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A

- cﬁAPTﬁR~I
INTRDDUCTION'v

| Tﬁg.fate of SNl solvolyéis 6flcY§l§§entyi.tosylateisvfeduééd:by
_abbutflS%.atféOb Qhenﬁan o hydrdgen;is_replaced‘ﬁy én dﬁ deﬁ#eriuml;’
Thiskq. seEondary deuterium-isétbpe effect waé-mainly»aftribufedltO'a
lgrge degreésg}in:one of-the,cérbonfﬁyﬁrogen'bending.freqﬁencieé in
,?éséingff;om ;h¢ feadtant to;theitngSition\stéteq_ Ihe:sp3;rea§tant;
*iéarﬁgnéﬁ?&foéen'bénd‘f?eqﬁenciés afé¥ca:’gSQQicmfl (§tr¢t6hiﬁg mbtiog)
and 1340‘cm;; (an-apprqximétely‘ddubiy degenerate bending motiop),vfln
'thé:tfaﬁsitiaﬁ'étafe'£he.hy5%iaizé£ioﬁibf'the‘d carbon ié interme&iéte' ,
béfween é?; ahdhépz. Thé‘gldéﬁydic.hydrogen,of‘acetaldéhyde wésaghOSeﬁ
 aé‘a;m6del fpr thé cgrbqn—hjdrogén Bond infthe,transition:statele This
‘bond hésfa stfetching fréquencylof'2800 cﬁfl; an iﬁ—piane bending}fre-f
~queney of;134Qidmfl‘and'ap’oqtéoffpiane bending frequency ofv800 cﬁ;;;
vThebmagnitude'of‘ﬁhéfiédtbée éffeét'for’completgZghahge from‘te;réhedrél'
’.”ﬁo"trigoﬁal'cqordinaﬁiaﬁ”ié cal¢ﬁ1ated to be ca. lf38»usipg Eq,;ll, which
is-aﬁ épbroxiﬁate‘fbrmbof'thé Biéeléisén;equationz»iﬁ.whichiJ’ |

\)H,i/\)D,i —\)H’i/vD’i _ 1-350 ‘

P
*

n

kylk i

ukp ﬂiiexp,[(0,187/$?‘vH’i -y

The lower»dbserved~value of the isotope effect probably rgéulta.from*in%’
| complete rupture of the bond between the o carbon and the.leaving



'groupfln the transltlon state._ Consequently, the maxlmumvdecreaselln

'«fthe frequency of the out—of—plane bendlng mode is not reaIized ' A‘def
7acrease'of ca. 300 cm’ l~Would be conslstent Wlth'the»observed»lsotope'a'
effectn, The decrease in the carbon—hydrogen leaving group bendlno force'
-constants'has been shown‘tovaccountffor thevfrequency;decreaseg.b;Exact
:»’calculationscsugéestvthat}theidifference in,the'loss1ofgaero.point.lb |
energies‘betueenfthe protio{and;deutero compounds‘uponvpaSSing,fron’the

O reactant-to‘the transition state‘is>the principal-causeiof the oz'effect3

- ;ThlS has been conflrmed by the observed temperature dependence of the o =

effect 1n the thlocyanate—catalyzed 1somerlzatlon of malelc ac1d4 and
Iithe formatlon of methyl radlcals from the thermal decompos1ton of- tgrtf .
:cumyl hypochlorltest | | |

There has been rnterestbfor some t1me in the mechanlsm of thermal
'“vdecomposltlon of azo compounds of the general formula leN N—Rze,n
'bf'Cohen and Wang6 and Overberger'and-bféfulio7 have'discussed inbdetailb
‘the questlon of whethervcarbon-nltrogen scIssron 1s s1nultaneous or

e stepwlse"qu.Z and 3 and 4 respectlvelyo,

l_—N=N-R2:—> Ry + Ry ~+N2 o (2)
Cor Rl—N-N-R il—‘l}R =N 4Ry (3)
R-N=N -—as——t-’a'R : Ny o W

The actlvatlon energles, Ea, ‘and the rates of decomposltnon of a201sopro~
pane (I), l—(1sopropylazo) l—phenylethane (II) and 1 l'-dlphenylazoethane

(III) are llsted in Table I The data in Table I shows
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CIla x =D, y=H IIla x =

D

ITh x'=-H, 'y,
thatan_is'decreased.about 4'kcal/mole,for'each phenyl_group'substftntedv
.for.methYl_in thie.series and that the ratio of‘the’rates?for_comoounds?
"II'and III is greater than'the etatietical factor of‘two° Consequently,a
it was argued that both carbon—nltrogen bonds of III break s1multaneously

e The rate 1ncrease is due to a1d from the phenyl groups 1n the de-‘.é

localization of the 1ncipient odd.electron in thevtran81t10n~state5

TABLE I

* RATE CONSTANTS AND ACTIVATION PARAMETERS FOR COMPOUNDS I, II AND IIT

4 ;léfc

T e e T e T
© Compound = . - ,Ea(kcal/mole)a~ o kx 10 % sec AS%”(eu°)>v

I 409 (519" - o000l - . 1
11 | v:.:- ‘, 36,5 . . . ‘”._,.13’2:‘ - - ‘ , ) - 9!3“;

'l a- Values from Ref o7 except as otherw1se noted -

b= See Ref 19

le= @ 120 '

>i'Thé "SimultaneOus mechanlsm was conflrmed by comparlson of the pyroly—’"
7_51s rate of III w1th IIIa8,- In unlmolecular reactlons proceedlng v1a a

cla331cal" trans1t10n state, a normal 1sotope effect 1s l 12 - 1. 15 for .



' “in Table II

7O each a—DB,- Consequently, 1f III undergoes simultaneous rupture of both

Ik

”?:_carbon—n1trogen bonds an o effect (k: E of ca., 1. 27(1 l2 - l 15)~

III IIIa
-i_fwould be pred1cted Ifjthe mechanism-of decompositionfwereAstepwisevan‘
:”_llsotope effect of l 12 would be expectedg.; The observed"valuefof_lf27¢f
conflrms the s1multaneous mechan1smk .

