
THE ABSTRACTION OF HYDROGEN ATOMS FROM AMINES 
AND RELATED COMPOUNDS1 

ABSTRACT 

The reaction of methyl radicals with a group of alnines and amine-like con~pounds has 
been investigated in the temperature range 125' to  157'C. The abstraction activation 
energies of hydrogen atoms fro111 these compounds, the corresponding pre-exponential 
factors, and the actual reaction rates indicate that  the N-H hydrogen atoms are more labile 
than the C-H atoms i n  these compoclnds. 

The abstractioil of hyclrogeil atoms by illethyl radicals fro111 various compouiids has 
been studied ill detail by Ti-otman-Diclie~lson :uicl Steacie (1). In the case of those 
compounds with hydrogen atoins attached only to the carbon atom slieleton, they were 
able to correlate the abstractioll activatioil energies, pre-exponential factors, and actual 
rates of reaction with the structure of the molecules. Compounds such as amines ancl 
alcohols having hydrogen atoins attached to nitrogen or oxygen as well as carbon atoms 
were found more difficult to  evaluate, and they made no atteinpt to  assess the effect of 
structural factors or the relative importance of the N-I3 and 0-I-I hydrogen as co111- 
pared with the C-I3 hydrogen in the over-all contribution to methane formation. 

A little more information on this probleln was furnished by the work of Brinton and 
Volman (2), who reported the activation energy for the methyl radical abstraction of 
hydrogen from ethylenimiile to  bc. 4.8 kcal/mole, a value much lower than any C-I3 
type abstractioil fouild by Trotmall-Dicltenson and Steacie. Brintoil and Volman felt 
that these data indicated a grcatcr lability of N-I1 hydrogen than C-I-I hydrogen in 
this coinpound. I-lowever, their tacit assuinption that the N-1-1 hydrogen was the active 
species in the abstractioil \vas not founded on any e~pe~i r r~e i l ta l  evidence. 

Recently I<ozalt and Gesser (3)  investigated the photolysis of triethylamine. I11 the 
course of the study they determined the activation energies of illethane forination i l l  the 
reaction of methyl radicals with trimethylamine, triethylamine, and diethylamine by a 
technique sinlilar to  that of Trotman-Dicl<enson and Steacie. The values obtained, 8.0, 
5.3, and 5.7 I<cal/mole respectively, led them to conclude that  the hydrogen attached 
to carbon was being abstracted in all of these compounds, and that  this was probably 
the case for ethylenimine also. 

Confirmation of Icozak and Gesser's mechanism is to  be fouild in the course of a 
number of condensations between the a-carbon of an amine and a 1-olefin occurring in 
the liquid phase (4). These reactioils are induced by peroxides or light so a radical process 
may be inferred, and it is probable that an abstraction similar to  that postulated by 
I<ozak and Gesser is responsible for the type of products found. 

The present study was initiated in an attempt to clarify the kinetics of the reaction of 
inethyl radicals with amines. I t  was hoped that  if a clear difference between the ease of 
hydrogen abstraction from carbon and nitrogen atoms does indeed exist, sufficieilt data 
could be obtained so predictioils could be unequivocally inacle concei-ning the course of 
the abstraction reactions for amine-type compounds. 

'ilfanztscript receiaed April  4 ,  1960. 
Contribz~tion from the Departznent of Chenzistry, University of California, Davis, California. 
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EXPERIMENTAL 

Tlie apparatus and experimental technique have been described previously (5). In 
the present study the methane and ethane fractions were separated a t  -213' (solid 
nitrogen) and - 185' (liquid oxygen). Mass spectroinetric analyses were made oi both 
fractions. The - 185' fraction was in all cases Inore than ethane. The -215" fraction 
was 70-9970 methane, depending on tlie sample size. Very s~ilall samples ( < 1  p mole) 
contained appreciable amounts of nitrogen produced froin the residual air left in the 
rather large (3 liters) reaction system. 

