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ABSTRACT

oi—Phenylazodimethylcarbinol, a new compound in the series of
o{-azocarbinols prepared in our laboratory, was synthesized by air oxi-
d%i?on of acetone phenylhydrazone to give the hydropercxide which is
subsequently reduced to the ®&-azocarbinol by the action of triphenyl-
phosphine. The k§netics of thermolysis of this new compound, along with
those of of-phenylazodiphenylcarbinol, «-~azoethers, and o-azoacetates,
were studied under several reactionlconditigns in an attempt to further
elucidate the decomposition mechanism of these new azo compaunds.

Radical intermediates are involved in the chemistry of these
O(-azocarbinols. The evidence presented reinforces the claim that &K-azo-
carbinols decompose by an induced radical chain mechanism. Such a radical
chain process permits the application of these X-azocarbinols, which
generate a variety of radicals R¢ (Re is phenyl in this research), to

the hydroalkylation (hydrophenylation) of several unsaturated; compounds.
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INTRODUCTION

1: Eggc»}%@d{gq[§1 ‘

0f all the intermediates in organic chemistrv, the free radicals

have the longest history. Early in the historv of free radigal chemistry
there were no reliable and generally accepted wavs to distinguish
between radicals and dimers. Thus, little distinction was made between
radicals as functional groups and free radicals as ‘substances,
2

Farlv work on free radicals was undertaken in 1900 bv Gomberg
who discovered the first frec¢ radical, triphenvimethyl. Since that time
more and more work has been done on free radicals. The sarricipatxon of
free radicals as reacting entities in chemical reactions was not generally
recognized until after 1937, following the publication of a series of
papers by M. S. Kharasch and by P. J. Florv in the United States, apd a
significant review by D.H. Hey and W.A. Waters in Fngland. \

This recognition of free radicals as participants in chemical
reactions has had far reaching consequences in organic chemistry. The
presently accepted {ree radical chain mechanism for the addition of
hvdrogen bromide to alkenes was then proposed by Kharasch3. A paper

on the kinetics of vinvyl polymerization in terms of a free radical chain

reaction was published by Flory in 19374.

A: Radical Production
» '3 ) '3 *
In brief, radical reactions can be broken down into three stages:
radical production, reactions yielding new radicals, and radical

destruction.



The first radical sources to be considered is thermal homolysis.
The breaking of chemical bonds at elevated temperatures will form
radicals, but below 200°C, the temperature range of ordinary solution
chemistry, the bonﬁs that will do so at reasonable rates are limited to
a few types, the most common of which are the peroxy bond and the azo

linkage. Equations [1] to [3) illustrate a few typical examples.

O 0 0

i 1 11
(1] CH,LO-0CCH, ——— 2 CH,CO®

3

[2] CyHg0~0C, Hy —— 2 C,H 0o

——

Ha

CHy ¢
3 (])- ~-N=N- ~%P — 2 ¢- e + N
[ ] g | | I gl l 2

The complexities of chain induced decompositions can be minimized
by choosing an init{iator and solvent’without easily abstracted hydrogens;
under these conditions peroxy and azo compounds decompose unimolecularly
at easily measured rates to provide convenient sources of radicals for
use Iin studying other radical processes. The unimolecular decompositions
are nevertheless not without their complications.

The fact that stable molecules such as CO2 and N2 are produced,

in the decomposition of peresters and azo compounds respectively, provides

a strong driving force for the dissociation process:

ST IR



R
RCO -OCRK s CO2 + Re+ Re

or R-N:N R >N2 + Re + Ro

The activation cnergy for the degonpesition is decieaved as Re increases
e N

in stability. Thus, for azo compounds, -N 'N—FR, the decomposition is

much more facile when Re is resonance stjabilized (for esumple R®
yd

triphenylmethyl) and less favourable when R dre pramarily alkyl

radicals.
{

Numerous examples of indured decomposition to form free radicals

have been reported in the literature. The induced decompo<ition is a

«

-

chain reaction caused by the radical proeducts of an 1mitial unimolecular.

decomposition attacking unreacted 1nitiator molecules to yield new

. ; . 3 .
radicals that continue the chain. Benson™ has.reported the induced

.

decomposition of tert~bhtyl hydroperoxide which he has confirmed by kineric

3 e 3 - £ 3 6
studies. His results were fyrther confirmed by Hiatt and coworkers who

observed the acceleration of the decomposition by the addition of an
independent source of radicals.
¥
Potential mechanisms for the induced decowposition of azo

compounds are of two types:

[4] Re + X -NoN--R - 3RX+ N, * R'e

and [5] Re + X 'Y"'Z"HN:N"“'R," - FRX Y=Z + N2+ Rl‘

Ll -

e v
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Equation” [4] shows radical substitution at an &@eom situated X to e
azo function , whereas equation [5] shows radical substitution at an atom
situated Y to the azo functien. Azo compounds which are reported to react
according to equations [4] and |5]) are rare. This rarity is caused, in
part, by the absence of a reactive site X (the site susceptible to radical
attack) in the above equations.
Repurted azo compuunds that may decompose dcwording to equation
’
; ) 8 9 10
[4] are the following; X=H', X= RCO, X= R502 , X= RCO2 , and others
: ®
for which radical substitution was not fully established. For the latter
case, equation [5], examples of both c¢yclic and acyclic azo compounds
. - - ;. . 11
were provided in this laboratory. Knittel and Warkentin have found

that thydroxy-Z,S,5—t1imeLhyl—lﬁ3—l,3,4—ox§;1dzoline (1) decomposes via

a concerted, radicgl chain decomposition as depicted in equation [6].
OH 0

i e
+ Re -— RH+ N2+ Cl-13CDOC(CH3)2

Spin tirapping with nitrobencene, trapping with unsaturated compbunds,

o

and several other experiments have confiimed the concerted induced

decomposition of the oxadiazoline (l) via attack on the hydroxyl

12,13 h

hydrogen. In a similar manner, Yeung and Warkentin ave shown the
induceg decomposition of several acyclic azo compounds, of which 2

is the most prominent (Equation [7]). .

[7] (p%/f\ﬁN“‘C(CH,&)g t Re--—) RH+ b =0 + (CH3)3C°
(1) OH 2 )

+ PJQ

p—
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The decompgsitibg of such azo compounds may be either concerted
or stepwise. We use the decomposition of azoalkanes as an illustrationm.
In a concerted reaction, the two C-N bonds would break simultaneously
( equation [8] ), whereas in a stepwise process one radical could be
produced first and subsequently the secondﬁradical would be produced

( equation [9] ).

s~

"

[SJ R—N=N—R’ — Re + N2'+ Re

[9] R—N= N—R ——— R—N=Ne R

R—N=Ne —— Re+ N2

-

The mechanism of decomposition of azo compounds has been widely
investigated. The results support the concerted process ( equation [8] )

for the ?ymmetrical azo compounds with Re a well stabilized radical

_such as (C6H5)260N, (C.H.) &H, and so forth, but leave open the

6 572

possibility that in the unsymmetrical cases the mechanism may change
'

to the stepwise one
Crawford and 'I’akagil5 hayg/z;amined the gas-phase decompositions

of several azo compounds with R=CH tert-butyl, or allyl; they found

3’

that most- of these compounds’, both symmetric and Hnsymmetric, decompose

by the nonconcerted path ( equation {9] ). Seltzer16 found, by studying

.

‘4‘?econdary deuterium isotope effects, that in unsymmetrical azo

compounds, in which one R group is a much better radical than the other,
7
the bond breaking is stepwise. Other independent evidencel , favouring
the single bond cleavage mechanism for unsymmetric azo compounds, has been

found.

e
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Other general methods for the production of radicals,
photochemical homolysis, radiolysis, and redox reactions, are beyond

the scope of this thesis and will not be discussed.

B: Kinetics of Radical Chain Reactions

The study of kinetics of radical chain reactions is attended
by many complications as the rate expressions are generally complex
<
and the reactions are often sensitive to the presence of even traces of
catalysts and inhibitors. Nevertheless a number of such studies have
successfully been made of gas-phase reactions, among which the classical

example of the reaction between hydrogen and bromine vapdur, serves as

. .1
an illustration 8.

H2 * Brz————> 2 HBr

The actual kinetic measurements are experimentally quite complex
and no complete treatment is attempted here. It is important, ho&éver,
to be aware of the type of information which can be derived from kinetic
considerations.

A radical chain reaction consists of chain initiation, chain
propagation, and chain termination reactions. An example of this type

is given by the halogenatinn of alkanes (equations .[10] to [14], where

Xz is the halogen molecule.

Scheme 1 \

Initiation: K

[10] x2~—3———a 2 Xo
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Progagation:
k 2T

(1] Xe + RH ——Re + XH

2] Re R X (

Termination: ‘ 'J)
[13] 2Ra___1i[i____) R2

k non~radical products

@4] Re + Xo —— RX

In the Scheme I above, R* and X* are called the chain carriers. The
kinetic rate laws are usually derived assuming a steadg—state approxi-
mation. This assumes a) that the concentration of the chain carriet,
which is very small, remains essentially constant, and b)-the rate of
initiation must be eq35) to the rate of termination. We use Scheme 1
as an illustration for®the derivation of the rate law.

The rate of the overall reaction, obtained from either of the

two chain propagation steps (equations [11] and [12]), is given by

-

-d[X, ] d[Rx]
or & ° I = k3[X2][R‘]

Since the rate of initiation must equal the rate of termination, at steady

state concentrations,

d[Xe] _ TRe =0 = ~d[Re
o —k2[X°][RH] + k3[R ][x2] =0 = d([]ré ] (1)
2
2k1[X2] =2 ka[R°] + kSIX'JIR'] (i1)



[

S .-

A,

Solving for [X°*] gives

xe] = ¥3 %) [reg (111)
k2 [RH]

Substituting equation (iii) into equation (ii) gives

- 2 k., [X,] 2
kl[x2] = khfatl + k. 3727 [Re]
kz[RH]
and therefore
1/2
/ kl[XZJ (the positive root)
[R'] = K [X ]
ké + k5 372
RZIRH]

from which the rate becomes

1/2
k. [X.] \
)
Rate = d[RX] = k_[X.]
dt 32 kylX,]

kl; + kSTC—.z[RH]
-
In the derivation of the rate law above, one assumes that the chain

-
1

v

length (defined as the number of reaction cycles of the chain carrier

before it is destroyed) is long enough, so that the contribution to the

! ¢
overall rate from the initiation reaction is negligible.
The two limiting cases are a) if equation [13] i¢ the only
termination reaction, then

Rate = KIX2]3/2

The rate will be three-halves order in [X and independent of [RH].

(b) If equation [14] is the termin on reaction, then

1/2
where K' = klk3k2

ks

the overall order will be three-halves with first-order dependance on [X2]



and one-half order dependance on [RH],

Essentially all the reactions of oi-azocarbinols investigated
during this research were of the first order with respect to azocarbinol
concentration, For a simple, ereversibie, first order process, the rate
constant k, is given by a simplé integration of the rate equation
(Equations [iv] and [v]).

k N

[iv] Reactant > Product(s)
[v] d[Reactant] = -k [Reactant]
dt

[Reactant] = [Reactant], exp(—kt)

In[Reactant] = In [Reactant], ~kt ( \
\

A plot of In[Reactant] versus time will then give a straight line, if N
the overall reaction rate is first order. The slope of the line equals
~k, where k is the rate constant, usually given in seccl. A characteristic
time is that at which the reactant has decomposed to one-half of its

L]

original concentration; this is called the half life (tl/2 of the reaction)

and is very simply related to k:

from equation [v] [Reactant]
[Reactant], 1/2

- _ _ 0.6931
101/2 = -kt P e

= 1/2 = exp(~kt,,.,)

Several features highlight the properties of first order reactions. The
first is that the concentrations may be replaced by some variable which
is proportional to concentration (for example, N.M.R. or I.R, signal

intensities). The second feature of first order rate equations is that
)
the validity of the equations is independent of the .arbitrary assignment f/

of time zero.
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C: Radical Reactions

Bimolecular reactions between radicals and molecules are of
several types; substitution, abstraction, and addition. The gbstraction
of hydrogen atoms from organic compounds is a reaction of frequent
occurrence with free radicals, and one characteristic of the species.
Addition reactions are the most intensively studied and best understood
among radical reactions. They have assumed great practical importance

. . . s . . - o1 .
by virtue of their diverse applications in organic synthesis . In this
section, only the latter two types of reaction will be discussed.

