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S u m m a r y  - -  The syntheses of potential leukotriene antagonist 7-[w-(tetrazol-5-yl)alkoxy]-8-propyl-~lH-l-benzopyran- 
4-one and 7-[w-(tetrazol-5-ylthio)alkoxy]-8-propyl-4H-l-benzopyran-d-one derivatives with various substituents and oxida- 
tion levels in their benzopyran heteroring and their deriw~tives containing an extra w-carboxyalkyl or w-(tetrazol-5-yl)alkyl 
chain are described. 

alkylatlon o f  t e trazo le  / l eukotr lene  antagonist / 7-hydroxy-S-propylehromonold / 1-alkylated tetrazole / 1-alkylthio- 
ated t e trazo le  

l:tdsumd - -  Synthhse do nouvelles [(5/:I-tdtrazolyl)aleoxy]chromones et chromanones. La synth~se d'antagonistes 
de leucotri~nes, les 7-[w-(tdtrazol-5-yl)aleoxy]-8-propyl-dH-l-benzopyran-d-one et 7-[w-(t6trazol-5-ylthio)alcoxy]-8-propyl- 
4H-l-benzopyran-4-one avec diffSrents substituants et degrSs d'oxydation dans le cycle benzopyrmm, et leurs ddrivds 
contenant une chahm latdrale w-carbvxyalkyl ou w-(tStrazol-5-yl)alkyl, est dScrite. 

alkylation de tStrazole  / antagon l s te  de leucotr lhne  / c l l romone  / c h r o m a n o n c  / tdtrazole  / a lkyl th io- tStrazole  

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

Leukotrienes (LT), products  of araehidonic acid 
metabolism, belong to the most  promising targets of 
drug developments. LTB4 has been suggested to play 
an impor tan t  role in inf lammatory diseases such as pso- 
riasis, rheumatoid  artliritis or inf lammatory  bowel dis- 
ease while peptidoleukotrienes (pLT's) LTC4, LTD4 and 
LTE4 (collectively identified as SRS-A previously) are 
considered major  factors in a s thma  and related allergic 
symptoms.  Therefore, the search for new LT antago- 
nists is of high interest [1]. A well-defined group of pLT 
antagonists  possesses a 3-propylresacetophenone moi- 
ety a n d / o r  tetrazole unit whereas the 8-propyl-chroman 
(3 ,4-dihydro-2H-l-benzopyran)  or -chromanone 
(2,3-dihydro-4H-l-benzopyran-4-one)  skeleton linked 
to a carboxyl  or tetrazole group with a spacer is a 
h'equent building block of LTB4 antagonists.  Some se- 
lected structures are shown in figure 1. 

To develop new LT antagonists  and to collect new 
da ta  for s t ruc ture-ac t iv i ty  relationships, a systematic  
synthet ic  work was planned in our laboratory. The key 
point of our interest was to determine how the in- 
corporat ion of the T-hydroxy  group of the 3-propyl- 
resacetophenone unit into a heteroring alters the bind- 

ing to the receptor. Some literature da ta  suppor ted  tha t  
the alkylation of the chelated phenolic hydroxy group 
caused a decrease in the antagonism of LTD4/LTE4 but  
favored the act ion on LTB4 receptors [2]. The struc- 
tures of LTB4 antagonists SC-41.930 (6) [2d, 3] and Ro 
25-3562 (7) [4] are in agreement with this suggestion 
but the potent  agent LY-255.283 (5) and related com- 
pounds  [5] clearly contradict  the theory. Therefore, we 
decided to synthesize 8-propylchromones (8-propyl-4H- 
benzopyran-4-ones) linked to a tetrazole moiety by an 
alkoxy chain spacer of 4-6 units. To suppress the possi- 
ble nucleophilic ring opening of the chromone ring skele- 
ton and to search for the opt imum steric fit, the substi- 
tut ion by alkyl, aryl and heteroaryl g roups  in position 
2 as well as the hydrogenat ion o f  the chromone double 
bond was considered. We also wished to s tudy  the effect 
of the incorporat ion of a sulfur a tom into the spacer. 
This type  of modification, mimicking the s t ructure  of 
pLT's,  has been found to be useful in the carboxylic 
acid series [6] but  analogous te t razoly l th io  deriwltives 
have not been reported.  Finally, the preparat ion of com- 
pounds  with another  tetrazolyl- or carboxyalkyl  chain 
resembling LY-203.647 (2) [7] was also among our aims. 
In this contr ibut ion we now wish to report  the synthesis 
and modifications of the compounds  outlined above. 

t Dedicated to Prof Waldemar Adam on the occasion of his 60th birtilday. Part of this work was presented at the 13th Inter- 
national Symposium on Medicinal Chemistry, September 19-23, 1994, Paris, France. 
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R e s u l t s  a n d  d i s c u s s i o n  

To achieve our diverse synthet ic  targets, linear ap- 
proaches based on a lhnited number  of s tar t ing hydroxy- 
chromones were chosen. The synthesis of the key ill- 
termediates are shown by scheme 1. 2~,4~-Dihydroxy- 
3~-propylacetophenone 8 [8] was converted to 
7-hydroxy-8-propylchromone 9a  by using the procedure 
of Dorofeenko and Mezheritskii [9]. Other  2-substi tuted 
chromones 9 b - e  were obtained from acetophenone 8 
by our recently developed methodology [10] which ex- 
ploits the one-pot  eyclodelwdrat ion and deprotect ion 
of I- [2-hydroxy-4- (methoxymethoxy)  phenyl]alkane- 
1,3-diones 1 2 b - e .  Diones 1 2 b - e  were prepared in 
moderate  yield by either Claisen-condensation of 
methoxymethyla ted  acetophenone 10 or the classi- 
cal Baker-Venkataraman approach via (het)aroylated 
derivatives l l d , e .  Chromone 9 a  was also obtained in 
moderate  yield from acetophenone :tO and ethyl formate 
by the Claisen-condensation route wi thout  the isolation 
of the intermediate dione 12a. 1H NMR measurenmnts 
revealed that ,  in accordance with our earlier observa- 
tions [10], compounds  12b , c  with alkyl groLIps at  C-3, 
existing in triple equilibrium, consisted of ~3-diketone 
12, eno] 12 r and the cyclic 2-hydroxychromanoue 12"  
forms while compounds  12d~e with aryl moiety at 
C-3 were found to exist in the enol form exclusively 
(scheme 2). 

Chemoselective transfer 1wdrogenation [11] of 
ehromone 9a  using ammonium formate as hydrogen 
source afforded chromanone 13. The 2,2-dimethyl- 
ated derivative 17' was synthesized by allylation of 
2,2-dimethyl-7-hydroxychromanone 14 [12] followed by 
Claisen rearrangement  and catalyt ic  hydrogenation.  

The sy],theses of target  colnpounds with an 
w-(tetrazol-5-yl)alkoxy chain 2 0 - 2 4 ,  26  are shown 
in scheme 3. The (tetrazol-5-yl)alkyl units were at- 
tached to the chromonoid skeleton by a two-step pro- 
cedure. Hydroxychromones  9 a - e  were alkylated with 
4-brolnobutanenitr i le or 5-chloropentanenitri le in lmtan- 
2-one (MI~K) or ~l-methylpentan-2-one (h4IBK) to af- 
ford cyanide intermediates 18, 19 which in turn were 
easily transformed into tim desired tetrazoles 20, 21 
by means of t r ibutyl t in azide [13] in excellent yields. 
The  same approach was also applied to the synthesis of 
2,2-disubs~ituted chromanone 26 while 2-unsubst i tuted 
chromanones 22, 23 were easily prepared by trans- 
fer hydrogenat ion of tetrazolylchromones 20a,  21a.  To 
s tudy  the role of the carbonyl  group in the biological 
activity, oxime derivative 24 was also synthesized by 
treat ing chromanone 22 with hydroxylammonium chlo- 
ride in hot aqueous ethanolic solution. 

The synthesis of tetrazole derivatives containing a 
sulfur a tom in the spacer is summarized in sclmme d. 
7-Hydroxy-8-propylchronmne 9a  was alkylated with 
~-bromo-w-chloroalkanes of wtrious length. The  dif- 
ferent reactivity of the halogens allowed the com- 
pletely chemoselective fornmtion of the corresponding 
7-(w-chloroalkoxy)-8-propylchromones 2 7 - 2 9 ,  the pres- 
ence of chlorine was sustai,md by the clmracteristic 
l~I + 2/L,I isotope peak pa t te rn  in the mass spectrum 
of colnpound 28. Nucleophilic displacement of chlorine 
a toms in chrolnones 27-9-9 by the th ioeyanate  anion af- 
forded tlm 7-(w-thioeyanatoalkoxy)-8-propylchromones 
3 0 - 3 2 ,  exclusively: no formation of any isomeric iso- 
thioeyanates was observed. 1,3-Dipolar cycloaddition 
of tr ibutylt in azide to the carbon-ni t rogen  triple bond 
of the th iocyanate  group [13] resulted in the tetra- 
zolylthio derivatives 3 3 - 3 5  in good yield. 8-Propyl- 
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7-[3-(tetrazol-5-ylthio)propyl]oxychromanone 38 was 
obtained from the hydroxychromanone  13 in an analo- 
gous three-step procedure to avoid any poisoning of the 
palladium catalyst  during the transfer hydrogenat ion of 
chromone 34. 

The preparat ion of the LY-203.6~lT-like derivatives, 
which carry an extra alkyl chain functionalized with 
an acidic group on their tetrazole moiety, is shown 
in scheme 5. In accordance with the previous re- 
ports  [14, 15] when the te trazolate  anion gener- 
ated in situ with sodium hydride from tetrazole 2 1 a  
was alkylated with either ethyl w-chloroalkanoates or 
5-chloropentanenitrile, a mixture of 1- (39, 40  and 4?)  
and 2-substi tuted tetrazoles (41, 42 and 48) was ob- 
tained. These regioisomers were separated by column 
chromatography and distinguished on the basis of their 
Rr values and their 1H NMI~ and 13C NMI~ properties. 
I t  is well documented tha t  1-substi tuted tetrazoles are 
more polar than the 2-suhsti tuted isomers and, in gen- 

eral, have a higher melt ing point [15a]. Another  char- 
acteristic feature is tha t  in 2-alkylated isomers bo th  
~-hydrogens and a -ca rbon  of the alkyl chain at tached 
to the tetrazole nitrogen are shifted downfield from tha t  
of the 1-isomer [14a, 15]. These differences allowed all 
unanlbiguous s t ructure  elucidation of regioisomeric 
alkylated tetrazoles. Moreover, we fouud tha t  tetrazole 
carbon of 2-(4-cyanobutyl)  isomer 48 showed a consid- 
erable downfield shift (A6 = 12.2 ppm) compared to 
tha t  of the 1-substi tuted derivative 47. Since luC Nh,lrL 
da ta  presented by Holzer and J';iger [15c] for some re- 
gioisomeric tetrazole derivatives showed the same shift 
phenomenon,  this feature may also be useful in the 
s t ructure  elucidation of these deriw~tives. Surprisingly, 
no enhancement  of metlwlene signals of 1- and 5-alkyl 
chains was observed in the NOE difference spect rum of 
tetrazole 47, thus, the method  suggested by Holzer and 
J~iger [15c] has less wtlue for discrimination of isomeric 
tetrazoles with bulkier 1,5-substituents. 
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Tile ratios of 1- and 2-alkylate(t isomers varied sig- 
nificantly depending on the alkylat ing fragment. The 
1-substi tuted isomer slightly dominated in the case of 
e thoxycarbonylmethyla t iou  ( 3 9 / 4 1  = 1.21) while the 
2-subst i tuted isomers were the major  products  in the 
case of  a longer chain ( 4 0 / 4 2  = 0.29, 4 7 / 4 8  --- 0.39). 
The  preference of  product  39 over 41 could be inter- 
preted in terms of the higher nucleophilicity of the N(1) 
position [14b] but this difference takes effect only in the 
reactions with highly reactive alkylating agents such as 
o~-chlorocarbonyl compounds  [16]. Upon t rea tment  with 
less reactive but  bulkier alkylating agents the steric hin- 
drance preferring the formation o f  2- subst i tuted iso- 
mers dominates.  

To complete  the synthesis of  the derivatives with 
another  tetrazolyl- or carboxyalkyl  chain at tached to 
the tetrazol unit, the e t h y l  esters 3 9 - 4 2  were hy- 
drolyzed in alkaline medium to give the free acids 4 3 -  
46 while cyanobutyla ted  tetrazole 48 was transformed 
into te t razol-2-ylbutylated tetrazole 49 by means of  tri- 
butylt in azide. 

In summary,  a series of  tetrazoles linked to a 
2-(un)subst i tuted 7-hydroxy-8-propylchromonoid moi- 
e ty of various oxidation level by a spacer of various 
length and /o r  he teroa tom was synthesized. The results 
of bioactivity studies of the prepared compounds  will 
be reported in a separate paper. 

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

G e n e r a l  

Mp's were determined on a Boetius hot-stage apparatus and 
are uncorrected. IR spectra were recorded witll a Perkin- 
Elmer 16 PC FT-IR instrument in I(Br pellet unless other- 
wise specified. ~H NMR (200 MHz) and lag  NMR (50 MHz) 
spectra were taken with a Bruker WP 200 SY instrument 
(internal standard TMS, 5 = 0 ppm) in CDCl3 solution un- 
less stated otherwise. MS spectra were recorded with a VG 
7035 GC-MS-DS system (EI, 70 eV). Elemental analyses 
were performed in-house on a Carlo Erba EA 1106 ana- 
lyzer. MgSO4 was used as drying agent, column chromato- 
graphy was performed on Kieselgel 60 (0.063-0.2 ram) (Re- 
anal). Thin-layer chromatography was performed on Kiesel- 
gel 60 F2s,t (Alurolle) (Merck) using toluene/EtOAc (4:1) 
and hexane/MeuCO (2:1) mixtures. 

• 2 % H y d r o x y - 4 ~ - ( m e t h o x y m e t h o x y ) - 3 t - p r o p y l  - 
a c e t o p h e n o n e  1 0  

2t,4~-Dihydroxy-3'-propylacetophenone 8 (15.60 g, 80.32 
retool) was treated with methoxymethyl chloride according 
to the procedure given in [10]. The crude product was puri- 
fied by vacuum distillation to yield 10 (15.83 g, 83%). Bp: 
152-154 °C/1 mm Hg. 

