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Summary. 7-Chloroalkoxyisoflavones (10-26) have been prepared by chemoselective-in the case of 
5,7-dihydroxyisoflavones also regioselective-alkylation of hydroxyisoflavones (3-9) with ~-bromo<o- 
chloroalkanes. Compounds 10-26 were allowed to react either with 2',4'-dihydroxy-3'-n-propylaceto- 
phenone (1) or with 2-ethoxycarbonyl-7-hydroxy-8-n-propylchromone (2) to afford bridged isoflavone 
derivatives 27-51 with methylene spacers of various length. Carboxylic acid ethyl esters 43-51 have 
been saponified to obtain the carboxylic acids 52-60. 

Keywords. 2-Carboxychromone derivatives; 7-Chloroalkoxyisoflavones; 7-Hydroxyisoflavones; 1H 
NMR spectroscopy. 

Darstellung fiberbriickter Isoflavonderivate 

Zusammenfassung. Die chemoselektive und bei den 5,7-Dihydroxyisoflavonen auch regioselektive 
Alkylierung yon Hydroxyisoflavonen 3 bis 9 mit ~-Brom-co-chloralkanen ergibt 7-Chloralkoxyiso- 
flavone 10 bis 26. Die Umsetzung des 2',4'-Dihydroxy-Y-n-propylacetophenons und 2-Ethoxycarbonyl- 
7-hydroxy-8-n-propylchromons mit den Verbindungen 10 bis 26 liefert die fiberbrfickten Isoflavone 
27 his 51 mit einem Methylen-Spacer verschiedener Lgnge. Die Verseifung der Ester 43 bis 51 fiihrt 
zu den Carbons~iuren 52 bis 60. 

Introduction 

The slow reacting substance of anaphylaxis (SRS-A) was recognized as early as 1940 
[1]. Later, it was detected that SRS-A was comprised of products from the lipoxy- 
genase pathway of the arachidonic acid cascade, the peptidyl leukotrienes [2]. It 
has also turned out that the leukotrienes are key mediators of various hypersensitivity 
reactions [3]. A key development of this field was the discovery of the FPL 55712, 
a relatively selective receptor antagonist for SRS-A. Its poor bioavailability and 
short half-life were, however, disadvantageous properties to become a widely used 
medicine. Nevertheless, this compound directed the attention to the synthetic 
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leukotr iene receptor antagonis ts  and  its s t ructural  elements; 2' ,4'-dihydroxy-3'-n- 
propylacetophenone and chromone-2-carboxylic acid derivatives became impor tan t  
building blocks of synthetic leukotr iene receptor antagosists  [-4-14]. The aceto- 
phenone  unit  was incorpora ted  into carboxylic acids [-5, 6, 9], tetrazol  derivatives 
[-7, 8, 14], and benzopyran  type compounds  [10, 11, 13] as well. In the present paper  
the syntheses of isof lavone derivatives, as potent ial  leukotr iene receptor antagonists ,  
possessing either 2 ' ,4 ' -d ihydroxy-Y-n-propylacetophenone or a chromone-2-car-  
boxylic acid unit, are reported. 

R e s u l t s  and D i s c u s s i o n  

Early  studies with synthetic  leukotr iene receptor antagonis ts  revealed that  a 
ch romone  moie ty  m a y  be a beneficial s t ructural  unit  of these complex molecules. 
Since 3-phenylchromones (isoflavones) and  2,3-diphenylchromones (2-phenylisofla- 
vones) have not  yet been utilized for such purpose,  it seemed expedient  to synthesize 
bridged isoflavone derivatives with potent ia l  leukotr iene receptor antagonis t  
activity. 

Hydroxyisof lavones  (3-9) used as start ing materials  were synthesized according 
to known  procedures [15, 16, 18-20]. According to l i terature [21], the length of  the 
spacer between the two major  parts of such a molecule m a y  influence its bioactivity. 
Fo r  this reason, we planned to insert methylene spacers of various length into the 
bridged isoflavone derivatives. In our  case, the spacer m a y  be built on to  either major  
part  of the p lanned bridged molecule to obta in  an appropr ia te  in termediate  for the 
coupling reaction. After some prel iminary experiments,  we found it to be useful to 
build the spacer on to  the isoflavone moiety.  

