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Abstract 

An efficient, stereoselective and concise synthetic route to D-lyxo-phytosphingosine 1 has 

been described. The key feature in this strategy was the highly stereoselective syn aldol 

reaction catalyzed by combining amino acid and hydrogen bond donor catalysts. The 

synthesis was developed starting from commercially available TBS protected 

dihydroxyacetone 7 as donor and pentadecanal 8 as acceptor to get the D-lyxo-

phytosphingosine 1 in 27 % overall yield in 4 steps.  
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Abbreviations  

TBS                tert-butyldimethylsilyl 

TBDPS           tert-butyldiphenylsilyl 

t
Bu                  tert-butyl 

Bn                               Benzyl  

TBSOTf         Trimethylsilyl trifluoromethanesulfonate 

DCM               Dichloromethane 

TBAF             Tetra-n-butylammonium fluoride 

THF               Tetrahydrofuran 

NMR              Nuclear Magnetic Resonance 

HPLC             High-Performance Liquid Chromatography 

HRMS            High Resolution Mass Spectrometry 

PE                   Petroleum Ether 

PG                  Protecting Group 
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1 .Introduction: 

The aldol reaction is one of the most powerful methods to form C-C bonds in organic 

synthetic chemistry.
1 

In nature, Type I and Type II aldolase enzymes catalyze the aldol 

reaction with excellent stereoselectivity via a catalytic enamine and a Zn-enolate mechanism, 

respectively.
2
 Inspired by nature, chemists started to design small organic molecule catalysts 

for the asymmetric aldol reaction. In this context, the development of catalytic methods for 

the enantioselective aldol reaction is a highly active research area.
3
 Nowadays, 

organocatalysis is playing a very significant role in asymmetric synthesis.
4
 In this context, 

proline and its derivatives are excellent organic catalysts for asymmetric aldol reaction.  In 

1970, the groups of Hajos and Wichert disclosed the first proline-catalyzed aldol reactions.
5,6

 

List, Barbas and Lerner disclosed 30 years later the proline-catalyzed intermolecular 

asymmetric aldol reaction.
7
 Inspired by these works, a wide range of small organic molecules 

including proline and their chiral derivatives have been used as catalysts for the asymmetric 

aldol reaction. Recently, our group disclosed that acyclic amino acids and small linear 

peptides could catalyze the aldol reaction.
8 However, in most cases, it is very important to 

employ Brönsted acid as co-catalyst to get the desirable result.
 
The employment of hydrogen 

bonding donor was our next attempt. In 2005 Gellman and coworkers reported the co catalytic 

effect using hydrogen bond donor to form C-C bond via Michael addition reaction.
9 

In 2006, 

Shan et al. reported the co-catalytic aldol reaction catalyzed by proline using (S)-BINOL as 

the additive.
10

 Proline catalyzed aldol reactions are highly anti-selective. However, in 2007, 

Lu reported highly syn-selective aldol recations catalyzed by an O-TBS protected threonine 

derivative.
11 

The previous study of our group was to use hydrogen bonding donor as a co-

catalyst along with acyclic amino acid in asymmetric aldol reaction in organic solvent which 

provided very good result with high yield, diastereoselectivity and enantioselectivity.
12 

Herein, we reported a highly enantioselective aldol reaction combination of hydrogen bonding 

donor and acyclic amino acids catalysts in water. Then we applied our best condition to 

design and synthesize D-lyxo-phytosphingosine
13

 (structural backbone of spingolipids) using 

the stereo selective syn aldol reaction as a key step.  

