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A unique reaction of 4-hydroxycoumarins with p-benzoquinone and pyridine was found, and through the reaction, six zwitterionic
4-hydroxycoumarin derivatives were synthesized. The structures of these compounds were determined by IR, MS(ESI), H NMR, 13C NMR, and
single-crystal X-ray diffraction studies.

4-Hydroxycoumarin is an important component of many  The reaction of 4-hydroxycoumarins with quinone is
synthetic and natural produétsith wide ranging biological illustrative in this regard. It has been reported that 4-hy-
activities that include anticoagulant and HIV protease inhibi-
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droxycoumarins react witb-quinone to give the correspond-
ing coumestans$.In contrast, the reaction of 4-hydroxy-
coumarin withp-quinone has been less well studied with

substituents to improve the stability of the compound. Yet,
the result is usually unsatisfactory. Recently, charge-separated
pyridinium zwitterions have been prepared and proved to

only a few products having been reported from such reactionsbe stablé.

(Figure 1)°

Figure 1. Structures of the products from the reaction of
4-hydroxycoumarin withp-benzoquinone and naphthoquinone,
respectively.

In the present work we now report an interesting reaction
of 4-hydroxycoumarins witp-benzoquinone that is mediated
by excess pyridine in agueous acetone ¢:t:1) (Scheme
1). The reaction of 4-hydroxycoumarin withbenzoquinone

Scheme 1. Preparation of Compounds
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and pyridine gives a pale yellow prod4,® which we have
shown to be a pyridinium-zwitterionic compound by IR, MS-
(ESI), *H NMR, 3C NMR, and X-ray crystallographic
studies.

Pyridinium zwitterions are often reactive species that are
widely used in organic synthesisThe preparation of
zwitterions via the addition of pyridine derivatives to reactive
double bonds or carbenes has been repdriednost cases,
the negative charge in the zwitterionic compound is on the
atom adjacent to that attached to the pyridinium nitrogen

and is delocalized by the presence of electron-withdrawing

(4) (a) Wanzlick, H.; Gritaky, R.; Heildopreim, HBer. 1963,96, 365.
(b) Bhalerao, U. T.; Muralikrishna, C.; Pandey, &nth. CommuriL989,
19, 1303. (d) Gruji¢, Z.; Tabakovi¢, I.; Trkovnik, Mletrahedron Lett.
1976 4823. (c) Tabakovi¢, |.; Gruji¢, Z.; Bejtovi@. J. Heterocycl. Chem
1983,20, 635. (e) Golabi, S. M.; Nematollahi, D. Electroanal. Chem
1997, 127. (f) Golabi, S. M.; Nematollahi, D. Electroanal. Cheml997,
141.
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Under similar reaction conditions for the synthesiaf
five other zwitterions were also prepared. The proposed
zwitterionic structures for these compounds are consistent
with theH NMR(500 MHz, DMSO#;) spectroscopic daf4.
The unusual downfield signals of the pyridine ring 21
showed the presence of the pyridinium structure. The
presence of the oxyanion on the lactone ring2bf was
corroborated by the absence of a broad OH signalls.37
ppm, which appears in tHél NMR of 8-methyl-4-hydroxy-
coumarin. The quadruple peaks of the AB system for two
protons of the phenolic ring &t 6.95—6.98 ppm indicated
that the pyridinium moiety and the 4-hydroxycoumarin
moiety were on the same side of the hydroquinone ring. The
different shift of the twoa-protons located on the pyridine
ring of 2b, atd 8.95 and 8.59 ppm, respectively, was caused
by the uneven shielding of the negative ion attached to the
pyrano ring. Similarly, the signals of the tyfeprotons were
also unequal. Thus, these compounds might exist as atrop-
isomers due to the restricted rotation about the-N@ bond.

The unambiguously determined structur@afvia single-
crystal X-ray diffraction also lent support to the proposed
structures of the other related compoufktérigure 2)

The positive charge located on the pyridinium cation and
the negative charge was delocalized on the 1,3-dicarbonyl
structure of the 4-hydroxycoumarin fragment. The delocal-
ization of the negative charge on the 1,3-dicarbonyl structure

(6) Preparation of Compounds 2a-f: General Procedure.A mixture
of 4-hydroxycoumarinla (0.81 g, 5 mmol),p-benzoquinone (1.08 g, 10
mmol), and pyridine (0.79 g, 10 mmol) in 60 mL agueous acetone=v:v
1: 1) was magnetically stirred at room temperature for 24 h. The reaction
mixture was filtered to afford a brown crude product that was purified by
column chromatography (silica gel, methanol/trichlorometharie10) to
give the yellow compoun@a (0.79 g, 2.3 mmol) in 46% yield*H NMR
(500 MHz, DMSO-d) 6 9.89 (1H, s), 9.62 (1H, s), 8.97 (1H, 3= 6 Hz),