Hydroxyisof lavones  (3-9) were allowed to react with e-bromo-co-chloroalkanes 
in boiling acetone solut ion in the presence of K z C O  3 t o  afford 7-chloroalkoxyiso-  
flavones 10-26 (Scheme 1, Table 1). At this temperature ,  we managed  to perform a 
chemoselective a lkyla t ion with the ~-bromo-co-chloroalkanes to obta in  7-chloro- 
alkoxyisoflavones (10-26) as useful a lkylat ing agents for the coupling reactions. cLcH2o0  

3 - 9 Scheme 1 
10 - 2 6  

3: R ~ : R 2 = H 15: R ~ : C H 3 ,  R 2 : H, n = 4 
4: R 1 = CH3, R 2 = H 16: R 1 = CH3, R 2 = OH,  n = 2 
5: R 1 = CH3, R 2 = O H  17: R 1 : C H 3 ,  R 2 = OH,  n = 3 
6: R 1 = CO2C2H5, R 2 = H 18: R 1 = CH3, R 2 = OH,  n = 4 
7: R 1 = CO2C2Hs,  R 2 = O H  19: R 1 = CO2C2H5, R 2 = H, n =  3 
8: R 1 = C 6 H 5 ,  R 2 = H 20: R 1 = CO2C2H5, R 2 = OH,  n : 3 
9: R 1 = C6H5, R 2 = O H  21: R 1 = C6H5, g 2 = H, n = 2 

10: R 1 = R 2 = H, n = 2 22: R ~ = C 6 H 5 ,  R 2 = H, n = 3 
11: R 1 = R 2 = H, n = 3 23: R 1 = C6H5, R 2 --- H, n = 4 
12: R ~ = R 2 = H, n = 4 24: R ~ = C 6 H 5 ,  R 2 = OH,  n = 2 
13: R1 = CH3,R2 = H , n = 2  25: R I =  C6H5, R2 = OH,  n =  3 
14: R1 = C H 3 ,  R2 = H , n =  3 26: R1 = C 6 H 5 ,  R2 = OH,  n = 4  
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Table 1. Physical constants and IR data of compounds 10-26 
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Compound M.p. Yield Molecular Vc=o 
(°C) (%) formula a (cm- 1) 

10 198-199 60.2 C17H13C103 1632 
11 147-148 70.6 C18 H 15C103 1634 
12 154-155 83.6 C19H17CIO 3 1632 
13 116-117 72.3 C18H 15C103 1632 
14 126-127 60.9 C19H17C103 1632 
15 112-113 65.6 C2oH19C103 1632 
16 161-162 51.5 C18H15C104 1658 
17 149-150 87.2 Ct9H17CIO 4 1660 
18 128-129 83.8 C2oH19C10 4 1662 
19 136-137 71.2 C21HI9CIO 5 1626 
20 84-85 59.2 C 21H 19C106 1664 
21 157-158 65.0 C21H17 C103 1624 
22 154-155 58.9 C2,H19 C103 1628 
23 144-145 68.3 C2sH21C103 1630 
24 137-138 64.1 C23H17C10,~ 1654 
25 133-134 81.3 C2,,H 19C104 1658 
26 132 133 59.3 C25H21C10 4 1662 

" Elemental analyses (C, H) were in good agreement with calculated values 

7 - C h o r o a l k o x y i s o f l a v o n e s  (10-26)  were a l lowed to react  wi th  2 ' , 4 ' -d ihydroxy-Y-  

n - p r o p y t a c e t o p h e n o n e  (1) [17] in boi l ing  4-methyl-2-1~entanon so lu t ion  in the 

presence  of  K I  and  K 2 C O  3 to yield 7 - [m- (4 -ace ty l -3 -hyd roxy-2 -n -p ropy lphenoxy)  
a lkoxy] - i so f l avones  27-40 .  E thyl  esters 33 and  34 have  been saponif ied  to afford 

ca rboxy l i c  acids 41 and  42. 

