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Synthesis of 3’-Aminopteroic Acid 

J. N. WELLS and M. S. STRAHL 

Abstract 0 The synthesis of 3’-arninopteroic acid by three alter- 
native routes is reported. The title compound was designed for 
possible folic acid antagonism but instead showed slight positive 
growth activity. 
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The existence of ‘ON-formyltetrahydrofolic acid as  
the source of the C2 atom of the purine skeleton (1-3) 
suggested that 3’-aminofolic acid (I) could be a folic 

acid antagonist. 3’-Aminofolic acid could form l0N- 
formyl-3’-aminotetrahydrofolic acid (11) through the 
same pathways that folic acid forms ‘ON-formyltetra- 
hydrofolic acid (Scheme I). If the formyl group, by 

III 
Scheme I 

Schiff base formation with the 3I-amino function, 
could then be incorporated in the benzimidazole ring of 
Ill ,  the ‘ON-carbon would be firmly bound and could 
not be readily transferred to an acceptor molecule. This 
would make I11 a likely competitive inhibitor of l0N- 

formyltetrahydrofolic acid, since I11 would be unable 
to be utilized as a coenzyme and could block the active 
site of the transformylase enzyme (4) that mediates 
the CI transfer for purine synthesis. Similarly, 111 
might also prevent ‘ON-formyltetrahydrofolic acid from 

being transformed to 5N,1nN-anhydroformyltetrahy- 
drofolic acid, the immediate source of the Cs atom of the 
purine (1-3), by competing for the active site of the 
enzyme that effects that reaction. 

Another possibility for the production of an anti- 
metabolite from 11 is that 1oN-hydroxymethyl-3’- 
aminotetrahydrofolic acid which might be formed 
through the serine-glycine interchange (5) may con- 
dense intrainolecularly to form IVY since N-hydroxy- 

Tv 

methylamines have a tendency to combine with another 
ligand (6). Compound 1V could then be a competitive 
inhibitor of ‘ON-hydroxymethyltetrahydrofolic acid by 
blocking the active site of cyclohydrolase (2). This would 
inhibit the formation of both 5N,  ’ON-methylenetetra- 
hydrofolic acid used for thymine synthesis (7, 8) and 
5N, ‘“N-anhydroformyltetrahydrofolic acid used to form 
the imidazole portion of the purine ring. 

These speculations, plus the report that 3,4-diamino- 
benzoic acid has bacteriostatic activity antagonized by 
folic acid (9), prompted interest in the synthesis of 3 ’- 
aminopteroic acid (V). 

0 

NH, pJH2 v 
2,4-Diamino-6-hydroxypyrimidine was nitrosated to 

give 2,4-diamino-5-nitroso-6-hydroxypyrimidine ( 10, 
11). Reduction of this compound to 2,4,5-triamino-6- 
hydroxypyrimide (VI) (Scheme 11) was effected in high 
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yield with either 44% ammonium sulfide (10) or by 
catalytic hydrogenation in aqueous sodium hydroxide 
(12). It was found in this study that appreciable 4- 
amino-2,6-dihydroxy-5-nitrosopyrimidine was formed 
by alkaline hydrolysis during the latter procedure. The 
slight modification of using 1 equivalent of base for 
solubilization minimized this hydrolysis. 

The original synthesis of 2-bromo-3-ethoxypropanal 
diethyl acetal (VIII) (13), needed in the approach to the 
pteridine ring system, was described in a vague and 
ambiguous manner which is subject to many interpreta- 
tions, all leading to low yields. Merely removing ethyl 
halide and water from the reaction mixture of 2,3-di- 
bromopropanal in ethanol nearly doubles the published 
yield. 

In the present study, the physical properties of 2- 
bromo-3-ethoxypropanal diethyl acetal (VIII) (b.p. 
113-1 18'/14 mm., &' 1.4440) did not correspond to the 
reported values [b.p. 103-104'/14 mm. (13), n g  1.4593 
(14)]. The confusion arising from this discrepancy and 
the importance of the intermediate prompted an in- 
dependent synthesis of 2-bromo-3-ethoxypropanal di- 
ethyl acetal. 

The reaction of 2,3-dibromopropanal (1 5) with tri- 
ethylamine gave 2-bromopropenal (XI) (Scheme 111). 
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Reaction of XI with ethanol and ammonium chloride 
(16) gave 2-bromo-3-ethoxypropanal diethyl acetal 
(VIII), with physical properties and spectral character- 
istics identical to that obtained by the method of Fischer 
and Giebe (13). 

