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The protected ceramide: N-((2S,3S,4R)-3,4-bis(benzyloxy)-1-hydroxyoctadecan-2-yl)tetracosanamide, was 
attempted to introduce a triflate as a leaving group followed by a nucleophilic substitution with azido group in 
one-pot manner. Unexpectedly, the oxazole ring formed via a thermodynamically favored intramolecular 
cyclization was opened to generate the original ceramide by triflic acid. In addition, the residual acid promoted a 
formylation of the primary hydroxy group in DMF. 
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Introduction 

Sphingosines and ceramide analogs have been inten-
sively studied due to their potential inhibition effect 
against numerous cancer cells through apoptosis as well 
as immune system.1 The bioactivity of sphingosine is 
mainly associated with the carbon length profile and 
partly or even rarely with the chirality. For example, the 
sum of carbon chain length of 18 carbon atoms exerted 
the optimal bioactivity. By contrast, only subtle differ-
ences among the four stereoisomers of D-erythro, 
D-threo, L-erythro and L-threo were observed. As a 
member of sphingosine, ceramide bearing a phyto-
sphingosine moiety with characteristic configuration 
(2S,3S,4R) regulates the inhibition or promotion of tu-
mors via an even complex mechanism mediated by 
natural killer T cells. A representative glycoceramide 
such as KRN 7000 has been intensively studied due to 
its versatile functions.2 To accelerate the discovery of 
potential compounds, a combinatorial approach via con-
structing a library of 528 ceramide analogs has been 
reported and the most active compounds showed IC50 
values in the low micromolar range.3  

Considering the advantage of combination of easy 
preparation and fast assay, the recently developed 
in-situ assay of amide-forming libraries emerges as a 
rational approach for discovering potential compounds.4 
We are particularly interested in constructing such a 
core compound 3 with a scaffold of ceramide bearing a 
primary amino group (Scheme 1). 

Scheme 1  Structures of sphingosine analogs 

 

Experimental 

N-((2S,3S,4R)-3,4-Bis(benzyloxy)-1-hydroxyoctadec- 
2-yl)tetracosanamide (4) 

To a mixture of (2S,3S,4R)-2-amino-3,4-bis(benzyl- 
oxy)octadecan-1-ol (818 mg, 1.6 mmol) in CH2Cl2 (10 
mL) were added (i-Pr)2NEt (0.6 mL, 3.3 mmol), tetra-
cosanoic acid (0.64 g, 1.73 mmol) and HBTU (0.67 g, 
1.73 mmol) sequentially. Upon stirring at r.t. for 1 h, the 
slightly soluble tetracosanoic acid and O-(benzotriazol- 
1-yl)-N,N,N',N'-tetramethyluronium (HBTU) turned the 
opaque solution to pale yellow. 3 mL of EtOAc and 1 
mL of HCl (1 mol/L) were added sequentially. The re-
sulting organic layer was collected and washed with  
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saturated NaHCO3 (10 mL×2) and brine (10 mL). The 
aqueous layer was then extracted with CH2Cl2 (5 mL×
3). The organic phase collected was treated with 
Na2SO4 and filtered through celite. After concentration 
under reduced pressure, the residue was chromatogra- 
phed with eluent of EtOAc/n-hexane (1∶3, V∶V) to 
provide the white solid 4 in 83% yield (1.2 g). m.p. 52
—53 ℃. Anal. C56H97NO4, Mr＝848.37, ESI＋Q-TOF: 
calcd M 847.74 (100%); found M 847.9 (m/z), [M＋H]＋

