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ABSTRACT

2,2‐ lDialkylisoindenes are generated by the therrnal extrusion of N2 0

frorrl bicycloazoxy compounds at 180° . Such isoindenes undergo facile l,5‐

alkyl shifts which allow the detennination of relative inigratory aptitudes of

a number of alkyl groups:  Me:Et:isoPr:cyclopropylcarbinyl:benzyl 〓

1:6.2:5.3:7.8:55.6. Isolation of dimethylisoindene allowed the deteHnina‐

tion of activation pararrleters for its IYlethyl‐ shift process: Log A=11。 0,Ea

=26。 l kca1/mole.The results are discussed in terms of a pericyclic mechan‐

isin with the nligrating group taking on a signiflcant degree of radical

character in the transition state.

E)ifferences lrl ■ligratory aptitudes of various unsaturated groups h

[1,5]_sigmatrOpic rearrangements have been examined by a number of

groups in recent years。 1~6 studying racemization rates of indenes(1),

Field, Jones and Kneen concluded that substituent effects were in the

order:

CHO>>COR>一 C≡ C― H～ CN～ H>>一 CH=CH2>C02R.5

H

CH3

鼻

CH3 Ｃ Ｈ
３

X=― CHO,-00R,-002R,一 CH=CH2,~C≡ C― R,ON,otc
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Sim」arly,Schiess and Funfschlling examined[1,5]‐ sigttlatropic shifts in the

5‐methyl‐cyclohexa‐ 1,3‐diene system(2)and fOund cHO>>H～ COCH3
>C02CH3・

CH3           
△

CH3

R=0020H3,CHO,COCH3

The fonner workers rationalized their results in terlns of a concerted lnigra‐

tion involving an interaction of the HOM10 of the diene system with the

LUM{O of ■e rrligrating group, a conclusion which was consistent with

their rnost recent results in whch it was shown that electron‐ poor vinyl

groups nligrate faster than electron‐ rich vinyl groups.6

1n other studies,MIner and Boyer detennined that phenyl underwent

l,50migration slower than H but faster than methyl in an indene system,7

whie Paquette and Cannody discovered a very facile l,5‐ shift of a l,3‐

butadienyl group.8

[1,5]SigmatrOpic shifts of akyl groups,on the other hand,have been

observed only under relatively harsh tennal conditions。  5,5‐Dimettylcyclo‐

pentadienes, such as 3,require activation energles of 4 1‐ 46 kca1/1nOle,9/11

tO mduce a l,5‐lnethyl shift to occur,and 5,5‐ diinethylcyclohexa‐ 1,3‐diene

(4)underWent a l,5‐ methyl shift only at temperatures above 300° .12 Both

of th

their rearrangelmlent inechanislns。 13  The Cyclopentadiene system was not

useful for a detelIIlination of relative inigratory ablities of alkyl groups,and
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no comparison of such rates had been ln4de prior to our initial report on

isoindene isomerセ ations h 1975。
14 we WOuld like to report at this the,

our further studies on the therJhal isomerizations of 2,2‐ dialkyl‐substituted

isoindenes which have led to the detenninations of nligratory aptitudes of a

series of alkyl groups in a[1,5]‐sigmatrOpic process.

Isomdenes are ideal species for use in the study of l,5‐ alkyl shifts

because of the low temperature required for such reaFragerrlentse rThe gain

h aromaticity resulting from the alkyl shift is a trernendous activation‐

energy‐lowering factor in this systern,and the complicating hydrogen‐ shift

CH3

鴫

process leading to isomeric indene 7 is slow relative

interest,narnely the conversion of 5 to 6.

We found that 5 could be generated conveniently

thennal extrusion of N2 0 frOrn azoxy compound 8 to

to the process of

and cleanly by the

180°。 Isoindene 5

され―ェ
8

一σ
5                        1

♭
C=C(H

002MO    C02MO
嚇

002Me
9

then,in situ,underwent l,5‐methyl migration to g市e6h80%yield.5
could also be lrltercepted biomelecularly by various dienophiles,such as

dimethyl lnaleate, to yield Diels‐ Alder adducts in a stereospeciflc inanner.

