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3tiles and 3Salisbury on the rearrangenent of aryl disubsti-
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tuted dibenzo [.1,e1 cyclooctazevraenes & new pair of deriv-
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ztives were synthegized, The 5,2 and 5,11 dideuterisdibaenzo-

- ~ ) N - ~ LA TR A S
r:,51 cyclooctatetrasnes were prepzred. The 5,6 derivative
L

wzg prevared siarting with dibenun [;r,eT cvclooctene-5,6-di-
sne. The 5,11 desrivative w23 prapared starting with o-tolu-
n the case of the 5,56 derivative the deuterium
w33 introduced by 2 LiilD, reduction of the dibenzo [a,e7] -

zyclooctene-5,6-dione, The 5,11 derivative had baen labeled

The use o methanol-d, as the solvent in place of methanol

“acilitatsed the exchange. These compounds can be distinguish-
~d by proton nuclezr mzznetic resonance spectroscosy. The 5,8

rivative nzd a n.m.r. spscitrum with a sharp singlet in the

joN
D

ols7inic region. The 5,11 derivative nad a n.m.r., spectrum
with an unresolved triplet in the olefinic region. The cor-
responding 5,6 aryl disubstituted dibenzo( a,e] cycloocta-
tetraenes were shown by 3tiles and Salisbury to rearrange to
the 5,11 isomer. 3Supporting evidence for =z diradical inter-
mediate was developed by use of benzenethiol in trapping ex-
periments. Our thermolysis studies revealed no rearrangement
with the deuterium labeled snecles. Thz temperature at which

our experiments were conducted exceeds other published exner-

-

imental data with aryl substituents which underwent hizh yield
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phenyl substituents in this re-

to the diradical intermediztes,
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I. Introduction



The hydrocarbon of interest in this thesis is dibenzo-

faz] cyclooctatetraene (I). TFor brevity the compound name di-

o

benzo[Qﬁqcyclooctatetraene may be abbreviated DBCOT. The
up to the present day concsrn with this mole-
cule started with WillstZtter in 1911 {(1,2). Willst#tter had

-+

prepared cyclooctatetraene (II) by the degradation of pseudo-

e}
(o)
D
[
i
D
i
l,._J .
[}
~
e
o

D
kg
O
"
o’
s
D
<i
‘,J.
ot
S
ot
oy
4]
o
O .
=
ol
O
o
3
[N
3
m
s
[¢1]
O
<
¢
-
Q
O
(@]
ot
[y ]
ot
D
R
jAV]
i

enne will be a2dbreviated CO7. fhe COT molecule is the parsent

hvdrocarbon of the DRCOT melecule.,

I II

207 was the next highest fully conjugated homolog after
that of benzene. Willstitter found that addition of bromine
and oxidation by permanganate occured readily on COT. Both
are characteristic reactions of olefins rather than an aro-
matic compound such as benzene.

COT is nonaromatic as defined by the Htickel Theory. The
rule for electronic stability is the "Un+ 2" rule, stated as
follows: " Those monocyclic coplanar systems of trigonally

hybridized atoms which contain 4n+ 2 9f electrons (where "n"



is zero or an interger) will possess relative electronic sta-
pility.” (2,3)

The COT molecule was found to be nonplanar. The stable
conformation oi the COT molecule is the tub which has DZd
symmetry (Fig. 1). The carbon-carbon bond distances alternate
tetwsen long and short around the ring.

Electron diffraction has established the DZd conforma-
tion FTor COT and its simple mono- and disubstituted deriva-
tives, as well as its benzo analogs (4). Such molecules are
capable o7 two dynamic processes, ring inversion and bond
shifting (5). In the case where benzene is fused to the COT
ring, bond shifting becomes less possible as the number of
fused benzene rings increases thereby decreasing the number
of XY electron clouds.

Figure 1.

Conformaztion of Cyclooctatetraene, DZd symmetry

A high degree of stabilization due to conjugation of
the If electron clouds was found to be absent in the COT mole-

cule (6). An aromatic behavior exists in the cyclooctatetra-

-3~



enyl anions (7,8,9). A planar 10 M system is evident here.
The DBCOT and benzocyclooctatetraene molecules do not form
planar diradicals, although these two systems do aporoach
planarity and increased conjugation is noted. The annelation
07 benzene is suggested as the reason for these two com-
pounds not generating dianion species (4,5). The lack of
conjugztion snd planarity in the DBCOT molecule has been
verified extensively (4-13).

The chemistry of COT in the ground state can tell us
nothing about the properties of a "Hlckel” 87 planzar sys-
tem, For =xanple, wheréas the lack of conjugation in COT is
due in part to its nonplanarity, a planar COT should be even
less stable due to angle strain. This 1s so because any con-
jugation is prohigited by the Hilckel rule,

The two methods of interest used to investigate the rel-
ative stabilities of nonplanar and planar COT have been;

a) racemization studies of optically active COT's

b) nmr studies of inversion of properly substituted COT's.
In both of these methods the assumption is made that the
transition state to inversion is planar.

In the absence of labeling, structure A (Fig. 2) is
equivalent to structure B (Fig. 2) (10). The bond shiff
from A to B is believed to involve a planar intermediate

which would be electronically unstable as defined by the

Hiickel Theory. With the entropy of activation assumed to be

e



zero, the energy barrier is about 13.7 kcal/mole for the
di“ference in planar and tub form energies as calculated by
nmr studies (12)., The earlier failure of Cope and Kinter (14)
10 resolve the monosubstituted COT would have been expected
since the barrier to ring inversion is so small (10).

Figure 2

Bond ShiTting of the Cyclooctatetraene ilolecule

2 3
| 2 5 &
3 4 "ogE
3 6
3 7 Y
A B

The resolution of an ortically active derivative of

W]

3C0T was First accomplished by Iislow and Perlmutter (2,15).
The liberated acid of conpound III was stabie to inversion
in solution for eight weeks at room temperature without loss
of optical activity. At temperatures of 120°-140° the race-
mization occured with 27 kcal/mole estimated for the barrier
t0 ring inversion.

Later work by Mislow (16) using nmr confirmed that the
value of 27 kcal/mole for the racemization barrier was high.

