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ABSTRACT: The elimination kinetics of 17 2-substituted etiN/N-dimethylcarbamates in the gas phase were
determined in the temperature range of 269.5-420.2nd the pressure range of 24—186 Torr. The reactions in a

static system and in the presence of a free radical inhibitor are homogeneous and unimolecular and follow a first-order
rate law. The kinetics and thermodynamic parameters are described. The use of several structure-reactivity

relationship methods meaningless results, except for Faftvalues. Three good slopes are originated at
d*(CH3) =0.00. Slope a: the 2-substituted alkyl groups gave a good straight line whek/kadH§) vs o* values

(p* = — 1.944 0.30,r = 0.977 at 360C) were plotted. Slope b: Pofasubstituents gave an approximate straight line
with p*= — 0.12+ 0.02,r =0.936 at 360C. Slope c:the correlation of multiple bonded and electron-withdrawing
substituents interposed by a methylene group at the 2-position of fRydimethylcarbamate was found to give a
very good straight line wirp* =0.49 £ 0.02,r = 0.991 at 360C. Mechanisms are suggested on the basis of these
relationships. The point position of the substituents phenyHgLand isopropenyl [CH=C(CH;)] at the 2-position

was found to fall far above the three slopes of the lines. These results are interpreted in terms of neighboring group
participation of these substituents in the elimination process of the carbamates. However, the acidity of the benzylic

and allylic G;-H bond for a six-membered cyclic transition state may not be ignored. Cop¥tigio1 John Wiley &

Sons, Ltd.
KEYWORDS: 2-substituted ethylN, N-dimethylcarbamates; gas-phase elimination kinetics; structure—reactivity
correlation

INTRODUCTION bamate decomposed indmethylaniline, ethylene and

carbon dioxide Further investigations dhN-dimethyl-
The first pyrolytic elimination of a carbamate at carbamate pyrolyses ledto a general accepted mechanism
subatmospheric pressure was reported by Daly andof a six-membered cyclic transition state as described in

Ziolkowski.* The substrate ethyl-methylN-phenylcar- reaction (1), which is similar to the transition states
M A
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E-mail: chuchani@quimica.ivic.ve In our most recent work, the branching of alkyl groups
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Contract/grant sponsortGA (Unidad de Gestion Ambiental). In addition the presence of different substituents Z other
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Table 1. Ratio of final (P) to initial (P) pressure®

Temperature Po Ps

Substrate ) (Torr) (Torr) Pi/P, Average
Ethyl N,N-dimethylcarbamate 359.6 73 215 2.95 2.96+ 0.04

370.4 88 257 2.92

380.8 118 254 3.02

390.1 97 285 2.94
PropylIN,N-dimethylcarbamate 362.8 90 258 2.87 2.96+ 0.06

370.0 64 193 3.01

380.1 68 201 2.96

389.9 57.5 171 2.98
1-Butyl N,N-dimethylcarbamate 361.0 68 179.5 2.64 2.41+0.15

371.0 71 169 2.38

379.0 78 181 2.32

400.0 72 167 2.30
3-Methyl-1-butylN,N-dimethylcarbamate 350.6 50 150 3.00 2.98+ 0.02

370.5 61 182 2.98

380.5 56 165 2.95

390.7 44 132 3.00
3,3 Dimethyl-1-butylN,N-dimethylcarbamate 339.7 44 130 2.96 2.93+ 0.05

350.7 48 142 2.96

370.2 38 112 2.95

390.3 37 106 2.85
2-ChloroethyIN,N-dimethylcarbamate 379.6 27 80 2.96 2.95+ 0.02

390.6 79.5 232 2.92

400.5 92.5 275 2.97

420.2 89.5 265 2.96
2-BromoethyIN,N-dimethylcarbamate 360.8 94 277 2.95 2.95+0.01

370.7 95 279 2.94

400.6 92 271 2.95

410.4 98 288 2.94
2-MethoxyethyIN,N-dimethylcarbamate 385.6 55 171 311 3.10+ 0.04

410.3 40 120.5 3.01

419.9 41 129 3.15

430.1 39 122 3.13
2-ButoxyethyIN,N-dimethylcarbamate 389.6 56 172 3.07 3.04+0.04

401.1 43 130 3.02

410.0 47 145 3.08

420.5 67 201 3.00
3-PhenylpropyN,N-dimethylcarbamate 340.5 89 263 2.95 2.95+ 0.02

360.4 98 291 2.96

380.6 84 249 2.96

400.6 92 269 2.92
3-ChloropropylIN,N-dimethylcarbamate 360.4 69 202 2.93 2.97+0.03

370.5 72 215 2.99

380.2 112 335 2.99

390.5 1145 342 2.99
3-PhenoxypropyN,N-dimethylcarbamate 350.1 325 97 2.98 2.98+0.10

370.4 49.5 138 2.84

380.9 41 125 3.05

390.4 40 122 3.05
2-DimethylaminoethyN,N-dimethylcarbamate 380.7 76 214 2.82 2.83+0.03

389.9 76 218 2.87

400.0 715 201.5 2.82

409.7 70 176 2.81
3-Butyn-1-yI N,N-dimethylcarbamate 329.7 98 220 2.24 2.32+0.07

340.0 103 238.5 2.32

349.0 114.5 265.5 2.32

360.0 112 269 2.40
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Table 1 continued.

Temperature Po Ps

Substrate (Torr) (Torr) Ps/Pq Average
2-CyanoethyN,N-dimethylcarbamate 290.0 54.5 140 2.63 2.61+0.08

309.6 34 92 2.71

319.0 30.5 77.5 2.54

329.6 61 156 2.56
2-PhenylethyN,N-dimethylcarbamate 310.1 44 131 2.98 2.97+£0.03

321.0 46 135 2.93

330.2 65 194 2.98

341.7 76 227 2.99
3-Methyl-3-buten-1-yN,N-dimethylcarbamate 339.6 63 159 2.52 2.26+0.21

349.6 67.5 157 2.33

360.9 67 138.5 2.07

370.1 70 147 2.10

#Temperature<360°C, cyclohexenednhibitor; >360°C, tolueneinhibitor.

than carbonin ZCOOCH,CH; gave a good correlation
whenusingthe Taft-Topsormmethod? In relationto this
result, the field (inductive) effect of the substituenthas
the greatesinfluenceon rate enhancementyhereashe
polarizability (steric) and resonancefactors favor the
elimination processvery little.

