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PROCESS FOR PREPARING SUBSTANTIALLY
PURE DIASTEREOISOMERS OF
TETRAHYDROFOLIC DERIVATIVES

This is a continuation of co-pending application Ser.
No. 91,987 filed on Sept. 2, 1987 now abandoned.

The present invention relates to the preparation of
substantially pure diastereoisomers of derivatives of
tetrahydrofolate and the use of such diastereoisomers.

Methotrexate (N-(4-((2,4-diamino-6-pteridinyl) me-
thyl)methylamino)benzoyl)-L-glutamic acid) is an in-
hibitor of the enzyme dihydrofolate reductase (DHFR)
which prevents the conversion of deoxyuridylate into
thymidylate. It thus prevents the biosynthesis of DNA
and is commonly used in cancer chemotherapy. How-
ever, in common with most anticancer agents, it is toxic
to normal cells as well as cancerous cells and hence a
“rescue agent” is often administered some 12 to 24
hours after treatment with a high dose of methotrexate.
Leucovorin (5-formyltetrahydrofolic acid) is the com-
monly used rescue agent for methotrexate.

Leucovorin has two chiral centres and the product
commercially available (Wellcovorin (RTM) of the
Wellcome Foundation Ltd) is composed of equal
amounts of the compounds of formulae (Ia) and Ib) (in
the form of their calcium salts) which compounds have
the (R) and (S) stereochemistry respectively at C-6.

o CHO (1a)
i T O
HN 5 > 10°NHR
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S 8
HN N N
H
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I N H
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H
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It has been reported (Montgomery et al, Cancer Treat-
ment Reports, 1981, 65, 1117-1119) that only the (6S)
diastereoisomer (Ib), which is the natural diastereoiso-
mer, is effective in restoring one-carbon metabolism and
thus of use in methotrexate rescue.

Indeed there are reports (Leary et al, Blochem, Bio-
phys. Res. Commun., 1973, 56, 484) that thymidylate
synthase from L. casein is inhibited by the non-natural
diastereoisomer of 5,10-methylene tetrahydrofolate and
that - 5,10-methylene tetrahydrofolate dehydrogenase
from E. coli is also inhibited by the same diastereoiso-
mer (Scott and Donaldson, Biochem. Biophys. Res.
Commun., 1964, 14, 523). Moreover, the non-natural
diastereoisomer of 10-formyltetrahydrofolate is a potent
competitive inhibitor of glycinamide ribonucleotide

30

35

2
(GAR) formyl-transferase from chicken liver (Smith,
Benkovic and Benkovic, Biochemistry, 1981, 20, 4034).

These results imply inhibition of both pyrimidine and
purine biosynthesis, and thus of DNA. biosynthesis also,
by the non-natural diastereoisomers of one-carbon de-
rivatives of tetrahydrofolate. If this inhibition is also
present in mammalian systems there is a potential clini-
cal requirement for the natural (6S) diastereoisomer of
leucovorin.

Separation of the two diastereoisomers of leucovorin
has been carried out by fractional crystallisation (Cosu-
lich et al, J Amer.Chem.Soc, 1952, 74,4215) and by
chromatography (Feeney et al., Biochemistry, 1981, 20,
1837) and the (6S) diastereoisomer has been obtained by
the enzyme catalysed reduction of dihydrofolate fol-
lowed-by formylation (Rees, Valente, Suckling and
Wood, Tetrahedron, 1986, 42, 117) but the yields are
low in the latter and the isomers difficult to obtain in
reasonable purity in the former. It is an object of the
present invention to avoid or minimize one or more of
the above disadvantages.

It has now been found that the introduction of a chi-
ral auxiliary group into tetrahydrofolate or a tetrahy-
drofolate derivative close to the epimeric centre at C-6
enables ready separation of the new pair of diastereoiso-
mers and the conversion of the separated diastereoiso-
mers into pure (Ia) and (Ib) in good yield.

Accordingly, the present invention provides a pro-
cess for the preparation of a desired substantiaily pure
(6R or 6S) diastereoisomer of a derivative of tetrahy-
drofolic acid or a salt or ester thereof which process
comprises the steps of: (a) attaching a chiral auxiliary
group at either N-5 or N-10 of a mixture of 6n or 60
diastereoisomers of tetrahydrofolic acid or of a substi-
tuted tetrahydrofolic acid, or salt or ester thereof, so as
to form a pair of new diastereoisomers; (b) separating
the pair of new diastereoisomers and recovering the
new diastereoisomer (6R or 6S) so formed correspond-
ing to said desired (6R or 6S) diastereoisomer; and (c)
converting the substantially pure new diastereoisomer
so isolated into the corresponding desired (6R or 65)
diastereoisomer of a derivative of tetrahydrofolic acid

_ or salt or ester thereof.

