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ABSTRACU™T

A new synthetic method for the prep.:ration st ti.
olefin antz-sesquinbrbornene trom the enhvdr ¢ ° 1 3.4,
Aa,5,6,7,8,8a%decahydro—1,4:5,8-exo,ondo-d1mczrarﬂ-
naphrhalenc—aa,8a-dicarboxflic anhydride was dev ~~.-d.
This méthod replaced the procedure of Bartlett
Chem. SOC- 102, 1383(1980)) by a series of chemical steps
that‘gave the olefin in 21% 6verall yield. These chemicea!
" steps could be scaled-up much mére easily LhanlBartletT's
- procedure which gave the clefin in about 20" yield by
n1ectrolytic bisdecarboxflatidn of the corresponding di-
carboxylik acid. The acid-methyl ester made from the.
anhydride was treated with lead tetraacetate.iu refluxing
benzene-acetic acid to form the acetoxy-methyl ester
(65%). This was treated with ;efluking.a.SM sulfuricvacid
until the organic phase‘resolidified, usually 10-12 h. to
form the B—hydroxy acid (95%). This was. tre;ted with-
benzencsulfonylchloridein pyridine containing triethyl-
amine at 95°C for 6 h under é:gon to form the olefin
(34%). Failufe to add tfiethylamino or treatment of the
olefin with pyridinium hvdrochlogide in pyridine gave the
chlorocarbon 4a-chloro-1,2,3,4,4a,5,6,7,8,8a-decahydro-
1,4:5,8-exo,endo-di&ethanonaphthalene. This is the first
reported example of the addition of hydrogen chloride to
'é double bond by pyridinium hydrochloride and might be due
to the relief of angle strain around the carbon atoms of

the double bond upon réhybridiz5tion from sp2 to sp3.
R v

iv
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Bartlett fouﬁd that the aﬁhydridc 1,2,3“4,&a,5;6,/,
8,8a-decahydro-1,4:5,8-exc,exc-dimethanor.aphthalene-4a4,8a-
dicarboxylic anhydride could not be hydrolyzed to the
diacid by~hot'su1furié acid or esterified by treatment with
severa! Mases. Treatment of Lﬁis anhydride with sodium
meth:. xide in abisolute methanol at 150°C for 2 days gave
the corresp - ding drtarboxylic acid (82°). Shorter re-
action timed gave the acid-methyl ester. Initia! formation
of?ﬂw carboxylate-methyi estor followed by an SNZ re-
action of methoxice ion with the methyl group of the ester
is responsibie for the fcrmation cf the diac.d under. these
anhydrous condiiions;

3,&:3}&-exo,end7—Di(1,3-cyclopentano‘-1,2-dioxetane
decomposed to give light immediately at all temperatures
required for ifs-formgtion irom either the‘s;bromojpr
iodohydroperoxide precursors by treatment wi-h sif?er
acetate in dichloromethane and co1d not be isolated; Sur -
prisingly, light was also emitted when TLC»plates (silica
‘gel) or benzene sélgtioﬁg“tontaining jﬁst these precﬁrsors

were heated. This has not been reported for other s-

halohydroperoxides.
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INTRODUCTION
Lgng.before they were act 'ally prepared and isolated,
1,2-dioxetanes (D) and the related‘a;peroxylactones (L)
had been proposed as key intermediates in numerous chemi-
and bioluminescont treactions (eq 1)1. At that time few

thought that such unstable looking intermediates would

1)
0—-0 - i 0—20 0 A 0
RT‘ | R4 (or }2{1 >9 ﬂ (or C02)+ ICI + hv
2 3 :
R R R \ VA
. 0 BR/,\RQ 'R/v RZ
D 4 L
ever be isolated. The release of ring straih and the for-

(S

mation af two strong carbonvyl bonds at the expense of only
one C-C bond and a weak Q-0 bond shouid greatly favor their
decomposition. - Thus, there was much surprise when Kopecky

and Mumford2 repofted the synthesis (eq 2) of dioxetane 1,

(2)
?OH - 0—0
H3C\é—-—c/CH3 NaOH H4C CHy ~ MP4-7°C
H3C/ »}\H | CH30H> H,C | H
Br 1

girelatively stable molecule that upon heating-decomposed
according to eq 1 to vield acetone, acetaldehyde and a
biuish light. Since this report, many bapers have ap-

peared involving the svnthesis and properties of 1,2-

‘dioxetanes and-.a-peroxylactones, and have been‘récently

1



~-e

4.5 L .. e S, S
*~. The first a-peroxylactone, 2, was

n

w
r

. 3
reviewed™’ Y=

thesized (eq 3) by\Adam6 and shown to emit light as in

eq 1.
)

-(3)

CH3 ?OH S
( )—N=C=N—+( ) -

HyC—C——C——C—0H < >

l | g _ .
CH, H | H, H

Three methods have been developed for preparing 1.2-

dioxetanes, ail starting from the corresponding olefin. The

first invcives initial treatment of the olefin with 1,3-

dihalo-5,5-dim. .hylhydantoin (3) and excess 987% hydrogen

peroxide .n cold ether to yield the s-halohydroperoxide

(eq 4)7‘8. This reaction proceeds by an ionic ﬁechanism.
(4)
¢ CH,y |
. R1 . RZ+ cold R'] CI)OH Q[\\
t>C=C// 3 * H3C N-X ether > N e
2 SR 98% H.0 27 [>r>
z X
3a, X=Cl
. ‘ 3b, X=Br
S " 3c, X=I

For unsymmetrical olefins (eq 5)7E hydrogen peroxide re-

acts with the carbon atom best able to accommodate positive

4]



)

charge. The :-ha.ohvdropercoxide 1s then treated with basic

(5)
H C 7 _CH r% 9 CH k
P - s PN . .
3\::\:/ 3 - 3b ether : 2 '/b 3
Hoo o H > /
3 i Hyo S
. : Br
[ -
e
J0H
Hoon | - s H.C-
- [
HyC~ St -
3 lD? -4

o methanol tegq 2. or with a silver salt ir a suitable solvent
(eq 6)83
(63
HJC ?OH CH ' | H.C : 9 CH
36~ ~CHy | 5m0Ac o 73 -3
H3C/C T\CH . C.H, or H H
3 676 3 =73

Br CH,CI,

I

In the sec~nd route. singlet oxygen react5 stereospecifi—
cally (eq7)9 with electron rich olefins having no ac-

tive hydrogens capable of undergoidg the =ne reaction

(eq 8}10 a-to the double bond. The third route involves,

treating the olefin with triphenvl phosphite ozonide to




0—20
CET O - EtQ OEt
E O\\Czc//pt Lg sens v S ’, l“
\H "/8 L \,TL].B r; H
s:s-5 -6
(7b)
. _ g
:\C:Q/'\:’\ 3: Sens. N % o ) i urt
"’C/ V\” -T8-C :;‘CLB £y H
-'“H\‘S T _\—6
Ii\
(8)
1
3=Q‘5 .
. | R” _ 00H |
L2 Ay &
A\C_,C/ \R» ene ~ ~ C<C3
- 2 - > ————
R%// \\RJ reaction RZ R

Tbut this fakes place in a

_ . | 1
form the 1.2-dioxetane (eq 9)
nonstereospecific manner and has not been used as generally
as the first two methods. The report of a fourth route to

1,2-dioxetane by direct ozonolysis of the starting olefin

<

in pinacolone as solvens12 was later disproven by several

authors13’14.



~:s-5 (o1 tran<-5: + [ Hg0) POy . (9)

©o0

\ :
. ? .
H H
s:5-6 and rrans-6 &— :)E%i)-c:: + OP(C‘C()HS)3
OEt OEt

Once a 1,2-dioxetane (D) has been made, it could con-
ceivably decompose to carbonyl products (P) by three pos-

sible paths as shown by a1, 3 and ag in Scheme I. The

. SCHEME 1
\ . )
) a
heat+ P+ P 42_21___— -—EZ———{> P+ P+ hv
1 2
az|ky |
heat+P+3P*<3 7 %1*+P+heat
a a
3 3
3 3 k. : g 1
| a, k4 isc ) a, k&
/ Ya, (1) Ta (1)

———————€> P+ hv . <%fé”—‘_"

3

’ 1
a, (h) a, (h)
| 4 by hear &4 |

ut



overall rate of decomposition, kd, which would equal the
sum of k1,>k2 and k3 according to this scheme, is easily.
measured by using either i.r. or n.m.r. spectroscopy or
iodometry to follow the disappearance of D or the forma-
tion of P. The decay rate of the emitted light intensity,

k (s even easier to measure and, because k4 i>k3 would

1°
equal the sum oAf.k2 and k3 in Scheme I. The ac;ivation
energy, E_. and the activation energy of the chemilumin-
escence intensity, Echl’ can be obtained from Afrhenius
plots of kd andl<1,respectively, measured at different
temperatures. -However, a mo o useful method for obtain-
ing E_;; is to measure the initvial infensity, I, of a
dioxetane solution at tempec:ature T1 andrthe final in-
tensity, 12, after being cooled to temperatu;e T2 in a
time intefval‘sufficiently short (about 30s) that the

15

change in dioxetane concentration is negligible This

is known as the temperature drop method and gives

| » . 16 .
The presence of traces of transition metals ~, amines

and other good electron donors17, excited ketones (such

15,18

as Tpx or 3P*) and fluorescers can catalyse the dark

a, path and give low values Qf Ea and Echl obtained from



Arrhenius plots. Since the dioxetane concentration does
not change in the temperature drop method, catalysis of
the a, path by impurities does not affect the value of
Echl obtained. The occurrence of such catélysis is thus
easily detected by comparison of EchI obtained by'this
method with Ea because Ea<:Ech1' At low concentrations
in pure inert solvents, pure dioxetanes show Ea.= Echls'
There are three lines of évidence_that indicate ay
is the major, if not the only path for light emission.
The first is that upon de;omposition all knowa D show
the fluorescence and/or phosphorescence gpectra of P.
As illustrated in Figure I, this is expected for path
asj but would not in general be expected for a,- éecond,
when fluorescers such as 9,10-diphenylanthracene (DPA)
“or 9,10—dibromoanthréqene (DBA) are added to solutions of
D, the intensity of light‘increases dramatically. This
is easily explained by path as. Fluorescers emit ligh#

from their singlet excited states to yield fluorescence

bug'do ndf emit light fromftheir triplet excited states
to yield phospﬁorescence siﬁqg thése decompose rapidly in
solution.by a dark path to gi;g heat. This is why théy
are called fluorescers instead\Qf phosphorescers of ex-
cited state light emitters. The\fluorescers DPA and

DBA are efficient Teceptors of siﬁg}et and triplet eﬂer—
gies' and remove the excitation&energ}es the

1P* and 3P* states before they can emit ... or light by



FIGURE 1

(o %
)
3 ps

a px J;isc
E, 3 )
0 a; 3 3a, () |*a, 1) Da,olta, c)
’ light phos- fluor-
, phor- escence
IAHf escence
2P Y W/
path a - Since these fluorescers then dispose of this cap-

tured energy to give light much more efficiently than 1P*
~or 3P* do by path aa(l), their addition causes the light
intensity to increase. If-+path az'were thé only light
emitting path, it would be hard to explain how‘the addi-
tion of fiuorescers could inérease the light inténsity
since no excited states are generated. The only possible
~xplanation would be for the fluorescers to catalyse the
a, path. Wilson19 has found fha£ some fluorescers can cata-
lyse the decomposition of some D with simultaneous excita-
tion of the fluorexcer. However, sy measuring Echl by the
temperature drop me thod tﬁesé cases are easily detected,
since E_ >Ech1‘ In the majorify of cases, Ea = E_,; even
after the addition of fluoresce;s and the subsequent in-
crease in the light intensity. For these cases path as

must be operative. The third line of evidence for the

major role of path aj involves measuring the yields 1@ and



3 3

@ of 1P* and ~P* produced. This can be done in two ways.

