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Procedure (Note 1) 
 

A. (R,E)-N-(2-(Diphenylphosphanyl)benzylidene)-2-methylpropane-2-sulfin-
amide (Rs)-3. A 500-mL oven-dried, three-necked round-bottomed flask 
equipped with a teflon-coated magnetic stir bar (3.5 x 1.0 cm) is charged with 
2-diphenylphosphinobenzaldehyde 1 (52.5 mmol, 15.24 g, 1 equiv) (Note 2), 
(R)-(+)-2-methylpropane-2-sulfinamide (Rs)-2 (57.8 mmol, 7.0 g, 1.1 equiv) 
(Note 3). The middle neck of the flask is equipped with a reflux condenser, 
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which is connected to a gas outlet/inlet. One of the side-necks of the flask is 
closed with a rubber septum and the other side-neck is equipped with an 
internal temperature probe. The flask is evacuated and flushed three times 
with nitrogen before anhydrous THF (250 mL) (Note 4) is transferred into the 
flask via a plastic syringe through the rubber septum. The stirred mixture is 
heated to 50 °C in an oil bath, then titanium(IV) iso-propoxide (157.7 mmol, 
46.6 mL, 3.0 equiv) (Note 5) is added and the resulting pale yellow mixture is 
stirred for 20 h at 50 °C under nitrogen atmosphere. Analysis by TLC 
indicates complete consumption of the aldehyde (Note 6). The yellow 
reaction mixture is diluted with EtOAc (100 mL) (Note 7), and vigorous 
stirring is continued for 0.5 h at 50 °C.  The reaction mixture is then allowed 
to cool to room temperature (25 °C) and the reaction mixture is slowly added  
over a period of 5 min in three portions to a 2-L beaker that contains brine 
(200 mL) (Note 8) while stirring with a magnetic stir bar. In addition, the 
mixture is stirred using a glass rod for 5 min and the reaction mixture is 
filtered through a sintered funnel with Celite (Note 9) and washed with 
EtOAc (2 x 150 mL) to remove insoluble materials. The filtrate is transferred 
to a 3 L separatory funnel and water (200 mL) is added. The phases are 
separated, and the aqueous phase is extracted with EtOAc (3 x 50 mL). The 
combined organic layers are dried over anhydrous sodium sulfate (ca. 60 g) 
(Note 10), filtered through a filter paper into a 1.0 L round-bottomed flask 
and concentrated under reduced pressure (40 mmHg, 40 °C). The crude 
product is purified by flash column chromatography (Note 11) to afford 
16.09 g (78%) as light-yellow gum (Notes 12, 13, and 14).  

B. (S,Rs)-M1. A dried 250 mL three-necked, round-bottomed flask, 
equipped with a Teflon-coated magnetic stir bar (3.5 x 1.0 cm), is charged 
with (Rs)-3 (20 mmol, 7.87 g, 1 equiv). The middle neck of the flask is 
equipped with a pressure-equalizing addition funnel (125 mL) with a rubber 
septum, one side-neck of the flask is connected to a Schlenk line via a gas 
outlet/inlet, and the other side-neck is equipped with a thermocouple 
(Figure 1A).  The flask is evacuated and flushed with nitrogen three times 
before anhydrous THF (125 mL) is transferred via plastic syringe into the 
addition funnel through the rubber septum, and the THF is then added to the 
round-bottomed flask. The flask is placed in a dry ice-acetonitrile bath in 
order to cool the reaction mixture to -48 °C. Phenylmagnesium bromide 
(40.0 mmol, 1.0 M in THF, 40.0 mL, 2.0 equiv) (Note 15) is transferred into 
constant pressure drop funnel via plastic syringe and then added dropwise 
over 30 minutes to the –48 °C solution (Figure 1B).  Upon completion of the 
addition, the solution is stirred for 2 h (Figure 2). The cooling bath is removed, 
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and the pale-yellow reaction mixture is allowed to warm to 25°C and stirred 
for additional 12 h. The reaction mixture is quenched by slow addition of 
saturated NH4Cl (50 mL) and stirred for 0.5 h. The solution that contains the 
crude product is transferred to a 500 mL separatory funnel and water 
(100 mL) is added. The reaction mixture is extracted with EtOAc (3 x 50 mL), 
and the combined organic layers are dried over anhydrous Na2SO4 (ca. 20 g), 
filtered through filter paper into a 0.5 L round-bottomed flask, and 
concentrated under reduced pressure (40 mmHg, 40 °C) to give the crude 
product as brown oil. The crude product is placed under high vacuum 
(18 mmHg) for 10 min to remove the residual EtOAc.  

