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The products were identified h y  miyed melting points 
\vith independently synthesized authentic samples: 3,3'- 
dinitroazoxybenzene, n1.p. 142-144' 12; 4,4'-dinitroazoxy- 
benzene, m.p. 190-193' 1 3 ;  3,3'-diiodoazoxybenzene, m.p. 
110-113" 14; 4,4'-diiodoazoxybenzene, m.p. 198-200°.15 
2,2'-diiodoazouybenzene, m.p. 140-1 42", is a new compound. 

, lnal .  Cnlcd. for C12H~N2012: N. 6.23. Found: N, 6.28, 
6.13. 

(12) 13. Hofer and F. Jacob, Ber., 41,3193 (1908). 
(13) E. hinbprger  and R. Hubnrr, Ber., 35, 3808 (1903). 
114) S. Gabriel, Ber., 9, 1409 (1876). 
(15) H. Klenzer and R. Pitschke, Ber., 18,2652 (1885). 

This compound was obtained only by electrochemical 
methods. All attempts a t  independent syntheses failed. 

The synthesis of the authentic samples was carried out 
according to  the references given above. 

ITq'rared spectra were obtained with a double beam Perkin- 
Elmer Spectrometer RIodel 21. (Potassium bromide tech- 
nique)-The absorption maxima are given in Table 111. 
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It was found that  oxygen-free nitric oxide reacts with certain salts of quinone dioximes to form salts of di-N nitrosoaryl- 
dihydroxylamines, and with aldoximes to give sun-1-oximino-1-N-nitrosohydroxylamino types of compounds. 

The preparation of W-nitroso compounds has 
usually been limited to the nitroeation reaction. I n  
a recent communication IVC reported that when a 
methaiiolic solution of disodium-p-benzoquinone 
clioxime was treated with oxygen-free nitric oxide, 
two moles of the gas were absorbed to  produce 
disodium - N,N'  - dinitroso - p - phenylenedihydrox- 
ylaminc2 Structures Ia, b, c represent the tauto- 

K=O 
I 

N-OH N- O-Na' 

N-OH N-OO-Na' 
I 

analogous to  that for Cupferron (ammonium-N- 
nitrosophenylhydroxylamine) . 

Upon acidic decomposition there were obtained 
oxides of nitrogen, p-dinitrosobenzene (11) and some 
resinous materials. The formation of tar is in 
keeping with the similar decomposition of Cupfer- 
ron. 

The acid form of IV was prepared by  careful 
acidification of I ;  and upon mild heating, I1 and 
tars were obtained. Oxidation of I with sodium 
hypochlorite also affords I1 and some p-dinitro- 
benzene (111). When an excess of oxidant was used, 
only I11 was obtained. Extension of this reaction to 
other quinone dioximes and salts with different 
metals are listed in Table I; in all cases analogous 
products were obtained. 

I 
N=O N=O 

N-0-Na' 
Ia 

N=O 

N-O-Nai I / I  $-I. NaOCI HC $OH d_ II 

+ 
NOz N-OH oxides of 

I nitrogen + tar 

I V  

Q -  N-0 +o N-0 + I11 N=O 

II 
N - O - N ~  + 

4 O  

II 
N-O-Na' 

Ib I C  

iiirric fornis, possibb. ()rgaiiic, as  \vel/ as iiiorgaiiic, 
salts may be prepared Ly ail appropriate substitu- 
tion of the proper base. Trailsition and heavy 
metals may be precipitated by'usiIlg techuiques 

____ -_ 

( I )  Present adtlrcm: Aincricnn Viwow (-'orp,, Itcsenrch 

( 2 )  \I. J. 1):inzig. ? t .  F. 3I:irtcsl, : i nd  8. R. Ricritiel!o, 

N=O 
11 

Methylation of n'-nitrosopheiiylhydroxylamine 
salts produces two isomers4J designated as CY and p. 

;md Ijevelopment Division, RIarcus Hook, Pa. 

J .  Ory.  ( ' h m , ,  25, 1071 (1900). 

