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An electrochemical synthesis of 5; 6,7; S-tetrahy&qf& acid 
(H$‘teGlu) from folic acid (PteGlu) has been developed_ In the f&t’kt+fi 
fohc acid is reduced, via ~,S-dihydrofolic acid (5,8-H,JjV$Glu),: td~-@+ 
H,PteGlu. Reduction of the protonated 7, S-H,PteGlu cleaves C(g)+N(Iq)j 
but reduction of the unprotonated compound at. a more_ negdtiyti ,p@{- 
tial leads to H,PteGlu in high yield. The-reduction is niade at-reltitl+ely 
low buffer concentration which permits having a neutral pH in .the_ b$$ 
of the solution, but a high pH at the electrode surface dtie to. the elegy-_. 
trogenerated base. . 

. . .-. 

Besides the preparation of H,PteGlu, the reduction of &-&e@iql+ 
idyne-H4PteGlu and s,ro-methylene-H,PteGlu‘ was studied. _ ’ _ I- 

.’ _- . -:. 

Introduction -. ‘. 

A polarographic investigatien1.2 of foJic acid suggested that~~f6li~ 
acid was reduced in the first step via Q-H,PteGlu to 7,&&PJeGlu-; I. 
in neutral or!. acidic solution at a more negative potential the protohtittid- 
7,S-H,PteGlu was reduckd to &methyl-7,S-dihydropterin- (~@hyl-, 
H,Pte) , which at a slightly more negative. potential. w+s firthe. ~r@_~~~d~ .- 
to 6-methyl-5,6,7,S-tetrahydropterin (6-methyl-H,Rte) - At. hgher I p_%: 
a reduction of 7,S-H,PteGlu to H,PteGlu was proposed. -A tiedi$n; of- 
high pH has certain disadvantages such as hydrolysis of the- co~po_+&~~ 
and a slow tautomerization of 5,S-H,PteGlu to 7,S-H,PteGlri; . ._ .-. - ’ -- 1 

A further investigation of these reactions could. be of 3ite?+t for .. 
several reasons ; a convenient synthesis of H,PteGhi from folk a&id tight’:. 
be developed, and there might -be found means. (e.g. -chiral .el$cti-odeS?) 
to influence the distribution of the stereoisomers of HdPteGlu-in- a-d&k&4.- 
direction. It could possibly also be an attractive way for the ptiepetion 
of 6-methylpterin. .- . .._.- __ -;-_. : 
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Of analytical interest might be the electrochemical-cleavage of the 
C(g)-N(Io) bond, which occurs under very mild conditions in the reduc- 
tion of 7,S-H,PteGlu under slightly acidic to neutral conditions. Since 
H,PteGlu is easily osidized to 7,S-H,PteGlu a general method for the 
analysis of the polyglutamy_l side chain of H,PteGlu might be developed. 

‘Below is reported an investigation of the electrochemical reduction 
of pteroylglutamic acid, of s,Io-methylidyne-H,PteGlu and of 5,ro- 
methylene-H.PteGlu. The reaction mechanism was investigated by 
means of classical polarography, cyclic voltammetry and controlled po- 
tential reduction. 

Experimental 

The polarographic measurements. were carried out on a RADIO- 
XETER POL_IRITER PO4 ; the potential control was made with a transis- 
torized potentiostat (TAGE JUHL ELECTROSICS, Copenhagen), and the 
amount of electricity- consumed was measured with an electromechanical 
integrator- Pulse polarographic and cyclic voltammetric studies were 
performed on a PRISCETOS APPLIED &SEARCH model 174 polarogrtiphic 
analyzer and model 1.75 universal programmer, together with a DATA- 
XAEE WS+p XY-recorder_ The cells and electrodes ha\:e already been 
described_- The hanging mercupr drop electrode assembly, METROHAL 

BJI-05, was used in c-&c voltammetric studies together with an AglAgCl 
electrode as a reference electrode and an +g wire as the counter-electrode_ 
In the preparative electrolyses the followng cathodes were used : a mer- 
cury pool electrode, a mercury plated Cu electrode or a glassy carbon 
plate electrode. The mercury plated copper electrode was prepared as 
follows : a thin copper plate was immersed in a Hg(NO,), solution until 
the whole surface was covered with mercurv. 

For spectroscopic mesurements a 
photometer was used. 

