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Abstract. Practical syntheses of homochiral D- and L-ribo- 

and arabino-C,S -phytosphingosine 1 and 1 from (R)-2,3-O-iso- 

propylidene glyceraldehyde (2) are described (Scheme l), the 

key steps being: (1) the (Z)-selective olefination of 945) 

(2) the selective monobenzoylation of the diol p(+z); (3) 

the Mitsunobu-type introduction of the nitrogen (z.+o); (4) 

the osmylation of z(+la/ll). 

D-ribo-C,S -Phytosphingosine ((ZS,3S,4R)-2-amino-octadecane-1,3-4-triol) (1) and 

similarly, its C20-homologue, are widely distributed as amides ofd-hydroxy long 

chain acids in plant sphingolipids'. The presence of phytosphingosines in human 

brain and kidney lipids has also been reported2. Owing to the biological impor- 

tance of the compound, several syntheses of 1 have been described, both of the 

racemic 3 and the optically active 4,5,6 material. By contrast, the D-arabino-isomer 

2 apparently has not yet been prepared in enantiomerically pure form. 

1 
* = C,4H29 

Our approach to 1 and 2 (Scheme 1) is based on the ready availability of (R)-2,3- 

0-isopropylidene glyceraldehyde (1) from inexpensive D-mannitol in multigram guan- 
I tities . Wittig condensation between 2 and phosphorane 2 stereoselectively (e&3% 

according to 13C NMR analysis) furnished the (Z)-oleffn 5 which after acidic 
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hydrolysis of the acetonide moiety gave the crystalline diol 2 ([d? = -11.8 (c 1, 

pyridine)). Monobenzoylation at the primary position led to 2 with high selecti- 

vity; no secondary benzoate could be detected and the formation of the di-benzoate 

4 @IF= -38.2 (c 3.3, CHC13)) did not exceed a maximum of ca. 7%8, 

jected to a Mitsunobu reaction' with triphenylphosphine, 

=7 was sub- 

diethyl azodicarboxylate 

and phthalimide to give the phthalimido olefin 0 under clean inversion of configu- 

ration. Cis-hydroxylation with 0904/N-methyl-morpholine-N-oxide converted 2 into 

a 2:1-mixture of the diols 'lp/ll, which were quantitatively separated via their -- 
acetonides 12/11 by simple gravity column chromatography on a multigram scale. -= -- 

SCHEME 1 (R' = C,4Hzg, Bz = COPh) 

9e ~~0 
= 

OH OH 

10 f_ Bz0q-y’ = 
NH, OH 

6 2 R2=H 9 = = 
i R== Bz 

RL,Rs OH R3R6 H = ,,= E RfRSH, R3,R6=0H 

R4,R5=OCMe20, R:R'=H E R:R5=H, R~R6=OCHe20 

9 -1 
f 

11 - = = 
BzO++ 

NH, ;H 

z 15 = 

9_2 = 

5. Ph3P = CHR' (+I; from the phosphonium bromide + nBuLi), THF, -78OC, 2 hrs, 80%. 

b. 60% HOAc/H20 + 2N H2S04, THF, 20°C, 24 hrs, 94%. c. 1 mole equiv. benzoyl chlo- 

ride in ether added dropwise to g in pyridine at O°C, 2 hrs, 87%. 4. triphenyl- 

phosphine, diethylazodicarboxylate,phthalimide, THF, ZOO, 20 hrs, 77%. e. i. 

9*2p: 1 mole equiv. N-methyl-morpholine-N-oxide-hydrate, 2 mole % 0s04, acetone- 

H20, ZO'C, 20 hrs, 90% - ii. lQ,ll+~~,~~: sulfuric _- -- acetone, acid, 22Oc, 

48 hrs, 92%, LC-separation on silicagel ethylacetate-hexane 1:6, RF(l&) 

0.45, RP(U, 0.37. - iii. ~~+~~, Il+ar: 60% HOAc-Hz0 + 2N H2S04, CH3CN, 20°C, 72 

hrs, 78%. g. N~H~-H~O (10 mole equiv.), ethanol, 60°C, 2 hrs, 79%. q. KOH in 

methanol, 12 hrs 20°c, 3 hrs 60°C, 85%. 

