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Reaction of N-Aminopyridinium Derivatives. XIILV Syntheses of Pyrazolo-
diazines by Cyclization of N-Aminodiazinium Salts
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(Received January 18, 1974)

N-Aminopyridazinium (IV) and N-aminopyrazinium (VI, VIII) derivatives were
synthesized by N-amination of pyridazine (III) or pyrazine (V, VII) derivatives with
hydroxylamine“O-sulfonic acid. By the reaction of pyrimidine derivatives (IX, XI)
with hydroxylamine-O-sulfonic acid, N-aminopyrimidinium derivatives were not ob-
tained, but pyrimidine N-oxide derivatives (X, XII) or 1-amino-4-methyl-6-oxo-1,6-
dihydropyrimidine (XIV, XVI, XVII) were obtained. Therefore, N-aminopyrimidinium
derivatives (XXI, XXII, XXIV, and XXVI) were synthesized by N-amination of IX
and XI with O-mesitylenesulfonylhydroxylamine, Pyrazolo-diazines (XXVII—XXX,
XXXV—XXXVIII) were synthesized by cycloaddition reaction of these N-amino-
diazinium derivatives with acetic anhydride and sodium acetate or methyl acetylene-
carboxylate, Pyrazolo[1,5-¢c]pyrimidine derivatives (XXXVII—XXXVII]), which are
different in oriention, were obtained by 1,3-dipolar cycloaddition reaction of XXI and
XXIV with methyl acetylenecarboxylate.

Recent reports®% stated that pyrazolo[l,5-alpyridine derivatives, obtained from N-
iminopyridine or its salts, had some interesting chemical reactivities and pharmacological
activities. On the other hand, N-amination of diazines, such as pyridazine, pyrazine, and
pyrimidine that had one more nitrogen in the pyridine ring, was recently attempted with
only pyridazine. With respect to the syntheses of pyrazolo-diazine ring, such as pyrazolo-
[1,5-b]pyridazine, pyrazolo[1,5-a]pyrazine, pyrazolo[1,5-a]pyrimidine, and pyrazolo[1,5-c]-
pyrimidine using N-aminodiazinium salts, only pyrazolo[1,56-b]pyridazine (II) has been
to date.® The pyrazolo-diazines synthesized without using N-aminodiazinium salts were
pyrazolo[1,5-a]pyrimidine® and pyrazolo[1,5-c]pyrimidine.?
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For this reason, we attempted N-amination of diazines with potassium hydroxylamine
O-sulfonate® and syntheses of novel pyrazolo-diazines through N-aminodiazinium salts of
diazine.»

1. N-Amination of Diazines

i) Reaction of Pyridazine Derivatives with H,NOSO,K Kobayashi, et al.> recently
reported that l-amino-3-methoxypyridazinium salt was synthesized by the reaction of 3-
methoxypyridazine with H,NOSO;K. We employed 3-methylpyridazine (I11a) and 3-methyl-
6-methoxypyridazine (IIIC) as starting materials in consideration of directing Substltuents,
and it was found that these reactions gave only

2-amino-3-methylpyridazinium salts (IVa) and R: R:
2-amino-3-methyl-6-methoxypyridazinium salts \@ %AS \ m
(IVc) as shown in Chart 2. - CHs 57% HI . N CHs
In nuclear magnetic resonance (NMR) I~ 1'\]H2
spectrum of IVa, methyl protons at 3-position
were recognized as a singlet. From this result, %ﬁ gingHB %2 ggz%
it was presumed that the reaction product of e : Ri=CH;O IVc : 49.7%
I1Ta was not a mixture of 1-amino and 2-amino Chart 2

compounds, and the cyclization reaction of IVa

with acetic anhydride-anhydrous sodium acetate gave pyrazolo[1,5-b]pyridazine as will be
described later, confirming the structure of IVa. Inthe N-amination of 1Ila and IIlc, it was
presumed that IVa was obtained because of inductive (+4I) effect of the 3-methyl group, and
IVc was obtained because of steric hindrance or —1I effect of 6-methoxyl group.

ii) Reaction of Pyrazine Derivatives with H,NOSO;K——N-Amination of pyrazines (V)
was carried out in the same way as above and N-amino compounds (VI) were obtained, as
shown in Chart 3. NMR spectrum of VIb exhibited a singlet at 0.76 due to C-2 proton, each
doublet at 1.16 and 0.98 = due to C-5 and C-6 protons and # singlet at 0.97 = due to proton of
N-amino group. The reaction of VIb with acetic anhydride-anhydrous sodium acetate did
~ not afford a cyclization product, but the cycloaddition reaction of VIb with acetylene derivative
gave pyrazolo[1,5-a]pyrazine. From these results, the structure of VIb was confirmed to be
not l-amino-2-methylpyrazinium salt but 1-amino-3-methylpyrazinium salt (VIb). In
this connection, pK, of pyrazine ring is lower than that of pyridazine ring. Consequently, it
was presumed that VIb, in which the steric hindrance of methyl group appeared stronger with
bulk effect of H,NOSO,K than 4-I effect of methyl group, was obtained. When a number
of methyl groups were substituted in the pyrazine ring, the yield increased with increase in
the electron density of the whole ring system.

N-Amination of pyrazine N-oxide derivatives (VII) was then attemped, and 1 amino-4-
oxidopyrazinium salt (VIIIa) and l-amino-2,5-dimethyl-4-oxidopyrazinium salt (VIIIb) were

C (? v 0
R ' R }
JZN]r ' HAS JiN]r b N Ra HAS N Ra
STAHL L ] 57%HI | LB/
-~ R, N R: N 1-
NHZI 2 I
Va: Ri=R.=H Via : 33.7% NH;
Vb : Ri=CHs, R.=H VIb : 21.7% VlIa : Ry=R,=H Villa: 5.6%
Ve : Ri=R.=CH; Vlc : 55.2% VIIb : Ry=R.=CH, VI : 18.6%
Chart 3

8) An aqueous solution of H,NOSO,K (HAS) was prepared by neutralization of H,NOSO,H with an equal
mole of KOH.

