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ABSTRACT
Name: Joy A. Sawyer
Title: The Decomposition of Fhenyl-Senzoyl-Diazomethane
and its Relevance to Alkyne Ozonolysis

Department: Chemistry
Date: April 7, 1977

The thermal or photolitic decomposition of diazo
compounds is known to produce & cazrbonyloxide in the presence
of oxygen. Analogously, ~-dinzoketones should produce acyl
carbonyloxides. This interm2diate is identical to one pro-
posed for the ozonolysis of alkynes and its substantiation
is the purpose of this study. By examining the products of
the thermal, copper catalyzed phenylbenzoyldiazomethane de-
composition, one should be a2ble to determine the intermediate’s
precence. Benzoic anhydride, benzil and methyl diphenyl~
acetate have heen identified as products and tetraphenyl-
glycolide is also thought to be present. ethyl diphenyl-
acetate is the result of Wolff rearrangement, while the other
three are proposed to be derived from oxygen addition to a
ketocarbene, i.e. tne acyl carbonylacetate. The product's
formation is speculsted to be connected to the triplet and/
or singlet nature of the intermediate. The triplet state is
thought to produce tetraphenylglycolide exclusively, while
the singlet yields benzll and bterzoic anhydride. Thece latter

two products are also produced for diphenylacetylene ozon-

ii




olysis; a noted singlet process. The presence cf the singlet
state is attributed to intersystem crecssing promoted by the
copper catalyst as the singlet's attributed products are

not found in the non-catalyzed runs.
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“"Nothing in the world can take the place of per-
sistence. Talent will not; nothing is more common than
unsuccessful men with talent. Genius will not; unrewarded
genius is almost a proverb. Education will no%; the world
is full of educated derelicts. Persistence and determina-
tion alone are omnipotent. The slogan 'Press On' has solved

and always will solve the problems of the human race".

- Calvin Coolidge
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INTRODUCTION

Ozonation is a general term referring to a substrate's
reaction with ozone. Since it was first studied in 1855 by
Schobéin, ozonation has been shown to be a versatile method
for bond cleavage. Utilization of ozonation in this manner
is referred to as ozonolysis. Ozone, as a reagent, is ver-
satile and energetic. This may be attributed to the high
energy oxygen-oxygen bonds as shown by the following resonance

structures.1

of+) 0 0
()07 N T (g7 Nola) T (97 N

Figure 1: Resonance Structures of Ozone
The attack of ozone on an organic molecule can occur in five

possible fashions:2

1) an electrophilic attack on a nucleo-
philic atom, resulting in the formation of a sigma complex
or a similar species, 2) production of a pi complex by an

electrophilic attack on a carbon-carbon double (or triple)

bond, 3) a four-centered reaction on a carbon-carbon double
bond, 4) a nucleophilic attack on an electrophilic atom and
5) a radial attack on specific saturated groups. The exact

nature of ozone's attack depends on a variety of conditions,

including substrate and solvent.
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the 1,2,3-trioxolane structure by low temperature (—110°C.)

NMR spectroscopy.6 Utilizing the molozonide from trans di-

t-butyl ethene, the NMR spectrum indicated the equivalence
of the chemical environments around the carbon atoms, thus
confirming the ring structure. The primary ozonide occurs
primarily in cases where steric hindrance is low. 1In cases
where bulky groups are present, partial cleavage occurs.
Epoxide formation is the result of this reaction. Studies
have indicated that a sigma complex is the most likely path
to the epoxide. Such an intermediate presents a major source
of competition to the molozonide production.3

Once formed, the 1,2,3-trioxolane undergoes a synchro-
nous decomposition to produce a carbonyl compound, III, and
a zwitterion (i.e. carbonyl oxide), 11.7 In this decomposi-
tion, the oxygen-oxygen and carbon-carbon bonds cleave while
the stronger carbon-oxygen bonds remain intact.8 The zwitter-
ion formed depends on the substituents of the original carbon-
carbon double bond. Electron-releasing groups are more cap-
able of stabilizing the developing positive charge. Such
stability is accomplished by increasing the electron density
in the region of the potential zwjtterionic carbonium ion via
inductive and mesomeric effects.9 Thus, the preferred zwitter-
ions are the ones with the strongest electron-releasing sub-
stituents.

Structurally, the carbonyl oxide is iscelectronic

with ozone. Consisting of a pil system with four pi electrons,




two main resonance forms occur.l'lo

No = ol =)
e =0 (o) 3 clo

~of-)
Figure 3: Carbonyl Oxide Resonance Structures

The zwitterion may also exist in two stereoisomeric forms:11

(+) /0(-—) (+) /0(-)
0 [

anti

Figure U4: Stereoisomeric Forms of Carbonyl Oxide
These stereoisomers were added to the original mechanism to
account for deviations in the 1,2,4-trioxolane’s (IV) cis-
trans ratio.

The evidence for the gwitterion's presence comes pri-
marily from the isolation of ozonolysis products. Wo.x done
with 018 labeling, is a major contributor. The label’s in-
corporation, via a free aldehyde in the ozonolysis reaction
mixture, showed that the carbenyl group is utilized in forming
the 1,2,4-trioxolane's ether linkage. This indicates the pre-
sence of a species containing peroxide linkages, i.e. the zwit-
terion. The actual generation of the gwitterion comes from a
source analogous to ozonolysis. Diazo compounds have been
known to produce 1,2,4~-trioxolanes upon photo-oxidatien.
Murray isolated products from a short-lived carbonyl oxide

from this type of reaction, thus providing verification that
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such intermediates do exist.lo Other experimental validation

comes from the fact that when styrene undergoes ozonolysis,

polystyrene is not yielded. Such would be the case if a free

radical was present in the mechanism. 12 Having suggested ex-
perimental grounds for believing in the zwitterion's existence,

a correlation between the zwitterion and the rest of the

mechanism is required. The carbonyl oxide provides a means

! through which the formation of ozonide and non-ozonide pro-
ducts may be deduced.

| Ozonolysis products may be produced via one of four

carbonyl oxide reactions: 1) addition of a free aldehyde or

ketone, 2) rearrangement, 3) polymerization and 4) hydroxylic

solvent addition. The first of these, addition, is charac-

terized as a concerted 1,3-dipolar addition. This is analogous

to step one, a logical conclusion when one considers that
ozone and the carbonyl oxide are isoelectronic. The products
of the addition are ozonides, IV. Existing in two forms,
normal and crossed, the 1,2,4-trioxolane's isolation provides

evidence for the zwitterion's occurrence. A cross-ozonide is

formed when the substituents on the primary ozonide are dissim-

ilar. The assymetrical molozonide can decompose into two

zwitterions and two carbonyl groups. These may recombine to
produce three ozonides: two whose substituents are identical
and one whose substituents are not identical.8 The latter is
referred to as a cross—ozonide-18 When a foreign carbonyl

is incorporated into the ozonlysis reaction mixture the pro-
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duction of cross-ozonides provides evidence that not only an
addition reaction is occurring but also that a zwitterion is
present in the mechanism. It should be noted that there is

a limitation tothe addition reaction. Specifically, most
ketones sterically hinder the addition, either to the extent
that it doesn't go at all or is slowed up sufficiently to
allow a significant portion of alternative competing reactions
to occur.

