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The anomalous accelerating effect of electron-attract- 
ing substituents on hydrolysis rate is even more striking 
in the case of N-methylformanilides than in the case of 
formanilides : N-methyl-m-nitroformanilide is about 
ten times as reactive, and N-methyl-p-nitroformanilide 
is about a thousand times as reactive, as N-methyl- 
formanilide. The explanation of the enhanced reactiv- 
ity of nitro-substituted N-methylformanilides is prob- 
ably the same as for other anilides: strongly electron- 
attracting aryl substituents cause a change in mecha- 
nism from that of Scheme I to that of eq 6. This view is 
supported by the fact that the effect of the p-nitro group 
on the entropy of activation for hydrolysis of N-methyl- 
p-nitroformanilide is similar to its effect on the entropy 
of activation for hydrolysis of p-nitroformanilide : the 

entropy of activation for N-methyl-p-nitroformanilide 
hydrolysis in 0.2 N NaOH (- 1s eu) is more than 20 cu 
less negative than that for hydrolysis of a more t,ypical 
anilide, N-methyl-p-chloroformanilide (-41 eu). 

Registry No.-nz-n'itroformaniiide, 102-33-5; form- 
anilide, 103-07-8; p-dimethylaminoformanilide, 1S606- 
6 3 4 ;  p-formylphenoxide ion, 1S93S-17-5; p-nitro- 
acetanilide, 104-04-1. 
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Nitrosobenzene reacts with benzene at  200-400' to give mostly azoxybenzene and nitrobenzene. At 500-GOO" 
the major products are diphenylamine, biphenyl, phenol, and phenylcarbazoles. Minor products include nitro- 
benzene, triphenylamine, aminobiphenyl, carbazole, hydroxybiphenyl, diphenyl ether, and aniline. Similar 
products are formed from azoxybenxene and benzene at  GOOo with a few exceptions; aniline is a major product 
and nitrobenzene, triphenylamine, and phenylcarbazoles are not produced. Studies with benzene46 and cyclo- 
hexane at  600" showed that in the presence of benzene, nitrosobenzene dissociates to phenyl radical and NO. 
Disproportionation of nitrosobenzene to azoxybenzene and nitrobenzene occurs in the presence of cyclohexane 
at  600" but is minor in the presence of benzene. 

Although nitrosobenzene and azoxybenzene have 
been the subject of many investigations, their behavior 
a t  elevated temperatures has been relatively unex- 
plored. Barnberger' found that nitrosobenzene 
decomposed at  100" to give mainly azoxybenzene, 
together with small quantities of nitrobenzene, ani- 
line, o-hydroxyaxobenzene, and 0- and p-hydroxyazoxy- 
benzene. He proposed that the nitrosobenzene was 
converted to a mixture of phenylhydroxylamine and 
nitrobenzene, and the former reacted with nitroso- 
benzene to give azoxybenxene. I<nipscheer2 pyrolyzed 
azoxybenzene at  240-250" in the presence of carbon 
dioxide and obtained 2- and 4-hydroxyazobenzene and 
azobenzene as products. Dry distillation of azoxy- 
benzene also gave azobenzene along with aniline and 
nitro~obenzene.~ 

To characterize further the thermal chemistry of 
nitrosobenzene, we examined its reactions with ben- 
zene, benzene-&, and cyclohexane. As nitrosobenzene 
readily gives azoxybenzene, the reactions of azoxy- 
benzene were also studied. 

Experimental Section 
Experimental procedures and analyses have been de~cr ibed .~  

In a typical experiment, a solution of 19.8 g (0.1 mol) of azoxy- 
benzene and 39 g (0.5 mol) of benzene was pumped into a Vycor 
tube filled with Vycor chips a t  600' under a helium flow of 20 
cc/min, with a contact time of 16.1 sec. The vapors were con- 

(1) E. Bamberger, Ber., 35, 1606 (1902). 
(2) €1. M. Knipscheer, R e d .  Trau. Chim. Pays-Bas, 22, 1 (1903). 
(3) E. Barnberger, Ber., 27, 1182 (1894). 
(4) E. K.  Fields and 8. Meyerson, J .  Org. Chsm., 33, 2315 (1968); 36, 

62 (1970). 

densed in a flask at  0'; the condensate was distilled to give 32.4 g 
of benzene and 14.0 g of residue whose analysis is shown in 
Table 11. 