The intemediacy of 5 in this reaction was strongly implied by the above

results and was further conflHned when 5 was actua■ y isolated,characteriL‐
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ed cherrlically and spectroscopically,and shown to convert therinally to 6 at

900. 15 5 could be generated by the debrornination of dibronlide 10,using

ZuCuし couple or Li alYlalgarrl,18。r by the photocherrlical extrusion of N2 0

from 8 in an EPA matr破 at 77° K。 15,18 The pale yellow 5 was characteriz_

ed by uv,rlmr fluorescence,polarized excitation and enlission and in.cod.

詰
Br

spectro‐ scopy。
15, 18 1n addition,a detennination of the activation energy

for the l,5‐Inethyl shift conversion of 5 to 6 was made. The method used

led to relat市 ely large random error in the rate constants(～ 15%)but g00d

flrst order character was observed for the detenninations,and the Arrhenius

para「 leters should be considered accurate within± 2 kca1/mOle.

Log A〓 11。0± .7 Ea=26。 1± l kca1/mOle

According to our calculations using Benson'sG}roup Equivalent Tables,19

there is about a 20 kca1/mole difference in heats Of formation between 5

and 6。 This is in excellent agreement with McCullough's approxlrnation

from kinetic data.17 This being the case,and with reported activation para‐

meters of log A〓 13.7 and Ea=45.l kca1/mole for the l,5‐ methyl shift of

l,5,5‐ trimethyl‐ cyclopentadiene(3), one Can see that a substantial part of

the enthalpic gain incurred by 6 through aromatization is felt in the transi‐

tion state of the rearrangemento Since our log A has a relatively large error

associated with its ineasurement,it is useful to set log A for our reaction at

13.7 and calculate Ea fOr comparison purposes. This would give 5 an Ea Of

29。O kca1/mole cOmpared with the 45。 l kca1/mole Of 3,a difference of 16

or Li(Hg)
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kca1/mOle.In any event,a comparison of experimental△ Gキ 's,which are

insensit市 e to the balance oflog A and Ea'shows△ G+=29.2 kca1/mOle for

5 and△G+=43。 8 for 3 at 92。 4° C,a difference of 14.6 kca1/mOle.

Calculating the△ H〆 for 5,6 and for the hypothetical dissociated species

ll,19 assuming an indenyl radical stab二 ization energy of～ 20 kca1/mole,20

a1lows one to predict an Ea fOr dissociation of 41 kca1/mole.

(〕〔メ∬i ‖  L

:H3

13a― d

abユ ities of R versus lnethyl。

resulted fronl small quantities

わ

ｒｅ．

ａｒｅ

‐３

一

Jf°    41。 5                         82.4                        21.9

Azoxy compounds 12 α一ご were also syntheslzed and utilized

therrnally generate ■le respective isoindenes,13α 一ご. These in turn

arranged,in situ,to indenes 14 and 15,the relative amounts of which

―J

C =06H50H2~

a direct reflection of the relative migratory

Comphcations in the analyses of 10 and ll

of hydrogen‐ shift

conditions.

15

being fonned under the reaction

CH3

R

Frorrl careful analyses of the relative amounts of 14,15,16 and 17 in

each system it was possible to obtain values for the relative migratory

aptitudes of inethyl,ethyl,isopropyl,cyclopropylcarbinyl and benzyl,the

△
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values being l,6。 2,5.3,7.8 and 55.6,respectively.

A careful examination of the product m破 ture from 12a(R=Et)revealed

less than Oe2% of ie potential crossover product 6,which would have

resulted from the inteⅣention of a free‐ radical‐ chain process in the re‐

arrangelmento Further indication of the pericyclic nature of the reaction can

be derived from the mere 55.6‐ fold rate enhancement produced when

benzyl is the inigrating group. While such a rate ratio is certainly indicative

of stab■ ization of the transition state during benzyl nligration, the

magnitude of this enhancelment is not consistent with a fralttnentation pro‐

cess being involved,shce berlzyl‐ carbon bond‐ dissociation‐energies(BDE's)

are generaly about 16 kca1/m01e less than methyl‐ carbon BDE's.19 1ndeed

in a process where fralttnentation is known to occur,such as in the thennal

cleavage of 2‐ substituted‐ 2‐propylalkoxy radicals(18), benZyl radical

was showrl to fonn at a rate 900 tilnes that of methyl radical。 22

R―
|― o。

‐
一
型 二 ― 卜 R・ +

CH3
18

Moreover, this alkoxy radical cleavage process should have been much less

endothellllic than the hypothetical is9hdene cleavage,and thus the transi‐

tion state for the fomer process should be less radical‐ like than that for the

latter process.