Abstraction reactions are a special case of substitution
reactions, The two most common abstraction reactions of radicals are

19 + 20 . . .
halogen and hydrogen abstractions, the latter being of interest
here. Hydrogen is abstracted from alcohols by several types of radicals,

21’22, alky123, hydroxylZA, amino25’26, and thiy127

including: alkoxy

radicals. The preferable site of attack by free radicals in solution is

at the o-CH bond of alcohols and not at the OH bond, tertiary alcohols
. . 22,28 .

being the exception . Reported cases of hydrogen abstraction from

the hydroxyl group have been rare. Diphenylphosphino-radicals have been

found29 to abstract the hydroxylic proton via initial attack on the

11,13 have recently found that a

oxygen atom. Warkentin and coworkers
variety of radicals abstract hydroxyl hydrogen from several types of
X-azocarbinols, 1 and 2,

Many organic radicals will undergo addition reactions with a
wide variety of unsaturated compounds such as olefins, aromatic
compounds, acetylenes, carbonyl compounds, and azo compounds. The most

extensively investigated addition reaction is that with olefins. The

following mechanism has become the prototype of a larée number of

L e
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addition reactions to olefins. In general the reaction may be
represented as the addit%Qn’Sf\x¥ to the olefin R'CH=CH2 to give

R'CHX-CH,.Y, depicted as follows (Schemell):
9 P

Scheme II
Initiation:
_16] Initiator ——— Re
17] Re+ XY —3RX + Yo
Propagation:
- 1? =
18] Yo+ RCH=CH,——— RCH-—CH,Y
19] R’6H-CH2Y ¢ XY——— RCHX—CHY + Yo

Termination:

:21 | 2 RléH——CHZY - — 3 non-radical products
22] Yo + RCH—CHyY ——— RCHY-CH,Y
Telomerization:

23] w8 H—CHy + RCH=CH,—— RCHCH,CHROH Y

etc.

The overall reaction rate and the kinetic chain length, which



wmanf
7

<
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essentially determine the.yield of the 1:1 adduct, thus depend on the
processes of initiation, propagation, and termination. Both thermal
and photo initiation can be used for studying the chain sequence that
leads to 1:1 adducts. The average kinetic chain lengths are usually very
large’in most radical chain reactions and as result there is little
influence by the initial source of radicals on the nature of the addition
products.

Chain propagation consists of two steps, one of addition followed
by another of chain transfer, to give the 1:1 adduct (equation [19]).
Telomerization is often considered as a side reaction, but it would not
assume serious proportions if the chain transfer rate'constant is much

larger than the addition rate constant.

Chain terminations usually occur by radical destroying processes
such as dimerization or disproportionation. Termination o% radical chains
in addition reactions can also be brought about by interaction with
metallic halides. Kochi30has shown that styrene polymerization is inhibited

by cupric or ferric chlorides with the formation of chloro compounds as

follows:

Re + (—CH=CH,— (-CH-CH R

2 2
§-CH-CH,R + FeCly — §~CHOECHR + Feal,

One important feature of these chain processes to be pointed out is that

at any time the concentration of the propagating radical species is
extremely low. This being so, chain teminating reactions become relatively
unimportant and high conversion of the reactants can be realized through

the chain propagating steps. On the other hand, small amounts of inhibitors

[ R S S
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which can trap or scavenge the propagating radicals are sufficient to
slow or inhibit the reaction altogether. Traces of such inhibitors are in
fact directly responsible for the induction period in certain reactions.
Inhibitors, in general, are either stable free radicals, (for
example: oxygen, nitric oxide, or diphenylpicrylhydrazyl) or substances
(eg. 2,4,6-tri-tert-butyl phenol) that can react with radicals to yield
stable radicals which do not enter the kinetic chain or initiate a new
reaction pathway. Some typical inhibitors are phenols, aromatic/amines,
quinones, and thiols. Large quantities of oxygen may inhibit a raAzzzl

reaction; for example the inhibition ;?\{adical polymerization by oxygen

(equation [24]) competing with equation [24a).Mechanisms of inhibitor

[24:} ke + 0—0 > R-0—0¢

@4‘3] Ry * monomer —— Re

1
action are complex and not completely understood .

IT:0{~Azocarbinols

The history of o{-hydroxydiazenes ( X -azocarbinols) stems back
to the early nineteen-sixties. o -Azocarbinol has been the name chosen

in our laboratory for a compound of the type 3. Several other names for

l RXN "

such as & -hydroxyazoalkanes, o -hydroxyalkyldiazenes, and semiaminals

e

of diimide, have been used by chemists in the literature.

1,1'~ Dihydroxyazocyclohexane (4), which was reported by Schmit230’31

in 1963, decomposes readily to give nitrogen, cyclohexanone, hydrazine

Vasr

13
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OH
N=N .

H
A

and cyclohexanol as major products. Radical chain decomposition may

have been the process involvedll. Compound 4 is a crystalline solid

obtained upon treatment of hydroxylamin;~0—su1fonic acid with cyclo-

hexanone at 10°C in alkaline solution (equation [25]). An iso-oxime of .
[2 5] = OH" H

+ —_—
HZN OSOBH W . _A_

cyclohexanone was suggested as an intermediate in the reaction.
A new series of cA-azocarbinols of the type 5 was synthesized

32-35

by Hunig and coworkers between 1968 and 1971. These compounds were

\ H =N—R, ’
5

RIOH

prepared by two methods: the action of base on alkoxydiazenium salts,
and more generally, the addition of diazenes to carbonyl compounds. For
example, qddition of tert-butyldiazene 6 to aliphatic aldehydes in
aqueous solution reversibly yielded the corresponding o-hydroxyazo

compounds 7, (equation [26]).

R .

' |
[26] (CH3CN=NH + RCHO == (CH,CN=NCH—OH

7
ES —_
A i

9]

11
R = H, CH (CH),CNH—NH~C —R
CqHy

3l

[P
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Thermolysis of 5 éc room temperature gave a mixture of aldchydes
according to the following scheme T1T. Compounds 5 were shown by U.V. and
Scheme ITT
N NEN-CHRy 4
— > R1(3HO + RZCHQN:NH
" on

B

_N2

RQC Hq

RGH-NH-N=CHgR, R,CHEN=NH,
OH
Hy0 H0

R1CHO + R,ZCHO RQCHO

I.R. spectra to possess trans-stercochemistry about the azo double bond
with intramolecular hydrogen bonding. 32-35
A somewhat more complex example was reported by Southwick and

coworkor536 wherein the oxidation of the ©\-hydroxyvhydrazines 8 vielded

the azocarbinols 9 (equation [27]). Compound 9 gave typical pyrazoline

H

0 NH
27] on 80 q)\-g: /{

R
g

loo 7
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reactions: thermal decomposition to cyclopropanols 10 and acid-

catalyzed dehydration to pyrazoles 11 (equation [28]).

or NH3 -

-~

37,38
Other cvclic o -azocarbinols have also been reported 7 . They

have been synthesized either by controlled hydrolysis, or by hydrogenolysis

with sodium borohydride, of 3-acetoxy- A'-pyrazolines, equation [29].
=N - =N
3 o R R,
[;2 ] F22 Ac F%Z OH

12

. —

o{-Azocarbinols of the type 12 decompose with acid- and base-catalysis via

ring opening to produce both saturated and unsaturated ketones (equations
[30] and [31)). Esterification and etherification of the ¢\-azocarbinols

. 0
30] [ R R,CCH,CHR, R, fajr

R
R1RQC:CHE Rq min or
0

faedormenns LSl



[31 ] | ’ OH % X

]
12— CH3?~SR3 * RRCHCH,CR,

‘ ‘ major minor

were also reported,

g 4
Synthesis of larger rings azocarbinols has also been roported3 "O.
Several l4-membered-ring (13 and 14) asocarbinols have been prepared via

dimerization of smaller ring compounds (equations [32] and {331).
"

[32] ) OH HO_ N

_ Ho N
; 0

: 33| 2 = 2¢ —_—

B [] ,“,‘\20 N

NH

=~
=

-

»

Knittel and Warkentinll’AIi\ave prepared a new type of o -azo-

[

+
carbinol 1, in this labaoratory. Treatment of 5,5~dimethyl- A3—1,3,4—

oxadiazolin-2-one (15) with methyllithium in ether at 0°C gave the

lithium salt (16). Subsequent hydrolysis of 16 gave 2-hydroxy-2,5,5-

/
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trimethyl—-£P—1,3,6-oxadiazoline, 1 (equation [34]). The instability of

0 oL~ Hy G H

1 made 1t difficult to isolate but its structure was readily established
from its spectra and its decomposition product.

In benzene solutions 1 decomposed at room temperature to produce

isopropylacetate in quantitative yield (N.M.R.). It was postulated by the

authors that loss of molecular nitragen must be concerted with hydrogen
abstraction to account for the ready decomposition of 1 (equations [35]

and [35a)). These findings were supported by several pieces of evidence.

0 ,

Initiation:

R . _ Y _
[35] 1 +1In '——*-—éInH+ Ny + CH3COC(CH3)2 (*R°)

Chain Propagation:
0 0
9 1
[35a] CHCOGCHy), + 1N, * CH,COCHCH, + R
One was Ehat addition of a free radical, di-t-butyl nitroxide, greatly\

enbances the rate of N, evolution. This implies that the di-t-butyl

2
nitroxide is capable of H-abstraction from 1 and this can only be
Qe
believed if it does not lead to j>><:/ as an intermediatk.
NEe

\\
N
Secondly, addition of phenol, normally an inhibitor of radical chain

processes, causes rate enhancement. Thus, in the present case it can be

\

E«Am i e
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concluded that phenoxy radicals abstract the hy L hydrogen of 1
ation of stable
co-products at the transition state lowers the fde€ energy of that state
_ tremendously.
Furthey evidence to s&pport‘this radical induced process came
~ from experiments where olefins were converted to ;dducts of CHBCOZE(CH3)2
and He¢ (equation [36]).'The abiliéy of compound 1 to donate an hydrogen
atom in a radicalfchain process has made it a good reagent for radical
cﬁain addition in the synthesis of small molecules. The addition of 1 t®
unsaturated compounds is shown in equatign [36]:
: __/Y' : 9 CH3
B6] 10 =y PO CHyCHyY
Chy

12,13,42 have synthesized a

" More recently Yeung and Warkentin
‘ seuries of & -azocarbinols of the type 17.
0 R R = Me, Et, i-Pr, t-Bu,
' - Pon 1 o et
‘ 1/ ' vi, 2CHyOH

c&—Azodiphen&lcarbinols were synthesized according to scheme IVAZ.

o s

N

Scheme IV

:+N::N + RLi (or RMgX)

| 6 ' L, I>'=N—NHR

; =0 + HQN_‘NHR LTA or
g Br/HOAc, |
' "OAc
v
& 4

P
W EL
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(Scheme IV continued? X
O nmoR () 2CHgL O =R
(i) H0?

H 3 Ac

17 18

-

The first step involves the preparation of the benzophenone N-mono-
substituted hydrazone, either by direct condensation of benzophenone with
- RS
the substituted hydrazine\or by the reactions of alkyl lithium or Grignard
reagents with diphenyldiazomethane. In the second step the hydrazone was

converted to the corresponding azoacetate by oxidation with lead tetra-

acetate (LTA). The following polar mechanism was suggested for the

conversion of the hydrazon? to the azoacetate (scheme V). The reaction

Scheme V
peele ¥

N

¢ LTA ¢ ;
¢>:NNHR ] “N—NHR .
-0Ac

/Pb(OAc:)2
OAc

—H

N
=N-"e > NR |

) ¢ OAc Pb(OAc)2

~

of bromine with ketohydrazones in acetic acid to yleld the azoacetates,
was 3&30 employed. This method was comparatively less costly and easier

to handle than the LTA method, but in general the yields obtained were

N

!

b
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lower. In the final step, the azoacetates (1§) were treated with methyl-
lithium in ether at -10°C, followed by acidification with NHACI solution
to give the alkylazodiphenylcarbinols (17).

The yields of the azoacetates (18) prepared r;nged from 20% to
80%. A singlet peak at 52.00—2.10 was present in the ]H N.M.R. spectra
of all the azoacetates, corresponding to the protons of the acetate
group in the compounds. A strong band near 1760 cm~1 was present in the
I.R. spectra of all the azoacetates, which was due to the stretching of
the C=0 bond of the acetate. The presence of the hydroxyl group, in the
&-azocarbinols (17) prepared, was confirmed by lH N.M.R. spectroscopy
which gave a broad singlet near 6!5.80, which disappeared on shaking the
sample with DZO' In the infrared spectrum of compounds 17 a medium intensity
band near 3330cm_1 was attributed to the OH stretching. The Raman spectrum
of tert-butylazodiphenylcarbinol 2 (17, R= tert-butyl), taken in the solid
state at room temperature, showed N=N stretching at 1587.0 cm—l. 42

All the o&f-azocarbinols (17) prepared decomposed readily at room
temperature in carbon tetrachloride giving benzophenone, chloroform, and
the corresponding chlorides as major products. The peak at 1650cm~1 (€c=0
of benzophenone) in the I.R. spectra of all the azocarbinols increased
in intensity with time as decomposition progressed. For example, 2
decomposes spontaneously at room temperature in carbon tetrachloride to
yield benzophenone, éert—butylchloride, and chloroform. Kinetic experi-

ments conducted on 2 in CCl, and benzene gave irreproducible apparent

4

first-order rate constants. With undegassed samples (air present) the rate
was greatly enhanced. Unimolecular homolysis of 2 was thus excluded
and a radical chain mechanism suggested. Scheme VI depicts the proposed

radical chain procgss.12’13,42
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thiophenol (0.02M) effectively accelerated the decomposition of 2 in cC1

22

Scheme VI

Tnitiation:

(b =NR k1

—_——— Re

Propagagiggi kz .
Re + COl, ———— RCL + CCly,

Colg + 17— CHOly+ ©,)0=0 N, Re

— ——_..