A considerablenumberof the databas®f substituents
at the 2-positionof ethyl acetate CH;COOCH,CH,Z)
wereexaminedn correlationstudies®. The pyrolysisof
the acetatesvith alkyl andpolar substituentsattachedo
the C,—O bondby at leastthree methylenegroup was
foundto be affectedby stericaccelerationThelog (k/ko)
vs Hancock’s steric parameterEs” gavea 6 = — 0.12,
r=0.916 at 400°C. However, electron-withdrawing
substituentsat the 2-position of ethyl acetatesshowed
an approximatdinear relationshipwith the Taft original
inductive parametero*.°®® The p* value was—0.19
(r =0.961at 400°C). Likewise, plotting log k/k, against
o1 value also gave a good straight line with slope
p1=—1.03(r =0.960at 400°C). Furtherexaminationof
theinfluenceof thesealkyls anda polar groupseparated
by atleastathreemethylenechainin CH;COOCHCH,Z
was carried out by using the Taft-Topsommethod of
substituent effects. The result was log (k/k)=
—(0.450+ 0.004) ¢, — (1.29+ 0.11) o¢ (r=0.959 at
400°C)2 The negative value of p, suggeststhat the
eliminationprocesss favoredby the polarizability of the
2-substituen®, while the size of the negativepr implies
the stabilizationof the transitionstateby field/inductive
effects. The influence of the resonanceactor o was
foundto beinsignificant.Multiple bondedsubstituent&
atthe2-positionof ethylacetatesedto avery goodTaft—
Topsom correlation log (k/k)=—(1.81+0.02) o,
(0.38+£0.03) 0+ (7.34+£0.12) o (r=0.999 at
400°C). This result suggestssignificant polarizability
andresonanceffectson the eliminationrates.

Becausevariouscorrelationsof substitueneffectshad
to be usedto obtain somereasonablexplanationof the

Copyrightd 2001JohnWiley & Sons,Ltd.

mechanismsf thegas-phaseliminationof 2-substituted
ethyl acetates,the present work was addressedat

examininga considerablenumberof 2-substitutedethyl

N,N  dimethylcarbamates [(CH3).NCOOCHCH,Z,

Z =substituent]in orderto establishwhethera similar

or different linear relationshipsare obtained for the

mechanisticconsiderationdlustratedin reaction(1).

RESULTS AND DISCUSSION

The products of the gas-phaseelimination of 2-sub-
stituted ethyl N,N-dimethylcarbamatesare the corre-
sponding olefin, dimethylamine and carbon dioxide
[reaction(1)]. The stoichiometrybasedon reaction(1),
demandsthat for long reactiontimes P;/Py = 3, where
Ps and Py arethe final andinitial pressurerespectively
(Tablel). The averageP;/P,y valuesat four temperatures
and ten half-lives were, within the experimentalerrors,
nearly 3.0. However, a departureof Ps/Pqy< 3.0 for
1-butyl, 2-dimethylaminoethyl,3-butyn-1-yl, 2-cyano-
ethyl and 3-methyl-3-buten-1-yl N,N-dimethylcarba-
mateswas due to polymerizationof the corresponding
olefinic product. Thesepure unsaturategroductswhen
introducedn thereactionvessebiveriseto adecreasin
pressureand formation of a solid polymer product.
Further examination for the verification of
the stroichiometry in reaction (1), up to 50-77%
reaction,was madeby comparingthe extentof decom-
position of the substratefrom pressuremeasurements
with that obtainedfrom quantitativegas—liquidchroma-
tographic (GLC) analysesof the correspondingolefin
formationor from theunreactecamountof the carbamate
(Table2).

The pyrolytic eliminationof reaction(1) wasfoundto
be homogeneoussinceno significantvariationsin rates
were obtainedin these experimentswhen using both
clean Pyrex and seasonedvesselswith a surface-to-
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Table 2. Stoichiometry of the reaction.®

Temperature
Substrate (C°C) Parameter Value
Ethyl N,N-dimethylcarbamate 380.8  Time (min) 4 5 7 9 12
Reaction(%) (pressure) 28 335 43.3 50.8 65.1
Ethylene(%) (GLC) 28.2 335 44.7 50.2 64.1
PropylN,N-dimethylcarbamate 370.0  Time (min) 8 125 20 46 300
Reaction(%) (pressure) 20.6 30.8 41.2 60.8 725
Propeng%) (GLC) 20.9 32.4 42.0 59.2 72.0
1-Butyl N,N-dimethylcarbamate 379.0  Time (min) 4 6 8 11 16
Reaction(%) (pressure) 22.8 33.3 38.5 50.0 63.5
Butene(%) (GLC) 22.9 33,5 37.8 50.1 63.9
3-Methyl-1-butylN,N-dimethylcarbamate 370.0  Time (min) 4 6 10 12 16
Reaction(%) (pressure) 219 342 455 52.0 625
3-Methyl-1-buteng%) (GLC) 215 33.4 48.0 52.3 62.0
3,3 Dimethyl-1-butyl N,N-dimethylcarbamate 360.1  Time (min) 4 6 8 11 16
Reaction(%) (pressure) 22.8 33.3 38,5 50.0 63.5
3,3-Dimethyl-1-buteng%) (GLC) 22.9 33.5 37.8 50.1 63.9
2-ChloroethyIN,N-dimethylcarbamate 390.3 Time (min) 6 10 16 40 150
Reaction(%) (pressure) 24.3 39.2 50.7 61.8 73
Vinyl chloride (%) (GLC) 21.1 399 50 62.2 67.7
2-BromoethyIN,N-dimethylcarbamate 400.0  Time (min) 4 6 8 10 13
Reaction(%) (pressure) 21.4 30.6 39.6 49.7 64.9
Vinyl bromide (%) (GLC) 20.3 30.2 40.2 51.1 65.1
2-MethoxyethyIN,N-dimethylcarbamate 380.3  Time (min) 10 20 30 40 60
Reaction(%) (pressure) 22.1 31.9 419 54.6 69.6
Methyl vinyl ether(%) (GLC) 21.1 345 44.4 53.8 66.6
2-ButoxyethylIN,N-dimethylcarbamate 390.0 Time (min) 6 12 18 25 35
Reaction(%) (pressure) 15.3 29.7 36.3 451 734
Butyl methyl ether (%) (GLC) 15.7 28.6 35.8 453 745
3-PhenylpropyN,N-dimethylcarbamate 370.0  Time (min) 2 4 6 9 12
Reaction(%) (pressure) 11.4 219 31.1 429 518
3-Phenyl-1-propené) (GLC) 11.5 21.4 309 42.6 51.8
3-ChloropropyIN,N-dimethylcarbamate 350.3  Time (min) 6 10 18 22 30
Reaction(%) (pressure) 19.2 285 37.8 72.6 60.6
3-Chloro-1-propen€%) (GLC) 19.1 285 38.0 51.9 59.3
3-PhenoxypropyN,N-dimethylcarbamate 360.8  Time (min) 2 5 10 14 22
Reaction(%) (pressure) 10.7 22.1 37.8 47.4 63.0
Allyl phenylether(%) (GLC) 10.6 24.3 37.2 48.0 61.5
2-DimethylaminoethyN,N-dimethylcarbamate  379.6  Time (min) 4 7 9 15
Reaction(%) (pressure) 18.7 32.7 41.7 50.4
Substratg%) (GLC) 19.1 34.2 42.3 51.7
3-Butyn-1-yIN,N-dimethylcarbamate 329.8  Time (min) 4 7 10 13
Reaction(%) (pressure) 19.4 31.7 41.6 56.0
Substratg%) (GLC) 17.6 29.5 42.8 55.3
2-CyanoethyN,N-dimethylcarbamate 300.3  Time (min) 4 7 12 19
Reaction(%) (pressure) 18.8 30.3 45.7 58.7
Acrylonitrile (%) (GLC) 18.6 28.1 43.1 55.8
2-PhenylethyN,N-dimethylcarbamate 300.0  Time (min) 5 15 20 28 35
Reaction(%) (pressure) 146 34.2 448 535 754
Styrene(%) (GLC) 14.8 34.6 45.1 53.2 76.8
3-Methyl-3-buten-1-yIN,N-dimethylcarbamate  339.6  Time (min) 6 8 10 12 15
Reaction(%) (pressure) 23.2 28.6 404 474 57.1
Substratg%) (GLC) 22.2 30.6 38.4 49.2 59.1

