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(1 1) C. J. Pedersen, J. Am. Chem. Soc., 89, 7017 (1967). 
(12) For a description of the types of toxicity associated with crown ethers see: 

C. J. Pedersen, Og. Synth., 52,66 (1972). and B. K. J. Leong, T. 0. T. Ts'o, 
and M. B. Chenoweth, Toxicol. Appl. Pharmacal., 27, 342 (1974). 

(13) Except for the adenine alkylations where the product was not volatile. In 

those examples mesitylene was used as an internal standard and the rate 
of alkylation was determined only by monitoring the disappearance of al- 
kylating agent. 

(14) Analyses were performed on a Hewlett-Packard Gas Chromatograph Model 
5830A using a 6-R column packed with 3% SE-30. 
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Secondary amines react with ozone via two major routes, one involving nitroxide and ammonium salt formation 
and the other involving side-chain oxidation. The first appears to be the only reaction type with di-tert-butylamine 
and the major route with diisopropylamine. Side-chain oxidation is the major route with di-n-butylamine. Detailed 
mechanisms are proposed based on present findings and theories developed in earlier studies with primary, secon- 
dary, and tertiary amines bearing primary, secondary, and/or tertiary alkyl groups. 

Previous papers in this series have been concerned with 
ozonations of various primary, secondary, and tertiary 

as well as with a similar study regarding certain 
dialkyl su1fides.l Studies with primary amines having primary, 
secondary, and tertiary alkyl substituents have been pub- 
l i ~ h e d , ~ , ~ ? '  but the only secondary and tertiary amines so far 
included are di-tert - b ~ t y l a m i n e , ~  t r i -n-b~ty lamine ,~J  and 
l-di-n-butylamin0-2-butanone.~ These investigations have 
led to the proposal of four competing fates (Scheme I) for the 
initially formed ozone-amine adduct (I). The equations rep- 
resenting these fates (a-d, Scheme I) depict only the initial 
steps; additional reactions generally follow. 

The present paper describes ozonations of diisopropylamine 
and di-n-butylamine and completes and summarizes our 
studies concerning secondary amines possessing primary, 
secondary, and tertiary alkyl substituents, as did our earlier 
paper7 with primary amines. 

The ozonations of diisopropylamine were performed with 
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1 mol of amine in chloroform (at -65 "C), methylene chloride 
(-78 "C) and carbon tetrachloride (-20 "C). Ozone reacted 
quantitatively and the molar ratio of ozone to amine reacting 
was approximately 2 in the chloroform and methylene chloride 
reactions and 1 in the carbon tetrachloride reaction. The 
molecular oxygen yield was 0.7-0.9 mollmol of ozone reacting. 
These and other results are shown in Table I, along with re- 
sults from ozonation of diisopropylhydroxylamine. 

The results in chloroform solvent (experiment 1, Table I) 
were similar to those obtained with di-tert-butylamine in the 
same ~ o l v e n t , ~  with the exception that the nitroalkane yield 
was only about half as high as with di-tert-butylamine and 
that obvious side-chain oxidation products were obtained. A 
major product was diisopropylammonium chloride, analogous 
to findings with di-tert-butylamine5 (as well as with primary 
amines'). However, the ratio of salt to nitro compound was 
greater than 1 with diisopropylamine but less than 1 with di- 
t e r t -b~ty lamine .~  The origin of the salt was shown to be fate 
d (Scheme I, R = i-Pr), as found also for di- ter t -b~tylamine,~ 
rather than the cation radical-ozonate anion radical route 
(fate b, Scheme I) characteristic of primary  amine^.^ EPR 
studies, in pentane a t  -100 "C, Freon 11 at  -120 "C, or the 
neat amine at  -70 "C, gave no indication of the ozonate anion 
radical but showed a strong nine-line signal characteristic of 
diisopropyl nitroxide (11, Scheme I, R = i-Pr)s (cf. ref 5). Other 
workers also have shown that dialkyl or diary1 nitroxides are 
produced in the first stage of ozonation of secondary 
amines.9 

The ozonations of di-tert-butylamine in chloroform, to give 
di-tert-butyl nitroxide (11, R = t-Bu) and di-tert-butylam- 
monium chloride (111 + V, Scheme I, R = t-Bu), and of di- 
tert -butyl nitroxide to give 2-methyl-2-nitropropane and 
other products, were described in previous  paper^.^^^ Equation 
1 describes the overall  result^.^ 

