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Purines, pyrimidines, and fused systems based on them 
16.* Oxidative amination of 6,8-dirnethylpyrimido[4,5-c]pyridazine-5,7(6H,8H)-dione 
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6,8-Dimethylpyrimido[4,5-c]pyridazine-5,7(6H,8H)-dione reacts with ammonia or pri- 
mary amines in the presence of an oxidant to give the corresponding 4-amino derivatives. 
Reactions with secondary amines (dimethylamine, piperidine, or morpholine) proceed with 
difficulty, resulting in 3-amino derivatives. 

Key words: 6,8-dimethylpyrimido[4,5-c]pyridazine-5,7(6H,8H)-dione, nucleophilic sub- 
stitution, oxidative arnination, hetarylamines. 

Previously, we reported the oxidative amination of 
1,3-di methylpter idine-2,4(  1 H, 3/-/)-dione ( I, 3-dimeth yl- 
lumazine,  1) z and isomeric 1,3-dimethylpyrimido[4,5- 
d lpyr imid ine-2 ,4 ( l  H,3H)-dione (2) s. It was shown that 
the direct ion and ease of  the reaction largely depend on 
the relative values of  the positive ~ charges on the 
carbon atoms of  the azine ring. In a continuation of 
these investigations, in the present work we studied 
oxidat ive amina t ion  of  6 ,8-dimethylpyr imido[4,5-c]-  
pyr idazine-5,7(6H,  SH)-dione (3), yet another represen- 
tative of  this series. 
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C o m p o u n d  3 reacts with an excess of liquid ammo-  
nia or  pr imary  alkylamines in the presence of KMnO,  or 
the AgPy2MnO 4 complex at - 7 8  to 20 ~ (depending on 
the boiling poin t  of  the amine) to give 4-amino deriva- 
tives 4 a - - g  in 53--90% yields. Reactions with secondary 
amines  (d imethylamine ,  piperidine, or morpholine) oc-  
cur much more  difficultly under the same conditions 
and result in the corresponding 3-amino derivatives 
5 a - - c  in only 5 - -13% yields. 

The structures of  compounds 4 and 5 were estab- 
lished using UV, IR,  and IH NMR spectroscopy (Table 
I). 4 -Amino  derivatives 4 are colorless solids (k,~= 324-- 
343 nm),  while 3-aminopyridazinouracils  5 are bright 
yellow compounds  (;L,,~ x 404--423 nm). In the IH N M R  
spectra of  amines  4, a signal for the single H(3) aromatic 

* For Part 15, see Ref. 1. 

proton is observed at 8 8.6--8.9,  which agrees with the 
published data for 4-alkylamino-5-azacinnol ines .  s Sig- 
nals for the protons of  the amino groups are shifted 
downfield (8 8.9--9.5) compared  to analogous signals for 

RNH2~[O] 

o. 'H~.N/R 

M e N ~ ' ~  

oJ....L.J, 
I 

Me 

MON  
I 

Me 

 O I"'"2NH 
0 

M e N ~.."t."t."t."t~ NRtR2 

I 
Me 

4a- -g  / R 1 R 2 N H  5 a ~ d  
/ BuOH 

M e N ~ T .  ,''CI 

I 
Me 

4: R = H (a). Me (b). Et (c). Pr (d). Bu t (el. 
PhCH 2 (f). cyclohexyl (g); 

5: NRtR 2 = NMe 2 (a). piperidino (b}. morpholino (c), 
NHCH2Ph (d) 

Translated from lzvestiya Akademii Nauk. Seriya Khimicheskaya, No. 6, pp. 1161--1164, June, 1999. 
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alkylamino derivatives of lumazine 1 (5 4.9--6.8) z,6 and 
pyrimidouracil 2 (~5 5.9--6.2). ~ Apparently, this is due to 
the formation of an intramolecular hydrogen bond be- 
tween tl~e C(5)=O carbonyl group and the H atoms of 
the alkylamino group. It is interesting that the NH 2 
protons in compound 4a are magnetically nonequivalent 
and hence manifest themselves in the ~H NMR spec- 
trum as two different signals at 8 5.3 and 8.4 (in CDCI3) 
and at 8 8.08 and 8.18 (in DMSO-d6); these signals 
coalesce in DMSO-d 6 at 55 ~ 