The first uses DPA and DBA (at infinite concentration) to
intercept all singlet and triplet excited states and meas-

ures the number of pﬂotons emitted by the fluorescer per

DPA

mole of dioxetane decomposed. These yields, @ and

QDBA, are easily measured on a calibrated speétrofluoro—

. L0
meter.. For both DPA and DBA an exothermic spin-allowed

3

energy-transfer step transfers energy from 1P* or “P* to

the corresponding excited statezof the fluorescer with
unit efficiency. The only exception to this occurs for
DBA in which overlap by the outer orbitals of bromine
causes mixing of the singlet and triplet states allowing
a certain fraction; @, of excited triplet4states'to
transfer energy to the -excited singlet state oL'DBAZO.
Because of this exception, DBA is well sﬁited for heasur—
ing 30. Since the efficiemcy of light production, thé

fluorescence yield, for DPA is unity and témperature;inde4"
21, 1® _ QDPA.

pendent The fluorescence yield of DBA,
@?BA, is less than unity (=2 0.1) and is not‘gempérature
independent21. Also, QTS is dependent upon the: structure

22,23

of P and the solvent system used Thus, for very

accurate measurements, GTS must be found for each dioxe-
tane-solvent s}stem being studied but when exact values
are not needed, an approximation of between 0.1 and 0.3

1 3P* form excited

A

is usually used. Since both 'P* and

singlet states of DBA, this contribution to @DB must be



subtracted. This gives

4

mDBA DBA ,DPA : : F DPA

0 - - - '
DBA, DBA
Pr Org P P15 Ors

In normal dioxetanes 30115 much greater than 10 and this

BA

correction for the 1P* contribution to ¢D is usually

ignored. If pathiaz{is}ppergpive to some éxtent, then
these values of 1@ and 30 reé;esent upper limits on the
yields of excited sFates, .Theisecond method\of meésuring
these‘yieldgris Fé.fea;ﬁ fhe)éxcited states chemically
with othér molecules.® Turro?®
ethylene forms an oxetane with singlet éxcited states of
qcefone but is cbnvérged by triplet stétes to the cis
isémei. Once!the&efficiencies for these reactions are
détermined by mgasuring the yields from 1P* and 3P* gén-
gratediphotochebically, it is easy to calculate 1(D.and
3@ +from feaction with D. To prevent the possibility of
 iptéfsys;em cfoésing,isc in FigurefI or k,__ in Scheme I,
highcéoncentrations of olefin are used. The results of
this method for tetramethy1-1;2-dioxetane (4) when com-

'péréd,;o the method using fluorescers are identicals.

. Therefore, since the difference between the first and

. second methods should show the amount of light emitted by

path a,, this:path is either inoperative or occurs at

levels below the limit of current experimental detection.

found that trans-dicyano-

10



The mechanism by which path ag prgduces excifcd
states is the subject of much debateB‘A'if Any mechanisﬁ
must explain h?w Ea and.1@ and 3@ are influenced by.the
structure of D. A selected list of these values appears

in Table I. McCapra?5 first suggested that decomposition

of D by a concerted mechanism should, according to .
Woodward-Hoffmann symmetry rules, proceed by a 4n anti-
aromatic transition state and form one of the product mole-

cules in an excited state (eq 10a) which would then emit

light.

(10)

Kearns26 drew a series of orbital and state correlation

1

diagrams to explain how chemiluminiscence might occur, but

27

these were of little predictive value. Richardson first
proposed an excitation mechanism in which tﬂb rate—?etermin-
ing stép is cleavagé of the 0-0 bond to form a 1,4-biradical
(eq 10b). However, Turr028 argued against this mechanism
and to account in part for the high ratio of triplet to
singlet states usually observed upon dioxetane decomposi-
tion, proposed a special spiﬁ-orbit coupling interaction

: /-
as the concerted transition state was approached. This

iR



inspired Richérdson29 to assert that the biradical mechan-
ism could also explain the high triplet-singlet ratio and
to produce evidence for this mechanism by making 7, 8 and
9 in Table I. In a concerted mechanism, addition of phenyl
groups to the dioxetane ring should stabilize the‘trans;-
tion state andhresult in a lewering of Ea, The observed
lack of this result in 7, 8 and 9 is consistent with a

30

biradical mechanism. Schuster failed to find any second-
ary isotope effects with deuterium substitution on the di-
oxetane ring in trans-3,4-diphenyldioxetane that would be
expected in a concerted mechanism. However, Wilson and
Bafflett31 made 10 and 11 and found that in comparison

with 10, 11 had an exceptionally low Ea. ’ They also found
that 11 produced only fluorescence emission. They sug-
gest a concerted decomposition mechanism for 11 in which
overlap during the t£ansition state can occur with the
_singiet x,x* state of fluorenone, while for 10, overlap

could only occur with fhe singlet n,x* state which pre—
vides little transifion state stabilization and leaves 10
to decompose By the normal biradical path. McCapra32 re-
ported that 12 forms singlet excited products with unfi
usually high efficiency. He proposed a mechanism (eq 11)
whose only difference from the chehically initiated ;

electron-exchange luminescence (CIEEL) mechanism (eq 12)
33,34

develbped by Schuster to explain the luminescence pro-

duced by 13 with DPA but not with “BA is that the electron
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donor and acceptor are within the same molecule. DBA does
not produce luminescence with 13 because it has a highef
ionization potential than DPA and cannot form DBA(+).

Wilson19 proposed a process similar to the CIEEL mechanism

v
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‘for the catalytic effect of fluorescers on dioxetanes in
which weakening of the 0-0 bond in the '"collision complex"
occurs with simultaneéus excitation of the flucrescer.
Schaaé35 has invoked intramolecular electron transfer to
explain the low Ea and high siqglet'yields of 14c relative
to 14a and 14b. _ " |

Fusion of the 4-membered dioxetane ring with one or

more n-membered rings can create steric ring strain that

18
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(not DBA)
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is relieved upon decomposition of the dioxetane ring.

The effect this can have én Ea and 1@ and 20 provides
information about which mechanism is being followed dur-

ing decomposition. ab initio calculations of the reac-
tion-cpordinate for 1,2-dioxetane cleavage indicate that
breaking of the 0-0 bond is the first step36. Wilson
compared 15 with c:s-6 and concluded that the release of the
calculated 3-4 kcal in ring strain occurs after the transi- -
tion state ié reached because of their nearly identical
values for Eé. However, Baumstark38 found that 16 is.less

stable than 17 by 2 kcal/mole. His explahation is that

(13)

strain energy caused by the 4-membered ring distorting

the shape of the 6-membered ring is relieved during tﬁe
;transition state if 0-0 stretching to form the diradicall
is accompanied. by a twisting motion during decomposition
(eq 13), thus, lowering Ea. Since 15 and 16 have about the
same shape39, this extra sfrain energy should be about the
same for bcth of them. But 16 is less stable than 15 by
some 0.8-3.4 kcal/mole. This could be due to stabiliza-

tion of 15 by an axial oxygen atom due to an anomeric ef-
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fect as sug&ested by Kopeckyao or to axial interactions
with the extra hydrogenﬁlcontained in 16 but absent in 15.
Kopeckyao’41 investigated)18, i9, 20, 21 and 22. Com-
parison of the Ea values for these molecules with the
value of E_ for 4 shows that E_ is average for 18, 20
and 21, below averagé for 19 and above average for 22.
The high stability of 22 reéults from a steric inter-
-action that fofces the hydrogen atoms attached to the
carbon atoms adjacent to the bridgehead carbon atomg in
the 7-membered ring closer together as the 0-0 bond is
stretched. This effect is even more pronounced with the
sterically congested 23. Comparison of 1@ and 3@ indi-
cates a wide fluctuation in excited yields from molecule
to moiecule with exceptionally low values again for 19.

-

No explanation can be found at present for these excep-
tionally low values of Ea and 1@ and 3@‘for 1941. In-
order to help find an explanation, an initial project of

measuring the activation energy and excited state yields

of 24 was chosen. This molecule is actually a fusion of

0—0
24 ' anti-25
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19 and 21. Inspection of molecular models shows that it
is veéry strained and that it cannot twist as the 0-0 bond
forms the diradical. Since all previously made 1,2-dioxe-
tanes are capable of twistingias the diradical is formed,
the triplet—si%glet ratio in tﬁis molecule could reveal
the extent that this twisting influences the production of

- &:
excited states.

Results in Téble I for tricyclic 1,2-
dioxetanes in which twisting should be more restricted
than in the bicyclic cases indicate that a twisting motion
is not necessary for the efficient production' of exéited
states.

Unfortunately, tﬁis project qf measuring the activa-
tion energies and excited state yields of 24 could not be
achieved; As‘will be .explained in more detail later in
this thesis, 24 decompoéed to give light immediately at
all téhperatures required for its formation from B-
hélohydroperoxides by treatment with either silver salts
or base (eq;6). Thisvéxtraordinary instability may indi-
cate a change from a biradical to a concerted mechanism,
éithough it could also indicate an exceptionally weak
0-0 bénd. Most of this thesis iﬁvolves the development
.of_a new synthetic procedure for the\production of olefin
anti-25. This olefin could not be isolated using the pub-

lished procedure of Bartlett43

and was needed as the pre-

cursor to 24.
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RESULTS AND DISCUSSION

Bartlett43

has synthesized olefin anti-25 in 4.1%6
overall yield as outlined in Scheme II. While repeating
this reaction scheme, several problems, two minor and .one
major, were encountered that required certain modifica-
tibns to be made. These modifications are outlined in
Scheme III and resulted in the production of olefin
anti-25 in 7.6% overall yield.

The unusual numbering gyStem used in this thesis is
a mnemonic aid for.remembering'monbmethyl(m), monoethyl
(e) and dimethyl(mm) esters of the pa;ent dicarbox}lic
acids.

The first minor problem was that dimethyl acetyléne-
dicarboxylate, 26mm, was not readily available. However,

acetylenedicarboxylic acid, 26, was obtainable and could

be esterified to produce 26mm, but this reaction was in-

L

coﬁvenient. This'esterificatioﬁ also seemed unnecessary
since the ester groups formed were subsequently hydrolyzed
to prodﬁce the desired diacid 28. The first modifiéation,
therefore; used 26 instead of 26mm in the Diels-Alder reac-
'tion with cyciopentadiene. This reaction was performed by

Diels and Alder44

and was modified by cooling to prevent
the formation of a greenish discoloration that was diffi-
cult to remove. Hydrogenation of the product, 27, gave 28

in 79.5% overall yield as compared with Bartlett's 60%.

23
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The second problem encounte;ed was also minor‘énd in-
volved Bartlett's use of silica gel to catalyze the Diels--
Aider reaction between anhydride 29 and cyclopentadiene
at room temperature. "This procedure reqﬁired the use of
10 g of silica gei and about 5 g of cycloﬁentadiene per g
of aﬁhydride 29. When this procedure was repeated, the
desired products were isolated but the silica gel developed
a greenish color tﬁat was not removed by washing with
chlo:oform or ether and had.to be discarded: This pro-
cedufe seemed wasteful of both silica gel éqd‘cyclopen¥
tadiene.: Bartlett reported that both the uncataiyzed an&
A1C13—catalyzed Diels-Alder reactions ﬁere unsuccessful.

In the second modification heating anhydride 29 with just
a slight excess of cyclopentadiene in toluene as solvent
'ét 80°C overnight produced-a mixture of anti and syn-30
in-83.4% yieidas, which was virtually identical to Bart-
lett's 84%, Hoﬁever,'Bartlett feported the ratio of anti
to sgn-3b as 1.5:1. The relative ratio of anti to syn-30 }
found in several crude reaction miﬁtures run at different
temperatures in toluene was determined by integration

TH NMR absorptions at 6 6.36 and 6 6.46 due to

of the
their respective vinyI protons. .These absorptions are

*far enough apart that fairly accurate integrations can be
obtained. The results are shown in’Table II. . The optimum
‘A.temperature for this reaction appears to be about 80°C since

at 110°C less selectivity was shown for the production of

. the desired isomer anti-30, while at 50°C about 20%
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of unreacted anhydride 29 was still ﬁresent in the re-
action mixture even after three days. To determi;é if
syn and anti-30 were in equilibriﬁm under the reactioen
conditions, syn-30 was placed id toluene at jZO°C over-:

night. No change was observed in the 1H NMR spectrum.

. \ TABLE II

\

Temp (°C) RX. Time (h) anti-30: syn-30

110 5 2'.2:1
© 80 12 2.6:1
50 - 72 2.8:1

Four isomers are bossible from this reaction. Under .
Bartlett's conditions using°silica gel at room temgeratufe,
only two isomers were formed, the exo,exo isémer, syn-30,
and the exo,endo isomer, anti-30. Bartlett determined
the structures of syn-30 and of anti;31kmade frbm ant1—30
by X-ray crysf;llography. The\twb observed\isqmers.résult f'
from the addition of\byclopentadiene‘to the exo side of
sanhydride 29. This was expected since Edman and Simm6n546
had shown by the method outlined in Scheme IV that at
least 90% of the addition of cyclopentadiene to the
stfucturally similar anhydride 36 prdceeded byhexo addi-
tion. Addition of d6-cyclopentadiene endo to anhyaride
36 would have produced dilistone 38b instéad of the ob-
.served dilactone 38a. These two isomers wére easily dis-

tinguished by their 1H NMR spectra. For anhydride 29,
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additional steric hindrance by the endo 5,6 protons fur-
ther decreases the likelihood of ende addition.

