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.i : In ond;' ut’o‘ws t’u‘d'y m“ig.rrq tion d? the hydroperpx.vﬁﬁcupi"1""". ‘,
92313~'if{;f;‘ bo'tntqggenfghf B-halohydnoperOxides witnupnzf. the halo-' S ad
;}¥3'i;epyi;;fiﬁydTODQrDX1des ‘of isopropylvdenecyclopentane. Lﬁ. were S e
prepared‘ J (l-rBromo- -methylethyl)cycl%entyl hydroperqq o 5 e

e oxide. 11. fhe 1odo compbund 15' and.a mixturd of 1 (1-waij“;u§,
- chloro hmethylethy“l)cycIopentw hydro.perox-fde, 14, and e

R

Q“%er /;"”’ 1 (1 hydropéroxyol-methyIEthyl)!yclopenty] chloride 28,

T . e
¢ -

e g Were: comerte e their cr stanine -nftrobenzo te o .
uﬂ”‘F7_*Rgf; N B Y a ? 'mﬁ’ S

335;..’yl.‘gpe.esters. Treatmentjpf either the ﬁ‘ha‘°h¥dr099roxides or’ i
PR S = A

T

"*-,:5;2 their penesters with base gave two ally]Jc hydroper0x1des, S
- BE (NEthy]vinyl)cmmlonexyl hydroperoxide' 13;;@&3&15{Jf’

o, ‘ '*T _ . . ’ )
;( 7“ hydroperoxy methﬁﬁethyl)cyc10pentehe, 12 with the a11ylic“- Rf':
f%,j';A?“ "hydrbgppuxtde containing the.migrated hydrOpéhoxy group. o ST
BT AT | ; *“_1r”:
’..hi,‘ R & being fnrmed 1n at least 70% y1eld The peruct ratvb
\ -".\ . ‘ L

iv:<r?;}»nd5;:‘12/T§ was hardly affected by the halogen leaving group.‘ a*

' f'This hydroperoxy migr&tion can be explained exc]usiveTy S .
*%;”F#:f o by ¥ perepOxide lntermed\ate.’“ tee I B : }':\;"-'.dﬂé/f
wéQvf%sf&#}§§~ «rThe*same"t+??f1C hyd?cneroxfdes‘“Tz aqﬂ,13’ ‘were pro-;fli;/;?iﬁ
:;i" ﬁ‘-;i‘ duced by reaction of.. 15 w1th sing?et oxygen and tripheny]-;-)(;y'"':
: R phosphlte ozonide but a perepox1de 1ntermed1ate is not 'd}Z . f
'.f PR involved in these react10ns SR possib]e mechan;sM for:ﬁ;ﬂ?).d'w“. ;
*f ~ l" the reactlon of ;rlphenylphosph1te oxonlde w1th olefnwﬁs Av\# 5,'}5
. i: is discussed N R e o N ﬁ? o 4. ‘“._ ! ¥

o 1(5) BI%yclo[3 3. 0]octene. 58, 1(7)- b1cyclo[5 % 01

decene, 66 aqd 1(83 bicyc]oLS 4, 0]dodecene, 74 w:;e. . .:@{
s g . g




{?‘, prep&red and 58 and 66 were converted to tricyclic dioxe-'
\
“tanes, 9 lO dioxa[a 3. 2]prbpellane, 48, and 1,12- dioxa-_ <

[5 Q;ZJpropellane. 49, respectigely, by treatment of the

\
‘ iodohydroperoxides of 58 andxss nitn silver acetate No 0

halohydroperoxide orlﬂioxetane of 74 ‘could be prepared.
Tne activation ene>gies for the thermplySis of 48 and 49; .
were 24 5 and 29 8 kcal’ mole” ', respectively, and thesingler
and triplet excited state yields of gg and; 49- were 0. 0066
and 0. osi& and 0 0012 and 0. 125 respectively

2he tnree known tricyclic. dioxetanes, 48, 49 and

q

: n 12 dioxa[4 4 2]pnopellane. 42, ani show different.

energy partdtioning betWeen triplet and singiet statq

""_'produﬁs produced/themoiysis, o170 beding 3115, 13
- and- 104 for 42 48 and’ 49.respeqtiVe}y It was not pos-

.sible to determine if this effect was due to strain in’

”iithe theriolysis products but this beh&wiour of' tricyclic

digxetanes must be explained by . any mechanism purporting

P

to explain dioxetane thermolysws and chemiluminescence

.o m,.. o I o .:n ac i
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_ \
What is the mechanism of the reaction of tetrasqbstie

tuted B-halohydropéroxides With base? van de Sande (1,3)
found that the hydroperoxy group of B- bromohydroperox1des

migrates 1h the presence of base.- Hns results qre-shown

in eqq [2]. - , '
: ‘ R L
€0, Br Ic03, ?OH S00/¢0300 )
[2] ¢p CH, + CD CH, ———2 o~
‘3 3 T L T
00H  CH, Br  CH,§ . ,
1 2
L, 2 |
- Dy cH < D
SN it I 3 2
o, < +CH, <
O0H CH, OH " Cog
3 ¢ =
1/2 = 0.63 : 3/4 = 2.2 :

Kopecky and van delSande (1,3) proposed several possible
mechanisms.fo? the formatidn of rearranged product .in eq.- .
[2]. One of these mechanisms involved a dipxetane ihter-iﬁgf
mediate but this was dismissed'(3) when it qu observed.'
that tetramethgldioxetane was stable under the'eliminatibn'
reaction’Eonditions (5). A second mechanism fnvolved a
fragmentat1on of the halohydroperox1de to an olefin and
singlet oxygen whxch then recombined to form the a]]y]1c
h;droperoxides. .Eviq§nce'against this mechanism was:

also preseﬁted (3). Kopecky'and.van de Sande alss con-

sidered the possibility that a pair of rapfd]y intercon-
fs]
» 4

- °, A
. i .
' .
B - .
. : -



. 3.

vert1ng zwwtterions as shGWn below could account for the

g:oq\\; T . . ?9 - O///09‘ .
| /\c<~4>c -

8<‘

‘hydroperoly grpup'migration This mechanlsm was ruled out

since there should b ch a d1fference in the stab1l1t1es

4

of the zwitterions obtained on treatment of 3~bromo-3-methyl;
2;(4-methoxyphenyl)2-buty1 hydroperoxide with base that only
~the atlylic hydroperoxides from the. zwitterion with the:

s . , .
benzylic carbonium ion wqu]d be expected as the product.

However, hoth pdssib]e é]1ijc hydroberoxides are obtdined
and so Kopecky and vén de‘Sandé (3) concluded that'migration

of the hydroperoxy group on treatment of B- haPohydroperox1des
w1t~ase was best explained by format1on of a perepox1ce

1ntermed1ate and conversioni of th1s perepoxide to the :allylic

hydroperoxides without the involvement of a zwitterion.

-

Kopeck{\?nd 'van de Sande (1 3) also showed that no
dwrect ellm]nétlon‘was occurring when a mixture of 1 and
2 was treated with base simce the ratio of 1 to 2 he- ‘ ’ig
| mained econstant over the course of the reaction. %Ihis | '
would not occur if direct elimination was involved §1nce
the 1sotope effect would causeo] to react fastér than 2

n order to- obta1n‘more 1nformat10n about the exist-

ance of: gerepox1de 1ntermed1&te in these rcactlons,

L ,
Scott (2) studied the reactions of the halohydroperoxides -

£
1



A
P

A R 4.
. ) ”
339, and 7 w1th base.»eq o
(31 .ff\_LOQH
‘ <X ,00H

/I
5,7 X = C}
. . 6, X = Br
7, X =1 . )

Scott found that the rat1o of 8/9 was' about 15 no
matter which halogen was- used Not surpr151ngly the re-
ieact1on of base w1th the p- n1trobenzoate éx{er of 5 gave
the ‘Same resu]t. The~rat1o.ﬁ/9 = 15 means that the pro-
duct mlxture was 94% 8 and on]y 6%”97 Howeve;dthe act
that 9 was present at al] 1mpl1ed that m1grat1on off the
hydroperoxy group had taken place Thas was attrlbuted

(2) to a perepox1de 1ntermed1ate

L ~Br L R
- - Jcoon -

| ' - 10

-~

Baldhin and Lever (6) a]so'studied the reaction of 6
\ -~ \
with base. They reportedly prepared two different mix-

tures of 6 and 1ts jsomer 10 and treated these m1xtures
with base. From n.m.r. measurements they found that the
_ratio of 8/9 was the same as the .ratio of starting materials

T

-



N

6/10 and concluded that no. migration of the hydropéroxy -

~ v~

group had taken place .'~~

oxides or separated them, neither d1d he isolate pr

pur1fy the resu]tant a]lylic hydroperoxides Scott'used"

pore. §1ngle 1somers 1n his exper1ments Scott (2) a]so(
; _ found nQ, trace of 10 1n his preparation of -6 wh11e Baldwin

RNRLd

0
‘-remnted that under cond1t1ons-51m11ar to those-of Scott

~ » - he obﬁnned about 20% 10. Baldw1n s (6) conc]usfons do
. not agree w1th’those of Scott (2) or w1th those presented o

4

in th1s chapter which conf1rm and expand the resu]ts of

-

Scott

Pre]1m1nary resu]ts of Scott (2) showed that 1n the
\reactwon of the B- bromohydroperox1de of 1sopropy11dene-

cyclopentane, 11, with base eq [4], the ratlo of'lz to

-~ -~

13 was much closer to one and would therefore provide -

¢

\bette; ev1dencefor mlgrat1on a”% a perepox1de 1ntermed1-

ate than cou dsbe obta1ned 1n the analogous 1sopropy1-
- L % \ :

~jdenecyclohexane serles,d PR L o _ e
[4] 1] ) ' . b . . . _ . -

' 2 ' ase . » s o ,
e Br — T OOH S
e - OOH - : . R .

- 1 | 12 /
N \ -~ Y/

<
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w;ﬂ_mu_wT-ht—s-—c—hapt—ef——then——deah—mtn a study of the B halo-‘

-!:.

hydroperox1des of isopropylidenecyclopentane 14 11 ‘

and their reactions with baJL _ o o . ] :
, - Y~Br.: |
A 00H q
\ 11 \

'.for‘comparison purpoqes, the.12/l3‘ratios for the rejiv. v

'.action of 16 with s1nglet oxygen (v1a photosen51t1zed
oxygenat1on)qand w1th tr1phenylphosph1te ozonide were

» - \

! . B v

V

"also measured. <
. The question of the ex1stance of a perepdxide has

‘been 1nvest1gated maln]y in connectwon witw the mechan1sm'

'oi photosensrt1zed oxygeoetton of o]efwns Sharp (7)

;and Kopecky and Re1ch (8) proposed that the perepox1de .

was.an 1ntermed1ate in the reaction betﬁ\eq\s1nglet oxy- "

N
gen and aR 'olefin t01y1eJA ally]xc-hydroperoxjdeeiio.'[5].

o . : 0 . S o

!

Kearns (9) provwded ev1dence for the ex1stance of a.
" perepoxide i thlS react1on by supposed]y trapp1ng it
," with-azide io to form an az1dohydroperox1de However

Foote (10) showed that the amount of azidohydroperox1de

. v . o X . ..
. - . B s . " ' .
- . . . - o
. . ) . - . \
3 f - . . . -
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produced depends on the‘sensitizer used“ond'also’that the-

t
- »

. : su]t

azido,compound tould be formed in a free radical reaction
.Foote concluded that there was no common 1ntermed{ate 1n
‘the product1on of -the alIylic hydroperoxides and the azido-\
1hydroperox1des Gol]nick (11) has a1s0\presented evidence
\tham the az1dohydroperox1des were formed in a free radica]

react1on.~ Kearns (12) later found bds1ca11y the same re-

I

_ Kbpeckyﬁand van de Sande (3) ‘had proposed that ‘the |
‘- : :
: a11y11c hydroperox1des produced in the reaction of B halo-

;hydroperox1des with base Were formed g ‘a perepox1de inv:'

o : | - ) .

1fand 4 was s1gn1f1cant1y d1fferent from the same rat1o from
\
the ha]ohydroperox1de react1on, eq [2] Th1s 1ed to the

conc]us1on that a common 1ntermed1ate was not 1nvolved in

the two react1ons and s\nce a perepoxide‘was 1mp11cated in

N the ha]ohydropérox1de react1on it could not be the 1nter-'

: medlate in the photoox1dat1on Thxs result was conf1rmed

., by Scott s (2) study on,Isopropylndenetytlohexene,.lg, B

- - . . . R -

’ . ! o T ) -
LT .. A ‘ -

. [ - (‘ . .
- ' = . '

*p
"2

termed1ate,' However‘?hey found that in the photosensitized

’;if R L oiygenation oﬁ.17,,¢he.rat$%.of allylrc hydroperoxides g,a‘,7'

-
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‘.,wwhere he ;howed that Migferenj’prlhuct A@@ios wefe

K

J

.]abﬁdﬁgst authors, for examp1e (]3 ]6’ s the

apparently disprovén, the mechanism commonl

obtained éwbm the’ﬁhbtookida‘gon and ? -h lbhy&rOperoxide'
elimination re?ctions ,The 8/9 ratios are ﬁs for: the -

e11minat10nwreaction and 9 IA for the.. pho ooxygenation

)

4
Nith the existance of, the perepoxide

+*

termediate
&ccepted
oneerted
mechan1sm 1nvo1v1nq a &.%ente#ed transitton 3 ate due

{

, \
to N1ckoh'(lz,18), eq. [6]. , L /

'Howeweh;}the bropdsa] that 4 perepexide'invefmédiate

;was 1nvoTved in Phﬂtoox1dat1on react1ons did not die. In

1973 Schaap and Faler, (19) obta1ned some adamanty11dene-:

H

\adamantane epox1de, 20, in the photosens1t1zed oxygena-?

ttnn of adamanty]1deneadamant£ﬂe, 19, the maépr produet'Q4

ﬁaﬁhe react1on betng thé d10xetane, 21, eq. [7].

v
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Schaap (19): also found that t- butyl acetate was :
‘ ™ A% ,
formed in this/ reactlonyand he’ attrlbuted ‘the format1on
. of this: and 20 to the reductlon of a perepox1de in a. -

Baeyer V1lliger type rqéction, eq [8]

T : . g ! ‘ ’. ,)'
Vel \) - SRR

——— 3 20+ t-BuAc oy
~~ *. )

g
3 . . R |
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However, Jefford and Boschung_(zol_repeated Schaap-s. —

°

- butyl acetate

exper1ment and found fhat the yield of epoxide was de-
pendent on the senSItlzer and fUrthermore no t- butyl s
acetate could be detected Jefford (10) also showed

\ .
‘that rad1ca1§ were fnvolved lnethe format1on of 20 since

'}w1th rose bengal as sens1t1zer-the photox1dation gave ' !

mainly 20 as the product, but when the' radical trap d1-

N T butyl éf(resol was added, only the d1oxetane Z], was

formed . o | o ‘

‘As additionaluevidence, Jefford and Boschung (21»
shoued tqatphotooxidation ofnorbotnene‘u;ing“methylené»'
,blue gave.verf/1owlyfe1d§ of dioxetane and eBoxide. How- .
never;photooxygenation in pinacalone did ‘not increase the

yield of epoxlde or result in the, production of any t-
i

. . ' 1
S1miiarly,8art1ett and Ho (22) photooxygenated 7, 7 -

‘b1norborny]1dene in a_var1ety of solvents andrus1ng

A : o , :
several sen51t1;ers they obtained varying amounts of
epoxide'and dioxetane However,s1nce more epox1de was

produced in benzene than in pxnacolone they concluded

~that a Baeyer V1llxger process as. out11ned 1n eq. [8}

.djd not occur.

‘o .‘ T )}

‘/Y;:I‘ CH3

H

22

-~ o
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In the photooxygenatton of 22 ﬂStepheneon k23)‘coh4
pared tHE’deuJerium/hydrogen ratio to the R/S ratio in
-the prgduct ;}iy1ic hydroperoxfdes. ,Using acetone as
the solvent the two ratios were equal but in methano]
they were ngt.' They attributed this difference‘to a
.perepoxide intermedﬁate beiné 1nteﬁcepted oy a molecule
of solvent methanol in an assisted B- e11minat1on and
showed that this mechanxsm could exp]awn the difference
in the D/H ;and N/S ratios. 0n~the other‘hand.‘thé‘gon-
fcerted mechanism for alTy}ic hydroperoxide formation‘
was shown to always result in equal m/H'and'&/S‘ratfos.’
Note that Stephenson”s work does ot provide direct
ev1dence for a perepoxvde but it-was proposed s1nce it
'~prov1des the s1mp1est explanat1on of the resu]ts ﬂ!h
Dewar and co-workers (24 25/ and Inagak1 and: Fukui

I.
(26) have shown us1ng theoret1ca1 ca]cu]atIOns that a

-
perepox1de llke 1nte éd1ate would not be unexpected in

photosens1t1zed oxygenat1on Dewar (24) in fact, goes

so far as to say that, in the case of photooxidation of

|

K

o]efins not carrying electrOn-withdraang sUbstitpents, o

both a11y11c hydroperox1des ﬁnd dioxetanes are formed .
fronm the perepox1de. As exper1menta1 ev1dence for his

: thebretita] angu::nts, Dewar relies heavily on the work
goEbSchaap‘(19) on. 19 discussed'eaflie}wand'later,shown'

to be incorrect (20). It should also be noted that,

i
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Dewar s calculations deal only with simple olefins. ethyl- .,
. ene and propylene. which -are difficult to photooxygenate ‘

" In fact, the structure‘og the olefin may 1nfluencé“the

. calculations and the expénfments'conslderably.

1 . . :
PDewar's (24) attempt to discount the conclusion 6?

. A

Kopecky and van de Sande (3) that: only a perepoxide was

_involved in the reaction between the bromohydroperoxide

o .
the mechanism proposed by Dewar involves a direct elimina-

of tetramethylethylene and base appears tll-foundegrslnce-

tionlalready ruled out by Kopecky and van de Sandef/s
discussed earl1%; ' ! |
Several other reports .of perepoxide 1ntermediates
have been[made in the ﬁ\tenature (27-29) but these are
based mainly on speculation. R _ ' .
Baldw1n (30 3l) and Kondo (32) have reported com- ks
pounds that have stf'%tures which are analogous to that
%f 'the perepoxide and s0 provide p#ecedent for cons1dera-\\
tion of the‘perepoxide as an intermediate Episulphoxides
.w(30 32) and azwr1d1ne N ox1des, when surtably subst1tuteﬁ

react on heat1ng to g1ve products which are analogous

to allnl1c hydroperoxtdes. For example 23 gives 24 and
4 : - e - . | L
Y ) /l\ ' . /0 l . OH."
5—0 s N 2 e
N Il N 9\>*< —=N L
I, . OH | , .j><:

‘~3§g . 24 N 26 ©
y , . a : c.»'
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Triphenyl phosphtte ozonide?33)is khown .to decompo;e
| to triphenyl phosphite andstnglet oxygen at -20°C (34, 35).
na However, at -70°C olefins react with tripheny1 phosphfte
ozonide to form aﬂ1y11c hydroperoxides without the inter-
vention of singlet oxygen as a reagent (35). N
' Using the same arguments for concluding that photo-
~ oxidation did not tnvolve a perepoxide. Kopecky and van
de Sande (3) shdwed°that ‘reaction pf 17 with triphenyl
phosphite ozonide at.-70°C did not 1nvolve a perepoxide e :JV
esince this ireaction’ gave d’fferent results than the re-
action of 1 and 2 with base. Similarly Scott (2) found
'tnat when 18 was treated with tripnenyl phosphﬁte ozonide
~ | at -7Q°C the produced ratio 8}9 was different than tbat
obtained when 6 was. treated wi;h base. (from tkiphenyl
: ‘phosphite ozonwde 8/9 = 0, from nalohydroperoxide elimina~-"
' -tion 8/9.= 15), and he concluded that no . perepoxide was .
| .{ ;1nvolved 1n the triphenyl phosphtte ozon1d¢ reaction
| It appears that nelther a perepoxide nor a singlet
oxygen reaction can explain the reaction between tri—

phenyl phosphvte ozonide andolefiﬁs below -40°C

i
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tsfparation of lapprodgl1denecyclopentane. 16:

19, X -
0%

14
—

[
4

o - = | B
T »gf& The olefin was synthesized 1n 29% yield following
a the method of Scott (2) 8s outffned 1n eQ {9]
9T . | . G
| [ T et o A . o
| MgBr . :
' 1 VK o - Ny [ .
L Ry ™ — 2N e
o o 2) NHG - EtOH-
, ’ / A ' e " ¥ R : .
RS ‘ ' ‘ . A B SR
) ‘ : , ) 27 , . . . %6 4' : » :
. v -~ ‘ ) \ - . - !
. The structures of 27 and 16 were confirmed by com-
“parison with pubnshed dita (; 37) ‘ o
"Preparation Of,the'B-Halohydrdperoxides’ of } g, : ’.J;”
The B halohydrOperoxides of iSOpropylﬁdenecyCIOpent-
ane. 16, w;re all prepared 1n basicelly the same way
= !
using the method otﬁyan de Sﬂnds.il), eq.. [10]
.o ﬂ’ '-'l‘
/ oy | |
16 L
28, »=C1..
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A'Iqthough eq [10] shows: that two possible producta, c{uld

u formed in edch- case, only when X . '3 were ooth pro- o

¢ 13

|

The" bromohydropeﬁoxide. m, vns purified by low‘ftemT
perature ‘drystﬂ‘lization from isopentane tq yield - white
sol1d, mp. -5°C to +10°C, itk a purity of 99 2% as dete(-

mined by 1odometr1c titration. . .

. ”
The ch!orohydroperoxide mixture N $ 28 could not

. bé& purified by either low temperature crysta“‘lization oi‘t

. repeated. low tenperdture column chromtograp@y Swples ‘

from chromatography were at byst only 93% pure’ by ﬁdo-
metrfc titration This problem with chloro”ﬁydropyox-:’

e
1des of olefins appears genecal. many produt! bging &

»{s

formed, In this as well‘as other (39) cases and the com-&

plex mixt‘ires of similar Compounds (dichlorides. etc. *

aref difficult to separate.. In the" chlorohydroperoxidez
/

&

the 14/28 ratiorprove impossible since the mikture was.

not pure P . B 7' \

15 exploded vw.!emtty when uolafuﬂvpu&e and wlvent- _
Mee' 00 NOT remove the. 5o£uent §rom pune matettal' 14

y

and 11. appear to be monre- Atable ‘than 15 but Ahouzd be ™

c0n64dened pateuttal explosives.

~
hd . P

“% . |

) . . : ) .
@
. -

mixture 14 predomjidss but morewrate estimation of

4

ducts actu&lly 'obtﬂhed[ = S v“

.".l”

&

B ot
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. The‘iodohydroperoxide 15 was purified by lou tem-
perature chromategraphy to yield a material that was
98% pure by iodometric t1trat1on Removal: of all sol-
vent at -20°C under vacuum resulted in an oil which
exp]odeq when warmed up. Only a few milligrams iM% a
disposable pipette detonated with a very loud report,

and total disintegration of the pipette.

