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A number of new synthetic routes to xanthopterin (1) and isoxanthopterin (2) are described. Thus, 2 has been 
prepared from 2-amino-3-cyanopyrazine 1-oxide (7) by POC13 chlorination-deoxygenation to 2-amino-3-cyano- 
6-chloropyrazine ( lo) ,  condensation with guanidine to give 2,4-diamino-7-methoxypteridine (1 l ) ,  and alkaline hy- 
drolysis. Alternatively, 2 has been prepared from 2-amino-3-ethoxycarbonylpyrazine 1-oxide (13) by AczO/AcOH 
rearrangement to 2-amino-3-ethoxycarbonyl-6(1H)-pyrazinone (15) followed by annelation of the pyrimidine ring 
with guanidine. Finally, 2 was readily prepared from 2,4-diaminopteridine 8-oxide (25) by reaction with pyrrol- 
idine to give 2,4-diamino-7-(l-pyrrolidino)pteridine (26), followed by alkaline hydrolysis. Xanthopterin (1) has 
also been prepared by a number of new routes which use the N-oxide functionality for the selective positioning of 
appropriate substituents in the pyrazine ring, Thus, 2-amino-3-cyanopyrazine 4-oxide (17) (prepared from the 
isomeric 1-oxide by oxidation to the 1,4-dioxide 16 followed by selective monodeoxygenation with Pc13) was con- 
verted to 1 by POC13DMF deoxygenation-chlorination to give 2-amino-3-cyano-5-chloropyrazine (19), cycliza- 
tion with guanidine to 2,4-diamino-6-methoxypteridine (20), and finally alkaline hydrolysis. The method of 
choice for the synthesis of pure xanthopterin ( l ) ,  however, involves the selective, quantitative isomerization of 
pterin 8-oxide (21) with trifluoroacetic anhydride-trifluoroacetic acid. The mechanism of this remarkable N- 
oxide rearrangement is discussed, and experiments with a number of model pyrazines and pteridines are de- 
scribed. 

The isolation, structural elucidation, and eventual syn- 
thesis of xanthopterin (l), isoxanthopterin (2), and their 
common oxidation product, leucopterin (3), constitute a 

1 2 

3 

milestone in the early development of the field of pteridine 
chemistry.3-5 These compounds are not only widespread 
insect pigments, but are also found in the skin and eyes of 
various fish and amphibia and have been identified as nor- 
mal constituents of human ~ r i n e . ~ , ~  The early suggestion 
that xanthopterin was in some way related to nutritional 
anemia has been well documented? as has its growth-in- 
hibiting effect on malignant tumors in mice.Q Recent re- 
ports detailing antitumor activity of both xanthopterin and 
isoxanthopterinlO and reconfirming the phenomenon of 
xanthopterin-stimulated renal mytosisll testify to the in- 
creasing attention now being directed to the importance of 
these naturally occurring pigments. 

Both 1 and 2 have been synthesized previously by vari- 
ous adaptations of the conventional Isay-type synthesis of 
pteridines involving final construction of the pyrazine ring 
from preformed 2,4,5-triamino-6-hydroxypyrimidine. In 
every case, holwever, mixtures of products were obtained 
from which pure (?) 1 and 2 were available only with great 
difficulty. These conventional syntheses have been re- 
viewed.I2 In view of the resurgence of interest in the physi- 
ological activity of these naturally occurring pigments, cou- 
pled with the deficiencies of available synthetic procedures, 
it  is clear that simple, unequivocal synthetic routes leading 

to pure xanthopterin (1) and isoxanthopterin (2) would be 
of considerable contemporary interest and utility. 

We have recently described a new synthetic approach to 
pteridines which involves the condensation of an a-ami- 
nonitrile with an a-oximinocarbonyl c ~ m p o u n d . l ~ - ~ ~  The 
resulting 2-aminopyrazine 1-oxides, substituted with a car- 
boxamido, ester, or nitrile grouping at  position 3, were then 
converted to pteridine &oxides by appropriate cyclization 
procedures. Since the ultimate objective in all of our previ- 
ous syntheses was the unequivocal positioning of substitu- 
ents a t  positions 6 and/or 7 in the final pteridine, the N- 
oxide grouping was of no intrinsic interest and was there- 
fore removed by an appropriate deoxygenation procedure 
either a t  the pyrazine or pteridine stage. However, the 
widely exploited capability of the N-oxide grouping to fa- 
cilitate both electrophilic substitution and nucleophilic dis- 
placement reactions in  heterocycle^,'^ coupled with the 
ready accessibility of both pyrazine and pteridine N- oxides 
by the above cyclization procedures, prompted us to exam- 
ine the chemistry of these highly functionalized heterocy- 
clic N-oxides in the hope that we could exploit them as 
synthetic intermediates for the facile and regiospecific in- 
troduction of substituents into the pyrazine and pteridine 
ring systems. The present paper describes the results of 
this investigation, which have led to several new syntheses 
of both xanthopterin (1) and isoxanthopterin (2) and have 
uncovered some novel N-oxide chemistry. 

In order to examine the possible applicability of conven- 
tional N- oxide chemistry to highly functionalized pyrazine 
1-oxides, the initial substrate chosen for study was the 
readily accessible 2-amino-3-cyano-5-methylpyrazine 1- 
oxide (41, available by condensation of aminomalononitrile 
tosylate with a -ox imin~ace tone .~~  Treatment of this pyraz- 
ine 1-oxide with a mixture of trifluoroacetic acid and triflu- 
oroacetic anhydride (TFA-TFAA), or with acetic anhy- 
dride, resulted in a normal Katada rearrangement (oxygen- 
ation of the carbon a to the ring nitrogen with concomitant 
loss of the N-oxide group).ls Conditions for the rearrange- 
ment were somewhat severe, however, and hydrolysis of the 
nitrile group also occurred, giving 5. It  was also possible to 
carry out the normal phosphorus oxychloride chlorination-. 
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deoxygenation reaction on 4 to give 2-amino-3-cyano-5- 
methyl-6-chloropyrazine (6) in good yield. Hydrolysis of 6 
with aqueous trifluoroacetic acid provided an alternate 
route to 5. These reactions are summarized in Scheme I. 