The 1H NMR spectra of 3-amino derivatives 5 ex- 
hibit a signal for the H(4) proton at 8 7.45--7.60. The 
structures of compounds 5 were conclusively proved by 
their  i ndependen t  synthesis  from 3-chloro-6,8-  
dimethylpyrimido[4,5-c]pyridazine-5,7(6 H,8 H)-dione 
(6). Heating of the latter with piperidine, morpholine, 
or benzylamine in butanol gave compound 5b--d in 73-- 
77% yield; the reaction product with benzylamine 5d 
differed from 4-benzylamino derivative 4[  

Pyridazine (7) and cinnoline (8) are known to un- 
dergo oxidative amination at position 4. 4,5 For cinnoline 

Table 1. Physicochemica[ characteristics of compounds 4 end 5 

8, this correlates both with relative values of the effec- 
tive n charges on the C(3) and C(4) atoms and with the 
energies of anion localization (L-n) (HMO calcula- 
tions). In the molecule of pyridazine 3, the C(3) atom is 
more electron-deficient, but the L-  3 and L-  4 values 
suggest that substitution at position 4 is somewhat pre- 
ferred. Thus, compound 3 resembles cinnol ine more 
closely. In its molecule, the positive charge on the C(4) 
atom is much higher than that on the C(3) atom, and 
the energy of anion localization (corresponding to the 
addition of a nucleophile at position 4) is significantly 
lower. 
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L- 3 = 2.36~ L- 3 = 2.41~ L 3 = 2.3313 
L- 4 2.3513 L- 4 = 2.10t3 L- 4 = 2.0713 

Corn- IR, v/crn -I IH NMR (CDCI3), 6 (J/Hz) UV, 

pound Ring C=O N--H 8-Me 6-Me H-3a NH Lmax/nm(log e) 

4a 1620 1660 3 2 6 0  3.41 3.76 8.51 5.30, 8.40 -- 228 (4.51) 
1700 3367  3.21 h 3 .53  8 .54  8.08, 8.17 -- 273 (3.74) 

324 (3.90) 

4b 1580 1640 3290 3 . 3 9  3 . 7 4  8.62 8.89 3.09 (d, 3 H, NHMe, J = 5.2) 231 (4.44) 
1690 340 (3.97) 

4e [610 1660 3 3 0 5  3 . 3 9  3 . 7 4  8.62 8.95 1.39 (t, 3 H, C--Me, J = 7.2); 230 (4.40) 
1700 3.46 (m, 2 H, NH--CH 2) 341 (3.94) 

4d 1590 1660 3 2 9 0  3 . 3 9  3.74 8.61 8.98 1.03 (t, 3 H, C--Me, J = 7.6); 230 (4.48) 
1690 t.74 [m, 2 H, C--CH~, J = 7.3); 341 (4.04) 

3.36 (m, 2 H, N--CH~, J = 7) 

4e 1600 1660 3220 3 . 3 8  3 . 7 3  8.84 9.45 1.52 (s, 9 H, CMe 3) 230 (4.38) 
1700 343 (3.96) 

4f 1555 1620 3280 3 . 4 0  3.75 8.61 9.37 4.61 (d, 2 H, N--CH 2, J = 5.86) 231 (4.50) 

1660 7.25--7.40 (m, 5 H, C6H5) 339 (4.04) 

4g 1590 1645 3 2 7 5  3 . 3 9  3.73 8.61 9.00 1.41, 1.75, 2.00 (m, 10 H, cyclohexyl); 230 (4.48) 
1675 3.62 (m, I H, H-I, cyclohexyl) 343 (4.08) 

5a 1620 1660 -- 3.50 3 . 7 7  7.60 -- 3.21 (s, 6 H, NMe,) 249 (4.11) 
1700 269 (4.12) 

5b 1600 1635 3.49 3.8l 7.60 
1675 

5r 1600 1640 3.46 3 . 7 8  7.60 
1670 

5d 1600 1630 3320 3.41 3.76 7.37 5.33 (t, 
1660 3.25 b 3 .55  7.43 J = 5.72) 

7.60 (t, 
J = 5.68) 

1.71 (m, 6 H, I~- and y-CH2, piperidine); 
3.70 (m. 4 H, ~x-CH 2, piperidine) 

3.62 (t, 4 H, N(CH~) 2. J = 5.2); 
3.86 it, 4 H, O(CH2) 2. J = 5.2) 

4.65 (t, 2 H, NH--QI:t 2, J = 5.72); 
7.26--7.36 (m, 5 H, C6H 5) 
4.64 (t. 2 H, NH--CH 2, d = 5.68); 
7.23--7.38 (m, 5 H, C6H 5) 

423 (:3.14) 

252 sh (4.33) 
273 (4.38) 
421 (3.26) 

218 (4.58) 
240 sh (4.20) 
425 (3.76) 

