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A Study of Competitive and Consecutive Second Order
Reactions 1 N-Alkylation of Amines by Methyl Lodide

P. 8. Radhakrishna Murti and @. P. Panigrahi

The kinctica of alkylation of aniline, methyl aniline and dimethyaniline by mcthyl lodide have been
detcrmined in nitrobenzene. The mechanism of the process has been discussed, Second order process hag
been observed with secondary and tertiary amines, presumably monoalkylation {s ocourring. In the case of
aniline, a consceutive scoond order process has been noted Indicating dialkylation. Frost-Schwemser treat-
ment has been utilized to compute the second order ratc constants. This is the first kinetic report of dialkyla-
tion in the case of aniline and mono-alkylation in the case of secondary amines.

Alkylation of tertiary amines by alkyl iodides has been extensively studled by
Brown's" and others?,4,%. No work has been recorded with primary and secondary amines,
probably because of the difficulty encountered in the separation of rate comstants for
the primary and the secondary amines. The study has been primarily intended to solve
thia difficult problem of separation of rate constants of & polyalkylation process of pri-
mary and secondary amines.

EXPERIMENTAL

Nitrobenzens, the only aolvent used, was purified by usual procedure and than dis-
tillsd. The aminee were distilled just befors use. The b.p.s. and refractive indices are as
follows: nitrobenzens, b.p. 210°,n, 1.5524; aniline, b.p. 183°, n, 1.5863; methylaniline,
b.p. 193°, n, 1.5702, dimethylaniline, b.p. 193°, n, 1.5687, Methyl iodide used was of
Risdel (Pure).

The reactions were followed by usual titrimetric techniques of precipitation ress-
tions viz., Volhard’s method.
RESULTS AND DISCUSSION

The second crder rate constants of the reaction between N-methylaniline and methyl
jodide sre given below:—

Solvent: Nitrobenzene Temp : 60°

Concentration of N-Methyl aailine. Concentration of QHyI K moles™ min™!
1. 0.0963M 0.0715M 4720 X 102
2. 0.05150M 0.05121M 4.529 X 10m™

1. Brown, K. C. and Loroy, Nelson K., 7. Awer. Chon. Sos., 1953, 75, 24.
2. Brown. H. QL and Graysan, M., ikid, 1953, 75, 20.

8. Brown, W. G. and Fried, 5, (bid, 1943, 63, 1841,

4. Baker. J. W., 7. Chen, 8., 1936, 1448,

5- —‘I'H' 1935| lm-
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The above results indicate that the rate determining step is:

H

Rate | cH,

C; H,, NH.CH,4CH,] —— —» c.n,.N< I~
determining + \cH,

It is supported by the fact that the stoichiometry of the reaction is only equivalent
amount (A,=B_) and even when the resction was performed with A =2B, the con-
mmption of methyliodide stopped &t 429 of the methylicdide and no further reagtion
took place even at 82°. This necessitates a revision of the cerlier idess thet polyaliryla-
tion takes place with methyliodide. It is establiched that the alkylation is not proceeding
beyond the tertiary stage. The perfect second order rate constant obtained till even 609,
of the reaction confirms the above view.

To support our conolusion from the above results, kinetics of alkylation of aniline
was studied. A series of experiments wore done with A =2B, and A =3B,. Stoichiomeiry
thowed that thare is no consumption of methyliodide more than two equivalents even
st 92°. This shows probably a competitive two step oconsecutive second order provess
is oocurring till the tertiary stage i.e., primary gets alkylated to secondary and then
to tertiary and no further reaction takes place. This makes it necessary to separate the
two rate constants by a procedure and the procedure adopted was that of Frost and
Sohwemer®-7.