The magnltude of the a effect is. affected by the degree of bond
arupture 1n the trans1t1on state for pyroly31s of unsymmetrlcal azo con-7I

';pounds,» Deuter1um 1sotope effects 1n ‘the decompos1t10n of II (IIa and

beIb) and 1- (methylazo)~l—pheny1ethane IV (IVa and_IVb)'are presented.
10 P | ‘

R

IVa‘ x=D,y=H
IVb x=H,y=D
TABLE II

PRIMARY AND SECONDARY ISOTOPE EFFECTS AND ACTIVATION PARAMETERS
FOR COMPOUNDS I, IIa, IIb III IIIa, Iv, IVa AND Vb

'Coﬁpoundtf :- k& /kv" (eu.)

LN ",1;14/1'<‘15 _Ea(kcal/mole) = a8’
IIT/ffIa o 1.27 - 1.0229 . 32.6 - 1
CIT/tta o 1i15s 10152 36,5 T 19.3
L II/ITb 0 L0& e e —
CIv/Iva. . . 1,15 0 1.0132° 0 eee— ekl
W/ 0,97 SRR S e T

S a) Refers only to unlabelled compound b) Average(benzyllc and 1sopropyl)’
o c) Ref, 10. ) o S ﬁ



”\'The isotope effects II/IIa, l 15 and II/IIb l 04, 1ndicate that in the

f?ttransition state both carbon-nitrogen bonds break simultaneously but

’l\that the o —phenylethyl carbon-nitrogen bond is stretched con51derably
e more than the isopropyl carbon—nitrogen bond.‘ The o effects, IV/IVa, -
Uivl 15 and IV/IVb 0 97, show that IV decomposes in two discrete stepsave
f,nConsistent with the fact that the methyl radical is 25 kcal/mole less

11

,’stable than the = phenylethyl radical , the slow step is rupture of
v:the benzylic carbon—nitrogen bond in IV.followed by scission of the |
methyl carbon in a fast second step.blThe inverse deuterium isotope ef-:
',itfect observed for the decompos1tion of IVb together with the very small -

‘methyl-lac isotope effect of 1. 0068 10

in the decomposition of IV sug—
'igests‘that the methylazo carbon—nitrogen<bond tightens a‘small amount
during the stretching of the benzylic carbon—nitrogen bondlo 'Rational—
’ ization for the behavior of II can be fOund in the relative stabilities
_r;"of the inc1plent radicals,_the 1sopropyl radical being more stable than‘ds
\¥fithe methyl radical but less stable than the s phenylethyl radical
F,.Primary nitrogen 1sotope effects were obtained for the decomp081tion of
V=II III and w (Table II) It was poss1ble to obtain a set of consistent
3transition state force constants to account for both the a effects and |
‘ the primary nitrogen tSOtope effectslO
The magnitude of the (x isotope effect reasonably reflects the
"'fextent of deorease 1n the o carbon—hydrogen bending force constants.
dand, hence, the extent ‘to which bond breaking has occurred 1n the tran-
’"“sition state,, The sooner the transition state of a. reaction occurs
‘along the reaqtion coordinate the more reactant—like" 1t appearsl?;fdg

'Since the degree of bond rupture will be small, the decrease in’ the -

carbon—hydrogen force‘constants will bevsmall and, hence, a small 1sotope



effect is expected. Conversely, the further along the reaction coordin-
ate the transitioo state occurs, the greatér the degroe of bond breakége
and the less "reactant-like" the transition state. This tesults in a
larger decrease in the force constants and one therefore oxpeots a larger
isotope effect. The.magnitude of the isotope effect therefore pro;ioesv
a means of measuriné the progfession of the tronsition state alongttﬁo‘
reaction coordinate. |

The o isotope éffects in the decomposition of meso- and d,1-1,1%,2,
2'—tetrapheny1azoethane, V, are 1.224 and 1.202 respectivelleQ These
values for the isotope effect correspond to a 5 and 77 reduction_invthe
o effect of V as compared to III. Three possible interpretations for
the observed results were considered: a) subétitution of phenyl foty
hydrogen markedly»affects tho force constants of the a benzylic hydro;v
gens, B) otério_interforence is prosent between the ends of V, and c)
the B-phenyl group pérticipates in the‘rupture of the a carbon-nitrogen »
bond. It hasvbeen>shown that substitutionkdoes not alter force oooétant
values in»alkaneslé and since the rates of decomposition of III ano V
are very simiiar, steric accelerationvdi&.not appear to be entiroly_te—
sponsible for thé largo-decrease in the isotooe effect. Consideratioow
of all the data suggésted neighboring group participation to be_thé
better expianation.' The isotope effect may, therefore; be a more sensi-
tive means'of detecting neighboring group potticipation'in oompounos‘
which are structurally related thao'compafison of rate coostantsa.

The question now arises asvto’whether for a given reaction;thela
effect responds to movement of the transition state alongfthegreaction
coordinate resulting from changes in Substitution.i A related question

is whether substituents move the transition state along the reaction



'“coordinate;i If the formeriis valid, a correlation may exist between the =

”ﬂmagnitude of the isotope effect and the 1nductive, resonance,lsterlc and
3 jvneighboring group effect of’ the substituents. We have examined»a systemd

' in which only steric and 1nductive and/or resonance effects were opera—'

15- 17 that the rates of a—alkyl—substituted azo‘”‘v

':tive. It has been shown
t_nitriles, l l'w(é 4'—disubstituted) diarylazoethanes and 1 l'—(3 3'

4, 4'-disubstituted)-azocumenes are. influenced by sterie, resonance and
inductive factors. |

o In order to study ‘the. 1nductive effects of substituents on the

‘ 1sotope effect we studied a series of 1, l -(3 3' and 4 4'-disubst1tuted)~
bdiphenylazoethanes.- l,l’—Diphenylazopentane and 3,3'fdlmethyl—1,1'—d1-'
phenyiazohutane_were"chosen:for studyiof:thessterié influence on'the'a



