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1. Optimization of the Reaction Condition 

 
Table	1.	Conditions	screeninga	

Entry	 Catalyst	 Acid	 Solvent	 Timeb	(h)	 Yieldc	(%)	 eed	(%)	

1	 3	 A1	 CH3CN	 12	 72.2	 99.2	

2	 3	 A2	 CH3CN	 10	 77.2	 99.4	

3	 3	 A3	 CH3CN	 12	 80.3	 99.1	

4	 3	 A4	 CH3CN	 12	 76.8	 99.4	

5	 3	 A5	 CH3CN	 12	 70	 99.3	

6	 3	 A6	 CH3CN	 12	 80.9	 99.2	

7h	 3	 A2	 CH3CN/H2O	 12	 74.6	 98.8	

8	 3	 A2 Toluene	 36	 60.8	 99.5	

9	 3	 A2 CHCl3	 >48	 48.9	 98.8	

10	 3	 A2 DMF	 12	 76.4	 99.5	

11i	 3	 A2 DMF/	H2O	 12	 77.3	 99.2	

12e	 3	 A2 CH3CN	 18	 65	 99.4	

13f	 3	 A2 CH3CN	 20	 60	 99.4	

14g	 3	 A2 CH3CN	 16	 85	 99.4	

15k	 3	 A2 CH3CN	 16	 76	 99.4	

 

[a]	Unless	otherwise	specified,	all	reactions	were	carried	out	using	1a	(0.12	mmol,	1.2	equiv)	and	N‐Tos‐1‐aza‐1,3‐butadienes	

2a	(0.10	mmol,	1.0	equiv)	in	solvent	(500	μL)	with	3	(20	mol%)	and	acid	(20	mol%)	at	25	oC.	After	full	conversion	of	the	first	

step,	the	solvent	was	removed	under	vacuum	and	DCM	(1.2	mL)	and	p‐TsOH	(5.0	equiv)	were	added	to	the	reaction	at	40	oC	for	

4	hours.	When	the	reaction	completed,	the	mixture	was	concentrated	and	the	residue	was	purified	by	flash	chromatography	on	

silica	 gel	 to	 afford	5a.	 The	 diastereoselectivity	 of	5a	 is	 determined	 by	 1H	NMR.	 [b]	 For	 the	 first	 step.	 [c]	 Isolated	 yields	 of	

product	5a.	[d]	Determined	by	HPLC	analysis	over	chiral	stationary	phases	of	5a.	[e]	10	mol%	3	was	used.	[f]	5	mol%	3	was	

used.	[g]	5a	was	obtained	in	one‐pot,	reaction	time	refer	to	two	steps.	[h/i]	10%	H2O	was	added.	[k]	After	full	conversion	of	the	

first	step,	 the	solvent	was	not	removed	and	DCM	(1.2	mL)	and	p‐TsOH	(5.0	equiv)	were	added	to	the	reaction	at	40	oC	 for	4	

hours.	Entry	in	ondine	marks	optimized	conditions.	p‐TsOH	=	p‐toluenesulfonic	acid;	TMS	=	trimethylsilyl;	Tos	=	p‐tolylsulfonyl.	
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2. Details of Reaction Conditions Study 

Table	2.	Screening	of	solventsa	
	

	

	

	
[a]	Unless	otherwise	specified,	all	reactions	were	carried	out	using	1a	(0.12	mmol,	1.2	equiv)	and	N‐Tos‐1‐aza‐1,3‐butadienes	

2a	(0.10	mmol,	1.0	equiv)	in	solvent	(500	μL)	with	3	(20	mol%)	and	A2	(20	mol%)	at	25	oC.	After	full	conversion	of	the	first	

step,	the	solvent	was	removed	under	vacuum	and	DCM	(1.2	mL)	and	p‐TsOH	(5.0	equiv)	were	added	to	the	reaction	at	40	oC	for	

4	hours.	When	the	reaction	completed,	the	mixture	was	concentrated	and	the	residue	was	purified	by	flash	chromatography	on	

silica	gel	to	afford	5a.	[b]	Isolated	yields	of	product	5a.	 [c]	Determined	by	HPLC	analysis	over	chiral	stationary	phases	of	5a.	

[d/e]	 10%	 H2O	 was	 added.	 Entry	 in	 ondine	 marks	 optimized	 conditions.	 DMF	 =	 Dimethylformamide;	 p‐TsOH	 =	

p‐toluenesulfonic	acid;	Tos	=	p‐tolylsulfonyl.	

 

 

 

 

 

	

Entry	 Solvent	 Time	(h)	 Yield	(%)b	 5a	ee	(%)c	

1	 CH3CN	 10	 77.2	 99.4	

2d	 CH3CN/H2O	 12	 74.6	 98.8	

3	 Toluene	 36	 60.8	 99.5	

4	 CHCl3	 >48	 48.9	 98.8	

5	 DMF	 12	 76.4	 99.5	

6e	 DMF/H2O	 12	 77.3	 99.2	
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Table	3.	Screening	of	acidsa	

 
 

Entry	 Acid	 Yield	(%)b	 4a	ee	(%)c	

1	 PhCOOH	 72.2	 99.2	

2	 4‐NO2PhCOOH	 77.2	 99.4	

3	 4‐FPhCOOH	 80.3	 99.1	

4	 2‐FPhCOOH	 76.8	 99.4	

5	 4‐CH3PhCOOH	 70	 99.3	

6	 acetic	Acid	 80.9	 99.2	

 

