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Abstract - Whereas 3j-bromo-L=hromomethyl-7-methoxycoumarin reacted very
reluctantly with phenoxides, it was rapldiy converted into pyridinium

salts by simply substituted pyridines. The novei tetracyclie sailt (25)
was formed Irom tne reaction with 2-aminopyridine, Some ot the pyridi-

nium saltsshow Lnteresting pharmacological activities.

We have reported the preparation of the ether (i), from the reaction ofr 3-bromo-
4-bromomethyteoumarin \g} witn l-naphtnoxide and its rearrengement to the benzo=-
pyran (2)1. The sensitivity of the compound (2) to hydroxide, by which it was
rapidly converied into (4), precluded any attempts to prepare (5) in nomogeneous
protic, basie media. The use of l-naphthoxide in anhydrous dimethyliormamide
(DMF) afforded a lower yield of {1 than dia the phase transier method reported,
and so0 the efficient preparation of ethers of the type (i) remained & problem.

We attempted to prepare l&) by adding pyridine t¢ a solution of {3) and l-naph-
tnol 1n cnlorofort, at room temperature {about 3000) but observed the immediate
and almost guantitative precipitation of the pyridinium salt {EJ.

This affinity ot (g) tor pyridine 2 prompted us to prepare a series of simple
pyridinium salts using 2-methylpyridine, 3-methylpyridine, 3,5-dimethylpyridine,
nicotinamide and quinoline as the nitrogen heterocycles,so providing the products
(3) - (39) respectively, These reaction could be accomplished in very high yield
(greater than 70%} by the general process of refluxing the dibromide (2) in ace-
tone, or chloroform, with the nitrogen heterccycle for about 20 hours, The spec-—
troscopic data and welting points of these and other compounds are shown in the
table 1.

In order to explore the ability of other nucleophllic sites to attack the di-
bromide (g), the reaction with 2-aminopyridine was performed in refluxing di-
oxane, Here there was the possibility of attack by either the ring nitrogen or
the amino group, but we only obtained the product (35), in 45% yieléi The spec-
troscopic data (see table 1} and analytical data were consistent with the struc-

ture given ,
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The other possible isomeric structure, (&l'), for the product from the
2-aminopyridine reaction was eliminated by a possible consideration of the NMR
spectra of the previously deseribed compounds (5), (Z), {(8) ana ().

The NMR spectra of (;), (Z) and (g) 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 (g) resonated at 58,97, H-2' and H-6' of
compound (Z) resonated at 58,75 and H-2' and H-6' of compound (8} resonated at

68,48, The NMR spectrum of compound (2) demonstrated the deshielding of the
proten H-7, which was coplanar with, and six atoms removed from, the carbonyl
oxygen at C-6. H-7 of the compound {3) resonated at §8.52.

1f the product from the 2-aminopyridine reaction possessed the structure
Qgi'), its the NMR spectrum would be expected to show the resonances of two
protons at very low field; namely, H-11 which would be attached to the partially
positively changed N-1} and HM-7. The proton H-7 of cowpound (%l') would be
expected to resonate considerably below §9.00, as not only would it bear a
spatial relationship to the C=6 carbonyl group which was identical to that
found with H-7 of compound (2) and so be very deshielded, but in addition, H-7
of compound (1&}) would be analogous to H-2'of the simple pyridinium salts and
would be expected to experience similar deshielding influences as felt by H-2!
of these pyridinium salts.

In fact the NMR spectrum of the aminopyridine product showed only one
proton below 58,33, this proton being the N-H of (11), This fact unequivecally
eliminated (3}') as the possible structure of the product of the 2-aminopyridine