Encouraged by these preliminary results, attention was 
next turned to chemical transformations of 2-amino-3- 
cyanopyrazine 1-oxide (7)14 in the hope that analogous con- 
versions, if they could be effected, would lead to intermedi- 
ates capable of cyclization to isoxanthopterin. These expec- 
tations were confirmed. Thus, treatment of 7 with acetic 
anhydride and acetic acid resulted in the formation of 2- 
acetamido-3-carbamoy1-6(1H)-pyrazinone (81, which was 
readily deacetylated to 9 by heating in methanol. Also, 
treatment of 7 with phosphorus oxychloride gave 2-amino- 
3-cyano-6-chloropyrazine (lo), identical with the com- 
pound prepared from 9 with phosphorus oxychloride. The 
position of the chloro substituent in 10 was confirmed by 
its conversion to isoxanthopterin as follows. Treatment 
with guanidine in methanolic sodium methoxide gave 2,4- 
diamino-7-methoxypteridine (1 1) by simultaneous pyrimi- 
dine ring annelation and chloride displacement. Hydrolysis 
of 1 1  with 5% aqueous sodium hydroxide under reflux for 
10 min then gave 2,4-diamino-7(8H)-pteridinone (12), 
which in turn could be hydrolyzed under more vigorous 
conditions (10% aqueous sodium hydroxide under reflux 
for 20 hr) to isoxanthopterin (2), identical with an authen- 
tic sample (see Scheme 11). 
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An analogous Katada rearrangement was successfully ef- 
fected with 2-amino-3-ethoxycarbonylpyrazine 1-oxide 

(13). Thus, treatment of 13 with a mixture of acetic anhy- 
dride and acetic acid gave 2-acetamido-3-ethoxycarbonyl- 
6(1H)-pyrazinone (14). Once again, the position of the new 
oxygen substituent on the pyrazine ring was confirmed by 
conversion of this compound to isoxanthopterin (2) by ini- 
tial deacetylation to 15 with methanol, followed by cycliza- 
tion with guanidine in refluxing DMF. These conversions 
are summarized in Scheme 111. 

Scheme 111 
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It  would appear from the above results that conventional 
N -  oxide chemistry is indeed applicable to these highly 
functionalized pyrazine 1-oxides, which may, as a conse- 
quence, be utilized for the introduction of substituents into 
the pyrazine ring a to the N-oxide grouping. 

An extension of these rearrangement reactions to pyraz- 
ine 4-oxides should provide an attractive route to xantho- 
pterin (1) and related 6-substituted pteridines. The requi- 
site 2-amino-3-cyanopyrazine 4-oxide (17), although not 
available either by direct cyclization or by selective oxida- 
tion of 2-amino-3-cyanopyrazine, was successfully prepared 
by oxidation of 7 to the 1,4-dioxide 16 with pertrifluo- 
roacetic acid, followed by selective monodeoxygenation 
with phosphorus trichloride. The chemical properties of 
this pyrazine N-oxide, however, proved to be strikingly dif- 
ferent from those of its isomer (8). Thus, attempted rear- 
rangement of 17 either with TFA-TFAA or with acetic an- 
hydride, was unsuccessful; the only product isolated was 
the carboxamide 18 resulting from hydration of the nitrile 
substituent. The failure of the Katada rearrangement in 
this case, however, is not unreasonable, since the position 
of nucleophilic attack by acetate or trifluoroacetate anion 
is now para to the 2-amino substituent, whereas in the rear- 
rangement of 7 to the 6-pyrazinone 9 the position of nu- 
cleophilic attack was activated by the para-situated nitrile 
(or carboxamide) grouping. This reasoning was reinforced 
by the observation that 17 could be smoothly converted to 
2-amino-3-cyan0-5-chloropyrazine (1 9) with phosphorus 
oxychloride in DMF. The success of this latter conversion 
presumably is due to the intermediate formation of a 2- 
dimethylaminomethylenamino derivative (a well-known 
reaction of heterocyclic amino groups with phosphorus ox- 
ychloride in DMF),lg which, because of its greatly in- 
creased basicity, is undoubtedly protonated under the reac- 
tion conditions, thus activating the 5 position to nucleo- 
philic addition. The product 19 was identical with an au- 
thentic sample prepared from 2-amino-3-ethoxycarbonyl- 
pyrazine by chlorination, aminolysis, and dehydration.20 
Compound 19 was then converted to xanthopterin (1) by 
reaction with guanidine in methanolic sodium methoxide 
to give 2,4-diamino-6-methoxypteridine (20) in a reaction 
analogous to that previously carried out on 10 (see Scheme 
11). Subsequent base hydrolysis of 20 then gave 1 in excel- 
lent yield. These reactions are summarized in Scheme Iv. 
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Having thus achieved some measure of success in chemi- 
cal transformations of these highly functionalized pyrazine 
N- oxides, attention was then turned to the possible syn- 
thetic utility of pteridine 8-oxides in the anticipation that 
analogous transformations leading to 7-substituted pteri- 
dines would be possible. Initial experiments, indeed, con- 
firmed this expectation, but they also underscored the dan- 
ger of direct extrapolation of results from one ring system 
to the other. 

Treatment of a suspension of pterin 8-oxide (21) in an- 
hydrous HMPA with acetic anhydride and ethyl cyanoace- 
tate gave a mixture of 22 and 23 (see Scheme V). Attach- 
ment of the carbon side chain to position 7 of the pteridine 
nucleus was readily confirmed by the conversion of both 22 
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and 23 to pterin-7-carboxylic acid (24) by oxidation with 
potassium permanganate. This conversion of 21 to the 7- 
substituted pterins 22 and 23 thus corresponds to a normal 
N- oxide rearrangement utilizing an active methylene com- 
pound as the nucleophile, which results in the formation of 
a new carbon-carbon bond a t  a position a to the ring nitro- 
gen.21 