(CH2)2-CH3 H O-,~OH -~" C {[CHzInO~ 

1 11fl3 )1/-% 16-26  

(CH2 }2-EH3 

H~C-C ~ "U  7"F~h 

27 - 42 

Scheme 2 

27: R 1 = R 2 = H,  n = 3 35: 

28: R 1 = C H  3, R 2 = H,  n = 2 36: 

29: R 1 = C H  3, R 2 = H,  n = 3 37: 

30: R 1 = CH3, R 2 = O H ,  n = 2 38: 

31: R 1 = CH3, R 2 = O H ,  n = 3 39: 

32: R ~ = CH3, R 2 = O H ,  n = 4 40: 
33: R1 = CO2C2H5,  R 2 = H,  n = 3 41: 
34: R 1 = C O 2 C 2 H  5, R 2 = O H ,  n = 3 42: 

R I =  C 6 H s ,  R 2 =  H , n  = 2 

R I =  C6H5,  R 2 =  H , n  = 3 

R I =  C6Hs ,  R 2 =  H , n  = 4 

R 1 =  C6Hs,  R 2 =  O H ,  n = 2 
R I =  C6Hs,  R 2 =  O H ,  n = 3 

R I =  C6Hs,  R 2 =  O H ,  n = 4  
R 1 =  C O 2 H ,  R 2 =  H , n  = 3 
R 1 =  C O z H ,  R 2 =  H , n  = 3 
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Reac t ion  of  7 -ch lo roa lkoxy i so f l avones  1 0 - 2 6  with  2 -e thoxy-ca rbony l -7 -8 -n -  

p r o p y l c h r o m o n e  (2) [4]  unde r  reac t ion  condi t ions  descr ibed for the p r e p a r a t i o n  of  
c o m p o u n d s  2 7 - 4 0  af forded e thyl  esters of  c h r o m o n e - 2 - c a r b o x y l i c  acid re la ted to  
i sof lavones  (43-51).  E thy l  esters  4 3 - 5 1  have  been saponif ied  to ob t a in  c o m p o u n d s  
5 2 - 6 0  (Scheme 3). 

(CH2)2- CH3 

° 1 2 10-12~ 14~ 15~17~18~ 22j25 

(CH2) 2- gH 3 
H02C ~ O ( C  H2}nO 

43,  52: 

44,  53: 

45,  54: 

46,  55: 

47, 56: 

R 1 = R 2 = H,  n = 2 48,  57: 

R 1 = R 2 = H,  n = 3 49,  58: 

R 1 = R 2 = H,  n = 4 50, 59: 

R 1 = CH3,  R 2 = H,  n = 3 51, 60: 

R 1 = CH3,  R 2 = H,  n = 4 

R t =  CH3,  R 2 =  O H ,  n = 3 

R 1 =  CH3,  R 2 =  O H ,  n = 4 

R 1 =  C6Hs ,  R 2 =  H , n  = 3 

R 1 =  C6Hs ,  R 2 =  O H ,  n = 3 

Table 2. Physical constants of compounds 27-60 

Com- M.p. Yield Molecular Com- M.p. Yield Molecular 
pound (°C) (~) formula a pound (°C) (~) formula a 

27 97-99 46 .6  C29H280 6 44 131-132 63 .0  C33H3oO 8 
28 162-163 53 .3  C29H280 6 45 168--169 59 .8  C34H320 8 
29 141-142 45 .2  C3oH3oO 6 46 108--109 55 .4  C34H320 8 
30 234-235 54 .0  C29H280 7 47 130-131 65 .3  C35H3408 
31 160-161 61.8 , C30H300 7 48 131--132 45.4 C34H320 9 
32 97-98 74 .2  C31H320 7 49 133 134 40 .9  C35H340 9 
33 101-102 48 .5  C32H320 8 50 158-159 62 .5  C39H340 8 
34 152-154 60 .6  C32H320 9 51 169-170 61 .8  C39H340 9 
35 171-172 57 .1  C34H3oO 6 52 210-211 75 .0  C3oH240 8 
36 162-163 76 .6  C35H320 6 53 127-128 84 .2  C31H260 8 
37 131-132 46 .4  C36H340 6 54 158--159 81 .2  C32H280 8 
38 174-175 58 .5  C34H3oO 7 55 233-234 85 .7  C32H2808 
39 187-188 64 .3  C35H320 7 56 211--212 84 .5  C33H3oO 8 
40 120-121 72 .9  C36H340 7 57 260-261 70 .2  C32H280 9 
41 148 149 76 .6  C3oH280 8 58 210--212 85 .7  C33H3oO 9 
42 113-114 71 .4  C3oH280 9 59 153-155 73 .7  C37H3oO 8 
43 123-124 65 .2  C32H2sO s 60 135-136 83 .3  C37H3oO 8 

a Elemental analyses (C, H) were in good agreement with calculated values 
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Table 3. 1H-NMR spectroscopic data of compounds 27 60 

