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ABSTRjVCT

In only "a few cases can a reasonably valid comparison 
be made between the optical stabilities of unbridged biphenyls 
and those bridged with a 7-membered bridging ring. An attempt 
was made in this work to prepare bridged and unbridged biphenyl 
compounds with similar interfering groups and to compare their 
optical stabilities. Quaternary salts derived from various 
2,2’-bisbromoraethylbiphenyls were chosen since by condensation 
of the latter with suitable amines analogous bridged and 
unbridged biphenyls can be produced, with the further advantage 
that the resolving groups are not directly attached to the * 
biphenyl nucleus.

2-Bromomethyl-l-(o-bromomethylphenyl)naphthalene was 
synthesised and 2,7-dihydronaphtho(2* ,1’ 3 3 , 4 , G-benzazepinium-
l-spiro*l’’’--piperidinium iodide and 2,2’-bis(N-pyridinium-

Ï ^methl)-5,6**benzbiphenyl dibromide were obtained. Attempts to 
prepare more of the dipyridyl salt or to obtain salts with 
other tertiary bases were not successful.

2,2’-Dimethyl-4f4’~dinitrobiphenyl was synthesised. 
However on side-chain bromination it gave a mixture of mono- 
and dibromo-compunds of very similar solubilities.

2,2’-Bisbromomethylbiphenyl was condensed with 
N-methylephedrine, pyridine, trimethylamine and dimethylamine.



Bo unstable optical activity was detected in the resulting 
quaternary salts. The salts vere subjected to Hofmann degradation 
conditions. The bis-ephedrinium hydroxide gave the expected 
2,2*-bis(dimethylaminomethyl)biphenyl in appreciable yields only 
when carbon dioxide was excluded ; the diamine was accompanied 
by: (-) -B-inethylephedrine, 9-dimetî.3ylamino-9,10-dihydro- 
phenanthrene and the 2,7-dihydro-1,l-dimethyl-S,4î5,6-dibenz- 
asepinium cation. 9-Dimethylamlno-9,10-dihydrophenanthrene was 
also isolated from the products of Hofmann degradation of 
2,2'-bi6 (trimethylammoniometiiyl)biphenyl and of 2,7-dihydro-1,1- 
dimeth;y*'l-5,4:5,6-dibenzazepinium hydroxides. This seems to 
indicate incursion of a Stev-ens type of rearrangement into the 
normal Hofmann degradation of these salts.

2,2*-Bisbromomethyl-4- and -8-nitrobiphenyls have been 
synthesised and condensed with (-)-ephedrine, dimethylamine and 
trimethylamine. The 2,7-dlhydro-l-methyl-l-( ̂  -hydroxy-^ - 
methyl- ̂  -phenylethyl)-4’-nltro-3,4% 5,6-dibenzazeplnlum salt 
vas separated into at least two diastereoisomers both of which 
shoved unstable optical activity at room temperature. (-)2,7- 
Dlhydro-1,l-dlmethy]^-5,4:5,6-dlbenzazeplnlum picrate vas 
obtained and its raceraJ-sation in acetone vas studied, 2,g'-Bis- 
(trimethylamoniomethyl) -6-nitrobiphenyl (+) Camphorsulphonate 
vas prepared.



CONTENTS I
Page

Introduction " 1
DiscusBion

a) Quaternary Salts formed from 1.̂.1“ '
2-Broraomethyl-l-(o-bromoraethylphenyl)- 
naphthale ne• 31

b) Synthesis of 2,2’-Bisbromomethyl-4#4’-
 ̂ /dinitrobiphenyl. ' 40. - .4:%,
o) Quaternary Salts formed from

2,2’-Bisbromomethylbiphenyl : f'
( i ) synthesi s 43
(ii) Hofmann,Degradation 47.

- k" (ill) infrared and ultraviolet spectra ^
of the products of Hofmann I
degradation, 74

d) Quaternary Salts formed from 2,2’-Bisbrorao- 
methyl-6-nitro- and -4-nitrobiphenyl^ 91

Experimental 107

■A\

-I

I
a



INTRODUCTION

The biphenyl molecule (l) is coliinear and the two 
benzene rings can rotate almost freely about the 1-1*-bond, the 

calculated energy barrier for the passage through the fiat 
coplanar state being only 3.9 kcal.mole’“̂ (Hovlett,J.,1960,1055).

(l) 3' ^ 1 3
X-ray crystal analysis (Dhar.Indian.J.Physics.1932.7.43)

shows the molecule to be coplanar in the crystal, with the 1-1*
obond of length 1.48 A. Trotter (Acta Cryst..1961.14,1135) has 

recently confirmed the above basic coplanar structure of
biphenyl in the crystalline state, though according to him the

o1-1* bond length is 1.505 Aj the 2^2*,6,6*- hydrogen bond 
angles are slightly deformed, the hydrogen atoms remaining in the 
plane of the rings (G.B. Robertson, Nature, 1961, 191, 593).
X-ray crystal analysis however gives information about grouped 
molecules and the intermolecular cohesive forces have to be 
considered in the results obtained. Thus coplanarity of the two 
rings need not necessarily be the favoured conformation of an 
isolated molecule.

Electron diffraction study of biphenyl vapour (Karle and 
Brockway, J.Amer.Chem.Soc., 1944,66,1974; Bastiansen, Acta Chem. /
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Scand..1949.g>406) which gives data for isolated molecules, shows 
that in the gaseous phase the biphenyl molecule deviates from 
coplanarity of the two rings by about 45^(^ icf), while dipole 
moment measurements (Littlejohn and Smith,jX, 1953, 2456) of
2-monosubstituted biphenyls in solution give observed moments 
which agree with values calculated for near-orthogonal configura
tions. Dipole moment measurements on 2,2*-dlsubstituted biphenyls 
(Littlejohn and Smith,'' ibid.. 1954, £552) Indicate angles between 
the planes of the 2 rings of the order of 75^ (halogens,NOg) with 
a slight cis disposition, the angles increasing with the size of 
the halogen substituents. 3,3*-Dlnitro biphenyl (Littlejohn 
and Smith.loc.cit.) with an angle between the benzene ring planes 
of 105*was found to have a slight trans disposition.

