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and a solid separated which was shown to be n-hutyralde- 
hydecarbethoxyhydrazone by a comparison of infrared 
spectra and a mixed melting point determination. 

The solution was diluted then with ether, washed repeat- 
edly with 2 N hydrochloric acid, followed by sodium bicar- 
bonate solution and water. After drying the solution and 
removing the solvents under reduced pressure at  O", there 
was obtained 2.2 g. of a yellow liquid which possessed a 
sweet odor. It was stored a t  Dry Ice temperatures. '4n 
ethanol solution of this material showed a weak absorption 
maximum near 375 mp; no maximum was observed a t  220 
mp. A sample of the compound was allowed to stand a t  
room temperature and after a few hours an absorption ma+ 
mum developed at  220 mp which indicated the presence of an 
hydrazone. Upon working up this sample, a solid was ob- 
tained which had an infrared spectrum identical with that 
of n-butyraldehydecarbethoxyhydrazone. 

t-Butylhydrazine Hydrochloride.-Essentially the method 
of Westphal' was followed. From 60 g. (1.9 moles) of an- 
hydrous hydrazine and 180 g. (1.9 moles) of t-butyl chloride 
in 150 ml. of methanol there was obtained 12.1 g. ( 5 7 4 )  
of t-butylhydrazine hydrochloride which melted a t  192-194' 
after repeated recrystallizations from methanol. Compar- 
able yields of the hydrochloride were realized when the re- 
action was carried out in the presence of dimethylform- 
amide. The yield was lowered slightly when dioxane was 
used as the solvent in the reaction. 

1-t-Butyl-2-carbeth0xyhydrazine.-A solution of 7.47 g. 
(0.06 mole) of t-butylhydrazine hydrochloride in 5 ml. of 
water was neutralized with 2.4 g. (0.06 mole) of sodium 
hydroxide in 3.6 ml. of water. This was added to a mixture 
of 20 ml. of pyridine and 80 ml. of water, and 6.5 g. (0.06 
mole) of ethyl chloroformate was added dropwise with stir- 
ring. After all had been added, the reaction mixture was 
stirred for an additional hour, and then was extracted re- 

peatedly with ether. The ether solution waR dried over 
anhydrous sodium sulfate, and concentrated under reduced 
pressure. The residue was fractionated to give 6.3 g. (66'35) 
of material which boiled a t  75-77'/2-3 mm. and melted a t  

Anal. Calcd. for C~H1&T202: C, 52.47; H, 10.07. 
Found: C, 52.87; H, 10.12. 
Ethyl t-Butylazocarboxylate.-A mixture of 1.6 g. (0.01 

mole) of l-t-butyl-2-carbethoxyhydrazine, 0.8 g. of anhy- 
drous magnesium sulfate, and 10 ml. of benzene was stirred 
in an ice bath and 1.5 g. of silver oxide was added. Stirring 
was continued for 1 hr. a t  20°, a further 1.5 g. of silver oxide 
was added, and the reaction was maintained for another 
hour. The mixture was filtered, the residue was washed with 
ether, and the combined solutions were evaporated to leave 
1.4 g. of residue. This was purified by evaporative sublima- 
tion at  room temperature a t  0.7 mm. pressure. The material 
had a sweet odor, was yellow and a middle fraction boiled a t  
168-170'; m.p., -33 to -32", 72% 1.4155, d254 0.9317, 
molecular refractivity 42.48, calculated 42.56 (using the con- 
stants of Barrick, et al.,l2 for aliphatic azo Compounds. 

Anal. Calcd. for C,Hl,K'20~: C, 53.14, H, 8.92. Found: 
C, 53.32, 53.45; H, 9.52,9.36. 
A sample of the azo compound was heated under nitrogen 

in a flask attached to a gas buret. No appreciable change in 
volume was observed up to a bath temperature of 170". 
The infrared spectrum of the heated residue was identical 
with that of the original material. The experiment was re- 
peated in the presence of a small amount of p-toluenesulfonic 
acid. It was observed that, a gas was evolved slowly even a t  
room temperature under these conditions. 

24-25 '. 

