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This work was undertaken to seo if direet participation, in
solvolysis raactions, of a 8-y double bond could be observed in the
bioyslo[2.2.2) octene system. Such a phenomenon had previcusly been
observed in the bicyclo[2.2.1] heptese system by Winstein, who used the
difference in rates of solvelysis of fsomeric tosylates and halides as
a measure of double bond participation. The aim of the prescut work
was the preparation and scetolysis of the isomeric S-hydroxybicyelo -
[2.2.2]0ct-2-ene tosylates. Participation of the double bond in this
system was investigated by means of kinetic measurements of the

acatolysis and analysis of the products.

The anthoy wishes to thaak Dr. B. B. Fraser for his direcction
of this work, and to express to the National Hesearch Council his

appreciation of the grant which supperted it.
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Vi

The synthesis of the previously unknows exo-O-hydroxybicyelo
[2.2.21act~2-0ne is doscribed, and its behaviour under solvolysis in
scetlc acid is reported. The end produst of the asetolysis is une
rearvanged and the rate is the fastost yet monsured in the bieyele
[2.2.2)octane series. This result supports the theory of homoullylic

regonance in the lntermediate transition stato for the solvolysis

raaction.

The constyuction of a preparative-scale vapour-phase

chromatograph is deseribed.




| 'the st.abuzaanan of 8 camniam iau by a /3 2{ daubln bnnd
was iirst tmed by Ninsteln ia the eaursa of an inwesugatiou into _x )
?‘,v;;‘she cholesteryl and eholostanyl systems in 1948 (l. 2). !Jnder cert.ain

C f:eondulous the solvolysaa of ekalnsteryl tmsylata msulted in n com

. Iponnd. the so-aalled i-ether. poasessing a ayelopmpyl ring._ The

B solvolyais of chalesteryl tosylate procecded at a rate oe rmsﬂrad |
ums that of thc ssturated eholestanyl msyia:e. and this accels

| } eratian uaa zgcribed to the driviag force, or lowaring of AF* }
B : preduwd by the paﬂlcipation of the donble bond. The name “homo- %

 allylic resonance” was suggested as & description of the phencusnon.

- Subsequent work by Winsteln (3) on the norbormyl systes

L ,i'n'tradnced' other exsmples of homoallylic resonance. The solwlyais

of exo morbo:neayl tosylate I in oostic acid takes place at a rate
w!uo& is three !mndrsd times that of cyelohexyl tosylate. The mafn |
‘pmduet of scetolysis has the tricyclic structure Ila. Both of these
fasts polnt o a participation of the double band during the reastion.
m'usfein points out that the rate difference between exo morbormenyl

" tosylate I and its endo isomer III is am more exact measure of tha

' driving foree contributed by the double bood participation. Although

thg-.'-ém homoallylic fen 3s ultimately formed from both isomers, only
in the exo isomer can the double bond participate during the forwation
. of the fon. Thi3 assistanec is measured by the fact that I acetolyses
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seven thousand times as quickly as IiI.

The rates quoted for tho saturated aorbornyl tosylates
(Table [} show that ordinavy carben participetion speeds the solvolysis
of the exo isomer, hut hy a factor of only 300 as commared with the

sndo fsomer.

Zoberts (4) found that exn aorbornenyl! echloride solvolysed in
U0 aqueous ethanol at a rate wiich waa ten times shat of cyclopentyl
chloride under the same coaditions. The product of solvolysis was the
tricyclic alcohol 1Ib. The ratio of the rate of solvolysis of exo
norboraenyl chloride to that of endo morbornenyl chloride was 156.
These figures do nol show sueh a notabie exo/ende ratic as do ®instein's
figures describing the rate of acetolysis of the eorresponding

tosylates, but there 1s a general agreement.

Early in 1954, Wiastein and Simonetta 5) supported'these

ohservations with a set of LCAQ oalculaiions which indicated that, in

the case of a simple linesr homoallyl eatiom, the electron delocalization
energy produced by & movement of the fonic centre tewards the double bond
excoeded the strain energy required to permit such a movement. In this
simple system it was shown that a aet gain of & o 7 kiloealories per
mole was to be expected when the normal interatomie distance botween the
incipient carbonlum lop and the aeigibouring donble bosd had boen reduced
froo 2.53 to ahout 23. Caleulations [or the wore rigid norbornmenyl ion

wore not atcompiad.
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In 1936 vinstein (6) showed that the rate of acatolysis of
anti-7-norbornenyl tosylate IV was 10u times that for T-norbornyl
tosylate ¥V, and later (7) that the rates were greatly affected by the
position of the double hond, as shown in Table L1, Thess results

provide strony evidence for participation of the double bond with

roaction at the carbon aten 7.