reaction,
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Br
CHy 0
5 R = 1l=-Naphthoxyl
% & = Br
2 R = Pyridinium Bromide
g R = 2-Methylpyridinium Bromide
Z R = 3-Methylpyridinium Bromide
E R = 3,5-Dimethylpyridinium Bromide
2 R = 3-Aminocarbonylpyridinium Bromide
’}3 R = Quinolinium Bromide
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COMPOUND h
Dom NMI (b) )’mlﬂ_fl
{em™ ")
Ch, [H-5 H-6 -5 |0-Clty OTILR RESONANCES
L (17e=3%2 15,55 [ 7.78, d [60.83, dd 6.8 3.83 | 6,07 - 8,20 {10 H, m) 1731, 1625,
J=9.5 J=9-5’ 1.0 1604
_x®ya | 4,76 [7.72, 4 | 6.93, 44 6.87]3.90 1724, 1621
2 (182-47) J=9.5  |J=g.5, 1.0 1601° '
5 (243-5%)P 6,78 [7.85, a | 7.12, aa 7.03} 3,97 | H=2', H-6": 5,97, 4, J=b.0; H-A': 8,62 1725, 1610,
~ J=9,0 J=9.0, 1.5 t, Jd=6,0; H~3', H-5% 8,13, t, J=6.0 1595
_2g0yb [B.12 [ 7,72, a4 | 7.07 7.00{3.95 | C-CH,: 3.20; 7.72-8,60 (4H, m) 725, 1620
§ (228-307) J=9.0 E ’ 1600 !
7 {197-9°)P §6.35 | 7.88, d | 7.15, dd 7.07| 4,00 | C-CH,: 2.65; H-2', B-6': §,75; H-4': 8.43,{1710, 1611,
4 J=9,0 | d=9.5, 1.5 d, J28,0; H.5': 8,00, t, J=8.0 1591
8 (191-3°)P [0.25]7.82, d | 7.13, dd 7.00(3.97 | 2 x C-Cli;: 2,583 H-2%, H-b': 8.48; H-4': 1725, 1617,
~ F=9,0 Jd=9.0, 1,5 8,13 1585
_eq0,yb |b.43 [ 7.90, 4| 7,13, 4d 7.03| 3,97 | H-2': 9.67; H=4', H-b6': 9,03; B-5' NH,: 1720, 1676
2 (248-507) J=9,0 | 32910, 1.0 7.58-8.42, m, ’ * T 1618, 1595
ho (232-3°)P | 6.62 | 7.05, @ {7.08, aq 7.08{ 3,97 | 7.82-8.92 (78, m) 1712, 1615,
S o J=9,5 J=9.0, 1.0 1504
b7 (188-97)% |5.6C [7.73, d [6.83, da 6,75 3.85 | B-3': 6,60, d, J=10,0; H-4', H-6': 7.30, |1719, 1661,
s J=9,0 J=9.0, 1.5 m; H=5': 6,15, t, J=7.0 1621, 1601
Cily | T=1 H-2 He4 | 0-Chy OTIR RESONANCES
ll[250°{d)]b 6,00 717 7.08( 4,00 7.33«8,33 {5U, m); H=7: 9,67 1722, 1vh7,
ot 1612, 1593
h (212-5%)8 5.30 | 7.68, 4 | 6,78, ad 6.73|3.20 | U-7: 8,52, 4, J=8,5; H-12: 8,12, m; 7.17- | 1724, lo20
2 J=9.0 J=9.0, 1,0 7.87 {51, m)

a: CDCL.S used as solvent; b: CDCIB/Trifluroacetic acid (k:1) used as solvent;
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whereas all the simple pyridinium salts showed Amax 347 (log ¢ 4.19)in their

UV spectra, lig) showed kmax 329, 340, 392, 402 (inrlex), 44Y (inflex) and 470
{(inflex) {log & 3,98, 3,95, %.23, 4,2%t, 3,79, 3.50,respectively) which indicated
that the resonance contribution of the canonical torm (12) was considerable.
Indeed, the signal for the methylene protons in the NMR spectrum or g&g) appeared
at & 6,00, considerably uptrield trom that shown by the simple pyridinium salts,
s0 indicating that the N-lla did not bear as targe & partial positive charge as
in the simple pyridinium salts,

Because of the low temperature at which the reaction proceeded (& 25% yield of
the compound can be obtained by retluxing the reagents in CH2012 for 70 hpr )

and the striking absence of an isolable (detectable) intermediate in the reaction
mixture, the mechanism of formation of l}}) was of 1nterest. It [52) 18 regarded
as an obligatory i1ntermediate in this reaction the cyclisation must proceed, not
by nucleophitic attack at the electron rich C-3 of the coumarin, but by & Claisen
rearrangement process, The Claisen rearrangement of neutral {uncharged} aromatic
compounds, and the amino-Claisen rearrangements, usually regquire a high tempera-
ture,~200°c, in order to proceed at a reasonabte ratek. Aecld catalysis is known
to greatly accelerate these reactions however and to permit them to proceed at
reasonably low temperatureSB. 'his consideration prompied the propesai of the
mechanism shown in scheme 1, Whether the 1ntermediate \33) 1s transformed di-
rectly into (}&), or tirst to (52), is not known, but (ij) is & plausible inter=
mediate ang must he consianered,

This success prompted us to attempt to prepare & series or compounds Like (16).
Tne reaction of the dibromide (g), withh the sodium salt ot “~nyuroxypyriaine,

in DMK at -10°C ror 15 min , produced (17) in 4o% yleid, Tne compound (17)
did not cyectise in retluxing p-xylene, and was recovered, but was transtormed to
a complex mixture in refluxing N,N-diethylaniline,

3 and this

Tne salt {6) is potentiaily convertible to the compound (18) by base
might be expected to cyclise in the desired fashion. In traect, \Q} was stable in
rerluxing 2-methylpyridine, but gave a complex mixture of products on retluxing
in N,N-aiethylaniline,

it might well be that the high electron density on the atom |group) X of (ig)
and (18) prohipited the molecule assuming the desirea contormation shown in [&j)
ana (i%); pecause of repulsion with the electron riech -3 (or-Br),

These pyridinium salis are extremely sSensitive TO agueous pase and are reduced

by zinc in acetic acid guantitatively to ‘S=bromo-4-methyi-7=-methoxycoumnarin,
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We intend to introduce a group R into une molecules (17) and (}g) in erder to
force these molecules into the desired conformation tor cyclisation. Our resuits
w14l be reporied in a forthcoming full paper,

'he compounds \2) and l}g] have stimulated much interest 1n a pnarmacological
screening prcgrammeb, pecause, 1n addition tv thear anticoagulant properties,
they can also precipitatean excitement in rats, betore causing their deaths.

The quinolinium {10} salt is more toxic than the pyridinium salt (5}, while the

salt (2] is completely inactive,
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