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NO-Release Ability and DNA-Damage Activity
of Aromatic N-Nitroso Compounds

0000°000000000000000 *0000a
Masayuki Tanno”, Shoko Sueyoshi, Kiyoshi Fukuhara, Naoki Miyata*, Haruhiro Okuda

To develop a new nitric oxide-donor (NO-donor) that is useful for chemical and biochemical research, we syn-
thesized several aromatic N-nitroso compounds including 1-[N-nitroso-N-(4-tolyl)carbamoyl] piperidine-4-car-
boxylic acid (1) and phenyl(2-pyridyl)-N-nitrosamines, which spontaneously generate NO at ambient tempera-
ture. Thermal decomposition of these compounds was run under mild conditions. Gaseous NO released from
them was quantified by means of the Griess reaction using a specially designed apparatus in which NOz is gener-
ated from NO. The structure of products arose from the radical cleavage of N-NO bond was clarified by chemical
and spectral studies. Generation of NO from the N-nitroso compounds was also confirmed by ESR spectroscopy.
The action of these NO-releasing compounds against DNA was examined. When the pBR 322 DNA was treated
with 1f at 37 °C for 3 h, the DNA single-strand breaks was 31 % for 1 mM of 1f. The denitrosated compound and
sodium nitrite did not show any effective DNA-cleaving activity. On the other hand, aromatic N-nitrosamines
induced weak DNA-cleaving activity under the same condition.

Keywords: NO-donor, N-nitrosourea, phenylpyridyl-N-nitrosamine, DNA-cleaving activity
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Fig.1 Structure of N-nitroso derivatives and rerated compounds
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Fig.2 Syntheses of aromatic N-nitrosourea (1f) and N-
nitrosoamines (4f-k)
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Fig.3 Decomposition of N-nitrosourea (1f) and N-nitrosamine (4f)
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Tablel C-NMR Chemical shift (ppm) of N-nitroso compounds (1, 4) and related compounds ®

Compd. Y-Ph-N(X)-Z Phenyl Pyridyl (or Piperidyl) Me co

No. X Y z C-1 C-2 C-3 C-4 C-5 C-6 C-2 C-3 C-4 C-5 C-6

4f NO H 2-Py | 13542 | 127.89 | 129.55 129.55 129.55 127.89 15531 | 121.72 138.45 113.45 148.52

8f H H 2-Py | 140.62 | 120.49 | 129.25 122.74 129.55 120.49 156.29 | 108.08 137.70 114.79 148.27

4g NO 4-Me 2-Py | 132.67 | 127.58 | 130.31 139.70 130.31 127.58 155.43 | 138.40 137.64 113.39 148.53 | 21.39

8g H 4-Me 2-Py | 132.72 | 121.28 | 129.81 137.04 129.81 121.28 156.71 | 137.64 149.92 114.46 148.34 | 20.82

4h NO 4-Cl 2-Py | 13550 | 129.13 | 129.83 133.59 129.83 129.13 155.04 | 121.85 138.56 113.33 148.46

8h H 4-Cl 2-Py | 13923 | 121.32 | 129.32 129.10 129.32 121.32 155.75 | 108.54 137.86 115.23 148.25

4i NO H 4-Py | 13447 | 127.86 | 130.37 130.53 130.37 127.86 149.83 | 111.73 149.92 149.92 111.73

8i H H 4-Py | 139.60 | 121.61 | 129.54 124.09 129.54 121.61 150.72 | 109.46 150.16 150.16 109.46

4k NO 4-Me 4-Py | 131.97 | 127.51 | 130.89 140.68 130.89 127.51 149.26 | 111.67 150.55 150.55 111.67 | 21.32

8k H 4-Me 4-Py | 13436 | 122.46 | 130.15 136.59 130.15 122.46 151.74 | 109.08 149.18 149.18 109.08 | 21.90

9f-1 H 2-NO, 2-Py | 12930 | 13897 | 126.24 | 119.69” 13570 | 119.59” | 153.61 | 113.83 138.06 117.86 147.96

9f-3 H 3-NO, 2-Py | 142.08 | 116.40 | 148.90 116.29 129.73 124.44 154.66 | 110.06 138.06 113.12 148.12

9f-2 " H) 4-NO, 2-Py | 147.34 | 116.53 | 125.19 139.89 125.19 116.53 154.58 | 112.36 137.53 116.44 147.34

