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J=24 Hz, H-3), 63 (dd, 1H, /=59 and 24 Hz, H-5); “C-
NMR (75 MHz, CDCl3) 179.2 (C4), 163.9 (C-2), 154.8 (C-6),
117.1 (C-5), 1123 (C-3), 1311 (C-1), 1257 (C-2), 1294
(C'-3), 1314 (C'-4); MS m/e (relative intensity) 172 (M*, 98),
144(78), 115(36), 102(100), 77(38). Anal. Caled for C,;HsO::
C, 76.73; H, 4.68. Found; C, 76.62; H, 4.89.

In conclusion, the copper sulfate-catalyzed reaction of dia-
zomalonaldehyde with enol silyl ether provides a convenient
method for construction of 2-substituted Y-pyrones.

Acknowledgement. The present work was supported
in part by the Ministry of Education, Korea (Basic Science
Research Instituted Program) and Center for Biofunctional
Molecules.

References

1. (@) D. B. Borders, P. Shu, and J. E. Lancaster, | Am.
Chem. Soc., 94, 2540 (1972); (b) D. E. Borders and J. E.
Lancaster, J. Org. Chem., 39, 435 (1974); (c) E. Vogel, H.
J. Altenbach, and E. Scmidbaur, Angew. Chem. Int. Ed,
12, 838 (1973).

2. C. Ireland, D. J. Faukner, B. A. Solheim, and ]. Clardy,
J. Am. Chem. Soc, 100, 1002 (1978); (b) C. Ireland, D.
J. Faukner, J. S. Finer, and J. Clardy, iid, 101, 1275
(1979).

3. C. Ireland, J. E. Biskupiak, G. ]J. Hite, M. Rapposch, P.
J. Scheuer, and ]. R. Ruble, J. Org. Chem., 49, 559 (1984).

4, J. E. Biskupiak and C. Ireland, Tetrahedron Lett, 26, 4307
(1985).

5. (a) R. Livingstone, In “Rodd’s Chemistry of Carbon Com-
pounds”; S. Coffey, Ed.; Elsevier: Amsterdam, Vol. IV,
part E, Chapter 20. (1977); (b) L. C. Dorman, /. Org. Chem.,
32, 4105 (1967); (c) M. Simalty, H. Strzelecka, and M.
Dupre, C. R. Acad. Sci.(Paris), 265, 1284 (1967); (d) G.
A. Reynolds, J. A. Van Allan, and A. K. Seidel, /. Heterocycl.
Chem., 16, 369 (1979); (e) M. Koreda and H. Akagi, Tetra-
hedron Lett, 32, 1997 (1980); (f) T. A. Morgan and B. Ga-
nem, Tetrahedron Leit, 21, 2773 (1980); () H. Arimoto,
S. Nishyama, and S. Yamamura, Tetrahedron Lett, 31, 5491
(1990); (h) E. Wenkert, T. P. Ananthanarayan, V. F. Fer-
reira, M. G. Hoffmann, and H.-S. Kim, . Org. Chem., 58§,
4975 (1990).

6. Z. Arnold and ]. Sauliova, Coll. Czech. Chem. Commun.,
38, 2641 (1973).

7. For photolytic conversion of 1 into formylketene, see: G.
Maier, H. P. Reisennauer, and T. Sayrac, Chem. Ber.,, 115,
2192 (1982).

8. Trimethylsilanol was detected by GC-Mass from crude
reaction mixture.

Photochemical Interaction between Harmaline
and DNA

Kyu Ho Chae

Department of Polymer Engineering,
Chonnam National University, Chonnam 500-757

Received September 29, 1992

Communications to the Editor

A few B-carboline alkaloids have been known to be photo-
toxic to bacteria and yeast.!™* Several observations streng-
then the view that DNA and probably other macromolecules
can serve as targets for the phototoxicity of B-carbolines but
its action mechanism is not fully understood.’~® In the course
of studies on the elucidation of phototoxicity mechanism of
B-carboline alkaloids, we®!° previously reported that these
compounds photochemically produce singlet oxygen and su-
peroxide anion radicals in the presence of oxygen, while pro-
duce carbolinyl radicals under anaerobic conditions. One of
B-carboline derivatives, harmaline photochemically produces
a cycloaddition product with fumaronitrile."

N
CH,0 N &
H CH,
Harmaline
Scheme 1.