(12) L. D .  Barrick, G. W. Drake, and H. L. Loohte, J. Am. Chem. 
Sac., 68, 160 (1936). 
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A variety of N-substituted p-nitrosoanilines were prepared by sbandard methods. A number of bulky groups such as 
The phthalimidomethyl group phthalimido and benzothiazolylthio have been incorporated as the aniline N-substituents. 

contributes measurably to increased stability. 

The chemical modification of butyl rubber with 
X, 4-dinitroso-N-methylanilinel to give filled vul- 
canizates with greatly improved properties2 made it 
advisable to prepare new nitrosoanilines, preferably 
with higher melting points and exhibiting increased 
thermal stability. The initial phase of this investi- 
gation, as reported in a previous paper,a included 
the preparation of a variety of compounds possess- 

ing the general formula o ~ e r - ~ ,  wherein X 

= H, C1,and -OCzHs; R and R' = H, alkyl 
X 

(1) Currently available in 33-1/3% active mixture with an inert 

(2) H .  M. Leeper, C. I.. Gable, J. J. D'Amioo, and C. C. Tung, 

(3) J.  J. D'Amico, C. C Tung, and L. A. Walker, J. Am. Chem. Soc., 

filler under the Monsanto Chemical Co. trndename "Elartopar." 

Rubber World, 196, 413 (1056). 

81, 5957 (19591. 

alkenyl, -CH& H2CI;, -CH2CH20H, -CH2- 
CH2C1, acid esters, and hetero groups. 

The work reported herein involves the prepara- 
tion of nitrosoanilines with R representing much 
larger or bulky groups. Inasmuch as the intermedi- 
ates required for these preparations were not avail- 
able, the synthesis of such substituted anilines was 
necessitated. These were of two general classes; 
(1) imide-formaldehyde-amine condensation prod- 
ucts and ( 2 )  phthalimide- or 2-mercaptobenzo- 
thiazole-chloroamine reaction products. The first 
class was prepared by the procedures described by 
Winstead, Heine, and Blair4s6 to give compounds of 

(4) M. B. Winstead and H. W. Heine. J. Am. Chem. SOC. '7'7, 1913 

( 5 )  H. W. Heine, RI. B. Winstead, and R.  P. Blair, J .  Am. Chem. 
(1955). 

Sac. '78,672 (1966). 
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TABLE I 

iV-SUBSTITUTED ANLINES ~ N H R  - 
x 

Yield hI.p., Empirical -Nitrogen, %- -Chlorine, %- 
Calcd. Found Calcd. Found forniula X crude, “/o O C .  

. . .  10.93 11.03 . .  . H SS.5 161-162’ CibH16Nz02 

C1 91.7 113-115‘ CiSHi6ClN202 . . . . .. 12.19 12.60 

H 98.0 171-172b CiiH12h-202 13.72 13.89 . . .  . . .  

H 61.0 133-134‘ Ci6HilCIS202 9 .77  9 . 4 8  . . . . . .  

H 100.0 222-225b CiSH8C14N202 36.32 36.10 

5.90 5 . 5 7  . .  , . . .  

8 . 7 3  8.58 . .  . . . .  

14.14 14.13 . , , . . .  

a Recrystallized from ethq-1 alcohol. Insoluble in all common organic solvents. 

R X  
the general structure M-CH~N 1 \ with X = H, 

C1, or Br; R = H, alkyl, -CH2CH2Cn’, and 
-CH2CH2COOCH3; and ILI = succinimido, phthal- 
imido, tetrahydrophthalimido, chlorophthalimido, 
tetrachlorophthalimido, and 1,4,5,6,7,7-hexachloro- 
bicyclo [2.2.1 jhept- 5- ene- 2,3- dicarboximido. The 
second type was prepared by the reaction of the 
sodium or potassium salts of the corresponding 
imide or mercaptobenzothiazole with the appro- 
priate p-chloroethylaniline, using dimethyl forma- 
mide as solvent. 

The p-nitroso-X-substituted anilines were pre- 
pared by the procedure described in the first paper 
of this series,3 wherein the appropriate S-substi- 
tuted aniline reacted in excess hydrogen chloride- 
methyl alcohol solution with sodium nitrite. The 
most critical factor in these reactions is the tem- 
perature as indicated in Table 111. 

