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Syntheses of isomeric azolopyridopyrimidines are described. As starting 
material the corresponding pyridopyrimidines were used. It could be established 
that in many cases a transformation of a functional group with the purpose to 
form an annelated five-membered ring proceeded with ring opening at the 
pyrimidine part. Subsequent ring closure with one carbon synthons gave then 
the desired tricycli.c heterocycles. 

(Keywords: Cyclization with C--N and N--N bored formation; Tricyclic 
heterocyclic compounds) 

Synthesen einiger Azolopyridopyrimidine 

Synthesen yon isomeren Azolopyridopyrimidinen werden beschrieben. Als 
Ausgangsverbindungen dienten die entsprechenden Pyridopyrimidiue. Es 
wurde beobachtet, dab in manchen F~llen der Ringschlu[~ unter Beteiligung 
einer geeigneten funktionellen Gruppe zu gleichzeitiger RingSffnung des 
Pyrimidinringes fiihrte. Durch nachfolgende Cyelisierungen konnten die ent~ 
sprechenden tricyclischen Heterocyelen dargestellt werden. 

Introduction 

As a continuation of our studies on condensed pyrimidines 1-~ it was 
necessary to prepare some tricyclic systems with an annelated azolo 
ring on the pyrimidine part. In order to facilitate the investigations of 
their stability and ring opening reactions only at the N1--C ~ bond of the 
pyrimidine ring, we have devised simple blocking of position 4 with an 
annelated ring, involving also the ~ atom of the pyrimidine part. 

Results and Discussion 

An imidazole ring annelated to a heterocycle and with a nitrogen 
atom common to both rings can be formed in several ways. Most 
common methods use an aminoheterocycle and an ~-halo aldehyde, 
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usually in tile aeetal form, or a-halo ketone. Since this reaction, when 
applied to some bi- and polyeyelie analogs does not give satisfaetoI T 
results, we have elaborated a new approach: 4-Chloroquinazoline (1) 
was transformed with aminoaeetaldehyde dimethyl aeetal into the 
corresponding amino derivative 2 which was subsequently cyelized in 
the presence of acid into imidazo(1,2-e)quinazoline (3) in 85~o yield. I t  
should be noted that  this compound was prepared previously from 4- 
chloroquinazoline and ethylene imin@ or from 2-(o-nitrophenyl)-l- 
hydroxyimidazole 3-oxide 7. 

R 

3 

1 CI 

2 NHCH2CH(OMe)~ 

In a similar manner the synthesis of other aza analogs has been 
performed : 4-Chloropyrido(3,2-d)pyrimidine (5) was obtained from tile 
corresponding oxo precursor and oxalyl chloride. This method is 
superior to  the eonventionM reaction between the oxo compound and 
phosphorus pentaehloride 8 which afforded the ehloro compound in very 
low yield or not at all. The amino derivative 6 was then prepared with 
aminoaeetaldehyde dimethyl aeetal, but the a t tempted eyelization 
yielded only the corresponding imidazolylpyridine 8. The formation of 
this product  indicates tha t  the initial eyclization to the imidazo 
(2,1-f)pyrido(3,2-d)pyrimidine was followed by ring opening of the 
pyrimidine par t  of the tricyelie compound. Nevertheless, the obtained 
derivative 8 could be subsequently eyelized in the presence of triethyl 
or thoformate to give 9. 

The synthesis of a compound with m.p. 130-131°C, to which the 
structure of pyrido(3,2-d)-8-triazolo(3,4-f)pyrimidine (10) has been 
assigned, was described without experimental  details and with in- 
complete NMI~ datag. We have now synthesized this tricyelie system, 
m.p. 286 288°C, from 4-hydrazinopyrido (3,2-d)pyrimidine (7) and 
triethyl orthoformate in boiling diphenyl ether. The recorded NMR 
spectrum is in full accord with the tricyelic structure 10 and the 
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problem of the eventual isomerization of the fused triazolo ring will be 
discussed later. The isomeric triazolo tricyelie compound 11 could be 
prepared from the same starting compound, but  die thoxymethyl  
acetate in hot  toluene was used instead of tr iethyl orthoformate. Prom 
the ehloro compound 5 also the tetrazolo analog 12 was obtained in fair 
~eld. 

