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Summary - -  Twenty-four 8-aryl- or 8-heteroaryl-substituted theophyllines have been synthesized. The substituents are aromatic 
rings and heterocycles likely to induce an antiallergic effect or a spasmolytic activity. In vitro evaluation of the bronchospasm caused 
by acetylcholine or histamine shows an interesting activity for half of the compounds, Among them, the furanic Ills and 2-chloro- 
phenyl llli derivatives are, lor instance, four times more active than theophylline. 

theophylline / bronchodilatation / oxygenated heterocycle 

I n t r o d u c t i o n  

Despite its disadvantages (weak margin of safety and 
high toxicity) and some detractors, theophylline 
remains one of the most widely prescribed anti- 
asthma drugs worldwide. Theophyll ine holds a first- 
rank position because of  its bronchodilator properties 
and antiinflammatory activity 11,2]. The large number 
of  variations of  this molecule synthesised with the aim 
of  decreasing toxicity or improving efficacy corrob- 
orates the importance of theophylline. For example, 
substitution at the 8-position by diphenyl methyl 
piperazine groups, which confer antihistaminic 
properties, led to potent bronchodilators useful in the 
treatment of  allergic asthma 13]. Several products of 
this type, including tazifylline, have been selected for 
clinical trials [4]. 

Structural analogues of chromone,  such as cromo- 
glycate or nedocromil [51, are known to exhibit not 
antihistaminergic effects but antiallergic properties. 
which are principally useful in the prevention of  
asthma. Furthermore, the therapeutic association of 
xanthines and cromoglycate or its derivatives would 
decrease the immediate and delayed bronchial 
response [2]. 

The present work describes the synthesis of a 
series of theophylline derivatives substituted at the 
8-position by oxygenated heterocycles related to chro- 
mones. Chromone derivatives exhibit a weak toxicity 

and can have an antiallergic activity. In this way, our 
aim was to obtain compounds which could both 
prevent and treat asthma. 

To identify the influence of  this 8-substitution, 
we introduced aromatic groups, mono or bicyclic 
oxygenated heterocycles (saturated or unsaturated), 
and open derivatives, which could be regarded as 
conformationally unrestricted analogues of  ring- 
closed structures. 

Furthermore, insofar as the trimethoxybenzoic moiety 
is found in some spasmolytic drugs and the 
benzylphosphonate group has been described as 
having calcium antagonistic properties [6, 7], we graf- 
ted these two groups onto the theophylline moiety. 
Twenty-four  compounds were thus synthesised, their 
structures are detailed in scheme 1. (Compound I l i a  
is commercial ly available.) 

C h e m i s t r y  

The 8-substituted theophyllines I I I  were prepared as 
outlined in scheme 2. 

Most of the acid chlorides I are commercial ly avail- 
able. Chlorides of piperonylic acid [8], tetrahydro- 
naphthalene-2-carboxylic acid [9], 5-methoxy chro- 
man-3-carboxylic acid [10], dihydrobenzofuran-2- 
carboxylic acid [11], benzofuran-2-carboxylic acid 
112], chroman-2-carboxylic  acid [13], 5-methoxy 



254 

Scheme l. 

CH~ 

R = H : Theophy l l i ne  

I I l  a I n  b lU c Ill  d III e 

OCH 3 

III  f 1II g l l I  h OCH3 l I I  i ?CH3 l I I j  

III  k l l I  I I I I  m I I l  n 

~k~-k.,o, ,CH ..." 

111 o III  p III q I I I  r II1 s 

OCH 3 0 
H~C\ I 

ii1 t I I I  u I l l  v III  w I I I  x 

chromene-3-carboxylic acid 1101, benzodioxane-2- 
carboxylic acid [14], and chromone-2-carboxylic acid 
[15] were synthesised according to previously 56 
256described protocol. Only the synthesis of 
diethylphosphonomethylbenzoyl chloride Ik, obtained 
from the appropriate acid in the presence of thionyl 
chloride, is described here. 

Intermediate amides II were obtained by conden- 
sation of 5,6-diamino-l,3-dimethyl uracile with the 
corresponding acids chlorides. Cyclisation of amides 
II to give 8-aryl or 8-heteroaryl theophyllines was 
achieved with phosphoric anhydride in the presence of 
a catalytic amount of aluminium chloride (a), or with 
butanol in the presence of potassium tert-butoxide (b), 
as shown in scheme 2. 

The physical properties of compounds II (b-x) and 
III (b-x) are listed in tables I and I1, respectively. 

