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The symmetrical 1,3-diglycerides have been obtained 
by a variety of procedures, most of which involve 
protecting groups requiring chemical or catalytic 
cleavage.a Syntheses of the unsymmetrical 1,Zdiglyc- 
erides also require the use of protective groupings 
which must be removed under very mild conditions in 
order to prevent acyl migration from the C-2 to the 
terminal positions. Hydrogenolysis overcomes this 
problem but limits the route to the synthesis of satu- 
rated diglycerides. 

Recently, Windholz and coworkers4 described the 
use of P,P,P-trichloroethoxycarbonyl chloride as a 
generally applicable protecting group for hydroxyl and 
amino functions. The carbonates and urethans formed 
are stable under a variety of oxidation and reduction 
conditions but are easily removed by treatment with 
zinc dust in acetic acid or methanol. 

This reagent has been utilized by  Pfeiffer5 in the 
synthesis of 1,Zdiglycerides thus avoiding many of the 
drawbacks of the earlier methods. There is as yet, 
however, no satisfactory synthetic approach to the 
synthesis of the symmetrical 1,3-diglycerides7 particu- 
larly those with unsaturated side chains. 

Rearrangement of the l-iod0-2~3-diglyceride by 
refluxing with silver nitrite in 80% aqueous a 
convenient procedure for the synthesis of saturated 
1,3-diglyceridesj proved unsatisfactory in our hands for 
the corresponding unsaturated compounds owing to 
silver catalyzed isomerization of the olefinic center. 
The catalytic part played by the silver in this rearrange- 
ment was established by treating pure oleic acid with 
silver nitrite under the prescribed experimental condi- 
tions, vix., reflux in 80% aqueous alcohol for 2-3 hr- 
this produced a mixture containing 32% elaidic acid. 

Use of dihydroxyacetone as a starting material has 
been examined by Barry and Craig,' but the synthetic 
sequence used was elaborate, requiring the protection 
of the carbonyl group as a mercaptal, and no further 
work has appeared in the literature since that time. 
We have found that dihydroxyacetone is an ideal 
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starting material for the synthesis of long-chain 1,3- 
diglycerides, i.e., glycerol l,&dipalmitate and -dioleate 
since it is readily acylated with a fatty acid chloride in 
the presence of pyridine in high yield and the central 
keto group rapidly reduced by borohydride in tetrahy- 
drofuran solution at  5" to give the 1,3-diglyceride 
without detectable amounts, by thin layer chromatog- 
raphy, of the 1,2-diglycerides. Synthesis of short- 
chain diglycerides is also possible by this method, but 
results are less satisfactory. In  a typical experiment 
glycerol 1,a-diacetate was obtained in over 80% yield 
but when examined by nmr was shown to contain 
approximately 10% 1,2 isomer. 

Experimental Sections 

1,3-Dihydroxypropan3-one 1,3-Diacetate .-Dihydroxy ace- 
tone (15.0 g) was dissolved in pyridine (50 ml) and acetic 
anhydride (50 ml). After 1 hr at  20', the solvents were removed 
as completely as possible by vacuum distillation. The residue, 
dissolved in ethyl acetate, was washed with water, 3% aqueous 
hydrochloric acid, and water and dried. Evaporation and 
crystallization from benzene-hexane gave the diacetate (22.9 g, 
81%) as long colorless needles, mp 46-47' (lit.9 mp 46-47'). 

1,2,3-Trihydroxypropane 1,j-Diacetate .-The above diacetate 
(10.0 g) was dissolved in tetrahydrofuran (150 ml), and water 
(10 ml) and treated portionwise at  5' with neutral sodium 
borohydride (2 g).'" After 30 min excess borohydride was 
destroyed by dropwise additon of glacial acetic acid (1  ml), and 
the solution was diluted with chloroform, washed with water, 
aqueous sodium bicarbonate, and water, and dried over magne- 
sium sulfate. Evaporation gave the diacetate as a colorless 
oil (9.10 g), bp 150' (12 mm) [lit." bp 149' (12 mm)]. The 
nmr, however, showed a peak at  6 3.75 (CDC13 solution, un- 
esterified -CH*OH) indicating the presence of up to 10% 1,2 
isomer. 