Polymerization occurs when the carbonyl oxide recom-
bines with itself. This type of reactlon is prevalent pri-
marily amongst olefins containing four substituents at the
carbon-carbon double bond.8 The products produced are either
the polymer, V, or a diperoxide; the dimer Va.

Rearrangement is a slightly more complicated reaction

than either addition or polymerization. Here ozonolysis
leads to both the rupture of the double hond and the adjacent

carbon-carbon single bond, an “anomalous ozonization".8 The

mechanism involved may be explained in terms of a peroxide

rearrangement of the carbonyl oxide.8
! B \ (+) i
\ C 0 -C

_C 0 -
iNe=ol") | — ¢y — e =
/ \0(') 4 \0 4 \0(_) c

!

[¢]

VII

VR

o]

Figure 5: Rearrangement Reaction Mechanism
The products produced from rearrangement are primarily esters,

lactones and carboxylic acids.
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The presence of a protic solvent in sclution offers
the main source of competition to the 1,2,4-trioxolane for-
mation. The solvent readily donates its protons in solution.
The latter, being small and electron deficient, move rapidly
through solution towards the gwitterion and are easily in-
corporated. This is attributed to the zwitterion's charge
separation. The products produced by solvent addition depend
on the solvent, though fer alcohols the main product is an
alkoxyhydroperoxide, vI.

Criegee's mechanism is not without opposition. The
main arguments raised are those dealing with the 1,2,4-tri-
oxolane stereochemistry. The original mechanism had no pro-
vigions for stereochemical effects, nor could it predict
whether reunification of carbonyl and carbonyl oxide fragments

would produce cis ogzonides, trans ozonides or a combination

of the two.7 Three modifications of the existing mechanism

were developed to account for the observed inconsistencies.
The first consisted of Criegee allowing the zwitterion to
exist in syn and anti forms. (see figure L4) Bauld and Bailey
also worked along these lines, while Story developed an en-
tirely different approach.

The Bauld-Bailey mechanism proposed a zwitterion inter-
mediate that existed in both the syn and anti forms. These
switterions were responsible for determining the overall re-
action's stereochemistry. A series of rules were formulated

to predict the stereochemical transformations via which the
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conformations of the primary and the secondary ozonides would
occur.13 These rules, and the assumptions behind them com-
posed the main objections to the mechanism. Criegee holds
that the assumptions are faulty, while work done by Lattimer
et al. indicates that the mechanism is good only for bulky

8,11 Despite the objections raised this mecha-

substituents.
nism has not been totally refuted.

The Story aldehyde-interchange mechanism was developed
to accomodate the same objections as the Bauld-Bailey and to

18

account for the presence of 0 in 1,2,k-trioxolane’'s per-

oxide linkages. (indicated by * below)

\ \ (+) % i 0
~0 -0 P
- ~ -C— -C 0
9/0—%?0 +|°.—.4_é o' ix
—/C\O "/C\o(") /C\ b O‘C’
VIII
*
00
1 v,
o) :C\ /C\
" +

VA

Figure 6: Story Aldehyde-Interchange Mechanism

According to Story, molozonide decomposes to yield species
VIII which then combines with a free carbonyl to produce a
seven-membered carbon-oxygen ring, IX. This ring undergoes
decomposition to yield a new carbonyl plus a 1,2,4-trioxolone.
The problems with this mechanism are multi-fold. First of all,

species IX is extremely improbable both from a bonding and a
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thermodynamic point of view. To achieve the desired ring
structure, a 2+2 concerted addition is required.li’L Such a
pathway is unfavorable and would account for the fact that
no such ring hzs ever bveen isoclated, either from ozonolysis
or from a complimentary reaction. Further contradiction of
Story's mechanism comes fror the inability to reproduce his
experiments, particularly the ones involving 018 labeling.
The latter have teen conclusively disproved and the mechanism
ig no longer under consideration.lo
The ozonolysis of alkynes has been suggested to follow

2 mechanism analogous to that for olefine. Accordingly Criegee

and Lederer nave proposed the followving combination.zo
o] + ROECR —— 3C=IR ——
3 I
o\g»c
X
C C
i " E.C . .
vt someper_n 2y Carboxylic
regrr ¢me R=0-0-C-R __3 acid
(+)_ ()
c ¢~ protic . folvent adducts
ﬁ_ﬂ__ﬂ_“ colvent additionl
v [
- non -
W1 \m.rz]ntjgn s =T ==X X1IT (-)
? (+)_ 0
c C
. W |
> Al S in

Tlgure 7: Criegee-Ledrror Alkyne Techaniem
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The production of a 3,4,5-trioxolene, X, in step one,
is analogous to that in Criegee's olefin mechanism.15 The

existence of X has been indicated by DeMore and Lin and by

15,16 The former observed a strong infrared

absorption band at 1740 cm'l, during the ozonolysis of

Hamilton and Keay.

1-butyne, 2-butyne and 1-propyne. This band was attributed
to the carbonyl stretching of an anhydride precursor. (pre-
sumably XI) The carbonyl stretching tentatively rules out
a cyclic intermediate. However, it was noticed that the
amount of anhydride produced was greater than that of the
intermediate. This indicates that a cyclic form may also
present and be responsible for the greater anhydride pro-
duction. Hamilton and Keay further strengthened this hy-

pothesis by their work with epoxides produced from 2-butyne.

-70°C. -70°C.

0, + HyC - CZC-CH

3 4
CH,Cl, | H.

e

R R’

-70°%  [diethyl

!sulfide
\y

Figure 8: 2-Butyne Epoxidation
They observed that: a) lower yields of epoxide occurred if

the solvent's methanol concentration was increased, b) epoxi-

Ao e e A i L RSO,
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Later work by DeMore has not produced the isolation of XV
nor has there been any denial of the aforemention's existence.l6

Returning to the Criegee-Lederer mechanism, notice
should be taken of the role that the acyl carbonyloxide, XI,
plays. This intermediate is assumed to undergo four basic
types of reactions, all of which are analogous to those under-
gone by carbonyl oxide. These reactions are: 1) polymer’
zation, 2) reduction, 3) protic solvent addition and 4) r
arrangement. Hamilton and Keay based a portion of their re-
sults on the third of these, the protic solvent addition.
For our purposes the last of these reactions, rearrangement,
is of primary interest.

