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Abstract Methods are detailed for the preparation of [2- 
'80]glycolate from chloroacetic acid and for the direct conver- 
sion of these intermediates to regiospecifically labeled [2-180]- 
2-0-acylglycolic acids containing approximately 90% l80 at the 
C-0-acyl bond. Methods are also detailed for optimization of 
reaction conditions and yields for each synthetic step in previously 
published methods for the preparation of 1-0-acyldihydroxyace- 
tone-3-0-phosphate (DHAP) from acyloxyacetic acid (i.e., 2-0- 
acylglycolic acid), where acyl is tetradecanoyl, hexadecanoyl, or 
heptadecanoyl. The optimized reaction conditions generate 
1-0-acyl DHAP in its acid form, both in high overall yield and in 
high punty, without requiring a final chromatographic purification 
of the product, 1-0-acyl DHAP. Combining these new methods, 
efficient and facile preparations of regiospecifically labeled [1-'80]- 
1-0-hexadecanoyl DHAP and [l-'80]-l-O-heptadecanoyl DHAP 
have now been demonstrated, in which approximately 90% l80 is 
specifically located only at the C-0-acyl position. Some mechanistic 
postulates are offered to account for the optimized yields, regio- 
selectivities, and high l 8 0  incorporation which are observed in the 
reactions we have employed to generate 1-0-acyl DHAP from gly- 
colate intermediates.-Peterson, D. M., R. A. Martinez, N. Sat- 
sangi, S. T. Weintraub, P. L. Stotter, and S. J. Friedberg. 
Synthesis of regiospecifically labeled [ '8o]glycolic acid and [180]acyl- 
dihydroxyacetone phosphate. J. Lipid Res. 1988. 29: 94 - 101. 
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Glycolic acid, the substrate of photorespiration, can be 
used for the chemical synthesis of 1-0-acyl-dihydroxyace- 
tone-3-0-phosphate (acyl DHAP), an obligatory biosyn- 
thetic precursor of ether lipids (1, 2). Glycolic acid or its 
glycolate salts can be made chemically from chloroacetic 
or other haloacetic acids by heating in water with or 
without base (3). We previously reported a modest yield 
preparation of glycolic acid containing 84.5% l 8 0  in the 
C -2 alcohol group (4); this regiospecifically labeled glyco- 
lic acid was converted (4) to mono-[ "O]acyl DHAP (hav- 
ing "0 at the C-0-acyl position), using well known 
synthetic procedures ( 5 ,  6). In these procedures however, 
modest yields and purification methods associated with 
several individual steps (5, 6) have, in our hands, often 
proved unsatisfactory andlor nonreproducible. Conse- 

quently, we undertook the optimization of yields and im- 
proved isolationlpurification techniques for each of the 
transformations in the preparation of pure 1-0-acyl 
DHAP (in its acid form) from acyloxyacetic acid. We also 
sought an isolation method that would avoid chromato- 
graphic purification of the final phospholipid product. As 
a result of these studies, we now describe suitable im- 
provements for the general preparation of l-(O)-acyl 
DHAP. 

The "0-labeled acyl DHAP that we had previously 
prepared was used to study specific aspects of the 
biochemical mechanism of the ether lipid bond formation 
(4). In some subsequent preparations, our glycolic acid 
contained approximately only 50% ''0 at the desired 
position; this material was not sufficiently enriched in ''0 
for planned biochemical studies requiring mass spec- 
trometric analysis. We surmised that the problem of low 
l80 incorporation was likely the result of several com- 
peting reactions that did not effectively distinguish "0 of 
the medium and l60 of the reagent COOH. Possibilities 
included rapid internal hydroxylation via a reactive 
a-lactone intermediate or formation of oligomeric (pri- 
marily dimeric) ester intermediates that were subsequent- 
ly saponified to monomer in the basic medium. We have 
now addressed these problems, and detail here several sets 
of conditions appropriate for reproducible formation of 
'80-monolabeled glycolate products in satisfactory yield, 
containing "0 with an isotopic enrichment of 8 5 4 3 %  at 
the desired C-2 position. These ['80]glycolates have been 
converted to regiospecifically labeled [ "O]acyl DHAP by 
an improved synthetic sequence. 
-____ 

