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Beqause of the theoretical interest in the ring Systemf
consisting of twofused fully unsaturated seven-menbered rings
(Wilson Baker, Tilden 1actur; i,.,1b45.'258), for whieh the
trivial name “heptslene™ is suggzested, attempts have been made
to synthesise this hydrocarbom to study its chemical and
physical properties, | ‘

The application of the Demjanov ring expension reaction
to the synthesis of seven-membered ring systems hes been explored
.and it has been found thet 2~aminomethyl-l,2,3,4-tetrahydro-
nephthalene undergoes the normal reaction with nitrous seid to
yield derivatives of benz-gyclo-heptane. However, further
attempts to apply this resction to the synthesis of bicyclo-
[9.5.5] -dodecane derivatives was abendoned because of the
difficulty of preparing the required emine intermediates.

The use of an intramolecular Grignerd condemsation
for the synthesis of alicyclie ring systemsa has also been inves-
tigated, This spprosch was not followed up as difficulty was
exporiehced in the formation of the aryl Griznafd intermediates.

The Buchner ring expension of benzenoid rings to i
derivetives of ethyl gyglo-heptatriens carboxylate by means of
ethyl diszoacetic ester hes been found convenient for the syn~
thesis of partially unsstursted [0.5.5] -bigyclo-dodecans deriv-
atives. Thus ethyl [0.5.5] -bigyclo-dodecatriene cerboxylate

“has been prepared by the sction ér ethyl diaszoacetic qu‘r on
benz-gxg;grhspt;ho. It has also been found possible to extend
this resction to the synthesis of the more unsaturated [0.5.5] - .
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bigygclo~dodecatetraene carboxylic acid by treating S-acetoxy-
1:2-b¢nz-gxg;grhopt;nn with ethyl diszoacetic ester and hjdro-
lysing snd dehydrating the hydroxy-aeid so formed. |
However, attempts to dehydrogenate these (0.5,8] -

bigyclo~dodecane sysﬁems to heptelene derivatives could not be
accomplished, Instead resrrangement products such 28 dimethyl
naphthalene eand ethyl szulene were produced, clearly indicating
that the heptalene structure cannot be produced with the same
facility as aszulenes, _

\ Attempts to reach the heptalene structure by dibromin-
etion of methyl [0.5.8] =-bicyglo-dodecatetraens carboleato
and the mild dehydrobromination with 4iethyl sniline failed to
yield the required product, once agein demonstrating that the
heptalene system has not the satebility which ia expected for =
fully conjugated plenar structure,
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The preparation, in recent years of such compounds
28 cyele-octatetraens (I) and gusiscesulens, (I1I) in sufficient
quantity for a preeise study of‘thcir cheamical and

Wil ®K L]
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pnylieal’aréporiiea. hes stimulated @ rtﬁcttd interest in the
atruc£ure and stadility of unsetursted cyelic hydrecarbons, for
it hes offered fresh opportunities for the quantitative testing
of the new concepts of molecular astructure,

The work to be dcsgribca'in this thesis srose out of
the need for the knowledge of the stability of msny other

interesting polyene ring systems,
Before proceeding to a2 more detsiled sccount of the

sim of the werk, 2 brief critiesl survey of the field of con-
Jugeted cyelis palytpos mey be of value to set 1t in its
natursl perspective.

Of the simpls monocyclic systems, apert froQ
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benzene, gyglo-octatetrasne is the only one which has been
thoroughly studied, The synthesis of gyglg-butadiene (IV),
the first member of this series was sttempted by Willstatter
and Schmeedel (Ber,, 1805, 38, 1592). Their failure to pre-
pare it uasing reletively mild reaction conditions, seems to
indicate thet if this hydrocarbon is cepsble of existance, it
is highly unstable. Since such a structure reguires the
velency engles of the carbon atoma to be considersbly dis-
torted from the value of 125°% the angle between e double snd
e single bond sbout a cerbon atom, it is not unressonable to
expect the molecule to be subject to some considergble
geometric strein., In the highly steble bensene on the other
hand the engles apyrosch this idesl velue.

The q;mthnain and properties of gxg;g—oetautrum.
the next member of this series, was first described by
villstatter (Bar., 1511, 44, 3423, Bar., 1613, 46, 617).
However, in recent yeers, the authenticity of Willstatter's
hydrocerbon has been challenged by several chemists who hsve
drewn sttention to the similarity in properties of his hydro-
carton snd styrens. The Mcpmd;nt syntheses of gyclo-
cctatetirasene by Heppe (Report on cyclo-polyolefines, B.I.C0.S,
Final Eeport 137 item 22) and Cope and Overberger (. Aper.
Chem. Soc., 1947, §§, 976.) have on the other hand proved the
structure of #illstatter's hydrocarbon to be indeed gyclo-
octatetrasne. It hes also been shown by Reppe "that all the

double bonds of gyglo-octatetrsene are open to all the
3/reasctiond,..
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reactions of the ethyleniec chemistry,” and that the molocuh
does not exhibit any of the proporth. peculiar to resonating
sromatic systems.

Although esrly measurements of the resonance ensrgy
of gyglo-octatetresns (e.f. Maccoll, Hature, 1946, 157, 685, )
suggested 8 value of 28 Kg. - ¢els. per g, mol, (c.f. 41 Kg, ~
cals. per g. mol, for benzens): a value to be sssocisted
with st least a partislly resonsting strusture, more recent
measurements of the hests of combustion, formetion snd
fsomerisetion to styrens (Rossini gt slle, 4. ABSr. Chem. 590G,
1947, §8, 2068), have shown conclusivaly, that cyelse
octatetraene has & resonance energy 34 Kg. - csls. per g. mol.
lsas than that of styrene., This low valus for the resonamce
‘energy which 1s indicative of a2 purely sliphatiec structure,
is in closer egreemsnt with the chemical evidence.

Four structurse can be postulated for the gycloe-
octatetraesne molecule, see fig. 1.

74 Sy 1)

CHO¥N _ CHAIR
f’-‘n 1.

The "erown” form - all trens configurstiom; the "tub® or
"btoat® form - sll e¢isy the “chair® form - helf ecis, half
trans, snd the "plsne” form, Of these configuratiens, the
*plane® form is the most unlikely, for it pru@u s high
4/resonance...
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resonance anergy for the moleculs. Thus Penny (Erec, EHoy.
59¢., 1834, A 146, 223) end Wheland (. Chem. Phya., 1936,
#s 230) who have studied the quantum mechsnics of the planar
non-strained ring of eight -~ CH -~ groups by the velence bond
methed have predicted thet such s molecule would hnn' 0 '
rescnance ensrgy of at hnt 48 Xg. - cals, per g. mol,

For m}roauumem to have & plsnar structure,
the valency angles must sssume the value of 135°, which is
considersbly grester than the normsl value of 125°, end it i
possible therefore, that the molecule is foreed to assume »
strainless multiplanar configuration with s conssquent limite-
ing of the resonsnce between the two Kekule-like structures,
and .a rcdunuonlin the velue of the resonance energy.

Revertheless it seems doubtful that the low stability
of gyclo~octatatrassns cen be explained on grounds of strain
alone, because = number of extrsordinarily steble compounds
are known uhic-h would be expectad to De comaiderably strained,
In diphenylens (VI1), for examplc, ths bonds attached to the
benzenoid rings are strained through sn angle of 30°,
Acensphthene (VIII) and gygclo-propens (IX) (Demjanov azid
Dojarenko, Bar., 1923, §6, 2800, end Schiastter . Amer. Ghem.
898Ces 1941.‘ 63, 1733=7) are other exsamples.

o) O 4

(VII) (VIII) 1 (IX)
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From e study of the Hemen Speetrum of gyeclo-
octatetraene, Lippingcott and Lord {(J. Awmer. Chem. 30C., 1646
68, 1868) have concluded that the molecule eésunot have two
difierent geometrical forms, analagous %o the “chsir® and
"bost® spece isomers of gyclo-hexsne, and thst the structure
is more likely to be that af e puckered eight membered ring
with slternste single end double bonds, i.e. with the "crown"
configurstion. Thie view is sup;orted by fassel snd co~
‘workers (Yature, 1947, J6U, 128) who hsve made an electron
airfraction study of gyclo-cctatetraene. -

liowever, more recent studies of the Ramen Spectra
have led Thoupson (see Ksufmann, Fankuchsr and Kark, Keture,
1848, 161, 166) to favour the "tud® form, and this view is
supported by Eaufmenn snd co-workers (19¢. git.) who have
made a stuldy of the x-Ray diffrsction of crystalline gyclo-
octatetraene (melting point - 7°C), ?hgy have shown that thn
lengths of the double bcnda are 1l.34 A, while thoee of the
single bonds are 1.64 4 and thet the ese=c bond angle 1s 125°.
These values, which indicets little or no resonance ensrgy,
sre thus in agreement with the chemicel data.

It 1s interesting to note thet tetraphenylens (1,2,3,
4,5,6,7,8=tetrabens~ Al's. 'T'Weuutrum. V) pre-
pared by Rapason and Shuttleworth and co-workers (J. 1843,
3863 o. 1944, 71.), hes been shown by EKarle and Brockway
Q. Ager. Chegm. Spc., 1844, £6, 1974)from sn electron
diffraction examination, to have s multiplapar strueture, the

centres of the banzene rings lying at the corners of s reguler
€/tetrakedron. ..
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tetranedron es shown (V1), thet 1s, with the gyplo-
eoctatetrasne ring in the "tud" configuration,

As yet, higher lm»lézuu of cyclo=-octatetraens
have not been investigeted. Reppe (Jodern Plasstics, 1946,
23, Fo, 6, 218 «25th Xuko report 1584l) has claimed to have
’pr-pam gyclo-decapenteens (X) and gyclo-dodecanexssne (XI)
but the svidence in support of these structures hes since
been questioned (B.1.0.8., report No, 352, 1644),

Besides the aimple ionoayeuc conjugstesd polyenes
conteining rings with even nuzbers of cerbkon atoms, compounds
like fulvens (XIV), e.g. (XV) are

D O

x11) (XIII) oav) xv)
possible, snd because they are more eonpht.ily conjugated
then the corresponding gyglo-pentadiens (XII) snd gyclp~-
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heptetriens (X11I) respectively, might be expected to be
fairly stable. However, ths resonance energy of such come
pounds cennot be expected to appresch that of aromstic aystems

because this typs of structurse does not permit a resonsnce
between two Kekule individusls. PFulvens ia the only member
of this series which has been prepared., Although it i
chamieally resctive, it may be prepared by fairly severe
resction conditions and it can be concluded therefore to
possesa at lesst a moderate resonance gnergy. The next
mezber of this series (XV), which would be expected to have
leas geometric strein than fulvene, night de, oﬁ that sccount,
rether more stable, | |

In the bicyclic series, spart from such structures
a3 bensfulvene, two types of caubiﬁnti_ouihieh permit come
plats conjugation sre possidble. The first imladis those
mede up of two rings, both contsining even numbers of csrbon
etoms, and the second, those made up of two rings, both con~
teining odd numbers of carbon atoms. '

Apart from the highly stable naphthalens, othesr
structures of the first type, such as benz~gygclo-octatetrasne,
heve not ss yet been synthesised snd sre not likely to have a
very high resonsnce energy unless the rings are large encugh
to be able to ssaume a streinless plansr conﬁg&atiea. In
the second type on the other hand, there are several systems
which could be expected to have sromatic stabdility. The

simplest is higygle-octatetrasne (XV1), for which the name
’ 8/ "pentalens”,,
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‘_'pont‘ahu" has been suggested in Paturnon_nml Capell's

"The Ring Index" (1940, pl10). Trowever the surprising
failure by Barrett and Linstesd (., 1936, 612.) to prepere
it by dehydrogenmstion of the aerrespending (0:3:8) -« bicvelo-
octane, led thex to conclude ﬁhnt poatrnlom does not possess

.(XVI1) (xviI) © (XVIII)
eromstic stability., It is difficult to suggest adequete
ressons for this, snd W, Baker (.,1945, 258.) has drswn
sttention to tizree limiting fectors. .

Firstly, in pentslene thers would ba only four free
electrons per ring ss compered with six in & benszenoid one,
Secondly, pentalene is structurslly similsr to fulvene which
is wather unstsble. Thirdly, on the bssis of the classicel
strain theory the carbon valency sngles would have %to assume
& value of 108°, the intermal amgle of a regulsr pentagon,
compered with the natural value of 125°. ibwever as pointed
out by Baker, the precise measurement of m:e hests of hydro-
genstion of the unsatursted five snd six uuborod rings has
thrown some doubt on the validity of this simple strain t..:eory.

By contrast the structure of szulens (XVII),
eontaining & five membered ring fused to a seven membered ring
heas aromstic stebility. Bsker (lgg. ¢it.) draws sttention to
two points in this comnection. "First, the szulens moleculs
may be in part less strained thsn that {;:r pentalens becsuse

8/the..
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the internsl sngles of a regulsr heptagon are 138.8°-which
-1s wvery close to 126%, snd secondly the seven membered ring
contains three psirs of doubly bound cerbon stoms and, there-
fore, has six “"free" electrons. It follows thet, if these
tee points sre valid, then the systam consisting of two
fused seven-membered rings containing six double bonds (XVIXI)
should show srometic stabdlity, but as yet compounds of this
type. sare unknown,"™ The study of this system of twe fused
seven mexbered rings, for whieh the name "heptalene® is
suggested, is therefore of considersble theorsetical interest,
for s knowledge of its stsdility would throw new light on
the fsctors which determine sromatic #ubinty.

The azulene structure 1s as yet unique in deing
8 completsly nonbenzensid hydrecarben with s considersble
resonance energy snd aromatic charscteristics. Nevertheless
the szulene structure is less stable then the isomerie
naphthalens. . Thus gusissc-ssulens QIIX) haa been shewn by
Perretiet, Taud, and Briner (Halv. m As:.g, 1840, 23, 1260)
to have a hest of combustion of 29.5 kg.~ crls. per g. -mo0l,
higher then that of the isomeric cadalene (XIX) end ths

ronbnance energy of aznlonn

Ry X

(xIX) (o)
10/has thehees.



«1Ow

has then been caleculated ss 46 kg.-sals. per g.-mol. as
soxpared with 75 kg.-~cals. per g.-mel for naphthalens.

The simple unsubstituted esulens is rather
leas stable than its alkylated homolgues such ss gusisc-
szulene srnd it is difficult to offer adequate explanstions
for thh. - However it is poessible that ths rescnsnce whiech
results from the hypereonjugstion of say twe or mors methyl
groups with the szulens nucleus may be sufficient te
stabilise the moleculs as a whole, and reduce the heat of
hydrogenstion to 2 value more gompatible with sromatie
charscteristies, (o.f. J.¥, Baker snd M.L. Hemming, g., 1943,
191). . )

The surprising failure of Ceok, MeGinnis, snd
Eitchell (., 1544, 250) te prepars s denz-ssulens (XXI)
by the normal methods ef dehydrogenation of the corrvesponding
saturated benz-azulens structure (XX), shows agein thst the
atability of the azulens system is very sensitive to amall
effects introduced by substituents, sand that it may be
weskened Dy fusion to a benzensid »rimg. This is not unex-
pected if the benzenoid ring tends to exist as an indspendent
resonsting system, only pasrtislly conjugeted with the rest
of the ssulens molscule, or if the fused binnnc ring intro-
duces pemt.mil streins into the ssulene structure. The

aynthesis and atudy of the three isomeric bens-szulenes 1is
L1/ thaSeeees
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thus of speclal importance.
Other bicyclie systems such as m{g.&n} -
- dodecehexsene (XXI1l) are possible, dut more difficult of

(XX1I1) (XX1II) xxIv)
synthesis. The spiro-compound (XXIV) is of interest although
the structure does not permit full conjugetion. ‘However
the denydrogenstion of the spiro~4id4-nonane (XXIII) (Zelinsky
end Elagins, Compt. rend. Aced. J¢i. U.E.3.8.., 1946, 52, 227)

yielded o-ethyl toluens.
Xxv) (XXV1)

The interposition of » nix-uqboﬂd ring betwasen

the five- and the seven-membered rings of the szulens
structure, ss in (XXV) snd OXXVI), is of interest, for it
may show up the extent to which stresses and strains are
counterbalanced in the azulene ltrneiure.

wml)....



Besides aombinstions of b§£zenn rings fused to bisyelie
aystens slresily mentioned, there are numerocus other possible
combinstions suech ss (XXV1I-XXX1I1), which heve not been synthe-
sised and may have interesting properties.

(XXX111)

13/Approsches....



The main odject of the work described in this
thesls wes the aynthesis end study of the stability of
heptalens derivatives, ‘the theoretical importance of which
hss slready been mentioned in the preceding section, It

'Was hoped at the same time to open up genersl methods for the
synthesis of polysns ring systems,

| Although bersenoid compounds, aszulene and gyclo-
octatetrasene have all been obtained directly dy the poly-
merization of three or more molecules of acetylene, in \

Kenersl, derivatives of these compounds can only be prepared

by dehydrogenation of the more or leas saturated ring
skeletons dbuilt up by fairly long stage syntheses. The
synthesis of these aslicyclie systems does not ss s rule
ypresent any sarious difficulties, but the finsl removel of
hydregen, becsuse ¢f the drastic resction conditions involved,
has often proved the stumbling block in the synthesis of a
eyclie polyens.

Thus it 1s necessary, where the required cyclie
olefine ia likely to have a léw resonsnce eNergy, to chooee
those methods of synthesis which lesd to relatively unsatu-
reted ring systems and which therefore need dbut little
dehydrogenation to yield the required fully conjugated
structurs. Where the required product has aromatic stability
thie is leas important, because the dshydrogenation of the

14/fully...
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fully ssturasted structures can invarisbly be accomplished
without difficuliy.

Nevertheless, the more saturated the strusture,
the more difficult it is to remove the hydrogen and the
more sewere the reaction conditions must be to bring sbout
ecompletd dshydrogenation. Thus decehydro- and sctahydro-
nephthalenss yield naphthalens only on being hested with
pallsdium charcosl catelyst in the vapour phase at 3850°
(Linstead snd co-workers, J., 1587, 1146), while tetrslin
yields naphthalens sasily in the liquid phase, This rule
has slso been found to hold in the szulene series.  Thus
(0.3.5]-h1-nmg~doem1‘ (XXIV) yields azulens only on

oD oS @D

(xxX1v) cns (xxv) " (XXVI)
continuous dohydroxtmuon for 16 hours in the vapour phase
over s palledium cherceal catslyst (Flattoer & 3t. Pfsu,
Helv. Chim. Acts, 1987, 20, 824), whereas the scid (XXV)
yields li4=dimethyl asulens (XXVI) on repid distillstion
from s psllsdium chercoal catalyst (Plsttner snd Wyss, Hely.
ghim. Agts, 1940, 23, $07).

Whan the hqaircd cyeclic pelyens does not possess
aromatic stability, the normal methods of dehydrogenstion
cennot be used, because they sither bring about resrrange-

~ ments or complete decomposition of the aligyelie meterisl.
1K/ Thna
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Thus the estalytic dehydrogenstion of gyglo~-octene over
chromium oxide catslyst st 428°C by Goldwasser and mior
. Azer. Chem. 30g., 1935. £l, 1260) yielded styrene while
dehydrogenstion of gyglo~octene {(Rusicks end Seidel, Hglv.
Chim. Agta, 1896, 15, 424) yielded xylens at 440°C, However,
the dehydrogenstion of these ﬂm unstable systems, may
be sccomplished chemicslly from the more satursted forms,
either by the sddition of bromine to the partislly unsstu-
reated ring system, and removal of the elemsnts of hydrogen
bromide, or by uplnmn; of » hymmn_am in sn sctive
methylene group adjscent te e double dond, with » bromine
stom, by treating the syclic olefine with N-bromo~
succinimide, snd the process completed by the elimination
of the elements of hydrogen bromide., These processes are
repeated until the fully unsaturated system 1s resched,
| The former msthod has been used with success by
¥1llstitter and coewerkers in the synthesis of gyclo-
octatetrasns (Willstatter and Weser, Ber., 1911, 44, 3423;
Villstatter and Heidelberger, Ber., 1913, 46, 617) and
gvelo-heptatriens (Fillstétter, Anp., 1901, 37, 307).

ENra TSl

Br
The latter method, which makes use of N-Ixromo-

suceinixide has been dawloéqd by Zisglsr and co-workers
16/ “ﬂhoo
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(Ang., 1942, §581, 80-118). It has already found numerocus
applications end has been applied with success to the
synthesis of gyglo-octatetraene by Cops and Overberger
(privutc communication) as followsi- |

;k‘
” ﬂ ¥-Bromo-
ol —
Succinimide - 2HBr L\\f—
I ,
Br

However this simple method may not prove to be
of general application, because it has been found by Zieglar
(1os. git.) that only mono-olefines or unconjugsted diolefines
are successfully braﬁinated. It nsvertheless offers an
easy route to the simple more unstable eyclic polyenes, and

it may be possible to use it in the synthesis of such com=-
pounds as pentalene, where other methods of dshydrogenation
have proved unsuccessful.

The methods used for the synthesis of alicyclic
intermediates fall 1ﬁto two types, those dependent upon ring
¢losure gf open chain compounds, snd those which make usd of
ring cx;ahaionl snd contractions. The first method, which
can employ almost every type of reesction involving the
formation of the earbonecarbon bond, hss been used with
considnrablo succoéa in the synthesis of rings containing up
to aix carbon atoms, However, for the synthesis of rings
econteining more than six atoms only & few of these resctions

17/8r8ceees



«17=
ar: suiteble, and very few give good yields of compounis with
rings consisting of 7 to 12 cerbon atoms, although lerger
rings sre easily produced (Ziegler and Weber, Ann., 1864,
§12, 164; Ruszicke snd co-workers, lsly. M Agte, 1826,
8, 499). Por the synthesis of rings intermediste in size
batween the six-membered rings snd the very large ones, the
second method employing ring expansions is ths more satise
factory, not only :bacoun the ylelds are bettar, dut also
| becsuse the starting meteriasls are generally more easily
prepared than the straight chein compounds required for ring

elosure resctions. ' |

‘ Thus in the synthesis of azulene intermediates,
ring closure resctions have been used principslly in
buil-::ung ap the five-membered ring in this system. In
senarel, a {0.3.4)-hicyelg-nonsne is first aynthesised, and
the required {0.3.5)~bigyclo-decans system resched by
expansion of the siz-menbered ring. .

‘These methods of ring expsnsion are of particuler

;lntorcﬁ., as they offer the most ready route to hsptalens
derivatives and will therefore be considered in some detail,

A resction which hes bean plx;ucuhrly successful
in the preperstion of seven-membersd ring cyatnu.lia the
ring wideiring resction firat observed by Demjanov and
Luschnikow, (L. Euaf. LAvss Cham. 508.s 1903, 35, 263 4.,
1903, g4, (1) 403). The resction is brought sbout by the

: 18/ sgtion
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- sction "cr nitrous ecid on s gyglpeslkyl-methylamine in which
nim\uon of ring-bound valencies then tekes plsce, so that
besides tha lxpec:t-d prinary sleohpl), (XIX), the next
member of the gygle~polymetiyylene homologous series (XXXI)
is slso produced, together with amaller qmtitin of the
corresponding olefines (xm and (XXX11), ss shown below.

2 Wy B e~ A ot
L CECR-FE, —> OR) CE-CH~F=N OX
(XXVII) S v
/_\ X —
(ch) CH-CH OH ex) CsCH,
COXIX) )
_—tmx ey _—cn
C O ) |
\_.“: flin ST
(xxXxx) COXXII) |

The expansion of cyclic haxyle-methylsmines to seven-
mebered cyclic compounds wes first explored by Demjamov (.
Buss. Phys. Chem. Ses., 1904, 36, 166; A,, 1904, 86, (1) 410)
and later thoroughly investigeted by Ruszicks and &-mcr.
{ilv. Chim. Agta, 1928, 9, 399), who found thet the msin

18/products...
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products from the resction of gmhakyl-utnyhmim were
gyglo-heptenol and gyclo-heptens.