Seanwhile, a review by toland (3) suggested that the failure
of G-nitronorbornens Via to undergo the Nef reaction (3, 10, 11) was
due to a homoallylic stabilization of the ionie intersediate Vib, since
the reaction occurs normally with Senitromorbornane (11). Nelasd (12)
was subsequently able to show that although the classical Nef reactian
did not occur in the norboranene csse, yot a rsaction did proceed, with
participation of the double bond to form a nortricyclic intermediate

Vie and consequeat opening of the 4,5 bond to give a rearranged product
vid,

1t may now be seen that the concept of homoallylic resonance
sorves to explain several rsactions in tie norbornyl and norbornesnyl
systoms. Hany of the resctiuns desecribed above have been carried out
in the 2.2.2 -syszem; for example, the fact that the Nef reaction
proceeds normally ia the emse of S-nitro-bicyclo[2.2.2)oct-2-ane (12),
giving an unrearranged bieyclo[2.2,2)ost-2-ene<S-one, was interprated
as evidense against double bond participation in this system. alse,

the oarlier failure of Wildman and Saunders (13) to obtain a trieyclic

e d T
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derlvative on deamination of 5-am1no~bicyelo[2.2.2 act-2-ene was quoted
(12) as evidense against tho participation of the double bond in this
reaction. llewover, Grod (14) woes able to shiow that the amine prepared
by those workers was the endo isewer, 50 that participation of the

saturated bridge was rather to be expected,

Goaring (15) has studied the acetolysis of the tosylate VIId
of endo=3-hydrosybicyeln[2.2,2 lect-2=ene Vila, The rate of solvolysis
is 300 times thai of cyclohesyl tosylate, and cthe product is rearrsnged
to exo~ (axialJ-bicyelo[3.2.1)oct-3~0n-2-0l, iirect participation of
the double bond is ualikely, sinee the geomelry would seem to aliow
participation of ouly the saturxated bxidga. Participation of this type

appears te lsad te rearramgewent to a 3.2.1 skeleton.

Grob (16) showed, in 1953, that broumination of blecycle
[?.2.2}09&3-2.5—d1ene resulted in a micture of two dibromides, one of
whieh, trieycla[2.2.2.o]octanevs.s-dibrumide. had a cyelopropjl ring
which indicates double bond participation during the addition resection.
The other dibromide, trans-5,6-dibromobicyole [2,2.2]oct-2-ene (VIIE)
solvolysed in 80% aqueous eothawol at 25°C, to give s rate constant of
2.2 x 10’5 sc@'l. This is 143 times as fast as eyolopentyl bromide,
and over 70 times as fast as exo norborneuyl bromide when solvolysed
under the sanme coﬁultions;' The soivolysis product is rearranged to
4~hgdroxy-8-brnmo-blcyelo[?.E.I]oct-z-ene. Some considerable driving

force, agaln provided by participation of the saturated bridge, is
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Figure 3

OR

(@) R=H
(b) R=Ts
(c) R=Ac
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svident in this solvelysis.

Some censideration of the saturated 2.2.2 -compounds helps
to iaterpret the behavieur of the bicyclooetenes. Walborsky (17) had
concluded that no nmon-classical ien was formed in the resctions of
tho hicyclo[2.2.2)ostanes, since the products of the solvolysis of
the tosylate and of the deamination of the asime wore unrearranged.

e suggestad that the angular strain of the 2.2.1 -system played a
significant part in the formation of nom-glassiecal iehs and, hence,
that such ions wers uot to be expected in the rclatively strain-free
bicyclo[2.2.2}octane system. He-examination of this work in 1961 €18)
showed that the alcolivlsy obtained as products of the hydrolysis of

the tosylate of bicyolo[?.z.z]oetanol in aqueons acetone contained 45%
of bicycloﬁ?.z.l]octanol and 35% of unrearranged bicyclo[2.2.2}octanol.
fhese resmalts were interpreted as evidence for the existonce of the

non-classical iutermediate iII during the hydrolysis.

Goering's measuvement of the rate of acetolysis of the

tosylate Viib {19 showed & rate ascelorated to 393 times that of

cyclohoxyl tosylate. Now, although the rate of acetolysis of the
satarated togylate 1.b is enhanced by participation of the sams carbon
atom that acceleraies the acetolysis of Viib, the former solvelyses at
a rate which is ten times ;maller than that of the latter. ileace thore
must be an indiroct effect produced by the double bond which probably

aseists In the carbon participation., This would result is extensive
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Figure 4
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electyen delecalization, as shewn in &