‘CHAPTER 11
RESULTS AND. DISCUSSION
Kinetics

'The‘kinetics.of the thermal'deCOmposition of the prdtiumécontaining-

e 'compounds in th1s study, except1ng for 1, l'—b1s(3—methy1phenyl)azo—

’ethane and 1 1'—diphenylazopentane,have already been determ1ned by
bv~measuring the rate of nltrogen evolutlonlsa’ In thls study the decreasenal

in the opt1cal dens1ty ‘due to the azo chromopnore at A ag_wasvmeaqgﬁe@:

" as a function of time A plot of 1og 0 D° vs. time was made and the

‘rate constant estlmated from the slope of the stralght portlon of the

B plot. The data were programmed and solyed for the best fit to the

following equatron using thevmethodvof

nonlinearlleast squares by anJI,B.M;i360/50'ébmpﬁtéfsi Thedvalueanﬁhé,cr
B and,klmere estlmated.from the:plotaof-loqu.Do‘vséitimé;' No residual
vabsorétlons merehobserved at the end‘of each kineticnrun'indicating'that(\
va) complete decomp031t10n had occurred and b) the products of decompos1~

't1on d1d not absorb in the area of A éx}

‘”Like COhen-andcomorkers15 (Table III), We observed an 1ncrease in

'~the rates of decomp031t1on When the parent compound 1 l'—diphenylazo—

= ethane, was substltuted w1th electron—donat1ng groups in the meta and



S —

- pa:q positioﬂbffliabie'lv liéts_the rate cantan;S-and éctivation p@fae

- meters obtained. The isotope effect was obtained by measuring the rates

b

"RATE‘CQNSTANTS AND ACTIVATION PARAMETERS OBTAINED BY COHEN

cod

~ TABLE . III

15

I

' ~[x5-q6ngfCHv'N§]2  ,

oy

“p-H (CH

25

~p-CH
L -

‘CHCHé? s

3

o kx10% i
- t=100.4° t=110,3"

T

bk Ea =

(kcal/mole)

327
141

L35

456

1,110
1.452

1.488

32,6

T

+ .

2.8

- 32,9 % 1.8

 33.3%1.0

llo‘

o+

35.8°

TABLE IV

RATE CONSTANTS AND ACTIVATION PARAMETERS OBTAINED
'FOR PROTIATED SPECIES IN PRESENT STUDY. -

-
S

U R A
.f.ch—N=32_ Temp.,. C

)

~Teraw
_ k le0f3 minf1 (kcal/mole)

.o

88
(e.u.)

Cp-H . CH,

SRR T My

L R

E?CH3. .: ;Fﬂg

112,91

B

403

I+ -

;03 

.03

TP

1,280
1.465

1.287 %

B £ 5

1+

32.60

2012 o
32187

.040

,013

32.43?

32.69"

a
b .

6.615°
= 7 a334
7.6289%
R
4.877°

6.906°
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. TABLE IV (Continued)

, ,_‘tEifE"“” AE . Average = YVE”Ea_‘_""EAé#'
'[x—fCGHAf;CHA-Né]éx " Temp.y °c k:x.ldqg minf'1 »(keal/mole) (e.u,)

'?EEFCH ‘E:°'EHCH ':_.'v‘93.43

o +003

+

.03 1336

RS

35,762 . 15.7785°
36.88°  '18,360F

003 32.24°  s5.463°

-
i+
C o TR |

=4_250cné*f'-:'CH5';_ 112,91 £..03 1,756 + .018

=
=+

p-H  ﬁfCH3CH CH,CH, 113,21 % .08 1,153

2 2 2

i

1,03 ,1135

LW

[

p-H f (cn ) cncn2 113,32 # ,03 2.070 + .030  33.3 B 9,327°

W

A)_ Calculated using data_from;Téble:III;
b) Calculated using data from'Iable’IV and V.

of . decomposition of the protium— and deuterium-containing azo compounds 1

'slmultaneously. The results are presented in Table V..

TABLE v

TE CONSTANTS - FOR PROTIUM~ AND - DEUTERIUM—CONTAINING
"COMPOUNDS AND OBSERVED ISOTOPE EFFECTS :

o, T Average.

[x—,c H«—-?—7N=]2 Temp.,écl k'x~l013 min .

’Reletivef “Obsefved
6 4 Rates . I/l

i+

pH . H . 105.35 5,447 £ .06 - 1,00

CpH . D 105.35 4,713

S

04 1,155 £ .005

i

CpCH, H. . 10513 6,146 £ .004 1,13

e

D .. 105.13  5.577 £ .033 . 1.095 % ,0097 -



o1

" TABLE V (Continued) '

CH, ~ Average Relative ~ Observed

',’[x—fqﬁde—?f—hr]z'.vTempI? C :k x_lO%‘~m1n » Rates_k%-ib kH/kD_}’
... R ' - L
,‘E;cn5p~n CH 0 105.35 5.442 £.,010  1.00
meCH, D 105.35 4,937 £.014 1,102 % .,009
o p0CH, B 105,13 7.372 #.014 1.35
. p-OCH, D 105.13 ~ 6.2248 £ .087 - . 1,184 t .016

It is- clear from the data presented in Tables III IV and V that
' -the presence of para—methoxyl and para—methyl groups increases the rate";
'.of decompos1tione, Table V shows the rate increase to be: 35/ and 13/ at A
:105'35 and 105 13 s respectively, whlle the presence of a meta-methyl
1;'group produces a negligible effect on the rate., The effects of these
" groups on the rate of reaction are probably due to their electron-t |
'freleasing properties, which may stabilize the inciplent radical.“ The
v:suggestion that electron release 1s operative in the case of para-
’methoxyl is tantamount to invoking P orbital expan51on on’ oxvgen, i.e.,
'that;oxygenfcan_accommodate‘the 1ncip1ent ‘odd electron in_one;of 1tsant15]fj
bonding'orbita1523gv'The 337-increase-in'the reactionbrate‘caused by.
:substitution of a pair of . o methyl groups bv a pa1r of 1sobutyl gr@wps.
iéfis probably sterlc in origlnl (Table III), but the reason for the l@é
-reduction 1n reactlon rate observed by substltution of n-butyl groups Ee
?_S'(Table IV) for a pair.of <] methyl groups 1s not clear.' Interestlngly,v
:a 56/ évand a’ 237 18 decrease in reactlon rate was observed When a pa1r