＝848.9 (m/z); 1H NMR (500 MHz, CDCl3) δ: 0.86 (t,  
J＝7.0 Hz, 6H, CH3), 1.23 (brs, 62H, 31CH2), 1.30—
1.72 (m, 6H, 3CH2), 1.98—2.00 (m, 2H, H-2'), 2.15 (brs, 
1H, OH), 3.59 (dd, Jgem＝11.5, J1a,2＝4.5 Hz, 1H, H-1a), 
3.66—3.70 (m, 2H, H-3, H-4), 3.97 (dd, Jgem＝11.5, 
J1b,2＝3.5 Hz, 1H, H-1b), 4.11—4.14 (m, 1H, H-2), 4.43 
(d, Jgem＝12.0 Hz, 1H, OCHHPh), 4.59 (d, Jgem＝11.5 
Hz, 1H, OCHHPh), 4.64 (d, Jgem ＝ 11.5 Hz, 1H, 
OCHHPh), 4.69 (d, Jgem＝12.0 Hz, 1H, OCHHPh), 6.03 
(d, JNH,2＝8.0 Hz, 1H, NH), 7.24—7.37 (m, 10H, 2×
Ph); 13C NMR (125 MHz, CDCl3) δ: 14.10 (CH3), 22.68 
(CH2), 25.64 (CH2), 26.00 (CH2), 29.30 (CH2), 29.36 
(CH2), 29.52 (CH2), 29.59 (CH2), 29.69 (CH2), 30.80 
(CH2), 31.90 (CH2), 31.91 (CH2), 36.69 (CH2), 50.62 
(CH, C-2), 62.95 (CH2, C-1), 72.88 (CH2, CH2C6H5), 
73.04 (CH2, CH2C6H5), 79.05 (CH, C-4), 82.23 (CH, 
C-3), 127.80 (CH, CH2Ph), 127.95 (2CH, CH2Ph), 
128.09 (2CH, CH2Ph), 128.16 (CH, CH2Ph), 128.45 
(2CH, CH2Ph), 128.70 (2CH, CH2Ph), 137.80 (C, 
CH2Ph), 138.13 (C, CH2Ph), 172.93 (CONH); 13C NMR 
(125 MHz, C6D6) δ: 14.34 (CH3), 23.09 (CH2), 25.99 
(CH2), 26.55 (CH2), 29.73 (CH2), 29.86 (CH2), 30.05 
(CH2), 30.10 (CH2), 30.13 (CH2), 30.16 (CH2), 30.18 
(CH2), 30.21 (CH2), 31.00 (CH2), 32.31 (CH2), 32.32 
(CH2), 36.59 (CH2), 51.66 (CH, C-2), 63.07 (CH2, C-1), 
72.67 (CH2, CH2C6H5), 73.35 (CH2, CH2C6H5), 80.27 
(CH, C-4), 81.41 (CH, C-3), 128.30 (CH, CH2Ph), 
128.64 (CH, CH2Ph), 128.76 (CH, CH2Ph), 138.88 (C, 
CH2Ph), 139.05 (C, CH2Ph), 172.23 (CONH). 

4-((1S,2R)-1,2-Bis(benzyloxy)hexadecyl)-4,5-dihydro- 
2-tricosyloxazole (5) 

A mixture of compound 4 (20 mg, 24 µmol) and 
pyridine (23 µL, 282 µmol) in CH2Cl2 (0.5 mL) was 
stirred at ambient temperature for 3 min. Upon cooling 
down to －78 ℃ during 10 min, the mixture turned 
white cloudy. An amount of 120 µL (equivalent to 71 
µmol) was drawn from the solution of Tf2O in CH2Cl2 
(0.1 mL/0.9 mL, V/V) to add to the above mixture. After 
being stirred for 15 min, the mixture was concentrated 
under reduced pressure. The residue obtained was 
chromatographed using eluent [V(EtOAc)∶V(n-hexane)
＝1∶9] to provide the white soft solids 5 in 52% yield 
(12 mg). Further coevaporation with toluene afforded an 
oil. Anal. C56H95NO3, Mr＝830.36, ESI＋Q-TOF: calcd 
M＝829.73 (100%); found M＝829.8 (m/z), [M＋H]＋＝
830.8 (m/z); 1H NMR (500 MHz, C6D6) δ: 0.91 (t, J＝
7.0 Hz, 6H, 2×CH3), 1.32 (brs, 64H, 32×CH2), 1.52—
1.78 (m, 4H, 2×CH2), 2.28 (t, J＝7.0 Hz, 2H,  

H-1'), 3.72—3.75 (m, 1H, H-4), 3.87—3.91 (m, 1H, 
H-5a), 4.15 (dd, J＝7.0, 8.5 Hz, 1H, H-5b), 4.38—4.46 
(m, 2H, H-1", H-2"), 4.46 (d, Jgem＝12.0 Hz, 1H, 
OCHHPh), 4.53 (d, Jgem＝12.0 Hz, 1H, OCHHPh), 4.72 
(d, Jgem＝12.0 Hz, 1H, OCHHPh), 4.79 (d, Jgem＝12.0 
Hz, 1H, OCHHPh), 7.08—7.36 (m, 10H, 2×Ph); 13C 
NMR (125 MHz, C6D6) δ: 14.33 (CH3), 23.08 (CH2), 
26.21 (CH2), 26.46 (CH2), 28.41 (CH2), 29.61 (CH2), 
29.76 (CH2), 29.79 (CH2), 29.95 (CH2), 30.92 (CH2), 
30.12 (CH2), 30.18 (CH2), 30.26 (CH2), 31.05 (CH2), 
32.31 (CH2), 68.02 (CH, C-2), 69.41 (CH2, C-1), 72.59 
(CH2, CH2C6H5), 73.68 (CH2, CH2C6H5), 80.48 (CH, 
C-4), 82.68 (CH, C-3), 127.63 (CH, CH2Ph), 127.81 
(CH, CH2Ph), 128.00 (CH, CH2Ph), 128.19 (CH, 
CH2Ph), 128.29 (CH, CH2Ph), 128.51 (CH, CH2Ph), 
139.34 (C, CH2Ph), 139.57 (C, CH2Ph), 168.34 (C＝N). 

