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presence of carboxyl or carbomethoxyl as the only 
carbonyl functions. 

The diacid and its diester must be X I  and X I I .  
The formation of these substances is regarded 
merely as the twofold hydrolysis or methanolysis 
of the dilactone, etc., but the non-conversion of X I  
to picrotoxic acid, together with the,point iv above, 
requires special comment, once again in terms of a 

R\ 

HO \ ,r 
X I ,  R = COOH WR "s.. X I 1 , R  = COOMe 

0 OH 

conformational argument. We note that XI and 
XI1 are exceptions to the series discussed hitherto, 
for the cyclohexane ring can be represented in the 
chair form, where, especially in consideration of the 
conjoined equatorial character of the bulky car- 
boxyl and isopropenyl functions, non-bonded inter- 
actions should be minimal. But when this chair is 
attained the C-3 hydroxyl is similarly equatorial and 
thus not properly disposed for epoxide opening ( o d e  
supra) ; i t  is necessary to assume that the barrier for 
reversion to the boat (as in X), with an axial C-3 hy- 
droxyl, is sufficient to preclude reaction under the 
conditions. In  this view the outcome of compe- 
tition in formation of picrotoxic acid and of the di- 
acid depends upon whether the C-3 alkoxide ion 
survives in the axial conformation long enough to 
displace a t  C-1218; we find i t  satisfying to note 
(18) The  reaction course (VI1 - X 8s. VI1 - X I )  may well also 

depend upon the state of the C-14 lactone a t  the time the C-3 hy- 
droxyl is liberated, for i t  is attractive to  consider that  the C-14 lactone 

then that the methanolysis product ratio, methyl 
picrotoxate/dimethyl picrotoxinindicarboxylate, in- 
creases markedly with increasing methoxide ion 
concentration.7 Provided proton exchange with 
the solvent is rapid compared to other processes, 
the instantaneous concentration of the intermedi- 
ate C-3 axial alkoxide (of XIII) will be higher when 
there is more base. Obviously enough, moreover, 
the hydrolysis of a-picrotoxininic acid (I) to the di- 
acid XI is not accompanied by formation of picro- 
toxic acid because the C-3 hydroxyl is already 
equatorial in I and need never become axial in the 
course of the change involved. 

Acknowledgment.-We wish to thank Miss 
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can remain intact in the production of picrotoxic acid (v ia the anion 
of XII I ) ,  but  the chair form of the diacid XI will surely be more easily 
attained after saponificatlon of this lactone. The  acid-catalyzed 
preparation of picrotoxic acid from VI1 involves XII I ,  protonated a t  
the epoxide. We observe further: (1) tha t  picrotoxinindicarboxylic 

acid (XI)  does not  relactonize to  XI11 because in the diacid the 
C-2 hydroxyl is axial  upon the chair, a t  some distance from the puasi- 
equatorial C-14 carboxyl, so tha t  relactonization would require rever- 
sion to  a boat, or half-boat, with attendant increase in strain; (ii) 
tha t  spontaneous reconstitution of the lactone (XIV) is not  observed 
for similar reasons; (iii) tha t  no compounds to  which the structures 
XI11 and XIV can be attributed are described in the literature. 

WALTHAM. MASS. 
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Synthesis of Several Phosphorylated Derivatives of Dihydrosphingosine' 
BY BENJAMIN WEISS 
RECEIVED MAY 18, 1957 

Dihydrosphingosine-1-phosphate and 3-0-methyldihydrosphingosine 11-1-phosphate were prepared from sphingosine and 
3-0-methylsphingosine 11, respectively, by the following sequence of reactions: (1) hydrogenation to  the dihydro form, (2) 
carbobenzoxylation to  block the amino group, (3) phosphorylation with diphenylphosphoryl chloride and (4) removal of 
the protective groups by catalytic hydrogenolysis. Dihydrosphingosine-l,3-diphosphate was obtained by reduction of N- 
carbobenzoxy-1,3-bis-(diphenylphosphoryl)-sphingosine which was prepared by successive carbobenzoxylation and di-, 
phenylphosphorylation of sphingosine. The dihydrosphingosine-l,3-diphosphate had t o  be separated from sphingine-l- 
phosphate which resulted from the hydrogenolysis of the allylic carbon-oxygen bond of N-carbobenzoxy-1,3-bis-(diphenyl- 
phosphoryl)-sphingosine. 

