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|
We shall not cease from exploration
And the end of all our exploring
Will be to arrive where we started
And know the place for the first time.
-

.

T. S. Eliot



ABSTRACT
[ , |\
LY ' ‘

A number of B~brono~‘and B-1odohydroperoxides were preparsd 'and

+» reactions of these gompounds with silver acetate were studled. Sev-

eralil,zédioxetnnes, formed during these Teactions, were isofted in .

25 - 35X ‘yields and the chemistr& of these compounds was investigated.
' )

‘It was found that’the 1,2-dioxetanes 1solated were decomposed

"

at moderate temperatures, yielding carbqnyl compounds arising from

BN

Cleavage~of the 1,2~dioxetane ring. A kinetic study of she thErmoly—

ses of several l,2~dioxetanes, namely,’ trimethyl—l,2~dioxetane,

’

tetramethyl—l,2-dioxetane,rl,6-dimethyl—7,8—dioiabioyclo[4.2.0]octane

and 11,12-dioxa[4.4.2)propellane, was carried out. It was found that,

\‘\Jip/eech caee,‘first otder Kinetics was obeyed over two to three half
livee. Expen;mental values for the energies of aetivation are 23.5,
. 25.6, 24.5 énd"ZB.Q_kcal mole-l, respegtivelY.
A Section is included'in this work concerning the many reported:
syntheses of l;2—dioxeténes which have appeered inAthe literature in
recent yeets. These,reports areidiscusSed.in.theglight of present

knowledge of dioxetane chemisttyﬁ A supposedly general synthesis of

4 -
1,2- dioxetanes via the ozonation of olefins was, investigated in some

detail; it was concluded that eimple dioxetanes  could not be prepared

“by this method. C
, Finally, an investigation was carried out concerning the nature

‘ and yields bf»the electronically excited carbonyl fragments generated

. i

on thermolysis of l,2—dioxetanes. Luminescence measurements*from



' \
”

" fluorescer contnining solutions of tetramethyl-1,2~dioxetane 4 1n~

dicated- thﬂt Jhe ylelds of exgitcd singlet and LxLited triplet acctone,

-

generated by chermolyqis of this compound, - are O;ZZ and "~ 100%,
rc3pect1vely - { ‘ N
A possible use for 1,2- dioxetanes, as secondary liquid Light

)

standards, is discussed..
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v " ANTRODUCT 10N

¢

A )

Thg synthesis of l,2~dloxog5neaa represcited by the genexal
structure I, hés bean the ﬁuhjcct‘ég“recenF intensive studies. Much
of the Intereat in this family of high enargy compounds stemﬂ‘from‘
tha gﬁlicf that ﬁuéh materials are critical intermediates 1in many

chemiluminescent reactions, ,

N

X

N A
Chemiluminescence was observed from the compound known as lucigen as

+

long ago as 1935; this dimethylbiacridiﬁlum salt 1s cleaved to N~

methylacridone when treated with hydrogen peroxide and base. The
¢
reaction gives off a bright light which McCapra has shown to be

emitted from the excited singlet state of the product.1 The pro~

' )
posed intermédiate in this reaction is the cyclic four-membered

!

peroxide shown below.

Cleavage of the l1,2-dioxetane produces a producf molecule in
' R

the excited singlet state.



+ hv

Light 1is also produced when oxalyl ch}loride or oxalate esters
’g are treuteél with basic hydrogen peroxide in thé presence of fluor-
‘ )eseer molecules such as rubrene.2 Rauhut has obtained good evidence
that the critical intermediate in this reaction is the cyclic per-

/ ]
I" oxide 3,4-dioxo-~1,2-dioxetane, 1.

00
XHHX + H.Q0. 4+ base + rubrene + 2 CO

29, 2 + 2 x‘ + hv
X = C1, O-R etc.
i,
xix - 0\\0-—4':‘0
o
0—-0
§ ,‘ '];
. "o * ,
OT—‘I? + rubrene ~+ (complex) + 2 002 + rubrene ;
» . : |
i - ' :

. )
rubrene -+ rubrene + hv



a-Peroxylactones of general structure 1I hayo beep suggested

ol S

as intermediates in many bioluminescent ayétehs. Work by White,
McCapral and others haa shown théf, in the presence of luciferase
and oxygen, luciferin (shown below as the anhydride derivative) is

converted into the amide shown and C02, light 1s emitted during the

reaction., White and McCapra simultaneously Suggested that light

Qgs produced by decomposition of an intermediate cyclic peroxide.

L

o,
OPOR °2 N N
¢ T . Y
luciferaqe _ s s
. H

H o] .
A 002 + hv

- -
\ — ”
’ N N

—
s )
H : R
L g,

17?-Dicxecanes have also been proposed as 1ntermediates in -
) ' LY
reactions of singlec oxygen and related reagents with certain types

of olefin to account for the cleéVage products obtained. For ex-
ample Rio & Bettholeﬁavexplained the high yielas of carbonyl deriv-
atives formed during photooxygenation of stilbene and styryl deriv~

.

atives by proposing the intermediacy of 1,2-dioxetanes.



4 \
.\\

Kcnrnss proposad the intarmediacy of a l,2~dtoxgténq in the

1

) - ‘
. photooxypenation of dindene: to accovnt for the high yield of homo-

. / _
phthalaldchyde obtalned ‘%un\ the reaction was carrled out fin

‘methylene chloride, eq. [1].

(1] ’ ’ | L
hv, 0, . | CHO
D5 | Oy |- QI

M.B.

M.B. = Methylene Blue

.

6 * :
Bollynky suggested that the reaction of triphenyl phosphite

ozonide with ketenes also prdceéded via a 'l,2-dioxetane intermediate,

»

eq. [2]. _ : = | . ‘
(2}
¢ i ¢
. (¢0) 4P0, - __1_{_‘1" o b ho
¢ o CH2C12, ~70° ] DBA ¢ ‘+‘C02
) £ o - —

The intermediate is apparently unstable ;t room temperature; when
the solu;ién was allowed to warm to room temperatufe in the présence
of dibrémoénchracene,(DQA) cﬁemild@iﬁescence.was observed.
1,2—Dioxetanés hévé been proposed as: intermediates in many
other reactignSZCOo ﬁumérous to mention in Ehis work. Hogever, in.

[

these cases as well as in the preceeding exampleé the intermediates

x



vt o

SR

proposed appeared to be too unstable to allow thelr isolation, henee,'
no direct evidence existed then to support the proposals that such
intermediates eould behave in the manner suggested However, the
1solefion by Mumford of,the first stable»l}Z;dioxergne,’trimethyl—‘:
1,2~dioxec8ne:g, and ‘the demonetrationlthet its decomposirion we;r

‘1ndeed chemiluminescent placed these earlier prOposals on a-firmer
foo'ting., > ,

Trimethyl -1,2~dioxetane 2 ‘was obtained as: an. unexpected prod~
¢

uct from the reaction of 3-bromo-2-methyl-2- butyl hydroperoxide 3

[N}

with sodium hydroxide in methagol, eq. [3].

%

3] . ,
OH '
’ ‘ ~ NaOH
’ :
< Br . . CH OH
3 A A
[4] ,
. OH
. " NaOH
CH. OH




’

By analogy to the reaction of 3-bromo-2,3~dime thyl-2-butyl hydro-

peroxidelég, eq. [4], treatment of 3 with bﬁse was exp\cted to lead
. 4 . l\‘ ! ’
1 . ' ' o \
to the allylic hydroperoxide\_z.8 No trace! of this prodﬁet could,
. i . \ B

however, be detected and the major product was' 2.

_Tetramethyl-1l,2-dioxetane 4 was subseguehtly prepared by treat-

ment of 25 with"silver acetate and 1t was demonstrated that both com-

pounds could be thermolyzed at moderate temperatures to yield the

7 corresponding carbonyl com'pounds.7 Decomposition of both 2 and 4

was accompanied by light emission; the luminescence spectrum of’2
closely matched the emission spectrum of acetone suggeétihg that .the

excited singlet state of acetone is responsible.¥or the luminescence.

4

: . *®
0 0 -, 0 0
2Ol I — e Jew

L

o—

LY

\ hY

*
. el |
Since publication

«

oo / .
ing the préparation and chemistry of 1,2-dioxetanes have appeared in
the literature, . o | .

. v \ - "\‘; <

»Thé highly unstable 3,3—dimethy1—l,2—didxetane_§ was isolated‘

by Richafdséng‘usihg a technique similar to that described by

Mumford; adapting this approach somewhat, Adamlo reported the syn-

Fhesis of the fifst!peroxy lactone 9, e&: [5].

FP

‘Aihis pioneering synthesis, many reports concgfn— -



[5)

o

e /. ‘ " )
D.C.C. = Dicyclohexylcarbodiimide

1,2~Dioxetanes are also formed in gobd yiélds\from the low
temperature reactidn of singlet oxygen with electron rich olefins.ll’12
. \ : i . !
This reaction appears to be limited to olefins which have no active

hydrogens a to the double bond. For eiample, singlet oxygen adds in |

a stereospecific manner to cis- and trans-1,2-diethoxyethylene yield-

i

ing the'l,Z-dioxetanes'lg and ll,lz eq. [6].

6 A E10 ' ,
e} hv, -78°, 0, .
6o’ (CFCl,, ‘;‘.P.P.
E10 \ E10 "
: > | .
g . PR ¥ 0 ,
Et % ! o .
. \ {

T.P.P. = Tetraphenylﬁorph&rin
Triphenyl phosphiterogonide,13 a reagent which reacts with'ole- ;
fins tquield prbddctg similar to thosé dériQédbfrom photooxyg;nation )
| of the oiefihg; alsohfeacts with the above olefins félyield

[N

N



1,2-dloxctancs, 1In ‘thid case, however, the reaction is non-starco-

N . .

spacific, both cis~ and trans-olefin give rise to a mixture of 10
' ' 12

and 11 on treatment with the rcagen?. .

All the 1,2-dioxetancs descriﬁed in this section ﬂppe%r,CO be

'

‘ ! S “ |
more‘or less unstable at room tcmp7raturc, all decompose to ylaeld
the corroqponding carbonyl compounds 1t has been shown that this

decomposition obeys first order kinctics and activation parametars

have been'estimated in seVeral‘cases.%l4

‘ . ‘ C @
" As an initial project, it was proposed to synthesize several

1,2~dioxetanes with different structural features.
' ’

The synthesig of several guch compounds is described in Chapter
I and the chemistry of these compounds is also described A discus~
;sion of(éthér preparations of 1,2-dloxetanes is presented’in,Chapter
¢ IX. A kinetic study of the thermolysis of theée compounds wés also
/ carried out»;nd the results of this st;dyvare presented in Chapter
/ » .
III. Finally an invesﬁigqtion into the yield and nature of excited

states generated on thermolysis of these compounds was also carried

~out. The results of this study are presented in Chapter IV.



CHAPTER I
PREPARATION AND CHEMISTRY OF 1,2-DIOXETANES  *

It was proposed initially to carry out q‘deCailed study of the

7

kinetics of decomposition of ‘trimethyl-l,2-dioxetane, 2 and tetra-

methyl l 2»dioxetane 4. TheSe results'could‘be compared with %ﬁ%

"

Richardson s studies on_ the dimethyl compound to determine the in-

ié
fluence of methyl substitution on the rates of decomposition of 1, 2=
dioxetanes. .

. Additionally, 1t was proposed to synthesize l - dioxe:anes 'de~ "’
9,10

»

rived from'l,Z—gimethylcyolohexene 12 and A octalin 13 to -examine

’ *

the behaviour of bicyclic andwtrizyclic l,2¥dioxetanes.

Although'Z was' readily accéssible in good yield by the method

\ \

devised by Mumford his preparation of the tetrasubstituted dioxetane
4 gave rise to?v;ry low yields (EE' 5%) of product. gﬁize We~were. J,~
1ncarested in pteparing tetrasubstituted-1,2- dioxetanaﬂ, tﬂ% £1$St
£6b

a' 4

class of qompounds. : o as

ective then was to improve .on the synthetic route leadimg to this

»

R Y
.



K

‘ Sa (derived from 2 3~ dimethyl ~2-butene) had earlier been prepared by

state ‘but: were stored as solutions in ether or CCla A small<samp1e

o

RESULTS 'AND DISCUSSION |

N [t
Preparation of‘B—Halandroperoxidesa , ;

B~ Halohydroperoxides were prcpared according to the method of

I

8
van de Sande, by reaction of oither 1,3~ dibromo—S 5- dimethylhydantoin

or the corresponding difodo compound with olefinb at ~40 in the

L)

presence of excess hydrogen peroxide. Yields-oﬁ’haLohydroperoxides
prepared in this way are llsted in Table I. NMR spectra ofltheAprod~
ucts are reported in the experimentﬂl section, v ‘ y \

i

The bromohydroperoxides 3 (derlved from 2~methyl -2- butene) and

AIA\

-

van de Sande and by Mumford, respectively. Materials‘prepared aecord~
ing to procedures described\by these authors showed spectral proper—
ties identieal to those reported. Thus, 3 was preparéd in 90A yield
from the reaction of 2-methyl~ 2—butene with 98% hydrogen peroxide and

1,3- dibromo—S '5— dimethylhydantoin (DBH) at ~40°. TIodometric analysis

of this sample indicated a purity”of 94% based on ‘the active oxygen

hcontent. In a similar manner 5a was prepared'in'gsz-yieldbfrom 2,3~

a

dimethyl -2-butene.

The correSponding iodohydroperoxide Sb, was synthesized by a

similar procedure using 1,3—diiodo—5,S—dimethylhydantoin (DIH) in

place of the dibromo compound. The product, a faintly pink soiid,

was found té undergo spontaneous decompositiog\gg)room tenperature~/

for this reason large quantities of 5b were not isolated in a pure

’

10



Al '

- TABLE I

‘Preparation of B-Halohydroperoxides

\

f

e ; L
AStartj,-ang//O'lefin Halogen Source
‘ S ‘

Halohydroperoxide Yield %
. DL

¥
! f :
a4

T

QBH

S5a

L 4

H

DIH

| o ‘ OOH
. DBH® ( .
' 1 - o )
| : OOH
2
OOH
I
. : | L
’ DBH LT

N

T l4a
OOH

f ' . v‘. ) e ' C V '
pIn | ;
. A S

3 | | I

OOH
B

. ODBH
. ‘r\ ‘
Y " DIH N

¢

3 .

84

95

80

9.

\

.85.

1



-

‘Benkese -

. ‘9 L o
.of. 5b was - rccrystallized from heptane white crystals so obtained

<

mplted at 32 - 35 with some decomposition

Iodometric titration of this sample indicatcd a purity of 97.8%.

Nhite‘crystals of 5b could be stored at(;lO“for'a few days.

l 2 Dimethylcyclohexene 12 was pre ared from\2~q thylcyclo~

hexanol as outlined in the experimental section

The bromohydroperoxide of 1,2~ dimethylcyclohpxene had also been

A l
prepared, but not\isolated,'by van de’Sande.8 Best yields of this

material were obtained vhen‘freshly distilled olefin was used; the
v. ‘1' - . v.r l N L . . ‘

product, a colourlées, viscous oil, solidified at ~10°. A small sam-

' Lo . o _ o (I

ple of this material was recrystallized with difficulty from pentang,
um' ‘ . I ‘ ‘ : -

ufp; b4 r}{6°. ’Iodometric_adai§sie showeo a purity of 97.2%.

) - The' gorresponding iodohydrOperoxide 14b was’obtained as a
Qighlxvypstable yellowish oil from ‘the reaction of‘l2\with hydrogen
péroxiQé;and DIH. The oil so obtained solidified at —10 but dej
compositioh Wasrrapid, even at'this temperature.‘ Recrys allization ‘
of a small sample from pentahe at low temperatures yiel ed a yellow
powder, m. p. 54 - 55° \ ' '

Iodometri%}analysis of this material was carried out but high'z

4values (greater than llOA of the theoretical active oxygen content)"

R

were found for the active oxygen content.. It. seems p[obable that

liberation. of iodine from the iodohydroperoxide 14b or from the

iodohydrin produced after reduction gives rise to these high values.
19,10 '

A7 —Octalin 13 was prepared by modifying the procedure of

15

4:'q-' [71_.

{
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* The original procedure called for naphthalene as starting material; *

the yield of product however, could be doubled without increasing

. the scale’of the reaction if tetralin was used as starting material

,could easily be separated by distillation.u

e

Separation of the desired A9,1O isomer was achieved by the: hydro—

boration reaction developed by Benkeser eq. [8].- The extremelygg

~ bulky borohydride reagent ‘adds’ only to the less hindered 16, oxi—\

dation of this adduct yielded an achhol from which unreacted 13-
iy l

]

a

9 Bromo 10—hydroperoxy trans decalin lSa was. prepared in high

8 yield from 13 by the usual methods Recrystallization of the. crude

®

",product from heptane yielded white crystals, m.p. 114 = 115°

iodometric analysis indicated the presence of 99.7% of the theoretical

-



' X \ & ‘ .
active oxygen content.g,9—Hydropcroxy~lO—iodo—dccnl(ﬂﬁIB was pxe~
l\ ‘ » N L ‘? ’ i ———reny

pared and purified uaing a aimilar pk?ecdurn;'whxtc cryartals of

product m. p. 105% (decomp. ) ware unqtnhrqxnt ‘room temperaturae but

Ny

.could bo atoer for woeks at ~10° w(thqutwppprccinblo docomponitiong

*

-

R aas i
lodomotgic annlynls of A purgflod Hnmplcllndlcnted A purity of 98.7%.
}
~
Slnce both 15a and 15b could rendily be purifled by recryatn1~

1ization, 1n ﬂubsequent prepqrntions of th@se materlnla impura

[ ' . R

, 10
A9 ~octalin,was uqed 'the hydroborntion purification step being
' v, | el J
1] ot o ‘\ . "l . i ,'.‘ a ':“‘ ‘( :Alﬂ’ . W .
omittedy - o AT . “
- ' A e e, . .
' ERTRRS RN )

A ,'l.’_ . ‘"A,‘.‘.‘ : .

+ " Preparation of 1 2-Dibxetancs: i A

Trimegthyl-1,2-dioxetane 2 was prepnréd according to the method
) , , o
Of Mumford. 7 Tetramethyl-1, 2-dioxetane. A was obtained in rcnsonable

yield (ca. 30%) by reaction of bromohydroperoxide 5a with a large

excess of silver acetate; the best solvent for the reaction was found -

to be methylene chloride, Thus, a solution of Sa in methylene

\
’

chloride was added rapidly to a slurfy oWer acetate powder in

methylene chloride stirred at roomitemperaqg;e. Reaction was rapid

-

ex these conditions and the mixture was filtered after a few min-

”

utes to give a clear yellow solpﬁdon containing the dioxetane, After

,u,/\ -u'

i
work up the dioxetane was frea& ffcm side products by low temperature

sublimation followed by' low tempera:ure crystallization from pentane.
' !
. Reaction of 1odohydroper0xide Sb underfthe same conditions re-

“ A

sulted 1n a similar yield of 4, but this mgterial was less convenient

’ tO' use.

14



(1ty and hence ease of removal,

N}

R

'

As wa shall sce later, the reaction was highly sensitive to

solvent affects, methylene chloride or chloroform as solvent were
equally effective but the former was choson for 1ts Rreater volat{l~’
Experiments with other silver, salts such as sllv;r benzoate,
s8ilver tr{fluoroacetate and silver tosylata were carried out but
yield; of dloxetane from thesa experiments were 1nfer10r;
1,6—D1metpy1~7,B—dioxab;cyclo[é.2‘0]octane lz,and 11,12~d1oxa~

6
[4.4.2)propellane 1§1 were prepared in a similar manner from the

analagous haiohydroperoxidqs. Bromohydroperoxides l4a and 15a werc

[ '

‘found to be quite unreactive towards silver ion under Ehe reaction

conditions; in pa}ticular, 15a Vas extremely unreactive towards

silver fon and very low ylelds of the 1,2~d1loxetane 18 were obtained.

However, good yields of both A7 and 18 could be obtained from

the reaction of the correabonding iodohydroperoxides 14b and 15b

*

Isolation of 17 was achieved/by the.same low temperature sub-
- " [ i
C !

limation and crystallization techniques used in the preparation of

with silver 16n, jjp\Table II.

4; 18, however, wgs too involatile (and too unstable) to be purified

by these means. Isolation of lé was achieved by low temperature
‘ S ‘
chromatography on silica gel followed by low temperature crydéalli—
. [ 4

.

zation. Spectral data together with analysis of the 1,2- dioxetanes

prepared are given in the experimental section.

15
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& TABLE I

S ] '
s AT
k I

Q. Of l,Q—ﬁloxntnnea

' .

Starting Materfal : Product Iaolated Yiold (R)
Sa a n 30%
4
’ -
0
5b - 4 " 30%

0
14a I ~ 5%
0
17
14b . 17 N 257
15a : a
18
\
15b 18 N 357
a - low, not determined.
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Characterization of 1,2-Dioxetanes:

1,2-Dioxetanes were characterized by lodometric analysis (see
experimental section), by their thermal decomposition to yleld car-

bonyl compounds and by reduction to the corresponding cis-diols,

These reactions are illustrated in eq. [9] using 17 as an example,

N 0!
91 [__4) I
| L
. D
22

17

— . sy

1. LiAlH,
11. KOH(10%)

—OH
-—OM

26

Thus lz_decomposed either on heating, or on éfandihg for extended
pefiods at room temperature yieiding octane-2,7-dione 22 as the only
product. This decomposition was accompanled by a faint bluish chem-
1luminescence which could be observed in a dark room. The decompo-
sition of 17 could also be followed readily’ by NMR spectroscopy, ,
Figure 1. The NMR spectrum of the starting material showed signals
at 18.6 (s) for thelmethyl protons and T7.9 to 8.7 for the ring

protons. These signals gradually disappeared on standing and were

replaced by a new methyl absorﬁtion-at 17.87 (s) together with other .

signals characteristic of dionelgg.
Product isolated from this !zcémposition was identical in all

R

17



\

Figure la. NMR spectrum (CClA) of 1,6—d1me&y1—7,8—

dioxabicyclo(4.2.0]octane 17.

\ A

i
i
!
s
i

\ :
Figure 1b. NMR spectrum of a.solution of 17 in 0014 after

v ¢
v
A, 72 hours at room temperature.

-

-

Figure.lc. NMR spectrum (CClA) of authentic octane-1,7-
dione 22.

Figure 2a. . NMR spectrum (CClQ) of 11,12-dioxa[4.4.2]propellane
18. |

— \

- Figuré 2b. NMR spectrum of a solution of 18 in CCl; after

~ 48 hours at room temperature.
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respects wifh a sample of authentic 22 prepared by an unambiguoﬁs
route,

' Reduction of il was achieved by adding a solution of the diox-

etane in ether to a slurry of LiAlH4 in ether, stirred at -78°, The '

»

yield of cis-diol so obtained was "~ 100%. A sample of this material,
_recrystalliZed from benzene, showed spectral properties.(NMR, IR)

identical to those of autﬁent@c ﬁaterial.

LN

' In a similar fashion, a solution of 18 in héptane, on standing

[}

at room temperature for several da&s, deposited crystals of pure

cyclodecane-2,6-dione 24' as' the only product.7”Dione so obtained Waé

& b b

26 25 7

.

found to be?identical in all respects to an authentic sample of ggi

NMR spectra of dioxetane 18 and the decomposition product derived
‘ ' - S

_ from this matérial, 24, are shown in Figure 2.
cis-9,10-Dihydroxydecalin 25 was obtained in 98% yield (as es-

: timated by titiation~with Pb(OAc)z sblption).from the reduction of
lg.. A'samp1e‘of isolated diol, recrystallized from benzene, did not

\

depress thé melting point of an authentictsaﬁplé of 25, ﬂowever, a

". marked dépresdioq was obserVed for a mixture of recovered_gé.with:a~
H .

sample of.trhns-9;10-dihyd;oxydecalin 27.



It had earlier been demonstrated that the decomposition of 4
yielded acetone as the only product, but no reduction experiments

with 4 had been carried out, ' Reduction of 4 was carried out using
—_— - |

1

. the same technique described earlier to yield a quantitative amount

of pinacol. Material aq,pbtaiﬁed showed spectral properties (NMR,

i b3 ¢

IR) "identical to those of authentic material.

"UV_Spectra of 1,2-Dioxetahes:

UV-visible spectra of some 1,2-dioxetanes are preéented‘in

\

Figure 3. All compounds of this class isolated to date are.yellow
in colour and this is reflected in the UV-visible spectra, all 6f

which display tails stretching into the visible region. All the

- compounds show absorptiéh maximum between 275 - 280 nm, € 25 -~ 30.

]

A comprehensive spectral exanination of organic peroxides has

\ [y

not been‘carriedibuf prbbably due to the lack of distinctive pér-
oxide absorptions. It 1s proposed that overlapping lone pair orbit—-"
als. of the two adjacent oxygen atoms lead to low energy bonding and
~high energy antibonding orbitals 50 and T 00 which are correspond-
. !
ingly filled with electrons in the ground state\17 Thus the lowest
energy electronic transition in simple.peroxidesvgan be character-
ized b * + * | |
. 1zed by “'00 9 00 |
Simﬁle‘alkyl perbxides show only weak, nearly structureless
.abSOrpﬁiéns below 400 nm. For example, di—tert;-butyl peroxide shows
an inflection at % 250 nm, € YRR

' The electronic stiucturg of “1,2-dioxetanés is 1i&éiy distorted

22



23

woamuoxOﬁQ|N.H

ose
T

3o ei130adg map«mﬁ>|uwwo«>muwao *¢ 2and1g

o0¢ 0sZ
|

(M0 ¥ =

¢Te%)

“Ta%)

-4

M-Hl —m——i

8T =

T




by the strain effects caused by the‘foer—membered ring and this seems

to be reflected 1n their UV spectra as‘}ncreased e'valeea’and absorp~ _ s
tions at higher wavelengths. “ |

| The peroxide linkage in endoperoxides should also be somewhat
distorted, although this discortion would not be expected to be as

severe as that in l,2—dioxetanes.' In accoreance with this;, ascaridole,

" shown belew,ﬂappears to beea faintiy yellow oil.

the 1,2-dioxetanes and were not due to the decomposition produtts

(carbonyl»compounds’absorb in the same region), solutions 6f'l,2—diox—
etanes prepared for spectral measurement were aealyzed for peroxide |
content before and’'after the spectra were reedrded, ‘Decoﬁbosition of
samples durieg the short time required tolrecofd the spectta\was

\‘”fgund to be negligible.

Reactions of Halohydrqgeroxides with Base:

© van de Sande demonstrated that the B-bromohydroperoxides Sa
and 14a were converted in good yield to the correSponding allylic
hydroperoxides on treatment wi;h methanolic sodiumehydroxide,8 eq.

[10] and eq. [11].