Hull and coworkers have proposed the following alkyne

ozonolysis mechanism:uo

other products

, 1,3 dipolar
+ RC= CR

3 addition

0
no(+) N 0 0
R—C—C—R' —_ R—C=C-R' —— R—C-0—C—R’
0 0-0

/
o
(-)

XIa XV1

Figure 10: Hull Alkyne Ozonolysis Mechanism

SR TIN5
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The above mechanism is a literal translation of
Criegee's olefin ozonolysis mechanism into one for alkynes.
The mechanism's principal features are species XIa and XVI.
The former is produced by rotation of the carbon-carbon single
bond in XI. This form is a logical configuration provided
that there is no steric hindrance of rotation. Hamilton

and Keay have presented evidence for species XI probable

existence.jo When a 50% methanol solution is added to 2-

butyne during ozonation a 75% decrease in alkene epoxidation
is observed. The same procedure at —70°C- gave a 9% yield
of e(-diketone, while reaction at -15%. gave a 90% yield.
The above experimental results indicate that one is dealing
with an intermediate that is prone to protic solvent trapping
at low temperatures but may alsc act as an oxygen transfer
reagent. Hamilton and Keay suggest that such behavior is
within reason for a acyl carbonyloxide intermediate, given
its structure and the variety and nature of the products
produced during ozonolysis.

The existence of dioxetenes as proposed by Turro
et. al., {see figure 11) provides evidence that compounds
similar to XVI can exist as isolable materials.?? Turro
has noted the presence of a stable intermediate between
-90°C. and -30°C. upon the reaction of 1-thio-3,3,6,6-tetra-
methylcyclohept-4-yne and singlet oxygen. The dioxetene has
been identified as this stable intermediate. Such an inter-

mediate exhibite a ring strain similar to that expected in
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ZV¥1I and thus is an indication of such a specie's probable
existence. The fermation of XVI may be considered to be com-
parable to carbonyloxide's addition to a carvonyl group.

The only diseimilarity is *the fact that btoth the cartvonyl

group and the carbonyloxide are joined by a carbon-carbon

single bond. Cnce produced, the speciec is thougnt to be
concertedly rearranged into an anhydride. The exact process

involved is indicated in figure 9 by arrowvs.

Figure 11: Dioxetene

This investigation will utilize the decomposition of
azibenzil (phenylbenzoyldiazomethane) to elucidate the

presence of the acyl carbonyloxide.

Pigure 12: Fropoced dzibtenzil Decomposition

“'hen azibenzil undergoes decomposition, (i.c. loses nitrogen)
two possitle paths may be taken alter the formation of the
cartene: .0lff rearrangement to the ketene () or formation
of the acyl carbonyloxide in the precence ol cxygen.

ketene may react to form the direr (C), or if

methanol to give mothyl diphenylacetate. The

oxide, on thc other hand, would bte cxpected to form Lenzoic
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arhydride.
methanol wou Jive re nzoate lcaving the benzil un-
2ted products is wulTiciently

different in molecular welght so ar 4o provid: an adequate

zeparation on the ¢ chromatograpn. Iy analyzing the pro-

ducte and the proportiont in whie: they zrs produced, we will

hopefully Le in a position Yo furthor ¢ tartiate the acyl

carbonyloxide's existence.




EXPERIMENTAL

Determination of Benzil and Benzoic Anhydride Production from
the Ozonolysis of Diphenylacetylene

One millimole of diphenylacetylene was dissolved

in 10 milliliters acetone and allowed to equilibrate to the
desired temperature. (-42°C. or 0°C.) Ozone was then passed
through the mixture for 30 minutes and a trapping agent (one
milliliter diphenylsulfide in eight milliliters acetone)

47,48

added after a one minute wait. The reaction mixture

was brought up to room temperature and evaporated to remove
the acetone. Carbon tetrachloride was added to the residue,
evaporated off, and more added to bring the reaction mixture

to a desired volume. An infrared spectrum was taken of the

final solution.49 The absorbance at 1800 cm.'1 and 1680 cm.'1

were measured and compared to a standardization curv: to
determine the relative amounts of benzoic anhydride and benzil

respectively.

Benzil Production after Variation in Times of Ozone Addition
and_Trapping Agent Addition

The procedure used here was identical to that men-
tioned above. The only noteable changes were that the runs
were conducted at -42°C. and -62°C. as well as variation in

ozonation and trapping reagent addition times.

Benzil Monohydrazone Preparation:33

0.75 moles of 85% hydrazine hydrate are slowly dropped,
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with stirring, into a hot solution of benzil (0.75 moles) and
ethanol (300 milliliters). The product begins to separate
from the solution after approximately three quarters of the
hydrazine hydrate has been added. At the completion of the
addition the mixture is refluxed for five minutes and then
cooled to 0°c.. The monohydrazoneis filtered off and washed
twice with 100 milliliter portions of cold ethanol. An
additional washing may be necessary if traces of yellow ben-
zil are present in the off-white benzil monchydrazone. The
yield is 140 grams or 93% of the theoretical.

The product's melting point is 149-51°C. with decom-
position and its structure was confirmed utilizing NMR
(spectrum #1), IR (spectra #2 and 3) and UV-Vis (spectrum #4)

spectroscopy.ul’so

Azibenzil (phenylbenzoyldiazomethane) Preparation:32

Benzil hydrazone (0.134% moles), yellow mercuric oxide
(0.28 moles) and anhydrous calcium sulfate (0.110 moles) are
mixed together thoroughly in a mortar and pestle. The mix-
ture is then introduced to a 500 milliliter stoppered bottle
and covered with 200 milliliters of absolute ethyl ether.
Ten milliliters of a saturated, alcoholic solution of po-
tassium hydroxide is then added to catalyze the reaction,
and the mixture is shaken vigorously for ten to fifteen

minutes. The solution is filtered off and the residue wash:d

several times with absolute ether until the filtrate is only
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slightly colored. The combined ethereal extracts are evapor-
ated to dryness on a rotoevaporator with heating at a temper-

ature not greater than 40°. Caution: The material may ex-

plode if the evaporation is carried out at atmospheric pres-
sure on the steam bath. The yellow-orange crystalline mater-
ial is recrystallized from anhydrous ether, dried and stored

in the refrigerator in an amber bottle to prevent decomposition.
The yield was 19.3 grams, or 65% of the theoretical.

