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ABSTRACT: The elimination kinetics of the title compounds were determined over the temperature range 370—
420°C and pressure range of 36—91 Torr (1 Torr = 133.3 Pa). The reactions carried out in seasoned vessels with the
free radical suppressor toluene always present are homogeneous, unimolecular and obey a first-order rate law. The
overall rate coefficient is expressed by the following Arrhenius equations: filrfénylamino)-1-pentyl acetate,

log ky (s = (13.56+ 0.19)— (211.84 2.2) kI mol* (2.30RT) * and for 5-(N-methylN-phenylamino)-1-pentyl

acetate, lodk, (5%) = (12.29+ 0.41)— (182.9+ 5.2) kd mol ' (2.30RT) . The formation oN-phenylpiperidine in

both reactions suggests the anchimeric assistance of the PhNH and@élLips for a backside displacement. An
intimate ion-pair type of mechanism is assumed in the pyrolytic elimination of these phenylaminoalkyl acetates.
Copyrightd 2001 John Wiley & Sons, Ltd.
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INTRODUCTION intermediate, where the acetoxy leaving leaving group
proceeds by an intramolecular solvation or autosolvation

It is well known that the homogeneous unimolecular gas- to give the products described in reaction (2).

phase pyrolysis of carboxylic esters generally leads to the

formation of the corresponding olefin and carboxylic cH,3 3 cHy o |* HyC—CH,
acid}? 1‘13c—| gﬁzw»gm B HCA O g s HC CB L e,
Hi n He, [ }11 2
ety CH, CH;
o | B ol n Ne=c Along this line of thought, an additional stutiyvas
R-C-0-C-C— —> Ji | —= RCOH + C5C . . .
[ R-Ck, e carried out to examine the influence of the phenyl group
o

at the N atom for neighboring group participation in the
() pyrolytic elimination of 4-N-phenylamino)-1-butyl
acetate (PhNHCHCH,CH,CH,OAC) and 4-N-methyl-

However, the presence of a (gl substituent at the 4-  N-phenylamino)-1-butyl acetate [Ph(GMCH,CH,
position of butyl acetate, i.e. M;N-dimethylaminobutyl CH,CH,0AC]:

acetate, was found to assist anchimericallytrans
elimination process as described in reaction@he
formation ofN-methylpyrrolidine and methyl acetate was R [ ]

explained in terms of a modest intimate ion-pair PhIIV—CHZCHZCHZCHz—OAc > V. AOR  (3)
Ph
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anchimericassistancef the arylaminosubstituentfor a
trans-elimination. Moreover, the greater the electron
delocalizationof the substituentat the 4-positionof the
benzeneaing, the more effectiveis the participationand
the faster the elimination rate. The mechanismwas
explainedin termson anintimate ion-pair intermediate.

Sincea six-memberedstructureis lessfavoredthana
five-memberedstructurein neighboringgroup participa-
tion,? the presentwork was addressedt examiningthe
extentto which thesePhNHandPh(CH;)N groupsat the
5-position of alkyl acetates, i.e., PhNHCHCH,
CH,CH,CH,0Ac and Ph(CH)NCH,CH,CH,CH,
CH,OAc, may assist anchimerically the elimination
processof thesesubstratesn the gasphase.

RESULTS AND DISCUSSION
5-(N-Phenylamino)-1-pentyl acetate

The moleculardecompositiorof this substraten the gas
phaseproceedsaccordingto reaction(4):

~ 60%
PHINHCH,CH,CH,CH,CH,0Ac —>» AcOH + Q °

I
\ Ph
PENHCH,CH,CH,CH=CH, + AcOH
fsomers ~23%

PiNH, + CHp=CHCH,CH,CH,0Ac
~17% l

CH,=CHCH,CH=CH, + AcOH
traces

(4)

The stochiometryof Eqgn. (4) requiresthat for long

Table 1. Ratio of rate of final (7) to initial (P,) pressure.?

reactiontime P;/P,= 2.0, whereP; and P, are the final
and initial pressuresrespectively.The averageexperi-
mentalresultsat four differenttemperatureand10 half-
lives is 2.0 (Table 1). Additional examinationof the
abovestoichiometryof Eqn.(4) wasmadeby comparing,
up to 30% decompositionthe pressuremeasurements
with theresultsof quantitativetitration of aceticacidwith
0.05M NaOH solution(Table 2).