Ma ferinls 

P&Z Wslcxlr SP IS00 spectro- 

From SIGMA CHEMICAL Co. were purchased : L-pteroyl glutamic 
acid, tetrahrdrofolic acid and 5-methvitetrahydrofolic- acid: Cellulose 
DE 5~ and CM 5~ were supplied by ~J~HATJIAX, 

Electrolyses 

All reductions were carried out at one of the cathodes described 
above. The anode was a carbon rod. All potentials were referred to an 
Ag]XgCl saturated KC1 electrode_ The amounts of electrolized material 
in the different experiments varied between S-ZOO mg in a volume of 
4o-60 cm3 of buffer with KC1 as the supporting electrolyte. The rest of 
the cell contained aqueous KCl. During electrolysis the cell was wrapped 
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in Al foil to protect it againklight, the temperature kept -at o_~~‘z&d~Y&~~ 
was flushed through continuously. The presence df -‘the differ&&j$od- 
ucts, generated during the electrolysis, Was -followed--at-‘a DXI~~:~~~‘dil_~. 
rectly immersed in the catholyte. Before, during atid -after- klectrtily%is.. 
samples were taken out for spectroscdpic analysis. The general p‘rocedur& 
was as follows : :’ : I-_._ :- 

Preeparkm bf H,PteGk 
: _~__- :. :~ 

- Folic acid was reduced ai 0 !?C..-in- an 
0.1: M phosphate buffer, pH 7-o. and I M KC1 at -r_8 V. The-end _tif .th_& 
reduction was determined by polarogrziphy and spectroscopy,- indicating., 
a IOO */* conversion to H,PteGlu. Mercaptoethanol or a&qrbic acid: -was-: 
then added to give a concentration of approximately 0.5 &I.- The_ -c$h--- 
olyte was then transferred under N,-pressure to a flask cqntainfig de: 
ice and stored at -20 oC.~ h H,PteGlu solution dontainitig no--dntioxi+_ 
dants was prepared as follows : after completion of the red&&on- the. 
catholyte was injected with a_ syringe under N, p_ressure di+tly‘lfrom 
the electrolysis cell into a serum bottle through the rubber cap;-t-Befgr$. 
introducing the H,PteGlu solution the serum bottle. had been evac..@ed: 
through a second qyringe needle in the rubber cap and the gaseous.phzise. 
exchanged several times with N2. Finally N, was flushed.:-thro?gh. the-. 
solution in the flask for IO minutes before storage at -20 oC. ~..The~soltitiori~ 
had A- 298 nm at pH 7.0, E = 2s x x03 M-1 cm-l, In F sin$l+r wtiy- 
reductions were also carried out at pH S-0, &s-and 9.0 (0.1.&I -@ho$phate 
buffer) at -1.9 V and in an 0.1 &I Tris-buffer pH 7.0 at +r.S V; -- ‘_I- _~-I_{-: 

:- ,_ ..- 
Prepnrntion of 5,8-H,PteGZu. - Folic acid was-reduced:in a- o_tiiM 

boratebuffer, pH 5.5, at’ -1.0 V at o *CL” The reaction, with was: .eb_s$*_ed _ 
directly by means of a D.M_E., was noted by_ the-appearance tif an $nodii= 
wave at -0.75 V for s,S-H,PteGlu. At the same time samples -were -taken 
out for UV spectroscopy. The sample was transferred under. N,- to -a 
micro-quartz-cuvette, lightpathway 0-2 CIT.I. Amay zS8 nni (25.6 XJCJ~ 
M-1 cm-l) and 335 nm at pH S.5. For 7-methyl-5,8-dihydropterm 
h 243 nm (15.3 x 103 .&I-L cm-l), zSo nm (5.6 x ~03 M-l-cm-~) and 335 
nrat pH 9.0. .: . 