Results and Discussion 

Nitrosobenzene and Azoxybenzene with Benzene.- 
The products from the reaction of nitrosobenzene with 
benzene at 200-600" are listed in Table I. Nitroso- 

TABLE I 
REACTION OF XITROSOBENZENE WITH BENZENEO 

------Relative concentrationb------ 
Products 200' 300' 400' 500' 600' 

Nitrobenzene 19.1 19 .3  17.5 7 . 1  5 . 9  
Axoxybenzene 76.1 75.7 6 2 , l  
Azobenzene 3 . 4  3 . 9  6 . 5  
Diphenylamine Trace 0 . 6  8 . 2  33.0 34.3 
Aminobiphenyls 0 . 7  
Biphenyl 2 . 7  37.4 30.2 
Phenol 1 . 2  0 . 5  1 . 0  8 . 4  10.1 
Diphenyl ether, 

hydroxy- 
biphenyls 3 . 6  

Phenylcarbazoles 1 . 0  11.5 12.0 
Triphenylamine 1 . o  1 . 4  
Aniline Trace 0 . 6  

a Reaction condit,ions: contact time, 10-19 sec; mole ratio 
nitr0sobenxene:benzene = 1:5. Determined by gas chro- 
matography. 

benzene decomposes to  nitrobenzene and azoxybenzene 
at  200-400" , whereas a t  500-600° diphenylamine, 
biphenyl, and carbazoles are Lhe major products. TO 

Carbazole 1 . 0  1 . 4  1 . 2  
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ascertain the fate of azoxybenzene above 500°, we 
examined the reaction of azoxybenzene with benzene 
at  600". A comparison of the products from this 
reaction with those of the corresponding nitrosoben- 
zene reaction is shown in Table 11. Both reactions 
gave similar products, with some noteworthy excep- 
tions. Aniline was a major product in the azoxyben- 
zene reaction, whereas only trace amounts were ob- 
tained from nitrosobenzene. Xitrobenzene and phen- 
ylcarbazoles were not observed in the azoxybenzene 
reaction, and the relative concentration of diphenyl- 
amine from this reaction was approximately one-third 

TABLE I1 
REACTION OF NITROSOBENZENE AND 

AZOXYDENZENE WITH BENZEBE 
----Relative concentrationa--- 

Products Nitrosobenaeneb Azoxybenzene" 

Diphenylamine 34 .3  10.0 
Aminobiphenyls 0 . 7  2 8  
Biphenyl 30.2 33.8 
Phenol 10 .1  15 .4  
Diphenyl ether, 

hydroxybip henyls 3 . 6  2 .4  
Carbazole 1 . 2  3 . 7  
Phenylcarbaaoles 12 .0  
Aaobenzene 1 .9  
Aniline 0 .6  30.0 
Nitrobenzene 5 . 9  
Triphenylamine 1 . 4  

a Determined by gas chromatography. b Conditions: 600"; 
contact time, 9.5 sec; mole ratio 1iitrosobenzene:benzene = 1:  5 .  

