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2-Amino-6-phenethylpteridin-4(3H)-one (1) underwent a novel ring closure to 10-amino-5,6-dihydronaphtho[2,1-
glpteridin-8(9H)-one (3) in 74% yield on mild treatment with a 1:4 mixture of fluorosulfonic acid and trifluo-
roacetic acid. The structure of 3 was deduced on the basis of uv and nmr spectral data and supported chemical-
ly by aromatization to 10-aminonaphtho[2,1-g]pteridin-8(9H)-one (5) with selenium dioxide. A mechanism is
proposed involving an unusual pteridine carbonium ion with the positive charge at C-7 delocalized anchimeri-

cally by the 6-phenethyl substituent.

2-Amino-6-phenethylpteridin-4(3H)-one (1) and 2-
amino-6-(3-phenylpropyl)pteridin-4(3H)-one (2) were pre-
pared recently in this laboratory from 2,4,5-triamino-8-
hydroxypyrimidine via a novel unidirectional pteridine
synthesis involving the use of 1-methylsulfinyl-4-phenyl-
2-butanone and 1l-methylsulfinyl-5-phenyl-2-pentanone,
respectively, as “latent” a-keto aldehydes.? This method
of synthesis was superior to earlier procedures*:® in a
number of respects. In the course of our characterization
of 1 and 2 by nmr spectrometry an unusual event was ob-
served which forms the subject of this report.
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When the nmr spectrum of 1 was determined in trifluo-
roacetic acid solution, the CH2CHy protons were observed
as a multiplet at § 3.2 and the C-7 proton on the pteridine
ring was discerned as a sharp singlet at é 8.53.2 Upon ad-
dition of fluorosulfonic acid to a final concentration of
20%,2-¢ the solution became warm and the color changed
from amber to deep red. At the same time a pronounced
change occurred in the nmr spectrum, including most
notably the replacement of the original CHoCHy multiplet
at 6 3.2 by a singlet at § 3.43. In addition, broad absorp-
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tion at 6 7.85-8.65 and a new singlet at § 6.50 became evi-
dent. Contrastingly, nmr spectra of the 6-(3-phenylpropyl)
homolog 2 showed persistence of the CHeCH;CHj; signal
as a multiplet even in the presence of fluorosulfonic acid.
The change in nmr spectrum of 1 was suggestive of a spe-
cific chemical reaction in which the 6-phenethyl group
was probably an important requisite. We considered the
possibility of a cyclization process as depicted in Scheme
I.

Addition of the foregoing 1:4 fluorosulfonic-trifluo-
roacetic acid solution of compound 1 to a large volume of
95% ethanol .caused instantaneous discharge of the dark
red color and evolution of an unpleasant odor suggestive of
sulfinic acid. At the same time a pale yellow solid ap-
peared, which on isolation proved to be distinctly differ-
ent (ir, uv, nmr) from 1. The yield was nearly quantita-
tive and remained in excess of 75% even on a 2-g scale.
The product was homogeneous by tlc analysis and could
be recrystallized unchanged and in excellent recovery
from 80% formic acid.

The uv spectrum of the product in 0.1 N sodium hy-
droxide showed maxima at 240, 273, and 387 nm, whereas
the spectrum of compound 1 contained maximum absorp-
tion only at 254 and 363 nm.? The significant bathochro-
mic shift manifested in the spectrum of this new com-
pound indicated the likelihood that the action of fluo-
rosulfonic acid had given rise to an extension of conjuga-
tion as a consequence of a rearrangement.