Thermal degradation of X occurred so readily that 
even distillation at 45'/0.4 mm. [lit. (17) b.p. 65-70'14 
mm.] afforded pure material in yields not greater than 
25z .  In this study the yield of X was increased to an 
apparent 95 %, based on pteridine formation, by using 
the material directly after removal of the solvents. 
Satisfactory results also were obtained by using the 
dibromo precursor of X directly. 

2-Amino-4- hydroxy-6-diethoxymethylpteridine was 
prepared according to published methods (17) from X 
and VI. Acetylation followed by treatment with 90% 
formic acid gave 2-acetamido-4-hydroxy-6-formyl- 
pteridine (VII). 

Three syntheses of 3'-aminopteroic acid were de- 
veloped. Two of these involved the reaction of alterna- 

tive precursors of 3,4-diaminobenzoic acid with VII. 
The third was the reaction of ethyl 4-amino-3-nitro- 
benzoate (1 8) with 2-amino-4-hydroxy-6-hydroxy- 
methylpteridine (XII) (19). 

Methyl 4-amino-3-N-mesylaminobenzoate (XIIIa) 
(Scheme IV) was first prepared by catalytic hydrogena- 
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tion of methyl 3-N-mesylamino-Cnitrobenzoate in 
methanol. Isolation of XIIIu resulted in some decom- 
position since the compound is sensitive to oxygen. 
To minimize this decomposition, the reduction was 
thereafter run in ethylene glycol monoethyl ether and 
this solution was used directly in the reaction with VII. 

Compounds VII and XIIIa were heated to reflux in 
ethylene glycol monoethyl ether containing p-thio- 
cresol. The product (XIVu) was demesylated with 
HBr in acetic acid (20) and then hydrolyzed in aqueous 
sodium hydroxide. The mass spectrum of the resulting 
3'-aminopteroic acid (V), obtained by placing the 
sample directly in the electron beam, exhibited, among 
others, ions at mle 309 (M-18) and m/e 294 (M-33). 

4-Amino-3-nitrobenzoic acid (XIIIb) and VII were 
refluxed in ethylene glycol monoethyl ether containing 
p-thiocresol to give XIVb. This was then hydrolyzed in 
base and catalytically reduced to form 3 '-aminopteroic 
acid (V). The mass spectrum of this product was run at 
400", which caused some decomposition and decar- 
boxylation. Fragments at m/e 324 (M-3), 280 (M-3- 
COz), 162 (2-amino-4-hydroxypteridine ion), and 44 
(C0.J were apparent and, except for COz, were of low 
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abundance. The mass spectra of known pteridines run 
at 300-350" showed that loss of Hz is a facile process. 

Ethyl 4-amino-3-nitrobenzoate (XIIIc) and XI1 
were refluxed in anhydrous formic acid (21). The mate- 
rial isolated from this reaction was hydrolyzed in base. 
TLC utilizing silica gel H adsorbant and sec-butyl 
alcohol-acetic acid-water (8 :2 : 5) as the solvent sys- 
tem (19) showed the presence of precursor plus a new 
pteridine (XV) under long wavelength UV. No new 
pteridine could be detected, and only XI1 was recovered 
when XIIIc was omitted from this reaction. 

Catalytic hydrogenation of the alkaline solution of 
XV gave a compound identical to the 3'-aminopteroic 
acid prepared by the other methods described. The 
mass spectrum of this compound, obtained by placing 
the,sample directly in the electron beam, exhibited ions 
at mje 309 and 294. The conventional mass spectrum 
run at 400" exhibited a spectrum identical to the one 
already described for these conditions. 

Compound V did not burn completely during its 
elemental analysis and, therefore, gave somewhat low 
carbon and hydrogen values with much nitrogenous 
residue, a characteristic of pteridines (22, 23). 

3'-Aminopteroic acid (V) was tested for growth in- 
hibition against Lactobacillus casei (ATCC 7469) in 
yeast extract veal infusion 0.1 % glucose broth. Ali- 
quots of a 64 mcg./ml. solution of V were added to the 
test cultures, and the medium was incubated at 35" for 
20 hr. Comparatively massive amounts of V resulted in 
only slight positive growth activity. 

