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Ahatract

A number of exneriments were carried out in
an attempt to determine the course of hicyclic isomerization
in cycloheptatriene and 1,3-cyclooctadiene, Results,
inconsistent with literature renorts hut showing
definite consistency within the course of the experiments,
led to the further examination of bhoth the direct and
benzonhenone-sensitized reaction of the above compounds.
Attempts were mode at fractionation by wreparative vapor
chromatograrhy. The fractions ohtained were examined
by NMR spectroscory in the case of 1,3-cyclooctediene,

A crystalline product obtained from the sensitized
reaction of cycloheptatriene was also portially

characterized,
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MHigtorical

Thouch fluorescent phenomena and light-—induced
chemical reactions (129' photosynthesis) have heen observed
by man for many centuries, and reference to photochemical
reactions may he found in the literature in the late 1800'sg,

; (1)
it was the work of Lewis, Lipkin, and Macel'”’ wvhich marlked
the era of organic photochemistry. With the further
nostulation of the phosrhorescent state by lLewis and ¥asha,
its definition as a triplet stote phenomenon, and its
eventual recopgnition as a unicuve and universal molecular

(2,3)

nroperty , full-scale investigation was underway. lany

classes of organic molecules, from the simplest to the
. . ., A4
most comnlex ond exotic, have since heen studied by

rhysical or~anic chemists, but mechanistic studies have

(%]

rrocceded primorily by standard Zinetic techniqgues, which
arc sometimes inadequate wher denling with the extremely
shert-lived and cnergy-rich systems which charocterize
nhotochemical reactions.

/5)

Terenin and Ermolaev® with the discovery

of intermolecular encroy transfer and its assipration as

o

a triplet rrocess, provided the bo=is “or the neccessnry
investigative technicues. Their conclusions were based
on the study of the observed phenomenon of induced
phosphorescence in naphthalenc in the nresence of

benzaldahvde at wavelengths of irradiation which would not

ordinarily induce luminescence in narhthalene alone.



By nhotoelectric measurements it was showm thnt the mean
life~time of the sensitizer (in this cnse, henzaldchvde)
was shortened under such conditions, presumebly by the
nrocess of radiationless transfer to the accepntor
{naphthalene). Similar studies were made with other
compounds as sensitizers and acceptors, with similar
results. One of these studies, using benzil as the
sensitizer and <-methylnaphthalene as acceptor, inadvertently
provided the first direct data of relative triplet
energies, when it was shown that <X-methylnaphthalene

did not affect the mean life-time of benzil but did
reduce that of benzophenone.

Un the basis of singlet and trirnlet state
lifetimes, it wes postulated that the observed energy
transfer was indeed a triplet nrocess. The »nroposed
mechanism and a2 schematic renresentation of the nrocess

are given below.

% : i)
B, 4 D D /’
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(The possibility of a DA complex is ruled out since there
is no change in the phosphorescent spectra of either D or Aj
in addition, there is no shortening of the mean life-time

of the acceptor.)
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The fact that such sensitizers do indeed react
photochemically by triplet state processes was examined
more closely for the particuler casec of benzophenone hy
. . (6) N .
Hammond and Moore o They showed that in the reaction
benzophenone + benzohydrol + light = benzopinacol
the rate of the reaction is diffusion~controlled. Since

. : . ; : 7

the maximum diffusion constant is about 5 x 10 /sec. and

8 ¢

fluorescent rates are greater than 10 /sec., it wes
concluded that the triplet state of benzophenone was the
active moiety, especially since no fluorescence could be
detected for benzophenone and there wos no isotope effect
with deuterated benzohydrol.

Diverse mechanistic investigations have since

been aided by the use of "sensitizer technicues," Notabhle
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examples have been the studies of the dimerization of

7,8)

isoprene and of butadiene( and the subsecuent

postulation of cis and trans trinlets as stable,

noninterconvertible, stercoisomeric states as reaction

(9)

intermediates. Others in the field have also demonstrated

the remarkable effect of the nature of the excited state

(10)

upon the course of reaction, notably Zimmerman and

: )
Griffin(ll’ in their studies of cis-dihensoylethvlene
(12)

and Schenck in his study of coumarin dimerization

Conjugated Large Ring Systems

In the past few years photochemical studies
of conjugated cycloheptyl and cyclodctyl compounds have
been numerous. Due to the nature of these compounds,
investigations were usually first beoun with naturally-
occurring representatives of the various series, Thus
eucarvone, examined by Buchi and Burgessgla) seems to be
the first cycloheptadiene to be investigated, Their
conclusions as to the tvpe of reaction to be expected

have essentially been shown to be the case in nearly

all other related compounds. The reaction is shown helow,

O H o
o o /O
380 72
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Many other examples of a similar ring closure
: : : s (14)
in the cycloheptadienes can be cited. Rigaudy and Courtet

have examined 1,4-diphenyl-1,3~cycloheptadienes

2 $

= )

& ¢
(15)

Chapman, Pasto, and coworkers have examined a whole

series of cyvcloheptadieness

BTN
\ -
oy [ OH
0 0
/4
h-oE \
OMe
fol3!
OMe

OMe

while #onken

(16

) has reported a similar isomerization

in the related heterocvclic, muconic anhydride.,
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: ot (
One exception, reported by Chapman and Borden\17),

@)
R

ho CO + CH, = CH =~ CH=CH=-CH=CH - R
pyrex 7 )

R = CHy- , H-

has been explained by the fact that initial excitation is

* . . = o
an n->T transition of the carbonyl group with subsequent
triplet carbonyl transfer to the diene system, rather than

direct excitation of the diene system itself. Another

; . 18) . .
excention hes been reported by Murst and Whltham( ‘", involving

encarvone in acid solution, /
0O
e,
light { ' +
sunii
HO P —~ H%O

er 7o H,S04,
tn dioxane .
The necessity of the presence of H for the renction has

led to its explenation as a golvolvtic rather than rhoto-
chemical mechanism and thus removed it from the realm of
contracdiction also.

