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' !B?T‘l CT.

(+)-3 4—ﬁ1methoxy-2 (u-wethozy 2-vinlehenyl)-st11beau has
been prepared from‘thebaine. This is a biphenyl with a
"buttressed" ortho-msthoxyl group, a3 well asz beinz substituted
in the 6,6'=positions by vinyl groups, The rates of racemisation
of this compound zand of the éibenzyl, obtained by saturating
the vinyl groups, zive information about this "buttr°ssi“*"
effect, The ultraviolet spzetra are also studied,

Reactlion of thebailne with anhydrous megnesium iodide and
reduction of the product ith lithium aladlnium h;drid° is
fouMd to give (+)-u,3 3,9- tetrahgdro-4'-hydroxy-3' 2"-dinethoxy—

H-gvtayl—é,5.6.7-d1benzagoninu and not the N-demethylated
compound, as had been thouzht 2%t one time, A number of
derivatives have been prepared and cheractsrised, The H-methyl
azoninre is a 2,2'=-bridzed biphenyl with a nire-membered
heterocyclic brid"in rinz, and its methyl ether has also a
"buttressed" ortho-methoxyl group. For these reasoxns, the
ultraviolet spectrum and the optical stability of this ether
are of interest, Exhaustiv; methylatiqn of_the methyl ether
methiodide gives(+)=2,3,3'-trimethoxy-6,6'=-divinylbiphenyl,
which polymerises too readily for investigations concerning
1ts optical stability to be carried oubt, leasursmsnts have
been made, however, of the rates of racemisation of the

diethylbiphenyl, obtained by hydrogenation of the vinyl groups.



The results obtained from the racenisation experiments
and the dsberminations of the ultraviblet spectra of the
above compounds are compared with those for related compounds,
" The above stilbene,“dibenzyl, and the diethylbiphenyl
are also amonzst the very few known optically active biphenyls
with ortho-alkyl groups, and would te very lnaccessible by

procasses requiring optical resolution,
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The Stereochsmistry of the Biphsanylsg

Tha Biphanyl !olscule,

(1)

Electron diffraction studies show that the biphenyl
nolacule i3 rnon-planar in the vapour statel’z, the nost
recsaus dataz irdicating that the rings ars at about 22° %o
one anothsr, with a C;~C,, distance of 1,49 X. The molecular
conformation in the liquid state is not knovwn with certaintys.
X-Ray evidence4’5 shows that the molecule’is plarar in the
sol1d state and that the length of the C;-Cy. bond in this
528251725 13 1,50 8, there beinz no conjuzation betwssn the
benzense ringss. The 2,2',é,6' hydrogen tond anzles are
slizhtly deformed in the plane of the rings6’5. The most
probable conformation in solution has an angls of aboutb 200

8

between the planes of the two bengene rings” as shown by

analysis of and the similarity bestween the ultraviolsi spectra

in solution8

and in the solid stateg. This agrses with
the inference of Daleg, from comparison of the results of
measurenents of the infrared absorption spectrum in solution

and in the solid state, that the molecule is slightly



non=-planar,

Ultraviolet absorption speciroscopy gives information
about conjuzation tetween the two phenyl rings and analysis
of the spectra and of the chanzes observed on the introduction
of substituents may lead %o conclusions relating resonance
and the conformation of the biphenyl skeletorn, Biphenyl itsglf
shows a high intensity btand at 249 mpm, often termed the con-
Jucation btand, with an intensity, or molecular extinction
coefficient, €, of 17,300 (in ethanol), which arises as a ‘
result of resonance tetween the two aromatic nuclei, the Cl“cl'
bond acquiring some double bond character, According to
calculations by Guylo, in btiphenyl derivatives in solution,
the engle of twist between the planes of the two benzene rings
ray bs as large as 22° before the resonance enargy is
appreciably reduced, and somewhere between 45 and 680 before
it reaches zero, This decreass in resonance ensrgy rasults
in a hypsochromic shift (a decrease in wavelength) of ths
conjuzation band accompanisd by a decrease in intensity.

Orthn Substitution

Introduction of subsbituents into the biphenyl nucleus
has effects which depend on their nature and the position of
introduction, Any ortho substituent will raise the energy
barrier to inversion of conformation, and 1f this barrier is
raised sufficiently so that the molecule cannot become

coplanar at room temperature, the possibility of stable optical



activity will oceur, llany derivatives have heen resolved,

and the u“°r"J barrier to the passaze throuzh the transition
state, which nzed no% nscessarily be planar, although the rings
have %0 pass one another, has besn found to be in the order of
18 to 35 kecal, mole l, compared with that caleculated for
biphenyl 1tself (Howlettll, 1960): 3.9 keal., mole™, In soms
casés, compounds have been optieally activated (asymmetric
transformation) bub ngt resolved, and in compounds withous, or
with only small ortho-substituents, the passage through the
coplanar state is so Pfacile, that they cannot be optically
activated,

The rate constant for racemisation (krac) depends on the
enercy of activation (E) for configurational change, and on the
non-exponential term (A), often called the fregqueney factor, of
the Arrhenius eguation:-

-I/RT

Kpgo = Ao

Values of 10 to 12,5 sec.71 for logyq A are common for these

12 a1tnoush 13 sec.”l ig typleal for unimolecular

reactions, valuss above 13 sec.'l generally giving rise %o

reactions

positive values for AS*, the entropy of activationls. Ortho-

substituents can be arrangzd in order of dzscreasing effectiveness

in preventing racemisation in unbridged biphenyls14
Br > Me > CL D X0, > CO.H > Oue > T,

Although the ultraviolet spectrum of a biphenyl may

-

show a decrease in conjucation in the biphenyl system when



compared with biphenyl itszelf, optical activity mey not
ngeessarily occur, Yor this, an approximate minimum value

of T of about 18 kecal, mole~l 1g necessaryl5. Biphenyls may
be conveniently divided into the following loose categoriss:=-

(a) Those which speciroscopically show considerable
conjuratlon and are dptically inécfive, e.g. 2=fluorobiphenyl
and some bridged bipheayls {p, 15). The formar shows a shift
in the conjuration vanal® tolhmax 241.5mp (¢ 16,500) and a
caleulated interplanar angle of 49°, from the assumed geometry
of the moleculels.

(b) Those which speciroscopically show negligibdle
conjuzation but do not show optical activity or are optically
unstable, 2,2'-Difluoro arnd 2,2'=-dichlorobiphenyl srow shifis
in the conjugation band to X, . 233,5 mp (¢ 13,800) and

15

%inf 230 nup (& 6,500) respeetively >, with calculated inter-

planar angles of 55 and 7%° (both in a cis conformation),
from the assumoed geometryls; Dipole monent measurementsl7’16
glve values o2 77 and g1° regpectively for these 1nterplana;
sles, It has not been possitle to achieve optical activa-
tion of compounds with these ortho-substituents and caleulated
valueg for E© are 6 and 18 kcal.mole‘l respectivelyll.

(¢) Those which spectroscopically show neglizitle
conjuzation and which show, by exhitiiinzg stable optieal
activity, that they cannot pass through a coplanar transition

state, Examples hers are very numerous, bubt in continuing
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the avove 52vizg of dihalogeno tiphenyls, the 2.2';dibrom0
darivativa hasﬁxinf.ggi 228 my (¢ 12,000) end the conjucation
tand 1s absent in the di-isdo campoundls. The interplanar
cngls of each haz been ealeulated as before 2nd found 4o de

£3 and 91° raspectivelylﬁ 17

y 2nd dipole roment measuremsnis
zava 85 aad 849, 2,2'-Ditronobiphenyl-4,4'-d1cerbozylic acid
exhivits ortical activity, vwith a half-life of 7.3 nin, at

5,6°, The encrzy of activation for raeemisationl8

was found
to b2 19 keal, &ala'l. The correspordinz di-isdo-compound
tas also b22a ostained optically activelg, tha enargy of
ectivation for racemisationzo being 21,6 keal, mole'l, with
e half-11fe of 104 zin, at 25°,

Sabstitutlon of mathyl sroups in the p-positions of
tiphenyl sives s consideratle diminutica 1n conjuzation e.g.
for Z-methylbiphenyl, Xp.y 335 np (e 10,500)51422053 gnd 1n
dZé

2,2%=3imathyltipheayl, th2 tand hgs alrost vanishs .
Teplacemsny of methyl bty ethyl, n-propyl, or n-butyl has
14ttle sPfect as the largsr alkyl grour can take up a position
i which it canﬁributgs 1ittle additional overlap22'25.‘
o-IIydroxyl and o-m2thoxyl substituents produce a
da2cersasa in the extinction coefficient of the conjusation

21,23 is only

band of biphenyl, bubt the hypsochromic shift
about & mp, In conjuzzated systems, bathochromie shifts
of this order are usua136'27, and so the "theoretical™

hypsochromic shift of sbout 10 mp is comparatle with that
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22

due to alkyl substituents™, The hypsochromic shifts produced

by two o-methyl or o-methoxyl groups are approximately twice

es great as for ome (\ _ 227 2nd& 230 mt raspectively~tr 28y

Thesa hypsochromic shifts are regarded as beilng sterie

o
-

in originz there beilng an overlap between a group in one of

the ortho-positions eand the o'-hydrozea on the other ring, In

21,23 2l

the ortho-methoxy and hydroxy  and the

23

0,0'= and m,m'=

dimathoxy end dih:yd::'cnzy:38 compounds, long-wavelength phenoxy

tands are also present at about 280 to 295 mn (€ 5,000 to 6,000),

(I1) (II1) (IV)

0 ¢
RO

<o,H NHe
M0
(V) (vI) _
The conjugation bands of the bri@ged bipl;enyls 9,10-
dihydrophenanthrene (II), 2,7-dihydro=-3,4:5,6-dibenzoxepin
(III) and t/he azepinium salt (I‘\T_) occur aft >‘max 264
(e 17,000), 250 (€ 16,500) and 248 mp (€ 15,000)

respectivelyzg. The introduction of two methoxyl groups



212 ~

into the 0,0'-positions produces a decrease in intensity in

all threoe cases but no hypsochromic shift in the case of the
first two compounds {tohy,. 272,€ 13,500, and 253 mu

€ 8,700, respectively~?), bLecause, according to Sraude and
Forbeszg, the "locking-effect™ of the ethane uvridge is
sufflcient to enforee a nesar planar configurasion in the
excited stzte, contrary to the expectation that tne infer-
rlanar angle should s increased by the effect of the methoxyl
group, For steric effects to oporate in which a decrease in
intensity with no hymochromic shift occurs, sterie hindrance

to planarity should not exceed ca., 3 keal, mole™l (Braude and
Sohdheimer25). Howlett90 calculated this for (II) to be 1.4
but according %o 1islowSl 1% is 4 keal, mole'l. In the cage

of the ezepinium salt®? (A, . 237.5 mu,€ 11,500), a
hypsochromic effect ;esults ag the system is sufficiently
flexible 4o have non-coplanarity in the excited state?2,

A long-wave band, Gue to hyperconjusative interaction of the
two rings through the bridge32 occurs in the‘spectrung of (11),
at Apax 299,5 mp (€ 4,500), There is no long-wave band in

that of (III), but it occurs at 272 mp (€ 4,800) in that??
of (IV)., Introduction of the methoxyl groups enhances absorp-
tion in all cases, together with increases in wavelength,

where applicable, 40X,y 304.5 (€ 9,300); 293,5 (¢ 10,000); and
297.5 mp (¢ 10,500), respectivelygg. The effect can be regarded



a3 being due %o superposition of absorption due to the
phenoxy ehromophores22 in the cases of (II) and (IV), as
3,3'-dirmethoxybirhenyl absorbs 1; the long-wave regionzs at
xm 235 mp (¢ 6,000). | | |
The cyclononadiens acid (V) has no band due to hyperconj-
uzation through the bridging ring, and the conjucation band '
is vestigial33 at xinf 231 my (¢ 5,550), but phenyldihydrothe-
baine (VI) has a band®® at N\ 281 ma (€ 5,600) due only to
the phenoxy chromophore357’$g'(p. 22},

The "Battressins™ Effect,

leta-substituents exert indirect steric effects by
"puttressing™ ortho-substituents against in-plane bending away
from the2 biphenyl link, This is reflected in measurements on
racenisation rates on 2,2'- and 2,2',3,37-substitubed

5 22
56’50. According Yo Braude and Forbea , even in

biphenyls
biphenyl itself there is a slight interference between the
o=-hydrogen atoms, which are therefore susgceptible to the
"buttressing" effect,

HOL <o H%iCj>‘<sz%@
T

A\
1 1 11 171
(VII) (VIII)

~
Rieger and Westheimerso calculated the aqtivation
energies for the racemisation of 2,2'-di-iodo~ (VII) and

2,21,3,3'=-tetraiodo-5,5"~-dicarboxybiphenyl (VIII), the
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difference teing due to the "buttressinz® effeet, The
caleculated difference agreed well with the experimental

value of ¢.4 keal, mole“l.
"(”( NQ H(m rf,(

HLN — N HL HLN N Hl

- (1x) (x)
2y2'~Dimethylicnzidire (IX) has not been obtained in an
optically active state, bvut 2,2',3,3'-tetramethylbenzidine ‘

(X) was found to have an activation energy®? of 17,7 keal,

mole'l. This aprroximates to the minirwum value of 18 keal,

1 normally reguired before optical activity is

15

mole”
experimentally dsteciatle .
Substituents in the 4'- or S'«positions in biphenyls
such as (XI) have only a small effeet in comparison with
thoss in the B3'-position, as is shown™® in tabdle (1):=

Table (1),

Falfalivea of tha Racemisation of Terivatives of 5-Carboxy-

2l-rethoxy=2-aitrophenyl (XTI},

Substituent N0 Br cl ile e

Position 3! 1905 827 711 331 o8
41 115 25 12 245 36
51 35 %2 31 12 11

Values of ¢ in min, ab 232,



pe, Med Me\p.r cOCH CH CC H.
2 3
[ Y/ Me X
ca‘: 5!
(x1) (XI1)

The abnormal effect of the nitro-zroup, in vizw of its

=4

gize, does not scem {o be fully undsrstoo

¢, It sometimes has

the reverse effect ag in derivatives of the typu35’13 (x11),

Hare, opftlcal activity occurs owing tc the restricted

rotation about the link between the aromatic ring and the
nitrozen atom,

Table (2).

Half-lives for the Racemisation of Compounids of Type {XII),
X I 3r Ccl Olfe el
52 (57°) - - 63 2.7 0.6

Values of t% in hr,

It hag Teen proposedsg that the effect of th2 nitro-

group in compounis of type (ZII) is due Yo contributions
froa structures such as (XIII), which favour coplesnarity,

(2]
O\o
eo/

N
5O
&

(XI11)
EPrid~red Birvhenyls,

Suitable btridging of the 2,2'-positions of biphenyl

retaing the basie collinear biphenyl structure, tut twisting



and disgymmetry occur in order to accommodate the strainless
nulviplanar bridze, excep’ in the first member of the
series, fluoraae (XIV), which has a strainzd coplanar con-

fizuration, Thus, except in the case of Iluorzas, opiically

scetlve enantioners should exish, even if the §5,6'~positions
are tnsubstituted, The anergé-barrier Yo racsulsation depends
on the distortioa of the tond angless, ths siretching and
berndiny of tonds, and on nosa=bonded intsraction iu the
tran “ition state, Dreiding models show that the hydrogens
on oine a-carbon atom of the bridgze eclipse thoss on the
nthar s=-carbon atom, in the transitiOA stebe. Ls the size of
the bridgs increases from a seven- $o0 an elghi- ered ring,
the anzle strain in the transition shtate deerszses at the
expense of incressed non-bonded interaction of opposed o=
hydrogena until in the nine-membered rirng, the barrier arlses
largely fron the iatersction of the non-bonded hydrogens, on
the e¢-carbon atoms, vhich are salmost exactly opposed®, and
frdsd
Meogvheeling® is pr@veatrd by the conformaiion of the bridgs®®,
® oho dlrcet non-bonded interaction of hydrosen in

rigid bicyelie systams hos bzen studied by L, de Vries and

8, ¥ingiein, J, fmer, Chem, 508., 1950, 82, £563; S. Winstein

ard R,L. Hansen, ibid., 1989, B2, 6206; L, de Vries and P.R,
Ryanszon, J. Orz, Chem., 1981, 26, 62l; D, Kivslson, S, Winstein,

P, Brueck, and R,L, Hansen, J, Aner, Ch2n, foc,, 1961, 83, 2938,
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Liaglectinz solvent effects, the activation energy for
racemisation remains approximately constant for seven-, eighi-

and nine-atom bridzed compounds, which do not have other

substituents on the benzens ringssz.
: .
CH,
R
(XIV) (xV)

The first in this series of bridzed biphenyls is fluorens
(XIV) which shows absorption in the ultraviolet region59 of a
typical planar o,o0'-disubstituted tiphenyl at Xpyy 260 mu
(¢ 19,000), which is the so=-called conjugzation band, and at
Aax 300 mu (¢ 10,000), which is due to the hyperconjugative
interaction of the two rings through the methylene bridgesa.
More recent dataéo, however, have the values Xmax 261 (€ 17,500)
and 300,55 mu (€ 9,030) in iso=-octane solution, The molecule
'is planar4l althouzh not completely collinear41'42.
9,10~-Dihydrophenanthrens (II), the next in the series,
is optically inactive, owing to the low enerzy of activation
for racemisation, This has been calculated by 1islowol as
4 keal, mole™t and the interplanar angle as 15,3° from the

2

[>]
assumed geometry of the molecule, Braude and Forbes®® used

the relationship c0329=é/eo, whera® is the interplanar

angle,€ i35 the molar extinction coefficient of the conjugatlon-

39

band, and ¢, that of this band in the spectrun of
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fluorene, They obtain the value 18° for ®, the conjugation
vand®? being at‘xmax 264 rp (€ 17,000), The long;wave hyper;
conjusation bvand has decreased in intensityzg to € 4,500 at
Amax 299.5 mp.

Th2 4,5-dimethyl derivative (XV, R=I; R' = CHS) has
been ovtained optically active and the ensrzy of activation

for racemisation found to b345

23,1 keal, mole'l. The inter-
planar anzle has increased %o 240, as caleculated by Brauds
and Forbes®s using the relationship 00329 =e/eo, for’the
conjuzation vand®® at X\ _ 260 mp (¢ 16,000), The 9-d1-
nsthylamino~-4,5-diucthyl derivative (XV, R = H(CHz)s; Rf =
HS) was ohteined optically active by Mislow and Joshua45.
vho obtained a valus for T of 22 to 23 keal, mcle'l. The two
nethyl groups in compounds (XV) appear to be less effective:
as tlockins groens than the two Yenzo groups in (XVI), which

has an enerzy of activationd of 30,8 kecal, mole'l.

iY:
(xvI) (XVII) |
The calculated activation energy55 for the three-aton
bridzed biphenyl (XVII, Y = CHp) 1s 21 keal, mole™* but
attempts to resolve the relatsd compouﬁd329v47.43 where

v = 3ET) mrm ana M) —ogs Br7s pomoom; emcmor;
)CHCOECHz and }C(COgl)p were unsuccessful, presumably



owlng to optical instability, The dextrorotatory cyeclo-
heptadiens ester (XVII,Y = )C(CozEt)z) was obtained by Iff-
land and Siezel®?, and has a half-11fe of 80 min. at 32.5°,

givinz a value53

for E which will lie between 20,8 and 26,2

keal, mole~l for reasonabtle valuss of A, lMany related compounds,

with substituents in the ortho-positions have since been

obtained optically active, For the compounds (IVII, Y =

SCHCO2H, )CHCOZCHB and )CHCHZOH)}the conjugation bands

are all*® at 249 mp (e ca. 15,000; ef, for biphenyl €17,000);
50 N 29

for®  (XVII, Y =2CHp), dp,x 247 mp (€ 15,700); and for

(XViI, Y= 20), X 250 mp (¢ 15,500), The long-wave

nax
features of these compounds are barely discernlble inflections
at%9,43,50 ¢a, 275 mp (€ 1,500 - 1,750), The angle between
the rinz planes in the structure (XVII, Y = >C{ ) according
to a model i3 about 50° and direct caleculation gives values

of 43,6 and 49,1°, according to assumptions made with respee’

to btond lengths (Psaven eb al.éB).
ote D
<o H
@
(OLH @ 1 &
BrO ::
(XVIII) t;X) (XX)

9,10-Dihydro-3,4:5,6-d1benzophenanthrene (XVI) 1s more
optically stabledl than 3,4:5,6=ditenzophenanthrene~9,10-di=
carboxylic acidsz. The non=bridzed compound (XVIII) is more



stable optically than the seven-membered ring compound (XIX)
which in turn 13 more optically stab1351 than the hydrocarbon
(XVI), The azepinium compound (XX), though less stable
optically than (XIX) is more stable than (XVI), althoush the
blocking groups are methoxyl groups insbtead of benzens

29,51
rings '

. Thus enlargement of the bridging ring from six

to seven atoms 4increasss optical stavility, bub the joining

of two of the ortho-blocking groups into a ring, decreases the
optical stability, When the interplanar angle is already small,
as in (IVI), the ease of obtaining the planar configzuration,
i.e. the>optical instability, is increased over that when the

51
anzle is of the order of 500, as in (XIX) and (XX) .

W 9P P,

HoC COH q)——C——-C——
(XXI) (XX11) (an)

Hg(No \,0]9

TheAeiv- and trans-dibenzocycloBetadiene acids (XXI) have
bteen obtained in optically active forms by Mis}ow gnd his
co-workers53, the former compound racemisipg agd the latter
mutarotating at 31,50 in ethanol with half-lives of 85 and
12 min, respectively (ef, XVII, Y =)C(002E‘5)2: t% = 80 rin,
at 52.50). The enerzy of activation for racemisation for the
cis-acid was found to be 22.8 keal, mole-l in ethanol, and

o3

25,4 keal, mole™t in sodiwm hydroxide solution™, Both acids

are less optically stable than the diazocine (XXII), which
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was resclved by Bellsa, as the additional dsubtle boands in®9
the diazocine confer greater rigidity, The éibanzazocine
picrate (XXIII) 15 less sbtable optically™® than Miglow's acids,

with 3 = 1,4 min, at 23° in acetone and T = 23,1 keal, mole™!

(XXIV)
[ =y
The ultraviolet spectrumfo of the parznt hydrocarbon
(XCIV) shows a further reduction in conjwation as compared

1ex
(¢ 9,6C0), There are two long-uave inflectinns®® at 265 and

with the six- and sseven-menbecred ring compoundss N\, 23S nmu

275 nmu, The spectra of the meihyl esters of the aeids (XII)

give similar resalts48, the conjugation band for‘each being

at Apax 236.5 mp {e ea, 12,500) and the two long-wave inflections
bteing at ea, 2656 and 274 mp (€ ca, 800 and E00 respsctively)

for each, The inflections are resolved betiar than in the

case of the thres-atom bridced compound (XVII, Y ==>CHCOEH).

and is therefore additional evidence for a reductlion in

43
conjuzation

« Considerable conjugation between the benzene
rinss etill exizts, in gpite of the largg anzle batwesn then,
which 13 shown by models to bts cither 60-550 or 75-80°,
Spéctral evidence favours tha former48. The contrast between
non-coplanar bridged biphenyls and those with non-oridzing
2,2'~gubstituents 1s sorikianz, In the latter, unless the

2,2'-subatituents are verysmall (e.z. fluorinels), conjugation



is greatly reduced and the long-wave features are more
evidant (ef, 2,2'-dit013134), even thouzh trassient

coplanarity (in the trans-posifion) can undoudtedly bs

achieved‘s.
Meo g CHCH,
Ho |
COH W Mo CH iy
Mo
(V) (V1) (xxv)

Phenyldihydrothebaine (VI), a five-aion bridzed biphenyl,
can ba prepared from.thebaineJO'Sé and four optically active

isomers have been isolated, which are also optieally stable34.

%% a% 281 mp (€ 5,600),

A tand occurs in the ultraviolet spectm
which was thought by Brarde and Torbes to be pertly a conjfuzation
bend, and by using the relationship cozld =e¢ /€o (p. 17),
they<2 caleulated D>579, Howsver, in this type of compourd,

the molecule is very flexille sné & nunber of conforriztions are
possitle, Eall and Minhaj®? state that models show that

110930 >e0? snd sttribute the band at 281 my to absorption by

the msthoxyphenyl partiasl chromophores, liislow et al.ss

prepared the acid (V), the spectrun of which had no peak a%

281 mu, but an inflection at >1nf 231 my (€ 5,550), which was

a vesticial conjuzabion bond andshowed that there was very

little conjuzation in the molsculs, coafirming %the assigament

.

r
18 ]

3

artial

<

of the band at 231 mu in the epectrun of (VI) to

G K
(&)

phenoxy chromophores 33 (see also p,10). The long-wave

features in the spectrum of the acid (V) have disappeared except



for two inflections at ea, 265 and 272 mp (€ ca, 600) due, it is
reasonable to assume, to the partial alkyl chromophores, This
spectrum is nearly superimposable on that58 of the open chain
analogue (XXV), The lasvorotatory isomer of the acid (V) was
1solated by second order ssymmetric transformation during
crystallisation of the quinidins salt, and its half-lives

at 25 and 80° were sbout 24 hr, and 2 min, respectivalygz.
show;ng greater optical stability than the correspondinz four

atom-bridszsd biphenyl (XXI) (p. 20)., The encrgy of activationzs

wag 24,0 keal, mole'l.

Doubly-~Brid=~ad Biphenyls,

x
/

S <
IXVI a2, X=Y= 0, d, =Y = Cﬁg. XXVII 2, R = H,
b, X=0; Y=S5., e, £=7Y= CO. b, R = CI,

¢, X =Y = ICH £, X=Y=25,

e
A number of doubly-bridged biphenyls have bgen prepared

by Mislow gj_gi.Sl. For a given series of singly- (e.z., XXVIIa

or XXVIIb) or doubly-bridged tiphenyls (XXVI, X = Y), ths

ensrgy of activation for racemisation parallels tha interplanar

angle, within each seriessl. This was shown in nuclear

magnetie resonance studiessl, but it is not legitimate to

compare this relationship between the series, e,g. the
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interplanar angle decreases in the compounds (XXVIIb, X = 0)
> (¥XTVIIa, X = 0) ) (XXVIa), but the optical stabilities

ere (XXVIIb, X = 0)D (XXVIa) D (XIVIIa, X = 0), iiglowol
calculated the activation energies for the following,
meking Gifferent essumptions from those made previously in
such esleulations {e.g. sze ref, 30) ard obtsined close
azrzenens vith the shown praetical resulta:

Table (3).

Actlvation Frnercies for some Biphenrls,

(XXvIia) (ZXVI4) (XXVIe) (XXVIZ) (XXVIIa, (XXVIIa

Compotnd 0) = §)
Caleulated 22 29 33 37 S 17
Txperimenial 20,4 - 31,2 35,0 9,2% 16,1%

betivatlon energies in keal, mole” -1

® Determind by R,J, Kurland, 1,B, Rubin end W,B., Wise, J, Chen,

Phys,, 1964, 40, 2426, using N, M.R, Speetroscopy.
SIS =
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The Cremistry of Phenyldihydrothehaine,

Certain derivatives of thebaine (XXVIII) having one doutle
bond orly in ring C in the 6,7 position, react with CGrignard
recgents vilth opening of the c¢yclice ether and introduetion of
the orgenic radical into rins C, The presence of a second
double bond in this rinz, causes ths reaction of CGrignard

reazents with thetaine to %ake an entirely differsnt course,

(XIVIIT)

The »reacbion of thebaine and phenyluognesiun bronide was
first investigaved by Freundss'sg, who obtainsd in this way,
a phernolic bese, the compozition of which was

Cosllp705T = Thebaine + Cglg,
and the bvase was accordingly nanmed phenyldihydrothsbailnse,

It was found to be strongly resistent to hydrogesnation
and to be so stable in coancentrated acids that demsthylation
could be acconplished without siructursl change, although no
hydrolysis of what was then thought to be the "esol-ether"
methoxyl group (that attached to Cé in Shebaine) could hg
effacted, Exhaustive methylation resulted in losa of trie-
methylamine only, and vetantioan of the residue of the basic
side-chain as a vinyl group, whicl was wikznown in any
eompound of the nmorphine saries in a comparable astate of

saturation, Thege facts led Frzund to postulate some formulae



for thehaine which now gsem unlikely, The relucltion of phenyle
dihydrothebains was subseguently aceomplishedeo, bul vas found
to involve reductive scisszion of tho nitrogen-coninining ring,
the produet being a sscondary amina, phenyltetrshydrothebainins,
The precblem was investicated by Small, Carzent snd
Bralley54, who resolved phenyldihydrothebaire inko twe
diactereoisoneric tages, desiznated {(+)-a=- =2ud (+)-§=-vhenyle
Cihydrothebaine, in the ratio of aprproximotely 10:1, They
were both phenolie g well 2s basie, &z shown by thelr
colutility in alkalies and reacdy coupling with diszonium s=2lts,
As vith the corresponding methyldibhydrothebzines, rreparzd by
Snall and Fry61 by the intersction of thebelrs exnd methyl-
macn2siuwy iodide, these teses were isomericsad ty slow
distillation in a righ vacuun or bty keating in sn evacuated
sealed tube 2t 2000; {+)-w-phenyldibydrothabalne was recovered
785 unchansed tozether with 165 of a naw isomer, termed by
fmll (=)=§-pheryldihydrothatairne, 1dentical with the (+)-§-form,
excopt for the opposite sisgn of optical rotatioz, Cimilerly,
(+)=8-phenyldihydrsthebaine gsave 2 fourth isomer, termed the

{~)=x=Torm, azual and oppositz in opiizal rosalory power to

he existerce of two csznbres of dlasymmetry 1is

ot
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Thus tha optical antipods of (+)-2 is (-)=-o by this

nonanelaturs, Robingon62’65 sugzested that 4% would be preferable
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to term them (+)-a and (-)=9, for then (+), (-), «, and S
cotld then be taken to represent left; or right-hand at two
centres of dissymmetry an@ phe partial racemisation of (+)=-a
by heat would then give (=)-«, Howevér, in order to avoid
confusion, the names of compounds and derivatives in this
‘field gnd the designation of isomers as used by Smell and
his co-workers were adhored %o by Bentley and Robinson®2-63
ard will be used here, in spite of the facet that the anomaly
exists that some compounds designated as (+), are actually
laevorotatory,

Asymmetry about a carbon atom Joined directly to the
nisrogen aton, superinposed on the dissymmetric molecule,
gives rise to the a and & isomers (« being used for one
racemie pair and $ for the other), since elimination of the
nitrogen ty exhaustive methylation lzaves only one agsymmazatric
centre and only ore pair of enantiomers,

Any satisfactory formula for phenyldihydrothiebaire rmust
explain the following:- .