Structura] assignments of the'B-haJohydrdperoxides
were made on the basis of their n.m.r. spectra. ‘The
pos1t10ns of the gem-dimethy! signal in the spectra of
14, 28, 11\nﬁr1s allowed their structure to be. deter-
m1ned by analogy with compounds prepared by van de Sande

v

(1) and Filby (5 37) shown below.

'QOH - O0H o OOH _ :
) Cl | Br '/. 1

8.60 B.38 8.55 8.19 8.55  8.00 |
n 0 33

o
C e

The galues shown are the chemical shifts in 1 of‘the
SIQnals of the gem-dimethyl groups directly above.

’ﬂi The~bromohydroperoxide of 1§_showeq.a ggm-dimethyT

| absorption at 1 8.12 in the n.m.r. specgrum-and so by
analogy with 32 was ageigned structure 11. Similarly,
the iodohydroperoxide was assjgned structure 15 due to its
gem-dimethy]l signalyat 17.94. fhe‘ch]orohydroperoxide

. <
showed gem-dimethyl absorptions at T 8.33 and t 8.54 and
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,and uas thus assumed to be a mixture of 15 and ggﬁ

The validity of this method of structure assignment

‘based on“the positions of the gem-dimethyl absorptions

in the n.m.r. spectra was proven by Scott (2) using 6

.@e assrgned ‘the® structure of 6 using the n.m.r. method

Just outlined and then confirmed the structura] assign-

ment;1ndependently as shown below ,eq. {]l].
»

[11] - |
OOH \LOH ' : OH

—Br (Q-C4H9)SHH
—_—

34 35

-~

Scott obtained 7= as a product as shown 1n eq. [11]

‘ and 35 could only have been formed if the start1ng

mater1a1 was 6 not 10. Th1s chemical sequence confirms
the structure of the bromohydroperox1de as B‘ in agree-
ment with the structure ass1gned on the bas1s of the

n.m.r. spectrum. |

PrepaYat1on of the p- Nltrobenzoa e Esters of- 11 14, 28
~ —

®

and ]5 K

oo o

Although the bromoHydroperoxide, ]1, proved easy

enough to purify and handle, the chlorohydroperoxide

mixturellﬂ + 28 could not be purlf)ed and the iodohydro- -

peroxidej'ls, was too dangerous to use in its pure state

0



v f . - 18.

It was known that 1,4-diazabicyclo{2.2.2]octane kDABCO)
forms a complex with hydroperox1des (40) and th1s ‘method
had been used in the pur1f1cation of halohydroperox1des
of ethyl1dinecyclohexane (41). However,no complex of
14+ 28 or 15 with DABCO could be isolated. ‘However,it
now appears that a DABCO complex of 14 + 28 has been

isolated by . Kopec&y (39), but it has not been characterﬂ

!
i

ized

Scott had Prepared a p- n1trobenzoate of 5 and found
that the resu]ts from reaction of base with the perester
were the same as the results obtained with the under1va-
tized chlorohydroperox1de so the Q-n1trobenzoate
festersvof 11 14 + 28 and 15 were prepared by the route
normally used for a]coho]s (42) and the peresters were
all pur1f1ed by low temperature chromatography and by B

recrysta]11zation.. The peresters corresponding to 11,

14 +:28 and 15.are 38, 36 + 37 and 39, respectively,

cl O 0-0-C—CgH,END,
0-0-C— CgH, N0, Cl
! L4 \

T ST
Br. ’ 1
= — ( P
0-0-C—CgH,ENO, 0-0~C—cH,EN0;

O : O -

38 L

FaN
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' parent compounds and by m1croana1ysis

.esters to be on]y slwght]y react1ve towards 1odide

's1gna1s _ ' ! .'

- ' P'. 3‘"" ‘ ' . ‘ .‘ |
N . v
" . o , v 19

+

The structures of the peresters were all confirmed by the

simi]ar1ty of - thelr n. h r. spectra w1th those of their )

The " pemmters could not be ana]yzed 1n the normal

._fashvon by 1odometr1c t1trat1on since they reacted only

- very slow]y w1th potass1um iodide solut1on ‘This fact

¥ 1o’

,1s in' 11ne w1th the work of Ma1r (43) who also’ found perJ

,

The n m.r. spectrum off: the chloroperester ~n1xture

36 + 37 was clear enough that the 36/37 rat1o could be

-~ ~ o
i~

estimated. as. 3/1 us1ng the 1ntegrat1ons of the gem- dTmethyl

LW

’.
v‘a

n1trobenzoates wwth Base

o

~ o~ ~ o
a

In1t1a1]y the- 12/13 ratios were obta1ned by treating

the substrate_ll,.gg,lgg + 37 or 39 with one:eouivalent of

base in methano},and then exthacting the“aliylic‘hydror '

ot

:perox1des fol1ow1ng the procedure offScott (2) However,

.y

‘since th1s method d1d not perm1t 1solat1on of quant1tat1ve

'.y1e1ds of ]2 and ]3 the n.m.r. spectra] method descrlbed

in the experimental section was used. The react1on‘is'

-soutlined;in eq. [TZ]. ‘, —_—

'React1ons of -the B Ha]ohydroperox1des and - Ha]operoxy g-~-v-:



. | - \'.
[12] ‘
00H. | NaOH CD OOHH‘ //C
or W | ‘ o+ ‘Q/Q!-J,_;/
- - 00CCgH, No2 BT T o
o' | | 12 ys

le‘and 13 mustebe . the only products formed in %%

[12] since ,as. can be seen 1n Tab]e I, the y1e1d of . 12 +~

!

113 .as measured by n m.r. usvng an 1nterna] standard can
account for a]] the halohydroperox1de used as, start1ng
~material.., This conc]us1on is :also in agreement w1th
W_Scott (2),. F11by (38) and van de Sande (l) all of whom.
.have shown that treatmeht of B halohydroperox1des upth
' .base gives quantaf1ve yLe]ds of al]yllc hydrOpEPOXIdES

" The ]2/13 rat%os were determlned by amp]1f1cat1on

- ~ o~

fof\the olefinlc red1on of the n.m. r. spectrum and com-

par1son of the 1ntegra1s for the" o]ef1n1c s1gnals of JZ»

and 13 lg shpwed a tr1plet at T 4.40 and 13 a complex
‘mu1t1p1et at 1t 5.10. These ass1gnments were made by ;

ana]ogy wnth 8 and 9 wh1ch had olef1n1c absorpt1ons at

LT 4. 35 and 1 5. 05 respect1ve1y (2) Alsp cyclopentene

*

has its olef1n1c absprption'ac T 4.40c(44);',The results

are presented in Table 1I.

.

.- : ) ..
-~ v )
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The experiments shown were generally carried out at

_-onlywone toncentration-of-base~and—subs4wa¢e‘sdnce—Scott-f““—-

!/

(2) had shown that ‘in the case of 6 the ratio of a11y11c

\ .
hydroperox1des formed did: not vary with the concentration
of base-and 6. |

(3

Scott (2) had also shown that treatment of elther

o a B halohydroper0x1de or 1ts g-n1trobenzoate ester w1th

;base gaVe 1dent1cal,rattos oﬁ a]ly]wc hydroperox:des in'

he product This was conf1rmed here\swnce a pre11m1nary

reactvon of 15 with base gave . a rat1o of 12 to 13 of 2. 4

e

 for 11 and 38 were the Same (average 12/13 =’2 67)

T'reactlon was - comp]ete (on]y the- sgectrum of products 12 2

'which is -the same as the va]ue for the perester 39-in

'Table I Thus, 1t was concluded that the 12/13 rat1os

An attempt to dwrectly observe the perepoxtde of
'1sopropyl1denecyc]opentane\was made by carry1hg out the

react1on between 11 and’ base at —60° in the n.m. r spectro-

gmeter Tt was hoped that if the react1on was slow enough

- at th1s temperature the- gem- d1methyl 51gna1 of ‘the pér- - o

epox1de m1ght be observab]e However it appear°d that the'

/

B
'and 13 was observed) in 1ess than 30 s : The react1on 1s

too- fast to obserVe the perep0x1de by thls method . van

| de Sande (1) a]so cou]d not observe the perepoxtde of

tetramethylethylene by a 51m11ar method

Table I also’ g1ves the results obta1ned for the pro-

‘duct1on of ally]lc hydroperox1des from photbsen51t1zed |

i

. /.
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’thospﬁite,ozon1de (36).__A5ucan be seen-the results- 1n

-

5 o .»' A : . . o ) ' 23. .

oxidation of 16 and from the)reaction of 16 with tr1pheny1

i

cuss1on th1s does not 1mp1 ‘a simi]arity in mechan1sm.

R

these two oases are sim11ar ,buti,as pointed out in the dis-,
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c DISCUSSTON -~ .

L ‘ , . ' 7

L The obJect1ves of the research descr1bed in this

chapter were to prov1de more ev1dence for the 1ntermed1~

\
- acy of a perepox1de in the reaction of B- halohydrOper~

‘ ox1des of tetrasubst1tuted olefins with base and to' try

\ .
to show that a dwrect el1m1nation pathway to ‘the product
{

<, allylic hydroperox1des makes on]y\a slight contr1butron,p
1f any,lto the overa11 react1on “The fo]low1ng d1scus-'””>
s1on w1ll show to what extent these obJecthves were

' accom‘iashed Ih@ reactlon under cons1deratnan is shown
e Had o
" below eq. [13]

\ & N
- OOH \‘ R OH -~
[]3] l ; 40'Hg r s
. ! ' -—- C““—H : » C==Cl

/
/ .
/ e
; . E A

. > T v
A summary of the resu]ts is found in Table I1. In
\ all reactlons of ‘either 8- ha]ohydroperox1des or their
g n1trobenzoate esters the a]1y11c hydroperox1de w1th
the rearranged hydroperoxy group, 12, was the pre-
| dom1naht product ' Scott (2) had found in the case of

"“e reacthon at base w1th the 8- ha]ohydroperox1des of

that the a11y11c hydrOpErox1de produtt ratlo 8/9

18
. did not depend an ‘the 1eav1ng group.- ﬂn the case of 16
‘here, the ratio 12/13 i's the same for the iodo and

: 31854 9 .
bromo compounds but the fesults for the Ch]orohydropEre

B SR -
o . e - L
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TABLE Il

Compgs1tjon ofythe. Allyl1c Hydroperoxidevnrxtures

Rgaction | , - Composit1on of Product Mlxture
' %12 - X , N %]3 \

Br B i 72 5. ‘ﬁ; mes 5

~a . ‘ . : '
§§’ R . "“ COC 6H4-R-N02 ' - a . \{ '
. : ' ! | ‘\ .

} Cl, 00C0CgH,-p-NJ,

A ' . . .'7&\'
. - +base | -

' x : ’ i . .‘f
3% +37 . / R o T

L] .
! .
! . .

I S N I

00C0C H -E-NO - 70.0 o 30.0

+ base

{
]

1

a Values ‘shown are averages of results shown. in Table I;

!

O—< P,
N . sus L a2

[:::>::<:. P CeHg0IgPOy '38.5
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Toxide ester -sgem out of - }ine-* T ’ i
o It is important to remember that the ester of the]f%' |
,-{chlorohydrOperoxlde is actually a mixture of two 1somer§§f I
.and that this mixtute was shown to be pure by” analys1s
If it is assumed that the perepoxide mechanism is ‘the
} v correct Pne. ‘then 36 and“37 shou&d give the same per-
epoxide as 38 and 39 anq. therefore. the same allylic f
hydroperoxide rat?@ This 1s not observed Assuming .

1

| that 36 at least will react with base via a perepox1de

( (its structure is analogous to that of 38 and 39) and
knowing that the” compos1tion of the chl rohydroperoxide
eSter m1xture is 3:1, then the 36 in the mixtufe should-

~ o

give 72% h2 and 18% 13 on reaction ,Mith base. If th1s'
is so, then in order to obtaIn the observed 12/13 ratlo'
for the 36 + 37 m1xture, all the 37 is forced to react:
d‘:V 'v1a a direct e11m1nat1on pathway ‘This seems unl1ke1y
and someth1ng, as yet unknown, qust be wccurring here.
v});— In the case of the bromo- and 1odohydr0perox1des
and thefr_esters, however, the fact that thé|lg/1§_rat10' ”
;dpé§~notlyary with‘haiogen, provides ggod evidence that

these compounds must react on]y vim’avhalogen-free:inter-,

-

',r mediate, the perepoxide,lbecause only a'perepoxide'inter-
mediate can account for the mwgrat1on of the hy:roperoxy
.group., This conf1rms the results of Scott (2), Who found
no effect of 1eav1ng group in the 1sopropyJJdenecyclohexane‘

i

Ve |



27.°

. ierjes+m_As~explained"in_xhe_inxroduexion—¥4hede—éande———~——~
‘lhad also shbwn that direct eIimination was’~ not occunrring
Tm his system, eq [2]. The mechanism fdr the reaction
of base with the bromo-'and iodohydroperoxides and esters
:"';1s presented in Scheme 1. The .chloro compounds camnot be-
1ndfudeq-here due to the pneblems already discussed; how- éf‘
. ever}QSco:t's (2) results 1mplyithas they fo]lowithe

! ’ i

same mechanism.

L4 . stHEME 1 |
! | . :
,JY i X 48
o
P OOH . |
! Au® -X
OH” N
' or —_—— 0
X * -
OOpNB | :
| .
y -
Reactions of ]6 with s1ng]et oxygen and. w1bh tri- Q--

_ ' phényl phosph1te 0zonide were carried out fqr compar1son
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with the redctions of the B-halohuoroperoxides and; ‘
esters with bese ‘The results obtained are quite differ-
ent and it appears that neither the reaction of singletl

: . T

"oxygen nor.the reactionof trwphenyl phosphite ozonide with
16 1nv21ve a perepoxide 1otermed1ate} 'Tois confirms the
results'of Soott (2) and Kopecky and uan‘de Sande5(3)
and-in the case of the sihg]et oxygen reactiop this con-
clusion is. a!so in. agreement with most of the literature

s1nce ‘as discussed 1n the introduction mdst authors favourv

the concerted mechanism of Nickon (17, 18) for the addition:'

'_of singlet oxygen to;o]efins‘.
As can be seen in Table 11 the results obtained

}from the reaction of 16 uith singlét oxygen and triphenyl
'ohosphite.ozontdq are simi]ar.' This 1svco1ncidence‘since

* Bartlett :and Mendenhall (36)-haVe shown tﬁat at !50°C.
singTet oxygen is hot involved in th7 ozonlde reaction‘

although react1ons of/t§1pheny1 phosphite ozonzde mimic

two common react1ons of 51nglet oxygen formation of allyllc
hydroperoxides (34 35) and formatwon of d1oxetanes (45)

: Some other mechanism 1s requtred to explain the results Y
:of the tr1phenyl phosphite ozonide rea%t1on Bartlettf
and~Schaap (45) proposed the mechanism shown in Scheme 2

* for the formatlon of d1oxetanes from react1on of o]ef1ns
ye _

!

with tr1pheny1 phosph1te ozon1de
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This mechanism can be adapted to olefins’ havfng
jallyHc hydrogens as Hlustrated for 1sopropy11denecyclo-
_hexane in Scheme 3. ~ = ‘
o " SCHEME 3
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'~phosph1te.ozon1de and o]ef1ns below -40° C

$

, {
oL 30'

AR R K
- i . ~__ [

““}' :d. As’shown in Scheme 3, this mechan1sm'pred1cts that

e

' only 9 would be formed in the react1on of 18 with tri-

pHEnyl phosphlte ozonide. This conc]us1on is reached by

\

:ﬁana1ogy w1th ‘the formation of the halohydroperox1des

-where only 5, § and 7 are formed (2). Pm fact, Scott
lfound that only,g was formed in the reaction a$ predicted.
“Oh the same basis treatment of ]6 with trfpheny]
phosphlte ozonide should g1ve only 12 as product However,

as can be seen in Tab]e d th1< is not the case, 12 and.‘
13 pe1ng formed in a ratio of 1.60. ]
~Thus the mechanism shown in Scheme 3 cannot ‘be the
whole story, at least in the case of 16. It is also
d1ff1cult to imagine why, if a penepoxide is.formed from
a B- halohydroperox1de as shown 1n Scheme 1, one is not
forined .from the zw1tter1on shown in Scheme 3. The
ava1lable data-appear to indicate that while the mechanism
in Scheme 3 may contribute to the overa]] react1on it
cdnnot be the whole étory.{ More wor; is necessary to
'ezucidate the mechaﬁ@sm of the reaction between triphenyl'f
A 1og1ta1 extens1on of this work wou]d be to prepare
ﬁhe hydroperoxldes 19 28 ang- 30 and observe if they.g1ve
thexfﬁme product ratios as 11 lf, and 15. This would pro;
VIJeﬁconclu51ve ev1dence for a perepox1de'intermediate’ih
‘the react1oh of B—ha]ohydroperoxides with base,

!

o




- 12 spectrometers. ‘ .

‘temperature un]ess otherw1se noted

‘ i
EXPERIMENTAL -~ -~

Melting points and boi]ing points are reported un-

'

“corrected Refract1ve indexes were measured us1ng a -

Bausch and Lomb Abbe 3L Refractometer Infrared spectra
were'recorded on a Perkin—Elmer Modfl 457 sbectropnoto-,
meter, 'H n.m.r, spectra were recordéd on Varian A-60,.
A-56/60, HA-100 or PerkinjE1mer R-32 spectrometers. Mdss
spectral ‘measurements were made on AEI MS-2, MS-9 or MS-
i |
HydrOCarbon'solvents;‘Skelly B {hexanes), pentane
and isqpentane were pdrjfied by washﬁng succéssively with
5u1phuric.acﬂd, water, aciQitiéd potassium pernanganate

- . . ‘ . i

solution,'water.and drying over./magnesium sulphate fol-

" lowed by distillation. Anhydrous pyridine was prepared

by ref]ux1ng reagent grade material over calcium. hydrlde

for severa] hours fol]owed by dlst111at1on from ca1c1um

@ydride onto activated Type 4A mo]ecu]ar sieves.

. I _ , ‘
The photooxygenationmapparatus has been described

by van de Sande (1) ‘and was used withoutzhodification

'Iodometr1c titrations were carr1ed out us1ng the method

of Organic Synthesis (45) Drylng of solutlons was done
with magnes1um sulphate un]ess otherwise stated Con-
centration of so]ut1ons was carried out on a Buch1 rotary

I\

evaporator using a dry-lce condenser and a bath at room

LA

31
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l-(MethylVinj1)Cyc1bbentahol}‘27:

-~

The Grlgnard reagent was prepared from pur1f1ed 2--

\ bromopropene fo]low1ng the method of House (47)

To magnesium turnings (4.6 g, 0.6 mo]es) and tetra-

hydrofuran (400 m1) in atl liter, three-necked flask

'eqUipped'with a reflux cbndenseé‘ a mechan1cig st1rrer -

and a pressure- equal1zed dropp1ng funnel was added a few

l

m] of 2 bromopropene and a crystal_ of 1od1ne - The re-

.

act1on was started by crushing a few}p1eces of magnes1um

and 2 bromopropene (72.6.g, 0.64mgjgs) 1n_tetrahydrofuran

(]50 ml) was added'drdeise sbfas‘to maﬁntain\the solvent

- at refLuxt After the additjon was comﬁfgte the reaction

mixture was ref]uxed 0.5 h. N
To th1s solution oftﬁgGrlgnard reagent a soiution

L of cyclopentanone (50.4 g, 0.6 moles) 1n tetrahydrofuran

- (50 m1) was added dropwise. When th$paddition was E?mplete

the reactién‘mixtbremwas refTuxeq 0.5.h.
RN | .
. \ - ! = .
Saturated'aqueous ammonium chloride solution was

_" added dropw1se with vvgorous stirring unt11 the prec1p1tated

salts’ became granu]ar The clear supernatant was then de-

.-Canted and the salts extracted exhaustively with ether. '~

. The tdmbined organic layers were washed'with-water (3 x200

ml), dried and concentrated td an-oil Residua]iso]veht
was removed by d1st1]1at1on at atmospheri'c pressure and

the res1due was d1st1lled to yleld 34:0 g (45%) of a clear

°

2
J

Vi
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~colourless product, b.p. 68 - 70°C (T5 torr)}"ns3‘5?

1.4752; reported b.p. 72 - 75°C (18 torr), n26-5 1 4745

The i.r. spectrum (neat) showed absorpt1ons at 3380

(OH stretch):and 1645 cm -1

(C=C stretch).

The n.m.r. spectrum (cpc1y) showed ahsorptfons at
1,.4.97 (m) and‘r 5.20 (m) for'the olefinic protons, T 7.70
(s) for the OH proton and T 8.25 (broad) for the rema1n1ng

protons in a rat1o of 1:1:1:1 as: requ1red.
. 5 o

Isopropylidenecyclopentane, 16: ,
Ak .

Th1s procedure was adapted froh that of Blrch (48).

A solution of . sodium. (10. §5 g, 0.476 mo]es)

R}

; 11qu1d ammon1a (350 ml) was prepared in a 1 11ter, three-

necked flask equ1pped with a dry ice copdenser, a pressure '
equa]1zed droppmng funnel- and -a magnetlc stirrer: A

solut1on of 27 (30 g, 0. 238 mo]es) in 98% ethano] (12 g)

. i.,, ¥

and ether (70\m1) was added dropw1se with V1gorous st1r--
\

: r1ng Nhen the add1t1on was comp]ete, 98% ethano¥ (12 g)

was added and the so]ut1on was ref]uxed 2 h. Just enough
water was added to dlscharge the rema1n1ng blue co]our,
the condenser was removed and the ammon1a was a]]owed to'
\
evaporate overn1ght '
The residue was d1ssolved in water (150 m]) and
the solution was extracted with ether (4 «x 100 m]) The .

