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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 damages claimed to have resulted from or 
related in any way to the procedures herein. 

September 2014: The paragraphs above replace the section “Handling and Disposal of Hazardous 
Chemicals” in the originally published version of this article.  The statements above do not supersede any 
specific hazard caution notes and safety instructions included in the procedure. 
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 PREPARATION OF (S)-3,3’-BIS-MORPHOLINOMETHYL-

5,5’,6,6’,7,7’,8,8’-OCTAHYDRO-1,1’-BI-2-NAPHTHOL 
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1. Procedure 

 

Paraformaldehyde (30 g, 1.0 mol) (Note 1) is added to a 250-mL round-

bottomed flask, open to air, which is cooled with an ice bath.  With vigorous 

stirring, morpholine (88 mL, 1.0 mol) (Note 2) is added dropwise over 1 h 

via addition funnel.  The addition must be performed slowly with cooling 

because the reaction is exothermic.  After the addition is complete, the ice 

bath is removed (Note 3), and with stirring, the solution is allowed to warm 

to room temperature over 2 h (Note 4).  The round-bottomed flask is fitted 

with a reflux condenser and the reaction mixture is heated at 60 ºC in an oil 

bath for 10 h (Note 5).  A clear and viscous solution (107 mL) containing 

morpholinomethanol as well as other species is formed.  The product is 

verified by 
1
H and 

13
C NMR analyses and the concentration of 

morpholinomethanol in the solution is determined to be 2.3 M (Notes 6-8). 

To a 250-mL, 3-necked, round-bottomed flask is added (S)-

5,5’,6,6’,7,7’,8,8’-octahydro-1,1’-bi-2-naphthol [(S)-H8BINOL, 5.0 g, 

17.0 mmol] (Note 9).  One neck of the flask is fitted with a reflux condenser 

which is fitted with a vacuum adaptor connected to a Schlenk line.  The 

second neck of the flask is fitted with a glass stopper.  The third neck is 

fitted with a thermometer to monitor the internal temperature.  The flask is 

then evacuated (5 x 10
-3 

mmHg) and subsequently refilled with nitrogen 

(Note 10).  This process is conducted three times.  Maintaining a positive 
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pressure of nitrogen, the glass stopper is then replaced with a rubber septum.  

To the flask is added 1,4-dioxane (30 mL) via syringe (Note 11). 

The solution containing morpholinomethanol (Note 12) is bubbled with 

nitrogen for 30 min to remove any dissolved oxygen and then is transferred 

via cannula through the septum to the reaction flask containing (S)-

H8BINOL (Note 13).  While maintaining a positive pressure of nitrogen, the 

septum is replaced with a glass stopper.  The reaction flask is then heated in 

an oil bath for 18 h to maintain the internal temperature at 60 °C.  Thin layer 

chromatography (TLC) shows complete consumption of the starting 

material, (S)-H8BINOL (Note 14). 

After allowing the flask to cool to room temperature, the reaction mixture 

is diluted with ethyl acetate (150 mL) in a 500-mL separatory funnel (Note 

15).  The organic layer is washed with a saturated NaHCO3 solution (3 x 

100 mL) and distilled water (2 x 100 mL).  The organic layer is then dried 

with sodium sulfate (20 g) (Note 16), filtered, and transferred to a 1-L 

round-bottomed flask.  The solvent is removed via rotary evaporation 

(30 ºC, 10 mmHg) to yield a white solid.   

The compound is purified via crystallization in ethanol.  Hot ethanol (600 

mL) is added to the 1-L round-bottomed flask to dissolve the product (Note 

17).  The solution is cooled to room temperature (Note 18), and then further 

cooled at –18 °C in a laboratory freezer for 44 h.  Vacuum filtration (Note 

19) with a Büchner funnel gives 7.48 g of (S)-1 (90% yield) as white, fluffy, 

needle-like crystals (Notes 20–22).  (S)-1 is obtained with >99% ee and 99% 

purity as demonstrated by HPLC analysis (Note 23). 

 

2. Notes 

 

1.  Paraformaldehyde, powder, (95%) was used as purchased from 

Sigma-Aldrich. 

2. Morpholine, A.C.S. reagent, ( 99%) was used as purchased from 

Sigma-Aldrich. 

3. After removal of the ice bath, the solution was viscous, preventing 

stirring.  A spatula was used to free the magnetic stir-bar, and stirring was 

resumed. 

4. During this time, the round-bottomed flask became warm to the 

touch as the paraformaldehyde fully dissolved to give a clear solution.   