(a) The resistence of the base to hydrogenation56’54.
(b) The stability of what was originally thousght to be

the "enol ether" methoxyl group (that attached to

C6 in thebaine) on treatment with concentrated

2c1d56,34,

(¢) The Hofmann exhesustive methylation of either of the

(+)-isomers results in a dextrorotatory nitrogen-free



product, the residue of the basic side chain being
retained as a vinyl group, Similarly, the (=)=~
isomer gives a laevorgtgtgry aitrogen-free product54
(degradation of the (-)-a-isomer has not been carried
out). 3
(a) Demethylation givses norphenyldihydrothebaine56, which
has the properties of a ftrihydrie phenol and can be
methylated to phenyldihydrothebaine methyl ether66'54.
(e) Asymme$ry at a carbon atom joined to the nitrogen
after the entry of the phenyl group of the Grignard
reagent“é
Small, Sargent and Bralley rejected the idea that the near
aromatic nucleus of thebaine, which bears the hydrolysable
methoxyl group, has become aromatic in phenyldihydrothebaine,
in spite of (a), (b), {(e¢), and (d), because no place could be
found for two hydrozen atoms and the optical activity could

not be exnlaine‘el 5%,

ﬁeo He© ”QD
M0 fal o \/j)

(Xx1X) (XxX) (xxx1) - (xXxxII)

The ultraviolet absorption spectrg of phenyl- and metnyl-
dihydrothetaine and of dihydrothebaine-¢ (IXIX) (at that iime
telieved o be (XXX), in which no structural change has
occurrad, have almost identical maxima and minima, whereas

the speetra of metathebaine (XXXI) and apocodeine (XXXII),



in vhich rearranzemen’ has occurred, are different,

Also, bthe spectra of phenyldihydrothebaine me*hine and
B-cod@imethina (XXXIII) are similar. whilst that of a-codei-
methine (XXXIV), with a non-conjugated double bornd at Cy g, is
different from either of them, Small pointed out that the
gspectrum of phenyldihydrothebaine gave no indication of the
prasence of a new aromatic ring in conjugation with that
already preseant in thebaine” 4

Small, Sargent and Bralley°4 advanced structurs (XXXV)
for phenylditydrothebaine, which did not explain the anomalous
properties of the bass, and they questioned the validity of
Gulland and Robinson's formulae for thebaine and morphineGV.
But structure (XXXV) is not in agreement with the ultraviolet

specfrua of pheayldihydrothebaine which is not styrenoid,

B~ B B

(XXXIII) (XZXXIV) (xnv)

It must be concluded that the near aromatic nucleus in
thetaine hss beceome fully aromatic ir phenrnyldihydrothebalne,
and the sequence leading from phenyldihydrothebains to the
optically active nitrogen~free product may be represented in
the ?orM°- | ‘ ‘ |

-C-C Il”e-C-u- -—) =C=C + IIie + C=C=-,
the pressnce of two double bonds in the end product being

easily demonstrated,
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Thenyldihydrothshains is a 025_basé; onz carbton aton
being preseat in an INle group {(now lost), two in Ole groupns,
eizhteen in the three benzene rirgs, leavinz four for the two
doublz Londs, [flanca, the product of zxhaustive methylation
cannot conbtaln an asymmetrie carbon aton, Thebaine is easily
dezradad to phenanthrens derivatives which are derived from
biphenyl, certain derivatives of which exhibit optical activity
dus to restricted rotation of the phenyl grouprs in the presence
of ortho-subgtituents of suffiecient size, This explains the
optical activity of the product of exhaustive methylation and
thereis evidance that it nust be applied to phenyldihydro-
thebaine itself, in that the centre of dissymmetry represented

by (+) and (=), gives the configuration of the biphenyl system,

(Te]
Ho
Q'€
0 NHe
Me 7
(XXXVI

The strveturs first suzzested by Bentley snd Robinson
wag (IXXVI), who rejected i% later in favour®® of (XL) because
phenyldihydrothebuire droes not show btirhenyl bands in the
ultraviolet speetrum and they then thought that (XXXVI) would
represent 2 non-sterieally hindered biphenyl system. Alzo
(XxxvI) does not explain tha formation of isomers during the

entry of the phenyl group.
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(oxxix)

The formation of the (+)-isomers of phenyldihydrothebaine
(XLa) from thebaine (XXVIII) is the result of a then novel
type of molecular change, Attack by Mngg on tke ether oxygen
atom uadoubtedly initiates the process, rather than attack
by 06H59 at Cg9, in view of the reaction between thebaine and
anhydrous magnesiun iodide (p., 36), The driving force is
probably the tendency of the near aromatic nucleus C to be-
come fully aromatic, Cleavage of the magneslum-complexed
oxide bridge of (IXXVII), allows the migration of the alkyl
chain62'63. The absolute configuration of thebaine is

knowneg

, and at or near the transition state C15 muat be
trigonal for the migration of Cyg from Cyg %o 014, and the
twvo rincs A and C approach coaxiality, Two diastereoisomeric
transition states, one of wiich 1s thermodynaniceally prefer-
able, are possible, and this also appllies to the two possible

metastable intermediates®FAXXAIVIIIa) and (XXIVIIIb). Models



show that the former is preferable, for the angle baiwzen

14
the latber it 19 close %o 600. If the latter were the inter-

the planes 015-014—09 and C,,-C.-T 1s neerly 0°, whilst in |
mediate, the five-atom ring 015—014-69—3-016 would te severely
pucxkered, Even when the resultart releass of non-btonded
Interaction 13 taken into eonsideration, an interplgnar angle
of 60°% would te intolerable when the Baeyer stroin-fres
alternative (XXXVIIIz) is possibiesg. The preferred inter-
rediate zives way to the imonium ion {XIXIX), which then

]

reacts with the phenyl anion to give the (+)-isomers

of phenyldihydrothebaine (ILa). Thus, the absolute configur-
ation of the biphenyl ring system in (+)-e¢- and (+)-S8-phenyl-
dihydrothebaine is as shown and the simple bicycliec derivatives
{e.7, the methines and the nitrogen-free degradatlon products
{(p., 34-5), have the eonfiguration showneg in {ZLI).

71
Using the Szquence Rule of Cahn, Ingold and Preloz

72, thebaine may be

the use of which was discussed by Cahn
conmpletely specified as SR, 91, 135,, and knnwipg.now the
absolute configuration of the rigg.system of {+)=c=phenyl-
dihydrotuevaine, the {+)=- and (-)}-enantiomers may be spzacified
a3 S and R respectively. The absolute configura?iqn at the
asyrmetric carbon atcm.{ca in (XIa)) in the (+)~c=-isomer is
not luown, The parent compound of the series (XLII), as well

ag its degradation produets, and the nitrogen-free degradation

products of the isomers of (XL), can exist only in the (+)=

and (~)= or S- and R=-forms.



(xL11)

Ezagination of models shows that biphenyls bridged across
the o,0'-positions by a nine-membered rinzs do not possess
sinzle conformations correspondins to minimun angles of sitrain,
IIall and Kinhajsv gtate thot models show that the angle betwsen
the planes of th2 tenzene rings nmoy lie between £0 and 110°, a
nuncer of conformations teing preferréi.ﬁipheryls in which the
rings are far removed from coplanarity, do not exhibit biphenyl
absorption in the uliraviolet rezion; hence, as pointed out by
Srmall, there is no indication in the ultraviolet spectrum of
the zppearance of a new aromabtic nucleus in coanjuzation with
that rresent in thebaine,

Procf of the Structure of ths Thenyldihydrothebaines,

Oxidation of phenyldihydrothebaire with zlkaline potassium
.permanganate produced benzaldehyde, benzoie acid, and 4-riethoxy-
phthalie acid, Exhaustive methylat;on Qf the methyl ether of ‘

" phenyldihydrothebaine produced (+)=3,4-dimethoxy-2-(5-nethoxy=-
2-vinylphenyl)~-stilbene (XLIII), which was prepared by Freund

but stated to te optically inactive56

. Permanganate oxidation
of this gave 5,6,5'-trimethoxybiphenyl~2,2‘-dialde@yde (XLIV),
also obtaired bty ozonolysis of (XLIII), and 5,6,5"-trimethoxy-
diphenic acid (XLV), also obtained by oxidation of (XLIV),

_l_
which was identical with an authentic speeimenGZ 65,
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NeO Ne O MO
Mook S cH=CH P MeD CHO Ha0 Co,H
CH=CH, CHO coH
{10 M.6 Heo
(XLIII) (xLIV) . (xLY)

Sm2ll, Sargent and Bra].ley54

studied the degradation of

the four diestereoisomers of phenyldihydrothebaine, They are
fairly recistant, but =21l, exespt for the (-)-a-isomer, have
been converted into nitrooen-free substanees, In the first

stage of exhaustive methylation, methines, ithe normal- (XLVI)

ard iso-methines (XLVII), are produced, the latter predominating;

in fact the normal-methine was only i1solated duringz the

degradation of the (+)=-c-isomer, The reactions and properties

of these were investizated by Small, Sarzent and Bralley34,
Bentley and Robinsones, and Fieser and Fieser75.
ﬁqO ".QO
ol Jen=ch ¢ ito culc\Hc'P
Ching Mie,
CH,_ZH]_ CH=CH,
HeC Io
(XLVI) (XLVII)

The vinyl gfoup of the iso-methins eyclises with the
phenolic hydroxyl on boilinz with concentrated hydrochlorid |
aeid, giving (XLVIII), This 1s indifferent to catalytic hydro-
genation, The normal-methine cannot be cyclised in this way,
and both it and tho iso-nmethine can be catalytieally hydro-
genated, the side chain becoming saturated, The hyd?ogenated

d54

iso-methine is unaffected by hot aci « In the iso-methine

derivatives, the a:8 isomerism persists, but not in the

normal-methine354.
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MeG 1.0
5 CHLC\HCP Ho\ J th=cud
)
L WHe, CH=CH,
olte
[1.0
(XLVIII) (XLIX)

Further degradation of th2 normal~ and iso;methines gives
the optically active nitrosen-free product (XLIX)., fcetylation
shows the presence of the free phenolic hydroxyl group, and
eyelisation by hydrochloric acid to (L) shows that it contains

a vinyl group54. The phenolic stilbene (XLIX) may he hydro- i

genated to a variety of products, dernending on eondition554’73'6§
1O Prr_fo 4
o CH=CH @ eO\/ CH,CH, ¢f
o A it
44
Olfg Mlecs
(L) (L1)

The stilbene (XLIII), which is the methyl ether of (XLIX),
is optically active and can be reduced to a tetrahydro-deriva-
tive, (+)-2-(2-ethyl-5-methoxyphenyl)-3,4-dinethoxydibenzy1®d
(L1). | J
Compounds Related to Phenyldihvdrothebaine,

Other compcunds analogous %o phenyldihydrothebaine which -

have been prepared so far are methyldihydrothebaine6l

, and |
henzyldihydrothebaine59, from the interaction of benzylmag- J
nesiun btromide and thebaine,

74’64'65, the parent

Attempts have been mades to prepare
compound (XLII) of the series, which Bentley and Robinson

called "dihydrothebaine" by analogy with (XL), Since this



nare 13 already in use’? for (LII), i% will be avoidesd here

as far as possibtle and systematic names used iustead,

M0 Heo (p
He ' ha
WiTe M
/ H ¢
Mo € o
(XL”) a . (XL)
nQO \ A}"( MHeO
”150 A® [ 10 : o
WNile {n) ' NH
ﬂeO le ”40
{Lin) ' (iv)

In the belief that the seguence of changes leading to
phenyldihydrothebaine is initiated by the attack on the
ether oxyzen atom by MSB£®, Bentley and Robinson investigated
the reaction between thebaine and anhydrous magnesium iodide,
This yielded a substance, for which they suzgested the structure
(LIII) and which gave phenyldihydrothsbains when treated with
phenylmagnesium bromide, bub afforded no detectable amount
of 4-methoxyphthalic acid on oxidation, Reduction with sodium
in liquid ammonis waé rapid but gave no definite product,
whilst reduction with lithium aluminium hydride was vigorous,
with the evolution of gas and with the production of a
phenolic amine, The latter was thought by the authorseS to
be the secondary amine (LIV), bub a reinvestigation of this

product in the present work has shown it to be the desired

amine (XLII),
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PART 1,

The Prepnaration of and Kinetic Racemisation Experiments on

(+)-3,é-Dimethoxy-z-(5-methoxy-8-v1nylphenyl)-stilbede and

(+)=-2=~(Tthyl-5-mathoxphenyl)=3,4=-dinethoxydibenzyl,

DISCUSSION,
HeO ‘() MeO MeO H':g d)
He cH=CHP HeO C W, CH '
: .1¢ o ~ N
cH=cH, CH, CHy \ My
Wﬂo "&C H@O n&c
(XLIII) (L1) (XXVIII) (xL)

The prineiple object was %o prepars the sterically hindered
biphenyl (+)-3,4-dimethoxy=2~(5~-methoxy-2-vinylphenyl)=-stilbene
(XLIII) and to determine thz values of E, logjo A, as¥, aift,
and AF* for racemisation (p. 48, 84), The results would give
additional information zbout the "bubttressing® effect (p. 13)
and tha values obtained for the above thermodynamie coasbtants
could be compared to those obtained for related compounds,

The stilbene was prepared by a sequenga}cf reactions
from thebaine (XXVIII), proecesding via (+)-a-phenyldihydro-
thebaine (XL), its methylation product and Hofmann degradation
thereof, The structures and properties of the compounds involved
were all known, but many difficulties concerning the synthesis
and the racemisation of the stilbene were encountered and
raquired investigation, Information conceraning the relationship

Vi

of the structure of the stilbene to the ﬁltraviolet spectrum



was obtained and it was possible to make comparisons with
related compounds,

| By saturating the vinyl groups of the stilbeune, (+)-2=~
(2-ethyl-S-methoxyphenyl)-3,4=-dimethoxydivenzyl (LI) was

ohtained, and rates of racemisation were measursd for this also,

The Preparation of (+)=3,4~Dimethoxy-2-(5-mathoxy-2-vinyl-

vhsnyl)-stilvene (XLIII),

The stilbene (XLIII) was prepared by treatiny thebains
with rhenylmaznesium bromide, obtaininz the (+)-c-phenyl-
dihycdrothebzine produced as its hydrochloride, and carrying
out exhaustive methylation (two Hofmann degradations) on
the methyl ethsr of the base,

(2) (+)=c=Pheryldihydrothabaine (XL),

The Grignard reagent, phenylmagnesium bromide, was prepared
in arzhydrous ether solution ty allowing browmobeizene and
magnesium turanings %o react together, Reaetion with thebaine 4
in benzene solution gave a mixture of (+)-o- and (+)-S-phenyl-
dihydrothataine bases, the former predominating in quantity,
The mixturs was ultimately obtained as a purple syrup, which
was converted inkto & mixture of the perchlorabtes and thgn
erystallissd from =sn acetons-ethancl mixture, The (+)=a=isomer
was isolated bty decomposing the perchlorate mixture and then
convertinyg the mixture of bases intq ﬁhe hydrochlorides; a
precipitate of the less soluble (+)-a-phenyldihydrothetaine

hydrochloride was obtained, This was laevorotatory in ethanol
and melted over an extended temperature range, The precipitation



of the hydrochloride wng achizved by swo mathods, the
2cond beircg that used ia latzr preparations: (1) absolute
ethansl aaturated with dry hydrozen chlorids wns added to
the mixbture of b1 bases 1in sihsr solution®® and (11) dry
hydrozen éhloride wa3 pasas2d into an abgsoslube sthznol
solution of the mixture of the basss, After obtnining as
conplote pracipitation as posaible using toth methods, atbtempts
ware mads $o izolate sas (+)~S—isomer, aceordins to ths method
3mall, Szarzsnt end Eralle354, from thz »rsgidual soluiions,
but in both eages, 2 very inmpuze nroducs oxnly was ovtained,
The hydrochlorids prepzred by method (i) wos obtained in
two crons, the gecond heins ohitained afber evaporation Qf the
filtrate, decnmposition to the base, and racoaversion into the
hydrochloride, Th2 sscond crop, which had & num 2rically higher
specific rotation than th2 first, was agsin converted into
the bass and back into the hydrochloride, again giving two
erops, the szcond being precipitatad by dry hydrogen chloride,
Tha firet crop had a lower specifie rotation, and the second
an vachan~2d rotation, Tlemeatary analysis of this second
ernp was satisfactory and showed 1% to bve solvated with one
molecule of ethanol of erystallisatioan, The original first
erop of hydrochloride was coaverted in%o the base and dissolved
in hot absolute ethanol, On coolingz, a white crystalline
90114 was obtained, the liguora giving a second crop after

three days at telow 0%, This base was dextrorotatory in ethanol,
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The first crop of the basge, after a further crystallisation,
was converted into the hydrochloride by passing hydrogen
chloride through a solution in absolube ethanol, Two crops
of this were obtained, the seccond after concentration of the
mother liquor, but neither had as high a specific rotation
a3 those obtained above,

The hydrochloride o%tained by method (ii), had a
specific rotation intermediate between those of the two
ini%ial crops prepared by method (i), It was regarded as
beliny satisfacvory, without further purification, for further
stages in the synthesis, and this msthod was used in 1ater‘
preparations of this compound,

(b) (+)=a=Phenyldihydrnthebaine llethyl Wther (LV),

MeO @
Mol

NHe

HeC
(Lv)

Several methods were used to prepare (LV) sas its
perchlorate, and all gave non-crystalline products whose
appearance and melting point differed from that of the product

65, who first prepared this

obtained bty Bentley and Robinson
compound, The methyl ether perchlorate was obtalned later in
two erystalline forms, one of which was similar in appearance
to theirs and near it in melting point,

(1) The base was precipitated by the action of two

equivalents of dimethyl sulphate in methanol solution on one
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equivalent of (+)=-a-phenyldihydrothebaine hydrochloride in
dilute sodium hydroxide solution, by a modification of Bentley
and Robinson's methode5. The perchlorate was obtained as an
amorphous white solid, In two preparations, melting points
of 139 and 140° were ovtained and the infrared specirua of

the formsr product indicated some dagrze of solvatbion,
Dentley and Robinson®d obtalned colourless plates, m.p.205 ©.
Some of the product, m.p. 140°, when recrystallised from %he
minimum amount of aleohol, gave an oil, which Ttecame g glass
after drylng overnight in an oven, This glass softened at

123 to 130°, Heating under vacuum and "erystallisation™ from
a variety of solvents gave no improvement in melting point,
but "erystallisation™ from agqueous ethanol, gave, after
removing the oil which first separated oubt on cooling, an
arorphous solid which melted at 128 to 1399, Clementary
enalysis gave results which were incompatible with those
required by any reasonable formula, but they may have tsen
caused by the suspected solvation,

The product m,p. 1399 was converted into the base, which
was treated with methyl iodide, The methiodide, obtained in
good yield, was the sa2me as that obtained by Beatley and
Robinsonﬁs, and by Small, Sargent and Bralleysé, 2s shown

by the melting point and the specific rotation in 9675

ethanol, The infrared spectrum showed the abssace of a
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hydroxyl peak and elementary analysis was satisfactory. Hence
the above perchlorate must have bteen a form of the required
product, and later, after all other factors had been taken
into considération, this was the form of the perchlorate
prepared when required,

(11) (+)~-c=-Phenyldihydrothebaine hydrochloride (one
equivalent) in sodiwa hydroxide solution and dimethyi
sulphate (two equivalents) in methanol solution were heated
under reflux for half an hour, An oil formed and the super-
natant liquid was heated for a further period of tinme with
rore dimethyl sulphate, On coolinz, an o0il and solid
separated, The perchlorate of the two eombiﬁed was shown
by infrared spectroscopy and a mixed melting point with
(+)=a=phenyldihydrothetaine perchlorate to be a mixture of
this and the perchlorats or the mathyl ether,

Half of the o0il obtained after the initial period of
heating, was converted into the perchlorate which was shown
by infrared spactroscopy and a mixed melting point to be the
parchlorate of the stariing material,

The remainder of the oil wag allowed to recact with a
further quantity of dimethyl sulphate, The product isolated
wasg converted into the perchlorate, The infrared spectrun,
the specific rotation in 96% ethanol and a mixed melting point,
indicated that this was a mixbture of the perchlorates of the
required produvct and of thé.starting material, Conversion into

the bace and reaction with methyl iodide gave a product in very



poor yiald, whose iafrarad gpectriun was idzatical with and
melting polnt similar %o that obtainzd in (1) adove,

(111) Reaetion in methanol solution with dimethyl sulphater
In the pressznce of sodiun methoxide, a3z uszed by Freund56, gave
a product of melting point 142 to 143°, afier coaversion into
the perchloratve, Freund, however, prapared oaly ihz base, fhe
infrared spscirua reseudbled that obbtainzd for thz product with
m.De 1392 in (1); rsconversion into tha bass and reaehion with
metiyl iodide gzave a mathiodide in 55% yield, whosze infrared
gpectrum was identicz2l vwith and whose melting poiab was similar
to those obtained in (1) and (i1) above, It appearsd that btals

perchlorata was a form of the requirsd product,

Some of the mathyl ether perchlorate, prepared by method
(1), was obtained in a crystalline form from a cooling ethanol
solution,'which had been seeded with some obtained previously
on the small scale, A small quantity of 2 sscond crop was
obtainad, after concentration and se2ding of the mother liquor, >
03 colourless crysitals vhich me2lted at 226 to 227°, Unforturately,
an attemptsd isolation of this at a later date failed, The.
first crop, after two farther crystallisations, gave colour=-
less plates, which mslted at 1979, Elementary analysis gave good
results, Zentley and Robinson§5 ottainzd ceolourless plates, which

malted at 2059, Both of the erystalline perchlorates reacted with



alkall with difficulty and subseguent reaction with methyl
10dida gave a very poor overall yizld, The melting points of
both methindides were gimilar to each other and to those
obtained in (1), (ii), and (1ii) abdove, In view of the
difficulty cncountered in trying to decompose the crystalline
parcalorates with alkali arnd the poor yisld of mathiodide
obt=inesd, it vag decided in future to omit this crystallisation
and use ornly the erorphous mabterials as prepared in (1), when

the perchlorate was required,

(+)=a=Phenyldihydrothebalne methyl ether nmathiodide was
preparsd fron (+)-a-phenyldihydrotistaine hydrochloride by
conversion into the methyl ether base as in method (1),
followed by reaction with methyl lodide, withou’ first
130latinz and purifyinz the methyl ether percilorate, As
good a prroduct ag that obtzinesd bty method (1) proceeding via
the methyl ethar perchlorate was ottained, as shown by
infrarsd and meltin: point evilenc2 and the specific rotation
1n 9567) ethanol, For Zuture work, this should be the adopted

procedure,

The forms =nd charactsristices of (+)-a-phenyldihydro- N
thebeine mathyl ether perchlorate may be swmarised as follows:-i
(1) A white non-crystallina form, for which poor

analytical results were obtained, infrared spectroscopy



indicating possilble solvation, The apparently best sample

-

kad meltinsg point of 142 to 1430, [ajgiéi + 25,6°,

[«]p~*5 +20.3° (c, 0.56 in 96% Et0H), It reacted readily
with salkalil and gave the methiodide in good yield, Higher
melting products ware obtainsd, but appeared to te nixturss
with the percihlorate of the starting materisl,

(11) A crystalline form,white colourless plates, of
melting point, 197°, [ai%iGl +20,6%, [ai%z +18,2° (e, 0.27 in
£40II). Good elementary analysis was obtained, It did not react
readily vwith alkali and the subsequent yield of the methiodide
wes low,

(111) A crystallins form as a white solid, melting point
226 to 2279, [«]iGsy +55.60, [«]32 +24.4° (c, 0.23 in Ttom).
I, too, Gid not rezct readily with alkall and gave a poor
vield of the methiodide, An attempied isolation of this form
at a later date faliled,

All thiree methiodides were the same compound,

Dartley and Robinsone5 obtainad the perchlorste in the
form of colourless plates, of melting point 205°, [aj%l +9,26°
(in watsr, concentration unknown),

For future work, it is considered that 1t would be
unni3cassary to prepare the methyl ether »erchlorate in any
of 1t9 forms and that the methiodide could be obtained

directly from the methyl ether base,
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(e¢) The lethina Methiodides of (+)=-a=Fhenyldihydrothebsine

¢

Mathyl T®ther,

MO o / |
M0 CH= CH cp M0 CHLCHI\ i igl
CH,CH, NTle CH= CH,
) J 2t 2 rico
(LvI) (LVII)
€5

Bentley and Robinson " assume that a Hofmenn degradation
carried out on (+)=a-phenyldihydrothebaine maethyl ether
nethiodids gives the rormzl-mathine (LVI), ?ut no reason is giver
for thils assumption, A degradation on (+)-a-phe;yldihydrothebaine
nethiodide 1ts21f gives a mixbure of the normal- and iso-
methines with the 1atter predominating54. It 1s not definately
known why the normml-p2thine is not formed by the breaking of
the nitrozen contairning rinz so that the double bond which 1is
formed 13 in conjuzation with the phenyl group of the vinylphenyl
side chain as well as with the aromatic biphenyl nucleus73.
Ilowever, Ilofaann degradation involvses the loss of a proton from
the carbon atom in the g-position to the nitrosen atom and this
i1s not under the influencs of tha$ phenyl group. Also, the
enviromment on either side of the nitrozen atom is not the
samees. Thus it seems unlikely that the degradat;on of the methyl
ether methiodide would result in only the normal-methine, but
should give at least mainly the iso-methine (LVII),

The degradation was carried out on the various methyl

ether methiodide fractions, according to Freund's methodss.

These fractions were (i) a combination of various products,

(11) that obtained via the methyl ether perchlorate (m.p., 197°)



which had becen "recrysbtallised™ twice (p, 69), aad (11i1) that
obtained directly from the base onmitting tihe nmethyl ether
perchlorate staze, In each cagse, the degradation preoduct

vas allowed to react with mechyl iodide, and evaporation of

th2 reaction mixture gave a yellow solid and an orange oil,

(D}

neerystallisation from aleohol of the two combinzd zave
oranz? needles, which were lasvorotatory in aleshol, This was
poszitly the iso-metiiine methiodids and evaporation of the
crystallisation liquors gave aa orange oil, which, in (1)
goove wes alloved Yo react with an additional quautity of
nethyl 1odids, giving an orange coloured solid, wiich could
not be satisfactorily crystallised, This niay rave been a
nixture of ths mathiodides of thes normal- gnd iso-methines,

(&) (+)=3,4=-Dircthoxy=2=(S-methox7=2-virylaharyl)=stilbene

(XLIIT) Moo
MeC C.H::C.H{)

CH=CH,
Ne©
(XLII1)

A second Hofmann degradation was carri=d out on each of
the crystalline methine methiodide products obtained above, and
also on the non-crystalline product obtainezd from fraction (;)
above, by the nmethod of Bentley and RobinsonbS, After purifi-
cation, each product wag obtained as nearly eolourless prisms,
which viere dextrorotatory in acetone solution, The specific

rotations were the seme within the limits of experimental error,
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and the melting points were gimilar, The infrared spectra were
identical aﬁd confirmed the presence of the vinyl groups,

These results confirmed the view that 1t would be un;
necessary to prepare the methyl ether perchlorate in future,
especially, es a higher overall yield was achieved without 1%,

The ultraviolet spectrum of the stiltene obtained from the
erystalline methine mathiodide in (o) bateh (1ii) was determined,
and an additional crycstallisation gave a slizht incerease in
meltiny point, sabtisfactory elementary analysis results, and

only & small chanzeo in the ultraviolet spectrum (Fiz. 3, p. 96).

Racemisation Bxperiments on (+)=3,4=-Dimethoxy-2-(5-methoxy=

2-vinvlphenyl)-stilbens (XLIII),

The rate constant for racemisation depends on the energy
of activation for coafizurational change () and on the non-
exporential term, A, often ealled the frequeney factor, of the

Arrheniuns equation:

Koo = Ae"E/RT (1).

For a first order reaction

k= 2,303 loglo initial concentration
{7 coucenvravlon av &tlme U

If optical rotation is used as a measure of concentration,

k= 2,303 logygdg=0ee
—T— ° la&-b - au»!,

where ay is the optiecal rotation of the solutlon at Hime &,

ag is that at time zero, and a,1s that at the completion of
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the process, 1.,e, at complete racemisation, Since a.,= O

Kpae = 2.303 1034 d5e
= 1032

On plotting ¢t agzainst loglo ag, & sbraight line 1s obtaired,

where krac = «2,303,

slope
The half-life, ty = logjp 2 x 2,303,
rac

From equation (1), logyg 4 = logig kp,e + . B - (11)

(R = 1,987 cal,/deg., mole),
and on plotting k. o against 1/T, a straight line of slope
- __E _1s obtained, and hence loglo A, which is best calculated
.76

at each temperature at which rates are measured, The mean value

is then taken,
[ ]
The entropy of activation AS , may be obtained from

Classtone, Laidler and Eyring's equation76:

-4F* /RT
Kppo = k(kT/h)e. (111)
= k(kT/h) e-m“'/ = eAﬁ/R
in the form AS* = 4,576 logyqo (k. ./T) + E/T - 49.20,
vhere AF 1s the change in standard free energy and NT" the
chanze in enthalpy on reaching the transition state, k, the
transmission coefficient, is tsken as unity; the Bolizmann
constant, k = 1,380 x 10-16 erg/deg,, end Planck's constant
h = 6,624 x 10727 erg sec, 0°C = 273.2°K,
A = E = RT
AF® 13 caleulated from equation (111) in the form;
AF* = 47,227 - 4,576T logyq (kpao/T).



A Acqording'to Bentley and Robinson®9, (+);5,4;d1methoxy;
2-(5-methoxy-2-vinylphenyl)-stilbene (XLIII) racemises at
130° in 10 minutes, and so a solvent ﬁas required which would
not boil at this tempgrature, viag readily availlatle and could
be purified easily, p-Cymene satisfied these requirements,

Kinetic runs were carried out between 109 and 129° in
D-cymene solution, and as a straight line was not obtained
on plottinz ¢t azainst log10 ap atb each temperature, 1% becams
obvious that a reaction, in addition to racemisation, was
taking place, As the stilbene is hizhly unsaturated, this was
then assumed to be one of polymerisation, On prolonged heating
at 129°, laevorotatory solutions were obtained and the impure
racemate and a polymer were isolated, The nature of these were
suzrested by infrared speetroscopy, the presence of the racemate
beinz confirmed by isolation of the pure cgmpound later,

After 15 minutes at 1309, the dry (+)-stilbene gave a
dextrorotatory solution afier extraction with elther acetone or
p-cymens, together with a white insoluble residue, which was
presumably polymeric, The solutions were of a mixture of
racemate, the optically active compound, and polymer, These were
isolated from the p-cymene solution and identified by either
meltiny point or infrared spectroscopy. Bentley and Robinson65
gbtated that after 10 minutes at 130°, a subsiance was obtained

vhich was optically inactive in acetone, together with what was

presumably a polymsr, The optical activity here was very low



in acetone solution after the heating, and this they presumably
mistook for optlcal inactivity.

Polymerisation in colution must take place before race;
misation, as ultimately a laevorgtatory solution was obtained,
Vlhen heatinz i3 carrizd ont in p-cymene solution, the polymer
renains in solution, but when carried out on the solid, the
polymer i1s only sparinzly soluble, Thus, either it i3 rore
difficult to get this sparingly soluble substance into solution
than to keep i1t there once 1t is formed, or the polymer may not
e the same species in both cases, :

Polymer formation is not prevented by heatinz the solid updei
nitrogen, btut a2 number of studies of the prevention of polymer-
isation of styrene and related compounds by various inhibitors
have been made’’s78, It vas dacided that 10% of the weight of
the optically active compound of either pieric acid or
trinitrobenzene78, when added to a p-cymene solubtion, would
be sultable, as neither would give too intense a colour at
this concentration, Also, this concentration should not effect
the rates of racemisation79. Prolongzed heating of these solutions
at 130° produced complets racemisation only and the purified
racenate was ovtained after removal of the solvent and
recrystallisation of the residues, The infrared spectra so
obtained were used to confirm the presence of the racemate

isolated in the earlier experiments,



Kinetic Raocemisation Txperiments on the Stiltere in the Presence

of a Polymericsation Inhibitor,

A seriss of kinetic runs were carried out between 101°
and 125° on a Dp-cymene solution containing 1.5% of the (+);
stilbene and 0.15% of trinitroveuzens (X = 53208), Tha latter
was used as a polymerisation inhidbitor rathser than plerie acigd,
a9 1t coloured the solution to a lesser degree, The technique
- used wag that describved on p, 83,
On plottiny the logarithm of the rotation azainrst time at
each temperature, deviations of the points from the straight
lire viers regligible (Fig, 1, p. 91), and duplicabte experiments,
when carried out, agzreed wsll with one another, Ilence 1t was
apparent that only one reaction, namely rgcemisation, had occurred
The following results were cbtalined:- .
E = 25.8 keal. mole™l,  &f* = 25.0 keal, mole™T,

logjp & = 10,6 sec'l., AF = 70,1 keal, nols™t

at 135.3 .
LS¥ =-12,5 e.u,,
As AFE 1s temperature depsndent, the value recorded was

that obtained at the highest temperature, 135,39, at which a

kinetic run was performed,

The pure racemate was 1solated ard after two erystallisa-
tions from methanol (43% recovery), melted at 123,5-124°, The
ultraviolet spesctrum was similar to that of the (+)=stilbene,

A fur¥her Grygtallisation increased the meliing point to 125°.



Bentley and Rebinson®S obtainea 1240. The ultraviolet spectrum
(Fiz. 3, p. 96) changed little and closely resembled that of the
optically active stilbene and satisfactory elemsntary analytical
results were obtained,

A chromatographie separation of the residue obtained by
evaporation of the mother liquor from the first crystallisation
gave a further small quantity of impure raczaate,

It was apparent from analytical, meltinz point, ultrayiolet
gpectral evidence and earlier infrared evidonce, that race-

misation only had occurred during the kinetic experiments.