¥xamination of the cyclohentatriene series
has rroduced on enalogous ring closure reaction og the

expected end product of photochemical excitotion. Chapman
(19, 20)

and coworkers have reported on a series of reactions

gstudied in their lahoratories,

OMe o /o ®
1) — )
0 OMe. OMe
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Once again it is a solvent effect which seems to account

S
21)
for the exception renorted hv Chapman( f

(o}
0 RO — 7
oR
MeOH
ho

o (2%
?ﬂft O H;D or H&9
R=' C’“5— J l / HAO

The few cyclooctyl compounds vhich hove been

renortec¢ show no such natterned resronse, ns evidenced by

; o (22)
the few examples cited helow, renorted by Puchi and Rurgsesse 7/

" ho ?o\xﬁmef , O mMmonomey
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Results and Discussion

The two representatives of these large ring
compounds which have had the most thorouch examination
seem to be 1,3-cvclooctadiene and 1,3,5-cycloheptatriene.
The former has been studied extensively both by NDauben and

) 24
(23) and Chappell and Clark(z4). Both have concluded

Carpill
that the rinpg closure isomerization is the preferred

photochemical path under normal conditions.

ho E \ 1

The closure product, bicyclo (4.2.0) oct-7-ene, has been
characterized thoroughly hv hoth grouns, by N¥R spectroscopy
in the case of Chapnell and Clark, and by reriodate oxidation
to the diacidic cyclohexane in the case of Dauben and Cargill,
(2

Dauben and Cargill 5) have also examined the

photoreaction of cvcloheptatriene and characterized its
) . . (26)
ring closure isomer by NMR spectroscony. Srinivason

has also studied the reaction closely, in both the liquid

and venor phase,

%
L - 0
?QMQSQ

29 70 O?OJU

\Viguid
1) ?\f\cxse.
247,



Quantum yields and kinetic studies of the vapor
phase reaction under various temperaiture and pressure con-
ditions, as well as in the presence of inert cases, have
led Srinivasan to postulate that toluene is formed from
a hich vibrational level of the electronic ground state,
formed b7 the sinclet decay of the excited electronic steate,
Ile further vostulates that ring closure isomerization must
then be due to triplet state reaction at oround vihrational
levels since toluene formation is effectively halted in
solution and the ground electronic state dispnlays the

following equilibrium at increased temperatures or, in the

vapor phase, at-increased pressure.

VAN ov . o
\ ?ressuwe

l ——H—

It was the original intention of this
investigation to study the reactions of these two compounds
in the presence of a triplet sensitizer to determine the
validity of Srinivasan's nostulation for the cycloheptatriene
and to see if it could he extended to the somewhat
anolosous cyclooctadiene system. However, thourh much
effort has been expended to find a set of conditions
that will indeed yvield a single product in either the
sensitized or the unsensitized reaction of either compound,
no such reaction has ever heen ohserved in the course of

these exneriments. Vhether this is the effect of naive
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experimental techniques or the hand of God remsins for the
present an equally insoluble nroblem. Nevertheless results
have heen obhtained, thouch at best inconclusive and at wworst
feeble they may be; such results, especiolly such results,
are most conducive to discussion and speculation. Tn the
light of burgeoning Inowledce and belated wisdom T should

litze to attempt such a discussion in the following poges.

The diagram on the following page indicates
the first and perhaps most serious sin committed during
the experimental procedures described in a later section,
Pyrex prlass vas used extensively throushout as a filter
to prevent direct absorntion by the acceptor compound.
While it is readily observed that an efficient job was
done by the pyrex in the case of the cvclodctadiene, it
is just as obvious that it fell far short of exnectation
in the case of cvcloheptatriene. The emission lines of
ma jor concern, 3125-3131.8 R, fall in an area vhere
absorntion by sensitizer, tilter, and acceptor are
nearly equal, This fact must be remembered and seriously
considered, especially when discussing results with

an initially high acceptor concentration.

1,3-Cyclodctadiene

Althouch the data is very qualitative, examination
. o, . .
of the results of the various octadiene experiments show

several very importent facts. Table T shows that the
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Fffectiveness of Pyrex Glass as a Tilterins Agent
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diene system yields not one but several products upon
irradiation. There is one major product in the direct
reaction, os reported in the literature, but two minor
products are also in evidence. It is these latter
products, in almost equal amounts, which account for
the bulk of the sensitized reaction, though still a fourth
product is in evidence in large enough quantity to be
considered of interest. The data of Table VI clearly
supports this interpretation. The unsensitized reaction
is clearly hindered by the filtering effects of the pyrex
tubes in which the reaction was run, and only after
prolonged photolysis was conversion effected, on the
order of 10%. There was little effect on the sensitized
reaction, however. All samples show approximately the
same conversion, irregardless of exposure time. Tt seems
clear that two distinc® processes are in evidence,
a sensitized and a direct. If the former is indeed
a sensitized reaction it is almost surely a trinlet
process. The direct reaction must be explained by some
other means.

The results of expt. #5 add further weight
to these conclusions. There is no evidence of a direct
reaction, though exposure times were ahout the same
in this experiment as in expt. #4. This can only be
explained by the fact that there were further barriers

to irradiation, namely the 30-35 cm. between the light
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source and the tubes. The intensity falls off as the
square of the distance, which could easily account for
the results oi Table IX; the light was filtered twice
by pyrex and its intensity was a fraction of its original
450 watts. Taken as a whole, the results in Table X show
once again that the sensitized reaction does exist, as
evidenced by the rapid conversion even at low intensities
and'shont periods of exposure. The same major products
are in evidence; the examination of the data on the
basis of concentration can give some idea as to the
processes which control their production.

It is evident that at very low concentrations,
0.1%, conversion to nearly equal amounts of D4 and D5 is
the major process. The consistency with which these
products appear, onlv tocether and in rearlyv egual amounts,
would lead one to speculate that thev might be isomeric
forms of the same product. The similarity of retention
times on the vanor chromatograph also suggests this
possihility.

At medium concentrations, 1%, the above
conversion to the nroposed isomeric suhstances is still
of meior impertance, thourh o competing process, which
has as its end rreoduct ar insoluble crystalline suhsterce,
also assumes consicderahle stature. At hicher concentrations,

10%, there is evidence of inhibition of the ahove processes

and the introduction of still enother product, which wos



first ohserved in exnt. #1. At still higher concentrations
this same process is in evicdence also.