The nmr spectrum of the material recovered after dilu-
tion of the 1:4 fluorosulfonic-trifluoroacetic acid mixture
with ethanol and recrystallization from 80% formic acid
was different from the spectrum prior to quenching. When
the product was redissolved in 1:4 fluorosulfonic-trifluo-
roacetic acid, the previously observed singlet at 6 3.43
(vide supra) now was replaced by a multiplet at § 3.80
and the singlet at 6 6.50 was no longer discernible, In tri-
fluoroacetic acid alone, the nmr spectrum revealed a com-
plex pattern of aromatic proton absorption in the § 7.2-8.6
region and a broad singlet with poorly resolved fine struc-
ture at 6 3.30. This spectrum contrasted sharply with that
of 1 in trifluoroacetic acid alone,® which contained a
prominent C-7 pteridine proton singlet at ¢ 8.53, a single
strong peak at 6 7.13 corresponding to five aromatic pro-
tons in a freely rotating phenyl group, and a well-defined
CH2CH; multiplet centered at § 3.20. Thus, nmr evidence
indicated that, in the presence of a very strong acid such
as fluorosulfonic acid, a transient intermediate 4 (Scheme
1) was generated from 1 which underwent immediate con-
version into a new species (3) upon quenching with etha-
nol. That the latter transformation probably entailed an
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oxidative step was consistent with the very pronounced
odor of sulfinic acid, which could be assumed to arise
from fluorosulfonic acid or its ethanolysis product, ethyl
sulfate, as part of a redox reaction.

Microchemical analysis established the empirical for-
mula of the product to be C14H11N50, whereas the start-
ing material 1 had the composition C14H13N50. Thus,
fluorosulfonic acid treatment of 1 appeared to have ef-
fected an oxidative change involving the loss of two hydro-
gens. On the basis of the microanalytical results as well as
uv and nmr spectral evidence cited above, the rearrange-
ment product was assigned structure 3. This is a new ex-
ample of the heretofore only sparsely studied naphtho[2,1-
glpteridine ring system.” Structure 3 satisfactorily accom-
modated the extended conjugation shown by the uv spec-
trum and was consistent with the absence of a C-7 pteri-
dine proton in the nmr spectrum. Moreover, a plausible
mechanism could be deduced for the cyclization of 1 to 3
as shown in Scheme I.

Protonation of N-8 in pteridines by very strong acids
has been postulated previously® in order to explain the ef-
fectiveness of fluorosulfonic acid as an nmr solvent per-
mitting a clear distinction between isomeric 6- and 7-sub-
stituted pteridines.3:6 It was therefore reasoned that pro-
tonation at N-8 might also impart some positive character
to the adjacent C-7 position, especially if additional
charge delocalization could be provided via participation
of a suitably placed phenyl group. A 6-phenethyl deriva-
tive would be especially appropriate in this regard, since
formation of a resonance-stabilized species (see Scheme 1)
would occur via closure of a six-membered ring. Expulsion
of a bridgehead proton (providing steric relief) would lead
to an intermediate 4 having, in essence, a 7,8-dihydropter-
idine structure. Analogously to other known oxidations of
condensed 7,8-dihydropteridines to pteridines,8 further
transformation of 4 into 3 would be expected to take place
rapidly under oxidizing conditions.

Support for the mechanism outlined in Scheme I was
derived from the nmr spectrum of the dark red 1:4 fluo-
rosulfonic-trifluoroacetic acid mixture prior to quenching
with ethanol. As stated above, a singlet was observed at &
6.50 prior to quenching which was absent in the spectrum
of the eventual product and was likewise not seen in the
spectrum of homolog 2 under the same conditions. The
origin of this signal, apparently unique in the spectrum of
the 6-phenethyl derivative, is believed to be the newly
formed benzylic bridgehead proton occupying what was
once the C-7 position of the pteridine moiety. The disap-
pearance of this signal on quenching is consistent with in-
stantaneous oxidation of the 7,8-dihydropteridine inter-
mediate 4 to the pteridine 3.