9) Abstracts of papers, 92th Annual Meeting of Pharmaceutecal Society of Japan, Osaka, April, 1972,
11-80; Abstracts of papers, 93th Annual Meeting Pharmaeeutical Society of Japan, 1973, 11-87.
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obtained in the yield shown in Chart 3. Compounds (VIIIa, b) are new diylides having an
N-oxide group and an N-amino group as precursor of N-imine group. From comparison of
NMR spectrum, it was observed that N-amino group of VIIIa, b shifted to a higher magnetic
field because of back donation effect of N-oxide against N-amino group of IVa, b (Table I).
The compounds obtained by these reactions are summarized in Table II and III.

TasLE I. NMR Spectra of Diazine Ylides

Chemical shift (7)

Compd. Coulilinf
No. , Phenvl constan
-NH, 2-H 3-H 4-H 5-H 6-H CH, CH,0 pm*‘:ggl (Hz)
IVa 0.81 — — 1.85 1.45 0.82 7.2 — — Ji,5=8, J5,6=5
Vb 1.0 — — 194 16 — E =8
Ive 1.1 — — 2,23 1.64 — 7.25 593 — Ji,5=8.5
Via 0.44 0.78 1.19 — 119 0.78 0.78 — — J2,3=2.5, J5=1.5
VIib 0.97  0.76 — — 1.16 0.98 7.35 — — Js,6=4
7.37
Vic 1.18 0.92 — — L34 — g5 - —
Vlia 1.34 1.17 1.17 — 1.17  1.17 —_ — —_
7.64
Vb 1.94 1.04 —_ — 1.14 — 7 49
XXI 153 045 — — 0.88 141 — — LI g2
7.37
XXI 2.28 0.64 — — 2.08 — 7 44 — —
L . . - 1.82 Jo,6=2, Jor,3r=9
XXIV 1.47 0.4 0.82 1.35 9 97 ]5,’6,:’9 .
a) Me;SO-d,
TasLE II, N-Aminopyridazinium Iodides
ol
I\
\N CHs
|
I~ NH.
Analysis (%)
Caled
Compd. ; , ° ) Recrystn. :
No. R, Formula, mp (°C) Appearance solvent (Found)
C H N
129—130 pale yellow 25.33 3.40 17.72
Iva  H CsHN,I (decomp.)  needles EtOH (25.50) (3.22) (16.86)
Cy1H;,0, N, yellow 39.06 2.98 24.85
(picrate) =~ 164—166 needles H,0 (39.07) (3.08) (24.96)
134—136 pale yellow . 28.70 4.01 16.73
1vb CH, CoHlyoN,T (decomp.) needles iso-PrOH (28.76)(4.01)(16.46)
124—125 yellow . 26.98 3.77 15.73
Ve OCH,  GiHiONsT  (Gecomp)  needles iso-PrOH (5713 (3.78) (15.71)

iii) Reaction of Pyrimidine Derivatives with H,NOSO;K By the reaction of pyrimidine
derivatives with H,NOSO,K, N-aminopyrimidinium salts were not obtained in the same way
asabove. Therefore, the reaction of 4-phenylpyrimidine (IX) with H,NOSO;K was attempted
for studying in further detail.

This reaction was carried out at 70—72° for 4 hr. When cooled, the reaction mixture
was made alkaline with K,CO,, extracted with CH,Cl,, and the residue was separated by column
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TasLe ITI. N-Aminopyrazinium or 1-Amino-4-oxidopyrazinium Iodides

0]
!
N, Ri
ye gL
or R, 1?1
NH, I- NH. 1~
Analysis (%)
Caled
C d. o R . p
l%rélp R, R, N—-O Formula mp (°C) Appearance so?fr?rlﬁcm (Found)
C H N
. 178—180 yellow 21.54 2.70 18.84
Via. H H CHeNL  (decomp.)  needles EtOH  51.79) (2.73) (18.35)
. . yellow ' 37.04 2.49 25.92
(picrate) CuoHsO:Ng 234236 7 qles HO (36.89)(2.77)(26.21)
132—134 yellow 25:33 3.40 17.72
Vb CH, H = — CHsNsT  (Gecomp.)  needles BtOH 55 33 (3.44) (17.74)
L 145—146 pale yellow 28.70 4.01 16.73
Vle  CH, CH, CoHioNal  (decomp.)  needies EtOH  98.70) (4.07) (16.43)
. 144—145 yellow 20.09 2.52 17.58
Vila H H N-0 CyH ON,I (decomp.) needles EtOH (20.40)(2.55) (17.38)
Vb CH, CH, N—O CoH,,ON,I 172—174 yellow EtOH 26.98 3.77 15.73

(decomp.) needles (26.62)(3.73)(15.69)

chromatography over ALLO;. The crystalline product (X) obtained from this reaction had a
molecular formula of C,;,HzON,, which showed N-oxide absorption bond at 1248 cm~ in its
infrared (IR) spectrum. The NMR spectrum of X exhibited a singlet at 0.92 v due to C-2
proton, each doublet at 1.5 and 2.3 v due to C-5 and C-6 protons, and signals at 1.96 and
2.5 7 due to the phenyl protons. The structure of X was presumed to be 4-phenylpyrimidine
1-oxide. On treatment with Raney nickel, X reverted to IX almost quantitatively and X
agreed as 4-phenylpyrimidine 1-oxide by IR comparison with an authentic sample.® When
3 moles of H,NOSO K was used, the yield of "X was the highest. In order to examine the
limit of application of this abnormal reaction, the reaction of XI with H,NOSO,K was at-
tempted, and the expected N-oxide derivatives (XII) were obtained. Their IR spectra agreed
with that of the authentic sample.'® These results are summarized in Chart 4.