45

50

55

60

65

Suitable derivatives of tetrahydrofolic acid and its
salts and esters include leucovorin and 5-methyltetrahy-
drofolate, 5,10-methenyltetrahydrofolate and 5,10-
methylenetetrahydrofolate. Leucovorin is a preferred
derivative of tetrahydrofolate for the purposes of this
invention.

For the avoidance of doubt it is noted that the present
invention extends to both salts and esters of tetrahy-
drofolic acid. For the purposes of convenience though
reference may be made herein simply to “tetrahydrofo-
late” or “substituted tetrahydrofolate” and unless the
contrary is specifically indicated such references should
be construed as including references to the free acid,
and to salts and esters thereof. Particularly preferred are
physiologically acceptable salts including calcium salts.
Suitable esters include lower alkyl esters.

Chiral auxiliary groups may be introduced by stan-
dard methods known in the art, for example by the
methods used for the protection of amino groups in
peptide chemistry. Suitable chiral auxiliary groups are
those which may be removed after separation of the
pair of new diastereoisomers. It has been found that
chiral alcohols in which the hydroxyl group is deriva-
tised such that an urethane is formegd on reaction with
tetrahydrofolate are particularly convenient auxiliary
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groups. Substituted formate esters, for example chioro-
formate esters, of chiral alcohols such as (—) menthol,
(~) borneol, (—) isoborneol (R) and (S)-butan-2-ol,
(S)-2-methylbutan-1-0l, (R)-1-phenylpropan-1-ol, (R)
and (S)-2-methyl-1-phenylpropan-1-ol, (R) and (S)-
octan-2-ol, (R) and (S)-1,2,3,4-tetrahydro-1-naphthol,
(1S)-nopol, (15,28,58)-myrtanol, (IR)-myrtenol, (5)-B-
citronellol, (-)-8-phenylmenthol, and (1S, 2R, 5R)-
isomenthol are preferred reagents for attaching a chiral
auxiliary group at N-5 of tetrahydrofolate. It has been
found that when N-5 is unsubstituted reaction place at
this position, otherwise reaction takes place at N-10.
When reaction takes place at N-10, the substituent at
N-5 should be the group attached to N5 in the desired
tetrahydrofolate derivative or convertible into such a
group. Preferred groups at N-5 are formyl, methyl or
groups convertible into formyl or methyl.

The reaction of chloroformate esters of chiral alco-
hols with a tetrahydrofolic acid conveniently takes
place in a polar solvent, for example an aqueous solution
of an alcohol such as ethanol at around neutral pH. The
reaction can conveniently be carried out at a non-
extreme temperature, for example, between —20° and
100° C. and suitably at room temperature.

The pair of new diastereoisomers so created may be
separated by standard techniques such as crystallisation,
chromatography, solvent extraction and similar meth-
ods. Solvents with which solvent extraction and recrys-
tallisation may be effected include any suitable polar
solvent. Preferably there is used an alcohol. Thus, for
example in the case of 5-(—) menthyloxycarbonyl-tet-
rahydrofolic acid the diastereoisomers may advanta-
geously be separated by virtue of their different solubil-
ity characteristics in butan-1-ol. In the case of 5-(—)
bornyloxycarbonyltetrahydrofolic acid the diastereoi-
somers may be advantageously separated by virtue of
their different solubility characteristics butan-1-ol or
butan-2-ol. Where appropriate more than one solvent
extraction or fractional crystallisation step may be car-
ried out in order to improve purity. Conveniently the
step may be repeated until the recovered new diastereo-
isomer has a purity greater than 90%.

The removal of the chiral auxiliary group from the
separated diastereoisomers may be achieved by treat-
ment with acid following the methods commonly used
in peptide synthesis. Acids which may be used include
mineral acids e.g., hydrobromic or sulphuric acid, or-
ganic acids, e.g., formic, acetic or trifluoracetic acid or
mixtures thereof. Thus, for example, the 5-(—)men-
thyloxycarbonyl or 5-(—)bornyloxycarbonyl deriva-
tives of tetrahydrofolate may conveniently be treated
with a mixture of formic acid and hydrogen bromide in
acetic acid. Removal of the chiral auxiliary group in this
way leads to the formation of individual diastereoiso-
mers of 5,10-methenyltetrahydrofolate which may then
be further converted into the desired derivative of tet-
rahydrofolate.

