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A simple method of preparation of 5 Methyltetrahydrofolic acid has
been devised, This material is known to be the major folate present
in natural materials and is involved in many biochemical reactions
necessary for maintaining life, The calcium and barium salts were
prepared and the chemical and physical properties studied, Nuclear
Magnetic Resonance and Ultraviolet Spectrometry confirmed its identity
and purity, It was shown by E,S,R, to exist as & free radical in the
solid state, Microbiological Assay showed itwas free from other
folates,

The higher analogues, ethyl, propyl and butyl were also prepared
and identified by the above techniocues,

The toxicity and tumour inhibitory properties of the calcium salts
were investigated and showed that they were non toxic and of possible
use as tumour inhibitors. 5 Methyltetrahydrofolic acid was shown to
effectively reverse the toxicity of methotrexate in the treatment of
solid tumours,

The 5 Methyl and 5 Fthyl derivatives of tetrahydromethotrexate
were also prepared, purified and identified, The Ultraviolet and
Nuclear Magnetic Resonance Spectra were compared with those of the
folate series, Trials on their toxicity and tumour inhibitory proper-
ties were conducted,

The overall advantage of this method for the production of folate
derivatives is that they can be prepared, quickly and cheaply in large
quantities without the isolation of intermediates,

However, unsuccessful attempts were made to prepare the 5 isopropyl,
the 5 benzyl and 5 g phenylfcf::iyjatives of tetrahydrofolic acid and

also 5 methyltetrahydropteridine,
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INTRODUCTION

e

Folic acid and its derivatives play an important role in metabol-
ism. This was recognised by workers in the 1930'3(1_9) and further
investigation led to the elucidation of the structure of folic acid in
1946 by Angier gﬁ_g;.(lo)‘

but the alternative name folic acid of Mitchell et al.(s) is most

It was given the name pteroylglutamic acid

commonly used.

The multiplicity of the derivatives existing in biological mater-
ials and the complexity of their chemical structure led to much
confusion concerning the natural occurrence of the folate derivatives,
Early research demonstrated that naturally occurring folate derivatives
differed from each other in regard to the number of glutamate residues
present in the molecule (Fig. I) the state of oxidation of the pteridine
nucleus and the nature of any one-carbon substituents.

Most of the folates have growth promoting effects on various bac-
teria. This was the reason why microbiological assay was used as &
method of identifying and as & criterion of purity for many of the
folate analogues. Three organisms have been commonly used:
Lactobacillus casei, Streptococcus faecalis, known now as Streptococcus
faecium, and Pediococcus cerivisiae. Care must be taken however to
ensure that oxidative degradation does not take place before or during
assay: this has led to much of the confusion in the literature prior
to 1960.

None of these organisms are capable of responding to those
derivatives in which more than two glutamate residues (Fig. I) are
linked to the folate (Table I) and it is necessary to remove these
residues using incubation with chicken liver conjugase before assay.

The main type of folate present in liver is 5-methyltetrahydro-
folic acid (Fig. II) in its peptide form. In the serum the folate

exists as "free" 5-methyltetrahydrofolic acid. 5-Methyltetrahydro-
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Table I

Response of L. casei, P. cerevisiae and S. faecalis to naturally

occurring folate derivatives.

Growth Activity & for

Compound
L. casei P. cerevisiae
F P + -
pHF © + L
i 9 % b
5CHOTHF © % ;
10CcHOF © + o
10CHODKF & + -
10CHOTHF . +
5CH,THF & + o
F glutamate J + —
F diglutamate = + -
F hexaglutamate 1 — .S
THF diglutamate + +

. e e e A S W e - . S e Sl 8

5. faecalis

e e e —

i

-

+ o+ o+

-+

i e e e . B — . . S e B i B . . e . i i e e . e . T S Sl . s, . . it Sl . . . e e S . . 58

a + indicates a response of at least 50% of a maximum
— indicates & response of less than 5% of the meximum

folic acid

dihydrofolic acid
tetrahydrofolic acid
5-formyltetrahydrofolic acid
10-formylfolic acid
10-formyldihydrofolic acid
10-formyltetrahydrofolic acid
5-methyltetrahydrofolic acid
folylglutamate
folyldiglutamate
folylhexaglutamate
tetrahydrofolyldiglutamate.
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folic acid has a different growth response to S. faecalis and L. casei
than other folates (Table I). This became a very important criterion
with the discovery that 5-methyltetrahydrofolic acid and its deriv-
atives were major constituents of folates in natural materials.

Shortly after the isolation, structure determination, and syn-
thesis of folic acid, work was begun on the physiological changes
brought about in folate deficiency. Franklin et al .(11) studied the
changes brought about by a folate deficient diet on young female rats.
The folate deficient rats were marked by slow growth, anemia, and low
white cell count. UWhen the action of folate was inhibited by aminop-
terin, a folate antimetabolite, death followed. So folate is involved
in many biochemical reactions necessary for maintaining life in the rat.
This is also true for man.

Foliec acid coenzymes participate in animal, plant and microbial
metabolism by controlling the transfer of single carbon units which are
at the oxidation level of formic acid or formaldehyde. Some of the

reactions mediated by folic acid coenzymes are:

a) conversion of glycine to serine Fig. III
b) methylation of ethanolamine to choline Fig. TII
c) methylation of homocysteine to methionine Fig. III
d) methylation of uracil intermediate to thymine Fig. III

e) introduction of C-2 and C-8 in purine biosynthesis Fig. IV

One or more of the four coenzymes, (Fig. V) all of which are derivat-
ives of 5,6,7,8-tetrahydrofolic acid (II) (Fig. V), are involved in
the one carbon transfer reactions listed above.

It has been shown that 10-formyltetrahydrofolic acid (V) is the
source of the number two carbon atom in the formation of the purine
ring and that 5,10-methenyltetrahydrofolic acid (IV) is the source of

the number eight carbon in the same r.".n,g(:l’3 ). 5,10-Methylenetetra-

L I
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hydrofolic (III) acid is concerned with hydroxymethyl or methyl group
transfer to various acceptors. These reactions include the formation
of 5-hydroxymethylcytosine from cytosine, methionine from homocysteine,
thymine from uracil and serine from glycine. 5-Methyltetrahydrofolic
acid (VI) is also involved in the formation of methionine from homo-
cysteine.

The reduction of dihydrofolic acid (I) to tetrahydrofolic acid
(II) is performed by the enzyme dihydrofolic reductase. However this
reduction can be inhibited by the antimetabolites eminopterin (VII)
and methotrexate (VIII)(Fig. Va).

Thus the folic acid enzymes are invclved in a wide scope of bio-
chemical transformations which are quite basic to the formation of
new cells. Due to this and the relatively high folic acid content
and rapid growth of cells that are found in cancers, many workers have
connected this disease with a malfunctioning of the folic acid system.

Many antimetabolites have been synthesised with the hope of
preferentially inhibiting or preventing this system from functioning.
Foremost amongst these are methotrexate (VIII) and aminopterin (VII)
as shown in Fig. Va. The inhibition constitutes a block in the con-
version of dihydrofolic acid to tetrahydrofolic acid. As a consequence
of this block, tissues become deficient in the tetrahydrofolic acid
derivatives, and this produces many effects similar to those observed
in nutritional folate deficiency.

However a crucial consequence must be the depression of
thymidylate synthesis with a consequent failure in DNA synthesis and
arrest of cell division. This has lethal results in rapidly prolifer-
ating tissues such as intestinal mucosa, bone marrow and the cancer
cell, However, these analogues are extremely toxic and although
powerful inhibitors of malignant cell growth their use is restricted

by their toxicity.
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A subsequent search was carried out to produce reversal of the
toxic effects of these analogues without effecting their inhibitory
properties. Early reports suggested that the toxic effects could be
reversed by administration of large doses of foliec acid but this is
true only to a Limited extent.I417) g e 5 ol tetratydio
folie acid has proved much more useful, Combinations of large doses
of methotrexate and 5-formyltetrahydrofolic acid give improved sur-

vival rates in leukemic mice(la)

(19)

and appear advantagecus in the

treatment of human tumours.

It has been already stated that methotrexate would interfere with
the production of thymidylate for incorporation into D.N.A. (20,21)
This production would utilise 5,10 methylenetetrahydrofolic acid(III)
and cause an increase in dihydrofolic acid (I), which is prevented
from further reduction by the inhibitory action of methotrexate on
dihydrofolic acid reductase. Methotrexate thus irreversibly inhibits
D.N.A synthesis and depletes the folate pool,

However administered 5-formyltetrahydrofolic acid can enter the
folate Poo[ without reduction by dihydrofolic acid reductase, probably
by conversion to the 5,10 methenyl compound (IV) which is then re-
duced to 5,10-methylenetetrahydrofolic acid (III). This may be
further reduced to 5-methyltetrahydrofolic acid (VI) which can be con-
verted by the loss of a methyl group to tetrahydrofolic acid (II), the
reaction involving vitamin 312‘ Any inhibition of the reactions in-
volving vitamin Bl2 would result in inhibition in the growth of
tumours.

Since 5-methyltetrahydrofolic acid (VI) features in this cycle

(2] 5t s it oin

and is the main storage form of folates in the body
pated that it would have similar, if not enhanced, protective
properties to 5-formyltetrahydrofolic acid as it would require no
prior metabolism. Considering the importance of 5-methyltetrahydro-
folic acid a convenient method of synthesis was required to produce

i



the material in quantity to allow its chemical and biological proper-
ties to be studied.

5-Methyltetrahydrofolic acid was first isolated from horse liver
by Donaldson and Kereztesy(23_25) who named the material ‘prefolic A",
This material was active for L. casei but not for S. raecalis(zé).
It has been prepared chemically from tetrahydrofolic acid by formation
of 5,10-methylenetetrahydrofolic acid by addition of formaldehyde and
Turther reduction of this compound by sodium borohydride to the 5-
methyl derivative(27’28). The tetrahydrofolic acid is usually obtained
by catalytic hydrogenation(zg’Bo) or by chemical reduction of folic

(31,32)

acid It has also been prepared from folinic acid(33)“

We considered a direct synthesis of 5-methyltetrahydrofolic acid
and its analogues from folic acid without the intermediate isolation
of tetrahydrofolic acid. A similar application to the production of
reduced enalogues of methotrexate should also be possible.

A1l the compounds prepared were submitted for testing for their

toxicity and tumour inhibitory properties. 5-Methyltetrahydrofolic

acid was submitted for trials on reversal of methotrexate toxicity.



FXPERIMENTAL

Chemicals were obtained from the following sources: folic acid,
Koch Light Ltd., Colnbrook, Bucks; methotrexate and folinic acid,
Lederle Laboratories, Chadwell Heath, Essex: and DEAE cellulose
(DE 22 and DE 52), W. & R, Balston Ltd., Maidstone, Kent.

Ultraviolet spectra were determined in aqueous solution at pH
1.0, 7.0, and 13.0 using a Unicam SP 700 or Hilger & Watts Uvispek.

Thin-layer chromatography was performed with 0.25 mm. depth
Cellulose powder MN300 F25. (Macherey, Nagel and Co., Duren, Germany)
and developed at room temperature in the dark.

The following solvent systems were used:

(1) 0.1M phosphate buffer, pH 7.0, containing mercaptoethanol
(0.52 v/v).

(2) n propanol/water/0.88 s/g aqueous ammonia (200:100:10, v/v)
containing mercaptoethanol (0. 5% v/v).

(3) The organic phase of l-butanol/acetic acid/water (4:1:5, v/v)

containing mercaptoethanol (0.5% v/v) equilibriated overnight.

Compounds were detected as quenching (folates) or fluorescent spots
(unconjugated pteridines) when viewed under ultraviolet light emitting
at either 25 or 365 mu,

Proton magnetic resonance spectra were recorded with a Perkin-
Elmer R10 or R14 (60 MHz or 100 MHz) using solvent deuterium oxide
(> 997 D2O) and external reference of tetramethylsilane (TMS) or
solvent trifluoroacetic acid (TFA) and internal standard of TMS.

In experiments Al-Al7 the yield and purity of freeze dried pro-
duct-was determined in 0.1M phosphate buffer, pH 7.0 e = 31.7 x 10°
ML e at 290 mq_x(zs).

Yield and purity of calcium and barium salts was determined in

0.1N sodium hydroxide, pH 13.0 ¢ = 28.5 x 10° I''* cmt at 290 m.. (%8)

-6



Preparation of 5-Methyltetrahydrofolic Acid.

Experiment Al

Sodium borohydride (250 mg., 6.5 mmoles) in water (10 ml.) was
added to a stirred solution of folic acid (250 mg., 0.6 mmoles) in
0.6A1 Tris buffer, pH 7.8 (30 ml.), under nitrogen at room temperature.
After 10 mixqztes , excess sodium borohydride vas destroyed with 5N
acetic acid and the s-lv' on adjusted topH 7.0, Formaldehyde (0.10 ml.,
37% wi/v, 4.0 mmoles) was added, immediately followed by sodium boro-
hydride (500 mg., 13.0 mmoles) in water (20 ml.). The mixture was
incubate_d for 1 hour at_ 3700 under a slow stream of nitrogen and
cooled, and mercaptoethanol (1.0 ml.) was added. The pH was adjusted
to 7.0 and the mixture diluted to 100 ml. and stored in the fridge.

The reaction mixture was chromatographed on DEAL cellulose (DE
22). Prior to use in column chromatography, the DEAE cellulose was
washed with 1.0M NaQHPO_, pH 7.0, until the washings were colourless,
washed with water until the suspension was approximately pH 7.0 and
stored under water. A slurry of the DEAE cellulose was poured into a
3 x 23 em. glass column to a height of 12 cm. and the column was washed
with armonium acetate (200 ml., 0.13M, pH 6.9) containing mercapto-
ethanol (0.2M). The reaction mixture was carefully layered at the top
of the column and eluted by a linear gradient method in which the
mixing chamber contained ammonium acetate (500 ml., 0.13M, pH 6.9) and
the reservoir contained ammonium acetate (500 ml., O.4M, pH 6.9).

Both ammonium acetate solutions contained mercaptoethanol (0.2M). The
elluent was collected' at the rate of 1 ml/min. in 10 ml. fractions
using an automatic fraction collector,

The extinction at 290 my was determined after dilution with 0.1
phosphate buffer, pH 7.0. A complete spectrum was recorded every
fifth fraction. The product, 5-methyltetrahydrofolic acid was found

in tubes 70-100 (300 ml.) and was characterized by an extinction maxi-

=, =



mum at 290 my and a mlnimum at 250 mu. Fractions 70-100 were pooled
and freeze dried (two days) to give a white slightly oily residue.
The residue was dissolved in ammonium hydroxide (2N) and freeze
dried (2 ‘_1_33'5) to give a yellow solid which was hygroscopic. This
material was vacuwm dried at 30° overnight. Purity by U.V. 10%.
T.L.C. data is given in Table IT  Experiment abandoned at this stage

and an attempt made to increase the purity.