Re + 17 > RH (0,0=0+ N,» Re

Termination:
k

2R e ——Eé—————e Combination
2 R° _E)____, Disproportionation

Re + ¢CClg —L—> RCCly
2 *CCly —s CClz-CCly

Addition of a small amount of thiophenol to a solution of 2 in

carbon tetrachloride gave a very large rate enhancement. Thus thiophenol

did not inhibit the radical chain process, as expected, but in fact,

4"

» in the system studied, phenylthiyl radical acts as a chain carrier
by abstracting the hydroxyl hydrogen of 2. First-order chain decomposition
of 2 in degassed carbon tetrachloride is consistent with chain termination

by reaction of trichloromethyl radicals with tert-butyl radicals.

The decomposition of 2 was also well studied in benzene solutions.

P 4
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tert~Butylazodiphenylcarbinol (2) decomposed more slowly at room tempe-

42. Solutions of 2 (0.24M)

rature in benzene than in carbon tetrachloride
in benzene gave reproducible firsf;order kinetics if air was excludedlz,
suggesting that decomposition of 2 goes by unimolecular, radical bond
cleavage under those conditions.

SchuleS’aa

and coworkers have reported the synthesis of trans-—
o~ hydroxydialkyldiazenes (20) from X-alkylazoalkylhydroperoxides (19)

according to scheme VII. Compounds 19 formed by autooxidation of alkyl-

Scheme VII

g

Ry RS n—pentoane
0% "2 O0—oH

() .

hydrazones are reduced, in high yield, to trans-oOA-hydroxyalkyldiazenes
with triphenylphosphine.ffhe product was isolated by vacuum distillation.
According to this syntg3:ic procedure (Scheme VII) the authors44 prepared
1-phenylazo-1-hydroxycyclohexane (21) (m.p. 31°C, 68% yield) and l-tert-

butylazo-1-hydroxycyclohexane (22). The authors expected compounds 21 and

-

b o e
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=n—0 —N—"C(CHg)q

OH OH
2 22

22 to fragment to RN=NH and cyclohexanone. Thus, 21 would become

a source of (C HS)N=NH and 22 a source of (CH3)3CN=NH. The following

6
reaction ( equation [37] ) supported this hypothesis. Compound

23 also results without acidification on warming

: 0
=NR H
[37] Q/N - — OCNHNHR
" HO

21: R=Ph | 23 R=Ph
2. R=t-Bu 24 " R=t-By

21 in the presence of benzaldehyde at 80°C. Yields were: 72% in
HOCHQCHZOH; 61% in EtOH; 48% in (C6H5)Et.

Theyéaalso observed that the carbonyl component of 21 could be
exchanged for CHBCOCH?_CH3 by warming at 80°C for 48 hours. According to
them, this observation verified that phenyldiazine adds to ketones. Thus

2-phenylazo-2-hydroxybutane (25) was obtained as a yellow liquid in

827% yield (equation {38]). Reaction of 21 with an gthereal solution of
2N e
8] 21— g3 CHog,

= _ == HgCo 04
QO 25

I -

HBF4 (1:30) gave (C6H5)N28FA in 354(%ie1d in addition to (C6H5)NH206A),

L2



25

(C6H5)N3 (6%) and (CEHS)NchcéHS)' These reactions were explained in terms

of a bimolecular decomposition of RN=NH (equation [39]). These results

R
, \N-N\H | o
[39] H\N*N/ > RN2N + HNNHR

™~
H+.'/ R . R: Ph

or t-Buy

indicate an alternative mechanism of azocarbinol decomposition; namely,

the alkyldiazene route. Such a mechanism conflicts, at least in the

c s . . . 11,12,13 and coworkers.

mechanistic detail, with that proposed by Warkentin "7 7’
Some of the differences can be smoothed over but others can not,

For example, diazene could also come from induced decomposition via a

radical chain mechanism (equation [40]). However one can no longer talk

ko] ¢ PRNSNe ——>RN=NH - RR£=0
* RN=No

about a fully concerted hydrogen abstraction step if Schulz's observations

are correct, and if the diazene actually comes from a diazenyl radical,

Schulz and coworkers, unfortunately, have no information concerning the

mechanism by which RN=NH is formed.

B: Synthetic Utility of & -Azocarbinols

The synthetic utility aspects of o{-azocarbinols, for the hydro-
alkylation of unsaturated compounds, has been a subject of interest in our é

1ab0ratory11’13’42

. The apparently excellent chain transfer ability of
these ®-azocarbinols (lz) accounts for their ease of radical chain

addition to yield small molecules according to equation [41]. This
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q) N=NR X
[m] Cp)/ + '.:/ —_— (¢2)C:O + N?
OH

17 : X

H
28
synthetic utility has been demonstrated42 with a wide variety of olefinic
compounds such as acrylonitrile, norbornene,crotonaldehyde, and azobenzene.
These unsaturated compounds have been hydro-tert-butylated, hydrp-iso-
propylated, hydro-ethylated, and hydro-methylated, displaying the
application of 17 in the synthesis of small molecules.
The radical addition mechanism is a complex sequence of steps,
as shown in scheme II (page 11). The addition product (28) (equation [41))
is formed by the chain propagation stepg. For good vyields the chain
Tength must be as long as possible so that termination products form a
small part of the total products. In many cases, phenol was found to
increase the yield of the addition product from decomposition of 17 in
the presence of an olefin. In other cases, the yields of the addition
products were lowered with added phenol because of the competitive

reaction (equation [42]) existing for radicals (Re) generated from 17.

»

OH Qe

[[‘2] Re (from17) + —— RH +
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I1I: Diazenes

For many years, monosubstituted diazenes were re jarded as highly b
unstable intermediates and were denoted within brackets. The catliest
reference to the possibility of an aryldiazene (grylimideqs, ArN-NIY was
reported by Widman in 1895A6. Chattaway explained the formation of
benzene and nitrogen from the oxidation of phenylhydrazineb7,

(equation [43]), in terms of phenyldiazene as an intermediate. There have

43] ¢NH&H2~—~>[¢N:NH]—-9[:] v N,

been numerous cases where RN=NH has been cited as an intermediate but no
chemist had observed a monosubstituted diazene directly up to 196548.

The involvement of monosubstituled diazenes in the deamination by
difluoroamine (HNFZ) was first postulated in 1963 by Baumgardner49
Several years later Cohen and Nicholson50 reported that the acid-catalyzed

methanolysis of low concentrations of N-phenyl-N'-benzoyl-diazene (29)

leads to methyl benzoate, nitrogen and benzene; in the presence of various

0
I

dN=NC
29

———

radical traps, evidence for phenyl radicals was found. The authors
postulated that phenyldiazene was formed in the initial step. Simul-

taneously Kosower and Huang51 discovered that if phenylazoformic acid

(30) is decarboxylated in dilute solution at 25°C, at moderate pH, and

0
|
¢N:Né~0H

30

PR

—~——_
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under rigorous exclusion of oxygen, phenyldiazene can be preserved and
observed by UV for several hours.

Cram and Bradshaw52 have provided evidence for the alkyldiazene,
2-phenyl-2-butyldiazene, in the form of similar products produced|from
alkyldiazene generated inm different ways. It has been stated53 that
properties of intermediates should be observed directly rather than,
being inferred from the nature of the products formed in a reaction.
"Intermediates often exhibit surprising behaviour not readily revealed
by indirect means'. This has been found to be true in the case of

phenyldiazeneSQ

B: Synthesis of Diazenes

Monosubstituted diazenes can be generated by fragmentation,

elimination, and oxidation. The following may serve as examples.

Fragmentation: &

F{ .
44 ] RN:J‘i’—x—-‘Q‘——-a RN=NH + X=Y

R
[4 5] ~ ‘ /H / -
Y——-X-——N———N\L' —— 5 RN=NH+Y=X+ X

Decarboxylation:

46] ON=N—CO™+ H —— ON=NH + CO,
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Deesterat fon:

OCHg on 0
CH ]
(47] ¢N:N—(|3——O'~~——3—~ —— ON=NH+ (COCH4

-
Decarboxylat ion and deesteration regetions (equations [46) and [47]) are
specific examples of the general types of fragmentation reactions [44] and

. . - . .55
[45]. Fquation [49] serves as a specific example of 1,6 elimination

AN + , -
B N—N —=—— BH+ RN=NH + Y

=
O
| S— ]
n T
X
p
'z
T
N
<
T

N=NH

Oxidation:

['50] R——)rjr—’-iNHZ €€ ‘QH!\ R—N=NH

Complexes with the general constitution (RN=NR)(CuX)n, may be formed by

the redox reaction between a cupric halide and a suitable hydrazin956

=
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Reduction:

[51]  R—N=N i’

 CH,0,
(n-C;Hg)aSn H

v R—N=NH

The two routes, decarboxylation and elimination scem most suitable for the

preparation of diazenes.

-

It is important to note that monosubstituted diarvenes are censiiive
~

to oxvyen, are subject to bimolecular disappearance, and are reactive

toward base, Bimolecular disappearance seems to be the most remarkable
o

54,57

redetion of meneosubstituted diarenes The products of the reaction

are mainly the corresponding hvdrocarbon (usually more than 50%) and some

other compounds of which the c¢hief one is apparently the hyvdrazine

(equation [52]). However, the mechanism ot the reaction is not very clegr.

[52]  2&N=NH —  RH+ RN—RR

The reaction seems to be very insensitive to solvent. This lack of solvent
effect indicates that the rate limiting trunsition state is not signifi-

. . . S 48 4
cantly different in charge separation from the initial state ~. The author
further speculates that a steric effect seems to be of some importance
in accelerating the reaction. The dissociation of diazenes to a diazenyl

. . 48 ; .
radical and a hydrogen atom is ruled out on the basis of the low activa-

tion energy, there being little chance that a diazenvl radical (RN=Ns)

would be so stable.

IV: Stable Free Radicals

One method of testing for induced decomposition of A~azocarbinols
(17) is to subject them to radicals under conditions where the azocarbinol

alone is stable. In order to do this one must either generate those radicals
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in the presence of the azocarbinol (a different route because the latter
is thgfmally and photochemically unstable) or one must introduce pre-
formed or stable radicals,
s . . . C a2
Triphenylmethyl (trityvl), the first known organic free radical”,

. . 58
was one of the first radicals to be studied by electron <pin resonance
*

Farly measurements showed ayerious discrepancy between the observed

hyperfine structure and spin dJensitiecs obtained from the s impde molecular
. 59 .

orbital theorv., Recently It has been shown that the dimer does not have

v

the hexaphenylethane structure originally ascribed to it, but rather 31.

(¢)SC :C::$ - 2 (¢)3Ce
H
3]

——

In 1971 Pryorbo and coworkers attempted to use trityl radicals to “mop
up" secondary radicals and prohibit chain processes, and, i%\contras( with
acetyl radicals, trityl does appear to serve this role. Thgx stated
that trityl is a stable radical and a good radical scavenger.

More recently, the transfer of hydrogen atoem from thiophenols
to trityl radical has been investigatedbl. The hydrogen atom is abstracted
from thiophenol or 2,4,b-trimethylbenzenthiol at a rate comparable to
that for the establishment of the trityl radical dimerization equilibrium,

The results are presented in Tables 1 and 1161.

