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Abstract - Whereas 3-bromo-4-hramomethyl-7-methoxycoumarin reacted very 

reluctantly with phenoxides, it was rapidly converted into pyridinium 

salts by slmply substituted pyridines. The novel tetracyclia salt (!A) 
was formed from tne reaction with 2-aminapyridine. Some or the pyrzdi- 

nium saltsshow Interesting pharmacological activities. 

We have reported the preparation of the ether (L ) ,  from the reaction or 3-ororno- 
4-bromomethyrcoumarin ( E )  witn 1-naphtnoaide and its rearrangement to tne henzo- 

1 
Pyran (2) . The sensirivity of tne compound (2) to hydroxide, by which ir was 
rapidly converted into (4), precluded any attempts to prepare (A) in nornogenewe 
PrOtzc, basif media. The use of l-naphthoxide in anhydrous dimethylrarmamiae 

(DMF) afforded a lover yleld of (2)  than did the phase transrer method reported, 
and 80  the efficient preparation of ethera of the type ( A )  rsmained s problem. 
We attempted to prepare (I) by adding pyridine to a eolutlon of (?) end l-naph- 
tnol in cnloroform, at room temperature (about 30'~) but Observed tne immediate 

and almost quantitative precipitation of the pyridinium salt ( 5 ) .  
This affinity or ( 2 )  tor pyridine prompted us to prepare a series of simple 

pyridinium salts using 2-methylpyridins, 3-methylpyridine, 3,5-dimethylpyridtne, 

nicotinamide and quinoline as the nitrogen heterocycles,so providing the products 

(c) - (12) respeotively. These reaction could be acoomplished in very high yield 

(greater than 7W) by the general process of refluxing the dibromide ( 2 )  in ace- 

tone, or chloroform, with the nitrogen neterocycle for about 20 hours. The spec- 

troscapic data and melting points ol these and other compounds are shown in the 

table 1. 

In order to explore the ability of other nucleophilic sites to attack the di- 

bromide (?), the reaction with 2-aminopyridine was performed in refluxing di- 

oxane. Here there was the possibility of attaok by either the ring nitrogen or 

the amino group, but we only obtained the product (I;), in 45% yield. The s p e c -  

troscopic data ( s e e  table 1) and analytical data were consistent with the struc- 

ture given. 



The other possible isomeric structure, (,I) for the product from the 

2-aminopyridine reaction was eliminated by a possible consideration of the NMR 

spectra of the previously described compounds (z),  ( 2 )  ( 5 )  and ( 2 ) .  
c he NMR spectra of ( 5 ) ,  (z )  and (8)  showed the resonances of the Protons 

attached to the carbons 2' and/or 6' of the pyridinium ring in the range 

68.48-8.97. Thus H-6' of compound ( 5 )  resonated at 68.97, H-2' and H-6' of 

compound (7) resonated at 66.75 and H-2' and H-6' of compound (8) resonated at 
68.48. The NMR spectrum of compound ( 2 )  demonstrzted the deshielding of the 
proton H-7, which was coplanar with, and six atoms removed from, the carbonyl 

oxygen at C-6. H-7 of the compound ( 2 )  resonated at 68.52. 
If the product from the 2-aminopyridine reaction possessed the structure 

(Jr), its the NMR spectrum would be expeoted to show the resonances of two 
protons at very low field; namely, H-11 which would be attached to the partially 

positively changed N-ll and H-7. The proton H-7 of compound (55') would be 
expected to resonate considerably below 69.00, as not only would it bear a 

spatial relationship to the C-6 carbonyl group whioh was identical to that 

found with H-7 of compound ( 2 )  and so be very deshielded, but in addition, 8-7 

of compound (i?) would be analogous to H-2'of the simple pyridinium salts and 
would be expected t o  experience similar deshielding influences as felt by H-2' 

of these pyridinium salts. 

