiv)	was	then	added.	The	reaction	was	stirred	until	total	

consumption	of	the	2-Benzofuranylboronic	acid	(TLC	analysis).	The	reaction	mixture	was	then	diluted	with	

CH3CN,	and	NaBH4	(2.318	g,	61.3	mmol)	was	added.	When	the	reduction	was	completed,	1	M	HCl	solution	

was	 carefully	 added.	 The	 reaction	mixture	was	 extracted	with	 CH2Cl2.	 The	 organic	 phase	was	 dried	 over	

MgSO4,	filtered,	and	concentrated	under	reduced	pressure.	The	crude	mixture	was	dissolved	in	CHCl3	(100	

mL),	 and	 p-toluenesulfonic	 acid	 was	 added	 (0.583	mg,	 3	 mmol).	 The	 reaction	mixture	 was	 then	 stirred	

overnight.	 The	 crude	 material	 was	 purified	 by	 silica	 gel	 column	 chromatography	 to	 yield	 the	 desired	

product	 as	 a	white	 solid	 (11.282,	 55.8	mmol,	 91%,),	 (Rf	 CH2Cl2	 =	 0.65)	mp	82-84°C	 .	 1H	 NMR	 (500	MHz,	

CDCl3):	δ	7.54	(d,	J	=	7.5	Hz,	1H),	7.45	(d,	J	=	8.0	Hz,	1H),	7.33	–	7.17	(m,	2H),	6.73	(s,1H),	4.56	(td,	J	=	8.5,		

4.4	Hz,	1H),	4.48	–	4.34	(m,	1H),	4.05	(t,	J	=	9.0	Hz,	1H),	3.05	–	2.34	(m,	3H).	13C	NMR	(126	MHz,	CDCl3):	δ	

178.4,	 137.5,	 134.6,	 129.8,	 129.1,	 127.6,	 125.1,	 122.1,	 116.5,	 67.8,	 43.9,	 30.3.	ESI-HRMS:	m/z:	 calcd	 for	

C12H10NaO3
+	([M	+	Na]+)	225.0528,	found	225.0527.	

	

	 	

1

CH3CN, 5 éq. H2O

then NaBH4
APTS, CHCl3

O
OH

O O
B(OH)2 O

O2)

1)

O

N
H

O



	 	
	

S5	

II	Asymmetric	Allylic	alkylation	of	Lactone	1		

II-a	Optimization	of	Ir-Catalyzed	Allylic	Alkylation	

General	procedure	A	for	Ligand	solvent	base	and	additive	screening:	

[Ir(cod)Cl]2	(3.4	mg,	0.005	mmol,	2	mol%),	LX	(0.01	mmol,	4	mol%),	and	TBD	(3.5	mg,	0.025	mmol,	10	mol%)	

were	charged	to	a	vial	(vial	1)	equipped	with	a	magnetic	stirring	bar.	The	vial	1	was	sealed	with	a	septum-

lined	cap	and	evacuated	and	backfilled	with	argon	three	times.	The	vial	1	was	then	charged	with	solvent	(1	

mL)	and	stirred	at	50°C	for	20	min,	generating	a	yellow	solution.	In	a	separated	vial	(vial	2),	was	charged	the	

lactone	(50	mg,	0.25	mmol,	1	equiv)	and	a	magnetic	stiring	bar.	The	vial	2	was	sealed	with	a	septum-lined	

cap	and	evacuated	and	backfilled	with	argon	three	times.	The	vial	2	was	then	charged	with	solvent	(1	mL)	

and	base/additive	(1	equiv)	was	added	and	stirred	for	10	min.	Cinnamyl	carbonate	(53	mg,	0.275	mmol,	1.1	

equiv)	 was	 then	 added	 to	 the	 vial	 1	 containing	 iridium	 complex	 followed	 by	 the	 content	 of	 vial	 2.	 The	

reaction	was	stirred	at	50°C	until	total	consumption	of	the	lactone	(TLC	analysis).	The	reaction	mixture	was	

filtered	 through	 a	 silica	 pad,	 rinsed	with	 ethyl	 acetate.	 After	 concentration	 under	 reduced	 pressure,	 the	

crude	residue	was	purified	by	silica	gel	column	chromatography	to	yield	the	desired	products.	
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Table	of	optimization	

	

	

Entry	 LX	 Base/Additive	 Time	(h)	 Yielda	(%)	 b/lb	 d.r.b	 e.r.c,d	

1	 L1	 LiOtBu	 1.5	 98	 85:15	 1.5:1	 9:91(12:88)	

2	 L2	 LiOtBu	 1.5	 90	 >20:1	 1.5:1	 3:97(6:94)	

3	 L2	 Cs2CO3	 1.5	 98	 >20:1	 1.5:1	 3:97(3:97)	

4	 L2	 LiHMDS	 1	 93	 >20:1	 1.5:1	 2:98(4:96)	

5	 L2	 KHMDS	 48	 -	 -	 -	 -	

6	 L2	 KHMDS/18C6	 0.5	 95	 >20:1	 1.5:1	 2:98(4:96)	

7	 L2	 NaH	 2	 95	 >20:1	 1.5:1	 4:96	(2:98)	

8	 L2	 ZnEt2	 1	 98	 >20:1	 1.2:1	 2:98	(9:91)	

9	 L3	 LiOtBu	 1.5	 95	 >20:1	 1.5:1	 3:97	(6:94)	

10	 L4	 LiOtBu	 1.5	 80	 >20:1	 4:1	 94:6(94:6)	

11	 L4	 -	 96	 -	 -	 -	 -	

12	 L4	 LDA	 1	 93	 >20:1	 4:1	 98:2(95:5)	

13	 L4	 LiHMDS	 1	 93	 >20:1	 4:1	 98:2(94:6)	

14	 L4	 LiHMDS/CuBr	 2	 50	 >20:1	 1.5:1	 60:40(55:50)	

15	 L4	 Cs2CO3	 12	 70	 4	:1	 1.5:1	 83:27(72:28)	

16	 L4	 KHMDS	 96	 -	 -	 -	 -	

17	 L4	 KHMDS/18C6	 16	 32	 1,5:1	 1.3:1	 72:28(63:37)	

18	 L4	 ZnEt2	 24	 51	 3:1	 1.9:1	 73:27(80:20)	
a	Yields	of	isolated	diastereoisomeric	mixture	a	Regioselectivity	(b:l)	and	dr	was	determined	by	1H	NMR	analysis	of	the	crude	mixture..	c	er	determined	by	
chiral	HPLC	analysis.	d	er	of	the	major	diastereoisomer	and	minor	diastereoisomer	given	in	parentheses.		
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Gram	scale	synthesis	of	compound	3:		

	

	

	

According	to	the	general	procedure	A.		

Vial	1	[Ir(cod)Cl]2	(68	mg,	0.1	mmol,	2	mol%);	(S)-L4	(114	mg,	0.2	mmol,	4	mol%);	TBD	(80	mg,	0.5	mmol,	10	

mol%);	carbonate	(1.056	g,	5.5	mmol);	THF	(10	mL)	

Vial	2	Lactone	1	(1.010	g,	5	mmol);	LiHMDS	1	M	in	THF	(5	mL);	THF	(10	mL)	

Diastereoisomeric	mixture	3	 (1.3	g,	4.08	mmol,	82	%)	was	obtained	as	a	yellowish	amorphous	solid	after	

silica	 gel	 column	 chromatography	 (Hexane/EtOAc)	 (98:2).	 The	 diastereoisomeric	 ratio	 (80:20)	 and	 regio	

selectivity	(>20:1)	were	determined	by	1H	NMR	of	the	crude	mixture.	1H	NMR	(500	MHz,	CDCl3):	δ	7.55	(d,	J	

=	7.5	Hz,	1H,	major	dia.),	7.53	–	7.47	(m,	2H),	7.45	(d,	J	=	8.0	Hz,	1H,	minor	dia.),	7.38	–	7.12	(m,	14H),	6.82	

(s,	1H,	major	dia.),	6.67	(s,	1H,minor	dia.),	6.38	(ddd,	J	=	16.5,	10.0,	8.0	Hz,	1H,	minor	dia.),	6.22	(dt,	J	=	16.5,	

9.0	Hz,	1H,	major	dia.),	5.26	–	4.85	(m,	4H),	4.38	(d,	J	=	9.0	Hz,	1H,	major	dia.),	4.28	(d,	J	=	8.0	Hz,	1H,	minor	

dia.),	4.24	–	4.13	(m,	2H),	3.99	–	3.87	(m,	2H),	2.91	(ddd,	J	=	12.5,	7.5,	4.5	Hz,	1H,	major	dia.),	2.83	–	2.66	

(m,	3H).	 13C	NMR	 (126	MHz,	 CDCl3):	δ	175.42	 (minor	dia.),	175.39	 (major	dia.),	154.9	 (minor	dia.),	154.8	

(major	dia),	154.0	(major	dia.),	138.8	(minor	dia.),	138.7	(major	dia.),	135.9	(minor	dia.),	135.3	(major	dia.),	

129.5	(major	dia.),	128.8	(minor	dia.),	128.6	(minor	dia.),	128.5	(major	dia.),	128.1	(major	dia.),	127.5	(major	

dia.),	127.4	(minor	dia.),	124.4	(major	dia.),	124.3	(minor	dia.),	123.0	(major	dia.),	122.9	minor	dia.),	121.11	

(minor	 dia.)	 121.11	 (major	 dia.),	 119.0	 (minor	 dia.),	 118.9	 (major	 dia.),	 111.2	 (major	 dia.),	 111.1	 (minor	

dia.),	 105.4	 (major	 dia.),	 105.2	 (minor	 dia.),	 65.8	 (major	 dia.),	 65.7	 (minor	 dia.),	 55.2	 (minor	 dia.),	 54.5	

(major	dia.),	53.5	(minor	dia.),	53.2	(major	dia.),	30.9	(minor	dia.),	29.0	(major	dia.).	ESI-HRMS:	m/z:	calcd	

for	C21H18NaO3
+
	 	 ([M	+	Na]+)	341.1154,	 found	341.1143.	Enantiomeric	Ratio:	99:1	major;	97:3	minor.	The	

enantiomeric	ratio	was	determined	by	HPLC	with	a	CHIRALCEL	IC	column	(hexane/iPrOH	=	90:10,	254	nm,	1	

mL/min),	 tR	(minor,	major)	 =	7.9	min,	 tR	 (minor,	minor)	 =	8.7	min,	 tR	 (major,	minor)	 =	9.9	min,	 tR	 (major,	

major)	=	10.8	min.	

	 	

O
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II-b	Substrate	scope	of	Allyl	Carbonate	Electrophiles	

General	procedure	B	for	Ir-AAA:	

	

[Ir(cod)Cl]2	(27	mg,	0.04	mmol,	2	mol%),	(Sa)-L4	(45	mg,	0.08	mmol,	4	mol%),	and	TBD	(28	mg,	0.2	mmol,	10	

mol%)	were	 charged	 to	 a	 vial	 (vial	 1)	 equipped	with	 a	magnetic	 stirring	 bar.	 The	 vial	was	 sealed	with	 a	

septum-lined	cap	and	evacuated	and	backfilled	with	argon	three	times.	The	vial	1	was	then	charged	with	

solvent	(1	mL)	and	stirred	at	50°C	for	20	min,	generating	a	yellow	solution.	In	a	separated	vial	(vial	2),	was	

charged	the	lactone	3	(404	mg,	2	mmol,	1	equiv)	and	a	magnetic	stiring	bar.	The	vial	2	was	sealed	with	a	

septum-lined	cap	and	evacuated	and	backfilled	with	argon	three	times.	The	vial	2	was	then	charged	with	

solvent	 (1	 mL)	 and	 LiHMDS	 1M	 in	 THF	 (2	 mL,	 2	 mmoL)	 was	 added	 and	 stirred	 for	 10	 min.	 Cinnamyl	

carbonate	(2.2	mmol)	was	then	added	to	the	vial	1	containing	iridium	complex	followed	by	the	content	of	

the	 vial	 2.	 The	 reaction	 was	 stirred	 at	 50°C	 until	 total	 consumption	 of	 the	 lactone	 (TLC	 analysis).	 The	

reaction	mixture	 was	 filtered	 through	 a	 silica	 pad,	 rinsed	 with	 ethyl	 acetate.	 After	 concentration	 under	

reduced	pressure,	the	crude	residue	was	purified	by	silica	gel	column	chromatography	to	yield	the	desired	

products.	

	

Compound	4	

	

Compound	 4	 (545	 mg,	 1.56	 mmol,	 78	 %),	 was	 obtained	 as	 pale	 brown	 oil	 after	 silica	 gel	 column	

chromatography	 (Hexane/EtOAc)	 (90:10).	 The	 diastereoisomeric	 ratio	 (70:30)	 and	 regio	 selectivity	 (10:1)	

were	determined	by	 1H	NMR	of	 the	 crude	mixture	 (isolated	with	 traces	<5%	of	 linear	product).	 1H	NMR	

(600	MHz,	CDCl3):	δ	7.53	(d,	J	=	7.5	Hz,	1H,	major	dia.),	7.51	–	7.46	(m,	2H),	7.43	(d,	J	=	8.0	Hz,	1H,	minor	

dia.),	7.32-7.17	(m,	6H),	7.12	(d,	J	=	8.5	Hz,	2H,	major	dia.),	6.83	(d,	J	=	8.5	Hz,	2H,	major	dia.),	6.81-6.76	(m,	

2H),	6.65	(s,	1H,	minor	dia.),	6.33	(ddd,	J	=	18.0,	10.0,	8.0	Hz,	1H,	minor	dia.),	6.15	(m,	1H,	major	dia),	5.14-

4.98	(m,	4H),	4.33	(d,	J	=	9.0	Hz,	1H,	major	dia.),	4.23-4.09	(m,	3H),	3.96-3.89	(m,	2H),	3.80	(m,	1H,	minor	

dia.),	3.78	(s,	3H,	major	dia.),	3.75	(s,	3H,	minor	dia.),	2.87	(ddd,	J	=	12.5,	7.5,	4.5	Hz,	1H,	major	dia.),	2.81-

2.62	 (m,	 3H).	 13C	 NMR	 (151	 MHz,	 CDCl3):	 δ	 175.7	 (major	 dia.),	 175.6	 (minor	 dia.),	 158.94	 (major	 dia.),	

158.90	 (minor	 dia.),	 155.0	 (minor	 dia.),	 154.9	 (major	 dia.),	 154.3	 (major	 dia.),	 136.3	 (minor	 dia.),	 135.6	

(major	dia.),	130.74	 (minor	dia.),	130.66	 (major	dia.),	130.0	 (major	dia.),	128.2	 (major	dia.),	128.0	 (minor	

dia.),	 124.44	 (major	dia.),	 124.39	 (minor	dia.),	 123.1	 (major	dia.),	 123.0	 (minor	dia.),	 121.22	 (minor	dia.),	

121.19	 (major	 dia.),	 118.8	 (major	 dia.),	 118.7	 (minor	 dia.),	 114.1	 (minor	 dia.),	 113.9	 (major	 dia.),	 111.3	

O
OO

4

O
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(major	dia.),	111.2	(minor	dia.),	105.4	(major	dia.),	105.3	(minor	dia.),	65.9	(major	dia.),	65.8	(minor	dia.),	

55.3	(major	dia.),	54.5	(minor	dia.),	53.8	(major	dia.),	53.4	(minor	dia.),	31.1	(minor	dia.),	28.9	(major	dia.).	