 

Figure 1. A) Reaction set-up; B) Grignard addition 
 
To a –10 °C solution of the crude product in acetone (28 mL) (Note 16) is 

added water (20 mL) via an addition funnel and the solution stirred (150 rpm) 
for 3 h, resulting in the formation of a white precipitate (Note 17). The 
precipitate is filtered and washed with fresh cold (–10 °C) aqueous solution 
of acetone (H2O/acetone = 5/7) (7.5 mL x 3). The white powder is collected 
and dried in vacuo to give 6.51 g of white product (S,Rs)-M1 (Figure 2). The 
filtrate is concentrated and extracted with EtOAc (3 x 15 mL), the combined 
organic layers are dried over anhydrous Na2SO4 (ca. 10 g), filtered and 
concentrated under reduced pressure (40 mmHg, 40 °C).  The residue is 
purified by flash column chromatography (Note 18) on silica gel to afford 
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1.07 g of (S,Rs)-M1. The two portions of (S,Rs)-M1 are combined (7.58 g, 
16.1 mmol, 80% yield) (Notes 19, 20, and 21). 
 

 
Figure 2. White solid produced in Step B  

(photo provided by the submitters) 
 
 
Notes 
 
1. Prior to performing each reaction, a thorough hazard analysis and risk 

assessment should be carried out with regard to each chemical substance 
and experimental operation on the scale planned and in the context of the 
laboratory where the procedures will be carried out. Guidelines for 
carrying out risk assessments and for analyzing the hazards associated 
with chemicals can be found in references such as Chapter 4 of “Prudent 
Practices in the Laboratory" (The National Academies Press, Washington, 
D.C., 2011; the full text can be accessed free of charge at 
https://www.nap.edu/catalog/12654/prudent-practices-in-the-
laboratory-handling-and-management-of-chemical. See also 
“Identifying and Evaluating Hazards in Research Laboratories” 
(American Chemical Society, 2015) which is available via the associated 
website “Hazard Assessment in Research Laboratories” at 
https://www.acs.org/content/acs/en/about/governance/committees
/chemicalsafety/hazard-assessment.html. In the case of this procedure, 
the risk assessment should include (but not necessarily be limited to) an 
evaluation of the potential hazards associated with 
2- diphenylphosphinobenzaldehyde, (R)-(+)-2-methylpropane-2-sulfin-
amide, tetrahydrofuran, titanium(IV) isopropoxide, ethyl acetate, brine, 
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Celite, sodium sulfate, hexanes, phenylmagnesium bromide, ammonium 
chloride, acetone, petroleum ether, dichloromethane, silica gel, and 1,3,5-
trimethylbenzene. 

2. 2-(Diphenylphosphino)benzaldehyde (97 %) was purchased from 
Combi-Blocks. 

3. (R)-(+)-2-methylpropane-2-sulfinamide (97 %, 99 % ee) was obtained 
from Combi-Blocks and used as received. 

4. Tetrahydrofuran (anhydrous, >99.9%, inhibitor-free) was purchased 
from Sigma Aldrich. 

5. Titanium(IV) isopropoxide (98+%) was purchased from Acros Organic 
and used as received. 

6. Reaction progress was monitored by TLC analysis, using petroleum 
ethe/ethyl acetate (5/1) as eluent. Visualization is accomplished with 
254 nm UV light. TLC analysis showed the formation of sulfinamide 3 
has Rf = 0.5 (Figure 3). 

 
Figure 3. TLC analysis of the reaction mixture 

 
7. Ethyl acetate (EtOAc) (ACS grade, 99.5%) was purchased from Oakwood 

Chemical. 
8. Brine was prepared from sodium chloride, which was purchased from 

Oakwood Chemical. 
9. Celite 545 was purchased from Acros Organics and used as received. The 

filtration is carried out through a sintered funnel (diameter: 10 cm), 
which is mounted on the top of a 2 L one-necked, round-bottomed flask 
and charged with 40 g celite. The funnel is connected to a vacuum source 
(40 mmHg). 