The product melts at approximately ?9°C. with decompo-

sition and has been characterized by NMR, IR and UV-Vis

B spectroscopy.50 (Spectra #5-9)

Methyl Diphenylacetate Preparation Utilizing the Fischer
Esterfication Technique:J7

To a solution of 2.5 moles methanol and 0.5 moles
dephenylacetic acid, 10 milliliters of concentrated sulfuric
acid catalyst are added. The solution is refluxed overnight
(approximately 18 hours) and cooled to room temperature.

& Sodium bicarbonate (0.206 moles) is then slowly added and
75-100 milliliters of methanol distilled off. The residue

is diluted with 50 milliliters of water and the organic phase

is extracted three times with 50 milliliter portions of
methylene chloride. A check of the inorganic phase shows
it to be neutral. The combined organic phase is dried over
magnesium sulfate, filtered and distilled to remove the

methylene chloride (B.P. 40°C.) and the remainder of the

methanol. A final vacuum distillation is utilized to obtain

- R ~ e ———




the final product. It should be noted that the product
is a low melting solid (60°C.) and care must be taken to
maintain the temperature of the condenser above this level.
The yield of product was 39.2 grams or 37% of the theoreti-
cal.

Structural determination of the ester was carried

out using infrared andNMRSpectroscopy.5° (spectra #10-12)

Azibenzil Decomposition

A. General

0.3 grams copper powder was added to 30 milliliters
of a 0.45 M. azibenzil and benzene solution. The reaction
vessel, after the addition, was immersed in a 5000. water
jacket to maintain a constant temperature. The mixture was
then placed under nitrogen and stirred to maintain an even
copper distribution. At the end of two hours, the solution
was filtered free of copper and analyzed on a Glow Mac series
550 gas chromatograph using a DC-200C column.L‘L3'u5 A series
of four control runs were set up and run on the gas chroma-
tograph. Each sample consisted of six milliliters of the de-
composition product, plus four milliliters of the appropriate
solvent. Two microliters of the sample were injected into
the gas chromatograph, followed by two microliter injections
from a series of standards. This permitted the results to
be quantified. The controls utilized were: 1) decomposition

product, 2) decomposition product treated with methanol and

TP TP E PR - et " . S —
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refluxed for 30 minutes under nitrogen, 3) decomposition pro-
duct treated with oxygen and then methanol, &) decomposition
product treated with sodium bicarbonate and then with

methanol.

B. 0.2 and one atmosphere oxygen runs

The method and apparatus used was identical to the
above with one exception: the reaction mixture was not placed
under nitrogen. Instead oxygen gas (one atmosphere) or dry
air (0.2 atmosphere oxygen) was bubbled through the reaction
flask during the run. The gas chromatograph work up of the
decomposition product was simjilar to that used in the control
run. The following samples were analyzed: 1) decomposition
product 2) decomposition product treated with methanol and
refluxed for 3 hour, and 3) decomposition product gtirred
with a 15% sodium hydroxide solution for one hour, heated to

boiling, separated, and added to methanol.

C. High pressure oxygen runs
The experimental set up used in these runs was 2a

Parr Pressure Reaction Apparatus. The nature of this appar-

atus was such that the temperature maintenance (50° ¥ 5%.)

was accomplished via the use of heating tape wound around
the reaction vessel. The work up of the decomposition pro-

duct was identical to that used in section B.

G PSRRI L S
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diphenylsulfide’s addition. The results obtained are noted

in table two. These indicate that the time of ozone expo-
sure has little effect on the yield of benzil at -64°C. and
_42%.. Conversely, the elapsed time before trapping does
have a significant influence. The longer the walt, the
smaller the yield at both _42%. and -64°C.. This last ob-
servation allows the conclusion that the yields of “ienzil in
table one are maximums.

“he catalytic, thermal decomposition of azivenzil

(;hcnylbenzoyldiazomethane) occurs rapldly upon the addition
¢f the copper catelyst. The reaction mixture remaine orange
in color throughout the decompesition, Loth in inert and
oxygenated envicorments. Decomposition in the inert at-
mosphere proceeds through a carcere vwihich rearranges to di-
phenylxetone, (Wolff rearrangerent) The diphenylketene

may subseguently underge resctions as irdicated in figure
tvelve, page 15. The control rune mentioned in the cxperi-
mental section, were designed to ectarlish that the Wolff
rearrangement is the only path followed in an inert atmoc-

phere. Accordirgly, when the decomposition product iz treated

with methyl alcohol, mcthyl diphenylacctate and any remaining

diphenylketerne chould te the only producte.

T il
Th ih C Ih C
~ ~N-) s 7
f=s=0 + letH —) 3=z s N2 ?
v 7 ~ yal AN
Fh th C—e Fh 1 Cre
452
Ficure 13 aiditicr of Uethanol to chenylhetens
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Treatment of the decomposition product with base should re-

cult in the dinhenylketene forming a salt. (sce figure 15)

"his would be evident hy the disappearance ¢f the diphenyl-
ketene peak from the gas chroratographic resulta.52 The
decompoeition product's oxygen plus methanol treatment should
result in the same product digtritution as that from methancl
treatrent. This comes from the hypothesie that oxygen does
not react with ketencs. Additlional products may be chserved
however, in cases where the decomposltion was not complete.
Azitenzil would =till te present and would be capabtle of
carbene formation, vhich is then thought to react with oxy-
gen to give tenzolc anhydride and methyl diphenylacetate.
(see figure 12) The gas chromatographic analy. is of the
2bove runs is presented in tatle three.

"he ldentity of several peaks in table three may be
gpecifiec. Teak four ir run 544 ic thought to be methyl
dipherylacetate. This speculation is supported ty a com-

parison of retention tiree with a pure cample and spiking

vith the zame. Ilethyl diphenylacctate ig also thougsht to te

present in sample 517, peak seven. Thieg pcak's area is sub-

stanti conllier in e than the comparable one in Zha.

This rosult variee sorovhat from the originsl hypothesic

concerning t

reaction with diphenylketene. The dis-

)

crepancy may be occounted for by utilizing a

reaction tice in this control.