Pharmacology 

The reduction of acetylcholine or histamine-induced 
bronchospasm was evaluated in vitro on isolated 
guinea-pig tracheal strips; theophylline was tested for 
comparison. The anti-bronchoconstrictive effect was 

expressed as the -log IC50 value (pD2) (concentration 
of drug required to inhibit acetylcholine/histamine 
effects by 50%). The results are reported in table III. 

Results and discussion 

Three compounds, IIle, I l lu  and Ills,  in order of 
decreasing activity, were found to be more active 
or as active as theophylline on acetylcholine-induced 
bronchospasm. The results concerning the histamine- 
induced bronchospasm are more interesting. Eleven 
compounds exhibited an antibronchospasmic activity 
of the same order of magnitude as theophylline. 
Compounds Ills, l l l i  and I l lu ,  in order of decreasing 
activity, were even more potent or as potent as theo- 
phylline in vitro. 

It can be seen that the ortho substitution of 
8-phenyl theophylline by a methoxy group (llIc) or a 
chlorine (Illi) leads to active compounds. On the 
contrary, the corresponding para compounds l l le  and 
l l l j  and the meta methoxy derivative IIId are devoid 
of activity. 

With regard to these results, we can assume that the 
introduction of a bulky group at the ortho position 



i m p o s e s  a ro ta t ion  o f  the pheny l  ring.  This  ro ta t ion  
m a y  induce  a b r e a k i n g  o f  p l ana r i t y  and c o n s e q u e n t l y  
a loss  o f  c o n j u g a t i o n  b e t w e e n  the pheny l  r ing and the 
xan th ine  mo ie ty .  In the case  o f  the inac t ive  meta-  and 
para-subs t i tu ted  pheny l  t h e o p h y l l i n e s ,  the p lanar i ty  
m a y  be p re se rved .  

Th i s  loss  o f  p l ana r i ty  and c o n j u g a t i o n  m a y  both  
e x p l a i n  the d i f f e r ences  o f  ac t iv i ty  b e t w e e n  c o m -  
p o u n d s  I I I I  (2 -naph thy l )  and  I I I m  (2 - t e t r ahyd ro -  
naph thy l ) ,  I l l r  ( 2 - b e n z o f u r a n y l )  and  l l l q  ( 2 - d i h y d r o -  
b e n z o f u r a n y l ) ,  | I I v  ( 5 - m e t h o x y  3 - c h r o m e n y l )  and  
I I I n  ( 5 - m e t h o x y - 3 - c h r o m a n y l ) .  In each  o f  these  pai rs ,  
on ly  the sa tu ra ted  n o n - a r o m a t i c  de r iva t i ve  was  ac t ive .  

F ina l ly ,  n o n - c o n j u g a t e d  open  de r iva t i ve s  I I I o ,  p, t 
e x h i b i t e d  an a n t i b r o n c h o s p a s m i c  ac t iv i ty  but  were  
f o u n d  to be less po ten t  than the c o r r e s p o n d i n g  
c y c l i s e d  de r iva t i ve  I I I u .  

The  ac t iv i ty  o f  2 - fury l  c o m p o u n d  l l I s  m a y  be 
e x p l a i n e d  by  a s l ight  a r o m a t i c i t y  o f  furan.  The  la t te r  is 
o f t en  c o n s i d e r e d  to b e h a v e  as a d iene .  In a d d i t i o m  it 
exh ib i t s  a weak  ster ic  h ind rance .  

Su rp r i s i ng ly ,  the b e n z o d i o x a n e  I I | w  c o m p o u n d  is 
to ta l ly  inac t ive  a l though  it p o s s e s s e s  a n o n p l a n a r  satu-  
ra ted  s t ructure .  Th is  l ack  o f  ac t iv i ty  nmy  be e x p l a i n e d  
by  the p re sence  o f  the  s e c o n d  o x y g e n  a tom,  wh ich  
in t roduces  an add i t iona l  n e g a t i v e  poten t ia l  area.  Th is  
fur ther  a t t rac t ive  zone  m a y  h inde r  the b ind ing  into the 
r e c e p t o r  cav i ty ,  The  s a m e  r e m a r k  can  be  a p p l i e d  to 
c h r o m o n e  de r iva t i ve  I l h .  On  the o the r  hand,  the  non-  
a roma t i c  de r iva t i ve s  l I I m ,  n, p,  q, t, u and  w are 
c h a r a c t e r i s e d  by  a ch i ra l  cen t re  and were  tes ted  as 
r a cemic  mix tu res ;  the two  e n a n t i o m e r i c  ac t iv i t ies  
c o u l d  be  very  d i f ferent .  