Di-t-butyl peroxide was ltindly supplied by tlie Shell Developine~lt Co.; it was purified 
by bulb-to-bulb distillation ilz v a c ~ ~ o .  A center fraction was used in the pyrolysis 
experi~uents. 

h~Iethylailiine and etliylamine were generated from the hydrochloride salts with 
saturated KOH solution. The arnines were dried over ICOI-I pellets, degassed, and 
distilled in sacz~o. 

Dimethylami~~e, diethylamine, and diisopropylamine were Eastinan White Label 
products. They were used without further purification except for the degassing procedure. 

t-Butyl ethylenimine was supplied by Dr. Albert Bottini (6). 
t-Butyl acetaldilnine was prepared according to the method of Hurwitz (7) from 

t-butylamine and acetaldehyde. The fraction of boiling range 78.0-78.1' (LI~COI-r.) fro111 
a 20-plate helice column was collected for the pyrolyses. 

The acetaldazine sample used was that employed i11 previously described work from 
this l;*boratory (8). 

The pyrolyses were carried out a t  two temperatures: 136.73' C a t  which a 4-minute 
reaction period was used, and 124.82" where 2 to 4 hours \yere I-equired for sufficieilt 
reaction. Tlie DTBP concentration was about the salne in all experiments, 4.6X10-' 
mole cm-3 (ca. 11 iiiin). The pressure of the added compound \\?as adjusted, insofar as it 
\vas possible, to produce comparable and significant amoLuits of methane and ethane so 
that the analyses of these gases mere of good precision. Approximately 3.5y0 of the 
DTBP \vas decomposed a t  156.73" and from 2 to 4y0 a t  124.82'. In most trials the 
percei~tage of the added compound reacting was fro111 0.3 to 2%. ILL two experiments 
(di~~~etliylamine ancl diethylamine a t  124.82') the percentage reacted \\?as about 6%. The 
average concentration of the adcled compound was used in all calculations. 

RESULTS AND DISCUSSION 

The pyrolysis of DTBP has been frequently used as a source of methyl radicals in this 
laboratol-J- (2, 5 ,  9, 10, 11). The import-ant reactions are: 

k 4  

CEI, + (CEI3)3COOC(CH3)3 - CHI + (CH3)3COO(CH3)?CH2 [%I 
If another l~~drogen-containing source, RI-I, is present additional methane is forlnecl by 
the process 
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BRINTON: ABSTR.4CTION O F  HYDROGEN ATOMS 13-41 

In the present study the total rate of CI-1'1 production, Rt,:;, the sumination of [ 5 ]  ru~d 
[4], was corrected for the CI-I4 formed by [A] in order to  evaluate the rate of CI-II forined 
in process [5] only, RCHI This correction was made by the following formula: 

DTBP DTBP 112 
R C H ~  = R::' -RcH, [Rc ,~ t i /Rcmt i  I . 

I-Iere R ~ ~ ~ P  and XI$,": are the rates of CI-14 and C2Hs production in a pyrolysis contain- 
iilg only DTBP. The quantity RCYHG is the rate of C2I-16 production in a pyrolysis contain- 
ing RIH as an additive. As the concentration of DTBP was about identical in all ti-ials, 
the ratio of rates of methane formation by process [4] of any two pyrolyses \voulcl be 
expected to be equal to the half power of the ratio of the corresponding rates of ethane 
formation in the saine two experiments. In inost of the experiments the correction cal- 
culated from R ~ ~ ~ P  was relatively small, 3-15% of the Rfz,. However, the t-butyl acetal- 
diinine reacted so slowly that  the corrections in these pyrolyses were approxiinately 
equal to the methane forined by the hydrogen abstraction from acetaldimine itself. 

