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Abstract O A new three-step synthesis of 4-amino-3-hydroxybutyric
acid from an inexpensive starting material and under mild reaction
conditions is described. Crotonic acid was brominated by the Wohl-
Ziegler reaction to 4-bromocrotonic acid, which, in turn, was converted
with ammonium hydroxide into 4-aminocrotonic acid. This compound,
refluxed in water in the presence of a strong acid resin, afforded 4-
amino-3-hydroxybutyric acid in good yields.
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4-Amino-3-hydroxybutyric acid (III) was first synthe-
sized by Tomita (1) in 1923 and was detected in the rat
brain by Hayashi (2) in 1959. The remarkable importance
of III stems from its biological function as a neuromodu-
lator in the mammalian central nervous system (3, 4).
Moreover, the metabolic correlation of III with 4-amino-
butyric acid (5) and thus with glutamic acid and glutamine
(6) justifies interest concerning its use in the treatment of
epilepsy (7, 8).

In the elaboration of a research program on new 4-
hydroxypyrrolidinones (9, 10), it was of interest to develop
a versatile synthesis capable of giving fair amounts of III
that could eventually be adapted to the preparation of
some related compounds (e.g., carnitine).

DISCUSSION

At present, essentially three methods exist for the synthesis of III:
starting from material that contains two carbon atoms (e.g., glycine),
starting from compounds having three carbon atoms (e.g., epichlorohy-
drin), and starting from compounds that possess the four-carbon
framework (e.g., ethyl acetoacetate).

The difficulties involved in the preparation of the key intermediate,
4-phthalimidocrotonic acid (11, 12), from phthalimidoacetic acid render
the first method of limited synthetic utility. Another approach (1) consists
of the reaction of phthalimide with epichlorohydrin to form 1-chloro-
2-hydroxy-3-phthalimidopropane, exchange with alkaline cyanides, and
final hydrolysis to II1. In spite of its industrial application (13-15), this
method suffers from serious ecological limitations due to the toxicity of
epichlorohydrin and cyanides.

The four-step method involves bromination of the ethyl acetoacetate,
reduction of the keto group, displacement of the halogen with ammonium
hydroxide, and final hydrolysis of the ester (16). This method appears
attractive because the material employed is inexpensive and the workup
is safe. Unfortunately, the procedure is considerably limited by the low
reactivity of ethyl 4-bromo-3-hydroxybutyrate to nucleophilic dis-
placement, which causes a drastic fall in the overall yield.

To circumvent this problem, 4-bromocrotonic acid (Ib) (17) was used.
It possesses the 4-amino-3-hydroxybutyric acid framework and has an
allylic bromine, which is highly reactive toward the nucleophiles.

Crotonic acid (Ia, Scheme [) was brominated by the Wohl-Ziegler re-
action with N-bromosuccinimide in boiling benzene in the presence of
2,2-azobisisobutyronitrile as a radical initiator. An effort was made to
find the best conditions for optimizing the transformation of Ia into Ib,
thus avoiding the need of crystallization with severe loss of product (17).
The replacement of the bromine by an amino group to yield 4-amino-
crotonic acid (II) was performed with ammonium hydroxide in the
presence of excess ammonium chloride to minimize the formation of
secondary and tertiary amino derivatives (18).
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Scheme I

The exchange, carried out in liquid ammonia, contrary to that reported
(19), provided only very low yields of II, as could be expected from the
poor reactivity of the anhydrous reagent at —33° (20). Addition of water
to the double bond of II was catalyzed in boiling water by a strongly acidic
resinl. This reaction can be regarded as the reverse of the known dehy-
dration of III in warm sulfuric acid to form II (21).

This three-step synthesis of 111 {Scheme I) provided the final com-
pound in 26% overall yield. Moreover, mild reaction conditions are em-
ployed in this preliminary method, which is still open to improve-
ment.

EXPERIMENTAL?

4-Bromocrotonic Acid (I5)—To a solution of 20 g (0.23 mole) of Ia
in 200 m! of dry benzene, 45.6 g (0.25 mole) of N-bromosuccinimide was
added under nitrogen. The solution was brought to a gentle reflux while
stirring and was treated with 0.5 g (3.7 mmoles) of 2,2’-azobisisobutyro-
nitrile. Refluxing was continued for 2 hr, and the solution was cooled to
10°. The resulting white precipitate was filtered off, and the filtrate was
evaporated in vacuo.