Discussion of the Ultraviolet Spectrum of the Stilbene (XLIII).

oo che
CH::CH@ A CH=CH, EH
cH=CH, Ch=cH,
.0

(XLIII) (LVIII) (LIX) A Styrere

The ultraviolat speectra of the (+)=- and (t)-stilbenes
(XLIII) should have been identical, the differences obtained
presumably bveinz due to experimental errora and to the previous
treatment of the samples, Afier considerinz 2ll factors involved,
the true spectrum of the stilbene is regarded as being that of
the (+)-isomer, .

The long-wave bands (tabtle 4) ;n,the‘spectrum of transe
stilbene (LVIII) originate in an Ar-CH=CH- chromophora®®, It is
reasonable to asaume that this is also true in the ease of the

suvstituted stilbvene (XLIII), with effects due to the phenoxy
partial chromophores,
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Tabla (4)

Ultraviolet Absorntion Snactra of the (+)= and (t)-stilbenes

(XLIII) and of trans=-Stilbens (LVIII) in 965 Tihanol,

The (+)=Stilbene,

Tha (¥)-sStilvene,

ﬁzgag-Stilbenaso.

Moy (mit) e Aoag (1) € Mrax () e
Long= (320) | 23,200 | (221) |ea. 17,600
wave | 311 27,000 310,5 | 26,450 337,5 28,300
vaada 295,5 29,000
(ca. 250) 22,900 | (ea,250) | 22,850
(er. 240) 25,400 | (ca.240) | 25,300
chort (239) |=25,700 | (238) |ea, 11,100
wave 228,95 16,400
bands [(ca. 239) 27,300 | (ca,225) |28,500
222  |ea, 14,900?
205,5 32,100 205,35 | 37,250 210 ?
Amin (mp) c Apin (ms) &
282,5 18,300 232,5 | 18,100

Ficures in parenthesea denote voints of inflection,

Styrene

8l

end 2,2'-div1ny1b1pheny182 (LIX) have respectively

thres and two bands, due to siyrenc-like conjuzztion, in the

285 mp region, The intensities of the bands 4n the latter

gpeetrum (1870 and 1340) are about twice those of the correspon-

ding bands in the former (790 and 615), but bhis 1s not so in the

250 mp region, where these compounds have three bands each, also



due to styrene-like conjuzation, the bands in the former being
of intensity 15,500, 15,800 and 9,800, asnd those of the latter
25,009, 24,000 and 17,000, The in%sagity of the inflection et
280 mp (€ eca, 22,900) in the spectrum of the siilvene (XLIII)
i3 also less than twice the inbensities of the Lands in‘this
region for syyrens, ' A

The substituted stilbens (XLIII) erd irans-stilbene each
have a point of inflection in the 240 mu region of their spectra,

An inflection at 235 mu (€ 25,300) in the speetrum of (LIX),
has teen at?r;butedsz Yo the vestizial canjugation band of a
hindered di-p-substitubsd biphenyl (ef. 2,2'-dialkylbiphenyls®s,
Pe 10), This inflection occurs at ca, 230 mu f2r the substituted
stiltene, thie lesser degrge of conjuzation presumzbly being dus
to the "tuttressed" ortho-meihoxyl group, “his conjuzation must
te comparatles %to that tvetween the benzene rings in the bridged
biphanyls (LX), (LXI) and (V), where tha conjugation bands
appear atlkinf_gg. 225 (¢ 22,C20), ca. 230 (€ 256,900) [p, 124j
and 231 mp (& 5,550)55, respectiively, althouzlh enhancement of
the intonsities due to the presence of the methoxyl groups

occurs 4in all except that of (V).

';*0 Ple0 ¢
121 e
3 @
"‘?Hl ' N HMe 5 ; COIH
He0 2e© Med BrO
(LX) (LXI) (v)

The btands of the substituted stilbtene and of trans-stilbene.

in the 205 and 210 mp regions are due to the benzene chromo=-

phores,



The Treparation of (+)=2-(2-TithyleS-mathoxyphenyl)-5,4-dimeth-

oxydibenzyl (TI),

Heo
Meo CH, CH, LP
CH CHy,
MeD
(LI)

Three hydrogenaticns of (+)-3,4—d1methoxy-3—(5-methoxg-2;
vizylpheryl)estileene (XLIIX) were carried out using a hydrogen
prasasure of ore atnosphere in tha precsence of 2 palladium-
charcoal cztzlyst: (a) at room temperature, according to the
rethod of Tentley and Rohinson65, (h) at =30 to -28°, as 1t was
suspected that partial racemisalion might have sceurred in (a),
axd (c) ab room btewperature ezain on a larger scale, to s32 if
the absorption of hLydro:;en was proporiiozzl to the quantities
of the reactants, a3 1t wag suspescted that complete Lydro-
cenation of %the viryl groups had not ocenrred, Fone of these
guspicionsd was confirmed, and method (a) was that used for
labter rreparations,

Tre hydrogenstion at roonm tempsrabure gave an oil of low
optical activity, tubt in very high yield, Elecmentery analysis
gave ascceptable reaults, Iowever, the volume of gas used for the
hydrogenation, eppeared fo be less itkran that theoretically
required,

The product prepared at -50 to -25° vias optically stable
at =19° and at various temperatures up %o 21,5°, although the

specifiec rotation decreased with increase in temperature,



~1

.{awever, ths orizinal valuz was obtalnad again on returning to
=199, Thus in %he preparaticn a% room temperature, no partial
raceilsation could have oceccurred, or a labile azyrmiziric centre
have hesn set up,

Py sealivs un tha gquantltiss us2d oripginzlly of room
fiemparature, 14 vas found that the quantity of hyd=open token up
was not 1ncreased proportionally nmrd that the zuonnt of gas
avgorbed vias not tha2 sun of thiat uws2d in 2 blank exnerinent
without tha gtilben? and ths tieoretical amonunt reouired for the
hydroszsnatinn, As palladiunm forns PdoH under 2 pressurs of one
atmoaphare of hydrozen, which nay t2 a mizbure of two immiscible

921id <olubiong or an interstitizl co:pound84, it sceenrs possible

L}

that some of this hrdrozsn mizht be used in the hydrogenation
withoul ths reabsorntion by the catzlyst of an equivalent amount,

The 1ufrared cpecira of sll %the products were the same, The
peaks at 10,33, 10,90, ard 11,10 n ;n the.spectrum of the
(+)=ctilhene, masumzd to te éue to =CI=CH~- (p, 79%), were absent, -

Additional preparations were carried out uwsing method (a)
and the produeis eoutined vwiith that from {c).

Avsorpticn oceuvrred in the ultraviolet snsetrum (Filg.lO,
D. 170} 8t A 25872 mp (€ 4,430) ané was aue to tae phenoxy
partial chromophorsa (cf, the bridged biphenyls (1Y) and {IXI)
[pre 124; fiz, 8, D, ler). The vestigial conjuzation band
appearsd &t)‘inf-ﬁi‘ 227.5 rp (€ 17,800) vith minimrm absorption
abNpin 252 nmp (€ 829), (ef. (LX), (IXI), (V), the stilvere
(XLIII) and 2,2'~-divinyltirhenyl (LIX) [p. 53]). Overlapping by



the band due to the benzene chiromophors at}‘max 201 my (€ 64,500)
occurrcd, The band appearing at 311 mu in the spesetrum of the
stil:cne du2 %o the comnbined effects of itha Ar;CL=CH; and phenoxy
partial chromophorss waa absent, IIydrocenabtion o2 the vinyl groups
of (XLIII) 1s thercfors complete and the spectrun of the prodict
as expected, |

Kinatic Raecemisation Sxnarimsnta on the (+)=Divenzvl,

The dibenzyl was optically stable in p-cymene solubtion ab
1600, but 1t was found to racemise a% 1759, This golvent was
thermally uastable ab 200° and 23 it was clear that kinetie
exporimants would have to be done at up to 2200, another solvent
wag required, f-Thenylethyl aleschol was found to be suitable,

Kinetic racenisation experimants wvere carried out at 181 to
224°, usins & 4,91 solution and A=546) R, as deseribed on p. 83,
On plotting logyo ay egalnst ¢, deviations of the points from the
straight lire were negligible, The following results wmere obtained:

E = 33,45 keal, mole~l, Af* = 32,5 keal, mole™r,
log;oh = 11,4 sec'l., AFT 1

AT =-9,42 e,u., et 225,69,

37,2 keal, mols”™

The fractions of solution obtained in the above experiments
were combined and heated under vacuum until optically inaective,
The rocemate was recovered in 80% yield and elementary analysis
gave good results, The infrared spectrum was identical with that
of the active compound, and from this information, and the typ2

of graphs obtained, showed that racemisation only had occurred,



EYDTRIMTHTAL

The Preparation of (+)=3,4-Dinathoxy-te(S-mathoxr=2=vinyl=

phenyl)-gtilbens (XLIII),

This wa3 preparced Ly a multistage procass from thebaine
(XXVIII) as follows,
(a) (+)=-a-Phsnyldihydrothabsine (XL)

The method of preparation was %that of Small, Sarzent and
Bralley54. Phenylnagnesiun bromide was prepared as follows,
Redistilled bromobenzene (51,6 g.) was dissolved in sodiumedried
ether (100 c¢.c.). About a gquarter of this solution was added %o
maznasiuwa bturnings (10,8 g.) and sodium-dried ethar (65 c.c.),
care beinz taken to exclude roisturs, A crystal of iodine was
added and th2 mixture was warmed a little to start the reaction,
Once this had occurrasd, the remainder of the bromobenzene
golution was addad at a rate sufficient to keep the ether
refluxinz, The mixture was heated under reflux for 15 min,, and
then as much of the efther as possible was removed leaving behiné
a dark-brown solution, ' |

Sodium-dried benzene (100 e¢.,6.,) was added to the phenyl-
mecnasium bromide solution, and heated under reflux on a water
bath, A solution of thedaine (50 g.) in warm sodiun-dried
benzene (950 e.c.) was added slowly with stirrins over a
period of two hours, Heatinz under reflux was continued

for a further six hours; then the solution was cooled and

poured into excess saturated ammonium chloride solution,
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The agucous layer wss sceparated and extracted caversl times
with benmene, and the combinad benzene zolubinus were extraetad
saveral tiwnes with 2T TCl, The acid extracts wars randered
alkaline, in the prosence of ethzr, with diluts am-onium
hydroxids golution, A little sodium metabisulphits wag added,
and after shakinz, th> twr solvent layers ware separated fron
onsd anothsr, Ths aaueous leyer was sxtractad twice more with
ether and the conmtined ether extracts wers drisd and ths
solvent evaporated, leaving behind a purpls syrun,

Tha Perchlorato,

The eyrup was discolved in absoluts 2leonol {75 e.c.) and
treatasd, until scid to litmus, with alcoholic perchloric acid,
which was rndoe up by adding 27.5 g. (1€.2 c.c,) of €05 agueous
perchloric acid to 69 z. (76 c.c.) of ice-cold absolubte aleohol,
It was allowed %o stend overnight arnd the purple crystals which
formad were filtered off, washed with two portions of absolutg
aleohol (37.5 e.c. each) to remove some of the colour, and ex-
tracted with ether, giving 74 g. (94%) of very pale violet
coloured erystals, m,p, 246°, ©mall, Sargent and Bralley, loc.
cit., give m.p. 2480. Thege crystals consisted of the per-
chlorate of (+);a-phenyldihydrothebaine together with a little
of that of the (+)-d&-isomer,

The perchlorate mixture (4 g.) wss recrystallised from
acetone~ethanol mixture giving 1.2 g., [aj%kel +5.60°,

[“]%1 +4,60°, (e, 0,98 in acetone),
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0.5 G, of this was twice recrystallised fronm ethannl,
giving 0,15 g,, m.p. 246°, [a]mgai +6.66°, [«]3' +5,00° (e, 0.60

in acetons), +40.7°, “]D +35,6° {c, 0.20 in 96%

(12,
ethanol),
. Small, Sargent and Bralley obtained perchlorate with
[«]5° +8.2° (e, 0.98 1n acotone); [« ]D +35° (¢, 0,21 1n
ethanol). Derson and Greenbaum7 obtained rerchlorate with
[a]D +29% (¢, 0.21 in 95% ethanol); [« ] +8.6° (e, 0,94 in
acetone),
In our hands recrystallisation effected 1little improvement
in specific rotation, |
227.,5 G. of the perchlorate mixture were prepared altogether
at an average yleld of 83% (the original authors: 89%),

The Hydrochloride,

The prepared perthorate wa3 known to contain a small
proportion of the (+)-S-1somer, Sepzaration of the two was
dependent on conversion of the perchlorate mixture into ar
mixture of'the hydrochlorides and on the relative insolubility
of the (+)-c-compound in anhydrous ethanol, The perchlorate
mixture was first converted into a mixture of the bases and the
(+);a;phenylﬁihydrothebaine hydrochloride was precipitated by
two different methods: (1) in which absolute ethanol saturated
with hydrogen chloride weg added to the Yases in ether éolution,
and (11), in vhich dry hydrogen chloride was passed into an

absolute alcohol solution of the bases,



- 52 -

It was not possible to obtain the (+)-§-isomer in a pure
form by =2ither mgtpod, presumably owinz to incomplete precipit-
ation of th2 (+)=-a-isomer, but nethod (11) was that used for
subsequent preparations of (+)-a=-phenyldihydrothebaine hydro-
chloride,

(1) Precipitation by Ethanolie Hydrozen Chloride, (Small,

Sargent and Bralley54.)

The perchlorate crystals (69 g,) were stirred with dilute
ammoniurn hydroxide solution and extracted with ether, The
aqueous solution was extracted twice more and ths combined
extracts dried over calcium chloride and then acidified with
absolute ethanol saturated with hydrogzen c¢hloride, This was
left overnight in the refrigerator snd a mass of whitish
erystals, a purple oil and an etheresl-alcoholic solution
were obvtained, The solution was pourzd off and the residue
wached with two small arounis of dry ether, the washings and
solution beinz combined and set aside, The residue was shaken
with a little ice-cold dry methanol, which converted the oil
into a further mass of white crystals all of which were filtered
off and washed with two small quantities of igefcold dry methgnol:
The white crysbals obtained were those of (+)-a-phenyldihydro-
thebalne hydrochloride,

The solution was evaporated down to near dryness and the
residue was dissolved in dilute ammonia solution and extracted

with ether, The extracts were then re-acidified with IC1l in
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absolute ethanol, kept at 0° for thres hours, and the white
crystals obtained were filtered off and washed with ice-cold
dry methanol, These consisted of more of the (+)~-a-compound
which had been left in solution, The filtrate was put aside in
order to attempt the isolation of (+)=-8-phenyldihydrothebaine,

Yield:- lst, crop, 24.5 g., m.p. 175-184°%, [a] -9,4°,

22
. 5461
[«]5° -7.43° (e, 1.0l in water), .
2nd, crop, 24.0 g., m.P. 175-1849, [“]gisl -16.0°,
[«]3% -12.6° (e, 1,00 in water),
Total, 48,5 g, (765 from thedbaine),
The specific rotation and melting point were not mentioned by

tha authors,

The second crop (22.2 g.) was stirred with asmmonila, extracted

with ether, and the extracts were dried overaight over calcium
chloride, Hydrogen chloride dissolved in absolute alcohol was
added and the resultinz mixture was cooled in the refrigerator

for five hours in a stoppered flask, The white so0lid which had

i

formed vias filtered off, washed with ice-cold methanol, and dried,

Yield, 10.1 g. [“32261 -11,9°%, [«]3% -9.46° (¢, 1,00 in water),

The filtrate was evaporated, extracted with ether and the

syrupy residue was dissolved in acetone, which was removed under

vacuum, in an attempt to obtain a crystalline solid, An attempt

at recrystallisation from abtsolute alecohol in a stoppered flask

also failed to give a crystalline solid, It was reconverted into

the base and the syrup was dissolved in the minimum amount of

i
1

|

i
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absolute alecohol, Dry ECLl was passed through it for 4 hr, and

1t was then placed in the refrigerator overnight, The solid N
producgd, after filtering, was washed with dry methanol, giving :
an off-white solid, 0.6 g,

[a]§i6l -15,59, [a]%l -13,0° (e, 1,00 in water).

Elementary analysis indicated that the compound was solvated

with one molecule of ethanol of crystallisation, (Found: C, 68,9;
m, 7,03 ¢, 7,7; N, 2.9: 0, 13,5, Calculated for CosiloqCLlE0s +
C,H0H: C, 68,7; H, 7.3; Cl, 7,5; ¥, 3,0; 0, 13,6%),

Tha original first crop of hydrochloride (16,5 g.) was
converted into the base and the combined ether extracts obtained
were evaporated, giving a pale yellow glass, This was dissolved
in absolute alcohol and then cooled in the refrigerator, giving
a white crystalline solid, 10,5 g. A second crop (5.5 g.) of the
base vas obtained from the filtrate after 3 days' standing in the
refrigerator, [ai%ﬁsl +5,629 [aj%z +5,15°, (c? 2,04 in ethanol),
Small, Sargent and I3x'alley:54 obtained m,p., 40-700, [aj%o +10,20,
(¢, 1,98 in ethanol),

The first crop of base was again crystallised, gilving a mass
of vhite prisms, 9.5 &., [ajgz

5461
ethanol), 8,5 G, of this was dissolved in the minimua quantity of

+7,05°, [«]2% +6.81°,(c, 1,98 1n

absolute aleohol and ary hydrogen chloride was passed through the
solution for nine hours, After being left in the refrigerator
overnizht, the liquid was decanted from the solid which had

formed at the bottom of the flask and the latter was transferred.
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to a Buchuer funnel, wherz 1t was sucked as dry as possible,
and the dryina completed in a warm oven, Yield, 4,0 gz.
[« ]0461 -9,73°, a]D -8,30% (e, 1,03 1n water),

The mother liqqors wera eveaporated to aboubt one-third bulk
and cooled to c¢a, 0%, Liore of the hydrochloride, 4,5 g. was
obtained, after filteringland washing with lizht petroleun
(b.pe 40-600), giving a total o# 8.5 g. (theoretical yield,

9.3 84)e [a] 2461 =7.88°, [ajgl -6,90° (e. 1,01 in water),
(11) Praeinitation by Dry Hydrooen Chloride,

The perchlorate mizture (66 g,) was converted into the
mixture of the bases as before, and the ether extract was dried
over caleciun chloride overnight tefore raoroval of the solvent,
The solid was dlssolved in the minimum quantity of absolute
aleohol, and dry L€l was passed through the solution for about
4 hr,, by which tine it had set n2arly solid, The flask was
aboppered and placad in the rsefrizerator overnight, The solid
was filterad off, washed with cold dry methanol and the filtrate
get agside for ths attempted isolation of the (+)-Skisomer. Yield,
55,0 g. (81.5% from thsbaine). [a]2l.y -12.8°, [«]3l -10,0
(e, 1,05 in wator),

This was regarded as being a satisfactory m2thod of
preparation and altogether 191,5 g, were prepared at an average
yield from thebaine of 70,5%.

(+)=-9-Phenyldihydrothebaine,

The isolation of this compound was attempted on each of

the solutions obtained above after the completed precipitation



0f (+)~a=-phenyldihydrothebaine hydrochloride, This was done
accordinzg to the method of Small, Sargent and Bralley34.

Lach solution was evaporated givinz a brown syrup, An
aqueous galution of the syrup was rendered alkalire with dilute
aguenus amonia and extracted.with ether, Th2 rcsidue from the |
evaporated extract was stirred with a small amount of ethanol,
but 1t did not crystallise, Crystallisation was attempted from
various solventa, but without success, Extraction by various
li~ht petrolewn fractions was of no avail, Reconvsersion into the
hyd;oghloride and filtering off the small smount of precipitated
(+)-a-compound tefore conversion into the bhass azain was of no
uie, The gum f£irally obtained from the treated filsrate from (1)
above had the following properiies: it softened at about 790,
[«]23;, -75.4°, [«)25 -27.¢° (o, 0.73 in acstons) . The original
authors obtained white nsedles, m,p. 143,5°, [a]%O -131°
{c, 0,87 in acetons), .

It appearsd that there must have been some (+)=8-compound

present, but in an extremely impure state,

{(b) (+)=c=Phenvldihvdrothebaina Methyl Bther (LV),

The rerchlorate of the methy} ether (LV) was prepared by
s2veral methods, and all gave non-crystalline products. The
compound was obtained later in two cerystalline forms, which were
found to be of little synthetio value. lethod (1) below was
found to be the best method of preparation, but purification

through the perchlorate was found to be unnecessary in later



- preparations of the stilbtens,
The (+)=-a-phenyldihydrothebalne hydrochloride, where used
below, was that prepared by method (11) above,

(1) Preparation of the Methyl Ether Perchlorate by a
Modificatlion of the liethod of Bemtley and Robinson65.

(+)=a=Phenyldihydrothetaine hydrochloride (7 g.,, one
equivalent) was dissolved in warm water (33 c.c,). After cooling,
excess 10% sodium hydroxide solutiocn (100 e¢,c,) was added, which,
durinz the addition, gave initially a precipitate which then
redissolved, A solution of dimethyl sulphate (3,1 c.,c., two
equivalents) 4in methanol (8 e¢.c.) was added slowly with stirring,
which gave a white gurmy precipitate, Thisg was £iltcred off,
vashed vwith water and dried in an evacuated desiccator, Yield,
6,0 go (90,5%). The base was dissolved in the minimum amount of
varn ethanol, cooled, and 60% perchloric acid (5. c.c.,) was
added, followed by water, until no further precipitation was
observed, The solid psrchlorate was filtered off, recrystallised
once from dilute perchloric acid, and twice fronm water containing
the minimum amount of alcohol for complete solution, Yield of
perchlorate: 4,5 g. (54% from the phenolie¢ hydrochloride),

M.p. 139°, [ajéiel +23,3°, [aj%z +20,8°, (c, 1.01 in 96%

ethanol), [«]32 _ +1,00°, [a]gz +0,03%, (¢, 1,00 in acetone),

22
5461
The solubility in water was too low to determine the

specific rotation in this solvent,
Bentley and Robinson obtained colourless plates m,p, 205°,

[“]gl +9,26° (in water, concentration unknown),



The I.R, spectrum of the perchlorate showed a dbroad band
with two peaks in the 3 p region which may have been due to
solvation; it showed peaks at about 9,2 and 16,1 4 in common
with mony inorganie perchlorates,

A further quantity of perchlorate (8 g.) was prepared fronm
(+)=a=phenyldihydrothebaine hydrochloride ( 14 g.) by the above
method, It had m,p, 1409, A small amount of this perchlorate was
crystallised from the minimum mmount of ethanol, giving an oil,
which, after dryinz overnight in an oven, gave a lizht brown
glass vhich softened at about 128-130°, "Reerystallisation™ fron
a variety of solvents and solvent mixtures, and heating under
vacuun at 134° for 3% hr, gave solids with no increass in m,p.
above 140°, Some was®recrystallised" again from wabter containing
a little ethanol, and the solution was decanted from the oil
wvhich first formed on coolinz. The =0lid obtained on further‘
cooling was again tregted in this way. The final white solid
obtained had m,p,. 128-129°, Tlementary analysis gave an
anomalous result for carbon, (Found: C, 59,9; H, 6.4; C1l, 7.0,
Caleulated for C, ll;qClNOgn: C, 62,03 H, 6.0; Cl, 7,0%),

The perchlorate, m.p. 139° (1,0 g.) was dissolved in
glacial acetic acid and then shaken with ammonium hydroxide
(s.g. 0.,880) and ether, the base beinz extracted by the solvent
ag 1t was formed, The agueous layer was extracted twice with

ether and a so0lid residus which had formed on the addition of

the ammonia was redissolved in acetic acid and treated again,
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The ether solutions were combined and the solvent removed,
lfethyl 1odide (2 c.c.) and acetone (6,5 c,c,) were added
to the base and heated under reflux for 4 hr,, methyl iodide
(ca. 1 c.c.) beinz added every hour, A white crystalline
precipitate was obtained on concentrating the solution slightly,
and ﬁas filtered off, washed with acetone and dried, Yield,
0,85 g, (79%), ﬁ.p. 190°, (Yield from (+)-a-phenyldihydro-
thebaine hydrochloride, 43%),.

The methiodids was reerystallised from absolute ethanol,
givinz colourless plates, 0,75 g., M.De 201°, Further
crystallisation gave no increase in melting point,

(212225 +26.3°, [«]32°5 +18.5° (¢, 0.32 in 96 ethanol).
(Found: €, 59,8; H, 5.9; I, 23,55, Calculated for C273321H05:
C, 59.,45; H, 5,9; I, 23.3%)., The infrared spectrum showed the
absence of a hydroxyl peak,

BPentley and Robinson65 obtained a prodgcp of n,p. 2050?

34 methylated (+)=-a=-phenyldihydro-

Small, Sargent and Bralley
theﬁaine with diazomethane, and then prepared a methiodide with l
m.,p. 196-197,59, [aj%8 +20,7° (c¢, 0,34 in ethanol), |

A further 22.8 g. of perchlorate were obtained after two
"erystallisations™ from agueous ethanol only{ 15,2 g, were

converted into the methiodide, giving 9.86 g., m.p. 197°,



(11) Preparation of the Methyl Wther Perchlorate at

Elevatnd Temneratures,

(+) ~a=-Phenyldihydrothebaine hydrochloride (3.5 g.),
disqolved in water (16,5 c,c,) and excess 10% sodium hydroxide
solution (50 e,c¢.,), was heated under reflux for % hr, with a
solution of dimethyl sulphate (1.6 ¢.c., 2 equivalents) in
me thanol (4 c.c.). The supernatant liquid was run off from the
0il, vhich had formed duringlthe period of heating, and treated
as follows,

A further quantity of dimethyl sulphate (2 c,c,) waa added
and the solution was heated.ander reflux i{or a furthar 3 hr,,
extra dimethyl sulphate (1 c,c¢.) beinz added every % hr, On
coolinz, an oil and some solid appeared, which were dissolved
in warm dilute perchloric acid, The resulting solution was
filtered, cooled, and diluted with water until no further
precipitation occurred, and this solid perchlorate was
"recrystallised” from dilute ethanol, after the addition of a
little dgcolourising carbon, A chocolate brown so;ié, 0.4 Ees
m.D. 208-210° was obtained, A mized m,p., with {+)-a-phenyl-
dihydrothebaine perchloraté (mep. 246°) was 218°, The I.R.
spectrun of the product was different from that of this
perchlorate and resembled that of the product m.p. 170°
below. The product m.p., 208-210° was prbbably a mixture of the
perchlorates of the methyl ether and the starting material,

About half of the oil obtained after the Zirst period of
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heatiﬁg was washed twiceae with 10/ sodium hydroxide sblution and
converted into the perchlorate and "erystallised" as adove,
glving a buff coloured solid, Yield 0,8 g., m.p. 247.50. A
mixed m,p, with (+)-a-phenyldihydrothébaine parchlorate gave
no depression and the I,R, spectrum was identical withAthat
of this compound, |

The regst of the oil obtained, aftér the first period of
heatinz, plus 105 sodium hydroxide solution (25 e.c.), water
(8 coc,) and dimathyl sulphate (2 ec.c.), together with
sufficient ethanol to keep 2ll in solution, was heated under
reflux for 4 hr, Dimethyl sulphate (33. 1 ¢c.c,) was added every
& hr, A white precipitate (probably sodium sulphate) gradually
formed, ond after cooling the mixture, was filtered off, The
etharol was then removed from the solution and a2 brown
precipitate was obtained, which was converted into the per-
chlorate, as above, but "crystallised™ twicz, A pale brown
solid, 1.8 g. (ea, 87%), m.p. 170°, was obtained, Further
erystallisation did not improve the m,p. [a]%ié% +39,19,
[«]3%¢° +33.8°, (c, 0.665 in 965 Bt0H), A mixed m.p. with
(+)-a;phenyldihydrothebaina perchlorate was 192-220° and this,
together with the specific rotatibn, suzzests that the produet
may have been a mixture of the perchlorates of the methyl ether
and the starting material, This sugzestion was supported by
I.R, evidence, The spectrum of the product was different from

that of {+)-a~phenyldihydrothebaine perchlorate, peaks at 10,8,
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12,0 and 12,9 u being either very smalllor abgent, bubt was
similar to that of the prbduct m.p., 208-210° above, I%
resembled that of the product in (1) m.p. 139°, but was not as
clear in the 10,5-15,0 p region,

The product m,p., 170° (0,15 g.) was converted into the
methiodide as in (i), uvsing acetone (1l c.c.) and methyl iodide
(L coc.), Yield 0,05 g. (317, 27% czleulated from (+)-a~phenyl- |
dihydrothebaine hydrochloride), Recrystallisation from absolute |
ethanol gave colourless plates, m.p. 196°, The I.R. spectrum.wasr
identical with that of the methiodides obtained in (1), i

1
H
&

(111) Preparation of tha Msthyl Wther in the Pressnce of

Sodium Methoxide, Adapted from the method of Freund®® who %
preparzd ths base only, - f

Sodium (0.2 g.) was dissolved in methanol (10 e¢.c,) and i
(+)=a=-phenyldihydrothebaine base (2 g,) and dimethyl sulphate
(1 e¢.c,) were added, After standinz overnizht, the excess

mathanol was removed, water was added and the solution nbtained

wag evaporated to near dryness, The résidue was digsolved in
dilute acetic acid and the reguired prdduct wag preéipitated
by the addition of dilute sodium hydroxide solution, This was
repeated once more and the perchlorate prepared and
"racrystallised” from aqueous ethanol, giving a pale brown
solid, 0.7 g. (2773), m.p., 142-143°, This was dissolved in
aqueous ethanol at a little above room temperature and slowly

cooled to about ~10°, A white solid was obtained, but with no
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improvement in m,p, The I,R., spectrum was similar to those of
the products obtained in (11i) of m,p, 208-210° and 170°, and
resembled that of the product in (i) m.p. 133°, btut wag a
little lesa eclear, Peaks‘at 10.8 and 12,9 u were present, as
in the spectrum of (+)=-c-phenyldihydrothebaine perchlorate,
but that at 12,0 p vhich appeared in thz latier, was missinz,
The product appearad to Le a form of the required methyl ether
parchlorate, [a ]§Zéi +26,6° [a]““‘J +20,3%, (e, 0,56 in 96,
Et00d),

The parchlorate m,p. 142-143° (0,1 g.) was coavarted into
the methindide as before, using acetone (1 c,c.) and methyl
fodide (1 c.c.)s 0.06 G, (55.57) were obtained, m.p, 191°, The
yield from (+)-a-phenyldihydrothebaine base was 15/,

Reerystallisation of the methiodide from absolute alechol
gave colourlegs plates, 0,05 g., m.D. 198°, The I.R. spectrum
was similar to those of the methiodides obtained in (i) and
(11), but with differences in the 7,5~8,0 u region, A further
crystallisation gave no chanse in m.p., bus the I,R, spectrum

wag now identical with those of the other methiodides,

The Crystallisation of the liethyl ®ther Perchlorate,

A small part of the last bateh of methyl ether perchlorate
prepared in (1) above was allowed to separate from an ethanol
solution on a watech glass, while being scratched ty a glass
rod, and a few granules of a genuinely crystalline product were

obtained, 4 G, of this perchlorate were recrystalliised from



ethanol after beinz sceded with 2 crystal of this, giving a
‘mhite crystalline mass, 2,8 g., m.p. 194-195°,

Concentration of the mother 1iquor followed by seeding
gave, as a white erygtalline solid, a éecond crop, 0,3 g.,
m,p, 226-227°, [a]g‘zei +35,6°, [a]2% 44,4, (o, 0.23 in
ethannl), An atuvmpb to obtain a further quantity of this at
a later date faileg,

Two fﬁrther crystalliéations of soﬁe of the first crop
cave colourless plates, m.p. 197°, (Found: C, 62.1; H, 6.3
cl, 7.2, Calculated for 026H3001H07: c, 62,0; H, 6.0; Cl, 7.03).
[« 10461 +20,6°, [a ]D +18.8%, (e, 0.27 in mtoH), Bentley{and

Robinson6

obtained a crystalline product, m.p, 205°,
[a]%l +9,26° (in watar), The present product was not
sufficiently soluble in water to determine the specific rotation
in this with any degres o2 accuracy, It appsared to be ca. 8 -100.
Crystallisation of a further 3,6 g, of the non-crystalline
perchlorate (prepared by method (1)) from an ethanol solution
with seedins gave 0,83 g, of crystéliine product; ﬁ.p. 1?3-1940.
followed by 1.8l 2. of non-crystalline product, m,p.‘150-135°.
after coacentration of the mother liquor.
Tha lowsr meltinz erystalline perchlorates were combined
(2.4 g.) and converted into the methiodids as follows, The
perchlorate did not react with ammonia or sodium hydroxide; it

wag therefore dissolved in ethanol and rendered alkaline with

alcoholic sodium hydroxide solution, The resulting solution was



evaporated to near drynsss under reduced pressure, water then
beinsz added to dissolve inorganic salts, This was then extracted
three times with ether, which was then removed from the extract
solution, and ths base was dissolved in acetone and converted
into the methiodide, 0.8 g,, (30%), m.p. 196°,

The crystalline perchlorate (0.3 g.) m.p. 226-227° and of
higzh specific rotation, was treated similarly, giving 0,04 g,
(12%) of methiodide, m,p., 197-198°,

The melting points of both methiodides were similar and
althoush the perchlorates were apparently physically different,
the same compound was obtained in either case, These nethiodides
were also the sams compound and of simila; quality as the_ 7
methiodides obtained from each of the non-crystalline per-
chlorates previously, but the yield was lower, Hence it was
considered unnecessary to obtain the methyl ether perchlorafe in

either crystalline form in futurs work,

Preparation of the Methyl Ether Methiodide without First

Preparin~s the Perchlorate,

The object of this experiment was to ses whether omitting
the purification of the methyl ether via the perchlorate made |
any difference to the quality of the methiodide obtained from 1it.