Jirhenylketent has been identificd in all three of




A

514
sha
36B

51C

Run

514

544

51C

Nitrogen Atmosphere Azibenzil Decomposition

Table 3

decomposition product

decomposition product plus methanol

decomposition product plus oxygen plus methanol
(not listed due to irregularities in analysis procedures)

decomposition product treated with 15% NaOH and methanol

Peak

N

N Fow

F oW e

P \n

(¥, £ owown

Retention Time
min+0.05

0.62
0.75
1.50
2.50
3.06
b.oh
0.62
0.69
3.31
4b.19

5.19
0.56
0.62
0.75
1.50
2.69

Area

(cm?+0.1)

trace

5.6
trace
trace
trace
0.2

0.2

Content

methyl benzoate
diphenylketene

methyl diphenyl-
acetate

benzil

methyl benzoate

diphenylketene
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the above camples. The evidence supporting this conclusion

iz not absolute. Figure 13 chovc the reaction betveen an

alcohol and dipherylkctenc. The cource of zuch a reaction

may be followed by comparing samplec 514 to 54A. The area

of the designated diphenylketene peak in 514 undergoes a

six~fold decrease upon the addition of meithanol while at the

care time &

noted in 5MA.

bility to the diphenylkeicne

Feak four

This assizsmment comec

+

ition product's infr

50

of tenzil.
abegorption bands.

son of the

propoced inerst ats

clusions may

b SR

These

(spectrum 1%)

retention time

be dravn fr

peak corrceponding to methyl

observations all
acsumption.

in 514 has been

Turther evidence comec

a

of

o samplez ShA and 513,

the comparison o

(cpectrum

dirhenylacetate is

zerve to lend credi-

identified

o

the decompo-

13) with that

oth cpectre contain identical

from the comyari-

pure tenzil sample and spik-

"he former

Iow

corclucion that benzil ic¢

iz
oophire de

r wne

an iopurity, or 2) oxygon iz

rosition.

incongi

position reaction.

stent with the
Vo con-
azivenzil syntho-

entering
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in the latt inpurity ic cctimated, sece

Appendix 5.) The azlove "oxy:ien leak

nypothecis” would aleo accourt Tor the precence of z methyl
hengoate peak in 544 as determined by spiking and reter.ion
tine comparison. Turther evidence for this hypothesis comes

’

Hy

rom conegiderirg the products from run 3 Although not
listed due to irregularities in the gas chromatograph con-
ditions, run 3€Z exhibits similar features to the "oxygen

leak" run, 3%A. Specifically, a benzil and 2 methyl benzoate

reak are noted as being prezent due to unreacted azibenzil

2

o

wi

being in =solution.

Azivenzil decomposition performed under oxygen con-
ditions gave resulte thet differ from the nitrogen runs.
Specifically, benzoic anhydride, (neasured as methyl benzoate)
and benzil vere produced. This is a situation that should
not occur in the uninterfered Jolff reariongerent. To

illustrate this point observe the product distribution of

run 4 performed under two atmospheres of oxygen.

Diphenylketene's, benzil's and methyl diphenylacetate's

identification was accomplished through employing the proofs

+

utilized [or the control runs. Lethyl benzoatc ha. been

Fos

identified in camplec 4550 znd 442, This determlnation was

ylelded ly comparing un original tample with th experimental

run.  Tanska ot. al. have suggestied tvo additional azibvenzil
Al
decempogition products.”’  The first of thes- ic tetrephenyl-

tlycolide, @ cyelic diether g

ing & characterictic in-

isoeciiivs ot
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Table 4: Run /44 -~ 2 z2tmospheres oxygen
; L4A - final product
? 443 - final product + MeCH (2x conc. of 44A and C)
i 44C - final product ' NeCH + MeCH
44D - Benzil
447 - methyl btenzoate
: LLF - methyl diphenylacetate
N N . o o
. Run Peak Retention Time Area Concentration Content
minz0.05) Ter2+0.1) Tmole liter-1)
; bhy 1 0.€2 trace
} 2 1.44 trace
y 3 2.5€6 trace
1 L 3.00 1.4 diphenyl-
1 ketene
b9t 1.4
f 6 0.1y 1.1 6.2x1077 benzil
W1 0.5€ 4.05 2.5x10°%2 methyl
benzoate
2 1.81 trace
3 2.5€ 0.7 diphenyl
ketene
U 2.71 2.5
5 3.81 3.3 1.7x1072 methyl
diphenyl-
wcetate
€ NG 11.5 7.3x107%2 venzil
- sz o1 0.64 0.¢ £.5x1077 rethyl

venzoate
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Tize  Arcs Soncentration
_kdon ixo 2 L
B c.=10.1) Trole Iiter-1)

2 2.01 C.7 diphenyl-
ketene

Liic 1.5 5.ix107- rmethyl
diphernyl-
acetave

it

¢ z.25 7.0 h.ox10™® Lenzil
.01 0.2 Tdiner?
Bl 1 LT 770 0. tenzil
L= 1 3.27 111.7 0.500:, metnyl
Giphenyl-

acetate

X 1 0.2 0.2 0.799: methyl
Lerzoate

s - B B e




Ph |/,0\\‘/‘C
i 1
C C-~Th
V
O/ \o/l
Fh

Tigure 1%: letraphenylglycolide

A 1750 cm'l absorption has teen noted in the decomposition
product’'s infrared spectrum. (appendix II, spectrum 1)
This suggeste that tetraphenylglycolide may possibly be

present. 3is-benzilketazine was the second decompositlion

product Tanaka et. al. suggested.jH
Fh Ph
| |
Fh—C—-2C {—2—Fh
i I
C [

There are no literature relercrces liszting the spectra of

ca s . sl
the above compound, though it 1z knovn to exist.” The
azibenzil decomposition anulyeis suggests that il the aforc-

mentioned compounds are indecd precent, they probelly have

retention tirmes corrcsponding to 1.5 and three minutes.

Feaks vwith theeo retention timec occur in every run with no

change due to the addition of rethyl alcohol or vace, (sce
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appendix III) Coneidering the structures of thée proposed com-
pounds such an observatrion ic not incorsistant with thelr

Presence.

ie¢ noted in table four, the decorpozition product

o

was worked up in two manners. The firet, methanol addition,
was utilized to Ffacilitatc the scparation of the decomposition's
various componcr:te. One notes that if the azitenzil decom-
pocition followe the paths proposed in Sigure twelve, all
the producte obtained vould be of conparable molecular
weignt. This molecular weight similarity would regult in
nearly identical retenticn tines and thus w poor gae chromato-

grapnic separation. The methanol addition recults are given

Table six chows that benzil, methyl terzozte and
+

rethyl diphenylacetate account for only 38 17 of the initial

azibengil concentration. -, plus the lack of identifi-

cation of the other deccomporition products, naxes difficult
any calculations with respeet to the favored path for ithe

5

oxyg&on atmosphere decomposition.

wver, tatleo five and

-
k9 tio truxds.'s Theoe

cix do indicoto the

diphenylacerate ethyl tenzos s dependence on

ure. a8 the progeuce lrereascs, the nethyl Lenzoat.

concertration ircreaccs. Gonverscly, the wethyl diphenyl-

acrtate concentrrtion Joecor ag Lne cgure lroereasos.
“herc iz no noticoalls _eroil.
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The second decomposition product work up was treat-
ment with a 157 sodium hydroxide solution. Addition of base
to the decomposition product should result in diphenylketene
and any acidic precursors forming their respective salts.
This is the expected result, provided that the decomposition
proceeds via the scheme presented in figure twelve. The
following illustration depicts diphenylketene's reaction
with base.
Ph ~ _ /O( ) Ph

—
~
Ph OH Ph

\\C——C
A=)

CH

+ .
internal
transfer

Figure 16: Diphenylketene reaction with base

Salt formation may be followed by observing the size of the
peaks produced by gas chromatographic analysis. If a com-
pound or its precursor forms a salt, there will be a decrease
in the compound's peak area. The results for base addition
to the decomposition product are presented in table seven.