Solvent: Nitrobenzene Temp. 60°
Caneentration of Concentration K, moles™! X, moles™t K /Ky
Aniline of CH4I min™* min™*
.02565 M -05035 M 1.904 X 10— .001228 15.5

The only limitation was that the time ratios that were used were only 50,30, 50/20
and 50/40, the reason being the reaction was glow and could not be proceeded further
to compute other percantages-

This was further confirmed by two more runs at higher temperatares viz., 80°
and 92°. Computation was by Frost and Schwemer method and in these runs all the time

ratios could be computed.

Solvent Temp. Concn.of Conen. of CHyI K, moles—t K, moles* K,;/K,
Aniline min™1 min™!
Nitrobenzene
{Pure) 92" -027365M .0528M 0.06542 0.022 2.9
8o° 0268 .0307TM 0.05337 0.006503 8.5

It may be pe-tinent to compare the rate constants computed by the use of ordinary
secand order rate expression for the intial stages of the reaction assuming that there is
no incursion of the second step during the early phue and the valge obtainad by Frost-
Schwemer method.

6. Frost., A. A_ snd Schwemer. W.C., J- dmer. Cham, Sac., 1951, 78, 4541., ibid, 1952, 74, 1268.
7. —ikid, 1952, 74, 1268.
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Solvent: Nitrobenzene (pure)

Temp. K; moles™f min~T value by K, moles™ minT for the inf
F-8 treatment tial stages upto 20%, uxing
ordinary sccond order mte
exprossion.
60° 1.90 X 10 2215 X 10
80* 5.337 % 10 5.529 X 10—
92° 6.542 % 10— 6.829 x 10—

MECHANISM
Anilino undoergoes alkylation till the tertiary stage:

H
1. CANH, +CHJI — - c;H,ﬁiH I-
o,
H H
2, c,H,—L{H I- — csH,—ﬁ/ +HI
\ —_— N\
CH, CH,
H CH,
csH,-ii:/ +CH,I —-» GH.N-E I"
e, Nea,

It may be mentioned that a sepsrate run with N-methyl auiline confirms the above
6OUTso.

H H
7 s/
C.H_,—N—\ 4+CHI — o CgH, N—CH, I-
CH, A CH,
The relative stabilities of the protonsted species have to be explained.
CH, CH,
ceH—N-H I- c.u,i(—cn, I-
N\ ~
H H
(=) (b)

The speciea (b) is stable and no further alkylation is oocurring. The species (a) is able to
roversibly breakdown and rescts farther till it beoomes species (b).

One has to rafer to the reactions of benzyl shlarides and benzoyl chlaridee with aniline.
The reactions step at the mono stage. The probable reason, in addition to other factars

8. Baker, J.W., 7. Chan Sac., 1936, 1448.
8. Wilkiams and Hinahelwood, G.N., 7. Gwm. Sec., 1934, 1079,
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like stecic factors, may be the stability of the cation when the anion is & chloride e.g.:
H
+ 7
GH,—~N—- o Cl- where & == CeH,CH, or C;H,CO
N\
H
This stability of the cation stops the reaction at the mono stage. To confirm the above
reasoning N-methyl aniline was treated with dil. HNO, giving the salt;
H
+/
CsH,—N—CH, NO;-
N
H

and the alkylation did not take place with CH,I. This may be the resson why in all syn-
thetic experiments of quaternizgation Na,CO,'® is used Lo break up the protonated species
and make available a froe base for further alkylation.

But in the case of iodides we found that the speciea (a) was unstable where aa the
species (b) waa stable. The breakdown of the iodides may be because of the partial ionic
charaoter being less compared to chlorides®' and with consequent less stability of N+methyl
anilinium cation in the case of iodidea. The species (b) ia made stabler as the alkyl groupe
hyper-conjugate with N+ and stabilize the cation. The gpecies (a) is unable to be stabilized
by & monoalkyl group and consequently breaks down. Buch reasoning is in congonance
with the discusasion regarding the relative stabilities of cations:

NH°, NH*, and NH?,
|
OH, (O‘LI,).
where it is postulated that the introduction of the methyl groups results in a change in
the electron-density at the nitrogen overcoming the loss in energy of solvation.