10 ) 141.78 | 120.17 | 128.81 123.66 128.81 120.17 156.16 | 110.57 138.24 116.99 147.88

19 NO 4-Me 9 132.95 | 12047 | 129.46 137.05 129.46 120.47 4370 | 27.49¢ 39.98 27.49¢ 43.70 20.73 | 155.58, -
136.29 | 125.34 | 130.28 130.28 125.34 21.09

f H 4-Me 9 13042 | 119.92 | 128.53 137.96 128.53 119.92 43.26 27.89 40.37 27.89 43.26 20.32 | 155.08, 175.67

11f H 4-Me-2-NO, 9 131.50 | 135.05 | 125.32 135.56 137.05 121.53 43.61 27.90 40.85 27.90 43.61 20.37 | 153.65, 174.05

@ Measured in CDCl; with TMS as an internal standard. Ph=phenyl, Py=pyridyl

measurement. ” Assignments may be reversed. ¢ Coincidences

? Data in DMSO-d,

9 Ph(2-Py)N-NPh(2-Py) ¥ Z=CO(CH,);C O,H ¢ Decomposed during the
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Table2 NO-Releasing ability of various N-nitroso compounds

Compd. Y-Ph-N(NO)-X ¥ mM
Y X
la 4-Me CON(Bn), 4.79
la 4-Me CON(Bn), 0.457
1f 4-Me CON(CH,)s CO, H 2.04
1f 4-Me CON(CH,)5s CO, H 0.04¢
4a H Ph 0.02
4f H 2-Py 0.52¢
4g 4-Me 2-Py 0.46 %
4h 4-Cl 2-Py 0.52¢
4i H 4-Py 0.52¢
4k 4-Me 4-Py 0.26 7
NOC-18 0.46 7
SNAP 0.55
SNAP 0.507

9 Concentration of each N-nitroso compound and SNAP for thermal
decomposition in CHCl; was 1-10 x 1073 M. Reactions were carried
out at 37°C for 2h. Detection as NO,™ using the Griess method. The
values are amounts of NO;~ generated via NO from the 100 mM
CHCl; solution of the compound. b) Bn=benzyl, Ph=phenyl,
Py=pyridyl. ¥ Reacted for 4h. ¢ Reacted for 7h. ¢ Reacted in the
Krebs buffer (pH 7.4). ¥ Reacted in the mixture of DMSO-Krebs
buffer (1:9).
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Fig.4 ESR spectra of variable PTIO dervatives MGD with NO

produced from N-nitrosamine (4f)

@) 5u M of carboxy-PTIO in H,O ;b) 5u M of carboxy-PTIO and 20u M of 4f in a mixture of
DMF and H,0 (1:4) ;c) after 20 sec.;d)15mM of MGD and 3 mM of FeCl,in a mixture of
DMSO and phosphate buffer,pH 7.2 (1:4) ;e) 2004 M of 4f,5mM of MGD and 3mM of FeCl, in
amixture of DM SO and phosphate buffer,pH 7.2 (1:4)
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oooO0)ooooOo (NOc-18) DO OO DNA OOODO
oooO0ooDooOO00 DMFEO TrisHCl-buffer (pH 7.2) O
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(NIH-Image) OO OOO0OO O0ODOO Table 3000 40
gooo

Table 3 DNA-Cleaving activity of various N-nitroso compounds®

Compd. mM DNA Cleavage
Form I (%) Form II (%)

1f 1 67 33
1f 10 31 69
4f 1 96 4
4f 10 93 7
7t 1 97 3
7t 10 95 4
8f 1 98 2
8f 10 95 5

NOC-18 1 69 31

NOC-18 10 60 40

NaNO; 1 96

NaNO» 10 96

@ Treated for 3 h

Table 4 DNA-Cleaving activity of aromatic N-nitrosamines?

Compd. mM DNA Cleavage
Form | (%) Form 11 (%)

4a 10 97

4f 10 95

49 10 88 12

4h 10 93 7

4i 10 80 20
NaNO2 10 97 3

a) Treated for 3 h

gooobogo

OO0-0000000 (1f, 4f-k) O Fg20O00OO0OOOO
gooo .po-oooooooob0 (np oDoooooo
gboobooboboooooboobooboobooboon
gooo (7f) DoooOoOoUOUooUOooooooooo
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