5. The reaction can be allowed to proceed overnight without 

decomposition of the product. 
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6. The solution containing morpholinomethanol is also known to 

contain dimorpholinomethane, as well as other unidentified species.
2
  The 

1
H

 
and 

13
C NMR spectra clearly show both species present in solution.  The 

analytical data corresponding to morpholinomethanol are as follows:  
1
H 

NMR (300 MHz CDCl3) : 2.02 (s, 1 H), 2.64–2.68 (m, 4 H), 3.67–3.70 (m, 

4 H), 4.11 (s, 2 H); 
13

C NMR (300 MHz CDCl3) : 49.3, 66.5, 86.9.  The 

peaks were assigned based on known chemical shifts for 

morpholinomethanol.
2
 Dimorpholinomethane, which is also present in 

solution, gives the following analytical data:
  1

H NMR (300 MHz, CDCl3) : 

2.47 (t, J = 4.65 Hz , 8 H), 2.88 (s, 2 H), 3.67–3.70 (m, 8 H); 
13

C NMR (300 

MHz, CDCl3) : 51.6, 66.5, 81.2. These peaks were assigned based on 

known chemical shifts for dimorpholinomethane.
2
 Other unknown species 

are present, as there are additional peaks in both the 
1
H NMR and 

13
C NMR 

spectra.  These include: 
1
H NMR (300 MHz, CDCl3) : 4.23, 4.74, 4.80–

4.93; 
13

C NMR (300 MHz, CDCl3) : 48.6, 85.8, 86.0, 86.2, 87.8, 89.6, 91.4.  

The unassigned peaks in the 
13

C NMR spectra are much smaller than the 

assigned peaks.  We propose that dimorpholinomethyl ether may be one of 

the unknown species. 

7. The concentrations of morpholinomethanol and 

dimorpholinomethane were determined to be approximately 2.3 M and 2.9 

M, respectively.  These concentrations were determined by using 
1
H NMR 

spectroscopy with an added internal standard (p-chlorobenzaldehyde).   

8. Morpholinomethanol becomes unreactive after an undetermined 

amount of time, though it remains reactive for at least one to two months.  It 

is advisable to prepare fresh morpholinomethanol.  No difference in the 
1
H 

NMR spectra is detectable for reactive verse unreactive 

morpholinomethanol. 

9. Both (S)-(-)-5,5',6,6',7,7',8,8'-octahydro-1,1'-bi-2-naphthol and (R)-

(+)-5,5',6,6',7,7',8,8'-octahydro-1,1'-bi-2-naphthol can be purchased from 

TCI America.  Alternatively, they can be prepared from BINOL.
3
   

10. BINOL and its derivatives are susceptible to oxidation. 

11. 1,4-Dioxane (Certified A.C.S. grade) was used as purchased from 

Fisher Chemicals and passed through a column of activated alumina under 

nitrogen pressure immediately prior to use. 

12. A large excess of the morpholinomethanol solution was necessary to 

obtain a good yield.  The yield was diminished when smaller amounts of the 

morpholinomethanol solution were used. 
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13. To bubble the morpholinomethanol solution with nitrogen gas, a 

needle connected to a nitrogen line was inserted through the rubber septum 

of the flask.  A vent needle was also inserted through the septum.  The 

nitrogen pressure was adjusted so that bubbles were clearly seen in the 

liquid.    

14. Aluminum-backed silica gel 60 F254 TLC plates purchased from 

EMD Chemicals Inc. were used.  Hexanes/ethyl acetate (2:1) was used as 

the eluent and the plate was visualized with ultraviolet light.  The product 

moves only slightly off the baseline (Rf = 0.04), while H8BINOL has an Rf = 

0.28.   

15. Ethyl acetate (Certified A.C.S. grade) was used as purchased from 

Fisher Chemicals. 

16. Sodium sulfate, anhydrous, was purchased from Fisher Chemicals. 

17. Ethanol, absolute, 200 proof, Acros Organics, was used as purchased 

from Fisher Chemicals.  Because the entire solid does not readily dissolve 

even with increasing amounts of ethanol, the flask was fitted with a reflux 

condenser and placed under a nitrogen atmosphere.  The solution was then 

stirred at 78 ºC in an oil bath for approximately 1 h.  During this time, the 

solid completely dissolved. 

18. A small amount of precipitation occurs quickly as the flask cools to 

room temperature.            

19. The product was rinsed with 25 mL of cold ethanol and allowed to 

air dry over the vacuum filter for 15 min. 

