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Abstract

Synthesis of Sphingomyelin and  Its Analogs

by

Zhong-shi Ruan 

Advisor: Professor Robert Bittman

Sphingomyelin and its ana logs are  syn thesized  for u se  in biophysical 

studies, especially for kinetic stud ies of the m ovem ent of cholesterol betw een 

m em branes, and for analysis of sphingomyelin and  cholesterol interactions. 

In this thesis sphingomyelin is p repared  from DL-e/yf/?ro-sphingosine, which 

is p rep a red  in an  aldol co n d en sa tio n  of tris(trim ethylsilyl)glycine with 

(£)-hexadec-2-enal followed by lithium alum inum  hydride reduction. The 

d iastereoselec tiv ity  of th e  aldol co n d en sa tio n  is de te rm ined  by chiral 

h igh-pressure  liquid ch rom atography  of th e  biphenylcarboxam ido and  

(f?)-(+)-a-m ethoxy-a-(trifluorom ethyl)phenylacetic acid e s te r  derivatives of 

sphingosine. The ratio of erythro- to threo-sphingosines is 98.0:2.0, and  the 

ratio of D- to L-erythro isom er is 50:50, both b ased  on integration of the  peak 

areas . Three different phosphorylation or phosphitylation reagen ts  a re  used  

for th e  c o n v e rs io n  of c e ra m id e  to  sp h in g o m y e lin ; th e y  a re  

2 -ch lo ro -2 -o x o -1 ,3 ,2 -d io x ap h o sp h o lan e , 2 -b ro m o eth y lp h o sp h o ric  acid  

dichloride, and  A /,A /-diisopropylm ethylphosphoram idic ch lo ride . T he 

syn theses of sphingomyelin and analogs such a s  3-O-alkylsphingomyelins



(3 -O-methyl and  3-0-e\Uy\-DL-erythro-sph\ngomye\\ns) an d  3-deoxy-DL- 

s p h i n g o m y e l i n ,  i s o t o p i c a l l y  l a b e l e d  s p h i n g o m y e l i n s  

([4,5-2 H2]-DL-e/yf/?w)-sphingomyelin and  1 S/v-D L-e/y/hro-sphingom yelin), 

and  different A/-acyl sphingom yelins (Af-dodecanoyl-, A M etradecanoy l-, 

A/'Octadecanoyl-, /V-docosanoyl-, AMetracosanoyl-, A/-(c/s-15-tetracosenoyl)-, 

and  A/-[(2’fl,S )-h y d ro x y h ex ad ecan o y l]-D L -e /y //iro -sp h in g o m y elin s) a re  

described in detail.
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Introduction

Sphingom yelin (SPM) is one of the  m ost abundan t com ponen ts of 

biological m em branes and blood p lasm a lipoproteins.1 Although the  specific 

function of SPM in m em branes is not well understood, it h as  been  suggested  

tha t it forms stab le  com plexes with cholesterol2 and  strong interm olecular 

hydrogen bonds with other phospholipids.3

Many biophysical s tud ies have concluded tha t the  affinity of SPM for 

c h o le s te ro l is h ig h e r  th a n  th a t  of o th e r  p h o sp h o lip id s .1 *3 - 5  

D ifferential-scanning calorim etry (DSC) s tu d ie s2 and  kinetic s tu d ies  of 

cho lestero l m ovem ent be tw een  m em branes6 ' 3 indicate tha t cholesterol 

a sso c ia te s  preferentially with SPM. In a  binary mixture show ing p h ase  

separa tion , DSC s tu d ies  show ed  th a t SPM , e ither iso lated  from beef 

erythrocytes or containing a  single N-acyl chain (A/-palmitoyl), interacted with 

c h o le s te ro l  to  a  g r e a te r  d e g re e  th a n  d id  v a r io u s  s y n th e tic  

phosphatidylcholines. The rate  of exchange of [4-1 4 C ]cholestero l from 

Mycoplasma gallisepticum  containing A /-C 1 6 -S P M 6 an d  from sm all 

unilamellar vesicles (SUV) prepared with /V-C16-SPM7 w as slow er than that 

from m ycoplasma and vesicle m em branes containing dipalmitoyl-PC (DPPC). 

T hese  authors concluded that A/-C16-SPM has a  higher affinity for cholesterol 

th an  d o e s  D PPC both in v e s ic le s  an d  in m ycop lasm a m em branes. 

[3 H]Cholesterol transfer stud ies also indicated that bovine-brain SPM h as  a  

higher affinity for cholesterol than d o e s  dimyristoyl-PC and dioleoyl-PC.3 

F lu o re scen ce  polarization m ea su re m e n ts  on phospho lip id -cho lestero l 

bilayers also show ed that cholesterol has a  higher affinity for egg SPM than 

for glycerophospholipids (except for D P P C )3 Recently, studies of the surface 

pressure-m olecular a re a  isotherm s of mixed m onolayers of cholesterol and 

SPM revealed that cholesterol has a  higher affinity for SPM than for D PPC .10
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T he re s is ta n c e  of oxidation of cho lestero l by cho lestero l o x id ase  in 

m onolayers is also related to strong SPM -cholesterol interactions.11 Hence it 

is evident that the  interaction of cholesterol with egg or synthetic SPM  is 

g reater than that with egg PC  or DPPC.

Hydrogen bonding h as reported to take place betw een th e  3p-hydroxy 

group of cholesterol and the  e s te r  oxygens of glycerolipids and am ide oxygen 

of sphingolip ids.12>13 T he relationship betw een th e  hydrogen-donating 

ability of cholesterol and its role in the  induction of a  com ponent with a  broad 

p h ase  transition at a  higher tem perature than that of pure SPM h as  been  

a ttem pted to  be estab lished .4 Although there  is no direct evidence of such 

hydrogen bonding, a  different approach m ay be n ecessa ry  to determ ine 

w hether such  interactions betw een the  3p-hydroxy group of cholesterol and  

SPM occurs. In spite of the possibility that the am ide oxygen or NH bond of 

SPM may form a  hydrogen bond with the 3p-hydroxy group of cholesterol, the 

role of the free hydroxy group of SPM is an  interesting feature in the study of 

the  interaction betw een cholesterol and  SPM. The hydroxy group and  the  

am ide bond of SPM afford an im portant in term olecular hydrogen-bond 

capability .14 O ne of the goals of this thesis is to  p repare  SPM analogs for 

stud ies directed to understanding the role of the  hydroxy group of SPM in its 

interaction with cholesterol. SPM analogs are  prepared in which the hydroxy 

group is rep laced  but th e  am ide linkage w as m aintained. S tud ies of 

[4-14C]cholesterol exchange rates betw een vesic les containing th ese  SPM 

analogs indicate that hydrogen bonding betw een cholesterol and  the hydroxy 

group of SPM  d o e s  not accoun t for th e  se lec tive  affinity of SPM  for 

cholesterol.15

Up to now, three different types of synthetic SPM have been  u sed  for 

biophysical studies. Sem isynthetic SPM is obtained by the  acidic hydrolysis
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of natural SPM  (typically from bovine brain), followed by the  acylation of the 

resulting sph ingosy l 1-phosphorylcholine with an  appropria te  acylating 

reagent obtained from the desired  fatty acid .18»17 Synthetic hom ogeneous 

SPM w as reported by Shapiro.18 Fully synthetic DL-erythro-SPM w as u sed  

to exam ine th e  them al behavior of SPM bilayers.19»20 Recently, Bruzik 

reported the  syn thesis of D-erythro-SPM and the phosphorothioyl analog of 

SPM with high chem ical and  stereochem ically purity.21 In order to help us 

understand the  extent to which the hydroxy group of SPM contributes to the 

greater affinity of SPM to cholesterol, DL-erythro-SPM and analogs with high 

diastereoselectivity a re  synthesized a s  shown in S chem es 1>4.

D - e r y f / ? r o - S p h i n g o s i n e  5 is th e  b a c k b o n e  of SPM  an d  

glycosphingolipids. It is not only an important intermediate in the biosynthesis 

of SPM, but also a  potent inhibitor of protein kinase C in vitro.22-28 Recently, 

many synthetic procedures for the synthesis of D- and DL-e/yfhro-sphingosine 

have b een  pub lished . A review of the enan tioselective  sy n th e se s  of 

sphingosine and  o ther sphingolipids is in p ress .28 The approach to SPM 

used  in this th es is  is via DL-eryfhro-sphingosine a s  an  interm ediate. The 

latter Is p rep a red  in an  aldol condensation  of (£ )-h ex a d ec -2 -en a l with 

tris(trimethylsilyl)glycine under kinetic conditions, followed by reduction with 

lithium alum inum  deuteride or lithium aluminum hydride27 (Schem e 1). In 

this synthetic procedure, an achiral starting material (glycine) is used  to form 

sph ingosine , which co n ta in s two chiral c en te rs . In g en era l, aldol 

condensation reactions give four diastereoisom eric products (a pair of erythro 

and a  pair of threo isom ers).28 The ratio of the  diastereoisom ers depends on 

the  reaction conditions, such a s  substituents, tem perature, and  solvent. In 

general, the  principal m ethod for the assignm ent of aldol stereochem istry is
4

proton nuclear m agnetic resonance  (1H-NMR) sp ec tro sco p y .29  In m any
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in stan ces erythro-threo ste reochem ical a ssignm en ts a re  m ade from the 

magnitude of the vicinal coupling constant, Ja b -  For a-am ino alcohols, when 

intramolecular hydrogen bonding provides the dom inant conformational bias, 

J a b  values for threo isom ers fall in the approxim ate range of 3 to 6 Hz, and 

J a b  values for erythro isom ers are about 7 to 9 Hz.23 In 1982, Schmidt and 

Kl&ger reported the diastereoselectivity of this aldol condensation by using the 

1 H NMR m e th o d .2 7  T heir re su lts  show ed  th a t th e  reaction  is 

d iastereoselective, and only erythro isom ers are  obtained. In order to study 

the stereochem istry of sphingosine 5 (Schem e 1), we converted sphingosine 

5b  into biphenylcarboxam idosphingosine 19 (Schem e 6).30 By comparing 

the  HPLC retention tim es and  in tegrated  peak  a re a s  of 19 , D-erythro- 

biphenylcarboxam idosphingosine (19'), and a  mixture of erythro- and  threo- 

b i p h e n y l c a r b o x a m id o s p h in g o s in e s  ( 1 9 " ) ,  w e d e te rm in e d  th e  

diastereoselectiv ity  of the  aldol condensation  and the  ratio of erythro- to 

threo-sphingosine. In addition, we prepared the (fl)-(+)-bis-M osher e s te rs  of 

biphenylcarboxam idosphingosines (21 and 21 ') and determ ined the ratio of 

D- and L-isomers by chiral HPLC analysis. A/-Methylsphingosine (18) w as 

p re p a re d  by aldol c o n d e n sa tio n  using  (E ) -h e x a d e c -2 - e n a l  a n d  

b is(trim eth y ls ily l)sa rco sin e  (S c h em e  5). T he HPLC a n a ly s is  of 

A /-m ethyl-A /-biphenylcarboxam idosphingosine (20 and 20 ') show ed a  low 

diastereoselectivity in this reaction com pared with the result obtained in the 

aldol condensation of (E)-hexadec-2-enal and tris(trimethylsilyl)glycine. The 

reactions have different d iastereoselectiv ities b ecau se  the methyl group in 

bis(trim ethy!sily l)sarcosine is m uch sm alle r than  the  co rrespond ing  

trimethylsilyl group in tris(trimethylsilyl)glycine.
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Scheme 1. Syntheses of isotopically labeled sphingomyelins

L'NH2 1. UAIH4 or UAID4
n-C12H25CH^Br + HChCHCH2OH “------- ► n-C13H27CaC C H 2OH

,iQ- NH3 K m )  2^ ° 0rD2°

OH

R

PCC

CH2C|2

2a, R = D (94%) 
2b, R = H (88%)

CHO

R

3a, R = D (80%) 
3 b, R = H (80%)

1. (TMS)3glycine/LDA

2. EtOH, HCI (pH 4)

OH

NH.

4a, R = D (90%) 
4b, R = H (80%)

LiAIH,

THF

OH

OH

5a, R = D (72%)

5 b, R = H (70%)
5c, R = H, 1SN (55%)

n-Ci7H3̂ C02C6H4N02-p 
 *
THF

R OH

OH

M3uPh2SiCI
------------- 1
imidazole

6a, R = D (74%) 
6b, R = H (75%)

6c, R = H ,15N (85%) 
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Scheme 1. (Continued)

OH OTHP
dihydropyran

OR1p-TsOH

9a

7a,R  = D (81%) 
7b, R s  H (81%)
7 c, R = H,15N (87%)

(n-Bu)4NF

0
" /C I P \ " I , Et3N

O - 1

OTHP

n-C13H27

8a, R = D, R'^SiPhgBu-f (91%)
8b, R = H, R 's  SiPhgBu-f (82%)
8c, R = H, R’« SiPhgBu-t 15N (97%)

9a, R = D, R' = H (76%)
9 b, R = H, R' = H (85%)
9 c, R = H, R' = H, 15N (95%)

1.Me3N, CH3CN

TsOH, THF-MeOH
R NHCOC17H35-n 
(67%)

n-C13H27 OPOCH2CH2N+Me3 

0"
NHCOC17H35-n

10a, R = D (66%) 
10b, R = H (72%)

1. CI2P(0)OCH2CH2Br, Et3N (54%)
9c ► /7“Ci3Hp7'

2. NaOAc, EDTA
3. Me3N (75%)
4. p-TsOH, MeOH (71%)

OPOCH2CH2N+Me3 

O’
NHCOC^Hk -/!

10c,R = H,15N
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Scheme 2. Synthesis of 3-O-alkyl analogs of sphingomyelin
t

H OH H OR

7b

NaH/RI

THF

7c (15N)
l ib ,R  = Me (64% );llc , R=Me, 15N (63%) 
12b, R = Et (54%); 12c, R = Et, 15N (57%)

(i>Bu)4NF

H OR

1. CI2P(0)0CH2CH2Br, Et3N 
 *
2. NaOAc, EDTA
3. Me3N

13b, R = Me (97%); 13c, R = Me, 15N (93%) 
14b, R = Et (95%); 14c, R = Et,15N (91%)

H OR

16b, R = Me (36%); 16c, R = Me, 15N (43%) 
17b, R = Et (41%); 17c, R = E t,15N (39%)
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Scheme 3. Synthesis of 3-deoxysphingomyelin

H
NBS

2b^ T
H

22 (89%)

Br
acetone

H

1. (TMSfoglydne/LDA
— .....  i
2. UAIHi.THF
3. H20 ,  NaOH

23 (94%)

H NH2

H

OH
7H35C02C6H4N02-p 

. >

THF

24 (56%) 25 (71%)

H

1. C(2P(0)0CH2CH2Br, Et3N

2. NaOAc, EDTA
3.Me^

ib C13H27̂

H

OPOCH2CH2N4Me3 
O'

NHCOC17H35-/j

26 (36%)
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Scheme 4. Synthesis of a-hydroxy analog of sphingomyelin

n-CMHaCHCOzH CHfOMe)* MeOH n-CuĤ CUCÔ e dihydropyran, TsOH
I  ► I  ►
OH OH CH2CI2

27 (71%)

n-CuHaCHCOjMe 1- K0H- Me0H n-C14H29CHC(%C6H4N pr p
•  ► |

OTHP 2 .2N H C I 0THP
28(85% ) 3. p^litrophenol, DCC, DMAP 29 (90%)

5b + 29
THF

OH imidazole

>THP OTHP
30 (86%) 31 (83%)

dihydropyran

p-TsOH
-► n-Ĉ Hn

H OTHP H OTHP

‘ OSiPI^Bu-f 

H NHCOCHC14H29-n

32 (76%) OTHP OTHP33 (88%)

i .c i-  p:/\
N(Pr-/)z

OMe
. B3N

2. choline tosylate, letrazole
3. f-BuOOH
4. MejN

H OR

OPOCH2CH2N+Me3
i-

H NHCOCHC14H2 9 -n

OR
34, R = THP (51%)

p-TsOH, M eOH^
'  35, R = H (84%)



Scheme 5. Synthesis of N-methylsphingosine

n-Ci3H27 ^
CHO 1. (TMS)2sarcosine/LDA

2. UAIH4
3. H20

^*Ci3H27 \

NHMe

3b 18 (38%)
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Scheme 6. Preparation of sphingosine derivatives for HPLC analyses

H OH

5b
C6H5C6H4COCI-p

THF-NaOAc in H20  
(1:2)

/>c 13h27^ ^ y  y  ^ O H

H NHCOC6H4C6H5 

19 (70%)

(flH+)-MTPA-CI (2.0 equiv.) 

DMAP, EtjjN

H OMTPA-(+)

/7-C13H27 ^ OMTPA-(+) 

H NHCOC6H4C6H5 

21 (80%)

18
CgH3CgH4COCI*p
- - - - - - - - - - - - - - - - - - - - - - - - - - - - 1

THF-NaOAc in H20  
(1:2)

H OH

n-C13H27^ ^ OH

NMeCOCgHXgH

20 (80%)
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Experimental Section

1. Materials and Methods

G e n e ra l p ro c e d u re s . T he so lven ts u se d  w ere dried  a s  follows: 

m ethylene chloride, ethanol-free chloroform, toluene, and acetonitrile w ere 

distilled from calcium hydride and stored  over type 3 A m olecular sieves. 

Acetone w as stored over calcium sulfate for at least one week. Triethylamine 

a n d  d iisopropy lam ine  w ere  dried  an d  s to re d  over calcium  hydride. 

Tetrahydrofuran w as refluxed over sodium  benzophenone ketyl for several 

hours an d  then  used  immediately. DMF w as dried over barium oxide and 

distilled under reduced pressure . O ther chem icals were obtained from the 

following sou rces: glycine, 1 5 N-glycine, sa rcosine , D-erythro-sph\ngos\ne 

(catalog num ber S6879), lauric acid, mystric acid, lignoceric acid (C24:0), 

behenic acid (C22:0), nervonic acid (C24:1), and  p-nitrophenyl s teara te  were 

from S igm a Chem ical Co. Propargyl alcohol, 1 -brom otridecane, lithium 

alum inum  hydride, lithium aluminum deuteride, pyridinium chlorochrom ate, 

1 ,1 ,1 ,3 ,3 ,3 -h ex am eth y ld is ilazan e , n-butyllithium , fe/f-butyldiphenylsilyl 

c h lo r id e , im id a z o le , d ih y d ro p y ra n , p - to lu e n e s u l f o n ic  a c id ,  

tetra-n-butylam m onium  fluoride, phosphorus oxychloride, 2-brom oethanol, 

25%  trim ethylam ine in water, sodium  hydride, methyl iodide, ethyl Iodide, 

4 -(d im ethy lam ino)pyrid ine  (DMAP), d icyclohexylcarbodiim ide (DCC), 

4-biphenylcarbonyl chloride, 3-(dim ethylam ino)propylam ine, 1 H -tetrazole, 

tert-butyl hydroperoxide, A/,/V-diisopropylmethylphosphoramidic chloride, and  

dimethyl sulfide w ere from Aldrich Chemical Co. Anhydrous trimethylamine, 

tetra-n-butylam m onium  iodide, and  (R)-(+)-a-m ethoxy-a-(trifluorom ethyl)- 

p h e n y la c e tic  a c id  (MTPA) w e re  from  F lu k a  C h em ica l C orp . 

/V -B ro m o su cc in im id e  w a s  from  J .  T. B a k e r C h e m ic a l C o . 

(2/?,S)-H ydroxyhexadecanoic acid and  ethylene chlorophosphite w ere from

12



L ancaster Synthesis Ltd. The sam p les of /V-m ethyl-D -e/y/hro-sphingosine 

and a  mixture of erythro- and  threo-sphingosines u sed  for HPLC an aly ses  of 

stereoisom ers w ere generously supplied by Dr. D. C. Liotta, Emory University.

2 -Chloro-2 -oxo-1 ,3 ,2 -dioxaphospholane w as p repared  by bubbling dry 

oxygen through a  b en zen e  solution of ethylene chlorophosphite by P. N. 

Guivisdalsky in th is laboratory according to a  published p rocedure ;31 this 

com pound w as then  distilled; bp 74 °C/0.3 mm Hg (lit.31 bp 79 °C/0.4 mm 

Hg).

R eactions w ere m onitored on 0.25-mm thick silica ge! GF TLC plates 

purchased  from Analtech, Newark, DE. Detection of the  com pounds on TLC 

p lates w as by short-w avelength ultraviolet light or by spraying with 1 0 % 

sulfuric acid in ethanol followed by charring on a  hot plate, or with ninhydrin 

for am ino-contain ing  co m p o u n d s .3 2  Phospholipids w ere visualized by 

spraying with phosphomolybdic acid solution ,3 3  followed by heating the TLC 

p lates on a  hot plate. Flash chrom atography w as carried out with Kieselgel 

(230-400 ASTM m esh purchased  from Aldrich). Preparative TLC w as carried 

out on 1-mm thick plates purchased  from Analtech.

1 H NMR sp e c tra  w ere recorded  on an  IBM-Bruker WP 200-MHz 

spectrom eter o r on a  GE QE 300-MHz spectrom eter. Infrared spectra  were 

recorded on a  Perkin-Elmer FT-IR 1600 se ries  spectrom eter. Melting points 

a re  uncorrected. Elemental analyses (C, H, N) w ere perform ed by D esert 

Analytics, Tucson, AZ; phosphorus w as analyzed by D esert Analytics and by 

Schw arzkopf M icroanalytical L aboratories (W oodside, NY). HPLC w as 

carried out on a  Perkin-Elmer Model 410 system  equipped with a  LC-235 

diode array detector and LCI-100 recorder-integrator.
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2. Synthetic Procedures

H exadec-2 -yn -1 -o l (1) (S c h e m e  1). Lithium m etal (15 g, 2.1 mol) 

w as added to a  3 -L three-neck flask charged  with 1.5 L of liquified am m onia at 

-78 °C. W hen the solution turned blue, FeCl3  • 6 H2 O (1.0 g) w as added. The 

reaction mixture w as stirred a t -78 °C until the  blue color d isappeared . The 

dry ice bath w as removed, and  THF (400 mL) w as added, followed by 56.6 g 

(1.01 mol) of prop-2-yn-1 -ol. After th e  mixture had  stirred  for 1 h, 

1-brom otridecane (50 g, 0.19 mol) w as slowly added, and  the  suspension  w as 

refluxed for 4  h and  left to evaporate. The residue w as cooled to 0  °C, and 

concentrated  HCI w as slowly ad d ed  until the  solution reach ed  pH 2 . The 

organic solvent w as rem oved with a  rotary evaporator, and  the  w ater layer 

w as w ashed with e ther (2 x 200 mL). The e ther p h ase  w as dried (MgS0 4 ) 

and  the  solvent w as concentrated . T he crude product w as purified by flash 

chrom atography (elution with hexane-ethyl ace ta te , 3:1) to  give 41 g (90%) of 

hex ad ec-2 -y n -1 -o l (1); mp 53 .5-54  °C (lit.34 mp 54 .2 -54 .5  °C); TLC 

(hexane-ethyl ace ta te , 3:1) R f  0.49; 1H NMR (200 MHz, CDCI3 ) 8 (ppm) 

0.85-0.90 (t, J =  7.0 Hz, 3 H, CH3 ), 1.26 (m, 22  H, (CH2 ) n ) ,  1.91 (s, 1 H, OH), 

2.17-2.44 (t, 6 .8  Hz, 2  H, CH2C C), 4.25 (s, 2  H, CH2 OH). Anal. Calcd for

C i6 H3 0 O: C, 80.61; H, 12.68. Found: C, 80.79; H, 12.94.