Also the cyclization of the amine 14 did not proceed straighth- 
forward. The a t tempted eyelization yielded the trieyelie eompound 16 
together with the corresponding imidazolylpyrimidine 211 in a ratio of 
about 2 : 1. This demonstrates again the susceptibility of the pyrimidine 
par t  in the tricyelie system for ring opening involving the C.5--N 6 bond. 
The isomeric pyridotriazolopyrimidines 17 and 18 were both synthesized 
from 4-hydrazinopyrido(3,4-d)pyrimidine (15). Compound 17 was 
prepared with die thoxymethyl  acetate as the precursor for one carbon 
unit, whereas for the synthesis of 18 tr iethyl  or thoformate in hot 
diphenyl ether was used. The differentiation between a triazolo ring 
fused in the 1,2,4- or 1,3,4-manner (of. 18 and 17) is possible on hand of 
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lI-I N M R  s p e c t r a .  T h e  i s o m e r i z a t i o n  c a n  o c c u r  as  a c o n s e q u e n c e  o f  a 

Dimro th  or  A N I ~ O R C  t y p e  r e a r r a n g e m e n t  10. T h e  d i f f e r e n c e s  in  

c h e m i c a l  s h i f t s  fo r  Ha o f  c o m p o u n d  18 a n d  H e o f  c o m p o u n d  17,  w h e n  

c o m p a r e d  w i t h  some  o t h e r  r e l a t e d  s y s t e m s  (Tab le  1) c lea r ly  d e m o n s t r a t e  

t h e  correct ,  s t r u c t u r a l  a s s i g n m e n t .  

Tab le  1. Chemical shifts of the isome,'ic triazoloazine8 (3) 

Compound  Ha H2 

s-Triazolo(4,3-c)quinazoline 22 9.50 - -  
s- Triaz olo( 1,5-c )quinaz oline 22 - -  8.60 
18 9.27 - -  
17 - -  8,56 
10 9.25 - -  
11 - -  8.83 
s-Triazolo(4,3-a)pyrimidine 2a 9.28 - -  
s-Triazo]o(1,5-a)pyrimidine 2a - -  8.76 
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Cyelization with simultaneous ring opening was also observed when 
4-chloropyrido(3,4-d)pyrimidine (13) was treated with sodium azide in 
N,N-dimethylformamide (DMF). Instead of the anticipated trieyclic 
compound 19 a tetrazolylpyridine 21 was obtained. This compound 
could be used for the synthesis of the trieyclie compound 19 and the 
ring closure was accomplished with diethoxymethyl acetate as the one 
carbon synthon. 

The instability of the pyrimidine part has been observed also with 
the isomeric pyrido(2,3-d)pyrimidine system. The attempted eycli- 
zation of the amino derivative 23 in hot polyphosphoric acid resulted in 
the formation of the corresponding imidazolylpyridine 24. Upon de- 
formylation to 25, the trieyclic compound 27 could be synthesized in 
boiling triethyl orthoformate. Similarly, the related tetrazolo analog 28 
was prepared from the corresponding tetrazolylpyridine 26, but using 
diethoxymethyl acetate as the reagent for cyclization. This trieyelie 
compound was claimed to be obtained previously from 2-amino-3- 
(tetrazolyl-5')pyridine and triethyl orthoformate 11, but on hand of 
lacking experimental description and uneomplete NMR data no firm 
conclusion about the structure of this product can be made. 

N ~ X  
11 " 

R N ~ X  

R R X X 

22 Ct 24 CHO CH 27 CH 

23 NHCH2CH (OMe)  2 25  H CH 28 N 

26  H N 

All these transformations show the relatively high susceptibility of a 
fused pyrimidine for ring opening and this can be used for the 
preparation of functionalized heterocycles, this work being in progress. 
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Experimental 
Melting points were determined on a Kofler hot plate m.p. apparatus. 1H 

NMR spectra were recorded on a JEOL JNM C-60 HL spectrometer (TMS as 
internal standard, ~-values in ppm) and mass spectra were recorded on a 
Hitaehi-Perkin-Elmer RMU-6L spectrometer. Elemental analysis (C, H, N) are 
in agreement with the formulas given for 3, 8, 9, 10, 11, 12, 16, 17, 18, 19, 20, 21, 
23, 24~ 26, 27, and 28. 