U ’ = | . .
(o] oo ‘ \ -

1
) NaOH
/ —————p
: 0 \
. R M
| | 6
(11] A L
R . OH ' OM
_— + 1
¢ -
. ) ™~ . .. .
" lha 19 B 20 .

' Similar resuitsxwere‘obtaihed using'the corresbonding chloro-

hydrOperoxides but yields of the allylic hydroperoxides were some-

’ what 1ess.

Treatment of the. iodohydroperoxide 5b with base under the Same .

-

conditions resulted in an almost quantitative yield of iﬁlylic hydro— .
peroxide g, Similarly, reaction of 14b under the same conditions

-yielded the isomeric allylic hydroperoxides 19 and 20 in the same

. N
\
'

- ratio (v 5: 95) as that observed by van de Sande.?
Spectnal properties of 19 and 20 had not previously been re-
¢ '! 4

'ported qo-that itkwas necessary to reduce the mixture of these mat-
",IIv ' + e b

N ; L ) . \ a ¢

-+ erials to the corrésponding ailylic alcohols 29 and' 30 e spécﬂtd
iof which were reported by van de Sande. | o
| 10—Hydroperoxy-A ’g—octalin 23 was prepared in high yield
'ca. 80% by the ‘reaction of either 15a or 15b with sodium hydroxide
‘ in’methanol, Material isoiated_showed gpectral properties identicai=



\ ‘ :. .. ‘v“‘&‘
Ca y
R

to those.reported by Foote for a sample prepared by photooxygenation

. \ i
9,10 octalin 18 Do . ‘

of A”?

oH . OoH

29 30 23

Reaction of B—Halohzdrogeroxides with Silver Acetate:

Trea\;ént of either Bromo—'or iodohydrOperoxides with silver

, acetate resulted in mixtures of products; in addition to the ring

closure reaction leading to 1,2~ dioxetane formation, products aris~
ing from elimination and rearrangement reactions were also obs%rved

[12] to eq. [14], Secondary products, deriued fiom decompoii—
| A

tion of the dioxetanes were usually also observed. Co .

[13] - 14a;b
Lo - N e

26
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. [ap o 1sab A8 + 23 + 24 4 [:::][:::].:
. S . . ‘ o i

| ' ‘ . ;
Reaction of 5a and SB'”then with silver acetate under conditions
‘,deacribed earlier resulted in a mixture containing tetramethyl -1, 2—

' dioxetane 4 (v 302), allylic hydrOperoxide (v SSZ) and pinacolone

\

C\ lSZ) “The 'latter product distilled over with 4 when this product ‘

was sublimed from the reaction mixture, and 'was isolated from mother -

liduors afterycrystallization of 4. The NMR spectrum of isolated -

materiallshowed absorptiOnslat 17.95 (s) and T8;9 (s) in\‘the ratig

- 1:3. The yield of pinacolone:was determined as the,Z,A—dinitrophenfl—

i

"‘hydrazinelderiVative.,'

The’ residue obtained after sublimation of 4 was found to be '
‘ almost pure 3—hydroperoxy~2 3~dimethyl l-butene 6 identical in all

l respects with an authentic sample,prepared from reaction of Sa with
sodium hydroxide. B Lo R

A similar mixture of products was obtained irom the reaction

" of l4a and l4b with silver acetate. Again the rearranged product S
l-acetyi-l-methylcyclopentane 21 distilled over’ during sublimation

1 of the dioxetane 17 and was isolated from the mother liquor after‘

| crystallization of this latter cowpound. Isolated 21 was identified
\by comparison of its Spectral prOperties with those of authentic ;“

material prepared by the method of Hart.19 The semicarbazone

’ . Y )
[ o

27
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titration was SOZ

\ ¢ U '
derivnvve was prepared from ianl'nteh 21, m.p. 138 -~ 141°, reported
f

141 The yleld of 21 (as a pearcentage of total product) from

)
fodohydroperoxide 14b, as estimated from the 'weight of semicarbazona

derivative, was 201\

The residue, after removal of'17 and 21, consisted largely of

the allylic hydroperoxidea 19 and 20. These were identified by a

-

comparison of an NMR spectrum éf the rcsiﬁue with n‘apectrum of
material obtained by reaction of l4a wi;h sodium hydroxide. TLC
analyaia‘of the residue also indicated the presence of small quan-
ﬁitiea of the "dione 22\4-The yield of allylic hydropeeride (as a

percentage of total product) f rom 14b as cstimated by fodometric

a

a

The pujof product isolated from chromatography of mixture o?~

.
I B
‘e

tained from the reaction‘;f‘lég_with silver acetate, eq. [14]; was
the allylic hydroperoxidé‘gg. The yield of this product, as esti-
mated by iodometric tittation, was ca. 50Z. Small amoiggs of the
ﬂiketonc 24 were also isolated from the column (ca. 22) b&t no trace

of the expected rearrangement product, spira[é.S]decnn—6~onq 32,

- could be detected either by (ILC or by VPC. This product is formed

in high yield frow the reaction of bromohyﬁrOperoxide 31, eq. [15],

with silver acetate.21 .

28
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0

(]

. 0

. "The small amount of Ag’l —-oatalin (v 1%) isolated from the chromato~
graphy could possibly arise via an Ez elimination from the iodohydro-
peroxide, eq. [16]. This materiai was identified by its Rf value on

silica gel and from 1ts NMR spectrum.

»

(16] | - //ﬂ‘;WAg o
®

[} .
e,
) | “ |
~\ |
(Som .

7/

g&ﬁéz;l-Txgg Rearrangements of Halohydroperoxides:
L4

Rearrangement products obtained from the reaction of ﬁalo—
hydroperoxides with silver salts resemble ”semi—pinacol"‘fearrange—
ment products derived from the reaction éf iodohydrins with mercury
salta.zz However, in the former case, rearrangement -is accompanied
by a cleavage of the peroxide linkage. A possiblq‘mechanism for._.

this rearrangement is shown in eq. [17]. :



(17] S

!

OM : ON HOOQ '
- + ) )
‘ Ag ‘ +

\* ] ’ - ' OAc

I'd
— el — &
4+ . . y\(o-‘ O
CH3C03H

1-Acetyl~-l-methylcyclopentane 21, obtained from rearrangément
of l4a or 14b, 1s also obtained in the pinacol rearrangement of
££gg§~1,Z—dimethylcyclohexane—l,Zﬁdiol,23 eq. [18]. .This suggests
a trans configuration for fh; halogen and hydrope}oxy groups of
14a,b since pinacol rearrangement of the cis-diol giveé 2,2~
dimethylcyclohexanone,23 eq. [19].

The differences in behaviour of thes; isomeric digls are best
explained by reference to Newman projections (sée diagram).' In the
élgfisomervthe’hydroxyl groupfand the migrating methyl group: can
attain a Ezgggfdiaxiallconfiguraﬁion and migration of the methyl .
group can readily occur. In the trans-isomer no potential migrat-

ing group can attain a trans-diaxial configuration with respect to

the hydroxylﬂgroups. The carbon atoms of the ring, however, bear

- 30



31

¢

‘a trans relationship to the hydroxyl groups and rearrangement to

the ring-contracted product 2] can occur,

. o
(18) ON
“2304
————y
\ O 21
[19) .
‘x\\
\ H,S0,
\ —_ ~
\
: )
\ OH CH,
! OH oM
= H, M
\ CH, H,
i .
\ cis trans

'Perhapé a similar explanation can account for the lack of form-
\ . ,

ation of the spiroketone 32 from l5a or 15b. If compounds 15a and

NS

" 15b have a tr;¥s configuratibn, then the carbon atoms of the ring .

—————
-

cannot bear a é&ans relationship to the halide leaving group.

\

-



32

OH
13a,b

55?.

Now, rearrnngement of 9,10- dihfdroxy trnns~decalin to 2g does
occur but heating is neccessary to achieve this reaotion.ZA;‘It is
possible that conditions in the reaction of 13a or b with silvcr
{on are mild enough to prevent such a rcarrangement.

Confirmation of the trans configuration of lég~comeo'from the

sequence of reactions shown in eq. (207}.

Ve

20
[20) . !
. . NaOH
R
- CH 3Oll ’
" H
15 28 3,

»

Reduction of alkyl hydioperoxides by phosphines is known -to

proceed with retention of configuration at the alkyl carbon, thus,

-~

the iodohydrin obtained for this rcduction 28, necessarily has the

.
p

same configuration as the starting material. This—product reacted

almost 1nscantaneous1y with sodium hydroxide in methanol at 0°

yielding the epoxide 33 indicating a trans relacionship of the

.

hydroxyl and iodo groups.



Under certain conditions an‘unusual rearrangement product,
i

7—h}droxy[5.3.0]decgne~2~one 34 was obtained from the reaction of

either 15a or 15b with silver acetate.
i

(21) ' '
NaHCO,, Aq

—

A
H.
34 3
This product seemed to be formed when only a slight excess of silver

N

acetate was used in the reaction. The structure of 34 was shbwn

from spectral data and by its facile conversion to the known com-

'

‘pound 22,26 eq. [21]. . The IR spectrum (CClA) showed absorptions at
3600 (s) and 3480 (b) for the hydroxyl group and a strong carbonyl

ebsorpfion at 1700 cm—l; the NMR spectrum (CDClB) showed absorptions

“at 16.85 (Broad triplet, 1H)'for the methine proton, 17.5 (broad,

2H4) for the pfotons adjacent to the carbonyl group and an exchange-
able proton at T8.6.

It was assumed that 34 was formed via an 1ntern§l aldol céﬁden-
sation of cy§1§decane—2,6—dione 24. Accordingly, control experiments

were carried out by §tirring pure samples of the dione .24 and the
. . ] E - .
1,2-dioxetane 18 with mixtures containing silver acetate, silver

a}
+

iodide and acetic acid in methylene chloride solution. In neither

case could any of the éyélized product be detected. It is worth

: . Cde - C
noting though, that 34 was only occasionally formed during the re-

actions of‘halohydroperoiides 15a and 15b with silver ion, perhaps

. ~

33



conditions for its formation were not met in the control experiments.

n

A second possibility, that 36 could ariqe via a photocycliza~

tion reaction, eq. [22], was'also 1nvestigated

. [22]

ring closure
_B_IL ' 5 iR '
' No 34 was observed, however, when solutions of the;dioxetane 18

were heated alone, or in the presende of silver acetate. The only

\

_product detected in both cases was the dione 24.

Attempts to prepare 34 by direct photolysis of 24 were alsori

unsuccessful. Photolysis experiments were carried out using a
medium pressure mercury, lamp and, an immersion well apparatus equip~-
ped with ailprex filter.‘ Complex mixture§ of products obtained '

from the photolysis experiments Were not examined in detail but in
.t

no case could any of the desired cyclized product 36 be detected.

Subsequent experiments did indicate ‘that 24 is cyclized under

d

mild acidic conditions to‘yield 3&. Silica gel appears to be acidic

enough to effect this transformation, small quantities of 34 were
=y

-isolated during preparative layer chromatography of mixtures con—

taining gﬁ. It was shown that no cyclized product was present in

1 &

34



the mixture before chromaCOgraphy. Cyclizatioﬁ of 24 to 34 could
also be readily achieved by treatment of the dione with methylene

' ,chloride to which a small quantity of HI had been added. Under
these conditions the elimination prodﬁct 35 was also formed. Both
34 and 35 were 1dentified by TLC analysis on silica gel plates.

L

The IR Spectrum (CHC13) of 34 shows both free And hydrbgen~
bonded.hydroxy;\stretching bands at 3600 (s) and 3480 (b) ‘h_l, re~
spectively. The ratlo of theiinten91Cy of the higher wavenumber
band to that of the lower increases as the concentration of 34 1is
decreased suggesting that iggggfmolecular hydrogen—bonding is un~
1mportant,for this compound.27 It was not possible “then, - to

5‘;assign a cis or trans configuration for the ring-junccure‘of this

compound. »

]Solvent Effects 1n,the‘Reactions'or B-Halohydroperoxides with Silver
Acetace: | | |

Solvenc effects appear to be veryiimportant in the reactidns“
of halohydroperexides studied; best yields of i,Z—dioxetanes were
,cbtained in solvents such as chloroform or methylene chloride. If,
however, the reactions were carried out in hydroxylic solvents such
:i/yérhanol or 2—propanol ohly trace amounts of dioxetane were form—

4. For example, the only proQuct formed'from Fhe reaction of 122‘

with silver ecetate in meéhanor appeared to be the;allylic hydrce.:
peroxide 23, no 1,2;dioxetane,l§ czule betdetected.

F e
A similar. effect was noted in the reaction oflgg‘with silver

4



‘acetate, eq. (23] and eq. [24]

(23] :i 'i: o
| Ago‘“q | + +
cH, 01 : , |

' 5a 4 s 9
H ‘ OM
AgOA
[24] s T80T | +
_ “aon .
| CH,
36 $ |
H
NaBH, ] it v
(25) % | —_— >&<
CH_OH - CH,_OH
3 cH, 3 ,
E 28

In methanol‘solutioﬁ the substitution pﬁoduct, 3—methoxy~2,3—
dimethyl-2-butyl hydroperoxide 36, and'allylic hydrOpgrqxiQengwere
formed in approximately equal amounts. Identification of 36 was

' made on the basis of its NMR Spectrﬁm'(CCIQ) which Showed absorp-
tions at %8.93 (s), 8.87 (s) and 6.84 (s). Confirmation of the

f

structufé was obtained by reduction of the reaetion mixture with
NaB 4; the NMR spectrum of this reduced sample showed absorptions
at T8. 81 8 86 and 6. 76. Signals at these positions were observed
for a sample of 5-methoxy—2,3édimetﬁy1-2—bgtanol‘21 prepared from

2,3-dimethy1-2, 3-epoxybutane 38, eq. [25].

36
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The similarity between base catalyzed elimination reactions of

B—hélohydrdperoxides and the photooxygenation of olefins has already

been noted. 8 It 18 interesting that cegtain photooxygenations show

solvent effects remarkably similar to those observed in ﬂeactions of

R ) '."”A

B-halohydroperoxides with silver sa1t3,28 eq. [26]. i%:
(26 S ¢
. ¢ . \

H2%2 :
——— e B *
1 Z
¢ %2

OOH

.

i

Cleavage préducts opserved in this and other reactions may or

‘may not arise via 1,2—dioxeténe intermediates; this subject is dis-

cussed more fully 4n Chapter II.

" Reduction of 1,2-Dioxetanes by Phosphines:

- . .
° ‘ N

The chemistry of 1,2-dioxetanes is dominated by their thermal

-

ihstability, this makes it difficult to assess ché.éhémical reactiv-

’

ity of the peroxide linkage in these compounds.‘

All classes of peroxides react with tertiary phosphines, but

!
.

different classes of peroxides react at vastly different. rates.

)

R ot
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‘This diffexence in renctivity forms the basis of an analytical pros

cedure for the deturmination of different classes of pcroxideb,zg

0

N
The more reactive peronidcs buch as hydroPQrpxides or diacy} per—,

oxides usually rcact rapidly at room temperature but the.more alug—-

gish dialkyl peroxides often require eg@gnded reaction at elevated
\ ] . .

PR

temperatures before reaction occurs. 7

The generally accepted mechanism3 for thefreduction of per—-

oxides by phosphorus compounds favolves initial nucleophilic attack

-

on oxygen, eq. [27]3 followed by a displayement of oxygen.
a ‘ N :‘* . . ) « //
&4 /\“ | /.'F_ _\ +
. " R—— O —R! n _;_ [} "
{27] R, ?:r‘ R'+ PR", 5, 0+ R —T:gPR 3
+ R—O0—R' + OPR”3 i
s ‘ ‘ v‘- ) \
Di~t-alkyl peroxides, however,‘normally;react at elevated
temperatures by initial cléavage of the peroxide bond to give prod-

lucts arising from free rﬁdical reactlons- thus, thermolysis of

dicumyl peroxide lead

to‘a good yield of dicumyl, Scheme I.

Scheme I

L

RO

OR ﬁRo’-

. + PR'. + RO—PR’ .
0 + PR'y = RO—PR!, '

— PR’ ‘R '
RO—PR', =+ 'R + OPR',.

2R+ + RR

R = dC(oH,),
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.!The usupl;reason given for this 1s thaf| the peroxideioxygen

_atoms of such compounds are sterically hindered by the bulky tertiary

alkyl groups. and nucleophilic attack on oxygen is not’ possible. .

'(The oxygen atoms in tﬂbutyl peroxide,‘for example have been com—

pared to the a carbon atom of neopentyl halides. )

E Since the peroxide linkage of 1,2~ dioxetanes does not appear

. to be‘sterically hindered one would expe;t rapid reaction of these

[
: / ‘
materials with tertiary phosphines and'this is in fact the case.

" The three 1,2—dioxet5nes studied react almost instantaneously with

triphenyl— or tri—n—butylphosphine at 0° in CCl4 solution. The re-

action products (Tak%::ii:) were identified by comparison of Spectra

with those of authentic waterials and by comparison of VPC or TLC
: ' ~

behaviour with authentic materials. Relative yields of products
, : : 2

were determined by integration of the NMR spectra.

The products would appear to arise via an fonic mechanism as
given in eq. [27]. However, the displacement reaction }eading to
an ether 1inkage can only occur where, after the initial displace—

ment by phosphorus, free rotation about the C-C bond of the 1,2-
(. .

-

‘dioxetanes is possible, eq. [28] Thus only 4 gives rise to the
'_expected epoxide product, eq. [28], 17 and 18 give products arising

“from elimination reactions,\eq [29] .

_ In each reaction. studied a small amount of cleavage product
[ . \

:was observed' this is not surprising, since the reaction of phos-

phines with 1, 2—dioxetanes seems to be fairly exothermic. -

L

*

b

‘l» A‘, ’ : : RN
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The, less nucleophilic trisubstituted phosphites for example, -
_triphenyl ph05phite, triethyl phOSphite and’ trimethyl phosphite do o

v’not reaqt (at\ least, at room temp%rature) with thg‘ﬁioxetanes studied

: indicatlng that the peroxide 1inkage in t}\ese materia&is perhaps( )

‘not exceptionally reactive.‘ HydrOperoxides, diacyl peroxi and

»

.some dialkyl perox,ides react readily with phosphites, diethyl-

'peroxide, for example, is reduced even at low temperature by triethyl

phosphite yielding diethyl ether. 31 .

-
o
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Stability of Totpane thy =1, 2-dioxotane Under Actdie and Basife .

P

Cond Lt iona: (
Farlfor attempts to prepare ‘? by troatment ot J-bromo-2,3-

dimqllhyl'*Z»bulyl\hydrn]wrnxldn, S, with dilvor perchlorate or ailver

N h \

' .
fluoroboiate were unauecannful, Acotono wais the only product datect-
8 -
ed in these reactlons, It was thought that the reason for the
{nllure of thesa reactions wan that any dloxetane formed durtnp the
reaction was decomposaed rapidly by the atrong acids (ll(ll()/ ata.)
’ . +
| 7 :
also lormed during the reaction, Surpristagly, 4 was found to be
quite stable iR the presence of atrong acids; thejrate of decomposi-
A . .

tion of 4 In CClA solution contalning CPBCOZ“ (0O M) was only about

twice the rate In CClA alone,. The only product detepted from the

decomposit ton o{ 4 1n actd solution was acetone.

\
0

h'nm stability of 4 to basic conditions was nlso investigated
by stirr'ing*the dloxetane in a mathanolic solution of s()’dium
hydroxidé., Approximately 5% of atarting mataerial was Isolated from
thig reaction mixturc'evcn nftér'throq{dnys at room temperature,

this supgeats that & 1s not attacked by bgse.’ Again, the only prod-

+

uct detected from this reaction was acetone,

It has alrcady becen shown that the thermolysis of 1,2~dioxetanes (]

Y »

leaads excPusively to cleavage producta. Additionally,‘1,2—dioxctnncs .

are.not rearranged in the presence of acids or bases. It seems un~

likely then, as has been suggested, o that, 1,2-dioxetanes are inter-

mediates in phohooxygeﬁntion réaccions of olefins which lead to N

formation of allylic hydroperoxides.

¥
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EXPERTMENTAL

Malt tag points and bolling polpts recorded are wancorroacted,

Rofractive Indoxes wora meanured undng a Bausch and Lomb Abbao-131,
L]

tra ware roecorded on Parkin=Flmoer Model

Refractometor,  Iufrared apgd

A2l and Model 337 apeatrophotometern, UV spoctra wore recorded
uaing Cary 15 and Bausch anoN Lomb recaording npectrophotometars, H
NMR spectra wore ddtermined ualig Varfan mnalytieal spectrometers,
Modela HA-100, A-60 and A56/00 with tatramathyls{lane (IMS) as {n-
13 ‘

ternal standarcd, G'NMR spectra were recorded usfng a Bruker HFX 10
spectrometer,  VPQ analysis was carried out on Acrograph 202 and
A-90-P3 gpas chrnmntop\rﬁphﬁ. Mass spectra were obtalned on an ALE. 1.
MS~2 mass spectrometer,

All preparations and roncztnns of B-halohydroperoxidoes were
carried out behind shiclds and peroxidic compounds were estimated,

: R 32
fodometrically using the method of Organfic Syntheses, Solutions and
solventas wqre dried over anhydrous magnesfum sulphat: unless otherwise
-’

nonqi. Removal of solvents was achieved usfng a rotary evaporator .

unlesa stated otherwise,

3-Bromo~2—mcthyi~2-buty} Hydroperoxide 3: o

-

This mnte;ial was prepared according to the method devised by,

-

vad de Sande.8 To 50 ml of dry ether at -40° was added 98% hydrogen

peroxide (17.0 g, 0.5 mole), addition was made slowly such that the

temperature djd not rise above ~35°. 2Methyl-2-butene (7.0 g, 0.1

méle) was then added to oxs3portion followed by 1,3-dibromo-5, 5~

. . . » N
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'

dimethylhydantoin (14.3 g, 0.05 mole) added tn small portions. After
addition was complete the mixture was allowed to stir at -40° for a
furthef 15 minutes, after which time the cooling bath was removed and
the contents of the flask allowed to warm quickly to ca. 10°, When
the mixture ba%éma homogeneouslit was extraEted several ;imes with
water (4 x 50 ml), the organic layer was then dried and solvent was
remdved.at room temperature,

The crude product, 17.5 g of a colourless oil, contain?d‘95z of
tge theoretical oxygen content as deée{ﬁined by iodometric titration;
the overall yield was 90X. E | W

The NMR spectrum (CClA) showed absorptions at Tl.4 (broad, DZO
exchangeable), 15.56 (quartet, J -‘7 Hz) for the methine proton,
18.32 (doublet, J =« 7 Hz) for the single methyl group and 18.63 and
18.72 for the non-equivalent gem~dimethyl gr;upsq This spectrum was

identical to that obtained by Mumford.7

x
Trimethyl~1,2-dioxetane 2: E

) Trimethyl-1,2~-dioxetane was prepared from bromohydroperoxide 3
by the procedure outlined ﬁy Mumford.7 A solution of sodium hydroxide
20 and 3 ml of methanol was added'slowlf

to a solution of 3 (1.8 g) stirred in methanoi (6 ml) at 0°. .After

(0.4 g) dissolved {in 1 ml H

ca. 100 minutes the mixture was extracted with iso~pentane (3 x 25 ml),
the combined extracts were dried and solvent was removed evaporatively
at room temperature. The residue, a yellow oil, was purified by

distillation under hiéh'vacuum (5u) at ‘room temperature. A colourless



- forerun was discardéd. Finally, twp low temperature (~78%) crystal~
lizations from lso-pentane ylelded arystals of pure 2, m.p. b~ 7°.

Iodometric titratiOH showed 1007 of the theoretical active oxygen

content,
The NMR spectrum (CCla) was identical to that reported by {//

Mumford.7

3-Bromo-2, 3-dimethyl~2-butyl Hydroperoxide 3a:

The procedure described for.the'prgparatioh of 2_&&5 usgd to
prepare 5a from 8.4 g (0.1 mole) of tetramethylethylene, 14.3 g
(0.05 mole) of the DBH, and 17.0 g (0;54mole) of 98% hyd?ogen per—
oxide in 50 ml ether, : , |

In this.way 19.1 g of a crude 5a, a whike solid, was obtained,
Todometrjic titration indicated 98% of the theoretical amount of ac-
tive oxygen. The NM& spectrum (CClA) sh&wed~absorpcions at T1.85

(broad, D,0 exchangeable), T18.56 QS) and 18.19 (si in good agreement

2

with the spectrum described by van de Sande.8

A

+

3-Iodo-2, 3-dimethyl-2-butyl Hydroperoxide 5b:

This material was prepared using a procedure similar to that

described for 5a but 1,3-diiodo-5,5-dimethylhydantoin (20 g, Arapahoe

Chemicals) was used in place of the dibromo compound. The mixture

& .

was stirred for 30 minutes at -40° to ensure complete reaction before
<+

being allowed to warm to O - 10°. The mixture was extracted with

vater (3 x 50 ml) and ;héﬁ‘wi;h several portioné of dilute sodium

I 4
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thiosulphate solution until the colour of lodine was discharged.
Solvent was removed to low volume buﬁ, because of the sensi-
tive nature of solid 5b, carc was taken not to evuporaﬁe tobdfyness.
CCl4 (30 ml) was tﬁen added and. the solutiPn again evaporated t? low
volume. This process was repcated several times‘to obtaln 'a concen-
trated solution of Eg‘in CCIA' This solution was normaily discoioured
by traces of free lodine., The yield of crude érqduct>was estimated
as 80% by 1odometri§ titration,
A sample of 5b was purified by regrysthllization from heptane
: | :
to yfeld white needles, m.p. 32 ~ 35° (decomp.). Solid 5b was un-~
- stable at room temperature, decomposing sponténeouélj after an in-
duction périod of several minutes. TIodometric titration sﬂowed 97.8%
of the theoretical active oxygen content. The NMR'spectrum (CClA)

showed absorptions at 11.48 (s, 1H, D20 exchangeable), 17.95 (s, 6H) |

and 18.50 (s, 6H).

Tetramethyial,2—dioxetane 4:

This compound was prepared in reasonable yield by the following
pfocedure: |

2—Bromo—2,3—dimethyl—3~b§tyl hydroperoxide (4 g) in methylene
chloride (20 ml) was added rapidly to a rapidly stirred slurry of
silver acetate (12, g) in methylene chloride (80 ml). After 15 min-
utes the silver salts were filtegéd éff and the organic layer, pale
yelloQ in colour, was washed with water (1 x 30 ml) followed by

sodium carbonate (10Z, 30 ml). Removal of solvent after drying with



O

£,
N
Vv

MgSO, yielded a bright yellow oil. Volatile materials weré distilled
from this oil under high vacuum (5u) and room temperature; a little,

iso-pentane was added to the distillate and the solution cooled to
- \n

~78%. The yellow crystals of 2 which formed were filtered off and

dried by pressing between filter papers. The yield of crude material

was 0.7 g (30%).. ' —J}

Pure material was obtained by sublimation at room temperature
and at 5u. Material so obtained had active oxygen content as deter-

mined by 1odoﬁetr1c titration of 98.7Z, m.p. (sealed tube) 73 ~ 76°,
H

" The lu NMR spectrum of 4 (CClA) showed a single absorption at

13

78.49. ,The ~~C NMR spectrum (acetone—g6) showed absorptions at 89.33

for the tertiary carbon atoms and 23.55 for the methyl carbon atoms;

these values are reported as ppm downfield from TMS.

