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ABSTRACT 

A method for the synthesis of pteroyl- y-glutamyl glutamic acid 

(and other polyglutamates of folic acid) has been studied using folic 

acid as the starting material. Dimethyl folate and diethyl folate 

were prepared and hydrolyzed under basic conditions in dimethyl form-

andde and dimethyl sulfoxide respectively. Two compounds identified 

as monoothyl folates were separated from hydrolysis products by paper 

and column chromatography. Identification of the compounds as ^ - or 

^-ethyl esters could not be established. Difficulty in preparing 

diethyl folate in half-gram quantities prompted the investigation of 

dimethyl folate. Only one compound identified as monomethyl folate 

could be separated by paper or column chromatography. This compound 

was coupled with diethyl glutamate through a peptide bond by the 

mixed—anhydride method using isobutyl chloroiormate. ihe esterified 

product was hydrolyzed in .IN sodium hydroxide to the j.ree acid, fhe 

product, of doubtful purity, has the same Rf value by paper chromato

graphy as that observed by other sources. The product will sustain 

the growth of Lactobacillus casex, although whether this is due to 

pteroyl- <! -glutamyl glutamic acid or folic aci d has not been determined. 

Tetrazolium bioautography on a paper chromatogram, which has not been 

successful, would establish or discount the presence of pteroyl-2f-

glutarnyl glutamic acid in the product. 



ABBREVIATIONS 

PtGlu-/-Glu =3 N-pteroyl- / -L-glutarnyl-L-glutamic acid 

PtGlu-^ -Glu- /-Glu S3 N-pteroyl-di- /-L-glutarryl-L-glutamic acid 

PtGlu 38 folic acid 

PtGlu (OMe) 2 SS dimethyl folate 

PtGlu-Z—Otta =3 -monomethyl folate 

PtGlu-y-OMe S y -monornethyl folate 

PtGlu(OEt)2 - diethyl folate 

PtGlu-<K-OEt = y -monoethyl folate 

PtGlu- Jf-OEt SI y -monoethyl folate 

H^PtGlu - 5,6,7,8-tetrahydrofolic acid 

PtGlu S3 ^-methyl-5,6,7,8-tetrahydrofolic acid 

Glu » L-glutamic acid 

EtOH SI ethanol 

Me OH S3 methanol 

DMSO ts dime thylsulf oxide 

DMF S3 dime thyIformamide 

TTC 33 triphenyl-tetrazolium chloride 

Glu(OEt)2*KCl S3 diethylglutamate hydrochloride 

DEAE m diethylaminoethyl 
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GET1ERAL INTRODUCTION 



GENERAL INTRODUCTION 

^olic <a.cid is composed of pteroic acid and L-glutarrd.c acid linked 

by an amide bond, as shown in Fig. 1, below. 

Pteroic Acid L-Glutamic Acid 

Fig. 1. Folic Acid 

The compound, as found in plant and animal tissue, is largely in 

the form of conjugates in which additional glutamic acids are linked 

in /-peptide bonds. Folic acid and its conjugates represent an 

important class of vitamins B. The active coenzymic forms of the 

vitamins are their 5,6,7,3-tetrahydro homologues. Enzymes capable 

of reducing folic acid to the tetrahydro form have been found in 

animal (1) and bacterial (2) tissues. Attempts to detect the presence 

of folate-requiring enzymes in plant tissues utilizing monoglutamate 

derivatives of folic acid have proven unsuccessful. Such observations 

suggest that enzyme systems in plants comparable to those found in 

animals require specifically the conjugate forms of the coenzyme. 
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In support of the specificity of plant systems is the recont 

demonstration by Sukami et al. (3) that methionine synthesizing enzymic 

systems of crassa R 121a specifically require the conjugate forms 

5>6,7,8-tetrahydro folate as substrates for methyl transfer to 

homocysteine. The synthesis of methionine from homocysteine in some 

microorganisms can be performed by two distinct enzymatic systems, 

one of which is specific for the folate conjugates (10. In some 

enzymatic conversions the conjugate forms are much more effective 

than S>,6,7,8-tetrahydrofolic acid itself (5). 