The results of expt. #6, run at medium
cencentration, once agein prompt imagces of an isomeric
process. Tube (Da) provides the only contradictory
information in the whole series, and rather defics
explanation. Jt is possible that the loss of considerable
solﬁent anc the nresence of oxvoen had a morked effect
uron the course of the reaction, which was run in guartz,
It is equally li%ely that two solvent neaks could have
been produced durins the injiection of the sample into
the vapor chromatograph. Tf that were the case, all
compounds would then be designated by one lower number
and the familiar direct reaction would he ix evidence once
acain, for the diene wns determined by its retention
time to indeed be diene while the 6ther compounds were
assigned on the hasis of pattern more than retention.

The attempts at characterization of these
products br nrensrative vapor chromatorrarhy and suhsenuent
M'R analysis have nroved to he of limited but not negative
velue., In all preparations, diene has heen recocvered in
sufficient purity to identify it by comparison with
knowvn snectra and spectral vealues. Igure I is an NMR spec-
trum of cvclolctadiene as used in the majority of these
experiments. The similerity to the swectira of Tigures IV

and VIT are unmistakable. Thus a valuahle reference noint
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FIGURE I
1,3-Cyclooctadiene

Neat sample

¥xternal standard
Filter bandwidth: 4 cps
R.. field: 0.02 mG
Sweep time: 250 sec
Sweep width: 500 cps
Sweep offset:s 000 cps

Spectrum amp: 0.8

A

3 .37

8.65
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in the chromatocrrarhic trace ha=s heen estahlished in each
case, Such a point is necessary since the larce nature

of the preverative samnles used have a tendency to overload
the chromatographic columns and substantially deform and

lenathen characteristic neak contours and compound retention

The analysis of the direect reaction in

expt. #6 is preatly hindered by the difficulty in assigning

the various fractions to those shown in other aralyses by

0

vapor chromatogoraphv, If this matter is diarecarded for

T

a few moments, the situation may bhecome clearer. The oricinal

molecule has been apalvzed and the various hvdrorens ossicned

. , (29)
the followins T values :
= ﬁ:
% B e a) 8.48
b) 7.80
H, H /
() d) c) 4,37
Hy H
ay 4.23
W, ’
o) H (C\)

These values agree verv well with our assisned values,
being about 0.1 n.p.n. hicher: this is prohahly due to

our use of an external standard, and should be a consistent
statistical error in all T velues given.

(24) hes

The study of Channell and Clark
nrovided us with NMR analysis of the ring closure isomer

predicted as the major nroduct of the direct resction.
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%) €
H H H, (a) 8.58 multiplet
¢ &y Hs o (b) 7.42 multiplet
H/ I By (¢) 4.52 singlet
3
b)

If we examine Figure IIT with this data in mind, and also
remembering thet fTractions one ard two were not very well
separated by the chrometographic coluwmn and that there will
be remnants of the spectrum in Tigure II also, a little
headway cen be mode. The marled similarity of the tw
snectra hecome even more evident uron closer examination,
and if intensities ere ignored. Let us thus ignore the
band at 7.85 in Figure T1I on the hasis of intensities
between the two spectra. In a similar manrer igcnore the
bands at 3.80 and 7.10 in ™ioure TT. Though it would
nov seernr possible to analyze them successfully, that
(20)

task defies my limited abilities, even with Jaclmen® '’
in hand. All that T can say with some surety is that
neither is the ring closure isomerj; the first fraction
is also very prohahly saturated. As for the fifth fraction,
vhile its spectrum is of rossihly creat interest, that which
is pregsented is of little use.

Analysis of the sensitized reaction's spectra
will not he of much hicher celibre. Once asain the
first fraction as renresented by Mipure VI is of little
more then curiosity value. The anelysis of the third

fraction can once more he simplified by eliminoting the
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band at 4.09 as an obvious remmant from the starting
material, which it matches very closely in retention
time. ¥raction five is also little more than a curiosity
at the present time. Tt is said that it is the wise man
vho knows his limitations; this, unfortunately, has

brousht me to mine,

1,3,5Cycloheptatricne

The data for cycloheptatriene is even more
qualitative in nature, especially due to the unfortunately
direct absorntion during a secmingly sensitized nhotolysis.
Nevertheless certoin patterns of reacticn still emergce,
which can provide us with at least some bhasic ideas
ahout the nature of the triene reaction.

The date in Tables II and TIT show that the
direct reaction has one major rroduct, hut thet if the
reaction is run throuch auartz, as done in the literature,
several other products secm to occur also, possibly due
to the increased nhotons available throurh cvartez.

The remeining data on the direct reaction, talen mostly
throuch nyrex, is difficult to male any type of case for.

1

In all cases, conversion is at hest very slight, usually
less than 1%, givins several minor prodnets scemin~lx
indiscriminately, thouch Tables V and VIT surcest the
désirability of a poth leadin~ to the formation of T3.

Concentration ranges secem to have little effect unon the

outcome of this reaction. Table XTI shows some derree of



congsistency with theée results even throuch gquartz, thourh

the major nroduct is now T4. Such inconsistency micht be

explained on the basis of difficulty in assigning retention

times to the various trace comnounds which rive evidence

of their existence only very unwillingly. In such cases

it is order of separation by the column more than retention

time which provides the hasis for classification. Any

modification, from contaminetion of the microsyringe

with acetone during injection to a wandering of the

base line, could lead to the introduction or the sunnression

of an unexpected compound in the pattern. Thus, with such

a limited amount of conversion as was the case in most

samples, such inaccuracy might be accountable and expected.
In the sensitized reaction, however, yields

are much higcher and straightforword, consistent evidence

for such a sensitized pathway is obvious., Table IV

shows two major products, of nearly ecual amount, which

dominate the reaction and seem to annear in greater

quantity with increased photolysis. A similar result

can be seen in the data of Table V. It is difficult to

assess the possibility that T, also is a product of the

3
reaction, for this might just as easily be due to the
direct reaction taking nlace simultaneously. ®Helative
rates of reaction would seem to indicete that this vas not
the case, however, and that this third product did

indeed pley a role in the sensitized mechanism,.