The ultra-violet absorption spectra provide another 
means of studying the conformation of biphenyl and its derivatives* 
This method gives direct information only about conjugation 
between the two phenyl rings but analysis of spectra and in 
particular of the changes observed on introduction of substituents 
into the biphenyl molecule have lead to conclusions relating 
resonance and the conformation of the phenyl rings. Biphenyl
shows a high intensity band (called the conjugation band) at

o .
2490 A with an intensity (molecular extinction coefficient)
of 17,300 (in ethanol) which has been assumed to arise as a 

result of resonance between the two aromatic nuclei, the 1-1*-bond



acquiring some double bond character* Since conjugation operates
by overlapping of the 11 -orbitals of the two benzene rings, the
presence of this band was accepted as demonstrating the planarity
of the biphenyl molecule in solution* The overlap of the
1\ -orbitals is obviously maximal in the coplanar conformation

but it still exists, becoming increasingly smaller, when the
angle between the rings increases, and becomes zero only at 90^.
At small interplanar angles there should be only a relatively
slight loss of resonance and it seems that near-planarity should 
also produce effective conjugation*

Introduction of substituents into the biphenyl nucleus 
affects the spectrum in a way which depends on their position in 
the parent phenyl ring, as well as upon their own nature* Ortho- 
substituents have a very large steric effect* If they are large 
enough the two benzene rings cannot become coplanar or rotate 
freely about the 1-1 *-bond* Electronic spectra are very 
sensitive to the steric effects and introduction of one fluorine 
atom into the ortho-position of the biphenyl results in a consid
erable short-wave shift to A max* 2415 A and reduction in 
intensity to 16,500 of the conjugation band (Beaven and Hall, J*,
1956,4637)* kith two chlorine atoms in the ortho-positions the 
conjugation band is left only as an inflection at A inf*2300 A
with a further reduction in intensity to 6600* In 2-methylbiphenyl

othere is a shift of 120 A to shorter wave-length, (Friedel, Orchin &



Beggel, J. Amer.Chem.Soc* . 1948.70.199)^ while in 2,2’-dlmett^l^ 
biphenyl the conjugation band has alxEkOst completely vanished and 
the absorption resembles that of toluene (Beaven,Hail,Lesslie
and Tui'ner, J. ,1954,151).

Replacement of 2-diethyl substituent in mono substituted 
biphenyl by ethyl, H -propyl or H -butyl has only a small effect 
since a longer alkyl chain can take* up a position in which it 
contributes little additional overlap (Braude and Evans, J*,1954, 
607} Braude, Fawcett and Webb, ibid. 1049),

In addition to the steric effect which is always in 
. opposition to the fundamental biphenyl resonance the ortho-

■ Î .

substituents affect the spectrum owing to their electronic inter
action with the parent phenyl ring. This factor may either 
support or oppose the fundamental biphenyl resonance.

By joining the 2,£’-positions of biphenyl with a two 
or more atom bridge, molecules can be produced in which the 
coliinear benzene rings are held in a non-coplanar conformation 
and in which the strainless multipianar bridge is the main 
factor determining the conformation of the molecule.

The simplest £,S'-bridged biphenyl, fluorene (2), does
not satisfy the above requirements since it is a strained planar 
structure in ŵ hich the rings are no longer coaxial (Brown and 
Bortner, Acta Cryst. .1954,7,109; Burns and Iball,ga^u^ 1954,170, 
635).



(4)

Bridging the 2,2«-positions vith two metl^rlene groups 
(g) involves apparently no strain, the biphenyl skeleton remaining
coliinear. Models suggest that the two benzene rings are at

o o
an angle of 15.0 - 16.0 (Hall and Minhaj, J., 1957,4564) and
one would expect therefore the conjugation in (s) to be greater
than in biphenyl itself. The ultra-violet spectrum of (3) seems
to support this view - a typical high intensity band is present 

V oat A max.2636 A, a longer w^ave-length than in biphenyl itself 
and with a slightly higher intensity ( max" ♦
Contributions from separate phenyl chromophores give rise to a 
broad, well resolved band at \ ^ with \ m a x *4750
(Beaven,Hall,Lesslie and Twner,J., 1952, 854). The spectrum
of phenanthrene (4) shows high conjugation consistent with a flat 
structure (Newman and Hussey, J.Amer.Chem.Soc.. 1947,69,5023).

Bridging the 2,Suppositions with 3 atoms to produce a 
7-membered ring is particularly easy (Kenner ^  al..J..1911.99 
2101; Beaven et al..loc.cit.). the calculated value for the angle 

between the planes of the two benzene rings for a strainless 
conformation being 4S° for (5), 47° for (6) and 49° for (7) R=hJ
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(Hall and Minhaj,J*,1957,4584) ̂ In biphenyl compounds bridged bj
a homocyclic bridge of Z atoms, (7 ; R = COgMe or CHgOH) the
spectrum is of the simple biphenyl type vith the conjugation
band at 2490 but slightly reduced in intensity to ca*15,000
(Beaven, Bird,Hall, Johnson, Lesslie and Turner, J., 1955,2708)*
The spectrum of (5) is very similar* There are no long wave
features. Thus both (5) and (7), which cannot be coplanar show
by their biphenyl-type spectrum that the two rings are no less
conjugated than in (l)*

ÿ V l“ Ÿ

(7)
3

The spectra of (6) with 4* and 1^^- positions disubstit
uted by F,Cl,Br and I form a series showing increasing steric 
hindrance with increase in the size of the halogen atom (Ahmed 
and Hall, J., I960, 4165)* The bridged dichloro compound shows 
a fairly well resolved conjugation band, in the dibromo compound 
there is a suggestion of it as an inflection, and even in the 
di-iodo compound 9 does not become large enough for all conjuga
tion to be obliterated. This is in marked contrast to the 
observations on o-substituted non-bridged biphenyls, where the



spectrum of 2,£»-dichlorobiphenyl shows only an Inflection and 
that of (-dibromoblphenyl not even that. In non-bridged 
compounds the interaction between o-substituents is the main 
factor determining the conformation of the molecule and steric 
strain caused by large o-substituents can most easily be reduced 
by increase in 9* In bridged compounds the bridge determines 
the conformation and relief of strain can be distributed among 
several factors :(a) compression of substituents,(b) their out- 
of-plane bending,(c) increase in angle between the benzene rings, 
causing distortion of the bridging ring*

In biphenyl compounds bridged with 4 atoms across the 
2,2’-positions to form an 8 membered ring a greater twist of the 
two benzene rings about the common axis, with a consequent 
further reduction in conjugation, is required to accommodate 
the bridge.

Models show that there are two possible conformations 
in this case, (a) 9 = 60-65° and (b) 9 = 75-80°. For steric
reasons, supported also by spectral evidence, the second is not 
likely to be the preferred conformation.

In the 8-ring compounds (8) and (9) (Beaven,Bird,Hall, 
Johnson, Ladburg, Lesslie and T u r n e r , 1955, 2708)^

3 3\

CH., CH,
CH—  CH
(9)
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the conjugation is oonaiderably reduced eo compared with (7)
The conjugation band is reduced in Intenaity and haa shifted to 

o2365 A, end there are lonf'-wove inflectione*
Biphenyl compounda with a 5-membered bridge at the

2,2'-poaitione are difficult to ayntliesize* The value of ft in
these compounds cannot be accurately estimated since they do
not possess single conformations corresponding to minimum
angle strain* Mi slow, hyden and Shaefer ( J,« mer « Chea*-3Qo ».
1962, 8h. 1UU9) have recently synthesized 1,2,3,4-dibensy^none-
l,3“diene-7~oerboxy3io acid (10) end have calculated from
spectral data 9 to e first approximation as 68°. Comparison
of its abeoi'ption epeotrum with that of lower ring homologues
shows a pronounced blue shift and drop in intensity of the

\ obiphenyl conjugation band (inflection at A infl.2310A,
The long wave features are clearly resolved and 

the spectrum of (10) is nearly superimpoaable on that of the 
open-ohein analogue (11) (Sveritt, Hall and Turner, £*, 1956» 
2285). 'this indicates severe reduction in conjugation.