9
combined " ether extracts were- washed with, water unt11



\

fneutfai dried and’ concentrated to an oil by dist1lla-
:tton at atmospher1c pressure - The régiaue was absorbed -
: 1nto glass wool and dlst11led to yleld a clear co]ourless -
liquid, b.p. 38°C (12 torr), yield 16.9'g (§5.5%),
n53 1.4570; reported (37) b.p: 135.5 - i37,5°,ln§°
1.4585.° S {
3 | The t \, spectrum (neat) showed absorpt1ons at :
2950 (C-H stretch) and 1647 cm” ' (C=C stretch). |

The n.m.r. spectrdm (CDC13) showed absorpt1ons at

T 7.83 (broad) and T 8 39 (broad) in a rat1o of 1:2.6;
required 1% 2. 5 : . o 7/"

..° : . . \

'Ij(J:Bronoll-methy}ethy])cyc]opentyl hydroperoxide;v]l:

~

3

To a 250 ml, three necked flask equ1pped w1th a

: .

dry1ng tube, a cold bath at —40q,,a magnet1c st1rrer and
a low temperature thermometer was added ether (30 m]) and. |
98% hydrogen peroxide (8.5 gJ Nhen the 1nterna1 tempera-.-
ture 'had returned to -40 C, 16 (5 51 g, 0.04 mo]es) was
added 1, 3 D1bromo 5, 5 drmethy] hydanto1n (7 25 g, 0. Qiiin
moles) was added at -40 Ciin four port1ons,'allow1ng the

reaction mvxture to warm: to -30° C between add1t1ons and

to remain at -30 C unt11 most of the hydanto1n had dws-

”’solved Then the reaction m1xture was cooled to . -40°C

3

“and #hother port1on of hydantoin_was added. When most ofﬁ

the final portion;of_hydantoin had disso]ved the reaction

!
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cs 38,

E“'temperature was aTTowed to r1se slowly to -15 C and then'TA“'ML"

_ \ '
- The react1on m1xture was poured 1nto ice-water (30 ml) \
\

W

;The organ1c Tayer was washed w1th ice water (30 mT), ice-

cold aqueous 10% sod1um th1osu1phate solut1on (30 m1),

i

iCe water (2 X 30 ml) and dr1ed at 0 C The so]ut1on

T'was concentrated to an 011 on . the rotary evaporator us1ng

| \
a bath at 0° C This crude oil must not be’ a]loweq to warm

Ve

above 0°C since the part1a1 decompos1t1on resu1t1ng pre- R
{ .
vents further pur1f1cat1on

The crude-material was pur1f1ed by recrysta]]iza-f
t1on (3x) from 1sopehtane at -78°C. The product was a
wh1te solid, m. p -TO C to +5° C, 99. 2% pure by 1odometr1c
t1trat1on, neld 4.4 g (38%). ‘ : '“.. -'1:'
‘The i.r. spectrum (neat) shows absorpt1on at 3340
tﬁ’l (0-H stretch) |

The n m.r. »spectrum (CDCT ) showed absorptﬁons at |
T..2.40 (broad OOH), 18 12 (s, methyl groups) and T 8. 0

i\(broad r1ng protons) S ) | o . ; |

TAHydroperoxy l-(l bromo-1- methyTethyT)cycTopenty\ R-n1tro-

benzoate, 38 g Voo \ . R

?

11 (0. 58 g, 0. 0026 moles)ﬂwas d1ssolved in anhyd-

@

.
.

rous pyr1d1ne (3.5 ml) and p- n1trobenzoy1 chlorlde (0. 5 g, *

- 0.0026 moles) was added The reactlon m1xture was stlrred

.15 m and then d11uted with water (25 ml) Th1s‘solutlon



.»wnwas extracted with ether (2 X 20 ml) and the cdmbined or-;”fi?““
gan1c solut1ons were~washed WIth 5% aqupous sodium car-,'
bonate solutlon (2 x 20 m]), 5% aqueous copper (II) su]-
phdte solut1on untl] all the pyr1d1ne was removed, water
‘1 (2 x 20 ml) and dr1ed Removal of the solvent:gave 38
“as a white powder Th1s was recrystalﬁlzed from ether-
rpentane (3x) at -20°C to y1eld a falntly yerow crystal-
) 11ne,so]1d .0, 78 9 (80%), m.p. 94 - 96 (decomp) ‘
A\ *he n.m. r. spectrum (CDC13) showed absorpt1ons at -
"T 1.75. (q, aromatic hydrogens), T 8. 04 (s, methyl hydro-':
v-}qens) and T 7. 6 - 8. 4 (broad rnng hydrogens) ' The rela-('
't1ve areas of the aromat1c s1gnals to the combIned a11- '
\Iphatic s1gnals was. 1 : 3. 5 as. requ1red o _ ' -
R Analysas ; Calculatea for CIS I8N058r 3; . 48.40; >2//* ‘
" H, 4, 87, N, 3. 763 Br, 21.47; Found" c 48, 14 A 4. bl o
N, 3. 70 Br, 21. 49 o L K

°

..". V-

Rreparatdon of'théthlorohydroperdxidesWof‘16' 14 and 28j
Th1s preparat;on was done u51ng the procedure used

R for the Syﬂth&SlS of 11 The reagents were ether (25 mﬁ)
.,A98% hydrogen perox1de (7.72 g) and 16 (5 0 g, '0.045 mo]es)

1 3 D1chloro 5 5= d1methy1hydantoln (4 47 g) was added in.

dfour port1ons as shown by the following graph
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- ®When aH the hydantoin had d1sso]ved the reaction 'm'i'xtu're.-'

‘”owas worked up as’ before The\product was a co]ourless 011
nyie]d 6 4 g (79%) : Attempts to pur1fy the crude, hydroper-

’:ox1de by cr¥§£all1zat1on and low temperature éhromatography
gave products that were on]y 83% pure by 1odometr1c t1traa .

ton. e g

Y
A

_ ~The. n.m.r. spectrum of the crude mater1a1 showed

) absorpt1ons at T 3 10 (s, OOH), T 8. 33 (s, ggm\d1methy1
"r group of ]4), T 8. 54 (s, ggm d1methy1 gr&up of 28) and r_'
.8 2 (broad fr1ng hydrogens) ST Iv{‘ '

o

¢
1

‘Preparat1on of the p- N1trobenzoate Esters of 14‘and 28

36 and 37: R L

vggva' The crude ch]orohydroperox1de m1xture prepared IR

vabove (5 g, 0.028 moles) wasrd1ssolved in anhydrous pyr]-

o dine (3.5 m]) and p-n1trobenzoyl ch]orlde (5 g, 0.026 mo]es){

{

%



\was "then d1luted w1th water (30 m]) and the oily. sol1d

iat~-40 C on S111ca ge1 (20 g) using Ske]]y B : ether ::4:1

1:3.5.

W, 5.54; N, 4.27; and C1, 10.81: ~_Found: ¢, 54, 96

38,

was added; ~After a few mﬁnutes a orecipitéte7formed and -

the\{eactlon mlxture was a]]owed to stand for 15 m. It
\ v
formed Was washed W1th 5% aqueous sodium carbonate solut1on

(2 X 20 m]) The remaln1ng solﬁd res1due was d1sso1ved in
i

~ether (40.m1) and this Sflutlon was, washed with 5% aqueous-

fcopper (1m) sulphate salution (20 ml), water (10 ml) and |

dried. RemovaI o{ the solvent’ gave\a ye]low sol1d thCh

was recrysta]hzed (3x) from,Ske]]y‘ to g1ve hght ye]]ow» /
\

crysta1s, ywe]d 1.75 g, m.p. 71 --76°C.

The perester was pur1f1ed by .column chromatography:
as the-e]uant Recovery from the co]umn was 50% of a :
m1xture of 36 + 37, m.p. 73 - 75 e
i~ - - The n.m.r. spectrum (CDCI ) showed absorptions at

T, 1 71 (q, aromat1c), T 8,21 (Sq em-dimethy] of 36), T

- 8.36 (s, ge -dlmethyl of 37) and T 8.0 (broad, r1ng hydro-

1
gens of both 1somers) The:relat1ve areas of the aromat1c

s1gnals tlo aﬂl a]ﬁphat1c signa]s was 1 3.4, required
A | .-i&
Analysisg Calculated for C1s ]8C1N05' C. 54.97;

o

=

H, 5.615 N, 3.98; and,CJ,v1i_07,‘ R

P -
-



'f—(TLrbdoQi:methylethyﬁ)cyC]opentyl hydroperoxide, 15:

DANGER - PURE MATERIAL EXPLODES VIOLENTLY

1 : . "t

The proceduﬂe used in the preparation of . l] was -

4 fo]]owed us1ng ether (25 ml),: 98% hydrogen perox1de (4. 25
g) dnd 1§ (2 76 g, 0.025 moles) -D11odo 5, 5- d1methyl-
'hydantoin (4 79 g, 0. 0125 moles) was added over 40 m

1\“'_wh1]e malnta1n1ng the react1on m1xture between L3qfc and

\ |

-40°C. - The p;gduct was a co]omﬂess 0il, 5.2 g (77%l,
A ,86% pure by i6do etr1c t1trat1on The material cou1d be

'pur1f1ed by low temperature column chromatograph (- 40 C)
on S111ca gel uswng Ske]ly B iether : 21 as “the eluant
to g1ve a co]or]ess 01] 98% pure by iodometr1c t1tra»
o tlon. Remova] of the so1vent at -20° us1ng,a vacuum pump’
gave a co]omﬂess oil wh1ch exploded on warm1ng ' ]/ ;
~The n.m.r. Spectrum (coc ) at -30°cC showed.absorp—‘
v‘nt1ons:at T 0.46 (s, O0H), T 7.94 sy methyl groupff’and 1
" 8. 25 (broad r1ng protons) The ratlo of the areas of v
the hydroperoxy 51gna1 to the a11phat1t signals mas ]:

[ , ‘ I
o  required 1:15. ' ' .

. \ : . B
1- Hydroperoxy 1-(1-io0do-1- methylethyl)cyclbpenty] p-nitro-

benzoate, 39

Crude 15 (0.675 g,:0. 0025 mo]es) was dissolved fn

anhydrous pyr1d1ne (3 ml) at 0 c and p nitrobenzoy] ch]or-

!

o .
| | ‘ | g P?s‘



at 75 - 80°C.
' I

_ide (0:464 g, 0.0025 moles) was added with stirring. The

solution-was stirred 5 m at O°C'and 10 m at 22°C. Water

was added and ‘the precipwtate was wgshed success1vely

_w1th water (2 x 10 ml), saturated aqueous: sodlum carbonate

L

{so]ut1on (2'x 10 m1) and water (IQ m]).- The solid was
co]lected by f11tratlon, yield 0.7 g. i |

‘The yellow solid was purified by;lowltemperature
chromatography‘(-4ooc)'ono§}1ica.ge1 (20 g)ﬂosing Skeliy

B : ether:: 4 :1 as the eluant The sample was applfed to

_the co]uTn 1n to1uene Fractions from the co]umn, gon-

|
ta1n1ng the product were concentrated to one-half volume,

fSkelly B (30 ml) Was added and the solution was cooled to
- -78°C. The yel1OW1sh trystals of . 39 were collected and
: recrysta111zed from ether/Skel]y B, 'to y1e1d 0.3.¢ (27%)

of yellowish. crysta]s which decomposed w1thout me1t1ng

' _ ] R . .
—- The n.m.r. spectrum (CDC]g) showed absorptions at

T i.76'(q, aromatic), v 7.86 (s, methy1'groups) and 1 8.0

(broad, ring protons) ~ The felative arebs of the aromatic -

|

A

s1gnals to the aliphatic
required -1 . 3.5, ‘

f Apalysis: Calculated for C,.H,,INO.: C, 42.97;:
R A T F1shg s 12.97,
H, 4.33; N, 3.34 and 1, 30.27. Found: C, Xg3.24;

M, 4.23; N, 3.17 and I, 30.20,

s1gnals were in a rat1o of ] $3.7,

o



v

Reaction of 11 with Base amjhnrmd

S , R } . \ ’ '
Reaction of 11 with Base° ~ ' o ! ‘vau

A solutign of 1) (oqoa7se 9, 3.92 x 10 molesY

and benzene (0.01097 g, 1.40 x 10 ¢\moles) 1nrperdeuter—
ated mLkhanOI was made up td exactly 1 0 ml A second "
solutign of sod1um (0 0397 g, 1. 73 X 10 -3 moles) and

deuterium oxide'(010612-g, 3.06'x 10° -3

.moles) 1n.peb- .
Adebterated meﬁhanol was made up to exaotly é.o ml.,Equa]
volumes of‘these soluﬂions'were mixed in an n. m‘r tube
at. 20 'C” and the spectrum was observed 1mmed1ate1y when

the spectrum was analyzed us1ng benzene as the 1nterna1

. el
:reference, it was found that 11 had’been convert%d to 12

and 13 in 100% yielae _ f, _

| v The n m.r. spectrum at 15*c showed absorpt)ons af
T 2. 68/(5) for the benzene reference, T 4. 44 (t) for the
o)ef1h1c proton of. 12. T 4. 85 (s) for HOD. T 5. 10, (m)
for the olef1nic protons of 13, T 6. 70 (m) for so]vent
8<&<1broad) for the ring
s) gbr the g__ d1methyl

methanol T 7 66 (broad) and

’protonﬁ of 12 and 13 and T 8 .68
protons of 12 The areasLof the Y qu1red 51gnals aré

shown in Table I.

A co]d (- 60 C) 0. 42 M- solutlop %f Il in methano]

éwas mixed WIth an equa] vo)ume’of a cold ( 60°C) methano) .

so]ut1on, Jd:13 M in sodlum hydrox1de and 0 40 M in ani-

<



sole‘(as internel\standard) in an.n.m.r. tube at -60°C

i
, deuterium oxide (0.0457 g, 2.23 x 10
(0. 01652 g.‘2 vl x 10

‘The tube was pIaced in the. cold ( 60 c)- probe of an n.m.r.

spectrometer and the reg1on;r 1.0 to T 2.0 was rapidly
!

:(scan complete about 30-s after mixing) scanned. . The

spectikfwggowed only one gu*-dimethyl singlet at 1 8.32
12 |

due t No trace of the gem- dimethy] signal of 11

was observed f.x o : ;o

'Reection of 36"+ 37 with Base:

B 3 D . . '

' A solution of sodium (0.0413 ¢{ 1.80'x ]0"‘l moles),

-3 fioles). and benzene'
b

;4'moles) in'perduetereted methanol =

was made up to exactly 2.0 m] with perdeuterated metqanol
The so1ut1on for anaIyses was prepared in the fol-

ot

lowing manner, since the peresters-were;not solub]e in .

.solut1on (0,025 ml) was added when the perester had

4dissolved, a second portidn was added fol1owed by base

‘(0.025 ml). This procedure was repeated until all the
E perester\had been;used. The last add1t1on of base was
'30 éza,ﬁf" hhenianalyzed by n.m.r. spectroscopy quan-

"t1tat1ve convers1on of 36 + 37 to 12 and 13 was observed

«
E

The n.m.r. spectrum at 15°C was essent1al1y the ’

- ! . i

i

' methanol, 36 + 32 (0.0264» g, 8.05 xH075 mo'les) &- '
~¢ o
‘;v1ded 1nto four portlons : 0%$ portion was added " r- .

f' deuterated methanol (0. 30 m¥) and the prepared base'
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same as that described for the reaction of ll with base

-~

The areas of the required signals are shoyn in Table I.

[ ' L
Reaction of 39 with Baseg - \ L

This was done exactiy ‘as for the reaction of 36ff_

37 ‘above,- using the same base ‘$olution and 39 (0. 0430

K =]
-

1.03 X 10°4 moles) Quantitative conversion of 39 to
ST

[
CIN
T4

and 13 was observed by n.m. r. spectroscopj .
The n.m.r. spectrum at 15° anas ess ntially the

same as that described for the reaction 0 11 with baseh'

Integration of the required signals is s wn in Table 1.

Réactionjof 38 with Base: ' ﬂ‘[ﬂfwiiiﬁ, i" :

.This was carried out” as described inl the reaction

36 + 37 with base But. using 38 (0.0450 g, T 21'x 1074

moles) and’a base solution compbsed of sodium (0. 03540 9,

L.54 x07? moles), deuterium oxidewzg 05885 g, 2.95 «
~10 "3 moles) and benzene (0. 01607 g, 2.13 x310 -4 moles)
mSHe up to exactly 2. 0 ml with perdeuterattd methanol.
The n.m.r. spectrum at 15°C was esse%tially the ".L /;
'same as that described for the reaction of 1 with base. |

in Table 1.

The areas of the required signals are‘show

ﬁPhotosensitized begenatidn'of 16:

. R .
A soiution of 16 (1.0 g, 0.009 moie1§ Z.G-di-t-

| butylphenol 0.1 9). 1.%: dimethoxybenzene>(0 1380 g)
| ‘

»




o

by n.m.r.

wmnss1ng and s1gnals at T 3,85/and T 6.16 for dimethoxy-,;

‘L e

and methyiene blue (0.050 g). in methariel (30 ml) was

photooxygenated for 65 m after‘which tiMe 1207 of the
theoretlcal volume of oxygen had been conﬁumed ; The o
react1on mlxture was qoured into water (75 m]) and ex-

tracted w1th ether (3‘% 50 ml). The comblned ether

3\ - l

extracts were washed successively with water (50 ml),

"isaturated aqueous sodium ¢hloride solut1on LSO ml) and

"“dried. Concentrat1on_gave a»colourless orll 82% yield

{

The n.m.r. spectrum*(CDClb) was essential]y'the

same .as that for the react1on of - 11 w1th base. Of

v

codrse‘the s1gnals for benzene; methan01 ‘and HOD were

. . [
benzene were present. The areas for the required signals:

are given in Table I.

4 . B . . . . ) o

-HReact1on of 16 "with Tr1pheny1 Phosphite Ozonide:
P S

— :
Thls procedure was based on that of Bartlett and'

-~'Menden_ha1u1 (36) and. Scott‘ (11)\ : \

An ozone- free solution of tr)phenyl phosph1te ozon-;

\

" ide in dlchloromethane (25 m1) at -78 C was prepared

from- trlphghyl phosphlte (1.4 g, 0. 0045 moles) To this
so]ut1on at\«78° was added ro1d (-10° C)fﬂﬁ (0 5 g, 0.0045

mo]es) and the react1on mixture was allowed to stand

\

| 12 h at -78 C Th1s react1on m1xture was then warmed to




" . 45,

‘room temperature dnd the solvent was removed by &acuum

dlstillation at -35 c, cool1ng the receiverto -78° C.

' < N
. The re51due from the d1st11]at1on was a- colourless oil-

(3.15 g). The d1st111atp was found to conta1n 180 mg

lof 16 that had not regacted. The crude résidue was
’,,analyzed by n.m.r. spectroscopy (CDC]3) qs1ng‘p—d1meth—v

o;ybenzene as an 1nterna1 standard Iaking recbvered

starting material into accqunt “the yield of allylic
hydropevoxides by n.m.r. was 80%.. ' . ;"

N

The n.m.r spectrum (CDC]j) was‘eSSentially the |
vy N

P

‘ same as that—repo d for the react1dn of 11 with base.
”

Of course the s1gnals for benzene, solvent and HOD were

missing and s1gnals at 1 3.17 and T 6.28 for d1methoxy~ i

“benzene and at T 2.73 for~tr1phenyl phosph1te were pre-
4&‘,’ .
"sent. The areas of the requ1red s1gnals %re given 1n i

|

Table 1I.

&
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‘CHAPTER 11

Studies on Tricyclic Dioxetanes

A - _ \ S
I NT'RODUCTTION ‘ o |

Since the first didxétane,'trimethy]-l,?-dibﬁefame‘
‘was synthesized and characterized by Kopgcky and Huqﬁo;d
(45),;many new dioxetahes havé'been‘prepared and. studied.
Dioxetaneg of w1de1y vary1ng structure have been reported
for 1nstance, tetramethy{-l,2-d10xgtane (5);_59 3 4- d1-'
ethoxy-1,2- dioxetane (50) 41, the highly strained di -
oxetane, 21 from adamanty]1dene adamantane (51) and the
tricyélic.dioxetane of Filby (38).‘]1,12-d10§a[4.4.2]w ;o
. propel]ane, §g. Recenf\y wynberq (52) has reported an
qgticélly active'derivativé of d{o§etane; 21, and Bogqn

(53) has given indirect evidence for the éXistehce‘df

dioxetane; 53’ Ttse]f.'.

0-0 . . 0-0 A

ll l’l'-@ oc—o0

L OCZH5 OCZHS ‘ g | - |
40 4 g 42 .. .43

- .
- . . ' /
- . | .’a . -‘

As we]] as the d1oxetanes themselves, several . 2:‘

‘dioxetanones of the general structure shown below have '/
\ '
nbeen p(epared and characterized 1n-solutjonl(5¢556).




yields of 5-30%.

\v' o ‘ ‘ : 47.

Hilson has recently publIShed a rev1éw (57) on “di-

. oxetanes dh1ch conta1ns a list of al] d1oxetanes that had

been prepared and e1ther fully or partially characterlzed

up to 1975, .

1

|"\.‘ ,.
‘Dioxetanes have been synthe51zed by two maJor routes

The f1rst is the~6’halohydroperoxide route of Kopecky and

‘ Mumford (5, 49) in wh1ch an o]ef1n 15 f1rst converted to a .

8- halohydroperox1de (as descr1bed in Chapter 1) -and t(:/

halohydroperox1de is treated e1ther\w1th base for non- tetra—

jsubstltuted ha]ohydroperox1des (5 49,58, 59) or with si)ver

acetate for tetrasubst1tuted ha]ohydroperox1des (5, 38)

The react1on is, out11ned in eq [14] This procedure -gives

) . . , l ' o’ N ’ .
(18] Sc——c" \c c( >
0 I~

HOO S

0 ——

._.o-

~

The second route‘to-dioxetanes involves the 1,2-
addition of s1nglet oxygen to certain electron rich o]ef1ns
as outllned in eq. [léj Th1s reaqgjon on]y takes place
hOWQVEF,W‘th o]efnns in wh1ch the “ene" react1on to form F
allylic hydroperbxides (see'Chapter I) 'does not take p]ace'
either due to the absence of al]ylvc hydrogens (6Q‘6]) or \

to ster1C'restra1nts (22,51). The singlet oxygen necessary

in th1s react1on has been obta1ned from e1ther dye photo-

‘sens1tizat1on (51) or from the decompos1t1on of tr1pheny1-

5‘574f
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phosphite ozonide (45).

1

Stohy (62) had reported a synthes1s of d1oxetanes

‘by ozonation of o]efins in p1naco]one but this route was

' i\
shown to %e 1ncorrect by Kopecky (4]) and Balley (63).

R act1ons.of dloxetanes with var1ous reagents have

-

been stud1ed (5,64-68)'but the most 1mportant amd most

/

,invest1gated reaét1on 1s that on warm1ng d1oxetanes are‘

: quantathvely converted to. carbony] compounds w1th the

,em1551pn of light. ‘ Th1s ooserved 1um1nescence 1mp11e9

that electron1ca]1y exc1ted mo]ecu]es are belng generated

-

from\é starting material 1n its ground state .
\L
" The . isolation of the f1rst d1oxetane (49) ‘and the
) \
d1scovery that it gave off 11ght on heat1ng confirmed

McCapra s pred1ct10n.(69) that d1oxetanes would be chem1-

‘! \\,J/A lumxnescent D1oxetanes and d1oxetanones had also been

|
proposed (69) as the react1ve 1ntermed1ates 1n soﬁ% b1o- N

'lumvnescences and 1n at 1east two cases, the f]re fly

‘ Phot1n1u5\ (70) and ‘the shr1mp zpr1d1na (71), d1oxeta-

. nones . have been conc]us1ve1y 1mp11cated in, b1o1um1nescence

.
(7?). Scheme 4 shows the proposed'mechan1sm of¢biolum-

" ifhescence of Photinius and Scheme 5 that of Cypridina.