Thus, for example, individual diasterecisomers of
5,10-methenyltetrahydrofolate may readily be con-
verted into the pure diastereoisomers of leucovorin at
neutral pH, using methods known in the art, for exam-
ple as described in British patent No. 1560372. Alterna-
tively the diastereoisomers of 5,10-methenyltetrahy-
drofolate may be converted into the individual diastere-
oisomers of 5-methyltetrahydrofolate for example by
reduction with e.g. sodium borohydride in a manner
similar to that described by Chanarin and Perry, Bio-
chem. J. 1967, 105, 633.
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Individual diasterecisomers of 5,10-methylenetet-
rahydrofolate may be prepared by cleaving the chiral
auxiliary group from the separated intermediate diaster-
eoisomers, for example in the presence of formalde-
hyde. 5,10-Methylenetetrahydrofolate may itself be
converted into. 5-methyltetrahydrofolate by reduction
e.g., with sodium borohydride in a similar manner to
that described by Sakami, Biochem. Preparations, 1963,
10, 103 and White; Bailey and Goldman, J. Biol. Chem,
1978, 253, 242.

When used herein the term “substantially pure” re-
fers to the purity of a diastereoisomer of greater than
75%, preferably greater than 80% or 90%, and most
preferably greater than 95%. The present invention also
provides substantially pure diastereoisomers of tetrahy-
drofolate derivatives when prepared by the process
described above. In a preferred embodiment the present
invention also provides substantially pure diastereoiso-
mers of leucovorin when prepared by the process de-
scribed above. The purity of the diastereoisomers may
be confirmed by reaction with D-glyceraldehyde in the
present of sodium cyanoborohydride and examination
of the nmr spectra of the new diastereoisomers which
are formed.

The intermediate compounds having a chiral auxil-
jary group attached at N-5 or N-10 of tetrahydrofolic
acid or of a substituted tetrahydrofolic acid are novel
compounds and as such form a further feature of the
invention.

Preferred novel compounds according to this aspect
are: (6R) and (6S) 5-(—)menthyloxycarbonyl-tetrahy-
drofolic acid, (6R) and (6S) 5-(—)isobornyloxycrbonyl-
tetrahydrofolic acid, (6R) and (6S) 5-(—)isobornylox-
ycarbonyl-tetrahydrofolic acid as well as salts and es-
ters thereof.

It will be appreciated that the novel intermediates
possess a chiral centre at the 6-position of the pteridine
ring and hence may exist in either the (6R) or (6S) iso-
meric form, or as a mixture of diastereoisomers.

The present invention further provides a -8-phar-
maceutical composition comprising a substantially pure
diastereoisomer of a derivative of tetrahydrofolate in
combination with a pharmaceutically acceptable car-
rier. Suitable carriers include those known in the art for
preparing pharmaceutical compositions containing leu-
covorin. In general the compositions of the present
invention may be formulated similarly to previously
known leucovorin compositions such as those commer-
cially available under the trade name Wellcovorin (see
for example Physician’s Desk Manual, 1986, p. 769, and
Martindale “The Extra Pharmacopecia” 26th Edition,
page 1948). The substantially pure 6S diastereoisomer
of leucovorin may be used as a rescue agent to counter-
act the action of DHFR inhibitors such as methotrexate.
It may also be used in the treatment of folate deficiency.
In addition it may be used in combination with 5-
fluorouracil in the treatment of colorectal cancer (Ma-
chover et al, Cancer Treatment Reports, 1982, 66, 1803;
Madajewicz et al, Cancer Research, 1904, 44, 4667) and
the present invention accordingly extends to its use in
the preparation of medicaments for the treatment of
such conditions and methods of treatment of such con-
ditions in mammals. It is conveniently used in the form
of a salt especially the calcium salt.

The substantially pure 6S-diastereoisomer of leucov-
orin may conveniently be administered orally or paren-
terally and may be formulated in conventional manner.
Suitable formulations include injectible solutions; pow-
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ders for injection, which may be reconstituted shortly -

before use by addition of Water for Injection; and tab-
lets. When used as a methotrexate rescue agent dosage
of the 6S diastereoisomer of leucovorin will depend
inter alia on the amount of methotrexate administered;
however a typical daily dose is generally up to 150 mg
e.g. in the range from 25 to 150 mg, which is conve-
niently administered in divided does, for example 2, 3 or
4 doses in a 24 hour period. For treating folate defi-
ciency lower doses of leucovorin are generally adminis-
tered. Thus, a typical daily dose for an adult human is
generally in the range from 2 to 25 mg, which may
conveniently be administered as a single dose. advanta-
geously as a tablet. For treating colorectal cancer a
typical daily dose for an adult human is generally in the
range from 200 to 2000 mg p.d. together with from 200
to 2000 mg of 5-fluorouracil. 5-Methyltetrahydrofolate
may be used as a dietary supplement.