/ \H COOH

ch
)
CH CH

(10) (11)
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The configuration of the biphenyl skeleton In compounds . :
!

containing substituents in one or more of the 2,2%6,6’-positions j 
can be investigated by study of the optical activity of such 
systems and the results can be compared vith conclusions about 
conformation of o-substltuted biphenyls dravn from the analysis 
of their ultra-violet absorption spectra. Ortho-substituents 
introduced into the biphenyl molecule hinder rotation about the 
1,1^-bond and increase the energy barrier to passage through a 
symmetrical state. With suitable ortho-substiuents the substi
tuted biphenyls are dis|:ym3ietrlc in any non-planar conformation 
and might be shown to be optically active provided their half- 
times of racémisation are observable, that is at least l-£ minutesi 
Many hindered biphenyls have been resolved and the energy-barrler 
to the passage through the flat transition-state has been found j 
experimentally to be of the order of SO-SO kcal.mole"*^^ lu some 
intermediate cases the compounds have been optically activated
(asymmetric transformation) but not resolved, while in compounds 
without ortho-substituents or with only small ortho-substituents 
the passage through the co-planar state is so facile that they 
cannot even be optically activated.

The rate constants for racémisation depend on the energy 
of activation for configurational changes and on the entropy of 
activation ( AS-^ which is reflected in the non-exponential 

term (A), (often called the frequency factor) of the Arrhenius
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equation * k — A exp* (—E/BT)* Bacemlsation follows first—
11 13 ^1order kinetics and values of (A) of 10 to 10 sec* (de la

Mare, Progress in Ster̂ 0-CM;nlstrĴ *Klyne*1954,p* 120), are 
regarded as typical of unimolecular reactions (see also Ball 
and Harris, J.,1960,490)* Values of ( A 5)̂) can be derived from 
experimentally determined values of (A) by using Olasstona, 
Laldler &nd Syringes absolute reaction rate equation :

^rac ^ \  (kT/b) ©xp* (-A /BT) exp* ( A ̂ ^/R)

where (\ = transmission coefficient ;/AH^ - change in
entiialpy on formation of transition state in racémisation ;

ISk = Boltzmann constant* Values of (A) above 10 give positive
entropy factors, encountered, vith one exception (22), in
bridged bipheryls only* With (A) to 10^^ the calculated

-1energy of activation for racémisation is 17 kcal.mole for 
observable optical activity* (Hewlett, J*, 1960, 1055)*

On steric grounds, the ortho-substituents can be 
arranged in the following sequence of decreasing effectiveness 
in preventing racémisation In unbridged biphenyls

Br ) Me ̂  Cl  ̂BOg y CO^H y OMe y F (Adams and Yuan, Chem*

Hev* 193S,i£,E6l)*
With the smallest substituents possible, the energy of 

activation E is too small
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for experimental determination, for £,2'-diflTiorobiphenyl it is ;
calculated at 6 kcal.mole"^, but that for g,g’-dichlorobiphenyl ;

— 1should be just within experimental reach at 18 kcal.mole j '
(Howletttioc, cit). In fact the biphenyl vith smallest ortho-
substituents which vas optically activated by second order 
asymmetric transformation of the acid vith brucine from ethyl 
acetate solution is 2,2’-dibromo-4,4*-diphenic acid (14) vith j 
E 19kcal*mole**^(ethanol), t| 13,4 at 1.0"̂ , (Harris, J*, 1960y
1905; Harris, Proc.Chem.8oc.. 1959, 567). Attempts to activate ; 
the corresponding benzidine compound (15) have so far failed̂ .
(K.L. Cheung,Bedford College,196£,Ph.D.Thesis). j

/  V >cooH

(14)

NH

(15)
In the di-iodo series (K.L. Cheung,Bedford College, 1962,Ph.D»
Thesis) the acid (16) is much more stable, vith t| 104 min. at £5^

-1
E £1.6 kcal.mole , than the corresponding benzidine (17) vith

-It& 5.3 min. at E5^ E 19.9 kcal.mole (both in dlmethylformaralde).

HCOL COOH

(16) (17)
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Compotmd (18) has been obtained optically active by
second-order asymmetric transformation of its hydrogen tartrate
and subsequent decomposition of the salt vith aqueous ammonia 

o
belov 10 , (Haj.i and Harris^ Proc.Chem#8oc.., 1959, 596). It has

0
a. half-life of 68.4 min. at 59 in ethanol.

\ \
(18) (19)

The corresponding dimethyl compound has not so far been optically
activated. The -CFg falls in effective size probably between
-CHg and -80gPh* Lesslie and Turner’s (J.,1952,2021) biphenyl
benzidine 2,2’-disulphonate (19) vas stable at room temperature,
retaining full optical activity for 5 days^ but racemised rapidly 

o
at 100 .

c o o

(20)
Compound (20) (Rieger and Vestheimer. J# Amer . Chem. Soc.. 

1950,72,19) has E 28.02 kcal.mole"*̂ , (A) 11.7 sec.**̂  in aqueous 
sodium hydroxide* The added 5,5’-substituents have a marked 
effect on optical stability. On purely steric grounds the 5,5^- 
groups would be expected to have a ’’buttressing’’effect, pre
venting the groups
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in 2 , -positions bending avay from the ortho hydrogens in the 
other ring, thus increasing the strain in the planar configuration 
required for racémisation. The sequence of decreasing effective
ness for this 8,5* buttressing effect has been found to be:- j

NOg) Br> Cl>Me> MeO (de la Mare,Progress in Stereochemistry,
Klyne, 1954, p.90),

Another optically active compound in which the blocking 
methyl groups are buttressed is (Pl)̂  (Theiiacker and Hopp, 
CJienuB^s, 1959, £295)*

(21)
Fused rings in the 5,6- 5*,6* positions act as ortho substituents 
Thus several l,l*-binapthyls are known which are optically active 
owing to restricted rotation about the 1,1*- bond* Compound (22) 
has been resolved (Messenheimer and Beisswenger, t

 ̂1952,_65,52) and the racémisation data gave values of E £6*01
—1 15 2 —1kcal.mole ; (A) 10 * sec, ; entropy factor + 9.2 e.u. (in

0.1  ̂NaOH)̂  (Harris and Mellor, Chem.and Ind. 1959, 949).

ooc
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This appears to be the only non-bridged biphenyl type compound 
vith a positive entropy factor for racémisation.

COOH CooH

(23) ( W
Earlier, Kuhn and Albrecht, (Annalen,i928, 465,282) obtained (23)
optically active and it vas found that rotation of its solution

0in N-methyl^’ormamide remained unchanged after heating at 
for 8 hr^e (Hall and Turner, J., 1955, 1242)♦

In the sequence of decreasing effectiveness in preventing 
racémisation in hindered biphenyls the o-nitro group falls betveen 
chlorine and the* carboxyl group, lo compounds containing only 
1 or £ laOg groups in the o positions, vithout substituents in the 
6,6^- positions, have been obtained optically active.. However, 
6-nitro (24), 4,6*-din!tro (25) and 4,6,4»-trinitro (26)diphenic 
acids have been obtained optically active.

>{%_

HoocL

NO.