Imidazo (1,2-c )quinazoline (3) 

A solution of 5g 4-ehloroquinazoline r~ (1) in 50ml of anhydrous benzene 
was treated with 3.6g of aminoacetaldehyde dimethyl acetal and 3.5g of 
triethylamine and the mixture was stirred at room temperature for 48 h. The 
solvent was evaporated in vacuo, the residue was dissolved in 50 ml of CHC1 a 
and the solution washed with water. Upon drying, the solvent was evaporated 
and the crude 4-(1,1-dimethoxyethylene-2-yl)aminoqttinazoline (6.2 g) (2) was 
dissolved in 60 ml of glacial acetic acid, l0 drops of concentrated hydrochloric 
acid were added and the reaction mixture was heated under reflux for 1 h. The 
mixture was evaporated to dryness, the residue was treated with 100ml of 
water and ~he mixture was neutralized with solid NaHCO3. The aqueous layer 
was extracted five times with 50 ml of CHC13 and from the dried extracts upon 
evaporation of the solvent 4.38g (85~o) of imidazo(1,2-e)quinazoline (3) was 
obtained. M.p. 140-140.5°C (Lit. 7 m.p. 127 129 °C). MS (m/e): 169 (M+). NMR 
(CDCla): 8.84 (s, Ha), 7.50 8.00 and 8.35-8.60 (m, H~, Ha, HT, Hs, H9 and H10). 

2-(Imidazotyl-2')-3-aminopyridine (8) 

A suspension of l g pyl~ido(3,2-d)pyrimidin-4(3H)~one 13 (4) in 25ml of 
CHC1 a was treated with 2 drops of DMF  and 2 ml of oxalyl chloride and the 
mixture was heated under reflux for 5 h. Upon evaporation to dryness the 
residue was dissolved in 80 ml of CHC1 a and the solution was shaken with 40 ml 
of a saturated aqueous solution of N~COa. The CHCla layer was dried and the 
solvent distilled off. The obtained chloro compound 5 was dissolved in 50 ml of 
CHC1 a, 1.52 g of aminoaeetyldehyde dimethyl acetal and 0.732 g of triethylamine 
were added and the mixture was heated under reflux for 1.5h. Upon 
evaporation of the solvent, the residue 6 was treated with 20 ml of glacial acetic 
acid and 3 drops of concentrated hydrochloric acid aild the mixture was heated 
under reflux for 1 h. The reaction mixture was then evaporated to dryness, a 
saturated aqueous solution of NaHCOa was added and the mixture was again 
heated under reflux for 45 rain. Upon cooling, neutralization with hydrochloric 
acid (1 : l) and extraction with CHC13 there were obtained 0.495g (45~o) of the 
product. NMR (CDCla): 7.79 (m, H6), 7.0 (m, H4 and H a ~nd Ha' and Ha, ). 

I midazo( 2 ,L f )pyrido( 3,2-d )pyrimid ine (9) 

A mixture of 0.49 g of the above compound 8~ 1 ml of triethyl orthoformate 
and 3 ml diphenyl ether was heated under reflux for 4 rain. Tile cold reaction 
mixture was poured into 60 ml of stirred petroleum ether and the separated 
product filtered to give 0.348 g (67~) ofS, m.p. 241-244 °C. MS (m/e) : 170 (M+). 
NMI~ (CDCla) : 7.74 (s, H2 and H3) , 8.99 (s, Ha), 8.23 (dd, HT) , 7.58 (dd~ Hs) , 8.97 
(dd, H9), JT,s = 8.6, Js,9 = 4.8, J7,9 = 1.7 Hz. 
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Pyrido(3,2-d )-s-triazolo (3,4-f )pyrimidine (I0) 