The preparation of the S,S-disubstituted p-  

‘0 
nitrosoanilines was essentially the same as em- 
ployed in previous The N,Y-disubstituted 
aniline, in concentrated hydrochloric acid solution, 
was treated with an aqueous solution of sodium 
nitrite. Keutralization with sodium hydroxide 
yielded the desired products. 

Reaction of S- (m-chloro-p-ni trosoanilinome t hy 1) - 
phthalimide (XVII) with the appropriate isocyan- 
ate in an inert solvent a t  room temperature pro- 
duced the p-nitrosophenyl ureas. 

Discussion 

When reference is made to the stability of organic 
compounds, properties of ten considered as indica- 
tive of good stability include high melting point, 
resistance to decomposition a t  extended periods of 
heating, long shelf life, and in some cases, high 
molecular weight. The nitrosoanilines described 
herein cannot be generally classified in such a clear 
manner. Little correlation exists between mo- 
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lecular weight and thermal stability, while the 
higher melting materials were found to be generally 
more stable. 

However, one class of compounds, the p-nitroso- 
anilinomethylimides, do show a marked increase in 
thermal stability over such materials as N, 4- 
dinitroso-N-methylaniline and N-methyl-p- nitroso- 
aniline. One notable exception in this regard is the 
use of tetrahydrophthalimide as the imide. All of 
the remaining imides follow the pattern of increased 
stability. This is illustrated in Table VI, in which 
two derivatives of phthalimide are compared with 
XJ4-dinitroso-n'-methylaniline and N-methyl-p- 
nitrosoaniline. 

The thermal stability, determined by the method 
of Deason, et a1.,6 is seen to be greatly increased in 
the case of the two phthalimide derivatives, al- 
though both are quite active as modifiers for butyl 
rubber.' It is interesting to note that the chloro 
derivative is less stable thermally although it has a 
40' higher melting point. All of the thermally 
stable imide derivatives have undergone no changes 
in melting point or assay after a shelf life of two 
years. 

Experimental* 
N-( Anilinomethy1)cyclohexenedicarbolmide (I), N-(m- 

chloroanilinomethy1)cyclohexenedicarboximide (11), N-( ani- 
linomethy1)-succinimide (111), N-( anilinomethy1)-ar-chloro- 
phthalimide (IV), N-(anilinomethy1)tetrachlorophthalimide 
(V), N-(anilinomethyl)-l,4,5,6,7,7-hexachlorobicyclo [2 2.11- 
hept-S-ene-2,j-dicarboximide (VI), and N-(anilinomethy1)- 
4-nitrophthalimide (VIII) were prepared by the procedure 
described by Winstead and Heine,4 using the appropriate 
imides, formaldehyde, and primary aromatic amines. A 
good yield l l f  relatively pure crude product was obtained in 
all cases. The data are summarized in Table I. 

N-[N-( p-Cyanoethyl)anilinomethyl]phthalimide (IX) and 
methylphenyl-N-phthalimidomethyl-p-alaninate (X) were 
prepared by the procedure described by Heine, Winstead, 
and Blair,' using phthalimide, formaldehyde, and the appro- 
priate N-substituted anilines. The data are summarized in 
Table 11. 

N-[2-( N-Ethy1anilino)ethyljphthalimide (XI).-A stirred 
mixture of 85.6 g. (0.5 mole) of potassium phthalimide, 300 
ml. of N,N-dimethylformamide, 110.1 g. (0.50 mole) of N- 
(j3-chloroethyl)-N-ethylaniline hydrochloride, and 28 g. 
(0.5 mole) of potassium hydroxide was heated a t  140-150O 
for 24 hr. After cooling to 20°, the mixture was poured, 
with vigorous stirring, into 1500 g. of ice water and stirred 
for 1 hr. The resulting mixture was then extracted with 500 
ml. of ethyl ether. The ether extract was washed with 
water until the wash water was neutral to litmus and dried 
over sodium sulfate. Upon removal of ether in vacuo, an oil 
was obtained in 68% yikld. 

Anal. Calcd. for ClsHlsN~O~: N ,  9.52; Found: N, 9.01. .. .. ~ ~ 

2-( p-Anilinoethy1thio)-5-chlorobenzothiazole (VII), 2- [ p- 
(N-Ethylani1ino)ethylthiol benzothiazole (XII), 2 - [ p - (  N- 
Ethylanilino)ethylthio]-6-ethoxybenzothiazole (XIII), 2- [p- 
(N-Ethy1anilino)ethylthiol -5-chlorobenzothiazole (XIV) .- 
To a stirred mixture of 0.5 mole of 2-mercapto-5-chlorobenz- 

(6) W. R.  Deason, W. E. Koerner, end R.  H. Munch, I n d .  Eng. 