The effect of the surfaceon the rate of decomposition
wastestedby carryingout severakunsin avesselwith a
surface-to-volumeratio of 6.0 relative to that of the
normal vessel, which is equal to 1.0. Packed and
unpackedPyrex vesselsseasonedwith allyl bromide
showedno effecton thereactionrates.However,packed
and unpacked clean Pyrex vessels had a marked
heterogeneougffect on the rate coefficient of 5-(N-
phenylamino)-1-pentyhcetate(Table 3).

Theeffectof thefreeradicalinhibitor tolueneis shown
in Table4. Thekinetic runshadto be carriedout with at
leasta threefoldexcesf toluenein orderto preventany
freeradicalprocessesf thesubstratend/orproductsNo
inductionperiodwasobservedTheratecoefficientavere
reproduciblewith arelativestandardieviationof 5% at
any giventemperature.

The first-order rate coefficient of this substrate
calculatedfrom k; = —(2.303f) log [(2P, — Py)/P,] was
independenbf the initial pressurgTable5). A plot of
log(2P, — P,) againsttime t gavea goodstraightline up
to 60% reaction. The variation of the overall rate
coefficientwith temperatures shownin Table 6, where
theratecoefficientsat the 90% confidencdimit obtained
by a least-squareprocedurearegiven.

The partial ratesfor the formation of the productsas
describedin reaction (4) were determinedup to 60%
decomposition of the substrate by the quantitative
chromatographicanalysis of N-phenylpiperidine, 5-
(phenylamino)penteneandaniline. The variation of the
rate coefficientsfor the formationof theseproductswith
temperature (Table 7) gives by the least-squares
procedure and with 90% confidence the following

Temperature Po Ps

Substrate (°C) (Torr) (Torr) Ps/P, Average
5-(N-Phenylamino)-1-pentyhcetate 391.2 78 155.5 1.99 2.01

407.7 48 92 1.92

410.2 61 119 1.95

420.0 62 136 2.19
5-(N-Methyl-N-phenylamino)-1-pentyhcetate 389.6 47.5 108 2.27 2.27

399.7 41 88.5 2.16

410.0 44 99 2.25

420.0 58.5 139.5 2.38

& Vesselseasonedavith allyl bromideandin the presencef tolueneinhibitor. 1 Torr = 133.3Pa.

Copyright0 2001JohnWiley & Sons,Ltd.
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Table 2. Stoichiometry of the reactions

5-(N-Phenylamino)-1-pentycetateat 400.7°C:

Time (min) 15 3 5
Reaction(%) (pressure) 115 21.9 31.3
Acetic acid (%) (titration) 9.8 18.9 30.2
5-(N-Methyl-N-phenylamino)-1-pentgtetateat 399.7°C:
Time (min) 3 5 10 12 15
Reaction(%) (pressure) 15.8 24.2 43.5 49.5 57.3
Acetic acid (%) (GC) 125 16.5 29.5 33.7 37.9
Methyl acetatg(%) (GC) 5.0 7.8 13.9 16.4 18.9
Table 3. Homogeneity of the reactions
Compound SIV(cm )2 10%, (s HP 10%, (s
5-(N-Phenylamino)-1-pentgcetateat 391.2°C 1 19.67 7.90
6 12.56' 8.06
5-(N-Methyl-N-Phenylamino)-1-pentgitetateat 399.7°C 1 14.91 15.40
6 15.77 15.67
@ S=surfacearea;V = Volume.
CleanPyrexvessel.
¢ Vesselseasoneavith allyl bromide.
d Averagek value.
Table 4. Effect of the inhibitor toluene on rates®
Substrate P, (torr) P; (torr) Pi/P, 100k, (57
5-(N-phenylamino)-1-pentycetateat 400.7°C 45 — — 13.52
525 154.5 29 13.43
48 178 3.7 13.59
30 128.5 4.3 13.54
36 185 5.1 13.36
5-(N-Methyl-N-phenylamino)-1-pentgitetateat 389.6°C 92 — — 5.32
80 79 1.0 5.82
71 139 2.0 8.00
43 114.5 2.7 9.64
47.5 175.0 3.7 9.52
& Py = pressureof the substrateP; = pressureof tolueneinhibitor. Vesselseasonedvith allyl bromide.
P k-Value up to 20% reaction.
¢ k-value up to 60% reaction.
Table 5. Variation of overall rate coefficients with initial pressure
5-(N-Phenylamino)-1-pentygcetateat 400.7°C:
P, (torr) 36 48 52.5 70 91
10k, (579 13.36 13.59 13.93 13.71 13.70
5-(N-Methyl-N-phenylamino)-1-pentgtetateat 389.6°C:
P, (Torr) 37 475 51.5 62 81
100k, (s°h 9.35 9.52 9.70 9.65 9.88
Table 6. Temperature dependence of the overall rate coefficients®
5-(N-Phenylamino)-1-pentgcetate:
Temperaturd °C) 380.0 391.2 400.7 410.2 420.0
100k, (574 4.10 7.90 13.59 22.68 39.20
Rateequation:log k; (s %) = (13.56+ 0.17)— (211.8+ 2.2)kJmol~* (2.30RT)*; r =0.99997
5-(N-Methyl-N-phenylamino)-1-pentgtetate:
Temperaturg °C) 370.1 380.1 389.6 399.7 410.0 420.4
107k, (s 3.18 5.59 9.62 1540 2590  45.84