(£ )-H ex ad ec-2 -en -1 -o l (2b). To a  solution of hexadec-2-yn-1-ol (1) 

(12 g, 50.4 mmol) in 125 mL of dry THF a t room tem perature  w as slowly 

added  2.1 g (55 mmol) of lithium aluminum hydride. T he reaction mixture 

w as refluxed overnight with stirring, and  then  w as cooled  to  5  °C and  

hydrolyzed with caution by the  sequential addition of 2.1 mL of water, 2.1 mL 

of 15% aqueous sodium  hydroxide, and  6.3 mL of w ater. The aluminum 

hydroxide precipitate w as filtered and  w ashed  with ether. The filtrate w as
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dried (MgS0 4 ) and  concen tra ted  under vacuum . The crude  product w as 

purified by flash chrom atography (elution with hexane-ethyl ace ta te , 3:1) to 

give 10.6 g (8 8 %) of (E)-hexadec-2-en-1-ol (2b) a s  a  white solid; mp 35 °C 

(lit.3 5  33.5-34 °C); TLC (hexane-ethyl ace ta te , 3:1) R /  0.45; 1H NMR (200 

MHz, CDCI3 ) 8  (ppm) 0.85-0.91 (t, 7.0 Hz, 3  H, CH3 ), 1.25 (m, 2 2  H,

(CH2 )11 ), 2.01-2.06 (m, 2  H, CH2 CH=CH), 3 .48 (s, 1 H, OH), 4.07-4.09 (d, J  = 

3.5, 2 H, CH 2 OH), 5 .55-5.77 (m, 2 H, trans~CH=CH). Anal. Calcd for 

C 16H3 2 O: C, 79.94; H, 13.42. Found: C, 80.55; H, 13.81.

[2, 3 -2 H2 ]-(E )-H ex ad ec-2 -en -1 -o l (2a). T he synthetic  route to  2 a  

w as analogous to that used  to p repare  2b . A solution of hexadec-2-yn-1-ol 

(1) (2.0 g, 8.4 mmol) in 30 mL of THF w as added  to a  50-mL round-bottom 

flask that had been  previously w ashed  with D20  and dried a t 120 °C. Lithium 

aluminum deuteride (388 mg, 9.2 mmol) w as added . The reaction mixture 

w as refluxed overnight under nitrogen, then cooled to 5  °C and hydrolyzed 

with 388 pL of D2 0 ,  388 pL of 15% of NaOD solution, and 3 x 388 pL of D2 0 .  

The solid w as rem oved by filtration and  w ashed  with ether. The filtrate w as 

dried (MgS0 4 ), and  the  solvents w ere rem oved with a  rotary evaporator. 

The residue w as purified by flash chrom atography (elution with hexane-ethyl 

ace ta te , 3:1) to give 1.90 g (94%) of 2 a  a s  a  white solid; mp 35  °C; TLC 

(hexane-ethyl ace ta te , 3:1) R f  0.45; IR (CHCI3 ) 3600-3070, 2951, 2913, 

2836, 2214, 1466, 1456 cm -1 ; 1H NMR (200 MHz, CDCI3 ) 8 (ppm) 0.85-0.91 

(t, J m 7.0 Hz, 3 H, CH3), 1.25 (m, 23 H, (CH2)i 1 , OH), 1.99-2.06 (t, J  = 6 .8  Hz, 

2  H, CH2 CD=CD), 4.08 (s, 2 H, CH2 OH). Anal. Calcd for C 1 6 H3 0 D2 O: C, 

79.27; H, 13.30. Found: C, 79.41; H, 13.20.
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[2, 3 -2 H 2 ] - (E )-H e x a d e c -2 - e n a l  (3 a ) . Pyridium  ch lo rochrom ate  

(2.40 g, 11.7 mmol) w as su sp en d ed  in 20 mL of m ethylene chloride, and  1.90 

g (7.85 mmol) of [2, 3-2 H2 ]-(E)-hexadec-2-en-1 -ol (2a) in 4  mL of m ethylene 

chloride w as added  rapidly a t room tem perature . T he reaction mixture w as 

stirred a t this tem perature for 2 h in the  dark. The reaction mixture w as diluted 

with e ther (100 mL). The solid w as rem oved by filtration through silica gel. 

The solvents w ere concen tra ted  under vacuum , giving a  residue tha t w as 

purified by flash chrom atography (elution with hexane-ethyl ace ta te , 5:1). 

T here w as obtained 1.50 g (80%) of product; TLC (hexane-ethyl ace ta te , 5:1) 

R f  0.60; 1H NMR (200 MHz, CDCI3 ) 8  (ppm) 0.85-0.91 (t, J =  6 .6  Hz, 3 H, 

CH3 ), 1.26 (m, 22  H, (CH2 ) n ) ,  2.10-2.14 (t, J =  6 .8  Hz, 2  H, C ^ C D ^ C D ) ,

9.60 (s, 1 H, CHO).

(£ )-H exadec-2 -en a l (3b). This com pound w as p repared  from 2 b  in 

80%  yield by using th e  sam e  procedure a s  described  for 3 a ; 1H NMR (200 

MHz, CDCI3 ) 8 (ppm ) 0.86-0.92 (t, J  = 6.7 Hz, 3 H, CH3 ), 1.25 (m, 22 H, 

(CH2 )11 ), 2.12-2.23 (m, 2  H, CH2 CH=CH), 5.93-6.03 (dd, 15.5 Hz, 6.4 Hz,

1 H, vinyl H), 6.48-6.62 (dt, J  = 15.6 Hz, 6 .8  Hz, 1 H, vinyl H), 9.35-9.39 (d, J  = 

7.6 Hz, 1 H, CHO).

T r l s ( t r i m e t h y l s i l y l ) g ly c f n e .  A m ixture of 21 .0  g (0.13 mol) of

1,1,1,3,3,3-hexam ethyldisilazane, 3 .9  g (0.052 mol) of glycine, and  200 mg 

(1.5 mmol) of am m onium  sulfa te  w as refluxed for 7  day s a t 140-150 °C; 

glycine went into solution after a  few hours. Distillation of the  mixture under 

vacuum  afforded 9.2 g (60%) of tris(trimethylsilyl)glycine, bp 115-120 °C/13 

mm Hg (lit.36 bp 101 °C/12 mm Hg); 1H NMR (200 MHz, CDCI3 ) 8  0.02 (s, 18 

H, N(SiMe3)2 ), 0.23 (s, 9 H, C 0 2 SiMe3), 3.28 (s, 2 H, CH2 N(SiMe3 )2 ).
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B is ( t r im e th y ls i ly l ) s a r c o s in e .  A mixture of 7.1 g (33.7 mmol) of

1,1,1,3,3,3-hexam ethyldisilazane, 2.5 g (28.1 mmol) of sarcosine, and  100 mg 

(0.76 mmol) of am m onium  sulfate  w as refluxed for 7  d a y s  (150 °C). 

Distillation of th e  m ixture under vacuum  affo rded  3 .9  g (60% ) of 

bis(trimethylsilyl)sarcosine, bp 47-49 °C/1,2 mm Hg; 1H NMR (CDCI3 ) 5 0.01 

(s, 9 H, NSiMe3), 0.25 (s, 9 H, C 0 2 SiMe3), 2.43 (s, 3 H, NCH3 ), 3 .36 (s, 2 H, 

CH2 N).

2 - A m i n o - [ 4 ,5 - 2 H 2 ] - (E ) -o c ta d e c - 4 - e n o ic  a c id  (4 a ) . D ry

diisopropylam ine (0 .925 mL, 6 .6  mmol) w a s  ad d ed  to  a  so lu tion  of
4

n-butyllithium in hexane (4.3 mL, 6 .6  mmol of a  1.55 M solution) a t 0 °C in 

freshly distilled THF (30 mL). The colorless solution w as then  stirred for 30 

min a t 0 °C, c o o le d  to  -78  °C, an d  t r e a te d  d ro p w ise  with 

tris(trimethylsilyl)glycine (1.98 g, 6 .6  mmol). T he resulting  light-orange 

reaction mixture w as stirred for 1 h at -78 °C, and subsequently  trea ted  with [2 ,

3-2 H]-(E)-hexadec-2-enal (3a) (1.33 g, 5.5 mmol) in 1.5 mL of THF. Stirring 

w as continued for 1 h at -78 °C, for 1 h at 0 °C, then  overnight at 5  °C. The 

solution w as acidified to pH 4 with ethanolic hydrogen chloride (EtOH-conc. 

HCI, 95:5), and  the volatile com ponents were rem oved under vacuum . The 

residue w as dissolved in 150 mL of chloroform, then  w ashed  with 75 mL of 

water; a  small volume of methanol w as added to achieve a  be tter separation. 

The organic p h ase  w as dried (MgS0 4 ) and ev ap o ra ted  u n d e r vacuum . 

Hexane (40 mL) w as added to the residue, and th e  mixture w as filtered. The 

solid w as w ashed with hexane and dried to give 1.57 g (90%) of 4a .

(£ )-2 -A m in o o c ta d e c -4 -e n o ic  a c id  (4 b ). T his c o m p o u n d  w as 

prepared from 3 b  in 82%  yield by using the sam e procedure a s  described  for
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4a.

[4 ,5 - 2 H 2 ] -D L -e ry f /> ro -S p h in g o s ln e  (5a). Lithium  a lum inum  

hydride (0.46 g, 12 mmol) w as slowly added  to a  solution of 0.94 g (3.0 mmol) 

of am ino-acid 4 a  in 20 mL of THF. The reaction mixture w as refluxed 16 h, 

and  then  left at room tem perature overnight. The suspension  w as hydrolyzed 

with 0.46 mL of water, 0.46 mL of 15% aqueous NaOH, and  1.38 mL of water. 

The aluminum hydroxide precipitate w as rem oved by filtration and  w ashed  

with e th e r (10 mL). The filtrate w as dried (MgS0 4 ) and  the  so lvents w ere 

c o n c e n tra te d  u n d e r  vacuum . T he re s id u e  w a s  purified by flash  

chrom atography (elution with CHCl3 -MeOH, 65:25) to give 0.65 g (72%) of 

[4,5-2 H2]-sphingosine 5 a ; TLC ( CHCl3 -MeOH, 3:2) Rf  0.32; NMR (200 

MHz, CDCI3 ) 8  (ppm) 0.85-0.91 (t, J  = 6.9 Hz, 3 H, CH3 ), 1.26 (m, 22 H, 

(CH2 ) h ) ,  2.04-2.07 (t, J  = 6 .8  Hz, 2 H, CH2 CD=CD), 2 .75-2.78 (m, 1 H, 

CHNH2 ), 3.00 (s, 4 H, NH2 , OH, OH), 3.63-3.65 (d, J  = 5.0 Hz, 2 H, CH2 OH),

3.97-4.04 (d, «/= 6 .6  Hz, 1 H, CD=CDCHOH).

D L -e ry fh ro -S p h in g o s ln e  (5b). This com pound w as p repared  from 

4 b  in 70%  yield by using the  sam e procedure a s  described  for 5 a ; 1H NMR 

(200 MHz, CDCI3 ) 8  (ppm) 0.85-0.90 (t, J =  6.2 Hz, 3 H, CH3), 1.26 (m, 22 H, 

(CH2 ) i i ) ,  2.00-2.07 (m, 2 H, CH2 CH=CH), 2.32 (s, 4  H, NH2 , OH, OH),

2.84-2.86 (m, 1 H, CHNH), 3.66 (m, 2 H, CH2 OH), 4.05-4.09 (m, 1 H, CHOH),

5.41-5.52 (dd, J =  15.4 Hz, 6.7 Hz, 1 H, vinyl H), 5.69-5.80 (dt, J  = 15.4 Hz, 6.5 

Hz, 1 H, vinyl H).

D L -e ry //jro -1 5 A /-S phlngosine (5c). This com pound w as p repared  

from 1 5 N-glycine in 55%  yield by the  sam e  procedure a s  described  above;
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TLC (CHCI3 -MeOH, 3:2) R f  0.33; IR (CHCI3 ) 3624-3060, 3013, 2920, 2851, 

1584, 1468, 1215, 1091, 1044, 1030, 972, 944, 8 6 8 , 760, 6 6 8  c n H ;  NMR 

(300 MHz, CDCI3 ) 8  (ppm) 0.85-0.91 (t, J  = 6 .6  Hz, 3 H, CH3), 1.26 (m, 22 H, 

(C H 2 ) 1 1 ): 2 .00-2.07 (m, 2  H, CH 2 CH =CH ), 2 .32 (s, 4 H, NH2 , 2  OH),

2.84-2.86 (m, 1 H, CHNH2), 3.66 (m, 2 H, CH2 OH), 4.05-4.09 (m, 1 H, CHOH),

5.41-5.52 (dd, J =  15.4 Hz, 6 .7  Hz, 1 H, vinyl H), 5.69-5.80 (dt, 15.4 Hz, 6.7 

Hz, 1 H, vinyl H). Anal. Calcd for C iq H 3 7 0 2 N: C, 71.59; H, 12.41; N, 4.99. 

Found: C, 72.09; H, 12.66; N, 4.91.

A 7 -O c ta d e c a n o y l- [4 ,5 - 2 H 2 ] -D L -e ry f /> ro -s p h in g o s ln e  (6 a ). A

solution of p-nitrophenyl s te a ra te  (1.04 g, 2 .55 mmol) in 4  mL of THF w as 

slowly added  to a  solution of [4, 5-2 H2]-sphingosine (5a) (0.70 g, 2.32 mmol) 

in 15 mL of dry THF. After the  mixture w as stirred at room tem perature for 22 

h, the solvent w as rem oved under vacuum . The residue w as dissolved in 30 

mL of chloroform and w ashed  with 15% aqueous NaOH (2 x 20 mL) and water 

(3 x 20 mL) to rem ove p-nitrophenol. The organic layer w as dried (MgSCXO, 

and  the  so lven ts w ere concen tra ted  with a  rotary evaporator. The crude 

product w as purified by flash chrom atography (elution with CHCl3 -M eOH, 

95:5) to give 0.98 g (74%) of product a s  a  white solid, mp 97-97.5 °C; TLC 

(CHCl3 -EtOH, 9:1) Rf 0.62; 1H NMR (200 MHz, CDCI3 ) 8  0.85-0.91 (t, J =  6.2 

Hz, 6  H, CH3(CH2h b  CH3 (CH2)15), 1-26 (m, 50 H, (CH2)11f (CH2)14), 1.61 

(m, 2  H, CH2 CH2 CO), 1.99-2.05 (t, 6.5 Hz, 2  H, CH2 CD=CD), 2.17-2.24 (t,

J  = 7 .5  Hz, 2 H, CH2 CO), 3 .61-3.67 (m, 1 H, CHNH), 3 .82-3.86 (m, 2  H, 

CH2 CH2 OH), 4.09-4.18 (d, J  = 6 .6  Hz, 1 H, CD=CDCHOH), 6.51 (d, J  = 7.0 

Hz, 1 H, NH). Anal. Calcd for C36H69D20 3 N: C, 76.19; H, 12.17; N, 2.47. 

Found: C, 75.46; H, 12.12; N, 2.48.
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W-Octadecanoyl-DL-eryf/?ro-sphlngoslne (6 b). T his com pound  

w as p rep a red  from 5b in 75%  yield by using the  sa m e  p rocedure  a s  

d e s c r ib e d  for 6 a; mp 97-97 .5  °C (lit 3 7 , 3 8  mp 9 7 .9 3  °C for 

/V -octadecanoyl-D -eo^o-sphingosine); TLC (CHCl3 -EtOH, 100:7) R f  0.45; 

1 H NMR (300 MHz, CDCI3 ) 5 (ppm) 0.85-0.91 (t, J  = 6 .6  Hz, 6  H, 

CH3 (CH2 )11 , CH3 (CH2 ) i 4 ). 1.25 (m, 50 H, (CH2)11p (CH2)14), 1.60 (m, 2  H, 

CH2 CH2 CO), 2.01-2.05 (m, 2  H, CH2 CH=CH), 2.15-2.22 (t, J  = 7.5 Hz, 2 H, 

C H 2 C H 2 CO), 3 .61-3.67 (m, 1 H, CHNH), 3 .85-3.90 (m, 2 H, C H 2 O H ),

4.10-4.18 (m, 1 H, CH=CHCHOH), 5.42-5.53 (dd, 15.4 Hz, 6.5 Hz, 1 H, 

vinyl H), 5.68-5.79 (dt, J =  15.4 Hz, 6.5 Hz, 1 H, vinyl H), 6.50 (d, J = 7.2 Hz, 1

H, NH). Anal. Calcd for C3 6 H7 1 O 3 N: C, 76.40; H, 12.64; N, 2.47. Found: C, 

76.46; H, 12.12; N, 2.48.

1 5 N -O ctad ecan oy l-D L -eryf/)ro -sp h in gosin e  (6 c). T his 

com pound w as prepared from 5c in 85%  yield by using the  sam e  procedure 

a s  described above; mp 97-97.5 °C ; TLC (CHCl3 -EtOH, 100:7) R f 0.45; IR 

(CHCI3 ) 3695-3072, 2916, 2848, 1635, 1603, 1541, 1466, 1249, 1149, 1096, 

1067, 1046, 970 cm “1; 1H NMR (200 MHz, CDCI3 ) 5 (ppm) 0.85-0.91 (t, J  =

6 .2  Hz, 6  H, CH3{CH2)u , CH3(CH2h  5 ), 1-25 (m, 50 H, CH2 )11f (CH2 )14),

I .60  (m, 2 H, CH2 CH2 CO), 1.97-2.08 (m, 2 H, CH2 CH=CH), 2.15-2.22 (t, J = 

7.5 Hz, 2 H, CH2 CO), 3.47-3.64 (m, 1 H, CHNH), 3.89-3.99 (m, 2 H, CH2 OH),

4.10-4.20 (m, 1 H, CHOH), 5.45-5.54 (dd, J =  15.4 Hz, 6 .6  Hz, 1 H, vinyl H), 

5 .62 -5 .76  (dt, J  = 15.4 Hz, 6 .8  Hz, 1 H, vinyl H). Anal. C alcd for 

C 3 6 H7 1 O 3 I 5 N: C, 76.27; H, 12.62; N, 2.64. Found: C, 75.37; H, 12.96; N, 

2.59.
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1 -(0 - /e /7 -B u ty ld ip h e n y ls i ly l) -2 - (A /-o c ta d e c a n o y l) -  

[4 ,5 -2 H2 ] -D L -e fy //ifo -sp h ln g o sIn e  (7a). A solution of ceram ide 6 a  (0.9 

g, 1.59 mmol), fe/t-butyldiphenylsiiyl chloride (0.44 g, 1.59 mmol), and  

imidazole (0.22 g, 3.18 mmol) in 25 mL of DMF-THF (1:1) w as allowed to  stir 

a t room tem perature for 3  h. TLC (chloroform-ethanol, 98:2) show ed that the  

reaction w as com plete. E ther (25 mL) w as added , and  the  organic p h ase  

w as ex tracted  th ree  tim es with water. The w ater p h ase  w as extracted with 

e th e r twice. The com bined etherea l solution w as dried (MgSC>4 ), and  the  

solvents w ere rem oved using a  rotary evaporator. The residue w as purified 

by flash chrom atography (elution with CHCl3 -EtOH, 98:2) to give 1.04 g (81%) 

of the  product; TLC (CHCl3 -EtOH, 98:2) Rf 0.43; (hexane-ethyl acetate, 4:1) R f 

0.27; 1H NMR (200 MHz, CDCI3 ) 8  (ppm) 0.85-0.91 (t, J  = 6.5 Hz, 6  H, 

CH3 (CH2 )1 1 , CH3 (CH2)15). 1 0 9  (s, 9 H, C(CH3)3 ), 1.25 (m, 50 H, (CH2 ) n ,  

(C H 2 ) 1 4 ), 1.60 (m, 2 H, C H 2 C H 2 CO), 2 .00-2 .04  (t, J  = 6 .6  Hz, 2 H, 

C H 2 CD=CD), 2.11-2.19 (t, J  = 7.6 Hz, 2 H, CH2 CO), 3 .70-3.74 (m, 1 H, 

CHNH), 3 .90-3.96 (m, 2 H, CH2 OH), 4.17 (d, J  = 6.3 Hz, 1 H, CH O H ), 

6.30-6.34 (d, J = 7 .5  Hz, 1 H, NH), 7.39-7.46 (m, 10 H, Ar).

1 - (0 - fe r f -B u ty ld lp h e n y ls lly l) -2 - (A /-o c ta d e c a n o y l) -D L -  

e ry fb ro -sp h ln g o s ln e  (7b). Imidazole (0.22 g, 3.18 mmol) w as dissolved in 

25 mL of dry m ethylene chloride, and fe/f-butyldiphenylsilyl chloride (0.44 g,

1.59 mmol) w as added . Immediately som e white precipitate w as form ed 

(imidazolium chloride). After th e  mixture h a s  stirred  for 1 hour at room 

tem perature, a  solution of alcohol 6 b  (0.9 g, 1.59 mmol) in 5 mL of methylene 

chloride w as ad d ed  slowly. T he reaction mixture w as stirred  at room 

tem perature overnight. Additional methylene chloride (15 mL) w as added  to 

dilute the  mixture, and  the mixture w as w ashed with sa tu rated  sodium chloride
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solution (30 mL) and w ater (30 mL). The organic p hase  w as dried (MgS0 4 ), 

and the  solvent w as rem oved by rotary evaporation. The residue w as purified 

by flash chrom atography (elution with hexane-ethyl ace ta te , 4:1) to give 1.04 g 

(81%) of the pure product; mp 33 °C; TLC (hexane-ethyl ace ta te , 4:1) R f 0.26; 

IR (CHCI3 ) 3600-3170, 3072, 3060, 2919, 2849, 1655, 1606, 1490, 1461, 

1425, 1108, 903, 820, 732 c m " 1 ; lH  NMR (300 MHz, CDCI3 ) 5 (ppm) 

0.85-0.91 (t, J m 6.3 Hz, 6  H, CH3 (C H 2 ) n .  CH 3 (CH 2 )1 4 ), 1.07 (s, 9 H, 

C(CH3 )3 ), 1.26 (m, 50 H, (CH2 ) n ,  (CH2 )14), 1.60 (m, 2  H, CH2 CH 2 CO),

2.01-2.05 (m, 2 H, CH2 CH=CH), 2.11-2.19 (t, J  = 7.6 Hz, 2  H, CH2 CH2 CO),

3 .74-3 .78  (m, 1 H, CHNH), 3 .92-3 .98  (m, 2 H, C H 2 0 ) ,  4 .19 (m, 1 H, 

CH-CHCHOH), 5.42-5.52 (dd, 15.4 Hz, 5.5 Hz, 1 H, vinyl H), 5.70-5.89 (dt, 

J =  15.6 Hz, 6.4 Hz, 1 H, vinyl H), 6.30-6.34 (d, J =  7.5 Hz, 1 H, NH), 7.39-7.46 

(m, 10 H, Ar). Anal. Calcd for C5 2 H8 9 0 3 NSi: C, 77.65; H, 11.15; N, 1.74. 