The residue was taken up with 200 ml of carbon tetrachloride, and the
mixture was cooled to 0° and filtered. The filtrate was evaporated in
vacuo to give 38 g of a mixture of Ia and [b as a brown solid. Examination
of the 'H-NMR signals of CHj at 6 1.95 ppm for Ia and of CH,Br at 6 4.05
ppm for 1b indicated that about 85% (molar percentage) was the bromo
derivative Ib. An analytical sample of Ib could be obtained upon several
recrystallizations from light petroleum, mp 73-74° [lit. (17) mp 73.5-
74.5°].

4-Aminocrotonic Acid (II)-—To an ice-cold and stirred solution of
130 g (2.43 moles) of ammonium chloride in 1.3 liters of ammonium hy-
droxide (density = 0.89 g/ml), 38 g of the crude Ib dissolved in 50 ml of
methanol was added dropwise. The flask was sealed, and stirring was
continued at room temperature for 16 hr. The resulting solution was
concentrated in vacuo at 60° to remove excess ammonia and was then
passed through a column (1.3 liters) of acidic resin!.

The column was washed with water and developed with 5.8 liters of
5% ammonium hydroxide. The eluate was concentrated in vacuo to 80
ml and added dropwise to 1.5 liters of ethanol stirred at 0°. The resulting
precipitate was collected and dried to yield 10.7 g (50%) of IT, mp 157-160°
dec. A further precipitation afforded an analytical sample, mp 174-176°
dec. [lit. (11) mp 164° dec. and (21) mp 180° dec.].

(RS)-4-Amino-3-hydroxybutyric Acid (III)—To a solution of 10.7
g (0.106 mole) of I in 600 ml of water, 260 m! of acidic resin was added;
the mixture was then refluxed with stirring for 16 hr. After cooling, the
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2 Melting points were determined with a Biichi capillary melting-point apparatus
and are uncorrected. 'H-NMR spectra were determined on a Perkin-Elmer R-12B
spectrometer in carbon tetrachloride, using tetramethylsilane as the internal ref-
erence.



resin was transferred to a column, washed with water, and developed with
1.3 liters of 5% ammonium hydroxide. The eluate was concentrated in
vacuo to 25 ml, treated with active charcoal (5 g), and added dropwise
to 1 liter of ethanol stirred at 0°, The precipitation was repeated, yielding
7.18 g (567%) of 111, mp 204-206° dec. Recrystallization from water-eth-
anol afforded an analytical sample, mp 214-215° dec. [lit. (1) mp
214°).

REFERENCES

(1) M. Tomita, Z. Physiol. Chem., 124, 253 (1923).

(2) T. Hayashi, J. Physiol., 145, 570 (1959).

(3) M. Otsuka, K. Obata, Y. Miyata, and Y. Tanaka, J. Neurochem.,
18, 287 (1971).

(4) M. Otsuka and Y. Miyata, “Advances in Biochemical Psycho-
pharmacology,” vol. 6, Raven, New York, N.Y., 1972, p. 61.

(5) J.J. Pisano, J. D. Wilson, and S. Udenfriend, “Inhibition in the
Nervous System and Gamma Aminobutyric Acid,” Pergamon, New York,
N.Y., 1960, p. 226.

(6) E. Roberts and C. F. Baxter, “Proceedings of the 4th International
Congress on Biochemistry, Vienna 1958,” Pergamon, London, England,
1959, p. 268.

(7} Unlisted Drugs, 16, 6k (1964).

(8) Ibid., 25, 1411 (1973).

(9) G. Pifferi, M. Pinza, S. Banfi, and E. Teza, “Abstracts of the Vth

International Symposium on Medicinal Chemistry,” Paris, France, July
1976, p. 53.

(10) G. Pifferi and M. Pinza, Farmaco, Ed. Sci., 32, 602 (1977).

(11) K. Balenovic, I. Jambresic, and B. Urbas, J. Org. Chem., 19,1589
(1954).