(3) E. Bamherger, Ber.. 27, 1654 (1804). 
(4) R .  Behrmd 2nd E. Knnig, Ann. ,  263, 218 (1891). 
( 5 )  I t .  Lindrz, AWL. ,  275, IBJ (1803). 
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TABLE I 

Quinone Pressure, 
1)ioxime Salt Solvent P.S.I. I emp. Formula I. 

Rooin C6H4N4xa204 p-Benzo- S a  CH30H Atm. to  100 
Pba CHSOH Room CeHiNaOaPb 
Zna CHaOH Room C6H4N4O4Zn 

Dipiperadine CHIOH 60 Rooni ci eH23N 6 0 4  

Piperaaino CHIOH 60 Room ClOHl6N6()4 

o-Benao- Aga CHiOH Go Room C6H4Ag2?;404 
9 , 10-An t hra- Na CHSOH 60 Room Cl4H3?j4Sa204 
R,10-Phenanthra- Na CHaOH 00 Room C 1 4 H 3 ~ 4 ~ ~ 2 0 4  
Thymol- Aga CHZOH 60 Room CioHizAg?N40i 

Aldoxime 
n-Hut yrald- Na. n-Heptane Atm. to 60 Iloom C4HsN3SaOj 
Isobutyrald- Na n-Heptane 60 Room C4HsN&a03 
Benzald- Na n-Heptane 60 Room C&NINaol 
2-Thiophenald Na n-Heptane 60 70 O CiH4N3SaO3S 

p-Chlorobenaald- Na n-Heptane 60 05 O C,HsCl?;jNa( )3 

Cinnamald- Na n-Heptane 60 5 5 O  C9H7B3Na03 

0-Ag 

CaH5X--N=O + C ~ H ~ N Z ~ ~ C H J  + Ag I 
I 

OCHj 
P 01 

The p-isomer gives the characteristic Lieber- 
maim test, and is identical with the product ob- 
tained by the nitrosation of phenyl hydroxylamine- 
0-methyl ether. The a-isomer has been the subject 
of much  peculation^-^ and the structures T', VI, 
VII, VI11 have been postulated from this isomer. 
Recently George et have postulated TWI for 
this isomer, based upon its reaction with Grignard 
reagent. A choice between structures VI1 and VI11 
cannot be undertaken at  the present, but it is 
worthy of note that VI11 mould he the structure 
drawn for a nitroso dimer, which in this case would 
be a mixed dimer. 

0 
t 

C6HaX=N-0CH3 CBH~N-X-OCH~ 
\/ 
0 

0 0 0  
V VI  

T T ? C6HJ=NOCII3 C s H j h ~ l - C H 3  
v.1 I VI11 

The adjacent positive charges on the nitrogeii 
atoms of VI11 were explained by a rcionance 
hybrid.8 The product obtained by methylation of 
the silrer salt of I has a high melting point, and 

(6) A. Hantzech, Ber., 31, 177 (1808). 
( 7 )  E. Bamherger and T. Ekecrantz, Ber., 29, 2412 

( 1806). 
(8) RI.  V. George, R. K. Iiieretead, and G. F. \j'right, 

( ' ( l n .  .r. ~ ~ P J J L , ,  37, fiig (~nrin). 

gives a negative Lieberniaiiii test. We therefow 
feel that our dimethyl ether is the difunctional 
analog of VI1 or VIII. At the present we are attempt- 
ing the synthesis of the other isomers based on I. 

In a similar manner, the salts of aldoximes add 
nitric oxide to form s yn-1-oximino-1-N-ni t roso- 
hydroxylamine compounds (X). A solution of so- 
dium n-butyraldoxime in methanol gave X (R= 
CHICH2CH2) in a 26% yield and 20.9y0 of what 
we designate as disodio-1 , 1-di-N-nitrosohydroxyl- 
aminobutane hydrate (XI). When the nitroso inter- 
mediate IX rearranges to form the syn-oxime tho 
oximino hydrogen atom is bonded to thc oxygen 
and is too weak an acid to form a salt for further 
reaction. If the rearrangement is anti, a disodium 
salt can be formed and a secondary reaction can 
proceed. 