In light of these considerations, it seemed desirable to develop 

a convenient synthetic method for the preparation of large quantities 

of folate conjugates (mainly the ai- and tri-glutamates). Folate 

derivatives prepared in this manner would then be available for the 

study of plant folate-requiring enzymic systems. Several methods 

for the synthesis of folate conjugates have appeared in the literature 

over the years. Each of these is outlined and evaluated below. 

Boothe (6) prepared PtGlu- /-Glu by the synthetic route outlined 

in Fig. 2. p-Nitrobenzoyl- /-glutamyl glutamic acid was reduced to 

p-aminobenzoyl- y-glutamyl glutamic acid and condensed simultaneously 

with 2,U,5-triamino-6-hydroxypyrimidine and 2,3-dibromopropionaldehyde. 

Fig. 2. Preparation of Pteroyl- /-glutamyl Glutamic Acid 



The yield for this reaction was 2.1$ as calculated from the data of 

Booths (7). 

The p-nitrobenzoyl- ̂ -glutamyl glutamic acid was prepared by a 

f o u r - s t e p  s y n t h e s i s ,  a s  o u t l i n e d  i n  F i g .  3 .  
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The first step was the preparation of /-ethyl glutamate hydrochloride 

by the method of Bergmann and Zervas (8), Hie hydrochloride vias p-

nitrobenzoylated by treatment with p-nitrobenzoyl chloride in sodium 

bicarbonate. The /-ethyl p-nitrobenzoyl glutamate was converted to 

p-nitrobenzoylglutamic acid- /-hydrazide by treatment with hydrazine 

hydrate in water. Conversion to the azide was effected by treating 

the hydrazide with nitrous acid followed by condensation with glutamic 

acid to yield the p-nitrobenzoyl- /-glutamyl glutamic acid. 

The product was characterized by UV spectra and microbiological 

assay with Lactobacillus casei and Streptococcus faecalis. Although 

this synthetic procedure is presently being used (3), it is exceptionally 

laborius ana relatively expensive. Consequently, it did not appear 

suitable for our needs. 

A solid phase synthesis of polyglutamates of folic acid including 

PtGlu- /-C-lu has recently been reported by Baugh (9). In this work, 

the solid phase synthetic procedures first developed by Merrifield in 

1963 (10) were appropriately modified. t-Butyloxycarbonyl-L-glutamic 

acid - P benzyl ester was attached to the inert resin by the /-carboxyl 

proup using isobutyl chloroformate as the coupling reagent, Deprotection 

of the amine function was achieved with a 20% solution of trifluoro-

acetic acid in methylene chloride. The free amine was then coupled to 

another protected glutamic acid residue, and the procedures were re

peated until the desired number of glutamic acid residues were attained. 

N2,N10-bis-trifluoroacetyl pteroic acid1 was coupled with the free 

1. Pteroic acid was obtained from folic acid by the method of 
Levi (11). 
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amine of tne last residue, and the protected product was cleaved from 

the ros,n with HBr in trifluoroacetic acid. Complete deprotection of 

the product was achieved by hydrolysis in ,f>N NaOH at 30°C under 

nitrogen. The products were purified by column chromatography on DEAE 

cellulose using a linear gradient from 0.0 to O.^M NaCl (pH 7). 

i?or characterization purposes, the pteroyl heptaglutamate was 

hydrolyzed and found to contain 6.9 residues of glutamic acid per mole 

by quantitative ninhydrin determination. Assuming a linear gradient 

of eluting solvent, it can be determined that folic acid and PtGlu-

Glu elute with 0.30 and 0.31M NaCl respectively. From Baugh's data 

it can be calculated that only 2 to 3 tubes (representing a volume of 

1|0 ml of eluting buffer) separate the respective elution peaks. It 

is questionable, therefore, whether the PtGiu- Y-Ghi obtained is free 

from contaminating folic acid. The microbiological assay system which 

was used for characterization unfortunately will not distinguish be

tween PtGlu- ^f-Glu and folic acid. For our purposes, the expense in

volved in any solid phase synthesis, as well as the questionable nature 

of tho lower conjugates, would also appear to preclude its use for 

the synthesis of these folic acid derivatives. 