The values of RcH,i/RC2HG112 [ M I  = kg/k3lI2 have been calculated for the listed concen- 
tration, [ M I ,  of various amine and ainine-like additives. These quantities as well as the 
activation energies, Eb, and the log -45 are listed in Table I. Gomer and Kistiakowsky's 
(12) values of Es = 0 and A 3  = 4.5X10L3 for the combination of methyl radicals were 
used to calculate the individual Ej  and log A S  in the table. For most conzpounds, deter- 
minations were made a t  two teinperatures only. The previous studies with ethylenimine 
(2) showed the Arrhenius plot to be a straight line a t  least over the rather limited tempera- 
ture range iinposed by the use of DTBP as a methyl radical source. Pyrolyses using 
diinethyla~lliile and diethylamine were made a t  138.6' C as well as for the two te~iipera- 
tures shown in Table I. The values of kg/kal'< 112.05 and 15.31 respectively, gave good 
straight lines in the Arrhenius plots of these two compounds. 

The data of Table I give strong indication that the N-IH hydrogen is active in the 
formation of methane in the methyl radical abstractioil process rather than the hydrogen 
on the carbon alpha to the nitrogen. This evidence is most easily demonstrated by 
considering certain groups of Table I separately. 

TABLE I 

The reaction of methyl radicals with amines and related compounds 

124.8" C 156 73" C 
- 

Reactant (hl) [hI] XIOi RcIT , /Rc~~I , , "~ [M]  [MIX loi R c H ~ / R c ~ H ~ " ~ [ M ]  Ej,  lccal log d 5 

- .-.-- ~ ~ - -  

~ t l i ~ l & i ~ ~ c  1.02 2.81 1.90 5.45 7.1 11.2 
Dimethylami~~e 0.982 8.77 1 .(is 17.30 7.2 11.7 
Diethylamine 0.97 11.34 1.89 22.20 7.2 11.8 
Diisonronvlamine 1.00 8.70 0.755 18.02 7.8 12.0 

1-6~ i ty l  ethylenimine 5.38 0.14 10.78 0.26 G.Gb 9.6" 
t-Uutyl acetaldimine S.G2 1.0'3 10.66 2.2G 7.8 11.1 
Acetaldazine 5.89 2.26 5.33 3.99 6.1 10.5 

- - 

NOTE: All rates and concentrations are espressed in units  of moles, cma, and sec. 
"Ilata on ethylenimine are from ref. 2. 
b ~ l ~ e s e  calculated values are of low accuracy because of the very low R C H ~  and the relatively large correction. R:;:~', used 

in the Rcn4 calrulatio~~. 

I .  Dimethylamine (DXIIA), Dietkylami~ze (DEX), and Diisopropylamine (DIA) 
These compounds, all secondary amines, have quite different structures of the two 
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aliphatic side chains. All six of the aliphatic group hydrogens of DMA are on primary 
carbons, four of the 10 hydrogens of DEA are on secondary carbons, and two of the 14 
hydrogens of DIA are on tertiary carbons. Table I indicates that all three of these 
compounds have very siinilar abstraction activation energies, E5, and pre-exponential 
factors .-15. Trotman-Dickenso and Steacie ( I )  and Trotman-Dickensoil (13) found 
the analogous reactions in hydrocarbon sl.stems to be quite sensitive to the type of 
carbon containing the abstractable hydrogen. If the side-chain hydrogens were being 
abstracted fro111 the amines, it would be expected that the three ainines being considered 
n-oulcl show a similar trend, say to the analogous series ethane, n-butane, and 2,S- 
dimet11j.l butane, which have respectively the abstractioil energies 10.4, 8.3, and 6.0 
l;cal/mole ( I ) .  111 addition, if DYIX is assumed to have six abstractable hydrogen 
atoms (primary), DEi i  four (secondary), and DIX two (tertiary) the actiial values of 
R c H , l R C 2 , ,  [MI a t  124.8' per "active" hydrogen are in the ratios of 1:1.9:3.0. The 
corrcsponding ratios for ethane, n-butane, and 2,3-dimethyl butane found by Trotman- 
Dickenson and Steacie ( I )  are 1:7.3:31.7 a t  182' C. Thus neither the abstraction activa- 
tion energies nor the rates of abstraction indicate that the side-chain hydrogens of the 
amines are participating in thc abstraction process. I t  must be inferred rather that the 
amine hydrogen is active in the reaction ancl the similarity of activation energy, pre- 
csponential factors, and the actiial rates of abstraction may be attributed to their being 
secondary aniines. 