8t-BuzNH + 1403 + 6CHC13 
--* 4t-BuN02 + 4t-B~2NH2+Cl- 

+ 2t-BuOH + 2MeZC=0 + 6C12C=O 
+ C12 + CHBOH + H&=O + 2H20 + 1002 (1) 

+ 
R2NH2 + -00- Reactions analogous to most of those leading to eq 1 (eq 7-10, 

ref 5 and 6-8, ref 6) would also be expected to occur during 
ozonations of diisopropylamine and diisopropyl nitroxide, 
with, however, different weightings and certain additions, the 
principal one of which has to do with the difference in sta- 
bilities of the dialkyl nitroxides involved. Dialkyl nitroxides 

R2NH I11 Iv 
A CHCI, 

*00CHC12 + C1- 

V 
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Table I. Ozonation of Diisopropylamine 
% 

account- 
0 3 1  CH3C- ingd 

amine i-Pr2- Mep (=O)- i-PrN- Mez- for 
Sol- Temp, react- 0 2 / 0 3  NH2+ C=N- N(-H) Me2- i-Pr- (O)N(O)- C=N- i-Pr- fragments 

Expt vent" "C ingb evolvedC C1-d i-Prd i-Prd C=Od NOzd i-PrdIe OHd NHzd Otherd Nf i-Prg 

2 CH2C12' -78 2.1 0.9 17 4 3 59 23 7 18 17 j 96 90 
3 CC14 -20 1.1 0.8 24 10 4 33 12 0 0 0 3' 54 67 

-_ 
1 CHC1zh -65 2.1 0.7 36 3 2 50 27 5 9 6 3' 93 94 

4k,1 
4 CHC13"' -6ij L O m  0.5 31m 0 0 38 14 n 0 0 0  45 57 

a In the first two experiments 20 mmol of amine in 20 mL of solvent was employed. In the other experiments, 3-10 mmol of amine 
in 5-15 mL of solvent was used. In each case 1 mmol of ozone (in a nitrogen stream) per mmol of starting amine was used and reacted 
completely. Unreacted amine was determined and the ratio is that of 0 3  to amine reacting. c Moles of molecular oxygen evolved per 
mole of ozone reacting. These values were obtained in separate, smaller experiments. Percentage yields based on amine used up, 
rounded off to the nearest whole number. e 2-Nitrosopropane dimer. f The N fragment accounting includes amine salt, imine, amide, 
2-nitropropane, 2-nitrosopropane dimer, acetone oxime, and isopropylamine. g The isopropyl group accounting is based on two isopropyl 
groups in the starting amine and includes all products shown. The values in these experiments are averages of two experiments. 

2-Propanol. j Not determined. Active oxygen containing material, possibly 2-isopropyl-3,3-dimethyloxazirane. A small amount 
of triisopropylurea was isolated. In this experiment the starting amine was diisopropylhydroxylamine and the corresponding hy- 
drochloride was a product. Here, yields are based on starting amine because no method was found for determining unreacted hydrox- 
ylamine. This is one reason why the accounting is low. Present. 2-Propanol was identified by GLC. 

possessing primary or secondary alkyl groups are much less 
stable than those with tertiary alkyl groups and are susceptible 
to attack by radicals to give the corresponding nitrones 
(VI).loJ1 Thus, the isopropoxide radical would be expected 
to react as shown in eq 2, rather than to attack the solvent or 

0- 0- 
I I 

i-PrO- + Me-CHS-1-Pr -+ Me,C=N-z-PT + I-PrOH (2) '+ f 

VI 

to decompose, as suggested for the tert- butoxy radical during 
the ozonation of di-tert -butyl nitroxide.6 Similar reactions 
would also be expected for radicals such as -0OH (to give VI 
+ HOOH) and -0OCHC12 (to give VI + HOOCHC12, followed 

Ozonation of nitrone VI should lead to acetone and 2-ni- 
trosopropane (VII), as illustrated in Scheme II.12 A pale blue 
color, characteristic of the nitroso compound, was observed 
throughout the ozonation of diisopropylamine. Various fates 
of the nitrosopropane (VII) include oxidation by ozone to 
2-nitropropane (VIII), dimerization to IX, and isomerization 
to acetone oxime (X). 