IR (neat): 2 960, 2870, 2 932, 2 828, 1 630 (C=O), 1 458, 
1 416 (CH2), 1 258, 1 228, 1 204 ~C-O-C + C-OH), 1 116, 
1 080, 1 032 (C-O-C),  794 cm-- .  
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IH NMR: 0.97 (t, J = 7.1 Hz, 3H, CH2/~4e), 1.56 (m, 
2H, CH2Me), 2.55 (s, 3H, 2-H), 2.67 (t, J = 7.3 Hz, 
2H, CH2Et) ,  3.48 (s, 3H, OCH2OMe),  5.26 (s, 2H, 
OCH2OMe),  6.6d (d, J = 8.0 Hz, 1H, 51:H), 7.57 (d, 
J -- 8.0 Hz, 1H, 6'-H), 12.78 (deuterable s, 1H, OH). 

Anal cale for ClaHlsO4: 0, '65.53; H, 7.61. Found: C, 65.44; 
H, 7.60. 

,, F - B e n z o y l o x y -  g l - ( m e t h o x y m e t h o x y ) - 3 ' - p r o p y l  - 
ace tophenone 1 1 d  

Benzoyl chloride (1.2 mL, 10.41 retool) was added to the 
cold (-- 10 °C) solution of 2 ' -hydroxy-d '-(methoxymethoxy)-  
3 '-propylacetophenone 10 (2.11 g, 8.86 retool) in absolute 
pyridine and allowed to s tand for 4 days. The  mixture was 
poured onto crushed ice, the crude l l d  was filtered off, 
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washed with water  and reerystal l izcd h'om nmthanol to give 
2.06 g (68%) pure l i d .  Mp: 85-87 °C. 
IR: 2962, 2870, 2932, 173d ( C = O ,  ester),  1670 (C=O,  

ketoue),  1 d32, 1 358, 1 264 ( C - O - C ,  ether) ,  1 208 
( C - O - C ,  ester) ,  1 114, 1 076 ( C - O - C ,  ether) ,  1 022 
( C - O - C ,  ester) ,  816, 706 c m -  . 

~H NMR: 0.90 (t,  J = 7.3 Hz, 3H, CH2AIe),  1.56 (m, 2H, 
CI-12Me), 2.50 (s, 3H, 2-H), 2,59 (t,  J = 7.4 Hz, CH-.Et),  
:3.50 (s, 3H, OCH2OA./e), 5.29 (s, 2H, OCH2OMe) ,  7.07 
(d, J = 8.8 Hz, 1H, 5 '-H),  7.70-7.49 (m, 3H, 3",,1",5"-H), 
7.75 (d, J = 8.8 Hz, IH, 6 ' - I | ) ,  8.23 (dd, J = 8.2, 1.6 Hz, 
21I, 2" ,6"-H).  

Anal  ealc for C.~01.1~O~: C, 7d.05; H, 6.83. Found: C, 73.87; 
II, 6.95. 

• 4'-(A~rethoxymethoxy)-3'-plvpyl-2'-/(3-pyT~dyl- 
carbonyl)oxy/acetophe'none l l e 

A mixtu, 'e of nicotinic acid (6.16 g, 50.00 mmol) aad  thionyl 
chloride (80 mL) was refluxed for 2 h. The  excess thionyl 
chloride was , 'emoved under  reduced pressure and it solution 
of 10 (9.53 g, 40.00 ,nmol) in absolute  pyridine (50 mL) 
was added to the residue. The  mixture  was s t i r red for 18 h 
and worked up as given for l l d .  Yield: 56%. Mp 81-84 °C 
(hexane-e thy l  acetate) .  
IR: 2932, 2870,  1 740 (C----O, ester) ,  1 674 ( C = O ,  ketone), 

I 278, 1 258 ( C - O - C ,  etlmr),  1 210 ( G - O - C ,  ester),  1 158, 
1 138, 1 112, l 082 ( C - O - C ,  ether) ,  1 028, 1016 ( C - O - C ,  
ester) ,  820, 724 cm -1.  

ll-I NMR: 0.91 (t,  J = 7.2 l-lz, 311, CH2Aie), 1.57 (m, 
21-I, C/:I2Mo), 2.51 (s, 31-I, 2-H), 2.60 (t, J = 7.d Hz, 
21-1, CH2Et) ,  3.51 (s, 3I-I, OCH2OA'/e),  5.31 (s, 2II, 
OCI t~OMe) ,  7.10 (d, J .= 9.7 Hz, IH, o - H ) ,  7.49 (dd, 
.I = 5.0, 8.2 Hz, 1H, 5"-1t), 7.78 (d, J = 9.7 Hz, 1H, 
6 ' -H),  8.47 (ddd,  J = 8.2, 1.4, 1.2 l tz,  l i t ,  4"-H),  8.87 
(dd, J = 5.0, 1.d l lz,  IH, 0"-I1), 9.16 ( d , J ' =  1.2 Hz, IH, 
2"-I1). 

Anal  calc Ibr Cml121NO~: C, 66.,16; 11, 6.17; N, ,1.08. Found: 
(3, 66.63; 11, 5.99; N, 4.27. 

Preparation of  1-[2-hydTvxy-4- Oneth, oxymethoxy)-  
3-propylph.en yl]- l , g-alkanediones 12: 
.qeneral procedures 

• P;vcedure A 
Acetophenone 10 was t rea ted  with the ethyl ester of the c o l  
responding carboxyl ic  acid i~t absolute  T I I F  in the presence 
of sodium hydr ide  according to the procedure  given in [I0]. 

• Procedure B 
2 ' - [ (Het)aroyloxy]acctophenones  l l d , e  was t reated with an- 
hydrous K2COa in hot  absolute  acetone solution according 
to the procedure  given in [I0]. 

• 1-[2-ttydroxy-4-Onethoxymethoxy)-3-pTvpylphenyl]- 
butane- l ,3-dione 1 2 b  

Procedure  A, 1.8 h, purified by crystal l izat ion.  Yield: 34%. 
Mp: 72-73.5 °C (hexane-abso lu te  ethanol) .  

ll~: 2960, 2926, 2868, 1604 (C=O), 1582 (C=C-OI-I) ,  
1 d94, 1 256 ( C - O - C ) ,  1 202 (C-OH) ,  1 154, 1 132, 1 l l d ,  
1 076, 1 034 ( G - O - C ) ,  960, 920, 802 cm - l .  

~ll NMl%: 12b:  2.30 (s, 3I-I, ,l-H), 4.03 (s, 2H, 2-H),t5.27 
(s, 2H, OCH2OMe) ,  6.68 (d, J = 9.0 Hz, 1H, 5 -H) ,  
7.50 (d, J = 9.0 Hz, 11-1, 6 '-H),  12.45 (deuterable  s, 1H, 
2 ' -OH).  12b ' :  2.11 (s, 3H, d-H), 5.26 (s, 2H, OC/:I2OMe), 
6.07 (s, 1H, 2-H), 6.52 (d, J = 8.5 Hz, 1H, 5'-H), 7.47 
(d, J = 8.5 Hz, 1H, 6'-H),  12.58 (deuterable  s, 1H, 

2 ' -OH),  1:3.73 (deuterable  s, I l l ,  3-O11). 1 2 b " :  1.76 (s, 
31t, 2-Me), 2.89 (s, 2H, 3- | | ) ,  6.80 (d, J = 8.9 l lz ,  l ] l ,  
6-1-I), 7.77 (s, J = 8.9 Hz, 1H, 5-H). 2-O11 signal could 
not  been detected due to tim low intensity. 

Noa-separable  signals: 0.98 (t,  J ---- 7.2 Hz, 311, Ci t2AIe) ,  
1.57 (m, 2H, CH.-Me), 2.67 (d, J = 7.3 Hz, 
CH~Et) ,  3.,19 (s, 311, OCH2OAIc) .  Rat io  of isomers 
1 2 b : 1 2 b ' : 1 2 b  ' '  = 30:62:8 (ou the basis o[' ttm integrals 
o f d - H  (12b  and 1 2 b ' )  and 2-Me (12b" )  protons) .  

Anal cale for C1~112005 (280.32): C, 6,1.27; 11, 7.19. Fouud: 
C, 6d.21; H, 6.92. 

• 1-[2-I]ydroxy-4-Onethoxymethoxy)-3-pTvpylphenyl]- 
h.eptane-l,3-dione 12c  

Procedure  A, 1.75 h, coh, nm chronmtography (tohmne), 
yield: 39%. Pale yellow oil. 

IR (,mat): 2960, 163.1, 1622, 161d (C----O), 157,1, 1568 
( C = C - O H ) ,  1 492, 1,162, 1,146, 1,13,1, 1250 ( C - O - C ) ,  
1 '20,1 (C~OH), 1 158, 1 132, 1 112, l 080, 1 028 ( C - O - C ) ,  
792 c m -  

1l-I NMR: 12c: d.01 (s, 211, 2-I1), 6.67 (d, .1 = 8.6 Hz, IH, 
5'-11), 7.50 (d, J = 8.6 llz, IH, 6 '-H),  12.,18 (deuterable  s, 
21I, 2 ' -OH).  12c ' :  6.06 (s, III ,  2-1-|), 6.62 (d, J = 9.1 Hz, 
111, 5'-H), 7.d7 (d, J ---- 9.1 Hz, 11I, 6%H), 12.60 (deuter-  
able s, l H, 3-O11), 1:3.70 (deuteral)le s, I1.1, 2'-O1t). 12e":  
2.7d ( A B q ,  J = 13.1 Hz, 2H, 3 -H) ,6 .79  (d, J = 8.9 l |z ,  
1H, 6-H), 7.76 (d, J = 8.9 Hz, IH, 5-11). 2-OH signal 
could not beeu detected due to the low intensity. 

Non-separable  signals: 0.87-1.02 (overlapping tr iplets ,  6H, 
CIt2Me + 7-H), 1.25-1.75 (m, 6H, C H i M e  + 5,6-H), 
2.33 (t, J = 7.4 Hz, 2H, CI-/2Et), 2.52-2.71 (m, 2II, 
4-H), 3.d8 (s, 3H, OCl l2Oh ' /e ) ,  5.2d (s, 21-I, OCH2OMe) .  

t I t  Ratio of  isomers 12c :12c  :12c = 30:63:7 (on the basis 
of the integrals of d-H (12c and 12c ' )  and 5,6-H (12c")  
l,rotons). 

Amd calc for C181-12005 (322.,11): C, 67.06; 11, 8.13. Found: 
C, 67.23; H, 8.08. 

,, 1-[2-Itydro~q-4-Onethoxymethoxy)-3-pTvpylphenyl]- 
3-phenylpropane- l ,3-dione 1 2 d  

Procedure  A, 2 h. Yield: 36%. Procedure  B, 22 h. Yield: 
51%. Purified by crystal l izat ion.  Mp: 76-78 °C (hexane-  
absolute  ethanol) .  

IR: 2958, 2928, 2866, 1606 (C=O) ,  1652 ( C = C - O H ) ,  
1492, 1298, 1 26d, 1 211 ( C - O - C ) ,  1 200 (C-OH) ,  l 11,1, 
1 07d, 1 034 ( G - O - C ) ,  79,1, 766 cm - l .  

l|-I NMR: 0.99 (t, J ---- 7.2 Hz, 3H, CH2A'/e), 1.59 (m, 
211, CH2Me),  2.70 (t,' J = 7.2 l lz,  211, CHuEt) ,  3.50 
(s, 3H, OCH2OA~/e), 5.28 (s, 21-I, OC/-12OMe), 6.69 (d, 

ff, I ft. J = 8.7 Hz, 1H, o - H ) ,  6.76 (s, IH, 2-H), 7.ol (m, 
I I  I t  ~ H  I 31l, 3 ,,1 ,o -H), 7.62 (d, J = 8.7 Hz, IH, 6 - H ) ,  7.92 

(dd, J = 7.9, 1.9 Hz), 12.60 (deuterable  s, l l i ,  2 ' -OH),  
13.16 (deuterable  s, 1H, 2-.O1.1). The  compound consisted 
completely of the enol form. 

Anal calc for C20H220~ (342.39): C, 70.16; H, 6.48. Found: 
C, 70.11; l-I, 6.12. 

• 1-[2-Itydroxy-4-(methox~./methoxy)-3-propylphenyl]- 
3- (3-pyr~dyl)propane- l , 3-dione 12e  

Procedure B, 90 h. Purified by crystal l izat ion.  Yield: 89%. 
Mp: 123-125 °C (MeOH).  

I1%: 2954, 2926, 2866, 161,1 (C=O) ,  1592, l 56d 
(C=C-OH), 1,196, 1 478, 1 454, 1 306, 1 284, 1 2,16 
(C-O-C), 1 200 (C-OH), 1 136, i 11,I, 1 072, 1 042., 1 032 
(C-O-C), 800 cm-* .  

*H NMI%: 0.98 (t, J = 7.3 Hz, 3H, CH2Aic), 1.58 (m, 2H, 
CH2CI-/2Me), 2 , 6 9 ( t ,  J = 7.4 Hz, 2H, CI-/2Et), 3.51 
(s, 31"1, OC, I]2011,1e), 5.27 (s, 2H, OCH2OMe), 6.70 (d, 
J = 9.4 Hz, 1H, 5'-H), 6.77 (s, 1H, 2-H), 7.43 (dd, J = 8.0, 
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4.7 t lz ,  1It, 5'CH), 7.61 (d, J = 9.4 l iz ,  1H, 6 '-H),  8.19 
(ddd,  J = 8.0, 1.d, 1.2 Hz, 1H, 4H-I I),  8.75 (dd, J -~ 4.7, 
1.,1 Hz, 1H, 6U-H), 9.12 (d, J -~ 1.2 Hz, 111, 2U-H), 12.47 
(deuterab le  s, 1H, 2t-OH), 13.30 (deuterable  s, 1H, 2- 
Oi l ) .  T h e  c o m p o u n d  consisted comple te ly  of the enol 
form. 

Anal  calc for CIoH21NO5 (343.38): C, 66.46; It, 6.17; N, 4.08. 
Found:  C, 66.31; Ht 6.19; N, 4.19. 

