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Abstract: The reaction o f  2 - a c e t y l i m l n o - 2 H - c y c l o h e p t a [ b l f u r a n  

derlvatlves w ~ t h  some actlve methylene compounds d~rectly gave 

azuleno[2,1-dlpyrimidine derlvatlves, which were also synthesiz- 

ed from 2-anlno-1-carbamoylazulenes. 

There has been found a novel and effic~ent method of azulene synthesis from 

troponold3 or 2H-cyclohepta[blfuran-2-one d e r ~ v a t l v e s , ~  utlllzing the reaction wlth 

active methylene compounds, such as malononitrlle (MNL),  cyanoacetam~de (CAA), ethyl 

cyanoacetate (ECA), and dlethyl malonate (DEM). The mec i~an i sms  of such unusual 

synthetic reactions have also been d i s c u ~ s e d . ~  Moreover, it has been found that 

azulene derivatives fused with heterocycles, namely azulenol2,l-blpyrld-2(1H]-one 

derlvatlves were directly obtained on application of such synthetic r e a c t r o n s  to 

3-(2-ethoxycarbonyl-l-oxnethyl)-ZH-~Y~1~hepta[blfuan-2-ne.5 In order to obtaln 

an addltlonal mforrnation on the reaction mechanisms of such unusual azulene forma- 

tion, the present authors have studied on the reactlo" o f  2-acetylim~no-3-cyano- 

6 (lp)6'7 and 2-acetyl~m~no-3-carbamoyl-ZH-~~~10he~ta[blfurans (I!) with active 

methylene compounds and found that azulenol2,l-dlpyrim~d~n-4(3H)-one derivatives 

were directly obtained Prom h , h .  

T h e  treatment of _la with MNL in the presence  of sodlum ethoxlde in ethanol at 

room temperature gave Z-amino-1,9-d1cyanoazulene ( z a )  ~n 10% yleld, together with 

3 - c y a n o c y c l o h e p t a [ b l p y r r o l - 2 ( 1 ~ ) - o n e  ( 2 % )  [yellow needles, mp 313'C (decamp.); 

l ~ t . , ~  mp 305°C (decomp.)l in 32% yield. ~ h k n  t-butylam~ne was used as the base, 

only ?_a was obtained in 88% yleld. A slmllar treatment of 5% with CAA gave no 

azulenic compound, except for an unidentlfled substance. On the other hand, the 



treatment of with ECA in the presence of sodlum ethoxide ylelded lO-cyano-2- 

methylazuleno[Z,l-dlpyrlmidln-4(3H)-one (qp) [reddish orange crystals, mp over 

300eC; ir ( K B r ) :  2208 (Ca), 1653 cmP (C=0)1 in 19% yleld, together with 2% in 51% 

yield. In the c a s e  of Jb, the reaction with MNL and CAA gave ql and 10-carbamoyl- 

2-methylazulenoi2,1-dlpyr~m~din-4(3H)-one ( $ b )  [reddish orange plates, mp over 

300°C; r (KHr): 3380 (NH), 1670, 1630 cm' (C=O)l In 72% and 63% yields, respective- 

ly. However, the reaction of ib with ECA gave ethyl 2-amlno-3-carbamoyl~zulene-1- 

carboxylate (2s )  1" 4% yield, together with 3-carbamoylcyclohepta[blpyrrol-2(1H)- 

one ( ~ b )  [yellow crystals, mp 310°C (decorn~.); lit. mp 300°C (decomp.)l in 84% 

la: R=CN, R1=COCH3 - - 
lb: R=CONH - - , H'=COCH3 

YE: R=CN, Rr=H 

7b: R=CONH2, R'=H - - 

CONHCOCH. 