ESI-HRMS:	m/z:	 calcd	 for	C22H20NaO4
+
	 	 ([M	+	Na]+)	371.1259,	 found	371.1254.	Enantiomeric	 Ratio:	 88:12	

major;	 75:25	 minor.	 The	 enantiomeric	 ratio	 was	 determined	 by	 HPLC	 with	 a	 CHIRALCEL	 IC	 column	

(hexane/iPrOH	=	95:5,	 254	nm,	1	mL/min),	 tR	(minor,	major)	 =	14.1	min,	 tR	 (minor,	minor)	 =	16.1	min,	 tR	

(major,	minor)	=	20.9	min,	tR	(major,	major)	=	22.2	min.	

	

Compound	5	

	
Compound	 5	 (660	 mg,	 1.66	 mmol,	 83%)	 was	 obtained	 as	 colorless	 oil	 after	 silica	 gel	 column	

chromatography	 (Hexane/EtOAc)	 (95:5).	 The	 diastereoisomeric	 ratio	 (75:25)	 and	 regio	 selectivity	 (>20:1)	

were	determined	by	1H	NMR	of	the	crude	mixture.	1H	NMR	(600	MHz,	CDCl3):	7.54	(d,	J	=	7.5	Hz,	1H,	major	

dia.),	7.50	(d,	J	=	8.2	Hz,	1H,	major	dia.),	7.45	(d,	J	=	8.0	Hz,	1H,	minor	dia.),	7.42	(d,	J	=	8.5	Hz,	2H,	major	

dia.),	7.38	(d,	J	=	8.5	Hz,	2H,	minor	dia.),	7.33-7.27	(m,	3H),	7.27-7.22	(m,	2H),	7.20	(d,	J	=	8.4	Hz,	2H,	major	

dia.),	7.07	(d,	J	=	8.4	Hz,	2H,	minor	dia.),	6.76	(s,	1H,	major	dia.),	6.65	(s,	1H,	minor	dia.),	6.30	(ddd,	J	=	17.0,	

10.5,	8.0	Hz,	1H,	minor	dia.),	6.17	(ddd,	J	=	17.0,	10.5,	9.0	Hz,	1H,	major	dia.),	5.20	(d,	J	=	10.5	Hz,	1H,	minor	

dia.),	5.17-5.10	(m,	2H,	major	dia.),	5.08	(d,	J	=	17.0	Hz,	1H,	minor	dia.),	4.31	(d,	J	=	9.0	Hz,	1H,	major	dia.),	

4.27	(d,	J	=	8.0	Hz,	1H,	minor	dia.),	4.25-4.16	(m,	2H),	4.11	(m,	1H,	minor	dia.),	4.08	(td,	J	=	8.5,	4.0	Hz,	1H,	

major	dia.),	2.89	(ddd,	J	=	13.5,	7.5,	4.0	Hz,	1H,	major	dia.),	2.78-2.74	(m,	2H,	minor	dia.),	2.69	(dt,	J	=	13.5,	

8.5	Hz,	1H,	major	dia.).	13C	NMR	 (151	MHz,	CDCl3):	δ	175.2	(minor	dia.),	175.1	(major	dia.),	155.0	(major	

dia.),	154.9	(minor	dia.),	153.5	(minor	dia.),	153.3	(major	dia.),	138.0	(minor	dia.),	137.9	(major	dia.),	135.5	

(minor	dia.),	135.0	(major	dia.),	131.8	(minor	dia.),	131.6	(major	dia.),	131.4	(major	dia.),	130.7	(major	dia.),	

128.0	 (major	 dia),	 127.8	 (minor	 dia.),	 124.6	 (major	 dia.),	 123.19	 (major	 dia.),	 123.17	 (minor	 dia.),	 121.6	

(major	dia.),	121.5	 (minor	dia.),	121.3	 (major	dia.),	119.64	 (minor	dia.),	119.59	 (major	dia.),	111.3	 (major	

dia.),	 111.2	 (minor	 dia.),	 105.7	 (major	 dia.),	 105.6	 (minor	 dia.),	 65.9	 (major	 dia.),	 65.8	 (minor	 dia.),	 54.4	

(minor	dia.),	54.1	(major	dia.),	53.4	(minor	dia.),	53.0	(major	dia.),	30.5	(minor	dia.),	29.5	(major	dia.).	ESI-

HRMS:	 m/z:	 calcd	 for	 C21H17BrNaO3
+
	 	 ([M	 +	 Na]+)	 419.0259,	 found	 419.0256.	 Enantiomeric	 Ratio:	 97:3	

major;	 90:10	 minor.	 The	 enantiomeric	 ratio	 was	 determined	 by	 HPLC	 with	 a	 Whelk	 (R,R)-01	 column	

(hexane/CH2Cl2	=	70:30,	254	nm,	1	mL/min),	 tR	(minor,	minor)	=	7.7	min,	 tR	 (major,	major)	=	10.5	min,	 tR	

(minor,	major)	=	13.0	min,	tR	(major,	minor)	=	14.9	min.	
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Compound	6	

	
	

Compound	 6	 (570	 mg,	 1.48	 mmol,	 74%)	 was	 obtained	 as	 colorless	 oil	 after	 silica	 gel	 column	

chromatography	 (Hexane/EtOAc)	 (95:5).	 The	 diastereoisomeric	 ratio	 (75:25)	 and	 regio	 selectivity	 (>20:1)	

were	determined	by	1H	NMR	of	the	crude	mixture.	1H	NMR	(600	MHz,	CDCl3):	δ	7.54	–	7.49	(m,	6H),	7.47	

(d,	J	=	8.5	Hz,	2H,	major	dia.),	7.44	–	7.40	(m,	3H),	7.39	(d,	J	=	8.5	Hz,	1H,	minor	dia.),	7.31	–	7.17	(m,	4H),	

6.73	(s,	1H,	major	dia.),	6.62	(s,	1H,	minor	dia.),	6.30	(ddd,	J	=	17.0,	10.5,	8.0	Hz,	1H,	minor	dia.),	6.19	(dt,	J	=	

17.0,	9.5	Hz,	1H,	major	dia.),	5.20	(d,	J	=	10.3	Hz,	1H,	minor	dia.),	5.18	–	5.02	(m,	3H),	4.39	–	4.32	(m,	2H),	

4.22	–	4.15	(m,	2H),	4.13	(dt,	J	=	9.0,	6.5	Hz,	1H,	minor	dia.),	4.08	(td,	J	=	9.0,	3.5	Hz,	1H,	major	dia.),	2.88	

(ddd,	 J	=	13.0,	7.0,	3.5	Hz,	1H,	major	dia.),	2.79	–	2.73	 (m,	2H,	minor	dia.),	2.67	 (dt,	 J	=	13.5,	8.5	Hz,	1H,	

major	dia.).	13C	NMR	(151	MHz,	CDCl3):	δ	175.0	(minor	dia.),	174.9	(major	dia.),	154.90	(minor	dia.),	154.85	

(major	dia.),	153.1	(major	dia.),	152.9	(minor	dia),	143.1	(minor	dia.),	143.0	(major	dia.),	135.1	(minor	dia.),	

134.6	(major	dia.),	130.0	(major	dia.),	129.7	(minor	dia.),	129.4	(minor	dia.),	129.2	(major	dia.),	127.9	(major	

dia.),	127.7	(minor	dia.),	125.46	(q,	J	C-F	=	3.5	Hz),	125.23	(q,	JC-F	=	3.5	Hz).124.6,	123.2	(major	dia.),	123.1	(minor	

dia.),	 121.21	 (major	 dia.),	 121.19	 (minor	 dia.),	 120.0	 (minor	 dia.),	 119.9	 (major	 dia.),	 111.2	 (major	 dia.),	

111.1	 (minor	dia.),	 105.7	 (major	dia.),	 105.6	 (minor	dia.),	 65.8	 (major	dia.),	 65.7	 (minor	dia.),	 54.7(minor	

dia.),	54.4	(major	dia.),	53.4	(minor	dia.),	53.0	(major	dia.),	30.3	(minor	dia.),	29.6	(major	dia.).	19F	NMR	(235	

MHz,	CDCl3):	δ	-62.5	(s,	3F).	ESI-HRMS:	m/z:	calcd	for	C22H17F3NaO3
+
	 	([M	+	Na]+)	409.1027,	found	429.1036.	

Enantiomeric	Ratio	(determined	after	reduction	of	allylic	double	bond	of	an	analytical	simple):	99:1	major;	

90:10	 minor.	 The	 enantiomeric	 ratio	 was	 determined	 by	 HPLC	 with	 a	 Whelk	 (R,R)-01	 column	

(hexane/CH2Cl2	=	70:30,	254	nm,	1	mL/min),	 tR	(minor,	minor)	=	9.6	min,	 tR	 (minor,	major)	=	14.7	min,	 tR	

(major,	major)	=	18.7	min,	tR	(major,	minor)	=	20.7	min.	

	

Compounds	(R,S)-7	and	(R,S)-7	(see	Section	I	c)	
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Compound	8	

	
	

Compound	 8	 (500	 mg,	 1.36	 mmol,	 68%)	 was	 obtained	 as	 colorless	 oil	 after	 silica	 gel	 column	

chromatography	 (Hexane/EtOAc)	 (95:5).	 The	 diastereoisomeric	 ratio	 (80:20)	 and	 regio	 selectivity	 (>20:1)	

were	determined	by	1H	NMR	of	the	crude	mixture.	1H	NMR	(600	MHz,	CDCl3):	δ	7.82	–	7.65	(m,	10H),	7.54	–	

7.51	(m,	1H,	major	dia.),	7.49	(d,	J	=	8.2	Hz,	1H,	major	dia.),	7.47	–	7.39	(m,	6H),	7.32	(dd,	J	=	8.5,	1.5	Hz,	1H,	

minor	dia.),	7.30	–	7.26	(m,	1H,	major	dia.),	7.25	–	7.20	(m,	1H,	major	dia.),	7.19	–	7.15	(m,	1H,	minor	dia.),	

6.81	(s,	1H,	major	dia.),	6.65	(s,	1H,	minor	dia.),	6.45	(ddd,	J	=	17.0,	10.5,	8.0	Hz,	1H,	minor	dia.),	6.29	(ddd,	J	

=	16.7,	10.4,	9.0	Hz,	1H,	major	dia.),	5.15	(d,	J	=	10.5	Hz,	1H,	minor	dia.),	5.13	–	5.08	(m,	2H,	major	dia.),	

5.05	(d,	J	=	17.0	Hz,	1H,	minor	dia.),	4.52	(d,	J	=	9.0	Hz,	1H,	major	dia.),	4.42	(d,	J	=	8.0	Hz,	1H,	minor	dia.),	

4.20	–	4.07	(m,	2H),	3.96	–	3.86	(m,	2H),	2.89	(ddd,	J	=	13.2,	7.4,	4.3	Hz,	1H,	major	dia.),	2.85	–	2.70	(m,	3H).	
13C	NMR	(151	MHz,	CDCl3):	δ	175.6	(minor	dia.),	175.5	(major	dia.),	155.00	(minor	dia.),	155.95	(major	dia.),	

154.0	(minor	dia.),	153.9	(major	dia.),	136.6	(minor	dia.),	136.4	major	dia.),	136.0	(minor	dia.),	135.5	(major	

dia.),	133.5	(minor	dia.),	133.3	(major	dia.),	132.7	(major	dia.),	128.9	(major	dia.),	128.4	(minor	dia.),	128.19	

(minor	 dia),	 128.16	 (major	 dia.),	 128.1	 (major	 dia.),	 128.0	 (minor	 dia.),	 127.7	 (minor	 dia.),	 127.6	 (major	

dia.),	 127.5	 (major	 dia.),	 126.8	 (major	 dia.),	 126.29	 (minro	 dia.),	 126.27	 (major	 dia.),	 126.2	 (major	 dia.),	

126.1	(minor	dia.),	124.54	(major	dia.),	124.48	(minor	dia.),	123.13	(major	dia.),	123.07	(minor	dia.),	121.2	

(major	 dia),	 119.25	 (minor	 dia.,	 119.22	 (major	 dia.),	 111.4	 (major	 dia.),	 111.2	 (minor	 dia.),	 105.6	 (major	

dia.),	 105.5	 (minor	 dia.),	 65.91	 (major	 dia.),	 65.88	 (minor	 dia.),	 55.3	 (minor	 dia.),	 54.6	 (major	 dia.),	 53.6	

(minor	dia.),	 53.4	 (major	dia.),	 31.1	 (minor	dia.),	 29.2	 (major	dia.).	ESI-HRMS:	m/z:	 calcd	 for	C25H20NaO3
+
		