Similarly, it has also been possible to convert a pteridine 
8-oxide into isoxanthopterin (2) as follows. 2,d-Diamino- 
pteridine 8-oxide (25)14 on treatment with neat pyrrolidine 
at  90' for 16 hr gave 2,4-diamino-7-(l-pyrrolidino)pteri- 
dine (26), which was then converted in a single step to 2 by 
hydrolysis with 10% aqueous sodium hydroxide (Scheme 
VI). 
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Until this point, it appeared that the chemistry of pteri 
dine N-oxides was analogous to the conventional chemistry 
described above for the highly functionalized pyrazine N- 
oxides. It did not seem unreasonable, therefore, to expect 
that pterin 8-oxide (21) should undergo a normal Katada 
rearrangement with acetic anhydride (or related reagents) 
to give isoxanthopterin (2). However, this was not to be the 
case. No reaction of 21 either with acetic anhydride or with 
mixtures of acetic anhydride and acetic acid could be de- 
tected even upon prolonged (48 hr) reflux. Additionally, no 
reaction was observed with acetyl chloride, dichloroacetyl 
chloride, or benzoyl chloride in DMF or pyridine under a 
wide range of reaction conditions. However, 21 dissolved 
almost immediately in a 5050 mixture of TFA-TFAA at  
50° to give a bright yellow solution. The NMR spectrum of 
an aliquot of this yellow solution consisted of a single, 
sharp singlet a t  6 8.60, and there was no trace of starting 
material (21 exhibits two well-resolved doublets at 6 8.35 
and 8.50, J = 4.5 Hz). When 21 was dissolved in TFA- 
TFAA a t  room temperature, the initial NMR spectrum of 
the reaction mixture showed both the resolved doublets of 
21 and the above singlet. Over the course of 3-4 hr, how- 
ever, the absorptions due to 21 slowly disappeared, with 
concurrent strengthening of the singlet a t  6 8.60, until the 
final spectrum was identical with that obtained from the 
reaction of 21 with TFA-TFAA at  50'. The reaction mix- 
ture was worked up in the usual manner (evaporation of 
solvents followed by basic hydrolysis) to give, to our in- 
tense surprise, xanthopterin ( l ) ,  not isoxanthopterin. N- 
Oxide rearrangements to a position f l  to the ring nitrogen 
are known in heterocyclic chemistry, although mixtures of 
the normal a-rearrangement products along with the ab- 
normal @-rearrangement products are usually obtained.22 
The above conversion of 21 to 1, which takes place in essen- 
tially quantitative yield, is most unusual in that it gives no 
trace of the "normal" product. It now represents the meth- 
od of choice for the preparation of pure xanthopterin ( I ) .  

It seems probable that this unexpected conversion pro- 
ceeds via intermediate 27, which undergoes an allylic rear- 
rangement of the trifluoroacetoxy group as shown (see 
Scheme VII). The extreme ease of this rearrangement may 
well be due to substantial N- trifluoroacetoxy bond heterol- 
ysis in the transition state leading frGm 27 to 28, and its ir- 
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reversibility may reasonably be attributed to the formation 
of a C-0 bond a t  the expense of the much weaker N-0 
bond in 27. Such a reaction pathway appears to be general 
in allylic rearrangements involving highly stabilized leaving 
groups, and an analogous pathway is well documented for 
other P-rearrangement reactions of heterocyclic N-ox- 
ides.22 

2,4-Diaminopteridine 8-oxide (25) followed a parallel 
rearrangement pathway, but forcing conditions (refluxing 
TFA-TFAA, 5 hr) were required. The product of rear- 
rangement was 2,4-diamino-6(5H)-pteridinone (30), alka- 
line hydrolysis of which provided an alternative although 
less satisfactory route to xanthopterin (1) (see Scheme 
VIII). Significantly, neither 2,4-diamino-6-methylpteridine 

Scheme VI11 
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8-oxide nor 6-methylpterin 8-oxide (31) (in which the posi- 
tion /3 to the N-oxide is effectively blocked) could be in- 
duced to rearrange "normally" under any conditions; in- 
stead, they suffered mainly rapid decomposition to intrac- 
table tars. However, careful chromatography of the decom- 
position products from 31, although revealing no trace of 
the product expected from a normal Katada rearrange- 
ment, did establish the presence of 6-hydroxymethylpterin 
(32).2" The formation of this material is reasonably inter- 
preted as shown in Scheme IX. 

For reasons which are not clear at  this point, 2,4-diami- 
nopteridine 8-oxide (25), in contrast to i ts  pyrazine precur- 
sor (8), proved to be completely unreactive toward phos- 
phorus oxychloride-DMF. Similarly, 2,4-diamino-6-meth- 
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ylpteridine 8-oxide was also recovered unchanged under 
the same conditions. By contrast, however, 2,4-diamino-6- 
oximinomethylpteridine 8-oxide has been shown15 to un- 
dergo a facile normal chlorination-deoxygenation reaction 
(accompanied by dehydration of the oximino grouping) to 
give 2,4-diamino-6-cyano-7-chloropteridine. It  would ap- 
pear that  the presence of an electron-withdrawing group a t  
position 6 is required for the phosphorus oxychloride chlo- 
rination-deoxygenation reaction of pteridine 8-oxides. 

I t  is apparent from the above results that  conventional 
N-oxide chemistry can be applied to highly functionalized 
pyrazine and pteridine N- oxides, but that subtle changes 
in structure, even at  sites remote from the reaction center, 
can lead to drastic changes both in the rate and in the 
mode of the ensuing reactions. More detailed mechanistic 
studies of these transformations are in progress, and the in- 
herent synthetic potentialities involved are currently under 
active exploration. 

Experimental Section 
2-Amino-3-carbamoyl-5-methyl-6(lZf)-pyrazinone (5 ) .  

Method A. Rearrangement of 2-Amino-3-cyano-5-methylpy- 
razine 1-Oxide (4) with Trifluoroacetic Acid-Trifluoroacetic 
Anhydride (TFA-TFAA). A solution of 1.0 g of 4 in 20 ml of TFA 
was treated with 5 ml of TFAA and stirred under reflux for 90 min. 
The reaction mixture was then cooled and poured into 150 ml of 
water a t  Oo,  and the separated solid was collected by filtration 
to give 0.8 g (44%) of 2-trifluoroacetamido-3-carbamoyl- 
5-methyl-6( 1H)-pyrazinone. The analytical sample was prepared 
by recrystallization from DMF-CHCI:1: mp 280-290' dec; NMR 
(CF3COOH) 8 1.90 (3, s, C~CH:I).  

Anal. Calcd for C ~ H ~ F ~ N ~ O R :  C, 36.37; H, 2.67; N, 21.21. Found: 
C, 36.39; H, 2.90; N, 20.94. 

A suspension of the crude 2-trifluoroacetamido-3-carbamoyl- 
5-methyl-6(1H).pyrazinone above was refluxed for 2 hr in 100 ml 
of methanol. Evaporation of the solvent to a small volume followed 
by cooling and subsequent filtration afforded 0.4 g (85%) of 2- 
amino-3-carbamoyl-5-methyl-6(1H)-pyrazinone (5 ) :  mp 276-278'; 

Anal. Calcd for CcHeN402: C, 42.85; H, 4.80; N, 33.32. Found: C, 
42.72; H, 4.76; N, 33.55. 

Method B. Rearrangement of 2-Amino-3-cyano-5-methyl- 
pyrazine 1-Oxide (4) with Acetic Acid-Acetic Anhydride. A 
solution of 0.5 g of 4 in 10 ml of acetic acid was treated with 7 ml of 
acetic anhydride and refluxed for 90 min. The reaction mixture 

NMR (CF:JCOOH) 6 1.96 (3, S, C5 CHd. 
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was then taken to dryness and any remaining acetic anhydride was 
destroyed by the addition of a small amount of ethanol and evapo- 
ration. The residue was recrystallized from ethanol to give 0.4 g 
(64%) of 2-acetamido-3-carbamoyl-5-methyl-6(lH)-pyrazinone: 
mp 238-239O; NMR (CF3COOH) 6 2.01 (3, s, acetyl), 1.99 (3, s, C5 
CH3). 