The reaction hes also dbeen spplied  to the ring
expansion of l.l.3=trimethyl-gyglo~hexyl-S-methylaming in
the synthesis of seven-mezbered cyclie slcohols and ketones
by Berbier (dely. Chim. Agta, 1640, 23, 518). In this
instance, howevar, sll the theorsticslly possible products
were obtained and cherecterized, The resction has slso deen
employed in the synihuis of methyl-azulenes by Arnold (Ber.,
1943, 268, 777-88) as followsi-

Q0 am 3 OO

{OIXI1I) O XXXIV)
=0
(XXX V1) ' OoXxXviz)
Ciy
@ @?‘2"3
(XXKVIII) (XXXIX)

The mein resction product wes s mixture of two slcohols

(XXXIV) and (XXXV), which were not upn-at:ad. They were

oxidized to the eomapou&ink ketonee (CTXXVI) end (XXXVIIi)

and the mixture sepsrated by frectionsl erystsllisstion

of the ﬁmioarbuams. - The ketones ﬁﬂ then separstely
| 20/trested. ..
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treated with methyl magnesium lodide and the alecohols pro~
duced dehydrogensted to the two isomeric methyl sszulenes
(XXXYIII) and (OXIX).

As a method of synthesis, the ring expension
reaction suffers from two disadvantages. Firstly the reaction
product is a mixture of at lesst four substances; two |
hydrocarbons, a.primnry end the required secondary alcohol.
Although the hydrocarbons may be isolated from the higher
boiling alcohols by fractiomation, the two hydrocarbons
themselves, are not easily sopnbatad. ‘The a;cohola on the
other hand are readily separsted by taking advantage of the
fact that only the primary alcohol reacts with phthalie
anhydride to form a mono~cs£ar. This can be removed from
the mixture by virtue of its solubllity in dilute alkali.
Thus the pure material isolated from the crude reaction
product rarely exceeds 50% of the mixture. Secondly, none
of the Foutes that have been investigated have led to satis-
taciory yields of the required eyclic hexyl-methylamines.

The four most important methods which have been

used to synthesise these substances are es followss=-

(a) The Method of Demisnov (1904, leg. gite)

Cyglo-hexsne=carboxylic acid (XL) was converted
to its amide by way of the acid chloride and the amide
dehydrated to the nitrile, which was then reduced to the

required gyclo-hexyl-methylamine (XLIII) with sodium and
' 21/alcohol...
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alecohol. The overall yield is not recorded,

CK Qﬂéﬁﬁ

O O feb i

(XLII) = OIIX)

Qos. git.)

Cyclo-beaxanone (XLIY) was trested with hydrogen
cysnide, and the cysmaydrin (XLV) so fnr;nd. dehydrated to
the correspomding gyglo-hexsnyl cysmide (XLVI) which was
then reduced to the ﬁquirtd gYglgehexyl-metaylsmine (XLVII)
88 outlinéd delow,

q é @ * 5":

The overasll yield in this éeries of resctions was sbout 263,

(e) Tis | (dec. git,)

In this case the substituted gyclo-bexanons (XLVIII)
was trested with ethyl mono~chloracetate and sodium in
: . ﬁafllemlic...



«22-

alecohslic solution to yleld the glycidic ester (XLIX) which
on hydrolysis end distillation decomposed into the m&-
hexenyl-aldehyde (L), The sldehyde wes then converted

to the oxime (LI)., This wes dehydrsted to the nitrile (LII)
which was finally reduced to the required sumine (L1II), o

yielda ere given,

CH, CHy € CHy CHy
/é“" /é\
CHy *CN}Et CH, (44 )
(XLVIII) (XLIX) (m
” cazmx CHy ' h b ™ CHaNOH
n

The chloromethyl-compound (LV) was trested with
potassium cyanide to yield the nitrile (LVI) which was
hydrolysed to the corresponding ethyl indanyl-acetate (LVII).
This wes hydrogenated to the hexshydreform (L‘VIII)' and
eon!:vertod to the required smine (LIX) by zeans of sodium azide

and sulphuric scid. The overall yleld is not given,
23/ (LIV) e
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bonds, Eowever the addition preducts formed with eyclie
olefins 4o not rearrange, Thus gyclo-hexens (fr. Ebel,
Brunner & Mangel, Helv. Chim. Agts, 1929, 12, 19.) and
camphene (Buchner snd Wegend, Ber., 1813, 46, 768) resct
resdily enough, but are very stable and do not undergo ring
enlsrgement, |

The probable courss of these sddition reactions of
diszoscetic esters to olcﬁnu is indicated by ths fact that
they combine with %mwﬂw& carboxylic esters to-form
pPyrazoline cardoxylic esters. Thus ethyl diazo-ncetate with
serylic ester (LVI1) (Buchner and eo-workers, m.. 1882, 273,
214.) reacts as followsi~

COOBt COOR,

c \ . eH

pe | % e i kt | 2™ cucoost
?H Ne—m— ¥ — ‘cn’-—““ =3 ?ﬂ

COOBt. COORe COORt + X,
(LVII) | £ (LVILI) (LIX)

The pyraseline ester (LVIII) formed in this reection eliminstes
nitrogen to yield s gyglpo-propane derivetive (LIX) (Buechner
aee. git. 229); .The resstion can be effected without isolation
of the intersmediste pyresoline, by heating the uacuoﬁ mixture
after the .eonphuan of ths sddition reaction.

The reaction with s romatie nuclei investigated msin-
ly by Buchner snd co-workers, probsbly follows the ssme coursse,
slthough the isolation of & pyrasoline 1humdiau hes not
been reported. In the cese of more highly slkyleted aromstic

AT wmren® ad
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gmeie.t. tie bicyelic norcarsdiene system, if forzed, is
unstsble, and besides derivatives of mh-heptat.ﬂcm,
pheanyl acetic scids and 2e-phenylprepionic scids sre formeds
the latter marrmmuﬁt taking place only when the initiel
aromstic hydrocsrbon contsins oﬁn or more plkyl Sroups.
Exsuples of this are encounted in the cases of p~xylens
(Buchner snd Sehulze, Ann., 377, 269) and durene (Smith and
Tewney, <. Amer. Chem. 3pg., 194, 56, £167),

in all cases studied by Buchner and co~workers, the
sddition proceedad in such a way that a noresreadiens cone
taining s questeranary carbon stom was not formed. Fhen mesitylems
wes used, a case in which s queternsry carbon atom could not
~ be sveided in the primery sddition, no bteyclic system ceuld
bs isolated (Buchmer end Schottenhammer, Ber., 1920, §3B, 866).
Instesd the product conqiaud ehiefly of ethyl Ri416-trimethyl~
gyelo-heptatriene carboxylate (LXII) together with smaller
quantities of sthyl 3:15-dimethyl hydro-gimnemste (LXIII) snd
ethyl mesityl scetate (LXIV),

The resdiness of the bicyclis eondenssation products
to undarge rearrangement to heptatriens derivatives offers a
ready method for the synthesis of uMmhud ring systenms,
and thus the resction has been cttceuvi].y used by numerous
workers in the synthesis of szulens snd its homologues,

g6/ C%¢ .
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@ i COOEL
"s” s Clly —
/ @ax1)

CH, CHp=CH,=COCEL
‘ < COOER
LT e
CEy
(LXIX) (LXI1X) xav)

Thus, for example, lid-dimethyl azulene waa obtained by Flattner

and wyss (Hely. Chim. scta, 1640, £3, 907) by treating lide
dimethyl :l_ndana

Cy
l
ut{COO.Et COCEL

c';qa
(LXV) (LXVI) / (LXVII)

CH,

o
— O

uia . | Cﬂa
(LXIX) (LXVI11)

(IXV) with ethyl dissoscetate and the resulting condensation
product, thought to hesve the structure (1XVI), resrranged to

27/%he.eee
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the gyglo-heptatriene isomer (LXVII) by hest. On hydrolysis
the corresponding acid (LXVIII) wes obtained. The distilletion
of this ecid from e pslladium charcoal cetalyst, yielded
l34-dimethyl szulene (LXIX) by simultansous dehydrogenation

snd decarboxylation.  Flattner ond Roniger (Salv. Chim. Acta,
1642, 26, 1077) have found that it is possible, however, to
Preserve the csrboxy group, by dehydrogenstion of the corre-

- sponding ester, | |

| Ethyl diszoscetete also condenses with nsphthelens
and phensntl: rene to yleld ethyl bansnorcarsdiene esrboxylate
(LxXX) (Buchner and Hediger, Ber., 1903, 36, 3502) and ethyl
dibenz-norcarsdiens carboxylate (LXXI) (Drske and Sweeny,

d Org. Chem., 1946, 11, 67), respsctively.

_ B
COORL
s ’ COCES

(LXXI)

Howevar, in both these inatances the ring systems are
extrsordinarily stable and ingapadle of resrrangement to
the corresponding gyglo-heptatriene derivetives. Buchner
~has suggested that the stability of (LXX) is tracesble to
t.m presence of the benzene ring,

In the condensation of dlssoscetic esters with
sromstic rings, the ethyl ester has been found to give

highar ylelds of condsnsetion product then methyl
Wdilzauthtto ™
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diszoacetste (Braren snd Buchner, Ber., 1901, 34, ©82). Also
the resction proceads more essily with sikylated sromotie
- nuwclei. The resction must be cerried out at s minimum
tempersture of 130°C. for below this condensstion does not
proceed,  owaver, in some instances the resction way de
brenght. about st lower temperatures by the use of copper
powder as s catalyst (Zbel, Brunner end Mengel, Helv. Chim.
Agta, 1928, 12, 19). |

In order to obtain good yields of condensation
product it ls essential to add the ethyl diazoacetate %o
a large excess of the hydro-carbon so &s to avoid the ’
poiyxurinuan 6f a large messure of the diazoacetic ester
before condensation is effected, This 1s a serious Gis-
mmum; especially where only:ma relatively small qusntity
~of hydrocarbon is aveilable because the unchanged materisl
has to be recycled msny times to get e reasonsble comversion.

The tempersture at which the reaction 1is carried
out, often influences the nature of the condensation product
produced. Thus benzens reacts with diszoscetic ester at
130-136°C. to yield mainly ethyl morearsdiens carboxylate,
while above 136°C. the yield of this materisl is incressingly
small with incressing temperature, and st 140°C. ethyl
gyclo-heptatriens carbeoxylate is the sole product of the
resction. A careful control of tempersture is thus necessary,

if the norcasrsdiens compounds are required,
29/“....
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As the condensations lesd to ‘a multitplieity of
products, meainly isomers and dlasescstic ester polymers
(Derspsky, Bsr., 1910, 43, 1121 Buchner, Bar., 1885, 24, 346
S11bersd, d., 88, 179), and becsuse these products sre im=
variably oily substences which do not form crystslline
derivatives, the tesk of elucideting the structure of theae
subatences is often difficult and tedious.  Bushmer found
that in most ceses crystallins predunts eould only be obtained
through the smides, often crystalline compounds, which are
et bast prepared by contect with squeous axsonis in a sssled
tube for between three weeks to six months, The prapsration
of the anide vis the gem ehloride, though quicker, in;vcriouy
led %o an oily mixture which could mot be erystallised,

Becsuse of this aax‘rmw@éf iaclating pure proe
ducts from the condensations of diuoaect:lc ester with lydroe-
carbons, it has become common wtm. in the synthesis of .
szulenas, to procesd with the synthssis without rigorous
purification, Tﬁe process of ammmm with palledium
nm»l catalyst chars most of the nitrogencus impurities,
and the ssulenss themselves sre readily purifisd by f.akinz
edventage of their solubility in 85i phosphoris acid, and

their sbility to form crystelline sddition products with
SE#pleric... ‘
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pleric ecid, trinitrobenzens snd trinitrotoluens.

The dissdvantage of the resction is the low yields
obtained; 1% in some azulene syntheses, (Arneld, Ber., 19543,
- 76B, T77), end the lsrge number of isomers produced., It has
however, the grest sdventege, 28 mentioned previocusly, of
yielding s preduct which is relatively uhnt.nu-at.cd and
therefore needs only mild dnm'éromauoﬁ to give £hl re=
quired fully eonjugsted szulens structure. ’

The ring expension of eyclis ketones with diazo~
methone is & resction which ¢an be used for tha preperstion
0f sevene-membered ring systeams as followsie

cx, + (clfr;),L 6 —(cK) lnz & (c

Sy [ ] ; N
Mor%umﬁoly m normel course ﬂaf_ the resction is digturbed
when the ring 1s attached to a bensenoid nucleus. Thus
d+tatrelons yﬁ.exds benz-gyglp-ectenens (LXXII), (Thompsen,

d. Amer. Chem. 3¢¢., 1944, 66, 156), while B-tetralons ylelds
the epoxycompound (XXIII) (Nosettig and Burar, da Amar. Chem.
Sgo., 1831, 53, 2206.) |

Sl

(.Xx11) ' {LXXIIX)
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This method was deexed less adsptible to tim synthesis :
of haptslens then ths two methods slresdy discussed and
ias not therefore considered im detail,

3mo-oo
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THE SYNTHESIS AND DEHYDROGENATION OF [0.5.8) ~RIGXGLO-

¥ w2y 01 0N ARG N0V SAasetidon 3ol
[0:5.6)-Bloyale-dodecsns Ring Systems.

The Teasction Lfirst sxplored with 2 view to the
synthesis of heptalens was ths Demjsnov resction, 88 it was
considered possible to synthesise resdily the [U.5.8) ~bicycle-
dodecane intermediate Ly sither two ssparate consecutive expan-
sions of two fused six-membered rings, as showni= -

08

: CKZ‘HH
@O @@

or by two simultaneous expansions of two fused six-membered
rings.

"a“a‘@”’;*”*f_» ‘ @J§OH

3ince the heptalens system was expected on
thnrtt.ieil grounds, ss mentioned in the 1ntrpdmuen, to
heve sromatic stability comparable with that of nm.
38/4%..,
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it was thought that the heptalens structure could be reached
by the dehydregenation of the corresponding sstursted hydro-
earbon, using metiods similar to those employed in the
nyntm_cip _ef szulenes. : '

It was also considered peuibh‘ to svold the
lengthy preparations of the required gygls-hexyl-methyle
anines discuseed in the preceding section by taking advan-
tege of the follewing serias of resctionsi-

@'-msaﬁ @-c: X DM

First the sulphonation of the benzenoid nucleus, then the
substitution of a nitrile m‘aping for the sulphonic ecid
group dy the distilletion with e metallic cysnide, end
finslly, the simultanseus reduction of the bensens ring and
the eyanide group to the required gyglo-hexyle-sethylamine,
This series of resctions was first 'ixﬁlaﬂd with

2-naphthalene sulphoniec s¢id ss the starting meterisl, The
canﬁnim of this sulphonastes into Z-naphthonitrile was
accomplished by the Aistillation of the potessium salt with
potassium ferryocysnide, Although fairly good yields
(45-503) eould be obtsined when the resetion wre carried out
in amall quantities, the yleld wea considerably smaller when
it was carried out on a larger scale, using one or two moles
of oysnide. - ' .

| The requirsd 1,2,3,4,~tetrakydro-E=-naphthyl
methylacine was then obtained dy the reduction of the sryl

© 34/nitrile..
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nitrile with sodium sand slcobol in roughly 50% yield, Thus
slthough this method of synthesis involves fewer msnipuls~
tioms than those discuassed in the intreoduction, the oversl)
yield is probably not much impreved.

The beta=-substituted maphthelene wss chosen for
this study rsther then ths alpha-izomer because it wes con-
sidered thet the course of thse Demjanov rearrengement re-=
sction wss less likely to be disturbed by the benzencid ring
in tols instance for the sctive methylemine group is
sepsrsted from the benzens ring by s methylens group.

Although the expsnsion of a six-membered ring
fused to a setursted five-membered ring hes been carried out,
the effect on the resction of replscing the five ring with y
o six-membered one hss not been investigated.

The 1.2.3.4-&.::&!:;&:0-2—»1&&!&1 methylamine
(LXXIV) was treated with nitrous scid end yielded the usual
complex product with s wide | ‘

OOf‘"'“z’“‘z OO Q@

LXX1IV)
s oo™ 00
(LXXVII) (LXXVIII) LXXIX)

(. X¢%) . (LXXXI) (LXXXIT)
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boiling renge, ses graph I. The products which are |
theoretically pauibh‘are as shown above, .B‘oth the re- |
errangement products of (LXXVII) are possible but (LXXVIII)
is more likely to be present then (LXXIX) beceuse of the
resdiness with which lid-~dihydrensphthslenss isomerise to
the li2-isomers (traus and lemzel, Ber., 1913, 46, 236),
The resction mixture wes roughly divided into @

low boiling olefin fraction end the higher boiling slcohol
fraction, The olefin frsction wes oxidised with slkaline
potsssium permsngsnate in order to isolste scids whiech would
give 2 clus to the comtitation of this preduct. Ibwever,
the only seids that could be isolated pure were phthalic acid
and homophthslic scid. |
) The alcohol fraction wes essily separsted into a
primary and a secondsry slcehol, in the retlo of #8. by
partial esterificstion with phthalie snhydride. The phthelyl
ester of the primery eslecohol on hydrélnu yi_nldcd a pure
slcohol b.p., 162-4°C./1m.m, which on exidstion with chromie
oxide in scetic scid ylelded four main products.

| (1) s very small quantity of sn scid m,p, 88°C.
whieh could not be proporli crystalliszsed because of its high
solubility in sll orgsnie solvents. It is thought to be
1,2,3,4-tetrahydro-g-naphtiole ecid. When 1t was mixed with
an suthentic sampls of 1,2,3,4=tetrshydro-2-naphthoic ecid

R.pe $M=5°C,, prepared according to the instrustions of

4 36/Batyers..
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Besysr (Anp., 1891, mﬁ. 198) the mixture malted at 89-92°C,
(n? e amall fraction which 4id not form @ semi~
carbazone, Adoubtless ths unchanged alcohol.
(111) a compouna which formed a very insoluble
di~semicerdazone m.p. 218-2209C., for which the formula
(AXXXIIX) is suggested as the most likely.

4]
CO=CH 7
3
w
CHQ :
LXXXIX1) (LXXXIV)

It 1s possible thst such a compound ceuld be formed in the
partial oxidation of (LXXVIII),

Although it was not found possible with the
quantity of n-tei-hl svailabls to rigorously charscterise
ths oxidation products there seems little doubt that the
"primary alcohol which forms the mm-p&fd\yl ester is the
1,2,3,4-tetralydro-2-naphthyl cardinol (LXXX).

The alcohol frection which failed to form an ester
with phthalie snhydride wes oxidized with chromic oxide and
yielded an scid which @Gould met be charascterized, snd a ketons
m.p. 41-29C,, (phanylhydreszons £1-8°C, and semicarbszone
185-8°C.). This ketone is considered to be l.2-Deme-gygle-

hepten~4-one (LXXXIV) because the melting point of its
37/..3'51"000
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semiceriszcne is lower than that of l:2-benz-gyglp-hepten-
3-one, which is given by Kipping snd Hunter (J., 1901, 7§, 606)
8s 208-70C, end 1s depresssd on sdxixture with sn authentic

| specimen of the semicerbaszens of 1:z-benx-gxglgrheptenraoenk.
Also the phnnyl-nydrnzonn melts higher than thst of li2-benz-
gyclp-hepten=-B-~one, given by Kulota end Isemurs (Bull. §g§.
Japan, 1931, §, 1U3-6) as 889C,

Ketone The - Semicarb~ | phenyl- smell
Ketons agone &
- - zone
«~3=0ne liquid | 208-7°C — Odourless
~4-oms | 41-8°C | 185-80C 91-20¢ "
+5-0ne 41-2°C - 88°C pepper=
ajint

Altbhough the melting points of the 4~ end 8- isomers are the
sams, the new ketone does not exhibit the strong smell of

peppermint snd bitter slmond shown by the E-isomer.
1t is concluded from the investigetions outlined,

thet the products of the resction of 1,2.3.4~totrahydre-a-
naphthylemsthylamine with nitrous scid are mainly 1,2,3,4-
tetrahydro-2-nsphthyl-cerbinol (LXXX) and 1i2-benz-gy¢loe

hepten~4-0l (LXXXI) in the retio of }2.8, together with the

corresponding olefines.
| 38/Abthough. . «



Another resction which wes investigated with
view to the synthesis of ssulems and heptalens snalogues,
wes 8 Grignerd ring closure resction used by Zelinsky snd
koser (Bgp., 1502, 35, 2684) for the synthesis of l-methyl
gzg;gppanianol L XVI1). It depends upon the Tact that
‘certein nslogen compounds form Grijnarﬁ riazants which unﬂcr-'
g0 intramoleculsr condensations to give eyelie atructures.
Thus 4-1iodo-p-butyl methyl ketone (LXXXV) rescts with
magnesium to fora the Grignand\interm&éittl (XXXV1) which

CHg (Y | Cig oH
N\ A - : N : _ 4
/"Q /m ' ~ e~
SRy el - g i, S s
Clig —— Cip | »éﬂr““ Cig Cg—— CHg
(LXXXY) (LXXXVI) (LXXXVIX)

undergoes intrasmoleculsr condensstion to yield l-methyl
gyelg-pentansl (LYXOXVII),

Althbuzh the yield of cyslic alecohol in this re-
"sgtion is not very good, it was thought possible to ure
this ring closure resction to advantege in the cyntﬁhaia of
fused ring systems such os li2-bens~heptalems (LXXXIX).

40/ Iteses
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It wes planned to do this by the condensation of
¢yelg-heptanone with the appropriste aryl-halogensted aldehyds
to give the required ketohslide and them to effect its
cyslizetion with the sld of the Grignard resction ﬂrudy‘
mentiosned, followed by dshydrogenation of the sleokol pro-
duced to the required fully conjugeted lvdréoerban ai shown
belowi= | '

3. 0-c-0
QD — ng

(LXXXVIII)

(LOOXIX) : c)

In order to gein experience with this method of
synthesis 2- (o=iodo=benzylidans)«l=tetralons (XC) wes pre-
pared by condensing g—iodobcunldoziya with l=tetralons,

However all utfupu to form s Grignsrd compouns from this
' 41/keto~alide,.,
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k_cwzmlidc feiled., As it was considered that this failure
to resct with magnesium might be due to steric hindrence
an sttespt wes made to hydrogenste catelytically the double
bond sdjacent to the esrbonyl group in (XC). However a
resinous high boiling peiyur weg the only produst formed on
hydrogenation in the presence of Adam's catalyst. The fole
lowing route to the benzyl-gyelic ketones was therefore

explored.
CCOES

_CHBr _CHy
S Ol %5
xXc1) XCcI1I) l aéIII)
' COOR
O ™0 — Q0" p
\Br c”
| moc-caa/
(eIv) | xev)

The potaasio-derivetive of ethyl-gyglg-hexsnone-B-carboxylste
(XCII) was condensed with g-bromo-bensyl bromide (XCI) and the
etbyl g-brwe-ﬁcmylwmmwboqhu (xcI111)
formed, hydrolysed to a mixture of the required g-bromo-bensyle
gyglp-hexan-2-one (ICIV) gnd g-bromo~-benzyl-2-pimelic acid (XCV).
The lstter compound was converted to (XCIV) by éry distilletion

of its thorium salt,
42/A8,42.
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. As before, all efforts %o prepare the Grignerd
compound of this aryl halide failed, slthough the pree -
csutions recosmended by Gillmen . Amer. Cheg. Sgg., 1928,

48, 9412) were rigidly followed, Even when gebromoebenzyl-

SYcla-hexsn-2-one (XCIV), (one mole) was nz;ud with ethyl
10d1de (0.5 moles) only the iodide rescted wiih the magnesium,
for no bromine was found in the aqueous layer after decom-
position of the Grignard complex snd the bulk of the keto-
halide was recovered Unchanged.

The use of lithium im plece of magnesium was not
explored becsuse of .f.ht lsck of adsgquete supplies of this

. metal,

W(C) Th‘..t.