The stereochemical outcome of the hydroxylation does confirm Kishi's rule 10 , al- 

though the stereoselectivity appears to be considerably lower for allylic phthali- 

mldes than for analogous alcohols and ethers. The pure crystalline diols 12 and 

11 were transformed into 1 and 1 by successive removal of the protecting groups. 
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Specifically, 18 and 11 gave the mono-benzoates 11 and $2 on treatment with hydra- 

zinc, and with strong alkali, A$ and 12 were saponified to afford 1 and 2. The 

identity of 1 with the natural product described clearly followed from the congru- 

ence of the melting point and the optical rotation of our material with the repor- 

ted data4"'. The 13C NMR spectrum of 1 was superimposable with that of a racemic 

authentic sample'*. Finally, we prepared the "acetone compound"13 and the tetra- 

acetate'l from 1 as known derivatives. En route, additional crystalline deriva- 

tives of 1 and 2 were obtained. For instance, the acetonides 12 and 12 were N-de- 

protected with hydrazine to give lp and 12. E was converted into 3,4-O-isopropy- 

lidene phytosphingosine 18, which yielded 1 on acidic hydrolysis. - 

3 6 g R:R5= 0Clle20,F(R6=H,R7=Bz 

.' 

R70& 

d 
17 R:R5=H,R:R6=OCtle20, Rhz 

'* 6 ]B RfR'= 0CHe20,R~R6=H,R7=H 
2 

To gain access to the opposite series of enantiomers, 2 was inverted under 

Mitsunobu conditions' (triphenylphosphine, diethylazodicarboxylate, benzoic acid, 

THF, 22'C) to give a di-benzoate identical in all respects with g but showing 

([&O = 38.0 (c 3.3, CHC13). Similarly, the dial obtained on saponification was 

identical with 5 except for the sign of the specific rotation (Hr = 11.5 (c 1, 

pyridine)) . The optical purity of our compounds was checked by esterifying 2 with 

(-)-methoxytrifluoromethyl-phenyl-acetyl chloride (MTPA chloride, Mosher's rea- 

gent) 
15 

and analyzing the resulting MTPA ester by 13 C NMR spectroscopy. A compari- 

son with the MTPA ester prepared from racemic 1 revealed an ee value of ?97%. 

In conclusion, we have presented practical syntheses of the homochiral C,8-phyto- 

sphingosines (+)- and (-)-l/z from D-mannitol. Our method uses inexpensive rea- 

gents and simple conditions, and is suitable for the gram scale. Moreover, it 
involves the preparation of N- and O-protected derivatives , which may be useful for 
incorporating l/2 into biologically active ceramide and cerebroside structures'. -- 
Work aiming in this direction is under way in our laboratory. 

EXPERIMENTAL 

NMR: Bruker WH 270, AC 250, TM.5 as internal standard. IR: Perkin Elmer IR 580B. 
Polarimeter Perkin Elmer 121. All reactions were monitored by TLC. Preparative 
column chromatography on silicagel Merck 60 (230-400 mesh) with ethyl acetate/ 
hexane tea/h) mixtures as eluent. 

1. (2S)-1,2-Di-O-isopropylidene-3-octadecene-l,2-diol (1) 

To pentadecyltriphenylphosphonium bromide (lOO.Og, 180.64 nrmol) in THF (400 ml) 
n-butyllithium (110 ml of a 1.6 M solution in hexane, 176.0 mmol) was added slowly 
within 10 min. 

The aark rea solution Of ' 
hos horane 4 was trea&ed dropwise with 3 

(3O.Og, 230.8 mmol) in THF (80 ml) at -78 . Efter 2 &s at -78 and 14 hrs at 25O 
the mixture was concentrated under reduced pressure, diluted with water (200 ml) 
and extracted with pentane. The organic phase was washed with water, dried (MgS04) 
Tnd evaporated to give after chromatography tea/h l/4) 47.4g (80%) of pure 2. 
H NMH (270 MHz, 

CH 1; 
CDCl ): (= 0.88 (t, 517.5 Hz, 3H, (CH ) CH ); 1.26 (~,24H,(cH,),~ 

1.40 (s, CH 1; q.42 (s CH ); 
1H; 1-H); 4.04 (da, J=8Hi, J:CHz! 