AcOH+H202 N B
N
fﬂ 7 HAS  \ KJJ 4 recovery JJ HAS /U + recovery
~_ Raney—Ni ‘ HiC N° N\ AcOH+H.0, # H,C III
0
X o Xla : R,=CH, XIla : 26.7% 70.7%
X1293% 54.8% XIb: Ri=CeHs XIIb : 18.6% 67.3%
Chart 4

The reactivity of H,NOSOgK with compounds having hydroxyl and methoxyl groups in
the pyrimidine ring system was examined. KIl6tzer'® reported that N-3-aminouracil was
obtained by the reaction of uracil with H,NOSO4K. Broom and Robins!® reported that

10) T. Kato, H. Yamanaka, and T. Shibata, Yakugaku Zasshi, 87, 1096 (1967).

11) a) R.H. Hunt, J.F.W. MeOmie, and E.R. Sayer, J. Chem. Soc., 1959, 525; b) K. Adachi, Chem. Pharm.
Bull. (Tokyo), 7, 479 (1959).

12) W. Klétzer, Monatsh. Chem., 97, 117 (1966).

13) A.D. Broom and R.K. Robins, J. Org. Chem., 34, 1025 (1969).
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N-aminopurine nucleosides were synthesized by the reaction of various purine nucleosides
with H,NOSO,K. However, the reaction of pyrimidine derivatives having a methoxyl group
with H,NOSO,K has not been reported to the present. Therefore, the reaction of 4-hydroxy-6-
methyl (XIII) and 4,6-dimethoxy (XV) derivatives with H,NOSO;K was attempted and gave
1-amino-1,6-dihydro-4-methyl-6-oxo derivative (XIV), 1-amino-4-methoxy-6-oxopyrimidine
(XVI) having N-amino group and 4-methoxy-1-methyl-6-oxo derivative (XVII), in which
the methyl in the methoxy group had rearranged to nitrogen, as shown in Chart 5. In the
case of H,NOSO,K, the expected N-aminopyrimidinium salts were not obtained from pyrimi-
dine derivatives such as pyrimidine, 2-methylpyrimidine, and 4-methylpyrimidine.

(I)H O
I
A HAS NN
(B —— [ NH:
HSC/\N/ ch/\NV
XII XIV: 14.9%
(l)CHa O - 0
Ik I}
P HAS A O NLCH
‘\ y —_— 1\|I NH2 + [ T C 3
HsCOYN”/ H;C-ONN7 H3C.ONN7”
XV XVI: 18.1% XVI: 0.5%
Chart 5

Ph Ph The reaction mechanism producing

IX

Ph
N s~
& ﬂij—osogH -
N ﬁ H H.N" N

H 0SO:H
XVII 1
Ph Ph Ph
N N ﬁN
S T
0 0S0;
0 % :
“T)l?r()‘
0
X XX XIX
Ph Ph
NH N-~O
5 e
N"*NHOSO:H N
Chart 6 Ph=pheryl

X can be proposed as shown in Chart 6.
First protonation in nitrogen at 1-posi-
tion of 4-phenylpyrimidine (IX) occur-
red and, by the addition reaction of
H,NOSO,K as a nucleophilic reagent,
XVIII may be formed as an inter-
mediate such as 1,2-dihydro compound.
Successive ring fission between 1- and
2-position such as XIX and elimination
of sulfur trioxide and ammonia may
give X. Inthis reaction, 4-phenylpyri-
midine 3-oxide was not obtained.

It was concluded that the expected
electrophilic N-amination did not occur
because H,NOSO,K has not only electro-
philic but also nucleophilic nature.

iv) Reaction of Pyrimidine Deriva-
tives with MSH——Since N-aminopyri-
midinium salt was not obtained by the
reaction of pyrimidine derivatives with

H,NOSO,;K, amination with O-mesitylenesulfonylhydroxylamine (MSH),¥ whose scope of
wide application became known recently, was attempted.

N-Aminopyrimidine salts (XXI, XXII, XXIV and XXVI) were obtained by the reaction

of pyrimidine derivatives (X, XIa, XXIII, and XXV) with MSH as shown in Chart 7.

14) Y. Tamura, J. Minamikawa, Y. Miki, S. Matsugashita, and M, Tkeda, Tetrahedron Letiers, 1972, 4133,
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IFZ . RZ
|
|/\N MSH 7N iy
Rs\N }l\R1 — R3/‘\ IiI /”\R1 ~OSOZ<__>‘CH3
NHa CHs
IX XXI: Ri=H, Re=CeHs, Rs=H; 49.9%
XTa XXII: Ri=H, Re=R3=CHj;; 66%
XXIIT . XXIV: Ri=H, Rg:j)—BrCsI-h, Rs=H; 50%
XXV XXVI: Ri=CHj;, Re=Ra=H; 43.1%
Chart 7

TapLe IV, N-Aminopyrimidinium Mesitylenesulfonates

Rz
/\ -
L&/\R —OSOQ < > CH3
NHz
Analysis (%)
Compd. p g RSB F 1 0 Recrystn, Caled,
No. 1 2 3 ormula mp (°C)  Appearance solvent (Found)
e e
C H N
XXI H  CH, H  C,H,0,N,S 85 ggilfnf’selmw iso-PrOH (gi:‘ég) (g:gg) (}Hg)
. pale yellow . 55.72 6.55 13.00
XXI[ H CH3 CHS C15H2103N3S 141—143 priSmS iso-PrOH (55. 86) (6. 27) (12. 84)

R - pale yellow . 50.67 4.47 9.33
XXIV H p-BrCH, H  C,,H,,O;N,SBr 158—160 plates iso-PrOH (50.81) (4.58)( 9.24)

: - pale yellow . 54.36 6.19 13.59
XXVI CH3 H H C14H1903N35 2].2 214 pla.tes 1S0 PI'OH (54' 28) (6 . 11) (13 . 33)