Compound 6(ppm) 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

4O 

41 

42 

43 
44 

45 

46 

47 

48 

49 

50 

0.95 (t, 3H), 1.54 (dd, 2H), 2.36 (dd, 2H), 2.56 (s, 3H), 2.65 (t, 2H), 4.25 (m, 4H), 
6.46-8.22 (m, 10 atom. H), 7.94 (s, 1H) 
0.89 (t, 38), 1.56 (dd, 2H), 2.31 (s, 3H), 2.60 (s, 3H), 2.65 (t, 28), 4.48 (m, 48), 
6.50-8.22 (m, 10 arom. H) 
0.96 (t, 3H), 1.56 (dd, 2H), 2.28 (s, 3H), 2.46 (t, 2H), 2.57 (s, 3H), 2.64 (t, 2H), 
4.27 (m, 4H), 6.48-8.14 (m, 10 atom. H) 
0.91 (t, 3H), 1.54 (dd, 2H), 2.32 (s, 3H), 2.58 (s, 38), 2.66 (t, 2H), 4.41 (m, 4H), 
6.37-7.63 (m, 9 arom. H) 
0.94 (t, 3H), 1.54 (dd, 28), 2.27 (s, 3H), 2.34 (t, 2H), 2.55 (s, 3H), 2.66 (t, 2H), 
4.27 (m, 4H), 6.36-7.62 (m, 9 atom. H) 
0.98 (t, 3H), 1.55 (dd, 2H), 2.04 (m, 4H), 2.30 (s, 3H), 2.53 (s, 3H), 2.63 (t, 2H), 
4.10 (m, 48), 6.35-7.62 (m, 9 arom. H) 
0.98 (t, 6H), 1.54 (dd, 2H), 2.38 (t, 2H), 2.60 (s, 3H), 2.68 (t, 2H), 4.14 (dd, 2H), 
4.26 (m, 4H), 6.39-7.65 (m, 10 atom. H) 
1.00 (t, 68), 1.56 (dd, 2H), 2.38 (t, 2H), 2.61 (s, 3H), 2.68 (t, 2H), 4.14 (t, 2H), 
4.26 (m, 4H), 6.41-7.65 (m, 9 arom. H) 
0.91 (t, 3H), 1.55 (dd, 2H), 2.58 (s, 38), 2.66 (t, 2H), 4.43 (m, 4H), 6.51-8.22 (m, 
15 arom. H) 
0.94 (t, 3H), 1.54 (dd, 2H), 2.38 (t, 28), 2.55 (s, 3H), 2.66 (t, 2H), 4.27 (m, 4H), 
6.46-8.22 (m, 15 atom. H) 
0.96 (s, 3H), 1.56 (dd, 2H), 2.07 (m, 4H), 2.56 (s, 3H), 2.67 (t, 2H), 4.16 (m, 4H), 
6.44-8.20 (m, 15 arom. H) 
0.92 (t, 3H), 1.52 (dd, 2H), 2.57 (s, 3H), 2.66 (t, 2H), 4.41 (m, 4H), 6.42-7.62 (m, 
14 arom. H) 
0.96 (t, 3H), 1.54 (dd, 2H), 2.32 (t, 2H), 2.56 (s, 3H), 2.64 (t, 2H), 4.26 (m, 4H), 
6.39-7.62 (m, 10 atom. H) 
0.96 (t, 3H), 1.56 (dd, 2H), 2.06 (m, 4H), 2.57 (s, 3H), 2.68 (t, 2H), 4.12 (m, 4H), 
6.38-7.63 (m, 14 arom. H) 
0.87 (t, 3H), 1.46 (dd, 2H), 2.28 (t, 2H), 2.61 (s, 38), 2.67 (t, 2H), 4.28 (m, 4H), 
6.78-8.04 (m, 10 arom. H) 
0.94 (t, 3H), 1.54 (dd, 2H), 2.36 (t, 2H), 2.57 (s, 3H), 2.64 (t, 2H), 4.24 (m, 4H), 
6.40-7.58 (m, 9 atom. H) 
0.94 (t, 3H), 1.43 (t, 3H), 1.68 (dd, 2H), 2.89 (t, 2H), 4.51 (m, 6H), 6.96-8.28 (m, arom. H) 
0.97 (t, 3H), 1.44 (t, 3H), 1.68 (dd, 28), 2.42 (t, 28), 2.92 (t, 2H), 4.35 4.51 (m, 6H), 
6.87-8.25 (m, 10 arom. H + 2CH) 
1.02 (t, 3H), 1.47 (t, 3H), 1.71 (dd, 2H), 2.11 (m, 4H), 2.93 (t, 2H), 4.18 (m, 4H), 
4.47 (dd, 2H), 6.98-8.27 (m, 10 atom. H + 2CH) 
0.98 (t, 3H), 1.42 (t, 3H), 1.67 (dd, 2H), 2.29 (s, 3H), 2.41 (t, 2H), 2.92 (t, 2H), 
4.30-4.50 (m, 6H), 6.84-8.16 (m, 10 arom. H + CH) 
0.98 (t, 3H), 1.48 (t, 3H), 1.69 (dd, 2H), 2.12 (m, 4H), 2.32 (s, 3H), 2.95 (t, 2H), 
4.20 (m, 4H), 4.46 (dd, 2H), 6.85-8.19 (m, 10 arom.. H + CH) 
0.98 (t, 3H), 1.44 (t, 3H), 1.67 (dd, 2H), 2.28 (s, 3H), 2.39 (t, 2H), 4.28 (m, 4H), 
4.47 (dd, 2H), 6.38 8.07 (m, 9 arom. H + CH) 
0.99 (t, 3H), 1.48 (t, 3H), 1.68 (dd, 2H), 2.08 (m, 4H), 2.31 (s, 3H), 2.94 (t, 2H), 4.19 (m, 
4H), 4.47 (dd, 2H), 6.35-8.10 (m, 9 arom. H + CH) 
0.98 (t, 3H), 1.46 (t, 3H), 1.68 (dd, 2H), 2.43 (t, 2H), 2.92 (t, 2H), 4.35 (m, 4H), 
4.46 (dd, 2H), 6.98-8.23 (m, 15 arom. H + CH) 