Teble IT

Rf Values in Various Solvents »

s — A e —— e e ——  ——— e —— o . il i . s ettt

Solvent b F.A © AL
| G5 0.80
(0.63) slight blue (0.56) blue fluor, &
d
fluor.
2 0.23 1.0

(0 57) blue fluor, @

e e A i S S s B o S e S e e A b e el il i

a These were detected as quenching spots unless otherwise
indicated. Minimum detectable amounts about 5ug in 1yd.

b As in "Experimental®.
¢ Abbreviations as in Table T.

d TFluorescent impurity.

e e i e Ml b

The preparation was carried out as for Experiment Al. The pro-
duct was found in tubes 55-105 and these were bulked and freeze dried.
The residue after freeze drying consisted of yellow viscous liquid
containing long colourless needle like crystals. Purity 207. These
crystals turned to yellow viscous liquid on exposure %o the atmosphere.

This liquid wastriturated with dry methanol (20 ml.) and the

g



e e T

Ef values in Various §glypg§g§

Solvent FA A2
1 0.53 slight blue fluor. 0.80
0.39 0 53 blue fluor.

2 .39 slight blue fluor.
B2

a

Abbreviations as in Table I and II.

0.33 green fluor.

0.73
0.53 blue fluor.

0.32 green fluor.

o — e —— e e A o e & —



Table IV
Rf Values in Various Solwvents -

Solvent  pELBA’ P, BeA® 2001, 4cEPE6 000 £ 26, AHPLECHO 2, 4cpt?
1 0.86 0.95 0.46 light blue 0.3 licht 0.46 light blwe  0.30 light
blw: flwor. blue flwor. fluor. green £flwor, fluor, blwe flwr.
0.56 light blw
fluor.
2 0.67 0.60 0.25 light Flwe 0,29 0.48 light blue 0.51 vivid
blw fluor. blue flwor. fluor. green fluor. flvor. blw flvor,
0.48 light blue
flwr.
2 rpbreviations as in Teble I and II. f 21,40 peridine 6ci0.
b b
pifE, benzoic acid. g 211,401 pteridine.
c

pilil, benzoyl-Lrglutamic acid.
2iH, 40 pteridine 6COCH.
xanthopterin,

d

e



residue i‘il_tered and dried under nitrogen. Purity as determined by
UV 30%. (Extinction maximm at 291 my and minimm at 251 mi). Micro-
biological assay with Lactobacillus casei was performed and showed a
31% activity. Activity defined as response/ml. to L. casei divided
by weight/ml. of sample,using folic acid as a standard. T.L.C. data

is shown in Table III and IV. Experiment terminated at this stage.

Experiment A3

The preparation was carried out as for Experiment Al, the solution
being stpred_ overnight in the fridge under nitrogen. The reaction
mixture was added to the colum at L°C in the dark. The elution was
car;*ied out as previously and the first 200 ml. were discarded. The
eluate was collected at Iml./min. in fractions (10 ml). The product
was found in tubes 40-80 and these were bulked and freeze dried. The
temperature of the cold room rose to 60° overnight. The experiment

was terminated at this stage.

Lxperiment, AL

The preparation was carried out as for Fxperiment Al, the solution
being stored ovemig_ht in the fridge under nitrogen.

The reaction mixture was added to the column at 4° in the dark.
The elution was carrie;!_ out as previous and the first 200 ml. were
discarded. The temperature of the coldroom rose to 20°C. The product
was found in tubes 41-81 and these were bulked and freeze dried.

To the freeze dried residue was added ethanol (10 ml.) and the
yellow precipitate (A4 I) was filtered using No. 4 sinter. The pro-
duct was rapidly dried :Ln air but turned slightly browm. Purity as
determined by UV 457 (extinction maximm at 291 m( and minimm at
25,5m.) .

lMicrobiological assay with Lactobacillus casei and Streptococcus

faecalis showed activities of 16% and 7% respectively. T.L.C. data

e



is shown _in Table V.

Ethanol (10 ml.) was added to another portion of freeze dried
residue and the precipitate (A4 II) was filtered and dried under
high vacuum at r.t. Purity as determined by UV 35%.

Extinction maximm was at 290 mu and minimum at 245 mu.
Absorbance ratio A290/A245 = 2.7. Microbiological assay (sample AL
IT) with L. casei and S. faecalis showed activities of 4O% and 21%
respectively. Microbiological assay (repeat ALI) with L. casei and

S. faecalis showed activities of 127 and 8% respectively.

Table V

Rf Values in Various Solvents -

Solvent FA AL

— e e . S e e e e e - e e e e e A e — b it .

3 0.29 0.78

e e i —————— i e — e A e B W ke e S e W W . T i . i Sl 5 B W e

&  Abbreviations &s in Table I and IT.

Experiment A5

The preparation was carried out as for Experiment Al, the solu-
tion being stored ovpmight in the fridge under nitrogen.

The reaction mixture was added to the colum at 4° in the dark.
The elution was carried out as previous and the first 200 ml. were
discarded. The product was found in tubes L44-94 and these were
blz_J.ked and freeze dried for 3 days. __’I'he freeze dried residue was
carefully dissolved in ammonium acetate (20 m1., 0.13M, pl 6.9) con-
taining mercaptoethanol (0.2H) and layered on the top of a DEAE

cellulose colum. The colum material, the preparation and gradient

-10-



elution were the same as for the initial purification and the first
200 ml. were discarded. The product was found in tubes 44-96 and
these were bulked and freeze dried for 3 days. The freeze dried
residue was dissolved in cold deaerated water (40 ml.) containing
mercaptoethanol (10'3M) and carefully layered on the top of a cel-
lulose column.

Prior to use the cellulose was washed and equilibrated with cold
water (3 litres) containing mercaptoethanol (10_3M). A slurry of the
cellulose was poured into a 3 x 23 cm. glass column to the height of
12 cm. and the colum washed with cold water (1 litre) containing
mercaptoethanol (10'3M), Elution was carried out with water containing
mercaptoethanol (10—3M) and 10 ml. fractions were collected at the
rate of 1ml./min. The product was found in tubes 6-30 and these were
bulked and freeze dried for 3 days.

To the freeze dried residue was added ethanol (20 ml.) and the
vhite precipitate (80 mg.) was filtered using No. 4 sinter. The pro-
duct was rapidly dried under vacuum. Purity as determined by U.V.
52%. The aleohol filtrate was freeze dried and again treated with
alcohol (10 ml.). The off white precipitate was filtered, dried and

its purity determined. No UV spectrum was observed.

Preparation of DFAE cellulose column

The DEAE cellulose (DE 22) was washed with 1.0M NayHPO, ,pH 9.0
until the washings were colourless (5 litre), washed with water until
the washings were pH 7.5. A slurry of the DEAE cellulose was poured
into a 3 x 23 cm. glass colum to a height of 12 cm. and the column
was washed with distilled water (10 litre) until pH 7.1. The cellulose
was washed with ammonium acetate (3 litre, 0.13M, pH 6.9) and a
sample of washing was freeze dried. This left a small sticky residue.

The DEAT cellulose was washed with ammonium acetate (3 litre, O.%M,

o



pH 6.9) and a sample was freeze dried. This left a very small resi-
due. The DEAE cellulose column was equilibrated with ammoﬁium acetate

(1 litre, 0.13M, pH 6.9) and used for Experiment A6,

Experiment, A6

The preparation was carried out as for Experiment Al, the solution
being stored overnight in the fridge under nitrogen. The reaction
mixture was added to the colum at 4° in the dark. The elution was
carried out as previous and the first 100 ml. were discarded. The
product was found in tubes 1-65 and these were bulked and freeze dried
(5 days).

Freeze drying gave white material (290 mg.) which turned grey on
exposure to air. Purity 35%. Extinction maximum was at 289 my, and

minimm at 248 mi. Absorbance ratio 1289/A248 = 2.5,

Preparation of Barium Salt

The freeze dried product (300 mg., 35% pure) was dissolved in
deaerated water (10 ml.) containing sodium chloride (100 mg) and the
pH was adjusted to 7.0 and the solution filtered. Barium chloride
(1 ml. of 22g. Ba01.2H20/100 ml. water) and mercaptoethanol (1 ml.)
were added to the solution. The barium salt was precipitated by ad-
dition of absolute ethanol (10 ml.) and the solution cooled overnight.
The barium salt was filtered at 5°, washed with 50% aqueous ethanol
(10 ml.), followed by absolute ethanol (10 ml.), and dried rapidly
under high vacuum at rocm temperature. Yield 50 mg.

The barium salt was recrystallised by dissolving in minimum
amount deaerated water containing mercaptoethanol (10"3M) (10 ml.) and
diluting slowly with methanol (10 ml.) to give a crystalline product
which was filtered, washed and dried rapidly under vacuum. Yield 1Omg.
Purity 29%. To the filtrate was added methanol (10 ml.) and the

solution cocled in the fridge overnight. Product filtered, washed

10~



and dried rapidly under vacuum. Yield 24 mg. Purity 70%.

Preparation of Column

The DEAE cellulose (DE 22) column was prepared as for Experiment
A7 and eluent (3 litre) was freeze dried. This gave a white crystal-~

line solid which was hygroscopic on exposure to air.

Experiment, A7

The preparation was carried out as for Experiment Al, the solution
being stored overnight in the fridge under nitrogen. The DEAE cellu-
lose column was equilibrated with water containing mercaptoethanol
(0.2M) and the reaction mixture was carefully layered at the top of
the column and eluted by a linear gradient method in which the mixing
chamber contained water (500 ml.) and the resé&oir ammonia (500 ml.
1M). Both solutions contained mercaptoethanol (0.2M). The eluent was
collected at the rate of 1ml./min. in 10 ml. fractions. The product
was found in tubes 10-90 and these were bulked and freeze dried (3
days). This gave a yellow hygroscopic material. Purity 15%.

Experiment terminated at this stage.
Experiment A8

The preparation was carried out as for Experiment Al, the solution
being stored overnight in the fridge under nitrogen. The reaction
mixture was chromatographed on DEAE cellulose (DE 52 preswollen micro-
granular diethylaminoethyl cellulose).

Prior to use in column chromatography the DEAE cellulose was
equilibrated with ammonium acetate (300 ml., 0.13M, pH 6.9) containing
mercaptoethanol (0.2M) and the fines removed. The colum was packed
and eluted as in Experiment Al. The product was found in tubes 17-

6l, and these were bulked and freeze dried. The temperature of the
cold room rose to 60° overnight. The experiment was terminated at
this stage.

=19



Recycling of DEAE cellulose (DF 52).

The DEAE cellulose (DE 52) was recycled by washing with hydro-
chloric acid (15 times volume, O.5N) and was left standing for 30
minutes. The cellulose was filtered and washed with water until the
pH of the eluent was 4.0, It was then washed with sodium hydroxide
(15 times volume, 0.5N) and was left standing for 30 minutes. The
cellulose was filtered and washed with water until the pH of the

eluent was 7.0. The second treatment was repeated.
Experiment, A9

Sodium borohydride (ég., 160 mmoles) in water (50 ml.) was added
to a stirred solution of folic acid (6g., 15 mmoles) in 0.066M Tris
buffer. pH 7.8 (200 ml.), under nitrogen at room temperature. After
15 minutes, excess sodium borohydride was destroyed with 5N acetic
acid and the solution adjusted to pH 7.0. Formaldehyde (8 ml., 37%

fmmedinfel followed by sodium bomhsfdoic\e (69-, 60 mmoles>
w/v, 100 mmoles){in water (100 ml). The mixture was incubated for 1
hour at h5° under a slow stream of nitrogen and cooled, and mercapto-
ethanol (1 5 ml.) added. The pH was adjusted to 7.0 and the mixture
diluted to 500 ml. with cold water.

The pale yellow solution was passed through a 3.8 X 45 cm. column
of DEAE-cellulose previously equilibrated with ammonium acetate (3
litre, 0.13M, pH 7.0) containing mercaptoethanol (0.2M). Elution was
initiated @t the rate of 5 ml./min. with ammonium acetate (2 litre,

0 13M, pH 7.0) followed by a gradient of ammonium acetate (0.13-0.4M,
pH 7.0. 1 litre each) and completed with ammonium acetate (2 litre,

O 4M, pH 7.0) All solutions contained mercaptoethanol (0.2M). The

0 131 buffer eluate (2 litre) was collected in bulk and discarded.
After 200 ml. of the ammonium acetate gradient had passed through the
column, the eluate was collected in 15 ml. fractions and the extinction
at 290 my was determined after dilution with O 1M phosphate buffer,

pH 7.0 A complete spectrum was recorded on every tenth fraction.

] 5



The product, 5 -methyltetrahydrofolic acid, was found in tubes
31-181 and weas characterised by an extinction maximum at 290 my and
a m:’tnitmnn at 248 mi: the extinction ratio (A290:A2h8) was greater
than 3 0. Tubes 31-181 were combined and freeze-dried. The yield of
5-methyltetrahydrofolic acid was 33%, purity 45¢. T.L.C. data is
given in Table VI. Microbiological assay with L. casei and 5. faecalis

is given in Table VII.
Preparation of Barium Salt

To the freeze-dried chromatographically purified 5-methyltetra-
hydrofolic acid (1.Lg) was added deaerated water (25 ml.) containing
sodium chloride (300 mg). The pH was adjusted to 7.0 (0.1N NaOH) and
the solution filtered. Barium chloride (10 ml. of 22g. BaCl.2H20/
100 ml. water) and mercaptoethanol (0.0L/35 ml. solution) were added
to the filtrate. The barium salt was precipitated by addition of ab-
solute ethancl (140 ml.) and the solution cooled overnight.

The barium salt was filtered at 50, washed with 50% aqueous
ethanol (20 ml.), followed by absolute ethanol (15 ml.), and dried
rapidly under high vacuum at room temperature. Yield 1.55g.. , purity
91%.

The barium salt was recrystallised by warming in deaerated water
containing mercaptoethanol (10_3M) and diluting slowly with methanol
to give a crystalline product which was filtered, washed, and dried
rapidly to yield the barium salt of 5-methyltetrahydrofolic acid.
Yield 1.2g. The purity was 1007 as shown by UV absorption at pH 13:
Mpax = 290 m4, A = 245 my, extinction ratio (A290:A2h5) was 2.7.
T.L.C. data is given in Table VIII. Proton magnetic resonance spec-

trometry in D20 gave a characteristic I\T--GH3 at T 7.5.
Experiment A10
The preparation was carried out as for Experiment A9. The pro-

L,



R, Values in Various Solvents
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Solvent A9
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3 0.58

(0.38 slight blue fluor.)