Found: C, 77.81; H, 11.02; N, 1.80.

1 - (0 - fe r f -B u ty ld ip h e n y ls i ly l) -2 - (1 5 JV -o c ta d e c a n o y l)-D L - 

e /y fb ro -sp h ln g o s in e  (7c). This com pound w as p repared  from 6 c  in 87%  

yield by using the sam e  procedure a s  described  for 7 b ; mp 33.5 °C; TLC 

(hexane-ethyl acetate , 4:1) R f 0.27; IR (CHCI3 ) 3601-3248, 2924, 2853 ,1656 , 

1490, 1466, 1428, 1216, 1113, 758, 709 c n H ; 1H NMR (200 MHz, CDCI3 ) S 

(ppm) 0.85-0.91 (t, J =  6.3 Hz, 6  H, C f l ^ C H ^ n ,  CH3 (CH2)14), 1.07 (s, 9 H, 

C(CH 3 )3 ), 1.26 (m, 50 H, (CH2 )11f (CH2 )14), 1.60 (m, 2  H, CA/2 CH 2 CO),

2.01-2.05 (m, 2  H, CH2 CH=CH), 2.11-2.19 (t, J = 7.6 Hz, 2  H, CH2 CH2 CO),

3 .74-3 .78  (m, 1 H, CAVNH), 3 .92-3 .99  (m, 2 H, C H 2 0 ) ,  4 .19 (m, 1 H, 

CH=CHCHOH), 5.42-5.52 (dd, J  = 15.4 Hz, 5 .5  Hz, 1 H, vinyl H), 5.70-5.89 (dt, 

J  = 15.6 Hz, 6.4 Hz, 1 H, vinyl H), 6 .30-6.34 (d, J = 7 .5  Hz, 1 H, CHNH), 

7.39-7.46 (m, 10 H, Ar). Anal. Calcd for C5 2 H8 9 0 3 l 5 NSi: C, 77.55; H, 11.14;
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N, 1.74. Found: C, 77.24; H, 11.19; N, 1.60.

1 -(O -f0 r f -B u ty ld ip h e n y ls i ly l) -2 - ( t f - o c ta d e c a n o y l) - 3 - (O - te tr a -  

h y d ro p y ra n y l) - [4 l5 -2 H2 ]-D L -e ry f/jro -sp h ln g o s in e  (8 a). To a  solution 

of allylic alcohol 7 a  (0.94 g, 1.17 mmol) in 12 mL of methylene chloride was 

a d d e d  181 .5  pL  (1.99 mmol) of dihydropyran. A few c ry s ta ls  of 

p-toluenesulfonic acid w ere added , which w ere dissolved by swirling. The 

reaction mixture w as stirred a t room tem perature for 6  h. The solution was 

diluted with ether, and  w ashed  with sa tu ra ted  sodium  bicarbonate solution

and  w ater. The organic layer w as dried (MgS0 4 ), and  the  solvents were
✓

rem oved with a  rotary evaporator. The crude product w as purified by flash 

chrom atography (elution with hexane-ethyl ace ta te , 4:1) to give 0.96 g (91%) 

of pure product; TLC (hexane-ethyl acetate, 4:1) R/  0.52.

1 - (0 - fe r f -B u ty ld ip h e n y ls ily l) -2 - (A f-o c ta d e c a n o y l) -3 -  

(0 - te tra h y d ro p y ra n y l) -D L -e ry f /) ro -s p h ln g o s ln a  (8 b). This com pound 

w as p rep a red  from 7 b  in 82%  yield by using the  sam e  procedure a s  

described for 8 a .

1 - (0 - fe r f -B u ty ld lp h e n y ls i ly l) -2 - (1 5 / / - o c ta d e c a n o y l) - 3 -  

(0 - te tra h y d ro p y ra n y l) -D L -e ry f /7ro -sp h ln g o s in e  (8 c). This com pound 

w as p rep a red  from 7 c  in 97%  yield by using the  sa m e  procedure  a s  

described  above; mp 53 °C; TLC (hexane-ethyl ace ta te , 4:1) R f 0.52; IR 

(CHCI3 ) 3436, 3284, 2920, 2851, 1666, 1643, 1537, 1489, 1466, 1428, 1378, 

1260, 1216, 1200 ,1183 , 1112, 1022, 9 6 9 c m “1; 1|H NMR (200 MHz, CDCI3 ) 8  

(ppm) 0.85-0.91 (t, J = 6 .6  Hz, 6  H, CH3 (CH2 ) n ,  Ctf3 (CH2 ) i4 ) , 1-0 8  (s » 8  H, 

C(CH3 )3), 1.26 (m, 50 H, (CH2)11t (CH2)14), 1.57-1.64 (m, 8  H, CH2 CH2 CO,
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(CH2 )3  of THP), 2.01-2.05 (m, 4  H, CH2 CH=CH, CH2 CH2 CO), 3.39-3.45 (m, 

1 H, CHNH), 3 .75-3 .84  (m, 2 H, C H 2 0  of THP), 3 .95-4 .20  (m, 3 H, 

CH=CHCHO, CH2 0 ) , 4.64-4.70 (m, 1 H, V-CHO of THP), 5.22-5.38 (dd, J  =

15.4 Hz, 6.7 Hz, 1 H, vinyl H), 5.46-5.70 (dt, J =  15.6 Hz, 6.7 Hz, 1 H, vinyl H),

6.04 (d, J  -  7 .5 Hz, 1 H, CHNH), 7.40-7.70 (m, 10 H, Ar). Anal. Calcd for 

C 5 7 H97 0 4 l 5 NSi: C, 76.97; H, 10.99; N, 1.57. Found: C, 77.22; H, 11.20; N, 

1.48.

2 - (A f -O c ta d e c a n o y l) -3 - (0 - te t r a h y d r o p y ra n y lH 4 ,5 - 2 H 2 ]-D L - 

e iy f / i r o - s p h in g o s ln e  (9a). To a  solution of 960 mg (1.08 mmol) of 

protected sphingosine 8 a  in 10 mL of THF w as added  2.16 mL (2.16 mmol) of 

a  1 M solution of tetra-n-butylammonium fluoride in THF. After the mixture w as 

allowed to  stir for 30 min, w a ter w as added . T he resulting mixture w as 

extracted with ether, and  the  com bined extracts w ere dried over MgS0 4 . The 

solvents were rem oved under reduced pressure. The residue w as purified by 

flash chrom atography (elution with CHCl3 -EtOH, 98:2) to give 540 mg (76%) 

of the  product 9 a  a s  a  white solid; TLC (hexane-ethyl ace ta te , 4:5) R f °-46; 

1H NMR (200 MHz, CDCI3 ) 5 (ppm) 0.85-0.91 (t, J  = 6 .4  Hz, 6  H, 

CH3 (CH2 ) n ,  CH3 (CH2)15), 1.25 (m, 50 H, (CH2)11t (CH2)14), 1.51-1.80 (m, 

8  H, CH2 CH2 CO, (CH2 )3  of THP), 1.99-2.06 (t, J =  6 .8  Hz, 2 H, CH2 CD=CD),

2.15-2.23 (t, J =  7.8 Hz, 2 H, CH2 CO), 3.31-3.35 (m, 1 H, CHNH), 3.89-3.99 

(m, 4  H, CH2OH, CH20  of THP), 4.16-4.22 (d, J =  6 .6  Hz, 1 H, CD=CDCfOH), 

4.45-4.48 (m, 1 H, 1'-CHO of THP), 6.37-6.41 (d, J  = 7.5 Hz, 1 H, NH). Anal. 

Calcd for C4 iH 6 7 D2 (>4 N: C. 75.64; H, 12.23; N, 2.30. Found: C, 74.85; H, 

12.26; N, 2.02.
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2 -( /V -O c ta d e c a n o y l) -3 - (0 - te tra h y d ro p y ra n y l) -D L -e ry f /) ro -  

s p h in g o s in e  (9b). This com pound w as prepared  from 8 b  in 85%  yield by 

using the sam e  procedure a s  described for 9 a ; 1H NMR (200 MHz, CDCI3 ) 5 

(ppm) 0.85-0.90 (t, J  = 6 .6  Hz, 6  H, CH3 (CH2 ) n ,  CH3 (CH2)14), 1.25 (m, 50

H, (CH2 ) h ,  (CH2 ) i 4 ), 1.61-1.80 (m, 8  H, CH2 C H 2 CO, (CH2 )3  of THP),

I.99-2.03 (m, 2  H, CH2 CH=CH), 2.12-2.19 (t, 7.2 Hz, 2  H, CH2 CH2 CO), 

3 .33-3 .38 (m 1 H, CHNH), 3.87-3.99 (m, 4  H, CH 2 OH, CH2 0  of THP),

4.16-4.19 (m, 1 H, CHOTHP), 4.46-4.49 (m, 1 H, O'CHO of THP), 5.33-5.45 

(dd, J =  15.4, Hz, 6.7 Hz, 1 H, vinyl H), 5.61-5.72 (dt, J =  15.4 Hz, 6.7 Hz, 1 H, 

vinyl H), 6.36-6.40 (d, J =  7.6 Hz, 1 H, CHNH).

2 -(1 5 A /-O c ta d e c a n o y l)-3 - (0 - te t r a h y d ro p y ra n y l) -D L -e ry f /7ro -  

s p h in g o s in e  (9c). This com pound w as p repared  from 8 c  in 95%  yield by 

using the  sam e  procedure a s  described above; mp 69 °C; TLC (hexane-ethyl 

ace ta te , 4:5) R f 0.46; IR (CHCI3) 3670-3060, 2919, 2851, 1643, 1551, 1466, 

1378, 1261, 1200, 1110, 1027, 968, 908, 758 cm “1; 1H NMR (200 MHz, 

CDCI3 ) 8  (ppm ) 0.85-0.90 (t, J  = 6.4 Hz, 6  H, CH3 (CH2 )i 1t CH3 (CH2 )15),

1.25 (m, 50 H, (CH2)11t (CH2 )14), 1.53-1.78 (m, 8  H, CH2 CH2 CO, (CH2 )3  of 

THP), 2 .02-2 .05  (m, 2 H, C /^ C H -C H ) , 2 .15-2 .22  (t, J  = 7 .2  Hz, 2 H, 

CH2 CH2 CO), 3.28-3.32 (m, 1 H, CHNH), 3.47-3.62 (m, 2 H, CH20  of THP), 

3.94-3.99 (m, 2  H, CH2 OH), 4.16-4.18 (m, 1 H, CHO), 4.46 (m, 1 H, 1'-CHO of 

THP), 5.31-5.42 (dd, J =  15.6 Hz, 6.9 Hz, 1 H, vinyl H), 5.63-5.74 (dt, J =  15.5 

Hz, 6.9 Hz, 1 H, vinyl H), 6.13-6.17 (d, J =  7.7 Hz, 1 H, CHNH). Anal. Calcd for 

C 4 1 H7 9 0 4 1 5 n : C, 75.63; H, 12.23; N, 2.15. Found: C, 74.85; H, 12.26; N, 

2.02.
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[ 4 ,5 - 2 H 2 ] -D L -e ry f /> ro -S p h in g o m y e lin  (1 0 a). A so lu tion  of 

primary alcohol 9a  (50 mg, 0 .08 mmol) and triethylamlne (13.2 pL, 0.09 mmol) 

in 0 .5  mL of TH F w a s  a d d e d  s low ly  to  a  so lu tio n  of

2-chloro-2-oxo-1,3,2-dioxaphospholane (0.5 M, 240 pL) in 2 mL of dry THF at 

0 °C. The reaction mixture w as kept a t 5  °C for 30 min, then  a t room 

tem perature for 2 days. The solid (Et3 N-HCI) w as rem oved by filtration, and 

the filtrate w as concentrated  under vacuum . The crude product w as purified 

by flash chrom atography (elution with CHCl3 -MeOH, 4:1) to give 39 mg (67%) 

of the  intermediate cyclic phosphate a s  a  white solid; TLC (CHCl3 -MeOH-7  N 

NH4 OH, 65:25:4) R f 0.73. The above solid w as dissolved in a  mininum 

volume of chloroform and transferred to a  25-mL p ressure  bottle, the solvent 

w as evaporated  under a  stream  of nitrogen. Acetonitrile (2 mL) w as added, 

and the mixture w as cooled to  -78 °C. Liquid anhydrous trimethylamine (0 .2  

mL) w as added  to th e  p ressu re  bottle, the  reaction mixture w as allowed to 

warm to room tem perature, and  then w as heated  with stirring at 60-70 °C on 

an oil bath for 44 h. After th e  reaction w as com plete a s  monitored by TLC 

(CHCl3 -MeOH-7  N NH4 OH, 65:25:5), the  solvent w as rem oved by rotary 

evaporation. The residue w as dissolved In 4 mL of MeOH-THF (9:1). A trace 

of p-toluenesulfonic acid w as added , and  th e  reaction mixture w as refluxed 

overnight. The solvents w ere concentrated under vacuum , leaving a  residue 

that w as purified by flash chrom atography (elution with CHCl3 -MeOH -7  N 

NH4 OH, 65:25:4). S uspended  silica gel w as rem oved by passing  a  CHCI3  

solution of the  product through a  0.45-pm  Metrical filter (Gelman S ciences, 

Fisher Scientific) th ree  tim es to  give 25 mg (6 6 %) of [4 ,5 -2 H2 ]-sphingomyelin 

(10a); TLC (CHCI3 -MeOH-7 N NH4 OH, 65:25:5) R f 0.21; 1H NMR (200 MHz, 

CDCI3 ) 5 (ppm) 0.85-0.91 (t, J  = 6.3 Hz, 6  H, CH3 (CH2 ) n ,  C tf3 (CH2 ) i 5 ),

1.25 (m, 50 H, (CH2 ) n ,  (CH2 ) i 4 ), 1.54 (m, 2  H, CH2 CH2 CO), 2.00-2.07 (t, J =
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6.5 Hz, 2 H, CH2 CD=CD), 2.11-2.17 (t, J =  7.6 Hz, 2 H, CH2 CO), 3.35 (s, 9 H, 

N(CH3 )3 ), 3.70 (m, 2 H, CA/2 N(CH3)3 ), 3.93 (m, 1 H, CHNH), 4 .15  (m, 4 H, 

CH2 0 P (0 )0 C H 2), 4.39 (d, 6 .6  Hz, 1 H, CD“ CDCHOH). Anal. Calcd for

C 41H 8 1D2 0 6 N2 P-3H2 0 :  C, 62.60; H, 11.32; N, 3.56; P, 3.94. Found: C, 

62.52; H, 11.30; N, 3.65; P, 4.21.

D L -ary f/iro -S p h in g o m y e lin  (10b). This com pound w as p repared  

from 9b  in 34%  yield by using the  sam e procedure a s  described for 10a.

IS A f-D L -e ry f/iro -S p h in g o m y elin  (10c). 2-B rom oethylphosphoric  

acid dichloride3 9  (0.5 M in THF, 800 pL, 0 .40 mmol) w as cooled  in an  ice 

bath . After th e  addition of dry triethylam ine (167 pL, 1.20 mmol), the  

phosphorylation mixture w as kept a t 25 °C and  a  solution of alcohol 9 c  (127 

mg, 0 .20 mmol) in 2 mL of dry THF w as added  dropw ise with stirring. The 

reaction mixture w as stirred for 1 day at room tem peratu re . A precipitate 

(triethylammonium hydrochloride) formed, which w as rem oved by filtration. 

The filtrate w as evaporated to dryness. The residue w as dissolved in 1.5 mL 

of THF. Sodium  a ce ta te  (1.5 mL of a  0 .5  M solution in w ater) and  

ethylenediam inetetraacetate  disodium  salt (0.1 mL of a  0 .5  M solution in 

water) w ere added  with stirring. After overnight hydrolysis, chloroform (10 mL) 

w as added, and  the mixture w as extracted with water. The organic layer w as 

dried (MgS0 4 ) and  evaporated to dryness. The residue w as purified by flash 

ch ro m a to g rap h y  (first with h ex an e-e th y l a c e ta te ,  4 :5 , th e n  with 

CHCI3 -MeOH-7 N NH4 OH, 65:25:4) to  give 85 mg (54%) of th e  bromoethyl 

e s te r  interm ediate a s  a  yellow oil; TLC (CHCI3 -MeOH-7 N NH4 OH, 65:25:4) 

R f  0.65.

To a  solution of the bromoethyl e s te r  (85 mg, 0 .10 mmol) in chloroform

27



(0.9 mL) w ere added  2-propanol (1.5 mL) and acetonitrile (1.5 mL), followed 

by trimethylamine in w ater (3 mL of a  25%  aq u eo u s solution). The reaction 

w as com pleted after stirring for 46 h a t room tem perature . The solvent w as 

rem oved using  a  rotary ev ap o ra to r (azeo trop ic  distillation with e x c e ss

2 -propanol). The crude  product w as purified by flash chrom atography 

(elution first with CHCl3 -MeOH, 9:1, then  with CHCI3 -MeOH-7 N NH4 OH, 

65:25:4); yield (contains silica gel), 60 mg (75%); TLC (CHCl3 -MeOH-7  N 

NH4OH, 65:25:4) R f 0.33.

The above com pound (60 mg, 0.073 mmol) w as dissolved in 4  mL of 

m ethanol. A trace  of p-toluenesulfonic acid w as added , and  th e  reaction 

mixture w as refluxed overnight. T he so lven ts w ere  concen tra ted  under 

vacuum , leaving a  residue that w as purified by flash chrom atography (elution 

with CHCl3 -MeOH-7  N NH4 OH, 65:25:4). S uspended  silica gel w as rem oved 

by passing a  CHCI3  solution of th e  product through a  0.45-pm  Metrical filter 

th ree  tim es to  give 38 mg (71%) of 1 5 /V -sphingom yelin (1 0 c ) ;  TLC 

(CHCl3 -MeOH-7  N NH4OH, 65:25:5) Rf 0.22; 1H NMR (300 MHz, CDCI3 ) 5 

(ppm) 0.85-0.91 (t, J = 6.5 Hz, 6  H, CH3 (CH2 ) n ,  CH3 (CH2)15), 1.26 (m, 50 

H, (CH2 )11f (CH2 ) i 4 ). 1-57 (m, 2  H, C H 2 C H 2 CO), 2 .00-2 .07  (m, 2  H, 

CH2 CH=CH), 2.11-2.17 (t, J = 7.4 Hz, 2 H, CH2 CO), 3.35 (s, 9 H, N(CH3)3), 

3 .70 (m, 2 H, C f /2 N (C H 3 )3 ), 3 .95 (m, 1 H, CHNH), 4 .14  (m, 4  H, 

CH2 0 P (0 )0 C H 2), 4.39 (m, 1 H, CH=CHCHOH), 5.55-5.64 (dd, J = 15.5 Hz,

6.9 Hz, 1 H, vinyl H), 5.81-5.90 (dt, J =  15.4 Hz, 7.0 Hz, 1 H, vinyl H). Anal 

Calcd for C4 1 H3 8 0 6 N 2 P-3H2 0 :  C, 61.23; H, 11.40; N, 3.50; P, 3.85. Found: 

C, 61.00; H, 10.82; N, 3.01; P, 3.73.

1 - (0 - fe r f -B u ty ld ip h e n y ls ily l) -2 - (A f-o c ta d e c a n o y l) -3 -

O - m e th y l - D L - e r y f / i r o - s p h ln g o s in e  (1 1 b) (S c h e m e  2 ). Sodium
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hydride (35 mg, 1.44 mmol) w as added to a  solution of 580 mg (0.72 mmol) of 

allylic alcohol 8 b  in 15 mL of THF. After the  reaction mixture w as stirred a t 

room tem perature for 1 h, a  trace  of tetra-n-butylammonium iodide and 450 pL 

(7.2 mmol) of methyl iodide (10>fold molar excess) w ere added . The mixture 

w as stirred at room tem perature  for 6  h. The solvent w as rem oved under 

reduced pressure . The residue w as dissolved in 25  mL of chloroform, and  

w ashed  with 10% ammonium chloride solution (20 mL). The organic p h ase  

w as dried  (MgS0 4 ). The residue w as purified by flash chrom atography 

(elution with hexane-ethyl ace ta te , 5:1) to give 380 mg (64%) of the  pure 

product a s  a  white solid; mp 49-49.5 °C; TLC (hexane-ethyl ace ta te , 5:1) R f 

0.48; IR (CHCI3 ) 3425, 3072, 3060, 2919, 2849, 1661, 1590, 1490, 1461, 

1378, 1261, 1108, 903, 820, 732, 703 cm -1; NMR (300 MHz, CDCI3 ) 5 

(ppm) 0.85-0.91 (t, 6 .6  Hz, 6  H, CH3 (CH2)i 1 , CH3 (CH2 ) i 4 ), 1.07 (s, 9 H,

C(CH3)3 ), 1.26 (m, 50 H, (CH2)11f (CH2)14), 1.67 (m, 2  H, CH2 CH2 CO ), 

2.00-2.13 (m, 4 H, CH2 CH=CH, CH2 CH2 CO), 3.22 (s, 3 H, OCH3 ), 3.65-3.72 

(m, 2 H, CHOCH3 , CHNH), 3.95-4.09 (m, 2 H, CH2 0 ), 5.29-5.47 (m, 1 H, vinyl 

H), 5.61-5.91 (m, 1 H, vinyl H), 7.39-7.67 (m, 10 H, Ar). Anal. C alcd for 

C 5 3 H g i0 3 NSi: C, 77.78; H, 11.21; N, 1.71. Found: C, 77.90; H, 11.17; N, 

1.84.