The difference in seléctivity towards cyclopenta-
diene shown by the ratio of anti to syn products of 60:1
and 1;5:1 for anhydrides 36 and 29, respectiv%ly, was
‘noted by Bartlett who expressed surprise but offered no
explanation. In both anhydrides the major product results
from addition of.cyclopentadiene contrary to Alder's rule:
According to this rule, the p orbitals of.C2 and~C3 in
cyclopentadiene would overlap the p orbitals of the car-
bonyl groups during the transition state to produce the
syn isomer.A Edman and Simmons46 proposea that steric
factors play a dominant role in determining the high
ratio of anti to syn producté?produced from anhydride 36
but did not elaborate.itit seems likely that steric irter-
actioﬁ betweeﬁ the C7“brot¢n syn tq-thé anhydride group
in 36 and the methylene‘proténs on cyclopentadiene would
occur during addition according to Aldef‘s rule, but would
be ébseht during addition ‘contrary to Alder's;rule. For
anhydride 29 the C% proton s;ﬁwtoaﬁhevanhydride*group
may be further from the reaction siéé and allow addition
according to Alder's rule to océur more readily.

The conversion of diacid 27 to énti-37 ag_shOWn'in
Scheme IV followed by hydrogenation would appégkxgo éffer

& A : N
-.a better synthetic route to anhydride anti-31. However,

N

the successful conversion of 27 to 36, which gave poor N

/

N
~
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yields with all anhydrides tried and with carbodi-
imide46,”depends critically on the purity of the dicar-

t
boxylic acid and ethoxyagetylene46.”

Due to the incon-
venience of preparing ethoxyacetylene from diethyl
chlorocacetal and sodium amide in ammonia;wphis method
was not used. The overall yield from 27 to ant:-37 by
this method is 42-49%, while the overall yield from'27
to ant1-32m shown in Scheme III is 38.4%. The two.methods
give approximately equal yields but the method shown’in
Scheme III iS’easiér to perform.

Bartlett initially separated the mixture of an-
hydrides ;gn—30 and ant:-30 by column chromotography and
then hydrogenated each separately to the anhydrides
syn-31 and ant1-31, respectively. However, he then found
that the anhydrides syn-30 and syn-31 could not be
hydrolyzed to the c&rreéponding’dibasic acids by treat-
ment with hot ethanélic potassium hydroxide. Further-
mdre, anhydridgj%yn—3l, was stable to hot sulfuric acid
and was ”impe;vious“ to attack by sodium tercz-butyl
péroxide. He suggests that this unreactivity is due to
thevtwo syn ethylene bridges blocking access of any
nucleophile to the anhydride carbonyl éroups. The an-
hydrides ant1-3o and ant:-31, which have a much smaller

methylene bridge in piace of one of the syn ethylene

fbridges, are unable to completely block an incoming

¢

Hﬁzleophileland reacted readily with hot ethanolic po-

tassium hydroxide to form the corresponding dibasic acids.
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This provided a'convepient method for chemically separat-
ing mixtures of syn and ant:1-30 or syn and anti1-31.

To separate a mixture of sgh‘and ant1-30 Bartlett
heated the mixture in a solution containing 3:1(v/v)
ethanol-water and 3 equivalents of potassium ﬁydroxide.
Water was added to the. concentrated solution and'the.
crystals Of‘syn—30 that remained were filtered. Crystals
of diacid ant:-33 formed upon acidifying the filtrate.

, ;
To produce the desired sur-31 and <«nt:-32 he then per-
formed two hydrogenations, one on syrn-30 and one on di-

acid 33. 5syr-31 and ant:-32 (2nt:1-32m) were isolated

with fewer manual operations by a minor modification shown

in Scheme III that used a single hydrogenation to convert
a mixture cf sy» and arc:-30 to a mixture of suyr and
2rc:-31, which were then separéted by Bartiétt's proce-
duré. Although ‘Bartlett did notlfeport using this pro-
cedure to separate mixtures of sg} and ant:-31, he did
report using it to con&ert pure arnc:-31 to dzac14d-32.
However, when he acidified‘this solution, he éften ob-

tained an oil that had to besrecrystallized fromethyl

dcetate and did not report a yield for this reaction..

When -Bartlett's procedure was used to separate a mixture

O
-y

syn and ent:-31, this oil was again observed upon

L}

acidifying the filtrate that resulted from filtering the
crystals of syn-31. The o0il was extracted into ether and

the solution evaporated to dryness. 1H NMR (CDC13) of



this dry powder‘showed a c artet at 6 4.25. A small
amount of thié impurity, about 6%, was isolated as de-
scribed in the experimental section and was found to re-
sult from attack by ethoxide on the anhydride group of
ant1-31 to yield ant:-32e. The most helpful of the
methods used for determining the structure of this mole-

cule were its elemental analysis, its absorption in the

O0=C l==O 0=C C=0
OH OEt OH OEt
ant;—32€ ant;—33e

1H NMR at &6 4.25 (gq.2E). and its mass spectgum with m/e
278 (2.4%, M), 260 (3.2%, MT-H,0), 250 (0.2%, M"-CH,=CH,),
234 (23.0%, M'-CO,), 233 (22.8%, M+-OCH2CH3); 232 (36.2%,
M*-HOCH,CHy), 212 (70.4%, M'-CHg) and 194 (Base, M*-
CSHG-HZO). A'sméll peak in the mass spectrum at m/e

279 (2.0%) was fgnored ;ﬁd could be due to proton transfer
by the acid group when the sample was injected at 200°C.
Thus, in using Bartlett's procedure to produce'diacid
eant:-32 from anhydride énC1-31, somé anti-32e is also
produced as an impurity and méy be responsible for the

0il that often forms duriﬁg work-up. The possibility

that anti-33e might be formed as an impurity from anti-30

33
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during Bartlett's separation procedure was not investi-
gated.

The third and major problem'encountered with Bart-
lett's scheme was that the electrolysis steb converting
diacid ant:1-32 to olefin ant:1-25 did not work when per-
formed on the platinum gauze electrode apparatus that
:was'available. This reaction was repeated many times at
tempefatures ranging from 0°C to 100°C but no trace of
blefin anti-25 was ever isolated. This could have been
caused by insufficient voltage which was typically only
about 10V when the current wa; 0.8A. Bartlett had reported
about 50V at 0.8A. Increasing the current in ah.attempt to
increase the voltage activated a fuse that caused all cur-
rent to be lost. A short circuit between éhe electrodes
was not present since thélcurrenf dropped to zéro when
the reaction solution was removed. However, vigorous
bubbling as described by Bartlett was observed at the
anode, presumably from COZ’ and the current dropped from
0.8A to about 0.2A overnight, an indication used by Bart- -
lett to determine that the reaction was over. Attehpts
to recover either the starting diacid anti-32 or the
anhydride anti-31 yielded only a sticky black far. Since
the yield obtained by,Bagtlett for this reaction was only
about 20% and becauge of the difficulty encountered in
duplicating even this low yield, a new method to achieve

this synthetic transformation was sought.



One of the problems with performing reactions on di-
acid anti—3é was that it e?sily dehydrated to reform an-
hydride ant:-31. For example, after it had been removed
from anhydride syn-31 by Bartlett's sepafation procedufe,
this acid was often extracted into ether during work-up.
.If all traces of mineral acid were not completely removed
By washing this solution at least five times with distilled
water, then anhydride an£1-31 was the orly product re-
‘covered when the solution was ;vapofated to dryness on a
rotary evaporatér. When Bartlett attempted to perform
a bisd;carboxylation reaction with this diacid 6r its
dipotassium salt to‘directly form olefin ant:-25 by treat-
ment with lead tetraacetate48 and pyridine in dimethyl
sulfoxide or benzene, only anhydride ant:-31 was recovered.
Another attempted bisdecarboxylétidn reaction tried by
Bartlett using cuprous oxide and 2,22dipyridy1 in
'quinolineag gave';he same result. Bécause of this de-
hydration problem, he then tried removing the anhydride
gfoup of anti-31 by treatment with bis (triphenylphos-
phine) nickel dicarbonylSO and of syn-31 by treatment with
tris (tribhenylphosphine) rhodium chloride51 to form the
~corresponding olefins, but he observed no reaction. This
was probably due to steric hindrance by the ethylene and
methylene bridges syn to the anhydride group. His at-
tempts to remove the anhydride group of anti-31 photo-
chemicaify and of syn-31 thermochemically to form the

corresponding olefins were also unsuccessful.

S
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The react;;ns performed by Bartlett covered all known
methods for removing an anhydride“group to form an olefin
and so a new method had to be devised. The previous iso—
lation bf the ester acid anti-32e suggestéd that the
tirst step in the new method could be the removal of
just one carboxylic acid group by-treatment with lead
tetraacetate while the other was prqﬁ%}ted as an ester
group to prevent the dehydration that Bartleft had ob-
served with the diééid using this reagent. Removal of
_the acid groﬁp by lead tetraacetaté from a normal ter-
tiary carboxylic acid leaves a carbocation that either
eliminates a proton from an édjacent cérbon to produce
olefin as the major product or adds acetate to give a
minor product. For this molecule the formation of an
olefin would have to occur at a bridge-head‘position and
éo addition of acetate was expec;ed to be the major
path. - Removal of the protecting ester group by hydro-
lysis to reform the acid would also hydrolyze the acetate
to an alcohol. The problem would then beéome one of
converting a B-hydroxy acid into an olefin. Perﬁsal‘of

52 had found a one-step

the literature showed that Adam
procelre for this transformation using two equivalents
of benzenesulfonyl chloride in pyridine at 45-55°C.

The mechanism for this‘reaction as it would apply tbh

hydroxy acid 35 is outlined in eq 14. Using this pro-
hd

cédure, he reported yields ranging from 55-82%. This

36
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synthetic path that used four reactions in converting
anhydride anti-31 to olefin anti-25 was investigated as
a replacement for Bartlett's method that used two reac-

tions.

In the first reaction of this‘sequence the methyl
ester acid anti—32m was isolated f:om a mixture of syn
aﬁd anti-31 in a modified versién of Bartlett's procedﬁre«
In order to'simplify the 1H NMR spectrum the methyl ester.
ﬂaéid was chosgn instead of the previously charécterized
ethyl ester acid anti-32e whgse triplet from‘ the ethyl
grbup occurred in a region already profuse with multi-
plets. In this new separation’procedureithe'mixture.of
lggnaand anti-31 was:heated witﬁ about ‘three eqUivaléﬁts
of sodipm methoxile in absolute methanol, The basic re-
action mixture was.-then concentrated, water was added and
the'cijtals of syn-31 that remained were filtered., Acidi-
fication of the filtrate afforded the methyl ester acid
‘antj—32m.A After several hours in refluxing methanol
very little reaction had occurred and almost all of the
starting mixture was ;ecovéred when water was added to
the concentrated réaction solution. Since anti-31 had ﬁo;
Complétely'reacted, the reaction was performed in a glass
préséure boftle and higher temperatures and longer reac-
" tion times were tried. At this time the exact ratio of

"anti-30 to syn-30 produced in the Diels-Alder reaction

between anhydride 29 and cyclopentadiene in toluene that

38



“is shown in Table II.was not known. Since Bartlett had
reported that 'no coﬁditions were found under which the
sgn—Saturatgd anhydride sgn-31ihou1d be hydrolized' due
to steric hindranée by the two éyn ethylene bridges, this
ratio would be determined by making sure the reaction with
anti-31 went -to completion by using high temperatures-and
long feaction times and then comparing the amount of
anti-32m produced to the amount of syn-31 crystals iso-
lated by filtration. As these higher temperatures and
longer reaction times‘were tried, fewgr and fewer crystals
of syn-31 were isolated relative to the.amount of start-
ing material. 1In one reaction at 120°C over the weekend
the ratio of mass missing from starting mass to syn-31

was about 7:1. It was ''obvious' that very little syn-30
’ \

was produced by ‘the Diels-Alder reaction in toluene. How-

ever, isolation of the "missing mass' gave a powder with

a wide melting point  range and it was {ecrystallized from

ethyl acetate at room temperature overnight., -The pretty _'

crystals that formed were easily idgntified as antif32m
by elemental anal?sis; the absorption at 63.72 (s,3H) in
the 1H-NMR spectrﬁm,_and'its mass spectrum with m/e 264
(2.9%, M%), 246 (3.2%, M*-HZO), 233 (8.17%, M+-oqn3);

232 (8.6%, M+-H0CH3), 220 (34.8%, M+—CQ£) and 198 (Base,
M+;C5H6). However, of the. initial mass used for this re-

crystallization, less than half was recovered as anti-32m.

