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This product behaved polarographically as did leucovorin; 
the bioassay was 0.486 mg./mg. for Le. citrovorum. 

Leucovorin.-Five grams of neutral barium salt, obtained 
by chromatographic purification as described above, was 
dissolved in 400 ml. of distilled water, 0.5 g. of Darco G-60 
was added, and the solution clarified. The filtrate a t  30" 
was acidified with formic acid to PH 3.5, and, the solution 
was cooled slowly with occasional stirring to 3 . The crys- 
talline material was filtered and washed with water. The 
filter cake was reprecipitated again as described above. 
The light cream crystalline material was dried quickly under 
water-pump vacuum at 30' to give 1.6 g. of leucovorin as 
the trihydrate. 

Anal. Calcd. for C~HzsN707.3H~O: C, 45.54; H, 5.54; 
N, 18.59; CHO, 5.50; H20, 10.25. Found: C, 45.2; H, 
5.67; N, 18.8; CHO, 5.07; HzO, 11.15 (by Karl Fischer 
titration). 

Leucovorin trihydrate melted with decomposition at  248- 
250" (cor.); (a] 2 5 ~  f16.76 ( c  3.52 on anhydrous basis; sam- 
ple dissolved in 5% sodium bicarbonate; PH 8.36). 

By acidification with formic acid of a 0.5% solution of 
calcium leucovorin at 35O, and slow cooling to 30", with 
seeding, leucovorin crystallized as flat plates exhibiting 
oblique extinction, with a tendency to form twin crystals. 
There was also a tendency to aggregate into tightly packed 

spheres. The refractive indices of the flat'plates were: 
m, 1 .SO; ns 1.50; the angle of extinction was 9 . 

In many cases when leucovorin was precipitated, two 
crops were obtained. The first, isolated after cooling 4-12 
hours, was insoluble in pyridine and was hydrated to  lesser 
degree (&So/,). The second crop, which appeared when the 
filtrate from the first crop was cooled further, was soluble 
in pyridine and was more highly hydrated (9-14%). The 
latter material was of a slightly higher purity. The differ- 
ence in pyridine solubility was probably due to the differ- 
ence in hydration. 

Anhydrous Leucovorin.-A sample of crystalline hydrated 
leucovorin (0.1000 9.) was dried under high vacuum a t  100' 
for two hours. There was no color change, and the weight 
loss was 11.8%. 

A second sample of crystalline leucovorin was dried at  155'' 
for four hours a t  a pressure of 20 p. The substance turned a 
bright yellow after heating for a short time. Bioassays on 
this product indicated 0.401 mg./mg. of leucovorin activity. 

A, third sample of leucovorin (0.0473 9.) was heated at  
200 and 2-3 mni. pressure for five hours. The material 
became a bright yellow, and the bioassay of 0.038 mg./mg. 
indicated almost completc loss of actib ity. 
BOUND BROOK, S. J. 
PEARL RIVER, E. Y. 

This gave a bioassay of 1.08 mg./mg. 
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I'roiii chemical studies on leucovorin and related formyltetrahydropteridines it is concluded that leucovorin has the 
Leucovorin nitrate, which is active for Leuconostoc citrovorum structure 5-formyl-5,6,7,8-tetrahydropteroylglutamic acid. 

8081, is described. Four acid transformation products of leucovorin have been prepared and characterized. 

The synthesis of leucovorin (I), a pteroylglutamic 
acid derivative with biological properties similar to 
the citrovorum factor (CF)' of Sauberlich and Bau- 
mann, was reported in earlier communications from 
these lab0ratories.2~ On the basis of chemical 
studies on the pure crystalline synthetic substance, 
its transformation products, and related model 
compounds, the structure N-(4- [ (2-amino-4-hy- 
droxy-5-formyl- 5,6,7,8 - tetrahydropyrimido(4,5,b)- 
pyrazinyl-6)-methyl]-aminobenzoyl)-glutamic acid 
(I) is considered to be the most probable for leuco- 
vorin.* The purpose of the present paper is to 
present new chemical evidence for this structure. 

The essential steps in the synthesis3 of leucovorin 
are : reduction of pteroylglutamic acid (PGA)S 
(11, R = H) or 10-formylpteroylglutamic acid6 (11, 
I< = CHO) in formic acid solution a t  0' to 30' over 
a platinum catalyst, whereby two moles of hydro- 
gen are absorbed; neutralization with aqueous so- 
dium bicarbonate solution; adjustment with so- 
dium hydroxide to PH 10 to 12, followed by heat- 
ing; and subsequent isolation of the active material. 

(1) H. E. Sauberlich and C. A. Baumann, 1. Biot. Chcm., 176, 165 
(1948). 

(2) J. A. Brockman, Jr., cf al.. THIS JOURNAL, 72, 4325 (1950). 
(3) B. Roth, cf al., ibid.. 74, 3247 (19521. 
(4) The same conclusion bas been reached by W. Shive and co- 

workers for the structure of "folinic acid-SP." based upon different ap- 
proaches, as reported in papers before the 119th Meeting of the Ameri- 
ran Chemical Society, Boston, hlassachusetts, April. 1951 

( i )  I<. B. Angler, cf  al., Scicnce .  103, 667 (1946) 
(01 A I .  Gordon, cf ai., THIS J O I J R ~ A I . .  70, 878 (1048) 
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R = H, pteroylglutamic acid (PGA) 

R = CHO, IO-formyl PGA 

The formic acid solution of the crude reduction 
product had a very low activity for Le. citrovorum, 
but following the step of heating in alkaline solution 
the activity was maximum. The empirical form- 
ula of the crystalline factor was C ~ H z , N ~ O ~ ,  and the 
presence of one formyl group was demonstrated. 
From this i t  was concluded that leucovorin was a 
formyltetrahydropteroylglutamic acid,3 and for 
elucidation of the structure it was necessary to de- 
termine the location of the four hydrogen atoms and 
the formyl group. The fact that the formyl group 
was not lost by heating a t  pH 10 to 12 indicated 
strongly that it did not exist as a simple 10-formyl 
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substituent, since in the case of 10-formyl PGA the 
formyl group is readily hydrolyzed under these 
conditions. 

Dihydro- and tetrahydropteridines have been 
described’ in which the pyrazine ring is reduced. 
Both dihydro- and tetrahydropteroylglutamic acid8 
have been reported, the latter being prepared by 
catalytic reduction of PGA in acetic acid; and pre- 
sumably the pyrazine ring was reduced in both 
cases. The oxidation of reduced pteridines to the 
aromatic forms is well known.’t8 As a means of 
studying the stage of reduction of pteridines, the 
potential a t  the dropping mercury electrode in the 
polarograph was utilized, and it was shown by Allen 
and co-w~rkers ,~ of these Laboratories, that i t  was 
possible to distinguish between PGA, 10-formyl 
PGA, and dihydro- and tetrahydro-PGA by means 
of the potential a t  pH 9. In the case of PGA (and 
pteridines in general) the polarograph gave three 
inflection points in the curve corresponding to the 
tetrahydro, dihydro and aromatized forms ; the 
height of the wave between inflection points was a 
measure of the concentration of a particular reduc- 
tion state. By means of the data thus obtained it 
was demonstrated that the crude product formed 
by the reduction of PGA or 10-formyl PGA under 
the conditions used in the synthesisa was a tetrahy- 
dropteridine derivative because i t  produced the 
typical tetrahydropteridine wave in the polaro- 
graph a t  pH 9. Both the pyrimidine ring and p- 
aminobenzoylglutamic acid were found to be non- 
reducible polarographically under similar condi- 
tions. I t  was logical therefore to locate the four 
added hydrogen atoms in the crude reduction prod- 
uct of 10-formyl PGA in positions 5, 6,  7 and 8 of 
the pyrazine ring, and to assign to this product the 
structure lO-formyl-5,6,7,8-tetrahydro PGA (111). 
The possibility of tautomeric ring structures was 
also considered. 

H H  

HOOC 0 
CHW!~-~-CH, I 

I 
HC=O 

I 
CHz 

I 
HOOC-CH2 

I11 

Presumably a new asymmetric center has been 
formed a t  the 6-carbon atom of the tetrahydropter- 
idines I and 111, and the existence of two diastero- 
isomers of I, having different biological activity, has 
been considered. 

When the crude reduction product (111) was sub- 
sequently heated in alkaline solution and analytic- 
ally pure leucovorin had been isolated, i t  was found 
to give no wave in the polarograph a t  pH 9. It 
was also found to be stable to air oxidation in 
neutral or weakly alkaline solution. Thus, the tet- 
rahydropyrazine ring had become stabilized and 
the molecule was difficult to oxidize or reduce a t  PH 

(7) J. H. Boothe, cf at., i b id . ,  70, 27 (1948): M. Polanovski, C L  al. ,  
Compf.  rend., 980, 2205 (1950); M. Pesson, Bull. SOC. chim., 15, 963 
(1948); W. R. Boon, cf nl . ,  J .  Chcm. Sac., 96 (1951). 
(8) B. L. O’Dell, e1 al . ,  THIS JOURNAL, 69, 250 (1947). 
(9) W. Allen, cf ai., ibid. ,  74, 3264 (1962). 