1 - (0 - f6 r f -B u ty ld ip h e n y ls i ly l) -2 - (1 5 /v -o c ta d e c a n o y l) -3 -

O -m e th y l-D L -e ry /b ro -sp h ln g o s in e  (11c). This com pound w as p repared  

in 63%  yield by using the sam e  procedure a s  described  above; mp 49.5 °C; 

TLC (hexane-ethyl acetate , 5:1) R f 0.48; IR (CHCI3 ) 3284, 2919, 2849, 1663, 

1637, 1525, 1467, 1425, 1378, 1361, 1261, 1102, 1067, 961 c m "1 ;lH  NMR 

(200 MHz, CDCI3 ) 5 (ppm) 0.85-0.88 (t, J  = 6 .6  Hz, 6  H, CH 3 (C H 2 )1 1 , 

CH3 (CH2 )14), 1.07 (s, 9 H, C(CH3 )3 ), 1.25 (m, 50 H, (CH2 )11t (CH2 )14),
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1.57-1.64 (m, 2  H, C H 2 C H 2 CO), 2 .00-2 .12  (m, 4 H, C H 2 C H = C H , 

CH2 CH2 CO), 3.22 (s, 3 H, OCH3 ), 3.65-3.72 (m, 1 H, CHNH), 3.94-4.09 (m, 3 

H, CH2 0 ,  C H O C H 3 ), 5 .21-5.33 (dd, J  = 15.4 Hz, 7.0 Hz, 1 H, vinyl H),

5.57-5.68 (dt, 15.4 Hz, 7.0 Hz, 1 H, vinyl H), 5.89-5.91 (d, J =  9.1 Hz, 1 H, 

CHNH), 7 .39-7.67 (m, 10 H, Ar). Anal. Calcd for C53H910 3 15NSi: C, 77.69;

H, 11.19; N, 1.71. Found: C, 77.58; H, 11.43; N, 1.76.

1 - (0 - f e r f -B u ty ld ip h e n y ls i ly l ) -2 - (N -o c ta d e c a n o y l) -3 -0 -e th y l-  

D L -e ry f/iro -sp h ln g o s ln e  (12b). This com pound w as prepared  from 7 b  in 

54%  yield by using  the  sa m e  p rocedure  a s  describ ed  for 1 1 b ;  TLC 

(hexane-ethyl a ce ta te , 6:1) R f 0.55; IR (CHCI3 ) 3440, 3071, 3050, 2926, 

2854, 1655, 1590, 1514, 1465, 1428, 1361, 1263, 1216, 1113, 1008, 938, 

872, 823, 759, 741, 701 cm ‘1; 1H NMR (300 MHz, CDCI3 ) 5 (ppm) 0.86-0.90 

(t, J -  6 .5  Hz, 6  H, C H 3 (CH 2 ) h .  CH3 (CH2 )14), 1.07 (s, 9 H, C(CH3 )3 ),

I.10-1.13 (t, J =  7.0 Hz, 3 H, OCH2 CH3 ), 1.25 (m, 50 H, (CH2 ) i 1f (CH2 )14),

1.60 (m, 2  H, CH2 CH 2 CO), 1.97-2.11 (m, 4  H, CH2 CH=CH, CH2 CH2 CO), 

3 .22-3 .27  (q, J  = 7 .0  Hz, 2  H, OCH 2 C H 3 ), 3 .51-3.56 (m, 1 H, CH N H ),

3.67-3.71 (dd, J  = 9.9 Hz, 3.0 Hz, 1 H, CH O CH 2 CH3 ), 3.99-4.03 (m, 2 H, 

CH2 0 ) , 5.26-5.34 (dd, J = 15.4 Hz, 7.0 Hz, 1 H, vinyl H), 5.57-5.69 (m, 2 H, 

vinyl H, NH), 7 .37-7 .64 (m, 10 H, Ar). Anal. Calcd for C5 4 H9 3 0 3 NSi: C, 

77.92; H, 11.26; N, 1.6 8 . Found: C, 78.20; H, 11.52; N, 1.75.

1 -(O -f0 r f -B u ty ld ip h e n y ls i ly l) -2 -(1 5 N -o c ta d e c a n o y l) - 3 -O -e th y l-  

D L -e ry f / iro -s p h ln g o s in e  (12c). This com pound w as p repared  in 57%  

yield by using the  sa m e  procedure a s  described  above; TLC (hexane-ethyl 

ace ta te , 5:1) Rf 0.50; IR (CHCI3 ) 3464-3331, 3060, 3037, 2919, 2849 ,1655 , 

1514, 1467, 1425, 1362, 1263, 1108, 1008, 872, 820 cm-1; 1 r  NMR (200
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MHz, CDCI3 ) 5 0.84-0.90 (t, J  = 6 .6  Hz, 6  H, CH3 (CH2 )11t CH3 (CH2 ) i 4 ),

1.02-1.14 (m, 12  H, C(CH3)3 , OCH2 CH3), 1.24 (m, 50 H, (CH2 ) n ,  (CH2)14), 

1 .48-1 .74  (m, 4  H, C H 2 C H 2 CO, C H 2 C H = C H ), 1 .93-2 .03  (m, 2  H, 

CH2 CW2 CO), 3.25-3.47 (q, J  = 6.9 Hz, 2 H, OCH2 CH3 ), 3.69-3.76 (m, 1 H, 

CHNH), 4 .10-4 .28  (m, 3 H, C H O C H 2 C H 3 , CH2 0 ) , 5 .20-5.34 (m, 2  H, 

CH2 CH=CH), 5.72-5.77 (d, J =  9.1 Hz, 1 H, CHNH), 7.29-7.68 (m, 10 H, Ar). 

Anal. Calcd for C5 4 H<)3 0 3 1 5 NSi: C, 77.82; H, 11.25; N, 1.68. Found: C, 

77.07; H, 10.92; N, 1.55.

2-(N-Octadecanoyl)-3-0-methyl-DL-eryf/iro-sphingosine 

(13b). This com pound w as prepared  from 11b in 97%  yield by using the  

sam e  procedure a s  described for 9a; mp 79.5°C; TLC (hexane-ethyl ace ta te , 

4:5) Rf 0.40; ^H NMR (300 MHz, CDCI3) 5 (ppm) 0.85-0.91 (t, J =  6 .6  Hz, 6  H, 

C /f3(CH2 ) n ,  CH3 (CH2)14), 1.25 (m, 50 H, (CH2)11f (CH2)14), 1.64 (m, 2  H, 

CH2 CH2 CO), 2.03-2.09 (m, 2 H, CH2 CH=CH), 2.18-2.26 (t, 7.5 Hz, 2 H,

CH2CH2CO), 3.26 (s, 3 H, OCH3), 3.57-3.62 (m, 1 H, CHNH), 3.83-3.99 (m, 3 

H, CH2 0 ,  C H O C H 3 ), 5.29-5.41 (dd, J = 15.4 Hz, 7.6 Hz, 1 H, vinyl H), 

5.70-5.81 (dt, J =  15.4 Hz, 6.9 Hz, 1 H, vinyl H), 6.01-6.04 (d, J =  7.6 Hz, 1 H, 

NH). Anal. Calcd for C3 7 H7 3 0 3 N: C, 76.62; H, 12.64; N, 2.41. Found: C, 

75.17; H, 12.61; N, 2.23.

2-(15Af-Octadecanoyl)>3-0-methyl-DL-eryf/iro-sphingoslne 

(13c). This com pound  w as p rep a red  in 93%  yield by using th e  sa m e  

procedure a s  described  above; mp 79-79.5°C; TLC (hexane-ethyl ace ta te , 

4:5) Rf  0.40; 1H NMR (200 MHz,CDCI3) 5 (ppm) 0.85-0.91 (t, J  = 6 .6  Hz, 6  H, 

CH3 (CH2 )11( CH3 (CH2 )14), 1.25 (m, 50 H, (CH2 ) n ,  (CH2)14), 1.62 (m, 2 H, 

CH2 CH2 CO), 2.01-2.07 (m, 2  H, CH2 CH=CH), 2.15-2.22 (t, J  = 7.5 Hz, 2 H,
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CH2 CH2 CO), 3.26 (s, 3 H, OCH3 ), 3.55-3.59 (m, 1 H, CHNH), 3.85-4.01 (m, 3 

H, CH2 0 ,  C H O C H 3 ), 5 .29-5.43 (dd, J  = 15.5 Hz, 7.4 Hz, 1 H, vinyl H),

5.68-5.80 (dt, J =  15.4 Hz, 7.0 Hz, 1 H, vinyl H), 6.05-6.10 (d, 7.6 Hz, 1 H,

CHNH). Anal. Calcd for C3 7 H7 3 O3 I 5 N: C, 76.49; H, 12.66; N, 2.41. Found: 

C, 76.60; H, 12.83; N, 2.25.

2 - (N -O c ta d e c a n o y l) -3 -0 - e th y l-D L - e /y f / ) r o - s p h in g o s in e  (14b).

This com pound w as p repared  from 1 2 b  in (95%) yield by using the sam e 

procedure a s  described for 9a; TLC (hexane-ethyl ace ta te , 4:5), R f 0.52; 1H 

NMR (300 MHz, CDCI3 ) 8  (ppm) 0.85-0.90 (t, 6.9 Hz, 6  H, CH3 (CH2)11f

C H 3 (C H 2 ) i 4 ), 1.14-1.19 (t, J = 7.1 Hz, 3 H, OCH2 C H 3 ), 1.25 (m, 50 H, 

(CH 2 ) n ,  (CH2 )14), 1.57-1.66 (m, 2  H, CH2 C H 2 CO), 2 .03-2.10 (m, 2  H, 

CH2 CH=CH), 2.19-2.22 (t, J = 7.6 Hz, 2 H, CH2 CH2 CO), 3.17-3.29 (m, 2 H, 

O C H 2 CH 3 ), 3.53-3.61 (m, 2 H, CH O CH 2 CH 3 , CHNH), 3.96-4.00 (m, 2 H, 

CH2 0 ), 5.33-5.41 (dd, J  = 15.4 Hz, 7.4 Hz, 1 H, vinyl H), 5.72-5.77 (dt, J  = 15.5 

Hz, 6 .7  Hz, 1 H, vinyl H), 6.28-6.30 (d, J =  7.6 Hz, 1 H, NH). Anal. Calcd for 

C3 8 H7 5 O3 N: C, 76.84; H, 12.72; N, 2.36. Found: C, 76.64; H, 13.00; N, 2.26.

2 - ( 1 5 N .o c ta d e c a n o y l ) - 3 - 0 - e th y l - D L -e r y f / i r o - s p h in g o s in e  

(14c). This com pound w as p repared  in 91%  yield by using the  sam e  

procedure a s  described above; TLC (hexane-ethyl ace ta te , 4:5), R f 0.52; 1H 

NMR (200 MHz, CDCI3 ) 8  (ppm) 0.85-0.90 (t, J =  6 .6  Hz, 6  H, CH3 (CH2 )11, 

C H 3 (CH 2 )1 4 ), 1.13-1.17 (t, J  = 7 .0  Hz, 3 H, OCH2 C H 3 ), 1.26 (m, 50 H, 

(CH2 )-| -|, (CH2 )14), 1.55-1.64 (m, 2 H, CH2 C H 2 CO), 2 .03-2.10 (m, 2  H, 

CH2 CH=CH), 2.17-2.22 (t, J = 7.6 Hz, 2 H, CH2 CH2 CO), 3.17-3.25 (m, 2 H, 

O C H 2 CH3 ), 3.53-3.61 (m, 2 H, CHO CH 2 QH3 , CHNH), 3.99-4.03 (m, 2 H, 

CH2 0 ), 5.25-5.35 (dd, J =  15.4 Hz, 7.0 Hz, 1 H, vinyl H), 5.60-5.75 (dt, J =  15.5
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Hz, 7.0 Hz, 1 H, vinyl H), 6.30-6.33 (d, J =  7.6 Hz, 1 H, CHNH). Anal. Calcd for 

C 3 8 H7 5 O3 I 5 N: C, 76.71; H, 12.70; N, 2.52. Found: C, 76.57; H, 12.87; N, 

2.58.

3 -O -M e th y l-D L -e /y f / iro -sp h ln g o m y e lin  (16b). T his com pound  

w as p rep a red  from 1 3 b  in 36%  yield by using th e  sa m e  p rocedure  a s  

described  for 10c (page 27); TLC (CHCl3 -MeOH-7  N NH4 OH, 65:25:4) R f 

0.36; 1 H NMR (200 MHz, CDCI3 ) 5 (ppm) 0.85-0.91 (t, J = 6 .6  Hz, 6  H, 

CH3 (CH2 )1 1 , CH3 (CH2)14), 1-25 (m, 50 H, ( C H ^ n ,  (CH2)14), 1.65 (m, 2  H, 

CH2 CCH2 CO), 2.03-2.10 (m, 2  H, CH2 CH=CH), 2.22-2.30 (t, J =  7 .4  Hz, 2  H, 

C H 2 C H 2 CO), 3 .30  (s, 12 H, N(CH3 )3| O C H 3 ), 3 .78 (m, 3 H, C H N H , 

CH 2 N(CH3)3 ), 3.95-4.10 (m, 4 H, CH2 0 P (0 ) (0 - )0 C H 2 ), 5.26-5.40 (dd, J  = 

15.4, 6 .8  Hz, 1 H, vinyl H), 5.62-5.74 (dt, J =  15.4, 7.0 Hz, 1 H, vinyl H). Anal. 

Calcd for C4 2 H8 5 0 6 N2 P-3 .5 H2 0 : C, 62.42; H, 11.46; N, 3.46. Found: C, 

62.34; H, 11.57; N, 3.09.

3 - O - M e t h y l - 1 S /V - D L -e ry f / i ro - s p h in g o m y e l in  (1 6 c ). T h is  

com pound w as prepared from 13c in 43% yield by using the sam e  procedure 

a s  described for 10c; TLC (CHCl3 -MeOH-H2 0 -Conc. NH4 OH, 60:30:2:2), Rf 

0.30; 1 H NMR (300 MHz, CDCI3 ) 8  (ppm) 0.85-0.90 (t, J  = 6 .6  Hz, 6  H, 

CH3 (CH2)11, CH3(CH2h  4 ), 1.25 (m, 50 H, (CH2)11t (CH2)14), 1.64 (m, 2  H, 

CH2 CH2 CO), 2.00-2.07 (m, 2 H, CH2 CH=CH), 2.18-2.26 (t, J =  7.5 Hz, 2  H, 

C H 2 C H 2 CO), 3 .29  (s, 12  H, N(CH3 )3 , OCH 3 ), 3 .62-3 .67  (m, 3 H, 

CH2 N(CH3)3), CHNH), 3.95-4.12 (m, 4 H, CH2 0 P (0 ) (0 " )0 C H 2), 5.29-5.41 

(dd, J =  15.4 Hz, 6 .8  Hz, 1 H, vinyl H), 5.65-5.77 (dt, J =  15.5 Hz, 6 .8  Hz, 1 H, 

vinyl H), 6.30-6.33 (d, J =  7.6 Hz, 1 H, CHNH).
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3 -0 -E th y l-D L -e ry f/)ro -sp h ln g o m y e lin  (17b). This com pound w as 

prepared  from 14b  in 41%  yield by using the  sam e  procedure a s  described 

above; TLC (CHCI3 -MeOH-7 N NH4 OH, 65:25:4) R f  0.30; 1H NMR (200 

MHz, CDCI3 ) 8  (ppm) 0 .85-0 .89  (t, J  -  6 .8  Hz, 6  H, C H 3 (C H 2 ) 1 1 , 

C H 3 (CH 2 )1 4 ), 1.10-1.13 (t, J  = 7 .0  Hz, 3  H, OCH2 C H 3 ), 1.25 (m, 50 H, 

(CH2 ) i i  , (CH2)14), 1.55-1.60 (m, 2 H, CH 2 C H 2 CO), 1.99-2.05 (m, 2 H, 

CH2 CH=CH), 2.12-2.17 (t, J =  7.6 Hz, 2  H, CH2CH2CO), 3.30-3.50 (m, 11 H, 

N (C H 3 )3f O C H 2 C H 3 ), 3 .70 -3 .85  (m, 4  H, CHN H, C H 2 N (C H 3 )3 i 

CHOCH2CH3), 4.23 (m, 4  H, CH2 0 P ( 0 ) ( 0 ”)0C H 2), 5.33-5.41 (dd, 15.4,

7.4 Hz, 1 H, vinyl H), 5.57-5.65 (dt, J =  15 .4 ,6 .8  Hz, 1 H, vinyl H).

3 - O - E t h y l - 1 5 A /-D L -e r y f /7f o - s p h in g o m y e l ln  (1 7 c ). T h i s  

com pound w as p rep a red  from 14c  in 39%  yield by using th e  sam e  

procedure  a s  described  above; TLC (CHCI3 -M eO H -H 2 0 -co n c . NH4 OH, 

60:30:2:2) Rf  0.30; ^H NMR (300 MHz, CDCI3) 8  (ppm) 0.85-0.90 (t, J = 6.6  

Hz, 6  H, C H 3 (C H 2 )11t C H 3 (C H 2 ) 1 4 ), 1 .13-1.17 (t, J  = 7.0 Hz, 3 H, 

O C H 2 C H 3 ), 1.26 (m, 50 H, (CH2 )11 t (CH2 ) 1 4 ), 1 .55-1.60 (m, 2 H, 

CH2 CH2 CO), 2.00-2.07 (m, 2 H, CH2 CH=CH), 2.17-2.22 (t, J =  7.6 Hz, 2 H, 

CH2 CH2 CO), 3.29-3.50 (m, 11 H, N(CH3 )3 , OCH2 CH3 ), 3.68-3.81 (m, 4 H, 

C H 2 N ( C H 3 )3 ), CH N H ,  C H O C H 2 C H 3 ), 4 .1 2 -4 .2 3  (m, 4  H, 

C H 2 0 P ( 0 ) ( 0 - ) 0 C H 2 ), 5 .26-5.34 (dd, J  = 15.4 Hz, 7.0 Hz, 1 H, vinyl H),

5.59-5.75 (dt, J =  15.4 Hz, 7.0 Hz, 1 H, vinyl H).

N - M e th y l-D L -e ry f b r o ,  f / i r e o - s p h in g o s in e  (18) (S c h e m e  5). 

Diisopropylamine (701 pL, 5.0 mmol) w as added  slowly to a  250-mL flask 

containing 2.0 mL (5.0 mmol) of n-butyllithium (2.5 M solution in hexane) at 

-78 °C. Som e white precipitate w as form ed in a  few m inutes. After the
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reaction mixture had stirred a t -78 °C for 1 h, THF (30 mL) w as added, and the 

solution w as stirred  for 10 min. A solution of 1 .07  g (4.6 mmol) of 

bis(trimethylsilyl)sarcosine in 1.5 mL of THF w as added  slowly to the  mixture. 

T he reac tio n  m ixture w a s  s tirred  fo r 1.5 h, th en  a  so lu tion  of 

(£)-hexadec-2-enal (1.0 g, 4.2 mmol) in 2 mL of THF w as added. The mixture 

w as stirred for 1 h at -78 °C, then overnight at 0  °C. T he mixture w as warm ed 

to room tem perature, and an additional 10 mL of THF w as added; then  lithium 

aluminum hydride (633 mg, 16.7 mmoi) w as slowly ad d ed  to the  reaction 

mixture. The suspension  w as refluxed for 24 h, cooled to room tem perature, 

and then quenched with w ater (2.5 mL). The reaction mixture w as filtered and  

w ashed with THF (15 mL). The solvents w ere rem oved under vacuum . T he 

residue w as dissolved in 50 mL of chloroform, and w ashed  with 10% aqueous 

am m onium  chloride solution (2 x 30 mL). T he o rgan ic  p h a se  w a s  

concentrated  by rotary evaporation. The crude product w as purified by flash 

chrom atography  (elution first with hexane-ethyl a c e ta te , 4:1, th en  with 

CHCl3 -MeOH, 9:1, and  CHCl3 -MeOH, 3:1) to give 500 mg (38%) of pure  

A/-methylsphingosine (18); TLC (CHCI3 -MeOH, 3:2) Rf  0.33; ^H NMR (200 

MHz, CDCI3) 8 (ppm) 0.85-0.90 (t, J =  6.7 Hz, 3 H, CH3 (CH2)i 1), 1.26 (m, 22 

H, (CH2 )1 1 ), 2 .03-2.05 (m, 2  H, CH2 CH=CH), 2.81 (d, J  = 2.7 Hz, 3 H, 

NHCH3 ), 3.01 (m, 1 H, CHNH), 3.69-3.88 (m, 1 H, CHOH), 3.90-3.96 (m, 2 H, 

CH2 OH), 5.20 (s, 3 H, CHNH, CHOH, CH2 OH; when D20  w as added, th is 

peak  w as shifted to 4.70 ppm), 5.43-5.50 (dd, J =  14.3 Hz, 6 .7  Hz, 1 H, vinyl 

H), 5 .81-5 .88  (dt, J = 14.4 Hz, 6.7 Hz, 1 H, vinyl H). Anal. Calcd for 

C i7 H3 g0 2 N: C, 72.79; H, 12.54; N, 4.47. Found: C, 72.62; H, 12.50; N, 4.21.

f Z - B i p h e n y l c a r b o x a m i d o - D L - e r y f / i r o - s p h i n g o s i n e  (1 9 )  

(S ch em e  6 ). 4-Biphenylcarbonyl chloride 50 mg (0.23 mmol) in 0 .6  mL of
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THF w as added  to sphingosine 5 b  (15 mg, 0.05 mmol) in 0.9 mL of THF and 3 

mL of a  sa tu ra ted  solution of sodium  ace ta te  in water. The biphasic reaction 

mixture w as vigorously agitated at room tem perature  overnight. After TLC 

(CHCl3 -EtOH, 10:1) show ed that reaction w as com plete, chloroform (10 mL) 

and 0.1 N a q u eo u s  NaOH (5 mL) w ere added . The two p h a se s  w ere 

separa ted , and  the  organic p hase  w as w ashed with water. After the  solvents 

w ere rem oved u n der vacuum , th e  crude  product w as purified by flash 

chrom atography (elution with CHCl3 -EtOH, 10:1) to give 17 mg (70%) of the 

pure product; TLC (CHCI3 -EtOH, 10:1) R f 0.35; ^H NMR (200 MHz, CDCI3) 5 

(ppm) 0.85-0.91 (t, J =  6.4 Hz, 3 H, CH3 ), 1.26 (m, 2 2  H, (CH2 ) n ) ,  2.03-2.06 

(m, 2 H, CH2 CH=CH), 3.80-3.85 (m, 1 H, CHNH), 4.10-4.85 (m, 2 H, CH2 OH), 

4.48 (m, 1 H, CHOH), 5.54-5.60 (dd, J  = 15.4 Hz, 6 .6  Hz, 1 H, vinyl H), 

5.80-5.92 (dt, J =  15.2 Hz, 6.4 Hz, 1 H, vinyl H), 7.04-7.09 (d, J =  8.2 Hz, 1 H, 

CHNH), 7.45-7.90 (m, 9 H, C 6 H4C 6 H5 ).