The Bnct;mr resrrangensnt, 25 was mentioned in the
introductory section, hea been applied with considerable
success to the synthesis of ssulenss, and in this section,

verious attempts to use this resction in the synthesis of

heptalene derivatives are described.
The first routs to be explored, and waich elosely

parsllsls the synthesis of szulenes from hydrindene (e.8.
Plsttner snd Roniger, lelv. Chim. Acts, 1842, 26, 5‘60). is
outlined belowi-

: < :ﬂ j { i \: -
(xev)

(ccvil)
A (xcvxm s
©© Q@
otcxx)

It wes considered thet 1:2—btnl~mh-hop%lm (Xcv1)
on trestment with dissoscetic ester would undergo ring en-
largcmtnt'in the seme msnner as hydrindens to yleld in this
instence ethyl [0.6.5|-higvgla-dodecetriene corboxylste (XCVII),

44/whiche.ces
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which it wae planned to eomvert directly imto the heptelens
derivative (XCVIII) by dehydrogemstion or to haptalens itself
{C) by simultsneous decerbdexylation snd dehydrogenstion of
the curresponding ecid (XCIX),

Although the benzenoid ring of hydrindenms has been
shown to undergo expansion in the normal way, it wes not known
what effect the fusion of a bensens ring to lararl aliphatis
rings would have upon the course of the resctiom, It hed
been shown by Buchmer (see Dage 25) that when the benszene ring
is fused to another benzene ring as in naphthalens the '
rearranement. does not take plses, sthyl bens-norcaradiens
csrboxylets (LXY) being the only product of the resction.

It was therefore esaentisl to diﬂiop a setind ef 4ifferen~
tiating detween the gyglo-heptstriene and norcaradiens ring
systems; preferably with small quantities of material, for
li8~benz=gygip-heptene 1s mot resdily avasilsble, being pre-
parsd ‘unxy in rether mﬂl yislds by long stege aynuhuc
(Sorshe and Roth, Bar., 1921, £4, 174).

1t waa therefore declded to unierteke a stoudy of
the reaction of diszoecetic ester with tetrelin, which is
resdily svailahle in quantity, before mking on the
synthesis using li2-denz-gyglo-heptens,

Tetralin wes trested with ethyl disczoacetate at
1300C, in the menmer used in the azulens mth;nu. that 1s,
to favour the fermetion of the heptetriene product, and N

' 'Wyu:m-a....



4=

yielded a high Boiling ester, whieh could not be cbtained

sure by muémtim. beeause the nitrogensous impurities
formed by the gelguri:auen of some of the Alaszoscetic

estor have & similer bBoliling range. However it was found
possible to obiain & pure produmet by Wycinz’ the aster.
In this way most of the impurities were rendived soluble in
dilute squeous scid snd the rsquired acid could be extracted
out with ether, On distilletion the scid ceame over as s
psle yellow reainous sudstance which could hot be crystailized,
This is without doubt due to the large number of isomers
present. Thus Deaides the notcnﬂdicm systems (CI) end (CII)
end the two hcpt.uim structures (CI1I) end (cm ] nusber

B . N
: COOEL COORL
Q@ COOp<s

(c1) & o0 (eI
| _Co0ES ‘
O
(c1i1) e

of tond snd geometricel fsomers sre also possible. Thus the

mme wea not umud to be erystallized resdily.
WL'Q.‘
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Ag it wes expected thet the morcerediens structures
(CI) nnd (c1I) mignt have . Adifferest ultra violet -huﬁrp-
tien spectra from the heptetriens ones (CIII) and (CIV), a
study of the apectra of ethyl aare;radieno {CV) snd ethyl

gyeig-heptatriens (CVI) was mede for use es atandsrds. The
‘eurves of the sbsorption spectrs of these two esters were

H ' : '
< ~COCEL
CONEY :
{cv)

(cv1)

however very similer, doubtless because it is not possible to
get the norcersdiens isemer pure, it being slways contami-
neted with ethyl gyelo~-heptetriens earboxylate. The latter
substance oﬁ the other hend is easily obtained pure by
weraing the mixture to 140°C, Under these conditions all the
norcersdiens eater is rearranged to the gyglp-heptetriene form.

Although it wes not found possible to develop a |
clesr cut methed of differentieting between the two structures
uaing this metiaod, 1t was found thet the absorption specirs
of ethyl gyglo-heptatriens carboxylste (CVI), snd the produet
obtained from tetrelin (see graph II1), were very similar,

The tetralin condensstion produst does mot zive the
¢oloured eompounds with concentrsted sulphuric scid which are

cherscteristic of most norcersdiene esters. lowaver tuis
47/faidure, .
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feilure to form coloured compounds 14 net a conalusive
proof of t.e mbsence of norcsradiens esters because ethyl
benz=norcarsdiene earboxylate ‘lucl page 23) is sn emcp?
tion to this rule and' gives no coloured complex with cone
centrated sulphurie acid, .

When the tetralin conﬁennat.ion product was hydro=
geneted with a palledium calcium éarboneste citnlyat. hydrogen,
equivalent to only one double bond was abssrbed. Thus it
would appesr that if tha product hes s norcarsdiene structure,
thae hydrogensted materisl must heve one double bond in »

wrongly protected position, This condition vﬁuld probatly
be fulfilled if the materisl resulting from the hydrogenstion
has the remsining double bond at the site of fusion of the two
six-membered rings, ss in (CVII) snd (CVIII), the latter
1somer being produced by terminal addition of ‘hydrogen to the
.butadiom system contained in the psrent diene (C1I). Om

the other nsmd if the system has 3 gycle-haptatriene structure "
the two remeining double tonds in the hydrogenated matearial
must exist in protected positions. Here agein 'his would

be possible if the hydrogensted compound 1 en ‘A Jeunsstu-
rated ester such as (CIX), (CX) or: (CX1), with the asecond
double bond situsted at tne site of fusion of the two rings,
for it is known thst double bonds sdjecent to cerboxyl groups
aré more olowl& reduced then 1solated double bonds (Farmar and
Galley, ¢J. 1833, 687). This is in some messure supported.

48/
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by the fasct thst the gygclp-hapta'riens seids {solsted by
Bachner snd Breren, (Ber., 1901, 24, ©82.) from the condense~
tion of benzene with ethyl diszoacetste were all &/ S-unsstu~
rated scids. ' ‘

The absorption spectum of the hydrogensted tetralin
condensstion product shows a continuous wesk absorption, see
graph 111, The weak absorption of this compound in the nesr
ultre-violet region suggests thet the remaining ciromophores
in the moleculs are not conjugsted, that is, it is in favour
of structures (CVIII), (CX) anmd (CXY). '

#hen the tetralin condsnsation product was hydro-
genated in the pressnce of colloidel plstinum in squecus scetie

scid solution three molecules of hydrogen were absorbed, a fact
"  49/whieh..
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which 1s more in favour of the gyglg-heptatriens strueture,
- However, the first two molecules of hydrogen were quickly
added, sece ur_lph IV, but the third much more slowly, ond it
wes thought possible that the slower sddition might correspond
to the fiseion of the propsne ring in a norearsdiens systas,
with the addition of hydrogen. Thus in srother hydrogenstion
the resction was stopped when two molesulas of hydrogen had
been eadded. The seid produced was found to add u*caxim‘ﬁad-
ily snd Adecolourise dilute scid potassium permangsnate,
A gyglo-propene carboxylic scid ring should be

resistant to such ru&antn (Buchner snd Eraren, log. Sit.).
It was coneluded, from these investigetions, that o gyglpe
“heptstriens stfucture is more likely than & norcsradiens one
for the resction product of tetralin and ethyl ’M&ouu.

| An sttempt wes mede to separste and charscterise
the mixture of isomeric scids from the tetrslin condenastion
by fractionel erystallization of their amides. It was not
found poasible to do this by mking the ester with aqueous
stmonie, in the menner descrided by Huchmer, prodbably because
the ester ia onlyltpariagly sol‘ubhtin"eoﬁccntrated agueous
szmonia, | T

The eomipondinz'acid was tharefors convertad

to the amide by way of the seid chlori@s in the ususl manner,

and ylelded 5 semierystalline zass from which o very samell
60/quantity..
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quunti‘t.y of & pure amide (m.p. 118,8-1219C.) wss isolsted
sfter meny reorystallizstiona; showing that the moterisl
is s complex mixture of isomers. ,

4 study of the catslytic dshydrogenation of [6.4.5}
bicygle -undecstrisne-cerboxylic scid in the liguid phase
was made, and revealed s tendency of this system to resrrange
to a [0.4.4] -Dicvelic structure during the dehydrogenstion.
Thus the main dshydrogenation product, using e p;ll-dim
charcosl catalyst (Linstesd end Thomas, J., 1940, 1127) in the
liquid phsse, was s mixture of l- snd 2emethyl naphthalenes
in the epproximeate ratio of 2:1. The conastiution wes veri-
fied by en exsmmination of the ultravioclet specirum, sce greph
V. Thus it is seen thet the spectrum of the mixture closely

rescubles thet of l-methyl nsphthalene accurately messured
by Laszlo . prakt. chim., 1925, 117-8, 401). DBesides

these naphthelenes, hydrémmud naphthalenes, doubtless pro=-
duced by a process of disproportienation were also detected.

3ince the addition compound ef cthyl diszoacetats
with tetrslin wes foumnd t0 underge the normel rearrsngement
to a.mu-hwtatriem derivetive, it wes deemed wortiwhile
to proceed with the syntheeis of beptalenes from lsS-benz-
m—mpuﬁa ‘1n the manner outlined at the beginning of this
section,

The synthesis of li2-banz-gyglg-heptens was carried
out in good overall yield i:i seven stages in the following

BROneris-

81/.,
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Pn-cmu-tmc (Coost), (mczi)
Pn-ca_gocui.cag-ca(mt)z (cx111)
rn-cag-»cq:-caa-cacmon)z | (cx1v)
Phlcgz;ca:.cuz'mzcoon exv)
rn—cuz-ca:-cxﬂ-cagcoc:t .‘ v

K

| !
| L | |
' GQ (cvII) @(} (cvIII)

Diethyl cinnamylidene malonste (CXII) was prepsred in €0%
yield by condensing cinnsmeldehyde with diethyl malonate in
the presence of pipeﬁdim‘, This was hydrogensted in the
presence of palladium calelun carbonate cetslyst to dfethyl
4-phenylelsl-butane dicarboxylate (CXIII) in $0% yleld., The
ester was then hydrolysed snd dscafhoxyluud to give &=
phenylvaleric acid (CXV) in the msnner recommended by v. Breun
sna Dadtach (Ber., 1812, 48, 2178) in:73% yield, The acid was
converted to the scid ehloride (CVI) in 87% yield by tresting
it in bensene with phosphorus psntachloride., The yield

was mﬁch hlour (viz. 60%) when the method of Kipping and
Hunter ., 1801, 78, 605) wes used.,

The cyelie ketone 213-benz-gyclo-hepten~l-one (CVII)
82/was. .
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- wes formed in 82% yleld by using an improved Friedel Craft
resction. Finally the 2:13-bens-gyglg-hepten-leone wes
reduced by means of Clemmensen's resction in the menner
recoumended by Plattner (elv. Chim. Acta, 1944, 27, 801)
S0 li2-benz-gyglp-heptene (CVIII) in 87,5% yield. The oversll
yiald wes thus spiroximstely 17-20%. |

The li2-bens-gyclg-heptens wes trested with ethyl
diszoscetate in the sace way ss tetralin snd &1§1dod 8 con-
densetion product which had propsrties very similar to thet
of ethyl [0.4.6]’-mwtumim csrboxylate, The
curves of the ultrs viéln lbno‘rpuc‘m spectra were ﬂround to
be almost m-mm.i, see graph VI, The new acid absorbed
hydrogen oquivalcnt. to one double bond in the preaence of
a pslladium celeium carbonate catalyst, but ab.atﬁed three
moles of hydrogen when trested with colloidsl plstinus
cetalyst in squeous acetic mid. It 414 not give s coloured
compound with comcentrated sulphuric acid. The scid was
therefore concluded to be a [0.5.5]-W6uatricm
earboxylic ecid such as formuleted (CIX),

CY o X

The study of the dshydrogenstion of thls acia
in the 1iguid phase using s psllsdium chercoal catalyst as
befan. revealed » tendency of this substance to rearrange

to o [0.4.4] -higyelic ring nysm under these conditions,
83/ThuBe e oo
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Thus the main product 1soclsted was a colourlsse hydrocarbon
frection which formed a crystelline picrate m.p, 121.122°C,
and which 1s concluded to be a mixture of dimethyl-naphthalens
The napht.mhny structure was definitoly conﬂ‘md by & cob=
perison of its ultrs violet absorption spestrum curve with
thet of 2,7-dimethyl nephthelens (Laszlo, g. prakt. Shim.,
1928, L17-8, 401), see graph VII.

This rnrrammnt. to 8 naphthelene structure
indicetds that the heptelene structure is not a ;r.ry stable
ons, and that it éanmt.‘bo produced by dehydrogenation with
the ssme facility ss azulens,

Attempts to produce a haptslene derivetive using
other stendard methods of dghydrogenstion were equally un~
successful. Thus the products from the dehydrogenstion with
lulphm" and with ¢hloranil 011 ahowed absorption of ultras
violet light leass then thst of the starting material, Pure
heptalens on the other hand would be expected to hsve s very
intense sbsorption ag lesst equal to that of azulsne.

3ince it wes considered that the long contact of the
material with the catalyst in the liquid phese dehydrogenatior
might be the csuse of the resrrangements, attempts were made

to dehydrogemate repidly the materisl in the vepour phase.
An apycPatus wes therefore constructed to ensure only a brief

contset of the vapourised meterisl with the strongly heated
'cat-nlyat and rapid removal and cooling of the dehydrogenstion
products in order to avoid rearrangement of the cerbon

skeleton. |
84 /tinAgr
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Under these conditionms the product obtsined from
ethyl [0.5.6]-higyglo-dodecatriens esrboxylste was o deep blue
oil, which was divided by aistillation at 15 B.m. pressure
into two mein freections. The first was o deep blue hydrocarbde:
fraction b.p. 110-1209C, snd the second & deep blus-violet
sster fraction b.p. 140-1700C.

The Rydrocsrbon mm was dissolved in petrol
ether and extrescted with 853 phesphoric scid. The szulene-
like masterial wan‘ﬂzmiomhd from this extract by sddition
of ¢old water as sn intense ultrsmarine coloured oil. The
curve of the visible absorption "aptct.rm of tﬁis material whieh
wes messured wi;h & Beckmann Spestrophotometer is shown in
greph VIII and is seen to be very siwmilar to thet of 2-ethyl
azulens (Vagner-Jswregs, 8%+ 8l., Bsr. 1941, 74, 15:2)which
shows strong sbsorption maxime st 686.5 623, 579.5 snd §70.8
Bu., and weak maxime at 6680, 645.5, 634, €01, 58%,5 and
686 mu., The hydrocarbons which were not soluble in 85%
phosphoric acid were mixed with plerie scid and & very small
‘quantity eof a picrate isclatad. The absorption spectrum of
the regenesated hydrocarbon shows it to be very similar to
the dimethyl msphthalene mixture isolated before from snother
vapour phase dehydrogenation (e.f. graph VII).

The absorption spestrum of the materiasl which falled
to form a pierste hes a maximum at 256 mu. which is at a much
lower wavelength than that of the dimethyl naphthalene
mixture, which has Gmsx at 280 and is very similar to thet of
1i8-bens~gyglo-heptens which has Emsx at 256 and 263. (see

- . a B v
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graph IX}, It is possidle therefore, that it consiats meine
1y of & mixture of metiyl li2-benz-gygle-heptenes produced
~ by deearbsthoxylation and resrrengesent of the heptstriens

ring es shown.

r' ~\i?003t ///~——\\/£§§3%3
@ Th \_,_JD +c°3
+CRCHy
‘The high boiling ester frection wes extreacted with 86%
‘phosphoric ecid, ss in the cese of the lower boiling hydro-
earbon fraction, end the asulene-like materisl regenerated
28 on intensely blue-violet oil by eddition of water. The
~ visible sbsorption spectrum of this materiasl is shown in
" graph X, The relatively wesk visible absorption of the
materisl compered with thet of pure ssulenes, indicetes that
the materisl conteined only s»vnry small guantity of an
esulene-like substance, Howaver ths yield of even tuis
impure materiasl wsé very smsll, and sn attempt to obtain the

pure sudbstsnce wes Dot made as it was considered thet tim

impurities would not nave sny effect upsn the position end
rqiativh intensities of the ebsorption bands. The ultrs

viol.t'lblorption spectrum on ths other haad.vould be ¢x-

pected to be comsidersbly affecte’ and cannot be taken %o

be charscteristic of the azulenme-like compounds., Howewver

the sheps of the curve, nevertheless, bears s gensral

ressrblence to that of asulens.

The visible adbsorption spectrum, though weaker then
56/that.,.
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that of pure atulenes, is seen to have the same charscteris-
tiec light absorption of the szulene system, and s compsrison
of the absorption btenda of the blue oil with that of etuyl
azulens carboxylate, probu'ed as a standsrd for comparisen,
shows the two substances sre very aimilear, see graph X.

Also the spectral characteristics of 2-ethyl«6-
carbsthoxy azulens (Vagner-Jauregg ft. 8l., Bsr., 1941, 74
1622) which shows strong maxims st 668.5, 608.5, 663 (broad
band) and wesk maxima st 643, 630.5, 618, 586 and 576,56 mu.
sre very similar to those of ths blue dehydrogemstion product,

Unfortunstely the yield of the blue cempounds
isiAsted from the dehydrogenstion products of ethyl [0.5.8]-
mm:trhm carboxylate was too small to permit
a complete study of their structure. However, as theis pro-
ducts closely resemble asulens derivetives it seems likely
that on cstalytic dehydrogenstion, the [0.5.5]-bhigvele-
dodecatriens carbvoxylate may have undergone rﬁrnngcmnt
to an szulene structure rether than dehydrogenstiom to 3
hnpﬁlcm structure.

The ultrs violet absorption spectrus of the ester
rraeuc;n which did not Aissolve im phosphoric acid was found
to resemble closely thet of ethyl [0.5.5]-kisyolp-dodecatriens
carboxylste, amd wes therefors eoncluded to be mainly unchanged

meterisl. it was not & naphthalens derivative because it

repidly dscolourised slkaline potassium permengsnate and

absorbed much bromins in the cold.
57/1‘0 P
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In order to 1soiat.n a posaible bdenszenoid rearrange-
" ment produet from the mixture, the unchenged gyclo-heptatriems
acids were removed by oxidation with acetone potassium
permangenste and extrastion of the acids so formed with weak
alksli. The conditions of exidstion were such thst all
systems containing isolated double bonds would be removed.
The product wss therefore considsred to be either scids
heaving s nsphthalene, tetrelim or li2-benz-gyglo-iwptens
structure. The study of ths absorption specirum excluded .
the mephthaslense group, becsuse the sbaorption in the *nasrt
ultrs violst is too weak to be compstible with such a
structure (c.f. the absorption spectrum of ethyl 2-naphthoate
graph XI). Of the remsining two structures possible, tie
112-bens~gyglo-heptens resrresngement products such as (CX)
and (CXI) sr; the most prebable,

CH,COOES CH,

(—“\O* COOBL
ozl

(cx) ' (CxI)

Although these investigations have led to onﬁ 8
pertial identificetiod of the dehydrogentstiom products of
ethyl [0.5.8]-hicyslo-dodecatriene carboxylste by s higher
speed vapour phase dehydrogenation, they have shown that @
high nropestion of pertially dehydrogensted systems are

produced, which are resrrangement products of the [0.56.8]-
58/ bioyclo-..



Ricyele-dodecsne ring systes. That 1s, during the resction,
}e:rrammnt of the aystex precedes its complete dshydro-
genstion. It is concluded therefere that even if heptalenss
derivatives sre fairiy stable systems, the corrssponding
partislly sstursted mtomdisui conuining only thrse doudble
bonds are not sufficiently stable substances to sllow their
dehydrogenation to heptalemss by the mormal high temperature
teghniques, |

59/ Att.!nptld. e



Another possible synthesis of heptalens attempted,
snd which mekes use of the Buchner resction is shown belowse

i n
Q0 — Q- QU=
5 |
(ex11) / B (CxIm)
Et00C- __CooB EL COOEL
y |
<
V4
(cxv) (©X1V)

This mode of approsch was chosen although the re-
srrangenent in t{:e last stage was open to doubt, because the
met..od4 hes the great advantsge of giving compounis which are
slready highly unsatursted and therefore require but little
dehydrogenstion to yleld the fully unsstureted heptalens
derivative (CXV). |

The ethyl benz-norcsradiens carboxylste (CX1I) was
prepared by the method of Buchner and Hediger (Ber., 1803, 36,
3502) end reduced with hydregen in the presence of s mild
pelladium catalyst to sthyl benz-Rorcarens earboxylete (CXIII).
Only one moleculs of hydrogen was added under these conditicns.
The hydrogemation of (CXI1I) to (CXI1I) was carried out in
order to avoid the possibls addition of o second molecule

(60/ ofsee
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of ethyl diasoscetste to the mephthalens ring which had
slready undergone condensstion with ethyl diszoscetate.
The ethyl benz-norcarens carboxylate was then retreated
with ethyl diszoscetste under conditions favouring the
formation of gygloeheptatriens derivatives, to yleld a
complex high boiling product which could not be separated
‘by freotional distilletiog because the diszoacetats
polymerisation producte have s asimilar boiling rsnée. ¥hen
the mixture was bydroiyud in alcoholic solution, a dark
tarry ecid nixture was obtained, from which only the acid
from (CXIII) eould be isolated by cerystallization. &vﬁwr.
a more trectshle mixture was obtained by carrying out the
hydrolysis in dilute squeous alkali., TWare again the
separation of the mono~ and dicarboxy ecids ecould not be
schieved by erysteallizetion or chromstography. However it
was found possible by tssterificstion snd fractionsl dis-
tillatien, t.o get 2 partisl sspsration of the two esteras.
The curve of the sbasorption apectrum of ths new
ester is ehown in graph XIXII. It is Quite different from
thet of the starting msterial (CXIII) snd is very similer

to that of gyclo-haptatriene systems,

' As in sll coses of Alazoacetats sddition %o & bense-
noid nucleus, two types of condensstion preduct are pessible,
either the norcsrediens or the gyglg-hepteatriens type. Thus
in this instance the product could have either of the two

types of atructure (CXVI) or (CXVII). However if the product
suh.d....



»Gl-
hed tne structure (CXVI) the ultrs viclet spectrum would not

COOEt ' COOBY Co0It  COORt
H: COOER - _Aeoost X

(CxvI) (CxvIl) (CXVIII)

be expected to be very different from that of the starting
weterisl (CXIXI), since by analogy the absorption epectrum
of ethyl bvemz-norcaradiens carboxylete is very siziler to
_thet of nsphthslens, ses greph XIl.

The gyclp-heptstricvne cenfiguration (CXV1I) is more
likely to be the structure of the product, for it is not
l1ikely that the isolated wPam ring system would play much
part in the sbsorption of the molecule in the region measured,
This 45 supported by the observation that ths sbsorption
spectrum of ethyl bens-Iorcarens carboxylate is ver similar
to that of tetralin, see graph XII, the propeme ring systes
having very little effect upon ths pesition or imtensity of
atsorption of the hydroarcmstis aystem, The structure
(CXVIII) is definitely excluded, for such s molecule would
undoubtedly show -much stronger absorption of ultra violet
14zht thsn that of the produst obtained.

Although, =8 was expected, only one ring hed under-
gone expension, it seemed pessivle that estalytie dahydro-
genation might bring ebout a rearrangement, together with

removel of hydrogen, to yleld the required haptslens systes,
62/“.“1’.0-
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However, Lhe product of denhydrogenstlion was & hydrocerben

mixture with @ naphthelene structure, sé was cleerly shown

by the gurve of the alsorption spectrus (see graph (XIV),
“hen first diatilled Lie hydroearbon ied e pale

tiue eolour which mey heve been due to the praeunuu'of

szulens~like uaterial.

