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__Introduction

This investigation wes un&ortaken to study the reaction
mechaniem involved in the formation of Indazole. A study was
also made to determine the effect of a polar solvent onm the
yield of Indezole using Dreyfuss' method of preparatiom. (4).

At present, Indazole is of no practical use. Howeyer the
reaction producing Indazole is of interest simce it is differ-
ent from the ususl resction of disgonium salts, That is, the
resction of disgonium salte with benzene to form diphemyl
derivatives,

There are several proposed structures for Indagple ae

illuatrgya&

Barly workers asssigned the structures I to Indazole and
IT to Isoindazole, asuwers (1) rejects I on the basis of the
difficulty in comstructing & molecule with a three membered
ring, Fries (7) prefers I since the 2 alkyl: derivatives are
ecolorless and show no quinoid properties, Other sources (3),

(15) prefer III se Indazole,Hayes and Hunter (8) ehow Sthat IV
is & poseible structure depending on where the substituent is

attached,
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Barclay (2) states that by anology with other heterocyelie
compounde there is little doubt that Indazole snd its de~
rivatiias are resonsnce hybrids, resonance mainly due to
the benzene nucleus, Sigsby (19) believes that V is also
& probable form if only as an intermediaste.

For the purpose of uniformity, the strueture IV will
be used throughout thie paper,
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_Bistoriesl

Indazole was discovered by E. Fischer and Kuzel (5). These
and other workers, ¥. Fischer and Tafel (6) moticed that 2 Hydro-

zinoeinnamic acid easily lost acetiec ascid to give Indazole.

- ﬁféyﬂ"ch »fév
/?"5 - NH, OHM D\Njﬁ + CHy—= s d

Heusler (2) obtained & slight yield of Indazole by the re-
action of tolul-diszo-toluide with acetic anhydride,

CHy

B. Noelting {16) made Indazole from O-toluidine, through the

diozonium salt which was sllowed t0 hydrolize and couple to form

Indazole, '
;Tj\ wau y 7’/

This synthesis was attempted by Rzesotarski (17), but no
Indazole was obtained,

Preyfuss (4) waes a@ble to prepare indszole, im relatively
high yield, from N-benzoyl-o-toluidine using acetic secid and
acetie anhydride as solvente for the nitrosation and pyridine
as a catalyst, The nitrosated etarting material coupled intra-
moleeularly'to yield Indazole and benzoie acid according to the

proposed resttion:

a”c%;a +4,0, ) G;,V..c... ]"7[&;-%@"0] @



At present this is the easiest preparation of Indazole,

The mechanism of the decomposition of the Nitroso compound
invokes considerable interest, rrevious workers speak of coupling,
with the elimination of nitrogen as Np (18) (20) (12) (11). Dreyfuss
(4) suggested cyclic mecheanism for reactions of disszonium salts,
formed from O-toluidine, Wentiom has been made of other products
formed by side reactioms (20), A possible product formed wounld
be the resulting product from.tha reaction of Indazol with the unde-

composed nitroso derivative. : N;;\ qb
4::25?,,,‘3“*"Hh"

Diphenyl derivatives could also be formed,De Tar (13) obtsined
Indagzole from the decomposition of ss-2-gtilbenediszonium fluo-
borate and postulated the resction as being iomie, involving en
electrophilic attack of the terminal nitrogen atom at the
ethylenic bond followed by the additiom of water to give Indaszole
and benzaldehyde., In the work done on the nitroso derivative of
acetenilide by Huisgen (11) (12), it was suggested that the de-
compositien involved the formation of the diszonium ester ss
the rate determining step, Huisgen (11) also showed this reaetion
to be free radical in neture and of firet order,

