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AbstracL Deryrhro-Sphingosine (1) and phytosphingosine (2) have been efficiently synthesized 
from D-glucosamine by utilizing its whole carbon skeleton and functional groups. In this synthetic 
route, regioselective alkylation of the epoxy-tosylate 9 was achieved with a copper(I)-catalyzed 
Grignard reagent to give the bjey intermediate 10, which was converted to both 1 and 2 via 
regioselective formation of the iodohydrin 11. 

D-eryrfrro-Sphingosine [(2S, 3R, 4E)-2-aminooctadec-4-ene- 1 ,Zdiol] (1) and phytosphingosine [(2S, 

3S, 4R)-2-aminooctadecane- 1,3,4-trio11 (2) are major backbone components of glycosphingolipids, which 

play important roles in biological processes on cell surfaces. 1 Sphingosines have attracted considerable interest 

as potent inhibitors of protein kinase C, an essential enzyme in cell regulation and signal transduction.2 

Various synthetic apprcaches to optically active l3 and 24 have been mported in the past decade in view of their 

biological importance. 

D-eryltm-sphingcdne 1 phytosphingcdne 2 

We have recently reported a convenient synthesis of galactocerebroside (l-O-g-o-galactopyranosyl-2- 

N-palmitoyl-D-eryrhrsphingosine) using D-glucosamine as a chimJ starting material via 12 reaction steps.5 

Although this enantiospecitic synthesis provides one of the shortest routes to glycosphingolipids,~ it contains a 

low-yielding step and affords unnahual(4Z)-sphingosine in preference to natural (44-l. 

Ln this paper, we wish to report a regio- and stereown trolled synthesis of the two major spbingosines 1 

and 2 from D-glucosamine by utilizing its contiguous chiral centers, functional groups, and whole carbon 

skeleton7 as shown in Scheme 1. Thus, 4,6-Gethylidene-N-benzoyl-D-glucosamine 3, readily available from 

Dglucosamine hydrochloride in 2 step~,~ was reduced with NaBH4 in aqueous i-ROH to give the 1,3,5-trio1 

4,s m.p. 165-167 “C; [a] D23 -13.Y (c 1.0, CHCl$MeOH=l) in 95% yield. Selective protection of the 

primary hydroxyl group of 4 with r-butyldiphenylsilyl (TBDPS) group, followed by methanesulfonation of the 
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Rei?@rfts and Conculians: a) NaBH4 (i .4 equiv.), i-PrOH-HpO (5 : l), 0 “C, 1 h; b) r-BuPh#iCI (1.2 equiv.), py&liie, 
CH&, rd., 24 h. then CH@&I (3.0 equiv.), EtaN, CH2Cl2, 0 “C. 2 h; c) pyidine, EtsN, toluene, 110 ‘C, 24 h; d) 
TiCI (3.0 e@v.), PhSH (6 e@v.), CH&. 0 OC, 2 h; e) K2CO3 (1.2 equiv.), MeOH, 0 OC, 2 h; t) p-toluenesulfonyl 
chforide (1.2 equfv.), 4diiethylaminopyridin (10 ITId%). Et3N (2.5 equiv.), CH2C12, 0 “c. 2 h; g) r&,2H25MgBr (2 

equiv.), CuBr (20 t’td%), THF, -30 to 0 “C, 4 h; h) Nal (4 equiv.), Me#iiI (4 equiv.), H20 (0.5 equiv.), CH$N, 0 to 
10°C. 2 h; i) POC& (10 equiv.), pyridine, Cl-i&N, 0 to 15 “C, 4 h; i) n-Bu3SnH (2 equhr.), AIBN, toluene, 60 “c, 30 min; 
k) 4N-I-ICI, THF (1 : 8) r.t., 24 h: I) q. NaOH. r.t.: m) NaOH, aq. EtOH. 95 %, 12 h: n) A@, Et3N, DMAP. CH$.12. 