([M	+	Na]+)	391.1310,	found	391.1303.	Enantiomeric	Ratio:	97:3	major;	91:9	minor.	The	enantiomeric	ratio	

was	determined	by	HPLC	with	a	CHIRALCEL	IC	column	(hexane/iPrOH	=	90:10,	254	nm,	1	mL/min),	tR	(minor,	

major)	=	9.0	min,	tR	(minor,	minor)	=	10.1	min,	tR	(major,	minor)	=	12.1	min,	tR	(major,	major)	=	17.8	min.	
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Compound	9	

	
Compound	 9	 (585	 mg,	 1.28	 mmol,	 64%)	 was	 obtained	 as	 colorless	 oil	 after	 silica	 gel	 column	

chromatography	 (Hexane/EtOAc)	 (95:5).	 The	 diastereoisomeric	 ratio	 (68:32)	 and	 regio	 selectivity	 (>20:1)	

were	determined	by	1H	NMR	of	the	crude	mixture.	1H	NMR	(600	MHz,	CDCl):		δ	8.20-8.05	(m,	2H),	7.63	(d,	

J	=	8.0	Hz,	1H,	major	dia.),	7.61-7.52	(m,	3H),	7.48	(dd,	J	=	8.0,	0.5	Hz,	1H,	major	dia.),	7.47-7.37	(m,	2H),	

7.33-7.27	(m,	4H),	7.25-7.13	(m,	4H),	6.84	(s,	1H,	major	dia.),	6.66	(s,	1H,	minor	dia.),	6.31	(ddd,	J	=	17.5,	

10.0,	8.0	Hz,	1H,	minor	dia.),	6.24-6.13	(m,	1H,	major	ida.),	5.22-	4.98	(m,	4H),	4.64	(d,	J	=	8.0	Hz,	1H,	minor	

dia.),	4.60	(d,	J	=	8.5	Hz,	1H,	major	dia.),	4.31-4.17	(m,	4H),	2.95	(ddd,	J	=	13.5,	7.0,	4.0	Hz,	1H,	major	dia.),	

2.90-2.79	 (m,	 3H),	 1.66	 (s,	 9H,	major	 dia.),	 1.64	 (s,	 9H,	minor	 dia.).	 13C	 NMR	 (151	MHz,	 CDCl3):	 δ	 175.7	

(minor	dia.),	175.3	(major	dia.),	155.0	(minor	dia.),	154.9	(major	dia.),	153.9	(minor	dia.),	153.6	(major	dia.),	

149.7	(major	dia.),	135.2	(minor	dia.),	135.1	(major	dia.),	130.4	(minor	dia.),	130.1	(major	dia.),	128.1	(major	

dia.),	 128.0	 (minor	 dia.),	 125.2	 (major	 dia.),	 124.7	 (minor	 dia.),	 124.6	 (major	 dia.),	 124.55	 (major	 dia.),	

124.49	 (minor	dia.),	123.9	 (major	dia.),	123.14	 (major	dia.),	123.05	 (minor	dia.),	122.7	 (minor	dia.),	122.6	

(major	dia.),	121.21	 (major	dia.),	121.19	 (minor	dia.),	120.2	 (major	dia.),	119.3	 (major	dia.),	119.2	 (minor	

dia.),	118.7	(major	dia.),	118.1	(minor	dia.),	117.8	(major	dia.),	115.3	(major	dia.),	111.4	(major	dia.),	111.2	

(minor	dia.),	 105.6	 (major	dia.),	 105.4	 (minor	dia.),	 84.0	 (major	dia.),	 66.1	 (minor	dia.),	 65.9	 (major	dia.),	

53.6	(minor	dia.),	52.9	(major	dia.),	46.6	(major	dia.),	45.5	(minor	dia.),	30.6	(minor	dia.),	30.3	(major	dia.),	

28.29	(major	dia.),	28.27	(minor	dia.).	ESI-HRMS:	m/z:	calcd	for	C28H27NNaO5
+
		([M	+	Na]+)	480.1787,	found	

480.1778.	Enantiomeric	Ratio:	98:2	major	dia.;	91:9	minor	dia.	The	enantiomeric	ratio	was	determined	by	

HPLC	with	 a	Whelk	 (R,R)-01	 column	 (hexane/CH2Cl2	 =	 68:32,	 254	nm,	 1	mL/min),	 tR	(minor,	minor)	 =	 9.1	

min,	tR	(major,	major)	=	11.7	min,	tR	(minor,	major)	=	13.7	min,	tR	(major,	minor)	=	15.5	min.	

	 	

O
OO

N
O

O

9



	 	
	

S13	

II-c	Determination	of	absolute	configuration	of	compounds	(R,S)-7	and	(R,S)-7	

	

	

	

According	to	the	general	procedure	B.	The	diastereoisomeric	ratio	(83:17)	and	regio	selectivity	(>20:1)	were	

determined	by	1H	NMR	of	the	crude	mixture.	

	

Compound	(R,S)-7	

	

Major	diastereoisomer	(R,S)-7	)	(482	mg,	1.24	mmol,	62%)	was	obtained	as	a	colourless	gum	after	silica	gel	

column	chromatography	(Hexane/EtOAc)	(97:3).	1H	NMR	(500	MHz,	CDCl3):	δ	7.50	(d,	J	=	7.5	Hz,	1H),	7.41	

(d,	J	=	8.0	Hz,	1H),	7.33	–	7.24	(m,	3H),	7.22	(td,	J	=	7.5,	1.0	Hz,	1H),	7.07	(dd,	J	=	8.6,	2.0	Hz,	1H),	6.71	(s,	

1H),	6.28	(ddd,	J	=	17.0,	10.0,	8.5	Hz,	1H),	5.26	(d,	J	=	10.0	Hz,	1H),	5.17	(d,	J	=	17.0	Hz,	1H),	4.59	(d,	J	=	8.5	

Hz,	1H),	4.44	(ddd,	J	=	9.0,	8.0,	4.5	Hz,	1H),	4.23	(td,	J	=	9.0,	7.5	Hz,	1H),	2.86	(ddd,	J	=	13.0,	7.0,	4.5	Hz,	1H),	

2.68	(dt,	J	=	13.0,	8.0	Hz,	1H).	13C	NMR	(126	MHz,	CDCl3):	δ	174.9,	154.7,	152.1,	135.4,	135.4,	135.1,	133.5,	131.7,	

129.2,	 128.0,	 127.1,	 124.7,	 123.2,	 121.4,	 119.9,	 111.3,	 106.6,	 66.0,	 52.1,	 50.0,	 33.0.	 ESI-HRMS:	 m/z:	 calcd	 for	

C21H16Cl2NaO3
+	([M	+	Na]+)	409.0374,	found	409.0366.	[α]20D	=	-126	(c	1,	CHCl3).	Enantiomeric	Ratio:	99:1.	

The	enantiomeric	ratio	was	determined	by	HPLC	with	a	Whelk	(R,R)-01	column	(hexane/CH2Cl2	=	70:30,	254	

nm,	1	mL/min),	tR	(major)	=	23.8	min,	tR	(minor)	=	26.0	min.	
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Compound	(S,S)-7	

	

	

Minor	diastereoisomer	(S,S)-7	(61	mg,	0.157	mmol,	8%)	was	obtained	as	a	white	solid	after	silica	gel	column	

chromatography	(Hexane/EtOAc)	 (97:3).	mp	129-131°C	1H	NMR	 (600	MHz,	CDCl3):	δ	7.53	–	7.47	(m,	1H),	

7.46	–	7.41	(m,	1H),	7.37	(d,	J	=	2.0	Hz,	1H),	7.29	–	7.16	(m,	4H),	6.67	(d,	J	=	1.0	Hz,	1H),	6.28	(ddd,	J	=	17.0,	

10.5,	8.0	Hz,	1H),	5.11	(dt,	J	=	10.5,	1.0	Hz,	1H),	4.96	(dt,	J	=	17.0,	1.0	Hz,	1H),	4.92	(d,	J	=	8.0	Hz,	1H),	4.16	

(td,	J	=	9.0,	7.0	Hz,	1H),	4.09	(td,	J	=	9.0,	3.5	Hz,	1H),	2.83	(ddd,	J	=	13.0,	7.0,	3.5	Hz,	1H),	2.67	(dt,	J	=	13.0,	

8.5	Hz,	1H).	mp	129-131°C.	13C	NMR	 (151	MHz,	 CDCl3):	δ	175.3,	155.0,	153.2,	135.7,	135.6,	135.2,	133.7,	

130.6,	129.7,	127.9,	127.6,	124.7,	123.2,	121.4,	119.5,	111.3,	106.0,	66.0,	53.3,	49.2,	31.4.	ESI-HRMS:	m/z:	

calcd	for	C21H16Cl2NaO3+		([M	+	Na]+)	409.0374,	found	409.0369.	 [α]20D	=	-14	(c	0.5,	CHCl3).	Enantiomeric	

Ratio:	93:7.	The	enantiomeric	ratio	was	determined	by	HPLC	with	a	Whelk	(R,R)-01	column	(hexane/CH2Cl2	

=	70:30,	254	nm,	1	mL/min),	tR	(minor)	=	17.9	min,	tR	(major)	=	21.6	min.		

	

Compound	22:		

	
Compound	(R,S)-7	(200	mg,	0.516	mmol)	was	dissolved	in	THF	4	mL.	LiAlH4	1	M	in	THF	(500	μL)	was	added	

at	0°C.	After	stirring	at	0°C	for	30	min	HCl	1M	was	added	(10ml).	The	resulting	solution	was	extracted	twice	

with	 CH2Cl2	 (15mL).	 The	 organic	 layer	 was	 dried	 over	 MgSO4	 filtered	 and	 concentrated	 under	 reduced	

pressure.	The	crude	mixture	was	purified	by	silica	gel	column	chromatography	(Hexane/EtOAc)	(85:15)	to	

yield	compound	22	(195	mg,	0.500	mmol,	97%)	as	a	white	solid.	mp	117-119°C	1H	NMR	(500	MHz,	CDCl3):	δ	

7.54	(m,	1H),	7.44	(d,	J	=	8.0	Hz,	1H),	7.36	(d,	J	=	2.0	Hz,	1H),	7.33	–	7.14	(m,	2H),	6.94	(dd,	J	=	8.5,	2.0	Hz,	

1H),	6.38	(d,	J	=	8.5	Hz,	1H),	6.35	(s,	1H),	6.02	(dt,	J	=	17.0,	10.0	Hz,	1H),	5.24	(dd,	J	=	17.0,	1.0	Hz,	1H),	5.17	

(dd,	J	=	17.0,	1.0	Hz,	1H),	4.46	(d,	J	=	10.0	Hz,	1H),	4.10	(dd,	J	=	30.5,	12.0	Hz,	1H),	3.81	(ddd,	J	=	11.0,	6.0,	

3.0	Hz,	1H),	3.65	(ddd,	J	=	11.0,	9.0,	2.0	Hz,	1H),	2.97	(s,	2H),	2.10	(ddd,	J	=	15.5,	9.0,	3.0	Hz,	1H),	1.99	(ddd,	J	

=	15.5,	6.0,	2.0	Hz,	1H).	13C	NMR	(126	MHz,	CDCl3):	δ	158.1,	154.3,	137.1,	137.1,	135.2,	132.7,	131.2,	129.3,	

128.2,	126.7,	124.1,	123.0,	120.9,	118.6,	111.3,	105.7,	64.5,	59.3,	50.7,	49.0,	34.4.	ESI-HRMS:	m/z:	calcd	for	

C21H20Cl2NaO3+		([M	+	Na]+)	413.0687,	found	413.0693.		[α]20D	=	-162	(c	1,	CHCl3).	Enantiomeric	Ratio:	99:1.	
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The	enantiomeric	ratio	was	determined	by	HPLC	with	a	CHIRALCEL	IC	column	(hexane/i-PrOH	=	97:3,	254	

nm,	1	mL/min),	tR	(major)	=	22.3	min,	tR	(minor)	=	25.0	min.		

III	Cope-Aromatization	Reaction	

III-a	General	Procedure	C	for	the	Cope-aromatization	reaction:	

	

The	corresponding	lactone,	APTS	(5-10	mol%)	or	Et3N	(10	mol%)	and	toluene	(X	ml,	0.2M)	was	charged	to	

vial	equipped	with	a	magnetic	stirring	bar	and	a	condenser.	The	vial	heated	at	110°C	under	stirring	over	a	

period	 of	 12h.	 After	 concentration	 under	 reduced	 pressure,	 the	 crude	 residue	was	 purified	 by	 silica	 gel	

column	chromatography	to	yield	the	desired	product.	

	

Compound	10	

	
According	 to	 the	 general	 procedure	 Compound	 3	 (639	 mg,	 2	 mmol)	 and	 PTSA	 (19	 mg,	 0.1	 mmol),	

Compound	 10	 (590	 mg,	 1.85	 mmol,	 92	 %)	 was	 obtained	 as	 a	 white	 solid	 after	 silica	 gel	 column	

chromatography	(Hexane/EtOAc)	(90:10).	mp	120-122°C.	1H	NMR	(600	MHz,	CDCl3):	δ	7.54	(d,	J	=	7.5	Hz,	

1H),	7.43	(d,	J	=	8.0	Hz,	1H),	7.35	(d,	J	=	7.5	Hz,	2H),	7.32	–	7.27	(m,	3H),	7.24	–	7.19	(m,	2H),	6.55	(d,	J	=	16.0	

Hz,	1H),	6.38	(dt,	J	=	16.0,	6.5	Hz,	1H),	4.63	(td,	J	=	8.5,	4.0	Hz,	1H),	4.41	(td,	J	=	8.5,	7.5	Hz,	1H),	4.12	(t,	J	=	

9.5	Hz,	1H),	3.65	(dd,	J	=	6.5,	1.5	Hz,	2H),	2.77	(ddt,	J	=	13.0,	8.5,	8.5	Hz,	1H),	2.63	(dddd,	J	=	13.0,	9.5,	7.5,	

4.0	Hz,	 1H).	 13C	 NMR	 (151	MHz,	 CDCl3):	 δ	 174.8,	 154.3,	 148.0,	 137.2,	 131.5,	 129.0,	 128.7,	 127.4,	 127.1,	

126.3,	124.6,	122.8,	119.9,	115.9,	111.3,	67.3,	38.5,	28.3,	27.1.	ESI-HRMS:	m/z:	calcd	for	C21H18NaO3
+
		([M	+	

Na]+)	341.1154,	found	341.1148.	