It has been determined that the decomposition rate is un-
affected by the presence of a coupling compound such as B-napthol,
Thie fact was utilized by Huisgen and Sigeby (19) im studyimg

the reaction rate, Sigsby showed that the color produced by the
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coupling with B-napthol was directly proportional to the con-
centration of the nitroso compound, This was the method used

for studying the reaction rate., Sigsby(®) found that the decomposi-
tion rate of the nitroso aerivétiva of ¥-benzoyl-o-toluidine in

the prescnea of bengene was firet order,
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The nitrosations were osrried out in two ¥illigan bottles
connected in series to the gas generator, The gas generator con-
sisted of & one liter three necked grignasrd flask fitted with a
dropping fumnel snd an outlet in the smaller auh. The large
neck was stoppered, Rubber stoppers were used to minimisze the
sorrosive actiom of the ges, A 2B0 mwl. Erlemmeyer flask was
fitted with & two hole rubber stopper and comnected in series
between the gas generator and the NMilligan bottles as & safety
trap.

The only apparatus necessary to work up the yield of Indazole
was a simple distillation apparatus,

The rate determinstionm by coupling with B-napthol required spec-
ial equipment, The apparatus used to store the Bemapthol solution
in an atmosphere of nitrogen was the same ss that used by Sigsby
{19) with one modifieation, The 500 ml, separstory funnel was
replaced with a 1000 ml, separatory fumnel to permit the prep-
aration of a larger volume of solution, The 1000 ml, funnel was
calibrated at the onme liter level, It wae found to be sceurate
to Bee,

The apparatus for storing and drying the nitroso derivative
consisted of s large Dewar flask for insulation, smd & long
cylindriesl tube, closed at ome end, which fit ineide the Demar
flask and was held in place with & three prong clsmp. The Dewsr

flask was fitted with s loose fitting fiber top with & hole in
the center to sccommodate the tube., The tube was fitted with a
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one hole rubber stopper and comnected to & drying tube, The
drying tube econtained calcium chloride and phosphorous pent-
oxide, in series, The drying materials were placed in the tube
so that the phosphorous pentoxide wae between the calecium
ehloride to proteet it from the air,

The decomposition of the nitroso derivative was carried out
in 8 constant temperature bath with a meroury thermo regulator,

The concentration analyses were made with & Fisher A.C.
Tlectrophotometer,

About twenty-five separatory funnele end twenty-five
100 ml, volumetric flasks were necessary to hold the samples,
A pipetter was used to pipette toxie liguids,
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gtoring and drying the Witroso Derivatives

The rate determinations would be more convenient if the
nitroeo derivative could be stored and dried, For thie reason
experiments to store and dry the nitroso derivative were un-
dertaken, The aspperatue used has been deseribed under the
section entitled "Apparstue”, The nitroso derivative wee pre-~
pared and isclsted according to the method outlined by Sigsby
(19), The gas generator was charged with s solution of 250 gm.
godivm nitrate in 300 gum, water and dilute sulphuric scid was
added to liberate the gas, The ¥illigsn bottle was charged with
20 gm, H-Benszoyl-o-toluidine, 60 ml, scetic scid, 40 ml, ascetie
anhydride and 8 ml. pyridine. The nitrosation wae ecarried on
until the solution was clear green, The nitroso derivative
was isolated by pouring the green solution into ice water,

It was found that & volume of water of 200300 ml, brought
about most complete precipitation. The precipitate was super-
fieially dried with paper towels, two grame of the derivative
were them removed and dissolved in 30 ml., of bengene st 25° ¢,
& ten ml, portion of this sample was removed immediately and
coupled with ten ml, of 0,2N B-Napthol solution (0,2N B-Napthol
in 109 sodium hydroxide solutiom), The remaimder of the nitrose
derivative was placed inside the tube and the Dewar flask
filled with ice. The drying tube wae attsached and the systenm

evacuated to0 inereasse the rate of evaporation of the water.

The complete storage spparatus wee placed in a refrigerstor,



sfter three days another two gm, sample was removed and given the
same tréatmant as the first eample., The same procedure was followed
on the fourth dsy. The samples were then extracted with benzene

and diluted 1000 times, The sbsorbancy was ueasured in the photow

neter, The following chart shows the results.

