
NMR spectral analysis of cytotoxic ether 
lipids 

increasingly evident. We report herein the NMR 
spectral analysis of several palmityl-based analogs of 
ET-1 &OMe using proton decoupling experiments in 
conjunction with two-dimensional correlated spectros- 
copy (COSY). In addition, we report the 13C NMR as- 
signments for these lipids, which are based, in part, on 
both the presence and magnitude of 31P-13C and 14N- 
I3C coupling constants. 
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Summary Several cytotoxic ether lipid analogs of platelet EXPERIMENTAL PROCEDURES 
activating factor exhibit a wide range of interesting phar- 
macological properties. Furthermore, at least two members 
of this family of lipids have progressed to phase I clinical tri- 
als as potential cancer chemotherapeutic agents. In spite of 
the promise that these compounds hold as anticancer drugs, 
they remain poorly characterized. We report herein the first 
complete 'H NMR analysis of several palmityl-based ether 
lipids. In addition, we report the 13C NMR spectral assign- 
ments for these lipids, which are based, in art, on both the 
presence and magnitude of 31P-13C and 'N-''C coupling 

materials 

Reagent grade solvents (Fischer Scientific) were dis- 
tilled prior to use. Phosphorous oxychloride and 2- 
bromoethanol were purchased from Aldrich and 
purified as needed. chromatography was 
performed on precoated silica gel 60 plates (Merck). 
Unless otherwise mecified. the eluent used for TLC 

constants.-Dick, D., S. Pluskey, D. K. SUkum-9 and b 
Lawrence. NMR spectral analysis of cytotoxic ether lipids. J. 
Lipid Res. 1992 33: 605-609. 

was CHCl3-MeOHLH20 65:25:4 (v/v/v). Visualization 
of phospholipids was accomplished using a molybdic 
acid spray ( 10). 

Supplementary key words platelet activating factor 

Several monoether, diether, and lyso analogs of 
platelet-activating factor ( 1-0-hexadecyl-2-acetyl-sn- 
glycero-3-phosphocholine, PAF) have been found to 
exhibit a selective cytotoxicity toward a variety of 
neoplasms, both in vitro and in vivo (1, 2).  Intensive 
study of the pharmacological properties of one of 
these compounds, 1-0-octadecyl-2-0-methyl-sroglycero- 
3phosphocholine (ET-180Me, 1) (Fig. l ) ,  has 
revealed that this diether lipid analog accumulates in 
the plasma membrane (3) of tumor cells and, in a yet 
to be determined fashion, influences membrane-as- 
sociated phenomena including phospholipid synthesis 
(4) and metabolism (5-7), as well as membrane 
fluidity (3). 

We have initiated a program to elucidate the physi- 
cal and chemical properties of Et-l&OMe and its 
derivatives. Such studies may provide some insight into 
the underlying mechanism of biological activity and 
may ultimately lead to the creation of even more 
potent antineoplastic ether lipids. Interestingly, when 
we commenced our efforts in this area, we were 
surprised to find that a complete 'H NMR assignment 
had not been established for even one member of this 
1-0-alkyl lysophospholipid family of PAF analogs, in 
spite of the fact that at least two PAF derivatives have 
progressed to clinical trails (8, 9)! Furthermore, new 

1 -0-Hexadecyl-2-O-methyI~c- 
glycerophosphocholine (2) 

The lipid alcohol 6 (200 mg, 0.61 mmol) (11, 12) 
was dissolved in 2 ml of trichloroethylene and the 
resulting solution was subsequently added, over a 10- 
min period, to an ovendried 5 ml round-bottomed 
flask containing freshly distilled pbromoethylphos- 
phodichloridate (280 mg, 1.16 mmol) and triethyl- 
amine (0.25 ml, 1.79 mmol) maintained at 0°C under 
a N2 atmosphere. The reaction mixture was stirred for 
1 h at O°C and then 1 h at room temperature. The 
precipitated Et3N - HC1 was filtered from solution and 
the solvent was subsequently removed in vacuo. The 
residue was dissolved in 20 ml of THF-HPO 3:l (v/v) 
and the resulting solution was stirred for 3 h at room 
temperature. Removal of the solvents under reduced 
pressure afforded the Pbromoethylphosphodiester 
intermediate as a white amorphous solid (TLC; Rf 
0.48). This material was immediately dissolved in 30 
ml of chloroform-isopropyl alcohol-acetonitrile 3:5:5 
(v/v/v) and the solution was subsequently treated with 
8 ml of 25% aqueous Me3N. The solution was stirred 
at 60°C until TLC indicated the complete absence of 
Pbromoethylphosphodiester intermediate (-15 h) . 
The residue obtained upon removal of the solvent was 

analogs of these cytotoxic ether lipids are being syn- 
thesized at a rapid pace, and the need to unequivocal- 