No new crystals formed when the ethyl acetate solution

39



was cooled overnight at 0°C and severa{ seeding crystals
that had been placed in it did not grow. The powder iso-
lated after the solvent had been removed had a wide melt-
ing point range that was not improvéd by several reﬁrys—

tallizations from ether-pentane, no absorptions in the
1

v

H NMR corresponding fo a methyl éster, and no mass at

m/e 264 in the mass spectrum. _Since this powder contained
side products and not the desiged anti-32m, it was ignored
for many months. «When it was realized that the ratio of
anti to syn-30 produced}by‘the Diels-Alder reaction in
toiuene had still not been accurately determined, this
ratio was determined by 1H NMR integration as previously
described ‘to produce tﬁe resulfs shown in Table II. The
2.6:1 ratio determined by thi? method was very different
from the 7:1 ratio that had been seen during chemical
separétion. Because of these résults,'éome anhydride
syn-31, which had accumulated over the months to a siz-
able‘duantity, was heated with sodium methoxide in abso-
lute methapol at 150°C for two days. However, since
Bartlett had shown it to be stable to boiling sulfuric . .
‘acid, no reé;tion was expected. ‘Thus, it was'sufprising
wﬁen no Erystalg.fofme& uﬁon addition of water fo xhg
coﬁceqtrated reacfioﬁ mixtﬁfe and'gveﬁ more ;urpriéing
when the diacid syn-32, not the estef'acid syn-32m, was

isolated in 83% yield. This diacid showed absorptions in

N



the 1H NMR at 6 10-5 (br, 2H) due to two carboxylic acid

groups with no absorptions corresponding to a methyl ester,
was pure by elemental analysis and had peaks in the mass
spectrum with m/e 206 (34.1%, M*-coz); 188 (6.7%, M'-CO,-
Hy0), 160 (7.1%, M'-2C0,H), 140 (18.5%, M"-C0,-CgHy) and
139 (Basé,\M+-C02H—CSH6). When the ester acid anti-32m waﬂ
treated under these conditions 0vernight,'théidiacid anti-
32 was isolated in 87% yield and shown to be identical by
mixed melting points to an authentic Sample previously préi
pared. Finally; when 8 g of'syﬁ-31 were treated with just
one equivalent of sédium methoxide in absolute methanol at
150°C for just 1.5 h, 1.2 g of a mixture containing both
thevdiacid Syn-SZ and the methyl ester acid syn-32m

was obtained. From this mixture 0.2 g of syn-32m was
isolated by recrystallization from ether-pentane. This-
sample was bure'by elementai analysis, exhibited peaks

in the mass.spectrumbat m/e 233 (5.2%, M+-OCH3), 220
(43.5%, M*-C0,), 198 (8.7%, M*-CcHe), 188 (25.8%, M'-
Hoc33-coé), 160 (14.9%, M'-HOCH;-2C0,) and 153 (Base,
M+-C02H—QSH6) and had an ébsorption at 6 3.83 (s, 3H) in

. ' ’
1H NMR. A mechanism consistent with these results
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the
is oUtlinea for the syn@anhfdride in eq 15.  Ingold
termed the SNZ reaction bimolecular base caicalyzed élkyl—
oxygen fission (BALZ). Bunnet45 was firstlto report thé‘
BALZ mechanism in solugion. He‘isolated both dimethyl

ether and benzoic acid when he heated methyl benzoate

¢
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_H3COCH3 o+ SNZ
=D
Oe Oe \’
(syn-32)"2

at 100°C for 55 h: For thé reactions with syn-31‘and
ant1-32ﬁ no éttempf was made_to.determine the presence
of diméthfl ethér.l The mechanism-shown in eq 15 nicely
e%plains the unknown powder that was obtained from

the ethyl acetate solutién after the initial\crystalli;
zation of the crude ant:1-32m. Under the high tempera- -
tureg,aﬁd long reaction times-uSed in the sepér;tion

of syn and ant:-31, some of thekanti—32m that had

formed reacted again‘with methoxide by the BALZLmechan-
ism to produce the diacid anti-32. If this had been the
only'diacid formed, it would have been easily identified.
Howevef; syn-32 was also produced and this caused thé

wide melting point range that was not improved by

42
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recrystallization in ether-pentane because of the simi-

lar physical properties of the two acids. Since béth

are very soluble in ethyl acetate, tﬁey remained in
solution during the crystallizaéionofant1—32m.. The

mass spectrum and the1E1NMR spectrum of this powdér are
easily understood since no metﬁyl esters were present. ,
To minimize thesé reactions. the separation prbcedure

”ﬁwas carried out at 80°C in Shor iess.

The i:olation of syn-32m raised the interes ing
possibility of synthesizing olefin syn—Z? by the_same
sequence developéd in converting aﬁti-32m to olefin
énti-ZS that is outlined in Scheme III. This olefin is
.currently made in 19% overall yield By the proceduré

55?58. Since determining the optimﬁm

shown in Séheme \
‘conditions for the syntheéis of syn-32m would be tedi- 3 
ous and since it did nét seem likely that a yield better
‘than 19% would be obtained, this possibility was'not
investigated. B

Before Bartlett reported the.synthesis of olefin
ant:1-25 in 1980, the»reactioqs outlined in ScﬁemelV -
wére.considered as a possible syn;hetic route to this

olefin. ATder57

had reported that reacfion of iso-
dicyclopentadiene 41 with maleic anhydride in ether
gave a quantitative yield of the anhydride anti-endo-42.

Since removal of the anhydride group could be achieved

s
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by a number of methdds, this reaction sequence '‘ollered
a promising route to olefin ant:1-25. Much time and ef-

fort was spent performing the reactions of this sequence.

: 0
- 0=C—0 , c//
' C=0 H/\o
: ‘Mg -

_an:;-ehd:v—az sya-exc-.-az

From a thepfetical viewpoint the most interesting
of thése reactions wa$ that of dicyclopentadiene endc-39
with excess 35% HCl at room temberature. A Newman pro-
jectior. of this molecule along the C2._--C3 and,CéfC5 bonds

is shown in Figure II. Protonation of 39 could con-

FIGURE I1I

39

46




ceivably occur at either of the two double bonds to form
carbocations at CZ,‘C3,AC8 and Cg. These aré all second-
ary carbocations and might be expected to have similar
stabilities. Howevef, as seen in Figure 11, a carbocation
at C2 would havé a vécant p.orbital parallel to the ad-
jacent CW'C6 bond that wogld allow the positive charge on
C2 to be delocalized through orbital overlap by forming
intermediéte 39a shown in Scheme V. Winstein59 first dem-
onstrated such orbital overlap in étudies on the norbornyl
cation. .Ihtermediate 39a, which contains the norbbrhyl
cation skeleton, explains the sisolation of exo-hd as the

" sole product from end;—39; Intermediate 39b formed by

overlap of thé vacant p orbital from a carbocation at C3

Cl

39b : 40a 39c .

with the parallel CA—CSandicould also explain this iso-

‘merization but would produce 40a instead of 40. Partial
“5“
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stabilization of positive charge by overlap with the C8-
an bond is possible in 39a but not in 39b. However, as
seen in Figure II, tgis x bond is 30° away from being
parallel to the C1_C6 bond and this overlap is not exten-
sive. For this reason stabilization.of a cation at C8 by
overlap of its vacant p orbital with fhe C1—C6 bqnd to
form intermediate 39c does not oc@ur. No such interme-_
diate is possibli for protonation at Cg. Becaﬁse of the ’
mild reaction conditions used, prbtona‘xon takes .place only
on the czucg bond to form the stable intermediate 39a and
not on the C8\¥C9 bond to form the less stable §econdary
carbocatioﬁs.- As shown in Scheme V addition of water to
form the alcohol can‘thén occur but this-is reversible and
leads to the formation of exo-40 as p@e sole product by
the irrevefsible addition of ci. -ide.

Isodicyclopentadiene 41 was prepared by the remain-
ing sequence of reactions in Scheme V that require no
special discussion and was treéted with maleic anhydride.
Attempts to remove the anhydride group from this product
by formation of ﬁhe diacid followed b; treatment with lead
tetraacetate in diméthyl sulfoxide produced a black
sludge, presumably caused by reactions iﬁvolving the cen-

60,61 repor ted

tral double bond. At this time Paquette
that the structure of this product was not anti-endo-42

' 57 .

as reported by Alder’’ but was a 2:1 mixture of syn-endc-

42 and syr-exo-42. He found that maleic anhydride and
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other dienophiles add to the endo 'side.of 41 bécause of
electronic, not steric, reasons and used Fhe addition of
phenyl vinyl sulfone to 41 as a key step-in the synthesis
of the olefin syn-25 that is outlined in Scheme V. For
this reason and because Bartlett had just published his
procedure for the convenient synthesis of olefin anti-25,
this approach was aQ;ndoned.

The second reaction in the new synthetic route to
olefin anti-25 was to remove thé carboxylic acid group
of ester -cid ant1-32m by treatment with lead tetraace-
tate. This reaction was performed in a refluxihg solu-
tion of benzene and acetic acid. Acetic acid was present
to both dissolve ant:-32m and to facilitate addition of
acetate to the carbocation formed by removal of the car-
boxylic acid-group. Completion of this reaction was
indicated by the disappearance of the initial yellowish
| color and usually took 15 to 20 h. Basic washings of this
solution gave about 15% of the starting ester-acid ancti-
32m when acidified. /Pentané was added to the dried
benzene solution and a 55.6% yield (65% based oﬁ re-
covered starting material) of ester-acetate 34 was ob-
tained. The structure of 34 was confirmed by its ele-
mental analysis, its absorptions at & 3.64 (s, 3H) from
COZCH3 and 2.07 (s, 3H) from COCH, in its 1H NMR spectrum

and its mass spectrum with peaks at m/e 279‘(7.6%,,M*+1),



278 (47 .8%, MT), 260 (12.3%, M*-H,0), 250 (72.3%,
M+;CH2=CH2 or CO), 247 (17.9%, M*-0CHy), 236 (20.87%,
M+—O=C=CH2), 219 (8.1%, M+—C02CH3), 218 (13.0%, M'-
CH3CO,H), 212 (3.1%, M*-CoHc), 208 (69.47%, M*-0=C=CH, -

- (CH,=CH, or C0)), 204 (28.7%, M+—CH3C02CH3), 190 (13.5%,
M*-CH CO,H-(CH,=CH, or CO)) and 176 (Base, M+-O=C=CH2-

3

CH COZH).- Further confirmation of this structure was

3
provided by its conversion to the known olefin ant.-25

and is discussed later. It should be noted that addition
of acetate trans to .the ester group is sterically not
possible. Attempts tc obtaiﬁ more than two crops of

34 from the benzene-pentane solution were unsuccessful
.ahd-it was evaporated to a powder that contained 21.7%

of the stérting mass. This powder showed at least three
overlapping spots on TLC (ether),hhad a; 1H NMR spectrum
with strong absorptions at 6 6.5-6.3(m) belonging to
vinyl protoné and with almost no absorption in the re-
gion 6 2.25-1.95 belonging to acetate protons. It also
showed an IR spectrum with sﬁrong absorptions from 1860
to 1650 cm™) belonging to carbonyl groups and with no
absorptions from 3500 to 3200 cm-1'belonging’to an
-alcohol group‘;hat could resﬁlt from hydrolysisAof the
acetate group in 34 during work-up; Although no attempt
was made to identify these products, the form: ion of"
olefins containing vinyl protons caﬁ be explained as out-

iined in Scheme VI. The initially formed radical 34§ can
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react with acetoxy radical to give 34 directly or it can
be further oxidized by way of 34b to yield the carbocét-
ion 34c. The presence of two trans-fused norbornyl rings
in 34c allows the carbocation at Cg, to be stabilized by
orbital Qve;lap with either the. C]—C2 bond or the C7—C8
bond to give rise to intermediates 34d and 34@, resbéc—
tively. An intermediate involving sﬁabilizafién of this
carbocation by simultaneous overlap with both of these
bonds i; an intérestingipossibility. Because access to
the "'tertiary" carbon at‘C8a is sterically hindergd, re-
action of acetate could occur at ''secondary' carbons C{
and C8 to give rise ta products 43 and 44 respectively,
‘or at 'primary' carbons C2 and C7 to form 45 anq 46,
"respectively. _Eliminafion_of acetic acid from these
products;yields the corresponding olefins containing’ -
vinyl protons. Subsequent migration of th; double bonds
in 45a .and 46a can yield addifional products.

