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The ibenzobicyclotz 2.2.)octadien-7-yl ffbe radi-
3 A T
cal and ‘t} 4&1benzobicyclo[3 2 1. ]octadien-z-yl free e Cn

f f& radical‘ﬂere invEstiga%ed with the intengfgn of gaining .kil

ihsi“ﬁt into the possibility of inte;conversion of the
tadicals by means of a 1 2—pheny1 nigration (neophyl re--

5
'“w arrangement). The desired radicals were generated by the
peroxide-in:l.ﬁeiated decarbonylations of 1= formyldibenzo— ,
. bicyclo[2 2 2.)octadiene and a mixture of exo--apd~endo-
L .

' 2-formyldibenzobicyclo[3 2.1. ]octadiene»

g Rearrangement is found only in. the decarbonylation BT
:‘of - formyldibenzobicyclo[z 2 .2, ]octadiene, in this ";;é&;twi
{reaction is produced dibenzobicyclo[3 2.1. ]octadienei .
ﬁldibenzobicyclo[z 2.2. loctadiame and coupling products.f’
ad!rived frgp tHe. dibenzobicyclo[3 2.1.]oct dien-2-y1
'radical and initiator-produced radicals. The ratio of
rearranged products to unrearranged product increases-’
with decreaSing initial aldehyde concentrations.' This.
concentration d‘bendence ‘has been used as eVidence in ,.é'
establishing that two discrete radicals are involved in ° ‘
the rearrangement. Explanations-are'offered -in inter~
- preting the observed lack of rearrangement‘when Zﬂformyl-"

: dibenzobicyclo[B 2.1. ]octadiene is decarbonylated
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In the relatively short history of free radical re-

/
arrangeme ts, 1,2-phenyl shifts occupy an important

———————piacer——fn—1915——xhaﬁ_§cn, Lambert and Urry (1) reported

;known as the neophyl rearrangement and has subsequently

such a ¢ arrangement in the neophyl radical; it was the

\

nstration of, a, carq‘L radical reaq;angement in’

solutio . Treatment of l-chloro-z—methyl—z-phenylpro-p

-the presence of cobaltous chloride led to a mixture of

-hydrocarbons in 55% yield, half of which had rearranged

. . | Ar H " . .
E-‘ !: c ArMgB .
CHZ\‘) !m & | 1 : EOCI:

\3‘

of 1,3 phenyl migratlon has become

)

Accordingly, thisb_::

7

. been observed&ih many other systems. Amongs¢ these can

be mentrcned free radical additionS\to olefins (2), the

decomp051tion of azo compounds (3), the thermolyszs of -

K
peroxy compounds (4) , the attack on alkyl benzen.s by -
peroxides (5),. radical halogenations (6), ‘and the- per-

oxidf-induced decarbonylation of aldehydes (7) There

are several rev1ews of the reaction, amongst them may be

cited those‘bymWalling_(s), Rreidlina (9) and Wilt (10);;

. The decarbonylation dfvaldehYdes'has proved to

be a valuable reaction in thewinVestigation‘of‘the neo-

- R
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- ' | . . | : .
phyl rearrargement. Winstein‘and-Seubold (7a) inVestigated .
the decarbonylation of 3-methyl—3-pheny1butanal and found

'that the reaction, initiated by dai- tert-butyl peroxide,

gave, in 70% yield, approxim__ely_equal_amounts_ofwterii—~

<

butyl benzene and iso-butyl benzene. They proposed the

following path,

H
l 3
Az’-e—cu -Ce. — Ar—?-cnz. + ca
éH ‘ CH3.; :
g -
cus ca3 Hy C':H3 o) N
Ar—z CH,. + Ar-(f-CH CHO ——-—» Ar-I CH, + Ar-c':-CHz-
o CH3;E:‘ e CH, o CHy
r-\
s A o T L
Ar-C-CH,-CHO +—» Ar-CH.~CH + Ar-C-CH.-C.
£3 2 | 2] i 2
N\ @y 4 . CHy CHy
9 -y :._' - e . . E !-’

o 9: s : ’ ’ : €2

" Urry and Nicolaides (7b) showed that the rearrangement_

-

of a -tertiary radical to a primary one (i.e. the Yeverse
neophyl rearrangement)ado s not'take place. They de- .

carbonylated_2,2-dimekpyl—3—pheny1'préﬁanala and found
2 . o o 1§

Yo
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" that the products were derived from the unrearranged
.1,}edimethylrz-phenylethyi radieeli,'This;aetiqnwinQ B
dicates that the hiqher stability of Qnerf the radibals,

usuaiiy the—rearraﬁged—one‘-ﬂis—a—signifieant-feeter ~~~~~

.

" in the rearrangement

ﬁowever, a study by Slaugh (11) indicated that the
higher gtability of one of the radicals.is not the_soie .

-~ .

reason for the rearrangement. Slaugh decarbonylated
:3-phenylpropionic-2-14c aldehyde to obtain 2-phehyl- |
ethyl-l—14c radicals, and found that these rad 1s

| .
undergo rearrqngement as shown. The extent of rearrange-

ment varied between &Qi\and 5.1%r depending on the tém- .

A}

\ perature employed.

*

Ar-ci.-Y%cH.-cHo —» ar-cu.-Y4em.. - *
4 ‘ 2 2 . J 2 [2 l ‘ .
. ' Cpey 14, . P | S
AR M,cn}2 CH,. ———% .CH,~" 'CH,-Ar

o o ]

In this case, there are ne structural factors whigh .

‘might favour rearrangement. . .. L

. }. : The factor-whieh does indeed seem to affect the-

extent of rearrangement is the lifetime of the radﬁgals

| involved.. There have been several studies carried out ;.

which have~qhown that the extent. of rearrangement upon
-t

decarbonylation of aldehydes decreases on addition of

a hydrogen do‘Fr. Winstein, Heck, Lapporte and Baird
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(12), Slaugh (11}, and wilt and Ph:l.lip (7d) examined the/
decaernylation of various aldehydes and showed that the
‘ extent of rearrangement decreases upon Q’he addition of

such donors as mercaptans. For example, Wilt and Phillp

®

(7d) showed that the add;tlon of benzyl mercaptan to 1-
phenylcyclohéxylaoetaldehyde*inhibited the formation of
rearranged product} The chain-transfer constants for
mercaptans areg nsiderably hlgher than those for alde-
hydes, and»aocotdingly the addition of a'mercaptan de-~

creases‘xhe l}fetime of radicals so that they are trapped

,/.‘ ‘

before they rearrange. o

Where there is no chain-transfer agent'added, re-
~arrangement can be inhibited by decreaelng the concent-
'ration of the reacting aldehyde. The hlgher the |
concentratlon of the aldehyde, the greater will be the
_trapplng of,the unrearranged~decarbonylated radical.hy

its chain -transfer with unreacted aldehyde. = Of course,
. o - . -
the radicals can undergo other reactions, such as re-

.action with the solvent, disproportionation,.coupling‘
with eaeh other and with radicals‘derived from the .
initiator.. There is also the poséihility of the forma- TN
‘tlon of ketonlc products from the radical 1nit1ally | |
produced by the abstraction ofc'the'aldehydlc proton.

N

For example, the perox1de-1n1t1ated reactlon of 4-
)-4

methyl- 4-phenylpenkanal at 100° gave 18% of 4,4- dlmethyl-‘

l—tetralone, which must have arisen by 1ntramolecu1ar

2

e



addition to the benzene ring by the‘Egitially formed

o

s radical 13). L

; All these posslble reactlons are exemplified in Scheme I
by the decarbonylatlon of 3~methy1-3-pheny1butanal
B - The mechanism Qf the neophyl rearrangement is-
'
W1de1y assumed to 1nvo&ve two ‘discrete raazcETé, the un-=
'rearranged and rearranged ones, brldged radlcals are
"honly 1nvolved as tran51t10ﬁustates or short—llved un—:;
stable 1ntermed1ates. The ev1denee for thls assumptlon -
- is w1despread 'Kochi and Kru51c (14) have falled 1n |
;thelr attempt to’ detect the splro radlcal, Cr by elect-

ron paramagnetlc_resonance spectxoscopyﬁat low tempera-

‘tures; they thefved‘a shectrum‘correspohding to the
. open_radipal;w Also, the extent of rearrangement is

'ihversely dependent On'substrate—EbneentrationA(lS)-ahd"

is decreased if effibient'chaih_trahsféf‘agents-are

present'(7d). The decarbOnylation'of-eptically active{

e
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_;___r_"_3_methyl_3_phenylpentanal—gave—racemic—rearrangement—pro———_
LN
duct, . whereas, had a bridged species been a product-

forming intermedlate, an 1nverted product would have been

e .. : ) : " Ar_

.DTBP | ’
CH3-? -CHZ-CHO _A_’ CH3 (‘:-CHZ—-O—> CHB-(E-CHZ- Ar
CHs Cas Te CyHg
//‘ ' [ ’ .d.. .
SH SRR SH
Ar . .
‘ CH -C-CH3 _cs3-?a-CH2-Ar,
- | o - CoHg - Cals
Racemio

antioipated (16) .
All’these resuits‘indicate oniy that there are at

_ 1east two ﬁiserete,intermediates and ‘it is still pos~

51ble that one of these may be a brldged species. How-
v ever, it is usually assumed that the two radicals are
of the non—c1a531ca1 type. Ev1dence 1n support of thls,
contentlon has ‘been supplled by Hamllton and Fischer
(17) who observed the low-temperature epr'spectra of s
radicals a and b. They photolyzed tert—butylbenzene 1n'

-

the presence of di- tert-butyl peroxide and found that

at Yow temperatures (below ZJO°K) only rad1Ca1 a was

present. . Above 360°K, only radical b was present and

between these temperatures, both radlcals were observed.
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Frea radical rangements have been observed in bi-

~ cyelic systems. Cristol and Nachtigall (18) reported that

the addition of chlorine atoms, produced from either
‘nitryl or sulfuryl chloride, to benzonorbornadiene gave
sotie exo—_x_—dichloroide. Polar addition products were
also found, and one of the criteria for ascribing the
formation of the exo—_x_fdichloride product to a radical
pathway was that under polar conditions the initial attack
was. exo, whereas the formation of exo—_x_-dichloride re-
‘quiret endo attack,_such asJ;s observed to the extent of .

20% i

cl® _

Such radical rearrangements in the benzonorbornene system

| remain rare. Martin and Koster. (20) did'notlobservé any

&

' rearrangements 1n the radlcal addition of bromotrichloro- .

(

methane, carbon tetrachloride or trichlorosilane to thlS
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-—substrate~~¥€r%stol—and—Penne%{e412I}—fonnd*no—rearrange——*‘

thent when 4,4~ dideuteriotribenzobicyc1o[3 2. 2]nonatriene
was brominated. They dld find ‘that the corfesponding

catidn»rearrahged

The pauc1ty of 1nstances gf free-rad1cal rearrange-

: ments in b1cyc11c systems led.Tanner and Brownlee

'(22) to the - conclu51on that the formatlon of rearranged

product 1n the iodination of dlbinzoblcyclolz 2 2]octa-

trlene was byven 1on1c pathway.~/I.dee¢. ¢¢:seems likely o
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‘abSence of light yielded rearranged enho-4—syn—8-diiodo—

dibenzobicyclo[B 2.1, ]octadiene but ‘upon. irradiation
trans-? 8- diiodibenzobicyclolz 2.2, ]octadiene was the only

product formed. Iodine is a goodﬁtransfer agent . and it

seems likely that the radical initially formed by addition

]
"of an’ iodine atom to th oY¥efinic bond was trapped before

it had' time to rear

Similarly, Cristol and Mueller (23) recently 1nvest1— o

‘gated the bromination;/oﬁ\7-methyldibenzobicyclo[2 2, 2 ]_

e

.‘octadiene, trans-7,8-dimethyldibenzobicyclo[2.2.2 ]octa—”_'
-diene, c1s—7 8- dimethyldibenzobicyclo[z 2.2. ]octadiene
| and 7,7, 8~trimethyldibenzobicyclo[2 2, 2 ]octadiene w1th 3
}bromine in ‘carbon tetrachloride!in the presence of . light.;
.and the;-reported no rearrangement products of these
reactions.” This lack of rearrangement can be attributed'“i
“to the rapid transfer of the radicals 1nvolved with -
__brOmine or wa.th hydrogen bromide. '_ The te<rt1ary radical
dwhich was formed In ‘each gase would have been’ expected
'to have a longer lifetime ‘than the substituted second-
ary radical at the ‘same po;ition and therefore, had the

transfer not been so fast, rearrangement<ﬁou1d have
been p0531b1e.‘_ !
Recently,;Jarvis and‘rount’]éd)_reportéd an'example
of al,2 phenyl migration_in'the dibenzobicfclof2'2 2]-
;”OCtadiene sYStem.‘ Carbonium ion rearrangements in this o

J‘f;ystem/afe well known, but this was - the first report
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of a free radical rearrangement The authors showed that

the reduction of’ 7 7,8,8- tetrachiprodibenzobicyclo[2 2.2 ]-

. &
_octadlene by trivn-butyl tin,hydride led not only to

l,_'. )
7 74 8-trichlorod1benzobicyc" ? 2 2 ]octadlene, but - also

i

._E—Bugsnn N

v

They. ascribed this.rearrangement to. a longef;than—antici—'-

pated/llfetlme of ‘the 7,7, 8—trlchlorodlbenzobicyclo-’

[2 2.2, ]octad1en-8—y1 radlcal because of dnfflcult 3ha1n

transfer occa51oned by - the adjacent g -dlchloro functlon. ¢

there is dlmlnlshed sterlc 1nh1b1t10n to cha1n transfer.
In a further study ih thls system, JarV1s, Govon1 and
%Zell (25) report that in the free—radical addltlon of -
elther carbon tetrachlorlde or- bromotrichloromethane to

e1ther d1benzob1cyclo[2 2 2. ]octatrxene, 1, or to one’ of

'I-

: When 7 7, 8-tr1chlorodlbenzoblcyclo[2 2.2. ]octadlene wés *-
Aallowed to react w1th tr1-n-buty1 tln\hydrlde, only un—“
rearranged t£§n§-7 8- dlchlorodlbenzoblcyclolz 2.2.1- e
octadlene was obtained In thlsslnstance there is on1§
one B-chloro substltuentwand so, it was ratlonallzed, "1_

‘.

N
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- the helo—olefﬂns 2 or 3¢ reversible rearrangement was

'ﬁ

observed. The reactione ere shown schematically below.-
‘The authors concluded that rearﬁangement was taking place
reversibly because the pfbduct from i gained more than’

»
that from 1 when the, té perature was raised and when the

concentratlons of chain-t;ansfer'agent were 1owered.
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;.This reversible rearrangement s somewhat unexpected be-
' cpuse the benzylic radical wonld be expected to be muEh\\e>h
Juore stable than the initially generated one.