In addition to these reactions, reactions such as expressed 
by eq 3, not previously ~ons idered ,~  would be expected to occur 
during ozonations of both diisopropylamine and di-tert- 
butylamine, since the superoxide anion radical (IV) should 
behave not only as a nucleophile,13-l6 as previously considered 
in its attack on the solvent5 (Scheme I), but also as a base. 

by HOOCHClz - HOH + O=CC12). 

r-PrNO, + O2 i-PrN(O)N(O).i-Pr Me&=NOH 

VI11 IX X 

-00- + i-PrzNHz+ - i-Pr2NH + -0OH (3) 
IV 

Judicious weightings of these various indicated reactions, 
along with the likelihood of some oxidation by ozone of iso- 
propyl alcohol to acetone, leads to summation eq 4, which 
furnishes a reasonably accurate accounting for the products 
obtained by the nitroxide pathway (fate d, Scheme I, R = i-Pr) 
during ozonation of diisopropylamine. 

14i-Pr2NH t 2503 + 6CHC13 - 6i-PrzNHzW- 
+ 4i-PrN02 + 7MezC=0 + i-PrOH 

+ 2Me2C=NOH + i-PrN(O)N(O)-i-Pr 
+ 6cl&=o + 7H20 + 2102  (4) 

Along with the products shown in eq 4 were obtained side- 
chain oxidation products (Table I, experiment 1). These are 
rationalized in Scheme 111. 1,3-Dipolar insertion17 is chosen 
over fate c (Scheme I) for the initiating reaction because of 
recent results with diisopropylethylamine18 which showed 
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that when secondary alkyl groups are present, the less acidic 
tertiary hydrogen atoms are attacked in preference to secon- 
dary hydrogens. Just the opposite should occur if fate c 
(Scheme I) were in operation. These reactions are summed up 
in eq 5 ,  which, however, neglects the secondary reactions (XI1 - XI11 - XIV, Scheme 111). 

Zi-PrzNH + 2 0 3  - Me2C=O + i-PrNHp 
+ MeaC=N-i-Pr + HzO + 202 ( 5 )  

Combination of eq 4 and 5 results in eq 6 which fits quite 
well the experimental results shown in Table I for the ozona- 
tion of diisopropylamine in chloroform [cf. yields predicted 
by the equation, below each product, and the actual yields in 
Table I, keeping in mind that the yield of the imine (XII) 
predicted by eq 6 should also include the secondary product, 
amide XIV, of Scheme 1111. The ratio of ozone to amine pre- 
dicted by the equation is slightly low, but this is under- 
standable since the ozonation of XI11 is not included and since 
the slightly high predicted yields of 2-propanol and acetone 
oxime indicate that additional oxidation of these substances 
occurred. 

16z-Pr2NH + 2703  + 6CHC13 - 6i-Pr2NH2+C1- 
(37.5) 

+ 4i-PrUOn + 8Me2C=O + i-PrNH;? + i-PrOH 

( 2 5 )  (50) (6) (6) 
+ 2Me&=NOH + i-PrN(O)N(O)-i-Pr 

(12, (6) 
t MezC'=N-i-Pr + 6ClzC=o + 8H20 + 2302 

(6) 
XI1 (6) 

The results from ozonation of diisopropylamine in meth- 
ylene chloride solution (experiment 2, Table I) differed from 
those in chloroform in two major respects: (1) the yield of di- 
isopropylammonium chloride was cut in half; and (2) the 
yields of isopropylamine, acetone, and acetone oxime in- 
creased considerably in changing from chloroform to meth- 
ylene chloride (Table I). This is understandable on the basis 
of the reasonable assumption that methylene chloride is less 
susceptible to nucleophilic attack than is chloroform, thereby 
increasing the importance of eq 3 at  the expense of attack of 
IV on methylene chloride (cf. Scheme I). This was also found 
to be true during the tli-tert -butylamine ozonations.5 Further, 
the results indicate an increased importance of side-chain 
attack in methylene chloride. 

The isolated yields of products from ozonation of diiso- 
propylamine in carbon tetrachloride (experiment 3, Table I) 
were much lower than those in chloroform or methylene 
chloride. Some observations, however, can be made. The oz- 
onation, in contrast to those in other solvents, appears to 
proceed without the formation of a 2-nitrosopropane inter- 
mediate, as evidenced by the absence of a blue coloration 
during the ozonation and of any nitrosopropane dimer or ac- 
etone oxime as products. This would appear to exclude reac- 
tions involving nitrone VI (Scheme 11). 