/V -B ip h e n y lc a r b o x a m id o - D - e r y f h r o - s p h in g o s in e  (19 '). T h i s  

com pound w as prepared  from D-e/yfhro-sphingosine in 82%  yield by using 

the sam e  procedure a s  described for 19.

t f -B ip h e n y lc a rb o x a m id o s p h in g o s in e -A  m ix tu re  o f  e ry th ro - 

an d  threoAso m e r  (19"). This com pound w as p repared  from a  mixture of 

erythro- and  threo-sphingosine in 80%  yield by using the sam e  procedure a s  

described for 19.

N - M e t h y l - i V - b i p h e n y l c a r b o x a m i d o - D L - e / y f / i r o ,  th reo - 

s p h i n g o s i n e  (2 0 ) . T h i s  c o m p o u n d  w a s  p r e p a r e d  f rom 

A /-m ethylsphingosine (18) in 80%  yield by using th e  sam e  procedure a s
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described for 19. 1H NMR (200  MHz, CDCI3 ) 8  (ppm) 0.85-0.90 (t, J *  6 .6  Hz, 

3 H, CH3 (CH2 )11 ), 1.25 (m, 2 2  H, (CH2 ) n ) ,  2.01-2.06 (m, 2  H, CH2 CH=CH),

3.01 (s, 3 H, NCH3 ), 3.90-3.97 (m, 1 H, CHNCH3 ), 4.10 (m, 2  H, CH2 OH),

4.60-4.68 (m, 1 H, CHOH), 5.57-5.69 (dd, J  = 15.4 Hz, 6.7 Hz, 1 H, vinyl H), 

5.79-5.90 (dt, J  = 15.4 Hz, 6.7 Hz, 1 H, vinyl H), 7.38-7.66 (m, 9 H, Ar).

N -M e th y l-N -b ip h e n y lc a rb o x a m id o -D -e /y f /iro -  

s p h l n g o s i n e  (2 0 ') .  T h i s  c o m p o u n d  w a s  p r e p a r e d  f rom 

H-methyl-D-e/yf/?ro-sphingosine in 81%  yield by using the  sam e  procedure 

a s  described for 19.1 H nm R  (200 MHz, CDCI3 ) 8  (ppm) 0.85-0.90 (t, J  = 6 .6  

Hz, 3 H, CH3 (CH2 ) h ) ,  1.25 (m, 22 H, (CH2 ) n ) ,  2.08 (m, 2  H, CH2CH=CH),

3.02 (s, 3 H, NCH3 ), 3.91-3.97 (m, 1 H, CHNCH3 ), 4.10 (m, 2 H, CH2 OH), 4.47 

(m, 1 H, CHOH), 5.57-5.69 (dd, J =  15.4 Hz, 6.7 Hz, 1 H, vinyl H), 5.80-5.94 (dt, 

J  = 15.4 Hz, 6.7 Hz, 1 H, vinyl H), 7.38-7.65 (m, 9 H, Ar).

B ls-(fl)-(+ )-M osher E s te r  of 19 (21). A mixture of 5 .04 mg (0.021 

mmol) of DMAP and 28 pL (0.20 mmol) of triethylamine in 1.0 mL of methylene 

chloride w as added  to a  solution of M -biphenylcarboxam idosphingosine 19 

(10 mg, 0.021 mmol) in 4.0 mL of methylene chloride. Immediately, 8.4 pL of 

neat (/?)-(+)-MTPA chloride4 0  w as added. The reaction w as com pleted in 1 h. 

T h e  r e a c t i o n  m i x t u r e  w a s  q u e n c h e d  by  a d d i n g

3-(dimethylamino)propylamine (30 pL). The mixture w as concentrated, and 

the  residue w as p assed  through a  short column of silica gel (elution with 

hexane-ethyl ace ta te , 4:1) to give 21 mg of crude 21; 1H NMR (300 MHz, 

CDCI3 ) 8  (ppm) 0.84-0.91 (t, J  = 6.3 Hz, 3 H, CH3), 1.24 (m, 22 H, (CH2)i 1 ),

1.97-2.00 (m, 2 H, CH2 CH=CH), 3.49 (s, 3 H, OCH3 ), 3.52 (s, 3 H, OCH3 ), 

4.44 (dd, J a b  = 11 -5 Hz, JAC = 3.65 Hz, 1 H, CHAHBOMTPA), 4.58 (dd, JAB =
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11.5 Hz, Jb c  -  5 .39 Hz, 1 H, CHA H B OMTPA), 4 .77 -4 .79  (m, 1 H, 

C H c N H C H A H bO M T P A ), 5 .3 8  (dd, J  = 15.3 Hz, 7 .7  Hz, 1 H, 

CH=CHCHOMTPA), 5.52-5.59 (m, 1 H, CH=CWCHOMTPA), 5.80-5.94 (dt, J  =

14.9 Hz, 6 .8  Hz, 1 H, C 1 3 H2 7 CH=CH), 6.12 (d, J  -  9.0 Hz, 1 H, CHCNH),

7.28-7.61 (m, 19 H, Ar).

B is -( /? )-(+ )-M o sh e r e s t e r  o f 19 ' (21 '). T h is co m p o u n d  w as 

prepared  from 19 ' in 81%  yield by using the procedure described  above.

1 -B ro m o - (£ ) -h e x a d e c -2 -e n e  (22) (S c h e m e  3). To a  flam e-dried, 

100-mL, tw o-necked round-bottom  flask equipped with a  m agnetic stirrer, 

dropping funnel with rubber septum , and  nitrogen inlet ad ap te r w as added  

1.22 g (6 .8 8  mmol) of A/-bromosuccinimide. Methylene chloride (35 mL) w as 

ad d ed , an d  th e  resulting solution w as coo led  to  -30 °C  with a  dry 

ice/acetonitrile bath. Freshly distilled dimethyl sulfide (550 pL, 7.5 mmol) w as 

a d d ed  dropw ise. T he mixture w as w arm ed to 0 °C with an  ice bath, 

m aintained a t tha t tem pera tu re  for 5 min, and  cooled to  -30 °C. To the  

resulting milky yellow su sp en s io n  a  solution of 1.5 g (6 .25 mmol) of 

(£ )-h ex a d e c -2 -e n -1 -o l (2) in 5 mL of m ethylene chloride w a s  ad d ed  

dropwise. The suspension  w as warm ed to 0 °C with an ice bath, and  stirred 

for 1.5 h. The ice bath w as rem oved, the reaction mixture w as allowed to 

warm to room tem perature, and  stirring w as continued for an  additional 15 

min. The reaction mixture w as poured into a  250-mL separatory  funnel and 

w ashed  with saturated  sodium chloride solution (35 mL). The aqueous layer 

w as w ashed with chloroform (2 x 20 mL). The com bined organic p h a ses  were 

w ashed  with sa tu rated  sodium  chloride solution (25 mL), dried (MgS0 4 ), and 

concentra ted  with a  rotary evaporator. The crude product w as purified by
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flash chrom atography. Elution with hexane afforded 1.68 g (89%) of pure 

1 -b rom o-(E )-hexadec-2-ene  (22); TLC (hexane) R f  0.59; 1H NMR (200 

MHz, CDCI3) 6  (ppm) 0.80-0.92 (t, J =  7.0 Hz, 3 H, CH3 ), 1.25 (m, 22 H, 

(CH2 )11), 2.05 (m, 2  H, CH2 CH=CH), 3.98-4.08 (d, 3.6 Hz, 2 H, CH2 OH),

5.58-5.64 (dt, J =  15.5 Hz, 6 .8  Hz, 1 H, vinyl H), 5.76-5.85 (dt, 15.4 Hz, 7.1 

Hz, 1 H, vinyl H).

1 - lo d o - ( E ) - h e x a d e c - 2 - e n e  (23 ). To a  solution of sodium  iodide 

(619 mg, 4.13 mmol) in ace tone  (25 mL) in a  50-mL flask fitted with a  reflux 

condenser protected by a  calcium chloride guard-tube w as added  1.0 g (3.30 

mmol) of 1-brom o-(£)-hexadec-2-ene (22). A precipitate of sodium bromide 

soon began to form. After the  reaction mixture w as left a t room tem perature 

overnight, sodium  bromide w as rem oved by filtration and  the  residue w as 

w ashed  with acetone. The filtrate w as concentrated on a  rotary evaporator, 

leaving a  residue that w as dissolved in 30 mL of hexane and  then w ashed 

with 20 mL of water. The organic phase  w as dried (MgS0 4 ), and  the solvents 

w ere rem oved under vacuum . The crude product w as  purified by flash 

chrom atography (elution with hexane) to give 1.10 g (94%) of 23 a s  a  light 

yellow oil; TLC (hexane) R f  0.59. The 1H NMR spectrum  w as identical to 

that of 2 2 .

3 -D e o x y - D L - s p h in g o s in e  (24 ). D iisopropylam ine (192 pL, 1.37 

mmol) w as slowly dropped into 0.85 mL (1.37 mmol) of n-butyllithium (1.6 M in 

hexane) at -78 °C. Som e white precipitate w as formed immediately. After the 

mixture had stirred for 1 h at -78 °C, THF (15 mL) w as added  and the solution 

w as s tirred  for 10 min. A so lu tion  of 3 6 5  mg (1 .25  mmol) of 

tris(trimethylsilyl)glycine In 1.25 mL of THF w as added  slowly to the  mixture.

3 9



T he reac tio n  m ixture w a s  s tirred  for 1 h, th e n  a  so lu tio n  of 

1-iodo-(f)-hexadec-2-ene (400 mg, 1.14 mmol) in 1.5 mL of THF w as added. 

The mixture w as stirred for 2 h at -78 °C, 30 min at 0  °C, then  w arm ed to room 

tem perature . Lithium aluminum hydride (216 mg, 5 .70  mmol) w as added  

slowly to the  reaction mixture. The suspension  w as refiuxed for 24 h, and then 

w as hydrolyzed with w ater (216 pL), 15% NaOH (216 pL), and H2 O (3 x 216 

pL). The reaction mixture w as filtered and  w ashed  with chloroform (15 mL). 

Som e isopropyl alcohol w as ad d ed  to th e  filtrate, an d  the  so lven ts w ere 

rem oved  u n d e r vacuum . T he c ru d e  p roduct w a s  purified by flash  

chrom atography (elution with CHCl3 -MeOH, 7:3) to afford 180 mg (56%) of 

pure 3-deoxysphingosine (24); TLC (CHCI3 -MeOH, 7:3) R f  0.51; 1H NMR 

(200 MHz, CDCI3 ) 6 (ppm) 0.85-0.90 (t, 6 .8  Hz, 3 H, CH3), 1.25 (m, 22 H,

(CH2 )11 ), 2.01-2.08 (m, 2 H, CH2 CH=CH), 2.15-2.11 (m, 2  H, CH=CHCH2), 

2.33 (s, 3  H, NH2, OH), 3.09 (m, 1 H, CHNH2), 3.58-3.66 (m, 2 H, CH2 OH),

5.35-5.40 (dt, J =  15.5 Hz, 7.1 Hz, 1 H, vinyl H), 5.54-5.67 (dt, J  = 15.4 Hz, 6 .8  

Hz, 1 H, vinyl H).

N -O c ta d e c a n o y l-3 -d e o x y -D L -s p h in g o s ln e  (25 ). This com pound 

w as p repared  from 2 4  in 71%  yield by using th e  sa m e  p rocedure  a s  

described  for 6 a  (page 19); TLC (hexane-ethyl a ce ta te , 4:5) Rf  0.32; 1H 

NMR (200 MHz, CDCI3 ) S (ppm) 0.85-0.90 (t, J  = 6 .6  Hz, 6  H, CH3 (CH2 ) 1 , 

C H 3 (C H 2 )i 4 ), 1.25 (m, 50 H, CH2 ) 11f (CH2 ) 1 4 ), 1 .58-1.64 (m, 2 H, 

C H 2 C H 2 CO), 1.99-2.10 (m, 2 H, C H 2 C H = C H ), 2.15-2.21 (m, 4 H, 

CH=CHCH2, CH2 CH2 CO), 3.10 (m, 1 H, CHNH), 3.58-3.66 (m, 2  H, CH2 OH),

5.32-5.37 (dt, J =  15.5 Hz, 7.2 Hz, 1 H, vinyl H), 5.49-5.63 (dt, J  = 15.4 Hz, 6 .8  

Hz, 1 H, vinyl H). Anal. Calcd for C3 eH7 iN 0 2 : C, 78.62; H, 13.01; N, 2.55. 

Found: C, 78.12; H, 13.26; N, 2.29.
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3 -D e o x y -D L -sp h in g o m y e lln  (26). This com pound w as p repared  

from 25 in 36%  yield by using the sam e procedure a s  described for 10c; TLC 

(CHCI3 -MeOH-7 N NH4 OH, 65:25:4) R / 0.32; 1H NMR (200 MHz, CDCI3 ) 5 

(ppm) 0.85-0.91 (t, J  = 7.0 Hz, 6  H, CH3 (CH2 ) n ,  CH3 (CH2 ) i 4 ), 1.26 (m, 50 

H, (CH2 )1 1 , (CH2 ) 1 4 ), 1.58 (m, 2  H, CH2 C C H 2 CO), 1.96-1.99 (m, 2  H, 

CH 2 CH=CH), 2.22-2.31 (m, 4 H, CH2 CH 2 CO, CH2 CH=CH), 3 .38 (s, 9 H, 

N (C H 3 )3 ), 3 .86 (m, 3 H, CHNH, C H 2 N (C H 3 )3 ), 4 .25-4 .36  (m, 4  H, 

C H 2 0 P ( 0 ) ( 0 - ) 0 C H 2 ), 5.31-5.35 (dt, 15.5 Hz, 6 .8  Hz, 1 H, vinyl H),

5.44-5.58 (dt, J =  15.4 Hz, 7.1 Hz, 1 H, vinyl H).

M ethy l ( 2 /? ,S ) -H y d ro x y h e x a d e c a n o a te  (27) ( S c h e m e  4 ).

(2/?,S)-Hydroxyhexadecanoic acid (2 .0  g, 7 .34 mmol) w as dissolved in 35 mL 

of dry THF. Methanol (327 pL, 8.07 mmol), trimethyl orthoform ate (3.21 mL,

29.4 mmol), and  a  trace of p-toluenesulfonic acid (monohydrate) w ere added. 

After the  reaction mixture w as refluxed overnight, the  solvents w ere rem oved 

on a  ro tary  ev ap o ra to r. T he c rude  product w a s  purified by flash  

chrom atography (elution with hexane-ethyl acetate , 3:1) to give 1.50 g of pure 

product 27 ; yield, 71% ; TLC (hexane-ethyl ace ta te , 3:1) R f  0.44; 1H NMR 

(200 MHz, CDCI3) 8  (ppm) 0.85-0.90 (t, J =  6.3 Hz, 3 H, CH3), 1.25 (m, 24 H, 

(CH2)12), 1.64 (m, 2  H, CH2CHOH), 3.73 (t, J = 6 .0  Hz, 1 H, CH2 C fO H ), 3.79 

(s, 3 H, CH3).

M ethyl ( 2 f? ,S ) -0 - (T e tr a h y d ro p y ra n y lo x y )h e x a d e c a n o a te  (2 8 ). 

Methyl (2/?,S)-hydroxyhexadecanoate (27) (1.30 g, 4.54 mmol) w as dissolved 

in 35 mL of m ethylene chloride. Dihydropyran (704 pL, 7.72 mmol) and a  

trace  of p-toluenesulfonic acid were added. The reaction mixture w as stirred 

a t room tem perature overnight. The solution w as diluted with e ther (15 mL),

41



and  w ashed  with sa tu ra ted  sodium  bicarbonate solution (25 mL) and  w ater 

(25 mL). The organic p h ase  w as dried (MgS0 4 ), the  solvents w ere removed 

with a  ro tary  ev ap o ra to r , an d  th e  re s id u e  w a s  purified by flash  

chrom atography (elution with hexane-ethyl ace ta te , 5:1) to give 1.33 g (79%) 

of 28; TLC (hexane-ethyl ace ta te , 5:1) R f 0.52.

p -N itro p h e n y l [(2’f ? ,S ) -T e tra h y d ro p y ra n y lo x y ]h e x a d e c a -  

n o a te  (29). A solution of potassium  hydroxide (180 mg, 3 .10 mmol) in 10 

mL of m ethanol w as added  dropwise to 1.0 g (2.80 mmol) of methyl e s te r  28 

in a  100-mL flask a t room tem perature. The reaction mixture w as stirred at this 

tem perature  overnight, then  heated  a t 60-70 °C for 3 h. The solvent w as 

rem oved under reduced  p ressu re . T he residue w as dissolved in 30 mL of 

water, cooled to 0 °C, and  2  N HCI w as added slowly until pH of the  solution 

w as 3. The product w as isolated by extraction with m ethylene chloride (2 x 

30 mL). The organic p h a se s  w ere combined and the solvent w as rem oved by 

rotary evaporation. To a  solution of crude product in 20 mL of m ethylene 

chloride were added  p-nitrophenol (442 mg, 3.08 mmol), DCC (635 mg, 3.08 

mmol), and  DMAP (34.2 mg, 0.28 mmol). The reaction mixture w as allowed to 

stir a t room tem perature for 3 h. The N, A/-dicyclohexyl u rea  precipitate w as 

rem oved by filtration and  the  filtrate w as w ashed  with 5 %  aq u eo u s NaOH 

solution (3 x 20 mL). The organic p hase  w as dried (MgS0 4 ), and  the solvent 

w as rem oved by rotary evaporation. The crude product w as purified by flash 

chrom atography (elution with hexane-ethyl aceta te , 7:1) to give 1.2 g (90%) of 

the  product 29; TLC (hexane-ethyl ace ta te , 7:1) R f  0.68; 1H NMR (300 MHz, 

CDCI3 ) 8 (ppm ) 0.85-0.90 (t, J  = 6 .5  Hz, 3 H, CH3 ), 1.20-1.33 (m, 24 H, 

(CH2 )1 2 ). 1.55-2.00 (m, 8  H, C 1 3 H2 7 CH2 CHO, 3 CH2  of THP), 3.65-3.80 (m, 

2  H, CH2 0 ) , 4.56-4.61 (t, J = 6.1 Hz, 1 H, C H O C 02 ), 4.78-4.82 (m, 1 H,
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OCHO), 7.25-7.30 (m, 2 H, Ar), 8.25-8.30 (m, 2 H, Ar).

W-[(2 '-T e t r a h y d ro p y ra n y lo x y )h e x a d e c a n o y l] -D L -0 ry / /7ro -  

s p h ln g o s in e  (30). t h i s  com pound w as p repared  from th e  reaction of 

sphingosine (5b) with p-nitrophenyl e s te r  29 in 8 6 % yield by using the sam e 

procedure a s  described  for 6 a; TLC (CHCl3 -EtOH, 10:1) R f  0.45; 1H NMR 

(200 MHz, CDCI3 , prim es refer to  the THP group in the am ide chain) 5 (ppm) 

0.85-0.90 (t, 6 .6  Hz, 6  H, CH3 (CH2 )11 , CH3 (CH2)12), 1.29-1.37 (m, 46 H,

(C H 2 ) h ,  (CH2 ) i 2 ), 1 .68-1.90 (m, 8  H, (CH2 )3  of THP, C H 2 C H 2 C O ), 

2.05-2.12 (m, 2  H, CH2 CH=CH), 3.55-3.58 (m, 1 H, CHNH), 3.71-3.76 (m, 1 H, 

CHOH), 3.89-4.00 (m, 4  H, CH2 OH, CH20  of THP), 4.22-4.26 (t, J =  7.2 Hz, 1 

H, OCHCO), 4.63-4.66 (m, 1 H, O’-CHO of THP), 5.51-5.59 (m, 1 H, vinyl H),

5.80-5.85 (m, 1 H, vinyl H), 7.19-7.22 (d, J =  7.5 Hz, 1 H, CHNH).

1 -(0 -fe /7 -B u ty ld lp h en y ls ily l)-A /-[(2 ,- te t r a h y d ro p y ra n y lo x y ) -  

h e x a d e c a n o y l] - D L - e ry f /7r o - s p h ln g o s in e  (31). This com pound w as 

prepared  from 30  in 83%  yield by using the  sam e procedure a s  described for 

7 b ; TLC (hexane-ethyl ace ta te , 4:1), R f 0.44; 1H NMR (200 MHz, CDCI3 , 

prim es refer to the  THP group in the amide chain) 8  0.85-0.90 (t, J =  6 .6  Hz, 6

H, CH 3 (CH2 )11t CH3 (CH 2 )1 2 ), 1.08 (s, 9 H, C(CH3 )3 ), 1.25 (m, 46 H, 

(C H 2 )-j 1 , (CH2 )1 2 ), 1.50-1.88 (m, 8  H, (CH2 )3  of THP, CH2 C H O T H P),

I.97-2.03 (m, 2 H, CH2 CH=CH), 3.48-3.55 (m, 1 H, CHNH), 3.76-4.00 (m, 5 H, 

CHOH, CH2 0 ,  CH2 0  of THP), 4 .20-4.24 (t, J  -  7.2 Hz, 1 H, OCHCO), 

4.60-4.63 (m, 1 H, O'CHO of THP), 5.40-5.52 (dd, J =  15.4 Hz, 6.7 Hz, 1 H, 

vinyl H), 5.70-5.82 (dt, 15.4 Hz, 6.7 Hz, 1 H, vinyl H), 7.10-7.13 (d, 7.5 

Hz, 1 H, CHNH), 7.38-7.65 (m, 10 H, Ar). Anal. Calcd for C5 5 H9 3 0 5 NSi: C, 

75.38; H, 10.70; N, 1.60. Found: C, 75.55; H, 10.83; N, 1.57.
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1 -(0 - /e r f -B u ty ld ip h e n y ls i ly l) - /V -[ (2 '- te tra h y d ro p y ra n y lo x y )-  

h e x a d e c a n o y l] -3 - (0 - te t r a h y d r o p y r a n y l) -D L - e ry / / i r o - s p h ln g o s ln e  

(32). This com pound w as prepared  from 31 in 76%  yield by using the  sam e 

procedure a s  described for 8 a  (page 23); TLC (hexane-ethyl ace ta te , 5:1) Rf  

0.65.

