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After D P N + was caused to react with either PABA,1 or methyl ^-aminobenzoate, ^-diinethylaminobenzoic acid, methyl 
^-dimethylaminobenzoate, jre-aminobenzoic acid, o-aminobenzoic acid and folic acid, it was no longer susceptible to cleavage 
by DPNase. When the amino group of PABA was acetylated, the resistance to cleavage was greatly reduced. 3,5-Di-
methyl-4-aminobenzoic acid produced no inhibition of cleavage. When (DPN-CN)1 was used, no inhibition was observed. 
It is suggested that a chemical reaction takes place between DPN + and PABA forming a new compound upon which DPNase 
is no longer active. A mechanism for the reaction is postulated, based on the resonance of the pvridinium moietv of the 
D P N + . 

Introduction 
In an a t t empt to extend the work of Woolley. 

et a/.,1"4 on the role of "onium" compounds in 
metabolism, PABA was selected originally as a pos
sible acceptor amine for the D P N + - D P N a s e sys
tem. I t was found t ha t instead PABA inhibited 
the cleavage of D P N + by DPNase . In this re
port data are presented on the nature of the ap-

Fig. 1.—Inhibition of the cleavage of D P N + by PABA: 
temperature, 37°; incubation time, 24 hr.; p'H. 6.0, phos
phate-citrate buffer, T/2, 1.2; D P N + , 9 pan./ml. (final 
concn ); PABA, data expressed as final concn.; final volume, 
4 ml. 

parent inhibition of D P N a s e by PABA and related 
compounds. 

Materials and Methods 
The DPNase used was prepared from beef spleen5 and 

purified by ammonium sulfate fractionation. DPNase ac
tivity was determined by measuring the change in optical 
density of the incubated system at 340 m/j after cyanide 
addition, employing a Beckman DU spectrophotometer.6 

(1) DPN + , diphosphopyridine nucleotide (oxidized); DPNase, di-
phosphopyridine nucleotidase; PABA, ^-aminobenzoic acid; (DPN-
CN), diphosphopyridine nucleotide-cyanide complex. 

(2) D. W. Woolley, Nature, 171, 323 (1953). 
(3) (a) D. W. Woolley, T H I S JOURNAL, 73, 1898 (1951); (b) S. G. A. 

Alivisatos and D. W. Woolley, ibid., 77, 1065 (1955). 
(4) S. G. A. Alivisatos and D. W. Woolley, / . Biol. Chem., 221, 651 

(1956). 
(5) L. J. Zatman, N. O. Kaplan and S. P. Colowick, ibid., 200, 197 

(1953). 
(6) S. P. Colowick. N. O. Kaplan and M. Ciotti, ibid., 191, 4-17 

(1951). 

The incubation of DPN \ DPNase and PABA or related 
compounds was carried out in a water-bath at 37° with con
tinuous shaking for 24 hours at pH 6.0. 

Experimental and Results 

During the course of studies on the role of "on ium" 
compounds in metabolism, 20 Aim. of PABA was treated 
with 9 um. of D P N + in the presence of DPNase. It was 
observed that PABA apparently inhibited the DPNase 
activity, as measured by cleavage of D P N + . In an attempt 
to determine the nature and mechanism of this inhibition, 
varying amounts of PABA ranging from 0 to 50 y.va. were 
incubated with (a) 1 unit DPNase,7 (b) 9 fim. D P N + and 
(c) 9 um. D P N + + 1 unit DPNase. At the end of the in
cubation period, 9 /jm. D P N + and 1 unit DPNase were 
added, respectively, to systems (a) and (b) and incubated 
for another 24 hours. The results obtained are shown in 
Fig. 1. The optical densities are inversely proportional to 
the activity of DPNase; that is, the greater the activity of 
DPNase, the greater the cleavage of D P N + and hence, the 
lower the optical density at 340 va.ii. It can be seen that the 
maximum inhibition was obtained at a PABA concentration 
of 20 Aim.; the enzyme is not inactivated: if it were, a linear 
inhibition should have been obtained in system (a). I t thus 
seemed that PABA and D P N + may have combined in some 
manner, thus preventing the enzyme from cleaving the 
latter. 

In an attempt to determine the site of reactivity of the 
PABA molecule, its functional groups were blocked, p-
Dimethylaminobenzoic acid, methyl ^-aminobeuzoate and 
methyl p-dimethylaminobenzoate were tested for inhibitory 
action. The results obtained showed that each one of the 
compounds tested caused effective inhibition of enzyme ac
tion with an optimum inhibition at a concentration of 20 
Aim. of analog. These observations made it clear that 
neither the carboxyl nor the amino groups were directly in
volved in the reaction. 