A mixture of 0.5g 4-hydrazinopyrido(3,2-d)pyrimidine 14 (7) 5 ml of triethyl 
orthoformate and 15 ml of diphenyl ether was heated under reflux for 7 min, 
cooled and poured into 200 ml of petroleum ether. The separated product was 
filtered, washed with petroleum ether and crystallized from EtOH--DMF, 
m.p. 286 288 °C (lit. 8 m.p. 130-131 °C) (0.41g, 77~o). MS (m/e) : 171 (M+). NMR 
(DMSO-d6,150 °C): 9.25 (s, Ha), 9.30 (s, Hs), 8.25 (dd, HT), 7.72 (dd, H8), 8.91 
(dd, Hg), J7,8 = 8.4, Js,9 = 4.5, J7,9 = 1.8 Hz. 

P yrido( 3,2-d )- s-triazolo( 5,1-f )pyrimid ine (11) 

The compound was prepared by heating a mixture of 0.25g of 4-hydrazino- 
pyrido(3,2-d)pyrimidine (7) 14, 0.5g of diethoxymethyl acetate and 10 ml of 
anhydrous toluene for 2.5h. The reaction mixture was filtered hot and the 
filtrate evaporated in vacuo to give 0.191g (72~o) of the product, m.p. 
171-174°C (from toluene). MS (m/e): 171 (M+). NMR (DMSO-d6): 8.83 (s, H~), 
9.80 (s, Hs), 8.53 (dd, HT), 7.99 (dd, Ha), 9.11 (dd, H9), J7,8 = 8.9, Js,9 = 3.4, 
J7,9 = 1.4 Hz. 

Pyrido( 3,2-d)tetrazolo(5,1~f )pyrimidine (12) 

A mixture of 0.97 g 4-chloropyrido(3,2-d)pyrimidine 15 (5), 0.45g of N~Ns 
and 20 ml of DMF was stirred at room temperature for 12 h. The solvent was 
evaporated in vacuo, 50 ml of water were added and the solution was extracted 
with CHC13. From the dried CHC1 s extract upon evaporation 0.46 g (46~) of the 
product was obtained, m.p. 204-207°C (dec.) (from ethanol). MS (m/e): 172 
(M+). NMR (DMSO-d~): 10.14 (s, Hs), 8.59 (dd, HT), 8.04 (dd, Ha), 9A6 (dd, Hg) , 
JT,s = 8.4, Js,9 = 4.2, J%9 = 1.7 Hz. 

4-Chloropyrido( 3,4-d )pyrimidine (13) 

A mixture of 1 g pyrido(3,4-d)pyrimidin-4(3H)-one 16, 1 g of pyridine and 
15 ml of POC13 was heated for 1 h. The mixture was evaporated to a pasty 
residue and this was poured onto 100g of ice. Upon extraction with CHC13 and 
evaporation of the solvent the chloro compound was obtained (0.622 g, 55~o), 
m.p. 108-110°C (Lit.~6 m.p. 110 112°C). NMR (CDC13) 9.08 (s, H2), 7.91 (dd, 
Hs), 8.81 (d, H6), 9.42 (d, H8), J5,6 = 5.97 J5,8 = 0.9Hz. 

i midazo ( 2,1-f ) pyrido ( 3,4-d )pyrimid ine (16) and 3- F ormylamino-4 [ 2 (1H )-imid a- 
zolyl ]pyridine (20) 

To a stirred solution of 0.56g 4-chloropyrido(3,4-d)pyrimidine in 15 ml of 
dry benzene a mixture of 0.443g of aminoacetaldehyde dimethyl acetal and 
0.342 g of triethylamine in 5 ml of dry benzene was added. The reaction mixture 
was heated under reflux for 15 min, the solvent was evaporated, the residue 
treated with 30 ml of water and extracted with CtIC1 a. The crude intermediate 
14 (0.68 g) was dissolved in 12 ml of glacial acetic acid, 5 drops of concentrated 
hydrochloric acid were added and the mixture was heated under reflux for 1 h. 
The reaction mixture was thereafter evaporated in vacuo, the residue was 
treated with 20 ml of water, neutralized with solid NaHCO a and extracted with 
CHCla. There were obtained 0.2 g (35~o) of the tricycle 16, m.p. 202-205 °C (from 
ethanol). MS (m/e): 170 (M+). NMR : (CDCla) : 7.66 (s, He and Ha), 8.89 (s, Hs), 
9.22 (d, H7), 8.73 (d, H9), 8.26 (dd, Hlo), Jg,10 = 5.3, Jr,10 = 0.9 Hz. 
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622 A. Petri5 et al. : 