The following examples, serve to illustrate the inven-
tion in a non-limiting manner and are illustrated in the
attached Schemes.

In the Examples physical properties were measured
as follows:

Nuclear Magnetic Resonance (nmr)

Recorded using a Bruker WH-250 spectrometer. Tet-
ramethylsilane was used as internal standard.

Optical Rotation

Specific rotations were determined using a Perkin
Elmer 241 polarimeter with a 1 decimeter path length
jacketed cell.

EXAMPLE 1

Preparation of calcium 5-formyl-(6R and 6S)
tetrahydrofolate via menthyloxycarbonyl derivatives (i)
Preparation of mixed diastereoisomers (6RS) of
5-(—)menthyloxycarbonyl-tetrahydrofolic acid (3a, 3b)

Folic acid (50 g) was suspended in distilled water
(1050 ml) in a 10 liter three-necked flask equipped with
a mechanical stirrer, a gas inlet and bubbler outlet for
oxygen-free nitrogen, and a pressure equalising drop-
ping funnel. The entire procedure which follows was
carried out under nitrogen. The flask was surrounded
by an ice-water bath and aqueous sodium hydroxide
(50%:; 21 ml) was then added followed by sodium boro-
hydride (50 g) in water (150 mi) added dropwise over
30 minutes. The reaction mixture was stirred for 4.5
hours at 0°-5° C. and then further sodium borohydride
(50 g) in distilled water (150 ml) was added over 30
minutes. The mixture was stirred under nitrogen over-
night. The reaction mixture was surrounded by an ice-
water bath and the excess sodium borohydride was
destroyed by dropwise addition of concentrated hydro-
chloric acid (175 ml) added over 45 minutes. Tris-
hydrochloride buffer (50 mM, pH 7, 1 liter) which had
been degassed and saturated with nitrogen, was added
and the pH was adjusted to 7. A solution of (—) men-
thylchloroformate (30 ml) in ethanol 2.5 liters, degassed
and saturated with nitrogen) was added in a single por-
tion immediately after preparation of the solution, and
the whole was left stirring at room temperature for 21.5
hours.

Using a rotary evaporator, the reaction mixture was
reduced to half volume and filtered. The filtrate was
kept cool in an ice-water bath and adjusted to pH3. The
crude product which separated was collected by cen-
trifugation and was purified by dissolving in aqueous
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6 S
sodium hydroxide (0.5M; 1.5 liter), filtering and re-
precipitating by adjusting to pH3 as before. The slurry
was centrifuged and the solid was washed with a little
water and filtered off. The solid was sucked dry and
finally dried under vacuum over phosphorus pentoxide
to give the mixed diastereoisomers of 5(—)menthylox-
ycarbonyl-tetrahydrofolic acid (88 g).

(i) Separation of the mixed diastereoisomers (6RS) of
5-(—)menthyloxycarbonyl- tetrahydrofolic acid (3a and
3b)

The dry mixture of diastereoisomers (17 g) was
stirred overnight with dry butan-1-ol (1.5 liters). The
mixture was centrifuged to give a soluble fraction (I)
and an insoluble fraction (II).

Using a rotary evaporator the soluble fraction (I) was
reduced in volume to 400 ml at a temperature of 50°-60°
C. This resulted in formation of a new precipitate (IV)
which was collected by centrifugation. The supernatant
(II1) was evaporated to dryness to give the menthylox-
ycarbonyl derivative of (6R) tetrahydrofolic acid (5.5
g). The precipitate (IV) was combined with a soluble
fraction (V) obtained as described below.

The Insoluble fraction (IT) was stirred overnight with
butan-1-ol (1 liter) in a second butanol extraction This
gave a soluble fraction (V) which was evaporated to
dryness and used as described above, and an insoluble
material (VI) which was dried over phosphorus pentox-
ide in vacuo to give the menthyloxycarbonyl derivative
of (6S) tetrahydrofolic acid (5.47 g). Fractions (IV) and
(V) were combined and stirred with butan-1-ol (300 ml)
for 48 hours in a third butanol extraction. This again
gave a soluble fraction (VII) and an insoluble fraction
(VIID). The soluble fraction (VII) was evaporated to
dryness using a rotary evaporator and the residue
stirred overnight with butan-1-ol (35 ml). The soluble
material was again evaporated to dryness to give a
second crop of the menthyloxycarbonyl derivative of
(6R) tetrahydrofolic acid (1.2 g).