X & 0.85
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Abbreviations as in Table T and II.



Table VIT

Microbiological Assay.

—— —— 8 e W 4 A et et b i ——. o i . el i st . < S A . . e M e e . B e .

Sample Goncxzrn‘;tion . L. case?esponae bS- Taecalis
mg/ml
FA © 0.98 4.70 0:9%
7 © 6.65 2.62 -
A9 d 2 12 e e 0.16
A9 © 3.7 3.90 0.12
a9 T 3.78 0.97 Ykt
r9 © 2,68 0.53 F
a9 T 2.61 0.48 =

2 As determined by U.V.

Concentration as determined by assay using folic acid as standard.
Abbreviations as in Table I.

Determined as free acid.

Determined as barium salt.

T petermined as barium salt plus mercaptoethanol (0.2M).



Table VIIT J
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R, Values in Various Solven
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Solvent b A9 i

s i — i o e U . S . 2 . e S . . o e e . s e A, S

1 0.63

(0.45 slight blue fluor.)

3 0.57

(0.34 slight blue fluor.)
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Abbreviations as in Table I and IT.

b
T.L.GC. »un at II.OC.

c
Determined as Barium salts,



duct was found in tubes 1-150 and these were bulked and freeze dried.
Yield 54%. TExperiment terminated at this stage.

Experiment All

The preparation was carried out as for Experiment A9. The pro-
duct was found in tubes 30-110 and was characterised by an extinction
maximum at 290 my and minimum at 250 mu; the extinction ratio (A290:
A250) was greater than 3.0. Tubes 30-110 were combined and freeze-
dried. Yield 497. The barium salt was prepared and recrystallised
as in Experiment A9. The purity was 100% as shown by UV absorption at

pH 13: ) = 290 mu, A4, = 245; extinction ratio (A290=A2h5) was 3.8,

The preparation was carried out as for Experiment A9 but the pH
of the condensation stage was adjusted to pH 7.8. The product was
found in tubes 30-120 and was characterised by an extinction maximum
at 290 mu and minimm at 250 my; the extinction ratio (11290:.4250) was
greater than 3.0. Tubes 30-120 were combined and freeze dried. Yield
75%. The barium salt was prepared and recrystallised as in Experiment
A9, purity 98%. The recrystallisation was repeated, purity 107%.
Calculated for 020H23N706Be..h}]20, C 36.02, H, 4.68, N, 14.69, Ba 20.59;
found, C, 35.61, H, 4.01, N, 14.45, Ba, 20.32. The UV data is shown

in Table IX.

Experiment, A13

The preparation was carried out as for Experiment A12. The
product was found in tubes 30-120 and these were bulked and freeze
dried. Yield 68%. The barium salt was prepared and recrystallised
es in Experiment A9. Purity 96%. ) = 290 mu; A ™ 245 mu; ex-
t;nction ratio (A290:A2h5) was 3.8,

Experiment All

——

The preparation was carried out as for Experiment A9, but the pH
-16~



Table IX

Spectral Data of 5-Methyltetrahydrofolic Acid

-

Barium Salt
-3 Absorbance ratio
pH m. . omy € x 10
lmax )‘m:m max A /Amin
3 270, 29 2,2, 281 21.0, 20.0 -
% 290 2L5 G B 3.8
1 | 290 2L5 30.8 3.8




of the condensation stage was adjusted to pH 8.5. The product was
found in tubes 30-110 and was characterised by an extinction maxdinum
at 290 my and a minimum at 2591n4; the extinction ratio (A290:A250)
was greater than 3.0. Tubes 30-110 were combined and freeze dried.
Yield 39%.

To the freeze-dried chromatographically purified 5-methyltetra-
hydrofolic acid (2.5g.) was added deaerated water (50 ml.) containing
sodium chloride (600 mg.) The pH was adjusted to 7.0 (0.1N NaOH) and
the solution filtered. Calcium chloride (12 ml. of 10g Ca0126H20/
100 ml.) and mercaptoethanol (0.O4i/34ml. solution) was added to the
filtrate. The calcium salt was precipitated by addition of absolute
ethanol (250 ml.) and the solution eooled overnight.

The calcium salt was filtered at 5°, washed with 75% aqueous
ethanol (20 ml.), followed by absolute ethanol (20 ml.), and dried
rapidly under high vacuum at room temperature. Yield 1.25 g., purity
93%. Microbiological assay with L. casei and S. faecalis is given in

Tagble X.
Experiment Al5

The preparation was carried out as for Experiment A9 but using
a reduced amount of formaldehyde (1.2 ml., 37% w/v, 15 mmoles). The
product was found in tubes 30-130. These were combined and freeze
dried. Yield 53%.

The calcium salt was prepered as in Experiment Alk, purity 96%.
It was recrystallised by warming in deaerated water containing mercapto-
ethanol (IO-BM) and diluting slowly with methanol to give a crystalline
precipitate which was filtered, washed and dried rapidly to yield the
calcium salt of 5-methyltetrahydrofolic acid. Purity 123%. At pH 7

in phosphate buffer calculated purity 105%. T.L.C. data is given in

-17-



Microbiological Assay

O | Response
Sample Conc;z\gljﬁtlon L. casei S, faecalis
mg/ml
AL, © 2.0 1.0 .03
, d
A16 y 65 ¢ 0.36 .02

& As determined by U.V.
Concentration as determined by assay using folic acid as standard.
© Determined as caleium salt,

Determined as free acid.



Table XIT. Calculated for C,., H23, N7P6 Ca. 31,03 C, 43.5; H, 5.3:
N, 17.8: Ca 7.25: found: G, 43.28, H, 5.05, N, 17.85; Ca 7.0. The U.V.

data is shown in Table XI
Fxperiment AL

The prevnaration was carried out as for Fxperiment A9 but using a
reduced amowmt of formaldehyde (2.4 ml , 377 w/v, 30 mmoles). The
product was found in tubes 25-130 These were combined and freeze

dried. Yield 829
Preparation cf Free Acid

A To the freeze-dried chromatographically purified 5-methyltetra-
hydrofolic acid (2.5 g ) in deaerated water (25 ml.) was added N HCL
until the solution was pH 2.0 No precipitation occurred and the solu-
tion was cooled overnight. The precipitate was filtered, washed with
methanol and dried rapidly under high vacuum. Yield 4.5g. No U.V.
spectrum was observed. The filtrate was discarded.
B To the freeze-dried chromatographically purified 5-methyltetra-
hydrofolic acid (25 g ) in deaerated water (25 ml.) was added absolute
ethanol (300 ml) and mercaptoethanol to give a concentration of 1074
and the solution cooled overnight. The precipitate was filtered at 50,
washed with absolute ethanol (3 x 50 ml. ), and dried rapidly under high
vacuum at room temperature.

The nroduct was recrystallised by dissolving in the minimum amount
of water containing mercaptoethanol (lO_ZM) and precipitating with
ethanol (100 ml) The white crystalline product was dried over night

under high vacuum over P205 at 25°. Yield 1.2 g. The purity was 95%

as shown by U V. absorption at pH 7: A =290 mu, A .. = 245 my,

extinction ratio (A ) was 3.8. Microbiological assay with L.

290 %245
casei and S. faecalis is given in Table X. T.L.C. data is given in

Table XII., U.V. data is given in Table XIII. Calculated for 020 H25

N.,0¢-2H,0, C, 48.7; H, 5.89; N, 19.79; found: C, 47.37; H, 5.80; N, 20.80.

i 0



Table XI

Spectral Data of 5-Methyltetrahydrofolic Acid Calcium Salt

et et - o

Absorbence

pH Y (m,.‘.) }‘min (m;,“) Qmax - 10‘3 Ratio

Amax / Amin

1 270, 291, 21,2, 281 g ouk

e

242
7 290 _2L5 32.4 3.85

13 290 2L5 35.5 3.4




Table XII

Rf Values in Various Solvents .
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Solvent © p15 © a6 4

- ———— e e i i i i . S e . (5 G el i 8 i Sl e i S e e R S A i A " S < . S

3 0,68 0,68
(0,45 slight blue fluor,) (0,45 slight blue fluor,)

As in Table I and II,
T,L.C, run at room temperature,

Determined as calcium salt,

o

Determined as free acid,



Table XTIT

Spectral Data of 5-Methyltetrahydrofolic Acid

et el + e i i e B -

—— e e ——

-3 Absorbance
pH A (my) .. (my) Cnax X 10 Ratio

1 270, 29 242, 281 21,1 20,0
7 290 245 30,5

13 290 2L5 28,0 3,24
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Proton magnetic resonance spectrometry in D20 gave a character-
istic I\T--.CH3 at 7 = 7.5 with a small acetate - CH3 impurity at T = 8.0.
A triplet at T = 8.8 and quartet at T = 6.3 indicated the presence of

ethanol whieh could not be removed by drying.
Experiment A17

The preparation was carried out as for Experiment A9. The product
was found in tubes 80-155. These were combined and freeze-dried.
Yield 62%.. The free acid was prepared and recrystallised as in

Experiment Al6. Purity 90%.

Preparation of 5-Ethyltetrahydrofolic Acid

Experiment Cl

5-Ethyltetrahydrofolic acid was prepared essentially by the method
for 5-methyltetrahydrofolic acid (Experiment A9) but replacing for-
‘maldehyde with acetaldehyde (5.7 ml. 100 mmoles).

After elution the product, 5-ethyltetrahydrofolic acid was found
in tubes 50-130 and was characterised by an extinction maximum at 290m.
and a minimum at 250 m: the extinction ratio (A290:A250) was greater
than 2.5. Tubes 50-130 were bulked and freeze-dried. The yield of
5-ethyltetrahydrofolic acid using an extinction coefficient of 31.7
x 1072wt phosphate buffer pH 7.0 at 290 mu (28) was about

70% based on folic acid used.
Preraration of Calcium Salt

To the freeze-dried chromatographically purified 5-ethyltetra-
hydrofolic acid (2.5 gm.) was added deacrated water (20 ml.)
containing sodium chloride (500 mg). The pH was adjusted to 7.0 (0.1N
NaOH) and the solution filtered. Calcium chloride solution (12 ml. of
10 gm. CaC].2.6P120/100 ml. water) and mercaptoethancl sufficient to give
a final concentration of 10"M was added to the filtrate. The calcium
salt was precipitated by the addition of methanol (500 ml.) and the

oy o 0



solution cooled overnight. The calcium salt was centrifuged at 5°,
washed with 75% aqueous methanol (20 ml.), followed by methanol (20ml)
and dried rapidly under high vacuum over phosphorous pentoxide at room
temperature. Yield 1.2 gm., purity 90%.

The calcium salt was recrystallised from deasrated water contain-
ing mercaptoethanol ( 10M) and diluting slowly with methanol to give
a crystalline precipitate which was :ﬂtered , washed, and dried rapidly
to yield the calcium salt of 5-ethyltetrahydrofolate. Calculated for
Cpy Hpg N,O Ca.kH,0, C, 43.22: H, 5.70; N, 16.80: Ca, 6.87; NCH,CH,,
L.97; found: C, 43.88; H, 522; N, 16.30; Ca, 6.10; NCH20H3, 4.19.

U V. data is given in Table XIV. Microbiological assay with L. casei
and S. faecalis is given in Table XV

Proton magnetic resonance spectrometry in T.F.A. gave a 1\1—(','H20H3
splitting pdttern, An unresolved triplet at v = 8.5 and a poorly de-
fined quartet at T = 6.4, There was no evidence of a methanol CILI3

= 6.3 or an acetate CH3 T="7.75. See also Table XXI.

T.L.C. data is given in Table XVI.

Preparation of 5-n Propyltetrahydrofolic Acid

Experiment Gl

The preparation was carried out essentially as for the methyl
derivative (Experiment A9) but replacing formaldehyde with propionalde-
hyﬂe__(’? .3 ml., 100 mmoles). After elution, the product, 5-propyl-
tetrahydrofolic acid was found in tubes 35-135 and was characterised
by an extinction maximum at 290 m' and a minimum at 250 mp; the extinc-
tion ratio (A290_:ﬁ'21,.8) was greater than 2.5. The yield of 5-propyl-
tetrahydrofolic acid using an extinction coefficient of ¢ = 31.7 x
10° ¥ e 4n phosphate buffer pH 7.0 based on folic acid used at

290 m: was ebout 80%.

~20~



Table XIV

Spectral Data of 5-Ethyltetrahydrofolic Acid Calcium Salt

PR e

x Absorbance |
pH lma.x (m ) A : (m2) € X 10 ratio
Ama:n/ ﬁmin
; ' A273 _
1 273 291, 235 28l 21,5 19,6 A2L5 = 2435
i 292 250 31.4 2.8
13 291 249 29,6 3.0




Table XV

L
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Response to

Sample Concentration 2
mg/ml L. casei S, faecalis

mg/ml
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Rf Values in Various Solvents &

Table XVI

Solvent

SEtTHFA

SPrTHFA

S5BuTHFA

0.24

(0.52) blue fluor.

0.55

(0.37) blue fluor.

0.68

(0.44) blwe fluor.

0.84

(0.52) bluwe fluor.

0.55

(0.37) blwe fluor.

o. mﬂw

(0.44) bluwec fluor.

0.34
(0.52) blwe fluor.

0.55
(0.37) blwe fluor.

0.62
(0.44) blve fluor.

@ pbbreviations as in Table 1.

b

T.L.C. run at room tonperature,



Preparation of Calecium Salt

The calcium salt was prepared and recrystallised as for the ethyl
derivative (Uxperiment Cl) Calculated for Can H2'? N.04 Ca 3H,0,
C, 15.59: H. 5.7h: N, 16.92; Ca, 6.91: NCH,CH,CH,, 9.84, found: C, 15.30;
H, 5.70: N, 17.85; Ca, 8.1; NCHZCHchB, 7.08. U.V. data is given in
Table XVII. Microbiological assay with L. casei and S. faecalis is
given in Table XVIII. Proton magnetic resonance spectrometry in T.F.A.
gave a I«I—'5511'2-!1}}!2—0}{3 splitting pattern. An unresolved triplet at
T = 9.0, and poorly defined peaks at T = 5.4 and v = 8.1. There was
no evidence of methanol ('JH:3 at T = 6.3 or an acetate C}H3 T=17.75.

See also Table XXI. T.L.C. data is given in Table XVI.

Preparation of 5-n butyltetrahydrofolic acid

Experiment T1

The vpreparation was carried out essentially as for the methyl
derivative (Experiment A9) but replacing formaldehyde with butyralde-
hyde (9 O ml., lQO mmoles). After elution, the product, 5-butyltetra-
hydrofolic ac_id was found in tubes 45-130 and was characterised by an
extinction maximum at 286 m: and minimum at 250 mi; the extinection
ratio .(15‘28 6:A2 60) was greater than 1.5 The yield of 5-butyltetrahydro-
folic acid using an extinction coefficient of ¢ = 31.7 x 103 M_l cm"l

in phosphate buffer pH 7.0 based on iolic acid used was about 60%.