~

Redqctioﬂ of Tetramethyl-l,2~dioxetane 4:

The same general procedure was adopted for the reduction of all
peroxidic materials; thﬁs, Feducgion'of é_wéé carried out bf‘siowly
adding a‘solution of the dioxetane (0.12 g, freshly sublimed) to a
slurry of L?Alﬂg (0.2 g) in ether (10 ml) stirred at -78°. The mix~ -
ture was stirred at this tempe;ature for 20<minutes.and then allowed -
to warm to room teﬁperature. Excess LiAlHa was then decomposed by
the additionlo; KOH solution (10%) until a clear solution was formed. 
The granular precipitate was filtered off and washed several times

with ether; the washings were comhined with the filtrate and solvent

. - V , |
was evaporated 'yielding white crystals (0.14 g) of pinacol.

47



]

-

\ The NMR sfcctrum (09013) showed:aHsOrptLons at 18,72 (s) aund
;xiig.qz (b) 4in the ratfo 3:l (expocted ratio 6:1) indicating that some
\‘wnger‘of erystallization was also prcsént;‘tnking thia factor Into
account, the yleld of pinacol was ~ 100%, "A sample of isolated

pinacols raaxystallized from benzene showed spectral propertics (IR,

NMR) fdentical to those of authentic matarial.

\

2,3-Dimethy 1-3-hydroperoxy-1l~butene 6 from 5b:

*A solution jof 3b (0.25 g, recrystal}ized f rom heptaﬁe) in
meihanol‘(z ml) was added to a solution of sodium hy&roxide (0.05 g)
in methanol (5 ml) stirred at 0°. Afﬁer 10 minutes the sglution was
diluted with wafer (50 ml) and extracted with:methyléne chloride (3

* 10 ml); the combined extracts were dried and solvent wag ev;poratéd
ylelding a small quantity of‘cqlourle;s oil (v 0.1 g): The NMﬁ
éﬁectrum (CClA) showed absorptioﬁs at 71.58 ~ 1.8 (b), TS,l.? 5.2 (m),
TB.ZS”(m) andET8t70 (s). This spectrum was identical to that reported

for §,8

1,2-Dimethylcyclohexene 12:

-2—Me;ﬂy1cyclohexanone, prepared by oxiéation of 2—meth§lcyclo—
hekanél;33 (230 g) was added to a solution of meth&lmégnesium iodide
(two moles; in dry ether (two litres)‘contained iﬁ a threeylitre
flask.‘ After addition was coﬁpl&te, the mixture was hegted undér
reflux forta fufther 15 m;nutes,Athe reaction was then workea up with-

4
-.was mixed with orthophosphoric acid (30 ml) and heated to reflux

NH,C1 solution. The residual oil obtained by evaporation of solvent



1

temparature for two houka., Distillation of the mixture through a

[
#

* Vigreux column }ieldcdla mixture of olefins containlng ~ 65% of the
desired product together with 30% of isomoric.Z,3~dimcthy1cyclohexeng
and a small quantiéy of é~methy1mdthylenddyclohexane,' |

12 was separated from this mixthre by distillation using a
‘Nestor~Faust annular teflon spinning band column, The NMR spéctrum
of material boiling at‘134'a 136° (710 mm) showed absorptions at
8.4 (s) fo; the methyl protons and a brpéd'absorption‘at 8.1 for
the ring profons; no trace of olefinic protons between 4v~ 6 could

be detected. Reported b.p. 134 ~ 136°.20

21 ocealin 13:

—

Tetralﬁl(lOO g) was dissolved in a mixture of ethylémine (500 .

ml) and dimethylamine, (400 g) contained in a three-necked flask.fitted

with a'mégnetic stirrér and a Dewar-type dry-fice condgnsef, The mix-
" ture was stirred briefly and lithium ribbon (23 g) cut into small
pleces was addea. The mixture was stirred for 14 hours after which

time the solvent was allowed to evaporate. The residue was then

cooled in an ice bath and water. (200 ml) was slowly added. The pre-

cipitated lithium salts were filtered off and washed with ethgr 4 x
50 ml); the filtrate was also extracted with ether (4 x 50 ml). Com-
bined etﬁer washings an@ extracts were dried, concentrated and‘the‘
residue was distilléd‘under feduced pressure to yield a dlxture of*

»
9,10

A -octalin (N'ZOZ) and Al’gvoctalin (v 30%). The combined yileld

was 98 g, b.p. 70 - 78° at 10 mm,

49



e,

9,10

Sepnratlén of the A”?" -lsomer was nchievéd using tha mathod of

Bunkcser.15 Sodium borohydridé (4.7 g) and 2-mathyl-2-butene (23:1 g)

dissolvad inAnﬁhydrouﬁ tetrnhydrofurad (200 ml) werc_stla§ed togcthe}
in a one litre, three-necked flask fitted with a raflux c&ﬁdenaer,
stirfér and a mercury trap. Boron yrlfluorideéetherAtn (23,5 é) in
THE (22‘ml)’yns added, followed by the crude octalin mixtdre‘(ZO 2),
added ovar a perlod of 10 ainutcs~ Tﬂe mixture was then stirred for
3.5 hours. Water (50 ml) was theﬁ added dropwise followed by NaOH
solution (3 N, 35 ml), added over 10 minutes, and hydrogenéperoxide
(30%, 35 ml), added over 45 minutes. The mixture was stirred for-give
lhours at 44 - 45°, Oﬁ'cooling, the organic layer was separéted off,
washed sevgral times with water and concentrated after drying over
MgSOAA Distillatioﬁ of the residue under reduced préssure yielded 13
(14 g), b.p. 75 ~ 77°"at 14 mm, reported b.p. 75 - 77° at 14 mﬁ:ls -

The NMR spectrum (CClA) showed two broad absorptions centred at T8.25

and T8.54. No olefinic absorptions could be detected.
,

)

, . , f
2—Bromo-trans~l,2—dimethylcyélohexyl Hydroperoxide l4a:

The procedure described for the preparation of 3 was used to
prepare l4a 142 from 11.0 g (0.1 mole) of 1,2-dimethylcyclohexene 12 12.
Te yield of crude l4a, a colourless oil, was 21.8 g, 97.5%. Todo-
metric analysis 1ndicated 96.87% of the theoretical active oxygen
content. The crude product solidified on standing at -10°. « A small
sample of tpisrmaterial was récrystallized with difficulty from
pentane at -78°, m.p. 45 — 46°~ The NMR spéctrum'tCCIA) shdwedl |

¥

|
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absorptions at 8.2 and 8.52 for the mgthyl’ protons and a broad ab-
sorption between T7.8 and 8.7 for the ring protons. The peroxidic
hydrogen was not visible but D20 exchange indicated the presepce of

an exchangeable hydrogen, The IR spectrum (CC14> showed bands at

3500 (s) and 3400 (b); also at 855 end 925 em . ,\

‘ 4
2-Todo-trans-1,2-dimethylcyclohexyl Hydroperoxide 14b:

This compound was prepared by tce‘standapc metﬂqu for prepar-
ation of halohydroperoxides. The yieid of 14b from 11.0 g pure
olefin 12 was 24 g, 89Z Initially, the sample was obtained as e
yellowish oil but the sample solidified on standidg at -10°; re-
crystallization of some of the material from heptane ylelded fine,
pale yellow crystals, m.p. 34 - 55° with some decomposition. The
pmaterial was found to be feirly unstable even at ~10° although 1t.
could be etored at -78°, probably indefinitely.j At room temperature,
:the crystals appear tc‘deco;pose spontaneously. , A satisfactpry
analysis of this material could not be obtained by 1odometricftitra~
tion; titrations.were much higher than expected probably due to *
elimination of iodine from the compound A typical analysis indi-~
i‘ cated 120 - 130% of the theoretical active oxygen content. The NMR,
spectrum (CDCl ) showed absorptions at 12 41 (m, D20 exchangeable),

17.82 and T18.33 for the methyl protons. The ring procons appear as

a broad band between T7.8 and T8.5.



v9—Bromo~10—hydroperoxy~trans ~decalin 15&.
\

The procedure deagtibed for the prep@ration of 3 was used to

prepare lég fromﬂl3.6,g pure IXE —octalin.(O.l mole) . ‘The yield oi/
product, reciyg;allized from hepfane, was 21.3 g, 85%. WhiteICrysﬂ
tals of lgé~meltéd at 114 - 115° without, decomposition, QOdometri;
analysis showgd a pppity of 99.7%. Tﬁe NMR specﬁrum (CDClaf'showed
abgorptions at 12.8 (b, D29 exchangepble) gor the hydropetoxy group

.and broad absorption at 78.28 and 8.5 for the ring prbtohs.

'
i

The mass spéccrum'of 15a did not shbw a parentfpeak, majbr
fragments were observed however, at 231 233, (loss of OH) and at

215, 217 (loss of OOH). Ihe base peak appeared at 135 (Cloﬂls)

9-Hydrope roxy-lO 1oda- trans-de calin 15b

11

The proéédute used to prepare‘éggwas used to prepareta sample .

of 1Sb from 13.6 g (0.1 mole) of pure A9’10

~octalin, 20 g (» 0.05
mole) of‘1,3—diiodo—5xs—aimethylhydamtoin and 17 g, (0;5 mole), 98%
hydrogen peroxide in 80 ml of dry ether. The,crude‘proéuct, a
faintly pink solid, was recrystalliéed ffoh‘heptane pieldiné 26 ¢
(éBZ) of white crystqis,‘m.p. ~ 105° (qecomp.). .Jodometric analysis
indicated phe presence of §8.7Z of thértheoreqical active oxyéen |

content.:

The NHR"sPectfum (CDCl )-showed absorpfions at 13.1*(8, D20 : -
Y

"exchangeable) for the hydroxyl proton and T8. 1 (b), T8 4 (b) for the

1

ring protons. Ihe IR spectrum (CCl ) showed najor absorptions at

3540 2940, 2860 1460, 1450 1435 1350 1320 1295, 1255 1180,



l‘¥ "y : -1

"5980, and 825 cm o
. ‘ , : 7’ ' . :
'f i ' The mass spectrum did not shiow a parent ion, minor fragments

i J !
t"”" l l' e .
W F were observed at 278, 261, major fragments at 169 (-1), 152 (~1,0H)

~ rystals of le decomposed rapidly at room

Uﬁing/:;e same procedure as was employed in the preparation of

~dioxetane 4 a solution of lbb (3.g) in methylene N

tetramethyl-l 2

'chloride (20 ml) was added fairly rapidly to a slurry of silver

i acetate (6 8) '1n methylene chloride (80 ml) At each addition the

|
mixture turned, first red and then yellow, reaction occurred almost

1nstantaneously at room temperature. Five‘minutes after addition

was complete the mixture was filtered rapidly through "Celite" and
| the resulting solution worked up in the usual fashion to yield a
; yellow oil (l 3g). The oil was distilled at low pressure (5u) and
the volatile materials 2}ssolved in iso—pentane, repeated crystalli-
zation of this solution at -78° yielded the product l7 0 35¢g (252), '

- m.p. 68 - 50°. Iodometric analysis of this product {ndicated a
a‘ C e

' purity of 99 2Z

, The lﬂ NMR spectrum (CDClB) showed absorptions at T18. 6 (s) for

" the methyl protons and T7 9 to 8.7 for the ring protons. The 13

T MMR spectrum (acetone-d ) showed absorptions at 22.909 for the methyl ‘

‘N carbon atoms, 88 337 for the carbon atoms, connected to oxygeh and 4

34.412 and. 19. 608 for the carbon atoms of the ring. 'All values are
R Y . : . ‘ .
¢ :
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reported in ppm downfield from TMS,

+

The molecular weight, as determined by oemometry, was 134 re-

y quired, 142,

The UV spectrum (cyclohexdne) showed a broad maximum at 285 nm,

'

£ = 30 The spectrum showed a tail out to 420 nm.
‘ The IR spectrum (CSZ) showed absorptions at 870 882, 910 1050
1180, 1205, 1380, 2850, and 2900 cm l. An absorption at 1700 cm’ -1 W

was also observed due to decompositioh of the sample to diketone; this

sorption increased in intensity if the sample was left in the beam

. the spectrometer.

ll,12—Dioxe[4;4r2]propellane 1§;

—

A solLtion‘Of 9—hydroperoxy~10—iodohtrgg§fdecalin 222, (2 8
freshly recrystallized from Wepgane) in methylene cﬂloride (20 mi)
was added fairly quickly to a rapiﬁly stirred slurry of silver
acetate (5 g) in methylene chloride (80 ml)., After stirripg for five

minutes the mixture was filtered through "Celite" énd‘the'filtrate
. _ ‘

uashed once with sodium bicarbonate solution (10%, 20~ml)‘and once

4

with water (20 ml). After drying over MgSO,, solvent was temoved
- evaporatively to yield’a‘yeliow oil (v 1.2 g).

This residual oil,yas‘dissolved in pentanéleqd immediately

transferred to a ¢olumn of silica'gel (12 g)—maintained'at'$50° byf
A :

=~

means of a cooling jackec The “yellow band due to dloxetane was
. I" 1 .
eluted rapidly with pentane conta1ntng*6—5¥ﬁether, fractions pollect—
: ' ‘
ed were stored at -78°, After some: time, crystals of 18 deposited

o
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o give erystals of pure 18 (0.1A g, 12/), m.p. 34 ~.36°.

' dloxetane was 37%. kK

AU
from sdéveral of the fractions, gupernatant liquid was decanted off
““. . b . : Sy

and the crystals redissolved in iso-pentane and’ transferred to'a

glass ampoule, ‘The ampoule was cooled until crystallization was com-

pletenand solvent was removed at-Su'using a high vacuum apparatus:

=

L}

Iodometric analysis df the, pure material indioated 100.7% of

the theoretical active oxygen content : “ : “ .

i

The total yield of dloxetane isolated from the’ chromatography
tvas obtalned by combinlng all dioxetane containingwfractlons, these
, . ! | HP L

combined fractions were made up to 100 mliand a 5 ml aliquot was

titrated by-the usual iodometric method.’W81nce it WaS‘EXtremely '
-"\ . o
..l

difflcult to pipette solutlons of pentane at ~78° the eliquot was .V

obtained by simply filling a 5 'l volumetric flask. The yield of

. R . t Lo
[
' ¢

.2—Methylene~l—methylcyc{ohexyl Hydroperoxide ggj_From'ReactiOn,of‘145‘

~with Base:

(b, D

=
v =
i

e _\' y .
‘ “ /

.55
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A solution of 2~iodo—transel,2-dimethylcyélohexyl hydroperoxide :

14b°(2.0 g, crude) in methanol was tr ated with a sqlution of sodium’f“‘}

4 a ' A
4 [

hydroxide (2 0 g) in methanol €50 ml) using a procedure similér.tdéw

_that outlined in the previous experiment The NMR spectrum of the

colourless oil obtéined after work—up showed absorptions at TZ 38

2O exchangeable), T5. l (m}, T7 52 - 8 7 for the ring protons and

T8 59 (s) These absorptions are consistent with the structure 20.

‘

A small 31gnal was also observed at T5: 35 (b),: this was a55umed to be

i

. . . .. . . .
: s ' Lo ' : : oo . '
. . c : . X R ar
-~ . “ -
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due to the presence of the f{someric g;hydrOPGroxy?Z,3—dimothyln

A

cyclohexene 19,
. Reduction of the mixture with LiAlH“ uaing the same proccdura
adopted for the reductlon of A yieldod a colourleas ofl, tha NMR

apectra (CCl ) of Which ShOWOd nbsorptiona at T5 15 (m), T5.39 (m),

17.6 ~ 8.6 and 18,7 (a). Thia spoctrum C%mparoq wall with that ob-

-~ 1
tained by van do’ Snndc8 for Z-meéhylenqiihﬁethylcyclohoxnnol The

\ T FRORY :
spectrum also showed a smafl akagpti -

Dist1llation of the mixture, obtained by reaction of 14b wich
base, under high vacuum ylelded essentfﬁlly pure Zg,vggs - 1.4840.
Analysis: calculated for Calll4 25 ¢ 67.57, H 9.93; fouﬂd, c 67.37,
H 9.95.

lO-Hydroperoxy—Al'9~octalin 23:

A solution of 9-bromo~10-hydroperoxy-trans~decalin 15a (1.25 g)
in methano] was stirred with a Jolution of NaOlt in methanol as de-
scribed in the reaction of 5b with base. FEvaporation of solvent

4
after work-up, and recrystallization of the residue from ¢ kelly B,

yielded vhite crystals of 23 (0.8 g, 89%), m.p. 58 -~ 59°, reported

° 11

m.p. 60 The NMR spectrum (CDC13) showed absorptions at 13.15

(by DZO exchangeable), 14.4 (b) and a b%?ad multiplet between 17.7 -~
8.9. This spectrum was in excellent agreement with that observed

- L]
by Foote.18 ) .

Reaction of the corresponding iodohydroperoxide 15b under the

same conditions yielded 23 {in 95 yield.. .

56.
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‘ I-Acety l~1-mothyleyelopentana 213

. From 1,2-Dimethyleyelohexene }2:*

‘ 19 .
Using thae mathod devalopod hy Hart, triflugoroncotic: mahydride
. o

(15,3 ) wan added nlowly to a suapensilon:of h)'drnl;g.\'u parox{da (98X,
. Pl

1.7 ml) 1n m_nthylonﬁ chlortde (20 ml) stirred at 07,

’

The solution o obtalned was added dr:‘npwhm ovar a perlod of
20 minutes to a solution of 12 (6.6 p) fn methylene chlorfde (100 ml)

atlrred at 0 - 8%, A solution of boron trifluorfde~atherate (5Q7%,

.
8.3 ml) was added simultancously. After addftlon was complete tha

mixture waa stirred for a further 15 minutes after which 35 ml of

water was added.  The organic lnynr;ﬁnﬁ filtered off amd washed sev-

X

: eral times with saturated NnHCO3 ndlutlon.

The product, a colourless ofl, was obtained by distillation of
the residue after reﬁbvnl of Snlvént; product boiiing at 50 -~ 52°
Yo 25 _
12 mm was collected, reported b.p., 51 ~ §1.5°, 12 mm. oy = 1.4458,

i
i

20
reported EiS = 1.4458. ’

The NMR Bp'uctrm‘n (CDC13) nyhowcd absorptions at 18,75 (s),’_

/

18.79 (s) and 18.0 - 8.5 for the ring protons in the ratie 3:3:8.5,

expected ratio 3:3:8. The semicarbazone of 21 was prepared, m.p.

k138 ~ 141°; reported m.p. lAOé- l&;“.zo

i1. From Reactlon of 14b with AgOAc: 3

. A sample dT'the ycllow distillate obtained in the preparation

, of 17 was allowed to stadd&a; rogm témperature until the yellow
\ i

colour had coﬁpletely faded (three to four ,days).

i
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The now\colourless o1l was dissolved in methanol (2 ml) and
then added tofa solution of semicarbazide hydrochloride;(l g) and
»sodium acetafe (1.5 ;) in 2 ml of wqtér_and ? ml of mcthanolq

A white precipitate which formed {mmecdiately was f{ltered off
and identified (mixed.m;p. with semicnrb;zone derivative of authentid
32‘218 - 220‘) aa the seglearb;hone of 22. The filtrate deposited

white crystals on standing at ~10° which were recrystallized from

methanol/water, m.p. 138 -~ 141°; mixed m.p. with semicarbazone of 3

¢

—,'\,
[WTHS
A Y

{

authentic 21, o38 ~ 141°.

Octane-1,7-dione 22:

i. From cis-1,2-Dimethylcyclohexane-1,2-dfol 26:

A Bmall‘nmount of cis-diol g§~(0.5 g) was stirred with lead
t;traacetnte (2.2 g) 1in dry benzene. After three hours ethylene
glycol (v 1 ml) was added to destroy excess reagent and the precipi-
tated‘lead diacetate was filtered off. The benzene iayer was washed
several times with water (3 x 10 ml) and dried over MgSOA. Removal
of solvent ;ielded 0.5 g of a white solid 22. The m.p. after recrys-
tallization from Skelly B was 43 -~ 44 ,:reported m.p; 44 - 45°.36

The NMR spectrum (CDClB) showed absq¢rptions at 17.57 (broad triplet),

¢17.87 (8) and 18.46 (Hroad quintuplet) in the ratio 2.1:3.0:1.9, a
j

i

expected ratio 2:3:2.
~ f

|

The semicarbazone derivative was prepared, m.p.

219 ~ 220°.

-

i{. From 1,7—0ctadiyne:

e
1,7-Octadiyne (Columbia Chemicals, 3 g) in methanol (15 ml) was .

>

i
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heated under reflux for 15 minutes with a solution of yellow mercqric

oxide (1 g) dissolved in 10%Z sulphuric néid (10‘ml). |The mixture was
' ! ' <

pour?d“iﬂto 1072~N82C03 solution (50 ml) and extracted ®#ith ether (50

ml). Rempval of\solvent after dr;ing over MgSO4 yielded 4.1 g of

c:ude‘solid. Recrystallization from Skelly B yielded beautiful Whiten

plates (3.5 g, 87.5%), m.p. 43 ~ 44°, |

114, From Deigwpositioh of 17:

A sdlgtion §f puré, recrystalli?ed 17 (0.1 g) 4n pentanc was
allowed to stand at room tempera;ure for five days. The aolutiqn was
then allowed to stand o;ernight at ~10f. Crystals of 22 were deposlt~
ed from this solution. The product was filtered off and the spectral
properties (NMR, IR) of isolated maserial were found to be identical |

to those of auéhentic octane~1,7~dione 22. The gkeld of product ob-

tained in this way was 0.1 g.

‘cis-1,2-Dimethylcyclohexan-1,2~diol 26:

1.  From 1,2-Dimethylcyclohexéne 12:

Pure cis-diol was prepared accorﬁing to the method of Criegée;
1,2~d1methy1c§clohexene 12 (0.45 g) wastscirred together with osmium
tetroxide (1 g) in dry ether (40 ml) fo; one hour. The mixture was
then allowed to stand overnight after which time the solvent was
allﬁwed to evaporate. A solution of sodium sulphite (2d g) in a mix-

ture of ethanol (25 ml) and water (100 ml) was Ehen added and the
. . ‘\ .

* solution ‘heated uﬁde}“reflux for two hours. The hot solution was.

then filte:éd and the residue wasAYashed twice with hot ethanol. The

- -

"~ 59

)



. ,

washings wore added to the filtrate which was hﬂnthd on a steam bath
: § » \ ' N

to remove tha athanol, Tha aqueous resldua, after cooling, was ox-~,

tracted with methylene chlorida (4 x 10 ml), 'Evnporutlon of tha

ablvent after drying ylelded 0,7 g of erude 20, Rearystallization

from benzena yielded white erystals (0.55 g), m,p. 40 ~ 41°, reported

M. pan 38 - 39“,20 The NMR spactrum (CbClj) showed absorptions at 18.806

(), 18.1 - 8.9 for the ring protons and an exchangeablae proton at
17.65 in the ratlo 3&4:1.

1. From Reduction of 17:

Using a proceduré identical to that used for the reduction of
tetramethyl-1,2-dloxetane 4, 17 (0.1 g) was reduced with LiAlHA yfald~

ing 0.11 g of 26. The NMR spectrum of the crude material indicated
Xy - - '

o , . . .
that some water of crystallization was present. The ratio of

hydroxylic protons to the remaining protons was k:3.7 fnstead of the
expected value 1:7. Hydrate water was removed by repeated evapora- |
tion of the sample with portions of benzene.: Isolated material was

recrystallized from benzene to yield white crystals, m.p. 39 - 40°,

These did not depress the m.p. of a sample of authentic.26; the

mixed*m.p. was 38 - 40°. - , .  .
k9,IO-Dihydroxy—cis—decalin 25: | . Lo

i. From Ag’lp—Octalin:

35 9,10

Using the method of Criegee,”” A ~octalin (0.55 g) was treat-

ed with osmium tetroxide (0.1 g). After hydrolysis and wdrk-up as

' -
recrystallized from benzene

B

described earlier the -crude product was

o
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to ylald white dryﬂtnlm (0.6 p) of 25, m.p. 88 ~ 89°, reportad m.p.

" ‘ .
90“.3) “Tha NMR spectrum (CClQ) showed a broad absorption at T8.435

and an exchangeable proton at 18.1 (8) in the ratlo 7.7:1.

f1. From Reduction of Lﬁ:

A

A solutfon of 18 in pentane was added vory slowly to a ﬂlurry’
of LiAlll4 (L ¢ in cthar (50 ml) stirged at ~78°, After addition
was complete, the solution was allowed to warm to room temperature

and stirred for a further 20 minutes. LExcess roagent was then des~
i \ ‘ A

»

troyed by the addigion of KOH solutidn (10%); insoluble salts were
filtered off nnd‘WAShed several times 'with ether. Combined washings

and filtrate were concentrated using a rotﬁry evaporator and the
/ ' C
res idue was rrpcatedly evaporated with portions of dry benzenerto

ensure removal of water present as the hydrate. Finally, the res-

* .
fdue*was dissolved in benzene and made up to 25 ml; 35 ml of this

\ v

solution was analyzed for diol content using lead tetraacetatc sol-

~utfon. The yleld of diol was found to be’982, based on the dioxeﬁane,

content of the pbnnane solution. The remaining sampie was concen-

trated whereupis white crystals deposited " Isolate 1 showed

spectral properties (NMR, IR) identical to those of auth

e

erial; the yield of isolated cis-diol was 74%.

Cyclodecane-1,6-dione 24:

i. From 25:

9,10-Dihydroxy-cis-decdlin 25 (0.6 g) was stirred with lead
‘tetraacetétgf(Z.Z g) in dry benzene (10 ml). After two hours excess

7

&
'
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rehéent was decomposed, by the additlon of ethylene glycol (}‘ml).
Preoiﬁitated luuavsults wuru‘filtored off and the flltrate washed
sevaral times with water, 7The solution was dried and solvent was o
removed Qvnpnrntivuiy. Tﬁq’rusidue‘wnﬂ recrystallized from Skelly B
yielding white plates of 24 (0.55 gl, m.p. 98 ~ 99“,'rcénr£ud m.p.