	

Compound	11	

	

O O
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According	to	the	general	procedure	C.	Compound	5	(595	mmol,	1.5	mmol)	and	PTSA	(14	mg,	0.075	mmol)	

Compound	 11	 (545	 mg,	 1.38	 mmol,	 92	 %)	 was	 obtained	 as	 a	 white	 solid	 after	 silica	 gel	 column	

chromatography	(Hexane/EtOAc)	(90:10).	mp	156-158°C.	1H	NMR	 (600	MHz,	CDCl3):	δ	7.51	(d,	J	=	7.5	Hz,	

1H),	7.46	–	7.36	(m,	2H),	7.29	(ddd,	J	=	8.5,	7.5,	1.0	Hz,	1H),	7.25	–	7.17	(m,	3H),	6.47	(d,	J	=	16.0	Hz,	1H),	

6.37	(dt,	J	=	16.0,	6.0	Hz,	1H),	4.63	(td,	J	=	8.5,	4.0	Hz,	1H),	4.41	(td,	J	=	8.5,	7.5	Hz,	1H),	4.09	(t,	J	=	9.5	Hz,	

1H),	3.62	(d,	J	=	6.0	Hz,	2H),	2.77	(dt,	J	=	13.0,	8.5	Hz,	1H),	2.64	(dddd,	J	=	13.0,	9.5,	7.0,	4.0	Hz,	1H).	13C	NMR	

(151	 MHz,	 CDCl3):	 δ	 174.7,	 154.3,	 148.1,	 136.1,	 131.7,	 130.3,	 128.9,	 128.0,	 127.8,	 124.7,	 122.8,	 121.1,	

119.8,	115.7,	111.3,	67.4,	38.5,	28.3,	27.0.	ESI-HRMS:	m/z:	calcd	for	C21H17BrNaO3
+
	 	([M	+	Na]+)	419.0259,	

found	419.0263.	

	

Compound	12	

	

According	to	the	general	procedure	C.	Compound			7	 (135	mg,	0.35	mmol)	and	PTSA	(7	mg,	0.035	mmol),	

Compound	 12	 (110	 mg,	 0.335	 mmol,	 96	 %)	 was	 obtained	 as	 a	 white	 solid	 after	 silica	 gel	 column	

chromatography	(Hexane/EtOAc)	(90:10).	mp	102-104°C.	1H	NMR	 (500	MHz,	CDCl3):	δ	7.54	(d,	J	=	7.0	Hz,	

1H),	7.41	(dd,	J	=	12.0,	8.5	Hz,	2H),	7.34	(d,	J	=	2.0	Hz,	1H),	7.29	(t,	J	=	7.0	Hz,	1H),	7.23	(t,	J	=	7.0	Hz,	1H),	

7.15	(dd,	J	=	8.5,	2.0	Hz,	1H),	6.87	(d,	J	=	15.5	Hz,	1H),	6.32	(dt,	J	=	15.5,	6.5	Hz,	1H),	4.64	(td,	J	=	8.5,	4.0	Hz,	

1H),	4.43	(q,	J	=	8.5	Hz,	1H),	4.12	(t,	J	=	9.0	Hz,	1H),	3.67	(d,	J	=	6.5	Hz,	2H),	2.79	(dq,	J	=	13.0,	8.5	Hz,	1H),	

2.66	(dddd,	J	=	13.0,	9.5,	7.5,	4.0	Hz,	1H).	13C	NMR	(126	MHz,	CDCl3):	δ	174.7,	154.3,	148.1,	134.0,	133.4,	

133.3,	131.0,	129.4,	128.9,	127.8,	127.4,	126.9,	124.7,	122.9,	119.8,	115.5,	111.3,	67.4,	38.5,	28.2,	27.5.	ESI-

HRMS:	m/z:	calcd	for	C21H16Cl2NaO3
+
		([M	+	Na]+)	409.0374,	found	409.0384.	

	

Compound	13	

	

According	 to	 the	general	procedure	C.	Compound	8	 (129	mg,	0.35	mmol)	and	PTSA	 (7	mg,	0.035	mmol),	

Compound	 13	 (124	 mg,	 0.33	 mmol,	 94	 %)	 was	 obtained	 as	 a	 white	 solid	 after	 silica	 gel	 column	
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chromatography	 (Hexane/EtOAc)	 (90:10).	mp	154-156°C	 1H	NMR	 (500	MHz,	 CDCl3):	δ	7.76	 (t,	 J	 =	9.0	Hz,	

3H),	7.69	(s,	1H),	7.57	(d,	J	=	8.5	Hz,	2H),	7.48	–	7.38	(m,	3H),	7.32	–	7.27	(m,	1H),	7.23	(t,	J	=	7.5	Hz,	1H),	

6.70	(d,	J	=	16.0	Hz,	1H),	6.51	(dt,	J	=	16.0,	6.5	Hz,	1H),	4.63	(td,	J	=	8.5,	4.0	Hz,	1H),	4.41	(dt,	J	=	8.5,	7.5	Hz,	

1H),	4.14	(t,	J	=	9.5	Hz,	1H),	3.70	(dd,	J	=	6.5,	1.5	Hz,	2H),	2.78	(dq,	J	=	13.0,	8.5	Hz,	1H),	2.64	(dddd,	J	=	13.0,	

9.5,	7.0,	4.0	Hz,	1H).	13C	NMR	 (126	MHz,	CDCl3):	δ	174.8,	154.4,	148.1,	134.7,	133.7,	133.0,	131.6,	129.1,	

128.3,	128.0,	127.8,	127.6,	126.4,	126.0,	125.9,	124.6,	123.6,	122.8,	119.9,	116.0,	111.3,	67.4,	38.5,	28.4,	

27.2.	ESI-HRMS:	m/z:	calcd	for	C25H20NaO3
+
		([M	+	Na]+)	391.1310,	found	391.1308.	

	

Compound	14	

	

According	 to	 the	 general	 procedure	 C.	 Compound	 9	 (228	 mg,	 0.5	 mmol)	 and	 Et3N	 (7	 µL,	 0.05	 mmol),	

Compound	 14	 (200	 mg,	 0.437	 mmol,	 87%)	 was	 obtained	 as	 a	 pale	 brown	 gum	 after	 silica	 gel	 column	

chromatography	(Hexane/EtOAc)	(90:10).	1H	NMR	(500	MHz,	CDCl3):	δ	8.17	(d,	J	=	7.5	Hz,	1H),	7.74	(d,	J	=	

8.0	Hz,	1H),	7.64	–	7.51	(m,	3H),	7.44	(d,	J	=	8.0	Hz,	1H),	7.40	–	7.13	(m,	6H),	6.64	(d,	J	=	16.0	Hz,	1H),	6.46	

(dt,	J	=	16.0,	6.0	Hz,	1H),	4.63	(td,	J	=	8.5,	4.0	Hz,	1H),	4.41	(dt,	J	=	8.5,	7.5	Hz,	1H),	4.15	(t,	J	=	9.5	Hz,	1H),	

3.69	(dd,	J	=	6.0,	1.5	Hz,	3H),	2.78	(dq,	J	=	13.0,	8.5	Hz,	1H),	2.64	(dddd,	J	=	13.0,	9.5,	7.5,	4.0	Hz,	1H),	1.66	(s,	

8H).	 13C	 NMR	 (126	 MHz,	 CDCl3):	 δ	 174.7,	 154.2,	 149.6,	 148.0,	 135.9,	 129.0,	 128.7,	 127.3,	 124.6,	 124.5,	

123.4,	122.9,	122.7,	122.7,	119.9,	119.8,	118.5,	115.9,	115.3,	115.0,	111.2,	83.8,	67.2,	38.4,	33.6,	28.3,	28.2,	

27.5.	ESI-HRMS:	m/z:	calcd	for	C28H27NNaO5
+
		([M	+	Na]+)	480.1787,	found	480.1782	

	

III-b	Gram	scale	synthesis	of	compound	10	by	sequential	Ir-AAA/Cope/Aromatization	sequence	

	

	

[Ir(cod)Cl]2	 (136	mg,	 0.2	mmol,	 1	mol%),	 L4	 (460	mg,	 0.8	mmol,	 4	mol%),	 and	 TBD	 (140	mg,	 1	mmol,	 5	

mol%)	were	charged	 to	a	vial	equipped	with	a	magnetic	 stirring	bar.	The	vial	was	 sealed	with	a	 septum-

lined	cap	and	evacuated	and	backfilled	with	argon	three	times.	The	vial	was	then	charged	with	THF	(40	mL),	

O O
O

N
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O

14

1) [Ir(cod)Cl]2 (2 mol %) 
   L4 (4 mol %)
   TBD (10 mol %)
    LiHMDS 1 equiv
   THF, 50°C

O O

O1

2) PTSA (5 mol%)
    Toluene 110 °C

OCO2Me
2

1.1 equiv
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cinnamyl	 carbonate	 2	 (4	mL,	 22	mmol,	 1.1	 equiv)	 and	 stirred	 at	 50°C	 for	 20	min.	 A	 separated	 vial	 was	

charged	 with	 the	 lactone	 1	 (4.044	 g,	 20	 mmol)	 and	 a	 magnetic	 stiring	 bar.	 The	 vial	 was	 sealed	 with	 a	

septum-lined	 cap	 and	 evacuated	 and	 backfilled	with	 argon	 three	 times.	 The	 vial	was	 then	 charged	with	

solvent	(40	mL)	and	LiHMDS	1M	in	THF	(20mL,	20	mmol,	1	equiv)	was	added.	After	stirring	for	10	min	the	

lactone	 base	 solution	 was	 transferred	 to	 the	 first	 vial	 containing	 iridium	 complex	 cinnamyl	 carbonate	

solution.	After	4	hours	 Lactone	1	was	 fully	 consumed,	as	 indicated	by	TLC	analysis.	The	 reaction	mixture	

was	 filtered	 through	 a	 silica	 pad,	 dichloromethane	 200	 mL	 was	 added	 to	 the	 filtrate	 and	 the	 organic	

mixture	was	washed	 three	 time	with	 100	mL	of	HCl	 1M.	 The	organic	 layer	was	 dried	over	MgSO4.	 After	

concentration	under	reduced	pressure	200	mL	of	toluene	was	added	to	the	crude	mixture.	APTS	(172	mg,	1	

mmol,	 5	 mol%)	 was	 added	 and	 the	 mixture	 was	 stirred	 at	 reflux	 for	 48	 h.	 After	 concentration	 under	

reduced	pressure,	the	crude	residue	was	purified	by	silica	gel	column	chromatography	to	yield	compound	

10	(5.3	g,	16.6	mmol,	83%)	as	a	white	solid.	

IV	Synthesis	of	spirocyclic	compound	(R,S)-18;	(R,R)-19;	(R,R)-20	
	

	

	

	

	

IV-a	Iterative	Ir-AAA:	

	

Compounds	(R,S)-15,	16	and	17	were	obtained	according	general	procedure	B:	

	

Compound	(R,S)-15:	

O

O

O

Ph

10

[Ir(cod)Cl]2 
(2 mol %) 

(Sa)-L4 (4 mol %)

TBD (10 mol %)
LiHMDS 1 equiv

THF, 50°C
O

O
O

R1

Ph

Toluene rt to 80 °C

Hoveyda-Grubbs2nd 

(2.5 mol%)

O OO

R1

15 R1= 2,4-dichlorophenyl, 
>20:1 b:l, 83:17 dr, (R,S)-15 72% yield, 99:1er

16 R1= 4-bromophenyl, 
 ndc b:l, 79% yield, 80:20 dr, 88:12(68:32) er

17 R1= 3-BocIndoyl,
 ndc b:l, 67% yield, 77:23 dr, 98:2(90:10) er

(R,S)-18 R1= 2,4-dichlorophenyl, 
94% yield, 99:1er

(R,R)-19e R1= 4-bromophenyl,
61% yield, 98:2 er

(R,R)-20 R1= 3-BocIndoyl,
61% yield, 98:2 er
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Vial	1	[Ir(cod)Cl]2	(20	mg,	0.03	mmol,	2	mol%);	L4	(34	mg,	0.06	mmol,	4	mol%);	TBD	(20	mg,	0.15	mmol,	10	

mol%);	carbonate	(443	mg,	1.7	mmol);	THF	(3mL)	

Vial	2	Lactone	1	(477	mg,	1.5	mmol);	LiHMDS	1	M	in	THF	(1.5	mL);	THF	(3mL)	

Major	 diastereoisomer	 (R,S)-15	 (545	mg,	 1.08	mmol,	 72%)	was	 obtained	 as	 a	white	 gum	 after	 silica	 gel	

column	chromatography	(Hexane/EtOAc)	(98:2)	(The	minor	diastereoisomer	was	not	isolated).	
1H	NMR	(500	MHz,	CDCl3):	δ	7.87	(d,	J	=	8.5	Hz,	1H),	7.46	(d,	J	=	7.5	Hz,	1H),	7.38	(d,	J	=	8.5	Hz,	1H),	7.31	–	

7.24	(m,	6H),	7.24	–	7.11	(m,	3H),	7.01	(dd,	J	=	8.5,	2.0	Hz,	1H),	6.33	(d,	J	=	16.0	Hz,	1H),	6.23	–	6.01	(m,	2H),	

5.34	–	5.16	(m,	2H),	4.68	(d,	J	=	9.0	Hz,	1H),	4.35	(ddd,	J	=	9.0,	8.0,	1.5	Hz,	1H),	4.11	(ddd,	J	=	11.0,	9.0,	5.5	

Hz,	1H),	3.58	(ddd,	J	=	16.5,	6.0,	1.5	Hz,	1H),	3.48	(ddd,	J	=	16.5,	6.0,	1.5	Hz,	1H),	2.94	(ddd,	J	=	12.5,	5.5,	1.5	

Hz,	 1H),	 2.83	 (ddd,	 J	 =	 12.5,	 11.0,	 8.0	Hz,	 1H).	 13C	 NMR	 (126	MHz,	 CDCl3):	 δ	 174.7,	 153.4,	 146.0,	 137.3,	

135.9,	 135.5,	 135.0,	 133.1,	 132.2,	 131.2,	 129.6,	 129.2,	 128.6,	 127.3,	 127.1,	 126.8,	 126.3,	 124.9,	 122.8,	

120.4,	120.3,	116.9,	111.0,	66.2,	53.0,	50.8,	35.0,	26.6.	ESI-HRMS:	m/z:	calcd	for	C30H24Cl2NaO3
+
		([M	+	Na]+)	

525.1000,	 found	525.0991.	 [α]20D	 =	 -127	 (c	 0.5,	CHCl3).	Enantiomeric	 Ratio:	 99:1.	 The	enantiomeric	 ratio	

was	determined	by	HPLC	with	a	CHIRALCEL	IC	column	(hexane/iPrOH	=	95:5,	254	nm,	1	mL/min),	tR	(minor)	

=	5.8	min,	tR	(major)	=	6.6	min.	