Since the sphingolipide fraction of monkey brain 
is labeled after perfusion with either l-CL4-acetate 
or l-C14-octanoate,2 i t  is of interest to study in 
vitro the synthesis of glyco- and phosphosphingo- 
sides by brain tissue so that greater insight may be 
gained into the intimate mechanisms of sphingo- 
lipide metabolism. In  order to pursue such stud- 
ies, i t  was necessary to prepare derivatives of 

(1) This investigation was supported in par t  by research grant No. 
B-344 (C5 and CF) from the Institute of Neurological Diseases and 
Blindness of the National Institutes of Health, Public Health Servicr 

(2) B. Weiss, J .  B i d .  Chem..  22S, 523 (1956). 

sphingosine to be used as substrates. Sphingo- 
sine-1-phosphate and dihydrosphingosine-l-phos- 
phate were particularly desirable but, after many 
attempts, the synthesis of sphingosine-l-phos- 
phate was not achieved. It is hoped, however, 
that in the forthcoming enzymatic investigations 
the dihydrosphingosine-1-phosphate which was 
prepared may replace the unsaturated monophos- 
phate ester until such time as it becomes available. 
Sphingosine phosphate has been identified by 
means of solvent extraction ntid paper chromatog- 
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raphy in a partial alkaline hydrolysate of sphin- 
gomyelin by Rouser, et aL3 

Although methods have been described recently 
for the synthesis of racemic dihydrosphingosine 
(1,3-dihydroxy-2-aminobctadecane), 4-7 naturally 
occurring sphingosineS was employed as the start- 
ing material throughout the present investigation 
since current preparative methods for isolating the 
base from natural sources are more convenient 
than existing synthetic procedures. In addition, 
it was necessary to  obtain the natural, optically ac- 
tive form of the derivative. Sphingosine and re- 
lated bases were isolated from beef spinal cord 
sphing~lipides~ after hydrolysis with methanolic 
sulfuric acid according to the procedure of Carter 
and co-workers.'O The resulting mixture of bases 
was fractionated by means of the sulfate salts1I 
into sphingosine (and dihydrosphingosine) and the 
0-methyl ethers of sphingosine which are formed 
during hydrolysis of the sphingolipides. The 0- 
methyl ethers in ether solution were treated di- 
rectly with anhydrous hydrogen chloride. The 
product, after recrystallization from ethanol-ethyl 
acetate (l:l), melted a t  143' in agreement with 
the melting point of 3-0-methylsphingosine I1 
hydrochloride described by Carter, et al." 

At the outset of this study, the synthesis of the 
various dihydrosphingosine derivatives was under- 
taken first because less difficulty was anticipated 
in their preparation as a result of the absence of 
the allylic system which is present in derivatives 
of the unsaturated base. In the first of the se- 
quence of steps in the synthesis of dihydrosphingo- 
sine-1-phosphate, sphingosine was treated with 
carbobenzoxy chloride in ether solution in the pres- 
ence of aqueous alkali to yield N-carbobenzoxy- 
sphingosine. The product, which crystallized read- 
ily from cyclohexane, was phosphorylated i n  the 
usual manner in pyridine with diphenylphosphoryl 
chloridel2 to give N-carbobenzoxy-1,3-bis-(diphen- 
ylphosphory1)-sphingosine. This compound was 
a sirup and resisted all attempts a t  crystallization. 

Hydrogenation of the sirup in glacial acetic acid 
in the presence of both and palladiumI4 
catalysts yielded the corresponding dihydrosphin- 
gosine-l,3-diphosphate. In  addition, sphingine- 
1-phosphate was formed in significant amount as 
a result of the hydrogenolysis of the allylic carbon- 
oxygen bond, a finding first demonstrated by Car- 
ter, et aZ.,11315 to occur with 3-0-substituted sphin- 
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gosines. When the hydrogenation was conducted 
in absolute ethanol, the reduction proceeded to only 
35 to 40y0 of theory. Separation of the reduction 
products, dihydrosphingosine-l,3-diphosphate and 
sphingine-1-phosphate! was accomplished by suc- 
cessive fractionation of the mixture from hot glacial 
acetic acid and.%% ethanol, solvents in which the 
monophosphate ester is predominantly soluble. 

In the final step of the preparation of dihydro- 
sphingosine-1-phosphate, it was hoped that the 
monophosphate ester could be prepared from di- 
hydrosphingosine-1,s-diphosphate because second- 
ary phosphate ester linkages are generally more 
susceptible to hydrolysis than primary phosphate 
esters. The possibility of racemization a t  carbon 
atom 3,  resulting in the forination of two diastere- 
oisomers, was considered, but this appeared u?- 
likely, although not conclusively established in this 
particular case, in view of the general mechanism 
for the hydrolysis of phosphoric acid esters in 
which the oxygen-phosphorus bond16 is cleaved. 
Thus, when dihydrosphingosiiie-l,3-diphosphate 
was treated under the appropriate conditions with 
a mixture of hydrobromic acid, glacial acetic acid 
and water (3:1:1), a monophosphate ester was ob- 
tained along with the stoichiometric formation of 
inorganic phosphate. The position of the intact 
phosphate ester group was ascertained by oxidation 
of the compound with periodic acid and isolation 
of the resulting cleavage products. According to 
theory, one mole of periodate was consumed per 
mole o€ compound. This observation conclusively 
confirmed the absence of an 0- to N-migration of 
the phosphate group. Identification of the oxida- 
tion products as hexadecanal and phosphoglycol- 
aldehyde, each characterized as the 2,4-dinitro- 
plieii ylhydrazone, disclosed unequivocally that the 
locus of attachnient of the phosphate group was a t  
carbon atom 1. 