8.57 (1H, d,J = 6 Hz), 8.51 (1H, tJ = 8 Hz), 8.06 (1H, tJ = 7 Hz),
7.86—7.89 (2H, m), 7.42 (1H, 1 = 7 Hz), 7.17(1H, tJ = 8 Hz), 7.07

(1H, d,J = 8 Hz), 6.98 ppm (2H, gPna = 6.99 ppM O = 6.97 ppmJas

= 9 Hz); 13C NMR (125 MHz, DMSOsg) 6 173.7, 162.2, 153.2, 150.3,
150.1, 146.7, 145.7, 142.9, 130.8, 130.4, 126.2, 125.9, 124.8, 122.4, 121.9,
121.9, 120.7, 115.4, 115.1, 92.6 ppm; IR (KBr) 3064, 1626, 1599, 1522,
1502 cntt; MS(ESI) 346 (M— 1)

(7) Jursic, B. S.; Neumann, D. M.; Moore, Z.; Stevens, E.JDOrg.
Chem.2002,67, 2372 and references cited therein.

(8) (a) Visser, P.; Zuhse, R.; Wong, M. W.; Wentrup,JCAm. Chem.
S0c.1996,118, 12598. (b) Kuhn, A.; Pllg, C.; Wentrup, €.Am. Chem.
S0c.2000,122, 1945.

(9) (&) Jursic, B. S.; Neumann, D. M.; Martin, K. L.; Stevens, E. D.
Org. Lett. 2002, 4, 811. (b) Jursic, B. S.; Neumann, D. M.; Moore, Z.;
Stevens, E. DJ. Org. Chem.2002, 67, 2372. (c) Sosnovskikh, V. Y.;
Usachev, B. I.; Sizov, A. Y.; Vorontsov, I. |.; Shklyaev, Y. @rg. Lett.
2003,5, 3123

(10) Compound 2b: *H NMR (500 MHz, DMSOsdg) 6 9.87(1H, s),
9.58(1H, s), 8.95(1H, d] = 6 Hz), 8.59(1H, dJ = 6 Hz), 8.51(1H, tJ =
7.5 Hz), 8.06(1H, tJ) = 8 Hz), 7.89(1H, tJ = 8 Hz), 7.70(1H, dJ =8
Hz), 7.28(1H, dJ = 7 Hz), 7.05(1H, tJ = 7.5 Hz), 6.96(2H, g, AB system,
ddha = 6.97 ppm, dup = 6.95 ppm,Jag = 9 Hz), 2.21 ppm (3H, s)3C
NMR (DMSO-dg) 6 173.9, 162.3, 151.6, 150.3, 149.9, 146.9, 145.6, 142.9,
131.8,130.4,126.2,126.0, 123.9, 122.5, 121.9, 121.848, 121.4, 120.6, 114.9,
92.4, 15.1 ppm; IR (KBr) 3067, 1623, 1596, 1523, 1504 &nMS(ESI)

360 (M — 1)

(11) Crystal Data for 2a: CoH1sNOs, MW = 365.33, monoclinid®21/

c, a = 7.142(10),b = 16.314(2),c = 16.054(2) A,a = 90°, B
111.45(3)°y = 90°,V = 1741.0(4) B, Z = 4, Dcaica= 1.394 g/cr8, Ry =
0.047, wR = 0.110 [I > 20(l) ], Rt = 0.085, wR = 0.128 (all data)S=
1.03.
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Scheme 2. Possible Mechanism of Adduct Formation 24
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Figure 2. X-ray structure of compounga.

was consistent with the observation that the C{20}5) In summary, we described here an unexpected and
bond length [1.251(2) A] was similar to the C(13)(3) interesting reaction of 4-hydroxycoumarins wiphbenzo-
bond length [1.255(2) A] and shorter than the-G bond  quinone and pyridine in aqueous acetone @\i:1). Six

length [1.348(5) A] of the enol form in the 4-hydroxy- stable zwitterionic compounds have been synthesized via this
coumarin fragmen# Neither the pyridine ring nor the pyrano  reaction.

ring of the 4-hydroxycoumarin fragment was found to
conjugate to the hydroquinone ring. The dihedral angles for
C(11)—C(6)—N(1)—C(1) and C(10)—C(11)—C(12)—C(20)
were found to be 65.2 and 62.5°, respectively.

A possible mechanism dla formation is presented in
Scheme 2. The Michael addition of 4-hydroxycoumarin into
p-benzoquinone first gives unstable intermediatavhich
is subsequently autooxidized to generate quinone derivative
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