The effect of corcentration, sumuarized in
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Table VITT, is clearly in evidence. At apnroximately
0.1% TA and TR are produced in nearly equal amounts,

thourh at longer exposures the production of T_ deminates.,
9]

The difference over time misht be explained on the basis

of contribution by the direct reaction of T vhich it

53
preferentially produces. There is a2lso a ervstalline
nroduct vwhich may be the main product of the reaction at
these concentrations, since it is in evidence in macro-
scopic quantities even at these low concentrations and
after very short exposure times.

At median concentrations, 1.0%, there is
at first competition in the production of T3 at short
exposure times, but eventually the pattern of product
distribution becomes the same as at lower concentrations,
with evidence of the same nrecipitate formotion and
nearly equimolar production of T4 and TS'

At higher concentrstions, 10% or more,
product distribution resembles that cof the direct
reaction very closely, T3 being the mein result with
T5 (but no T4) also being produced.

Results consistent with these were also
obtained from the last two exneriments dome, hoth at
medium concentrations. Tabhle AT shows the row familiar
digtribution of products, even in the nresence of
oxvoen. Fxvt. #8 cave small conversion, nrobably due to

the reduction of henzopheneone concentration, to any

volatile products, but the crystalline solid was in
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evidence to a larce enouch extent to permit an attemnt
at characterization.

The melting noint, or rather sublimation
noint of the solid precludes the rroducts which readily
; 0

come to mind, such as benzohydrol, m.n. 68-6GC.,
: o .
henzovhenone itself, m.p. 49 C,, or even bhenzoninacol,
. o : :
which decompodes et 186 C., leaving a black, charry residue
rather than cieanly subliming. The infrared spectrum,

which is sumsjarized in Table X1IT, seems to nrovide

support for the following nrorosed structure,(SO)
OH
7 N\
g—
H

thourh a carbon-hydroren analysis and NMR specctrum will
be necessary for positive identification. Thouch there
was gome initial trouble in finding a solvent for the
compound, it seems likely that chlorofcorm will »rove to
be of use, bhoth for purification vrocedures and HIR

snectroscony.
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Ixperimental

Benzophenone

Benzophenone - katheson, Coleman, and Rell
reagent grade — was recrystallized from diethyl ether;
Mo 48-49°C. Tt was used in the first four experiments.
The reacent benzophenone, m.p. 48—490C., wvas used without
further purification for the remainder of the expneriments.

2-Acetonaphthone

2-acetonaphthone, Fastman Kodak White ILabel,
was recrystallized from hot ligroin; m.vu. 53°C.

9-fluorenone

9—fluorenone - hMatheson, Coleman, and Rell
reagent crade - wes recrystallized from hot ligroing
[a)s Y
m.p, 33-84C,

DJiethyl Fther

Diethyl ether, Mallinkrodt anhydrous reagent .
grade (to meet A.C.S. standards) was used without further
purification, always freshly cpened.

Isopentane

Isopentane, Phillips Petroleum Company reagent

(29%) wes used without further purification.

Pentane (normal)

Normel pentane, Phillips Petroleum Company
resgent (90%) was used without further purification.

Carbon Tetrachloride

Carbon tetrachloride - Matheson, Coleman, and
b b



Bell spectroquality reagent - was used without further
purification; approximately 1% tetresmethylsilene wes
dissolved in this reagent for use as an internal NMR
standard (prepared by Or. Charles Stont).

1,3-Cyclooctadiene

1,3~cyclodctadiene, Aldrich Chemical Cormmany
reagent grade, wos used without further purification,
always freshly onened. For experiment /5 the 1,3-cyclo-
octadiene was further purified by distillation at
33—360/40—42 mm, Vapor chromatography ot high sensitivity
showed one imrmrity, less than 0.3% by volume.

1,3,5-Cycloheptatriene

1,3,5-cycloheptatriene, Columbia Croonic
Chemicals or K & K lLaboratories practical grade (087},
was used without further purification, always freshly
opened. TFor experiment #5 Columbia Orcanic Chemicals
technical grade (85%) was purified by distillation at
23—280/39—42 mm. Vapor chromatopraphy at high sensitivity

showed'two impurities, of less than 0.1% total volume,.

Ultraviolet Snectre of 1,3-Cyclobctacdiene and 1,3,5-Cyclo-

hentatriene

A 1.7Tmg. sample of 1,3,5-cyclcheptatriene
(triene) wns diluted to volume in a 5-ml. volumetric
flask with snectrocunlity methanol, then examined on the
Beckman DU Spectrophotoemeter to obtoin approximote values

for the absorption maximum end extinction coefficient at
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) . ' -3

this concentration (1.92 x 10 "M). The solution was then

; oy . =4\
diluted fivefold with methanol (3.84 x 10 M) and the
continuous ultravielet absorntion spectrum obtained by
arelvsis on a Carevr Yodel 14B, Analysis yielded
Zﬁ%_ 2670 R, absorhance 1,36, A similar procedure was

12CL 2
followed in the analvsis of 1.76 me, 1,3-cycloGetadiene

3 . o . . o "'4 \
(diene). Analysis of the fimal concentrotion (3.26 x 10 M)
on the Carey kodel 14F wvielded G 2340 R, absorbhance 1.39.

$4{s >,

Ultraviolet Spectrum of Pyrex Glasgss Test Tubes

Two 13 x 100 mm. pvrex test tubes were sealed
containing air. Ultraviolet spectra were taken on the
Carey 148 with air as a reference, yielding absorbonce > 2

at A2 2830 + 70 &, absorbance >1at A2 2030 + 50 R,

Sensitized Reactions of 1,3,5-Cycloheptatriere and 1,3-Cyclo-

octadiene

Experiment #1

Samnle prenaration: A 1.059 oo sample of dicne was added

with e mirosyringe to each of two 10-ml. volumetric flasks.
To one flesk was added 0.545 . benzophenone., Both flasks
were then diluted to volume with diethyl ether, civing
solution {A) 0.1 M in diene and solution (B) 0.1 M in diene
and 0.3 M in benzophenone. Photolysis samples were prepared
in 13 x 100 mm. test tubes constricted at the neck, of
approximately 2 ml. volume, from solution (A) in both

pyrex (AP) and quartz (Aq) and from solution (B) in

pyrex only (Bp). These tubes were then frozen at liquid
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nitrocen temperatures, evacuated to 10~ mm., and sealed
under this pressure. (A similar derassing cvele was

used for all succeeding samnle tubes unless otherwise
stated.) A 0.1 M solution (C) of triene was also prepared,
using 0.887 g. triene diluted with diethyl ether to volume
in a 10-ml. volumetrie flask. Photolysis samples were
prepared as above, one in quartz <Co) and two in pyrex,

3

(Cpi) and (Cpg)o

Sample irradiations (AP) and (Cnl) were refricerated
as zero—time reference blanks. The remaining tubes were
taned to the surface of an Hanovia quartz immersion
ayraratus containine a 400-watt Hanovia higch pressure
mercury arc lamp and photolyzed for annroximately 113 hrs.