9. By contrast the crude 10-formyltetrahydro- 
PGA was quite sensitive to oxidation both in the 
polarograph and by atmospheric oxygen. It was 
thus shown that the increased stability of leucovo- 
rin to oxidation was the result of the treatment in 
alkaline solution, and that this increased stability 
paralleled the previously observed increase in bio- 
logical activity. During the step of bicarbonate 
neutralization in the synthesisa i t  was probable that 
the crude 10-formyltetrahydro PGA (111) was pro- 
tected from air oxidation by the large amounts of 
carbon dioxide evolved. This also suggested that 
the function of ascorbic acid in the syntheses of the 
citrovorum factor reported by other investigators 
was that of an antioxidant.1° 

Among the outstanding chemical properties of 
naturally occurring citrovorum factor are its sta- 
bility in alkaline solution, as evidenced by no loss 
in activity for Le. citrovorum,“ and its instability in 
acid solution, accompanied by loss of activity for 
Le. citrovorum.10bs12 When subjected to acid con- 
ditions natural factor retained growth-promoting 
activity for Streptococcus faecalis R. and thus 
closely resembled PGA. Leucovorin was similarly 
stable in alkaline solution, and it was inactivated 
for Le. citrovorum by acid treatment but retained ac- 
tivity for S. faecalis R.3 While leucovorin gave 
neither oxidation nor reduction waves in the polaro- 
graph a t  PH 9, after being subjected tQ treatment 
with mineral acid a t  room temperature for a short 
time i t  was then found to give the characteristic 
tetrahydropteridine wave in the polarograph a t  PH 
9 under anaerobic conditions. The polarographic 
data together with the previously observed absorp- 
tion of two moles of hydrogen during synthesis3 
established that leucovorin was a tetrahydro-PGA 
derivative in which the pyrazine ring of the pyri- 
mido(4,5-b)pyrazine nucleus was reduced and sta- 
bilized. A study of the product or products from 
acid treatment of leucovorin appeared to be an im- 
portant approach to the problem of its structure. 
The above changes in biological activity and polaro- 
graphic behavior strongly suggested that a base- 
catalyzed isomerization had been accomplished dur- 
ing the full synthesis of leucovorin, and that sub- 
sequent acid treatment reversed the process in some 
manner. Possible explanations included the forma- 
tion of a new ring linking the N’O-position by a one- 
carbon bridge to positions 5,  7 or 8 in the tetrahy- 
dropyrazine ring, or a shift of the N’O-formyl group 
to the pyrazine ring, or the introduction of an addi. 
tional formyl group (or groups) in the tetrahydro 
pyrazine ring with subsequent removal of this 
group, or the N’O-formyl group, by hydrolysis in the 
alkaline treatment. 

The oxidation with alkaline permanganate of 2- 
(10) (a) W. Shive, C I  ai., ibid. ,  71,  2818 (1950); (b) C. A. Nichol and 

A. D. Welch, Proc. Sac. E z p .  Biol. Med. ,  74, 72 (1950); E. H. Flynn, 
C I  al., THIS JOURNAL, 78, 1979 (1951). 

(11) C. N. Lyman and J. M. Prescott, J .  Biol. Chcm., 178, 523 
(1949); K. A. Leesand W. B. Emery, Biockcm. J . ,  45, Proc., ii (1949); 
H. P. Broquist, cf al., Proc. Sac. Exp .  B i d .  Mcd., 71, 649 (1949). 

(12) T. J. Bardos, cf al., THIS JOURNAL, 71, 3852 (1949); T. H. 
Jukes, H. P. Broquist and E. L. R. Stokstad, Arch. Biochcm., 16, 157 
(1950); H. P. Broquist, E. L. R. Stokstad and T. H. Jukes. J .  B i d .  
Chcm.. 186, 404 (1950); J. C. Keresztesy and M. Silverman, ibid. ,  188, 
473 (1950); M. Silverman and J. C. Keresztesy, THIS JOURNAL, 78, 
1897 (1951). 
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amino-4-hydroxy-6- or 7-alkylpteridines, including 
pteroylglutamic acid and its analogs, yields the cor- 
responding 6- or 7-carboxypteridines. l3  When 
treated directly with alkaline permanganate leuco- 
vorin yielded no recognizable product, due perhaps 
to a deep-seated disruption of the molecule. How- 
ever, when it was first treated with mineral acid and 
then oxidized with alkaline permanganate, 2-amino- 
4-hydroxypteridine-6-carboxylic acid was obtained 
in 6S% yield. No 2-amino-4-hydroxypteridine-6,7- 
dicarboxylic acid was found in either experiment, 
which make i t  unlikely that a new carbon-carbon 
linkage had been formed in the 7-position of the tet- 
rahydropteridine ring. There remained then the 
possibilities of a shift of the formyl group, or a new 
ring formation involving the N5- or K8-position. 
Because of its proximity to the N'O-formyl group the 
N5-position was considered the site most probably 
implicated. 

Xs a model compound closely related to leucovo- 
rin, 2-aniino-4-hydroxy-6-methylpteridine (1V) l 3  

was investigated. It was readily reduced in formic 
H 

fN,/NT .-N& ::\.4N\/"a r';H2 
1 1  I II I - -  

_-___I I ylpteridine was logical. 
The assignment of the formyl group to the Nj- 

011 CHO OH 
11. v 

acid solution over platinum, with absorption of two 
moles of hydrogen , to form a tetrahydropteridine 
which gave the characteristic tetrahydropteridine 
wave in the polarograph a t  pH 9. To effect form- 
ylation of this reduction product it was found to be 
necessary to carry out the reaction in SS-lOO% 
formic acid and subsequently to treat the reduced 
solution with acetic anhydride a t  room tempera- 
ture. Under these conditions a rnonofortnyl deriv- 

ative, subsequently shown to be 2-amino-4-hy- 
droxy - 5 -formyl- 6 -methyl - 5,6,7,S-tetrahydropteri- 
dine (V) was obtained which had many of the same 
chemical properties previously observed for leuco- 
vorin. The formyl group was not removed by 
heating for one hour in 0.1 N sodium hydroxide so- 
lution a t  95". The compound showed no wave in 
the polarograph a t  pH 9, but after it had been 
treated with mineral acid the characteristic tetra- 
hydropteridine wave was found. I t  did not react 
with nitrous acid in the cold but after it was sub- 
jected to acid hydrolysis, which removed the formyl 
group, i t  then absorbed one mole of nitrous acid. 
2-Amino-4-hydroxy-6-methylpteridine did not re- 
act with nitrous acid under these conditions,14 indi- 
cating that the 2-amino group is not involved. 
Thus, the introduction of one formyl group in the 
N5- or N*-position stabilized the tetrahydropteri- 
dine ring notably, and the remaining secondary 
nitrogen in the tetrahydropyrazine ring was inert 
to formylation or to reaction with nitrous acid. 

Thc ultraviolet absorption spectra for PGA, leu- 
covorin, 2-aniino-4-hydroxy-6-methylpteridine and 
2-amino-4-hydroxy-5-formyl-6-rnethyl-5,6,7,8-te- 
trahydropteridine were compared (Fig. l), and addi- 
tional evidence for the 5-forrnyltetrahydropteri- 
dine structure in leucovorin and in the reduced and 
formylated pteridine (V) was thus obtained. The 
absorption a t  255-260 and 365 mp in the pteridines 
was lost in the two reduced and formylated sub- 
stances, while strong absorption in the region 2 7 -  
282 mp was present. 

Since leucovorin was prepared without the aid of 
acetic anhydride, the results obtained in the form- 
vlation of the simple tetrahydro-6-methylpteridine 
also indicated that the crude intermediate in the 
leucovorin preparation was indeed 10-formyltetra- 
hydro PGA. 

Investigation of the properties of 2,4-diamino-5- 
f~rmaniidopyrimidine~~ revealed some close similar- 
ities with the properties of leucovorin and those of 
the nionoformyl derivative of 2-amino-4-hydroxy- 
G-methyl-5,6,7,8-tetrahydropteridine. The 5-form- 
anlidopyrimidine was found to be stable to hydroly- 
sis upon heating in 0.1 LV sodium hydroxide solution 
for one hour. I t  did not react with nitrous acid in 
the cold, but after the formyl group was hydrolyzed 
with mineral acid a t  room temperature reaction with 
one mole of nitrous acid occurred. These proper- 
ties showed that the amino groups in the 2- and 4- 
positions were inert to formylation or nitrosation, 
and suggested that the N8-position in the tetrahy- 
dropteridine nucleus was unreactive to either for- 
ylation or reaction with nitrous acid, therefore as- 
signment of the formyl group to the N5 position iii 
leucovorin and the formylated tetrahydro-6-meth- 
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(VII). The preparation proceeded smoothly and 
in a manner identical with that of the 6-methyl- 

CzHr CzHa 

VI VI1 
pteridine model (V). The formyl group of VI was 
not removed by heating in 0.1 N sodium hydroxide 
a t  95' for one hour, nor did VI react with nitrous 
acid until i t  had been treated with mineral acid at 
p H  2, whereupon about one mole of nitrous acid was 
absorbed. It should be noted that titration with 
sodium nitrite of the acid-hydrolyzed formyltetra- 
hydropteridines did not result in sharp end-points. 
In the case of the compound in question, the origi- 
nal dihydropteridine (VII) was isolated after reac- 
tion with nitrous acid. This gave a clear indica- 
tion that the nature of the nitrite reaction on tetra- 
hydropteridines was one of oxidation rather than 
nitrosation. In general, the polarographic behav- 
ior of VI was similar t o  leucovorin. 

The preparation and properties of this compound 
also eliminated the possibility of an N5,N8-linked 
ring system, which previously could not have been 
entirely disregarded. 

Because it was considered possible that in leuco- 
vorin the formyl group might be involved in the 
formation of a new ring linking the N5- and "@-PO- 
sitions, it was of interest to determine whether 
the N'O-position retained the same type of re- 
activity as found in PGA, Le . ,  whether i t  reacted 
as a secondary aromatic amino nitrogen. To this 
end the reaction of nitrous acid upon leucovorin and 
some related structures was investigated. 10- 
Nitrosopteroylglutamic acid resulted when PGA in 
cold mineral acid was treated with nitrous acid.I4 
Under similar conditions, 10-formyl PGA (11, R = 
CHO) did not react with nitrous acid, and this may 
be taken as positive evidence for the location of the 
formyl group in the 10-position in this compound. 
When leucovorin suspended in cold dilute hydro- 
chloric acid was immediately and rapidly titrated 
with nitrous acid, one mole was readily absorbed, 
and by neutralization of the resulting solution a 
mononitroso compound precipitated. Upon isola- 
tion and purification i t  was proved by analysis to 
have the empirical formula C20HzzN80g2H20. Un- 
der these conditions it appeared that the NIO-posi- 
tion was capable of reaction as a secondary amine. 
However, if leucovorin was allowed to dissolve in 
the aqueous mineral acid and stand for a short time 
at  room temperature, there was no reaction with 
nitrous acid in the cold. This indicated that both 
the N6- and N'O-positions were blocked, and this 
was in fact subsequently proved by the isolation of 
an imidazolinium salt after treatment of leucovorin 
with hydrochloric acid under similar conditions. 
The significance of the lack of reactivity will be dis- 
cussed below in more detail. 