N - [ ( 2 '-T e t r a h y d ro p y ra n y lo x y )h e x a d e c a n o y l] - 3 - (0 - te tr a -  

h y d ro p y ra n y O -D L -a ry f / i ro - s p h in g o s in e  (33). T his com pound  w as 

prepared from 32  in 8 8 % yield by using the  sam e procedure a s  described for 

9a  (page 24); TLC (hexane-ethyl ace ta te , 2:3) R f  0 .3 6 ;1H NMR (200 MHz, 

CDCI3 ) 5 (ppm) 0.85-0.90 (t, J  = 6.3 Hz, 6  H, CH3 (CH2 ) n ,  CH3 (CH2)12), 

1.26 (m, 46 H, (CH2 )11f (CH2 )1 2 ), 1.55-1.78 (m, 14 H, (CH2 )3  of THP, 

((C H 2 )3  of THP in am ide chain, and  0 - 'C H C H 2 ), 2 .02-2.06 (m, 2 H, 

CH2 CH=CH), 3.21 (m, 1 H, CHNH), 3.51-3.60 (m, 1 H, CHOTHP), 3.71-4.02 

(m, 6  H, CH2OH, CH20  of THP, and CH20  of THP in amide chain), 4.13-4.18 

(m, 1 H, OCHCO), 4.52 (m, 1 H, O'CHO of THP), 4.61 (m, 1 H, O'CHO of THP 

in amide chain), 5.30-5.42 (dd, J  = 15.4 Hz, 6.7 Hz, 1 H, vinyl H), 5.65-5.76 (dt, 

J =  15.4 Hz, 6.7 Hz, 1 H, vinyl H), 7.15-7.19 (d, J  = 7.7 Hz, 1 H, CHNH). Anal. 

Calcd for C4 4 H8 3 O6 N: C, 73.18; H, 11.58; N, 1.94. Found: C, 72.57; H, 11.49; 

N, 1.84.

JV - [ (2 '-T e tra h y d ro p y ra n y lo x y )h e x a d e c a n o y l] -3 - (0 - te tr a -  

h y d ro p y ra n y l) -D L -e ry f /) ro -sp h in g o m y e lin  (34). To a  solution of 160 

mg (0.22 mmol) of ceram ide 33  and 62 pL (0.44 mmol) of triethylamine in 5 

mL of c h lo ro fo rm  a t  0 °C  w a s  a d d e d  w ith  s y r in g e  

A/,Af-diisopropylmethylphosphoramidic chloride (54.3 pL, 0.26 mmol, 20% 

molar excess). After the mixture w as allowed to react for 10 min at 0 °C, TLC
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(hexane-ethyl ace ta te , 1:1) indicated that no starting ceram ide rem ained. The 

mixture w as concentra ted  to  d ryness under vacuum  (without using a  rotary 

evaporator in order to avoid w ater vapor) and  1 H -tetrazole (55.5 m g, 0.79 

mmol, 3.6-fold excess) and dry choline tosylate (182 mg, 0 .66 mmol, 3.0-fold 

excess) w ere added  to the  reaction flask. Six milliliters of acetonitrile-THF 

(1:1) w ere added  and  the solution w as stirred for 4 h a t room tem perature, 

after which time TLC analysis show ed that the reaction w as com plete. The 

mixture w as again  evapora ted  to d ryness under reduced  p ressu re . The 

residue w as dissolved in THF (5 mL) and added  to terf-butyl hydroperoxide 

(81 pL of a  3 M solution in hexane, 0.25 mmol, 10% ex cess). The reaction 

mixture w as stirred for 2 h a t room tem perature. Ethyl a c e ta te  (10 mL) w as 

added, and the  layers were separated . The organic layer w as w ashed with 15 

mL of 1 M triethylammonium hydrogen carbonate buffer, pH 7.5, to rem ove 

the  e x c e ss  of te trazo le  and  choline tosylate. The o rgan ic  p h a se  w as 

concentrated  to  d ryness and the residue w as dried thoroughly by rep ea ted  

evaporation with dry toluene. Finally, the toluene solution (5 mL) w as trea ted  

with anhydrous trimethylamine (1 mL) in a  25-mL pressure  bottle for 12 h a t 

room tem perature. After this period of time, the dem ethylation of the  methyl 

e s te r  of ph o sp h o ch o lin e  m oiety w as com plete  a s  ju d g ed  by  TLC 

(CHCl3 -M eOH-H2 0 -conc. NH4 OH, 60:30:2:2). The solvent w as rem oved 

using a  rotary evaporator. The residue w as purified by flash chrom atography 

(elution with CHCl3 -MeOH-H2 0 -conc. NH4OH, 60:30:2:3). S uspended  silica 

gel w as rem oved by passing  a  chloroform solution of the  product through a  

0.45-pm  Metrical filter three tim es to give 100 mg (51%) of product 3 4  (from 

ceram ide 33).
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N -[(2 7 ? ,S )-H y d ro x y h e x a d e c a n o y l] -D L -e /y f / iro * sp h ln g o m y e lin  

(35). To a  solution of 100 mg (0.11 mmol) of 34  In 5 mL of dry m ethanol w as 

added  a  trace  of p-toluenesulfonic acid! After the  reaction mixture w as heated 

a t 70 °C overnight, chloroform (15 mL) w as added. The mixture w as w ashed 

with sa tu ra ted  aq u eo u s sodium  bicarbonate solution (10 mL). The organic 

p h ase  w as dried by repeated  evaporation with isopropyl alcohol. The crude 

product w as purified by flash chrom atography (elution first with CHCl3 -MeOH, 

3:1, then with CHCl3 -M eO H -H 2 0 -conc. NH4 OH, 60:30:2:3). S u sp en d ed  

silica gel w as rem oved by passing  a  chloroform solution of th e  product 

through a  0 .45-pm  Metricel filter th ree  tim es to give 6 8  mg (84%) of the 

product; TLC (CHCl3 -MeOH-H2 0 -conc. NH4OH, 60:30:2:3) Fty 0.28; 1H NMR 

(200 MHz, CDCI3 ) 8  (ppm) 0.85-0.90 (t, J = 6 .6  Hz, 6  H, CH 3 (C H 2 )i 1 , 

CH3 (CH2 )1 2 ). 1-25 (m, 46 H, (CH2 ) n ,  (CH2 )1 2 ). 1-46 (m, 2  H, CH2 CHOH), 

1.98 (m, 2 H, CH2 CH=CH), 3.29 (s, 9 H, N(CH3)3 ), 3.41 (m, 1 H, CHNH),

3 .7 5 -3 .9 2  (m, 3 H, C H 2 N ( C H 3 )3 , CH O H ), 4 .0 5 -4 .2 5  (m, 5 H, 

CH2 0 P(0 )0 -0 CH2 , CHOHCO), 5.34-5.49 (dd, 15.4 Hz, 6.7 Hz, 1 H, vinyl 

H), 5 .69-5 .80  (dt, J  = 15.4 Hz, 6 .7  Hz, 1 H, vinyl H). Anal Calcd for 

C3 9 H7 9 O 7 N2 P 2 H2 O: C, 62.04; H, 11.08; N, 3.71. Found: C, 61.87; H, 10.84; 

N, 3.44.

/V - T e t r a d e c a n o y l- D L - e r y f / f r o - s p h in g o s in e  (36) (S c h e m e  7, 

p a g e  56). T his com pound  w as p rep a red  from sph ingosine  (5 b ) and  

p-nitrophenyl m yristate in 82%  yield by using th e  sa m e  p rocedure  a s  

described  for 6 a ;  TLC (CHCl3 -EtOH, 10:1) R f 0.47; 1H NMR (200 MHz, 

CDCI3 ) 8 (ppm) 0.85-0.90 (t, J =  6.5 Hz, 6  H, CH3 (CH2 ) n ,  CH3 (CH2 ) io ) .

1.25 (m, 42 H, (CH2 ) n ,  (CH2 )io ). 1 5 6  (m, 2  H, CH2 CH2 CO), 2.00-2.07 (m, 

2  H, CH2 CH=CH), 2.19-2.26 (t, J =  7.5 Hz, 2 H, CH2CH2CO), 3.68-3.72 (m, 1
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H, CHNH), 3.89-3.98 (m, 2 H, CH2 OH), 4.07-4.14 (m, 1 H, CHOH), 5.47-5.58 

(dd, 15.4 Hz, 6.7 Hz, 1 H, vinyl H), 5.75-5.87 (dt, J =  15.4 Hz, 6 .7  Hz, 1 H, 

vinyl H), 6.20-6.25 (d, J = 7 .2  Hz, 1 H, CHNH). Anal. Calcd for C3 2 H6 3 0 3 N: 

C, 75.38; H, 12.45; N, 2.75. Found: C, 75.29; H, 12.50; N, 2.69.

1 - (O -fe rf -B u ty ld ip h e n y ls i ly l) -2 - (A M e tra d e c a n o y l)-D L -0 /y f /) ro -  

s p h in g o s in e  (37). This com pound w as p repared  from 36  in 89%  yield by 

using the sam e procedure a s  described for 7a ; 1H NMR (200 MHz, CDCI3 ) 5 

(ppm) 0.85-0.90 (t, J  = 6 .6  Hz, 6  H, CH3 (CH2 ) n ,  CH3 (CH2)10), 1-07 (s, 9 H, 

C(CH3)3), 1.25 (m, 42 H, (CH2 ) n ,  (CH2 )io ). 1.62-1.68 (m, 2  H, CH2 CH2 CO), 

2.01-2.08 (m, 2  H, CH2 CH=CH), 2.15-2.22 (t, J = 7.5 Hz, 2 H, CH2 CH2 CO),

3.80-3.84 (m, 1 H, CHNH), 3.99-4.06 (m, 2  H, CH2 0 ) , 4.20-4.25 (m, 1 H, 

CHOH), 5.49-5.58 (dd, J =  15.4 Hz, 6.7 Hz, 1 H, vinyl H), 5.77-5.86 (dt, J =  15.4 

Hz, 6.7 Hz, 1 H, vinyl H), 6.13-6.17 (d, J  = 7.5 Hz, 1 H, CHNH), 7.40-7.69 (m, 

10 H, Ar). Anal. Calcd for C4 8 H8 i 0 3 NSi: C, 77.05; H, 10.91; N, 1.87. Found: 

C, 76.98; H, 11.06; N, 1.80.

2 - (M -T e tra d e c a n o y l) -3 - (0 - te tr a h y d ro p y ra n y l) -D L -e /y f / j ro -  

s p h in g o s in e  (38). This com pound w as prepared  from 37  in 72%  yield by 

using the sam e procedure a s  described for 8 a  followed by desilylation with 

tetra-n-butylammonium fluoride in THF (see  preparation of 9a ) ; 1 H NMR (200 

MHz, CDCI3 ) 8  (ppm) 0.85-0.91 (t, J  = 6 .4  Hz, 6  H, C H 3 (C H 2 )11 t 

C H 3 (C H 2 )1 0 ), 1.26 (m, 42  H, (CH2 ) n ,  (CH2 )1 0 ), 1 .51-1.78 (m, 8  H, 

CH2 CH2 CO, (CH2 )3  of THP), 1.99-2.06 (m, 2 H, CH2 CH=CH), 2.15-2.22 (t, J 

-  8.0 Hz, 2 H, CH2 CH2 CO), 3.32 (m, 1 H, CHNH), 3.89-3.99 (m, 2 H, CH2 OH),

4.16-4.22 (m, 1 H CHOTHP), 4.45 (m, 1 H, O'CHO of THP), 5.31-5.43 (dd, J  =

15.4 Hz, 6.7 Hz, 1 H, vinyl H), 5.64-5.78 (dt, J =  15.4 Hz, 6.7 Hz, 1 H, vinyl H),
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6.36-6.40 (d, J  = 7.6 Hz, 1 H, CHNH). Anal. Calcd for C3 7 H7 1 0 4 N: C, 74.82;

H, 12.05; N, 2.36. Found: C, 75.29; H, 11.80; N, 2.21.

N - T e t r a d e c a n o y l - D L - e r y f / i r o - s p h l n g o m y e l i n  (3 9 ) . This 

com pound w as prepared from 38 in 42%  yield by using the  sam e  procedure 

a s  d esc rib ed  for 3 4  followed by deprotection  of the  THP group with 

p-toluenesulfonic acid in m ethanol (see  preparation of 3 5 ;1H NMR (200 MHz, 

CDCI3 ) 6  (ppm) 0.85-0.90 (t, J = 6 .6  Hz, 6  H, CH3 (CH2 )11t CH3 (CH2 )10),

I.25  (m, 42 H, (CH2)11t (CH2)10), 1.46 (m, 2  H, CH2 CH2 CO), 1.98-2.34 (m, 4 

H, C H 2 CH=CH, CH 2 C H 2 CO), 3 .29 (s, 9 H, N(CH3 )3 ), 3 .77  (m, 3 H, 

CH 2 N(CH3 )3 , CHNH), 4 .04 (m, 4 H, CH2 0 P ( 0 ) ( 0 ‘)0 C H 2 ), 4.39 (m, 1 H, 

CHOH), 5.34-5.44 (dd, J  = 15.4 Hz, 6.7 Hz, 1 H, vinyl H), 5.55-5.67 (dt, J =  15.4 

Hz, 6 .7  Hz, 1 H, vinyl H). Anal. Calcd for C3 7 H7 5 0 eN2 P-3 H2 0 : C, 60.95; H,

11.20; N, 3.84; P, 4.25. Found: C, 60.80; H, 11.16; N, 3.98; P, 4.28.

A f-D o d e c a n o y l-D L -e ry f/iro -sp h in g o s in e  (40) (S c h e m e  7). This 

com pound w as p repared  from sphingosine 5 b  in 8 6 % yield by using the  

sam e procedure a s  described for 6a  (page 19); 1H NMR (200 MHz, CDCI3 ) 5 

(ppm) 0.84-0.90 (t, J «  6 .2  Hz, 6  H, CH3{CH2h  ,̂ CH3 (CH2)8), 1.26 (m, 38 H, 

(C H 2 )-| 1 , (CH2 )8 ), 1.49 (m, 2  H, C H 2 C H 2 CO), 1 .93-1.97 (m, 2  H, 

C H 2 CH=CH), 2.00-2.20 (t, J = 7.8 Hz, 2 H, CH2 C H 2 CO), 3.42 (m, 1 H, 

CHNH), 3.81-3.91 (m, 2  H, CH2 OH), 4.03-4.11 (m, 1 H, CHOH), 5.40-5.51 (dd, 

J =  15.4 Hz, 6.7 Hz, 1 H, vinyl H), 5.68-5.80 (dt, J =  15.4 Hz, 6.7 Hz, 1 H, vinyl 

H), 6.13-6.18 (d, J  = 7.5 Hz, 1 H, CHNH).

1 - (0 - fe r f -B u ty ld ip h e n y ls ily l) -2 - ( tf -d o d e c a n o y l) -D L -e ry f /) ro -  

s p h in g o s ln e  (41). This com pound w as prepared from 40  in 80%  yield by
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using the sam e procedure a s  described for 7a.

1 - (0 - te rM 3 u ty ld ip h e n y ls i ly l ) -2 - (N -d o d e c a n o y l) -3 - (0 - te t r a -  

h y d ro p y ra n y l) -D L - e ry f / ) r o - s p h I n g o s In e  (42). This com pound w as 

prepared from 41 in 89%  yield by using the  sam e  procedure a s  described for 

8 a ;  1 H NMR (200 MHz, CDCI3 ) 8  (ppm) 0.84-0.91 (t, J  = 6 .6  Hz, 6  H, 

CH3 (CH2 )1 1 , CH3 (CH2)8 ), 1.07 (s, 9 H, C(CH3)3), 1.70-1.79 (m, 6  H, (CH2 )3  

of THP), 1.25 (m, 38 H, ( C H ^ n ,  (CH2 )8 ), 1.51 (m, 2  H, CH2 C H 2 C O ),

1.97-2.09 (m, 2  H, CH2CH=CH), 2.15-2.28 (t, J =  7.3 Hz, 2  H, CH2 CH2 CO),

3.33-3.44 (m, 1 H, CHNH), 3.70-3.89 (m, 2 H, CH20  of THP), 3.98-4.03 (m, 2 

H, CH2 0 ) , 4.19-4.23 (m, 1 H, CHOTHP), 4.64-4.69 (m, 1 H, O'CHO of THP), 

5.46-5.53 (dd, J =  15.4 Hz, 6 .6  Hz, 1 H, vinyl H), 5.62-5.77 (dt, J  = 15.4 Hz, 6 .6  

Hz, 1 H, vinyl H), 7.37-7.74 (m, 10 H, Ar).

N -D o d e c a n o y l-3 - (0 - te tra h y d ro p y ra n y l) -D L -e ry f / iro -  

s p h in g o s in e  (43). This com pound w as prepared  from 42  in 83%  yield by 

using the sam e  procedure a s  described for 9a; 1H NMR (200 MHz, CDCI3) 8 

(ppm) 0.85-0.90 (t, J  = 6.4 Hz, 6  H, CH3 (CH2)i ^ , CH3 (CH2)8 ), 1.26 (m, 38 H, 

(CH2)11t (CH2)8), 1.54-1.80 (m, 8  H, CH2 CH2 CO, (CH2 )3  of THP), 2.02-2.04 

(m, 2 H, CH2CH=CH), 2.15-2.22 (t, J =  7.2 Hz, 2 H, CH2 CH2 CO), 3.34 (m, 1 H, 

CHNH), 3 .47-3.63 (m, 2 H, CH2 0  of THP), 3 .89-4.00 (m, 2 H, CH2 0 ) ,

4.17-4.22 (m, 1 H, CHOTHP), 4.45 (m, 1 H, O'CHO of THP), 5.31-5.42 (dd, J =

15.5 Hz, 6 .6  Hz, 1 H, vinyl H), 5.63-5.75 (dt, J  = 15.5 Hz, 6 .6  Hz, 1 H, vinyl H),

6.36-6.40 (d, J  = 7.3 Hz, 1 H, CHNH).

/V -D o d e ca n o y l-D L -e ry f/iro -sp h in g o m y e lin  (44). This com pound 

w as p repared  from 43  in 41%  yield by using th e  sa m e  procedure a s
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d e sc rib e d  for 3 4  follow ed by dep ro tection  of th e  THP g roup  with 

p-toluenesulfonic acid in m ethanol (see  preparation of 3 5 ) ; 1H NMR (200 

MHz, CDCI3) 5 (ppm) 0.85-0.90 (t, 6.3 Hz, 6  H, CH3 (CH2)11f CH3 (CH2)8),

1.25 (m, 38 H, (CH2)11t (CH2 )8), 1.53 (m, 2 H, CH2 CH2 CO), 1.95 (m, 2  H, 

CH2 CH=CH), 2.12 (t, J =  7.2 Hz, 2  H, CH2 CH2 CO), 3.32 (s, 9 H, N(CH3 )3), 

3 .6 6 -3 .7 9  (m, 3 H, C H N H , C H 2 N ( C H 3 )3 ), 3 .9 7 -4 .1 9  (m, 4 H, 

CH2 0 P (0 )(0 -)0 C H 2), 4.29 (m, 1 H CHOH), 5.39-5.46 (dd, J  = 15.4 Hz, 6 .6  Hz,

1 H, vinyl H), 5.61-5.72 (dt, J =  15.4 Hz, 6 .6  Hz, 1 H, vinyl H), 7.04-7.08 (d, J  =

7.5 Hz, 1 H, CHNH).

M -D o c o s a n o y l-D L -e ry f / iro - s p h ln g o s in e  (45). This com pound 

w as prepared  from sphingosine (5b) and p-nitrophenyl behenate  in 64%  yield 

by using the sam e procedure a s  described for 6a ; TLC (CHCI3 -EtOH, 95:7) Rf  

0.55; 1H NMR (200 MHz, CDCI3 ) 5 (ppm) 0.85-0.90 (t, J = 6.5 Hz, 6  H, 

CH3 (CH2)11f CH3 (CH2)18), 1.25 (m, 58 H, (CH2)11f (CH2)18), 1.54-1.71 (m,

2 H, CH2 CH2 CO), 2.00-2.09 (m, 2 H, CH2 CH=CH), 2.20-2.28 (t, J =  7.1 Hz, 2 

H, CH2 CH2 CO), 3.60-3.70 (m, 1 H, CHNH), 3.80-3.98 (m, 2 H, CH2 OH),

4.29-4.34 (m, 1 H, CHOH), 5.47-5.58 (dd, J =  15.4 Hz, 6.4 Hz, 1 H, vinyl H),

5.75-5.87 (dt, J =  15.4 Hz, 6 .4  Hz, 1 H, vinyl H), 6.20-6.25 (d, J  = 7.7 Hz, 1 H, 

CHNH).

1 -(0 -fe rf -B u ty ld ip h e n y ls ily l) -2 -(A f-d o c o sa n o y l) -D L -e ry f /) ro -  

s p h in g o s in e  (46). This com pound w as prepared from 45  in 90%  yield by 

using the  sam e  procedure a s  described for 7 a ; TLC (hexane-ethyl ace ta te , 

4:1) R f  0.45; ^H NMR (200 MHz, CDCI3) 8  (ppm) 0.85-0.90 (t, J =  6.4 Hz, 6  H, 

CH3 (CH2)i -|, CH3 (CH2)18), 1.17 (s, 9 H, C(CH3 )3), 1.25 (m, 58 H, (CH2 )11t 

(CH2 )1 8 ), 1.75 (m, 2  H, CH 2 CH 2 CO), 2.04-2.10 (m, 2  H, CH 2 C H =C H ),
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2.20-2.28 (t, J =  7.5 Hz, 2 H, CH2 CH2 CO), 3.81 (m, 1 H, CHNH), 4.02-4.10 (m, 

2 H, CH2 OH), 4.25 (m, 1 H, CHOH), 5.50-5.60 (dd, J =  15.4 Hz, 6.7 Hz, 1 H, 

vinyl H), 5.75-5.83(dt, 15.4 Hz, 6.7 Hz, 1 H, vinyl H), 6.15-6.20 (d, J =  7.6

Hz, 1 H, CHNH), 7.42-7.70 (m, 10 H, Ar).