1 
O-Naf 

IX 

RC-N-N=O + 
>O-Naf XI 

I 

0-H 
N\ 

X 

The infrared spectrum of X shows chelated ab- 
sorption at 2340 em.-' while XI shows a hydroxyl 
absorption at  3300-3300 cm. - l  The remainder of 
the spcctrum is similar. By iuspendiiig the prc- 
formed salt of the aldoxime in  hmane, X was ob- 
tained in an 88yo yield with no XI. Although the 
absorption of nitric, oxide was sloiwr iii nonpolar 
solvents, the reaction was more sperific.. Othrr :d- 
dovimcs 10 trentcd arc listed in  T:thlr I 
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TABLE I (Continued) 

Quinone Carbonb,’ Hydrogen __ Nitrogen LIetal Yield, 
@ ‘  Dioximc Calcd. Found Calcd. Found Calcd. Found Calcd. Found /O 

p-Benzo- 29.76 29.57 1 .66  1 . i 1  23.11 22.88 19 .4  19.33 98 

42.30 42.30 5.60 5 .65  2!J. G 29 .5  94 
52.30 52.36 7 .66  7 .63  22.4 22.91 03 

o-Benzo- 52.91 5 3 . 3  57 

9,lU-Phenanthra- 13.50 13.46 96 

5 1 . 3  51.1 
‘24.92 25.01 

9,lO-Anthra- 13 .50  13.03 94 

Thymol- 45.09 46.10 94 

n-Butyrald- 28 .4  28.37 4 . 7 3  4 .51  24.90 24.40 88 
Isobutyritld- 28.41 27.34 4 .76  4 .62  24.90 24 .9  i 7  
Benzald- 41 .4  41.35 2 .95  3 .07  20 .7  20.1 11.38 11.03 91 
ZThiophenald 28.70 28.32 1 . 9 3  2 .38  20.09 19.9!) 10.99 10 .56  91 
Cinnamald- 1 8 . 3  17.75 10.04 10.11 91 
p-Chlorohrnzald- 35.37 35.16 2 .12  1 . 9 8  17.88 16.72 9.67 9 .88  75 

illdoxime 

~~ 

a Prepared from I?Ja salt. Difficulty was encountered in obtaining accurate analysis because of the explosive character 
and light sensitivity of some of thew compounds. Microanalgsis hy Galhraith Tjaboratories, Knoxville, Tmnessee. 

Hydrolysis of X (R=CH~CHLCHZ) by sodium 
hydroxide gave starting material and butyric acid. 
On acidic decomposition, oxides of nitrogen were 
liberated, butyraldoxime aiid butyric acid were 
isolated. Similar acidic dectomposition of XI ( R e  
CHdCH2CH2) also afforded butyric acid. 

Attempts to determine the course of reachon 
hascd on the usual free radical or nitrosyl moiety 
werc not rational. The original reaction in the ab- 
qence of base was unsuccessful, as was the reaction 
on benzaldoxime 0-methyl ether. Sitric oxide, 
also, does not add to a carboil double bond, and will 
iiot initiatc polymerization hut has been known to 
trap radirals. This hi conjunction with the fact 
that thr rcactioiis are more rapid in polar solvent 
indicated an ionic type of reaction involving nitric 
oxide. 

Recently the Lewir acid nature of nitric oxide, 
hascd upon thc reaction of nitric oxide with second- 
ary amines and reactions with alkaline sulfite ion, 
was p r o p o ~ e d . ~ ~  lo Drago postulated a general 
mechanism of and subsequently kinetic data showed 

Tlic reartioils dcscrii)cd here are of basic salts of 
osimcs and iiitric: oxide, a i d  not nitric oxide dimer 
siirce thc clinicr cxists only a t  low temperatures. 
The iiiitiatiiig step would then be an ionic attack 

by nitric oxide followed by a rapid addition of nitric 
oxide via the odd electron, and rearrangement to a 
stable aromatic structure XIII. The final product I 
is obtained by trapping the resultant intermediate 
by YO. Similar reaction paths for the formation 

N-O-NaS 

I I .N 

L 

N=O 
I 

N-O-Na+ 0 
N- 0-Na + 

XI11 - 

+=I 

of I may be drawn iiivolving simultaneous attack 
at both oximino groups, or initial attack on the ox- 
imino nitrogcii. 