As additional evidence for the structure 5-formyl- 
3,0,7,8-tctrahydropteroylglutaniic acid for leuco- 

vorin, 10-methylpteroylglutamic acidI7 was hydro- 
genated in 98-100010 formic acid and then the solu- 
tion of the tetrahydro compound was treated with 
acetic anhydride to effect formylation. The 10- 
methyl analog (VIII) of leucovorin was obtained, 
which contained the same type of alkali-stable, 
acid-labile formyl group, and had the same behav- 
ior in the polarograph. VI11 did not react with 

COOH 
I O  

I 
CHz 
I 

Hco 
I 

COOH 
VI11 

nitrous acid when titrated immediately, as was ex- 
pected since the NlO-position was blocked. How- 
ever, after standing a short while in mineral acid, 
the solution readily absorbed nitrous acid. This 
further indicated that a new linkage in acid-treated 
leucovorin existed between the N5- and N'O-posi- 
tions. VIII, when treated with 0.1 N hydrochloric 
acid, did not exhibit a maximum a t  355 mp in the 
ultraviolet absorption spectra (Fig. 2). The ap- 
pearance of such a maximum in acid-treated leuco- 
vorin, therefore, is probably due to the formation 
of the N5-N10-imidazolinium ring. 

0 

Fig. 2.-Ultraviolet absorption spectra of 5-formyl-10- 
inethyltetrahydropteroylglutamic acid (10 mg./l.): -, 
0.1 N sodium hydroxide; - - - - - - , 0.1 N hydrochloric acid. 

The unusual stability of the formyl group of the 
5-formyltetrahydropteridines under alkaline condi- 
tions led to speculation about the possibility of hy- 
drogen bonding or actual linkage of the formyl to 
the 4-hydroxyl group. With this in mind, a new 
pteridine, 2-amin0-4-methyl-6~7-diphenylpteridine 
(IX), was prepared by the condensation of benzil 
with 2,4,5-triamino-6-methylpyrimidine. l8 

(1948). 
(17) D. B. Cosulich and J. M .  Smith,  Jr . ,  THIS JOURNAL, 7 0 ,  1922 

(Iti) H. S. l 'oircit ,  e l  ul , J .  Chcni Soc., 3 (lY5l) (18) S. Gabriel and J. Colman, Ber., 34, 1255 (1901) 
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I HC=O \CHI 
CHs 

IX x 
IX was hydrogenated and formylated by the 

same procedure used for V and VI to give 2-amino- 
4 - methyl - 5 -formyl - 6,7 - diphenyl - 5,6,7,8 - tetrahy- 
dropteridine (X). Because of its insolubility in al- 
kali, the treatment with hot 0.1 N sodium hydrox- 
ide was carried out in the presence of alcohol. The 
f ormyl compound (X) was recovered unchanged. 
The only difference between X and members of the 
4-hydroxy series lay in the acid lability. X was 
much more stable to acid hydrolysis, but it could be 
hydrolyzed by heating in a 2.5 N hydrochloric acid 
solution. These results eliminated the possibility 
of any involvement of the 4-hydroxyl with the 
formyl group, and indicated the ketonic nature of 
the 4-oxygen in pteridines in acid solution, which 
would make the 5-formyl group more labile under 
these conditions . 

Since the citrovorum factor is inactivated biolog- 
ically a t  PH 2, a study of the effect of acid upon leu- 
covorin was undertaken, and a number of acid 
transformation products from leucovorin have been 
isolated in pure form and chara~terized.'~ At PH 2 
leucovorin yielded a yellow precipitate (XI) which 
was probably a mixture of several substances. 
However, leucovorin in hydrochloric acid at  pH 1.3 
or below yielded a homogeneous crystalline mate- 
rial containing chlorine, and this was purified by re- 
peated solution in 12 N hydrochloric acid and dilu- 
tion to 2 N. The chlorine content varied from one 
to about two atoms per mole, depending upon the 
conditions of washing and drying; by drying in 
vacuo over potassium hydroxide, isoleucovorin 
chloridelg was obtained for which the empirical 
formula C2oH22N70,Cl was indicated by analysis. 
The crystallographic constants were identical, and 
the X-ray diffraction patterns were very similar for 
preparations containing from one to two chlorine 
atoms per molc, which indicated that the pure com- 
pound contained one chlorine but that under cer- 
tain conditions incidental hydrogen halide was ab- 
sorbed. The work of Pfiffner, et n1.,20 showed that 
the crystallographic constants of pteroylglutamic 
acid were not altered by removal of apparent water 
of hydration and the situation here appears to  be 
analogous. 

Since isoleucovorin chloride contained a potential 
formyl group, as shown by the formation of formic 
acid in the drastic acid hydrolysis of the usual 
formyl analysis, contained ionic chlorine, and did 
not react with nitrous acid, the structure suggested 
was an imidazolinium chloride (XII) in which the 
N5- and Nl"-positions of the parent tetrahydro-PGA 
structure were joined by a single carbon bridge 
derived from the formyl group.lg 

When XI1 was dissolved in boiling water and 
cooled slowly, anhydroleucovorin-A (XIII)lg in the 
form of yellow matted hair-like needles precipitated 

(1')) D B Cosulich, cf  ol TIIIS JOURNAL, 73, 5006 (1951) 
(20) 1 J Pfiffner, c! nl.. sbtd , BS, 1476 (1947). 

LHOOCCH~ 
XI1 

from the solution at  pH 2. XI11 was purified by 
repeated crystallization from 0.01 N hydrochloric 
acid, and had the empirical formula GoHolN,Oa. 
4H20. The analytical results showed the loss of a 
molecule of water, as compared to  leucovorin, and 
the presence of a potential formyl group. XI11 did 
not react with formic acid in the presence of acetic 
anhydride, and it was concluded, therefore, that it 
was an imidazolinium "betaine-type" derivative of 
leucovorin. It should be noted that in these imida- 
zolinium derivatives the conditions for resonance of 
the quaternary nitrogen between the N5- and Nl0- 
positions are ideal. This undoubtedly accounts 
for the stability of these compounds. 

0 

CHz 
I 

HOOC-CHn 
XI11 

By warming in 0.1 N hydrochloric acid, XI11 was 
readily reconverted to XII. 

When XI11 was heated in water or PH 4 buffer a t  
the boil, anhydroleucovorin-B (XIV) l9 crystallized 
from the boiling solution in the form of tablets. 
The empirical formula, C~HzlN,Oa.'/zHzO, indi- 
cated that XIV was isomeric with XIII, and that 
the differences could not be accounted for on the 
basis of difference of hydration, since the anhydrous 
forms of XIII and XIV had quite different behav- 
ior on heating. XI11 melted a t  258' (dec.) 
while XIV did not melt up to 330'. Since XIV 
could not be formylated further with formic acid in 
the presence of acetic anhydride, the imidazolinium 
ring was present. A number of possibilities have 
been considered, but in the absence of unequivocal 
evidence to explain satisfactorily the relationship 
of XIV to its isomer, XIII, we prefer not to postu- 
late a structure for XIV a t  this time. 

It should be noted that XI1 can also be trans- 
formed to XIV in boiling pH 4 buffer. This may 
be reversed by treating XIV with hot 0.1 N hydro- 
chloric acid. Attempts to convert XIV to XI11 
have been unsuccessful, probably because of the ex- 
tremely low solubility of XIV in 0.01 N hydrochlo- 
ric acid. 

Polarographically, these products behaved iden- 
tically, i.e., they exhibited a t  PH 9 the typical tetra- 
hydropteridine wave, the inference being that, un- 
der these mildly alkaline conditions, the imidazo- 
liniurn ring opened to yield the readily oxidizable 
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1O-formyl-5,6,7,8-tetrahydro-PGA. The ultravio- 
let absorption spectralg of these three compounds 
are shown in Fig. 3. Since they were interchange- 
able by means of changes in acidity, it was necessary 
to obtain the curves a t  the acid concentration used 
for the formation of each. In 0.1 N hydrochloric 
acid XI11 and XIV showed curves identical with 
XII. XI11 in PH 4 buf7er gave the same curve as 
it did in 0.01 N hydrochloric acid but, after stand- 
ing 24 hours, the spectrum indicated that trans- 
formation to XIV had occurred. 

All three of these compounds when treated an- 
aerobically for one hour with 0.1 N sodium hydrox- 
ide were converted in good yield to leucovorin. 
While they, per se, were inactive for Le. citrovorum, 
PGA-like activity for S. faeculis R. and L. casei 
was retained; some activity in reversing aminop- 
terin toxicity also remained. Leucovorin was 
added to 0.5 N nitric acid and from the solution iso- 
leucovorin nitrate (XV, XI1 with C1- replaced by 
NO*-) slowly precipitated. Analysis showed the 
empirical formula G O H ~ ~ K ~ O ~  for XV. In the bio- 
logical assay with Le. citrovorum XV was essentially 
inactive, and in the polarograph i t  showed a major 
tetrahydropteridine wave. The analogy of XV to 
isoleucovorin chloride (XII) was further shown by 
the conversion of XV to anhydroleucovorin-A and 
-B under the same conditions (Table I), and to leu- 
covorin by treatment with 0.1 N sodium hydroxide 
under anaerobic conditions. The ultraviolet ab- 
sorption spectrum exhibited the usual strong maxi- 
mum a t  355 mp in 0.1 N acid. 

Treatment of a concentrated aqueous solution of 
leucovorin with 5 N nitric acid resulted in the im- 
mediate precipitation of a white material, leucovo- 
rin nitrate (XVI), which retained full activity for 
Le. citrovorum, when corrected for the difference in 
molecular weights, as compared to leucovorin. 
The ultraviolet absorption spectra and polaro- 
graphic behavior of leucovorin and XVI were also 
identical. Although leucovorin nitrate was not ob- 
tained in an analytically pure state since attempts 
to purify it led to loss of biological activity, i t  is re- 
ported here because, heretofore, the action of min- 
eral acids on leucovorin has invariably resulted in 
complete inactivation for Le. citrovorum. The ex- 
planation for the retention of leucovorin activity 
by XVI undoubtedly lies in the fact that the active 
nitric acid salt precipitated before rearrangement 
to isoleucovorin nitrate could occur. 