(+)-a=-Phenyldihydrothebaine hydrochloride (7 g.) was
converted irto the methyl ether base by mathod (i), p. 67, and
obtained as a white gummy precipitate, yield 4,3 g, (65%), This
wag then converted into the methiodide without first preparing



and purifyirsz the perchlorate, by heatirg 4t under raflux in
acctone {20 c.c,) with methyl 1odide (2 c.c.) for 2 hr.,
additional nethyl iodide (1 c.c.) deing added every i hr, After
filteoring off the vhite precipitateAwhich formned, and washing it
with acetone, 4,5 g. (77.5%) were obtainad (50% caleulated from
the hydrochloride), m.p. 197.5°. Recrystallisation from ethanol
£ave colouiless plates, 3.6 ., M.ps 197-195°,
[“]%261 +25,39, [aj%3 +18,5°, (¢, 0,30 in 96% ethanol),

A second crop of crystals was obtainsd, on concentrating
the mother liquor, as a colourless cerystalline mass, 0,7 g.,
mep. 197-197.5°, [a]29g1 +25.5%, [«]8° +19.4%, (o, 0.31 in 967
ethanol),

Ths I,R, spectra of the two crops were identical and the
sare ag those of the methiodide obtained in (1), (11) and (111)
above, Algo, the specifie rotations were identical, within the
limits of experimentzl error, with that of the methiodide from
(1), ard acrecd witkh that obtained by Swall, Sargzent and Bralley3
Hence, it was seen that the preparation of the mesthilodide fronm
the Ytase withcut first preparing and purifying the prerchlorate
gave an equally gocd final prcdugt and in higher yield,

A further 10,8 'g., MePe 195-1970, were prepared by this
method from 14 g, of (+)-a-pheryldihydrothebaire bydrochleride,

A



(e) Tha lethinz Jeihindides of (+)=s=Therwldihvdrothebains

~

. .55
Methvl fthar, Frouad- ,

(1) Various combined 2raciions of (+)-c-phenyldihydrathe-
balce actlhyl ather metihiodlds (4,5 g.) were dlgzeased ulta a
gsolution of sodiun (2.25 é.) in a¥solute ethanol (36 e,c,) on a
water bath for atout 1 hr,, giving a clear dark solutinn, The
aleohol vias removed and an a3xcess of a sabturated agusous solution _
of amwionlum chloride was added and extracted with ether, The ether%
extracts woare drisd over solid pobassitm hydroxids and ths solventé
wag removed, leavirnz a yellow oil tehird, ‘

This was allouwa2d %o react with methyl 1odidz (2 2.c.) after
dissolvinz i% in acetone (10 c.c,), the mixture than being neated
under reflux for 2 hr,, pericdicslly addinz a small guantity of
methyl iodide, Zxcess reagent was thea reomoved, leavinz tekind a
yellow solid =2ad an oranze oil, A ge2d was ostained vy
recrystallising a small emount of the solid Pfronm etharol, The
01l and the rezainler of the 5olid were crystallisesd by seeding
and coolinz, Tirst to room temperaturs, and then t5> below 0°, s
Pale orange crystula vere obiained, yield, 2.1 g, (455), m.p. 207°,
0.5 G, vere crystaliicsed twice more giving pale orange needles,

Ol gep TePe 210°, This was probably the mgthiodida of the
iso-methine, (LVII),[aj%ZGl -19,2%, [aj%3 12,3°%, {c, 0.23 in
E£t0H), A fourth crystallisation did not change the appearance or

neltiny point, Freunds6 gave no figures for any physical constants

or analytical results,



- 78 =

Concentration of the mother liquor from the first
crystallisation gave crystals infusible at 5300, which were
probably inorganic, Evaporation of the filtrate gave an orange
0oll which was allowed to react with more methyl 1odide, giving
an orange solid, 0,31 g., m.p. 195-198°, This could not be
satisfaetorily crystallised from any solvent or solvent ﬁizture,?
and gave only an orange oil which set €o0lid at roon temperature.;

A further 3.0 g, of the methyl ether methiodide gave
1,13 g, (37%) of the crystalline methine methiodide (after one
crystallisation) and 0,98 g, of orange oil from the ligquor
vhich was treated with further methyl iodide as abvove,

It 13 possible that the two fractions of non-crystalline
solidified oil were mixtures of the methiodides of the normal-
(LVI) and iso-rmethines (LVII),

(11) 7.0 G, of the methyl ether methiodide, m,p. 197°
prepared from the non-crystalline perchlorate, which had been
"recrystallised" twice from aqueous ethamol only (p. 69), were
converted into the crystalline methine methiodide as pale orange
needles, 2.8 g. (39%), m.p. 204° after one crystallisation in
addition to solidified oil from the mother liquor, ‘

(111) 10.8 G, of the methyl ether methiodide, m.p, 195-197°,
obtained after omitting the perchlorate stage (p. 75), were :
converted into the crystalline methine methiodide (6.1 g), after
one crystallisation, in addition to solidified oil from the

mother liquor, A further crystallisation of the former product

cave pale orange needles, 3.5 ., m.p. 210°,



A further quan;ity of the methine methiodides was prepared
from 93,1 g, of (+)~cz=-phenyldihydrothebaine hydrochloride, After
removal of the excess methyl icdide, a yellow precipitate and
an orsngze oil viere obtajned, The two were stirred together with
gsuccessive gquartities of ether until all was converted into a
yellow solid, The golid was dicsolved in hot benzene and the
irorganic salts were filtered off with decolcurising carbon,
Ilothing serarated from the tenzene solution on cooling, and
after rexoving the solvent, the oranze syrup obtaired was
recrystallised from ethanol, givinz = pale orange solid, 21.3 g.,
r.p. 210° 1.3 G, were agalr crystallised givirg what was
protably the iso—mephine methiodide as colourless needles,

1,03 g., Cele 210,5-211°, (Tound: C, £9.9; H, 6.2; I, 22.9;
I, 2.5; 0, 8.4G, Calculated for 028113411@05: C, 60.1; H, 6.1;
I, 22,7; N, 2.5; 0, 8.6(), '

(d) (+)=3,4-Direthoxy=2~(S=nathoxy=2=vinylphenyl)=stilbene

(XLIII), Bentley and Robinson®S,

This was ovtained from the various batches of the methine
methiodides, as described bvelow, The infrared spectra of all the
gtilbene products were ;dentiqal. with peaks at 10,32, 10,90
and 11,10 p, For trans -Cl=Cll-, the out of plane deformation
frequency of CI normally lies bebtween 10,31 and 10,41 ¢, that
of -CH#CHZ between 10,05 and 10,15 p, and the CHZ out of plane
deformation frequency of -CH=CH3, be’cween.s5 10,97 and ll.dg Ko

.



(1) From Crystalline !latarial Ob%ained 4n (e) (i) Above,

This had Yzen preparsd from various combined fractions of
m2thyl ether methiodide, The m2thine methiodide (1.3 g.) was
dissolved in methanol (5,3 c.c.)e Sodium (0,567 g.) in methenol
(13,4 c.c.) wa3 adizd and the mixture was heated under reflux for
2 hr, The reactioa mixbture was then poured into saturated
aizaonium c¢hlorides sclution, which resulied ia the precipitation
of an oranzs coloured gua, This was extracted three times with
ether (13,4 c.c., each tine), and the combined exbracts wvere
extracted three times with 24 HC1l (1.5 e.c, each time), and
then with water, until neutral to litmus, Afler drying over
anhydroas sodium sulphate, the ether was removed and the
crystzllire resicdue was dissolved in aleshol (absut 4% ec,c,) at
about 50°%, to prevent possible racemisation, and allowed to
cool, first to roem temperabture, and then to about 40, Large
pale brown prisms were obtained, 0.4 g. (467%), m.p. 113-114°,

[« ]2 451 +80,2°, [aj%g +60.9°, (e, 1,01 in acetone),

Tke stilbene vias crystallised again from etihianol as tefore,
giving colourless prisme 0.1 g., DeDe 113°, [c]g4, +79,5°,
[aj%g +62.0°, (e, 0,47 in acatone), The mother liguor was
kept ab about 4° and deposited e further crop of prisms,.0.0G Eor
MePe 1130.

A second preparation from 1,13 g, of methine methiodide'
gave a total of 0,57 g, (76%) of product, after recrysiallis-
ation, A further crystallisation gave 0,54 g. in two erops, the
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best of which consisted of colourless prisms, 0.48 g., of
gimilar m,p., and specific rotation as before,

(11) From Crystaliine Material Obtained in (c) iii) above,

This had bean prepared via the methyl ether perchlorate
after two "erystallisations™ from aqueous ethanol only (p. 69),
2.8 G, were converted into the stilbene giving, after
recrystallisation, a total of 0,93 g, (53%) in two crops, The
overall yield from thebaine was 3.25%. The best crop was as
small pale orangs crystals, 0e74 o, MeDs 114-115°,

“]5461 +82,1°, [a] +63.0°, (¢, 1,02 in acetone),
(111) ¥ron Crystalline laterial Obtained in (e¢) (14i) above,

This had been obtained omitting the methyl ether per-
chlorate stage, 3.5 G, were converted into the stilbene giving
orange crystals, 1,35 g., which after recerystallisation, gave
a total of 1,24 g. (66.5)) in two crops., The overall yield from
thebaine was 5,2%. These two crops were combined and
erystallised again giving 1,19 g, in two crops, the best
consistinf of large pale oranze crystals, 1,07 2., MePe 114-115 5
[“]=461 +82,0%, [« ]D +62,5%, (¢, 1,01 in acetone).

In a further preparation, 20,0 g, of the methine methiodide
gave 5,1 g. of the stilbene in two crops, after recrystallisation
The overall yield from thebaine was 4,55, The best crop
consisted of very pale yellow prismg, 4.4 Z., DD 113°,

[ajgz +64.39, (e, 1,18 in acetona),

A further crystallisation of 0,2 g, of the first crop gave



colourless prisms, 0,19 z., m.D. 1130. (Found: C, 80.1; T, 6,6;

0, 13,5, Celeulated for Cy, ,0q: c en,63 H, 6,5; 0, 12,9%),

24
The U,V, epectrun was deterrniined arnd the zerple ves

cryctallised agsin, inereasing the m.p. to 117,5-114°, (FoLnd-

‘0

¢, €c,2; I, 6,7; 0, 13,5, Calculated for Co~49405 Cc, 8O. 6

(o2

(%7}

cs 0, 12,%0), Only em2ll changes in the U,V, spzctrun

. -
tr

-

L
(I'ig, 3, p. 96) were produced,

(1v) Pron Ioneerysielline Iethine Iathiodide

The two batches obtezined in (e) (i) sbove were combined
(L.29 z.) and econvertzd into the Stilbene. A total of 0,60 g.
(70:.) was obtained after crystallisation. A further
crystallisation gave 0,55 g; in two crops, the bzst being as
very pale yellew prisms, O.:u 2., MeD. 112-113°,

[« ]aisl +76,5°%, [« ]22 +62,6°, (e, 0,23 in acetone), This also

appenred to te the reguired stilbene,

From the above ra3sullis, the products obtzinzd after
ordltting the methyl ether perchlorafe stage were as good as
thoze obtuined after including it, but with hisher overall
yizlds, This is the rececmmended procedure for futbture prepara=-
tiors, Alzso, the main fractions prepared in (1), (11i), and (1ii)
were assum3d to be suitablzs for combination for tha proposed
Kiretic racemisation experiments,

Bentley and Robinson65 ocbtained coiourless prisms,

n.p. 115°, [« ] +59°. (e, 2.0 in acetone),.



Genaral Procedure for Racemisation Fxvnerimants.

A golution of suitable strensgth of the optically acfive
conmpound in é purified solwvent waé nade up, in order to give
an optical rotation of aboub 1,0-1.2° ab a coavenient
waveléngth usinz a 1 d.m, semimicro polarimeier tude, gg; 1 ec,c.
of the solution was szaled under vaecuum in 2ach of ten t2 twelve
pPyrax glasé tubes, The btubes were suspended in a standard
thermoatatically coatrolled oil bath, eguipped with a stirrer,
at the required temperature, The first tube was removed after
about five minutes, when i1t was assumad that the eontenﬁs of'
all the tubes had reached the temperaturs of the bath, It was
plunzed into cold water, shakea, openszd, and the optical
rotation («g) of the solution was determined on a Hilger
polarimeter, using the 1 d.m, semiuicro tube, As racemisstion
takes place by a first ordasr rate reaction, this rotation was
rezarded as b2inz at zero time, The other tubes were removed
from th2 bvath one by one, and treated similarly at increasing
tim2 intervals, 80 as to obtzain rotations decreasing by about
0.09;0.1O (“1’“2-“30--~-)* until the last, with a rotation of
ebout 0.1°, The logarithm of the rotgtion wag plotted against
time, and the rate constani and half-life for»the racemisation
of the compound at that temperature was determined (p. 48).

The whole procedure was repeated at other tempsrstures,

generally six runs being performed in all, the range of
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temperature giving half-lives ranzing from about 20 min, to
12 hr, Duplicate runa were not normally carried out unless

thouzht necessary,

Raesnisation Bxpsriments on (+)~3,4-Dimsthoxy=2-(5-methoxy-2=-
vinylphenyl)=-stilbene (XLIII),

E-Cymgne was a suitable solvenﬁ for racemisation experiments
on the (+)-stilbens, and was purified accordinz %o the method 7
deseribed in "Organic Solvents” byAweissberger and Proskauer,
Pe 110, The solvent was repeatedly shaken machaniecally with
concentrated sulphuric acid (50 c¢,c, per 1,) for 3 hr,, until
the acid became only faintly yellow in colour, After being
washed with sodium hydroxide solution and then with water, 1%
wag dried over sodium and then distilled (b.p., 175°).

’(a) Attemnted Pacemizsation and an Investization of the Products,

| Preliminary runs were carried out at 100°, 111,1° (twice), |
116° (twieo), 122° (twice) and 1299, using a 1,53 solution of

the (+)-stilbene in p-cymene, and deviations from the straight s
line, on plotting the logarithm of the rotation against time, |
wera observed, These daviations increased with time in each rdn ;
and became nore serious at the higher temperatures, ™
All the fractions of the solution of the partly racemised

stilbens were combined, and two quantities of this were heated

et 129° for 2 and 4 hr, respectively in a corked tube, The



solutions then had «p -0,10° and -0,15° (1= 1),
n=-Cyzeng was removed from the first solution =nd the pale
yellow golid obiained waas exbtracted with hot cthanol, leaving
bahind a‘small arount ol a white solid, A pale rellow solid,
Ile Pe 118—1200, erysivallised fron the ethanol on cooling; on
evanoration, the crystallization liquais 7ield=2d a sticky
yellow nass, A further cryctallisation of the yellow solid gave
1ittle change is m.p, [a]y =7.0%, (¢, 1,01 in p-cymsne),

The I,R, spectrun differed from that of th2 original
stiltene in o2y weys, ineluding the przsence of a psak af
11,10 p instead of tvo &% 19,90 ard 11,00 u, A pezk at 10,32 p
wag, however present in both, For the siznificance of thése
peaks, sze p., 79, This evidence indicated the preseace oz ab
lsast sone racemate, as waa3 confirmed later, the remaindgr
beinz, o3t probably, a laevoroitastory pclymer, whnse con=-
tribuiion to the sneebrum would easily be nasked by that of
the racematz, as was apparcent below,

The spectrum of the zleohol insoluble part was simple
and nszarly 2ll $he p2aks had disappeared, or elmost so,
includin~y thosz at 10,%2, 10,90 and 11,00 u, The substance
was roat provably a polymzr of the optieally éctive compound,

Th3 I.R. spactrum of the substance obtained bty evaporation
of the crystallisation ligquors had pesks a2t 10,23 and 11,00 R
and thus this substance appearsed to be an inmpure form of the

racemate, as was confirmed later,



The solution which had been heated for 4 hr, was treated
similarly, A small amount of a white recrystallised product
was obtained, which softened at about 118°. but gradually
melted above 142°, The I,R, spectrum showed it to be polymeric.
A larger quaniity of the alcohol insoluble substance was
obtained than before, Lvaporation of the erystallisation liquors
yielded 1mpu;e racenate, as shown by the I,R, apectrun,

The (+)=-stilbene (ea, 0,05 g.) was heated dry in a corked
tube at 130° for 15 min, It was then extracted with acetone
and a large amount of a white insoluble nmaterial was filtered
off, For the solution: agyey +0,025°, [ajs%l +ea, 3,3°
(¢, ca, 0,77 in acstons, 1 =1),

The acetone was removed from the solution 2nd an attempt
made to get the combined residue and the whifte insoluble material
into p-cymene solution, A resicdue was obtained again, which
softened at 125-123°, m,p. 215-270° and the solution had
ap +0.30° (1L = 1), The solvent was removed from the latter and
the I,R, spectrum of the residue showed 1t to be impurse
racenate, Extraction with hot ethanol, left a residue which
gradually melted between 215 and 730°, The optically ective
stilbene, as shown by I,R, spectroscopy, crystallised from the
alcohol solution on cooling,.

(b) To Find the Conditions to Prevent the Formation of Polymer,

After 15 min, at 130° under nitrogen, the (+)-stilbene was
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extracted with p-cyme2ne, A larze anount of an insoluble
substance was preseat, presumably the polymar,

The (+)=-3tiltene (0,05 g.) and a polymerisation inhibitor
(0,005 g.), pleric acid in one experirent and trinitrobenzene
in another, wers heated in p-cymene solution (5 e.c.) at 130+
0.3%, Racemisation was complete within 4} hr, and the rotations
of the solutions did not become nezative afier this time, and
go 1t was agsumed that polymerisation had bteen prevented, The
golvent was removed from each of the solutions and
recrystallisation of the residues retzined almost all of
the inhibitors in solution, The racemate crystallizezd fronm
ethanol, in the case of the picric acid experiment, as &
yellow solid, 0.018 g. (35% recovery), m.p. 119-120°, That
crystallised from methanol, in the cas2 of the trinitrobenzens
experimant, was as a white solid, 0,028 g, (575 recovery),
m.p. 121°, The latter racemate was purer than the former, and
g further crystallisztion gave 0,018 g,, m.D. 121°, Bentley
and Robinson®d obtained m.p. 124°, The I.R. spectrum was
identical with that of the racemate m.p. 119-120° above and
had peaks at 10,32 and 11,10 p (for the significancs of these,
see p. 79). This spectrum was used to confirﬁ the pressnce of
impure racemate obtained in the earlier experinments in (a)

above,



(¢) Xinstic Racemisation Experiments on the Stilbene in the

Presence of a Polymerisation Inhibitor,

A solution in p-cymene of 1,307 of the (+)-stilbene and
0,15% of trinitrobenzene was used for kiretic runs, Whiéh viere
carried 6ut according to the proczdure on p, 83.

Temperéture: lOl.l_f 0.1°,

Tire (min,) 0 40 .80 121 169 210
up (deg.) 1.27 1,15 1,05 0,95 0,87 0.73
Tine (min,) 280 360 450 560 620 720
ap (dez,) 0,67 0,57 0,46 0.37 0,32 0.26

k= 3,649 x 1072 gec,”t,

t%; 316,7 min, (317 nin, from grarh).

Temperaturs: 109,4 t 0.2°.

Tine (min,) 0 13 42 65 101 130
ap (@sz.) 1,20 1,12 1,01 0,91 0,76 0,66
Time (nin,) 160 200 250 500 590 430
ap (deg.) 0,58 0,45 0,33 C,30 0,20 0,13

K = 7,784 x 10~ se,”T,
ti= 143,4 min, (148 nin, from graph),

a

Temperature: 114,9 + ©,29,

Tine (nin,) 0 9 13 28 45 85
ap (d2z.) - 1.20 1.12 1,03 2,26 0.86 0.75

Time (min,) 90 117 150 190 245 300
ap (dez,) 0,63 0,50 0,41 0,29 0,20 0,14
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k = 1,214 x 10~4 gee.~1

t.= 95,2 min, (95 min, from graph),
% .

Temperature; 122,4% O.f{

Tims (min, ) 0 5 11 18 25 35
ap (deg.)  1.21 1,11 1,02 0,93 0.84 0,73

Tire (min,) 45 60 75 95 125 180
ap (deg.) 0.64 .51 0,42 0,31 0,20 0.15

0
k = 2.349 x 1074 sec.-l,

t.= 49,2 nin, (49 rin, from graph),

“
5
<

Temperature: 129.5 & 0.3°,

Time (min,) 0 2 5 9 13 18
ap (deg.) 1,04 0.95 0.89 ~C.80 0.75 0.66
Time (min,) 22 27 36 40 S8 70
ap (deg,) 0,56 0.51 0.40 0,38 0.83 0.17

X = 4,266 x 1074 sec.”1,
t%= 27.0 min, (27 min, from graph),

Temperaturo: 129,95 b 0.50.
Time (min,) o 2 6 10 14 18
op (deg.) 1.04 0.9  0,%0  0.62 0,72 0,64
Time (min,) 23 52 42 55 75
apy (deg.) 0.57 0,46 0,24 0,24 0,14

k = 4,379 x 10-% sec.-l.

t%= 26,4 min, (26,2 min, from graph),
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Temperature: 13

+
5,3 - 0,2°,

Time (min,) 0 1 % 5 8 10

ap (deg.) 1,05 1,01 0,96 0,88 0,775 0,71

Timz (min,) 13 19 25 73 43 €0

ap (dez,) 0,64 0,50 '0.4l 0,28 0.20 0.10
k= 6,521 x 10~% gec.L,

$1= 17,7 nin, (17,7 min, from graph),

llean Temp, Mean Tenp, 103. 1/T Rate Const, Logyg k.
(der. C.)  (de~. K)[T] sec=L,10%%k,
101,1 374,53 2,672 z, 649 5,5622
109.4 382.6 2,614 7,784 5.8912
114,9 332,1 2,576 i2,14 41,0842
22,4 395,60 .52 23,49 Z,3709
129,5 402,7 2,484 43,22% 4,6357
135,3 463,5 2,448 65,51 1,8150
% The meen of two results, .

The calculated valus for E was 25.79 keal. molefl.
Mean Temp., Logjnh As* e\, AT* keal, AF keal,
(dez. C.) seo~L, | mole~1, mole'l.

101,1 10,62  -12,39 25,08 25,68
109.4 10,62 -12.42 25,03 25,79
114,9 10,52 -12,55 25,02 29,87
122,4 10,62  =12,49 25,00 29,95
129,5 10,63 -12,44 24,99 30,01
135,53 10,61 -12.60 24,98 50,13
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These values were calculated as on p., 48, and the means
0f the results vwere ags follows:
E = 25,8 keal, mole'l, At = 25.0 kecal, molefl,
logio A =.10.6 sec“l., | AF = 30,1 keal, mole™l at

AST ==12,5 e.u., 135,3°,

Isolation of the Racemate,

The various fractloas of solubtion ovialned aftsr the kinstic
runs were combined and heated under vacuun at 129° until
optically iractive (4} hr,), The p-cymens was rcmoved giving
a red-brown solid, 0.74 g., which melted over the range 86-8¢
96-106,5°, This presumably contained 0,07 g. of trinitrobenzene,
After recrystallisatioa from inethanol, most of the trinitro-
benzene remained in solution, pala oranss prisms separating
out on coolinz, 0.33 g., M.pP. 123-123,5°, A secoand crop was
ovtained after cdncentration_of the filtrate, as a réd-brown
solid, 0,02 g., m.p. 111,5-113°, making a total of 0,35 g, (477)
recoverced, Tha mothar liquor from bthis was sebt aside,

The first crop was crystallised again, giving pale yellow
prisms, 0;29 ge (437) m.p. 123.5-1240. (Fousd: C, 80,15
H, 6.5; 0, 13,3, 025H2405 requires C, 80,5; H, 6.5; 0, 12,9%),
The VU,V. speotrun was detsrmindd, After a further
crystallisation, the m.,p., was increased to 125°, {round: C, 80.43
H, 6.45; 0, 13.3, Cogll,,05 Tequires: G, 80,6; I, 6.5;

0, 12,9%). There was little chance in the U,V. spectrum (TFig. 3,

Pe 69) and it was very similar to that finally obtained for
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the (+)-stilbena, Bentley and Robinson65, obtained a product

The above mother licuor was evaporated and the residue
was disgolved in benzeue and passed dovm 2 silicz zel eolumn,
The column was then elutad with light petroleun (b,.p. 60-800)
and with nethanol, An oranzge ciloured band romained at the %op
of the c¢olunn, and the 2luznis were examined ag follows,

Eanrene Traetion, On evaroration, a red-browa tar, 0.21 g. was

obtained, which was a mixture of the racemate and trinitro-
tenzene, as shown by I.R, spectroscopy. These could not be

separated by recrystallisation from methansl,

Li~ht Pabtrolaum Fractioa, Oa ovaporation, a trace of a pale
yellow cyrup was obtained, insufficient in quantity for either
an I,R, sp2cetrun or a n,p. dstzrnination,

Tathansl Traction. A pale Brown s=olid, 9,01 2z, was ottzinzd on

evaporation, A poor I,R, specorum was obtainzsd with very
11ldcfirved pezks ond the substzunce appeared to te 2 polymer,
On re-cx*raction with ethanol, = trace of & white insoluble
substance remainzd, Almost certainly, the stilbezne kad
polymerised in solution on standinz, or on passing down tha
colwan after having Yteea removed from ths iznflusnece of the

triritrotenzene,

Tha Ultraviolet Speetra of tha (+)- and (+)-Stilbenes (XLIII),

Dlank deterwinations were carried out beforehand using

the clzar dry empty cells in the Uniecam S,P.500 inatrument,
The optical densities at suitable wavelengths were then



determined for solutions in 96% ethanol of known strength, The
extinction coefficient,&, was caloulated at each wavelength,
after making allowances for the blank readings, The ealculations
were made using the formula

& = Optical Density
1x }

where 1 is the path length in c¢,m., and x is the molar con=-

centration, The results were plotted graphically.

Initielly, 2 m,m, and 10 m,m, fused silica cells were used
in turn in the instrument, and the results obtained were compared,
In general, it is esgsential %o use only 2 m.m, cells below 220 mp
to reduce errors from stray light and solvent absorption, Above
this wavelenzsth either should have teen satisfactory, but in
fact 1% was found that more consistent results were obtained
when 2 n,m, ¢2lls were used throughout the entire range,

It vas necesgsary to use each solution on the day on which
it was nmade, otherwise a gradual chanze in the spectrum over a
period of days occurred, presumably due to polymerisation,

(1) The (+)=-Stilvene,

The spectrum of the sample m.p. 113%, which had been
recrystallised twice (p. 82) was determined, A furbher
erystallisation incrcased the m,p. to 113,5-114%, with only
griall changes in the U,V, spect;um.Two absorption tands occurred.
in this latter spectrum: a long-wave bandMyx 311 mu (e 27,000)
and & short-wave band),;x 205,5 mu (é %3,100), There was

minimum absorption at 282,5 mp (& 18,500) and several points of
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inflection at ca, 250 (¢ 22.900),‘23. 240 (¢ 25,400) and at

ca, 230 mp (€ 27,300), the last being the vestigial conjugzation
band,

(11) The (f)-stilvene,

The U.V. Spectrum of the Isa.mple m,p. 123,5-124° (p. 93),
which had been recrystallised twice, was determined, A further
crystallisation increased the m,p., to 125° and was accompanied
by little change in the spectrum, This latter specetrum had a
long=-wave band at'kmax 310,5 mu (€ 26,450) and a short-wave band
at Apny 205.5 mp (& 37,250), Minimua absorption occurred at
282.5 mu (€ 18,100). There were points of inflection at ca, 250
(e 22,850), ca, 240 (¢ 25,300), 239 (& 25,700) and at o2, 225 mp
(¢ 28,500), the last beinz the vestiglal conjugation band, This
spectrum resembled very closely that of the (+)-stilbene,

Preparation of (+)=2«(2-Mthyl-5-methoxyphenyl)=-3,4-dimethoxy=-

dibenzyl (LI),

Three methods of preparatvion were used, for the reasons
stated on p, 56. The I,R, specira of all three products wers
jdentical end had the characteristics expected (p., 57). As
method (a) was found %o givs the required produet, it was used
for subsequent preparations, B
() Preparation at Room Temnerature, Bentley and Robinscn65.

The (+)-stiltene was hydrogenated usinz a low pressure

(1 atmosphers) hydrogenation apparatus at room temperature,
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A blank experiment was carried out beforehand, using a palladium;
charcoz2l catalyst (0,073 g.) and ethyl acetate (20 d.c.). The |
apparatus was flushed out with hydrogen three times, and
following thé normzl procsdura, 25 c¢.c. of hydrozen were taken
up, The stilbens (0,23 g.) was then 2dded to the above cataiyst
suspension and 39 e,¢, of hydrogzen were ultimately'absorbed.

It thus appeared that 14 c.c. of hydrogen were used up in the
hydrogzenation instead of the theoretical quantity, 27,6 c,c,

The mixture was then filtered and the volume ad Justed éccurately
to 20 c.c.'[ajﬁo +5,1°, (o, 1,08 in ethyi acatate),

The solution was evaporated under vacuum %o constant'%eight,
g;ving a white oil, 0,22 g, (92%), [aj%o +5.65°, (c, 1.06 in
p-cymene),

In two later preparations, altogether 2,13 5. of the
stilbens were hydrozsnated, giving 1,82 g, (85,5 ) of the
dibvenzyl, Elementary analysis of the second of these preparations
gavae the following results, (Found: C, 80.,2; I, 7.45; 0, 1l2.1,
Co5ilpg0g requires: C, 79.75; I, 7.5; 0, 12,75%),

(b) Prenaration at =30 to -25°,

This was carried out because it was suspected at the time
that partlal racemisation might ﬁave occurred at room |
temperature, Palladium-charcoal (0,16 g.) was suspended in
ethyl acetate (15 c¢,0,) and the hydrogen absorption found to

be 45 ¢.c, A fresh amount of the catalyst (0,16 g.) and solvent

(15 c¢,0.) were taken and the stilbene (0.37 g.) was added,



A temperature of -30 to ~25°% was maintained by means of
1mmerqion of the reaction vessel in a solid carbon dioxide-
alcohol bath, and 80 c.,c, of hydrozen were ulbtimately taken
up in 1} hr, 35 C,e, appearad to have been used in the hydro-
genation, In theory, this should have been 45 c.,c,, but possibly
some had been absorbed durinz the volume and pressure
adjustments, Filtration was carried out at -399 into a 20 c.ec.
volumstrice flask, and made up to the mark, The speeific rotation
vwag determined at various tempsraturzs and after various time
intervals, using a Jacketed polarimeter tube connected to a
low temperature thermostat unit, At the end of these
determinations, the solution was evaporated under rasduced
pressure, Yield, 0,30 g. (81%).