In  conc lu s ion ,  a m o n g  these  new c o m p o u n d s ,  the 
mos t  ac t ive  ones  were  cha r ac t e r i s ed  by n o n - a r o m a t i c  
subs t i tuen t s  and  n o n p l a n a r  s t ructures .  H o w e v e r ,  even  
for  the m o r e  ac t ive  c o m p o u n d s ,  the level  o f  ac t iv i ty  is 
not  m u c h  h i g h e r  than  for  t h e o p h y l l i n e  and  jus t i f ies  
ne i the r  r e sea rch  into the  m e c h a n i s m  o f  ac t ion  n o t  
s tudy o f  tox ic i ty .  

E x p e r i m e n t a l  p r o t o c o l s  

Chemistry 

Melting points were determined on a Maquenne apparatus or a 
Tonoli apparatus in glass capillary tubes and are uncorrected. 
Infrared spectra were obtained on Perkin-Elmer 983 G appar 
atus using films fl)r liquids or inclusion in KBr pellets for 
solids. IH-NMR spectra were recorded with a Varian T60 
spectrometer operating at 60 MHz and/or with a Bruker 
200 MHz spectrometer at 200.13 MHz. Chemical shifts are 
reported in ~ units (ppm) relative to TMS as internal standard. 
Silica-gel TLC was peHormed on Merck 60 F-254 precoated 
sheets. Elemental analyses are in agreement with the accepted 
norms and are not reported. 
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Scheme 2. 

4-Diethylphosphonomethyl benzoyl chloride Ik 
"['his compound was obtained from phosphonomethyl benzoic 
acid [16, 17l according to the following procedure. To a 
solution of phosphonomethyl benzoic acid (0.013 mol) in 
cyclohexane (150 ml) was added thionyl chloride (0.026 mol). 
The reaction mixture was heated under reflux for 4 h. The 
solvent and the excess of reagent were then removed under 
reduced pressure and the resulting oil was used as crude 
product. Ct~HI~CIO4P, MW = 290.5, yield = 95%, nD (19°C) = 
1.5253. IR (film, v cm I): 3091, 3070, 3035, 2982, 2929, 2908 
¢CH, CH> CH0; 1772 (CO): t603 (C=C); 1251 (PO). 
IH-NMR (CDCI0 6 ppm: 1.00 (t, 6H, CH2-CH3, J = 7 Hz); 
2.87 (d, 2H, CH2P, J = 22 Hz); 3.83 (q, 4H, CHz-CH 3, J = 
7 Hz): 7.l(/ (d, 2H, H~ and H 5, J = 8 Hz); 7.80 (d, 2H, H2 and 
H,, ,I = 8 Hz). 

General procedure for the synthesis ~'amides H 
To a solution of 5,6-diamino-l,3-dimethyl uracile (0.025 mol) 
in 100 ml dimethylfomaamide (DMF) were added dry pyridine 
130 ml) and the corresponding acid chloride (0.025 mol). The 
reaction mixture was stirred at room temperature for 12 h. 
After filtration, pyridine and part of the DMF was removed 
under reduced pressure. Water (100 ml) was added to the 
remaining solution: the resulting precipitate was collected by 
tillration, washed with water, dried and recrystallised from 
DMF. or fiom ethanol in the case of compound Ilh. 
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T a b l e  I. Physical properties of amides II.  

Compd Formula 

lib C 14HI 6N403 

IIc C 14H16N404 

l i d  C 14H16N404 

I Ie  C 14H16N404 

I I f  C 15H18N405 

I I g  C14H14N405 

I Ih  C 16H20N406 

IIi C13H13N4CIO3 

I I j  C 13H13N4CIO3 

I l k  C 18H25N406P 

II  1 C17H16N40 3 

O 
H 3 C ~ N . ~ J ~ H - ~ - - R  

CH 3 

Yield MP Rf a IH-NMR (DM,.,qOqffS) 

(%) (8 ppm) 

60 278 c 0.71 2.36 (s, 3H, CH3); 3.12 (s, 3H, N-CH3); 3.45 (s, 3H, N-CH3); 

6.83 (s wide, 2H, NH2); 7.26 (d, 2H, H 2 & H 6, J = 8 Hz); 

7.88 (ok 2H, H 3 &H 5, J = 8Hz); 8.83 (s, 1H, Nil) .  