The insoluble fraction (VIII) was stirred overnight
with butan-1-ol (200 ml) and the resulting insoluble
material was dried as above to give a second crop of the
menthyloxycarbonyl derivative of (6S) tetrahydrofolic
acid (1.2 g).

A diagrammatic representation of the separation pro-
cess is given in Scheme 4.

(iii) Preparation of 5,10-methenyl-(6R) tetrahydrofolic
acid chloride (NB: Natural diastereoisomer) (4b)

5-(—)Menthyloxycarbonyl-(6S)tetrahydrofolic acid
(40 g, 91% isomerically pure) was dissolved in formic
acid (98%, 400 ml) in a 2-liter three-necked flask
equipped with a gas inlet and outlet bubbler.

Hydrogen bromide in acetic acid (45%, 800 ml) was
added. The reaction mixture was kept at 55°-60° C.
(bath) while hydrogen bromide gas was bubbled gently
into the solution for 5 hours.

2-Mercaptoethanol (8 ml) was added and the reaction
mixture was evaporated almost to dryness using a ro-
tary evaporator at below 50° C. Hydrochloric acid (0.5
M, 1200 ml containing 0.1% of 2-mercaptoethanol) was
added and the solution was warmed to 50° C. The warm
solution was filtered and the filtrate reduced to about
half its volume using a rotary evaporator at below 50°
C. The mixture was refrigerated overnight and the
yellow precipitate of 5,10-methenyl-(6R)tetrahy-
drofolic acid chloride (12.9 g) was collected by filtra-
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tion and dried in vacuo over phorphorus pentoxide.
Evaporation of the mother liquors gave further crops
totalling 1.1 g.

(iv) Preparation of 5,10-methenyl-(6S)tetrahydrofolic
acid chloride (N8: Unnatural diastereoisomer) (4a).

Prepared as above for the (6R) diastereoisomer using
5-(—)menthyloxycarbonyl-(6R )tetrahydrofolic acid
(30.4 g) to give the title compound (17.6 g).

(v) Preparation of calcium 5-formyl-(6S)
tetrahydrofolate (15)

The entire procedure which follows was carried out
under oxygen-free nitrogen 5,10-Methenyl-(6R) tet-
rahydrofolic acid chloride (17.5g) was added portion-
wise to stirred boiling water (400 ml) which had been
previously degassed and saturated with nitrogen After
each addition the pH was adjusted to 6.5-7.0 with aque-
ous sodium hydroxide (3.7 M) which had also been
degassed and saturated with nitrogen. The addition
took about 45 minutes. The reaction was stirred under
reflux with the pH being kept between 6.5 and 7.0 by
addition of aqueous sodium hydroxide (3.7 M) for 5
hours.

The reaction mixture was allowed to cool overnight
and the pH was adjusted to 9. Clarified calcium chloride
solution (22 ml of a solution prepared by dissolving 10 g
of anhydrous CaCl; in 25 ml of water) was added fol-
lowed by ethanol (200 ml). The mixture was chilled, the
cream coloured product was filtered off, washed with a
little ethanol:water (50:50) and then with ethanol, and
dried in vacuo over phosphorus pentoxide to give cal-
cium 5-formyl-(6S)tetrahydrofolate (7.2 2),
[a]Dp20—12.5. Ethanol (500 ml) was added to the
mother liquors to give further crops totalling 3.2 g.

(vi) Preparation of calcium 5-formyl-(6R)
tetrahydrofolate (1a)

35
-+ The mixture was then refluxed for 30 minutes. Camphor -

20

25

Prepared as above for the (6S) dxastereoisomer using v

5,10-methenyl-(6S)tetrahydrofolic acid chloride (175 g
to give the title compound (14 g), [a]p?0+22.9. ’

EXAMPLE 2

Preparation of calcium 5-formyl-(6R and 6S)
tetrahydrofolate via bornyloxycarbonyl derivatives

(i) Preparation of (—)bornylchloroformate (—)Bor-
neol (4.92 g) in dry toluene (30 ml) was added, dropwise
over 1 hour, to phosgene in toluene (32 mli, 12.5%) in a
round bottomed flask which was surrounded by an
ice/water bath. The reaction mixture was allowed to
come to room temperature and left tightly stoppered
overnight.

The toluene was removed using an oil pump leaving
a clear residue which was distilled (p.p.70° C. at 0.5
mm). (—)Bornylchloroformate was obtained as a white
solid which had a strong carbonyl signal at 1770 cm—1
and no hydroxyl signal in the infrared spectrum.