Recently, Carter, et al., have assigned to natural 
sphingosine and dihyclrosphingosine the erythro 
D-configuration. 15, l i - l9  Since no racemization is 
known to result from the synthetic procedures em- 
ployed, the phosphorylated dihydrosphingosine 
derivatives must bear to the parent compound the 
same stereochemical relationship. 

Since the separation of dihydrosphingosine- 
1,3-diphosphate from sphingine-1-phosphate was 
both tedious and time consuming, the synthetic 
procedure was modified with the intention of elim- 
inating the formation of sphingine-1-phosphate 
and, thus, of simplifying the isolation, as well as 
increasing the yield, of the diphosphate ester. This 
was accomplished by first destroying the allylic 
system of sphingosine by reduction to dihydro- 
sphingosine and, then, proceeding through the 
same synthetic pathway used for the unsaturated 
base. When N-carbobenzoxydihydrosphingosine 
was phosphorylated, instead of the expected N- 
carbobenzoxy - 1,3 - bis-(diphenylphosphoryl)-dihy- 
drosphingosine, a monophosphorylated product re- 

(16) M. J. s. Dewar, "The Electronic Theory of Organic Chemis- 
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sulted, which upon reduction over platinum yielded 
directly a monophosphate ester. By means of perio- 
date oxidation, a comparison of this compound with 
the one obtained by hydrolysis of the diphosphate 
ester disclosed that the two substances were iden- 
tical. This result indicated that the intermediate 
compound in the former instance, prior to reduction, 
was N-carbobenzoxy-l-diphenylphosphoryldihydro- 
sphingosine. 

Since sphingosine readily forms the N-carbo- 
benzoxy-l.3-bis-(diphenylphosphoryl) derivative, i t  
appears that electronic rather than steric factors 
exert the major influence in these substitution reac- 
tions. 

In  the preparation of 3-0-methyl dihydrosphin- 
gosine 11-1-phosphate, the corresponding 3-0-  
methyl ether of sphingosine I1 was either directly, 
or after reduction to the dihydro form, treated to 
the same sequence of reactions as sphingosine. -1s 
a result of hydrogenolysis of the allylic carbon- 
oxygen bond, a mixture was expected in each case 
after hydrogenation. In  the former instance, in 
which the allylic system remained throughout the 
preparation until the final reduction, the com- 
pounds 0-methyl dhydrosphingosine 11-1-phos- 
phate and, presumably, sphingine-1-phosphate, 
which was not isolated in high enough yield for 
identification, had to be resolved. In the latter 
case, where the allylic system was destroyed im- 
mediately preceding the substitution reactions, 
separation involved the mixture 0-methyl-N- 
carbobenzoxydihydrosphingosine I1 and X-carbo- 
benzoxysphingine, which was formed from the 
unresolved mixed bases, 0-methyl dihydrosphingo- 
sine 11 and sphingine, after reduction of 0-methyl 
sphingosine 11. Since i t  was more difficult to re- 
solve the mixture of monophosphate esters, the 
latter route was preferred for the preparation of 0- 
methyl dihydrosphingosine 11-1-phosphate. 
Dihydrosphingosine-1-phosphate exhibited no 

measurable optical activity (0.0549 g. in 1 ml. of 6 
N HCl and 4 ml. of methanol, 2 dcm. cell); also 
inactive were dihydrosphingosine-l,3-diphosphate, 
sphingine-1-phosphate and 3-0-methyl dihydro- 
sphingosine 11-1-phosphate. These compounds 
gave a negative reaction with ninhydrin. 

Many efforts were made, all unsuccessful, to pre- 
pare sphingosine-1-phosphate. One of these in- 
volved the attempted hydrolysis to remove the 
protective groupings of N-carbobenzoxy-1,3-bis- 
(diphenylphosphory1)-sphingosine under a variety 
of conditions. Another method concerned the 
preparation of dibromosphingosine with the ex- 
pectation of carrying i t  through the same reaction 
sequence as dihydrosphingosine. Sfter brominat- 
ing sphingosine, followed by carbobenzoxylation, 
the resulting N-carbobenzoxydibromosphingosine 
spontaneously decomposed upon drying and formed 
a reddish brown resin. The same result was ob- 
tained with N-trifluoroacetyldibromosphingosine. 
Finally, consideration was given to the synthesis 
of N-acetylsphingosine-1,3-diphosphate from which 
it was hoped the monophosphate ester might he ob- 
tained by the selective removal of the acetyl and 
allylic phosphoric acid groupings. it'hen N- 
acetylsphingosine10 was treated with phosphorus 

oxychloride in dimethylaniline, the use of diphenyl- 
phosphoryl chloride being precluded as i t  involved 
hydrogenation, the uptake of two moles of phos- 
phorus occurred but with the concomitant loss of 
nitrogen. Since similar results were obtained 
with N-trifluoroacetylsphingosine and N-trifluoro- 
acetyldihydrosphingosine, it appeared that the loss 
of nitrogen was due to an attack on the amide bond 
by the phosphorus oxychloride. This nitrogen- 
free diphosphate ester released little or no inorganic 
phosphate upon refluxing with either G N HC1 or 
with the hydrobromic acid: glacial acetic acid: 
water mixture (3 :1:1) previously used. This re- 
sult suggested that the allylic and primary phos- 
phate ester groupings are of comparable stability. 