<

L

Ll
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Triphenylmethyl Radical in Toluene,

- - b 3 -
T (°C) k (expel ¥ 17t k (caled.) M ts7!
411 - 15.9 16.2
19.2 5.6 5.2
10.9 3.08 3.2

Table 11: Rate Constants for the Reaction of 2,4,6-Trimethylbenzencthiol

with the Triphenylmethyl Radical in Toluene,

T (°C) k (exptl.)M~ls~l k (val'cd.)**M_ls“1
41.89 20.8 0.6

29.87 11.5 11.7

19.6 7.0 7.0

11.0 4.4 4.4

*Calculated from the Arrhenius equation

-— ‘) - Id
k36.96X107+/ O'1ALexp(—9540+/,1800a1m01 I/Rﬂ

**Calculated from the equation
7+/-0.091

k=3.’13)(1Qa

The information from Tables T and 1T makes it clear that trityl

exp(—8910+/~130ca1m01—1/Kﬂ

radical can abstract hydrogen from a good hvdrogen donor, for example
thiophenol. That is, trityl radical is not '"stable" under all vonditions.
Therefore it is a reasonable choice fur the experiment in which one wants
to observe the induced decomposition of azocarbinof. Tables I and I1 also
indicate that the rate of hydrogen absgfacpion by trityl radical is tempe~
rature dependent; the rate of abstraction increases as the temperature
increases, ’

The difficulty with using trityl is that one can not get the

rate constant for its reaction with thiophenol readily; because trityl

[ S
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radical is constantly generated from its dimer at a rate that changes
with dimer concentration. The authors also used tris~pwtert~butylphengl—
methyl radical, which has been shown to be 100% dissociated in solution62
This new radical is presumably sterically hindered and tends not to
dimerize. Using tris—p—tert—butylﬁhenylmethyl radical, the reaction of
the radical with the thiols could be written as follows (Scheme VIII):

Scheme VIII
k

ArgCe + AFSH ————— Ar,CH+ AfSs

‘k .
/ 2 s
ArgCe + ArSe ————y AraC—SAT
. . . 63
\ The nitroxides (32) are a very stable group of radicals ~,
especially if bulky or electronegative groups flank the NO group. These
R\ ‘
N—OQe
U

R
32

radicals do not seem to be able to stabilize themselves by hydrogen

abstraction like most carbon radicals; this in spite of the large OH
bond energy. This inertness has been used in many ways. For example,

the liquid radical di-tert-butylnitroxide (33) can be used as a solvent
!

N—Qe
for other radicals64. Among other stable nitroxides which are most easil&
oﬁtaineg are five- End,six—%embered ring cyclic ditertiary amine~Nroxyls,

such as 34, 35, and 36. These are prepared by oxidation of triacetone-



34

0
J

| | |
0 0 \ 0
(-] e @
. 34 35 36
amine with hydrogen peroxide'and phosphotungstic acid or other tungsten,
65-67

molybdenum, or vanadium compounds . An interesting analogue of nitroxyl

radicals, 2,2-diphenyl-picrylhydrazyl (37) is another type of stable free

NQ2

o

N—N NOy

NO,
37

radicalsg. There appears to be no evidence for any dimer.-in this case. \\fé

.
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I: General

RESULTS AND DISCUSSION

e

The mechanistic possibilities of decomposition of &-azocarbinols
(3) may be grouped under three main types of chemistry (Scheme IX):

Scheme IX

R‘RZCOH | N2 R & R1R2qOH sN=NR IH+ R.]RQC:O + N2
' IS
+ Re

Jeo

RR,C=0+ Ny < RR,C=0+HN=NR -

\Y

+RH ‘

// ' : + Ro

. -
unimolecular fragmentation producing ketyl radicals RlRZCOH which would
most likely disproportionate in the cage (Mechanism A); reversible disso-

ciation to carbonyl compound plus diazene (Mechanism B); and radical chain

35

B st S 5 DN Lo L 1 1 Rk ¢ abmn o e AT T ey e e



IR ——

o e —

———

PUNISTRTESY

36

abstraction of hydroxyl hydrogen (Mechanism C). All three modes of
decomposition of 3 can lead to the same major products.

Mechanism A was suggested'by Southwick36 and coworkers and by
Nagata and Kamatagp'who did product studies for the fragmentation of
several OA-hydroxydiazenes (for example, pyrazoline 9, equation [28]).
Evidence for the operation of mechanism B has been reported by Schulzba
and Missol and by Hunig's group32—35. They have observed the conversion
of an added ketone to a new azocarbinol (equation [38]) and have explained
this observation in terms of attack of a supposed diazene intermediate
on the carbonyl compound; possibly analogous to the reaction shown with
the dotted arrow in scheme IX, although the authors did not proviﬁe a
detailed mechanistic hypothesis. It is also not clear whether or‘hot those
workers were sufficiently careful to exclude traces of acid, to avoid an
acid catalyzed process. Examination of the decompositicn products from
3-hydroxypyrazolines, by Freeman38 in 1972, has suggested that any of ﬁhé
three mechanisms ig possible. The radical chain process involved in

11,13,12 _ o

mechanism C has been proposed and supported by harkentin
workers in this laboratory (for more information on this topic tpe reader
is referred to the introduction.section).

The initiation step is unlikely to be unimolecular homolysis
according to equation [53], because the corresponding methylether (53) and
acetate (39) are very stable compared to 38, under similar reaction
condigions kTable III). If 38 were decomposing through unimolecular
homolysis of the CN bond (mechanism A) then its rate of decomposition

would be similar to those of the corresponding azoether 53 and azo-

acetate 39, except for small substituent effects. This, however, was
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OH
38 OH
((D)zTN:NCb and ((P)Q(IZN:N(D
OCH, 0COCH4
53 39
Table ITI:
Compound Reaction Conditions k (sec'.l) RE;ZEiVG
(¢)2?N:N¢ ccl,, degassed o a7 x 1074 | 21
OH 38 80.0+/~ 0.1°C
(q))z(I)N:N(D CCl,, degassed 364 X 10_6. 3
OCH3 §§ 80.0+/- 0.1°C
((b)ZCN:N(P cCl,, degassed 1.17 x 10°8 1
39 80.0+/- 0.1°C
OCOCHz

not found to be the case as the rate of decomposition of 38 was appro-

ximately 200 times greater than that of 39 while 53 decomposed at a rate

only 3 times faster than that of 39, Thus the order in rate of decompo-
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sition is §§>>5“§>§2.Hence unimolecular homolysis of 38, via C-~N bond

cleavage as the rate determining step, coufd not be the correct inter-

pretation.

Other evidence against mechanism A operating in the decomposition

of X~azocarbinols comes from the rate studies of the following compounds

(Table IV). Although the decomposition of 41 was done at 35°C and no rela-

52
OCOCHg

80.0 +/- 0.1°C

after 1,100hrs.
(approx.45 days)

Table 1V:
—_
1 Relative
Compound Reaction Conditions k (sec 7) Rate
((p)ZCN :N(D cCl,,  degassed 2 47 x 1074 L
, 38 80.0 +/- 0.1°C
OH —
(CH3)2CN::N(]) CCl,, degassed 2 35 % 107 L
l 35.0 +/- 0.1°C
OH 41
y -1 Relative
Compound Reaction Conditions k (sec 7) Rate
(q))ZCN:Nq) CCl&’ degassed 1.17 X 10_6 large
80.0 +/- 0.1°C
39
COCH3 —
CH Only 12%
( 3)2?N—N¢) CClA, degassed dissociated 1

tive rates were obtainable with comparison to the decomposition of 38,

some qualitative informatjon merits mentioning. The results are interesting

because if 38 and 4] were decomposing unimolecularly then the rate ratios

of 38:41 and 39:52 would be similar in magnitude, however this is not the
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case. Also interesting is the fact that 41 decomposes almost instantly
at 80°C; ife. 41 decomposes much faster than 38 at 80°C, hence the reason
for decomposing 41 at 35°C. Again, this is not reasonable if mechanism A
is in operation, since the ketyl radicals generated from the homolysis
of 38 and 41, (C6H5)60H and (CH3)260H respectively, would have differenf
stabilities; with the former ketyl radical being much more stable due to
resonance effects. Hence, if this were the case, 38 should decompose at
a rate faster than that of 41.

Evidence favouring mechanism B stems from the work of Sc:hulzl'4
and coworkers who accounted for these adducts {equations [37] and [38])
by suggesting that the decomposition of azocarbinols occurs via a diazene
intermediate. However, kinetics of thermolysis of 41 in different con-
centrations of benzaldehyde (Section IV: C) showed a first order rate
dependance in benzaldehyde. The results do not agree with a mechanism
where diazenes are intermediates, but indicate that benzaldehyde reacts
directly with undissociated azocarbinol. For more detailed information
on this topic the reader is referred to page 57 (Section IV: C). This
result is also supported by the owrk of Kospwersa who states that un-.
dissociated phenyldiazene is not a nucleophile toward reactive carbonyl
compounds .

Eviddnce for the decomposition of O -azocarbinols points toward
a radical chain mechanism (mechanism C). The fact tﬁat ﬁl decomposes in
the presence of trityl radicals (Section 1IV: E), giving pseudo first
order kinetics, with a rate faster than that of the control experiment,
is strong evidence for an induced mechanism (equation [69]). The on}y
obscure point here is that one does not know whether phenyldiazenyl

radical (51) is generated during the radical chain process of decomposition

PSS
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of 41 in the presence of trityl radical (equation [69]). However, if

generated, 51 cannot live long since it 1oses78 molecular nitrogen at a

rate o} 108 sec—l.

There is also the fact that addipion of thiophenol to a solution
of 41 in carbon tetrachloride causes rate enhancement (equation [67],
section 1V: D). Thus it is conceivable that thiophenyl radicals act as

chain carriers by abstracting the hydroxyl hydrogen of 41,

11,12,13,42

These results and others stemming from this labo-

ratory greatly favour the radical chain mechanism (mechanism C) initiated

and propagated by hydroxyl hydrogen abstraction (equation [54]) which

A
H3C /?GE;KIL// )
[54] 5 —— (CH4)9C=0 + TH * N, T
H3C 01—4}{31 +¢° -

41

may be concerted with loss of N2 or as an alternative produce phenyl-

diazenyl radical (51) which will rapidly (ie. k=lO8 sec—l) lose N2 to

leave behind a phenyl radical (equation [55]).

HaCx yen?

[55] T ———(CHg},C=0 + IH
H,C e 3
3Y ol °]

re———

:&1 + 'bq::pQ(p 51°

BN o R i, s =76
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3 II: Synthesis of o -Azocarbinols

-

o(-Phenylazodiphenylcarbinol, 38, (17, R=Phenyl) was synthesized

via the lead tetraacetate (LTA) route, according to scheme X. The first

Scheme X

¢> 0+ HyNNHO CH3O0H 4 N H
= + =N-—
q) 2 CHaCOOH K 0 9

A

LTA

D\ N=NG L N T
0L, g0 L,
38 39

—— —_—

step involves the preparation of benzophenone phenylhydrazone, by direct
. condensation of benzophenone with phenylhydrazine. In the second step,
benzophenone phenylhydrazone is converted to phenylazodiphenylmethyl-

acetate (39) by oxidation with LTA (general mechanism on page 19). In the

.

’ final step, oX-phenylazodiphenylcarbinol (38) was prepared by treat-

F ment of the/gég;;etate (39) with methyllithium in ether at ~10°C, followed
by aetdification with NH Cl solution. The_yield of 38 was 85%. The
resulting azoca{binol, 38, is characterized by a broad singlet peak at

8 5.83 in 1ts 1 N.M.R. spectrum (this peak disappears on shaking with
DZO)’ and by a band at 3380 cm_l of medium intensity in the I.R. spectrum;
’ this band is attributed tg the O-H stretching frequency.
; CK~Phenylazod;methylcarbinol,‘ﬂl, a new compound in the series

of &{-azocarbinols prepared in our laboratory, was synthesized according

U
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to Scheme XI . This route involves the air oxidation of the hydrazone
Scheme XI
H3C CH30H H3C H
Y

=0+ HyoNNHO > >=N—N(
C CHyCOOH ¢

Ha

.
(Pat.Ether)

H3C :N(D (DBP H3C N:N*“(b

G

H~C " (Pet. Ether)
3 HAC
OH - 94P=0 3¥ 0—O0H
— 40

—dt

to give the hydroperoxide which is then reduced to the X-azocarbinel
by the action of triphenylphosphine.The hydrazone is converted to the
hydroperoxide (40) via oxidation with oxygen at room temperature in
petroleum ether. The reaction was judged to be complete when no more
oxygen was taken up. The fact that the reaction was complete was also
checked by 1H N.M.R. In the final step, the hydroperoxide (40) (in
petroleum ether) was reduced, in 75% yield, by the action of triphenyl-
phosphine, to phenylazodimethylcarbinol (41), with triphenylphosphine
oxide as the biproduct of the reaction.