These results can, be explained in another, although

‘unprecedented, way.‘ If the radical initlally formed by

addition to the olefin were a o radical, it wouid have
3

_ tetrahedral geometry beeause of 1ts sp hybridization. Asg

ferent rates. gihe processes-are ehown in S_'eme II.
The rate equg}ion for the formation of Vv and VI re-
t - _ : - : 'f.(\‘

" duces to_the form - N j‘ I Ga
awsat _¥r@)  ¥r@) Krm) tRp) R -
+ k(a) (YR)

. o -
- wwhlch 1s seen to be dependent upon the concentratlon of
'?the transfer agent YR.' Thls mechanlsm also predlcts

‘that fthe rati (W + (II1))/((1V), # (VI)) would be in-

dependent-d the concentratlon of transfer agent, YR,

the reported esults bear out this predlctlon. It must
be stressed tha thlS proposal_of a‘tetrahedral radical .
:is a speculative one, but one that”merits;further inf<f/’w
vestigation; | . . |

s

To date,' no studles ‘have been reported where, in a'

blCYCllC system, the equlllbrlum between the two radi-
ndLm

cals has been~approached,from both sides. Such_aita

AN
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SCHEME II ‘"

_z, x - Br .
F(a) | _3, X = c1\i¥(b) |




LA . P

oot : Ce X/ v
-study should permit more knowledge to be obtained con— '

cernlng the neophyl rearrangement in bicyclic systems,
‘especlally in the realm of rearrangement from a benzylic"
~rad1ca1 to a secondary one, as was reported by Jarvis
A(25) . For these reasons, it was decided to. generate both

. the dibenzobicyclo[2 2.2.)octadien-7-yl rad1ca1 and the

‘ dlbenzoblcyclo[3 2.1. ]octad1en—4-yf)rad1cal and by a
_study of ‘the productslformed, to ascertain the extent of
rearrangement of’ each :f them.s To avoid any effects due

- to substituents, which were-present in the studles by

.Jarv1s, perox;de‘inltlated decarbonylatlon of the cor- R

respondlng aldehydes was chosen as the mode of generatlon

-~

of the radlcaLs It was recognlzed, of course, that the
_presence of a chlorlne substltuent, as 1n the compounds o
- studled by JarV1s, could possxbly facllltate the re-.

arrangement of the benzyllc radlcal to the [2 2. 2 ] one.



fa

) RESULTS . 7 ¥
: = . >
For the decarbonylation s@udies, the two &!ﬁehydes

7—formyld1benzoﬁicyclo[2 2.2. ]octadiene, 4, and 2-formy1di-
. benzob1cyclo[3.2.l.]octadiene, §,.were re&glred. Compound
4 was prepared by the Diels Alder reaction of anthracene |
and acrolein, following a}method.of Murahashf,.thi and’
Kosai (26) . | |

- The choice of the synthetlc route to 2,£ormyld1benzo--
Iblcyclo[3 2. 1 ]octadlene, 3, was governed by the accessi-
bility of an 1ntermed1ate known to. possess the requlred .
'blcyclo[3.2.l;]skeleton._wInitiallx an attempt was made-'
to react the Grignard reagent of 4-chlorodibenzobicyclo-
t3 2. l']octadiene, 6; with either gaseous fOrmaldehyde or
”;paraformaldehyde to bring about the synthe51s of a primary
'.alcohol which could then be oxidlzed to the required alde- '
'”hyde It proved difficult to ‘make thefGrlgnard reagent
from the chlorlde, but whea flnally it was made, it was
. found to be/1nert to attack by formaldehyde. Upon hyd—
rolysis, only the hydrocarbon, d1benzob1cyclo[3 2. l ]-_A
foctadxene, 1, was obtained. Further reactions of the
.Grignard reagent with carbon dioxide‘in either the solid
or gaseous form were also unsuccessful and agaln)hyd—
rolys1s resulted in-‘the 1solat10n of the hydrocarbon 7.

As a consequence of these results, the attempted synthesis
> ¢ =4 _ . N

of the aldehyde 5 Via-the chloride g'was'abandoned.
, .

16
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A second synthetic route was’ established which used

dibenzobicyclo[3 2. 1 ]octadien-z-one, %, as the key inter-

mediate® The ketone was obtained by the chromium tri- °

oxide/pyridine‘oxidation of a'mirture of exo- and endo- .

| dibenzobicyclo[B 2.1, ]octadien- —ols. Its physiqal and

)
spectral properties were 1dent1cal to thbﬁe reported (27,

1

- 28) ;° "The mixture o§>a1cohols was obtained by a sequence

of reactions established by Cristol (27, 30) The ketonef

was converted to the required aldehyde in poor yield by

" the Darzens réaction, or, in better yield, by the us; of

:dimethylsulfoniummethylide.

ethyl chloroacéiate and potassium tert-butoxide 'n tert-.

butanol to form: the glycidic ester 9. 7the est‘

.~

isolated but was treated with concentrated ac1d Eoj yield

the»des1red_a1dehyde in 1ow yield, contaminated by unre-

acted kftone. A secdndntechnique, employing sodium B

ethoxide'as thefbase,'wasreven 1eSs Ssuccessful, It had.

- been hoped that it would prove p0551ble to- separate the

’

aldehyde from the ketoné by forming the sodium bisulfitef
adduct of the aldehyde, but\the adduct could not be formed J

by either of the two procedures attempted (31 32).

Chromatographic separation, employing either column or 3

z,

thickklayer techniques with a variety of solvents, was

r'l

only partially successful as the ketone and the aldehyde

had almost the. same Rf values under these conditions.

-
\
-

In the Darzens reaction the ketone was treated with -

~
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<

td the desired aldehydé-.5.

1 Consequently, it was decided to try'an alternative'route

L 4

_ _The seo%hg route, Route b, involved a regztion“de-
L A
v&loped by Corey and Chaykovsky (33) The dxmethylsul-:

A

?foniummethyllde was prepared by the reaction of n—butyl

llthlum on trlmethylsulfonium iodrde ‘at low temperatureh

\.

When thls was adﬁed to a solutxon of the ketone, 8, also‘
PO -

~at low %emperature;*the epoxidé’ 10 was formed. This was

‘ dee51red a;dehyde as a mixture of presumably the exo and

endo-isqmers; Once again there was'present unreacted

Al

3 starting ketone, but in this case the proportlon of alde-

.*. hyde to’ ketone was SLgnificantly greater. A column

chromatography part1a1 separatlon of the aldehyde from

the ketéhe yielded a mlxture of 90 10% of aldehyde to

ketohe. <81nce the ketone was shown not to react under
td . . . . . - .2

the conditions of the decarbonylation reactions, .and’

51nce the proportlon of ketone to aldehyde could be

oo determlned by glpc, 1t was thls mlxture which was used'

- in the decarbonylatlon $tud1es. ' l_ _ ‘N

o

4

Perox1de-In1t1ated Decarbonylatlon of 7-Formy1d1benzo-~

*

b1cyc10[2 2.2. ]octadlene

The - 1n1€1a1 study was. carrled out upon 7- formyldl-

“benzoblcyclo[Z 2, 2 ]octadlene, 4, in the presence -of

benzoy} peroxlde as a-free radical initator. It was”
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(a) (b) -
| o + ~CH3

C1CH

JCOOEE

. - R . . v ‘ ' - " L. . ! . . o
HCL . : © | PF3sER0
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5\£oundithat dibenrobicyclo[2.2.2.]octadiene;.ll, and di-

.benzobicyclo{3 2, 1 ]octadiene, 7, arising from the unre-

"

arranged and rearranged radicals, were, indeed, among the
products. However, there was such a plethora of other
products formed whigh appeared to arise from the 1nit1at-
or ‘and which were dlfficult to identlfy and separate that
it was dec;ded.to change the 1nit1atbr. Accordingly, all
e 'subseguent.experiments were carried out usingvas free
rgdical initiator tggt—hutyi‘perpivalate; which wasrpre-
SR ,pared bYﬁthe reaction‘ofpivaloylchioride withvtert-butyl
h&droperoxide. Chlorobenzene was chosen as solvent for -
the decarbonylatlons since it is known to be relatlvely
inert to free radlcal attack (34) .

; Preliminary studies with this initiator showed that
" once :ag'ain’ the tﬁvd‘>7-hydrdcarbons‘ 1%1-1 were ‘fo,rmed' .

However, they were not the only co unds produced'in the

reaction. Varlous coupllng products were also observed. '

o At the temperatures employed in the decarbonylatlons,
3y J

'tert butyl perplvalate glves rise to tertebutyl tert—il

-butoxy and methyl radlcals (35).~~»‘-' -

rd

cuo" : . cH

‘ cH 3 ' ?H3 . » |.3‘ ﬁ
——ﬁ}-C——{r—ﬂ}——O-C — —C .
L e D T S SRR e B
3 ¥ - T ] 3 ;.'o. B
R l‘" ) C!l s o v ' . . CH . .
3 - e y 3
e CH. | B Scission » 0=(‘< +  .CH
'R 3 ‘ ° 3
. -CH, - ' ' CH :

£,

-
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‘ Any of these radicals may'react hy either abstrac-
- .
tion, addition or coupling with the substrate or'with o

ﬁf’“d“ff“either of the radlcals whichjirise—from—its*decarbonylaﬁ*—“~——
tion. - ‘}hey may, of course, couple with each other, but |
only anthracene and those products which contained either

the dlbenzoblcyclo[z 2.2. ]octadiene skeleton or the di-

benzob1cyclo[3 2 1. ]octadiene skeleton were cons1dered

in the analysls of the reaction products. Under the .

lb'condltlons of analysis,\these initlator—derlved products o
were eluted‘hefore the ehtérnal standard and‘wereanot ref'
solved. - Qecause of the short\\cha‘i‘.\n ‘l‘engths ‘in decar- )

.bonylation_reactions (36), a relatively high concentration.

(b.ls:g).of initiator was necessary to_achieve a signi- f'.
ficant anount of,reaction. ' '

;” ;If all the possible combinations of:the radicals_ . ®
e deriwed from the initiator (meth&lfbtéztfbutYI and | |
- tert-butoxyl and the rearranged and unrearranged dibenzo—“

, b1cyclo radlcéls are con31dered, a total of nine radlcal
coupllng products are possxble, 51nce the- rearranged -
..dlbenzoblcyclo products can be: formed w1th either exo, ‘_1,_
J“ﬁ( - ‘or endo stereochemlstry. There is also the poss1b111ty
} ._ 'of coupllng between two dlbenzoblcyclo radicals and
these reactlons would 1n theory glve rise to a further

flve products. Of all these products, the followlng

were found: exo—4-tert-butyld1benzobicyclo[3 2.1. ]octa-

: diene,‘lg, 4vmethyldibenzoblcyclo[3.Z,ltloctadlene, lg,-—



L
.
(]

?:;;\Eteréochemistry of this prbduct was not~established),~

)
S

haY

N

'.actlon of the correspondlng alcohol w1th 1sobutylene in

‘retention t1mes, thelr [2. 2 2. ] analogu:

»:”exo-2—tert—butoxydibenzobicyclo[3 2.1. ]octadiene, 14, and

'endo-2—tert-butoxydlbenzoblcyclo[3 2.1. ]octadiene, 15.

The flrst of these was a major product (>70% of coupling
productsr,.whereas:the,latter three were-mlnorw(each lessi

than ‘2%, of the‘yield'of total products).'Additionally,‘

there was ev1dence that endo-4- tert-butyldlben20b1cyclo-

-[3 2.1. ]octadlene, 16, was SIso present 1n a minor amount

(<4% of total products) Evidence also. exlsted for the

S\\ a551gnment of another minor peak in the glpc ana1y51s , -

~trace to 4- bls—(dlbenzoblcyclo[3 2.1. ]octadlene), 17,u'
,thls compound would have arlsen from coupl:.ng between two o

of the rearranged radlcals.‘ It was a minor product (<3%

'of total-products) The radlcal coupllng products formed ."

'_from 42% to 64% of the total yleld of products.,.r

Not all of these compounds were 1ndependently syn—,

thes1zed, however, the two ethers 14 and 15 (and a150\7-

.tert-butoxydrbenzoblcyclo[2 2.2. ]octadlene, 18, whlch

?was not a reactlon product), were prepared by the re-f

the presence of a01d1c resin.’ None of the" three hydro-

)-.*’

carbons 12 13 andﬁle was prepared but, for the purposes

fof comhgriggn of their spectral propertles and glpc ; ,;

were. 7-"[

!,

Methyld1benzob1cyclo[2 2. 2. ]octadlene, 19, a known

-

POV



compound (37), was obtained by the Clemmensen reduction

of 7- formyldibenzobicyclolz 2 2. ]octadiene, the yield was

small but the route had the advantage of confirming the -
structure ofthealdehyde.' 1- tert—Butyldibenzabicyclo-}’
[2 2 2. ]octadiene, 20, was prepared by the Diels Alder
reaction of anthracene and 3 3- dimethyl l-butene. Even 3
though forCing conditions were used, the yield was smallr'

but thexre was no other obVious route to this compound

~ which would not have involved the possibility of the

formation of a carbonium ion or a free radical at the 7- o

~

. pOSition.

In the preliminary study using benzoyl peroxide as

- initiator, there was found 7—carboxydibenzobicyclo[2 2. 2 ]—

octadiene, ‘21, the'acid corresponding to the oxidation

"‘product formed by ox1dation of the starting aldehyde 4.

- It is pOSSlble that this contaminant was ‘a result of airpf.'

oxidation of the aldehyde.‘ Certainly this process ‘takes .
L4

place, as eVidenced by the presence of the acid in ‘an.-

-erstwhile uncontaminated sample of aldehyde 4 which had

been aIIOWed to remain in contact With the air for’ sev—'
- eral weeks. In. View of this,'all batches of aldehyde 4
_were routinely subjected to infrared analySis before
'decarbonylation in order to ensure that they were free -
Qof acid. contamination./ After this precautionary measure
'.was instituted, no 7-carboxydibenzobicyclo[2 2.2, ]octa-v'-f

‘Aﬂdiene was observed in the analyses of the reaction mix-"’

/ .
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‘tures. Farcomparigon,an authenticrsample“df'7—carboxydif@

benzobicyclo[2 2. 2 ]octadiene,21,was ‘obtained by the

silver—oxide oxidatlonof 7~ formyldibenzobicyclo[z,z 2. ]-»
octadlene." ' "‘“4 _."”f , é , . e o
. "~ The glpc ahalyses of the product mlxtures were carrledA
out usxng a llquld phase.of neopentyl glycol succ1nate |
(NPGS) on a01d-washed Chromasorb P 60—80 mesh. Two,
rf.columns of this pachlng materral were employed 1n the
' analyses. Under isothermal condltions at 150°, a 4 ft x
0. Zgiln NPGS' column was able to separate the e&ternal .
standard (blphenyl), the two isomerlc hydrooarbons 11
'-and 7, d1benzob1cyclo[2 2.2. ]octatriene,l, 7~methyld1-
benzoblcyclo[z 2. 2 ]octadlene, 19 4-methyld1benzob1cyclo— ;3"

[3 2. 1. ]octadlene, 13, anthracene, 22 7- tert—butyld1—~3'

benzob1cyclo[2 2 2. ]octadlene, 20, and exo-4 tert-butyl——»
i .

d1benzob1cyc10[3 2. l }octadlene, 12.. Under the same

temperature condltlons a 2 ft x 0. 25 1n NPGS column waszl

able ‘to separate the external standard, exo—4 tert-butyl-“":

%ffdlbenzoblcyclo[B .2. 1 }octadlene, 12, endo-4 tert—butyl- - f .
'-3Qd1benzob1cyclo[3 2 1. ]octadlene, 16, 7 tert-butoxydl-'u
benzob1cyclo[2 2. 2. ]octadlene, 18, exo—2 terfebutoxydl-'

v

'fﬁbenzoblcyclo[3 2.1. ]octadlene, 14, endo-z tert—butoxy—'

-Idlbenzoblcyclo[3 2, 1 ]octadlene, 15, the presumed bls—4—:i
'(dlbenzoblcyclo[3 2 1. ]octadlene), 17, 7- formyldlbenzo-l-
"hiblcyclo[z 2 2 ]octadlene, 4, and 7-carboxyd1benzob1cyclo-“. -

[2 2.2. ]octadlene, 21.:
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_TypicaliChromatographic traces are shown‘innFigures‘I andi'

IT.

Q_gntitative Studies on the Decarbonylatlon of 7-Formy1-~

dlbenzoblcyclo[Z 2.2, ]octadiene ' i v' ]

Welghed amounts of the’ aldehyde were placed in thlck- o
walled Pyrex ampoules. fbllowed by an allquot of a stand-
ard solutlon of tert-butyl perpivalate dAn- chlorobenZene.

. After beini?ﬂizzssed by the freeze-thaw method and sealed,

<

he ampoules wete placed in an oil bath thermostated to'
*

‘*_84° for a tlme of at least ten half-llves of the 1n1t1at-'“
| ‘or; Upon completion of the reaction the ampoules were .'
'.f_removed from the bath frozen and opened An allquot of\\‘

a standard solutlon of biphenyl 1n chlorobenzene was h

W'added The reaction mlxtures were then analysed by

L

”aglpc as was descrlbed above., The results of these ex—-‘.' 3

'xperﬂﬁents are shown 1n Table I. The concentratlons of
,tthe startlng aldehyde 4 were varled 1n order to 1nvest1-

1-gate whether the ratlos of the dibenzob1cyc10[2 2. 2 ]-

/

'”-'octadlene to dlbenzoblcyclo[B 2, 1 ]octadlene Were de-‘;f";'*'
"tpendent upon.the 1n1t1a1 conc tratlon of the startlng-v
' aldehyde. These ratlos wezé/i:und to 1ncrease from'
"~ 0.613 to 7 68 as the concentratlons oﬁ the aldehyde 4

1 M to S 08 x- 10 %;g_ A more w

dropped from 8 22 x 10
. s1gn1f1cant ratlo is one whlch compares the total amount
o of products with the [2 2.2. ]skeleton with the total ,";;

.la
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. | TABLE TABLE I -, |
Reaction of 7—Form11dibenzobicyclo[2 2,2, ]octadiene at 84’

28.