2 - (N -D o c o s a n o y l) -3 - (0 - te tra h y d ro p y ra n y l) -D L -e /y f /> ro -  

s p h in g o s in e  (47). This com pound w as prepared  from 46 in 70%  yield by 

using the  sam e  procedure a s  described  for 8 a  followed by desilylation with 

tetra-n-butylammonium fluoride in THF (see  preparation of 9a); 1H NMR (200 

MHz, CDCI3 ) 8 (ppm) 0.85-0.91 (t, J = 7.0 Hz, 6  H, C H 3 (C H 2 ) 11f 

C H 3 (C H 2 )1 8 ), 1.26 (m, 58 H, (CH2 ) n ,  (CH2 )1 8 ), 1.46-1.80 (m, 8  H, 

CH2 CH2 CO, (CH2 )3  of THP), 1.98-2.05 (m, 2  H, CH2 CH=CH), 2.12-2.20 (t, J 

= 7.1 Hz, 2 H, CH2 CH2 CO), 3.45-3.50 (m, 2  H, CH20  of THP), 3.62 (m, 1 H, 

CHNH), 3.84-3.95 (m, 2 H, CH2 OH), 4.12-4.18 (m, 1 H CHOTHP), 4.40 (m, 1 

H, O'CHO of THP), 5.28-4.40 (dd, J =  15.4 Hz, 6.7 Hz, 1 H, vinyl H), 5.58-5.70 

(dt, J =  15.4 Hz, 6.7 Hz, 1 H, vinyl H), 6.33-6.37 (d, J =  7.7 Hz, 1 H, CHNH). 

Anal. Calcd for C4 5 H8 y 0 4 N: C, 76.54; H, 12.42; N, 1.98. Found: C, 76.37; H, 

12.37; N, 1.89.

/V -D o co sa n o y l-D L -e /y f/? ro -sp h in g o m y e lin  (48). This com pound 

w as p rep a red  from 4 7  in 43%  yield by using th e  sa m e  procedure  a s  

described for 10c; 1H NMR (300 MHz, CDCI3 ) 8  (ppm) 0.85-0.90 (t, J  = 6.4 

Hz, 6  H, CH3 (CH2)11t CH3 (CH2)18), 1.25 (m, 58 H, ( C H ^ n ,  (CH2)18), 1.57 

(m, 2  H, CH2 CH2 CO), 1.88-1.98 (m, 2 H, CH2 CH=CH), 2.08-2.18 (t, J  = 7.2 

Hz, 2 H, CH2 CH2 CO), 3.27 (s, 9 H, N(CH3 )3 ), 3.80 (m, 3 H, CH2 N(CH3)3 , 

CHNH), 3.95-4.15 (m, 4 H, CH2 0 P ( 0 ) ( 0 - ) 0 C H 2 ), 4.38 (m, 1 H, CHOH), 

5.40-5.50 (dd, J  = 15.4 Hz, 6.7 Hz, 1 H, vinyl H), 5.59-5.71 (dt, 15.4 Hz, 6.7
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Hz, 1 H, vinyl H). Anal. Calcd fo rC 4 5 H9 -jO0 N2 P-3 H2 O: C, 64.24; H, 11.62; N, 

3.33. Found: C, 64.27; H, 11.51; N, 3.14.

W -T e tra c o s a n o y l-D L -e ry fh ro -sp h ln g o s In e  (49). This com pound 

w as p rep a red  from sph ingosine  (5 b ) in 89%  yield by using the  sa m e  

procedure a s  described for 6 a; TLC (chloroform-ethanol, 95:7) R f  0.57; 1H 

NMR (300 MHz, CDCI3 ) 5 (ppm) 0.85-0.90 (t, J  -  6 .6  Hz, CH3 (CH 2 )11f 

CH3 (CH2 )2 0 ). 1-25 (m, 62 H, (CH2 ) n ,  (CH2)20), 1-62 (m, 2  H, CH2 CH2 CO), 

1.85-1.92 (m, 2  H, CH2 CH=CH), 2.10-2.20 (t, J =  7.5 Hz, 2 H, CH2 CH2 CO), 

3.72 (m, 1 H, CHNH), 3.95-4.01 (m, 2 H, CH2 OH), 4 .34 (m, 1 H, CHOH),

5.45-5.59 (dd, J =  15.4 Hz, 6 .6  Hz, 1 H, vinyl H), 5.66-5.78 (dt, J =  15.4 Hz, 6 .6  

Hz, 1 H, vinyl H), 6.26-6.30 (d, J =  7.5 Hz, 1 H, CHNH).

1 - (0 - fe r f -B u ty ld ip h e n y ls ily l) -2 - (A M e tra c o s a n o y l) -D L -  

e ry f /iro -sp h in g o s in e  (50). This com pound w as p repared  from 49 in 97%  

yield by using the  sam e procedure a s  described  for 7 a ; TLC (hexane-ethyl 

acetate, 2:1) R f  0.75.

2 - (A /-T e tra c o s a n o y l) -3 - (0 - te tra h y d ro p y ra n y l) -D L -e ry / /) ro -  

s p h in g o s in e  (51). This com pound w as p repared  from 50  in 59%  yield by 

using the sam e  procedure a s  described for 8 a  followed by desilylation with 

te tra-n-bu ty lam m onium  fluoride in THF (se e  p reparation  of 9 a ); TLC 

(hexane-ethyl ace ta te , 1:1) R f  0.45; 1H NMR (200 MHz, CDCI3 ) 8 (ppm) 

0.85-0.91 (t, J  = 6 .0  Hz, CH3 (CH2 ) n ,  CH3 (CH2)20), 1-25 (m, 62 H, (CH2 ) n ,  

(CH2 )2 0 ). 1.51-1.71 (m, 8  H, CH2 CH2 CO, (CH2 )3  of THP), 1.99-2.06 (m, 2  H, 

C H 2 CH=CH), 2 .15-2.23 (t, J  = 7.4 Hz, 2 H, CH2 C H 2 CO), 3 .67 (m, 1 H, 

CHNH), 3 .89-3.99 (m, 4 H, CH2 OH, CH2 0  of THP), 4 .16-4.22 (m, 1 H,
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CHOTHP), 4.45-4.48 (m, 1 H, O'CHO of THP), 5.31-5.44 (dd, 15.4 Hz, 6.7 

Hz, 1 H, vinyl H), 5.63-5.75 (dt, J =  15.4 Hz, 6.7 Hz, 1 H, vinyl H), 6.37-6.41 (d, 

J = 7.6 Hz, 1 H, CHNH). Anal. Calcd for C4 7 H9 1 0 4 N: C, 76.88; H, 12.49; N, 

1.90. Found: C, 76.52; H, 12.55; N, 1.87.

M - T e t r a c o s a n o y l - D L - e r y f / i r o - s p h i n g o m y e l i n  (5 2 ) . This 

com pound w as prepared  from 51 in 46%  yield by using the sam e  procedure 

a s  described for 10c; 1H NMR (300 MHz, CDCI3 ) 5 (ppm) 0.85-0.90 (t, J =6.6  

Hz, 6  H, CH3 (CH2 ) h ,  CH3 (CH2 )2 0 ). 1-25 (m, 62 H, (CH2)11f (CH2)20), 1.55 

(m, 2 H, CH2 CH2 CO), 2.01-2.08 (m, 2 H, CH2 CH=CH), 2.13-2.19 (t, J = 7.2 

Hz, 2 H, CH2 CH2 CO), 3.35 (s, 9 H, N(CH3)3 ), 3.70 (m, 2 H, CH2 N(CH3 )3 ), 

3.95 (m, 1 H, CHNH), 4.15-4.23 (m, 4 H, CH2 0 P ( 0 ) ( 0 ‘)0C H 2), 4.40 (m, 1 H, 

CHOH), 5.40-5.52 (dd, J =  15.4 Hz, 6.7 Hz, 1 H, vinyl H), 5.60-5.72 (dt, J =  15.4 

Hz, 6.7 Hz, 1 H, vinyl H).

W -(c /s -1 5 -T e tra c o s e n o y l) -D L -e ry f / j ro -s p h ln g o s ln e  (53). This 

com pound w as prepared  from sphingosine (5b) and p-nitrophenyl nervonate 

in 70%  yield by using the  sa m e  procedure  a s  described  for 6 a ;  TLC 

(chloroform -ethanol, 95:7) R f  0.57; 1H NMR (200 MHz, CDCI3 ) 8  (ppm) 

0.85-0.90 (t, J =  6 .6  Hz, 6  H, C H ^ C H ^ ,  CH3 (CH2 )7CH=CH(CH2)11), 1.26 

(m, 54 H, (CH2 ) i i ,  (CH2 )6 C H 2 C H =C H C H 2 (CH2 )10), 1.58-1.66 (m, 2  H, 

CH2 CH2 CO), 2.00-2.06 (m, 6  H, CH2 CH=CH, CH2 CH=CHCH2  of the amide 

chain), 2.25 (t, J =  7.5 Hz, 2 H, CH2 CH2 CO), 3.73 (m, 1 H, CHNH), 3.94-4.00 

(m, 2 H, CH2 OH), 5.32-5.37 (m, 2 H, c/s-vinyl H), 5.50-5.63 (dd, J =  15.4 Hz,

6 .6  Hz, 1 H, vinyl H), 5.70-5.81 (dt, J =  15.4 Hz, 6 .6  Hz, 1 H, vinyl H), 6.37-6.41 

(d, J = 7.7 Hz, 1 H, vinyl H).
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1 - (0 - fe r f -B u ty ld lp h e n y ls ily l) -2 - (A /-c /s -1 5 - te tra c o s e n o y l) -D L -  

e# y f/iro -sp h in g o sin e  (54). This com pound w as p repared  from 53 in 93% 

yield by using the  sa m e  procedure a s  described  for 7 a ; TLC (hexane-ethyl 

acetate, 2:1) R f  0.76.

2 - (N -c /s -1 5 -T e tr a c o s e n o y l) -3 - (0 - te tr a h y d ro p y ra n y l) -D L -  

e ry /h ro -sp h ln g o s in e  (55). This com pound w as prepared  from 54 in 65% 

yield by using th e  sa m e  p ro ced u re  a s  d esc rib ed  for 8 a  followed by 

desilylation with tetra-n-butylam m onium  fluoride in THF (see  preparation of 

9a); TLC (hexane-ethyl ace ta te , 1:1) R f 0.47; 1H NMR (300 MHz, CDCI3) 8 

(p p m ) 0 .8 5 -0 .9 1  (t, J  = 6 .6  Hz, 6  H, C H 3 ( C H 2 )1  1 ,

C H 3 ( C H 2 ) 7 C H  = C H ( C H 2 )1  1 ), 1 .25  (m, 54 H, (C H 2 ) 1 1 f

(CH2 )6 CH2 CH=CHCH2 (CH2 )10), 1.71-1.84 (m, 8  H, CH2 CH2CO, (CH2 )3  of 

THP), 2.02-2.08 (m, 6  H, CH2 CH=CH, CH2 CH=CHCH2  of the amide chain),

2.20-2.25 (t, J =  7.4 Hz, 2 H, CH2CH2 CO), 3.67 (m, 1 H, CHNH),  3.92-4.02 (m, 

4 H, CH2 OH, CH20  of THP), 4.20-4.26 (m, 1 H, CHOTHP), 4.48-4.51 (m, 1 H, 

O’CHO), 5.35-5.42(m, 2 H, c/s-vinyl H), 5.48-5.61 (dd, J =  15.4 Hz, 6.6  Hz, 1 H, 

vinyl H), 5.68-5.80 (dt, J =  15.4 Hz, 6 .6  Hz, 1 H, vinyl H), 6.39-6.43 (d, 7.6

Hz, 1 H, CHNH). Anal. Calcd for C4 7 HQ9 O 4 N: C, 77.10; H, 12.25; N, 1.91: 

Found: C, 77.06; H, 12.49; N, 1.74.

/V - ( c /s - 1 5 - T e t r a c o s e n o y l ) - D L - e r y f / i r o - s p h in g o m y e l in  (56 ). 

This com pound w as p repared  from 5 5  in 48%  yield by using the  sam e  

procedure a s  described  for 1 0 c ; TLC (CHCI3 -M eO H -H 2 0 -co n c . NH4 OH, 

65:25:2:2) R/  0.28.
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3 - ( 0 - T e t r a h y d r o p y r a n y l ) - e g g  s p h i n g o m y e l i n  (5 7 ) . This 

com pound w as prepared  from egg sphingom yelin in 62%  yield by using a  

sim ilar p ro ced u re  a s  d e sc rib ed  for 8 a  (p ag e  23) with th e  following 

m od ifica tion : T h e  re a c tio n  w a s  c a r r ie d  o u t a t  4 5  °C ; TLC 

(CHCl3 -MeOH-H2 0 -conc. NH4 OH, 65:25:2:2) Rf  0.36. The R f  value of egg 

sphingomyelin in the sam e solvent system  w as 0.24.
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Scheme 7. Syntheses of different N-acyl sphingomyelins
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Results and Discussion

HPLC analysis of stereochemistry of the aldol condensation 

Results

A . Analytical HPLC: Evaluation o f erythro/threo ratio. T h e

ratio of erythro to threo 19 w as determ ined by HPLC on a  chiral stationary 

column (Pirkle type 1 A, 4.6 x 250 mm, J. T. Baker). Baseline separation of the 

d iastereom ers of erythro- and  threo-b ipheny lcarboxam idosphingosines 19  

w as a ch iev e d . A s sh o w n  in F igu re  1, D - e r y f h r o - b i p h e n y l -  

carboxam idosphingosine 19' has a  retention time of 20.49 min under th ese  

cond itions (panel A), w h e re a s  a  m ixture of ery thro-  an d  t h r e o -  

biphenylcarboxam idosphingosines 19" gave two peaks, with retention tim es 

of 14.10 min and 20.38 min (panel B). The first peak  corresponds to the  threo 

isom er, since  th e  se co n d  p eak  is identified a s  th e  erythro  isom er by 

com parison  with th e  derivative prepared from an authentic sam ple  obtained 

from Sigm a. B iphenylcarboxam idosphingosine 19 p repared  according to 

Schem e 1 has two peaks. The peak  with Rf of 14.20 min corresponds to the 

threo-sphingosine derivative, and the peak  with R f of 20.51 min corresponds 

to the  erythro-sphingosine derivative (panel C). The ratio of the  integrated 

a re a s  of the  erythro to threo peaks is 98.0:2.0.

B. Analytical HPLC: Evaluation o f D/L ratio. The ratio of D- to 

L-isomers of sphingosine w as estim ated  by chiral HPLC analysis of the  

(f?)-(+)-bis-Mosher e s te rs  derived from the biphenyicarboxam idosphingosines 

20 . Figure 2  show s th e  chrom atogram s of the  bis-(/?)-(+)-M osher e s te rs  

derived from the b iphenylcarboxam idosphingosines 2 0  by th e  se q u en c e  

outlined in Schem e 6 . Panel A show s a  peak  with a  retention time of 23.86 

min for the D-erythro isom er obtained from Sigm a; the  peak  with retention 

time of 2 1 .8 6  min is considered  to rep resen t the  L-erythro isom er, which is
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presen t a s  an  impurity of le ss  than  5%  in the  com m erical sam ple. Panel B 

show s a  peak  with R ; of 21.83 min, corresponding to  the  L-erythro isom er, 

and  a  peak  with Rf of 23.9 min corresponding to the D-erythro isom er. The 

ratio of D- to L-isomers is 50:50, based  on integration of the peak  a reas .

C. Evaluation o f erythro/threo ratio o f N-m ethylsphlngosine  

(18). In general, the kinetic aldol condensation gives both erythro and  threo 

stereoisom ers, and  there a re  m any exam ples of low diastereoselectivity .4 1 ”5 0  

In an attem pt to evaluate why the  erythro/threo ratio obtained in Schem e 1 is 

u n su a lly  h igh, w e c a r r ie d  ou t th e  a ldo l c o n d e n s a t io n  u s in g  

bis(trimethylsilyl)sarcosine and  (E)-hexadec-2-enal (Schem e 5). T he HPLC 

analysis of A/-methyl-A/-biphenylcarboxamidosphingosine (20') is p resen ted  

in Figure 3. /V-Methyl-A/-biphenylcarboxamido-D-e/yf/7ro-sphingosine h as a  

r e te n t io n  tim e  of 1 4 .2 4  m in; th e  a u th e n t ic  s a m p le  of 

/V-methyl-D-e/yf/iro-sphingosine w as provided by Dr. D. C. Liotta. In contrast, 

the  A /-m ethyl-A /-biphenylcarboxam idosphingosine w e sy n th e s iz e d  from 

bis(trimethylsilyl)sarcosine by the  sequence  shown in S chem e 5 gives a  peak 

with R ; of 11.72 min (assum ed to be the threo isomer) and  a  peak  a t 14.31 

min (corresponding to the Af-methyl-e/yf/iro-sphingosine derivative). The ratio 

of erythro-\o f/?reo-/V-methylsphingosine is 62.5:37.5, b ased  on the  ratio of the 

integrated a re a s  of the two peaks. The low selectivity se e n  in this reaction is 

about w hat is expected  for an  aldol condensation of an  a-am ino acid with a  

small group attached to nitrogen.46,47
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F ig u re  1. HPLC tra c e s  of biphenylcarboxam ido derivatives of erythro- and 
threo-sp h ingosines. A , erythro-sphingosine from S igm a; B, a  mixture of 
erythro- and  threo-sphingosine from Dr. D. C. Liotta; C, sph ingosine prepared 
from aldol condensation  (se e  S chem e 1). Solvent: hexane-isopropyi alcohol, 
80 :20 ; flow rate , 0 .5  mL/min. R etention  tim es: ery thro-s p h in g o s in e ,  
20.38-20.51 min; //?reo-sphingosine, 14.10-14.20 min.
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F ig u re  2. HPLC analysis of bis-(fl)-(+)-MTPA e s te rs  of biphenylcarboxam ido-D- 
and  L-erythro- sphingoslnes. A, D-e/yfftro-sphingosine from Sigm a w as u sed  
(an impurity of less than  5% is present in the com m erical sam ple; this rep resen ts 
L -ery //?ro -sph ingosine); B , D- and L -ery /h ro -sp h in g o sin e  from th e  aldol 
condensation  outlined in Schem e 1 . Solvent: hexane-isopropyi alcohol, 95:5; 
flow rate, 0 .55 mL/min. Retention tim es: L -e/y /h ro -sph ingosine , 21 .83-21 .86  
min; D-e/yf/jro-sphingosine, 23.86-23.95 min.
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F ig u re  3. HPLC analysis of /V-methyl-/V-biphenylcarboxamido derivatives of 
erythro-  and  threo-sp h in g o s in e s . A , A /- m e th y l- e ry f /) r o - s p h in g o s in e
obtained  from Dr. D. C. Liotta w as derivatized a s  show n in S ch em e 6 ; B, 
/V-m ethyl-e/y//?ro,//?/'eo-sphingosine obtained  from the  aldol condensa tion  of 
b is(trim ethy lsily l)sarcosine  a n d  (E )-hexadec-2 -enal (se e  S c h e m e  5) w as 
derivatized. Solvent: hexane-isopropyi alcohol, 80:20; flow rate, 1.0 mL/min. 
R e te n tio n  tim e s: A /-m e th y l-e /y f /? ro -s p h in g o s in e , 1 4 .2 4 -1 4 .3 1  m in; 
A/-methyl-//?reo-sphingosine, 11.72 min.
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Discussion

Stereochem istry o f the kinetic aldol condensation. In an  aldol 

condensation  betw een  carbonyl partners there  a re  four possib le  product 

stereo isom ers (eq. 1). C onsequently, there  a re  two stereochem ical a sp ec ts  

associated  with the reaction: one dealing with internal stereochem ical control 

or d iastereoselection  [A (±) vs. B (±)], and  the o ther dealing with absolute 

stereochem ical control for a  given diastereom er or enantioselection [A (+) vs. 

A (-) orB (+)vs.B (-)].28

T here  is an  a b u n d an t body of d a ta  tha t co rre la tes  aldol product 

s te re o c h e m is try  w ith e n o la te  g e o m e try  for k inetica lly  co n tro lled  

c o n d e n sa tio n s .4 1 .4 2 ,5 1 ,5 2  jh i s  a sp ec t of the topic h a s  been  trea ted  in 

detail.4 1 ,42,51,52 with regard to enolate stereochem ical nom enclature (eq. 

2 ), a  cis stereochem ical relationship betw een the  eno late  ligand R 2  and

O OH 0  OH

0 .

A (+)

R2 

B (+)
[1]

O OH 0  OH

R2

A (•)

Syn

*2 

B (-)

Anti
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oxygen substituent (OM, M = Li) a s  shown in structure 58 will be referred to a s  

the  Z  enolate . In a  similar c a se , the  trans s te re o c h e m ic a l re la tionsh ip  

betw een  R 2  and  OM a s  in 5 9  will be designated  a s  th e  E  eno late . The 

normal correlation is found when lithium is u sed  a s  a  metal, i.e. Z  en o la te s  

tend to give syn aldols and E  enolates tend to give anti products .51 b Evans 

at al. pointed out that for many metal enolates, kinetic aldol diastereoseiection 

is strongly influenced by eno la te  geometry,2 8 b,51 b and  the  product ratio 

anti/syn will be no greater than the  enolate ratio.2®a

/ M\  
O O

R

's

2

Syn
R3 CHO ' y s '  [2 ]

v  /  \
0 0

„AA„r*i : M3

r 2

And

Under kinetically controlled conditions, the  correlation of m etal enolate 

g e o m e try  a n d  aldol p ro d u c t s te re o c h e m is try  v ia  d i a s t e r e o m e r i c  

chair-preferred transition s ta te s  h as been  widely accep ted .41 »4 2 »5 1 ’5 3  The 

observations that the steric bulk of the enolate ligand R-| and  attendant aldol 

d iastereoseiection  a re  directly coupled a re  consisten t with the  Zimmerman
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model illustrated In Schem e 8  for chair-preferred transition s ta te s .5 4  For E

eno la tes, transition s ta te  C 2  is predicted to  be destabilized relative to C 1

b ecau se  of the  Ri<— > R3  variable steric param eter; therefore, E  e n o la te s

lead to th e  anti aldols.41 .43,48,55 |n a  similar fashion, transition s ta te  C3  is

destabilized relative to C4  for Z  enolates; thus Z  eno la tes lead predom inately

to syn aldols, and  stereoselectivity in c reases  with increasing steric  bulk of 

R1 41,43,48,55,56

An alternative interpretation of the  c lo sed  transition  s ta te , which 

co n sid ers  both chair and  boa t a rran g em en ts , h a s  b een  p ro p o se d  by 

E vans.25** In addition to the four idealized chair transition s ta te s  depicted in 

S chem e 8  (page 65),5 4  this model also considers th e  four boat transition 

s ta te s  show n in Schem e 9 (page 66 ). The stereochem ical d a ta  are  explained 

by assum ing that a  given Z o r  E  enolate can choose  one of two chair transition 

s ta te s  (Schem e 8 ) or one of two boat transition s ta te s  (Schem e 9). Of the  boat 

transition s ta te s , B2  and B4  are  considered to be unimportant b e ca u se  of the 

R2 <— >R3  eclipsing interaction. However, when gauche R2 <— >R3  interaction 

becom es important (large R2). a  Z eno late  might find the chair transition s ta te  

C4  in Schem e 8  less attractive than the boat transition s ta te s  B3  in Schem e

9. The "boat alternative" hypothesis predicts that increasing bulk of R2  In an E  

enolate would either have no effect on stereoselectivity or would increase  anti 

selectivity .5 7

Kinetically selective enolization of e s te rs  with a  dialkylamide b a se  such 

a s  lithium diisopropylam ide (LDA) h a s  b e en  in v estig a ted  by sev era l 

g ro u p s .4 1 .4 3 ,4 4  The stereochem ical assignm en ts of th e  en o la te s  form ed 

from the e s te rs  w ere determ ined by silylation followed by separation  of the 

silyl enol e thers and NMR analysis .4 5  The deprotonation p rocess might be 

proceeding via either of the two m etal-centered pericyclic chairlike transition
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S ch em e 8. Zlmmerman-Traxler transition s ta te s
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O OH
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The dashed  arrows show unfavorable pathways.
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S ch em e 9. Boat form s of the c lo sed  transition s ta te s
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s ta te s , T -f t  and  T 2 to  give th e  co rrespond ing  E  and  Z  e n o la te s , 

respectively (Schem e 10, page  6 8 ).4 5  W hen the R2  group is large, R-| <—> 

R2  nonbonded interactions should disfavor transition s ta te  T f t ,  and tend to
r

give the Z  geometry, w hereas dom inant R2  <*—> L nonbonded interactions 

should disfavor transition s ta te  T2 $ and tend to afford the  E-enoiate geometry. 