The dstermirnations were carried out in the order shown,
(e, 1,50 in ethyl acetate): [ai519.2 +7.3°%, no change after
105 min,; [aj55°l +4,6%, no chang° after standing overnight;

[a ]21 o9

]11 0 43, 7°, no change affer 4,75 hr.;. +2,7°, no

-17,6 [a] -19,.6 +7,3°,

chanze after 4} hr,; [a]D +6,79;
As the specific rotation at about =192 was the same befors
and after this series of determinstions, no racemisation had

]21 *S was lower

occurred at up to room ‘temperature, However, [
than that obtained in (a), for rezasons unknowp (an incorrect
weighing?), but [“]54”1 +18,5%, (e, 5.90 in g-phenylethyl

alcohol) compares favourably with values obtained later for

other products,
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(¢) Larger Seale Preparation at Room Temnerature,

So far, the volume of hydrosen used in the reaction
appeared to be less than that theoretically required, It was
susbected that incomplete hydrogenation may have occurred and
it was necessary to see if hydrozen absorption was proportional
to the quantities of the reactants present,

Palladium-charcoal (0,50 g,), ethyl acetate (105 e¢,c,) and
the stilbene (1,00 g,) absorbed 163 c,c, of hydrozen, After
haviny scaled up the quantities used in (a), 161 c,c, should
have been absorbed by the catalyst and solvent, and 120 c.c.
were calculated to have been required for the hydrogzenation,
makinz 231 ec,c, in all, As only 168 ec,c, wére taken up, 1%
seemed that either only 48 c¢,c, were taken up by the solvent
and catalyst, or only 7 e¢.,c, were used in the hydrogenatlon,
or an intermediate situation arose, On adding 0,08 g, of catalyst
to the reaction mixture, an additional 25 e¢.c, of gas were taken
up, which was the same as that used in the blank experiment
in (a), It appears that one ecan place no reiiance in such
caleulations or in assuming that the amount of gas absorbed 1s
equal to the sum of that used in a blank experiment and the
theoratical amount required for the hydrogzenation of the
stilbene, The yield of the dibenzyl finally obtailned was
0,96 g. (96%).

The followin> wers obtained usinz the Zeiss polarimster:

(c, 4,785 in p-cymena), [alseso+38.6°; [alageyt22.2%;
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[a]4pe0t15.5%; [a)5450+5.64%5 [alppgqt4.60°, (15 1), and
the followinz with the IIilger instrument:

The various products preparzd under (a) and (c) weré
combined and the U,V, spectrum was dstermined on 2 Unicam S,P,
€00 spectrophotometer usinz fused silica c2lls (Fig.l1l0, p. 170).
A 6,51 x 10~° molar solution in 96¢ ethanol vas used iﬁ 10 n,m,
cells between 310 and 240 my, and in i ﬁ.m. eslls beﬁween 245
and 199 mu, The followinzs characteristics were observed:v
Nmax 279 mp (€ 4,450), Npip 252 mp (€ 829), the vestigial
conjuzation band at Ainf 227.5 (& 17,800) and}xmax 201 nmu
(¢ 64,500), This spectrum was consistent with that expected
for this compound, It gave no evidence of incomplete hydro=-

- genation of the vinyl groups of (XLIII),

Racemisation Txneriments on the (+)=Dibenzyl (LI),.

(a) Prelirminary Partial Racemisation Studies,

[aiggeo +4,23%, (e, 1,06 in p-cymene),
This was given BJ dgngq 4+0,045° (1 = 1), using a Zeiss
polarimeter, The rotation was found to be unaltered after
allowinz the solution (i) to stand at room temparature for
43 hr., (11) after 30 min, at 160° under vacuum, and (111)
after 2 hr., at 1759, After 8 hr, at 175%, howsver, the
rotation was reduced to +0,017°, or after 1 hr, at 205°,

to +0;02°. This last result was accompanied bty deposition



- 102 -

on the sides of the tube and so either the solvent or the
solute)or both was thought to hmve altered in composition,

D=Cynmene was heated clone under vacuum at 205° for 2 hr,,
and gave a precipitate vhich adhered to the sides of the tube,
The followirg were heated under vacuum at 226° for 3 hr,:
tetralin, ethyl.benzoate, nonyl aleohol, l-methylnaphthalene,
n-decane, and f-phenylethyl alecohol, All, except for p-phenyl-
ethyl alcohol, had alteratiorns in appearance, It vias decided
to carry out partial racemisation of the dibenzyl in this
solvent, especially as I.R, spectroscopy gave no indicztion
of any decomposition,

Owing %o the low specific rotation of the dibenzyl, a
fairly concentrated solubtion was required, which had
asggy +0.86° 2nd agpgo +0,75° (1 = 1), which corresponded to
[« ]

£4561
alcohol), Th2 solution was heated under vacuum at 180 £ 0,5°

o
+21,.4° and [“]%%80 +18,79, (¢, 4,01 in B-pheny}ethyl

for 7} hr, and then had agyeq +0.51° and agpeg +0.425%; after
194 hr,, aggeq +0.23° and egpeq +0.20°; and after 25 hr,,
a5ag] +0.16° and agggq +0.13°, On plottinz the logarithm of
tha rotation arainst time at each wavelength, a straight line
wag obtained in each casse,

(b) Kiretic Racemisation Tyneriments,

The mathod was that deseribed oa p, 83, usiny a 4,01%
solution in redistilled pg-phenylethyl alcohol, A= 5461 &,
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¥
Temperature: 180,8 - 0,5°,

Time (hr,) 0 1% 3 4% 6 73
5461 (deg.) 0.86 0,75 0.69 0,62 0,56 0.51
Time (hr,) 10 13 16 193 25 30
asgey (dez.) 0,42 0,35 0,29 0,23  0.16 0,11

X = 1,853 z 1075 sec~l,,
t:= 10,4 hr, (10,4 hr, from graph),

Temperajure: 193,1 g 0,5%.

Time (hx,) 0,10 0,50 1,00 1,50 2,25 5,08
as461 (dez.) 0,81 0.73 0.67 0,63 0.53 0,46
Time (hr,) 4,00 5,25 7.50 10,17 12,17
ag461 (d2z.) 0,38 0,32 0,21  0,i3 0,09

X = 5,003 x 10°5 geol,,

t%= 3,85 hr, (3.83 hr., from graph),.

Texmparature: 203,3 * 0,50,
Tire (hr,) 0,00 0,57 0,67 1,00 1,45
asgay (d2z.) 0,86 0,77 0.68 0,60 0.52
Time (hr,) 1,92 2,50 3425 4,33 6,00
¢54s1 (degs) 0.43 0,33 0,25 0,17 0,09

k=1,039 x 10-4 sec‘l.,
$1= 1.82 hr, (1,82 hr. from graph).
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-". .
Memperature: 214,9 - 0,50,

Time (min,) 0 7 15 22 z2
@561 (d2g.) 0.84 C.73 0,55 0.58 0,50
Tims (min,) 45 65 85 115 155
or451 (deg,) 0.43 0,32 0.23 0,15 0,08

k = 2,454 x 107% sec'l.,

$1= 47,1 min, (47,0 nin, from graph),

<]

H

Tenperature: 223.6 0,50,
Time (mla,) 2 ) 11 16 a2
esae1 (dezs)  0.76 0,67 0,59  0,F 0,453
Tire (min,) 30 40 52 75
asa61 {@ez.) 0,35 0,26 0,19 0.10

¢ = 2,594 x 107% gses~l,,

t1= 25,8 nin, (2.2 min, from graph),

"z2an Terp,

Mean TerD, 105.1/T Rete Const, Logyg k.

(dep, C.)  (dez. K.)[T] sec™t, 10°%k,
180.8 454,0 2.203 1,858 5.2690
193.1 466,53 2,144 54003 545993
203,3 476.5 2,099 10,5 - 4,0248
214,9 438,1 2,049 24,5 1,3899
223.6 4%6.5 2,013 45,94 Z,6622
1

The calculated value for B was 33,45 keal, mole™
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Moan Temp, Logyo A 4S* e,u, A keal, AF* keal,
(dez. C.) gec~1, mole'l. mole‘l.
180,8 11,37 =3,32 32455 : 36479
193,1 11,37 -9,37 32.S 36,89
203,3 11,37 -9,43 52650 37,01
214,9 11,37 -9 ,43 32,43 37,12
223,6 11,37 =-9,49 32,46 37.18

These values were calculated as on p, 48, and the means

of the results were ag follows:- ]
1

E = 33,45 keal, mole™l, AT = 32,5 keal. mole™,
logyp 4 = 11.4 sec‘l.. AF* = 37,2 keal, mole'l,
ASt = -9,42 e, u., at 223.6°,

Isnlation of the Racenmate,

The fractions of the solution from the kinetio racemisation
experiments were combined, and 6,25 c,¢, (containing 0,25 g, of
the dibenzyl) were heated under vacuum at 223,6° until optically
inactive (24 hr,). The solvent was evaporated under reduced
pressure and the residue was dissolved in acetone, which was
then removed, This was repeated several tines, The product was
heated at a little below its b,p., under reduced pressure for
1 hr,, after which time a brown oil remained, 0,20 g. (805
recovery), (Found: C, 79,9; H, 7.45; 0, 12.4, CgsllsgOy requires:
¢, 79,75; H, 7,53 0, 12,75%).

The I.R, spectrum was ildentical with that of the optically
active compound and from the above evidence, racemisation only

and no apparent decomposition had occurred during the kinetio
racemisation experinents,
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PART 2,

The Preparation and Proof of th2 Structuve of (+)=-2,3,8,9-

Tetrahydro=-4'=-hydroxy=-3',2"=dimethoxy=-N-methyl-4,5:6,7=

dibenzazonine and Kinetic Racemisation TWxperimants on its

Methyl Tther and on (+)=-2,3,3'=-Trinethoxy=-6,67=diethylbiphenyl,

| SCUSSION,
.o fk(‘ MeO, | HeO
/ Ho
O
\ Nie NFe
MHaQ MHeO
(XXVIII) (LXII) (XLII) (LIV)

Compounds of the type (LXII) have been prepared from
thebaine (XXVIII) by reaction with Grignard reagents, RigX,
where R = CgHs, Cgll5CH,, and CH; (p. 25, 35). In an attenpt to
prepare the paregt compoun@ of the ssaries, 2,5.8,9-tetrahydro-
4'-hydroxy-3',2"=dinethoxy-N-m2sthyl-4,5:6,7-d1benzazonine
(XLII), Bentley and Robinsone4 65 g1lowed thebzine and anhydrous
maznesium iodide to react together; reduction of the product
with lithium aluminium hydride gave a base, which they thought
was the secondary amine (LIv) (p, 55).’

As the -methyl azonine 1s a 2,2'=bridged biphenyl with
a nine-m2mbared heterocyclic bridging ring, it was hoped to
obtain this compound and its methyl ether with é view to
studying the ultraviolet absorption spectrum and the optieal
stability of a bridged biphenyl havinz a nitrogen containing
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bridging ring of this size, These studies should also give
usaful information about the steric effect of a buttressed
o-methoxyl group,

Bentley and Robinson's base was prepared and an
investicsation of its composition.was carried out., This product
was found to pe the (+)=~isomer of the parent member of the
series, the N-methyl azoaine (XLII), which was subsequently '
obtained in a crystalline form, Ko satisfactory evidence for
the presence of the secondary amine (LIV) was found, Exhaustive
methylation of the methyl ether methiodide of (XLII) gave the
(+)=divinylbirhenyl (LXIII), in confirmation of the proposed
strueture,

The divinylbiphenyl polymerised too readily for
racemisation rates tq be determined buﬁ hyd?Ogenation of the
side chains gave (+)-2,3,5'-tr1msthoxy-6,6'-diethy}biphenyl
(LXIV), the racemisation of which was studied in 3-phenylethyl
alcohol solution,

The diethylbiphenyl (LXIV) and its phenyl analogus (LI)
are among the very few known ophieally active biphenyls with
ortho-alkyl groups &and would be very inaccessible by processes

requiring optical resclution.

HeO MO Meo

Me0 CH, CHy ‘P MeO CH=CH, Mel CH,CH;,
CH, ¢H; CHZCH, CH, CH,

HeO feO Mo

(LI) (LXIII) (ILXIV)
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The Preparation and Pronerties of Bentley and Robinson's Base,

Thebaine and arnhydrous nmagnesium iodide were allowed to
react tosgether in solution under anhydrous conditiorns,
according to the moethod of Berntley and Robinson65. The product,
a light brown solid, was insoluble in ethanol, chloroform,
acetone, and ether, but soluble in methanol, Addition to water
produced a greenish substance immediately presumably owing to
hydrolysis, It was previously reported by these authors that
prolonzed storage in an evacuated desiccator also produced a
greenish substance, vub after six nonth's storage we found no
evidencz of this, although its reactivity towards lithium
aluminium hydride had diminished consideratly after two weeks,

tagnesiunm and ionie iodine were found to be pressnt, The
infrared sbsorption spectrum showed a peak at 5,95 u, which
may have btezn duz to a cyelie C=X group, Many compounds
containinz this absordb within the rangase 5.9 to 6,5 u, There
vas intense absorption at 2,8 to 3,2 p which may have beesn due
to hydroxy187 produced by aerial hydrolysls of -OLigI. The above
evidence supported Bentley =nd Robinson's structure®S (LIII)

for the thebaine-magnesiwa iodide product,

Ml
NHe 1°
FMeo
(LI11)

In view of the large weight of the substance obtained,
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(234 g, from 75 g. of thebaine, the theoretical yield being
142 g,) and tre fzet that 1t progreésively lost tenzene on
gtoraze in an evacuated deaiceator, even after a considersable
time, it ssens that the compound is heavily associated with
ﬁenzene, on preparation,

The thebaine-magnesium iodide product was treated with
lithium aluninium hydride, according to the method of Beantley
and Robinsones, with slight modifications, A large quantity of
ga8 was evolved durlng the reaction which was thought to be
partly merthane, 23 suzzested by thes2 authors, as it is known
that lithium aluminium hydrids reduction of Schiff's tbase
nathiodides can give secondary amines with the loss of methane
in certain cases, 1f the bass is sufficiently sterically
hinderedgs. IIowever, as no sscondary amine was positively
identified later, it is thought that this gas must have been
vary largely hydrogen,

Tke base wag obtained as & brown glass, whose infrared
spectrum (fig. 6, p. 140) was similar in form to that of
(+)=a=phenyldihydrothebaine (fig., 7, pP. 141), except that
many peaks which could be attributed to a Cglls group, in that
of the latter, were absent, This showed that the structurs,
at least, resecmbled that of phenyldihydrothzbaine, A peak was
present at 3,60 M, as in the spectrum of phenyldihydrothebains

(1fe peaks nornally appear89 between 3,55 and 3,62 u), and

there was a double peak with a maximum at 2,85 and 2,90 u.
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This was due to the hydroxyl groupsv. At the time, part was
thought £5 have Yeea duz to 1TiI, the stretchlng frequency of
whiech normally 11@389 batween 2,86 and 3,03 p, However, there
was virtually ns absorption at 6,05 p (sse2 later); the |
deforunation vibration frequency of I lies between89 6.05 and _
6.45 u, Tho paak at 5,95 u (eyelie C=N), present in thes spectrum :
of the thebainz-mignesium iolide product, was abseunt,

1trozen was shown ﬁo te present by the sodium fusion teét.‘
and trsatment with cold nitrous acid gave an orange colourad '
solution, vhich indicated a secondary amine, whereas phenyldi-
hydrothabaine gives a ywllow solution, indicative o a tertiary
amine, On rsndeving each of these solubions alksaline, each gave
a deep red solution, which was inconaistent for either a
secondary or a tertiary amine, |

Titrouws z2¢id, followed by Lisvermana's reaction with con-
centrated sulphuric scid and phenol, gave a gresn-bhlue colour,
vwilch becam2 purple on dilubtion and yellow on tasification, These
colourations, except the last, indicated a secondary anmine,

Thus, at this stage, there was no'certainty whether ths bage
wag th2 secondary aming (LIV) or hhe n;methyl azonine (XLII),

or a mixture of the two.

Inveatieation of the Comrosition of RBentley ond TNobinson's Base,

() Renction with Txcess of liethyl Iodide,

Reactlon of the base with excess of methyl ilodide, under

neutral conditions, gave an optically active quaternary compound,
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(+)—2,5,8,9-tetrahydro-4'-hydroxy-z',2"-d1methoxy-ﬂ, H-dimethyl;
4,5:6,7-dibeazanoninium icdide (LXV), as shown by the infirared
gpeetrum, which had’a hydroxyl pesk at 3,05 4 and resambled

the specetrum of (+)=-u-phenyldihydrothsbaine methyl ether
nethiodide (LXVI) 4in the 3.2 to 3.7 p reglon, Zlementary
analygsis gave good resul;s based on structure (LIV), Either the
gecondary amine or the W-maithyl azonine would give this

compouand under these conditions,

Ho ) He @
© -
N TQL I P N ng_ ieé
He© HeO
(LxV) (LXVvI)

It is reasoaa®wle to agssume that if the basz, as isolated
from the lithiwn alwminiun hydride redusztion, were the secondér&
amine (LIV), btroatment with one egquivalen$ o2 methyl iodide
wader neubral conditions would give a terdiary amiane, the
T-m2thryl azonine, whereags, if it were already the J-methyl
azonine, the quaternary compound would bs produced,

when thia was carried out, the reaction was not gquite
complete ard two products wers octzined, One was a base, shown -
by the foetd that 1t was possitle to obtain a precipitats froﬁ
acetone solution on the addition of a little more methyl
iodide, and the other was a methiodide which did not react
further vwith sdditional methyl iodide, The infrared spectrum of
this basc had a peak at 3.60 p (11%e89), in common with that of

the lithium aluminium hydride reduction product,
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However, a small pesk occvrr2d zt% 6,25 p, which had been
virtually abseat btefors, and was thought at the time %o ta

due to an 14 group89

irdicatiry the pressnce of some secondary
amine in the original mixture, As 1little positive evidence was
later obtained for the presence of secorndary amine, the peak
at 6.05 B may have beern duz to moisture,

The methiodide obtainecd vias (LXV); as shown by infrared
spectroscopy, and the picfate derived from it was the same as
that derived from an authentic specimen of (LXV), as shown by
melting point and infrared evidencs,

By calculation, if the lithium aluminium hydride reduction
product is entirely the secondary amine, 1.5 g._should give
either about 1,5 g, of the tertiary base, the N-mathyl azonine,
or abqut 0.75 go 0f the auaternary methiodide, If it is entirely
the L-methyl azonine, 1,5 g, should give about 2,25 g, of the
guaternary methiodide, The combined products of two exreriments
wera 0,2 g, of the basice product and 1.9 g. ¢f the quaternary
methiodice from 1,5 g. of starting material, These results at
the time were interpreted as indicating that the Nemethyl
azonine predominated in the reduction product, but in faet they
corresponded to a quantitative yield of methiodide on that part
(L.3 g.) which had reacted, assuming for the moment, that the

reduction product was entirely the N-methyl azonine,

(b) Fractional Crystallisation of the Picrate,

I% was hoped that by coavertins some of the lithium
aluminium hydride reduction product into the plerats, a
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separation of the two components, then thousht to be present,
mizht be achieved by fractional crystallisation,

On the addition of two equivalents of picric acid dissolved -
in ethanol to a solution of the base in ethanol, a yellow gun ‘
was obtalned, whiech on crystallisation from ethanol gave an oil,;
which solidified on cooling, and two fractions of erystals of
different melting point. After extraction of these parts with
hot iso-propyl aleohol, residues less soluble in this solvent
were left, which could, however, be crystallised fron n-propyl
aleohol, Further extraction with hot iso-propyl alcohol of the
more soluble part, recovered by cooling the solution, was carried
oub an@ the less soluble part of this was~crystallised as before
from n-propyl alcohol, This process was repeated several times
and the crystallised products from the n-propyl alcohol, f
crystallised further from this solvent, Finally, two fractions
were obtalned, whose melting points did not alter on further
treatment: one frgm the iso-propyl alcohol crystall;sations, of
melting point 103-105,5°9, and the second from the n-propyl
aleohol erystallisations, melting point 217-218°, The former i
wag present in a very large proportion relative to the latter,
Analysis of the former seemed to indicate eithar the presence ofi‘
the picrate of the sscondary emine with one molecule of iso-
propyl alcohol of ecrystallisation or that of the unsolvated
Nemethyl azonine., The nelting point slowly increased on standing

over g period of two weeks, The infrared spectrum of the pilecrate
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melting point 103f105.5° was ldentical with that of an authentic
gpecimen of the HN-methyl azonire picrate prepared later, which
had been crystallised twice from iso-propyl alcohol and melted
at 101-111°, Zlementary =z=nalytical results for the two were
similar, sxcept those for oxygen, which in the cass of the
autheatic snscimen, rendered the results different from those
rejquired by any reasonable formvla,

When soi13 of the pierats, which malled atb 103-105.50. wasg
convertel into the base, ruclear magnstic resonancs spectraI
in chloroformnm and carpon tetrachloride solutions, were those to
be expacted for the lN-methyl azcpine, except for an unidentified
pesk in each at about T 8,7 in addition to that at about ¥ 7,75
due to IlUe, This unidentified peak was, at the tire, thought to
be dus to III, but the spectra in deuterochloraform and carton
telrachloride solutiorns of the tase obtaired later frgm the
picrate of an euthientic crystallins specimen o ihe L-methyl
azonirne, each contairsed a ;ess internse form of the unidentifisd
peak, The spectra of (+)=-a-phenyldihydrothetains in thase
golveats also conbtained unidentified preaks at% about ¥ 9, This
phenomenon was not observed, however, in the spectrum of the ‘
erystallire IN-methyl azonine (obtained later) in carbon tetra-
chloride solution,

Column chromatograrhy, heatinz under reflux with
insufficlent iso-propyl alcohol for complete solution, and
* I viould like %o thank Dr, R, Ifulme of Vest Fam College of

Technology, London, Z,15, for dstermining these spectra and for
help in the interpretation of the results,
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precipitation from benzene solution by the addition of successive
quantities of light getroleum {bv.p. 40-600), £211ed to separate }
the plerate n.p. 103-105.5O into two comporents, The use of I
infrared spectroscopy showed the presence oanly of the N-methyl
ezoaine salt,

From 1t3 analysis, the picrabs of n.p. 217-218°, could have
teen that of the uwasolvated I-methyl azonine, bub %hs nucslear
raglztic resonanea specirun of the Liberated tass wag
unintelligibvle, Th2? authastic specimen of ths E-n2thyl azonine
Ficrate, when crystalliszd twice from n-propyl aleohol, had a
melting point of 111-1140. Lo farther work wns done on the atove
ploerate, owing to insufficisnt quantity, =nd 1% remains
unidzntified,

T™he above rosulds showed that the preparsd bass was al laash

predomiﬁantly the I-rsthyl azonine, and that no positive evidence

Iy

Fad teea obltalred concerning the rrescnce cf t:he sceondary zmine,

(¢) vork on the Titrium Alumiriun Frvdrids Eeducbion Troduct,

As ro succasz had been achieved at a separstion with the
ricrate, attemnts were mads on the reduction product,

(1) Traetionral Precipitation,

Tractional precirpitation from acetone solution by carbon
tetrachlorice gave a substance, the infrared spectrum ol which

had no ille peak89

at 3,60 p but had absorpiion at ca. 6 u, At the
time 1% was thought that the secondary anine had been obtainedsg.
Exposure of this substance %o alr followed by extraction with

acetone, left s residus of irdistinet infrared spectrum.Thig was
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possibly formsd by reaction with carbon dioxide in the atmosphers,
The substance recovered from the carbon tetrachloride solution
had an infrared spectrum resembling that of the untreated basse,

(11) Attennted Chromatograghic Separation,

The reduction product in acstone solution was'deposited on
a silica g3l colunn and eluted with 60% acetone + 40% earbon
tetrachlorids; 80,5 acatons + 20,5 carbon tetrachloride;

100,; acetone; chlorofornm; and ethanol, in that order,

The first elution mixture gave a fraction, the infrared
gpectrua of which contained peaks at 6,00 and 5,90 u, The IZi2
peak via3a absent, arnd these and other smaller differences between E
thls sposctrun and that of the reduction prbduet ware not altered |
by dryins the fraction under hizh vacuun, There was no evidence i
for ICOz™ or 003'", Carbon déioxide was passed through a zolution |
of the authentio N-methyl azonina (obtalned later), The infrarsd
gpectrum of the vacuwa dried product had a peakgg at 6,05 p (EH+).
The peak at 3,60 g had diminished in size, but there was not one
at 5,90 u (C=0 stretchinz frequency liesgo between 5,85 and
5.92 u) and there was no other evidence for HCOz or C05'°. There
viere other differences btetwsen this spectrum and that of the
above fraction and it would appear that the difference in
composition between the fraction and the reduction prodﬁct was
not neceagsarily due to carbonate or bicarbonate formﬁtion; but

my have been due to the presence of a greater proportion of the

secondary amine, (Piperidine absorbs at 6,0 and 6,10 p). However,

some of the reduectlon product, which was stable in the second



- 113 -

clution mixztura and was roscovirad from 1%, ;2vs parily on
exposure t5 air, an aeatona insoludbla substancs which absorbaed
waakly ab £.85 pe (C=0 siratehiny fraquzzney),

Tha acz2ian2 and ethanol sluania alzo esntoined the reduction
rroduct, whilat chlorofora coatzired nothina,

(d) Attam421 Parnratinn nf tha Oomanantg by tha Pranarating

of Darivatives,

Attompis wore mide to separate the supposed componsants of
the lithivs aluwniniun hydride redustion product by the pree
paration ead senaratlion of aultabls derivativas,

(1) "e~cetinn with itroua Aeid,

Tha base vias treated with cold rifrous acid, Th2 rzaction
nixturs usa exiraetad with ether, vhich yieldsd o substanes which

eoald have teen eiiher (LIVII) or (LIXVIII), as showa by th

infrzrad sp2ctrun,

Heo MeC NeH
a
vve NNO
Me0

(LxvII)
Nao NO e _— NOW
O =
NHe
r€
(LXIVIII)

i
V

The spectrun had peaks, smonsst others, at 6,10, 6,65, 7.83,!
7.69, 0,73 ard 12,80 ¢, Tha first was probadly dus {o C=0

gtiroteching (norrqllygl 5,47=5,25 ) and tha second to en arommtic
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92

n;troso group (normally ca, 6,67 u), The O vibration of an

[o]
=5=0 group"2 (6.85-6,94u) could have occurred near here also,
29 at

.

C-IN Stretchinz vibrations occur in aliphatic amines

8,20~-9,80 w and in aromatic tertiary amineseg

et 7,35=7,63 n,
The peak at 12.80 4 was possibly due to HO stretching (normally91
12,32 p), There was also a double peak with maxima at 2,96 and
3.08 p (of, at 2,85 and 2,90 B 1n the tase), which may have

been dus to the influence of an KOH group, The O stretching
frequency of this group lies in the range”? 2,74-2,86 u,

A substance isolated from the aqueous mother liquor
appearsd to be a less pure form of the above compound, as shown
by infrared speciroscopy. It was therefore improbable that a
separation had been achieved and the matter was not investigated

further,

(11) Reaction with l-Zaphthylisocyanate,

The base wasg heated at 80° for 20 minutes with Just over
one egquivalent of l-naphthylisocyanate in a stream of nitrogen,
under strictly anhydirous conditlons, when the components, which

were then assumed to te present, should have undergone the

following reactions: -—
;g NCO NHCOC
NCOMNH
e 2 Q0 — 0 a0
Meo <O

(LIV) (LXIX)
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H:;g NZO | HeO
NPe & (i:l::) s NH OO e
lko : ¢
IMeQ
(XLII) (LXX)

Any moisture present would react in the following way:

NCO Qch NpCcoNA
©©+HOH+ ©© —4@@ + €O,
(LXXT)

After treating the reaction mixture with a variety of
dried solvents, a buff coloured solid of rmelting point 151-15§
was isolated, the molecular weight of which was 485, as deter-
rninsd using a vapour pressure osmoneter, Th2 molecular weight
of (LXX) is 482,6 from the formula, and on this evidence,
tozether with that of the infrared spectrum, the buff coloured
solid was assumed to be this compound, although elementary
analysis gava a very poor result, Two of tha most important
. features of the spectrwa wera a double peak with maxima at
5,75 and 5,85 p, and a broad but well defingd peak at 3,064,
Urethenes have a peak within ths range 5,76-5,83 p due to the

gstretching vibrationgo

of C=0, the peak at 3,06 was presumably
due to the stretching vibration of II, as this pesk occurrs in
the infrared spectrum of piperidine, This pesak did not occur
in the spectrum of the base,

Various other products were obtainsd, which were either

impure forms of (LXX) or of di-(le-naphthyl)-urea (LXXI) or

o
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unidentifiable, Melting point, molecular weight and infrared
evidence wa3 used in the elucidation of the nature of these
products, gnd an authentic specimen of (LXXI) was prepared by
treating l-naphthylisoeyanate with water, I'o derivative (LXIX)‘
of the secondary amine was obtained and 1%t was concluded that
1f the secondary amine was present in the base, it was in
insufficient quantity for isolation and identification,

(e) Deuteration,

The base was shaken with deuterium oxide for two days, The
infrarad spactrun of the pronduct had, in addition 4o the double
peak with mexima at 2,85 and 2,90 p (0H, with or without IM),

a corresgponding shift of this double peak to a longer wavslength
rezion to give an additional double peak with maxinma at 3,85
and 3,92 u, du387'89 Yo the formation of an 0D group, with or
without an I'D group,

The infrared speetrum of the sodium salt of the preparsd
base had a low plateau in the 2,8-3,2 p rezion, the hydroxyl
peak having disappeared, Thers was no peak at 3,06 p, as in
the s»ectrum of piperidine, which would have bean due to an TH
group, The salt was dissolved in deuberium oxide and allowed
to stand for thres days, On recovery of the salt from solution,
the infrared spectrum had ro pesk in the 3,85-4,15 p region,
and hence there wag no ideantifiable gquantity of the D compound

t89

presen y and hence no identifiable amount of the secorndary

smine in the prepared basa,
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Praparation nf (+)-2,3,8,9=Tatrahydro=-3',4"' ,2"-trimethoxy=-

-, N-dimethyl-4,5:6,7-dibenzazoniniun lodids (LXXII) and
Bromide (LX), |

ng MO H“
' . MHeC
;?”el kHﬁe
I€9

(LxV) (LX) X = Br; R= H (XLII) CHg

(LXI) X = Br; R = CgHs (LIV) R = H,
(LTXII) X=1I; R=H,

It was nec2ssary to prepare the methyl ether methiodide,
the gzoninium 1o0dide (IXXII), of thse lithium aluminium hydride
reduction product. This bass could be fegarded as being the
I-methyl azonine only, as little positive evidence had been
found for the exisitencoe of the secondary amine, Degradation of
(LXXII) and a comparison of tpe'ultraviolet spectrun of the
bromide (LX) with that of (+)-a=-phenyldihydrothebaine methyl
ether methobromide (LXI) and related compounds were rsquired in
ordar to obtain Purther confirmation of the structure of the
reduction product, I+ had been hoped to carry out racemisation
experiments on (LX), tut this was not possible and success was
achieved later with the methyl ether itaelf

Reactlon of Bentley and Robinson's bagse, the lithiun :
alwninium hydride reduction product,with excess of nethyl iodide%

under neutral conditions, gave the optically active phenolic

mothiodide (LXV). If any of the secondary amine had been present,
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this would also have been converted into thls quaternary salt,
This was furtherAtreated with methyl iodide in the pfeéehée of
sodium methbxide, a method uéed by Freunds6 in tha phényldi;
hydrothebalne series of compounds, to give the methyl ether
methiodide (LXXII), which was also optically active, This
compound was also prepared directly from the base using Freund's
nethod, Tlementary enalysis and infrared evidence confirmed the
expected result, It was impracticable to carry out the
preparation using Purdie and Irvine's methodgz, by treating (LXV)
with methyl iodide and silver oxide,

Conversion of some of tha methyl ether methiodide into the
pricrate gave a yellow orystalline solid, on which elementé:&
analysis gave good results, |

The methyl ether methobromide (LX), was prepared in good
yield from (LXXII), by shaking the latter with silver bromide,
Good elementary eanaslytical results were obtained. Its ultraviolet
spectrun was determined and also that of (+)-a-phenyldihydro-
thebaine methyl ether methobromide (LXI) (fig. 8, p. 160). The
results for these two compounds were compared with those for
related compounds obtained from the literature,

The Ultraviolet Spectrum of the Methyl Tther Methobromide (LX),

The conjuzation bands of (LX) and (LXI) occur as points of
inflection at Ay,p ca. 225 mu (€ 22,050) and My, . ca. 230 mp
(¢ 26,900) respectively, This compares with that of the acid53
(v), >‘ini’ 231 mp (¢ 5,550), and with that of 2 2‘-—diethy1bi— .
phen,yl58 (xxV), Ainf ca, 227 mp (¢ 6,000), The conjugation bands
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in all these four compounds overlap with those due to the
separate.benzene rings,

<H, CH.
COH. Pl

LH, CHy
(V) (X1V) (XxV)

Thus a large hypsochromic shift in each of these conjugation
bands has occurred, when compared with the position of that in
the spectrum of fluorene39 (XIV), in which22€?= O°, kmax 260 mp
(¢ 19,000), It ghould be born in mind that biphenyls bridged
across the o0,0'-positions to make nine-membered rings, do not
possess single conformations corresponding to minimum angles of

stra1n57

. For the above two methobromides, the ortho-methoxyl :
group, which is also bubttressed, must play a part in diminishing
the conjuzation between the benzene rinzs, These effects for
biphenyls in general are discussed more fully in the introduction,

The long-wave band of fluorenesz,kmax 300 mu (& 10,000), due
to the hyperconjucative interaction of the two bsnzene rings

39

through the bridge, 1s absent in the spectrum”™ of the acid (V), -

but the two methobromides have maxima at 280,5 (€ 4,145) and
282 mu (€ 4,290) respectively, These are not conjugation

57,33 23

bands as was thought at one time for the case of phenyl-

dihydrothsebaine, but are due to the phenoxy chromophores,
MeO.CGH4-. Anisole94 (LXXIII) and'E-cresol methyl ether95
(LXXIV), have maxima at 277.5 (¢ 1,510) and 279,5 mu (e 2,425)

respectively, >



‘ <0j"€ CHCHy
He
(LXXIII) (LXXIV) (LXXV)

Superimposed on the phenoxy chromophore band in the
gpectrun of (LX) is a small point of infleection at 253.5 mp
(e 692) and in the spectrum of (LXI) are two at 265 (# 2,020)
and 271 mp (& 2,840), In 4hat of 2,2'-diethylbiphenyl (XXV),
the alkyl beazene partial chromophores givs rise to peaks58‘
at 263,5 (¢ 730) and 271 mp (¢ 560), The specirum of the acid
(V) also hﬁs two small peaks at about 265 and 271 mp, with
extinction ccafficients35 of about 600, The spectrum of

toluene96

contains peaks at Ay, ca. 246 (€ 126) and 253 mu
(¢ 178), klmxx 2€0 (€ 224) and Ay, p 263 mp (€ 159), that of
ethylbenzene®? (LXXV) at X\ 255 (e 131), 255 (e 131),

262 (€ 218), 264,5 (¢ 173) and 267,5 mu (¢ 178), amongst
others, and that of p-cresol methyl ether’® at >‘nax 270.5
(e 1,620) and.)\inf 273.5 s (¢ 1,%20). Anisole, however,

e] . -
nas®* X, , 264 (¢ 1,220) and N\ 271 m (e 1,830).

