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The oxidation of four representative amines (P-methyl-2-pentylamine, 2,4,4-trimethyl-2-pentylamine, diisopropylamine, 
and tri-n-propylamine) with tert-butyl hydroperoxide has been studied a t  60 to  110'. It has been shown that primary and 
secondary amines possessing a t  least one alpha hydrogen give substituted ketimines (or aldimines) as the principal nitrog- 
enous products when the oxidation is carried out in excess amine. Evidence is also presented to show that imines are 
produced when di-tert-butyl peroxide is decomposed in primary and secondary amine solvents. A tertiary amine, tri-n- 
propylamine, undergoes dealkylation on reaction with tert-butyl hydroperoxide to give di-n-propylamine as the major 
nitrogenous product. Evidence is presented which indicates the participation of free radicals. 

The reduction of hydroperoxide to the cor- 
responding alcohols in excellent yields by a number 
of aliphatic amines mas first reported by Capp and 
Hawkiris.l These authors clearly demonstrated the 
utility of the method for the reduction of several 
tertiary hydroperoxides2; however, neither the 
fate of the amine nor the mechanism of the re- 
action was determined. Further, it was quite ap- 
parent that information of this type was neces- 
sary to the understanding of autoxidation of simple 
aliphatic amines in the liquid phase,3 a process 
in which hydroperoxidic intermediates are pro- 
duced in the presence of a good reductant. This 
investigation reports a study of the interaction of 
four representative amines with tert-butyl hydroper- 
oxide. 

RESULTS 

4-Methyt-d-pentylamine. The reduction of krt- 
butyl hydroperoxide by 4-methyl-2-pentylamine 
gave, as expected' excellent conversions to tert- 
butyl alcohol and water and produced a substi- 
tuted ketimine (I), N-(4-methyl-2-pentylidene)- 
4-methyl-2-pentylamine, as the major nitrogeneous 
product (see Table I ) .  However, the yield of I was 
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observed to drop significantly as the ratio of amine 
to peroxide was decreased (e.g., 24-41y0 yield a t  
amine:peroxide ratios of -2: l), suggesting that I 

A 

~ ~~ 

(1) C. W. Capp and E. G. E. Hawkins, J .  C h e w  SOC., 
4106 (1955). 

(2)' Although not investigated with primary and second- 
ary hydroperoxides, it  appears probable that the process 
will be complicated by concomitant base-catalyzed de- 
composition; see N. Kornblum and H. E. De La Mare, 
J. 9m. Chem. SOC., 73,880 (1951). 

(3) Unpublished work of this laboratory. 

is subject to further peroxide attack or, alterna- 
tively, another competitive reaction becomes 
increasingly important. 

TABLE I 
PRODUCTS FROM THE REDUCTION OF TERT-BUTYL HYDRO- 

PEROXIDE WITH 4-MJ!lTHYL-2-PENTYLAMINEa 

Products Moles Yield, %b 

tert-Butyl alcoholC 
WaterC 
Ammonia 
Gas, noncondensabIed at  -80" 
N-( 4Methyl-2-penty1idene)- 

4methyl-2-pentylamine 
Recovered amine 
N,N'-Bis( 4methyl-2-penty1)oxala- 

Unidentified (high boiling) 
mide 

~ 

0.23 105 
0.18 82 
0.142 65 

- 50.015 57 

0.146 66 
0.36 - 

-0.001 51 
3 8g. (9 

a Kettle temperature, 113 to  102'; bath temperature, 
110 f 1'; amounts, 0.22 mole ROOH (82%w.), 0.74 mole 
RNH2; reaction time, 26.5 hr.; peroxide decomposed, 980/o. 

These 
values are corrected for the water and tert-butyl alcohol 
contents of the starting hydroperoxide and reflect some un- 
certainty in taking differences between functional group 
analyses. Not analyzed. e This material probably contains 
,V-(4-methyl-2-pentyl)acetsmide among other amides (see 
Experimental). 

hIoles product/moles ROOH decomposed (100). 

The progress of the reaction was followed by in- 
frared analysis with particular focus on the 5.5 to 
6.5 p region. This work demonstrated the ap- 
pearance of two characteristic product bands a t  
5.83 p (a carbonyl species) and 6.02 p (a ketimine 
species, 

\ 

/C="-l' 

As the reaction proceeded to completion, de- 
creasing absorbance was observed at 5.83 p and 
increasing absorbance a t  6.02 p. The infrared evi- 
dence suggested that I was produced from the 
equilibrium reaction : Further confirmation for 

(4) L. J. Bellamy, Infrared Spectra of Complex Molecules, 
John Wiley and Sons, New York, N. Y., 1954, p. 223. 
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(cH~)~cH-cH~--~H-cH, =+ H ~ O  + 
(CHa)zCH-CHz- r r  -N- H-CHz-CH( CH3)z (1) 

I 

(1) was obtained by demonstrating that I could be 
isolated (-72% yield) from 4-methyl-2-pentanone 
and 4-methyl-2-pentylamine under condit,ions simu- 
lating those in Table I. The production of ammonia 
in good yield suggested in turn that 4-methyl-2- 
pentanone came from intermediates I1 and/or 
111, (2),(3). It is impossible to choose between I1 

NH 

(CH&CH-CHz-k--CH3 (11) + HzO 
I11 e (CH,)zCH-CHZ-C-CH3 + NHa (2) II 

OH 
I 

NHz + PITH) (3) 

and I11 as primary intermediates on the basis of 
infrared analysis of the complex mixture, and in- 
deed, both may participate. 

The overall rate of reduction of tert-butyl hy- 
droperoxide by 4-methyl-2-pentylamine was fol- 
lowed by periodic analysis for hydroperoxide (Figs. 
1 and 2). As seen in Fig. 1, 2 % ~ .  2,6-di-t-butyl-4- 
methylphenol is markedly effective in inhibiting the 
reaction. The apparent inhibitory effect of oxygen 
is shown at a lower temperature in Fig. 2. The 

0 20 40 60  8 0  100 120 
TIME, MINUTES 

Fig. 1. Reduction of tert-butyl hydroperoxide by 4- 
methyl-Z-pentylamine. Effect of 2,Mi-t-butyl-Pmethyl- 
phenol. Bath temperature 110 i 0.5"C, [ROZHIO = 1.7M. 
No additive (0), kettle temperature 115 to 100°C; 2.4% 
2,Mi-tbutyl-4-methylphenol (A), kettle temperature 110 
to 108°C. 

G I I I ~ ~ ~ ~ ~ ' ~ '  
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Fig. 2. Reduction of tert-butyl hydroperoxide by 4- 
methyl-2-pentylamine. Effect of oxygen, [RO~HIO = l.9M. 
No additive (o), bath at 95.5 rt 0.2"C, kettle at 99 to 
94°C; oxygen flow (A), bath a t  95.5 f 0.2"C, kettle a t  
95 to 93°C 

uninhibited reaction (Fig. 1) showed an initial 
kettle temperature rise to 114-115' (t = 9 minutes) 
with a subsequent drop as the volatile reaction 
products accumulated. In contrast, the reaction 
inhibited by 2,6-di-t-butyl-4-methylphenol showed 
no initial exothermicity. An isooctane estract of the 
acidified phenolic-inhibited reaction mixture re- 
sulted in the isolation and identification of 2,6-di- 
tert - butyl - 4- tert - butylperoxy -4 - methylcyclohexa- 
2,5-dienone (IV).5 The isolation of IV indicates 
the presence of tert-butylperoxy radicals6 but does 
not preclude the participation of other radicals 
as well (see Discussion). 

0 

2,4,4- Trimethyl-g-pentylamine (tert-octylamine) . 
As a result of the observations made on the oxi- 
dation of 4-methyl-2-pentylamine1 it m-as essential 
t o  determine the behavior of a primary amine hav- 
ing no alpha hydrogens. Therefore, the oxidation 
of tert-octylamine by tert-butyl hydroperoxide was 
examined briefly. In contrast to 4-methyl-2- 
pentylamine, the reaction was slow (compare 
Fig. 3 with Fig. 2) and the principal isolable prod- 
uct, 2,4,4,-trimethyl-2-nitropentane1 was that of 
direct oxidative attack on nitrogen. The products 
of the oxidation of 2,4,4-trimethyl-2-pentylamine 

(5) T. W. Campbell and G. 31. Coppingw, J .  Am. Chem. 
Soc., 74,1409 (1952). 

(6) See the following leading references for n discussion of 
the inhibitory mechanism for ROY radicals. C. E. Boozer, 
G. S. Hammond, C. E. Hamilton, and J. N. Sen, J .  Am. 
Chena. SOC., 77, 3233 and 3235 (1955); A. F. Bickel and 
E. C. Kooyman, J. Chem. SOC., 2220 (1956). 
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1;ig. 3. Reduction of tert-butyl hydroperoxide by tert- 
octylamine a t  (35.5 5 0.1LoC, [RO,H]o = 1.iM 

by tert-butyl hydroperoxide a t  a somewhat higher 
temperature are shown in Table I I .  