2.10 (m, 2H, CH (Cfi I2 Cd ); 3.50 (t, J=BHz, 
lH, l-H, CH2-O);a?82 &!*J=aHz, J=8Hz, lH, 2-H); 
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5.38 (dd, J=SHz, J=8Hz, lH, 4-H); 5.62 (dt, J=BHz, J=9Hz, lH, 3-H). 13C NMR (62.88 
MHz, CDC13):6=13.98, 22.60, 25.90, 26.70, 27.69, 29.11, 29.29, 29.39, 29.53, 29.59 
31.86, 69.42, 71.99, 108.88, 127.21, 134.85.- IR (film): 3000, 2930, 2860 a (br., 
C-H), 1662 w (C=C), 1470 s (C-H def.), 1380 .a, 1370 s, 1298 w, 1248 q 1215 m 1160 
s, 1065 s (C-O), 1035 w, 990 w, 970 w, 865 s, 800 w, 725 s, 515 s cm c&O = 
4.0 (c 5.72, CHC13). Anal. calcd. for C21H4002: C 77.72, H 12.42. Found: C 77.78, 
H 12.56. 

2. (2S)-3-Octadecene-1,2-diol (2) 

s (4O.og, 140.6 mmol) was stirred with a mixture of acetic acid (250 ml), water 
7150 ml), THF (45 ml) and 2N sulfuric acid (10 ml) at room temperature for 24 hrs. 
After neutralization with potassium carbonate and extraction with ethyl acetate, 
the organic phase was drigd (MgS04) and evaporated to give 5 (32.Og, 94%) as color- 
less platelets (mp. 56-57 ) after recrystallization from hexane.- H NMR (270 MHz, 
CDCl ):d= 0.88 (t, J=7.5Hz, 3H, (CH ) 
2H, '?H (CH ) 

(CH ) CH ); 2.11 (m, 

3 59 $.a 
CiiCjH); 

&~2C:&H:.4:=::; 
2H, OH)? j?::3)(:dj':Xjs;=::::; J=sHA2 14 CH OH) 
lH, CH OH); 4.57 (mc, ABX, J=iHz, J=iHz, 

4.37 it, J=9H;, J=ll;iz, lH,-3-H); 5.61 (dt, J=ilHz, J=9Hz, 
'J=+iHs,;lH, 

lH, 3-H).- 
c NMR (62.88 MHz. CDCl,): c= 14.00, 22.62, 27.91, 29.29, 29.50, 29.64, 31.87, 

66.33, 68.68, 127.85; 134.14.- IR (KBr): 3240 (br.,.OH), 2960, 2920 and 2855 s 
(C-H). 1468 s (C-H def.), 1415 w, 1370 w (CH,), 1317 w, 1275 w, 1260 w, 1210 m, 
1140-w, 1092 9, 10702b (C-O), 
m, 540 w cm-'.- 

1025 s, 950 w,'885 8, 770 w, 740 w, 720 s (C-H), 682 

calcd. 
[d]Dc ~~82 (; $2;; CH;Cla)d -,lCl+; ;; lH0;2p;;idine).- Anal. 

for C18H3602: . , . . . , . . 