The third reaction in. the new synthetic route to
olefin ant1-25 was to hydrolyze 34 to the écid‘alcohol
35. Treatment Qf 34 in basi¢ aqueous methanol was the
first method tried since it was thought that acid hydro-
lysis would leéd to'rearrénged products by formation of 
a carbocation on the carbon bearing the acetate group, but
no reaction‘octurréd at rqom temperature while at 95°C
for 8 han oil was produced. TLC (ether)-dfvphis oil

showed many spots. Treatment of 34 with sodium me thoxide

54



in absolute methanoldaf 80°C and 150°C overnight pro-
duced similar result:. Since treatment witﬁ base gave
impure oils, hydrolysis by acid was tried. Remarkably,
treatment of 34 with 4.5Msulfuric acid refluxing at
about 130°C for about 10 h produced 35 in 95% yicld!
Heterogen :o's reaction éonditiéns were used to prevent
any carboc:¢’.on formed from reacting with any moiecule
 other than water. These conditions had the additional
‘benefit of signaling the end of the reaction since the
eﬁtire organic phase solidified when 35, which melté at
188—189°C, had completely formed. Using lower concentra-
tions of sulfuric acid increased the time required éor
this rEacﬁioﬁ dramdtically and was probabl{Aa result of
both the lower proton concentrétion and the lower reflux
temperaturé. The structure of 35 wég confirmed by its
»element51 ana1ysis,'its IR spectrum showing broad absorp-
tion in the region 3SOO-ZQOO due to the acid and the al-
cohol groups, and its mass spectrum with peaks at m/e

222 (5.3%, M™), 204 (13.1%, M+-H20), 194 (32.6%, MT-
CH,=CH, or CO), 176 (Base, M'-HCO,H) and 148 (45.1%,
M+—HC02H, -CH,=CH,). However, since it was hard to be-

lieve that rearrangements had not occurred under these

vigorous conditions, 35 was converted.back to 34 by‘thelﬁ

sequence of reactions outlined in Scheme VII.
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SCHEME VII

Ac20
4V, 3h >
(82%)
OH 0\:0 ¢ & (ﬁ
OB - 0= *0—C—CH,
35 H3
47
CH, T 1) CHOH
DMA f |- NaOH
O C:O NaHCO3 C=O
99%) __l | -
0=C OCH, 0=C OH . .
CH, Hy

34 48

'The structures of 47 and 48 were confirmed by their

elemental analysis, their IR, 1H NMR, and mass spectra,
aﬁd their conversion to 34 which was shown to be identical

1H NMR and by mixed melting point.

to authentic 34 by
Since rearrangements had been observed in the lead tetra-
acetate reaction due to formation of intermediates 34d -

and 3ﬁe, lack aof reérrangements dufing reaction of 34,

which would certainly form these intermediates under the

o

’ d
much harsher conditions of 4.5 M sulfuric acid at 130°C,
was surprisihg._,This can be explained, however, if it is

[~
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assumed that such rearrangeﬁents to othef ﬁroducts does
bccur, but under these.conditions all df these pfoducté
are in equilibrium and 35 is the most thermodynamically
stable of these products. Possible reasons for this
stability will be diécussed later. Thus, after 10 h
of'equilibriatioﬁ all of the initially formed side prod-
ucts would be conver*ed into 35. For the lead tétraé
acetate reaction such equilibriation would not occur and
the side p}oducts woﬁld be isolated. This assumption
Q;uld,also{exp}aiﬁ the oils tha't were produced by.treat—
ment of 34 with base. Under the temperatures required

for hydrolysis of the acetate gfoup of34 bybase, solvolyéis
of the acetate group would occur with help from the C%'CS
bond_té-form‘intérmediéte 3b4e. This intermediate would
reatﬁ with.either water or methanol at either C7, C8 or
Céavto‘fdrm the multiple products observed by TLC (ether).‘
~ Since ihesé reactions would be'irreyersible under the
basic conditions, only an oiliconta{ﬁing a mixture of
products is isolated. | .

Thé final reaction in the new synthetic route to
olefiﬁ ant1-25 was to remove the acid and alcohol gfdups
of 35 by treatment according to Adam's proceduresz,
.Howéyef, when Adam's instructiéns w;re félléwed énd 35
- was heated with twovéauivalents of beﬁzenesulfonyl
chloride in pyridine at 55°C overnight, thé on1y product

isolated was-the_highly,unexpected chlorocarbon 49. This
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structure was determined by its elemental analysis and

Cl H
49

-~ by its hass spectfum that had peak's at m/e 198 ({7.42,
isotopic), 196 (SS.AZj M+),.17O (9.1%, isotopic—CH2=
CH,), 168 (28.7%, M"-CH,=CH,), 161 (39.0%, ¥*-C1) and
160 (30.2%, MT-HC1). The addition of triethylamine to
this reaétion gave no products at 55°C overnight but '
produced the desired olefin anti-25 in.34% yield when
éarried out at 95°C for 6 h under an iﬁerf atmosphere.

"This olefin was characterized by its meltidg.point Qf
64-65°C, identical to thaﬁ reported by Bartlett, and
its very clean méss spectrum with peaks at m/e 160
(20.8%, M), 132 (30.1%, M*-CH,=CH,) and 104 (Base, M'~
2CH,=CH, ).. .  j B o o s

The overall yield of olefin anti-25 from acid-ester .

anti-32m is 21%. Bartlett reports a'yield of'ZO% from

' electrolysis of diacid ahti—32.' However,'this electroly-
sis procedﬁre is liﬁited to the production of small qugn—i

tifiesiand becomes tedious when large ‘quantities are de-

sired. The new prbcedure developed here can easily be
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scé&kﬁ;up te ;roduce large amcunts ! tnis -“jelin in sust
a few:days starting from the anhvaride .- -31

When olefin :--.-25 wa. :trezted with gvridiniunm
hydrochloride in -+v:.dine at ~.°C cvernight. thlicrcoccerceon
49 was aéain isolated and sheown tc te i:eﬁ:ical_t: that

isolated previousiv bv TL_LI .ren

)
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b]
]
n
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[0}

)

point. Treatment ¢ 49 with triethviarine in ovridire
at 110°C for oroduce T.letin :--_-25 since TLC
., . v .
(pentane. of iTw ???ne%ﬁréﬁ‘ Z SINEgie sSTCoU CCor-
N . \‘3' ; . i ‘i
responding tc starting materia:. Thug Tie Adam's reac-
- * . Vs , . .
.- . . - . . L S ST ~
‘ticatrigthyiamine acts to ‘prevent;ine adcditicn of hydro-
‘ " . o ot e
gen caloride tc the in:itiallv formed <lefin .-:.-25 by

dcting as @ proton scavenger rather Unan by removal of

hydrogen chloride from 49 that might nave been produced

by some other mechanism from 35. This appears to be the
tirst reportell addition of hydrogen ch.oride tz a doutble
bond b» pyridini- - hvdrochloride. Adam did not find such

a reaction to occur in.any of the reactions he performed

y L .62 : .
under these conditions., a review of reactions with
pyridinium hydrochloride makes noc mention of this addi-

tion and a search of the literature up to 1981 reveals

-

no such report.

43 X : .
- Bartlett™”” has calculated the coordinates for the-

carbon atoms of sr::-25 and some of these are reproduced

.

in Table III. A <imple trigonometric calculation from

these coordinates reveals the bond angles around the
) ) wt h -

N
e
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cated by the drawing of intermediate 25b in Figure IV,
followed by the addition of chloride to C1, Cz, C7 or C8

to give 49 and isomers that would be structurelly similar

FIGURE IV~

25b

to the products 43 - 46 shown in Scheme VI. When'sne:-25
dissclved in pentane was treated with 37% hydrochloric
acid for several hours . . gentle warming. an oil.was

obtained. This 6il showed just a single spot on TLC (pen-

tanie identical to that of 49 ang h{? an IR spectrum alsc
identical to 49. Sublimation of 49 from this material weas
verv difficult because-of large amounts of a sticky sub-

Such problems were en-

stance that suil'med simultanegusly
. P .
couritered wher - .-25 was treated with pyridinium hydro-

chicridg, but much less of this impurity was produced and
L Tty . .

S

1 Wwas remcved after a few subliil: ..licns. OJne reason for

0.

ormatior: of more side products in 37% hydrochioric aci

[

might De bLecause greatler sclvetion cof the chioride

ion markes 1t haerder for it tc react with' the stericallvy

&
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hindered C88

The tertiary carbocations 25a and 34c are exception-
ally unstable for two reasons as‘sﬁéwa~in ﬁmgyre Iv. Firsf.
the bond angles aroqnd C8a are still as straingd as they
were in olef'n srnt:-25. Second., the presence of a substi-
tuent at Caa induces stress imposed by the rigid geometry
of the fused norbornyl skeletons that forces C1 and CS to
bend out of the Caa~c83—c8_c1 plane, an effect t%at is
similar to that which prevents formatica of carbocations ,
at bridge-head pésffﬁins. Relief of this strain may be
the driving force for the formation of intermediates 25b,
34d and 34e. However, as indicated by arrows in Figure IV
these intermediates suffer from steric.interéctiéns bé—
tween.protons’on C, and CWO or C2 and C8. Earlier it was
proposéd that acid alcohol 35 was more stable than any
of the Side‘pf;hucts that it was in eguilibrium with to

explain its scle formation in the reaction of .34 with boil-

.

uric acid.-°Examination of these'side prod-

[

.ng 4.5 M su
.cts shown in Scheme VI und rﬁelr acid analogs shows that

45 and 46 5[111 have an, uﬁfgﬂb*able sp2 geomelry at C8a

QN ,
while 43 and 44 suffer rrom the steric congestion depicted

in Figure IV. Ac.d-alcThol 35 mey not have these steric
oy A . .
rroviems enc may be further stabili ZQC‘DV'lﬁLSrnal hydro-
£
gen uoncding. Therefcre., equilibrium'dowc kgmﬁ hqyid
vielcd It exciusively. Several reactic ne Q%%@lx ng Chloro-
caron 49 cemonstrate the instatility of & carbocation at
A »
<
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methanol at room temperature formed a precipitate very

Treatmer.: . 49 with excess silver acetate in

slowly. After several days TLC (pentane’) showed that
starting material was stil]ll present. An attempt was
' 63

made to convert 49 into tige known mclecule 50 by re-
action with magnesium followed by treatment with water
in order te conclusively prove the structure of 49. No
reaction with magnesium occurred and when 1,2-dibromo-

butane was added to initiate this reaction, ole:iin

nt:-25. identical by TLC (ether) and mixed melting
[ ‘

point to an authentic sample, was isolated. This pro-

vided the structural proof sought for 49. Several other

exampleslof the reluctance of a carbocation to form at
Cg, will be seen shortly. |

Qnce olefin ant:-25 had been made, work on production
of dio%etane 24 was begun. This olefin was treated with
the bromohydantoin- -3b and hydrogen perox1de in ether at
0°C as shown by eq &4 in the 1ntroduct10n.i Work-ﬁp oy

washing this solution winh water five or six tlmes fol-

‘3
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lowed by drying gave a solution that showed just two
spots on TLC (toluene?l. .When this TLC plate was placed
on a hot platé, the slower moving spot gave off a bright.
light easily seen witﬁ the dark adapted eye. When some
of this solution was Heated on s steam bath in benzene
containing fluorescer., the solution glowed brightly.
'Presumably this slower moving spot was the bromohydro-
péroxide 51a.' When heated. this moiecule lost bromide

to give an intermediate similar to 25a or 25b. formed

the dioxetane with removal of the proton by bromide ion

o

and emitted light when the dioxe;ané decomposed. Re-
, 0 '
" OOH : | - :l & :
X O | 0 ”
= B .
212’ ;(( = Ir ' trans-52

actions aimed at producing ‘the dioxefane directly by
treatment of the crude bromohydroperoxide 51a With silver
acetate or silver nitrate in methylene chloride or

‘methanol failed at room temperature, gave off no light

uf‘ﬁ

“Herand, showed the presence of starting material 24 h later
by TLC (toluene). The iodohydréperoxide 51b was

. then prepared by reaction of olefin anti-25 with the



iodohydantoin 3¢ and hydrogen peroxide in“ether at -20°C.
Work-up by washing this solution with water and then SZ
sodium thiosulfate to remove iodine that had formed during
thi/ reaction followed by drying, gave?a solutior that also
shogza two spots on TLC (toluenef. Liéht was again emitted
from the slower moving spot wheﬁ this TLC plate was heated
on a hot plate. Small portions of this solution in di-
chloromethane\contain}ng added fluorescer were kept ét

room temperature,K 0°C and -20°C while silver acetate was
added and the solutions observed with the.dark adapted eye.
The solution at room temperaturé gave off a bright light,
that at 0°C gave off a light that was just visible, and
that atv—20°C‘gavé off no visible light. - The solution at
room temperatﬁre continued to glow for over eight hours
whsxﬁkihe solutions ét lower tempera;ureé were decanted

from the settled silver acetate. and transferrgdﬂto new

ooy

test tubes—after fhirty'minuggs. When these solutions '
were allowgd'to warm up to rdoh_temperature; ﬁo*iight

was visible that would have showed a build-up of dioxe-
tane 24. Addition of fresh silver acetate to these
solutions at room temperatﬁre caused them to emit light
that lasted for many hours. If a roém~femperature sblu-
tion was décanted from the séttled silver adetéte, it
stopped glowing immediately but glowed again when fresh
silver acetate was added. Solutions that did not contain

fluorescer were allowed to stop glowing, and then evapora-
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ted to dryness. The remaining silver salts were extracted

with ether and the ether was evaporated to yield a residue.