‘98 - é9°.26 The IR spectrum (CHC13) showed major bands at 2920,

¥ -

1705, L1435, 1370, 1140, and 1110 cmhla The NMR spectrum (CClA)
. ) :

showed two broad absorptions of equal intensity centred at 17.75 and .
T T8.2. , .

o
' 14. Lnr§§‘Scale Preparation:

. Larger quantities of 24 were prepared according to the method!

of Suhk Dev.26

Formic acid (98%, 83 ﬁl) ang hydrogen peroxide (30%, 32‘mi)

were stirred together keeping the temperature at 45° - first by

'cooling, then‘by warming -~ while A9’10~oeta11n (28.4 g) was added

dropwise over a period of half én hour. The mixture was stirred for

six hours at 45° then allowéd to stand overnight at room temperature.’ 4
Sodium chloride (60 g) and wéter (200 ml) were then added and

the mixéure was gllowed to stand ovérnight. The solid formate éster

was- then filteredroff and was hydrolyzed by adding it to an ice cold

solution of sodium hydroxide (16 gvin 30 ml HZO). ‘The mixture was .

st%;ged at 0° for 30 minuteS‘and'fhen at 75 - 80° for a further 20

miﬁutes: Fiﬁaily; the mixture was diluted with watér (150 mli and

the white crystals which vprecipi'tated out w‘ere filtered c‘; The

yleld of c:pde trans-diol 28 was 29 g. .

/ <



Tha trans~diol 86 obtalned was dissolvad in dxy benzane (80 ml).

and an cquivalent‘umount of lead tatraacatate was addad, The mixtura

was stirred at ‘room temperature for two hours and then heatad under
C s . ;
reflux for a further half an hour Ethy lene glycol was then ndded to

dcstroy axcess raagent and the mixture was allowed to stand overnight,

The pracipitated lead salts were f{1tered off and the benzcne layer

washed as in the prévioun preparation. HEvaparation of solvent ylald~
2
' :\
| \
. fﬂ"\k
.al

ed 25 g of crude dione,

7~Hydroxybicyclo[5.3.0]décaoe~2—one,23:

i. 'From 15b: A

D . ' .

Silver acetate (9 g) was. added slowly, over a period of 30 min-
/\ ' _
stes to a solution of lodohydroperoxide 15b (5 g) in methylene

chloride (100 ml) stirred at O to —103i"

Stirring was continued at this oemperature for a further four
hours after which the mixture was flltered through "Cclite" to remove
the silver salts. The filtrate was washed with 10% sodium bicarbon-

{
ate solution (3 x 50 ml) and théL dried over MgSO4 Removal ‘of the
solvent onaor vacuum yielded a yellow oil (7.8 g). This oil, on |
standing at\ 10° for several days, deposited white crystals (v 2 g) .

which were flltered off and recrystallized twlce from heptane, m.p.

96 - 97°. Calculated for C1ot16025 C 71.34, H 9.59; found, c371.o9,

H 9.52.

. g .
The IR spectrum (CClA) showed major bands at 3600 (s), 3480

4

(b), 2940, 2880 (shoulder), 1700, 1450 (s), 1350 (b), 1170 (b), and
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BO5 (). - - I
The NMR apeatrum (CDCLB) showed absorptions at 17,85 (broad /

trlplat) for the methina proton, T7.5 (b) for the protona adjacent

to the vurbonyl proup and {7 5 ~ 8 5 for Lhc ring protons. An ox-~

changeable @oton was visible at 18 6. The mass spoct~um of the

s amp e showsﬂga paroﬁt peak at 168; major'frngmuntﬁ were observed

a

at 150, 111, 108, 107, 95, 84, 81, 68, and 67,

ii.. From Cyclodecanc~1,6-dione 24A

e o e

A solution of 24 (072 g) in methylene chloride (2 ml) was
Qbsorbed on silica éel G}CB g) -and the mixture w%§’allowed t6 s tand
overnight at room temperature. ’The silica gel w;s then extracted
repeatedly with ether. Evaporation of the extracts yielded a white
' ' r

solid which was shown by TLC aﬁaljsis to contain starting material
gﬁiaﬂd a compound with an Rf value simila; to that of 34. This '
material was isolateéd by preparative .TLC on silica gel using Skelly

. , ‘ - \
B/ether (10:1) as eluent and its spectral properties (NMR, IR) were

found to be identical to those of authentic 34.

BicchQ[5.3.0]dec~1,7-ene—2—one 35:

Cyclodecane~1,6-dione 24 (0.2 g) was heated under reflux with
a:gétura}ed solution of sodium bicarbonate (20 ml). _Agter one hour
théﬁmix#uré was cooied‘and'extracted with methyiené chloride (2 X
10vml).y Evaporation of soivent, after drying over MgSOa, yielded a
yellow oil (™ O 1 g) The crude product was purified by chroma—

tography on silica gel, fractions were eluted with Skelly B/ether
' ‘ Ne
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(1021). Isolatad 35, a faintly yallow ofl, had 912)5 = 1,5251, re-

ported Eﬁs A 1,5260, %8

The NMR spactrum ((}1)(].13) showed twa broad absorptions at T7.13 iy

.~ 7.8 and 18.0 ~ 8.5.’1¢ith wall ddfined peaks at 17,4, 7.55 md 18,15,

é.é and 8,25:
The IR spegtrum ((2(‘)14) showed major bands “F 2940, 2870,. 2840,,
1640 (intansa, brohd), 1450, 1430, 1380, 1350, 1335, 1260, nrq 1050,
The‘semicarbnzoge derivative of this materiél was propﬂfﬂd,
the m;p; after recrystailization from ﬁéth;hol/water Qas‘188 ~ 190°.

A small quantity (0.2 g) of the hydroxy-ketone 34 was heatud

' ﬁith aqueous sodium bicarbonate solution under the same conditlons. -

The crude product obtained after work-up showed an NMR specttum
identical to that of 35. The total produfet was stirred with a sol~-
“ution of semicarbazide hydrochloride (0.1 g) and anhydrous sodium

acetate (0,15 g) in aqueous methanol (5 ml). The mixed m.p. of a

sample of the product (feqrystailized from methanol) with a sample

. of the semicarbazone of authentic 35 was 188 - 190°.

LY

Spiro[4.5]decane~6-one 32: .

- This ‘compound was prepared using a érocedure identical, to that

employed for the preparation of(‘-ace'tyl-l—‘methylcyclbpentane 21. A

9’]'O—Aoct':alin (8 g) was

In this way the yieM of crude produé¢t from A
"‘7.1 g. Pure material. was obtéined by @rbmatographﬁo.f ‘s‘mall'

.samplé (O.2l g) of vude m?terial on silica gel, fréctions were

.

eéluted with Skelly B/ether mixture (10:1).

‘ o .
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The IR spectrum (neat) of purified material showed a strong

absorption at 1700 cm l.‘ The semicarbazone derivative was prepared

‘a
’ "

m.p. 188 ~ 190°, reported m.p. 187 - 190°. 19

~

2,3—Epoxy~2,B-dimethylbutanetgg: - - SR

A solution of prchloroperbenzoic acid (4.8 g) in methylene
chloride (30 ml) was cooled to 0° and a solution of tetramethyl-
ethylene (1.7 'g) in methylene chloride (20 mi) was added slowiy 8q |
that tne temperature'did ngi rise above 25°, Aftervone hour most
of the precipitated Efchlorobenzoic acid was filtered off.  Excess
‘reagent‘wae deetroyed by shaking the filtrateAwith sodium sulphite
solution (10%) untii the washings gave a.negat{;e test with starch/
iodide paper;y The filtrate wes then washed several times with sat-
urated sodium bicarbonate solution1 . The solution was then dried
and fractionated using a 10" Vigreux column to yield 1. 6 g (80%) of

38, b.p. 87 - 90°, 'n%s = 1.3938. Reported b.p. 90 - 90 5 , ngs =

1_4010_37, The NMR spectrum (CCl ). showed a sharp singlet at T8 78.

9,10~Epoxy-cis-decalin 33:

i. From A 10 octalin

Using a procedure identical to that employed for the prepara—

tion of 38, the epoxide of A? —octalin 33 was prepared in 93A yield.

_ from 2.7 g of the olefin. The product, a falatly yellow 0il, showed
a band at 840 cm = in the IR spectrum. v

The NMR spectrum (CCla) showed two broad abSorptions of equal.
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intensity centred at 18,35 and k8.62. ‘E§5‘=]1~4839, reported E%» m
1,4847. 1%

i1,  From 9~Hydroxy~10~iod0j£pans~decal1n 122:

o A so}lution of tripheuylphosp.hine (O.i g) in (It‘la (val) was
added to a 'solut"ion of 9~hydroperoxy~10—;todo~ptm__fa_1ﬁsdecalinml__AS_b;(O.i
g) in CClAI (3 ml) stirred at 0°, No attempt v;as made to remove the
phosphorus compounds from solutfon after reactton. The NMR spectrum
of the\solution showed a broad absorotionAbetweean7.6 ~ 8.4. Sol-
vent was then removed evapofati;ely and the residuelcontaining the

- hydroxide solution was' then added (l ml) and the solution was stlrred

crude iodohydrin 15b was dissolved in methanol (2 ml) 1 N sodium

i

for 10 minutes. Water‘was added (20 ml) and the mixture was ex-—

~

' tracted w1th CCl4 (3 x5 ml), this extract was dried and concentrated
”»
The NMR spectrum of the extract showed absorptlons at 18.35 and 8.62,

" the position and appearance of these signals were 1défiticdl to those

[

of 9,10—epoxy~eis—decalin 33. TLC analysis on silica gel plates
showed that isolated material had an Ré value identical to that of

authentic Eusing several s’olvenL systems.
e
3-Methoxy-2, 3-dimethyl-2-butanol 37:

2, 3 Epoxy—Z 3-dimethylbutane 38 (O 2 g) was mixed with meth-
“anol (v 0.1 g) in a test tube. One’ drop of. trifluoroacetic acid was
added and The solution was mixed thoroughly. Water (5 ml) and,CClav
(5 ml) v'vere then added and the organic layer was separated off and

dried. The NMR Spectrum of the solution showed absorptions at 16.76

f(s}§ 27.25’ (b, D20 exchangeable), 18. 81 and 8. 86.

§
%

0
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3-Methoxy~2, 3~ dimechyl 2—butyl Hydroperoxide 36

BromohydrOperoxide 5a (2 g)\was treated with silver acetate

1n methanol solution using ‘the same procedure as was employed in the

preparation of 4. The NMR spectrum (CCl ) of the. reaction mixture

+

after work—up showed signals at 8.89 (s), 8.33 (m) and 5 22 (b),
these were-due‘to the alkylic,hydroperoxide 6. Additional‘signals

were also present at 18.93 (s), '8.87 (s) and 6 84 (s); the ratio of

’ signals at T6 84 to those at T8.89 and 8 87 W}b ol 4 suggesting the

.“

presence of 36. A hydroperoxy absorption was also observed at Tl.5
(m) - , e
The residue was _ dissolved in methanol (20 ml), and the solution‘

was stirred at 0°. NaBH, (1 g) was added and the mixture ‘was stirred

at 0° for 20 minutes, then heated under reflun‘for a further‘15 min-
utes. Water was added (50 ml) and,the-solution was extracted with

. methylene chloride (4 x5 ml). Evauoration of solvent after.drying -
yielded . a colourless residual oil The NMR spectrum of this oil |

i
»

A (CDC13) showed absorptions at 15.0 (m), 5 25 (m), 8. 22 (m) and 8.67
,characteristic of the allylic alcohol- 39. Signals characteristic of

& 37 were also present. Integration of the methyl signals indicated
.o/l, }
. ”that the ratio of 39: 37 was v 1:1. = ' .
g3 ’ . )
[ 4 . : . \

\' - . . A { j.

Reduction of 1,2-Dioxetanes by Triphenylphosphiné:

Q
+

¢

A solution of 5;(0104'3, freshly recrystalliZed\from pentane)

"in CCla (1 ml) was added dropwise to an ice coid'so}ution‘of tri- -

phenylphosphine (0.1 g),inlcbléA(ZS ml),"Tne yellow colour'of the
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dioxetanc was discharged immediately and. thc NMR apectrum ‘of the re-

"

sulting solution showed a vary, strong absorption at TB 78. The
major product of tha rcaation was assumed to ba totramethylethyiene

oxlde, thia was confirmed by VPC anulysis on bkAP, The major product
9,
from the reaction had a retentfon timo both at 30 and 60° identical .' o

N "

to’ that of authentie epoxidea A . o . 3

- A small absorption at 17.9 1in thg NMR spectrﬁ of the 801ution .

"

" was attributed to acetonc) absorptions at T8. 9 (s), 18. 25 (d), .4

" and 5. 1 (broad signals) indicated the presence of 2—methyl 3 hydroxy—

‘lfbutene, 22: Relative yields of prod?%@s were determined by in~

tegration of the respéctive methyl signals.'
™~

In a similar manner 17 (0.04 g) was reduced with tr1phenyl~

Ky ¢

phosphine (0 08 g)‘in CCl solution. The NMR spectrum of the reSult~

" ing qolution showed broad absodptions at T4.12 and at . TS 05 and 5. 27

~

together with signals at T§ 3 (d) and T8 7&%3) indicating the presence

of the isomeric, allylic aléohols 29 and 30. Integration of .the

’

olefinicvsignals gave the relatﬁﬁe yields of tliese two. materials.’ A

small signal at418.6§‘(s)‘mas‘attributdﬁ to the cleavage product,
.octane;Z 7—dione'22 ‘~lhe presence of tbis‘mateiial was confirﬁed by
TLC on- silica gel plates, eluti&g with ether/Skelly B l 3.

In the samé way, 18 (0 1 g) was reduced to yield a solution
whose NMR speetrum showed a: broad absorption between 17.3 and T8 7
| together with a. small signal\at T4 55 (broad) “The IR spectrum of
' the solution showed a broad absorption at 3600 cm 1 and a small\
:’ carbonyl absorption at 1700 cm ; probably due to some cleavage.

iy . . ! ’ ~,
o . . R , PR

‘ .
! R S
; .

N . ‘ . . o s
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product, cyclodecane~1,6-dione 24,

Tha major compongat present was shown to be 10-hydroxy-4Q

octnlin ﬁg_hy comparison of ﬁpoct¥n with that of authentic matcerial

. . \ - . \ -

and by 1tn behaviour on TLC, The minor component wnﬂ‘idsntiflqd’na
' N\

- - ] ' .
24 by ita R{ valuc on §§lich gel plates uaing several Rolvent systemd,

3

[
lO—nydroxy4A1’9~octnlin ﬁg;

-l

2
Thin ﬂn‘orinl was prcparud from 10~ hydroparoxy~ﬂ 9~oc£n11n 23

by reauction with LiAJHA in the usual manner. The NMR apectrum

+ Toa

(CCIZ) showed absorbtions at T4.55 (b) for the olefinic proton and

. - ~
17.5 ~ 8.6 {dr the remaining protons.
]
Reaction of Tetramethyl-~l,2~dioxetane 4 with Base:
A A

! ‘ -»

A solution of the dioxc[nne 4 (1 g) in methanol (100 ml) con-

A

taining sodium hydroxide (1.5 g) and benzene (2.6 g) wns stirred at

- room temperature in a flask protected from 1ight. .After 72 hours

a

the solution was worked up by the addi&lon of watef\(so ml) nnd the.

solution waq then repeatedly extracted with pentane Solvent was
\

-
“ [y

rcmoved by diafillatlon thgough a Vfgteux colum and the residuc was

.y

examined by VPC (dinonyl phthalate at 70° and’ FFAP ac temperTatures
'
betveen 50 - 100°%) the only product .detccted was acetone. Yellow

crystals vere deposited when the residue was . cooled to,—10°.’ These-
were shown to:be’ unreacted s:atting material on the basis of an NMR_

spectr&m (CCI ) thCh.ahoued a sharp ainglet at 18 49, t ' \

. a - *

*

¥
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CHAPTER 11

'

OTHER PREPARATIONS OF 1,2~DIOXETANES

-

When thia work"was well in progress, several syﬁthcséa of
compéunds reported to bdKl,Z;dioxegnnca appeared in tha 11ter;tur§.
Certain features oi)these compounds, however, did not appear to be
fully compatible with the structures aasigned‘tﬁem; for this reagon
it was feld that these reports wnr;anted secparate discusaion,

A reportedly ge#éral synthesis of 1,2-dioxetanes from oz;n—

ation of olefins was investigated in some detail and 1s also dis-

apssed in this section.

ik

st
-
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; DISCUSSTON

Formation of 1,2-Dioxatancs via Photooxygenation of Olafins:

"

The reactions of many olefina, particularly those with phenyl

substituents, with singlet oxygen yleld products arising {rom
\ : o . ‘

, cleavage of the double bond, As discussed in Chapter }, 1t is be-
lieved that many of these reactions proceed via 1,2~dioxetane

intermediates; more recently, Several such interquiates were re-
. . s

. ' /

portedly isolated in excellent yields. ) /

Basselier and Le Ropx38 reported that photooxygenation of the
furan derivative 41 led to B pcroxidic material which they formulnted
as the 1,2-dloxetane 42, This material, isolated in 80X yield, was
chnracterized by reduction to the diol 44.and by thermolysis to» the °
lactone ﬁg_as;shown in Scheme 11. The product, 42, was reported to
£e thermally stéble at room temperature but'waé decompoged at 140'»
xf&ld\ng the lactone ﬁg:a;q benzophenone in 84 and 86X yields, re-
sbectivglyﬂ The decompositionlwas repqrted to be_vioient at this
temperature énq waé accompanied by a blue lumines;ence. fhe reason '
fo; the‘e;cepFional thermalﬁsthbglity of‘ﬁg:cpmparéd withi?ther 1,2-

: dio*etanes such as 4 1s not'obviogs. ﬂ

The reaction of ﬁi with‘aciﬂified‘KI sojution to liberate
10&4ne, and the reduction of 42 by thiourea to y{eld the diol 44 are

onsiaten; with the asaigned structure. However, it 1s not obvious

]

how reduction of 62 with triphenylphosphine can lead directly to the:

i

diol ﬁf, The- reduction of 1,2~ dioxetanes by organic phosphines has

-
1

\

72
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. "
been discusnaed carliory organfe paroxides normally raanct with phos-
. : oy :
phsno:l to yidld produeta Arining from oxypen abatraction reactions,
\ h a
Schama k[ )
+
n‘ W
A
The expected product from the reduction of 42 is, of course, the .
O Y M !
epoxide 45. d
. _ i s v
- ) A
‘e
.
A}
' -
t T ¢
45 )



It_1s possible, of cdurse, that this compqund is, 1n fact, formed
during the reduction and is converted to the di%s during work-up.
Finally, the physical charncterigtica of ﬁg are 1nconsis£ent ‘
with‘the nsgigned structdre; isolated mntcrial‘was réported to be a
white solid in contfnst to ;fher 1,2-dioxetanes which are yellow.
It has been demongtra:ed thacvthis colour is not due to 1mpurit16839
~and 1t appéars to be a general ch;racteristie of 1,2-dloxetanes.
FooteAO has cérried out much excellent work on the photooxygen-
ation of similar matériala and recently reported the isolation of
unusual products,mﬁg, from photooxygenation of substituted 1,1-
diphenyl-2-methoxyethylenes, eq. [30].

T

[30]

-~ E)

v (CH,X),C = CHOCH 2

The product arises via a 1,4-addition of singlet oxygen to the styryl .
moiety. Similar 1, 4-adducts have been isolated by other \.rorkem-;,['l

€q. [311:'- : ' , '

- ) N
. ’ ’
. i : . . . |
.. ' _ ¢ § +
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The possibility exists that the product, ggﬁ formulated as a

l,g—dﬁqxetane, is in fact a l,4-adduct with a structure similar to
. . AN .

that of 46 or 48. Examples of th;rmal rearrangements of l,4—adau£ts

to I,2-dioxetanes are known;lfﬁr éxample;'WilsanZ'has obtained good o
evidgncﬂ that ﬁhe'gﬂggfpe}oxide 50, eq. [32], is rearranged;qn heat- j,izl
ing to gi?e the 1,2-dioxetane -intermediate shown. Cleavage of tg 5

0

intermediafe leads to light emission. T

K
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[32) | | - R

20 :; ' » S
A similar rearrangement could explain the chemilqminescence observed
by Basselier during the thermolysis of 42 at elevated temperatures

Foote“ also suggested that homophthalaldehyde formed during

photooxygenation of indene (see Chapter 1) arose via cleavage of a
~

‘l,2~d10xetane which was fprmed by rearrangementﬁaf“the initially form-

ed 1,4-adduct, eq. [33].

(33] ‘ [

.formed 1,4-adduct, 52, obtained from the pbotooxygenétion of the

\

) -

-cyclobutane derivative 51 was reporééd to be unstable in the presence ‘.
‘ -

; of even ;race amounts of p;otic solvents. Reatrangement of this &d4

a “ N "

: yl A—adduct gave rise to. a second peroxidic compound formulated as 7

o »

. the 1 2-dioxetane 53.~ Prolonged photooxygenacion of 51 or 53 led to



‘ : - Y '
~the formation'of a di~adduct which was formulated as the bis-1,2-

-

!

77,

\‘I
dioxetane 34,
-

Scheme III

A,

Both 53 and 54 appear to have a high hermal stability and

can be heated to their melting points (180 d 181 . reSpectively)

)

withouc decomposftion. This stability is remarkgble in~view of the

- 1 A ! +

behaviour of other 1, 2 dioxetanes such as the tetrameth f'derivative

.

ﬁ, However, evidence for the structures asgigned to 53 and 54 is

not'compelling, reduction of 53 was repdrted to, yield the correspond—" -
_'1ng diol but this diQI was not well characterized A more reasonable

_expl on for the observed facts 1is that the mono-ad:‘ct 53 has a




. : ‘
structure similar to that of other 1,A-adducts isolated such as 48,

eq. [31]. 'I'his" adduct could then add a second mole of oxygen to

yleld a di-adduct, of structure similar to that»of'ﬂg.

Another rémaikably stable 1,2-dioxetane, 56, was r‘eportedly

-~

isolated h\ 85%. yield “fx:om the photooxygenation o ada'mant,ylidené—w

0

- . |

_ adamantaﬁe -’5_2,4("Scheme V.

Scheme IV . ‘

'VThé,produet 56 was a solid which %Flted; apparént1y without

. ' Jasdidl ; ‘. . \ A ; . o o ..

deédmposition, at 163 - 164°. Decomposition did, ho'.ger, otcur when
B . S ) . ' . \ . . . . " S o

e 3

"78 |

:-therprodu¢q5was heated to reflui,témperature in ethylene glyéol (ld§°). .

and this decomposition was accompanied by chemilumfnescence.

-t . Ca k]
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L]

Adamantanone 58, the only product detected from the decompos ftion,

was tsolated in 80% yleld. 56 wad reportedly inert to sodium boro-,

hydride but qouid be reduced to fﬁu'diol él upon reaqc{on‘thh zina

~ ' )

~dnd acetle acld, The reaction of 2§:with LLAIHA ia\diffigulc to ax-~
plain; 4n viu@ of the high tharmnl.gmbility of this mgtérlal.it is
not c]ear Why rcnotion with LiAlH hhould'lead to cleavage products.,
Otharwise, howcver, Shis m uLorial nppenrs to have been wall charac~

terized. It is worth poting though‘ that treatment of cyclo- ;

.

pentylideneeyclopentane wifh tripheﬂ;l phosphité'ozoﬁide'gives rise

to a produﬂ‘ which, although certainly aot a 1,2-dioxetane, decom~ ,
. ' ' il
posés at elevatéd temperatures with simultaneous emission of 11.ght.2'l '
N . . /

F
Very mec;ntly, Kearn546 reported the synthesis of 8 compaﬁftive-

ly simple 1, 2~dioxetane 60 from the photooxygenacion o§ 2,5~ dimethyl~

. . £
2;4~hexadiene, eq. [34]. ' - . . ﬁ&‘ | .‘. .
. A . ' -
o : ‘,p 1 ,‘// g
: R A : ™oy
[34] ' I : - . ! ,; o ,\f o &
: . : ST :
“ ‘ ‘ . r "\
: ..
! ~ |
- .
' . ' 4 \
. The spectral properties reported for QQ_Appéér’to fit the )
) ‘ . » ' ‘ i L N \ ‘ . .
assigned structure. . R . .- — o S



Formation of 1,2~Dioxetanes From Ozonation of Alkenes:

Recent rEports by Story indicated that cleavage products

" rather than normal ozonides were formed on ozonation of alkenes in

certain aldehydic or"ketonie solvents, Cleavage products were

assumed to arise. from deoomposition of intermediate‘l 2~dioxetanes
3y

-

and it was subsequently claimed that, 1f the ozonatlod was carried

‘out in pinacolone, these intermediates could be isolated 1n ‘good

Y N 3

\ ‘ /
‘ylelds, Thelisolation of several simple l,2-dioxetanes by tliis

me thod was reported; in particular, the isolation, in 50 -~ 75% -

N

yield of 1, 2 dioxa~3—methylsp1ro[3 S]nonane 63‘§as reported

Scheme\k; ' b \‘ . "‘I. P

4 -

It was claiwed that the key Staudinger "Molozonide' inter--

. mediate'E& was reduced by pinacolone yielding the dioxetane; this
AN ) a ' )
nmechanism was supported by the detection of an equivalent-amount of
t-butyl acetate in the.reaction mixture after ozonation was com
_ s ‘ ' B
plete. '

W

63 was reported as a colod‘hess, fairly stable oil which could

be decomposed by thermolysis at 170 yielding cyclohexanone and

’

acetaldehyde. This decomposition was accompanied by a flash of blue

luminescence. Further characterization of this material was. achieved
by 1ts~reduction to the diol 64 on treatment with LiAlH4.~ BRI )

) Y

Because this method vas described as a general synthetic route
‘. N

°

‘to. 1 2-dioxetanes it was: thought ‘that. an investigation %f this work

would be a worthwhile exercise' the simpie one-step reaction de-", ‘

[3 i\‘
~

scribed represented a marked improvement over ‘the present synthetic

N - S . o e ? 5z3',f

Frty e . . . ey . . .
3 . . L . B
L ‘ . i
e . . s . '
. ) . .o .

A "v
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-the material isolated by Story was apparently a remarkably stable B

compound and 1t was not clear why the properties of 63 should differ
\

from those of other simple 1,2~ dioxet;;2§.

It was decided firstly to prepare a. sample of 63 by-a 'éoﬁ— .
ventional" ‘route and to investigata 1ts prOpertiea. |
. . N

.
o t .