TABLE I1 

PEROXIDE~ 
REACTIOV O F  fPTt-OCTYL - h I X E  WITH teT t -BmYL HYDRO- 

Products Moles 

tert-Butyl alcohol 0.19-0 24b (59-757,) 
Acetone 0.02' (670) 
Higher boiling than fed-oct j-l amine: 

tert-Iiitro octane 0.02d 
Cnidentified 4 g.e 

Gas (nonconderisablc) 0.05f 
~ ~~~ 

a Kettle temperature, 12T" to 110°C.; bath temperature, 
128" i 3OC.; amounts, 0.3'2 moles ROOH (SS%n-), 0.91 
nioles R:SHe: rraction time, 16 hr., peroxide decornpo 
93%. b Vncwtainty in functional group analyses (see 
periinc~ntal). Acetone undouhtedly contributes to the uni- 
dentified "bottoms" through various condensation rcac- 
tioiis either with amine or with itself. Estimated by infra- 
red analysis. e C'a. 6 6 4 : ~ ~  was not distillable at liOo/2 mm. 
(See Experimental). Gases ww collectcd in another rill1 

simulating the conditions used here : mass spectrographic 
analysis mdicatrd that the principal gas prodiicrd was oxy- 
gen (91T7) along with small amounts of methane (2%) and 
carbon monoxide (7%#).  Evidence vas  obtained for carbon 
dioxide production in s i tu  (amine carbonate formation) but 
an accur:ttr nitwurrincvit, of this TV:W not ohtainrd. 

The ?;1nd1 amount of tert-octylaniine converted 
and the production of acetone, oxygen, methane, 
carbon dioxide, etc., suggest that a significant 
amount of hydroperouide is reacting bv a simple 
thermal path, reactions (4), (j), ( G ) ,  arid (7)  play- 

t- l i l l t \ l  OZH ---+ t - B ~ ~ t \ l  0 + 0 1 1 .  (4) 

I1 0 2  

0 

/ - R I l t \  1 ( )  ---+ ( c; t CH,. ( ' 0 2 ,  ('0 ( 5 1  

H + &But) 1 ()--OH + &But3 1 0, + RH (6  j 

2 t-Blltyl C)> ---+ t-ButJ1 0. + 0 3  ( 7 )  

etc. 

ing a definite part.' Although little can be said 
about the mechanism of oxidation of the tertiary 
amine to the nitro compound, it caii be concluded 
that primary amines having no alpha hydrogens 
react sluggishly with tert-butyl hydroperoxide to 
give poor conversions to the tertiary nitro com- 
pound.* As has been shown, this latter reaction is 
of little or no importance in the caqe of a primary 
amine possessing an alpha hydrogen atom. 

Diisopropylamine. The reduction of tert-butyl 
hydroperoxide by diisopropylamiiie was followed 
by periodic infrared analysis. Distinct absorption 
peak, appeared a t  5.82 p (>C=O) and 6.00 p 
(>C=S--) very early in the reaction (-11$& 
peroxide loss). These peaks were both shown to 
increase in intensity with decreasing hydroperoxide 
concentration. -4s the reaction proceeded ( 2 507; 
completion) the infrared spectrum &owed the ap- 
pearance of a peak (-0.01 mm. cell) a t  6.24 p .  
This latter position is compatible with that expected 
for a primary -SH, deformation, aiid is consistentj 
with the production of isopropylamine. The in- 
frared analysis clearly suggested ketimine formation 
complicated by the hydrolytic equilibrium : ket- 
imine + €I,O e amine + ketone. Initial attempts 
to distill the crude reaction mixture confirmed the 
latter postulate; a rather gradual climb in boiling 
point from 49'-70' was observed n-ith attendant 
poor fractionation. Further, these fractions (- 
b.p. 5 79') showed pronounced changes in re- 
fractive index on standing at room temperature, 
indicating establishment of an equilibrium state. 
The ketone and primary amine present in these 
same fractions mere shown to be acetone and iso- 
propylamine by conversion to their 2,4-dinitro- 
pheiiylhydrazone and S-phenylthiourea deriva- 
tives, respectively. A7-(Isopropylidene)isopropyl- 
amine (I-) could also be isolated ill low yield by 
drying the low boiling fractions or the crude re- 
action mixture oyer sodium hydroxide. Thus. the 
equilibrium reaction is established aq (8) : 111 

HzO + (C'III)-C=S--CH(CHI)2 (V) e 
S H2 
I 

0 

CH3- z '-CHa + CHI- -CH--CHj (8) 

coritrast to the similar reaction (1) found with 4- 
methyl-2-pentylaniine, this equilibrium (8) is 
shifted effectively to the right during distillation 
because of the greater volatility of acetone and 2- 
propylamine. 111 the case of 4-mrthy1-2-peiityl- 
amine, water was azeotropically distilled with 

( 7 )  E. T1. Bell, ,J. H.  Kaley, E'. F. Rust, P. H. Seubold, 
illid \V. E. Vaiighan, Discussaona Faradaq Sac., 10, 242 
(1951). 

( 8 )  Thr author is iiidrhted to Professor Nathan Korn- 
blum of Purdue University for an authentic sample of 2,4,4- 
trimethyl-2-nitropentane. In light of the Rork of Professor 
Kornblum and R. J. Clutter, J .  Am. Chern. SOC. 76, 4494 
(1954), it is probablv that the use of alkaline fert-butyl 
hydroperoxide at  lower temperatures n-ould give better 
conversions to nitropnraffins. 
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Fig. 4. Reduction of tert-butyl hydroperoxide by diiso- 
propylamine. No additive( O), duplicate runs a t  [ROzHIo = 
1.84M, bath at 92.0 f 0.2"C., kettle a t  88 to 72°C; 1.8% 
2,6-di-t-butyl-4-methylphenol (A), bath at 92.4 =t 0.6"C, 
kettle a t  89 to 8 2 T ;  2%!Diphenylamine (a), bath a t  91.9 f 
0.3"C and kettle a t  88 to 82OC 

tert-butyl alcohol during workup, and, therefore, 
it was possible to isolate good yields of I by frac- 
tional distillation of the crude. In the latter case, the 
equilibrium is also much more favorable to the 
ketimine side because the participating amine is 
present in large excess. 

Functional group analyses (Table 111) support 
the preceding arguments and give a quantitative 
measure of the products of the ketimine hydrolysis 
(8). The Van Slyke and carbonyl analyses vere run 
under conditions in which V is essentially hy- 
drolyzed to completion during or prior to analysis. 

TABLE I11 
PtiKCrIIJXAl, GROUP ASALYSES. REACTIOX PRODUCTS FROM 

DIISOPROPYLANINE AND tert-BuTYrJ HYDROPEROXIDE" 

Analysis Moles Yield, %b 

Hydroxyl value (tert-buytl alcohol) 0.17c 85 
Carbonyl value (acetone) 0.187d 93 
Primary amine (isopropylamine) 0 .  17je 88 
Water 0.099' 45 

~~ 

Kettle temperature, 92 to $3'; bath temperature, 
92.2 f 0.2"; amounts, (0.20 mole ROOH (91.7'%wj; 
0.60 mole RNHz; reaction time, 10 hr.; peroxide decom- 
posed, 97yo. Moles of product/moles ROOH (100). Cor- 
rected for tert-butyl alcohol content of the starting hydro- 
peroxide. Analysis vas  made on the distillate obtained 
by steam distillation of the acidified crude. e Analysis was 
made by the Van Slyke method on a separate run simulating 
the conditions used here. f Corrected for water content of the 
starting hydroperoxide. This indicates a KFqU,~.  value of 
roughly 1 for hydrolysis of the ketiniincx. 

The rough overall rates of reductio11 o f  Irrl- 
butyl hydroperoxide by diisopropylamine were 
determined in the absence and presence of free 
radical inhibitors (Fig. 4). Clearly, the reaction 
is markedly inhibited by either diphenylamine or 
2,6-di-tert-hutyl-4-methylphenol. It is also seen that 
the hydroperoxide titer at 2 6  minutes shows a 
significant increase over and above the "t-zero" 
titer; this is more striking than shown because the 

"t-zero" value is not corrected for volume expan- 
sion on heating from room temperature to reaction 
temperature. This initial increase in titer is attrib- 
uted to production of hydroperoxide by reaction 
of oxygen with radical intermediates prior to estab- 
lishment of refluxing vapor, and correlates with 
the oxygen effect observed with 4-methyl-2-pentyl- 
amine (Fig. 2 ) .  

Isooctane extraction of the acidified reaction 
mixture inhibited with 2,6-di-t-butyl-4-methyl- 
phenol resulted in the isolation of IV, again indicat- 
ing the capture of tert-butylperoxy radicals. 

Tri-n-propylamine. The reduction of tert-butyl 
hydroperoxide by tri-n-propylamine (3 : 1 mole 
ratio) occurred as a fast exothermic reaction a t  
92'. In order to maintain equivalent bath and 
kettle temperatures, the reaction flask was re- 
moved and cooled shortly after immersion. The 
hydroperoxide was converted in good yield to the 
alcohol (see Table IV), and di-n-propylamine was 
isolated as the principal nitrogenous product. 
Although structural x-ariations have not been 
studied a t  this time, this reaction appears promising 
as a device for degrading a tertiary amine to a 
secondary amine.g The group cleaved from the 
amine appears primarily as the corresponding 
aldehyde. Thus, the production of 2-methyl-2- 
pentenal is attributed to the condensation of pro- 
pionaldehyde in the basic medium. 

TABLE IV 
PRODU~TS OF THE REACTIOX OF tert-BuTYL HYDROPEROXIDE 

WITH TRI-?Z-PROPYL.4RZINEU 

Products 

tert-Butyl alcohol 
Water 
Total carbonyl (principally 2-niethgl-2- 

Total "v-eak" acid (propionic + others) 
Di-n-propylamine 
Recovered tri-n-propylamine 
Unidentified (high boiling products j 

pentenal) 

Moles Yield yoc 
0.16 

d 

0.  034e 
0.0021 
0.064 
0.43 
(7.1 dg 

80 - 

17 
1 

32 - 
- 

a Bath temperature, 82.4 f 0.2"; kettle temperature,b 
110 to 78.5': amounts, 0.20 mole ROZH, 0.61 mole RNHz; 
reaction time, 3.5 hr.; peroxide decomposed, 100%. Kettle 
temperature rose above bath temperature for a period of 5 
to 10 minutes with flask out of bath. Moles product/moles 
ROOH consumed (100). So  analysis was made. e This 
value was obtained by acidification of the crude mixture 
(another experiment) followed by &am distillation and 
analysis of the distillate. Isolation of the carbonyls as the 
2,4 DNP's showed that there were present 291% 2-methyl- 
2-pentenal and 59% propionaldehydc. f See Table VI. u Part 
of this was shown to be basic and prohahly consists of amine 
coupling products; aldehyde condensate was also shonn to 
be present. (See Experimental). 