Treatment of leucovorin nitrate (XVI) with 
water (to give PH 1.5-1.75) resulted in crystalline 
material (XVII) which had lost all activity for Le. 
citrovorum. Its ultraviolet absorption spectra and 
polarographic behavior showed it to be an acid 
transformation product of leucovorin. Its crystal- 
lographic constants and the PH for its formation 
were identical with those of anhydroleucovorin-A 
(XIII) but analysis of the crude material seemed to 
indicate the presence of nitrate which was not re- 
moved by drying in vacuo over potassium hydrox- 
ide. Two recrystallizations from hot water yielded 
anhydroleucovorin-B (XIV) . The X-ray powder 
diagram of XVII was different from anhydroleuco- 
vorin-A, although there were certain similarities. 
At present, i t  is believed that XVII is anhydroleu- 

- 



vorin) of the barium salt of leucovorin in 50 ml. of 0.1 h'hy- 
drochloric acid was allowed to stand for five hours. The 
solution was then made 1 M with sodium hydroxide by the 
addition of 50 ml. of 0.1 N a n d  33.2 ml. of 5 A' sodium hy- 
droxide and dilution to  166 nil. After warming to 95', a 
solution of potassium permanganatc was added so that only 
a slight excess was present at any timc. The oxidation was 
extremely rapid. 'CS'hen a slight excess remained after five 
minutes, sodium hydrosulfite was added to  decolorize, man- 
ganese dioxide was removed by filtration, and the filtrate 
was cooled and adjusted to pH 2.53.0 with hydrochloric 
acid. After two days, the precipitated material was cen- 
trifuged, washed with a small amount of water and then 
with acetone, and dried at 100". Identified as 78% 2- 
amino-4-hydroxypteridine-A-carboxylic acid by ultraviolet 
absorption spectra anti by chromatographic analysis of the 
cyclohexylamine salt i l l  butanol-water, the material 
weighed 0.077 g., representing a 6S.lYo yield of theoretical. 

A 0.0-g. sample of the barium salt of leucovorin placed 
directly in 166 ml. of 1 N sodium hydroxide atid then 
treated with potassium permanganate reacted much more 
slowly than in the above experiment. R%en neutralized, :is 
above, no product could be isolated. 

2-Amino-4-hydroxy-5-formyl-6-methyl-5,6,7,8-tetrahy- 
dropteridine (V).-A solution of 5 g. o f2-amino-l-hydroxy-H- 
rnethyl~teridine'~ in 150 ml. of 98-100% formic acid was 
shaken with 0.3 gram of platinum oxide under 41 Ib. of hy- 
drogen pressure until there was no more hydrogen absorbed. 
Then 15 ml. of acetic anhydride was added and the mixture 
allowed to  stand overnight. After removal of the platinum 
catalyst, a portion of the filtrate was examined polarograph- 
icallyg and found to have no waves until treated with acid, 
whereby a major tetrahydropteridine ware appeared. This 
filtrate was evaporated in D U C Z ~ O  to an oily residue, to which 
was added 300 ml. of water. The pH of the solution was 
then adjusted to 4-5. After cooling overnight, microscopic 
clumps of necdles separated which were filtered, washed 
with water, and recrystallized from 05 ml. of boiling water 
with a charcoal clarification. After a second recrystalliza- 
tion long, shiny needles were obtained which weighed 0.591 
g. and melted with decoin ition a t  28%28H0. A small 
sample WLS dried for analy a t  I ( J 0 "  and 2 3 riitn. for 2 . 5  
hours. 

. I n d .  Calcd. for CBIIIINUO~.l/PHYO: C, 14.1; N, 3.55; 
S, 38.1; -CEIO, 13.3. Found: C, 44.5; I€ ,  3.4; U, 32.1; 
-CHO, 13.6. 

Polarographically,9 this material behaved in a manner 
identical to that of leucovorin, L e . ,  it showed no waves until 
treated with mineral acid at PH 2, then adjusted to pH 9, 
n hweupon a major tetrahydropteridine wave appeared. 

I ! 1 

200 2 50 ! 300 3 

0.01 

A. mp. 

The ultraviolet absorption spectrum in 0.1 N sodium hy- 
droxide is shown in Fig. 1. 

n'hen a 0.2090-g. sample was placed in 20 ml. of 1 12; 
hydrochloric acid a t  0-5" and titrated with 0.1 N sodium 
iiitrite a t  once, it was found that there was no absorption of 
nitrite. This solution was allowed to stand a t  room teni- 
perature overnight. After cooling to 0-5', 7.7 ml. of 0.1 iV 
sodium nitrite was required to reach a starch-iodide paste 
end-point. Since the theoretical amount for one mole was 
9.6 ml., hydrolysis was 81% complete. 

A solution of 0.093 g. of V in 10 ml. of 0.1 N sodium hy- 
droxide was heated a t  95' for 45 minutes, cooled and ad- 
justed to pH 4-5. After cooling overnight a filmy white 
precipitate was present which was not isolated. The mix- 
ture a t  0-5' was acidified with hydrochloric acid and ti- 
trated with 0.1 N sodium nitrite. There was no absorption 
of nitrite, since one drop of solution gave an end-point with 
starch-iodide paste immediately, and hence no hydrolysis 
of the 5-formyl group. 

2,6-Diamino-4-hvdroxv-5-formamido~vrimidine. Acid 
Lability.-A sampl~(0.3f95 g.) of 2,6-d&1ino-4-hydroxy-5- 
forrnamidopyrimidinel~ was added to 50 rnl. of 0.5 N hy- 
drochloric acid a t  0' and titrated immediately with a total 
of 0.4 ml. of 0.1 N sodium nitrite to  a strong starch-iodide 
paste test. Since the theoretical amount for the absorp- 
tion of one mole was 18.84 ml. of 0.1 Nsodium nitrite, i t  was 
concluded that the formamidopyrimidine had not reacted 
per se. However, when the same quantity of sample stood 
in 50 ml. of 0.5 N hydrochloric acid at room temperature 
overnight, 13.2 nil. of the 0.1 N sodium nitrite reagent was 
absorbed, representirig 7OYO hydrolysis. 

Alkali Stability.-A solution of 0.3107 g. of 2,6-diamino- 
4-hydroxy-5-formamidopyrimidine in 50 ml. of 0.1 N so- 
dium hydroxide was heated for one hour at 95'. After 
cooling to  O0, the solution was treated with 5-ml. portions 
of 1 and 5 N hydrochloric acid at O " ,  and titrated to  a starch- 
iodide paste end-point with 1.9 ml. of 0.1 N sodium nitrite. 
Therefore, only 10% hydrolysis of the formyl group in alkali 
had occurred. 

2-Amino-4-hydroxy-5-formyl-6,7-diphenyl-8-ethyltetra- 
hydropteridine (VI) .-A sample of 2-amino-4-hydroxy-6,7- 
diphenyl-8-ethyl-7,8-dihydropteridine (VII) was prepared 
by the method described by Forrest and co-workers,lG and 
0.1017g. reduced iii 1-5 1111. of 98-100% formic acid over 0.02 
g. of platinum oxide in a semimicro hydrogenation appara- 
tus.2z The hydrogen absorption was 5.8 ml. (STP), corre- 
sponding to 87.770 of the theoretical amount for one mole. 

To prepare a larger sample of the tetrahydro compound 
3.49 g. of VI1 in 150 ml. of 98-100~o formic acid was shaken 
under pressure with 0.3 g. of platinum oxide for three hours. 
The reaction vessel was flushed with nitrogen and 15 ml. of 
acetic anhydride added. After standing 24 hours, the 
catalyst was removed by filtration, and the filtrate was con- 
centrated, under water-pump vacuum, to a sirup. This was 
diluted with water and adjusted to  pH 7. After cooling 
several hours the crystalline precipitate was isolated and re- 
crystallized six times from 5070 aqueous alcohol. The 
pure white, shiny needles weighed 1.635 g.  and melted with 
decomposition a t  218 .249", a r i d  wew d r i ~ d  at  100' ( 5  rnm.) 
for 3 hours, 

A n d .  Calcd. for C9iHnlNs02.1/2H~O: C, 65.7; H, 5.77; 

5.09; S, 18.4; - CITO, 7.82; H.0, 3.0 (by Karl Fischer ti- 
S ,  18.5; -CHO, 7.55; H 2 0 ,  2.34. FOUII~:  C, 65.1; H, 

ration ). 
The ultraviolet absorption spectra arc shown in Fig. 4.  

Twenty-four hour aging of VI in 0.1 N sodium hydroxide 
showed 110 pronounced change in the curve; however, aging 
in 0.1 -V hydrochloric acid produced a curve identical with 
\.I1 (also shown in Fig. 4)  indicating loss of the formyl 
group and subsequent oxidation of the tetrahydropteridine. 

The stability in alkaline solution was borne out by heating 
0.0531 g. of the formyl compound T'I for one hour at 95" in 
a mixture of 5 ml. of alcohol and 5 ml. of 0.1 iV sodium 
hydroxide. After cooling and neutralizing, 0.0465 g. 
(87.7% recovery) of the starting material was obtained. 
I t  was identified bv mixture melting point and ultraviolet 

, 
I 400 _ .  

absorption spectra. 
When a solution of 0.0601 g. of the formyl compound in 

Fig. .i.-ultraViOlet absorption Spectra (10 mg./l.) ill 0.1 6 ml. of 90% alcohol at S o  was treated with 5 ml. of 1 n. 
, 2-amino-4-hydroxy-5-formyl- hydrochloric acid a t  0" and then titrated immediately with Ai sodium hydroxide: - 

6,7-diphenyl-S-ethyltetrahydropteridine; ( 2 2 )  C. R. Noller nnd  hl R Barusch, I n d  Rnp.  C h e w . ,  A i i u i  Ed , 
4-h~~dro~y-6,7-tiiphetiyl~~8-rthyl-'i,8-dihytlropteritlirlr. 14, 907 (1942). 

, a-amino- -. ~ ~~ - - - - - - 
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0.01 N sodium nitrite, only 1.0 ml. of the reagent was ab- 
sorbed. After heating an hour on the steam-bath (to pre- 
vent crystallization of the starting material), the solution 
was cooled and titrated with 15.70 ml. of 0.01 N sodium ni- 
trite. The end-point was difficult because of the yellow 
color which had developed. However, assuming that one 
mole of nitrite is involved, hydrolysis was 91 .7y0 complete. 
After adjustment to pH 3 with sodium hydroxide the yellow 
crystalline precipitate was isolated and weighed, when dry, 
0.0419 g. I t  was identified as VI1 by mixture melting point 
and ultraviolet absorption spectra. The yield was 77.4% 
of theory. Therefore, this compound behaved in acid 
much as did leucovorin. I t  was also shown that the action 
of nitrous acid on tetrahydropteridines was oxidative in 
nature. 

