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Abstrud All enantiomeric stereoisomers of 1,2,3-trihydroxy4%octadecene, key 
intermediates for the syntheses of sphingosineq were prepared using sugar as chiral pool 

Chiral vi&al diols, aminoalcohols or their derivatives are major moiety of many biologically active 
compounds such as arachidonic acid metabolites, sphingosine. In order to synthesize these &mpounds many 
synthetic methods have been reported,’ and more efforts are still being taken in the search of a more efficient and 
versatile approach. Herein we wish to detibe the preparation of these moieties using sugars as chiral pool 
substrates, and its application to the syntheses of four stereoisomers of 1,2,3-trihydroxy4E-octadecene (5,6,7, 
S), key intermediates for the syntheses of sphingosines (Scheme 1). 

Scheme 1: 
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Sphingomyelin derived from sphingosine (1) is a major constituent of cell membrane and appears to be 
important in biological processes on cell su&ces.* Recently sphingosine itself has also attracted considerable 
interest as a potent inhibitor of protein ldnase C (PKC), an essential enzyme in cell regulation and signal 
transduction.3*4 Moreover, it was reported that all four stereoisomers of sphingosine (1,2,3,4) have effective 
abilities to inhibit PKC.4 For fbrther biological studies, all sphingosine stereoisomers are needed. Therefore we 
elaborated the ‘&iron approaches for the synthesis of them. 

For syntheses of compounds 5,6, 7, aldehydes 9a, 11, 14 were prepared from D-xy10se,~ D-glucose6 
and L-tart&c acid’ respectively according to known procedures. These aldehydes were then subjected to Wittig 
reaction with tetradecylenetriphenylphosphorane to provide alkenes lOa, 12,15 accordhrgly. The ratio between 
@)- and (Z)-configuration were determined as 5:6 for 1Oa and 6:l for 12. While in the case of 15, mainly (Z)- 
isomer was obtained. Thus, an isomerization reaction was brought about for the latter by irradiation in the 
presence of phenyl sulfide,’ leading to a 1O:l @)- and (Z)-isomer mixture from which the desired Q-isomer 
was separated. Fiiy, deprotection of lOa, 12 and 16 gave correspondii trihydroxy compounds (2R, 3R)-5, 
(2R 3S)-6, (ZS, 39-7 (Scheme 2). 

Scheme 2: 

9a: I&=RpMe 

9b: RI-Me; RpH 

lOa: R,=&=Me, 64%, E:Z=5:6 

lob: &=Me; R&I, !?2%, E:Z=6:7 

5,%% 

D-&ose 11 12 

H+OOH 4 steps. Phc%-2p& PhmCH2kcHo 52% _f2 d 

Gtartaric acid 13 14 
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15 16 

Reagenta and conditions a) PPh&H&r, n-BuLi, THF, b) sparation of isomers; c) 80% HOAc-H&, 60°C; d) PPh&H&k, 

L.DA, THF; e) PPTS, t-BuOH, 60°C; f) Collin’s regent; g) PPh&HJ3r, LDA, THF, h) PbSSPh, hv; i) KzC4, H@, then 80% 

HOAc-H&I, 60°C 

With compound 10a in band, we tried to prepare (2S, 3R)-isomer 8 using a Mitsunobu reaction’. 
However, after deprotection of p-nitrobenzoyl and acetal, the trihydroxy compound obtained showed a -3.3 

value of [a]~, which is similar to that of (2R, 3S)-isomer 6 prepared from D-glucose. In view of the fact that the 
1,3-isopropylidene acetal is relatively unstable under acid condition, we proposed that a rearmngement reaction 
perhaps occurred on 1,3-isopropylidene a&al group under Mitsunobu reaction conditions (Scheme 3). This 
rearrangement might be avoided by using the relatively stable 1,3-ethylene acetal instead of 1,3- isopropylidene 
acetal.1o 

Scheme 3: 

17% RpBpl@+ 70% 

17b: &=Me; R&I, 6 1% 

%% from 17a 

87% from 17b 

Reagents and conditions: a) pNO&H&OOH, PPh,, EtO#ZN=NcOEt, PhH; b) KzCQ, Ha, then 80% HoAeH&, 60°C 

Thus P-hydroqaldehyde 9b was therefore prepared by known method from D-galactose,” and 
transformed to alkene lob in 92% isolated yield as a 6:7 ratio of @)- and (Z)-isomer mixture determined by 300 
MHz ‘H NMR spectra, Corn which pure Q-isomer could be separated by gash chromatography. Untbrnmately, 
there was a rearrangement reaction occurred on lob under the Mitsunobu reaction condition as well. The 
trihydroxy compound provided was once again identitied as (2R, 3 S)-6. 