Thus, although it has beea sujgested that there is no
direot partieipation of the double bond in the solvolytie reactions
of derivatives aof 5~hydtuxybicycla[B.R.Z]ocaoznene. no experiments
nhave hean made to test this peint directly. [t was therafore
interesting to prepare exn-ﬁ-hydtoxybicyclo[2.2.2]oct-2-ene ila
to see if a direct participation by the double bond would eccur
during the solvolysis of its tosylate, ilb. From previsus work (15,
17) it seems that participation of the saturated bridge results in
rearrangemont to the 3.2.1 skelcton. Participatioa of the unsaturated
bridge night be expested to give ring closure to a cyclopropyl tri-

cyclic sxeleton.
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{a) The first requivement was the preparation of the exo aleohol
Xia, exn-s-hydroxybicyclo[?.z.ﬁloctoanene. ihe original preparation
of S-bydroxybicycloE2.2.2joct~2~ena was carried out by Alder (20) fron
vinyl acetato and syclohoxa-l,3-diene. Although the stereochemistry
of the resotion was not investigated, it was lator assumed (2)) that
the product was mminly of endo comfiyuration. It scemad possible that
this reaction would lead to a mixture of tho endo and e alcohels
rather than 10 a stereochemically pure product, and the preparation
was repeated to try and confirm this. limwevor, alcohol prepared by
this method could not be separated into two compounents. Fractional
ceystallization of the p-nitrobenzoate did not ilead zo sharply wmelting
fraetions, indicating that the material contained too little of the

ax0 alcohol to meke possible its isolation.

b A possible route to the alcohol was suggosted by ihe work of
i, C. Drown (22), who obtained a 63% yield of a mixture of 38% exo and
12% endo 5-hydroxynorbornene by aydroboration of bicyclotiopta=-2,5-disne
folloged by hydrogen peroxide oxidation. tlydroboration of hicyele
Eé.&.zloct-a.s-diene viclded 24% of 3 mixture which, from examination
of its infrared spéctrum, was estimated to contain both exo and endo
5—hydroxyhicyc1o[?.2.2 oct~2~¢ne in the proportion of about 2 exo to

J endo, in addition to other contaminants. The overall yield of exo
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aleohel was judged to be about 5%, In view of the difficulty of
preparing the diene, this yield was considered touo low te make the

method useful.

(c) Gilel {23) reported a methed of equilibratiasg isomeriec
aicohols by reflusiug with lithiue aluninium hydride and aluminius
triciloride. Oa refluxing S—hydroxybicyclo[z.z.zjoct-Z-ene prepared
by the vieis~Alder wveaction, as described (a) on page 13, with this
roducing agent, an unidentif{ied matezial was obtained. The hydroxyl
band at 346G cm..1 ig tae infrared spectrus bad a density of 3,05
instead of the expected 0.40, and Lhe §iR spectrun showed an unsyo~
metrical band between 3.7 and 4,77 , characteristic of a double bond
in an ansymmetxical enviromment. This evidence shownd that the
product was not a S-hydroxybicyclo Z.Z.L]oct~2~ena. and indicated the

possibilitly of a rearrangomont to bicyclo[3.2.1)oct~3-en-2-ol.

(d) The frevest reaction., as used by Kavadias 24), was used to
prepare an iodohydrin from bicyclo[?.z.ajocta-z.S—diane. Iodine
powder and silver 3,5-dinitrobenzoute wore added to benzene and the
suspension was stirved and cooled. The ectadiene was then added, and
the oixture was sticred for 10 hours at 9°C, After extraction and re-
crystallization of the product, a yield of 117 of crystalline material
was obtained, Elemehtal analysis corresponded to u compound resulting
from ths addition of iodonium 3,5-dinitrobenzoate to the olefin, but

the spectrographic data quoted in the exporimental part indicate that
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the product was rearranged to 8~iodo-bicyclo(3.2.i}oct—2~en—4-yl

3.5~dinitrobenzoate.

(a) The exo 2lcohol was eventually preparsd by reduction of the
ketone, hicyclo[?.z.z oct-2=gne=-3~ong. Dawhen (25) and Wheeler (26)
have pointed cut that the stereochemical course of a hydride reduction
may be controlled efther by the sterie himdrance to ths entering
reducing agent, as described by Cram (7), or by steric forees aeting
upon the developing transition-complex, which bauben calls “"product
development control”. In the case of the reduction of bicycle[2.2.2]-
oct-2~ene-3~one, steric hindrance to the approaching reagent wounld
favour the formation of oxo alcohol, while the so-callad “product
development control” would bs expacted to faveur the more stable
alcoﬁol. gquilibratien of 5~hydrexybicyclo[2.2°2 ott=2-ane of com-
position 95:5-ondo:exo with sodium and fluorenone according to the
procedure of Doering (20) gave, after 48 hours, a 409 yield of aleshel
who ratio of epimers was unchanged within the limits of sensitivity
of the mothod of analysis (Ik and NiR). This squilibration indicated

that the onde aleohol was the more stable.
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Proportion of exo-S—hydroxybicgclo[2.2.2 oct-2-ena obtained