In a private communication, Plante (12) has described a synthesis 

of PtGlu- ^-Glu in which the major preparative step was the synthesis 

of pteroic acid. This synthesis was accomplished by the reductive 

condensation of 2-acetamino-li-hydroxy-6-formyl pteridine and ethylami.no-

benzoate, utilizing dinethylamine borano as tho reducing agent. The 

2-ac8tamino-h-hyaraxy-6-formyl pteridine (in yield) »as prepared 

from 1, 3 , 3 -trimethoxypropene-l and 2,l, , 5 -triamino- 6 -hydrozypyrinddine 

sulfate by a modification of the method of Sletzinger (13). Pteroic 
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acid product was characterized by paper chromatography. 'Hie -acetyl-

jllO-trifluoroacetyl derivative of pteroic acid and the ethyl ester of 

/"-di glutamic acid were condensed by the mixed anhydride method. The 

details of the synthesis were not given, but it is assumed that the 

procedure is the same as that used by Planto to make other pteroic 

acid derivatives (lii).^ The pteroic acid derivatives in all cases 

were obtained in 20 to 30% yields. The procedure of Plante (12) cannot 

be fully evaluated without more details; however, the synthesis seems 

unambiguous and the product sufficiently characterized. 

In addition to the three synthetic methods outlined above, poly-

glutamate derivatives can be isolated from natural sources (15,16). 

Such isolation procedures, even if they were within the capability 

of this laboratory, produce preparations of uncertain structure and 

purity, hence of limited usefulness. 

2. lA^-trifluoroacetylpteroic acid was coupled with an amino acid 
ethyl ester hydrochloride using isobutyl chloroformate. The ethyl esters 
were purified by chromatography on a column of DEIS cellulose. 



MATERIALS 



MATERIALS 

Column chromatography was carried out using an LKB fraction 

collector equipped with an LKB U vicord detector to read ultraviolet 

absorbance at 255 ha. 

Gas chromatography was carried out using an Aerograph 200 gas 

chromatograph. 

UV absorbance was measured with a Coleman Hitachi Spectrophoto

meter Model 12ii and a Beckman DK2 Spectrophotometer. 

The infrared absorbance was measured with a Beckman IR5 Recording 

Spectrophotometer. 

Dry dimethyl formamide was prepared by distilling reagent grade 

DKF over calcium hydride and storing the distillate over Lince Molecular 

Sieves 5A. Analysis of the dried DMF was by gas chromatography on a 

column of 5$ carbowax 20M on teflon and showed a single peak. 

Anhydrous methanol was prepared according to the procedure of 

Vogel (17). DEAE cellulose, Schleicher and Schuell Company Type, 20 

was prepared according to the procedure of Peterson (18). 

Anhydrous folic acid was obtained from Sigma Chemical Company 

and isobutyl chlcroformate from Nutritional Biochemicals Corporation. 

All chemicals used were of reagent grade. 
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METHODS 

I. Paper chromatography 

Whatman //I paper was used for all paper chromatography experiments. 

Two chromatographic solvent systems were used. System 1 was composed 

of n-butanol, water, ethanol and acetic acid (52:28:20:0.3). System 

2 was ,1M ammonium bicarbonate. Chromatograms run in solvent system 

1 were developed overnight by descending techniques; those run in 

system 2 were developed by ascending techniques until the solvent 

travelled approximately 20 centimeters. All folate compounds were 

detected by spraying with ,0$% potassium permanganate (19). The - N1Q 

bond was cleaved to yield a fluorescent pteridine product (20) which 

can be observed under an ultraviolet lamp. To establish the presence 

of the p-aminobenzoic acid portion of the molecule, the chromatogram 

was sprayed with freshly prepared 2% sodium nitrate in .IN hydrochloric 

acid and then with 2% aqueous N-(l-naphthyl)-ethylene-diamine dihydro-

chloride according to the procedure of Komenda (20), which is a modi

fication of the Brat ton-Marshall test (21). The aromatic amine was 

observed as a red spot. 

II. Tetrasolium bioautography 

The ability of the folate compounds to sustain growth of x.acto-

bacillus casei ATCC 71:69 was determined by tetrasolium bioautography (22,. 