Preparation of Calcium Salt

The caleium salt was prepared and recrystallised as for the ethyl
derivative (Experiment C1) Calculated for Cag Hog N0, Ca 4H,0,
C, 45.16; H, 6,10; N, 16.03; N butyl, 11.63; found: C, 44.00; H, 5.95;
N, 17.30: N butyl, 4.25. U.V. data is given in Table XIX. Micro-
biological assay with L. casei and S. faecalis is given in Table XVIII.
Proton magnetic resonance spectrometry in T.F.A. gave a N—-CHQ-CH2-CH2-

CH,

3 splitting pattern. An unresolved triplet at T = 9.1 and poorly

e,



Table XVII

Spectral Data of 5-n Propyltetrahydrofolic Acid Calcium Salt

i i s e . . e Al . . e it . Bl e st e B . e . e . S, 5 . S, o —

Absorbance
pH o (m) Ao, (m) B ratio

Amax/Amin

e B P S Sl e e A o o A i . . Al | i el i s i i i S v e i . i, e i . . e A

1 2, 290 21, 282 22,7 22,0 A27L

LY sl o

7 290 250 33,5 3.05
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Table XVIII

Miercbiological Assay

b
Sample Concentration FREpones L0
mg/ml L. casei S, faecalis
mg/ml
SnPrTHF © 1,0 0,088 0,0L8
5nBuTHF © 1.0 0,095 0,106

2 As determined by UV,

Concentration as determined by assay using folic acid as
standard,

i Determined as calcium salt,



Table XIX

S

Spectral Data of 5-n Butyltetrahydrofolic Acid Calcium Salt

s AT e e

U P ————————— A e

Absorbance

- S W T R W < B2 107> ratio

bnao

——— o —— . i i i, @ ¢ e o b e e W | o o 8 e i il e e e e . A o . i . . e it

L 272 287 24,0 283 20,5 19,5 g{% = 2,18

i) 288 2L5 29.5 2.8

13 288 24 29.5 2.5
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defined peaks at 7= 6.4, T = 8.2 and T = 8.6. There was no evidence
of a methanol CHB at T = 6.3 and an acetate CH3 at T = 7.75. See
also Table XXI. T.L.C. data is given in Table XVI.

e e

Preparation of 5,10-Methylene Tetrahydrofolic Acid

Experiment D1

The preparation was carried out as for 5-methyltetrahydrofolic
acid (Experiment A9) but no sodium borohydride was added at the con-
densetion stage. The product was found in tubes 60-120 and was
characterised by an extinction maximm at 296 mi and minimum at 250mu.
Tubes 60-120 were combined and freeze dried. The yield was 387 using

an extinction coefficient of 31.7 x 10_3 i

in phosphate buffer
pH 7.0 at 290 m..

The calcium salt was prepared and recrystallised as in Experiment
Cl. U.V. data is given in Table XX. Calculated for 020 H;ll N’?Ob
Ca tho; C, 42.25; H, 5.32; N, 17.26; found: C, 43.85; H, 5.01; N,
16.96. Proton magnetic resonance spectrometry in D,0 and T.F.A. were

inconclusive.

Preparation of 5,-Isopropyltetrahydrofolic acid

Experiment Il

. The preparation was carried out as for 5-methyltetrahydrofolic
acid but replacing formaldehyde with acetone (7.3 ml., 100 mmoles).
T?le product was found in tubes 40-135 and was characterised by an
extinction maximm at 282 mi and minimum at 251 mu. Tubes 40-135 were
combined and freeze-dried. The yield was 50% using an extinction co-
efficient of 31.7 x 102 ML el in phosphate buffer pH 7.0 at
282 m).,

The calcium salt was prepared and recrystallised as in Experiment

Proton magnetic resonance spectrometry in T.F.A. failed to indi-
cate an isopropyl splitting pattern and the spectrum closely resembled
22
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Tagble XX

Absorb,
pH T gy () € m‘ig““
Amax/Amin
13 297 253 25,14 2,65
7 296 253 27,6 3.3
3 292 2,5 22.1 2.78
1® 292, 278 21,5 292 = A292/A2L5
20,7 = 2.6
B 278, 292 245 €278 = A278/A21,5
18.2 = 2,08

2 After 1 minute

b After 5 minutes

® After 30 minutes,



that of tetrahydrofolic acid, Table XXI. The U.V. data is shown in

Table XXITI with that of tetrahydrofolic acid. No isopropyl group was
-ICI'{
detected in the N - CH.., determination. Preliminary analytical fig-
3
ures were more consistent with the compound being tetrahydrofolic acid

than with it being the isopropyl derivative. For 022 !-&7 H'?Ob Ca
LH,0 (isopropyl derivative) calculated C, 44.21; N, 16.41; H, 5.90.
For (:19 hz : N,?Ob Ca LH,0 (tetrahydrofolic acid) calculated, C, 41.08;
N, 17.68; H, 5.26; found: C, 43.32; N, 17.72; H, 4.79.
Preparation of 5-Benzyltetrahydrofolic acid

The preparation was carried out as for 5-methyltetrahydrofolic
acid by replacing formaldehyde with benzaldehyde (10 ml., 110 mmoles).
The product was found in tubes 25-160 and was characterised by an
extinction maximm at 278 m and minimum at 256 m:. Tubes 25-160 were
combined and freeze-dried. The yield was 83% using an extinction co-
efficient of 31.7 x 10 M cw™* in phosphate buffer, pH 7.0 at 278m..
The calcium salt was prepared and recrystallised as in Experiment Cl.
Proton magnetic resonance spectrometry in T.F.A. failed to indicate
benzyl protons and the spectrum closely resembled that of tetrahydro-
folic acid (Table XXI). No benzyl group was detected in the N-benzyl
determination. The U.V. data is shown in Table XXII with that of
tetrahydrofolic acid. Preliminary analytical figures were more con-
sistent with the compound being tetrahydrofolic acid than it being the
benzyl derivative. For 0,, H27 N,?O e Ca. LH,0 (benzyl derivative)
calculated C, 48.36; N, 15.19; H, 5.46. For 019 H‘21 N7Ob Ca. ld-LZO
(tetrahydrofolic atid) calculated C, 41.08; N, 17.68; H, 5.26, found:
C, 41.27; N, 18.45; H, 4.65.

Experiment F2
Experiment F1l was repeated using ethanol (150 ml.) to aid the

2%



Tanle XXI

Proton lMagnetic Resonance Data a8

EXPT Arcratic o Gi GClutarate nq anc. nu
F ; 1.7 1.78 1.93 2.@ - 4,83 7.12 7.18 7.40
SCHOF 1.2 1.06 2,32 2.40 4,%0 7.15 7.20 7.45 5.4 5.0
BF 1.8 1.85 2,35 2.40 4,25 7.15 7.42 5.45 5.9
5 eTHF Al5 1.90 1,96 2.55 2.62 4.95 7.15 7.40 5.45 5.9
55 ETHE cl 1.93 2,00 2.60 2.70 4,90 7.15 7.40 5.45 5.9
£l 1.22 1.90 2,35 2.40 4,90 7.15 7.20 7.40 5.45 5.9
F1 1.80 1.90 2.35 2.40 4,90 7.15 7.20 7.4 5.45 5.2
55PrTHF Gl 1.95 2.05 2,70 2.76 4.90 7.20 7.24 7.40 5.45 5.9
El 1.30 1.30 2,35 2.40 4.90 7.15 7.20 7.4 5.45 5.9
SnBURF 11 2.00 2.03 2,72 2.80 4.90 7.20 7.24 7.4 5.45 5.9

2 rniroviations as in Teble I.



Table XXII

U,V, Spectral Data of Product Fl and né

pH hees (my1) \pin ()
El s 283 2L,
7 289 253
13 291 253
1 280 (shoulder 290) 2LL
7 293 252
13 293 251
THF 3 270, 294 24,
7 297 250
13 297 250

& Abbreviations as in Table I,



solubility of benzaldehyde. The product was found in tubes 40-120 and
was characterised by an extinction maximum at 282 m: and minimum at
256 mi. Tubes 40-120 were combined and freeze-dried. The yield was

827 using an extinction coefficient of 31.7 x 102 Ml et

in phosphate
buffer pH 7.0 at 282 my.

The calcium salt was prepared and recrystallised as in Experiment

Proton magnetic spectrometry in T.F.A. failed to indicate benzyl

protons and the spectrum closely resembled that of tetrahydrofolic acid.

Experiment I3

Experiment F2 was repeated but allowing a condensation time of 2
hours before addition of sodium borohydride (12 g., 320 mmoles). The
product was found in tubes 70-145 and was characterised by an extinction
maximum at 280 m: and minimum at 256 m:, Tubes 70-145 were combined
and freeze-dried. The yield was 72% using an extinction coefficient of
3.7 x 10_3 Lt in phosphate buffer pH 7.0 at 280 mu.

The calcium salt was prepared and recrystallised as in Experiment

Proton magnetic spectrometry in T.F.A. failed to indicate benzyl

protons and the spectrum closely resembled that of tetrahydrofolic acid.

Experiment F2 was repeated but allowing a condensation time of 2
hours before addition of sodium borohydride (1.1g., 30 mmoles). The
product was found in tubes 15-105 and was characterised by an extinction
maximum at 280 m: and minimum at 256 my. Tubes 15-105 were combined
and freeze-dried. The yield was 75% using an extinction coefficient
of 31.7 x 10> ML en! in phosphate buffer pH 7.0 at 280 m..

The calcium salt was prepared and recrystallised as in Ixperiment

24—



Proton magnetic resonance spectrometry in T.F.A. failed to in-
dicate a benzyl splitting pattern and the spectrum closely resembled

that of tetraghydrcfolic acid.

Preparation of 5-8 Phenylethyltetrahydrofolic Acid

S e e ST

The preparation was carried out as for 5-methyltetrahydrofolic
acid (Experiment A9) but replacing formaldehyde with phenylacetalde-
hyde (10 ml; 100 mmoles). The product was found in tubes 35-130 and
was characterised by an extinction maximum at 278 m: and minimum at
253 my. Tubes 35-130 were combined and freeze-dried. The yield was

80% using an extinction coefficient of 31.7 x 102 ML et

in phosphate
buffer pH 7.0 at 278 m..

The calcium salt was prepared and recrystallised as in Experiment
Cl1.

Proton magnetic resonance spectrometry in T.F.A. failed to indi-
cate any splitting pattern and the spectrum closely resembled that of

tetrahydrofolic acid (Table XXI).

Preparation of 5-Methyltetrahydromethotrexate

Experiment Bl

Sodium borohydride (2 gm., 53 mmoles) in water (20 ml.) was added
to a stirred solution of methotrexate (2 gm., 4 mmoles) in 0.066M Tris
buffer, pH 8.0 (100 ml.), under nitrogen at room temperature. After 20
minutes, excess sodium borohydride was destroyed with 5N acetic acid
and the solution adjusted to pH 7.8. Formaldehyde (2.7 ml., 37% w/v,
33 mmoles) was added, immediately followed by sodium borohydride (4 gm.,
106 mmoles) in water 40 ml.

The mixture was incubated for 1 hour at 40°C under a slow stream
of nitrogen, cooled and mercaptoethanol (1.0 ml.) added. The pH was

adjusted to 7.0 and the mixture diluted to 200 ml. with cold water.

—25..



The product was purified as in experiment A9 and was found in tubes
L,5-97 being characterised by an extinction maximum at 301 m: and a
minimum at 260 m:. The extinction ratio was greater than 2.4. Tubes
45-97 were combined and freeze-dried. The yield of 5-methyltetrahydro-
methotrexate using an extinction coefficient of ¢ = 30 x 10 3yt
e~ in phosphate buffer pH 7.0 at 300 mi: was about 25% based on
methotrexate used.

The calcium salt was prepared and recrystallised as in Experiment
A15. Calculated for Cp Hyg NgO, Ca AH,0; C, 43.25;5 H, 5.92; N, 19.22;
Cu, 6.86: N’ CH,, 4.98; N'° CHy: 4.98. Found: C, 42.81; H, 5.75;
N, 19.08: Ca. 5.87: NCH,, 4.59. For methotrexate: caleulated NCH, =
61, found NCH

3
data is given in Table XXIV.

= 2.92. U.V. data is given in Table XXIII. T.L.C.

Proton magnetic resonance spectrometry in T.F.A. gave a charac-
teristic 1\15--(}I~I3 at v = 6.65. There was no evidence of a methanol CH3
T = 6.3 or an acetate CHy T = 7.75 (In D,0, N5-CHj at T = 7.5). The

product was biologically inhibitory for L. casei and S. faecalis

Experiment, B2

Txperiment Bl was repeated using methotrexate (5 gm). The prod-
uct was found in tubes 6-100 being characterised by an extinction
maximum at 301 m: and minimum at 261 m:. The extinction ratio were
greater than 2.4. Tubes 6-100 were combined and freeze-dried. The
yield of 5-methyltetrahydromethotrexate using an extinction coeffic-

k in phosphate buffer pH 7.0 at 300 m.

jent of ¢ = 30 x 102 ML em”
was about 30% based on methotrexate used. The calcium salt was pre-
pared and recrystallised as in Experiment Al5.
Preparation of 5-Fthyltetrahydromethotrexate

Experiment K1
5-Ethyltetrahydromethotrexate was prepared essentially by the

~26~
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Spectral Data of Methotrexate Analogues &

e s ———

Abs ratio
Compound  pH . (m1) Nni (m1) Cong X 107> B e Pt

5MeTHMTX 1 299 260 20,1 2.3
7 301 258 30.0 3.4k
13 300 260 28,8 3.04
5Bt THMTX 1 300 258 20,0 2.
7 300 257 30.0 3.3
13 300 258 28,6 3.0

2 pvbreviations as in Table I and II,

B Spectra done on calcium salts,



e ——

Rf Values of Methotrexate Derivatives in Various Solvent 2

Solvent 5Me THMTX 5E+THMTX
1 0,65 0,65
2 0.13 0,13
3 0,75 0.75

& As in Table I and II.



method for 5-methyltetrahydromethotrexate (Experiment B2) but re-
placing formaldehyde with acetaldehyde (5.7 ml., 100 mmoles). After
elution the product, 5-ethyltetrahydromethotrexate was found in tubes
30-110 and was characterised by an extinction maximum at 300 m: and
minimum at 260 m); the extinction ratio (A300=A260) was greater than
2.5. The yield of 5-ethyltetrahydromethotrexate using an extinction
coefficient of ¢ = 30.0 x lO3 Vi T phosphate buffer, pH 7.0
was about 30% based on methotrexate used.