pf,tinethyl~groups were.substituted‘by.a pair of ethylﬁandjgfpropylh



12

Fgroups respectively,vthus, as expected the sterlc factorsl,'r’-»-l-7 become

:1ncrea31ngly important as the <1n—alkyl chain length is. increased

Calculations based on Cohen s rate measurements (Table III) were fE“
; dmade using’the temperatures'at‘which our rate datadwas_determined, inv
_‘:order to obtain thebvalue ofdtheﬁrate constants'Cohen would»predictaat
our temperatures,vTables v and V are compared 1n Table VI *'It’isfseen,
| that excepting for 1,1' —bis(4-methoxyphenyl)azoethane generally good

agreement is obtained

TABLE VI

' COMPARISON OF PREDICTED RATE CONSTANTS WITH VALUES OBTAINED

'CH3 h Calculated Experlmental

TR | . | - S I S
[x-——C6H4 CH N—] k x lO’?_min_; k x lO 3 in . ITemp.,OC -% Diff.

2’

x=

o 5,406 . 5.447 £.016  105.28 . 0.8

e

T

COpOCH; 7908 o 7.372.# .04 - 10515 7.3

e

CpecE, . 671 . 6.146 % .004  105.20 - 0.4

i+

=+

p-ocH, . 204 1,756 % .018 112,91 15.3

=+ .

" p~CH 1486 1.466 + .040 112,91 1.3

012 112,91 1,95

a)" Value obta1ned by Seltzer, Ref 8
v'.b) @ lOS 34

": In the decomp081t10n of l l'—bls(4—methoxyphenyl)azoethane an 1n—-:'
duction period of about 40~ 50 mino was.observed¢ Plots on. semiloga—-:

K-rlthmlc graph.paper“of the,ODt - 0D, as-a function ofltlme=show_a_“v,x,"



dl3.
_ _pronounced curvature up to 50 min. after whlch a‘stralght.llnedls ob—'

| talned;v Th1s 1nductlon period has been attrlbuted to gas shrlnkage.
'hfcaused by reactlon of the radlcals w1th traces of oxygenls, Our method
ljof follow1ng the decrease in: the optlcal den31ty of the azo chromophore
-in.degassed,jsealed_u.v, cells excludes‘any,such,effectfoffgasjshrinkage.
bFurthermore;vthisfshort induction;périod was observedfinﬂmany'of'the
‘.reactlons]f5 whlle‘we observed 1t only 1n the case of 1 l'—bls(4—meth—’m

‘oxyphenyl)azoethane, Measurements of thermally 1nduced decomposltlons

.’regardless of'method’are,alWays‘erratic for»the first partfof‘the reacv
r:tlon ow1ng to‘the neces31ty thatAthe reactlon mlxture attaln thermal
'%equmlmbr;um., Con51stent data was‘obtalnedﬁfor the flrst 20-25 mrna in
“eachcoﬁltheéreactions'studied'exceptingﬁfor-thatgofcl,lu4bis(4-meth;;'
l‘oxirphe_nyl)beva,’lzjoet.hane,',‘Tz\ﬂ'i.;ille the'reason,for this'behauioriis_not_obuiOus
~it may ‘account for: the 1arge dev1at1on encountered tn the!comparlsonxof
tnvouriexperimentally_determined rate.constants at 105015‘ and 112 91 to .d

-the values’extrapolated-fromeohenbsfdata;‘urfi‘

 Since thefenergies ofﬂactivation £0r’each;of“the compoundsistudied-
are within 2 kcal/mole of each other, no,Variation'in'the.mechanism'of

~decomposition is indicated. "

H‘fil’1’;DiPHGHYlazomethane_

#_l‘i ;Dlphenylazomethane.was exceedlngly dlfflcult to purlfy and
L could only be obtalned 1n pure. form by subllmatlon@f The compound Was.
_.found to. be qulte unstable at room, temperature,‘crystals placed on.a
watch glass turned to-an oil in 1ess than 1 hour. Eventat“O the’com—
’;»poundldecomposedjrelatively_rapidly and‘was uisibly-conteminated;with;

yellow material?within_36 hours,d7The decompOSition prOHQCt had" the odor
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of benzaldehyde, suggesting that the decomposition of l l'—dlphenylazo—
l-‘methane proceeds via air oxidation. Further work on thls compound ‘was

.thereforeﬁdisoontlnued.)

o 1,-1-7"%5-@?ﬁeﬁ?'1';—'2 2! -idipheﬁoxxézosf—hané,f"-‘~ L

vThe thermal decompos1t10n‘of l l'—diphenyl—Z 2'-d1phenoxyazoethane L
(VI) at 120 produced a whlte SOlld and a yellow 0il; : The mass spectrumyxi
lfs of thevsolld showed an lon at‘m/e = 394, correspondlng to- the molecular ‘

"welght of 1, l'—diphenyl-Z 2'~d1phenoxyethane (VII), whlch results from ‘
;tha dimerization of the radicals formed on’ decompositlon of the -azo com- .;,

o pound.

S

. Other magor peaks in the spectrum were ‘at m/e = 301, m/e 197, m/e
104, m/e 107 and m/e = 91 and are attributed to the postulated frag—

~ mentations presented in Scheme I,

SCHEME T.

POSTULATED MASS SPECTRUM FRAGMENTATION
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and!>

n/e = 91

:xlhe-complex maSS'spectrum ofbthe.oil'indlcateSVit to’be a’mixture

‘of several compounds, probably formed via a rearrangement rather than.

dimerization, and no further attempt at identification was made._ The-
.bpossibility exists that the rearrangements wh1ch produced the yellow oil
:"?ruptured the o carbon—hydrogen bond and hence, produced a prlmary 1so—
"p>tope effect.; Slnce 1t would be 1mp0551ble to. separate the total iso~

gtope effect into the prlmary and secondary effects w1th any degree of

accuracy further,work on;thls COmpound-was discontinued.