2. Efhylenimine and t-Bl~fyl Ef hylenimi7te 
The abstraction activation energy for ethg-lenimine given previously (2) is consiclerabl~- 

lower than others reported for I-I-atom abstraction by methyl radical from orga~lic 
compounds. In this for~ner investigation it \v:~s assumed that the N-1-1 bond was the 
active participant in the reaction. I t  is proposcd in the present study to test the validity 
ol such a mechanisnz by reacting the methyl radicals with t-butyl ethylenimine wherein 
the S-1-1 hydrogen has beell replaced by the t-butyl group. Table I sho\vs the rate of 
abstl-action froin the t-butyl ethylenimine to be less than 10% of the analogous reaction 
froni ethyleninline itself a t  124.8'. Inasmuch as the ring hydrogens are available to an 
equal clegree from both these compounds, a strong argument can be ~nade  to eliminate 
these 1-1 atoms as sources of mcthane productioil and to establish the N-1-1 hydrogen 
as the principal reactant with the methyl radicals. The activation energy and pre- 
exponential factor for f-butyl ethylenimine are shown bracketed in Tablc I. The very 
low rate of methane production for this compound a t  both experimental teillperatures 
introduces considerable error into these calculated quantities. They shoiild be coilsidered 
as npproxiiliations only and no significance can be nttributecl to their values relative to 
the values of the corresponding constants for ethylenimine. 

3.  t-B lrtyl A cetald,imine and A cetaldazine 
t-Butyl acetaldimine (CI-13) 3C-N=CI-I-CI-13 and acetaldazine CIH3CI-I=S-N= 

CI-ICI-I, have been included to show the behavior of compounds \vlihiclz do not have N-1-1 
hydrogens available. Again it is not certain 117hich lzydrogen is entering into reaction, 
those of the ternzinal CI-I:j group or the 1-1 atoins on the carbon of N=C bond. I-Iowever, 
it is quite significant that the rate a t  124.8' for the acetaldazine abstractioil is allnost 
exactly twice that for t-butyl acetaldimine. Two hydrogens on the C=N carboil and six 
hydrogens on CI-13 groups are available in acetaldazine, ancl one hydrogen on C=N carbon 
and 12 hydrogens on CI-I3 groups are coiltailled on the t-butyl acetaldimine. Thus the 
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BRINTOS: ABSTRACTION OF HYDROGEN ATOMS 13x3 

abstraction rates of the two compounds are compatible with the interpretation tha t  the 
C=N carbon atom furnishes the hydrogen for the abstraction although the evidence is 
not extensive enough to justify a definite conclusion. 

4. il4ethylamine and Ethylamine 
The  da ta  in Table I for these two compounds do not furnish further co~lfir~llation 

for the thesis tha t  the N-1-1 hydrogen is active in the abstraction process. On the other 
hancl the evidence is not necessarily contradictory. The  si~uilarity in the abstraction 
activation energies does tend to support the idea of N-H hydrogen abstraction bu t  i t  
is not clear why the abstraction rate a t  124.8' for ethylarnine is about three times tha t  of 
methylamine. 