Experimental 
N-Carbobenzoxysphingosine (I).-To 6.99 g. of sphingo- 

sine sulfate, dissolved by gentle warming in 200 nil. of ether 
and T5 nil. of 0.5 XaOH, was added 0.1 g.  of carbobenz- 
oxy chloride in 25 nil. of ether with vigorous stirring during 
5 minutes. Xfter stirring the reaction mixture for an addi- 
tional 15 minutes, the ether layer was removed and the 
aqueous phase was re-extracted with two 150-ml. portions 
of ether. The  combined ether extracts were washed with 
100 ml. of water, and the solvent was removed under re- 
duced pressure a t  a bath temperature below 50". The  
residue was dried in vacuo over pliosphorus pentoxide and 
crystallized from cyclohexane (75 nil. per g.); yield 6.27 
g .  (73%); m.p.  87". The product gave a negative reaction 
with ninhydrin and consumed no periodate. 

Anal. Calcd. for CaaHlaOlN (433.8): C, 71.95; H, 
10.00; X, 3.23. Found: C,  72.22; H, 10.19; N, 3.17. 

N-Carbobenzoxydihydrosphingosine (11) .-6.99 g. of 
sphingosine-sulfate was dissolved by gentle warnling in 200 
ml. of ether and 75 ml. of 0 .5  N KaOH. The ether layer 
was withdrawn and the aqueous phase Tras reextracted with 
I50 ml. of ether. The combined ether extracts, after wash- 
ing with 100 ml. of water, were concentrated to a sirup 
under diminished pressure a t  a bath temperature below 50", 
and the resulting free base was hydrogenated over 150 mg. of 
platinum in 20 ml. of ethanol. At  the end of the hydro- 
genation, the reaction mixture was heated, filtered t o  re- 
move the catalyst and concentrated t o  near dryness under 
reduced pressure. The reduced free base, taken up in 200 
nil. of ether and 75 nil. of 0.5 1%' SaOH, was treated with 
6.1 g. of carbobenzoxy chloride in 25 ml. of ether and proc- 
essed in the same manner as in preparing I. The crude 
product, after removal of tlie ether was dried in Y'acuo over 
phosphorus pentoxide and crystallized from 705% ethanol 
(35  ml. per g. ) ;  yield 6.24 g .  (72'$,); m.p.  106-107". 

.InnZ. Calcd. for C&aj04S (435.6): C, 71.62; H,  
10.41; X, 3.21. Found: C, 71.64; H, 10.64; S, 3.19. 

3-0-Methyl-N-carbobenzoxysphingosine I1 (111~.--7.00 
g. of 3-0-metliylsphingosi~ie I1 hydrochloride, dissolved in 
200 nil. of ether and 75 inl. of 0.5 +V KaOH, was treated with 
5.1 g .  of carbobenzoxy chloride, and the reaction mixture 
was processed in the same manner as in the preparation of 
I. The crude product, after drying in 'i~aczio over phos- 
phorus pentoxide, was crystallized from cyclohexane (35 
ml. per g.)  and gave a negative reaction with ninhydrin; 
yield 7.44 g. (83Yc); m.p. 67". 

alnaZ. Calcd. for C L T I I J ~ O ~ S  (447.6): C, 72.38; H, 
10.13; N, 3.13. Found: C,  72.72; H, 10.11; S , 3 . 1 4 .  

3-0-Methyl-N-carbobenzoxydihydrosphingosine I1 (IV). 
-7.00 g. of 3-0-methylsphingosine I1 hydrochloride was 
dissolved in 60 ml. of 90y0 ethanol and hydrogenated over 
150 mg. of platinum oxide. Following the reduction, the 
reaction mixture was treated according to  the procedure 
employed in the preparation of I1 except that  the final dried 
crude product was crystallized three times from cyclohexane 
(35 ml. per g. ) ;  yield 6.02 g. (677,); m.p. 63-64'. 

Anal. Calcd. for CniHpiOsP'; (449.6): C,  72.06; H, 
10.54; N,3 .11 .  Found: C, 72.76; H, 10.55; N,3 .10 .  