(7) J. J. D'rlmiro ( t o  hlonsento Chemical Co.), U. S. Patent 

(8) All melting points were taken upon a Fisher-Johns block and 

Chem. 51, 997 (19,591. 

2,927,930 (March 8, 1960). 

are uncorrected. 
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Yield 
crude, A l . l ~ ,  Empirical .-Nitrogen, '%- 

s 7 0  "C. formula, Cdcd. Found 

CI 81.0 l l&12P C22Hi,ClN4O, 12.90 12.60 

C1 71.4 121-126a C24H&lN,Os 14.30 14.11 

C1 75.8 120-124a CaoH&lN~Os 12.37 12.46 

Insoluble in all common organic solvents. 

TABLE VI  
COMPARISON OF THERMAL STABILITY OF ~-KITROSOANILINES~ 

Mol. wt. ALP., "C. Ti,b O C .  Tz,' ''2. 
iY,4-Dinitroso-K-methylanilinc 165.15 95- 96 68.0 91.5 
N-Met hyl-p-nitrosoaniline 136.15 117-11s 37.5 55.0 
K-( p-Nitrosoanilinomethy1)phthaliniide 281.26 184-186 112.5 133.5 
X-( vi-Chloro-pnitrosoanilinomethy1)- 

phthalimide 315.71 223-225 98.5 120.5 
a See ref. 6. T, = Temperature a t  which heat evolution = 10 cal./min./kg. 7'2 = Temperature a t  which heat 

evolution = 100 cal./min./kg. 

othiazole, 2-mercaptobenzothiazole, or 2-mercapto-6-ethoxy- 
benzothiazole, 400 ml. of water, and 160 g. (1.0 mole) of 25% 
sodium hydroxide solution \vas added 0.5 mole of X-@- 
chloroethy1)aniline hydrochloride or N-( p-chloroethy1)-N- 
ethylaniline hydrochloride in one portion at  25". The re- 
sulting mixture was stirred a t  50-60" for 6 hr., after which 
time it was cooled to 15' and extracted with 500 ml. of 
ethyl ether. The ether extract was washed with water until 
the wash water was neutral to litmus and dried over sodium 
sulfate. The ether was removed in uucuo to yield the desired 
products. The data for VI1 is given in Table I while the re- 
mainder are described in Table 11. 

p-Nitroso-N-substituted Anilines (XV-XXV).-To 868 g. 
(10 .O moles) of 42y0 hydrogen chloride-methyl alcohol 
solution at  0-5" was added, with vigorous stirring, 1 mole of 
the appropriate iT-substituted aniline in small portions over 
a 15-30-min. period. 
rise in temperature to 15-20'. After cooling the reaction 
mixture to 5", 80 g. (1.12 moles) of 97% sodium nitrite was 
added in one portion. External cooling was removed, and 
the temperature of the reaction mixture was allowed to rise 
to that specified in Table 111. The stirred reaction mixtures 
were maintained at  these temperatures for 4 to 5 hr. 

The reaction mixture was added to 2000 g. of ice water, 
stirred for 5-15 min., and concentrated ammonium hy- 
droxide was then added dropwise a t  0-20" until pH 8 was ob- 
tained. After stirring the mixture for 1 hr. a t  10-20°, the 
precipitated product was collected by filtration, washed 
with water until the wash water was neutral to  litmus, and 
air-dried a t  25-30'. The data are summarized in Table 
111. 