Because of the low water solubility of VI, it was neces- 
sary to study the polarographic behavior of this compound 
in 30% aqueous alcohol. In general, it was analogous to 
that of leucovorin, except that because of the ease of oxida- 
tion of the tetrahydro form only a dihydropteridine wave 
was observed. 

Nitrous Acid Reaction (A) Leucovorin.-To 5 ml. of 5 N 
hydrochloric acid at 0' was added 0.0495 g. of calcium 
leucovorin. Immediately the solution was titrated with 
7.92 ml. of 0.01 N sodium nitrite to a positive test on starch- 
iodide paste. The amount required was 94% of the theo- 
retical for one mole. 

(B) Acid-Treated Leucovorin.-A solution of 0.0455 g. 
of calcium leucovorin (0.0000775 mole) in 5 ml. of 5 N hy- 
drochloric acid was allowed to stand a t  room temperature 
for three hours. After cooling to 0' only 0.4 ml. of 0.01 
N sodium nitrite was required to give an excess of the re- 
agent, indicating no nitrite absorption. 

( C )  10-Formylpteroylglutamic Acid.-To 5 ml. of 5 N hy- 
drochloric acid a t  0' was added 0.0487 g. of 10-formylpter- 
oylglutamic acid6 (0.000104 mole). Upon titrating imme- 
diately, only 0.3 ml. of 0.01 N sodium nitrite was required 
to reach the usual end-point. 

(D) 10-Methylpteroylglutic Acid. 'eA solution of 
0,5510 g. of 10-methyl PGA" in concentrated hydrochloric 
acid was cooled to 0'. One drop of 0.1 N sodium nitrite 
gave a positive starch-iodide test. 

(E) Dihydropteroylglutmic Acid.-A cold solution of 
0.5174 g. of dihydropteroylglutamic acids in 5 N hydro- 
chloric acid was titrated with 17.5 ml. of 0.1 N sodium ni- 
trite. The end-point in this case was indefinite and difi- 
cult to obtain. Assuming that 2 moles of nitrite should be 
absorbed, 74.5% of theory was used. 

(F) Tetrahydropteroylglutamic Acid.-A solution of 0.55 
g. of PGA (0.00112 mole) in 40 ml. of acetic acid was hydro- 
genated over 0.15 g. of platinum oxide in the usual manner.8 
After the absorpthn of the customary two moles of hydro- 
gen, the catalyst was removed by anaerobic filtration, and 
the filtrate added to fairly concentrated hydrochloric acid. 
While cooling to O0, a slow stream of nitrogen was bubbled 
through the solution. This was maintained throughout the 
titration with 0.1 N sodium nitrite. The end-point in this 
case was even more indeterminant than with dihydro-PGA. 
However, approximately 25-30 ml. of the reagent was used, 
which corresponds to about 2.5 moles. 

10-Nitroso1eucovorin.-About 185 ml. of 1.0 N hydro- 
chloric acid was cooled to 0' and 2.5 g. of barium leucovorin 
(0.00291 mole) added. To the partially dissolved mixture 
was started immediateiy the addition of 0.202 g. (0.00293 
mole) of sodium nitrite dissolved in a little water. After 
addIng a few drops of 0.1 iV sodium nitrite to assure a purple 
spot with starch-iodide paste, the solution was allowed to 
stand a t  0" for 15-20 minutes. Sodium hydroxide was 
then added with cooling to adjust to pH 3, precipitating a 
white solid. After cooling overnight, this was filtered and 
washed with water to give 0.8615 g. of material, or a, 59y0 
yield. This was purified for analysis by two recrystalliza- 
tions from water. The pure material melted with decom- 
position at  240-245", gave a positive Liebermann nitroso 
test, and consisted of elongated plate crystals of negative 
character with an obtuse optic axial angle and oblique ex- 
tinction, The refractive indices were: a, 1.492 f 0.004; 
p, 1.720 & 0.005. The ultraviolet absorption spectrum in 
0.1 N sodium hydroxide exhibited one maximum a t  278 mp 
and one minimum at  246 mp; in 0.1 N hydrochloric acid, 
maximum 282 mp, minimum 242 mp. 

Anal.  Calcd. for C2aH?2NsOa.2H20: C, 44.6; H ,  4.87; 

N, 20.8; HaO, 6.54. Found: C, 44.3; H, 4.64, N, 20.7; 
HzO, 6.3 (by Karl Fischer titration). The presence of the 
nitroso group interfered in the formyl analysis. 

10-Nitrosoleucovorin had leucovorin-like activity for Le. 
citrovorum to the extent of 0.213 mg./mg., using leucovorin 
as the standard. In the reversal of aminopterin toxicity 
for 5'. jaecalis R., 10-nitrosoleucovorin was found to be 
twice as active as pteroylglutamic acid. 
5-Formyl-10-methyltetrahydropteroylglutamic Acid (VIII) . 

-A solution of 24.8 g. of 10-methylpteroylglutamic acid1' 
in 350 ml. of 98-100% formic acid was reduced over 0.75 g. 
of platinum oxide catalyst a t  0'. The absorption of two 
moles of hydrogen was completed in an hour. The reaction 
mixture was treated with 35 ml. of acetic anhydride, and 
allowed to stand 24 hours under a nitrogen atmosphere. 
After removal of the catalyst by filtration, the formic acid 
solution was added with stirring to 3.5 liters of ether. The 
solid was allowed to settle and the supernatant decanted. 
The material was washed with ether several times by decan- 
tation, filtered and washed well with ether. The air-dried 
solid weighed 14.6 g. and, by polarographic  method^,^ was 
shown to contain about 50% of a 5-formyltetrahydropteri- 
dine derivative. 

The crude calcium salt was prepared by dissolving 12.8 
grams of the above material in 70 ml. of 1 N sodium hydrox- 
ide, and after adjusting the slightly turbid solution to about 
PH 7.5, adding a solution of 3.9 g. @f calcium chloride in 
12.8 ml. of water. To remove considerable colored im- 
purity, the solution was stirred about five minutes with 
5.1 g. of Magnesol.23 The filtered solution was added 
slowly with stirring to 420 ml. of alcohol. The precipitated 
calcium salt was filtered, washed and dried to yield 10.8 g. 

For purification a method similar to that employed in the 
chromatographic purification of leucovorin3 was advanta- 
geous. A 10% aqueous solution of 4.3 g. of the crude calcium 
salt was placed on a Magnesol column (100 g.), about 2 
inches deep. Elution was accomplished by water, and the 
presence of the desired material was determined by addition 
of a few drops of barium chloride and excess alcohol to a por- 
tion of the eluate; a flocculent precipitate mas considered a 
positive test. About 800 ml of eluate was collected before 
any flocculence was detected in the test. A total of 1550 
ml. was obtained which gave a positive test. This was con- 
centrated in uucuo to a small volume, and the concentrate, 
after being made alkaline, was filtered to remove silicates. 
After adjusting the PH of the filtrate to 7-8, 1.3 ml. of 33y0 
aqueous calcium chloride solution was added. The result- 
ing solution (11 ml.) was added with stirring to 65 ml. of 
alcohol. After a short cooling period, the calcium salt mas 
filtered, washed and dried to yield 0.285 g. 

A small portion of this calcium salt was converted to the 
free acid by adjustment of its aqueous solution to $H 3.48, 
and cooling. The acid precipitated in the form of small 
beads collected in aggregates. 

A total of 8.0 g. of the crude calcium salt was ahromato- 
graphed as indicated above, and the products were combined 
to give 2.0 g. of purified calcium salt. 

To effect further purification, 1.4 g. of the calcium salt 
obtained thus was purified on a column, 1.75 inches deep, as 
before, using 20 g. of Magnesol. The eluates containing 
the desired material were eoncentrated and the calcium salt 
isolated as described. This calcium salt was recrystallized 
twice by warming in water and diluting slowly with alcohol 
to give small tablets aggregated in rosettes. The dried mate- 
rial weighed 0.434 g. The polarographic behavior of this 
purified material was similar to that of leucovorin.9 The 
ultraviolet absorption spectrum is shown in Fig. 2. 

Anal. Calcd. for CztHlrN,0.iCa.41/lH?O: C. 41.6: H. 
5.32; N, 16.2; Ca, 6.6i-; ~ C H 0 , 4 . 7 8 ~ - H ~ O ,  13.'4. Found! 
C, 42.0; H, 5.28; N, 15.6; Ca, 6.77; -CHO, 4.92; HsO, 
13.4 (by Karl Fischer titration). 

To determine the absorption of nitrite, 41.8 mg. of the 
pure calcium salt was added to 5 ml. of 5 N hydrochloric 
acid a t  0", and addition of 0.01 N sodium nitrite begun im- 
mediately. The solution absorbed only 0.23 ml. of the re- 
agent before giving a test with starch-iodide paste. Since 
8.2 ml. is the theoretical amount f6r 1 mole it was concluded 
that this compound did not react with nitrite. However, 
after the solution had stood a t  room temperature for three 

(23) Synthetic magnesium silicate, Westvaco Chemical Division, 
Food Machinery and Chem. Corp., New York, N. Y. 
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and a half hours, 12.2 ml. of nitrite was absorbed. The 
end-point was not sharp, as was found in general in titrating 
tetrahydropteridines. The acid instability of this coni- 
pound, as with leucovorin, was apparent. 

The alkali stability of this compound was demonstrated 
by treating 43 mg. in 0.1 N sodium hydroxide at  95" for 50 
minutes. After cooling to  5",  5 ml. of 5 N hydrochloric acid 
a t  5' was added, and titration with 0.01 N sodium nitrite 
begun a t  once. Only 2.8 ml. was absorbed, indicating that 
hydrolysis had occurred to the extent of 23%. I t  was con- 
cluded that the formyl group in this compound had a sta- 
bility similar to  leucovorin. 