Sublimation of this residue gave a very small amount of
trans-52 that was identified by its IR spectrum whichhcon—
tained a strong absorption at.1665 cm'1 and its mass spec-
trum with m/e 192 (13.67%, M+). .Pequetre58 has made ci1s-52
and its absorption in the IR at 1678 cm-1 compare wsll
with that of trans-50. This low frequency of absorption.
may be due to a straightening of theC CO C bond angle of
the carbonyl groups caused by structural constralnts The

sample of trans-52 isolated was impure as shown by its

.wide meltlng p01nt range. and several small peaks at m/e

278 (0.8%), 235 (2.2%) and 208 (1.2%) in the mass spectrum.

HerVer, the unusually low absorption frequency for this
molecule in the‘IR is sufficient to verify its formation
durlng these ‘reactions and thus prove -the formatlon of
dioxetane 24 as the @ntermedlate responsible for 11ght
production. - Since thls dloxetane decomposed at any tem-

perature required for 1t to be formed from the bromo-

or 1odohydroperox1de precursors it could not be isolated.

Elther dloxetane 24 has an; exceptlonally low E , possibly

indicating a change from a‘biradical to a concerted mech-

anism of decomposition,'or'it is very sensitive to cata-~
lytic decomposition by Ag+. However, since this latter

process usually proceeds without light emisston, it is

.66
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unlikely.
Oiﬁer methods could be tried to prqduce dioxetane

24, Bartlett43 reported that treatment of olefin anti-25
with singlet oxygen as deséribed by eq 7 in the Introduc-
tion produced only the epoxide 53. Treatment of olefin
@nti—25 with tripheqmlphosphite ozonide at -78°C as de-
scribed by eq 9 in the Introduction, may produce anti-25
at a teﬁperappre low enough for it to bé isolated. How-
ever,‘éteric problems may prevent ini?ial reaction of the
olefin with bulky ozonide at thi? low temperature. Pa-

quette58 reports that 54 has a rate of solvolysis 3.5 X 106

w
G

= Jl—c—u

AR W

53 | 54

times faster than tert-butyl p—hit?obenzoéte.which he
attributes to extfeme steric compreséioﬁ.' Substitution
of a bulky group such.g; w-nitrobengqate fo;‘X in 49
might allow formation of dioketane'Zk at a temperafure
low enouch for it to be 1solated before it can decompose.
However, these<:b551b1e methods for the productlon of
dloxetane anti-25 were not attempted.and measurements of

3

9 for dioxetane 24 were ﬁrecluded.l

i1

' Eé, 1Q)'"and
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EXPERIMENTAL

Potassium hydrogen acetylene di;arboxylate was ob-
tained from the Aldrich Chemical Co; ﬁicyclopentadiene
was obtained from the Eastman Kodak Co. and was qsed to
prepéré frésh cyclopeﬁtadiene. Reagént grade methanol
containing 0.10% water was obtained from American Chemi-
cals Ltd. Both 1,3-dibromo-5,5-dimethylhydantoin and
1,3-diiodo—5,S—dimethylhydaﬁtoin were obtained from
Arapahoe Chemicals (a division of Synfex'Corp.).. All
other solvents and reagents ;ere obtained from various
suppliers and were usually used wifhout further puri-
fication. The exceptions to this were pyridine, which
was freshly aistilled from calciuh hydride, and benzene-
sulfonyl chloride, which was distilled.: InfraredASpectfa

(Nujol) were taken on a Perkin-Elmer 457 spectrophoto-

. meter. Infrared spectra (film) were taken on a Perkin- .
' 1. - .
Elmer 421 spectrophotometer. H NMR spectra were obtained
from a Varian A56/60A analytical specinometer. Mass spec-
YT, - .

tra were taken on -an AEI MS50 mass spectrometer with an elpc-
traon impactenérgy of 70;electron.vclts..Helting points are un-
éorrectéd and were taken on a Galienkamp.capillary melting .
point apparétus.. All TLC plates were made of silica gel sup-

pilied by E. Merck and Co..and were developed with iodine. .
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All organic extracts were shaken with saturated sodium
chloride before being dried ov‘er‘MgSO[4 unigss indicatéd
otherwise. .

Bicyclo [(2.2.1] hept-Z,5-diene—2,3—dicérboxylic Acid
(27). Diacid 27 was made by an adéptation of‘tho pro-
cedure of Diels and Aldergg. A solution of potassium
hvydrogen gcetylenedicarboxylate (100 g, 0.657 mol) added
t a coldxsolutién‘of conCvntréted‘sulfUric aéid,(@@ mL)
in water 100 ml} was extracted:wfth ether (5 X 10 oL
Fach ether extract was washed with water (f X 10 mL) and
then saturated sodium chiiogide solutioﬁl(T X 10 mL).
These_washiﬁgs were then'r?turggd to the aqueous.solutioﬁ

for the next extraction. Cyclopentadiene (50 g, 1.0 mcl}
: = .
‘\\l

was édded-té a stirred solution of the combined ether ex-
tracts at °C. Failure to cool the ethe% solution re-
sulted in the formation of a dark green discoloration
that was difficult to remove. The reaction mixture was
allowed to warm to room temperatﬁre overnight. It was
then shaken.with cold 3 M sodium h?droxide (+00 mL).
Thelaqgéous laver Wwas acidified with 5 M‘HZSOQ (150 mL)
;nd extracted wigh ether (3 X 200 mL). The combined ex-
tracts were washed with.wate; and dried. The solution was
concentrated ;o;about 150 ml and pentané (300 mL) added.

The crystafs that formed were removed by filtration to yield

111.4 2 (94.1%) of diacid 27, mp 167-169°C (lit. 170°C)*%.
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Bicyclo [2.2.1] hépt—Z-ene—Z,3—dicarboxyli¢.Acid
(28). A solution of diacid 27 ¢ v gz, 0.6163 mp1) 
in 95% ethanol (600 mL) was hydrog:« nated in 200 mL‘pqr;.
tions at 10-30 psi in a Pérr shaker apparatus using-Sl
Pd.charcoal as éatalyst. The catalyst was rémoved by fil-
tration, the combined portions were concentrated towabc
100 mL and pentane (200 mL) was added. The cr?stalslthaz
formég were removed by filtratipn fo yield"67.i g of diacid

ABJ The filtrate was

28. mp 206-208°C  (lit. 213-214°C)
coﬁceﬂtrated té an oil and a Boiling solution of i% éul-
furic acid (300 mlewas added. This was done‘to hydrolvze
anﬁ\eghyl esters that may have formed during the hydrogena-
~\Ti;h‘gthanpl. Tﬁis solution was cooled at 2°§ overnight

o .
the crystals removed by filtration to yield an addi-

tional 27.7 g of 28, ‘mp 205-8°C,'for'a totalqyiéld of
94.8 g (84.5%). |

_ Bicyclo [2.2-1)4hept-Z-ene—Z,3—dicarboxylic Anhydride
(29). Anhydridé 29 was made by an adaptatién»of the pro-
cedure of Diels and Alderaa. Acetic anhydrided(ZOO'mL)
and diacid 28 (§7.1'g,>0.368 mol) were heated at 130°C
for 1.5 h. The solution was concentrated to an oil,
pentane (150 mL) was added and the crystals that formea were
removed by filfration to yield 50.6 g Qf anhydride 29 mp

1

96-98°C (1it. 98-99°C)**; TH NMR (CDCly) 6 3.50 (s, 2H),

2.35-1.90 (m, 3H), 1.85-1.65 (  1H), 1.50-1.15 (m, 2H). A

second crop was obtained that yielded an additiocnal 2.7g§§§>

~

anhv_.. de 29, mp-96o for a total yield of 53.3 g (88.3%).

AR l%
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‘],2,3,4,43,5,8;83-0ctahydro+1,4:5,8-exo,endo—dimeth—
-anonaphthalene;ha,8a—dicarboxy1ic Anhydride{(anti-QO) ;nd
1,2,3,4,43,S,B,Sa—Octahydr0d1,4:5,8+exo,exo\dimésbaéo—
naﬁhthalene—ha,Ba—dicérboxylic Anhydride (syn-30). An-
hydride 29 (50.5 g, 0.308 mol), toluene (300 %L) and then
'Cyclopentadiene (30 ¢, O;Qi‘mol) wegeﬁplééed in a glass |
pressure bottieAand heated at 80°C overn¥ght. The -solu-
tion was then filtered to remove some. sediment and concen-
trated to an oil. Pentane (150 ij was added and the crys-
tz=ls that formed were removed by filtration to yield 59.2,g
(83.4%) of a mixture containing sun and.aﬁr:-30.
1,2,3,4,4a,§,8,83—0ctahydro—1,A:S,B-exo,endo—diméth—
anOnaphthalené—ba,Ba—Aicarboxylic Acid (anci;3%} and syn-}O.
Bartlétt'543 préceere was followed fot this reaction.. A
mixture of sy» and ant:-30 (29.O,g,10.i26 mol) in a solu-
"tion containing potassium hydroxide (22 g, 0.38 moi), water
(35> mL) and ethan§1 (100 mL) was heafed on a steam bathifor
7.5 h. The mixture was then evaporateq'to dryness, water
100 mL)vwas added and the crystals that remained were re-
moved by'filtration to yield 4.5 g (16%) of sgﬁkgo, mp 190-

192°C (1it. 191-193°C)%3 with 'H NMR (CDCl3) absorptions

identical to those in the 1itérature43. The filtrate was
acidified with cold-3 M hydrochloric zcid (130 mL) and
extracted with ether (2'X 150 mL). Thefcombiped e _her

extracts we e wash . . ith water (4 X 20 mL) and dried.
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This solution was evaporated to dryness and the solid
rgcrystallized‘from ethyl acetate (300 mL) overnightdj/
The.ethyl acetate was decanted from the crystals to yield
10.0 g (31.7%) of‘diacid anti-33, mp 110-113°C (d)i(lit.
110-30°C (d))*3 “ n

Anti-30 from anti-33. Diacid.;hti—33 (2.0 g, 8.1
mmol) in acetic anhydfide (30 mL) was heated on a Sféém‘
bath-for 1 h. This solution,was coﬁcentrated to an oil
‘which was then dissolved in ethyl acetate (25 mL). Péﬁ—

» , ‘ 7 :
tane (25 mL) was added and the crystals that formed were

removed by filtration to yield 1.4 g (75%) of anhydride

1

ant1-30, mp 198-200°C (lit. 197-199° C) _w1th H NMR

“(CDC1 ) absorptioné identical to those in the literature”
' Test for Equilibrium. ﬁegween syn and anti-30. A
solution of anhydrlde{syn 30 (1 1 g) and toluene (11 g) =
was placed in a glassﬂpre55ure bottle and heated at 120° c
overnight. The solvent was then removed and the residue ¥
showed' no trace of ant:i-30 in the TH NMR (C6 6) spectrum
which was identical to that of the starting anhydride.
Relative thios of anti to syn-30 PréaUued at Dif-
ferent Temper=.. :s. Three solutions containing anhy-
dride 29 .33‘g), téluepe (270 g) and cyclopentadiene
(0.25 g) were prepared in glass pressure bottles. One

was kept at 110°C for 5 h, one at.80°C for 12 h and the

’1as¢>ét 50°C.for 72 h.  They Were-thgn concentrated to

'////
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integrati n of the atscrpticne .

oils, benzenc ~_U 1L
.to dryness. 'H ONMR D0

due to the vinvl protan
. N i ‘ o .

and 6 6.46, respectivelv,

appear in Table ['{. Since

S

sorptions in the regi<n .z i.:

(ZH) with the Hntegfati:h ct

. "d. IR
that about ZOi of the starting.m
Lo :ud :

ent in the 50°C reactlod - S ) ,
, . 7 e o
%1,2,3,4,4a, 5 6,7,8,8a- Decahydro 1,44 5 S—exo endo—ii#&
( g h
d1methanonaphthalene-éa 8a—d1carboxy11c Anhydrlie (antl— .
%@%