N-Carbobenzoxy-l,3-bis-(diphenylphosphoryl)-sphingo- 
sine (V).-To 6.0 g .  of I in 40 ml. of anhydrous pyridine, 
surrounded by an ice-bath, was added 10.80 g. of diphenyl- 
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phosphoryl chloride during 5 minutes with constant agita- 
tion of the  reactants. The  reaction mixture was stored 
overnight a t  5 O ,  allowed to  attain room temperature and 
slowly poured into a liter of crushed ice-water. .lfter 
standing 1 hr., t he  aqueous fluid was decanted from the 
sirup and replaced by 300 nil. of crushed ice-water. The 
water was removed after 30 minutes and the product, xrhicli 
was taken up in 450 ml. of petroleum ether (60-TO0), xas 
washed successively with 200 ml. of dilute hydrochloric 
acid and three 150-ml. portions of imter.  The petroleum 
ether was removed under diminished pressure, and the re- 
sulting colorless sirup was dried in ~ J U C C ~ O  over paraffin arid 
phosphorus pentoxide; yield 10.38 g. (83C6). 

Anel. Calcd. for C ~ O H ~ ~ O ~ U S P :  (898.0): S, 1.56; P, 
6.90. Found: N, 1.51; P, 6.55. 

N-Carbobenzoxy-l-diphenylphosphoryldihydrosphingo- 
sine (VI).-6.0 g.  of I1 was treated in the same mintier as 
was V except tha t  7.38 g. of diplieii~-lpliosplior~-l chloride 
x t s  used. The  precipitate, which formed upoii pouring the 
re.tction mixture into a liter of crushed ice-watcr, n-a5 rc- 
moved by filtration and washed oil the  filter n i t h  50U nil. t i f  

ice-water. The  product was dried i i a ~ i i o  over phosphorus 
pentoside and crystallized from 75 ethanol (30 ml.  per 
g . ) ;  yield T.56 g. (82%);  m.p. 55". 

~ ~ 1 ~ ~ 1 .  Calcd. for C3~HIIO;SP (tXi7.9): S. 2, l t I ;  1'. 4 . N .  
l'ouiid: N, 2.12; P, 4.62. 
3-O-Methyl-N-carbobenzoxy-l-diphenylphosphory~sphing- 

osine I1 (VII).-T.O0 g.  of 111 was treated with 6 .0  g. of 
tliplienylphosplioryl chloride under tlic coiitlitioii.; employeti 
iii preparing V. The  product, which separated tis :L solid 
upm additiou of the  reaction mixture to crushed icr. -\rater, 
i r a s  removed by  filtration, dissolved iii petro~euiii ctit-r .inti 
buccessirely washed and concentrated to  a sirup a b  

1i;triiig Y.  The  sirup was takeii up in 1Oll nil. o f  33'. 
i u s  acetoiie and chilled iii a n  aceti)iic--l)ry Ice h i  
precipitate was removed by filtration and dried i ) ~  i'cii'iio 

over phosphorus pentoxide; yield 9 .4  g.  (834;, i ;  ri1.p. 4;'. 
.Incil. Calcd. for CasHa,0iSP(ii7!!.!I 1 :  S. ?.Uti;  P,  i..i(i. 

3-O-Methyl-N-carbobenzoxy-l-diphenylphosphoryldihy- 
drosphingosine I1 (VIII).-6.O g. of IY was treated with 
5.2 g.  of diphtilylphosplioryl chloride utitier the sar 
conditions employed in preparing \-. The final produ 
\vliich had been washed a r i d  dried as iu prqxiriiig T7, ~r 
;L colorlcss sirup, yield 7.3 g .  (80' ;). 

. l ~ i i l .  Calctl. for CIgHBFC)jSP (681.;)): S, 2.IL;  P, 
4.,74. Found: S, 2.00; P, 4.28. 

Separation of Dihydrosphingosine-1,3-diphosphate and 
Sphingine-1-phosphate (1x1. 8.0 g. o f  1- n;i< di~siilved iit 
2~ 1111. of glacial acetic acid coiitaiiiiiig 2.2 g.  < i f  platinurtt 
i)\-ide Lint1 500 mg. of palladium illitic ;inti li~-driigcnatetl a t  
sliglitl>- grcater tli;in atuiosplicric pres\urcz a i id  at rooiii teni- 
Iwratiirc. Tlic consunipti~~ii of  liydrogen ceased, \l.iicii 1 0  
t i i  20c  iit exce.s ( i f  the tlici)rc>tic,il 18 irii3lci 1i:iti ljccti t,ikcti 
1111. 'Tile reactioii niistur-e ~ 1 . ~ 5  Iicatctl i i i  ,L Ixiiliiig w;itei-- 
li,cth :itid filtered witli biiefiott. 'Tlic cat;ily,-t \ v a \  ivx,itcil 
rcpc,itctlly ivitli f ive 15-tiil. ~ ~ ~ i r t i i i i i ~  of l i i i t  gl,iLi:tl :icc,iie 
.ivid. '1.0 tlie c [ ) i i i l ~ i i i ~ d f i l t r ~ ~ t ~ ~ i t i d  \ \ ~ i ~ l i i i i g ~ , ~ i f t ~ r e i i i ) i i i i g t i ~  

tcinpcrature, w t w  .iiltlerl iiiei.c~\ivcly t i \  ( I  v1111itiies r i f  
., 3 A\- S.iOtl  t o  p l i  ;.I) I ; . ( !  a i id  1111. i i f  I . 0  .lf 
in  :icet;itc. T i i v  copioti< pit'itv  IS rc i i i i ! ved  11y 