The  collclusiolls reachecl in the preceding discussio~l as  well as some of the experimen- 
tally determined da ta  differ markeclly fro111 those of I<ozalt and Gesser's study (3). Their 
conclusion tha t  low and silnilar abstraction energies for triethylamine and diethylmnine 
probably inclicate a labile C-1-1 rather than Y-1-1 hydrogen is reasonable on basis of 
this evidence alone. However, their value for the abstraction constant of diethylanline 
(log ..l = 10.9,* E = 5.7) is somelvhat different fro111 tha t  showrn in Table I (log i'l = 11.8, 
E = 7.2). Reasons for this difference are speculative as the experimental methods used 
in both i~lvestigations have proved to be reliable in a large number of previously tested 
cases. I t  should be pointed out tha t  the da ta  of Trotman-Dickenson (13) for methylamine 
(log A = 11.3, E = 8.4) and dimethylamine (log A = 11.3, E = 7.2) are in good agree- 
ment with the corresponding quantities shown in Table I ,  and in addition their value for 
trimethylamine (log -4 = 11.8, E = 8.8) agrees reasanably well with I<ozalc and Gesser's 
result (log il = 12.6, E = 8.0) for this same compouncl. Thus all three studies show 
conformity between a t  least some compounds tha t  were mutually tested. 

4 possible clue to the wide difference in abstraction activation energies for diethylamine 
between the present study and I<ozak and Gesser's worl; may be seen in their Arrhenius 
plots for diethylamine and triethylamine. In both curves there is a pronou~lced falling off 
in the values of kabs/kcomb112 a t  the higher temperature. Their explanation for this cur- 
vature, the growing importance of the reaction, 

C H ,  + (C2Ha)zNH --t C ? H a N H C H z  + C ? H s ,  [6 I 
as temperature is increased is compatible with the experimental evidence. I-Ioivever, their 
assumption tha t  the straight lines drawn through the limited low-temperature points 
truly represent the behavior of reaction [3] only is open to considerable doubt. I t  seelns 
reasollable that  the effect of reaction [G] is active to a degree, a t  least, over the whole 
temperature range and tha t  the slopes of the Arrhenius lines should be somelvhat steeper, 
thereby yielding higher activation energies for triethylamine and diethylamine. Whether 
both curves ivould be affected in a similar fashion is not predictable, but  it is not u~lliltely 
that  the relative magnitude of the two activation energies might shift so tha t  different 
conclusions could be drawn concerning the role of the various hydrogens in the abstrac- 
tion process. 

The  argulnent in the previous paragraph would apply equally as well to the present 
study if  reaction [6] were taking place even to a limited extent in the lower temperature 
range. As the total rate of ethane production would then be the sum of processes [3] and 

' T h e  valzies calculated b y  Kosak  a d  Gesser for th is  corresponding quant i ty  for diethylanzifze, A I ~ / A S ' / ~  = 
U X 1 0 - 5  i s  i?z error. T h e  value shoz~ld be 1 .4X10-8 m~leczi le- ' /~  cnz3/2 s ~ c - l / ~ .  Siwzilarly their valzie of 
A l l / A . i l / ?  for trietltyla?,zine slzozort a s  3 X 1 0 - 5  should be 6 . 8 X 1 0 - 9 .  
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[6], the error made by using the total RC2HG in place of RcZHG by [3] would depend on the 
relative rates of the two ethane-producing reactions. I t  can be show11 that  

Thus the effect of process [6] on the value determined for k5/k31i2 will be minimized by 
low concentrations of additive, [MI, as well as high methyl radical concentrations, [CH3]. 

I t  is significant that  there is appreciable difference between the magnitude of both 
these variables in the two studies under comparison. The diethylamine conceiltrations 
used by Kozak and Gesser in their photolyses (12.4X 10-I to 16.9X10-I mole cm-3) 
were about 10 times those used in the DTBP pyrolyses. Clearly in this case the effect 
of the additive term in the above expression will be only about l/lOth as great for 
this study as for Kozak and Gesser's worlt. 