Anal. Calcd for CsHloN403: C, 45.71; H, 4.80; N, 26.66. Found 
C, 45.53; H, 4.76; N, 26.35. 

A suspension of the crude 2-acetamido-3-carbamoyl-5-methyl- 
6(1H)-pyrazinone above in 30 ml of methanol was refluxed for 3 
days. The resulting solution was cooled and the crystals which sep- 
arated were collected by filtration to give 0.15 g (40%) of 5, mp 
275-276O, identical with the material prepared by method A 
above. 
2-Amino-3-cyano-5-methyl-6-chloropyrazine (6). A suspen- 

sion of 3.0 g of 2-amino-3-cyano-5-methylpyrazine 1-oxide (4) in 30 
ml of DMF was treated dropwise with 6.0 ml of phosphorus OXY- 
chloride, maintaining the temperature between 80 and 90' (cold 
water bath). After addition was complete, the reaction mixture was 
stirred at 80-90° in a preheated oil bath for 10 min and then 
poured into 300 ml of water a t  0'. The resulting solution was al- 
lowed to stand overnight before filtering and drying to give 3.0 g of 
crude product. Recrystallization from ethanol afforded 2.5 g (74%) 
of 6: mp 228-229'; NMR (CF3COOH) 6 2.07 (3, s, C5 CH3). 

Anal. Calcd for C6H5NdCk C, 42.74; H, 2.99; N, 33.23; c1, 21.03. 
Found: C, 42.87; H, 2.89; N, 33.44; C1,21.23. 

2-Amino-3-carbamoyl-6( lH)-pyrazinone (9). A suspension of 
5.0 g of 2-amino-3-cyanopyrazine 1-oxide (7)14 in 100 ml of acetic 
acid and 68 ml of acetic anhydride was refluxed for 2 hr. The reac- 
tion mixture was then evaporated to dryness under reduced pres- 
sure and any remaining acetic anhydride was destroyed by the ad- 
dition of a small volume of ethanol followed by evaporation to dry- 
ness. Recrystallization of the residue from methanol afforded 4.7 g 
(65%) of 2-acetamido-3-carbamoyl-6( 1H)-pyrazinone (S), mp 
257-259O dec. The analytical sample, recrystallized twice from eth- 
anol, melted a t  258-259O dec, NMR (CF3COOH) 6 7.61 (1, s, H5), 
2.01 (3, s, acetyl). 

Anal. Calcd for C7H~N403: C, 42.86; H, 4.11; N, 28.56. Found: C, 
42.67; H, 4.02; N, 28.70. 

A suspension of 3.50 g of the above 2-acetamido-3-carbamoyl- 
6(1H)-pyrazinone in 600 ml of methanol was heated under reflux 
for 4.5 days. The reaction mixture was then treated with animal 
carbon, filtered, and concentrated to a small volume to give 2.66 g 
(96.5%) of 9 mp 338O; NMR (CF3COOH) 6 7.22 (1, s, H5). 

Anal. Calcd for C&N402: C, 38.96; H, 3.92; N, 36.25. Found C, 
39.04; H, 4.02; N, 36.35. 
2-Amino-3-cyano-6-chloropyrazine (10). Method A. A sus- 

pension of 3.0 g of 2-amino-3-cyanopyrazine 1-oxide (7)14 in 30 ml 
of DMF was stirred in an ice-water bath while 6.0 ml of phospho- 
rus oxychloride was added dropwise between 5 and 10'. After ad- 
dition was complete the reaction mixture was stirred for a further 
16 hr a t  room temperature and then poured into ice water. After 
standing for 24 hr, the aqueous suspension was filtered and the 
residue was recrystallized from ethyl acetate-petroleum ether (bp 
60-80") to give 1.8 g (52%) of 10. The analytical sample, recrystal- 
lized from ethanol, melted a t  194-196', NMR (CF3COOH) 6 7.59 
(Ls ,  H5). 

Anal. Calcd for CbH3NdCl: C, 38.85; H, 1.95; N, 36.25; C1, 22.94. 
Found: C, 38.70; H, 1.95; N, 36.50; C1,22.85. 

Method B. A suspension of 0.3 g of 2-amino-3-carbamoyl- 
6(1H)-pyrazinone (9) in 50 ml of DMF was stirred in an ice-water 
bath while 0.6 ml of phosphorus oxychloride was added dropwise 
between 5 and 10'. After addition was complete the reaction mix- 
ture was stirred a t  70-80° for 80 min, and then a t  room tempera- 
ture overnight. A brown precipitate was produced which was re- 
covered by filtration, washed with water, and dried. Recrystalliza- 
tion from ethyl acetate-petroleum ether afforded 0.07 g (23%) of 
10, mp 192-194', which was identical in all respects with the sam- 
ple prepared by method A above. 
2,4-Diamino-7-methoxypteridine (1 1). To a methanolic solu- 

tion of guanidine (prepared from 1.2 g of sodium in 80 ml of meth- 
anol and 1.9 g of guanidine hydrochloride) was added 1.4 g of 2- 
amino-3-cyano-6-chloropyrazine (10). The reaction mixture was 
refluxed for 17 hr, cooled, and filtered to give 1.4 g (74%) of 11 as a 
yellow solid. Recrystallization from methanol gave 1.3 g of color- 
less crystals: mp 240-250'; NMR (DMSO-&) 6 7.88 (1, s, &), 3.86 
(3, s, -0CH3); uv A,,, (0.1 N HCl) 336 nm (log B 4.13), 332 (4.16), 
325 (4.19), 248 (4.23), 221 (4.13). 

Anal. Calcd for C7HsN60: C, 43.75; H, 4.20; N, 43.73. Found: C, 
43.92; H, 4.32; N, 43.79. 

2,4-Diamino-7(8H)-pteridinone (12). A suspension of 0.25 g of 
2,4-diamino-7-methoxypteridine (11) in 20 ml of 5% aqueous sodi- 
um hydroxide was stirred under reflux for 10 min, after which time 
all material had dissolved. Cooling followed by neutralization with 1 

6 N HCl afforded an off-white solid which was recovered by filtra- 
tion, redissolved in dilute aqueous sodium hydroxide solution, fil- 
tered (animal carbon), and reprecipitated at pH 4 to give 0.23 g 
(99%) of 12. The sample was analytically pure as obtained: mp 
>400°; NMR (CF3COOH) 6 7.68 (1, s, He); uv A,,, (0.1 N NaOH) 
357 nm (sh, log e 4.06), 345 (4.10), 280 (sh, 3.94), 263 (4.18), 219 
(4.52). 

