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a new synthesis of compounds such as 4, themselves systems 
of marginal stability to acids7 and bases.8a Such systems are 
obtained by unraveling of the Diels-Alder adducts of diene 28b 

with dienophiles of the type 3. Through the use of the specific 
dienophile, 5, we obtained dienone 6. This was converted to a 
7:5 mixture (separated into its components) of 7. Unfortu­
nately, the side-chain ketone could not be redeemed from the 
dimethyl acetal by treatment of either epimer of 7 with acids, 
under a variety of conditions, owing to dienol-benzene rear­
rangement.9 Moreover, both epimers of 8 suffered rapid con­
version of phenylpyruvic acid dimethyl acetal even at pH 3.5 
under conditions where the ketal was stable.6 
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We reasoned that it would be advantageous to store the 
C] Q-carboxy and C%-keto functions in a concurrently protected 
form from which both groups might be unmasked in a single 
step under alkaline circumstance. Methoxylactone 15 seemed 
eminently suitable for this purpose. Its precursor dienone 14, 
might be expected to arise from a Diels-Alder dynamic using 
2 and 13. This proposition was reduced to practice. 

Saponification (5 equiv of KOH, 1:1 methanol-water, room 
temperature, 36 h) of the readily available 96 afforded a 92% 
yield of 10,10 mp 108-110 0C. Treatment of 10 with 2:1 
aqueous HCl (0.012 N)-THF (room temperature, 73 h) af­
forded acid 11 which upon reaction with diazomethane and 
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Total Synthesis of Disodium Prephenate 

Sir: 

Prephenic acid (1), stable only in its dicarboxylate form (la, 
lb), is the central intermediate in the biological production of 
the aromatic rings of phenylalanine and tyrosine.1 Its existence 
was inferred and established after extensive research by Davis.2 

Given the fragility of prephenate and the paucity of degrada-
tive and analytical data, the formulation of its structure by 
Weiss et al.3 was an accomplishment of considerable magni­
tude. The stereochemistry of prephenic acid was surmised to 
be that shown in 1 by Plieninger and co-workers45 by the paper 
chromatographic comparison of the 2,4-DNP derivative of 
tetrahydroprephenic acid, with a sample of known stereo­
chemistry obtained through synthesis. 

The lability of prephenate and its compactly arranged 
functionality pose an implicit challenge to its total synthesis. 
Below we describe the total synthesis of disodium prephe­
nate. 

Our general approach was recently described.6 It involves 
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chromatography on silica gel (elution with 40:1 benzene-ethyl 
acetate), gave a 54% yield of 12.10a-lla Reaction of 12 with 
m-chloroperoxybenzoic acid (1 equiv, methylene chloride, 
-20-0 0C, 3 h) afforded the needed sulfoxide 1310a-' lb in 69% 
yield. 

Heating of 2 and 13 (neat, 120 0C, 20 h) and treatment with 
2.3% acetic acid in ethyl acetate followed by rapid chroma­
tography on silica gel (elution with 4:1 benzene -ethyl acetate) 
gave a 41% crude yield of 14 contaminated with ~15% me-
thoxy epimers 16 and 17. In related cases,8b such contaminants 
can readily be removed by chromatography on silica gel. In the 
case at hand, dienone 14 is unstable to slow chromatography 
of the type required to separate it from 16 and 17. Fortunately, 
homogeneous 14,10 mp 128-130 0C, was obtained by crys­
tallization from ether but only in 17% yield. For our subsequent 
operations it was easier to use homogeneous 14 though dienols 
15 and 18 (vide infra) could be obtained in pure form starting 
with crude 14. 

Treatment of 14 with 9-BBN12 (3 equiv, THF, 0 0C to room 
temperature, 3 h) afforded a 3:2 ratio of 15:18. These were 
separated by chromatography on silica gel. Each epimer was 
treated with 1.25 equiv of sodium hydroxide in aqueous 
methanol (14 h, room temperature). After lyophilization, the 
resultant disodium salts were dissolved in D2O and their NMR 
spectra measured at 250 MHz.13 

Starting with dienol 15IOa'14 (.Ry15 0.61, 9:1 chloroform-
ethanol), there was thus obtained synthetic disodium pre­
phenate la. Its NMR spectrum13,16 was identical with that of 
an authentic sample prepared from authentic barium pre­
phenate by ion exchange (Dowex 50W-X8 Na+ form). 

From dienol 1810a>17 (T?/15 0.53, 9:1 chloroform-ethanol) 
there was obtained disodium epiprephenate 19a. The NMR 
spectrum of 19a'8 is similar in character but clearly different 
in detail (at 250 MHz) from that of la. 

We believe that this total synthesis will permit the intro­
duction of isotopic perturbations into the prephenate system 
which will be of assistance in biosynthetic inquiries. Also, it 
would be of interest to ascertain, through analogue synthesis 
and biological examination, the effect of structural variations 
in the prephenate system on enzymic recognitions. In this 
connection, of course, the epiprephenate system will be of in­
terest. 

Finally, we would note that, with some yield improvements, 
total synthesis may well be the most effective method for ob­
taining prephenate salts. 
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Synthesis of Oligoribonucleotides 

Sir: 

During the past decade major advances in the synthesis of 
oligodeoxyribonucleosides have been made. The Khorana 
diester approach has contributed significantly to the synthesis 
of a gene sequence.1 Further the modern triester approach 
initiated by Letsinger2 and expanded by Eckstein3 and Reese4 

has allowed the rapid synthesis of oligodeoxynucleotides in 
large quantities. Recently Narang has used the triester method 
to synthesize a 21-unit deoxynucleotide corresponding to the 
lactose operator of Escherichia coli.5 Unfortunately, because 
of the presence of the 2'-hydroxyl group, developments in the 
oligoribonucleotide area have been much slower. 

There are three major problems in ribonucleotide synthesis: 
(1) the selection of suitable protecting groups for the hydroxyl, 
amino, and phosphate groups; (2) the actual synthesis of nu­
cleosides protected on the 2'-hydroxyl and/or on the 2'- and 
5'-hydroxyls; (3) the condensation of the protected nucleosides 
to nucleotides. Usually several steps are required6,7 to satisfy 
requirement 2 and then usually in very low overall yields. The 
condensation reactions are usually slow and accompanied by 
low yields, although van Boom8 has recently reported yields 
of 40-80% in condensation steps. 

Two recent developments have occurred which allow us to 
present a remarkably simple and rapid synthesis of ribonu­
cleotides. The first development was our application of silyl 
protecting groups to nucleosides.9-11 These procedures have 
now been extended to all of the common ribonucleosides.12 The 
only products isolated from the silylation reactions of ri­
bonucleosides are those in which only the hydroxyl groups are 
protected. Further it is possible to obtain a 2',5'-disilylated 
ribonucleoside (1) from the parent nucleoside in 40-60% yields 
in a 30-min reaction.1012 Compounds 1 are easily separated 
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