20. On half scale, 2 crops of crystals were obtained, with a total yield of 

3.48 g (83%).  Both crops of crystals were obtained with >99% ee and 99% 

purity, as determined by HPLC analysis.  The addition of a few seed crystals 

was required to initiate the second crystallization. 

21.  In order to remove trace ethanol from the catalyst, it was necessary 

to follow the drying procedure, wherein the compound (1.43 g) is dissolved 

in THF (20 mL) and evacuated with stirring under high vacuum (5 x 10
-3

 

mmHg) at 40 °C for 2 h.  A more detailed description of the drying 

procedure can be found in the following procedure. 

22. The product, (S)-3,3’-bis-morpholinomethyl-5,5’,6,6’,7,7’,8,8’-

octahydro-1,1’-bi-2-naphthol, gives the following analytical data after 

following the drying procedure described in Note 21:  [ ]D
20

 -15.4 (c 1.09, 

CHCl3) (Notes 24 and 25); 
1
H NMR (400 MHz, CDCl3) : 1.61–1.73 (m, 

8 H), 2.12–2.18 (m, 2 H), 2.29–2.35 (m, 2 H), 2.53 (bs, 8 H), 2.70 (bs, 4 H), 

3.57 (d, 2 H, J = 13.2 Hz), 3.66 (s, 8 H), 3.78 (d, 2 H, J = 13.2 Hz), 6.71 (s, 
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2 H), 10.36 (s, 2 H); 
13

C NMR (125 MHz CDCl3) : 23.2, 23.3, 27.0, 29.3, 

53.0, 62.0, 66.7, 117.8, 124.0, 127.6, 128.8, 136.0, 152.1; Anal. calcd. for 

C30H40N2O4: C, 73.14; H, 8.18; N, 5.69;  found: C, 72.75; H, 8.22; N, 5.63. 

23. An Agilent 1110 Series Instrument with a multiple wavelength 

detector was used for HPLC analysis.  A Daicel Chiralcel OD column was 

eluted with hexanes:isopropanol:triethylamine (95:5:0.1) at 1.0 mL/min.  

Buffering with triethylamine was required to elute the product, which 

contains an amine and can stick to the column.  The retention times of the R- 

and S-enantiomers were determined to be as follows: t(R)-1 = 15.1 min. and 

t(S)-1 = 31.1 min. 

24. The specific rotation was measured on a Perkin-Elmer 241 

polarimeter with a sodium lamp (589 nm, D line) using a 1 dm, 2 mL quartz 

sample cell. 

25. The specific rotation value is corrected from the value we previously 

reported.
7-9

 

 

Safety and Waste Disposal Information 

 

 All hazardous materials should be handled and disposed of in 

accordance with “Prudent Practices in the Laboratory”; National Academy 

Press; Washington, DC, 1995. 

 

3. Discussion 

 

1,1’-Bi-2-naphthol (BINOL) and its derivatives have been extensively 

used for asymmetric catalysis.
4
  Derivatives of the partially hydrogenated 

BINOL, (H8BINOL), have also been studied and in many instances have 

shown improved enantioselectivity over BINOL.
5
  This increased 

stereocontrol is attributed to the increased dihedral angle between the two 

aromatic rings due to the increased steric interactions of the partially 

hydrogenated aryl rings.  Thus, derivatives of H8BINOL are interesting 

ligands for asymmetric catalysis. 

Furthermore, BINOL derivatives containing both Lewis acidic and Lewis 

basic functionalities have generated interest as bifunctional chiral catalysts, 

and have been shown to exhibit good enantioselectivity in an array of 

reactions.
6
 These catalysts are attractive as the bifunctional character enables 

the activation of both a nucleophile and an electrophile in a chiral 

environment.   
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The title compound, (S)-1, represents such a bifunctional chiral catalyst.  