The O-H stretching frequency of 41 occurs at 3425 cm—1 in the
I.R. spectrum. A pure sample of 41 shows singlets in the lH N.M.R. spectrum
at O 4.57 and at § 1.43 corresponding to the 0-H proton and the gem-
dimethyl protons, respectively. The new o -azocarbinol (41) has also
been characterized by its 13C N.M.R. spectrum. The spectroscopic data

for all of the compounds prepared appear on pages 43 and 44 (Table V).
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Yield 1
Compound (z) M.P.(°C) ( 6H N{)r{;l};' I.R. (cmﬂl) 4
(q)) c 3345, 3090, 3060, 3030,
=N Nq) . s . 1960, 1880, 1820, 1770
- 38 (; » d ’ ’
2 H 95 [137-138 13.38 (5,1, | 00”5007 1450 1340,
6.72 - 7.62 1315, 1300, 1250, 1190,
(m, 15) 1175, 1175, 1105, 1070,
1030, 965, 920, 885,
690, 660
3650, 1950, 1850, 1750,
(CD)QCNZN(D 1480, 1440, 1360, 1220,
80 | 100-102{ 2.18 (s,3), 1195, 1175, 1145, 1080,
1035, 1020, 955, 910
2 - 3 3 ’ [
OCOCHgq TR GE s, ees
3380, 3050, 1950, 1870
((D)QCN:N(D 0 | 7576 | 5.83 (s, 1) | 1800, 1650, 1600, 1480
(decom- . 2 1450, 1380, 1310, 1210
Soes) | 7-10 - 7.80 1185, 1160, 1100, 1070
OH P (m, 15) 1030, 940, 900, 700
q)(BrZ)C\C Mass Spectometry (MS)
g H [1.5s | oi1 7.43 (s, 1) |426, 424, 422, 420, 418
v
2 7.33 (s, 5) ratios 1:4:6:4:1
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Table V: Spectral Data of Compunds Prepared

Comound Yield Yy naMeR. -
-Omp (2) | M.P.C°O) (S, ppm) I.R. (cm )
3350, 3058, 2995
(CH3lC=NN© 2909, 1597, 1500
H 9 6. L (s, 3) 1422, 1367, 1318
, : s 1271, 1248, 1177
160-143 | 1.97 (s, 3) | 1129, 1041, 890,
6.57 - 7.30 760, 705
(m, 6)
3065, 2998, 2943,
(CH3)QCN:N(b 2888, 1750, 1481,
, . L 1.60 (s, 6) 1455, 1435, 1370,
’ 1310, 1243, 1195,
OCOCH3 2.07 (s, 3) 1169, 1140, 1070,
)33 - 773 1018, 935
(m, 5)
| HNMR 3425, 3072, 2993,
3 1.43 (s, 6) 2961, 2939, 2878,
! 1482, 1456, 1439,
HaC\ . /¢ 6.57 (s, 1) 1381, 1362, 1311,
. N=N 82 ——— 6.87-7.57 (m, 5) |1220, 1200, 1121,
1072, 1023, 979,
H3C l 130 N.M.R. 929
OH —
27.04 (2€,)
122.8_(C,")
128.3
128.8 | __ Phenyl
129.2 Carbons
131.1
131.9
132.4
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The reduction of hydroperoxides to alcohols by phosphines has been

studied extensively by Hiatt70—72 and coworkers. Earlier stereochemical
studies73 had shown that the phosphine abstracts the hydroxyl oxygen

(equation [56]); the speeding of the reduction and the absence of inhi-
[56] " ROpH+ RgP ——— ROH + RgPO

bition by trinitrobenzene74 had suggested a polar rather than a radical
73,74

mechanism . However, there was evidence that the reduction could be

inhibited, or at least retarded, by impurities70, and misgivings about
its cleanness when applied to non-tertiary hydroperoxides had been

75 o . . . 70
expressed ~. Such findings suggested a free radical chain mechanism

©»

propagated by reactions [57] and [58] as follows:

[57] ROye + RoP s ROs + Ry

(58] ROs + ROHH > ROH+ RO,
It was then shown70 thag the reduction of hydroperoxides by triphenyl-
phosphine did not involve a free radical chain, but ﬁ;d similar characte-
ristics to reductions by organic sulfides. The sulfide reduction appears
to require a greater degree of ass%stance in transferring the proton from
one oxygen to the other, 42, whereas the lower sensitivity of the

,’}4‘——*[\ /
R—0 a
—H

0
PN
42 43

P

L i
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ROZH-(C6H5)3P reaction need not to be interpreted as a concerted proton
shift, as in 43; more likely it reflects a transition state where there
is little weakening of the Oﬁ?/gﬂnd. This couclusion was supported by the
low activation energy and the insensitivity to solvent polarity.

The prebent resulty support a non-radical mechanism for the reaction
)

of hydroperoxides with (C P. A radical process would require that the

6"s 3

radical (CH3)28N=N—¢ lives long enough to attack hydroperoxide at low
.

concentrations of the latter. This is most unlikely, in view of the

excellent leaving group properties of eN=NR, coupled in this case with

the driving force for formation of a carbonyl group.

.Attempts to air oxidize other hydrazones, such as benzophenone
phenylhydrazone and acetophenone phenylhydrazone, were not succossfyl as
air oxidation was very slow for these compounds.

At tempts to synthesize o\-azocarbinols 44 and 45 were not

success ful by either scheme X or XI,

9 OH H3C” oy
A 45

111: Chemistry of Phenylazodiphenylcarbinol

A: Thermal Decomposition ip Carbon Tetrachloride

¢X~-Phenylazodiphenylcarbinol (38), in refluxing carbon tetra-
chloride, decomposes to give 'benzophenone, chloroform, benzene and chloro-

benzene as major products (equation [59]). Nitrogen evolution was Al »

Ao T
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I N cel 0
[ss]; q)}/N—Nq) TS0 N, + CHCly

A
OH 0
33 | ' ' l

sobserved during decomposition of 38. Vacuum distillation of the reaction

mixture afforded a clear distillate which, when subjected to gas chroma-

tography analysis using several glpc columns and authentic samples per—
mitted identification of benzene, chlorobenzene, and chloroform. These
findings are in accordance with previous.resu1t542 on the decompositon
of 38 in carbon tetrachloride at room temperature, the only exception
being that benzene was not detected in the latter case.

The kinetics of decomposition of 38 in carbon tetrachloride

. 49 13,42

are gathered in Table VI, page . As proposed a few years ago

Il

these results indicate that the decomposition of 38 is a radical chain
process. Particulafly relevant is the fact that 38 decomposes much
zfré rapidly than either the corresponding methyl ether or the corres-
ponding acetate. Moreover,. it decomposeg more slowly than 41, which is
explicable in te?ms of a chain process but not in terms of unimolecular

homolysis. The specific proposed mechanism of decomposition of 38 in

féarbon tetrachloride involves phenyl radicals as shown in scheme X11,

»
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Scheme XIX
Initiation:
NENG T
(b H
. 38
Propagation:
, k .
g + coy, s (Ot + ecey
k
CClge + 38 > CHClg +((),C=0+N, + e

Kk

. l} °
q)e+ _3_8 —_—— + ((b)ZC:O+ N2+ (1)0

Termination:
. Ky
2 o ————— Combination
k6 )
Qo + oCClg » §CClg
. .‘ . ,
2 oCCly “— ClaC—CCly

S o \

-

(Compounds underlined indicate that they were detected).

¥

LNy
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Rate Constants for Compounds Stud
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Table VI
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: continued
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B: Product Composition from the Thermolysis of 38 in Carbon Tetrachloride

Product composition from the thermolysis of 38 in carbon tetra-
chloride was studied as a function of initial concentration of the &-azo-
carbinol (§§). For each initial concentration of 38 a product analysis vas

«é;ne using gas chromatography techniques. Of interest were the relative
yields of benzene, chloroform, and chlorobenzene produced (equation [59]).
The results (Table VII, page 53) are as follows, First, the chloro-
benzene to chloroform ratio is close to unity as expected. This is a
result of phenyl radicals (produced from 38) abstracting chlorine atoms
from carbon tetrachloride with the resulting trichloromethyl radical,

a good chain transfer agent, attacking the hydroxyl hydrogen of 38 to

give chloroform (scheme XII). Secondly, the amount of chlorobenzene,
relative to that of benzene, increases as the concentration of 38
decreases. These results are in agreement with the radical chain mecha-

-

nism depicted in scheme XII (page 48).

C: Trapping with Tetrabfomoethylene

Decomposition of phenylazodiphenylcarbinol, 38, in a solution of
tetrabromoethylene in benzene gave, besides benzophenone and nitrogen, the

addition product 1,1,2,2-tetrabromophenylethane, 46, (equation [60]).

I\ =
[60] Pml BQC:CB@—:g;z-edt>:o+nQ
. ®

.

L
38

- - * OCBRCHBr,
46

Benzophenone was identified as a reaction product (lH N.M.R., E.R.,, m.p.,

and M.S.: m/e = 182). The addition product, 46, was obtained in low yield

A
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Table VII: Composition of the Products from the Thermolysis

of 38 in Carbon Tetrachloride

I, 00 @C @)«

0.6 1.39 0.96
0.35 2.9 0.98
0.26 3.8 ‘ 1.1
0.17 5.7 0.7
0.09 11 1.5
0.04 24 0.5
*%
0.01 large 0.8

* These ratios have been corrected for the gas chromatograph
response. The most reliable ones are those in which the .
absolute amounts were highest, ie. the ones for large I,

values. ’

** Benzene not detected.

(1.5%) . Compound 46, however, has been prepared in high yield by

bromination of phgnylacetylene76.

Equation [60] further illustrates the use of azocarbinols for

radical chain hydrophenylation of olefinic substrates, although th: yield

is only 1.5%. Other examples of this have been reported in our laboratory77

Equation [61] serves as an example. Hydro-l-alkenylation of olefinic sub-

.
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[61 ] 38 + ClzC:CCIQ ‘——“—-)" (D>:O * No
* QCClaCHCL,

strates was also reported in the same study (equation [62]). The radical

[62] Q/ N:N/Q

OH
47

—

* ClHC=CCly — O”’i N,

+ ClHCCHCl2

chain hydrophenylation mechanism involving the chain transfer ability of

38 is depicted in scheme XIII. The low yield is probably the result of

Scheme XIIT

N=NQ
— Qo

H
38

—

Qe+ Br=cBr, ——— ¢car,—Cay,

| (bCBrQ-?:B_rz + 38— (CBr,CHBY, * b -0
46
+ N2 + (be

~ .
bromine atom loss from the first-formed adduct, to form ¢C(Br)=CBr2.

The hydro-l-alkenylation mechanism uéing 41 as tbe azocarbinol is analogous,
: ;

ok wr wer
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These additions Cequg}idﬁé ]61] and [62]) and othgrs reported

-~
3
from our laboratoryl ’é?/ﬂémonstrate the utility of these azocarbinol

compounds . Since(siﬁpie alcohols are poor donors of hydroxyl hydregen
-

to radicals, it is probable that alkoxy radical intermediates are

-

e -
avoided in the reaction mechanism of azocarbinols. In such a mechanism

-

P .
-~ hydrogen abstraction is concerted with C-N bond scission.

1V: Chemistry of Phenylazodimethylcarbinol

A: Thermal Decomposition in Carbon Tetrachloride

e e—

o -Phenylazodimethylcarbinol, 41, decomposes in the presence of

carbon tetrachloride (35.0+/-0.1°C) giving acetone, benzene, chlopoform,

-

and chlorobenzene as reaction products. The thermolysisfgf 41 (equation
o

[63]) is similar to that of 38; the difference beipg the carbonyl

[63].H30 NeNO _Col, st

— >:o + NZ,»C’H(:@
H3t” o A H3C ’

Al ’ “,/’Jﬂi-r @ + »l

compound produced.

The melecular formula of 41 affords a convenient way of following

the kinetics'of its decomposition. The disappearance of the gem-dimethyl
peak-.( 8 1.43 ppm) and the appearance of the acetone peak, ( & 2.1 ppm)
can be easily normalized against an internal standard (usually dimethyl
carbonate;(6 3.73 ppm) during a kinetic run. The detomposition of 41 in
cargon tetrachloride (35.0+/-0.1°C) obeys first order kinetics, k=7.36X

10—4 sec”l (mean of two runs).

et o $Sd By B R -
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B: Thermal Decomposition in Benzaldehyde

In the presence of benzaldehyde (degassed conditions) 41
decomposes at 35.0+/-0.1°C according to equation [64]. The reaction
HaC

- i
[64] HaC V=N

®CH
OH 35°C

0
41 I
’@ * DCNHNH
23

mixture contained a solid which was characterized as benzoic acid-2-

¥ (CHg)C=0 + No

phenylhydrazide (23) (M.P. 165-166°C, M.S.: m/e=212). Acetone and benzene
were characterized as the other two products by comparing their retention
times with those of authentic samples by the use of a gas chromatograph
and several glpc columns.
. The products of this experiment agree with the results found
by Schu1244 and coworkers. They did similar experiments (equation [37])
( see introduction, pages 23-25) with other azocarbinols (21 and 22)
that led them to the conclusion that diazenes (50) were intermediates
in the decomposition of 21 and 22 (equation [65]). In light that 50
R
N=N-" .0
[65] H — + HN=NR
20
21: R=Phenyl
22: R:tert-Butyl
could be intermediates in the decomposition of &-azocarbinols one b.os to

envisage a new radical chain mechanism (Scheme XIV) yielding p’ 1y}
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thpmeAXLY

Hao\_N=Nb

H + Jo - — > (CH3)hC=0 + IH + eN:N¢)
3C OH 2
41

¥

°N=NQ + 4] — == (CHz),C:20 + HN=NQ + sN=NO
91
diazenyl radicals (51) which propagate the chain. Moreover, 51 could
give phenyl radicals (equation [66]) which are required to account

for the benzene produced.

(66]  on=Ng K N, + e

Scheme XIV, however, is not a reasonable scheme, given that

18 -1 . 8 . . -
k=10" sec for equation [66] ~. To compete with thig reaction, the
reaction of ’N=N(C6H5) with 41 (second step of scheme X1V) would

have to be very fast indeed.