Abbreviations: DHAP, dihydroxyacetone phosphate; GLC-MS, 
gas-liquid chromatography-mass spectrometry; BSTFA, bis-(trimethyl- 
silyl) trifluoroacetamide; TMCS, trimethylchlorosilane; FAB, fast atom 
bomdardment mass spectrometry; 16:O acyl DHAP, hexadecanoyl dihy- 
droxyacetone phosphate; 17:O acyl DHAP, heptadecanoyl dihydroxy- 
acetone phosphate; TMS, trimethylsilyl ether; TLC, thin-layer chro- 
matography. 
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MATERIALS 

Chloroacetic acid was obtained from Sigma (St. Louis, 
MO) and was recrystallized from benzene prior to use. 
'*O-labeled water (98%) was obtained from Cambridge 
Isotope Laboratories (Woburn, MA). BSTFA [bis(tri- 
methylsilyl) trifluoroacetamide] containing 1 % TMC S 
(trimethylchlorosilane) was obtained from Pierce 
Chemical Co. (Rockford, IL). Glycolic acid (Eastman 
Kodak Co., Rochester, NY) was dried (MgS04) and 
subsequently recrystallized using ethyl ether. Oxalyl 
chloride (99 + "/.) was obtained from Aldrich Chemical 
C 0. (Milwaukee, WI) . Tetradecanoyl , hexadecanoyl , and 
heptadecanoyl chlorides were freshly prepared from the 
corresponding purified fatty acids (Aldrich Chemical Co.) 
using oxalyl chloride or were obtained, respectively, from 
Aldrich Chemical Co. and Nu Chek Prep (Elysian, MN). 
Analytical and preparative thin-layer chromatography 
plates (silica gel, E. Merck) were obtained from Brinkman 
(Westbury, NY). Dry column chromatography was per- 
formed on silica gel G (Type G, dry column grade, Sigma 
Chemical Co.) 

Dry methylene chloride was prepared by distillation of 
reagent grade methylene chloride from phosphorus pen- 
toxide and was subsequently stored over 4A Molecular 
Sieves. Dry 1,4-dioxane was prepared by passing reagent 
grade 1,4-dioxane through neutral alumina (Brockman I, 
80 g/100 ml of dioxane). Dry pyridine was prepared by 
stirring reagent grade pyridine over potassium hydroxide 
for 24 hr, followed by distillation from barium oxide. 

EXPERIMENTAL 

Melting points of all solid compounds were determined 
in open capillary tubes using a Thomas Hoover melting 
point apparatus. Those reported are uncorrected; only 
salient melting point data have been included for com- 
parison with previous reports. IR spectra of all com- 
pounds were recorded on a Beckman IR 4220 or Perkin- 
Elmer 467 spectrophotometer to confirm purity and 
structure; unexceptional IR data have not been included. 
HNMR spectra were obtained for all compounds as solu- 
tions in CDCL3 and/or CF3C02D (TFA-d), using a 
General Electric QE300 or Varian EM390 spectrometer 
with tetramethylsilane as internal standard; selected spec- 
tra are reported for reference compounds with chemical 
shift values of salient resonances expressed in ppm relative 
to standard; spin-spin coupling patterns are described as 
follows: (s), singlet; (d), doublet; (t), triplet; (q), quartet; 
and (m), multiplet; with coupling constants U) in Hz. 
Homogeneity of all purified compounds was routinely 
checked by thin-layer chromatography (TLC) using silica 
gel. 

Negative ion FAB analyses were performed on a Fin- 
nigan-MAT 212 mass spectrometer in combination with 
an INCOS 2200 data system. The accelerating voltage 
was 3 kV and the source temperature was approximately 
60°C. Xenon was employed with an Ion Tech saddle field 
atom gun operating at 8 kV. Samples were applied in 
chloroform-methanol 8:2 (v/v) to the copper probe tip 
and allowed to dry in air. Approximately 3 pl of thiogly- 
cero1 was then added and the matrix material was mixed 
with the sample. 