(Continued) 
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Table 3. (Continued) 
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Compound 6(ppm) 

51 

52 
53 

54 

55 

56 

57 

58 

59 

60 

0.98 (t, 3H), 1.44 (t, 3H), 1.66 (dd, 2H), 2.38 (t, 2H), 2.91 (t, 2H), 4.32 (m, 4H), 4.46 (dd, 2H), 
6.39-8.08 (m, 14 arom. H + CH) 
0.89 (t, 3H), 1.63 (dd, 2H), 2.88 (t, 2H), 4.56 (m, 4H), 6.90 8.12 (m, 10 arom. H + 2CH) 
0.95 (t, 3H), 1.63 (dd, 2H), 2.44 (t, 2H), 2.94 (t, 2H), 4.37 (m, 4H), 6.42-8.20 (m, 
10 arom. H + 2CH) 
0.98 (t, 3H), 1.71 (dd, 2H), 2.09 (m, 4H), 2.95 (t, 2H), 4.21 (m, 4H), 6.47-8.30 (m, 
10 arom. H + 2CH) 
0.90 (t, 3H), 1.60 (dd, 2H), 2.23 (s, 3H), 2.28 (t, 2H), 2.86 (t, 2H), 4.40 (m, 4H), 
6.82-7.96 (m, 10 arom. H + CH) 
0.91 (t, 3H), 1.64 (dd, 2H), 1.99 (m, 4H), 2.25 (s, 3H), 2.81 (t, 2H), 4.22 (m, 4H), 
6.82-7.97 (m, 10 arorn. H + CH) 
0.97 (t, 3H), 1.66 (dd, 2H), 2.24 (s, 3H), 2.28 (t, 2H), 2.90 (t, 2H), 4.34 (m, 4H), 
6.30-7.98 (m, 9 arom. H + CH) 
0.98 (t, 3H), 1.68 (dd, 2H), 2.08 (m, 4H), 2.30 (s, 3H), 2.94 (t, 2H), 4.66 (m, 4H), 
6.33-8.07 (m, 9 arom. H + CH) 
0.93 (t, 3H), 1.64 (dd, 2H), 2.41 (t, 2H), 2.92 (t, 2H), 4.33 (m, 4H), 6.96-8.23 (m, 
15 arom. H + CH) 
0.96 (t, 3H), 1.66 (dd, 2H), 2.40 (t, 2H), 2.97 (t, 2H), 4.30 (m, 4H), 6.39-8.10 (m, 
14 arom. H + CH) 