* route to simple derivativeélof this class of compounds . Addicionaliy,

. 82
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"13;When a solution of. 63 was . allowed to stand at roon temperature for
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‘ ‘Sitating reaction'times of several hours. The product 65 a\colour—

. less oil which solidified when stored at ~10 was. shown to contain

,.by iodometric titration. .' v .o /d

; (quartet J =6 5 Hz) for ‘the methine proton 18. 67 (

1 several days these absorptions disappeared and were replaced by a

~ RESULTS = . o

"Conventional" Synthesis of 1, 2~ DioX9~3—methylspiro[3 S]nonane 63. o

\ " . pl ' M ")
Synthesis of 63 was carried ‘out by the usual methods descriggd i;

in Chapter I and 1s outlined in Scheme Vq .lﬂ(l—Bromoethyl) cyclohexyl

1

m._”f L - 83.

i v‘ ' o .y“' i | ' ‘h\

hydrOperoxide 65 was prepared in 95% (crude yleld) from the reaction P

of ethylidenecyclohexane 61 ﬂ!*h DBH and 982 hydrogen peroxide at

i X
—40° ‘ Reaction of 61“at thls temperature was quites luggish, neceSJ :

t .
| ' R

n

(0 . \ “g\

*
96 27 of the theoretical actiVe oxygen content. This\product was

i
i

t

subsequently purified by way of the DABCO complex by fockwoad..-Pure

material was a low'melcing solid m.p. & 450 43

. ] ' ‘w

Treatment of 65 with sodium hydroxide in methanpl gave a

yellow solution from which the«dioxetane, a bright ye&low oil! was |,

7

"1801ated An ca. 152 yield Isolated material was purified by several

\

»

low temperature distillations under high vacuum; purified material
/

.contained 97 ‘8% of the theoretical active oxygen content as estim%ted . ““/.

'/\ . K C ’i. /
The NMR Spectrum‘of 63 (CClA) showed absorpt 0
/ ]

[

ﬁ

*

I ‘ ]

A/,‘. 7__\ |

(

wpattern typical of cyclohexanone' the solution at th s point was\}l
,} .I
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")

colourless. .

¥ £
Light cmission could readily be obd&crved at 50 -~ 607

f rom a
solution of the compound (5% ml) io pinacolone to which a tew drops
of 9 10 -dibromeanthracene (DBA) bhatl been added.  Reduction o2 6

&

with LIATH, ~by the uwsual method yielded a quantitative amount of
\

the diol “f’. The HMR spectrum of this materlal (CDCL }) showed a
clean quartet at W42 0 g ~ 7 Nz, an exchangeab le absorpt lon at
(7.4, a doublet at 48,84, J = 7 Hz and a broad abs orptlon. between
. . e L 48
8.2 = 8.9, dhe UV-visible spectrum of 63 has also been measured

. g
an<d Us very simflar to the spectra of other dloxetancs repdbried in

;
Chapter 1.,

The properties of 63 then do not appear to differ significantly
from those of other 1,2-dloxetanes descaribed 1ﬁ’Chﬂptéf I,

bubbled thiro

At this point close to the theoretical on

o

~mole equivalent of 0, ha
been absorbed. iThélsolvent was then removed by vacuum distillation
the distillation flask was‘maiﬂtainéd at 0 - 5° d;ring“the distiiq
lation té avoid‘%ﬁ} decomposition .0of unstable products and the dis~

tillate was'collected in a cold trap at -78°,

\-

The residue 50 obtained consisted of white crystals suspended

5



in a colourless, viscous oil.
A small portion of thia MIxture was Separated by filtration.

The NMR spectTum (CDC) ) of the (oLmurless oil showed a multi~ -

e

plet centred at 14,82 and very broéd absorptions at 7.5 - 9.2. No

doublet could be observed at high field. "~ The NMR.spectrum (CDC1,)
of the white crystals (recrfstallized from hebténe) showed a fairlty
broad absorption between 17.5 to 18.8.  No absorptiéns were present -

below f7-5. " . . ¥

=4

The IR Spectrum of the oil showed a bfoad'absorptinh ay 3500
Cm;l and the compound readily laberated dodine [rom ackdified KI

solution indicating thérpreséﬂce of-a peroxy group. The NMR spectrum

=

zOzéXchange had b@currea\fithOugﬁ no Exchangaablé’
s

i

indicated that D
<
peak could be observed. However, thisﬁis\freqdenély the case with

hydrpperoxy compounds., Thin layer chromatography on silfca gel in-

. dicated the presence of at least tyo péTOXidiC ér@ducts.

o

The IR spectrum of the crystals'shOWEd no absorptions charac-
teriscid of hydroperoxy or carbonyl groupa, the (omp0und liberated
B
iodine Yery slowly from an acidiﬁied solution of potassium dodide.

This product was shown to be the dimeric peroxide 66 on the basis of

mixé& mélting points. The m.p. of isolated material was 129 ~ 130°

reported m.p. 129 - 130°. ' The mixed m.p. of Ijolated material to-

gether with ‘authentic 66 was 128 - 129°. - =
- e
A sample of the:oilvéepara{ed from the ozonolysis mixture was

reduced according to the general procedure for reducgrion of peroxides

described earlier. The NMR.spectrum of the reduced product resembled
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that of cyclohexanol, no trace of the expécted diol 64 was deFecféd
Sy TLC analysis or by VPC analysis (QF1 at 90°) .

Einaily, solvent distilled from the mixture after ozonolysis
was analyzed by VPC (Carbowax 20M, 75°) for the presence of E—b?tyl
;Ce(ate; none could be detected, even if ?he solvent was carefully

fractionated using a Nestor-Faust spinning band apparatus before

" analysis. Inspection of plnacolone solutions contair 'ng known

amounts of t~butyl acetate indicated that 1% of acetate was easily

detectable by this method. This is a surprising result in view of
O

the . €arlier report but has since been confirmed independently by

9,50 :

other groupéﬂ

) »
Chemiluminescence from Ozonolysis Mixtures:

A few dropé of a satu%atéd solutién of DBA 1in benzene weré
added to a portion:of the pinacolone solution (10 ml) immediately
after ozonolysis and the solutiéﬁ was war?éd to 100° in a dark réom;i
no light emission was observe éf Light emission was élsc tested for
using a Spéctréflgcraméter with aiheated cell compartment; again no
emission was observed. . If however, a small quantity of pure diox-
etags 63 (gé.:B‘mg) was added to the solution,a bright éﬁemilumines~
cence was readilyrobserved.

When the o0il obtained from ozonation of 61 was plunged into an
oilrbatﬁ at i70°,'a violent reaction oéCurred with simuiianeoﬁs

emission of a flash of blue light. The NMR spectrum of the residue
‘ £y s )

‘o

obtained after this treatment showed absorptions. similar to those of
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kY

cyclohexanone Analybis of this residue by Vis (FFAP, 80 ) Lndicated
that cyclohexanone had been formed in the decomposition " The dimeric.

peroxide 66 was stable at 170° and melted without dccomposition1

»
-1

Ozonation of 6] wds also carried out in both comtercial and
purified samples of pinacolone, using crude ozongéair and crude

ozone/N_ as well as pure ozone/N2 mixtures, Colourless oils con-~

2

taining varying amounts of white solid were invariably obtained and,

Y

although these samples were not investigated 1n detail, it was shown
that none of these sa;ples contalnedvany of the 1,2-dioxetane 63.

As a control experiment a small sample of pure 63, ca, 0.2 g,
was ozonized in pinacolone containing ethylidenecyc¥Yohexane (50 ml)
at —~45° for 10 minutes, A portion of this solution, when heated to
60° in the presence of added DBA exhibited a'brigh; luminesaencé

indicating that the 1,2~dipxetane was stable to the reaction con-—

‘ditions. ] B ; o 7 ' /
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h :
. It seems evident that the compound tsolated by Story f rog-the

.

ozonatlion of 61 is not the 1,2-dioxetane 63.
Luminescence measurements using a spectrofluorometer can eaktly

. v - -4 i i;‘

detect 1,2-dfoxetanes at a concentration of 10 M; since pongigguld™

be detected In the ozonolysis mixtures the maxitim yield of 1;2—

Ta

dloxetane starting with 0.25 olefin is oﬂly 0.04% .

- o : . . P‘Q*
T

dhllsr it 1s difficult to disprove the presence of 92‘5§ﬁa

Hay

" - .&; ! » g
transient intermediate in the ozonolysis of etﬁylidenecyclohexane,
3 control experiments indicate that 63 15 stable under the reacfion
conditions and is therefore probably: not forméd at all during the
ozonolysis.

The ozonation of ethylidenecyclohexane has been investigated
o . ) 48 _ ) . o o
in some detail by Lockwood who found that, while thE‘paturg of the

?

solvent did indeed affect the nature of the prodﬁcts dérived from

. ,the ozonation of 61, there was fo.‘evidence to suggest a diréct inter-

-

action of soiv?ﬁtrwithta%; iﬂtérmédiate formed during the ozonolysis,
Ozonation of 61 in dimethyl ether yielded a ﬁixtﬁre of products
simﬁlarrto that obtained when the reactiqn was carried out in
pinacolgne solution.

It was also reported that ozonolysis of 9,9'-biflugrenylidepe
inrpinacolone solution yielded a 1,2—dioxetane.51 These e*peri_
ments have since been repeated by Criggees2 who 1§olated only the

;

correspording dimeric‘peroxide.

/
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Samples ot dmpure allylic hydroperoxides prepared in these L,

laboratories have also been shown 1o undergo chemilumjnescent de-

composition at clevated temperatures,  This property has been ob-

’ . hh
served tor samples prepared by photooxygenatfon of Olefing, by
- "
react ion of B-halohydroperoxides with base and {rom the reaction of

. V28 )
triphenyl phosphite ozondde with olefins, I'he nature of the fm-
puritics leading to luminescence has not been establshed bufp it

has been shown that puare samples of allylic peroxfdes do pot show
this property,
vy

. . ) [4
Interestingly enough, peroxidic materials isolated by Kohler !

from the autpxidation of enols were reported to decompose with a

flash omgheating. !'These peroxides were orlginally formulated as -

1,2-dioxetanes but are now known to be a-hydroperoxyketones.

I
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EXPERIMENTAL

Pinacolonez . R
| Pinacolone as received ffqm Aldrich contained as muﬂh as 5%
fmpurity. Analysis by VPC (Carbowax 20M, 70°) shgzed the gresence
(ca. 3%) of a volattl? material having a retentfion time close (but
pdt ldehtica}) to!:hat of t-butyl acetate. On .evaporation of a J
sample of the material arhaavy residue (ca. 27%) was obsgined.
The méterial was ?urifﬁed by'd;ylng over anhydrous potass{ium
carbonate (this algo remo§ed'éhy acidlic impurities) followed by
fractional distil ;}Aon. A fraction boiling betweer; 102 and 103°
was collected féf use 1n the ozonolysis experiments.

»

Ozone/Nitrogen Mixtures: 7 y

{

pf**“a\\r Mixtures of pure ozone in nitrogen were prepared according to
;&metgod described in tpe litgraturé,ss Thé 93/02 mixture generated
byfﬁ We1§gach ozone generator was absorbed on silica gel (Fischer
12 ~ 20 mesh) Céﬂtggnéd in a "U" tube which was immersed in a bath ’
. ;t:%78§. .When Bzzne breakthrough occurred thé tube was flusﬁéa for

several minutes with pure, dry nitrogen. A mixture of pure ozone
and nitrogen was obtained by slowly removing the 4'U" tube from the,

cooling bath while flushing the tube with dry nitregen.

7 - .
L
OZonolysis of Ethylidenecyclohexane:

[
J;ff

i Ethylidenecyclohexane (1.4 g) was added to pure pinacolone

X

,(50 ml) in a 250 ml, three-necked flask fitted with a thermometer, -



N

‘ ’

an inlet tube and an outlet tube leading to a flask contéining

acidified KI solution. The solution was stirred magnetically and

" cooled by means of a chlorobenzene/dry fce bath to -45°. 'The flask

was flushed with dry N2 for 10 minutes and then a slow stream of

03/N2 was introduced through the inlet tube. Ozonol¢sis was con-
tinued until a blue colouration appeared’in‘the solutfon, simulta-

neously the flask containing KI solution began to darken rapidly.

Uptake of O, was estimated by passing the remafning O3 in

3

the tube through two gas—washing bottles in series contalning acid-
#

ified KI solution. 7The contents of the exhaust gas flask were

added to the solution of iodine obtained and the combined solutions
were made up to one litre. 25 ml aliquots of this solution were

titrated with standard N325203 solution, The total 03 absorbed on
the silica gel was then determined by saturating the same tube with

J |

ozone 'and passing the total contents through acidified KI solution.

857 of the theoretical quantity of 03 was found to be absorbed An

-the reactfomn.
‘ The solvent was removed by vacuum distillation; evaporation

5 2
from the distillation flask was sufficient to cool the solution to

below 5°. In this way most of the pinacolone could be removed. The
distillate was collected in a cold trap at -78°.
Pinacolone-free samples were obtained by repeated evaporation

\of the mixture with CCl

,

4 at the rotary evaporator.
N »

i
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Redactfons with Li/\lll[‘.
4

A solution of the peroxidic material (o be reduced (0095 p) in
cther (10 wl) was added very slowly to a slurry ot l.i/\lllz 0] &)
4+

In ether (50 ml) stirred at 407, When addition was complete the
i ) \
T

mlxture was altlowed (o warm up and then stirred at reflux temperature

. s
for 30 minutes. At this tUime the solul lon was cooled to 07 and a

solution of KOH (107) was atided slowly antil the ether Layer became
&
clear.  The ethereal solution was then filtered and solvent re-

moved to yleld the reduced products,

1- (1-Bromoethyl)~cyclohexyl hydroperoxide 65:

i

This compound’ was préparwd in 957 yield by the methods de~
soribed in Chapter If Iodometric analysis of the crude product, a
colourless ofl, showed 96.2% of the theoretical active oxygen con-—
tent, The NMR sPacérnm (CDCL,) showed agsarptisﬁs at T15.5 (quart¢t7
J = 7 Hz), 18.3 (doublet, J %57 Hz) and T8.0 ;/8ﬁ6 for the ring
protong. Traces of another constituent (possibly the dibromide)
were also preseént, as evidenced by a smail absorption at 17.9

(doublet).

1,2—Dioxa—3—méthy]spir9[3,5]nonane 63:

»

To a solution of bromohydroperoxide 26-(2.2 g) in methanol

, /
... (6 ml) was added  slowly a solution of NaOH (0.44 g) in H20 (1 ml)

[ e Ll .

and methanol (3 ml). The solution was stirred at 0° for 50 minutes

and then CCI4 (10 m1) and water (10 ml) were added. The CCl4 layer

92
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was separated off and dried over MgSOA, solvent was removed “under

:fi:ﬁgg pressure at room temperature. The bright yellow residue
. \

was then fractionated under high vacuum (54) at room temperature, a
. .

colourless forerun was discarded.. The yellow distillate, 0.2 g,

]

14% was further purified by a second distillation and iodometric

analysis indicated 97.8% of the theoretical active oxygén contént.

Cyclohexanone Diperoxide 66 and 1-(1-Hydroxyethyl)-cyclohexanol 64:

—

Authentic samples of these materials were prepared by Mr. P.

A Lockwood.

Chemiluminescence Studies:

Chemiluminescence studies were carried out using a Turner 430 '
spectrofluorometer with the xenon lamp off. The cell compartment

was heated by means of an external water bath. . o

|



CHAPTER 111

-

THERMAL DECOMPOSITION OF 1,2-DIOXETANES
3

Several reports concerning mechanisms for the thermal decom-
position of 1,2-dioxetanes have appeared in the literature. The
possibility of a one-step "concerted" mechanism has been suggested’

56 ‘ :

by Kearns although no evidence for this process was presented.
5 i -

The work of Richardson and O'Neal, 7 hoyever, has shown that the

activatign parameters for the decomposition of 3,3-dimethyl-1,2-

dioxetane 8 and 3-methyl-3-phenyl-1,2-dioxetane 67 are experiment-

ally indistinguishable. This’data was Interpreted as evidence for

b
!

a two-step mechanism with formation of a biradical intermediats as

the rate determining step, eq. [35].

[35] ° o . ,\
¢ —— i ——————VR;;]L\\

R = Cﬂa\, § ;

R=C 67 T

6.5 — i ; .

, In a concetted mechanism the phenyl -group would be expected to
interactdiffere??{§ than the methyl with reSpect to the developing
carbdnylvbond. ‘

These authors also showed that calculated activation parameters,

based onfsuch a two—step mechanism, were in good agreement with their

94
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i

experimental data.58 Addition;lly, these authors have reported cal-
Cgla[éd activatibq’parameteré for several other 1k2~d10xe[anes in-
cluding the triﬁé(hyl“and tetramethyl derivatives 2 and 4. It was
of interest therefore, to measure activation parametérs»for these,

and other} compounds and to compare the experimental and calculated

values.

95



ok RESULTS AND DISCUSSION

-

A4

Rates of Decomposition of 1,2-Dioxetanes:

Trimethyl—l,z—dioxetane 2 and tetramethyl-1,2~dloxetane 4 were
N fal ’ 2

decomposed in CClA solution by immersion in a thermbggatted bath.
At least 10 miputes were allowed to elapse to enable the solutions

to attain thermal equilibrium, then aliquots were withdrawn at suft-
4

"able intervals and estimated for pefoxide content, by iodometric

" titratfon. It was found that the decomposition of both 2 and 4 ex-

R}

hibited first-order kinetics duging tﬂb - three half-l4ives. Some
, - ,

decompositi?ns with 4 were also'carfied out by sealing solutions of

the dioxetanelin glasslampoulgs. %be glass ampoules werefimmérseq

in a water bath and, at suitable 1nte;vals,ampou1e$ were withdrawn

from the bath for estimation of peroxide content. This method did
: Ce o Cp

not appear to offef,any gdvantagé over the first method discussed.

‘ - Réte constants for the first order decomposition of Etéﬂd éz-f

~

vere egtimated graphically using the formula of eq. [36)j ! A

[36] Log Ct = Log CO - kdt 7 , }

, ©2.303

q .
67 B . i
' +  where C0 is the finitial concentration of dioxetaneland Ct the con-

L . i %

centration at time, t. =By plottlng the left hand side of the eq.
{36] againsc time, ‘a straight line of slope k /2 303 was obtained
L"f - .

An é;ample pf the data obtained for the decomposition of 2

at 39 8° is shown 1ﬂ Table IV and Table V shows similar data for

the decomposition of ﬁ_at\40.0°.‘ Infinity titxes (t = ) were

~7
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TABLE LV
l)(‘(;(?l]]l?&i?ilti(')l\ki)t i’rl'lln(‘(hyl*’l,7;i1i07((‘5.’1i1(‘ 72 in (f(:ll at 39 .87
\

Al Tquot: Y ml T rant: Nay.‘l?(),’ (0.0123 M)

Run B 0

Time (8) Titration (ml) Lt, M) Loy L0 (L
0 9.175 o 0.1135 0,.9450
1800 9,025 0,1060 0.9747
3600 8.125 0.0946 1.0231
5400 7.70 0.,0891 1.0501
7200 , 7.325 0.0811 1,0910
9000 ?i 6.775 0,0776 1.1101
18000 \ 4.15 0,0484 T 1,3149
27000 é 2.75 0,0316 1.5000
v 90000 (=) ¢ 0.5
Blank v 0.2 i
From graph, k, = 4.71 x 1OFS sﬁi

d
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TABLE V ‘ N

o

Decomposition of Tetramethy -1, 2-dfoxctane 4 dn CCIA at. 40

-

Altquot: 1 ml o Plerant: Na 5,0, (0.02 M)

Run C1

po
i
<
o
oy
e
~l

720 13.5 0.
1440 A 12, 0,129
3024 11,

<
2
L% e <
< .
pa

o Q
]
<

.
-
<
T
<
NG

~J
(9]
Bl S R
=1 » )

3
3200 (=) 0.
0

From graph, kd = 7.26 x 107" s Z
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determined by taking aliquots from the solutions of dioxetanes after
a per;od of at least six half-lives. First order plots of the data
presented in Tableé IV and V are shown 1in Figure 4. The rate con-
stants for 2 and i,ét all the temperatures recorded are presented in
Table VI.

The decomposition of lzrand lﬁrwas followed by recording the
chemiluminescence decay of solutions of these compounds ., 4 The lumin-
escence from dilute solutioné of these dioxetanes was too faint to
be measurab}e with any degree of accuracy with the available appd—
ratus . Luminescenck however, was considerably 8nhaﬂCEd'i} fluor-
ésceré §UCh as 9,10;éibramﬁanthra§ené (DBA; were present. It has
been ééméﬂstfatéd that the presence of such fluorescers does not
affect the rate of decomposition of dioxetanes in aerated SaﬁpléS;lA

Solutions of 17 and 18 dissolved ié benzene saturated with DBA’
were sealed into glass Qu?ettes and placed in the heated cell com—
partment of a Turner 430 spectrof luorometer. After the solutions
reached the temperature of the pre-heated cell compartment,rthe;
Intensity of chemiluminescence decayed with first-order kinetics. -

It has‘been shown:for other 1,2~dioxetanes that the chemilum—
inescence decay rate dées in fact measure the rate of diSappeara%ce

| ’ .
of 1,2-dioxetane.14’59 The relative intensity (It) of chemilumin-

escence for a solution of 1,2-dioxetane is proportional, to the con-
centration of dioxetane .and the rate constants forsthe first-order

decomposition of 17 and 18 could be estimated graphically by plotting

Log It against time. - .

)
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TABLE VI
\

Rate Conmstants for Decomposition of 2 and 4 1n CCl4

Compound Temp. (°C) ‘ Method Rate Constant x 106
s

2 60 .1 1 484

2 60.1 1 461

2 60.1 1 461

2 60.1 1 478

2 9.8 1 47.1
2 39.8 1 46.0
2 39.8 N | 47.9

A ' 50,0 ¥ 1 26.2

4 ".50.0 1 . 26.7

A 50.0 1 26.6
4 50,0 1 26.4

4 . 50.0 1 26.9

4 60.0 1 87.4

4 60.0 1 87.5
4 60.0 1 87.4

4 40.0 77 1 7.26
4 wo VO 1 7.26
4 52.0 2 49.7

1 = JTodometric N

2 = Chemiluminescence decay



.readings were taken after at least 10 half-lives had expired; data

. position of 17 and 18 are presented in Table IX.

e 102

Exa&ples of the data obtained from the decompositfun of 17
and 18 are presented in Tables VII and VIII, respectively. Infinity

y

presented is corrected for this readfng. First-order plots of the
4

data presented in Tables VII and VIII are showh in Figures 5 and 6,

respectively. S /

L)
T

In order to check Fhe accur9¢y'of the method employed in these
studles, the rate of decomposition éf 4 was also follqyed by this
method; the rate constant derived by this metﬁod is inrrééSOHable
agreement with those obtained éarller by {iodometric mekhgdsﬂ It was
also possible to follow the dé(’:(’)mp(’)ﬂsiti,(?ﬁ of 17 by an NMR me tifbd;

.
the rate of disappearance of the methyl signal of 17 and the rate
of ‘appearance of the methyl signal of octane~1,7~dione 22 could both
be easily followed. Rate constants derived from this method were in
good agreement with those derived from the chemiluminescence decay
me thods .

Additionaliy, thg rate of decomposition of 18 was followed b;
iodometric methods. Again, rate constants derived from chemilumin-
escence decay measurements and from the iodometric studies were in
reasonable agreement. Solutions of dioxetanes free from DBA or
other fluorescers were, of course, used for rate determinagions by

both NMR and iodometric methods. The rate constants for thé decom—

The chemiluminescence decay rates for dégassed samples 6f 4,

17 and 18 showed marked acceleration over the rate observed for
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TABLE VIII

Decomposition of pisﬁl,6—Dimethy1~7,8—dioxablcyclo[4.2.0]octane 17

in Benzene at 37.0° /

Run 11
Time (s) Meter Reading (1) Log T Scale
1800 27.8 1. b44 ' x 300
3600 26.0 1.415 x 300
5400 23.4 -1 x 300
7200 20.8 o 1.318 x 300
9000 - 18.9 " 1.276 ] x 300
10800 16.9 1.228 : % 300
12600 - 15.4 ? 1.187  x 300
14400 | 13.9 L 1.143 T x' 300
16200 12.3 1.090 x 300
18000 | 11.0 1.041 x 300 ,
20100 ' 9.9 0.996 _ x 300
22400 , 8.9 0.949 " x 300
24200 7.4 0.869 . | x 300
35000 4.0 0.602 x 300
36800 ‘ 3.4 S 0.5%1 x 300
* 38600 : 3.1 . 0.491 x 300
~ 120000 (=) : 0.2 .
\
5 -1 ’ g

From graph, k = 6.17 x 1007 s



TABLEGVIII

Decomposition of 11,12-Dioxal4.4.2]propellane 18 in Toluene

at 29.68°
Run 15 " (
Time (s) Meter Reading (It) Log 1, Scale
600 18.4 1.2648 x 30
1200 16.0 1.2041 x 30
1800 14.1 1.1492 x 30
2400 12.6 1.1003 x 30
3000 11.3 1.0531 x 30
3600 10.0 1.000° x 30
4200 9.1 0.9590 x 100
4800 8.0 0.9031 x 100
5400 7.0 0.8451 x 100
6000 6.3 0.7993 x 100
6600 5.6 0.7482 x 100
7200 iy 5.1 0.7076 3 x 100
7800 .. 4.5 0.6532, x 100
8400 4.0 0.6021 x 100
9000 3.6 0.5563 x 100
9600 3.2 0.5051 x 100
10200 2.9 0.4624 x 300
11400 2.35 0.37117 % x 300
12000 2.1 ¥ 0.3220 e x 300
12600 1.95 0.2788 o x 300
13200 1.70 " 0.2304 x 300
0.1 ~x 300

n 80000 (=)

From graph, k = 1.89 x 10—4 s

1
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Rate Constants for Decomposition of 17 and 18

»

TABLE IX

I

£

Compound Temp. Initial Method  Solvent 'Rate Constant
(°C) Conce?é;ation x 105 (s—l)

3;_ 52.0 013 , 2 C6H6 39.5
17 52.0 0.2 2 CeHe 41.5
17 52.0 0.2 2 CeHe 39.8

7#&1 52.0 0.2 2 C6H6 40.0
17 50.0 0.1 3 CCIA 42.5
17 59.4 0.15 2 C6H6 ﬁ) 97.5

- 17 59.4 0.3 2 C6H6 97.5
17 59 .4 0.5 2 C6H6 99.5
17 59.4 0.2 2 C6H6 105.0
17 37.0 0.2 2 CGHG 6.17
17 37.0 0.3 2 C6H6 6.23
17 37.0 ) 1.15 2 C6H6 5.95
18 29 .68 0.05 2 Toluene 20.7
18 29.65 0.005 2 Toluene 18.9
18 29 .68 - 0.01 2 Toluene 19.0 .
18 29.68 0.12 2 Toluene 17.7
18 29.68 0.025 1 Toluene 17.5
18 110.01 0.01 1 Toluene 1.32
18 10.01 . 0.002 2 - Toluene 1.42
18 10.01 0.005 2 # Toluene 1.36

1 - Iodometric

2 - Chemiluminescence decay

3 - NMR

107
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,gﬁerated samples. For example, the half-life of a.degassed solution
’containing 10—2 M 4 and 10—4 M DBA was only 20 minutes at A5°.
tl Additionally, samples containing a high concentration (greater than
ca. 0.1 E)/%f dioxetane showed non-linear first-order rate ploté. .
An 1n1t1ad rate accklerathn was observed before the rate of decom—
position settled down to a "normal' value. Difficulties were also
experienced in obtaining repfoducible rates at high temperatures.
For example; the rate of decomposition of}lg at 50.0° was too fast
“to be followed with any degree of accuracy by the method employed..
These results are in keeping with those observed by Wilson; 1t
appears that 1,2-dioxetane is decomposed by excited fluoreséer
v(triplet) if oxfgen (a very efficlent triplet quencher) is absent.
Th%gwinduced decomposition of 1,2~dioxetanes is discussed more fully

in Chapter 1V.