3. (2S)-1-Benzoyloxy-3-octadecene-2-01 (I) and (2S)-1,2-Dibenzoyloxy-3-octadecene 

(B) 

p (30.09, 105.5 mmol) in pyridine (150 ml) wasotreated dropwise with benzoyl chlo- 
ride (15.6g, The mixture was stirred for 2 hrs 
at O" 

110.8 mmol) 18 ether (50 ml) at 0 . 
and for 24 hrs at 22 , concentrated under reduced pressure, diluted with 

water and extracted with ether. The organic phase was washed with 2N sulfuric acid 
and water, dried (MgSO ) and evaporated to give 43.Og of crude product which was 
chromatographed (ee/h q/4) to give 1 (35.38g, 87%) (R = 0.28) and the dibenzoate 
s (2.3lg, 6%) (Rf = 0.52). Analytical data of 2: 'H #&R (270 MHz, CDCl ):/= 0.88 
7t, J=7.5Hz, 3H, (CH ) CH ); 1.28 (6, 24H, (CH-) CH 1; 2.14 (m, 2H, Ca (CH 1 
(CH ); 2.36 (s, lH, eHlaHi? 4.28 (dd, ABX, J=l&rj2J=aHr, lH, CH OBz); a?34 tda? 
ABX; J=l2Hz, J=4Hz 
ilHz, 

- 4.84 (rn, br., AHX_, IH, CH-OH); 5246 (t, J=9Hz, J= 
lH, 4-H); 5.~41~;1t~~3~~~;1=,3J=9Hz, lH, 3-H); 7.44 and 7.56 (2xm, 3H,arom-H); 

8.06 (d, J=8Hz, 2H, arom.-H).- C NMR (62.88 MHz, CDCl ):d= 14.06, 22.65, 27.95, 
29.24, 29.32, 29.46, 29.55, 29.64, 31.89, 66.39, 68.42, q27.37, 128.35, 129.66 and 
133.08, 135.13, 167.10.- IR (film): 3410 m (br., OH), 3040 and 2990 w (arom. C-H), 
2900 and 2840 vs (aliph. C-H), 1710 s (C=O), 1595 and 1575 w (arom. C-H), 1445 m 
(C-H def.), 1365-y, 1310 y6 1265 s (C-O), 1170 w, 1110 m, 1060 m, 1020 m, 963 w, 
705 vs, 680 w cm .- Id] = 
C 77.27, H 10.38. 

11.6 (c 2.2, pyridiye).- 
Found:DC 76.95, H 10.30.- 

Anal. calc~Dc:o;.;25H80~a: 
H NMR (250 MHz 

(t, J=7.5 Hz, 
4.56 (d, J=7Hs, J=O.sHs, 2H, CH -0Bz); 

(CH ):'CH ) 2 29 (m (CH2)l Cg3); 1*28 (s, 24H;.54-jdd2 J&lH; J=gHz 2H' CH (ZH') CH') 
;H,-3-H)? 4?763(&, 

J=llHz, J=7.5Hz, J=0.5Hz, lH, &-OBz); 6.22 (dt: J=qIjz,'J=6Hz,'lH, 4-H); 7.44 and 
7.56 (2xm, 6H, arom.-H); 8.08 (ik, 4H, arom.-H).- 
14.04. 22.62. 

C NMR (62.88 MHz, CDC13):J= 
28.16, 29.22, 29.30, 29.40, 29.53, 29.61,30.27, 31.87, 65.54, 68.72, 

123.43, 128.25, 129162, 132.86, 137.10 (C-3), 165.56, 166.13.- IR (film): 3040, 
2990 w (arom. C-H), 2900 and 2840 vs (aliph. C-H), 1710 s (C=O), 1590, 1575 m 
(arom. C-H), 1443 s (C-H def.), 1370 w, 1310 w, 1265 vs (C-01, 1170 m201090 S, 

1060 m, 1020 m, 960 w, 871 w, 840 w, 795 w, 703 vs, 680 w cm .- 
(c 3.25, CHC13).- F,[,"? C=7i3;i2 ., 
H 9.27. 

Anal. calcd. for C32H4404: C 78.01, H 9.00. 