Phytospyngosine: Phytospingosines are one of the major components of the structural 

backbone of spingolipids containing 1-amino-2,3-diol moiety, which play a significant role in 

several physiological processes.
14

 Phytosphingosine was first isolated from mushrooms in 

1911
15

 and now it has been investigated that it is widely distributed in the microorganisms, 

plants and even several mammalian tissues for instance hair, kidney,
16 

skin,
17

 liver,
18

 and in 
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blood plasma. Phytosphingosine itself is a bioactive lipid for example D-ribo phytospingosine 

is a heat stress signal in yeast cells
19

 and induces apoptosis in cancer cells.
20

 Phytosphingosine 

is also backbone of KRN7000; a α-glactosylphytoceramide enhanced killer activities and 

strongly inhibited tumor metastasis in mice.
21 

                                            
              

 

                                 
Figure1:  α-glactosylphytoceramide KRN7000  

Four stereoisomers of phytosphingosine are found in nature. Due to its versatile biological 

activity, the construction of aminotriol moiety has become a synthetic challenge and several 

approaches have been devoted to the synthesis of all these stereoisomers. (Figure 2)    

 

 

                         

                  Figure 2:  Naturally occurring phytosphingosine stereoisomers 
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1.1 Some recent approaches to synthesize D-lyxo phytosphingosine 1 

1. Carlo Bonini group (2006) 
22

 

 

They explained a possible route to synthesize D-lyxo phytosphingosine 1 after making 

intermediates in 9 steps. 

2. Yun Mi Lee group (2008) 
23   

 

 

The key features of this synthesis were the selective configurational inversion of the 

stereocenter through a neighboring group participation mechanism as well as a nucleophilic 

substitution of cyclic sulfate. 

3. Sanghee Kim group (2011)
 24

 

 

The strategy was based on configurational inversion of the stereocenter via a regioselective 

nucleophilic substitution of a bis sulfonate. 

4. Won- Hun Ham group (2012) 
25

 

 

The strategy was based on the stereoselective intramolecular oxazine formation catalyzed by 

palladium (0) and intermolecular olefin cross metathesis. 
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1.2: Objective of the thesis:  

The aim of the thesis was to develop a catalytic protocol for asymmetric aldol reaction and 

apply this strategy as a key step to develop a concise synthetic route to D-lyxo 

phytosphingosine 1, one of the structural backbones of sphingolipids. 

 

2. Our design strategy for the synthesis of D-lyxo phytosphingosine:   

On the basis of the retrosynthetic design we constructed C3-C4 by the stereoselective syn aldol 

reaction. Then the bulky protected group was introduced at the hydroxyl group. The bulkiness 

of the protected group on the secondary alcohol was responsible for controlling the 

diastereoselectivity in reductive amination. This process efficiently adjusts the 

stereoselectivity and simultaneous deprotection generated the desired D-lyxo 

phytosphingosine 1. 

 

             

           Scheme 1: Retrosynthetic design to prepare D-lyxo [2S, 3S, 4S]-phytosphingosine.  
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3. Results and discussion:  Our initial investigation was to develop a catalytic protocol for 

aldol reaction in terms of high distereoselectivity, enantioselectivity and yield. For the model 

of screening we chose cyclohexanone 2 as a donor and 4-Nitrobenzaldehyde 3 as a acceptor in 

the presence of different types of chiral acyclic amino acid catalysts (5a, 5b, 5c, 5d, 5e, 5f, 

5g, 5h) and hydrogen bonding donor (6a, 6b, 6c, 6d). Water was chosen as a solvent due to its 

availability, safety and environment friendly character. Our initial experiment showed the 

catalyst 5a and 5b was not efficient organocatalyst for direct asymmetric aldol reaction in 

water (Table 1, entries 1, 2). Then we tried with catalyst 5c, 5d and 5e showed moderate 

diastereoselectivity and enantioselectivity having satisfactory isolated yield. (Table 1, entries 

3, 4, 5, 6). After getting this promising result, our next approach was to use the derivatives of 

amino acid. In this context, threonine 5a seems to be good chiral structural scaffolds, as 

hydroxyl group allows for easy attachment of hydrophobic part.  Herein, we tried two siloxy 

threonine derivatives 5g, 5h and tertiary butyl protected threonine derivative 5f. In this 

investigation, the catalyst 5h showed the fastest reaction having moderate dr and ee. (Table 1, 

entries 7, 8).  In the case of catalyst 5f, the reaction was very sluggish (Table 1, entries 15, 

16). According to our observation, the catalyst 5g was really an effective catalyst for 

asymmetric aldol reaction. For example, it gave corresponding aldol product in 93% yield 

with dr 18:1 and ee 98% after 4h (Table 1, entry 9). Again, by the combination of hydrogen 

bonding donors 6c, 6d the reaction time decreased to 3h without effecting in dr and ee. 