: - 
Pre@mztio~it of j,S-H,PteG.h. - Fqlic acid was reduced .at-- pH- _S$“ 

at -1.0 V. The same procedure was -foIlowed as for the pregatition “ft. 
H,PteGlu to isolate the H,PteGlu. Concentrations Were determiqed PO<: 
larographically or spectrophotometrically. The H,PteGlu could -aW ‘be_: 
obtained as a solid by precipitating -with ascorbic acid- and concent~ateid~. 
HCl and recovered by -centrifugation. A- 282 nm (28 x-103 3f-t-fni;_fj.: 
and 221 nm at pH 7-0~ However, the solid H2PteGlti~ is 25pidiy. oxi$i2e$-’ 
in contact with air. _ c -. -: i ‘:._ 

. ._. _ ~. ; I I 

Prep~n&vz of ~,ro-metltylidyne H,PteGlu. - The prpce&e btitlin$” 
by HUENNEKESS” and by ROWE 6, has been modified slightly. -After-:c6m_ 
plete reduction to- H,PteGlu, the catholyte was- transfetied --under _yz- t@- 
a round-bottomed flask containing dry ice. The solution was- lyo@htiZe’d: 
immediately ‘and deaerated. Concentrated -formic -acid ~vvds -in@&ided.- 
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under N, pressure_ The mixture was kept at 60 *C for 3 hours while N, 
was ff ushed through. At this stage the yield of 5,Io-methylidyne- 
H,PteGlu was go-gS %, based on the original amount of folic acid, 
measured by _ spectrophotometry and using es5 = 2.5 x 10” &.I-L cm-l. 
For further purification the solution was applied to a K 62/40 Sephadex 
column packed with ~~HATJIAS CE 53 cellulose cation-eschanger and 
eluted with a-3 ~44 formic acid_ All fractions having an absorbancy ratio 
A36S/A.,S,, greater than 1.6 were collected and evaporated to dryness. 
The re;idue was recrystallized from 0.1 N HCl_ A,, &IQ nm and 362 nm 
(26 x 10~ M-1 cm-l) in 0.01 .M HCl. h,, at 34s nm (26.5 x 103 M-l cm-r) 
in 0.1 .W I-ICI. 

Puepamtion of 5-?iret~_YG-N,PteCZrc. - After complete reduction of 
fohc acid to H,PteGlu a tenfold escess of aqueous formaldehyde (35 %) 
was added with the forrnationiof 5,Io-methylene-H,PteGlu. An attempt 
to reduce the latter compound electrochemrcally to 5-methyl-H,PteGlu 
resulted only in very low yields. For preparative purposes reduction was 
therefore accomplished by the use of NaBH,. The product was purified 
by column-chromatography on \VHATMAN DE 52 cellulose anion-exchan- 
ger, followin, c mainly the procedure of GUPT_A et mLi and BLAIR et n1.8 
~~UlZ~ zgo nm at pH 7-o (292 nm).s 

Oxidatiotz of 5-‘~tetltyl-H,PteGbr_ - j-methyl-H,PteGlu &as dis- 
sol\-ed in a 0.1 M phosphate buffer pH S-o, previously deaerated with 
N,. The compound was oxidized electrochemically at -0.1 V at a plat- 
inum electrode with exclusion of air. The resulting quinonoid 5-methyl- 
H,PteGlu rearranged very slowly (several days) on standing to another 
dihydro-H,PteGlu, which could be converted to the pterine derivative 
by reductive eavage of the C(g)-X(1:0) bond. Both s-methyl-H,FteGlu 
isomers could be reduced electrochemically to s-methyl-H,FteGlu. 

Oxidatioz of H,PteGLu. - After complete reductron to H,PteGlu, 
the Kg cathode was removed and replaced by a platinum anode. O_tida- 
tion was carried out at -0.2 V under X2 to the 6,7-H,PteGlu, which rear- 
ranged very rapidly to the 7:S-H,PteGlu. The latter compound could 
be o_xidized by air to the origmal folic acid. Yield of the complete cycle 
was S=j-I00 o/o- 

R&zrctiola of 5,ro-irretltyl~~y~ze-H,PteGkc. - Between 10-30 mg were 
added to a previously deaerated buffer solution and reduced at a Hg 
cathode. In a phosphate buffer of pH 6.0, reduction at -1-7 V gave the 
s,ro-methylidyne-H.PteGIu ; in an acetate buffer of pH 5.0 at -1-5 V 

the products were s,Io-methylidyne-H,PteGlu and a small amount of 
5-methyl-H,PteGlu_ In more alkaline solutions (pH g-o) or reduction 
by NaBH, the product was predominantly S-formyl-H,PteGlu. The 
products were identified by UV-spectroscopy. 