4. (2R)-1-Benzoyloxy-2-phthalimido-3-octadecene (2) 

A mixture of 1 (37.1Og, 95.5 mmol), triphenylphosphine (37.56g, 143.2 nrmol) 
phthalimide (T6.86g, 114.6 nnnol) in THF (500 ml) was treated dropwise at 22 

and 
under 

vigorous stirring with diethylazodicarboxylate (24.94g, 143.2 mmol) in THF(100 ml). 
After stirring overnight the mixture was concentrated and triturated with ether. 
The crystalline precipitate was removed by filtration and the filtrate was evapora- 
ted to give 44g of crude product which after chromatography (ee/h l/4) afforded 
38.04g (77%) of pure 2 (Rf = 0.27) as a viscous oil.- H NMR (270 MHz, CDCl ):6= 
0.88 (t, J=7.5Hz, 3H, (CH ) 2CE ); 1.28 (s, 24H, (CH2) 2CH ); 2.22 (m, 2H, Cd 
(CH ) CH ); 
CH a,& 

4.56 (dd, J=32$z, 3=6Hr, lH, CH OBZ); a.84 (da, J=lZHz, J=lOHs,-3H, 

lE$ 4-H); 
3.54 (dad, J=6Hz, J=lOHz, J=9Hz, 1E: CH-NPhth); 5.72 (dt, J=llHz, J=8Hz, 
5.98 (dd, J=llHz, J=9Hz, lH, 3-H); 7.76 and 7.48 (m, 3H, arom.-H); 7.68 

and 7.82 (2xmc, 4H, arom.-H); 7.90 and 8.02 (2xm, 2H, arom-H).- IR (film): 3080 
and 3040 w (arom. C-H), 2930 and 2860 s (aliph. C-H), 1775 8, 1720 vs (C=O), 1605 
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10. (ZS,3S,4R)- and (2S,3R,4S)-2-Amino-l-benzoyloxy-3,4-O-isopropylidene- 
octadecane-3,4-diol (lp and AI) 

12 (1.88g, 3.18 mmol) and _13 (830 mg, 1.40 mmol) were reacted with hydrazine 
@drate as described in 5. foaf&rdIq (1.25g, 85%) and 32 4570 mg, 88%), respec- 
tively. 12: mp. 100-101 . [oC]~ = T9.5 (c 1.0, CHC13).- 
f2;s0.88 7t, J=7.5Hz, 3H, (CH ) 2CH3); 1.26 (mc, 

H NMR (270 MHz, CDC13): 

, 3H, acetonide-CH3); 1.61 lrnc 
24H, (C;2;12;&)' ;;136c;'_zH;:5; 78 

(dd, J=12Hz, J=3Hz, lH, Cg20Bz); 4'~;d~"2:~~liltc~~~~z * 

fm. 3H. 2-H, 3-H and 4-H): 6.73 (d; J=BHz: 
lH, CH';)Bz); 4.24=4:28' 

1H. CH-NH); 7144 (mcy23H, arom.-H); 7.76 
id; J=8Hz, iH, arom.-H).:. Anal. calcd. f&r C 72.84, H 
Found: C 73.03, H 10.47, N 2.80.- 

C28H47Ns4: 
11: mp. 59-60 

23.0 (c 1.0. CHCl_I.- H NMR (270 MHz. CDCl_):J= o.88=7t, J=7.5Hz, 3H, 
CH ); 1.26-imc 24H, (CH ) CH‘). 1.41; 1.57'(2xs, 3H, acetonide-CH?); 1.60 '(rnk: 
2Ti! CH,.(CH_) . ..&H_). 3.7F2ada 3?8i (2xdd. J=12Hz, J=6Hz, lH, CH,OBz), 4.16 (mc, lH, 
4-i);-f;28L<~~, fk; 2-H); 4.39 (dd, J=8 and 2Hz, lH, 3-H); 6.54 (d, J=7.5Hz, lH, 
CH-NH); 7.45 (mc, 3H, arom.-A); 7.75 (d, J=8Hz, 2H, arom.-H). 

11. (2S,3s,4R)-2-Amino-3,4-O-isopropylidene-octadecane-l,3,4-triol (12) 

gj (l.lOgr 2.38 mmol) was saponigied as descrived in 7. to give 1s (840 mg, 98%) as 
colorless needles with mp. 62-63 (hexane).- H NMR (270 MHz, CiSEl,):d= 0.88 (t, 
J=7.5Hz, (CH ) - 1.i8 (mc, 24H, (CH ) CH ). 1.33 and 1.42 (2xd, 3H, acetonide 
CH ); 1.56 (&cj2;E3)&H (CH ) CH 1; l.7~2(di!' 33k CH OH and CH-NH ) 
4-A); 3.57 (dd, J=i2Hz? 