[a]	Unless	otherwise	specified,	all	reactions	were	carried	out	using	1a	(0.12	mmol,	1.2	equiv)	and	N‐Tos‐1‐aza‐1,3‐butadienes	

2a	(0.10	mmol,	1.0	equiv)	in	CH3CN	(500	μL)	with	3	(20	mol%)	and	acid	(20	mol%)	at	25	oC.	After	full	conversion	of	the	first	

step,	the	solvent	was	removed	under	vacuum	and	DCM	(1.2	mL)	and	p‐TsOH	(5.0	equiv)	were	added	to	the	reaction	at	40	oC	for	

4	hours.	When	the	reaction	completed,	the	mixture	was	concentrated	and	the	residue	was	purified	by	flash	chromatography	on	

silica	gel	to	afford	5a.	[b]	Isolated	yields	of	product	5a.	[c]	Determined	by	HPLC	analysis	over	chiral	stationary	phases	of	5a.	

Entry	in	ondine	marks	optimized	conditions.	p‐TsOH	=	p‐toluenesulfonic	acid.	
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Table	4.	Screening	of	catalysta	
 

 

	

	

 

  

[a]	Unless	otherwise	specified,	all	reactions	were	carried	out	using	1a	(0.12	mmol,	1.2	equiv)	and	N‐Tos‐1‐aza‐1,3‐butadienes	

2a	(0.10	mmol,	1.0	equiv)	in	CH3CN	(500	μL)	with	3	(mol%)	and	A2	(20	mol%)	at	25	oC.	After	full	conversion	of	the	first	step,	

the	solvent	was	removed	under	vacuum	and	DCM	(1.2	mL)	and	p‐TsOH	(5.0	equiv)	were	added	to	the	reaction	at	40	oC	for	4	

hours.	When	the	reaction	completed,	the	mixture	was	concentrated	and	the	residue	was	purified	by	flash	chromatography	on	

silica	gel	to	afford	5a.	[b]	Isolated	yields	of	product	5a.	[c]	Determined	by	HPLC	analysis	over	chiral	stationary	phases	of	5a.	

Entry	in	ondine	marks	optimized	conditions.	p‐TsOH	=	p‐toluenesulfonic	acid.	

 

 

 

 

 

 

 

 

 

 

 

Entry	 Catalyst	 Time	(h)	 Yield	(%)b	 5a	ee	(%)c	

1	 5	mol	%	 20	 60	 99.4	

2	 10	mol	%	 18	 65	 99.4	

3	 20	mol	%	 10	 77.2	 99.4	
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3. Single Crystal X-Ray Diffraction Data for Compounds 5a and 7 

[CCDC	1429399	(5a)	and	CCDC	1432291	(8)	contain	the	supplementary	crystallographic	data	for	this	

paper.	These	data	can	be	obtained	free	of	charge	from	The	Cambridge	Crystallographic	Data	Centre	via	

www.ccdc.cam.ac.uk/data_request/cif.].	

        

 

Bond precision: C-C = 0.0061 A Wavelength=1.54184 

Cell: a=9.9601(8) b=10.8355(7) c=23.6278(13) 

alpha=90 beta=90 gamma=90 

Temperature: 293 K 

Calculated Reported 

Volume 2550.0(3) 2550.0(3) 

Space group P 21 21 21 P212121 

Hall group P 2ac 2ab ? 

Moiety formula C28 H27 N O5 S ? 

Sum formula C28 H27 N O5 S C28 H27 N O5 S 

Mr 489.57 489.57 

Dx,g cm-3 1.275 1.275 

Z 4 4 

Mu (mm-1) 1.443 1.443 

F000 1032.0 1032.0 

F000' 1036.35 

h,k,lmax 11,12,28 11,12,28 

Nref 4562[ 2601] 3770 

Tmin,Tmax 0.891,0.904 0.893,0.906 

Tmin' 0.891 

Correction method= # Reported T Limits: Tmin=0.893 Tmax=0.906 AbsCorr =

MULTI-SCAN  

Data completeness= 1.45/0.83 Theta(max)= 67.250 

R(reflections)= 0.0479( 3120) wR2(reflections)= 0.1383( 3770) 

S = 1.071 Npar= 319 
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Bond precision: C-C = 0.0033 A Wavelength=0.71073 

Cell: a=10.0985(8) b=14.8716(11) c=17.4835(13) 

alpha=90 beta=90 gamma=90 

Temperature: 293 K 

Calculated Reported 

Volume 2625.7(3) 2625.7(3) 

Space group P 21 21 21 P 21 21 21 

Hall group P 2ac 2ab P 2ac 2ab 

Moiety formula C28 H31 N O5 S C28 H31 N O5 S 

Sum formula C28 H31 N O5 S C28 H31 N O5 S 

Mr 493.60 493.60 

Dx,g cm-3 1.249 1.249 

Z 4 4 

Mu (mm-1) 0.161 0.161 

F000 1048.0 1048.0 

F000' 1048.97 

h,k,lmax 12,17,20 12,17,20 

Nref 4625[ 2625] 4623 

Tmin,Tmax 

Tmin' 

Correction method= Not given 

Data completeness= 1.76/1.00 Theta(max)= 25.010 

R(reflections)= 0.0333( 4325) wR2(reflections)= 0.0930( 4623) 

S = 1.043 Npar= 324 
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4. NMR spectra and HPLC Traces 
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