Rateequationiog k; (s™%) = (12.29+ 0.48)— (182.9+ 5.2)kJmol™* (2.30RT) % r=0.99964

& Seasonedesselandin the presencef tolueneinhibitor.
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H
H

H.
.:NCI-IZCHchzCHZCHZOAc —

Ph e

Ph-N----CH, o Ph— v A

/ Neg, | oae” — AcOH
2

AN 7

cH,—cf1,

e

PENH, + CH,=CHCH,CH,CH,0COCH;

l

CHy==CHCH,CH=CI, + AcOH

Arrheniusequations:
for N-phenylpiperidine

log ki(s™!) = (13234 0.10) — (2103
+ 1.3) kdmol 1 (2.30RT) ;r
= 0.99997

for 5-(N-phenylamino)-land 2-pentene

log ky(s™!) = (12824 0.14) — (2106
+ 1.9) kImol}(2.303RT) *:r
= 0.99997

for aniline:

log ki(s™!) = (12634 0.18) — (2103

+ 2.3) kdmol 1 (2.303RT) ;r
= 0.99996

Product analysis and kinetic data for reaction (4)
suggestwo differentmechanismgseeeqn.5 above).

Sincethe bond polarizationof C ** ... O °~ may be
rate determining,the discretecarbocationis stabilized
through the anchimericassistanceof the phenylamino

H3C /

Ph,\NCHZCHZCHZCHZCHZOAc

;

PhNHCH3 + CH2=CHC HzCHzCH2OAC
traces

Copyright0 2001JohnWiley & Sons,Ltd.

N (5)

H

_NCH,CHCH,CH=CH, =+ AcOH

susbtituentApparently,an intimate ion-pair mechanism
seemdo bethe procesof decompositionleadingto the
formationof productsdescribedn reaction(5).

5-(N-Methyl-N-phenylamino)-1-pentyl acetate

The experimentaktoichiometryfor the eliminationof 5-
(N-methylN-phenylamino)-1pentyl acetatein the gas
phase[reaction (6)] demandsPs/P,=2.0 (see eqn 6
below).

The averagePs/P, at four different temperaturesnd
10 half-lives was 2.27 (Table 1). The small departure
from the theoretical stochiometry was due to the
formation of very small amounts of methylaniline,
dimethylaniline and methylphenylacetamideHowever,
a check of stoichiometryof reaction (6), up to 60%
decompositionwas possibleby comparingthe pressure
measurementwith the sumof the quantitativechroma-
tographic analysesof acetic acid and methyl acetate
(Table2).

Table 3 indicatesthat reaction (6) is homogeneous,
sinceno significantvariationof therateswasobservedn
the experimentswhen using both clean Pyrex and
seasonedPyrex vesselswith a surface-to-volumeatio
of 6.0relativeto that of the normalvessel.The effect of
the free radical suppressolis shownin Table 4. The
kinetic determination had to be carried out in the

()

N

| +

b AcOCH;

~ 19%

H,C
Ph/\NCHZCHZCHZCH=CH2 + AcOH

~79%
f

HiC,
oy NCH2CHLCH=CHCH

J. Phys.Org. Chem.2001;14: 180-186



184

G. CHUCHANI ET AL.

Table 7. Variation of rate coefficients with temperature for formation of products from 5-(N-phenylamino)-1-pentyl acetate

10k, (579
Temperaturd °C) N-Phenylpiperidine 5-(N-Phenylamino)-1and2-pentene Aniline
380.0 2.59 0.95 0.66
391.2 4.92 1.81 1.25
400.7 8.37 3.08 2.13
410.2 14.23 5.24 3.62
420.0 24.19 8.90 6.16

presenceof toluene (the concentrationof tolueneis at
leastthreetimesthe initial pressureof the 5-(N-methyl-
N-phenylamino)-petyl acetate,to inhibit any possible
chain processesof the substrateand/or the products
(Table 4). No induction period was observed.The rate
coefficients are reproduciblewith a relative standard
deviationnot greaterthan +£5% at a given temperature.