2. Syntheses of Pyrazolo-diazines by Cyclization Reaction of N-Aminodiazinium Salts

i) Syntheses of Pyrazolo[1,5-b]pyridazines——Cyclization methods using N-amino-
pyridinium salts are already known; the excellent methods of acetic anhydride-sodium acetate®
(method A) and 1,3-dipolar cycloaddition!® reaction using an acetylene derivative (method
B). The desired pyrazolo[1,5-b]pyridazines (XXVII and XXVIII) were obtained by the
cyclization of N-aminopyridazinium salts using these methods (Chart 8). The yield of XXVII

R
R‘m AcO+AcONa Y . o Ryt

\KII CH, reflux, Zhr Y COCH; @ SN @ N A CO:CH;
" N CH, I~ NH, —NH N

m XXVIla: Ri=H, 5.8% XXVII : 53.5%

XXVIIb : Ri=CHs, 13.8% 9
XXVIlc : Ry=CH:0, 6.1%

Chart 8

was generally worse compared with the case of pyridine and much tarry matter was produced.
From this fact, it was presumed that intermediates in the reaction of N-aminopyrazinium
salts were more unstable than those of N-aminopyridinium salts for heat. On the other hand,

15) R. Huisgen, Proc. Chem. Soc., 1961 357; idem, Tetrahedvon Letters, 1962, 387 ; idem, Angew. Chem., 75,
604, 742 (1963).
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in the method B with cyclization at room temperature, XXVIII was obtained in a moderate
yield. These compounds were identified on the basis of elemental analysis and the spectral
data, and these are summarized in Table V.

TasLE V. NMR® and IR Spectra of Pyrazolo-diazines

Chemical shift ()

Coupling IR(cm™?)

C{\)Trélpd. 3-COCH, Phenyl constant . KBr
: 2H 4H 5H 6H 7-H or CH, CH,0 _ V'  (H7) C=0
3-CO,CH, proton
XXVIa  — 1.64 2.77 137 —  7.40 7.40 —  —  Jis=9, 1650
' Js,6=4
7.28 _
XXVIb  — 156 29 — — 744 2 o9 1633
XXVIe  — 1.62 3.15 — — 747 7.32 595 —  Jis=9 1648
XXVI ~ 1.43 1.56 2.78 1.56 —  6.06 —  — 1697
XXIXa  1.55 0.42 — 1.55 1.93 6.08 — —  —  Jo;=5 17109
6.02 _ 1745
XXIXb — 052 — Lo 176 902 =5 o
XXIXe 1.6 — — 209 1.73 6.06 6.9 — —  Ji;=5 1696
XXIXd ~ 1.55 — — 221 — 61 &X¥ 17249
XXX .62 — — 236 — 612 90— — 1723
XXXV — = 07 215 018 701 T2 — — ST 165
XXXV — 22 — — 094 734 46— 1645
XXXVI  1.57 1.65 —  — 0.68 605 — — s p.=15 1700
XXXVIL  1.54 1.64 — — 0.68 6.05 — — 290 J.=15 1690

a) iaCDCl, b) IR (cm-t), CHCl,, C=0

ii) Syntheses of Pyrazolo[1,5-a]pyrazines——3-Methoxycarbonyl-4-methylpyrazolo-
[1,6-a]pyrazine (XXIXc) was obtained by the reaction of VIb by the method B (Chart 9).

NIRI EN]]/Rx CH=C-C0;CHs J[N R
= + or
RZKIN RN c-cocH RN C0.CHs

- - Il
NH, 1 M e—cocn, Rs

VI XXIXa :I{1::I{2::I{3:=}{, 10.596

XXIXb : Ri=R,=H, R;=CO.CHs;, 2.3%
XXIXc + Ri=CHs, R.=Rs=H, 9.0%
XXIXd - R1=Rz:CH3, RsZH, 109%

0] 0 ? .
N c N CH: | C=C-CO.CH, JIN CHa
s e J HiC &C‘W
NH. I~ —NH N .
XXX : 41.2%
VI

Chart 9
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The structure of XXIXc was supported by its NMR spectrum showing a singlet at 1.6 7 due
to C-2 proton, and each doublet at 1.73 and 2.07 v due to C-6 and C-7 protons of pyrazine
ring. Itisalready known!® that 1,3-dipolar cycloaddition of VIb has occurred at the hindered
2-position.

When VIc was carried out with acetic anhydride-sodium acetate by the method A, con-
trary to expectation, 2,6-dimethyl-3-acetoxypyrazolo[1,5-a]pyrazine (XXXI) and diacetamide
(XXXII) were obtained. Compound ,

(XXXI) C,H,;O,N,;, came as pale H;C

yellow needles mp 137—138°. This \[

structure was presumed on the basis of 1;Ac 0(2)1(\)151 j}/o COCH: (CH,C0) NH

the following data together with ele-

mental analysis. IR spectrum of XXXI XXXI 5.5% XXXII : 15.2%
showed absorptions at 1749 and 1218 '

cm~! due to a carbonyl bond and its I
NMR spectrum exhibited each singlet

at 2.01 and 1.24 7 due to C-4 and C-7 H:C_N, HSC\[[N

protons of pyrazine ring and each sin- \[N OH N OCOQ
glet at 7.5, 7.6, and 7.62 7 due to pro- N T N

tons of three methyl groups. Further, CH. CH;

the structure of XXXI was confirmed XXXIII XXXIV

by the following reaction. Hydrolysis Chart 10

of XXXI with conc. HCl gave a 3-

hydroxy derivative (XXXIII) and XXXIV was obtained by the reaction of XXXIII with
Bz(Cl as shown in Chart 10.