The residue, obta ined after extract ion,  was fi l tered and crystal l ized from 
EtOI-I to give compound 20 in 17~ yield (0.11 g), m.p. 239 240 °C. MS (m/e) : 188 
(M-).  NMR (DMSO-d6): 8.60 (s, He), 7.89 (d, Ha), 8.35 (d, Ha) , 9.73 (broad s, 
CHO), 7.34 (s, H a, and Ha,), J5,6 = 5.3Hz. 

Pyrido(3,4~d)-s-triazolo(5,1-f)pyrimidine (17) 

A mixture  of I g 1517, 4g of d ie thoxymethy l  acetate  and 25 ml of anhydrous  
toluene was heated under reflux for 1.5 h. The solvent was evapora ted  and the 
residue was crystal l ized from toluene (0.9g, 85~),  m.p. 209-211 °C. MS (m/e): 
171 (M+). N ~ R  (DMSO-d6,150°C): 8.56 (s, H2), 9:47 (s, Hs) , 9.24 (d, HT), 8.76 
(d, H0), 8.15 (dd, H10 ), J9,io = 5.4, J7,10 = 0.9Hz.  

Pyrido(3,4-d)-s-triazolo(3,4-f)pyrimidine (18) 

A mix ture  of 0.34g 1517, 3 ml of t r ie thyl  or thoformate  and 4 ml of diphenyl  
ether was heated under reflux for 5 rain. The cold mixture  was poured into 50 ml 
of n-hexane and the separa ted  p r o d u c t  was f i l tered and crystal l ized from n- 
propanol (0.36g, yield almost quanti tat ive) ,  m.p. 275-287 °C (Lit.17 m.p. 170 °C). 
MS (m/e): 171 (M+). NMR (DMSO-d 6, 132 °C): 9.27 (s, H3), 9.35 (s, Ha), 9.16 (s, 
HT), 8.79 (d, Hg): 8.24 (dd, H10 ), J9,10 = 8.3, J7,io = 0.9 Hz. 

3- A mino-4- (tetrazolyl-5' )pyridine (21) 

A mix ture  of 1.0g 4-ehloropyrido(3,4-d)pyrimidine (13) 16, 0.45g of NaN 3 
and 15 ml of DMF was left  a t  room tempera tu re  overnight.  The solvent  was 
evapora ted  in vacuo and the residue was t rea ted  with water  to give crude 3- 
formylamino-4-( te t razolyl-5 ' )pyr idine.  However,  if the  crude product ,  ob ta ined  
after evapora t ion  of DMF was t rea ted  with 20ml  of sa tu ra t ed  aqueous 
NaHCO 3 solution and the mixture  heated under  reflux for 1 h, cooled and 
neutra l ized with aqueous HC1 (1: 1) compound 21 was obta ined  (0.736g, 75~),  
m.p. 294-296°C (from EtOH--DMF). MS (m/e): 162 (M+). NMR (DMSO-d~, 
144°C): 8.19 (broad s, He), 7.65 (dd, Ha), 7.80 (d, H6), Ja,6 = 5.1, J2,a = 0.6 Hz. 

Pyrido ( 3,4~d )tetrazolo( 5,1-f )pyrimidine (19) 

A mixture  of 0.58g of the above compound (21), 1.1g of d ie thoxymethy l  
acetate  and 15 ml of anhydrous  toluene was heated under reflux for 6.5 h. Upon 
evapora.tion of the solvent in vacuo the crude produc t  was crystal l ized from 
EtOH to give the  product ,  m.p. 168 172°C (0.53g, 86~).  MS (m/e): 172 (M+). 
NMR (DMSO-d6): 10.16 (s, H5) ~ 9.46 (d~ HT), 8.99 (d, H9) , 8.47 (dd, H10), 
J9,10 = 5.6, JT,10 = 0.9 Hz. 