C: Kinetics of Decomposition of 41 in Benzaldehyde

Kinetic studies of 41 in benzaldehyde ([{CHO]=10M or neat, SM,
and 2M) were done in order to establish the rate depcndance on [PCHO].
Results appear on Table VI (page 50). It was found that as the con- '
centration of benzaldehyde (in anzene) doubles, the rate of decompo-
sition also doubles, hence the rate dependance is first order in benzal-

dehyde. From this result one could exclude the possibility that benzal-

LY
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dehyde reacts with phenyldiazene generated from the decomposition of

41 (Scheme XTIV, page 57).
Most important is the fact that the rate of decomposition of

41 in the presence of benzaldehyde does not show a levelling effect;
ie. in neat benzaldehyde (1OM) the rate is still changing. This implies
that phenyldidazene does not add reversibly to acetone, if phenyldiazene
is at all formed (Scheme XV). The present results indicate that Scheme

Scheme XV
k H 3C\ )
1 \

//, + ePQ::N(b

K4 HaC [

OH fast

H4C

N=N¢

H3C

. (CHgyC=0 + HN=NQ

ra

XV is not very likely apd that benzaldehyde reacts directly with ung

dissociated azocarbinol (41). Furthermore, (CGHS)N:N- decomposes to '

phenyl radicals78 and molecular nitrogen (equation [66]) with a rate
constant of the order of logsec-l. With such a large rate constant
(C6H5)N=N' would probably not survive long enough to find azocarbinol
(41) in scheme XIV. This is further supported by the fact that the yield
of (C6H5)C0NHNH(C6HS) (23) from the decomposition of 41 in benzaldehyde
(equation [64]), was 77% indicating relatively little loss of NZ'
Mechanism B (page 35) could be further subdivided into categories

in which the N=N-R bond is retained.

4
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Since Jcage] is a radical pair, which must be short-lived because radical

reactions are fast, one can use the steady-state approximation. Also
51

k 0

2"

59

N 4
:wQR —_
= S
OH
k
3
HN=NR + ¢CHO >

dr

. Therefore

-d [Azo] = kl[AzoJ - k“l]cageJ

N=NR (cage)
kN \¥2
:>:O+ HN=NR
Product
(1)

[N

d
Eh[cage] = = kl[A?o] - k_llcage] - k_2[cage]

therefore [cage] = kl[AzoJ/k_l + k

gives;

This is

ﬁ; [Azo] = kl[azo] -k

-1

k—

2

1

+k

which when substituted into (1)

byirl

2

= kl[Azo] 1 -

k—1

k| *k

clearly not first order in benzaldehyde.

2
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k1
:NR ————3 o
2. TR >°—0H N=NR .
OH \iffusion

N=NR+(CHO == HN=NR + &0

o ° “
HN=NR + §CO —— R—N—NH—C{

=

|
RNHNH-C—¢  + >=0

and >"'OH N=NR * dCcHO ——-*>ﬂ—'OH + HN’—’NR*@&O

J as above

=20 + RNHNHCOO

-

o s v+ st B 3
1
.
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If this were the mechanism, then benzaldehyde would have to be scavenging

. from the cage to get first order dependance on benzaldehyde. That is simply

.

unreasonable, for the reaction would have to compete with diffusion and
195 P

with cage. disproportionation, both of which must be very fast.

ok

N::N/R -—1———7A N\ -+ /R

3' i ’  SEEmme—— '—O + N:'\<
oW’ L1 H

- + R ( \ - k.’ - ‘
N::—'\<R + @CHO - 'H _NR 3ﬁ —+Product
f -2
) H 3
.
22 lazo] =k [azo] - kI >—o]{ﬁ=ﬁ?um (11)

s

S RAHR] = 0 = K [Az0] ~ k_ [ =0 (R-N-tR] - k, [poro] (R=F-HRY + k_, [42d]

dt
[ﬁ=§-HR] k [Azo] + k_ [Azo]
" ' ‘*[}o] + k {cpcqu ’

which when substituted into (ii) glves, " .
—;-E—[Azo] = kl[AZOJ_ - k_,1=>0] ILlLAzoJ -k, ,[Azo"]

- e T R k f 0]+kI¢CHO]
If k_‘zi.g\zo'J i:s'zezjo or srﬁalI © . " .
Ty IAzo3 kllAzoJ 1~ 'k"lf\—ol ;o ’

L{>—-—03 +kZIlPCHOJ ¢ T
g ==k EAzoJ kz[ 03 \ S 3 .
L mbm £ i mcum) U

T
¥
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This mechanism could fit, for this reduces to

-d _ k, [§CHO]
FclAzol =k [Azo]{ 72" 7777 if k_j [ =05k, [§cHO]

k_y [==0]
. N~
However, the requirement that k_l[’,~0]>D*2[¢CHO] can not be met at high

[QCHO], since kzis probably greater than k—l (aldehydes more reactive
than ketones). Thus, the first order dependance might be expected only

at low [PCHO] but not in neat [PCHO].

In view of the results tha; the decomposition of 41 is first

{
order in benzaldehyde concentratidn) we would have to speculate that a

different mechanism is involved in the formation of 23; a mechanism
different than that involving phenyldiazene as an intermediate,

D:Kinetics of‘Thermolysis of 41 in Carbon Tetrachloride in the

Presence of Thiophenqgl

"Azocarbinol 41 decomposes in carbon tetrachloride with a 4-fold
rate enhancement when thiophenol (1.0 X 10-3M) was present as opposed
to the case when 41 decomposes in carbon tetrachloride along. This rate
enhancement was also observed by Yeungaz, (although more pronounced)
when he attempted to inhibit chain reactions of azocarbinol 2 in carbon
tetracgloride by adding phenol. In fact, phenol (0.02M) was found to be
an effective acceletator of decomposition of 2 in carbon tetrachloride.

These findings supporé.a mechanism in which thiophenyl radicals
directly attack the azocarbinol 41 possibly by a fully concerted mecha-

.

nism as in equation [67] with a partly concerted mechanismﬁ(through

67] Hao\ L0 HaC\
671 7 ' —_> >::0+N *CPSH
H3 eSO, C 2 .
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(C6H5)N=Nﬁ as an alternative. Thus in this case thiophenyl radical acts
as a chain -carrier by abstracting the hydroxyl hydrogen of 41. Phenyl
radical then abstracts hydrogen from thiophenol regenerating the chain
carrying radical. There was no chloroform and no chlorobenzene detected
from decomposition runs of 41 with thiophenol present, indicating that

essentially all phenyl radicals were trapped by thiophenol rather than

by carbon tetrachloride.

E: Decomposition in the Presence of Triphenylmethyl Radical

The decomposition of 41 was studied in the presence of a stable
free radical; triphenylmethyl. The aim of this study was to set up a
model for the chain-carrying hydrogen abstraction step in the decompo-
sition of ™&X-azocarbinols as depicted in equation [68]. If Y*, a stgble

HaC — . o
=NQ ,
[s8] e + Yo T YHr* CHglC=0+Ny + Qe

free radical, causes decamposition of the azocarbinol at a temperature

where the azocarbinol is relatively stable, then one can surely conclude

that decomposition is induced by other radicals a%so.
In this study trityl radical (dimer included) was in excess of
41 by approximately fourteen fold, making the trityl radical concentration

effectively constant throughout the reaction {ie. bimolecular between 41

[

(4

© . 35 P
and trityl radical). The Keq for dimer =2 2trityl was estimated from Lewis89 i

mole/L. The trityl radical concentration was therefore

sbout 1.55X10™ 24 which, in Furn; is used to calculate the second order

,Ifor.tﬁe attack on 41 by trityl radical.

The rate of decoﬁpasition of ﬁl (0.05M, initial) in benzene at
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35.0°C was found to be more than eight times greater in the presence of
trityl radical (8,3 X 10—3M) than in its absence. In both cases decompo-
sition of 41 was first order iﬁ 41 to about 90% completion. The observed
eight fold increase is a large factor and surely indicates that trityl
radical induces the decomposition of the azocarbinol 41 in degassed
benzene solution,

Identification of the products from decomposition of 41 in the
presence of trityl radical indicated acetone and triphenylmethane as
majoxr products. Two other minor products were not identified.

These results are iﬁportant because they mean that the mechanism
proposed by Schulz is not general, if it applies at all. From the present
study we can conclude that grityl radical abstracts the hydroxyl hydrogen
of 41, at a temperature where the azocarbinol alone is relatively stable.
The decomposition, of 41lin the presence of trityl radical obeys pseudo-
first-order kinetics with trityl in large excess and produces‘acetone

and triphenylmethane as major products (equation [69]),

H3C :N¢

69 - e ——— (MaCH +(CHa)oC=
4 | Ny + Qe

q)e ot (q))SC“ ‘ —> non-radical products

F: Decomposition in the Presence of Other Stable Free Radicals

Other stable free radicals were used in an attempt to show the
induced decomposition of 41. These are, 2,2,6{é—tetraﬁethylpiperidino%y

(36) and 2,2vdiphanyl—1—picry1h§drazy1 (37) (see introduction pages 33-34).

i
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HaC CH3 AN
H3C ] \CH, q)/N——~N @ NGy
O NG,

3% : 37

The results are of interest because 36 is actually rate retarding

whereas 37 enhances the rate of decomposition by twofold (see Table VIII).
Table VIII

. - - Relativg
Compound Reaction Conditions k (sec ™) Rate
(CHQZCN:N(D Control. experiment -6
, Benzene, degassed 3.96 X 10 'q 1
H 4] 35.0 +/~ 0.1°C
_3_§ (0.12M)/ Benzene ‘ k -
3 d obs.
4 egasse - 0.2
T 35.0 +/- 0.1°C 9.71 X 10 %
A
3_7 (0.15M)/ Benzene \kobs.=
.él‘ degassed ’ 8.40 X 10—6* 2.04
35.0 +/- 0.1°C

(* These numbers are averages of the duplicate kinetic runs which appear
on Table VI, page 51) ] ‘ ¢
The key step in the mechanism of X ~azocarbinols decomposition is radical

.

abstraction of hydroxyl ‘hydrogen from the hydroxydiazene in concert with

‘

C-N bond cléavageas. This avoids formation of 'an alkoxy radical inter-

mediate (equation [70]) and provides enough lowering of the free energy -

H3C =NQ e o S
[70] Hal ‘“"I“‘."*"‘?IH +(CHg}C=0+ Ny + b
3 , - : : :

H (or eN=N{)
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" this laboratory77 by hydrophenylation of trichloroethylene with the H+azo-
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from coproducts of [70] to allow even stabilized radicals to aét as chain
carriers. This has been found to be true in the case where the free radi-
cals (Is) were phenoxy, thiophenoxy, trityl, and 2,2-diphenyl~l-picryl-
hydrazyl (37). Such an explanation, however, does not hold true for 2,2,6,6-
tetramgkgilpiperidinoxy (36), which is in effect rate retarding. The free
radical 36 could be "mopping up" the phenyl radicals produced from decom-

position of 41 rather than it (36) directly attacking 41 by hydroxyl

hydrogen abstraction, thus slowing down the rate of decomposition.

G: Trapping with Trichloroethylene

The decomposition of 41, in benzene or in carbon tetrachloride
solutions is induced by radicals through abstraction of hydroxyl hydrogen
in concert with scission of at least one C-N bond (for example equation
[69]). This mode of decomposition is analogous to that of azocarbinol
38 investigated in this research, and to others (1 and 17) reported from

11,12,13

this laboratory by Warkentin and coworkers. Thus, 41 decomposes

in the presence of trichloroethylene (equation [71]) to give acetone and

HaC

HaC L — (CH3)2C=0 + Ng

qa N

the addition product (54), 1,1,2~-trichloro-2-phenylethane.” The known79
compound 54 was characterized in the crude state byAIH N.M.R. spectroscopy;

\ . j
comparing the chemical shifts to those of the same compound prepared in

-




Tl

Py

JE s s St KL

. s e v

67

carbinol 38. Acetone was® characterized by adding a minute amount of an
authentic sample to the nmr tube containing the reaction mixture and
observing increase of the suspected acetone peak at 6 2.12, The yield

of the addition product (54) was estimated to be of the order of 40%.

V: Conclusion

o -Phenylazodiphenylcarbinol (38) was synthesized by mild de-
acetylation (with methyllithium) of the corresponding azoacetate (39). The
thermal decomposition of 38 in carbon tetrachloride was studied with a
detailed analysis of the product composition and kinetic measurements. A
new acyclic azocarbinol, o(-phenylazodimethylcarbinol (41), was synthe-
sized via air oxidation of acetone phenylhydrazone to the hydroperoxide
(40) which is itself reduced to 41 by the action of triphenylphosphine.

Evidence from this research points toward a radical chain,
induced decomposition by attack at the hydroxyl hydrogen of 41, in a

process where phenyl radicals or phenyldiazenyl radicals are generated.