Furthermore catalyst loading could decrease to 2 mol% having excellent dr and ee (Table 1, 

entre 20).  It is noteworthy, the hydrogen bonding donors 6a and 6b were not so effective for 

the catalyst 5g as it made the reaction slower (Table 1, entries 12,13). Lu’s group reported in 

2007 that catalyst 5g could catalyze the asymmetric aldol reaction.
11 

Then we compared our 

best condition with Lu’s method (Table 2) and was able to make a decision to get the best 

condition so far (Table 2, entry 3). From the catalytic screening we observed that the 

hydrogen bonding donor did not have any significance influence on the enantioselectivity of 

the aldol product except increasing the rate of the reaction. So, we proposed that hydrogen 

bond donor cannot play significant role in the transition state. It is rather involved in the 

catalytic cycle to accelerate imine and enamine formation between amino acid and donor. 
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Table 1: Catalyst screening for asymmetric aldol Reaction. 
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Table 2: Compare our best condition with Lu’s method
11 

 

Proposed Mechanism:  

                      

                            Scheme 2: The proposed Catalytic Mechanism.       

We proposed that the reaction could proceed via the six-membered transition state I and II 

respectively. Transition state I favored to form anti and transition state II favored to form syn 

aldol product respectively. 
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            Scheme 3: Proposed transition state for syn and anti aldol product.  

From the mechanistic study we can say that amino acid catalyzed asymmetric aldol reactions 

are either anti or syn selective depending on the ketone donor.  As when the donor is acyclic 

the aldol product is syn we used our best condition to construct C3-C4 bond with syn 

configuration for preparing D-lyxo-Phytospingosine 1. 

Synthesis of D-lyxo phytosphingosine:   

On the basis of the retrosynthetic analysis we designed a concise and efficient stereoselective 

synthetic route to prepare D-lyxo phytosphingosine 1 from inexpensive starting material and 

environmentally benign pathway.  
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In step 1, we employed the amino acid catalytic stereoselective aldol reaction starting from a 

commercially available TBS protected dihydroxyacetone 7 as donor and pentadecanal 8 as 

acceptor.  After 24 h reaction the isolated corresponding aldol product 9 was 55% yield with 

dr 19:1 (syn:anti).    

                                                               

Then we tried another condition to decrease the self aldol condensation. Herein we changed 

the hydrogen bond donor to thiourea 6b and solvent to toluene. But comparing these 2 

conditions, the previous one was superior. As in the latter case, the reaction rate, isolated yield 

and diastereoseletivity were decreased. 

Table 3: Stereoselective syn aldol reaction: 

 

Our next attempt was to protect compound 9 by a bulky group in order to perform selectively 

reductive amination in step 3. The conversion of the alcohol functionality to the 

corresponding compound 10 was accomplished with TBSOTf and 2,6-lutidine in 

dichloromethane to afford in 92% yield. In step 3, we performed the diastereoselective 
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reductive amination of compound 10 by NaBH3CN that afforded the corresponding amine 11 

with yield 90% and dr 26:1 after 24 h. 

                                                                                                             

Scheme 5: Proposed transition state for diastereoselective reductive amination of compound 

10.  

Finally, the removal of benzyl group by hydrogenation and subsequent deprotection gave the 

desired product D-lyxo phytosphingonine 1 in 60 % yield. 

 4. Summary and outlook: The highly stereoselective catalytic aldol reaction between 

cyclohexanone 2 and 4-nitrobenzaldehyde 3 by the combination of amino acid and hydrogen 

bonding donor additive has been developed. The corresponding aldol products 4 were formed 

in high yield (up to 92%) with diastereoselectivity (anti) and enantioselectivity (up to 99%). 