Analysis of the trimethylsilyl derivative of glycolic acid 
was accomplished by gas-liquid chromatography-mass 
spectrometry on a Hewlett-Packard model 5982 mass spec- 
trometer, in combination with a Hewlett-Packard model 
5933 data system. The ion source temperature was 18OoC, 
and the electron energy was 70 eV. Gas chromatographic 
separation was effected by means of a 6 ft x 4 mm glass 
column packed with 3% OV17 on 100/120 mesh Gas Chrom 
Q(App1ied Science), using helium as the carrier gas at 30 
ml/min. The injector temperature was 250°C, and the 
column temperature was 100°C. Samples were introduced 
into the mass spectrometer through a glass jet separator, 
maintained at 25OOC. Samples of chloroacetic acid were 
analyzed using the same mass spectrometer settings, with 
sample introduction by means of a direct insertion probe. 

[ i80]Glycolic acid 
Chloroacetic acid (600 mg) was heated in 98% 

[ i80 ]H20  (6 ml) at 100°C in two equal portions in 5-ml 
Reacti-Vials (Pierce Chemical Co.) sealed with a Teflon- 
lined cap for 2 weeks in a heating block. 

Five ~1 of the combined reaction mixtures was dried 
under nitrogen in a 1-ml vial and then under high 
vacuum for 10 min. BSTFA (100 pl) was added and the 
mixture was heated at 60°C with stirring for 15 min. Ex- 
amination of the resulting trimethylsilyl derivative of gly- 
colic acid by gas-liquid chromatography-mass spec- 
trometry (GLC-MS) showed (Fig. la) that 58% of the 
molecules contained three l80 atoms and that 32% con- 
tained two l80 atoms. 

Half of the [ 180]water was then removed by distillation 
under reduced pressure at 5OoC and recovered. Ordinary 
water (4 ml) was added and the volume was reduced to 
about 2 ml by vacuum distillation at 42OC. This proce- 
dure was then repeated three more times and the sample 
was finally reduced to 2 ml. In order to prevent poly- 
merization catalyzed by residual acid, care was taken to 
avoid bringing the sample to dryness. The glycolic acid 
was diluted with 6 ml of ordinary water and stirred at 
room temperature for 4 hr to exchange the l80 of the gly- 
colic acid carboxyl group. One equivalent of sodium 
hydroxide was added (6.38 ml of 1 N NaOH) and the 
reaction mixture was dried in vacuo at 40°C. Repeat ex- 
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Fig. 1. Electron impact (70eV) mass spectra of the bis-trimethylsilyl 
derivative of glycolic acid. Samples were introduced into the mass spec- 
trometer after elution from a gas chromatograph, as described in 
Methods. A, derived from the reaction of chloroacetic acid and 
[180]Hz0 (98 mol%) after a 2-week incubation at 100OC; B, following 
several cycles of acid-catalyzed equilibration of sample A in HZO with 
natural isotopic abundances of oxygen; C, derived from standard glyco- 
lic acid. 

amination of the trimethylsilyl derivative by GLC -MS 
after neutralization with NaOH showed that the glycolic 
acid contained approximately 90% l 8 0  at C-2 (Fig lb). 

The material derived in this fashion was used in the 
subsequent synthesis of acyloxyacetyl chloride. 

[ 180] Heptadecanoyl dihydroxyacetone phosphate 

[ 2- '80]Glycolic acid was converted to heptadecanoyl 
dihydroxyacetone phosphate by the methods of Schlenk, 
Lamp, and De Haas (5) and Hajra and Agranoff (6). 
Prior removal of sodium chloride from the glycolic acid 
reaction mixture was found to be unnecessary in the in- 
itial synthesis of heptadecanoxy acetic acid. The interme- 
diate product, heptadecanoxy acetic acid, was analyzed 
directly by mass spectrometry and was shown to contain 
at least 90% "0 at the C-0-C bond. Otherwise the 
various reactions were carried out as originally described 
(5, 6). Fig. 2 shows the negative ion fast atom bombard- 
ment (FAB) mass spectra of heptadecanoyl [ '*O]DHAP 
and the hexadecanoyl l60 analog. The major ion seen for 
each species is the [M-11-. Thus, for 16:0[160]acyl DHAP, 
the expected ion at m/z 407 is seen. For 17:0['80]acyl 
DHAP, an ion at m/z 423 is observed, an increase of 16 
mass units from 16:0[ 160]acyl DHAP. This confirms the 
presence of one l80 in the final 17:O acyl DHAP. By com- 
parison with unlabeled acyl DHAP, the total '*O content 
was calculated to be greater than 90%. 