in reductions of bicyclo[z.z.Q}oct-ﬁ-ene-ﬁ-ane

Percentage of endo- Percontage of exo-

d=hydroxybicyelo - S-hydroxybicyelo-
2.2.2Joct-2-ene 2.2.2)oct~2-ene
deducing ‘gent obtained obtained
Lithivm tri~t-butoxy-
aluniniun hydride 60 40
Sedian berohydride &G 32
Lithium aluninium hydrids 15 23
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The kinetics of the asetolysis of eadobicyclo[2.2.2]o6t-2~
en-3-y1 tosylate was studied by Goewring (19). His method was conw
ventional in that a selution of the tosylate in anhydrous acetic acid
was divided into 3 number of samples, cach separately sealed in an
ampoule and placed in o constant temporaturxe batk. At intervals a
sample was withdrawn and the contents titrated with a solution of sod-
ium acetate in acetic acid, the mixture then halung set aside for

subgequent identification of reaction preducts.

This method could not be applied in the present work, sinece
the wmount of exo alcohol ila available was limited. Hence, a someo-
what modified teohnique was used. The sample, dissolved in anhiydrous
acetic acid, was placed in a water-jacketed cell with 8 small guantity
of indicator, and water from a constant tesperature bath was cireslated
through the cell jacket. The solution was neutralized, at rejular
intervals, by addition of an aseetic acid solution of sodium gcotate

from 2 micvomater burette.

To test the reliability of this microanalytical method, the
rate of solvolysis of the endo tosylate Vilb wos determined fivst. The
rate constant thus obtained was in substantial agreement with that

veported by Goering (19).
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Goering’s figure, corrected to 13.2°C. 6.0 x 10 see
Found at 18.2°C. 6.7 x 1070 gec™t

The uncertainty in the comparison of these figures is & 10%

The golvolysis of the exo tosylate b Yoilowad excellent
tirst-order kinetics, and the rate constant obtained from the groph

-1

23.6 x 10™° sec™ at 18.2°C.,

a rate inercase of about 33 times that of the endo tosylate VIiIb.

VPG exmaisation of the product of asedolysis of the exo
tosylate showed a major constituent, making up about 83% of the total,
which was identified as unrearranged exobicyslo[2.2.2)oct~2-en=5-y1 ?

gcetate. The ninor constitueat wasg not identified.
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RESCHUSSION

Goering {(19) concludos that the rate of solvelysis of endo~
bieyolo[2.2,2\oct-2-00-5-y1 tosylate is between 100 and 1000 times
that whieh would be expected if participation of the double bond did
not take place. If one aceepts the intermediate X{I as proposed for
the ionization of endobicyulo[2.2.2}ocz-5-y1 tosylate I:bh, then it
seems that solvelysis of the umsaturated eompound would invelve XIYI
ia the absence of double bond participation, and { where the double
bond does participate. The salt aeffect is less than 5%, which ig
typical of an Spl reastion. Attack at the ecarbon atom 2 would be ax-
pected, and this would give the ohserved product, bicyclo[ﬁ.z.i]oct-

2-en=-3~yl acetate.

the maxtoum rate enhaacement would be expected where direct
participation of the double bond vccurs, as is evident in the sblvolysis
of exo-porbornenyl tosylate. This expectation is fulfilled, since
epricyclo[2.2.2}oct~2-ene5-y1 togylate Xib golvolyses 35 times as
fast as endobicyclo[?.z.éﬂoct-Z»en—S—yl tosylate Viib. liowever, in
the golvolysis of \ib one might oxpect that some triayclo[?.a.Q.Q]‘
octanyl acetate would be formed, Unly axnblcycloiz.z.2}oct-2-en~5~y1
acetate Xlc was identified. Apparently the tricyclic compound is too
kighly strained to allow its formation to competo significaatly with

the formation of xlc. That the double bond participates in the
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lonization of WIb ig shown, first, by thno acceleration of solvolysis
and, sceondly, by the fact that the reaction proceeds with at least
55 retention of configuration, since 4lo and not Viic is the preduct
of solvolysis., It ig therefore concluded that the solvolysis of tho
tesylate of cxm—s-hydroxybicycloE?.z.z oct-2~ene oceurs with particin-
ation of the acighbouring ﬂ-Y double bond. {he transition gtate
for the solvolysis can thas he best reprosented by Ki¥. Table I shows
that the rate of acetolysis of exobicyclo[z.2.3]002-2-en-5~y1 tosylate
is 15,000 times that of cyclohexyl toaylate under the same conditions;
while the rate of acetolysis of endubicyﬁlo[ﬁ.2.3}oct-2~en-5-y1 tosy-

late is 300 times that of eyclohexyl tosylate.