4-(1,1- Dimethoxyethylen- 2-yl)aminopyrido(2,3-d)pyrimidine (23) 

A mix ture  of0 ,95g 4-chloropyrido(2,3.d)pyrimidine is (22), 0.66g of amino-  
aceta ldehyde d imethy l  acetal, 0.178g of t r ie thylamine and 40 ml of anhydrous  
benzene was hea ted  under  reflux for 105min. The solvent was evapora ted ,  
30 ml of water  were added  and the mixture  was ex t r ac t ed  with CItC13. F rom the 
ext rac ts  1.06g (74~) of 23 were obtained,  m.p. 173 176 °C (from n-propanol) .  
MS (m/e): 250 (M+). NMR (CDC13) : 8.72 (s, H2), 8.24 (dd, Ha), 7.26 (dd, H6) , 8.94 
(dd, HT), 3.39 (s, Me), 3.78 (dd, CH2), 4.56 (t, CH), 6.55 (broad t, NH),  
Ja,~ = 8.1, J6,7 = 4.7: JCtt~,CH = JCH2NH = 4.9, Ja,7 = 1.7 Hz. 
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2-F ormylamino-3- ( imidazolyl-2' )pyridine (24) 

2 g of 22 and 30 g of polyphosphoric acid were heated at 120 °C for 5 h. The 
cooled mixture was treated with 100g of ice and neutralized with solid 
NaHCQ.  The separated product was filtered and crystallized from ethanol 
(1.5g, 98~o), m.p. 167-180°C with formation of new crystals which had m.p. 
206-218°C. MS (m/e): 188 (M+). NMR (DMSO-d6): 8.25 (m, Ha and H6), 7.16 
(dd, Hs), 7.27 (m, H 4, and Hs,), 9.48 (d, CH), 12.4 (broad d, NttCHO), 12.85 
(broad s~ NH), J4,5 = 7.8, J5,6 = 5.1, JNH,CH = 9.8Hz. 

2- Amino-3-(imidazolyl-2' )pyridine (25) 

1 g of 24 and 50 ml of saturated aqueous solution of NaHC03 were heated 
under reflux for 30min. Upon cooling and neutralization with 2 N  HC1 the 
solution was continuously extracted with CHC13 for 2h, the solvent was 
evaporated and the product crystallized from CHC13 (0.606g, 71~o), m.p. 
167-169 °C. MS (m/e) 160 (11I+). NMR (DMSO-d6): 7.90 (m, Ha and H6), 6.51 
(dd, H~), 7.08 (s, H 4, and Hs,), J4,5 = 7.2, J~,6 = 5.6Hz. 

I midazo ( 2 ,1-f )pyrido ( 2 ,3-d )pyrimidine (27) 

0.1 g of 25 and 2.5 ml of triethyl orthoformate were heated under reflux for 
1 h and upon cooling the separated product was filtered and crystallized from n- 
propanol (0.08 g, 75~o), m.p. 222=225 °C. MS (m/e) : 170 (M+). NMR (DMSO-d6): 
7.53 (d, H2), 8.00 (d, Ha), 9.33 (s, Hs)~ 8.81 (dd, Hs), 7.56 (dd, Hg), 8.66 (dd, H~0), 
J2,3 = 1.5, Js,9 = 4.5, J9,10 = 7.8, Js,10 = 2.0 Hz. 

Pyrido (2 ,3-d )tetrazolo( 5 ,1-f )1oyrimidine (28) 

A mixture of 0.5g 2619 and l g  of dimethoxyethyl acetate in 15ml of 
anhydrous toluene was heated under reflux for 3 h. The mixture was left at  
room temperature overnight and the separated product was filtered (0.325g, 
61~o), re.p. over 164°C (dee.) (Lit. 11 m.p. 220°C). NMl~ (DMSO-d6): 10.13 (s, 
Hs), 7.85 (dd~ Hg), 8.86-9.24 (m, H a in H10), J9,10 = 8.25, Js,9 = 4.7Hz. 
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