—————Reaction : 1

goo
. 363

e 3
310

. i(mole x 106)' 850 .-

3.47 £ 0.15

(unreacted
Total products ‘j-_ 865,
(mole x 10° )

Materia_l‘p'alan'ce ~102%
| 1 pi ©1.52.

: ""_»[2.2,2...'] -.produ;:t

7.63 +0.02"

1.42 ¥0.08

846+ 0.7

A i ©3.87 % W02
SR @" 468 +0.07  3.92 + 0,03
| L) oo - oo

@,”@ 0.64 + 0.06
0.0
'6?79 + 0.01 :
‘kx o k%

'0.76_'t 0'03 '

339 + 0.01

350

96.32

2.08

1.81 # 0.2 ~

70,24 + 0.006

'3.04 +0.01
4.28 + 0.03
0.0

2.95 4 0.02

'0.26 + o. 007
- LN

- 0.68 + 0.01-

" 289v

93.22

3.00

'3.04 + 0.05

&

4.23 + 0,02

0.05 + 0.002
. S A

v

. 86.8%

. (continued......)

e
.’

252

3100

-

10,29 + 0.01

3,07 +0.08

- 0.23 + 0.006

260 #0.1
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LTABLklly(contihued)
Reaction 5 6 7 S
4 (mole x 10%) 239 . 139 - 52.6 .
Prodnctaw(mole'x 106)
S ‘ !
2.24 # 0.01%* 1.23 % 0.02  0.37 + 0.01 °
3.78 £ 0.01  3.78'40.02  2.83 + 0.01
0.08 + 0.001 0.08 + 0.001 0,20 + 0.005 .
2.92 + 0,03 3.94°+ 0.03 2,88 + 0.01
' 0.24 + 0:004 0.39 + 0.003 0,35 0.002
© 0.25+ 0.006 . 0.55+ 0.002 0.98 + 0.03
N ’ : "T"".h.l- '
LT e o | Ak I *%k
0.09 + 0.0005™ 1.07 + 0.01" I.26 + 0.03
: 80.0 +0.03  8.50 + 0.06 -
(unreacted)  L% .

jT;::I\products ”

(mole x. 10 )

- Material Bal'atice'»

[2.2.2.]brqdpdt .

" [3.2.1.]product .

i 92 i 18
88z e . 35k

3337 8.86 - 26.55
' (continued.....)



FOOTNOTES TO TABLE I .

e e e e g e —— —

-

* ‘ .
Average deviation from the mean Qf three glpc analyses.

. : '\ . . A )
In the calculation of the“figterial balance,, these quantities
o % '

" have been doubled.
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_ . y .
amount of products with the [3 2.1, ]skeleton. nIt is-in

this form that the results are reported in Table I

(Reactions l to 7). h -'§ , "

For the hiqh—temperature decarbonylation study the

‘oil bath temperature was raised. to 120°. In all other -

_respects, the conditions of reaction and analysis were '

the same as those.above. The result is shown in Table

Y ~ v,_.,
.

II (Reaction 8). | : . : ' ,
5 ‘ ‘ - g . ) . ) N g‘w

Decarbonylation of a Mixture of exo- and endo-Z-Formyldii>

benzobicyclo[g 2. l ]octadiene

Since these aldehydes were not obtained in : '
appreciable amounts completely free of their precursor"

dibenzobicyclo[3 2 1 ]octadien—z—one, the 1mpure sample'

was first analyzed by glpc to determIne the relative

-amounts of each compoaent in the mlxture. Then we1ghed°

amounts - of this mixture were placed in thick-walled

Pyrex ampoules, followed by an aliquot of a standard

“solution of the 1nitiator in chlorobenzene, and the same

'procedure»was followed as was described aba&e.. The re-

action mixtures were analyzed by glpc, because the,

h'-substrate aldehydes dld not . undergo a retro-Diels Alder

reaction on the column, it was p0551b1e to raise the_

Atemperature of the column and so- analyze the mix!pres "

-on 4 ft‘x 0-25 in NPGS alone. The results are given

in Table IIT (Reactions 9 and 10). A typical chromato-

-~

'gram is showh in Flgure III. ;'\

/\
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- TABLE IT° “
—_._Reaction of 7-Formyldibenzobicyclo[2.2.2.loctadiene at 120°
- | | | ‘ o
Reaction =~ - 8
4 (mole x 13%) - c 62.0 .
~Products (mole x 10° ) o - ;ﬁw\'

0.30 .+ 0:006%

3.86 + 0.04

3 0.60 +.0.01
' 4.35 + 0.02
0.73 + 0.03 . .
B e
0.37 + Q-~Q94 .
:ii: . ‘ ’ ‘i:‘:":\"
- - 0.46 + 0.002""

— - U
- - 20.00 + 0.07 ~
(unreacted) - v

Total products

(mole x 10 ) . 30.%

Mater1a1~Ba1an¢e o - 49%

{3.2.1.]product = . | | ' 37.89

[2.2.2.])product _
B (continued;,...)
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. . . Pootndtes to Table II

[N

Y B

. *. : . N : ‘ . o i . : ] . . .
- Average deviation from the mean of three glpc analyses.

o

* %
‘ In the calculation of the material balance,,thls

quantlty has been doubled.



‘ , - _
\ PABDE III |
Reaction of 2-Formy1dibenzobicyclo[3 2.1. ]octadiene at 84°

Reaction_m_w_~_m~w““ . ‘ﬁ 9 L 10

5 molex10% - 300 0 . 7200

e

Products (mole x 10°)

. * o o A
0.05 + 0.601 . 0.07 + 0.002
- ) ©0.39 + 0.007 2,12 4+ 0.01
- « 0.04-% 9 o001 _»0-19'1.0.0’1"7“:‘-‘{5
0.03 + 0.0001- 0,17 + 0.002°"
; h ST RO
; 1.39 + 0.07 ' "0.56 + 0.008

A+

0.007"" " 0.18 + gu08™"

I+

v.. 7 3.44 4 0.01 .25.4 + 0.3

(unrcéhtéd) o ”. , AT
Total products ) , - T ‘ |
Matexial Balance’. I o ’963 -’_xi' :‘,  ;43%»-"

(continuei. L) ; . ) M .
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. FOOTNOTES TO TABLE IIT - :

!

Average deviation from the mean of three glpc analyses.
In the calculation of the material balance, these

“quahtities have been doubled.
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. oia bath—temperature,wasrraisedmtoul20°.MrlnAall“

ther

'}respects, the c0ndit10ns of reaction and analys1s were ‘f
the-same”as‘those 1mmed;ately above. The result of this

"’anaiysis'isvShown ingTable IV,(Reactlon_ll).

"Identlflcatlon of the Products of the Reactions

' The compounds correspondlng to the peaks on the glpc
chromatogr m were 1nd1v1dually collected by preparatlve
glpc and were ﬁ'rlfled by relnjectlon and recollectlon.
Thelr mass spectra, infrared spectra, and, where pos51b1e,. t
thelr Fourler Transform Proton Magnetlc Resonance spectra -
vere. obtalned.‘JThese were compared w1th those of auth-_..‘
.’entlc materlals, or, where this %iﬁ not p0551b1e, w1th
_close analogues. ‘Where authentic materlals were ava11-.~"

‘able, the glpc retentlon tlmes were compared after the »

"addltlon of these authentlc materials to. the collected
products and’ w1th subsequent reanalys1s by glpc. Two
vcolumns Were used to compare the retentlon t1me of each :

5 A
‘compound in the reactlon mlxture.

'f,”Thermal Stab111t1e5(xf5tart1ng Materlals and Products_

| | It was necessary to determlne the thermal stabll—-

‘thles of the startlng aldehydes 4 and 5 and of the free- :
;radlcal decom§o31tlon products, d1benzob1cyclo[2 2 2]— :\
_-octadlene ll, and dlbenzFbicyclo[B .2.1. ]octad1ene.7. R

. The two. hydrocarbonsandthe[B 2. l 1. aldehyde S proved

o . o
ol
,
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TABLE IV R

A |

s )

IRt Reaction of 2—Formy1dibenzobicxglo[3“2 1‘]octadiene at*l?O‘*———"_—

\df:Reaction e » .~-‘f; ‘f ’~‘ '1f o 1 o
5 (mole x 10%) l 32.0

' Products (mo;e‘xi;oﬁ>“

0.03.

SRR

1.04

' 0.25 + 0,006 -
y 0.68 + 0.001 -1

0.15 #70.003 ..
0.24 + 0.001
< 0:39 + 0.004

T T
0.57. 4 0:002

I+

S 408374 0,03

, (unreacted) - T
" Total products (mole x 10 ) : RO 8.8 SRS

| 30
N

Mater1a1 Balance | ; j.“‘f ’”@i - LT :Z8§~. o
' BEET w7 ! (continued.....):



" FOOTNOTES TO TABLE IV "

g Average dev1at10n from the mean of three glpc analyses.f"
" . y - L
: ' CoA I R . ,)\ .

. A
* In the calculatxon of the material balance thls quantity

' has been dOUbled. o | \
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mﬂlto”be7stab1e:thermally; and'the-twofhydrocarbons”were

Lfalso stable to the reaction conditions. chever, the .

[2 2 2. J aldehyde 4 underwent a retro—Dlels Alder re—-
,action.to a certaln extent, as eV1denced by the produc-'y'
rttion of anthracene durlng e analysis by glpc.q It was‘
”lfound that the use of a glass column ggﬁ a glass-lined
-detectlon system mlnimized thls problem.r Column‘tem—"'vf

:‘peratures were also cr1t1cal, above 180° the retro—~ﬂ-5'
O 4,

."Dlels Alder reactlon became 51gn1f1cant, and at tempera-

.tures between l40° and 180° the reactlon still occurred

but at an apprec1ably lower level. \Below l40° the column

- made eludtjon tmmes exceedlngly long.» Analysls of the .

" e

reactlon};as unobservable, however, the low temperature

”,~reactlon'm1xtures at thlS lower temperature showed that .:
B no anthracene was formed durlng the reactlon and was: o
d:;only an artlfact of thls analy31s._ Slnce only 7-formyl-1
'idlbenzoblcyclolz 2 2 ]octadlene, 4; gave anthracene .
.ion analy51s, thls amount of anthracene whlch formed was-
dfadded to the amount ‘of unreacted aldehyde 4 in Tables I
'land II.rThe [3 2 1.] aldehyde 5 dld not . undergo any
,decom9051t10n durlng the analys;s,land nelther dld the
vvketone 8.,, ' o : » |
| Allbthe synthe51zed materlals, wlth the exceptlon

idof the carboxyllc a01d 21, were found to be stable to

jf ‘the reactlon condltlons and glpc analys1s condlt;Ons. .



;b~underwent a rettb—Dlels Alder reaction under the condi-
. tions of ana1y51s, but to a much lesser extent"ca. 1%

-WLth a column temperature of 150° ‘ exo—4 tert-Butyld14

K3

':benzoblcyclo[3 2 1 ]octadiene, 13, which was not syn—

o :the51zed, ‘was collected by preparatlve glpc, and by re—

’ 1nject10n was shown to be stable. :

' ”"_'T'he__carboxylic,_acid Zl,_llikel_the__[Z 2. 2. ]___aldehyde 4, also A



DI s':c-u‘s STION

The decarbonylatlon of the isomeric aldehydes 7—»}

uformyldlbenzoblcyclolz 2. 2 ]octadlene, 4, and 2*formyl- 1

ffdlbenzoblcyclo[3 2.1. ]octadiene, 5, was undertaken to

&P

k study the extent of radical rearrangement in theSe blcycllc

'systems and to galn some 1n51ght 1nto the nature of the

llntermedlate or 1ntermediates 1nvolved in the reactlon.

3

L

‘Because the mode of generatlon was the perox1de-1n1t1ated‘:'

decarbonylatlon of the aldehydes, varlous radlcal coupllng

'products were found 1n the reactlon mlxture, along w1th

'the expected d1benzob1cyclo[2 2 2. ]octadlene, 11,(when

-

5the [2.2. 2 ] aldehyde waé decarbonylated) and dlbenzo-'

&

b1cyc10[3 2 1 ]octadlene, 7 All but three mlnor products

j-were 1dent1f1ed p051t1ve1y and for these three, whlch

comprlsed less than 5% of the tot%l moles df product, the

"skeletal type was ascertalned.

Whrlst most of the compounds 1solated were prev1ous—-f7

ly unknown, they were 1n a11 1nstances members of systems"

“fwhlch have been extensively studled by nmr (28 29) . The ‘
"~compounds w1th the dlbenzoblcyclolz 2. 2 ]octadlene skele—