Sample analysis: Product distribution was determined

by vapor chromatographyv on a William Instrument Comvany
Aerocranh and a Loenco }odel 15. A 5 ft. by 1/4 in.
column (%) nacked with 15% hv wéicht Coarbowax-20} on
C22 firebrick, 40-80 mesh, was used tor these analyses.

The results are summarized in Tables T-1T,

Fxperiment #2

To each of two 5-ml. volumetric flasks was
added 0.443 ¢. triene with a microsyringe. To one flask,
0.545 ¢. benzophenone was also added. Toth flasks were
then diluted to voiume with diethyl ether, <iving solution (D)

0.1 M in triene and solution (¥) 0.1 M in tricne and 0.6 M

in benzophenone. Approximately 2 ml. samples were prepared
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TABLE I

Product Distribution, Diene; expt. #1 (Page 24)

Product # Product (A) x (A ) (B.)
designation P 4 P
1 Dl trace trace
2 D2 trace minor
3 DB ma jor minor
4 D4 minor ma jor
5 D5 minor ma jor
6 diene ——— trace
7 D6 —— medium
TABLE 11

Product Distribution, Triene; expt. #l (Page 24)

Product # groguct . (Cpl) (Cp2) (Cq)
designation
1 T1 trace —_— trace
s i S t a e
2 T2 race
3 T, —— ma jor ma jor
)
—— —— nedium
4 T4 medium
5 T5 — ——— medium
6 toluene —_—— ——— trace
7 triene ma jor trace minor
8 T trace ——— trace

6

TABLL TIX

%
Product Distribution, Triene: expt. 72 (Page?25 )

Sample T1 T2 T3 T4 T5 Toluene Triene T6

(Dl) trace — major minor trace

* . .
No analyses for (Ap), (32), or (El)
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in 13 x 100 mm. pyrex test tubes, (Dl), (Dg), and (El),
degassed, then taped to the outside of a 400-watt Hanovia
immpersion apparatus, quartz, for photolysis, approximately
68 hrs. Analyses were by vapor chrometography on column (Z),
as above. Table II1 is a summary of the results.

¥xperiment #3

Solutions (®), 0.1 M in triene, and (G), 0.1 M
in triene and 0.6 M in benzophenone were prepared as in
experiment #2 above. 1 ml. aliquots were placed in

13 x 100 mm. pyrex tubes - (Fl-?) and (G - and degassed,

1—4)
the freezing cycle being repeated twice before sealing.
Tubes (Fl) and (Gl) were kept refrigerated as zero-time
reference blanks. The remoining tubhes were taped to the
outside of a 200-wntt Hanovia quartz immersion apparatus
fitted with a pyrex filter and photolyzed. (F2) and (G2)
were removed after approximately 14% hrs.; the remaining
tubes were exposed an additional 24 hrs. (38% hrs. total).
Vapor chromatography on column (7z) was used for analysis;

the data is summarized in Table IV.

Fxperiment #4

Sample nreparation: Solutioms (H), 0.1 M in triene, and

(J), 0.1 M in triene and 0.6 M in benzophenone were also
prepared as in experiment #2 above. Solutions (X), 0.1 M

in diene, and (L), 0.1 } in diene and 0.6 M in benzophenone,
were prepared analogously, using 0.530 g. diene. Photolysis
samples of approximately 1.5 ml. vplume were prepared in

pyrex tubes and depassed - (H1—2)’ (J1—2)’ (Klma)’ and



TABLE 1V

Product Distribution, Triene; expt. #3 (Page27 )

Sample T T T T i Toluene Triene T
pre 2 3 4 5 6
(Fl) ma jor ——
(Fg) ~——— medium minor minor trace ———— very trace
ma jor
(FS) ————  minor -—-—— minor trace ———-— very —
ma jor
(Gl) major = ————
(G2) ———= trace trace major major ——-— trace —_—
(Gq) trace minor minor very veryv trace minor trace
‘ major major
(G4) medium minor minor very very  trace minor trace
ma jor major

(Fl) and (G]) are zero-time references

o/

(G,) and (G4> were prenared identically



o
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(L1_3). Tubes (Hl) and (Kl) were refrigerated as zero-time
references. The remaining tubes were taped to a 400-watt
pyrex Hanovia apparatus, which was then submersed in

a 3 liter beaker filled with water at room temperature.

Sample irradiation: Photolysis was carried out over

a 42% hr. veriod; the water bath temperature was checked
periodically, remsining at 27?i 1% . (Ll) was renoved
after 16 hrs. exposure; (Kz), (L2), and (Jl) were removed
after 20 hrs.; the remaining tubes were exposed the entire
424 hrs.

Sample analysis: Analvses were made on a Loence lodel 70

Hi-¥lex Programmer vapor chrometocraph. ~Matching & ft.

by 1/8 in. columns (Y) were packed with 35% by weight
Carbowax-20M on C22 firebrick, 40-80 mesh, approximately

T.4 ml. of naclking per column, then flushed with 10-12 n.s.i,.
of nitrocen gas for 2% hrs. for use in the analyses. The
Programmer was used isothermally at 65°C. with 25 pP.s.i.
helium flow. The injector temperature was 460C.; the
detector temperature was 11000., the detector filament
current 110 ma. Results are suwmarizecd in Tables V-VI,

The Effect of Acceptor Concentration in the Sensitized

™

Reaction; Exrneriment #5

Sample preparation: Neat samples of diene and triene

were prepared in capillary tubes, pyrex, sealed off at one
end. The tubhes were filled with a microsyringe, inserting
88.8 mg. and 88.2 mg. of triene and diene respectively into

each of two tubes. One tube of each compound was then
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TARIE V