- Thermocouple. 9alibrati°h's .

- It was observed that ‘a plot of the voltage (EMF) of the NBS-call—
'brated thermocouple vs. EMF of the measurlng thermocouple d1d not
7.follow a linear relationshlp over the temperature range of 80 - 125

;However, a linear relatlonshlp was. followed over two " smaller and over— f*-

"'lapping temperature ranges, 80 - llO and 99 - 125,, The EMF's for

each of these narrower temperature ranges Were plotted separately° gA

o lxnear least squares fit for each plot showed dev1at10ns from the slope'
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to be Wlthln the experimental error associated with reading the poten-'

tiometer, i e., 1 u volt.; The EMF s corresponding to the temperature at

o which the isotope effect runs were made were corrected us1ng each of

ithevplots covering the smaller'temperature'ranges;n The differenceiin
:‘the EMF's corrected by the lower temperature plot (80 —-ildojfand the
v higher’temperature,plot‘(99 - 125 ) was w1th1n the temperature fluctua—‘
btions of the bath, i.e,, 0.03° | ; |

The isotope effects presented (Table V) are observed 1sotope‘ef—
'fects only, and as such, have not. been corrected for 100% deuterlum in
‘”the o position.v Owing to diffiCulties experlenced over the past several
»months w1th instrumentation, it has not been possible to determine the
N percentage of o deuterium present in the compounds syntheS1zed Until
such time as the amount of - deuterium can be ascertained, no corrected
7cfisotope effects can be calqulated and hence no conclu91ons can be

drawn,



CHAPTER III
EXPERIMENTAL
Preparation of Adetophenone Azine

. Sixty grams (O 5 mole) of acetOphenone and 8.4g of hydrazine (95%)
dlssolved in- lOO ml., of absolute ethanol contalnlng 10 drops of glac1al
acetic acid. were refluxed for several hours. The reaction mlxture was.
allowed to cool and the erude product collected on a Buchner funnel.

The azine was trituratea three times with saturated sodium bicarbonate
soiution:and three times with disﬁilied{water to remove any traces of
f,a01d.v RepeatedvrecrystalliZations*from‘werm‘ethanel followed by dryingv
in a vacuum deslccator yielded 49 5g (82.52) of rhe azine: m.p. 120.5 -

121.5° (1it. 124°)%,

Preparation of l,l'éDiphenylazoethanef

'Five pereent_palladiqm on chareoal,IZ.Sg; suepéﬁded in 225 ml. of
benzene was,equilibrated_With hydrogen.gas;'andAlZg.‘of added ecétoﬁhen—
one azine was reduced at rqoﬁ-temﬁerature‘end atmospheric‘preSSure.‘
Seven to eight'ﬁours ﬁere required’for rhe uptake of 2 moles of‘hydro~
gen gas. - The reaction mixture was:filtered through a fine érade.sintered
‘glass funnel under reduced pressﬁre. .The resulting colorless selutionv
wae transferred to_aWSOO-ml{ florence flaek and oxidized,vﬁith~continu—'
ous Stirring,]by eddition ofvyelieﬁ;mereﬁrie oxide in'lO;g portions'entil

‘no change in the added mercuric oxide was observed. The suspension was

17



hgflltered through several layers of #l filter paper and the'benzene evap-?tuJ

forated under reduced pressure.‘ The crude azo compound was purified by 1 ﬂ:.

'repeated recrystalllzations from methanol m. p. 71, 5 - 72 5 (l;t;‘72:— :

E 73° ) ,yleld 2. 5g (20 8/), s(benzene) 45 76 x ~ 359 .

. Preparation of_l,l_'—Diphe_nylaz‘oe_thane-_l._,._;_'a-ﬁ‘si_.2

‘»)..

F1ve percent palladlum on” charcoal 5 Og, was suspended 1n 200 ml

.:x"‘

of purlfled benzene wh1ch had been d1stllled from sodlum metal under an ”d

""'argon atmosphere d1rectly 1nto the hydrogenatlon flask The Pd/C was

_'equlllbrated w1th gaseous deuterlum and 30g of acetophenone azine con-

cuverted to 4g of 1, l'—diphenylazoethane-l l'—dz by the procedure used for

“-—diphenylazoethane. mp. 71, 3 - 72.3° (11t¢ 71. 8 - 72 7 ) g yleld

.‘:(13 3/), e(benzene) 46, 22 A ax _359 mu; Mi,
tuvPreparation of71’11;DipheﬁYl3?oﬁethaﬂel,

Ten. grams of benzaldehyde azlne was converted to l l —dlphenylazo-
methane us1ng the above procedure Purlflcatlon of the crude azo com— :

;’pound was” attempted by multlple recrystalllzatlons from absolute methan—p_nﬂ

\Tol absolute ethanol hexane n—heptane, pentane and cyclohexane w1thout[r.

success,. Purlflcatlon of l 5g of the crude azo compound was then at—v
tempted by means of column chromatography on (60 200) mesh neutral s111e3f
‘ca gel (30 x 2 1nches) The column was developed with solvent mlxtures i_;
T';ranglng from lOA petroleumbether - 904 benzene to 50/ petroleum ether.-.
rSOA benzene, However; the 1 l'—ddphenylaaomethanevappeared to rearrangef
S to: benzaldehyde phenylhydrazone on the column and thlS method of pur1f1— »

vcatlon was abandoned;‘ Purlficatlon was finally ach1eved by subllmatlon Lo
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Sl o, o R . 22 .,‘_‘_.’ -
at 50 and 3-4 mm pressure. m. p. 31 5 (11t. 27 9 )‘ i e(benzene)
-,’359 87 356 mi.. -