This was dus to "non-bonded interaction of carboxyl groups



I1T

2

end benzene hydrogens in the transition state which is like-
1y to contribute significantly to the destabilization of the
transition state”. Indesd, when CH,0H and CH3 are substituted

for CO,H in III the Z__. is reduced to 23 and 21 kcal/mole

ach

respectively. (38)

By comparison compound IV had a barrier to ring inver-
sion of 12,3 kcal/mole, Compound V had a value of 14.7 keal/
mole and compound VI, the benzocyclooctatetraene, a value of
13.4 kcal/mole. The inversion varrier of the tetrabenzocyclo-
octatetraene derivative (VII) was found to be 21 kcal/mole

which represents a lower limit (16,17).

p D

) cfc HQZO H CEH
D W .O

p D

v \



c(cHy) ZOH

Q c(cng)H O Q
W,

VI VII

#here no substitution is present that can form nonbond-
ed interactions, the e7lect of benzene fusion on the con-
formationzl stability of the COT molecule is really very
ninor.

Stiles and Burckhardi found that 5,6 disubstituted DBCOTs
(VIII) underwent rearrangement to the 5,11 disubstituted is-
omers (IX). This occured by photolysis or by thermolysis of
the comround in solution or as the pure melt, eg.l (18). The

. . 0
hydrocarbon was heated at temperatures in the range of 1407-

200" For the melt or solution.




Table 1 summarizes the derivatives used and the subse-~

quent results.

[
N

)
-
~

o2
e

d)

87

95

75

L.
Solvent,o Rate,lﬂsk,
temp.,C ' -
( s ) sec. 1
Decalin,164.5 4.8

Triglyme, 16,0 4.6
Decalin,1l64.9 7.1
Decalin,164.8 5.3

Decalin,164.8 4.9

iy

keal,

28.9

.31.7

30.1

The activation parameters for the thermal rearrangement

of compounds VIIIa-d are close to that found by Mislow and

Perlmutter for the racemization of 2-Bromodibenzofs,e] cyclo-

octatetraene-6,11-dicarboxylic acid (III) at 120°-140°,

where the energy of activation was given as 27 kcal/mole.

Photolysis of VIIIa in methylcyclohexane produced IXa

with no detectable levels of other isomers. The remainder

was starting material.



The compound (3:4,7:8)—dibenzotricyclc>(Uu2.0.02’5]
octa-3,7-diene (X) , which would be the 2+ 2 transannular

cycloaddition product of DBCOT, 1s readily converted to DBCOT

(I) as Found by Avram and Nenitzescu (19).

(\RR \
S N AN ANTE
I
g D=3
% KT R=H

A dissociation-recombination mechanism as shown in equa-
tion 2 was ruled out as a possible mechanism. This type of
mechanism was tested by heating an egquimolar mixture of VIIIa
and VIIIc in triglyme at 1950. The reaction yielded a 99%
mixture of IXa and IXc which are the pure rearranged pro-
ducts. No contamination by IXb was detected. The rearrange-
ment of VIIId yielded only IXZd with no detectable levels of

I1Xz or IXc.

VIII—F K —3 | ~ H— I ey. 2
~
R = aryl substituents
XIT



4 1,2

diaryl dibenzotricyclo[ﬁ.3.0.0.2’§]octane (XITIa) was

ostulated as a possible intermediate in the rezrrangemnent of
P P g

VIII to IX. There exists a wealth of reported thermal and pho-

tochemical reactions of COls. Interrelated are structures simi-

lar to COI such as XIIT.

The

rhotolysis o7 cis,cisz-1,5-cvclooctadiene (XIIT) vield-
7

:
ricyclo{ﬁ.Z.? 9 6] tane (XIV) =2s reported by Sriniv-

The starting meterial is predominately in the cis,

£

3

.
;

iguration whereas the tricyclooctane is derived from

the irans,trans configuration (Fig. 3).

trans,

789

XIla
(J—

LI1T LIV

Figure 3

trans Configuration of 1,5-Cyclooctadiens

7
7

-10-



Zimmerman and Iwanura (21) have prepared semibullvalene

, undergoes thermal rearrangement 190
ields X0
i ed

T
53

y sensitized photolysis o. cyclooctatetraene., Two routes were
B ]

. 2,6 . .
rlcyclOEB.?.O.ﬂ KQCLa—3,7—d1ene

o]

2N

proposed for this type of reaction as can be seen in Chart 1

Chart

and
. Photochemical conversion y

Control experiments valida

ly from the tricyclo compound and not

~
wilart
.
19

83 WUl
COT direc
given by way of the

2lt). This is the path-

livalene.
0 rearrangement is

1
-

a
z1llylic diradical intermediate (22,
1ermal rearrangement (Chart 3).

e
[¥34

7 the

XIX

XVIII

XV
interpretations are given for the photochemical

Three
rearrangenrient of compound XV (Chart 3).
(1) initial formation of diradical XVIII
formation of XVII by radical recombination
It
and independently a retro

(a)

“(b) further bvond cleavage to form

(ii) formation of XVII by way of XVIII
(2 2) reaction yielding cis,trans,cis,trans II (XIX).

-11-



Chart 4.

Difqr Methane Route for Cyclooctatetraene to Semibullvalene

hy hy
|
< | ACETONE

v

7\

INTERSYSTEM
CROSSING
$

e =5

BONDING

~12-



Chart 2.

Direct Route for Cyclooctatetraene %o Semibullvalene

hy
)
ACETONE ;
hyv \
INTERSYSTEM
ACETONE CROSS ING

1 g%?\mxw&
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Chart 3.
Therazl and Photolytic Reactions of Tricyclo [3.3.0.0?'6:}

octa-3,7-diene (XV)

-

X VI

et

“ (-

XV AVII I1

-1l



(iii) compound XVII from XV by a concerted suprafacial
[IlgB] sigmatropic shift and compound IIwy (i) or
(ii) above.

flore recent and much more relevant work on substituted
DBCOTs has teen done. It was provosed by Stiles that the
rzcenizztion noted by iislow and Ferlmutter (15) could have
gone by inversion of the ring or through a tricyeclic inter-
mediate as shown in Chart 4 (18,20,25-27). Later work by
3tiles and Salisbury (27) demonstrated that ring inversion
and rearrangement of D3C0Ts are two separate processes. The
latter proceeding most likely by diradical intermediates.

The inltial argument,depicted in Chart 5, is that if a
5,6 disubstituted DBCOT is heated:

1) the racemic 5,11 isomer should be produced

or

2) i7 rearrangement provides the exclusive route to racemi-
zation (prior or concurrent inversion doesn't occur)
then the rate of rearrangement should equal the rate of
_optical activity loss (25,26).

When (4)-5-phenyl-6-(p-carbomethoxyphenyl)-dibenzofa, e}
cyclooctatetraene (XX) was heated the racemic 5-phenyl-11-
(p-carbomethoxyphenyl)-dibenzola,e]cyclooctatetraene (XXI)
was produced., Complete loss of optical activity-accompahiéd

rearrangement.