Vo |

|

|
\



N




4




51,
‘ i
As well as expla1n1ng some bloluminEScences it was hoped

In 0 der to learn more about the mechan1sm of d1-

oxetane decompoyﬁfﬁon and the processes 1nvolved, the

rates of reactlon, act1vat1on parameters.and yields -and

‘_1dent1t1es of the excited ptates had: to be found. .

l

The rates of decomposit1on of d1oxetanes can be

’

followed by 1od1metry or by n.m.r. 5 ,38) or by the" decay ;

" of chem1lum1nescence in the presence of a fluorescer

~(50) as used in th1s rese@rch The f1rst\order rate con-
‘stants -rangk from abbut 1073 s-] at 22°C for the unstablet
1,2- d1oxetanones such as 44 (55) to 7 x 10° 5 s'] at‘l42°C

.for the stable d1oxetane 2l (73).

i i . _ \ , 44
A . - - | |
(I ' P ’
The act1vat1on parameters can be determ1ned e1ther

‘”;from the temperature dependence of the rate constants ind.

_the tradft1onal way, (Arrhen1us plots) or by a clever

- method developed and used by Wilson (50 74). Both methods

'are used in' the research that follows and they are fully

described in, the Results sect}on.p



L spec1es are belng producéd anB‘what is the eff1c1ency of

- 52.
N

Actlvatlon parameters and rate constants proV1de some
b
1nformat1on but s1nce thermo]ysis of dwoxetanes produces’

N Al
excited states 1t'1s lmportant to determ1ne which exc1ted

, methyT 1,2- d1oxetane and Turro (77) showed for tetramethy]-

‘.released to excite . on]y one of

b

the1r product1on Before d1scu551ng exc1ted state countlng

»methods _more 1nformat1on about d1oxetane thermo]ys1s is

xrequ1red . Kopecky and Mumford (49) showed that both 51ngle

and tr1p]et spec1es were presqnt in the thermolys1s of tri-

methyl-1 2wd101etane White (75, 76) suggested for tri--

~

1o 2- d1oxetane that both s1ng]et and tr;p]et kétones are -

‘generated d1rect]y from the d1oxetane ThlS has been con-

, !
f1rmed by w1lson (50) ~ 0'Neal and Rlchardson (78 79) have

calcu]ated that in dwoxetane themmo1y51s enough edﬁrgy is

1

he product carbonyl groups

to e1thbr 1ts s1ng]et or tr1p]e state These calculat1ons

JVA were conf1rmed by Turro (8p 81) who found tbat the tran31-

‘of acetone o ', L o

‘tion state for the d1sappearance of d1oxetane, 4D,\was :

h1gher in energy than both the 51nglet and trlplet states

e

o The method used 1m th1s research for. determ1n1nb the

y1e1ds of exc1ted s?ates is due to N1lson (50) who has used

it successfu]]y in severa] cases (50 74, 82) as has Fl]by

. \
; (38) Nz]son observed that the chemx]um1nescence intensity

: us1ng the fluorescer 9, 10- dlbromoanthracene, DBA 4§, w%sl

!

considerably greater than when 9,10—d1phenyﬂanthracene, DPA,

1]
o



‘\\¢;>f\

I

N T , I : ' 53. -
. ! 3 ‘ L '_ -

46, was used. This Las somewwgt unusual since DPA is &
1

_much more eff1c1ent fluorescen than DBA (83) - Howéver;”;p"._

dde to the heavy atom eiffect, 'DBA is capable of convert1ng

trwplet energy to 51ngleé energy much! more efficiently
than DPA-(84) Cons1derat1on of these two facts. leads

to the 1nev1table conc]uswon that ,much more triplet
i

»1exc1ted state product is formed on dioxetane thermolys1s

W}

than s1ng]et excited product wilson developed th1s
observation into a method to counﬁ exc1ted s1nglet product
us1ng DPA and exc1ted tr1p1et product w1tﬁ DBA. ‘Th1s'u
method is discussed operatjonal1y 1n the Resuﬂts section.

Q

Other authors, (56,75,77,85- '91) have used different .

'methods to(fount excited products and these have. been

recent]y rev1ewed by Milson (57) Note that where the

1

chem11um1nescence methods and other methods have been
applled to the same compound the resu]ts are generaT]y o
very comparable |

’ Ty
| .

v.4’>§’ ' R = C6H5 ; ) . \1
45, R = Br |
" 1 o -

The general result of 'all these counting procedures';

"~ is that triplet‘yjeidsﬁ(o:l.to 0.3) are [arger}by'at least

t



o | o sa.

£

o ‘proposed for the thermo]ysis of d1oxet&nes must explain

/;A’////éhis fact. B l - ," '
! ) - o
: A~ -~ The mechanism of the thermal decompgsition of dioxe-

. tanes is a matter of considerable importance and a]so of
, o

c0nsiderable controversy Two extreme poss1b111t1es for

the mechanism have been d1scussed and are shown in eq ~[16].

‘ @ y

0
3
'C

Path. (a) rs the birad1ca1 mechan1sm proposed by R1chardson
(59.78,89) and-path (b) is the concerted mechannsm;suge .
' geSted first by McCapra (69) and supported'by Kearns (92)'

?f S Kearns (92) has shown that the concerted mechan1sm
. can exp1a1n the high yield of tr1p]et product and Richard?on

!

, ; (89) has shown that the b1rad1ca1 mechan1sm can. a]so
 account for ﬁtﬁh Both- mechan1sms havé ibeen discussed thor-

. , . ,

i .- oughly by leson 57) and thvs comparﬂson will not be re-
- pedted heref As yet the exact mechaq1sm of” d1oxebi&g
: ‘-J o

’ theréblys1s is unknown but 1t may well turn out to- be a

‘

mechan1sm SUCh as that proposed by Turro'(8]) in which

the 0 0 bond \s considerably stretched before s1mu]taneous'

tno_g;ﬁers of magn1tude Uhan s1ng]et yjelds. ‘Any mechanism,



9

|

w‘ . ' .
. : D, " . ) . .
| EaR SRR &

| breaklng of ‘the 0- 0 and c-C bonds occurs (this is the so-
&

called "nearly- concerted"mmechanism) ST T

Ine |mportant feature of the biradical mechanlsm is
that 1t can predict qqite accurately the activation para-
meters for thgrmolysip of dioxetaoes Richardson has
shown that by using the group addit1vity method of Benson
(93 95) the act1vat1on parameters of several dloxetanes
could be . calculated and that the calculated values' agreed
with the expe+1mental data (78,79,89,96). |

In view of tpe number of d1oxetanes that bave been

well charactertzed it would not be surpr1stng to f1nd some,

‘ correlatlon between dioxetane structume and the production

of exctted states No such correlation ‘appears to extst
(82,97). The acttvatlon energies of most dioxetanes: are
25 + 2 kcal. mble ]‘and the singlet and trlplet y1elds lie

-2 and ‘0. l to 0.5 respectively Amid ,

betweqn 107 -4 to lO
thls frustratlng regular1ty there are but few exceptions
2l has an aét1vat10n energy of about 35 kcal mo]e 1, byt N
thlS can be attr1buted to steric effects operating in a

biradtcal or b1rad1cal l1ke mechanrsm Only two other

' exceptions stand out since Wilsop (82) has shown %hat the

work of Darl1ng and Foote (8¢, 87) on 3 4-di-n- butyl 3 4-
d1methyl 1,2- d1oxetane (they obtained higher s1nglet than
trtplet y1elds) wais 1ncorrect These exoepttons,are

,tetramethbxy—l.2-d1oxetane (74),-52; and gg.

t



‘ Jing the yields of excited states we must first know qhere

&
-

47 has an activation energy of 28 6 kcal mole” -1 and a sinJ-

Lo
et yweld of 0. 01 and a. triplet yteld of 0.1. fgg’has an

activat1on energy "o 22.7 kca) mole "1 and o < 10°° and
3 -3 '

; ¢ = 8 X ]0‘ . “ o V. ‘ ) , ) : 1.\

| . .
i

Before "We «xan. begin to understand the factors affect-

!
C el .

the ' ergy of excutation comes from. It can -be seen in -

»Figure 1 that the energy available for excitation of the Q’

"product is equa] to tﬁe difference ‘between the heats of

formatlon of reactant and pro!Lcts plus the activation

i

energy Perrin (98)\pas challenged this scheme on thermo-
dynamic grounds but Lissi (99) and w1lson (100) have both
shown on a theoret1ca1 basis that Perrin is not correct.

We shall see thak th1s work and the work of F1]by (38)

p ovide experlmental evidence tQ counter Perr1n S sugges-

-tions and/ﬁurthen d1scussvon is left unt11 lateri
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J o i : | Co
_ \ .The résearch described ip. ‘this chapter was started‘. ,
. \ ’ - L]
wdoo= - as -a direct resu]t oF the work of Filby (38) on 42 Al- '

though didxe tahe st;gcture genera]ly appears to have llttle »" |
1
1effect on the y1e1dsNof excited states and activat1on

parameters, the tr1Cyc110 structure of 42 was qu1thd1f->

ferent fram other dloxetanes and deserved‘?urther sg“dy :
L

'The quest1ons to bs’answerpd were does the trtcycllc

L4 L)

[§

nature of 42 cause the low triplet yleld and if S0, how?
» ‘ —~

Also. do ald tricyclic d1oxetanes Uehave 1n the same

i fashion? Fllby (38) hadtsuggested that strain 1n the

-

« g product dlkggbne from 42 m1ght cause a ]ow tr1p1et_»1€?ﬁ
‘by reduc1*§“the energy avaw]ab]e on thermo]ys1s Thls:Z ) ;Qoﬂ
ﬂ'}J;U g 7‘suggest1on of Fl]by s 1s' iscus sed in detal] in the ) . M

= Dlscusslon in. the light of the Efsults obtawned from. ¢ .{ﬁﬁ{w'
oo s /"q .'ﬁ . . A
. thws research.. R ) . " !;. TN 8y

o .
L SRS o)

Vor e

Ce , In or&@r to answer these questaons 1t was decided.

4

to prepare the series of ctricyclic d1oxetanes shownI 'fﬂ@?”

below, 9,10- djoxa[3 3, 2]prope11ane, 485 v 12- d1oxa[§ 34 2]-
propellane. 49 and l? 14- d%&&a[6 4. 2]pr pelTane, 50 The «
eproducts of thermolysxs of 48 49 and/g;pwould be the cyc11c ;
.{ . diones BJ. 52 and 53. The following chapter dea]s with

- o~ T~ ~~

the .synthesis and study of 48s 49 and 50. &
>ynt _ NS =
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< Preparation of 1(so;sicyc1o(3;3;OJocténe"5815'“' N

t ‘ ‘.‘ ‘

© RESULTS - S

——

The route chosen to Ehe t1t]e compound\1s shown 1n

Scheme 6. . _ RN .
. - SCHEME- 6 ‘
2
BH3/THF “Hy0,,/Na0H
54 . R ‘. -
. T * . v
c . . '
| I 1) HC(0Et) 5 Zn,Hc1
I 2) H A
: . X T
P . _. ) . ~~ . " §1’, . ', .

The olefin, 58; has® been prepared by many authqrs

in varidus ways (101-106) but no one has bettered the. 22%

¥1e1d obta1ned here. The worié#.tep. the Jones ox1dat1on,\

.f?%sulted in only 33%. y1e1d AmOng the draybdtks of ear11er

).
jpreparat1ons of58, was that many rqlhvred alkyl” L1th1umsﬂ

‘_wh1ch are, expens1ve and also‘pOSe hand]1ng problems for .

. the® occass1ona] ‘user. In Scheme 6 only the first step

@

;mﬁst be carried out in-.an ineft atmosphere aﬁd this ma.y

'bepavofded sinces55 is commerc1a]1y ava11ab1e as a dry

1
. Y .

AL
bowdér,yhich-js//ot air-sensitive (107).

60 oo - -

P



]

vg1ven 1n the Expér1mentaf”section s1n1.?1n larger quantntnes

at a much slower rate than the“oxidatiqn of Sqrto’5§.

61.

The preparat1on of the d1one,,gi, was adapted from .
A1v1k (108)‘ Initial ox1dat1on of 56 w1th Jones reagent |
.gave the hemwaceta] 59. wh1ch yas 1dent1f1ed by compar1-'
son w1th an authentwc samp]e (109,110). Reox1dqt1on,of

the’ hem1acetai With Jones reagent gave thé dione, 51, but

| o o Lo |\
. " . ® . -l -
' ! . o . OH - ’ ) » \
P : o S o . ' '
o ' ? ' cLe
';'n ! \ > . ‘ . 3 ..:.’;
. P *r “ . ’
- \l‘
’ \ . 59

~ o~

57 was. prepared as suggested byk}ofden' _
_ e : LA
the‘procedure of wenkert (111).. The best yields of

obta1ned when the reagt1on was carrie% out on the sca]e,

A3

the z1nc amalgam cannot be eff1c1ently &tated Lo .
. v ‘ b )

The \ast step shown 1n Scheme 6" was actua]]y carried

3 o

oot ]n two steps as sﬁown in eq [17] s1nce the best yield

pf olefin was gbtained when the 1ntermed1ate orthoester
was isolated. o a

-T ' . : H N I - ' M’a‘

SR : XOCZHSW | B
o 0 - | *




This'metmod was introducedjby.fastwoogi(1123114):>.Th{s .
"’néaction!ééve'Vefy poorTJiers”Jntil 5 batéh’bf‘si°tﬁét"&'"'P'”“"‘_f
v oo | had been recrysta111zeq from carbon tetrach1oride was .y’ AV
: used. The . conver$1on on57 to 60 requires a trace of ac1d e _f

catalyst gnd presdﬂup]y sodz traces of HC] from tﬁe carbon : y'
tetrachloride'edhere to the crysta]s ofigy on& cata?yi!fthe ¥ ;

reaction. - 60 was 1so]ated and“bur1f1ed by dist111at10n but

' ..1t was not- fully charactaerized. o : '
\ _ ' ! .
C All compounds ﬂ@‘”“ﬁﬂn Scheme 6 were known and- had

‘phys1cal constants in agreement with pub]ished va]ues

Preparation of 1(7)fBicygro[s.3.o]decene. 66:-F . &

. o
1 R

| A .scHEME 7 P
1) HeOH
(CH3)2NH - z) NaOH
CoHhH, -

Lo a L e



, L o ,
’ T i ; . " . . v.'_ .»3 .
L ey . . . . e )
"'Q "ﬁ“. * . ",\ g
G‘_‘" - .o:' ’ . f
5_ ) {,r* s& T . . ".”
K . _ The first step was “qfdification of the procedure e
L ofe Benkeser (115)/d0e to‘F1Tby (38) and actual]y resu]ted -

S
in a mlxture of 62 and 67 in ratid of 3: 1. Although %&y

- was poss1b1e to obta1n pure 62 (115), the use “of the mix-

r;_"?-ture to gbtain 63 proved sat1sfactory here

\ Lo - ‘ llllliiilli . o o :. .
<0 er
; ,«.. ' o The c0nvers¥ons of 6§ + 67 to- 63 end 63 to 64 were ;fﬁ
\carr1ed~out by the method of Dev.(]15) ahd F1be (36) the
B '( | yie]d of‘64 from 62 + 67 be1ng 66% PreV1ously,Anderson
fﬁ | \ (117) had produced 64 in only 45% y1e1d by ozono]ysis of.
- a m1xture of octa11ns o S e
‘ L o Conve5510n of 64 to ! . Was accomp11shed by the EUE
‘ method of Andersoy (177) and‘Cope (]]8) Thelqgfg: cth
. | 'h d1t1ons employed here (aq. NaHCO ) were foghd‘to.be much [
A * mere succeqﬁful than the method of Dev (116) (reflux1ng | 1.
HCEOH 65 appeared to decompose on standing even at .
) -20° so ‘that un]ess it was‘lo‘be used- 1mmed1ate1y it was -
congedted‘to‘GB (]17) S o o - ‘ih Ny
. . . t :
S ‘



* ‘%ﬁrst

64,
v . o \ ' ; -
In1t1a] attempts'to prepare 66 from 68 by the same B

v o T

3 method as used for the preparat1on of ksopropy]idenecycloa

~ :
. product The mater1aT obta1ned fro%/;h1s reactiﬁh was

quite

1

!
1

pentane, 1§ (reduct1on w1th sodium 1n hqu1d'ammon1a)

gave-Tow yields. Some other methmd of prepar1ng 66 had

The method of Brown (119 ]20) was_ Used’ a]-

! .

.to be found.

though qreat care was needed in order to prevent rap1d

1

dec%mpos1t1on of the react1on m1xture Either 65 or 68

couﬁp be used in thas reduct1on with no' effect on the

1mpure but 66 cou]d be obtawned by colqmn chromato-'
graphy on elt@er alum1na oz‘s1llca£2el using pentane as _ './¢_

B
- The olefin 66 had been prev1ously obta1ned by Kovats,\
h .

he eluant.

and Gunt':ml‘(TZT) who had separated it by d1st1k

4

' ¥y
1at1on from a m1xture of 1somer1c compounds However 1t

was 1nadequate1y character1zed (feported ‘only refract1ve

Arnold -

index b0111ng pownt and elemental ana]ySIS)

(127) aﬂso prepared ‘the oTefin but reported on]y an e]e—

mental analyses and a bo11{ng p01nt - _— o o
| In this res%arch the data presented aTTow the struc-

The ]H n. m r.

ture of766 to be as51gned unamblgubusly
SpeCtrdm Shows no. STgnals in the oTef1nic reg1on 1nd1cat1n91 o
that the doubTe bond is tetrasubstltute?’ 'Analys1s and ‘

exact mass measureme\nt of the parent ion in the mas_s - 9 | ‘

spectrum conf1rms the. elemental composition and purtty

13

The struqture broof relies on\the Cn.m.r. spectrum -

»



: Preparat1bﬁ of }(8) Bicyclo(G 4 0]dodecene. 74.

_ overall yield 15%

. ‘ .
,'whjcﬂf;g;ws only Six- absorpt4ons any-o}herrreasohable

isomers of 66 would show a different ndmber of absorpt1ons

‘].\\

The 1dent1es of al] ‘the other compounds. showm in

Scheme 7 were estab11shed by comparison of phys1ca1 con-

stants»and Specta (where p0551b1e) w1th the11terature

,values ‘ ol

» .- o . '
5 ‘,'.p ' ' L

° t

. The sequence of reactions used to prepare 74 is

At L. ?'”:’(i
shown in- Scheme 8. ' :

’ ! . ..
) ' L v
¢ es . ‘ . - _ ) e E
N N - f . . ..
. . .
' .t " '

-

, : . ‘ \
e SCHEME 8

- E N. 3 ’ 1) HOAC
‘2)KOH
' . \ .
6 PRI | .
\' B . SR Jones &idation

TAYE1/LiATH,
B S

A

4% KOH
MeOH

-~

74 - 3
.l
The- bas1c sequence from 69 to 73 is due to Nozak1

\
(]23 124). I'n the f1rst step Greenwood and Morr1s (125)
. | |

suggested that the ‘use of tr1ethy1am1ne borane complex not-

used originally by Nozaki. Alsg.Brown. (126) and Késter

. N

e . \ h

‘h

PR

~
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AN

: heatlng at 200°C for. sgveral hours. Even w1th the greatest

(127) indicated thalt 1n1t1a11y in the conversron of- 69 to:-
_LO Some 75 is formed but th1s can be 1somer1zed to 70 by—~_‘\\

3

caré 1n the’ preparat1on of 70 on]y aboyt 50% yield could ‘fiﬁﬂﬁ

i
be ach1eved as opposed to thq 75% reported by Nozak1 (1232.
0 . . . R % !
[

[
i " Vl
- o | e
[} . : l o
' .7,§ o - [
; : e .
) 76 was. prepared from 73 by reduct1qn with lithlum
' aIUmlnum~hydr1de (]24) Reduct1on of 76 with sod1um in
'l1qu1d ammon1a Was no more successful *here than in. the A s
case of 68 50 reductwon of 73/or 76 with alumInum tr1-' ! ' !,

' chlorlqe/11th1um aluminum hydn1de was used as,before 74

was pur1f1ed in the same way as 66 $
74 had been p?epared by N11es ]2@\ ‘and Erman (129)
wqﬁjrad proven 1€s structure chemlcally Here, as Q@'tbe
b =42

case of 66, the structure proof 1s based on the ]3C n:m.r.

spectrum whlch a9a1n shows only six absorptlon as are

13

expected for.74 but not for any other nable isomers

of 74. Vo

\
)

freparation of the Dioxetanes, 4§ and 49:
48 and 49 were preparqd by basically the same proced- '

.

i

L4 L e
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ure as used by Filby (38) and Kopecky (5) as outlined . 1q

equat.ions [18] and [19]

However 1n fhese two case¥ it Proved 1mpossib]e‘to Y

1so]ate and pur1fy any of khe 8 halohydreperoxldes as haq £
‘,been done prev1bus]y (S 38). : The usual’ techniquts uped

to pur1fy B*halohydroperox1des as descrnbed 1n Chapter I, 7
ﬂ¢olumn chromagggmaphy and crystalllzat1on, both at low
-temperature. falled. It soon became clear after much ,

work, that no matter which. halogen was used, isolation ath
fcharaqterlzat1on of a B halohydrogeroxlde of either 5§ or,
66 was nate worth the effort ;

~~

This probtem,}as overCome by proceed}ng dlrectly to

the ﬁh{mat1on of the dioxetane. Treatment of solutlons of

crude g- ha]ohydroperoxldes w1th sw]ver acetate resu]ted in

-, . :
. L 2 . ) i@ w : B
: \ C - [ L, N . .
) ’ - ’ l‘ ' ’ . ' ‘ l - . - L] ’ S N i
Co y s " ¥ S . -

P

o
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- Pawt of’the ss of d1oxe‘tap resultwng 1n t

PARY vy "‘W" B 2 . “f&""‘l "\W ot LR RASEE S B et ,,‘,‘,‘ - ;.,_‘-_wv.?.-' e e '"“."' .
N . .
3 -
. . .
. .
N . 68,
. . ) . .