, 7-Hydroxy-8-propylchromone 9a 
(a) Pcrchlorie  acid (70%, 1.8 mL, 21.0 retool) was added  to 
the solut ion of  2 t ,d ' -d ihydroxy-3 ' -propylace tophenone  8 [8] 
(3.89 g, 20.00 retool) in t r ie thyl  formate  (28 mL,  0.241 reel) 
and allowed to s t a n d  a t  room t empera tu re  for 20 h. Diethyl  
e ther  (250 mL) was added ,  the  p rec ip i ta ted  solid was filtered 
off and washed with die thyl  ether.  T h e  dark- reddish  sal t  was 
dissolved in wate r  (120 rob) and s t i r red  a t  room t empera tu re  
for 18 h. T h e  crude  p roduc t  was filtered off and purified by 
column ch roma tog raphy  (hexane /ace tone ,  7:3) to give pure  
9 a  (1.94 g, 47%). Mp 183-185 °C (hexane-ace tone) .  

IP~: 1 6d2 t O = O ) ,  1 627 (_CI=C), 1 424, 1 390, 1 278, 1 112 
(C--O-C),  852, 817 cm 

1H NMR: 1.00 (t,  J ---- 7.2 Hz, 3H, CH2/~4e), ~1 .60  (br m, 
3H, CH2Me + OH),  2.81 (t,  J = 7.3 Hz, 2H, CH2Et) ,  
6.29 (d, J = 6.5 Hz, 1H, 3-H), 6.90 (d, J = 8.5 Hz, 1H, 
6-117, 7.85 (d, J = 6.5 Hz, 1H, 2-H), 7.98 (d, J = 8.5 Hz, 
1H, 5-H). 

Anal  calc for C12H12Oa (204.23): C, 70.57; H, 5.92. Found:  
C, 70.39; H, 5.99. 

(b) A solut ion of e thyl  formate  (7.9 mL, 97.79 retool) anti 
2 ' .hyd  roxy-4*- (me thoxymethoxy) -3 ' -p ropy lace tophenone  :tO 
(9.40 g, 39.45 retool) in abso lu te  T H F  (10 mL) was added  
dropwise in 30 rain to the  s t i r red  suspension of  sodium 
hydr ide  ( 6 0 ~  in minera l  oil) (6.31 g, ca 0.158 reel, r insed 
with d ry  hexane pr ior  to use) in absolute  hexane (20 mL) 
under  ni t rogen.  Tlie  mix tu re  was refiuxed for 3 h, poured  
into water ,  neu t ra l ized  wi th  acet ic  acid and ex t rac ted  wi th  
die thyl  e ther  (3 × 40 mL) .  The  organic phase was washed 
with a s a t u r a t e d  NaHCOa solut ion and water ,  dr ied and  
evapora ted .  T h e  crude  dione 1 2 a  and Amber lys t  15 (2.0 g) 
was refluxed in propan-2-ol  (100 mL) for 3 h, the  resin was 
filtered off and  washed with methanol .  The  solvents were 
removed in vaeuo and the residue was crysta l l ized fl'om the 
hexane -ace tone  mix tu re  to afford 9a  (3.82 g~ 56%). 

. 7-Hydroxy-2-methyl-8-propylchromone 9 b  

A mixture  of f?-diketone 1 2 b  (2.01 g, 7.17 mmol) ,  Amber lys t  
15 (2.45 g) and  propan-2-ol  (50 mL) was s t i r red  a t  reflux 
t e m p e r a t u r e  for 1.8 h, then fi l tered and the resin was washed 
with hot  methanol  (3 × 30 mL).  The  combined fi l trates were 
evapora ted  and the  res idue was crysta l l ized fi'om methanol  
to afford 1.23 g (79%7 ehromone 9b  as white crystals .  Mp: 
199-202 °C. 

IR: 3126 (OH),  2960,  2930,  2870, 1644 t O = O ) ,  1620 
tO=O) ,  1 578, 1 436, 1 400, 1326, 1302, 1 138, 1 108, 
828 c m -  ". 

~H NMR (DMSO-d0) :  0.90 (t,  J = 7.3 Hz, 3H, CH2NIe),  
1.56 (m, 2H, CH2Me), 2.35 (s, 3II, 2-Me)) 2.72 (t, 
J = 7.3 Hz, 2H, CH2Et ) ,  6.08 (s, 1H, 3-H), 6.93 (d, 
J = 8.7 Hz, 1H, 6-H), 7.70 (d, J ---- 8.7 Hz, 1H, 5-H). T h e  
OH signal  coalesced with  the  water  content  of  DMSO. 

Anal  cale for ClaH14Oa (218.25): C, 71.54; H, 6.47. Found:  
C, 71.42; H, 6.22. 

* 2-Butyl- 7-hydroxy-8-propylch~vmone 9c  
React ion o f / ? -d ike tone  12c (d86 mg, 1.51 retool) as  given 
for 9b  yie lded 163 mg (42%) whi te  crys ta l l ine  9c.  Mp: 109- 
112 °C (hexane-abso lu te  e thanol) .  
IR: 3122 (OH),  2960, 2932,  2870,  1638 ( C = O ) ,  1618 

( C = C ) ,  157d, 1466, 1436, 1424, 140d, 1318, 1302, 
1 138, 1 110, 836 cm -1.  

1H NMR: 0.96, 1.00 (over lapping t r iplets ,  6H, OH2/l'/e + 
4J-l{), 1.45-1.83 (m, 6H, CH2CH2Me -t- 2 ' ,3 ' -H) ,  2.67 (t,  
J = 7.2 Hz, 2H, CH2Et ) ,  2.87 (t,  J ---- 7.0 Hz. 3It,  I ' -H) ,  
6.17 (s, 1H, 3-H), 7.01 (d, J = 8.8 Hz, 1H, 6-H), 7.92 (d, 
J = 8.8 Hz, 1H, 5-H), 8.d8 (deuterab le  br  s, 1H, 7-OH). 

Anal  calc for C16H2oOa (260.34): C, 74.20; H, 7.74. Found:  
C, 7d.36; H, 7.36. 

• 7-Hydroxy-8-propylflavone 9 d  
React ion of/Y-diketone 12d  (I .09 g, 2.92 mmol)  as  given for 
9 b  yielded 725 mg (89%) whi te  crys ta l l ine  9d .  Mp: 227-  
229 °C (methanol) .  
IR: 3090  (OII) ,  2958, 2930, 2868,  1628 ( C = O ) ,  1586, 

l d d 0 ,  1 392, 1 336, 1 300, 1 11d, 826, 772, 68d cm -1 .  
1H N M R  (DMSO-d0) :  1.00 (t, J = 7.2 Hz, 3H. CH2/l '/e), 

1.68 (m, 2H, CH2Me),  2.90 (t,  J = 7.3 Hz, 2H, 8-CH2Et) ,  
6.90 (s, 1I{, 3-H), 6,99 (d, J ---- 8.6 Hz, 1H, 6-H), 7.61 (m, 
3H, 3~,41,5'-H), 7.75 (d, J = 8.6 Hz, 1H, 5-H), 8.07 (m, 2H, 
2~,6'~H). T h e  OH signal  coalesced with the  water  content  
of DMSO. 

Anal  calc for O1sH1003 (280.337: C, 77.12; l-I~ 5.75. Found:  
C, 77.00; H, 5.79. 

* 7-Hydroxy-8-propyl-2-(3-pyridyl)chromone 90 
React ion  of  f~-diketone 12d  (1.37 g, d.OO retool) as  given for 
9 b  yie lded 789 mg (70%) 90 as pale yellow needles. Mp: 
277-278 °C (methanol) .  
IR: 3074,  2958, 2870, 1 642 (C----O), 1 594, 1 420, 1 384, 

1 326, 1 302, 1 20d, 1 192, 1 126, 1 110, 814 cm -1 .  
IH N M R  (DMSO-d0) :  0.98 ( t ,  J ---- 7.3 Hz, 3H, CH2/~/e), 

1.66 (m, 2H, CH2Me),  2.89 (t,  J --  7.4 }Iz, 2H, OH2Et) ,  
7.01 (d, J ---- 9.0 Hz, 1H, 6-H), 7.05 (s, 1H, 3-H), 7:66 
(dd, J ---- 7.8, 5.3 Hz, 1H, 5 ' -H),  7.79 (d, J ---- 9.0 Hz, 1H, 
5-H), 8.d2 (ddd,  J ----- 7.8, 1.9, 1.3 I-Iz, 1H, 4~-H), 8.78 (dd, 
J ---- 5.3, 1.3 Hz, 1H, 61-H), 9.23 (d, J ---- 1.9 Hz, 1H, 2r-H), 
10.69 (s, IH,  7-OH). 

Anal  calc for C17H15NOa (281.31): C, 72.59; H, 5.37; N, 4.98. 
Found:  C, 72.31; H, 5.30; N, 4.88. 

. 7-Hydroxy-8-pTvpylchromanone 13 
A mix ture  of  7-hydroxy-8-propylchromone 9a  (3.06 g, 
14.98 mmol) ,  a m m o n i u m  formate  (7.64 g, 0.121 reel) ,  10% 
Pd/C ca ta lys t  (3.62 g) in methanol  (200 mL) was s t i r red  a t  
reflux for 2 h. T h e  ca ta lys t  was fi l tered off and  washed with 
methanol .  The  evapora ted  f i l t rate  was t r ea ted  with 5% HCl 
solution (400 mL) and ex t r ac t ed  with C H e l a  (3 × 100 mL).  
Ti le  ex t rac t  was washed with water ,  dr ied  and concent ra ted .  
T h e  crude p roduc t  was crys ta l l ized fi'om hexane -ace tone  
mixture  to afford 2.46 g (80%) chromanone  13. Mp: 124- 
126 °G. 
IR: 3 136 (OH),  2956, 2870, 1 654 (C----O), 1 576, 1 d68, 

l d 4 0 ,  1386, 1298, 1280, 1262, 1242, 1216, 1204 
(C-OH) ,  1 186, 1 160, 1 108, 1 044 ( C - O - C ) ,  82d cm -~.  

1H NMR: 0.98 (t,  J ---- 7.3 Hz, 3H, CH2CAra), 1.58 (m, 
2H, CHzMe) ,  2.61 (t,  J ---- 7.4 Hz, 3H, CH2Et ) ,  2.76 (t ,  
J ---- 6.6 Hz, 2H, 3-H), d.52 (t,  J ---- 6.6 Hz, 2H, 2-H), 5.75 
(deuterable  br  s, 1H, 7-OH), 6.50 (t ,  J ---- 8.3 Hz, 2H, 
6-H), 7.71 (t,  J ---- 8.3 Hz, 2H, 5-H). 

Anal  calc for C12H1403 (206.25): G, 69.88; H, 6.84. Found:  
C, 69.02; H, 6.92. 
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• 7-Al ly loxy-2,2-dimethylchromanone 15 
A mix tu re  of  2 ,2-dimet l ly l -7-hydroxychromanone 14 [12] 
(9.00 g, 46.82 mmol) ,  al lyl  b romide  (4.20 mL, 49.64 mmol) ,  
anh K2COa (9.39 g, 67.94 mmol)  and  abso lu te  acetone 
(40 mL) was s t i r red  a t  reflux t e m p e r a t u r e  for 6 h, tim inor- 
ganic sa l t s  were filtered off and  the f i l t rate  was concent ra ted  
in vacuo. F rac t iona ted  d is t i l la t ion  of  the residue afforded 15 
(8.29 g, 76%). Bp: 543-145 ° C / I  mm Hg. 
IR  (neat) :  3082,  2978, 2932,  2892,  1 682 ( C = O ) ,  1 646 

(C-----C), 1610, 1576, 1490, 5440, 1386, 1372, 5284, 
5 264, 1 236, 5 214 ( C - O - C ) ,  1 184, 1 162,. 1 134, 1 122, 
1 104, 1 056, 1 004 ( C - O - C ) ,  838, 822 c m - ' .  

1H NMR: 5.46 (s, 6H, 2Me),  2.68 (s, 2H, 3-H), 4.56 (d, 
J -~ 5.2 Hz, 2It ,  l t -H),  5.32 (dd,  J ---- 10.4, 1.3 Hz, 1H, 
3t-Heir), 5.42 (dd,  J ---- 17.3, 1.3 Hz, 1H, 3~-Htr~nB), 6.05 
(m, 5H, 2 ' -H),  6.39 (d, J = 2.4 I-Iz, 1H, 8-H), 6.57 (dd, 
J = 8.7, 2.4 Hz, 1H, 6-H),  7.80 (d, J = 8.7 IJz, 1H, 5-H). 

Anal  calc for C laHloOa  (232.28): (3, 72.39; H, 6.94. Found:  
C, 72.58; H, 6.76. 

• 8-Allyl-2,2-dimethyl-  7-hydTvxychromanone 16 
Ailyl e ther  15 (8.29 gi 35.67 mmol)  was hea ted  a t  200 °C for 
13 h. T h e  solid res idue ob ta ined  by cooling down to room 
t e m p e r a t u r e  was t r i t u r a t ed  with  hexane to give 7.89 g (95%) 
crude 10, rap: 103-153 °C. Recrys ta l l i sa t ion  from hexane 
afforded 4.65 g (55%) pure  16. Mp: 113-117 °C. 
IR: 3 190 (OH),  2974, 2932,  2658 ( C = O ) ,  1 640 ( C = C ) ,  

5 604, 5 584, 1 440, 1 384, 1 372, 1 288, 1 260, 1 242, 1 202 
(C-OH) ,  1 172, 1 108, 1 052, 808, 790 cm -1.  

~H NMI'¢: 5.46 (s, 6H, 2Me),  2.68 (s, 2H, 3-H), 3.d4 (d, 
J = 5.1 Hz, 2H, 5~-H), 5.10, 5.16 (overlapping dd 's ,  2H, 
3t-H), 5.81 (deu te rab le  s, 5H, 7-OH), 5.94 (m, 1H, 2 ' -H),  
6.49 (d, J = 7.9 Hz, 1H, 6-H), 7.72 (d, J = 7.9 Hz, 1H, 
5-H). 

Anal  ealc for C14H160~ (232.28): C, 72.39; H, 6.94. Found:  
C, 72.26; H, 7.01. 