LPERIANDTA

A1 infrared spectra wore racorded on a Perkin-ilmer iodel

1375 wnfracord. The R spectra were measuzed on a Yarian Ved302 R

spectrometer. Al melting points und boiliay points are uncorrccted,
BICYCLO| 2,2, 2 \CT= 2 il S L

(a) The wmethed used 1s that of Alder and Rieckert €20). inte s
Carius tube werc sealed 16 grams (2.2 molos) of crude 60% cyelohexs~
1,3-diene, prepured sccording to J. ine et al (29), and 13 grams of

vinyl acetate. The tube was kept at 190°C, for 43 hours, then chilled

" in dry icc/acetons and opened, and the liauld distilled. The fraction

boiling at 91° ~ 94°C. ¥mm.) was reserved and hydrolysed ot room
temperatuge for 12 hours with 2 equivalents of sodian hydroxide in 5%
solution in 60% aqueous methanol. This salutlon was then acidified
with 10% sulphuric acid and the methanol removed at 25°C, undar reduced
pressure. The remaining solution was exirscted with ether, and the
combined extracts were washed with 5% aqueous potassium bicarbonate
and two changes of water. The ethereal solution was dried over an-

hydrous magnesium sulphase.

secause of the umusnally high vapour pressure of the 2.2.2 -
bicyclic compounds, care must be esed in avaporating off solvents. in

this case the ather was distilled off at atmospheric pressare, through



4 2D cu. golusn. Ihere rewaizzd 1.0 jrows 6,012 woles) of a white

erystalling solid, a yield of 6% bicyclo[2.2.2)oct-2~en3~01,

“he melting nolne wes diffuse, aboul 123°¢,
The repovted melting polnt wes 167.5° « 169°C, 18)

he weltiag peint of p-nitrobensoate was IN7  « 10938,

che reported neliing point was 107,80 - 110,6°C. 13, &)

fractional recrystallization of ile p-nitrebenzoate from ethanol/water
resulted in some divergence of melting points, but no sharply melting
iraciion was ohtained. The infrared 3piuerum of the alconol showed
lines at

3520 3000 1400 1175 1100 1063 1060 203 949 860 712 and 099 cm-l.

Prepasétion of &icyelo[2.2.2}0ctu—2.5—diene
ﬂicyclo[?.Z.é}octa-B.S~diene was proparcd exacily according
to the methed deseribed by Greb (14). The route used was through the
acid, acid chloride, lsocyanate, urethane, Nemethyl amine, Y, M~dimethyl
amige, and thermal decomposition of the N~-oxide of the N,N-dimethyl

amine. Prom 85 groms of eeid, 40 grams of uvcthane werc obtained.

Melting point 1507C, - 132°C,
Reported melting point 1073¢C, - 1IeC,

From 30 grams of uretiane were produced O grams of dicue, a white, waxy,

semi-liquid substance of no exact melting point. The infrared spoctrum
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showed poaks at
3000 1590 1360 1222 1153 1120 912 866 626 710 and 670 emt.

This spectrun corresponded well with that illustrated by Grob (14).

The follewlng proocedure is that of H. C. ilrown (22),
ﬂicycloﬁz.z.z}octauz.S-diena Q.1 grams, 20mii) was dissolved in 350 ml.
of ether, 55 mg. (2.3@H) of lithium bDorohydride were added, and the
nixture was allowed to stand for soma hours at O°C. Haintaining the
mixture at this temperature, a solution of 489 my. of boren trifluorido
etherate in 5 ml. of ether was added over 60 minutes, with stirring.
Ihe mixture was allowed to reach rosom temporature and, aftor a further
hour, the excess diene, together with the other, was evaporated off at
atmospheric pregssuve. The residual solid was redissolved in ether and
the solution was brought te 5-C. in tac cold room. 7o this waz added
4,5 ml. of 34 sodium hydroxide solution, followed by 5 ml. of 15%
hydrogen peroxide added dropwise, with stirring, over aa hour. The
ether layer was separated, washed with water and dried ovor anhiydrous
magnesium sulphate, Uson evaporation of tho solvent there vomafned 0.5
grams of resinous non-crystalline solid. The iafrared spectrun showed
lines at .

3500 3000 1300 1160 1090 1052 1030 9% 959 934 869 12 49T
cm’i. The line at 497 cm°1 is indicative of exo alcohel; that at 710

is due to ende.



This product could not be erystallized, but on the evidenee
of the infrared spectrum it was identiflad as a mixture of exo and

endo S-hydroxybicyclo[?.z.2}ocz-z-ene with resinous contamlinants.

The following method is that of E, £liel (23). A mixture of
380 mg. of lithium aluminium hydride and 4 grams of anhydrous aluminium
chloride was refluxed with 300 my. of aleohol, prepared by method (2),
page 22, in 59 ml. of cther for 20 hours. Asetone (0,91 ml.) was added
to the purple solution, whieh was then stirred for a further 2 hours.
The liquid was pourad into an excess of 5% aqueeus sodium hydroxide and
extracted with ether. The ethereal solution was washed with water and
dried over anhydrous magnesium sulphate. Upon evaporation of the sol-
vent there romained 234 mg., (854) of erystalline material, The infrared
spectrum showed lines at

3500, 2950 1440 1200 1040 1000 609 T6¢ and TR cu .