Another indication that the nligrating group never attalrls fuu radical

character is that the cyclopropylcarbinyl group relmalns totally intact after

migration. No conversion to alylcarbinyl can be detected.23

The nligratory aptitudes observed in this study are consistent with the

transition state having radical character. As such the rates of inigration

shQllld depend on three factors:

(1)The absOlute BDE of each R bound to the isoindenyl system,

(2)The reSOnance stabiizing abユ ity of R,

(3)Ground state effects of R(i.e.back strain which would effect市 ely

reduce the apparent BDE。 )

It has been proposed that a significant part of the difference in BDE's of

〓

Ｈ
３
＼
ゝ
夕
／
Ｈ３
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Me<〕 ,Et‐C,isopropyl‐C and t‐ butyl‐C bonds may be attributed to the latter

factor,and that the inate BDE's of these alkyl‐ C bonds are very slm■ are24

1n all cases where radicals are fomed by dissociative or abstraction pro‐

cesses, such ground state effects can be invoked to effectively explain the

3°>2°>1°>CH3 0rder of react市 ity. Sim」 arly,in free radical addition

processes, the observed regioselectivity may also be rationalized on the

basis of steric effects。
24 ThuS ambiguity exists regarding the actual relative

stab」 ities of various slrnple alkyl radicals.

Our obseⅣ ation that isopropyl and ethyl groups have near identical

migratory aptitudes may eventua■y pro宙 de the insight necessary to probe

this question. First of all,the steric environments of R in product and start‐

hg material are relat市 ely unchanged.(1.ee R is bound to an sp3 carbOn in

both cases). ThiS is in contrast to dissociative and abstraction sources of

R・ where the product enters into a lnuch less sterically delmanding sp 2 state.

It may be that these relat市 ely migratory aptitudes are g市 ing a pretty

true reflection of the inate stabilities of various akyl radicals,tempered of

course by the fact that the pericyclic lnechanisin never really attains true

free radical character. In sllnilar processes involving pericyclic carbonium

ion rearrangerrlents, the nligratory aptitudes of Me,Et,isopropyl,t‐ butyl

and benzyl certainly reflect their relative carbonium lon stabilizing

abilities。
22,25

釧 31~0~0-U<>Ю 2型 型 ~CL_肛 _cL+Ю 釧 3+Ю 2X>° °2H

CH3

Me:Et:Isopropyl:t_Bu:Benzyl=1:45:2920:228.000:1600

At this polrlt,however,one rrlust be careful in placing too lnuch signiflc_

ance on small differences in the observed relative rateso A comparison of

isopropyl rnigration rate with that of ethyl requires the assumption that the

methyl lnigration rate in each case is identical. This is by no lneans certalrl,

since steric effects of the group “left behind" could give rise to varying

methyl lnigration rates. At the present tlme we are developing techniques

for accurate and reproducible measurement of the absolute rates of these

rearrangerrlents which should lead to l■ ore rrleaningful absolute,rather than
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relative,rate data. Soon we should be able to address with less ambiguity

the question of the relationship of the rnigratory aptitude of an alkyl group

h asi〔Inatropic process to its radical stab通 izing ability.

EXPERIMENTAL

Bo通ing polrlts and inelting polrlts were uncorrected,the latter taken on a

Thomas‐Hoover capillary melting point apparatus. Infrared spectral data

were obtained fronl either a Perkin‐ Eher inodel 137 or a Beckman inodel

IR‐ 10 spectrophotometer, and all absorption bands are listed in cm~1.

Nuclear magnetic resonance spectra were obtained frorrl a Varian model

A‐60A spectrometer, unless specified as the XL‐ 100 model, utilizing

TMS as an internal standardo Mass spectral data were deterrrlined using an

AEI‐MS 30 high‐ resolution mass spectrometer,which was connected to

a DS‐30 data system.Elemental analyses were performed by Atlantic

Microlab,Inc.(Atlanta,Georgia).

The glpc qualitative analyses were carried out on a Varian Aerograph

mode1 90‐P gas chromatograph,equipped with the columns listed in the

texte The glpc product ratio analyses were performed on a HewlettFackard

mode1 5710A gas chromatograph, with a flalrle lonization detectoro  A

Vidar Autolab 6300 digital integrator was used to detennine relative peak

areas.