G3/ATT NPT Dage



Although ua repested failure to prepsre heptalens

| derivetives by dehydrogenstion techniques does not prove thet
this system is not capsble of oxiiumo i1t does suggest that
the system is not ea stable 83 wad expected on theoretical
grounds, snd that milder resctions then catelytic dehydroge-
nstion must be employed in bullding up this structurs, It
wes therefore decided to attempt to synthesise heptslenes in
the fellowing manneri~

(cx1x) exx) (CxX1)
BET00C~ j " Bt00Ce ‘L QOAc
(CXX111) N-Bromo succinimide [(ss.0.0 5 & BENEE |

3 Br.
Et0OOCe Et00C~ /
e = OO
2>
(CXKIV) exIV) |

dowever, 83 few of Lhese steps heve been investigated, @

WMOI...-
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model synthesis of szulane was carried out because of the
greater esase of olmi&atina the structure of the products.
It was proposed to carry out the synthesis in the following

RONDAY =

QG =, Qﬁz Qé
: (cm) (CXXVII) (CXXVI1I)
(Cxx1X) ; (Cxxx)
zwoc-\/ OH xw;.
(CXxXx3) (CXXX1I)

Chlor-hydrindens (CXXVII) was prepared by the method
of Haworth (., 1947, 369) fromz indens (CXXIVI) and converted
to hydroxy-hydrindens (CXXVIII), using a method similar to
that of Weisgerber (Ber., 1911, 44, 1944). The scetoxy-
hydrindens (CXXX) was then obtained by scetylstion at 100°C,

with acetic snhydride,

The condensation of the scetate with ethyl
. 65/41azcscetate
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diazomehu wes cérried out in the normel manner end yielded
e deep blue product which obviously contsined some izulam
compounds. 1t wes not possible to isolete the gyglo-
hepteatriene intermediste (CXXIX) or the corresponding aleohel
(CXXXI), becsuse of the ezse with which these compounds
eliminate hydrogen to yisld asulene derivatives. Thuse thyl
szulens carboxylsote was formed by distillstion of t.hi crude
acatate (CXXXIX) from sodium carbonste, the product formed
being probably a mixture of the 5~ and 6-isomers (CXXXIII)
and (CXXXIV), respectively.

o @~ CoORt
: :——— COOER |

(COI1I) (CX0XIV)
Azulens wes produced by distillstion of the acid mixture
from its copper salt.

Since thc. course of thase reactions clearly indi-
cated thet scetates such s (CXXX) undergo the normel Buchner
rearrengement reaction 2:3 benz-gyglg-hapten=l-yl acetate
{CXXI) wes prepsred from 213-bens-gyclo-hepten-l-ome (CXIX)
by reducing it to zzs-bcm-mhohnﬁun-l-o;:;)n 80% yield
with séd:l_m end aleohol. The 2;3-bems-gygclo~hepten-l-yl
scetate (CXXI) wes then prepared in 94% yield by heating it
with acetic snhydride. This scetate wss found to be much
more stsble than the corresponding hydrindyl scetste, which

essily eliminated acetic scid to give indene on heating.

- &
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213=-Benz~gyglo-hepten~l-yl scetate was tuen trested
with sthyl diaxoscetate in the ususl way, end yielded s
high boiling produet which eould not be obtsined pure by
fractionation bccau#e the nitrozcéou. imparities have a
similsr beiling renge. The product of the resction is pro-
bably a mixture of the three pauibic fsvmers (CXXXV), EXXVI)
and (CXXXVIY), together with bond and sterdoiscmaers.

Ohe __ COOEt OAe Ohc
aw -
COOEL

€x) cown) (CX0XVIT)

Hydrolyeis yielded the corresponiding hydroxy scids but satis-
- factory snalyticsl figures could not be obuM, for the
nydroxy eacid mixture probably conteins a little of the ‘coma-
ponding [0.5. 5]-hm-dad«utetrnm carboxylic scids such
as (CXXIIl). The ecids were therefore dehydrsted with potase
sium hydrogen sulphate in order to convert them sll to the
corresponding tetrsene smecids., The resction product was then
divisible into two frsetions, s lower boiling mobile hydrecarbon
frection, snd @ higher boiling visecous scid fraction.

A comperison of the physiqal charscteristics of
this hydroesrbon frsction with that of li:Z2-bens-gyglg-~hepts-
1:3-~41ene (CXXAVIII) prepared by dehydration of 2i3-bens-gygle-
hobt.on-l—ol (CXX) reveals a strong liﬁilnrity.

€7/ OHevss
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oH ox,
OISO S,
(exx) (CXOXVIII) (CXXXIX)
Besides this ﬁot.h hydrecsrbons which heve s plessant petrole-

like odour, rapidly decclourise potassium permsngsnats snd
absorb bromine in the cold.

' 19,5

hydrocsrbon bepe Bp Buax | mu
54 »

1234 100?5 m | 1.5869 13,400 | 2617
;}i‘u.m‘ 108-110/

heptene
, 1,8873 18,600 | 254

cn% . 18 m.nm

It was concluded therefore, that under the conditions of
dehydration, fission of the cerbethoxy group takes place,
followed by resrrangement of ths heptatrienms ring to a
bensenoid nucleus, ylelding whet is probably a mixture of
the four possible methyl liZ-benz-gygig-hepts-li3-dienes
(CXRXIK) s | o
.'rho higher boiling scid frassction yielded the slmost

pure [0,5.8]-hisyelp-dodecatetreens carboxylic seid on
distillation, The msterisl was not further purified at this
w.w-o
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Stege becesuse of the difficulty of mming this resinous
substtnqt. It was therefore converted to its mobile sethyl
ester (u;z. cxx.:) and parified 'by fractiém distilletion,

In order to show that this ester has s [0.5.8] -mxﬂg-
dodecene structure, snd not @& rearranged benseroid one like
the low boiling hydrocsrbon, the msterisl wes hydrogenated in
the presence of s mild pallsdium caelcium carbonate c-tnlys.t.
and quickly sbsorbed hvdﬁg-n Rearly equivalent to two double
bonds; a fect which excludes the presence of a benzenoid.
nucleus in the molecule, It will be remembered thet sthyl
[0.5.8] -higycig-dodecatriens carboiylatc (CIX) (see page 52
under these conditions nbsoi*ba hyarogen equivalent to one

CCK" nt \Xc{mﬂ't
(CIX) | (c:xx.)
LC00Ke 'GOOKO
XD — OO
X |
(CaLI) | (OXLIX)

double bond, to yield s compound for which the formule (C¥L)
hes besn suggested. It follows then if the new scid hes the
[0.6.5] ~hiayclo-dodecstetraens structure (CXLI) it would,

under the same conditions of hsrdrezon-uen, absord hydrogen

squivalent to two double bonds:s two double bonds being in
68/unprotected...
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unprotected positions, to yield the same diens ester as
ethyl [0.8.8]-hicyelo-dodecatriene esrboxylste. In practice
the curves of the absorption spectrs of (CXL) and (CXLII) -
..“m found to be wery eimilar, confirming this hypothesis
(see graph III)., It wes therefore concluded thet the new
ester is methyl [0.5.5]-higycle-dedecatetraens carboxylate.

¥When this ester was treated with N-bromo-succinimide
in the molar retio of 112, bromine equivalent to 1.8 bromine
atoss was absorbed, Attempts to purify the btromide for
anslysis, by 'aisuliati;an, were mml'nful because the
bronride 13 esally decomposed. _

- On trestment of the bromide with aleoholic silver
nitrste sclution, almost all the bromine was removed from
the molecule, indiceting that the tromine is held ss allyl-
Iroxids, not ss vinyl-bromide,

. The dehydrobrominstion of this bromide wes carried
out under vmrying conditions with different dehydrobrominating
sgents, but the product elways hed sn absorption of ultra-
violet light less than that of the starting meterial, (CxLl)
elearly indicating thet rearrangement to wesaker sbsorbding
ensenoid structures had taken placs,

As the tetrsera ester is s very stable cempound

which may be hested to 260°C, without chenge, it must be
- T0/concluded,..
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eoneluéod that the introduction of two more bonds into the
molecule produces somes cénsiderable strein which forces it
to undergo resrrsngement to 8 more stable su'mtm; Although
it hss not been found pessible to syntiwaise heptalene derive-
tives, the work described in this thesis hes shown conclusive-
ly that heptelsnss sre not ns essily prepered ze asulenss, and ‘
that the heptelens structure is not likel;y to be & ,v;ry stable
one.

In considering the stability of the heptalens
system it 1s slso significant that materisl with this strus-
ture was not isolated from the products of polymerisation of
scetylens as were gyglo-octatetrsene and szulens, s fact which
once sgein confirms the cenclusion that this system does not
possess the sromatic at.bnité, predictad for it on theoreti-

cal grounds.
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The aaterial which did not condense in the distilling flask
wag collected in a trein of wesh bottles containing petrol
sther (b.p. &w‘@. ¥hen no more nitrile dilulitd, the
petrol solutions were added toh the solid nitrile in the 4is-
tilletion flask, the petrol ether evaporated off, and the
nitrile distilled at atmospheric pressure as a pale yellow
1iquid, b.p. amm"c. which set to a 80l1id mess on eoeling,
On redistillation 1t came over st 304°C, /752 m.m., 40 grams
or 17.5% of the theoretical. when the mixture of aﬁlphonato
‘and' ferrocyanide was distilled in a glass distilling flask,
in 10 grao lote, the yield was much h;.xhor, vizx 46%. In all,
80 grams of the nitrilo' wae madg in two distillations,

. {(e.f, Bamberger & Bockmenn, Ber., 1887, 20, 171l.)

7o 2-naphthonitrile (7€.5 g.§ 0.5 mol) Aissolved in
sbsolute sleohol (800 c.¢.) in 2 round bottem flask (1.5 litre
eapocity) fitted with a long wide bore copper reflux condenser,
wes added sodium (80g.) in small pleces. After the first
violent reaction, the mixtu}c was heated under reflux until
sll the sodium was eonsumed, about two hours, The solution
was then added to water (600 c.c.), snd addified with concen-
treted hydrochlorie ac1d (460 c.c.)s  The mixture stesm dis-
t111e4 free of aleohol snd volatile impurities.

'rm' cquﬁouo residus was made alkaline with caustic

soda and the libarated emins taken up in ether, The etherssl
' 73/801ution. ..
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solution after dx-yink over caleium chloride, wss distilled
free of ether and the residue frastionated from sodium at
Are‘dmcd pressure, The fraction boiling at 141°C./11 m.m.,
38,4 grams or 47% of the theo;-oticul was retained, Bamberger
and Bockmann Qoec. cit,) report a yleld of 54%.

To the freshly distilled emine (38.1 g.), glecial
acetic acid 0.4.2 B.) and water (160 c¢.c.), contsined in a
round bottom flask (260 c.c. capacity) wes 24ded @ aalnf.io‘n‘
of sodium nitrite (16,5 g.) Aissolved in water {40 c.c.), and'

the mixture warmed on a water bath for one hour,
The precipitated oil was taken ’up in ether snd
sfter removel of the ether, 16,0 grams of oil remained., The
aqueous portion of the reaction mixture wes made alkaline and
the libersted amine taken up in ether, Removsl of the ether
left 16,0 grams of recovered amine, which was egein treated
with nitrous acid to yield @ further 10,1 grams of reaction
product.
The combined products of the reaction were fraction-
ated at reduced pressure ‘rrom 2 claigen flask fitted with a
short frastionating column of "Berl ssddles”. In spite of
this it wes not found possible to obtsin clear-cut fractions
(see greph 1) and was obviously a mixture of several components.
It was however, divided into two main fractionsi-
Fraction ( 1) b.p., 100=120°C,/13 m.m., 5.6. grams
(11) b.p. 143-1539C./)3 m.m. 10.0 grams
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Fraction (1) contained the isomeric olefins: which reduced
potassium permanganate instantanscusly in the cold and readily
nbﬁorbod large quantities of bromine.

Fraction (i1) contained the isomeric alecohols which formed a
senicrystalline mphthylm'otham». which’ could not be purified.

!

~__ TFouna c, 80.8% H, 8.7%

c.fs (s) oxidetion of 3:4 bems-gygclo-heptediens
© Kipping and Hunter, J,C,S. 1903, 83, 249.
(b) oxidation of gyglo-heptens
- Ruzicks & Brugger, Hely,.Chim.Acts, 1926,
8, 398,

The olefin fraetion (i) 6.6 g.) wes mixed with water
(100 e.c.) in a three necked fiask equipped with a very
rapid stirrer snd a dropping fumel., To the vigerously stirred
mixture wes sdded potassium permengsnate (12.3 g.), dissolved
in ice water (BOO ¢.¢.); over s period of one hour, When the
addition wes complete ths solution wes filtered from ths
mangenese dioxide which wes washed with hot water. The combined
filtrates were acified end extrscted with a smsll qusntity of
ethery ethereal extract I. The squecus solution was t.!un

‘strongly seified with concentrated sulphurie seid and then
76/several...
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ssveral times extracted with ether, ethereal extract 1I,

Ehthslic Acid

Etharesl extrsct Il on cvapérauen yielded a
erystalline solid which was easily recrystallized from benzens,
It was found to melt at about 183°C, with e sublimste of long
needles m.p. 128-99C, A mixed m.p. with pure phthalie
anhydride showed no depreassion, |

The mother 11quori‘rrom this e¢rystallization were
addad to the ethereal extrasct I, which on evaporation ylelded
an oil (0.8 g.) which could not be erystallized. It was dis-
tilled at reduced pressure with some decomposition, end yicldid
0«6 grame of s pasty cryou.nim mass, which was crystallized

from benzene,
Homophthalic Acid.
After three crystallizations the melting point was
constant m.p, 140-19C. (0,0 1g.). Mixed m.p. with phthalic
snhydride showed considersble depression, It reduced alkaline
potassium permengsnate on werming, Davies and Poole, J,C.S,
1628, 1618 give the m.,p. of homophthalic anhydride as 141-206.‘
The material was dissolved in a drop of 10% potassium hydroxide
and then rnpﬂcipnnud with dilute sulphuric, The ecld wes
filtered off, dissolved in benzene and allowed ’t.o erystallisze
by evaperation m.p, 178-800C, Davies snd Poole give the m.p.
of homophthslic scid es 181°C, Mo other ecid could be
obtainod_ in a pure condition.
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The slcohol freection (b,p. 143-1830C./13 m.m, 5.3 g.)
was dissolved in benzene (20 e¢,¢.) and refluxed with phthalie
anhydride (2.5 g.) for § hours. Then a 10% sodium carbonate !
solution was added until the mixture was feintly slkaline and
the insoluble mtoﬁal taken up in ether, etheresl extrsct III,
The aqueous fraction was msde strongly alkeline and the |
mixture plsced under reflux for 10 minutes. It was then ex~
trected with ether, ethereal extract 1V,

4 The etheresl extract IIl after drying over anhydrous
sodium sulphate was distilled free of ether. The residual
slcohol (3.86 g.) was distilled at reduced pressure, The main
frection boiling 140-148°C,/16 m.m, wes thought to be Dbenz-
gyclo~heptensl still econtaminated with s little of the ‘1someric
primsry sleehol.

The mlcohol hp. 140-80C./16 m.m, (3.3 g) dissolved
in glacial scetic scid (20,0 e¢.¢.) in & three necked flesk
equipped with a stirrer and a dropping fumnel was treated
dropwise with 2 solution of Chromic oxide (2.0 g, i,e 14 times
the theorsticel quantity was added to completely oxidize any
of the primary alcohol to the eorr;aponding acid) dissolved
in water (20 c.¢.) snd scetic seid 4O e.c.) ot 700C over a
period of ona hour, The solution was allowed to stand for
a further two hours at 709C. to complete the resction., The,
mixture was tkyn'pnnred\ into. an equel volume of weter end

extracted several times with ether. The combined ethereal
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solutions were shaken with an equal volume of 10% caustic
soda solution and then washed with water and finally dried
over amhydrous sodium sulphatej ethereeal extract V. The
elkeli soluble frection was scidified snd the liberated acid
tsken up in ether; ethereal extract VI, The solvent was
removed under vacuum and left 0.9 grems of oil, which on
distilletion yielded a crystsllins acid (0.6 b.) m.p. 86°C,
which could not be purified because of its high solubility in
all organic solvents. Mixed m.p. with that obtained from
 the oxidation of ‘1,2,3,4-tetrahydre-2~ naphthyl carbinol,
(described later) viz. impure 1,2,3,4~ tetrehydro-8- maphthoic

acid, showed some depression,

The etheresl extract V &foldcd on removal of the
ether 2,1 grams of oil which was dissolved in aleohol (10 c.c.)
and heated for 15 minutes under reflux with ssmicarbazide
b.ydrocnloridc‘ (2 g.) end Sodium tco;t.iu (2.5 g.) in weter
(10, c.c.)s After standing for s week oily crystals sepsrated
out and were filtered off et the pump end washed with 80%
alcohol (2 ¢.6.). The semicarbazone was reecrystaliised from
slcohol in large needles m.p. 185-80C,

Found C, 66,1% , H, 6, T%

€0 K4 OF, rlqlu:l:u‘s C, 66,43 , H, 6, 9%

The pure seuicarbszone (0,0 4 g.) was wermed with
a few drops of alcohol and diluted hydroehloric seid, The

1iberated ketone was taken up in ether and after the removal
| 78le?
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of the ether under reduced pressure 0.0 31 grams of oil
remained, which quickly set to a mass of colourless, odourless
erystels, m,p, 41-2°C,

Phenylhvdrazope

The ketone (0.03 g.) wes warmed with a solution of
phenylhydrazine (0,03g.) in 40% scatic scid (0.4 c.e.). The
derivative was filtered off and crystsllized a2s small rhomboe
hedra, m.p. 91-2°C, from dilute scetic acid ,

1312~ Benz-gyclo-heptenol

The residusl alcoholic solution from the preparstion
of the semicarbazone of 118-benz-gyclp-hepten-4-one was mixed
with an equal volume of water and extracted with ether. The
ethereal solution wes washed with alkalil and dried over sodium
lulphntc; The ether i:as removed and the residue (1.5 Be)
distilled to yield an sleohol, probebly 1:21-benz-gyclo-heptencl
b.p. 140-1°C /15 m.m, (0,8 b,), The residue was a mixture of
high boiling semicarbazones, It was boiled with dilute
hydrochloric acid snd slcohol end the 1’1bentod ketones ex-
tracted out with ether, The residue after the removal of the
‘ ether was distilled as a colourless, odourless oll b.p.
139~1480C /16 m.ms (0.7 g.)e The semicerbazone was then
reformed but no new carbonyl compound could be iasclated, by
fractional erystellization,

76/12243:4~



The etheresl extract IV (page 7¢ ) which contained
the primesry alcohol (prepared by the hydrolysis of the
phthalyl astcx;) wag di-ctillod and boiled at 182-4°C /15 m.m,
Q.1g)e It is thought to be pure 1,2,3,4-tetrahydro-2-
naphthyl carbinel.

Qxidation

rhn alcohol (C.8 g) was diualvea in ascetic acid
(5.0 ¢.0.) -nd treaud dropwise with a solutien of chromium
oxide (0,33 g.) dissolved in water (5,0 c.¢.) and acetic acid
(10 c.¢.) at @ temperature of 707C over a pericd of 1} hours.
The mixture was sllowed to remsin in the bath for enother 1%
hours et 70°C. The solution was-thm mixed with an equal
volume of water and extracted with ether, The ethnrcal.
solution was extracted with 102 caustic sode lelution md
finally wnhnd with water end dried over sodium culphntn,

sthereal cxtrnct. VII,.{

The squeous layer was strongly scidified with
sulphuric acid end extracted with ether, When the ethereal
sxtract was dried over »digm nulphat.c. the ether removed,
B.is'm'ma of ery.at'.nllinc acid remainsed. It was erystallized

by eveperation from scetons m.p. 85°C (not sharp). It could
E)/ notees
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mt be further purified because of its high solubility in ali

- organic solvents snd hecause it precipitated as an oil from

- mixed solvents. However, *hca mixed with en suthentic sample

0f 1,2,3,4= tetrahydro-S-naphtheic seid m.p, $4°C., the melting
point was 89-920C and it was therefore considered to be meinly
1,2,3,4v tetrahydro-2-naphthoic aeid.

3 4=Tg

On remeval of the ether from the stheresl extract
VI, (see above), 0.45 grams of oll remained. It produced a
colour with Sehiff's reagent, and slowly formed a solid
dimedone compound, » ;
Semicerbezone: The remainder of the aldehyde (0.4 g.) was
warred with semicnrbalzide hydrochloride end sodium ecatate in
60% alcohol solution end allowed to stand, After a faw' days
an oily messs of crystals was formed, They were filtered off
and washed with 850% aleohol.

On crystellizstion of the materisl from aleohol it
was easily separsted into a feirly soluble semicarbazons (A)

Alnd @& rether insoluble semicarbazone (B).

Ths soluble fraction (A) was recrystallized from
alcohol m.p, 183-920C: less than 0,0l grams. ¥hen mixed
with the semicserbszons of 1:1%- Densegyclo-hspten-4-one m.p.
185-86C,, = considersble depresaion was obsar;vad. Too little

remained for smalysis.
thl. L
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The semicsrbazons (sbout 0,008 g) wes hydrolysad aixl the libe~

reted aldehyde trested with e drop of phenyl hydragine in 60%

scatic s¢id, a erystalline compound wss formed but unfortunately
thers wes too little for satisfactory crystelliszstion. The
phenyl~hydrasone of 1,2,3,4, - htrahydro-awm;‘»hthaldahydo has

been prepsred by Weil and Ostermeier, ( Ber., 1521, §1, 85218.)

but the semicarbszons is not know#.. ' :

The rather insscluble semicerbasone O/- o Tﬁa ¢

(B ) was recrystallized from . \ (033)1—00

alcohol m,p. 218«220°C in very fine erystals. It is thought

to be the semicarbazone of a keto~aldehyde such as shown sbove (C)

Found C, 63.4% § H, 8.7%
celculsted for CiaHyOglg 3 C,63.8% ; H,6.2%

i

ratrahvaro-2- naphthoie Acid
(.f. Baeyer. Anp. 1861, gm, 198)

z;n;phmoic" 'acid -_(1’ &) was disaloved in 30% potasaium
hydroxide (3 c.c.) and water ao 6.¢.) and 4% sodium amelgam
(20 g.) added in portions the size of @ pea. Whin the ﬁrsﬁ
vigorous resction hed subsided, it was gently heated under rtﬂnx.‘
After the solution of the amslgem @ fresh portion (30,‘ ) was ,
added and the occasional sddition of amalgem eontinued until a
test portion o:; neutralizstion wes fairly stable to slksline
potessium permenganste, i.e. after ihc use of about 160 greams

of mlﬁam, over a period of seven hours hesting.

82/ ALeteTe oo
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éfter filtration, the acid was precipitated with
dilute sulphuric scid and filtered off. It was dissolved in
the minimum of sodium carboneste solution, cooled in en ice/salt
wixture and Sancentrutcd potsssium poéaanzlnata solution
quickly edded until the colour remeined. - The sclution was
then decolourized with a solution of scdium sulphite end dilute
sulphurie scid, The preeipi£3tcd=aeidAwss filtered off,
dizsolved in methyl sleohol, boiled with enimal cherecoal and
filtered. The msterisl so obtained formed needles m.p. ©4.5°C.
(Beeyer, log. git. records the melting point of the pure acid
as 96°C.) ’

83/0rtho. ...



- Crude orm-indeﬁemaic acid (100 g. ; obtained from
snthranilic scid by the Sendmeyer reaction) wes refluxed for 1.8
hours with @ large excess of thionyl chleoride, (4-5 m'olp).