Although the product obtained served our experimen- 
tal needs, the yield in this reaction starting from hepta- 
decanoxy acetic acid was only 6%. Consequently means 
were sought and then found to improve the methods of 
Schlenk et al. (5) and Hajra and Agranoff (6) to procure 
various acyl DHAPs in greater yield. Accordingly, the fol- 
lowing modification was worked out using hexadecanoyl 
DHAP as a prototype. 

Hexadecanoxyacetyl chloride 

Hexadecanoxyacetic acid was obtained from freshly 
prepared hexadecanoyl chloride and glycolic acid as 
reported (5), except that total yields after isolation and 
purification were improved to >95% by combining the 
recrystallized product (from hexane) with additional 
material derived from the mother liquors and purified by 
TLC on silica gel using hexane-ethyl ether-acetic acid 
50:50:1 (v/v/v) for development (Rf 0.35). 

The purified acid (0.53 g, 0.0017 mol) was dissolved in 
methylene chloride (70 ml) and cooled to OOC; oxalyl 
chloride (0.86 g, 0.0068 mol) was added to the cold solu- 
tion and the reaction was allowed to warm to room 
temperature and then stirred for 2 hr. Solvent was remov- 
ed in vacuo, affording hexadecanoxyacetyl chloride (0.56 
g, 100%) as a pale yellow oil. The material was shown to 
be >95% pure and satisfactory for use in the next step, 
and for NMR and GLC-MS. 

NMR (CDC13: 0.86 (t, J =6Hz, 3H, C u  3), 1.25 
(broad m rising to sharp s, 24 H, C-4 to C-15 fatty 
acyl CH 2), 1.63 (m, 2H, 0-CH 2)r 2.41 (t, J = 7.5, 
2H, CY-CQ 2 ) ,  2.90 (s, 2H, OCH 5-C = 0). 
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Fig. 2. 
[ '60]DHAP. The contributions from the thioglycerol matrix have been subtracted. 

Negative ion fast atom bombardment mass spectra of :  A, heptade~anoyl-['~O]DHAP and B, hexadecanoyl 

Hexadecanoxyacetyldiazomethane (l-palmitoxy-3- 
diazoacetone 

Hexadecanoxyacetyl chloride (0.56 g, 0.0017 mol) was 
dissolved in anhydrous ether (30 ml) and this solution was 
added dropwise to a cooled solution (OOC) of excess 
freshly prepared anhydrous diazomethane (0.28 g, 0.0068 
mol) and triethylamine (0.17 g, 0.0017 mol) in ether (50 
ml). After dropwise addition was complete, the solution 
was stirred for an additional 2 hr at OOC. The resulting 
solution was evaporated to one-half its original volume 
under a stream of nitrogen, in order to remove the excess 
diazomethane. The ethereal suspension was partitioned 
between ethedbrine to remove triethylammonium 
chloride and the organic layer was washed with brine, 