Pmjamtios. of 6-methy@terin ad 6-?rtet?cyl-7,8-cZil2ydropter~?t. - 
Folic acid was reduced in a 0.5 M .borate buffer pH 7-0 at -0.9 1’. After 
complete reduction to 7,S-HzPteGlu, ascorbic acid was added (o-5 M) 



Electrochemical Preparation of Tetrahydrofolic Acid 445 

and the reduction continued at -1.1 V. After complete conversion to 
6-methyl-7,S-H,PteGlu, the catholyte was acidified and the precipitate 
collected and purified by dissolving it in I N NaOH and precipitating 
by .IO N NaOH. A-. 250 and 365 nm at pH 1.0 (250 and 364 nm)lO, 

280 and 322 nm in 0.1 N NaOH (2So and 326 nm).lO To obtain the 
kethylpterin, the 7.8-H Pte solution was first treated with H 0 
before acidifying. The 6-Aethylpterin was purified in the same wiyf 
A 247 and 232 nm at pH 1.0 (248 and 334 nm)l” _A,, 253 and 357 nm 
ar;H 13.0 (253 and 365 nm).lO 

Annlysis. - To determine if a cleavage of the C(g)-N(zo) bond had 
taken place during reduction P-aminobenzoylglutamate \vas determined 
in the catholyte according to a modified B~WTTON-MARSH-~L~~ procedure. 
Usually between 1-2 y0 p-aminobenzoyl- glutamate was present after 
reduction, but up to 50 *I0 was found if the reductions were carried out 
at room temperature. The H,PteGlu preparations were tried for substrate 
activity for FIGLU enzymes, following the procedure of TABOR and WIJN- 
GARDEN.l" Typical values of enzyme activities for different batches of 
electrochemically prepared H,PteGlu were from 47 to 52 */$,_ As a com- 
parison a commercial sample of H,PteGlu showed enzyme activies from 
42-46 */*, indicating that the product was a mixture of equal amounts of 
both diastereomers of L-H,PteGlu. Substrate activity for S,ro-methylene 
tetrahydrofolate dehydrogenase according to RAMASASTRI and BLAKLEY,~~ 
showed enzyme activities of 34-36 o/o for the electrochemical preparation 
and 39-42 O/O for the commercial sample. 

Cy&c voZtant,netry. - Cyclic voltammetric studies were conducted 
on folic acid and its reduced derivatives, either on the isolated com- 
pounds or directly in the solution. 

Results and discussion 

The preparation of l%,PteGlu from folic--acid is generally made by 
reduction with an excess of NaBH 4 ; an electrochemical synthesis seems 
an attractive alternative, since the work-up would be very simple. How- 
ever, certain problems had to be solved, before the method could be used. 

One problem was that 7&H,PteGlu, an intermediate between 
PteGlu and H,PteGlu possesses the electrophor -C(=Y)CHXR, where 
Y- is a heteroatom and X- a good leaving group. Such an electrophorh * 
under suitable conditions is reduced to -C(=Y)CH,R + X-, which for 
7,8-H,PteGlu means that the bond C(g)-N(zo) is cleaved. This cleavage 
takes place, >vhen the protonated 7,S-H,PteGlu is the reduced species. 

The N(5)-C(6) azomethine group is, as is the case for all azomethine 
groups, X6 more easily reducible in the protonated form than in the un- 
protonated one. Protonation is thus favourable for the uptake of elec- 
trons, but it also makes the aniline group a better leaving group. For 
unprotonated 7,8-H,PteGZu the leaving group would be a derivative’of 
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aniline anion, which is a strong base, but if K (IO) is protonated, the leaving 
group is the much weaker base, a derivative of aniline. Protonation thus 
favours the cleavage_ 

A further complication arises from the fact, that not only the equi- 
librium concentration of the protonated form in the equilibrium 

7,S-H,PteGlu +- H+ 2 7,S-H,PteGluH+ (4 
k-, 

is of interest, but also the rate constant (k,) of the protonation reaction. 
The reason is that the more easily reducible, protonated form is removed 
from the equilibrium by reduction, and at a given pH the reactants will 
trv to reestablish the equilibrium by protonation of 7,S-H,PteGlu_ If 
k,- is large, the protonated form may be the a reduced species even some 
pH-units higher than the pl’ of the system. Reductions involving such 
preprotonatlons are well-known from polarographic investigations. 16. 