EXPERIMENTAL' 

2-Bromopropenal-To 56 g. (1.0 mole) of acrolein in 200 ml. of 
anhydrous ether a t  0-5" was added, with stirring, 160 g. (1.0 mole) 
of bromine. Triethylamine (101 8.) was added dropwise to the well- 
stirred mixture while the temperature was maintained at 0'. The 
solution was filtered and the solid was washed with anhydrous ether. 
The washings were combined with the filtrate, and the solvent 
was removed in cucuo at room temperature. The residue was dis- 
tilled to give 61 g. of compound, b.p. 80-84" (123 mm.), ny 
1.5029. Thermal degradation limited the yield to 45 %, although the 
theoretical amount of triethylamine hydrobromide was recovered. 
IR (neat) 3.20 p(=CH2), 3.51 p(C_HO), 5.85 p(C==O), 6.21 p(C=C); 
NMR (CCW 6 6.84 (d of d, 2, CH,), 9.28 (s, 1 ,  CHO). This com- 
pound was used without further purification. 
2-Bromo-1,1,3-triethoxypropane-Method A-To 61 g. (0.452 

mole) of 2-bromopropenal were added 74 ml. of absolute ethanol 
and 3.0 g. of NH,Cl. The reaction mixture was treated as described 
by Alberti and Sollazzo (16) to yield 36 g. (31 %) of product, b.p. 
113-118" (14 mm.), nr 1.4439, 

Method &A modified procedure of Fischer and Giebe ( 13) was 
followed. To a stirred solution of 366 g. (6.55 moles) acrolein in 500 
ml. anhydrous ether was added dropwise 1062 g. (6.64 moles) of 
bromine. The temperature was maintained at 0'. The ether was 
removed in uucuo to leave 1143 g. of residue. This was added to 
2800 ml. of anhydrous ethanol containing 16 g. of dry HCI. The 

'All melting and boiling points are re orted uncorrected. Melting 
Eints were determined using a Buchi capilrary melting- oint apparatus 

anometers were calibrated with several compounds o?confirrned boil: 
ing points to ensure correct pressure readings. A Perkin-Elmer model 21 
IR spectrophotometer was used to obtain IR spectra. UV spectra were 
obtained by using a Bausch and Lomb model 505 recording s ectro- 
photometer. NMR spectra were obtained using a Varian 9-60-A 
spectrometer at sweep widths of 500 or, lo00 Hz., with tetramethylsflane 
as internal standard. Solvents are specified. Mass spectra were obtained 
using a Hitachi RMU-6A mass spectrometer operating at .70 ev. unless 
otherwise indicated. Refractive indexes were obtained with a Bausch 
and Lomb Abbe refractometer. Elemental analyses were performed by 
Galbraith Laboratories, Inc., Knoxville, TN 37912, and Midwest 
Microlab, Inc., Indianapolis, IN 46226. 

reaction mixture was refluxed for several hours; then the liquid 
distilling between 45-50" was removed until no more ethyl halide 
(b.p. 37") was evolved. Benzene (lo00 ml.) was added to the reac- 
tion mixture, and the tertiary azeotrope of water, benzene, and 
ethanol was collected in a Dean-Stark trap. The solution was cooled 
to room temperature, and solid sodium bicarbonate was added with 
stirring until the solution was alkaline. The solution was filtered, 
and the solvents were removed in uucuo. The residue was distilled 
to yield forerun plus the desired compound, b.p. 113-118 (14 mm.), 
ng 1.4440. The forerun was recycled through the same procedure 
to yield a combined weight of 1290 g. (76%) of product. The IR, 
NMR, and mass spectra of the products formed by Methods A 
and B were identical: NMR (CCl,) 6 1.32 (m, 9, CH3, 3.70 (m, 9, 

1,3,3-Triethoxypropene-l-A modified procedure of Price and 
Moos (24) was followed. A stirred solution of 111 g. (0.437 mole) 
of 2-bromo-l,1,3-triethoxypropane and 70 g. of potassium hy- 
droxide in 226 ml. of absolute ethanol was refluxed under nitrogen 
for 2 hr. Most of the ethanol was removed in uucuo at a maximum 
temperature of 45". Then 100 ml. of water was added to dissolve 
the solids, and the top layer was collected. The aqueous layer was 
extracted with ether, and the organic layers were combined. The 
ether was removed in uucuo, and the residue was distilled to yield 
65.9 g. (86%) of product distilling at 78-84' (9 mm.), n'," 1.4225 
[lit. (24) b.p. 94-96" (20 mm.), n: 1.42201. IR showed absorbance 
at 6.01 p(C=C), and the NMR was consistent with the structure 
(IX). 