/ crj;~~~ R 

4%: R=CN, R'=H, H"=CH3 

4b: R=CONH2, Rr=H, RM=CH -- 3 

4c: R=CN, R'=RN=CH - - 3 

$3: R=COCH3, R'=H, RPf=CH 
3 

8a:  R=C02C2H5, R1=R"=H -. 
Xb: K=COCH3, Rr=R"=H -- 

The structures of 45,b were established on the basis of the chemical evidences 

described below, as well as the spectral data and elemental analy~es.~ Thus, the 

treatment of ?a and 2-amlno-1-carbamoyl-3-cyanoazulene w ~ t h  acetic anhydr~de 

under reflux gave gl in 4% and 19% yields, respectively, together with 2-acetamido- 

1,3-dlcyanoazulene [orange crystals, mp 250'C (decomp. 1; ir ( K B r ) :  3280 (NH), 2212 

(EN), 1653 cm-' (C=0)1 in 16% and 43% yields, respectively. Further, 9% was also 

obtained in XXfiyleld, when 3 - a c e t a m i d o c a r b o n y l - Z H - c y c l o h e p t a [ b l f u r a n - 2  (2) 10 

was treated wlth MNL in the presence o f  sodium ethoxide. On the other hand, on 

methylation wlth dlmethyl sulfate and sodium hydroxide and an treatment with phos- 

phoryl chloride under re f lux ,  gave 10-cyano-2,3-dimethylazuleno[2,1-dlpyrimldin- 
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4(3H)-one ( _ 4 c )  [orange needles, mp 275°C; ir (KB~): 2212 (EN], 1678 cm-' (C=O)~ and 

4-chloro-l0-cyano-2-methyla~~1eno[2,1-dlpyimidine (5 )  [dark vlolet crystals, mp 

over 300°C; ~r (KBr): 2212 cm-' (CzN)I in 73% and 56% yields, respectively, 

A reaction course for the formatlon of k , b  from &,b can be presented in 

Scheme 1, belng analogous to that for the formation of azulenes from 2H-cyclohepta- 

[blfuran-2-ones or -1m1nes.~ The carbanion produced from MNL, CAA, or ECA attacks 

o n  h , b  at the Ba-position to give heptafulvene-type intermediates (A), which should 

cyclize to dihydroazulene-type intermediates (B). In the react~on of l a  with ECA, 

or i b  wlth MNL or CAA, the elimination of CO C H or CONK2 group in the intermedl- 
2 2 5  

stes ( B  or B 1 may be accompanied by a s~multaneous cyclizatlon between NH and 1 2 

CONHCOCH groups, presented in positions favorable to pyrimidine rlng formatlo", to 
3 

glve ~ntermediates (C), which resulted in dehydration to yield ga,b. The formation 

of la,b may be explained by the lactone ring opening arising from the attack of 

ethoxide Lon, but not carbanions, at the Ra-posltion in !a,b, followed by cycliz- 

ation: thls is analogous to the formation of 25 from 2H-cyelohepta[blfuran-2-1m1ne 

(pa) on alkaline treatment. 7 

Scheme 1. A reactlon course for the formation of $g,b from i 5 , b .  

Although several papers have appeared on the syntheses of azulene derivatives 

fused w ~ t h  heterocycles, llttle is known for the a z u l e n a [ 2 , l - d l p y r ~ m 1 d ~ n e s . ~ ~  The 

format~on of &,b from h , b  is a faclle route for the synthes~s of azulenoi2,l-dl- 

pyrmidine ring system. Moreover, the reaction of 2% with acetlc anhydride, lead- 

ing to the formatlon of &, was also applicable to some 2-amlno-1-carbamoylazulenes 

for the synthesis of' asuleno[2,1-dlpyrim1dine derlvatlves. Thus, the treatment of 

l-acetyl-2-amino-3-carbamoylazu1ene (?dl4 with acetic anhydride and sodlum acetate 

under reflux gave lO-aeetyl-2-methylazu1eno~2,1-dlpyrimidin-43H-one (4dl torange 

crystals, mp over 30O0C] In 25% yleld. Smllarly, the treatment of ?c and _2d with 



anhydrous formic acld i n  the presence of acetic anhydride and pyrldlne at room 

temperature gave 10-ethouycarbonyl- (8s) [reddish orange rnlcro-prisms, mp 288'C1 and 

10-acetylazuleno[Z,l-dlpyrimidin-4(3H)-on (8.8) [pale red rnlcro-crystals, mp 345-C 

(decamp.)] in Rh% and 87% yields, respectively. 
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