Infrared analysis showed the early appearance 
of a weak carbonyl band a t  -5.78 p (propionalde- 
hyde) and the gradual development of a distinct 
and larger absorption peak a t  5.89 p (carbonyl 

(9j Such a study has bem reported q-ith dibenzopl per- 
oxide; L. Horner and W. Kirmse, Ann., 597, 48 (1956). 
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Fig. 5. Reduction of tert-butyl hydroperoxide with tri- 
n-propylamine. Bath a t  60.4 f 0.5”C, [RO*H)o = 1.5M. 
Nitrogen flow (o), kettle at 63 to 56°C; 2% 2,bdi-t-butyl- 
Cmethylphenol (n), kettle 60 f 1°C; oxygen flow (A), 
kettle at 59 f 1°C 

position in 2-methyl-2-pentenal). A weak but dis- 
tinct peak was also observed at 6.02 p ;  this sug- 
gested some imine formation but isolation work did 
not confirm this. As the C=C stretching ab- 
sorption in 2-methyl-2-pentenal occurs a t  a -6.08 
p in the pure aldehyde, the nature of the 6.02 p 
component is not definitely established. The pres- 
ence of water further obscures interpretation of 
the 6 p region. 

Kinetic experiments (Fig. 5) demonstrate the 
inhibitory effect of Ionol and apparent inhibitory 
effect of oxygen in the reduction of hydroperoxide 
by tri-n-propylamine. Isooctane extraction of a 
reaction mixture inhibited with 2,6-di-tert-butyl-4- 
methylphenol a t  96% completion resulted in a 
recovery of 64 A 10% of the original alkyl phenol 
plus 13:7, of the tert-butylperoxy-alkylphenol adduct 
(IV) (spectroscopic analysis). The conversion to 
IV is distinctly lower than that observed with 
primary and secondary amines reacted at only 40 
to 50% completion (-50% yield of IV). 

The apparent inhibition by oxygen is believed 
to be due to a hydroperoxide-forming reaction 
which is competitive with the normal reducing re- 
actions of the amines, and may eliminate the chain 
character of the latter. When the tri-n-propyl- 
amine reaction is run under nitrogen, the ratio of 
amine consumed to peroxide destroyed is -0.9 (see 
Table IV). The same reaction was carried out in 
the presence of oxygen and then hydrogenated 
after an apparent loss of twenty mmoles of hydro- 
peroxide. Analysis of the hydrogenated mixture 
for tertiary amine showed a consumption of sixty- 
two mmoles or roughly three times the apparent 
hydroperoxide loss. Thus, in the presence of oxy- 
gen, amine is consumed by a competitive oxida- 
tion. 

As direct distillation of the crude reaction 
mixture did not permit separation of the high 

boiling nitrogenous products from tri-n-propyl- 
amine, an attempt was made to do this by pre- 
liminary separation of the products into basic and 
nonbasic fractions utilizing extractive techniques. 
A summary of the data is presented in the Ex- 
perimental section (see Table VII) for a reaction 
mixture containing initially ea. two moles of amine 
to one of hydroperoxidle. The functional group 
data indicate that ~ 8 2 % ~  of the secondary amine 
formed is di-n-propylamine. Considering me- 
chanical losses and analytical precision, it is proba- 
ble that di-n-propylamine constitutes nearly all of 
the secondary amine formed. These data (Table 
VII) also suggest that some primary amine 
(-0.035 equiv.) is produced, but isolation work did 
not establish this. There was no indication of 
primary amine in the potentiometric titration 
curve obtained during the analysis of “secondary + tertiary” amine, and qualitative tests where also 
negative. 

The amines boiling higher than tri-n-propyl- 
amine were difficult to separate as pure compounds; 
however, two constant boiling fractions were iso- 
lated. These fractions had compositions, respec- 
tively, of C9.9H20N1 oO1 o (b.p. 98-99’/3 mm.) 
and Clz 8H2aN10011 (b.p. 105-107O/2 mm.). Al- 
though not pure, it is plausible that these fractions 

contain structures of the type R’-K-CHCH2CH3 
R 

I r  
OCLL 

(R’ = II and R = n-propyl in the first case and 
R = It’ = n-propyl in the second case), products 
expected from radical-radical association. Other 
high boiling basic X-containing substances may 
contain products of the type (RzN-CHR’)~, 
but positive identification was not made. 

Amine-hydroperoxide complex formation. The 
mixing of any of the amines used in this investi- 
gation with tert-butyl hydroperoxide resulted, 
as expected, in a distinct but small evolution 
of heat. That the very weakly acidic tert-butyl 
hydroperoxide forms a complex with an aliphatic 
amine is readily demonstrated by comparison 
of infrared spectra of dilute solutions of hydroper- 
oxide with hydroperoxide-amine solutions. The 
shift in the 0-H stretching band as seen in 
Table V is that expected for hydrogen-bonded 
complex formation of the type: 

6- 6+ 
H 

1 

R-0-0---H---N( R)e. 

Diisopropylamine was chosen to demonstrate this 
point because the pure amine shows virtually no 
N-H stretching absorption in a 0.012 mm. cell 
(two peaks at  3.02 and 3.14 p are just discernible) 
and, therefore, the 3 p region is more easily in- 
terpreted. Although the other amine-hydroper- 
oxide systems were not investigated in such 
detail, examination of crude reaction mixtures a t  
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TABLE V 
DrIsoPRopYLA~bIh’E-tert-BuTYL HYDROPEROXIDE. INFRARED 
EVIDENCE FOR COMPLEX FORXATION IN CARBON TETRA- 

CHLORIDE~ 

[RNH2] [ROOHIb 
M./L. M./L. Remarks 

1.01 1.02 Principal 0-H stretching a t  3.22 p; 
shoulders at 3.06 and 2.81 p (trace). 

- 1.02  Principal 0-H stretching at 2.94 p;  
shoulder a t  2.81 p .  

- 0.20 Increased intensity (sharp band) a t  
2.81 p (unbonded OH); broad band 
a t  2.93 p (bonded OH). 

Prepared from a 9 1 . 7 % ~  stock of a 0.109 Mm. cell. 
ROiH. 

low peroxide consumption suggested that these 
exhibit similar shifts in the OH region. 

Reaction of di-tert-butyl peroxide with aliphatic 
amines. Earlier work from This Laboratory estab- 
lished that the decomposition of di-tert-butyl 
peroxide in tri-n-butylamine gave nearly quanti- 
tative yields of tert-butyl alcohol.lo It was of 
interest in this present study to determine the 
behavior of tert-butoxy radicals in the presence of 
a primary and secondary amine as well. The results 
in Table VI show that the amines studied are all 
good hydrogen donors with B rough order of 
activity: tertiary = secondary > primary. Al- 
though no attempt was made to isolate the prod- 
ucts, gas-liquid partition chromatography, in- 
frared spectra and functional group analyses 
(see Table VI) indicated that the principal hy- 
drogen donating processes are 10 and 11, par- 
ticularly with diisopropylamine.” Disproportiona- 
tion and dimerization of the intermediate radical 
(VI) are also expected to occur; the latter appears 
to be more important with 4-methyl-2-pentyl- 
amine. 

(10) J. H. Raley, F. F. Rust, and W. E. Vaughan, J. 
Am. Chem. Soc., 70,1336 (1948). 

(11) The N-H bond strength in ammonia is reported as 
100-104 kcals.; however, the N-H bond dissociation energy 
of the amines used in this study is still uncertain. Neverthe- 
less, it  is probable that the energy of the C-H bond alpha 
to nitrogen is substantially less than the secondary C-H 
in propane (89-94 kcals.) and less than the N-H bond in 
an amine (see T. L. Cottrell, The Strength of Chemical bond&, 
Academic Press, Inc., N. Y., N. Y., 1954, pp. 187, 188, 192 
for quoted values). The recent work of W. H. Urry and 0. 
0. Juveland, J. Am. Chem. Soc., 80, 3233 (1958) likewise 
supports a-carbon-hydrogen attack by free radicals. There- 
fore, hydrogen abstraction directly from nitrogen seems 
unlikely.12 The reactivity of the alpha C-H in alcohols 
towards radical attack (A. V. Tobolsky, R. B. Mesrohian, 
Organic Peroxides, Interscience Publishers, lnc., New York, 
N. Y., 1954, p. 84) is also consistent with this argument. 