The experim ental results proved that under conditions of "apparent" kinetic 

control, e s te rs  afforded largely E  enolates (transition s ta te  T f t ) .41,45

Several nonchelated, or "open," transition s ta te s  have been considered. 

In a  study of the  addition of ketones, carboxylic acids and e ste rs  to aldehydes, 

the  favored E  enolate  a ttacks the  aldehyde to give the  four transition s ta te  

geom etries illustrated in S chem e 11 (page 69).58-60 B ased on the steric 

requirem ents of eno late  an d  aldehyde substituen ts chosen  (for large R3 ), 

transition s ta te s  and  C$ which have gauche  and  eclipsed substituents 

w ere excluded. It w as concluded by Mulzer e t al. that the  observed high 

levels of anti d iastereoseiection imply that there is an intrinsic preference for 

the  syn-carbonyl-enolate  transition s ta te  orientation (e.g., A t  o r C t), with 

transition s ta te  A being preferred  on s te ric  g rounds .81  Mulzer et al. 

su g g ested  that the  highest occupied and th e  lowest unoccupied m olecular 

orbital interactions may be responsible for this preference .61

The enolization (LDA, THF) and condensation of a-am ino este r 60 (eq. 

3, page  70) under kinetic conditions (-78 °C, 5-10 min) afforded low levels of 

kinetic aldol d ia s te reo se lec tio n .4 2  From the  preceding discussion it is 

p robab le  th a t th e  m ajor e n o la te  derived  from 6 0  p o s s e s s e d  th e  E  

geom etry .6 2  The experimental result show s no selectivity with acetaldehyde 

and low threo selectivity with benzaldehyde (when R3  = CH3 , the ratio of 61 

to 62  is 50:50; when R = Ph, the  ratio of 61 to 62 is 75:25). In complementary 

studies, the  condensation of am ide 63 with acetaldehyde and  benzaldehyde
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Scheme 10. Pericyclic transition states for deprotonation
o
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Scheme 11. Open transition states for the aldol addition reaction
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(eq. 4, p a g e  70)4 7  w as carried  out u n der cond itions of a p p a re n t  

therm odynam ic  control (-78 °C, 1.5 h), and  an  ex ce llen t level of 

diastereoselectivity w as noted, i.e. only erythro aldol product w as obtained.47 

Related condensations have been reported by others.63

Q 0  OH 0  OH

60

1.LD A
" —  ►

2.R3CHO
X X

« W >  +
mu

X X
1C 4H90  ' X

m
urn

R3 = C H j i PIi NMe2 NMe2

61 (threo) 62 (erythro)

* P 1

61 : 62 = 50:50 for R3 = CH3 
61 : 62 = 7 5 :2 5 fo rR3 = Ph

0  OH ® j n

I  1.L0A JLJL JLJk
^ .C H ,P h  N'SiM^  N($iM^

64 {threo) 65 {erythro)

product ratio 64 :65 =0:100

In 1982, Schmidt and Kldger reported that erythro-sphingosine w as 

o b ta in ed  in th e  aldol co n d en sa tio n  of tris(trim ethylsilyl)glycine with 

(E )-h e x ad e c -2 -e n a l.27  Their m ethod of analyzing th e  ratio of erythro- to 

threo-sphingosine involved formation of triacetyl derivatives, followed by 

base-catalyzed hydrolysis of the  O-acetyl groups to give /V-acetylsphingosine 

66 and  subsequen t reaction with benzaldehyde to afford the  1,3-dioxalane 

derivative56 67 (Schem e 12, page 71). The trans arrangem ent of H2 and H3, 

which is expected for the erythro configuration, is dem onstrated in the
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Scheme 12. Preparation of N-acetylsphingosyl-1,3-dioxalane derivative 67

(WHO.ZnClj 
 1
toluene AcN

C ^ 5

67

FU/j- C ^ tCHsCH

The trans arrangement of H2 and H3 as is expected for the erythro configuration is indicated 
in the *H NMR spectrum by the typical constant 8.9 Hz for such protons.
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1H NMR spectrum  by the  typical coupling constan t of 8 .9  Hz for such  

p ro to n s .21 O ur HPLC results (Figure 1) also  show  that th e  reaction of 

(f)-hexadec-2-enal with tris(trimethylsilyl)glycine in the  p resence  of LDA/THF 

is highly d ias te reo se lec tiv e ; 98%  of the sph ingosine  h a s  th e  erythro  

configuration (Schem e 1). In addition, we found th a t the  ratio of D- to 

L-e/yfh/o-sphingosine is 1 :1 (Figure 2), a s  expected  since glycine is achiral. 

However, w hen bis(trimethylsily!)sarcosine reacted  with (£ )-hexadec-2 -ena l 

under the sam e  conditions, the  ratio of erythro to threo is 63:37 (Schem e 5). 

The reactions have different diastereoselectivity b ecau se  the methyl group In 

b is(trim ethy lsily l)sarcosine  is m uch sm a lle r th an  th e  co rresp o n d in g  

trimethylsilyl group in tris(trimethylsilyl)glycine. According to  the  S chem es 

8-10, a  small R2  group would form both E  and Z  enolates, with the E  enolate 

favored. W hen the  R2  group is very bulky a s  is trimethylsilyl, formation of the 

Z  enolate  becom es impossible, and only the E  enolate is formed, leading to 

anti product. Thus the  aldol condensation with bis(trim ethylsilyl)sarcosine 

leads to substantial am ounts of both erythro and  threo products, w hereas the 

reaction with tris(trimethylsilyl)glycine affords 98% of the  erythro isom er. 

NMR27 and  HPLC analy ses of suitably derivatized sphingosines show  that 

the  aldol condensation outlined in Schem e 1 is highly d iastereoselective and 

lead s to a  product that has the sam e erythro s te reochem istry  a s  in the  

naturally derived D-e/yfhro-sphingosine.
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Influence of the hydroxy group of sphingomyelin on the state of 

cholesterol exchange between vesic les. K inetic s tu d ie s  of

radiolabeled cholesterol exchange  betw een m em branes have show n that
/

cholesterol m olecules exchange more slowly in m em branes containing SPM 

th an  In th o se  lacking SPM .1 *3 "5 This observation Indicates th a t the  

lipld-w ater Interfacial region of SPM  m ay be  m ore tightly packed  in 

ch o leste ro l-con ta in ing  m em b ran e s  th an  th e  co rrespond ing  region of 

glycerophospholipids. The region betw een the hydrophilic surface and  the

hydrocarbon interior of sphingomyelin consists of the allylic hydroxy group at
»

C-3 an d  th e  N-H and  the  carbonyl group of the  ceram ide am ide group 

attached  to C-2 of sphingosine. In contrast, this region in PC consists of the 

oxygen atom s of the e s te r  (or ether) linkages and  of the glycerol backbone. 

Since the  hydroxy group and amide N-H group of SPM can act a s  both donors 

and  accep to rs of hydrogen bonds, but no hydrogen-donating group is p resen t 

in PC, it is apparent that the interfacial region of SPM has g rea ter opportunity 

for hydrogen bonding. In a  binary mixture show ing p h a se  separa tion , 

differential scanning  calorim etry stud ies indicated that SPM, either isolated 

from erythrocytes or with a  chemically defined (/V-palmitoyl) chain, interacted 

with c h o le s te ro l to  a  g re a te r  d e g re e  th a n  did v a rio u s  sy n th e tic  

p h o s p h a tid y lc h o lin e s .2 F lu o rescen ce  polarization m ea su re m e n ts  of 

phospholipid-cholesterol bilayers also indicated a  higher degree  of structural 

o rd e r  in m e m b ra n e s  from  eg g  SPM  th an  from v a rio u s  sy n th e tic  

p h o sp h a tid y lch o lin e s .3 S tud ies of the  su rface  pressure-m olecular a re a  

iso therm s of m ixed m onolayers of cholestero l and  SPM revealed  that 

cholesterol has the  capacity to condense bovine brain SPM to a  greater extent 

than phosphatidylcholines.10 1̂1 The resistance of oxidation of cholesterol by 

cholesterol oxidase in m onolayers is a lso related to strong SPM /cholesterol
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interactions.11 Hence, there is evidence that the  interaction of cholesterol with 

various naturally occurring (egg or bovine) or synthetic SPM is g rea ter than 

that with egg  PC or O PPC in bilayer m em branes. In order to investigate 

w hether th e  hydroxy group a t C-3 of SPM plays an  im portant role in the 

interaction of SPM with cholesterol, the  SPM analogs in which the 3-hydroxy 

group of SPM w as substitu ted  by hydrogen (26), m ethoxy (16b), ethoxy 

(1 7 b ) , a n d  te trahydropyrany loxy  (57) w ere in se rted  into b ilayers or 

m onolayers and used  in biophysical studies of SPM -cholesteroi interactions.

To investigate the  role of the hydroxy group at the  3 position of SPM in 

the  interaction betw een SPM  and cholesterol, the rate of [4-14C]cholesterol 

exchange betw een unilam ellar vesicles p repared  with A/-stearoyl-SPM w as 

com pared with the  rate  obtained using synthetic analogs in which the  hydroxy 

group of A /-stearoyl-SPM  is rep laced  with • an  O-alkyl g roup or with 

h y d ro g e n .1 5 *6 4  T he half-tim es of cho lestero l ex ch an g e  from vesic les 

containing O-methyl- or deoxy-Af-stearoyl-SPM and 10 mol % of cholesterol 

a t 50 °C were only slightly faster (a factor of only 1.5) than that found using 

vesicles containing A/-stearoyl-SPM and  10 mol % cholesterol. Our results 

show  that the 3-hydroxy group of SPM is not an additional site involved in the 

interaction betw een th e s e  lipids, since vesic les from our deoxy (26) and 

O-methyl (16b) analogs of SPM  gave the sam e rates of [4-14C ]cholesterol 

desorp tion . The rate  of cho lestero l desorp tion  from v esic les  could be 

acce le ra ted  by preparing v esic les  from bulky O-alkyl ana logs of SPM. 

Vesicles containing 3-O-ethyl-A/-stearoyl-SPM (17b) and 3-O-THP-egg SPM 

(57) gave  rate  en h an cem en ts  of ~14 and  35, com pared  with the  ra tes 

observed  in vesic les m ade from A/-stearoyl- and  egg SPM, respectively. 

T hese d a ta  suggest that insertion of sterically bulky groups at the 3 position of 

SPM (such a s  ethoxy and tetrahydropyranyloxy) in place of hydroxy interfere
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m arkedly with th e  m olecular packing of cholestero l and  SPM In bilayer 

m em branes, a s  estim ated  by the  rate  of cholesterol m ovem ent betw een 

m em branes. However, th e  hydroxy group of SPM is not critical for the strong 

interaction of cholesterol with SPM.

T he ability of cho lestero l to  c o n d en se  m onolayers of SPM s w as 

m easured  in the  laboratory of Dr. J . P e te r Slotte, Abo Akademi University, 

Turku, Finland. 3 -0 -M ethy l-A /-stearoy l-S P M  (1 6 b )  is c o n d en sed  by 

c h o le s te ro l to  th e  s a m e  e x te n t a s  A /-s te a ro y l-S P M  ( 1 0 b ) ;  

3-deoxy-A/-stearoyl-SPM  (26) is also  condensed  by cholesterol to a  similar 

extent a s  the  methoxy and hydroxy derivatives. The activity of cholesterol 

oxidase w as also  m easured  in Dr. S lotte 's laboratory with cholesterol/SPM  

m onolayers at 0.5 mol fraction, 25 °C, and  15 mN/m. It w as found that the 

en zy m e  activity  Is sim ilar in m ono layers con ta in ing  hydroxy- an d  

m ethoxy-SPM . T he oxidation rate w as also  low in m onolayers containing 

3 -deoxy-S PM  (26) (0 .08%  cholestero l oxidized p e r s) com pared  with 

m onolayers containing 1 -palm itoyl-2-o leoyl-sn-glycero-3-phosphocholine 

(0.25%  cholesterol oxidized per s). T hese  results indicate that replacing the 

hydroxy group at C3 of SPM  by hydrogen or m ethoxy d o e s  not c a u se  a  

dram atic difference in m olecular packing with cholesterol.65

C o m p a r is o n  o f  r e a g e n t s  fo r  c o n v e r s io n  o f  c e r a m id e s  to  

s p h in g o m y e l in s .  T h ree  d ifferent m eth o d s for phosphory lation  or 

phosphitylation of ceram ides have been  p resen ted  in this th es is  for the  

synthesis of sphingomyelin analogs (Schem e 13). T hese  m ethods are based  

on th o se  u sed  in nucleotide and  glycerollpid chem istry. First, we u sed  

2-chloro-2-oxo-1,3,2-dioxaphospholane.31 This reagent gives good yields of 

the cyclic phosphate  e s te r  when it reacts with ceram ide (Schem e 13A, page
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79). W hen the  ceram ide h as  an am ide chain length of less  than 18 carbons 

(4 7 ,5 1 ,5 5 ) , th e  ring-opening s tep  with trim ethylam ine w as very successful; 

but if th e  am ide chain length is longer than  18 carbons, the  ring-opening 

reaction did not take place. The reason  for this is probably cau sed  by the  low 

solubility of th e  cyclic phosphate  in acetonitrile. W hen th e  am ide chain 

contains more than 18 carbons (47, 51 , 55), th e  cyclic phosphate  did not 

dissolve in refluxing acetonitrile (82 °C). T he ring-opening reaction w as 

carried out in a  sea led  p ressu re  bottle in th e  p resen ce  of trimethylamine. 

H eterogeneous reactions involving g a s  and  solid p h a se s  take  place much 

more slowly than those  involving g a s  and liquid p h ases . In order to increase 

the  solubility of the  interm ediate cyclic pho sp h a te , we u se d  propionitrile 

instead of acetonitrile. Although th e  interm ediate cyclic phosphate  dissolved 

in this solvent before reaching its boiling point, again the reaction w as not 

successful. Since the ring-opening reaction is a  Sfg2 reaction, a  polar solvent 

is needed . Propionitrile is possibly a  good solvent for S n 2  reac tions 

(dielectric constant, 27); thus the  low yields ob tained  with the  iong-chain 

ceram ides m ay reflect steric  h indrance c a u se d  by chain folding. Steric 

hindrance w as p roposed  to  accoun t for th e  low yields ob tained  in the  

alkylation of 1 -O-benzyl-sn-giycerol 3-tosylate by Iong-chain alkyl triflates.66

The conversion of ceram ides (9c, 13b, 13c , 14b, 14c, 47, 51, 55) into 

SP M s (10c , 1 6 b ,1 6 c , 17b , 1 7 c , 48 , 5 2 , 56) w as  c a rried  ou t by 

phosphory la tion  of th e  p rim ary  hydroxy g roup  of c e ra m id e s  wi t h  

2-brom oethylphosphoric acid dichloride in th e  p re sen c e  of triethylam ine 

followed by hydrolysis of the remaining chloride a t the  phosphorus atom  and 

trimethylamine replacem ent of th e  bromoethyl phosphodiester derivatives. 

(Schem e 13B, page 80). After phosphorylation of ceram ides and hydrolysis 

of the  remaining P-CI bond, the  bromoethyl phosphodiester derivatives are
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am inated  with trim ethylam ine in th e  p re sen c e  of a  mixture of so lven ts 

(CHCl3 -/-PrO H -C H 3 CN, 3:5:5). Bromoethyl p h o sp h o d ieste r derivatives 

d isso lved  well in th is so lven t sy s tem , an d  th e  S n 2  reaction  with 

trim ethylam ine in w ater w as com plete  a fte r stirring for 48 h at room 

tem perature.

Third, we u sed  A /,/V -d iisop ropy lm ethy lphosphoram id ic  c h lo rid e  

(Schem e 13C, page  81). This reagen t w as u se d  for SPM  syn thesis  by 

B r u z i k . 2 1  C e ra m id e s  (3 3 , 3 8 , 4 3 ) w e re  t r e a te d  w ith 

A /,A /-diisopropylm ethylphosphoram idic ch lo ride  in th e  p re s e n c e  of 

triethylamine in chloroform. The resulting phosphoram idites w ere treated  with
*

a  mixture of choline tosylate and 1H-tetrazole in acetonitrile-THF (1:1). The 

phosphites w ere oxidized with ferf-butyl hydroperoxide in THF to give the  

corresponding phosphates. The desired  phosphodiesters w ere obtained by 

demethyiation of the  triesters with anhydrous trimethylamine in toluene. The 

sy n th ese s  of SPM s (34, 39 , 44) w ere carried out in an one-pot procedure 

without isolation of the  interm ediate com pounds. Phosphitylation is a  more 

reactive p ro cess  than  phosphorylation, and  TLC analy sis  (hexane-ethyl 

ace ta te , 1:1) indicated that for all the  ceram ides show n in Schem e 13C, 

phosphitylation reactions were finished in 5-10 min.

A com parison of the yields obtained by using the  three phosphorylation 

or phosphitylation reagen ts in conversion of ceram ides to sphingom yelins 

indicates that all give about 40%  yields of SPM s b ased  on corresponding 

ceram ides. 2-Chloro-2-oxo-1,3,2-dioxaphospholane gives poor yields when 

used  in reactions with the  longer chain ceram ides (47, 51, 55). The mixed 

solvent system  used  in the  2-brom oethylphosphoric acid dichloride reaction 

overcom es the solubility problem encountered  w hen acetonitrile is u sed  a s  

the  solvent in the  reaction involving 2-chloro-2-oxo-1,3,2-dioxaphospholane.
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Phosphitylation by using A/,A/-diisopropylmethylphosphoramidic chloride is 

the best of the  three reagents we used  for conversion of ceram ides to SPM s. 

Although A/,A/-diisopropylmethylphosphoramidic chloride g ives SPM s in 

similar yields a s  did the  two phosphorylation reagents, it h a s  th e  advantage 

that th e  four s te p s  can  be carried  out in an  one-po t p rocedure  without 

separation.
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Scheme 13. Phosphorylation and phosphitylation reagents used in 
conversion off ceramides to sphingomyelins

A. 2-Chloro-2-oxo-1,3,2-dioxaphospholane:

O T H PO T H P
C IP

N H C O R 'NHCOR'

9a, R = D, R' = n-C17H35 
9b,R  = H,R’=n-C17H35 
47, R=H,R'=n-C2 iH4 3  

51, R = H,R'=n-C23H47 
55, R sH , R 's C2 3 H4 5

°]n —J

(60-65%)

1. Me3N, CH3CN
------------------- m

2. p-TsOH, MeOH

/7-C13H27 O P O C H 2 C H 2N +M e3

O'
N H C O R '

10a, R=sD,R' = 0-0^35 (66%)
10b,R = H ,R '=n-C17H35 (71%)
48, R = H, R' = n-C21H43 (no reaction) 
52, R a  H, R '= 0-02^47 (no reaction) 
56, R = H ,R '=C23H45 (no reaction)
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Schem e 13. (Continued)

B. 2-Brom oethylphosphoric a d d  dichloride:

H OR

1. C l2P(0)0C H 2CH2Br, Et3N
i

2. NaOAc, EDTA

H NHCOR'

9 c ,15Nt R - H , R '- r h C i 7H35 
13b , 14N, R -  Me, R' -  n-C 17H35 
13c, 15N, R -  Me, R’ = n -C 17H35 
14b, 14N, R b  Et, R' ■ n-CiyHss 
14c, 15N, R -  Et, R' -  n-C17H3 s 
47 , R - H ,  R '- n - C 21H43 
51 , R «• H, R' ■* n*C23H47 
55, R *» H, R' «■ C23H4s

/7-Ci3H27^ ^ X̂

n-C-|3H27

50-57%

|| 25%  Me3N in H20
OPOCH2CH 2Br -------------------------------

£  CHCI3-CH3CN-/-PrOH

NHCOR'

OR
= O

n-C13H27^  Y  X vOPOCH2CH2N+Me3

O"
NHCOR'

10c, 15N, R -  H, R '-  /7-C17H35 (71% , 41%  b a se d  on 9 c)
16b, 14N, R -  Me, R '»  n-C17H35 (36%  b ased  on 1 3 b )
16c, 1SN, R = Me, R '»  n -C i7H35 (43%  b ased  on 1 3 c )
17b, 14N, R -  Et, R' -  n-C 17H3S (41%  b ased  on 1 4  b)
17c, 15N, R -  Et, R' -  /t-C17H35 (39% b a se d  on 1 4 c )
48 , R -  H, R  «  n-C21H4 s (43%  b ased  on 4  7)
52, R -  H, R' -  /t-C23H47 (46%  b ased  on 5 1 )
56 , R -  H, R' -  C23H45 (48%  b a se d  on 5 5 )

This phosphorylation an d  am ination procedure g ives DL-3-deoxysphingomyelin 
in 36%  yield (2 6).
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Scheme 13. (Continued)

C. A/,A/-Diisopropylmethylphosphoramidic chloride:

H OTHP

OH

NHCOR

33. R = CH(OTHP)C1̂ 2g-/7
38. R =
43, R = /7-C-) ̂ 23

N(Pr-/)2

1 . C I - P ^  , Et3N
OMe

 1
2. choline tosylate, tetrazole
3. f-BuOOH
4. M e^l
5. p-TsOH, MeOH

^ 1 ^ 2 7 OPOCĤ CHgN+Mea
O '

NHCOR

35, R = C H tO H JC ^ g -n  (43%) 
39, R = n - C t f  27 (42%)
44, R = n - 0 ^ 2 3  (41%)
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