Pyrolyses were done in a s■ icone oil bath,and a Hallikainen inodel 1053‐

A Therlnotrol temperature controller was used to maintain a constant

temperature.

Preparation of azoxy compounds 8 and 12 α一ごand ofl,3‐ dibromo‐2,2‐

dimethylindane,10,are described in the preceeding paper.

物 ρρttg o/2,2‐ DJ“θ′″加θ加ごθ
“

WJtt DJ“θ広″ ′
“
αルαた.

In a pyrex tube suitable for sealing were placed 41 mg(2。 2x10~4m01)

of azoxy compound(8)dissOIVed in 2.O ml of benzene.After adding 31 mg

(2。 2x10~4m01)Of dimethyl maleate,2 ml of berlzene were added in order
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to wash down the inner walls of the tube to lmake a O。 05M solno of each

reagente The tube was sealed under N2 and heated to 180° for 3 hr. The

solvent was then removed in vacuo and l rnl of CC14 WaS added to the

residue.Glpc analysis using a 1/4"x18',20%SE‐ 30 column,showed the

presence of l,2‐ dimethylindene and indicated the only IDiels‐Alder product

to be adduct(9)as demOnstrated by authentic synthesis.7.3 mg(12%)of

adduct(9)and 2。 2 mg of 192‐ demethylindene was obtainedo Nmr of 9

(CC14);δ O・ 68。 (s,3H),1。 18(s,3H),2.92-3.05(m,2H),3。 35(s,6H),3。 48-
3。60(m,2H),6.95-7。 14(m,4H).

動θ″
“
οクsθ s ρ/И Zοッ の

“
′ο
““
ごs12α―ご

Azoxy compounds 12 α一ご were therinolyzed in benzene solution in

sealed pyrex tubese Such tubes had been previously dried in an oven and

■ushed with N2 priOr to lrltroduction of the samples.  In a typical

themlolysis,100 mg(4。95x10~4m01)Of 12‐ α in 2 ml of benzene was
placed in a pyrex tube.Benzene(3 ml)waS used to wash down the inner

wams of the tube. The tube was then sealed,either at atinospheric pressure

under N2,Or after degassing under vacuum. A、 fter heating the tube in an oil

bath at 190°  for 4。 O hr.,approxlrnately 90%'of the azoxy compound will

have undergone decomposition. Such theH■ olyzed rrlixtures usually have

a clear,pale yellow appearance. In general quantities of azoxy compounds

used lrl theHnolyses varied from 44 mg to 215 mg and the concentration

from O.05M to O。 2M while the conditions varied from 187° (for 3.2 hr)to

200° (fOr 3。 2 hr).

Gαs(勤
“ “

α
=o『叩

力た ∠ καク sθS(プЙ θ И Z6明ソittθ′η θレ sθS hOttε ′

“

蹴 放 ″ s.

Analyses could be done directly on the benzene solutions,but more

conllnonly the solvent was evaporated and analyses done on neat inlxtures

or m破 tures with small quantities of benzene added(～ 25%sample V/V).

The fo■ owing columns were used in various plases of glpc work:

のル″″И.01/8"x8',3%FFAP on 60/80 Chromosorb P reg.

のル
“
″β∫ 1/8"x15',5%FFAP on 60/80 Chromosorb P rege

のル
“
″C 1/4"x10',5%FFAP on 60/80 Chromososrb P reg.

働ル
“
″D「  1/4"x10'92αるApiezon L on 60/80 acid washed Chromo‐
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sorb P.

のル″κ」「 1/4"x5',18%DC‐ 200 on 60/80 Chromosorb P reg.

In a typical analysis,a pyrolysis product m破 ture from l物 was evaporat‐

ed and then diluted with benzene to a 25%solution. Column C was heated

to 128° and had a■ ow rate of 20m1/min On a Varian Aerograph Model

90■ gc.

The chrolmotogralm showed 4 peaks with typical data as in Table I.

Peak

Table lo Typical Glpc Analytical Data for the Pyrolysis of 1 2‐ a

Retention         Rel.ratio        %of Total
Time(Min。 )      Of PCak Areas      Peak Area

34。0                 24.3              72.6%

40.8                3.6             10.7

49。 1                4.6             13.7

59.7                1.0             3.0

The four components were collected and purified using the sarrle column

and conditionso Strllcture determination(using NMR,IR and MS(exact

maSS))led tO identincation of component A as l¨ ethyl¨ 2‐methylindene(14

α); COmpOnent B as l‐ Inethyl‐ 2‐ethylindene(15α ); compOnent C as 2‐

methyl‐ 3‐ethylindene(1(勉 );and COmponent D as 2‐ ethyl‐ 3‐methylindene

(17α).