1,3-Dihydroxypropan-2-0ne 1,j-Dioleate .-Dihydroxyacetone 
(3.0 g) was stirred under nitrogen in chloroform (150 ml). To 
this heterogeneous mixture was added oleoyl chloride (20 ml) in 
chloroform (150 ml) followed by anhydrous pyridine (10 ml). 
After 30-min stirring at room temperature the reaction mixture 
became homogeneous and 1 hr later no trace of acid chloride 
could be detected. The bulk of the solvent was removed under 
vacuum. The residue was shaken with water and ethyl acetate 
and the organic layer separated. The aqueous layer was again 
shaken with ethyl acetate and the combined extracts were washed 
with water, dried over sodium sulfate, and evaporated. The 
resulting final oil was recrystallized from methanol to give 
1,3-dihydroxypropan-2-0ne 1,3-dioleate (15 -8 g, 76%) as 
small plates, mp 43-44'. 

Anal. Calcd for Cs,H,nOs: C, 75.80; H, 11.4. Found: 
C, 75.85; H, 11.04. 

1,2,3-Trihydroxypropane 1,j-Dioleate .-The dioleate (10 g) 
was dissolved in tetrahvdrofuran (150 ml) and water (10 ml). 
The heterogeneous solution was chilled to 5" and sodium boro- 
hydride'" (1.0 g) added in small portions. After reaction and 
work-up as described above, an oil (9.0 g, 89%) was obtained 
which partially crystallized to give 1,2,3-trihydroxypropane 
1,a-dioleate as needles, mp 20-22' (lit.3 mp 25'). No trace of 
the 1,2 isomer was detected by thin layer chromatography 
[tlc system hexane-ethyl acetate (6: l ) ]  . 

1,3-Dihydroxypropan-2-one 1,3-Dipalmitate .-Dihydroxy- 
acetone (7.0 g) was stirred in chloroform (300 ml) under nitrogen 
at  room temperature. To this was added palymitoyl chloride 
(44 g) followed by anhydrous pyridine (15 ml). The heteroge- 
neous mixture was stirred for 3 hr and diluted with water and the 
chloroform layer separated. The aqueous layer was extracted 
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with two 50-ml portions of chloroform and the chloroform solu- 
tions were combined and washed once with water. Conceritra- 
tion of the chloroform to small volume resulted in the precipita- 
tion of a crystalline solid which was recrystallized from methylene 
chloride-ether to give 1,3-dihydroxypropan-2-0ne 1,3-dipalmitate 
(37 g, 84'%) as small plates, mp 81-82'. 

Anal .  Calcd for Ca6H~e.0e: C, 74.0; H,  11.7. Found: 
C, 73.6; H,  11.5. 

1.2 .J-Trihvdroxv~ro~ane 1 ,%Dipalrnitate .-I ,&Dihydroxy- 
propan-2-one i,3-di$mkate (10.0 g j  was dissolved in a &xt$e 
of tetrahydrofuran (250 ml) and benzene (50 ml). Water 
(15 ml) was slowly added to this solution with stirring and the 
temperature of the mixture reduced to approximately 5' by 
external cooling; in an ice bath; a milky-white suspension re- 
sulted. Sodium borohydride'O (1.0 g) was added to this hetero- 
geneous mixture; after a further 30 min, the reaction mixture 
was worked up as described above to give l,2,3-trihydroxy- 
propane 1,3-dipalmitate (10 g, 99%) as a waxy white solid, mp 
67-68', which was recrystallized from chloroform to give mp 
72-73' (lit .le mp 72-74'). Thin layer chromatography showed 
no trace of the 1,2 isomer [tlc system hexane-ethyl acetate 
(6: l)] . 