The dihydroxy groups yield Lewis acidic centers upon reaction with a metal 

species, and the nitrogen atoms of the morpholinomethyl groups provide two 

Lewis basic sites.  In addition to its bifunctional character, our catalyst also 

utilizes the reported advantages of the increased steric bulk of the partially 

hydrogenated naphthyl rings.  Recently, our group has demonstrated the 

utility of the title compound in the asymmetric synthesis of two widely 

useful intermediates in organic synthesis, specifically chiral -substituted 

benzyl alcohols and chiral propargylic alcohols.
7-9

 

In the presence of catalyst (S)-1 (10 mol%), diphenyl zinc addition to 

aldehydes affords chiral -substituted benzyl alcohols at room temperature 

and requires no additives, as shown in Scheme 1.
8-10

  The catalyst is widely 

applicable, as high enantioselectivities are obtained for linear, -branched, 

and -branched aliphatic aldehydes, as well as for , -unsaturated 

aldehydes.
8,9

  The ability to control the diphenyl zinc addition to linear 

aliphatic aldehydes is notable, as this is unique to our catalyst.  para-

Substituted aromatic aldehydes also give high chiral induction, while ortho- 

and meta-substituted benzaldehydes show moderate enantioselectivity.
8,9 

  In 

addition, (S)-1 can also catalyze the addition of functionalized diarylzincs, 

generated in situ from aryl iodides, to react with a variety of aldehydes with 

high enantioselectivity.
11 

 

Scheme 1.  Asymmetric diaryl zinc addition to aldehydes.
8,9,11 

 

Zn

2

+ RCHO
(S)-1

R

OH

X X

X = H, OMe, CO2Me, CN  
 

Our lab has also demonstrated the use of (S)-1 in the asymmetric alkyne 

addition to aldehydes, as illustrated in Scheme 2.  In the presence of (S)-1 

(10 mol%), ZnEt2, and Ti(O
i
Pr)4, chiral propargylic alcohols are obtained at 

room temperature in 4 h.  The catalysis proves especially useful for ortho-

substituted benzaldehydes, affording high enantioselectivities.
7,9,12

  In 

previous studies, H8BINOL was unable to yield high enantioselectivities in 

this reaction for ortho-substituted benzaldehydes.
5k

  The title compound also 

demonstrated good control of enantioselectivity for meta- and para-

substituted benzaldehydes.
7,9
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Scheme 2.  Asymmetric alkyne addition to aldehydes.
7,9 

 

H + RCHO
(S)-1

ZnEt2, Ti(OiPr)4
THF, rt, 4 h

R

OH

 
 

The synthetic procedure of (S)-1 described in this paper provides a 

convenient route to this functionalized H8BINOL ligand.  Unlike other 3,3’-

Lewis base substituted BINOL ligands that normally require six or seven 

synthetic steps from BINOL,
13

 the synthesis of (S)-1 involves only one step 

from the commercially available (S)-H8BINOL.  

 

 

References 

  

1. Department of Chemistry, University of Virginia, Charlottesville, VA 

22904-4319, USA. 

2. Netscher, T.; Mazzini, F.; Jestin, R. Eur. J. Org. Chem. 2007, 1176–

1183. 

3. (a) Cram, D. J.; Helgeson, R. C.; Peacock, S. C.; Kaplan, L. J.; 

Domeier, L. A.; Moreau, P.; Koga, K.; Mayer, J. M.; Chao, Y.; Siegel, 

M. G.; Hoffman, D. H.; Sogah, G. D. Y. J. Org. Chem. 1978, 43, 1930–

1946.  (b) Korostylev, A.; Tararov, V.; Fischer, C.; Monsees, A.; 

Borner, A. J. Org. Chem. 2004, 69, 3220-3221.  

4. A review:  Pu, L. Chem. Rev. 1998, 98, 2405-2494.   

5. (a) Waltz, K. M.; Carroll, P. J.; Walsh, P. J. Organometallics 2004, 23, 

127–134.  (b) Reetz, M. T.; Merk, C.; Naberfeld, G.; Rudolph, J.; 

Griebenow, N.; Goddard, R. Tetrahedron Lett. 1997 38, 5273–5276.  

(c) Iida, T.; Yamamoto, N.; Matsunaga, S.; Woo. H. G.; Shibaski, M.  

Angew. Chem. Int. Ed. 1998, 37, 2223–2226.  (d) Aeilts, S. L.; Cefalo, 

D. R.; Bonitatebus, P. J.; Houser, J. H.; Hoveyda, A. M.; Schrock, R. R. 

Angew. Chem. Int. Ed. 2001, 40, 1452–1456.  (e) Schrock. R. R.; 

Jamieson, J. Y.; Dolman, S. J.; Miller, S. A.; Bonitatebus, P. J.; 

Hoveyda, A. H. Organometallics 2002, 21, 409–417.  (f) Huang, H.; 

Liu, X.; Chen, H., Zheng, Z. Tetrahedron: Asymmetry 2005, 16, 693–

697.  (g) Zeng, Q. H.; Hu, X. P.; Duan, Z. C.; Liang, X. M.; Zheng, Z. 