• 2, 2-Dimethyl-  %hydzvxy-8-propylehzvmanone 17" 
A solut ion of  chromanone  16 (6.54 g, 28.25 mmol) in 
methanol  (265 mL) was hydrogena ted  a t  a tmospher ic  pres- 
sure in the  presence of  10% P d / C  ca ta lys t  (1.09 g) unti l  the  
consumpt ion  of  a ca lcula ted  a m o u n t  of hydrogen.  The  cat -  
a lys t  was fi l tered off, the  f i l t ra te  was concent ra ted  and the 
residue was crys ta l l ized  from hexane to give 5.60 g (85%) 
white c rys ta l l ine  17. Mp: 111-114 °C. 
IR.: 3 246 br  (OH),  2 964, 2932,  2868, 1 646 ( C = O ) ,  1 600, 

1578, 1432, 5386, 1370, 1300, 1260, 123d, 1198 
(C-OH) ,  5 176, 1 106, 1 018, 818, 804 cm - l .  

rH NMR: 0.97 (t ,  J = 7.2 Hz, 3H, CH2CH3),  1.46 (s, 
6H, 2Me),  1.57 (m, 2H, CtI2Me), 2.61 (t,  J = 7.3 Hz, 
2H, 8-CH2Et) ,  2.68 (s, 2H, 3-H), 6.17 (deuterable  s, 1H, 
7-OH), 6.48 (d, J = 8.5 Hz, 1H, 6-H), 7.68 (d, J = 8.5 Hz, 
1H, 5-H). 

Anal  calc for CxaHlsO3 (234.30): C, 71.77; H, 7.74. Found:  
C.J, 71.66; H, 7.51. 

Cyanoalkylatiou o f  hydroxychromones 9 
and -chromanone 1 7: general procedure 

A mix ture  of hydroxy compound  9, 17 (50.00 mmol) ,  
u~-haloalkyl cyanide  (14.22 retool),  anhydrous  KzCOa (1.5 g, 
10.85 mmol) ,  KI (177 mg, 1.07 mmol)  and  butan-2-one  
(MEK)  or 4 -methy lpen tan-2-one  (MIBK)  (45 mL) was 
s t i r red  a t  reflux t empera tu re .  When  the react ion was com- 
pleted (TLC moni tor ing) ,  the  inorganic sal ts  were fil tered 
off, washed with  acetone and the combined f i l t rates were 
concent ra ted  in vacuo. T h e  crude produc t  was purified by 
ei ther  recrys ta l l iza t ion  or  co lumn chromatography.  

• %[(3-Cyanopropyl)oxy]-8-propylchTvmone 18a 
From Oa and  4-bromobutaneni t r i l e  in MIBK,  4 h, column 
chromatography  (hexane/ace tone:  7:3). 
Yield: 65%. Mp: 70.5-73.5 °C (diethyl  ether) .  
IR: 3072,  2966, 2954, 2940,  2876, 2238 (CN), 1642 

(C=O), 1 618 ( C = C ) ,  1 594, 5 428, 1268, 1 256 
( C - O - C ) ,  1 112, 1 056 ( C - O - C ) ,  818 cm -1.  

tH NMR: 0.98 (t, J ---- 7.3 Hz, 3H, CH2fl,/e), 1.60 (m, 2H, 
8-CH2CH2Me),  2.25 (m, 2H, OCH2CH2CH2CN),  2.64 
(t, J = 6.8 Hz, 2H, CH2CN),  2.83 (t,  J ---- 7.4 Hz, 
2H, CH2Et) ,  4.24 (t,  J = 6.0 Hz, 2H, OCl t2 ) ,  6.29 (d, 
J = 5.5 Hz, 1H, 3-H), 6.98 (d, J ---- 9.2 Hz, 1H, 6-H), 7.86 
(d, J ---- 5.5 Hz, 5H, 2-H), 8.10 (d, J ---- 9.2 Hz, 1H, 5-H). 

Anal  ealc for ClaHt~,NOa (271.32): C, 70.83; H, 6.32; N, 5.16. 
Found: C, 71.02; H, 6.22; N, 5.03. 

• 7-[(4-Cyanobutyl)oxy]-8-propyleh~vmone I 9 a  
From Oa and 5-chloropentaneni t r i le  in MEK,  column chro- 
ma tography  ( to luene/ace tone:  4:1). Yield: 91%. Brownish 
oil. 
IR (neat) :  3090, 2968, 2942, 2876,  2244 (CN), 1664, 

1649 (C=O), 1626 (C=C), 5600, 1466, 1432, 1451, 
1358, 1320, 1271, 1255, 1232 (C-O-C), 1152, 1058 
(C-O-C), 844, 808 cm -1. 

IH NMR (DMSO-dG): 0.93 (t, J = 7.4 Hz, 3H, 
CH2/~4e), 1.56 (m, 2H, CII2Me),  1.72-1.95 (m, 4H, 
OCH2(CH2)2CH2CN),  2.63 (t, J = 6.7 Hz, 2H, CH2CN), 
2.78 (t, J = 7.4 Hz, 2H, CH2Et), d.19 (t, J = 5.9 Hz, 
2H, OCJ¥2), 6.26 (d, J = 6.3 Hz, 1H, 3-H), 7.21 (d, 
J = 9.0 Hz, 1H, 6-H), 7.91 (d, J = 9.0 Hz, 1H, 5-H), 
8.27 (d, J = 6.3 Hz, IH, 2-H). 

Anal  eale for CtTHmNOa (285.34): C, 71.56; H, 6.71; N, 4.91. 
Found: C, 71.62; H, 6.99; N, 4.77. 

* 7-[(4-Cyanobutyl)oxy]-2-meth~fl-8-propylchromone 
1 9 b  

From 9b  and 5-chloropentaneni t r i le  in MIBK,  14.5 h, col- 
umn chromatography  ( to luene /abso lu te  methanoh  10:1). 
Yield: 95%. Mp: 74-76 °C (hexane).  
IR: 2960, 2874, 2246 (CN),  1654 (C----O), 1598, 1430, 

1 400, 1368, 1266 ( C - O - C ) ,  1 206, 5 108, 1 058, 850, 
81d cm -1 . 

tl-I NMR: 0.96 (t, J = 7.3 Hz, 3H, CH2A'/e), 1.60 (m, 2H, 
CII2Me),  1.85-2.10 (m, 4H, OCH2(C/:I2)2CH2CN), 2.39 
(s, 3H, 2-Me), 2.50 (t, J ---- 7.0 Hz, 2H, CHzCN),  2183 
(t, J ---- 7.3 Hz, 2H, C l t2E t ) ,  4.14 (t,  J = 5.8 Hz, 2H, 
OCH2) ,  6.11 (s, 5H, 3-H), 6.94 (d, J = 8.8 Hz, 1H, 6-H), 
8.03 (d, J = 8.8 Hz, 1H, 5 - H ) .  

Anal  ealc for ClsH2xNOa (299.37): (3, 72.22; H, 7.07; N, 4.68. 
Found:  (3, 71.99; H, 7.55; N, 4.49. 

• 2-Butyl-7-[(4-cyanobutyl)oxy]-8-propylchromone 
19c  

From 9c  and 5-chloropentaneni t r i le  in MIBK,  23 h, column 
chromatography  ( to luene /abso lu te  methanoh  10:1). Yield: 
94%. Yellowish syrup.  
IR  (neat) :  2958, 2872,  2244 (CN), 1650 ( C = O ) ,  1538, 

5392, 1268 ( C - O - C ) ,  5210, 1 182, 1 111, 1080, 1060, 
816 c m -  1. 

1H NMR: 0.96 (t, J ---- 7.1 Hz, 6H, CH21lde & 4*-H), 
1.45-1.80 ( m ,  6H, CHzMe +2~,3t-H), 1.89-2.12 (m, 4H, 
OCH2(CH2)2CH2CN), 2.50 (t, J ---- 7.5 Hz, 2H, CH2CN), 
2.65 (t, J ---- 7.0 Hz, 3H, I'-H), 2.83 (t, J = 7.3 Hz, 2H, 
8-C112Et), 4.16 (t, J = 5.6 Hz, 2H, OCH2), 6.12 (s, 1H, 
3-H), 6.93 (d, J ---- 9.0 Hz, 1H, 6-H), 8.03 (d, J = 9.0 Hz, 
IH, 5-H). 
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Anal calc Ibr C,,~ H~rNOa (3,11.,15): C, 73.87; H, 7.97; N, 4.10. 
Found: C, 73.90; H, 8.11; N, 3.91. 

• 7-[(4-Cya'nob'utyl)oxy/-8-p'~vpylflavone 1 9 d  

From 9d  and 5-chlorol)entanenitrilc in MIBK,  48 h, l)tlril]ed 
by recrys~allization from ethanol.  

Yield: 89%. Mp: 108-110 °O. 

IFt: 2960,  293,1, 2244 (CN), 16,12 (C=O) ,  1598, 1,130, 
I 382, 1 270 ( C - O - C ) ,  1 120, 680 em -~. 

~il NMI:t: 1.03 (t, .I = 7.3 l-Iz, 3H, CllzA'le),  1.71 (m, 2H, 
CHuMe) ,  1.88-2.1d (m, 4H, OCHa(CH~)aCI-IuCN),  2.51 
(t, J = 6.8 llz, 2H, O/:I.~CN), 2.98 (t, J = 7.3 Hz, 2I-I, 
CI /~Et ) ,  ,1.18 (t, J = 6.0 Hz, 2I+1, e C H o ) ,  6.79 (s, 1H, 
3-11), 7.00 (d, J = 9.3 Hz, 111, 6-11), 7.53 (m, 3I], 3~,,1~,5 ~- 
H), 7.92 (m, 21.1, 2~,6~-H), 8.10 (d, J = 9.3 Hz, 1H, 5-1-1). 

Anal ta lc  lbr C.~alluaNOa (361.rid): (2, 76.d3; I1, 6.dl;  N, 3.88. 
Fotmd: C, 76.27; H, 6.,19; N, 3.69. 

• %[(4-Cyanobutyl)o'cy]-8-propyl-2-(3-pyr'idyl)- 
chT"omone 19o 

From 9e  and 5-chloropvntanenitr i le  in M II31~:, 26 h, purl- 
fled by recrystall ization from hcxane-e thy l  acetate  mixture. 
Yield: 81%. Mp: 110-112 °G. 

[R: 3080,  2962,  2872,  22,10 (CN),  1650 (C=O) ,  1600, 
l 4:32, l 422, 1 38d, I 272 ( C - O - C ) ,  I 12,1,810, 700 c m -  

LII Nh'IIL: 1.02 (t ,  J = 7.2 Hz, 31"1, CII.JA'/e), 1.70 (m, 2H, 
CI121Vle), 1.87-2.16 (m, 4H, C)CH~(CHu).2CH2CN), 2.50 
(t, J -- 6.8 Hz, 2H, Clar.~CN), 2.96 (t, J = 7.4 Hz, 21-1, 
CH21'~t), d.19 (t, J ----- 5.7 Hz, 2It, OCHz) ,  6.79 (s, 1H, 
3-H), 7.01 (d, J ---- 9.5 ltz, 1H, 6-H), 7.51 (rid, J = 7.8, 
5.1 Itz, 1H, 5 '-H),  8.11 (d, J --'-- 9.5 Hz, IH, 5-It), 8.17 

( d d d ,  J ---- 7.8, 2.0, 1.4 I-]z, 1H, d~-H), 8.79 (dd, J = 5.1, 
1.d Hz, 1[-I, 6~-H), 9.20 (d, J = 2.0 l lz~ 1H, 2%H). 

Amd cale for C2.,II~aN~Oa (362.d3): C, 72.91; II, 6.12; 
N, 7.73. Found:  C, 72.70; H, 6.01; N, 7.92. 

• 7-[(4-Cyanobutyl)oxy/-2,2-dimethyl-8-propyl- 
chTwnanone 25 

From 17' aad  5-chloropentancnitr i le  in MEK,  d6 h, column 
ch romatography  ( to luene/acetone:  4:1). Yield: 94%. Pale 
yellow oil. 

IR. (neat):  2960,  2870,  22d6  (CN),  1 682 (O-----O), 1 594, 
1 d30, 1 370, 1 276 ( C - O - C ) ,  1 23,1, 1 200, 1 17d, 1 116, 
796 c m -  l. 

!11 NMR.: 0.96 (t, J = 7.,1 Hz, 3H, CII2Me) ,  1.46 (s, 
6H, 2Me) ,  1.52 (m, 211, CIf21Vlc), 1.80-2.07 (m, dH, 
OCH~(CII2)~CH2CN),  2.d9 (t, J = 7.0 Hz, 2H, CI /2CN),  
2.62 (t, J -- 7.d Hz, 211, CI /2E t ) ,  2.67 (s, 2H, 3-H), 4.09 
(t, J ---- 5.8 Hz, 2H, OCH.2), 6.52 (d, J ---- 9.2 Hz, IH, 
6-11), 7.7d (d, .1 ---- 9.2 Hz, IH,  5-H). 

Anal calc for Cl,fll~sNOa (315.42): C, 72.35; H, 7.99; N, 4.44. 
Found: C, 72.51; H, 8.03; N, 4.19. 

Chloroalkylation of hydroxychromone 9a 
and hydroxychTvmanone 13: general p,vcedure 

A mixture  of  hydroxy c o m p o u n d  9a  or 13 (10.0O retool), 
c~-bromo-w-chloroalkane (15.00 retool), anhydrous  K2COa 
(5.53 g, d0 .00  retool) and absolute acetone (50 mL) was 
stirred at  reflux. After complet ion of  the reaction (TLC 
monitbring),  the inorganic salts were filtered off, washed 
with acetone, the  filtrate was concent ra ted  in vacuo and the 
oily residue wa.s submi t ted  to column chromatography.  

• 7-[(2-Chto'lvethyl)oxy]-8-pTvpylchromone 27  
From 9a  mtd 1-bronm-2-chlorocthane (2.8 equiv),  72 h, 
column chro tna tography  (hexane/acetolm:  7:3). Yield: 79%. 
Mp: 63-65 °(3 (hexane-acetone) .  
II~.: 2962,  2934,  2872,  1652 (C-----O), 1 63d (C----C), 1590, 

1 428,. 1,112, i1 288, 1 272 ( C - O - C ) ,  1 246, 1 232, 1 118, 
846, 810 c m -  . 

Ill  NMR: 0.97 (t, J = 7.3 Hz, 3H, CIt2/I ' /e), 1.59 (m, 2H, 
CH2Me),  2.81 (t, J ---- 7.3 Hz, 2H, C l /2E t ) ,  3.66 (t, 
J ---- 6.7 Hz, 2It, OI]~CI), d.13 (t, J = 5.9 lIz, 2H, O C H 2 ) ,  
6.28 (d, J ---- 5.8 Hz, I l l ,  3-H), 6.97 (d, J = 9.1 Hz, 11t, 
6-1-I), 7.8d (d, J ---- 5.8 H'z, l i l ,  2-It) ,  8.06 (d, J ---- 9.1 Hz, 
11I, 5-H). 