In addition to these data, microbiological assay8 of the 
reacted mixtures showed that PABA, as such, did indeed 
disappear, yet the Bratton-Marshall test9 for amino group
ings indicated an apparent presence of PABA. 

Resonance theory was used in an at tempt to reconcile 
the apparent contradictions in the data. The amino group 
of all the compounds investigated possesses an unshared pair 
of electrons which can enter into resonance interaction with 
a benzene ring giving rise to structures in which the ortho 
and para carbon atoms bear a formal negative charge and the 
nitrogen a formal positive charge. Due to resonance the 
positive charge of the nicotinamide portion of the DPN"1 

molecule can be shared by the a- and 7-carbon atoms of the 
ring as well as by the nitrogen atom. With these considera
tions in mind, the. mechanism shown in Fig. 2 is proposed. 
This mechanism fits all the data which have been obtained 
in previous experiments: the amino group is free to give the 
positive Bratton-Marshall test, yet the free PABA has 
disappeared. A known analogy of this proposed reaction 
is the condensation of benzoyl chloride, dimethylaniline and 

(7) 1 unit DPN"ase is the amount which will cause the splitting of 
8 Min- of D P N + at a temperature of 37° for 24 hours. 

(8) S. C. Agarwala and W. H. Peterson. Arch. Biochem., 27, 304 
(1950). 

(9) A. C. Bratton and E. K. Marshall, Jr., J. Bid. Chem., 128, 537 
(1939). 
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Fig. 2.—Proposed mechanism for the reaction between D P N + + PABA. 
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Fig. 3.—Inhibition of the cleavage of D P N + by PABA and analogous compounds: temperature, 37°; incubation time, 
24 hr.; pK 6.0, phosphate-citrate buffer, r / 2 = 1.2; DPNase, 1 unit/ml. (final concn.); D P N + , 9 ^m./ml. (final concn.); 
PABA and analogous compounds, 20 /an./ml. (final concn.); final volume, 4 ml. 

quinoline to give l-benzoyl-2-(£-dimethylaminophenyl)-
1,2-dihydroquinoline.10 

To further test the proposed mechanism, a series of ex
periments was carried out. In the first one, the site of reac
tivity of D P N + was blocked by cyanide addition before it 
was added to the PABA-DPNase system. The results ob
tained showed no inhibition. Secondly, the amino group of 
PABA was acetylated. Since the acetyl group is an electron 
withdrawing group, it competes with the benzene ring for 
the unshared pair of electrons of the amino group and de
creases the reactivity of the compound toward electrophilic 
substitution. Therefore, this new compound might be ex
pected to show only a fraction of the inhibitory effect shown 
by PABA. The results obtained showed, as expected, that 
the apparent inhibition had been reduced to half of that ob
tained with PABA. In the last experiment, the 3- and 5-
positions of PABA were methylated in an at tempt to block 
its sites of reactivity. In this case, no inhibition was ob
tained which indicated that the reaction between D P N + 

and PABA probably takes place through either the 3- or 5-
positions of PABA. 

I t was also found that o- and m-aminobenzoic acids and 
folic acid inhibit the cleavage of D P N + , as expected, since 
these compounds would be readily susceptible to attack by 
an electrophilic agent such as D P N + either ortho or para to 
the activating amino group. In Fig. 3, all the data ob
tained from all the investigated compounds are shown. An 

(10) W. E. McEwen, R. H. Terss and I. W. Elliott, THIS JOURNAL, 
74, 3605 (1952). 

index of the degree of inhibition of cleavage of DPN+ is ob
tained by measuring the ratio of D P N + cleavage in the 
presence of enzyme and the PABA analog. Cleavage of 
D P N + is greatest either in the absence of the analog, when 
(DPN-CN) is substituted for D P N + in the presence of 
PABA or when 3,5-dimethyl-4-aminobenzoic acid was 
employed. A lesser degree of apparent inhibition is ob
served when DPN+ and DPNase are caused to react in the 
presence of ^-acetylaminobenzoic acid. Pronounced inhibi
tion of D P N + cleavage is obtained when the ( D P N + + 
DPNase) system are brought together in the presence of 
PABA, J!>-dimethylaminobenzoic acid, methyl ^-aminoben-
zoate, methyl £-dimethylaminobenzoate, o-aminobenzoic 
acid, OT-aminobenzoic acid and folic acid. 