At pH S the equilibrium of (I) is shifted well to the left, but the rate 
of protonation is not negligible at a high buffer concentration ; at pH 
higher than S, hydrolysis becomes a com@licating factor. The rate of 
protonation may be lowered by workin, v at low temperaturks and using 
a low concentration of buffer. As seen from the equation 

RR’C=NR” + a e- -+- 2 H,O +- RR’CH-NHR” + 2 OH’ (2) 

a base is created close to the electrode, and the electrochemical reduction 
thus takes place in surroundings which have a higher pH than that 
measured in the bulk of the solution_ At relatively low buffer concentra- 
tions the pH-difference between .the bulk and the electrode surface 
during electrolysis is sufficient to ensure, on the one hand that the pre- 
protonation reaction (2) is sufficiently slow, and on the other hand that 
the bulk pH is sufficiently low to avold serious problems with hydrolysis_ 

Table I. Polarographic half-wax-e potentials of some derivatives of forma- 
midine_ V vs_ S.C_E_ ; medium containing 40 o/o alcohol_ 

! 

I 
pH : 

X,X’-diphenyl ; 
formamidine 

KX-diphenyl i 
Imidazoline 

! imidazoline I 
I-__-; 

I 
I i 

, 

4-i i --I-33 -I.I=j ! 
I 5-9 i 

i-5 1 

-I_35 -1-15 

-1.q I -I_15 

9-o 1 
-1-55 

/ 

! 
-1.60 

, 8 
I 

-1.60 
I ! 

t 

Under such conditions PteGlu can be reduced to H,PteGlu in good 
yield ; direct UV-determination at zgS nm gave in different runs Sg- 
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zoo %, the same yields were found from the recovery of PteGlu after 
reo_tidation_ The yield (98-99 %) 
of 5,ro-methylidyne-H,PteGlu 

was also determined from the yield 
(h LIlb’c 355 nm) and the concentration 

(o-1.5 %) of fi-aminobenzoyl glutamic acid was determined by diazoti- 
zation (BR~~~N-MARE~HAL reagent). 

S,ro-Methylidyne-H.PteGlu is a cyclic formamidine, an imidazoline, 
and it is as other formamidines reducible at the dropping mercury elec- 
trode (Tab. I). The primary reduction product from a cyclic forrnami- 
dine is an imidazolidine, which is not electrochemically reducible as 
such ; a further reduction -requires a ring opening (e.g. acid catalyzed) 
to an azomethine compound, a formirnine derivative_ The reactions may 
be formulated 

2e- + H+ 2e- 
i- 

+ 2H 
C 

7-H =&-cH2~~2NHR 
21 

R' R' R' 

I II III (3) 

CH,-NR’-CH,CH,-NHR 

The reaction is complicated by hydrolysis of I and III. In the pres- 
ence of an excess of formic acid I (s,ro-methylidyne H,PteGlu) is under 
suitable conditions found in a reasonable high concentration in equilib- 
rium with the free diamine, R’NHCH,CH,NHR (V), and the formyl 
derivative, HCONR’CH,CH$HR (VI). Of these (I, V and VI) only I 
is reducible, so I may thus be reduced electrochemically to II. 

The further reductionis more difficult_ In an equilibrium consisting 
of the diamine (V), formaldehyde, hydrated formaldehyde and the for- 
mirnine derivative (III), III is present in a very low concentration_ This 
would not be an insurmountable difficulty, compare e.g. the reductive 
alkylation of methylamine by cyclohexanone,l? if the formimino deriv- 
ative was reduced at a potential su_&ciently less negative than that of 
formaldehyde (4) 

R R 
\. \ 

C=O + H2NR” + C=NR” + H,O 
/ / 

R’ R’ 

(4) 

Although a small prewave to the formaldehyde wave, presumably 
_ due to the azomethine compound (III), is visible on a polarogram of a 
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mkture of H,PteGlu and an excess of formaldehyde, it is too close to 
the large wave of formaldehyde to permit a selective reduction of III, 
even though the major part of formaldehyde is present as the unreductible 
hydrated forms 

Although it has been possible to reduce N,N’-diphenylformamidine 
to the expected mixture of aniline and N-methylaniline, the right condi- 
tions for a high yield electrochemical synthesis of 5-methyl-H,PteGlu 
from H,PteGlu and formaldehyde have not yet been found. 