	

Compound	16:	

	

Vial	1	[Ir(cod)Cl]2	(47	mg,	0.07	mmol,	2	mol%);	L4	(80	mg,	0.14	mmol,	4	mol%);	TBD	(48	mg,	0.35	mmol,	10	

mol%);	carbonate	(1.043	g,	3.85	mmol);	THF	(7mL)	

Vial	2	Lactone	1	(1.114	g,	3.5	mmol);	LiHMDS	1	M	in	THF	(3.5	mL);	THF	(7mL)	

Diastereoisomeric	mixture	16	(1.415	g,	2.75	mmol,	79%)	was	obtained	as	a	yellowish	amorphous	solid	after	

silica	gel	column	chromatography	(Hexane/EtOAc)	(98:2)		

The	diastereoisomeric	ratio	(80:20)	was	determined	by	1H	NMR	of	the	crude	mixture.	1H	NMR	(600	MHz,	

CDCl3):	δ	7.53	–	7.47	(m,	2H),	7.42	(d,	J	=	8.0	Hz,	1H,	major	dia.),	7.39	–	7.12	(m,	21H),	7.06	–	6.98	(m,	2H,	

minor	dia.),	6.43	(dt,	J	=	16.0,	1.5	Hz,	1H,	major	dia.),	6.38	(t,	J	=	1.5	Hz,	1H,	minor	dia.),	6.30	(ddd,	J	=	17.0,	
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10.5,	7.5	Hz,	1H,	minor	dia.),	6.21	–	6.01	(m,	3H),	5.15	(dt,	J	=	10.5,	1.0	Hz,	1H,	minor	dia.),	5.13	–	5.05	(m,	

2H,	major	dia.),	5.02	(dt,	J	=	17.0,	1.0	Hz,	1H,	minor	dia.),	4.32	(d,	J	=	7.5	Hz,	1H,	minor	dia.),	4.29	(d,	J	=	9.0	

Hz,	1H,	major	dia.),	4.21	–	4.01	(m,	4H),	3.75	(dd,	J	=	6.5,	1.5	Hz,	1H,	minor	dia.),	3.70	–	3.62	(m,	3H),	3.09	

(ddd,	J	=	13.0,	5.5,	1.5	Hz,	1H,	major	dia.),	2.96	(ddd,	J	=	13.0,	6.0,	2.0	Hz,	1H,	minor	dia.),	2.75	–	2.50	(m,	

2H).	13C	NMR	 (151	MHz,	CDCl3):	δ	175.1	(minor	dia.),	174.8	(major	dia.),	153.4	(minor	dia.),	153.2(	major	

dia.),	146.8	(minor	dia.),	146.6	(major	dia.),	138.3	(major	dia.),	138.0	(minor	dia.),	137.4	(major	dia.),	137.3	

(minor	dia.),	136.0	 (minor	dia.),	135.4	 (major	dia.),	131.75	 (major	dia.),	131.67	 (minor	dia.),	131.4	 (major	

dia.),	 131.34	 (minor	 dia.),	 131.29	 (major	 dia.),	 131.1	 (minor	 dia.),	 130.1	 (major	 dia.),	 129.9	 (minor	 dia.),	

128.6	(major	dia.),	127.3	(major	dia.),	127.2	(minor	dia.),	127.1	(major	dia.),	127.0	(minor	dia.),	126.3	(major	

dia.),	 124.80	 (minor	dia.),	 124.78	 (major	dia.),	 122.9	 (major	dia.),	 122.8	 (minor	dia.),	 121.41	 (major	dia.),	

121.40	 (minor	 dia.),	 120.4	 (major	 dia.),	 120.2	 (minor	 dia.),	 119.8	 (major	 dia.),	 119.5	 (minor	 dia.),	 117.0	

(major	dia.),	116.7	(minor	dia.),	111.99	(minor	dia.),	111.95	(major	dia.),	66.3	(major	dia.),	66.1	(minor	dia.),	

54.2	(minor	dia.),	54.1	(major	dia.),	53.8	(minor	dia.),	53.6	(major	dia.),	31.4	(minor	dia.),	30.9	(major	dia.),	

26.93	(major	dia.),	26.87	(minor	dia.).	ESI-HRMS:	m/z:	calcd	for	C30H25BrNaO3
+
		([M	+	Na]+)	535.0885,	found	

535.0889.	Enantiomeric	Ratio:	88:12	major;	68:32	minor.	The	enantiomeric	ratio	was	determined	by	HPLC	

with	 a	 CHIRALCEL	 IC	 column	 (hexane/iPrOH	 =	 95:5,	 254	 nm,	 1	mL/min),	 tR	 (major,	 minor)	 =	 8.3	min,	 tR	

(minor,	major)	=	8.6	min,	tR	(major,	major)	=	9.4	min,	tR	(minor,	minor)	=	10.5	min.	

	

Compound	17:	

	

Vial	1	[Ir(cod)Cl]2	(20	mg,	0.03	mmol,	2	mol%);	L4	(34	mg,	0.06	mmol,	4	mol%);	TBD	(20	mg,	0.15	mmol,	10	

mol%);	carbonate	(563	mg,	1.7	mmol);	THF	(4mL)	

Vial	2	Lactone	1	(477	mg,	1.5	mmol);	LiHMDS	1	M	in	THF	(1.5	mL);	THF	(4mL)	

Diastereoisomeric	mixture	17	(580	mg,	1.01	mmol,	67%)	was	obtained	as	a	yellowish	amorphous	solid	after	

silica	 gel	 column	 chromatography	 (Hexane/EtOAc)	 (95:5)	 The	 diastereoisomeric	 ratio	 (77:23)	 was	

determined	by	1H	NMR	of	the	crude	mixture.	1H	NMR	(600	MHz,	CDCl3):	δ	8.11	(s,	1H,	major	dia.),	7.70	(s,	

2H,	minor	dia.),	7.63	(d,	J	=	8.0	Hz,	1H,	amjor	dia.),	7.54	(d,	J	=	7.5	Hz,	1H,	major	dia.),	7.51	–	7.46	(m,	2H,	

minor	dia.),	7.44	(d,	J	=	8.0	Hz,	1H,	major	dia.),	7.34	–	7.25	(m,	12H),	7.24	–	7.13	(m,	6H),	7.09	(d,	J	=	7.0	Hz,	

2H,	minor	dia.),	6.52	(d,	J	=	16.0	Hz,	1H,	major	dia.),	6.41	–	6.32	(m,	2H,	minor	dia.),	6.29	(dt,	J	=	16.0,	6.5	

Hz,	1H,	major	dia.),	6.17	–	6.06	(m,	2H),	5.18	–	5.01	(m,	4H),	4.76	(d,	J	=	7.5	Hz,	1H,	minor	dia.),	4.65	(d,	J	=	

8.5	Hz,	1H,	major	dia.),	4.32	–	4.16	(m,	4H),	3.91	(dd,	J	=	16.5,	6.5	Hz,	1H,	major	dia.),	3.87	–	3.78	(m,	2H),	

3.67	(ddd,	J	=	16.5,	7.0,	1.5	Hz,	1H,	minor	dia.),	3.23	(ddd,	J	=	13.0,	5.5,	1.0	Hz,	1H,	major	dia.),	3.12	(dd,	J	=	

O
O

O

Ph
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13.0,	5.5	Hz,	1H,	minor	dia.),	2.84	(ddd,	J	=	13.0,	10.5,	8.5	Hz,	1H,	major	dia.),	2.75	(ddd,	J	=	13.0,	10.5,	9.0	

Hz,	1H,	minor	dia.),	1.66	 (s,	9H,	major	dia.),	1.63	 (s,	9H,	minor	dia.).	 13C	NMR	 (151	MHz,	 CDCl3):	δ	175.7	

(minor	dia.),	175.1	(major	dia.),	153.4	(minor	dia.),	153.3	(major	dia.),	149.7	(major	dia.),	149.6	(minor	dia.),	

147.3	(minor	dia.),	147.1	(major	dia.),	137.4	(major	dia.),	137.3	(minor	dia.),	135.7	(minor	dia.),	135.5	(major	

dia.),	 131.3	 (major	 dia.),	 131.2	 (minor	 dia.),	 130.7	 (minor	 dia.),	 130.32	 (major	 dia.),	 130.27	 (major	 dia.),	

130.1	 (minor	 dia.),	 128.6	 (major	 dia.),	 128.5	 (minor	 dia.),	 127.3	 (major	 dia.),	 127.2	 (major	 dia.),	 127.12	

(minor	dia.),	127.10	 (minor	dia.),	126.3	 (major	dia.),	126.2	 (minor	dia.),	125.6	 (major	dia.),	124.67	 (major	

dia.),	 124.65	 (minor	dia.),	124.4	 (major	dia.),	 124.1	 (minor	dia.),	 122.80	 (major	dia.),	 122.76	 (minor	dia.),	

122.5	(major	dia.),	120.3	(major	dia.),	120.2	(major	dia.),	119.3	(major	dia.),	119.1	(minor	dia.),	118.9	(major	

dia.),	 118.0	 (major	 dia.),	 117.9	 (minor	 dia.),	 116.7	 (major	 dia.),	 116.5	 (minor	 dia.),	 115.33	 (minor	 dia.),	

115.27	(major	dia.),	111.0	(major	dia.),	110.9	(minor	dia.),	83.9	(major	dia.),	66.4	(minor	dia.),	66.2	(major	

dia.),	53.8	(minor	dia.),	53.5	(major	dia.),	46.4	(major	dia.),	45.4	(minor	dia.),	31.3	(major	dia.),	28.31	(major	

dia.),	28.27	(minro	dia.),	27.1	(major	dia.),	27.0	(minor	dia.).	ESI-HRMS:	m/z:	calcd	for	C37H35NNaO5
+
		([M	+	

Na]+)	596.2413,	found	596.2426.	Enantiomeric	Ratio:	98:2	major;	90:10	minor.	The	enantiomeric	ratio	was	

determined	by	HPLC	with	a	Whelk	(R,R)-01	column	(hexane/CH2Cl2	=	77:23,	254	nm,	1	mL/min),	tR	(minor,	

minor)	=	17.0	min,	tR	(major,	major)	=	19.0	min,	tR	(major,	minor)	=	21.1	min,	tR	(minor,	major)	=	24.7	min.	

	

IV-b	Ring	closing	metathesis	step	

	

General	procedure	D:	To	a	solution	of	allylic	 lactone	0.1	M	 in	toluene	compound	Hoveyda-Grubs	catalyst	

2nd	(1	to	2.5	mol%)	was	added	at	room	temperature.	The	solution	was	then	heated	at	80°C	and	stirring	until	

the	 full	 consumption	 of	 the	 starting	 material,	 as	 indicated	 by	 TLC	 analysis.	 After	 concentration	 under	

reduced	pressure,	the	crude	residue	was	purified	by	silica	gel	column	chromatography	(Hexane/EtOAc)	to	

yield	the	corresponding	spirocyclic	lactones.	

	

Compound	(R,S)-18:	

	

According	to	the	general	procedure	D.	(R,S)-15	(163	mg,	0.32	mmol),	Hoveyda-Grubs	catalyst	2nd	(5	mg,	2.5	

mol%),	Toluene	(3mL).	Compound	(R,S)-18	(120	mg,	0.3	mmol,	94	%)	was	obtained	as	colourless	gum	after	

silica	gel	column	chromatography	(Hexane/EtOAc)	(90:10).	1H	NMR	(600	MHz,	CDCl3):	δ	7.61	–	7.49	(m,	1H),	

7.45	–	7.36	(m,	1H),	7.35	–	7.27	(m,	2H),	7.01	(d,	J	=	1.0	Hz,	2H),	6.24	–	5.99	(m,	1H),	5.98	–	5.70	(m,	1H),	

4.65	(d,	J	=	7.0	Hz,	1H),	4.52	(dt,	J	=	9.0,	7.5	Hz,	1H),	4.42	(td,	J	=	8.5,	5.0	Hz,	1H),	3.80	(ddt,	J	=	20.5,	3.5,	2.5	

Hz,	1H),	3.57	(dd,	J	=	20.5,	6.0	Hz,	1H),	2.88	(ddd,	J	=	13.0,	7.5,	5.0	Hz,	1H),	2.45	(dt,	J	=	14.0,	7.5	Hz,	1H).	13C	

O

O
O
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NMR	(151	MHz,	CDCl3):	δ	174.9,	153.3,	149.1,	136.5,	135.2,	133.8,	130.4,	129.7,	129.3,	128.1,	127.8,	127.3,	

124.8,	123.0,	119.2,	116.2,	111.3,	66.3,	51.6,	43.5,	31.8,	24.0.	ESI-HRMS:	m/z:	calcd	for	C22H16Cl2NaO3
+
		([M	

+	Na]+)	421.0374,	found	421.0373.	[α]20D	=	+28	(c	0.5,	CHCl3).	Enantiomeric	Ratio:	99:1.	The	enantiomeric	

ratio	was	determined	by	HPLC	with	a	CHIRALCEL	IC	column	(hexane/iPrOH	=	90:10,	254	nm,	1	mL/min),	tR	
(major)	=	16.9	min,	tR	(minor)	=	19.9	min.	