~ ~ i i  t rifugatioii :I ti( 1 iva.;h(.i 1 i i i  \ e l>  oii t l i v  cciitrifugi. 
\ \ i t 1 1  :?i)!) 1111. o f  c t l u t t ~ ~ l ,  L t l i ,  v t l i e r  (1  : I , a i i r l  cbtlicr; 
!.ii.ltl 4 X )  g .  

i r i l .  c i f  

gluci;il acetic acid aiici lie,ite(l iit A liuitiug nxtei--lxitli for 2 
iiiiiiutes with occasional stirrittg. The liot wlutiiiti i v ~ i b  
ccmtrifuged, atid the procedure repeated by rcsuspentlitig 
~ h c  precipitate in the same volunir o f  glacial acetic acid. 

The  final precipitate was n.nshed successix-ely with 20 1111. 

{i f  water, ethanol and ether and  air dried. The  glacial acc- 
tic acid supernatant liquids from the previous centrifuga- 
t i m s  were combined and, after cooling to  room tetnpera- 
ture,  diluted with an equal \-olunie of water. The solutioii 
vas  further cooled in an ice-bath, m d  th? resulting prccipi- 
t a te  was wnshed successively bl- centrifugatiim ii-itlt 30 n i l .  
of water, ethanol anti ether. 

ii.ctic Lieiil, \ \ a b  lie,ttctl 
J v i t l i  100 1111. of  S5?, cthauol at the boiling poiiit ill a hilt 

l ~ i ~ u l l t l :  s, 2.03; P, 4.44. 

1.30 g .  i d  tlic t t i i x d  I i , i~c-  \ \> I \  \ u \ l i e ~ t t i e t l  i i i  

'The precipitatc, insoluble iii XI' 

water-bath for 5 minutes with occasional agitation. The  
hot solution was centrifuged, and the  supernatant liquid, 
after attaining room temperature, was cooled in an ice-bath. 
The  flocculent precipitate n-as removed by centrifugation, 
and the supernatant liquid discarded. The precipitate, 
insoluble in liot 8 5 5  ethanol, \Vas refractionated four addi- 
tional times with 100-nil. portions of 85 

manner. The  combined precipitat 
ethanol, Irere washed with two 30-ml. portions of 
01 and redissolved in 10 ml. of hot glacial acetic acid. 

The hot solution was centrifuged, any undissolved material 
being discarded, and an equal volume of water \\-as atitlctl 
to  the supernatant liquid after cooling to  room teinperature. 
The solution was further cooled in an ice-bath, anti the pre- 
cipitate, collected by  centrifugation, was washed succes- 
sively Trith 25-nil. portions of water, ethanol and ether; 
yield of spllingine-1-phosphate, 310 mg. The  cornpoutit1 
consunied n o  iodine or periodate. 

:lnnZ. Calcd. for C18H4004NP (366.0): C, 39.17; FI, 
11.05; S, 3.84; P, 8.49. Found: C, 59.0T; H, 11.03; N ,  
3.85; P, 8.38. 

The insr,luble precipitate retnainitig from the  fractiouatiiiil 
\\it11 hot  835% ethanol ~ r a s  combined with the glacial acetic 
.icitl insoluble precipitate, derived in the first stagc of the 
separation of diliydrospl1ingosi1ie-1,3-dipilosphate from 
sphinginc-1-phosphate arid washed with 30 inl. of ethanc,,l. 
The precipitate was suspended in 10 i d .  of glacial acetlc 
acid and  heated for 2 minutes with occasional stirring in a 
boiling water-bath. The  hot solution was centrifuged and 
the precipitate waslied successively with 23-1111. portions of 
\rater, ethaiiol and ether; yield of monobarium salt of di- 
I~ydrosphingosine-l,3-diphosphate, 540 trig. T h e  col11- 
pound consumed n o  iodine or periodate. 

d ? z a i .  Calcd. for ClsIIssOaSP2Ba ~ X i j . 3 3 1 :  c ,  3 ( ; . 2 ;  
J4, 6.60; S, 2.35; P, 10.39; Ba, 23.03. Found: e ,  :37.12; 
11, 6.89; S, 2.31; P ,  10.35; Ba, 22.79. 