Theratecoefficientalsocalculatedrom k; = —(2.303/
t)log [(2P, — Py)/P,] was independentof their initial
pressureWhen plotting log(2P, — P;) againsttime t, a
good straight line, up to 55% reaction, was obtained
(Table 5). The temperaturedependenceof the rate
coefficientand the correspondingArrheniusequationis
given in Table 6 (90% confidencecoefficientfrom the
least-squareprocedure).

To determinethe partial ratesof product formation
from the pyrolysis of this substrate,up to 55%
decomposition, the rate of elimination towards N-
phenylpiperidineand N-methyl-N-phenylaminopentenes
[reaction(6)] wasestimatedy the quantitativechroma-
tographic analysesof theseproducts.The temperature
dependencef theratecoefficientsfor productformation
are given in Table 8. The Arrhenius equation (90%
confidencecoefficientfrom the least-squareprocedure)
aregivenasfollows:

for N-phenylpiperidine

log ki(s!) = (11594 0.42) — (1945
+ 5.4) kJmol 1 (2.303RT) ;r

for 5-(N-methyl-N-phenylaminpentenes

log ky(s™t) = (1219+ 0.41) — (1943
+5.2) kJmol 1(2.30RT) % r
= 0.99997

seeequation? below.

According to product formation analysis of this
substrate[reaction (6)], togetherwith the kinetic data,
one can suggesta mechanismwith a common inter-
mediateas describedin reaction (7). The neighboring
groupparticipationof the N-methylN-phenylminogroup
may leadto the formation of N-phenylpiperidine 5-(N-
methylN-phenylamino)-1and-2-pentenesandtracesof
N-methylaniline.

As reported before? the order in rate elimination
throughthe anchimericassistancef the N atomin the
gas-phasepyrolysis of 4-substitutedphenylaminobutyl
acetateswas (CHs)oN > PhCHN > PhNH (Table 9).
This sequenceis contrary to the neighboring group
participation of the 5-substitutedaminopentylacetates
obtained in the presentwork, i.e. PhNH> PhCH;N.
Sincethe six-memberedtructureis lessfavoredthanthe
5-memberedstructurein neighboringgroup participa-
tion,® the nucleophilicity of the amino substituenat the
5-position may not be so effective in its anchimeric
assistancandin thestabilizationof thepolarizedC °* ...
O °~ bond intermediate.This appearsto suggestthat
steric factors causemore difficulty for the formation of

= 0.99996 the cyclic productN-phenylpiperidine.
CHs ®
Ph—IiI ----CH: Ph—N
H3CjNCHZCHzCHzCHZCHZOAc — Hzc/ \2CH2 OAc@ —_ O +  AcOCH;
Ph
CH,—CH,
PN (7)

PONHCH; + CH,=CHCH,;CH,CH,OCOCH;

;

CH,==CHCH,CH==CH,; + AcOH

Copyright0 2001JohnWiley & Sons,Ltd.
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J. Phys.Org. Chem.2001;14: 180-186



ELIMINATION KINETICS OF PHENYLAMINOPENTYL ACETATES 185

Table 8. Variation of rate coefficients with temperature for formation of products from 5-(N-methyi-N-phenylamino)-1-penty!

acetate
10%ky (s7h)
5-(N-Methyl-N-phenylamino)-1-and2-

Temperaturd °C) N-Phenylpiperidine pentene

370.1 0.62 2.56

380.1 1.10 4.49

389.6 1.89 7.73

399.7 3.02 12.38

410.0 5.08 20.82

420.4 8.98 36.86

EXPERIMENTAL

5-(N-Phenylamino)-1-pentyl acetate. A solution of 5-

bromopentyl acetate (10.45g., 0.05mol) and aniline
(4.65g, 0.05mol) in 20ml. of toluenewasrefluxedfor

10h. The solution was cooled and acidified with 10%
hydrochloricacid. The toluenelayer was separatednd
the aqueoudayer was basifiedby the slow addition of

solid sodiumhydrogencarbonatédt wasthenrepeatedly
extractedwith diethyl ether,dried over sodium sulfate
andconcentratedn vacua The productwas purified by

distillation to give 5-(N-phenylamino)-1-pentydcetateat

140C°C/0.73mbar in 60% vyield. Anal. Calcd for

C13H19N02 (221), C, 7059, H, 859, N, 6.63. Found:
C,70.49;H, 8.43;N, 6.56%.*H NMR (CDCly): § 1.36—
1.78 (m, 6H, 3CH,), 2.03 (s, 3H, CHs), 3.01-3.20
(t, 2H, CH,), 3.98-4.19(t, 2H, CH,) 6.52—6.72(m, 3H,

Ar-H), 7.03-7.21(m, 2H, Ar-H). MS, m/z 221 (M™),

162 [(PhNH(CH,)Z], 120 (PhNHCHCH3), 106

(PhNHCH), 77 (Ph"), 43 (CH;CO ™).