245 (4_66) 
264 sh (4.56) 
404 (3.59) 

" H(4) for compounds 5. 
In DMSO-d 6. 
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Table 2. Conditions for oxidative amination of 6,8-dimethylpyrimido[4,5-c]pyridazine-5,7(6H,8H)-dione (3). Properties, yields, 
and data from elemental analysis of compounds 4 and 5 

Corn- Reaction conditions Yield M.p. Rf a Found (%) Molecular 

pound Amine T/~ Oxidant (%) /~ Calculated formula 

(V/mL) C H N 

4a NH 3 - 7 8  to -70  KMnO 4 
(30) 

4b MeNH 2 - 2 2  to -20  KMnO 4 
(30) 

4e EtNH 2 - 1 5  to -10  AgPy2MnO 4 
(30) 

4d PrNH~ 18--20 AgPY2MnO 4 
(25) - 

4e ButNH2 18--20 AgPY2MnO 4 
(25) 

4f PhCH2NH 2 18--20 AgPY2MnO 4 
(20) 

4g Cyclohexyl- 18--20 AgPY2MnO 4 
amine 
(~5) 

5a Me2NH - 2 8  to - 2 4  AgPy~MnO 4 
(30) 

5b Piperidinc 18--20 AgPY2MnO 4 
(30) 

5c Morpholine 18--20 AgPY2MnO 4 
(30) 

5d PhCH2NH 2 18--20 --  
(20) 

70 264--266 0.05 46,;20 4.43 3_,3.71 CsH9NsO 2 
46.38 4.35 33.56 

90 234--237 0.39 48,92 5,00 3 1 . ~ , 5  C9HI~NsO 2 
48.87 4.98 31.67 

85 220--223 0.41 51.20 5.35 29,70 CIoHI3N502 
51.06 5.53 29.78 

60 179--182 0.39 52,92. 6~2~ 28.03 CIIHIsN50 ~ 
53.01 6.02 28.11 

63 190--192 0.55 54,95 6.40 26.84 C12H 17N502 
54.71 6.46 26.61 

51 173--174 0.32 60,61 5-24 2 3 ~ 4 [  CjsHIsNsO 2 
60.67 5.06 23.57 

53 231--233 0.36 ~7.80 7.03 24,31 CI4H21NsO 2 
57.73 7_21 24.05 

13 158--160 0.80 51.00 5_38 29.80 CIoHI3NsO2 
51.06 5.53 29.78 

10 154--156 0.79 ~6,5.4 6,12 25.70 CI3H[TNsO 2 
56.73 6.18 25.45 

5 211--214 0.42 52.03 5-27 ~5.38 CI2HIsNsO 3 
51.99 5.41 25.27 

77 b 167--169 0.29 60.4~i ~ . 2 1  23.65 CI5HtsN502 
60.67 5.06 23.57 

R t of  the initial compound 3 is 0.67. 
b With respect to compound 6. 

The  tendency toward increasing the positive n charge 
on the C(4) a tom in fused pyridazines is noteworthy;  in 
the c a s e  of  pyr idazinouraci l  3, this can be addit ional ly 
favored by the - M  effect  o f  the C ( 5 ) = O  group conju-  
gated with position 4. 

Thus,  the ca lcu la ted  data  correlate well with the 
d i rec t ion  of amina t ion  o f  c o m p o u n d  3 with primary 
alkylamines or  a m m o n i a .  Apparent ly,  the absence o f  
such a correlat ion for  secondary  alkylamines may be 
expla ined,  as in the  case o f  compounds  1 and 2, by a 
steric factor, since posi t ion 4 is sterically hindered,  
bulkier  secondary amines  are forced to attack the less 
e lec t ron-def ic ien t  but  m o r e  accessible C ( 3 )  a tom. 

F r o m  the v i e w p o i n t  o f  reactivity,  6 , 8 -d ime thy l -  
pyr imido[4 ,5-c]pyr idaz ine-5 ,7(6H,8 / - / ) -d ione  (3) is in- 
t e rmed ia t e  be tween  1 ,3 -d imethy lpyr imido[4 ,5 -c ]pyr i -  
mid ine -2 ,4 ( l  H , 3 H ) - d i o n e  (2),  which is the most reac- 
t ive in the oxida t ive  an t ina t ion ,  and 1 ,3-d imethyl -  
lumazine  (1). 