Conditions: 600'; contact time, 16.1 sec; mole ratio azoxy- 
benzene: benzene = 1 : 5. 

less than that found in the corresponding nitrosoben- 
zene reaction. The data in Tables I and I1 suggest 
that nitrosobenzene is reacting via two paths: (1) 
conversion to azoxybenzene and nitrobenzene followed 
by the decomposition of azoxybenzene, and ( 2 )  decom- 
position to a phenyl radical and NO. The latter reac- 
tion predominates above 400". We also observed the 
thermal conversion of nitrosobenzene to azoxybenzene 
and nitrobenzene at  140-250" in the inlet system of 
the mass spectrometer. 

r 0- 1 

0- 
I 

CeHjN=NCf,Hs f CeHsNOz (1) 

CeHaNO + CeHa. -!- NO (2 ) 

Nitrosobenzene and Azoxybenzene with Benzene-d6. 
-To determine the origin of the phenyl groups in 
phenol, biphenyl, and the amine products, as well as 
the partitioning of nitrosobenzene between its dis- 
sociation to phenyl radical and NO and its conversion 
to axoxybenzene, we examined the reaction of nitroso- 
benzene and azoxybenzene with benzene-& at  600". 
The isotopic distribution of the major products is 
shown in Tables I11 and IV. Contact times were 
short enough to avoid appreciable thermal scram- 
bling of protium and deuteriurn,j as evidenced by the 

( 5 )  E. K. Fields and 8. Meyerson, J .  Amer. Chem. Soc., 82,21 (1966). 

\ - O H .  / 

CaHjNOz + CeHsONO + CsHjO. f NO 

C ~ I I ~ O H  
Phenylcarbazole, Carbazole, and Triphenylamine 

[ H I  CeH,, 
(c,H,),NH - c ~ H ~ N c ~ H ~  - GHM 

1--2[HI 

TABLF: 111 
REACTION O F  NITROSOBENZENE WITH BESZ!3NE-dea 

------Isotopic distribution of products------- 
D Ben- Nitro- Bi- Diphenyl- Carba- Phenyl- 

atoms zene benzene Phenol phenyl amine zole carbazoles 

0 0 .5  96 .1  82.9 2 . 8  74.7 77.5 77.3 
1 0 . 5  3 .9  12 .3  1 . 4  17 .1  12 .5  15 .2  
2 1 . 6  1.5 1.5 2 . 2  
3 1.5 
4 0 . 5  1 . 6  4 . 9  1.5 7 . 0  3 . 8  
5 6 . 4  1.6 70.6 5 .2  1 .5  
6 92.1 4 . 2  
7 
8 
9 2 . 1  

10 14 .0  
a At 600°, contact time 10.4 sec; mole ratio nitrosobenzene: 

benzene = 1:5; isotopic composition of benzene, 0.27, d,, 
5.3% dj, 94.5% d6. 

deuterium distribution of the recovered benzene. The 
isotopic distribution of nitrobenzene in Table I11 indi- 
cates that it was derived solely from nitrosobenzene, 
with the small amount of dl component apparently 
arising by protium-deuterium exchange. The amines, 
as well as phenol from both reactions, had similar deu- 
terium distributions, chiefly do and dl species, with 
only 5-9% of the diphenylamine and carbazoles aris- 
ing from reactions involving benzene-& and benzene- 
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TABLE IV 
REACTION O F  AZOXYBENEENE WITH BBNZENE-dEa 

--_----- Isotopic distribution of products----------------------- 
D atoms Benzene Phenol Aniline Biphenyl Diphenylamine Aminobiphenyl Azobensene Carbazole 

0 3 .1  89.6 86.2 15.2 77.5 71.9 100 74.9 
1 0.7 8 .5  12.7 4.9 13.3 12.9 13.7 
2 0.5 0.8 0.8 1 . 3  3 .5  2.7 
3 0.5 0.3 0.2 0.3 0.6 2.5 
4 0.5 0 .5  4.8 1.1 1.2 6 .3  
5 7.4 0 .4  56.8 5.9 8.8 
6 88.3 4.9 0.6 1.1 
7 0.4 
8 0.2 
9 1.7 

10 10.1 
a At 600°, contact time 16.2 sec; mole ratio azoxybenzene: benzene = 1: 5 ;  isotopic coinposition of benzene, 0.3% d,, 5.8% d:, 93.7% 

ds. 