15 280 0.78 3.25 (s, 3H, N-CH3); 3.45 (s, 3H, N-CH3); 4.06 (s, 3H, OCH 3 ); 

6.80 (s wide, 2H, NH2); 7.19 (m, 1H, H5); 7.31 (d, 1H, H 3, J = 8Hz); 

7.64 ( m, 1H, H4) ; 8.02 (dd, 1H, H 6, J=8 & 1 Hz); 8.93 (s wide, 1H, Nil) 

10 282 0.62 3.25 (s, 3H, N-CH3); 3.48 (s, 3H, N-CH3); 3.93 (s, 3H, OCH 3 ); 

6.86 (s wide, 2H, NH2) ; 7.22 (m, 1H, I"I4) ; 7.50 (m, 1H, H5); 

7.66 ( m, 2H, H 2, H 6) ; 9.04 (s ,1H, NH). 

10 269 0.81 3.24 (s, 3H, N-CH3); 3.45 (s, 3H, N-CH3); 3.94 (s, 3H, OCH 3 ); 

6.84 (s, 2H, Nil 2) ; 7.11 (d, 2 ~  Ar ct to OCH 3, J = 9Hz) ; 

8.07 (d, 2H, Ar ¢t to CO, J = 9Hz); 8.92 (s ,1H, NH). 

23 308 0.58 3.25 (s, 3H, N-CH3); 3.45 (s, 3H, N-CH3); 3.93 (s, 6H, 2OCH 3 ); 

6.83 (s wide, 21-I, NH2) ; 7.15 (d, 1H, H 5, J = 8Hz) ; 

7.72 (m, 2H, H 2, H6) ; 8.92 (s ,1H, NII). 

70 270 c 0.73 3.23 (s, 3H, N-CH3); 3.44 (s, 3H, N-CH3), 6.21 (s, 2H, OCH 2) ; 

6.83 (s, 2H, NH2); 7.11 (d, 1H, H 5, J--8 Hz); 7.62 (s, lH, H2, J=lHz); 

7.64 (dd, 1H, H6, J--8Hz & J=l Hz); 8.89 (s, 1H, NH). 

70 280 c 0.74 3.13 (s, 3H, N-CH3); 3.33 (s, 3I"I, N-CH3); 3.71 (s, 3H, p-OCH 3 ); 

3.84 (s, 6H, 2 m-OCH 3 ); 6.73 (s, 2H, NH 2) ; 7.32 (s, 2H, Ar ); 

8.89 (s, lH, NH). 

24 276 0.23 b 3.15 (s, 3H, N-CH3); 3.36 (s, 3H, N-CH3); 6.71 (s wide, 21-t, NH2) ; 

7.45 (m, 3H, Ar ); 7,80 (m, IH, H 6 ); 9.11 (s wide,lH, NH). 

78 322 c 0.83 3.24 (s, 3H, N-CH3); 3.45 (s, 3H, N-CH3); 6.97 (s wide, 2H, NH2) ; 

7.66 (d, 2H, H3, H5, J = 8Hz ); 8.11 (d, 2H, H2, H 6, J = 8 Hz); 

9.25 (s, lH, NH). 

70 184 0.73 1.27 (t, 6H, 20CH2CH 3, J =7Hz) ; 3.20 (d, 2H, CH2-P, J= 22 Hz); 

3.31 (s, 3H, N-CH3); 3.41 (s, 3H, N-CH3); 4.03 (m, 4H, 2 OCH2CH3); 

5.74 (s, 2H, NH2); 7.36 (dd, 2H, H 3, H 5, J=8Hz & J=2Hz); 

7.85 (d, 2H, H 2, H 6, J=8Hz); 8.05 (s, lH, Nit). d 

75 326 c 0.85 3.25 (s, 3H. N-CH3); 3.45 (s, 3H, N-CH 3) ; 6.92 (s, 2H, NH2); 

7.73 (m, 2H, Ar); 8.12 (m, 4H, Ar); 8.74 (s, lH, HI); 9.22 (s, 1H, NH ). 
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T a b l e  I. (Continued). 

Compd Formula Yield MP 
(%) 

I I m  C 17H20N403 34 260 

lln C17H20N40 5 14 162 

I i o  C 14H16N404 26 270 c 

l i p  C 15H18N404 30 234 

Hq C15H16N404 25 260 

Hr  C15H14N40 4 60 270 

I I s  C 11H12N404 60 250 

I I t  C 16H20N404 10 119 

I l u  C 16H18N404 60 253 

I I  v C 17H18N405 21 342 c 

I I w  C 15H16N405 65 241 

I I x  C 16H14N405 65 230 

Rf a IH.NMR (DMSO-d 8 ) 

(6ppm) 

0.82 1.89 (m, 2H, Ar-CH2-CH2); 2.85 (m, 5H, Ar-C/ff2-CH, Ar-CI~2-CH2); 

3.12 (Is, 3H, N-CH3); 3.32 (ls, 3H, N-CH3); 6.56 (s, 2H, NI'I2); 
7.08 (s, 41-I, At); 8.42 (s, 1H, NH ). 