(26)
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Their racémisation velocities have been redetermined recently as 
the mode of operation of the nltro-group in influencing optical 
stability is at present uncertain (Brooks,Harris and Hovlett,J., 
1957, 1934). The activation energy for raceMsation vas found 
to be 22.6 kcal.mole*"^( in 2M NagCOg) in all three compounds, and 
the marked increase in optical stability on addition of the HOg
group in the para position is shown to depend on the entropy of

, , t , 10.6 -1activation factors (24) A 8;-12.3 e.u.; (A),10 sec. ;
(25) 6 S", -14.7 e.u. ; (A), (26) A  8, -16.5 e.u. ;
(a) 10̂ '"̂  sec.

Suitable bridging of the 2,2*-positions of biphenyl
produces molecules which retain the basic coliinear biphenyl 
structure but which .are twisted and di symmetric so as to 
accommodate the strainless multipianar bridge. Such molecules 
should exist in optically stable enantimorphic forms, w'hether 
or not further substituents are present in the 6,6^-positions.
The energy barrier to passage through the symmetrical transition 
state for racémisation will depend on distortion of bond angles, 
on stretching and bending of bonds and on the non-bonded inter
action introduced in this conformation.

(&) QQMDomxâB wlth a E-atom brldge. In these compounds 
the nature of the bridge leads to two types of effect.
(i) In compounds like (27) (Theiiacker and Baxmann, Haturwiss^. 
1951,38,156) and (28) Hewman and Hussey, J.Amer.Cheai.Boc.. 1947^
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976, ZOSS) the phenanthrene (26) and the benzo(c)cinnoline 
(£7) skeletons are flat as shovn by their ultra-violet spectra,

CH^
\ /

\ //
\ — /  CH^coOH

(27) (28)
The optical activity results here from the metliyl groups being
forced out of the plane of the benzene rings: this has been
described as intramoiecular overcrowding (Bell and tearing, J.,
1949, £689).

(ii) In cooçîouads like (29) (Hail and Turner, £,, 19B5, 1242)
and (SO) (telttlg and Zlmaermann, ChCE.Ber..19&S.S29). the

ocalcui.ïted angle between the benzene rings Is 15-16 f

(30)(29)
and in (Sl) and (S£) (Araarego and Turner,!.,1956, 2668) models

0indicate this angle to be ca, $5 when there are no substituents
in the 5,6,5»,®' - positions of the biphenyl skeleton. Some 
distortion from tMs conformation has still to take place to



17

accommodate the fused benzene rings in the 5,6-5*,6^-positions 
or the methyl groups in the 6,6*-positlons* The necessary 
distortion is larger in case of (29) and (30) than in compounds 
(31) and (32)»

\ —

(51) ^ - 4 (52)

(b) Compounds vith a 3-atom bridge Increase of the
bridge from six to seven atoms leads to a considerable increase
in optical stability (Hall and Turner, J,, 1955, 1242)♦ For
example compound (33) has a half-life time of racémisation of
the order of 26 hours at 172^ (ethylene glycol) while that for
(29) Is only 168 minutes at 110^5^ (toluene) (Hall, J», 1956,3674)
and 13 minutes at ca$ 136 (ethylbenzene). Compound (33) has 

20
U Q 5461 + 506.5".

(35)
e
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The steric effect of substituents is the same, so that increased 
optical stability must be due to the greater configurational 
stability of the 7-membered ring compound (greater distortion 
is necessary in order that the molecule may pass through the 
planar configuration necessary for optical inversion)* Both (29) 
and (33) are less stable optically than the corresponding 
unbridged compound (23).

A considerable number of bridged compounds vith a
3-atom homo- or heterocyclic bridge containing other substituents
in the biphenyl skeleton have been obtained optically active;
some are given belov:- 

,CH, CH, CMj CH)
\

NOi.

(M) (55)

(34) and (25), Wit tig and ZinEiermann, Chem.Ber., 1953,86,689 ;
(36) Iffland and Siegel, J,Amer»Chem.Soc,, 1958, 1947 ;

/ // V

CĤ  CHj

(39)
(37), Fitts, Siegel and Mlslow, ibid. 1958, 80̂  480 ;
(38) and (39), Ahmed and Hall, J., 1958, 3043.
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OCĤ  OC-Ĥ

CH
(40)

f

The dinitro cyclic amine {'68) had
o

- 1S4S cxDd
5461

+ 1235 respectively. It vas stable In benzene solution up to
O O

100 anci racemised slowly at 1S6 , with half-life for
racémisation of 16 vuours at this temperature. The ami ne (36)
vas markedly less stable than (41) (Beaven^ HalL, Lesslie, Turner, 
J., 1352, 854) which vas only partly racemised. vhen its cyclo-

J
hejcanol solution vas boiled for 8 hours (160 )♦ The difference
in stability may be partly accounted for by the difference in the
valency of nitrogen in (36) ana (4l), as (39) vith half-life for

o
racémisation of 4*75 hours at 145 (acetone) is twice as stable 
as (38), but still not as stable as (41)*

Compound (38) is also less stable than the corresponding
unbridged compound (42) (Kuhn and Albrecht, Annalen. 1927, 455 
272). However the unbridged acids (42) do not correspond 
precisely to the bridged compound (36) j in (42) resolving 
carboxyl!c groups are directly attached to the biphenyl nucleus
in the 2,2^-positions while in the bridged compound the 2,2^-
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positions are occupied by methylene groups and the amine group 
vhich serves as handle for resolution is veil removed from the 
biphenyl rings# Furthermore the unbridged compound may racexnise 
by either of the tvo paths : l) like groups pass each other,
2) unlike groups pass each other, vhlle only the first route Is 
possible in the case of the bridged compound.

\-/ WI I
HOOO COOH

(42)

The difluoro amine (40) vas obtained optically active, but
probably not optically pure, its hydrochloride racemised in

o
aqueous acid at 80 vith half-life of 6*5 hours*

Thus in compounds vith a 6-atom bridge the order of 
stability is OCHg^ F* This is in contrast to the

observations on unbridged systems where the order is OCHg,') F*
(Adams and Yuan, Chem. Bey.. 1938, IB, 261).

Only tvo compounds vith a 8-atom bridge and vithout 
ortho-substituents have been obtained optically active :

(43) " (44)
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(43), Iffiand and Siegel, J&Amer.Chea.Soc#, 1956, œ, 1947*
(44), Truce and Emrlck, Ibid. 1956, 78, 6160* These compounds
are of low optical stability and have lov optical rotations.
In (43) it vas found that activity is lost in about 5 hours 

o _ _ of. 5 o
at 31.5 . Compound (43) had ^ J  + 2*25 and (44), with a

heterocyclic bridge, had + 3*1^.
D

(c) Compounds with a 4-atom bridge. Only a few
compounds with an 8-membered bridging ring have been obtained
optically active. In (45) (Kuhn and Goldfinger, Annalen. 1929,
470. 183) and (46) (Bell, 1.,, 1952, 1527), the double bonds in
the unsaturated bridging ring make the whole molecule rigid, and
the compounds are optically very stable* Recently, Dvorken,
Smyth and Mi slow, (J. Amer.Chem.8oc.. 1958, 80 , 486) obtained the
two acids (47) in optically active forms and found that both
compounds were optically highly labile, the cis-acid racemising
and the trans-acid mutarotating with half-lives of 85 min*. and

o
12 rain, respectively (ethanol at SI.5 ). They are thus of the 
same order of optical stability as the 7-membered ring homo cyclic 
compound (42)*
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(45)
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HOOC