Tetrahedron: Asymmetry 2005, 16, 1233–1238.  (h) Zhang, F. Y.; Chan. 

A. S. C. Tetrahedron: Asymmetry 1997, 8, 3651–3655.  (i) Long, J.; Hu, 



66  Org. Synth. 2010, 87, 59-67 

J.; Shen, X.; Ji, B.; Ding, K. J. Am. Chem. Soc. 2002, 124, 10–11.  (j) 

Wang, B.; Feng, X.; Huang, Y.; Liu, H.; Cui, X.; Jiang, Y. J. Org. 

Chem. 2002, 67, 2175–2182.  (k) Lu, G.; Li, X.; Chan, W. L.; Chan, A. 

S. C. Chem. Commun. 2002, 172–173.  (l) Chan, A. S. C.; Zhang, F. Y.; 

Yip, C. W. J. Am. Chem. Soc. 1997, 119, 4080–4081.  (m) Kim, J. G.; 

Camp, E. H.; Walsh, P. J. Org. Lett. 2006, 8, 4413–4416.  (n) Wu, K. 

H.; Gau, H. M. J. Am. Chem. Soc. 2006, 128, 14808–14809.  (o) Guo, 

Q. X.; Liu, H.; Guo, C.; Luo, S. W.; Gu, Y.; Gong, L. Z. J. Am. Chem. 

Soc. 2007, 129, 3790–3791. 

6. Reviews of bifunctional chiral catalysts: (a) Rowlands, G. J. 

Tetrahedron 2001, 57, 1865–1882.  (b) Shibasaki, M.; Kanai, M.; 

Funabshi, K. Chem. Commun. 2002, 1989–1999.  Selected references 

applicable to BINOL derivatives:  (c) Hamashima, Y.; Sawada, D.; 

Kanai, M.; Shibasaki, M. J. Am. Chem. Soc. 1999, 121, 2641–2642.  (d) 

DiMauro, E. F.; Kozlowski, M. C. Org. Lett. 2001, 3, 1641–1644.  (e) 

Casas, J.; Nájera, C.; Sansano, J. M.; Saá, J. M. Org. Lett. 2002, 4, 

2589–2592.  (f) Matsui, K.; Takizawa, S.; Sasai, H. J. Am. Chem. Soc. 

2005, 127, 3680–3681. 

7. Liu, L.; Pu, L. Tetrahedron 2004, 60, 7427–7430. 

8. Qin, Y. C.; Pu, L. Angew. Chem. Int. Ed. 2006, 45, 273–277. 

9. Qin, Y. C.; Liu, L.; Sabat, M.; Pu, L. Tetrahedron 2006, 62, 9335–

9348.    

10. A review on the asymmetric arylzinc additions to carbonyl compounds:  

Schmidt, F.; Stemmler, R. T.; Rudolph, J.;  Bolm, C. Chem. Soc. Rev.  

2006, 35, 454–470. 

11. DeBerardinis, A. M.; Turlington, M.; Pu, L. Org. Lett. 2008, 10, 2709-

2712. 

12. A review on the asymmetric alkyne addition to carbonyl compounds:  

Pu, L. Tetrahedron 2003, 59, 9873-9886. 

13. (a) Hamashima, Y.; Sawada, D.; Kanai, M.; Shibasaki, M. J. Am. 

Chem. Soc.  1999, 121, 2641–2642. (b)  Casas, J.;  Nájera, C.;  Sansano, 

J. M.;  Saá, J. M. Org. Lett. 2002, 4, 2589–2592. 

 

 

Appendix 

Chemical Abstracts Nomenclature; (Registry Number) 

 

Paraformaldehyde; (30525-89-4) 
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Morpholine; (110-91-8) 

Morpholinomethanol: 4-Morpholinemethanol; (4432-43-3)  

(S)-5,5’,6,6’,7,7’,8,8’-Octahydro-1,1’-bi-2-naphthol [(S)-H8BINOL]: [1,1'-

Binaphthalene]-2,2'-diol, 5,5',6,6',7,7',8,8'-octahydro-, (1S)-; (65355-

00-2)  

(S)-3,3’-Bis-morpholinomethyl-5,5’,6,6’,7,7’,8,8’-octahydro-1,1’-bi-2-

naphthol: [1,1'-Binaphthalene]-2,2'-diol, 5,5',6,6',7,7',8,8'-octahydro-

3,3'-bis(4-morpholinylmethyl)-, (1S)-; (758698-16-7) 
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