10. Sodium sulfate (Na2SO4) (anhydrous, 99.5%) was purchased from 
Oakwood Chemical. 
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11. Silica gel (230-400 mesh, purchased from SiliCycle) (270 g) is loaded in a 
column by wet packing with hexanes. The crude oil (27.0 g) is dissolved 
in dichloromethane (20 mL) with the help of sonication and then loaded 
onto the column. The column is eluted with a mixture of hexanes and 
ethyl acetate as eluent, beginning with a 10/1 ratio, and then moving to 
a 5/1 ratio.  The desired product (TLC analysis provides Rf = 0.7 in 
petroleum ether/EtOAc=5/1) appears on the column as a yellow band, 
which can be easily observed in order to determine when the material 
has fully eluted. 

12. A second run on the same scale provided 15.89 g (77%) of the product.  
13. Spectroscopic properties of product (Rs)-3 are as follows: 1H NMR 

(600 MHz, CDCl3) d: 1.08 (s, 9H), 6.95–6.99 (m, 1H), 7.21–7.27 (m, 4H), 
7.28–7.38 (m, 7H), 7.44 (t, J = 7.4 Hz, 1H), 7.95–8.01 (m, 1H), 9.13 (d, 
J = 4.8 Hz, 1H); 13C NMR (150 MHz, CDCl3) d: 22.2, 57.3, 128.5 (Jc.p = 
7.2 Hz), 128.6 (Jc.p = 7.0 Hz), 128.8 (Jc.p = 4.5 Hz), 130.2 (Jc.p = 4.0 Hz), 
131.5, 134.0 (Jc.p = 12.0 Hz), 134.1 (Jc.p = 12.1 Hz), 136.3 (Jc.p = 11.0 Hz), 
136.4 (Jc,p = 9.9 Hz), 137.2 (Jc.p = 17.4 Hz), 139.8 (Jc.p = 23.7 Hz), 
161.8 (Jc.p = 18.3 Hz); 31P NMR (243 MHz, CDCl3) d: –12.30. LC-MS [M + 
H]+  394.1 calcd, 394.1 found.  

14. The purity was determined to be >97% wt. by quantitative 1H NMR 
spectroscopy in 1.0 mL of CDCl3 using 39.4 mg of the compound and 
12 mg of 1,3,5-trimethylbenzene (98%, purchased from Sigma Aldrich 
and used as received) as an internal standard. 

15. Phenylmagnesium bromide (1.0 M in THF) was purchased from Sigma 
Aldrich and used as received. 

16. Acetone (99.5%) was purchased from Oakwood Chemical. 
17. A sample (100 mg) of the prepared pure product was used as the seed 

crystal, which contributed to the formation of the white precipitate. 
18. Silica gel (230-400 mesh, purchased from SiliCycle) (35 g) is loaded in a 

column by wet packing with hexanes. Residue (1.45 g) is dissolved in 
dichloromethane (5 mL) with the help of sonication and then loaded onto 
the column. The column is eluted with a mixture of hexanes and ethyl 
acetate as eluent, beginning with a 10/1 ratio, and then moving to a 4/1 
ratio to obtain the desired product (TLC analysis provides Rf = 0.25 in 
hexanes/EtOAc=4/1).  

19. A second run on the same scale provided 7.46 g (79%) of the product.  
20. Spectroscopic properties of product (S, Rs)-M1 are as follows: 1H NMR 

(600 MHz, CDCl3) d: 1.20 (s, 9H), 3.87 (br s, 1H), 6.64 (dd, J = 3.5, 8.4 Hz, 
1H), 7.01–7.12 (m, 6H), 7.14–7.27 (m, 8H), 7.28–7.33 (m, 3H), 7.40 
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(t, J = 7.5 Hz, 1H), 7.65 (dd, J = 4.2, 7.3 Hz, 1H); 13C NMR (150 MHz, 
CDCl3) d: 22.6, 55.9, 60.0 (Jc,p = 27.6 Hz), 127.3, 127.6, 127.9, 128.2, 128.3, 
128.3 (Jc,p = 1.8 Hz), 128.4 (Jc,p = 8.6 Hz), 128.5 (Jc,p = 6.9 Hz), 129.3, 133.7 
(Jc,p = 16.9 Hz), 133.9 (Jc,p = 17.3 Hz), 134.9, 135.8, 135.9, 136.0, 
137.0 (Jc,p = 10.7 Hz), 142.0, 146.7 (Jc,p = 24.0 Hz). 31P NMR (243 MHz, 
CDCl3) d: –18.26. LC-MS [M + H]+  472.2 calcd, 472.1 found.  