; 2.95 (mc, lH, 
J=sHlf la, CH OH); 3:;3 (id, 3=i2Hz, J=4H+H, CH OH); 

3.84 (da, J=8Hz, J=5Hz, lH, 3-H): 4.ig (mc, J=SHz, lH, 2-H).- [ti] = 21T6 (c 2.0, 
CHCl ). Anal. 
12.13, N 3.72.- 

C 70.54 H 12.12, N 3.92. 
calcds for “db&%k~ described in 6. 

Fof'&d: C 70.34, H 
Under the for the conversion of 12/13 -_ -- 

into lO/ll, 1; furnished a quantitative'yield of impure 1. == == 

12. (2R)-1,2-Dibenzoyloxy-3-octadecane (ent-4) 

A mixture of z (1.41g, 3.63 mmol),triphenylphosphine (1.43g, 5.45 mmol) and benzoic 
acid (440 mq, -3.63 mmol) in THF (59 ml) was treated dropwise with diethylazodicar- 
boxylate (950 mg, 5.45 mmol) at 22O and stirred overnight. Workup as describedlin 
4. and chromatography (ee/h l/4) affarded ent-8 (1.67g, 93%), identical in the H 
NMR spectrum with g and showing[d]D = 38.0 (c 3.25, CHC13).- 

13. (2R)-3-Octadecane-1,2-diol (ent-6) -= 

Ent-8 (1.4Og, 2.84 mmol) was saponified as described in 7. to furnish after chroma- 
tography (ee/h l/l) and crys&allizatiqe from hexane ent-5 (570 mg, 71%) as color- 
less crystal7 with mp. 56-57 and[&] -7.5 (c 2.0, CHCl ), 11.5 
dine). The H NMR spectrum was ident!?ca; with that of 5. &al. 

(c 1.0, pyri- 
calcd. for 

'1eH36'2: C 76.00, H 12.76. Found: C 76.28, H 12.76. 

14. MTPA-ester of 2 (Mosher analysis) 

2 (100 mg, 0.26 mmol) was treateg with (-)-MTPA-chloride (70.0 mg, 0.28 mmol) in 
pyridine (5 ml) for 12 hrs at 22 . Workup as described in 3. 140 mg (90%) 
of the 
sis.- 

Crude MTPA-ester, diastereomerically pure according tolH and 
affordyg 

C NMR analy- 

(CH ) CH ); 2.28 (m, 2H, CH3(CH 1 CH ); 3.52 (d, J=7.5Hz jH, OCA ); 4.44 (dd 
H NMR (250 MHz, CDCl ):6= 0.88 (t, J=7.5Hz, 3H, (CH )12CE ); 1.28 (s, 24H, 

J=Tifz, 12J=j.5Hz, J=4Hz, 2H, & OB2)!25.36 (dd, J=11.3Hz, J=iOHz, 3Hr! 5.76 (dt, ;= 
11.3Hz, J=lOHz, lH, 4-H); 
H); 

6.26 (mc, J=lOHz, J=rlHz, 1H,13-H); 7.28 (mc, 3H, arom.- 
7.48 (mc, 5H, arom.-H); 8.00 (mc, 2H, arom.-H).- C NMR (62.88 MHz, CDCl ): 

,/,=,:4.06, 22.66, 28.17, 29.25, 29.34, 29.47, 29.57, 29.66, 30.34, 31.91, 55.33, 

16i.56, 165.90.- 
70.69, 121i","i2~21.':i.~2~~2~~g~~8~~~~ ;29.~48112;6%~i l;;;';, :38;4;,: 

C 69.51, H 7.83, H F$dj3C 70.03, H 8.13. Li$e;ise th;! MTPA-ester o$5rized.5z was 
prepared. The C NMR spectrum showed two distinguishable sets of signals. 
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