31) and 1 ,2,3,4,4a,5, ,6, 7,8 88 Decahydro 1 L4 5 8—exo exo-

d1methanonaphthalene—4a Ba-dlcarboxytlc Anhydrlde (syn- |

31). A-crude mixture, of anhydrldes sgn_and anr;-BO *jm

>

‘(59 2 g, O 257 mol) in ethyl acetate (250 mL) was hydro—

genated at 10-40 p51 in & Parr shaker apparatus u51ng 5%

g

Pd/charcoal as catalyst.- Theg catalyst wds removed by l} .

e
5 )

flltratlon and the solutlen evaporated to dryness to yleld
59.5 g (99.6%) .of a mlxture cohtainlng syn.. and ant1—31
Ethyl Hydrogen J 2%3 4 Aa 5 6 7,8 8a Decahydro—' e

. ., L .
1,435 8-exo,endo-dlmethanonaphthalene-Aa Ba-dlcarboxylate

o

-

' (ant1—32e) 1 ,253,4 43 5 6 7 8” 8a Decahy 1,4 5, 8—exo,

endo- dlmethanonaphthalene—ha 8a-d1ca£boxy11c ACLd (antl—

A

o » S ach
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‘removed. The r951due‘was recrystalllzed from- methanol to g ﬁ

. ol
yield 0.3 g (6%) of'anti—32e, mp 1]4.5—1156C;A1Rv6fi1m)
3500-2200, 1740, 1720, 1700, 1680 1300, 1270 cm™ S
TH NMR (ce13) 6 4 25 (a3 2H) 2990-2.50 (br m, &H) 2.25-
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water 1200 mL, was adced and the crvstals that rema1ne0

i

RY

Hethy] Hydrogen 1 ,2,3,64 Aa ,5,6,7.8 8a- Decahydro 1,

4 : S ,8+ex0, endo—dlmethanonaphthalene—éa Ba-dlcarboxylate

(anfx-32m)."£ TINTLTe of antvdrides Lo anc_;"i-31
N
' 3 k.

-, B N AR T e T s S Ul L als Sl o melnans

X,

-5 ,
z ot al hac SSL: MEIP-] qLC W ' IR F44 (S ©

» - N . - -

.= mc was cale 2T & £.3ss Dress € cttie o at o o»

r T Mlgher leMperailures Or 10n0ger reac: lor times
“t¢ ©of .- and s-- .32

sere Ifcund ¢ produqeﬁyignifi:ant'amou

Totlon was then e»aporatec to drvness,

CR ‘.f

were rembved’bQ'filtration tc‘ylelo 16 U g (206.97.

5

of sun-31. The filtrate was extracted W1th ‘ether (1 X 100
. \ 1
L), which. was discarded, and.acidified w%th 3 M sulfuric

cacid (60 mL) . Thesolutionwasexfrac@edwithetﬁer(3X 100 mLY

*

and dried; This was concentrated to about 80 mL and an

.

equal volume of pentane added. The crystals that formed

 were then removed by f11Lrat10n to y1e1d 41\8 g (61 7% of

tw

. (br s, 2H), 2.60- 2,40 (br & 26), 2.40- 2 00 (br ove,rlapplng

anti-32m, mp 116 -8§°C; IR (fllm) 3500 2200 1710, 1682, 1265,

12&5ch_j; 1H NMR,(acetone -d ) 6 3. 72 (S*+3H) Z. é0—2‘60

*

acetone&\v1495w1 OO (seryes of m, 1OH) MS ,ﬂm/e 264 (MT ),

o B
198 (bas . G
o _ )
P ,%; - ; )
A & - b . R

‘and the eombined_extr@cts were waéhed with water (2'X ZOme)v

ate

o
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1,2,3,4,4a,5.6.7,8,8a-Decahydrc-1,4:5,8-cxo0, exo-

dimethanonaphthalene-4a,B8a-dicarboxylic Acid (syn-32).

<

Lenvor Lk 31 L .o_L omo. troeg sclutIlon Lioan-
CTllle TE a7 T &t ac Lef reated wit!
ccdiur Teta 2.0 0 mel was heatecC 10 .a me'a

ot opressure r at 5070 for twec Zavse e Ll . ed

©a3ed to drvness, water (30U ml  was ad-

reméined. This was extracted with
cther 50 mL.. which was discarded. and then acidified
with 3 Musulfurictacid. It was the%yextractedﬁ§ith'

. ether (2‘X 30 mL) and the combined extracts were washed
witﬂwﬁater (5 x 10 mL5 and dried. The solutlon was then

-:A‘."

evaporated to dryness to yield 4. 1 g C82 ) of syn 32,

mp 206 208 C which after a few weeks fell to .mp 175 185 C WH

\

'presumabLy ‘dueito reformatlon of some. anhydrlde sgn@31 .
IR (Nu;ol) 3700-8200 3000—2800, 2700 2100 2000 -1800, ., g%
1690, 1580, 1270 cn™' 5 'H NMR (DMSO-ag) & 10-6' Cbr, 2H),
- 2.75- 2 25 (br overlapplngyDMSOlf 1.80-1.00 (serles of br
S . and m, 11H), 0.90 (s, 1H), MS, m/e 206 (M COZ), 139
(base) L | |
.l"k} . .. f‘ . . ‘ , ‘ 3
o Anal Calcd.- for C14 H18-04: C,-67.18a H, 7.25. L e
Foumar. C 87 365 H, 7453, . e
Y Y. ] ’:J ) ’ ) o . ' “ ‘
:7 2 i . = é?ﬁ .,w oo
"% T«;\,}& : =y ) . X ? 3
‘ ?'%&1 0 é} . L R
e . ‘é & vl'l.;‘ A ﬁ 8
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AntiZ32 from ants-32m. ‘ACid—EStﬁg ant1-32m (1.6 g,
~.7 mmol) in a solution of absolu%e'mééhandﬁ (40 mL)
"that had 5een tfeated with sodium metal (1.2 g,n0.0SZ
mcY . was heated in a metal high pressure cylindér at 150°C
<o nighfi Work»-up was similar to that for sy5-32 and
vielded 1.3 g (85%) of sn::-32, mp 205-207°C. Mixed mp
rwﬁth authentic ant:-32 gave mp 205-2@7;@. _ o
Methyl Hydroggn ’ .,3,4,43,5,6,;38,8a-Decahydro—1,4:
5,8—exo,exo-diméthéégnaphthalene—da;Bafdicarboxylate (thl,
32m). Anhydride synf31‘(810 g, 0.034 501) in a solutio;
- of absolute.methanol (50 mL) that had been tréated with
sédiumfmetal (O§%;g,>0.035 mol) Qas heated in'a metal
high pressure cylihder at 150°C for 1.5 H. The cooled mix-
ture was gvaporatéd to dryness, water (SO‘mLS was added
and the CtysfaIS‘t§é§ rem;%%ed were removed by filtrétion

o yield 6.8 g of syn-31. Work-up was'ﬁimilar to that for

sgﬁ-32vénd'yie1déd 1.2 g of a solid having a wide melting

e

gfe 0.2 g of 32 mg 197-200; IR (Nujol),.3500-2300, 1720,

1635, 1305, 1260 cm™'; 'H NMR (DMSO-dg) 6 3.83 (s, 3H),.
‘v . - i])' ' ) . r N J\ . ‘ o . ) a (‘v
2.80-2.25 (br overlapping DMSO), 1.70:1.02 (series of br

s and m, 11H), 0.97 (s, 1H); MS, m/e 233 (M'-cH;0), 153

(base). _5 : o .
- énal. Calcq. for C15 HZO 04: <9’ 6&;16;«H, 2,63. P
Found: C, 68.16; H, 7.76. SN i
. - s ‘ v b_ | . | :;w
@ g ;'& - . s . it A A .
44 B 4‘ ) _ . ook v :

"nfwrange.ﬂ?This was recrystallized3from'ether—behtane'to '




Hethyl 8a-Acetoxy-1 2,3 4,4a,5,6,7 8 ,8a-decahydro-1,
4:5,8-ex0,endo- dlmethanon:phthalene—éa -carboxylate: (34).
Lead tetraacetate (75 g, 0.17 mol) was added to a solution
containing acid-ester ant:-32m.(42.3 g, 0.160 mol), bed—
:~,d‘ zehe'(&OO mL) and acetic.acid (100 mL). This soldgion |
Ldf‘ was refluxed on a steam baﬁh until £he initial light
yelloy_colbr completely vanishec usually 15 to 20 h.
‘The sdiution‘was then washed with water (2 X 100 mL) and
then with dilute sodium hydroxide.until the washings re-
maingd basic.' A black precipitate, PbOz, usually de-

-

veloped during this procedure and was remdved_by‘gravity

. filtration. These basic washings were acidified with ,
. dilute sulfuric acid and extracted with ether. The ether i
fh £ ;L{L

. i & P
extract was washed with water ., ed, and concentrated to '

© about 20 mL and an equal volume -of pentane was added.

This was kept at 2°C overnight and the ether-pentane f;;

4

was decanted from the crYstals that fofmed to yield 6.2 g

‘of‘starting material anti-32m. The benzeneé solution was

washed with water, dried and cdﬁcentrated to about 100 mL

-

and an eqyal volume of pentane was added. This was left e

at 2° C overnight and the benzene pentane decanted’ from

It

- the erstals that formed to yleld 21 O g of 34 -mp 120—
121.5°C; IR (£ilm) 3060, 2980, 2880, 1742, 1730 cm™';
S 15 NMR (CDCl3) & 3.64 (s, 3H);j3ﬁ22—3.05i(br, TH), 2.94-
| 2.76 (br, 1H), 2.64-2.38 (br, 2H), 2.26-1.90 (br series
of s and m'overlapping.s at 6 2.07,“13); 6 2.07 (s, 3H5;

- P . ) N . . ‘ \/-;‘. ..' .. .
- . ~ T N -
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1.90-0.89 (br series, 12H); MS, m/e 278 M%), 250 (basé).

Anal. Calcd. for'C16 H22 04: &4 69.04{ H, 7'97f
Found: C, 69.02; H, 7.97. ' |

A second crop gave 3.7 g of 34, mp 120-121. 5°C, for:a
total yield of 24.7 g (55. 6% or 65 0% on the basis of re-
covered starting materlal). The remaining solutlon was
evaporated to dryness to yield 9.2 g of a solid showing
three overlapping spots on‘lLC (ether) and vinyl pratons
in. the 'H NMR. | -

8a- Hydroxy -1 2 ,3,4 Aa 5,6,7,8 8a—decahydro -1,4:5 8—-

exo, endo dlmethanonaphthalene-aa carboxyllc Acid (35) A
_
heterogeneous mixture contalnlng ester-acetate 34 (10.0 g,

0.0360 mol) and 4. 5 M sulfurlc acid (80 mL) was refluxed

&

w1th stirring by a magnetic stirrer untll the 01ly organlc

layer had completely SOlldlfled usually 10-12 h or over- n

n1ght. The cooled mixture was then extracted w1th ether |
(3 X 75 mL). and the combined extracts were washed w1th

water,"drled and’ concentrated ‘to: about 50 mL and an equal

, - : iy
volume of pentane’ was added. Tth Wﬁs allowed to stand o
overnlght -at room temperature and fhe ether pentaﬁ% was'
,40

hen decanted from the crystals that formed to yield

6.5 . g of 35, mg 188 -389°C (bubbf%s) IR (film) "3500-2000,
1678, 4475, 1278 em™ ', TH NMR (acetone d—6) 6 10-7 (br, 14),
5

2. 8Q _2.55 (s, 14), 2.55- 2.25 (3, 3, 2.25-0.95 (br series

t?bf m overlapplng acetone) m/e 222 (M+); 176 (base).

Q o %

- 5 .- . O *{:.""f g
Anal Calcd for C13 18 O3 C,’7Q,24,JH, gA6.

Found C 70 42 H, 8 20

A . . . EC

4
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A second crop, gave 1.1 g of 35, mp 185-6°C (bubbles),

for a total y1e1d of 7 6 g (95%).
Acetic 8a—acetoxy—1,2,3,4,43,5;6,7,8,8a-decahydrof1,
4:5,8—exo,endo-dimethanonabhthalene—éaécarboxylic Anhy-
dride (47). A solution of hydroxy-acid 35 (2.2 g, 0.010
mol) and acetic anhydride (40 mL) was refluxed for S'h.
This was concertrated to an oil thattwasrdiseolved in
ether-(ZO mL). Pentane (30 mL) was then added. This
solutioh was kept at 2°C overnight and.the‘etherapentape
decanted fro% the crystals that formed teﬁyield 2.S'g
(31.6%) of.47, mp 99.5—10046; IR;Sﬁast) 3076. 2980, 2880,
1800, 1745, 1725, 1365, 1250 cm‘1;'1ﬁ§jMR?§CD01 a§f3.27-
3.08 (br s, 1H;, 2.96-2.78 gbr s v1H53‘f"' ‘ (br.,
TH), 2.60-2.42 (br s, 1H), 2. 32 0. 98" rs&i?'”
. m overlapping ; at 6 2.22 and 6 2.07,
féng, 6 2.07. (s, 3H): MS, m/e 306 (M*),
e Anal ‘Calcd. for‘.C17 H22'05: C,"
Found C 66. 60 H, 7.28.