Photochemical reaction of harmaline with DNA was stud-
ied in order to make insight into the phototoxicity mecha-
nism of B-carbolines. UV absorption spectrum of harmaline
was not so strongly but somewhat affected by increasing
DNA (Sigma, type I) concentration indicating weak ground
state complexation between harmaline and DNA. UV absorp-
tion spectral changes of harmaline (1X10* M in H;0) in
the presence of calf thymus DNA (0.05 mg/cc) with time
of irradiation show that the absorption maximum of harma-
line at 375 nm gradually decreased and an isosbestic point
was observed at 320 nm. Similar results were obtained when
the reactions were run without DNA but far more slower
rate. The relative absorbance decrease at 375 nm was in
the order of the reaction runed with DNA under N> with
DNA under O,> without DNA under N, or Q.. The absorb-
ance at 375 nm of harmaline in the presence of DNA under
N decreased more effectively than under O, strongly sug-
gesting that the double bond of harmaline disappeared via
photochemical reaction with DNA and this photoreaction is
likely to proceed through its triplet excited state.

The photochemical modification in the helical structure
of DNA in the presence of harmaline was investigated by
monitoring the changes in circular dichroism spectrum. A
0.01 M NaCl solution of harmaline (1X10"* M) and calf thy-
mus DNA (A=1.0 at 260 nm) was irradiated with 350 nm
UV light under N, The CD spectral changes with time of
irradiation are shown in Figure 1. Both positive and negative
band of the CD spectrum decreased significantly on irradia-
tion. It has been known that when DNA is irradiated in
the presence of the bifunctional psoralen, 8-MOP, both the
negative and positive bands in the CD spectrum were affect-
ed to a similar extent.? However, in the presence of monofu-
nctional 14-diphenylbutadiyne!® or 5,7-dimethoxycoumarin,
the negative band of the CD spectrum remained unperturbed
but positive band increased with time of irradiation. The
results suggest that the photochemical interaction of harma-
line and DNA involves cross-linking of DNA double strands.

Photo-crosslinking of DNA by harmaline is further demon-
strated by melting temperature profiles. As shown on Figure
2, the irradiation of DNA in the presence of harmaline under
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Figure 1. Circular dichroism spectral changes of DNA in the
presence of harmaline (110 * M) with time of irradiation under
N..
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Figure 2. Melting temperature profile of calf thymus DNA (@)
and after treatment with harmaline and irradiation at 350 nm
for 0 min (O) and 45 min (O) under N,. The ratio of the absorb-
ance at 260 nm observed at TC and at 25C (A7/Az) is plotted
as a function of temperature.

N; results in a shift of the melting temperature profile to-
ward higher temperatures. It has been known that the photo-
binding of 8-MOP with DNA, which involves cross-linking
of double strands, the melting temperature profile shifts to-
ward higher temperatures.” However, in the presence of
monofuctional compounds such as angelicine,'”” 1,4-diphenyl-
butadiyne,”* and 5,7-dimethoxycoumarin which involve bind-
ing single strand only, the melting temperature profile shifts
toward lower temperatures.
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The photochemical changes of DNA in the presence of
harmaline were also studied by agarose gel electrophoresis.
An aqueous solution of DNA (800 ug/m/) and harmaline (5X
10~* M) was irradiated with 350 nm UV light. The solution
was applied to agarose gel electrophoresis (tris buffer, 50
V) after dialysis to remove low molecular weight materials.
The mobility of DNA icreased when the reaction was run
under O; and decreased under N, compared with untreated
DNA. The results suggest that the molecular weight of DNA
decreases by photocleavage of DNA under aerobic conditions
but increases by photo-crosslinking of DNA under anaerobic
conditions.

It is reminiscent that harmaline efficiently produces singlet
oxygen and superoxide anion radicals under Q. and radicals
under N;!° As DNA molecules have been known to split
by superoxide anion radicals,”® the results can be explained
as follows: DNA molecule is likely to be cleaved by the su-
peroxide anion radicals produced by the photochemical reac-
tion of harmaline with oxygen under aerobic conditions,
while photocrosslinked by two steps - that is photochemical
reaction of harmaline and photochemically produced harma-
inyl radical with DNA under anaerobic conditions. The na-
ture of photoproducts formed between harmaline and DNA
will be pursued further in this laboratory.
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