The catalytic reaction was anti or syn selective depending on the donor.  Applying this 

strategy as a key step, we constructed C3-C4 with syn configuration for the total synthesis of 

D-lyxo-phytosphingosine 1 gave corresponding aldol product 9 with dr (19:1). Then following 

substrate control strategy we protected compound 9 by steric group and subsequently 
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diastereoselective reductive amination of compound 10 gave the compound 11 containing 

desired configuration with dr (26:1). Finally by global deprotection afforded the desired D-

lyxo-phytosphingosine 1 with overall yield 27% in 4 steps. So far this is the most efficient and 

environment friendly route to synthesize D-lyxo-phytosphingosine 1 compare with the other 

synthetic routes.  
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5. Experimental:  Infrared (IR) spectra were recorded on a Termo Fisher Nicolet 6700 FT-IR 

spectrometer, max in cm
-1

. Bands are characterized as broad (br), strong (s), medium (m), or 

weak (w). Melting Points were measured on Stuart SMP3 Melting Point Apparatus (The 

temperature was not corrected). 
1
H NMR spectra were recorded on a Bruker Avance 500 (500 

MHz) spectrometer. Chemical shifts are reported in ppm from tetramethylsilane with the 

solvent resonance resulting from incomplete deuterium incorporation as the internal standard 

(CDCl3: δ 7.26 ppm). Data are reported as follows: chemical shift, multiplicity (s = singlet, d 

= doublet, q = quartet, br = broad, m = multiplet), and coupling constants (Hz), integration. 

13
C NMR spectra were recorded on a Bruker Avance 500 (125.8 MHz) spectrometer with 

complete proton decoupling. Chemical shifts were reported in ppm from tetramethylsilane 

with the solvent resonance as the internal standard (CDCl3: δ 77.16 ppm). High-resolution 

mass spectrometry was performed on an Agilent 6520 Accurate-Mass Q-TOF LC/MS 

(positive mode). Optical rotations were measured on a Perkin-Elmer 341 Polarimeter (d = 546 

nm, Hg lamp, 1 dm cell). The enantiomeric excess was determined by Agilent 1260 infinity 

series HPLC (Chiral Technologies Chiralpak AS-H column (4.6 mm x 250 mm)) in 

comparison with authentic racemic materials. All the reactions were carried out under an 

atmosphere of air in a closed system. Chemicals and solvents were either purchased puriss p. 

A. from commercial suppliers or were purified by standard techniques. Aluminum sheet silica 

gel plates (Fluka 60 F254) were used for thin-layer chromatography (TLC), and the 

compounds were visualized by irradiation with UV light (254 nm) or by treatment with a 

solution of phosphomolybdic acid (25 g), Ce(SO4)2·H2O (10 g), conc. H2SO4 (60 mL), and 

H2O (940 mL), followed by heating. Purification of the product was carried out by flash 

column chromatography using silica gel (Fluka 60, particle size 0.040-0.063 mm).  

General procedure of the asymmetric aldol reaction for screening:   

To a mixture of catalyst O-(tert-Butyldimethylsiloxy)-L-threonine 5g (5.83 mg, 0.025 mmol, 

20 mol%, 0.2 equiv), oxime 6c (3.2 mg, 0.025 mmol, 20 mol%, 0.2 eq) and  cyclohexanone 2 

(0.128 mL, 1.25 mmol, 10 eq) were added 4-nitrobenzaldehyde 3 (18.87 mg, 0.125 mmol, 1 

eq) and H2O (0.128 mL). The mixture was vigorously stirred at room temp until completion 

of the reaction (monitored by crude NMR). Diastereoselectivity and conversion were 

determined from the 
1
H NMR of the crude analysis. The product was purified by silica gel 

column chromatography (PE/EtOAc : 2:1) to give the pure aldol product 4 as a colourless oil 