Table seven irdicates that substantial reductions do
occur in the wmethyl benzoate and diphenylketene concentrations.

Vethyl diphenylacetate's concentration, on the other hand,




28
differs crly slightly from that of the non-base treated
samples. (see table seven) This last observation indicates
that either the diphenylketene reacts slowly with base, or
esterification is preferatle to salt formation. The former
may be remedied by allowing a longer reaction time or in-
creasing the base's conceniration. Returning to the methyl
benzoate observations, there is indication that an acidic

precursor is involved in its formation.

its precence in the decompogition

.. precursor appears to be bhenzoic arhydride ag infra-
F ¥
<l

rod analysis hac verifie
product. (aprendix II, spectra ;1€ and f17) Additional
evidence iz provided by corparing the gas chromatographic
separation of the decorposition product with that of the
decorposition product plus wetharol. Anhydrides are known
to react with alcohols to produ : 'ethyl tenzoate
does not appear in the dec ogition product, rut does when

the sample is *tresated with methanol. This observation aids

the substantiation of the venzolc anhydride claim.

R ARSI it e W it
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DISCUSSION
o -Digzoketone decomposition yields primarily re-
arranged products. These products are commonly ketenes (B)
and the rearrangement process is referred to as the Wolff

Ll

rearrangement.

R—CO— CN,= &' ———> Ea—-co—'c'—R'] N

A

Figure 17: Wolff Rearrangement
Wolff rearrangement involves the loss of nitrogen followed
by alkyl or aryl group migration.uu Considerable work has
been done to elucidate the exact nature of this mechanism
since its 1912 introduction. Most agree that the pathway
involves ketocarbene (A) formation followed by rearrangement
to the ketene. (figure 17)

The use of carbene terminology exlists primarily due
to the lack of centrary evidence.uu There is no recent
literature refuting the ketocartene intermediate and all
appear to assume ite existence. Davis and Preston as well
as Murray and Suzui suggest that the carbene produced is in

21,62 The ~<-keto-

the triplet state for alkyl diazo cases.
carbene intermediate is thought to te somewhat different.
The presence of an adjacent carbonyl group to the electron

deficent carbon, can cause perturbations to the carbene-alkyl

orbital system. This may result in the prefered state bteing




Ly
the singlet rather than the triplet.

Ketene production from w~-diazoketones was first con-
firmed by diphenylketene's preparation from azibenzil.lm’63
Cther stzble ketenes have been similarly synthesized since
this ‘cime.él‘L Ketene production is thought to occur by the
wc-ketocarbene undergoing an intramolecular reaction.uu Ketenes
are known to undergo a number of reactlons. For example,

reaction with alcohols yields esters, while with water acids

are produced.m‘L

R
H,0 CHCOH
"
R
AN N
C=C=0 R'I0H CH—CO,R"
/ 7/
R' R'
N R
N N oo Km
K N /H OZNRZ
’ o

Figure 18: Ketene Reactions
Ketenes are the s«-diazoketone decomposition's primary product
in a majority of cases. There are, however, instances in
which .Jolff rearrangement does not occur exclusively. The
literature suggests two general categories in which the
Ll

diazo group replacements occurs without rearrangement.

The first of these is in the presence of protic solvents at

C e AT S
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moderate temperatures.hu For example;
0 N Fh c 0 OCH
N Y P CH 501 —50° >c|—ci/ + Ph*g—';?—lafh
Fh H OCH3 H
705 30%

In the above case, methyl diphenylacetate is the rearranged
product while methyl benzoin is the unrearranged product.

The second category of incomplete rearrangement is in the

presence of copper powder or salts.35
Cu .
HZCNZCO(CH2)16CH3 + CHBCHZCH e HZC(OChZCH3)CC(CH2)160H3

There is no rearranged product produced in the above example.
Fthanol's and copper's presence are held responsible. The
exact role that copper plays here has not been determined.
However, it is recognized that copper does possess catalytic
properties.

Contineau et. al. have proposed that nitrogen re-
moval from the %-diazoketone is the decomposition's rate

determining step.37 Accordingly, Yates has suggested that

copper may catalyze this removal through interaction with

its available valence electrons.35 It is not known whether
or not the ketocarbene remains independent of the copper or
is bound to it. In the latter sitwation, copper would serve

to complete the octet around the electron deficient carbon,

thus stabilizing it. Once formed, the ketocarbene may go
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to either the rearranged or unrearranged products. Un-
rearranged product formation is thought to involve an attack
of the ketocarbene {bound or unbound) by the unshared pair of
electrons on a nucleophilic oxygen (or a similar molecule).

The introduction suggested that in an oxygen atmos-
phere x-diazoketone decompesition may form an acyl carbonyl-
oxide intermediate (figure 12). If such a formation occurs,
it will provide precedent for the existance of a similar
intermediate in alkyne ozonolysis. Carbonyl oxides, in
analogous systems, are known to react to give dimeric ketone

peroxides. Bartlett and Traylor have isolated a dimeric

henzophenone peroxide.61 This compound was produced by de-

composing diphenyldiazomethane, PhZCNZ' via exposure to ultra-
violet light or moderate temperatures. The dimeric benzo-
phenone's presence indicates that alkyl diazo compound de-
composition produces carbonyl oxides. WNurray and Suzui also
confirm this statement. They report the trapping of a

ozonide from diphenyldiazomethane's photolysis in the presence
of oxygen and aldehydes.21 The ozonide is thought to be
formed from the reaction of a carbonyl oxide with an aldehyde.
In a later article, Furray and Suzul used isotope effect

studies to confirm the carbonyl oxide's presence.éo

These
studies were also utilized to refute the suggestion that a
diradical interaction was involved in the ozonolycis mech-

anism. There is, however, no denial that the diradical may

be present in the carbene case. In fact Lurray and Suzui




Ll
hypothesize that the diradical species is formed first, with
a portion going on to populate the dipolar form, as illustrated

in figure 19.21

PhyCR,

hy ~. 0 H .
— 5 Fn,C: ——%— FnC—0-0
o) (=)
‘e + Pa ‘ol
PnE—0-0: —— Ph,C=0 —BCHO

\ o’ \0/ Ny

radical reactions

Figure 19: Czonide Tormation from Diphenyldiazomethane
It should be recognized that the photodecomposition reaction
results are generally assumed to resemble those of the thermal
runs.au This generzlization permits comparison between the
above diazomethane systems and the x-diazoketone one.