(11) Preparation of mixed diastereoisomers (6RS) of
5-(—)bornyloxycarbonyl-tetrahydrofolic acid (6a,6b)
Folic acid (2.0 g) was reduced to tetrahydrofolic acid
by the procedure used above for the preparation of
menthyloxycarbonyl-tetrahydrofolic acid.

The reaction mixture was surrounded by an ice-water
bath and the excess sodium borohydride was destroyed
by dropwise addition of concentrated hydrochloric acid
(6 ml). Tris-hydrochloride buffer (50 mM, ph7, 150 ml)
which had been degassed and saturated with nitrogen,
was added and the pH adjusted to 7. A solution of

8
(—)bornylchloroformate (1.2 g) in ethanol (200 ml,
degassed and saturated with nitrogen) was added in a
single portion immediately after preparation of the solu-
tion, and the whole left stirring at room temperature for
2.25 hours. Using a rotatory evaporator, the reaction
mixture was reduced to half volume and filtered. The
filtrate was kept cool in an ice-water bath and adjusted
to pH3. The crude product which separated was col-
lected by centrifugation and was purified by dissolving
in aqueous sodium hydroxide, filtering and reprecipitat-
ing by adjusting to pH3 as before. The slurry was cen-
trifuged and the solid was washed with 100 ml water
and filtered off. The solid was sucked dry and finally
dried under vacuum over phosphorus pentoxide to give
the mixed diastereoisomers of 5(—)bornyloxycarbonyl-
tetrahydrofolic acid (2.42 g)

The diastereoisomers were separated as described
above for the menthyloxycarbonyl derivatives using
either butan-1-ol or butan-2-1. The separated diastereoi-
somers were converted into the diastereoisomers of
calcium 5-formyltetrahydrofolate (Ia) and (Ib) as de-
scribed for the menthyloxycarbonyl analogues.

EXAMPLE 3

Preparation of calcium 5-formyl-(6R and 6S)
tetrahydrofolate via isobornyloxycarbonyl derivatives

(i) preparation of (—)isoborneol

The reagent lithium tri(tertbutoxy)aluminium hy-
dride was first prepared:

Lithium aluminium hydride (1.52 g) was suspended in
dry ether (50 ml) and stirred. Dry t-butanol (8.89 g) in
dry ether (10 ml) was added dropwise over 40 minutes.

(3.0 g) in dry ether (10 ml) was added dropwise to the
refluxing reaction mixture over 30 minutes. The reac-
tion mixture was refluxed for a further 2.25 hours.
Water and aqueous hydrochloric acid were added to
destroy excess reagent-and the organic layer was sepa-
rated and washed with water. The ethereal solution was

" dried over anhydrous sodium sulphate and evaporated

45

60

65

using a rotary evaporator to give the white solid prod-
uct (2.9 g). This was recrystallised from petroleum ether
(b.p. 60°-80° C.) to give a whlte crystalline sohd -
[a]p?0—29.0

GLC analysis (F.F.A.P. column at 120° C.) showed
this to consist of 93.5% (—)isoborneol and -
6.5%(~+ )borneol. ’ v o

(i) Preparation of (—)isobornylchloroformate

(—)Isoborneol (4.92 g) in dry toluene (20 ml) was
added dropwise over 1 hour to phosgene in toluene
(51.2 ml, 12.5%). The reaction mixture was left over-
night in a round bottom flask which was eqmpped with
a calcium chloride drying tube.

An infrared spectrum on a sample taken from the
reaction mixture showed that the reaction was incom-
plete. Phosgene in toluene (26 ml, 12.5%) was added in
a single portion and the flask was stoppered. The reac-
tion mixture was stirred at room temperature overnight.
The toluene was removed under vacuum leaving the
product as a thick oil which had a strong carbonyl
signal at 1770cm! and no hydroxyl signal in the infrared
spectrum.
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(iii) Preparation of mixed diastereoisomers (6RS) or
5-(—) isobornyloxycarbonyl-tetrahydrofolic acid (7a,
7b).

Folic acid (2.0 g) was reduced to tetrahydrofolic acid
and the excess sodium borohydride was destroyed by
the same procedure as used for the menthyloxycarbo-
nyl-tetrahydrofolic acid preparation. Tris-hydrochlo-
ride buffer (50 mM, pH?7, 150 ml) which had been de-
gassed and saturated with nitrogen was added and the
pH adjusted to 7. A solution of (—)isobornylchlorofor-
mate (1.2 ml) in ethanol (200 ml, degassed and saturated
with nitrogen) was added in a single portion immedi-
ately after preparation of the solution and the whole
- was left stirring at room temperature. Hplc analysis
showed that reaction was about 50% complete after 30
minutes. After a further 1.5 hours hple analysis showed
a little change. A further addition of (—)isobornyl-
chloroformate (1.2 ml) was made at this time and an-
other addition an hour later. The whole was left stirring
at room temperature overnight.