. max.
' Preparation of 'arPhenOXyacetophenone o

. d-Phenoxyacetophenone was prepared by the method of Davies and
‘ Middletonzq. Phenol (18 8g, 0 2. mole), phenacyl bromlde, (39 8g, 0. 2
»fmole) and anhydrous potass1um carbonate (27 6g) were refluxed in 100 ml
‘of acetone w1th st1rr1ng for 4 hours, then poured 1nto water and cooled f
The resultant SOlld was pur1f1ed by repeated recrystalllzations from

;,ethenol_»:yleld;zsg (61.77%), map. 72 ~ 73%. 2

j*’Préﬁd:atiou,of,<»ahenexyace;ophenoﬁe,Aéinef~

—Phenoxyacetophenone (15g., 0 07 mole) and 1 18g (0 037 mole) of
fhydrazlne (954) were comblned by the procedure described for acetophen—zf:
~one az1ne. The crude product was recrystallized from absolute ethanol—' o

:f benzene pute p. 165 - 166
Preparation of‘l,l'—Diphenyl4i,2‘>diphenoxyazoethane

The‘a—phenoxyacetophenone azine‘(4 2g)-was converted}to'azo.com—-‘

B pound by the procedure used for l l'-diphenylazoethane. The meso- and‘~”1

B d, 1—1somers were separated by fractional recrystalllzatlonrfrom methanol;v
_The hlgher—meltlng 1somer was the less soluble of the two. Both forms
: were purified by repeated recrystallizations from methanol. mesoevm p.t

-105 - 106 s € (benzene) 44 5 x é 361 and dyl 1 - m p. 82 5 - 83 5 ,'s -

:(benzene).48€24b'k’ax 361 mu. _fi .
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) Decomposition of l,l'—Diphenyl—2,2'—diphenoxyazoethane1

l l'—Diphenyl~2 2'—diphenoxyazoethane (0 8g) was dissolved 1nv50

':jml. of ethylbenzene and transferred to a lOO-ml, round bottom flask ”

" The flask and 1ts contentsbwere degassed by ‘the freeze—thaw technlque
(see P 21), sealed and 1mmersed in a bath at 120 ¢ for 30 hours. This

;"resulted in the production of a yellow colored solution. .Slnce the
colored decomposition products could not besidentifled Work on this

_compound Was-discontinued.
*'Purification of Benzene-.. .

iReagent—grade benzenevmas repeatedly shakeniinia_separatory”funnel

’with'concentrated sulfuric acidvuntil the acid layer was”colorless., The

e benzene was then extracted w1th a) d1stllled water untll the washings

'l/were.neutral b) a saturated solutmdnfbf'sodium bicarbonate andjdlstilled'-m
water repeatedly untll the washlngs were neutral The benzene.was‘then
"drled over magnes1um sulfate, filtered, and distilled from sodium metal

ithrough-an'18—1nch Vigreux_column,“

- Determinationlof*Extinction‘COefficieﬁtsﬁﬁ

‘Enough azo compound to produce a solution of optical‘dens1ty.ca;_
'11'00 was weighedlinto a clean dry 10~ml. volumetrlc flask 'Reagent—i

N _grade benzene was added to the mark and an- a11quot portionktransferred
‘vby means of a d1sposable Pasteur pipet 1nto one. of abpair of matched u. v.‘f‘

icells.‘ “The " spectrum was. taken on a Carey 14 recording spectrophotometerof

:Extlnctlon coeff1c1ents and A éxkfor the_protlum— and‘deuterlum—icontaln—‘

ing azo compoundsrareftabulated in Tables.x and XI respectively. .
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UsvxEthylbenzenev

Reaéent grade ethylbenaene was passed through a column (24 x 2. 5
31nches) contalnlng ba51c (3 1nehes), neutral (18 1nches), and ba51cmi”h
ftr(3 lnches) alum1na and then dlstllled from sodium at‘atmespherlc nree-
Sure through'absilvered Vacuum—jacketedacslumn (30 x;.§ inches); »Onlyjk
theﬂmiddlerfractiqn having a-0;4°ﬁh.p;’range, was eollected;' A sample;
:of thls‘fraction analyzed byhgasichrdmatography”reVealedvtraceS‘df

‘compounds  tentatively identified as xylenes.

“Kinetic. Procedure

N

Preparationeqf Solutions for Kinetic Study -

The‘requisite”amount ofvazb cemnound“'ealeulated‘from the‘extinc—'
‘htlon coetf1c1ents in. Tahle VII and VIII was: analytleally welghed 1nto.
"da'clean dry Vlal and- dlsselved ln 3. ml. of ethylbenzene., The»solutlon
vflwas}transferredvto a fusedvquartzfugu;’cell'fitted‘wlth a;quarts'tubel;
bearing a lO/éOhouter>jointute-alnaduum line forbdegaSSing;fvihsbeellfa
masvimmersedlin aWDewar flask centainingha:slurry of_finely crushed-dry
iide suspendeddin'edual volumes nvaarhon‘tetrachlorideﬂandjchldreform;
f: Degass1ng wasdaccompllshed by exp051ng the ceoled eell and 1ts contents-
_’to vacuum (< l u) untll the pressure was . essentlally that of ethylhen—:a
v:zene. Wlth the¢contentS‘of»the cell cut”off.from the vacuum, and-the
: ;Dewar.flask.lowered the cell was warmedbto room temperature w1th the 55‘5
' aid:ofba hairdryer; The cell was agaln 1mmersed An the slurry for |
b,codling‘andidegassing. Thls freeze—thaw procedurerwas eontlnued untlla
" the initial'pressure.in,theVsystem waslthat of ethylbenzeneb_ The cell'

was sealed under vacuum by heatlng the quartz tube below the 301nt untll
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’i'Decomposition Rate Measurements

rThe sealed u.v. cells‘were placed in a Beckman D .. quartz spectro;
"‘photometer modified by enclosing the cell compartment in a. temperature o
h.hath;, Time zero was taken to be the placement of ‘the cells in the cell
compartment.‘ Ihe rates of.the,q-protiated and -deuterated'azo:compounds
Wereisimultaneously measured by following.the disappearance“offthe a20~..
. .chromophore in‘theiu.v; at’the'mamimum’absorptions listed'in Tahles'VlI
and VIII An average of 80 to 100 points were taken for each ryn at time
fintervals corresponding to: ca. 0 Ol optical density change. The tem-
,_perature of the cell compartment was taken before and after each run.
| using a copper-constantan thermocouple and a Honeywell model 2745 po-