Chart 4.

cooH

a7

Br

coon

By OQO o

COOH E

IR
\COOH
CoOn

~-16-






CHg CeRaCOCHI P CeHg
CaCOCH P
XX o

Table 2

earrangement and Optical Activity Loss of (&4)-5-phenyl-

9

&-{p-carbomethoxyphenyl)-dibenzola, e’ cyclooctatatraene (XX)

1 1

Temp. 00 (k},sec” (k) sec” k/kr
rate of optical rearrangement
activity loss rate
156.5 1.80x 1070 1.4x 1077 1.28
1644 3.72x 1072 2.92% 1072 1.27
175.9 9.52x 1077 7.65x 1077 1,24

The rate comparison yields two conclusions., Since the
rate of optical activity loss is approximately twenty per-
cent greater than the rearrangement rate, concurrent race-
mization by way of ring inversion adds to the racemization
rate derived from the rearrangement pathway. Also some re-
versible step in the rearrangement leads to racemization of
the starting material, compound XX. Since the correct choice
between the two conclusions can not be made from this data

another more Fruitful experiment was conducted.
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(«)—S—phenyl—ll—(p-carboxyphenyl)—dibenzoca,é]cyoloocta—

tetraene (XXII)

CeMg

CeH,COH-¢

The racemization of compound XXII had a rate that was
much greater than that of rearrangement or loss of optical
activity of the 5,6 derivative, compound XX. Table 3 shows
the rate comparisons., Looking at Table 3 it seems unlikely
that racemization of the 5,11 derivative, compound XXIT,

proceeds by way of a reversible rearrangement mechanism.

-l

This 1s besczuse of the relatively close values for the re-
arrangement of the (¥)-5,6 compound (XX) and the racemiza-
tion of the 5,11 derivative (XXII). The rearrangement of
the (4)-5,6 compound (XX) is at a considerable higher temp-
erature yet the rates are very close. It is important to
note that a rearrangement by a 5,11 derivative has not oc-
cured; only the 5,6 derivatives have successfully underwent
" rearrangement (26,27,28). Such a racemization pathway is
available only if reversal proceeds as far as the tricyclic
intermediate stage. The tricyclic intermediate should 1lie

close to the transition state of the rearrangement, bearing

in mind the highly strained structure. There’ore the energy

-19-



of activation for racemization by way of a reverse rearrange-
ment pathway should be greater than that for the rearrange-

its

[t

=]
(6]
o}
ot
‘_l

1T. This can be seen, by comparing the energies of

tion in Tadle L4, to be just the opposite,

4

[\§!

n conclusion,compounds such as III racemize by rinz in-
) y =

4

version while compounds such as XX lose optical activity prin-
¢cipally by way of rearrangement. The behavior of XX is ex-
plainanle by assuming that the bulky aryl groups buttress one
ring flattening. Therefore rearrangement be-
energetic pathway to optical activity loss.The
rearrangement proceeds via diradicals. The formation of the
rrecedes the tricyclic intermediate, (XXIII, Chart 6).
Biradicals Iaand Ib have been verified by thiol trapping ex-
periments (27). Although XXIII is proposed és the next inter-
mediate in the reaction scheme by conjecture, acitual detec-
tion is as yet unpublished.

Table 3-

Comparisons of the Rate Constants for 5,6 Disubstituted Di-

benio La,e] cyclooctatetraenes

Compound Process Temp. c® Rate Constants
(4+) XX Rearr. 164, 4 2,91 x 1070
(¥) XX Op. Act. 164 .4 3.72 x 10‘5
Loss
(=) XXII  Racemiza. 110.3 2,26 x 1079
I Racemiza. 110.3 3.47 x 1079



Chart 6 .
Biradical Rearrangement of 5,6 Disubstituted Dibenzo[?,é]

cyclooctatetraenes

£ XIIT Iy

IX
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Table 4
Comparisons of Energy of Activation for 5,6 Disubsti-

tuted Dibenzo [2,e7] cyclooctatetraenes

Compound  Frocess £, kcal/mole H
(¥) XX Rearr. 31.5 30.6
(%) XX Op. Act. 31.0 30.5
Loss
{(-) XXI1 Racemiza, 25.3 2L .5
I1I Racemiza, 27.5 26.7

The formation of free radicals ( Ia and Ib ), if in-
volved in the rearrangement of 5,6 to 5,11 diaryl DBCOTs,
would probably be prevented by removing the phenyl groups.
Two compounds were synthesized in this thesis to verify\
the rearrangement by thermolysis without substituents that
would stebilize the radical species. Labeling DBCOT in the
5,6 and 5,11 positions afforded such a means. Compounds
XXIV and XXV were the two isomers of interest. Chart 7 de-
picts the unsuccessful-approach to the 5,11 isomer, which
revealed a possible synthetic technique for deuterium la-
beling in the course of a Wittig reaction. The success%ul
formation of the 5,11 isomer ( Chart 8 ) was accomplished
by rationalizing the events of the Wittig reaction on com-
pound XXXII ( Chart 7). Chart 9 shows the unsuccessful at-
fempt to procure the 5,6 isomer due to the unstable nature
of the acetylene precursor(XIV) ( 39). The 536 isomer was even-
tually prepared by the method outlined in Chart 10. Once

the two isomers were in hand thermal rearrangement experi;

ments in a solution of decalin-d;g #nd as the pure melt were

performed. ’
-22-
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Chart 7.

Unsuccessiul Attempt at Synthesizing Compound XXV

[::]:CHO CHO CH,0H CH,OH
Coon coocy, ,
XXVI KKVII
Q{O LiALD, C(c_a } SocL,
COOCH, co,0M
XKVIII XXIX

//CD
cH . ] ~TSA CHO
o st PY,

co,tt co,CL
XXX XXXI
cHO LiOEt
2 @ o.pg.cl !
Co, P2, CH,OH
XXXII xev - H D
HH
\ ii]l’ uliil
/ O
H H
XXXITI
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Chart 8.

Successful Attempt at Synthesizing Compound XXV

@CHO (r)0 “Locws’% Nes
. ;

-CJ43

XXXIV XXXV

NQ(O cotny), | . c(ocoeHy),
(\/\cu sr P9 ’ %, 8r
2

C.HZP ¢38r
XXXV XXXVII
HBF cHo LiOCHy
72 —_—
+ - CHEOD
XXXVIIT
D -
D
XXV
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Chart 9.

Unsuccess®ul Attempt at Synthesizing Compound XXIV

@CooH CgHNo, .
7 >

NH,
YAXIX XL
| “ hy N Br,
O ‘O 25374° @ ?
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Br Gr
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Chart 10.