Product Distribution, Trienej expt., #4 (Pace 27)

Yample T1 T2 T3 T4 T5 Toluene Triene T6

(Hl) ma jor trace
(HZ) 22* 3 70 ——m—-  ——e—  trace 1780 trace
(Jl), 300 300 300 800 800 200 12000+ 1000+

(35) 800 300 1600 2000 2000 trace 1560 1000+

TABLE VI

Product Distribution, Diene; expt. #4 (PaceTl )

Samnle Dl Dg D3 34 D5 Diene 36
(Kl) —_—— ——— ma jor trace
(Kg) trace trace trace ---—-  trace very trace
ma jor
(Kg) 90 30 3000+ 20 10 30000+ 300
(Ll) 100 250 250 2600 3000 ~—— 750
(L2) 40 100 troce 2375 2300  ———- 3000+
(LS) 120 250 trace 2425 2375  ——— 1700+

Values ore meanin~ful for commarison only within the

same sampleo,
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)

saturated with benzophenone. The neat triene tube (A),

the saturated triene tube (AS), the neat diene tube (¥},
and the saoturanted diene tube (FS) were decassed and sealed,
10-ml. volumetric flasks, each containing 1.090 + 0.003 o,
hbenzophenone (0.6 M), were used in the preparation of the
remainder of the sensitized solutions; the flasks were
filled to volume with diethyl ether after addition of
the’acceptor. Measurement and addition were accomplished
by use of micro- syringes and ninettes. By weicht,
solution (B) contained 11.1 mg. (0.15%) triene, solution {(C)
111.0 mg. (1.51%), and solution (N} 1.110 g. (14.7%);
solution (G) contained 9.3 mg. (0.12%) diene, solution (I}

/

93.5 mr. (1.26%), and solution (J) ¢35.0 mg. (12.4%),
Four 1.5-ml. samples of each solution were transferred
to constricted 13 x 106 mm. nyrex tubes - (D,C,ﬁ,G,H,J1*4>
decassed, and sealed. The fourth sammle of ecch solution
was refrigerated for future reference. ™inolly, comparison
solutions of diene and triene were prepared directly,’
measured by microsyrince into constricted nyrex tuhes
containine 1 ml, diethvl ether. Tv weipcht, sample (1
contained 1.1 mg. (0.14%) triene, samnle (Fg) 11.1 mo.
\

(1.52%), and samnle (23, 111.0 me. (13.5%) 5 sample (K])

contained 0.9 mg. (0.14%) diene, samnle (¥,) 2.3 me. (1.25%),
[

and sample (¥_) 93.5 mg. (11.6%). These tuhes were also
w
decassed and sealed.

Samnle irradiation: The tuhes were photolyzed by




Product Distribution, Unsensitized
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TABLE VIT

Triene; expt. #5 (Page 20)

Somnle T1 T2 T3 T4 T5 Toluene Triene T6
(El) trace trace +trace trace trace ——— ma jor trace
(ED) trace 50 50 trace trace trace 10000+ trace
(ES) trace 40 225 50 trace trace 15000+ trace
(A ————  trace 950 trace 260 110 80000+ trace
TABLE VITI
Product Distribution, Sensitized Triene; exnt. #5 (Page 29)
Sample T1 T2 T3 T4 T5 Toluene Triene T6
(BL)* 200 115  trace 650 650  ———e 1000  trace
(Cl) 200 75 300 30 g0 60 18000+ trace
(Dl) 180 20 2100 30 580 360 60000+ trace
(Bg)* 850 2050 trace 280 460 trace trace trace
(02) 250 340 560 850 900 140 3220 trace
(D2) trace trace 2000 trace 600 400 60C00+ trace
(B)" 100 450 100 1900 2400
(03)* 75 100 100 1250 1550 100 1100 trace
(DB) trace -——— 580 —_——— 100 5 50000+ trace
(AS) ————  trace 930 trace 200 125 100000+ ~——n

Denotes yellowish-vhite precipitete, crystelline, among

products at this concentration
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TABLE TIX

Product Distribution, Unsensitized Diene; expt. #5 (Page 20)

Sample D D D D D Diene D D

1 2 3 4 5 6 7
(Kl) trace trace trace —-———  ————  major
(Kg) trace trace trace ———— ————  major
(FS) ma jor
(F) © ==== == trace trace -——— major trace 200

(20000+)

TABLE X

Product Distribution, Sensitized Diene; expt. #5 (Page 29)

Sample Dl 92 93 D4 D5 Diene D6 D7

(¢.) 100 100 trace 1400 1350  ———

1
(Hl)* 250 230 20 290 280 1470 200 400
(Jl) 130 i 130 130 trace 27000 6400 200
(G,) 600  ———— - 2400 2475

(Hg)* 100 500 —— 1900 2100

(Jg) trace =---— trace ———— ———— 4800 2000 300

(G3) 200 350 trace 3000 2950

(Hs)* 400 550  trace 2300 2600

(J3) trace ————=  ———— 320 ———= 12000+ 6000 680
(FS) trace ———— 50000+ 8000 200
*

Denotes vellovwish—white »nrecipitate, crvstalline, among

products at this concentration



a 450-watt llanovia pyrex immersion apparatus placed at the
center of the merry-go-round, o double concentric circle
of tube holders immersed in a thermally-recoulated wnter
hath and rotated by an electric motor. The termnernture
) 0 ]
wvas kept at 27 + 0.5°C. throughout the entire 36 hrs. of
the photolysis. Tubes (B,C,O,Q,U,Jl) were removed after
13 hrs.; tubes (R,C,D,G,1,J,) were removed after 25 hrs.;
G
tubes (B,C,D,6,1,J,), (B, ,), (X, ), (A,7,A_,F_ ) were
() A | 53)9 (“"1_3/’(1_3/! ( L R S)
removed after the full 36 hrso

Sample analysis: Analyses were done on the Loenco

Programmer varor chromatogranh, usine columns (V). The
P . : 7 sl Vv vt On itk O S
Programmer was used isotherrellr at 64 °C, with 25 p.s.i.
; & e - x00n 1
helium flow. The inicctor temperaturec wos 52 C.3; the
0 . . ;
detector tempercture wasz 113 €., the detecctor filament

current 110 ma. The recults are sumerized in Tahles VII-X,

Large Volume Pre-crative Procedures

Txneriment #A

Solntions of both diene and triene were prepared
on a2 large scale, to provide product vields smitable for
isolation and characterization. Components were mived in
100-ml. craducted cylinders., A solution of ftriene and
an analogous solution of diene were prepared in quartz
tubes in a manner similar to that of Schenk(gl)o 10-ml.
craduated cylinders were used for solute measurement and
addition. Solution (Ta) contained 1.20 o. (1.5 ml.) triene
in 100 ml. diethvl etherj solution (Da) contained 1.52 r.