Anal eaIc lbr Cl.j l l l~CIOa (266.73): C, 63,04; H, 5.67. Found: 
C, 62.87; II, 5.73. 

• 7-[(3-ChloropTvpyl)oxyJ-8-propylchromone 28 
From Oa and l-bvomo-3-chlorol~ropane, 15 h, column chro- 
ma tography  (hexane/acetone:  7:3). Yield: 72%. Mp: 74- 
75.5 °C (hexane-acetone) .  
IR (CC14): 2962,  2932,  2870, 1 648 ( C = O ) ,  1 620 (C----C), 

1 59,1, l d60, 1 d28, 1 d02~ I 35d, 1 318, I 266 ( C - O - C ) ,  
1 230, 1 112, 1 056, 844,812 cm - l .  

Il l  N/vIR: 0.98 (t, J ---- 7.d Iiz, 3H, CII2/11c), 1.61 (m, 
2H, OtluMe), 2.31 (m, 21[, OOII2CHuCHuCI) ,  2.82 (t, 
J ---- 7.d Hz, 2H, OI/21'3t), 3.79 (t, J ---- 6.9 Hz, 211, CH2CI),  
,I.26 (t, J = 6.0 Hz, 2H, OCH.~), 6.29 (d, J ----- 6.0 Hz, I l l ,  
3-H), 7.01 (d, J ---- 9.0 Hz, 1H, 6-H), 7.86 (d, J = 6.0 Hz, 
IH, 2-H), 8.09 (d, .l = 9.0 Hz, I I ] ,  5-11). 

MS: 282 (17%, M +" for aTOl isotope), 280 (d8, M+') ,  253 
(30) + 251 (84), 215 (3), 203 (,1.5), 189 (5), 175 (10O), 
159 (6), 1,19 (15), 147 (,1), 131 (d), 115 (,1), 93 (5), 91 (5), 
77 (14). 

Anal calc lbr Gl~l-IlvCIOa (280.75): C, 64.17; H, 6.10. Found: 
C, 64.00;  H, 5.98. 

• 7-[(4-Ch!orvbutyl)oxy]-8-p~vpylch~vmone 29 
From 9a  and 1-bromo-d-chlorobutane,  10 h, colum,l chro- 
nmtography  ( toluene-absolute  methanoh 10:1). Yield: 78%. 
Mp: 73-75 °C (hexane-acetone) .  
IR: 2 960, 2 934, 2872,  1 652 (C---O), 1 636 (C----C), 1 592, 

1428, 1408, 1398, 1286, 1270 ( C - O - C ) ,  I 246, 1230, 
1 116, 1 056, 846, 814 cm - l .  

IH NMI~: 0.98 (t, J = 7.3 Hz, 3H, CH2Ade), 1.48 (m, 
2H, CH2Me),  2.02 (m, dH, OCH2(CH2)2CH2CI) ,  2.82 (t, 
J = 7.3 Hz, 2It, C l tuEt ) ,  3.66 (t, J = 6.9 Hz, 2H, CH2CI), 
d.12 (t, J ---- 5.7 Hz, 21-1, OCH2),  6.28 (d, J = 5.7 flz, IH, 
3-H), 6.99 (d, J ---- 9.0 Hz, IH, 6-H), 7.85 (d, J = 5.7 l-[z, 
1II, 2-H),  8.07 (d; J = 9.0 Hz, 1H, 5-H).  

Anal calc for C161Ii,~CIOa (294.78): (3, 65.19; H, 6.50. Found: 
(3, 65.23; H, 6.81. 

• 7-[(3- Chloropropyl)oxy]-8-propylchromanone 36 
From 13 and l -bromo-3-ehloropropane,  12 h, purified t).5' 
crystall ization from hexane-abso lu te  e thanol  mixture.  Yield: 
62%. Mp: 70-72 °C. 
IR: 2964,  2938,  287d,  167d ( C = O ) ,  1600, l d 3 4 ,  1378, 

1 344, 1 268 ( C - O - C ) ,  1 112, 794 cm -~.  
1H NMR:  0.94 (t, J ---- 7.3 Hz, 3H, CH2A~Ie), 1.51 (m, 

2H, CH2Me),  2.28 (m, 2H, OCH2C]¥2CH2CI) ,  2,60 (t, 
J = 7.3 Hz, 2H, CI-/2Et), 2.76 (d, J = 5.9 Hz, 1H, 3-H), 
3.76 (t, J ---- 7.0 Hz, 2H, CH2CI); d.20 (t, J = 5.8 Hz, 2H, 
OCH2),  4.51 (d, J = 5.9 Hz, 1H, 2-H), 6.60 (d, J = 9.2 Hz, 
1H, 6-H), 7.81 (d, J = 9.2 Hz, 1H, 5-H). 

Anal calc for Cl~HloCIOa (282.77): C, 63.72; H, 6.77. Found:  
C, 63.96;  H, 6.89. 
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Synthesis of thiocyanates 3 0 - 3 2  and 37: 
general procedure 

A mixture  of  chloride 2 7 - 2 9  or 36 (20.00 retool), KSCN 
(1.22 g, 12.55 retool) and MIBK (30 mL) was stirred a t  re- 
flux. Two addit ional  port ions of  KSGN (1.22 g, 12.55 mmol  
each) were added dur ing the reaction period. After comple- 
tion of tile reaction (TLC monitoring) ,  tim inorganic salts 
were filtered off) washed and the filtrate was concentra ted  
under  reduced pressure. T he  oily residue was t reated with 
diethyl e ther  (50 mL),  filtered, the solvent was removed in 
vacuo and  the crude p roduc t  was purified by column chro- 
matography.  

• 8-Propyl- 7-[(~- thiocyanatoethyl)oxy]chromone 30 
From 27, 168 b, column chro ,na tography  (hexane/aeetone:  
7:3). Yield: 82%. Mp: 69-72 °G (hexane-acetone) .  
IR: 2 962, 2 872, 2 156 (SCN),  1 650 ( C = O ) ,  1 594, 1 462, 

268 C - O - C ) ,  196, 1 1 114, 1 d28, 1 35d, 1 318) 1 l 1 ld0, 
1 072, 1 0d6, 8d8, 810 c m -  . 

ll-I NMP~: 0.98 (t, J ~- 7.3 Hz, 3H, CH2hge),  1,61 (m, 
2H, C H i M e ) ,  2.85 (t, J = 7.4 Hz, 2H, CH2Et) ,  3.43 
(t, J ---- 7.0 Hz, 2H) OH2SCN), 4.46 (L, J -~ 5.7 Hz, 
21-I, OCH2) ,  6.30 (d, J = 6.0 Hz, 1H, 3-H), 6.98 (d, 
J = 9.1 Hz, 1H, G-H), 7.89 (d, J ---- 6.0 Hz, 1H, 2-H), 
8.10 (d, J ---- 9.1 Hz, 1I-1, 5-H). 

Anal calc for ClnH15NOaS (289.36): C, 62.27; H, 5.23; 
N, d.8d. Found:  C, 62.05; H, 5.27; N, 4.65. 

• 8-Propyl- 7-[(3- thiocyanatopropyl)oxy]ch~vmone 31 
Fro,n 28,  32 h, cohnnu  ch roma tog raphy  ( tolue,m/ethyl  
acetate:  4:1. Yield: 69%. Colom'lcss thick oil. 

II~ (neat) :  2960,  2932,  2870,  2152  (SCN), 1646 (C----O), 
1 618 (C~-(3), 1 592, 1 462) 1 426, 1 d02, 1 35_,1, 1 318, 1 25,1 
( C - O - C ) ,  1 228) 1 110, 1 054, 844, 810 cm 

~l-I NMI~: 0.96 (t, J ---- 7.3 Hz, 3H, Cl-12/Ple), 1.58 (m, 
2I-1, Cl /2Me) ,  2.d0 (m, 2H, OCH2CH2CH2SCN) ,  2.81 
(t, J ---- 7.4 Hz, 2H, CH2Et ) ,  3.21 (t, J = 7.0 Hz, 2H, 
CHaSCN),  d.27 (t, J ---- 5.6 llz, 2I-I, OCH2),  6.30 (d, 
J = 6.1 Hz, 1H, 3-H), 6.99 (d, J = 9.0 Hz, 1H, 6-H), 
7.86 (d, J ---- 6.I  Hz, 1H, 2-H), 8.08 (d, J = 9.0 Hz, 1H, 
5-H). 

Anal  calc for CI6H17NO3S (303.38): C, 63.35; H, 5.65; 
N, 4.62. Found:  C, 63.49; H, 5.39; N, 4.55. 

• 8-Propyl- 7-[(4-thiocyanatobutyl)oxy]ehromone 32 
From 29,  96 h, column ch roma tog raphy  (hexane/aeetone:  
7:3). Yield: 81%. Mp: 29-30 °C (hexane). 
IH.: 2960,  2870,  2 15d (SCN),  1 650 (C=O) ,  1 620 (C=C) ,  

1 594, 1 456, 1 428, l d08 ,  1135d, 1 316, 1 268 ( C - O - C ) ,  
1 230) 1 112, 1 058, 810 c m -  

IH NMR:  0.98 (t, J = 7.3 Hz, 3H, GH2h~/c), 1.60 (m, 2H, 
CH2Me) ,  2.09 (m, 4H, OGH2(CHa)2GH2SCN),  2.82 (t, 
J ---- 7.3 Hz, 2H, GH2Et ) ,  3.09 (t, J ---- 6.9 Hz, 2H, 
CI-12SCN), 4.16 (t, J = 5.7 Iiz, 2H, OCH2),  6.29 (d, 
J = 6.1 Hz, 1H, 3-H), 6.98 (d, J ~- 9.3 Hz, 1H, 6-H), 
7.86 (d, J ---- 6.1 Hz, 1H, 2-H), 8.07 (d, J = 9.3 Hz, 1H, 
5-H). 

Anal  calc for C I 7 H m N O a S  (317.dl):  G, 64.33; H, 6.03; 
N, 6.03. Found:  C, 6d.17; H, 5.83; N, d.59. 

• 8-Propyl-7-[(3-thiocyanatopropyl)oxy]chroman- 
one 37 

F r o m  38, 72 h, column ch romatography  (hexane/acetone:  
7:3). Yield: 82%. Colourless oil. 

1R (neat):  2958,  2870, 2 15d (SON), 1 682  ( C = O ) ,  1 59d, 
ld68 ,  ld3d ,  1382, 134d, 1252 ( C - O - G ) ,  1206, 1176, 
1 120, I 05d, 806, 810 cm - l .  

IH NMI%: 0.95 (t, J = 7.2 Hz, 3H, Cl-12/~4e), 1.50 (m, 
2H, GI/2Me),  2.36 (m, 2I-1, OCI-12CI-/2CHzSCN), 2.59 
(t, J ---- 7.d Hz, 2H, CIt2Et), 2.75 (t, J ---- 6.2 Hz, 2tl, 
a-H), 3.19 (t, 2H, CH2SGN), 4.20 (t, 2H, OCH2),  4.51 (t, 
J = 6.2 Hz, 21t, 2-H), 6.59 (d, J ---- 9.0 Hz, 111, 6-H), 7.80 
(d, J ---- 9.0 Hz, 1H, 5-11). 

Anal calc for CI10HmNOaS (305.d0): C, 62.93; H, 6.27; 
N, d.59. Found: C, 63.11; H, 6.42; N, d.,10. 

Preparation of tetrazoles 20, 21, 26, 3 3 - 3 5  and 38: 
general procedure 

A solution o f  cyanide 18, 19, 25 or th iocyanate  3 0 - 3 2 )  3'7 
(6.00 retool) and t r ibutyl t in  azide (6.00 g, 18.07 retool) in 
1)2-dimethoxyethane (DME) or diglyme (25 mL, dried over 
4 It molecular sieve) was refluxed. After complet ion of  the 
reaction (TLC monitoring) tim mixture  was filtered into a 
mixture of  d M HCl solution (100 ,nL) and toluene (40 mL) 
and stirred overnight. After  separat ion the aqueous layer 
was extracted with tolueue, the combined organic layers 
were dried, concentra ted and t reated with hexane to obtain 
tile crude tetrazole, When  tim crude produc t  precipi tated 
during the acidic work-up, it was filtered olf and washed 
with water. Crude tetrazoles were reerystallized from the 
solvent specified below to afford pure products .  

• 8-Propyl-7-[(3-tetrazol-5-ylpropyl)oxy]chTvmone 
20a 

From 18a  in diglyme) 2.5 h. Yield: 62%. Mp: 118-122 °C 
(MEK).  
IR: 3070,  2962,  1622 (C----O), 1596, ld92 ,  ld30 ,  l 276 

( C - O - C ) ,  1 116, 1 046 cm -1. 
1H N M R  (DMSO-d0) :  0.92 (t', J = 7.2 tlz, 3H, CH2h~/e), 

1.55 (in) 2H, GH2Me),  2.2d (m, 2H, OG H:CH2 CH2 Te t ) ,  
2.73 (t, J ---- 7.4 Hz) 2H, CHuEt) ,  3.11 (t, J ---- 6.6 Hz, 
2H, GH2Tet), d.23 (t, J -~ 5.6 Hz, 2H, OGH2), 6.26 (d, 
J ---- 6.1 Hz, IH, 3-H), 7.21 (d, J ---- 9.3 Itz, 1H, 6-H), 7.90 
(d, J ~-- 9.3 Hz, 1H, 5-H), 8.28 (d, J ---- 6.1 Hz, 1H, 2-H). 
Tlle tee.razole NH signal coalesced with the water  content  
of  DMLO. 

Anal ealc for GlsHlsNaOa  (314.35): G, 61.14; H, 5.77; 
N, 17.82. Found: C, 61.02; H, 5.93; N, 17.49. 