The amine oxide pathway (fate a, Scheme I) was not in- 
cluded as a possibility in any of the above discussions. By this 
route a secondary amine should produce the corresponding 
hydroxylamine (by rearrangement of the amine oxide).5 Table 
I (experiment 4) shows data from the ozonation of diisopro- 
pylhydroxylamine. Although some of the same products re- 
sulted from the ozonations of both diisopropylamine and di- 
isopropylhydroxylamine, the material balance from the latter 
was quite low. Since this was not true with the ozonation of 
diisopropylamine in chloroform or methylene chloride, it 
seems unlikely that the amine oxide route made more than a 

very minor contribution in these reactions. The amine oxide 
route is also eliminated in the ozonation of diisopropylamine 
in carbon tetrachloride since no blue color was observed, A 
blue coloration was evident throughout the ozonation of di- 
isopropylhydroxylamine. 

These considerations also cast doubt on the previous con- 
clusion that the amine oxide route played a minor role (ca. 
10%) in the ozonation of d i - te r t -b~ty lamine .~  Actually, the 
results of ozonation of di-tert-butylamine in chloroform at  
-60 OC5 can be accounted for just as well by the nitroxide 
route (path d, Scheme I, R = t-Bu) alone if one includes, with 
proper weightings, the analogue of eq 3 and 7 with those which 
led to the development of eq l.5 Thereby, eq 8 can be devel- 
oped (cf. yields predicted by the equation. below each product, 
with the actual yields of ref 5 ) .  

2(*00H)  + 0 2  + 2(*OH) (7) 
1 4 t - B ~ ~ "  + 2803 + 10CHC13 + 6t-BuzNH2+Cl- 

(43) 

(57 )  (29) (29) 
+ 8t-BuNOz + 4t-BuOH + 4Me&=O 

+ 1OC12C=O + ZCH3OH + 2H2C=0 + 2C12 
+ 2 1 0 2  + 4HOH (8) 

Ozonations of di-n-butylamine were performed in chloro- 
form at  -60 and 0 "C, methylene chloride at  -60 "C, carbon 
tetrachloride at  -25 "C, and pentane at  -60 O C .  As with di- 
isopropylamine, 1 mol of ozone/mol of starting amine was 
employed (except in experiment 2 of Table 11) and 0.7-0.9 mol 
of molecular oxygen was evolved/mol of ozone. The ozone, but 
not the amine, reacted quantitatively. The following ratios of 
ozone reacting to amine reacting were obtained: CHC13 and 
CH2C12, 1.4-1.5; pentane, 1.3; CCld, 1.1. These and other data 
are exhibited in Table 11. 

It is noteworthy that in comparison to the diisopropylamine 
and di-tert- butylamine5 ozonation results, very low yields of 
nitroalkane and ammonium salt were obtained (except in 
experiment 2). The major products were N-n-butylidene- 
n-butylamine (XVII) and the corresponding nitrone (XV). 
The high butylideneamine yield is indicative of a greatly in- 
creased side-chain oxidation. We considered the possibility 
that the low ammonium salt and the high nitrone yields in- 
dicated that amine-ozone adduct fates a and b had replaced 
fate d (Scheme I) in the ozonation of di-n-butylamine. Fate 
a should result in di-n-butylhydroxylamine, which was shown 
to yield nitrone as a major product of ozonation. In deciding 
between fates b and d (Scheme I) we monitored the ozonation 
of di-n-butylamine by means of EPR. At -100 "C or below (in 
Freon 12), the principal radical produced was the ozonate 
anion radical (fate b, Scheme I). At -60 "C or higher, however, 
only the di-n-butyl nitroxide radical (11, R = n-Bu) was ob- 
served. Thus, we believe that fate d (rather than a and b) along 
with fate c (Scheme I) are the major ozonation routes with 
di-n -butylamine under our conditions (cf. other secondary 
 amine^).^,^ The high nitrone yield is readily understandable 
on the basis that di-n-butyl nitroxide (11, R = n-Bu), having 
twice as many a hydrogens, should be more susceptible to 
attack by radicals (analogous to eq 2 )  than should diisopropyl 
nitroxide (11, R = i-Pr). In addition, nitrone XV apparently 
does not react appreciably with ozone under the conditions 
employed, whereas nitrone VI (from diisopropylamine) is 
consumed. This must be due to the greater electron density 
of the sp2 carbon of VI in comparison to that of XV. Erickson 
et  a1.12C have shown that ozone attacks nitrones electrophili- 
cally. Thus, increased nitrone production also results in a 
&creased nitroalkane yield, due to the increased importance 
of (or total replacement by) radical attack on the nitroxide 
(analogous to eq 2) at  the expense of ozonation of the nitroxide 
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Table 11. Ozonation of Di-n-butylamine 
% 

