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TRANSACTIONS

SYNTHESIS   OF   PTEROLY-γ-GLUT-
AMYL-γ-GLUTAMYLGLUTAMIC
ACID (TEROPTERIN)
By J. H. BOOTHE, J. H. MOWAT, B. L. HUTCHINGS, R. B. ANGIER, C. W. WALLER, E. L. R. STOKSTAD, J SEMB. A.   L.   GAZZOLA AND Y.   SUBBAROW

One of the simplest methods of synthesis of pteroylglutamic acid1 involves the use of 2,4,5-triamino-6-hydroxypyrimidine, α, ß-dibromopropionaldehyde and p-amino- benzoylglutamic acid. It was known that the fermentation Lactobacillus casei factor contained two molecules of glutamic acid2 in addition to the one in pteroylglutamic acid, attached through peptide linkages. Therefore, the problem of synthesis of the fermentation L. casei factor was essentially to prepare a tetrapeptide consisting of one molecule of p-aminobenzoic acid and three molecules of glutamic acid. This could then, presumably, be used in the above re- action in place of the p-aminobenzoyl- glutamic acid.

Because glutamic acid has two carboxyl groups (known as the a or the γ carboxyl) there are two possible isomeric forms of a dipeptide of glutamic acid and five possible isomers of a tripeptide of 1(+) glutamic acid. This posed a problem as to which of the five isomers would correspond to the fermentation L. casei factor. The first indication as to which carboxyl group was involved in the peptide linkages was arrived at by synthesis of the two isomers containing two molecules of glutamic acid, i.e., pteroyl-α-glutamylglutamic acid and pteroyl-γ-glutamylglutamic acid.

The former compound was synthesized by a general method first devised by Bergmann and Zervas.3 1 (+) Glutamic acid was reacted with benzylchlorocarbonate to form carbobenzoxyglutamic acid, which was then treated with acetic anhydride to form carbobenzoxyglutamic anhydride. This anhydride was reacted with diethyl glutamate to yield diethyl carbobenzoxy-α- glutamylglutamate.  The ester groups were removed by hydrolysis in dilute sodium hydroxide and the carbobenzoxy group was removed by hydrogenation in the presence of 10 per cent palladium-charcoal catalyst to yield α-glutamylglutamic acid. This dipeptide was then leaded with p-nitrobenzoyl chloride in a Schotten- Baumann type reaction to form p-nitro- benzoyl-α-glutamylglutamic acid. This nitro compound was reduced to the corresponding amino derivative by              hydrogenating with platinum oxide and then reacted with 2, 4, 5-triamino-6-hydroxy- pyrimidine and α,β-dibromopiopionaldehyde to form- pteroyl-α-glutamylglutamic acid.
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The γ-linked isomer was prepared by first reacting the carbobenzoxyglutamic anhydride already mentioned with ethanol at 120° C to obtain α-ethyl carbobenzoxy- glutamate.4 This mono ester was treated with phosphorous pentachloride to form the acid chloride3 and then with diethyl glutamate to yield triethyl carbobenzoxy- γ glutamylglutamate. The carbobenzoxy group was reduced off as previously described and the triethyl γ-glutamylglulamate was isolated as the hydrochloride. This dipeptide was p-nitrobenzoylated in a Schotten-Baumann reaction which at the same time hydrolyzed the ester groups to yield p-nitrobenzoyl-γ-glutamylglutamic acid. The nitro group was converted to the amino group by hydrogenation using platinum oxide catalyst and was then condensed with 2, 4,5-triamino-6-hydroxy- pyrimidine and α,β-dibromo propionaldehyde to yield pteroyl-γ-glutamylglutamic acid.

Comparison of the biological data of the' two isomeric ptetoyldiglutamic acids is shown as follows:

                                                      		      S. facealis     L. casei                                          R. Pteroyl-α-glutamylglutamic
acid							0.5-1%         0.5 -1%
pteroyl-γ-glutamyIgtutamic
acid							60-70%        60- 70%
pteroylglutamic   acid					100%           100%

Since the α isomer showed a very low microbiological   activity  and   the  γ  isomer a relatively high activity, it was thought that probably, the three glutamic acids in the fermentation L. casei factor were Connected through the γ carboxyl groups. Therefore, the γ-linked tripeptide was prepared through the following series of reactions.

Triethyl-γ-glutamylglulamate, described above was reacted with the acid chloride of α-ethyl carbobenzoxyglutamate to yield tetraethyl carbobenzoxy-γ-glutamyl-γ-glu- tamylglutamate. The carbobenzoxy group was removed by hydrogenation with           palladiumcharcoal catalyst and the resulting tripeptide treated with p-nitrobenzoyl chloride in benzene in the presence of diethyl amine. The resulting p-nitroben- zoyl tripeptide was then reduced to the corresponding  p-amino derivative and condensed with α,β-dibromopropionaldehyde and 2,4.5-triamino-6-hydroxypyrimidine to form the pteroyl derivative. This pterovl-γ- glutamyl-γ-glutamylglulamic acid showed the same microbiological activity as the fermentation  L.  casei  factor:

L.casei	S. 	facealis  R.
Synthetic compound					    60%		2.0-6.0%
Natural compound					    60%	            2.0-6.0%
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A CASE REPORT OF METASTATIC
CARCINOMA TREATED WITH
TEROPTERIN*
By  MAX  J. KLAINER†

The clinical management of patients with metastatic carcinoma has always      presented difficult problems to the practicing physician. Not only have these cases in- variably been fatal, but, in addition, the patient has all too frequently suffered great pain and has required considerable nursing care. It is, therefore, of great interest to report a case of metastatic carcinoma in whom not only the suffering was eliminated, but who has been restored to a life of utility by the use of a new chemo therapeutie approach.

Case Report. This patient, a 39-year- old Armenian housewife, was first seen in February. 1947, because of severe, agonizing pains originating in the region of the lower spine and radiating down the posterior aspect of the left thigh and left leg to the heel. A right radical mastectomy had  been  performed  (by Dr. D. Richard Miller) at the Massachusetts General Hospital, Boston, in December, 1944, be- cause of an adenocarcinoma. At the time of surgery, axillary nodes were found and removed. Pathological study reported grade III. The patient had made a good recovery from the operation and had done well until March. 1946, when pain developed in the region of the mid-lumbar spine. X-ray studies revealed a destructive process in the third lumbar vertebra. The patient then was given radiotherapy over a period of several months without any appreciable improvement. X-ray studies repeated in September, 1946, showed ex- tension of the process in the third lumbar vertebra and new areas of destruction in the dorsal vertebrae and the ribs. A diagnosis of metastatic carcinoma was made and the patient placed on narcotic medication for relief of pain. However, she became progressively worse and soon was bed-ridden. She was unable to make the slightest movement without severe pain.

* Teropterin is the name given by Lederle Laboratories Division American Cynnamid Company.Pearl River. New York  for ptemyltriglutamic acid.
‡ Stoneham Massachusette.
 
The patient's condition seemed hopeless and she was hospitalized primarily for the purpose of being kept as comfortable as possible.  On  admission to the New Eng-