After the removel of the excess thiocnyl ehloride, ortho-iodobenz-
;eyl echloride (87 g. § 90% of tni theoretigcal) wes obtained by
distillstion, b.p, 162° /25 m.m. m.p, 32%C,

‘@.f, Cohen and Raper J,, 1904, 86, 1372

Ortho-iodobensoyl ehloride (1588g.) dissolved in dry
bensene (600 ¢.¢.) was cooled in fce snd trested slowly with
shaking with @ solution of eniline (120 g,) im carbon tetra-
ehloride (260 c.c.). The precipitsted enilide was filtered off
apd freed rx‘-‘on aniline hydreshloride dy thorough .weshing with
dilute hydreehlorie scid and water., A further emsll quentity
of anilide wes obtained by evaporating the washed and dried
benzens/carbon tetrachloride solution, The yield wes 185 grams
or §7% of the theoretical., It was only slightly soluble in
ether, snd formed colourless needles, =m.p. 142.5° from aleohol,
¢.f, Rapson & Shuttlieworth J., 1941, 488,

The snilide (100 g.) suspended in dry toluene (100 e.c.
was trested with phosphorous penta-ghloride. (656 g.) and heated

84/0N0ee



.“.

on & water bath until the svelution of hydroghioric ascid ges
ceasad, The residue obtained after the removal of the tolusns
end phosphorous oxychloride under reduced pressure wss dissolved
in the minimum of ether, well cooled in & freesing mixture and
treeted with 8 soluticn of snhydrous stannous chloride (120 g.)
in dry ct.mruihydfuhlbrxe ecid (200 ¢.0.). lNuch neet wes
produced,  After ‘t.wo hours stending and shaking, the clear
ether wos decanted and the orenge yellow crystals added slowly
with vigerous stirring to weter and ether. (kore vigorous
conditions caused extensive polymerisation),

The mixture wes stesm-distilled, the aldutiydi teken
up in ether, washed with sodium cerbonate solution snd wster,
and finelly dried over snhydrous sodium sulphste, After the
renovel of the ether the residue wes distilled and yielded the
pure sldshyde, 55 g. or 77% of thi theoreticaly D.p. 129°C./16
m.m., m.p. 37°C, |

s.f. Stuart J., 1888, §3, 141

¥ilgeradt & Ricke, Ber., 1906, 38, 1479,

z — e B .
To o-iodo-bensaldehyde (10 g} 0.0;?2 moles) and d=tetre
lone (10,5 g.} 0.072 moles) wes sdded potassium hydroxide (2 g.)
| dissolved in alcohol (7 c.€.). After one hour the prccibiuud
crystals were filtered off and éryamuud from aslechel, m.p.
83°C., pale yellow prisms.
Found: C, 56,67% ; H, 3.64%
Cy7H201 requires : C, 56.,69% ; H, 3.64% /
BE/AttenptBecee



=85~

X
A

Attempts were msde to react this compound wiih magnesium
in the preparstion of the Grignsrd reagent in the normal way
but the resction could not be started with either iodine or
ethyl bromide. |

In enother attempt the magnnaiuﬁ was aétivated'bofer‘
use by treating it with an ethereal solution of ¢tn&1 bromide
ugtil'a vigorous reaction hed set in. The ether was theh
- sucked off, the megnesium quiekly covered with dry ether and the
aryl nalide dissolved in ether added drogwilc. The slight
resction still in progress dus to the presence of s small quentity
of ethyl bromide was immedistly stopped and a curdy white precip-
;itate was formed and the resction eould not be sterted,

Finslly when the sryl halide wee mixed with ethyl
bromide in the molar ratio of 3:1 a sluggish resction seemed to
take plae§ but the bulk of the starting meterisl wes recovered
from the reaction mixture ﬁogcthor with a smell quantity of
intractable polymer. Ko iodine was found in the 8QuEsUS layer,

Poteseium (18,5 g.j 0.47 gram stome, & slight excess),
was powdered in boiling toluene (250 ¢.c.) and ethyl gyclg~hexe-
none-2-asrboxylate (74 g.j 0.44 moles, b.p. 113-6%./16 m.m,)
added a few drops at a time with sheking to prevent the coaslescens
of the potsssium grsins, and at such 2 rate that the mixture was
kept in constent ebullition. dhen the formation of the potase
sium derivative wes complete, the mixturse wah treated with

¢=bromo-benzyl-bromide (08,1 g.; O.44 moles) and hested 9nder
‘ 86/ reflux.
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reflux for five hours., The mixture wes then washed with wpt§§
dried and the toluene removed under reduced pressure, Th§
residue was distilled, the fraetion b.p., 205-215°C./0.2 m.m,
being collected. This slowly set to a pasty mass of crystals
(106 g. 60% of the theorstiesl) from whiech 72 g, of pure prisms
m.p. 56-57°C, were obtained from petrol ether,
| ' Found: C, 66.4%; H, §.5%

~ CygH1g03Br requiress C,56.7% ; H, 5.6%
The acmicarbazonn, crystallized from slgohel in smsll palc
yellow rosettes m.p, 136-8°C,

Found; C, 61.6% ; H, 6.7%

Cy7HgaOgNgBr requires C, 61.5% § H, 5.6%

2 gyolohexsns (prepared by hydrolyeis)

Ethyl o-bromo=bensyl-gB~gyelo-hexsnone-2-carbexylate
(58 g« 3 0,17 moles) was refluxed with 5% slooholie potassium
hydroxide (39.5 g f 0.71 moles) for three hours. kost of the
slcohol wes distilled off end the residue distilled free of

aleohol with stesm, The insocluble material was extracted with
ether and the aquoaua-pertioﬁ being reserved for the recovery of
o=bromo=-benzyl-2-pimelic scid, The ethereal extrect wes dried
with esleium chl#rido. the ether taken off, and the residue
distilled 2t reduced pressure yielded 8 grs. of the required
ketone b.p, 113-140°C./0,06 m.m. N

The semicarbazone was prepered snd erystallized from
aleohol in fine rosettes of piln yellow tablets, m,p. 1886-69C,

This melting peirt was not depressed by admixture with the
| ' 87/semicarbssone
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ssmjicarbazone of the ketone obtained by the dry distillation
of the thorium salt of o-bromo-benmsyl-2-pimelic scid, prepared

from the agueous layer,
Pound: C, 52.,1% H E. €.0%
€ OB ‘rcqair'n C, 51.9% ; H, 5.6%

The baqnﬁnua layer from the laat rn#tion was scidified
with nydrochloric scid and extrscted with ether, The ether
reanoved left 40 grams of very high boiling scid, the frection
b.p. 826-285%C./0.2 m.m., 20.4 . wes collected as & viscous
+8lly whieh eould not be crystallized,

rot Y 3] Ne was prepared frqa the seid by
distilletion of the thorium sslt, ss follows:-

The purified acid (20.4 g.) dissolved in & 1ittle
elcohol wes tltraﬁd with caustic sods 8 ¢.¢.; 2.4*) vitn phe=
nol phthalein ss indieetor, ‘ro this was added s solution of
thorium sulphate antil no further pi'c_eipisauan took plsce. The
curdy mass wse filtered off end dried to ecmt#nt. uiéht (29.3 g.'
- at m@c. » 8bout oight hours. It was ;ihen diestilled in smell
portionas from & silicae test-tube fitted with an efficient condens
sing iylm at reduced pressure. (c.f. Ruzicks gt alis, Helvy.
Chim. Agte., 1626, §, 249), The bulk of the combined sistile
lates distilled st 115°C./0.02 m.m., ylelding 13.5 g. of the -
erude ketone, (556% of the t.hury); It was purified ¥ia its
senicsrbezone. The m.p. 186-6°C wes not depressed by the semie

carbezone of the ketone prepared by .
88/81kaling.ese



alkeline hydrelysis, ’
Founds C, 81.5% . H, 5.8%

cuumonsm- requires C, 61.9% } H, 8.6%
The ketone was regensrsted by _z-cﬂuxinx the combined semicar-
bazones with dilute hydrochloric scid, extracting with ether
snd distilling ip vegue, b.p. 117-180°C,/0,06 m.m. @ colourless
mobile oil, "
| | Found: C, 58,4% j H, 5.7%

Cy3H1s0Br requires C, 68.4% $ H, B.7%

All sttempts %o prepare the Grigmrd eompouna felled
although the precsutions recommended by Gilmen . Amer. Chem.
S0¢.s 1923, 486, 2462.) were rigidly followed, When the ketone
was mixed with ethyl iodide in the molar ratie of 311 roughly
80% of the ketone wes recovered unchenged, the remainder being

boiling polymer.

89/Bthyl....



Granuler sminoscetic ascid (500 g.) was mixed with
commercial sbsolute alcohol (1.6 litres) in a three necked
flask (3 litre cspescity) fitted with s reflux condenser and
en inlet (st least 15 m.m, in diemster to avoid blockage) for
gaseous hydrogen chloride. ' | ’

' #hen the mixture, neated on a water bath, was gently

refluxing, »dry hydrogen chloride was led in ot » rapid rate
until all tne sminoacetic acid was dissolved, about two hours.
The niixt.ure wea then cooled under the tep with shaking to
aveid the formation of hard lumps. The crystalline mass wsas
filtered off st the pump and weshed with a little slcohol;
By evaporating the mother liquors s further quantity of meteriasl
‘wae obtsined. The erystals were dried for one hour at 100°C,
The yield is 90-86% of the theoretical. "

c.f. Harries, Apg 1903, 327, 365.

Hsntzsech, Ber 1800, 23, 70.

E D 8

| The complicated end tedious process recommended by
Womsck and Nelson, Org. Syp., 1944, Q, 66)for the preperstion
lot the ethyl diszoscetate wes not found to have sny edvantage
over the older method of Silberrsd, (J, 1802, 81, 600) and the
latter method was used with some improvements., Howrver, the
‘method of recovering all the ether from the ethereal extrect
recommended by Womack and Nelson gives the best ylelds.

| $0/T0u0es
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To Ethyl aminecscetste hydrochloride (140 g., 1 mole)
and sodium scetste (3 g.) dissolved 1An water (250 e¢,c.) in a
litre separating funnel, with a very wide bore tap (2 c.m, dis)
to facilitate the repid removal of the contents, wes added
sodium nitrite (80 g., 1.06 moles) dissolved in wester (200 c.c.)
and alcohol free ether (150 e¢.c. prepered by shaking commerciel
ether with ssturated calcium ehloride solutiomn). 10% sulphurie
acid (about 10 c.c.) was esutiously added; s little st 2 time
until a vigorous reaction had set in., As soon as the roscfioﬁ
slockened the aqueous layer wes run quickly inte a flask con-
taining ether (about 150 c.c¢.), the ethereal layer poured into
a asepsreting funnel eontsining 10% sodium ecarbonate solution
(60 c.c.) and quickly shaken with it to prevent the decomposition
of the ethyl diaszosceteats.

The aqueous lsyer was returned to the first seperating
funnel snd thewproceas repested until the ether layer finally
became blue-gresn in colour, The amalgemated ethersal extracts
were then dried over csleium chloride, anhydrous godium sulphate
being found to be too feeble & drying agent fo; this purpose,
The use of caleium chloride does not decresse the yield much
and the product obtained is free from water end keeps well.

The ethyl diazoacetste was freed from ether by evapo-
ration et reduced pressure in & Claisen Adistilling flasak fitted
with & rather wide-bore cepilliary tube and the bulb immeraed

in a stream of tap weter to maintein e reassonable rste of evapo-

ration.

91/'1'110....
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The deep yellow mobile ester, contrary to the obser=
vetion of Wormack end Nelson (l9g. git.) wes found to keep
nlmoat-indutin@tcly in a derk coloured bottle.

The quantity of ethyl dissoscetate in the product
was meesured by decomposing it with dilute sdlpnurie seid and

messuring the volume of nitrogen evolved, It wss found to be
90-58% pure.

The resction was earriﬁd out in a 600 ces. three
necked flask, equipped with @ mnehenicai‘utirrcr, a2 amall
dfoppinz funnel end a reflux sir condenser., To tetrslin (198 g.
‘1,6 moles) heated to 140-150°C, in an o3l bath, wes added hrbpo
wise, with constent stirring, diszoscetic ester (856.4 g. ; 0.5
moles) over a'pcriad of eight hours., The mixture wes then ‘
heeted for ons more hour to eomplcte,thi reaction, The excess
tetralin then distilled off under reduced pressurs and the frae-
tion boiling 130-2009C./20 m.m. collected. Seversl attempts
were made to purify this materisl by fraectionstion in a Cleisen
flask fitted with a packed fractionmsting column, but ne pure
fraction could be isolated, and the pure ester could only be
prepared by redsterification of the pure scid, ss described later,
The purest fraction obtéinod‘uftor seversl frectionations was
inmlyacd. '

| Founds €, 75.7% 3 H, 8.,0%
C14H180g requires C, 77.1% 3 R, 8.2%
82/X%evscee’
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It does not give the cheracteristiec colour reaction
of norcarsdiene esters with concentrated sulphurie aciﬁ. To
the crude condensation produet (86 g. d.p. BO-@O’CJQO m.m, )
was added squeous potessium hydroxide (80% ; 80 e.en.r) and »ot.hyl
slcohol (200 c.c.) and pleced under reflux for 12 hours, On
cooling it was decsnted from the erystslline deposit of the
potessium sslt of maleic 8cid and steam distilled until free
from aleohol, The residus was extracted with ether to Pemove
the unsaponified materisl., The agueous leyer after ascidificatior
wes extracted with -ether, dried over sodium sulphete, the ether
teken off and the residue distilled at 2 m.m, pressurs,
Fraction (1) -- 168°C. £2.g. semicrystalline
(11) 168-178°C. 40.g. of sticky, light,
| yellew oil.
" Frection (11) on redistillstion yielded the pure ecid b,p.
161-164°C./1,6 m.m., 31.1 g. which eould not be orystallised,
Found: C, 77.0% 3 H, 8,3% ; neut. equivalent 180.7
C10R3402 requires i C, 77.1% ;7H, 8,2% ; neut. equivalent 180,28
Ethyl Bigyclo- {0.4.8)-undecatrience Carboxylate.

A

The pure seid (20 g., b.p; 161-164%C./1.5 m.m,) wes
dissloved in ebsolute algohol (60 ¢.e.) and cona, culpnuri;: scid
(6 e.c.) added and refluxed for five hours. iost of the ’
slconol wss then distilled off, water wes sdded and the ester
taken up in ether, weshed with sodium garbonat.c noiut.:lon and
finelly water, The residue, after the removel of the ether was
distilled ip ypcuo the frectionm b.p. 176-8°C./m.m., 16 g. being
retained, - 83/Found.,..



B &&=
‘ Founds €, 77.0% 3 B, 8,3%
Crath g0, Tequires Cy 77423 ) B, 8.8% 4
This material was used in the ultrsviolet sbsorption spectrum

measurements, greph (11).

The pure seid (10 g., 0.06 moles) wes sisken with
phosphorus trichloride (3.6 x. } ©.,088 ﬁolu) for one ha;ar and
then ellowed to stand until the two ldyaén hed completcl}
separated, The mixture wss then cuhd- in a2 freezing nﬁxtur_o
and after a short tLime the agid chloride was essily dtcaﬁtod
from the viscous phosphoriec ascid into a Mppim funnel, It
was added dropwise to concentrated mon:h sclution (80 1c.c.)
with shaking. A curdy yellow mess, ghanging to wiits, ;nan
formed. It wes taken up ia ether and washed witnh 2% e‘uttld
sods solution. On eveporsting off, Sis sther & reainsud mass
remained which was erynuinsnd dfh diffieulty st best from 80%
sleohol/water mixture. After five crystallizations a smell
quantity of the pure amide .1 g.) wes ‘obuimd. BePe uﬁ.&-ﬁfﬂ

Found: C, 76.2% j K, 7.92
Cyp B OF requiress C, 76,95 § H, 7.8%
Bisvale 10.4.5] ~Undecediene Csrboxylie Acid.

The acid wes hydrémimt.od at stmespherie pressure with
pellsdium/celeium carbonste catalyst of Busch and Stive, (Ber.,
1616, 48, 1063); and hydrogon‘ equivalent to 0.6 do;:bh bonﬁl
wes absorbed. The absorption spestrum of the reduced scid 1s
given in graph IIXI, It was sn almost colourless, glutinous 611

De Do 155"&‘0‘,1 B.t, A -
94/Bieyclos e s s
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Bigycle- (0.4.8]-undeceatriene cerboxylie seid (0,647 g.)
was dissolved in glscial escetic acid (20 c.c.) and added drop-
wise with sheking to e mixture of §% chloroplatinic scid solution
4 c.'c.). £i gum srabie solution (6 c.c.) snd glescisl ecetiec scid
(5 c.e.) in the hydrogenation flask described by Busch snd Stove
Log. git,). The meterial wes transferred quentitatively by
wasaing the flaske with s further quantity of glaexil acetic scid
(H.B. not more then 5 ¢.c., otherwise thare is danger of precipi-
tsting the gum arabic.) | .

- The air in the apperatus wes replaced with.hydrczin
and & solution of colloidal pletinum, prepared by pessing hydroe-
gen for 16 minutes into s mixture of && énloroplutinia acid
solution (2 c.c.) and 2% gum srabic solution (1 e¢.c.). The rate
of absorption of hydrogen is sihown in the greph (IV). |

The resction ceased after hydrogen (326 e.c, 2t N.T.P.,
70 e¢.c. being subtrscted for the reduction of the pletinic
ehloride) equivalent to 2.94 double bonds had been asbsorbed.

Dehvirosenstion Studies Techniqus used:~

The material was placed with one tenth of its weight
of 20% palledium/chsrcosl catalyst (Zelinski, Ber., 1925, §8,
1266), in = long necked distilling flssk, (25 c.e. capacity)
fitted with en inlet tube resching slmost to the dottom of the

buld, wihich was immersed in a metsl bath,

The inlet was conneated to @ Hein modified Kipp (see
“Semimiero Quantitative Orgenic Anelysis-Belcher and Godbirt
1945, pege 73) for the zcmrltioi: of sir-free carbén dioxide,

through a purificstion train consisting of two tubes, the firet
. Wfillld...- T



£11led with caleium ehloride, the second with sodium cm.m
monohydrste ani finally e sulphuric seid bubbler, 1.e. in this
erder, the cslcium chloride tube being nearest to the flask in-
let. The flask outlet was connected to a Dumss nitrometer
filled with 50z potagsivm hydroxide and 1% berium nydrexiéo;

" Befors hesting, the IPPO!'Q%;I.' was awept out with carbon
dioxide until free from air, as indicated by the formetien of
micro-bubbles, 8s in a nitrogen estimstion, The flask was then,
heatad te such a temperature t.ﬁat the liquid was kept boiling.

At the same time a slow strean of carbon dioxide was possed
through the appsrstus. The hydrogen evolved was ¢ollected snd
meosured in the nitromater. It 1s thought that tuls apperstus
is superior %o thst used by Linstesd g% 8l., ., 1987, 1146)
for dehydrogenstion stulies as fewer corrections sre involved.

Bl 63 SiCYe.le (ho 4 (31 LA TLE N1 4% § & ArexXvaid AG1IQ

" The purified scid (2.14 g., D.p, 161-4°C./165 m.m. was
‘ao'am with the catalyst (.21 g.) inm the appsretus described,
Hydrogzen evolution begen at 210°C snd became vigorous st é?o%.
The resction wes complete inm two hours. The velosity ef dehydro=
genstion is shown in zxﬁph V. A totel of 267 ec.cs, of hydrogen
(st N.T.P,) were evolved, i.e, 53% of the theoretical. The
resction was roughly monsmolecular, i

For the study of the dehydrogenstion produets of the
acid, a larger quentity (16.5 g.) of materisl wes used. The

denydrogenation was carried out as previocusly described, except

that the hydrogen wss not collected, After two Lours, wnen the

resction hed cessed, the flask wes illma to sool and the cone-

tents extrected with ether. The sthereal solution wes washed
| 96/witheees
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with alksli to remove the small quantity of scid present, snd
dried with caleium chloride. After removal of the et.har»tho
following frasctions were collescted on distillation.

@)  113-133°C./20 m.m. 7.0 g

(11) 130-1809C,/20 m.m, 0.2 g+
Fraction (1) yielded 5.6 g. of eolourless mobile ovil b.p, llde
1229C./19 m.m. on redistillation, = Pure lemethyl naphthslens
distilled from the same flesk boiled st 123-4°C under identicsl
eonditions,
Bicratae.

The hydrocsrbon (4,72 g.) wes mixed with pierie 2cid
(6.7 go, 1.0, 76% of the calculated quentity to sllow for sstu-
reted components formed by disproportionation) dissolved in slce~
' hol (30 c.c.). Pale orenge needles (6,02 g., m.p. 120-3°C,)
resulted. This wes recrystallized from slecohol (0 e.c.) to
yield the picrate m,p. 123-40C, (3;48 g.)

Pound: C, 54.7% § H, 3.4%

cl.,ﬂmo.,!a - requires: C, 565.0% § H, 3.6 |
This picrate is thought to De a mixture of l-methyl naphthalene
pierate (65%) and Z-methyl nephthelens picrete (358), see the
melting point disgram opposite. When this mixture of 65% wes
prepered snd mixed with tne unknown .picrsﬁ there was no depres- -
sion of the melting point, although the unknown picrate gsve
depresaions with both l-, and 2-methyl naphthalens picrates,
separately, It wrs not found possible to separats the two Com-
ponents by recrystellization,

The hydrocerben wes regensarsted by sheking the ethereal

solution of the picrete (1.6 g.) with 1% caustiec sode solution
9’?/“‘110. o9



until colourless. The ether layer wes dried over celeium ehloe

ride, the ether removed, end the residue distilled et reduced
pressure ss @ colourless mobile oil, b.ps 118-121°C./20 m,=m,

(Pure methyl naphtialens distilled from the same flask under
identicel conditions at 180~2“§L It 4i4 pot reduce agueous
»rotsssium permanganete even on boiling. It was distilled from
sodiux at atmoapharie pressurs without change. The sbsorptien
spectrum weag messured snd found to closely ressmble thet of l-
methyl naphthslens, see grsph V,

Dehydrogenstion of Ethylnh;gzglzrﬂﬂ.i.ﬁl-undpcntricno Cerboxylats.

The dahydroﬁanntian of the ester wes carried out as
befors. The ester (2.05 g.) on being heated with the catalyst
(0.2 g.) begen to effervesce at 310°C, The gss evclution was
Slower than in the case of the acid and here agein less thnh half
tie theorsticel quantity of hydrogen was evolved, s totsl of 188
C.C, Or 48,62 of the theoretical, The sctusl qusntity of hydroe-
gen produced is probably even less then this, becsuse the gas
collected probably conteined gaseous hydrocsrbons fermed dy decar-
Sotnoxylation. That fiseion of the ester grouping had tsken
pisec to some extent wos confirmed by the isolstion of e low boik
.ing hydrcocsrbon frectisn from the dehydrogenation product. The
econtents of the flask was worked up snd distilled under reduced
pressure,

Fraction (1) b.p. 120-180 /18 mum., 0.6 g.

" (41) d.pe 160-180 /18 m.m., OC.26 g.
The lower fraction resisted Lydrelysis and formed a picreata,
1don£ieul with that derived from the hydrocsrbon obisined on
dehydrogenation of the scid, already described, m.p. 123-4°C,

The higher boiling fraction yilelded @ smell quhnuz% gf erystal-
m....
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line acid, probably o methyl naphthoie scid., The quantity
obtained was too small for oatutaetéi'y purification and it wes
not mvnt.izaud rﬁrthtr.

(Diethyl cinnamylidene malonate) . ,

Cinnamic aldehyde (132.2 g., 1 mol.) snd ethyl malonate
(60,2 g.3 1 mol,) were mixcd'tbalther, pipardine (8 a.c.) 2dded
snd the mixture sllowed to stend for two hours, when 8 further
‘quanuty of pipéré.tm (5 e.c,) was sdded, After astanding over-
night, the mi:gtun was teken up in ether snd the piperdine wasned
out with concentrated hydrechloric scid - snd tuen with sstursted

szzonium sulphate solution. The etheresl solution was dried
over sodium sulpheste, When the ether had been distilled off,
the residue was very slowly auuma in two lots from a Clnison
flask (260 c.e, cepmoity) at h:lgh vocuum with the sia or sn oil
bath, If the oil bath was hested too rapidly, the vscuum could
not be meintained, becsuse of a gas gvélution, doubtless due to
the decomposition of unrescted ethyl mlom?u;

The first frection boiling 80-160° /2 m.m. was e mixtur
of unrescted ethyl melonate and cinnamic aldehyds which wes re-
trested, Thes required ut.u" distilled atl?O-lﬁO’. /0.8 mom,

The yield wss 170-180 groms, or 60-85% of the theory. :

. #hen lerger qusntities were used, much inferior ylelds
were cbteined due to the diffieculty of aontrolnnz the temperstur
of the resction mixture which st beatws kopt belot 30°C.

Diethyl 4-phenylel tsabnt-eum-lslodiearbc:;yhu has
also been prepsred by Knoevenagel and Henz (Ber., 1804, 27, 4483)
but detsils of the preperation are not given.
| | 95/Diethyl. ...