account- 
PrCH- PrC- ingd 
E N +  PrC- (=O)- Other for 

Solvent, Ozone/ 0 2 / 0 3 -  PrCH=N- (-O-) Bu- Pr- (=O) BuzN+- NH- prod- frag- 
temp amine evolved, Bu, Bu, Nos, CHO, OH, HZCl-, Bu, ucts, ments 

Expt ( " C ) O  reactingb %c %d 9bd %d %d %d %d %d %d Ne Buf 

1 CHC13,-60 1.5 0.9 43 22 2 10 1 8 2 g 79 84 
2 CHC13, -60 2.7h N 3 0 28 36 4 14 4 i 49 55 
3 CHC13, 0 1.4 0.7 65 15 6 13 j 6 j j 92 96 
4 CHzClp, -60 1.4 0.8 39 33 3 9 j  5 j j 80 83 
5 CC14,-25 1.1 0.8 55 O k  9 k  8 k 2 63 67 
6 Pentane,-60 1.3 0.8 74 k k 6 4  0 4 g 78 83 

One mole of ozone per mole of amine was 
employed in all except experiment 2. The ozone reacted quantitatively, but not the amine in experiments 1,3,4,5, and 6. The values 
are moles of ozone reacting per mole of amine reacting. Percent 
yields based on amine reacting. e The N fragment accounting includes columns 5,6,7,10,11, and 12. f The butyl fragment accounting 
includes columns 5,6,10, and 11 at full value and columns 7,8,9,  and 12 at half-value. g N-Butylformamide, 2%, and propionic acid 
in traces. In this experiment excess ozone was employed and all of the amine reacted. N-Butylformamide was present. 1 Not de- 
termined. Present in traces. l N-Butylformamide present in traces. 

a The usual runs employed 5-20 mmol of amine and 2-3 mL of solvent/mmol of amine. 

Moles of molecular oxygen evolved per mole of ozone reacting. 

Scheme IV 
0 -HOH 

Bu,NH PrCHNHBu - PrCH=NBu 

- -  I XVII OH 

I XVI 
minor fates 10.- 1- 
0, 

PrCNHBu EsCH=CHNHBu - EtCOOH + HCNHBu 
II 
0 

II 
0 
x VI11 

(reactions analogous to those leading to eq 1; see ref 5 and 6). 
The low ammonium salt yield reflects the increased impor- 
tance of a reaction analogous to eq 3 in comparison to attack 
of the superoxide anion radical (IV) on the solvent (see fate 
d, Scheme I). 

Applying these concepts to  reactions analogous to those 
leading to eq 4, eq 9 can be developed as a satisfactory sum- 
mary of the nitroxide route (fate d, Scheme I) in the ozonation 
of di-n-butylamine in chloroform with 1 molar equiv of ozone 

4BuJH + 70,  + CHCl, - B ~ ~ ~ H , C I -  

I + 4PrCH=NBu -t ZBuNO, + 2PrCHO + EtCOOH 

I (11) (11) (5) 0- 
(22 ) 

+ 8PrCH=NBu + PrCNHBu + HCNHBu + 2C1,C=O 

(44) II 
0 

(5) 

+ 2302 + 16HOH (10) 

a t  -60 "C. Scheme IV outlines the side-chain oxidation pro- 
cesses competing with the nitroxide route. Oxidation of XVII 
to XVIII by ozone bears analogy to results from previous imine 
ozonations.12 By combining eq 9 with the reactions of Scheme 
IV one can arrive a t  eq 10 as a summation of both routes 
competing in the ozonation of di-n-butylamine under the 
above conditions. The yields predicted by the equation (to be 
compared with experiment 1, Table 11) are shown below each 
product in eq 10. 

Experiment 2 of Table I1 portrays the results of ozonation 
of di-n-butylamine in chloroform at -60 "C with excess ozone. 
Here the nitrone (XV) reacted completely and the major 
product was 1-nitrobutane. 