dried (Na,SO,), and evaporated in vacuo. The residual 
pale yellow solid (0.56 g, 99%) contained less than 5% 
(reported (5) as approximately 30%) of a less polar impu- 
rity (TLC: ether-hexane 1:l (v/v), Rf 0.6). The im- 
purity was separated by preparative TLC and identified 
as 3-chloro-l-palmitoxyacetone, both by its spectral prop- 
erties and by combustion analysis). Because simple 
recrystallization of the crude diazoketone did not readily 
afford product completely free of the chloroketone im- 
purity, purification was routinely effected by dry column 
chromatography using ether-hexane 1:l (v/v). After isola- 
tion, the purified diazoketone was subjected to high 
vacuum at 4OoC for 24 hr to remove residual solvent, af- 
fording 0.52 g (95%, reported (5) as 63%) of solid prod- 
uct, mp 57-59OC, which was homogeneous by TLC 
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(ether-hexane 1:l (v/v), Rf  0.3). Diazoketone prepared 
and purified in high yield by this method was more pure 
than, but otherwise spectrally (NMR and IR) and chro- 
matographically (TLC) identical to, material prepared 
previously without modification of the reported procedure 
(5). The chromatographically purified diazoketone could 
be stored for extended periods or used directly in the next 
step. Repeated recrystallization from hexane followed by 
extended exposure to high vacuum raised the melting 
point to 59-60°C (reported (5) 58-59°C) and afforded a 
sample suitable for combustion analysis. 

NMR (CDCls): 0.86 (t, J = ~ H z ,  3H, C H  s), 1.23 
(broad m rising to sharp s, 24H, C-4 to C-15 fatty 
acyl C H  2), 1.63 (m, 2H, P-CH 2), 2.41 (t, J = 7.5 2H, 

C H  =N2); calc. for C19H35N203 C, 67.22; H,  10.39; 
N, 8.25; found C, 67.40; H,  10.41; N, 8.40. 

a -CH z ) ,  4.6 (s, 2H, O C H  -CEO), 5.5 (s, lH, 

l-0-Hexadecanoyl-dihydroxyacetone-3-O-phosphoric 
acid (hexadecanoyl DHAP) 

Phosphoric acid (85 wt%, 0.51 g, 0.045 mol) was dis- 
solved in dry dioxane (5 ml) and heated to 70OC; to this 
phosphoric acid/dioxane solution was added a second 
solution containing 1-palmitoxy-3-diazoacetone (0.5 g, 
0.0015 mol) dissolved in dry dioxane (5 ml) and also 
heated to 7OOC. The reaction mixture was stirred at 70°C 
(rapid initial nitrogen evolution) for 2 hr until all nitrogen 
evolution had ceased and no residual starting material 
could be detected as monitored by TLC (ether-hexane 1:l 
(dv), R j  0.45). The reaction mixture was cooled to room 
temperature and poured into ether (150 ml); the ethereal 
solution was washed well with water (3 x 50 ml), dried 
(NaS04) only until the solution began to cloud (initiation 
of phospholipid precipitation), rapidly filtered, and e- 
vaporated in vacuo to give a residue which proved to be 
a mixture of only two materials by TLC: nonpolar palmi- 
toyldihydroxyacetone (ether-hexane 1:l (./.), R j  0 . 3 )  
and polar palmitoyl DHAP (ether-hexane 1:l (v/v), Rj 
0.0; and chloroform-methanol-acetic acid-water 
50:25:7:1 (v/v/v/v), RjO.7). No other TLC spots were de- 
tectable using a variety of visualization techniques, e.g., 
12, sulfuric acid charring, and Dittmer and Lester 
phosphate spray (7). The mixture (0.70 g) was separated 
by addition of methylene chloride (7 ml) and subsequent 
agitation of the resulting slurry while hexane (21 ml) was 
added slowly; this suspension of palmitoyl DHAP was 
stirred for 1 hr, centrifuged for 15 min, and separated by 
decantation. The solids were twice resuspended in methy- 
lene chloride-hexane 3:l (v/v), 12 ml), agitated, centrifug- 
ed, and isolated by decantation, as before. By TLC, the 
organic decantate showed a single spot (ether-hexane 1:l 
(v/v), R j  0.3). The solid palmitoyl DHAP was subjected 
to high vacuum for 24 hr to remove residual volatiles, at 
which time 0.53 g of product was collected. This material 
was shown to be homogenous and identical to an authen- 

tic sample, by TLC (ether-hexane 1:l (v/v), RJ 0.0; and 
chloroform-methanol-acetic acid-water 50:25:7:1 (v/v/v/v), 
RJ 0.7). By NMR, the product contained no observable 
hydrogen-bound water or ethers. 