Dihydrosphingosine-1-phosphate (X).-6.75 g .  of \ - I  \vas 
11)-drogenated over 2 .0  g. of platinuril oxide in 30 ml. of g h -  
cia1 acetic acid under tlie conditions used in preparing IS. 
At the end of the reduction, the catalyst was separatcd from 
the reaction mixture and washed as in preparing IX.  The 
combined filtrate and washings, after attaining room tern- 
pcrature, were diluted with an equal volume of water, and 
the resulting precipitate was washed successive1:- 011 t h e  
centrifuge with 100 nil. of water, acetone and ether. IYhen 
the precipitate had air-dried, the procedure was rcIjcntc(l 
by dissolving i t  in 123 inl. of hot glacial acetic acid. 
centrifuging the hot solution and dilutiIig the  cool super- 
uatarit liquid with an  equal volume of water, the rcsultitlg 
precipitate was washed successively x i th  100-1111. portions 
o f  mater, acetone and ether; yield 3.00 g .  (78%). 

-.Incll. Calcd. fiir C18H4,10:M' (381 .O):-- C, 5( i .W: 11. 
10.58; S. 3.67; P, S . 1 3 .  F i i u l l d :  C ,  L ) ( . O , i ;  11, l0.-5l); 
N, 3.56; P, 7.75. 

3-0-Methyl Dihydrosphingoshe 11-1-Phosphate (XIA 1 
$1.0 g. of VI1 was reduced under the i;inic coiiditiiin.;. 111- 
clutiing _. solvelit an(! e:itaIyst, employer\ iit preparing IS. 
1 h r  catalyst w a s  scp:tr:rted froin t h e  re,tction riiihture a n d  
\raslietl as in p r e p i r i ~ ~ g  IX after the Iiydri)gcltatii,li. 'l 'i  I Ill? 

einnhinctl filtrate ant i  \rvashings, after attaini~lg roiiitl tt'111- 
pcraturc, were added successively f i r e  vijlutnes ( i f  water, 
.? -1- SaOH l o  PH 5.0 t r i  6 .0,  :ind 80 t i l l .  t , f  1 31 bariulri ;ice- 
t ' i tc. T h e  prccipit;ctc v x s  collected by cc~itrifugatiii~i ~ t t t l  
~ a ~ l ~ e t l  successivel> with 100-nil. piirtioli:, of \r:ttc.r, ticel 1111(' 

iii 2il 1111. of gl,ici;il acetic ; i c , i t l  :111(1 

agitatioil fi)r 5 tilitlutes in :I 50" 
\\-ater-b,!th. The war111 solution was centrifuged a t ~ d  tllc 
supernatant liquid, after diluting with ime and a half 
volumes of water, mas chilled in an ice-bath. The  precipi- 
t a te  vas  removed by  centrifugation and washed successive1Y 
with 20-nil. portions of water, acetone (twice), acetone: 
ether (1 : 1) and ether. .ifter air drying, the  precipitate was 
resuspended in 20 ml. of glacial acetic acid and the proce- 
dure repeated two additional times. Each residue ob- 
tained after decanting the glacial acetic acid supcrnatant 
liquid \vas discarded. The  final air-dried precipitate ob- 
tained after the third glacial acetic acid fractionation wa5 
crystallizctl froin 100 nil. o f  hot 8.j(!; ethanol nnd x i d i e d  
mice by cciitrifugatioii with 50 nit. o f  acetone; yield 0 . $ 5  
g. The  product coiisunied n u  iodine or pcriodatc. 
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Anal. Calcd. for C1BH4205NP (395.0): C ,  57.72; H, 
10.72; N, 3.54; P, 7.84; CHIO, 7.85. Found: C,  57.98; 

3-0-Methyl Dihydrosphingosine-11-phosphate (XIB).- 
6.0 g. of VI11 was hydrogenated over 1.5 g .  of platinum 
oxide in 25 mi. of glacial acetic acid under the same condi- 
tions as were used in preparing IX. Following reduction, 
the  reaction mixture was treated exactly as in preparing XI.\ 
with the exception tha t  the  entire precipitate obtained after 
reduction was taken through the  purification step only once 
with 40 uil. instead of 20 ml. of glacial acetic acid in a 50" 
water-bath. The product was crystallized from hot 85yG 
ethanol (200 ml. per g.); yield 2.55 g. (73%). 

d m l .  Calcd. for Cl9Ha2O6KP (393.0): C,  57.72; H,  
10.72; N, 3.54; P, 7.84; CH30, 7.85. Found: C, 57.63; 

Hydrolysis of Dihydrosphingosine-1 &diphosphate .---One 
hundred mg. of the monobarium salt of dihydrosphingosine- 
1,3-diphosphate was refluxed for 24 hr .  in 25  1111. of a hydro- 
bromic acid solution, prepared by  adding to  the compound 
in the following sequence, in order to  effect complete solu- 
tion, 5 i d .  of glacial acetic acid, 16 ml. of concentrated 
Iiydrobromic acid (347,) and 5 m!. of water. Upon cotn- 
pletion of hydrolysis, the hot reaction mixture was centri- 
fuged and the sinall insoluble residue discarded. The super- 
natant liquid, after attaining room temperaturc, wa5 di- 
luted with an equal volume of mater and  chilled in an  ice- 
bath. The precipitate was removed by centrifugation and 
washed on the centrifuge with 30 ml. of ivater. The super- 
natant liquid and washing were combined and diluted to the 
mark in a 100-ml. volumetric flask for inorganic phosphate 
determinations. The  washed precipitate was treated with 
20 ml. of hot 8 5 %  ethanol and  the small undissolved residue 
discarded after centrifugation of the hot solution. To  the 
cooled supernatant liquid, diluted with an  equal volume of 
water, was added 1 ml. of 1 ilf barium acetate. The  result- 
ing precipitate, which consisted of the barium salt of dihy- 
drosphingosine-1-phosphate, Tvas removed by centrifu- 
gation (.if the chilled solution and washed successively with 
lL5-in1. portions of water, ethanol and ether; yield 61.0 mg. 
(70s; ). 