TABLE VI 

ANINES~ 
I)ECO1\IPOSITION O F  DI-tertBuTYL PEROXIDE I N  ALIPHATIC 

~ ~~ 

Moles/50 
Moles of Peroxide Moles/100 

tertButyl Moles of Peroxide, 
Amine Alcohol Acetone -C=N---Production 

- 

Tri-n-butylb -95 -5 * . .  
niisopropyl 9sc 6 5 d  2 81‘ 
CMethyl-2- 

pentyl 87$ S13d1f 2 53c 
~~~~ 

a [Peroxidelo, 0.86 to 0.90 moles/kg. of solution; tem- 
perature, 130.5” 0.5”; time, 24 hr. (ca. 4.5 half-lives). 

See ref. 10. The crude reaction mixtures were acidified 
and steam distilled; hydroxyl values and total carbonyl 
values were determined on the distillate. These values 
were estimated by the difference between the hydroxyl 
value found and the theoretical value based on complete 
decomposition of the peroxide. GLC analysis indicated 
that only traces of peroxide remained. ‘ These values were 
arrived a t  by correcting the total carbonyl value of the 
steam distillates downward by the maximum acetone yield 
indicated in column 3. It was assumed that the hydrolysis 
of the ketimine is complete during the analysis (R2C = 
NR + H20 --+ R2C = 0 + RNH2). f Gas phase chroma- 
tography and infrared analysis indicated that there was 
essentially no acetone present a t  time of analysis. Assuming 
that acetone reacts only with amine to form ketimine and 
water, then the water content should be an alternative 
measure of acetone production. Water analysis of the crude 
gave values of 8 and 62 in columns 3 and 4. 

TI 
R.C-NR’ + (CH8)&O. --+ 

(CH8)aCOH + RsC=IiR’ (11) 

It is clear that aliphatic amines bearing alpha 
hydrogen atoms are excellent hydrogen donors for 
tert-butoxy radicals. l2 

(12) It is possible that R-0. radicals do not abstract 
hydrogen directly, but react first by electron exchange: 

R-0. + RCHz-gH + R-0- + RCHz-N- .+ H 

R-0- + [ R-CH2-fiH] + --+ ROH + RCH-NH 
H H 

R-CH-NH + R-0. + RO- + R-CH=+NHz 

H H 

H 

J 
ROH + RCH=NH 

Without further experimental work, it becomes impossihle 
rigidly to exclude this path. In this respect, 2,4,4-trimethyl- 
2-pentylamine (unpublished work from this laboratory) has 
recently been shown to be a relatively good hydrogen donor 
(-80% yield of tert-butyl alcohol a t  136’). It is a much 
better donor than isooctane, its hydrocarbon analog. The 
tertbutyl alcohol to acetone ratio in the former case at 135’ 
was -1.6 (data kindly furnished by Dr. J. H. Raley of this 
laboratory) while the ratio with tmt-octylamine is 24.3 at 
136’. The “donation process’’ may, of course, be a case of 
direct hydrogen atom abstraction from nitrogen, as this 
amine has no alpha hydrogens. Unfortunately, the “dona- 
tion process” is accompanied by IL rather substantial tar 
formation from the amine moiety and isolation work has not 
as yet been successful in elucidating the course of the re- 
action. 
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ilfechanism. ;Ilajor reaction. A precise kinetic 
analysis of the aliphatic amine-hydroperoxide 
reaction has not been made. Indeed, such a study 
would require conditions leading to a more clean- 
cut stoichiometry, or the use of initial rate tech- 
niques to avoid the complication of secondary 
processes. Inhibitioii by typical free radical traps 
such as 2.6-di-tert-butyl-4-methylphenol and di- 
phenylamine, apparent inhibition by oxygen, and 
the marked acceleration of hydroperoxide decom- 
position13 in amine solvents are consistent with the 
followiitg mechanism : 
R-CH? --!JR’l + (CH3)jCOOH (131 

L 0 
VI1 

I /  
0 J 

It--GH%lt’, + /(CH3j,COH. 

I 
R-CHz-SR \ OH 

or 

0 ! 

I 

OH 
b) (CH,j3CO0. + R-CH,-%R‘, + 

(CHl)3COOH + 11- _-__ 
(13 j Control experiments utilizing n-octane solutionn of 

hydroperoxide (80-9OC0 purity in this investigation, and 
high purity in an earlier investigation from this laboratory, 
see ref 7 )  have demonstrated that the thermal decomposi- 
tion of tert-butvl hydroperoxide a t  1 to 2Af in hydrocarbon 
is very slow a t  or below 110”. Clearly, such a process mnst 
make a relatively minor contribution to the overall ouida- 
tion of amines hearing alpha hydrogen atoms. See also re- 
cent work by A. Kathleen Morse, J .  Am. Chrm. Soc., 79, 
,3310 (1957) 

TERMINATION 

H +  H-  
a)  R”O. + RCH2-VR -+ RCH=?;R + R”OH (18) 

TT n 
b) R”O, + RCH-YR’ + RCH=?R’ + R”OH 

R ‘  
C )  RW.  + R C H - ~ R ’  + RCH--SR; 

I 

Complex formatioil (13) is substantiated by in- 
frared measurements. The one electron transfer 
from amine to peroxide (15) and production of the 
oxy radical VI1 (14) probably occur through 
formation of an unstable quaternary ammonium 
salt as proposed by Walling for acyl peroxide- 
amine systems14b and other workers for decompo- 
sition of -V-haloammonium ions.14c Since the termi- 
nation of this chemical investigation, Drs. G. 11. 
Coppinger and J. D. S ~ a l e n ‘ * ~  of this laboratory 
have made available to the author some physical 
studies which provide direct evidence for a pre- 
viously unrecognized radical (VII), and suggest 
quaternary-salt formation as an intermediate. 
These workers have examined a large number of 
aliphatic (tert- and sec-) amine-tert-butyl hydro- 
peroxide systems by the electron magnetic reson- 
ance technique. In every case examined, a strong 
radical spectrum characteristic of an IZ -N-R 

I 
0 

species was observed. Although other radicals 
could have been present and gone undetected 
because of their lower steady state concentration, 
it is striking that the RzNO. species attained a 
steady state concentration as high as l O - 3 M .  
Clearly, such a radical must be an important 
species iii the mechanism of hydroperoxide- 
amine interaction. However, when these reactions 
are carried out in excess amine, the likely successor 
of such a radical, R2S-OH, is not isolated. 
First, it is apparent that material balances are 
not good enough to establish the absence of hy- 
droxylamines or their successors in the current 
work, although they are clearly not major prod- 
ucts. Second, uiipublished work by G. 11. Cop- 
pinger and the author has now established that 
dibenzylhydroxylamine is rapidly oxidized by 
tert-butyl hydroperoxide in an inert (benzene) sol- 
vent. The oxidation of the hydroxylamine also 
exhibits the electron magnetic resonance spec- 
trum of RzS-O.. These facts suggest that the 
R&-O. species functions principally as a prop- 
agating radical. 
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Oxidation of a secondary amine could be ration- 
alized in the following manner: 

H H+ 

OH 

R-CH2-XR‘ + ROzH + R-CH2-NR‘ + OR- 
I (20) 

(It‘ = H or alkyl) 

(iH 
I 

OH 

OH + 

R02H I 

R-CH2--fi-R‘ ---+ R-CH2-X-R’ + -OR (22) 
I 

OH 

OH - OH 

It-CH2-k-lL’ --+ R-CHL-$--lt’ + .OH ( 2 3 )  

I 
OH 

I 

1 

OH 
OH + 0 
I - H+ I 

It- CH>-Y-R’ + R-CH?-S-R’ (34) 

i t  
1 

R-cH,-$-R, + RO,H -+ 
OH 
I 

It-CH2-Y-R’ + ROL. ( 2 5 )  

0 
1 H 

1%-CHZ-S-R‘ + R-CH2NR’ 4 

OH 
I 

R-CHZ-S-R’ + R-CHZNHR’ (2ti) 

It-GH-XHIt‘ + .OH (or other R.)  ---f 
R-CH=SR’ + HZO 

This scheme would predict the regeneration of the 
hydroxylamine except where its radical precursor 
is terminated by a radical-radical reaction, 

OH + 

.OH + I~--CH~-*-R’ -+ 

OH 
I 

H2O + R-CHzN-R‘ + 

e.y.: 

( 2 7 )  

3. 
0 

Thus, the hypothesis is that the hydroxylamine 
aiid its radical prccursor are readily interconvert- 
nhle. Preliminary data (unpublished) indicate that 
the iiitrone is formed in good yield by hydroper- 
oxide attack on dibenzylhydroxylamiiie in dilute 
benzene solution. However, in excess amine 
this reaction is minimized. The cleavage step (23) 
i. consistent xyith the recently reported radical 
chain decomposition of W-haloammonium ions. 

S o  radical spectrum has been observed in the 
case of the primary amine, although by analogy 

it would be expected to follow the pattern of the 
secondary amine. One can conclude a t  this stage 
only that the concentration of any intermediate 
radical is not sufficiently high to detect by the 
electron magnetic resonance technique. 

The rationalization of an R&-O- species in 
the tert-amine case (e.g., tri-n-propyl) is not 
straightforward, although presumably it arises to 
some extent from the di-n-propylamine formed in 
the reaction. Further work is needed to establish 
the initiation step of this reaction. By analogy 
with the secondary amine, the amine oxide might 
be expected as a primary intermediate which would 
give dipropylhydroxylamine and propylene by the 
usual elimination path. Evidence for the latter 
was not obtained in this investigation, but the 
electron magnetic resonance evidence suggests a 
re-examination of this system. Without further 
xyork, step (15) cannot be excluded as an alterna- 
tive mode of initiation in the tert-amine-peroxide 