"ton were all substltuted on the brldge at the 7-p051tlon.

~~~~~~



ed t

Compounds with the d1benzob1cyclc[3 2.1, ]octadiene

Hproton a absorbs in- the reglon T 5.5 = 6 1 and appears

_Slmllarly, the other bridgehead proton, b, absorbs in .

i skeleton were all substltuted at the benzyllc positlon -

't
(at the p051tion numbered as 2 or 4, depending upon the

prlorlty ass1gned to the substituent)

’dThe characterlstlc allphatlc proton chemical shifts ofb

: members of each of the ring systems are. sufflclently dlf-'_
f ferentix>allow a dlstlnctlon to be made between the twoAm:‘
’.skeletal'types.' For example, the brldgehead proton |
':nearer the substltuent (proton a ) and the brldgehead
hproton further from the substituent (proton-'b') have

-dicharacterlstlc chemlcal shlfts Whlch are different in

;the two rlng systems. For a varlety of compounds (X

~OH, —c1, -NH OAc, glis) in the [2.2.2.] _syste.m,’ )

2'

as a doublet coupled to the proton gemlnal to the sub-

‘'stituent, X, w1th a- coupllng constant of the order 2.5

,Hz (29),'whereas 1n the [3 2 1.1 system, proton a usually

absorbs in the regloh T 6. 4 - 6 6 (X = -OH, —Cl, —OAc)

A .

L0



; "Cl ’ "NH

1

L@

x.__the region of' T 5. 2~ 5.9 1n the [2 2. 2.] system (X = -OH,

a4,

, ~OAcC, -SC_H ), and appears as a trlplet coupled
2 6

" to the two geminal brldge protons with ‘a coupllng constant
" ‘in the range 2. S - 3 0 Hz. In the 3. 2 1.] system, proton
' b absorbs in the reglon T 6 1 - 6. 2 (x #H, -Cl,--OAc)

Further, CrlstoL’TZS) has found that -the coupllng constant_}"

) between the endo—benzylic proton (for exo substltuted com—

'

‘Hz for séven examples. ‘“Z,f'

pounds) and proton a is 1‘8 + 0.5 Hz for twelve examples,'

‘ and the coupllng constant betWeen the exo-benzylic proton

'(for endo substltuted compounds) and’ proton a is 5.1 + O 5

L) . «
. . . .

- S . » .

Perhaps the least equlvocar eV1dence as to the

€,

y nature of the skeleton present 1n"a partlcular product was"

T

g1ven by mass. spectroscopy. In the compounds studled

‘whose structure was known, 1t was found that compounds :

-

.w1th the dlbenzoblcyclo[Z 2 2 ]octadlene structure had a

' .very strong&peak correspondlng to m/e 178 (molecular

welght of anthracene is 178) Thls presumably resulted

from fragmentatlon by a retro—Drels Alder-type of process

whereby‘ the br:.dge and 1ts substltuent was lost. The peak

P

:-correspondlng to m/e 205 (molecular welght of dibenzo-"

' b1cyc10[2 2 2. ]octadlene is 206) ‘was usually small. In

contrast, compounds of the [3 2 1. ] system were not able ,
to lose the brldge 1h the same manner and so gave a’

strong peak correspondlng to m/e 205 or 204 but a wéak

‘peak at m/e'178.y In Table V. the rat;os of,the magnltudes,
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TABLE V

Ratios of Mass Spectra Intens ties ﬂor Selected Dibenzo—-T,
bicgclolz 2.2, ]- "and [3 2.1, ]octadienes '

2 2 2 isom r m/e (3. 2 1.] isomer m/e : <
! P dsoner 178;205 SRR " 1787205 ¢
— | . .

(:”ﬁil(:) 67T
: ; C(CH3)'3.: -
‘. ©:© ) 83 |
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expressed as percentages of the base peaﬁp‘of“peakswof
: ’ Al . =4 . e

m/e 178 to 205 are given. It was felt reasonable to
‘-—‘-extrapolate these data to compounds whose ptructures

were not known exactly but whiph were present in suf~

4

ficient quantlty to e?hble masg spectra to be obtalneds
One addltlonal, though not Q spectral, trend was |

noted. Dur1ng gas—llquld partltlon chromatographlc

(glpc) analysms of " the reactlon products and of known.

compounds, it was found that under the condltlons of

analy51s employed, ‘and u51ng neopentyl glycol’ succmnate o

(NPGS) as the liquldfphase, e compound of the dlbenzo*
| blcyclo[z 2.2, ]octadlenei serlés was always eluted
before its [3.2.1.] isomer . Thus, d1benzob1cyclo[2 2 2. ]-
“;ﬁ ' ootadlene came before d1benzob1cyc10[3 2 l ]octadlene,
7- tert-butyldlbenzoblcyclo[2 2 2 ]octadlene before. 4~
o tert-butyldlbenzoblcyclo[3 2 1 ]octadlene, 7—tert—but*

oxydlbenzoblcyclo[z 2.2. ]octadlene before e1ther exo-

ook
ek .

or endo—2-tert-butoxydlbenzoblcyclo{3 2.1. ]octadlene,

-, .

u and 7- formyldlbenzoblcyclolz 2.2, ]octadlene before 2~
formyld1benzob1cyclo[3~2A1 ]octadlene. Whllst it would
have been incautious to use elutlon time as the’ sole

,ecrlterlon of isomeric structure, had a compound whlch

l'had been assroned, say, the [3‘2 1. ] structure been :

: eluted before 1ts 1somer of known [2 2 2.1 structure,

_— a cause for concern ‘would have arlsen. This never
) i

,happened. : f . : R ~.
a ' ' ¥

3

N
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In the structure- assignments of the prqducts thew

spectral and glpc evidence was considered, along with

elemental analyses where p0581b1e and compa%ison of spectra
. ‘ 3

with those o ‘authentic samples where available. When v
authentic compo"ds were not available, those of. the

_-isomer of the other'skeletal series usually were; and the@

'differences could be ' erved . The assignments of those

’ t
compounds which were preivously unknown are given below. ?\‘,
i

4-Methy1d1benzob1cyclo[3 2. 1 ]octadiene, 13.

“This compound has a mass spectral parent eak of
220, cons;stent w1th the structure, and a ratio of m/e of -
jl78 to 205 of -0. 30,‘1nd1cat1ve\of\th: dibenzobicyclqr N '
[3 2,1. ] skeleton.' Its glpc retenti n time was slightly
"longer thah*that of a synthes1zed sample of 1ts 1somer,_ s

.7-methyld1benzob1cyclo[2 202 ]octadiene, 19.:

vexo-‘and endo—4 tert-Butyldibenzobicyclo[3 2. l ]octa-l ‘;QJQ

_dienes, 12 and 16. c o e Ty

' The exo-lsomer 12 was shown to be a tert—butyl o o

.._];

/

16 by mas; measurément of the parent 1on.. When the

; R oo .




§

e

cédure, they were found to be different | Because there~‘

is no other alternative, these two compounds were assign—'

‘ e& the [3. 2 1. 1 structure. The ratio of m/e 178 to 205

.‘J\- ‘f :

Ty
[

: isomer.

= exo- and endoﬁz tert—Butoxydibenzobicyclo[3 2. l ]octa—"'.

of both 12 and 16 is less than unity whereas for the
[2 2 2.1 iSOmer 20 it is 83, these results support the
[3.2. 1 ] skeleton aSSignment. The aSSignment of exo’
stereochemistry to isomer 12 is based upon nmr eVidence. ,i:
The coupling constant between endo—H4 and Hsfisssmall
(J 1 Hz) and is consistent With the dihedral angle of.

ca. 80°. between these atoms There is precedent for such,‘

-an aSSignment J4 5 for exo— -chlorodibenzobicyclo-‘
[3 2*1 ]octadiene is 1 8 Hz (28) but for endo-4 chloro—
dibenzobicyclo[3 2. 1 ]octadiene J4 5 is 5. 0 Hz (38)

this aésignment of exo stereochemistry is accepted, then-

ECH

.'. the isomex 16, which was present in amounts too small to

> .

permit nmr*analySis, must be,. by elimination, the endo

- ‘ﬁ\){

dienes, 14 and%IS. o ij. l»[ o ‘:7 - -‘ﬁ _.f_ ':?

ﬂ(

In all, three tert—butoxy ethers were synthesr@gd

the two isomeric [3 2 l ] ethers 14 and 15, and the-r

[2 2 2.1 ether 18. Since three different compounds were
obtained when the corresponding‘alcohols were allowed to i

react with isobutylene, as was shown by their different

melting points and nmr, sp tra,’ it would appear that theref;



4‘9‘.
was no change of stereochemistry during the syntheses and

'»‘that each of the alcohols gave the corresponding ether.;'

However, there is the possibility, albeit remote, that re-.

' barrangement through a carbonium ion could have taken place
in. one or more of the syntheses. Consequently; the L
'.skeletal type and stereo‘hemlstry of the three synthetic
\'ethers had to be established. ' ' '
All three compounds weru shown by either microanaly-‘
: 51s.or parent peak mass measurement to have the requisite
molecular formula. The presumed [2. 2 2 1 ether showed a
bratio of m/e 178 to 205 of 29 which supports the a551gned
' stereochemistryvﬂthe two presumed [3 2. 1 ] ethers both :h.
ar had a‘ratio of less than unity.‘f

M

Nmr analy51s served to conflrm ‘the a551gnments The

. " spectrum (CDCl ) of the presumed [2.2.2. j ether 18 was

51m11ar tothatof 7-phenylth1od1benzobicyclo[2 2. 2 ]—.
"‘octadiene (28) espec1ally in- regard to the magnitude of
thecoupllngcomstants,'some of which are (value for

;‘_ether 18 first, followed by value for phénylthio compound)

J1,7 *,3 0, 2.8 4‘cis-8 2.5, 2.67 Jtrans-7,8-7 1257
4. 6' 7 015-8 8. 5' 9.2; Jc1s—8 trans—Q.— 12. 5’ 12 6

”'Hé;- The spec;ra of the presumed exo-ether 14 .and endo- .
ether 15 were very 51m11ar to one another, but w1th one
[1mportant difference which allowed the assxgnment of |
.exo and endo stereochemistry to be made-\for the. presumed ;

exo isomer, l,endb-ﬁ”= 2 2 Hz;gdhd‘for the gresumed

R |



endo 1somer,
Sngo

=bls-?'(D1benzob1cyclo[3 2. 1 ]octadlene),l7.

"of m/e 178 to 205 was 0 10.‘ A mass measurement was per—,}

_somewhat speculatlve..

'»[2 2 2 ]octadlene, 4, ylelds dlbenzoblcyclo[z 2. 2 ]octa—f,

'-these hydrocarbons were heated in the presence of

;‘Aﬂtwo hydrocarbons are thermally stable, even in’ the S

'550.::
-

J1, exo-2 _ 8.5 HZ-‘bCristol (28) rePOrts

'such dlfferences:Jlmagnltudes for a 1arge number oi such

exo and endo compounds. v
Only two tert—butyI‘ethers were actually found‘dur1ng——
g
the analys1s of the products of the decarbonylat:.on re-.

Tactlons, and a comparlson{bf thelr propertles w1th those _f‘
.of the three synthe51zed ethers shbwed that the two re—'Fﬂ‘

'actlon products were the exo and endo 1somers and that .,

the [2 2.2. ] 1somer was not produced

o

~

—5— /

Thls dlmer was not characterlzed fully. Massfspectenv

"nalanalyslsgaVe a molecular 1on at m/e 410. The-ratio

:formed and the mass obtalned (410 2036) agreed w1th thatn g

.calculated (410 2035) ; Insuff1c1ent materlal was avall-

able to permlt elther an ir. or nmr Spectrum to be taken..

The structural ass1gnment of thls compound must remaln

It has been shown that 7= formyldlbenzoblcyclo— -

v

T

'dlene and d1benzob1cyc10[3 2 l ]octadlene only in the

+

~presence of a free—radlcal 1n1t1ator. Further, when

<

Z

inltlator, ‘no reactlon took place, 1ndlcat1ng that the"

/.



presence‘of“initiator,"under the conditionS"empIOyed‘in-
the decarbonylation studiés.' Thus the formathn of the

ﬂ isomerlc hydrocarbons is a result of the free-radlcal

decarbonylatlon of aldehyde 4 and they undergo no sec-
‘.ondary :eactions after their formatlon. | |
' Hav1ng establlshed that rearrangement -did occur in
| thls system, it was necessary to determlne the nature of
the intermediate 1nvolved in the rearrangement process.
At least two dlfferent modes of rad1ca1 rearrangement
4 'can be-pos1ted to'explaln the formatlon of the hydro-wiw
carbons: 11 and 7 upon decarbonylatlon of aldehyde 4.
| -«(See,;SCheme III) e |
Both of these processes are 1ntramolecu1ar ones.’{
. They dlffer from one another in that Mode A contalns anwi
tflntermedlate .or energy mlnlmum wh1ch is non-class1cal
in type, whereas Mode B contalns a tran51tlon state or
energy max1mum.along the reactlon path by whlch radlcalf
. m rearranges to radlcal n.. R

-

: There is much ev1dence 1n the llterature that the

.‘l‘) ! B

~\‘neophyl rearrangement proceeds through two dlscrete
-‘-»radlcals. (See pp.S'hD? of thls the51s for a dlscu531ons..s
of - the argumentscxlthls p01nt) | Usually~1t 1S'assumedv
li_that the two radlcals are the non—cla551cal unrearranged"
’and rearranged ones, although the non-cla551ca1 radlcal,
could be one of the “two radlcals 1nvolved : However, 1f

-3 brldged rad1cal 1s formed, then the work of Ruechardt

-
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(16), Koch1 (14) and Fischer (17) indicates that 1t is.

ﬁ'present only as a short—lived intermedlatewor as a :f,-,'"’

trans1tion state.-

| 5h It should be possible to dlstingulsh between the two .
j,post\:tlat;o:-':';d modes of reactlon by carrylng out the decaé
%v7bonylat10n at dlfferlng in1t1a1 concentratlons of the
-waldehyde 4.. Thls is the technlgue pioneéged@by Wansteln
fand Seubold (Ta) and has been used suabessfully*by Tanner L
'and Law (39) : If Mode A is operatin the non—diassxcal o
radlcal whlch is formed w111 represent an energy mlnlmum. B
"along the path and w111 therefdge be subjected;to transfer
.dat Cx;and Cb to theAsame relatlve'egtent regardless of

‘:fﬁhe concentratlon of the hydrogen atom%donor (aldehyde 4)

“_;Thus ‘the . ratlo of dlbenzoblcyclo[Z 2 2 ]octadlene, 11 and

Uidlbenzoblcyclo[3 2 1 ]octad1ene,7 should remaln constant.uwh

In view. of the formatlon of the coupllng products 1n the

"freactlon, thlS statement should be ampllfled to 1nc1ude

__'attack by radlcals produced from the 1nit1ator as Well

Lcas by hydrogen transfer w1th radacal l.: In contrast,: ‘t
. rMode b_requlres a competltlon between hydrogen abstrac—'.
- itlon by radlcal m and rearrangement of this radlcal to 5“1”
- radlcal n.- Thus, by SlOWlng the rate of Chaln transfer~ oo
',3by reduc1ng the concentratlon of the aldehyde hydrogen:é'"x