NMR (CDC1,TFA-d): 0.88 (t, J = 6Hz, 3H, CH3), 
1.29 (broad m rising to sharp s, 24H, C-4 to C-15 fat- 
ty acyl CH2), 1.68 (m, 2H, p-CHz), 2.55 (t, J = 7.5, 

5.05 (s, 2H, OCHZ-C =O),  variable (2H, ex- 
changeable PO(0H *). 

Tetradecanoyl and heptadecanoyl DHAP were pre- 
pared in the same manner and with similar yields. When 
"0 incorporation was required, the final isotope enrich- 
ment was essentially equivalent to the isotope enrichment 
of the starting [2-'80]glycolic acid. Spectral and chro- 
matographic properties showed predicted differences. 

2H, a-CHZ), 4.98 (d, J = 8 . 6 ,  2H, POCHZ-C S O ) ,  

Studies on the reaction conditions necessary for 
obtaining optimum yields of [ '80]glycolic acid 

Base-catalyzed synthesis ofr80Jglycolic acid without preequili- 
bration in r80Jwater  Chloroacetic acid (10 mg) was dis- 
solved in [ '80]H20 (100 pl). Metallic sodium (2.6 mg) 
was added and the reaction mixture was heated in a vial 
sealed with a Teflon-lined cap for 3 days at 100°C 
GLC-MS of the TMS derivative of glycolic acid showed 
that direct treatment of chloroacetic acid in [ "Olwater 
with base resulted in the formation of glycolic acid con- 
taining approximately 50% "0 in the primary alcohol 
group. 

Basecatalyzed synthesis of[180Jglycolic acid with preequilibra- 
tion in r80Jwater. Chloroacetic acid (12 mg) was dissolved 
in ["Olwater (120 pl) and left at room temperature. The 
reaction mixture was monitored periodically by direct 
probe mass spectrometry. After 1 week, the product was 
chloroacetic acid containing more than 85% "0 in the 
carboxyl oxygens (Fig. 3 ) .  Metallic sodium (3 mg) was 
added and the reaction mixture was heated at 90°C for 
1 week. Heating at higher temperatures apparently caused 
polymerization of the product. Subsequent GLC-MS of 
the TMS derivative of the resulting glycolic acid revealed 
that 87% contained three "0 atoms and that 11% con- 
tained two "0 atoms. The ["Olwater was evaporated 
under a stream of nitrogen at room temperature. Or- 
dinary water (120 pl) was added, and the reaction mixture 
was stirred overnight at room temperature. Under these 
conditions the carboxyl oxygens did not exchange. Accor- 
dingly, the water was again removed and 0.1 N 
hydrochloric acid (120 pl) was added. After 24 hr it was 
found that 16% had retained three "0 atoms. The reac- 
tion mixture was again evaporated under a stream of 
nitrogen and 0.1N HC1 (96 pl) was added. After 2 more 
days of acid treatment, none of the glycolic acid molecules 
contained three "0 atoms, 2.5% contained two "0 
atoms, and 90% contained one "0 atom in the alcohol 
group. 
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Fig. 3. Electron impact (70 eV) mass spectra of chloroacetic acid. The expanded insert shows the molecular ion 
duster of the initial sample (top), after 72 hr of incubation in ['*0]H20 (middle), and after 1 week of incubation 
(bottom). Sample introduction was by means of a direct insertion probe. Volatilization occurred at approximately 
4OoC 

DISCUSSION 

Previously reported preparations (5, 6) of 1-0-acyl di- 
hydroxyacetone phosphate (acyl DHAP) and of the cor- 
responding regiospecifically monolabeled 1-[ "01 acyl 
DHAP (4) have, in our hands, suffered from a lack of 
reproducibility both in yields of isolated products and in 
our own % "0 incorporation. In addition, it seemed ap- 
parent to us that the best yields reported (5, 6) for a 
number of steps in the synthetic sequence and isola- 
tionlpurification had never been optimized. We have 
therefore undertaken a study of the optimization of yields 
and reproducibility for each step in the preparation, 
purification, and isolation of unlabeled 1-0-hexadecanoyl 
DHAP. We have also determined satisfactory methods for 
generating reproducibly high percentage incorporation of 
"0 into glycolic acid and/or glycolate salts (from 
chloroacetic acid) for efficient preparation of "0-labeled 
hexadecanoyl and heptadecanoyl DHAP . 