.

- 8-exo, endo-dlmethanonaphthalene—Aa carboxylic Ac1d

v ?;”Anhydrlde 47 (2. 3 g, 7.5 mmol) in methanol (25 mL) was

‘added to a &olutlon contalnlng sodlum hydroxide .(0.5 g,

‘.go mmol) 1n water (15 mL) and the solution was allowed -

s ;L
_104stand at room temperature fon 30 m. ThlS was concen- &

trated; to about 1GAmL water (!P mL) was added and “the

f,\

ﬁ»‘solutlon was extracted w1th ether: (20 mL) -which was

oy

80
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‘and the ether-pentane decanted from the crystals that

" - » .*'“;\‘:‘. . ," 81
/ ‘:;.’\'“_"1":.:- h

discarded: ‘The aqueous layer wasfthen.acidified with di—'
1ute'Su1furic'acid and extracted with ether (2 X 40 mL).
The combined extracts were washed with water, dried and
concenttated to:abeut 20 mL and an equal volume of pen-

-

‘tane was “added. “fhis solution was left at.2°C overnight
- -
formed to yie%d 1.4 g (71%) of 48, mp 150-151°C;" IR (film)
3500-2200,. 1740, 1715, 1675, 1260 cm%;~ "H NMR (CDC1y)
6 3.30-3.12 (br s{in) 3. 00- 2.75 (br s, 2H), 2.68-2.52
(br s, 1H), 2.17 (sﬁ‘3H),'2.1o-1.10 (br series of s and
m, 12H); MS, mje 264 (M'), 43 (base). |

Anal. ‘Calcd. for L15 HZO 04: C, §8.T6;~H, 7.63
Found: C, 68.39; H; 7.701_ o ' K

3&;from 48. The-@etaod used for the;esterification
@f the carbo%ylic acidwngup of 48 was essentially that }@
used by Alvarez and Wdﬁt64 on a different molecule A U

solution of ac1d 48 (0.26 g, 1 0 mmol) dimethylaceta--

-~ mide (8.7 g), sodium bicarbonate (0.2 g) and methyl

iodige (0.30 g, 1.4 mmol) was kept at 30°C in the dark
fo%ﬁ&B h. It was then poured into 10% aqueous sodium
chloride solution (100 .mL) and the crystals that formed

overnight at room temperature were removed by flltratlon
) .
to yleld 0. 27 g (99%) of 34, mﬁ 120-122° C Mixed mp w1th

1

authentic 34 gave mp - 120- 122 C The 'H NMR (CDCl )

spectrum was 1dent1ca1 to that of authentlc 34.
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€$§everal times to yield 0*2 g (107)A(> 4,

‘ _ [ . ) 82

ta-Chloro-1,2,3,4,4a,5,6,7 ;8 ,8a-decahydro-1,4:5,8-exo, endo-
dimethanonaphthalene (49). Thé.général procedure used by
Adam®’ for the formation of alkenes from 8-hydroxy acids

was used for this synthesis but 49 was isolated as the

sole unexpected product. A solution of B-hydroxy acid

35 (2.2 g, O 010 mol) benzenesulfonyl chloride (3.5 g.

0.020 mol) and pvrldlne ¢34 g) was kept at 55°C over-
night. TLC_(pentane)_of this crude reaction mixture

showed a single spot with an Rf value of 3.4/5.5 along

"with a smear with an Rf value of 1.8/5.5 due to solvents.

" The black mixture was poured into ice water (50 mL) and

extracted with pentane (2 X 50 mL). ‘The combined ex-

tractscwere washed with 3 M HZSO4 until the washings re-

‘mained acidic, saturated sodium bicarboﬁate (2 X 10 mL)

and dried. TLC (pentane5 at this point skbwed two spots

with R; values of 3.4/5.5 and 0.2/5.%. The spot with an

(silica gel/pentane). The pentane was. evébﬂrated to dry-"

ness and the resultant solld subllmgg@gﬁ 5 torr (50° C)

; IR (Nujol) 3060, 1295, 930, 835, 73;,sa;‘;‘ H NMR

(CDC13) 6 3;0—0.@5 (series dfvoverlappiﬁg s, and h); Ms;
- I o 7

h/e 198 (17 .4%, isotopy

S

5, 196 (55.4%, M%) 66 (base).
| Anal. Calcd fb? C12 47 Cl: C, 73-27;'H, 8:71; ‘
Cl, 38.02. FOUnd: C, 73.40, H, 8.800’ Cl, 18.20. W
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'AHt;-1,2,3,4,5,6,7,8—0ctahydro—1,4:5,8—dimethanonaphﬂb
alene (ant1—253.' OLefih a1 .1-25 Was made by an.aoap—

B | fation of the general procedure of Ad_am47 for the forma-
tion of alkenes from B-hydroxy acids. A solution of B-
hydroxy acid 35 (3.30 g, 0.0148 mol), triethylamfne
(6.6 g, 0:065 mol) and pyridine (20 g) was ﬁeated to
éS;C ynder argon in a theé—neck flask eqoipoed with an

- Red ; . « .
efficienggcondénser and beqzenesulfonyl chloride (6.0 g,

~,0.034 mol) was added. ~The solution immediate1§ turned
red and became very dark after it had been heated ag‘this %f
‘“tempefatoré forf6.5 h. Addition of benze esul onx1 chldr- K
ide to a solution containing just pyridine thyl- T
amine élso produced fhis red color. The solution wa |

then. cooled and extracted with pentane (5 X 50 mL).

» Large amounts of a solld salt. formed during thlS proce—’

- w};g : B
du$é”and were dlscarded The comblned extracts were washOd

wﬁg&éwater (2 X 50 mL),.dllute sulfurlc ac1d untll_gpe . ~g
w;éhimgs remainedhacidic, satufated sodium'bicarﬁéhgle “

(2 X 10 mL) and dried. TLC (pentane) of this soid}ibhf

showed ailarge spot with an Rf value-of 4.2/5.5 and a

small spot.withﬂan Rf value of‘2.0/5;5. The spot with o

Rf valué 4.2/5.5 was separated by column chromatography

§
(silica gel/pentane) and the &plvent evapozated to’

yield 0.80 g *(34%) of g%tl_;s, mp 64-65° C <11t 64565 )

MS, m/e 160 (MY), 104 (base).

. W oo . . -
.t ' M - ‘ 2
v N . 1 A} N " b !

- . v - .. - " .
. o . .. . P Som RS
2 S - S oo

~t 4 . -~ o . N . . 43 . )
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Yo, ~In ) ' : . v
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49 and gave 49,,mp‘85—87°c. Mixed mp wifh authentic 49

gave mp'85-87°C.' L -

5.5 cortesponding to starting material 49.

_1,%—dibrbmébatane was added. When the buﬁ%lym

49 from anti-25 and Pyridinium Hydrochloride.. Dry

hydrogen chloride produced by the addition:of 35% hydro—-“ ‘;$‘ o

chloric acid to concéntrated sulfuric acid was bubbléd'
through pyridine..bThe amount of pytidinium hydrochloride,
préduced wés not determined. .A.SWall‘améunt of ant1-25 L
(~1 mmoD was heated in this solution (3 -mL) at 70°C
gxernight. TLC éf this solution showgd only a single

L

det with’aﬁ Rf value of 3.4/5.5 and the usual solvent ,

smear. Work—é; similar to that previously -described for

\

-

Anti-25 from 49. 'Trgatment‘of_49 (™1 mmol with

qtriethylamine ‘(0.5 g} 5 @mdl) in pyridine (3 mL) at 100°C

for 8 h,faiied to produce any olefin ant:-25. TLC (pen-

tane) showed only a single spot with:an Rf vaiﬁe of 3.4/
T Ty . = o

1.

fJn~an attempt to prepare hydroqarboh 50, Chloro;arbon

49 (™1 mmol) in ether (2 mL) was treated with magnesjium

metal (0.1 g, 4 mmol) but would not react to form a Grig-

nard even after 20 m of continuous scratching of the mag-

‘nesium metal with a glass stirring rod. The sol@tion re-

. : S
mained clear and TLC (pentane) showed only starting mate-
. N

-y , . LA .
rial 49. Inorder to start the reaction a smalligmount of
3 +had sub-

%]

sidedy TLCkaentane) showed two spots with Rféiélues cor-

réspondisgy to 49 and anti-25. The ether soluftion was

W ® T =
: . . ) . N
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. washed with dilute hydrochloric "acid, dried and concen-

trated to an oil. This oil was shown ‘»colorize a di-
lute solution of bromine in pentane ng that ole-
fin had been . produced. In a second ~~dibromobu-

tane (0.1 g. 5 mmol) was added to the same solution and

only a single spot with an Rf value of 4.2/5.5 was ob-
“served by TLC (pehtane). Thia was isolated by thé“pr0ce-

dure previously described for anf.-25, and gave anr:1-25,

mp- 64-65°C. Mixed mp with authentic ant1-25 gave mp 64-

6svC. .

(0.20 g, 0.69 mmol) : :

O°C~cpnta1n1ngaether (5 ml), 98%_hydrogen perqxide<(Q.Z

mL, 6 mmel) and olefin an 1-25 (0.20 g, 1.3. mmol). Ether

(25 ml) was'added and the solution was then washed with : /}
water (5 X 10 mL) and dried. TLC (toluene) showed two | .
apots wifﬁ Rf values of 2. 8/5 5 and 5 0/5. 5. The slowerl /

s

mov1ng spot gave off brlght light when the - TuC plate was',;

heated on a hot plate This mate Sy was 1solated by .il 3

tL
column'chromatography (silica gel,*Fentane- etker) It
. ‘4

<

showed a small amount of broad absorption at 3600-3300

- B R AP

c_:m—01 in the IR (Nujol) and reacted slowly with' silver Q«f“*gﬁ;. e
- L 3 N . . ERARES 3 - a ‘\'
) . . T T i
‘ni%rate in methaﬂbl to form a grey~precipitate It was S
T

"stable 1ndef1ﬂ1te1y at TOOMm temperature in benzene or

. -~

{L\g . ’ , . . ' ; N ' !




A

'.ether solutions or on dry TLC plates, but when concentra-
ted to.an oil 4and left at room temperature overnight,
the initial oil solidif.ed and ho lohger gave off light
when heated.

Sa—Iodo—l?ﬁ,3,4,4a;5,6,7,8,8a—decahydro—1,4:5,8—exofd
éndo-dimethanonaphthalene—&a—hydroperogide (51b); 3,4; |
3,4-exo0, endo-Di (1:3 cyclopropano) 1,2- dioxetahe (24)d
and anti-2 5 7 ,10- Dlmethagp -1,6- cyclodecaned1on ' rans-

2 52).. 1,3~ Dln%jo -5,5- d1methylhydant01n (0.060 ¢, 0.16 -
mmol), 3c, was added OVgr a period of 10 m to a solution
at —20°C.containing ether (5 mﬂ),v98% hydrogen peroxgde
(0.1 mL, 3 mmol) and olefin anti-25 (0.050 g, 0.31 mol).

» Ether (25 mL) was added'and the solﬁmion was then washed
with water.(3-X 10 mL)\ 5% sodlum thiosulfate (2 X 10 mL)

~saturated sodium chloride (l X 10 mL) and dried. TLC

=  (toluene) of this solutlon showed two spots %éah Rf
values of 2.2/5.8 and 5. 1/5 8. The slower moving spot
was very much smaller than the faster and gave off a
brlght llght when the TLC plate was heated on a“&ot plate
The solvent was. changed\to dlchloromethane w1t Tout sep:ra—

ting the two spots Small portlons of this solutlon con-

talnrng DBA gave off llght at room temperature when 31lver

H

acetate was added and were used ‘for the expeflments de—\ S
N scrlbed in the DlSCUSSlon and Results sectlon that showed (k
S » s.., .
dthat dloxetane 24 was too unstable to be 1solated Some o.

o of thls solutIon treated overnlght w1th qs%%SS.Sleg? :

_ : ot
I ' A X
h ) R B

Loz Y
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