The calcium salt was prepared and recrystallised as in Experiment
A5 Caleulated for Cy, Hyg NgOy Ca. AH,0: C, L4.295 H, 6.08; N,
18.78 FAICK,CH, 7.22; NlOCHB, 4.87: found, C, AL.90; H, 5.80; N, 19.34s
%NCHQCH'B, 7.40. U.V. data is given in Table YXIII T.L.C. data is
given in Table XXIV.

Proton magnetic resonance spectrometry in T.F.A. gave a character-
istic M_-CH.CH, splitting pattern. An unresolved triplet at 7 = 8.5

e 4 s

but the quartet which should anpear at t = 6.4 is masked by NlOCH3 at .
T = 6.2. There is no evidence of an acetate CH3 gt 7= 7.75. The

product was biclogically inhibitory for L casei and S. faecalis.

Foperiment J1

Sodium borohydride (6 gm., 160 mmoles) in water (50 ml.) was
added to a stirred suspension of 2-amino, 4-hydroxy-pteridine (5.3 gm,
32 mmoles) in 0.066 M Tris buffer, pH 9.0 (200 ml.), under nitrogen
at room temperature. After 2 hours excess sodium borohydride was de-
stroyed with 5N acetic acid and the solution adjusted to pH 7.8.
Formaldehyde (8 ml., 37% w/v 100 mmoles) was added, followed by sodium
borohydride (12 gm., 320 mmoles) in water (100 ml).

The mixture was incubated for L hours at 40°C under a slow
stream of nitrogen and then cocoled. The pH was adjusted to 7.0 and
the precipitate filtered and washed with water (4.9 gm).

=07,



v Proton magnetic_resonance spectrometry in T.F.A. gave a singlet
at T =1.2 and a broad peak at T = 1.6 indicative of 2-amino, 4-
hydroxy-pteridine. The filtrate was freeze-dried and then dissolved
in water (20 ml). The pH was adjusted to 1.0 and the solution fil-
tered. No precipitate was obtained. On T.L.C. the solution showed

various pteridines.

-28-



RESULTS AND DISCUSSION

Preparation of 5-Methyltetrahydrofolic acid

The experiments were done as detailed in Experiments Al1-Al7.
Initially DEAE cellulose (DE 22) was used. This however contained a
soluble material which could not be removed by repeated washing with
acetate buffer and water. The failure to remove this material resul-
ted in the freeze-dried residues being contaminated with a yellow
hygroscopic material.

Freeze drying proved a lengthy and tedious operation but no
suitable alternative was available due to the nature of the compounds.
Some experiments were conducted in the cold room at L° to prevent de-
composition as this material was very unstable. This however, had to
be abandoned due to the instability of the control mechanism of the
room. Later the reactions were done in the shortest possible time at
room temperature, with all vessels routinely covered with aluminium
foil.

The preparation of the free acid was hampered by its instability
and improved purity was obtained by the preparation of the barium salt.

Success was achieved by use of DEAE cellulose (DE 52) which is a
pre-washed micro granular cellulose and the barium salt of 5-methyl-
tetrahydrofolic acid was prepared (Experiment A9). The calcium salt
was also prepared. The free acid was prepared by repeated washing of
the freeze-dried residue with alcohol. Comparison of yield versus pH
is given in Table XXV and shows that the optimum pH is approximately
7.8 Table XXVI shows that while higher ratios of formaldehyde to
folic acid are desirable, a reasonable yield is still achieved at a
ratio of 1.1:1. The product was identical to that of Gupta and
Huennekens (28) as shown by U.V. spectra. Comparison of the product

with the starting material and other possible products is given in

«29-



Table XXV

pH of condensation® % yield R
) 5h, 49
7.8 75, 68, 62
8.5 39

& 7:1 formaldehyde: folic acid ratioc and variable

rH at condensation stage,

e Based on pure folic acid used,
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Mole ratio 2 v b

formaldehyde : folic acid

7:1 75, 68, 62
e (B 1 53
2.0 82

B pH 7.8 at condensation stage and variable formaldehyde:

folic acid ratio,

Based on pure folic acid used,



Tables XXVII and XXVIIT.

These show that the product was 5-methyltetrahydrofolic acid.
Reductive condensation must have taken place at N-5, See section on
E.S.R. The P.M.R, showed the characteristic N-Me at t = 7.5. Micro-
biological assay showed the absence of other folates. T.L.C. showed
the presence of a slight fluorescent impurity.

The P.M.R. spectrum in D20 shows, in the case of the barium and
calcium salts, no evidence of acetate CH3 at T = 8.0 and the ethanol
CH3 at T = 8.8. The P.M.R. also shows absence of folic acid (C7
singlet at T = 1.6). In the case of the free acid a triplet at 7 =
8 8 and a quartet at T = 6.3 indicated the presence of ethanol. The
ethanol appears to be tenaciously held within the molecule lattice and
was not removed by prolonged drying under high vacuum over P205.

Similar phenomena have been demonstrated by Horwitz et al. ,(31’)

(28) with acetate and water

with formaldehyde, Gupta and Huennekens,
and Whiteley and Huemekens(B 5) with hydrochloride. Zakrztsmrski(3 é)
also showed that mercaptoethanol formed an adduct of unknown structure
with tetrahydrofolic acid but no evidence was found for this, probably
due to the low concentration of mercaptoethanol present. In the
P.M.R. added mercaptoethanol gives characteristic additional triplets
at T = 7.3 and 7T = 6.3.

Using Driedingmodels it was shown that 5-methyltetrahydrofolic
acid could exist as a folded structure with the two aromatic rings

parallel and over one another. This could explain the difficulty in

removing the ethancl due to it being held within the fold.
Mechanism

This reductive condensation was thought to go via N5 4 N‘.lO_
methylenetetrahydrofolic acid (V) Fig. VI. A more probable mechanism

is given in Fig. VI.



Table YXVII

Spectral Data of Folate Analogues

-

Compound ®  pH N (W) R M) e X 107
SMeTHF ° 1 270, 29, 242, 281 21,0, 20,0
7 290 245 31.7
13 290 ?hS 30.8
F 7 282,‘350 330 27, 7
DHF 7.5 283 250 21
THFA 7.5 298 2L5 =2
10CHO-THF 7.5 260 240 17
5CHO-THF -13 282 245 32,6
5,10-Methenyl-THF 1 355 305 24.9
5,10-Methylene~THF 7,2 291, 2L5 32
5-MeDHF T 250, 290 230, 260 31

& Abbreviations as in Table I.

® As Ba Salt.



Table XXVIII

Rf Values in Various Solvents "

Solvent 5MeTHF 5CHO-THI! F

I 0.8 0.84 0,51
(0.52) blue fluor, °©

)12 3 055 0.36 0,15
(0,37) blue fluor, %

TH 0,68 0,68 0,0
(0.44) blue fluor, &

2 These were detected as quenching spots unless otherwise indi-
cated, Minimm detectable amounts about 5ug in 1 yul ,

2 As in "methods",

® Trace fluorescent impurity,
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Kallen and Jenks(ja) have shown that the condensation of form-
aldehyde with tetrahydrofolic acid (I) proceeded via the imine (III).
The work of Benkovic ggjggJ(Bg) using model compounds also supports
this theory. The initial step was nucleophilic attack of tetrahydro-
folic acid on formaldehyde to give the carbinolamine (II) which was
then protonated and dehydrated to give (III).

Nucleophilic attack by Nlo would give the 5,10-methylene compound
(V) or by hydride ions from borohydride the 5-methyl compound (VI).
Interconversion of (III) and (V) would explain the reduction of 5,10~
methylenetetrahydrofolic acid to give 5-methyltetrahydrofolic acid(ho).
That the presence of NlO was not required forreductive condensations
was shown by Whiteley et al‘,(ka) in the preparation of 2-amino-4-
hydroxy-5-6-dimethyltetrahydropteridine, and alsc by the reductive
condensation of formaldehyde with tetrahydromethotrexate (Experiments

Bl and B2).
Preparation of 5-Ethyl 5,-Propyl and 5 -Butyltetrahydrofolic Acids

The experiments were done as detailed in Experiments €1, Gl and
I1. The calcium salts were prepared. The P.M.R. spectra showed evi-
dence of the alkyl group in each case and the Ziesel determination
confirmed this,

Microbiological assay showed that the compounds were inactive for
L. casei and 5. faecalis. The higher activity of the propyl and butyl
derivatives was probably due to a small tetrahydrofolic acid con-
tamination. T.L.C. data showed the presence of a slight fluorescent
impurity but the tetrahydrofolate compounds were not separable from
one another in the solvent systems used.

The P M. R in T.T.A, showed the absence of an acetate CH3 at
T = 7.75 and methanol CH3 at T = 4.3, The P.M R, also showed the
absence of folic acid (C7 singlet at T = 0.9). However in the case of
the butyl compound there was evidence of small tetrahydrofolic acid

31



impurity (doublet at T = 2.4). A similar mechanism would apply to that
for the 5-methyl derivative where the formaldehyde was replaced by
acetaldehyde, propionaldehyde or butyraldehyde. The drop in yield

along the series is probably due to an entropy effect.

Preparation of 5,10-Methylenetetrahydrofolic acid

——— -— - -

The experiment was done as detailed in Experiment D1. The calcium
salt was prepared. The compound was identified from U.V. data. In
O 1N HCl the compound degraded to tetrahydrofolic acid as shown by its
shift in wavelength®®) The P.M R in T.F.A. and D,0 were inconclu-
sive probably due to decomposition. The compound was used as a
standard.

The mechanism for formation is shown in Fig. VII. Nucleophilic
attack by Ny, on Ny would give intermediate (V) followed by loss of a

proton to give 5-10, methylenetetrahydrofolic acid.
Preparation of 5, Isopropyltetrahydrofolic acid

The experiment was done as in Ixperiment Fl and the calcium salt
was prepared, No evidence was obtained for the incorporation of the
isopropyl group in the 5 position and U.V. and P.M.R. spectra resembled
tetrahydrofolic acid. No isopropyl group was detected in the Ziesel
determination and the analytical figures also resembled tetrahydrofolic
acid.

The inability ol acetone to condense with tetrahydrofolic was
probably due to a rate phenomena as it is lmown that ketones condense
less readily than aldehydes. The experiment could be repeated with a

longer condensation time.
Preparation of 5-Benzyltetrahydrofolic acid

The experiments were done as detailed in Experiments F1-FL and the
calcium salts were prepared. No evidence was obtained for the incor-
poration of the benzyl group in the 5 position and U.V. and P.M.R.

«3%s
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spectra resembled tetrahydrofolic acid. The analytical figures also
resembled tetrahydrofolic acid.

The inability of the benzylaldehyde to condense with tetrahydro-
folic acid was probably due to entropy factors. At one time the
solubility of benzylaldehyde was thought to be important but increas-
ing the aolubility'with ethanol was unsuccessful.

Preparation of 5, f Phenylethyltetrahydrofolic acid

The experiment was done as detailed in Experiment Hl and the
qalcium salt was prepared. No evidence was obtained for the incorpor-
ation of the phenyl group in the 5 position and U.V. and P.M.R. spectra
resembled tetrahydrofolic acid. The analytical figures also resembled
tetrahydrofolic acid.

The inabilipy of the phenylacetaldehyde to condense with tetra-
hydrofolic acid was again probably due to entropy factors, although

increasing its solubility could be an important factor,
Preparation of 5-Nethyl and 2-Ethyltetrahydromethotrexate

The experiments were_done as detailed in Experiments Bl, B2 and
K1 and the calcium salts were prepared. Comparison of the products
with the starting material and other possible products are given in
Tables XAIX and XXX. By analogy with the tetrahydrofolic acid deriva-
tives reductive condensation takes place at N5 (see section on E.S.R.).
This was substantiated by the P M.R. spectrum which shows N5~CH3
(singlet) at T = 7.5 in D,0 and N5CH3 et T = 6,65 in T.F.A. as with
the folate analogues. N10—0H3 appears at 1 = 7.0 in D,0 and at 6.2 in
T.F.A. Also the CH3 of NS-CHQ_CH3 appears &t 7 = 8.5 in T.F.A. as with
the folate analogues. P.M.R. also shows the absence of methotrexate
(07 singlet at 1 =0 9 in T.F.A.). Microbiological assay showed that
these compounds were inhibitory.

The formation of these methyl and ethyl derivatives substantiates

-3



Table XXIX
Spectral Data of Methotrexate Analocues .y

b -3
Compound pH (mu) . (my) . X120 Absorbance
A Pk e ratio (max:min)
MIX ;! 309,244 263,235 20.6,17.4 2,58, 1.07
7 376,307,260 345,274,240 9.4,24,5,24,0 1.22,1.32,1.56
(shoulder 222)
13 376,307,262 345,274,240 9.4,24.4,24,8 2.43,1.32,2.47
7 306 - 23,3 -
13 306 - 28.3 -
SMeTHMTX 1 299 260 20.1 2e3
7 301 258 30.0 3.44
13 300 260 28.8 3.04
SE+THMTX iE 300 258 20.0 2.1
7 300 257 30.0 )
13 300 258 28,6 3.0

a . :
Spectra of methotrexate done as free acid and of 5 methyl and 5 ethyl derivatives as calcium salts.

b Abbreviations as in Table I.



Table XXX

Rf Values in Various Solvents "

Solvent © MTX  5MeTHMTX  SEtTHMTX

i .78 .65 .65
2 L0 .13 .13
3 .68 sl %

8mhese were detected as quenching spots, Minimum detectable
amount about 5.g in 1il, Abbreviations as in Table I and L

bﬁs in "methods”,



the proposal that the reductive condensation proceeds via reduction of
the imine (IIT)in Fig. VIII. The Ziesel determination depends on the
basicity of the nitrogen bearing the alkyl. The NiO in methotrexate
is weakly basic and this explanes the low value obtained. However in

the reduced derivatives the basicity of the N, . is still further re-

10
duced %) gt the valus cbtained is probahly only that dus 6 the aliyd

on N._.

5
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The proton magnetic resonance spectra of starting materials,
possible impurities and of the products formed were determined in D20
using T.M.S. as external reference (Table XXXI) and in T.F.A. using
T.M.S. as internal reference (Table XXXII).

It was shgwn that proton magnetic resonance spectrometry would
pot only indicate the presence of the various alkyl derivatives but
also the purity of them, as any gross impurity would show in the aro-
matic region. Hpnce in the case of the n butyl derivative it was
possible to see & small doublet at T = 2.37 (T.F.A.) indicative of
tetrahydrofolic acid.

When using deuterium oxide dirficulty was encountered due to in-
solubi;ity and this was overcome to a limited extent by the addition of
small quantities of ammonia. However in the case of the calcium salts
of the higher analogues useful spectra could not be obtained. Hence
the spectra were repeated using trifluorocacetic acid.