From the unsymsetrical absorption pattern in the olefinic region of the
R gpectrum of this product it was concluded that the alcohol had re-

arranged to bicyclo[?.e.i}octanol.

an attempt was made to propare the alecohal by means of ile



Prevost regction. fhe procedure is taken f{rom Kavadias (Q4). A mixe-
ture of 100 al. of beanzene, 3,08 grans {20x34) of iodine in fine powder
and 6.38 grans (20w} of freshly prepared siiver 3,5-dinitrobenzoate
was stirrod for 1 hour at 26°C. and eooled to 5°C. Then 3.9 grams
@0ui) of bicyclo[2.2.2]octa=2,5-dlene in benzenc werc added with
stirring, and the mixture was stirred at 0°C. for 10 hours, and for a
further 2 hours with the cooling bath removed, The solution was then
filtered of{ and the f{illtrate washed with water, agqreous potassium
bicarbonate soiution, aqueous secviun thiosulphate soiution and water.
it was then dried with anhiydreus sojassium sulphate, and the selvent
was evaporated tiirough a 20 ewm. coulymn at atmospheric pressure. The
remaining syrup was dissolved im hot chloroforw, an equal portion of
etianol was added and the solution was sot aside te erystallize. Crey-
white silvery leaflets crystallized out. After 3 recrystallizations
from carbon tetrachloride tho melting point was 169° - 164°C. The total
yvield was 4 grams (11X),
analysis
Caleulated for Clﬁ “13 §2 I G, 49.50%; H, 2.90%; N, 6.31%; I, 28.604.
Found: C, 40.63%; 1, 3.23% N, 6.51%; 1, 26.48%.
The infrared spectyam of the product shewed lines at
3180 3000 1749 1649 . 1550 1344 1275 1165 1080 970

M5 M5 765 om L.
The NiR speetrum showed an olefinic band beiween 3.3 and 4.87 which had

the asymmetry associated with the 3,2.1 skeleton. ‘The praduct was
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therefore characterized &s 8~iado—bicyclo[3.2.1300&-2-an-4—y1

Jea~dinitroboinsoste.

Follewiny the procedure of . C. RBrown (22), 2 ml. of

t-butanal, dried over sodium, were added te 400 my. of lithiun
aluaininn hydride in 50 al, of dried eillier at 0°C. Thenm 351 mg. of
bicyclo[?.2.2]oct-2~ene~5»ena {see preporation, page 29 were added
and the mixture was stirred for 2 hoars at 0°C. und then f{or 2 hours
at room tenperature. The mixture was poured into 5% aqueous sodium
hydroxide, which was extracted with ether. The ethereal extracts
were washied with 3 changes of water and dried over onhydrous magnesium
sulphate. Upon avaparation of the selvent therc remained 399 my.

(36%) of a whitish crystalline sabstance, bicyclo[E.?.E oct~2-en-5-o0l.

) Mummmuwm{&uww*‘" PR VIR B Ath Godian iorohydrida

A mixture of 939 pg. of sodium boreohydride and 635 my. of
potassium acetate was dissolved in 50 ml. of water. o this solution
was added a solution of 391 mg. of bicyclo[z.z.2]oct-2~ene-5-one in
50 ml. of ether. This mixture was shaken vigorously for J days at
room tomperature, about 23-°C., ethor being added from time to time to
naintain the original volume. The mixture was then extracted with

other. The ethereal solution was washed with 3 changes of water and



.

Iried aver anhiydrous magnesiue sulphate.  Evaporation of the selvent

eft 263 my. 93D of bieyelo[2.2.3)vet-2-cn~5-0l.

(g) B » ﬂ ! s :‘l g Fd iii ﬁyn!g l ) .2. 2 Qﬂ;*g: m_i__" ’Wﬂiﬂm&wm
"';:z,'!:i rj (5]

A ixture of 123 mg. of lithium aluminfum hydride and 3502 mo.
of bicyclo[?.2.2]oct~2nene-5*one was stirred in 50 m}. of dry ether
Zor 2 hours at 0°C. and for 2 hours at room tempevature. 7The mixturs
was poured into 3% aqueous sodium hydroside, which was extracted with
ether. iien the ethsrenl citracts were washed with 3 changes of water
and dried over anhydrous megnesiuc sulppate. and the solvent was
evaporated, there remained 240 mg. (679 of crystalline bicyclo(2.2.2}

agt-2=en-0-0i.