	

Compound	(R,R)-19:	

	
According	to	the	general	procedure	D.	Compound	16	(1.027	g,	2	mmol),	Hoveyda-Grubs	catalyst	2nd	(12.5	

mg,	1	mol%),	Toluene	(20mL).	Compound	(R,R)-19	(500	mg,	1.22	mmol,	61	%)	was	obtained	as	white	solid	

after	 silica	 gel	 column	 chromatography	 (Hexane/EtOAc)	 (95:5)	 and	 recrystallization	 (Hexane/EtOAc)	 (The	

minor	diastereoisomer	was	not	isolated).	1H	NMR	(600	MHz,	CDCl3):	δ	7.55	–	7.43	(m,	3H),	7.40	–	7.34	(m,	

1H),	7.31	(d,	J	=	8.5	Hz,	2H),	7.30	–	7.19	(m,	2H),	6.27	(dddd,	J	=	10.0,	7.5,	3.5,	2.0	Hz,	1H),	6.11	(ddd,	J	=	

10.5,	6.5,	3.0	Hz,	1H),	4.44	(d,	J	=	6.5	Hz,	1H),	4.37	(td,	J	=	9.0,	6.0	Hz,	1H),	3.79	(dt,	J	=	8.5,	6.5	Hz,	1H),	3.65	

(dtd,	J	=	18.5,	3.5,	1.5	Hz,	1H),	3.48	(dd,	J	=	18.5,	7.5	Hz,	1H),	2.69	(ddd,	J	=	14.0,	8.5,	6.0	Hz,	1H),	2.62	(ddd,	J	

=	14.0,	9.0,	6.5	Hz,	1H).	13C	NMR	(126	MHz,	CDCl3):	δ	175.8,	153.0,	151.8,	137.3,	132.0,	131.9,	131.4,	130.8,	

128.8,	 124.7,	 122.8,	 122.2,	 119.0,	 114.8,	 111.3,	 66.2,	 53.4,	 46.6,	 30.5,	 22.1.	 ESI-HRMS:	 m/z:	 calcd	 for	

C22H17BrNaO3
+
	 	 ([M	+	Na]+)	431.0259,	 found	431.0251.	[α]20D	 =	 -97	(c	1,	CHCl3).	Enantiomeric	Ratio:	98:2.	

The	enantiomeric	ratio	was	determined	by	HPLC	with	a	WHELK	column	(hexane/iPrOH	=	70:30,	254	nm,	1	

mL/min),	tR	(major)	=	8.1	min,	tR	(minor)	=	9.6	min.	

Enantiomeric	Ratio:	99:1	 (after	 recrystallization).	The	enantiomeric	 ratio	was	determined	by	HPLC	with	a	

CHIRALCEL	IC	column	(hexane/i-PrOH	=	80:20,	254	nm,	1	mL/min),	tR	(major)	=	12.9	min,	tR	(minor)	=	16.3	

min.	

	

Compound	(R,R)-20:	

	
According	to	the	general	procedure	D.	Compound	17	(344	mg,	0.6	mmol)	and	Hoveyda-Grubs	catalyst	2nd	(9	

mg,	2.5	mol%),	Toluene	(6	mL).	Compound	(R,R)-20	(162	mg,	0.36	mmol,	61	%)	was	obtained	as	colourless	

gum	after	 silica	gel	 column	chromatography	 (Hexane/EtOAc)	 (95:5),	 (The	minor	diastereoisomer	was	not	

isolated).	1H	NMR	(500	MHz,	CDCl3):	δ	8.13	(d,	J	=	6.0	Hz,	1H),	7.73	(d,	J	=	8.0	Hz,	1H),	7.59	(s,	1H),	7.52	(m,	

O
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1H),	7.40	(dd,	J	=	7.0,	1.5	Hz,	1H),	7.33	(m,	1H),	7.33	–	7.20	(m,	4H),	6.26	(dddd,	J	=	10.5,	7.5,	3.5,	1.5	Hz,	

1H),	6.19	(ddd,	J	=	10.5,	6.5,	2.5	Hz,	1H),	4.77	(d,	J	=	6.5	Hz,	1H),	4.49	(td,	J	=	9.0,	7.0	Hz,	1H),	4.07	(td,	J	=	

9.0,	5.5	Hz,	1H),	3.70	(m,	1H),	3.50	(dd,	J	=	18.5,	7.5	Hz,	1H),	2.94	(ddd,	J	=	13.5,	8.5,	7.0	Hz,	1H),	2.68	(ddd,	J	

=	13.5,	8.5,	5.5	Hz,	1H),	1.66	(s,	9H).	13C	NMR	(126	MHz,	CDCl3):	δ	176.0,	153.1,	152.5,	149.7,	135.3,	132.0,	

131.6,	129.9,	128.8,	124.9,	124.7,	124.6,	122.9,	122.8,	120.1,	119.0,	118.7,	115.4,	114.5,	111.3,	84.2,	66.4,	

52.9,	 39.2,	 31.5,	 28.3,	 28.3,	 22.0.	 ESI-HRMS:	 m/z:	 calcd	 for	 C29H27NNaO5
+
	 	 ([M	 +	 Na]+)	 492.1787,	 found	

492.1777.	[α]20D	=	-101	(c	0.5,	CHCl3).	Enantiomeric	Ratio:	99:1.	The	enantiomeric	ratio	was	determined	by	

HPLC	with	 a	CHIRALCEL	 IC	 column	 (hexane/i-PrOH	=	75:25,	 254	nm,	 1	mL/min),	 tR	(major)	 =	 10.1	min,	 tR	

(minor)	=	15.7	min.	

	 	



	 	
	

S24	

V	Stereo	specific	[3,3]	sigmatropic	reaction:	Synthesis	of	compound	(S)-

21	and	(R)-21	
Compound	(S)-21	

	
	

	

A	solution	containing	290	mg	(0.75	mmol)	of	compound	(R,S)-7	in	6	mL	of	toluene	was	heated	at	110°C	for	

12h.	After	concentration	under	reduced	pressure,	the	crude	residue	was	purified	by	preparative	centrifugal	

thin-layer	 chromatography	 (Hexane/EtOAc;	 90/10),	 the	 layer	 thickness	 was	 1	 mm.	Compounds	 (S)-21	 is	

obtained	as	a	white	solid	(203	mg,	0.52	mmol,	70%),	mp	122-124°C	1H	NMR	(600	MHz,	CDCl3):	δ	7.32	–	7.24	

(m,	4H),	7.17	–	7.12	(m,	1H),	7.08	(t,	J	=	7.5	Hz,	1H),	7.03	(d,	J	=	8.0	Hz,	1H),	6.58	(d,	J	=	15.5	Hz,	1H),	5.96	

(ddd,	J	=	15.5,	9.0,	6.5	Hz,	1H),	4.77	(dd,	J	=	6.5,	3.0	Hz,	1H),	4.43	(t,	J	=	7.5	Hz,	2H),	3.10	(td,	J	=	7.5,	2.5	Hz,	

2H),	3.01	(dddd,	J	=	13.5,	6.0,	4.0,	1.5	Hz,	1H),	2.90	(dt,	J	=	13.5,	8.0	Hz,	1H).	13C	NMR	(151	MHz,	CDCl3):	δ	

171.7,	 169.4,	 156.4,	 134.2,	 133.4,	 133.3,	 129.4,	 129.3,	 129.1,	 128.9,	 128.8,	 127.8,	 127.3,	 124.9,	 123.6,	 110.1,	 99.0,	

65.9,	44.9,	37.8,	25.6.	ESI-HRMS:	m/z:	calcd	for	C21H16Cl2NaO3
+
		([M	+	Na]+)	409.0374,	found	409.0365.	[α]20D	

=	 +312	 (c	 0.5,	 CH2Cl2)	Enantiomeric	 Ratio:	 99:1.	 The	enantiomeric	 ratio	was	determined	by	HPLC	with	 a	

CHIRALCEL	IC	column	(hexane/i-PrOH	=	70:30,	254	nm,	1	mL/min),	tR	(minor)	=	12.2	min,	tR	(major)	=	13.6	

min.	

HPLC	chromatograms	of	

Crude	Mixture	 Purified	product	 Crystal		

	 	 	

	

	

	

	

O
O

O

ClCl

(R,S)-7

Toluene 110 °Cb

O (S)-21

Cl

Cl OO

Ar

O

O
O

S

er 99:1 70 % yield

98:2 er [α]
D
20 = + 312

d

TS1

Area Percent Report

UMR7312.rdl [Rev. 55] Printed: 12/16/2016 1:15:52 PM Page 1 of 4

Signal: DAD1 D, Sig=230,4 Ref=360,100

9.704 VB 0.2513 350.5817 21.1633 3.3354 1.06863 5707.52619

16.864 BB 0.3988 475.6335 18.4499 4.5252 0.92362 8975.69953
13.642 BB 0.3059 7903.5684 404.6696 75.1943 0.93767 10792.38853
12.192 BB 0.2996 257.3141 13.3039 2.4481 1.14966 8528.82567

4.546 BB 0.0774 233.5396 45.8931 2.2219 0.78026 16272.87357

8.814 BV 0.2056 248.6891 18.6520 2.3660 0.95153 12405.07686
5.276 VB 0.0908 414.7737 68.3316 3.9461 0.76570 12410.08882
5.053 VV 0.1250 626.7598 82.1747 5.9630 0.73498 9822.42844

Sum 10510.8597

RT [min] Type Width 
[min]

Area Height Area% Peak_Symmetr
y

Peak_Plate5Sig
ma

0.000Sample amount:
LC1260Instrument:

(modified after loading)

ER889002 brut (0.5mg/ml dans Hex/isop:5/5), colonne IC, Hex/isop: 70/30, 1ml/min, 
60 bars, 230 et 254 nm, 22°C

Description:

1 of 1Injection:

SampleSample type:

RIGUET_IC_70-30-20.MAcq. method:
RIGUET_IC_70-30-20.MAnalysis method:
12/16/2016 1:09:15 PMLast changed:

10/26/2016 11:25:33 AMInjection date:

SYSTEMAcq. operator:
10.000Injection volume:

D:\UMR7312\DATA\RIGUET\ER889_IC_261016 2016-10-26 11-02-09\002-
0201.D

Data file:

Vial 2Location:

ER889001Sample name:

Area Percent Report

UMR7312.rdl [Rev. 55] Printed: 12/16/2016 1:09:20 PM Page 1 of 4

Signal: DAD1 B, Sig=254,4 Ref=360,100

13.648 VB 0.3047 7869.1978 401.3771 97.5463 0.93785 10795.45884
12.212 BB 0.3003 197.9469 10.2956 2.4537 1.04859 9008.07530

Sum 8067.1446

RT [min] Type Width 
[min]

Area Height Area% Peak_Symmetr
y

Peak_Plate5Sig
ma

0.000Sample amount:
LC1260Instrument:

(modified after loading)

ER889002 (0.5mg/ml dans Hex/isop:5/5), colonne IC, Hex/isop: 70/30, 1ml/min, 60 
bars, 230 et 254 nm, 22°C

Description:

1 of 1Injection:

SampleSample type:

RIGUET_IC_70-30-20.MAcq. method:
RIGUET_IC_70-30-20.MAnalysis method:
12/16/2016 1:09:15 PMLast changed:

10/26/2016 11:03:42 AMInjection date:

SYSTEMAcq. operator:
10.000Injection volume:

D:\UMR7312\DATA\RIGUET\ER889_IC_261016 2016-10-26 11-02-09\001-
0101.D

Data file:

Vial 1Location:

ER889002Sample name:

Area Percent Report

UMR7312.rdl [Rev. 55] Printed: 12/16/2016 1:16:48 PM Page 1 of 4

Signal: DAD1 B, Sig=254,4 Ref=360,100

13.134 BB 0.2868 281.5706 15.2931 100.0000 0.94112 11342.25000
Sum 281.5706

RT [min] Type Width 
[min]

Area Height Area% Peak_Symmetr
y

Peak_Plate5Sig
ma

0.000Sample amount:
LC1260Instrument:

(modified after loading)

ER892002 cristal dans 200µl Hex/Isop: 5/5, colonne IC, Hex/isop: 70/30, 1ml/min, 57 
bars, 22°C, 230 et 254nm

Description:

1 of 1Injection:

SampleSample type:

RIGUET_IC_70-30-20.MAcq. method:
RIGUET_IC_70-30-20.MAnalysis method:
12/16/2016 1:09:15 PMLast changed:

11/15/2016 4:06:31 PMInjection date:

SYSTEMAcq. operator:
10.000Injection volume:

D:\UMR7312\DATA\RIGUET\ER889_IC_261016 2016-10-26 11-02-09\003-
0901.D

Data file:

Vial 3Location:

ER892002Crist-151116Sample name:
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Compound	(R)-21	

	

A	solution	containing	135	mg	(0.35	mmol)	of	compound	(S,S)-7	in	4	mL	of	toluene	was	heated	at	110°C	for	

12h.	After	concentration	under	reduced	pressure,	the	crude	residue	was	purified	by	preparative	centrifugal	

thin-layer	chromatography	 (Hexane/EtOAc;	90/10),	 the	 layer	 thickness	was	1	mm.	Compounds	 (R)-21	 (87	

mg,	0.22	mmol,	64%)	was	obtained	as	a	white	solid.	1H	NMR	(600	MHz,	CDCl3):	δ	7.32	–	7.24	(m,	4H),	7.17	–	

7.12	(m,	1H),	7.08	(t,	J	=	7.5	Hz,	1H),	7.03	(d,	J	=	8.0	Hz,	1H),	6.58	(d,	J	=	15.5	Hz,	1H),	5.96	(ddd,	J	=	15.5,	9.0,	

6.5	Hz,	1H),	4.77	(dd,	J	=	6.5,	3.0	Hz,	1H),	4.43	(t,	J	=	7.5	Hz,	2H),	3.10	(td,	J	=	7.5,	2.5	Hz,	2H),	3.01	(dddd,	J	=	

13.5,	6.0,	4.0,	1.5	Hz,	1H),	2.90	(dt,	 J	=	13.5,	8.0	Hz,	1H).	13C	NMR	 (151	MHz,	CDCl3):	δ	171.7,	169.4,	156.4,	

134.2,	133.4,	133.3,	129.4,	129.3,	129.1,	128.9,	128.8,	127.8,	127.3,	124.9,	123.6,	110.1,	99.0,	65.9,	44.9,	37.8,	25.6.	