Here solubility was greatly enhanced (compounds dissolved forming
red solution) but difficulty was encountered due to line broadening.
This, it was thought, was due to the formation of free radicals and is
discussed in more detail in the section on electron spin resonance.

It was seen that there was some shift to low field with increasing
dilution. There could be two possible effects taking place, a hydrogen
bonding effept or a inter molecular interaction. If the hydrogen bond-
ing effect was important one would expect an upfield shift on dilution
where in fact the shift is downfield. If the inter molecular inter-
action was important the shift would be downfield. This has also been
observed in the purine series by Hruska ggmgg.(hh). Interaction of the
mm bonds of the aromatic rings could account for this downfield shift,
This weuld be indicative of some kind of charge transfer complex of

the nature of which is unknown and could be the subject of further work.
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Table XXXI
Proton Magnetic Resonance Spectra in Deuterium Oxide

Om o.w Ar Glus(H OHcQ.ﬁ.mlG.ﬂm ZHOQ.Hm Zmnm
Glu Bl A
%mmﬂ_fﬁ 251 2.2 235 2.9 5.6 Tl
NW,.EN:% 1% 1.6 (J=2.5)T0 doublets
FA 1.74 2.37 .2.51 3.48 3.61 5.6 7.66
Meth 1.6 2.30 2.40 3,35 3.42 5.6 77 7.0
SMeTEFA 2.20 2.30 3,20 3.28 545 7 S
SMeTHIeth 2,10 2,15 3,05 3.15 55 Tod 120 145
SEtTHFA

lercaptoethanol Em at T = 6.3

(H,at € =6.3

Acetats Qmm at ® = 8.0

Methanol Q_..» St & =:6.5

Ethanol Q.Hm gt ez 8.8
Triplet

16 ¢

Triplet

Quartet

at © =7.3
Triplet



Proton Magnetic Resonance Spectra in Trifluoroacetic Acid

Table XXXII

om.ou nwzmm Ar Glu o CH nwcnmmlnmw nonmn
pNH,BGlu . 1.81 1.90 2.15 2.24 4.90 7.15 7,20 7.45
szN- 4OHPE 0.85 125
2NH,,4,60HPt  1.22 1.55
F 0.90 1.20 1.70.1.78 1,93 2,02 4,83 7.12 7,20 7:45 4.65
MTX 0.90 1.90 2.30 4.50 Ve s, 7.45 4,86 ZMOOEMQ.N
THF 1.80 1.85 2.40 4,85 11D 7.42
SMeTHF 1.90 1.96 2,55 2.62 4,85 7.17 7.40 6.65 ZUQmw
S5EtTHF 1.93 2,00 2,60 2.70 4,90 715 7.40 6.1 An:mﬂﬂmﬂvzlnmw
5nPrTHF 1595 2,05 2,70 2.76 4.90 7.20 7,24 7.40 6.1 zlnmw
SnBuTHF 2,00 2,08 2.72 2.80 4.90 7.20 7.24 7,40 6.1 zlnmw
5CHOTHF 1.80 1.86 2,32 2,40 4,90 7.15 7.20 7.45 anmo 0.35
5MeTHMTX 1.70 1,90 4,85 1.15 720 7545 2mn=u¢.mm.2HOomum.N
MHRHNEHN L?5 1.93 4,85 715 12001255 Z|nmw 6.1
Acetate CH, at ¢ =7.75 Methanol CH,, 6.30 Ethanol nmm at T = 8,75 (triplet),
CH, at 7 = 6.3 (quartet)

8 As in Table I.



Experiments were performed to determine the chemical shifts of the
aromatic protons in folic acid and p-amino benzoyl-L-glutamic acid

and the C7 proton in folic acid and the C, and 06 proton in 2-amino-

7
L OH pteridine with change in concentration,

- ———

Chemical Shift of C, Proton of Folic Acid with Concentration

Concentration Molarity T
mg/ml
600 1,36 1,78
150 0.34 1.48
75 0,17 X237
37 0,08 1.3)
& Solvent D 0, External reference T,M,S,

2



Table XXXIV

Chemical Shift of m_and 7 Aromatic Proton of Folic Acid with Concentra-

tion®
T T
Concentration molarity n=proton f-proton
600 1.36 2.4 3.54
150 0.34 2,32 3.31
75 0.17 2,25 3.1
37 0.08 2,23 3.11

& Solvent D,0, External reference T.M.S,



Table XXXV

Chemical Shift of ¢ and 8 Aromatic Protons of pNHé_Benzoyi.I—GJutamic

Acid with Concentration 2
T g
Concentration molarity n~protons A-protons
mg/ml
600 2.18 2,37 3.23
150 0.54 2.31 3.13
75 0.27 2,26 3.05
37 0.13 2,25 3.03
2 Solvent D0, External reference T,M,S,

2



Table XXXVI

Chemical Shift of C¢and 07 _protons of 2NH,LOH Pteridine with
a

Concentration
Concentration molarity C, proton C, proton
ne/al 6 7
200 1.23 1.40 1,6
100 0,62 1,41 1,61
50 0.31 1.35 1,54
25 0.15 1. 27 1.48
12.5 0,075 1,26 -

2 Solvent D20, External reference T, 1.5,



Electron Spin Resonance Spectrometry

A

In applying E.S R. to folate chemistry one must consider the
role of the folate derivatives in nature. The folic acid coenzymes
act as e}ectron donor acceptor reagents.

Perault and PUIlman(hi) have shown that these properties were
accounted for in terms of the energies of their highest filled and

lowest empty molecular orbitals.

Energies of Molecular Orbitals

Energy of highest Energy of lowest
Gontponnd occupied M.O. unoccupied M.O.
FA + 0.45 -0.65
Pt fraction THFA +- 0,05 -1.07

It can be seen from Table XXXVII that folic acid should be a
moderate donor or acceptor of electrons. Its moderate electron
acceptor properties have been demonstrated by Fujimori}hé) who has
showed that folic acid was able to form a charge transfer complex with
tryptophane. Alsc tetrahydrofolic acid should be a good electron donor
but its electron acceptor properties should have vanished. Fujimori(hé)
confirms that it was unable to form a charge transfer complex with
tryptophane.

The electron donating properties of tetrahydrofolic acid have
been investigated by Bobst(h7) who has shown by E.S R. that one elec~
tron oxidations in trifluorocacetic acid/methanol mixtures resulted in
an unstable cationic radical of red colour which could be trapped at

liquid nitrogen temperature.

~56=



Bobst(hs) has also shown that one electron oxidation of tetra-
hydropteridine in trifluoroacetic acid/methanol mixtures produced
E S R signals with hyperfine structure. Deuterium-hydrogen exchange
and perturbation of the tetrahydropteridine molecule by methyl groups
in different positions allowed the interpretation of the observed
splitting and has shown that the free-spin of the cationic tetrahydro-
pteridine radical was strongly localised in position NB'
Cfmparing the tetrahydropteridine é;g_j&ga\!rith the tetrahydrofolate
Kt:%ggg it was feasible that free-spin was also Jocalised on position
N5 in tetrahydrofolate. This was confirmed by theoretical calculations
carried out by Pullman (Fig IX) who calculated the electron charge
distribution on the nitrogen atoms of tetrahydrofolic acid. It was
shown that the smallest formed positive charge carried by N-H group
was on the N-SI (FigIX), (2¢ - 1.904e = 0.096c). Thus the NS conserved
the greatest fractions of its lone pair and so any group leaving a N
atom would leave the N5 preferentially, similarly it was at the NS
that any one carbon unit would attack.
Thus it could be expected that in the N5 alkyltetrahydrofolates
a positive charge would be localised at the NE position and that these
would be powerful electrophilic substitution reagents.
The E.S.R. technique was used to study the oxidation of the N5
alkyl-tetrahydrofolates, to see if any stable characterisable radical

species were generated, the location of these species and if, in each

instance, they were the same.
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Folinic Acid
From Table XXXVIIT it can be seen that no radicals were detected.

The -CHO group is strongly electron attracting, resulting in the com-

pound being reluctant to form radical species.

Tetrahydrofolic Acid (Table XXXIX)

The radicals found were stable over a period of 5 hours. The
presence of a radical confirms the work of Bobst(m) but attempts to

resolve the signal into its hyperfine structure were unsuccessful.
S-Methyltetrahydrofolic Acid (Table XL)

Compared with tetrahydrofolic acid a more intense initial absorp-
tion was obtained. However the signal became broad » probably due to

oxidation of the radicals formed.
S-Ethyltetrahydrofolic Acid (Table XLI)

The absorption was similar to 5-methyltetrahydrofolic acid, the

radicals being present over a period of time.

Sample E1 (Table XLIT)

e i

The absorption was very broad being similar to that for tetra-

hydrofolic acid.
Sample F1 (Table XLII)

The absorption was very broad being similar to that for tetrahydro-
folic acid.

Attempts to resolve the E S.R. signals into hyperfine splitting
failed. Thus & method of determining the identity of the atom on
vhich the lone electron resided was lost.

However, this electron was located by means of its figh" factor,

=538-



Sample

Observation

solid folinic acid
+ standard DPPH

aq, folinic acid
phosphate buffer pH 7

aq. folinic acid
0,1N NaOH pH 13

folinic acid in

CF3 COOH

No absorption

L}

"




Table XXXIX

E.5,R, of Tetrahydrofolic Acid

Sample Observation

sclid THFA some absorption

+ standard DPPH (masked by standard
peak)

solid THFA broad absorption

aqg, THFA

phosphate buffer no absorption

pH 7.0




Table XL

E.S.R. of A9 (5-Methyltetrahydrofolic Acid)

Sample Observation
solid 5MeTHFA 2 clearly defined
absorption
(10 gauss)
aq. 5MeTHFA
phosphate buffer no absorption
pH 7.0
aq. 5MeTHFA

0.1N NaOl pH 13.0 no absorption

5MeTHFA in

CF 3 COOH

no absorption

a
5-Methyltetrahydrofolic acid.



Table XLI

E,S,R, of C1 (5 Ethyltetrahydrofolic Acid)

—rllr

Sample Observation

solid 5EtTHFA " sharp absorption
(7% gauss)

aq, 5Et THFA no absorption
pH 1,0

aq, 5Et THFA 8
pH 7.0

aq., 5Et THFA i
pH 10

aq, 5Et" THFA L
pH 13

» 5-Ethyltetrahydrofolic acid,



Table XLIT

Sample Observation
El solid Broad absorption
(100 gauss)
F1 solid Broad absorption

(70 gauss)




The "g" factor was characteristic of the particular radical species
and was determined by using a standard of nown "g" factors. Values
of gl were determined for D.P.P.H. as standard and the samples, by
varying the field until resonance was achieved.

For g = hV¥ where h = 0 71458 x 1070 gauss. sec.

BH 5]

The "g" value ranges from 2.00417 to 2.00436. This was typical of
nitrogen radicals. The close proximity of the values suggests that

the same nitrogen was involved in each case, this being the N5 as

predicted by molecular orbital theory. (Table XLIII),.

-39~



Table XLIIT

Values of #g" for the 5-alkyltetrahydrofolic acids

H

v

Sample Me/sec Me/sec g
DPPH 14.161 9337 .00357
14.120 9336 .00355
THFA 1. 242 9337 .00L22
1L4.287 9336 .00436
5MeTHFA 14.241 9338 .00L32
14.292 9336 .00428
SELTHEA 14.281 9336 00425
14241 9337 -004,20
El 14.260 9335 00417
14 240 9337 .00L20
F1 14.253 9335 .00423
14.242 Q337 . 00420




Biological Testing of Folate Derivatives

As already discussed 5-methyltetrahydrofolic acid would in theory
reduce the overall lethal effects of methotrexate. Work was carried
out to test this hypothesis and also to compare its effectiveness with
that of 5-formyltetrahydrofolic acid. For all experiments male C57BL/
BchIF/Bchl hybrid mice were used. They were housed in plastic
(perspex) boxes containing 4 mice, and were fed cube diet 41B and tap
water ad libitum.

Groups comprised of 8 mice, each weighing 27-29 g. at the time of
the first injection. They were weighed several times before starting
the experiments, and daily during experiments. Deaths were also re-
corded daily. All mice which survived beyond day 1l recovered, and
were lilled 2-3 weeks after the last injections.

In all experiments methotrexate was administered on 5 consecutive
afternoons (days 1-5), and the test compounds were injected 5 hours
earlier into the opposite flanks of the animals,

For experiments I- and IT (Table XLIV) methotrexate sodium paren-
teral was used after dilution to the appropriate concentrations of
methotrexate and sodium chloride. Subsequently, pure methotrexate di-
hydrate was added to 0 9 per cent sodium chloride and dissolved by
adding the minimum amount of solid sodium bicarbonate (final pH approx-
imately 8). 5-Methyltetrahydrofolic acid was administered within an
hour of dissolution in 0.9 per cent sodium chloride., 5-Formyltetra-
hydrofolic acid was administered in 0.9 per cent sodium chloride. All
test solubtions were administered subcutaneously with the dose per kg.
body-weight dissolved in 10 ml., i.e., the volume injected was 0.3 ml.
per 30 g. mouse. Control mice received the same volume of saline solu-
tion. The dosages and results are summarised in Tables XLIV and XLV,

It was found that 5-methyltetrahydrofolic acid, calcium salt and

S5=-formyltetrahydrofolic acid calcium salt, had no toxic effects at any

sl



dose used. However 5-methyltetrahydrofolic acid barium salt, although
not toxic at doses sufficient to protect against methotrexate toxicity,
with single injections of 50 mg. per kg caused some paralysis of the
hind legs and diarrhoea. These effects were seen after 15-30 minutes
and lasted 2-3 hours. The mice used survived single injections of

100 and 200 mg. of methotrexate per kg. with only slight temporary
loss of weight, but 5 consecutive daily injections of 20 mg. per kg.
resulted in the death of nearly all the animals within a few days of

the last injections. The LD,.. with this dose schedule lay between 10

50
and 15 mg. per kg. daily.

The preliminary experiment (Table XLIV) showed that 20 or 60 mg.
of 5-methyltetrahydrofolic acid barium salt per kg. strongly protected
mice against the toxicity of 5 daily injections of methotrexate (20 mg.
per kg. ) when given 5 hours before each injection; deaths were reduced
from 7/8 in the control mice to 0/8 in each of the test groups. While
control nmice dropped over 8 g. in weight before dying between 5 and 9
days after the first treatment with methotrexate, mice on the lower
dose of 5-methyltetrahydrofolic acid dropped only 1.5 g. and then re-
covered. A rather larger drop of 3.5 g. at the higher dose was
attributed to the toxicity of the barium salt used.

Subsequent experiments (II, ITI, V) showed that as little 1 mg.
of 5-methyltetrahydrofolic acid per kg. gave appreciable protection
against methotrexate at 20 or 25 mg. per kg., while 3 mg. per kg. was
completely protective.