The consequence of using an appreciably higher methyl radical steady-state concentra- 
tion a t  156.7" in the peroxide work than in the photolyses is not so easily evaluated. In 
the present work on diethylamine RC2HG is approxin~ately 3.0X 10-l2 and 115X 10-l%nole 
~ r n - ~  sec-I a t  124.8" and 156.7" respectively. The lower temperature rate is about com- 
parable to that of Kozak and Gesser's 123" experiment (2.5Xl0-12), but the higher 
temperature rate is about 50 times the rate of their 155" photolysis (2.1 X 10-12). From the 
above expression it may be seen that  for a constant [A{] the activation energy measured 
by the change in RCH4/RC2H61/2 [MI as a function of temperature will be exactly that of 
E5 if k,/[CH3] is maintained constant over the range of temperature variation. Kozak 
and Gesser's Arrhenius curves for diethylamine and triethylamine indicate that E6 is 
considerably higher than E5, perhaps of the 01-der of 15 kcal/mole, and therefore 
k6(156.7°)/k6(124.80) E 4. In order for kB/[CI-13] to maintain its constancy the ratio 
Rc,H,(156.70)/Rc,~,(124.80) must be of the order of 16. If this estimate of E6 is valid and 
if Rc2H,1i2 nlay be taken as being proportional to [CH3], the experimental technique of 
Kozak and Gesser in which [CH3] was about constant would yield a value somewhat too 
small for E5 while that  of the present worlt would give too large an activation energy. 
The magnitude of the error of course depends on the size of the additive term within the 
bracketed expression of the above formula. Determination of the absolute magnitude of 
the effect of [6] on ethane formation and thus on the value of E5 is perhaps possible by a 
detailed study of diethylamine variation a t  constailt temperature in the case of the 
DTBP pyrolyses. In a like inanner investigation of the effect of intensity and diethyl- 
amine variation a t  constant temperature for the photolyses of Kozak and Gesser should 
produce similar information. 

ACKNOWLEDGMENTS 

The author wishes to thanlt the National Science Foundatioil for financial assistance 
in carrying out this study. He is also indebted to Dr. Amos Newton and i\/Ir. Aldo 
Sciamanna of the Lawrence Radiation Laboratory, University of California, Berkeley, 
California, for some of the mass spectronletric analyses. 

REFERENCES 
1. A. F. TROTLIAN-DICKENSON and E. LV. R. STEACIE. J. Chem. Phys. 19, 329 (1951). 
2. R. I<. BRINTON and D. H. VOLMAN. J. Chem. Phys. 20, 25 (1952). 
3. P. J. I<OZAK and H. GESSER. J. Chern. Soc. 448 (1960). 
4. W. H. URRY, 0 .  0 .  JUVELAKD, and F. W. STACEY. J. Am. Chern. Soc. 74, 6155 (1952). 

C
an

. J
. C

he
m

. D
ow

nl
oa

de
d 

fr
om

 w
w

w
.n

rc
re

se
ar

ch
pr

es
s.

co
m

 b
y 

T
uf

ts
 U

ni
ve

rs
ity

 o
n 

11
/1

0/
14

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.
 



BRINTON: ABSTRACTION O F  HYDROGEN ATOMS 

5. D. H. V O L A I . ~ ~ .  J. Chem. Phys. 19, 668 (1951). 
6. A. T. BOTTINI and I. D. ROBERTS. 1. Am. Chem. Soc. 80. 5203 (1958). 
7. M. 0. HGRWITZ. U.S. Patent No. 2,382,128 (1952). 
8. R. K. BRINTON. 1. Am. Chem. Soc. 77. 842 11955). 
9. D. H. Vo~31.1.1~ a d  R. K. BRINTON.  hem.. ~ h y s .  20, 1764 (1952). 

10. D. H. Vo~a1.w and R. I<. BRINTOX. J. Chem. Phys. 22, 929 (1954). 
11. R. I<. BRINTON. J. Chem. Phys. 29, 781 (1958). 
12. R. GOMER and G. B. KISTIAKOWSKY. J .  Chem. Phys. 19, 84 (1951). 
13. A. F. TROTJI.I.~N-DICKENSON, Gas kinetics. Butterworth Scientific Publications, London. 1955. 

C
an

. J
. C

he
m

. D
ow

nl
oa

de
d 

fr
om

 w
w

w
.n

rc
re

se
ar

ch
pr

es
s.

co
m

 b
y 

T
uf

ts
 U

ni
ve

rs
ity

 o
n 

11
/1

0/
14

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.
 