A similar route may I)c dra\vii for the itac*tion of 
aldoximes. The yicldb of X and X I  iihiiig methanol 
as a solvent were poor, aiid the proposed rompeting 
reactions indivate this. Aftcr iormation of XI\’ the 
new oxime may obtaiii it5 hodium ioii from any other 
sodium salt of an oxime, and the first step may he 
repeated. When the new nitroso adduct XIV is 
formed, the well known diazotization of a C nitroso 
compound may take place, l 2  followed by decom- 
position of the diazo compound by solvent. The 

(12)(a) A. N. Nesmezanov and S. T Iaffe, J. Gen. Cheni., 
U.S.S.R., 11, 392 (1941). (h) L. G. Ilonariinia and D. S. 
Carmody, J .  Org. Chein., 22, 635 (3957). (c) E. Bamhergpr, 
Rw., 51,  634 (1918). (d) E. Bamherger, Rei. ,  30, 508 (18qi). 
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FI H 
RC-K-N=O + N O -  RC-N-N=O -----f 

\ 1 1  
\ 
O-Na+ 

I 
N b-NnS 
\O 

\ '  
0-€I 

X 
XIV 

xv 
N 2 '  NOZ- 

reaction of XV with nitric oxide would be similar to 
the reaction of ketoximes with nitric oxide. We 
have found that the salts of ketoximes do react 
with nitric oxide, but the materials we have ob- 
tained were unstable, and no identifiable product 
\vas isolated. 

EXPERIRIENTAL 

Apparatus .  This reaction may be carried out in any type 
of stirred stainless steel pressure vessel of a Paar low pres- 
sure hydrogenator modified with a stainless steel tank and 
gauge. All tubing and valves are stainless steel. The nitric 
oxide was Matheson 99+% pure and was passed through a 
stainless steel Kuentzel bomb 1 i t .  long 2 in. I.D. packed 
with sodium hydroxide. Care must be taken that  gas inlet 
and exit ports do not become clogged. 

Procedure with the Paar shaker sys tem.  The solution of h a x  
in methanol was prepared and placed in a reaction bottle. 
To this was added an equivalent amount of the oxime, 
the contents were cooled in solid c:arbon dioxide and placed 
in the Paar apparatus. Oxygen was removed by evacuating 
with a pump and flushing three times with oil-pumped osy- 
gcn-free nitrogen and finally evacuated. The shaker was 
started and nitric oxide was admitted to the reaction vessel: 
when adsorption of gas mas complete, the nitric oxide was 
removed by flushing with nitrogen and evacuating by a 
water aspirator. The product was isolated by filtration, 
washed, and dried. 

In  cases where nonpolar solvents were used the salt of the 
aldoxime was preformed and suspended in solvent. 

Procedure with autoclave. T o  a solution of a base and sol- 
vent was added an  equivalent amount of oxime. The solution 
was cooled and placed in the bomb and capped. The  oxygen 

was removed by evacuation and sweeping with oil-pumped 
oxygen-free nitrogen and the bomb was finally evacuated. 
Stirring was started and nit,ric oxide was continuously addetl 
until absorption was complete. The nitric oxide was rcmovetl 
as previously described, arid the product, iaollited by filtra- 
tion, was washed and dried. 

In  rases ivhere inert solvents were used the salts of thcx 
aldoximes were preformed and suspended in solvent. 

Decomposition of I .  T o  5 1111. of concd hydrochloric acid 
was added 1.2 g. of I, and the resulting mixture was warmed 
gently. Oxides of nitrogen were evolved. When reaction 
ceased the yellow solid was filtered, washed, and dried. 
The yield of p-dinitrosobenzene mas 0.50 g. (7373, The in- 
frared spectrum was identical to tha t  of an authent,ic sample. 