Compound (XXXII) was identified of the authentic sample by IR their spectra. From
the fact, the intermediate in the reaction of VIc with acetic anhydride-sodium acetate may
be considered to be more unstable for heat. A part of VIc was decomposed to 2,5-dimethyl-
pyrazine, XXXII, and iodine, which gave XXXI through the ring contraction mechanism
to a five-membered ring system from a six-membered ring system,? as shown in Chart 11.
The analytical data of the compounds obtained are summarized in Tables VI and VII.

H.C_N H:C N H.C N

\EB\CHACONa fl AL \EIL + XXXII

N""CHs
COCHs

b\ N
CH, C

HsCtNﬂ\ "/HECN)/ H.C_.N
CHL'I Iﬁ — Ix}) ——~ XXXII XXXI
H;

Chart 11

16) T. Okamoto, M. Hirobe, and E. Yabe, Chem. Pharm. Buil. (Tokyo), 14, 523 (1966); Y. Tamura, N.
Tsujimoto, and M. Ikeda, Chem. Commun., 1971, 310; Y. Tamura, N. Tsujimoto, Y, Sumida, and M.
Ikeda, Tetrahedron, 28, 21 (1972); T. Sasaki, K. Kanematsu, Y. Yukimoto, and S. Ochiai, J. Org. Chem.,
36, 813 (1971).
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TasLe VI. Pyrazolo[1,5-b]pyridazines

Ri
N .
\1\1] RJ
N R.
Analysis (%)
' Calcd.
Q&?P(L R, R, R, Formula, mp (°C)  Appearance g}a‘c]?;lsttn. (Found)

T

C H N

colorless 61.70 5.18 23.99
XXVlIa H CH, COCH% C,H,ON, 130—131 needlos hexane (61.76) (5. 12) (24.02)

' colorless 63.47 5.86  22.21
XXVIb CH, CH, COCH, C,H,ON, 131—133 [°°%% hexane (63.68) (5.86) (22.34)

colorless 58.53 5.40 20.48
XXVIc OCH, CH, COCH, CoH,;,0,N;  131—132 needles hexane (58.68) (5.47) (20.72)

. colorless 54.23 3.98 23.72
XXVIT H H CO,CH, CiH,O,N, 125—126 needles H,0 (54.48) (4.03) (23.99)

TasrLe VII, Pyrazolo[1,5-a]pyrazines

(0)
!
_/[N Ri
' CO.CHs:
R 11\{11 j
» Rs
Analysis (%)
Compd. R. R, R NoO F : . Recrystn. Calcd.
No. 1 s Ry — ormula mp (°C) Appearance solvent (Found)
C H N
colorless . 54.23 3.98 23.72
XXIXa H H H —  CGHON, 137—138 0% iso-PrOH (2450 (4" 06 (23.99)
_ - pale yellow 54.06 3.86 17.87
XXIXb H H CO,CH, CyH,ON,  139—140 P2 Ve EtOH  (51"00Y (3709 (17.82)
: i colorless : 56.54 4.75 21.98
XXIXC CH3 H H — C9H902N3 137'—'139 needles 1SO-PIOH (56.75) (5'00) (21.81)
_ 1oy pale yellow 58.53 5.40 20.48
XXIXd CH3 CH3 H C10H1102N3 130—131 needles hexane (58.60) (5.53) (20'22)
N - pale yellow 54.29 5.01 19.00
XXX CH, CH; H N—O C,H,0N;, 238—240 P26Ve CoH, (34.35) (3.04) (13.70)
Ac,0+AcONa N iii) Syntheses of Pyrazolo[1,5-a]pyri-
XXVI — f : midines——When XXVTI was carried out
reflux, 2hr N COCH; . ) . .
: N AR with acetic anhydride-anhydrous sodium
N= CH; - acetate by the method A, 3-acetyl-2-
oo methylpyrazolo[1,5-a]pyrimidine (XXXV)
XXXV : 3.7% . . .
Chart 12 was obtained in a poor yield. The struc-
ar

ture of XXXV was proved on the basis of
analytical data, and NMR and mass spectra, together with IR spectrum, which showed an
“dbsorption at 1645 cm—! due to a carbonyl group.

~iv) Syntheses of Pyrazolo[1,5-c|pyrimidines——3-Acetyl-2-methylpyrazolo[1,5-c]-pyri-
midine (XXXVI) was obtained from XXII by the method A. The structure of XXXVI
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was proved on the basis of analytical
data, and NMR and mass spectra, CHs
together with IR spectrum, which XXII Acz0+AcONa N '
showed an absorption at 1645 cm—1 reflux, 2hrs [LN COCHs
due to a carbonyl group. The reac- N
tion of XXI and XXIV with methyl CHs
acetylenecarboxylate by the method XXXVI:13.1%
B gave 3-methoxycarbonyl-5-phenyl- Fh : _ Ph
pyrazolo[1,5-¢]pyrimidine (XXXVII) xxp KeC0s | N7 |CH=C-CO.CHs N
and 3-methoxycarbonyl-5-(#-bro- [Lf{r ”\N CO.CHs
‘mophenyl) pyrazolo[1, 5-¢] pyrimidine —NH N
(XXXVIII), respectively, as shown \/ ot o
in Chart 13. In this reaction, a pri- ’\ X};}EVH $21.3%
marily expected compound was
XXXVII’ because the electron den- r N
sity of C-2 position may be considered N §/C02CH3
lower than C-6 position, and it was N
thought that 1,3-dipolar cycloaddi- XXXvir’
tion occurred in this position. How- + Br Br
ever, the structures of XXXVII and
XXXIIT were presumed to be 3-me-
thoxycarbonyl-5-phenylpyrazolo[1,5-
c]pyrimidine and 3-methoxycarbo- XXIVKZCOB- N R CH=C-CO.CH: N
nyl-5-(p-bromophenyl)pyrazolo[1,56-c]- ILN lLN CO,CHs
pyrimidine by the following data. \—ll\IH / N=
IR spectrum of XXXVII and

Ph=phenyl XXXVIII : 6.2—36.2%

XXXVIIIL showed absorptions at
1700 and 1690 cm™! respectively due

Chart 13

to a carbonyl group, NMR spectrum of XXXVII exhibited a singlet at 1.57 v due to C-2
proton, each doublet at 0.68 and 1.65 7 due to C-4 and C-7 ring protons with p-coupling (/=
1.5 Hz), at multiplet at 1.8 and 2.52 7 due to the proton of phenyl group, and a singlet at
6.05 7 due to the proton of a methyl group.