I t  is obvious from the results of experiment 3 of Table I1 
that ozonation of di-n-butylamine in chloroform a t  0 "C re- 
sulted in a greatly increased degree of side-chain attack. This 
is the expected result for side-chain attack via fate c of Scheme 
I.337 By readjusting the weightings given the reactions utilized 
in developing eq 10, eq 11 can be obtained for the overall re- 

%Bu2NH + 270; + CHC1, - 12PrCH=NBu 
(60) 

+ + 3PrCH=r\;Bu -k Bu2NH2'C1- + BuNO, + PrCHO 

( 5 )  (5) (5) I 
0- 

(15 1 

+ 2PrCNHBu + HCNHBu + EtCOOH C12C=0 
II 
0 

I t  
0 

(10) ( 5 )  
+ 2502 + 19H2O (11) 

sults in the 0 "C ozonation (experiment 3, Table 11). A com- 
parison of the predicted yields and actual yields (Table 11) is 
satisfactory in most cases. 

The results from ozonation of di-n-butylamine in meth- 
ylene chloride a t  -60 "C (experiment 4, Table 11) are puzzling. 
I t  is obvious that whereas in all other ozonations of di-n- 
butylamine (Table 11) side-chain attack was predominant, in 
this experiment side-chain attack and the nitroxide route 
made approximately equal contributions. By analogy to ozo- 
nation results with tri-n-butylamine: more side-chain attack 
should occur in methylene chloride than in chloroform. 

The results with pentane (experiment 6, Table 11) and 
carbon tetrachloride (experiment 5 ,  Table 11) solvents, how- 
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ever, are consistent with the tri-n-butylamine ozonation re- 
sults and the mechanism of fate c (Scheme I) for side-chain 
a t t a ~ k . ~  In pentane, it appears that  only side-chain attack 
occurred and, in carbon tetrachloride, it was, by far, the major 
reaction. Since no nitrone was isolated in the carbon tetra- 
chloride experiment, the source of the ammonium salt is un- 
certain. Either reactions analogous to eq 3 failed to  occur or 
else fate b (Scheme I) was the source of the ammonium salt 
(see ref 4). 

Table I11 shows the approximate contributions of the var- 
ious ozonation routes occurring during the ozonations of di- 
ter t  -butylamine, diisopropylamine, and di-n-butylamine 
under various conditions. In summary, it is evident that, 
judging from the examples studied, the nitroxide pathway 
(fate d, Scheme I) is by far the major ozonation route utilized 
by secondary amines having tertiary and secondary alkyl 
groups. With those bearing primary alkyl groups, however, 
side-chain oxidation is predominant in most solvents. 

It is surprising that, with di-n-butylamine, side-chain oxi- 
dation was the major reaction even with chloroform solvent. 
With tri-n-butylamine,3 amine oxide formation was by far the 
major reaction in chloroform at -60 "C, while side-chain ox- 
idation was predominant in hydrocarbon solvents. This was 
also true, though to a lesser degree, with n-butylamine.s The 
fact, however, that with di-n-butylamine side-chain oxidation 
increased to 1@0% in pentane (compared to 56% in chloroform) 
indicates that  side-chain oxidation occurred by the mecha- 
nism of fate c 1 Scheme I )  with both di-n-butylamine and tri- 
n-butylamine (see discussions in ref 3 and 7). The result with 
di-n-butylamine in rnethylene chloride (Table 111), however, 
is anomalous. .is stated earlier, we suggest that the side-chain 
oxidation with diisopropylamine occurs by 1,3-dipolar in- 
sertion (Scheme 111, see ref 18). 

Finally, it is noteworthy that the major side-chain oxidation 
product from ozonation of di-n-butylamine was the imine 
(XVII), whereas acetone and isopropylamine were the prin- 
cipal side-cham oxidation products from diisopropylamine. 
This reflects the difference in stabilities of the initial oxidation 
products, amino alcohols XI and XVI. The former, being 
structurally a product of addition between a primary amine 
and a ketone, would most easily revert back to these sub- 
stances, wherea with the latter, derived from an aldehyde and 
a primary amine, the equilibrium tends to favor the imine. 