Ihe medium was used as reported (23), except that guanine was used in 

place of guanine hydrochloride, and adenine hydrochloride was used in 



place of adenine dihydrogen sulfate. The chief nitrogen source was 

a commercially available 5% casein hydrolysate (enzymatic)-vitamin 

free. The meaium was prepared and stored in the frozen state until 

needed. The medium was sterilized by autoclaving for 3 minutes at 

15 pounds. The 2>0 aqueous solution of triphenyl-tetrazoliun chloride 

was replaced by dissolving an amount of TTC in 2 milliliters of sterile 

water to make an 0.13% agar-TTC solution. 

The Lactobacillus casei ATCC 7h£>9 was grown until the medium 

exhibited a marked turbidity^ 2 days' growth was required from the 

innoculum. The growth factor was applied to Whatman #1 paper in not 

less than 2>cg quantities. A positive response was identified by a 

red spot on the paper. 
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EXPERIMENTAL 

I. Synthesis of diethyl-L-glutamate hydrochloride Glu(OEt)2»HCl 

GIu(CEt)2•HC1 was prepared by the method of Greenstejn and Winitz (2U). 

Twenty grams of L-glutamic acid and 300 nil of anhydrous ethanol were 

placed in a $00 ml three-necked flask equipped with a reflux condenser 

and a gas inlet tube. A stream of dry hydrogen chloride was passed 

through the gas inlet tube, while the mixture was re fluxed for 2 hours. 

The dry hydrogen chloride was passed through for an additional hour 

at room temperature. The reaction mixture was evaporated to dryness 

in vacuo without allowing the temperature to exceed $0°0. A 3 0 ml 

volume of absolute ethanol was added to the flask, and the mixture was 

again evaporated to dryness under vacuum. The crystals were rubbed in 

absolute ether and dryed under vacuum over potassium hydroxide. After 

recrystalization from ethanol-ester and drying under vacuum, a melting 

range of 112 to llh°C was obtained. 

II. Synthesis of diethyl folate PtGlu(0Et)2 

The procedure followed is essentially that developed by Pfiffner 

et al. in 19^7 (2£). One hundred eighteen milligrams of folic acid were 

dissolved in 60 ml of 2% anhydrous ethanol hydrochloride. After stanaxng 

for 2 days at room temperature, the solution was concentrated under vacuus, 

at 50°C to a volume of approximately 10 ml. To the reaction mixture 20 ml 

of acetone were added, and white crystals of diethyl folate hydrochloride 



were collected by centrifugation. Diethyl folate was obtained by dis

solving the hydrochloride in 10 ml of DMF and pouring the solution into 

20 ml of ,1>1 NA K CCL . The yellow precipitate was collected by centri

fugation, washed twice with 20 ml of water and lyophilized yielding 

51.5 mg. The product was analyzed as follows: 

C23H27N7°6 

Calculated: C 55.5, H 5.5, N 1 9.7 

Found: C 55.1, H 5.7, N 1 9.7 

III. Synthesis of monoethyl folate PtC-iu(OEt) 

By warming on the steam bath, 136 mg of diethyl folate were dis

solved in 20 ml of DMF. After cooling to room temperature, 9 ml of .IN 

NaOH were added slowly, and the mixture was allowed to stand. After 

2ij hours, 50 ml of water were added and adjusted to pH 2 with 12N KC1. 

The precipitate was collected by centrifugation, suspended in 30 ml 

of ,1M NK^HCO^ and recentrifuged (no precipitate). The solution was 

placed on a 3.6 X 1 2 cm DEAS cellulose column which had been equilibrated 

•with 1 liter of .1M NH^HCO^. The column was eluted with it liters of 

NH^HCOj} in a linear gradient from .1 to ,3M NH^HCO^. One major peak, 

Xftonoethyl folate (I), was observed. It was followed by a small shoulder 

of monoethyl folate (II), as indicated in Fig. h. The 2 monoethyl 

folates had different Rf values by Paper Chromatography (See Table, 

following page). Monoethyl folate (I) was condensed by lyophilization, 

dissolved in a minimal amount of water, and precipitated by adjusting 

to pH 2 with 12N HC1. The precipitate was collected by centrifugation, 

washed 3 tines with 5 ml of water and lyophilised yielding 35 mg. 