2-Amino-4-methy1-6,'I-diphenylpteridine (IX).-A solu- 
tion of 0.81 g. (0.00583 mole) of 2,4,5-triamino-6-methyl- 
pyrimidine18 and 1.35 g. (0.00641 mole) of benzil in 70 ml. 
of alcohol was refluxed for a total of 14 hours. The solution 
was cooled overnight to yield 1.3 g. of crystalline material 
which was recrystallized from alcohol to give 1.03 g. of 
large yellow prisms, melting with decomposition at  283- 
285'. 

Anal. Calcd. for ClpHlaNs: C, 72.8; 11, 4.83; N,  22.4. 
Found: C, 72.7; H, 4.48; N, 22.5. 

2-Amimo-4-methyl-5-formyl-6,7-diphenyltetrahydropteri- 
dine (X).-A solution of 0.7065 g. of 2-amino-4-methyl-6,7- 
diphenylpteridine in 31 ml. of 98-100% formic acid was re- 
duced with hydrogen over 0.05 g. of platinum oxide. After 
adding 3.1 nil. of acetic anhydride, the reaction mixture 
was allowed to stand in a nitrogen atmosphere for 24 hours 
a t  room temperature. The catalyst was filtered and the 
filtrate concentrated in wcuo. After diluting with 35 ml. 
of water and adjusting to pH 5, the mixture was cooled for 
some time to yield a pale yellow solid which, when filtered, 
washed and dried, weighed 0.576 g. After two recrystalli- 
zations from dilute acetone, the shiny, pale yellow plates 
weighed 0.281 g. and melted, in a bath preheated to 2OOo, 
with decomposition at  253.5-262.5". 

Anal. Calcd. for C ~ O H I ~ S \ T ~ O . ~ / ~ H ~ O :  C, 67.8; H, ,5.69; 
N, 19.8; -CHO, 8.19. Foiind: C ,  67.8; 11, 5 . 5 4 ;  S,  

The ultraviolet absorption spectrum of X is shown in 
19.9; -CHO, 8.35. 

Fig. 5 with that of the parent pteridine (IX).  
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Fig. 5.-Ultraviolet absorption spectra. (10 mg /1 ) in 0 1 A' 

sodium hydroxide. - , 2-an1ino-4-inetli~l-5-forrnyl-6,7- 
diphenyltetrahydropteridiue; - - - - - - , 2 aniino-4-mctli~l- 
6,7-diphenylpteridine. 

A solution of 0 0306 g. X in 5 nil. of alcohol atid 2 mi. of 
water a t  0' was treated with 5 ml. of 5 N hydrochloric acid 
at (J'. Titration with 0.01 N sodium nitrite was begun at  
once. Only 0.7 ml. was absorbed before a positive test with 
starch-iodide paste resulted. The solution was then heated 
at  96" for an hour and a quarter. After cooling to O", the 
qolutiori absorbed 6.52 ml. of 0.01 N sodium nitrite. The 
rrid-point was difficiilt t o  obtain becaiise OF the yellow color 

which developed and the usual difficulty with tetrahy- 
dropteridines. However, assuming that one mole of nitrite 
is involved in the reaction, the hydrolysis was 76.5% com- 
plete. These results corresponded to the behavior of leuco- 
vorin, except that X appeared to be considerably more 
stable to acid. 

In the usual 
procedure using 0.5 N hydrochloric acid with 30% alcohol 
(for solution), there was no evidence of hydrolysis even after 
16 hours. To obtain any hydrolysis it was necessary to 
heat a 5 N hydrochloric acid solution for an hour a t  95", and 
even then the reaction was probably not complete. 

The alkali stability was demonstrated by heating a solu- 
tion of 0.0242 g. of the formyl compound X in 5 ml. of al- 
cohol and 5 ml. of 0.1 N sodium hydroxide at  95' for one 
hour. After adjusting to PH 6 with acetic acid, the mixture 
was cooled for some time. The precipitate which appeared 
was isolated and weighed 0.0206 g. I t  was shown to be 
unchanged X by mixture melting point and ultraviolet ab- 
sorption spectra. The recovery was 85%. 

Crude Isoleucovorin Chloride (A) Using 0.1-0.5 iV Hydro- 
chloric Acid.-A solution of 1.05 g. of barium leucovorin in 
50 ml. of 0.5 N hydrochloric acid was allowed to stand 2-3 
clays. A buff-colored crystalline precipitate appeared in 
the form of rosettes of short needles which v:ere filtered, 
washed and dried to yield 0.5566 g. 

Calcd. for C20H22N70~C1.2H20: C, 45.5; H, 4.93; 
X, 18.6; C1, 6.73; -CHO, 5.5. Found (cor. for 2.810Joash): 
C, 45.7; H, 4.87; N,  18.3; C1, 6.83; -CHO, 5.93. (The 
hydrochloric acid was precipitated with silver sulfate in the 
digestion mixture.) 

The same results were obtained if the acid solution was 
adjusted to pH 1.1-1.2 ( i . e . ,  equivalent to 0.1 N hydro- 
chloric acid). 

(B) pH 1.5-2.0.-A solution of 2.5 g. of calcium leuco- 
xrorin in very dilute hydrochloric acid (PH 1.62) was allowed 
to stand for 24 hours. The material which precipitated was 
crystalline but it was approximately an equal mixture of 
rosettes of short needles and long, curved hair-like needles. 
These were isolated to yield 1.94 g. of material (XI). 

Isoleucovorin Chloride19 (XII).-Material from either (A) 
or (B)  above could be used in the purification. The crude 
material (3.0 g.) was dissolved in 65 ml. of concentrated 
hydrochloric acid and decolorized with charcoal. The 
filtered solution was diluted with 425 ml. of water and then 
cooled. The boat-shaped crystals, with tendencies for 
cluster formation, which precipitated were recrystallized 
in this manner, using decreasing volumes, four times more. 
The precipitate was filtered and washed with 1 N hydro- 
chloric acid and then with acetone. After drying in vacua 
over calcium chloride, 0.935 g. of the boat-shaped lamellar 
crystals was obtained, decomposing at  250-251 '. 

Anal. Calcd. for C20H22N706C1.HC1: C, 45.4; H,  4.35; 
N, 18.6; CI, 13.4; -CHO, 5.49. Found (correctedfor 4.19% 
HzO, by Karl Fischer titration): C, 45.4; H, 4.34; N, 
18.4; C1, 13.3; -CHO, 5.58. 

If the above ri~iterial was washed successively with 0.1 

The polarographic9 data for X bore this out. 

Anal. 

TABLE I 

PROIIUCTS 
CRYSTALLOCRAPIIIC COXSTANTS O F  ACID TRANSFORMATION 

Refractive indices 
Compound Extinction ns 711. 

Isoleucovorin chloride 
(XI11 Parallel 1.81 1.51 

C1, 9.8% Parallel 1.81 1.51 
'21. 13,26% Parallel 1.84 1.51 . -  

Anhydroleucovorin-A 
(XIII) 

Hydrolysis product of 
leucovorin nitrate 
(XVII) 

Product of leucovorin and 
sulfurous acid (XVIII) 

Anhydroleucovorin-I3 
(XIV) 

Isoleucovorin ni t  rn  t e  
(XV) 

Parallel ( 0 " )  
Oblique (29") 
Pirallel (0 ' )  
Oblique (29") 

Parallel (0 ' )  
0l)lique (20") 

Parallel 

1.63 1.87 
1 .48  >1.90 
1.63 1.87 
1.48 >1.90 

1.63 1.P7 
1.48 >1 .90  

1.90 1.57 

1 .77  1.'17* 
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A. 

12.3 
9 . 5  
9 . 0  
7 . 5  
6 . 6  
6 . 4  
6 . 1  
5.83 

5.64 
5.29 
5.13 
4.91 
4.73 
4.61 

4.45 
4.31 
4.11 

3 .  99d0 
3.87 
3.79 
3.65 
3.56 
3.48 
3.41 
3.33 
3.23 
3.19 
3.10 
3.03 
2.96 
2.88d 
2.77 
2.65 
2.61 
2.52 
2.42 
2.35 
2.27 
2.20 
2.13 
2.0G 
2.02 

6.88% C1 
I / I m a  

1 .o 
0 . 7  

. 4  

. 2  

. 2  

. 1  

. 1  

. 6  

. 4  

. 6  

0 . 3  
. 2  
. 2  

. 2  

.1  

. 4  

V.W.) 

V.W. 

0 . 1  

0 . 1  
0 . 2  

1 .o 
0 . 7  

. 3  

.1  

. 5  

.1  

. 1  

. 2  

.1 

V.W. 

V.W. 

V.W. 
V.W. 

0 .1  
. 1  
. I  
. I  
. I  
. 2  
.2  
.1 

TABLE I1 
ISOLEUCOVORIN CHLORIDE 

A. 
12.4 
9 . 4  
9 . 0  
7 . 2  
6 . 6  
6 . 2  
6 . 2  
5.79 

5.32 
5.11d' 
4.91 
4.72 
4.60 
4.48d 
4.44 
4.29 
4.15 
4.16 

3.86 
3.75 
3.62 
3.58 
3.47 
3.41 
3.32d 
3.22 
3.16 
3.11 
3.06 

2.86 
2.77 
2.63d 

2.50d 
2.41 
2.34 
2.26 
2.21 
2 . 1 3  
2.05 

- 9.8% c1 
I / I m  

0.8  
1 .o 
0 . 2  

. 3  

.2 

.3  

.1  

. 6  

. 2  

. 2  

.I 

. 4  

0 . 2  
0 . 1  

0 . 3  
.1 

.1  

. 1  

. 1  

. 1  

1 .o 
0 . 3  

.2 

. 3  

. 3  

. 3  

. 2  

. 1  

. 2  

. I  

V.W. 

V.W. 

V.W. 

V.W. 

V.W. 

V.W. 

0 . 1  
. I  
. 1  

A. 
12.5 
9 . 5  

7.3 
6 . 7  
6 .3  

5.87 
5.72d 

5.28 
5.10 
4.90 
4.75 

4.48d 
4.35 

4.11 

3.88 
3.75 

3.47 
3.41 
3.33 
3.27 
3.16 
3.09 

2.95d 
2.87 

2.64 

-13.26% Cl 
I l I m  
0.8 
1 .o 

0 . 2  

0.3 

.2 

.2 

.1 

.2 

.2 

.4 

.2 

.1  

.3 

V.W. 