N

(46)

The dihenzazocine picrate (48) (Ahmed and Hall, 1959
5283) vas found to be much less optically stable than Mislov^s 
acids. The replacement of the carbon atom by the smaller 
nitrogen may be partly responsible for the lover optical stability
of (48). The picrate racemised in acetone at 2̂  vith half-live

oof 24*5 min* and at 23 vith half-life 1*4 min. It had an
-1activation energy, of 22.1 kcal.mole and the frequency

factor (a) was 10̂ *̂*̂  sec.""̂ , (positive entropy factor). Mislov*s
—1cls-acid in 2.52 13 sodium liydroxide had E 25.4 kcal.mole and 

(A) 10̂ "̂ *̂  sec. (positive entropy factor), but in ethanol 
E vas 22.8 kcal.mole"’̂ and (A) (negative entropy
factor)̂

(47)
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(d) Compomxds vlth a bridge. -Bridged
blphenyîB with a nlne-membered bridging ring aî e ratWr difficult 
to synttesize. Compound (49) (Boblnson, Pro c #Boy» Bo c> A#1947 * iâ§̂  
14) vas obtained optically active, starting from the natural 
product thebalne and degraded by exhaustive méthylation Into 
optically active (50), in vhich the asymmetric carbon Àtom has 
been removed.

Quite recently Mislov, Hyden â nd Bhaefer Amer.Cbem. 
Soc.^196B, 84. 1449) obtained a bridged biphenyl with a 
9-membered homocyclic bridging ring (5l) vMch vas optically
active. The (-)acid ( W 1  -48.4^ In benzene) vas obtained

' D
by second-order asymmetric transformation during crystalliBation 
of its quinl dine salt from acetone and subsequent decomposition
of the latter.
qcH) OH ncH OCH

CHj_ CHj_

3

1̂,-̂

oc^OCK

CHi.

£5
It vas optically stable at room température (t cui* 24hrs.)

600
and racemised In boiling benzene (t os* k min.) in less tten

0,5
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-1
one hour. Its energy of activation vas found to be 84,0 kcai,mole 
and (A) sec.""̂ . The acid is more stable optically than
the corresponding 8-ring compound (47).

If the assumption is made that the activation energy for 
racémisation, E, is roughly independent of the solvent and of the 
substituents on the bridge, then it appears that E remains 
approximately constant in the homologous series of bridged 
biphenyls (45,47,51) vith 7,8, and 9-atom bridging rings,

-1(Calculated E for (45) lies between 20,8 and 26.2 kcal.mole ,the
, . 11 15 Vvalue of (A) being assumed to be between 10 and 10 ).

As the bridge length increases, the angle of twist between the 
two benzene rings increases to accommodate the strainless bridge. 
Mi slow et , (loo, cit.) , suggest that the angle strain In the 
transition state can be relieved by buckling of the bridge, and 
is associated with an Increase in non-bonded interaction of 
opposed -hydrogens, the two factors roughly compensating each 
other, the energy-barrier consequently remaining roughly constant. 
In the 9-ring compound the barrier arises largely from inter
action of the non-bonded hydrogens orientated in direct 
opposition,

(e) Not much work has been done on higher ring 
homolokues but it seems that after a certain stage the size of 
the ring would give enough freedom of movement to enable the 
biphenyl rings to become coplanar (in a trans position) and thus
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they vo-ald again be optically unstable*
The present vork had in viev farther study of configur

ational effects in some 1,2:5S,4-diben2ocyciic compounds with a 
seven-membered bridging ring* In only a few known cases can a 
reasonably valid comparison be made between unbridged biphenyls 
and those with a seven-membered bridging ring and in these cases 
the bridged compounds are optically less stable, presumably 
because the molecules are here held in a position which is 
already part of the way towards the transition st̂ .te for racémis
ation.

Thus (2S) is more stable than (55) ; (52) more than 
(55) and (54) more than (58) *

(23) (SS)

\ -
Na,OjS
(52)

CM, ÇHj,
\

5—

CM
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4
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3(54) (58)
2-Methy1-1-0-toiynaphthalene (55) was chosen as a

suitable parent biphenyl in order to prepare salts (57) and (58)
from the corresponding dibromo compound (56) obtained on side-
chain bromination of the hydrocarbon. In these quaternary

(56)

(57) (58)
compounds the blocking groups are chemically very similar, and
the resolving groups are not directly attached to the biphenyl
nucleus, so that the effects of electronic interactions between
substituents in the E,2*-positions and the nucleus would be
expected to be minimal* Also it seems that both (57) and (58)
would racemise in the same way* In (58) the biphenyl skeleton
is already at an angle of ca*50^ and would racemise by the
naphttĴ i part passing Hydrogen ; in (57) the same path seems the
easier one on inspection of the model of the molecule.
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In addition the optical stability of (57) and (58) could 
be comp̂ v.reü with binaphthyl compounds (55) and. (55) * Beeent 
work on bridged biphenyls {suggest that in ta# absence of other 
orthorBubstltuents, compounds vith a bridge of three atoms possess 
low optical stability. Thus th^ stability of (58) could be 
compared with that of (43). The fused benzene ring would be 
expected to increase both the optical stability and the specific
rotation of (58) as cojapared wdtb (45). Compound (45) M s
r 1 20 oW  4 r_.25 while (85) b a a M  + 308.5 .

D ^ 5461

\

'"côCLcjH.-
(46)

61de-ch&lD bromlnatlon of proved
to be erratic, and though sufficient of the dlbromo-compound vas 
prepared to obtain the dipyridlnlum salt (57 ; X « Br) and the
cyclic compound (58; X«I) as veil as the camphorsulphonate of 
(57), there vas not enough to obtain t M t  of (58) chemically 
pure and to proceed to optical resolution or activation.
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It vas thought that another approach to the problem 
could, be made via the quaternary salts derived from 2,2' -dibiQino- 
4,4'-dlnltroditolyl (60) obtained by side-chain bromination of 
(59)

(59^\j ^
ô <̂/ \

(62)(60) (61)
Again the blocking groups are similar and the resolving groups
are not directly attached to the nucleus. However, (61) and
(62) would not be expected to racemise by the same path, the
open-bridge compound racemising by the o-subst.ltuents passing j
6- and 6'-hydrogens respectively* The nltro-groups in the 4,4'- j
position were introduced to obtain higher specific rotations as Î
their bathochromic effect on the electronic absorption bands ®ight|
be expected to increase the optical rotary power in the visible
region. Also a certain amount is already known about their
effect on the increase of optical stability of unbridaed biphenyls*
(Brooks, Harris and Hewlett, J, 1957, 1954). Compound (59) has
been synthesized but on side-chain bromination it gave a mixture
of mono- and di-bromides and their separation by fractional
crystallization led to extremely small yields.
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The difficulties encountered in the bromination of the 
dltolyl derivatives (55) and (59), and the subsequent difficulty 
in obtaining quaternary salts by condensation of the impure 
product vith tertiary and secondary amines, led to an attempt 
to prepare such salts from 2,2'-dibromoditolyl itself, which can 
be obtained in excellent yield by the action of hot hydrobromic 
acid on the corresponding diol (Hall, Less Lie and Turner, J.̂  1950 
711) , The 2,2'-dibromoditolyl was condensed vith (-) H-metbyl- 
ephedrine to give (66)# It was hoped that the ortho-substit
uents vouJ.d be large enough to produce unstable optical activity 
at lov temperatures; this vas not, however, detected.