When the daily dose of methoﬁ%xate was doubled to 50 mg. per ké.
Iy, 1V, Sfmethyltetrahydrofolic acid at 3 or 5 mg. per kg. still
gave appreciable but not complete, protection. With a further doubling
to 100 mg. of methotrexate per kg. (VI), however, some deaths still
occurred even with 20 or 40 mg. of 5-methyltetrahydrofolic acid per kg.

Direct comparisons between the effects of 5-methyltetrahydrofolic

N



nffect of S5-tethyltetrahydrofolic Acid and Citrovorur Factor on o Survival of
lethotrexate-treated Mice:

Tarle XLIV

5

Inhititor an® "tthotrexate Injected on Day:

‘g
[
-
i
-
[
-
L=
w
.

(mg./kg.) doso at 14 daye davs: wt
(rg./%3.) i o s i
< (a.)
£ & Control - 20 3 & 6,%,%8,2,8,%2,2 2.5
2 20 B 1.5
mﬂ.mu..ﬁm.um 60 20 8 3.5
II Qontrol - 20 2 8,8,%,%,9,9 7
1 20 & 2,2 3
e, 3 20 n 0.5
S B 10 20 8 0.5
30 20 n 1
IIT 3 25 f 0.5
mﬂhwﬁum. Ca 3 50 7 3/ 3
3 100 0 6,7:7:7:77:0,8 g
v Cantrol - 50 8] 6:,7,7:.7,7,7,8,8 9
IMEF=-Ca 5 50 3 7.%2,8,8,2 5
5CHO THPF=Ca 5 50 a 3

Continued




Table ¥1LIV Continued

Expt. Test Dose zmmdwmo.nmmxmﬁm Survivors Mice dead on Mwu.wﬁwb
Compound (mg/kg) Cror. T ) -at 14 days days:-= )
v Control - 25 0 1,7, 2, 707,718 8
0.37 ﬂ 25 2 7,8,8,9,9,10 8
i 13 25 7 3 2
SCigTHE=Ca 3.3 g 25 8 1
1 25 9 0
0,37 W 25 0 65757575858,8,9 7
1.3 25 8 3
5CHOTHF-Ca 33 2% 8 1
10 J 25 8 0
VI Control - 100 0 6,6,6,6,6,6,6,6 e
10 100 0 6,8,8,8,8,8,9,9 7
5CH THP-Ca 20 100 6 9,3 g
40 100 5 9,10 Y
10 100 1 7,8,8,9,9,9,9 6.5
5CHOTHF-Ca. 20 W 100 7 8 3.5
40 100 7 8 4




acid and 5-formyltetrahydrofolic acid were made under the same con-
ditions. The first comparison (Table XLIV,IV) indicated that the 5-
methyl compound afforded the mice appreciably less protection then did
the same dose of 5-formyl compound. Ixperiment VI, using large doses
of inhibitors end methotrexate, led to a similar conclusion when based
on the number of mice surviving though at the two higher levels of
inhibitor deaths occurred 1-2 days earlier with the 5-formyltetra-
hydrofolic acid treated mice. 'fith very small levels of inhibitor
(0 37 mg. per kg: experiment V) 5-methyltetrahydrofolic acid was
slightly more effective than 5-formyltetrahydrofolic acid. Thus it
was found that the two tetrahydrofolic acids did not differ greatly
in their ability to counteract the toxicity of methotrexate.
Comparison of the effect of one single to three smaller consecu-
tive daily injections is given in Table XLV. ExperimentIIIshowed that
although 3 mg. of 5-methyltetrahydrofolic acid per kg. daily protects
mice strongly against 25 or 50 mg. of methotrexate per kg., the same
fotal amount given on day 5 only had very little protective effect.
Tven with the dose increased tc 50 mg. per kg. (II) the protective
effect was still small: the maximum survival (3/8) occurred with admini-
stration on day 3. 1/ith three consecutive daily doses of 15 mg. per
Izg  (III) the protective effect of 5-methyltetrahydrofolic acid was
greatest (5/8 survivors) when given on days 3, L and 5 of methotrexate
administration. Injections starting on days 1, 2, 4 or 5 failed to
save more than 1 out of 8 animals. Reduction in the frequency of 5-
methyltetrahydrofolic acid administration thus greatly reduces its

protective effect against methotrexate toxicity.
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CONCLUSION

It has been shown that relatively small daily amounts of 5-
methyltetrahydrofolic acid gives complete protection as judged by
survival and body-weight against lethal doses of methotrexate. This
protective action is attributed to direct conversion and utilisation
of the 5-methyltetrahydrofolic acid without involvement of dihydro-
folic acid (see Fig. V). It was found that small daily doses were
much more effective than fewer larger doses and that S5-methyltetra-
hydrofolic acid and 5-formyltetrahydrofolic acid did not differ greatly

in their ability to inhibit methotrexate toxicity.

Experiments with Higher Folate Analogues

Further experiments were carried out with other folate analogues
(Table XLVI, Experiments II-V).

S-Etﬁyltetrahjrdrofolic acid afforded limited protection at the
doses used. This was true also for folic acid itself and for the
small dose of dihydrofolic acid (0.02 ml /kg.). With 0.1 ml. per kg.
completed protection was afforded.

For the 5 n-butyltetrahydrofolic acid complete protection was
afforded at 25 mg./kg. but this result was thought to be possibly due
to the small tetrahydrofolic acid contaminant and the result is being

further investigated.

Experiments using R, lymphoma
Experiments have been carried out by Dr. T.A. Connors of the
Chester Beatty Research Institute on mice bearing the R‘.I. lymphoma.
The B’.L lymphoma is obtained by subcutaneous injection of 2 x
106 ascites cells. It disseminates rapidly and untreated mice die
consistently at about 9 days. Treatment was begun three days later

and was given on five consecutive days intraperitoneally. Table XLVII

=53~



Effect of Folate Analopuecs on the Survival of Methotrexate-treated lfice:

Table XLVI

Inhibitor and ifethotrexate Injected on Days 1,2,3,4,5

EXPT. TEST COiPOUND Dose Methotrexate Survivors Mice dead Fall in
(mg/kg) dose (mg/ke) at 14 days on days av, wt.(7)

1 control 25 1 64757,7,8,9,9 8.25

II SEtTHF 2 25 25 6 8,9 2,75

III SnbuTHF 25 25 8 0.25

IV FA 25 25 6 6,9 3.5

v DITF (0.02m1/kz) 25 2 7,7,8,8,9,9 m
(0.10ml/ke) 25 3 2.25

2 Abbreviations as in Table I and II.



Table XLVIT

Firfect of 5-Methyltetrahydrofolic acid and methotrexate
on survival: Mice with R, lymphoma

Txpt. Hethotrexate dose Dose Mean Survival
ng/kg. mg/kg . Days
Control ' 9.5
: 0.188 10.6
i 0.375 11.0
IIT 0.75 13.6
v 3.5 16.0
v 2.0 16.4
VI 6.0 16.2
VII 12.0 12.2
VIII 24L.0 9.0
X ‘ 3.0 1 16.6
X 3.0 5 16.2
X1 3.0 10 4.2
XIT 3.0 ‘15 14.0
XITI 16.0 LO 1,.8
X1V 32.0 L0 14.6

Xv 64.0 LO 14.6




shows that the optimm dose of methotrexate is 3.0 mg./kg. and the
above 6.0 mg./kg. drug toxicity becomes important. Using the optimum
dose of methotrexate low dose levels of 5-methyltetrahydrofolic acid
have no effect on the tumour while high dose levels reduce the
potency of the inhibitor.

Using doses of methotrexate at which the animal would succumb to
drug toxicity, combinations of methotrexate and 5-methyltetrahydro-
folic acid give improved survival times. It has been also shown that
large doses of 5-methyltetrahydrofolic acid do not affect the growth

of the tumour. Further experiments are in progress.
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Preparation of 5-Alkylteirahydrofolic Acids
(dI-5-Alkyl-5,6,7,8-tetrahydropteroyl-L.-monoglutamic Acids)
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United Kingdom
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5-Methyltetrahydrofolate  (dl-5-methyl-5,6,7,8-tetrahydropteroyl-r.-
monoglutamie acid) has been prepared directly from folic acid without
intermediate isolation of tetrahydrofolie acid (1), We now report the
preparation of the ethyl, n-propyl, and n-butyltetrahydrofolates as their
caleium salts.

EXPERIMENTAL

General

Chemicals were obtained from the following sources: folic acid, Koch
Light Ltd., Colnbrook, Bucks; sodium borohydride, acetaldehyde, butyr-
aldehyde, propionaldehyde, Tris buffer, Hopkin and Williams Ltd.; and
DEAE-cellulose (D.E. 52), W. and R. Balston Ltd., Maidstone, Kent.

Ultraviolet spectra were determined in aqueous solution at pH 1.0,
7.0, and 13.0. Thin-layer chromatography was performed with 0.25 mm
depth cellulose powder MN300, F254 (Macherey, Nagel and Co., Duren,
Germany) and developed at room temperature in the dark.

The following solvent systems were used;

(a) 0.1 M phosphate buffer, pH 7.0, containing mercaptoethanol (0.5%
v/v).

(b) n-Propanol/water/ammonia (200:100:10 v/v) containing mer-
captoethanol (0.5% v/v).

(¢) The organic phase of 1-butanol/acetic acid/water (4:1:5 v/v)
containing mercaptoethanol (0.5% v/v). Compounds were detected as
quenching or fluorescent spots when viewed under ultraviolet light
emitting at either 254 or 365 mpu.

Proton magnetic resonance spectra were recorded with a Perkin-
Elmer R10 spectrometer using tetramethylsilane (TMS) as internal
reference.
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DEAE-cellulose was provided preswollen and required no  further
washing,

Preparation of 5-Ethyltetrahydrofolic Acid

S-Ethyltetrahydrofolic acid was prepared by the method of Blair and
Saunders (1) replacing formaldehyde with acetaldehyde. Sodium boro-
hydride (6 gm, 160 mmoles) in water (50 ml) was added to a stirred
solution of folic acid (6 gm, 15 mmoles) in 0.066 M Tris buffer, pH 7.8
(200 ml), under nitrogen at room temperature. After 15 min, excess
sodinm borohydride was destroyed with 5N acetie acid and the solution
adjusted to pH 7.8. Acetaldehyde (5.7 ml, 100 mmoles) was added,
immediately followed by sodium borohydride (12 gm, 320 mmoles) in
water (100 ml). The mixture was incubated for 1 hr at 45°C under a
slow stream of nitrogen and cooled, and mercaptoethanol (1.5 ml)
added, The pH was adjusted to 7.0 and the mixture diluted to 500 ml
with cold water.

The pale yellow solution was passed through a 3.8 % 45 em column
of DEAE-cellulose previously equilibrated with ammonium acetate (3
liters, 0.13 M, pH 7.0) containing mercaptoethanol (0.2 M). Elution was
initiated with ammonium acetate (2 liters, 0.13 M, pH 7.0) followed hy
a gradient of ammonium acetate (0.13-0.4 M, pH 7.0, 1 liter each) and
completed with ammonium acetate (2 liters, 0.4 M, pH 7.0). All solu-
tions contained mercaptoethanol (0.2 M), The 0.13 M buffer eluate (2
liters) was collected in bulk and discarded. After 200 ml of the am-
monium acetate gradient had passed through the column, the eluate was
collected in 15 ml fractions and the extinetion at 290 mp was determined
after dilution with 0.1 M phosphate buffer, pH 7.0. A complete spectrum
was recorded on every tenth fraction.

The produet, 5-ethyltetrahvdrofolic acid, was found in tubes 50-130
and was characterized by an extinetion maximum at 290 mp and a
minimum at 250 mp; the extinetion ratio (A.y:Ad.,,) was greater than
2.5. The contents of tubes 50-130 were bulked and freeze-dried. The
yield of 5-ethyltetrahydrofolic acid using an extinetion coeflicient of
€= 310> 10° M* em™* at 290 my as for 5-methyltetrahydrofolic acid
(1) was about 70% based on folic acid used.

Preparation of Caleiwm Salt. To the freeze-dried chromatographically
purified 5-ethyltetrahydrofolic acid (2.5 gm) was added deacrated water
(20 ml) containing sodium chloride (500 mg). The pH was adjusted to
7.0 (0.1 N NaOH) and the solution filtered. Caleium chloride solution
(12 ml of 10 gm CaCl,-6H,0/100 ml water) and merecaptoethanol suf-
ficient to give a final concentration of 10* M was added to the filtrate.
The ecaleium salt was preeipitated by the addition of methanol (500 ml)
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and the solution eooled overnight. The caleium salt was centrifuged at
5°, washed with 75% aqueous methanol (20 ml), followed by methanol
(20 ml) and dried rapidly under high vacuum over phosphorus pentoxide
at room temperature. Yield 1.2 gm. purity 90%.

The calcium salt was recrystallized from deaerated water containing
mercaptoethanol (10-* M) and diluting slowly with methanol to give a
erystalline precipitate which was centrifuged, washed, and dried rapidly
to yield the caleium salt of 5-ethyltetrahydrofolate.

Cale, for CuHaN:0.Ca-4H,0: C 4322, H 570, N 16.80, Ca 687; NCH.CH, 497.
Found: C 4388, H 522, N 1630, Ca 6.10, NCH.CH, 4.19.

UV data are given in Table 1.

Proton magnetic resonance spectrometry in trifluoroacetic acid gave
a N—CH.,CH, splitting pattern with an unresolved triplet at r = 8.5
and a poorly defined quartet at - = 6.1. There was no evidence of a
methanol CH; at + = 6.3 or an acetate CH; at =+ = 7.75.

The product was biologically inactive for Lactobaeillus casei and
Streptococcus faecalis.

Preparation of 5-n-Propyltetrahydrofolic Acid
The preparation was carried out as for the ethyl derivative but replac-
ing acetaldehyde with propionaldehyde (7.3 ml, 100 mmoles). After elu-

TABLE 1
Spectral Data of Folate Analogs®

Absorbance
Compound pH Muax (mp)  Amin (Ma) emax X 1077 ratio Ref.
5 Me THFA* 1 270,204 242 281 24.0,23.2 Apy/dw = 2,60 Unpub. data
7 200 245 32.0 3.85 2
13 200 245 31.6 3.40 Unpub. data
5 Et THFA: 1 273,204 245,284 21.5,19.6 Aus/Aws = 2.35 This paper
7 202 250 1.4 2.8 £
13 281 249 29.6 3.0 5
5 Pr THEA? 1 274,200 244 282 22.7 22,0 Auu/Au = 2,44 &
7 2490 250 al.5 3.05 Ly
13 290 250 31.0 2.8 i
5 Bu THFA¢ 1 272, 287 240,283 20.5,19.5 Agey/Ay = 2.18 o
i 288 245 29.5 2.8 iy
13 288 244 29.5 2.5 £

« All spectra done on caleinm salts.
b 5-Methyltetrahydrofolic acid.