TABLE 

PAPER CHROMATOGRAPHY OF FOLATE DERI VATIVES 

Solvent 1 Solvent 2 

Rf Rf 

Pteroyl glutamyl glutamic acid 
PtGluGlu 

Folic Acid .12 .63 
PtGlu 

Diethyl folate .80 
PtGlu(0Et)2 

Monoethyl folate I .51 
PtGlu (OEt) I 

Monoethyl folate II .60 
PtGlu (OEt) II 

Dimethyl folate .87 
PtGlu (OHe )2 

Konomethyl folate *35 
PtGlu (OMe)' 

Pteroyl methylglutamyl .82 
diethylglutamate 
PtGlu OMeGlu(OEt)2 

.82 





IV. Synthesis of dimethyl folate PtGlu(OMe)2 

The procedure followed is essentially that of Pfiffner et al. (2$). 

rolic acid (617 mg) was dissolved xn 1.5 1 of 1.2$ anhydrous methanol 

hydA ochloxide. After 2 days at room temperature, the solvent was 

removed under vacuum, and 150 ml of dry acetone were added. After standing 

in the refrigerator overnight, a white precipitate formed, which was 

collected by centrifugation and washed with 50 ml of acetone. The 

free ester was released from the ester hydrochloride by adding 50 ml 

of water, centrifuged, washed twice with $0 ml of water, and lyophilized 

yielding h70 mg. 

V. Synthesis of monomethyl folate PtGlu(OMe) 

Drop-wise 6 ml of .IN NaOH in DMSOiHgO (8:2) were added to 123 mg 

of dimethyl folate in h ml of DMSO. After 15 minutes at room tempera

ture, 1 ml of acetic acid was added, and the mixture was poured into 

150 ml of water. The solution was adjusted to pH 2 with 12N HC1 a nd 

centrifuged. The precipitate was suspended in 100 ml of .IK NH^HCO^ and 

centrifuged. The solution was placed on a 3 X [ |0 cm DEAE celluloso 

column which had boon equilibrated with 2 liters of ,1M NH^HCO^. column 

elution was accomplished in a stepwise manner with 2 liters of .IK 

HHjHCO^, followed by 2 liters of .3M NH^KCO^. The eluant (collected 

in 20-ml fractions) was detected by UV absorbance at 25b "A. •irie 

monomethyl folate contained in the first major peak was concentrated 

by lyophilization, redissolved in water and adjusteo to pu 2 with 12N 

HC1. A gelatinous precipitate was collected by centrifugation, washed 

with 1 ml of water, and lyophilized yielding 35.5 mg. 



VI. Synth03i3 of ptoroyl glutamyl glutamic acid PtGluGlu 

A mixture oj 22 mg of mononiothyl folato and 7/c.l of trj othylo.ird.no 

was dissolved in $ ml of dry DMF by boating on the etc am bath. Tho 

mixture was coolod to room temperature, and I3x.l of isobutyl chloro-

formato wore added. Aftor 10 minutes, lO^a.1 of triethylamine and 37 mg 

of diethyl glutamate hydrochloride wore added with stirring. The mixture 

was allowed to stand for 18 hours at room temperature and was then poured 

into 100 ml of ,1M NH^IICO^ in an ice bath. The resulting precipitate 

was contrifuged in 3 test tubes and washed with 3 rol of water. The 

precipitate, in 2 test tubes, was lyophilized to yield 8 mg of product. 

Under N2, 5 nl of .IN NaOH were added to the remaining test tube. 

When all of the precipitate had dissolved, the solution was adjusted 

to a pH of 2 with 12N HC1, centrifuged, washed with 1 ml of water and 

lyophilized to yield 3 mg. 
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RESULTS AND DISCUSSION 

A s ynthesis oj. PtGlu- o -G lu directly from folic acid would be 

desirable because of the commercial availability and inexpensiveness of 

folic acid. However, any synthesis of gamma derivatives of folic 

acid must be preceded by the blocking of the <X-carboxylic acid. 