(1,7 ml.) diene in 100 ml. ether. The solutions were
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poured into quartz tubes, bubbled with nitrogen pas for
approximately 10 minutes, then corked. ©Double volumes
of (Ta) and (Da) were then prevnared, and poured into
250-ml. quartz tubes to which constricted pyrex necks
had been added. The triene tube (Te2) wos stoppered; the
diene tube (Da2V) was desassed and sealed. Double volume
solutiqns were again prepared, two of triene, one of diene,
with 10.90 ¢. benzophenone added to each. The solutions
were poured into 850=ml. pyrex tubes; this technicue in
all cases led to substantial ether loss by everoration,
Tube (Ts0) was stoppered, tubes (TsV) and (DsV) derassed
and sealed. All tubes were photolysed on a 450-watt quartz
Hanovia immersion apparatus immersed in a water both
which was kept at approximotely 27 C. (Ts0) was exposed
for 113 hrs.; (TsV) wvas exposed for 225 hrs.; all other
tubes were exposed For 245 hrs. During the photolysis
stoprered tubes lost substential amounts of ether, as
much as 1/2 by volume in some cases. Oualitative vields
and product distribution were obteined by analysis on the
Programmer vapor chromatopraph fitted with columns (Y).
The detector temperature was 13000., the detector filament
current 110 ma.; the injector temmerature was 1100Co
Results of the analyses are summoarized in Tables XI-xJT.
The products were then concentrated and
purified in the following manner: ether was stripped off,

first at atmospheric pressure and room temperature, finally
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TARLE XT

Product Distribution, Triene; expt. “6 (Tace34)

Samnle Tl T2 T3 T4 T5_ Toluene Triene TG
(Ta) trace wminor minor medium trace trace ma ior ————
(Ta2) +trace minor trace medium trace ———-— ma jor —
(Ts0) trace 180 24241 2150 2300 100 1900 ———
(TsV) 100 100 800 7000 7000 500 2000 trace
TABLE XTI
Product Distribution, Diene; expt. #6 (Page 34)
Samnle Dl 92 DS 94 DS Diene D6 D
(Da) major trace trace minor trace medium  trace  ———-
(Do2V) 175 35 ——— 900 trace 1500 trace  ———-
(DsV)  trace 100 trace 1600 1600  ———
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at 250 mm. and pot temnerature of 40°c. till copious
precinitate formed. The material was then filtered and
the solution examined by v.p.c., which showed product
distributions to be unchanged. The material wes then
chromatographed on an alumina column, 5 in. x 3/4 in.,
and eluted with three 10-ml. washings of 30-60° liproing
the ligroin wes then removed under reduced pressure.
Mixed samples ot the derassed and stoppered unsensitized
reaction tubes indicated that there was little effect on
products or distribution due to the introduction of
oxyren; therefore tuhes (Ta) and (Ta2) were combhined into
(Tu) and (9Ya) and (Da2V) were combined into (Du).
Prenarative vapor chrometosrarhy wes attempted
uron the tube contents (Dn), wsing the Toenco Model 15
and columm (7). A; 0.1 ml. seample wes injected into the
mo.chine and the various fractions were collected in
copillary tubes at isorropanol-dry ice slurry temperatures.
These fractions were then anelyzed on a Varien A-60
snectrometer wsed without modification. Standard Varian
Analytical Sample Tubes (4.28 mm. I.D,) were used for all
spectra ta%en. Iach capillary tube was washea with 0.1 ml.
spectroguality carbon tetrachloride, transferred hy micro-
syringe to an NM2Q tube, diluted with two more washincs of
the cavillary tube (0.05 ml.}, then diluted further with

/

CCl4 1111 the NMR tube was filled to at least 32 mm. with

solution. Tetromethvlsilene wes used as an external

reference. Magnetic shielding values are expressed hy
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FIGURE 11

First fraction,

expt. #6 (Page 34)
Retention time 34 minutes
Solvent (‘,Cl4

Txternal standard
Pilter bandwidth: 1 cps
R.¥W. field: 0.06 mG
Sweép time: 250 sec
Sweep width: 500 cps

Sweep offset: 000 cps
Spectrum amp: 10

3.80 7,10

Q-



FIGURE 111
Second fraction, experiment #6 (Page 34)

Retention time 48 minutes

Solvent CCl4

Fxternal standard

Filter bhandwidth: 1 cps R.¥. field: 0.06 mG
Sweep time: 250 sec Svweep width: 500 cos

Sweep offset: 000 cps Spectrus: amp: 10

7

o, |

3.76
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TIGURE IV
Third fraction, expt. #6 (Page 34)
Retention time 80 minutes
Solvent CCl4

fxternal standord
filter bandwidth: 1 cps
R.¥. field: 0.06 mG
Sweep time: 250 sec
Sweep width: 500 cns
Sweep offset: 000 cps
Spectrum amp: 10

Integral amp: 40
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FIGURE V

@ifth fraction, expt. #6 (Page 34)
Retention time 144 minutes

Solvent CCl4

ixternal standard.