#Temperature<360°C, cyclohexenénhibitor; >360°C, tolueneinhibitor.

volumeratio of 6.0 relativeto that of the normalvessel, cyclohexeneor tolueneis shownin Table 3. Never-
which is equalto 1.0. The effect of the addition of thelessthe pyrolysisexperimentsverecarriedoutin the
different proportions of the free radical suppressor presenceof at leasttwice the amountof the inhibitor in

Copyright0d 2001JohnWiley & Sons,Ltd. J. Phys.Org. Chem.2001;14: 146-158
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Table 3. Effect of the free radical inhibitor on rates.?

Temperature Ps P, 10% ky
Substrate (°C) (Torr) (Torr) Pi/Ps (s
Ethyl N,N-dimethyl carbamate 370.4 93 — — 8.11
74 30 0.4 8.02
66 86 1.3 7.98
52 114 2.2 8.09
Propyl N,N-dimethylcarbamate 380.0 77 — — 9.40
98 89 0.9 9.39
73 111 15 9.43
47 129 2.7 9.38
1-Butyl N,N-dimethylcarbamate 379.0 72 — — 9.92
116 78 0.7 10.00
78 103 1.3 10.24
71 178 25 10.19
3-Methyl-1-butylN,N-dimethylcarbamate 400.5 73 — — 49.31
56 100 1.8 49.81
41 89 2.2 49.68
28 86 3.1 48.85
3,3 Dimethyl-1-butylN,N-dimethylcarbamate 360.1 44 — — 11.11
69.5 66 1.0 10.31
75 164 2.2 10.99
43.5 139 3.2 10.60
2-ChloroethyIN,N-dimethylcarbamate 420.2 60 — — 38.67
37 38.5 1.0 37.19
39 66.5 1.7 38.62
32 84 2.6 37.95
2-BromoethyIN,N-dimethylcarbamate 390.3 103 — — 8.96
88 52 0.6 8.85
85 86 1.0 8.90
84 165 2.0 8.88
2-MethoxyethyIN,N-dimethylcarbamate 410.4 49 — — 14.61
40 59.5 15 14.72
33 815 2.1 14.63
28 72.5 25 14.58
2-ButoxyethyIN,N-dimethylcarbamate 400.1 94 — — 21.52
92 64 0.7 21.65
90 78 0.9 21.33
91 118 1.3 21.50
3-PhenylpropyN,N-dimethylcarbamate 350.8 85 — — 3.32
84 55 0.7 3.32
68 101 15 3.33
82 159 1.9 3.31
3-ChloropropyIN,N-dimethylcarbamate 360.4 62 — — 9.36
66.5 49 0.7 9.46
69 107 1.6 9.30
71 163 2.3 9.41
3-PhenoxypropyN,N-dimethylcarbamate 360.6 49 — — 7.05
83.5 61 0.7 7.58
46 87 1.9 7.50
45 131 2.9 7.47
2-DimethylaminoethyN,N-dimethylcarbamate 379.6 62 — — 9.42
119 65 0.5 9.27
76 105 14 9.44
45 117 2.6 9.88
3-Butyn-1-yIN,N-dimethylcarbamate 340.0 95 — — 15.53
103 79.5 0.8 15.60
66.5 72.5 11 15.49
87 186.5 2.2 15.64
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Table 3 continued.

Temperature Ps P, 10 ky

Substrate (°C) (Torr) (Torr) Pi/Ps (s
2-CyanoethyN,N-dimethylcarbamate 319.0 50 — — 25.20
74 73 1.0 25.23
48 86 1.8 25.21
30.5 98 3.2 25.53
2-PhenylethyN,N-dimethylcarbamate 330.1 85 — — 14.49
65 58 0.9 14.62
89 94 11 14.77
94 115 1.2 14.54

3-Methyl-3-buten-1-yN,N-dimethylcarbamate 339.6 60 — — 8.98
88 66.5 0.7 7.19

72 1015 14 7.31

45 103 2.3 7.40

& Temperature<360°C, cyclohexendnhibitor; >360°C, tolueneinhibitor.

Ps = pressuresubstrateP, = propeneinhibitor.

orderto preventanypossiblefreeradicalchainreactions.
No inductionperiodwas observedThe rate coefficients
werereproduciblewith a relative standarddeviationnot
greaterthan5% at a giventemperature

The first-order rate coefficientsof thesecarbamates,
calculatedromk; = (2.303/t) log[2 Py/(3Po — Py)], were
independenof their initial pressurgTable4). A plot of
log (3Py — Py) againsttime t gavegoodstraightlines up
to 50-75% reaction, indicating that the elimination
processis unimolecularin nature.The variation of the
rate coefficientswith temperaturendthe corresponding
Arrhenius equation is describedin Table 5 ( 90%
confidencecoefficientfrom a least-squareprocedure).