So far we synthesized all stereoisomers of 1,2, 3-trihydroxy4octadecene except the (2S, 3R)-one (S), 
then we turned our attention to the onspot terminal isopropylidene acetal hydrolysis and subsequent glycol 
cleavage reaction reported recently by us.” Using this eflicient reaction as the key step, the synthesis of (2S, 
3R)-isomer 8 was reached from D-mamtose. We have also developed alternative routes to synthesize (ZR, 3R)- 

and (2S, 3S)- isomers 5,7 star@ from D-glucose and D-xylose respectively, as shown in Scheme 4. 



10730 Y.-L. LI et al. 

Scheme 4: 

26 27 

OH 
1 
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13% 
axf) 

w-57 
62Nin2step)s & (2S, 3R)-8 

30 31 

Bn = PhCH~ 

Reagent8 and cm~ditions: a) H~OS, EtzO; b) PPh&H&3r, II-BuLi, THF; c) PhSSPh, hv; d) 1N H$30,, dioxme, refly e) NalOd, 

NaHCCh. MeoH; t) Ne i-ProH; g) Li, NH&; h) 80% HOAct-H20, 60°C 

The known compound 18 prepared from D-glucose” was exposed to periodic acid in diethyl ether to 
fknish aldehyde 19. Compound 19 was then treated with tetradecylenetriphenylphosphorsne, and isomer&d to 
give 21. Subsequent hydrolysis of isopropylidene a&al, cleavage of glycol followed reduction of the resulting 
aldehyde led to 23, which was converted to (2R 3R)Gomer 5 using Liiliq. hl& reduction. 

For the syntheses of compound 7,8, compounds 24l’ and 2815 were subjected to the above mentioned 
Wittig reaction and isomerization reaction sequence to yield the corresponding alkene 26 and 30. Cleavage of 
the terminal isopropylidene of 26,30 by exposure them to periodic acid in diethyl ether and subsequently 
reduction of the resulted aldehydes with sodium borohydride afforded 27 and 31. Compounds 27 and 31 were 
deprotected in the usual way to provide (2S, 3S)-7 and (2S, 3R)-8 respectively. 

In conclusion, we have developed efkient methods for the preparation of four stereoisomers of 1,2,3- 
trihydroxy-4E-octadencene. Their physical data were shown in Table 1. The syntheses of D-e@tro-sphingosine 
(1) a&.-rhreo-sphingosine (2) from compound 5, 6 respectively have already been rep~rted.~~~~ Thus, the 
formal syntheses of Daythro-sphingosine (1) and L-threo-sphingosine (2) were reached, snd the syntheses of 
the stereoisomers 3, 4 were also possiile by similar methods. The strategy of building the chiral vicinal diol 
moiety, developed herewith, would be also us&d to the syntheses of other biologically active compounds. Some 
further applications of this strategy for the syntheses of unsaturated fatty acids and new sphingosine type 
compounds are under investigation in this laboratory and will be reported in due time. 

Table 1 The Physical Data of e@m- and fhrecAciml diol5,6,7,8 

Compound 

Absolute 
COiflgUlIltiOll 

[ab@toH) 

mp CC) 

5 6 7 8 

2R,3R 2R. 3s 2s, 3s 2S, 3R 

+3.75 (c 0.23) -3.48 (c 0.78) -3.84 (c 0.69) +3.58 (c 0.17) 

60-62 s-60.5 59-61 61-62 
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547(dd, J=15.4 and 76Hz, H-I), 588(dt, J=l5.4 and 6.3Hz, 1H); MS (m/z) 325(M+-l), 309@f++l-HsC), 
283@I++lCHsCHO), 265@4++1-HzO-CH&HO). Anal. Calcd for C&-JssOs: C, 73.57; H, 11.73. Found: C, 
73.70; J-I, 12.03. 

Cleavage of acetall2: 

To a stirred solution of the acetall (328 mg, 1 mmol) in t-BuOH (20 mL), pTsOH (503 mg, 2 mmol) 
was added. The mixture was stirred at 80°C for 6 hrs under nitrogen, then neutralized with solid KzC!Op and 
extracted with EtOAc. The combined organic layer was washed with brine, dried with MgSO4 and concentrated. 

The residue was puritied by flash chromatography on silica gel to give 252 mg (85%) of (2K 3S)d: [aID= -3.48 

(c 0.78, EtOH); MS (nw 3ol(M++l), 283(Ml+l-HzO), 239(HOCHCH=CHCr&,), 
91(HOCH~CHOHCHOH.). 