2-Bromo-3,3-diethoxypropanal-A modification of the procedure 
of Sletzinger et al. (17) was followed. To 1,3,3-triethoxypropene 
(30.6 g., 0.174 mole) dissolved in 100 ml. of dry ether was added 28 
g. (0.174 mole) of bromine dropwise, with stirring at 0". The ether 
was removed in vucuu at room temperature, and the residue was 
added dropwise to a stirred solution of 100 ml. water and 25 ml. 
acetone at 0". The reaction mixture was stirred for 1 day at 0" and 
then extracted with chloroform, The chloroform extracts were 
dried over anhydrous sodium sulfate, and the solvent was removed 
in cucuo at room temperature. The residue was distilled to yield 
8 g. (23z)  of product, b.p. 46-47' (0.4 mm.), n1,3." 1.4530. IR 
(neat) 5.77 p(CH0); NMR (CCI1) 6 1.28 (t, 6, CH,), 3.82 (q, 4,CH2), 
4.25 (d of d, 1, aH), 4.96 (d, 1, BH), 9.68 (d, 1, CHO). 

Methyl 3-N-Mesylaminobenzoate-Methyl 3-nitrobenzoate (25) 
(46.8 g., 0.256 mole) was dissolved in 300 ml. of methanol and reduced 
in a Parr hydrogenator at an initial hydrogen pressure of 50 p.s.i., 
using 5 g. of Raney nickel as catalyst. After reduction was 
complete, the catalyst was removed by filtration and the methanol 
removed in uucuo at a temperature of 50". The residue (methyl 3- 
aminobenzoate) was added to a solution of 27.1 g. triethylamine in 
300 ml. of dry ether. To this was added, with stirring, a solution 
of 30.7 g. (0.268 mole) mesyl chloride in 50 ml. dry ether. The tem- 
perature was maintained at 0-5". After the addition of mesyl 
chloride, the solution was stirred overnight at room temperature 
and then filtered; the solid was washed with dry ether. The white 
solid was stirred with 600 ml. of hot water and the mixture was 
fi1tered.The remaining solid was dried overnight at 60" (10 mm.) 
and then added to 500 ml. of refluxing methanol. The hot solution 
was filtered, and the remaining solid was washed with hot methanol. 
The combined methanol filtrates were concentrated to 250 ml. and 
chilled at 0" overnight. The precipitate was collected and recrystal- 
lized from methanol to yield 45.84 g. (78x) of product, m.p. 
123"; IR (KBr) 5.92 p(C===O), 7.55-7.90 1.1 and 8.75 1.1(-!30~-); 
mass spectrum m/e 229 (M), 198 (M-MeO), 150 (M-Ms), 79 (Ms). 
The M+2 peak (about 4% of M) indicated one sulfur atom present 
in the molecule (26). 

Anal.-Calcd. for CSHIINOIS: C, 47.15; H, 4.84. Found: C, 
46.64; H, 4.95. 

Methyl 3-N-Mesylamino-4-nilrobenmate-To a solution of 1 1.95 
g. (52.2 mmoles) of methyl 3-N-mesylaminobenzoate in 100 ml. of 
acetic anhydride was added dropwise, with stirring, 8.0 ml. of 70% 
nitric acid. The reaction mixture was heated for 20 min. on a steam 
bath and then stirred overnight a t  room temperature. The solution 
was filtered, and the solid was recrystallized from methanol to 
yield 1.01 g. (7.0%) of yellow crystals, m.p. 168-169'. For analysis, 
thecompound was sublimedat 130"(0.6 mm.), m.p. 168.5-169"; IR 
(KBr) 5.80 p(C=O), 6.54 p(-NOz), 7.75-7.80~ and 8.75 P(-SOZ-); 
mass spectrum m/e 274 (M), 243 (M-MeO), 195 (M-Ms). The com- 
pound was hydrolyzed in 15 % HCl(27) to yield 3-amino-4-nitro- 
benzoic acid (28), thus confirming the position of the nitro group. 

CH,, aH, PH), 4.52 (GH). 
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And---Calcd. for C,,HloN06S: C, 39.47; H, 3.68. Found: C,  
39.24; H, 3.87. 

Methyl 3-N-Mesylamino-4-aminobenmat+Methyl 3-N-mesyl- 
amino-4-nitrobenzoate (500 mg., 1.89 mmoles) was dissolved in 50 
ml. of methanol and catalytically hydrogenated at  an initial pressure 
of 50 p.s.i. using 0.5 g. of Raney nickel. After the requisite amount 
of hydrogen had been taken up, the solution was filtered; the filtrate 
was evaporated irr vucuo at room temperature to yield a white 
solid which darkened upon exposure to air. Mass spectrum mle 
244 (M), 213 (M-MeO), 165 (M-Ms). To minimize contact with 
atmospheric oxygen, this reduction was thereafter run in ethylene 
glycol monoethyl ether and the solution was used in the next step. 