Successful Attempt at Synthesizing Compound XXIV
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II. Experimental

3

NilRs were done on a JEOL T{-900 spectromester, by

Lt

il

chael Shapiro of Sandoz, Inc. East Hanover, N.J.

[

IRs ware done on a Beckman 33 spsecitrometer,

UVs were done on a Perkin-Elmer 571 scectronmeter.

=

nelting points were corrscted.



A. Unsuccessful Preparation of 5,11-Dideuteriodibenzof a,e] -

cvclooctatetraene (XXV)

1. Preparation of A ,A -Dideuterio-o-Tormvlbenzyl Alcohol

Bthylene Acetal (ZXIX)

The acetal (18 g. , 0.0835 mole), (XXVIII), in absolute
ether(45 ml) was added dropwise to a stirrsd suspension of
1ithium aluminum deuteride (&.974 g. , 0.118 mole) in abso-
lute ether (300 ml). The addition was done 2t room tempera-

ure under nitrogen. The mixture was refluxed for twelve

3
O
o
3]
(D]
>
6]
o
ct
[
b
f

urated solution of igSC) (20 ml1) was added slow-

-

s
ot
O
i
joy
D
(...l
(¢
[¢)]

§

vath cooled reaction mixture. The gel was wash-
ed with methylene chloride (3 x 50 ml). The ether layer and
the methylene chloride washes were combined and dried (MgSOu).
The compound was kept in solution over K2303 until it was to
be used, an aliquot of this solution revealed the total crude
product (X{IX) to ve 12.0 g. (&4.3 %). The ir spectrum con-

irmed the reduction of the estar to the alcohol.

2. Preparation of R, & -Dideuterio-o-formylbenzyl tri-

phenylphosphonium Chloride (XXXITI)

The alcohol (XXIX) (10 g. , 0.055 mole) in chloroform
(15 ml) and absolute pyridine (7.5 ml , 0.055 mole) was-add=-
ed "dropwise with stirring at 0° to thionyl chloride (7.5 ml,
0.055 mole) in chloroform (12 ml). The mixture was then stir-
ed 2t room temperature for 12 hrs. , after which time the
reaction mixture was quenched with an equal volume of crush-

ed ice. The organic layer was separated =nd washed with water

-29_'
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(5%5 ml), saturated sodium bicarbonate solution (19 ml) and
brine (10 ml). The solution wes then dried over KGVOA. The
rezidues left on removal oi the 30lvent was dissolved in 134
ml of acetone to which 0.333 z. of p-toluenszsulpnonic acid
had besen added., The mixture was then stirred at room temper-
or L8 hours. The acid was then neutralized with solid
NaHCOB (0.5 g.) and the volume reduced to 33 ml under reduc-
essure. Jater (152 ml ) was added and the product ex-
racted with OH,Cl, {(3x50 ml). The CH,Cl, was washed with

brinz (59 ml) and dried (lig ﬂb . On removal of the solvent

6]

the residue was distilled 2t reduced pressurs to yield A, X -

o I

-

dideuterio-o-formylbenzyl chloride (4 g. , 0.025 mole), b.p.

C),

o,

83°-90°/0.3 mm (XXX The chloride (4 g. , L45%) was imme-

diately refluxed with triphenylphosphine (9.0 g. , 0.034 mole)
in dry benzene (869 ml) “or 14 hours. The salt XXXII precipi-
tated, was filtered, washed with ether (5x5 ml), crystalized
from ether:methanol (98:2 ¢%) and dried sat 1000/0.2 mm For 2
hours. mp 233-235°, yield 51 % (5.24 g. , 0.0125 mole).

3, Preparation of 5,1ll-DideuteriodibenzoUa,e’} cvcloocta-

tetraene (IXV)

The phosphonium salt (XXXII), (5 g.

, 0,0119 mole) in
absolute methanol (162 ml), predried over lig turnings,.was
refluxed end stirred under nitrogen during the dropwise add-
ition over three hours of lithium ethoxide. The lithium eth-
oxide was prepared from 0.083 g. Li (0.0119 mole) and abso-

lute ethanol (16 ml). The ethanol was predried over Ilg turn-
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ings while refluxing. The mixture was quenched with 600 ml

of water, extracted with CH,C1, (52100 ml). Then the organic
layer was washed with brine (2x50 ml) and dried (MgSOu). The
solid left on removal o7 the solvent was washed with hot
hexzne (3x75 ml) to separzte the phosphine oxide from the

Ths compound wzs then purified on a preparatory sil-
ica gel plzte. The elution solvent was pure hexane with the
compound being separzted by multiple developments (6x). The

unver most band on the plate was dibenzo‘fa,e] cyclooctatet-

rzene (XXXIIT), mp 107.5~1C‘18'3 (254 mg. , 20%). The nmr spec-
trun confirmed the abzencs of any substantial amounts o deu-
terium. Inirared spectroscory revealed the absence of a

strong C-D band but confirmed the DBCOT. UV confirmed the DBCOT.

B. Successful Preparation of 5,11-Dideuteriodibenzo La,e]}

1. Preparation of o-Diacetoxvmethylioluene (XXXV)

o-Tolualdehyde {12.5 z. , C.124 mole), (XIXIV), was
added dropwise over 15 minutes under argon to a suspension
of Dowex-50 (1.2 g. ; 8% cross linking, 100 mesh) in acetic
anhydride (21 g.). The stirred mixture was then heated to 63°
for 70 minutes. Then the rezaction mixture was cooled, filter-
ed and the Filtrate dissolved in methylene chloride (109 ml).
The organic lzyer was dried (Mgsou). Once the solvent was re-

moved, the diacetate (XXXV) was purified by distillation in



vacuo bp 127-129°/1 mm, (18.5 g. , 0.0833 mole). The yield
was 80%. The ir spectrum confirmed the absence of the alde-
hyde band and the presence of the ester., The nmr spectrun
confirmed the ester.

o-Diacetoxymethylbenzyl Bromide ({XXVI

7 g. , 0.0766 mole), N-bromo-
0.2766 mole) and benzoyl per-
oxide (2.23 z.)were added to carbon tetrachloride (100 ml).
The mixture was warmed slowly to reflux over 1 hour, The re-
action was exothermic so two condensers were fitted to the
round bottom. After one nour of reflux the yellow NBS reacted.
The succinimide floated to the top. Reactlon was complete
when no MBS was at the bottom of the flask. The reaction mixz-
ture wes cooled and Tilterad. The solid was washed with CClu
(2x25 ml; then the CClQ solutions were combined and washed
with water (2x35 ml) and dried (Mgsou). Bvaporation of the
solvent yielded an oil (XXZAVI) that was used without further
purification. The yield was 82.55 % (19 g., 0.0627 mole).