Anal .  Calcd. for C18H3sO&PBa (516.3): S, 2.71; P ,  
S.99; inorganic phosphate, 5.19. Found: N, 2.76; P, 
5.99; inorganic phosphate, 5.56 .  

Conversion of Barium Dihydrosphingosine-I-phosphate 
to Free Acid.--One hundred mg. of barium dihydrosphingo- 
sine-1-phosphate was dissolved in 6 ml.  of warm glacial ace- 
tic acid and, after cooling to  room temperature, diluted with 
an equal volume of water. The resulting precipitate, re- 
moved by centrifugation of the  chilled solution, was washed 
tirice with 10-1n1. portions of water arid dried in  I 'CICI IU over 
phosphorus pentoxide; yield 66.0 mg. (goyc). 

-4nal. Calcd. for Ci8H400sl\'P (381.0): C, 56.60; H, 
10.58; N, 3.67; P ,  8.13. Found: C ,  56.67; H, 10.62; 
X, 3.55; P, 7.84. 

Periodate Oxidation of Dihydrosphingosine-1-phosphate. 
 two hundred rng. of dih~-drospliingosine-l-phosphate 
( 0 . . 2 5  rnmole) iri a 100-1111. voluinetric flask was dissolved 
i n  50 ni l .  of tnethanul and 2 nil. of 6 *V HC1 with gentle Tvimn- 
iiig. Following the addition of 3 nil. of 0.4 J1 periodic acid 

H, 10.72; S , 3 . 4 9 ;  P ,  7.79; CHIO, 7.61. 

H, 10.81; S, 3.46; P, 7.83; CH30, 7.65. 

and 10 ml. of water, the solution was diluted to  volume with 
methanol. A blank determination mas run simultane- 
ously with the sample. After standing 24 hr.  a t  room tern- 
perature, 10-ml. aliquots were withdraxn for titration in 
the usual manner with standard thiosulfate solution. 
Prior to  titration, 10 ml. of water was added to  the sample 
followed in successioii by  an excess of solid sodium bicarbo- 
nate and 1 ml. of 205: potassiumiodidesolutioI1. The 0.483 
nirnole of periodate consumed represented 92' 
of the reaction. The remaining solution was e 
four 40-ml. portions of n-heptane, and the combined ex- 
tracts were washed once with 25 nil. of water. The con- 
centrate, obtained after removal of the solvent under di- 
minished pressure, was derivatized with 2,4-dinitrophenyl- 
hydrazine in the conventional manner, and the isolated 
2,4dinitrophen!-lhydrazone was recrystallized three times 
from 95cl;; ethanol; yield 67.0 mg. The  product melted 
a t  108" in agreement with the  melting point reported for 
the 2,~-dinitroplieti?-lhrdrazone of palmitaldehyde ,m 

A r i d .  Calcd. for CP2H3604Sd (420.5): C, 62.78; H, 
8.63; S, 13.32. Found: C,63.14; H,8 .68;  S, 13.17. 

The solution remaining from the n-heptane extraction 
was treated with an excess of a saturated sodium sulfite 
solution to remove iodate and periodate. The 2,4-dinitro- 
phenylhydrazine reagent was theri added and, after standing 
30 minutes a t  room temperature, the solution was concen- 
trated to  approximately 25 nil. under diminished pressure 
a t  a bath temperature belon 40". The precipitate, col- 
lected by centrifugation of the chilled solution, was washed 
with three 10-ml. portions of warm water and three 10-mI. 
portions of warm 95% ethanol and dried over phosphorus 
pentoside in ~ ~ n c z m ;  yield of 2,4-dinitropheiiylli~drazone of 
phospliogl~-colaldeliyde, 15.0 mg. 

.-lnal. Calcd. for CsHp08SlP  (320.1): P ,  9.68. Found: 
P, Y.72. 

This value for phosphorus is in disagreement with the 
firidiiig of Fleury, et aZ.,Z1 who concluded from their aiialyti- 
cal data that tTvo moles of phosphoglycolaldehyde react with 
three moles of 2,4-dinitrophen~-lhydrazine, the final product 
being hydrated with eight moles of water. The discrepancy 
may be accounted for if i t  is assumcd tha t  the third niole of 
reagent is bouiid in ionic form, producing a salt with the 
phosphate group, and is removed during the washing proc- 
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