N,N-Disubstituted p-Nitroso Anilines (XXVI-XXXIV).- 
To 150 g. (1.5 moles) of concentrated hydrochloric acid at 
0-10' was added, with vigorous stirring, 0.25 mole of the 

The addition was accompanied by 

appropriate S,X-disubstituted aniline in one portion, after 
which a temperature rise to 15-20' was observed. The 
mixture was cooled to 0' and 20 g. (0.281 mole) of 97% so- 
dium nitrite dissolved in 50 ml. of water was added dropwise 
over a period of 15-30 n-m. a t  0-10'. Stirring was then 
continued for 1 hr. a t  0-10". The mixture was then poured 
into 500 g. of ice water, stirred for 10-15 min., and 25cj, 
sodium hydroxide solution was added dropwise a t  0-10' to 
the well stirred mixture until pH 8 was obtained. After 
stirring for 1 hr. a t  10-20", the resulting solid was collected 
by filtration, washed with water until the wash water was 
neutral to litmus, and air-dried at  25-30'. The data are 
summarized in Table IV. 

N-( n~-Chloro-N,4-dinitrosoanilinomethyl)phthalimide 
(XXXVIII).-To a stirred mixture of 14 g. (0.044 mole) 
XVI and 150 g. glacial acetic acid, cooled to 15", was added 
10.0 g. (0.1 mole) of 37y0 aqueous hydrochloric acid over a 
period of 10 min. To the resulting solution there wa3 added 
a solution of 4.0 g. (0.057 mole) of 98% sodium nitrite in 10 
ml. of water over a period of 15 min., the temperature being 
maintained at  20-25'. After stirring for 3 hr. a t  25-29', the 
solution was cooled to 10" and 500 ml. of water was added to 
precipitate a light tan solid. The mixture was stirred at  
15-20' for 30 min., after which time the solid was removed 
by filtration, washed with water until the washings were 
neutral to litmus, and dried over calcium chloride in a vac- 
uum desiccator. Recrystallization from ethyl alcohol pro- 
duced 9.9 g. (65.4y0) of the desired product, a light tan solid, 
m.p. 152-154". 

Anal. Calcd. for ClsHoC1N~04: Pi, 16.25; Found: N, 
16.08. 

p-Nitrosophenyl Substituted Ureas (XXXV-XxXVII).- 
To a stirred mixture of 63.0 g. (0.20 mole) of XVI and 300 
ml. of n-heptane a t  25-30' was added 0.22 mole of phenyl 
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isocyanate, tolyl 2,4diisocyanate, or bis( p-isocyanate)- Acknowledgment.-The writers wish to acknowl- 
diphenylmethane in one portion. The resulting mixture was edge their indebtedness to M ~ ~ .  M. Steele, M ~ .  E, 
stirred at 25-30" for 20 hr. The precipitated solids were E. Null, and Mr, c. Raynes for analyses performed collected by filtration, washed with 50 ml. of cold n-heptane, 
and air-dried at 25-30". The data are summarized in and to Mr. R. W. Wise and Mr. Ira Hedrick for the 
Table V. differential thermal analyses. 

Oxidation-Reduction Potentials and Absorption Spectra 
of Polycyclic Aromatic Quinones' 
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Oxidation-reduction potentials, carbonyl, and ultraviolet and visible (240-600-mp range) absorption frequencies of sixteen 
All available oxidation-reduction potential data of unsubstituted aromatic polycyclic aromatic quinones are reported. 

quinones are summarized and several new generalizations noted. 

Oxidation-reduct'ion potentials of polycyclic 
aromatic quinones normally provide a precise 
measure of both the oxidizing power of t'he quinone 
and t,he reducing intensity of the hydroquinone. 
These oxidation-reduction pot'entials, however, 
have also been used to  account for the tendency of 
many aromatic compounds to give addition rather 
t'han subst'itution prod~cts .2 ,~ Thus Fieser and 
Price4 have correlat'ed the velocity of the phenan- 
t,hrene-bromine addit'ion reaction for various 
phenanthrene derivatives with the magni- 
t'ude of t'he redox potent8ial of the corresponding 
o-quinone, while Badger5 has used redox potentials 
as a measure of the stability of dihydro compounds 
halring the, same nuclear bond st'ructure as the 
corresponding quinones. Waters6 has found redox 
potent,ials also useful as guides to the position of 
substitution in polycyclic aromatics while Josien 
and ro-workers' have indicated the relationship 
between the carbonyl vibration frequency of a com- 
pound and it8s oxidat#ion-reduct,ion pofential. The 
utilit'y of oxidation-reduct,ion potential dat.a in in- 
t'erpret'ing t,he behavior of tautomers of hydroxy- 
and aminoquinones is well documented.* Most. 
recent'ly, a linear relationship has been demon- 
st,rat,ed between oxidat'ion-reduction potentials 
and t'he rate of catalyt'ic hydrogenation of p-  
quinones and t'heir alkylat8ed der i~a t ives .~  

(1) This research was supported by a grant C-3325(C4) from the 

(2)  L. F. Fieser, "Organic Chemistry," Vol. I ,  H. Gilman, ed., J. 