Analysis

The products obiained under (e}, (2) and (g), pages 27
and 28, were analysed in the Pys Argon Vapour Phase Chivomatograph,
using a Carbowax 200 column supported on firsbrick. The colurr tern-
erature was 139°C., the input pressure 3 1b./sq.in.. and the detector
voltage 1250 v. &ach showed a minor and a major sonstituent. The
major congtituent was considered to be endo alcohol; the minor, exo.
This idontiticotion was later verified when known samples had been

prepared.
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The praportiens ware as follows:

ando Lo
(e} 6% T Y
" 631 327
{3) 5% 257
BICYCLO[2,2.2 ] Ubi=2-Ei-G-0Ng
) The methed of waldwan (30) was used to make S-nitrobicyclo —

[?.2.2]00&-2-ene from nitroethylene and cyclohexa=l,3-diene. The
product was distilled ot 120°C. and i5sm. pressure. ~rowm this material
the Hef reaction (30) yielded a yellow, waxy substance melting betweesn

407 aad TO'C.

(i) “ollowing the procedure of Sarett et al {31), a 10¥ solutien
of bicycloﬂz.2.2}0ct—2—en~5-ol {prepared aceording to methed (a), page
22,}) in pyridine was added to twice the voluwe of a 10% solution of
chromium trioxide in pyridine. The mixture was allowed to stand for
43 hours at room tesperature, sbout 26°C. Sufficient water was added
to dissolve solids, and the solution was extracted with a mixture of
equal parts of ether and benzepe. The extracts were washed with 3
changoes of water aﬁd dried over anhydrons wagnesium sulphatae. uhen
the solvent wag cvaporated, a brown, waxy solid remaived in 803 yisld.

Ihis was purified by sudblimavion to give an almost white, waxy solid,



e

melting noint 63° to 7200, The fafrarsd Speetrun showad strony
asorption at

3000 1730 1420 1005 1060 869 T4 eml

Vel examination eof the product of the above reaction (1),
using the Perkin-flmer celumms A and &, showed & single peak. A
mixture of this product with the original aleohel gave two peaks
under the same conditions. Lithiunm aluminium hydride zoduction of
the products of the reactions described under (h) and (i) gave
bicyclo[2.2.2]oot-2-en-5-01. These products, () and (i), were there-

fore considercd to be bicyclo[?.z.g]act—z-en—5~one.

PREPARATIVE  VAPCUR  210SE  CHEINNTOGRAPHY

The stationary phase, 20% Carbowax 2001 en 80-mesh Chromasorb,
was hald in stainless steel U-tubes, each leg of which was 856 em. long.
Three such U-tubos were Joined in serles by ™ staninless steal tubing
to give a total path length of 516 em. 3wagelok fittings with stain-
less steel forrules were used to connact up the tmbing. This column,
tegether with the detector and the independently heated injector block,
was kept in as air oven heated to 120° « 130°C. The injector block was
rodsed to 2(K°C, The corrier gas used was Ritrogen, admitted at an
inlet pressure of 3 lb./sq.in. The gas passed throagh a preheating

loap of i tubing in the oven before heing admitted to the detestor.
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This detector was a stainless steel biock drilled with two
passages, in each of which was mounted a glow piug. #ash plug formed
one arm of a Wheatstone beidge, the other amms being two 25 w. fixed
resistors shunted by a felipot, The values of these fixed resistors
were selected to match the resistances of the glow plugs. The outnut

from this bridge went to a 10 mv. recorder.

The effluent gas was bubbled through cther at -70°C, The
ether was removed when 2/3 of the first pear had passed thyough, and

replaced with fresh ether when 1/3 of the follewing peak had passed.

The exs-SG-hydroxybicyclo[2.2.2)ect-2-ene separated by
vapour-phase chromatography {rom the mixturc prepared by method (53,
page 27, was recrystallized once from petreleum ether (boiling point

39" - 41°C,) and sublimed. The melting peint was thon 1757 - 175.7°C.

Analysis: Calceulated for Caﬂlgﬂz €, TT.3T%; W, 5.T4%.

Founds Co TT.206; 8, 9.52%,

The M2 spectyum of this compound is shown in Fly. 6. The peaks are
assignod as follows. The multiplet at 3.867 is due to the slefinic
protons. The peak at &.377 is assigned to the proton ou the S-carbon
atom. The broad apsorptiqn at 7.8 7" is duec to the bridgenead protons
and the complex absorption at higher‘field to the remairing 5 protosns,
Un catalytic hydrogesation, a white, orystalline solid was obtained,

bicyelo[2.2.2]octanol, melting at 225° - 226°C, (Lit. m.p. 329,9° =
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222,2°C. {16).) The eado-S-hydroxybicyclo[2,2.2]oct-2=cne from the
vapour~phase chromatography was recrystallized and sublimed in the
sane way. I1he nelting point was 166.1° - 168,837C, Geeriny reports
167,57 = 169°C, {15). ‘ydrogesation of the endo isomer also yielded
a white crystalline solid, bicyclo[2.2.Z)octanol, melting at 224.5° -

326°C, A mixturc of the two hydrogenation products melted ag 225° -

3267,
sopct N
The infrared speetra showed linos as follows:
£xe  alcohol 1085 1044 1006 950 905 650 and 697 ext.
B0 aleahol 1307 1080 1053 1028 656 and 712 oo l.