Experimental Section 

Materials. The di-n -butylamine and diisopropylamine were J. T. 
Baker reagent grade; they were dried over potassium hydroxide pellets 
and distilled. Diisopropylhydroxylamine was synthesized by the 
procedure of Dustan and Gou1ding:lS bp 47-49 (8 mm);20 mol wt 117 
(mass spectroscopyi; NhlR 6 1.08 (12 H, doublet), 3.08 (2 H, heptet), 
6.81 (1 H singlet, diffuse). N-Isopropylacetamide was prepared by 
the method of Lock and Sagar.21 and isopropylideneisopropylamine 
was prepared by the method of Norton et aLZ2 2-Nitrosopropane 
dimer (mp 50-57 oC)23 and 1-nitrosobutane dimer (UV,, 287)23 were 
prepared by the proceuure of Emm0ns.2~ N-n-Butylformamide was 
prepared by fclrmylation of n-butylamine using chloral,25 n2% 
1.4387.26 N - n  -Butylident:-n -butylamine was prepared by the method 
of Campbell et Di-rz-hutylhydroxylamine was obtained by the 
amine oxide pyrolysis arocedure of Cope and Ciganek,28 mp 51-52 
oC.'Ph C-n-Propyl-N-n-butS1nitrone was prepared by hydrogen 
peroxide oxidation of di-n -butylhydroxylamine as described by Ut- 
zinger:29 UV,,,, 232 nm; NMR, 6 6.73 (t, J = 6 Hz, CH=N), 3.79 (t,  
J = 7 Hz, CHzN), 2.57  (m,  CH,CH=N), 1.63 (m, 
CH?CH2CH=NCH~CH2CH2), 0.99 (t, 3 ) ,  0.96 (t, 3). The other ma- 
terials used were either obtained commercially or were prepared by 
standard procedures. 

General Procedures. The ozonation setup and procedures, in- 
cluding the use of ozone-nitrogen and the determination of molecular 
oxygen yields,"c EPR,",' NMR,5 and GLC7 procedures, were as de- 
scribed in earlier papers. The GLC columns employed were: (1) 20% 
Carbowax 20M on Chramosorb P ,  in. by 15 ft; (2) 10% Carbowax 
20M-10% NaOH on Chromosorb P ,  in. by 20 ft; (3) 5% Celanese 
ester No. 9 on Haloport F, l/4 in. by 10 ft; (4) 30% silicone gum rubber 

Table 111. Competitions in Ozonations of Secondary 
Amines Having Tertiary, Secondary, and Primary Alkyl 

Grouns 

Amine 

t -BuzNH 
i-PrzNH 
i-PrzNH 
n-BuzNH 

n-BuzNH 
n-Bu2NH 

n-BuoNH 

Solvent 

CHC13 
CHC13 
CHzC12 
CHC13 
CHC13 
CHzClz 
Pentane 

Temp, 
"C 

-65 
-65 
-78 
-60 

0 
-60 
- 60 

Nitroxide 
pathway. 

% 

100 
87.5 
75 
44 
25 
50 

0 

Side-chain 
oxidation, 

O h  

12.5 
25 
56 
7 5  
50 

100 

SE-30 on Chromosorb P ,  in. by 10 ft; (5) 20% Dowfax 9N9, 2.5% 
NaOH on Chromosorb W, 1/4 in. by 10 ft; (6) 15% Carbowax 20M on 
Chromosorb W (AW), l/4 in. by 10 ft; (7) 5% DEGS, 2% HsP04 on 
Chromosorb P, in. by 10 ft; (8) 5% Versamid 900 on Chromosorb 
G (AW), '14 in. by 5 ft. 

Ozonation of Diisopropylamine and Diisopropylhydroxyl- 
amine. In these experiments 3-20 mmol of amine in 5-20 mL of sol- 
vent was ozonized with 1 molar equiv of ozone at the indicated tem- 
perature (Table I). The solution was then divided into three equal 
portions for analysis. With one portion gas chromatographic malyses 
were performed for 2-nitropropane (column 1,125 "C); acetone, iso- 
propyl alcohol, isopropylamine, and isopropylideneisopropylamine 
(column 2, 75 "C); and N-isopropylacetamide (column 3, 125 "C). 
Yields were determined by comparison with standard solutions. 
Another portion was used for quantitative NMR analyses for diiso- 
propylamine, 2-nitrosopropane dimer, and acetone oxime, using 
relative peak height ratios and 2-nitropropane as an internal standard. 
The peaks measured were the high field spikes of the 2-nitropropane 
and 2-nitrosopropane methyl doublets, the center line of the diiso- 
propylamine methyne heptet, and the acetone oxime methyl singlet. 
The third reaction mixture portion was used for a Volhard chloride 
titration in determining the yield of diisopropylammonium chlo- 
ride. 