Into & two litre npiratar‘ bottle fitted with an inlet
st the bottom and a metal tep at the top, was plagced freshly
prepered palladium/ealeium ¢arbonete hydrogenation catalyst
(76 g.) as described by Bush and Stove (Ber., 1916, 48, 1063)
and diethyl 4-phenyl=-1t3~ butedisne-lil-dicarboxylate (274 g.;

1 mol,) disselved in ethyl elechol (600 e.c.).

The aspirator bottle wes then canted at about 45° with
‘tne inlet facing upwards, so thet with the tap at the top open,
it could be flushed out with hydrogen without the gss bubbling
through the liquid or coming in contaet with the eatﬁlyst, which
was goverasd by the alceoholic solution.

%hen 2ll the air had been replaced with hydrogen, ths
tap was closed and the bottle was turned on its side end vigo-
rously sheken in s mechsnicsl shaker. Hydrogen was passed in
et @ pressure of about three stmospheres from & hydrogen cylinder,
the pressure being messured by a mercury menometer comnedted in
series with s small bubbler filled with aleohol,

After » few minutes the colour of the catalyst changed
from brown to bleck end 2 vigorous absorption of hydrogen took
plsce. The resction was complete efter about one hour. '

The cotalyst was filtered from the aleholic solution
and efter distilling off the aleohol the residue was distilled
st reduced pressure. The fraction beiling et 141° /0.3 m.m.
was collected, about 250 grsms or 90% of the theoretiesl yield,
Diethyl 4=phenylelil-dicerboxylate has slso been prepared by v.

100/Braunta...
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Brsun snd Kurber, (Ber., 1612, 45, 384) by treating 3-brem§§1-
phenylpropane with the sodio-derivative of ethyl mslonate.

f_.!; EXPAY .
_ Diethyl 4-phenylbutans lile-dicarboxylate (278 g.j 1

mol,) wes mixed with potaessium nydroxide (110 g.; 2 moles)

dissolved in water (200 e¢.c., i.8. 2 35% solution, D 1,38) and

vigorously shaken, After a minute or so, & vigorcus reaction
set in end the mixture became homogeneous. The solution on
cooling wes extracted seversl times with small quentities of
ether to romoﬁe non saponifiasblle gaterial. The esqueous layer
wes scidified with eoncentrated hydroshloric scid and the |
liberated ae;d teken up in & little ether, The ethersal éﬁuﬁion
wag weshed with water ard dried over s&dium sulpha;.. After
removal of the ether, the residue set to @ sql;d crystalline
magss which was decarboxylated without further purification.
5-Phenvivalerie Acid. |
4-Phenylbutane~lsl-dicarboxylie scid (about 100 g.)
wes gently hested in a Claisen flask (280 e.c. capacity) under
reduced pressure, with s free flame at such & rate that the
pressure did not exceed 100 m.m, Under these conditions carbon
dicxide was smoothly evolved at aﬁout 2309C, and the resction

was complete in ebout twenty minutes.
¥hen the ges evolution had subsided the phenylvalerie

acid wrs distilled; the fmction boiling 170-200°C./20 m.m,
being collnetcd.l On eooling, the scid crystallised out in a
mush of large plntoi. These waere filtered off at the pump and

101/ washeB.c.
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weshed with smell quantities of petrol ether to yield the almost
pure 5-ph¢nyivalerio aéid. The yleld from 4iethyl 4~-phenyle -
butane~lil-dicerboxylate (278 g.; 1 mol.) was 128 grams, or 73%
of the theory. |

The method used in these two stages wss essentielly that of v.
Braun snd Deutseh (Ber., 1612, 4§, 2178.).

Phenyl-

Into & one litre three necked flask fitted with
reflux condenser send a Aropping funnel, were plsced bhosphornl
penta-chloride (240 g.j 1.16 mol.) snd anhydrous bensene (600 c.e.
The mixture was then hested until solution was complete, &8nd then
eholad to room temperature, when # mixture of b-phenylvalarie
acid (174 g.; 1 mol,) dissolved in snhydrous benzens (200 c.c.)
wes slowly run in with gintlc shaking., When the addition wes
complete the reaction mixture was heated on & water bath until
the evolution of hydrochloric acid ceassed, about 1 hour,

The benxene anﬁ phosphoreus oxychloride were then
- removeG by distilletion st slightly reduced pressure from s water
bath snd finslly the meid chloride wss distilled watn'tne,rull
force of the water pump and came over at 152° /15 m.m, The
yield wsa 17C gresms or 87.4% of the tiLeory.

' %¥hen the preperstion was carried out without a solvent
the reaction was very vigerbus’pnd‘the'yicld wuch lower, about
60i S~-Phenylveleryl eialoride nap also been prop#é&d‘by Xipping
and Hunter . 1901. 2§, 6C8) but without a solvent. The

102/139111!13. see
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boiling point and the yield were not recorded.

(Benz-suberone) ‘
Into a § litre round bottom flask fitted with & four
necked hesd to secommodate 8 reflux eonﬂcnoar, dropping tunnul;

both protected with esleium ehloride tubes, » mereury seal
stirrer and an inlet for solid alumiqpm ghloride, was placcd
powdered sluminium echloride (60 g.) smd carbon disulphide (300
CeCo)e The flan was hested in @ glycerine bath equipped with
an immersion heater. Glycerine is preferable to water because
the éondnnsation of water vapour on the apparatus 1s svoided,

The mixture was heated to about 80°C. so that gentle
refluxing took place and 5Qpacnylv11-r71 chleride (164.4 g.; 0.8
moles) dissolved in cardbon disulphide (3,200 c.c.) wsa sdded at
the rete of 400 c.¢. per hour and st the end of each half hour
powdered sluminium chlarido Q0 g.) was 2dded with vigorous
stirring. After eight hours, the stirring ws=s stopped snd the
mixture was sllowed to continue refluxing ovirn;ght.

o ‘The carbon disulphide was then distilled off snd about
two Rkilos of finely crushed ice added, ¥hen the rcactibﬁ wae
complete the materisl wes extracted with ether. The iqu&bu.
portion was filtered, satursted with sodiux chloride and twice
cxtraetad with ether,

The combined etheresl extracts were shaken with satu-
reted sodium carbonats solution sand finnlly dried over ealcium
ehloride.

A small quantity of scid (about & g.) recovered from

1IN Sen



the elkeli scluble meterisl by mcidificstion and extreetion with
ether was reworked. | .

After the removal of the ether, the ketone wes distilled
the frsctiom b,p, 143-153“ /18 a.m, bcing'eoilcem: 108.3 grems
i.0. 82,3% of 'th& theoretical quentity.

In » previous run in whieh all the sluminium ghloride
wos sdded at the begimning of the resgtion the yield was much
lower, 656% of the theoretical queatity.

Benz-suberons hes also been prepared by Perkin and
Hunter (. 1901, 78, 606) end Bosche spd Reth (Bar, 1921, £4, 174)
in mueh poorer yields, 40% ‘and 803 respectively, snd by Plattner
Ciglv. Chim. 2ota, 1944. 21, 801) in 87% yield but with a much
more srduous method than the above,
ii2-Benz-cvelo-heptane. (Bens-subersns)
 ©.f. Metnod of Plattner, Helv. Chim. Acts, 1944, £7, 174.

Zine woel (170 g.) was pleced in a two litre three
"necked flask and well sheken with mercuric ehloride (12,5 g.)
dissolved in water (260 6.c.) and hydreehlorie seid (10 e.c.) st

$0°C, for two to three minutes and then decanted, The amelgam
wes shaken with water, 0,1, N hydmhlarie teid and timlly
allmd to atend in cold 1. ¥ hy:!taohloric acid for half en hour.

The 1.X hydrochlorie scid was decanted and water €00
¢.c.) and concentrated hydrochloric scid (200 e.c.) were sdded,

and the flesk was cquippid with a repid stirrer, @ reflux gone
denser and an inlet for hydrochloric scid ges. The mixture
was then brought to boiling with vigorous stirring by means of

IW.ZIQ tee
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en oil bsth mainteined electrically st 110°C, and 1iZ-bens~
eyolo-hepten~3-one (80 g.§ 0.8 mol.) dissolved in toluens (300
c.c.) greduslly saded. _ | =
After 2,14,94,30 end 36 hours, 4ry hydreshlorie scid.
'acs wob paaaéd into the mixture ﬁntii'ottarus-ﬁ. 114tt1¢ was
necesssry towards the end of the resstion, After 48 hours sll
the zinc was dissolved. ‘ m toluene inyor'uymm. washiod
with slksll end then water. The wsanings were sdded to the
squeous laysr which wes neutralized with csustic sode, 8o that
e slight but permenent precipitste of zing hydrexide wes formed.
These liqulds were thsn ﬁvc'ru times i;t.rmud with.
ether, The ethar wea rewoved and the residusl liquid combined
with the toluene sblntienn ’ﬂhtn‘thg tolusns selution had been
dried over ealaiuﬁ,ehlaridl. the toluene wes 41#&1110& 0£!
through 8 siort frectiensting hesd st stmospherie pressure.
The residue wes distilled ip vecue. r‘ﬂ‘lﬂa fraction
Bepe $6=108° /16 m.m,, 64 grams or S57.8% of tﬁtnyt@h»r&uén
quantity, wss eollected, ' '
| A portion of this materisl wes twice distilled frem
sodium snd the frection B.p. 217°C/781 m.m. retsined for the
abaorytian spectrun atudy, See Greph lX.‘

112«Benz-gygla-heptans (56 g.) was trested Aropwise
with ethyl diasoscetsts (6.0 g. 855 i.e, 0,1 mol,) st 130-8°C,
over & period of two hours, The tempersaturs wes then slowly
reised to 168°C. during two hours. After cooling to 1309C,, the

mixture wss retrested with o i’artmr quantity of sthyl
105/dinzoscetate. ...
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diozoscetate (6.0 g.) and the procedure repeated.

The mixture wes then distilled and the following

fractions were collected st 16 m,.m.

(1) v.p. 100-108°C. 52 grems.

(11) 120-2009C § grams,
The recovered hydrocsrben was retresated as described above,
_ After working the materisl ten times in this menner, & totsl of
~ about 25 grams wes obtained together with 18 grems of unchanged
1:2-benz=gygle-heptana. |

‘The gombined high boiling faetions were distilled snd

the portion distilling batuin 160-180° /13 m.m,j @ pale yellow
mobile liquid retained (sbout 16 g.), It d1d not give the
charscteristic norcaradiens colour resction with concentrated
sulphuric acid,

Sinee this crude eater could not be obtained pure by
frectionation it was ssponified with strong alknii 0 remove
nit.rogcnoun material, ’ |

‘To the erude ethyl ({0.6.5.)-bicyslo-dodecstriens
carboxylate (8,0 g.) was sdded potassium hydroxide (4 g.)
dissolved in water (4 c.c.) snd aleohol (20 c.c.) and the mixture
placed under reflux for 8 hours. The sleohol was Aistilled off
st reduced pressure, water sdded, snd the solution extracted with
“ether to remove non-saponified meterial. The aqueous layer wes
scidified end the liberated scid teken up in ether. The
ethereal extract was washed several times with water to free it
from slightly w;;tor soluble acida; After drying over sodium

106/sulphatEces e
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sulphaste the ether was removed and the acid residue distilled
in vaguo. The pure seid distilled s & highly vipoon.ia' eil,
msin fraction B.p. 146-188° /0.4 m.m., 3.3 grams or 52% of the
theoreticsal, | '

Founds C, 76,4% ;3 H, 7.4%
cmnl g requires : C, 76.5% ; H, 7.8%

{o 5.5.)~Bieyeh-do&oeatrum carboxylie seid (0,563 g.)
was dissclved im glsciel acetic scid (15 e.0.) and sdded dropwise
to 8 mixture of 6% ptn.adiun chloride selution @ ¢.6.) ard 2%
gus srabic solution (6 c.c.) in the hydrogenstion flask M )
The air in the flask was replsced with hydrogen and & solution
of colloidel pallsdium, prepered by passing hydrogen into a .
mixture of 5% pnlisdim chloride uelugian (2 ¢.c,) and 2% gum
arebic solution (1 c.c.),  The mixture wos thoroughly shaken
and‘ the quantity of hydrogen at stmospherie pressure measured;
the reduction was sluggish snd stopped sfter hydrogen (123 e.e.
at ¥.T.P,) had been sbsorbed (1,8, squivalent to 1,9 double bonds)
The mixture wes then evapersted to drynsss at the water pump,

‘The residus was digested with csustic sods solution and non seid
material (less than 0,008 g.) removed by washing with ether.

Toe squeous lay;r was then seidified and the libersted scid taken
up in ether. On removel of the ether, the seid (0.41 g.)
rexained behind es 8 highly viscous, almost colourless oil whiech
slowly reduced scetone permanganete and weskly acid permenganate

solutions,.
107/ ©uBeSadenes



[0.6.6.J=Blayelo-dedecatriens cerboxylic scid (0,670 g.d
wea dissolved in glecial scetis uid (0 c.c.) and added dropwise
with shaking o s mixture of 8 chlorepletinic seid solution \
(4 ¢.0.) and 23 gum aradbic leiuuonv (6 e.2.) Wna xl\ncuz' sutiﬁ
scid (6 e.e,) in the hySregenstien flssk (Lpg.git.)e The flssk
wes washed with @ further quentity of glecial seetic acid (5 e.s,)
and this also sdded, .

’z'ba' air in the nﬁparam wea replsced with hydroxia
ani a solution of eslloidel) pletimum, prepered by pessing
ﬁy&mgcn for 16 minutes into @ mixture of 8% ehlorepilﬁnla scid
solution (2 e.c.) snd &% m srabic solution (1 e.c.) added.
The resction cessed aftor hydrogem (OS2 e.8. ot I.‘t.ﬁ.),
equivalent to 3.67 double bonds hed besen absorbded, |

After the resstion vmi eomplete, the mizture was |
evaporated to drymcd st reduced pressure on & weter beth, The
residue was digested with csustic saoda sslution snd this aquecus
solution extreoted with atn@r to rerove mors .uid iuwttiu
(lese taen 0.005 grs.,). The aiqnaiega layer wzs then seidified .
snd the liberested 'wm tsken uwp in c‘&ur and dried over scdium
sulphate. On‘némnl of the ether, the scid (0,39 4.), » pale
yellow oil remsined which 414 not reduce petrsaium pcmngmu

selutions,

[0. 60 6. J-Rigyolp-dodecatriens ourboxylie aeid (b,p.
140-168° /0,4 mom., 2 g.) wes disselved in absolute sleshol

(6 e.c.) and concentrated sulphurie scid ©.6 g.c.) edded with
16087 shakdng
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shaking. After refluxing this Mxt.qﬂ on & water bath for
three hours 1% wes poured into weter 2nd the ester taken up in
ether, The ethereal extract was washed with 107 sodium eafbo-
nate solution and water and finally drhd o;rer_podium sulphate,
Removel of the ether left the crude ester (2.15 g.) which wos
distilled, snd the fraction bd.p. 17?-809(:; at 15 m.m. gollected
23 2 pale yellow viscous o0il, 1.3 grams. | ‘

nation Studies. . (A) Liquid Phese.

1)  fo.5.5,)-bigyelo~dodecstriens eérboxylic acid
(1.0 g.) was heated with pelladium charcoal catalyst (0.2 g.) im
a stream of osrbon dioxide st 220°C, for ten minntes, After
cooling, the material vad aRtowEtel svA with peroxide free ether,
Rc@vnl of the ¢ther left s viscous residue which could not be
distilled and which wes almost completely insoluble in petrol
ether, | .

The petrol solution hed & blus-green eolour whieh
dinépund when it wes shaken with 85% phosphoric aecid, but
nothing could be regenersted from the splution on =dding water,

(1)  (0.6.6.)-bigyglp-dodecatriens csrboxylie acia
(1.0 g.) wes distilled from palladium chsrcoal catalyst (O.é &)
in the mamner recommended by Plattner end VWyas (ﬁg},z.', Chim. Agta.
1940, 23, 907), under slight vecuum, but all that was obteained,
was a lot of high boiling material and one drop' of a mobils pale
greenish oil with o suell reminiscent of decslin snd which did
not resdily sbsorb bromine. It wss therefore considered to bc
possibly 8 mixture of hjdro-naphthnlcncl.

108/ (411) Similsrecee
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(141) Similar triels were csrried out with the
corresponding ethyl ester of the acid, but with equal failure.
Dehydrogenstion with sulphur wes also unsuccessful,

B Vapour Phase.

(1) Bthyl {0.8.5])-bigyclo-dodecstriene esrboxylate
about (2 g.) was very alowly distilled st 13 m.m, pressure from
s small distilling tiaak {A) imzersed in sn oil beth, through a
catalyst chamber (B)»(7Q1 c.m, longs 1.8 e.m. in diameter) filled
with 50% pellsdium chercosl cstalyst mixed with sn equal icight
of asbestos, and usintsiped at a tempersture of 325°C, in a
metel bath, as shown in the Alsgram (I).

The first few drops of liquid distilled into the
receivér C as 8 pale blue oil, but as the distilletion continued
tne colour cheanged to dark green and it wsa found that the blue
coloured material was formed only when the rate of distillation
wes very slow. IHowever, it was found exeeedingly difficult te
maintein such & slow rete of diutillétion with this type of
appsratus, ‘ .
 (The apparatus was found to give good yieldas of ethyl
asulens gerboxylete by treating ethyl [0.3.5] -~bicyclo-decatriens
cerboxylate in this menner), _

When sll the sster had been distilled the dshydrogenste(
materisl was fractionsted at reduced pressure and the first few
drops of distillate ceme over blue in ecolour, but the buik ot'the
meterial distilled st 170-49C./13 m.m. @6 a pale greem liquid,
The ultre v#ﬁct sbsorption apeetrum of this fraction closely |

*

resembled thst of the starting msteriel, -
110/Theeees
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The bluish drops, dissolved in petrol etner, were
shaken with 85% phospheric scid and the complex so formad
separated and weshed with Qctrvl ether, 1t was then added
with good shaking to & mixture of ether and e¢rushed ice. The
blue material regenerated in the ether layer demonstrutihg the
presence of an ssulene-like compound, Removal of the ether
left an intensely blue oily residue, sbout 3 mg,

(11) ec.f, Linstesd et. 8,1. ., 1937, 1146), |

Wa - In this instence the spparatus shown
in the disgrem (i1) was used. It wes designed to operate at
& vary slow rste of flow as used by Linstead,

The sster was delivered ﬁo the cotalyst chamber at a
rste of 0.0QS c.C. par minute, by sllowing it to flow through
a fine capilliery (3 cm. long, snd 0‘.95 m.m. in dismeter), the
8ize of the aperture of whiech, was sdjusted by pusning s finely .
drawn out \giau rod with a minimus diameter of 0.80 m.m, and
) ‘c.m. long into it. The diameter of the gless rod wss chosen
80 that it closely fitted the upper limb (A) to whieh it was
senled with a piece of rubber tubing lightly smesred with
vaseline. The fine enpill:lar} burette (B) (0.2 c.c. cepeeity)
was used in the ae‘_t.t.inz of the rate of flow while the lesrger (C)
waé used &8 a reservoir,

Tne catslyst chember (dis. 1.6 ec.m.3 7,5 c.m. long)
was constructed of Duran Jena glass, The inlets were mede of
fine cnpill!-'rin to avoid the formation of drops. The tube
| was packed with e mixture of 30% palledium charcosl ©.78 g.)'
prepared according to the directions of Linstead dog.cit.) and

5% pelladium ssbestos (0.7 g.)s The catalyst chamber was
pe ‘ ¢ d Wh..t‘d-boo



20

—9
o
~
1

Q
o

R ]
A7
0 5

I
7/ A8e3808777 // ,,,,,,,

Dumas YR ,' co
Nitrometer & ,,‘ ,, qtalvﬂ'{ ":';*’ “3 58 “Inle tz

\\\\ J

DEHYDROGENATION APPARATUS
DIAGRAM T1




| -1 |
hested in a elossly fitting solid copper block msde in twe
halves,

The outlet from the receiver vaa'conmcud to a Dumss
nitrometer, where the volume of g2ss evolved wes collected and |
nessured over 507 potassium hydroxide solution.

The optimum temperature for dehydrogenstion was found
to be 350-3609C, At 310° the evolution of hydregen was very
slow,

Zos Denvdrogenstion.

Before the reaction was aurud, the spperastus wes
swept. out with garbon dioxide until miero bubbles were formed in
the nitrometer. Ethyl [_0.6.5] -bigyclp-dodecatrienes csrboxylate
wes then allowed to flow into the catslyst chamber st s rate of
0.008 g.c. per minutes. A very slow rate of flow of carbon
dioxide was slac maintained, A vigorous evolution of gas soon
began and after a half hour & drop of colourless oil distilled -
over. o

¥hen the apparatus hed reached an cquilibr:lng the
volume of ges (320 c.c. at !.'1".?.) écnoraud from the eater
(0.76 €.¢.) wes messured. This corresponds to rouzhl& four
molecules of hydregen from every moleculs of ester, i.e. one
more then was expected due docubtless to the fission of the
carbethoxy grouping, and the evolution of gesecus nydrocerbons.
| The msterial obtained from the ester (2.5 g.) wes a
colourless mobile oil (0.5.0.3.), It wes refluxed with potas-
sium hydroxide (.25 g.) and ethyl aleohoel (1 c.c.) for one hour,
The slkeli solution fractions emounted to less than one drop of

. dark brown o0il. The slksli insoluble hydrocerbon (0,36 g.)
, 112/wed.eee
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wag trested with pieric scid (3.7 c.c. of & saturated solution

in sleohol, i.e. 0,18 g.)

| The plcrata separated after warming in orsnge needles
from aleohol m.p, 121-122%C. efter two crystsllizstions, It
wes much more soluble then pleric ascid, Kixed melting point

with pieric about 108°C,
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It is considered to be 2 mixture of iscmeric dimethyl nephthse
lene: pierstes,
Found: C, 55.8$ ; Hy, 3.8%

Cygfag07¥y requiress C, 56.1% § H, 3.9%

The once crystallized matarisl (m.p. 120-128%, , 0,05 .
x.) was shaken with dilute csustic sods solution 2nd wster until
free from pieric seid, The ethereal extrsect was dried over
caleium chloride.  Removal of the ether lsft one 4rop »f colour=-
less mobile 01l which wes used in the ultéayialot absorption
spectrum stndy; The ultra violet sbsorption spectrum grsph (V11
is chsrscteristic of alkyleted nsphthslenes snd this product 1s
thought to be mosat likely a mixture of dimethyl nnphthnlonéa.

The material for dehydrogenstion wss supplied as
required from the reservoir (A) to the 1 c.c. buretts (B), the
" top of which wes connected to a mercury monometer used to sdjust
the gas pressure in (B), i.e. to control the rate of flow of
liquid through the fine capilliary, (D) inte the estelyst chamber
(E). The recaiva; (F) wes connected to @ water pump snd a
pressure of 15 m,m. maintained in the cetalyst chamber,

" The ecapilliary tube, which was made from @ thermometer
tube was drawn out so thst it delivered the ester st s rete of
0.015-.62 €.8. per minute st & pressure dittértncc of 740 m.m.

It was then possible to very the rate of flow from O,005-0.02 ¢.e.
per minute by varying "H" from 800-0 m.m, i
| | 114/The.ses
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The espililiary which wes surrounded by a_watnr'coﬁdcn-
ser to meintain a constant viscosity; wes connected to the
cetalyst chamber below end the burette sbove with pressure
tubing, In order to ayaiﬁ biockege of the copill: ery, sbsolute
clesnliness is neces:sry, snd for this resson it is best nat:te ;
use vaseline in the threewsy bdrttt- tap, However, to prevent
géa leakage it is bea; szeored with thick gresse on the outside,
Tiie tep was protgctcd from tue hest of the block by seversl
thicknesses of esbestos board.. The copper block wes meintained
taroughout 8t & temperature of 340°¢C,

ehvirog . | |

Ethyl [0.6.5] -higyglp-d:odecstriens cerboxylste was
allowed to flowvinto the catelyat chamber nt.s rate of 0,006 ¢c.c.
per minute. The distillste wes @ colourless oil which wes
found to be zsinly dimethyl naphthslenes, However, when the
rﬁta of flow was incressed to 0,18 e.c. per minute, the distillete
- cone over deep blue in colour. it wes distilled and tae
following freections collected ot 15 BeRe
Frection (1) b.p. 110-120 deep blue (hydrocerbons) O.15 g.