• 8-Propyl- 7-[(4-tetrazol-5-ylbutyl)oxy]chromone 21a 
From 19a  in DME, 1 h. Yield: 8d%. Mp: 118-122 °C (ethyl 
acetate) .  
IR: 2964,  2872,  1 640 ( C ~ O ) ,  1 622 ( C ~ C ) ,  1 596, 1 d23, 

1 286 ( C - O - C ) ,  1 113, 813 cm - l .  
1H N M R  (DMSO-d~):  0.89 (t, J -~ 7.4 Hz, 3H, 

CHah//c), 1.54 (m, 2H, C/:I2Me), 1.88 (m, dH, 
OCH2(CI/2)2CH2Tet) ,  2.77 (t, J ---- 7.d Hz, 2H, C/:I2Et), 
3.00 (t, J = 7.0 Hz, 2H, CHuTet) ,  ,1.18 (t, J ---- 5.9 Hz, 
2It, OCH2),  6.26 (d, J = 6.3 Hz, 1H, 3-H), 7.21 (d, 
J =- 9.1 Hz, 1H, 6-H), 7.90 (d, J ~- 9.1 Hz, 1H, 5-H), 
8.27 (d, J = 6.3 Hz, 1H, 2-H). 

Anal  calc for G17H~0NaOa (328.37): C, 62.18; H, 6.1d; 
N, 17.06. Found: C, 61.95; H) 6.07; N, 16.87. 

• 2-Methyl-8-propyl-7-/(4-tetrazol-5-ylbu~yl)oxy]- 
chromone 21b 

From 19b  in DME, 2 h. Yield: 78%. Mp: 130-132 °C 
(hexane-absolute  ethanol) .  
IR: 2960,  2870,  1636 (G--~O), 1578,  1432, [d0d ,  1298, 

1 270 ( C - O - C ) )  1 212, 1 122, 1 054 cm -1.  
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1H NMR:  0.88 ( t ,  d = 7.3 Hz, 3H, CH22Pla), 1.52 (m, 2H, 
CH2Me) ,  1.92, 2.14 (2m, 2 × 2H, OCH2(CH~)2CH~Tet ) ,  
2.42 (s, 3H, 2-Me), 2.7d (t ,  J = 7.3 Hz, 2H, CH2Et ) ,  
3.20 ( t ,  J = 7.2 Hz, J ---- 6.9 Hz, 2H, CH2Tet) ,  4.06 
(t, J = 5.7 Hz, 2H, OCH2), 6.27 (s, 1H, 3-H), 6.78 (d, 
J = 9.2 Hz, 1H, 6-H),  7.86 (d, J = 9.2 Hz, 1H, 5-H). 

Ana l  cale for C18H221N4Oa (342.40): C, 63 .14 ;  H, 6.48; 
N, 16.36. Found:  C, 62.91; H, 6.66; N, 16.41. 

• 2-Butyl-8-propyl-7-/(4-tetrazol-5-ylbu~yl)oxy].- 
chromone 2 1 c  

From 19c  in d ig lyme,  1.5 h. Yield:  68%. Mp:  101-103 °C 
( h e x a n e - a b s o l u t e  e thanol ) .  
II-¢: 2 956, 2 93d, 2870,  1 628 (C-----O), 1 612 ( C = C ) ,  1 576, 

1 554, 1 d30, 1 406, 1 270 ( C - O - C ) ,  1 122, 1 028 em -1 .  
IH NMR:  0.89 (t ,  J ---- 7.2 Hz, 3H, CH2flde),  0.98 (t, 

J = 6.8 Hz, 3H, 4 ' -H) ,  1.36-1.60 (m, dH, CH2Me -{- 
3 ' -H) ,  1.73 (m, 2H, 2 ' -H) ,  1.92, 2.16 (2m, 2 × 2H, 
OCH2(CH2)2CH2TeL) ,  2.67, 2.76 (over lapp ing  t r iplets ,  
2 x 2H, C H 2 E t  -t- l ' - l-I) ,  3.19 ( t ,  J = 6.9 Hz, 2H, 
CH2Tet) ,  d.07 (t,  J = 5.7 Hz, 2H, OCI-12), 6.26 (s, 1H, 
3-H),  6.73 (d, J = 8.9 Hz, 1H, 6-H),  7.86 (d, J = 8.9 Hz, 
1H, 5-H). 

Anal  calc  for C21H2aNaOa (384.48): C, 65.60; H, 7.34; 
N, 14.57. Found:  C, 65.73; H, 7.17; N, 14.54. 

• 8-Propyl- 7-[(4-tetrazol-5,ylbutyl)oxy]flavone 2 1 d  
From 1 9 d  in DME,  4.5 h. Yield:  83%. Mp:  181.5-183 °C 
( h e x a n e - a b s o l u t e  e thanol ) .  
IR: 2960 ,  2932,  2870,  1620 ( C = O ) ,  1586, 1430, 1392, 

1 268 ( C - O - C ) ,  1 208, 1 120, 1 040, 77d cm -1 .  
1H N M R  ( D M S O - d 6 ) :  0.92 (t ,  J ---- 7.3 Hz, 3H, 

C H 2 M e ) ,  1.62 (m, 2H, CH2Me) ,  1.90 (m, dH, 
OCH2 (CH2)~CH2Tet ) ,  2 .86-3.05 (over lapp ing  t r ip le ts ,  
2 × 2H, C H 2 E t  + CH2Tet) ,  d.19 (t,  J ---- 5.7 Hz, 2H, 
OCH2) ,  6.96 (s, 1H, 3-H),  7.22 (el, J = 9.0 Hz, 1H, 6-H), 
7.60 (m, 3H, 3 ' , 4 ' , 5 " I I ) ,  7.90 (d, J ---- 9.0 Hz, 1H, 5-H), 
8.06 (m, 2H, 2 ' ,6 ' -H) .  

Ana l  calc  for C2aH24N.~O3 (404.47): C, 68.30; H, 5.98; 
N, 13.85. Found:  G, 68.16; H, 6.17; N, 14.08. 

• 8-Propyl-P~- (3-pyridyO- 7-[(4-tetrazol-5-ylbutyl)- 
oxy]chromone 2 1 e  

From 19e  in d ig lyme,  1.75 h. Yield:  71%. Mp:  174-175 °C 
(me thano l ) .  
IR: 2954,  2870,  1628 (C----O), 1590,  1566, 1428, 1386, 

1 272 ( C - O - C ) ,  1 122, 1 054; 810 cm -~.  
~ H  N M R  ( D M S O - d e ) :  0.93 (t ,  J ---- 7.4 Hz, 3H, 

CH~A4e), 1.63 (m, 2H, CH2Me) ,  1.88 (m, 4H, 
OCH2(CH~)~CH~Te~) ,  2 .73-3.03 (over lapping  t r ip le ts ,  
2 × 2H, C H ~ E t  -b CH~Tet) ,  4.20 (t ,  J = 5.8 H% 2H, 
OCH2), 7.10 (s, IH, 3-H), 7.24 (d, J = 8.9 Hz, IH, 6-H), 
7.66 (dd, J ---= 8.1, 4.8 Hz, IH, 5'-H), 7.93 (d, J = 8.9 Hz, 
1H, 5-H),  8.44 (ddd ,  J = 8.1, 2.0, 1.3 Hz, 1H, 4 ' -H) ,  8.79 
(dd, J = 4.8, 1.3 Hz, IH, 6'-H), 9.25 (d, J = 2.0 Hz, IH, 
2'-H). 

Anal cale for C22H~aNsOa (405.46): C, 65.17; H, 5.72; 
N, 17.27. Found: C, 65.23; H, 5.54; N, 17.41. 

• 2,~-Dimethyl-8-propyl-7-[(4-tetrazol-5-ylbu~yl)oxy]- 
chromanone  26  

From 17  us ing 4.3 equiv  t r i bu ty l t i n  az ide  in DME,  50 h. 
Yie ld:  71°~. Mp:  97-99 °C ( h e x a n e - d i i s o p r o p y l  e t h e r - M E K ) .  
II~: 2960 ,  2872 ,  1692 (C----O), 1690,  1428,  1384, 

1324, 1306,  1276 ( C - O - C ) ,  1328,  1228, 1 172, 1118, 
792 cm -~ . 

IH NMR.: 0.89 (t, J ----- 7.4 Hz, 3H, CH2Me), 1.43 (s, 6H, 
2 x Me), 1.51 (m, 2H, CH2Me), 1.91, 2.10 (2m, 2 x 2H, 
OCH=(CH2)2CH2Tet), 2.56 (~, J = 7.d Hz, 2H, C//2Et), 
2.70 (s, 2H, 3-H), 3.14 (t, J = 6.9 Hz, 2H, CH2Tet), d.05 
(t ,  J ---- 5.9 Hz, 2H, OCH2),  0.45 (d, J = 9.1 Hz, IH,  
6-H),  7.68 (d,. J = 9.1 Hz, 1H, 5-H).  

Ana l  caic  for C19H26NaOa (358.44): C,  63.67; H, 7.31; 
N, 15.63. Found:  C, 63.79; H, 7.25; N, 15.61. 

, 8-Propyl- 7-( [2- (tetrazol-5-yt~hio)ethyl]oxy}- 
chromone 3 3  

From 30  in DME,  d h. Yield: 72%. Mp:  171-173 °C  ( h e x a n e -  
ace tone) .  
IR: 2964,  2934,  2874,  2718  (assoe NH),  1624 ( C = O ) ,  

1578,  1420, 1268 ( C - O - C ) ,  1234,  1 118, 1054,  1034, 
818 cm - I  . 

IH N M ~  ( D M S O - d e ) :  0.88 (t, J = 7.1 Hz, 3H, CH2/14e), 
1.51 (m, 2H, C H i M e ) )  2.69 (t) J = 7.3 Hz, 2H, C / / a E t ) ,  
3.77 (t,  J ---- 7.0 Hz, 2H, CHaSTe t ) ,  d.d8 (t ,  J = 5.6 Hz, 
2H, OCH2) ,  6.28 (d, J = 5.9 Hz, 1H, 3-H) ,  7.2d (d, 
J = 9.4 Hz, IH, 6-H), 7.90 (d, J = 9.4 Hz, IH, 5-H), 
8.29 (d, J = 5.9 Hz, 1H, 2-H). 

Ana l  calc  for CI~H10N4OaS (332.38): C, 54.20; H, 4.85; 
N, 16.86. Found:  C, 53.98; H, 4.99; N, 16.66. 

* 8-Propyl-7-{[3-(~eirazol-5-ylthio)propyl]oxy}- 
ehromone 3d  

From 31 in DME,  4 h. Yield:  84%. Mp:  134-136 °C ( h e x a n e -  
acetone) .  
IR: 2 954, 2 932, 2 872, 2 686 (assoe NH) ,  I 62d (C----O), 1 572, 

1 d2d, 1 278 ( C - O - C ) ,  1 256, 1 11d, 1 004, 812 cm -1 .  
1H NMI'~ ( D M S O - d 0 ) :  0.91 (t ,  J ---- 7.3 Hz, 3H, CH2/14e), 

1.56 (m, 2H, CH2Me) ,  2.22 (In, 2H, OCH2CtI2CH2STeL) ,  
2.79 (t ,  J = 7.4 Hz, 2H, C H 2 E t ) ,  3.48 (t ,  J = 6.9 Hz, 
2H, CH2STet ) ,  4.27 (t ,  J = 5.8 Hz, 2H, OCH2) ,  6.27 (d, 
J ---- 5.9 Hz, 1H, 3-H),  7.21 (d, J = 9.0 Hz, 1H, 6-H),  7.90 
(d, J = 9.0 Hz, 1H, 5-H),  8.28 (d, J = 5.9 Hz, 1H, 2-H). 

Anal  calc  for C l a H l s N a O a S  (346.dl ) :  C,  55.48; H, 5.24; 
N, 16.17. Found:  C, 55.57; H, 5.11; N, 16.19. 

. 8-Propyl-7-{[4-(tetrazol-5-yl thio)butyl]oxy}-  
ehromone 3 5  

From 32 in DME,  7 h. Yield: 60~o. Mp:  106-109 ° C  ( h e x a n e -  
acetone) .  
IR: 3 066, 2 932, 2 870, 2 784, 2 724 (assoc NH),  1 628 (C----C)), 

1 582, 1430,  1 416, 1 298, 1 272 (C-C) -C) ,  1 232, 1 114, 
1 656, 1 030, 816 cm -1 .  

1H NMR.: 0.92 (t,  J ---- 7.4 Hz, 3H; CH2Me),  1.55 (m, 2H, 
CH2Me) ,  2.02 (m, 4H, OCH2(CH2)2CH2STe t ) ,  2.78 (t ,  
J ---- 7.4 Hz, 2H, CH 2E t ) ,  3.41 (t ,  J ---- 6.9 Hz, 2H, 
CH2STet ) ,  4.12 (t, J ='  5.9 Hz, 2H, OCH2) ,  6.39 (d, 
J ---- 5.8 Hz, 1H, 3-H), 6.94 (d, J ---- 9.2 Hz, 1H, 6-H), 
7.91 (d, J = 5.8 Hz, 1H, 2-H),  8.Od (d, J ---- 9.2 Hz, 1H, 
5-H). 

Ana l  calc for CLTH20Nac)~S (360.44): C, 56.65; H, 5.59; 
N, 15.5d. Found:  C, 56.91; H, 5.63; N, 15.67. 

• 8-Propyl-7-{[3-(tetrazol-5-ylthio)propyl]oxy}- 
chromanone 3 8  

From 3 7  in DME,  4 h. Yield:  83%. Mp:  112-115 °C  ( h e x a n e -  
acetone) .  
II~: 2 958, 2 928, 2 868, 2 734 (assoc NH),  1 670 (C----O), 1 598, 

1468, 1434,  1376,  1274 ( C - O - C ) ,  1 2 5 4 ,  1206,  1124, 
1 052, 1 036 c m -  

1H NMR. ( D M S O - d 6 ) :  0.89 (t,  J = 7.1 Hz, 3H, CH2-]Ple), 
1.45 (m, 2H, CH2Me) ,  2.18 (m, 2H, C)CH2CH2CHuSTet) ,  
2.56 (t ,  J ---- 7.3 Hz, 2H, CH 2E t ) ,  2.70 (t ,  J = 5.8 Hz, 
2H, 3-H),  3.40 (t,  J = 7.0 Hz, 2H, CH2STet ) ,  4A8 (t ,  
J ---- 5.7 Hz, 2H, OCH2),  d.51 (t,  J = 5.8 Hz, 2H, 2-H),  
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6.77 (d, J ---- 9.1 Hz, 1H, 6-H),  7.65 (d, J = 9.1 Hz, 1H, 
5-I-~). 

Anal  calc  for C~eHu0N4OsS (348.43): C, 55.16; H, 5.79; 
N, 16.08. Found:  C, 55.01; 1~, 5.96; N, 16.09. 