Just as the spectrun of the acid (V) resemblas very closely:

hat of 2,2'-diethylbiphenyl®8+33, 5o those of the methobromides

(LX) and (LXI) resemble that of diethylbiphenyl with bands due
to the phenoxy chromophores superimposed, although masking of
gome of the inflections dus %o the alkylbenzene partial

chromophores undoubtedly oceccurs in the spectrum of (LX),

}
|
|
|

H
All the above spectroscopic evidence supporis structure (LX)

\
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for the methyl ether methobromide and hence structure (XLII)
for the lithium aluminium hydride reduction product,

Crystallisation of the WN-lathyl Azonine,

The lithium aluminium hydricde reduction product was
crystall;sed, vilith some difficulty, from light petroleum
(b,p. 60-80°) giving white globularerystals, which were
dextrorotatory in ethanol solution and which melted at ~,
103,5-104,5°, Good elementary analytical results were obtainedkf
based on gstructure (XLII), The infrared spectrum of a mull :
(fig. 9, p. 162) had the following differences fron that of
an evaporated acetone solution of the non-erystalline
reduction product (fig. 6, p. 140): there was a single strong |
hydroxyl peak at 2,90 g instead of the double peak at 2,85 and
2,90 u, and nine peaks between 3,3 and 3,6 B instead of only
four, In addition, there were other splittings between 5 and
13 p, The peak due to the Ille group still appeared at 3,60 U,
There was no evidence for an KH group, However, the spectrum
of a mull of the non-crystalline reduction product, after
prolonzed drying under vacuum, closely resembled that of the
former, The nuclear magnetic resonance spectrum in deutero-
chloroform solution had peaks at chemical shifts of T 4.65 (0H),
T 7,73 (NM%e) and atT 6,17 and 6,28 (the two methoxyl groups),

using tetramethylsilane as the standard®, There was no evidence

*I would like to thank Dr, R,F.M., White of Sir John Cass
College, London, for the determination of this spectrum and
for the interpretation of the results,



of an I'l group, and the crystalline substance was thevN—methyl
azonine (XLII),

Summary of the Tvidence for the Strueture of Bentley and

Robinannt's Bage,

This btase, the lithium aluminium hydride reduction product.‘
was obtained initially as a brown glass, the infrared spectrum
of which resembled that of (+)-a-phenyldihydrothebaine basically;
and hence was of similar structure. Nitrogen was shown %0 be ;
present and reaction with one equivalent of methyl iodide gave
only the quaternary azoninium salt}(LXV) together with some
unreacted base, Fractional precipitation of the plcrate of the }
reduction product gave two fractions, one in far greéter |
proportion to the other, FNothing positive was identified in the 1
smaller fraction, and the larger was found by various techniquesJ
includinz nuclear magnetic resonance spectroscopy, to be the i
picrate of the N-methyl azonine (XLII) only, withno conclusive
evidence to support the presence of any secondary amine salt, An
attempted ecolumn chromatographie separation of the base gave a
fraction which could have contained some of the secondary amine
(LIV), but the evidence was inconclusive, Reaction of the base
with nitrous acid, and with l-naphthylisocyanate, and also
treatment of the sodium salt with deuterium oxide, gave results
consistent with the presence of the N-methyl azonine only,
Crystallisation of the base gave a product which was

dextrorotatory in solution, Thus the base is (+)-2 3,3,9- tetra-



hfdro-4'-throry- ' 2"-dim9thQXJ~J-methyl-4,5:6,7-d1benzazonine
(XLII) only and is not a mixture with the secondary amine, unless
this is present in an unidentifiably small proportion,

The ultraviolet spectrum of the éuaternary azoninium bromide
confirmed structure (XLII) for the base, and the nuclear magnetic

resonance spsctrun of the crystalline ceompound was consistent

with this sirueture.

The Txhaustive fathylation of the Methyl Tther lethiodide (LIXII).

For the final confirmation that the base had the tetrahydro-
dibenzazonine structure, it was necessary to carry oub an
exhaustive methylation; this structure would give a 2 2'-div1nyl-
biphenyl,

(a) Hofmann Decradation to (+)=2,3,3'-Trimethoxy=-6 (or 6')=-

(S-trimethylammonioetnyl)-6' (or 6)=-vinylbiphenyl Todids (LXXVI).

MeC e,rwo CH=CH, Meok J cn.cH, ~n¢
1
Nr‘ CH ('.H %H{ CH"(-H
e NeO

(LxXII) (LXXVI) (XLII)

The methyl ether methiodide (the azoninium iodide) (LXXII)
was subjlscted to a Hofmann desradation, by the method which
Freund56 had us2d on phenyldihydrothebaine, i.,e. it was allowed
to reaet with sodium ethoxide in ethanol, The product was
treated with methyl 1odide and gave what appeared to be a
mixture of two methine methiodides, A series of erystallisations

from ethanol and from ethanol-light petroleum (b.p. 80—1000)
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yielded eventually, A, m.p. ea. 200° (1in 254 yield) and B,
m.p. ca. 180° (1n £0% yileld), The best fractlon of A consisted
of laevorotatorsy white feathery crystals, m.p.203.5-204°, and
that of B of dextrorotatory colourless needles, m,D, 182-183°,
A pave good elementary esnalytical resulss, for the expected
nethine methiodide, but those for B were very poor and &id not
correspond to figures based on any reasonable formula, The
infrared spectrum of B resembled that of the methiodide of
(+)=a=phenyldihydrothebaine methyl ether iso-methine (LVII)
(allowing for the absence of the third benzene ring); A, to a
lesser extent, The spectra of both had peaks at about 10,95 u
which may have been due to the CHZ out of plane deformation |

vibration of CHR:CH%, which normally lies betweengl’98

10,93 andf
11,05 p, One of the methine methiodides was prodably the.6-vinyle
biphenyl lodide derivative (LXIVIa) and the other the 6'-vinyle s
biphenyl 1odide derivative (LXXVIb), as was shown below, :

A later preparation gave only the higher melting compound,

(b) Hofmann Degradation of the IMethine Methiodides (LXXVI) to

(+)-2,%,3"-Trimethoxy=6,6"'=divinylbiphenyl (LXIII), :
M0 ;

HMeC CHZCHz_
CH:C,HL
MaC
(LXIII)

A second Hofmann degradation was carried out on each of the :

products obtained in (a), by the method of Bentley and Robinson6§

|
ag used in the phenyldihydrothebaine series of compounds, They |

both gave identical products, which were uncrystallisable oils, i
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and of the same dextrorotatory power in 9C% ethanol solution,
The infrared spectra were also identical and had peaks at 6.101
10,10 and 11,10 u, The C=C stretching vibration in CHR=CH2
normally occurs between 6,08 and 6,10 ¢, the CH out of plans
deformation frequency betwesn 10,05 and 10,15 u, and the CH, oub
of plane deformation frequcncy between 10,93 and 11,05 p for

alkenes98

. Poor elementary enalytical resulls were obtained,
roscitly tecsuse the compound could not be cerystallised or
distilled, Cutalytic hydrogenation gave the expected dilethyl-
biphenyl, however (see below),

Afier stending in an evacuated desiccator for three weeks,
both batches of the o0il were partly converted into infusible
white solids, which weire assuned to te polymers of the coﬁpound,
a3 the infrared specira had either a dlminubion in siée or a
disappecarance of gsome of the supposed peuks due %o vinyl groups, |
This polymerisation also took place in solution, i

Fron the abovs eyidenge, it eppeared that the expected
(+)-2,3,3'=trimethoxy-6,6'=divinylbiplenyl (LXIIXI) had been
obtained, This, together with the evidence from the ultraviolet
gpectrum of the methyl ether nethobromide (LX) confirms the
gtructure of Bentley and Robinson's lithium aluminium hydride
reduction product as a tetrahydrodibenzazonine, §
Preparation of (+)=2,3,3'-Trimethoxy=6,6"-diethylbivhenyl (LXIV),
The freshly prepared (+)=-divinylbiphenyl (LXIII) was hydro-?

penated to the dlethylbiphenyl (LXIV) using a palladium-charcoal '
| i



catalyst and a hydrogen pressure of ons atmosphere, A ‘
dextrorotatory white viscous oil was obtained in good yield,
Good elerentary analytical results were obtained, The infrared
gpectrum had no pesks at 6,10, 10,10 and 11,10 p, which werse
the peaks assumed to be dus to the vinyl groups in the spectrum

of (ILYIII),

MeO 2
Fe0 CH, CHy
C.HLC—H3 _
H.0 _ v
(LXIV)

The ultraviolet spectrun 4in 9;% ethanol resembled very
closaly that of the methobrom1d§s‘(L§) and‘(?XI) {p. 124, a;so
fiz. 8, p. 160) and that of (+)-2-(2—ethyl-5@methoxyphenyl)-5,4-
dimethoxydibenzyl (LI) (p., 57, also fig, 10, p. 170),’The peak
dve to tha phenoxy chromophors occurred at 279 mp (€ 4,710) and
vhe vestiglal conjucation band at *1nr-22- 227.5 mp (e 1&,700),
which wad overlapped by the peak dus $o the benzene'chromophore
at 201 mp (€ 60,200) (c. also the spectrum of 2,2'~divinyl-
bipheznyl, p. £3). There was no trace of any peak at 310 R,
which vwas present in the spectrum of the stilbene (XLIII) and
due to thz przsence of the vinyl groups (p. 53). Henca, complete
hydrozenation of the vinyl groups of (LXIII) had occurred and

the spsctrum of (LXIV) was as sxpscted,
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Preparation of (+)-2,3,8,9=-Tetrahydro-3',4',2"-trimethoxy~H-

nmathyl=-4,5:6,7=-dibenzazonine (LXXVII),

I¥ was originally hoped to perform kinetie racemisation
experiments on the methyl ether methobroride (IX), in order>to
oonmpare the results with those for other related btridged
biphenyls especially in view of the fact that 1t has a
"buttressed™ methoxyl group., Attempts were made in various
solvents, but in every case decomposition as well as racemisation
occurred, In view of ths general greater stability of tertiary
amine bases than of the corresponding quaternary salts, it was
decided to prepare the methyl ether base (LXXVII) and determine

1ts optical stability. '
M0

110
Nife
17%0)
(LXXVII)

It was necessary to methylate the phenolie hydroxyl group
of the N-methyl agonine without quaternising the nitrogen atom,
The crystalline N-methyl azonine did not react with diazomethane,
Reaction with dimethyl sulphate in sodium hydroxide solution
was carried out at an elevated temperature, and a viscous oil,
dextrorotatory in B-phenylethyl alcohol solution, was obtained,
whose infrared spectrum had no hydroxyl peak, The substance was
basic in nature, and some was reacted with picriec acid and slso )

with methyl iodide, The former product could not be obtained
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crystalline, but the latter could and wag shown to be a mixture
of the methine methiodidss (ILXXVI), which had been preparéd
previously (p, 129), It was apparent that the H-methyl azonine
had been initially convertad into the methyl ethzr of the
quaternary mothyl methosulphate (LXVIII), which, under the
prevailing hot alkalirne conditions, had degraded to the msthine
bases (LXXIX).

HQO "T‘QO
8]
lf r'd
M OH \ m He.ak CH=CH,
e (“4_‘_)0

(XLII) (LXXVIII) (LXKIX)

The desirzd product (LXXVII) was obtainzsd by the msthod .
whizh Rodionov99 used to convert worphine into thebaine, Phenyl-}
trimethylammonium p-tolucae sulphonate was prepared by allowing
z:géﬁ%i}toluene sulphonate and dimethyl eniline to reacs togethen
Reaction with sodium ebhoxids in ethanol soluilon gave phenyl-
trimethylammonium ethoxide and this was used to convert the

N-methyl azonine into i%s methyl ether, .
' j© E£0Ta

G Tiey + (p-) LeCH,S0te — ( § 1uts,) ¥ (e 1, 50,)F T8O52
(LxXX)
(4 1210 5)¥(0mt)® + toC M50, Ta.
HeO Moo
#o @ e ) A
Ille ond 110; teo + ¢ Hle
NiTe + (‘p 5) ( ) ) LP L
X M mom,
Tl f‘LO

(XLIX) (LXXVII)
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The dimethyl aniline, which was liherated, cannot attzck
Iide groups, and as 1t is too weakly basic to form a salt with
acetlc acld, was stoam distilled off from the rcaction mixbture
in ecatic acid solution, Isolation of the nethyl ether (LXXVII)
and distillation under resduced pressurs gave an uncrystallisablej
viscous oil, in good yleld, Ths infrared spectrum showed the
absence of a hydroxyl group and nuclear magnetic resonance
gspectroscopy ia deuterochloroform solution! confirmed this
absence and also the presence of an additional methoxyl group
(for the three methoxyl groups:X 6.15, 6,25 and 6,47) as well
as tho presance of an Ife group (¥ 7.73). Tetramethyl silane
was used a3 the standard, Tlementary analysis was not completelyg
gatisfactory, owinz possibly to the fact that the tase soon |
became discoloure@ on standing, even under vacuum, .

The oil in p-phenylethyl a2lcohol solution was dextro-
rotatory; after 1t had been heated at 193° for 4} hours until
optically inactive, 1% yielded thse racemate wmithout
decomposition, as shown by infrared spectroscopy.

Reaction ot thse optiecally active compound with methyl
iodide gave the methiodide (LXXII), with melting point, and
infrared spectrum identical with those of an authentic
specimen described above (p., 123),

The tertiary picrate was obtained in the solid state, bub
the meltinz point was not sharp. Elementary analysis gave a good

rasult and the infrared specirum resembled that of the picrate

% see footnote, p. 127,



of the phenolic H-meﬁhyl azozaine, which malied at 103;105.5°

(p. 114), in the 3,2-3,6 1 rezion; the hydroxyl peak was absent,
All the above eyidence confirms thgt ths 6il obtained is

the methyl ether (+)-2,5,8,9—tetrahydro-5‘,4‘,2“;trimethoxy;3;

mathyl-4,5:6,7-dibenzazonine (LXXVII),

Kinetic Racomnisation Studies,

The sealed tube technique was used as deseribed on p, 83,
The graphs plotted and calculations were as described on p, 48,
glving the results as stated telow, for the given compounds,

(a) (+)-2,3,3'=Trimethoxy-6,6'=divinylbivhaenyl (LXIII),

Although a p-cymene solution of the vinylbiphenyl and
picric acid (to act as polymerisation irhibitor) gave no pre-
eipitation after standinz for gseveral months, 1% was deecided
that kinetic racomisation experiments would give unreliable
resulta, and hence vere not carried out,

(v) (+)-2,E,5'-Tr1methpxy-616'-diethy1bipbenyl (IXIV),

A 1,975% solubtion in p-phenylethyl aleohol was used,
between the temp2rature range 121,5-228,92, A\ = £730 3.
E = 33.8 keal, mole'l, AH? = 32,8 kezal, molefl,
log;q A = 11.5 sec'l.. AF = 37,3 keal, mole"l at
as™ =-5,94 e,u., 223,9°,
The racemate was isolated with 100% recovery; it gave
accepteble results on elementary analysis, and the infrared

spectrum was identical with that of the optically active
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compound, Hence, the kinetic measurements had been concerned
with raceniuation only and no decomnosition had occurred

(c) (+)-2,3,8,9=-Tetrahydro=37,4" 2“-trivethoxy-w;mothy1-

4,5:6,7=-dibaenzazonine (LXXVII),

A 3,497 solution in B-phenylethyl alcohol solution was
uged in tha temperature ranze 145,0-191,5°, A = 5730 £,.

= 31,5 keal, mole'l, A = 30,9 keal, molefl, _
logip A = 11,7 sec'l.. AT = 34,5 koal, mole'l at
AS® =-7,60 e,u., | 191,5°,

The racemate was isolated with 694 reeovery, after t
heatinz the combinzd fractions of solution from the kinetie
rurs until optically iractive, Tlementary sralysis gave
satisfactory results, end tozethsr vwith infrared evidence,
choved that racerisation only, with no decorposition, had

ocecurra4,



EXPTRINTNTAL,

The Preparation and Proverties of Bentley and Robinson's Base,

Sodiun dried solvents were used where anhydrous conditions
ware required. | |

Anhyﬁrous magnesium iodide ﬁas prepared as follows; Iodine
(9,15 g,) was added to a slight exéess (ca. 1 g.) of magnesium
turnin~zs in a mixture of benzene (80 e.ec,) énd ether (20 ¢.Co)e |
Precautions were takern to ensure the exclusion of nmoisture,
Slicht warming was needed to start the reaction and when the
latter had finighed, the mixture was heated under reflux on a
water bath until thg distinctive colour of iodine had been
replaced by a muddy-brown colour (eca, 1} hr.).

Thebalne and the magnesium iodide were then allowed to react
together, by the method of Bentley and Robinson®S, Thebaine
(10 g,) was dissolved in bsnzene (200 c¢,c¢,) and the anhydrous
magnesium iodide suspension was added slowly to the refluxing,
vigorously stirred solution over a period of 1 hr.,, care being
taken to exclude moisture, A dark brown precipitate immediately
formed, which soon became green and eventually light brown,
Heating under reflux and stirring were continued for a further
4 hr,; the solid was then rapidly filtered off, washed with hot
benzene, then ether, and stored in an evacuated desiceator,

Yield 27,2 g, of material which was still heavily solvated with
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benzene; this was gradually liberated on storags even after a
considerable time, No green substance was produced even after
9ix months'! storasme, as previovsly stated by Bentley and
Robinson, Altogether 234 g, were prepared in this way,

The produet wes insoluble in ethanol, chloroform, acetone,
and ether, but soluble in methanol, The addition of water
inmediately produced a greesnish substance, The infrared spectrum
showed a peak at 5,°5 u, possibly due tq a cyeclic C=I groupse,
and there was intense absorption at 2,8-3,2 ¢ which may have
been due to hydroxy187 produced by some gserial hydrolysis of
the -0UgI, On testling for !z and I, positive results were
obtained, The above evidence supported Bentley and Robinson's
structure (LIII) for this product,

The above thebaine-magnesium iodide product was reduced
with lithium sluminium hydride, by a modificztion of Bentley
and Robinson's method65. 13,6 G, of the freshly prepared product
were suspended in ether (75 e.c,), Lithium alumirium hydride
(1,6 g.) was suspended in ether (45 c.c.) and added slowly to
the above suspension, The mixbture was heated under reflux end
vigorously stirred, precautions being tsken to eliminate
moisture, A large volume of gas was evolved during tge addition.}
Neaving was continued for a further 1} hr,, the pale-brown solid
initially present giving way to a white one, Tha mixture was

cooled and hydrolysis of the product started by the addition of

wet ether, It was completed with a 337 aqueous solution of
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- Rochelle's salt, fLbout 1 litre of water was added to the thick
emulsion produced and the latter ﬁas extracted three times with
ether, The combined extracts were dried over anhydrous sodium
sulphate and the ether was evaporated, the last traces being
taken off under vacuum, Yield 3.85 g., 2. 80/ based on
thebaine, Altogether 39 g, were prepared,

The substance was in the form of a dark-brown glass of
softening point eca, 50-53°, The infrared spectrum of an
evaporatgd acetone solution was similar in form to that of one
of (+)=a=phenyldihydrothebaine (VI) which had been treated
similarly, indicating that the two compounds had the same basie
strueture, However, the latter gpectrum had additional peaks at
3.25, 3,27, 3,31, 8,85, 9,20, 12,90 and 13,85 1 which could have
been due to an extra phenyl grouploo. Each spectrun contained a

89 That of

pezak at 3,60 p, presumed to be due to an Ille group

the prepared base showed virtually no absorption at 6,05 u (see

later) which could have been due to IH had it been presentsg,

and a double peak with maxima at 2,85 and 2,90 ¢ occurred,

which was du387 to 0 but part was then thouzht to be due to X,
Nitrozen was present (Lassaigne test) and cold nitrous

acid gave an orange-red solution, whereas the phenyldihydro-

thebaine gave a yellow solution, Tach gave a deep red solution

on basification, Nitrous acid and the performance of Liebermann's

test with concentrated sulphuric acid and phenol gave a green-

blue colour which becams purple on dilution and yellow on
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basification, A% this stage i1t was uncertain whether this
prepared base wag the secondary amine (LIV) or the E;methyl
azonine (XLII).

On standing in a2ir, the base assumed a dbluish colouration,
but when kept in an evacuated desiceator, it does not happen,
and hence 1% was stored in thig way.

Reduction of tha thebvaine-magresium 1odides product with
1ithlun elundniwn bhydride after two weeks' storage, proved
mors difficult and needzd e much longer period of heating under
reflux, Yield 2,81 g,, £8.%7 tased on thebaine,

Investi~otion of the Comnosition of Bentley and Robinson's Pasa,

(a) Reaction with Mathyl Iodide,

(1) With Txeess of Rearant,

The base (3.75 g.) was dissolvaed in acetone (7,5 e.c,) and
moethyl 1o0dide (5 c.c.,) added, A vwhite precipitate slowly formed
and the mixture was heated under reflux for 13 hr, The acstone
and most of the excess methyl iodide were removed, a little
acatons was added and the mixture was filbtered, the solid then
being washed with acetone, Yield 4.6 Ee (81%), Tha produg# was
crystallised from ethanglg giving (+?-8,3,8,?-tetrahydro-4';
hydroxy-Z',2“-dimethoxy-ﬂ,E;dimethyl-é,5:6,7-61benzagoninium
10d4de {LXV) as small pale ysllow erystals, m.p. 218-218,5°,

o]y +44.6°, +54,8%, (e, 0.25 in ethanol),
D

“]5451
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(Found: C, 52,5; H, 5,9; I, 27.7; N, 3.2; 0, 10,6, CpoH,.II0,
requires C, 52.8; I, 5,75; I, 27.93 N, 3.1; 0, 10.5%).

The infrared spectrum contained a hydroxyl peak.at87 3.05 1,
In the‘5,2-5.7 p region, it resembled in outline the spectrum
0f (+)=a=-phenyldihydrothebaine mathyl ethsr methiodide {LXVI).
Together with the analysis, this showed’the presence of an.%ﬁez
group and supported structure (LXV) for the compound, Both
secondary emine and Ne-methyl azonine would give this compound
under the above conditions of preparation,

Some of the methiodide (0,22 g.) was dissolved in dilute
aqueousd sodium hydroxide solution and dilute aeid was added
until precipitation Just commenced, Onz drop of the sodiun
hydroxide solution was then added, followzd by an aqueous
solution of 0,33 g, of sodiunm picrate, On adjusting the pH to
between 5 and 7, a yellow precipitate (0,28 g.) was obtained of
the picrate, This was erystallised from 1so-propyl‘alcohol,
filtered, and washed with light petroleum (b,p. 40-60°), After
the picrate had been dried uader vacuum for one day at 60-70°,
1ts m,p, was 102,5-104°, A furthercrystallisation, and period
of drying under vacuum as befors, gava‘o.lg ge OFf (f)-2,5,8,9-
tetra-hydro-4'-hydroxy-s'.2“—dim§thoxyoﬁ,N—dimethyl-4,5:6,7-
dibenzazoninium pierate, m.p. 96-98°, (Found: C, 56,13 H, 5.2

N, 9.9; 0, 28,7, Cy.H m;olo requires C, 56,1; E, 5,1; ¥, 10,1,

28 ,
0, 28,75/5). Precipitation from i1so-propyl alcohol solution by

pouring this into ether, incereased the m.p. to 104.5-107.50.
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(Found: C, £6,05; I, 5.1; ¥, 10,3, cng28N4010 requires: C, 56.1;
o, 5.1; N, 10.1%), It secems that melting point depends on
particle size or crystal structure,

(11) Reaction with one Tauivalent of Methyl Iodide,

The base (1,0 g,) was dissolved in acetone (2 c,c.) and one
equivalent (0,21 c.c,) of methyl 1od1dé was pipetted into the
mixture, A whitish precipitate slowly formsd, and the mixture
was h2ated under reflux for 2 hr, on a low temperature water
bath, A 1little unreacted methyl iodide and acetone were boiled
off, Water was added to the residue which was then extracted
with benzene six times, The combined exﬁracts were dried over
calcium chloridas and evaporated, leaving a brown gum (0.1 g.).
The addition of a small quantity of methyl iodide in acetone to
this product gave a white precipitate,

The agusous solution was evaporated and the residue was
dissolved in acetone, which was then removed, Solution in
acetone again gave, on standing, a white prscipitate (1.15 g.),
n.p. 215-215,5%, This was filtered off and the filtrate was
evapofated, giving a residue (0,35 g.). Neither reacted further
with methyl iodide, The infrared spectrum of the preeipitate wasg
identical with that of the methiodide (LXV) of the lithium |
aluminium hydride reduction product, prepared in (i) above, and
was thus the Quaternary salt, The spectrum of the residue from
the mother»liquor wag very similar but not so clear, as the

residue nmust have been less pure,
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Another experiment, usinz half the above quantities of
reagents ylelded 0.1 g. of the brown gum and 0,4 g; of the
quaternary salt, Deductions obttained from the varibus I.R,
spectra are discussed on p, 113,

Tach bateh of quatersary methiodide, obtained above, was
converted into the picrate, as in (i), Comparison of the infrared
spectrum and melting point of each batch with those of the
authentic specimen, showed that the same compound had been
obtained, This was confirmed by mixed nelting point evidence,

(b) Fractional Crystallisation of ths Pierate of the Bage,

The tase (5.0 g.) was dissolved in ethanol and two
equivalents (7.5 g.) of pieric acid in ethanol solution were
aaded, giving a yellow gum, Crystallisation from ethanol gave an
0il, which solidified on coolinz, and two crops of crystals:
(1) 2.21 g., m.p. 107-144°, and (41) 0.85 g., m.p. 82-105°,
135-140°, on concentration of the mother liquor, Furtker
crystallisation of these fractions from ethanol always gave an
0il and a crop of crystals, From methanol ar oil only was
obtained, but n- and iso-propyl alcohols gave only solld and
the substance was less soluble in the latter solvent,

After a further orystallisation of the fractions from
ethanol, extraction of each with hot iso-propyl aleohol gave a
solution and a nuch less soluble residue.'The more soluble
fraction was recovered on coolinz, and re-extracted with hot
iso-propyl alcohol, and the less soluble was crystgllised from
n-propyl alcohol, The orystallised products from n-propyl
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alcohol were crystallised further from this solvent., This
process was continued until fractions were obtained which &id
not elter inumelt;ng point on further treatment, That finélly
obtaired fronm 1so—propy1 alcohol had m,p. 105-105.5O ard was in
high yield; that from n-propyl aleohol, m,p. 217-21 , was very
small in quantity,

The former picrate‘appeared at the time to b2 either the
solvated derivative of the secondary amine or that of the
unsolvated N-methyl azonine, as the followirg results 1ndicaéed:A

(Found: C, 55.4; I, 5,3; N, 9.8; 0, 29,45, Czéﬁ B 0H

2474010
reguires: c, §5,1; H, 5,5; N, 9,5; 0, 29,9. CZ5HZGH4010

+ 0537
(F-methyl azonins picrate) requires: C, £5.,35; I, 4,8; N, 10,3;
0, 29.0ﬂ). After standing for two weeks this picrate had m.p.
106-119°, An authentie specimen (obtained later) of the E—methyln
azonins was converted 1nto the pierate, and, afuer two
crystallisations from iso-prooJI alcohol the (+)-2 3, 8 9=tetra-
hydro-4'-hydroxy-5'.2"-di“ethoxy-mamethyl-_,u,6 7-diben-
zazoniniun picrate had m,p, 101-111°, (Found: C, 55.7; H, 5.7:
H, 9.9; 0, 28,5, Cagllped, 074 Tequires: C, 55.35; H, 4.8;
N, 10,3; 0, 29,5%), The result for oxygsen was ano¢alous. The
infrared spectra of this and the picrate m,p.103-105,5° were
identical,

The following werse prepared in order to record their
N.M.,R, spectra:

(1) Some of the picrate, m.p. 103-105,5°, was extracted
from sodium hydroxide solution at pH 5-6 with ether, and after



dryinz the extract over enhydrous sodium sulphate, the ether was

removed., The base obtained wag dried uunder vactun,
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(11) The picrate of autihentic crystallize Nemethyl azonine

(obtained later) was converied into the basa, which wag dried

|
H

|
overnizht, under vacuun, in contaect with a nolecular sieve at the !

tomperature of liquid ritrogzen,

(141) Authentic erystalline N-methyl azonine (obtained later,

n, 159),

(1v) Solvated phenyldihydrothebaln2 was erystallised tuice

fron lizht petroleun (b.p. 40-60°) and obtained unsolvated, as

ghown by the I,R, sprectrum, I% hed n,.p. 38-54°,

The n.,m,r, spectra were determined, using tetramethylsilane
o8 stazdard, at eo'ﬁc/sec. The peaks at the given chemical shifts

ware ideatified aaz shown, amongst others, and the siznificance of

the unidantified pzszka are discusssd on p. 1ll6,

Specinen Solvent 031 120 L] Unidsntified
(1) cmel, - 6,10, 6.22 7,73 8,78
(1) CCl, 4,75 6,12, 6.22 7,77 8,69
(11) cDCl, - 6,08, 6,20 7,73 8,767
(11) CCl,  4.85 6,15, 6.25 7.80 g.71%
(111)  €Cl, 4,66  6.16, 6.26 7.80 -
(1v) CDCl; 4,54  6.02, 6,17 7.71 8.97, 9.14
(iv) CCly  4.60 6,10, 6.25 7.81 9,10