(14) 120-140 * i .03 g.
(114) 140-170 intense blus-viclet (eaters) 0,70 .
iv) 17C«176 greenish 0.30 g.

Tue hy&roéarbon frection b.p. 110-1209C/15 m,x., was
dissolved in pttfol sther ;nd extrected with ice cold 3882 phe!j )
proric aeid. The red phosphoric scid extrasct wes wsshed seversal
times with imﬁll portions of petrol ether and the asulene like
' hydrbeurban regenersted by pouring th¢~m1;turu inteo a vigorously .
118/stirred....
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stirred mixture of peroxide free ether, ice and water, The
etuer laycrriés then wasued with dilute slkalf 2nd finnlly water,
This ethersal extract was dried over celeium ehloride. Removal
of the ether left an intensely ultremsrine coloursd oil sbout
8 moge Tae visible sbsorption spectrum of this mesteriasl ia
shown in greph (Vifi). It wss not found possible to obtain s
erystelline derivative. |

The ultrsviolet absorption spectrum of the deep blue
fraction (111) suowed thet it wes mainly unchenged ethyl [0.5,6)-
" higyglo-dodecatriens carboxylate. It wes dissolved in light
petrol ether (85 GeCe) ind ah-kjn vith smell portions of ice-cold
886% phosphorie aeid until the petrol ether layer wss almost
colourless. The dark red phospheric scid lsyer wes vigorously
anageg with aix portions of petrol ether “CO c.e. in ﬁil). p &
was tuen poured with shaking into s mixture of etner (200 g.0.)
ard erushed 1ee; The deep blue etheresl aolution wes wasned
with sodium carbonste selution, weter and finslly eveperated to
dryness at reduced pressure in an stmosphere of cerbon dioxid‘.

The deep blue oid) (0.03 g.) which remained wss used in
the visible ebmorption spectrum atudies, see greph (x).  The
study of the visible sbeorption spectrum end s compurison of it
with thiose described by Plattner snd Coworkers indicated that
the quantity of szulens like meterial present 4did not exceed 5£. 

It wes not found possible to form s picrete or @ |
trotylste, from this materisl, end sll sttempts to obtain the

pure ester were unsuccesaful,

*dy
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The combined petrol étner noldti&ns from three dehydroe
genation. experiments, after the recovsl of the blue materisl
with 852 phosphorie scid, were evaporsted and the rc;iduc
{ebout 5 g.), seponified with 10% agueous potassium hyhroxidc.

The unsap.nified materisl (0.62 g.) was treeted with
satureted aleoholie::gid solution (5 c.c.j 1.e. gbout Q.26 g.
pleric seid). It formed s pierate (0.11 g.) m.p. 120-1°C,
identical with the isomeriec dianthyl ntthhaloan‘piernao mixture
obtained in @ previous dehydrogenstion experiment. |

The reaidue which failed to form e picrate was takcn up
in ether snd shaken with 8¢ equeous csustic sode until free from
pleric seid. After removel of the ether, the derk brown oil
was distilled from sodium, b,p. ebout 220°C. /780 m.m.  The
sbsorption spectrum (c.f, greph vii) was found to be very similm
_to thet of the Z2:17-dimeathyl maphthelens, and it is eoreluded that
this frection is mainly » mixture of dimethyl naphthslenes,

The alkali soluble materisl (2.76 g.) wes distilled
snd yielded » viscous aeid b.p. 160-170°C,/1.0m.m, pressure. (2.1
2., olive green). It rapidly decolourized potsssium permenga-
nete selutions end absorbed much bromine. '

Eg

The scid mixture (b.p. 160-170%C./1.C B.m.) wsa dissol-
ved in ibaalum élcohol (3 c.¢.) and concentrated sulpiuric ae‘id
(©.8 g.¢.) and boiled under reflux for two hours on 8 water
bath, Jt wes then poured into water and extrscted witn ether.
The stuereal solution wes weshed with sodium carbonete solution

and water, and dried over sodium nulphsto; Eewovel of the ether
117/’1.“.6. soe
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yielded the crude ester (1,56 g.) which wes distilled at 13 é.n.
pressurej the tomciag frections being collected:~

Frsction (1) b.p. 168-173°C. 0.8 grams,

(14) b.p. 173-178°C, 0.8 grams.

' The absorption spectrs of the two fractions were
studied and fraction (1) was without doudbt mainly unchanged
ethyl dodecatriene carboxylste. Fraetion (i1) on the oethner
hend wes some whet different and the presence of sromatic
ﬂarrangemnt products were suspscted,

In order to rezove all the umhanzod ethyl ['_0.5..5] o
Wdcdocatrhm esrboxylate frection (13) 0.5 g.) was
refluxed with potassium permsngsnate (0.2 z.) diculv‘d in
ocetone (10 e.c.) snd isior Q0 s.c.) for 15 minutes., A mixture
of sodium metsbisulphite and 2§ sulphurie ecid was then sdded,
erd the materisl extracted out with ether. The sthereal solu~
tion was weshed free of scid oxidetion produets with 10% sodium
carbonate asolution, with water end fimuy dried over sodium
sulphate. On removal of tihe ether, the sster (0.3 g.) remained,
It was toundr.t:‘;'eﬁak an sbsorption of light to contain mueh
nsphtinoic ester, (c.f. sbhaorption spectrum of sthyl 2-naphthoste
graph xi) and is thought to be either of the type A or B,

\
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R-nhphthaic scid (tiaxrck) wes erystallizcd from toluens
23 lerzo flst needles, m.p. 183~4°c. Tais materisl 4.5 2)
was dissolved 1:: absolute alcohol (20 e¢.e.) and eoncentrated
sulphurie acid (1.4 c.¢.) s8dded with sheking, After refluxing
for three hours the product w2s poured into % sodium cerbonate
solution and the ester extrected out with ether., The etheresl
layer wes twice uasnaﬁ with water end dried over sodium sulphete,
The ester freed from ethear Qas distilled and the meterial dis-
tilled, b.p. 169° /12 m.m., This mosterisl wes used for the
altreviolat sbsorption spectrum study, sees graph xi,

c.f, Salkind Ber., 1634, 67, 1032,

Raphthslene (1030 g., 8 mol.,) was melted into 2 two
and @ hslf litre, three necked flask equipped witi en sir con-
denser, a repid stirrer end e dropping funnel, snd maintained
8t 140-6%C in an oil dsth, To the rapidly stirred nap&tnslono
was 8dded ethyl diszoecatete (216 g. 861 f.e, 1.6 m0l,) over a
pericd of twelve hours, The mixture was then slowly hintcd
~without stirring to 168°C during three hours and finally dis-
tilled et reduced pressure. The faction boiling below 150°C./
16 z.m. eonsisted of unreacted nsphthalens, but the fraction
coming over from 180-230° /15 m.m. c¢ontained the bulk of the
crude ethyl bent-norcarsdiens carboxylets (154 g.) contsminated
with nitrogenous products.

As tois ester fraction could not be obtained pure by

119/4:6 tionation,s..
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fractionation it wes directly snﬁoniriod and the materisl
purified by erystellizstion of the corressponding escid.

The crude ester (154 g.) was refluxed with potessioms
n&ﬁroxido (70 grs.) dissolved in water (140 c.c.) end ethyl
aleohol (800 @e0s)e After refluxing for one hour, the mixture
was stesm diatilled free of aleuhbl'nné the excess naphthalens
removed by extraction with ether. The aquaoullinynr wss then
scidified ahﬁ the liberated scid taken up in ether, After ‘
removsl of the sther, the crude acid (122 g.) remsimed, It
was purifleé by cryltniliza&ion from sleohol snd yielded the
pure scid (66 grams) m.p. 166-7°C. (Buchmer spd Hediger 10g.0i%.
165.e°c.’. ~ Tne melting point 1s not sasrp, probably becsuse
it 1s » zixture of geomatric isomers. -

The sbove method is osaegtlblly that described by
Buchner snd Hediger (Ber., 1903, 36, 3502.).

A similer condensstion was csrried out with l-methyl
naphthelens (114 g.; 0.8 mol,) snd the produét b.p. 160-280°C./
15 m.m, collected (2.0 g.)e On hy@rolysis € grams of & viscous
scid was recovered and digtilled b.p. 170-80° /2 m.m. 88 a pale
green resinous mess. All sttezpts %o cerystallize the materisl
‘failed and it was not further investigeted. The sbsorption
spectrum auows it to be very similar to bemz~norcsradiens core

boxylate, see greph (xii).

The once eryatslliind benz-norcaradiens ea}boxylic escid
@.p. 166-79C,, 60 g.) was dissolved in sbsolute alcohol (210 c.c

'W.ﬂc"i
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snd concentrated sulphurie scid (21 e¢.¢.) 2dded end the mixture
pleced under reflux for 3 hours, ¥oat 4f the aieohol wes then
boiled arr. water sdded and tb; estar sxtrescted ocut with ether,
The et&er«l extract after.being washed with 10% sodium sulphate:

The ct.hnr was removed snd the residue diatill:d st n&aeed
pressure, b.p, 180-39C./16 m.m, (64 g.)
This material was used for the sbsorption spectrum

study, ses graph (X1l).

'Ethyl benz-norcarsdiens csrboxylste (2,609 g.) dis-
solved in ethyl slcchol was sheken with hydrogen in tie presence
of s psllsdiun/caleium carbonate cetalyst (Buseh & Sﬁvq m_.).
A totsl of 271 c.e. of ‘ix'yd'remu ‘at ¥.T.P, were abscrbed, i.a.
equivelent to 0,686 double bonds,

The bulk of the meterisl (80 g.) was then dissolved in
slcohol (60C CeCe) and shaken wit.h hydrogen in the presence of
‘the catalyst (10 g.) under @ pressure of 3 atmospheres inm the
mennsr dsecribed on page [, ¥hen the sbsorption of hydrogen
wes complete (sbout 2 hours) the cstalyst was 'tilt.un'd off, the
slcohol removed and the residue distilled st reduced pressurs.

bepe 179-188°C./16 m.m,, 45 grems.

Found: €, 77.6%§ B, 7.5%
Ciyfhg0y Tequires 1 C, 77.8%; B, 7.4%

Ethyl behs-norcsrens cerboxylste was hydrolysed with
'alecholic potsssiom hydroxide. The solution after refluxing
) 121/20Yeco e



=~181e

for half an hour was scidified and the precipitsted scid filtered

off and ﬁcryaumzod from aleohol. It does not crystellise

uli. doubtless due to the incressed number of theoretieslly

possible geometricel isomers in the reduced produst m.p. 162-4°C,
Found 3 C, 76.6% ; H, 6.4% |

Cyglholp Tequires : C, 76.6% j H, 6.43

| ¥hen mixed with benze-norcearsdiens csrbdoxylic scid

there waa @ depression of the melting poimt,

Bens-norcarens carboxylic scid was alaso prepsred by
nydrogenstion of pure bens-porceradiens cerboxylie scid (2,36 g.)
with hydrogen in the vpmuxineo of pellsdius/ecalcium earbonate
catalyst, liydrogen, 275 ¢.c. 8%t N.T.P. 1,0. equivalent to 0,58 ‘
double bonds, wes absorbed. The meteriel was identicel with

that alresdy prepared,

Ethyl benz-norcerene 45 g.) wes heated to 148°C., snd
ethyl diszoscetate a0 g., 0.33 mel.) added dropwiss with rapid
stirring over @ period of five hours, The resction was completer
by slowly heated te 1eo°c.; over a perioed of thiree hours. The
mactien:':;:‘mn distilled 8t reduced pressure, the following
fractions baing collected:~ o

Freetion (1) bdep, 130-180°C./1.0 m.m, 38.2 &

(11)b.p. 160-8009C./1.0 mem, 6.0 2.
Freotion (1) which consisted of unchanged ethyl bens-norcsrene
carboxylate wss retrested with ethyl dia:qaeitie ester as before
122/80800eus
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end the process repeated aseveral times 1a'ardar to obtein a \
substential yield of condensation preduet. The high boiling.
fractions cbmlp;mding to rrietian (11), from five such conden~
sstions were smalgated (sbout 18 g.) snd redistilled; the
freetion boiling 160-1909C,/1.0 m.m. (0.7 g.) being collected.
An it was not found possible to get s pure prodast by fractions-
tion, aome of the metarisl was hyﬁroiynd ea follows:i=~

_ The crude ester 'GB Re) -wu mixed with potassium '
hyaroxide (3 g.) dissolved in weter (3 e.c.) and eleohol (30 c.e..
This mixtm wag ra!lmd for tive hours and then cxtrletod with
sther to remove umaponiﬂtd substances. The sgueous lsysr

wes ecidified and the libersted scids taken up in ether. The
ethereal laysr was dried over sodium sulphate, FRemoval of the
ather left » noinoml ulid which sould not be crysum:od.

On distillstion st O.l1 m.m. pressure consideradble decomposition -
t.o;;k place. The yellow (pale) distillete set to & 90114 mass
of erystals, m.p. 151-2°C. whieh on rcorysuliiut.ien were
identified os bans-norcarens carboxylic seid, :

As attempts to separste the two acids .chrmiomph—
ically were iqmly nnm;eeeutul. an sttempt wes made to separste
them by fractional distillstion of their esters. The crude scid
mixture (1 g.) wes diasolved ia absolute eleohol (6 e.c.) and
sulphurie seid (0,8 c.c.) sdded. After refluxing for & hours
the ester wes worked up end distilled et 0.0l pressure,

Fraction (1) b.p. 120-1309C, ; 0.3 g.

Frict.imx (11) bep. 130.180°C, ; 0.8 g,

Aluaough mouon (11) probahly eontsined & high proportion of
W motua
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the diecsrbethoxy compound the separation was not nuftieiantl}
g00d to obtain satisfsctory smalyticel figures. The absorption
of this fraction (see graph XIII) was found to be very different
from ths starting material snd much mors 1ike that of en ethyl
gygle~neptatriens cerboxylate. | |
Dehydrogene tiop.

The crude ester condensation produet was distilled
from 30% pallisdium chercoal cestalyst at reduced pressure. The
materisl came over pale blue in colour (b.p. 120-140°C,/16 m.m,)
but was colourless on rodiatillngian. The sbsorption apoetéun
of this meterial wes found to ¢loasly resemble that of 2:7-di-
methyl msphthalené (ses graph XIV) acd it seems that in this |
cese resrrangement had tsken plsge., A plerste, orange ¢oloured
;nzodl‘s B.p. 120-10C,, was prepared but a satisfactory snalysis
eould»nnt bc’obtninnd; prebably becouse the dimethyl nsphthslenss
were contamineted with mithyl'noghthalunnn produced by decerb -

ethoxyletion and dehydrogenstion of the sthyl bcns-nnréhrcnn‘
esrboxylete, known to be present in the crude ester,

i=Chlorobydrindens. _
Commercisl indene (Eimer end Amend, $0% practical, 450

&.) wea shaken with 20% csustic sods, concentrsted hydrochlorie
. seid, scid sstursted ammonium sulphets in this order and finslly
iried over csleium chloride. It wea then cooled in » freezing
mixture to ~8° to =10°9C, and setursted with dry hydrogen ciloride
for twe hours. After the excess of hydrogen chloride had been
removed in s stream of air the residus wes distilled at 16 m.m,,

124/Depe 106>cq s
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Bepe 106-116%, A totel of 320 grams was obtained together
with about 50 e.¢, of low boiling msteriel which 414 not
resct with hydregen chloride.
¢.fs Haworth - J, 1947, 366,
Weisgerver Rar, 1511, 44, 1444,

.I-Chloio-hy&rindem~ (G085 g. 3 2 mol.), dioxsn (300 6.8.3
snd 5 solution of potsssium bicarbonste (200 g.) dissolved in
water (600 e.c,) were sepsrately and consurrently edded to water
(3000 g.c.) in » five litre flesk equipped with a rapid stirrex:
over & periocd of four hours., The resction mixture wes then
sllowed to stend overaight, It was extracted wita ether (Lwiae
was found sufficient) snd the combined extrscts efter drying
over sodium sulphats were distilled free of ether on a water
beth st reduced pressure,

The residus wss distilled et high vecuum snd the
following fractions collected at 8-10 m.m, pressure, .

(1) bepe T70-200°¢ . 70 3. meinly indens.
(i1) 110=1409C 126 z. tiie sleehol,
(111) 140= 84 g. the di-indyl-ather,

The yield wes thus sbout 47% of the theoretiesl quentity.
c.f. Jsisgerber Ber., 1911, 44, 1444,

1-Acetoxy=hvdrindens.

The crude once distilled l-hydroxy-hydrindens, still
containing some indene, fraetion (il), wes mixed with secetlo
..nhydr:léo (100 c.c,) and slowly hested to 100® over a periocd of

' 126/£4V80v0.
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five hours. It was then poured into weter and sodiup carbonate
powder sdded until no more csrbon dioxide was ;cv.olvmg . The ester
wes extreoted out with ether and dried over ao&iun mlph-tt;
After removal of the ether » saponifiocstion eguivelent s:owed
the presence of 62,.5% ester,

The msterisl wes diitillpd snd yielded the following

frictionsit 1l m.m, pressurs.

(1) 74-120°%., = 40 grems.
(11) 120-140%, _ 7 *
(141) ‘above 1409C, 20 =

The s;uona fraction wes redistillied snd the frection b.p, 125-8° /
11 m.m., 58,2 grems was retsined,

: l-Acstoxy~hydrindens (56 g.) wes trested with $0% ethyd
diszoscetate (10 c.q,) at 130-5° over a period of five hours
with slow stirring. The mixture wes then grsduslly hested to
160° over a period of two hours.

The resction mixture was then distilled, the following
fractions being collecteds~ . ‘

(1) Dbep. 83-50° /8,7 m.nm, 81.9 g. recovered ests

(11) 110-8000 /0.4 m.m, 6.8 g. violet dlue,

14%) high boiling residus 3 g. yellow resin,
Fraction (1) wes retrestsd seversl times snd taen the combined
condensation prodwcu redistilled and the deep bdlus fraction b.p.
140-160%C. /0.8 m.m,, 18 g. collected, It was obvious from the
blue colour that it alruéy contained ssulene. compounds,

186/Bbhylecese



¥hen this meterisl (5 g.) wes heated with sodium
csrbonate (1.5 g.) in e Claisen flask, 1m;'rnd in an oil bath
ot 160-70°C, for half an hour, therse wes s msrked increasse in
the depth of the colour. The deep violet msterisl prodused
was fractionsted and the mein fraction b,p. 160-180°C./18 m.m.
eolhetcd; 'Eatmuen of the quantity of ssulens~like meterisl
by @aauriag the light sbsorption in the visible region ahoﬁd
the presence of not more than 3% of ezulems compounds, calculated
&3 sthyl azulene c:rbcxyhu.

Distillation of this crude ssulens mixture from 30%
pallud:luw/ch&rcenl catalyst 4id not seem ta inoresse the quan~
tity of azulens much, However, mueh of the impurities were
destroyed snd the product hed s mush nerrower distillstion
renge 170-180°C,/1) m.m, It was estimsted to contein ‘10-\».18%
sthyl asulene ecarboxylate.

It could not be obtained pure bhecsuse it wes decom=
posed by B5R phoapﬁoric scid and a crystslliine ponpeum with
trinitro-toluene could not be formed, owing Lo the presence of
the csrbethoxy group. It eculd not‘ be pﬁriﬁld CLIONA OB~
phically, However, as it wi-aa aeonsidered unlikely thet tae
impurities would sffect the visible light absorption much,

This materisl wes employed in the spectrographic study.

The crude condensstion produet b,p. 14C=160 /11 m.m,

. (6 go) was saponified with potassiom hydvoxide (6 g.) dissolved

in water (120 e¢.c¢.) for five hours,
127/ - -
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The uahydralyud neterial was removed by ether extresction and

the acid recovered by scidification with 5N Mphwie scid,

The libersted scid wes tsken Gp in ether end the ether layo'r»

after seversl washings with water, was dried over sodium sul-

phate snd eveaporsted to Aryness. The viscous residoe {2 z.)

was distilled from a 2 c.c. distilling flssk conteining 30%

palledium/ehercosl cotalyst (C.2 g.). The blue green distillate

wrg redistilled ln vaciug. The deep blue oll so obtained

©.3 go) wes mixed with trinitrodenzens (C.15 g.) snd ethyl

slaohol (I €.c.) oand gently warmed, On cooling s mess of

derk brown needles crystallized out, once from alcohol m.p. 160

29C, (c.f., Plattner. Helv., 1887, 20, 224. m.p. 166,5-167,89C.),
The stulene wos regzensrated chromatogrsphiceally asas

blue plates with naphtnahm-lm odour,

Sodium (30 g.) ﬁs sdded in small pleces over a pcr.iod
of one hour %o & bolling solutionm. of 233-b¢m-m§g-hnptlnom
(benz-suberene, 32 g.) dissolved im absolute slcohol (320 e.e.)
¥hen #ll the sodium wes dissolved, the mixture was poured inte
.weter' and the crystelline slcohol filtered off st t.im pumEp. A
further quantity of the alcohol wes obteined by extrecting the
filtrete with ether, . After drying over sodium sulphste the
ether wap distilled off, \

The combined meterisl wes then erystallized from light
‘petrol (b.ps 36-609C,) and yielded the elmost pure slechol, Meps

- 1009C,, 20 g The mother liquors were evaporated to drynsss
'-IW.M..;Q-,
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was treated dropwise with 80% ethyl diesoscetate (12 ¢.0.)
over a pﬁriod of five hours. The temperature wss ﬁm: slowly
reised to 1609C, over a period of three hours, The produst

was distilled end the low boiling fraetiom b.p., 108-130°C./1 m.m,
which wes meinly gmhnngod .acqv.ato. retreated.

The combined high boiling products from four such
condensations b.p, 180-170%C./0.4 m.m. (4B ¢.c.) were redistilled
et 0.6 m.m, pressure, the tbllwink fractions being collected:-

(1) 100-145°C. pale yellow modile oil 5.0 g.

(11) 145-188°C, psle orange viscous oil 19,0 g.

A8 1% was not fnuﬁd possidble to obtein fraction (1i) pure by
fractionstion 1&’ was directly hydrolysed ss follows:-

The eater (3 g.) wes refluxed with potsssium hydroxide
(@ g.) dissolved in weter (100 c¢.c.) until solution wes complete,
about four hours. The acid wes worked up in the ususl menner
and dietilled at 0.2 m.m. pressurs, b.p. 150-200°C,

. Cerbon and hydrogen velues suggeat that it ie a mixe-
ture of [0,5.6] ~bigyglo=~d-odecatetraene carboxylic scid and
some [0.5.8] =bicyclo-hydroxy-dodecatriens cerboxylic acid
because it wse not found possible to gti setisfactory anslyticel -
values for any of the fractions taken. Better results could
Dot be obtained with concentrsted alcoholie potassium hydroxide
for the seponificestion.

Found 1 C, 76.3% j K, 7.2%

The tetrsene C13H 40 requires ¢ C, 77.2% ; H, 6.53
The alcohol cmﬁmﬂa requires ¢+ C, 70.9% ; H, 7.3%

(0.8 5] -Bigvgla-dodecstetraens carboxylie acid,

Wom‘. adh e
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The mixed scid (b.p. MWG./O.; n,m,, 6.2 g.)
ebteinsd by the aponiﬂcitun of the crude cﬁwl [6.5.5] -
. Rigvelg-scetoxy-dodecatriens carboxylste was hested to 160°C.,
in veguo with nmly ground fmd potassiuvm hydrogen sulphate
(4.0 g.) for half-sp-hour, After cooling thé meterial wes
extracted out with water and ether. The stheresl layer was
shaken with 5% ceustic sods stlution and this squeocus layer
twige wsshed with ether to remove decarboxylsted products,
esthereal extract A, The squeous layer sfter acidificetion was
token up in ether snd the extract B after being weshed with
water, dried over anhydrous sodium sulphats, The ether from B
wes removed and the residue (4,06 g.) distilled at 0.4 n.m.
pressure b,p. 1&-160’(: @5 a viscous pals yellow oil,

Pound ¢ C, 76.7% ; H, 6.7%

cnxue, requires 11 C, 77.2% § H, 6.9%

nwa.-uwmm-mm-uwm.