The dltolyl was also condensed with trimethylamine to 
give (64) and with dimethylamine to give (65)♦ A Hofmann 
degradation of (65), followed by condensation of the resulting 
diamine (66) with methyl iodide, would be expected to lead to a 
compound identical vith (67) #

G>i Q>

<^Hoh Ç.HDM

C-H

(64)
(65) / \

A A
CHj

y \ w /

(66)
1 (cH3)NCH^

(67)
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Accordingly (65) vas converted into the hydroxide and degraded. 
Very little of the expected amine (66) vas obtained. Ring 
closure and Stevens-type rearrangement led to the isolation of 
salts of (65) and derivatives of 9,10-dihydrophenanthrene. In 
view-of the products isolated in the degradation of the bis- 
ephedrinlum compound (65), the action of heat on the hydroxides 
of (64) and (65) vas also studied.

Another approach to the configurational studies of 
bridged and unbridged biphenyls vas made via compound (68). Its 
condensation vith trimethylamine would give the unbridged 
compound (69) while that with dimethylamine should give compound 
(70). The blocking groups are again similar and the resolving 
groups not directly attached to the nucleus. Again it is pro
bable that (69) would find it easier to racemise by the 6-nitro 
group passing the quaternary 2'-group. The optical stability 
of (70) could be compared with Ahmed and Hall's (J.,1958,5045) 
dinitro-compounds (56) and (59) and with the unsubstituted 
diester (45).

NÙL
A

. . CH, Ck(68) (69) (70) " ^
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The (-)picrate of compound (70) was obtained optically 
active by second-order asymmetric transformation of the corres
ponding (+) ol -bromocamphor-  ̂ -sulphonate and subsequent

o
decomposition of the salt with alcoholic picric acid at ca.-lO . 
Its racémisation in acetone was studied and the values of 
activation energy (E) and of the Arrhenius parameter (A) were 
determined*

The condensation of 2,£'-bisbromomethyl-6-nitrobiphenyl 
vith trimethylamine gave a mixtwe of mono- and dl-quaternary 
salts. The solvated di-quaternary dibromide (69; X=Br) was 
purified via the dipicrate and the dicamphorsulphonate of (69) 
vas eventually isolated. Work on resolution or activation of 
(69) is at present in progress.
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DISCUSSION

(a) Quaternary Salts formed from 2- B r o m o m e t (o-bromome 
phenyl)-naphthalene.

The general scheme of synthesis vas as foliovs:
Ma %

cw^

■>

a, cvvj 0^^)

CH,

A\

i-
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2-Methyl-l-nitronaphthaiene (2) vas prepared by the 
method of Fiertz-David and Manhart (Helv.6hlm»Acta, 1957,80̂ 1024)., 
The yields (57-45,vere much lover than those reported by the

I
authors (60!̂ ) although their conditions vere strictly foiloved.

Reduction of the nitro compound to the amine (5) 
presented some difficulty at first. Tiie method of Roger and 
Adams (J.Amer.Chem.8oc. >1948,64,1475). in vMch hydrogen under 
pressure and in presence of Raney nickel catalyst is used proved 
unsuccessful and the unchanged nitro compound vas recovered. The 
vet iron method, using a few c.c. of glacial acetic acid, vas 
successful but yields (50̂ ) vere small (Wertheim>Qrg>Synth>.1945. 
2,471, edited Blatt). Lesser and Aczel’s method (Annalen,1915, 
402,50), in vhich reduction is carried out by coarse iron filings 
in 50$ acetic acid, proved most successful. By using quantities 
given by the authors an 88$ yield vas obtained, the authors 
quoting 60-70$. It vas found that doubling the scale of the 
reduction reduced the yield to 75$, while a fourfold increase in 
scale reduced it still further to 66$.

The amine vas diazotised in sulphuric acid at about 
and converted into the iodo compound (4) by reaction vith 
potassium iodide solution. Yields of 50-66$ were obtained. Most 
of the l-iodo-2-methylnaphthalene was prepared in this way.

A new method of direct iodination of hydrocarbons with 
iodine and iodic acid vas reported by Virth, Konigstein and Kern,
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(Annalen, I960,654,84), after most of the l-iodo-£-methyl- 
naphthalene had been synthesized. These authors used it on 
naphthalene and it vas therefore applied to 2-methylnaphthalene 
and gave a 66$ yield. This convenient and direct route to 
l-iodo-E-methyln&phthalene gives an almost sixfold increase in 
yield as compared vith the standard diazo route, where yield 
based on E-methylnaphtbalene was 11.5$ (the average overall)*

An attempt vas made to synthesize 2-methyl-l-o-tolyl- 
naphthalene by heating together a mixture of o-iodotoluene and 
l-iodo-8-met'hylnaphthalene in the presence of copper bronze.
o-Iodotoluene itself gives good yields of 2,2’-ditolyl. TheI— vOÂo —
behaviour of^2-methyl-?̂ ^̂ ,̂%/X/ÿ%naphtha,lene alone under Ullman 
conditions vas first investigated since, if 2,2’-dlj^methyl-1,1’- 
binaphthyl would thus be obtained, its performance on a vapour 
phase chromatographic column could be studied and the distri
bution of products in the mixed Ullman reaction could then be 
followed.

Two Ullman reactions on l-iodo-2-methylnaphthalene
vere carried out. In the first activated copper bronze(Kleiderei

o
and Adams, J.Amer.Chem.Soc..1955.55.4219) was used at 240-250 
and after 2 hours the reactant started to decompose rapidly and 
on working up just over a third of the l-iodo-E-methylnaphtMlene 
used vas isolated as its decomposition product 2-methylnaphthalen^

some unchanged iodo compound was also recovered. The reaction
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vas repeated under milder conditions, using un-activated copper-
o

bronze at 160-190 . No evolution of iodine vas observed during
the reaction, but no dinaphtliyl compound vas isolated. It seems
conclusive that the dinaphthyl compound is not formed easily
under the Ullman conditions and is therefore unlikely to be an
important by-product in the mixed Ullman reaction.

The mixed Ullman synthesis of 2-methyl-l-o-tolyl-
o

naphthalene vas first attempted at 160-170 in dimethyl- 
formaifiide as solvent (Kornblum and Kendal, J.Amer.Chem.Soc. .1952 
74, 5782). The product vas examined by vapour phase chromato
graphy on Apiezon M on Celite columns# Only peaks corresponding 
to the reactants and to 2-methylnaphthialene vere observed. The
synthesis vas repeated without solvent and at a higher temper-

o
ature, the reactants being kept at 190-200 for 6 hr. A 22$
yield of pure S-methyl-l-o-tolylnaphthalene vas obtained. The
unchanged reactants and 2-,methylnaphthalene vere also isolated.
The composition of the product and yields remained the same

o
when the reaction vas carried out at 210-225 for 2 hr.