‘ tentiometere

f'ThermocouplehCalibrations

v‘i: The thermocouple was calibrated against ‘an. NBS—calibrated thermo—'
couple over the temperature range of the kinetic experiments using a
:hmodified»Cottrell pumpzé Solvents, thermocouple readings and corrected
v;thermocouple readings are listed in Table XII. The slopes, 1ntercepts,i
._‘and associated standard dev1ations obtained from 1inear least-square‘
fits of the EMF of the NBS—calibrated thermocouple (y axis) vs EMFsof

e the measuring thermocouple (x ax1s) are listed” ‘in Table XII.



TABLE VII

PHYSICAL CONSTANTS OF'PROTIATED AZO COMPOUNDS?

[x—C H—CH—N=]

No. - x= R= m.pay OC . m.p., °c (Lit.)b‘ % Yield e Ma#ﬁnﬁ)
1 VBfH o, 71.7-72.5 72-73 20.8 45.76 - 359
2 p-cH, cH, 77.0-77.5 78-79 21.3 51.50 357
3 mcH, ci, 36.5-37.5 S 20.0 49.13 357
4 'Bfocn3 | CHS 91.5-92 91-92 21.3 62.44 357
5 p-H  CHCH,CHCH, 48.5-49 == 7.3 44.79 360
6 83-84 83-84 6.3 48.30 - 358

p-H (CH3)ZCHCH

2

a) Recrystallized from abs. methanol

b) Ref. 15

£C



TABLE VIII

PHYSICAL CONSTANTS OF DEUTERATED AZO COMPOUNDS®

24

T
[x-—C6H4-—?«-N=]2
D
No. X=. "R= m.p., °C % Yield € A
. . max -
1 p-H - CH,q 71,3-72.3 13.3 46.22 359
2 p-CH, cH, 76.7-77.3 16.6 52,21 357
3 m-CH, CH, 136.3-37 10.0 49.71 357
4 p-OCH, CH, ©90,7-91.2 16.6 63.60 357
5 pH CHjCHCHCH)  48.5-49 6.0 49.30 360
6 p-H  (CHy),CHCH, —————e ———- ———- -

a) Recrystallized from abs. rmethanol



25

TABLE IX

PHYSICAL CONSTANTS OF THE KETAZINES®

=
[x-c6H4—»é = N]2
x=  R= J ﬁ?,p.,'°c __ m.p. °c (Lit.)? % Yield
nguf_ o cﬁs - 126.5-121.5 - 1241.. | 82,5
p-CH, CH, 136-137 137-138 75.2
n-CH, CH, 86,5-88  ——m——- - 70.0
ngCHS’ - CHy | ‘, »198—199 o 200-202 78.8
p-H. CH ,CH, CH,CH,  34-35 ———— 5.0
p-H (cns)zcncn2 69-70.5 ‘ 69-71 65.0

.a) Recrystallized from abs, ethanol
b) Ref. 15



EXTINCTION COEFFICIENTS OF PROTIAIED AZO COMPOUNDS {f

TABLE x .
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© TABLE XI

EXTINCTION COEFFICIENTS OF DEUTERATED AZO COMPOUNDS

D : ‘ ‘ . Amt,
max

Cxe R ‘e(benzene) A Cone. - Weighed

pH  CH, 4622 359 0072 ,0410g

p-CH, 52,20 357 L0192 .05159

PCHO  CH,  63.60 357 ,013M  .0408g

m-cH 4971 357 L0179 .0408g

32
L grg.- (CHS?:C“?HZ ——— — Sl

B cE.C m 49, Ceee T e
P CRCHCHCH)  49.30 360 0187

-



 TABLE XIT =~

 THERMOCOUPLE CALIBRATION

' -Solvent

kTémpérature Range (80-110°)

C . o Measﬁring Thermo-.
NBS- Thermocouple. wz;‘:_; L couple Readings

Readings in mv. . o ©dinmv

EMF Measuring Ther=- -
" mocouple (x) vs. EMF .
NBS Thermocouple (y)

Slope-  Intercept

Benzene

Azeotrope of

Dioxane +

Watgrx:_if

TOluenefj'f“'

' -Isooctane . -

Toluene -

n-Octane

e
3662 . . 3.687

4.687 T 23 -

;TemperaturenRahger(99-1250).»' .

4,187 '  e _"fj S 4152
SRR P S e
Csa4s T 5416

© 0.990945  0.0070728
£,001594  #.006308

1.00498  -0.057581 .
< %.00279.°  *.013408 -

: 8¢
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AFPPENDIX A

TABULATION OF RATE DATA OBTAINED

Tt

R
| ["'"Cena—‘]:’"N’ 2
v ‘ ° Measured - " Calculated : o Average
R= . x= Temp., - C ~ EMF, mv TEMF, mv -k _ ' v k '
CH,  p-B 112,91 . 4.886 £.002. 4.85276  1.2930 x 10 2 mins ®
i,  pE 112.91  4.886 & .002 4.85276  1.2687 x 10 > mins = 1.280 x 10 > mins
CH,  p-CH; 112,91  4.888 't .002 4.85276  1.5061 x 10" mins™" |
cH, p-CH, 112,91 . 4.888 £.002 4.85276  1.4245 x 10 > mins = 1.4655 x 1072 mins ™t
ol P-0CH,  112.91  4.886 * .002  4.85276  1.7381 x 1072 mins "
CH, = p-OCH, = 11291  4.887 £.002 4.85276 ~ 1.7774 x 1072 mins™l 1.756 x 1072 mins
cH, m-CH, 112,91  4.887  .002 4.85276 = 1.2692 x 107~ mins
i, n-CH, 112.91 - 4.887 + .002  4.85276  1.2982 x 10" > mins -
CH, B-CH-B 112.91  4.886 + .002 4.85276 1.2877 x 10 > mins © 1.287 x 102 mins -
CH (CH, CH,CH, P-E 113.13  4.896 + .002  4.86281  1.1563 x 10~2 mins *
CH,CH,CH,CH, p~H 113.21  4.900 * .002 = 4.86683  1.1581 x 10”2 mins -