Preparation of compound 15: 

A solution of alcohol 13 (1.5 g, 5.68 mmol) in CH&ls (20 mL) was added rapidly to a solution of 
pyridine (5.4 mL, 66.77 mmol) and CrOs (2.57 g, 25.7 mmol) in anhydrous CHsC& (150 mL) under nitrogen. 
After stirring for 1 br at rt, the mixture was diluted with Et20, and the solution was t&red through c&e, and 
concentrated. The crude product was directly used in the next Wittig reaction. An analytic sample was obtained 

by chromatography: ‘H NMR (CDQ, 9OMHz) 6 1.41(d, J=4.3Hz, 6H), 4.16(m, lH), 4.53(m,3H), 7.3-8.1(m, 
5H), 9.7(s, 1H); MS (m/z) 265@4?+1), 235(M+-CHO), 105Q’hCO). 

To a solution of the phosphonium salt (18.5 g, 34.34 mmol) in THF (50 mJ_) at -78°C was added n-BuLi 
(1.67 M 20 mL, 33.40 mmol), and the resultmg carmine solution was stirred at -78°C for 1 hr before the crude 

aldehyde 14 in THF (25 mL) was added. The temperature was slowly raised to rt. Benzoyl chloride (0.2 mL, 
1.72 mmol) was added, and the mixture was stirred for an additional 4 hrs at rt. Then, the mixture was poured 
into cold brine and extra&d with ether. After drying over MgSOd and evaporation in vacua, the crude product 
was puritkd by chromatography to give 1.30 g (52 % in 2 steps) of slkene 15: ‘H NMR (CD&, 2OOMJ-k) 6 
0.9O(t, 3H), 1.24(m, 22H), 1.58(s, 3H), 2.12(m, 2H), 4.OO(m, HI), 4.32(dd, J=12.0 and 4.9Hz, H-J), 4.55(dd, 

J=12.0 and 4.9Hz, lH), 4.76(dd, J=8.0 and 6.8Hq H-l), 5.43(dd, J=l1.4 and 8.OHz, HI), 5.76(dt, J=11.4 and 
8.3Hq lH), 7.4-8.4(m, 5H); MS (m/z) 444@4+),429@¶+-CHS), 387@f++LMe&O). 

Isomerization of compound 15: 

A 19:l cyclohexane-dioxane solution (120 mL) of compound 15 (1.0 g, 2.25 mmol) and phenyl sulfide 
(490 mg, 2.25 mmol) was irradiated with a 125-W high pressure mercmy lamp under nitrogen for 6 hrs. The 

solution was concentrated and ikomatographed to yield 0.9 g (90%) of the trans-isomer 16: [a]~ -4.80 (c 

0.62, CHCls); ‘H NMR (CDCb, 2OOMHz) 6 0.88(t, 3I-Q 1.24(m, 22H), 1.44(s, 3H), 1.47(s, 3H), 2.05(m, 2H), 
4.02(dd, J=8.0 and 4.OHz, H-l), 4.35(d, J=12.OHz, H-l), 4.37(d, J=l2.OHz, H-3.), 4.5O(dd, F12.0 and 4.OH2, 
lH), 5.5O(dd, J=16.0 and 8.OH2, HI), 5.83(dt, J=16.0 and 6.6H2, HI), 7.30-8.1O(m, 5H). 

Deproteetion of compound 16: 

To a stirred solution of 16 (1.0 g, 2.25 mmol) in MeOH (20 mL) at r-t was added solid K&Os (0.1 g, 2.5 
mmol).Afterbeing~atrtforlhr,thenrhrturewesacidifiedwith80%HOAc,andstirredforlhrat60”C. 
The reaction mixture cooled was neutral&d with solid NaHCOs and diluted with EtOAc, washed with brine and 
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residue was suspended in Et20 and tilted. Flash chromatography to yield 0.5 14 g (83%) of the aldehyde, which 

was used immediately in the next reduction step: JR (film) 3450, 1720, 1500, 1460, 1450, 1080, 1020,970 cm-‘; 

‘H NMR (CDCb, 6OMHz) 6 0.96(t, 3H), 1.4(m 22H), 2.2(m, 2H), 3.6(br s, H-J), 4.85(m, 3H), 5.45(m, lH), 

5.8(m, 2H), 7.5(m, SH), 9.75(d, H-J). 