3, Preparation of Triphenyl-(o-diacetoxymethylbenzyl)-

phosphonium Bromide (XXXVII)

The bromide (XXXVI), (19 g. , 0.0627 mole)}, triphenyl-
phosphine (21.0 g. , 0.08 mole) and dry benzene (160 mi)
wete refluxed for twelve hours using a drying tube. The mix-

ture was allowed to cool, then filtered. The precipitate was

washed well with ether (5x25 ml) and pumped dry under high
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vacuum., The vield was 37 %, (31 g. , 0.0549 mole), mp 238-
240°% (Lit. 206-2169).

L4, Prevaration of Triphenyl-(o-formylbenzyl)-vhospho-

nium Bromide (XXXVITIT)

The diacetoxymethylbenzyl salt (XXXVII), (39

g. , 0.053
luxed in hydrobromic acid (490 ml, 147 aq.)
for 7.5 hours. Upon warming the bromide would dissolve where-
upon the mixture became homogeneous. Upon cooling crystals
of the aldehyde (XAXVIII) Fformed. The solution was refriger-
zted for 24 hours. It was then {iltered and the crystals
washed with cold water (3x75 ml). The aldehyde (XXXVIII) was
dried at 56.5°/0.3 mm Tor one hour. mp 263-265° (Lit. 261-

N .
2727d) The ir spectrum confirmed the presence of the aldehyde.

5. Preparation of 5,1l1-Dideuteriodibenzoa,edcvecloocta-

The aldehyde salt (XXXVIII), (5.5 g. , 0.012 mole), in
absolute methanol-d, (120 ml) was stirred and refluxed under
argon during the dropwise addition of Li (.12 g. , 0.017
mole) in methanol—dl (14 ml) over a period of 3 hrs. The meth-
anol-d1 was predried by refluxing and distillation from Mg
turnings. The reaction was then refluxed an additional hour.
The reaction was quenched with D,0 (125 ml). After the volume
o7 solvent was reduced under reduced pressure to about 160
ml, the solution was extracted with CH,C1, (x50 ml). The

CH,Cl

»Cl, was then washed with brine <D20’ 20 ml) and dried (Mg-

-~
L

504). The methylene chloride was Ffiltered, +the solvent remov-

ed at reduced pressure and the remaininé solid extracted with
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hot hexane (159 ml). The hexane was removed and the residue

(1.37 z.) developed in pure hexane on preparatory silica gel

olates. The uppermost band was the 5,11l-dideuteriodibenzo [a,e]

clooctatetraens (XAV), (230 ng. , 8%), mp 10@—1050. Infra-

red spectroscopy confirmed the presence o7 deuterium and the
DBIOT. NiUR spectroscory a2lso confirmed the structure as the

,11 derivative (XXV). UV spectroscopy confirmed the DBICOT.

2. Prenarztion of 5,6-Didsuteriodibenzolz, el cvelooctatetraene

¢]

1. Preparztion of 5,6-Dideutericdibenzola,eleveclooctene-

The dibenzo{a,e]lcyclooctena-5,6-dione (XLVI), (0.8 g. ,

o

7.34 mole) in =zbsolute ather (18 ml) was added dronwise to a

-

9, (0,188 g, , 0.45 mmole) in absolute

UJ
ok

e
=
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ether (10 ml}. The nmixture was refluxed For 3 hours under ni-

trogen, aftsr which tims & fresh saturated solution of Ka?sou

(anhyd.} in 5,3 (15 @1} was 2dded. The aqueous layer becomes
gelatinous., The ether layer was separated, the gel was washed
with ether (3x15 ml), “iltared and the ether layers combined,
The ether layvers were dried (Mgsou). The solvent was removed
and the solid recrystallized from benzene. The white solid
(XIviI), (0.3 g. , 37.38%) had a mp of 187-1880. The ir
spectrum confirmed reduction of the dione to the diol. The
literature value “or the diol without the deuterium wés 188~

189O for the melting point. The nmr spectrum also confirmed

the compound.
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2, Presaration of the 0,0' Thiocarbonate of 5,6 dideuterio-~

dibenzo [a,e] cyclooctens-5,6-diol (XLVIII)

The diol (XLVII) (0.3 g. , 0.13 mmole) and the thioccar-
bonyldiimidazole (0.215 g. , 0.14 mmole) were added to dry
toluene (10 ml). The solution was stirred and refluxed for 90
minutes. The solution was then allowed to cool, washed with
water (2 ml), brine (2 ml) and dried (CaClZ). Removal of the

solvent left a slightly yellow so0liid which was recrystallized

<

From benzene:ether (35:97%). The solid (XLVIII) had a mp of

215-217°, (0.230 g., 65%). The ir spsctrum confirmed the thio-

3. Prepzration of 5,6-Dideuteriodibenzol a,el] cyclooctate~

traene (XXIV)

The ©,0' thiocarbonate of 5,6-dideuteriodibenzo [a,é]
cyclooctane-~5,6-diol (XLVIITI), (232 mg. , 0,82 mmole), was
heated undar argon and stirred for 3.5 days in trimethyl
phosphite (50 ml). The system was alternately evacuated and
flushed with argon several times before the reaction was com-v
mensed. A“ter 3.5 days the reaction was quenched with 50 ml
of 20% NaCH (aq.), the solution was stirred until one layer
was apparent (10 hrs.). The solution was extracted with meth-
ylene chloride (2x50 ml), then with water until neutral (5x
15 ml), brine (20 ml) and dried (MgSOu). Removal of the sol-
vent under reduced pressure a’forded a solid which was devel-
oped on a silica gel preparatory plate in pure hexane. The
Tastest moving band was the 5,6-dideuterio-DB3OT (XXIV), (100

mg.., 0.49 mmole, 59.5%). mp 106—1070, é mixed mp with the
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nondeuterated sample showed no depression. The ir spectrum
con“irmed deuterium in the DBIOT compound. The nmr spectrum
coniirmed deuteration in the 5,6 positions. The uv spectrum
substantiated the structure as that of D3I0T.