Ethereal axtract A which gontsined the non-acid mete-
rhl was dried over iediun sulphste and thir ether distilled off,
A mobile o1l with s pleassnt petrol-like odour remsined, It
wes distilled and ylelded the following frections at 17 m.m,

‘ prassure i»
(A1) b.p. 90-100°C, 0.5 g. colourless mobils oil.

(11) D.p. 200-280%, 0.2 g. pale yclloi viacous oil.
The low boliling frsction wes redistilled and the fraction
boiling sbout 100°C. collected; the qinnﬁt.y wss Loo smell to

get an secourete boiling point.,
' 181/m2Pe 8 |
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nd¥eB 11,6869, umax 13,400/261-7 n/u.
Found 1@ C. 80, 9% H H. 8.0%
C;of14 regquires 1 C, ¥1l.1% ;3 H, 8.9

li2-Benz~-gyglo-hepte«li3-diens.

Pure li2-bens-gyglo-hepten~3-0l (2.21 g.) was mixed
with finely ground pofsssium hydrogen sulphste (4.0 g.) emd
heated ip ysguo at 160%C, for oné hour.- The hydrocarben (1.6 g.
was then extrscted out with ether and diastilled st 10 m.m,
pressure, ‘ ’

fraction (1) b.p, 80-85°C. 0.8 z.

{11) b.p.140-180°C, 0.6 g.
Fraction (1) wes redistilled, the fraction b.p. 108-110°C, st
18 m.m,, pressure being colleected as s colourless mobile oil
with a plnngt. petrol-like odour, —

al®® ). 8873, Fmex 18,600/26¢ wu.

Found: C, #1.6% ; H, B8.0%
csloulsted for Cy,Hjgr C, 91.7% § H, 8.3%

Methyl [o.a.s;l -gﬁm-dmuuwua Carboxylste.

The pure distilled scid (B.18 g.) was dissolved in
sbasolute methyl alecohol (15 c.c.) and concentrated aulphﬁg-ie
acid (1.5 €.C.). Aftar refluxing the mixture for two hoﬁr-.
it was poured into water and the ester worked up in the ususl
menner to yield the mobile ester (3.28 g.). This was distilled
end the frection b.p. $5° /0,01 m.m. eon.etad.' A psle yellow
oil aga 1.5682, Smex 10, 280/261 w/u E inflex 1,660/324 w/u.

133/?0“0 ove
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Founds €, 76.4% ;3 K, 7.7%

esloulsted for Oy )0 3 C, 76,05 ; H, 7.4%

¥hen hydrogenated 1;: the presencs of a p_plllditﬂ
eslcium cerbonste cetalyst, hydrogen equivslent 1.8 double bonds
was sbsorbed, The hydrogensted sster wes recovered by filtering
off the cetslyst end distilling off the aleohol. The oily
residue was distilled st 0.1 m.m, fprvu‘suﬂ and the bnrt frection
b.p. S8°C reserved for t.ho absorption ipcetrm study., It ' :
showed @ .eanummu absorption of 1ight throughout the -mtm
without sny maxima, see EROE CIII).‘

Nethyl Dibremo~ [0.5.8] ~Ligyglo-dodesstetraene Carboxylats.
l-m-caecim (1,67 £+, 2 mol.) was added to 2
solutien of pure methyl [0.6.8] -higyglg-dodecatetraens garboxye
late in dry carben tetrsechloride (4 ¢,¢.,). Fresh benzoyl
peroxide (D.Oé Z.) wes then added and the mixture plsced under
reflux. Ko resetion took plsce in thc"'abunca of the catalyst,
A reaction gquickly set _m.'-s was shown by the tendeney of the
insoluble msterial to floet on the surface of the carbonr tatra-

cnloride, After two hours & test portion of the solid was
scidified with dilute scid and o Arap of #uuim iodide wdded.
Only e psle ysllow golour usapruéuecd ipdicating that the
ruet.im;' ua'a ﬁmnt complete. :

The mixture was then cooled and the succinimids filtere.
off and dried ©.9 g.). (The tmaﬁ&iui quentity expected 0,.88g
The tilﬁrod urbnﬁ ;ut.mnhr:ldn solution wes 'cvamam to
dryness mﬁ left e dark brown viscous mess. An ettempt to obtal
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pure materiasl for analysis by Aistillstion proved unsuccessful

a8 the materisl readily decomposed into s cherred msss,

A drop of the meterisl wes trested with slcoholie
silver nitrate solution and instantaneously yitlatd 2 yellow
precipitate of silver bromiai, clearly dcnonstrntiaz"thnt the
broxine was held in an allylie position in thc mnlnculn.

A proportion of the bwano-dcrivntive weés heated with
the molecular quantity of diothyl aniline for ome hour st 100°C,
but after working up the preduet still geve @ precipitete with
alcoholic silver nitrste, and it was found thet the bromide
was completely removed only or hesting with diethyl aniline for
four hours on @ atesm bath,

The material wes then mixed with sther and extrscted
with dilute @cid, The ether layer wes weshed with wseter snd
finslly dried over sodium sulphste. FHemovel of the ether left
@ viscous o1l which wes distilled,

Fraction (1) D.p. 100-1109C./0,1 m.m. pale yellow oil 0.1 g.
(11) beps 110-130°C./0.1 m.m, 0.1 g&.
The fraction (1) geve @ negstive test with elcoholic silver
nitrete and on snelysis it wes found to eontein only 0,863
bromine, siowing that only o negligidble quintity of the bromine
wae held as vinyl bromide.
| Absorption study of fraction (1) showed two maxima
E max, 7,560/241 w/u, E maxy 7, 560/256.

Frection (11) E mex, 7,000/245 w/u., B maxg 7,130/266.u
‘m/a. Thus both fraections hed an absorption less then that of
methyl [0.5.5] ~higvele~dodscstetraens csrboxylate. |
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Sthyl Bigvgle- [0.4.5] ~Undecstriens Csrboxylste.
U.V. Spectrum VIII (see grephs (4i) and (vi).)

rw logB mw  WEE mv logE my log B
220 4.340 268 3.37 206 3,33 342 2.70
222  3.95 260 3,38 298 8,32 344 2,63
204 9.80 262 3,40 300 3,31 . 346 = 2,59
226 3,84 264 3,42 302 2,29 S48 2.5
328 8,78 266 3,44 S04 3.28 350 2.46
230 3,69 268 3.46 306 3.27 363 2,164
232 3,68 270 3.4 310 3,23 364  2.061
234 3,61 272 3.44 314 2,19 365  1.997
236 3,42 274 3,46 316 3,17 367  1.623
238 3,38 276 3,465 320 3,11 363  1.832
240 3,256 278 3.43 324 8,06 370 1797
242 3,28 280 3,42 326 3,02 372  1.672
244 3.22 282 8.41 328 2.89 376 1.164
246 3.2 284 3.40 330 2.96 377 1.134
248 3,83 286 2,99 332  2.62 378  1.097
260 3,26 288 3,38 334 2.867 380 1,041
252 3,98 290 3,37 336 2.88 382 0,8
254 3,30 292 3,35 388 2,70 S84 0,832
266 3,33 294 3,24 340 2,76
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Ethyl=gyglo~heptatriens~Carboxylate.
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U.V. Spectrus VII

mw
224

226
230
231
221,82
251,65
231,6
232

835
238
239

241
242

log E
3,80

3,362
3.137
3.121
3,104
3,083
3,061
3,087
3,013
2. 980
3,013
3,037
3,061
Siom
3.104

mu

246
a5l

266

28y

263

en
276

log E
3,121
3,137
3.176
3,807
3,283
3.324
3.362
3,396

3.428
24488

3.487

3,513

3,838

3.661
3,638

(ses graph VII).

my

205
a7

303

a08

314

316
316
317
319

az2e

log B
3,513

3,487

3.4568
S.4i8
3,306
3,368
3.324
8,283
34207
3,137
3.104
3,083
5,087
3,013
2,806

mw
324

247
348
34¥

3860

351
352
368
370
372
374
380

‘LogE

2,802
2,207
2.104
2,061
2,013
1,64
1.837
1, 806
1,878
1,760
1,207
1.083
1,018
0.878

0,760

lamltrllin. oe
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wwm” mixture, by dehydregenstion of ethyl

[0:4.5] -bigyclp-undecatriens earboxylate. (graph V).

M log % WM log B W log B M,‘L log B
233 3,764 263 3,209 286 3,848 307 2,59
234 3,464 266 3,272 287 3,621 - 308 2483
255 3.318 257 3,318 289 2.488 312 2,449
236 3,272 260 3,358 261 3,454 315 2,269
237 3,183 261 3,431 263 3,431 316 2,260
238 8,078 262 3,464 204 3,278 318 1,98
239 3,049 264 3,488 297 3,241 319 2,260
240 3,088 266 3,821 258 3,196 320 2,400

242 3,066 8267 3,548 206 3,038 323  2.400
245 3,068 270 3.573 300 2,889 324  1.646
247 3,049 £71 3,596 302 2,764 328 1,366
249 3,196 274 23,618 303 2,672 327  l.124
280 2,260 279 53.640 304 2,888 328 0,498
262 3,281 286 2,618 308 2,556
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Ethyl Bicyelo [0.5.6] -Dodecstriens Cerboxylate
UV, Spectrum IX (graph VI), '

mu Lg% mu LOBE mou LEE  nu  logE
218 4.097 248 3,28 278  3.34 310 3.18
220  4.05 248  3.28 280  3.33 312 3,17
222 4,01 260  3.20 ga2  3.92 314 3,16
284 3.7 262 3,30 284 3.31 316 3.14
226  3.51 264  8.31 286  3.30 318 3,12
228 3,88 286 3,32 288 3,20 320 3,1
230  3.75 258  3.33 290 , 3,87 3228 3,09
222 3,67 260  3.34 262 3.26 324 3.08
234 3.8 262 3,36 294  3.26 326 3,06
235 3.61 264 3.8  2v6 3.24 328  3.02
236 3,56 2 266 3,37 268 3.2 330 2,88
237  3.47 268 3,37 300 3,22 332 2.92
238 3.4 270  3.37 302 3,21 = 336 2,85
240  3.38 272 3,37 304 3,20 340 2,78
P42 3,33 2274 3,36 306 3.19 344 2,69
244 2,29 276  3.38 308 3,19 380  2.866

| BWMMWLtoo



=13 8=

Dimethyl Kephthalens Mixture, by dahydrumﬁon of ethyl

f0.5.8] -biayclb-deduatrioﬁ. eerboxyiitc (graph VII),

mm
224
226

228

log B
4,008
4.068
4.111
4.127
4,088
3,821
3,638
3.324
3,830
3.196
3.176

3.182

3.248
3.272
3.224
3.366
3,408
3.444
3.471

mau
262

- 264

266
268
270
272

274

a76
a78

e80

e28g
284
286
288
280
292
204
256
268

log E
3.616
3,544
3.574
3,504

3,620

3.644
3.650
3.660
3.664
3,647
3.647
3.628
3.561

3.56v

M
300

302
304
3C6
308
31¢
alg
314
316
318
317

ais

319
380

321
322

324
326
328

log E
3,088
2,u82
2,863
2.778
2,724
2.608
2,666
2,613
2,477
2,446
2.430
2,446

2.4€1

2.461
2,447
2,413
2,238
2,029
1,859

muw
330
331

365
370

log B
1,826
1,768
1,780
1.826
1,839
1,866

- 1,804

1,766
1,716
1,644

1.5688

1,819
1,400
1.384
1,338
1.248
1,204
1.124
1.107>
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Alkyl Azulenes or Hepteslens, graph VIII.

mu B - mu B i ma F
450 1,83 820 4,03 696 6,00 665 3,88
466 1.77 526 4,25 600 6.33 €70 3,06

460 1.88 530 4,67 606 6,48 675 2,28

466 1,87 635 5.0 610 6.00 680 1.68

70 197 S0 5,35 €5 517 685 1.86.

475 2,00 580 570 620 4.58 490 3,16

480 2,26 555 6,12 625 5,36 685 5,20
485 2,38 657 6.17 630 6,43 700 3,33

490 2,66 560 €612 636 6,30 705 2.8

456 2,76 566 6.00 640 548 710 142
500 3,01 670 .10 645 4.36 718 1,03

6065 3,21 676 €.82 680 3.44 720 0,083

610 3.47 680 7.10 685 3.40 T80 0,062

616 3.9 60 610 660 3,74

Wltﬂ-ﬂ.u. ses
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112-Bens-gygla-heptene, greph IX,

mau log E mu log E Ly log B o log E
224 4.167 26C 3,587 278 2,625 308 11,026
226 4.009 252 3,618 280 2,487 310 0,986
227 3,818 254 3,645 282 2,38 312 0,980
228 3,628 256 3,676 284 2,318 314 0,869
220  3.447 258 3,673 286 2,262 316  0.78
280 3.301 260 3.668 288 2,215 318  0.943
232 3,178 262 3,660 200 2,084 319  1.026
224 3.175 263 3,676 208 1,965 320  0.687
236 3,920 264 3,668 294 1,819 322 0,644
238  3.284 266 3,580 206  1.630 324 0,369
240 3,344 268 2.642 208 1,446 326 0,168
‘248 3,383 270  3.483 300 1.280 330  T.82
244  3.480 272 3,447 302 1,164 340  T.526
246 3,600 274 3.104 304 1,169

248 3.543 276 2,816 306 1,136

WM“"E@& ses
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lydrecerben sfter removsl of Dizetiy) Nsphthalese (greph IX).

o OB E  wu LOEE  wu 1o E  wu log B
220 441 260 3,785 #00  2.816 - 340 1,838
230 4,188 270 3,616 310  2.678 360 0,969
240 3,603 280 3,452 320 2.286

250 3,710 230 3.296 830  1.578

Resoversd Ethyl Bicyelo- [0."5.5] «Dodecatriens mu:ﬂtﬁ

B34 3,797 266 3,408 300 3,087 334 2,348
230 3,618 268 3.407 304 3,008 336 2.28
236  3.624 270 3,401 306 2,969 333 2,220
240 3.456 272 9.399 308  2.524 340 2,164
245 3.433  PM 3,38 310 2,802 342 2,00
250 3.396 276  3.363 312  2.856 344 2,028
262 3,357 278 3,346 316 2,778 348 1,904
864 3.388 280 3,333 390 2,686 380  1.887
256 3,388 2828 3,318 324 2,850 3866 1.728
268 3,387 286 8.212 326 2.551 360 1,568
260 3,360 20 3,218 328 2.4% 370 1.223
263 3.404 292 3,188 330 2.442 380  0.802

264 3.410 296 3,185 238 = 2,398

m/n“ce;i
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Blue Ester Purified by phosphorie scid trestsent, Greph X.

mu LOEE  wu LOgE ., LogE .. logE
230 3,83 980 2,66 3556 £.16 400  1.54
240 3,67 330 2,46 360 2,06 410  1.40
260 3,64 340 241 368 1,9 420 1,23
260 3.435 350 2,80 370 1,85 430 1,10
270 3,51 342 2,44 378 1,81 440 0,964
280 3,61 344 2.40 380 177 450 0,876
200 3,31 546 2,36 386 1,74 460 0,845
300 3.98 @ 348 2,28 390 1.68 470 0,808 '

310 2,74 360 2.283 395 1,60 480 0,808

Vieible Speetrum,

gt 5 N R & and . Wy
500 8,30 666 10.7 630 11.687 3] 5.64

510 5.64 576 11,8 640 10,60 706  4.58

5

515 6,43 580 - 18,2 645  9.66 710 3,86
520 6,80 8865 12,0 650  8.80 75 3.32
626 7.2 590 11,7 666 8,70 730 3,18
630 7.86 685 11.68 660  8.88 726 3,10
635 8.42- 600 12,18 665  8.67 730 £.99
540 8.80 605 18,36 670 7.46 736 2,88
548 9,04 610 12,08 678  7.27 |
560 9.62 615 11,30 680  5.67

866 10.3 620 10,77 686 . 5.36

560  10.6 626 10.86  6%0 5.02 |
1%1.00.



Ethyl 2~ Esphthoste. - Graph XI,

M OEE  mu LR ., LORE  w,. Lk
216 4,062 264 3,800 880 3,668 326 2,946
218 4,286 266 S.544 260 3,680 328 2,386
220 4,382 268 3,678 268  2.679v 320  B.964
222 4,464 260 3,608 204 3,802 330 3,025
224  4.632 262 3,626 206 3,226 331 3,100
296 4,600 264 3,656 208 3.004 338 3,180
223 4,677 266 3,708 300 2,876 334 3,008
230 4,742 268 3,777 302 2,870 335 2,966

32 4,766 270 8.774 304  2.846 336 2,768
234  4.767 272 . 3.v74 306 2,808 338  2.30)
236 4,787 274 3,774 308 2,802 340 1,700
238 4,817 276 3,804 310 2.835 342  1.470
240 4,680 278 5,848 212 2,850 344 1,187
M2 4,46 280 5,854 314  2.882 346  0.888
244 4,10 282 3,806 316 2,585 348 0,708
246 3,760 284 3,736 318 3.068 380 0,569
248 3,580 286 3,676 980 8.976 562 0,138
260 3,617 287 3.676 528 2,938 364  0.016
262 3,496 288 3,684 324 2,046 '
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Rater obtsined by dehydrogenstien of Ethyl Bieyols- (0.5 8] -
neéuatﬂm ecrmu- bafm trntunt. with potassiom

permsnganate, Graph XI,

Wi Log B e Lg% w LegE  wy log B
225 3,768 266 3,263 298 2,836 330 2,218
220 3.638 236 3,249 300 2,790 332 2,234
235  3.663 270 3,292 302 BT 334 2.248
240 3,484 272 5,216 304 2.720 = 336 - 2,208
242 3,458 274 3,187 306  2.677 338  2.168
244 3,418 276 3,161 308 2.648 340 2,103
246 5,395 /8 3,139 310 2618 342 2,080
248 3,366 280 3.12¢ 313 2,600 344 1,906
260 3,363 288 3,101 314  2.660 346 1948
282 3,333 284 3,076 316 2,832 348 1,898
264 3,313 286 3,086 318 2,806 350  1.842
266 3,302 288 3,030 320 2,478 385 1.701
268 3,203 260 2.567 322 2,480 360  1.863
260 3,286 208 2,965 324 2,418 365  1.406
262  3.286 204 2,927 326 2,381 370 1,232
264 3,276 206 2.888 328  2.346 |

. ! I‘W“ﬂco e
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Esters umzm by tymm of m Wﬁﬁmun W

m [0.8.81 »Mmsum Carbexylate with
pamaim Wu. : Graph X1,

“M Jog B wmu - log B ~Man A log B mu  log B
228 3.651 260 3.7 2.680 3¢ LM
230 3,886 262 3,186 2,618 226 1,688
238 3.540 264 3,048 2.887 328 1,640
. 24 3,518 266 3,18 2.436 339 1,632
336 3.608 268 3,104 %348 330  1.632
238 3,498 20 3,082 5,250 331 _ 1.64)
B0  3.478 2B | 3,066 2161 333 1.668
242 3.488 274 3,018 8.088 - 333  1.656
244 3,383 876 2,588 2,082 = 334 1,635
246 3,348 278 2,958 1.070 336  1.69

48 3,908 280  2.925 1921 338 1.461
260  3.288 288 2.808 1.884 540 1,368
262 3,868 284 2,860 1,866 346 1,117

284 3,229 286 3,897 i.828 380 0,808
266 3,208 288  £.780: 1.781 360 0,689
268 3,190 290 2,728 322 1,760 370 0,560

BEESEEREREERERE
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 The erude Ester fraction obtained by Dehydrogenstion of
Bthyl Blevele- (0.8.5] =Dodscatriens Carbexylste.

M Log B mu - log B ma léz E e leg B
214 4,189 246 3,521 282 3,306 318 2,403
216 4,170 248 3,509 284 3,283 320 2,380
218 4.183 250 3,506 286 3,246 322 2,318
880 4,183 262 3,808 288 3,223 324 2,270
822 4,201 254 3,490 260 . 3,176 326  2.218
224 4,166 = 256 3,488 292 3,130 328 2,164
226  4.164 258  3.47¢ 264 3,083 330 2,130
227 4,114 260  3.464 296 3,078 332  2.104
228 4,083 262 3,480 208 2,927 334  2.072
220  3.082 264 3,452 300 £.845 336 2,033
230 3,811 266 3,446 302 2,789 338 1,982
232 8,769 268 3,430 304 2,723 340  1.943
234 2,662 270  3.408 306  £.669 = 342 1,807
236 3,618 278  3.395 208  2.628 344 1,860
238 3,881 274 3.373 210 2,672 346 1,881
MO 3,668 6 3,364 312 2,557 248 LN
242 3,647 278 23,338 314 2,488 360 1,738

-

244 3,634 %80 3,318 316 2,441 360 1,568
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Sthyl 3:4 - Bepz~nor-cersdisne Cerboxylate. Graph XII,

o Log B wmu LogE o, logE .. logE

240 3,761 263 3,761 286 3.626 304 3,041

243  8.516 264 3,788 - 8287 3,674 306 38,087
248 3,450 266 3,817 280 3,616 308 3,149

249 3,516 272 3.848 266 3,369 316 3,007

263  3.674 279  3.817 268  3.256 310 2,898
256 3,626 282 3,786 209 3,18 311 2,781

268  2.670 28 3,761 301 3,081 312 2,369

260 3,713 286 3,718 302 2,972 Sl4 2.0

Ethyl 3:4-Bem~norcarix;o Carboxylats.

217  3.899 238 3,728 252 - 2,627 266 2,627
222 3,966 239 3,600 853 - 2,564 210 2,664
226 4.025 245 3,104 264 2,342 275 2,467
231 3,966 246 2,027 268 2,408 278 2,408
£33 3,809 247 2,803 2690 2,467 279 = 2,348
236  3.820 280 2,724 262  2.664 281 2,167

1‘&’3@]100 s
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Ethyl Nethyl - bems-moresyadiens Csrboxylate  Graph XII.

ma Logyo B : max ' ; Lok, B
230 4.202° 308 3.048
236 4.12¢ © a0 283
240 3,903 s .89
248 - 3.489 3 2,328
280 3.8 326 2,338
255 3.450 . 280 2,863
260 3.600 338 . 2,188
265 3,668 340 2,207
270 3,708 © 348 2,017
276 3,722 . a0 1,929
280 3,708 366 1.836
288  3.637 360 1,730
200 .82 366 1,600
256 8,388 370 1,899

300 3.190 P ' 1.420 -

m::yl....
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Ethyl Carbetioxy-3:14-gyglg- heptetrienyl-norcsrens Carboxylate.
U.V. Speetrum V (greph XI1I1).

M Log B mu log B ma Log B max log E
233 3,887 248 3.470 268 3.31 308 Se4l
236 3.878 248 3.44 262 3.24 310 3,38
237 3.843 248 3,380 £66 3,38 314 3,34
280 2.732 849 3.24 269 .41 323 3.31
240  3.636 261 3.31 276 3.44 326 3.27
241 34600 252 3.27 280 3.47 328 3.28
242 3,556 254 3,23 260 3.47 332 3,18
243 3.4568 257 Se87 267 3.44 340 a.01
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Hydrocsrbon obtainsd by dehydrogenstion of Ethyl Carbethoxy -
814 - gyglo-haptatrieny) norcarens Carboxylate, Graph XIII.

e LORE  wu lgR ., legE ., legE
234 3,542 268 3,339 281 3.202 315 2,16
235 9,266 260 3,362 268 3,176 316 8,080
236 3.210 260 3,410 296 3,061 317 2,029
237 3.176 262  3.441 297 2.964 319 1,962
288 3,140 263 3,477 296 2,763 320 1,997
243 3,004 266 3,508 300 2,776 322 2,086
248 3,140 273 3.548 301 2,617 323 2,086
240 3,176 282 3,808 302 2,637 - 324 1987
963 5,210 286 3.477 808 - 2,474 325  1.062
265 3,238 288 3,441 306 2,401 |

266 3,202 289 9,399 308  2.862

267 3.316 260 3,316 314 2,268
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