Column chromatography failed to give more than one substance

xsmall peaks,
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from the picratevm.p. 103-105.50. Heating under reflux with 7
Ingufficient iso-proryl aleokol for complets solution gave, aftert
rzcovery of that in solution, tvo fractions of differsnt melting
point, Ilowsver, afier precipitation of each of these from either E
hot benzene or hotiiso-propyl aleohol by the addition of light
petroleuan (b.p, 50—800). rroducts of sirilar n,p, (eca, 120°) and
of 1daatical I.R. spectrg warae obtained, Precipitation of some

of the pierate, n.p., 103-105,5°, from benzene solution by the
addition of succes3asive quantities of lizht petroleum (b,p. éo;éo%
£ave fractions of diffsrent m,p., bstwesa 123 and 155°, Howaever,
the I.R, speetra weros 1dentical, All the srectra obtained here
were identical with that of the pilerats, m.p. 103-105.5°, with
peaks a¥ 3,67 1 (Itie) but nons a% ea, G p (TI),

' The pierate, m,p., 217-218°, appearzd %o be the unsolvated
N-methyl azonine, by analysis, (Found: C, 55,653 H, 4.8; I, IO.S;i
0, 29.4. czsnzgrs;olo requires: C, 55,35; I, 4.8:; N, 10.3; |
0, 29.55). On coaversion into the base, n.m,T, spectrospopy gave
unintslligible results, The suthentic specimen of the H-methyl
azonine ricrate, when crystallissed twice from n-proryl aleohol,
had m,p. 111-1140. o further work was done on the pierate,

m.p. 217-218°, owing to insufficient sarple,

(e) Vork on the Lithium Aluminium Hvdride Reduction Product,

(1) Fractional Precipitation,

The reduction product was extracted with carbon tetrachloride
glving a pale brown residue, This residue wag fractionally

precipitated from acetone solution three times with carbon
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tetrachloride, The infrared spsctrum of the final precipitate
kad no peakgg at 5.60 B (Ile), but absorption occurred at

ca, g M, suapected of belng due to an I groupsg. Txposure of
this fraction to air =nd extraction with acetone, £3vae a brown
residue of indistinet I, R, spectrum, The paris soluble in carbon
tetrachloride, had I.R, spectra resembling that of the untreated
base,

(11) Attemnted Chromato~sranhie feparation,

Sore of the reduction product waz dilssolved in a small
quantity of acetonz and deposited on a silica gel chromato-
graphic c¢olumn and eluted with thes folloning, in ths order
shovns éo; acetone + 405 carbon tetrachloride; 80, acetons + zoﬂz
carbon tetrachloride; 10G acetone; chloroform; and ethanol, :

The fircst eluaznt gave a substcnee vhose I,N. spectrum was
somawhat differcat from that of the reduction product, the main
differcnces telnz the presence of peaks at 6,00 p and 5,50 @
bub nob = 3.60 U, “here was ro evidence for the presence of
LCOz™ or CO; » Lo change in the spectrun occurred on drying the i
substance under vacuun in contact with e nmolecular sieve at the
temperature of liquid ritrocen, Carbon dioxide wag pasgsed
throuzh a solutlon of ths authentic E-methyl azonine (obitained
laterlinaqueous acstone, for & hr, After drying the product under
vacuun &3 above, a nmauvs solid was obtainsd, The I.R, spectrum
was different from that of the fraction from the coluan,

S9

Albhouzh there was a pesk at 6,05 u (probadbly Im?) and that at

3.60 b (Illo) was very small, there was no% one at 5.90 p (C=0
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stretching frequeneygo) nor was there any other evidence for
HCOz~ or CO; . There were also other smallsr differences,

The second eluant on evaporation yielded a substance whose
I.,R, spectrum resembled that of the reduction product, bubt on
standing in air, the substance gave partly an acstone insoluble
residue which absorbed weakly at £,85 p in the I,R, rezion, This :
substanes was stable in the eluant, however,

The other eluants yielced the rasduction product, excert for
the chloroform, which gave no product,

(d) Attemnted Sanarntion of the Comnonants by the Preparation

e

of Darivatives,

K4
I

(1) Reaetion with Nitrous Acid,

Reaction of the original base with co0ld nitrous acid produceg
an orange coloured solution, Txcess acid was removed by the M
addition of a little urea, and the solution was exbtracted with
ether, The extract was washed with water and evaporated, The
I.R, gpectrunm sucgested that 1t could bve elther a derivative of
the secondary amine (LXVII) or of the T-nethyl azonins (LXVIII)
(p. 119), ,

The =23usous solution was rendsred basiec with sodium carbonaté
and extracted with chloroform, The I,R, spectrum of this product '
was similar to but less clear than that obtained above, and
sugszested that the product was a less pure form of the sane
comrpound,

(11) Reaction with 1-Taphthylisocyanate, pried solvents vwers

used throuzhout. .
The original base (2.0 g.), l-naphthylisocyanate (1 o,c.,
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Just over one equivalent), and one drop of triethylamine
dissolved in ether to act ags a catalyst, were heated in a
nitrogen atmosphere at 80° for 20 min,, ecare being taken to
exclude moisture, within which time the originally obtained
molten mass had become solid, After cooling, the reaction
mixture wag extracted successively with thé following solvents,

(1) Cold light petroleum (b,p. 40-60°). After evaporation
of the extract, a white solid, insufficient in amount for
further investigation, was obtained,

(2) Cold light petroleum (b.p. 80-100°). This yielded a
vhite solid after evaporation, which had, after recrystallisation:
from light petroleunm (b.p. 100-1200), M. D, 95-1000. This was
rezarded as being an impure form of the N-methyl azonine
derivative (LXX). A

(3) Cold light petroleum (b,.p. 100-1200). Evaporation of
this extract gave a solid, which after two crystallisations
fron this solvent, gave pale yellow crystals, m.p. 100-1100.‘
The molecular weight in 9675 ethanol solution was found to be 467,
using a vapour pressure osmometer previously calibrated with

benzil in 96% ethanol solution, The molecular weight of (LXX)

i3 482,.,6, and hencs this substance was considered to be an
impure form of the N-methyl azonine deyivative.

(4) Hot light petroleum (b.p. 100-120°), After allowing
this extract to eool, the substance which precipitated was

filtered off and crystallised again, giving an off-white solid
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MeP, 100-1500. The erystallisation ligquor was combined with the
cooled extract and set aside, The s0lid was extracted with ether,
glving a violet coloured residue of m,p, ca. 195°%, The extract
was set aside for further treatment,

Di=(l-naphthyl)-urea (LXXI) and the impure N-methyl azonine
derivative (LXX) were 1solaéed from the residue, m,Pe C2e 1950,
the former being identified by comparing the melting point and
_I.R. spectrunm vith those‘of an éuéhenﬁic specimen, prepared by
. the action of water on l-naphthiylisocyanate, The latﬁer was
1dentified by I.R. evidences. " o

The ether extract, after filtering off the solid, m.p. ca.
1959, wag evaporated, yieldiﬁg a brown gum, After two
crystalli;ations from é mixture of acetone and 1lizght petroleun
(bep. 100-1200), the N-methyl azonine derivative was obtained
as a buff coloured solid, m,p. 131-133°, The molecular weight
in ©6,5 ethanol was determined using the osacﬁeter, at the
followins molarities: 0,0377, 0,0189, 0,0074 M, giving the
results: 482, 482, and 492 respectively, the mean being 485
[(Lxx) = 482,6]. Infrared spectral evidence supported this
conclusion, and details are given on p, 121, (Found: C, 75,03
H, 5.83 N, 6.,5; 0, 12,0, 0501-15'01\1204 réqu.ires: C, 74.7; H, 6.3;
N, 5.8; 0, 13,3%),

The combined liquors from (4) were evaporated, $he residue
was found to be a mixture of impure (LXX) and various
unidentified substances, as shown by m.p. 2nd I.R, evidence,

and molecular weight determinations,
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No trace of the secondary amine derivative (LXIX) had been
found, and if present at all, the amine must have been present
with the N-methyl azonine in a very small amount only,

(e) Deuteration,

The base, as 1solated from the lithium aluminium hydride
reduction, was shaken with deuterium oxide for 2 days,
occasionally heating the mixture to 500. The base was dried
under vacuum, Together with the double peak with maxima at 2,85
and 2,90 p (01 with or without ), there was now one with

maxima at 3,85 and 3,92 4, due t087'89

OD with or without ID,

The original base (0,25 g.) was dissolved in a little.
ethanol and aqueous sodium hydroxide solution (8,0 e.c, of E/10,
the theoretical quantity) was added, Unchanged tase was extracted
with ether and the aqueous splution was evaporated under wvacuunm,
Twice acetone was added and removed and then the residue was
finally dried by warming under vacuum, The sodium salt was
obtalned as a green solid, The infrared spectrum contained no
hydroxyl peak, althouzh there was a low plateau in the 2.8-3.,2 n
region, There was no I peak at 3,06 4 as in the gpectrum qf
piperidine, and the MMe peak at 3,60 u was of moderate 1ntegsity.

The salt was dissolved in deuterium oxide and allowed to
stand for 3 days. The solution was evaporated and the residue
was Qried under vacuum, The I,R, spectrum had no peak in the

3.85-4,15 u reglon and the above plateau was retained and hence

there was no identifiable quantity of the KD compound presentag.
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(+)-2,3,8,9-Tetrahydro=-3',4',2"-trinethoxy =N, N=dimethyl-

4,5:6,7-dibenzazoninium Iodide (LXXII),

(1) Purdie and Irvinegs. lethyl iodide (1 c.c., ca. 0.0165
mole) and silver oxide (1.92 g., 0.0oszlmole) were sdded to
(+)-2,3,8,9=tetrahydro=4'-hydroxy-3',2"=-dimethoxy-l,l=4,5:6, 7=
dibenzazoniniwn 1odide (LXV) (0,75 g., 0.,00165 mole) dissolved
in methanél (8 c.c.), The mixture was heated under reflux for
1 hr, and then filtered, The solid residue was extracted five
times with hot methanol and the combined filtrate and extracts
were evaporated, giving red cerystals, 0,15 g, This product was
crystallised from ethanol, and after washing w;th ether, pale
pink crystals were obtained, 0,03 g2., M.D. 219—2210. Ko hydroxyl
peak was apparent in the infrared spectrum, This was the required
product but in very poor yield,

Tha solids from the reaction mixture were extracted with
water, but only inorganie salts were obtainsd,

This, then, was not a suitable method of preparation,

(11) Adapted from Freund's’® method for the phenyldihydro=-
thebaine series,

The theoretical quantity of sodiun (0.04 ) Was_dissolvgd
in ethanol (5 ¢.c.,) and the (+)-2,3,8,9-tetrahydro-4'-hydroxy-
3',2"-dimethoxy-N,N=4,5:6,7-dibenzazoninium iodide (LXV) (0.75 g.)
added, followed by methyl iodide (l.c.c.). The mixture was
digested for 1 hr, and precipitation started by the addition of
a few drops of ether, A white precipitate slowly formed, and |

excess ether was added to complete the process; 0,79 g. (1043),



m,p., 219-220°%, were obtained, Recrystallisation from ethanol
gave small cream coloured erystals of the azoninium 1odide, the
methyl ether methiodide, 0,51 g. (gg%), n,p. 221-222°, After a
second crystallisation: fine white needles, m,p. 227-227,5°,
(Found: C, 53.,5; H, 6.45; I, 26.7. cglnzsxmos requires: C, 53,7;
q, 6,0; I, 27.0%), Lo hydroxyl peak occurred 4in ths I.R. spectrum,
vhich was the same as that of the product m.p. 219-221°, obtained
in very small yield in (1) above, This appeared to be the
required product and in pgood yield,

(111) The lithium aluminium hydride reduction product
(11,1 g.) was gently heated under reflux with methyl iodide
(7.5 c.c,) for 1} hr,, a little methyl iodide being added
periodically, by which time the initially red solution had become%
deep yellow, A solution coansisting of sodium (0.9 g.) in ethanol |
(15 e,c,) and methyl 1odide (22,5 c.c.) in ethanol (25 e.c.) was
added and the mixture was digested on a warn water bath for 1 hr,
After cooling, ether was added until no further pregipitation
occurred, A pale brown solid, 16 g, (965), m.p. 218-221°, was
obtained, Three erystallisations from ethanol raised the melting
point to 226.5-227° and gave colourless needles, the infrared
gpectrum of which was identical to that obtained in (1i) above.
[a]%g +43,0°, [a]éiél +61,5° (e, 0,24 1in ethanol),

In a further preparation by this method, 30 g. (807) were
prepafed from 25 g, of the reduction product, which had been
obtained from 50 g. of thebaine (overall yield 60))).
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(+)-2,5,8L9-Tetrahydro-3',4',2"—trimethoxy-ﬂ,H-dimethyl-

4,5:6,7-dibenzazoniniun Picrate (LX)

(+)-2 3,8 9-T°trathro-5' 41 2"-trimethoxy-F L-dimethyl-
4 5:6,7-dibenzazoninium iodide (LXXII) (0. 15 g.) was dissolved
in the minimum quantity of warm water and sodium picrate
(0. 22 ge) vas added, The yellow precipitate which quickly
formed was filtered off and recrystallised from iso=-propyl
alcohol, After filterinp. the golid was washﬂd with light
petroleun (b,p. 40-60°) but soon degenerated into a gum, This
was extracted with hot iso-propyl élcohol, cooled and‘
precipitated by pouring the solution into ether, A brilliant
yeilow powder, 0,12 g. (66%), m.p. 143-144°, was obfained..
Rebrysfailisation from iso-propyl alecohol, filterinz and ‘
washing with ether, gave yellow crystals, 0,10 g., m.p. 144-1450
(Found: C, 56,3; I, 5.2; N, 9. 9 0, 28 7. C27351 4010 requires~
C, 56.8; H, 5,3; I, 9,8; 0, 28, 0 ).
(+)-2,3,8 9-Tetrahydro-3' 410 2"-trinethoyy-ﬂ NAdimethyl-4 5:6,7=

dibenzazoninium Bromide (ILX).

(+) 2,3,8,9=Tetrahydro-3"', 4' 2"-trimethoxy ‘,H-dimethyl-
4 5:6,7-dibenzazoninium iodide (LXXII) (5 g.) was dissolved in
aqueous ethanol, Txcess of freshly prepared silver bromide (4 g.)
was added and the mixture was shaken periodically during several
days, by which time some of the péle yellow silver bromide had

been converted into the yellow iodide, and was afterwards

filtered off, The solution was concentrated until a ocloudiness
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appeared and was filtered whilsf'hot. As no solid appeared on
cooling, the‘solvent wasg removed; The residue was dissolved in
hot methahol-acetone mixture“ahd fhe broduct wag obtained in |
three erops, after cooling the solutions to ca. 0° each time,
The addltlon of ether to the firal filtrate gave palé brown
erystals C.4 g., eD. 230°. The total yield was 3,9 g. (877%) .
Further crystallisation of the first three crops :rom a
mixture of methanol and acetone gave various crops, &ll of
n.,p. 238°, These fihal erops were combined and the I.R. spectrun
vas identiecal with that of the iodide from whieh this bromi@e was
prerared, (Found: C, 59,8; H, 6,8; Br, 18,9; N, 3,2; 0, 11,4,
Cp1HpgErl0s Toquires: C, 59.7; H, 6.7; Br, 18,9; I, B.3; 0, 11,4
(+)=0=-Phenyldihydrothebains Mathyl Wiher lethobronmide (LXI).

(+)=a=Phenyldihydrothebaine methyl ether methiocdide (LXVI)
(0,07 g;) was dissolved in aquécﬁs ethanol end shaken with silver
bromide (0.10 g.) for 3 hr, The silver salts wers filtered off,
the solvent was removed, and the residue was dissolved in hot
acetone conteining Jjust sufficient ethanol for complete eolution,
Light petroleum {b.,p., 60-80°) was added to the boilinz mixture
until a cloudiness appeared, On cooling, colourless crystals,

M. D 181-1820, were obtained.
The Ultraviolet Speectrum cf ths lethyl Tther letheobromides (LX)

and (LXI).

The ultraviolet spectra were determined, as on p,.94, of

a 3,900 x 10™° molar solution of (LX) end a 3.870 x 10.5 molar
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solution of (ILXI), in 96! ethanol, using the Unicenm S,P, 500
apeetrophotometer, Fused silica pells vere used, 2 m,m, between
200 and 250 mu, and 10 m.,m, between 240 and 300 mp, the larger
colls because of the low optical densities in the latter rezion,

The following results were obtained,

(LX) (ILX1)

wavelength | wWavelength

(mu) € (mp) <
_ 280,5 4,150 | 282 " 4,290
Mg - - (271) 2,840
kinf - - (265) 2,020
Moz (253.5) | = 692 - -
Nptn 255 667 260.5 1,730

Conjuzation

“band (ca. 225) 22,050 [(ea. 230) 26,900
Mg 203 167,950 207.5 59,950

Crystallisation of the N-llethyl Azonine,

When a solution in ether of some of the lithium aluminium
hydride reduction product was allowed to stand, a white
crystalline precipnitate slowly formed, Thig could then be
cerystallised from light petroleun (b.p. 60-80°), The remainder:

of the base was reerystallised from this solvent, after being

seeded with the crystals obtained above, giving:
erop (1), yellow erystals, which softenad at 840,
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MePe 94-1050. Concentration of the mother liquor gavse, on cooling:

crop (2), small grey crystals, m.,p. 81-105°, and a redvoil
ingsoluble in the pstroleun,

The red oil vas dissolved in benzene and passed down a
8ilica gel column which removed most of the cclour, ﬁfter
evaporation of the eluant the residue was rnc""stnllised from
the light petroleum, giving:

crop (3), as a brown amorphous solid together with some
crystals, The ratio of the quantities of the three crops
ottained wag 8:0,78:1.,

| ThLe I.ﬁ. srectrum of crop (1) in hezachlorobutadiene muall
was different £from that of an‘evaporated acstons solution of the
naterial befora crystallisatlion, Ilowever, it closely resembled‘
that of a Lexachlorobntadiene null of the ron-crystalline
material, which had been dried ovarnight under vacuum in contact

with a molecular gicve at the temperature of liquid nitrogen,

Gt e i mam o

There was no evidenca for an Il group in the crystalline compound.

The details are discussed on p, 127,

The I.R. spedtzum of crop (3) rasembled that of the material
bafore ecrystallisation and was malinly non-crystalline,

A furthar crystglllsation of ecrop (1) gave white globular
erystals, m.p., 103,5-104,5%, (Found: C, 72.6; H, 7.7; N, 4.6;

0, zz.i C1 gH 70
[«]5

3 requires: C, 72,8 1I, 7.4; N, 4,5; 0, 15, SP).

+72,9° (e, 0.28 in EtO0I), The result of the n.m,r.

speetrun in deuterochloroform is discussed on p, 127,
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The Txhaustive Methvletion of (+’) -2,3,8,3-Tetrehydro=3",41,2"

I, Nedimathyl-4,5:6, 7-dibenzazoririum Iodide (LIYII)

¢

(a) Iofmenn Deoradation to (+)=2,3 5'-Trimethoxy-o (or 6')-

(2=trimethylammonioethyl)=6' (or 6)-vinylbirhznyl Iodide (LXXVI)

Adapted'from the mathod of Freund®® for the phenyldihydrothebaing
series of cowoounds. | ‘
(+)-2 3,8 9-Ietranydxo-5' 41 2"-trim°thoxy-“,E—dimethyl-

4,5:6,7=d1benzazoninium 10did2 (LXXII) (3.9 z.) was digested
with a solution of sodium (2.25 z.) 12 absoluts aleohol (55 c.c.{
01 a warm water btath for about % hr,, whea a clear dark solution;
was obtainsed, The aleshol was rexoved and a saturated aqueous :
solution of ammonium ehloride was added, Tk mixture was
extracted with ether, drisd over potassium hydroxide, and
evaparated, leavinz a dark brosz oil,

The o0il was dissolved in aceztons (19 c.c,) and methyl .
iodide (2 c,c,), 2and heated wader raflux for L hr,, periodicélly'
raplenizhing the methyl iodide, Th2 volatils components were
ramovad, acatone was added, and th? solid wialeh formed was
filtered off and washed with more acetone, A white solid 22 Ze»
MeD, 229-9370 (with decomposition) and a rad coloured filtrate
were obtzined,

Treatment of th2 Snlid,

Reoryshtallisation frou ethanol Gave crean coloured feathery
erysials, 0.4 2., M.Pe 129,5=-202,5 , and concentration of the

nother liquor 7ave inorganle salts, wialch were removed, A further
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crystallisation gave ons of the methine methiodides, or vinyl;
biphenyl iodide derivatives, (LXXVI) in two erops, the best of
which was as white silky crystals, 0,05 g., m.D. 203.5;2040.
[«13° -26.6°, [«]23; -36.7°, (c, 0.27 in ethanol).

(Found: €, 54,5; H, 6.,3; I, 26,25; N, 3,1; 0, 10,1, CZZ'HSOIHO5 |
requires: C, 54,7; H, 6.25; I, 26.,25; T, 2.9; 0, 9.9%), The I.R.
spectrum resembled that of the methiodide of (+)~a=phenyldi- :
hydrothebaine methyl ether iso-methine (LVII) (allowing for the
absence of the third benzene ring) and a peak at 10,95 W was

most probably due to a vinyl groupgl'gs,

Treatment of the Filtrate and Washings,

Evaporation gave an orange residus which was recrystallised i
from chanol, giving small pale orange needleg, 0,6 g., M.D.
198,5-199,5%, Addition of ether to tpe mother liquor gave an
oranze precipitate, 2.0 g., m.p. 177-179°, |

A further crystalligation of ﬁhe oranze needles (m,p., 198,5-
199,5°), increagsed the m.p. %o 202-2030 (0.5 g.). This compound
was the same as that m.p., 203.5-204° above, A further '
crystallisation of the p?ecipitata, NePe 177-1790, from ethanol-
light petroleunm (Vb,Dp. 80-100°) mixture gave:
crop (1), which after a further crystallisation, was obtaine@
as 0,9 g, o: yellow needles, which melted over the range 171~
175,59, 179-184%, Addition of light petroleum to thse hot mother
liquor gave on cooling:

crop (2), which was filtered off and washed with ethanol-light

petroleum mixture and then with ether, Pale yellow orystals,
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0,3 g., MeP. 179.5—1820 were.obtained. This was;extracted with
hot light petroleum (b.p. 80-100°) containing insufficient
ethanol for complete solution, The extract was cooled, and the
crystals 6btained were'subjedted to a further extraction, That
which was prébably the other vinjlbiphényl iodide derivative,
or methine methiodide, Was'obtainéd.'The product, colourless
needles, 0,06 g, had m,p, 182-183°, (Found: C, 52.2; H, 6.5;
N, 3.2; 0, 10,2, Cy H TN, requires: C, 54,7; H, 6.25; N, 2.9;
0, 9.,9%). Althouzgh the analytical results do not cecorrespond to
those for any reasonable product, it 1s'predom1nantly either
(LXXVIa) or (IXXVIb), as was shown below,
(2120 +12.7°, [«]2Qs1 +22.1°, (o, 0.24 in ethanol), The I.R.
spectrum resembled that of the.methiodide 0f (+)=a=-phenyldi-
hydrothebaine methyl ether iso-methine (LVII) even more closely |
than that of the product m.p., 203.5-204° above, and also had a
peak at 10,93 p (a vinyl group®l+98) (p, 120),

The various fractions of high melting product were combined,
as also were the low melting fractions:
Yield of product m.p. ca. 200%: 1,0 g. (257)

m.p. ca. 180%: 2,0 g, (50%),

A repeated preparation, starting from 30 g, of (LXXII) gave
only fractions of product of m.p. ca., 200° totalling 26.2 g.
(857%). No lower meltins product was obtained,
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{(b) Hofmana Desradation of the Methina lethiodides (LXXVI) to

(+)-2,3,3'-Trimathoxy=5,56"'=d1vinylbiphenyl (IXIII),

Degradation of each of the above methine methiodides was
carried out using the method of Bentley and Rohinson65, 23 in
the phenyldihydrothebaine saries,

The high melting methine methiodide (0,7 g.) was dissolved
in methanol (3,3 e,c.) and a solution of sodium (0.42 g.) in
mathanol (8,5 c.c,) was added, The mixturs was heated under -
reflux for 2 hr, The reaction mixture was then poured into water,
which was then saturated with amﬁonium chloride, and resulted in
the preciritation of an orange gun, The nixture was extracted
three tires with ether (9 c,c, each time) and the combined -
extracts were washed three times with 2% HC1 (1 c.c. each time)
and about six times with water (2 c.c. each time), the final
washinzs then beinz neutral to litmus, After drying over
anhydrous sodium sulphate, the ether was removed giving a yellow
0il, which was only solid below 009, Crystallisation having been
attempted three times from light petroleum (b,p. 80-100°0) the
0oil only was obtaired, 0,33 g. (77%), and many solvents
including ethanol, were tried, but none gave a solid product,
The I,R, spectrum contained peaks at 6,10, 10,10 and 11,10 p,
which were assumed to be due to the vinyl groups98 (p, 131) -
[aj%g +25,2°, [ajéiél +55.9°, (e, 1,58 in 967 Et0O),

After standing 1n an evacuated desiccator for three weeks,

0,23 g. of the 0il gave a quantify of a white solid, Extraction
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with hot ethanol gave 0,06 g. of insoluble matter, which was
infusible at 300°, The I,R, spectrum of this solid showed some
chanzes, including the disappearance or diminutioniin size of
some of the supposed peaks due to the vinyl groups, It‘was
assumed to be a polymer of the required product, |

The ethanol extracts wers evépqrated and the residue was _
dissolved in benzene and passed down a silida gel column, which r‘
removed most of the colour, After evaporation of the elﬁaﬁt, |
extraction with ether aga1n~1eft behind an insoluble white
residue (Q.Ol ge), vhich melted with decomposition over the
ranzs 159-170,5°, 222-233°, The I.R., spectrun was the same as
that of the previous insoluble comﬁonent; this substance was
also assumgd to bg polymeric, The.ether solution was evaporated, 7
giving (+)-2,3,3'=trimethoxy=-6,6%=divinylbiphenyl, (Found:
C, 73.,4; H, 7,3; 0, 16,6, 019112005 requires: €, 77,0; H, 6,8;
0, 16.,2%)e Rapid polymer formation after drying prior %o
analysis occurred, but poor results were probably obtained as
the compound had been neither crystallised nor distilled,

The low meltinz methine methiodide (0.8 g.), obtained in
(o) above, was treated similarly with the same results, The
I.R., spectrum of the oill obtained was identical with that of
the 01l obtained previously, [aj%g +25.29, [aj%261 +56.S°.
(¢, 1.58 4in 96% ethanol),

A further 25 g, of thé high melting methine methiodide was
degraded to the biphenyl, The yellow oll obtained was dissolved

in benzene and passed douwn a silica gel column, Evaporation of
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the eluant gave a yellow viscous liquid, 6,46 g, of which were
ether soluble and the required broduct. Yield, 41%; 14% from
thebzine, This was the procedure for future prepgrations.

Catalyt;c hydrogenation of the oil gave (+)-2,3,3';tr1;
metnoxy-6,6'=diethylbiphenyl (LXIV), thus confirming that the
01l was the required divinylbiphenyl (LXIII),

(+)-2,3,3"=Trimathoxy=6,6"=-diethylbiphenyl (LXIV),

(+)-2,3,3'=Trimethoxy=-6,6'=divinylbiphenyl {ILXIII) (3.09 g.),
freshly prepared, was dissolved in ethyl acetate (300 c.c.).
Palladium-charcoal (2,0 g.) was added and hydrogenation was
carried out at 1 atm, pressure, The volume of hydrogen taken
up was 595 ¢,0¢, The mixture was filtered, and the solvent was
removed giving a white viscous liguid, 2.85 g. (92.5%).

(Found: ¢, 75,8; H, 8,0; 0, 15,9, 01932'405 requires: C, 76,0;

H. 8.05; 0' 16.01/?)).

[ 321 +62,2%, [ 521' 71.1° (e, 2.81 in ' nenylethyl aleohol),
“lp o<y L&Jg4ps) il Cy, <o B=pheny Y .

The I.R, spectrun showed the loss, amongst other A
differences, of the peaks due to the vinyl groups at 6,10, 10,10 -
end 11,10 p, when compared with the spscetrum of the divinylbi-
phenyl,

The ultraviolet spectrum was determined, as on p, 94, of a
1,012 x 10~% molar solution in 96¢ ethanol, using the S.P. 500

gpeetrophotometer, Fused silica cells were used, 1 m,m, between

199 and 245 my, and 10 n,m, bebtween 240 and 310 mup, The
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following characteristics were observed.<knm' 279 mu (e 4,710),
Npin 252 ma (€ 692), the vestiglal conjuzation band at ea.
227.5 mu (€ 16,700) and )\mx 201l mp (& 60,200). The spectrum

was congistent with that expected for the required compound,

Attemnted Racemisation of (+)-2,3,8,9-Tetrahydro-31,4%, 2"-tri~

mathoxy=-N,N-dimathyl-4,8:6,7=-dibenzazoninium Bromide (LX),

The above compound was heated between 180° and 220° until
optically inactive, in various solvents, After the experiment in
every case, elther dilution of the solution with ether followed
by water extraction, or evaporation of the solution, gave only
a gum and no solid product, It was prossible to obtain the
optically active compound in a solid state by these methods
from these solutions prior %o heatinz, Hence, deconmposition, in
addition to racemisqtion, had occurred in these experiments,

The solvents used were B-phenylethyl alcohol, methyl benzoate,
orcinol diacetate and nitrobenzene.

(+)=2,3,8,9=-Tetrahydro=-31,4" 2"-trimethoxv-‘-methgl-4 5:6, 7-di-

benzazonine {(LYXVII).