Azibenzil (phenylbenzoyldiazomethane) is the w«-diazo-

ketone utilized in the following discussion. The experimental
section indicates that analysis work was done on both the
untreated decomposition product and that treated with methyl
alcohol. The former's analysis yielded a five to six peak
average. 2enzil and diphenylketene have been ldentified as
being two of these peaks. Additional analysis, using infrared
spectrometry and basic studies, confirmed benzoic anhydride's
presence in the untreated samples. A six peak average ves

yielded from the methyl a2lcohol treated decomposition pro-

duct. Tour of these peaxs have been identified: benzil, di-




phenylketene, methyl benzoate and methyl diphenylacetate.
Tethyl dipherylacetate's presence confirme the diphenylketene
designation, as ketenes form esters in an alcohol's presence.
Similarly, —oth snzoate's presence helps substantiate
benzoic anhydride's existence in the untreated sample. (see
page 41)

The identification of the above compounds indicates
that Wolff rearrangement lg osccurring as well ac the pro-
duction of non-rearranged materials. The latter is of con-
cern, as it was noted that diphenylacetylene ozonolysis pro-
duced the same productes benzil and benzoic anhydride. The
ozonolysis ork indicates that the precursor involved is at

& maximum concentration at _429.,, the temperature at which

. . R N . . L
benzil and benzolc anhydride production is also at a maximum. 0

(73 oot yield) Hull and Jackson suggest that this ozonolysis
intermediate is an acyl carbonyloxide or & acylic dioxetene.
3ince diazo compounds yleld arclogous carbonyl oxides upon
decomposition, one may arrive at the conclusion that the

intermediate involved in toth cases 1S zimilar, 1f not

identicalvzl’éo'61

Tanaks et. al. hove done OXygen atmospherc decompo-
sition studies on the azitenzil system without the use of
a copper catalyst.Bu Three products were identifled: tetra-
phenylslycolide 207, dipherylacetic acid 21%, ard Liuv-benzil-
ketazine 157. [wuzil and yeoroxides are specifically reted

by Tmnaka et. al. as not treing present. Additionally there
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is no diphenylketene or benzoic anhydride reported. Diphenyl-

ketene's absence may be accounted for by assuming complete
reaction and that water was added to the system to isolate

the diphenylketene as diphenylacetic acid. In identifying

their products, Tanszka et. al. proposed a pathway via which
L

the dimeric tetraphenylglycolide may be formed.B‘ They

suggest that a PhECOR type ketocarbene, generated from the

corresponding s-diazoketone, reacts with molecular oxygen,

! followed by R migration. This mechanism does include an

acyl carbonyloxide as a possible intermediate following the

oxygen addition. There is however, no mention of any alter-
A

native reaction products from such an intermediate.”

NS ey
14

The tetraphenylglycolide reported above was not

jdentified in the copper catalyzed run, although it ig sus-

pected to be present.

Fh

“igure 20: Tetraphenylglycolide

sonversely, benzil and benzoic anhydride were noted by us
and not by Tanaka. This difference in products may be ex-
It has previously

plained in terms of spin rultiplicity.
been suggested that the ketocarbene produced during azibenzil

decomposition i in the zirglet state. If this is the case,
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then the triplet oxygen attack or. the ketocarbene should
yield a triplet, acyl carbonyloxide, due to spin multiplicity

conservation. Triplets are known to behave like diradicals.

Accordingly, dimerization is the preferred triplet reaction
rather than internal bornd formation. The predominance of
dimerization amongst triplets is attributed to the triplet's
nature. Triplets possess two unpaired electrons with the

same spin. The Paull Frinciple states that two unpaired
electrons possessing identical spins may not occupy the same
orbital., The implication here is that intramolecular coupling
is prohibited unless intersystem crossing can occur. Inter-
system crossing results in the transition from one energy
state to another one, i.e. in this case from a triplet to a
singlet. Heavy metals have long been known to promote thie
relaxation process. Accordingly, it may be hypothesized that
the copper catalyst's presence allows singlet acyl carbonyl-
oxide to be formed as well as triplet acyl carbonyloxide.
Singlets are defined as having paired electrons of oppocsite [
sping. The spin difference permits the eclectrons to occupy

the same orbital and therefore irternal rearrangement may
occur.

“he preceding explanation of triplet versus singlet
hehavior accounts for the azibenzil decomposition products
observed in Loth the catalyzed ard non-catalyzed deconjocitior.
“riplet acyl carbonyloxide is preduced upon oxygen's reaction

with the s-ketocarbene. Irn the abcence of any means for
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intersystem crossing (i.e. the presence of a heavy metal)
the triplet acyl carbonyloxide will most likely dimerize.
Tetraphenylglycolide taus, is the only expected product.
When the decomposition is copper crtalyzed, the copper pro-
vides a readily available means of intersystem crossing.
Singlet and triplet acyl carbonyloxide are thus both present.
™e latter should form tetraphenylglycolide while the former
may undergo intramolecular reaction to form either benzil or
benzoic anhydride. Further work needs to be done to ascertain
whether tetraphenylglycolide is present in the catalyzed de-
composition.

Benzil and benzoic anhydride were noted earlier as
being diphenylacetylene's ozonolysis products. Czone's (a
singlet) reaction with alkynes should yield a singlet inter-
mediate. (probably acyl carbonyloxide) This evidence supports
the previous contention that a singlet intermediate is
respensible for benzil's and benzoic anhydride’s formation.
No tetraphenylglycolide has been identified in the ozone
reaction. The ozonolysis results also imply that the copper
catalyst is probably responsible for providing an irtersystem
crossing mechanism. 4ll *his would help to explain the
difference in results between Tunaka's and our system.

“ig-benzilketazine has not been identified from any

azibenzil decomposition systems other than Tanaka et. al..ju

Contineau et. al. contend that a secondary reaction between

the ketocarbere intermediate and an undecorposed molecule ic
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highly unlikely.27 The evidence for this statement comes
from thermal kinetic studies on azibenzil in the absence of
a catalyst and oxygen. (The latter is the sole condition
differing from Tanaka et. al., but considering the compound
under discussion, should be of no significance.) NMeasurement
of the moles of nitrogen produced during decomposition
corresponds quantitatively to the theroetical value according
to the stoichiometry of ketocarbene formation. These guanti-
tative results lead to the above statement. No conclusion
may be drawn from these contrary pieces of evidence, though
intuitively the Contineau et. al. work seems to be more pre-
cise.