system. This one-electron transfer to the 0-0 
bond is analogous to  the process proposed by 
Horner for the reaction of dialkyl anilines with 
benzoyl peroxide.’?” Proton loss (1.5) from the 
aminiuni radical produces water aiid the cor- 
responding a-carbon r a d i ~ a l ~ ~ a , ’ ~ .  The formatioii 

(14) (a) See L. Horner and H. Junkerman, Ann., 591, 53 
(1955) and earlier references cited therein. 

(b) For an excellent summary of amine-peroxide chem- 
istry, see C. Walling, Free Radicals in Solution, John Wiley 
and Sons, Inc., New York, N. P., 1957, pp. 590-595; C. 
Walling and N. Indictor, J .  Am. Chem SOC., 80, 5814 
(1958). It seems reasonable to write the initial step (Equa- 
tion 14) in this mechanism as an amine displacement on the 
peroxide bond: 

R~PIT: + RO-OH + ~$3-0~ + i i~ t  

/ when tertian 
RJ --+ 0 + ROH 

However, vlith the tertiary amine this should give rise to 
amine oxide. S o  direct evidence has been obtained for the 
latter or its degradation products. Alternatively, electron 
transfer may occur by: 

R ~ X :  + RO-OH -+ ~~3 :OR + OH 
A /  

(c) E. J. Corey and W. R. Hertler, J. Ani. C‘hem. SOC., 80, 
2903 (1958). JV. R. Hedler, Doctoral Dissertation, Disserta- 
tion Abstracts, Cniversitp Alicrofilms Inc., Ann Arbor, 
Michigan, Vol. XIX, 1958, p. 956. P. Buchschacher, J. 
Kalroda, D. Arigoni, and 0. Jeger, J .  Am. Chena. Soc., 
80, 2905 (1958). S. Wazonek and T. P. Culbertson, 135th 
Meeting of the American Chemical Society, Boston, Mass., 
April 1959, Abstracts of Papers, p. 4 2 4 .  

(d)  The author is deeply indebted to  I h s .  Coppiiigrr 
and Swalen for permission to use these data i n  advance of 
their forthcoming publication. 

(15) Proton loss from nitrogen (Equation 15 where 
R’=H) would lead to a nitrogen radical whirh could 
equally well participate. However, we have isolated no 
products which are derivable from this sourve although their 
presence cannot be rwludetl. 
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of a positive nitrogen radical (aminium radical) is 
by no means a new concept. In  the case of some 
aryl and alkyl aryl amines, stable aminium salts 
have been prepared.I8 

The displacement of a radical on the 0-0 bond 
(16-a) is without good analogy in liquid phase 
hydroperoxide work. However, an analogous intra- 
molecular process has been proposed in the vapor 
phase oxidation of isooctane17 and in the liquid 
phase decomposition of pure di-tert-butyl peroxide 
and di-tert-heptyl peroxide.’s An example of radi- 
cal displacement on the 0-0 bond of benzoyl 
peroxide has recently received strong experimental 
support. l *CJ  The reaction is not inconsistent with 
the retardation caused by typical inhibitors and 
gives an intermediate (VIII) which leads to the 
expected products: 

RC=NR‘ + HzO e RCH-NR’a 
H 

I 
OH 

(when 1 R’ = H )  VI11 

NHI + RCHO 
(when both R‘s 

The chain transfer step 
caDture of tert-butylperoxg 

= H )  -1 
RCHO + R’zNH (28) 

(17a) explains the 
radicals by 2.6-di- 

- I  

te&butyl-4-methylphehol1 and receives support 
from earlier work which showed that tert-butyl 
hydroperoxide is subject to induced decomposition 
through abstraction of the hydrogen bound to 
oxygen? The previously cited observations on the 
decomposition of di-tert-butyl peroxide in amines 
are also consistent with hydrogen abstraction by 
oxy radicals (Equation 16-b) leading to atphu- 
amino radicals and hence to ketimine-type prod- 
ucts. In the case of primary and secondary amines, 
the aminium radicals or alpha-amino radicals may 
give rise directly to ketimine products by termi- 
nation steps 18a, 18b, or 19.19 

Certainly there is good evidence for free radical 
participation in these amine-hydroperoxide re- 
actions. However, our data do not preclude the 
participation of ionic processes other than those 

(16) See V. Franzen, Bet-., 88, 1697 (1955) and R. I. 
Walter, .I. Am. Chmn. SOC., 77,5999 (1956). 

(17) F. F. Rust and D. 0. Collamer, Jr., J .  Am. Chem. 
SOC., 76,1055 (1954). 
(18) (a) E. R. Bell, F. F. Rust, and W. E. Vaughan, J. 

Am. Chem. SOC., 72, 337 (1950). (b) H. E. De La Mare and 
F. F. Rust, J. Am. Chem. Soc., 81, 2691 (1959). (c) E. H. 
Drew and C. H. Martin, Chem. and Id., 925 (1958). (d)  D. 
B. Denney and G. Feig, J .  Am. Chem. SOC., 81,5323 (1959). 

(19) Termination 18-a gives ketimine directly by proton 
loss from nitrogen. With tertiary amine, this step followed 
by proton loss from “@-carbon” gives “enamine.” Hydroly- 
sis of the latter would give the observed products. Walling 
and Indictor (loc. et.) and D. Buckley, S. Dunstan, and 
H. B. Henbest, J. C h m .  SOC., 4901 (1957), have observed 
enamine formation in the reaction of benzoyl peroxide with 
triethyl amine. 

already suggested. Solvent effects and poor initiat- 
ing in some amine-acyl peroxide 
systems suggest that ionic processes may be occur- 
ring concomitantly in the hydroperoxide-amine 
systems.20 

The current results are in qualitative agreement 
with Hawkins” observation that the reaction rate 
of hydroperoxide with simple monoamines follows 
the sequence : primary<secondary<tertiary. It 
is clearly not simply a matter of base strength 
toward a proton acid (complex formation, Equa- 
tion 13), as this would follow the relative rate 
order: tertiary<primary<secondary. However, 
in lieu of precise determination of the kinetics. 
and knowledge of the rate determining step, it 
appears unwise to  elaborate on this difference. 

Inhibition. The apparent inhibition of these 
amine-hydroperoxide reactions by oxygen is at- 
tributed to the interaction of alpha-amino radicals 
with oxygen, presumably a hydroperoxide pro- 
ducing reactionz1 : Bickel and KooymanZ2 have 
R-~H-NR’~ + o2 --f R-CH-NR!~ + 

I IX 
0 2  

R-CH-fiRz + R. (29) 
I 
OzH 

recently observed that some tertiary alkyl aro- 
matic amines in autoxidation systems do indeed 
produce radicals which are capable of adding 
oxygen. 

With respect to inhibition by 2,6-di-tert-butyl- 
4-methyl or other phenols, primary and secondary 
amines appear to give a much better yield of the 
(20) In the slower oxidaeion reactions of amines by 

hydroperoxide (e.g., Pmethyl-%pentyl and primary amines 
in general; see Experimental) the hydroperoxide may be- 
come involved in secondary reactions of the Baeyer-Villiger 
type (see J. E. Leffler, Chem. Rev., 45, 385 (1949) and C. 
H. Hassall, Org. Reactiom, 74 (1957). 

0 CHa 

0 

+ CH3- ,-NHR + 
CH3-&CH2-- II CL H-CH3 + ROzH(or no2-) -3 

P 
0 

CH3- E -0-CHZ- 

CH3- x“’ H-CHzOH 
The isolation of bi~-N,N’-(4methyl-%pentyl)oxalamide 
(Table I) was indeed surprising. It is difficult to picture its 
formation except by a circuitous route involving the forma- 
tion of N-(4methyl-2-pentyl)formamide, subsequent ab- 
straction of the formyl hydrogen and dimerization of the 
resultant radical. It is also conceivable that hydroperoxide 
may attack ketimines to give oxazirane intermediates. This 
phase of hydroperoxide-amine chemistry remains to be 
explored further. 

(21) In theory, i t  should be possible to trap the amino 
peroxy radicals (IX) with 2,6-di-tert-butyl-Pmethylphenol; 
however, our method of isolation of the adducts of ROY with 
2,6-di-tert-butyl-Pmethyiphenol (e.g. IV) would have pre- 
sumably precluded isolation of the adduct of I X  because of 
its solubility in dilute hydrochloric acid. 
(22) A. F. Bickel and E. C. Kooyman, J .  Chem. SOC, 

2220 (1957). 
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tert-bu t ylperox y-alk ylphenol adduct (IV) than , 
e.g., tri-n-propylamine a t  even greater conversion. 
As all of the amines are very good hydrogen 
donors, this finding would not appear to be solely 
a result of the difference in rate of the respective 
hydrogen abstraction processes (16-b). It may 
well reflect the longer chain lengths involved in 
hydroperoxide-tertiary amine reactions; in the 
latter system, the alpha-amino radicals are not 
subject to termination step 18-b and 19 which 
necessitate having a hydrogen bound to nitrogen.20 
Alternatively, this observation may be due to 
varying degrees of competition by ionic paths. 

EXPERIMENTAL 

Materials. The amines were purified by fractionation in a 
100-cm. helices-packed column prior to use. The source and 
physical properties are: 4methyl-2-pentylamine (b.p. 108", 
ny 1.4081)2*, 2,4,4trimethyl-2-pentylamine (Rohm and 
Haas; b.p. 139.5-140", n z  1.4237), diisopropylamine (East- 
man Kodak; b.p. 83.5-84', ny 1.3917 to 1.3920) and tri- 
n-propylamine (Eastman Kodak; b.p. 156-156.5', n'," 
1.4161). 

The tert-butyl hydroperoxide was obtained from the 
Lucidol Corporation. It was steam distilled to remove the 
di-tert-butyl peroxide until the head temperature reached 