To a stirred solution of 0.50 g. of I in 23 
ml. water was slowly added 3 ml. of 5.5% sodium hxpo- 
chlorite. A yellow precipitate formed and the solution turned 
yellow. Stirring was continued for 15 min., and 1.90 g. (67.5 
yo) of p-dinitrosobenzene was isolated hy  filtration. The in- 
frared spectrum was identical with that  of an authentic 
sample. 

The filtrate was trcated with 7 additional nil. of sodiuni 
hypochlorite stirred for 15 min. A yellow precipitate of 
0.090 g. of p-dinitrobenzene was isolated. The infrared 
spectrum, melting point and mixed melting point werc iden- 
tical with that of an authc~ntic sample. Further oxidation of 
the p-dinitrosobenzene ivith sodiuni hypochlorite yielded 
p-dinitrosobenzene. 

Dimethyl dher of I .  A solution of 12.1 g.  of I in i o 0  ml. of 
distilled watw was prepnred and filtered. To the solution was 
added with stirring 34 g. of silver nitrate in 100 ml. of water. 
The precipitate was filtered, xished with distilled water 
and methanol to yield 15.85 g. of silver salt. The dried stilt 
was suspended in 100 ml. of methanol and 14.2 g. of meth>.l 
iodide was added. The flask was w;iled and stirred for 24 hr., 
an addit,ional 12 g .  of methyl iodide was added, rind stirring 
was continued for 9 days. The salts were filtered, tvashetl 
with methanol, evaporated to one-haif volume, cooled, ant1 
filtered. The crude dimethyl ether (1.8 6.) was washed xi th  

illized four times from et,hanol to yield 150 
mg. (12%) of product, m.p. 208-211 '. 

Anal .  Calcd. for C?RloX4O4: C, 42.48; H, 4.46; S, 24.;;. 
Found: C, 42.49; H, 4.35; N, 24.83. 

Acidic decomposition of X ( R  = C H I C H ~ C H ~ ) .  T o  5 nil. of 
concd. hydrochloric acid was s l o ~ l y  added 3.0 g. of X.  .4 vigor- 
ous reaction ensued with the liberation of oxides of nitrogen. 
\T'hen the reaction ceased, the solution was neutralized to  
pH 8 with sodium hydroxide, extracted n-itli rthcr, arid 
dried. The ether was removed and 0.3 g. (19.45{:) of 'k,ut>.r- 
aldoxime mas isolated. The infrared spectrum  as idcritirnl 
with that of an authentic sample. The aqueous solution 
was acidified n.ith hydrochloric acid, ether, washed, mid 
dried. After removal of the solvent 0.8 g. (51.27,) of butyric 
acid was isolated. The infrared spectrum was identical witli 
that  of an authentic sample. 

Basic decomposition of X ( R  = C H ~ C H ~ C H Z ) .  TO a. EO1U- 
tion of 20 nil. of 57L, sodium hydroxide \vas added 3.0 g. of S. 
The mixture was n.srmeri on a stenni Imth. After 2.5 hr. the 
solution was cooled, neutralized, :inti filtered. There was 
isolated 1.4 g. of insoluble starting material. The aqueoiis 
solution was acidified, extracted with ether, washed, and 
dried. Renioval of the ether gave 0.6 g. (38.4%') of butyric 
acid, as identified hy infrared spectrum. 

Reaction of n-butyraidoxinze wifh nitric oxide in  methanol. 
To a Bolution of 27.0 g. (0.50 mole) of sodium methoxide in 
200 ml. of methanol \vas added 43.5 g. (0.50 niolc) of n- 
butyraldoxinie. The rcsulting eolut,ion \\-as alloived to react 
n.itli nitric oxide as described. The reaction mixture !vas 
filtered, and washed with methanol to give 22.0 g. (26%) of 
syn-1 -N-nitrosohydrosylamino~)Litane. 

Anal .  Calcd. for C,H&"NAO::: C, 28.4; H, 4.73; N, 21.9. 
Found: C, 28.37; H, 4.59; X, 24.4. 

An cscess of cilirr v:is nt idcd to the filtrate and 25.0 g. 