The products of the Ullman reaction vere examined 
using a Griffin V,P.C.-Gas-Liquid Partition Chromatography 
Apparatus Mark II. It was found that high boiling hydrocarbons 
and iodo compounds such as 2-methyl-l-o-tolylnaphthalene and

u^^methylyi-iodglnaphthalene, tend to give very broad ill-defined 
peaks unless highly specific conditions, vhich have to be 
found by trial and error, are used.
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In general, increase of temperature h d a most marked effect on 
shortening of retention times and steepening of peaks* Decrease 
In nitrogen fiov rate also improved definition of these peaks* 
These points may be illustrated by the experimental results 
obtained vith l-iodo-*2-methylnaphthaiene using a 5 foot column 
of Apiezon M an celite 545 with nitrogen as carrier gas;

Temp. IBS® 197® £02®
Fiov-Rate 1,9 1.7 1.9
Ret.Tiîs® In eg.4 £0,3 16,9
Height of peaks 3.3 5,8 6,6
Width of peaks at base ''i®®» 7.6 5.5 5.£

Similar results vei*e obtained vith K-meti^l-l-^-tolyln&phthalene 
and further improvement vas achieved by using a longer colu’an 
and by ctenging the stationary phase to 30% silicone on celite 
645:

Aplezon S* Silicone 6*
Temp, 0162 198® g£6®
Flo V—Rate L/lu*. 8.3 £.0 1.6
Ret.Time cms. 5£.5 £0.85 16.3
Height of peak cms. 0.9 1,9 4.86
Width of peak base c®s. 14,0 11.0 1.6

In all cases tvo drops of the freshly distilled 
substance vere Injected onto the eolum using the same syringe -
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the results can therefore be said to be comparable in a general 
though not in an absolute way*

Since yields in the Ullmann reaction on a mixture of 
l-iodo-2-methyinaphtMlene and o-iodo toluene were poor, ah 
alternative route to 2-methyl-l-o-tolyl^aphthalene, by the 
reaction between l-lithio-E-metl^ylnaphthalene and E-methylcyclo- 
hexanone followed by dehydration and dehydrogenation was used*
This was essentially the metiriod used by Bergman and Pelchowicz 
(j.Qr^*Chem».1954*19*1282) but the authors synthesized 2-methyl 
.-l-o—-tolylnaphthalene from o-tolyllitrilum and 2-methyl-1-tetmlomU 
whereas in the present work 1-11 thium-E-metiaylnaphthalene and

]
£-mfetliylcyclohexanonfc vere used,

l-Brorao-S-metïQflnaphthalene vas prepared by the method 
of Hall and Mitchell (J,,1951,1575 ; modification of Adams and 
Binder, J.Amer.Chem^Soc..1941.65.£77&). The 1-lithio compound 
vas obtained fiom the bromo compound by adding the latter to ; 
finely divided lithium placed in dry ether and kept under 
nitrogen. Addition of £-metl:^lcyclohexanone to the lithio 
compound yielded the carblnol (11),

Dehydration of the carblnol vas carried out vith 
naphthalene-^-sulphonic acid. Just over half of the 2-methyl- 
cyclohexanone used vas recovered at this stage, together vith 
S-metliylnaphthalene in amounts corresponding to a third of the
l-bromo-2-methylnaphthalene used. The highest boiling fraction
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consisted mainly of a mixture of the two isomeric olefins (I2u 
and 12b). The purity of this fraction was controlled by V.P.C* 
the product being redistilled till pure. Columns 6 foot long of 
50$ silicone E 501 on celite were found most satisfactory for 
these compounds, they gave reasonable retention times and one 
well defined peak for the two olefins. Yields calculated on 
the basis of the ketone actually used varied from 48$ to 81$ 
with an average over six preparations of 62$* The wdde 
fluctuation in yields was due to the difficulty of pui'ifieation 
by repeated distillation under reduced pressure.

The olefins were dehydrogenated with 5$ palladium- 
charcoal, the process being repeated till the product gave a 
single peak on a silicone on celite column. In an attempt to 
complete the reaction in one step, sulphur was used as dehydro- 
genating agent together with palladium-charcoal (Johnson,J.,1957, 
4155). Owing to the difficulty of removing sulphur from the 
product, (by prolonged treatment with sodium)̂  which resulted in 
considerable lowering of yield, this method was not used in 
further dehydrogenations. In general two dehydrofenations vith 
palladium-charcoal followed by distillation under reduced 
pressure gave very pure 2-methyl-l-o-tolylnaphthalene in 46-47$ 
yields (calculated on the basis of olefins used).

The bromination of 2-methyl-l-o-tolylnaphthalene was 
carried out with N-bromosuccinimide in the presence of benzoyl
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peroxide, a method used by Werner (J.Org.Chem* ,1952, 17, 525) 
for di tolyls* The product was a dark brown oil which was used 
as such for condensation with bases to obtain quaternary salts* 
Since the results were in general very poor, the brominating 
agent was checked on l-bromo-2-methylnaphthalene (Newman and 
Kosak, J.Orp:*Chem*. 1949,14,575) * N-Bromo^succinimide was used 
(i) crude from the bottle, (ii) recrystallised from glacial 
acetic acid and dried in a vacuum desiccator over potassium 
hydroxide (Or.̂ anic Syntheses. 1953.55.97). (ill) recrystallised 
from water and dried in air (Ucciani and Kaudet, Bull.8oc.chlm. 
France,1960,1153). The results were almost identical and the 
yields of l-bromo-2-bro.mo-methylnaphthalene were good (67-70$) * 

The crude 2-bromomethyl-l- (o-bromomethylphenyl) - 
naphthalene vas condensed with the extremely active base 
piperidine to give the bridged compound (8;X * Br) in only 14$ 
yield. Condensation with pyridine in dry benzene gave the 
dipyridyl salt (7 ; % = Br) as a monohydrate in a 20$ yield. 
However, subsequent attempts to prepare more of the same salt 
failed. The (+)-camphorsulphonate prepared from the dibromlde 
failed to crystallise during 2-| years* Condensation with other 
tertiary bases was tried. Iso-quinoline gave a mixture of the 
di- and mono- quaternary salts* In experiments with N-metiiyl- 
ephedrine and trimethylamine only base hydrobromides were isolated, 
while triethylamine and dimethyl aniline yielded gums which could
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not be crystallised. Other solvents besides benzene vere trled- 
nltro^benzene, 96^ ethanol, ethanol and acetone vere used but 
vith no success.
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(b) Synthesis of £.2'-B1sbromomethyl-4.4'-dinitro-blphenyl:

Mhx I

NÔ

CM̂ O»r

\1

-) — /~~S 1̂0.,
CHj
lb.