(3) E. Clar, "Aromatische Kohlenwasserstoffe," 2nd ed., Springer- 

(4) L. F. Fieser and C. C. Price. J .  Am. Chem. Soc., 58, 1838 (1936). 
( 5 )  G M. Badger, "Structures and Reactions of the Aromatic 

Compounds," Cambridge University Press, 1954, p. 88. 
( 6 )  U'. A. Waters, J .  Chem. SOC., 727 (1948). 
(7) XI. L. Josien, N. Fuson, J. 11. Lebas, and J. M. Gregory, J .  

(8) L. F. Fieser and M. Fieser, "Advanced Organic Chemistry," 

(9) H. Rfiisso. K. Fiaae, and n. ,I. 13Pckzr, Bsr., 94, 1107 (1961). 

U.S. Public Health Service. National Cancer Institute. 

Wiley and Sons, Inc., New York, N. Y., 1943, p. 155. 

Verlag, Berlin, 1952, p. 20. 

Chem. Phgs., 21,331 (1953). 

Reinhold Publishing Corp., New York. N. Y., 1961, p. 850. 

Conversely Iball1slo measurement of the oxida- 
tion-reduction potentials of sixteen carcinogenic 
and noncarcinogenic hens [u]anthracene-7,12-dione 
derivatives plus dibenz [a,h]- and dibenz [a,j]an- 
thracene-7,14-diones showed that substituent posi- 
tion on the benz [ulanthracene nucleus had a marked 
effect on the oxidation potential, but that there was 
no apparent correlation between potential and 
carcinogenic potency. 

The Branch-Calvin relation11 between the cor- 
rected normal potential of an aromatic quinone and 
the number of Kekul6 structures in t,he hydroqui- 
none and quinone has led Carterl2 to an empirical 
equation for the calculation of resonance energies of 
polycyclic aromatic hydrocarbons. C o ~ l s o n ' ~  has 
demonstrated the smooth curve relationship of 
t,hese corrected redox potentials with experimental 
bond lengths, while ot'her investigators have ex- 
panded this list t'o include bond localization ener- 
giesl43l5 and bond 0rders.5~11~14~~~ Our most re- 
cent demonstrated qualitative correlation between 
corrected redox potentials of aromatic 0- and p -  
quinones and both the position and ease of initial 
ozone attack in unsubstituted aromatic hydrocar- 
bons" necessitated a review of all known potentials 
in the field.18 

In this paper we report specifically on the meas- 
urement of oxidation-reduction potentials, car- 

(10) J. Iball. Am.  J .  Cancer, 88, 372 (1940). 
(11) G. E. K. Branch and hf. Calvin, "The Theory of Organic 

(12) P. G. Carter, Trans. Faraday SOC., 4S, 597 (1949). 
(13) C. 4. Coulson, Proc. Roy. Soc., A, 169, 413 (1939). 
(14) G. M. Badger, Quart. Rev. (London), 6, 147 (1951). 
(15) M. G. Evans, J. Gergely, and J. deHeer, Trans. Faraday Soc., 

4S, 312 (1949); M. G. Evans and J. deHeer, Quart. Rev. (London), 
4, 94 (1950). 

Chemistry," Prentice-Hall, Inc., New York, N. Y., 1941, P. 303. 

(16) G. hl. Badger, .I .  Chem. Soc., 1809 (1950). 
(17) (a) E. J. Moriconi, W. F. O'Connor, and L. B. Taranko, Arch. 

Biochem. and B i o p h w ,  88, 283 (1959); (b) E. J. Moriconi, W. F. O'Con- 
nor, and F. T. Wallenberger, J .  Am. Chem. Soc., 81, 6466 (1959); 
(c) E. J. Moriconi, W. F. O'Connor. W. J. Sohmitt, G .  W. Cogswell. 
and B. P. Furer. ibid. ,  82, 3441 (1960). 


