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Over the past ten years, nitric oxide (NO) has been shown to play a remarkable role in the
biology of mammals. As a neuronal mediator which is continuously synthesized by the endothelial
nitric oxide synthase (NOS), NO is responsible for vasodilation and its deficiency leads to hyperten-
sion. Large amounts of nitric oxide are found in the brain, where it is produced by the neuronal NOS.
These two constitutive NOS isoforms produce low amounts of NO, but much larger amounts are
released by a third inducible isoform which is present in macrophages and plays a beneficial role in
killing invading microorganisms, but may become lethal in shock. Although when coming in contact
with oxygen the stable free radical NO reacts rapidly yielding the toxic NO,, this reaction is much
slower at very low concentrations of NO because it is second order in NO; for its bronchodilatory
effect, NO can therefore be inhaled by newborn infants or patients with pulmonary problems, admixed
with air or oxygen, at NO concentrations of less than 100 ppm. Several books on NO have been
recently published,’ and in 1992 the journal Science advertised NO as “the molecule of the year”.

This paper describes cupferron derivatives 1, most of which are novel, prepared as possible
donors of nitric oxide. They have been shown to generate NO under the the conditions of chemilu-
miniscence reaction with ozone, and to cause muscular relaxation with tissues. By analogy with litera-
ture data,® it was inferred that, due to their ability to act in vivo as nitric oxide donors, these
compounds in addition to promoting vasodilation, may accelerate the healing of wounds and burns.
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The reaction between amines (especially secondary amines) and NO was studied in the
1960s by Drago and coworkers,’ and more recently by Keefer and associates.® Two equivalents of NO
and one equivalent of amine afford salts of amino-NONO-ates 2 (1-substituted diazen-1-ium-1,2-
diolates) which were shown by Keefer and coworkers to be able to donate NO in biological systems.
X-Ray structure determinations indicated a cisoid conformation of the NONO-ate moiety %

_NO
RN-NC | RaNH,

2

2 RNH + 2 NO

The goal of the present study was to explore derivatives of the commercially available
cupferron (the ammonium salt of N-nitroso-N-phenylhydroxylamine), which may be termed arene-
NONO-ates 1 (1-aryldiazen-1-ium-1,2-diolates), by analogy with the preceding compounds.®® Their
advantage over amino-NONO-ates lies in the wider possibilities of varying electronic and/or steric
effects by substitution in the phenyl ring, or its replacement by polycyclic or heterocyclic aromatic
rings. The ammonium salt o-naphthyl-NONO-ate is commercially available under the name neocup-
ferron. Moreover, the risk of leaving carcinogenic residues after donation of NO is probably mini-
mized by comparison with some amino-NONO-ates which may generate carcinogenic N-
nitrosoamines.

In a recent patent, Keefer et al. included, in addition to the amino-NONO-ates that had been
reviewed, cupferron and some derivatives as potential hypotensive agents.’ In reviews, Keefer et
al.?*® indicated that when the NONO group is attached to a carbon atom as in the parent N-aryl-N-
nitroso-hydroxylamine (cupferron), it is stable under protonating conditions, implying that unlike
amino-NONOQ-ates which release NO readily, cupferron and its derivatives would act more slug-
gishly. Our tests showed, however, that this is not true for ortho-substituted derivatives.

Several methods have been published for the preparation of N-nitroso-N-phenylhydroxy-
lamine (named N-hydroxy-N-nitrosobenzeneamine in Chemical Abstracts), its derivatives and its
salts; a few had been reviewed in two older monographs.’

1. Formal a-addition of the elements of nitrous acid to arylnitrenes putatively generated
from anthranil to give N-nitroso-N-(o-formylphenyl)hydroxylamine.'?

2. Nitrosation of N-arylhydroxylamine (see below).

3. Reaction of two equivalents of NO with aryl radicals formed by reduction of diazonium
salts in the presence of Cu(IT) and Fe(Il) cations.!