D. Thermolvsis of Deuterium Labeled DibenzoTa,eld cveloocta-

ot

. Thermolysis of Bolten 5,11-Dideuteriodibenzofa,e]) cy-

S . o
clooctatetraene (XXV) at 1832

The 5,11 derivative (XXV), (5 ng.), was placed in a seal-

ad tube and alternately evacuated and flushed with arson (6x)

[¢]

to remove any oxygen. The end of the tube was then szaled

0

(B
0

under argon. The tube was submersed in an oil bath at 2

for 17 hours, after which time the tube was allowed to cool
and the contents wzshzd cut of the tube with methylene chlo-
rids, Ths s0lid, on removsl of the solvent, was developed on
a2 prevparstory silica gel plate in pure hexane. Hultiple devel-
opment (7x) yielded a top band with a mp of 105-108°, (& ng. ,
80%), The nmr spectrum showed the compound to be starting
material.

2, Thermolysis of Holten 5,11-Dideuteriodibenzofa,e] cv-

clooctatetraene (XXV) at 228°

The 5,11 derivative (XXV), (5 mg.), was placed in.a seal-
ed tube and alternately evacuated and flushed with argon (6x)
to remove any oxyvgen. The end o0 the tube was then sealed
under =rgon. The tube was submersed in a woodslmetam'bﬁﬁﬁcat 2280
‘or 18 hours, alter which time the tube was allowed to cool for
a wﬁile. The contents o the tube were washed out with meth-

ylene chloride. The 350lid, on evaporation of the solvent, was
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developed on a preparatory silica gel plate in pure hexane
Iultiple development (7x) yielded a top band with an mp of
105-195°, (4 mg. , B80%). The nnr spectrum showed the compound
to be stzrting material,

2. Thermolvsis of %olten 5,6-Dideuteriodibenzo [ a,elcvelo-
0

[ Fd - AY 1
octatetraene (IXIV) at 182

The 5,8 derivative (XAIV), (5 mg.), was placed in a seal-
ed tube znd zlternately evacuated and flushed with argon (6x)
to remove any oxygen. The end of the tube was then sealed un-
der argon. The tube was submersed in an o0il bath at 182° rfor
17 hours, aiter which time the ‘tube was allowed to cool and
the contents washed out of the tube with methylene chloride.
The solid obtained on evaporation of the solvent was developed
on a preparétory silica gel plate in pure hexane. Iultiple

devalonment (71} yieldad tha »roduct z3 a ftop bhand with

S

).)

an
mp of 105~ 106°, (3.4 mg. , 70%).The-nmr spectrum showed the
compound to be starting material.

L, Thermolvsis of Kolten 5,6-Dideuteriodibenzol a,e™ cyclo-

octztetraene (XXIV) at 228°

The 5,6 derivative (XXIV), (5 mg.), was placed in a seal-
ed tube and alternately evacuated (9x) and f{lushed with argon
to remove any oxygen. The end of the tube was then sealed un-
der argon. The tube was submersed in a Woods Metal bath at 2289
forl8 hours, alter which time the tube was allowed to cool.

The contents were extracted with methylene chloride, The res-
idue on evaporation of the gsolvent was purified on a prepa-

ratory silica gel plate with hexane as the elution solvent.
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The uppermost band was collected (3 mg. , 60%), The nmr spec-

adta

trum showed only sta

o (S

£ ‘ecalin—dla was placed in an nmr tube znd evacuated and
flushed alternztely with argon (8x). The nwmr tube hzd a ground
zlass joint with which to seal the tubs. The solution was

neated for 18 hours, in an oil bhzth at 182°2, after which time
(2.2 ml) was added. An nmr spec~

trum of the so0lution showad only starting materisl,

6. Thermolysis of 5,11-Dideuteriodibvenzoa,e’] cvcloocta-

bt

etraesne (X¥V) in Decsz in-dlq at 228°
. U .

%
The 5,11 derivative (XXV), (5 mg.), in 0.1 ml of decalin-

o
0

[of

W&

plzced in a ssaleld Tube and alternately evacuated and

w

a3
-

flushed with zrgon (9x). The tube was sealed under argon and
immersed in a Joods iletal bath at 228° for 18 hours, after
which the tiube was allowed to cool. The contents of the tube
was placed in an nmr tube with 0.18 ml CDClB. An nmr analysis
of the contents fevealed only starting materizl.

7. Thermolysis of 5,6~Dideuteriodibenzof a,ed cvcloocta-

tetraene (XXIV) in Decalin—dlg at 228°

The 5,6 derivative (XXIV), (5 mg.), in 02.13 ml of deca-

1in-dl8 wes placed in a sealed tube and alternately evacuated

1

fa

s sezled und

ay argon

ek

¥

and Tlushed with argon (0x). Tha tube w

. . ‘ . s 0
and immersed in a Joods fietal bath at 2237 for 18 hours.



The tube was allowed to cool and the contents placed in an
nmr tubve with 0.19 ml of CDCIB. An nmr analysis of the contents

o” the tube revealed only starting materizl.
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4. Preparative Part

|._I
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i
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}_l
Q.
®
o

terio- o-ormylbenzvl Alcohol Ethylene
1

Acetal (XXIX)

s

The method used was that of Brown and 3argent (23), who
used LiAlHu in the reduction o° the methyl o-formylbenzoate
athylene zcetal (XAVIII}. The alcohol (XXIX) was stable in

solution in the presence of a small amount of K?CCB. Isola-

e 0i1l from sclution was difficult in that on stand-

- Y

)

ing 2 short pericd of time (1-2 hrs.) the oil deglycolizes
(3%} to form a solid. The compound can not be distilled in
vacuo due to the unstable nature of the compound. The com-
pound was kept in solution over K2603 until ready for use,
The ir spectrum (neat) showed bands at 3309 em™t (0H), 2200
cm"l (C-D), 2109 c:m"l (C~D), which confirmed reduction of

the ester to the zlcohol and the addition of deuterium to the
benzyl alcohol.

2. A, ¢l -Dideuterio-o-formylbenzyl Triphenylphosphonium

Chloride (XXXII)T

The method used was that of Brown and Sargent (29). The
aldehyde-o-benzyl chloride (XXXI) tends to decompose and
should be reacted immediately with triphenylphosphine to form
tne salt (XXXII). The (mp 233-235° ; Lit. 233-235°) ir spec-
trum confirmed the o-formylbenzyltriphenylphosphonium C1

(XXXII) with a band at 1692 cm™® (CHO).

1. Reaction depicted on Chart 7.
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3., 5,11-Dideuteriodibenzo L a,e] cyclooctatetraens (ka)l

The method used was that of Brown and Sargent (29)., The
WJittig product was extrazcted with hexane to separate the ma-
jor portion of the triphsnylrhosphine oxide Ifrom the product.
“xchange of deuterium with hydrogsn in the methanol had occur-
ed with 1000 conver51on {(within error of instrumental analysis).
mp 107-108°, the nmr spectrum showed peaks at § 7.25 (3,8H,
ArH's) and 8§ 6.70 (S,4H,o0lefinic H). The ir spectrum confirm-
ed DRCOT without any deuterium, The uv spectrum was consistent

with DBCOT, 240 va,( =23,400), shoulder at 270 nN.