0.81 2.91 (m, 3H, Ar-CH2-CH); 3.24 (s,  3H, N-CH3); 3.44 (s, 3H, N-CH3); 

3.90 (s, 31-1, OCH3) ; 4.35 (ra, 2H, OCH2); 6.56 (m, 2H, H 6, HS); 
6.81 (s wide, 2H, NH2); 7.14 (m, 1H, I-I7); 8.81 (s, 1H, NI'.I ). 

0.82 3.24 (s, 3H, N-CH3); 3.43 (s, 3H, N-CH3); 4.71 (s, 2H, OCH 2) ; 
6.85 (s, 2H, NH2); 7.08 (m, 3H, Ar); 7.36 (m, 2H, Ar) ; 8.73 (s, 1H, Nil ). 

0.13 b 1.64 (d, 3H, CH3-CH); 3.29 (s, 3H, N-CH3); 3.42 (s, 3H, N-CH3); 
4.97 (q, 1H, CH) ; 6.53 (s, 2H, NH2); 7.23 (m, 5H, At) ; 8.73 (s, 1H, Nil ). 

0.84 3.21 (s, 3H, N-CH3); 3.42 (m, 2H, ARCH2); 3.43 (s, 3H, N-CH3); 

5.37 (dd, 1H, OCH, J = 8 & 10 Hz); 6.86 (s, 2I-I, NI-I2); 

7.14 (m, 4H, At); 8.69 (s, 1H, NH). 

0.75 3.14 (s, 3H, N-CH3); 3.58 (s, 3H, N-CH3); 6.90 (s, 2H, NH2); 
7.75 (s, 1H, H3); 7.96 (m, 4H, Ar); 9.28 (s, 1H, NH). 

0.74 3.12 (s, 3H, N-CH3); 3.32 (s, 3H, N-CH 3) ; 6.64 (dck 1H, H 4, J= 1.7 & 

3.5 Hz); 6.76 (s, 2H, NH2); 7.22 (dd, lH, H 3, J =3.5 & 1Hz); 

7.86 (dcklH, H5, J=l & J=l.7 Hz); 8.74 (s, lH, NH ). 

0.20 b 1.11 (m, 3H, CH3); 2,06 (m, 2H, CH2); 3.23 (s, 3I-I, N-CH3); 
3.41 (s, 3H, N-CH3); 4.80 (t, 1H, CH) ; 6.40 (s, 2H, NI-12); 

7.09 (m, 3H, At); 7.41 (m, 2H, At); 8.74 (s, IH, Nil ). 

0.73 2.11 (m, 2H, Ar-CH 2- CH2); 2.86 (m, 2H, Ar-CH2-CH 2 ); 
3.10 (s, 3H, N-CH3); 3.58 (s, 3H, N-CH3); 4.6 (m, 1H, OCH); 

6.69 (s, 2H, NH2); 7.03 (ra, 4H, At); 8.44 (s, 1H, NH ). 

0.78 3.13 (s, 3H, N-CH3); 3.32 (s, 3H, N-CH3); 3.85 (s, 3H, OCH3); 

4.86 (s, 2H, OCH2); 6.50 (d, 1H, At, H8); 6.64 (ok 1H, As, 1116, 

J = 8Hz); 6.72 (s, 21-I, NH2); 7.21 (m, 1H, At, I-I7, J = 814z); 

7.63 (s, 1H, Ar, H4, J = 8Hz) ; 8.74 (s, 1H, NH ). 

0.84 3.22 (s, 3H, N-CH3); 3.43 (s, 3H, N-C143); 4.33 (dd, lH, 1112, J=7Hz & 

J=llHz); 4.60 (dd, 1H, H 3, J=3 Hz & J=l 1Hz); 4.95 (dd, lH, I"I3,, 

J= 3Hz & J=7Hz); 6.81 (s, 2H, NI-I2); 7.03 (m, 4H, Ar) ; 8.90 (s, 1H, Nil). 

0.82 3.14 (s, 3H, N -CH3); 3.58 (s, 3H, N-C143); 6.89 (s, lH, H3); 

6.95 (s, 2H, NH2); 7.55 (m,lH, H 6, J=7 Hz); 7.80 (d, 1111, H 8, J=8l-Iz ); 

7.91 (m, lH, H 7, J=8Hz); 8.07 (dd, lH, H 5, J =1.5 14z & 8I-lz); 

9.62 (s, 1H, NH). 

aEthanol; 6ethyl acetate:  cdecomposi t ion:  ~ICDCI¢. 
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T a b l e  I I .  Physical  propert ies  of  8-subst i tuted theophyl l ines  111. 