TABLE V 
REACTION OF NITROSOBENZENE AND 

AZOXYBENZENE WITH CYCLOHEXANE 
---Relative concentrationd-- 

Productsa Nitrosobenzeneb AzoxybenzeneC 

Diphenylamine 25.5 6 . 8  
Aminobiphenyls 0 .5  1 .4  

Phenol 13.1 31.5 
Diphenyl ether, 

hydroxybiphenyls 2.9 6 .5  
Nitrobenzene 5.0 1 .7  
Aniline 39.0 36.7 
Carbazole 2 . 3  2 .8 
N-Phenylcarbazole 0 . 7  0.5 
Azobenzene 3 .3  3.0 

Biphenyl 6.9 9 . 1  

Triphenylamine 0 .8  
The lower boiling products were benzene, cyclohexadiene, 

and cyclohexene. At  600°, contact time 16.6 sec; mole ratio 
nitrosobenzene: cyclohexane = 1 :2. c A t  600°, contact time 
20.2 sec; mole ratio azoxybenzene :cyclohexane = 1 : 4. d De- 
termined by gas chromatography. 

&-derived intermediates. Biphenyl from the nitroso- 
benzene reaction consisted largely of d, and dlo species 
with only 4.2% (do + d l )  originating from hitrosoben- 
zene, whereas biphenyl derived solely from azoxyben- 
zene accounted for 20% (do + d l )  of the total bi- 
phenyl. The deuterium distribution of aniline indi- 
cated that the aromatic ring was derived solely from 
azoxybenzene and that azoxybenzene was decompos- 
ing to an intermediate which had ready access to hydro- 
gen. Reactions based on the data presented here are 
suggested in Schemes I and I1 to account for the major 
products derived from nitrosobenzene and azoxyben- 
zene, respectively. 

The difference in relative concentrations of aniline 
and diphenylamine derived from nitrosobenzene and 
azoxybenzene at  600°, as well as the isotopic distri- 
bution of the products from the benzene-de reactions, 
show that nitrosobenzene dissociates to a phenyl radi- 
cal and KO. Little nitrosobenzene goes to  aeoxyben- 
zene above 400". Nitrosobenzene acts as a trap for 
phenyl radicals, giving diphenylnitroxide" As a re- 
sult, less nitrosobenzene is available for conversion tfo 
azoxybenzene. 

(6) G. R. Chalfont, D. H. Hey, K. 8. Y. Liang, and M. J. Perkins, Chem. 
Commun., 367 (1967); A. Maokor, T h .  -4. J. W. M'ajer, Th. J. deBoer, and 
J. D. W. van Voorst, TetrahedronLett., 2116 (1966). 

SCHEME I1 
Aniline 

[b] + 6 
Phenol 

I-\ 

PH 
+ N2 + 0 

b 
Diphenylamine, Aminobiphenyl, and Carbazole 

--[HI C& H 
CbH,jNHZ CCHsNH. -----t CeH,NC&t, + [HI 

1C& 1--2[Hl 

OJ3 CbHjCGHjNH2 + [HI 

H 



HYDROLYSIS OF SOLUBILIZED OCTANE-2-DIAZOTATE 

Nitrosobenzene and Azoxybenzene with Cyclohexane. 
-To gain additional information concerning the 
decomposition of nitrosobenzene to phenyl radical and 
NO and its conversion to azoxybenzene, we carried out 
the reactions of nitrosobenzene and azoxybenzene with 
cyclohexane at  600". As phenyl radical prefers to 
abstract hydrogen from cyclohexane rather than add 
to the aromatic ring of benzene at  some of the 
phenyl radicals generated from nitrosobenzene should 
be converted to benzene. This should facilitate the 
conversion of nitrosobenzene to azoxybenzene and its 
subsequent decomposition to aniline. The data from 
these reactions are shown in Table V. Aniline in- 
deed was formed as a major product from nitroso- 
benzene; product distributions from both nitrosoben- 
(7) 8. I. Feinstein, E .  K. Fields, and S. Meyerson, J .  Ore. Chem., 86, 303 

(1970). 
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zene and azoxybenzene with cyclohexane were more 
nearly the same than those from the corresponding 
reactions with benzene. 