From the carbon tetrachloride ozonations. there was found, in ad- 
dition to the above, small amounts of triisopropylurea (water insoluble 
precipitate; mp 77-78 "C, identified by IR and mass spectra com- 
parison with an authentic sample) and, presumably, 2-isopropyl- 
3,3-dimethyloxazirane (tentatively identified by NMR methyl peaks 
6 1.47 and 1.57, in comparison with a pure sample, and by the fact it 
gave positive active oxygen, but negative hydroperoxide, tests). 

Ozonation of Di-n-butylamine. In these experiments 5-20 mmol 
of amine in 2-3 mL of solvent/mmol of amine was ozonized with 1 
molar equiv of ozone a t  the indicated temperature (Table 11). Usually 
a precipitate formed which, however, melted or decomposed as the 
temperature of the reaction mixture rose to room temperature. Ali- 
quots were taken for analysis. Unreacted di-n-butylamine and N -  
n-butylidene-n-butylamine were determined on column 5 (76 "C, 4 
min, then increased to 175 "C at 6 "C/min), using propylbenzene as 
an internal standard. These determinations were also checked by 
quantitative NMR, using 1,l-diphenylethylene as an internal stan- 
dard. The  bands employed were: Ph?C=CH2 (6 5.45 s) ,  
PrCH=NCH2Pr ( 6  3.35, t) ,  and (PrCH2)ZNH (6 2.62, t). The nitrone 
also was determined by quantitative NMR. employing the following 
band: PrCH=N(O)Bu (6 6.63, t).  1-h'itrobutane was determined on 
column 4 (90 "C) using toluene as an internal standard; butyraldehyde 
was determined on column 6 (90 "C), ethylbenzene internal standard; 
N-n-butyl-n-butyramide and N-n-butylformamide were determined 
on column 8 (170 "C), phenyl propyl ketone internal standard; and 
butyric acid was determined on column 7 (120 "C), phenyl propyl 
ketone internal standard (after extraction of the reaction mixture with 
potassium hydroxide, acidification, and ether extraction). The di- 
n-butylammonium chloride was determined as described for the 
corresponding salt from diisopropylamine. 
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T h e  study of  the reactions o f  amines w i t h  ozone has been extended t o  t r i isopropylamine and ethyldi isopropylam- 
ine. Ter t iary  amines having p r imary  or secondary a l ky l  groups react w i t h  ozone to  give largely side-chain (a lky l  
group) oxidat ion products plus a n  amine oxide. T h e  la t ter  is a m ino r  reaction except for  ozonations, in a prot ic  sol- 
vent, of ter t iary  amines bearing p r imary  a l ky l  groups. With p r imary  a lky l  groups the major side-chain oxidat ion 
route appears t o  involve an  in ternal  oxidat ion of t he  amine-ozone adduct, whereas w i t h  secondary a lky l  groups 
side-chain oxidat ion is best explained b y  1,3-dipolar insertion. 

Two previous in this series have summarized 
our studies concerning the ozonation of prirnary2-* and sec- 
~ n d a r y l , ~  amines bearing primary, secondary, and tertiary 
alkyl groups. The only tertiary amines previously included in 
our studies were tri-n-butylamine3f6 and l-di-n-butyl- 

S c h e m e  I 

* -  C H R  
o=o-0 +/b\H R ~ N C H , R ~  -- R,N 

.I f 

c 
> 

+ 
R,NCH,R 

A- 
6zO-OH 3 4 

I1 

+? 
I11 R,N=CHR' 

4 2  
$NCHR 

I 
J I 

R2N-CHR' / OH Tv 

I 
OOOH 

amino-2-butanone.6 The results of these investigations can 
be rationalized by an electrophilic ozone attack on the amine 
followed by four competing fates of the amine-ozone adduct 
(I). The reactions pertinent to the ozonation of tertiary amines 
are outlined in Scheme I. These include (a) amine oxide (11) 
formation and (b) intramolecular side-chain oxidation, via 111, 
to amino alcohol IV, followed by further reactions thereof. 

Reaction (b), as a route to side-chain oxidation products, 
involves a transition state (111) with carbanion character.3~6 
The evidence is strong that this is the mechanistic type uti- 
lized in primary alkyl side-chain 0xidations.~,3,6 However, the 
situation is not so clear for secondary alkyl substituents2 and 
it is quite possible that 1,3-dipolar insertion7 (Scheme 11) is 

Scheme I1 

OH 
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