secondary alcohols gave the 1-0-TBDPS-3,MMimesylate 5, [a]Du -5.0° (c 0.92)9, in 90% yield. The 

dimesylate 5 was heated in pyridine and triethyiaminelo at 110 “C for 24 hr to effect complete conversion into 

the phenyloxazoline derivative 6, which was partiaily decomposed during silica gel chromatography. Thus the 

crude 6 was lreated with TiC14 and PhSH in CH-&5Jl to give the 4,6_diol7, [a]D= -62.4O (c 1.14)9, in 

83% overall yield fiom 5. Treatment of 7 with K&03 in methanol afforded the 4,5-truer-epoxi& 8.12 

[a]$4 -89.4O (c 0.98)9, as a single product. 13 The C-6 hydroxyl group of 8 was tosylated for the 

introduction of long-chain all@ group. 

Chemo- and regioselective substitution of the tosyloxy group of 9 was achievedt4 by treatment with 

dodecylmagnesium bromide (2 equiv.) in the presence of CuBr (20 mol %) 15 at -30 to 0 OC to give the desired 

coupling product 10, 16 [aID* -65.8” (c 1.18)9, in 84% yield. A by-product obtained was non-coupling, 5,6- 

unsaturated 4-d (allylic alcohol, ca 8% yield) and c& 6% of 9 was recovered, but the addition product to the 

epoxide of 9 was not obtained. 
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To construct the olefin moiety of 1, deoxygenation of the epoxide in 10 was then examined. Among 

several attempts,I7 the smmospe&fic deoxygenation was accomplished most successfully by the procedure of 

Comforth er ~1.1~ with modification. Thus, treatment of 10 with NaI and chlorottimethylsilane in wet 
acetonitrileI9 gave the iodohydrin(s), which without isolation was treated with PGCIs and pyridin&J to afford 

the E-olefin 12, [a]# -62.S” (c 0.84)9; lH-NMR 545= 15.4 Hz, exclusively in 85% yield. Although the E- 

olefin should be formed from both of the two possible regic&omers of the iodohydrin, the 5-iodo4-olll was 

found to he a predominant isomer (>20 : 1) in this case based on the lH-NMR spectra of the crude iodohydrin 

and its 0-acetate.21 The regioselective formation of 11 was also observed in the reaction of 10 with other 

hydrogen iodide sources,t9 e.g., LiI with AcOH, presumably resulting from the steric hindrance near to C-4. 

For confirmation of the structure, the crude 11 was treated with Bu&iH to give 13, [alDz4 -61.7O (c 1.42)9, 

which corresponds to a protected phytosphingosine. 

Finally, &protection was accomplished in two steps as follows. Acidic hydrolysis of 12 caused the 

fission of the phenyloxaxoliie ring to give 3-U-benzoylsphingosine derivative 14a, which changed to N- 

benzoyl derivatives 14b upon treatment with aqueous NaOH. When this alkaline solution (ca IN-NaOH) was 

heated at 95 OC, the TBDPS group was cleaved immediately, whereas the complete hydrolysis of the henxamide 

required about 12 hours. The crude hydrolysate was purified by silica gel chromatography (CI$Cl~ : MeGH : 

2N-NH40H = 4ChlO:l) to afford sphingosine 1, m.p. 74-76 OC; [a],-,= -1.2” (c 1.0)g22, in 70% yield from 

12 (31% overall yield from 3). In a similar manner, phytosphingosine 2, m.p. 98-101 “C; [a]$4 +8.7” (c 

0.80, pyridine)zz, was obtained from 13 in 75% yield (35% overall yield from 3). The structures of 1 and 2 
were further confirmed by conversion into the known triacetatc 14c,23 m.p. 105-106 OC; [a]$ -12.9” (c 

0.95)g, and tetraacetate MC,= m.p. 34-37 “C; [a]# +28.0* (c 1.30)9, whose physical data were identical 

with the repormd values in all respects. 

In summary, both per-y&o-sphingosine and phytosphingosine were efficiently synthesized from D- 

glucosamine via an almost common route except for reducing steps. It should he noted that the key reactions 

involved in this route were highly regio- and stereoselective. 
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