• 8-Propyl- 7- ({4-[2- (4-tetrazol-5-ylbu~yl)-eH-tetrazol- 
5-yl]butyl} oxy)chromone 49 

From 48  in d ig lyme,  2.25 h, co lumn c h r o m a t o g r a p h y  
( t o l u e n e - e t h y l  a c e t a t e - f o r m i c  acid,  5:4:1). Yield:  66%. Pa le  
yel low oil. 

IK  (nea t ) :  2 958, 2 870, 1 626 (C----O), 1588,  1 428, 1 272 
( G - O - C ) ,  1 232, 1 114, 1 056, 812 cm -1 .  

1H N M R :  0.92 (t ,  J ---- 7.3 Hz, 3H, CI-Iz-~4e), 1.57 (m, 
2It ,  CHuMe) ,  1.84-2.15 (m, 8H, OOHu(OH2)2CH~Tet  + 
NCH~(CH~)~CH~Tet ) ,  2.81 (t,  J ---- 7.4 Hz, 2H, CHuEt ) ,  
2.98 ( t ,  J ---- 6.8 Hz, 2H, CH2Tet ) ,  3.10 (t ,  J ---- 7.0 Hz, 
2H, N ( C H 2 ) a C H z T e t ) ,  4.16 (t ,  J = 5.7 Hz, 2H, OCHz) ,  
d.61 ( t ,  J = 6.3 Hz, 2H, NCII~) ,  6.39 (d, J = 6.1 Hz, 1H, 
3-H),  7.00 (d, d = 9.0 Hz, 1H, 6-H),  7.95 (d, J ---- 6.1 Hz, 
1H, 2-H),  8.03 (d, J ~- 9.0 Hz, 1H, 5-H). 

Ana l  calc  for Cz2H2sNsOa (452.52): C, 58.39; H, 6.24; 
N, 24.76. Found:  C, 58.18; H, 6.46; N~ 24.53. 

• 8-Propyl-7-[(3-tetrazol-5-ylpropyl)oxy]chromanone 
22 

A m i x t u r e  of  ch romene  2 0 a  (1.61 g, 5.13 retool) ,  a m m o -  
n ium fo rma te  (2.62 g, 41.60 mmol)  and  1 0 ~  P d / C  ca t a lys t  
(1.31 g) in m e t h a n o l  (125 mL) was s t i r red  a t  reflux for 1.5 h, 
then the  c a t a l y s t  was f i l tered off and  washed.  T h e  combined  
f i l t ra tes  were c o n c e n t r a t e d  in vacuo and  the oily res idue was 
t r e a t e d  wi th  5% HCI solut ion.  T h e  sol idif ied c rude  prod-  
uc t  was washed wi th  wa te r  and  s u b m i t t e d  to column chro- 
m a t o g r a p h y  ( t o l u e n e - e t h y l  a c e t a t e - f o r m i c  acid ,  20:20:1) to 
give pu re  ch romanone  22  (920 rag, 57%). Mp:  146-149 °C 
( h e x a n e - d i e t h y l  e ther) .  

IR.: 2956 ,  2932,  2870,  1656 ( C = O ) ,  1596,  1436, 1382, 
1 274, 1 266 ( C - O - C ) ,  1 124, 1 056 em -1 .  

1H N M R  ( D M S O - d 6 ) :  0.89 (t ,  J ---- 7.2 Hz, 3H, CH21~Ie), 
1.4d (m, 2H, CH2Me) ,  2.20 (m, 2H, OC~H2CH2C~H2Tet), 
2.48 ( t ,  J = 7.d Hz, 2H, CH2Et ) ,  2.71 ( t ,  J ---- 6.5 Hz, 
2H, 3-H),  3.08 (t ,  J = 7.0 Hz, 2H, CH2Tet) ,  4.13 (t,  
J = 5.7 Hz, 2H, OCH2),  d.50 (t ,  J ---- 6.5 Hz, 2H, 2-H), 
6.76 (d, J --  9.0 Hz, 1H, 6-H),  7.6d (d, J = 9.0 Hz, 1H, 

5 - H ) .  

Ana l  calc for C16H20NaOa (316.36): C, 60.75; H, 6.37; 
N, 17.71. Found:  C, 60.81; H, 6.11; N, 17.52. 

* 8-Propyl- 7-[(4-tetrazol-5-ylbutyl)oxy]- 
chromanone 23 

From 2 1 a  accord ing  to the  p rocedu re  given for 22,  purif ied 
by rec rys ta l l i za t ion  from a d i i sopropy l  e t h e r - M E K  mixture .  
Yield:  73%. Mp:  131-135 °C. 

II~: 2968 ,  2943 ,  2875,  1680 (C- -O) ,  1609,  1440,  1275, 
1 256 ( C - O - C  ÷ ch romanone  skele ton) ,  1 126 em -1.  

~H NMI=L ( D M S O - d 0 ) :  0 .87  (t ,  3H, 8-(OH2)zlPle), 1.d6 (m, 
2H, 8-CH2CI ' /2Me),  2.83 (m, dH, 7 -OCH2(CH2)2CH2Tet ) ,  
2.54 (t ,  2H, 8-CI-/2Et),  2.70 (t, J ~- 6.3 Hz, 2H, 
3-H), 2.98 (t ,  2H, CH2Tet) ,  4.10 ( t ,  2H, OCH2) ,  4.51 (t ,  
J ----- 6.3 Hz, 2H, 2-H),  6.75 (d, J ~ 9.4 Hz, 1H, 6-H),  7.65 
(d, J ---- 9.4 Hz, 1H, 5-H). 

Ana l  cale  for ClvH2zN403 (330.39): C, 61.80; H, 6.71; 
N, 16.96. Found:  C, 61.57; H, 6.95; N, 17.05. 

* 4-Hydroxyirnino-8-propyl-7-[(3-tetrazol- 
5-ylpropyl)oxy]ehroman 24 

A m i x t u r e  of  ch romanone  22  (538 mg, 1.70 retool) ,  hydroxy-  
l a m m o n i u m  chlor ide  (958 mg, 13.79 retool) ,  e thano l  (14 mL) 
and  wa te r  (4 mL)  was refluxed for 1.5 h tben  d i lu t ed  with 
wa te r  (30 mL) .  Af te r  cool ing the  p rec ip i t a t ed  c rude  p rod-  
uct  was f i l tered off and  purified by co lumn c h r o m a t o g r a p h y  
( to luene /e thy l  a c e t a t e / f o r m i c  acid,  5:4:1) to  give 495 m g  
(56%) o f o x i m e  24.  Mp:  162-166 °C (dee) ( hexane -ace t ene ) .  
]1~: 338d  br  (OH),  2960,  2870,  1598, 1470,  143d,  1378, 

1 270 ( C - O - C ) ,  1 210, 1 122, 1 058 em -1 .  
IH NMR:  0.88 (t ,  J = 7.3 Hz, 3H, CH2/lde) ,  1.d3 (m, 

2H, CH z M e ) ,  2.19 (m, 2H, OCH2CH2CH2Te t ) ,  2.48 (t,  
J -- 7.4 Hz, 2H, CHzEt), 2.79 (t ,  J --  6.4 Hz, 2H, 
3-H),  3.07 (t ,  2H, CH2Tet) ,  4.07, 4.17 (over lapping  
t r ip le ts ,  2 × 2H, OCH2 -b 2-H),  6.6d (d, J ---- 8.9 Hz, 
1H, 6-H),  7.61 (d, J ---- 8.9 Hz, 1H, 5-H),  10.95 (s, 1H, 
OH). 

Anal  ealc for C16H21NaOa (331.38): C, 57.99; H, 6.39; 
N, 21.13. Found:  C, 58.11; H, 6.52; N, 20.78. 

Alkylation of tetrazole 21: general procedure 

To a s t i r red  and  cooled (0 -5  °C) suspens ion  of 60% N a i l  in 
minera l  oil (0.65 g, ca  16.25 retool,  r insed with  d ry  hexane  
pr ior  to use) and  abso lu te  d ie thy l  e the r  (25 mL) ,  a so lu t ion  
of te t razolo  21 (4.284' g, 13.05 retool) in abso lu t e  D M F  
(70 mL) was a d d e d  dropwise  in 70 rain. T h e  mix tu re  was 
s t i r red  for 30 min,  then a solut ion of e thyl  u~-ehloroalkanoate 
or 5 -ch loropen tanen i t r i l e  (18.92 retool) in abso lu t e  D M F  
(10 mL) was d r o p p e d  in 30 min and al lowed to reac t  a t  
room t e m p e r a t u r e .  Wlmn the  react ion was comple t ed  (TLC 
moni tor ing) ,  the  mix tu re  was pou red  into br ine  (500 mL) ,  
ex t r ac t ed  with  d ie thy l  e the r  (5 x 100 mL)  and  dried.  
The  solvents  were removed in vacuo and the  res idue was 
s u b m i t t e d  to co lumn c h r o m a t o g r a p h y  ( b e n z e n e / a b s o l u t e  
methanol ,  20:1). 

* q'-((4-[1-(Ethoxycarbonylmethyl)-lH-tetrazol. 
5-yl]butyl} oxy)-8-propylchromone 39 
and 7- (( 4-[2- (ethoxycarbonylmethyl)- 2H-tetrazol- 
5-yl]butyl} oxy)-8-propylchromone 41 

Using etlw1 ch lo roace ta t e  as  a lky la t ing  agent ,  16 h. 

• 3 9  

Yield:  52%. Mp:  85-87 °C (hexane) .  l~f = 0.13 (ben-  
z e ne / a bso lu t e  me thano l ,  20:1). 

ll=t: 2964,  2937,  1 749 (C----O, es ter) ,  1 646 (C~-O, 
chromone) ,  1 619 (C----C), 1 1 595, 1 d28, 1 d08, 1 266 
( C - O - C ) ,  1 228, 1 113 c m -  . 

1H NMR.: 0.9d (t,  J = 7.2 Hz, 3H, CH2A~/e), 1.29 
(t ,  J = 6.8 Hz, 3H, COOCH2.~Ie) ,  1.58 (m, 2H, 
CH2Me) ,  1.95-2.17 (m, 4H, OCH2(CH2)2CH2Te t ) ,  2.80 
(t ,  J ---- 7.3 Hz, 2H, CH2Et ) ,  2.94 (t ,  J ---- 7.0 Hz, 2H, 
CH2Tet) ,  4.15 (t, J ---- 5.7 Hz, 2H, OCH2) ,  4.27 (q, 
J ---- 6.8 Hz, 2H, C O O C H 2 M e ) ,  5.18 (s, 2H, NChr2),  6.24 
(d, J = 6.0 Hz, 1H, 3-H),  6.97 (d, J ---- 9.1 Hz, 1H, 6-H), 
7.87 (d, J -~ 6.0 Hz, 1H, 2-H), 8.02 (d, J ~ 9.1 Hz, 1H, 
5-H). 

Anal  eale for C21H2sNaO5 (414.47): C, 60.86; H, 6.32; 
N, 13.52. Found:  C, 60.63; H, 6.37; N, 13.44. 

• 41 
Yield:  d3TS. Pa le  yellow oil. Rf = 0.2d . ( b e n z e n e / a b s o l u t e  

methano l ,  20:1). 
I1~ (nea t ) :  2960,  1 756 (C-=--O, es ter ) ,  1 651 ( G = O ,  

chromone) ,  1 619 ( C = C ) ,  1 595, 1 429, 1 407, 1 351, 1 270 
( C - O - C ) ,  1 228, 1 216, 1 113, 1 020, 811 cm -1 .  
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11-I NMP~: 0.95 ( t ,  J ----- 7.2 Hz, 3H, CI-I~h4e), 1.30 
(t,  J = 6.9 Hz, 3H, COOCH~hde) ,  1.59 (m, 21-1, 
CH.-h,le), 1.87-2.11 (m, dH, OCH2(CHa).~(2H~Tet),  2.80 
(t ,  J ---- 7.d Hz, 2H, CH~Et ) ,  3.07 (t ,  J ---- 7.0 Hz, 2H, 
CH~Tet) ,  d . l d  (t, J -~ 5.8 Hz, 2H, OCH~),  4.28 (q, 
J ---- 6.9 Hz, 2H, COOCH.~Me) ,  5.39 (s, 2H, NCH2) ,  6.26 
(d, J --  0.1 lt'z, 11t, 3-H),  0.97 (d, J ---- 9.1 Hz, 1H, 6-H),  
7.86 (d, J ---- 6.1 Itz,  1H, 2-H),  8.0d (d, J ---- 9.1 Hz, 1H, 
5-1i). 

Anal  calc for C~,~HaoN40~ (414.47): C, 60.86; H, 6.32; 
N, 13.52. Found:  C, 60.79; H, 6.18; N, 13.39. 

• 7-[(4-{1-[2-(Ethoxycarbonyl)propyl]-lH-tetrazol- 
5-yl} butyl)oxy]-8-propylchromone 40 
and 7-[(]~-{ 2-[3-(ethoxycarbonyl)propyl]-2It-tetrazol- 
5-yl} butyl)o.zT]-8-propylehromone 42 

Using ethyl  4 - c h l o r o b u t a n o a t e  (3.1 equiv)  ms a lky la t ing  
agent ,  10 days .  

• 4 0  
Yield:  19%. Yellow oil. /~r ---- 0.15 ( b e n z e n e / a b s o l u t e  

methano l ,  20:1). 
IFt (neat ) :  2960,  2935,  2870,  1 730 (C-~O, ester) ,  1 050 

(G----O, chromone) ,  1 620 (C----C), 1 598, 1462, 1 426, 
1408, 1354,  1320, 1270 ( C - O - C ) ,  1186, 1 114, 1058, 
812 c m -  

ll-I NMFt: 0.95 ( t ,  J ----- 7.1 Hz, 3H, CH2h /e ) ,  1.27 
(t,  J ----- 7.0 Hz, 3H, COOCH~A~/c), 1.58 (m, 2H, 
CtI2Me), 2.05 (m, 4I-1, OCI-12((2/:I2)2Clt2Tet), 2.22 (m, 
2It ,  N C H 2 C H 2 C H 2 C O ) ,  2.43 (t ,  21-1, CHACO),  2.81 (t ,  
J ---- 7.3 Hz, 2H, C H 2 E t ) ,  2.97 (t ,  J -~ 5.6 Hz, 211, 
O(CH2)aCI- /2Tet) ,  4 .06-4 .20 (over lapp ing  t r ip le ts ,  dH, 
O C H a ( C H 2 ) a T c t  -4- C O O C H 2 M e ) ,  4.40 (t,  J ---- 6.8 Hz, 
2H, NCI t2 ) ,  6.26 (d, J ---- 5.9 Hz, 1H, 3-H),  6.99 (d, 
J = 9.0 Hz, 1H, 6-H),  7.86 (d, J ---- 5.9 Hz, 1H, 2-H), 
8.04 (d, J -- 9.0 Hz, 1H, 5-H). 