. N
L, o-Diacetoxymethyltoluens (xxhw>
o-Toluzaldehyde (XX{KIV) was rezcted with acetic anhydride

catalyzed by use of Dowex-50 (8% cross linking, 50-100 mesh).
The procedure for the dizcetate was not given‘by Serenguer
(31), so a series of similar compounds were investigated in
shemical abstracts. The procedure of Yamada and Tsurui (32)
was used. The distillation data was arrived at by comparison
of data for similar compounds. The ir spectrum ,using buln,
showsd peaks at 1775 cm T (S), 1380 en™b (5), 1225 cm >
(triplet, 3), and 1060 cm”l, (doublet, M) which are consis-

tent with the compounds structure.
5. o-Diacetoxvmethylbenzyl Bromide LXXXVI)Z

- .. The method used was that of a similar compound o-nitro-
toluene (32). Only an outline o~ steps were given by Beren-

guer (31). The diacetate (XXXV) was brominated N-bromo-

1. Reaction depicted in Chart 7.
2. Reaction depicted in Chart 8.

boe



succinimide in CClu with benzoyl peroxide added to initiate
rezction. The product was an oil that decomposed on distilla-
tion even under high vacuum, eg. 0.1-0.3 mm, Attempts to

urity on the G.C. were thwarted since the bromide

the septum due to the heat of the injector. The preoduct used
-1

L] s -~ -y 1 L 1
pound with velues of N 2.23 (HHs, OpOCHB,S), 8 38.51 (245, CH,Br,
\ ~ --r’ * e .
3y, & 8.0 (LH5, Aro, fulti.) and & 8.45 (1H, S).

6. Trionenyl (o-diacetoxymethylbenzvl)-phosphonium Bro-

mide (XXXvIT)T

ol

) +
.S vnavTt 07

Y]

The method ussd w

{

Brown and Sargent (29) for
the formation 0f the phosphonium salt with the chloride. The
vield here for the bromide (XXXVII), (87%), was much higher
than the same reaction with the chloride salt (XXXII), (51%).

The mp of 238—2400 was indicative of the salt, by comparison

with literature it was much more pure (206-216°, Lit.). The

1 1

ir spectrum (XBr 2%) showed peaks at 1760 cm ~ and 1743 cm”
which are consistent with the structure of the compound.
These values were equivalent to literature values.

7. Trichenvl (o-formylbenzvl) Fhosohonium Bromide (XXJ{VIII)l

The literature procedure was for o-nitrobenzaldiacetate.

1. Reaction depicted in Casrt 5.
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The method used was that of Tsang and Wood (34) by reflux-
ing the szlt in aqueous HPr acid. The zaldehyde was produced

)

o) ,
557d was sharper than the 1lit-

iy

in 715 yield. The mp of 263-

-

.
eragure

£

L\)
—J
'3;

—~

29) of 261-272 The ir spectrum (XKBr 2%)

d
1 1 - [n) —l 9
showed peaks a2t 2858 cm™ —, 2825 cn

-1 -1 . -
ak , 2758 em T and 1875 cn 1
wnich proved consistent with the structurs of the compound

as compared to values given by Berenguer (31).

8. 5,11-Dideuteriodibanze¥ a,e] cvclocctateiraens (xx1v)t

was used for the

-3
oy
(v
-3
()
ot
)
@]
[oN
O
5
Q
3
Ay}
,)
oY
[ €83
m
\)Q
D
o]
t
P
N
D

and methanol-d, Tor the base rather than esnanol vnroved re-
1 &
warding., The methanol-d, was easier to dry than the ethanol,
1 Iy,

The yield on the Wittiz reaction for the 5,11 derivative (XXIV)

was 8% whereas the litaraturs has noted 6% (31). The use of
deuterated methanol zflacted the exchange o7 deuterium fTor

the labile hydrogen in the ylide with its carbanion charzcter,
The deuteration yielded a 5,11 derivative of DBCOT with 100%
conversion (within error of instrumental analysis). The nnr
) .

spectrum had peaks at & 7.05 for 8Hs aromatic, and & 6.70

; .
for 2Hs olefinic, (triplet at 8 46.70 due to adjacent ZH, I=1).
The uv spectrum was consistent with that of DBCOT, 240 mM,
(€ = 29,400), shoulder at 270 mj . The ir spectrum confirm-

ed "DBCOT.

1. Reaction depicted in Chart 8.

Ll -



9. 5,56-Dideuteriodibenzo L a,<s)ecyclooctene-5,6-diol (XLVII)l

h

@

method used was that o~ 3endall (35) wherein LiAlHu

was used. L14ilD) was substituted in order to place deuterium
on the carbon skeleton of the JCT ring in the 5,6 positions.

The ir spectrum con®irmed the structure of the compound,

— - ~ bl e ~ "'l
2375 cm 1 (3), (CH); 2500 cn = (3), (doublet, 0-D); 1490 cm -,
1409 cm_l, and 1130 cm’l which were eguivalent with litera-

ture values given by Berangzucr (21).

19, 0.0' Thiocarbonste of Dibenzola,e] cveclooctene-3,4-

The method used was that of Jorey and Winter (36,37).
§,9' thiocarvonyldiimidazole reacted with the diol (XILVII)
in dry toluene to form the.cyclic thionocarbonate in 65%
vield, The ir =zpectrum o the thiocarbonate has two bands

1 | - “'1 "l
that arz brozd znd strong, 12352 em ~ and 1320 cm —.

