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A Study of Co:m.pet:ltive a.nd Ccnueeative Seeoad Order 
ReactioD& 1 N-Aikylation of Audae• hy Methyl Iodide 

P. 8. Jla4batr'idiDa .urU md &. P. PN!IKJ:ahf 

'T'be kinetia ~ .J¥ation of anUioe, methyl aniline aDd dlmethya:ailiDe Ir,. methyl Iodide ha91C "-. 
dctaminal. in oiti'DbCDzlcue. Tbc mt.Cb.ulinn of the pmo:"'• ha1 been di.ocuNed.. Secoacl onk:r p:oc:a1 bu 
been oblet'Ved with ICCODdary and terti.a.ry aminea, pn:oumably mono&llr.ylatiO!I II aa:urriJis. In thccaJe ~ 
aniline, a eonm=utin ICCDnd onier p-occu h:u been noted iDd.icatlng dial.kylatlon. Fro1t-Sc:lrwcarr beatoo 

ment ha1 been utiliiiCd to compute the 1ccond onkr u.tc conlta.al.l. Thi• i• the fint lr.inctierepan ol dia]kyla. 
tioa in the c:llle of a.niline &nd moa:w-alkylation in the ca•c: ofoeamdary a.mi,Qu. 

Alkylation of tertiaTy amineil by alkyl iodide. hall been utenaively Btudled "7 
Brown•.• and othfln!,•,s. No work has hoeD. rooordBd. with primary a.nd leOODdarf am.iutw. 
probably beo&uae of the difficulty enoountered in the ~eJ~BIBtion of rate ~for 
the primary and the secondary a.miD.ell. The study hu been primarily intended 'kt IIOlYI 
this d.iJfioult. problem of sepa.rat.ion of rate oomd;ant• of a polye.Ikylati011. procelll of pi­
mary and seoOJJdary &mines. 

EXPERIMENTAL 

Nitrobenzene, the only solvent uaud, wae purified by asaal prooedun ADd ..._ 4-. 
tilled. The amines -.ere distilled just befom 1188- The b.p.a. and refractive ~ aa1 M 

follows: nitrobenune, b.p. 2IOD ,n, 1~24; UJ.iline, b.p. 183°, n. 1.6863; metby~NU~ine. 
b.p. 193", n, 1.6102, d.imet.bylaniline, b.p. l93D, n, 1.6587. Methyl iodide 'lad wu of 
Riedel (Pure). 

The reaotio1111 were followed by usual t.i~imetrio teahniques of preoipitaticm ftlleo 

tlons viz., Volhard'• :method.. 

RESULTS AND DISCUSSION 

The eeoon.d order rate ooJllta.D.t. of t.b.e reaoti011. betw-. N -met.h,Jiuiliao &ad methp 
iodide are gi'ftll. below:-

Tanp : 60" Solvcut: NJtn)bea.zcnc 

CozK:clllrGioo ofN-Mcthyl.ml.me. CoDCCDLI"UJoll of <lllal I( IQOicr1 m.i.n-1 

1. 0.036SM 
2. 0.05150M 

0.0715M 
O.li5121M 

t-.720 x m-• 
t-.529 X 1()'"11 

]. Jkowll, H. c. &Dd. u.oy, N'cliOil K..,j. ~.en-. s.., 1953,75,24. 
2. Brawn. H. a. &ad Gmymu, M.. iWi, 19!)!, 75, 20. 
S. JlluwD, W. 0. l.lld Fried, S, ltil, 19tS, a.Je+l. 
•· au:r.J. w.,:J. cw., ~' ~~, l+tf, 
5. ......;JW, 1935, l&fO. 
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The above rcsulta indicate that the mto d.et.ermining 1tep ia : 
H 