To explain the alkylation of amines, it i8 generally postulated by synthetic workars
that the following equilibrium .

H H
Iy + S
GH,NH, + C;H’N—QH, = CEH:INHI'I"CGHS—N\
H CH,

is responsible for further alkylation. The above reasoning is erropeous as anilinium ion
is not stable compared to methyl-anilinium ion which is due to their difference in basic
character. The reason why alkylation ocours seems to be the lees stable nature of the
protonated species which reversibly breeks down to yield the froe base.

10. Arnold, R. T., Webers, V., J. and Dodson R.M., 7. Amer, Chan. Suc., 1959, 74, 368,

11. Pauling, L., “The Nature of the Qhemical Bond”, P. 619, Gornell University Press (1960).

12, Packer and Vaughan, “A Modem Approach to Organic Chemistry"', P. 619, Oxford Universlty
Preas (1958).
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iscn of the rate constants of monomethyl’ sniline and second step of the
aniling with CH,I:—
Bolvent: Nitrgbenzene Temp.: 60°

Base Rate Gonstant
Monomethylaniline 0.04720
Aniline 0.001228*

*Value for the second step.

The difforence in rate constants oertainly oonfirms the above postulates. In the
ossp of mathyl aniline it in the resction of the free base with methyliodide. In the ease of
the second step of aniline alkylation takes place after the breakdown of

H H
+ .
CHN-"H I~ == e, ¥7 4 mHI
N N,
CH, CH,

which causes the Jower kinetio rate.
Ratio of the rate constants for alkylation of aniline with CH,I at different tem-
peratures:

Temp. 60°
Ki/Ka 15.5 8.5
Ths dporeass in the ratio of K /K, with increase in tamperature is beosuse of the incresse
in K, reeulting from the breakdown of the protonated species with increase in temperature.
dne to the increased instability.
Kinetics of alkylation of dimethyl anilme with OH,I:—

8o0* 92°
29

Solvent: Nitrobenzene Temp. 60°
Consc. of the base Conrc. of CHyI K moles™ min™"
0.0505 M .0548M £.293 x 10®

The rate detarmining step is definitely the quaternization of the base and the proceas
18 one of second order.

Comparstive rate constants and besic character of aniline, methyl aniline and dj-
methyl anilins are given below.

Solvent: Nitrobenzene Temp: 60°
Bascs. KX 10— pKa
Axiline 2.215* 4.58
Mothylsnilinc 4.529 4.85
Dimethylaniline 4293 5.06

*"Rate constant for the first step..

15 Hall. N.F. and Sprinkie. M. R, 7. dmer. Chwm. See., 1932, 54, 3469,
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Though the order of the rate constants seems to be in consonance with the baaio
natore of the amines up to methyl aniline thus relating the reactivity with the basic charac-
ter, the alight decreass in the rate eonstant for dimethyl aniline may probably be attribu-
ted to the sterio offect of mathyl groups csusing retardation of the proocess.

Effect of Iodide Qocentration.

Rase Cancn. of the base Conen. of CHyl Temp. K moles™T min~T
Aniline 0.01 M 0.0548 M 92* .06661%

0.02738 M 0.0523 M 92° -06828*
Mecthyl aniline 0.0363 M 00715 M 60° .04720

0.05I15 M 0.0512 M 60* 0432

*Valucs used are of the first step.
Constancy of rate constants, within experimental error, in the alkylstion of the
sbove mentioned bases proves beyond doubt the inert nature of the iodide concentration
st a particular temperature for a particular step.

Effect of Temperature.

Increese of temperature, rosults in increase in kinetie rate. A plot of log k ve 1/T
showed linearity for both the steps of alkylation of aniline. The energy of activation for
the first step of alkylation of aniline is 8.827 k. cal and that for the second step is 19.83
k. cal which is reasonable for bimolecular reactions. Work is in progrees with other sub-
stituted anilines and secondary amines.
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