£ e s as NG §
11. 5,5-Dideuteriodibenzo [ a,e] cvclooctatetraene (XXIV)

The method used was that of Corey and Winter (36,37).
The olefin was formed by desulfurization-decarboxylation of
the thiocarbonate ring by refluxing the thiocarbonate (XLVIIl
in trimethyl phosphite for 72 hours. After which time the
trimethyl phosphite was reacted with aqueous NalOH. On removal
of the solvent the solid was purified on silica gel plates.
The nar spectrum had peaks 2t § 7.05 (8Hs, arnb), § 6.72

t e . -
(2ils, olefinic). The ir spectrum showed peaks at 2230 cm 1

1. Reaction depicted in Chart 12.
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(3-D) and 2200 cm™*

(C-D). The UV spectrum was that o< DBEZOT,
U0 m (€= 29,L00), shoulder at 270 maA

B. Comparisons of the Svectral Data of the DibvenzoYla.eVcvclo-
o

octatetrsene, 5,6~ 2nd 5,11-Dideuteriodibenzolz.elcveloocta~

Jhe ir gpecirva 07 the 5,&-dideuteriodibvanzola,e}orclo-
octatetrasne (ig. &) and the 5,1l-dideuteriodibenzofa,sYcyclo-
octatetrasne (Mig. 5) are identical, with £-D bands at 2230 cm"l

s mamn -1 -3 -
and 2200 en” T, The bznds between 2000 cm” © and 1709 cn 1 are

cative of 1,2 disubstitution on the 2ryl ring. Bands

' -~ "'l ~ ‘l s S . "'l ~
cn {m), 1447 em (m), 1153 cm {w) and 750 cm (s} are

Y

ot
O
o]

15

o~

ck

L)

21 of divenzofa,elcyclooctatetraens Srom known spectra (7,39).
The unrescted dibenzola,elcyclooctatetraene svectrum (Pig. 6)
to the rezcted 5,6 znd 5,11 dideuterio isomers, ex-~
cept for the C-D bands, which shows that the compounds are still
dibenzo[é,élcyulooctatetraénes.

The uv spectrum ol the 5,6 isomer , 5,11 isomer and the di-
benzo[é,é]cyclooctatetraene have identical spectra = with an
absorbtion at 240 m}h’(tzzg,hoo), and a shoulder -at 270 n};(?ig.

The mass spectrum of the 5,6 isomer (Fig. 8) and the 5,11

fode

™3

somer (Fig. 9) have identical fragmentation peaks as that of
the DBCOT (Fig. 10), except for the increase in mass &%2) of the
molecular ion in the deuterated compounds.

The nmr spectro ° were crucizl in that they were used to
disfinguish between the 5,6 and 5,11 isomers. The nmr spectrun
of the 5,11 isomer (Fig. 12) had peaks at 87.05(i1) for SH's aro-
matic and §6.70(T) for 2H's olefinic, (triplet 2t §5.70 due to
ad jacent 2H, I=l). The 5,6 izomer was identical to the DBCOT
except Tor the integration of the olevinic hydrogens, 2:1, re-
snectlvely (Fig 11 and ig. 13).

b5

7).



8. Thermolysis of 5,6- and 5,11-Dideuteriodibenzo S a,eAcy-

clooctatetraenes (XXIV) and (X¥V)

The nmr spectroscopy results zre tabulated below. There

wean't sny rearrangema2nt in any of the exrverimentzl runs, made.
s s . . . .1

Conditions 5,6 derivative 5,11 derivative

7 'ﬁo 1r‘ A 1 14

liolten, 182 7.05 (8Hs, Aro): 7.95 (84s, Aro):

6.72 (215, olefinic), 6.72 (245, olefinic),
T unresolved triplet

T o 3 o % B’
Miolten, 228 *same *game®
Decalin—d,8 , *game® 0000 e mmmm—mee
132°
Deczlin-d *zame® *game
18 ,
228°

1. The unresolved triplet was due to the adjacent deuterium

( ZH) where the spin state I is equal to 1.

~L7-



P

Figure 4 : I.R. Spectrum (2% KBr pellet)

of 5,6-Dideuteriodibenzo [a,e]

cyclooctatetraene

48~



N eTive 30 VINGCTY INOISIING *OH] SINIWOYSHE MWD CLWD BISWANSAYAN o £05901 "ON LEYHD AN1D24S ONINIOTOSE NIH M

00z 00t 009t - 008 0607 : 000¢

on

(i
~

Tt

or

0s

06

JEURSRN YRR Y RV S

0

7 { A i : v )




re 5 : I.R. Spectrum (2% XBr pellet)
of 5,11-Dideuteriodibenzo [ 2,e

cyclooctatetraene
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J.V Spechtrum (95% athanol) of

iy

[

5,6-Dideuteriodibenzo [a,e] cyclo-
octatetraene ,
5,11-Dideuteriodibenzo ((z,e7} cyclo-

octatetraene ,

Divenzo (2,2 cyclooctatetraene
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iiass Spectrum of
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N.LK.R. 3Spectrum of
5,6-Dideuteriodibenzo ta, e] cyeclo-

octatetraene
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Pigure 12 : N,i.R. Spectrum of
5,11-Dideuteriodibenzo [ &,e7) cyclo-

octatetraene
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figure 13 : N.M.R. Spectrum of

Dibenzo [a,e] cyclooctatetraens
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£

B. Discussion of Thermolysis

The two processes of ring inversion and rearrangement
were delineated as separate processes. The diradical species
and Ib nzay be the intermediates in the rearrangement'bf the
5,6 derivative of DBCOT to the 5,11 derivative. It was the in-
tention o7 our work to attempt such a rearrangement with deu-
terium in place of the aryl substituents. All of the thermol-
ysis runs, rvoth in the molten state and in solution, revealed
no rezrrangement. The temperatures were well above other pub-
lished values. It i1s our conclusion that due to the results

ths diradical intermediate may very well be the path to rear-

R
R o
L ]
R
I, Iy
Certainly the removal of the phenyl groups would tend to
destabilize the diradical species. This in turn would prevent.
the subsequent formation of the rearranged isomers. If rear-
rangement is possible with the deuterium in the compounds, the
energy barrier was not attained in this study. Published values
of temperature for rearrangement range from 156—1770, whereas

our experiments were conducted zat 182° and 228°. At the higher

temperature of 228° increased decomposition was noted.

-58-



In an attempt to rationalize the order of magnitude of
the rates of reaction of our compounds versus published values
Table 5 was compiled. Literature vzlues for the rates of reac-

-1
for a tempera-

tion range from 4.6 x 1072 1o 7.1 x 1977 sec
: S 1 o} QO - . . .
ture range o7 164,07 to 164.9, Considering a ten percent yield
the following vazlues have been computed,

Table 5.

isomer temperature (2% time (hrs.) k x 10"6 sec"l
5,11 182° 17 1.72
5,11 228° 18 1.62
5,5 182° 17 1.72
5,6 228° 18 1.62

These values are an upper limit for the rate of reaction
07 the 5,6 and 5,11 derivatives. Additional experiments with
these isomers can be performed using a photolytic procedure
experiments. The 2% 2 transannular cycloaddition

and trapvin

el

product is forbidden by the Woodward-Hoffman rules for the
thermal process. But such a reaction is not forbidden for the

photolytic process.
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