Compd Formula Yield MP Rf a 

l l I b  C 14H14N402 0"73b 

IIIc C 14H14N403 

i]Id C14H14N403 

I l l e  C 14HI 4N403 

I I I  f C 15H16N404 

l l I g  C14H12N404 0.85 b 

I I Ih  C 16H18N405 

I I I i  C 13H11N4CIO2 0.83 b 

I I I j  C 13H11N4CIO2 0-87b 

I I I k  C 18H23N405 P 0.73 b 

I I I  I C17H14N402 

O H 
H 3C.... ~J~  I N 

I 
CH 3 

I H-NMR (DMSO-d6) 

(%) (&ppm) 

45 320 c 2.48 (s, 3H, CH3) ; 3.38 (s, 3H, N-CH3); 3.62 (s, 3H, N-CH3); 

7.43 (d, 2H, H 2, H 6, J = 8 Hz); 8.9_5 (d, 21-I, H 3, H 5, J = 8 Hz); 

13.50 (s, lH, NH). 

35 266 0.46 3.38 (s, 3H, N-CH 3) ; 3.61 (s, 3H, N-CH3); 4.04 (s, 3H, OCH3); 

7.20 (m, 1H, H 5 ); 7.31 (d, 1H, H 6, J = 8 H z ) ;  7.60 (m, 1H, I44); 

8.12 (dd., 1H, H 3, J= 1 & 8 Hz); 12.96 (s, 1H, Nil). 

40 312 c 0.61 3.38 (s, 3H, N-CH 3) ; 3.61 (s, 3H, N--CH3); 3.95 (s, 3H, OCH3); 

7.15 (m, 1H, H 4 ); 7.53 (m, 1H, H5); 7.85 (m, 2H, H 2 &H6); 

13.95 (s, 1H, NH). 

30 321 c 0.54 3.38 (s, 3H, N-CH 3) ; 3.61 (s, 3H, N-CH3); 3.94 (s, 3H, OCH3); 

7.17 (d, 2H, H 3 & H 5, J= 9 Hz); 8.19 (d. 2H. H 2 & H 6, J = 9 Hz); 

13.95 (s, 1H, NH). 

22 326 c 0.39 3.38 (s, 3H, N-CH 3) ; 3.62 (s, 3H, N-CH3); 3.94 (s, 3H, OCH3); 

3.96 (s, 3H, OCH3); 7.20 (d, 1H, H 5, J = 9 Hz); 7.84 (m, 2H, H 2 &H6); 

13.57 (s, IH, NH). 

50 231 3.38 (s, 3H, N-CH 3) ; 3.60 (s, 3H, N-CH3); 6.23 (s, 2I-t, OCH2); 

7.17 (d, 1H, H 5, J=8 Hz); 7.76 (s, lH, H2); 7.81 (d, 1H, H 6, J---8Hz); 

13.77 (s, 1H, NH). 

45 291 0.48 3.27 (s, 3H, N-CH3); 3.51 (s, 3H, N.-CH3); 3.72 (s, 3H, p-OCH3); 

3.86 (s, 6H, 2 m-OCH 3 ); 7.48 (s, 2H, ha'); 13.77 (s, 1H, NH). 

13 248 3.38 (s, 3H, N-CH3); 3.59 (s, 3H, N-CH3); 7.71 (m, 4H, ha'); 

14,0 (s wide, 1H, NH). 

53 362 c 3.38 (s, 3H, N-CH 3) ; 3.61 (s, 3H, N-CH3); 7.69 (ck 2H, H 3, H5, J=8.5 Hz); 

8.25 (d, 2H, H 2, H 6, J=8.5 Hz); 13.88 (s, 1H, Nil). 

55 320 c 1.27 (t, 6H, 20CH2-CI-I 3, J=7Hz ); 3.25 (d, 21-I, CH2-P, J=22Hz ); 

3.53 (s, 3H, N-CH3); 3.70 (s, 3H, N-CH3); 4.09 (m, 4H, 20C]~2CH 3 ); 

7.45 (dd, 21-I, H3, H 5, J=8Hz & J=2Hz ); 8.24. (d, 2H, H 2, H 6, J=8Hz ); 

13.01 (s, lH, NH). d 

70 356 c 0.63 3.40 (s, 31-I, N-CH 3) ; 3.67 (s, 3H, N-CH3); 7.7 (m, 2H, H 6, H 7 ); 

8.13 (m, 3H, H 4, H 5, H 8 ); 8.37 (d, 1H, H3); 8.84 (s, 1H, HI); 

14.00 (s wide, 1H, Nil). 
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T a b l e  II .  (Continued). 