The absorption spectra of the following systems were 
studied: D P N + , D P N + + acetyl ^-aminobenzoic acid, 
D P N + + 3,5-dimethyl-4-aminobenzoic acid, D P N + + 
methyl p-aminobenzoate, D P N + + £-dimethylaminobenzoic 
acid and D P N + + methyl £-dimethylaminobenzoate. AU of 
these systems were incubated at 37° for 24 hours at pH of 
6.0. Controls, consisting of the analogs described only, 
were incubated simultaneously with the experimental vessels 
under precisely the same conditions. This was done to test 
the possibility of a new compound arising due to the oxida
tion of the aromatic amine instead of to the formation of the 
proposed compound. The results obtained are shown in 
Fig. 4. In part (a) where the controls are examined, it can 
be seen that when PABA and related compounds are incu
bated in the absence of D P N + no absorption peak at 310 
rm» is obtained. However, part (b) of Fig. 4 shows that the 
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Fig. 4A.—Absorption spectra of PABA and PABA-substituted compounds: temperature, 37°; incubation time, 24 hr.; 
pK 6.0, phosphate-citrate buffer, T/2 = 1.2; PABA and PABA substituted compounds, 20 ^m./ml (final concn.); final 
volume, 3 ml. 

Fig. 4B.—Absorption spectra of D P N + + PABA and D P N + + PABA substituted compounds; temperature, 37°; in
cubation time, 24 hr.; pYL 6.0, phosphate-citrate buffer, T/2 - 1.2; D P N + , 9 ^m./ml. (final concn.); PABA and PABA 
substituted compounds, 20 ^m./ml. (final concn.); final volume, 3 ml. 

reaction product of D P N + and PABA or related compounds a peak at 310 rm<, indicating the presence of a new com-
in which the sites of reactivity have not been blocked do give pound. 
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The reaction product of D P N + + PABA and D P N + + 
PABA-substituted compounds were isolated by paper 
chromatography (1:1 mixture of ethanol and 0.1 N acetic 
acid, ascending, 20 hours, Whatman #1 paper). The spots 
on the chromatogram were detected with a "Blak-Ray ," 
long wave ultraviolet source. The following Rt values were 
obtained: D P N + = 0.62, D P N + + PABA = 0.84, D P N + 

+ methyl ^-aminobenzoate = 0.83, D P N + ^-dimethyl-
aminobenzoic acid = 0.83, D P N + + methyl £-dimethyl-
aminobenzoate = 0.84, D P N + + p-acetylaminobenzoic 
acid = 0.62, D P N + + 3,5-dimethyl-4-aminobenzoic acid 
= 0.62. The spots were eluted from the paper with dis
tilled water and absorption spectra of the eluted material 
were determined. D P N + and D P N + + 3,5-dimethyl-4-
PABA showed an absorption peak at 260 m,u; D P N + •+- p-
acetylaminobenzoic acid showed two absorption peaks, one 
at 260 mp (i?f 0.62) and the other at 310 m/« (Ri 0.84). 
D P N + + PABA or methyl £-aminobenzoate, £-dimethyl-
aminobenzoic acid and methyl p-dimethylaminobenzoate 
showed absorption peaks at 310 m^. 

Discussion 
Kaplan11 has reviewed many D P N + addition re

actions. In this report, on the basis of the data 
presented, a new type of reaction is presented for 
consideration. PABA has been found to inhibit 
the cleavage of DPN + by DPNase. The inhibition 
probably comes about when D P N + combines chem
ically with PABA forming a new compound for 
which DPNase is no longer specific. Neither the 
carboxyl nor the amino groups are directly in
volved in the reaction. The site of reactivity of 
PABA is likely the 3- or 5-position. Blocking these 

(11) N. O. Kaplan, Rec. Chem. Progr., 16, 1177 (1955). 

The construction of the bicyclic pteridine ring 
system may be approached from either of two 
directions. In the first, a suitable pyrimidine 
intermediate is initially prepared and the pyrazine 
ring is closed in the terminal stage of the synthesis. 
The most widely employed method for the prep
aration of pteridines, which involves the conden
sation of a 4,5-diaminopyrirnidine with an a,/3-
dicarbonyl compound, is of this type.5 Although 
several variations of this approach have been de
vised,8 _ n the over-all method suffers from inescap-

(1) A preliminary note describing the results of the present in
vestigation has been published (T. S. Osdene and E. C. Taylor, THJ9 
JOURNAL, 78, 5451 (1956)). 