In fact the NMR spectrum of the aminopyridine product showed only 

proton below 68.33, this proton being the N-I1 of ( A ! ) .  This fact unequivocally 

eliminated (?I.') as the possible structure of the product of the 2-smlnopyridine 
reaction. 
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1 R s 1-Naphthoxyl 
N 

R = B r  

2 R = Pyridinium Bromide 

6 R = 2-MethylpyrIdInium Bromide 
M 

7 R = 3-Methylpyridinium Bromide * 

8 R = >,5-Dimethylpyridinium Bromide * 

9 R = 3-Aminoc~rbonylpgridlnium Bromide 

10 R = Quinolinlum Bromide 
C 



CONPOUNO 

(212-50)a 

a: CDC13 used as solvent; b: CDCl /Trifluroacetlc acid (1:l) used as solvent; 
3 

5 .50  7.b8, d 
J=9.0 

h.18, dd 
J=9.0, 1.0 

b.73 1724, lb20 5 . 8 0  11-7: 8.52, d, 5~8.5; E-12: 8.12, m; 7.17- 
7.87 (511, ml 
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wnereas all the simple pyriainium salts showed Am, 147 (log E 4.19)in their 

uv spectra, (2)  showed A,, WY, 340, w e ,  402 (inrlaa, 449 (inflexJ and 470 

(mrlex.) [log E 3 . ~ 6 ,  3.98, 4.~3, 4.21, 3.79, 3.5UrrespectivelyJ whim indicated 

tnat the resonance contribution of the canonical form (22) was considerable. 
Indeed, the signal for tho methylene protons in the NMR spectrum or (23) appeared 
at 6 6.00, considerably upriela rrom that shown by the simple pyridinium salts, 

SO indicating that the N-lla did not bear as large a partial positive charge as 

in the simple pyridinium salts. 

Beeause of the low temperature at whleh the reactlon proceeded ( a  25% yield of 

the compound oan be obtained by relluxing the reagents in CHyC12 for 70 hr ) 

and the striking absence of an isolable (detectable) intermediate in the reaction 

mixture, tne mechanism of formation of (?A) was of interest. li (12) 1s regarded 
as an obligatory intermediate in this reaction the cyclisation must proceed, not 

BY nucleophilic attac~ at the electron rich C-5 of the coumarin, but by a Claisen 

rearrangement process. The Claisen rearrangement of neutral (uncharged) aromatic 

compounds, and the amino-Claisen rearrangeaents, usually require.a high tempera- 

turetcZ~uo~, in order to prooeea at a reasonable rate4. Acid catalysis is Known 

to greatly accelerate these reaotions however and ta permit them to proceed at 

reasonably low temperatures'.  his eonsiaeration prompted tne proposal or the 

meohanlsm shown ~n scheme 1. wnetner the intermediate (14) IS transformed di- -- 
rectly ~ n t o  (211, or rlrst to (A?), is not known, but ( 1 5 )  is a plausible inter- 

mediate ana must be considered. 

This success promptea u s  to attempt to prepare a series or oampaunas like ( $ 5 ) .  
Tne reaotion of the dibromiae (21,  wlth the soaium salt 01 i-nyuroxypyriaine, 

in DMY at -loOc ror 15 min , produced (?I.) in 40% yield. Tne compound (2) 
did not cyclise in rerluxlng pxylene, and was recoverea, but was translormea to 

a complex mixture in refluxing N,N-dietnylan~lme. 

Fne salt ( 6 )  is potentially convertible to the compound (1:) by base' and thla 

mlght be expeoted to cyolise in the desirea fasnion. In raot, 15) was stable in 

rerluxlng 2-methylpyr~aine, but gave a eamplex mixture of products on rerluring 

In N,N-oietnylanillne. 

It might well be tnat tne nigh eleotron density on the atom (group) X or (32) 
and (25) prahlolted the molecule assumlng the aesirea conrormation shown ln 1;~) 

ana (la), Decause of repulsion with the electron rich C-3 (or-&'). 
C C  

These pyr~din~um salbs are extremely senslclve ra aqueous m s e  and are reaucea 

by zinc in acetic acid quantitatively to .j-bromo-4-methyl-7-metnoxycoumarin. 
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We intend to introduce a group R into m e  molecules (23) and (18) in order to -- 
force these moleoules into the desired conformation lor cyclisatlon. Our resulrs 

WILL a e  reported in a forthcoming full paper. 

'rne compounas (5) and (_1_0) have stmulatea much interest in a pharmacological - 
6 screening programme , DeCause, irr  addition tu thelr anticoagulant properties, 

they can also preolpitatean excitement in rats, berore causing their deaths. 

The quinolinium (?g) salt is more tox l c  than the pyridinium salt (2), while the 
salt (2)  is completely inactive. 
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