Compd Formula Yield MP Rf a 
(%) 

I I I m  C 17H18N402 54 252 0.61 

I I I n  C 17H18N404 22 332 c 0.53 

I I i o  C 14H14N403 19 222 e 0.69 

l l I p  C 15H16N403 16 195 0.68 

I:llq C 15H14N403 49 300 c 0.49 

I I I r  C 15H12N403 30 320 c 0.66 

I I I s  C11H10N40 3 30 345 c'e 0.55 

l i l t  C16H18N403 15 132 0.72 

I I Iu  C 16H16N403 35 217 0.62 

I I I  v C 17H16N404 24 316 c 0.64 b 

I I I w  C 15HI 4N404 30 255 

I I Ix  C 16H12N404 30 256 

1H-NMR (DMSO-d6) 
(S ppm) 

2.03 (m, 2H, Ar-CH2-CH 2) ; 2.87 (m, 2H, Ar-CH2-CH); 3.12 

(m, 3H, Ar-CH2-CH 2, AS- CH2-CIt); 3.24 (s, 3H, N-CH 3) ; 3.43 (s, 3H, 

N-CH3); 7.10 (m, 4H, Ar); (Nit exchanged with I-I20 firom DMSO) 

3.09 (m, 3H, Ar-CH2-CH); 3.35 (s, 3H, N-CH3); 3_59 (s, 3H, N-CH3); 

3.90 (s, 3H, OCH3); 4.18 (t, 1H, OCH2); 4.55 (m, 1H, OCH2) ; 6.56 & 

6.66 (2d, 2H, H 8 & H 6 ); 7.19 (m, 1H, H7); 13.8 ( s, 1H, Nil ). 

3.34 (s, 3H, N-CH3); 3.54 (s, 3H, N-CH3); 5.19 (s, 2H, OCH2); 

7.10 (m, 3H, As); 7.42 (m, 2H, AS); 13.9 (s, lH, NH ). 

1.65 (eL 3H, CH 3, J=6.5 Hz); 3.21 (s, 3H, N-CH3); 3.43 (s, 3H, N-CH3); 

5.56 (q, 1H, CH, J=6.5 Hz) ; 6.95 (m, 3H, As); 7.26 (m, 2H, Ax); 
13.82 (s, 1H, NH). 

3.35 (s, 3H, N-CH3); 3.52 (s, 3H, N-CH3); 3.58 (m, 2H, Ar-CH2); 5.96 

(t, 1H, O-CH-) ; 6.92 (d, 1H, H 7, J=7.9 Hz); 7.00 (t, 1H, H 5, J=7.2 Hz); 

7.26 (t, 1H, H 6. J = 7.4 Hz); 7.39 (d, 1H, H 4, J=7.2 Hz); 13.92 (s, 1H, NH) 

3.39 (s, 3H, N-CH3); 3.63 (s, 3H, N-CH3); 7.45 (m, 1H, H 6, J=lHz & 

8Hz); 7.57 (m, 1H, H 5, J=lHz & J---SHz); 7.78 (s, 1H, H3); 7.82 

(dd, IH, H 7, J=l & 8Hz); 7.89 (d, 1H, H 4, J=SHz); 13.91 (s, lH, NH ). 

3.25 (s, 3H, N-CH3); 3.46 (s, 3H, N-CH3); 6.71 (m, 1H, H4); 

7.22 (m, IH, H3); 7.91 (m, 1H, H5); 13.91 (s, lH, NH ). 

1.07 (t, 3H, CH2-CH3); 2.10 (m, 2H, CH2); 3.32 (s, 3H, N-CH3); 

3.54 (s, 3H, N-CH3); 5.43 (t, 1H, CH) ; 7.05 (m, 3H, As); 

7.37 (m, 2H, As); 13.82 (s, 1H, NH). 

2.27 (m, 2H, Ar-CH2-CH 2 ); 2.92 (m, 2H, Ar-CH2-CH2); 

3.24 (s, 3H, N-CH3); 3.44 (s, 3H, N-CH3); 5.24 (m, lH, OCH); 

6.96 (m, 4H, Ar); 13.75 (s, 1H, NH). 

3.31 (s, 3H, N-CH3); 3.56 (s, 3H, N-CI-I3); 3.95 (s, 3H, O-CH3); 

5.23 (s, 2H, CH2); 6.56 (d, 1H, H 8, J=SHz); 6.67 (d, 1H, H 6, J=SHz); 

7.12 (t. 1H, H 7, J=SHz); 7.36 (s, 1H, CH ethylene); 13.85 (s, 1H, NH). 