-91'. At this point the organic layer in the kettle was 
separated from the aqueous layer and then fractionated in 
vacuo, maintaining a kettle temperature <40°. Fractions 
analyzing (iodometrically) -7&94%w hydroperoxide were 
used in the current work. Each stock was analyzed separately 
for hydroperoxide and water, and the balance was assigned 
on the basis of infrared evidence to tert-butyl alcohol; 
analyses of some typical peroxide stocks were 82.0, 87.8, 
91.7, and 94.1% hydroperoxide, and 0.51, 0.45, 1.35, 0.2% 
water, respectively. Hydrogenation (platinum a t  room 
temperature) of the 82.0% stock followed by functional 
group analysis gave a value consistent with the estimated 
tert-butyl alcohol content of 17.5%. 

Di-tert-butyl peroxide (Shell Chemical Corp.) was used 
without further purification. All other organic chemicals 
were for the most part Eastman Kodak white-label products 
and were used without further purification. 

General procedure. The reactions were usually run in excess 
amine (roughly 3 RNHz:l ROOH) and unless noted no 
attempt was made to exclude oxygen since the conditions 
were usually such that reflux conditions were soon estab- 
lished, However, in the rough kinetic experiments with tri- 
n-propylamine, the system was swept with nitrogen. The 
reaction flask was usually a two necked flask of suitable vol- 
ume equipped with a small sampling condenser and an effi- 
cient coil condenser; the latter was in turn connected to a 
Dry Ice trap, and a gas collection bottle if gases were to be 
determined. Zero time was taken as time of immersion in 
the bath. 

Peroxide analyses were made by withdrawing samples and 
quenching by pipetting into cold isopropyl alcohol (50 ml.) 
containing 5 ml. of glacial acetic acid, 5 1 ml.24 of GN hydro- 
chloric acid and 2 ml. of saturated sodium iodide; a small 
piece of Dry Ice was added directly to the solution before 
the sample was introduced. After refluxing for 5 min. under 

(23) The author is indebted to D. G. Norton of this lab- 
oratory for a generous supply of this material. 

(24) Mineral acid (hydrochloric acid) was usually added 
in an amount slightly in excess of the amine present in the 
sample; however, later analyses in which the hydrochloric 
acid was omitted were in good agreement with those done 
in its presence. 

a carbon dioxide atmosphere, the liberated iodine wm ti- 
trated with 0.1N thiosulfate. 

The reaction products were separated by distillation 
through a 20-cm. helices-packed column and/or an effi- 
cient Piros-Glover spinning band column depending on the 
ease of separation. The crude reaction mixtures were also 
examined by infrared analysis (see results) during the course 
of the reaction. 

Isolation of inhibitor products. The inhibited reactions 
were acidified and extracted with isooctane. The extract 
was washed and concentrated, and infrared and/or ultra- 
violet spectra obtained on the concentrate. 

I n  the isolation work on 4methyl-2-pentylamine, a crys- 
talline product, m.p. 85.5-86.5', was obtained by recrys- 
talliiing the solid residue remaining after evaporation of the 
isooctane. This material showed no depression in melting 
point on mixing with authentic IV. The infrared spectrum of 
the isooctane extract was compatible with the authentic 
spectrum of IV, and the ultraviolet spectrum showed the 
characteristic absorption of the cyclohexadienone struc- 
ture a t  -233 mp6. Similar evidence was obtained for the 
production of IV in the inhibited reaction of diisopropyl- 
amine. In the case of the tri-n-propylamine, an attempt to 
purify the crude residue by chromatography and recrystalli- 
zation gave an impure product, m.p. 49 to 53' (cloudy melt). 
That this mixture contained IV was easily demonstrated by 
infrared analysis. 

Analytical methods. The functional group analyses em- 
ployed were standard methods of this laboratory. Water was 
determined by titration with the Fischer reagent. Hydroxyl 
values (tertiary) were determined by esterification in the 
presence of boron trauoride followed by a Fischer water 
determination. Carbonyl values were determined by reaction 
with hydroxylamine followed by determination of the water 
formed, or by an aqueous method using hydroxylamine 
hydrochIoride and titrating the hydrogen chloride liberated 
in the reaction, Secondary plus tertiary amine values were 
obtained by conversion of the primary amine to an azo- 
methine or Schiff's base followed by potentiometric titra- 
tion for the former. Basic nitrogen values were obtained by 
electrometric titrations (perchloric acid in acetic acid ti- 
trant). Primary amine, in the case of isopropylamine, was 
determined by a conventional Van Slyke method. 

Gases were usually determined by mass spectrometric 
methods. Ammonia (Table I) was condensed in a Dry Ice 
trap and then distilled into a known volume of water. An 
aliquot of the latter solution was titrated with standard 
acid. 

Isolation and identi$cation of products from 4-methyl-& 
pentylamine. After distillation of a crude reaction mixture 
from a typical experiment (see Table I) in a 20-cm. helices- 
packed column, the following fractions were obtained (boil- 
ing point at atmospheric pressure unless noted): 

Fraction 1 (b.p. 79-83.7, n z  1.3878, 20.3 g.) was shown 
to contain tert-butyl alcohol (hydroxyl value 1.07 eq./100 
9.) and water (15.3%~).  Identification was based on the 
physical constants (lit. value for water-tert-butyl alcohol 
azeotrope: b.p. 79.9', 11.76% HzO)S and infrared analysis. 

Fraction 2 (b.p. 84-107", n 2  1.4029, 11.8 g.) contained 
tert-butyl alcohol (hydroxyl value 0.626 eq./100 g.), water 
( 2 . 8 % ~ ) '  and 4methyl-%pentylamine (0.0648 eq. total by 
titration with standard acid). Fractions 3 and 4 (b.p. 107.5- 
108" and 35-37"/48 mm., ny 1.4079, 29.6 g.) contained 
recovered 4methyl-2pentylamine. 

Fraction 5 (b.p. 73-77"/48 mm., n y  1.4288, 1.4 9.) was 
estimated as 89Y0w I and 11% 4-methyl-2-pentylamine on 
the basis of refractive index. N-(Pmethyl-2-pentylidene)- 
Pmethyl-2-pentylamine, I, was isolated in fractions 6 to 
9 (b.p. 77-78'/48 mm. and 44-49'/3 mm., n y  1.4313 to 
1.4305, 25.5 g.); values: b.p. 128.8°/100 mm., n'," 

(25) L. H. Horsley, Azeotropic Data, American Chemical 
Society Monograph, Washington, D. C., 1952, p. 8. 
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1.4413). The infrared spectrum wm identical with an 
authentic spectrum (strong 4 = N -  band at 6.01 a). 

The column holdup (1.7 g., n g  1.4479) showed char- 
acteristic infrared bands at 3.03 p (moderately strong; 
shoulder at 3.24), -6.03 (strong) and 6.43 (strong) which 
suggested the possibility of an N-monosubstituted amide. 
Further work was done on similar high boiling material from 
a larger scale run (1.02 moles of hydroperoxide and 2.04 
moles of amine a t  110'). This latter material waa distilled 
through the spinning band column and two predominant 
high-boiling cuts were collected and examined. Fractions 
:3 to 6 (b.p. 101-105"/4 mm., n y  1.4473-1.4482, 12.6 9.)  
showed the infrared pattern described for the column holdup. 

Anal. Found: C, 77.4; H, 13.0; Basic N, 2.8; N, 7 .2 .  
Fractions 8 to 9 (b.p. 114-118'/4 mm., n g  1.4521- 

1.4525, 6.8 g.) had an infrared spectrum remarkably similar 
to fractions 3 to 6 with the exception that the intensity of 
the 6.04 p band was decreased slightly and that of the 6.43 
band wa,s substantially decreased (less amide). 

Anal. Found: C, 79.0; H, 13.2; Basic N, 4.2; N, 5.99. 
These fractions were partially resolved by chemical 

methods. Acidic hydrolysis of fractions (3) to (6) followed by 
steam dist.illation resulted in the isolation of acetic acid as 
t'he p-bromophenacyl acetate (m.p. 83.2-83.7'; mixed m.p. 
with authentic sample 83.6-84.6") and the p-phenylphenacyl 
acetate (m.p. 108.5-110"; lit. value 111'). However, the 
isolat,ion work indicated that another acid was probably 
present hut efforts to purify other fractions of the solid 
esters failed. The steam distillate also cont.ained a small 
amount of water-insoluble material whose infrared spectrum 
(carbon tetrachloride extract) indicated the presence of 
a,&unsaturated ketone. Treat,ment of the extract with 
acidic 2,4-dinitrophenylhydrazine reagent gave a crude 
2,4-dinitrophenylhydrasone which contained five com- 
ponents (chromatographic analysis) ; the melting point of 
the major component, m.p. 81-82', was not depressed on 
mixing with authentic 2,4-dinitrophenylhydrazone (83- 
84") from methrl isobutyl ketone. 

When the acidic hydrolysis mixture was made basic (pH 
Zl l ) ,  4-methrl-2-pentylzmine was liberated and isolated 
as the phenylthixrea, m.p. 103.5-109.5" (not depressed 