Benzil's, benzoic anhydride's and methyl diphenyl-
acetate’'s formation warrante further consideration. As noted
in an earlier section benzoic anhydride (in the form of methyl
benzoate) production increases with oxygen pressure while
that of methyl diphenylacetate decreases. These trends
are significant by themselves, yet once the unidentified pro-
ducts are known and their concentration changes car be fol-
lowed, *the degree of preflerence for .Jolff rearrangement may
be determined morc precisely. The actual benzil and benzeic
anhydride production may bLe explained hy their intermediate's

stereochemistry.
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Tigure 21: 3tereochemistry of acyl carbonyloxide
The exact nature of benzoic anhydride's precursor is not
known. Figure ten suggests that a bicyclic intermediate
may be involved.uo Figure 22 indicates that such a cyclized

compound can only arise from the syn form of acyl carbonyl-

oxide.
0
Y AN i I
syn —C:C— —3 -C—C~ —/ -C=-(¢—-¢
N [
¢}
C-—
(_)\\0 c
(+) )/\
C
4
anti — =l
’
/O
/)
(+)
Pigure 22: Cormation of . cyclin anhydride intermediate
The syn isomer has ite oxygens in .¢e proximity to the

carbonyl carvor, anc thuc mey form a ring with a rinimum
amount of  -~train. Tonver:icoly, - . acyl cartonylexide

peocgegses a configuration tere o 11 *irn iz not roesible
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* due to the large strain that would result in the ring. The
predicted result is that the anti may lose an oxygen in

preference to cyclization, forming benzil.

i
>
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N
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FUTURE WORK

A complete identification of azibenzil's decomposition
products, from both thermal and photolitic decomposition, is
necessary to clarify speculation concerning the intermediate.
Specifically one needs to know whether or not tetraphenyl-
glycolide is present and in what quantities. The latter will
aid in defining the trends noted from incicasing oxygen

pressure as well as the extent of intersystem crossing pro-

moted by copper. Intersystem crossing is of major signifi-

cance, as it provides evidence for hypotheses concerning

the intermediate’'s reactivity. 4Work utilizing both catalyzed
and non-catalyzed conditions should further clarify this
point. Decomposition utilizing singlet oxygen should be

even more helpful, as the non-catalyzed case would be ex-
pected to produce only singlet products. This in turn may be
compared to alkyne ozonolysis where the intermediate should

also produce products resulting from a singlet state.
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Appendir I Jetails of Czonolycis

This appendix presents the detalls of diphenyl-
acetylene ozonolyeis ac referred to in the experimental

section.

Standardization of the .elcbach "odel T-H08 Czonator

The determination of the lelsbach Ozonator's ozone
production was accormplished via the use of a FI-%00 gas
chromatograph., Itock solutions of dodecane and l-decene
vere injected into the gas chromatograph and their relative
peak helghte noted.67 Trom this date a standardization curve
was congtructed to be utilized in the final determinatliorn of
ozone production. A 0.148!. dodecane and l-decene solution
vag placed in the ozonator's reaction vessel and equilitrated
to the desired temperation. Ozone was then run through the
mixture for two minutes, after which the mixture was allowed
to equilibrate to room tevrperature. A one microliter sample
vwae injected into the gas chromatograph and the remaining

!
ho . .
7 This procedure wag veried

amount of l-decere calculated.
by changing the reaction mixture's tewperature and/or the
ozonator's power or rate of flcw. The production rate

oh: -~ved vas calculated in woles per minutez,




S e s

st 7

#7540 198

0590 l9ez

2750 16°2

T4 0 Gitz

20470 792

§z€°0 o1°e

é42°0 T

o1 o €60

z280°0 650
mcmomvowumwww AﬂwWwmewW
3Us59p-] Bodv gaay

$9'9
g1'L

(401%*7uw0)
aUBDIPOP

HET 0

61140

#701°0
76800
GHd00
9650°0
Lth0'0
£8620'0
617100

(a/6%* 1/a10W)
audoap-T

Bady UOT}BJIFUSDOUO)

AHT1°0
6110
EH#T0
6410
65710
6710
64170
#1710

o

6710
(7§¥:1/2104)
au®OapoD

U0 T3 BI3USOUOD

aUs08(I-T DPUEB BUBDAPO(] JO 9AIND UOCTIBZTPIBPUEBLS g 9TAEl

o~

N

un

et1dues

L
<«

[ —




UN82 SAWYER, J.A. THE DECOMPOSITION OF PHENYL-, etc.
$271d/1977 Chemistry HRS. 3/77 2 of 2

INENREEREEERED
L




mable $:  Ozone Froduction

Tlow: 0.6 Units: mole/minute + 10X

Temperature -27°C. ~42°%,
pover

L
L

L
N
L

114v. 6. hx10” .0x10”

90v. 5.9x10" .9x107

In

57V, 1.9x107 L1x107

Power 114V,
low

0.6

6.2

-62°.

L,5x107
5.1x10"

1.9x107

L. 5x107

8,9x107

L
L
L

i

I

Average

5.9x107
L.8x107
1.6x107

i
4
i




Table 10: Coolant Eaths

~ Temperature Zolvent Coolant

P 0% +1° water ice
~42° & 2° acetonitrile liquid nitrogen
-64° & 2° chloroform liquid nitrogen

mable 11: OStandardization of Benzil and Benzoic Anhydride on I.R.

Absorption v.s. Concentration

Substance Concentration Spectra # Band Absorbance
(mole/liter) cm”
+ 25
. Benzil 0.0501 2 1680 0.267
Benzil 0.0400 3,15 1680 0.197, 0.220
Benzil 0.0300 b4 1680 0.171
&l Benzil 0.0200 5 1680 0.107
' Benzil 0.100 13 1680 0.540
RBenzoic Anhydride 0.0510 g 1800 0.38
®enzoic Anhydride 0.0408 9 1800 0.2€5
Benzoic Anhydride 0.306 10 1800 0.203
Benzoic Anhydride ©.0204 11 1800 0.138
B Zenzoic Anhydride 0.0102 12 1800 0.0€5
- Renzoic Anhydride 0.107 14 1800 0.634
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Thie appendix Contains 33 SPectra worg done in the

eXperimenta) section.
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Appendix III Criginal Data from Gas Chromatographic Analysis
of Azibenzil Decomposition

This appendix contains a complete table of all azi-

benzil decomposition products reported in the =xperimental

section. The following key is utilized:
A = decomposition product
B = decomposition product plus methanol

c decomposition product treated with base and methanol
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