The kinetic and thermodynamic parametersof a
significantnumberof 2-substitutedethyl N,N-dimethyl-
carbamatef{ CH3),NCOOCH,CH,Z, Z= substituenthre
givenin Table6. The negativeentropyof activationsS”
of theseeliminations suggestsa symmetricalarrange-
mentandpossibleplanarity of the transitionstate,while
the enthalpy of activation AH* implies endothermic
processeslhelog of A valuesbetweenll.4and12.8are
reasonabldor a six-memberedcyclic transition mech-
anism?® The indication that thesecarbamateslimina-
tions are not spontaneous,nstableand endergonicare
reflectedby the free energy of activation AG* values
givenin Table6.

Table 7 lists a large number of pyrolyzed primary
carbamatesvhich makesit possibleto estimateade-
quately the substituent effect of Z for the
(CH3).NCOOCH,CH,Z compoundsThe Taft-Topsom
treatmentof substitueneffects[Eqn. (2)]:

log(kko) = paoa + proE + prOR (2)

wherethe contributionparametersre o, = polarizabil-
ity effect, op = field effect and or = resonanceeffect,
was satisfactorily applied to the gas-phaseslimination
kinetics of 2-substituted  ethyl acetates,

Copyright0 2001JohnWiley & Sons,Ltd.

CH;COOCH,CH,Z. However, employing this method
of correlationfor the carbamategivenin Table 7 gave
randompointswith no meaningevenwhenusingoneor
two of the contribution parameters.Moreover, the
applicationof variouscorrelation§° suchas the steric
parameterglancock’sEs’, Taft's Es, Charton’sv andthe
inductive ¢, values also gave random points with no
significance for mechanisticinterpretationsfor these
seriesof carbamateddowever plotting log k/k.y3) versus
¢* valuesgivesriseattheorigin of ¢* (CHs) = 0.00three
goodslopes(Fig 1), which, meangthat small alterations
in the polarity of the transition state may be due to
changesn electronictransmissionatthereactioncenter.
This meansthat a simultaneousffect may be operating
during the process of elimination, especially with
electron-withdrawig and multiple-bondedsubstituents
at the 2-positionof ethyl N,N-dimethylcarbamigs. The
Taft correlation of alkyl groupsgives an approximate
straightline [Fig. 1, Eqn.(3)] Thus,

p* = —1.94+ 030 at 360°C (r = 0.9768 SD
= 0.0664) (3)

Thenegativep* valuesuggestshata positively charged
carbon is rate determining. The greaterthe electron
releaseof the alkyl groups,the fasteris the elimination
processThereactionof this seriesof carbamateappears
to proceed through semi-polar six-memberedcyclic
transitionstatemechanimgTS-1).

Electron-withdrawing susbtituents give rise at
¢*(CH3) =0.00 to another approximate straight line
[Fig 1, Eqn.(4)].

p* = —0.1240.02 at 360°C (r = 0.9364 SD
= 0.0571) (4)

The smallernegativep* value indicatessomedestabili-

J. Phys.Org. Chem.2001;14: 146-158
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Table 4. Independence of the rate coefficients from initial pressure

Temperature
Substrate (°C) Parameter  Value
Ethyl N,N-dimethylcarbamate 380.5 (Torr) 81.5 94 118 128 186
lOfkl (s~ 13.94 13.10 1397 13.78 13.46
Propyl N,N-dimethylcarbamate 380.0 (Torr) 40 54 77 86 98
107 K (s?) 945 933 940 934 9.39
1-Butyl N,N-dimethylcarbamate 379.0 (Torr) 45 68 78.5 85 116
10‘? ki (s~ 9.83 10.34 10.24 10.19 10.00
3-Methyl-1-butylN,N-dimethylcarbamate 400.0 (Torr) 28 23.5 21 56 73.5
10‘? ki (sh) 49.85 50.21 49.68 49.81 49.32
3,3 Dimethyl-1-butylN,N-dimethylcarbamate 360.1 (Torr) 24 445 59.5 75
107 K (s?) 1105 1111 1091 10.99
2-ChloroethylIN,N-dimethylcarbamate 400.5 (Torr) 315 43 53 67.5 89
10‘? ki (s~ 13.37 1352 13.48 13.60 13.42
2-BromoethyIN,N-dimethylcarbamate 400.4 (Torr) 68 85 101 121
107 Ki(s?) 1524 1526 1522 1525
2-MethoxyethyIN,N-dimethylcarbamate 390.2 (Torr) 26 50.5 70 78.5 86
10‘? ki (571 8.53 8.64 8.55 8.53 8.8
2-ButoxyethyIN,N-dimethylcarbamate 400.1 (Torr) 46 68 83 92 110
lOfkl (s~ 21.45 2158 2142 21.75 21.52
3-PhenylpropyN,N-dimethylcarbamate 380.2 (Torr) 72 84 93 101 115
107 k(s 1624 1667 16.33 1653 16.46
3-ChloropropyIN,N-dimethylcarbamate 370.5 (Torr) 42 71 119 142 171
lO‘?kl (s~ 16.13 1645 1643 16.03 16.12
3-PhenoxypropyN,N-dimethylcarbamate 350.2 (Torr) 42 71 80.5 127 168
10‘? ki (s7Y) 445 444 423 480 4.24
2-DimethylaminoethyN,N-dimethylcarbamate 379.6 (Torr) 45 57 76 97 119
107 K (s?) 958 927 944 934 927
3-Butyn-1-ylN,N-dimethylcarbamate 340.0 (Torr) 35.5 71 1015 134 143
10‘? ki (s~ 9.25 8.90 9.00 8.80 9.07
2-CyanoethyN,N-dimethylcarbamate 309.6 (Torr) 26.5 42.5 52.5 64.5 85
10‘?k1 (s 1426 1451 1487 1451 14.47
2-PhenylethyN,N-dimethylcarbamate 330.1 (Torr) 34 59 63 72 89
10‘? ki (s~ 1452 14.32 1458 14.40 14.46
3-Methyl-3-buten-1-yIN,N-dimethylcarbamate 339.6 (Torr) 45 52.5 72 88 147
lOfkl (s 7.40 7.61 7.27 719 7.01

zationof the C,—O bondpolarization,while the C,—H
bondmayincreasen acidity andassisthe O of the C=0
in the transitionstate(TS-2). WhenZ is a multiple-bond

substituenbr an electron-withdrawig susbtitueninter-
posedby a CH, atthe 2-positionof the ethyl esterthereis
another inflection point at ¢*(CH3)=0.00 with an

()

Z & ZTe— 7
el | NS &
Ll 5 AN ~1)
—cFin SNy BT HC==CH,
i I a 1 H 1 ’ .
0% s s .0
¢ N et
i =C
N(CH3) N(CH3); N(CH;), N(CHjy),
TS-1 TS-2 TS-3 TS-4
Form B
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CH, o -
CHy=C cﬁ 068 N - C‘SJ S
o ' e, ’ Y ey “CH;

cft, A

CHs
H,C=C—CH=CH,

o 6
+ [ H—0—C—NZL_’ } ©
CH,

l

CO, + (CHpNH

Form C

approximatestraightline asdescribedy Eqgn.(5) (Fig 1).

p* = 0.49+ 0.03 at 360°C (r = 0.9907 SD
= 0.1036 (5)

Thisresultsuggestshata negativecarbonreactioncenter
is beingdevelopedn thetransitionstate Apparently,the
negativechargefrom the C;—H bondpolarization,n the
senseof C;° ~...H’", may be rate-determiningtep(TS-
3).