Weight Sample Time in Storapge Absorbaney
2 gm, 0 26.76
2 gn. 3 daye 33,6
2 gm, 4 days 34

gince the absorbancy ie direetly proportienal to the concentration
the raauita show that no measurable amount of decomposition had
occured after four dsye, The difference between the firet sample
and the gecond and third is believed to be due to the greater
purity of the second snd third samples, since they were stored

long enough for the drying tude to be effective,

Effect of increasing the solvent to solute ratio om rate of nitrosa-

tion,
Anaatfampt to incresse the rete of nitrosaetion by doudling the
ratio of solvent to solute, The ¥illigen bottle was charged with
R0 grams ¥. Benzoyl-o-ioluidine, 18 ml., pyridine, 120 wml. secetie
acid snd 80 ml., scetiec ambydride, The ﬁitrusatian was ntér#a& at
2:00 P.¥., 8nd at 8:00 P.M. the nitrosation was not yet complete.
gince tha nitrogation normally takes from two to three hours
this showed that ineressing the solvent to solute ratio had an
adverse effect on the nitrosation rate,
In 81l nitrosations the milligen Sottltn were placed in two
liter beakers and surrounded with ice water,
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The nocemyaaition rate of tha ¥itroeo Derivaetives

The first run was made to confirm the results of Sigeby (19).
The conditione of the decomposition were identicsl with those of
Sigsby's ixporiment,

The nitrosation was earried out as described using two Hill-
igan bottles in series, The ¥illigsn bottlee were sech charged with
20 gramse of N-~Bengoyl-o-toluidine, 60 ml, acetic acid, 40 ml, acetie
anbhydride and 9 ml, pyridine, The nitrosation was carried out until
the solutiome in both yilligen bottles were clear greem. After
drying the nitroso compound, 20,3 grams were placed in 300 ml. of
bengzene and theromostated at 30,1% ¢, Ten milliliter samples were
withdrawn every five minutes end coupled with 10 milliliters of
B-napthol, Samples were withdrswn for spproximately three hours,
Another sasmple was taken the following dey to obtain an infinity
reading. The sumples were allowed to stund overnight to couple.

The colored ago dye, formed by the eoupling reaction, was ex-
tracted from the aguecus layer with bengzene, Bengene was then
sdded to bring the dilution up t9o 100 times, The absorbaney of
the samples was measured in the photometer. 4 plot was made of

Lég absorbeney ve, time. See "Discussion™ for further treatment,

Degomposition rate of Hitrossted Acetanilide

The second run was made under the same conditione as the
first with the substitution of 20 grams of scetanilide for the
Nebengoyl-o-toluidine in the nitrosetion, It was noticed that

the acetanilide was nitrosated faster due to its greater solu-

bility im the acetic-anhydride solvent., When the
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econtents of the willigan bdottle, fsrtherest from the gas gener-
ator, were poured into ice water, umnitrosated acetanilide was
precipitated, For this reseon the smount of the nitroso deriva-
tive aveileble for rate study wae only 4.6 pgu, The temperature
and volume of benzene were kept the sume ag in the first run so
that the results would be comparable, S8ince the decomposition
resulted in the formation of a eolored by-product it was decided
to try to follow the formation of the by-produet as well as the
decomposition of the nitroso derivetive, The decompositiion of
the nitroeo compound was followed by the ssme procedure as in
the first run, Tenm Williliter ssmples were removed at tem minute
intervale snd coupled with ten millilitere of B-napthol. The
samples were sllowed some time to complete the coupling and

then extrmoted, diluted and measured as before, The formstion of
the colored by-product was studied by withdrawing & ten milli-
liter sample, diluting 100 times and measuring the e¢olor in the
photometer, The rate of decompoesition of the nitroeo eompound
and the rate of formation of the colored by-product were ploied
on the same graph, See date sheebte and graphe which follow,

punamgasitiou rate of the Nitroso nqrivat&va of ;dnuasqgicoe

toluidine and the rate of Formation of Colored By-produet

The third run wee & duplicate of the first rum with the
wodificetion of following the formstion of the eolored by~