Abbreviations: PAF, platelet activating factor; TLC, thin-layer 
chromatoeraohv, 

" L J  ly characterize these compounds is becoming 'To whom correspondence should be addressed. 
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7H20(CH2)1$H3 

CH,O=C=H 0 
I II 

-OCH2CH2N+(CH3)3 

0- 
1 

Fig. 1. 

chromatographed on silica gel (elution gradient: 200 
ml CHCl3, 200 ml CHC13-MeOH 3:l (v/v), 200 ml 
CHC13-MeOH 2: 1 (v/v) , CHC13-MeOH-H20 65:25:4 
(v/v/v) to yield the desired lipid 2 as a hygroscopic 
white powder (254 mg, 83.2%). FAB MS m/z calcd for 
C22H53N05P (M + H)+ 496.37, obsd 496.49. 

1-0-Hexadecyl-3-04 [ 2-(trimethylamine) 
ethyl]phosphoryl]propanediol (3) 

Alcohol 7 (300 mg, 1.0 mmol) (13) afforded lipid 3 
(283 mg, 60.9%) as a crystalline white solid (Rf0.15). 
FAB MS m/z calcd for C22H53N05P (M + H)' 466.36, 
obsd 466.49. 

l-O-Hexadecyl-2-O-benzylac- 
glycerophosphocholine (4) 

The protocol for the conversion of alcohol 8 (11,14) 
to lipid 4 was similar to that indicated above except 
that CCl4 was used in place of trichloroethylene and 
that the bbromoethylphosphodiester intermediate was 
dissolved CHCls-CH3CN 1 : 1 (v/v) prior to treatment 
with aqueous triethylamine (15). Lipid 4 was obtained 
(489 mg, 70.3%) as a waxy white solid (Rf0.23). FAB 

TH20(CH2) 1 5CH3 
CHnO-CH 0 

-OCH&H2N+(CH3)3 

0 
2 

4 

Fig. 2. 

MS m/z calcd for C~zH53N05P (M+H)+ 572.40, obsd 
572.43. 

1-0-Hexadecyl-racglycerophosphocholine ( 5 )  

Lipid 4 (72 mg, 0.13 mmol) and 10% Pd/C (60 mg) 
was introduced into a pressure bottle containing 4 ml 
of methanol. Hydrogenolysis was conducted at 50 psi 
on a parr apparatus. Upon completion of the reaction 
(monitored by TLC, -18 h), the catalyst was filtered 
off and the methanol was removed in vacuo to furnish 
5 (58 mg, 95.4%) as a hygroscopic white powder 
(TLC: CHC13-MeOH-HzO 4:6:1 (v/v/v; 40.21). FAB 
MS m/z calcd for C22H53N05P (M + H)' 482.35, obsd 
482.31. 

RESULTS AND DISCUSSION 

Synthesis of alkyllymphospholipids 2-5 (Fig. 2) 
In general, the chemical synthesis of glycerophos- 

pholipids reserves, for the final step, the incorporation 
of the phosphatidylcholine side chain (16). Arnold, 
Weltzien, and Westphal (1 1) described the synthesis of 
a number of ether lipid analogs, including ET-18 
OMe, in which this side chain is incorporated via the 
phosphorylating agent, Pbromoethylphosphodichlori- 
date (17). Subsequent treatment of the phosphory- 
lated intermediate with aqueous trimethylamine 
provides the desired phosphatidylcholine. With this 
background in mind, we prepared the racemic al- 
cohol-containing precursors to lipids 2-5. These 
precursors 6,7, and 8 (Fig. 3) were synthesized accord- 
ing to standard literature protocols. 