d0nor, 1t should be p0551b1e to 1ncrease the ratlo of ﬂl
‘h rearranged product to unrearranged | - -

As seen 1n Table I, both the ratlos d! d1benzob1~



;;cyclo[B 2 1 ]octadiene to dibenzobicyclolz 2 2. ]octadlene,,j'

o and. of'products with the\iié: 1.3 skeleton ‘to product -
: with the [2 2 2.1 skelet depend on the initmal//zn-

, centratlon of 7-formy1dibenzob1cyclo[2 2. 2. ]octadaene.,,.“
o\ plot of 1n1t1a;/96ncentratlons of aldehyde 4 agalnst the

,»ratlos of rearra ged products to unrearranged products is :

B fshown in Flgure IV. The lower the aldehyde concentratlon,_%

: g the greater lS the extent of rearrangement. Thus, Mode A st
“'cannot be operatlngixlthls reactlon. | |

When 2- formyldibenzoblcyclo[B 2. 1 ]octad1ene,5 is

ifi decarbonylated under the same condltlons as was 7 formyl-

| “dlbenzoblcyclolz 2 2. ]octiglene A, no rearrangement pro— -
B ducts’ are found (Table III) Pgrhaps this. result is not
';too surprlslng, since‘rearrangement ln thrszgase would 'r;
lnyolve conver51on of a- secondary benzyllc radlcal to a.
'v”tsecondary allphatlc one. Slaugh (11) has shown that when |
:the stab111ty of the rearranged and unrearranged radlcals
rnis the same,‘then the extent of rearrangement is governed
by the length of tlme avallable to the unrearranged rad1-5*
cal before 1t dlsappears by transfer., In a 51tuat10n B
'?;where the rearranged radlcal 1s much more stable than
g

he unrearranged one,'lt would be - expected that the re-

farranged radlcal, once formed, would not return to the

e

.l;unrearranged form CIt has been shown (7d 12) that the '

‘~extent of. rearrangement upon decarbonylatlon of alde-

. “rf

'.;hydes decreases on addltlon of a hydrogen donor, such as7 3

.'. " - o
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. benzyl mercaptan or thiophenol - These ressltslare'inffnh'
) | accord with those of the present study, where the hydrogen'
—¥Mf;»fw«donereis the<aldehyde—itself1 and—at would-appear, otherwurijur
‘, thlngs berig equal, ‘that: the rearranged (3. 2 1.] radlcal o
. n has a longer 11fet1me than the unrearranged [2 2’2 ]
| radlcal m becausecﬁfthe nature of the coupllng products
. found in the react:.on mlxture The fact that all such
‘v products cOntaln the [3 2. l ] skeleton, desplte the moreg
sterlcally hlnderedenVlronmentfor the coupllng radlcall
.r' 1nd1cates that the [3 2 l ] radlcal ‘is the one w1th the R
longer llfetlme, but yet ‘shows no proc11v1ty towards re;

arrangement._l

There is | the possiblllty that the reluctance of thedf"L

[3 2.1, ] radlcal to 1nterconvert to the [2 2. 2 ] radlcalj
1s due to a. h1gh energy of actlvatlon for the process;"' ~

' When the decarbonylatlon of 2-¥ormyld1benzob1cyclo[3 2‘l ]—

: octadlene,s was performed at 1£0° 1nstead of 84°» there',- ;g.
was no dlbenzoblcyclo[z 2. 2 ]octadlene formed, nor were -
any of the attendant coupllng products of that serles.ﬁf
When 7-formyld1ben20b1cyclo[2 2 2 ]octadlene, 4, was _“. A
sxmllarly decarbonylated at‘fﬁ¥s higher temperature under
optlmum condltlons for rearrangement (1 e. at low con--
centratlon),‘there was no lncrease 1n the amount of dl;

| benzoblcyclo[Z 2 2. ]octadlene produced however,blt must
be~p01nted out that the materlalhpalance under these con; .

d;tlons was poor.. It would appear that the [3 2 1. ] <?
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radical dOes not return to the'[2.2.2.]‘radical"because
of 1ts much greater stability. Thisistabiiityﬂcan'bei"!i

»——msu—wnattributed to its benzylic structure. o ‘Hf - ;

The results of this study should be contrasted w1th
those of the study of Jarv1s et al. (24 25) These
workers fouhd that the reduction of 7 7,8,8- tetrachloro-
dibenzobicyclolz 2 2. ]octadiene,gg by tri—n-butyl tin
hydride gave both 7 7 8 trichlorodibenzobicyclo[2 2. 2 ]-,
octad1ene,24,and the product of]rearrangement 1,8, 8 -tri-
chlorod1benzob1cyclo[3 2.1. ]octadieng 25. Under 'dllute'

' conditlons (0.00145 mole 23, 80 ml benzene, 0.00142:mole
: tri—n—butyl tin hydride) an nmr spectrum of the reaction
mixture showed unrearranged trlchlorlde 24 (32%), re-
arranged‘trichloride 25 (42%):F7 8 Ergggfdlchlorodibenzo—.
;bicyclo[2 2.2, ]octadiene (15%) and unreacted starting
‘vmaterial (10%) . There was: also a trace of 7, 8~ dichloro—
‘;, dibenzobicyclo[Z 2 2 ]octatriene product (ca. 1%) Underr
'concentrated' conditions (0 00145 mole 23, 30 ml benéene,‘
?. _i 0. 0023 mole tri—n—butyl tin hydride) an nmr spectrum |
'1.revealed no rearranged trichloride 25 but there wasypre—

sent unrearranged trichlorlde 24 (80%) and 7 8 trans—

dichlorodlbenzobicyclolz 2.2. ]octadlene (20%) ' When

7 7 8,—trichlorodibenzoblcyclo[2 2 2. ]octadiene was re—p*;.»"

. acted With trl—n-butyl tin,hydride under these condi-.
‘-ftions, no rearranged product was formed, even at high

A dilution. Jarv1s ascribes the rearrangement of radical



W

;‘frends have been noted in thls.present study and the .

g to steric inhibition to chain transfer caused*by‘thei

presence of two B—chlorine atoms, whereas with radical r

58.

there is only one B-chlorlne present. This would appear
to be a 51tuation where the lifetlme of the radlcal is
important and it would be-rnteresting_to‘study;whether~

the [3.2.1.] radical s, initially generated, would re-

' arrange to the [2.2.2.] radical, since the pronounced

sterlc crowdlng of the [3.2. l 1 radlcal would ensure it .

.a long llfetlme.

These wonkers also found rearrangement product when

Q*oleflns l 2, and 3 Were allowed to react W1th carbon

-tetrahalldes (25) ‘They noted'that“the tendency'towards

;‘_rearrangement in these reactions lncreases w1th ‘a) in-

\ oy

crea51ng temperatur@% b) decrea51kgigoncentratlon of

~cha1n—transfer reageﬁt (Cl CSOZCl or C13CBr), c) on-

'changlng from Cl CBr to Cl .CSO Cl and 4) on changlng from
3 3 2°

y ﬂsalefln 1 to tHe V1ny1 hallde 2 and‘g. The flrst two'

~ other two can be rationalized on the basis that the

9 -

- -
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changes involved increase the iifeﬁime‘of radical k. Thus, .
the poéiﬁioning of a hélidé'atom B to the radical centex
should stabilize the radical andffurther; should steric-

aliy hinder chain transfér.' Jarvis“suggésts that




. Cl

Pt
i<,
]

¥

60. .

Cl3CSOZC1_is-not as good a chain transfer agent as%is

3CBr;and;so§this»explainsethe~thirdutendencyeabove.mwm;mm_#u~
Jarvis also found that the rearranged radicals’ were) .
-formed reverSLbly because the pgpduct from i galned more

than that from 1 when a) the teMberature was ralsed, b) .

1

the concentratlon of chaln-transfer agent was lowered, c)

-

the. chaln-transfer reagent was changed from Cl3CBr to

.

Cl CSOZCl and d) the v1nyl halldes*Were the substrates.

The radlcal 1 gives only endo substltutlon whereas radlcal

- .
Bt

‘4_1 tends togglve exo pr duct. In the -case of radlcal i,
h the more ‘favoured exo Sttack is blocked by the suB%tltu—
~ent, at;b—s and 'so it has a longer llfetlme than 1f the

: sub:t;tuents werégnot.there. C It then\rearra;ges to_the
[2.2.2.] radlcal gywhlch in turn rearranges'to the anti-

‘84substituted<radical i.- Because the substituent is'now

-
not blocklng exo attack, thls radlcal transfers more
read11; and so ‘the concentratlon of the. resultant product -
l-increases. No such effect was observed~1n the,course of . _ ,
'this‘present-study., It would appear that-although»the~ ,i
e .

‘;dlbenzoblcyclo[3 2. 1 ]octad;enyl radical has a longer

- 1;fet1me compared to’ rts [2 2 2. ] counterpart, it does not
‘rearrange._ Presumably, the reason for thls result can.'~
~be glven as belng due to the greater stablllty of the
'benzyllc [3.2.1.1- radlcal over the alkyl [2. 2 2»] radi—

;_ cal’ and that” coupllng, almost exclu51vely from ex g attack,_'

RTINS A

L. ) o : ) . -;.-‘.v‘ " . . |
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eg ‘place before the radical has .a chance to retgrn to |

S T g e
T . L ‘ -.," \ .61‘ s

-:)g . s A
thea [2 2.2. ] system. Aiternat:wely, it is possiblne that"
"the results of Jarvrs arise from the prese-nige of two a .

Ny

radi,cals, as. \{ras dlscussed 1n the introduct:.?n, in wm.&h

5 TR T :

-case ﬁhere would be né needﬂo J.nvoke -a rearrangement of ‘

a [3 2, 1 T rad1ca1 to a [2 2.2, ] ,::adlcal and hence the re-_ .

f.

e

'However, the [3“ 2.1, ] radlcal may J.,ndeed rearrange to the Y

LY a4
j i v . . 3 ."" t;y :lv_.-= PR
\[2.2.2.-].’ ; e l.._.;.n;‘;‘d% ) i because the stabJ,LJ.ty
o - S e ‘

- of the a—bréﬁo-[z 2 z i raalc‘

ﬂ& t@ the 2 ],...'] benzjlic on‘“ b -
g " |g,‘ . S : ; :. N * ‘;;f{:{f ) 'ﬁ( l
T l () g-" e | ’
. N ‘ " L
LA L. .,’,' - Qb.. :
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- sults of thls study ,and that on.Jarv1$ would be in accord._":j"
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b _IJ.QiMATERIALS AND REAGENTS

;" ‘§glggg§§;' chhloromethane was washed WLth concent— §
‘ >

_' 'rated sulfurlc ac1d, saturated sqdlum chlor:.de solut:.on *‘
and water-, dried over calc:.um chl-or:.de -and dlstllled. .
! ' was . stored over moleCular s;gre, 4A. D:Loxane was passed-
: through a- chromatography column (80 é of actlvated alum—

1na for 100 ml of dloxane. ’ o remove . perox1des, and was - \

' then purif:.ed aeé'ordlng to e method of Fleser (40)
) s v

. Dlethylene glycol %1methyl ether (dlglyme) was obta:.ned

E from Matheson Coleman and Bell Co. Ltd and was heated " a&
ks to reflux _over sodlum metal for several hours .and then | \ o
: dlstllled from the sbdium. Tetrahydrofuran (THF) was o
@.

%&stllled from llthlum alum1num hydrlde and used 1mmed1— R
n atelﬁu D:Lmethylsulfoxn.de (DMSO) was stored over calc:Lum
'hydrlde and was dlstllled “from the storage flask as r,e-

o5
qulred. C.hlbrobenzene was washed Wlth concentratted“sul— !

A fur:.c ac:.d and then water, drled over anhydrous .ﬁ‘og;tum \

‘ ‘sulfate, then dlstllled from sodium. . : _'-.‘ 3& - /
" ' . : : . j “ noos o B T ) . ;i_i.“ \ T
RE T Reagents ’.Blue—v:. let fluorescent anthr‘, ,
. . . RS ‘." A )
E ,obtalned from Aldrlch Chem:.cal Company and ‘1

out further pur:.flc'atron. Blphenyl was. rec % ol
h [

tr:.f 1uor1de etherate wa‘s‘o

e

N : . . . -
Lo S Y ",

%a;,inéﬁ from Easg:man K;:ﬂak Co. 3 ,




. . . . : .

A

_ and was dastilled prior 1o use. Acrolein wa! obtained

.from Terochem Laboratori td, and was distilled into a a;'

flask containing a trace of hydroquinone.- 3 3~Dimethyl—

oo

'fbutene was obtained from Aldrich Chemical CO. and was

_distilled before use:’ Chromium trioxide wgs stored over o

.‘phosphorus pentox1de in a vacuum desiccator for~at 1east

J

'_twenty-four hours before ‘use. Pyridine was distilled from

barium oxide and was stored over molecular sieve, 4A."

Uo

tert-Butanol was distilled from sodium. Ethyl chloro—‘

acetate was distilled using a- Vigreux column, after a con-

*VSiderable forerun of low—bOiling contaminants, the pure

J

1ffi compound was collected at 142° (714 Torr) ' n-Butyl 1ith-

”-'ium wassuppliedby Foote Chemicals as-a solution (l 5M

:chloroethylene according to the’ mafpod of Cristol (30)

in n—hexane) R

*

trans-7 8—Dichlorodibenzobicyclo[2 2.2. ]octadiene o

bwas made by ;he reaction of anthracene and trans—l 2 di-““

Ji'PhySical properties (30) and spectra (29) were identical

.gwaSVprepared by the method qf Cristol (27) The phySical

A v 5

V'to those. reported.~ Dibenzobicyclo[ 2 2, ]octatriene, l,;

;%4;;a'properties (if) and nmr spectrum°(29) were identical to. ;‘.

s K
; ..~ ’

P
»

thoseigeported syn-8- Iododibenzobicyclo[3 2 1. ]octa- o _.;:

dlen‘Q yl acetate was made by tﬁe method of Cristol (27)

-

:!‘
as: modified by Lutzer (38) using the Prevost reaction

-

\: ‘of: silver acetate on dibenzobicyclo[z 2 2. 1octatriene, 1.

Phy51cal properties and nmr spectra were identical to vfh_.--~’



oy,

-

those reported (38) Dibenzobicyclo[3 2.1. ]octadien—z-yl

'facetate, 27, was prepared by the Raney xickel and hydro-'

~ *

, t1es "(30) and nmxr: spectrum (29) were 1dent1cal to those

"f - gen reduction of x *B-iodbdahenzobicyclo[3 2.1. ]octadien-
Gy o s a"
2-yl acetate according to the procedure %Lutzer (38)

',Phy51cal properties and nmr spectrum were identical to‘

those reported (38) : The acegkte 27 was reduced w1th

11th1um aluminlum hydride according ‘to the method of

o L .
oz ,~'\ -

”Cristol (417 The spectral properties of the mlxture of'

fexo— and endo—dibenzobxcyclo[@ l ]octadien—z-ols, gg;-

.’U

b'were 1dentica1 to thos'e reported' (28‘? Dibenzobicyclo'-r

_[2 2.2. ]octadiene 1, was made by the reduction of ai- -

K benzobicyclolz 2 2. ]octatriene, i using hydrogen at one

atmosphere with a plat:ynm oxide catalyst, foi;pwrng the‘~f

Ao

_method of Cristol andiHJ“ e (30) Its phy51ca1 proper-.

";reported. Trimethylsulfonium 1od1de was made by the re-

"action of methyl 1odidejand dimethylsulfide according

.to the method of Coreydand Chaykovsky (33)

P

-

CUII. PREPARATION OF SUBET "TES AND AUTHENTIC SAMPLRS ¥ ]