Activation Parameters:

From the rate data of Table IX and also Table VI the energies
R .

. of activation for the thermal decomposition of 1,2-dfoxetanes were

calculated using the eq. [37].53

(371 B < 4.567‘T2T1(L03 k, - Log kl)

-1
P
!+ Enthalpies_and entropies of activation wére calgulated from eq. [38]
. ,

'v
‘ {gﬁd eq. [391¢(xr/¢aspective13'.

{
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Y
*v
(38] AH E\}‘:A - RT )
&
{391} AS = lLog kd - 10.753 - Log T + EA
4.576 ’ 4.576 T

o .
| |
bata calculated from these equations 1s presented i? Table X to-
gether with data on the dimethyl-1,2-dioxetane '78.
The data calculated for the trimethyl-1,2-dioxetane 2 and
tetramethyl-1,2-dfoxetane 4, together with data obtained by Richard-
57 & . ) : s
son for the dimethyl compound 8, suggests that increasing substir
tution of the 1,2-dioxetane ring by methyl groiups tends to stabilfize
the system. The experimental value for the energy of activation for

the thermal decompositi%n of 4 (25.6 kcal mole 1) is somewhat larger
1

=

than the value of 24.7 kcal mole = calculated for this compound on
the basis of a two-step biradical mechanism. Initially it was thought
that 18 might prove to be quite a stable,compognd since thermél de com—
position of this material yields a cyclodecane derivitive. F;rmation
of ten-membered rings is usually an unfavourable proéess since these
materials Are qu#te strained due to transan;ular CH interactions.

Tﬁ erieréy of activaéion for the decomposition of 18 can be
"calculated hsiﬁg the method of O'Neai and Rifchardson.58 If i1t 1is
assumed that the reaction ;akes place by a biradi’al mechanism in
which fission of the peroxide linkage is the rate-determining step
(eq. [35]), then EA’ fhe energy of activation for the 'process, is

%given'by eq. [40].



TABLE X

Activation Paramelers for the Thermal Decomposition

of 1,2-Dioxetanes

. a
Eq A " )
Compound (kcal mola’l)// Temp . H 1 AS
Estimated Experimental (°0) (kcal mole ")  {eiu.)
8 22.9 22.9"
2 ~23.5%0.5 \ 40.0 23.040.5 ~541
4 24.7° 25.6%0.3 40.0 % 25.010.3 ~2%1
17 22.5 24.5%1.0 37.0 24.441.0 +112
18 22.2 23.0%0.6 29.7° 22.4%0.6 ~1.5%1

a — errors estimated by substituting extreme values of kl

eq. [37].

b ~ reference 58.

W
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(40) E. = AH° (biradical) - AH (dioﬁéZane) + E
A £ f [ -1
E~1 is the activation energy for ring closure of the biradical.
61,62

(b) and AH (d) may be calculated by group additivity methods.

Thus, AH; (d) for 18 cpusists of, the group contribution shown below

{

BIC(“)Z(C)Zl + 2{0(0) (C) ] + 2[C(0)(C)3]
. - B(-4.95) + 2(~4.5) + 2(-6.6)

A cortectfon ikst be made for the strain energy inherent -in the
R i , . ,

four-membered ring. In3the1§5therm0chemical calculations, Richardson

AT Lo ~1 R

and O'Neal 8 used a value of.26.0 kcal mole 1 ‘or the straln energy

. e ) A

of the 1,2-dioxepéne ring; this value must be added to the heat of
. s

formation of the dioxetane.

The difference between the calculated heats of formation of

1 . . Lo - ~1 6] s .
cis~ and trans-decalin 18 1.6 kcal mole l; 2 since 18 contdins a

I

Cisfdééﬂliﬂ system, this value must also be added to the heat of for-
5 _ 7 -
I L

mation .

; L g
Each oxygen atom 4n the dioxetane ring is axial with respect to

one of the cyclohexane rings of the decalin system and therefore has

two gauche interactiqﬁsfhiph the ring. This leads to a total of four

: 2
~ :
h i e

" gauche (oxygen) iﬂtergbciﬁhs, each at 0.3 kcal méleml, which must ’
also be édded to the heat of formation of 18.
It seems unlikely that addigional corrections must be made to

take into ‘account the rigidity of thé'propellane system. The ring

A ,'2

A L

correction given in tabfes fbt)ridyqlo[A -1. Olheptane is 28.9 kcal



7

]
)

mole—l, only 1.3 kcal greater than the strain energy of cyclopropane

(27.6 kcal mole—l).6l

The 1.3 kcal difference 1s easily accounted
for by gauche interactfions of the cyclopropane ring with the cyclo-
hexane ring suggesting that the rigidity imposed in bicyclic systems

does not Significantly alter the strain energy. The heat of forma-

tion of 18 is given by:
AH; (18) = -61.8 + 26.0 - 1.2 + 1.6
IR
= ~33 kcal mole

Similarly, AH; (biradical) is made up of the group contribu-

tion shown below,

e

BIC(H) ,(0),] + 2(C(0)(C) ]

The correction for a cis-decalip system must also be added to the

beat of formatfon of the biradical, as must a correction' for the four

gauche oxygen interactions, A fifth interaction between the two

. Oxygen atoms must also be added in the case of the biradical, Thus,

the heat of formation 6f'the biradical derived frbmgli;iS:

.

f, Aﬁ}k(b)

|

224 4 1.6+ 1.5
P |
= 19.3 kcal mole

Using a value of 8.5 kcal for E_,, the energy of activation for

1’

the decomposition of 18 @ér

J.

§
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'f—}Q.B +ﬁ3!3l-+ 8.5
SR v R
doyae

481 22.2 keal mole”!

"

!

7w

ﬁ.Agéin, this value is a little lower than the experimental value
of 23.0 kcal mo]eﬁl. Similar calculations for the decomposition of
17 lead to a value of 23.2 kcal mole-l for the energy of activation
for this process. This value is again less than the experimental

N

value of 24.5 kcal molexl.

v
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EXPERIMENTAL -

Solvents:

CClA was dried over anhydrous potassium carbonate and redis—
tilled. Benzene was purified by shaking with concentrated HZSPA
until the acid layer was colourless. The solvent was then washed
several times with water and then with saturated sodium bicarbonate
solution; after drying over MgSOA the benzene was distilled from

sodium. Toluene (MCB spectro grade) was used as received.
. \

Rates of Disgggearance of Peroxide;

kethod A: Solutions of 1,2-dioxetane 1n CCIA, contained in a
pear shaped flask fitted with a Leibig condenser, were fmmersed in a
thermostatted bath and swirled to enable thermal equilibrium to be
quickly reached. 1t was shown that the temperature of the solution
reached bath temperature in less than eight minutes, Aliquots (1 ml)
were withdrawn at suitable intervals: for fodometric analysis.

Method B: Samples (ca. 2 ml) of solutions of dioxetane were
transferred to glass ampoules by means of a syringe and the ampoules <
were sealed under vacuum. The samples were placed in a thermostatted
bath a;d, ét suitable intervals, ampoules were withdrawn from thé
bath and quenched at 178°. Before estimation the ampoules were
placed in a bath at 25° for 50 minutes. Each ampoule was then broken

open and an aliquot withdrawn for peroxide estimation as before.



Y -

Rates of Chemiluminescence Decay:

Chemiluminescence decay methods were carried out using a Turner
Model 430 spectrofluorometer with the xenon lamp source turned off.

The 60 nm emission monochromator bandwidth was selected to maximize

sensitivity.
Method A: Samples were prepared by dissolving either purified

: R
or crude dioxetane in benzene (2 ml) saturated with DBA at room tem-

perature (" 10~zyﬂ)_ The samples were sealed into pyrex cuvettes
which were placed in the heated cell compartment of the spectro-
fluorometer. Readings-were taken at the emission maximum of DBA of
450 nm at sultable intervals. The cell compartment of the lnstrument
was heated by water circulated from,a thermostatted bath. The cell
temperature was checked before and after each kinetic run was carried
out. ,

Method B: The cell compartment;supplied with the instrument had
a very inefficient temperature control system., An impréved system
was designed consisting of a pyrex cell, path length 10 cm, with a
fused outer jacket for tempefhtu}e control.. One end of the cell was
silvered and sa@le was introduc‘» thr’o*ug‘ a wide tube entering -t’he
middle of the cell. The 10 ml cabacity o;f the cell greatly enhanced
the light emission and enabled studies to 6§ made on dilute solutions
of diaxetanes.

Samples were pgepared by adding soi#tidns of dioxetanes (in

toluene) (1 ml) to a solution of DBA in toluene (10’2 M). Toluene

was used as solvent to minimize evapﬁiﬁtion losses. The mixture was
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mixed and poured into the modified éé?i compartment. Readings were
taken as before. In both method A and method B, the cell temperature
was measured by direct insertion of a thermometer into the liquid

L]

fillea cell. or cuvette.

Rate of Disappearance of 17 by NMR Spectroscopy:

A solutioﬁ of 17 (0.1 g, recrystallized) in CCIA contained in
a sealed NMR tube was placed in the heated probe of a Varian HA 100
instrument. The concentration of 17 present at any time was ‘moni-
tored by comparing the hefght of the integration signal for the

me}hyl protons of 17 to the total integral, since this did not change

during the experiment.
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CHAPTER 1V

FORMATION OF ELECTRONICALLY EXCITED STATES FROM CLEAVAGE

OF 1,2-DIOXETANES

INTRODUCTION

The observation of chemiluminescence during thermal decompo-
B 5

‘sitioﬂ 5f,1,2~dioxetanes indicates that at least some of the préducts
generated are formed 1; an electronically excited state. ;

When dioxetanes are decomposed thermally in the presence of
fluorescer, a more intense, different coloured luminescence matching
the fluorescence spectyum of the fluorescer is observedﬁ7 This en-
hanced luminescence in the presence of fluorescer molecules such as
biacetyl, DBA,:diphenyianthracene (DPA) aﬂdlrubréné demonstrates .

v

that energy released in the cleavage of 1,2=dioxetanes can be trans-
ferred to suitable acceptor molecules present in the system, A pos-

sible mode of energy transfer 1is shown in Scheme VI.

Scheme VI

5 »
— o :
' . )k " 2 ] + hv
—_— ———
*
j\ J\ + Acceptor —_— 2l + Acceptor

*
~ Acceptor —_— Acceptor + hv

* B o
. Acceptor: —— Acceptor
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This scheme, as written; implies formation of an eximer on decompo-
sition of the 1,2-dioxetane 4. Formation of this eximer may or may
not occur, however, the excited state generated in the decoﬁposition
caﬁ itself emit ligwg_or transfer its energy to an acceptor moleculel
The excited acceptor may then, depending on the structure, emit light
'orﬁunQ&rgo a photochemical transformation.

This latter phenomenon of ;Photochemistry without Light" was

. 6
first investigated by White 3 who utilized the energy avallable from

-
E

the decomposition of 2 to initjate several photochemical reactions,

eq. [41]) to eq. [43].

[41]
7 \ / \
2 Z, Celig - _
A
\ \ //
[42]
¢
2, ., /__\
A : )
¢ . ¢ ¢
[43]
- 2, CGH
A ¢



4
Ullman6 has also carrfed out similar transformations using the

ey
dioxetane~dione 1, eq. [44] and eq. [45]. K
(44)
O 11 A . OH
| \
0
(45) h

O , Et ; o) Et
1, 4
O o '

Yields of photoproducts from all these reactions were very low, about
5% ét best based on the initial quantities of 1,2-dioxetane.

\Figure 7 shows, schematically, the energy available for the
decomposition of 1,2-dioxetanes. The energy released on decomposi~ .
tion of trimethy}—l,Z*dioxetane g_(AHA) has been calculated from.eq.

46).7
[46] . AHA = AHf (products) - AHf (reactant) - EA

AH; for the dioxetane was calculated from Benson's group additivity .

e
method; such calculathns indicated that the transition state for
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Energy Avallable (AHA) from Decomposition of

Figure 7.

1,2-Dioxetanes

»

P T T T

O—

AR om oM om R o poaomom e

g

€-mmmm——— ————————-

T




120

decomposition of dioxetane lies 88 kcal above the ground state of
products. The first excited singlet state of acetone is estimated
65
at v 84 kcal above the ground state; thus, sufficient energy is
released on decomposition of 1,2-dioxetanes to generate one excited
acetone molecule per molecule of dioxetane decomposed.
A problem which has received much recent attention is the

question of the efficiency at which excited statés are generated.

)
In other words, does each dioxetane molecule yield one excited state

upon decomposition? The indications are that this is not the case;
the low ylelds of photoproducts obtained 1n eq. [41] to eq. [45],
imply that the energy available for cleavage of 1,2-dloxetanes 1s
very inefficiently utilized.

Estimates of the efficiency at which excited states are gener—
ated from thermal cleavage of various 1,2-dioxetanes vary and some
reports are apparently contradictory. White63 estimated a yleld of
4% of excited states capable of sensitizing the isomerization of
Ezgggfstiibene, eq. [42], from decomposition of 2. Similarly for the.

photoaddition of ethyl vinyl ether to phenanthraquinone, eq. [45],

] 6 .
Ul lman 4 calculated a chemical sensitization efficiency of 4% for the

However, Wilson14 suggested that decomposition of cis-dietho

dloxetane dione’l. . / xg////ﬁl\,,

-1,2»dioxetane~lg_gave rise to exCitéd~formate in quantitative yiel%;
' 3

This estimate was made on the basis of light emission measurements

made when the dioxetane was decomposed in the presence of fluorescer

.molecules with known fluoreséence efficiencies (DBA and DPA). White66

o



also made light emission measurements for trimethyl-1,2-dioxetane 2
in the presence of an europium complex fluorescer. Under these con-
ditions, he estimated a 147 yield of excited states from the decom—
position of this compound. He also claimed thaﬁ light emission from

.

10 under the same conditions was less than 1X of that from the tri-

methyl compound.
These varying estimates of excited state production suggest

the interesting possibility that perhaps the structure of 1,2~

L]
dioxetanes can influence the efficiency at which excited states are

generated.
The photoproducts observed in eq. [41] and [43] are character— -
1stic of triplet photochemistry, implying that energy transfer in

these systems occurs from triplet excited acetone. Additionally, the

“chemiluminescenée yields of both 8 and' 10 arewmarkedly greater with
- - -5 )

9,10hd12§omoaﬂthraCéne (DBA) than with 9,10~diphenyianth;acene (DPA),
in spite ofrthe much higher fluorescence efficiency of the 1atter.1A
This also implies involvement of triplet‘excited ;tates, whose energy
DBA is more capable of converting into singlet energy than is DPA,
because of t?e increased spin-orbit coupling and mixing of singlet
and triplet states due to the heavy atoms.67

Triplet states were at first assumed to arise via intersystems
crossing from initially formed singlet states. However, Wilson could
find no evidence for formation of singlet formate from 10.

Direct evidence for the formation of singlet states is, of

course, observable in the luminescence spectrum of 2 which matches -
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the fluorescence spectrum of acetone,  Also, light emission from
*
tirefly Juciferin and from luclgen (see Chapter 1) occur from the

singlet state of the products formed. Light emissfon from the

luciferin/luciferase system is very efficient, ca. 907, making this

o

probably the most efffcifent chemiluminescent system.
. 68 .
Turro devised a very elegant method for the estimat ion of
both singlet and triplet acetone formed by decomposition of tetra-
methyl-1,2~d oxetane 4. trans-Dicyanoethylene 68 ylelds completely

different profucts with singlet and triplet acetone, namely the

- .

oxetane Z(Zand cls-dicyanocthylene 69, respectively, eq. [47] and

eq. [48].
Vs
(47]
N
(cH, ) (Dl + —= e
NC -
68
(48] ' f~
e
. CN
U
NC

Knowledge of the limiting quantum yields for these reactions allowed
measurement of the limltingiiields of singlet and triplet acetone, by

extrapolation of a plot of the yields of §2_and'zg (formed in the

presence of decomposing 4) to infinite concentration'of_§§. At this

ﬁbin; all the singlet acetone could be trapped before intersystems
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crossing occurred. From these experiments the yield of singlet

acetone was estimated at 0.3%7, while that of triplet acetone was ™

50%.

'

It seems possible, then, that structural effects influence not

7

only the yield, but also the nature of the excited states formed in

the decomposition of 1,2-dloxetanes.



RESULTS  AND DESCUSSTON

Photolysis of acenaphthylene 71 gives rise o a mixtare of cls-

and trans-cyclobutane derivative dimers, cq. [49].

(491]

,’;
7L 7 A
The structures of these dimers are well established, and there is

cited state gives rise almost exclusively to the cls—~isomer 72,

triplet excited acenaphthylene leads to a mixture of d,i,rnirs contain-

. of the trans—isomer 73,'77?'" The exact composition of

ing 70 - 857

=

-
the mixture depends upon the solvent used, The produets of the
A

%

reaction possess absorption maxima in the ultrazioletiat
(Y
nm, respectively; hence, the composition of mixttrires of /2 7!
easily determined b}; UV spectroscopy,
Thus, examinafibn of the yields and Com'positisﬂ of products

formed by’ decomposition of 1,2-dioxetanes in the pfis’.nCLTT}i suitable
concentrations of 71, provides an indication of the relative yields

< . o - N _ :
and nature of excited states generated{%n the thermolysis of these

]

materials.
i

It was proposed to carry out t;hermolyslgrof 1,:2—-dioxetanes 4,
17 and 18 in the presence of acenaphthylene to determine’if any

EN
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differences existed in the ylelds and nature of the excited states
formed.

Acenaphthylene was purified according to the method of S(:henck,7
by recrystalliiétion of the picrate derivatlve,j Pure samples of Elﬁ;
and trans-dimers were also prepared in order to check the spectral
characteristics of these materials. The pr;paration and purification
of these materials 1s described in the experimental section.

Benzene solutions containing dioxetane and acenaphthylene, con-
tained in glass ampoules, were degassed by several freeze-thaw cycles
at 5u and the ampoules were sealed. Thermolysis of 1,2~d15xetanes
was achieved by immersing the ampoules in a water bath ;t 95 ~ 100°
for 15 minutes, A bright yellow emission of brief duratiom (v 5 ~
10 s) was observed during this thermolysis from solutions ééﬂt%iﬂiﬁg
high concentrations of 1,2~dioxetanes (v 1,0 M), The source of this

acenaphthylene is reported to be non-

4]

emission is unklear sinc
I ( N
fluorescent, Perhaps the emission occurs from an eximer of ace-
naphthylene. Eximer emission has been observed from solutions con-
taining high concentrations of aromatic molecules; usually such
emissions are observed at longer wavelengths than the normal fluor—

. e 73 ) ] , a1
escence spectrum. This emission was not observed from solutions
containing concentrations of 1,2~dioxetane of 0.1 M or less.

The cyclobutane derivative dimers 72 and 73 were separated

&

from starting material by preparative TLC on silica gel USingicyclo—

Fs

hexane as solvent. The ylelds of products and the composition of

the dimer wmixtures so obtained were detérmined‘by uv spéctroscdpy
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according to the method of Cowan and Drisk0.70 The results of these
experiments are presented in Table XI.

To check the efficiency of the produét isolation procedure em-
ployed in these experiments, a solution containing weighed quantities
of the cis- and trans—-acenaphthylene dimers (cis:trans " 0.3) was
analyzed by UV spectroscopy and then subjected to the same prepara~’
tive TLC and extractlon procedure. The solution so obtalned showed
the same spectral distribution as that of the starting solution al-
though the optical density of recovered material was somewhat dimin-
ished, indicating that the Eiiﬁfﬁéﬂﬁ,ratio of products had not changed
during the procedure but ™~ 57 of material had been lost. Thé product
ylelds quoted in Table XI are corrected for th;s small loss cgémater“
ial,

Dimer-containing solutions, as extracted from the preparative
TLC plates were invariably reddish-~brown coloured indicating that
some impurities (ﬁg;gibly oxidation products of acenaththylene) were
present. To éﬂsuré that these ﬁatériais were not interfering with
the UV analysis, control experiménts wére carried out by heating
solutions containing only acenaphthylene under the same conditions
of the dioxetane thermolysis experiments. The samples were then
chromatogrameed on siiica gel plates as before. Small quantities of
brown material, having the same Rf value as that of the products 72
and 73, were extractgd from the plate after elutio; with cyclohexane;

this material showed a small absorption between 219 and 225 nm,

having an equal optical density at both points. The effect of such
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i

i

TABLE X1

Sensitized Dimerization of Acenaphthylene in Benzene at ™ 98° .

Dioxetane Concentration (M) oApp x 102 cis:trans ratio
4 0.1 2.4 0.05
4 0.1 2.3 0.15
L) 1.0 2.9 0.02
A 1.0 3.1 0.08
17 1.0 2.9 0.07
17 0.1 , 2.5 0.12
18 1.0 1.8 0.12°
18 0.1 . 1.5 0.08

Acenaphthylene concentration = 1.0 M,

o

App

= Moles of product per mole of dioxetane decomposed,
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impurities then, 1s to raise the apparent Eiffﬂfﬁﬂi.ratio of the
products obtained Iin the dioxetane thermolysis experiments.

It was unnecessary to apply a correction for these impurities
in the case of solutjons containing appreciable quantities of dimers,
such as were obtained from the thermo}}sis of solutions 1.0 M in
dioxetane. A small correction was applied, however, to the yleld
and cis:trahs ratio of products from experiments using 0.1 M diox-
egne -

A

The optical density of solutions derived from thermolysis of
solutions lohzvﬂ in dioxetane, however, was of the same order as the
blank, making yleld determinations fimppssible.

The apparent quantum yields ¢ (moles of product per mole of

App
dioxetane decomposed) of prodUé}s derived from the.thermolysis of
dioxetanes 4, lzzanh 18 are all quite low, between 1Vx 3 x ]0‘25
18 however, appears to give rise to consigtentiy lower ylelds of
photoproducts than do the other 1,2-dioxetanes studied,

The ratfo of products 72 and 73 formed during the photolysis
of acenaphthylene is highly solvent dependent. From the triplét
sensitized photolysis of acenaphthylene 1in benzene solptian, Schenck
isolated a mixture containing 85% of the trans—dimer, 73 (cis:trans
ratioQ,TO.17):.71 Analysis of the products isolated from the dioxetane
sensitized dimerization of acenaphtpylenerQTabl;%XI) indicated that,
in each case, the mixture of dimers isolafedlcontained‘> 85% of the

trans-isomer, 73. This suggests that the dimerization proceeds via

transfer of triplet energy from excited carbonyl fragments. White
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reached a similar conclusion based on experiments in which he uti-
lized the energy available from the thermolysis of trimethyl-1,2-
dioxetane to sensitize the dimerization of acenaphthylene.

An outline of the reactlions leading to the dimerization of

acenaphthylene in these experiments is shown in Scheme VII.

Scheme VI1

&

D ~— K (1)
* , 'S

K +A —— A +K (i1)
* _

A 4 A — AA (114)

x

A — A (iv)

- ~ *,
The multiplicity of the excited ketone (K ) generated by decomposi-

tion of dioxetane (D) 1s not specified.

naphthylene and acenaphthylene dimer, respectively. On the basis of

o . im0 i )
a aimilar scheme, White ? formulated an expression for the apparent

quantum yield ¢ ,
quantum ¥ App

trans-stilbene, eq. [50],

501 = i *x
[50] <I>App q>D“*K QET <I>P'hoto

where ¢ *'is the efficiency at which dioxetane cleaves to yield -

excited states, QET

(ii).and QPhoto

ysis of A. It is not possible to obtain a value for*QD;K*'from the

experiments with acenaphthylene,. since ¢Pho

not known. -
~

Y

A and AA represent ace-

for the dioxetane sensitized isomerization of

the quantum yield for the energy transfer step

is the photochemical yield for the sensitized photol-

o for acenaphthylene 1is
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White estimated a value of 0.04 for ®_ _ * for the sensitized
isomerization of trans-stilbene; it is possible that this low value

indicates that other reactions lare also occurring, Scheme VIII.

Scheme VIII ,
* *
pD+A — K +K+ A (v)
* * ,
K +D —= K #+ 2K (vi)
®
A+ K ~—= oxetane (vi1)

Reactions (v) and (vi) are photoinduced decompositions of the diox~
etaﬁe and tend to reduce the concentration of dioxetane without 1in-
creasing the number of excited states formed.

It was found (Chapter‘TII) that the rates of chemilumineSCencg
decay of degassed sol;tions Offdioxetanes containing DBA showed
marked accel%ratiqn o&er those of aerated samples. This, effect had
previously been noted by Wilson, who also observed that the chémi=;
luminescence yields from degassed samples were less than those of
aer;teq samplés.la These observations were explained by assuéingr
that triplet DBA, excitgd via engrg;rtgansfer from triplet carbonyl,
sensitizes the decompoéitionVof’dioxeténe, (v) 1in Scheme VITI. 1In
aerated samplés, however, triplet DBA is efficiently quenched by‘
dissolved oxygenl |

Reaction (vi) can also account for the initial rate accelera-
tions observedﬁfor concentrated solutions of dioxetanes, Igduced

decomposition of dioxetane by excited carbonyl fragments 1s quite

likely when high concentrations of dioxetane are present.

L8 @
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Clearly, then, for maximum chemical sensitization efficiencies,
low concentrations of dioxetane and high concentrations of acceptor
molecules are required. Unfortunately, it was found that dioxetane
concentrations of less than 0.1 M were impractical in these experi-
ments with acenaphthylene as substrate. Small amounts of impurities
formed during the fsolation ofvproducts tended to mask the spectrum
of the dimers formed when only small amounts of dimers were present.