(28.5 mg, 92% yield). The enantiomeric excess was determined by chiral phase-HPLC 

analysis. 
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(2S)-2-[(R)-hydroxy-(4-nitrophenyl)methyl]cyclohexanone 4 
12 

                                                                 

1
H NMR (500 MHz, CDCl3): δ 8.21 (m, 2H), 7.50 (m, 2H), 4.89 (dd, J=8.4, 3.1 Hz, 1H), 4.07 

(d, J=3.1Hz, 1H), 2.59 (m, 1H), 2.47 (m, 1H), 2.37 (m, 1H), 2.12 (m, 1H), 1.83 (m, 1H), 1.67 

(m, 1H), 1.56 (m, 2H), 1.38 (m, 1H); 
13

C NMR (125.8MHz, CDCl3): δ 214.7, 148.5, 147.5, 

127.9, 123.5, 73.9, 57.2, 42.7, 30.8, 27.7, 24.7;  [α]
20

D = +12.6(c =1.00, CHCl3) for an 

enantiomeric enriched sample (98% ee). From HPLC analysis enantiomeric purity was 

determined in comparison with authentic racemic material (AS column, 90/10 hexanes/i-

PrOH, 1.0 mL/min, 254 nm); tr (major enantiomer) = 46.34 min, tr (minor enantiomer) = 

56.53. 

(3R,4S)-1,3-bis[(tert-butyl(dimethyl)silyl)oxy]-4-hydroxy-octadecan-2-one (9) 

                                                    

To a mixture of  O-(tert-Butyldimethylsiloxy)-L-threonine 5g (11mg, 0.044 mmol, 10 mol%), 

(Z)-methyl 2-cyano-2-(hydroxyimino)acetate 6c (5.63mg, 0.044 mmol, 10 mol%) and TBS 

protected 1,3-dihydroxypropan-2-one 7 (280 mg, 0.88mmol, 2.0 equiv) were added      

pentadecanal 8 (100mg, 0.44 mmol, 1.0 equiv)  and H2O ( 7.92µl, 0.044mmol). The mixture 

was stirred at room temp for 24h. Reaction progress was monitored by crude NMR. After 

completing the reaction, the product was directly purified by flash column chromatography 

(PE: EtOAc = 15:1 to 10:1) afforded the pure compound 9 in 55% yield as colorless oil. dr 

(syn:anti)= 19:1; [α]
20

D = +3.1
o
 (c = 1.0, CHCl3). IR(neat): 2924 (s), 2853 (s), 1734 (C=O) 

,1463(m) ,1388 (w), 1361(w), 1252(m), 1096(m), 1005(w), 938(w), 834(s), 776(s), 733(w), 

674(w). 
1
H NMR (500 MHz, CDCl3): δ 4.50 (d, J = 18.4 Hz, 1H), 4.45 (d, J = 18.4 Hz, 1 H), 

4.30 (d, J = 2.8 Hz, 1H), 3.77 (m, 1H), 2.16 (d, J = 9.8 Hz, 1H), 1.47 (m, 2H), 1.35-1.20 (m, 

24H), 0.94 (s, 9H), 0.90 (s, 9H), 0.86 (t, J=7.0 Hz, 3H), 0.09 (s, 9H), 0.06 (s, 3H). 
13

C 

NMR(125.8 MHz, CDCl3): δ 210.5, 79.2, 73.2, 68.6, 34.1, 32.1, 29.85, 29.84, 29.81, 29.79, 

29.70, 29.6, 29.5, 25.99, 25.96, 25.89, 22.80, 18.6, 18.3, 14.2, -4.6, -4.9, -5.2, -5.3. 
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(3R,4S)-1,3,4-tris[(tert-butyl(dimethyl)silyl)oxy]octadecan-2-one (10) 

                                          

To a solution of 9 (108 mg, 0.20 mmol) and 2,6-lutidine (93µL, 0.80 mmol) in 

dichloromethane (1 mL) was added dropwise TBSOTf (68 µL, 0.3 mmol) at -15°C. After 4 h, 