7物θ″刀留J Rattη
`″
r″θ
“
′qf f‐ Iレカノル2ゴИυ′″万力ごθ″θ rl牛αノわ 2ザИυ′ゎ′みヨ

‐

」′″ JJ″ごθ
“
θ r16αノ.

It was demonstrated that,in general,compounds 14 and 15 were con‐

verted thennaly,undOr the regular therinolysis conditions,to compounds

16 and 17 respectivelyo Typica■ y,a pyrex tube contalrling 14b in benzene

was heated at 200°  for 25 hro The usual work‐ up and analysis indicated

components A and C to be the only compounds in the product inlxture.

They had a ratio of l.0:9.O respectively.  Conection and identiflcation

indicated component C to be compound 16".

Ａ

Ｂ

Ｃ

Ｄ
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Talbe 2。  NMR Data for CompOunds 6,7,14,15,16,&17.

ゴ75

Compound

6

7

14a

15a

16a

17a

14-b

15‐b

16‐b

17‐b

14-c

16-c

14-d

15-d

16-d

17-d

Sdve籠  乱 :猟
t毬

)

CC14      6.86-7.42
(60MHz)   (m,4H)
CC14      6.79-7.34
(60MHz)   (m,4H)

CDC13     6.95-7.49
(60MHz)  (m,4H)

CC14      6.87-7.40
(60MHz)   (m,4H)

CDC13     6.92-7.59
(60MHz)   (m,4H)

CC14       6.83-7.67
(60MHz)   (m,4H)

CC14      6.78-7.47
(60MHz)  (m,4H)

CC14      6.87-7.37
(60MHz)   (m,4H)

CC14      6.77-7.49
(60MHz)   (m,4H)

陥 H⇒  躍 猛
47

CDC13     6.72-7.62
(60MHz)   (m,9H)

CDC13     6.84-7.67
(60MHz)  (m,9H)

CDC13     6.96-7.51
(100MHz)  (m,4H)

CDC13     7.0-7.51
(100 MHZ)  (m,4H)

CDC13     6.98-7.42
(100MHZ)  (m,4H)

晰静H⇒ 醍猛 46

Vinylic   Alkyl Protons(δ )

Protons(δ )      17a‐ d

6.34     1.26(d,3H),2.04
(br.s,lH) (s,3H),3.14(q,lH)

2.01(s,6H),3.15
(s,2H)

0.60(t,3H)
6.44(s,lH)1.60-2.27(m,5H),

3.27(t,lH)

6.25-6.47  0。97-1.42(m,6H),
(m,lH)   2.37(q,2H),3.19
(J=1.5cps) (q,lH)

1.16(t,3H),2.06

-     (s,3H),2.55(q,2H),
3.27(s,211)

1.16(t,3H),2.03

-     (s,3H),2.49(q,2H),
3.24(s,2H)

0.59(d,3H),1.15

a40も,lD壮,瑠∫,七瞥
263

(br.s,lH)

誡3活47 11ii昔1習 l'3:∬
1.34(d,6H),2.08

-     (s,3H),2.84-3.41
(m,3H)
1.16(d,6H),(J=7cps),

-    2.04(t,3H),(J=2 cps),
2.72-3.49(m,3H)

響活57鶴独lダ准:L297
2.17(s,3H),3,42~     (s,2H),3.96(s,2H)

0.10-0.80(m,5H),

6。45(s,lH):も
:マよ・:i∫1'.ζダ)'
(t,lH,J=6 cps)

0.12-0.66(m,4H),
0.76-1。 14(m,lH),

6.58(s,lH)1.25(d,3H,J=8.Ocps),
2.30(d,2H,J=7.Ocps),
3.35(q,lH,J=8.Ocps)

0.08-0.55(m,4H),
0.78-1.16(m,lH),

-    2.04(s,3H),2.51
(d,2H,J=7.Ocps),
3.26(s,2H)

0.14-0。 62(m,4H),
0.70-1.00(m,lH),

-    2.04(s,3H),2.34
(d,2H,J=7.OcPs),
3.40(s,2H)
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Table 3。  Exact Mass Data on Thermolysis Products

Compound

14‐a

15‐a

16‐a

17‐a

14‐b

15‐b

16¨b

17‐b

14‐c

Exact Mass
(mean Of 7 scans)

158。 10877

158.10933

158.10983

158。 10926

172.12558

172.12511

172.12564

172。 12509

220.12491

Std.
Dev.