When olefins are used as acceptor molecules another reaction,
A

-

the Paterno—Buchi reac’:tiOﬂ,ﬁl5 1s also possible (vi1) Scheme VIII.
This reaction, as it 4is normally carried out, 1s probabl; not feas~-
ible in the case of acenaphthylene a}nce it would be impossible to
photolytically excite most ketoges in theipresencerof acenaphthylene,
Ketones are excited at ™ 310 nm and acenaphthylene would absorb very
strongly at thisf;;veléngth.

Clearly, though, excited carbonyl fragments generated in situ
by decomposition of 1,2-dioxetanes are capable @frundérgoing ?hctof
c}clizétion additions to olefins. Turro has, in fagt, démonstrated
this reaction.68

Rates of intersystems crossing are relatively slow for ali-
phatic ketones so that these molec&les can undérgo reactions from
both- singlet and triplet excited states.74 In géneral, oxetane form-
atién can arise from the addition qfreither singlet or triplet ex-
cited carbonyl compounds with olefins. Ho;ever, in cases where the

triplet energy of the carbbnylvcoipound is hfgher than that of the
r.3

olefins (and this is often the case for simple aliphatic ketones),



oxetane formation Is inefticient compared to ¢nergy transfer. For 4
{
some such cases low ylelds of oxetanes are still observed, and these

products are belicved to arise from addition of carbonyl 1n the

XS

75
sinpglet exclted state, Any oxetane products arising from the ther-

molysis of 1,2-dloxetancs in the prescence of acepaphthylene, then,
would almost certalnly be formed by addition of ketone In the ex-—
cited singlet state., A search was made for products arising from

Paterno-Buchi reactions such as the oxctane 74,

of the portlon containing the dimers 7Z and 73, was extracted with
benzene and the concentrated extract analyzed by VPC, Carbowax 20M
and SE30 columns were used at various conditions for the analysis

but only acenaphthylene could be detected.

Photocyclization of 1-(2,4-Dimethylphenyl)propane~1,2~dione 75b:

The triplet sensitized reaction of l-(o-tolyl)-propane~1,2-
dione 75a is reported to proceed with a quantum yield of 0.8,76 eq.

[51]. The high quantum yield for this reaction makes 75a an attrac-—

tive choice of substrate for chemical sensitization reactions. It

was decided to carry out chemical sensitization experiments with

ﬁ“



this maferial to check the results of the experiments with ace-

naphthylene.
(51]
hv
—_—
R
75

a, R - H

b, R = CH3

Since methods for the synthesis of 75a seemed somewhat te—

i 64,77 , o , 3 ]

dicus, it was decided to prepare /5b instead since a compara-

tively simple route to this compound could readily be envisaged,

Scheme 1X. :

Scheme IX

ALC1,, CH,Cl

77
e,/ Se0
- ' <8

HZSO

ety 15

ou B

78

B R

Cl
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The presence of a p-methyl group should not affect the photochemical
properties of 75.

The selenlum‘Qioxide oxidation78 of dimethylproplophenone
proved difficult; although some of. the desired pro;uct was found (as
observed by NMR spectroscopy and by the bright yellow colour), large
amounts of starting materiay%?emained in the mixture and these could
not be separated by distillafion. -

An alternative route, via the a-oximidoketone 78, proved more .
successful. Although subsequent hydrolysis of this oxime ?roceeded
1q goqn~;1e1d, the product could easily be separated from stérting
) mate;fil by filtration. The product was purified by vacuum 41511115—
tion.

An alternative procedure for the hydrolysis of oximes using
lead tatraacetaté79 was tried, but a complex series of reactions
occurred and no identifiable products were obtained.

rBest ylelds of the dione 75b were obtained when the hydrolysis

——

of the oxime was carried out in the presence of sedium bisulphite.
Chemical sensitization experiments using Z§§-as a substrate
were carriedéﬁgt using the same techniques employed in the ace-
naphthylene experimeﬁts. Yieldsrof the cyclized;product 76b were
estimated by VPC anélysis on FFAP at 190°, using anisyl glcohoi as
an internal standard. Relative peak areas for product and standard
were measured using a planimeter. Apparent quantum yieldsvof photo-
Products dgrived from these experiments are shown in Table XII.

Using eq. [50)}, and assuming that oPho

or this syst i
to f?r‘ is system is
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o TABLE XII

Sepsitized Photocyclization of 75b in Benzene Solution

Dioxetane Concentration  Temperature Acceptor @A x 102
M) o Concentration PP
1)
4 1.7 ~ 100 0.7 6.6
17 ; ».35 ~ 95 0.7 1.1
18 0.9 A 60 0.7 0.4
4 1.0 ~ 100 1.0 13 5.1
18 1.0 A 100 1.0 0.9
,%
B H: - 74777:: )
QApp = Moles of product per mole of dioxetane dECJLpOSéda
1
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0.8; thé\;alue of 6.6 x lOA2 for tetramethyl-1,2-dioxetane 4 corre-

N |
sponds to a value of 0.08 for ¢ *, (Under the conditions of the

experiment , OET = 1.) This value, while still low, is somewhat

63 64
higher than values obtained by White and Ullman from similar- ex—
periments. Again, as observed in the acenaphthylene éxperiments,

chemical sensitization using 18 seems to lead to lower apparent

quantum yields of product.

/

Thermolysis of cis-1,6-Dimethyl-7,8-dioxabicyclo[4.2.0]octane 17:

X ,
The yilelds of photoproducts obtained in earlier experiments
ii \ ,\‘
were all fairly low, possibly because quantum yields for product

formation in these reactions depended on several steps, eq. [50].

A more direct way of deasuring;yields of excited states de-

S

rived from thermolysis of 1,2~ dioxetaneﬁ would be to design a system

in which the excited carbonyl fragments generated on thermolysis
\
could themselves undergo photochenﬂ§<1 reaction.

Excited octane—Z 7-dione 22 formed by %ecomposition of 17 1s
i
capable of undergoing Norrlish type II c}eavageQl to yield acetone

and the unsaturatéd ketone 80, Scheme X.
This type of cleavage is observed in the mass spectra of 22;

major fragments at 84 (Patéﬁ ) CO) and 58 (P-CH, :CHCH_,COCH ) How-—

2 2
ever, quantum yields for this type of cleavage {? aliphatic systehs

are usually quite small ( 0.1)_.82 Nevertheiegs it was felt that®

%

even trace amounts of acetone formed would be detectable by VPC.

Pure 17 for thermolysis experiments was purified by two

' R ' v

\



"recrystallizations from iso-pentane followed by sublimatfon; solu-
tions of this material at concentrations varying from 1.0 M to 10 ° M
In varjous solvents were degassed and sealed into plass ampoules.
Thermolysis experiments were carrfed out by jmmersing the ampoules fn
bu‘lling water for Vv 10 minutes, after which limerthc ampoules were

cooled, broken open, and the contents analyzed by VPC using FFAP and

dinonyl phthalate columns,

Scheme X : ,

HO—

closy o] ‘
) ) :
o ' ’ B - 80

The initial choice of solvent for the thermolysﬁ, carbon
tetrachloride, proved to be an unfortunate one. Degassed solutions
of 17 in CCIA darkened appreciably on héating at 100° and, on stanﬁia

ing, deposited oily droplets. The major product from the reaction,

A ) . _
1sol§ted by preparative TLC on silica gel, was found to b& l-ace

" . . . 7 .
2~-methylcyclopentene 79. %material was identified by {its

~
’
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ipectral properties and by comparison with authentic material,

This same product also arose from the direct photolysis of
witane-2,7-dione fn (I(Zl/ ~oluMon: 1t almost certalnly arises from

+
o ackd catalyzed condensatfon of 27 brought about by traces of HCI
) 4
4

ormed by photolysis of solveat,

Numerous solutfons of 17 o various hydrocarbon solvents waore

irepared and subjected to thermolysis under the usual conditions;

wwetver, careful analysis of the solutions after reaction falled o

‘eveal the presepce of acetone, VPO traces of the solutions some-

dmes shovwed two to thrée small peaks but no peaks larger than

/3000 the arca of the peak due te

!

22 were obsearved.

—

-~
<

Samples of purified Eg were subjectad thermolysis exparimapts

nder the same conditions as were used for the thermolysis of 17, VPC

mnalysls of these solutions usually showed small pealgg at retention
Y / P

thermolysis of
7 indficating that, probably, these¢ poaks were due to impurities,

Direct phét@lysi% experiments were also carried out on 22 by

hotolyzing solutions of the diketond in cyclohexane for varyifg

=y

eriods rof time. VPC anaiysis of the resulting mixtures indicated
he prfsence of Ccmpléx mixtures; qwall amounts pfgacetone Could?
oweve;, beﬁdetected. | 3 g :: / *
Iﬁ{yould”appear then, that Nofrish type 11 ciEavagé is not a
ajor photgchemical reaction Of'OCtane~2,7—dione. Since little ié
nown about the photocéemistry of 22 Verﬂaé% dioxetane §Z_wauid be a

etter choice for the purposes of observing direct;photochémistry

” 5
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from exclted carbonyl trapments, eq. [52].

Jo -Gt

[57]

82 . 31
o |
The quantum yleld for tormation of 4-peantenal ﬁ,] from photolysis
- . o R + 6 )
of eyclopentanone at 313 om Is 0.37. Turro has utilized this system

Lo carry oult i'xi"'(inmn('*t,ry cAperiments.,

A

co Qx:mn tum

Fffects of ??llxérj‘ﬁﬁ}rr Concentration 5jiii(i}1émil\xmiﬁﬁr'
~

Reactions leading to fluorescence from a solution containing

dioxctane and fluorescar are represented by Scheme XI,
Scheme XTI J
D (1)
Ko4A —fe A K (14)
xRy
. K = K (111) ;
* k[, -
A —— A (1v) :
a K , = : v
A  —F—= A+ hv (v) Chemiluminescence

A mechanism suth,as Scheme XI leads to the expression outlined in eq.

1531, . ; 2 o

1139
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[ 93] 1 B 1 ' k'i 1
& B ¢ 7 k [ '
X)(‘h f 24 (Al

where ‘I‘r {5 the (luorescence eof ficiency of A, and (I)(:h {5 the chemi-
luminescence guantum yield,  Since the chemiluminesconee Intensity
R is prnpu‘rlinnnl 1o the quantum yleld, a plot ot 1/R versas the
reciprocal [luorescer concentration should be a stralght line.

The chemiluminescence Intensity was measured from solutlons of
dioxetane contalning various comcentratfons of [luorescer,  Tables
X1IT and X1V show the results of light emlssion measurements [rom
solutions of tetramethyl-1,2-dioxetane 4 {n the presence of DPA and
DBA, respectively,

Samples for these studies were prepared using technlques previ-
ously described In the kinetics section (Chapter 111), Cell tempera-
, .
tures wore adjusted so that the rate of decomposition of dioxetane

s very slow and an cssentially constant flux of photons was obtaln~

dioxetane 4 in the presence of DBA and DPA.

A
The plot of 1/Rté1 versus 1/[A] forx DBA is lipear in the range

~4 2 , : )
10 to 10 2,M_flu0réscer indicating that the fluorescence of DBA

. . 14 , .
urs via excltation by one species of excited state.” The mark-

_—

o]
4]

C

o]

edly enhanced light intensity from solutions Containing DBA over

those containing DPA is indicative'that excitation is occurring via
o ) , . 14,67
~energy transfer from triplet carbonyl.

#
=

The slope of the DPA plot is approximately the same as that of
- ,‘ a il , ~4
DBA in the range 10 = - 2 x 10

\ :

M fluorescer indicating that, in



TABLE X111

Chemiluminescence Yields from Tetramethyl-1,2-dioxetane i

Added Fluorescer: DPA Dioxetane Concentration: 0,011 M
Temperature: 45° Solvent: Toluene
Fluorescer Concentration [A] 1 ‘ Reading 1/R
(M) {A] (R)
~4 ) .
10 10,000 0.45 2.2
2 x 107 5,000 0.5 2.0
107" 1,000 - 1 0.91
2 x 1077 500 2.65 0.38
5 x 1077 200 3.8 0.26
8 x 1077 125 5.85 0.17
1074 100 6.75 0.15
2 x 1072 50 9.1 0.11

6 x 1072 *' 17 5.5 0.20
0.1 7 10 2.5 0.4

141
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TABLE XIV

Chemiluminescence Yields from Tetramethyl-1,2-dioxetane 4

Added Fluorescer: DBA Dioxetane Concentration: 0.011 M
Temperature: 45° Solvent: Toluene
Fluorescer Concentration [A] 1 Reading 1L/R
(M) (A} (R)
.
1074 10,000 8.3 0.12
107> 1,000 , 60 0.017
2 x 107> 500 " 945 0.011
5 x 107> 200 130 0.0077
8 x 107> 125 137 0.0073
1072 100 138 0.00725
5 x 1072 ) 20 . 104 0.014
1074° < 10,000 8.5 0.12
107 1,000 78 * 0.013 |
T ~ S

a ~ sample degassed

N
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this concentration range, excitation 1s occurring via energy transfer
from the same excited species, namely triplet carbonyl.

However, at higher concentrations of DPA, 2 10_3 M, a change
in the slope 1s observed implying that a different species of ex-
cited state, singlet carbonyl, 1is beilng intercepted. Since DPA 1s
very inefficient at converting triplet energy to singlet, at these
concentrations the majority of the fluorescence from this material
occurs via excltation by singlet carbonyl. These results contrast
with those of WilsonlA who observed no change in slope of a similar
1ight intensity plot from solutions containing Eig}diethoiy—l,Zﬁ
dioxetane 10 in the presence of DPA. It was inferred that, even at

"a fluorescer concentration of 0.1 M, excitation of DPA occurred
solely via energy transfer from triplet formate,

These results are, however, open to some huestién since concen—
tration quenching (self quenching) severely reduces the‘ light inten-
%1ty ffém solutions containing high (> 1(‘_)’=2 M) concentrations of DBA
or DPA }see inset in Figure 8)., This effect can be Gbsetved visually;

solutions of DPA at concentrations below 16*2 M appear bluish and have

a definite fluorescent appeéarance. At higher concentrations the sol~ '

utions appear yellow and lack this fluorescent appearance.

Thus, readings taken by Wilson at 0.1 M fluorescer concentration
have 1ittie significaﬁce. Additionally, no readings were taken at low
coﬁcentrations of DPA. Hence, there 1is insufficient data to infer
that the plot of reciprocal light intensity against reciprocal fluo—

rescer concentration shows no change in slope.
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Quantum Yields: :

Estimates of the chemiluminescence quantum yields from solutions

of 1,2-dioxetanes were made by comparing the intensity of emitted

light, R, with that of a luminol light standard. 1, the number of
i 85

photons emfitted per ml per second was calculated from eq. [54],

RL

{541 1 -
J.R'dt .

where R 1is the spectrofluorometer reading for the dioxetane sample,
R’ the reading forx the light standard, and L the pumber of photons
emitted per ml from the light stand;rd. One ml of luminol solution
having an optical density of 1.0 at the absorption maximum of 360 nm
is reported to emit 9.75 % 0.7 x 101A phOtons.86
Figure 9 shows a typiéal plot of light intensity versus time
- for a 10 ml sample of the light standard, using the Same cell as was
, used for the chemiluminescence measurements with 1,2-dioxetanes,
The value of ffR'dt (the average of: four such plots) was 12462(arbii
ttraryiunits). 7
The ﬁumber of photons emitted per molecule Qch is given byyéq-

[55], where kd is the first-order rate constant for decomposition of

(55] ¢ = S

k, (0] x 6.023 x 1023 : o

.dioxetane and [D] the concentration of dioxetane in one ml of solution.

Chemiluminescence intensities of solutions containing 1,2-

dioxetane and fluorescer are shown in Table XV. Two factors tend to

‘

145
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Figure 9. Emission from Luminol Light Standard
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reduce the fluorescence intensity of these samples; 1, quenching of
fluorescence by dioxetane and; 11, quenching of fluorescer by dis-

solved oxygen. It has been shown that 1,2-dioxetanes quench the

8 14
fluorescence of molecules such as biacetyl 7 and DPA, however, at N

the low concentration of dioxetane used during these experiments,

‘ 4
this quenching effect is quite small (< 101).1

Quenching of fluorescence by dissolved oxygen 18 more fmportant,

especially when the fluorescer molecule is DPA. Wilson has demon- )
A

strated that the fluorescence of an aerated solution containing DPA
A _ . . A V-
is ™~ 20Z weaker than that of a degassed sample, Oxygen does not
effectively quench fluorescence from solutions containing DBA because
the lifetime of the singlet éxcitéd state of this compound 1s much
X e : e noa 13
shorter than that of DPA.

Table XV also shows the number of photons emitted per molecule,
Qch’ from four 1,2-~dioxetanes in the presence of fluorescers, 7The
values of ¢ %ﬁfor solurions containing DPA include a correction for

c : .

the effects of quenching by dissolved oxygen.

Qch for a solution containing dioxetane and fluorescer is given
by eq. [56].

(56] 6. = & 20 @

Extrapolation of the plot representing the quenching of singlet
excited acetone by DPA in Figure 8 should lead to a value for the
quantum yield of singlet excited acetone from 4. Thus, ¢D+K* be-

comes ¢ At infinite concentration of DPA all excited singlet

D+lk-
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states are quenched and so ¢EL = ]. The corrected fluorescence

reading, R, at this point is 15.0.
Substitution of this value into eq. [54] leads to:

] N ' 14 )
_ 15 x 0_0121%2%;12_5_10 - 1.77 x 10"} photons o1t s

¢ At 45°, k, [P} x 6.023 x 1022 16 1.41 x 107> x 0.0108 x 107> x

23 ~1

6.023 x 1077, 1.e. 9.17 x 1013 moleculea ml-1 s ', and therefore, ¢

ch

1.93 x 10_3 photons moleculeﬁl, Substitution of this value into the

modified eq. [56) leads to QD*IK = 1.93 x 10?3 since Qf for DPA 1s ~
1.0.73

A value for the quantum yleld of triplet excited acetone from 4
may be estimated by extrapolation of the plot rqpresen7ing quenching
of triplet excited acetone by DPA in Figure 8. The quantum yleld of

chemiluminescence, under these conditions, is given by eq. IS?]E

¢

(57] :¢ NOL ¥

ch © QT—*‘S
R

where QT*S is the efficiency at which transfer of energy from triplet

‘excited acetone leads to singlet excited DPA. An estimate of this
y ~4 14 | > : oo '
efficiency 1s ™~ 10 . At'an infinite concentration of DPA, the

corrected value of ¢ . 1s 9.3 x 10—5 photons moleculeﬁl. - This leads

ch

to a Vglue,for QD*SK of 0.93.
These results are in good agreement with those of Turrb,68 who
estimated the yields of singlet excited acetone and triplet excited

'acetone formed on thermolysis of é at 0.3%Z and 50%, respectively. *

-1

The quantum yield for’fﬂszormation,éf triplet ‘acetone can also

149
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be calculated from the light emission measurements using DBA as

fluorescer. 7The chemiluminescence quantum yield from a solution of .
-2 ‘ -3 ~1

4 containing 10 © M DBA s 22.3 x 10 photons molecule ~.

Substfitution of this value Into eq. [57] leads to:

22,3 x 107>

. - -
b= R ®rs ¥

¢

- 88 ,
®f for DBA ar 20° 1s 0.1; however, it is probable that the fluor-

escence efficlency of this compound has a‘nEgative temperature co-
efficient similar to that of 9,10-dichloroanthracene (DCIA).89 The

\\ corrected value for ¢f at 45° 1s 0.065.1" According to Vassil'ev's

( figures,67 the rate constant for energy transfer from a triplet.

.
carbonyl to singlet DBA is v 3 x 108 Efl s—l, i.e. about 100 times
slower than the allowed, diffusion—controlled triplet~triplet trans-
, i L -2 14 ,

fer. 7This suggests that the value of ¢T+S is ~ 10 7, however,

iy i =
3

substitution of this value; in ggi [57] leads to a value of n 30 for
¢D*3Ki Since the maximum of excited states that can be generated
from decomposition of a 1,2~dioxetane molecule is one, this value is
clearly impossible. - 7
, o 90 o ~ :
More recent experiments indicate that the value for °T+S’ ob-

tained from Vassil'ev's data, is too low and that the correct value

for this quantum yield is 0.3. Substitution of this value into eq.

[57] leads to a value of 1.06 for QD*gK; this 1s a much more reason-
"able result and 1s in good ag}eement with results obtained by other
68 Lo

workers. ' !

»

. ' ) ' # '
From calculations based on Vassil'ev's figures, Wilson concluded
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that thermolysis of cls—-diethoxy~l,2-dioxetane 10 led to a quantita-
- -

/
-
e

tive yield of triplet excited formate.lé Howevex{  {f 1t 1s assumed

that the correct value for ¢ is 0.3, Wilson's experimental results

TS

lead to a value of .03 for ¢ in the case of dioxetane 19:

D3k

This value 1s more reasonable since it is 1n agreement with her
- e

quantum yield of chemiluminescence from solutions of lgscontaining
DPA (see Table XVI); furthermore, this value is also in agreement with

~
-

: 66 ,
observations by White, who demonstrated that the chemiluminescence

quantum yfeld from 10 was much smaller than that from trimethyl-1,2~
dioxetane 2.

Plots of 1/R yeréusrll[A], similar to those s?awn in Figure 8,
for soiutiéns ofilg containing DBA and DPA (Figure 10),’enable-0D+1g
and ¢D*3K to be calculated for this compound. The extragp%ated 7 R
values of R for the plots representing quenching of singlet and trip-
let ketone are 1,12 éhd 0.34, réspectivai} (both values corrected
for the effect of quenching by dissolved oxygen). These values lead
: S S -2 |

d 9 . and 8.8 . pect— L

and & 5, of 2.9 x 10 iAin 8.8 x 10 K respec

-
J

to values for ¢D*1K
ively.
E These results do show cohvincinélf that decomposition of 18
leads ‘to a lower yield of excited states than does decompositgon of

4. The yield of triplet ketone formed by decomposition of 18 {s iess
than one tenth of that derived by thermolysis of 4. This lower yieid
of excited states could perhaps be explained onrche‘basis of "eximer"

formation as outlined in Scheme VI. Decomposition of 18 could yield

a very tight "intramolecular eximer" {n which two carbonyl fragments

s



S Y e bds

Ly

{ Exolted Carbonyl

TABLE

A

XVI

Fragmoents

, .
Thermolysis ot 1, 2-Dioxetanes

f rom

7 PA.. - 0.39 ‘
2 . oA i - 7 | 0,457
4. DPA 1,93 , 0.93
4 v DBA - 1,06
17 DPA 0.9
17 DBA I\ A 0,748
18 DPA | 0,03 0.088
18 DBA - 0,065
10 DPA . 0.03

[
[

‘alculated:

d

rom the

a value of 0,3 for
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‘pound. Even at infinite concentration of DPA, where all excited i

.
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~

are held together by the framework of the molecule. Energy transfer
from such a complex may be less efficle#t than from an‘isélaied ex-—
cited ketone.

However, plots of 1/R Xfﬁfgé I/rA] for solutions of 18 with

DBA and DPA show the same sort of behaviour)as was observed for

tetramethyl-1,2-~dioxetane 4, Figure 10 Shol'\plots for solution of

18 and 4 in the presence of both DPA and DBA. The close similarity

of the behaviour of 18 and 4 suggests that similar excited states are

being intercepted by fluorescer in both cases, _Eximer. ermation,

then, cannot account for the low yiéld'of;excited states generatedzar‘
on thermolysis of 18,
L P . , “ o

The slopes of both th? DBA and DPA plots in the case of
b ’ ) A
/ \

teeper than the éarresponding plots derived from thermolysis

m‘ .

factor of two to three in Telative slo ope for both fluorescers.

.

The slopes of the plots in Figure 10 represent k /k (Scheme

. / . .
II1). Since the plots derived from decomposition of 18 are steeper
¥y h
!

than the cofrESpaning ploté for 4, this suggests that excited states

generated by thermolysis of 18 have shorter lifetimes than the co ;

responding excited states Lf acetone and, hence less will be inter~

cepted by added fluore8cef. This would, of course, reduce the chemi-

luminescence yield from 1§) but this factor alone 1s insufficient to |

account for the ektrémelf'low chemiluminesce?fe yield for this com-
-

singlets are quenched, the extrapoiated yield of photons is still »

only 0.03 x 10“3 pﬂotﬁns per molecule.
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‘Figure 10. Effect of Fldorescer qucentration [A] on the Relative
1/R Intensity of’Chemilumi&eégence from 1,2-Dioxetanes.
~ a0 O
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The ylelds of excited Lrlpleﬁ and excited singlet carbonyl
f ragments generated du;lng thermolysis of 2 and 17 were also esti-
mated. These values, togeﬁher with the results for 4, 18 and 10,
are shown in Table XVl. It was assumed, for the purposes of these
calculations, that thermolysis of 17 and 18 led to excited state;
having equal lifetimes; a similar assumption was made concerning

the lifetime of excited states generated by themmolysis of 2 and

A
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CONCLUSTONS

The results of the chemi}uminescence éxperiment§ confirm earlier
68 3 )
sugges tions that cleavage of 1,2-dioxetanes leads directly to trip-
let excited carbonyl fragments. The results listed in Table XV1 in-
dicate that thermolysis of A4 and 17 lead to similar ylelds of ex-

cited state products; somewhat lower ylelds of excited state products

are generated during thermolysis of 2 and 18. In particular, the

yield of singlet exeited ketone derived from 18 appears to be exceed-
¢ L

ingly small.

71 3 | § 3 LAl
Turro9” has proposed what he terms a "diabatic pericyclic

mechanism~for the decomposition of 1,2-dioxetanes, in order to explain

&
e

the high ylelds of triplet excited states formed during thermolysis ¢
* these matér;alsﬁ This mechanism may loosely be described as a “con
éértédﬁ ?echaﬁisma However, if it is &CCEPtéd;fhaf tfi?fét excited
ketone can add, parhaps'by a two-step mechanism, to an olefin (the
Paterno-Buchi reaction) yielding an oxetane; then there seems no
reason why the reverse reactién, yielding triplet ketone, should pot
occur in the case of 1,2-dioxetanes. There is some evidence for a
two-step biradical mechanism in the thermal décoqposition of 1,2~ .
dioxetanes, (see Chapter III). | , et -t
The driving force for formation of triplet excited products
copld be the lower energy” of these excited states tompared with the ;
corresponding singlet states. The energy of the iqwest triplet state
of acetone, for: example, is Vv 76 kcal mcle—i comﬁﬁred with ~ 84 kcal
molf;1 for the lowesé singlet state.6

(VP\
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The energy avaflable from the decomposition of 1,2-dioxetanes
(AHA) appears to influence th ylelds of excited states formed. The
available epergy 1s made up of the enthalpy change during the reaction
(AH:) plus the energy of activation EA’ Figure 7. The energles avail~
able from the decomposition of Z and 4 have been calculated using
group additivity methods similar to those described earller.6 A
similar approach enables values for the energy avallable from decom-
position of 17 and 18 to be calculated. For example, the energy

available from thermolysis of 18 is:

1°(24) - AH°(18) - E.
An (24) 1 (18) - E,

AH; for 18 has already been calculated at ~33 kecal ﬁﬁlé;lﬁ

AH;(Zﬁ? - BIC(H)Z(C)Z] + 2{@(0)(@)2] + ring correction

The ring correction value for cyclodecane is not listed in Bepson's,
tables but ring corrections have the same value as the ring strain
energy for ring sizes from six to nine, = A reasonable value for the
ring correction for cyclodecane, then, is +13 keal méléﬁl. However,
the ring strain in cyclodecane-]1,6-dione 24 is_probably less than’
this, sfﬁ%e the .presence of two Spf centres r transannular
CH interactionsi60 Space~filling models show qhat; a1§h0ugh 24 1s
quite a "crowded" molecule, it is certainly less crowded than cyclo-
decane itéelf. ~Studies by Turner92 on the heats oﬁ‘hydrog?nation of
<

cyclic alkynes indicate that cyclodecene, a compound with fwo adjacent

i sp2 centres, is less strained than{cyclodecane.

e

( - -



The value of 13 kcal is therefore a maximum value for the ring
strain of gﬁ; the actual value must lie somewhere between O and 13.