J

In the cas”“oféié‘ reaction of AgOAc with both the
B-bromo- and @3- 1odohydroperox1des was carried out ‘and com-

parison of the.resp]ts showed that the preparat1on using
‘the 1od6ﬁ2::operoxide was more tractab]e The crude pr?-

o~

"duct mixtu could not be separated by low temperature

»

column chro ography However moﬁx of the d1oxetane' \

: could ‘be removed from the reaction mixture by, distil]atlod

(38) The d1oxetane present in the distillate was then_

~

t &

further purifled by lTow temperature column chromatographyv

[

Low temperature crystallizat1on of the d1oxetane from

150pentane gave a product of 92%’pur1ty in about 4% yie]d

=

“low,yield

was due to~ th&thst1llatwon used u\the pur‘ Pion. The

J

f,maJor 1mpurit¥71n the crude d1oxetane-containing mixture-

was'probab1y the allylic'hydrOperoxéde. 77' and this

r%ate«r\al seemed to have an affinity fo@the dwoxetane and -
é%t all the d1oxé§ane %?uld be removed from it hy distil-

- ﬁ. :
latton In. fact.grhen the brumohy%:operox1de was used to

1

prepare “the, dtoxetane..no 28 cou1d be dlstwlled from the

*

vreact1on mixture even though it was present.’ Thin layer

chromatography indicated that an impuritv mov§§ wttb ‘the

same Rf as the d1oxetane and this non- perox1d1c 1mpur1ty

) could not. . be separated from the. dloxetane by any of. the

pur1ff%at1on techniques used Th\s accounts for ‘the fact

“~

that dloxetane of only 92% pur\ty was‘ used in the experl-

N
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o

2
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~
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It is interesting to ndte that thin layer chromato-

b graphy provides an exceﬂlent method of folioWing any ’
manipulations of dioxetanes. The dioxetanes appear to be

/oo *
quite non- polar. moving rapidiy in sohventSpcontaining as.

&

'i, iittie as 5% ether. Nhiie dioxetanes do not appear to
react witn sprays that visuaiize most peroxides .and even
the pero*ide 78 they can be visualized simpiy !‘ spraying
B the plate with a solution of SX DBA in toluene and heating 4

the plate in the dark The dioxetane containing spots

then giow brightly “Thin iayer chromatqgraphy of dioxetanes

i

eouid be put to‘good use in such expeniments as spotting a
f_smaf{ amount offboth}dé and SiIin %he‘same piace.hheéting
.,‘ i o the!piate. deveioping it, and on visuaiizab&on obserVing

' J that,except for the impurity in tﬁé originai dioxetane.
_the only product of dioxetane thermolyses was 51.

-~ o~

. . The structure of 48 was confirmed by. th Tysis to i

ﬁg'égg T‘.;Wa diketone and by reduczion with iithiwm aluminum hydride

| : to a dioi Tthe oniy products obtained from these reactions )’:""
ff”v,' ‘ ‘(except ﬁor the small amount of originat impurity) were s
',51 and 57 respectiveiy. and this wWas confirfed. in each case e

/
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by mixed me]ting pqints with authentic mqteriqi Thisw -

structure confirmation is illustrated in IScheme 9.

] : \
SCHEME 9
| ———— I
¥ - S o | ' ‘
el L1A1H4 " oH -
) - \
] | =Y -78°. ether ' 4
. .. ' 48 : . e ' .
. - L~ . L
, !
(. . | '
PR C
‘ 1
: - y
.- 4 o
:’ ‘
I
i - e | . S /
i e T - 31 8ax |
e ’a'Prepmration of 49 was'carriedeout inythe same mannef

- as for 48 the is, without isolation of the intermediate
iodohydroperoxide The iodohydroperoxide was used in
this case since 1t Appeared to give more dioxetane than the
bromohydroperoxide The crude dloxetane containlng re-
act1on product wasfpur1f1ed by two low temperature cotumn
chromqtographtes ‘and’ several lTow temperature retrysta1-
‘lizatien trom ieopgetane. The prodUCt. bright yel]ow

’need]es. mp '57- 59°C,was obtatned in 26% yteld ﬂ‘%h a

! " .
N \ P ¥

pur\ty of 99 sx T ' R _ ‘ ;



- hydrogenolysis of the ozohide to give the ketol 80 which /
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- -The- struttureJof 49, was-confirmed- by rednctﬁon—to—~—'~*-*—45"

79 which was identlfied byocomparison with an authentic

-~

sample ‘prepared by osmium tetrao*ide oxidation of 66 ®

'Thermo]ygis of 49 did not givr the diketone 52 This wq5~

no& unexpected since 52 shou1d~rap1dly éyc]ize to 80
which in turn should give 81 on "treatment with mi]d acid /

or base {130). A similar cyclization was observed by

Filby®(38). This. scheme uaS-confirmed in two ways.

o{onolysis ofGG.With ozone tn argdn'(l3T) fo]lowed by ‘Q

was conrerted to 81 by trea%ment with base; and: oxidation

of 79\with m(pganese dioxide (132) to giv} 80 which was :

- converted to. 81 as before 8] was identified by compari- '

'variation of the methods used ‘*dr t'he ot;er two dioxetanes
-f,and is therefore not d1scussedﬂfﬁ$‘ﬂ

1 g

/
‘son of. the melting points of its oxime and semicarbézon%

’/ 4
with the reported values (133) Then hhe?molysis of the

,h,dﬁofétane4tg11aago by treatment qf the product thh base .
'and hydroxylamine hydrochIorid@ gave 82 in good yie]d '

¢
confirming the dioxetane structure Thesjiconversions

are all outltned in Schehe:lo 3%"ﬁ%‘* ;~ x* s '

Note that 50 could not befysyparedifrom 74 by any. |
B /'_~_ _..'1

aobserving the decay of chemilum1nescence of~these compounds .

K J

: vt os Tw R

/ ’:’. "‘o . *'~ ) i ‘g .

. - cs\ ’ P ‘-“"T”". ) - .. v R -
Rates of Decomposition of 48 and 49: T R I
The decomposition of. 48'and 49 J!re followed by ™ ol
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':;71 o ~~in benZene and Qoluene solutions respectively. ulsmg i: T . P
i R either 6BA or D£A as fluorescers to enhance/ the lumin- RS
o | escmence t‘o measurab]e 1ntens1t‘1es Tt has\ been shown by :

- 3
) w\lson and &é{;haap (50) that the bresence of ‘such f1uorescers -
w“w, .o . *‘
Lt e has ho’ effeét on the rate of decompos1tion, of ﬁwxetanes
\"'5“;"‘«?"”"%’- a—eq ?qlutlons@, Also Filby (38) and others (50 134) '
AN "".»‘J’ ’ -
- ,,._';.3':;& A ha wn that the chemﬂumnnesdence ,decay m.ethod d0es .
. [ \.' !‘ u o, l i . .
B "!;‘} * n’feasulfe the rate .of d1o‘xetane dlsappea;an by comparmg C e
S ‘ - -, y . E " - [
g, e results w1th rates pbtanned by. . 1od1metry*and by n. m. r. ey
"a ‘ P
, sunements Smce th@ observed chemﬂutﬁ’mescence 1n— ‘ v
oo ter\sfty (If) of a’s utione voxetane Jis groport\onal“"'
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: \ the _ﬁxata e. (50 135) .l Reproducible rates:for 49 were vm S
\ ouly»\wai ed” when pure dioxetane was used.. I‘n the case 3’} |

3

S
® . . LR o - ! 0

s ‘ = nfate'rwal to stnaighte‘%ﬁut the plots was har.qu an. qc‘tept- L
%:; ':*i‘ablé‘* solution \’fhérg was on]y@m t'hing lefﬁto changg, |

ol

6&;48 d‘ffereb‘t problems were eé‘:‘countered At first even ,.‘. irf
. ’ :,A'~
lqrest dioxetanb av"aﬂable sthe Yate pdots were T g

not le‘St order It was obserx'ed. however, that 1mpure o l
» v

.

r t13§ gawe reasonab]e stranght lines. Tlowev r! th1s

e mgtem'gl could nof be used: for kinetics smce the T

‘ a»s\ hose used‘.in thet,e\nd However ivdditi.,on e,f a: f‘or‘ ign .y

the\ solvenﬁ\g The bertene used" apb‘@”was a cpmmeri’cal

Y X, . I i

-'“'“Spectrogra@e" matérral HOwever WWhen car;ifully putﬂﬁed o
&’9 CSSE
benzene was u?ed for the rate determlnatlon\s a]l the b

.'
\c) 2

prob]ems Ldlsappured and
‘a S’dmethmg in the d‘nlgina"l soNent must ha{e

HE A
“'feafalyﬂng the deconposnmn\and when 1t reactéd with

SR either 7Z or t butyl hyd’operomde the c%a]ytlc ybﬂ;t’y)

was lost o ,.”;.t, 4 : ;
R Examples of the data obtamed from the decomqosnron _

»

. of. 48 and. 49 are presented in Tab]es IIr and Ivyr ectwely

First order\ rate plots of ‘the data in Tables III and IV are

’ o . s

es, o* ijetan@' cont.amnng aHyhc hydrpperoxide im- . \,,;"w;'

"y1 hydroperpxnde vﬁ‘\no longer o
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TABLE V- o !
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- Rate Constants. for the Deqomposnwn of 48 and 49
. ! + ' . P ’ . ! . v [
Comggund Temp Initial Cong:entrat-io,n ’ So,lvent Fluorescer Rate Censtan;
). e (M) | . (s”! x 10°)
48 451 6026, C6H6 ‘' DPA C o332
48 45.1 Looee\ " v L C6H6 DPA . 31,9
o i L [ R G L ‘ )
48 45.1 .0p90 C.H _DPA 33.3
b ' 7! 66 . .
. T | \ ST ant o8
48 45.1 s .0032 - C6H6‘ DPA r§ _A 32.2\,
59 ‘ ‘}51 \ .0010 6 6 DBAQ S 336 ¥
48" . 25.0 - 0065 C6H6 DPA " 2.10°
: t ' - ‘ ’
48 .25.0 ' 0055 ‘ - CH DPA - 2.08
2C 66 - R
8 - 25.0 } 0090 . °5“6 “pPA 2.20 ‘1
49, 937 . .0081° . TJoluene pA 21,5
a9 937 L0081+ Tolféne  DBA 27
89 - 93.7° 008 Motuge . DBA 273
49 1750 06 0 Toliene  DBA .S 3.03 ¢ -
g9 5.0 Lo Toluene ~  0BA . Nlaer .
49 1750 .02 1 Tolene DBA - -3m .
. T S
_-‘_’m: o ﬁ%&z‘?v\ — = - . . . -
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;.cell temperature can be changed rapidly The mene _reading

Using the rate dat ven 1n Tab]e v the activation !

@hergihs,for the thermolysi§ of the d1oxetanes;were cal-
b :

|

‘culated us1ng eq. [20) (V4).

i \

. 4.;57_5 T,T,.(1og k, - 13 k)

[20] \ ' EA 2 | . l xi‘(
! | ' ' & :
Entha1p1es and}entropies of actlvation wer¢ calculated from, t b

. .

equatlons [21] and [22] respect1Ve1y “ﬁlﬁ o S ,

F . * l:' \ 3. 3
[22!'3 st k 10’»7 3, Tog T + ). 3
P - - 0 -

v 4 d N 9’ ! 5761’ B

P ey -, “q . ,‘ ‘ ’ \ . “ ] .',‘
The values of . ctivation parqmefers calmﬂﬁated fqom LT
these equations are presentgﬂ 1n Table VI along w1th v F‘;
Filbi s (38) daha for 42. ‘ ;.;,., . '\ ; T §1; . !
b ‘ . o

_ The acttvation energy for the thermoly51s of 48 e s
also. measured \)y the temgsraxure&change method descrtbeg
and used,by Ntlson (50 71) In"this method twdyconstant

teMperature baths a; two dxfferent temperaturey'are c0n-‘
o* '

|
nected’to the\spectrofluorimeter in such a way tbat the

»

at thJ‘?lPSt tempeF@tuqe is taken. the cell temperature s, e

-’ T “[ﬁ

changed and a second meter rehd\dp is taken Uilson (50)
“ : - - -> < me '? o
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 Compound - EAa o L TéﬁpefatUFe‘lv | .AHik. . A§*
L L keadmore™) (¢} . - (kealmote’)) _(e.u.)
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~:~ T .":*.." .‘, nh. v -

B 1 (P 1 I SRR Ce L

R |

-  Errors were e,stigqted by" substitutig
L o ‘ ; P R N
g ” L 1ntQ,§eq-. [201 ~

M.-."—. X ] ' . v X ] ' . - 4"». »
AL _g Pe\termined by the temperature ,chang'e %thod d,escribed.“ -,

& . - ' ¢ . .
. - . . - g - S A L
s ) . s P i : e A ST A R v

13

»

\
<

£

-

u‘
b

. K SO ., P
‘ f . S TR . -
* P . d C e e, P L. :
- - 4 B LY 5 1 - e
L !l .
> R . .
! \ - .

y . . & e })
) - . i
\d -~ B .
pe » » rv 3 M |
E 1 .
. d _‘70 ’ . N
N & \



- In €q. TéS& 1] is the meter reading at T].,iz is the meter

A

Sy
.
-«

“"’-'\ | R !
SR I "“ﬂ

v reading at T2 and E

A , .
,scence of the fluoresceg used. 4n these experiment? OPA

of activation

)

L e m - - - [ Cemeie e e - e rm— e R S, - Sy
has;@hown that as long as the-boncentratioa{of"di xetane :
does not change very much during the equiiibration tim tor

\ .

ichhnging to & new temperature. then the chemiluminescent

'
l

intenSities measured are prOpordionai to the rates of re-
\a} ‘. ' _‘\

action at&the temperatures used’ The activation energy can

|
then be ca]cuiateg from eq [23]

>

R B ‘72 T‘ T o
| AR , R

19 the activatian energy for: fluore- : 'i,ni7

7/

st used as a fluorescef“and ﬁg{ DPA.g0 = g 'The wesuits {{-*4
F i "v [ . v
of thé temperature change experiments on 48 are shown tn w; :

“Table VII Note that both temperatuf% rise*gpd temperature z!gﬁﬁ?
. LIRS, -

I dfop methods here u3ed and both gave the same‘r.f 'ai_ ﬂ:\” A

?- Nilson;(&?) has %\own?that th; temperature dro fv

a

" :
Fnergy determidhtion is indepehdent of-any 2

5
dark reactioﬁﬁ of the dioxetahes andwxhat Lf the activation\

“e;eﬁbies deter \ined’ by 2he two methods used here g&g&e‘:\’{h ]' \
*the temperature drop vaiue;s higher than that~from Nte . ‘ ?b
constantndetermfnations " Here, hone{e:._the temperaturew RETREI
drop attiva;hon energy is loae; than the rate const;nt':"i;i"“f)irl
‘ value bu; simte the on vaiues are within about 2 kcai mo§e Ax\
of eath other it 1§ prObably fair th ascribe this diffe!enCe o

P :.
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——Quahtum“Yfelds of’Exclted State Products

'_efficiency

»
¢ The method used here to calqulate\the quantum yields of
y
excited states has beeh used extén51vely by w1190n (50 74)
who developed the method and by Fllby (38). 1t relies on.

the assumption that at infinite Soncentrationﬂof DPA all”

the singlet excited carbonyl products are trapp%d/(by shmlet-
| s1nglet transfer) and at - 1nf1n1te concentration of DBA

all excited® carbonyl products are trapped The fluores-

.cence of DPA is then a measure of the number of s1nglets
| \ °
formed Now normally d1oxetanes produce many more triplets

+ than s1ngle§§~on thermolysis (57) 50, that_1n general,

excitatlon of DBA by singlet- s1nglet transfer is small

compared to’ tr]plet slnglet transfer and s lgnored | Thus.

the fluorescence of DBA isea measure of thé number of

-~

triplets which transferred the1r energy to. DBA ‘ he

thls trlplet s1nglet transfer for DBA is

‘the total number of trlplets formed ¢an be
« 3 -

calculated ~This method relies on the heavy atom effect

knownaso'tha'

1n DBA wh1ch because DBA conta1ns two brom1ne atoms,
causes m1x1ng of the s1nglet and tr1plet states allowing
the normally forb1dden trfblet singlet energy transfer to’
occur (84). 1In order to calculate the- quantum y1elds, the
chemiluminescence 1ntens1ty at 1nf1n1te concentrat:on of )
both DBA an! DPA must be found for each d1oxetane Tr:s

is done as follows - , .
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. ' R .
Réactions\IEAd1ng to fluorescence from a solut;on "' 4
» )
SRR

”’ffs containing dioxetane (D) and a fluorescer (F) are shown

ain Scheme . K represents a carbony1 group- containing

AR ﬂ..* product (50)+ T RN , -[ .
v R i 1§ .(,"""”"“\:'." ’ ' . . " . " : ' " . ot T iR

. * > -
FrK o < e ",
* . oA .°' “\
' K " ,q.' L
. R . S
: A \F\\\ Y S . . «;,’
Y % ot M3 . .. '
4 F s '(r l: . . .
The mechanISm shown in Scheme ]1 to the exprass!on ‘
for the chem;lum1nescence quantum yhelﬂ s own 1n eq. [24] llf
o [24] . _. ks / L

a t »-q’c“_ j/( : T(;—ﬂ " ,"— ¥

. oy
o

',Q

-'ff' - In'eq [24] J 1s the chemilumInescence quantum yield

B2 N b

',and $. 1S the fluorescence eff1c1ency of the fluorescer,
/.; - F (g6§. Since the chem:Lumlnescence 1ntens1ty,,R% as -

' ‘measurad by the ectr ]uorimeter is proport1ona1 to R

the chem11um1nescence quantum y1e]d a plot of R™ -1 aiainst“

;o o [F] -1 shou]d be a stra1ght llnsﬁ Taples VIIT and IX SQE:’

' - the results of l1ght em1551on medsurements from so]utlon

»
LY
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p'f;" s'of the dat.#

a f M < .'f'\ Y ,"", -‘ X | o :’ o Es i ..
- :.* The-me’m% _‘;srueu take‘n'a,t temperatures su;n thn i

R _ on-of dio&etane dhid hot: chaﬁnge wrme the L
" : read‘l’ﬁg Was beiug taken.. P]ot-s of Rg:' aga-lnsws[l-'] ]'f‘"' J

. 5 . DBA Were all Hnear 1n theo]range 10 4. to 10 ‘2 H of .
;13'_;v:. : .
;‘_ -‘.,‘..' fluorescer 1hdit:atmg~ that» t’he. fl,uores,cence of DBA 0ccurs

vﬂ \-vila""excita»tion by as s4ng1e species of excited statle (50)

w‘ ’ *Plots for O?A are Lline‘ap 1n the range 10 -2 to 5 x flo __ f 7@1
: ‘“j ;{C '~,s,hyf1uorescer. but the J&fference 1q‘s10pd shows that HPA

__ ‘ji's betng excited by a different species o’f exci"ted state
- _‘than DBA unson (50) has shown- that. DBA is excited by~

e 1o ‘“”9’ “Erarster, ron the triplet _caébonwl

:”1; "Jihf . ~i°xﬁta"e.dec°m9951tioﬂ Whlle DPA is exclted i*';:
e by the‘sfngiet carbonyl products, and this forms t-he . -
- i ” "basis for ‘the detgrmina'twg of quantum yields as- described'.‘,
b "?'..» " ( in, the rre.xf section 'Readmgs for DPA or DB{ at -con- e

centratwns higher than 107 -2 H were not t%en since sel‘f-

S 7 f.i_lmuw ﬂque»nc'}ing of wf"llt;(;;'};‘sﬂt:ﬁgrwtrct-.*“»l“;"hddu‘C“-‘-"' mco'rreot rea‘df;és (385
’ N ' Tab’le xX° shows the resu'lts for hght emisswn meas‘ur‘e-r
g ‘men‘,ts for_40° and 49 as well as {8 Values- for 40 were | -q'j‘,}
determmed s1nee th1s compound was to. be u.sed as a light v
S ’ standard as sdggested by Fﬂby (38) / o .' " .
Before the quantum y1e1ds can be determmed the specho-
: 7 B f{uonmetér must ue cad 1brated The hght s,tanda;ds ’,, ® &
L ' avaﬂa.’b]efor copv.ement use are. the rad!eactwe st-andard
‘7 e ‘/ '"‘e.. B @u E
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- L R@ is the spectroﬂuorimeter readmg at 1nf1mte concentration of

o f1uorescer obtamed by extrapo]ation
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".f‘,{ vide a very conV“/1en\\11gb% standard 40 fis easy t

‘ ! allmdioxé@hnes

T T R
, of'Hdbtjngs'(l36) and the luminol ‘standard of Lee and

\Sel{qen’(TBT). Both of these have major drawbacks to
. their’dbplicatﬁon The Hastings‘!tandard gives off onTy
w%ak emissiOn and thus can. only be used to calibrate '

)sensigive 1nstrumehts The TuminoT standard is easy to

Qf . Qrepare and gives off a bright’ light but it is difficult

to use 1n practice Filby" suggested that 40 would pro—“

{

|' \\/‘

prepare:gure, ives bff a reasonabTe intensity of Tigh-n\

B s On thermo ys1s and because 1t is. the most studIed of
(79,82,83,93,140,141)  fts excited state
yields are well known . The e ted.state y1e1ds of -40

used to calibrate the spectrofl orimeter here are\based

o

T on the Juminol standard and .are due to Kopecky (39)

These y1e1ds are 2. 5 x 1074

;?.\'q f triplet acetone These xalues are 1n extellent, agree-:

Y,
-ment uith recent vaTues of Adam (9]) Other authors
have used 40 as a standard as weTT 19751407 4&@>ﬂv7

:;.'ef The exc1ted state quantum yiers can then be calcu-
1Y " , R .
Tated as foTTows ~ The absolute chem11um1nescence 1nten-

Slty I 1s given in ed [ZSJawhere R, is the spectroﬁluori-

' _meter readlng a; 1nf1n1te concentration\of'fTubrescer

and KF

t1ons conta1n1ng fluorescer F

[25] S "“Rw:'}‘z. K- -

1s the . 1ustrument ca115rat1on gongtant for”soTu-

.

for s1ngTet acetone and 0. 221
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/‘-i o KR
The chemilumlnescence quantum yleld ls then given by eq.

[26] where kd is the rate constant for the decomposition '

of the dioxesane at the temperature'in ‘question, [}
the concentration of dinxetane in one*mllliliter of so u-

tion and‘l is Av&@adro s number . , ,'

[26] " - o., 4
| . TCH T Vﬂ%

lhe~chemiluminescence‘is related to the yield of exc1ted

;gﬁstates °D . Kt by eq. [27]‘hhere ¢py 1s the quanﬁum yield

of energy transfer from the excited product to the fluor-,

| escer, F, and. ¢ is the.quantum yield for fluov@scence'af "0;

S . _ , =z
. . R . ! . . L.

. . -
Vo ! : : |

\ Before equations [25] - [27] can be appl1ed several

other factors must be considﬁred. The observed chemt-

».

'h"lum1ne§cence 1ntensfty can be affected'by several factors,:ghi'

quench1ng of fluorescence by dioxetane and quenching by

’ d1ssolved oxygen It has -been shown that 1,2- d1oxetanes

quench the fluorescence of DPA (50) and biacety]l (147) but

at the low concentrations of : dloxetane used Kere th1s

‘quenching.effect should be small and is.ignored here (50).