This was attempted by first making diethyl folate, which was hydrolyzed 

to the monoester with sodium hydroxide. 

PtGlu(02t)2 was prepared by essentially the procedure of Pfiffner (2f>). 

Folic acid was dissolved in 2% anhydrous ethanol hydrochloride to 

produce the PtGlu(OEt)^'HCl as outlined in Fig. £. 

A w hite hydrochloride precipitate was found before all 01 the folic 

acid had dissolved. The solvent was removed by vacuum, and PtGlu(0Et)2 

was produced by suspending PtGlu(OEt^'HCl in water. Thi^ method 

produced relatively Fares PtGlu(QEt)2 when 50 to 200 mg of folic acid 

were used. With larger amounts of folic acid, the FtGlu(0Et)2 obtained 



contained large amounts of impurities, as determined by paper'chromatography 

Tins is probably due to the extended time required to remove the solvent. 

The PtGlu (OEt )g showed a peak in the infrared at 5.8 microns, which 

is not present in the spectrum of folic acid. This corresponds to the 

ester stretching vibration (26). The UV spectrum in .IN sodium hydroxide 

exhibited maxima at 255, 282, and 365 mx, which is the same as folic 

acid (see Appendix I). The Rf value of PtC-lu(OEt)2 is larger than that 

of folic acid in solvent 1 (see Table)j and, therefore, it is consistent 

with complete esterification of the carboxylic acids. Fluorescence 

is observed after spraying with .05$ potassium permanganate, which is 

characteristic of the pteridine product of oxidative cleavage of the 

C^,N^-bond of folic acid. A red color, characteristic of an aromatic 

amine, was seen after spraying with 2% NaNOg in O.IK HC1 and then with 

2% a queous N-(l-naphthyl)-ethylenediarnine dihydrochloride. Both the 

fluorescence and Brat ton-Mars hall tests are consistent with the structure 

of PtGlu(OEt)g. 

Sodium hydroxide was used to hydrolyze PtGlu(OEt)^ to the monoethyl 

folate. It was found that at least 2 moles of sodium hydroxide per 

mole of PtGlu(OEt) ware needed to hydrolyze the ester (Fig. 6), as 

determined by paper chromatography (Table). This is consistent with 

PtGlu(OSt)2, since 1 mole of base would be expected to neutralize 

the phenolic group in the pteridine ring. A mixture of PtGlu-^-OEt 

and PtGlu-<^-0Bt was indicated by paper and column chromatography. As 

indicated in the Table, 2 spots, monoethyl folate I and monoethyl folate II, 

have Rf values between that of folic acid and PtGlu(OEt)2 in solvent 1. 

They fluoresce after spraying with .05$ potassium permanganate, and yield 

a red spot after spraying with-Rratton-Marshall reagent. 



The monoethyl folates were separated by column chromatography on 

DEAE cellulose as shown in Fig. 14. One major peak, comprising tubes 

6$ to 79, was obtained. This was chromatographed on paper and labeled 

raonoethyl folate I. A shoulder trailing the major peak, comprising 

tubes 88 to 90, was chromatographed on paper and labeled raonoethyl 

folate II. The UV spectrum in .IN NaOH of monoethyl folate I and 

raonoethyl folate II were identical with that of folic acid. Hydrolysis 

of both raonoethyl folate I and monoethyl folate II yielded a product 

which had the same Rf value as folic acid. 

Characterization of the major hydrolysis product of folic acid 

(monoethyl folate I) as PtGlu-/-0Et or PtGlu-d-OEt is difficult because 

of the great similarity in properties of the 2 compounds. The lower 
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Rf value of monoethyl folate I from paper chromatography in solvent 1 

indicates that the freo carboxylic acid is more acidic than the freo 

carboxylic acic in the monoethyl folate XI. The stronger carboxylic 

acid would be expected to be more soluble in the aqueous stationary 

phase and therefore have a lower Rf value. This is not an unequivocal 

assignment, since other factors, such as ion exchange with the paper, 

can influence Rf values. 