This evidence was provided from kinetic measurements of the thermal
decomposition of 41 and of several azoacetates and azoethers, as well as
from decomposition of 41 in the presence of several substrates (benzal-
dehyde and thiophenol) and of stable free radicals. Some of the latter
have been shown to induce decomposition of 41 at a temperature where
the azocarbinol is relatively stable, Evidence diéfavouring other possible
competing mechanisms was also found.

The synthetic utility of 38 and il:was also investigated Griefly.
This potential synthetic utility of these azocarbinols was fllustrated

through their hydrophenylation of several olefinic compount.

¥
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EXPERIMENTAL

'I: General

Proton magnetic resonance spectra were obtained with Varian T-60
or Varian EM-390 instruments using carbon tetrachloride as the solvent and
tetramethyl silane (TMS) as internal reference (unless othgrwise indicated).
The resonances are reported in 6 values (P.P.M), followed in brackets by
the multiplicity symbol (s=singlet, d=doublet, t=triplet, q=quartet; and
m=multiplet) and the relative number of pro;ons. 13C nmr (or 13C N.M.R.)
spectra were taken on a Bruker WH-90 or a Bruker WP-80 instrument using
CDClBas the solvent and TMS as internal reference.

Infrared spectra were recorded on a Perkin-Elmer Model 283 spectro-

photometer. The spectra were taken in CCl, solutions (unless otherwise

4
indicated) in Q.Smm KBr cells. The data are presented in reciprocal
centimeters.

Mass spectral molecular weights were obtained from a high reso-
lution Consolidated Electrodynamics Corporation (C.E.C.) 21-110 instru-
ment,

'Gas chromatography analysis were done on a Varian Aerograph
A90-P3 or on a Varian Model 3700 Gas Chromatograph.

Electron spin resonance spectra were obtained using a JES-3BS-X

) -+
esr instrument, using Mn = as marker.

Melting points were determined on a Thomas Hoover Capillary

v - . -

Melting Point apparatus.

-

Starting materialshwefe commercially availabie, and wcre used

without purification unless otherwise specified.

68
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The spectral properties of the compounds prepared are assembled in Table V
(pages 43 and 44) . The rate constants of the compounds studied appear in
Table VI (pages 49-51). The kinetic rates were calculated using peak
heights or integral areas obtained from 1H N.M.R. spectra (unless other-
wise indicated) of the reaction mixture under investigation. Appendix I
contains the structural formulae with their assigned numbers and may be
used as a quick reference.

IT: A: Preparation of Lead Tetraacetate (LTA)

The method used was similar to that of FieserSI. A mixture of
acetic aeid (1200 ml) and acetic anhydride (800 ml), in a three litre,
three necked, round-bottomed flask, was heated to 55°C and stirred vigo-~
rously with a mechanical stirrer. Lead tetéaoxide (red lead oxide) (1400g)
was added in portions of 15-20g over a period of five hours. A fresh addi~
tion was made only after the colour due to the preceding portion had
largely disappeared. The temperature was kept between 55°C and 60°C at
all times. The thick slurry precipitéte was collected by filtration,

washed with cold acetic acid, and recrystallized from hot acetic acid to

b
i

i

1

give white crystals (700g, 80% yield). These were kept in a closed container
in a dry box.

B: Preparation of Benzophenone Phenylhydrazone

Benzophenone, 54.6g (0.30 mole) was dissolved in methanol (100 ml),
to which solution 30 ml of giacial acetic acid was added. To the resulting
solution was added phenylhydrazine (29.4 ml, 0.30 mole). The mixture was
refluxed under nitrogen for several hours. Colourless crystals, which ~
appeared on cooli;g to ice temperature, were collected by suction filtra-
tion and récrystallized from hot methanol; m.p. 137-138°C ,(literature82

137-139°C). The yield was 67.8g (83%).
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III; K?/Prgparation of Phenylazodiphenylmethylacetate (39)

The procedure was similar to that of Iffland73. A solution of
benzophgnoﬁé éhenylhydrazone (27.2g, 0.10 mole), dissolved in methylene
Chldrfaé (100 ml1), was added, in the course/of fifteen minutes, to a
stirred soiution, at 0°C to -10°C (dry-ice-acetone bath)lunder nitrogen,
of lead tetraacetate (44.3g, 0.1 mole) dissolved in methylene chloride
(200 ml). The recdulting solution was warmed up to room temperature and
stirred for twenty more minutes. To the stirring solution was added cold
water (200 ml) and the brown sludge formed was removed bv filtering the
entire mixture through a bed of Celite. The methylene chloride layer was
separated and washed successively with watér and with dilute sodium
bicarbonate solution (5%) until free of acetic acid. After drying over
anhydrous NaZSOA, the solvent was removed under vacuum with a rotary
evaporator. The pale yellow solid which remained was recrystallized from

methanol to give 26g (80%) of pure product.

B: Kinetics of Decomposition of 39 in Carbon Tetrachloride

A so;;£ion of phenylazodiphenylmethylacetate (39) (0.2M) in carbon
tetrachloride, with dimethyl carbogate as the internal standard, was pre-
pared and kept at ice temperature. An aliquot of this solution was placed
in an nmr tube connected to a ground-glass joint, which was put through
3 or 4 freezevpump—thaw cycles (vacuum line pressure: 5X10—3mm Hg) before
sealing. The tube was heated in a constant temperature oil bath (80.0+/-
0.1°C). N.M.R. spectra were recorded at selected time intervals through-
o;t fhe course of the reaction, starting with time zero. The reaction was

V
stopped by cooling the tube quickly in liquid nitrogen and the time out~

side the bath was not counted. Peak heights of N.M.R. signals (m rhyi

acetate peak of 39 at §2.18 ppm) were normalized with reference to that
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of the internal standard. Standard first order treatment of the data

gave straight, least-squares fits to the equation 1n e kt + c.
IV: Chemistry of Phenylazodihhenylcafbinol (38)
A Pregarationlz

Phenylazodiphenylmethylacetate (39) (3. , 0.01 mole) was

dissolved in dry ether (25 ml) and the solution was cogled tg‘—lO°C in

a dry-ice~acetone bath, Methyllithium (5 ml, 2M reagent in ether) was
added, under nitrogen, dropwise from a syringe within 10 minutes. The
solution was stirred for fifteen minutes more and ice-cold, saturated
NH4C1 solution (20 ml) was added slowly. The organic layer was sepa-
rated and the aqueous layer was ;xtracted twice with ether. The ¢« -hined
ethereal solutigp was dried over NaZSO4 and concentrated .

heating) under reduced pressure with a rotary evaporator. The pale yellow
residue which remained was recrystallized from n-pentane. The yield was

of the order of 70%,

B; Thermolysis in Carbon Tetrachloride

Phenylazodiphenylcarbinol (38) (576mg, 0.002 mole) was dis. - 4
in carbon tetrachloride (5 ml) and the solution was refluxed for /r)l::>
The major products from the decomposition were benzophenone, «i orm,
benzene, and chlorobenzene. Vacuum distillation (aspirator pressure, 70°C)
gave a clear distillate which afforded the identification of the last three
products mentioned above by comparing their retention times on several
glpc columns with those of authentic samples. The residue has been pre-
viously derivacized43 to give a 2,4~di-nitro-phenylhydrazone, m.p. 238°C

\

(literature83 m.p. 238°C), thus confirming the presence of benzophenone.

C; Kinetics of Decomposition In Carbon Tetrachloride

The reaction was followed by monitoring the growth of the carbonyl

G Tn s
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stretch of benzophenone in the infrared spectrum (1665 cm—l) at selected
time intervals. A calibratfon curve was worked out for the carbonyl
stretching band as a function of concentration o% benzophenone in carbon
tetrachloride.

-

A solution of 38 (0.002M) in CClA was prepared and kegf cold. Four
samples of this solution were placed in different tubes equipped with
joints to attach to the vacuum line. Each tube was sealed and then heated
at 80.0 +/- 0.1°C for a prescribed period of time. When taken out of the
bath each sample was quickly cooled in liquid nitrogen. The tube was then
broken and the I.R. spectrum of the mixture was recorded. Standard first-
order treatment of the data gave good fits to the first order rate equation

with least squares correlation coefficients better than 0.990,

D: Composition of the Products from Thermolysis of 38 in Carbon

Tetrachloride

-

Solutions of 38 in CC14(0.6M, 0.35M, 0.26M, O,17M, 0.09M, 0.04M,
and 0.01M) were placed in small tubes, each of which was degassed, at the
vacuum pump, and sealed. The tubes were placed‘in a constant temperature
0il bath (80.0+/-0.1°C) and heated for several hours. Each mixture was
then analyzed for product composition using a 10 foot FFAP (10%Z) column,
on a Varian Model 3700 Gas Chromatograph. The data from each individual
injection were obtained from a Varian CDS111l recorder (connected to the
Gas Chromatograph) which gives the peak time, area, and per-cent area.
Each sample was injected approximately six or seven times to minimize
statistical errors and an average of the results was taken. The product
composition in CClA vas st;died as a function of initial concentration of

38 (I,). The results (Table VII, page 53) have been corrected for the G.C.

response to known concentrations of products (benzene, chloroform, and

pars
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chlorobenzene) .

E: Trapping with Tetrabromoethylene ™

R s P R

5 Tetrabromoethylene (5g, 0.015 mole) was added to a solution of
é' 38 (576mg, 0.002 mole) in benzene (4.0 ml). The mixture was stirred (or
shaken) until it became homogeneous after which it was heated at IQQ°C
for one hour. Vigorous gas evolution was observed., The reaction mixture
¥ was chromatographed on silica gel (60-120 mesh) using petroleum ether

as the eluant. The excess tetrabromoethylene was identified as the first
eluant (m.p. 55-56°C, literature 56.4°C; M.S. was identical to that of
an authentic sample). Benzophenone was also identified as a reaction
product (N.M.R., 1.R., M,S. m/e=182). The addition product, 1,1,2,2-

tetrabromophenylethane, was obtaineg as a colourless oil (12.8mg, 1.5%

T

» ey

yield) . The yield was dalculated by N.M.R. using cyclohexanone as the
-

et aabes

-

internal standard. The samg addition product can be obtained in high

yield by bromination of phenylacetylene80

RGRMFIINGE A

V: A: Preparation of Acetone Phenylhydrazone

Acetone (22.0ml, 0.3 mole), methanol (100ml), glacial acetic acid

; (5.0m1), and phenylhydrazine (29.4ml, 0.3 mole) were placed in a round-
S bottomed flask and the solution was refluxed overnight (approximately 12
; eéf hours) . The excess solvent was removed under vacuum with a rotary evaporator.

The resulting solution was washed with dilute bicarbonate solution (5%)

until free of acetic acid. The solution was then dried over NaZSOQ. The

product, describedab as a straw coloured oil had a h.p. of 140-143°C
8 .
(literature 4; b,p.=140-145°C) and was obtained in 85% yield. The compound

was characterized in the N.M.R. spectrum, by two singlets at O 1.73 ppn:

and 0 1.97 Ppm iorrééfonding to the two methyl groups of the hydrazonef

Other properties may be found on Table V (page 44),
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B: Preparation of Phenylazodimethylmethylacetate (52)

A solution of acetone phenylhydrazone (1.5g, 0.01 mole) in
methylene chloride (50 ml) was added in the course of fifteen minutes to
a stirred solution, at 0°C to -10°C, under nitrogen, of lead tetraacetate
(4.6g, 0.01 mole) in methylene chloride (75 ml). The resulting solution
was stirred for twenty minutes more after which cold water (100 ml) was
added. The mixture was then filtered and the methylene chloride layer
was separated and washed with a sodium bicarbonate solution (5%). After
d;ying the solution over anhydrous Na2804, the solvent was removed under
vacuum with a rotary evaporator., K The yellow oil left behind was tri-
turated with hot petroleum ether to deposit insoluble impurities. The
solvent was again removed to leave behind a yellow oil (1.70g, 83% yield).

A strong band near 1750 cm—l is present in the I.R. spectrum of

52 (Table V, page 44), which is due to the stretching of the C=0 bond of

the acetate. Singlet peaks at 6 1.60 ppm (s,6) and 52,07 ppm (s,3) in
1

the "H N.M.R. spectrum of 52 are due to the protons of the gem-dimethyl

groups and the protons in the acetate group, respectively. The aromatic .
protons of the phenyl grogg/gpﬁear at §7.33-7.73 ppm (m,5).