3’-Aminopteroic Arid--Alt.rhod A-2-Acetamido-4-hydroxy-6- 
formylpteridine (17) (0.50 g., 2.14 mmoles), 3-nitro4aminohenzoic 
acid (0.50 g., 2.7 mmoles), arid 1.87 g. of p-thiocresol were refluxed 
for 6 hr. in ethylene glycol in a nitrogen atmosphere. The product was 
isolated in the manner described by Sletzinger et at. (17) and then 
hydrolyzed in 100 ml. of 0.1 N NaOH (98 ”) for 1 hr. under nitrogen. 
This solution was catalytically hydrogenated for 2 days at a pressure 
of 60 p.s.i. using 5 g. of Raney nickel. After reduction was complete, 
the catalyst was removed by filtration; dilute HCI was added to the 
filtrate to precipitate the product. The solid was collected bycentrifu- 
gation, washed with water and acetone, and dried at 100”/10 mm. 
to yield 37.3 mg. of product; m.p. > 300”. Satisfactory combustion 
analysis could not be attained due to the tendency of this com- 
pound to form a noncombustible residue. Some decarboxylation 
and decomposition occurred when the compound was heated to 
over 400”, necessary to obtain the mass spectrum due to the low 
volatility of V. Mass spectrum. m/e 324 (M-3), 280 (M-3)-C02, 162 
and 44 (CO,). 

Method B-2-Amino-4-hydroxy-6-hydroxymethylpteridine (XII) 
(19) (0.193 g., 1 mmole) and ethyl 4-amino-3-nitrobeilzoate (18) 
(0.420 g., 2 mmoles) were refluxed under nitrogen in a preformed 
solution of 20 g. 90% formic acid and 11.3 g. acetic anhydride for 
15 hr. The reaction mixture was cooled, and the products were 
precipitated by addition of dry ether. The solid was dissolved in 50 
ml. of 0.2 N NaOH and refluxed under nitrogen for 1 hr. TLC 
showed the presence of unreacted XI1 plus another pteridine. The 
alkaline solution containing the new pteridine was catalytically 
reduced for 10 hr. with hydrogen at 60 p.s.i. using 2 g. of Raney 
nickel. The solution was filtered, and the filtrate was brought to the 
pH of Congo red paper with dilute HCI. The residue was collected 
by filtration and dried at 130”/10 mm. for 8 hr. The mass spectrum 
of this residue, obtained by placing a sample directly in the electron 
beam, exhibited ions at n t / t  309 (M-18) and 294 among others. 
Me~lzodC-Methyl3-N-mesylamino-4-nitrobenzoate(0.300g., 1.23 

mmoles) in 15 ml. of ethylene glycol monoethyl ether was hydrogen- 
ated overnight at a pressure of 50 p s i ,  using 5 g. of Raney nickel. 
The solution was filtered with suction, and 0.23 g .  of 2-acetamido-4- 
hydroxy-6-formylpteridine ( 1 mmole) was added to the colorless 
filtrate. This reaction mixture was then refluxed for 12 hr. under 
nitrogen, the solution was cooled, and 3.5 g. of p-thiocresol was 
added. The solution was again refluxed for 4 hr. in a nitrogen atmo- 
sphere. The product was isolated after the method of Sletzinger et 
al. (17). This residue was allowed to stand in a solution of 0.5 g. 
of phenol in 3.0 ml. of 38% HBr in acetic acid for 2 days with 
intermittent shaking. The solution was filtered through glass wool 
into 50 ml. of water. Sodium hydroxide was added to  make the 
solution just alkaline, and then 1.2 g .  of sodium hydroxide was 
added and the solution was heated under nitrogen for 3 hr. on a 
steam bath. The solution was cooled and filtered, and the filtrate 
was acidified to the pH of Congo red paper. The precipitate was 
collected by filtration, washed with copious amounts of water, and 
then washed with acetone and ether. The solid was dried at 120”/10 
mm. for 24 hr. to yield 22.4 rng. of compound whose mass spectrum 

exhibited ions at wrje 309 and 294 when a solid sample was placed 
directly in the electron beam. Again large amounts of uncombustible 
residue resulted upon combustion in an attempt to obtain an ele- 
mental analysis. 
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