TasLk VIII. Pyrazolo[1,5-clpyrimidines
Rs
N
AR,
i
N
R:
Analysis (%)
Calcd
Compd. . . :
1%213(1 R, R, R, Formula mp (°C) Appearance g‘fﬁgﬁitn (Found)
C H N
o oo, G, cutaone 1100 T v (0 8 B
11 . . .
XXXV H  COCH, CH,  CuHON,  176—177  JEGu  EtOH  @aJ) -3 235
XXXVl H  CO,CH, p-BrC;H, C,H,O.NBr 201202 YIOW  js0.prOH <§8:§§) é:gﬁ)dﬁiii’)
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NMR spectrum of XXXVIII exhibited a singlet at 1.54 7 due to C-2 proton, doublets
at 0.68 and 1.64 = due to C-4 and C-7 ring protons with p-coupling (/=1.5 Hz), each doublet
(J=9 Hz) at 2.00 and 2.37 = due to four protons of phenyl group, and a singlet at 6.05 v due
to proton of methyl group. When XXIV was reacted with methyl acetylenemonocarboxylate
at 50° for 6 hr for the object of examining the influence of reaction temperature, the yield of
XXXVIIT increased. The mechanism for the formation of XXXVII and XXXVIII is not

yet clear.
Experimental

All melting points were taken on a micro-hot stage and are not corrected. The spectra were recorded
on the following instruments: IR, Nihon-Bunko DS-403G; mass, Hitachi RM60; UV, Hitachi EPS-2U;
NMR, Japan Electron Optics (JEOL) JNM-PS 100 using tetramethylsilane as an internal standard. Ab-
breviations: s=singlet, d=doublet, m=multiplet, and br=broad.

General Preparation of N-Aminopyridazinium Iodide (IVa, c¢f. Tables II and III) To a solution of
3-methylpyridazine (I11a, 15 g) in H,O (63.4 ml), an aqueous H,NOSO K (prepared by neutralizing a solu-
tion of H,NOSO,H (18.05 g) in H,O (80 ml) with a solution of KOH (8.95 g) in H,O (47.8 ml) at 0°) was
added dropwise at 60° over a period of 10 min. The reaction mixture was heated at 70—72° on a water
bath for 4 hr. When cooled, the solution was made alkaline (pH 8—9) with 50% K,CO,, the separated
K,SO, was filtered off, and the filtrate was extracted with CH,Cl,. The aqueous solution was acidified
(pH 3) with 579 HI and concentrated under a reduced pressure at below 50°, The residue was extracted
with hot EtOH (50 ml) and the insoluble matter was filtered off. Same operation was repeated three times.
The filtrate was concentrated under a reduced pressure. The resulting residue was dried under a reduced
pressure and recrystallized from abs. EtOH to give 6.89 g of 2-amino-3-methylpyridazinium iodide (IVa)
as pale yellow needles. Further 1.5 g of the same crystals was obtained from the recrystallization mother
liquor. Total yield, 22.29%,.

Reaction of 4-Phenylpyrimidine (IX) with H,NOSO,K To a solution of IX (2 g) in MeOH (9 ml)
and H,0 (4 ml), an aqueous solution of H,NOSO,K (prepared by neutralizing a solution of H,NOSO,H
(4.34 g) in H,O (10 ml) with a solution of KOH (2.16 g) in H,O (5 ml) at 0°) was added dropwise at 60° over
a period of 10 min. The reaction mixture was heated at 70—72° on a water bath for 4 hr. When cooled,
the solution was made alkaline (pH 8—9) with K,CO, and extracted several times with CH,Cl,. The CH,-
Cl, layer was dried over anhyd. Na,SO,, evaporated, and the residue was chromatographed over Al,O,.
From the first fraction eluted with CH,Cl,, 1.099 g (54.8%) of the starting material (IX) was obtained.
From the second fraction eluted with CH,Cl,, 0.646 g (29.3%) of 4-phenylpyrimidine 1-oxide (X) was obtained
as colorless needles (from benzene), mp 137—138°. Anal. Caled. for C,,H ON,: C, 69.75; H, 4.68; N, 16.27.
Found: C, 69.75; H, 4.81; N, 16.38. Mass Spectrum m/fe: 172 (M*). X was identified with the authentic
sample!® by IR spectral comparison and mixed melting point determination.

Catalytic Reduction of 4-Phenylpyrimidine 1-Oxide (X) 4-Phenylpyrimidine (IX, 71.29%) was ob-
tained from X according to the method of Kato, et al.,)» and was identified with the authentic sample by
IR spectral comparison.