C: Kinetics of Decomposition of 52 in Carbon Tetrachloride

To a solution of 52 (0.2M) in carbon tetrachloride (5.0 ml) was
added dimethyl carbonate (0.1 ml) as the internal standard. An aliquot of
this solution was transferred into an nmr tube which was degassed and

3

sealed (vacuum line pressure=5.0X10” mm Hg). -The rate of decomposition at

80.0+/~0,1°C was followed by N.M.R. by monitoring the decay of the methyl

acetate peak normalized to that of the internal standard. The reaction was

followed for a period of 1,100 hours (approximately 45 days) after which

. time only 12% of 52-had decomposed.
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VIi: Chemistry of ?herylazodime{:hylcarbinol (41) -,

- A% General
Phenylazodimethylcarb:tnol may be synthesized via several routes

: '-qtarting from the acetone pﬁenylﬁydrazone (Scheme XV1). Thus far, in our
o Scheme XVI

1. MeLi };2 H3O
: H3C' ]
"(¢)3P (P ' S ‘ , ,

'1aboratory, several O(—azocarbino;s have Been synthesized via route (B)

‘In the cuurse of, the presant sﬁudy, the O(—azocarbinol (41) was synt.he-

. . ,'»gized v‘ia the m:;Ldation route a). 'i’his ~Toute is simpler, more efficient,
.. S & L . . . . v .
and lees cbsgly, AL ' R
'S / .-g "~~,k-'; N ks ] .,
j.lB Preparat:ion of 41 by t:he mdatioh Route . .

o .‘ -
g
M .’

Acet;ona pbeny{;hyarazone C) l»g, 0 03 mole) Was dissolved in

Ihe aniount /of o,xy

"

B A R A Doyt e
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when no more oxygen was taken up. Reaction progress was also checked
AY 4

by recording the lH N.M.R. spectrum og,the reaction mixture which shows

“

the disappearance of the two methyl singlets of acetone phenylhydrazone

TR T RS R o

oy

oy B e

(5]u73 ppm and 6 1.97 ppm)/and the appearance of the gem~dimethyl
singlet of the hydroperoxide (40) at appioximatgly 6 1.45 ppm. The hydro-

peroxide solution was then added to a solution of triphenylphosphine (13g,

Wi g 2

0.05 mole) in petroleum ether (400 ml). A precipitate quickly formed

which, when collected and dried, melted at 150-153°C, and after several

* ®

recry%yalllzatlons from chloroform—petroleum ether , had a m.p. of 153~

154“/,(11terature70 73 , m.p. = 153.5°C). The precipitate was triphenyl-

phosphine oxide. The solution was left overnight to deposit more tri~-

R gt S S TN

phenylphosphine oxide before the filtrate was collected and concentrated.

The filtrate was then distilled bulb—to-bulb (vacuum line pressure:

5.0X10"3mm Hg) for a period of approximately five hours to give phenyl- )

» '%V%‘:.

azodlmethylcarbinol as a yellow oil,, in 82%. yield.

-~

J C: Kinet;\§\of Decemposition in Carbon Teﬁrachloride

°Thermolysis'of 41 in carbon tetrachloride (0.25 ml, 0. q 15 mole,

per 1.0 ml) containing dimethyl carbonate (6.15 ml, 0 0015 mole) as internal,

LA WA IR ¢ stei\B QAU Ao iy T b ek

standard was done in a sealed tube at 35 +/- 0.1°C. The kinetics were

Leaes Egmﬂ'ﬁ"‘" AN

followed by monitoring the decdy of the gem-dimethyl signal ( 6 1.43 ppm)

in the 1H N.M.R. spectra recorded at selected time intervals, This signal

aﬁﬂlthe reference signal were integrated at leést three times. Standard |
first 6r&er treatment of the data éave goéd fits to the first order rgke
equation ana'thg rate cdnstapt was'evaluated‘frém a least~squares treat-~
ment, The majorjpro“ducts of the reaction w,efe. gcetoné, '(,qew,peak at52-. 10

4 . . . Pt )
ppm),benzéne, chlofofég:m, and cﬁlb;oﬁenzerie (new’péak near 07.20 to 7.30

ppm) . The presence of these:.p'roducts.v‘ras confirmed by comdaring their

R
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" order rate equation (pseudo first order conditiong).

eaéh:éd}ﬁtiou was placed.in an nmr tube which was degassed and sealed.

P
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reténtion times, on several glpc columns (Gas Chromatography), against

those of authentic es.
. L

D: Thérmal Decomposition in Benzaldehyde

A solutidn of_él in benzaldehyde (0.6M) was piaced in é thick~
walled tube, degassed and sealed. The tube was heated at 35°C for a
period of 48 hours, after which time a solid appeared in the tube. Gas
chromatography analysis of the filtrate showed the presence of acetone and
benzene as the other re;ction products. The solid, from the reaction,
was identifiéd aé'ben;oic acid—é—phenylhydrazide (24a); m.p. 165-167°C
(literature m.p.=168°C), M.S. m/e=212, (77.2% yéeld).

E: Kinetics of Decomposition in Benzaldehyde

Three solutions of benzaldehyde (10M or neat, 5M, and 2M) in
benzene were prepared. To each solution 41 was added (C6HSCHO=0.01M, 41=
5.0X10_4M) along with an equivalent molar.amount (to that of 41) of dimethyl

[
carbonate as the internal standard. Aliquots of this solution were trans-~

ferred into nmr tubes vhich were degassed and sealed. The tubes were

© s waer T

heated in a constant temperature water bath (35.0+/~0.1°C). The kinetics
of each run were followed.by normalizingvthe decaying gem-dimethyl
signal of 41 ‘against that of the internal standard. The rate constants

were then calculated from the data obtained with good fits to the first

F: Kinetics of Decomposition of 41~in=CCI, in the Presence of Thiophenol
. - ke 4

Two solutions of thiophenol (0.0QiM and 0.0005M) in CC14 were

prepared. Ta tﬁese solutions (5.0 ml each) 41 was added (100 Pl’ 6.OX10F4

mole) along with dimethyl carbonate (internal standard). An aliquot of .

4

v

Tﬁe tubes were heated at 35°C and the reaction was followed by recording
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3 . N.M.R. spectra at selected time intervals to at least three half livyes.

The first order rate constants were then calculated as described in

T

section VI C.

"

G: Kinetics of Decomposition of 41 in the Presence of Triphenylmethyl

3

L5 WA

Radicals
N A solution of triphenylmethyl radicals in benzene was prepared
: {
by a procedure modelled after that of Hammond, Ravve, and Modicgs. The

apparatus (Figure I, page 79) was éompletely modified from that used — 1

T s S S S LR LN

by the authors, in order to assure proper sealing against oxygen which/

kyie

would react rapidly witb.the radicals being formed. In a typical pre-
paratgon, triphen;lmethyl chloride (2.4g, 8.6X10--3 mole) in benzene
(10 ml) was placed in compartment A of figure I. io this solution,
mercury (S.Og).was added along with‘NaZCOB(l.Og) (to eliminate traces

of acid). This solution was degassed at the vacuum pump (5.0X10—3mm

L i

Hg pressure) and the pumplng arm was sealed. The apparatus was then
’

3 shaken on a mechanical shaker for a perlod of approximately 48 hours. «F ¥

ot el

The colour change, from dark orange to yellow, in the course of the

reaction gave an indication of when the reaction was complete.

Azocarbinol 41 (0.1 ml, 0.6 mmole), benzene (3.0 ml), and di- !
v . .. : :

methyl carbonate (0.6 mmole) were then placed in compartment C of .

figure I. Compartment C was then degassed and sealed and the whole appa-
o

Pt S amn

ratus was inverted so- that the irityl radical soluéiqn‘filtered through
the frit inio compartment'B with.theiinorganic galts of mercury left’
Abehind The Break seal was then broken by nsing the we}ght of the glass

’

-enclosed steel piece. Tﬁe two solutions were thus mixed in compartment B,

after which.an ‘aliquot was run into the nmr tube which was quickly sealed

Tﬁis nmr tube was kept frozen, in liquid nitrogen, until an E.S§. R. spectrum
‘ ' . [ . -

N




£33

PR T Oy Y

b smgn el PATLAST R ¢ &

prav

ERINTID Gy ke SRS PO T NN T s mmonne opes 2, +

LA T OREARY s -

w

Figure I: Apparatus for Generation of Triphenylmethyl Radicals

and Reaction with 41 Under Sealed Conditions
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‘subl;med under vacuum (5.0X10 “mm Hg) to give a fine whi;e powder, The same

80

N

was taken to confirm the presence of trityl radicals.

The sealed nmr tube was then heated at 35°C in a constant tempe-
rature water bath, N.M.g. spectra were taken periodically, to monitor the
.integral of the éem~dimethyl peak of 41 against that of the internal
standard, The fit to first order kinetics was excellent (see Table VI,
éage 51). *

.  Q

H: Product Identifjcation from Decomposition of 41 in the Presence

of Trityl Radicals

The solution of trityl radicals in benzene containing 41 (left
behind in compgrtment B of figure I from section VI G) was allowed to

react (at 35.0+/-0.1°C) for a period of several weeks. One millilitre

I3

* of this solution was distilled and the clear distillate collected was

subjected to Gas Chromatography using several glpc columns. Acetone was

identified as a reaction product by comparing its retention time to that

of an authentic sample.

The fraction left behind in the distillation eventually crystal-

lized and when subjected to thin layer chromatography showed three spots,

RN VR

indicating the presence of at least three products. This fraction was
. * _3 . 4

e

fraction showed three peaks when subjected to Gas Chromatography analysis,

of which was attributed to triphenyl methane by compafing the retention g
timg to that of an authentic sample u31ng three chromatographlc «columns
(SA ov-17, 5%0V- 101, and 5% SE-30). Injectlons of the sublimate (1n ether)

into the Gas Chromatograph (Varian Aerograph A90-P3) afforded the collection

of minutée quantities of the reaction product. Thls material had a meltlng
point of 92—95 C (literdture value for (C6 5)3CH is 94°C) and signals in

the 1}1 N.M.R. spectrum (85.47 (s,broad), § 6.97 to .7.27 (m) )b corresponding

y
re

A
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to those found in the literature.86 (6 5,50 and 5 ca 7,15).

I: Kinetics of Decomposition of ﬁ;.in Benzene as a Controlgggperiment

A solution of 41 (0.05 ml), dimethyl carbonate (0.03 ml); and
benzene (3.0 ml) was prepared and kept cold. An aliquot of this was
transferred to an nmr tube which was degassed‘and sealed. The reaction
was run simultaneously, and in the same constant temperature water bath
(35.0+/-0.1°C) as that of the trityl radical experiment (section VI G).

J: Kinetics of Decomposition in the Presence of Other Stable Free Radicals

The kinetics of decomposition of 41 were done, in separate expe-
riments, in' the presence of 2,2,6 6-tetramethylpiperldlnoxy (36) (0.12M;
10:1 = Radical:Azocarbinol) and of 2,2«dipheﬁyl—l—picrylhydrazyl &)))
(0.15M; 10:1 = Radical:Azocarbinol) under sealed conditions. Benzene was

used as the solvent and éimethyl carbonate as the intermal standard. Both

reactions were done at 35°C and followed by N.M.R. spectroscopy to at least

P

M I3 . I3 . . 4
three half lives, using integral areas and integrating the signals at least

3

three times. Both experiments were done in duplicate and thelr respective

rate constants were evaluated from a least squares treatment. The results

-
;

are gathered in Table VI, page 51.

K: Trapping with Trichldroethylene

' Azocarbin01.£I (328 mg, 2.0 mmole) wés added to tfichloroethylene
(5.0 ml) and the solution was‘étirred«for one hour at room temperature,
The -flask was vented with a syringe needl; throughout the course of the
reaction. Upon completion the excess trichloroethylene was removed ﬂy
distillation at atmospheric pressure. The N M.R. spectrum of the crude

;

reaction showed authentic7 peaks of the addition product, QCHCCI)CHCIZ,

N.M.R.: 87,50 (m,5); 6 6.02 as, J]: 9Hz),5521 (H, 4, J=5.9Hz),

" Acetone was also identified as a, reaction product (lﬂ N.M.R. D 2. 12) from

<
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a sample of the reaction mixture before distillation, No attempt was made

)

to purify the addition produét.

VII: Kinetics of Decomposition of Methoxydiphc;nylphenjr1azomethane87 (53)
Thermolysis of 53 in carbon tetrachloride (300 mg, 0.001 mole,

per 4.5 mi) containing diﬁethylﬁcarbonate as internal standard was done

in a sealed tube at 80.0+/-0.1°C. The decomposition was followed by

lH N.M.R. specFroscopy;'by monitoring the decay of the methoxy peak at

6 3.27. The results, when fitted to the first order Tate equation, gave

k80 c 6 a

(53) = 3.64 X10™° sec }(c.c.=0.9707), (Table VI, page 49).
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APPENDIX 1

X ructural Formulae of Compounds

OH : ’
O\__N=NC(CH3)3 Ry =\R

0
\) ¢ oo
N-£—~CH3 : OH K OH
Hg3

1 23

———

-NQ) =NOICH3)3 | '
0
H = ¢——c—~—NHNH¢)

22 .

H3C N:N(D

He Co
S oH il
24 25

¥ o
O—C—NHNHCCHg)3

\ .
0 =NR 0) =NR R1 -N R3 A\ f
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