product, ae described in the second run., Forty grems of H-
benzoyleo~toluidine were nitrosated as before, 4 portion of the
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dried nitroso intermediate (20,8 greme) was allowed %o reaet in
500 ml. of benzene at 50,2° O, Samples were $ulken every ten mine
ubes end coupled with B*ﬁapthal and exyracted as before, In
addition, ten wmilliliter sampled were withdrawn, diluted snd
the absorbence read imﬁn&iaxely. wor rosults see charte and

graphs whieh follow,

szeet of volsr colvent on the formation of Indagole from T~

bensggl«ayﬁaluiaino

An sttempt was uade to inorease the yleld of Indasgole by
using & polar solvent instead of benzeme, The progedure was that
outlined by preyfuss (4) with the substitution of Nitromethsne
for bengzene as solvent, The f¥-bengoyl-o-toluidine was nitrossated
ag before, Twenty grams of the dry nitroso compound were dissolved
in 180 =1, of mitro methane end allowed to stand at room temper-
sture for ome week (overnight is probably gufficieunt ). The
solution became dark red and homogenecus. The nolutieh was re-
$1uged for tem minutes end them 100 wle, of nitro methane were
distilled off, The remsining solubtion was waghed with 50 mle. of &
gaturated sodium carbonate golution, Om washing & browa precipi-
tate was formed, The precipitate partielly dissolved inm 6 ¥ hydro-
chlorie seid to give a clesr red homogeneous lower layer gnd an
upper layer of browm floculent precipitate. The lower layer was
drawn off and meutralized with 104 sodium Hydroxide golution,
7he solution turmed gloudy but the precipitate {supposedly

indazole) was so fine and in suech small guantity that it couldn't
be recovered,
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gffect of polar tolvent on the yats of Decomposition of the

witroso perivative of ¥-Bemszoyl-o-Poluidine snd on the rate of

formation of golored By~iroduct

rthe fourth run was carried out in the same manner as the third
run with the excestion of replacing the resoting solvent of pure
bengzene with & mixed solvent of 150 mls, nitromethane and 1B0mls.
bengzene, Samples were tukem in the same waunner, However, the
intensity of eolored by-products was much groaﬁer than in pre-
vious runs and it was necessary to dilute 1000 times %o obtain
e resding., The extraction of the colored compounds was made
diffieuls due to the intensity of color and the faet that benzene~
pitro methane solvent formed & stable epulsion with the aqueous
B+ napthol solution, In order to mske the coupled compound rels-
tive to the colered by-producte, the former was diluted 1000
times 8lso, The color wes measured se before and the absorbaney
v, time was ploted for both the coupled compound and the colored
vy-producte, (See following graphs).

the lerge smount of colored produebe formed made measure~
ments very Gifficult, Thereforse, the results are not expected %o
be very seeurate or reproducidvle, 1% ig recommended that the
some procedure be followsd with the gubstitution of nitro
pengzene for nitro yethane - bensene amixture or nitrobengzene for

nitro methane,
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Decomposition rate of Ritroso Derivative of §-Benzoyl-o-Toluidine
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Runm 4 2
Rete of pecomposition of Hibtrose derivative of Acetenilide

Sample Fumber P?ime ¥inutes A % 7
1 10 | above 100 -
2 20 above 100 -
3 30 above 100 -
e 40 97.8 10.6
5 50 100 10
6 60 84 14,2
Y 70 78 16.5
8 80 n 18.6
9 920 61.9 24,2
10 110 46 58,2
p* 4 130 6 43,6
a2 150 80,6 49.4
13 165 29.2 51,1
14 %0 1.1 75,9

Half Life = B84 minutes
Rate &f Formatiom of Colored By-Product

1 65 7.2
2 75 8.8
3 100 8.5
4 115 9.4
B 140 11.4
6 165 11.4
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Run # 3

Rate of Decomposition of Nitroso derivative of W-benzoyl -o-

toluidine

Sample Number
| 10
20
80
40
B0
60
70
80
90
100
110
120
140
170
o0

w @ = o < » G o M

o - -
& o b B BB

Half life

Time minutes

A
66.5
47,9
49,8
52.6
42,8
9.6
84,5
30,5
28,6
25.8
27.6

25;?'