0.64 3.24 (s, 3H, N-CH3); 3.43 (s, 3H, N-CH3); 4.41 (dd, 1H, H 2, J=7Hz & 

J=l 1.5Hz); 4.57 (dd, 1H, H 3, J=3 Hz & J=l 1.5Hz); 5.42 (dd, lH, H 3, 

J=3Hz & J=THz); 6.92 (m, 4H, AS); 13.94 (s, 1H, NH). 

0.88 3.39 (s, 3H, N-CH3); 3.62 (s, 3H, N-CH3); 7.11 (s,lH, H3); 7.64 (m, 1H, 

H 6, J=7Hz); 7.84 (d, IH, H 8, J=7Hz); 7.99 (m, 1H, H 7, J=2 Hz & 7Hz); 

8.17 (d, 1H, H 5, J=2 & 7Hz); (NH exchanged with H20 from DMSO). 

aEthyl acetate: bethanol: ~decomposilion: dCDCI,: c l l l o  [191: MP = 224°C: I l l s  [20]: MP = 347°C. 
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T a b l e  1II. Pharmacologica l  activity of  compounds  III .  

Compound  pD: a 

Histamine A cetylcholine 

I l i a  _ b  _ 

l I I b  - - 

l l l c  4.00 4.52 
I I I d  - - 
l l l e  - - 
l I l f  
i I I g  - - 
I l l h  3.75 - 
I I I i  4.70 - 
l I I j  
I I I k  - - 

I I I I  - - 

I l l m  3 . 9 0  - 

l l l n  3.60 - 

I I i o  3.20 
l l l p  4.00 
l I I q  4.00 - 

l I I r  

I I l s  4.75 3.55 
l i l t  3.75 - 
l l l u  4.40 4.00 
l l I v  
l I I w  

l l I x  - - 
Theophyl l ine  4.10 3.50 

aLog of concentrat ion that inhibits 50% of  bronchospasm 
induced by his tamine or acetylchol ine ( - log  IC~,): bpD 2 < 3. 

The physical specifications and NMR spectral data of amides 
II  are reported in table I, except l l a  which is commercially 
available. IR (KBr) v cm i (spectral data for all compounds): 
3400, 3300, 3200 (NH, NH2): 3100, 2900 (CH, CH0:  1690, 
1650 (CO); 1610, 1500, 1450 (C=C). 

Synthesis o[ cyclic compounds H I  
Two alternative methods were used. 

Method a. Compounds l l l b - k ,  o. q. r. s. u. w, x. To a sol- 
ution of amide I t  (5 mmol) in 50 ml pyridine or DMF were 
added phosphoric anhydride (5.5 mmol) and a catalytic amoum 
of AIC13. The mixture was heated under reflux for 4 h then 
cooled and filtered. After drying in vacuo, the residual product 
was recrystallized either from DMF for compounds l l Ib ,  c, d, 
e, f, g, i, j ,  k, r, s, x, or from ethanol for compounds IIIh,  o, u, 
w. (When the reaction was carried out in DMF, the crude 
product was washed with water before recrystallizing.) 

Method b. Compounds" III1, m, n, p, t, v. To a solution of 
anaide II (3 retool) in 50 ml heated butanol was added a 
solution of potassium tert-butoxide (3 mmol) in 20 ml butanol. 
The mixture was heated under reflux for 10 to 15 min and the 
reaction was followed by thin-layer chromatography. After 
complete reaction, the mixture was then treated with acetic 
acid. After cooling, the resulting precipitate was collected by 
filtration and recrystallized from ethanol. 

The physical specifications and NMR spectral data of  cyclic 
compounds l I I  are reported in table II, except I l i a  which is 
commercially available. Generally, one can observe by NMR 
that the signals of the two methyl groups brought by the nitro- 
gen atoms are shifted to downfield for the ring-closed 
compounds I I I  in comparison with the corresponding amides 
II. We also observed the disappearance of  the NH2 signals 
(between 6 and 7 ppm) and the amide NH signal (between 
8 and 9.6 ppm); the NH signal of theophylline appears at 
13-14 ppm. IR (KBr) v cm 1 (spectral data for all compounds): 
3400, 3200 (NH); 3100, 3000, 2900 (CH, CH3); 1700, 1685, 
1650 (CO); 1600, 1580 (C=C). 

Pharmacological evaluation 

These experiments were conducted according to the method 
described previously [18]. Drugs were dissolved in distilled 
water, with a minimal amount of  1 N NaOH solution. 
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