Registry No.-l,3-Dihydroxypropan-2-one 1,3-di- 
oleate, 24472-44-4; 1,3-dihydroxypropan-2-one 1,3- 
dipalmitate, 24472-45-5. 
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Bunnett and Skorcz2 have shown that addition of 
6-(o-chlorophenyl)-2,4-hexanedione (1) to excess po- 
tassium amide in liquid ammonia affords l-acetyl-2- 
tetralone (2). A study of the possible intermediates in 
this cyclization promised to  be of particular interest 
since, although monocarbanion-benzyne 3 appeared to 
be the intermediate that cyclizes, dicarbanion-benzyne 
4 may be the intermediate that cyclizes to give 2. If 
so, this would be the first example where the less nucleo- 
philic 3-carbanionic center of a p-diketone dicarbanion 
reacts preferentially to the much more nucleophilic 
terminal 1-carbanionic center of such a p-diketone di- 
carbanion with an electrophilic group.3 

5 4  3 ' 2  1 

a 0  
~ c p c o w o w  

COCHB 
1 2 0 CH,CH,CO~H COCH, (JCH~CH~COCHCOCH, - -  

3 4 

We have obtained evidence that dicarbanion-ben- 
zyne 4 is indeed the principal intermediate that cyclizes 
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to give 2, and that the monocarbanion and dicarbanion 
are formed a t  a faster rate than an appreciable amount 
of benzyne, the electrophilic center for cyclization to 
2. Thus, not only could chloro p-diketone 1 be re- 
covered after conversion to its monocarbanion or di- 
carbanion salts by direct or inverse addition of 1 or 2 
mol equiv of potassium amide in liquid ammonia, but 
the dicarbanion was also condensed a t  its terminal 
position with benzophenone to give carbinol-p-dike- 
tone 5. This mode of intermolecular condensation is 
characteristic of such 1,3 dicarbanion~.~ The yield 
of 5 was 41%, which is approximately the same as that 
reported (42%) earlier for cyclic p-diketone 2.2 
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The structure of 5 was supported, not only by analy- 
sis and absorption spectra, but also by dehydration 
with acid to give p-diketo olefin 6 in 30% yield. The 
structure of 6 was also supported by analysis and ab- 
sorption spectra. 

The conversion of chloro p-diketone 1 to its mono- 
carbanion was accompanied by slight coloration which 
was probably due to a trace amount of benzyne forma- 
tion. The related p-diketone, 6-phenyl-2,4-hexane- 
dione, which has no chlorine failed to produce coloration 
under similar conditions. In  both cases the 0-diketone 
was recovered quantitatively upon acidification. 

The conversion of chloro p-diketone 1 to its dicarb- 
anion was accompanied by distinct coloration, but 
only 1 was recovered after neutralization; none of 2 
was found. 

Cyclic 0-diketone 2 was converted to its dipotassio 
salt and condensed with benzophenone to form car- 
binol-p-diketone 7 in 73% yield; on prolonged 
standing, 7 underwent dehydration to give the unsat- 
urated p-diketone which was isolated as the pyrazole 
derivative. 

7 8 

In  contrast to chloro p-diketone 1, chloro p-diketone 
8 failed to afford an isolable product when treated with 
2 molar equiv of potassium amide in liquid ammonia 
followed by 1 molar equiv of benzyl chloride or benzo- 
phenone, and, when 8 was treated with excess potassium 
amide in liquid ammonia, a polymeric material was 
obtained. The isolation of polymeric material suggests 
that an intermolecular condensation may have taken 
precedence over an intramolecular cyclization. 

The starting chloro P-diketones 1 and 8 were readily 
prepared from o-chlorobenzyl chloride and the di- 
carbanions of acetylacetone and benzoylacetone, re- 
spectively. Chloro P-diketone 1 can now be made in a 