(2S,3S,4R)-3,4-Bis(benzyloxy)-2-(tetracosanamido)oc- 
tadecyl formate (6) 

To compound 4 (12 mg, 14 µmol) in CH2Cl2 (0.6 
mL) was added pyridine (7 µL, 85 µmol) at r.t. Upon 
cooling down to －70 ℃ during 10 min, the mixture 
turned white cloudy. Tf2O (8 µL, 42 µmol) was then 
added. After the stirring for 15 min, DMF (1 mL) and 
NaN3 (3 mg, 42 µmol) were added sequentially. After 
concentration of the mixture under reduced pressure, the 
residue was chromatographed using eluent 
[V(EtOAc)∶V(n-hexane)＝1∶9] to provide the white 
solids 6 in 36% yield (5 mg). m.p. 63—66 ℃. Anal. 
C57H97NO5, Mr＝876.38, ESI＋Q-TOF: calcd. M＝

875.74 (100%), found M＝875.8 (m/z), [M＋H]＋

＝

876.8 (m/z), [M＋Na]＋＝898.8, [M＋K]＋＝914.8 (m/z); 
1H NMR (500 MHz, CDCl3) δ: 0.86 (t, J＝7.0 Hz, 6H,  
2×CH3), 1.23 (brs, 64H, 32×CH2), 1.45—1.68 (m, 4H, 
2×CH2), 1.92 (dt, J＝2.5, 7.5 Hz, 2H, H-2'), 3.56—
3.59 (m, 2H, H-3, H-4), 4.32—4.35 (m, 1H, H-2), 4.41
—4.47 (m, 2H, H-1a, H-1b), 4.46 (d, Jgem＝11.5 Hz, 1H, 
OCHHPh), 4.55 (d, Jgem＝11.5 Hz, 1H, OCHHPh), 4.59 
(d, Jgem＝11.5 Hz, 1H, OCHHPh), 4.71 (d, Jgem＝11.5 
Hz, 1H, OCHHPh), 5.50 (d, JNH,2＝8 Hz, 1H, NH), 7.27
—7.35 (m, 10H, 2×Ph), 7.97 (s, 1H, HCO). 

Results and discussion 

Synthesis 

Whereas the preparation of an analog of 3, devoid of 
4-OH, starting from γ-butyrolacton via continuous 
Hofmann rearrangements and Crutius rearrangement 
has been reported,6 a more straightforward pathway 
based on 4 would be favorable for our purpose (Scheme 
2).7 

Compound 4 was prepared from L-serine via 
Garner’s aldehyde in a ten-step synthesis.8 The triflic 
group9 was introduced without encountering difficulty 
except the instability arising during column chromato- 
graphy, even after a pretreatment with 5% triethylamine. 
Thus, the labile triflate needed to couple with azide 
through a one-pot approach (Scheme 3). As expected,  
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Scheme 2  Synthesis of the well-protected ceramide 4 from commercial L-serine 

 

Scheme 3  Triflic-assisted formylation via rearrangement   
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the triflate formed was readily attacked by the imido 
group to provide the oxazole analog 5. However, in a 
case of using 6 equiv. of pyridine, the by-product triflic 
acid was not completely quenched by the base. 
Protonation of 5 by the residual acid shifted the 
equilibrium from oxazole toward the starting ceramide 4. 
In addition, the protonation also extended to the solvent 
DMF. The released triflic anion further combined with a 
sodium cation upon the addition of NaN3. Hence, 
formation of the metastable salt of protonated DMF and 
azide was driven toward completion. Protonated oxo 
group made the carbonyl grop more susceptible to be 
attacked by the primary alcohol of compound 4. After 
removal of the proton on the acidic carboxy group by 
the released secondary amine, the formyl-protected 
ceramide 6 was generated. 

A similarity between the above findings and the 
work reported by Barluenga and coworkers is 
addressed,10 in which the benzoyl chloride-dimethylfor- 
mamide was generated for subsequent attack by alcohol 
(Scheme 4). It is interesting that both the halide Cl－ 
and pseudohalide 3N－  acted as the counter anions for 
stabilizing the ester-conjugated DMF and protonated 
DMF, respectively. The subsequent hydrolysis was 
required to afford the formyl group in their work. By 
contrast, the nucleophilic attack by our alcohol 4 onto 
the protonated DMF followed by a series of 
rearrangements seems straightforward. Whereas the 
rearrangement could be affected in the ceramide, a 
similar condition used for the formylation of benzyl 
alcohol could produce only marginal product observed 
by TLC. The neighboring amide group of the ceramide 
might participate in the rearrangement. The present 
findings need a further study for future application to 
the introduction of formyl group in other natural 
products. 

Scheme 4  The reported formylation via an in-situ formation of 
benzoyl chloride-dimethylformamide 
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