By combining crystallization and chromatography of 
mother liquors, total yields of acyloxyacetic acetic acids 
from glycolic acid were improved. Conversion of these 
acids to their acid chlorides was also improved by employ- 
ing a suitable solvent which allowed the oxalyl chloride/ 
carboxylic acid reaction to proceed at much lower 
temperatures than had been reported (5, 6). More impor- 
tantly, the transformation of these acid chlorides to the 
corresponding diazoketones has been improved from 60% 

to >90% yield, by isolating and characterizing the by- 
product of the reaction and adjusting conditions to avoid 
production of this by-product. The by-product produced 
in 30% yield in the standard preparation (5, 6) was iden- 
tified by NMR and combustion analysis to be the cor- 
responding chloromethyl ketone (1-0-acyloxy-3-chloro- 
acetone). Thus, as anticipated, inverse addition of the di- 
azoketone precursor (the acyloxyacetyl chloride) to an 
ethereal solution of fourfold excess of diazomethane and 
triethylamine (to facilitate deprotonation of the interme- 
diate a-diazonium methyl ketone) reduced the amount of 
the by-product to less than 5% with corresponding in- 
crease of the yield of diazomethyl ketone (to 90-95% after 
chromatography). We have found that the purified 1-0- 
acyl-3-diazoacetones are suitable for cold storage under 
inert atmosphere, allowing large scale preparations and 
storage of these precursors to acyl DHAP. 

Conversion to the desired acyl DHAP species using 
purified diazoketone precursor was readily effected by 
modifying the reported procedure (6); thus, use of in- 
creased amounts of 85% phosphoric acid in hot dioxane 
with extended reaction times, until all precursor was con- 
sumed (as determined by TLC of the reaction mixture), 
afforded a clean product mixture containing only acyl 
DHAP and acyl DHA. This mixture could be readily 
separated without chromatography by extraction of the less 
polar impurity from the product mixture. The resulting 
insoluble acyl DHAP was obtained in 60% yield (in its 
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protonated form) directly by centrifugation/decantation 
and was shown both by NMR and by TLC to be a single, 
homogeneous compound. Of interest is the fact that the 
NMR spectrum of this material shows it is free of 
hydrogen-bonded water and other hydroxylic or ethereal 
materials. 

Application of this improved methodology to the 
preparation of regiospecifically labeled 1-[ '80]acyl DHAP 
allowed comparable yields and ease of isolation. The posi- 
tion of labeled oxygen was maintained. Moreover, the 
percentage incorporation of the label was shown by mass 
spectrometric techniques to correspond (within 5 % devia- 
tion) to the amount of label at the C-2 hydroxyl group of 
labeled glycolic acid used as starting material for the syn- 
thetic sequence. As a result it remained only to find condi- 
tions for preparing this labeled glycolic acid in satisfactory 
yield and with reproducibly high percentage incorpora- 
tion of l80. The first preparation (4) of [2-180]glycolic 
acid in these laboratories afforded a product containing 
85% l8O in the alcohol position. It was subsequently 
demonstrated that these initial results were observed 
because the starting chloroacetic acid had been dissolved 
in 99% ['80]water and stored for several weeks before 
reaction to generate [ '80]glycolic acid. During this 
storage, fortuitous oxygen exchange of the oxygen atoms 
in the COOH occurred. 

Subsequent attempts to reproduce these results without 
prior extended exposure of chloroacetic acid to [ 180]water 
led to glycolic acid containing only 50% of the oxygen 
label. Thus, as illustrated in Scheme 1, preparation of 
[2-180]glycolic acid (C ) from chloroacetic acid by acid- or 
base-mediated solvolysis in excess H2180 appeared to re- 
quire formation of one or more intermediates such as a- 
lactones _A and/or oligomeric polyesters B .  Without prior 
exchange of the l60 oxygens in the COOH group, the 

sources of oxygen at the C-2 hydroxyl in the product gly- 
colic acid are both I6O from COOH and l 8 0  from the 
medium (Scheme 1). 