Three methods of preparation wers tried, only the last,
that using phenylirimethylammonium ethoxide being suceessful,
(a) Diazomethane,

The crystalline (+)-2,5,8,9-tetrahydro-4'-hydroxy-z',2"-di-

methoxy-li-nethyl=4,5:6,7-dibenzazonine (XLII) in methanol

solution, d1d not react with a solution of diazomethane in ether,
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ag shown by I.R, spectroascopy and melting point evidence
concerning the solid isolated,
(b) Dimethyl Sulphate,

Cr&stalline K-nethyl azonine (1,0 g,) in 2,5 c.,c, of 24
godiunm hydroxids solution, did not react with ons equivalent
(1,5 c.c, 0f & solution consisting of 3 c.c, of dimethyl
sulphate in 8 e.c, of methanol) of dimethyl sulphate during 3 hr,
at room temperature, The I.R. gpectrum of the substance isolated
showed that 1t was'unreacted N-methyl azonine,

Crystalline N-methyl azonine (4.0 g.).in a large excess of
21 sodiun hydroxide solution (49 c,c,), and excess of a solution
of dimethyl sulphate (7.5 c.¢.) in methanol (20, c¢.3,), were
heaved uncer reflux for 1 hr,, extracted with ether, and the
extracts dried over solid potassium hydroxide, which also removed
unr3acted starting material, Removal of the solvent gave 2,72 g.
of a brown oill, Distillation of the oil under reduced pressure,
gava a colourless oll with a blue fluoresceenes, 1.3 g.,
b.p. 189°/0.9 m.m. The I,R, spectrun had no hydroxyl peak and
wag different in other respects to that of non-crystallins
N-m2thyl azonine, .
[“igsao +25.6°, [“jgiel +51.0°, (e, 1,37 in B=-phenylethyl
alcohol), The above solution had a54g1 +0,425°; after 50 nin, at
193° under vacuum, it thea had ag,., +0,14%; after 5 hr,,
a54gl +0.01°, (1 = 1), Evaporation of the final solution gave a

brown oil whose I,R, spectrum was the same as that of the

optically active compound, with some solvent peaks superimpossd,
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Hence, partial racemisation and not decomposition had occurred,

The optically active o1l (0.1 8.)'was dissolved in ethanol,
and picric acid (one equivalent, 0,07 g.,) in ethanol solution was
added. A yellow glass precipitated (0,10 g.), which failed to
gilve a erystallire picrate from any solvent tried,

The optically active oil (0,1 g,), acetons (1 c.c.) and
me thyl iodide (0,5 c.c.,) were heated under reflux for 3 hr,
Volatile components were then removed and ether added, giving
a white solid, 0,08 g, Recrystallisatio; from ethanol gave fine
colourless nesdles, 0,02 g., m,p. 202,5-203.5°, A second crop,
after concentration of the mother liquor, was obtained, 0,02 8oy
m.p. 168-172%, This substance melted over the range 171-1720,180-
184°% after a further crystallisation,

The I,R, spectrum of the first crop was identical with that
of the methine methiodide, m.p. 203.5-204°, preparasd previously
(p, 163), A mixed meliing point coanfirmed that it was the same
compound, The second crop was presumably mainly the methine
methiodide, m.p. 162-183°, Thus, it is certain that in the process
of mathylation under hot alkaline conditions, degradation to the
methines (LXXIX) also occurs,

939

(e) Phenyltrinmethylermronium Tthoxide, Rodionov

p-liethyltoluenesulphonate (0,1 mole, 18,6 g,) and dimethyl- -
aniline (0,1 mole, 12,1 g.) were warmed together in a 100 c.c,
bolt-head flask, on a water bath, A mass of turquoise coloured

plates were obtained, which, when recrystallised from a little



ethanol, gave crystalline flekes of the quaternary salt (LIXX),
26.7 g. (87%), m.p. 156-159° (Rodionov obtained m,p, 160-161°),
Sodium (0,004 mole, 0.1 g,) was digsolved in ethanol
(1 c.c.,) and a solution of the prepared quaternary arronium salt
(0,004 mole, 1,19 g.) in ethanol (2,8 c.c,) was added, The
precipitated sodium p-toluenesulphonate was filtered off and
washed several times vith small emounts of ethanol, the washings
being added %o the filtrate, The crystalline J-msthyl azonine
(0,003 mole, 1,0 2,) was dissolved in this quaternary ammoniun
ethoxide solution, which then became dark btrowan in colour, The
aleohol was removed and the brown residue was heated at 110° ?or
1 hr, 157 Acetlic acid golution was added until acidic snd pre- 7
cipitated dimethylaniline was filtered off, that remaining in _
solution beinz removed bty steam distillation:; dimethyleniline is
so fzebly bagic that it forms no salt with acstic scid, The
golution was cooled, filtered, and rendered alksline with sodiun
hydroxiés pellets, It was extracted with ether and ths extracts
were dried over solid polassium hydroxide; unchanged phenol
precipitated on the walls of the vessel as e tlue deposit,
Evaporation left behind a green 0il which was dissolved in hot
licht patroleum (b,p., 60-80°) and filtered, 4 green oil was
azain obtained on coolinz, and so the solvent was removed and
the produst, 0.90 g. (86/%) was quickly distilled under reduced
pressure to give minimal racemisation, The nethyl ethar,

(+)-2,3,8,9=-t8trahyiro=-53%,4?,2"=trinethoxy-I-nethyl-4,5:6, 7=
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dibenzazonine was obttaired as a colourless viscous oll, 0,58 g.
(56%), bop, 178°/0.1 n.m,

The I,R, spectrun was sizilar to that of the H-methyl
azonine before crystallisation except that there was no hydroxyl
peak, The n,n,r, sprectrun showed the absence of the hydroxyl
group end the appearance of an additional methoxyl group., Other
details are discussed on p, 158, (Found: C, 72,7, 74.63 H, 7.7,
8.0; I, 4.3, 4.0; 0, 15,3, 13.8, CpnH,0, requires: C, 73.4;

H, 7.,7; I, 4.,%; 0, 14,7,2)), The product discoloured on standing
even under vacuumn, [aj%s‘s +22,0°, [aiéiéi +5é.0°, (e, 1,00 in
p=phenylethyl alcohol),

The ebove solution had «. +0,22° and A6 +0,36%, After

D

%0 min, at 193° under vacuum, the solution had «. +0,10° and

D
aggey +0.17°; after 4} br., ap and ag,.q 0.00%, The solvent was
then removed under c¢a, 3 m,m, prossure, and the bdrown gum
obtained was distilled under this pressure, The pale yellow
viscous distillate had an infrared spectrum which vas identical
vith that of the optically active compound, but with sone
B-phenylethyl alcohol peaks cuperirposed,

A further 3,20 g, (77%)’of this methyl ether viereprepared
from 4.0 g, of crystalline N-methyl aszonine, The product distillad
at 176-180°/0,2 m.m. to give 2,62 g.

The mathyl ether (0.1 g.), acetone (1 c.c,) and methyl
iodide (0,5 c.,6,) were heated under reflux for 3 hr, Volatile

components were removed, nors acstone wag added, and the white

precipitate was filtered off, 0,07 g. (49%), Recrystallisation
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from ethanol gave fine white needles, m.p. 224-225°, and a
mixed melting point with an suthentic specimen of the methyl
ethgr methiodide (LYXII) prepared previously (p. 156, method
(111)) gave no depression, The I,R, spectra of both were
idedtical, thus confirming the identity of this compound and the
methyl ether 1tself. ‘

The methyl ether (0.1 g.)\in ethanol solution (l'c.é.)'was
added to picric ecid (1 equivalent, 0.07 g.) dissolved in |
ethanol (1 c.c.). A yellow gum precipitated, It was only
obtaired in a solid state by cooling an isofpfopyl aicoﬂol
solution, which gave 0,09 g, (537), m.p. 90-952, but which
softened between 60° and 75°, It was then dissolved in &
further quantity of warn 139-propyl alcohol and a lérge excess
0f 1isht petroleun (b.p. 40-60°) vas added, After cooling to
below 0°, & pale yellow solid (0,05 g.), vhich softened between
81° and £3° n.p, 99-93°,was obtained: (+)-2,3,8,9-tetranydro-
31,41, 2"=%rinethoxy-II, N=dimethyl-4,5:6,7-dibenzazoninium

pierate, (Found: C, £5,8; H, 5,2; ¥, 10,0; 0, 28,8, czéstmZolo
requires: C, 56,1; II, 5,1; 4, 10,1; O, 28.75ﬁ).'The I.R,
spectrun resembled that of the pierate m.p. 103-105,5° obtained
from the 1ithium aluminiun hydride reduction product (p. 146),
exceptvthat the hydrozyl peak was dbsent. The 3,2=3,6 @4 rezion

vas identical,
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Kinatic Racemisation Studies,

The method used was that descrived on p, 83, and the values
of the various thermodyramic constants for the racsmicsations of
the given compounds, were caleulated as on p. 4%,

(a) (+)-2,3,3'=Trinethoxy-6,6'-divinylbiphenyl (LIIII).

No polymer was precipitated fron a Dp-cymene solution
containing 12,87% of the divinylbiphenyl end 1,29% of pieric
acid (polymerisation irhibitor), on standing for ssveral months,
However, from observations made durinz the preparation (p. léé),
1t was decidzd that polymerisation'would occur too readily,
eapecially at the higher temperatures, to make the results of

kiretioc racemisation experimerts reliable,

(b) (+)-2,3,3'=Trirethoxy=6,6'=diethylbirhanyl (LXIV),
A 1,9757% solution in redistilled p-phenylethyl aleohol
was used, h= 5760 %,

Temperatures 181,5 p 0.50.

Time (hr.) 0 1 3 4,25 6 7.75
drmog (deg.) 1,19 1.14 0,99 0,91 0,81 0,72
Tire (hr,) 10 12,5 15 18,5 23,5 32.5

aspgo (des.) 0,645 0,54 0,46 0,37 0,26 0.15

X=1,773 x 10™° sec.-l

t, = 10,83 hr, (10,83 hr, from graph).

d



- 177 -

+

o

Temperature: 191,0 © 0,5,

Time (hr.) 0.00 0,33 0,75  1.25 1.87 2,33
osmao (d8g.) 1,24 1,16 1,08 1,00 0,92 0,87
Time (hr,) 3,50 4,83 6,33 8,00 10,75 15,00
Uenag (deg.) 0,73 0,605 0,50 0,39 0.28 0.16

kK = 3,736 x 10°° sec™T,

t% = 5,15 hr, (5,15 hr, from graph).

pa 0

Temperature: 201,8 ~ 0,37,
Time (hr,) 0,00 0,33 0,75 1,34 1,83 2,42
asnag (d02.) 1,26 1,15 1,02 0.82 0,73 0,63
Time (hr.) 3,00 3.80 4,75 5,75 6,80
agngg (deg.) 0.F 0,41 0,31 0,22 0,17

k = 8,150 x 1079 sec™T,

t% = 2,36 hr, (2,35 hr, from graph),

+ 0

Temperature: 211,6 ~ 0,3
Tirs (min,) 0 10 22 35 55 78
0gmgg (degs) 1,135 1,04 0,90 0,79 0,63 0.50
Time (min,) 95 110 135 165 200 250
asngo (deg.) 0442 0,38 0.28 0,20 0.14 0,09

k=1,729 x 10‘4 sae

t% = 66,85 min, (66,5 min,

-1

from graph),

Y. 1 P
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Temperature: 223,7> 0,4°

Time (min,) 0 4 9 15 20 25
agygo (d8g,) 1,02 0,915 0,82 0,70 0,63 0,55
Tiue (min.) 33 49 £0 ¢5 80 95
a5ng0 (deé,’.) 0,455 0,38 0.295‘ 0,20 0.135 0.095
X = 4,191 x 10~ sec'l. v

t% = 27,6 min, (27,5 min, from graph),

Temperature: 228,9 - 0.40.

Time (min,) 0 2 5 8 12 17
asngo (deg.) 1,025 0,94 0,83 0,74 0.635 0,53
Tine (min,) 22 20 40 53 60
azngo (d22.) 0.43 0,33 0,23 0.14 0,11

X = 6,210 x 10% gec~l,
t% = 18,6 min, (18,7 rin, from graph),

Mean Tenp, liean Temp. Rate Const,

(dez. C.) (deg. K) [Tj 103. 1 sec-l. 105k. L9g1° .
181.5 454,7 2.199 1,778 5.2500
191,0 464.2 2,154 54736 5,5723
201,8 475,0 2,105 8,150 5.9112
11,6 484,8 2,063 17,29 24,2377
223,7 496,9 2,012 41,91 4,6223
228,9 502,1 1.992 62,10 4,7931
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1

The ealculated valus for T wag 33,79 keal, mole —,
=
Mean Tenp, Loglo A As* AT* (keal, A7 (keal,
(deg. C.) (seo'l.) (e,u,) (mole-l). mole'l).
181.5 11.49 f8.80 . 32.89
191,0 11.48 -3.88 22,87
201.8 11,456 -9,03 /32,85
211.6 11,47 ~3.99 22,83
223, 7 11,43 -2,01 32,80
228,9 11.50 -0,92 22,79 27.28

The followinz mean rasults were obtzained:

E = 33,8 kcal, mole"l, AH# = 32,8 keal, molefl,
loglo A=11,% sac'l., ' AF* = 37,3 kecal, mole-l at
Ast =-8,94 e.u., 228,9°,

Isolation of the Racsmate,

" The gnlution recidues from the atove experiments were
combined and 70 c.,c. (containing 0,59 g. of the compound), were
heated under vacuun at 210° overnicht, The solution was then
optically inactive, and removal of the solvent under reduced
pressure left a pale brown oil, 0,71 g. Distillation under
reduced pressure cave a pale yellow oil, 0,59 g. (100% recovery),
v.p. 152-155°/ 0.4 m.m. (Found: C, 76.4; H, 7.8; 0, 15.9,
Cyollp405 Tequires: C, 76,03 H, 8,05; 0, 16.0%).

The infrared spectrum was identical with that of the

optically active compound, and hence it was assumed that

racemisation only had been obtainad with no decomposition,
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(o) t+)-2,5,8,9-Tetranydro-8',4[)2"-trimetho§y—ﬂ-methyl-4,5:6,7-

dibenzazonine (LXXVII),

A 3,49% solution in redistilled p-phenylethyl alechol was
used, A= 5780 %. | o
+
Temperatuvre: 145,0 ~ Onso.

tgngg (dege) 0,80 0,72 0,67 0,57 0,59 0,52

Time (hr,)  10.00 12.50 15,50 19,92  30.42
dcnag (d22.)  0.46 0,40 0,34 0,28 0,17

X = 1,374 x 102 sac™T,

ts

3

14,02 hr, (14,05 hr, from graph),

+
- o}
Temperatures 15,0 0.2 &

Time (nr,) 0,00 0,34 0,75 1.42 2,50 4,08
Geono (deg.)  0.83 0,76 0,72 0.66 0,56 0.45
Time (hr.)  6.00 8,00 11,02 15,00
agmgo (dege.) 0.35 0,27 0,175 0,11

k= 3,756 x 19~° sec“l.

t% = 5,13 hr, (5,03 hr, from graph).

o
Tenperature: 167,0 0,57,

Time (hr,) 0,00 0,33 0,67 1,02 1,57 2400
agmgg (deg.) 0,76 0,68 0,59 0,51 0,435 0,38

Time (hr,) 2460 3,60 5,00 6,00
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kK = 9,616 x 10~° sec™I,

t% = 2,00 hr, (1,98 hr, from graph).

+

Temperature: 172.,4 ~ 0.1°,
Time (min,) 0 13 26 40 60
asngo (deg.) 0,77 0.675 0,60 0.52 0.42
Time (min,) 95 120 1403 192 240
agngo (deg.) 0,30 0.23 0.19 0,12 0,08
k=1,635x 10™% sec'l.
t% = 70,7 min, (70 min, from graph),
"" (s)
Temperature: 180,6 = 0,4 .,
Time (min,) 0 6 13 21 32
agngg (degs) 0,79 0.70 0,615 0.55 0.46
Tire (min,) 443 65 85 115 149
dgmgo (22.) 0,36 0,26 0,175 0,090  0,03"
k = 2,850 x 10~ sec™?,
t§ = 40,55 min., (40,5 min, from graph).
'i" (o]
Tenperature: 191,5 = 0,1, |
Time (min,) 0 2 5 10 143 18
dgngg (deg.) 0471 0,65 0,59 0.475 0,42 0.37
Time (min,) 22 27 36 49 - 60 -
asmgo (deg.) 0.32 0.26 0,20 0,09%  0,045"

X = 5,917 x 10~F sec~l,
t, = 19,2 min, (19,4 min, from graph),
&8
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On plotting the logarithm of the rotation egainst time at
each temperature, a straight line resulted in each case, but the

roints given by (%) were off their respective lines and were

ignored,

Mean Temp, lean Temp, 3 Rate Const,

(dep. C.) (deg, K.)[Tj 107 1/ (sec™t.) 10°k. togyg
145,0 418,2 2.391 1,374 5.1330
155,0 428,2 2,335 5,756 545747
167,0 447,2 2.272 9,616 5,9830
172.4 445,6 2,239 16,35 4,2137
180,6% 453,8 2,204 23,50 ,4543
191,5% 464,7 2,152 59,17 Z,7721

On plotting the 1ogarifhm of the rate constant against the
reciprocal of the tempsrature, two straight lines were possible:
(1), taking all six points into cénslderation, and (2,, by 7
ignoring points at temperatures (1), because of the deviation at
(3) above, some decomposition presumably having occurfed in v
addition to racemisation, Values of E obtained.from the two

straight lines were 31,35 and 31,74 keal, mole'l,

Mean Temp, Yean Temp, As™ AT (keal., &F (keal,
(de~, C,) (s0c=1,) (e u,) mole'l) mole'l).
145,0 11,72 =765 30.91
155,0 11,77 =-7.38 30,89
- 167,0 11,74 -7,57 30,87
172,4 11,74 -7.58 50,85
180.6 11,74 -7.63 30,84

191.5 11.70 -7.88 30,82 34,48
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The following mean results were ottained: .
1

E = 31,5 keal, mole'l, at* =‘50.9 keal, mole” —, ,
logyg A = 11,7 sec'l., AF" = 34,5 keal, mole™T at ?
AS‘=-7.60 e.u.’ 191.500 |

Isonlation of tha Racematg=

The fractions of solution from the racemisation experimentsf
rwere combined, and 21 c.c. (containing 0,73 g. 0f the methyl
ether) were heated overnizht at 167° under vacuum, which
rehdsred the solution optically inactive, Several times the _
volums of ether was added and the resulting solution was extract¥
ed with dilute hydroculoric acid five times, The combined acid
extracts were themselves extractsd with ether twice, and the
acid solution was rendered alkaline with solid potassium
hydroxide, This was extracted three tines with ether, ard the
combined extracts were dried over calcium chloride, after
adding a little hydrosulphite, Evaporation then yielded 0,50 g,
of recemate (69 recovery), (Found: C, 73.4; H, 8.1; 0, 14,5,
Cooll,sN0,5 requires: C, 73,45 H, 7.7; 0,14.7%),

The infrared spectrum was almost fdentical with that of
the optically active compound, The differences were due o s
1ittle ﬂ;phenylethyl aleohol which were present in spite of

the {reatment carried out,
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PART 3,

DISCUSSION OF RUSULTS,

Kinetic Racemisation Txnzrinents,

HeO3 7N s
ﬁa.Ol ¢ R Q e
. 1.0 o
L4 ‘R ' @
MeO5 s MO
v
(LXxI) (LXXZII) {(LXXXIII)

In the 2,3,3'=trincthoxybiphenyl derivatives (LIXXI), the
mathoxyl group 1a tha J-position can rotats freely if that in
the 2-position 1s favourably orientated, Iowever, any contrib-
utions ty the canonical structure (LXXIII) tg the megonmeric stata‘
of the molzcule will tend to orientate the 3-methoxyl group |
in the plana of the ring, Tie mathoxyl group in the 2-position
13 subjsstb to tha "buptressing" effeecs (p. 13) by thait in the
Z-position azalnit in-plane banding away from the birheryl link,
bud 1n cases whare the $wo benze;a rings are coplgnar, models
show that {he dircction of the C-0 Vonrd of thils 2-methoxyl group
cannot make an angle of less than a« = B = 42° with ths plans of
the benzane riny in the divection of ths biphenyl link, owing to
the hydrozen aton in the 2'-position (2iz, 15),. Iowever, any
contributions by the canonical struchurse (LX;XIII) to the
mesomeric stabte will tend to orientate the 2-mathoxyl group in

the plana of the rinz, presuwnably in the position away from the
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hydrogen atom in the 2'-position, As the carbon atom of this 2~
nethoxyl group'will lia cloge to the oxygen atom of the methoxyl
group in the 3-position in sbructure (ILXXXIII), distortion of
the geometry of this 2-methoxyl group may occur, Henbe, it 1s
not known whether any contributions by (LIXIIII) will tend %o
diminish or increase the interaction bvetwzen the 2-methoxyl
group and the 2'-hydrogen atom, The methozyl group in the
3'=-position can rotate frzely, but is subjsct to contributions
by structures such as (LXXXII), These effects may be illustrated
a3 in fig, 15, neglecting contribubtiona by the atove canoniecal
structures, for casaes in vhich the benzene rings are coplanar,
If the ar~le bvetween the planes of the benzene rings is
increased, a, for example, increases to & maximun of 520 at an
interplanar anzle of 250, whilst 8 decreases numerically until
interaction betwesen the mathoxyl group in the 2-position and
the hydrozzn stom in the 2V-position eventually disappears.
Effects dus to hydrozen boanding or to other forces are not

taken into account in this discussion,

The results obtalned from work carried out on the (+)-iso-
rer3a below are in table (5), The hizh optieal stabilities of

the compounds era due to steric hindrance to free rotation of
the VYenzene nuclei about the biphenyl linkage by the groups in

the 6,6'-positions, in the cases of (XLIII), (LI) and (LXIV),
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together with the sterio effact of a "buttressedn ortho-methoxyl
group which may incorporate contributions by the canonical
structures (ILXXXII)and (LXXXIII) mentioned above, Tnis steric
effect also rlays a part in the optical ;tability of the bridged
compound (LXXVII), tozether with the non-tonded 1nt§raction of
oprosad hydrogens on the a-carbon atoms of the five-atom bridge,
in the transition state for racemisation53

Tahle (5),

Rasults of the ¥iretic Racamization Txpneriments,

Mo . NeO HeO l:{LO
Ha CH=cug Hel CHCHY .11, H,CH ] «Q
Mie
CH%CH'. H‘_C"‘; u"c"s
Mo O He Mec
(XLIII) (L1) (1LXIV) (LXXVII)

Solvent Jp-cymene f=phenylethyl alcohol
E (keal, mole™l) 5.8 33,45 3%.8 31,5
Logyo A (g307h,) 10,6 11,4 11,5 11,7
AT (e,u.) . -12.5 - 9,42 - 8,94 - 7,60
Nf* (Xcal, mole™t) 5.0 325 32.8 30.9
&F* (keal, mole™t) 30,1 57,2 37,3 34,5

at 135,3° bt 223,62 at 223,92 |at 191,50

Saturation of the vinyl groups of tha stilbens (XLIII) to
give the dibvenzyl (LI), increases the optical stability con-

siderably, as 1s to be expected from the examination of models,
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but the absence of the phenyl group in the side-chain in the
diethyl biphenyl (LXIV), does not give a decrease relative to
(LI), This 1s to ve expected from the conformation of these
side-chaing,

I'odels show that if the "buttressing™ effect has a reason-
ably large effsct on the conformation of the ortho-methoxyl
group, the transition sta?a for racemisation for the four
compounds 1s slishtly non-planar tut symmeirical and that
r;cemisation takeg place with the methoxyl group in the
2-position passinzg the hydrogen atom in the 2'-position,
Howevsr, 1f the "buttressing” ef;ect has only a small effect
on the conformation of the gzggg-meﬁhoxyl group, this group
will pass the ethyl group in the 6'=position in (LI) and (LXIV)
and the transition state vwill be planar for these two compounds,

The difference in the activation. energies for racemisation
of (V) and (LXXVII) 1s 7.5 kcal..mole—l, vhich is dus to the
effect of the "bubtressed" ortho-methoxyl group in the latter,
It is interestinzg to compare the energies of activation for
racemnisation for (LI) and (LXIV) with the figures obtainzd for
the non-buttressed biphenyls (LXXXIV) with methoxyl groups in the
2,2%-positions (table 6), A differsnce of about 7.7 keal, role™t
for the activation enercies occurs bebtween the two groups of

fa)
compounda, ROG CoR

COH.
MO Ong,
(LXXXIV) {(v)
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The Activation T Jnerﬂiégfigi Egklmisation for Comnounds (LXXXIV).
R E (kecal, mole 1) Reference
ra® 0~ 25,9 101
-.'IIz 27,85 102
CHSO 25,5 102
HO 24,5 102

The "buttressing™ effsch also accounis for the differsnce
of 6.4 keal, mole’1 in the activation energ1e935 of the non-
brid~ed biphenyls (VII) and (VIII), and thse faet that (X) has
been obtained 4n an optically active state, whoreas (IX) has

7 (p., 13),
O . n Hg COm
( H Y é >_< >\ ( H >., M }_{ >
1 1 1171 My Mo Me
(viI) (VIII) (13) (X)

Ultraviolet Snecira Daterminations.

In the course of the work, the uliraviolet spectra of the
compounds below were determined in 965 ethanol solution with

the followinzy results,

(o)
":2% t.0 mo R
H,CH, R Mo CH=Ch{ Sjﬂel 2,9
He mo
(LI) R = Cglis (XLIII) (LX) R=H
(L¥IV) R =X (LXI) R = C¢Hg



Table (7),
(XLIIT)

Chromophore xxmxx (rp) e
Ar~Cl=Cll-= + ArQ- 311 27,0GC0
Styrene-like (ea. 250) 22,900

conjuzation v _ .
Other short-wave (en, 240) 25,400
bands
Biphenyl Con=- (ca. 230) 27,300
Juzation -
Phenyl 205,5 33,100
(LI) (LXIV) (LT) (LXI)

Chromophora), _(mu} e |\, -(mw)| € >ﬁax(m“) e P o e

Phenoxy 279 4450 279 4710 280,5 | 41EQ} 232 4290
Allkyl- - - - - (253,5)| 692 (271) | 2840
benzene {265) | 202

Bipheryl {ea, (ea, [L6700 ] (ca,
conjuration 257,5) {L7€00 | 2T7.%5) 22D 220500 230 FG?O
Thonyl 201 |64500 201 (50300 | 203 670501 207.5 P9°o5

gures in parﬂntuesas denote points of inflactgpn.,

O
| CH,CH .
“ e 3 Ci#=CH,
CH, CH; Ch‘:CML

(V) (vn (xxv) (zfx)

The wavelenzths of the conjusation bands in the spectra of
(r1), (LxIV), (LX) and (LXI) ers fairly closs to ons another,
showing small hypsochromic shifts relative to that for the acid

(V) at 231 mp (€ 5,550), The presence of the methoxyl groups



brinza about a large enhancem2at of the intensities, The '
conjuzation band of the stilbere (KLIII) also shows a hypso-
caromic shift relative to that for 2,2%-divinyluiphenyl (LIX),
togather ﬁith a small enhancement of intensity, this bard in

the spectrun of the latter compournd occurringsg at kinf 225 np

(¢ = 25,800), Presumably, thase shifts, whers they occur, nust

bs the regult of additional steric hindrgnce caus2d by the
"buttressed" methoxyl group in the ortho-position,

The nethiodides (LX) arnd (LXI), phenyldihydrothebainesé'5Zzs
(VI), and %the uatridzed compounds (LI) and (IXIV), each have a
band in their spectra which must te due to the rhenoxy chromo-
phores at about 230 rp (€ 4,150 - £,600), 2,2'=Divinyltiphenyl
(LIX) has two b2nds in 1ts spectrum in the 235 mu region (€ 1,870
and 1,340) due to styrene-like conjuzation, bub in the stiltexne
(XLIII), thesa chrorophorzgs and also the phenoxy chromophores
have a comtined e2f2c¢t duz $o thoe possibhility of resonance

throush the gysten

10 —Q—cx:czm (R = H or Cgls)

which increaszes tha wavelength to 311 mu end the extinction
coefficient to 27,000,

Points of inflection occur at 253,5 mu (€ 632) in the
gspectrur: of (LX) 2nd abt 265 mp (€ 2,020) and 271 nmu (€ 2,840)
in that of (LXI) som2 others tein- masked in both cases,

33
Inflections also occur at 265 and 272 mu (€ ca, 600) in that
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of (V). Aralogy of these spactra with those of 2,2'-diethyl-

_ ]
bipheny1®S (XXV), N, 263.5 (& 730) and 271 zp (& 560) and

with those of tolueneg6
[l =
etherjo, vhich all have absorption in this razgion (p. 125),

9
» 8thylbenzene 7 and p-cresol methyl

leads to the conclusion that the inflections in the spectra of
(v), (LX) and (LXI) are dus to the partial alkylbenzene
chromophores, Alternatively, in all thege spectra, it could be
said that the above regions of absorption are dus %o hyper-
conjusation betweep the aromatie rin~s and tha a-nzthylens
groups of the side-chalng or btridge,

H ' ©: W@

CH— —> CH— ——> CH—

Only the first two strucbures arply in the cases of (IX),
(LXI) and p-cresol methyl ether,

In bridgzed bipheayls withoubt substituents on the benzerne
rings, as the size of the bridgs ilnereasss, the wavelength of
ths long-wave band in each of the spectra decreasea from that
for fluoreneéo (XIV) at)‘max,500-5 jail} (? 9,080) %o those for
the metiyl esters of %he cis- and trans-acids (XXI), which occur
at)\inf'gg. 226 end 274 o (€ ca, 800 and £00 respectively) in

8

4
both spactra™, In goling throush the series, the wavelengths

tond towards those of the long-wave inflcetlous for the atovs
five-atom bridged biphenyla and the intensities towards those

for (V). According to Braude°®

» the long-wave band in each of
the spestra of the one~ (XIV) and two-atom bridzed biphenyls (II)

13 due to the hyperconjusative interaction of the phenyl rings
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throush the bridgme, this effec¢t presumably decreasing as the

siza of the bridgs increases, Ilowsver, it is more reasonabls

%o asswzie that the long-wave band in each of the spectra of

the bridged bipuenyls, except in the case of fluorens (XIV),

13 dua to the partial alkylbenzene chromophores, or in other

wgrds, to hyrerconjugztion between the aromatic rings acd ths

«-rzathylens grouprs of ths bridge, .
Just a3 the speetrun of (V) reaembles that cf 2,2'-diethyl-

N P
O gL

biphernyl , o0 the spsetra of the methobromides (LX) and
(IXI) recemble that of the dizthylbiphenyl with the band duwe to
the rhenoxy chromoghores in tha spescbrun of 3,3'-direthoxy-
biphenyl superimposed, This also arpliec to the spzetra of (LI)
and (LXIV), as w2ll a3 $o that of phenyldihydrothebains, excapt
that the long-wave Airflections are nissing nr they ray be
macked, Tixeepd Zor this zbseacs, the zrecktra ¢f (LI) and (LIXIV)
resemble those of {he methobromides, Icwever, superizpositioﬁ
of the bard dus to the phenoxy chromophorzs on the spectrunm of
2,2'=divinyloiphenyl does nol give rise to the spectrunof ths

stilvene (XLIII).

(.01“

o,

(XIV) , (IxI) (11)
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The Preparation of Bentley and Robinson’s “Dihydrothebaine’” and
Proof of its Structure

By D. Murier Harr and W, W, T. MANSER
(Department of Chemistry, Bedford College, Regent’s Park, London, N.W.1)

v

THe action of phenylmagnesium bromide on
thebaine (I) gives phenyldihydrothebaine, shown
by Bentley and Robinson! to have the structure
(II; R=Ph). By treating thebaine with anhy-
drous magnesium iodide Bentley and Robinson!
hoped to prepare the unsubstituted ‘‘dihydro-
thebaine” (II; R=H), which Schmid and Karrer?
had also tried to make by direct reduction of the-
baine. Bentley and Robinson obtained a light
brown solid, for which they tentatively suggested
structure (III); reduction with lithium aluminium
hydride gave a gas (assumed to be methane) and
what appeared to be a phenolic secondary amine
from which they could obtain no crystalline
derivatives. They considered that demethylation
accompanying reduction might have given (IV).
We have reinvestigated these reactions and have
now shown that the main product of the lithium
aluminium hydride reduction is the tertiary
amine, (+)-2,3,8,8-tetrahydro-4"-hydroxy-3’,2"-di-
methoxy-N-methyl-4,5 : 8,7-dibenzazonine (11;
R=H). We were unable to detect methane among
the gases evolved during the reduction and could
find no evidence for the presence of the secondary
amine (IV). The reaction with nitrous acid on

which Bentley and Robinson based their assign-
ment is probably a C-nitrosation of the phenolic
aromatic ring.

The azomine (II; R=H) was obtained as a
crystalline solid, m.p. 103-5—104-5°. Infrared and
nuclear magnetic resonance spectra are consistent
with the suggested structure, both showing the
presence of a hydroxyl and an N-methyl group.
The methiodide, the methyl ether (V), and the
methyl ether methiodide (VI; X=1I) have all been
prepared and characterised. The methyl ether
methobromide (VI; X=Br) has an ultraviolet
spectrum (Ajpt 225 mp, Amax 280'5, €max 4145)
closely resembling that of phenyldihydrothebaine
methyl ether methobromide (Ajnr 230 my, Amax
282, €max 4290) both in 96%, ethanol.

Two Hofmann degradations of the methyl ether
methiodide (VI; X=1I) gave a nitrogen-free product,
considered to be (VII), which polymerised readily
and could be hydrogenated to (4)-6,6'-diethyl-
2,3,2’-trimethoxybiphenyl (VIII). This compound
and the azonine methyl ether (V) racemise on
heating in solution at rates consistent with their
hindered biphenyl structures.

‘We conclude that the secondary amine (IV) is



MeO MeO, R MeO MeO
HO O IMgO a1 HO
NMe NMe NH
- C
MeORy M MeO MeO
W () )
MeO McO McO
McO MeO . CNHCO; .
NMe NMe, CONHCH,
x-
o wol D
v) (vi) (V1) R=CH:CH, (ix)

absent from the lithium aluminium hydride
reduction product for the following reasons: (a) we
failed to scparate the product into two components,
(b) we were unable to detect any of the substituted
urea (IX), when the crude reduction product was
treated with a-naphthyl isocyanate, although the
a-naphthylurethane of (II; R=H) was readily
obtained, and (¢) we did not observe any shifts in

(vil) R=Et

the infrared spectrum after treatment of the sodium
salt of (II; R=H) with deuterium oxide; the phenol
itself readily underwent O-deuteration under the
same conditions.

Full details, including a study of the optical
stability of (V), will be published elsewhere.

(Recetved, December 14th, 1966; Com. 992.)

1 K. W. Bentley and R. Robinson, J. Chem. Soc., 1952, 947.
* H. Schmid and P. Karrer, Helv. Chim. Acta, 1950, 33, 863.