Bate I CH 
C. B •. NB. CH,+CH11 - C.H . N / 'r-

.. detsrminiq 
5 + \.CH, 

It fa supported by the fa.ct that the Btoichiometry of the ree.otion ia only equivaleut 
.mount. (A,=B0 ) and even when the reaotion wu performed with A0 _.-2Bc the o.on­
IIDDJition of methyllodid.e !topped at. 42% of the methyliodide and no further reao.tlon 
~place even at 92". Thia neoeeaitateB a revision of the earlieJ: idlaa that polyalkyla.­
~ takes place with methyliodide. It is established.lbat the alkylation is DOt pl'oeeecilng 
beyoDd t..be tertiary llt&ge. 'lbe perfect aecond order ra.te oonstant obtained till even 60% 
of the reaotion ooD1l.rma tlw above view. 

To wpport our oonoluaion from Lhe above reaulte, kinetics of alkylation of aniline 
YU .tudied. A aeries of experiments WBl'e done with A 0 .... 2Ba BDd A,-=3B0. Stoichiometry 
ahowed that there is Do ooDBDJD.ption of mothyliodida more tha.n two equivalents e"Vt!D 
a& 92". This showB probably a oompetitiVQ two step OODBeCUtive second order Jll'oOellll 
is oocuning till the tertiary stage i.e., pr~y ~ts a.lkylated to IOQOndary and then 
to tertiary and no further reaotion takes pla.oe. ThiB makes it neceM&ry tc separate the 
two ra.te oon.sta.ntB by 11o prooodure a.nd the pr()(!Cl(].ure adopted was that of Froat and 
Sah~7. 

Solvent: Nitrobenzene Temp. 6()A 

Clcm=atn.tillll or Concentration K, mole~~-• X. II!Cls""I X../K. 
A.ciUnc ofCHsl min-• min-• 

.112565 M .05035 M 1-90+ X I ()""I .001.228 15.5 

The only limitation wu that the t.ime ;ratios that "W"ere USed were only 50j30~ 50/20 
iii.d 60/40, the reason being the r~tion wae alow and coU:ld not bo proceeded further 
to oompu.te other percentages. 

This wa.a further oo:nflrmed by two more runs a.t higher temperatures viz., soa 
and 92". Computation wa.s by Froat a.nd. Schwamer method and in these roDS all the time 
ralio8 could be computed. 

Soheut Temp. ConCD.of lliDCD.. or CHsl Kr mole.-• K.DJOia"""" K.;'K, 
Aniline min-> min-• 

NitroiJcnKDe 
(Pure) IYJ!' .027365M _0.523114 0.0654:2 0.022 2.9 .. 80" .026M -~1M 0.!1.5.537 0.006503 8.5 

It may be pe:tinent to compare the rate coDBtantB eomputed by the use of ordinary 
IBOODd order rate expr8saion for the intia.l stages of the reaction aasuming that there il!l 
no iucursion of the aeoond. step duri:ns the early phaae a.nd. the value obtained by FrOBt­
Bchwem.ar method-

6. Frolt., A. A. and Schwem.er. W.C.,]. ~.a.,., Sar., 1951, 7!. f541., iRI/, 1952,74. 1.268. 
7. -liM, 1952, 14, 1268. 
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Soltent: N1troMn""''C (pw11) 

Temp. lt1 mol~' miD-• nlue by 
F .S treat~~W~.t 

X.. moler' miQ-t far the 18-
tlallt..pl apto_ 20% .... 
onliJua-y IIOICaDd Gab nata 

6f1' 

80"' 
g:z• 

1.90 X 10""" 
.5.537 X 1()-11 
6.S4:2 X 10""-

MECHANISM 

.Anili:DB undcrl"g001 alkylation till the tertiary ~~t.ap: 

H 

I. C,H1NH.+~ -- ~~~.rr-:: H I-

' 
--

CHI 

B 
/ 

Celf~-N +HI 

' CH, 

H 
~/ 

aprauiaa. 

2..115 X 10""" 
5.529 X J[)""tl 

6.823 X 1[)""11 

C1sH~ N-c:a, I-

"CH I 
The nJative st.abiJit.iM of the protonated apoofe11 ha1"8 to be explainod. 