Anal. Calcd for C&&@: C, 40.45; H, 3.39; N, 47.18. Found: C, 
40.21; H, 3.19; N, 47.06. 

Isoxanthopterin (2) by Hydrolysis of 2,4-Diamino-7- 
methoxypteridine (12). A suspension of 0.30 g of 12 in 20 ml of 
10% aqueous sodium hydroxide was stirred under reflux for 20 hr. 
The reaction mixture was then diluted with 30 ml of water, decolo- 
rized with animal carbon, filtered, and adjusted to pH 4 with 6 N 
hydrochloric acid to give a white, crystalline solid. A second recov- 
ery of the precipitated solid from dilute NaOH solution by addi- 
tion of HC1 to pH 4 afforded 0.23 g (82%) of analytically pure iso- 
xanthopterin, mp >300", identical in all respects with an authen- 
tic sample. 
2-Amino-3-ethoxycarbonylpyrazine 1-Oxide (15). A suspen- 

sion of 17.7 g of finely powdered glyoxime and 59.4 g of ethyl a- 
aminocyanoacetate tosyl salt in 355 ml of water was stirred a t  
room temperature for 45 hr. The resulting solution was extracted 
several times with chloroform, and the combined extracts were 
washed with water, dried (NazS04), and evaporated under reduced 
pressure to give a yellow, crystalline solid. Recrystallization from 
ethanol then gave 6.1 g (17%) of 13: mp 194-195'; NMR 

OCzH5). 
Anal. Calcd for C~HsN303: C, 45.90; H, 4.95; N, 22.94. Found: C, 

46.18; H, 5.07; N, 23.06. 
2-Acetamido-3-ethoxycarbonyl-6( 1H)-pyrazinone (14). A 

suspension of 5.0 g of 2-amino-3-ethoxycarbonylpyrazine 1-oxide 
(13) in 66 ml of acetic anhydride and 100 ml of acetic acid was re- 
fluxed with stirring for 1.5 hr. The reaction mixture was then 
taken to dryness and treated with ethanol in the usual manner to 
give a brown solid after evaporation. Recrystallization from etha- 
nol gave 3.7 g (60%) of 14, mp 157-159O. The analytical sample, mp 
158-160°, was recrystallized from ethanol: NMR (CF3COOH) 6 
7.73 (1, s, Hs), 4.08 (2, q), 0.99 (3, t, -OCzH5), 2.01 (3, s, acetyl 
CH3). 

Anal. Calcd for CsHllN304: C, 48.00; H, 4.92; N, 18.66. Found: 
C ,  47.96; H, 4.93; N, 18.96. 
2-Amino-3-ethoxycarbonyl-6( 1H)-pyrazinone (15). A sus- 

pension of 0.48 g of 2-acetamido-3-ethoxycarbonyl-6(lH)- 
pyrazinone (14) in 50 ml of ethanol was refluxed for 18 hr. The 
reaction mixture was then treated with animal carbon, filtered, 
and evaporated to dryness. Recrystallization of the residue from 
ethanol afforded 0.32 g (82%) of 15, mp 226-228O. The analytical 
sample, recrystallized from ethanol, melted a t  228-230': NMR 

Anal. Calcd for C7HsN303: C, 45.09; H, 4.95; N, 22.94. Found C, 
45.94; H,  4.87; N, 23.12. 

Isoxanthopterin (2) by Cyclization of 2-Amino-3-ethoxy- 
carbonyl-6( 1H)-pyrazinone (15). To a methanolic solution of 
guanidine (prepared from 0.11 g of sodium in 20 ml of methanol 
and 0.48 g of guanidine hydrochloride) was added 0.30 g of 15 and 
the reaction mixture was refluxed with stirring for 1 hr. The sol- 
vent was then removed under reduced pressure and 10 ml of DMF 
was added to the residue. Refluxing for an additional 4.5 hr gave 
crude isoxanthopterin as an off-white precipitate. This was puri- 
fied by precipitation from an alkaline solution with HCl in the 
usual manner to give 0.04 g (14%) of 2, identical in all respects with 
an authentic sample. 

2-Amino-3-cyanopyrazine l,4-Dioxide (16). To a stirred, ice- 
cold solution of 12 ml of 30% hydrogen peroxide in 100 ml of triflu- 
oroacetic acid was added 5.0 g of 2-amino-3-cyanopyrazine 1-oxide 
(7). Stirring a t  room temperature was then continued until the so- 
lution showed a negative starch-iodide reaction (ca. 18 hr). A fur- 
ther 8 ml of 30% hydrogen peroxide was then added a t  O', and stir- 
ring was continued a further 24 hr (starch-iodide test positive). 
The solvent was removed under reduced pressure below 40° to give 
a yellow, semicrystalline solid which was triturated with ice-cold 
ethanol and filtered after overnight refrigeration to give 2.9 g of 
crude 16: mp 255' dec; NMR (CF3COOH) 6 8.07 (1, d), 7.44 (1, d, 
H5, Hd.  

(CF3COOH) 6 8.37 (1, d), 7.82 (1, d, H5, Hs), 4.23 (2, q), 1.02 (3, t, 

(CF3COOH) 6 7.15 (1, 9, Hs), 4.11 (2, q), 0.98 (3, t, -OC&). 
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Anal. Calcd for C5H4N402: C, 39.48; H, 2.65; N, 36.84. Found: C, 
39.57; H, 2.58; N, 37.00. 

2-Amino-3-cyanopyrazine 4-Oxide (17). To an ice-cold sus- 
pension of 1.0 g of 2-amino-3-cyanopyrazine 1,a-dioxide (16) in 30 
ml of tetrahydrofuran was added 1.4 g of phosphorus trichloride in 
10 ml of tetrahydrofuran. The reaction mixture was stirred at  25' 
for 3.5 hr, the solvent was removed by evaporation under reduced 
pressure, and the residue was triturated with 50 ml of water. Fil- 
tration afforded crude 17, mp 258-260'. The analytical sample was 
recrystallized from methanol to give 0.6 g (67%) of 17: mp 262- 

Anal. Calcd for C5H4N40: C, 44.12; H, 2.96; N, 41.17. Found: C, 
44.33; H, 2.89; N, 40.90. 