Oxidation of I .  
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A series of P-siil>stitiitcd nniino-4-amino-6-phenyl- (and substituted phenyl)-s-triazines has been synthesized and the 
inti1ienc.e of btructiiral v:iriatioii on the iiltraviolet absorption spectra reported. 

Diurctic activity iii :I scrics of guanamines I, R = 
T I ,  war; a s c r i l d  to tlic tnutonicr 11; whereas with 
homologs of I, It = alkyl, notcd ineffectiveness was 
associated with eqiiilibria \\hich diminbhed the 
population of forms such as 11.' 

R H 

H --HNAN 

nI-x ' ANANH9 H,NJN%H I 
H 
I1 I 

To challenge this concq)t, aryl variants of R 
envisioned as capable of stabilizing I1 werr pre- 
pared (Table I),  in the hop(. that an increase in 
the absolute concentratioii of forms such as 111, 
rather than an unfavorablc cqiiilibrium concentra- 
tion would cnhance diiirctic actil.ity.2 

3Iost of the conipouiids were prepared by conden- 
qntioii of the requisite acid chloride3 with the sub- 

I 

CH, ' 0  -6YAri2 
\ N  H\N \iy H \  

R,N & X A S H  I RIN @ N h H  I 
H 14 
IIIC IIId _____ 

(1) S. I,. Shapiro, 5'. .%. Parrino, IC. Geiger, S. Kobrin, 

(2)  S. J. h y y a l  arid C. I,. Angyal, J .  Chem. Soc., 1461 
iintl L. F rcdman ,  J .  .4112. Chpiii. Soc., 79, 5064 (1957). 

(1952). 

stituted biguanide.* For compounds 5-12 reaction of 
the biguanide in methyl salicylate as a solvent, under 
controlled heating vias the method of choice. 
The reduction of compound 23 to 2-amino-4-n- 
amylamino-6-m-aminophenyl-s-triazine was effected 
using rhodium-on-~arbon.~ On testing as a diuretic 
this compound was inactive while the other com- 
pounds were too insoluble for evaluation of their 
pharmacological properties. 

Spectral characteristics of these compounds 
indicate that the 6-phenyl group of I V  could inter- 
act with the triazine nucleus as an unhindered bi- 
phenyl.6 although the RIR&-- group can influence 

I v 
X = H, o-OH, o-OCH3, m-NOz, nz-KH2 

eo-planarity of the 6-position substituent.' The 
role of the azomethine iinkage in heteroaromatics, 
as imparting a pseudocarbonyl function,a could be 

(3) S. L. Shapiro, V. A. Parrino, and L. Freedman, 
J .  Am. Chem. Soc., 81, 3996 (1959). 
(4) ( a )  8. L. Shapiro, V. A. Parrino, E. Rogow, and L. 

Freedman, J .  .lm. Chem. Soc., 81,  3725 (1959) for aryl- 
biguanidcs; ( b )  S. I,. Shapiro, I-. 4. Parrino, and L. Freed- 
man, J .  A m .  Chem. Soc., 81, 3738 (1059) for alkyl and 
aralk) lbiguanides. 

( 5 )  S. L. Shapiro, I<. Weinberg, T. Bazga, and L. Freed- 
man, J .  Am. C h e m  Soc , 81, 5146 (1951)). 

(6)  H. Gilman, Org. Chemzstry,  Vol. 111, John Wley  & 
Sons, Inc., S e w  York, N. Y., 1953, p. 173. 

( i )  S. I,. Shapiro, V. X Parrino, and L. Freedman, 
J .  Org.  Chem., 25, 370 (1960). 

( 8 )  (a )  S. I,. bhapiro, E:. Isaacs, V. A. Parrino, and 
L. Freedman, J .  Org. Chcni., 26, 68 (1961); ( b )  J T. 
Thurston, F. C. Schacfcr, J. R.  Ihidley, and 11. Holm- 
Hansen, J .  .4m. Chenz. Soc., 73, 2992 (1951); (c )  J. 31. 
Mci\lanus and R. M. Herbst, J .  Org. Chem., 24,1462 (1959); 
( d )  R. Levine and S. Raynolds, J .  Org. Chem., 25, 530 
(1960). 