4,6-Dimethylpyrimidine 1-Oxide (XIIa) A mixture of XIa (3.24 g) and an aqueous solution of
H,NOSO,H (6.78 g) and KOH (3.36 g) was worked up as described for X, The resulting residue was dis-
solved in CH,Cl, and chromatographed over Al,O,. From the first fraction eluted with CH,Cl,, 2.294 g
(70.7%) of the starting material (XIa) was obtained, and from the second fraction eluted with CH,Cl,~
MeOH (19: 1), 0.993 g (26.7%) of XIIa was obtained as colorless needles (from benzene), mp 114.5—116°.
Anal. Caled. for CgHON;: C, 58.05; H, 6.50; N, 22.57. Found: C, 58.10; H, 6.44; N, 22.68. Mass Spec-
trum mfe: 124 (M*¥). IR 55 cm—1: 1240 (N—O). NMR (in CDCL,) 7: 1.06 (1H, s, C2-H), 2.83 (1H, s, C5~
H), 7.52 (6H, s, CH;x 2). XIIa was identified with the authentic sample by IR spectral comparison and
mixed melting point determination.1

6-Methyl-4-phenylpyrimidine 1-Oxide (XIIb) A mixture of XIb (2 g) and an aqueous solution of
H,NOSO,H (2.66 g) and KOH (1.32 g) was worked up as described for X, and the residue was chromato-
graphed over Al;O;. From the first fraction eluted with CH,Cl,, 1.345 g (67.3%) of the starting material
XIb was recovered, and from the fraction eluted with CH,Cl,~MeOH (19: 1), 0.417 g (18.4%) of XIIb was
obtained as pale yellow needles (from benzene-petr. ether), mp 139—141°, Anal. Caled. for C,;H,;,ON,:
C, 70.95; H, 5.41; N, 15.05. Found: C, 71.10; H, 5.41; N, 14.94. Mass Spectrum mfe: 186 (M*). IR :
Viax C™1: 1248 (N—O). NMR (in Me,SO-d¢) 7: 0.99 (1H, s, C2-H), 1.87 (1H, s, C5~H), 7.54 (3H, s, CH,),
1.97 (2H, m, phenyl proton C2-H, C6-H), 2.55 (3H, m, phenyl proton C’3-H, C’4-H, C’5-H). XIIb was
identified with the authentic sample by IR spectral comparison and mixed melting point determination,

Reaction of 4-Hydroxyl-6-methylpyrimidine (XIII) with H,NOSO,K To a solution of XIII (2.2 g)
in H,O (8 ml), an aqueous solution of H,NOSO,H (1.56 g) and KOH (1.12 g) was added dropwise at 60°,
After working up as described for X, the residue was purified by chromatography over Al,O; and elution
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with CH,Cl, gave 0.372 g (14.9%) of 1-amino-4-methyl-6-0x0-1,6-dihydropyrimidine (XIV) as colorless
needles (from benzene), mp 115—117°. - Anal. Caled. for C;H,ON,: C, 47.99; H, 5.64; N, 33.58. Found:
C, 48.03; H, 5.58; N, 33.46. Mass Spectrum m/je: 125 (M+). IR #E3% cm~!: 3335 (NH,), 1685 (C=0). UV
Jmee nm(e): 277.2 (3160). NMR (in CDCly) 7: 1.72 (1H, s, C2—I—I) 3.72 (1H, s, C5-H), 5.00 (2H, s, NH,),
7.72 (3H, s, CH,).

Reaction of 4,6-Dimethoxypyrimidine (XV) with H,NOSO,K To solution of XV (1.96 g) in H,O
(6 ml) and MeOH (4 ml), an aqueous solution of H,NOSO,H (1.56 g) and KOH (0.77 g) was added dropwise
at 60°. After working up as described for X, the residue was purified by chromatography over AL,O, and
eluted with CH,Cl,. From the first fraction, 1.079 g (54.9%) of the starting material XV was recovered
and from the second fraction, 9 mg (0.44%) of 1-methyl-4-methoxy-6-0x0-1,6-dihydropyrimidine (XVII)
was obtained as pale yellow plates (from benzene-hexane), mp 144.5—145.5°. Anal. Calcd. for C,HO,N,:
C, 51.42; H, 5.75; N, 19.99. Found: C, 51.50; H, 5.80; N, 19.79. Mass Spectrum mfe: 140 (M+). IR
Voes cmL: 1665 (C=0). UV 2E% nm(e): 271 (2740), 232 (1840) NMR (in CDCly) z: 1.98 (1H, s, C2-H),
4.25 (1H, s, C5-H), 6.08 (3H, s, OCH,), 6.46 (3H, s, CH,). -

From the third fraction, 0.356 g (18.1%) of 1-amino-4-methoxy-6-ox0-1,6-dihydropyrimidine (XVI)
was obtained as pale yellow needles (from benzene), mp 140—141°. Anal. Caled. for C;H,0,N;: C, 42.55;
H, 5.00; N, 29.78. Tound: C, 42.75; H, 5.09; N, 29.48. Mass Spectrum m/e: 141 (M*). IR »3i% cm—1:
1673 (C=0). UV AZ% nm(e): 274 (2600). NMR (in CDCl,) 7: 1.8 (1H, s, C2-H), 4.35 (1H, s, C5-H), 4.64
(2H, s, NH,), 6.14 (3H, s, OCH,).

General Preparation for N-Substituted Aminopyrimidinium Mesitylenesulfonate (XXIV, ¢f. Table IV)
To an ice cooled solution of 4-(p-bromophenyl)pyrimidine (XXIII, 17.5 g) in CH,CI, (100 ml), a solution of
MSH (16 g) in CH,Cl, (70 ml) was added dropwise and the reaction mixture was allowed to stand at room
temperature for 1 hr. After addition of ether, the precipitated crystals were collected and recrystallized
from iso-PrOH to 16.7 g (50%) of 1-amino-4-(p-bromophenyl)pyrimidinium mesitylene sulfonate (XXIV).

General Preparation of Substituted Pyrazolo[1,5-b]pyridazine (XXVIIa, cf. Table VI) A solution of
IVa (4.785 g) in Ac,O (100 mli) was warmed for 0.5-—1 hr at 70—80° with stirring. To the reaction mixture,
anhyd. NaOAc (9.6 g) was added and the mixture was heated at 130—135° on an oil bath for 2 hr, When
cooled, the reaction mixture was evaporated under a reduced pressure, the residue was basified with saturated
Na,CO; solution under ice cooling, and extracted with CH,Cl,. The CH,Cl, layer was dried over anhyd.
Na,S0O, and evaporated to dryness. The residue was purified by chromatography over Al,O; with hexane~
CHLCIl, (1: 1) to give 205 mg (5.8%,) of 3-acetylpyrazolo[1,5-blpyridazine (XX VIIIa).