However quench}. of fluorescence by d1ssolved oxygen has

been shown ¥o be about 20% ln the case of DPA (50) Thus



- —

\

,sidered as- maximum va1ues
: instrument reqlings involvingdll?;~

- B .
" -

v B ' . \ "
\ % i e
this value of 20% quenqhiné 1s\\xgbably reasonabie ',

s0 values ‘of anﬂet quantv yields 4"-'1-‘: ,' oA

are denoted by RE°™".  For DB ,ﬁr_p i

to the triplet state (83) resu]ts fn a éhortened singlet
lifetime that is too short to- be efficient1y quenched by

¥
Normally dioxetanes produce many more triplets

oxygen |
) and ,so excitation of’DBA

, than singlets on thermolysis (57
)
by singlet sing]et transfer is gegef/ily small and 1gnored

However, uhenithe yield of singlet excited state product f;f_

,15 close to the y1e1d of triplet products -a correct1on _n

.
for. svnglet DBA produced from singlet products must be

H?th these correctlons in mind we can proceed \

- used
L e N S

The only values 1n equat1ons/[25] to. [27] not deter-

, mined‘here ‘are oEt and QF
perature independent (83)fand at infinite ¢c
g]ets s%ould‘%e tré/ped by an a1lowed

PA so tﬁat °Et is also un1ty

tratlon

of DPA all Reton

s1ng]et s1nglet transfer to

- For DPA, eq. [27] hegpmeS‘eq [28]

. [28‘1 ‘ . ) QCH ‘= ¢ %‘ ,.- ‘ ‘ . . 14

e~ , .
- v

/

For DPA, Qg is unlty and tem- =

i_\*_\_o



.

E ,69°C. 1In order to.calculate

' kca] mole 1 Thdﬁ usipg th.»mathods of Wilson a74) °F

’uj? ,\\;»‘_ N g oo T o
| er aaAtAowever..oEt is Lbcut 0.2. (ruﬁ) and % 1s
P 1 af zo‘Chtut it is 3130ﬂtenﬁenpturo devendent Tﬁe |

”exact temperatﬁro aependencé of‘o is not‘§wan but’ lllsoq.
| A
‘assumék that it is sim11ar to that oﬁi.bJ0~d1chiofoanthra-

- Y $

cene nitb an a&tibatiom energy%30r$f1uordtcence of. -4 5’
‘

for 884 "‘ﬂ CﬂTculateq to be 0. 0‘3 E25°C and 0% 035 at gd-“'
3’ from eq [2ﬁ3 these values |

' ' : . 8 . yr= / »
must be-nsed - o gg‘ T j4é. iy

o ;'. "‘n' -

Y The caIfbration conﬂtants may now be calcufated

_J?.

’_For DPA Kopecky (39) reported &hat for 40 wt 45 0°C,

e 1,34 %007 %5 1 and’ T 2, 5 x 1074 Fron Table X, .

;for Sotstions of 40 containiﬁg DPA we fina‘R ‘. 0 135 -
.-and (Dj = 0 0102 ﬁ*N—eétrectfng fpr oxygeu quenching of,_ Sy

_“DpA R, becomes Rcorr s q 169 Substi;wting equationsc'
B i[23]- [26] and [25] We find KD Aarl 219 X 101] photons E

m) 3 per spectrofluorimeter uni

-1 -1

Similarly for uaA;‘ -

‘”ﬁhsfng coelis 5'(3§5m;;7"; of 3y :} 0. zél at 45° ¢ DéA T

]

0. 065 (38) and gata frbu Table X for 40 and DBA de find

Kooi= 4. 65 x‘Vblo bhotons ml- ' sV per spectroflubr1meter

DBA.

-Uﬂjt ,‘. ‘ \ : o : o .. ; : | Sy

Sy using th!&e two calwbration constants,‘the data

in Table X and equations [Zg] tp [28} the excited state

30 for 48 and 49 can bé obtaimed A1l

\
pertinent data and the results are shown in Table xr.

ylelds, ]¢fand

-

,
: '7 . e . o t
¢ ! . I L@ ’ .
! \ S . . .
‘ M i ' . r e e
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enovgn‘gnérgy avalluble to efficientiyl
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-,Qtite the pﬁo'“
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Thc heats of format1on oﬁ_the dJoxegane anﬂ the dio ﬁiga

be. calculated by 'using ’aenso\vﬂ.additivity mu:hod (93 91)’

* i ‘_ . stinb 4f as an examplr - R e

: | Lsojf @Hf (42) . 9¢c (u) (c) JJ+ z[c (C)g(O)J S
TN s + 2[0 (0)(C)] o corrections ‘“W“.v
L o y ) o {
Py . '~ . . SR g \ p l o
. . c W 98 ' :
J O ¥ ' r.,s’;\ - . \ .
= ”‘\ \" . - v - . l .;,:_ ; b




et L e e o

L o o .

[31] - 8HE (42) = B(-4.95) + 2(-4.5) + 2(-6.6) + correcttor

~

‘F >
The correctlons 1nvolved here 1nclude the following, wh1ch
must be added to eq. [31][ the d1oxetane ring strain of 25
zkcallmo1e ! as used by Rlchzidson (39) ffour ether-oxygen

gauche interactions at 0.5 kca] molew] each, and q‘fonrec—

tion for the cis-decalin system in 42 156_kcal.mole J.‘j’
vK [31] becoﬁ%s CL. _ ' ‘;' . -

'[32]. AH? (42) - 8( 4. 95) + 2(-4.5) + 2(-6.6) |
- +25 42+ 1.6 = -33.2 keal mole” -

For the dione, 64, the canU]ation is'given}by-éq. [33

- -

r

[33T oK (B4) = 4LC-(H),(C),] + 4Lc-(H), cc)(con

+ 2[(C0) - (C) ] + correct1ons
o v ‘ | :
_Here the Qg]y'correction is the strain”in the 1,6- cyclbde~

3

candionéfr{ng' Filby (38) estimated th1s value to be&some-

where betweén 0 and 13 kca] mole ]- Eq; [33] becomes

.\ - T. N
. - Tt

[34] :(éﬁg (64) = in 4. 95) + 4( 5 2) + 2( 31.8) +. su%in (64)

T . .. = Stra1n (§f) 103 4 kca] ‘Mo 4

. A Y

Subst1tut1ng al] values known into eq. .[29] and usrng

F11by s value of EA as 4+22.9 kcal/mole TGB)

a

\ R AU

“e

- .o ) ’ ~
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Vs

f Lo

“f3s5) €42

“in the dione ring is. If stra(h (64) -0 then 542 =-93.]

TREIWL, Tew T e iR L gy T .-{-u.‘:‘ R RV ARERERTY A L A e i CTE
s » .

3 ' A : . ’ ) ' ) RN . . ’9
. . : 100. '
. 1 ’ o . ' .

-103.4 + 33.2 £ 22.9 + -_S.,tra/,in (64).

-~

. ,-'._\-"'__ = _93] + St-rain (_6_3)

‘e !
oA

. t . ! ) P : .
From eq. [35] it is easy to See how important the strain

and if stratn’ﬁd)x 13 then '5'42 = -80.1 kcal mo]e .
AssumMg that carbony] chounds in general have about
the same requ1rements for excitatwn as acetone (svng]et

85 kcal mole /and tr1p1et 78 kcal mo]J\] *(96)), then

_the stra1n in éhe d1one rmg d1ctates whetheﬁ" enough

[ )

'cenergy 1s avaﬂable to form singlet- products

Sinte Fﬂby s wnork tywo . reports of the stra1n in: the S

], 6 cyclodecanedmne ‘ ng have appeared Benson (94) re-.

porte,%hat -the slra\fjn cyc]odecanone was 3.6 kca] mode™ ] .
3

[

based on the differe between the actua] exper1menta1

value of the heatof fbrmaMn due to wolf (143) and the

-

va]ue ca]culated by Bensonvs add1t1v1ty ru],es The s ra1n

m 1,6- cyc]odecanedwne must be less than 3. 6 kca] m e'] .
1 ‘ <~
smce 1ntroduct1on of a second sp2 centre should reduce- g

the strain in the ‘ten-membered r1ng éven further (]44 147)

1

Thus , 0N Benson s stale-the ring stram correctwn for 64

3 .kcal mole ]. ‘However '
‘I . ’

‘s, probab]y 0 < Stra1n (64) <
a:

A]]mger (144) has reported va]ue of. 8 22 kca] mo]e

for the straip d‘g 64 Study of A]hnger 3 results (144) X

shows that his method of calculatm;l g1ves a va]ue for the

. i} - -
) -} ’ [



.~

E able from 48 is €' -«—]03 2(based on Benson S value of

PR s e W

.-

heat of formatlon of cyclodecanone of -67 18 kcal mole” ]"'.'

while WOTT reports (143) that ‘the experimental value is

-72 ~91 kcal mo]e -1 ‘a dlfference of almost 5 kcal mole

-

SlncewAl ger's method does not glve a reasonable value

-

for the heat of format1on of cyclodecanone (or cyclo-

octanoﬁe for that matter, Al11nger AHf = -59 32, experl-"

mentaj.6143) -65.05) Benson's values, wh1ch are based on

experimental- results are\ised 1n the rest of the d]SCUS-;

‘sion. Thus,‘us1ng Benson"s.values. for the strain ener . ,
-we find -90. 1<<é%2,< -93 l kcal mole” ].from eq. [35]

~ !

If the calculat1on done on 42 1s repeated for 48 and

49 the fo]ldw1ng resu]ts are obta1ned The energy ava11-‘
R Sy

A -

~

l 5 for the ‘strain in cyc]ooctanone, the stra1n in 1, 5-.'

.cyclooctanedione was set equal to'zero) The' eﬂergy ava1}-

“able from 49 is-107.1 LR -110.1"k¢al mole’ "us1ng the

~ -~

same ring stra1n correctlon for 52 (0 % 3 kcal mo]e 1).

Table. XII is a summary of the energ1es.ava11ab]e from de--

compd§1t10ns of. several d1oxetanes and it can be seen that -
: 1nfeach case)shown there appears to be enough energy to kw

L

'exc1te the product ketone to e1ther its swnglet or tr1p]et

stafle. . . : ' ] ,

A P , ) ’ e
he reason'for.the'dafference between the avai]ab]e
N . ‘ - ).

nergyfof 40 and 42, an 48 and 49 s that 48 and 49 have

straln energy 1nherent in the1r fused n1ng systems (per 5-

meﬂsered ring, a3 a»d per 7- -membered r1ng, 6 4 kca] mole ])
' _‘A' , < =

.

. e
TR T L TN ST RN M I e Prreheaged e,
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Sy

'actuai]y be eq 536] : o ' I .

-enough energy i

. . . . . : ' . "L e -, . o TN L
that is not present in ' 40 and 42. SR i Yy

Hoﬁevér, wilson (57) has pointed out that avaiﬂab]e
energies as ca]cu]ated ’bove by Richardson s method (89)
should probab]y ‘be considered as the maximum possib]e -

vaiues if Richardson S biradical mechaniSm\;s correct

Figure 5 shows a schematic diagram of the e}ergetiCS of

dioxetane decomp051tion based on _the biradicai mechanism

If the picture in Figure 5 is correct then eq [29] shouldF

! o - . . : I ’ . I.‘.

[36] é}B = aHO (product).- AH (birad1Cal) - EAB

\

Wiison thus suggests that in f’act,@kB 1s the energy availag'f'

e
r

able on dioxetane thermoly51s not: @b it is’ p0551bie to ,'-*‘

nmagine that based on Figure 5, even if Eb is 1arge enough;.

X .

| to excite the products‘to bo h pOSSible‘states, é;B may
| not be large euough since ékB depequ on- the vaiue of EAB

which s unkpown Of course the who]e\argument rests on
Q .

the exact energies of the tripiet and’ 51ng]e“~statesJof

. the product. .uv--f ) e PR e M f”fffg““”"

Uniuckily in: this work it was not poss1b]e to deter-
mine Af the iack of;evanabfhty ‘of exCitatLon energy ‘was o

the cause’ of the Tow yie]ds of triplet exc1ted states 48.2

:and 42 - Howev r, even though caiculations show that

l‘
: avai]able, wiison s arguments show that -

lack of exc1tation energy may still be the exp]anatioh for
, o

the low exc1ted state yields .

.



FIGURE 5. .

s
-‘.

Schematic D1agr3m of . the Energetics of Dioxetan?
Decompos1tion based on the B1rad1ca1 Mechan1sm
“of- Richardson (59 89) _  ‘ -1 :
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'~oxetane thermolysfs;is/assumed‘to b
'ferences in enthaﬂpies of'formation

LR
-vproducts nﬁnustﬁe activaﬁion energy

P AT SR T PR R
eq. ;_Qg indicatessﬁJJuL_.: aiJa&ﬂ4%;fF0m—d4~—*"——“‘

thd’sum df the dif—

-

f reaqtants and "‘ N

Perrrn (98) how- '
{

lated to the change 1n free energy fn go1ng from reactants o

4” )to prodd%ts 1 In other woa‘;, entropy aS\well as entﬁ.i‘y

:.15‘._‘ .

‘but not act1vat1on energy ‘must . he considé ed Perrin

|
1

‘uses- 40 as -an example and shows that eno%gh energy is

ayailable to excite acetone . However in the ‘case of 40

.fdecompos1ng to two separate acetone molecules the chahge o

.in entropy i's large, but 1n ‘the case of the tricyc11c

[ORN

"dioxetanes the change in entropy will be much smal]er

isince onﬁy one molecule 1s formed on thermolys1s Perr1n s

scheme would pred1ct that exc1tat1on of th@ cyc11c dvones‘

;;;formed on thermoly51s of tricyc11c d1oxetanes would not, .

'-;be poss1bﬁé The'data presented in thls chapter show that
!

' Aboth s1ng]et and tr)p]et exc1ted cyc11c d19nes are formed

| tgne depompost

_\ argumentvsw _

;evwdenc

”;Perr1n also stated that ba!%d o8 an hsotherma}-thermodyna-

Perr1n 5 theoreb1ca] S

;n shown to be 1ncorrect by:both L1ss1
[N i

(99) an ':j(IOO), in agreement wlth the exper1menta1

—

hAs'we} : lat1ng the energy re]eased on. d1oxe-

3 Benson ‘s methpds 093 95) can a]so be

"



; () i . .

. f o .
e : . - K .

used to esilmate the activation energy 0of the decomp051-

e e e e

tion basgg on the biradicar mechanism (78 79) This method
)

55 based on Figuie. 4 and outlineg in eq [37]“' The"heat ‘
. I o N ./ : e -
.o . ! / - ] - .
f,j.-"L37] EA = AH (bihadical)lz AH (d1oxetage) + E ]

v,
@

&1

of formation of the birad1cal, Aﬁ°(b1rad1ca1), can be cal-.

]‘eulated as(shnwn below, us1ng Benson s ad&ftiv1ty va]ues
?for radicals (95) For 32, aHY (42) #s -33.2 kcal mole”]
‘(::Ev' from eq [33] and E { = 8.5 k%pl mo]e -1 (89) AH (b1rad1ca])

‘/r*‘ can be calculated as follows. A A e
S [38] AH:ijriqical) 8[C(H)2(C)2]-+2{C(O)(C)3] + cqrrect1ons '

-22.4 + correct1ons kcal mo]e 1 ’ s

LJThe correcttons‘include 1.6 k;a] mole” -1 for the ci§-deéalin
. ] : ] : .

~system, 2.0 kcd]lmoie’ for~thé four ether- oxygen gauche

L 'S
' 1nteract10ns, and 0:5 mcal ‘mole”! for _the 1nteract1on between‘

[
2

the two oxygen~atoms [3BJ becomes
S . L ' ' | S .
o A . -7 TS T |
L [39] _AHg(biradical)w=-22.4*1.6+2.0f0.53f-1§£§kcalnw]e L

Sl Substituting inkeq. [37] the-actﬁvation energyﬁis R

[40] : A (42) = -18. 3 + 33 2 + 8 5= 23 4 kca]/mo]e

1. :'. i

\\/~&3f¢’ Slmilar ca]culat1ons show that the act1vat1on energ1es for
N S R

all trICycl1c d1oxetanes should fa]ﬂ ln the. range 22 -24

’-kcal mote™ . Tab]e VI shows. that while 42 and 48 fall in
or neaz this range 49 w1th an dct1vatlon energy of almost

30 kcal mo]e does- not fit the mo]d The reasons for thi.s
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are. most probably stenic Molecular models of 49 show. that

~ o~

~‘>‘f it opens ‘to the biradical the two dioxetane ‘oxygen atoms'L'““

0

move apart ‘forcing some of the r1ng hydrogens toghther :
\he b1rad1-v

ThlS is, illustrated below for one conformat1on of t
'ca]. The hydrooens circled are closer together in the b{

radica] than in the dioxetane. Other conformations of the'

5. .

" biradical suffer from the same.sort of unfavourable inter-.

1

actions. - o S '

fhese trensannular interaotjons occorring on birediea]_
formation require!eneréy to overcome, ) h result{ng in a
higher aetivation energy afﬁ a sfower rate of decomposi:
' tion These sonts of unfavourab]e 1nteract1ons can be
.av01ded in both 48 and 42 and ‘S0 the act1vationyenerg1es

for these compounds are much closer to the calgu]ated values

Tab]e XIIR g1yes a list of exc1ted sﬂete yields of

fsome-dioxetanesh” One of the problems encoumtered when
comparjng‘yiejds of,excited‘states is_thetrdifferent
euthons use different light standards'and'Un]uckijy the
d1fferent standards in use do not give mutually cons1stent
’resu]ts. Three 11ght standards in genera] use are the ‘

‘radioactive standard of Hast1ngs (136) used by Wilson, (

e

1
v
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Excited Statéﬁﬁie%ds from Several Dloxetanes

R 4 |
Dioxetane o x 103 ?0" 30/]

o .

0 o 0.25 0.22 ° 880
- = C |

40 E S 8.38 " . -

42 x 0.0026  0.0081. 3115

0.17

<0.05 0.1

tH
& -t

2000
5.0 -~ 0.05 10
6.6

1.2

LTS RE
10 100~
“

0.125

0.10 67

0.125

250

850

+0.084 = 13
104

313

108:
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S ano%her ﬂdioarctfve standard usedby _kdanr (56 - )—tmj—ﬁre——
| Puminol standard of Lee (l37) used by Kopecky and also’ in- .
o ‘ irectly 1h this work Approximate conver51on factors#to \
A “‘\:Ehe Tupinol” standard are about 0.5 for the Hastings stand-

,.\ .
,~ -ard-and 0 67 for Adam s standard The values in Iable XIrr.

have been converted to the luminol standard u51ng the con-

o : ' ver51ons above

. lt alsgygppears imposs ble to explain the variation in the’ - ',}‘

the three tricyclic didie;anes on
b |

Yilson (74) cannot explain the low

e . excited state yields of
| | structural grounds |
yield of triplet obtained on thermoly51s of 47 either. More;

uork is necessary before the factors affecting the absolute o
l and relative yields of singlet and triplet exc1aed carbonyl |
. \~compounds from thermolyﬁbg of dioxetwnes can be determined.
". Probably severa] factors are- at work because,while 42 ﬁas .
- a reduced overall exc1ted state yield and a’ very high trip-
let to singlet ratio 48 has a reduced -overall yield but
'lti) a low tripleteto 51nglet ratiod The 51milar1t1es in the
i | yields of exc1ted states between 48 and 47 are difficult to -
- understand on the ba51$ of dioxetane structure since the' e
structures of the compounds are so radically differént. Com-

parison of Tables XI- and XIr does show that haVing*large

amounts of energy available for exc1tatipn does not result
{

.
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'ture in a dfox

- .‘(_‘.';,,
<

in a dioxetane giving more excited pruduct than obtained
from a dioxetane with 1ess lavailabae energy Far examp'le,'\

49 has considerably more’ available energy: than ‘40 but the

’ yields of excited products are not very different

This work hasrprovided more ef%mples,of dioxetanes
which behave djffently flrom the norm. The fact that.theA
three tricyclic dioxetan S. known ail behave differehtly

;with respect to triplet/sing]et nergy partitioning must

be con&istent with any mechanism purporting to explain the

producti of excited state products from dioxetane ther-

molysis Qgso, it has ; en shown that a tricyclic struc-

ahe does not prevent exeited state pro-
\

;dhction sig .Br to the excited state production in simplerh»
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those'hsed in thapter l ‘3

dﬂhe on either a Vardan HAlOO 15 or a Brucker HFK N

C n.m, rr spectroscopy wa-

spectr ter ‘ The exact mags measurements iR mas spectro- -
ki k' |

scopy wére done on an AEl MS 40 spectrometg; , T!e spectro}_ s
fluorimeter used was a Turner ModeL“430 R . o
Hydrocarbon solvents were purified as outlined yn |

Chapterf ; An*&d'pus tetrahydrofuran was prepared by ree
fluxing the solvent over calcium hydride for 2 h and then‘.j'
distilling from calcium hydride onto\ Teshly activated

4

molecular sieves, type 4A. Acetone was\purified by re--«:%*‘

v i- "

; fluxing over potassium permanganate for l h and then, dis-.,-)*“

tilling onto freshly actiwated molecular sieves, type 4A-
Benzene and toluene weré purified by washing with c0ncent-

' rated sulphuric ac1d until the acid layer remained colour-:

s

less, washing wiqh water, drying over MgSO4 and distilling,

twice rejectin? one tenth of the total*volume as prefleu
Lo

and another tenth as r251due | Triethyl orthoformate was -

B R

purified by distillation DPA was purified" by recrystal-e

ltzation from toluene
. "'\

~ Dry, inert atmospheres of etthe‘

“

‘nitrogenAdr~argon

S ! ! .
avere supplied by passing,. the gas th ugh'éeiSer S solution,

\ .
lOZ‘Tead acetate solution, sulphyric aClJ, sodium hydroxide e/

and anhydrqus calcium sulphate S S A\

J . . . .
: F L
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oa magnetic stirrer and a nitrogen inlet and ouQﬂet nas

' Drying of solutionsk§ s done with magnesium

calcium sulphate for et \olutions and with, magn'si n oo

sulphate for other solvents. ugless otherui%e noted. .p.y.fz

v Removal of,solvents from solutiuns was done on‘a oS

o 5
]

rotary evaporator equipped wi;h a dry fce condenser and .

a bath at room temperature unless otherwise noted. A O
! S
v | I..‘. n /

¥

1,5 Cyclooctanediol 56: (ios 197, l08) ’ \‘-.;f o
'\" d. . . c(‘ﬁ

~To a two liter, three- necked: flask eguippetkwith a-

‘

LI .
reflux cbndenser. a pressure edualized droppihg funnelafb - «y

added V M borane in. tetrahydrofuran solution (800 ml 85’
moles) The transfer was _made under a flow of dry nitrofi

\

gen using a syringe equipped with a. syringe valve The g {i‘

flask.was purgeﬂ Wlth dry nitrogen before addition and qix';}%

@ - .

it was kept undbr a: constant prgssure of dry oxygen- free
L_,.-I

nit§\gen during the foll ing procedure To the b@iane ’

ey e

o solutiOn'“l‘S cyclooctadiene (86 4 g. 0.8 moles) made up -

to 200 m1 with anhydrous tetrahydrofuran was added dropﬁ
wise over 30 m. The clear reaction mixture was refluxed
one hour and cooled to 0 c in an ice-~ silt bath A pre-

V- T
cipitate formed. 6N sodium’ hydroxide solution (400 ml)

was added very carefully while maintaining the reaction

P

temperature below 10° cleth'the ice salt bath. 30% hydro- |
gen peroxide (300 ml) was added dropWise while maintaining
the reaction temperature bf;%w 10°C. The reaction mixture

N

“
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<y
cons1sted of two layers. so the aqueous 1ayer wa's satur—

~ I ~

ated with potass1um tarbonate and the organ1c 1ayer was

separated dnwed end;evaporated to an 0il. This 011 was:

co- evaporated once w1th 98% ethano] and twice with carbon

] .
‘tetrachlorlde,.to-g1ve a whitef, -crysta111ne mass Thin'

Jayer chromatography (ether). 1nd1cated that the product

.