with authentic sample). 

An aliquot of fractions (8) and (9) was reduced with 
hydrogen over platinum a t  room t,emperature, absorbing 
hydrogen equivalent t-, -I mole uptake/lSi g. An attempt 
to isolaLe a derivative from the reduced product failed; 
however, t,hc infrared spect,rum indicat,ed a substantial 
decrease in intensity a t  the 6.05 fi  position with little or 
no change in t,he 6.4 p band. 

The above mentioned facts and the elemental and infra- 
red analyses suggest that fractions 3-6 and 8-9 probably 
consist of a basic c,omponent (possibly a ketimine arising 
from aldol-type condensation of I) and one or more non- 
basic romponents (probably N-(4-methy1-2-pentyl)aceta- 
mide and other amides). It is clear from the elemental 
annlyses that, the A'-substituted acetamide could not be 
the only amide present assuming that the basic material 
is t'he ketimine condensate of I.%' The presence of the N- 
euhstitut'ed isovaleroamide would be in reasonable agree- 
ment with the dat,a assuming ketimine condensatte to be 
present in fractions 3-6 and 8-9. 

The kettle residue (2.1 g., partly crystalline) was not 
further examined. However, with similar mat,erial from 
anot,her experiment,, a crystdine solid (-1.5 g. from 1.0 
mole of ROOH) was isolat,ed and recrystallized from pe- 
troleum ether (b.p. 30-60'), m.p. 132.5-134" (probably 
melts m-ith decomposition; a clear melt is not obtained). 
Infrared analysis and NMR spectroecopy, along with the 

(26) I). G. Norton, 5'. E. Haury, F. C. David, L. J. 
Mitchell, and S. A. Ballard. J .  Org. Chew., 19, 1054 (1954). 

(27) A nul. Calcd. for A7-(4-methyl-2-pentyl )acetamide 
( C ~ H I ~ Y O ) :  C, 67.1; H, 12.0; N, 9.77. Calcd. for the aldol 
rondensate of I (C1OH1SX): C, 81.5; H, 13.3; N, 5.27. 

elemental analysis, suggested that the structure wab N ,  AT'- 
bis(Pmethy1-2-penty1)oxalamide; this was con6rmed by 
synthesis of the latter, m.p. 132.5-134' (see above). Mixed 
melting point showed no depression and infrared spectra 
of the unknown and known were identical. 

Anal. Calcd. for CllHmN&2: C, 65.6; H, 11.0; p\i, 10.9; 
molecular weight 256.4. Found: C, 65.5; H, 11.3; K, 11.1; 
molecular weight 249. 

Isolation and identification of Products from .$,.$,,$-trimethbl- 
.$-pentylamine. Distillation of the crude reaction mixture 
(see Table 11) in the 20-cm. helices-packed column per- 
mitted the removal of acetone (identified as crude 2 , 4  
dinitrophenylhydrazone, m.p. 122-122.5' ; not depressed 
on mixing with authentic acetone 2,4dinitrophenylhydra- 
zone), tert-butyl alcohol (analyzed by functional group28 
methods and identified by infrared spectrum), water, and 
a large fraction of recovered amine. The last 1.5 g. of amine 
taken overhead a t  47-65'/12-13 mm., n2,0.5 1.4281, was 
shown by infrared analysis to contain traces of tert-nitro- 
octane plus an unidentified carbonyl impurity. After re- 
moval of the unchanged amine (some was lost to solid car- 
bonate formation during the reaction period, a total of 7.9 
g. of reaction product remained. Further distillation gave 
fraction 8 (b.p. 52-53'/7 mxn., ny.' 1.4335, 1.1 g.) and frac- 
tion 9 (b.p. 53-65'/7 mm., 2.9 g., empirical formula 
Cs aHzaNo 8701.6). Fractions 8 and 9 were both analyzed by 
infrared spectroscopy (carbon tetrachloride solution) and 
the spectra compared with an authentic spectrum of tert- 
nitrooctane supplied by Professor Kornblum of Purdue 
University. The most characteristic bands are those at  6.46- 
6.50 (doublet), 7.41 and 11.76 p-all are strong bands. The 
yQw of tert-nitrooctane was estimated as (utilizing the 
first two bands) 78 f 5 % ~  in fraction 8 and 78 f 3 % ~ -  
in fraction 9; carbonyl impurities were present. (Lit.8 values 
for tert-nitrooctane: b.p. 85'/20 mm.; n': 1.4350). During 
the distillation a white solid crystallized from fraction 9. 
After recrystallization from petroleum ether (b.p. 30-60' j, 
this solid melted a t  153.5-155" (sealed tube). 

Anal. Found: C, 67.2; H, 13.5; N, 12.9 (empirical formula 

Infrared analysis showed a weak band at 6.10 and a strong 
broad band a t  6.40 p (nitro compound?). Further identifica- 
tion work was not done. 

There was also obtained -1.0 g. of column holdup and 2.4 
g. of kettle residue (not volatile a t  140"/2 mm.) having 
an empirical formula Ci 7HISK1 001 0. The infrared spertrum 
of the kettle residue showed a strong broad carbonyl band 
at 5.92 p, moderately strong absorption a t  6.4-6.6 p, and 
a weak to moderate band a t  2.97 (shoulder a t  3.13 p). It is 
probable that ketone condensates and some N-monosub- 
stituted amides were present. 

Isolation and identijkatzon of pioducts from diisopropyl 
amine. Fractionation of the crude reaction mixture in the 
Piros-Glover column gave the following fractions: 

Fraction 1 (b.p. 49-54', ny 1.3990, 1.7 g.) and fraction 2 
(b.p. 54-56', n y  1.3890, 5.3 g.) were combined. An aliquot 
(1.338 g.) gave 1.834 g. of crude 2,4-dinitrophenylhydra- 
zone; mixed melting point with authentic acetone 2,4-dini- 
trophenylhydrazone (m.p. 125-126') showed no significant 
depression, 124.5-126'. Chromatographic analysis further 
indicated that there was essentially only one component 
in the crude 2,4dinitrophenylhydrazone. Another aliquot 
(-0.5 ml.) was converted t o  the N-phenylthionrea in good 
yield; recrystallized from petroleum ether (b.p. 30-60°), 
m.p. 100-101' (lit,. value for K-phenyl-N-isopropyl thio- 
urea: m.p. 101'). 

Anal. Calcd. for C10H14NgS: C, 61.8; H, 7.25; N, 14.4. 
Found: C, 62.3; H, 7.5; S, 14.6. 

c13 9H34N1.102 0). 

(28) The variation in the yields of tert-butyl alcohol re- 
ported in Table I1 results because hydroxyl values obtained 
by BF, esterification and conversion to nitrite ester were 
not in agreement. The reason for this discrepancy is not 
known. 
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After standing at room temperature for about 2 days, 
the refractive indices (ny)  of 1 and 2 were respectively 
1.4043 and 1.4002. 

Fractions 3 to 5 (b.p. 56-67", n'," 1.3771 to 1.3766, 13.8 
9.) on standing ( - 2  days) showed a change in refractive 
index to n'," 1.4020. Even with fractions 6 and 7 (b.p. 67- 
i n o ,  n'," 1.3912 to 1.3933, 4.4 g . ) )  the refractive index showed 
a small change to n'," 1.3978 on standing. The forerun frac- 
tions (Fractions 1 to 7) showed strong bands in the infrared 
at' 2.98, 5.83, and 6.00 p as well as a distinct shoulder a t  
6.25 p (characteristic of NHa deformation). 

Fractions 3 to 7 were combined and 0.5 ml. of concd. hy- 
drochloric acid vas  added to insure that equilibrium had 
been reached (no change in n'," over a 2-hr. period). Solid 
sodium hydroxide was then added to neutralize and dry 
the mixture. Aft,er further drying over potassium hydroxide, 
rectification gave 1.2 g. of a ketimine, b.p. 9 3 O ,  n'," 1.4068 
( lit.27 values for N-(isopropglidene)isopropylamine, b.p. 
93.5", n': 1.4088). The infrared spectrum was compatible 
with k n o m  ketimine spectrum, showing only a small amount, 
of carbonyl as impurity. In  other experiments attempk 
were made to dry the crude reaction mixture over solid 
sodium or potassium hydroxide. The best 1 ield of ketimine 
isolable under these conditions was 0.03 mole/0.20 mole of 
tert-butyl hydroperoxide. However, indicat,ions xere that 
the drying operation was not complete. 

The bulk of the distillate, fractions 8 to 11 (b.p. 79-85", 
ny 1.3930 to 1.3917, 48.4 g.), was shown to consist of 67 f 
1 % ~  diisopropylamine (0.666 equiv./100 g.) by titrat,ion. 
The infrared spectrum was compatible with principally this 
amine and tert-butyl alcohol. Fraction 12 (b.p. 85-102', 
n'," 1.3923, 0.9 g . )  was distilled through the column using 
n-oct,ane as a "pusher"; it represents principally recovered 
amine. A kettle residue of -0.6 g. (corrected for n-octane) 
was not further investigated. 

Isolation and identi$cation of products from tri-n-propyl- 
amine. $ft,m removal of ether (fraction 1) used in transfer 
operation, Piros-Glover fractionation gave the following 
results. 

over a t  79.5-82', 

infrared and functional group analyses to  contain tert-butyl 
alcohol (hydroxyl value 1.07 equiv./100 g.) contaminated 
by water ( 7 . 7 % ~ )  and a trace of carbonyl. The latter was 
shown to be propionaldehyde (m.p. of 2,4-dinitrophengl- 
hydrazone 145.5-147', not depressed by mixing with the 
authentic derivat,ive). 

Fraction 4 (b.p. 82-102", n,Z," 1.3879, 1.1 g.) was shown 
by titration to c,ontain 3 . 7 % ~  as di-n-propyhmine and 
balance was ascribed to tert-butyl alcohol. Fractions 5 and 
6 (b.p. 102-105", 53.5-69'/200 mm., nZ,.' 1.4073 to 1.4091, 
2.3 g.) were shown by titration to contain - 8 2 % ~  di-n- 