CH1 CH. 
C8H~-if-H I- c .. u.if-CHs I-

'H ' B 
(•) (b) 

The .BpeBieB (b) is IJtable and DO fauther alltylation iB oocmring. Tho llp8Die8 (a) il ~ to 
roveraibly breakdown &Dd react.- furths" till it 'beoonvw ~(b). 

One hM to refer to the reaetl01111 of blmsyl ohlo:ridel &Dd bemoyl obioridae ~ u.illDe. 
The reactio1UI step &t the IDOD.O Btace"· 'Ib.e pro'bl.blo reuoa, iD. addiUou. to othtll' faakn 

8. B.ldt,J.W.,j. C.. S.., 1936, 14-48.. 
8. WlDium md~ c.N.,J. a-.&.., IBM, 1079. 
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like ll&«ic flr.4ltol'll, znay be the stability of the oation whm the a.ni011 i1 a chlorjde ~.g.: 

This stability of the oa.tion lltopa the reaction at the mono Btaga. To nonftrm the above 
reasoning N-methyl aniline was treated with dil. BNO, givins the aa.lt; 

B 
+/ 

(1H5 -N,CH1 N01-

H 

and the alkylation did not take place with CH,I. Thi• may be ~ reaaon why in all syn­
thetic experiments of quat.emizat.ion Na.co,•o is used t.o break up the protonated species 
and make availablo a froe baae for f"nrthBr alkyla.tion. 

Bu~ in the caae of iodidss we found that the apeoiea (a) was nnatable where aa the 
apeciee (b) waastable. The bre&kdown of tho iodid.ee may be because of the partial ionic 
charaoter be ins leaa cumpo.red to chlorideB' 1 and with conaeqaent leaB at;&bility of N-~-metb yl 
aniJinium cation in the oaae of iodides. The species (b) ia madelltablar aa the alkyl grollplil 
hypor-conjugato with N t and Bt&bilize the ca.tion. Tho ~- (a) is unable to bo stabilized 
by a monoalkyl group and con.eequently breaks down. Such reuoniug ia in ooDBOnance 
with the disotlBiion regarding the relative stabilltiee of catiolls: 

NH• .. NH" I a 
OH1 

and 

where it i8 postulated that the introduction of the methyl groups results In a change iD 
Lhe electron-d.enBity at the nitrogen overcoming the loBB in energy of solvation. 

To e:z:pla.in the a.lkyla.tion of amiDeB, it ia generally postulated by aynth.etio workers 
that the following equilibrium••. 

H H 
+ / + .. / 

~,NH. + CoH,N-CHs ~ C-,;~1 +Ce:Hs-N 

' ' H CH.!i 

ia reepoasible for further alkylaLion. The above l'ell8olling ia erroneous aa anili:nium ion 
is not stable compared to methyl-an.iliniu.m ion whioh. ia due to their di1ferenoe in buio 
cha.mcter. The Teuon why alkylation ocoun BCMmlB to be tlie leu r.tab:le nature of tbo 
proto:nated apeoiel which reveraibly bre&ka down to yield the free b&ae. 

10. Arnold, R. T., Wellen, V.J. and Dodoon R.M.,j. _.4_.. C.W.. SM., 1"3, 7-t. 368. 
II. Pauliag, L., "The Natwe ofthe Ohemieal Bond", P. 6191 Carnell UniVCl'sity Pretl (1960). 
12. PKker and Vaqlun, '"A Modem Approach to Orpnic G.bemillry", P. 619, Ozford Uni~lty 

Prcu (I~). 
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eomp.rilaa of &he r.- "''M"au.tA of mcmrcpe4hyl' aniliDe Uld. -..I IMp ef *­
aniliDe with CH.I=-

Solvent: Ni~ Tanp.1 fii1' 
1lue RAio OriG~tM.I 

~ 
Aniline 

•Value fca- tbe leCODd limp. 