The point position for Z = phenyl (C¢Hs, and iso-
propenyl[CH,=C(CHy)], falls far abovethe slopesof
the lines (Fig.1) which leadsto the considerationof
neighboringgroup participationof thesesubstituentgor
rateenhancemeniccordingto thetransitionstateTS-4.
the n-electronsof the aromaticring stabilize the bond
polarizationC,’"...0’ ~, thuscausingafasterelimination
processThis interpretationappeardo find supportfrom
the gas-phasepyrolytic elimination of 2-phenylethyl
chloride!® Thepresencef the OCH; atthe 4-positionof
phenylethyl chloride confirms the participation of the
aromaticnuclei by a significantincreasein the rate of
HCI elimination. Along this line of considerationthe
phenylsubstituenalsoassiste@nchimericallyin thegas-
phaseelimination of 2-phenylethylmethanesulfonat&:
In addition to this reference,a classical study with
convincingevidenceneighboringdoublebondparticipa-
tion was describedfor the acetolysisof 4-methyl-3-
pentenyltosylate'? In associationwith this study, the
influenceof an olefinic doublebondin alkenyl chloride
pyrolyseshas beenassessetf** The vinyl substituent
showedasignificantrateenhancemergffectin severa#-
chloro-1-butensubstrateBy analogy therateenhance-
ment of 3-methyl-1-buten-1-yIN,N-dimethylcarbamate
(Fig 1) may alsobe dueto the anchimericassistancef
the neighboringdoublebondfor elimination. The mech-
anism may be explained according to reaction (6).
However,the acidity of the benzylicandallylic Cy—H
bondfor a six-memberedyclic transitionstatemay not
beignored.

Copyright0 2001JohnWiley & Sons,Ltd.

Themechanisnof theformationof dimethylamineand
CO, gasfrom the unstableN,N-dimethylcarbamicacid
intemediatan the gas-phaseliminationof 2-substituted
ethyl N,N-dimethylcarbamatedreaction (1)] may be
rationalizedn termsof afour-memberedyclic transition
stateasdescribedn reaction(7).

EXPERIMENTAL

General procedure. Method A: the 2-substitutedethyl
estersof N,N-dimethylcarbamicacid were preparedby
adding 0.15mol of the correspondingalcohol to 0.15
mole of N,N-dimethylcarbamylchloride (Aldrich) in
45ml of anhydrouspyridine. The reactionmixture was
heatedn a 100ml sealedvesselasdescribed->

Method B: the substitutedalcohol (0.15mol) was
addedto N,N-dimethylcarbamylchloride (0.15mol) in
50ml of carbontetrachlorideuntil no moreHCI gaswas
evolved.

Ethyl N,N-dimethylcarbamate. MethodA wasemployed
for the synthesisof this substratgb.p. 38°C at 10 Torr
(1 Torr=133.3Pa), lit.*® 74°C at 80Torr, yield 71%).
Severadistillationsgave97.0%purity by GLC (Porapak
Q, 80—100mesh).

1-Butyl N,N-dimethylcarbamate. This substrate, ob-
tainedby Method A, wasdistilled severaltimesto 90%
purity by GLC (PorapakQ, 80—100mesh).B.p. 48°C at
10Torr, yield 63%."H NMR, § 0.9(t, 3H, 6), 1.3(m, 2H,
CH,CHjy), 1.5 (m, 2H, CH,CH,), 2.8 (s, 6H, 2CHs), 4.0
(t, 2H, OCH,). MS, m/z 145(M ™), 88 [(CH3),NCOO'],

72 [(CH3)2NCO+], 57 (CH3CH2CH2CH§),44
(CHg)oN™).
i

(cug)zN—ll‘ —»> (CH)LNI + CO, 0
11---0

Form D
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Table 5. Variation of rate coefficients with temperature®

Substrate

Parameter Value

Ethyl N,N-dimethylcarbamate

PropylIN,N-dimethylcarbamate

1-Butyl N,N-dimethylcarbamate

3-Methyl-1-butylN,N-dimethylcarbamate

3,3 Dimethyl-1-butylN,N-dimethylcarbamate

2-ChloroethyIN,N-dimethylcarbamate

2-BromoethyIN,N-dimethylcarbamate

2-MethoxyethyIN,N-dimethylcarbamate

2-ButoxyethyIN,N-dimethylcarbamate

3-PhenylpropyN,N-dimethylcarbamate

3-ChloropropyIN,N-dimethylcarbamate

3-PhenoxypropyN,N-dimethylcarbamate

2-DimethylaminoethyN,N-dimethylcarbamate

3-Butyn-1-yl N,N-dimethylcarbamate

Temperature("C) 340.6 350.5 359.6 370.4 380.8 390.1

100k, (s7h) 143 2.68 457 8.07 13.97 2328
Rateequatlon log ky (s™%) = (12.23+ 0.30)— (188.8+ 3.3)kJmol*
(2.303RT) ! r =0.99981,SD=0.0097

Temperatur€(°C) 3495 362.8 370.0 380.0 390.0
100k, (s7h 1.64 366 567 9.63 16.67

Rate equatlon log k; (s %) =(12.68+ 0.30)— (192.2+ 3.7)kJmol~?*

RT) r =0.99989,SD=0.0067

Temperature(°C) 351.6 361.2 371.6 379.0 390.3 400.2

10* kg (s ) 2.23 4.08 6.80 10.03 17.44 31.31
Rate equation: log ki (s 1) =(11.91+ 0.29)— (186.0+ 3.6)kJmol*
RT) r=0.99926,SD=0.0179

Temperature(°C) 340.2 350.2 3605 370.0 380.2 390.6

100k, (s7h 2.03 346 6.53 10.70 17.62 3306
Rate equatlon log ky (s°%)=(12.16+0.15)— (186.1+ 1.8)kImol*
RT) 1 r=0.99954,SD=0.0169