The product, an off-white precipitate, was filtered off
and was purified by dissolving in aqueous sodium hy-

droxide, filtering, and reprecipitating by adjusting to

pH3. The slurry was centrifuged and the solid was
washed with a little water and filtered off to give the
mixed diasterecisomers of 5(—)isobornyloxycarbonyl-
tetrahydrofolic acid (1.45 g). These diastereoisomers
were separated by chromatography using preparative
hplc on a reversed phase column and the purity of the
separated diastereoisomers confirmed by analytical
hplc.

This example illustrates the use of chromatographic
separation of the ‘new’ diastereoisomers formed upon
attachment of the chiral auxiliary group. The separated
‘new’ diastereoisomers can then be converted into the
corresponding diastereoisomers of tetrahydrofolic acid
by procedure of Example 1.

EXAMPLE 4

Preparation of mixed diastereoisometric derivatives of
5-formyltetrahydrofolic acid and comparison of
physical properties.

(i) Preparation of mixed diastereoisomers (6RS) of
5-formyl-10(ZR,3-dihydroxypropyl) tetrahydrofolic
acid (54,5b).

The entire procedure which follows was carried out
under oxygen-free nitrogen. Calcium -5-formyl-(6RS)
tetrahydrofolate (“Wellcovorin™, 0.1 g) was dissolved
in distilled water (2 ml) and D (+) glyceraldehyde
(0.071 g) and sodium cyanoborohydride (0.015 g) were
added. The reaction mixture was stirred at room tem-
perature and the pH was kept at about 5 by addition of
hydrochloric acid (1M). After 24 hours and again after
40 hours, further additions of D(+) glyceraldehyde
(0.071 g) and sodium cyancborohydride (0.015 g) were
made, the pH being maintained at 5 as before. After 70
hours the pH was adjusted to 3 and the solution was
chilled to give the mixed diastereoisomers (0.016 g) as a
light coloured solid. The nmr spectrum of the mixture
showed characteristic peaks for the 5-formyl group at
8.71 and 8.80 ppm. Prepared similarly were the corre-
sponding derivatives of 5-formyl-(6S)-tetrahydrofolic
acid (prepared as described in Example I(v) above and
from a sample of tetrahydrofolate prepared by enzymic
reduction of dihydrofolate) and of the (6R) diastereoiso-

A¥.)
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10
mer. The derivatives could be distinguished by their
nmr spectra as follows:

(a) Derivative (5b) of (6S) diastereoisomer

(i) Diastereoisomer prepared in Example 1(v) above.
Signal at 8.71 ppm.

(ii) Diastereoisomer prepared enzymatically. Sig-
nal at 8.71 ppm.

(b) Derivative (5a) of (6R) diastereoisomer prepared
in Example 1 (vi) above. Signal at 8.80 ppm.

What is claimed is:

1. A process for the preparation of a desired substan-
tially pure (6R or 6S) disastereoisomer of a derivative of
tetrahydrofolic acid selected from leucovorin (5- for-
myltetrahydrofolic acid) or a salt or ester thereof, and 5-
methyl-or 5,10-methylene or 5,10 methanol-tetrahy-
drofolic acid or a salt or ester thereof which process
compresses the steps of:

(a) attaching a chiral auxiliary group at either N-5 or
N-10 of a mixture of 6R and 6S disastereoisomers
tetrahydrofolic acid or of a substituted tetrahy-
drofolic acid or said or ester thereof, so as to form
a pair of new diastereoismers, said chiral auxiliary
group is.one alcohol selected from the group con-
sisting of (—) menthol, (—) boneol, (—) isoborneol;

(b) separating the pair of new diastereoisomers and
recovering the new diasterecisomer (6R or 6S)
diastereoisomer; and corresponding to said desired
(6R or 6S) diastereoisomer; and

(c) converting the substantially pure new diastereoi-
somer so isolated into the corresponding desired
substantially pure (6R or 6R) diastereoisomer of a
derivative of tetrahydrofolic acid or salt or ester
thereof. ’

2. A process according to claim 1 which includes the

step or removal of the chiral auxiliary group:

3. A process according to claim 6 in which process is
obtained a substantially pure (6S) diastereoisomer of
5,10-methenyltetrahydrofolic acid or a salt or ester
thereof, which process includes the step of further con-
verting the substantially pure (6S) diasterecisomer of
5,10-methenyltetrahydrofolate into a substantially pure
(6S) diastereoisomer of 5-formyl-or 5-methyl tetrahy-
drofolic acid or salt or ester thereof. )

4. A process according to claim 1 wherein said new
diastereoisomer is isolated by means of solvent extrac-
tion or fractional crystallisation or chromatography.