This study shows that the thermal chemistry of ni- 
trosobenzene is quite complex. Dissociation of nitroso- 
benzene to azoxybenzene and nitrobenzene or to 
phenyl radicals and NO depends on temperature and 
the nature of the hydrocarbon used as a reagent. 

Registry No. --Nitrosobenzene, jS6-96-9 ; azoxyben- 
zene, 495-48-7; benzene, 71-43-2; benzene-&, 1076- 
43-3; cyclohexane, 110-82-7. 
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Solubilized optically active octane-2-diasotate (l6O) in hexamethylphosphoric triamide-dicyclohexyl-18- 
crown-6 was hydrolysed by slow addition to HP0.  The resultant 2-octanol was attributed to four product- 
forming pathways: 160-incorporation-retention, 18.9% ; 180-incorporation-inversion, 58.5%; l6O-conservation- 
retention, 16.57,; 1eO-conservation-inversion, 6.0%. The results are compared to those obtained upon direct 
addition of H2180 to solid octane-2-diazotate; mechanisms are discussed. 

We have analyzed the hydrolysis of optically active 
potassium octane-2-diazotate (I) with Hz1*0, a reac- 
tion which gave the results summarized in eq 1, R = 
~ - C ~ , H I ~ . ~ J  

H, 

R' 
CH&-N-N--'~O- K+ + H, 1 8 0  - 

13.8 % 26.6% 
(ex-ret) (cons-ret) 

43.1 % 16.7 % 
(ex-inv ) (cons-inv) 

Solvent incorporating (exchange) inversion was the 
predominant' pathway (ex-inv product), but substantial 
conservation of the original diazotate oxygen was also 
observed. The exchange pathways afforded 2-octanol 
(1) Alkyl Diasotates. IX.9 
(2) Par t  VIII:  R .  A. Moss and M .  J.  Landon, J .  Amer. Chem. Soc., sa, 

5755 (1970). 
(3) (a) Fellow of the Alfred P. Sloan Foundation: t o  whom correspon- 

dence should be addressed a t  Rutgers University. (b) National Science 
Foundation Undergraduate Research Participant, summer 1970. (c) 
Colgate-Palmolive Research Center. 
(4) R.  A. Moss, D. W. Reger, and E.  M. Emery, J .  Amer. Chem. Soc., 

92, 1366 (1970). 
( 5 )  R.  A. Moss and S. M. Lane, ib id . ,  89, 5655 (1967). 

with 76% overall inversion, whereas the conservation 
pathways afforded 2-octanol with 61% overall retention. 
This pattern, exchange with inversion and conservation 
with retention, was also observed in the ethanolysis of 
potassium l-phenylethanediazotate.2 

We proposed4 a mechanism in which H P 0  and 160H- 
competed for 2-octyl cation in a nonsymmetrically 
hydrated ion pair (see Scheme I). This mechanism 

SCHEME I 
Hi180 

R*N=N--'Q- e R*N=N--'QH 

return 
__t R*'BOH 

solvent-HP0 
H'80R* e- N=N 

exchange 
R*-'eOH 

H16OR* cation capture rotation [ R +  1607- ] 
(H'QR*) y 180H - 

inversion retention 

was an adaptation of White's "counterion hypothesis," 
which has worked well for deaminative processes in 
nonaqueous solvents.6 

The previous hydrolyses of 14v6 involved the addition 
of water to  the solid salt. The ensuing reactions were 
very rapid on the normal time scale, and the results 
could have reflected local inhomogeneities in the reac- 

(6) E.  H. White and D .  J. Woodcock in "The Chemistry of the Amino 
Group," S. Patai, Ed., Interscience, New York, N. Y., 1968, pp 440-483. 
This excellent review includes a definitive statement of the "counterion 
hypothesis," as well as elegant illustrations of its applicability. 