AL

7 Formyld1benz~{f?7'h12 2 2 ]octadiene, g ,in;Thér

aldehyde was prepared\aftér the manner of Murahashfxet“

(26) ' In eacﬁ of a series of Cg.uus tubes wa's »l
piaced anthracene (10 g, 0. 0575 m”””'if ‘gtilled acro—'b'i'y
15%1) ']_'.‘he,_“"

g RS-
lein (4 ml 3 36 g, 0 06 mole) and‘be' )

¢ . . - el

" o i
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-"'C'. . . . f . "'. "

':tubes were-sedled and then heated at 140° for 12 hours.

.rated by rotary evaporation and the residual syrup was L

'

::dlssolved in methanol (250 ml) The unreacted anthracene.‘

rwas removed by flltratlon.: An equal volume of 1ce-cold

"'3~water was added slowly‘&nd Wlth shaklng to the methanolic B

o . .
.i solut1on. When a solld began to appear, the mlxture was

Sleft to stand overnlght ‘at O°' The solld was‘flltered off

';egpand the cake'of cﬁude aldehyde monohydrate was dried 1n

_the vacuum oven at 50° overnlght. The re51due was dls-"":(

"solved in carbon tetrachlorlde and b011ed Wlth actlvated
V_carbon. The solutlon was flltered and the solvent was
y removed by rotary evaporatlon The aldehyde ‘was. re-'
crystalllzed several times from carbon tetrachlorlde and
7'60 - 90° 11gr01ne to yleld 16 3 g (0 20 mole, 30 2%) ‘
mp 95 - 96° (llt._95° (26)), 1r (CCl ) cm: 1; 3025 m,.‘ g
-'f259o m,,271o w, 1725's, 1455 s, 1130 m, 878 m; nmr (onc1 )
T tols (doublet, 1H, cnoi, 2.60 - 3.20 (multlplet, 8H,
| 'aromatlc),'s 32 (doublet) 1H,"l, 31 i 2.5 Hz), 5.68
:"(trlplet, 1H, H4, J4'Cls_é'“' A EEEEETQ
'(multlplet, lH, H7), 7 96 (multlplet, 2H, c1s-H8 and :

’trans H ); méSs spectrum (115° E I.) m[e (relatlve 1n—l,ff'

"7«5tens1ty > 5%). 234 ( 6.4y 4179 (21 178 (100),

£

(. z), 88 4A“
. at 205 (1. 5).

= 2.6 Hz), 7'14f1* =

tg§§§u tur;lly sxgnlflcant peak'mf',



Z._the.procedure of Vogel (42) to yield whlte crystals. mp ’j] o
Anal. Calcd for c18 17N3o. c, 74. 20. H,_Sgss;.ylpl4i4?§ B

- 199, 5 -~ 200°.

?Found. C, 74 SOL,H, 6 08 N, 14 65

7{ Dibenzoblcyclo[3 2 1 ]octadlen~2-one» 8 '= The methodlﬂ?f
‘fof oxldatlon of the'alcohols 28 ﬂhiph was chosen was that ;&.:
T of chromlum trloxlde and pyrld:meé, 1n dichloromethane, "
3 u51ng ar procedure modifled from that of Ratcllffe and "

gRodehorst (43) ‘ Chromium trloxlde (6 0 q‘%O 06. mole) was
J;added to a magnetlcally stlrred solutlon of pyrldlne f:}ffl"gi
.b'(9 29 g, 05L§ mole) 1n dlchloromethane (150 ml) contalned |
. i'ln a. SOO—ml flask.‘ The flask was stoppered w1th a drylng

tube and- the 1n1t1ally yellow, then plum red, solutlon ﬁfgﬂfpVﬁ

was stlrred for 15 mlnutes at room temperature..»ThenA.'"
"solution of the alcohol 28 (2:22 g, 0 Ol mole), dlssolved .Qi p

'fln a small volume of dlchloromethane, was added to the_

7~ A

: w_gxrdatlon medlum in one portlon. A ﬁarry, black dep051t

f,separated 1mmed1ately After belng stmrred for an
< SR
- adqitléna1 I

_»2

'inutes at'room temperature, the solutlon

.‘was decanted cﬂ?the residuednnd thefre51due was washed o

w1th ether (200 ml) The organlc solutlons were comblnedfs

* : L
and washed w1th'5% aqueous sodlum hydroxlde %% X 100 ml), SO

gﬁpinﬁg hydrochlorlc ac1d (ldﬁ ml), 5% aqueous sodlum brcar* o
| bonate (100 ml) and saturated‘sodlum chlorlde solutlon : ';;n .

”__. (100 ml) Qhe organlc layer was drled over anhydrous ;

. e
PR . . o R T s by 4 A - . !
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1

sodlum sulfate. ;After-fiitratidn'bf*thé7drytng'ageht;sf.7T B
—f%f_f4~the—solvents—were~removed—by—rotary—evaporatton—to—y1éld—-—~——

the crude ketone. This mater@al was dlssolved 1n the

?

h mlnlmum amount of 50 50/Ske11y B carbon tetrachlorlde o o

| "*jand placed on a chromatography column (ac1d—washed alum—"“‘

1na, lO'g) Elutlon w1th 75 25/aarbon tetrachlorlda
. e 4. -
_ chloroform gave the ketone.‘ Some re51dual alcohol was o
t
eluted w1th neat chloroform < The ketone fractions were

't

comblned and the solven@s removed by rotary evaporatlon
to yleld 1.95g" (0. 0075 mole, 75%) The ketbne was re—iff
‘crystalllzed tw1ce from 98% ethaﬁol to glve whlte needles-

- wmp 106 - 107° (llt. 115° (27)) The nmr spéctrum was

-nh -

o

'”2-Formy1d1benzob10yclo[3 2 1. ]octadlene, g&fby the

Darhens Glyc1d1c Ester Condenigglon o The me@ﬂgd of j??*”f'”

& Hunt, Chlnn and Johnson was modlfled (44) ' Clean potas-;f§-&;f
A":f'slum (0 .18 g, 0 0046 mole) ‘was: allowed to react w1th L
dry tert-butanol (3 7 ml) The condensatlon was d‘h-w~*wftﬁ";'
7~’ducted 1n Aar 50-ml round—bottomed.three-necked flask con-‘
Atalnlng a; magnettc st1rr1ng bar and to whlch was f1tted-5 i
.i-a thermometer and a pressure—equallzlng dropplng funnel
The top of the funnel /as connected to a system for ex- e
.';pj_' hau!tlng and fllllng w1th nltrogen.f The whole ag : '

was dr1ed and then was added to the flask ethy

3, : R




acetate (o 5 ml, 0. 558 g, 0:0046 mole), dibenzoblcyclo-

[3 2 1 ]octadlen-z-one, 8 (1 g, 0 0046 mole)_and_enough~mfem;—

vf.'o.-

wln
.

Iz

v:. d

.

f_';_1ntroduced to the dropprng funnel and the system was

'solldlflcatlon of the alcohol solvent, ‘a co—solvent of

Af tert—butanol to effect solutlon (ca. 6 ml) To av01d the

c .

~

'; carbon tetrachlorlde was added (6 ml) The solutlon of _.sfv

pOtassaum tert-butoxlde (0 0046 mole) in tert—butanol .was._ -

.

flushed w1th nltrogen three tlmes., The flask was cooled
O

in an 1ce—bath, stirrlng was’ started, and the solutlon of e

tert-but0x1de was added so . as to keep the temperature 5
between 10 —~15° The addition took 10 mlnutes._ The mlx—

ture was stlrred for a further hour at 15°v; tert-Butanol

. was remoi@d by rotary evaporatlon and the re51due,'a .

n by rotary evaporatlon to - leave a pale yelIbw 011 (l 1 g)

r1ng breathlng

X i - .
brown 011 ,was dlssolved 1n ether,, The ether solutlon ,j‘*‘ ;&

was washed w1th water, saturated sodlum chlorlde solutlon -

and then drled ‘over anhydrous sodlum sulfate.. After the‘_;ﬁ

flltratlonwxfthe drylng agent, the solvent was re vﬁd f

The crude glyc1d1c ester was used 1n the subsequent stage.

1

Ir (CCl ) cm 1700 s, unreacted ketone, 1200 m, epox1de

The ester was hydrolyzed and decarboxylated accord—“

1ng to a modlfled method of:Allen and VanAllan (45). The

crude l'-oxasp1ro[2 6 10




‘and containing sodium (0 10 g, 0. 0043 mole) in ethanol -V‘

_( m ).. Water~40rls_ml)mwas_added,_whereupon the sodium R

'“»=sa1t precipitated as' a brown SOlld. The. mixture was

allowed to stand overnight and the brown pre01pltate was -
'flltered ‘and then triturated with carbon tetrachloride

'iThe slurry wasfilteredand washed w1th ethanol (2 ml) and7f3nf

B carb°n tetrachlorlde 6 mL). The. solid was dried under -

h'lfnthe aldehyde‘fﬁimed an 011 on the surface of the ac1d. -

reduced pressure at 60° for twelve hourg
© o an a 100-ml round—bottomed flask fitted with a re-
flux condenser were mlxed water (4 ml) and concentratedf'?
.hydrochloric acid (0 7 ml), and“to thls solution was ,Z*f
-‘ladded the powdered, driedﬁgalt.' The mixture started tonﬁi
“froth, show1ng the evolution of carbon dioxide.’"The_

.flask was heated“on a steam %ath for o 5«hours whereupon
2

...‘fThe flask was cooled and 1ts contents extracted w1th

“benzene (20 ml) The extract was washed w1th water and

<z,
’\: *

' dried over anhydrous sodium sulfate. After flltration

T of the drying agent, the solvent was removed by rotary

'ﬁevaporation to yield an 011 (O 185 g) ’ The 1nfrared v
a’spectrum of this 011 showed carbonyl absorptiong at "‘f- -
1720 cm -1 and 1700 cm’ -1 1nd1cat1ng the presence of both -

_aldehyde and unreacted ketone.v There was also present
':j;an aldehyde C—H stretch absorptf?n'at 2715 cm 1, ‘Glpc yi‘
' analys:Ls of t011 (4 ft x*O 25 fh NPGS) showed that‘

“the ratio of aldehyde to . ketone was 60/40, and so the-

T e R )



| x_avp~yr e '”;yf"f.?ftiift7°?”

.l-yield of aldehyde was 0. 105 g (10%).‘;f

- In an attempt to improve the yield of aldehyde,bsod-
‘ium ethOxide in ethanol was used as the base.{ The pro—~
v‘cedure was théwéame as has been described above. Ethyl
'chloroacetate was used:hiexcess as the co—solvent.ann
the flask were placed ethyl chloroacetate (5 ml, 5‘58 g,

. 0. 046 mole) ketone 8 (l 8'g, 0 008 mole) and ethanol

:(3 ml) : To this was added the product of the reaction of

N sodium’ (0.3 g, 0. 013 mole) and" ethanol (3 ml) The sub— |

'“ﬁlsequent hydrolysis and decarboxylation were repeated as.

'T;described above., There was no aldehyde produced,.the

. 4
ketone was recovered (1 6 g, 0. 0072 mole) , The Darzenso

condensation was repeated using once again pota551um

’_‘tert-butoxlde in tert—butanol as' the base system, buh at’ “l

* . 4; ‘ )E‘ o
a-hlgher temperature}(28°), No aldehyde was produced._yt .

LS .
o J_ MO

r

- 2-Formyld1benzob1cyclo[3 2 l ]octadiene, 5, by

’ Reactlon w1th Dimethylsulfoniummethyli" The method

,;.‘..’

l of Corey and Chaykovsky (33) was exten51vely modified to }“"

o yyield l'-oxasp1ro[2 6 1= 2 dibenzobicyclo[B 2. l ]octa—

f

-

‘diene and the epoxide was thenopenedto g1ve the required
| aldehyde. The apparatus con51sted of a 300*m1 three-'.; |
ﬂvnecked flask fitted w1th a nitrogen inlet and a. drying
tube. The cent;r neck was fitted w1th a Jacketed pres-f

sure-equalizingdroppingfunnel Wthh had the normal neck |

and_ also a further port along51de the usual one. This

- . - . * '-‘»



port was covered with- a ‘serum stopper and a mechanical

_stirrer was’ fitted to the neck throuqh an air-ffight

Zsleeve.. The jacket was filled with carbon-tetr_‘hloride*’
. _and kept at a temperature of =5° by"’ the jud1c1ous addi~ -

'tion of Dry Ice. The dropping funnel was charged w1th

"’fa solution of trimethylsulfonium iodide (2 53 g, 0 012"

fpmole) in dry dimgthylsulfoxide (DMsO) (55 ml) and . dary Y
'tetrghydrofuran (THF) (45 ml).i In the reaction flask

”7:was placed a magnetic st%ﬁging bar and a solution of

\'“'dibenzobicyclo[B 2 1. ]octadien—z—one (1. 76 g, 0. 008

_,mole) 1n dry “THF (50 ml) and.the flask Was kept at —25°

'w1th Dry Ice aud carbon tetradhl”ride.- The whole system

| was then alternately evacuated a?‘ filled w1th dry nitro-
‘gen three times, Using a pre—cooled syringe, n—butyl _
‘. lithium (8 0 ml ofe.1. §M solution in hexane, 0: 012 mole)

‘was added to the dropping funnel over a period of twenty

' '_‘minutes w1th constant stlrring. The ylide was then f

@

'niadded with contlnued mechanical stirring to the solutlon
'.;of the ketone which was magnetically stirred., The -

;‘addition took l hour.' ‘The reactlon mixture was’ stirred

.M"for an . additional 15 minutes at -25°-and was then .

L4

'allowed to warm to room temperature w1th the stirring o
-3

i being contlnued. The reaction was quencafd by the,:

"addition of water (200 ml) and was extracted w1th ~§t7

ether (2 X lDO ml).‘ The organlc layer was washed with '
k »

water. (lO x) tq\remove THF and DMSO and was dried w1th

'\', . ’ 'va '



¢

'_i‘”
-'r‘ '~

4 L e e
S ‘- S SRR 72.
anhydrous sodium sulfate. After filtration of the drying‘
to yield an oil (2 05 g). ir (CCl ) cm k. 1700 (unreacted
ketone), 1255 (epoxide (46)). . o

The crude material was used in the next stage~with-
oubfurtherpurification, a previous work had shown tQat-

o the epoxide was prone, to ring opening to give an, alcohol.

aad There51dua101l was dissolved in ether (60 ml) and to
s

pro s

etherate (10 ml, 11 58 g, 0. 084 mole).. The flask was
fitted w1th a drying tube and the mixture was stirred at

) room temperature for 30 minutes. Water was added with

'.as added aqueous saturated sodium bicarbonate unt11 all

effervescence ceased The organic ‘layer was dried over— 3

-h‘y

night over anhydrops sodium sulfate. After-filtration _*

. of the drying agent, the solvent was removed hy rotary L

; evaporation to yield an’ 011 (2 0. g) Separatign of the 'i

L

- aldehydes from unreacted ketone was, partially achieved

by the dry-column technique (see below). Spectral f; ;

v
\o

L‘ analysis was performed on a: sample collected by glpc

}(z £t 'x 0 25° 1n’NPGS) which was free of ketone 8.

- Ir (CCl ) ‘em T 3080 m, 3015 m, 2950 S, 2880 m, 2710 w, .

'1725 s, 1485 nm, 1470 m, 1455 m, 1170 s, amr (CDCl3)
. ‘vone isomer; T O.lQ‘(douhlet, 1H,. CHO, JCHO 34 f_z.o Ts .

k-2 —

nnel the watér ‘was removed.- To the organicflayer P

}

~f5“MH~“~agent—-the solvents were remeued by—retary—evaporation_-m__i

this solution was added, Wlth stirring, boron trifluorideo .

£ :to destroy the resiiual etherate. In a separa- -ri
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P.!

~ J

. PN @’3 ' o ‘
e :"-',}\"" N
Y

-Wl_wuz),”z so w3, 20 (multiplet, 8H, aromatlc), 6.09 (mnlti-"un o

R

plet, 1H Hl)' 6.21 (multiplet,—ln, H ), 6 52 (multlplet,

v

lH, H T, 7 50 (multlplet, lH, anti—H Y, 7.88 (multlplet, Z-‘

n-H_ ), other. 1somer' T 0 68 (double% lH, —CHO,

‘ -1H, 8
cno n = 3.0 Hz), 2,80 - 3. 20‘(mult1plet,'8H. aromat;c),
‘6. 09 (mpltlplet, 1H, Hl) 6. 21 (multlplep, 1H, es)' 6 52

.