4. Spin trapping of NO by nitrosoarenes followed by reduction of the resulting N-aryl-N-
nitrosonitroxides.'*!?

5. Reaction of aryl Grignard reagents with two equivalents of NO.!

6. Reaction of hyponitrous acid salts with nitroarenes or nitrosoarenes. !>
Very few theoretical studies on cupferron analogs are available.!6

The preparation of N-phenylhydroxylamine by reduction of nitrobenzene with zinc, and its
nitrosation with alkyl nitrites in the presence of gaseous ammonia leading to cupferron is described in
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TABLE 1.Yields and mps (dec.) of Ammonium Salts of N-Aryl-N-nitrosohydroxylamine 1

N-NITROSO-N-PHENYLHYDROXYLAMINE (CUPFERRON) DERIVATIVES

No. Aryl Formula® Yield®  mp %N %N
(%) °C) Caled Found
1 Phenyl CH,N.O, 81 154 - -
2 Phenyl® CH.N,NaO, 66 - - -
3 1-Naphthyl C,H,N;O, 70 110 - -
4 1-Naphthy? C,HgN,NaO, 75 - - -
5 2-Methylphenyl C,H,N,0, 66 110 24.84 24.38
6 3-Methyiphenyl C,H, N0, 75 131 24.84 24.66
7 4-Methylphenyl C,H,N,0, 80 151 24.84 24.78
8 2,3-Dimethylphenyl CH,N,O, 60 116 22.94 22.65
9 2-Methoxyphenyl CH, N,0O, 25 112 22.69 22.38
10 4-Methoxyphenyl C,H, N,0, 40 136 22.69 22.56
11 2-Ethylphenyl CH,;N,0, 20 82 22.94 22.59
12 4-Ethylpheny] C,H,;N,0, 35 112 2294 2279
13 2-Isopropylphenyl CH N0, 22 92 21.30 21.05
14 2-Fluorophenyl CHFN.O, 58 104 24.26 24.18
15 4-Fluorophenyl CH,FN.O, 66 151 24.26 24.36
16 2 4-Difluorophenyl CH.F,N.O, 44 113 21.98 21.66
17 2,5-Difluorophenyl CH,F)N.O, 51 125 21.98 21.79
18 2-Chlorophenyl CH,CIN,O, 52 102 22.16 22.06
19 3-Chlorophenyl CH,CIN,O, 79 154 22.16 22.08
20 4-Chlorophenyl CH,CIN,O, 84 150 22.16 22.04
21 2,3-Dichlorophenyl CH,CLN.O, 60 118 18.76 18.68
22 2,4-Dichlorophenyl CH.CLN.O, 64 119 18.76 18.58
23 2,5-Dichlorophenyl CH,CLN,0, 44 93 18.76 18.50
24 2-Bromophenyl CH;BrN.O, 49 100 17.95 17.43
25 4-Bromophenyl CH,BiN.O, 69 153 17.95 17.88
26 5-Fluoro-2-methylphenyl C.H,;FN.O, 33 114 2245 22.40
27 4-Fluoro-2-methylphenyl C,H,,FN,O, 39 113 22.45 22.33
28 5-Chloro-2-methylphenyl CH,,CIN.O, 47 124 20.64 20.55
29 3-Chloro-2-methylphenyl C,H,,CIN,O, 41 127 20.64 20.58
30 3-Acetylphenyl C.H,,N.O, 59 149 21.31 21.22
31 4-Acetylphenyl C,H, N,0, 66 154 21.31 2123
32 4-Hydroxyphenyl CH,N.O, 38 151 24.55 24.30
33 3-Methylolphenyl CH N,0O, 55 138 22.69 22.49
34 4-Acetylaminophenyl CH ,N,0, 77 272 26.40 26.20

a) As sodium salt. b) The yield for sodium salts refers to the conversion from ammonium salts via

exchange with cation exchange resins.
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Organic Syntheses.' Analogous procedures were employed in the present study with slight modifica-
tions in order to avoid the isolation of the unstable crystalline N-arylhydroxylamines, and using mixed
solvent systems during the reduction step. Ion exchange columns were used for the conversion of the
ammonium salts into sodium salts which may be more appropriate for clinical internal use.