4
The minfmum value for the heat of formation, then, 1s glven by:

BIS(24) = B(~4.95) + 2(=31.5) + 13 = ~89.6 kcal moTe

The minimum value fom[AHA from thermolysis offfﬁ is therefore
-89.6 + 33,0 ~ 22,9 = ~79.6 kcal moleﬁl. The available energy must
clearly be greater than this, since this value is insufficlent to
allow formation of singlet exclited states, and singlet excited ‘states
are observed during thermolysis of 18.

Table XVII lists values for the energies available from the
thermolysis of 1,2-dloxetanes,. The results listed in Tables XVI and
XVII indicate that there is a relationship between théravailable

energy and the yield of excited states generated by thermolysis of

Further support for this relationship is found 1n results ob-

tained from the photolysis of 1,2-dioxetanes, 7The direct photolysis

of 4 1s reported to proceed with a quantum yield of 1.0.39 It was

found that the yield of singlet acetone formed during photolysis was
bm;ch higher than that formed from the thérmolysis.r Furthermore, the
yield sf singlet excited acetone was found to increase as the energy
of thé excitation light was Increased; excitation of 4 with 366 nm
light resuited in a 107 ;ield of singlet acetone whereas exc;tation.
at 240 nm led to.a 35% yield of singlet excited product. In other

words, the yield of singlet acetone was influencgby the amount of



TABLE XVI1

Available Energy from Themmolysis of 1,2-Dloxetanes

]H‘]H
joo NN e
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energy supplied to the system.

1,2-Dioxetanes as Light Standards:

The calibration of photocubéé in Instruments such as speclro~
fluorometers 1s usually a tedious procedure-86 Litquid light standards
(sé%@ndary standards) provide the most convenlent method for this
ca%‘%ratipn since these standards duplicate the geometry of the cells
,or cuvettes used for experimental determinations. However, the two
types of 1iqgid light standard available suffer from many disadvan—
tages. The luminol light standard described earlier 1is particularly
difficult to usé; Although the light output from this system is
quite high, the emission 1s of very brief duration (see Figure 9) and
considerable dexterity 1s necessary to obtain reproducible light

The radioactive light standard described by Hastiﬁg593 gives an
essentlially constant flux of photons but such standards necessarily
have very low intensities. The light emission from such standards
is, in fact, too low to be of use in the calibration of less sensitive
ins truments.

A solution of dioxetane cofitaining a fluorescer may provide an
atfractive alternative secondary light standard. The number of
,photons emitted from a solution of ﬁ‘cpntaining a known concentration
of DBA ngld be d;términed by absolute methods.86 This solution
would then be an extremely con?enieﬂt secondary light standard.

Solutions of 1,2-dioxetanes emit an essentially constant, flux
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of photons at moderate temperatures (25 -~ 45°) and the intensity of
Ehis emlssion is much higher than that of the radiocactive 1light stan-
dards. Solutions contalning 1,2-dioxetanes may be stored at —-10° for
months without‘appreclablc deterioration, however, deterioration does
not affect the usefulness of the stajiard. In practice, ft would
merely be néneasary to esllmate the concentration of dloxetane in the
standard émi?t&d and the temperature of the instrument. The number

-1 -1 . .
of photons emitted ml ! 8 from the standard could then be calculated.
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EXPERIMENTAL

M.C.B. spectroprade toluene, Fisher spectroprade cyclohexane
ad benzone were used without {furthey purltfication, DBA was uned as
supplicd by Aldrich Chemical Co.; DPA was }<indly'nupplit:d by Dr. K.
R. Kopecky and was recrystallbizned from toluene before Vtuﬁ(‘.

Acenaphthy lene 71z

Acenaphthy lepne reccived from /\Cirifh was dark In colour, m.p.
It was flrst recrystallized from ethanol with decolourizn-
ing charcoal, A solution of Tf"f’f‘yfiti’]ii,it’*(iirﬂﬁfi(‘fii}] (13 ¢) in hot

cthanol (400 ml) was slowly added to a solution of pleric acid (24 g)

in boiling ethanol (1,000 ml)., The mixture was hﬁ?tﬁd on a stceam

derivative that precipitated were filtered off and révf?stﬁllized

= 3

from ethanol, The yield of pure derivative was 25 g (78%). Crystal;

i

of the plcrate derivative were decomposed by stirring with dilute
ammonia solution; 6Eérbright yellow hydrocarbon which w#as filtered

off was washed repeatedly with dilute NH3 solution until the washings
were colourless. Finéily,:thé hydrocarbon obtained -in this way was

recrystallized fﬁd;'ét anol to yleld 8.9 g (707Z) of yellow crystals,
AR : !

m.p. 91 ~ 52°, reported m.p. 92 - 93° .71

Pt

Acenaphthylene p}ﬁ;rs 72 and 73:

] AN

Aisolution of acenaphthxlene, purified via recrystallizatiom

P : Al
.
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of the picerate, (8 g), In cyclohexane (200 ml) was photolyzed tor 77

hours usioy a 200 W medium pressare mercury bamp equipped with a Pyrex
-

glass {ilter fn an fmmersion well apparatus,  After 72 hours the

photolysis was by no means complete; nevertheless, the solution was

removed from the photelysis vessel which was then rinsed twice with

boiling benzene. The solutlon plus washlngs were/evaporated to dry-

ness and the resfdue was washed twice with hot cyelohexane (o remove
)

unreacted acenaphthylene yielding ~ 4 g of mixed dimcrs. ifd:’ir;r)im(’*f
was obtained by bolling the residue with cyclobexanc; the solution

5 decanted from the residue and allowed to fﬁﬁ\; The crystals

-

which deposited from this solution were filtered off, dissolved in

benzene, and a saturated solution of pleric acid in benzene was added.

crystallized from benzene, and decomposed
the usual fashion.  The hyéf@ﬁﬂfbﬂﬁ s0 obtained vas recrystallized
from cyclohexane (using activated charcoal) to yield white prisms of
th 'sfdimér, m.p. 231 - 232Ji Pure trans-isomer was obtained by

repfatedly extracting a portion of mixed dimers with hot cyclohexane;

the residue after extraction was tecrystallized several times from

benzene solution to yield fine white needles of trans-dimer, m.p.
320 ~ 321°. | o o
¥ . * :

/ Samples of 72 and 73 for UV analysis were prepared in the

fashion of énalytical samples. All glassware was washed with concen-

trated sulphuric acid, rinsed thoroughly with distilled water, dried



in an oven and cooled In a vacuum dessicator.  Classware uscd for

weiphing was thereafter handled only with clean tongs, =

L2719 5 22¢ . /

cids-Dimer /22 ¢ = Lobha x 107, T 7.7 X l()’; reported
219 ) 5225 / '
L7 %107, P70 2 660 x 10%. 0

L9 4H 725 5

trans-Dimer 73z € = 7.5 x 10 , ¢ = 1.72 x 107 reported
209 . 4 225 ] 5 70
€ - 7.38 x 10", 77 = 1,19 x 10,/

Dj oxetane Sensitized Dimerizatt on of A("'i-nnfih}ihyil Cne

Pure, crystalllne samples of 4 and 17 were used in these ox-

periments; samples of 18 usad contalned 5 - 107 impurity (chiefly the

dione 24) and were estimated for dioxetane contedt immédiﬁtﬁly belore

use . Samples for the sensitization expariments were prepared ij dts~

solving mppropriate quantities of dioxetanc and acenaphthylene 1in

benzene, One ml samples of solutions contalining 0,1 M dioxetane werc

prefared; samples contalning concentrations of dioxctane of 0.1 M

and lOﬁz M were made up to 10 ml. Blank samples were pfépﬂféd by

rr@p%iaté quantities of acenaplithylene in benzene; both

(oW
jon
4]
<]
&
b
iy
ja
3
(]
jae]

one ml and 10 ml samples were prepared.

The solutions were transferred to scrupulously cleaned pyrex
ampoules #hd were degassed by six freeze-thaw cycles at Su. The
sealed ampoufés were then heated at 95 - 100° in a water bath for 15
minutes to allow ccmplété thermolysis of the 1,2-dioxetanes. Fmission
of a bright yellow light was observed during the thermolysis of sol~
utions containing concentrations of dioxetane v 1.0 M.

The ampoules were then allowed to stand at v 8° for several days
L ]

b
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unt il the majority of the products 72 and 773 had precipitated.  The
precipltated dimers were fllte red of f and washed with fee cold pen-
tane to remove all traces of acenaphthylene
. .
The filtrate was applicd 1o 4 silica pol preparative TLC plu??ée

which was eluted In the dargk using cyclohexane,  Two such elutions

were usually required to separate nrmmphthﬁenr— {from the dimers

formed which were visualized under UV light as a purple line close

to the bottom of the plate,
S1lica gel contalning absafibed product was carc{ully scraped
from the plate, transferred to a somhlet thimble and ‘extracted for

efght hours with boliling benzene, The extract was evaporated to dry-
ness, then cyclohexane (10 ml)«was added and the mixture agaln evap-

~orated, This procedure was rﬁpéitﬁd thf?égfiﬁéﬁ to remove all traces
;b of benzene from the extract. The §§§id0é§ so obtailned wer; extracted
repcatedly with boiling CyCthéXﬂﬂ;Q‘ éﬁmbfnédrextracts weré;filtered
and, aggir cooling, Wefé;éém%;ﬂéd with the precipitated dimers and
made up to 100 ml. These solut ®ns were then diluted to gtve solu-

tions suitable for analysis by UV spectroscopy-

The optical denéity of the blank (10 ml) sample, A219’0.297,
225 N ] i ,
A 0.293, was of the same order as those samples prepared from

s

] , .. =2 : ~ .
solutions containing 10 ° M dioxetane. For example, the optical den-

sity of a saﬁple prepared from a solution containing 10ﬂ2 M 4 was;
AZl9 0;32, A22570.34. For this reason, data from solutions contain-

~2 , - .
ing 10 © M dioxetane was not included in the results. The blank

. _ -
absorbance was subtracted from the absorbance of samples prepared for

16



I N
solut fonn containiyy O M dioxetane; correct {ong were unhecessary

)

{9 samples propared from solations containing 10 M dfoxetane. A

» -

A}
corrcetion was added to the optical denslty of all samples, howvever,
to allow tor the Toss of sample (0Z) il\l;il)}:lQV()f}KAi\’?a .
- ;
A typleal sample was aoalyzed an Tollows:
. i S , 7 \
Sample 1320 001 M Ay nample size, 10 ml,
. o . ;};}r) ;) l(’ .
bBiluted 1ox 950 ml .o~ A .67, A 0,024
\ o , .
After :ilrxbl racting blank n 294 219 7
corrcction ) O. b, = A 0.61, A 0.46H
@ffﬂr ﬂdd?ﬁﬁ fﬁrfﬁﬁtiﬁﬁ " 275 219 4
for matorial loss” K.Deo= A7 0,646, A Q.49
EY g 'a‘

’

T ) . Iy
This compound was preparced by mﬁdifyigﬂ the fHrocodure of

L T L o -9 S ; =
Nightingale and Carton.’.’ . \

68 £). wan dadded alowly, vith stirring,

46 g) In mothylene
e : ) 7

obtaihed was decanted from

the' small amount of residue and was added dropwile to an ice cold,

&

o]
)
——
]
]

red solution of m-xylene (60 g) in methy lene chloride (100 "ml) .
: - ’ : b N /
PAfter addition was completé the solution was heated under roflux for

A furthér 60 minutes and then poured slowly inte dce water (500 ml).
» , ) ; L : :/ i ' ) T ' B
rganic layer was washed sevaral times with dilute sodium *

i 4

W

L

MgéO- and the solvent’ removed evggl
i | . -
Distillatioh of “the residueg yielded

A

A 3

. : \. L1 .
yydgbxide solution and;thén with waters. The ofgaﬂiclayg;\zas dried .’

166
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{

g
, 3O mm,

oil, bLLp. 1127, 10 g reported bop. 1ze

The NMER spectrum (ChCL 5) showed absorptions at 17,043 (d, )

B oHe, L), TA96 (L, 21y, 7.4 (quartet, J = 7 Hz, j“): 17.01 (=,

WL 7.7 (5 3, and U884 (triplet, J o= 7 Hz, BH).

r
t

Sodendum Dioxide Oxidation of ]7:

0

Selenous acld (7}(} wan dissolved in ddoxane (12 ml) stirped

at 50 - 557, 28 (2.725 g) was added and the mixture was stirred at

reflux temperature for four hours. Most of the selenium was then

{{ltered of f and the solvent removed by distillacion, Discillation

i

of the residue yielded a mixture of product' containing starting
material and other selenium contalnipg compounds,

The NMR spectrum of the product showad absorptions at T8, BA

{(triplet) and 17,14 " (quartet) lndicating the presence of starting 1

, 95, S o
in the literature.,” " To a 500 ml, three necked flask fitted with

,3‘_\ #

stirrer, and reflq.xgcér'rc:iﬁr'\se:{v}as added a 'solution of 77 (32,4 g) in

w ‘l; R - . ' 5
dry ether (159 ml) . . Dry HCL 'ga‘s was passed into the stirred solution

while freshly distilled iso-amyl nitrite (24 g) was added from a tap

funnel at such a rate that the ether refluxeg,-gently. ~ Addition was

oy 1

complete after four hours; the solution was stirred for a further 30

P 3h

. : : i !
minutes{and then allowed to stand overnight. The -ether layer was

; I - . 7
.then extracted with 10% NaOH solution (5 x 30 ml) and:the ‘comb ined
4 S - '

L ,
S VT
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extracts were poured fnto a mixture of concent rated HCL (40 ml) and
fee (60 ). The crude yellow material was peckystallized (tolucne)
to yleld 30.7 p of white cryatals (8772), m.p. 104 - 1057,

The MMR o spectpun ((ZZI)(II,,’) showed absorptions at 1.3 (1)2() oxr——‘

chanpeable) , 12,7 - 3.1 £dr the aromat e protons, 17.67 (w), 17.72

() and 17.9 () for the methyl proups.

jod

The mass spectrum shaved a parent peak at 191 and major poenk:
ey
Al 174, 133 and 105 corresponding Lo Lo o ON, (fll,}C:N(’)li and (7“71(“

NOH:CO, respactively,

Calculated Tor Cl?“leO%: c 69,09, 0 6,85, F 75?3j found ,

C 69,31, B 6,96, N 7.49, '

l;izjgfﬁimﬁthyiﬁh?ﬂYL?Dféﬁéﬁﬁgljzgﬂiéﬁ% 75b; :

Hydrolysis of the oxime 78 was attempted using a procedure de-

- ”~ . : i

L 6 .. . i - . o
soribed in the literature, Dimethyl~iso-nitrosoproplophenone /8

2

?

(25 g) was added to 10% H,SOA (250 g) contained in a one litre flask
| i v . .

arranged .for steam dfstillation. Distillation was continued until
the residue was clear and colourless. The Hisiillate;(apprﬁximatély

four litres) was saturated with, NaCl and extracted with ethHer until
the extracts were colourless. The combined extracts were driedipver

‘ MgSOA and éolyent was removed.

] 5

,HHTh% bright yellow oil so obtained deposited white crystals -

#

-
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¢
which were tound to be unchanped 78, These wore filtered of f oand the
ﬂnuw ofl redtstdl led (op. 85 - 89" at 0.2 wm) . The yield was very
low (3.5 1) |
The product, a bripght yellow ofl, solidificd at =107
The NMR .‘ilp(*("( rum (CLC] 5')' :ihqul an AB nystem o at 12042 () ~ 7 liz)
andd 120750 half of this system was partially obscured by the other
aromat fe )'irnlﬁn at 12,86, he methy l absorptlons appeared at 17,47, /j—‘;"-'

17 ,7 51 and_17.64,

Masa spectrum showed a parenl peak at 176 and major peaks at

133 and 105 correpponding to loss of CileO and . LH)U) CO, respoctively,

¥

Roaction of

A procedure has been rﬁrﬁrtud for the hydrolysis of oximes’ _
using the above reagent; it was decided to investigate this reaction

uaing the compound 78,

etic acid (15 ml) was added to a

r"J\

778 (3.6 g) dissolved 1n a
stirred suspension of' lead tetraacetate (2 g) in acetic acid (15 ml)

at 70% » No nitrogen was evolved, the colour st adily darkened and no.

identifiable products could be ‘obtained on work up.

React{éﬂ ©of 78 with Sodium Bisulphite:

» -

,eSodium bisulphite’ (16 g) was added to a solgtian of 78 (i.9 g)

dissolved in 50% aquequs ethanol (25 ml) and thd mlxture was heated
under reflux for two hours. At this time Only a trace of,the}start*

.ing material 78 could be detected by TLG.on silica gel.  The ethanol .

was distilled off and the residue diluteazwich water (25 ml); HC1
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(507 was then added 1o decompose the excess bisalphtte reapent and
the solut fon was extracted with methylene chloride (3 x 10 ml)y. After
removal of solvent, the product 75 was redisoll led woder vacaum, The

yield of 7?‘) was 1 op (H97).

%r—dilm h y 1 indd ‘m,],”n‘ 7()1)'

7Hy«llnxy

Usdng the pr’rwmlurvﬁnf l’&irilm;; and llilrnvf,77 a solutton of 75b
(0.% g) in hexans (500 ml) was (rradiated In a one ltre flask.  The
solation was stirred magnatically under an atmosphore of nltrogen
and irradiation, carried out using a G.E. "Sunlamp”, was continuad
until the yellow colour of the flli')ﬁé hai{:j‘idc’d, Solvepnt was removed

at the rotary avaporator to yicld a yklluw o1l which deposi éd wh\ifL

crystals when allowed to stand at -=107 for scveral days, The m.p.
i . s !

Ui
~
o
o]
fera
“"1_\
jor
|
’JJ\

howed a pa rent peak at 176 and a major fragment at 158 .

(PFH:ZO). For. ( "o O calculated ¢ 75.0, H 6;827; fﬁuﬁdr, C 74.98,

11 12 ’ ;
H 6.84.. i ' - L : C,
; - % : . \ .
‘Energy Transfer Experiments Using 75b: : o
The procedure used was the same as th%t employed in the ace~ -
° naphthylenepstudies; A dixture of 0.06 g of 75b and O,I‘g of 2

ith dr7 bem:ene the

~

(freshlydsublimed) was made up to ca. 0.5

,

wwwé, .



pomple was depassed by three treeze-thaw cycles ot 5 and sealed.

buring the hb-acing at 987 4 precn fluorescenee was obnerved, presan

ably corresponding to emilssfon from Che dlket one,
The yield of product (70b) wasn ont fmat e by VIPC on FEFAP at
e D)

1907 wsing antsy)l aleobol as dnternal standard,  The fostroament wa

callbravted by injecting mixtures of 76b and anlsyl aleobol ar known

coneentratlons,  Peak arcas wore measiured us lng a pluglnwturx

Abermolysis of 17 fo CCL @ )
L. f A
O ) i (

A sample of pure, resublimed 17 (0.0312 ) dissdlved 1o cer,
: ; Vo S [}
(0.5 ml) was d%gaﬁﬁﬁk by . four freeze~thaw cycles at 54 and sealed

le . The ampoule was then’

inta a acrupulously ¢l

placed 1n bolling water for 15 minutes; during this heating, parlod

- "

the sample was observed to darkep slightly, The Aample was

i po

3

posited oily droplets. Analysis of this solution by VPC (FFAP 50

110%) revealed that no

plates eluted with ether/Sképly B 1:10) showed that a new compgund

with a higher Re value tfian diketone 22, hﬂdibeéﬁ‘fﬁrm?d.

The experiment was repeated using a larger sample of

g) in CClé (1*ml); the redction product was isolated by pN
H ‘ N

[
o

TL
yellow oil, showed specéral characteristics identicél to thost of
1=a;etyl~2;methyléyclopengane,Azg. The semicarbazone derivative o

<

i
7

e "
o« 'ﬁh—%‘l i

n silica gel U§ing\éthér/3kéllth as eluent. The bfoduét,‘a‘

-

3

»

£

i ]
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.. o
this compound was preparced, mop, 2207 some decompostition at 2147
mixed mop. with a sampla of semicarbazone {rom authent f¢ 777‘)7, 218 -
»
2207, some décompesttion at 21957,
A blank cxperiment was carcied out by heating a sample OfF Ji-
ketone 22 (0.2 p) dn one ml of (i(;l/’ (ziample depgassed as before) at
1007, No darkefing of the solution occurred and no new products
could be detected by TLC. ‘ /f
A pample of 22 (0,01 5) in (1(311’ (1 ml) was xki ;f'*dr?:unl sealed
Inte a quartg ﬁmpoul;ﬁ The ampoule was Irradiated Uﬁfng a 200 W
medium prossure mercury lamp; after only 1% minutes ;%( solution had ,
darkencd 1i ecolour and a dark brown %1ﬁﬁfuivn£ precipitate was ob-
sarved. Fxnminatia@ of the mixture by TLC as before §hUWﬁd the
[ )
prosence 7f[i new gﬁgﬁﬁ%ﬁﬁ"gi?h Rf value the same as tﬁ{t of 79,
B - - 5 ' 7: i
ohagne 22 (0.5 g) was stirred at 60 - 70° for 40 minutes in

% - :

acetle acid (25 ml) containing one ml of concentrated sulphuric acid. ,
The mixture was then poured into ice water (100 ml); the mixture was

- (U L ) .
neutralized with sodium bicarbonate and extracted several times with ) :

.methylene chloride, A yellow nil,»téntaining crystals of unreacted

22, vas obfained after d%yin% the sample over MgS0, and evaporative "

v , . i IR N
removal of solvent. 'The unsaturated ketone .79 wadppurified by column /
Chramatography'on silica gel using Skelly B/ethyl’acetaté iOrl as

[N . : N .r *
eluent. . ; . ‘ s , "
The NMR spectrum (CDCIB)‘showed absorptions at 17.75 (s),:;
.- -~ . ; R 2 - .

Y
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17.85 (poorly resolved doublet) and broad absorptions at 17.1 - 7.7

and 18.0 8.5. The UV spectrum (( ) showed )\ 245 nm, € v 1450
ax

97

in good agreement with the assigned structure. The sémicarbazone

6 JZ

of this material was prepared and recrystallized from methanol, m.p.

o o 8
218 - 2217; reported m.p. 221 .9

-

Thermolysia Df 17 in Hydrogarborjr Solvents:

— — — — - -~

Samples of 17 for Lhﬁae ejperimcnta were recrystallized twice
from iso-pentane prior te use//Soluticms of }l were sealed into
glass ampoules after degaiyfgg by three freeze-thaw cycles at Sda *
Usually aiblank expéri?fgt was run at the sameé time, substituting
pure Oécana;1,7%iioné 22 for the dloxetane, e

Samples were heated at *~ 100° for 15 minutes and then analyzed
“??'T N s ! .
n FFAP column using a variety of condftions. No acetone

(v
&
3
o]
&
=
o7}

could be detected, and the only peak observed was found to be that of

diketone 22,

Phctolysis of Occane=l 7~ dione 22 v i -

Pure, resublimed 22 (0.15 g) was dissolved in spectrograde

,cyclohexane (1 ml) and the solution was sealed into an ampoule after

degassing by the usuai techniques.r

_and ahotolyzed for periods of time from two - 72 hours- After c@- 12

I VR Y \ -

w

hours secondary phdtolysis appeared to occur extensively, but a falrly
.‘ ? i L

clean mixture yas obtained after five hours TLC analysis of this A

mixture on silica gel revealed ghat mogt &f the st rting mﬁterial was

I
-




unchanged. VPC analysis of this mixture on FFAP revealed that a
small amount of acetone had been formed. This was confirmed by mixed

injection techniques using a varlety of column conditions.

Chemiluminescence Quantum Yiclds: ; «
Measurements were made using the same 10 cm cell with fused
outer jacket described in the kinetics sectitn. Samples were pre-
pared by adding toluene solutions Cﬁﬂtﬂiﬂiﬂg:l,?:d10XCtaﬂéS (1 ml)
o solutions of the fluorescer in tcluéne (10 ml). The solutions
;éré mixed thoroughly and poured into the cell. The ((rﬁ was placed

&” maximum of 450

iy,
o

€

o]

b
T,
2]

4]

o

o]

in the {instrument and readings at the flu

nm were taken, using 60 nm slitwidth,

[+]

t one minute intervals until,
10 minutes had expired.

iy
‘Calib?atiﬁﬂ ’ectﬁéfluoromet er:

Luminol (0 18 g) pféparéd by the method of ?iéséf,fiivéﬁ

dissolved’ in DMSO (dried over Call) and the solution made up to 10 ml,

One ml of this solution was dissolved in 100 ml of dry DMSO to pre-
pare a 10 4 M bolutionr Thé optical density of this solution at 350
nm was 0,725, %wo ml. of this solution was dilutédrto 100 ml .and

this soluﬁion:(O.D;, 0.015) was uéed imﬁediately;for the calibration

. ; oL : Lo
experiments.' 10 ml of this solution and one ml of a saturated solu—

tion of" potassium— ~butoxide in>t~buty1 alcohol were simultaneously
A\

] 7injected through a septum into the cell of, & gctrofluo;;ometer. 3

A plot of the .light intensity reading - at the emission max {mum 484

. . \
nm86 verdus time was made; in this way the total light emitted was

174
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recorded. This experiment was repeated several times and an average

value for the integrated light? output was obtalned.

Values obtained for the total integrated light output, as
measured by a planimeter, were 6.2, 6.6, 6.0 and 5.8 square Inches;

17y
where one square inch IZ 200 relative unirts.
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