‘?L (multlprt, 1H, H ), 7.50° (multlplet, lH,‘antl-H ) 7 88

A
> (multlplet, lH, syn -Hs), mass spectrum (150°- E. I Y. m/e '

o Trelatlve 1nten51ty > 208) 234 (M,27) , 206 (30),
37(100),x 04 (23), 203 (27) 202 (zm), 178 (25)

- Massnueasurement. Calcd for C17 140 234 1q55 Found.

&

‘234 1039. ' o : ..‘.u, T Ly
:The semlcarbazone derivatlve was made accordlng ﬂb the:
'procedure of Vogel (42) and was recrystalllzed tw1ce

,

from ethanol'wmp- 214 i 216 5°

187173

‘Anal. Calcd for €. H, N0 c, 74 20,, , 5.88; N, 14.42.

}Foundzuc, 74.04; H, 5.97; N, 14, 55.

IR ¢
b : ' -

AChfomafographiC”ééparaﬁion of-24Formy1diEenzobi-

. dlene—z—dne - f

N

(a)’ she most successful column technlque proved
‘i_to be one where a nylon column was used «aldehyde and
'letone mlxture (2 1l g) was dlssolved 1n dlchloromethane

: *,
‘(10 ml) and placed on a 51lica gel column (Woelm :

.cyclo[3 2.1, ]octadlene and leenzoblcyclo[3 2.1. ]octa-'_

Slllca for Dry Columns, 50 g, treated w1th an electronlc;'

[ : e B

-



———y

. hydrous?sedtum'sulfate and, after filtration of. the

AT S 14,
phosphor) The column was developed with. dichloromethane .

i RN

until the solvent front ieached the -base ‘of the)column ) wﬁ

“The bands of aldehyde and ketone were observed under

L L

ﬂultraViolet light and this section of the column was -cut

1nto four sections. The silica gel of each of these cuts

was extracted with ether,'the ether was dr1ed~over am;wg,«

- Lﬁﬁw*~

e

"'ing agent, the solyent was removed by rotary evaporatiﬁp;"

The lowest +two sections yielded a colorless 011 (0 605 g)

) which was shown by thin—layer chromatography to be almost

only aldehyde, and which was shgwn by glpc (se‘qéelow)

to contain 90% aldehyde and 10% ketone and no other com-

&
pounds. Thus the yield of éldehyde was 0 548 g (0 0023
' ‘mole,’ 38%) ': _. . ;r~.; . S '
S N . D .. S iy .

- (b) Gas—liquid Partition Chromatography (gg/;% i
Whilst several liquid phases .were found to be able to 9
‘vseparate the ketone and the aldehyde, the ‘one chosen ;Q"f.ﬁﬁ

Rt
"was neopentyl glycol. succ1nate (NPGS). .. A4 ft x 0.25 .o

',in glass column was . packed with ld@ NPGS on Chromasorb >

P, A/W and was able, w1th a carrier gas flow of 100 ml

= per minute to separate the aldehyde,from the, etone at .

\

':150° ' In this way 1t was found that‘the colorless diBYg

”*isdlated by the nylon column technique was 90% . aldehyde

y and i:i ketone. P Lo hﬁ
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.« . L; - @7-t‘brt-Butoxyd,i‘be_.n.zpb‘i_cy

‘“_“—Thy‘me“thoa“of—aeyerman and‘Bonj' ; he e
L Jof teh:—but¥1 ethers was followed with‘modlflcatiqns “

A - \\ .ml "y

D;benzoblcyclq.lz 2 2 ]octad:.en—'l—ol (0 6- g, AO 0027 %n .
o ‘(38) was disso in d‘mrﬂ,oromethane (25 thl) »and pou; et
e ';into a 2 1.,pr i l S
: -stirrlng ba\r ‘
- Acidlc ‘re31n (2 g4 - Ise
' ::‘Ehe é e 1nto a figsk cgq
; .':'éhloronkthax%?‘ ‘

evaporatlon to ylefd a ’whlte #ol;& (0 5§ g)

B .*'materlal was . dJ.ssoIved 1n Fa ismanl -amount‘ (10 ml) Of

0. 325 g of?the etrrer” ’qg mpae, 43%). ‘rhe ethé‘r was:, g

r Qﬁrgstazll zed‘lﬁ f rom ga-i'bonm %ﬁachlop lde and peut ane . 5 " ’13: ‘7 r 1{

“mp. 144 sgz-a 1<45°'. ~x§r,(c@14)¢ 1! 3080 we 3(120; ’3036 y ”

. ", [N -:
""-m, 2980 s, 2920 m, 1470 m, 1460 m, 139-0 n, 13'78 w, 1365 m, L
1215 s, 1195 s,. 1180 e 117q w,:ﬁ-- 145% 111%, 1095 w,
. L % T L . o . A'_. ’:ai. o u

R L S P

. - . . BN L. . . PR M . ~'m'.~'(‘. N



B P e T T
‘.’1“‘&" X : . - e .';’\ ‘a, e ‘ “vv o o ., 1~
- , , ) ¢ . . ) . S,
I S R 4 .
PRI o . S S T ‘ : -76..' .
. ‘,4 “(“‘ v Lo o e . . t . A N Lo ' T LT, {
: : . Co AT ) - R ST
U . R A S S SR ro oo
» - 3 o I e . . i } N

\ 1050 3, 1025 m, 535 m, 920 w, 870 w, 665 s, 630 W, GJ-O Wr
_‘_‘,\\‘f,,:,._.._'_o_‘_nmr——— (CCL )-— : ;“ h }

3120 (multiplet BH?-arom!ik)~,~5 .-90-_*”_11_
\ 3 (triplet. 1H_, 4 J4 g = 2 6 Hz),'S 92 (g_publet, 1H, “1' A

oL .l
b

3 7,»=!."-3' Hz), 6.11 (doubiet of"doublet’ ‘of aoublet;, m, , -
i o : ‘v ) :“

. “_.'. "r /(
L ',“'H &7 trans-B "‘8 5 Hz,\ 74 éis g = 3 25 l'\\,%l, 3. 0

. Hg), 7. 88"(doublet of doubleé" of- doublet, st

.v,,f*' . : PR _
~Jtrans—8’,cis 8 {2 5 14‘2 "Jtrans 8*7 = 8 5 Hz,. 5ans-8 42 i"

T e ar .
,_# 2. 51 Hz) v 8. 64 (doublet ﬁbf doublet of doul:let 1, Hcm—s'i
t~ ! o ;‘ 7 o ’ ¢ .

o v = F .= g g 5 6, -&. .
'-,ﬁjv_.-i, cis-8 trans 8. 12 5 Hz, Jcis 8; 3."2%5'_ Jc1s-3-4.~ |
N ?"", 2 6 Hz)i 8.91 (s:.ngl“et 91* t Ft—butyﬂ maSs spectrum '

traps- 8 ’ ‘ L !

L3

(115° E.TI. ) m/e (relatlve i.-ntensu:x ? 3. 5%)... 221 (3 8),_-_

\ - zos, (3 59, 203 (6 1, Y79 22), 178 og ﬂass spectrum,

(50¢, NA -E 1) n/e °(re1at~ive.intensigf 19%)% 296 W”” .
,a\.:. ,_". “.& " .

' 18, '.100 . '{’."T-"'?;s b ;};-‘ .'."_'g.'v" T

LI

» s ) '%

o L . ‘\t& .-‘ . .-1 - ’\ :
%° Anal. Calcd for c20H22°' C, \86 28" H, .“97%‘ ‘
e 86 00 H' 7Q5" - v. '_; ;.‘ f.“"" J 3

exo-2-’tertéBu»to;:ydil;ehzoi;’i.‘c&eilo'['?'ﬁ.".“25""1 .]'oc'tadiehe;f- S

3 R
,:'f’»oxyd:.benzoblcycloﬁﬁ.e Hoc

exaCtlY- leemoblcyclotz 'i],.]ocﬂadlenyexo-Z—ol ¢o. 31 ;’ s

“ LT

- __:_‘{,.J.""-"‘;- ’:I'he procedure deta:.led for thé ynthe51s of,?-?“

J.ene was followed

d 0037 mol': ) was reacted w:r.th 1sobutylene (go anl%

. Lo A . A - . *z . [ (lﬁ
R N e S

olé);- to ya.eld "Q after chromatography,

L ,-‘.{whlte $°11d (0 59 g) wHJ.ch was slgvn bY glpc anaIYSls»-\-:;

‘ ;.;F(AI;.\ft x 0 25 in NPGS) to c%i}st of two coxr(pot!nds :m

¥ » . the rat:Lo of 1 3 o The lesser* ~component gave an hmr e R ¢
'=".’ \' - e = . ‘? "' . ‘} ") ' b"“ ) _‘ ,‘: . - .,‘. | ; K :.~¢ o ."
R IR e T, D L AL TR

® . ! Lo Y .'A. .. T .
AR A i "° .-. e L. ol R ‘ " e . ' S e i ,tl
" .‘ * - . " oA D - hd ‘, o . . . - N N ot . N b B wovo
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, AN , L Wty C , AR .
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. . . . S 3 .. : . il R <t
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J. 8 ctrum consistent with 4-(2-methy1propeny1)dlbénzobi—

cyclo[3 2 1 ]octadiene and tﬁe cmajcr #component ‘was the B

. ¥ \

- required ether in 43% yield. Mp 102 5 - 104%. ir (CCI“) -
g ‘. ? - A
.VA‘

- 3]
L, 3090 W, 3040 w, 2990 /s, 2960 m, 2890 3 1490 v,

~,14‘15 m, 1460 m, 1392 m,;1372 m, 1368 m, 1340 w3 1305 Wil

Y

' ;‘1250 W, 1230 w, 1194 s, 1160 w,,1os4 s, 1o4sv‘ 1020 s,

i

. 945 w, 938 w, 920 w, 910 w,! Se 0. s

’ \." K > ‘.,"'

R B zo (multiplet, BH, ardhatiqfh {{fs Jdoublet, 1H, endo— S

R ¢ .
5,.' / | -‘;..
= 2 7 Hz), 6. 54 (multlpiet, lH,' 10,

0 y Hz' J2 1= 2 2 Hz), 6 14 - (brbad tl:r t. 1H, H,

PR 5rant1-8 J5,syn-

_.-,_'7 5‘8 (multiplet, .~2 : f n-H8 and anti-Hs) .,and 8. 58 As;ng-* 'L
* let,.9§l, tert-butylf' ..__,fass spectrum (80°, E I ) nf/e Ty
y5 ,-'“(reiatlve 1nten51ty > 10#) 277 (Mi,jb, 25), 222 (34),
e R — # ‘
RN 221 c;g), 28!?(49), 204 (1ooﬁ£ 203 436),,178 (19). weak '
'but structurally J:ﬁfpertant peak{' t 27&@&,@\5) E ’1 ‘
-; Anal.‘ Calcd’for c20 220 c,.ss 28; B, . 97 Fou fd: c, ER
: 35 . ) .o ... ,' -.‘.’ R »‘.’ b
86 44:, 8. 08 e ‘: R R
N - L [ e P ALV I YT
' ‘* : D b ’ \ T il .""‘f .

2

‘f" endo-z tert—Butoxydlbenzoblcyélo[3~ 2 I ]gcta,dlenep B %

ot - - - . .
'* o ' - b_‘ R ¢' : R ) '.“, e .

s _1_5_ - When the procedure deta:.led for the synthé‘sas of :;: vy

. e ~ ’
f..At‘he ethers *18 and- __5 was d:'ollowed, none ,ofﬁthe requlred

’«ha'. : ’:;.. ’t'. : ) ‘

endo éther #as obtalned xUnder rnore4fordlpg con&:.t ons, f.:—.;;f




N ) Y . - ."f‘ . 5 . o A

. ' te ot P L 2, 1) E f N— " : .
t ' v‘ru,.w ‘ \‘- r.‘ ~
: - X ! . ; . ) : . } o
. Cae s - : Lo : . v s .
g ‘pmassure vessel fitted with a magnetic stirring bar.
L - : 'yu ) »
T _-_-TH"en was added, in quick succession, condensed J.sobutyl-“ —
o s
ene (50 ml, 29 7 g, 0 52 mole) and éoncentrated sulfuric

lacid Fay drop) 'rhe vessel was . sealed and the mixture
| \ "was stirred for 2 days at zroom temperature. After ,thd- -
matography, using the same conditions as before,v a white N

' sblid was obtained in the first 1oo-m1 fraction (0 005 g)-.

""I'here was no solid in subsequent fractions unt the

on uhr'ef .

Ieluting solve twas changed to chloroform, where

,t

4'g) was. reCOVered. Glpc analysis of '

a o
e the first fraction showed that, the ether had formed but '
A wds contam:mated by what appeareds; to be pol 3
_ L F
_ butylﬁne. E The reqﬁired ether was' collected by prep#ative
R, . v :?,.»Q
“f 9}P° (2 ft x 0 25“J.n NPGS) to yi@ld a "gte SOlld. mp ~ L E

197 9905°; -yield <la; mmr (CDC13)& T2, Gﬁ-’% ER 20 (m%kl-"’“f:

, ‘ plet, BH, aromatic) ,A 5. 10 ‘Ldoublﬁ 1H, exo HZ" J2 i % |
“"'ﬁ 8“5 H@, 6 14 (mult:l.plet, lH, H ), 6. 55) (mu‘ltrplfqv 1H H ),
L T 54Jmult1plet, ‘ZH, _y_-—H : and a%i'fti-l{‘@q a’ﬁdnfs 48 (sxngl%.
_ 9H,‘ tert-butyl). SR R ' .
’f"v Mass Mea’surement ) ‘Calcd for Conzzo 2%8 1671 Found-" "
LR 16“ e
e e AR "' S ey ' ;_b RS

7~Methyld1benzob1cyclol2..2 2 ]octadiene, 19 - The‘ R

' reduction of the aldehyde 4 w’as employed in “u-o
_ong.ation. The aldehyde 4 ZO S-g,, 0 0031 moJ.e) —

olved .1n.98% ethanql flo ml) zinc amaigam gﬁ g) s i
=was prepar‘ed@y the m&'hoa VOgel 1‘48) In a J:O'O-ml ‘ 0 ’ ;‘f;
. R e ¥ W } ’W v e ::,
'” Ty . ‘b‘ S e e *: ' TR SRR
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3~?~—~~wofmthe aldgﬁ;de and conqentrated hydroq!ibrlc acid :L.Jv-*fﬁﬁii

) jsolvent was removedaby ‘rotary evaporatlo to YlEId a

5v80#(tr1plet, lH,1H4, J4 CIS_BJ Jﬁ'trans 8, n.? 3 HZ)i-f%i" a

e . -
! ﬁf‘ o . R ’

flask were placed the amalgam, the ethagq‘ic solution -;W&,’- d&

(15 ml)., The mixture was heated yader reflux fé& 36 ‘*.~l°7§
hours, then cooied and extracted w1th ether (3l ml in’ f-ig‘..
thré@ extractions) zThe ethereal solution was washed R T
w1th saturated sqgium bicarbonate §blutlon, saturated

sodlum chlorlde solutlon and then drled over anhydrous .

sodlum sulfate.: After the drylng agent was f;ltered, the,f‘*ﬁ'

"

yellow 011 (0 33 g; 0 0015‘$ole) ' The 011 was taken up - ‘"%Jf

. . p . o
“in. the mlnlmum amount&of 70: 30/pentane carbon tetra— -
chlorlde and this - solutlon was placed on a dry colwmn '

(WOelm NEutral Aﬁ%ﬁlna, 7 g) The hydrocarbon was eluted 7k;a‘

.

‘ W1th more of the sameksolvent ' The ﬁlrst fractlon ylelded

whﬁpe cyrstals (0 29«g,\0 0013 mole,*ﬁB%),’the second
fractlon cdﬁkalned nqgfurth‘! product.v A portlon of the -

T mater1a1 was recry’stalllzed from 1ce—col& pentane to glve

| chunky érystals- mp 91 .= 92° (11t 89, - 92*‘(37)) e=r

ir'arad spectrum was in accord w;th that reported°(37)

(CDCl ) 'T ‘2. gﬁb §920 (multlplet, 8H ’Qromatlc),- e

-

. 6. 06 (doublet, 1n, 10 Iy 9.5 1. 3¢a23 —8 00 (multlplet,-

1, 7

23,'H7 and Htrans 8L 8 96 (doublet of doubrets, lH"'f_a i

CIS~8' cis—8 trans-8 _ 7. 5 Hz, Jéis-8 4 2 2 Hz)'“

9 26 (doublet, 3H, methyl),_égss spectrum (70°, B.; ) jg s

H

m/e grelatlve 1ntensity > ss) 2Q, ", 5), 179 (lso,
R , i ; ) ; : A
"&' “" B S “*Jh A AN SV SR

[
ALY Yo
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: PR ) A . AR . . LN . . . “ : N :

SRR ;. T S & . e
- . N . e,

: Y o ! - et
~A——Aw»m118 (lOO), weak but structur ly important peak at 205~f T
E . ld, E A o~ s

\ (1 5) ' f : R S
Anal Calcd for C17H16 c, 92.68; _'H‘,V‘7;3,2.-Foun-d: c, 92.97;

SER '7—tert—Butyldibenzobicyclo[2 2.2. ]octadlene, gg , =

each oft5wo Carlus tubes was placed anthracene (10 g,
oy
A 0 0575 mole), dlstilled 3 3—d1methy1butene (8 g, 0. 095

mole) and toluene (15 ml) ' The tubes were sealed and then .

.
lj,ﬁ“eated at 195° for 72 hours. After belng cooled and‘open—.
N *5k* to ' : .
o J ed, the tubes were emptled 1nto a SOOgml flask and
LA crushed ma1e1Cyanhydr1de (25¢ g, 0 .26 mole) w1tn tolﬁdne» 'J,v"e

g
(30 ml) was added._ The contents of the flask were heated

under reflux for 4 hours 1n order«to nemove theaenreacted BRI

anthracene as the maleic anhydride adduct.“ The solutlon

was booled and extracted wlth a total of 2 l. of satur-",f;{' s

-,4-

ated sodlum blcarbonate/solutLOn. The organic layer was

) " f. washed tw1ce thh saturated sodium. chlorlde solutlon and |
'*f,a.i;v then drled over anhydrous sodiuﬂ#sulfate.; Aft;r flltra— f;*’7’7
tion of the drylngJagent, thé/solvent was completely re-; %'igg

- -'1'f moved by rotary evaporatlon and the brown regldue'Wa%

~f’ dlssolved in" 90 lo/pentane carb%? tetrachlorlde 45& ml) e
f_ydk ‘ The solutlon was placed on‘a dry column (ac1d-washed | 1‘:”—lii
o alumzna, 2oq g) and ‘the hydrocfh'”n was eluted with ;gJT‘WGi;i

90 lO/pentane carbon tetrachlorlde.‘ The farst four '%;W B
fraotions of 100 ml contained O 12535 1*12 g,.l 45*g and >




s [ Sl -U;».“_‘:,“ R SR SR - '.,‘..'.'._”

B NP ™ 0 SR ,i;‘a'j?'“ﬁg’~nffg oy Rty
el T e e e 3 81.' N
. A . ey . . R o . &
AR L
- !"‘-; . . . : 1‘ .
'-5, 0. 025 g, respectively, of'material Nmr analysxs showed ER

—t—"“—“"‘“the—first“aha“tﬁé"tast fractipn tﬁ‘Ee 1dentical 8o all
‘ the fractlons were cowbined (l 72 g - 0 0059 mole, 5. 15%,

~

-'based on anthracene).g The hydrocarbon was recrystalllzed

A
&

G om
Y

. from pentaneﬁ mp 76 - 76 59- i& (CC14) bm 1 3080 w,'vffal