To a suspension of sodium borohydride (11 mg, 0.29 mmol) in iPrOH (1 mL), a solution of the aldehyde 

(93 mg, 0.24 mmol) in 1 mL of i-PrOH was added at 0°C. After stkrhrg for an additional 30 min at O”C, the 

mixture was allowed warming to rt and stirred overnight. The mixture was poured into cold 5% HOAc solution, 

extracted with ether. The extract was dried and concentrated. The residue was chromatographed to give 86 mg 

(92%) of the product as a solid: mp 4344°C; [a]~= -12.32 (c 0.36, CHCl$; JR &Br) 3400, 1460, 1040, 960 

cm-‘; ‘H NMR(CDClr, 3OOMHz) 6 0.88(t, J=7.OHz, 3H), 1.26(m, 22H), 2.03(m, 2H), 2.69(br s, D-J), 3.42(dd, 

J=5.5 and 4.6Hq IH), 3.63(dd, J=11.9 and 4.5Hz, ID), 3.78(dd, J=l1.6 and 4.3Hz, U-J), 4.2O(dd, J-6.49 and 

6.3Hz, lH), 4.67(dd, J=18.6 and ll.SHz, 2H), 5.48(dd J=15.3 and 7.1Hz, D-l), 5.77(dt, J=15.3 and 8.4Hr, lH), 

7.35(m, 5J-I); MS (m/z) 390(M), 372(M+-HzO), 259(M+-cHzoH). Anal. C&d fir C&J&: C, 76.87; H, 

10.84. Found: C, 76.67; H, 10.88. 

Reductive cleavage of benzyi ether 23: 
To ammonia (ca. 40 mL) cooled in dry ice-acetone bath, lithium (250 mg, 35.7 mmol) was added and 

stirred until dissolved. Then a solution of benzyl ether 23 (0.4 g, 1.03 mmol) in 5 mL of dry Et20 was added 

dropwise. After being stirred for 15 min, the cooling bath was removed, and ammonia was evaporated by 

continuous stirring overnight. The residue was diluted with brine and extracted with EtOAc. After drying over 

MgSO.+, the combined organic layer was concentrated and chromatographed to provide (2R 3R)-5 (0.286 g, 

93%) as a solid: mp 60-62’C; [aJo= +4.05 (c 0.15, CHCfr); JR (KBr) 3400, 1080, 960 cm-‘; ‘H NMR (CD& 

3OOMHz) 6 0.88(t, J=7.1Hq 3H), 1.26(m, 22H), 2.06(m, 2H), 3.57-3.77(m, 4H), 4.11(dd, J-6.3 and 6.3Hz, 

IH), S.SO(dd, J=15.4 and 7.1H2, NJ), 5.8O(dt, J=I5.4 and 6.m 1H); MS (m/z) 283@f+-HzC+l), 239&t+- 

HOCH$HOH), 183(&H& Anal. Calcd for C&I.&: C, 71.95; H, 12.08. Found: C, 71.86; H, 12.33. 

Wittig reaction of aIdehyde 24 : 
This reaction was carried out according to the procedure for 9a. Thus from aldehyde 24 (1.28g, 

557mmoi) was isolated 1.78g (78%) of alkene 25: [a]n= +0.94 (c 0.96, CHC!&); JR (film) 1460, 1240, 1220, 

1060, 880, 720 cm-‘; ‘HNMR (CDClr, 3OOMHz) 6 0.88(t, 3H), 1.26(m, 22H), 1.38,1.43(2s, 6H), 1.44(s, 6J-J), 

2.16(m, 2J-J). 3.26-4.12(m, 4H), 4.65@, lH), 5.37(dd, J=10.9 and 7.4H2, D-J), 5.72(dt, J=10.9 and 7.4H2, IH); 

MS (m/z) 4100, 101; Anal. C&d for cUJ&04: C, 73.12; H, 11.29. Found: C, 73.74; H, 11.78. 

Isomerization of alkene 25: 

Following the isomerization reaction procedure of compound 15, compound 26 was obtained from 25 

(1.28 g, 3.12 mmol) in 96% yield (1.23 g): [a]D= -1.7 (c 0.2, CHCL); JR (film) 1380, 1220, 1070, 965 cm-‘; ‘H 

NMR (CDCls, 3OOMHz) 6 0.88(t, J=7.OHz, 3H), 1.26(m, 22H), 1.43(s, 12H), 2.06(m, 2H), 3.62-4.12(m, 4H), 

4.2O(dd, J=8.3 and 8.3Hz, HI), 5.41(dd, J=15.2 and 7.OHz, H-J), 5.83(dt, J=15.2 and 5.8Hz, 1H); FAB MS 

(m/z) 395(M+-C&). Anal. Calcd for C&04: C, 73.12; H, 11.29. Found: C, 73.10; H, 11.18. 