The }f-carboxylic acid can be postulated to be the more favorable 

for alkaline hydrolysis. Gason and associates (27) showed that alkyl 

groups branching from the d - or p -carbon of carboxylic acids produce 

steric hindrance in the tetrahedral transition state, slowing the rate 

of hydrolysis. 

PtGlu(OMe)g was prepared essentially by the procedure of Pfiffner (2£) 

in half-gram quantities (see Fig. 7). 

Fig. 7. Preparation of Dimethyl rolate 

Folic acid dissolved readily in 1.2* anhydrous methanol hydrochloride. 

The solvent is conveniently removed at room temperature to give the 

ester hydrochloride, which can then be converted to PtGlu(OMe)2 by 



suspending it m water. The preparation of PtGlu(OMe)2 in sufficient 

quantities to continue was much more convenient than PtGlu(OEt)2 and 

should be considered carefully in any future synthetic work. The Rf 

value for PtGlu(OMe)2 in solvent 1 is lower than that of PtGlu(0Et)2, 

indicating that it is more soluble in water. It hydrolyzes in .IN 

sodium hydroxide to a compound giving the same Rf as folic acid in 

solvent 2. The UV spectra in .IN sodium hydroxide is the sans as that 

ox folic acid. It oxidizes to a fluorescent material when sprayed 

with ,0$/o potassium permanganate and gives a positive test for aromatic 

amine when sprayed with Bratton-Marshall reagents. The IR is essentially 

identical to that of PtGlu(OEt)2. 

Hydrolysis of PtGlu (GMe) 2 produced only 1 spot which was identi

fied as raonomethyl folate by paper chromatography in solvent system 1. 

An attempt was made to optimize the conditions for the hydrolysis of 

the ^-methylester in preference to the -methylester. Roberts (28) 

has shown that the rate of hydrolysis of unhindered carboxylic acids 

in DMSO significantly increases as tho concentration of DMSO e xceeds 

60 to 70 mole per cent, while the rate constants for carboxylic acids 

which have alkyl substituents on the - or -carbon do not show this 

characteristic. The rate increase is probably due to solvation of the 

tetrahedral transition state by the highly polar DMSO. This solvation 

must be s trictly hindered in the case of <£.- or P -alkyl substituted 

carboxylic acids. Cason and associates (27) have shown that P.- or P -

alkyl substituted carboxylic acids have slower rates of hydrolysis 

than nonsubstitutea acids. They attribute this to steric hindrance 

in the transition state. The ek-carboxylic acid of xolic ^Cxu can ^ 

considered to have an cX-substituted pteroic acid amide vhicn, although 
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it is not an alkyl subsuituent, could conceivably also prevent solvation 

of the tetrahedral transits on state. 

Lie hydrolysis of PtGlu(OMe)p was therefore carried out in as high 

a concentration of DHSO as was experimentally possible to favor ^-methyl-

ester hydrolysis. The monomethyl folate was purified by chromatography 

on a column of DEAE cellulose. The Rf value observed in paper chroma

tography solvent 1 lay between that of folic acid and PtGlu(OMe)^, as 

would be expected. Detection of the spot was accomplished by fluorescence 

after spraying with .0potassium permanganate and the appearance of 

a red spot after spraying with the Bratton-Marshall reagents. The 

product from hydrolysis in .IN sodium hydroxide has the same Rf value 

as folic acid from paper chromatography in solvent 2. The UV s pectrum 

in .IN sodium hydroxide had maxima at 255> 282, and 365 mm. as does 

folic acid. The IR spectrum (Appendix II) is vexy similar to, but not 

identical to, the IR of PtGlu(OMa)g. The IR spectra of monomethyl 

folate and monoethyl folate are almost identical, as would be expected. 

Fig. 8 represents the final step in the overall synthetic procedure. 