: was v1rtua11y Puregs y1e1d 15 g (100%)/\‘A small portlon

of th1s mater1aT was pur1f1ed by co]umn chromatograp?y on

s1l1ca geﬂ (eluant ether) to gwwe a wh1te crysta]]1ne

,so]1d, m.p. 72 - 74°C, reported (105,107) 73. 5 - 74. 5ot

The i.r. spectrum Lnujof) showed absorptions at 3260
. ] ‘ ' : B . o * ‘ —“TA

“em (O-H stretch). ‘ “

The n. m r. fpectrum (DMSO dwj—jﬁjﬁed absorptlons at
15.78 (d, and ré’s broad) - ’
\ . ‘ .

. i

- . . .
[y . ~

j,S}tyc]ooctanedio e,. §1: (109;1?0,146)
L } . / ~

Crude 56 (72 g, 0. 5 moTes) prepared above was d1$solved

a

in,pur1f1ed acetone (1000 m]) and Jones reagent (146) was'

) % -~
added dropwise wh11e keep1ng the reaction temperature be-

Tow 30°C.. Add1tlon of the ox1dant was continued until a
pronounceduyellow—orange_co]our per§]sted in ;the solution .
for more than 10 m." Ihe acetone was then decanted from

¢ - —~——

the green precipitate ad{xthe precipttate was washed uell

with fresh acetohe: The ombihed acetone solutions uere

Astirred with 2-propanol (10 to destroy ‘excess reagent

; and then sod1um b1carbonate (5 g) was added The solution

A}
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‘/ _ .‘n T

" L0 o . ) N ‘ N , \] .] 4 .
was Td]tered\through "Celite" and ‘the ‘acetone ‘was emoved

Hatér (?00 ml) was added to the res1due and the resu1t1ng

.(J

solut1on was extracted Wity dichloromethane-(4 x 100 m])

The comb1ned organic extracts were washed w1th water (50

ml)lgpd drted. Removal of the .solvent gave 011y white

’ cfystals. Th1s mater1a1 was d1sso]ved in pur1f1ed acetone

(1000 ml1) and the ox1dat*on step wWas repeated until the

‘ *

secomd endpo1nt was reached Th1s took Q\put 10 h. The
reaction m1xture was worked: up as before toay1e1d 42 g of
¢

a yellowish oily so]1d This was recrysta]llzed From

ether/pentane (2x) to g1Ve pure wh1te'needles, 23 g (33%)

om.p. 71 - 729¢ anreported (109)

The i.r. spectrum (CHC13) showed absorption at 1710 cm -1
(C 0 stretch) reported (109) 1698 cm ]. ) -
The n m.r. spectrum (CDC]3) showedVabsorption:at T 7.6
> . R . ) . V . .

(broad);‘ o 3 AT

) . ] . i . ,

. 1.5-8icyclo[3.3. 0Joctanedior, 57: (101,111)

" Zinc amalgam was prepared by shak1ng mossy zinc (]10 g)'
for 3 m'with a solutidgn of mercuric chloride (1 g) in
water (125 ml) and concentrated hydroch]or1c acid (3 m])
The 11qu1d was poured away and the. ama]gamated metal was

/

washed we]l With water. ' The ama]gam was added to 6 M
hfarochlorlc acid (140 mT) and 51. (6 9, 0. 043 ‘moles) was
added. Thls reactlon m1xtwre was shaken for 30 m and :;‘y:

then the solut1on was decanted from the meta] .Jhe

o

I5<]



A

. (0-H stretch).

f]ask was heated to 130° and af{er abodt 10 m, ethanoT

‘ could be coliected so a smal] chap of sod1um metal was - -

(C-H7stretch).

| ,
P N hd

i

”Arema1n1ng metal Wwas washed we11 wWith water and the combined

!

_aqueouy so1ukfons were satu ated ith sodium ch]orIde and

1

g cont1nuous]y extracted for 14 h w1th1d1ch10romethan£*ﬂ1ﬁe
'd1chlorome\hane extracts were neytralized.with sodium bi-

‘carbonate (4 g) and dr1ed Concentration of the organic

Q

'1ayer gave a wh1te so11d that was - recrysta111zed from car-

»

.bon tetrach]or1de to yield a crystalllne sol1dA'B g 3}%)

; reported (101), 61. s‘l‘sﬁhc
y

’The'ﬁ.rf sp%ctrum'(tHC] ) showed absorpt1on at 3460 cm’
| \""'/ .

m.p. 64.5 - 65.5°C

N -
S N

The n.m.r. Spectrum (CDC] ) showed absorptions at T

6.90 (s, OHl;__g,;Jef/i;gwd%d) in aérat1o of 1: 6.2, re-

quired 1:6.° ‘

‘

. 2
. 1
P N . .]

:3—Ethoxy-2 4-dioxatﬁicyc10[3.3.3.0]undegane, 60: (112-11i)

t

57 (10 g, 0: 07 mo]es) and pdrified triethy1 orthofor-

mate (10 3 g,‘0 07 mo]e59 were m1xed in a flask connected
‘ »

" to a short path dlst11]at1on apparatus The d1st111at1on

- begdan to distill. . After one half hour. no more ethanolA

added to the pot and the res1due ‘was d1st114ed to give a.

clear ow],fb.p.‘74 - 76°C (2.7 torr), yield 12.0 g 85”)

o 20 + ., o . . . : S v
and np 1.4?90. : IR ‘ o | \\\_5.

The i.r..spectrum (neat) showe ~absorption at 3960 cm”!

A

i

-1



© T 141°C7 (760 torr), p npo1.4832. v

. Ll N . . R N . '
¢ ' 4‘.““ . L ] ]6.
oF , i ) ) e
[ R : ' ¢ A

A

‘ e'n.m.r:”spectrum (CBC]3) showed absorptions at 1
4.30 (

methine‘proton), T 6.51 (q, J ;/7 Hz, ethoxy

.

group)}“f“BN?B 1b+oad’ rihgmmethyieh .protons) and ri

«8.84 (t, J ét7 Hz,‘ethoxy group) in 4 ratio of 1:2:17
. !

as requ1red (areas of aT] s1gn\Js betw nt8 and 1 9 were

combined. jf' e,

& ,

1(5)- B1cyc]o[3 3 0]octene, 58 (TTZ-TT4) a . ..;

60 (12 g, 0.06 moles) w;s placed in a 2.5 mI flask
equ1pped with a short path d1st111at1on apparatus and a
few crysta]s of behzod ¢ ac1d were added The’ d1st1111ng
'f]ask was heated to 180° C for f1ve hours 2 The d1st1TTate
*wWas washed with. water'(z x 10 mT) and dr1ed (Na 4
CaCT ) ' The clear :}qu1d was purifth by chromatography
70n 5111ca gel u51ng pentane as the eTuant The product |

was . a coTourTess liquid, yter 5,6 g (86%),b.p. 14Tpr

“42°¢ (707 torr), n2% 1.4836; reported (101) b,p! 140 -

20

o

The-i.rr spectrum “(neat) showed agsorpt1ons at 2900 cm 1»r

. L

(C-H stretch) '- e ,w"

i

The n.m.r. spectrum (€C ).showed absorpt1on at r7 82

(s).
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1(2)- and 1(6) B1cyelo[4 1, 0]decene, 62 and 67: ”(385115-’
1is). ‘ T Lo ' B

Tetra11n (]00 g, 0A75 moles) was’ dlssolved 1n ethy]é .

amine. (500 ml) and d1methy1am1ne (400 g) in a two T1ter,
E 3- necked f]ask equ1pped wlth a magnet1c st1rrer_and~a’dry-

ice condenser / The m1xture waf stirred until it became'

homogenous and T1thium metal r1bbon (23 g, 3.3 mo]es) cut

“in sma]l p1eces was added The reaction m1xture was/§

k
stlrred 12 h and then the dry ice cdndenser was removed

and the solvent was a]]owed to evaporate into a dry ice

'trap for reuse s1nre .the so]vent is very expens1ve The
reaction vesse] was f!tted w1th a reflux cpndenser and

~.water (230 ml) was added over 2 h. The react1on m1xture

was! then f1Ttered and the salts were washed weTT WTth

.. ether. The f1ltrate qu extracted w1th ‘ether - (5 x 100 ml)

vand the combined ether solutlons were dr1ed and concent—'

/.

" rated: to an o11 Thws 011 was d1st111ed to give a c]ear '

" colour]ess m1xture of- 62 and 67 y1e1d 91'g (89%), b. p

76'- 78 C (]5 torr) : Th1s m1xture was.used in the next

step w1thout further pur1f1cat1on ~

° X . . v B ) 1

1,6- Cyc]odecaned1one, 54 (38, 116-118) -

©

A m1xture of 98% form1c ac1d (125 mT) and 30% hydro-

- gen peroxlde (48 ml) was placed in a 500 ml, 3- netked

fflask equ1pped with a maénetlc st1rrer, a reflux condensér,

zé;/_a pressure equal1zed dropp1ng funne1 and a thermoﬁeker,

.



‘ water (300 m1

o

{

-and stlrred'for lS'm, The octal1n m1xture prepared above

(42 6 g .0, 3 moles) was"added over J h~—wh1le—keep1ng the“ 5

re§ﬁ11on temperature at 45 + 3 C us1ng an ice baty After:

the 1n1t1al react1on had subsaded the react1on m1xture

was kept at y¥5°C for 5 h by heatlng and then a]]OWEd to

stand overn1_‘t. The rea2t1on m1xture was d1luted w1th \
and saturated wlth sod1um chloride and
the product ‘was allowed to crystall1ze overn1ght at 5° C

The hydroxy formate was f1ltered off and hydrolyzed in

an 1ce<cold solutlon of sod1um hydrox1de (24 g) in: waterl

(80 m1). This react1on,m1xture was st1rred at O G for,

30 m and then at 75° C for 20 m The m1xture was cooled

water (225 ml) was added and the reactwon m1xture was

then stored at 5° C for one hour The . result1ng crude-'
rgn d1ol was collected and dr1ed yleld 42 g (80%).
The crude dxol prepared above (36 g, 0. 021 moles) was

dissolved in begfene (800 ml) and this sqlut1on was dr1ed

for -two hours over anhydrous copper (II) sulphate : Lead

tetraacetate (100 g) was.. added ‘and the react1on mlxture s
was swlrred two hours - The. mlxture was refluxed for one-m
half hour: and,then ethylene glycol was added untll a test

with starch 1od1de paper 1nd1cated no more ox1dant was

present The resultrng salts were removad By - f1ltrat1on

- and’ the benzene flltrate was washed with water (2 X lOO ml)

and dr1ed Removal of the: solvent gave d wh1te sol1d

- . » B . .

[

A [ , . K . . . - I ‘ : . R

ool

/

.."



.

'f

. Ty

]

, {whlch was recrysﬂall1zed from hexane to g1ve wh1te crystals,

‘[l~‘ ; 34. 6_9 (66%), m D, 101 5-Joz LL c,reporcedf+415) 99w—~400° ~~~~~~~

o _5\ ' : AJ The i.r. pectrum (CHC] ) showed absorptipn at 1715cm ;'
! . .o (cs O stretph) S L o o
.. ‘ : ‘i . " »

» The n.m.r. spectrum (CDCJ3) showed two broad over]ap-“

p1ng absorpt1ons at T 7 68 and T 8. 12 i ‘;p.
’ ' B { . ‘ .’ ! ,.‘ o ' . ’ ‘ ‘ l“ ' ‘ N . '

e

T, ,71(7)-Bicy¢10[5.3.0]dec5n;2-one, 65; (38 116 117)
o o T . \ Ny

, 1.154,(5 69, 0. 033 moles) was suspended 1n saturated

' aqueous sod1um b1carbonate (200 ml) and the m1xture re-

s

(" : f_ ‘, fluxed one and;one half hours After coollng the mthure

-

o was gxtracted with d1chloromethane (3 x 75 ml) and the L.

-

‘organic extracts were dr1ed R nova] of the SOIVent gave
{

e - a 11ght ye]low 11qu1d wh1ch was d1st111ed to g1ve a c]ear,,

colourless 0115 yleld 4. 0 9 (80% ), b. P 135 - ]37 C (15 .‘
20

. torr). npo 5320 reported KIIG) b. p M7 - ]19 c (9 torrL
L 35 1 5240 o S 1/ '3";' o
. L The i. ;’Spectrum (neat) showed absorptlon at’ 1645 cm’ {;
(C 0 stretch) . i R ','c S .!_ '? w , .'L’
- The nim,r. spectrum (CDC] l showed two broad absorp~ L
‘ . ‘ \/ “‘:‘ R . | L '_!._ .
R t1ons at 1 7.48 and T 8 18. . o

[
i

; 1(7) B1cyclo[5 3. 0]decan 2- ol, 68 (117)

: 65 (8 5 g, 0: 057 mo]es) was dlssolved in dlst1]1ed

‘ ‘methano] (75 m]) and ‘the so]utlon was coo1ed to “leC in
- . . ) -.-!'.‘ . - : ,Y.
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)

‘an ice salt'bath. Sodium borohydr1de (7 6, 0185 moles)

‘“;T’"””fmf“"“* was added with stirr1ng, while ma1nta1n1ng the react1on

temperature between 0 c and 5 C. (The react1on m1xture
3 o 4
fwas st1rred f1ve m1nutes and water (100 ml) was added
. ’

/Thﬁs solution was. extracted with dich]oromethane (3 x. 50
ml) , The ngan1c extracts were dried and concentrated to
: yield a white so]1d, pure by tlc, yield 8.4 g (97%), m.p.

|83 - ssecy ‘reported (117) 61,- 52°C. S
The i.r, spectrum (CHC] ) &hoWed absorpt1ons at 3375

qul (0- H stretch) SRR ,

Thé n.m.r. spectrum (ﬁDCl ) showed absorpt1ons at T

. ]

i
Y i : .
), - 70 (s” OH) and T 7 3!- 8 7 (broad) in & ratio of 1: 16,

}h S . requ1red 1:15. S S ‘.f- A B

1(7)-ai¢ytlo[5.3.o]decene; 66: (119-121,148,149)

Aluminum ch]or1de (30 6 g, O 29 moles) was added to
i .."“ . “ether (]2 ml) and st1rred unt11 c001 Lithium a]um1num
"hydrlde (4 4 g, 0. 11% mo]es) was added and the s]urry
°wa§ st1rred 15 m., 26 (10 g, O 067 moles) was d1sso]ved 1n‘
i“}g~7 o ether (100 m]) and thls so]ut1on was added very s]owTy
to the slurry of reduc1ng agents wh11e ma1nta1n1ng the
dtemperature of the reactlon vesse]lat 10 C'with a water
h bath. If th1s add1t1on is not carried out slowly enough

!

\; R fthe react1on m1xture w111 decompose vigourously. R?ter |
L |
- the,add1t10n was complete the reacﬂ1on m1xture wa's re- .

\

et

S

N



] . ‘ : 1
: i
!

.’k o ’fluxed for»55.minutes; The resulting suspensiohdwas cooled
~in: ice and- d11uted with ether (200- ml) ~Sodium su]phate
decahydrate was added in sma]l portions with v1gourous

st1rr1ng and cool1ng 1n an ice bath unt1l no more hydrogen

-

was evolved and the m1xture was pure wh1te The - ppec1p1¢

Ay

tate was removed by f11tratﬁon and washed well with ether.
The wash1ngs .and f11trate were .combined and washed with

/’)‘ | : water (2 x 75 ml) and dr1ed . Removal of the solvent gave

| i a yellow 011 Dlstxllat1on 1h a Kugelrohr-apparatus gave

a co]ourless 0il: wh1ch was further pur1f1ed by chrnmato-'
graphy on!glmn1na (Brockman Act1v1ty I)_usjng pentane as o

eluant. The product was obta1ned as a colour]ess 11qU1d

.yield 5.2 g (57%), b.p. 193°C (700 Forr), np’ 1.4937;

reported (1@8),b.p. 95°C (27 torr),_ggo 1.4935.

The i.r. spectrum (neat) ‘showed absorpt1on\\\;?900 cﬁ’l
° o ".“. o ’ -, A .

. (c H stretch)

. ) The proton n. m'r spectrum (CDC]3) showed a broad
d: ' ‘,. ) feature]ess absorpt1on between 7.5 and 8. 8 T.
\j TheI;3C n.m.r. Spectrum (CDC] ) showed six s1gnals _
at (1n ppm. downf1e]d from TMS) 137 16,«40 03, 30;f5 30 16
27 76 and 22. 39s ‘ B ‘

. .. ‘ ’ . . &' S
ha]y51s Ca]culated for C]0 16’ C, 88.165; H, 11.88;

N . - ‘ . . !

c, 88u4l;_H, 11.71. . L :

'_Triethylamine-BOrane, &3' (125, 150 151)

t

This. was prepared us1ng the method of Bonham and

7

\
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_ . o . a, . v\
o 'r brago‘(152) R S A

Anhydro?s triethy]ammon1um ch1or1de (90 %mio 65 moles)
(1533 was added 1n two port1ons to a st1rred s1urry of

P .
sod1um b0rohydr1de (30-g, 0 8 mo]e) ‘in anhydrdug tetra-

1

' - hydrofuran (500 m]) conta1n§g tqla one 11ter, 3 necked

atmos- .

flq\k The reaction was carr1ed out in an- ﬁme‘,i

reﬂct1on

phe(e of anhydrous, oxygen free nltrogen Th
'm1xtu?3‘was st1rred two hours and- thqn refluxed for 14 h' L

F11trat1on of the react1on m1xture through "Celwte“ and'
)
concentrat1on, gave a coTourless o1 whfch was d1st111ed

“to y1eld a colour1éss liquid, y1e1d 55. g9 (92%), b. P, -58 Qf

61°C (15 torr), _SJ 1.4420, 'm.p. -5°C to -3°C, reported
. y e 8

(125) nS’ 1.4427, m.pit33°C, o coo
‘ vt : } . ‘

1,5 Cyclodoaecaﬁ%d1o1 Ak (123, 127) C

>

!

Th1s procedure ‘was baswqa11y a comb1nat1on of the pro- -
e

-Nozaki (123), and must be carr1ed out u51ng 1nert atmos-v:

cedures of Rotermund and . Koster (127) and FUJita and

phere technlque wvth dry, oxygen fnee n1trogen 51nce the
1ntermed1ate 1s very oxygen and mo1sture sens1t1ve

A m1xture of-cyc]odeca t, St 9c tr1ene (31 g, 0.2 moles)
and trwethylam1ne borane (22 0. g, 0.2 mo]es) in pure
[‘ cumene - (140 ml) was added dropw%se with st1rr1ng to cumene
| (14d'm1)-at 145°C conta1ned in a one 11ter, 3wnecked
{ flask equvpped w1th an add1t1on funne], a refla} condenser,u

/’ a magnet1c.st1rrer and a n1trogen inlet and outlet. The .

; b C Y
e e S

s



! . : . -/m"' . o123,

\ reaction mixture was cooled and the cumene . was removed by

t

S ”““ffvacuum distillation using a n1trogen bleed at 16 torr
The residue from th15 dlstillat1on was transferred -to a-
‘ | ‘ smaller flask using 1nert atmospheric technique and was
R  distilled to yield a colourless oil, b.p.. 129 1310 c
L l(:;/, (17 torr);_reported (123), b. p 122 -‘128 °C.(16 torr)._
| | The yield was about 50 of 9b boraperhydrophenalene .,
The borane prepa‘ed above was d1ssolved in cyclohex-
o | ane (250 ml) and transferred under n1trogen to a 1 l1ter \
. s,flask equ1pped WTth a magnetyc st1ﬂrer, a gas lnle& and s
'1} | ’TA "outlet, a reflux condenser and a’ pressure equal1zed '.
.o add1t1on4funnel Glacial acet1c acid (5 76 9 0.1 mole)
l‘1n cyclohexane (lOO ml) was added and the react1on m1xture

! li

. was refluxed for 30 m.under 1nert atmosphere The re= -
3 sultlng clear solutlon W cooled to 5°C and a:solut1on
_ Jof potass1um hydrox1d9/?ji 5 g) in methanol (375 ml) was

added over 10 m.. When thereact1on m1xture had cooled to d

—

5 o a solution of 30% H 02 (32 ml) 1n methanol (95 ml) was

{ te

added dropw1se over one hour. while ma1nta1n1ng the reactlon

N .
temperature below 10°C. Th1s two- layer m1xture was st1r- .

e ———

;r,ﬁ. ‘red 2 h and then the solvent was removed to give a cloudy
| ] oil. 2N pota551um-hydrox1de (375 ml)"was added and th1s

o solut1on was contlnuously extracted with ether for 40 h.

-{ Most of the product crystalllzed in the extractor flask

and th:s was collected to y1eld 12.3 9 of product The

-ether extracts were,dr1ed and evaporated'to an o1l-whith
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. ‘{g crystallized to give 2. 5 g of product Tota1 yie]d of
f“f~“":-w \}ﬁhfte qrystali was’ 14, 8 g (39%),m p. 154 - Y56%C
LT v Thg i.r, spectrum VCHC] ) shoued absorptlom at 3250
. T - cmt] (OH'stretch) L o ”f
| "‘,;_ The n.mir. spectrum (oﬁso -dg showed absorption at 1
578 (4 vou) and 1 9. 70 Qbroad) in\a ratio of Tl ast
- required -
Lo, . [ ' ’
T The mass spectrum showed no molech]ar ion but the
LY e *
. ) first'ﬂwgment was at mo-is oy Lo ‘
: o e b o :
\ Lo finalysis: Calculated for C]2H24Oé; C, 71.95; H, 12.08. -
i‘ Found: C, 72.23; w, 12;y9 e e T '
E N ¢ .,‘4 ’ ." - ’.’.. 1" ¥ \“ ‘ B ) .
- oy SOy S Y
1, S-Cyclododecanedione, s,(123,146) SR
l 2L

7t (ﬂo g, 0 05 mole ) suspendedS*n purified acetone
(500 ml) Was oxidized with Jones reagent (146) as in t
preparation of 51 .The crude prqguct was. recrgstallized

from methanol/water to give coloprless crysta!s, yieid

. 7 4 g (75%) m.p. 66. 5 - 68 5° C. reported (123) m.p. 66 5~

Wew

67. 5 Cc. - _}' \ .- e :gg S
- 3 ,} . . \ . . .
The i.r. spectrum (CHCPQ) showed absorption at . 1700\cm']
.; (c 0 stretch\) - . . ' ‘ ".. L. . ," g ’ " ' A,J O o \\\\\

\
"The n.m.r. spectrum (CDCi ) showed a broad, feature-

[}
>

, iess absorption at.t 7.0 - 9 0. . g
, ) 1(8)-Bicycio[6.4.0Jdodecen-éfone} Z;?‘(I%J) R S
R "o 72 (5 95 0.025 motes) “was dissolved %h" SjﬁutionVQ? 2N
‘ § L B . ! <. ) 1 .y ‘7 C. ‘ ‘.4" v . T‘ - ' ‘.‘.

