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Abstract

Reaction of nitric oxide with N-benzylidene-4-methoxyaniline produced 4-methoxybenzenediazonium

nitrate and benzaldehyde. This may represent an example of the electrophilic reaction of NO with a double bond.
© 1998 Elsevier Science Ltd. All rights reserved.
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looking diatomic molecule remains largely an enigma. While most research has been directed
towards an understanding of reactions in which NO behaves as a free radical, we have utilized the
reaction of NO as an electrophile with amines to produce numerous diazenium-1,2-diolates (1) for

use as nitric oxide donors in biological studies [3]. Although electro

they have been known since the last century. Traube [4] reported that the reaction of enolate anions
with NO produces compounds analogous to 1 with the N,O, functional group bound to carbon.
The reaction of NO with simple olefins has been the subject of considerable controversy for
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photochemically [6]. This fact has recently been exploited through the use of ortho-
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quinodimethanes [7] as spin traps although reactions of other dienes with NO produce nitroalkanes
sse

via multi-step radical processes [8].

We would like to report our observation that NO gas reacts directly with Schiff bases derived
from p-methoxyaniline and that the product ultimately isolated in good yield is 3, a stable crystalline
diazonium nitrate.
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, N-benzylidene-4-methoxyaniline (2; 3.60 g; 0.017 mole) was
dissolved in ether (100 mL); the solution was placed in a standard Parr hydrogenation bottle and
deoxygenatecl with mtrogen. A home-buiit ail stainiess steel substitute for the standard Parr 3911
hydrogenation apparatus [9] was used to place the solution under NO at a pressure of 80 psig and

the reaction was stirred 15 h whilst an orange prec1p1tate formed. The total net gas uptake was

estimated to be roughly 3 equivalents (0.05 mole) using the reduction in pressure, the volume of the
system and the ideal gas law. The excess gas was swept away with nitrogen; the peach colored solid

was filtered and recrystallized from methanol/ether to yield 3 (2.10 g; 65%) as off-white (pinkish)
needles (Compound 3: mp 129°C dec. 'HNMR (200 MHz, D,0)  4.09 (s, 3H), 7.36-7.45 (m, 2H),
8.46-8.54 (m, 2H); °C NMR ( D;0) § 60.2, 103.9, 120.7 (2C), 138.4 (2C), 173.2. Anal. Calcd for
C-H/N;04: C, 42.65; H, 3.58; N, 21.31; NOs, 31.5. Found: C, 42.71; H, 3.60; N, 21.34;
NOj, 31.9.). Analysis of the initial mother liquor from this reaction by HPLC employing an
internal standard revealed the formation of one equivalent of benzaldehyde (identity confirmed by
GC-MS and NMR). No nitrite was found in either the crystalline solid or the mother liquor. The

pressure apparatus currently in use does not allow for the sampling of any gaseous products.

Diazonium nitrate 3 was also isolated in good yield from the reaction of NO with the
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analogous Schiff bases derived from anisaldehyde and p-tolualdehyde. In view of the novel nature

of this reaction the structure of 3 was verified via X-ray crystallography (Orthorhombic, space group
Pbca, a=3.636(2), b =9.892(1), c =20.707(3) A, Z =8, FW = 197.2 g/mol, D, = 1.48 g/cm’. Clear
plate 0.05 x 0.12 x 0.52 mm. Siemens SHELX-97. Full matrix least squares refinement on F* to
R1(F) = 6.52%, wR(F?) = 13.23% for all data).
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[ IS possmle to posmiate two mecnamsms IOI' UllS reacnon as SﬂOWI'l lﬂ DCDEI'HE 1. Both
mechanisms lead to the common intermediate 7, a nitrosodiazene which undergoes the radical
addition of two molecules of NO across the nitroso group and subsequent extrusion of nitrogen

forming the diazonium nitrate. These steps have literature precedent in the reaction of nitroso-
benzene with NO to yield benzenediazonium nitrate [ 10] and their possible role in a variety of other
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reactions has been discussed [5]. In path A, the initial reaction between NO and the imine is a 2+2
cycloaddition reaction which has precedent in the reaction of nitrosobenzene with diphenylketene
[11], substituted ethylenes [12] and Schiff bases[13] although no precedent exists for NO itself. In
path B, the initial step is the electrophilic reaction of NO with the imine nitrogen which has ample
precedent in our own preparations of diazeniumdiolates [3,9]. The formation and subsequent

opening of the four-membered rmg of both intermediates 4 and 6 have precedent in the

decomposition of N-nitroso imines [14]. The two mechanisms are both consistent with the net
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equivalent of nitrogen. Since N; is used in our equipment to remove O,, we coulid not easily verify
its generation but this seems consistent with all of the above referenced reactions of NO.

We believe that path B represents the likely mechanism for this reaction since the
intermediate radicals of path A would not likely result in such a clean reaction (our analysis of the
mother liquor showed only unreacted imine and benzaldehyde, with no other side-products). We
know of no precedent for NO itseif to undergo this type of cycloaddition. The electrophilic reaction
is probably favored over the radical reactions reported to occur with olefins because the higher
electronegativity of nitrogen imparts the imine with considerable polar character.

[ Heicklen J, Cohen N. The role of nitric oxide in photochemis oyes WA Jr., Hammond GS, Pitts

5
=
Z
<

N\ I» aditare Adyva ag in nhatanha avr Varl-eTaha 1 ilax: 10£0.1587 290
JIN JL., CULWUID AUVALLLD 111 PUHUTUUIICLIDU Y vV uiuuie INUW ULA.JULL VWIICY, 17U0.10/7-040.
M Distlae AD WUillineac MTIIT hans Qan Doy 10072 99.977°._9241
L<«] DULUST AN, VViIMIALLD L. CHCILL DU, INQV, 1770, LL.L400~4%1.
rMl Waontar T Nimc RIW Naovisc 7AYol TYA MA L 1 T 1 1004: 24£9:7Q1 707
121 NCCICT LN, INHIS RV, l}dVle 1\1 1, HIK LJA. IVICOUS ENZYINOL 1770, L008.401-4Y)

w
[4] Traube W. Liebigs Ann. Chem. 1898;

‘l

T T

5] Brown JF Jr. J. Am. Chem. Soc. 1957; 79:

6] Tuaiiion J, Perrot R. Helv. Chim. Acta 1978; 61:558-566.

(7] Korth H-G, Sustmann R, Lommes P, Paul T, Emst A, de Groot H, Hughes L, Ingold KU. J. Am. Chem.
Soc. 1994; 116:2767-2777.

[8] Kelly DR, Jones S, Adigun JO, Koh KSV, Hibbs DE, Hursthouse MB, Jackson SK. Tetrahedron 1997;
53:17221-17234.

9] Hrabie JA, Klose JR, Wink DA, Keefer LK. I. Org. Chem. 1993; 58:1472-1476.

[10] Bamberger E. Ber. 1897; 30:506-513.

[117 Kerber RC, Cann MC. J. Org. Chem. 1974; 39:2552-2558.

[12] Ingold CK, Weaver SD. J. Chem. Soc. 1924; 125:1456-1462.

[13] Ingold CK. J. Chem. Soc. 1924; 125:87-102.

[14] White EH, Wilson AA, Anhalt JP, Baumgarten RJ, Choca JI. J. Org. Chem. 1982; 47:2892-2896.