(2) This work was supported by a grant from the American Cancer 
Society. 

(3) Presented before the Division of Organic Chemistry at the 131st 
National ACS Meeting in Miami, FIa., April 7-12, 1957. 

(4) M. D. Anderson Hospital and Tumor Institute, University of 
Texas, Houston, Texas. 

(5) A. Albert, Quart. Revs., 6, 197 (1952). 
(6) W. R. Boon, W. G. M. Jones and G. R. Ramage, J. Chem. Soc, 

96 (1951). 

positions by methylation is shown to prevent inhibi
tion of D P N + cleavage probably because the dihy-
drobenzene ring of the adduct presumably formed 
cannot regain its aromaticity by loss of proton as in 
the case of PABA reaction. Acetylation of the 
amino group decreases the inhibition as expected, 
since the acetyl group competes with the ring for 
the pair of unshared electrons of the amino group 
and decreases the reactivity of the aromatic ring 
toward electrophilic substitution. o-Aminobenzoic 
acid and w-aminobenzoic acid were also found to 
inhibit D P N + cleavage. This is expected since 
there are positions ortho and para to the amino 
group at which an electrophilic substitution reac
tion involving attack by D P N + can occur. 

The evidence of D P N + reactivity with PABA 
and related compounds raises the question of the 
situation existing in the intact cell. Not only does 
PABA inhibit D P N + cleavage, but folic acid, the 
naturally occurring combined form of PABA, is 
likewise inhibitory. We are investigating the 
interrelationships of the cellular co-factors on the 
basis of chemieal structures, in light of the present 
data and hypothesis. 

Acknowledgment.—The authors wish to express 
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able limitations which previously have been pointed 
out.12 In the second approach, a pyrazine inter
mediate is prepared initially and the fused pyrimi
dine ring is closed in the terminal stage of the syn
thesis.12-20 This method has not been widely 

(7) W. R. Boon and T. Leigh, ibid., 1497 (1951). 
(8) W. R. Boon and W. G. M. Jones, ibid., 591 (1951). 
(9) P. R. Brook and G. R. Ramage, ibid., 896 (1955). 
(10) M. Polonovski and H. Jerome, Compt. rend., 230, 392 (1950). 
(11) M. Polonovski, M. Pesson and A. Puister, ibid., 230, 2205 

(1950). 
(12) E. C. Taylor, J. A. Carbon and D. R. Hoff, THIS JOURNAL, 78, 

1904 (1953). 
(13) E. C. Taylor, R. B. Garland and C. F. Howell, ibid., 78, 210 

(1956). 
(14) W. B. Wright, Jr., and J. M. Smith, Jr., ibid., 77, 3927 (1955). 
(15) A. Albert, D. J. Brown and G. Cheeseman, / . Chem. Soc, 474 

(1951). 
(16) A. Albert, D. J. Brown and G. Cheeseman, ibid., 4219 (1952). 
(17) A. Albert, D. J. Brown and H. C. S. Wood, ibid., 2066 (1956). 
(18) G. P. G. Dick and H. C. S. Wood, ibid., 1379 (1955). 
(19) G. P. G. Dick, H. C. S. Wood and W. R. Logan, ibid., 2131 

(1956). 
(20) E. C. Taylor and W. W. Paudler, Chemistry S* Industry, 1061 

(1955). 
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Pteridines. XVI. A Synthesis of 2-Aminopyrazine-3-carboxamides by Reductive 
Ring Cleavage of 3-Hydroxy-l-pyrazolo[b]pyrazines1-3 

B Y E. C. TAYLOR, J. W. BARTON AND T. S. OSDENE4 

RECEIVED AUGUST 23, 1957 

A new method for the synthesis of 2-amino- and 2-substituted aminopyrazine-3-carboxamides has been developed which 
involves the following steps: (1) the synthesis of suitably substituted 3-hydroxy-4,5-diaminopyrazoles, (2) ring closure of 
these intermediates by reaction with or.fl-dicarbonyl compounds to give 3-hydroxy-l-pyrazolo[b]pyrazines, and (3) re
ductive ring cleavage by means of Raney nickel of the - N - N - bond of the 3-hydroxy-l-pyrazolo[b]pyrazines. Each of 
these steps is considered in detail. Since previous work has shown that pteridines may be formed by ring closure of 2-
aminopyrazine-3-carboxamides, the above reaction sequence constitutes a new total synthetic approach to pteridines. 