[α]20D	=	-260	(c	1,	CH2Cl2),	Enantiomeric	Ratio:	97:3.	The	enantiomeric	ratio	was	determined	by	HPLC	with	a	

CHIRALCEL	IC	column	(hexane/i-PrOH	=	70:30,	254	nm,	1	mL/min),	tR	(major)	=	12.2	min,	tR	(minor)	=	13.6	

min.	

HPLC	chromatograms	of	

Crude	Mixture	 Purified	product	
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Cl OO
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er 93:7 64% yield

93:7 er

O
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D
20 = - 260

d

TS2

Toluene 110 °Cb

Area Percent Report

UMR7312.rdl [Rev. 55] Printed: 12/16/2016 1:13:39 PM Page 1 of 4

Signal: DAD1 D, Sig=230,4 Ref=360,100

18.278 BB 0.4294 284.0309 10.3761 3.1279 0.94304 10015.27955

12.625 VV 0.2931 151.5563 7.8564 1.6690 1.00281 11218.77539
13.384 VB 0.2970 588.7106 30.7954 6.4833 0.96811 10788.32325

11.920 BV 0.2607 7472.1675 447.7323 82.2883 0.93260 11171.20470

8.695 BB 0.2160 234.7936 16.5059 2.5857 0.86006 6374.80851
9.566 BB 0.2328 349.2176 23.3103 3.8458 1.02250 8390.86209

Sum 9080.4765

RT [min] Type Width 
[min]

Area Height Area% Peak_Symmetr
y

Peak_Plate5Sig
ma

0.000Sample amount:
LC1260Instrument:

(modified after loading)

ER8893001 (brut, 0.5mg/ml dans Hex/isop: 5/5), Col IC, Hex/isop: 70/30, 1 ml/min, 
59 bars, 22°C, 230 et 254 nm.

Description:

1 of 1Injection:

SampleSample type:

RIGUET_IC_70-30-20.MAcq. method:
RIGUET_IC_70-30-20.MAnalysis method:
12/16/2016 1:09:15 PMLast changed:

10/28/2016 11:29:14 AMInjection date:

SYSTEMAcq. operator:
10.000Injection volume:

D:\UMR7312\DATA\RIGUET\ER889_IC_261016 2016-10-26 11-02-09\003-
0601.D

Data file:

Vial 3Location:

ER8893001Sample name:

Area Percent Report

UMR7312.rdl [Rev. 55] Printed: 12/16/2016 1:12:32 PM Page 1 of 4

Signal: DAD1 D, Sig=230,4 Ref=360,100

18.259 BB 0.4125 113.4873 4.1310 1.0620 0.95141 9989.27295

11.910 BB 0.2598 9775.9805 588.5177 91.4865 0.93054 11411.36233
13.376 BB 0.2945 796.2402 42.1381 7.4515 0.93604 11152.80510

Sum 10685.7080

RT [min] Type Width 
[min]

Area Height Area% Peak_Symmetr
y

Peak_Plate5Sig
ma

0.000Sample amount:
LC1260Instrument:

(modified after loading)

ER8893002 (purifié, 0.5mg/ml dans Hex/isop: 5/5), Col IC, Hex/isop: 70/30, 1 ml/min, 
59 bars, 22°C, 230 et 254 nm.

Description:

1 of 1Injection:

SampleSample type:

RIGUET_IC_70-30-20.MAcq. method:
RIGUET_IC_70-30-20.MAnalysis method:
12/16/2016 1:09:15 PMLast changed:

10/28/2016 11:07:29 AMInjection date:

SYSTEMAcq. operator:
10.000Injection volume:

D:\UMR7312\DATA\RIGUET\ER889_IC_261016 2016-10-26 11-02-09\002-
0501.D

Data file:

Vial 2Location:

ER8893002Sample name:
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A
rea Percent R

eport

U
M

R
7312.rdl [R

ev. 52]
Printed: 12/16/2016 11:24:05 A

M
Page 1 of 4

Signal:
DAD1 A, Sig=254,4 Ref=500,100

10.218
VB

0.2184
14381.8574

1020.7379
39.7900

0.93067
11466.31779

9.468
VV

0.2659
14354.0029

829.5563
39.7129

1.20940
6053.28407

8.356
BB

0.1440
3698.1492

399.5082
10.2316

0.93836
17831.78101

7.663
BB

0.1408
3710.3875

413.2197
10.2655

0.91079
15678.75467

Sum
36144.3970

R
T [m

in]
Type

W
idth 

[m
in]

A
rea

H
eight

A
rea%

Peak_Sym
m

etry
Peak_Plate5Sig

m
a

0.000
Sam

ple am
ount:

LC1260
Instrum

ent:

(m
odified after loading)

Col IC: Hexane/isopropanol: 90/10, 1m
l/m

in, 22°C, 254nm
D

escription:

1 of 1
Injection:

Sam
ple

Sam
ple type:

BO
S_IC_90-10-20.M

A
cq. m

ethod:
BO

S_IC_90-10-20.M
A

nalysis m
ethod:

12/16/2016 11:23:55 AM
Last changed:

11/13/2015 10:08:49 AM
Injection date:

SYSTEM
A

cq. operator:
10.000

Injection volum
e:

D:\UM
R7312\DATA\BO

S\BO
S_IC_372_030914 2014-09-03 15-38-39\001-1601.D

D
ata file:

Vial 1
Location:

M
B616001

Sam
ple nam

e:

A
rea Percent R

eport

U
M

R
7312.rdl [R

ev. 52]
Printed: 12/16/2016 11:31:03 A

M
Page 1 of 4

Signal:
DAD1 A, Sig=254,4 Ref=500,100

10.193
BB

0.2169
7604.4067

544.4658
79.0239

0.93869
11615.41095

9.441
BB

0.2651
71.4393

4.1035
0.7424

1.27197
5801.25874

8.343
BB

0.1422
51.5797

5.6663
0.5360

0.95562
18672.43185

7.651
BB

0.1383
1895.4955

211.9362
19.6977

0.90919
15741.61068

Sum
9622.9212

R
T [m

in]
Type

W
idth 

[m
in]

A
rea

H
eight

A
rea%

Peak_Sym
m

etry
Peak_Plate5Sig

m
a

0.000
Sam

ple am
ount:

LC1260
Instrum

ent:

(m
odified after loading)

Col IC: Hexane/isopropanol: 90/10, 1m
l/m

in, 22°C, 254nm
D

escription:

1 of 1
Injection:

Sam
ple

Sam
ple type:

BO
S_IC_90-10-20.M

A
cq. m

ethod:
BO

S_IC_90-10-20.M
A

nalysis m
ethod:

12/16/2016 11:30:55 AM
Last changed:

11/13/2015 10:43:27 AM
Injection date:

SYSTEM
A

cq. operator:
10.000

Injection volum
e:

D:\UM
R7312\DATA\BO

S\BO
S_IC_372_030914 2014-09-03 15-38-39\002-1701.D

D
ata file:

Vial 2
Location:

M
B617001

Sam
ple nam

e:
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A
rea Percent R

eport

U
M

R
7312.rdl [R

ev. 55]
Printed: 12/16/2016 3:55:20 PM

Page 1 of 4

Signal:
D

AD
1 D

, Sig=230,4 R
ef=360,100

6.578
BB

0.1481
2888.0630

300.6688
99.1651

0.83169
10038.41216

5.773
M

M
0.1727

24.3159
2.3462

0.8349
1.10557

9800.46685

Sum
2912.3789

R
T [m

in]
Type

W
idth 

[m
in]

A
rea

H
eight

A
rea%

Peak_Sym
m

etry
Peak_Plate5Sig

m
a

1.000
Sam

ple am
ount:

Instrum
ent:

(m
odified after loading)

ER
867002 (0.5m

g/m
l dans H

ex/Isop:5/5), C
olonne IC

, H
ex/Isop:95/5, 1 m

l/m
in, 40 

bars, 254 nm
 et 230 nm

 22°C
D

escription:

1 of 1
Injection:

Sam
ple

Sam
ple type:

A
cq. m

ethod:
R

IG
U

ET_W
H

ELK_70-30-12.M
A

nalysis m
ethod:

12/16/2016 3:55:08 PM
Last changed:

7/11/2016 2:19:26 PM
Injection date:

SYSTEM
A

cq. operator:
Injection volum

e:

D
:\U

M
R

7312\D
ATA\R

IG
U

ET\ER
867002 2016-07-11 14-18-03.D

D
ata file:

Vial 2
Location:

ER
867002

Sam
ple nam

e:



	
S82	

	

	

	

	
	

			
		

O
O

O

Ph
Br

16

A
rea Percent R

eport

U
M

R
7312.rdl [R

ev. 55]
Printed: 12/16/2016 3:57:50 PM

Page 1 of 4

Signal:
D

AD
1 B, Sig=254,4 R

ef=360,100

10.702
VB

0.2603
1825.7057

108.5134
10.4978

0.88536
8509.79742

9.740
BV

0.2342
6885.0020

455.8506
39.5886

0.85079
8772.54383

8.719
VB

0.1984
1865.0098

142.8167
10.7238

0.82634
12781.81016

8.372
VV

0.1934
6815.6699

546.9485
39.1899

0.87952
10567.21692

Sum
17391.3873

R
T [m

in]
Type

W
idth 

[m
in]

A
rea

H
eight

A
rea%

Peak_Sym
m

etry
Peak_Plate5Sig

m
a

1.000
Sam

ple am
ount:

Instrum
ent:

(m
odified after loading) (C

urrent integration events m
odified)

ER
838002 (0.5m

g:m
l) : C

olonne IC
, H

ex/isopropanol 95/5 , 1 m
l/m

in, 41 bars, 
254nm

, 22 °C
.

D
escription:

1 of 1
Injection:

Sam
ple

Sam
ple type:

A
cq. m

ethod:
R

IG
U

ET_W
H

ELK_70-30-12.M
A

nalysis m
ethod:

12/16/2016 3:57:45 PM
Last changed:

3/1/2016 4:11:59 PM
Injection date:

SYSTEM
A

cq. operator:
Injection volum

e:

D
:\U

M
R

7312\D
ATA\R

IG
U

ET\ER
838002-B 2016-03-01 16-10-37.D

D
ata file:

Vial 11
Location:

ER
838002-b

Sam
ple nam

e:

A
rea Percent R

eport

U
M

R
7312.rdl [R

ev. 55]
Printed: 12/16/2016 3:58:36 PM

Page 1 of 4

Signal:
D

AD
1 B, Sig=254,4 R

ef=360,100

10.490
BB

0.2440
277.9348

17.8209
6.5231

0.90856
9997.73318

9.441
BB

0.2198
2975.4897

209.4287
69.8349

0.88191
9408.40206

8.638
VB

0.1959
600.7176

47.3750
14.0989

0.92094
11086.95502

8.293
BV

0.1861
406.6057

34.3454
9.5431

0.93914
13749.95806

Sum
4260.7479

R
T [m

in]
Type

W
idth 

[m
in]

A
rea

H
eight

A
rea%

Peak_Sym
m

etry
Peak_Plate5Sig

m
a

1.000
Sam

ple am
ount:

LC
1260

Instrum
ent:

(m
odified after loading) (C

urrent integration events m
odified)

ER
845 (1m

g/m
l dans H

ex/Isop:5/5), colonne IC
, H

exane/Isop:95/5, 1m
l/m

in, 41 bars, 
254nm

, 22 °C
.