V.W. 

0 .1  

V.W. 

1 .o 
0.2 

.2 

. 3  

. 2  

.1  

.1  

. 2  

0 The data are the interplanar spacings, in gngstrdms and 
the estimated relative intensities, a maximum intensity of 
1.0 being arbitrarily assigned to the strongest line of each 
pattern. The radiation used was Ni-filtered CuKa. * v.w., very weak line. 

and 0.01 N hydrochloric acid and then acetone, the chlorine 
analysis fell to 9.8%. Drying of this product a t  100' (2-3 
mm.) over potassium hydroxide for two hours gave material 
which contained 8.76% chlorine. Drying under these 
conditions for 8 hours gave the pure monochloride. 

Anal. Calcd. for CmHnN,O&l: C, 48.8; H, 4.51; 
N, 19.9; C1, 7.21; -CHO, 5.9. Found (corrected for 6% 
water, by Karl Fischer titration): C, 49.4; H, 4.67; N, 

These various products were examined crystallographi- 
cally and by X-ray powder diagrams (Tables I and 11) and 
were found to  be almost identical. The differences between 
columns two and three may be due to the poorer pattern 
obtained for the latter. 

Measured as a growth factor for Le. citrovorum XI1 had 

d,  diffuse line. 

20.2; C1, 7.32; -CHO, 5.74. 

an activity of only 0.2%. It was three times as active as 
PGA in reversing the aminopterin toxicity for S. faecalis R. 

The ultraviolet absorption spectra are shown in Fig. 3. 
Polarographic analysis0 a t  PH 9 under strictly anaerobic 

conditions revealed a major tetrahydropteridine wave. 
A solution of 0.2890 g. of XI1 in concentrated hydrochlo- 

ric acid was diluted slightly with water and cooled to 0". 
A considerable amount of crystallization occurred. Never- 
theless, titration with 0.1 N sodium nitrite was undertaken; 
however, none was absorbed. 

Leucovorin from Isoleucovorin Chloride.-A mixture of 
4.3 ml. of 1 N a n d  45.7 ml. of 0.1 N sodium hydroxide was 
boiled and cooled under a strong nitrogen stream. Then 
0.5 g. of XI1 was added quickly. The solution was heated 
under a steady stream of nitrogen for 1 holir at 95-100". 
After cooling, filtering and adjusting to PH 8, a small sample 
was assayed with Le. citrovorlrm and was found to contain 
10.1 mg./ml.; this indicated that conversion was 100%. 
The remainder of the filtrate was adjusted slowly to  PH 3.7 
with dilute formic acid. After cooling. the precipitate, 
which appeared in the form of spherulites typical of lkuco- 
vorin, was filtered, washed and dried to yield 0.192 g. of 
material which contained 0.846 mg./mg. of leucovorin ac- 
tivity by bioassay. Cooling the filtrate from this fist 
fraction gave an additional 0.039 g. By ultraviolet absorp- 
tion spectra analysis, it was 90% pure I. 

Anhpdroleucovorin-A10 (XIII) .-Isoleucovorin chloride 
(XII )  (3.1 g.), when added to 378 ml. of boiling water, dis- 
solved immediately to yield a solution (PH 2) which was 
treated with charcoal, filtered, and allowed to  cool slowly. 
The mats of hair-like bright yellow needles which crystallized 
were filtered when the temperature reached 35', washed with 
0.01 N hydrochloric acid, and dried to yield 1.3 g. Further 
cooling of the filtrate gave 0.72 g. of gelatinous material 
containing undifferentiated crystals. 

XI11 was purified by dissolving 1.3 g. in 0.01 N hydro- 
chloric acid (180 ml.) at 96' and after charcoal decoloriza- 
tion, it precipitated as mats of hair-like needles. After a 
second recrystallization 0.5282 g. of material was obtained. 
Since the material dried i n  vacuo over calcium chloride was 
hygroscopic, no attempt to  dry it to  an anhydrous form for 
analysis was made. The water content was determined by 
drying a sample at 100' over phosphorus pentoxide and 
weighing rapidly. The Karl Fischer titration for water 
content was unsuccessful because the matted character of 
the material prevented dispersion in the Karl Fischer reagent, 
in which XI11 was largely insoluble. 

Anal. Calcd. for C~OH~LN,OV~H,O: C, 45.5; H, 5.42; 
N, 18.6; CHO, 5.5; H20, 13.7. Found: C, 45.4; H, 

The melting point of the dried sample was, with prelim- 
inary shrinking a t  245', 250-257' (dec.). 

The crystallographic data of the acicular crystals are 
shown in Table I .  The material after drying had the same 
crystallographic indices and essentially the same X-ray 
powder diagram (Table 111) as the hydrated forrn.lg 

In the polarographg at PH 9 under anaerobic conditions 
XI11 was found to exhibit a major tetrahydropteridine 
wave. The ultraviolet absorption spectrum in 0.1 N hy- 
drochloric acid was the same as that of isoleucovorin chlo- 
ride, as would be expected, since these are the conditions 
for the transformation to the latter. In 0.01 N hydro- 
chloric acid the spectrum was quite similar to that of XII.  
In aging in PH 4 buffer, the spectrum was the same as 

Biologically, XI I I  had 0.0024 mg./mg. of leucovorin ac- 
tivity, but was three times as active as PGA in reversing 
the aminopterin toxicity for S. faecalis R. 

To a mixture of 4.1 ml. of 98-100% formic acid and 0.41 
ml. of acetic anhydride was added 0.1375 g. of XIII. 
After allowing the solution to stand overnight a t  room tem- 
perature, it was poured into 50 ml. of ether. The bright 
yellow precipitate was filtered, washed with ether and dried 
in vacuo over calcium chloride to yield 0.104 g. of solid 
which was similar to  the starting material, by both ultra- 
violet absorption spectrum analysis and polarographic be- 
havior. The formyl analysis (4.79%) indicated that a 
second formyl group had not been introduced (theory for 
one formyl, 6.37%; theory for two, 12%). 

For the conversion to  leucovorin, XI11 (6.1 mg.) was 
heated under nitrogen with 6 ml. of air-free 0.1 N sodium 
hydroxide a t  95' for one hour. After adjustment to PH 

5.44; N, 18.6; CHO, 5.68; HzO, 13.4. 

q v .  



x 9 m  

A .  
12.2 
8 . 0  

7 .0  
6.6 
0 . 2  
j . 8 7  
j . 5 7  
5.28 
4.60 
4 . 4 8  
4.27tlC 
4.w 
3.86 
3.72 
3.62 
3.49 
3.34 
3.12 
3.05 
2.93 
2.83 
2 .78  

" C  

i . a  

TABLE 111 
ASHYDROLECCOVORISS 

A 
i,Im,' 

1 . 0  11.2 
. ,I 9 . 7  

v. w , 7 . 6  
v , \v .  t i .  2d 
1' .a. 5.64 
0 .  1 5 .33  
1 , ( I  5 .  os 

I ) .  1 4.81i 
. 4  4 . 6 2  
. ,> 1,40 
. 1  4.21 

3 

3 97 
3 7ti 
8 6ii 
3 , 55 
3.33 
3 18 
2 93 
2 76 
2.66 
2.59 
2 ,  <-%I 
2.47 
2.44 
2.1611 

2 07 
2.02 

2.10 

7-8, the solution was found, by bioassay, to  contain 0.376 
mg./ml. of leucovorin representing a 44% conversion. 

XI11 (0.0495 9.)  was converted to  XI1 by dissolving in 
2 rnl. of warm 0.5 S hydrochloric acid. On cooling, 0.045 
g. of XI1 was isolated, the identity being established by 
crystallographic comparison. 

Anhydroleucovorin-B19 (XIV) .-( A ) Anhydroleucovorin- 
A (XII I )  (0.17 9.) was heated to  the boil in 22 tnl. of water. 
A heavy granular precipitate appeared which was filtered 
from the boiling solution and dried a t  100'. It weighed 
0.115 g. and did not melt below 330'. It was extremely 
insoluble in water or 0.01 N hydrochloric acid. 

Anal. Calcd. for C ? O H ? I S ~ O ~ . ~ / ~ H ? O :  C,  51.7; H ,  4.78; 
S,  21.1; -CHO, 6.25; H?O, 1.94. Found: C, 51.7; H, 
4.68: S. 21.1: -CHO. 6.22: H,O. 1.6 (bv Karl Fischer ti- 
tration, i n d  also weight lossat 154' in &rro).  The anhy- 
drous material also did not melt below 330'. 

The crystallographic constants of the equant-tahular 
crystals are shown in Table I. 

Polarographically,g XI\' eshibited a major tetrahy- 
dropteridine wave anaerobically in PH 9 buffer. The ultra- 
violet absorption spectrum in 0.1 N hydrochloric acid was, as 
expected, similar to  isoleucovorin chloride. However, it 
was considerably different when run in PH 4 buffer, as c ~ n  
be seen in Fig. 3. The X-ray powder diagram IKIS quite 
different from that of XI11 (Table 111). 

By bioassay, this compound had 0.0163 mg./mg. of leu- 
covorin activity for Le. citroziorz~m. 

A solution of XIV (0.0206 g.) in 20 ml. of air-free 0.1 S 
sodium hydroside was heated under nitrogen at  95" for one 
hour. After adjustment to pH 7-8 the solution contained 
I mg./ml. of leucovorin activity, representing a 99.5% con- 
version. 

To convert XIV to  XII, 0.25 g. was heated to solution in 
15 ml. of 0.1 iV hydrochloric acid a t  98". After cooling, 
0.215 g. was isolated which was found t o  be identical crys- 
tallographically with XII. 

An attempt was made to transform 0.12 g. of XII' to 
XI11 by heating with 18 ml. of 0.01 N hydrochloric acid 
under reflux a t  95' for two hours. By filtering the mixture 
while hot, 0.0078 g. of XI\' was recovered unchanged. 
The rnoletl filtrate yield4 R trace of amorphous ninteri:il. 

Attempted formylation of 0.15 g. of XI\' in a mixture of 
4.5 ml. of 98-100% formic acid and 0.45 ml. of acetic an- 
hydride in the usual manner yielded 0.1185 g. of bright 
yellow solid whose formyl analysis (5.62%) and polaro- 
graphic behaviorg (no leucovorin-like activity) indicated 
that no further formylation had occurred. 