Experimental 

I R spectra were recorded on a UR-20 instrument (Vaseline 
oil). tH NMR spectra were recorded on a Unity-300 spec- 
trometer (300 MHz) with Me4Si as the internal standard. UV 

spectra were obtained with a Specord M-40 instrument in 
methanol. A1203 (Brockmann activity IV--V) was used for 
chromatography. Melting points were measured on a PTP 
instrument in glass capillaries and are not corrected. 

Physicochemical characteristics of the compounds obtained 
are presented in Table I. Data from elemental analysis are 
given in Table 2. 

Synthesis of 4-amino- and 4-alkylamino-6,8- 
dlmethylpyrimido [4, 5-c] pyridazine- 5,7(6H,8H)-diones (4a--g). 
Compound 3 7 (0.3 g, 1.5 retool) was dissolved in 15--30 mL of 
ammonia or alkylamine and stirred for 15--20 rain at the 
temperature indicated in Table 2. An oxidant (2.5 retool) was 
added, and stirring was continued at the same temperature for 
an additional 30--40 rain (in the case of benzylamine and 

�9 cyelohexytamine, the solutions were additionally kept at 20 ~ 
for one day). The reaction mixture was concentrated to dry- 
ness, and the products were extracted from the residue with 50 
mL of boiling CHCI 3. The extract was concentrated to ~5 mL 
and chromatographed on a column with AI203 (1 • em) in 
chloroform to give a colorless fraction (for Rf values, see Table 
2). The product was recrystallized from ethanol. Compounds 
4a--g are colorless needle-shaped crystals. The physicochemi- 
cal characteristics are given in Table I. 

Synthesis of 3-alkylamino-6,8-dimethylpyrimido[4,5- 
c]pyridazine-5,7(611,8H)-dioues (5a--d). ,4. Compounds 5a--c 
were obtained by analogy with compounds 4 (see Table 2). The 
reaction products were purified by column chromatography 
(A120), a 2 : l toluene--CHCIj rnixtnre as the eluent). Com- 
pounds 5a--c are bright yellow needle-shaped crystals. The 
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physicochemical characteristics are given in Table I. 
B. A mixture of  compound 6 (0.23 g, I retool) 8 and the 

corresponding alkylamine (3 mmol) in 4 mL of BuOH was 
refluxed for 12 h. After cooling, the precipitate of alkylamino 
derivative 5b--d was filtered off and recrystallized from etha- 
nol. The filtrate containing both products 5 and the initial 
compound 6 was concentrated to dryness. The residue was 
dissolved in a minimum amount of CHCI 3 and chroma- 
tographed on a column with AI203 in CHCI 3. A bright yellow 
fraction (for R I. values, see Table 2) was collected. The total 
yield was 73--77%. The samples of  compounds 5b,e obtained 
by methods A and B are identical. 

References 

1. Yu. N. Tkachenko, E. B. Tsupak, and A. F. Pozharskii, 
Khim. GeterotsikL Soedin., 1995, 31, 1131 [Chem. HeterocycL 
Compd., 1995, 31 (Engl. Transl.)]. 

2. A. V. Gulevskaya, A. F. Pozharskii, and L. V. Lomachenkova, 
Khim. GeterotsikL Soedin., 1990, 26, 1575 l Chem. Hetemcycl. 
Compd., 1990, 26 (Engl. Transl.)]. 

3. A. V. Gulevskaya, A. F. Pozharskii, S. V. Shorshnev, and 
E. A. Zheltushkina, Khira. Geterotsikl. Soedin., 1994, 30, 
1249 [Chem. HeterocyeL Compd., 1994, 30 (Engl. Transl.)]. 
O. N. Chupakhin, V. N. Charushin, and H. C. van der Plas, 
Nucleophilic Aromatic Substitution of Hydrogen, Academic 
Press, San Diego--New York--Boston--London--Sydney_ 
Tokyo--Toronto, 1994, 367 pp. 

5. M. F. Budyka, P. B. Terent 'ev, and A. N. Kost, Khim. 
Geterotsikl. Soedin., 1977, 13, 1554 [Chem. Heterocycl. 
Compd., 1977, 13 (Engl. Transl.)]. 
A. V. Gulevskaya, A. F. Pozharskii, A. i. Chernyshev, and 
V. V. Kuz'menko, Khim. Geterotsikl. Soedin., 1992, 28, 
1202 [Chem. Heterocycl. Compd., 1992, 28 (Engl. Transl.)]. 
W. Pfleiderer and H. Ferch, Ann., 1958, 615, 48. 

S. Nishigaki, M. Ichiba, and K. Senga, J. Org. Chem., 
1983, 48, 1628. 

4. 

6. 

7. 
8. 

Received July 6, 1998; 
in revised form January 5, 1999 