Milter bandwidth: 0.2 cps
R.i#. field: 0.1 mG

Sweep time: 250 sec

Sweep width: 500 cps
Sweep offset: 000 cps

Spectrum amp: 80

N Mf“/k“

4,34 5.17 7.68 8,26 8.52



(29)

T velues as defined hy Tiers . Spectra are
renresentecd in [Migures IT-V,

Preperative Procedure in Neat Diene; Fxveriment #7

Using a 10-ml. syringce, a 5-ml. sample of
diene was inserted into a constricted 13 x 100 wm. pyrex
test tube. The diene was then saturated with benzonhenone
at room temperature. The tube was degassed, the ecycle
being repeated twice bhefore sealing, then taned to the
outside of a pyrex Hanovia 450-watt irmersion ennaratus
ancd photolysed apprroximetely ]OO—hrs., immersed in a water
bath at 27° + 1°C,

A column (W) was prepared for the purpose of
sernarating the components after photolyzation, 20 ft. x 1/4 ino,
packed with 35% by weisht Carbowax-20M on €22 firebrick,
40-80 mesh. ™ive samples, rancing frém 0.035-0.045 ml.,
were injected with a microsyringe and the four fractions
collected from each in canrillary tubes at dry ice—isonronanol
temperatures., The column temmerature was 104°C. ard the
helium flow 25 p.s.i.

The corresponding fractions from each run wvere
comhined hy rinsgine the contents of each with 0.1 ml, of CC14,
containings arvroximetely 1% tetramethvlsilene, into a common
Varian NMR tube. VWhere necessarv, the tubes were further
diluted till ther contained over 32 mm. solution. These
fractions were then analyzed on the Varian A-60, using the
tetramethylsilane included in the solvent as an internal

standard. Spectra are repregsented in firures VI-IX,
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FIGURE VI

ffirst fraction, expt. #7 (Page 42)

Retention time 294 minutes
Solvent CCI4
Tetramethylsilane internal stondard

Sweep time: 250 cps
Sweep width: 500 cops
Sween offset: 000 cns
Specirum amn: 20

R.¥, field: 0,16 mG
¥ilter bandwidth: 4 cps

st o e

T 3.70 6.25 842 8.96



1
FTGURE VIT

Second fraction, expt. #7 (Page 42)
Retention time 48% minutes
Solvent CCl4
Tetramethyvlsilane internal standerd
Sweep time: 250 sec Sweep width: 500 cns
sSweep offset: 000 cps Spectrum amp: 25
R.¥, field: 0,14 mG filter bondwidth: 1 cps

| | |

& ! ! [
4,08 7 .67 8.39
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FIGURE VIII
Third fraction, exnt. 77 (Page 42)

Retention time 54 minutes

Solvent CCl4
Tetramethylsilane internal standard

Sweep time: 250 sec Sweep width: 500 cps
Sweep offset: 000 cns Spectrum amp: 50

R.t", field: 0,20 mG  TFilter bandwidth: 1 cps

WA

Ao S

|
1% 2045 4.09 6.20

|
7.84

8.48
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FIGURE IX
@ourth fraction, expt. #7 (Page 42)

Retention time 73% minutes

Solvent CCl4
Tetramethylsilane internal standard
Sween time: 250 sec Sweep width: 500 cps

Sween offset: 000 cps Spectrum amp: 80
R.F. field: 0.16 mG filter bandwidth: 0.2 cons
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Preparative Triene Procedure; Experiment #8

To a 100-ml. volumetric flask was added 1 g.
benzophenone and 5 ml. (3.550 g.) triene; the flask was
then filled to volume with isopentane, giving a solution
0.055 M in benzophenone and 0.039 M in triene. Seven tubes
were prepared from 13 mm. 0.D. pyrex tubing by rounding
the bottoms and constricting the necits, giving a total
length of approximately 40 cm. to each. 10-15 ml. of

by

the solution wos trensferred to each tube (T1_7) 3

10-ml, syringe. The samnles were then degzessed and sealed.
They were photolyzed on a 450-wntt cuartz Hanovie immersion
apparatus, immersed in o wnter bath at 24-28°C., for 182 hrs;
an oraque yellow material formed on the inside of the tuhes,
closest to the lamp, so the tubes were rotated with respect
to the lamp after approximately 100 hrs. In addition, large
colorless crystals formed throuzhout the tubes.

The contents of (Tl) were separated by decanting,
the solutiorn poured off, leaving both the yvellow solid
and the clear crystals bhehind. The yellow solid wes
scraped form the side of the tube, and attempts made at
dissolving its it was insoluble in pentane, acetone,
dioxane, and dimethy sulfoxide, though the latter solvent
removed the yellowish color and left the crystals white,
The solid was stable above 200°C. and insoluble in concen-
trated nitric acid.

(T,) was similarly decanted., The colorless

crystals were woeshed in isopentane, then dried with air.



A single erystal wos further dried hy crushing on filter
napersy a melting rnoint was talen on a Bausch & Laum
nolarizins microscope equipred with a Variac-—controlled
electric heating stape and a Thomns Temperature Thermistor.
There was a merked chance in crystalline form to long, thin
noedles beginnine at 150°C. and continuin~ till 185-195°C.,
at vhich peint the crystels sublimed.

Several more crystals were washed with isopentane
and air dried. 1.5 mg. were then ground to a fine powder
in a mortar and pestle. Several hundred milliprams of
anhydrous potassium bromide were then added, and the nowders
mixed thoroughly. A stiff csrdhoard slide with a 1.5 cm,
hole in its center was placed on a polished die, and the
center cavity just filled with the »owder mixture. The
slide and novwder were covered with the other half of ther
die and compressed in an hydraulic press at 30,000 p.s.i.
for arproximately one minute. This formed the powder into
a transluscent glass suitable for infrared examination,

A spectrum vas taken on the Beckman Model TRT spectro-
photometer, usines air as reference with the double beam.
Results of the analysis are summarized in Table XITI.

The solution from (Tl) was analvsed on the
Procramner with columns (Y); conversion to volatile
vproducts was negligible - estimntes from the remeining

triene showed it to be much less than 5%.
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TABLYE XTTT

Infrared Analysis of Crystalline Product from Exnt. #8 (Page 47)

irequency in cmTl Intensity Character of
% absorntion peak
650 30 sharp
680 13 shoulder
693 47 shoulder
703 (i very sharp
745 59 very sharn
758 57 very sharp.g el ey
845 19 bhlunt
015 12 hroad
957 18 sharp
1065 28 shonlder
1028 57 sharp
1045 48 sharn z RERELE%
1165 32 broad
1270 a7 blunt
1340 30 hroad, siewed
1448 58 _very sharp
1497 46 very sharp
1600 18 sharp
3060 27 sharn

3590 45 blunt
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