( B )  Crude isoleucovorin chloride ( 0 . 5  9.) was heated to 
boiling in 63 ml. of pH 4 buffer. The heavy insoluble pre- 
cipitate was isolated to  give 0.27 g. mhich was shoi5n to be 
anhydroleucovorin-B by crystallographic analysis. 

lsoleucovorin Nitrate XV.-A solution of 5 g. of calcium 
leucovorin in 25 ml. of water was added slowly to 250 ml. of 
ci.5 -\' nitric acid. The resulting amber solution, after 
\tanding a t  room temperature for 24 hours, was cooled for 
several days to yield a yellom ish tan crystalline precipitate 
which weighed 1.68 g. For purification this material was 
recrystallized three times from about 50 ml. of 0.5 S nitric 
acid by warming to 60" and decolorizing with charcoal t o  
give 0.e8 g. of light yellow, sharply pointed needles, melting, 
with preheating to  90', at 194.5-197' (dec.). This mate- 
rial was dried for 8 hours (2-3 mm.) over potassium hy- 
droxide at 100'. 

The crystals were lamellar in habit and had the constants 
shown in Table I .  The ultraviolet absorption spectrum in 
0.1 A7 nitric acid wa3 essentially that of XI1 in 0.1 LV hydro- 
chloric wid. The X-ray powder diagram is shown in Table 
I Y .  

Anal. Calcd. for C?oH22N80g.H20: C, 44.8; H,  4.51; 
S, 20.9; H20,  3.36. Found: C,  45.0; H,  4.24; S,  21.1; 
HiO, 2.8 (by Karl Fischer titration). The formyl analysis 
\\a$ omitted since nitric acid would interfere. 

TABLE IY 
SI~RIC ACID PRODITTS OF LEUCOVORIN 

X V I I  
d 

9 .6  
i . 6  
6 . 5 
:i ,95 
5.72 
5.42 
t5.23 
5.08 
4.82 
4.60 
4.23 

3 .66  
3 , 63 
3 . 4 0  
3.36  
3 .28  
3.16  
3 ,  0s 

2.96 
2 . 8  
2.75 
2.62 
2.52 
2.37 
2.23 
2.17 

4.00 

3.05 

I 'Im" 

1 .0 
(1 . 3  

. 4  

. 4  

. 1  

. 2  

.1  

.3 

. 4  

. 4  

. 2  

. 1  

. 3  

.s  

.3 

.4 

.3 

. 1  

. 2  

. I  

. 2  

. 2  

.2 

. 1  

. 2  

.2 

0 .- 

r) . t> 

d 

18.6 
16.9 
11.0 
9 . 9  
9 . 0  
8.1 
7 . 5  
6 . 5  
6 . 1  
f i .0 
5.49 
5.22 
4 .97  
4.68d 
4.40 
4.18d 
3.74 
3.56 
3.43 
3.20 
3.00 
2.87 
2 . 7 3  
2 62 
2 . 5 0  

I 'Im 

V.W.'] 

n , 4 
. 1  
. 9  

0 . 2  
0 . 3  

0 . 1  
.3 
.1 
. 4  
. 2  
. 2  
. 1  
. 1  
.3 

v.\v. 

V.W. 

. a  
1 . n  
0 . 1  

. 3  

. 1  
V.W.  

v.w. 
V.W.  

\Vhen run anaerobically in the polarograph a t  pH 9 this 
material showed a major tetrahydropteridine wave, qnd was 
inactive biologically (0.016 mg./mg.). It was converted 
to leucovorin by heating 20 mg. in 20 ml. of 0.1 N sodium 
hydroxide, which had been freed of air, for one hour at 95" 
under an atmosphere of nitrogen. After adjustment to pH 
7 . 5 ,  the solution was found to  contain 11.2 mg. of leucovorin 
representing 63.5% conversion. 

X V  (0.1 g. 1 was converted to  anhydroleucovorin-A 
(0.0479 g.1 lw rliwolving in 1.5 rnl. of boiling 0.01 N nitric 
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acid. The identification was made bv means of the crvs- 
tallographic properties. 

Anhydroleucovorin-B (0.021 g.) was obtained by boiling 
0.1 E. of XV with 12.6 ml. of bH 4 buffer for five minutes. 
Identification was made by mefting point (> 330") and crys- 
tallographic data. 

Leucovorin Nitrate (XVI).-To 0.50 g. of leucovorin in 
3 ml. of water was added sufficient ammonium hydroxide to 
dissolve the compound, followed by 13 rnl. of 5 N nitric 
acid. A white precipitate formed, which was filtered off, 
washed with 5 N nitric acid, alcohol, and acetone, and dried 
in vacuo over calcium chloride to yield 0.35 g. 

Anal. Calcd. for CzoH23N1O1.2HNOa.Hz0: C, 38.9; 
H, 4.41; S, 20.4; H30, 2.92. Found: C, 38.8, 39.9; H, 
4.49, 4.88; N, 20.0, 18.5; H20, 4.0, 4.2 (by Karl Fischer 
titration). 

The analyses given are for two different preparations. 
The ultraviolet absorption spectrum in 0.1 N sodium 

hydroxide was identical with that of leucovorin. The bio- 
assay was the same as that obtained for leucovorin, when 
corrected for molecular weight differences. The polaro- 
graph9 showed no oxidation or reduction waves a t  pH 9, in- 
dicating that the substance retained the leucovorin struc- 
ture. This compound could not be purified by recrystalli- 
zation from water without substantial loss of the biological 
activity. 

Hydrolysis Product of Leucovorin Nitrate (XVII).-Five 
grams of calcium leucovorin was converted to the nitrate 
(XVI) by dissolving in water and adding 5 N nitric acid as 
above. The product was isolated and placed in 100 rnl. of 
water, which caused it to dissolve in part, and form some 
gummy material. This mixture was allowed to stand a t  
room temperature for 24 hours, a t  the end of which time the 
gummy material had changed to a heavy yellow crystalline 
precipitate, which appeared as needles under the micro- 
scope. The pH of the solution was 1.75. The product 
was isolated and dried in alacuo; weight 2.2 g. 

Calcd. for C ~ ~ H ~ ~ N B O ~ :  C, 46.3; H, 4.14; iV,.21.6. 
Found (corrected for 3.3. 12.5 and 7.0% H20. resDectivelv. 

Anal. 

by Kad Fischer titration): C, 46.2, 47.6,. 46.4;' H, 4 . i 7  
3.87, 4.00; N, 21.4, 21.5, 21.7. 

The analyses shown represent two preparations; the last 
series of figures represent the material obtained by drying 
the second preparation over potassium hydroxide for eight 
hours a t  100" (2-3 mm.). 

No leucovorin activity was present in XVII either by 
polarographic or biological assay (0.0098 mg./mg.). Crys- 
tallographically, XVII was identical with anhydroleuco- 
vorin-A (Table I ) .  The ultraviolet absorption spectrum 
was similar to the other acid-transformation products. 
The X-ray powder diagram (Table IV) was quite different 
from isoleucovorin nitrate a1.d somewhat different 
from anhydroleucovorin-A (Table 111). 

When 0.8 g. of XVII was recrystallized twice from 80- 
100 mi. of boiling water 0.293 g. of material which did not 
melt below 330" was obtained. The crystallographic 
properties were identical with those of anhydroleucovorin-B 
(XIV) .  

Product from Leucovorin and Sulfurous Acid (XVIII).- 
A 1.00-g. sample of leucovorin was mixed with 125 ml. of 
water a t  room temperature, and sulfur dioxide was bubbled 
in until a saturated solution (ca. 2 N )  was obtained. The 
leucovorin dissolved, and a yellow solution was obtained, 
which stood a t  room temperature overnight. The excess 
sulfur dioxide was then removed by applying a slight vacuum 
to the solution, over a five-hour period. A light yellow 
crystalline product separated slowly, which consisted of 
long hair-like needles. After the five hours, the mixture 
was cooled, the product isolated, and dried in vacuo over 
calcium chloride; weight, 0.393 g. An additional 0.198 g. 
was obtained from the mother liquor on standing. XVIII 
decomposed about 248', and was inactive in the bioassay 
(0.019 mg./mg.) with Le. citrovorum and by polarographic 
assay.9 The ultraviolet absorption spectrum was similar 
to other acid transformation products of leucovorin and the 
infrared absorption did not indicate the presence of sulfite. 
Crystallographically, it was identical with anhydroleu- 
covorin-A (Table I) .  

Anal. Calcd. for CzoH~~r\i&~/zSOa: C, 48.4; H, 4.47; 
N. 19.8: S. 3.23. Found (corrected for 7.0. 16.3. 11.5% 
HiO, respectively); C, 48.8,' 50.4, 53.8; H,  3:97, 3:5, 3 . ~ :  
S, 20.0, 20.9, 21.9; S, 3.24, 2.12, 1.72. 

The first set of analyses represents one preparation, the 
water content being determined by Karl Fischer. The sec- 
ond series represent another preparation, the water being 
determined by weight loss (the sulfur analysis did not change 
on drying). The third set of analyses resulted after drying 
the second preparation over potassium hydroxide for 8 hours 
a t  100' in vacuo (the water content was by Karl Fischer ti- 
tration). The X-ray powder diagram of XVIII is shown in 
Table V. The pattern resembled that given by XVII (hy- 
drolysis product of leucovorin nitrate), the principle differ- 
ence being that the lines of XVII appeared a t  consistently 
smaller spacing than equivalent lines of XVIII. This 
would seem to indicate that the structures of XVII and 
XVIII are essentially the same, but that the unit of XVII 
is smaller. 

15.5 
12.2 
10.2 
8 . 3  
7 . 9  
7 . 5  
6.8 
6 . 5  
5.95 
5.37 
5.07 

TABLE V 
XVIII 

I / I m "  A. 
0 . 4  4.82 

. 2  4.46 

. 9  4.17 
V.W.* 4.00 
0 . 1  3.76 

.1  3.56 
V.W. 3.41 
V.W. 2.97 
0 . 5  2 .85  

. 6  2 .69  

. 1  2 .62  
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0 . 2  
. 2  
.2 
.1 
. 5  
.8 

1 .o 
0 . 1  

. 1  

. 1  
V.W. 