General Preparation of Substituted Pyrazolo[1,5-a]pyrazine (XXIX, ¢f. Table VII) To a mixture of
1-aminopyrazinium iodide (Va, 8.92 g) in dimethylformamide (80 ml) and K,COj, (2.76 g), methyl acetylene-
carboxylate (6.72 g) was added dropwise with cooling and stirring. The mixture was stirred for 24 hr and
allowed to stand for 1—2 days at room temperature. The reaction mixture was filtered and the filtrate
was evaporated to dryness. The residue was purified by chromatography over Al,Oz with CH,Cl, to give
0.744 g (10.5%) of 3-methoxycarbonylpyrazolo[1,5-alpyrazine (XXIXa).

3-Acetoxy-2,6-dimethylpyrazolo[1,5-g]pyrazine (XXXI) A solution of 1-amino-2,5-dimethylpyrazi-
nium iodide (VIc, 3.56 g) in Ac,O (45 ml) was warmed with stirring for 1 hr on a water bath. To the reac-
tion mixture, anhyd. NaOAc (4.3 g) was added and the mixture was heated at 130—135° on an oil bath
for 2.5 hr. The reaction mixture was treated in the same procedure as that described for XXVIla, The
residue was chromatographed over Al,O; with hexane-CH,Cl, (1:1). From the first fraction, 0.17 g (5.5%)
of XXXI was obtained as pale yellow needles (from hexane), mp 137—138°. 4unal. Calcd. for C;oH;,0,N;:
C, 58.563; H, 5.40; N, 20.48. Found: C, 58.60; H, 5.40; N, 20.40. Mass Spectrum mfe: 205 (M*). IR
A80r cm—1: 1749, 1218 (-OCOCH,). NMR (in CDCl,) z: 1.24 (1H, s, C7-H), 2.01 (1H, s, C4-H), 7.5 (3H, s,
~OCOCH,), 7.6 (3H, s, 2-CHj;), 7.62 (3H, s, 6-CH,). From the second fraction, 0.218 g (15.5%) of diacetyl-
amine (XXXII) was obtained as pale yellow needles (from hexane), mp 73°. Aual. Calcd. for C;H,0,N:
C, 47.52; H, 6.98; N, 13.86. Found: C, 46.86; H, 6.70; N, 13.51. Mass Spectrum mfe: 101 (M*). IR
pEBr cm~1: 17388, 1695 (amide). NMR (in CDCL) z: 0.36 (1H, br, NH), 7.68 (6H, s, CH;x2).

3-Benzoyloxy-2,6-dimethylpyrazolo[1,5-a]pyrazine (XXXIV) A mixture of XXXI (0.1411 g) in conc.
HCI (4 ml) was warmed on a water bath (70—80°) for 4 hr, The reaction mixture was evaporated to dryness,
the residue was basified with 289, NH,OH, and extracted with CH,Cl,. The CH,Cl, layer was dried over
anhyd. Na,SO, and evaporated to give 2,6-dimethyl-3-hydroxypyrazolo[1,5-alpyrazine (XXXIII), mp 204—
205°, Mass Spectrum mfe: 163 (M+). Then to a solution of 0.1 g of crude XXXII and K,CO; (0.5 g) in H,O
(5 ml), BzCl (0.1 g) in CH,Cl, (5 ml) was added dropwise. The reaction mixture was stirred for 5 hr and ex-
tracted with CH,Cl,., The dried extract was concentrated and chromatographed over Al,O; with CH,Cl,
to give 72 mg of XXXIV as colorless needles (from hexane), mp 148—149°.  A4#nal. Caled. for C;3H,;0,N,:
C, 67.40; H, 4.90; N, 15.72. Found: C, 67.42; H, 4.82; N, 15.45. Mass Spectrum mje: 267 (M+*). IR
yEBT cml: 1744, 1252 (ester).

3-Acetyl-2-methylpyrazolo[1,5-¢]pyrimidine (XXXYV) A solution of XXVI (10.141 g) in Ac,O (150
ml) was warmed for 30 min at 80° with stirring. To the reaction mixture, anhyd. NaOAc (15 g) was added.
The reaction mixture was treated in the same procedure as that described for XXVIIa. The residue was
purified by chromatography over Al;O4 with hexane-CH,Cl, (1: 1) to give 0.215 g (3.7%) of XXXV as fine
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pale yellow needles (from hexane), mp 174—175°. Awnal. Caled. for C;H,ON;: C, 61.70; H, 5.18; N, 23.99.
Found: C, 61.69; H, 5.19; N, 24.18. Mass Spectrum m/e: 175 (M*).

General Preparation of Substituted Pyrazolo[1,5-c]pyrimidine (XXXVIII, ¢f. Table VIII) 1) To a

mixture of XXIV (10 g) in dimethylformamide (100 ml) and K,CO; (1.54 g), methyl acetylenecarboxylate
(4.36 g) was added dropwise with cooling and stirring. The reaction mixture was treated in the same pro-
cedure as that described for XXVIIa. The residue was purified by chromatography over Al,O; with hexane-
CH,Cl, (1:1) to give 0.458 g (6.23%) of 5-(p-bromophenyl)-3-methoxycarbonylpyrazolo[1,5-cJpyrimidine
(XXXVIII).
' 2) To a solution of XXIV (2 g) in dimethylformamide (25 ml), K,CO; (0.77 g) and methyl acetylene-
carboxylate (0.87 g) were added. The reaction mixture was warmed at 50° for 6 hr and allowed to stand
overnight. The reaction mixture was treated in the same procedure as that described in 1) to give 0.355 g
(25.1%) of XXXVIII.
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