The simplest approach consists in reducing an aromatic or heteroaromatic nitro derivative to
the corresponding arylhydroxylamine, either electrochemically or with zinc powder and ammonium
chloride in water or aqueous lower alcohols. The arylhydroxylamine was extracted with ethyl ether or
another non-polar solvent, and after drying was converted into the crystalline cupferron analog by
treatment with gaseous ammonia and an alkyl nitrite. Unlike the previously described procedure,'’
isolation of the solid unstable arylhydroxylamine was avoided. Finally, an alkali metal cation could be
exchanged for the ammonium cation by means of an ion exchange column. This method was used for
preparing a variety of compounds 1, where the Ar group was phenyl, or substituted phenyl: 2-, 3-, or
4-methyl; 2,3-dimethyl; 2-, 3-, or 4-ethyl; 2-isopropyl; 2-, or 4-methoxy; 4-hydroxy; 2-, or 4-fluoro;
2,4- or 2,5-difluoro; 4-, or 5-fluoro-2-methyl; 2-, 3-, or 4-chloro; 2,3-, 2,4-, or 2,5-dichloro; 3-, or 5-
chloro-2-methyl; 4-bromo; 3-, or 4-acetyl; 3-methylol; 4-acetylamino; 1-naphthyl. Electron-donating
substituents (e. g. methoxy, ethoxy, hydroxy, dimethylamino or diethylamino) render the arylhydrox-
ylamine and its salts sensitive to air oxidation converting them into deeper colored products (azo or
azoxy derivatives);'® thus they must be processed rapidly at lower temperatures under inert atmos-
phere, and stored in the freezer. Compounds with dialkylamino substituents should be considered as
vinylogues to Drago’s and Keefer’s NONO-ates prepared from nitric oxide and secondary amines.”®
With other substituents on the aromatic ring, the dry crystalline products are stable at room tempera-
ture and can be stored for a very long time in the freezer.

Table 1 displays the N-aryl-N-nitrosohydroxylamine derivatives that were prepared. All
compounds melt with darkening and decomposition, evolving gases vigorously. In agreement with
earlier observations, compounds with electron-donating groups such as hydroxy or methoxy tend to
be less stable on storage, and have to be stored in the freezer. The same approach failed to allow us to
obtain systems with other highly electron-donating groups such as amino. Some compounds in Table
1(1-3, 6,7, 18-20, 25 and 32) were described previously. All new compounds gave acceptable results
in elemental analyses for nitrogen; due to hygroscopicity (especially for sodium salts), the errors for
carbon and hydrogen analyses were sometimes above the normal limits.

Infrared absorption spectra indicated the presence of water of crystallization in some
instances. This was the case of the ortho-methyl derivative, and of a few other compounds with other
ortho-groups. Otherwise, the IR spectra did not have unusual features. The characteristic strong bands
of these compounds appear in the following ranges: 1215-1225, 1265-1280, 1320-1345, 1400-1405,
1480-1505 and 1590-1605 cm!. The bond stretching vibrations of the ammonium cation appear also as
medium strong bands. "H-NMR and *C-NMR Spectra of selected cupferron derivatives (Tables 2 and
3) confirmed the structures of all new compounds. X-ray Structure determinations were carried out for
cupferron, its ortho-methyl and ortho-chloro derivatives, and will be published separately.!® The
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planar NONO group has dihedral angles of 18, 53, and 64°, respectively, relative to the aryl groups of
these three compounds.

TABLE 2. 'H NMR Spectra of Selected Compounds 1 in DMSO-d; (3, ppm)

Cmpd Aromatic hydrogens * NH, CH, CH,
1 2 3 4 5 6
H 791d 7.38t 7.27t 7.38t 7.91d 7.75br - -
(74) (74) 74) 74 (74)
2-Me - 7.27d 7.24t 7.26t 7.38d 6.38br - 2.28s
(8.0) (8.0) (8.0) (8.0)
4-Me 7.78d 7.21d - 7.21d 7.28d 7.35br - -
(8.5) (8.5) (8.5) (8.5)
2-Et - 7.31d 7.23t 7.31t 7.32d 6.15br 2.65q 1.11t
(8.5) (8.5) (8.5) (8.5) 75 (75)
4-Et 7.82d 7.22d - 7.22d 7.82d 787br 2.61q 1.18t
(8.5) (8.5) (8.5) (8.5) 74 04
3-Cl 7.88s - 7.26d 7.35t 7.83d 7.23br - -
(8.0) (8.0 (8.0)
2-F - 733m  7.36m 7.26m 771m  7.0br - -
.1) (9.1,9.1) (9.1,9.1) (9.1)
[11.4] [4.4] (3.3] [8.6]
2,5-F, - 735m  7.15m - 7.56m  7.75br
9.9 (3.5,9.9) (3.5)
[5.0,10.2] [3.5,7.4] [6.0,9.2]
4-F,2-Me 7.15m - 7.07m 7.38m 491br  227s
(2.8) 28,87 (87)
[9.7] [8.7] [5.6]

a) Coupling constants J (Hz) are in parentheses for H-H and in brackets for H-F.