Temperature(°C) 330.2 339.7 350.7 360.1 370.2 380.6

10°ky (578 2.26 3.76 6.56 10.62 18.99 3251
Rate equatlon log ky (5% =(11.48+0.20)— (174.9+ 3.2)kImol*
RT) ! r=0.99950,SD=0.0172

Temperature(°C) 369.8 380.1 390.3 400.5 410.0 420.1

10°ky (578 2.57 446 7.67 13.48 2181 38. 12
Rate equatlon log k; (s =(12.51+ 0.38)— (198.3+ 4.9)kJmol*
RT)'r=0.99972,SD=0.0115

Temperature(°C) 360.8 370.7 380.4 390.3 400.5 4105

107k (574 1.69 296 513 886 1525 2624
Rate equatlon log ky (5% =(12.83+0.15)— (201.6+ 1.9)kImol*
RT)'r=0.99978,SD=0.0119

Temperature(°C) 360.1 370.0 380.2 385.3 390.0 400.5

10* k; (s ) 1.62 2.82 5.00 6.75 852 14.66
Rate equation: log k; (s_ 1= (12.23+ 0.20)— (194.2+ 2.5)kImol*
RT) r=0.99992,SD=0.0050

Temperature(°C) 370.0 380.2 390.1 401.0 4101

100k, (574 4.40 7.49 12.78 21.73 37.26
Rate equatlon log ky (5% =(12.30+0.69)— (192.9+ 8.7)kImol*
RT) ' r=0.99933,SD=0.0156

Temperature("C) 3404 350.8 360.7 370.0 380.1 390.3

100k, (s h 1.96 332 586 10.17 16.55 27.83
Rate equatlon log ky (5 =(11.71+0.26)— (181.2+ 3.2)kImol*
RT)1r=0.99974,SD=0.0124

Temperature(°C) 330.5 340.2 3504 360.4 370.5 380.2

10% Kk, (579 1.59 320 530 937 16.28 27.07
Rate equatlon log k; (s°%)=(12.17+0.20)— (184.3+ 2.5)kJmol™*
RT)"* r=0.99955,SD=0.0170

Temperature(°C) 330.5 340.1 350.1 360.5 370.5 380.5

10* k; (s ) 1.19 212 4.34 7.32 1246 22.19
Rate equation: log k; (s 1) =(12.60+ 0.23)— (190.8=+ 2.8)kImol*
RT) r=0.99951,SD=0.0186

Temperature(°C) 361.0 369.5 380.7 389.9 400.0 410.0

10* k; (s ) 3.00 5.26 9.44 15.76 25.80 43.89
Rate equation: log k; (s~ 1= (12.53+ 0.40)— (194.7+ 5.1)kImol*
RT) r=0.99966,SD=0.0126

Temperature(°C) 310.3 3195 329.8 340.0 349.7 360.0

100k, (578 2.61 467 8.81 1564 26.79 47.15
Rate equatlon log ky (5% =(12.39+0.14)— (178.3+ 1.6)kJmol*
RT) ' r=0.99996,SD= 0.0047

(2.303

(2.303

420.2
45.44
(2.303

(2.303

(2.303

(2.303
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Table 5 continued.

Substrate Parameter Value
2-CyanoethyN,N-dimethylcarbamate Temperaturg°C) 269.5 279.3 290.0 300.3 309.6 319.0 329.6
100k, (s7h 1.32 244 494 839 1452 25.28 44.36

Rate equation: log k; (s %) =(11.40+ 0.25)— (158.7+ 2.8)kJmol™* (2.303
RT) 1 r=0.99980,SD=0.0121

2-PhenylethyN,N-dimethylcarbamate

Temperaturd °C)
107k, (574

291.1
1.39

300.2 310.5 3211 330.1 3418
254 479 9.03 1529 2951

Rate equation: log k; (s %) =(12.21+ 0.24)— (173.5+ 3.1)kJmol~* (2.303
RT)71 r=0.99999,SD=0.0025

3-Methyl-3-buten-1-yIN,N-dimethylcarbamate Temperaturg°C) 320.8
10% Kk, (s79)

329.8 339.6 349.6 3609 370.1

2.52 457 7.61 1312 23.99 40.18

Rate equation: log k; (s %) =(11.87+0.38)— (175.8+ 4.5)kJmol™* (2.303
RT)1r=0.99968,SD=0.0127

3Datafor ¢ valuesobtainedfrom Ref. 9.

3-Methyl-1-butyl N,N-dimethylcarbamate. This carba-
mate,preparedy MethodA (b.p.94°C at 19 Torr, yield

51%)wasdistilled to 99% purity asdeterminedoy GLC

(Penwalt223).*H NMR, 6 0.9(d, 6H, 2CH), 1.5(q, 2H,

CH,CH.C), 1.6(m, H, CH), 2.9(s,6H, 2CHs), 4.0(t, 2H,

OCH,CH,). MS, m/z 159 (M*), 88[(CHz),NCOO"],

72[(CHz),NCO'], 43[(CH3)C'].

3,3-Dimethyl-1-butyl ~ N,N-dimethylcarbamate. This
compoundwas preparedby Method B (b.p. 70°C at
15Torr, yield 58%).Severalistillationsgavea purity of
97%asdeterminedy GLC (CarbopackC 80-100mesh).
1H NMR, 6 0.9(s, 9H, 3CHg), 1.5(t, 2H, CH,CH,), 2.8
[s, 6H, (CH3),N), 4.1(t, 2H, OCH,). MS, m/z179(M™),
88 [(CH3),NCOO'], 72 [(CH3),NCO'], 69
[(CH3)sCCH, "], 57 [(CH3)sC"].

n-Propyl N, N-dimethylcarbamate. This startingmaterial
was preparedby Method A. (b.p. 70°C at 5 Torr, yield
66%). After severaldistillationsthe purity was97.2%as
detreminedy GLC (Penwal223).*H NMR, 6 0,6(t, 3H,
CHjz), 1.3(m, 2H,C—CH,—C), 2.6[s,6H,(CHz3)>N], 3.7
(t, 3H, OCH,). MS, m/z 131 (M"), 102
[(CH3),NCOOCH], 72 [(CH3),NCO'], 58 (NCOQO"),
43 (CH3CH,CH3).