2-Amino-3-carbamoylpyrazine 4-Oxide (18). A solution of 0.3 
g of 2-amino-3-cyanopyrazine 4-oxide (17) in 1.5 ml of TFAA and 
7.5 ml of TFA was stirred under reflux for 5 hr. The reaction mix- 
ture was then cooled and poured into water, and the aqueous solu- 
tion was taken to dryness under reduced pressure. Ethanol was 
added to the residue and again removed by evaporation. The semi- 
crystalline solid thus obtained was recrystallized from methanol to 
give 0.07 g (21%) of 2-amino-3-carbamoylpyrazine 4-oxide (18), mp 
230-232'. The analytical sample, mp 230-232', was recrystallized 
from methanol: NMR (CF3COOH) 8 7.53 (1, d), 7.29 (1, d, H5, H6). 

Anal. Calcd for C5H6N402: C, 38.96; H, 3.92; N, 36.35. Found: C, 
38.79; H, 3.92; N, 36.65. 
2-Amino-3-cyano-5-chloropyrazine (19).2O To  a stirred sus- 

pension of 1.0 g of 2-amino-3-cyanopyrazine &oxide (17) in 10 ml 
of DMF (held at  5-10') was added 2.0 ml of phosphorus oxychlo- 
ride. After addition was complete, the reaction mixture was stirred 
at  80-90' for 10 min, cooled, and poured into 10 ml of water a t  0'. 
The aqueous mixture was stirred at  room temperature for an addi- 
tional 16 hr and cooled to give a crystalline precipitate of crude 19 
which was collected by filtration. A further crop of crystals could 
be recovered from the filtrate by extraction with ethyl acetate, 
drying (NazSOd), and removal of the solvent under reduced pres- 
sure. The combined materials were crystallized from ethyl acetate- 
petroleum ether to give 0.70 g (61%) of 1 9  mp 152-154'; NMR 
(CF3COOH) 8 7.81 (1, S, He). 

Anal. Calcd for C5H3N4Cl: C, 38.83; H, 1.96; N, 36.91; CI, 22.22. 
Found: C, 38.89; H, 1.90; N, 36.63; C1, 22.24. 
2,4-Diamino-6-methoxypteridine (20). To a methanolic solu- 

tion of guanidine (prepared from 0.35 g of sodium in 25 ml of 
methanol and 0.36 g of guanidine hydrochloride) was added 0.50 g 
of 2-amino-3-cyano-5-chloropyrazine (19). The suspension was 
stirred under reflux for 5 hr, cooled, and filtered, and the crude 
product was recrystallized from DMF-methanol to give 0.39 g 
(62%) of bright yellow 20: mp >300°; NMR (CF3COOH) 8 8.07 (1, 
s, HT), 3.67 (3, s, -0CH3); uv A,,, (0.1 N HC1) 362 nm (log t 3.92), 
353 (3.97), 274 (3.871, 248 (4.30). 

Anal. Calcd for C ~ H B N ~ O :  C, 43.75; H, 4.20; N, 43.73. Found: C, 
44.00; H, 4.16; N, 44.06. 

Xanthopterin (1) by Hydrolysis of 2,4-Diamino-6-me- 
thoxypteridine (20). A suspension of 0.30 g of 20 in 20 ml of 10% 
aqueous sodium hydroxide was refluxed with stirring for 21 hr. 
The reaction mixture was then diluted with water, treated with an- 
imal carbon, and filtered. The pH of the filtrate was adjusted to 4 
with acetic acid to give 0.26 g (93%) of bright yellow 1. One precipi- 
tation from aqueous ammonia with dilute hydrochloric acid gave 
0.24 g (86%) of xanthopterin monohydrate, mp >300', identical in 
all respects with an authentic sample. 

Pter in  8-Oxide (21). A suspension of 1.00 g of 2,4-diamino- 
pteridine 8-oxide (25)14 in 100 ml of 5% NaOH was heated under 
reflux until complete solution was achieved, and then for addition- 
al 5 min (total heating time 30 min). The yellow solution was then 
brought to pH 3 with 6 N HCI and allowed to stand for 30 rnin be- 
fore filtering, washing thoroughly with water, and drying to yield 
0.98 g (98%) of bright yellow 21, identical with an authentic sample 
prepared by pertrifluoroacetic acid oxidation of pterinaZ4 

Ethyl a-(Pterin-7-yl)-a-cyanoacetate (22). To a suspension 
of 0.15 g of pterin 8-oxide (21) in 15 ml of anhydrous HMPA was 
added 5.0 ml of ethyl cyanoacetate followed by 2 ml of acetic anhy- 
dride, and the mixture was stirred for 12 hr a t  85-90'. Filtration 
afforded 0.01 g of unreacted 21. The filtrate was diluted to 100 ml 
with absolute ethanol and stirred for 1 hr a t  25' to give 0.05 g 
(30%) of 22 as a yellow, crystalline solid. The analytical sample 
crystallized from DMF as bright yellow needles: mp >300'; ir 
(KBr) B 2200 (CN), 1684, 1700 cm-'; mass spectrum mle 274 
(M.+), 202 (M - COOC2H5); uv A,,, (EtOH) 402 nm (log c 4.07), 
317 (3.911, 267 (3991,232 (3.94). 

263'; NMR (CF3COOH) 8 7.79 (1, d), 7.37 (1, d, H5, H6). 

Anal. Calcd for CllH10N603: C, 48.17; H, 3.68; N, 30.65. Found: 
C, 48.03; H, 3.82; N, 30.75. 

Ethyl a-(2-Acetylpterin-7-yl)-a-cyanoacetate (23). Over- 
night refrigeration of the filtrate from 22 gave 0.03 g (15%) of 23 as 
a bright canary yellow solid. The analytical sample, which recrys- 
tallized from DMF in the form of elongated needles, had mp 
>300'; ir (KBr) i 2220 (CN), 1660, 1700 cm-'; mass spectrum mle 
316 (Mi+), 274 (M - COCH3); uv Amax (EtOH) 400 nm (log t 4.42), 
273 (4.43). 215 (4.26). 

Anal. Calcd for-C13H12N604: C, 49.37; H, 3.82; N. 26.57. Found: 
C, 49.11; H, 3.79; N, 26.28. 

Oxidation of 22 or 23 to  Pterin-7-carboxylic Acid (24). To a 
suspension of 0.60 g of 22 or 23 in 10 ml of water was added 0.10 g 
of sodium hydroxide, followed by the dropwise addition of 6.0 ml 
of 2 M potassium permanganate solution with stirring over a peri- 
od of 2.5 hr a t  80'. The excess potassium permanganate was de- 
stroyed with sodium sulfite, and the reaction mixture waa then 
treated with animal carbon and filtered. The pH of the filtrate was 
adjusted to 2 to give a yellow microcrystalline solid. After the solu- 
tion was stirred a t  90' for 2 hr the crystals were collected by filtra- 
tion, washed with water, and dried (0.4 Torr, llOo, 24 hr) to give 
0.01 g of pterin-7-carboxylic acid (24), identical chromatographi- 
cally and spectroscopically with an authentic sample. 