NaHCO3 (sat.aq) (1mL) was added, extracted with dichloromethane (5mL×3) and combined 

organic layers were dried over Na2SO4. The crude product was purified by column on 

silicagel (PE: EtOAc =25:1 to 15:1) give 10 (118 mg, 90%) as a colourless oil. [α]
20

D= -2.8
o
 

(c = 0.59, CHCl3). IR (neat): 2925(s), 2854(s), 1736(C=O), 1471 (m), 1462 (m), 1361 (w), 

1252 (m), 1111 (m), 1004 (w), 938(w), 833(s), 773(s), 673(w). 
 1

H NMR (500MHz, CDCl3): 

δ 4.61( d, J = 18.9 Hz, 1H), 4.46 (d, J = 18.9 Hz, 1H), 4.17 (d, J = 3.3 Hz, 1H) , 3.80 (m, 1H), 

1.67 (m, 1H), 1.43-1.19 (m, 25H), 0.95 (s, 9H), 0.93 (s, 9H), 0.91 (s, 9H), 0.89 (t, J = 6.7 Hz 

3H), 0.15 (s, 3H), 0.09 (m, 9H), 0.05 (s, 3H), 0.04 (s, 3H). 
13

C NMR (125.8 MHz, CDCl3): δ 

208.7, 79.1, 75.0, 69.1, 34.3, 32.89, 32.09, 29.86 , 29.84, 29.82, 29.80, 29.72, 29.71, 29.69, 

29.5, 26.1, 26.04, 25.6, 25.90, 25.85, 22.8, 18.7, 18.3, 14.3, -4.2, -4.4, -4.5, -4.9, -5.0, -5.2.  

(2S,3S,4S)-N-benzyl-1,3,4-tris[tert-butyl(dimethyl)silyl)oxy]octadecan-2-amine (11) 

 

To a solution of 10 (105mg, 0.16 mmol) in dichloromethane were added benzyl amine (35µL, 

0.32 mmol), AcOH (17 µL, 0.30mmol), 4Å MS (240 mg). After resulting mixture was stirred 

at room temperature for 1h, then the vial was merged in ice-acetone bath (-15
o 

C) then added 

NaBH3CN (26 mg, 0.40 mmol) and the mixture was allowed to warm to room temperature 

and stirred for additional 24 h. The reaction was monitored by crude NMR. After completing 

the reaction, the reaction mixture was filtered through short celite pad. The reaction was 

quenched with NaHCO3 (sat.aq) (1 mL) and extracted with dichloromethane (5mL×4). The 

combined organic layers were dried over Na2SO4, purified by flash chromatography on 

silicagel, (PE : EtOAc = 40:1 to 30:1) to afford 11 (106 mg, 90%) as a colorless oil. [α]
20

D = -

7.6 (c = 1.35, CHCl3). IR (neat): 3346 (br s), 2952 (m), 2925 (s), 2853(s), 1462 (m), 1388 
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(w),1360 (w), 1250 (s), 1089 (s), 1005 (w), 937 (w), 831 (s), 811 (m), 773 (s), 730 (w), 696 

(w), 669 (w). 
1
H NMR (500MHz, CDCl3): δ 7.33 (m, 2H), 7.29 (m, 2H), 7.20 (m, 1H), 3.88 

(d, J = 12.7 Hz, 1H), 3.84 (m, 1H), 3.73 (d, J = 12.6 Hz, 1H), 3.69 (m, 1H), 3.62 (m, 2H), 

2.81 (td, J = 13.2, 6.6, 2.2 Hz, 1H), 1.61 (m, 1H), 1.41 (m, 1H), 1.35-1.20 (m, 25H), 0.90 (s, 

9H), 0.88 (m, 12H), 0.80 (s, 9H), 0.10 (s, 3H), 0.08 (s, 3H), 0.06 (m, 6H), 0.05 (s, 3H), 0.03 

(s, 3H); 
13

C NMR (125.8 MHz, CDCI3): δ 141.4, 128.7, 128.3, 126.7, 76.3, 73.5, 64.5, 61.6, 

53.4, 32.1, 31.5, 29.9, 29.86, 29.83, 29.76, 29.71, 29.5, 26.8, 26.2, 26.0, 25.9, 22.85, 18.5, 

18.2, 18.0, 14.3, -3.7, -4.2, -4.4, -4.6, -4.9, -5.1. 