Under the conditions of chemiluminiscence reaction with ozone, all cupferron derivatives
were shown to yield NO. On aortic rings, all compounds exerted relaxation; the ortho-substituted ones
also indicated that they were causing a more pronounced relaxing action on smooth muscle strips (rat
or human uterine strips in vitro) than the other ones. The use of such cupferron derivatives (particu-
larly ortho-substituted ones) as nitric oxide donors has been patented recently.?’ The biological

activity data are presented in the patent.
EXPERIMENTAL SECTION
Commercial nitro compounds were obtained from Aldrich and used as received. Infrared spectra were

recorded with an FT-IR instrument, and NMR spectra were determined on a 300 MHz Varian Gemini
instrument. Mps were obtained in capillaries on a MEL-TEMP apparatus.
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TABLE 3. C NMR Spectra of Selected Compounds in DMSO-d, (3, ppm)

Subst. in 1 C1 C2 C3 C-4 C-5 C-6 CH, CH,
H 144.2 118.2 128.7 129.6 128.7 1182 - -
2-Me 144.4 132.1 131.1 126.3 128.1 124.5 - 18.5
4-Me 141.8 118.3 129.1 136.5 129.1 1183 - 20.6
2-Et 144.1 138.1 1294 126.2 128.2 124.8 244 15.2
4-Et 142.7 1184 127.9 142.1 1279 1184 27.8 15.6
3-Cl 145.3 117.5 132.8 125.6 129.5 116.2 - -
2-F 1329 154.4 116.9 128.7 124.6 124.8 - -
(10.8)  (250.8) (20.7) (74) 3.7 (0)
2,5-F, 133.6 150.6 118.3 114.5 157.9 110.7 - -
(12.6) (274.6) (24.4) 7.7 2.4) 0)
(10.6) (2.8) 9.3) (24.1)  (240.5) 211
4-F,2-Me 124.4 136.1 114.4 162.1 118.5 1274 - 19.7
(2.8) (8.3) (224)  (242.5) (22.5) 9.1) 0)

a) Coupling constants between "*C and '°F (in Hz) are in parentheses.

N-Nitrosoarylhydroxylamine Salts. General Procedure.- The nitro derivative (0.1 mole) was
stirred with 500 mL of an agueous (or 30% ethanol-aqueous) solution of ammonium chloride (11.0 g,
0.2 mole). When the nitro derivative was solid with melting point above 85° or had a very low water
solubility, 30% percent aqueous ethanol was used, and the initial temperature was raised to 60-70°.
Zinc powder (0.2 mole) was added gradually under vigorous mechanical stirring so as to maintain the
temperature around 70° due to the exothermicity of the reaction. After 60-90 minutes, the mixture was
cooled below 35° and filtered with suction. The solid residue was thoroughly washed with three or
four 60 mL portions of diethyl ether; the wash ether was saved and used for extracting the filtrate each
time.?! The combined ethereal extracts were dried over sodium sulfate, and cooled under 0° in an ice-
salt mixture. A vigorous stream of gaseous ammonia was bubbled into the ethereal solution, and after
5-10 minutes, a slight excess (0.15 mol) of n-butyl nitrite was added in small portions during 15
minutes maintaining the cooling and the stream of NH,. The cupferron analog (ammonium salt)
precipitated. If it separated as a liquid, crystallization was induced by scratching with a glass rod. The
product was collected after being kept at 0° for 1-2 hrs, and washed thoroughly with diethy} ether.
Overall yields varied between 20 and 85% (Table 1).

The optional conversion into sodium salts was performed as follows. A column (2 cm diam-
eter) packed with 100 g of cation exchange resin which had been soaked in a saturated aqueous solu-
tion of sodium hydrogen carbonate for 24 hrs and then rinsed with distilled water, was used for
exchanging ammonium with sodium cations: a saturated solution of the cupferron analog (1-2 g) in
water or in 50% aqueous ethanol was passed through the column; elution was performed with the

same solvent. The eluates were combined and the solvent was removed by using a rotary evaporator
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under vacuum (1 Torr) at 30-40°, or by freeze-drying techniques for some of the heat-sensitive
compounds with electron-donating substituents. The yield was in the range 50-80 % (Table 1).
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of Texas, and from the Welch Foundation of Houston, Texas.
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