D
escription:

1 of 1
Injection:

Sam
ple

Sam
ple type:

R
IG

U
ET_IC

_95-5-13.M
A

cq. m
ethod:

R
IG

U
ET_W

H
ELK_70-30-12.M

A
nalysis m

ethod:
12/16/2016 3:57:45 PM

Last changed:

4/25/2016 10:29:10 AM
Injection date:

SYSTEM
A

cq. operator:
10.000

Injection volum
e:

D
:\U

M
R

7312\D
ATA\R

IG
U

ET\ER
845-2 2016-04-25 10-27-41.D

D
ata file:

Vial 1
Location:

ER
845-2

Sam
ple nam

e:
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O
O

O

Ph
NBoc

17

A
rea Percent R

eport

U
M

R
7312.rdl [R

ev. 55]
Printed: 12/16/2016 3:46:28 PM

Page 1 of 4

Signal:
D

AD
1 B, Sig=254,4 R

ef=360,100

24.632
BB

0.6015
1943.4614

48.4953
11.5061

1.01341
6682.02258

20.756
BB

0.5083
6489.9873

190.0895
38.4233

0.76932
6374.64056

18.999
BB

0.4563
6478.8706

214.5293
38.3574

1.08560
7025.45959

16.888
BB

0.4157
1978.4585

71.2998
11.7132

1.09217
6548.13172

Sum
16890.7778

R
T [m

in]
Type

W
idth 

[m
in]

A
rea

H
eight

A
rea%

Peak_Sym
m

etry
Peak_Plate5Sig

m
a

1.000
Sam

ple am
ount:

Instrum
ent:

(m
odified after loading)

ER
876 (0.5m

g/m
l dans H

ex/Isop:5/5), C
olonne (R

,R
) W

helk01, H
ex/C

H
2C

l2, 77/23 : 
1 m

l/m
in, 39 bars, 254 nm

, 22°C
D

escription:

1 of 1
Injection:

Sam
ple

Sam
ple type:

A
cq. m

ethod:
R

IG
U

ET_W
H

ELK_70-30-12.M
A

nalysis m
ethod:

12/16/2016 3:46:25 PM
Last changed:

9/19/2016 12:29:38 PM
Injection date:

SYSTEM
A

cq. operator:
Injection volum

e:

D
:\U

M
R

7312\D
ATA\R

IG
U

ET\ER
876-C

 2016-09-19 12-28-14.D
D

ata file:

Vial 1
Location:

ER
876-c

Sam
ple nam

e:

A
rea Percent R

eport

U
M

R
7312.rdl [R

ev. 55]
Printed: 12/16/2016 3:48:08 PM

Page 1 of 4

Signal:
D

AD
1 D

, Sig=230,4 R
ef=360,100

24.677
BB

0.6214
3501.1370

83.8002
21.1540

0.96575
5801.41596

21.092
BB

0.4880
192.2878

5.5806
1.1618

0.85236
8264.89857

19.025
BB

0.4770
12462.8350

389.8425
75.3009

0.97691
6013.48621

16.959
BB

0.4180
394.4431

14.2021
2.3832

1.11461
7237.61336

Sum
16550.7029

R
T [m

in]
Type

W
idth 

[m
in]

A
rea

H
eight

A
rea%

Peak_Sym
m

etry
Peak_Plate5Sig

m
a

1.000
Sam

ple am
ount:

Instrum
ent:

(m
odified after loading) (C

urrent integration events m
odified)

ER
887(~0.5m

g/m
l dans H

ex/Isop:5/5), C
olonne W

helk(R
,R

), H
ex/C

H
2C

l2, 77/23 : 1 
m

l/m
in, 39 bars, 254 et 230 nm

, 22°C
D

escription:

1 of 1
Injection:

Sam
ple

Sam
ple type:

A
cq. m

ethod:
R

IG
U

ET_W
H

ELK_70-30-12.M
A

nalysis m
ethod:

12/16/2016 3:46:25 PM
Last changed:

10/21/2016 2:30:46 PM
Injection date:

SYSTEM
A

cq. operator:
Injection volum

e:

D
:\U

M
R

7312\D
ATA\R

IG
U

ET\ER
887 2016-10-21 14-29-23.D

D
ata file:

Vial 1
Location:

ER
887

Sam
ple nam

e:



	
S85	

	

		
	

		
	

O

O
O

Cl

Cl

(R
,S)-18

A
rea Percent R

eport

U
M

R
7312.rdl [R

ev. 55]
Printed: 12/16/2016 3:43:03 PM

Page 1 of 4

Signal:
D

AD
1 B, Sig=254,4 R

ef=360,100

20.559
BB

0.4507
1827.8831

62.9684
49.9285

0.91310
11040.07647

17.324
BB

0.3810
1833.1206

75.0473
50.0715

0.89281
10937.24755

Sum
3661.0037

R
T [m

in]
Type

W
idth 

[m
in]

A
rea

H
eight

A
rea%

Peak_Sym
m

etry
Peak_Plate5Sig

m
a

1.000
Sam

ple am
ount:

Instrum
ent:

(m
odified after loading)

ER
 862002 0.5m

g/m
l dans H

ex/isop: 5/5 
C

olonne IC
: H

ex/isop: 90/10, 1m
l/m

in, 43 bars 230 et 254 nm
, 22°C

D
escription:

1 of 1
Injection:

Sam
ple

Sam
ple type:

A
cq. m

ethod:
R

IG
U

ET_W
H

ELK_70-30-12.M
A

nalysis m
ethod:

12/16/2016 3:42:52 PM
Last changed:

6/28/2016 11:43:22 AM
Injection date:

SYSTEM
A

cq. operator:
Injection volum

e:

D
:\U

M
R

7312\D
ATA\R

IG
U

ET\ER
862002 2016-06-28 11-41-52.D

D
ata file:

Vial 4
Location:

ER
862002

Sam
ple nam

e:

A
rea Percent R

eport

U
M

R
7312.rdl [R

ev. 55]
Printed: 12/16/2016 3:44:51 PM

Page 1 of 4

Signal:
D

AD
1 D

, Sig=230,4 R
ef=360,100

19.913
M

M
0.5031

42.5745
1.4104

1.3587
1.03587

9286.71981
16.911

BB
0.3581

3090.9683
134.5217

98.6413
0.91077

12061.62571

Sum
3133.5427

R
T [m

in]
Type

W
idth 

[m
in]

A
rea

H
eight

A
rea%

Peak_Sym
m

etry
Peak_Plate5Sig

m
a

1.000
Sam

ple am
ount:

LC
1260

Instrum
ent:

(m
odified after loading)

ER
882 (0.5m

g/m
l dans H

ex/Isop:5/5), C
olonne IC

, H
ex/Isopropanol, 90/10 : 1 

m
l/m

in, 42 bars, 254 et 230 nm
, 22°C

D
escription:

1 of 1
Injection:

Sam
ple

Sam
ple type:

R
IG

U
ET_IC

_90-10-25.M
A

cq. m
ethod:

R
IG

U
ET_W

H
ELK_70-30-12.M

A
nalysis m

ethod:
12/16/2016 3:44:47 PM

Last changed:

9/19/2016 3:45:59 PM
Injection date:

SYSTEM
A

cq. operator:
10.000

Injection volum
e:

D
:\U

M
R

7312\D
ATA\R

IG
U

ET\ER
882-B 2016-09-19 15-44-35.D

D
ata file:

Vial 1
Location:

ER
882-b

Sam
ple nam

e:



	
S86	

	

	
Crystal	

	
	

	
		

	

O

O
O

Br

(R
,R
)-19

A
rea Percent R

eport

U
M

R
7312.rdl [R

ev. 55]
Printed: 12/16/2016 3:21:17 PM

Page 1 of 4

Signal:
D

AD
1 D

, Sig=220,4 R
ef=360,100

16.916
BB

0.3989
2115.3875

82.5802
50.4948

0.91893
9448.43587

13.606
BB

0.3133
2073.9260

102.8468
49.5052

0.89141
9912.38786

Sum
4189.3135

R
T [m

in]
Type

W
idth 

[m
in]

A
rea

H
eight

A
rea%

Peak_Sym
m

etry
Peak_Plate5Sig

m
a

1.000
Sam

ple am
ount:

Instrum
ent:

(m
odified after loading)

ER
841003 (0.5m

g:m
l) : C

olonne IC
, H

ex/isopropanol 80/20 , 1 m
l/m

in, 49 bars, 
220nm

 22 °C
.

D
escription:

1 of 1
Injection:

Sam
ple

Sam
ple type:

A
cq. m

ethod:
R

IG
U

ET_W
H

ELK_70-30-12.M
A

nalysis m
ethod:

12/16/2016 1:29:46 PM
Last changed:

3/9/2016 3:46:41 PM
Injection date:

SYSTEM
A

cq. operator:
Injection volum

e:

D
:\U

M
R

7312\D
ATA\R

IG
U

ET\ER
841003 2016-03-09 15-45-18.D

D
ata file:

Vial 2
Location:

ER
841003

Sam
ple nam

e:

A
rea Percent R

eport

U
M

R
7312.rdl [R

ev. 55]
Printed: 12/16/2016 3:28:37 PM

Page 1 of 4

Signal:
D

AD
1 D

, Sig=220,4 R
ef=360,100

9.621
BB

0.2394
80.1115

5.2084
2.3065

0.90006
8338.46390

8.082
BB

0.1929
3393.1946

273.2119
97.6935

0.85794
8977.26641

Sum
3473.3061

R
T [m

in]
Type

W
idth 

[m
in]

A
rea

H
eight

A
rea%

Peak_Sym
m

etry
Peak_Plate5Sig

m
a

1.000
Sam

ple am
ount:

Instrum
ent:

(m
odified after loading) (C

urrent integration events m
odified)

ER
 846003, filtrat 0.5m

g/m
l dans H

ex/isop: 5/5. 
H

exane/isopropanol: 60/40, 1 m
l/m

in, 72 bars, 220 nm
.

D
escription:

1 of 1
Injection:

Sam
ple

Sam
ple type:

A
cq. m

ethod:
R

IG
U

ET_W
H

ELK_70-30-12.M
A

nalysis m
ethod:

12/16/2016 1:29:46 PM
Last changed:

6/21/2016 2:11:08 PM
Injection date:

SYSTEM
A

cq. operator:
Injection volum

e:

D
:\U

M
R

7312\D
ATA\R

IG
U

ET\ER
846-3F-2 2016-06-21 14-09-41.D

D
ata file:

Vial 1
Location:

ER
846-3F-2

Sam
ple nam

e:

A
rea Percent R

eport

U
M

R
7312.rdl [R

ev. 55]
Printed: 12/16/2016 3:29:54 PM

Page 1 of 4

Signal:
D

AD
1 D

, Sig=220,4 R
ef=360,100

8.081
BB

0.1962
885.1520

69.6876
100.0000

0.87651
8960.17542

Sum
885.1520

R
T [m

in]
Type

W
idth 

[m
in]

A
rea

H
eight

A
rea%

Peak_Sym
m

etry
Peak_Plate5Sig

m
a

1.000
Sam

ple am
ount:

Instrum
ent:

(m
odified after loading) (C

urrent integration events m
odified)

ER
846003 cristal n°3 (200µl dans H

ex/isop:5/5), H
ex/isop:60/40, 1 m

l/m
in, 71 bars, 

220 nm
, 22°C

D
escription:

1 of 1
Injection:

Sam
ple

Sam
ple type:

A
cq. m

ethod:
R

IG
U

ET_W
H

ELK_70-30-12.M
A

nalysis m
ethod:

12/16/2016 1:29:46 PM
Last changed:

7/4/2016 4:03:07 PM
Injection date:

SYSTEM
A

cq. operator:
Injection volum

e:

D
:\U

M
R

7312\D
ATA\R

IG
U

ET\ER
846003-C

3 2016-07-04 16-01-29.D
D

ata file:

Vial 4
Location:

ER
846003-C

3
Sam

ple nam
e:



	
S87	

	

	

	
	

		
	

O

O
O

NO
O

(R
,R
)-20

A
rea Percent R

eport

U
M

R
7312.rdl [R

ev. 55]
Printed: 12/16/2016 1:19:50 PM

Page 1 of 4

Signal:
D

AD
1 B, Sig=254,4 R

ef=360,100

15.354
BB

0.4445
1210.1824

41.9630
50.4419

0.87234
6055.77100

9.938
VB

0.2667
1188.9773

69.1316
49.5581

0.86241
7008.94265

Sum
2399.1597

R
T [m

in]
Type

W
idth 

[m
in]

A
rea

H
eight

A
rea%

Peak_Sym
m

etry
Peak_Plate5Sig

m
a

1.000
Sam

ple am
ount:

Instrum
ent:

(m
odified after loading)

ER
880003(nouvel échantillon, très peu dans H

ex/Isop:5/5), C
olonne IC

, H
ex/Isop, 

75/25 : 1 m
l/m

in, 53 bars, 254 et 230 nm
, 22°C

D
escription:

1 of 1
Injection:

Sam
ple

Sam
ple type:

A
cq. m

ethod:
R

IG
U

ET_W
H

ELK_70-30-12.M
A

nalysis m
ethod:

12/16/2016 1:19:45 PM
Last changed:

10/24/2016 3:26:52 PM
Injection date:

SYSTEM
A

cq. operator:
Injection volum

e:

D
:\U

M
R

7312\D
ATA\R

IG
U

ET\ER
880003B-2 2016-10-24 15-25-22.D

D
ata file:

Vial 4
Location:

ER
880003b-2

Sam
ple nam

e:

A
rea Percent R

eport

U
M

R
7312.rdl [R

ev. 55]
Printed: 12/16/2016 1:30:19 PM

Page 1 of 4

Signal:
D

AD
1 B, Sig=254,4 R

ef=360,100

15.786
M

M
0.3661

33.9648
1.5461

0.9557
0.96433

19203.24899
10.159

BB
0.2760

3519.9753
199.3243

99.0443
0.84545

7087.40725

Sum
3553.9401

R
T [m

in]
Type

W
idth 

[m
in]

A
rea

H
eight

A
rea%

Peak_Sym
m

etry
Peak_Plate5Sig

m
a

1.000
Sam

ple am
ount:

Instrum
ent:

(m
odified after loading)

ER
896002(0.5m

g/m
l H

ex/Isop:5/5), C
olonne IC

, H
ex/Isop, 75/25 : 1 m

l/m
in, 54 bars, 

254 et 230 nm
, 22°C

D
escription:

1 of 1
Injection:

Sam
ple

Sam
ple type:

A
cq. m

ethod:
R

IG
U

ET_W
H

ELK_70-30-12.M
A

nalysis m
ethod:

12/16/2016 1:29:46 PM
Last changed:

11/16/2016 2:49:50 PM
Injection date:

SYSTEM
A

cq. operator:
Injection volum

e:

D
:\U

M
R

7312\D
ATA\R

IG
U

ET\ER
896002 2016-11-16 14-48-16.D

D
ata file:

Vial 1
Location:

ER
896002

Sam
ple nam

e:



	
S88	

	

		
	

		
	

O

O
O

Cl
Cl

(S)-21



	
S89	

	

		
	

O

O
O

Cl
Cl

(R
)-21



	 S90	

VII	ORTEP	of	compounds	(S,S)-7,	22,	(R,R)-19,	and	(S)-21	
	

ORTEP	for	compound	(S,S)-7	(CCDC	1533672)	

	

	

	 	



	 S91	

ORTEP	for	compound	22	(CCDC	1533735)	

	

	

	

	

ORTEP	for	compound	(R,R)-19	(CCDC 1533736)	

	



	 S92	

ORTEP	for	compound	(S)-21	(CCDC	1533751)	

	

	

	
	