Since these observations appeared to be compatible 
with intermediate a-lactones and/or oligomeric polyesters 
in the conversion of chloroacetic acid to glycolic acid at all 
ranges of pH (as indicated in the preceding scheme), 
preparation of '*O-labeled glycolic acid C (with high 
specific incorporation of the label) would appear to re- 
quire formation of the a-lactone _A and/or oligomeric 
polyesters in which all oxygen positions contained "0 
atoms (see Fig. 1). We found that, from chloroacetic acid 
in H 2  I8O, solvolysis conditions that would allow prior 
COOH oxygen exchange with I8O of the medium (acid- 
mediated, thermally accelerated exchange with subse- 
quent solvolysis at elevated temperatures) generated 
glycolic acid containing multiple labeled oxygens as shown 
in Scheme 2. Subsequent removal of l 8 0  from the ex- 
changeable COOH oxygens (by acid-catalyzed exchange 
with [ 160]water led to reproducibly satisfactory amounts 
(85-90%) of "0 incorporation in the product [2-'80]gly- 
colic acid (C): thus, a solution of chloroacetic acid in HZl80 
(99%l80) was heated to 100°C for 2 weeks; alternatively, 
l 8 0  was incorporated into the COOH of chloroacetic acid 
by exchange using excess H2180 at mom temperature (see Fig. 
3); and then the resulting acid was warmed (acid- or base- 
mediated). Products of the several exchangdsolvoly- 
sis/hydrolysis reaction variations (apparently formed via 
postulated intermediates _A andor 1, Scheme 1) were 
multiple labeled glycolic acid; this material was then con- 
verted to 2-I80-monolabeled C by acid-catalyzed ex- 
change using H2160/HCl (see Fig. 1). The resospecific 
l 8 0  incorporation into monolabeled C observed for these 
procedures was 90% or greater. The reactions were moni- 
tored by GLC-MS by examining aliquots of the solvolyses 

___) :1 
H2C-CI 0 

II 
and/or (CH2-C-0),-CH2-C - OH H2 "0 

I 
"0 H 

and/or compaable cyclic oligomers 

I 
C=O HZl80 
I (H+or H180-) 
OH 

- B 

(via possible direct SN-2 displacement at C-2  of a -lactone and/or ester hydrolyses) 

2- ['801 - labeled 
glycolic acid 

(with wying amount 
of oxygen label at 
the C-2 hydroxyl) 

- C 

(to wash out oxygen labels 
from ex&aqeabk COOHI OH OH 

(with varying amounts of 
oxygen label in the COOH) 

Scheme I 

100 Journal of Lipid Research Volume 29, 1988 



and/or comparab po1yC@01 
cyclic oligomers - - 

scheme 2 

and COOH equilibrations (Figs. 1 and 3). Final workup 
and isolation of C required adjustment of acidic solutions 
to pH 7 (or slightly higher) to avoid polymerization of the 
product glycolic acid. Acylation of C (containing glycolic 
acid and/or glycolate salts mixed with inorganic salts) 
could be directly effected in the normal fashion using 
freshly prepared fatty acid chlorides in pyridine to 
afford Q in good yield (Scheme 2). 

"0-Monolabeled hexadecanoyl DHAP and heptade- 
canoyl DHAP were prepared from monolabeled Q . Mass 
spectral analysis using FAB (Fig. 2) proved that the product 
acyl DHAP in each case had maintained the "0. Moreover, 
we have previously shown (4) that mass spectral fragmen- 
tation (electron impact) of appropriate derivatives of l80- 
labeled acyl DHAP is completely consistent with the regio- 
chemistry indicated in this report; in particular, the acylium 
fragment (RCO') derived from the fatty ester showed only 
the natural isotopic abundance of oxygen. 
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