(2S,3S,4S)-2-Aminooctadecane-1,3,4-triol (D-lyxo-Phytosphingosine 1) 

                                                      

Under a hydrogen atmosphere, 11 (134mg, 0.178 mmol) and 5% Pd/C (20 mg) was stirred 

vigorously in methanol (1mL). After 12h, the reaction mixture was filtered through celite and 

concentrated in vacuum to give the colorless oil (114 mg , 98%) which was dissolved in THF 

(2mL) and were added in dropwise 1M solution of TBAF (0.73mL, 0.310 mmol) at room 

temperature. After stirring for 24h at room temperature, the reaction mixture was diluted by 

ethyl acetate and washed by water and extracted by ethyl acetate (5mL×3). The combine 

organic layer was dried over Na2SO4, filtered and purified by flash chromatography on 

silicagel (CHCl3: CH3OH: NH4OH = 40:10:1) afforded the pure D-lyxo-phytosphingosine 1 

as a white solid (34 mg, 60%).  Mp 106-107
°
C {lit

23
. 104-105

°
C, lit

25
.104.5-105.5

°
C } [α]D

20
= 

-9.5 (c = 0.96, pyridine) {lit
25

 [α]D
25 

= -6.4 (c = 1.0, pyridine) }; IR(neat): 3346 (br s) , 2922 

(s) , 2852 (m) , 2360 (m), 2341 (w), 1733 (w), 1586 (w), 1464 (m), 1102 (s). 
1
H NMR (500 

MHz, pyridine-d5): δ 4.33 (m, 2H), 4.24 (m, 1H), 4.10 (m, 1H), 3.73 (m, 1H), 2.02 (m, 1H), 

1.88 (m, 1H), 1.72 (m, 1H), 1.56 (m, 1H), 1.45-1.15 (m, 22H), 0.85 (t, J = 6.3 Hz, 3H). 
13

C 

NMR (125.28 MHz, pyridine-d5): δ 74.4, 72.0, 64.2, 56.7, 34.6, 32.1, 30.2, 30.1, 30.0, 29.9, 

29.6, 26.7, 22.9, 14.3; HRMS (ESI
+
) [M+H]

+
 Calcd for C18H40NO3: 318.3003, found: 

318.3005. 
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7. Appendix: 

Spectrum 1: 
1
H NMR spectrum of compound 4 in CDCl3. 

Spectrum 2: 
13

C NMR spectrum of compound 4 in CDCl3. 

Spectrum 3: HPLC spectrum of compound 4 compare with recemic. 

Spectrum 4: 
1
H NMR spectrum of compound 9 in CDCl3. 

Spectrum 5: 
13

C NMR spectrum of compound 9 in CDCl3. 

Spectrum 6: IR spectrum of compound 9 (neat). 

Spectrum 7: 
1
H NMR spectrum of compound 10 in CDCl3. 

Spectrum 8: 
13

C NMR spectrum of compound 10 in CDCl3. 

Spectrum 9: IR of spectrum compound 10 (neat).  

Spectrum 10: 
1
H NMR spectrum of compound 11 in CDCl3. 

Spectrum 11: 
13

C NMR spectrum of compound 11 in CDCl3. 

Spectrum 12: IR spectrum of compound 11(neat). 

Spectrum 13: 
1
H NMR spectrum of compound 1 in pyridine-d5. 

Spectrum 14: 
13

C NMR spectrum of compound 1 in pyridine-d5. 

Spectrum 15: IR of spectrum compound 1(neat). 

Spectrum 16: Mass spectrum of compound 1. 

 

 