2-Methoxyethyl N,N-dimethylcarbamate. Method A
was used for the preparationof this substrate(b.p.
70°C at 9Torr, yield 48%). Severaldistillations gave
98.7% purity by GLC (PorapakR 80-100mesh).*H
NMR, 6 2.5]s, 6H, (CH3)2N], 3.1 (s, 3H, OCHg), 3.3 (t,
2H, OCH—C), 3.9 (t, 2H, OCH,). MS, m/z147 (M ™),
116 [(CH3),NCOOCHCH3], 72 [(CH3),NCO'], 58
(NCOQ"), 45 ( CH;0CHZ).

Table 6. Kinetic parameters for pyrolysis of (CH3),NCOOCH,CH,Z at 360°C

ky x 10°* kg x 1074 Ea LogA AS AH* AG*

z (sH (s (kmol)™} (s @mol K™  (kImol™}) (kdmol ™)
H 4.47 1.49 188.8+ 3.3 12.23+0.30 —25.30 194.1 210.1
CHs 3.09 1.55 196.2+3.7 12.68+ 0.30 -16.70 201.5 212.1
CH,CHs 3.63 1.82 186.0+£3.6 11.91+0.29 —31.46 191.3 211.2
CH(CHzy), 6.31 3.15 186.1+1.8 12.16+0.15 —26.65 1914 208.3
C(CHy)s 12.22 5.61 1749+ 3.2 11.48+0.20 —39.65 180.2 205.3
Cl 141 0.71 198.3+4.9 12.51+0.38 —19.95 203.6 204.3
Br 1.55 0.77 201.6+1.9 12.83+0.15 —-14.01 206.9 215.8
OCH; 1.62 0.81 194.2+25 12.23+0.20 —25.31 199.5 2155
O(CH,)sCH3 2.40 1.20 192.9+8.7 12.30+ 0.69 —23.97 198.2 213.4
CH,CgHs 5.75 2.88 181.2+3.2 11.71+0.26 —35.26 186.5 208.8
CH.CI 9.12 4.56 184.3+25 12.17+0.20 —26.48 189.6 206.4
CH,OCgHs 7.24 3.62 190.8+2.8 12.60+0.23 —-18.24 196.1 207.6
N(CHs), 2.88 1.44 194.7£5.1 12.53+ 0.40 —19.58 200.0 212.4

=CH 47.86 23.93 178.3+1.6 12.39+0.14 —22.25 183.6 197.7
C=N 201.77 100.9 158.742.8 11.40+0.25 —41.20 164.0 190.1
CeHs 78.28 39.14 1735+ 3.1 12.21+0.24 —25.62 178.8 195.1
CH,=C(CHy) 22.91 11.45 175.8+45 11.87+0.38 -32.21 181.1 201.5

Copyright0 2001JohnWiley & Sons,Ltd.
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Table 7. Parameters of substituents Z in (CH3),NCOOCH,CH,Z at 360°C?

Log (kz/ko) (Kz/ko)

z (ko=H) (ko=CHy) (o oF OR+ OR- o* o

H 0.0000 —-0.0171 0.00 0.00 0.00 0.00 0.49 0.00
CHs; 0.0171 0.0000 -0.35 0.00 —0.08 0.03 0.00 —0.046
CH,CHs 0.0868 0.0697 —-0.49 0.00 -0.07 0.02 -0.10 —0.055
CH(CHzy), 0.3251 0.3079 —-0.62 0.00 -0.07 0.01 -0.19 —0.064
C(CHy)s 0.5757 0.5586 —-0.75 0.00 —0.06 0.00 —0.30 —-0.074
Cl -0.3219 —0.3397 —-0.43 0.45 -0.17 -0.12 2.94 0.50
Br -0.2867 —0.3038 -0.59 0.45 -0.15 -0.10 2.80 0.44
OCH; —0.2647 —0.2818 -0.17 0.25 —-0.42 -0.27 1.67 0.27
O(CHy)sCHs —0.0940 —0.1111 —0.26 0.25 —046  -027 1.65 0.27
CH,CgHs 0.2862 0.2690 -0.70 0.05 —0.05 0.02 0.215 —-0.08
CH,CI 0.4857 0.4686 —-0.54 0.23 —-0.05 0.02 1.05 0.11
CH,OCgHs 0.3855 0.3683 -0.94 0.05 -0.03 0.02 0.85 0.40
N(CHs)» —0.0148 -0.0319 -0.44 0.10 -0.64 -0.26 0.62 0.06
C=CH 1.2057 1.1886 —-0.55 0.16 -0.16 0.16 2.13 0.35
C=N 1.8307 1.8135 —-0.46 0.60 0.00 0.10 3.64 0.56
CeHs 1.4194 1.4022 -0.81 0.10 -0.22 0.22 0.60 0.08
CH,=C(CHy) 0.8856 0.8684 — — — — 0.36 0.058

@ Datafor ¢ valuesobtainedfrom Ref. 9.

2-Chloroethy! N,N-dimethylcarbamate. Method A was
usedfor this carbamateep.p. 110°C at 13 Torr, yield
54%. Severaldistillations gave 97.0% purity by GLC,
(Penwalt223).*H NMR, 6 2.6 [s, 6H, (CH5).N], 3.5 (t,
2H, CI—CH,—C),4.1(t, 2H, OCH,). MS, m/z152(M ™),

116 [(CH3),NCOOCHCH3], 72 [(CH3)2NCO+] 58
(NCOOQ"), 49 (CH,CI), 44 [(CH3),N ™.

® CoHs

144 p*=-1.34 £ 0.30

r=0.9768, sd=0.0554

9 +
0 ® CH,=C(CHy)

2-Bromoethy! N,N-dimethylcarbamate. This compound
obtainedby Method B, was distilled severaltimes to
99.8% purity by GLC (Penwalt 223) (b.p. 150°C at
100Torr, yield 49.8%). *H NMR, 6§ 2.8 [(s, 6H,
(CH3)2N)], 3.5 (t, 2H, Br—CH,—C), 4.3 (t,
OCH,). MS, m/z 196 (M™), 152 (COOCHCH,Br™"),
116 [(CH3),NCOOCHCH3], 72 [(CH3),NCO'], 44
[(CH3)oN"].

=0.40£0.03
r=0.9907, sd=C.1028

£
> 0.7 +
g
S 0.5

0.3 4

0.1 ,,CH o p*=.0.12 20.02

on 2~ O(CH2)3CH36 r=0.9364, sd=0.0571

N(CH:),
03 CHy
Ci
05 OCH,
-0.7 t t t + + + t —
-0.50 0.00 0.50 1.00 1.50 2.00 250 3.00 3.50 4.00

Figure 1. Log ke against Taft
Copyright0 2001JohnWiley & Sons,Ltd.