Ana l  calc tbr C2al-la0N40~ (442.52): C, 62.43; H, 6.83; 
N, 12.66. Found:  (3, 62.59; H, 7.03; N, 12.43. 

• 42, 
Yield: 66%. Da rk  yel low oil.  Rr ~- 0.28 ( b e n z e n e / a b s o l u t e  

me thano l :  20:1). 
lI't (nea t ) :  2 960, 2936,  1 73d ( ( 3 = 0 ,  es ter ) ,  1 05d (C----O, 

chromone) ,  1620 ( (3~C) ,  l 1 59d, 1,128, 1 406, 1 270 
( C - O - C ) ,  1 186, 1 112 c m -  . 

~H NMR:  0.95 (t ,  J ~- 7.3 Hz, 3H, CH~h,/e),  1.28 (t,  
J = 6.9 Hz, 3H, COOCHaltde), 1.59 (m, 2H, CH2Me) ,  
1.98 (m, dH, O C H 2 ( C H 2 ) a C H 2 T e t ) ,  2.10 (m, 2H, 
N(2H~CI /2CHzCO) ,  2.35 (t ,  J = 7.1 Hz, 2H, C/=/~CO), 
2.81 (t ,  J = 7.4 Hz, 2H, C H 2 E t ) ,  3.00 (t ,  2H, CH2Tet ) ,  
4 .10-4.20 (over lapp ing  t r ip le ts ,  4H, OCH2(CH2)~Te t  + 
COOCI-I2Me) ,  d.68 (t ,  J =  6.6 Hz, 2H, NCI-I~), 6.27 (d, 
J ---- 6.0 Hz, 1H, 3-H),  6.98 (d, J ---- 9.2 Hz, 1H, 6-H), 7.86 
(d, J -- 6.0 Hz, 1H, 2-H),  8.05 (d, J ---- 9.2 Hz, 1H, 5-H). 

Ana l  ca]c for C~H30N~O5 (442.52): C, 62.43; H, 6.83; 
N, 12.66. Found:  C, 62.62; H, 6.70; N, 12.69. 

• 7-({4-[1-(4-Cyanobutyl)-lH-tetrazol-5-yl]butyl}- 
oxy)-8-propylchromone 47 
and 7-({ 4-[2-(4-cyanobutyl)-ZH-tetrazol-5-yl]butyl}- 
oxy)-8-propylchromone 48 

Using 5 -ch lo ropen tanen i t r i l e  as  a lky l a t i ng  agent ,  6 days.  

• 47 
Yield:  17%. Dark  yellow oil. Rf ---- 0.1d (benze ne / a bso lu t e  

me thano l ,  20:1). 

l i t  (neat ) :  2960,  2870,  2246  (CN),  1 650 ( C = O ) ,  1 620 
(C----O), I 5 9 4 ,  1456, 1428, 1408, 1356,  1318,  1270 
( C - O - C ) ,  1 114, 1 058, 812 c m -  

11I NMF¢: 0.95 (t, J ~ 7.2 Hz, 3H, CHaA,/e),  1.60 (m, 2H, 
Cf I2Cl I2Me) ,  1.70 (m, 2H, N(CIIz)2(2I- /2CH2CN),  1.92 
(m, 6H, O(2H2((2H2)2CIIaTet  4- NCH2CH2(CH2)2CN) ,  
2.46 (t ,  J --  6.9 Hz, 2IJ, CH 2CN ) ,  2.81 (~, J = 7.3 Hz, 
2H, (2I /2Et) ,  2.97 (t ,  J ---- 7.0 IJz, 2H, (2H2Tet) ,  4.17 (t ,  
J = 5.7 Hz, 2H, O(2H2), 4.36 (t ,  J ---- 6.5 t tz ,  2H, NCH2),  
6.25 (d, J ---- 6.0 Hz, 111, 3-H),  6.98 (d, J ~- 8.9 Hz ,  1H, 
6-H),  7.86 (d, J --  6.0 Hz, 1H, 2-H),  8.0d (d, J = 8.9 Hz, 
1H, 5-H).  

13C NMI%: 14.05 (Me) ,  16.61 (UH~CN) ,  22.24, 22.76, 23.55, 
24.80, 28.22, 28.55 (methylenes) ,  45.81 (NCII2) ,  67.71 
(OCl12),  ~09.53 (C-6),  112.11 (C-3),  118.64,118.79 (C-4a,  
C-8 and  CN),  124.43 (C-5),  154.28 ( t e t r azo le  (2), 155.06 
(C-2),  155.53 (C-8a) ,  160.43 (C-7),  177.58 ((2-4). 

Anal  calc for (222H27NsO5 (409.49): (2, 64.53; H, 6.65; 
N, 17.10. Found:  (3, 64.41; H, 6.44; N, 16.95. 

• 48 
Yield:  17%. Yellow oil. I~r = 0.32 ( b e n z e n e / a b s o l u t e  

me thano l ,  20:1). 
II'¢ (nea t ) :  2960,  2870,  2248  (CN),  1 652 ( C = O ) ,  1 620 

( C = C ) ,  159d,  1496, 1456, 1428,  1408,  1356,  1318, 
1 270 ( C - O - C ) ,  I 230, l 114, 1 058, 812 cm - l .  

11-I NMI-¢: 0.96 ( t ,  J ---- 7.3 Hz, 3H, CH2/~/e),  1.59 
(m, 2H, CH2Me) ,  1.71 (m, 2H, N ( C H z ) 2 C H 2 C H 2 C N ) ,  
2.00 (m, dH, OCH2((2t I2)2CH~Tet) ,  2.19 (m, 2H, 
NCH2CH~(CH2)2(2N),  2.d2 (t,  J ---- 6.8 Hz, 2H, CH2CN) ,  
2.82 (t ,  J ---- 7.3 Hz, 2H, CH 2E t ) ,  3.01 (t ,  J ---- 6.9 Hz, 
2H, CH2Tet ) ,  d . ld  (t ,  J ---- 5.8 Hz, 2H, OCH2) ,  d.63 (t ,  
J ---- 6.6 Hz, 2H, NCI-Iu), 6.28 (d, J ---- 6.0 Hz, 1H, 3-H),  
6.97 (d, J = 9.0 I-]z, 11-t, 6-H), 7.84 (d, J ---- 6.0 l']z, 1H, 
2- t I ) ,  8.06 (d, J ---- 9.0 Hz, 1H, 5-H).  

13C NMI~: 14.01 (Me) ,  16.52 (CI-I2CN), 22.25, 24.43, 24.77, 
24.93, 27.91, 28.50 (methylenes) ,  51.60 (NCH2),  67.93 
(OCH~) ,  109.52 (C-6),  112.09 (C-3),  118.67, 118.80 (C-4a,  
C-8 and  CN),  124.36 (C-5),  155.01 ((3-2), 155.5d ((2-8a), 
160.61 (C-7),  166.48 ( t e t razo le  C) ,  177.62 (C-d) .  

Ana l  t a l c  for C221i27N505 (409.49): (3, 64.53; H, 6.65; 
N, 17.10. Found:  C, 6d.33; H, 6.79; N, 17.17. 

Hydrolysis of esters 39-42:  general proceduT~ 

rio a ho t  so lu t ion  of  es ters  3 0 - 4 2  (5.66 retool)  ill me thano l  
(40 mL) ,  4% NaOH solut ion (5.8 mL,  5.80 retool)  was a d d e d  
in one por t ion  and  al lowed t o  cool down.  Af t e r  15 rain t he  
mix tu re  was d i lu ted  wi th  wate r  (250 mL) and  acidif ied with  
HCI. T h e  p rec ip i t a t e  was f i l tered off, washed with  wa te r  and  
recrys ta l l ized  to afford pure  free ac id  4 3 - 4 6 .  

• 7-({4-[1-(Carboxymethyl)-lH-tetrazol-5-yl]butyl}- 
oxy)-8-propylchromone 43 

Yield:  74%. Mp:  174-176 °C  (e thanol ) .  
IR: 2 960, 2 937, 2 872, 1 716 (COOH) ,  1 621 (C----O), 1 562, 

1 429, 1 271, 1 227, 1 116 cm -1.  
ll-I NMR. (D M SO -d6) :  0.90 (t, J -~ 7.2 Hz, 31-I, 

CI-I2/lde), 1.56 (m, 2H, C_rleMe), 1.90 (m, 4H, 
OCH2(CI- /2)2CH2Tet) ,  2.78 (t,  J : 7.d Hz, 2H, C t I 2 E t ) ,  
2.98 (t ,  J ---- 6.9 Hz, 2H, CH2Tet ) ,  4.20 (t ,  J --  5.8 Hz, 
2H, OCH2),  5.62 (s, 2H, NCH2) ,  6.26 (d, J ---- 6.1 Hz, 1H, 
3-H),  7.21 (d, J = 9.0 Hz, 1H, 6-H), 7.90 (d ,  J --  9.0 Hz, 
1H, 5-H),  8.28 (d, J ----- 6.1 Hz, 1H, 2-H).  

Anal  calc for CmH22N40~ (386.41): C, 59.06; H, 5.74; 
N, 14.50. Found:  C, 58.93; H, 5.81; N, 14.13. 



• 7- ({ 4-[2- ( C a r b o x y r n e t h y l ) - 2 H - t e t r a z o l - 5 - y l ] b u t y l }  - 
o x y ) - 8 - p r o p y l c h T v m o n e  ,15 

Yield: 80%. Mp: 185-187 °C (ethanol).  
lR: 2961, 2934, 2871, 1 727 (COOl-I), 1 621 (C=O),  1 569, 

1 429, 1 272, 1 231, 1 117 cm -1. 
JH NMI~ ( D M S O - d 0 ) :  0 .91 (t ,  J = 7.3 Hz, 31-I, 

CH2Aie ) ,  1.50 (m, 2H, OH2Me), 1.92 (m, 4H, 
OCH2(CIH2)2CH2Tet), 2.78 (t, J = 7.3 Hz, 2H, CH2Et), 
2.96 (t ,  J = 7.0 Hz,  2H, GH2Tet), 4.20 (t ,  J ----- 5.6 Hz, 2H, 
OCI-12), 5.41 (s, 2H, NCHaCO), 6.26 (d, J = 6.0 Hz, IH, 
3-H), 7.21 (d, J ---- 9.0 I-lz, 1H, 6-H), 7.90 (d, J ---- 9.0 Hz, 
1H, 5-H), 8.28 (d, J = 6.1 Hz, 1H, 2-H). 

Anal talc for CmI-I22NaO5 ('386.41): C, 59.06; H, 5.74; 
N, 1,1.50. Found: C, 59.18; H, 5.55; N, 14.25' 

• 7 - ( { 4 - [ 1 - ( 3 - C a r b o x y p T v p y O - l H - t e t m z o l - 5 - y l ] b u t y l  } - 
o x y ) - 8 - p r o p y l c h r o m o n e  4 4  

Yield: 62%. Mp: l ld-120 °C (dec) (hexane-absolute 
ethanol). 

IR:' 2958, 2932, 2872, 1732 (COOIt),  1620 (C=O), 
1 572, a_~16, 1 270 ( c - o - c ) ,  1210, 1 178, 1 114, 1 056, 
826 cm 

~l-I NMIL (DMSO-d6): 0.88 (t, J = .7.2 Hz, 3H, 
Cl-I2/l'/e), 1.54 (m, 211, C l l 2 M e ) ,  1.90 (m, dH, 
OCI-I2(CH2)2CI-I2"I~et), 2.00 (m, 2H, N C H 2 C H 2 C H 2 C O ) ,  
2.29 (t, J ---- 6.8 Hz, 2H, CH2CO), 2.75 (t, J = 7.d Hz, 
21-I, CIt,~Et), 2.97 (t, J ---- 6.6 Hz, 2I-1, Cl-12'llet)t d.19 (1., 
J ---- 5.5 Hz, 2H, OCI12), d.38 (t, J = 6.8 Hz, 2H, NCIt2), 
6.25 (d, J ---- 5.9 Hz, 1H, 3-H), 7.20 (d, J ---- 9.0 Hz, IH, 
6-H), 7.89 (d, .I = 9.0 tIz, 11I, 5-H), 8.27 (d, J ---- 5.9 Hz, 
lH, 2-H). 

Anal calc for C2~H2~NaO5 (414.47): C, 60.86; H, 6.32; 
N, 13.52. Found: C, 60.60; H, 6.14; N, 13.71. 

• 7- ({ 4-[~- (3- C a r b o x y p r o p y l ) - ~ H - t e ~ u z o l - 5 - y l ] b u t y l } -  
o x y ) - 8 - p r o p y l e h r o m o n e  4 6  

Yield: 66%. Mp: 98-105 °C (dee) (hexane-absohtte ethanol). 
IR: 2 960, I 730 (COOH), 1 626 (C=O),  1 578, 1 428, 1 272 

(C-O-C) ,  1 232, 1 116, 816 cm -~. 
~l-I NMI~ (DMSO-de): 0.98 (t, J ---- 7.3 Hz, 3H, 

CI-l~h,/e), 1.52 (m, 2H, CIt2Me), 1.86 (m, dIl, 
OClt.~(CH:)2CI-I2Tet), 2.10 (m, 21"I, NCH~CH2CH2CO), 
2.27 (t, J ---- 6.9 Hz, 2H, CH2CO), 2.75 (t, J ---- 7.4 Hz, 
2H, CH2Et),  2.93 (t, J = 7.0 Hz, 2H, CH2Tel;), d.18 (t, 
J ---- 5.5 Hz, 2H, OCH.~), ,l.6d (t, J ---- 6.9 Hz, 2H, NCH~), 
6.2d (d, J ---- 6.0 Hz, IH, 3-H), 7.20 (¢!, J = 9.1 Hz, 1H, 
6-H), 7.89 (d, J = 9.1 Hz, IH, 5-H), 8.26 (d, J = 6.0 Hz, 
l II ,  2-H). 

Anal calc for C21H26N405 (414.47): C, 60.86; H, 6.32; 
N, 13.52. Found: C, 60.81; H, 6.42; N, 13.28. 
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