(iH20(CH2)15CH3 
CH2 0 
I II 
CH20-P-OCH2CH2N+(CH& 

I 
0- 

3 

(iH20(CH2)15CH3 
HO-CH 0 

I II 
I 
0- 

5 

CH20-P-OCH2CH,N+(CH3)3 
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Fig. 3. 

Alcohols 7 and 8 were treated with Pbromoethyl- 
phosphodichloridate, followed by displacement of the 
bromide on the intermediate Pbromophosphodiester 
with aqueous trimethylamine. The desired lipids 3 and 
4 were obtained in 60.9% and 70.3% yield, respective- 
ly. Interestingly, we were able to convert the 2- 
methoxy-substituted alcohol 6 to the desired lipid 2 in 
83.2% yield. This exceeds the yields described by Ar- 
nold, Weltzien, and Westphal (11) in their original 
paper. In short, in our hands, this reaction produces 
the requisite lipids 2 4  in sufficient quantity and purity 
for our needs. Hydrogenolysis of the benzyl ether-con- 
taining lipid 4 provided the hydroxyl-bearing deriva- 
tive 5 in 95.4% yield. 

'H NMR assignment of alkyllysophospholipids 2-5 

Due to their amphiphilic nature, phospholipids 
often assume a multitude of aggregation states in solu- 
tion, leading to poorly resolved NMR spectra. For ex- 
ample, in CDC13, the expected resonance for the three 
methyl groups on the choline side chain of lipid 2 is 
very broad and therefore rather illdefined, which 
might lead one to conclude that conversion of 6 to 2 
had failed. Fortunately, 'a few binary and ternary sol- 
vent systems have been described to circumvent the 
difficulties associated with aggregation, including 
CDClS-CD30D ( 18) and CDClS-CDSOD-D20 1 : 1 :0.3 
(v/v/v) (19, 20). We used both solvent systems in this 
study (in the binary system a 2:l ratio of CDC13- 
CD30D was used). 

The 'H NMR assignments for lipids 2-5 are 
provided in Table 1. The nearly identical chemical 
shifts exhibited by several of the heteroatom-bearing 
methylene and methine groups, even at 400 MHz, 
proved to be a major obstacle in obtaining these as- 
signments. Due to the compact nature of the proton 
resonances contained within the COSY spectra of 
lipids 2-5, we found it necessary to confirm all assign- 
ments by stepwise frequency-specific single irradiation 
experiments as well. The chemical shifts for the 
protons situated at sites a, 6, e, j ,  and h were assigned 
on the basis of literature precedent (21). In addition, 
the &protons are coupled to the protons at position i 
and, via long range, to the protons at position g. COSY 

and single irradiation studies also established the 
chemical shift values for the protons positioned at site 
d. The e-fg triad is a relatively isolated spin system with 
slight spin-spin leakage form g to h. Assignments for 
this triad were also based upon COSY and single ir- 
radiation experiments. However, it is important to 
note that severe overlap of proton resonances occurs 
in a number of instances, with several regions of each 
NMR spectrum exhibiting decidedly non-first order 
behavior. For comparison, the previously determined 
chemical shift assignments for PAF are provided in 
Table 1 as well (21). 

NMR assignment of alkyllysophospholipids 2-5 

These assignments were based on comparisons to 
literature values for phosphatidylcholines (22) and on 
both the presence and magnitude of s'P-13C and I4N- 
I3C couplings (20). Three bond carbon-phosphorus 
couplings in phospholipids (i.e., between P and JC) 
tend to be 2 7.5 Hz, which is indicative of an averaged 
rotomer population in which the 0-P bond is 
oriented anti to the CJC bond. In contrast, two bond 
carbon-phosphorus couplings in phospholipids (Le., 
between P and "c) are between 4 to 6 Hz in mag- 
nitude (20). In addition, due to the presence of 
nitrogen-phosphorus couplings, the split I3C resonan- 
ces in the 66.4-66.5 ppm and 54.1-54.4 ppm ranges 
were assigned to carbons i and j ,  respectively. The I3C 
spectral shift values for lipids 2-5 are provided in 
Table 2. 