2,4-Diamino-7-( 1-pyrro1idino)pteridine (26). A suspension of 
0.20 g of 2,4-diaminopteridine 8-oxide (25) in 15 ml of pyrrolidine 
was stirred for 16 hr a t  95'. After removal of the solvent on a rota- 
ry evaporator, the yellow residue was triturated with 10 ml of abso- 
lute ethanol and refrigerated at  5' for 2 hr. Filtration afforded 0.17 
g (62%) of 26 as a yellow powder. The analytical sample, prepared 
by recrystallizing a portion of the title compound twice from etha- 
nol, had mp >300'; NMR ( D M s 0 - d ~ )  8 7.65 (1, s, &), 6.83 (2, br, 
-NHz), 5.95 (2, br, -"*I, 3.45 (4, m, a-pyrrolidine), 1.86 (m, p- 
pyrrolidine); uv Amax (0.1 N HCl) 364 nm (log c 4.34), 287 (4.18), 
263 (4.16), 220 (4.46). 

Anal. Calcd for C I O H I ~ N ~ :  C, 51.94; H, 5.67; N, 42.40. Found: C, 
51.78; H, 5.65; N, 42.34. 

Isoxanthopterin (2) by Hydrolysis of 2,4-Diamino-7-( l-pyr- 
ro1idino)pteridine (26). A suspension of 0.10 g of 26 in 20 ml of 
5% NaOH solution was heated under reflux at  110' for 96 hr, and 
the resulting solution was cooled to 0' in an ice bath. After the pH 
was adjusted to 4 with 12 N HCl and the solution was allowed to 
stand for 12 hr, the solution had deposited 0.05 g (85%) of a yellow- 
ish-brown powder, which, following purification in the usual man- 
ner, gave isoxanthopterin (2), identical with an authentic sample. 

Xanthopterin (1) by Rearrangement of Pter in  8-Oxide (21) 
with TFA-TFAA. A suspension of 1.0 g of pterin 8-oxide (21) in 5 
ml of TFA and 5 ml of TFAA was stirred in an oil bath a t  50'. 
After 20 min a homogeneous solution (bright yellow) was obtained, 
an aliquot of which showed only one aromatic proton (NMR). 
After stirring for a total of 1 hr the solution was evaporated to dry- 
ness a t  room temperature (10 Torr), and the residual solvent was 
removed under high vacuum (0.1 Torr) to give a bright yellow 
solid. Fifty milliliters of 10% ammonium hydroxide was added, and 
the resulting suspension was stirred for an additional 15 rnin at  50' 
and then dissolved by the slow addition of 1 N sodium hydroxide. 
After solution was complete, 500 mg of Darco G-60 carbon was 
added, and stirring was continued for an additional 20 rnin at  50'. 
Filtration through a small pad of Celite than gave a bright yellow 
solution, which on acidification with 6 N HCl to pH 3 gave the title 
compound as a yellow, microcrystalline precipitate. The product 
was collected, washed well with water and methanol, and dried 
overnight under high vacuum (0.1 Torr, P205) to give 1 in nearly 
quantitative yield. The product was shown to be pure 1 by virtue 
of i ts  identical ir, uv, and paper chromatographic behavior with an 
authentic sample. The same rearrangement could be effected a t  
room temperature, again in quantitative yield, but a total reaction 
time of 4 hr was required. 

* Xanthopterin (1) from 2.4-Diaminopteridine 8-Oxide (25). A 
suspension of 100 mg of 25 in a solution of 0.5 ml of TFAA and 3 
ml of TFA was brought to reflux in an oil bath heated to 65' and 
stirred under these conditions for 5 hr. During this time the sus- 
pended solid slowly dissolved to give a deep red-brown solution. 
All solvents were then removed under reduced pressure to give 
2,4-diamino-6(5H)-pteridinone (30) as a dark brown solid. This 
material was then dissolved in 10 ml of 5% NaOH, 100 mg of Darco 
G-60 carbon was added, and the mixture was heated for 24 hr in an 
oil bath at  100'. Filtration through a pad of Celite gave an orange- 
yellow solution, which upon acidification to pH 3 with 6 N HCl 
gave 1 as a gelatinous precipitate. The material was collected and 
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washed (water, then methanol) by centrifugation, and dr ied  over- 
n igh t  under h i g h  vacuum t o  give 65 m g  (65%) o f  1, identical w i t h  
a n  authentic sample. 

Registry No.--1, 119-44-8; 2, 529-69-1; 4, 19994-56-0; 5, 54632- 
07-4; 6, 54632-08-5; 7, 42770-07-0; 8, 54632-09-6; 9, 54632-10-9; 10, 
54632-11-0; 11, 54632-12-1; 12, 26212-13-5; 13, 54632-13-2; 14, 

54632-18-7; 19, 17231-50-4; 20, 26212-23-7; 21, 42346-89-4; 22, 

54632-21-2; 30, 26212-17-9; 2-trifluoroacetamido-3-carbamoyl- 
5-methyl-G(lH)-pyrazinone, 54632-22-3; 2-acetarnido-3-carbam- 
oyl-5-methy1-6(1H)-pyrazinone, 54632-23-4. 

References and Notes 
(1) Part XXXV: E. C. Taylor, R.  F. Abdulla, and P. A. Jacobi, J. Org. Chem., 

(2) This work was supported by a grant (CA-12876) to Princeton University 

(3) R .  Purrmann, Justus Liebigs Ann. Chem., 546, 98 (1940). 
(4) R. Purrmann, Justus Liebigs Ann. Chem., 548, 284 (1941). 
(5) R. Purrmann, Justus Liebigs Ann. Chem., 544, 182 (1940). 
(6) W. Koschara, Hoppe-Seyler's 2. Physiol. Chem., 240, 127 (1936). 
(7) T. Fukishima and T. Shiota. J. Bo/. Chem., 247, 4549 (1972). 

54632-14-3; 15, 54632-15-4; 16, 54632-16-5; 17, 54632-17-6; 18, 

54632-19-8; 23, 54632-20-1; 24, 31010-60-3; 25, 42346-93-0; 26, 

40, 2336 (1975). 

from the National Cancer Institute, National lnstltutes of Health. 

(6) R. Tschesche and H. J. Wolf, Hoppe-Seyler's 2. Physioi. Chem., 244, 
1-111 (1936). 