0.04720 

0.00122B-

'l'be ~ in rate oonilkJrt.e oeriaioly oonArma the above po.tula.t.ee. JD. the 
.,.. of methyl ~~o~~illne i&; .ill the n.otion of the free bue with methyliodide. ID the- of 
l.b.e IIBOond .tep of aniline alkylation t&keB plaoe after the hre&kdown of 

H 
+/ 

C.,H,N- H I- ~ 

" C1la 
whiab oauea t.h.e lower k.inetio rate. 

H 
··/ 

c,H0 N + HI 

' trn:. 

Ratio of the rate oout&nts for a.lkylation of aniline with CHJ at. ~L tem­
perature~~: 

Temp. 

Kr/K. 

60"' 

15.5 

80" 

8.5 

De cl8areMe in the ratio of K. (K. wiLl! incmBae in te:mparature ia betauae oldie u.­
in X. reraltiDg &om the bre&kdOWJJ. of the protouted lp80iel with iDcreue iD ~­
due to the increued inat.ability. 

Kinetics of alkylation of dimethyl &Di.liDe with on;:-
Som:at: ~ Temp. 6lr 

Calle. cLtbe buc Cone. of ~I K DKJ1cr1 miD-• 

0.0505 M .05-f8M 4.29'3 X JQ""II 

The rate datermiD.iq .tep i1 definitely the quaternization of the baBe and tJw pr~ 
is oue of 8eeoDd order. 

Oompuatmt rMe coaRantll and bWo ~ of aulliue, melibyl ullille aDd dJ­
methyla.niline are gifta below. 

BolYIIDt I NitrDI:Mmze:De 

Hues. 

AaiWe 
Methylauiliae 

:olmeth?lanillDe 

-Rate co:ut~mt b the am .up. 

1!. IW1.. N.F. aad Sprillkl.e. W. R., :J, ~-a-. s.., 19!2, "- !469, 

T~: 60" 

piCa 

4.58 

4.85 

5.06 
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Though t.ho order of the ra"e oo.uatantl Beeml to be in coQIIot!anm with the bll8io 
nature of the a.mines up to met.hyl &ni.liue thus rela.t.ing the reaotivity with the basic ch,ara(:. 
w, Ua.e alight decrea.ae in the rate eonat&nt for dimethyl aniline may probably be attn "bu.­
ted to lihe sterio offeot of methyl groups OllollBing .ret&rda.tion of the prooeu. 

Elfoot of Iodide Oocentr&tion. 

.AniliDe 

CoDcu. ol rr bue 

O.Ol~M 

0.021.'11 M 
0.0363M 

0.0!115 M 

*Valm:1 I1ICd llJ'e of the fin1111ep. 

Omen. olCH,I 

0.0548 M 

0,0523 M 

0.0715 M 

O,MJ2M 

Temp. K mole•-• m1n-r 

~ .06661• 

92'" .0682S• 
611" .O-t72D 

60"' .04-~ 

Co:osta.Dcy of rate oonst.anta, within e%pel'iment&l e~ror, in the alkyla.tion of the 
above m.eutioned baeea proves beyond doubt the inert natare of the iodide coneentratioD 
at a pu-tioular temperature for a. partioular atep. 

Effoot of Tempe.ra.ture. 

lnoreue of tempecature, l'OI5Ults in inareue in ki:netie rate. A plot of log k vs lfT 
llknnd J..insuity for both the Btepl of alkylation of a.niline. The an«gy of activation for 
iha fltat 11tep of alkylation of aniline ia 9.827 11:. cal a.nd thatr for the 116C0ml Btcp ia 19.93 
k. oal whiob ia reuonable for bim.oleoula.r reaotiou. Work ia in prosreea with ot.her au.b­
R.ituted. anlli.DeS and aeoondary amines. 

Om' thanks &1'8 doe to the P.rinoipal, Kha.Dikote College and to the :M&naging 
Committee for providins facilities. 
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