¢ 5-Ethyltetrahydrofolic acid.

4 5-n-Propyltetrahydrofolic acid.

¢ S-n-Butyltetrahydrofolic acid.
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tion, the product, 5-propyltetrahydrofolic acid was found in tubes 35-135
and was characterized by an extinetion maximum at 290 mp and a
minimum at 250 my; the extinetion ratio (Aue:Ad.se) was greater than
2.5. The yield of 5-propyltetrahydrofolic acid using an extinetion  co-
efficient of e = 31.0 X 10° M* e¢m™ at 290 mp as for H-methyltetrahy-
drofolic acid (1) was about 80%.

Preparation of Caleium Salt. The ealeium salt was prepared and
recrystallized as for the ethyl derivative.

Cale. for CaHuN:0Ca-3H0: C 4559, H 574, N 1692, Ca 691, NCH.CH.CH,
984. Found: C 4530, H 570, N 1786, Ca 8.1, NCH.CH.CH, 7.08.

UV data are given in Table 1.

Proton magnetic resonance spectrometry in trifluoroacetic aeid gave
a N—CH.,—CH,—CH; splitting pattern with an unresolved friplet at
= 9.0, and poorly defined peaks at - = 6.1 and r = 8.1.

Preparation of 5-n-Butyltetrahydrofolic Acid

The preparation was carried out as for the ethyl derivative but re-
placing acetaldehyde with butyraldehyde (9.0 ml, 100 mmoles). After
elution, the product, 5-butyltetrahydrofolic acid, was found in tubes
45-130 and was characterized by an extinetion maximum at 286 mp and
minimum at 250 m«; the extinetion ratio (A.ce:Ad.,) was greater than
1.5. The yield of 5-butyltetrahydrofolic acid using an extinction co-
efficient of ¢ = 31.0 X 10° M* em™ at 290 mp as for 5-methyltetrahy-
drofolic acid (1) was about 60%.

Preparation of Caleiwm Salt. The caleium salt was prepared as for the
ethyl derivative,

Cale, for CuHuN:0Ca-4H0: C 4516, H 6.10, N 16.03, n-butyl 1163. Found:
C 44.00, H 595, N 17.30, n-butyl 4.25,

UV data are given in Table 1.

Proton masenetic resonance spectrometry in trifluoroacetic acid gave
a N—CH,—CH.—CH.—CH, splitting pattern with an unresolved triplet
at + = 9.1 and poorly defined peaks at r = 6.1, - =82, and » = 8.6.
There was no evidence of a methanol CH, at - = 6.3 or an acetate CH,
at =970,

RESULTS AND DISCUSSION
Tetrahydrofolate analogs have been prepared from folie acid without
isolation of the intermediate tetrahydrofolic acid, which is unstable.
Microbiologieal assay shows the absence of folic acid. TLC data are
given in Table 2 and show the presence of a light fluorescent impurity.
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TABLE 2
Ity Values in Varioug Solvents®

Solvent® 5 Me THFA 5 Et THFA 5 Pr THFA 5 Bu THFA

n 0.84 .84 0,84 0,84
(0.52) bl. fl.c (0.52) bl. fl.e (0.52) bl. fl.r (0.52) bl. fl.e

b 0.55 0.55 0.55 0.55
(0.37) bl. fl.e (0.37) bl. fl.e (0.37) bl. fl.e (0.37) bl. fl.c

¢ 0. 68 0.68 0,68 0.68
(0.44) bl. fl.e (0.44) bl. f.r (0.44) bl. fA.r (0.44) bl, .-

* These were defected as quenching spots unless otherwise indicated. Minimum de-
tectable amounts about 5 ug in 1 ul. Abbreviations as in Table 1.

b As in “Experimental.”
* Trace fluorescent impurity. Bl. fl. = blue fluorescence.

The compounds were not separable in the solvent systems used. The
PMR shows the absence of an acetate CH, at + = 7.75 and methanol
CH; at = = 6.3. The PMR also shows the absence of folic acid (C 7
singlet at + = 0.9). However, in the caze of the butyl compound there
is evidence of a small tetrahydrofolic acid impurity (doublet at » = 2.4).

H H CH,OH H
[ PR
Ng N — + HCHO —= —Ns M= —a
N -HO
I b
Hz
c +
-H
Nucleophilic N/ \J N
Attack 5 o] = 7 s
T’i: T / AVANTIER
e e o
m Borohydride
Reduction
(H) CH; T
|
—Ng Mo—
Wi
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This reductive condensation has been thought to go via NgNj,e-
methylenetetrahydrofoliec acid (V, Fig. 1). A more probable mechanism
is given in Fig. 1.

Kallen and Jencks (2) have suggested that condensation of formal-
dehyde with tetrahydrofolie acid (1) proceeds via the imine (III). The
initial step is a nucleophilic attack of tetrahydrofolic acid on formal-
dehyde to give the carbinolamine (II), which is then protonated and
dehydrated to give (III). Nucleophilic attack by N;, would give the
5,10-methylene compound (V) or by hydride ions from borohydride the
S5-methyl compound (II1). Interconversion of (III) and (V) would
explain the reduction of 5,10-methylenectetrahydrofolie to 5-methyltetra-
hydrofolic acid (3). A similar mechanism would apply where formal-
dehyde is replaced by acetaldehyde, propionaldehyde, or butyraldehyde.

That the presence of N,y is not required for reductive condensations
is shown by Whiteley et al. (4) in the preparation of 2-amino-4-hydroxy-
5,6-dimethyltetrahydropteridine. Sucecessful condensations ean also be
obtained when a substituent is present at N,, (5).

SUMMARY

The ethyl, n-propyl, and n-butyltetrahydrofolic acids have been
prepared as their caleium salts by a method similar to that for 5-methyl-
tetrahydrofolic acid,
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5-Alkyl derivatives of dl-tetrahydromethotrexate have been prepared
by reduction of methotrexate by sodium borohydride followed by reduc-
tive condensation with aldehvde and sodium borohydride and formation
of the caleium salt (1-3).

MATERIALS AND METHODS

Chemicals were obtained as follows: methotrexate, Lederle Labora-
tories; sodium borohydride, formaldehyde, acetaldehyde, Tris buffer,
Hopkin and Williams Ltd; and DEAE-cellulose (D.E. 52), W. and R.
Balston Litd.

Ultraviolet spectra were determined in aqueous solution at pH 1.0, 7.0,
and 13.0. Thin-layer chromatography was performed with 0.25 mm depth
cellulose powder MN 300 F254 (Macherey, Nagel and Co., Duren,
Germany) and developed at room temperature in the dark,

The following solvent systems were used:

(a) 0.1 M phosphate buffer, pH 7.0, containing mercaptoethanol (0.5%,
v/v).

(b) m-Propanol/water/0.88 sp.gr. aqueous ammonia (200:100: 10, v/v)
containing mercaptoethanol (0.5%, v/v).

(e) The organic phase of 1-butanol/acetic acid/water (4:1:5, v/v)
containing mercaptoethanol (0.5%, v/v). Compounds were detected as
quenching or fluorescent spots when viewed under ultraviolet light emit-
ting at either 254 or 365 mp.

Proton magnetic resonance (PMR) spectra were recorded with a
Perkin-Elmer R10 spectrometer using fetramethylsilane (TMS) as in-
ternal reference in the case of trifluoroacetic acid (TFA) and as external
reference in the case of D.0. DEAE-cellulose was provided preswollen
and required no further washing. N—CH,; and N—CH,CH, determina-
tions were carried out by the Ziesel method.
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Preparation of G-Methyltetrahydromethotrexate

Sodium borohydride (6 gm, 160 mmoles) in water (50 ml) was added
to a stirred solution of methotrexate (6 gm, 13 mmoles) in 0.066 M Tris
buffer, pH 8.0 (200 ml), under nitrogen at room temperature, After 20 min,
excess sodium borohvdride was destroyed with 5 N acetie acid and the
solution adjusted to pH 7.8. Formaldehyde (8 ml, 37% w/v, 100 mmoles)
was added, immediately followed by sodium borohydride (12 gm, 320
mmoles) in water (100 ml). The mixture was incubated for 1 hr at 40°C
under a slow stream of nitrogen and cooled, and mercaptoethanol (1.5 ml)
added. The pH was adjusted to 7.0 and the mixture diluted to 500 ml with
cold water. The product was purified as previously (2) and was found
in tubes 35-100, being characterized by an extinetion maximum at 301 mp
and a minimum at 260 my; the extinetion ratio A, 4.« was greater than
2.4. Tubes 35-100 were combined and freeze-dried. The vield of 5-methyl-
tetrahydromethotrexate using an extinetion coefficient of € = 30 % 10° M
em ™t at 301 mp was about 30% based on methotrexate used.

Preparation of Caleium Salt

To the freeze-dried chromatographically purified 5-methyltetrahydro-
methotrexate (2.0 gm) was added deaerated water (40 ml) containing
sodium chloride (400 mg). The pH was adjusted to 7.0 (0.1 N NaOH)
and the solution filtered. Caleium chloride solution (10 ml of 10 gm
CaCl,-6H.0/100 ml water) and mercaptoethanol sufficient to give a
final concentration of 10* M were added to the filtrate. The caleium
salt was precipitated by addition of methanol (400 ml), and dried rapidly
over P.O, under high vacuum at room temperature (vield 1.2 gm). The
caleium salt was reerystallized from deareated water containing mereapto-
ethanol (10 M) and diluting slowly with methanol to give a erystalline
precipitate that was filtered, washed, and dried rapidly to yield the
caleium salt of 5-methyltetrahydromethotrexate. UV data are given in
Table 1.

Proton magnetic resonance spectrometry in TFA gave a characteristic
N*CH, at + = 6.65. There is no evidence of methanol CH, + = 6.3 or an
acetate CH,; r = 7.75 (in D.O, N*CH; at r = 7.5).

Calculated for CuHuN.O:-Ca-4H.0: C 4325, H 592, N 1922 Ca 686,
N*CH, 498, N"CH, 498. Found: C 4281, H 5.75, N 19.08, Ca 587, NCH,, 4.59.

For methotrexate, caleulated NCHy; =6.1; found NCH;= 292, N*CH, appears
at =62 in PMR in TFA.

Preparation of Ethyl Derivative

The preparation was carried out as for the methyl derivative but re-
placing formaldehyde with acetaldehyde (5.7 ml, 100 mmoles). After
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elution the produet, 5-ethyltetrahydromethotrexate, was found in tubes
30-110 and was characterized by an extinetion maximum at 300 mp and
minimum at 260 myp; the extinetion ratio (Ag:Asg) was greater than
2.5. The yield of 5-ethyltetrahydromethotrexate using an extinetion co-
efficient of e = 30.0 x 10° M ' em™' was about 30%.

Preparation of Caleium Salt

The ecaleium salt was prepared as for the methyl derivative. UV data
are given in Table 1.

Proton magnetic resonance spectrometry in TFA gave a characteristic
N,—CH,CH, splitting pattern with an unresolved triplet at - = 8.5. The
guartet which should appear at » = 6.1 is masked by N,,—CH; at - = 6.2.
There is no evidence of an acetate CH, at = = 7.75.

Caleulated for CuHaNs0:Ca-4H.0: C 4420, H 608, N 1878, N'CH.CH, 722,
N"CH, 487, Found: C 4490, H 580, N 19.34, N°*CH.CH, 740.
RESULTS AND DISCUSSION

5-Methyl and 5-ethyltetrahydromethotrexates have been prepared from
methotrexate without the isolation of the intermediate tetrahydrometho-
trexate.

TABLE 1
Spectral Data of Methotrexate Analogs®

Absorbance
ratio
Compound pll Amax (mp) Amin (mp) o ) (max:min)
MTX? 1 309,244 263,235 20.6,17 .4 2.58,1.07
7 376,307,260 345,274,240 9.4,24 524.0 1.22,1.32,1.56
(shoulder 222)
13 376,307,262 345,274,240 9.4,24 424 8 1.43,1 32,2 .47
THMTX* (4) 0.3 306 - 15.2 —
7 306 —_ 28.3 -
13 306 - 28.3 -
SMeTHMTXY 1 209 260 20.1 2.3
7 301 258 S0.0 3.44
13 S00 260 258.8 3. 04
SEtTHMTX¢ 1 300 258 20.0 2.1
7 300 257 30.0 3:3
13 300 258 28.6 3.0

o 8pectra of methotrexate done as free acid and of 5-methyl and 5-ethyl derivatives
as caleium salts.

b Methotrexate.

¢ Tetrahydromethotrexate (4).

4 5-Methyltetrahydromethotrexate.

« f-Ethyltetrahydromethotrexate.
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TABLE 2

Ry Values in Various Solvents®

Solvent? MTX AMeTHMTX SEATHMTX
a 0.78 0.65 (.65
b .40 0.13 D.18
4] .68 4 i 5 0.75

« These were detected as quenching spots. Minimum detectable amount about 5 ug in
1 ul. Abbreviations as in Table 1.
b As in “Methods.”

Comparison of the produet with starting material and other possible
produets is given in Tables 1 and 2.

By analogy with the tetrahydrofolate derivatives reductive condensa-
tion takes place at N; (Fig. 1).

This is substantiated by the PMR spectrum which shows N,—CH,
(singlet) at + = 7.5 in D.O and N,—CH; at + = 6.65 in TFA as with the
folate analogs (2,5). N,(—CH, appears at + = 7.0 in D.0O and at » = 6.2
in TFA.

Also the CH; of N.—CH,CH, appears at = = 8.5 in TFA as with the
folate analog (3).

PMR also shows the absence of methotrexate (C7 singlet at 7 = 0.9 in
TFA). ;

The formation of these methyl and ethyl derivatives substantiates the

CH;y RCHOH CHy
H | f +
—Ns Nio S el
+ RCHO =—= -H0
I o
RCH CH; RCH, CHa,
— N Nig— Borohydride —Ns Nig =
Reduction
(H=)
m A
R =H or CH,

Fravge 1
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proposal that the reductive condensation proceeds via reduction of the
imine (III in Fig. 1) (3).

The Ziesel determination depends on the basicity of the nitrogen bear-
ing the alkyl. The N,, in methotrexate is weakly basie and this explains
the low value obtained. However in the reduced folate derivatives the
basicity of the Ny, is still further reduced (6) and the value obtained
it probably only that due to the alky! on N..

SUMMARY

5-Methyl and 5-ethyltetrahydromethotrexates have been prepared as
their ealeium salts by a method similar to that for 5-methyltetrahydro-
folic aeid.
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