5. A process according to claim 8 wherein said sol-
vent extraction or fractional crystallisation is effected
with a polar solvent.

6. A process according to claim 9 wherein said sol-
vent extraction or fractional crystallisation is repeated
until the recovered new diastereoisomer has a purity of
greater than 90%.

7. A process according to claim 1 wherein the deriva-
tive of tetrahydrofolic acid or salt or ester thereof ob-
tained is a substantially pure (6R) diastereoisomer of
lencovorin (5-formyltetrahydrofolic acid) or said or
ester thereof.

8. A process for the preparation of a desired substan-
tially pure (6R or 6S) diastereoisomer of a derivative of
tetrahydrofolic acid selected from leucovorin (5-for-
myltetrahydrofolic acid) or a salt or éster thereof, and
5-methyl-or 5,10-methylene or 5,10 methanol-tetrahy-
drofolic acid or a salt or ester thereof which process
comprises the steps of:

(a) attaching a chiral auxiliary group selected from

(—) menthol, (—) borneol, or (—) isoborneol, at
either N-5 or N-10 of a mixture of 6R and 68 disas-
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tereoisomers of tetrahydrofolic acid or of a substi- diastereoisomer; and corresponding to said desired
tuted tetrahydrofolic acid or salt or ester thereof by (6R or 6S) diastereoisomer; and
reaction with (—) menthyl chloroformate, (—) (c) converting the substantially pure new diasteroiso-
borneol chloroformate, or (—) isoborneol chioro- mer so isolated into the corresponding desired
formate respectively, so as to form a pair of new 5 substantially pure (6R or 6S) diastereoisomer of a
diastereoisomers; derivative of tetrahydrofolic acid or salt or ester
(b) separating the pair of new diastereoisomers and thereof.

recovering the new diastereoisomer (6R or 6S) ¥ ox ox % &
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UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. : 4,959,472 ’ Page 1 of 3
DATED September 25, 1990

. Hamish C.S. Wood, Colin J. Suckling, Lilias G. Rees
INVENTOR(S)

It is certified that error appears in the above~identified patent and that said L etters Patent
is hereby corrected as shown below:

In col. 10, line 15, "methanol" has been deleted and replaced
by --methenyl--.

In col. 10, line 17, "compresses" has been deleted and replaced
by =--comprises--.

In col. 10, line 19, "disastereoisomers" has been deleted and
replaced by --diastereoisomers of--.

In col. 10, line 21, "said" has been deleted and replaced
by --salt--.

In col. 10, line 22, "diastereoismers" has been deleted and
replaced by --diastereoisomers--.

In col. 10, line 23-24, "one alcohol selected from the grou»
consisting of (-) methanol, (-) boneol, (-) isoborneol;"
has been deleted and replaced by --selected from the group
consisting of (-) menthyloxycarbonyl, (-) bornyloxycarbonyl,
(=) isobornyloxycarbonyl;--

In col. 10, line 27, "diastereoisomer" has been deleted and
replaced by --so formed--.

In col. 10, line 31, "or 6R" has been deleted and replaced by
--0r 6S--. )

In col. 10, line 35, "or" has been deleted and replaced by
--of--.
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DATED . September 25, 1990

INVENTOR(S) : Hamish C.s. Wood, Colin J. Suckling, Lilias G. Rees

Itis certified that error appears in the above-identitied patent and that said L etters Patent
is hereby corrected as shown below:

In col. 10, line 36, "6" has been deleted and replaced
by =--2--,

In col. 10, line 47, "8" has been deleted and replaced
by --4--.

In col. 10, line 50, "9" has been deleted and replaced
by =--5--.

In col. 10, line 57, "said" has been deleted and replaced
by --salt--. '

In col. 10, line 63, "methanol" has been deleted and revlaced
by --methenyl--.

In col. 10, line 67, "methanol, (-)borneol, or (-) isoborneol,"
has been deleted and replaced by --menthyloxycarbonyl, (-)
bornyloxycarbonyl, (-) isobornyloxycarbonyl,--.
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