The lines at 697 and 712 were found ugeful in analysis of unknown

nixtuzes of alcohols.

The 8B spectra showed symmetrical olofinie peaks, at 3,557
for the exu, and 3,907 for the ando., The shift of the S~carbon proten
was frow 0,357 for the endo to 6,377 for the exe. Thig shift
corresponded irn magnitude and direction with that observed in the

bicyclo[ﬁ.?.l]hoptenes by 8. B. Fruser (32, and sorves tc confim tha

stercsochenieal assignment.

The tosylates of the alecohals were prepared by the method of



Goering {18) by allowing alcohol and freshly recrystallized tosyl
chloride to react in dry pyridine solutien for 3 to 4 days st 5°C.

The reaction mixture was then poured into ice water, and the mixture
was oxtracted with redistilled petroleum ether {397 - 41°C.). The
extracts were washed with 2 changes of water, dried over aahydrous
nmagnesium sulphate, and the solvent vwas evaporated off. The endo
tosylate was obtained as a white c¢rystalline mass on recrystallization.
It melted at 59° - 60°C., as comparod with Goering's tosylate, whieh
melted at 66.3° - 60.6°C. The crystals were quite unstable, darkening
rapidly at room temperature. They were stored and manipulated in the

cold roanm at 5°C,

The exo tosylate could not be erystallized and was used as
a ciear, colourless oil. It was even more unstable than its isomer,
darkening very rapidly at room temperature to an intense blue colour.

The infrared spectra wero as Jollows:

Eio 1360 1180 1170 10% 974 923 913 830 814 702 eal.

HNDO 136D 1164 1174 1100 1035 995 958 (band 930-900) G753
849 15 710 and 608 em L.

dolyelysis

Acetic acid was dried by distillation with a calculated



portion of acetic ashydride, as described by Gosring (18). A small
quantity G ml.) of this dried distilled acid was placed in the
reaction cell, Tho temperatura of this pertion was allowed to fall
until equilibrinm was reached at 18.2” 1 ,05°C. A small quantity of
indieator (bromophorol blue) was added, follewed by about 23 my. of
biuyclo[2.2.3}oct-2-en~5-yl tosylate, The resultant solution was
stirred at all times by a teflon-covered stirring bar. The reaction
mixture was titrated with .034 sodium acetate In anhydrous acetie
acid, delivered f{rxom a micrometer beratte accurate to X 002 ml, The
time of titration was marked at the end o7 tle operation. Infinity
titers fell about 12% shori of the weight o7 ester added at the stare.
fo attempl was made to Xeep the reaction mixture dey, and this may
have shifted the observed end point of the titration. in every case
at leas: 10 titrations were made and the resction run to 30% completion

(endo) and 30% completion {(exo).

The product of solvolysis was extracted with petrolenm
ether, and washed with water, bicarbonate, and further water. It was
then dried over anhydrous magunesium sulphate, and much of the solveant
was evaperated off. VYPC oxamination of the remaining solution, on the
Porkin-tlmer column "A" at 1753°C., showed 854 of a major constituent.

the infrared spectrum of the product showed lines at



1362 1235 1037 1013 951 654 Tad emt.
o exo aceiate 1362 1235 10937 1013 954 704 cm‘l.
ondo acetate 1370 1246 1025 855 705 em L.

The oxo acetate was prepaved by mixing selutions of sxo aleohol 29 ity I
in pyridine and acetyl chloride in pyridino ot 0°C. and reacting at 3C,
for 3 days. The acetate wos extraeted with petroleum other anmd washed,
dried over anhydrous magnesium salphate, und the selvent evaporated off.
Iho infrared spectrum of the reskidue was then obtained. uUnfortunately,
the limited supply of exo alcohel preventod the preporation of an
analytical sample of the acetate. This procedure identifies the major
reaction product of the acectolysis of exnbicyclo[é.z.ﬁ]oct-z-en-s—yl

togylate as unrearranged scetate,



)

CY

(3)

“ 37 -

exp-3-Hydroxybicyelo {:2.2.3]333-2-%9 was systhesized and

isolated in a pure state.
exo—s-ﬁydraxybicyclo[2.2.2]00&-2-ene tosylate wag prepared.

Kinetic measurenonts were made of the sclvolysis of this
tosylete in anhydarous acetic scid at 16.2°C, i1he rate was

F -
23.6 x 107° seel,

It has heen established that hompallylic resonance takes

place in the bicyclo[2.2.2100t~2-ene systen.

A preparative vapour-plase chromatograph was constructed.
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