,‘_.
1,2_,

- %050 wl'3o3o m, 2970 s 2910 m,“Bsso m, 1485 w, 147015{']'

B

f1460 m, 1395 W, 1365 m, 1290 w, 1210 w, 1190 w, 1170LQ;'~ |
1142 w;\1115 w, 1050 w, 1025 w, 990 w, 630 m, séo w,,“ o
nmr (CCl ). x 2 70 - 3 30 (multiplet, 8H, aromatlc), S 73
'(doublet lH,lH' b3 L77‘_ 3. o nz),,s 87. (trlplet,le, 4

e J, 2.5 Hz), 8.32 (multlplet, 3H,.,‘,'

‘ 4=trans—8 4 cis—8

y ‘-_Htrans—S' c1s-8' 'H ), 9&34 (51nglet, 9H, tert-butyl),

. massspectrdm(115° E«I ) m/e (relatlve 1ntensxty>-10%)

f.179 (16), 178 (100), weak bét strg§tura11y smgnlflcant Fﬁﬁf"

‘peaks at 262 (M,_l 4) and 205 (1 Q) EARE

Anala Calad for Conzz. C 91 54 H, 8 46 Found C,

o

oL 6$ H, 8. 45‘

L Sy
"1 o '; IR ,' e )

'\‘ - - ,.\ . i Y . s Tl

}ij{ﬂdfi” r7 Carboxyd1benzob1cyclo12 2 2 ]o&%adléﬁe 21

k>

PR -proced & of~Campa1gne waquodlfleé' Agﬁ Sllver 1traﬁe
SR “§ _ ‘P

E i ORI

(l 35 g, 0 0079 mole) iésolved in water (3 ml) and fl

the 301ut10n Was the% addq& tovaieﬁﬁutlon of sodlum hyd- SRS

o

L ,:,_'.;016 mole) 1n,wate!" (:{'_?ml) w:.th stJ.,r- % R

ZfThe brown suspen51on wa§“b%g}ed 1n 1ce and to 1t
E 5

-g,f,'@aE'added a. solutlonwgi 7-formgralbenzbb;cyclo[2.2 2 ]-“

;_{#,

o as ‘ 2y : ¥
' »«*’” dc‘tadlerre,:%, (1 0 g,» 0 0@%mﬁle) :m ether (5 ] S

€.,$7 L % B ?, La - Pl . ‘, ) ﬂ , . S :
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%tirring ' The mixture turned black with the formation of

metallic silver.wuﬁtirring was continued for Ilﬂ."inutes~*df—~~

.dwas filtered by vacuummfiltration and the | residue was

vashed copiously with ether.. The ethereal solution was
_5 o L

"extracted twice w1th saturated sodium bicarbonate solp-

o

tion and the ac1d was recovered by addition of hydrochloric

’fjac1d, followed’py filtration.A The acid‘was recrgstallized

\’ V Te

" from carbon tetrachloride and 0 86 g (0 0035 mole, 81%)

" 2660 €, 2710 m,.1700 s, 1515 m,

"'of the white crystals was obtaihed, mp 186 - 186 5° (11t. R

' 186 - 187° (50)), ir (CCl4Q gm

il
xﬂﬁq4 trans 8
Lh!umultlplet, 2H, cis—H and trans~He),

3000 s broad,

‘nmr (cc1 )_ T -1 04 (SLnglet, lH, ¢

i37 2 zs Hz), 5. 67 (trlplet, 1H’

= 3 0- Hz), 7&&3 (multlplet, IH

8

'-b"

}(95°‘ E. I 3 m/e (re1a7fve\1nten51ty > 10%

o ‘v3179 (187, 178 e | ) _,ig. _
g R oo S

e “”."~ B o =

e f | Dibeﬁ&dbicyolo[3 2. l ]octadiene 2,- A m;xture of -

L i 'ﬂ, B

:}j;jf Aaxo- ;ﬁa enéo%45chlorod1benzobicyclo[3¢2;l ]octadiene

n L ‘ 2 .

L B .¢%0 S‘gf 0‘002-'mole) wa; dissoHved in gther (7 ml)

.:~ B ‘---;.u:&l"-t
”, 'i 5 §"'1° %212_ mole) w’ dissolved in l:.quid S
R .~, e AT - '.‘-_ S - R
o B o R f-. [ .
fgaﬂ R . T L o e n
e B PRV e e Y S o
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I ) ammonia (30 ml) cooled :Ln -an- acetone/Dry Ice bath to Lo o
',—60° ‘The chloride solutlon was added slowly to the blue
".solut:Lon. : After the adchtlon was complete, the solutn.on

‘-".was kept cold for 5 ma.nutes and the solut:.on was then ;»

.allowed to warm up to room temperature. 'l:he ethereal

.

_‘solut1on was then washed wlth water and di:led over an- A

“ "“hydrous sodlum sulfate..: After filtratlon of the drylng _f .
. ,agent, the solvent was removed by rotary&aporatlon to o
"1eave a pale yellow 011 (0. 28 g, 0. 0014 mole, 66%) '

;Vportlon of thlS 011 (0 14 g) was dlssolVed in the mJ.nJ.mum .
amount of 80 20/pentane oarbon tetrachlor:.de and sub

".‘,‘lb ’ ) B :?Y‘ ..
S gected to chromatography .':gn ac:.d-washed alum:.na &7 g)

uslng the same solvent as el""‘ t. The flrst two fractlons

o g. of a. waxy ‘SOlld, v

) @f 75 m‘l y:glded a total E

@‘ mp 35 —-36 5° (fz.t. . 6 - 37° (27)) The nmr spectrum E
was *1dent1cal to thpt repﬁed for dlbenzoblcyclo[3 2. 1 ]-‘ |
octadlene (28) ‘ ' L e e

Thlsfpom_pound was also formed as the hydrolys:.s

,prodwc of the attemp;;ed réactlon of formaldehyde w1t \

the Grlgnard reagent of“4 cﬁlorod:.benzob: cyclo[3 2.1. ]— ~ L

- octadlene. R -

AR Iden»trficatlon of Products for %hlch Authent:.c ¢

o Samples were not Ava,llable - 4 Methyldrbenzoblcyclo-‘ '. e (.\
o / [3 2 l ]octadlene 13 - ThlS m"inor produq‘t’: waﬂ’collectedf . o V
B by preparative glpc (see belov!) : its stereochemlstrg z
e i RS e NI, SR N a;_ S N 1
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”was not establlshedr“—mp' 41—-_43 5 - Suffic1ent material

'e:wasobtainedfor a mass- spectralxanaly51s. m/e (70° E I.,t'

relative: 1nten51ty 5 208): 220 (M, 7900 219 (29),»206 (245
205. (100), 204 125) , 178 (30). o

Mass Measurement.‘, Calcd for C17 16' 220. 1252 : Foﬁnd:;.
'320.1252. - ¢ | | o
. cv - h * m' ) N . ;.“’:. l'rf":'.
SRR g N R .
i ;eko—4—tert—Butyldlbenzobicyclo[3 2 1. ]octadiene,lz,,.

ThlS product was\kollected by preparatlve glpc and analy-’f \\;
§oe zed’by nmrf ir and’ mass. spectrometry. Nmr (CDCl ) Tef o
' ﬁ" N .. v,
2. 60-- 3.20 (multlplet, 8H, aromatlc), 6. 15 (doublet, lH,

= 4.5 Hz), 6.32 (doublet, 1H, Hs, Js ant1—8 =

1' J1 ant1-8- & N

o

' 7.48 (doublet,_lH,‘H 8' syp—B ant1-8 f'll 5 Hz), 7.78

' ;(multlplet..lﬂ, Hantl_ ),‘8 80 (51nglet, 9H, tert—butyl),fi
ii {ec1,) emt: 3080 w, 3015 w} 2960 °s, 2910 m, 2890 m,,""-if

1480 m,‘1470 w, 1460 W, 1395 ‘1365 m, 1285,

' ’.‘. '9
. 1205 w, 910 w,_860 S 634 w;i. mass spectrum ek v ,
T (relatlve 1nten51%y > 10%) 262 . 206\(37)}3wff
:{ L (100), 204 (11), 203 (12). 178 ( ’77‘4_77?5°-

Anal Calcd for C26H22 G 91. 54 H, 8.__g‘Eound: c,

..'_‘ .l.‘ '\ . :>/:..‘ ..
o e T T T
: 'eﬁdo—4 tert—ButyldlbenZOblcyclo[3 2 1 ]octadlene 16
—_— _ | a.

}; {The hydrocarbon was\llected by glpc,- mp.._73 - 75° N'mr' .

o S B S ST S SRR - BRI
" . . . B . N . . <
o . . R . . .
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. m/e-(relatlve 1nten31tyﬁg-10%)- 206 (22), 205 (nﬂﬂf-n_04‘~_g

Ql‘solution of t

.
X - S ) ‘ [ . e . . . . . ; . o
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(CDCl ): (1ncomplete) T 2 65 - 3 15 (multlplet, aromatlcl,

8 98:fsinglet, tert-butyl), ‘mass specgyum (135°; E I. )
Pl
H‘mye (relatlve 1ntensity > lO%) 265‘4M,.l0), 206 TZQLL§ :
_zos (100), 178 (20) o .-f_“/"-

'\ b13y4 (leenzoblcyclo[3 2 1 ]octadzene),l? - The 'e

dlmerQWas collected by preparatlve glpc : Three col-"jil

~Qectlonrr4!%3ébtlon—recollectlon cycles were.. requlred to.f-
o free the comﬁ%und from 7= formyldlbenzobrgyclo[z 2 2 ]—

’octad1ene,4 wh1ch was the compound elﬁted soon after_ e

......

the dlmer,,mp. 41 - 43 57 '*Mass spectramf“(150° EsI.) ':iicd

i

(12), 1203 6;3), 191 (14), 178 (11), weak but st»“

N 51gn1flcant peak at 410 (3 8)., : v
: MassAMeasurement. Calcd for C32H26 410;2036; Found;ﬁ;f

‘ III. “'ROCEDURE FOR_REACTIONS - ‘_;'- 1'prc lap;l'*jﬁlﬁ?:“'
'_ : Reacthg ampoules were- made of thlck-walled Pgrqxi_
tubes j01ned to 10/30 301nts, the total volume of eacH iij':
tube belng about 3 fl. The ampoules were cleaned w1th .

chromlc ac1d dlstllled water, concentrated ammonla and
: : .:Px“.}.
finally dlstllled water and were éﬂen oven—drled,at 110°

In subdued llght, a wgighed amount of the aldehyde wa‘
oul CEae

measured 1ntogthe ampoule, followed by an al;quotdof‘a j
e 1nitiatﬁr in chlorobenzene (l ml of a \X"

. ~ B . . LN . o . L iame
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AR ] . R h | . ., v “‘
’“fT;;“ w-~solutaon containing‘tert-butylpg%pivalate“(0*663 g, 0”0041*“‘“—
R ﬁw

‘ y'mole) in chlorobenzene (25 ml) i.e. 1 nu(of a 1.52 M o 3

5 o1
Y

”Fsolutlon) The ampoules were then degassed by tbree'

C Ty T
e -cycles of freeze—thaw at ca. 10 -5 mm;' After degass;ng,---"-

';}73‘--d;the ampoules were sealed under vacuum, alloWed to warm,'

’/ - Lo T oy

,iv?_"y'shaken to ensure dlssolutlon of the aldehyde, shea hed
X . . n 0. ' g
,‘n'ugre cages and then placed 1n an 01lﬂbath wh1ch Was ' _
o A i

hel&,to a. onstant temperature of 84° (125° in the case “\

73f-' of the hlgh—temperature reactlons) The reactlons were””

“ ., ‘ ‘A.‘-.
. . e ”J",' E

' __~‘,w débmed completé\ziter\S hours (tk/}gztlator =~45»m1nutes i
e g RS

%: g% 84° (38)) After this tlme, the ampoules were cooled

“;"é?'7Y?K and opened Immediately, an- allquot of -a. solu- _7

s

tJ.on of blphenyl in chlorobenzene ( 1 ml of a% 032 M solu—'

' r*ture Was then analyzed by glpcejs descrlbed below.
| "1In ggder to. ascertaln whéther th prbducts of the _
°~'i | reactlons wEre Stable under the condltﬁons of the re-‘

agglons, authéntic mlxtures, where avallable, were heated

| w1th tert—butyl perplvalate 1n chlorobenzene and were _ f,_wghh

“ b v\

analyzed 1n thé same way as were the reactlon mlxtures.

LY

Co




N 1nstrument a hewlett Packard H 3& Mo {d 02“ was x‘;.sede : é\
-’Mqthroughout _ It was fltted w1th a Split\ang dev1ce 1n'thef |
A | column outlet whlch enabled collecthns to. be made under S
:; *‘:the saﬂe condltlons as ;ere employed 1n.the analyses.n B
'gThe system'yas ofztxe all—giass type w1th on—column 1n—gtﬁﬁ‘,
‘ff‘ﬁjectlon. Detectlonlwas by mea;s‘of ;aflameL1Onlzat;onﬂ |

ShaC ‘74. Gas—nguldeartltlon ChrOmatogr'

s - - Y .
- [
- . . 87‘0‘
° ] o7 . -t
. . ! A . .o »
A oL
o e emmios SR e o g P — - o

ensure that they had not been transformed 1nto a true re-

actlon product Both compounds were sta'
. ( ; S
'dltlons of reactlon and analysm.s and ther‘i—‘rc were not L

reactlon products .. 7--Formy1d1benzoblcyclo [2 Z‘Iocta- :

N

place on the column and that only one compound was

o

represented by the orlglnal peak.
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R ANALYSIS OF 'REACTANTS 'AND PRODUCTS
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vdlene was foundvto decompose under the condltlons tﬁ? ij*-
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'“WHEt‘étoff"Tﬁéﬁééffiefmghé*W&éfhéiiﬁﬁf"ﬁéIﬁEAiﬁeafét‘57"“””‘

'Ff con'tant flow rate of 100 gﬁzminute. Three all-glass )

§.were used.,-h.‘3 A *” '»'1% ‘

'~_é),ﬂ 4 ft by 0. Zﬁvin NeoPentyl Glycol Succlnate (NPGS), -
- 10% Chromosorb Py A/W,_GO/BO mesh |

w2 £t by 0.25 4n ﬂpcs 10w, Chromosorb P, A/w,'

. S 60/80 mesh L :_ i-
—- . N G ' . . .. 0 N '.?

e 8 it m}' 0: é'ém SE-30, 5%. Chromosorb W, A/Wr Lo
S . = RS o
SR 60/80 mesh ' 5-l§» A .v. - 4;ﬁ

A

The Eirst of these columns Was capable of separat—

v
‘,

%-( ;' 1ng blphenyrl dlbenzobicyclolz 2 2 ]od%adlene,al, di— ‘J
benzoblcyclo[3 2.1. JOCtad1ene,7, 7-methyld1benzob1¢yclo- v
2. 2.2. ]octadlene,lQ, 4-methyld1benzob1cyclo[3 2.1.0= -~

i N

octad1ene,l3, anthracenq, 7- tert—butyldlbenzob1cyclo-‘

Y

[2 2 2 ]octad;ene,zo,_and exo-4 tert—butylglbenzoblcyclo—‘"'

[3 2 l ]octadieneblz though not all of these compq@ ds

';jﬂ were found in the redbtlon*mlxtures.' The second co¥emn e .
o R & TR
. could separate blphenyl, exo-4 tert—butyﬂdmbeﬁéob1cyclo-e "

'f§ ':. [3f2 1 ]octadlene,lz, endo~4 tert-butyldlbenzoblcyCIOw5‘;_'m

[3 2 l ]6ctad1ene,16 7 tert—butoxydlbenzoblcyclo[2 2. 2 ]-

"' octadlene, 18,‘eko—2 tert-butoxyd;benzoblcycl?[3 2 1 ]-

7ffﬁt ”‘octadleﬂe,li“ endo—2 tert—butoxyd1benzoblcyclo[3’2 1 ]— L
R IS . ’- »

L6

LA ’ﬁ;‘ A 3 kVi.-ff
- * et P : 4
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all of these compounds were found in .the reaction mix-

tures; This column was also able to separate dibenzo—

bicyclo[3.2.1. Joctadien-2-one ;from 2bformyldibenzobicy9104

1 .o
‘[3.2 1. ]octadiene. .

R An&lyses were carried out in triplicate.' Peak

"

areas were.measured eitherdbp multiplying peak height by

peak width at one-half peak‘hegabt, or by a planimeter if.

the gpak did not resemble a Gayssian curve.~-The area ,
.‘ratio of the product to added biphenyl as a standard was
used to calcqlate the concentration of the product pre-
sent by\ngtiplying the area ratio with known amount of .
biphenyl. The area ratio was: corrected by a’ calibration :

: ¢
factor which was obtained by codbaring the area ratio

- with the mole’ ratio of accurately prepared solutions of

()
‘the two hydrocarbons 7 and 11 and the aldehyde 4 and

biphenyl in chlorobenzene. . Retention time comparison and

a

\ %eak enhancement were obtained by the addition of authen-‘

* e

X tio material to a portion of the sample and ré-analySis

by glpc. At least two columns were used in the compari=-

-

'_ sons of the retention times.

-

~

/- - sEectral\Measurementsw Infrared (1r) spectra were -

. recorded on a Berkin—Elmer -Model 421 Recording Infrared
iSpectrophotometer. Nuclear magnetic resonance (nmr) pro-
ton spectra were obtained on a Varian Associates A—60
1ni§rument, or, where sample size dictated, on a Varian

® . . .
. : [}

. -
- -
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Associates HR-100 1nstrumept fitted withrFourier Trahs-

'form capabil}ty. . Chemical shifts are expressed in 1
‘units and are ‘relative to tetremethylsilaﬁe grﬁs; T =

'lO;OQ)f‘ruess spectra werefbbtained on-haniE.I. Modei

M.S. 12. Masa.measurement,was performed on an A.E.I.”

-

N B

A

Microanaylses. : Mﬂéroanalyses were performej;jz

the micr:éhalytical laboratory, Chemistry Departmén A

University of Alberta, Edmonton. N $ ‘
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