0。00124

0。 00140

0.00200

0。 00056

0。00096

0。00073

0。00080

0。00131

0。00051

cttnTettiO。

A     120°

B     120°

B      120°

A     120°

A     120°

B      120°

A    170°

A    170°

A    160°

・ 寵 譜
たd  Devね tbn

158.10950    -0。 00073

158。 10950    -0。 00017

158。 10950     +0.00033

158.10950     -0。 00024

172.12510     +O.00048

172.12510     +0。 00001

172.12510     +0.00054

172.12510     -0。 00001

220.12510     -0。 00019

Relative Ratio  Std.
R/Me   De宙 ation

Dθた脇 加αttO″ げ Rθ″′li7θ 物 的ッ Иρ′J放ル s力 ″ ∠Jたノ Sたψ「 加

IsOttαθ″θs 13 α一ご

Quantitative glpc analyses of product m破 tures were run on the HP

Mode1 5710A gc lrl coordination with a Vidar Autolab 6300 digital inte‐

grator.Repetit市 e ittectiOns were utiized to obtain an accurate measure of

the peak ratios. Areas of components A&3 C were combined as were those

of B attD to detelttnine the migratory aptitudeso Table IV deta通 s the results.

Run Azoxy
Noo Used

l   12a
2   12a

3   12a
4  12b
5  12b
6  12b
7   12c

8  12c
9  12d

Table 4。

硼 畏毬
190°

190°

200°

185°

194°

190°

175°

190°

180°

Therl■ olysis

Time(hr)

4.0

4.0

3.2

4。 0

4.5

3.25

3.2

2。 8

3。 0

Relative Migratory Aptitudes of R vs Methyl

6.41

5。 92

6。 24

5。 34

5.26

5.20

51.36

59.61

7。 85

0。 04

0.03

0。06

0。 04

0.02

0.08

0.86

3。 83

0。 08

κttθたs(√″θR“
“
″
“
rttθ
“
rOr2,2-DJttethッ JJsο li4ごθ″θ r5′

A dlute solution of 2,2‐ dimethylisoindene(5)in pentane was prepared
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on a vacuum line as described elsewhere18 and Was transferred in vacuo to

aU_frame cuvette UV cell which was sealed in vacuo. Such sarrlple tubes

were heated for periods oftime in a tlermoStated o通 bath,removed,cooled,

absorbance detennined, returned to the oil bath and the cycle repeated

again and again.(One such tube was used per run. Absorbances were deter‐

rrlined using a Zeiss PMO II Spectrophotometero Temperature was measured

using a Chromel‐Alumel theH■ ocouple coupled with a Tinsley Mode1 3387E

Potentiometer.  Thermocouple readings were calibrated agaibLSt Standard

calibrated thermometers(Br00klyn Thermometer Co。).Table v g市 es the

accumulated rate data which was utilized in detennination of the Arrhenius

activation parittneters. Rates and Activation Parittneters were deterinined

fronl the data using a least squares inethod. The only product of the re‐

arrangerrlent was demonstrated to be 2,3‐ dimethylindene.

Table 5。  Rates of Rearrangelment of 2,2¨Dil■ethylisoindene(5)to

2,3-dilnethylindene in pentane

Run No.

1

2

3

4

5

6

7

8

9

10

Temp.(° C)

105.0

105。 0

99.1

99。 1

92。0

92。 0

92.0

86.0

86.0

74。0

k x 105

8.33

7.55

4。63

4。95

3.51

3。62

3.42

1.84

1.26

0。 623

Correlation
Coefficient

O。9999

0。9990

0。9975

0。9998

0。994

0。9991

0。 9930

0。 9991

0。9997

0。 998

H00 ca1/molLog A=11.00± 0.65            EA=26100±

Correlation Coefficient=0.997

△Hキ =25,300 ca1/mol at 365,6° K
△Sキ =-10.6
△G==29,200 ca1/mol
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