5-Alethyl-H,PteGlu can be oxidized electrochemically and the 
oxidation product reduced again to 5-methyl-H,PteGlu as evidenced by 
the quasi-reversible oxidation-reduction couple observed on cyclic volt- 
ammetry of 5--methyl-H,PteGlu at a mercury electrode. Electrochemical 
oxidation of 5-methyl-H,PteGlu yields primarily a 5-Me-H,PteGIu with 
a quinonoid structure, the 5-Me-6,7-H,PteGlu. This quinonoid derivative 
can tautomerize into another isomer, but the tautomerization is much 
slower than in the case of the 6,7-PteGlu. The reaction is base catalyzed 
and at pH 7-S the rate is still very slow. 

Several structures have been proposed for the 5-31+H2PteGluQ,1~-20 
and for the rearranged product,Qa1QB21 in analogy with 5-Me-diphenylpte- 
rines and lumazines.z2-zq 

Several electrochemical data point to 5-methyl-7,S-H,PteGlu 
being the electroactive species in slightly acid solution. The absence of 
an anodic wave seems to exclude an H,folate derivative with a double 
bond in the H,PteGlu derivative in an exocyclic position7 The presence 
of two reduction waves at pH S (UE = --r-r8 ; t.J% = -1-53) points to 

Table 2. Voltammetric results of some fohc acid derivatives. 
Cathodic (U,) and anodic (U,,) peak potentials (-V z)s_ S.C.E_) in cyclic voltammetry at 
a hanging drop mercury electrode, sweep rate 200 mV s-~_ Polarographic half-wave poten- 
tials (Us) at a D.Bf.E_ 

5,ro-methylidym 

PH HaPteGIu 

UIJc 

6.0 

7-o 
8.0 

8-s 

9-o 
10.0 

-1-67 
---z-69 
-1.72 [-1_17]” 

-I_75 [-1_1gy 

- 

:I 5-Nethyl- 
H,PteGIu I 

5-Methyl-6,7- 1 5-Methyl-7,s 
H,PteGIu I H,PteGIu 

- 

I 
-0.17 -0-27 
-0-25 -0-35 
-o_40 -0.46 
-0.42 -o-47 
-o-44 --O_=jO 

-0.46 -0-52 

-0-35 

-0.40 

I 
1 
1 

i --I.IQb 

-o-53 

u, (11) 

--I.53 
-1.18 

-1.20 

-1.26 

-1-39 
--r-35 

p Small peak on second sweep. possibly due to 5-methylene H4PteGlu. 
b After preparative reduction at this potential the cathoIyte had a wave at -1.55 V. 
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a reductive cleavage of the C(g)-N(Io) bond during the first reduction 
and a reduction of the thus obtained 5,6-dimethyl-7,Sdihydropterin to 
the tetrahydropterin- 

Preparative reduction at the potential of the first wave yields the 
5,6-dimethyl-H,Pte and aminobenzoylglutamic acid in quantitative yields. 
A 5&dihydroderivative could also produce two reduction waves, where 
the first one would be a cleavage of a C-N bond and the second one the 
saturation of .an azomethine bond, but in that case the cleavage would 
involve the C(6)-N(5) b on d with a resulting ring-opening. Under strongly 
alkaline conditions the 5-Me--6,7-H,PteGlu might partially be converted 
to a hydroxyla ted% 19 or peroxy tetrahydroderivative, followed by rear- 
rangement to an s-triazine.21a23.24 
yield the a cathodic waves. 

However, these compounds will not 
On the other hand the isolated 5-&k- 

HzPteGlu, reducible by ascorbic acid, cysteine, homocysteine and mer- 
captoethanol,r8-20 would presumably be the quinonoid 5-Me-6,7-H,PteGlu 
because of the rather positive value of its Us and in analogy to 6,7- 
H,Pte’” and 6,7-H,PteGlu_ 

On the basis of the above mentioned evidence the following reac- 
tion scheme is considered. 

H 

2e- d-l+ 
t 

FH’ 
,N’ CHzNHR 

“zNHLy 

y-G 
N* CH,NHR 

N ’ - .,&t J ‘N - 
I 2e’+ 2H+ 

‘N +lzNR -a 

-. H 

Under the assumption that the scheme is essentially correct, furthe%, 
work is in progress along the lines of controlled oxidation of 5-methyl-- 
H,PteGlu to 5-methyl-H,PteGl u. 
C(g)-X(zo) bond 

followed by reductive cleavage of the 
wrth the aim of developing a general method for the 

determination of the side chain in H,PteGlu derivatives. 
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