~ e



T TR T TR T VR I IR WSROV KR S

. o . T . ] .. ) o
n Coam A R .

; - L . AR i \ . . S o L
I . 4 ot 4 : s . . . ' / I
. I o e S . . .
{ B - .

K 4% potassium hydrdxlde ln methanol (250 ml) and the solu-

e tion- was—re$4u*ed~for—%ﬂlm;—4%fter—tooﬂ1ng to5°C and .

N

;\;) T dilution with wa)%r (80 ml) the solution Was - extracted

~,

ether (40 ml) at’ -78 C The react1on'mixture was allowed
R .
to warm to room temperature and was stlrred S h. water
. . . ] v 6 .
ST (2!3 mly, 2 N, sod1um hydrox1de so]ut1on (2. 3 ml) and

.extracts were washed with water (50 m ) and dried _Re-~
‘ \ l

..moval of the solvent gave a brown o1l which was distilled

‘to yield~% faintly yellow llquid, yleld\ﬁagjg (86%), b.p.

/. 99 * 107 (1. 5 torr); reported (123), b.p. 100° (2.5

A A

with, dlchloromlthane {4 x 75 ml) and he combined organic

‘-The i.r. spectrum (neat) showed absorpt1ons at 1660 cm. /

(C 0. stretch) and 1625 (C= C stretch), reported (85),
1661 and 1629 cm ?, respe t1vely

' tion at 1 7.3 - 'g. 8 ’ L A . o
. | . . . i B 4 p e
- . . l ~ E .
..1(8) B1cyclo[6 4. 0]dodecen 9-01,. 37 l(lzs) 4l

\,'l . 34 (3. 6 g, 0 02 moles) dlSSO]Ved 17 ether (15 m1)
. . " ) R .. ;
‘ was added dropwlsé)wi stirrIng over lo m to a suspen-
e i ‘sion of lithium alum1ﬁum hydr1de (2. 4 9, ‘0.06 moles)

1 : s

water (7 ml) weregﬁdded success1vely and the result1ng '

¢ - soﬁ1d was flltered off and washed with ether. The com-
o s

L

bined ether solut1ons were washed once wlth water (20. ml)

‘and draed Removal of the solvent gave a colourless 01l
”_. ) A . . :

. S >
‘ o o
\ - E

The n m. r spectrum showed broad featureless absorp- ’

-

,/"‘-‘?"'7" :



R Y L A A PN o T Y ST ot 1ot O e
W, , S . i ‘ ‘ . - . - t

‘ \ bt -, : A

. ‘\". ] \ ' ) ‘ | ) ‘ ' ) ." “n ". .
i . . ) ‘ . . . . \ . . oy
o \ v : , o7 ‘
‘ . . . ,<( ‘v W. - _* ) . ‘ ‘. | . X | A o “. . ' 26

}_ | \vhicp cryjuj_lized _Recrysiajjjutiminbn_Metham#a?q_

3? ' - ‘gava, colourTess crysta]s. yield 3.3 g (91 5%). m.p. 72 -
| . 73.5°C, | SR
v \
. . The f.r. spectrum (CHCY ) showed absorptions at 3600.
(OH stretoh. non- hydrogen bonded) and 3440 (0 H stnetchv
I " hydrogen b%qded) e
- ‘ The n.m. r spectrum (CDC13) showed‘absorptions at t. -
A:\v*); . an-r 96 (methine protons) and 1t 7.4 - 8.8 (broad. ring pro- o
‘: 'p . l | tons) im a ratio of 1: 18 as required. \g

\ -' e . )
. Analysis Calcu]ated f°r°c12H200 C, 79.94; H, 11.18.
Found: €, 79.86; H, 11.18,. '

3
g 'f; r- o N
'AA‘l(8)-Bicyclo[6,4.0]dodecene, ~~"'(128u129)

¥

kY 1
g"\ his reaction waf’carried out as 1n the preparation

‘using 73 (6.0 9. 0.34 moles) dn ether (30 m1) added :
: slurry of alum1num chlor1de (15. 7 g) anh Tithium o
il : '

’nUm hydz?de (2.2 g) 1n ether (5 ml) ‘ Following d1s-~ .
. tiilmtio' and chromatography a§ deseribed, the product .

ined as a- co1oﬂr1ess 0f¥, yield 3. 5 g° (63%),
20

.was\.tu
b p. 239° (705 torr). Ul
6?‘1 68°C (1 torr), n25 1.49957

The 1.r. spectrum (neat)@showed absorptlon at 2900 cm o : |

) S o o \
-~ v "1 (C-H stretch). - : o ‘ ~

1.5020; reported (130) b p

The h,m.r.yspectrmm (CC14) showeq qbsorptions ag

7.6 - 8.2 ahdvr 8.2 : 8.7{T:eb0(ted.(12§) 1 7.5 < 8.2 and

. ] ! ‘ B B M ) : ’b
1 18.3-8.5/ 1 b ¢ o
T R VN s;j o S N
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/ ﬁﬂklyfgz%ioxa[3.3.2]prope]]ane, 48: o

-

127.

“ . . :
v ' .
\

< ™ 13
(in ppm
26.84, and 23.69. . e | -

!
!

Analysis: Calculated for Cy,Hyoq C, '87.73; H, 12.27.
Found: C, 87.97; H, 12.49. -

- Ether (4 m1) was p]aced in a 25 ml; three necked f]ayk
equ1pped with a magnetwc st1rrer, a powder funnel a low
temperature thermometer and a cold.bath at -45° C Nhene
the ether had cooled to -40°C, 98% hydrogen peroxide (l.}
g) was added in three portions a]low1ng the 1nterna1 tem-
perature to retuvn to -40°C before each add1t1on When
“the temperature had returned to -40°C after the last

. L

addition, ]9 (].0 g, 9.2 x 10° -3 moles) was added. Then
1,3-di1oao-5;§-dimethy1hydantofn (1h75 g, 4.6.x.10°°
.moles) was added in small port1ons over 1.5 h never a]low-
ing the temperature to rise above -40 C. -When al] the

hydanto1n had been added the react1on mr«ture was

st1rred for 15 m at -40 C and then a]]owed to warm s]ow]y

!

to -25° C The react1on m1xture was poured into ice- water
. e
(30ﬁm1 and ether (20 ml) and the prganlc layer was wa;hed

quickly: w1th water {2 x 20 m]), 1ce cold 5% aqueogs/
soh1uﬁ¢thlosulphate solut1on unt11 the colour of iodine

was Just d1scharged and then once more w1th water (20 ml),

The organ1c layer was dried at -20° and then concentrated

[ |
~ )

SC n.m.r. spectrum (CDC13) Showed six signals at;/////
ofield from THS) 130.71, 32.13, 29.75, 2992, /.

¢
/



‘relat1ve areas could be reported.

. ' . es.

to one- quarter vo]um‘ (us1ng an ice bath) and co]d (O C)

' d1chloromethane (30 m]) was added ‘ Thvs so]utlon was

agaln‘concentrated.to one-quarter_vo]ume. The dich1oro-

methane solution of the iodohydroperox{de was adged to a

. ' | '
stirred slurry ofteilver,acetate)(s.s g) in dichlorometh-
ane (40 ml1) and stirred 15 m at 0°cC". The’reac;jonﬁmixture

was filtered throudh "Celite" .and the filtrate was washed’

With water (20 m1), ]% aqueous-sodium bicarbonate solution

(20 m1), and water (20 ml) andgyr1ed Removal of the sol-

vent at 0 gyve a ]1ght ye]low 011l conta1n1ng the d1oxet-

ane, >~ ! I
Th1s.ye1]ow 0il was distilled at- room temperature
(21 C) and 10 12 torr, trapplng the vo]atlles at -78° C
The vo]at11e mater1a1 was a br1ght ye]]ow 0il.
Five such preparat1ons were combined and the br1ght
ellow ojly mater1a1 was chromatographed at -40 C on
Silica gel (20 g) using pentane: ether 95 5 as the- eluant
Co]]ect1on of the ye]]ow band From the column fo]]owed

by evaporat1on of the so]vent at 0°C gave a brlght ye]]ow o

[

'011 which was recrystalllzed (3x) from 1sopentﬁne at -78 (o

to give the product, yield 0.27 g (4%), 92% pure by 1odo-

metric titration. T
The n.m.r. spectrum (CC14) showed absorptﬁops at r‘

6.96 (multiplet) T 7. 5..- 8 2 (broad) and 1 8.3 - 8 9 .

‘.(broad) The s1gnals were all over]app1ng and no good .

I



i

o Thermolys1s of 48: / ,

A samp]e of 48 IQ pentane was evaporated to dryness
and the f]ask was stoppered About 30:s later ;it - was-

'observed’that the mater1a1 in the flask was a white so]1d

and n?p/a ye]low 11qu1d This mater1a1 weighed 50.0 'mg

and t]c indicated that two hater1als were present Co]uﬁn

'

chromatography on s111i;}ge1‘us1ng ether as the eluant

. let to isolation of 42: mg of white crystals Which4yenes~\‘

jdentified as 51 by mixed melting point with thé authentic
L : _ o o

material and by tlc. The second component could not be

t

’,uisolated'and apparent]y only a trace was present.  The
; ' : . T . ) v

second component wisfaresent in the original dioxetane.
The yield of product was 42.0 mg (84%). "

"Reduction of 48:./' - A
/ . .

4

_— MA sqhut1on<nf 48 (46 mg) in\aentane (4 5 m]) ‘Was

AN
ad&ed to a st1rred slurry of 11th1um alum1num hydride
(90 mg) in ether (20 ml) at -78 C. The product was iso--
lated as in the preparat1on of 35 ~ After twbd coevapora-

D

t1ons with benzene (10 m1) to remove any wate aa white

. a« -
. 501id (4]\mg) was obtained. . Thin 1aye?'chromato raphy '~
- _ ' . ] f

indicated a faint trace of ‘impurity. ;he identiy of the

.

-produet was confirmed.to be 57 by"mixed meJting point

(64 - 65.9°C). : The yield was 41 mg (86.6%).

i
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'11;12¥Dfoxa[5;3.23orope1lane,‘gg: | ‘

~This d1oxetane was :prepared u51ng the method of pre--v

parat101\::j;r1bed for the synthes1s of 48 us1ng 66 (2.0A
]

9, 0.015 s), ether (12 m1), 98% H,0, (2.5 g) ant\1,3-
. . ,

a{ioao-s,s-dimetnylhydantomn (2.75 g, 7.2 x 1077 moled).
. This resuﬂted in‘a yield of‘about 2 g-of ye]low‘o 1.
Thns 011 was pur1f1ed in four: port]ons by column chromato-‘
graphy at —40 C on 5111ca gel using pentane ether 4:1 as
the e]uant and co#ﬂef’“ng the ye]]ow band The comb1ned
products from the four chromatograph1es were. comb1ned and
rechromatographed at -40°C as,before The 11ght yellow,
lso]1d obtalned was recrysta1l1zed (4x)’ﬁrom 1sopentane at
778 C. This gave-ye]]ow_n?%d]es. yield ijs.g (26%),
7 - 59°C, 99!5% pure hy iodometrie titrationl
eTn;m.r“'spectium (CC14)lshowed‘a"hroad abSor;tionI‘

bet;een'ﬁ 7.1-and T 8 9

’ ’ : . w

. ] ]
'1,7-Bicyclo[5h3;OJdeCanediol; 79: (38).

~_ -3 :
66 (0.53 g, 3. 9 % 10~ ‘moles) in ether (15 ml) was;

" added to a so]ut1ondgf osmium tetroxide 115 g, 3.9 .x 10’3
moles) in ether (40 m1) | The - react1on was st1?%ed under
'dry argon for three hours and then al]owed to stand 20 h.
‘ The ether was evaporated on a hot water bath and a so]u— .
tion of sod1um b1su1ph1te (7 g) in water. (100 ml) andﬁ\
ethanol (25 ml) was added to the so]xd resrdue. Th1s
'_so]utlon/waS-ref1dxed’for 30h fand then filteréd.  The

!

r T A



- malnlng so]ut1on was extracted w1th d1c

(84 x 30 m]) The organ1c 1ayers were €O

:qu1red 1:8. - . f G - . l Lo

A 0

131.

I Co ’ : o ;
ethano] was removed on the rotary evaporator and the re-

,_romebhanev»' -

ined, dried
|

[ .
and concentrated to a yel]ow 011 The diol was separated
i

!

‘from ‘the minor amounts of 1mpur1t1es by co]umn chromato-

graphy on s111ca gel us1ng ether as the eluant The

'product was a colourless 0il, yield 0.45 g (68%) Some -

of th1s 011 was. d1st111ed (2x) in a mo]ecu]ar st111'to‘

i . ' L
obta1n an ana]yt1cal samp]e ‘ : ;

The 1. r spectrum (neat)'shoWed absorptions at 3460
., . .« ) : L .

“em™' (0-H stretch).

The n.m. r spectrum (CDC] ) showed absorpt1ons at ri
]

6. 73 (s, OH) and T 8 38 (broad) 1n a rat1o of 1 ]0 re-
:y N

l 13,

The "“C. n m.r. spectrum (CDC] ) showed absorpt1ons at.

(1n ppm downfleld from TMS) 82.21, 43.43, 39.22,.30;53,

22.82, and 21 or.. . S
o The mass Spectrum gave a molecu@at »70 as re- -

"qu1red Lo S

C -

i

| | o
Analysis: Calculated for c]0 ]802, C, 70.55; H,,lo.sé..b%

‘Found: C, 70.56; H, 10.62." - o

..
[P o
! .

Reduction of 49:

tReduct1on of 49 was carr1ed out as descr1bed for 48

hs1ng 49 (50 0 mg, 3 x 10 -4 moles).' The-product was a

[



’_layer chromatography (1n both ‘ether and ethyl acetate)

yremove/excess ozone , Then Adam’ S catalyst (200 mg) was//
v“add d and the solut n was hydrogenated at 0°C and atmos- .?5
lphgc pressure R:Ihcﬂ of ‘the cata[lyst and solvent gavexgr'
‘a colourless o1l yleld 0. ?9 g (94%) Th1s mater1al Y

~and was probably 80

'methane (3 x 25 ml) ~The co b1ned arga

showed ' absorpt1ons at 3480 and l705/4n the i.

fplete (almost 1mmed1ately) T e'reactlon’m1xture was .';g

washed once with water (so/ml) and dr

| Y S L
IR < L SR o ' '

S ‘ o

—

mcolourless oil that was 1dent1;al An. behavlour on~¢h1n r<+~:—

to 79 ~ The product pf this reduct1on was conf1rmed to be
L. - R
Zg 51ncelthe two i.r. spectra were. 1dent1cal lYleld,of ' o

‘zg_was 46.0 mg (912). T S

[

~1(6)- Hleclo[4 4, O]decen-zﬁgne,,glf (l3p,l3l,l330.

\ ' . ’ . ‘k».

A: From 66

’ .
66 (0 25 g, . 83 X lO -3 moles) was ozon1zed Wwith. ozone

in argon (l33) in ethylacetate (40 ml) at -78° C Nhen a,,

1.

'_ht blue- colour was visible in the rsolution 1nd1cated A\
| .

h was complete the solut1on was al owed to warm

slowl 'to 0° C while pass1ng argon through the solut1onlto:”

/ et

d1lutéd with water (25 ml) an‘

ic extra%ts were. '

S
{ed. Rempval of the ///w
) e ‘ : ye /f" l'

b 1' FE /E.:

. . -/
. ' .
. - + T



&\ l‘ B . . \ - ' s 133. "
. "\f". o OO\ N
. ; solvent«gave a 1wght yellow 011, yweld.240 ng. (92%)’

SR

nD~ 1, 5000 reporbed (133) ﬁ 493].' The $£m1carbazone ,
~and the ox1me were prepared (42) in 88% and 91% y1e1d4re-
[4
) f ’ spectlvely and had me1t1ng po1nts of 243 --245°C .and 147-

' 148 c respect1ve1y, reported\(1339 246 - 247 c andA148 -
149 C. | | '

Al .1..

The i-r[ spectrum(neat) showed absorption alt. 1670

]

I

(C 0 str tch)

\[-,‘

,ur0w S act1ve manganese d1ox1de 40 5 g) (152) Remova]

'tlpf th catalyst and so]vent gave a partly crysta]l1ne 0il.
Th1s owﬁ wai/dtsso]ved 1n ethanol (O 5 ml) and 2 N sod/ym/&

J
*hYdroxidb so]ut1on (4 drops) wés addedl After five |
'ﬁf m}n-tes, a so]ut1on of hydroxylam1ne hydrochlor1de (0 25

)m water (1 ml) and 2 'N §od1um hydnox1de (0,5 m]) was. .
#"added |

[ . .
The ox1me 'was 1solated as 1n A as a whlte, crystal-- -

11ne so]td y1e1d 30 mg (69%), m. p 145 - ]4V°C,_reported_

(133) 148, - 129° t % S SN oy
) ;/ : . ][hermblysis pf ﬂgf - ;' { ﬂ! o C _ L
/ ‘ . ' " . . . j - - : - . ' v : ’ ‘

. . . - b T C . ! ' ' S
.""49 éIOO’mg,'G 0'x 10 4 mo]es§ was d1sso]ved 1n benzene
(5 m]) and the soTutlon was . heated in a sea]ed tube at
‘. : { a s
{ .
’ ‘ 100 C for ]5 h. Remova] of the solvent gave a part1a1]y

, ‘.”.

,



thrystalTine oi] " The. oxime.-was - prepared from thrs 0it-
i as in B above and 1solateg\;s a yellowish crysta111ne
'sol1d y1e1d 80/ mg (89 5%) m. p 143 - .145°¢C, regprted
[ A ‘_(133) 148 - 149 C A mixed me1t1ng po1ntiw1th the oxime
. of 81 prepared abovekshowed no despress1on of the meTt--\

: o .
,1ng p01nt P o ' 0 K

4 L"‘fltf‘- o B L
mates-of’ChemﬂTumﬁnescente Decay'

Sl
‘Rates of" decompos1t10n of the‘d1oxetanes were obta1ned

4aby measurement of the rate of chem1]um1ne$cence decay us- p

1gp a Turner Mode] 430 spectrof]uo&vmeter w1th the xenon

source Tamp turned off. | The 60 nin emlss1on monochromator

{ | : : bandwidth. was used for maxlmum sens1t1v1ty w1th the em1s-
. sion monochromator set at 450 nm. : The saMpTe cell was a

;.a o Jacketted Pyrex ceTT w1th a 10 cm path Tength and- one’ end

!

- of the cell was s11vered The sampT%gwas 1ntroduced 1nto
the m1dd1e of the cell wh1ch had a capac1ty of 10 ml.

‘ Temperature contro] was prov1ded by a CoTora c1rcu1at1ng f
-_water bath o

y .
FOr 48 sdmpTes ‘were prepared by measur1ng out !’known

volume of a stock soTut1on pf the d1oxetane and mak1ng

(o thlS up.to TO 0 ml w1th 10 -2 M DBA or DPA so]ut1on lThe

'
sdlvent'used here was purlfﬁed\\enzene (

| ‘f§£9T'59 samples were prepared by dlssolving'weighed

‘.samples of dioxetane{in TO'?;M DBA in‘purified‘toTuene.
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_Readings. were taken at suitable intervals-and the

ce11'temperature'was”meaSUred beforejand'after each rup

by p]aq1ng a thermometer d1rect1y 1nto the samp]e so]u-ﬂ‘

t1on : .-"f _[“" . B N

{

' Act1vation Energfes by the Temperature Change Method

. Samp]es were. prepared as above. . The two tempera ures -
were provided by two Colora cwrculat1ng water baths con-
nected to the spectrofluor1meter in para]1e1 Temperature
equ111brat1on was obta1ned 1n two m1n‘tes in chang1ng

from onb temperature to the otheri Only DPA was used as

the fluorescer in these exper1ments ;Both the‘temperafhre-_

rlse and the temperature drop experlments were done. o

LY

Read1ngs were taken at one temperature and then' the

L4

temperature was changed rap1d1y and as soon as equi]ibra-

. tion had been reached a second read1ng was taken“‘careful
cho1ce of the temperatures Psed must be made so that n

virtual]y no. dxoxetane decomposes dur1ng the equ111brat1on

%

,,per1od.. S Y I

"-,.o .- . ‘ N e "‘.

Dependence of Chem11um1nesqence on F]uorescer Concentrat1on‘

. !

: MeasurementS@yere done us1ng the. same exper1menta1

'apparatus and cond1t1ons as descrmbed in the kinetics

o

sect1on e : _ - . .fp;'_‘ S

Samp]es were prepared by mixing 1 O/ml of d1oxetane

/'

-

stock solut1on w1th known volumes of fﬂuorescer stpck solu~

-



.°‘ . ' *
~ tions and-solvent.  Benzene was used as a solvent in a
Lo [ ! , . s
"> o
& | ,

For example, for a solution 10~

. cases.

M in DBA the samp]e
was. prepared by plpettvng the follow1ng solut1oq~.znto a
\

clean test tube, 1.00 ml d1oxetane StOCk solution, "1.00.

-2

ml 10 M DBA stﬁck so]utwn' 800 ml pure./benzene The

sample was we]] mixed and then placed in the samp]e cell

. at the desired temperature The temperatores used were:

LY

se]ected $0. that the concentrat1on of d1oxetane remGJns

»,constant or the duratlon of ‘the temperature equ1]1brat1on

; _‘ ‘per1od and’ the mea;;}emen~*p riod. ' Samp]es conta1n1ng S
~vdrious concentrat1on5\of DBA and DPA were used. '
“For 48 temperai?re equ1]1brat1on was complete after

3 m and read1ngs were taken after th1s t?me The_read-l

’ ing rema1ned constant for at least 10 . -
. V- -
‘ For 49 at 69°C con51derab1e outgass1ng prevented

I

'read1ngs from belng taken unt11 about 12 m had e]apsed :

O -

However the reading appeared to be coftstant oJer a 15 mo

~+ . period,at least

AY

T
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