* values for (CH3),NCOOCH,CH,Z at 360°C
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3-Phenyl-I-propyl N,N-dimethylcarbamate. This carba-
matewaspreparedoy MethodB (b.p.175°C at20Torr,
yield 71.3%).Severaldistillations gave 99.8%purity by
GLC (Penwalt223).'H NMR, § 1.9.(m, 2H, —CH,—),
2.7 (t, 2H, CH.CgHs), 2.9 s, 6H, (CH3),N], 4.1 (t, 2H,
OCH,), 7.1 (m, 5H, CgHs). MS, m/z 207 (M™"), 116
[(CH3),NCOOCHCH3], 102 [(CH3),NCOOCH;], 91
(CH,CgHZ), 77 (CeHs), 72 [(CH3),NCO'], 44
[(CH3)2N"].

3-Chloro-1-propyl N,N-dimethylcarbamate. This sub-
strate preparedaccordingto Method B (b.p. 161°C at
5Torr, yield 75%) was distilled severaltimes to 99%
purity by GLC (PorapakQ, 80-100mesh).'H NMR, §
2.0 (m, 2H, C—CH,—C), 2.8 s, 6H, (CHa),N], 3.6 (t,
2H, OCH,), 4.1 (t, 2H, C—CH,CI). MS, m/z165 (M ™),
130 [(CH3)2,NCOOCHCH,CH3], 121 (COOCHCH,
CH,CI™"), 102 [(CH3),NCOOCH;], 72 [(CH3),NCO"],
58 (COOCH,CH3), 49 (CH,CI™).

3-Phenoxy-Il-propyl  N,N-dimethylcarbamate. Using
Method B, this startingmaterial (b.p. 161°C at 5Torr,
yield 70%)wasdistilled severakimesto 98.9%purity by
GLC (PorapakQ, 80-100mesh)*H NMR, § 2.1(m, 2H,
C—CH,—C), 2.9[s, 6H, (CH3)2N], 4.0 (t, 2H, OCH,),
42 (t, 2H, OCH,). MS, m/z 224 (M"), 146
[(CH3),NCOOCHCH,CH,CH3]1, 130
[(CH3),NCOOCHCH,CH3], 107 (CH,OCeH=), 72
[(CH3).NCO"].

2-Phenylethyl N,N-dimethylcarbamate. This compound
was preparedby MethodB (b.p. 122°C at 5 Torr, yield
75%).Severaldistillationsgavea purity of 98%by GLC
(CarbopackC 80-100mesh).*H NMR, 6 2.8 [s, 6H,
(CHa)2N], 3.4 (t, 2H, CH,CgHs), 4.3 (t, 2H, OCH,), 6.6
[t, 2H, CeH3H(ortho): 6.7[d, 1H, CeHsH paral, 7.21t, 2H,
CeHaHomew): MS, m/z 194 (MF), 116
[(CH3),NCOOCHCH3], 102 [(CH3),NCOOCH], 88
[(CH3),NCOQ"], 72 [(CH3),NCO"], 44 [(CH3),N"].

2-Butoxyethyl N,N-dimethylcarbamate. This starting
material obtainedby Method B (b.p. 80°C at 25Torr,
yield 70%),wasdistilled severatimesto 98.0%purity by
GLC (PoparakQ 80—-100mesh).*H NMR, § 1.3 (t, 3H,
CHy), 1.4(m, 2H, OCH,—C), 1.5(m, 2H, C—CH,—C),
2.8 [s, 6H, (CH3),N], 3.4 (t, 2H, OCH,—), 3.5 (t, 2H,
CH,—C), 4.1(t, 2H, COOCH—C). MS, m/z190(M ™),
116 [(CH3),NCOOCH,CH3], 102 [(CH3),NCOOCH;],
88[(CH3),NCOOQ"], 72[(CH3),NCO"], 44 [(CH3),N"].

I-Dimethylaminoethyl ~ N,N-dimethylcarbamate. Di-
methylcarbamylichloride was addedto 2-dimethylami-
noethanolhydrochloride accordingto Method B (b.p.
106°C at 693Torr, yield 67%). Severaldistillation gave
98.4% purity by GLC (FFAP—ChromosorkV AW 80—
100 mesh). MS, m/z 160 (M"), 116

Copyright0 2001JohnWiley & Sons,Ltd.

[(CH2),NCOOCHCHZ], 102 [(CH3),NCOOCH;], 88
[(CH2),NCOO'], 72 [(CH2),NCO'], 44 [(CH=),N"].

3-Butyn-l-yl N,N-dimethylcarbamate. This carbamate
preparedy MethodB (b.p.109°C at31 Torr, yield 63%)

was distilled to 99.8% purity by GLC (FFAP—Chromo-
sorbW AW 80-100 mesh). MS, m/z 141 (M"), 97

(COOCHCH,C=CH"), 72 [(CH3),NCO'], 53

(CH,CH,C=CH"),44 [(CH3),N"].

2-Cyanoethyl N,N-dimethylcarbamate. The preparation
of thissubstratevascarriedoutby MethodB (b.p.133°C
at 13Torr). Severaldistillations gavea purity of 99.1%
by GLC (PorapakR, 80—-100mesh).MS, m/z142 (M ™),
88 [(CH3).NCOO'], 72 [(CH3),NCO'], 54
(CH,CH,C=N"), 44 [(CH3),N"].

3-Methyl-3-buten-1-yl N,N,dimethylcarbamate. This
carbamatevaspreparecby MethodB (b.p. 92-94°C at
14Torr, yield 51%). Severaldistillations gave 99.9%
purity by GLC (FFAP—Chromosorlv AW, 80-100
mesh). MS, m/z 157 (M), 88 [(CH3),NCOQO"], 72
[(CH3)2NCO+], 54 (CH2CH2C:N+), 40 (CH3C:CH+)

Analyses. The quantitativechromatographi@analyseof
the olefinic productswere performed using the same
column as used for their correspondingcarbamate
substratesThe identificationsof substratesndproducts
were performedby GLC Film thickness—MS(Saturn
2000, Varian).With a DB-5MS capillary column30 m x
0.250mmi.d, 0.25um

Kinetics. The pyrolysiskinetics were studiedin a static
reactionsystemas described"’*® with somemodifica-
tions and additionsof modernelectronicand electrical
devices.The temperaturevascontrolledby a resistance
thermometercontroller, Shinko DIC-PS 25RT, and an
Omega solid-state SSR240AC45, maintained with-
in + 0.2°C and measuredwith a calibrated platinum—
platinum—13%rhodium thermocouple No temperature
gradient was found along the reaction vessel. The
carbamate substrateswere injected with a syringe
through a silicone-rubber septum directly into the
reactionvessel.
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