21,9
21,2
10.7

4] ¥inutes

%7
20.7

53,5
5.7
29.8
55,4
40/2
46,1
49.6
51.8
55.5
53

57,9
60.4
61.4
63.5
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Run # 3
Rate of formation of eolored by-produet

gsample Fumber Pime minutes A %
1 16 12,8 4.5
2 25 14,9 n
3 56 20,9 61,9
4 45 36,7 43
5 55 28,8 51.6
6 65 32,1 57,7
7 75 50 56
8 86 25. 6 B5. 5
9 95 21.1 61.5
10 108 21,7 60.6
11 115 £2.8 59.1
12 125 22,1 60,1
13 185 20,6 62,2
14 145 22,0 60.4
15 00 20,9 61.8
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Run # 4
nate of decomposition of ¥itrosee derivative of N-Bengoyl - 0 «

toluidine

semple number rime minutes A %7

1 10 69.1 20.4

2 20 a 89

3 30 89.4 49.6

4 40 27.6 52,9

5 50 | 26 55

¢ 60 24.6 56.6

7 70 - "

8 80 - -

9 90 22.B 59.6
10 100 6.1 56.1
11 110 21.8 60.5
12 120 25,7 B67.9
13 160 TR 57.9
14 00 8.4 82,5

camples 7 and 8 couldn't be extracted due %o formation of

enulgions,

Kslf life = 18 yinutes



Run # 4

o

Rate of formetion of Colpred By-products

Semple number

© @w = o m &+ By v

- -
& ko B 5

Time minubes
16
25
25
BB
65
78
85
96

108
116
128
168

8.5
17
20.3
50.9
29,2
28,8
26.3
£8.2
29,2
20.3
28,5
23,5

8.7

%0
82
67.5

58

49,1
51.1
B2,1
B4. 6
52,8
51,1
50,4
51.8
66.2
61.9
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Discussion

The first run was made to confirm the results obtained by
sigsby (12). The results were found to be comparable to Sigeby's.
The curve was of the same general shape as Sigsby's with a alighf
translation of the curve in the direetion of increased concen-
tration of undecomposed nitroso compound ( i.e, - greater absorb-
sney)}, This was believed to be due to the grester purity of the
author's nitroso derivative due to the drying process. Sigsby's
graph eonsisted of two intersecting straight lines ( see graph
for yun # 1), However it is believed that the points after
about 65 minutes sctually fall on & curve, This eurvature is
believed to be caused by the formation of eolored by-products
which interfered in the analysie for the colored coupled com-
pound, The half life for the decomposition of the nitroso
derivative of F¥-benzoyl - o ~ toluidine at 30.1° ¢. was deter-
mined by Sigsby as 26 minutes while the anthof fauﬁa it to be
64 minutes,

The second run wae made to follow the rate of formetion of
these colored by-producte as well as the decomposition of the
nitroso eompound, The results { see graph for rum # 2) showed
thet the color produced by the formatiom of by-produets, built
up linearly snd follows first order kineties, However the c¢olor
of the by-product of the decomposition of the nitroso deriva-

tive of acetanilide were not as intense as those of the

derivative of N-benzoyl - o0 - toluidine, Thus the devistion
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from the linearity was not very great. The half 1ife of the
nitroso derivative of amcetanilide ss determined at 50,1° ¢,
was 84 minutes, Huisgen (11) determined the half lifelat
82° g, to be 32 minutes,

The third run was made using the nitroso derivative of
¥~benzoyl-o-toluidine, The decomposition curve ( see graph runm
# 8) followed the same pattern ss the previous rums, The eurve
of formation of colored by-producte increased linearly snd
reached a peak at about 70 minutes, them decrescsed until the
two curves coincided. The ressom for the decrease is expleined
in the discussion of run # 4, From the shape of the curve, it
appears that, at B30° ¢, the reactionm is virtually complete after
150 minutes, |