Direct chemical evidence for the tetracyclic nature of
compound 3 was also obtained via selenium dioxide dehy-
drogenation experiments,® which gave a 75% yield of a
new bright-yellow substance having the composition
C14HoN50. The uv spectrum of this dehydrogenation
product in 0.1 N sodium hydroxide contained maxima at
232, 285, and 428 nm. Since these values were consistent
with a fully aromatized chromophore, the dehydrogena-
tion product was formulated as structure 5. An isomeric
tetracyclic 2-aminopteridin-4(3H)-one, compound 6, was
obtained in 1954 by Timmis and coworkers by acid hy-
drolysis of the 2,4-diaminopteridine derivative.l® The lat-
ter was formed on thermal condensation of 2-naphthol and
2,4,6-triamino-5-nitrosopyrimidine at 150°11 A sample of
compound 6 was synthesized via this route and found to
absorb at 254, 291, and 420 nm in 0.1 N sodium hydrox-
ide. Additionally, compounds 5 and 6 both showed a char-
acteristic bright blue uv fluorescence on tlc, possessed
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similar ir spectra, and resembled each other closely in
their ready recrystallizability from 80% formic acid.
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It is interesting to consider possible reasons for the sin-
gular behavior of compound 1 in the presence of very
strong acid. A likely explanation for the fact that ring clo-
sure of 1 is so facile is that formation of a resonance-stabi-
lized positively charged intermediate (Scheme I) is ener-
getically favorable in this particular instance because the
five carbon atoms among which the positive charge is dis-
tributed can exist in a planar configuration. Such a con-
figuration is readily achieved when the newly created ring
is six membered and thus relatively strain-free. When cy-
clization involves formation of a seven-membered ring, as
in the 6-(3-phenylpropyl)homolog 2, unfavorable ring dis-
tortion forces and eclipsing phenomena conspire to block
this pathway. In preference to cyclization, therefore, sim-
ple substitution at the para position takes place,® presum-
ably as a consequence of electrophilic attack by fluorosul-
fonic acid itself or the known mixed anhydride
CF3C(0)OSO,F. The existence of this alternative path-
way is supported by nmr evidence indicating gradual
change of the aromatic proton signal in the 6-(3-phenyl-
propyl) compound 2 from a singlet to a typical AB quar-
tet.3.12

The present serendipitous discovery of a reaction where-
in the C-7 position of a pteridine functions as an electro-
phile because of protonation at N-8 represents a novel ob-
servation in pteridine chemistry.13

Experimental Section

Ir spectra were taken with a Perkin-Elmer Model 137B double-
beam reccrding spectrophotometer and quantitative uv spectra
were measured on Cary Model 11 and 15 spectrophotometers.
Nmr spectra were determined on a Varian A-60 instrument with
Me,Si as the reference. When FSO3H was present in the solvent
mixture a sealed capillary containing MeysSi was placed in the
nmr sample tube. Melting point determinations were performed
in Pyrex capillary tubes in a Mel-Temp apparatus (Laboratory
Devices, Inc., Cambridge, Mass.). Microanalyses were performed
by Galbraith Laboratories, Knoxville, Tenn.

10-Amino-5,6-dihydronaphtho[2,1-g]pteridin-8(9H)-one (3). A
stirred solution of compound 1 (3.5 g, 0.018 mol)3 in trifluoroacet-
ic acid (35 ml) was treated dropwise with flurorsulfonic acid (8.75
ml). After being allowed to stand at room temperature for 30 min
the dark red mixture was poured into 95% ethanol (875 ml). Theini-
tial pink color was rapidly discharged from the malodorous mix-
ture and a yellowish solid deposited in the flask. The solid was
filtered, washed with 95% ethanol and ether, and recrystallized
(charcoal) from 80% formic acid (180 ml) to yield 3 as a pale yel-
low powder weighing 1.8 g (74%): mp >360°; nmr (CF3CO-H) ¢
7.2-8.6 (m, aromatic protons), 3.3 (broad singlet with fine struc-
ture, CH2CHy); nmr (1:4 FSO3H-CF3CO2H) 6 7.6-8.2 (m, aro-
matic protons), 3.8 (m, CH3CHy); uv (0.1 N NaOH) 240 nm (e
21,590), 273 (18,830), 387 (15,290).

Anal. Caled for C14H11N50.0.5H;0: C, 61.30; H, 4.41; N,
25.53. Found: C, 61.55; H, 4.14; N, 25.55.

10-Aminonaphtho{2,1-glpteridin-8(9H)-one (5). A mixture of
compound 3 (0.5 g, 0.0018 mol) and powdered selenium dioxide,
(0.2 g, 0.0018 mol) in glacial AcOH (40 ml) was stirred under re-
flux for 4 hr. The hot mixture was then suction filtered and the
filtrate was evaporated to dryness under reduced pressure. The
filtered solid and the residue from evaporation were combined
and redissolved in hot 80% formic acid (30 ml). Treatment with
decolorizing carbon, dilution with a small volume of water, and
slow cooling gave several crops totaling 0.36 g (77% yield), mp
>360°. A sample recrystallized for microanalysis was washed
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thoroughly with water and then dried at 100° (0.1 mm) in a
drying pistol containing powdered KOH in order to remove the
last traces of formic acid, uv (0.1 N NaOH) 232 nm (e 31,820), 285
(38,340), 428 (13,530).