In summary, bridged isoflavone derivatives with various spacer lengths have been 
prepared. Some of these molecules possess hydroxy and/or carboxy groups which 
are considered to be useful for leukotriene receptor antagonist activity. 

The structures of all new compounds have been elucidated by microanalysis and 
IR or 1H NMR spectroscopy. 1H NMR spectroscopic data of the bridged isoflavone 
derivatives 27-60 are summarized in Table 3. 

Experimental 

1H-NMR spectra were recorded on a Bruker WP 200 SY spectrometer in CDC13 (internal standard 
TMS, 6 = 0.0ppm) at room temperature. The IR spectra (KBr discs) were measured with a Perkin- 
Elmer 16 PC instrument. TLC was performed on Kieselgel 60 F254 (Merck) using hexane:acetone 
(7:3 v/v) or benzene:ethyl acetate:acetic acid (5:4:1 v/v) as eluants. Starting materials 1-9 were 
synthesized according to known procedures [4, 15-20]. 

7-Chloroalkoxyisoflavones 10 26 

A mixture of compounds 3-9 (10.0 mmol), e-bromo-oJ-chloroalkane (15.0 mmol), K2CO 3 (5.0 g), and 
anhydrous acetone (100.0 ml) was refluxed for 5 h, the insoluble material was filtered off, the solvent 
evaporated in. vac., and the residue crystallized from methanol to afford compounds 10-26 (Scheme 1 
and Table 1). 

General procedure for the Synthesis of 7-[e)-4-Acetyl-3-hydroxy-2-n- 
propylphenoxy)alkoxy]-isoflavones 27-40 

A mixture of 2',4'-dihydroxy-3'-n-propylacetophenone [17] (1, 5.0mmol), 7-chloroalkoxyisoflavone 
11, 13, 14, 16-26 (5.0 mmol), KI (0.2 g), K2CO 3 (5.0 g), and anhydrous 4-methyl-2-pentanon (150.0 ml) 
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was refluxed for 54 h, the insoluble material was filtered off, the solvent evaporated in. vac., and the 
residue crystallized from methanol to obtain compounds 27-40 (Scheme 2, Tables 2 and 3). 

Preparation of compounds 41 and 42 

Compound 33 or 34 (0.5 g) was refluxed in a mixture of methanol (50.0 ml) and 2N NaOH (2.5 ml) for 
10 rain, then cooled to room temperature and acidified with dilute hydrochloric acid. The precipitate 
was filtered off, washed with water, and dried to yield compound 41 or 42 (Scheme 2, Tables 2 and 3). 

General procedure for the synthesis of isoflavone derivatives 43-51 

A mixture of 2-ethoxycarbonyl-7-hydroxy-8-n-propylchromone [4] (2, 5.0mmol), 7-chloroalkoxy- 
isoflavone 10-12, 14, 15, 17, 18, 22 or 25 (5.0mmol), KI (0.2g), K2CO3 (10.0g), and anhydrous 
4-methyl-2-pentanon (300.0 ml) was refluxed for 54 h and then worked up as described for compounds 
27-40 to afford substances 43-51 (Scheme 3, Tables 2 and 3). 

Preparation of carboxylic acids 52-60 

Carboxylic acid ethyl esters 43-51 (1.0 g) were dissolved in a mixture of methanol (50.0 ml) and 2N 
NaOH (4.0 ml) and refluxed for 10 min, then worked up as described for compounds 41 and 42 to 
obtain substances 52-60 (Scheme 3, Tables 2 and 3). 
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