The mixed anhydride of monomethyl folate and isobutyl chxorcxormate 

was prepared and then reacted with diethyl glutamate to xorm PtGlu (OMe) 

C-lu(OEt)2 • The product was precipitated by the adaioion ox .Li ammonium 

bicarbonate and washed with water. 
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Fig. 8. Synthesis of Pteroyl Glutamyl Glutamic Acid 

The Rf value of the esterified product (see Table) is very close 

to the same Rf value of PtGlu(OEt)g. Considering the similarity between 

the two compounds, similar Rf values would not be inconsistent. The 

ester was hydrolyzed to the free acid in .IN sodium hydroxide under 

nitrogen. The C^-N10-bond is cleavable under basic conditions in tne 

presence of oxygen (29); hence precautions were taken in this regard. 

Tne PtGluGlu obtained has an Rf value of .82 with streaking which is 

the same as that reported by Plants (12). iha streaking i.a serial 

fluorescent without spraying. The pyridine product of cleavage 

the c9-N10-bond is fluorescent and is probably contaminating the pro-

duct. The product can be tentatively identified as PtGlu- 1-C-lu on 

the basis of its ability to sustain the growth of LaetoocCillus can_ 



ATCC 71*69. The other possible product, PtGlu-<X-Glu, does not sustain 

growth of Lactobacillus casei (30). 

The possioility of contamination of the sample by folic acid has 

not entirely bee., discounted, even though none is visible by paner 

chromatography. Assay by tetrazolium bioautography (8) may exceed 

the sensitivity of the paper chromatography assays utilized. The 

application of tetrazolium bioautography directly to the paper chrom-

atogram should conclusively establish the presence or absence of PtGlu-

/-Glu. 
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GENERAL SUMMARY 

A method for the preparation of PtGlu-/-Glu from folic acid and 

glutamic acid has been proposed and studied. The proposed method is 

the blocking of the «^-earbo:xylic acid of folic acid by esterification 

and the formation of a ^-peptide bona with diethyl glutamate by the 

mixed anhydride method. 

PtGlu(0Et)2 was prepared essentially by the procedure of Pfiffner (25) 

and hydrolyzed with sodium hydroxide in DMF. Two compounds designated 

monoethyl esters of folic acid were separated by paper chromatography 

(Whatman #1 paper, n-butanol, water, ethanol, acetic acid; 52:28:20:0.3) 

and column chromatography (DEAE cellulose, 0.1 to 0.3M ammonium bi

carbonate, linear gradient). These compounds hydrolyze in .IN sodium 

hydroxide to a compound with the same Rf as folic acid by paper chromato

graphy. They oxidize to a fluorescent pigment when the paper chromatogram 

is sprayed with .0potassium permanganate, characteristic of folate 

compounds. Subsequent spraying with Bratton-Marshall reagents indicated 

the presence of an aromatic amine. The Rf value from p&per ch*onatography 

was between that of folic acid and PtC-lu(Oii/tOg# Bhe UV sp-c^rd w^>re 

identical with that of folic acid, and the IR spectrum of the predominate 

monoethyl folate was consistent with the proposed structure. Based on 

this evidence, the compounds were classified as monoethyl folat , 

there has been no designation as to xjhich is the <^»-ester. 



Because of difficulty in preparing PtGlu(OEt)2 in quantities needed 

to continue, PtGlu(OKe)2 was prepared by the method of Pfiffner (2£) 

and found to be more suitable for large scale preparation. PtGlu(0Me)2 

was hydrolyzed with sodium hydroxide in DMSO u nder conditions which 

were proposed to favor selective hydrolysis of the /-ester. Only one 

compound designated as monomethyl folate could be separated by paper 

or column chromatography. The compound was designated monomethyl folate 

on the basis of the sane evidence as that used for the designation of 

monoethyl folate. In addition, the infrared spectra of monoethyl and 

monomethyl folate were essentially identical. 

The mixed anhydride of monomethyl folate and isobutyl chloroformate 

was prepared and reacted with diethyl glutamate. The fully esterified 

product was hydrolyzed to the free acid in .IN sodium hydroxide. The 

product appears to be contaminated with decomposition products, but 

has an Rf value from paper chromatography the same as that observed by 

Plants (12). The product is tentatively identified as PtGlu- /-Glu on 

the basis of its ability to sustain the growth of Lactobacillus casei 

ATCC 7li69. The application of tetrazolium bioautography directly to 

the paper chromatogram should conclusively establish the presence or 

absence of PtGlu- Y-Glu. 
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