(9) M. L. Hesselbach and D. Burk, Rec. Chem. Prog., 5, 37 (1944). 
(IO) G. R. Pettit, L. E. Houghton, N. H. Rogers, R. M. Coomes. D. F. Berger, 

P. R. Reucroft, J. F. Day, J. L. Hartwell, and H. B. Wood, €xperientia, 
28,381 (1972). 

119721 
(11) A. Haddow, W. C. J. Ross, and G. M. Timmis, Perspect. B i d ,  15, 177 

> - - I  

(12) R. C. Elderfield and A. C. Mehta in "Heterocyclic Compounds", Vol. 9, 

(13) E. C. Taylor, K. L. Perlman, I. P. Sword, M. Sequin-Frey, and P. A. Jaco- 

(14) E. C. Taylor, K. L. Perlman, Y.-H. Kim, I. P. Sword, and P. A. Jacobi, J. 

(15) E. C. Taylor and R.  F. Abdulla, Tetrahedron Len., 2093 (1973). 
(16) E. C. Taylor and T/ Kobayashi, J. Org. Chem., 38, 2817 (1973). 
(17) A. R. Katritzky and J. M. Lagowski. "Chemistry of the Heterocyclic N- 

R. C. Elderfield, Ed., Wiley, New York, N.Y., 1967, pp 1-117. 

bl, J. Am. Chem. SOC., 95, 6407 (1973). 

Am. Chem. SOC., 95,6413 (1973). 

Oxides", Academic Press, New York. N.Y., 1971. 
(18) See ref 17, pp 281-288. 
(19) E. C. Taylor and R.  W. Morrison, J. Org. Chem., 32, 2379 (1967). 
(20) Netherlands Appl. 6,613,934: cf. Chem. Absb., 68, 59614k (1968). 
(21) See ref 17, pp 313-317. 
(22) See ref 17, pp 287-289. 
(23) We are indebted to Professor W. Pfleiderer, University of Konstanz, Ger- 

(24) H. Yamamoto, W. Hutzenlaub, and W. Pfleiderer, Chem. Ber., 106, 
many, for providing us with this experimental observation. 

3175 (1973). 

Pteridines. XXXVIII. Synthesis of Some 2,4-Diamino-6-Substituted 
Methylpteridines. A New Route to Pteroic Acid1P2 

Edward C. Taylor,* Robert C. Portnoy, Douglass C. Hochstetler, and T. Kobayashi 

Depar tment  of Chemistry, Pr ince ton  University, Princeton, N e w  Jersey 08540 

Received January  23,1975 

A versatile, flexible route t o  a variety o f  6-substi tuted 2,4-diaminopteridines (6) and 6-substi tuted pter ins (7) is 
described wh ich  involves the reaction o f  2-amino-3-cyano-5-chloromethylpyrazine ( 5 )  w i t h  nucleophiles, fol lowed 
by ring closure w i t h  guanidine ( to  give 6), and f ina l  acid hydrolysis ( to  give 7). Among the  compounds convenient- 
ly prepared by th is  unequivocal route are 2,4-diamino-6-hydroxymethylpteridine, 6-hydroxymethylpterin, and 
pteroic acid. A three-component, one-pot (TCOP) condensation of aminomalononitr i le tosylate, P-bromopyruval- 
doxime, and added nucleophile has been developed which leads directly, in moderate y ie ld  but h igh  purity, t o  2- 
amino-3-cyano-5-substituted pyrazine 1-oxides (4). 

Previous papers in this series have described a new, gen- 
eral, and unequivocal synthesis of 6- and/or 7-substituted 
pteridines from pyrazine 1-oxide intermediates, prepared 
by the condensation of a-aminonitriles with a-ketoaldox- 
imes or a-oximino  aldehyde^.^-^ The synthesis of 2,4-diam- 
inopteridines substituted in position 6 with olefinic substit- 
uents suitable for final elaboration into multifunctional 
side chains characteristic of some of the naturally occurring 
pterins (Le., biopterin, neopterin, urothion, etc.) involved 
(a) the preliminary formation of 2-amino-3-cyano-5-chloro- 
methylpyrazine 1-oxide (4a) by the condensation of amino- 
malononitrile tosylate (1) with p-chloropyruvaldoxime (2), 
(b) deoxygenation with phosphorus trichloride to 2-amino- 
3-cyano-5-chloromethylpyrazine (5a), (c) elaboration of the 
olefinic side chain by means of the Wittig reaction, and (d) 
terminal closure of the pyrimidine ring by cyclization with 
g ~ a n i d i n e . ~  The present paper describes a number of nu- 
cleophilic displacement reactions on the chloromethyl sub- 
stituent in 5a, and the elaboration of the resulting substi- 
tuted methylpyrazines to a variety of new 2,4-diamino- 
pteridines and pterins. This paper also describes new and 
unequivocal syntheses of pteroic acid and of 6-hydroxy- 
methylpterin, and a convenient three-component, one-pot 
(TCOP) synthesis of 2-amino-3-cyano-5-substituted 
methylpyrazine 1-oxides. 

Although the primary chloro substituent in 5a is reactive 
toward nucleophiles (we have previously described its dis- 

placement by methoxide ion and by triphenylph~sphine~),  
conditions must be chosen with care because of the ease of 
nucleophilic addition to the 3-cyano grouping. Displace- 
ment by sodium 4-chlorothiophenolate occurred smoothly 
in methanol solution in high yield, without concomitant ad- 
dition to the extremely reactive nitrile grouping, to give 5d. 
Reaction of 5a with aromatic amines, however, proved to  
be more critical, and optimum reaction conditions involved 
t h e  use of acetonitrile as solvent, although DMSO at higher 
temperatures could also be employed. Thus, reaction of 5a 
with 3,4-dichloroaniline, ethyl 4-aminobenzoate, or sulfa- 
nilamide in the presence of potassium carbonate led to the 
formation in high yield of the pyrazines 5e, 5k, and 5h, re- 
spectively. Reaction of 5a with 3,4-dichloro- and 2,4-di- 
chlorobenzylamine, and with diethylamine, all occurred 
smoothly in 2-propanol solution to give the pyrazines 5f, 
5g, and 54 respectively. Cyclization of these pyrazine 0- 
aminonitriles to the corresponding 2,4-diaminopteridines 
(6) proceeded in the normal manner with guanidine in 
methanol in the presence of sodium methoxide. 

The conversion of 2,4-diaminopteridines to pterins [2- 
amino-4(3H)-pteridinones] by selective hydrolysis of the 
4-amino group has been exploited p r e v i o ~ s l y . ~ , ~ - ~  Thus, al- 
kaline hydrolysis of 6k gave pteroic acid (7) ,  identical in 
every respect with an authentic  ample.^ This synthesis of 
pteroic acid is a five-step process utilizing readily available 
starting materials and involving crystalline intermediates 