propylamine. The infrared spectrum was compatibIe with 
this plus tert-butyl alcohol and water impurities. Fractions 
7 and 8 (b.p. 69"/200 mm., n'," 1.4052, 4.8 8.) were titrated 
for amine (0.94 equiv./100 g., theory for di-a-propylamine 
is 0.99 equiv./100 g.; lit.ag values, b.p. l l O o ,  nz,O 1.4046). 

Anal. Calcd. for CeHISN: C, 71.3; H, 14.8; ??, 13.8. Found: 
C, 70.5; H, 15.0; ?;, 13.3. 

In another run this amine was converted to an N-phenyl- 
thiourea, m.p. 60.561.5'. 

Anal. Calcd. for C19H~0N~S: C, 66.0; H, 8.51; N, 11.9. 
Fonnd:C,65.F);H,8.4;11', 11.7. 

This derivative showed no depression in melting point 
on mixing with an authentic sample prepared from di-n- 
propylamine (m.p. 61-61.5'). hlthough a literature value30 of 

Fractions 2 and 3 (b.p. 72-82', 
n n o .  5 1.3830-1.3863, 14.6 9.) were combined and shovm by 

(29) Dictionary of Organic Compounds, edited by I. Heil- 
bron and H. M. Bunbury, Oxford Univ. Press, Xew York, 
N. Y. 1953, Vol. 11, p. 438. 

(30) R. L. Shriner and R. C. Fuson, "The SystematicIden- 
tiscation of Organic Compounds," John Riley and Sons, 
New York, N. P., 1948, p. 234. 

69' is given for this derivative, the melting point observed 
was 61-61.5' after three recrystallizations of authentic 
material. 

Fraction 9 (b.p. 69-102'/201 mm., n2,0.5 1.4083, 0.3 g.), 
a break cut, was followed by fractions 10 to 13 which repre- 
sented recovered tri-n-propylamine (b.p. 87.5-89'/92 mm. 
to 55'/22 mm., nY0.' 1.4161-1.4177, 61.2 g .  or 0.43 mole). 

Successively higher boiling fractions were collected as 
follows: fraction 14 (b.p. <82'-91.5'/22 mm., n2,.' 1.4429, 
0.5 g,), fraction 15 (b.p. 91.5'/22 mm. to 95"/5.5 mm., 
nZ,.' 1.4585, 1.2 g.), fraction 16 (b.p. 95-116'/5.5 mm., 

to 16 were combined and dissolved in an ether-petroleum 
ether (b.p. 30-60') mixture and extracted with 5% hydro- 
chloric acid; the amine was liberated with base, 0.7 g., n g  
1.4618 (6.20% basic nitrogen). Infrared analyses showed 
the presence of carbonyl and a,punsaturated carbonyl im- 
purities but the spectrum was otherwise consistent with that 
expected for a tertiary amine structure. Infrared analysiu 
of the residue from the distillation also showed some car- 
bonyl impurities, but the spectrum was compatible with 
principally tertiary amine (Found: 4.71 Basic N, 5.52y0 
total N). The high boiling products from this distillation 
were not investigated further. 

As direct distillation did not permit a satisfactory resolu- 
tion of the high boiling nitrogenous products, an attempt 
was made to do this by preliminary separation into basic and 
non-basic fractions using extractive techniques. A summary 
of this experiment is shown in Table VII. 

n z o .  5 1.4777, 1.4 g.), and a residue of 4.1 g. Fractions 14 

TABLE VI1 
FUNCTION.%L GROUP ANALYSIS O F  THE BASIC ASD NONBASIC 
FRACTIOXS FROM TRI-~-PROPYLAXINE AND tert-BUTYL 

 HYDROPEROXIDE^ 

Basic FractionC Nonbasic FractionC 
Analysis or Product Equivs. Analvsis M X  

Total basic N 0.725 Total carbonyl 0,054 
Sec. + tertiary amine 0.69 Total acid 0 .  046d 
Tertiary aminee 0.52 Gases 0.0033, 

Di-n-prop ylamine 
See. amine(bydiff.) 0.17 - - 

Unidentified 5.6g.g - - 
I - (isolated) 0.14 

* Bath temperature, 70' f 30b; kettle temperature, 82- 
68'; amounts, 0.40 mole R02H, 0.82 mole RNH2; total reac- 
tion time, 8 hr.; % peroxide decomposed, 95%. The bath 
temperature was raised to 79.5" during the last two hours 
of the experiment. See analytical methods described pre- 
viously. Isolated p-bromophenyl propionate, but the 
presence of other acid (e .g . ,  2methyl-2-pentenoic) is prob- 
able. e Recovered tri-n-propylamine = 0.484 equiv. f Mass 
spectromet,ry showed principally oxygen, traces of methane, 
carbon dioxide, ethane, etc. There was no indication of any 
significant amount of CB fragment (propylene or propane, 
<O.l%). 0 See body of paper for observation on part of this 
material. 

Distillation of the basic fraction permitted the isolation 
of tm-o fractions of narrow boiling range which are referred 
to in the text of thk  paper. These fractions (respectively, 
C9.86H20.0N1.0001.04, b.p. 98-99'/3 mm., 0.6 g.; C12.8H26.7Nl ofl- 

Ol.,s, b.p. 105-107'/2 mm., 0.7 g.) were examined by infra- 
red analysis. The spectra and elemental analyses suggested 
assignment of the structures C-C-C-NH-C-C-C ( A )  

I 
I 

O--C(CH,), 
and (C-C-C-) N C-C-C (B), respectively, to the 

- 1  
O-C( CHn h 
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principal components. The principal spectral basis for the Acknowledgment. The author is indebted to  
assignment of A was a “secondary NH deformation” at M ~ ~ ~ ~ ~ .  F. F. Rust, E. A, Youngman, G, M. 
6.36 p. In neither case could a conclusive identification be Coppinger and E. J. smutny for helpful discussions 
made from the infrared data, although the absence of other 
characteristic bands is in keeping with the “amino ether” and criticism Of this work’ 
postulate. EMERYVILLE, CALIF. 
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The reaction of primary amines with the structure RCH&HzNH2 has been studied in a Guerbet-type condensation. The 
principal products were the simple imines, RCHZCH=NCH~CH~R, alcohols, and carbonyl compounds. With n-hexyl- 
amine and n-octylamine branched-chain trimolecular imines were also obtained. Under similar conditions nitrilrs were con- 
verted to amides. 

Aldimines have been postulated as the initial 
products in the catalytic hydrogenation of nitriles.‘ 
Condensation of the aldimine followed by hydro- 
genation results in a mixture of the simple pri- 
mary amine as well as the secondary and tertiary 
amines derived from it. 

RCH(NHz)NHCH2R + (RCHz)iNH + NH, 

It was of interest to study the behavior of amines 
of the structure RCH2CH2N& in a Guerbet con- 
densation. By analogy with the Guerbet reaction 
of alcohols,* the proposed reaction assumed the 
formation of an aldimine or ketimine intermediate, 
which might then attack the p-methylene group of 
a second molecule of the amine. This sequence 
would provide a synthesis for dimeric, branched- 
chain, primary amines. 

RCH2CHzNH2 + RCH&H=NH + 
RCH?CH=CCHzNHZ --+ RCHZCH2CHCH2NH2 (2) 

I 
R 

I 
R 

Such products, however, were not isolated from 
this condensation. The principal reaction involved 
the formation of the simple imines, RCH2CH= 
S(CH2)2R, derived from an aldol reaction of the 
aldimine or ketimine intermediate with the amine 
reactant. Subsequent condensation of a second 

( l a )  H. Adkins and H. I. Cramer, J .  Am. Chem. Soc., 
52, 4349 (1930). (b)  C. F. Winans and H. Adkins, J .  Am. 
Chem. Soe., 54, 306 (1932). (c) W. Carothers and R. Adams, 
J .  Am. Chem. SOC., 47,3051 (1925). (d) B. S. Biggs and W. 
9. Bishop, Ind. Eng. Chem., 38, 1084 (1946). (e) J. v. Brnun, 
G. Blessing, and F. Zobel, Ber., 56, 1988 (1932). 

(2) E. F. Pratt and D. G. Kubler, J .  Am. Chern. SOC., 76, 
52 (1954). 

molecule of the aldimine or ketimine with the 
Schiff base, or dimerization of the Schiff base 
followed by the loss of a molecule of primary 
amine,* resulted in the formation of branched- 
chain trimolecular imines. N-(2-n-Rutyloctylidine)- 
n-hexylamine and N-(2-n-hexyl-2-decenylidene)- 
octylamine were isolated from the self-condensation 
of n-hexylamine and n-octylamine, respectively. 
The substitution reaction appears to  take place 
solely a t  the p-methylene group of the alkylidene 
substituent rather than a t  a carbon atom of the 
imino moiety. 

The formation of secondary amines, (RCH2- 
CH2)2NH, was only a minor reaction. Tertiary 
amines were not isolated. These results may be 
ascribed to the insufficiency of hydrogen present 
during the condensation. The amount of hydrogen 
liberated during the reaction is primarily limited to 
the dehydrogenation of the amine reactant. Of 
possible significance to the mechanism of the Guer- 
bet condensation is the fact that hydrogen liberated 
during this dehydrogenation reaction was consumed 
in the saturation of the carbon-nitrogen double 
bond. 

Identification of the imines was established by 
spectral analysis and subsequent conversion to LL 

mixture of an amine and a carbonyl compound by 
acid hydrolysis. 

Alcohols and/or carbonyl compounds derived 
from the starting material were also isolated. Since 
no attempt was made to  provide anhydrous tri- 
potassium phosphate, or to exclude air from the 
system, these products result from hydrolysis 
and/or oxidation of the aldimine or ketimine by 
the hot alkaline solution. This reaction is similar to 
the oxidation of the carbonyl intermediate in Guer- 

(3) W. S. Emerson, S. M. Hess, and F. C. Uhle, J. Am. 
Chem. Soc., 63,872 (1941). 