- APPENDIX A (Continued)

—C—N=] | |
R' e Méasured ’_ b‘Cvalcui'avted-i_ o R  Average

X= ‘Temp., -C EMF, . EMF, mv » ' k I k
p-0CH, 16;-25: 4.527 £ 002 4.49200  7.4004 x ;0‘3-m1ns;1 o -
-0CH, .1q5;257 4;527 ; .ﬁoz",4;49200'_ 1 6.1259 x 107 mins™t
p-0CH,  105.13  4.522 % .Qbsr~r4.£8750 7.3825 x 10> mins ™t
ngocu3' ,.105;13 4,522 :’.Qos f 4.a8750 G 6.1578.x'1o"3ﬂm_1ns'1
’ngCH$  ) 105.13 4.522 £ 002  4.48750 i.4483,x 10> mins™"
2;ocu3 1*7i105.13 4.522 + 002  4.48750 | 6.4kk x 10‘3'm1ns‘1_ |
P-0CH, 10513 4.522 £ .002 .:4.48750 7.1 1 &1 7.3724 x 107 ming™!
p-OCH, 105,13 4.522 £ .002 448750 61976 x 107 mins™ 6.2248 x 107> mins™!
p-CH,  105.13  4.522'¢ 002 4.487500  6.1485 x 107> mins™ A
2."033‘ 105.13 ‘ ks ‘ ;_';002 | 4 48750 . 5.'5.,2.7.'1 X '.10—3'm'ins—.l
p-CH,  105.13 4,522  .002 4.48750 = 6.1530 x 1073 mins™?
p-CH, 105.13 © 4.522 + ;002 4.48750 ‘5,6194'x>10—3 mins o -
pCH; 105.13 giszz': 002  4.48750 - 6.1416 x 1?;3 minfll 6146 x_iq:z mins:i
p-CH, 105.13.  4.522 * .002  4.48750  5.586 x 10 ° mins =  5.577 x 10~ mins

(A%



L= s —— o _‘“ MeaéﬁreHEUQVCéléulétéd'j'fxf-;."l:ﬁ,; g  f.i:'kfj:A§éréée v
RS RE X.= Temp., C ~~ ~ EMF,mv: EMF,mv ook e R

1,002 %.87186 1.1506 x 107> mins = 1.153 x 1072 mins T
.003. 4.87186 . 2.0428 x_lofirminsf;” e e
.003  4.87186 - 2.0970 x 10_5 mins_ 2,070 x 1072 mins 1
.002  3.94608  1.3329 x 10 ° mims -~ NS
B CHy o mecm,  93.43 - 3.975 % .002 3.94608 13383 x 107 mins -
H o CHy  mecE,  93.43 - 3.975 % .002 3.94608  1.3337 x 107> mins
5 chéf '7 m-CH .002  3.94608 '113399 x 1073 mins
002 393617 - 1.1508 x 107>
002 3.93617  1.1448 x 107>
ﬂ o .

+.

- CHJCR,CH,CH, B

H
v. B (CH3)pCHCHy  p-H - . 113.32 4.905
© H ' (CH3)pCHCHy . p-H = 113.32 4.905

)
L L

s

woWw

.

193.43 3,975

'1;3362;k<10f3fﬁinsf1

LW

B CHCHCHCH pH . 93.02  3.965 mins ©

goiigtighly  BTH

B CHCHCHCH, p-E | 93.02°  3.965

A

mins .

L2

.

B CGHGMGHGH, pE  93.02 3.9

©.002 4.37813  4.003 x 107> mins™l ' Not Used

e

BoocHg o pH o 102,79 4411
D CH . p-H - 102,79 . 4.411
B CcHg . p-H 10535 4.532

e

1,002 4.37813  3.541 x 10 ° mins © ©  Not Used =

4

.002   4.49864:‘ ‘5;405 X 10F3“minsf1 ,

L002 3.93617 1.1245 x 107> mins = 1.135x 10 mins ©

?:€€'t ; *:’



. APPENDIX A (Contimued) =

r'f‘; ‘ Mgasﬁtedf,LVCal¢ﬁlat§d %y.

. Temp .’ -OC

>.ﬁ;§,;_105.35 .

0535
;j105135~ 
1035
s

 los.3s

105.35

”:vi;05535r_
'>“fi05:35 L 
10525
,ﬁf;.103;25 £

B, me EMF, mv
 4.532
4‘;45552
;;14;532*
4,532
3’4;532l
1:4;532
 '45532’
 4?552ﬂ
s
 8 4,5271
?14;557,
4527

*:

&

+ o

S T L S

WO

4 :

+.

B

.002

002

QLooz;,

.002

o
002
*}662 ‘
002

002
002 -

.002

- 4.49804
4?%9804_:
54};5804 5
449804
449804
4.49804
_.4}49864‘
f43£9§0§._
Z;#géqg,:
 54}ﬁ§z6o_
{4.492601~
;4,45260”i
4.49200

4.9482

SR

Average v

k-

——

i

©'5.4352

5.4577

ﬁ55;43$31
4.8728.
7.3197.
5;1585_

X

5.5658 x

X

”}*4;7386“'”

X

10~ mins™

10

10 .

107

1073

107

107

-3

-3

 4.7121 x 1077 mins 1

‘mins T

——

572 x 107 mme™t
 4.§5062&,1¢431m1n§f%7ﬂ;;   A

S 1TE5;44%;%Eid;3iﬁ£;s;;'
4713 % 107 mtnsh
vrre SR

.ﬁinS’;l

ﬁins_1 51 f

hminé-;4__ e
ﬁins";flz?937 x*10-3»miﬁéjlﬁ?ﬁJﬂ

mins ~

mins ~
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