Anal. Caled for C14HgN50.0.26H.0: C, 62.79; H, 3.57; N,
26.15. Found: C, 62.80; H, 3.37; N, 26.08.

Registry No.—1, 4215-03-6; 3, 50803-83-3; 5, 50803-84-4.
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1-Oxido-2-pyridylmethyl group (op group) was found to be useful for protection of amino or hydroxyl groups
of adenine, nucleosides (cytidine and adenosine), or phosphate functions of nucleotides (uridine 5’-phosphate
and adenosine 5’-phosphate). N8-(1-Oxido-2-pyridylmethyl)adenine (1) was prepared by the reaction of 1-
oxido-2-pyridylmethylamine (9) and 6-methylsulfonylpurine (11). N*-(1-Oxido-2-pyridylmethyl)cytidine (2) and
Nb_(1-oxido-2-pyridylmethyl)adenosine (3) were also prepared by the reactions of 9 and appropriate sulfonate or
sulfone derivatives of nucleosides 8 and 13. 1-Oxido-2-pyridylmethyl nucleoside 5’-phosphates (4, 5, and 6) were
prepared in excellent yields by the reactions of the nucleotides with 1-oxido-2-pyridyldiazomethane (15), a
water-soluble alkylating agent newly developed for the present investigation. By the use of 15 op protection
could be introduced into phosphate functions of nucleotides in aqueous solution in excellent yields. Deblocking of
these op-protected nucleoside (2) and nucleotides (4 and 6) could be achieved in satisfactory yields (86-96%) by
treatment with acetic anhydride, followed by methanolic ammonia.

In the past few years, the development of procedures for
the chemical synthesis of oligonucleotides has depended
to a significant extent on the design of a new protecting
group with specific properties.?

In the preceding paper it was shown that 1-oxido-2-pyri-
dylmethyl group (op group)* was useful as an easily re-
movable blocking group for amino, imino, and hydroxyl
functions® (Chart I).
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The present paper deals firstly with the preparation of
1-oxido-2-pyridylmethyl protected nucleosides 2 and 3
(Chart II) as well as 1-oxido-2-pyridylmethyl protected
adenine (1), secondly with the preparation of the nucleo-
tide derivatives 4, 5, and 6 by the use of 1-oxido-2-pyridyl
diazomethane (15), and finally with the deblocking of
these compounds (2, 5, and 6) with acetic anhydride
treatment and subsequent hydrolysis.

to, W. Hutzenlaub, and W. Pfleiderer, Chem. Ber., 106, 3175
(1973).
Although two op-protected nucleosides (2 and 3) might

be prepared by Dimroth rearrangement® of the respective
1- or 3-op-substituted nucleosides, we have adopted alter-
native routes (see Chart III).

Oxidation of 4-thiouridine (7)7 with potassium perman-
ganate (at 0° for 15 min) afforded the corresponding 4-sul-
fonate (8).% Without isolation, the reaction mixture was
treated with 1-oxido-2-pyridylmethylamine (9) at room
temperature for 25 hr to give the expected N*-(1-oxido-2-
pyridylmethyl)cytidine (2) (crude yield was almost quan-
titative) which was purified by charcoal treatment. The
product was homogeneous on tlc and paper chromatogra-
phy.

The structural confirmation of 2 rests upon the elemen-
tal analysis and spectral data (uv, ir, and nmr). Although
the isolated yield was rather poor (34.7%), the possibility
of optimizing isolation (charcoal treatment) conditions
could improve the yield.

N6-(1-Oxido-2-pyridylmethyl)adenine (1) was prepared
according to a route shown in Chart IV. The synthetic se-
quence starts with 6-methylthiopurine (10),° which on ox-
idation with aqueous bromine solution afforded the corre-
sponding 6-methylsulfonylpurine (11), contaminated with
a small amount of 6-methylsulfinylpurine. Without purifi-
cation, the mixture was treated with 1 equiv of 1-oxido-2-
pyridylmethylamine (9) to yield 1 in 20% yield. The struc-
ture was confirmed by elemental analyses as well as spec-
tral data.