(12) Italseber, Fr. M. 4329 (1966); through Chem. Abstr., 67, P 100415r
(1967).

(13) M. Hayashi, M. T'omita, and K. Nagai, Japanese pat. 772 (1958);
through Chem. Abstr., 53, P 1172d (1959).

(14) A. Gallardo, Spanish pat. 278,780 (1963); through Chem. Abstr.,
60, P 2779a (1964).

(15) T. Hayashi, French pat. 1,348,105 (1964); through Chem. Abstr.,
60, P 11955h (1964).

(16) F.D’Ald and A. Masserini, Farmaco, Ed. Sci., 19, 30 (1964).

(17) L. Heslinga, H. J. J. Pabon, and D. A. Van Dorp, Rec. Trav. Chim.
Pays-Bas, 92, 287 (1973), and references cited therein.

(18) N. D. Cheronis and K. M. Spitzmueller, J. Org. Chem., 6, 349
(1941).

(19) D. Todd and S. Teich, J. Am. Chem. Soc., 75, 1895 (1953).

(20) G. Spielberger, “Methoden der Organischen Chemie (Houben-
Weyl),” G. Thieme, Stuttgart, Germany, vol. XI-1, 1957, pp. 27-30.

(21) A. Musashi, Hoppe-Seyler’s Z. Physiol. Chem., 297, 71 (1954).

ACKNOWLEDGMENTS
The authors thank Dr. P. Ventura for the NMR spectral data.

Vasodilator Activity of Adenosine Analogs

ALEEM GANGJEE *5, HARRY P. C. HOGENKAMP *%, and

JAN M. KITZEN #*

Received June 17, 1976, from the *Department of Biochemistry and the 'Department of Pharmacology, College of Medicine, University of Iowa,

Towa City, 1A 52242. Accepted for publication March 21, 1977.

University of Minnesota, Minneapolis, MN 55455.

Abstract O Various adenosine analogs were evaluated as smooth muscle
vasodilators. The compounds were screened initially using a dog hindlimb
preparation. Most analogs were less potent than adenosine. The three
most potent compounds were tested for coronary vasodilator effects and
duration of action on the isolated rabbit heart. 5’ -Deoxy-5'-chloroaden-
osine and 5'-deoxy-5’-bromoadenosine were equipotent with adenosine
but possessed a longer duration of action. 2/,3’,5’-Trideoxy-3',5'-dichlo-
roadenosine, an analog lacking both the 2'- and 3’-hydroxyl groups, had
significant vasodilator activity.

Keyphrases O Adenosine analogs, various—evaluated as smooth muscle
vasodilators, dog hindlimb preparation 00 Vasodilator activity—various
adenosine analogs evaluated, dog hindlimb preparation O Structure-
activity relationships—various adenosine analogs evaluated as smooth
muscle vasodilators, dog hindlimb preparation

The coronary vasodilator effects of adenosine (Ia) and
its analogs have been recognized since 1929 (1). It has also
been reported that these compounds cause the dilation of
peripheral vessels (2, 3). It was suggested that adenosine
is a physiological mediator of vasodilation (4). In all cases,
the observed effects of adenosine are of short duration due
to the rapid metabolism of the nucleoside to inosine (5) or
phosphorylation to the corresponding nucleotide. Re-
cently, Stein and coworkers (6, 7) reported that a series of
esters and amides of adenosine-5'-carboxylic acid were
potent cardiovascular agents that caused a marked in-
crease in coronary sinus oxygen tension and prolonged
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hypotension. These investigators postulated that these
compounds act directly at an “adenosine receptor.”

In an attempt to investigate the vasodilator activities
of adenosine analogs further, a diverse series of adenosine
analogs was synthesized and studied for peripheral activity
in the hindlimb vasculature of the dog. Three of the most
potent compounds were further studied on the Langen-
dorff heart. The structural modifications included mono-
and dihalo substituents in the sugar moiety, the extension
of the 5’-position by one and two carbon atoms, an unsat-
uration in the carbon chain attached to the 5-position,
alterations in the sugar moiety, and a modification in the
imidazole ring system. The vasodilatory effects of these
compounds were compared to those of adenosine.
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