4 graph %o correct for the interference of the c¢olored
by-produets wae made from the graph of run # 3, This was done
by subtracting the absorbancy values for the aéloraﬁ by-
producte from the values of the coupled compound, The new value
for absorbence was plotted ageinst time ae before (see graph
# B). This greph seems to0 be as distorted ge the others after
abauf 70 minutes, |

The eynthesis of Indagol ueing a polar solvernt ( nitro-
methane) was undertaken to try and inerease the yield, However
the experimentel results show that the presence of the polar

Bolvent markedly decresses the yield of Imdazol,



- 26 -

The fourth run was undertaken to study the effect of &
polar eolvent on the reaction rate of the nitroso derivative,
A half and half mixture of nitromethane and benzene was used
to keep the conditions similar to the athar‘rnnu ( i, e. have
benzene precent a8 & posseible reactant)., The eurves hav§ the
same genersl shape ae the others, (See graph for run # 4)

The curvee show a greater amount of color produced by the
formation of colored by-producte thanm the color produced by
the coupled compound plus the eolored by-products, Since this
ig imposeible, it is felt that difficulty encountered in
extracting the coupled compound prevented complete extraction,
It seems guite feasible that the curves would coincide if &
wore sccurate method were used, For Ifuture study, it is sug~
geated that the rate of decomposition be followed by weasuring
the amount of nitrogem evolved,

The apparent peuk snd then deerease in the formation of
colored by-productes, as shown by the grephe of runs # & and #4
is probably due to the use of a filter photometer in the
analysis, During the resction, the color of the solution changes
80 that the filter is not sldegquate for the e¢olor range of the
entire solution, The filter apparently filters out some coler
produced in the later stages of the reaction. The use of e
photometer with & more acourate control of wavelength would
probably eliminate this troubdble,

the resulte of runs § 8 and # 4 are significunt evidence
in fevor of the decomposition of the nitroso derivative of

¥ - bengoyl -~ 0 - toluidine by & free radical reasction,
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ziegler {(13) and others have shown that the rate of free radieal
reactions sre unaffeeted by the solvent, Hey and Waters (10)
showed the decomposition of nitroacetanilide %o be only slightly
effected by the solvent, Hey anﬁ Waters concluded the resetion
to be free radical, In run # 3 & non-polar solvent, benszene,
wae used while in run # 4 & very poler solvent, nixture of
benzene end nitromethane, was used, The half lives were 41
minutes in benzene and 18 minutes in nitromethane, - benzene show -
ing conclusively that the rate of resction was uneffected.
Further evidence for the hypothesis of a free redical resction
can be seen in the corrected vslues for run # 8. (See graph)
This eurve shows & slight lag at the start of tho reaction, This
phenomenon hae been noticed with other free radieal reaction.

On the basis of the preceding evidence, the following
equation might be presented ae the mechanism of the formation
of Indagole.

-CH; 7 5.0

-4;;0-("""0 ~

The formetion of the free radical ie considered the rate

determining step, The shape of the curves ( before the concen-
tration of the oél«raé by-produete is suffieient to csuse
interference) shows the resection follows firet order kenetics
and adds further support to the above hypothesis, The hnigh
reactivity of the free radical explains the formation of the
multitude of by-producte since the free radical ean resct with
the solvent, unnitrosated starting meterisl or the products
formed,
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Summary

Inereasing the solvent to solute ratio inhibits the

nitrosation of N-bengoyl-o~toluidine,

The nitroso derivative of H-benzoyl-o-toluidine
decomposes very slowly at 0% ¢. making storasge und
drying possible,

A polar solvent decresses the yield of Indazole,

The mechanism of the decomposition of the nitroso
compound ie believed to be free radicel om the basis of:
& -« §o appreciable change of rate by change of solvents,

b - 4 8light induetion period at the start of the reaction.

The decomposition of the nitroso derivative of Nebenzoyl-

o~toluidine decomposes according to first order kinetics.
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