5-(N-Methyl-N-phenylamino)-5-pentyl acetate. A solu-
tion of 5-bromopentyhcetatg10.45g, 0.05mol) andN-
methylaniline(5.36g, 0.05mol) in 15ml of toluenewas
refluxedfor 10h. The solution was acidified with 10%
hydrochloricacid. The toluenelayer was separatecind
theagueousolutionwasbasifiedby the slow additionof
solid sodiumhydrogencarbonatét wasthenrepeatedly
extractedwith diethyl ether,dried over sodium sulfate
andconcentratedn vacua The productwas purified by

distillation to afford 5-(N-methyl-N-phenylamino)-1-
pentyl acetateat 122-12£C/0.6mbar in 75% vyield.

Anal. Calcdfor C14H>:NO- (235),C, 71.48;H, 8.93; N.

5.95. Found: C, 71.21; H, 8.72; N, 6.26%. 'H NMR

(CDCly): 6 1.41-1.81(m, 6H, 3CH,), 2.05(s, 3H, CHa),

2.92(s,3H, N-CHjy), 306-3.41(t, 2H, CH,), 3.92-4.09t,

2H, CH,) 6.56-6.81(m, 3H, Ar-H), 7.10-7.36(m, 2H,

Ar-H). MS, m/z 235 (M*), 220 [PhN(CH,)sOAc"],

162 [PhN(CH)(CH,)4], 120 [PhN(CH;)CH3], 106
[PhN(CH) "], 77 (Ph ™), 43 (CHsCO ™).

The quantitativeanalysesand identificationsof sub-
stratesand productswere determinedby gas chroma-
tography—mass spectrometry with a Saturn 2000,
instrument(Varian) using a DB-5MS capillary column
30m x 0.250mm i.d., 0.25um film thickness. The
internal standardusedfor quantitativeGC analysiswas
piperidine.

Kinetics. The kinetic experimentsvere carriedout in a
static reaction systemas describedpreviously”® with
somemodificationsand additionsof modernelectronic
andelectricaldevices.The reactionvesselwasseasoned
with the productof decompositiorof allyl bromideand
eachpyrolytic runwascarriedout in the presencef the
free radicalchainsuppressotoluene.The amountof the
aminopentylacetateemployedfor eachdecomposition
processwas around0.05-0.1ml. The temperaturewas
controlledby a ShinkoDIC-PS25RT resistancehermo-
meter controller and an OmegaModel SSR240AC45
solid-state relay, maintained within +0.2°C and

Table 9. Comparative kinetic parameters for neighboring group participation at 380.0°C

Substrate 100 ke (s°h) Ea kdmol™* Log A, (s %) Ref.
(CHg),NCH,CH,CH,CH,0Ac 678.19 163.5+ 4.8 11.91+0.43 3
PhNHCH,CH,CH,CH,OAc 6.22 188.1+ 5.5 11.84+ 0.44 4
PhNHCH,CH,CH,CH,CH,0Ac 2.57 210.3+1.3 13.23+0.10 This work
Ph(CH;)NCH,CH,CH,CH,OAc 7.76 210.4+ 4.4 13.72+0.35 4
Ph(CH;)NCH,CH,CH,CH,CH,0Ac 1.07 194.5+ 5.4 11.59+ 0.42 This work

Copyright0 2001JohnWiley & Sons,Ltd.
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measuredwith a calibrated platinum—platinum43%
rhodium thermocouple.No temperaturegradient was
found along the reaction vessel. The overall rate
coefficientsfor 5-(N-phenylamino)-1-pentydcetatevere
determinedby pressuréncreaseandthe partial ratesfor
the products N-phenylpiperidineand 5-(N-phenylami-
no)pentenesndaniline were calculatedoy gaschroma-
tographicanalysesThe overall rate coefficientsof 5-(N-
methylN-phenyamino)-Jpentyl acetatewere estimated
by pressuréncreaseandthe partial ratesof formationof
N-phenylpiperidine and the mixture of N-methylN-

phenylaminopentersdy gaschromatographi@nalyses.

The substratesvereinjectedwith a syringedirectly into

thereactionvesselthrougha silicone-rubberseptum.
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