21. The purity was determined to be >97% wt. by quantitative 1H NMR 
spectroscopy in 1.0 ml of CDCl3 using 47.2 mg of the compound and 
12 mg of 1,3,5-Trimethylbenzene (98%, purchased from Sigma Aldrich 
and used as received) as an internal standard. 
 

 
Working with Hazardous Chemicals 
 

The procedures in Organic Syntheses are intended for use only by persons 
with proper training in experimental organic chemistry.  All hazardous 
materials should be handled using the standard procedures for work with 
chemicals described in references such as "Prudent Practices in the 
Laboratory" (The National Academies Press, Washington, D.C., 2011; the full 
text can be accessed free of charge at 
http://www.nap.edu/catalog.php?record_id=12654).  All chemical waste 
should be disposed of in accordance with local regulations.  For general 
guidelines for the management of chemical waste, see Chapter 8 of Prudent 
Practices.  

In some articles in Organic Syntheses, chemical-specific hazards are 
highlighted in red “Caution Notes” within a procedure.  It is important to 
recognize that the absence of a caution note does not imply that no significant 
hazards are associated with the chemicals involved in that procedure.  Prior 
to performing a reaction, a thorough risk assessment should be carried out 
that includes a review of the potential hazards associated with each chemical 
and experimental operation on the scale that is planned for the procedure.  
Guidelines for carrying out a risk assessment and for analyzing the hazards 
associated with chemicals can be found in Chapter 4 of Prudent Practices. 

The procedures described in Organic Syntheses are provided as published 
and are conducted at one's own risk.  Organic Syntheses, Inc., its Editors, and 
its Board of Directors do not warrant or guarantee the safety of individuals 
using these procedures and hereby disclaim any liability for any injuries or 
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damages claimed to have resulted from or related in any way to the 
procedures herein. 
 
 
Discussion 
 

During the course of our study on enantioselective gold catalysis,3 we 
found that monocationic [LAu2ClX] species (L = bisphosphine, X = weak 
counteranion), which were generated in situ from a 1:1 mixture of [LAu2Cl2] 
and a AgX activator, can give better enantioselectivity than those bicationic 
[LAu2X2] species, indicating that the second gold site might either just exert a 
steric influence or be involved in a second interaction with the substrate. 
Inspired by this interesting finding, we thus designed a new type of chiral 
ligand, namely Ming-Phos, which performed well in asymmetric metal 
catalysis.4 

Two sets of diastereomeric (R, Rs)- and (S, Rs)-configured Ming-Phos 
ligands could be obtained in good yields with high diastereoselectivity from 
commercially available, inexpensive starting materials through a two-step 
procedure. The condensation reaction of 2-(diphenylphosphino) 
benzaldehyde 1 with (Rs)-tert-butanesulfinamide 2 in the presence of 
Ti(OPri)4 efficiently delivered Chiral sulfinyl imine (Rs)-3 by recrystallization 
(15.8 g, 76 % yield as an average of two runs) according to a modified 
literature procedure.5 The stereoselective addition of PhMgBr to (Rs)-3 
(checked above) afforded a set of Ming-Phos derivatives (S,Rs)-M1 with 
excellent diastereoselectivity (d.r.>15:1) (15 g, 79% yield as an average of two 
runs).5b Accordingly, the other set of Ming-Phos ligands, namely (R,Rs)-M1, 
could also be obtained from the stereoselective addition of PhLi to (Rs)-3, 
which will be reported in due course. 

Wide structural diversity can be achieved by changing the 
organometallic reagents. Some representative cases from the scope study are 
shown in Table 1 (yields were given as an average of two runs). Compared 
with elaborate chiral biaryl bisphosphine ligands, such as chiral 
atropisomeric biaryl phosphines, spirocyclic bisphosphines, 
phosphoramidites and helically chiral trivalent phosphines, The salient 
features of these new chiral ligands, including their simple structure, air 
stability, the practical preparation from readily available starting materials, 
easy modification, and good results in enantioselective transformations, 
render these ligands very attractive. 
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Table 1. Representative Chiral Sulfinamide Monophosphine Ligands 
(Ming-Phos) synthesized in the reported scope study 
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Appendix 
Chemical Abstracts Nomenclature (Registry Number) 

 
2-Diphenylphosphinobenzaldehyde; (50777-76-9) 
(R)-2-Methylpropane-2-sulfinamide; (196929-78-9) 

Titanium(IV) isopropoxide; (546-68-9) 
Phenylmagnesium bromide; (100-58-3) 
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