In summary, we have prepared several palmityl- 
based analogs of ET-18-OMe. The chemical shift as- 
signments reported herein represent the . first 
complete NMR analysis of this important class of 
medicinally useful lipids. Such data should be of 
decided assistance in the characterization of other 
highly modified analogs of these cytotoxic ether lipids. 
e 
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TABLE 1. 'H NMR chemical shift assignments (ppm) for lipids 2-5 (CDCls-CDsOD 2:1, v/v) 

2 3 4 5 PAF 

a 0.79 0.80 0.80 0.80 0.89 
t t t t t 

b 1.20 1.20 1.20 1.20 1.28 
m m m m m 

c 1.47 1.48 1.50 1.48 1.54 
brd t t t brd t t 

d 3.36 3.34 3.38 3.38 3.46 
t t t o / e  t 

P 3.41 3.46 3.52 3.39 3.59 
dist t 1 m o / d  d 
3.48 1.82 3.74 3.86 5.13 

g 3.81;3.88 3.86 3.87;3.95 3.96 4.01 

h 4.15 4.14 4.10 4.29 4.27 

2 3.50 3.50 3.35 3.60 3.64 

i 3.12 3.14 3.02 3.14 3.22 

R 3.38 4.64;7.25 2.06 

o / i  P m brd P 
f 

m m m q m 

brd brd brd brd brd m 

o / f  brd t brd t brd P 

S 5 S S S 

a dd;m S 

These assignments are referenced relative to tetramethylsilane (TMS). Two-dimensional correlated (COSY) spectra were 
collected at 400 MHz using a VarianWS spectrometer at 25%. Lipid samples were 20 m~ in CDCI&D,OD-D20 1:l:O.S 
(v/v/v). COSY spectra were obtained in the absolute value mode with the pulse sequence: relaxation delay -90"-tl-90"-t2 
(23). Free induction decays were sampled for 256 tl values ranging from 0.0 to 0.341 sec in steps of 1.33 msec. The relaxation 
delay was 1.8 sec and the 90' pulse on our spectrometer was 26.4 wec. For each t,. a total of 64 scans was collected. In our 
experiments the data size in the time domain was 2048 X 256. After zerofilling and 2D-IT, the frequency domain spectra was 
2048 X 2048. The specual resolution was improved by multiplication of the free induction decays with a sine bell function. 
The data were symmetrized. Single irradiation experiments were performed at 400 MHz and the binary solvent system 
CDCl&D,OD 2 1  (v/v) was used to give a final lipid concentration of 15-20 mM. The chemical shift data for PAF are taken 
from Heymans et al. (21). which were obtained at 250 MHz in CD,OD. Abbreviations: s, singlet; d, doublet; dd, doublet of 
doublets; t, triplet; q, quartet; p. pentent; m, multiplet; brd, broad: dist, distorted o/, overlap with. 

TABLE 2. I3C NMR chemical shift assignments (ppm) for lipids 2-5 (40-50 mM in CDCls-CDsOD-Dz0 
1:1:0.3, v/v/v) 

2 3 4 5 

a 13.94 13.73 13.78 13.70 
b 22.55 22.56 22.55 22.55 

26.00 25.97 25.97 25.91 
29.26 29.26 29.25 29.25 
29.46 29.47 29.45 29.44 
29.57 29.59 29.60 29.49 
29.61 30.38 29.85 29.59 

C 31.84 31.86 31.85 31.86 
71.66 or 72.02 d 70.48 or 71.86 71.32 70.63 or 71.91 

e 70.48 or 71.86 67.42 70.63 or 71.91 71.66 or 72.02 
f 79.87 V~p=7.62)  30.64 &p = 7.1 3) obscured by CDCk 69.73 (/GP = 7.26) 
g 64.92 (JGP = 6.36) 63.16 &p = 5.47) 65.50 &P = 5.88) 67.53 (F;P = 5.85) 
h 59.26 VGP = 5.21) 59.64 &p = 5.09) 59.12 VGP = 4.71) 59.43 VGP = 4.96) 
i 66.43" 66.55' 66.43' 66.47' 
j 54.43 &N = 3.62) 54.10 &N = 3.56) 54.05 &N = 3.44) 54.12 &N = 3.69) 
R 57.78 72.44 

128.10 
128.38 
128.71 
138.81 

These assignments are referenced relative to TMS. Conducted at 75.46 MHz on a Varian Gemini-300 spectrometer at 25°C. 

"Due to the complexity of the signal for 'C, the h p  and h~ values could not be accurately measured. 
The "C NMR chemical shift assignments for compound 2 have been previously reported (21). 
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