4/
/~^Nl 0 ,̂  

\ \

1 (o -

An attempt was made to prepare the £,2*-dimethyl-4,4’-dinitro- 
biphenyl from 2-amlno-5-nitrotoluene in one step by diazo 
coupling - a method used by Ullmann and Frentzel 6per* * 1905, 
?29.) By dlazotising at 0 in concentrated sulphuric acid and 
adding to the cold solution freshly prepared cuprous chloride 
in concentrated l:^drochloric acid, the authors obtained a 54$ 
yield of the 2,2»-dimethyl-4,4*-dinitro compound and 15$ of 
dinitroazo compound* The preparation vas carried out twice but 
the main product in each case vas the dinitroazo compound.
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The dinitro compound (15) vas prepared via the corres
ponding iodo compound from 2-amino-5-nitrotoluene by the method 
of Carlin and Foltz (J.Arner.Chem* So c *. 1956,78,1997)* The 
diazotisation of the amine and conversion into the iodo compound 
presented no problems* The reaction of 2-iodo-5-nitrotoluene 
vith copper bronze vas carried out not at 280^ and without
solvent as described by Carlin and Foltz but in dimethylformamide 

o 0
at ca* 160 * It vas found that at 280 a good deal of charring
vith considerable formation of tar occurred* The resulting yields
vere lov* By carrying out the reaction in solvent and at lover
temperature the dinitro compound vas obtained by simple i

extraction vith solvent and crystallisation in 54$ yield* The
authors (loc*cit) had to resort to a complicated process of
purification by solutions, precipitations-evaporations and
sublimation, and obtained yields of 49$. Lungi, Mascarelli,

o
Longo and Bavera (Gasz*chlm*ital*̂  1937,67,33) give 144 as the 
temperature vhich gives the optimum yield in an analogous 
reaction for the 6,6’-dinitro compound*

The bromination of 2,2’-dimethyl-4,4’-dinitro-biphenyl 
was carried out vith N-bromosuccinimide in the presence of 
benzoyl peroxide and in carbon tetrachloride as solvent* After

o
heating under reflux for 30 hours a brom) compound,m.p*156-158 
vhich proved to be mostly the monobromo derivative (16) was 

isolated in 64$ yield. It vas re-treated vith N-bromosuecinimide
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o
for a further 14 hours and gave a solid, m.p. 115 , in 64$ yield. 
This proved to be a more highly brominated compound. It contained 
35.6$ bromine, the dibromo compound (17) requiring 37.2$. The 
reaction was repeated but the Initial heating vas continued for 
48 hours in an attempt to obtain the dibromo derivative in one 
operation. This however was not successful. The product was 
re-treated and though a more fully brominated product was 
obtained which was repeatedly crystallised to obtain a pure 
sample of the dibromo compound a satisfactory analysis for the 
latter was not obtained.
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(c) Cuateraary Salts formed from 2^2*^31sbromomethyl.biphenyl2 
(i) Their Synthesis ; (ii) their Hofmam^ degradation ; 
(ill) Infrared and Ultraviolet Spectra of the Tertiary 
Amines Isolated and of some Byproducts#

\ I CHîP̂CO,Cqu co.u

C\\^<

CH. CH
X

0

(15)



4 4

2^8»-BisbromomethylblphenyI was prepared by the method 
of Hali, Lesslie and Turner (i*, 1950,711), Diphenic acid was 
esterified and the dimetliyl ester was reduced to the diol with 
lithium aluminium hydride in dry ether* Treatment of the diol 
vith boiling hydrobromic acid gave the g,2^-bis^bromomethyl-

biphenyl (Si)*
Condensation of the S,S'-blsbromomethylblphenyl with 

K-methylephedrine in dry benzene was not successful.Most of the 
reactants were recovered together with some N-methylephedrlne 
hydrobromide# Other solvents were tried but neither carefully 
purified dry nitromethane nor 96^ ethanol promoted the reaction 
beyond the stage of some formation of base hydrobromide.
However, some quaternarisation occurred in hot, dry acetone but 
the product was difficult to crystallise and was contaminated 
with N-methylephedrine hydrobromide* As the quaternary dibromide 
readily hydrated on standing in the air, it was converted into 
the di-iodide (22 ; X = I), which crystallised easily and was 
not solvated.

The time of the quateî ĵ ï̂ isation reaction was shortened 
and yields vere improved when acetone was replaced by nitro
benzene (freshly distilled and dried over calcium chloride), and

o
the temperature of the reaction was raised to 130 . Under these 
conditions the dibromide separated out after 20 mins# and gave
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pure di-iodide, after crystallisation, in V5,iS yield* The
0 0 o

di-iodide vas examined polarimetrically at 21*5 , 0 and -15 :
but no mutarotation vas observed*

2,2*-Bisbromomethylbiphenyi vas condensed vith
trime thy lamine# In order to find the optimum conditions^ the
reaction vas carried out using the same quantities of reactants
(1 mol.bromo compound, 2*2 mols*base) and the same temperature
and time, but in three different solvents : dry benzene, dry
acetone and 96^ ethanol* The yields vere respectively 64^, S9%
and 72^# Acetone was therefore used in further preparations#
The dibromide vas obtained as the monohydrate* Its ultraviolet
spectrum vas determined in methanol and found to be that of a
highly stericaily hindered biphenyl compound and very similar
to that of 2,£*-ditolyl ( in 96^ ethanol), (Beaven, Hall, Lesslie
and Turner, J*, 1954, 15l),

. Some of the dlbromide vas converted into the di-iodide,
vhich also crystallised as the monohydrate# The dipicrate
(unsolvated) vas prepared by treatment vith picric acid in
ethanol. The (+)oamphorsulphon&te of 2,2*-bis(trlmethyi-
ammoniomethyl)biphenyl vas prepared. It crystallised vith
difficulty after several weeks* It vas examined polarimetrically, 

o o o
at-24*5 , -14 and + 22 but no evidence of unstable optical
activity vas obtained. It shoved no change of rotation vith
temperature*
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2,2*-B1 sbromometliylblphenyl vas also condensed vith 
pyridine in absolute alcohol* An 85^ yield of the quaternary 
salt vas obtained* The (+)-camphor#ulphonate prepared from it 
proved deliquescent and difficult to handle* An attempt vas 
therefore made to prepare the (+)-bromocamphor-TTlsulphonate in 
the hope that it vould be less deliquescent and that it would 
be easier to investigate its optical properties*

The (+)"bromocamphorsulphonate vas however also 
deliquescent* It vas eventually recrystallised vith difficulty 
from dry acetone* It vas examined polarimetrically in dimethyl 
formamide but no unstable optical activity could be detected.
It shoved a small variation of rotation vith temperature:

-,-24.5° o ~i -14.6° o +14.7° ^
+ 108.6 ;\c>i + 94 ; f  71 + 89.6 ,

^ 5481 L  J 54.81 \ J 5481

2,2’-Blsbroffioa;etbylbiphenyl vas condensed vith
Ho'fi )

dimethylainine in ether as described byĵ Abe, Yamakava and
Pujimira, Coifu Yakka Daigaku Klyo 1958, 8, 65.aed Hori, Chem.Abs.̂
1969, 5^ 10148), The azepinlnm bromide obtained had m.p.
285-287°. The authors state only that it melts ^ 250° }
kenner (itOîlS.-£llÊia*, 1951,1^,1475)gives 276-277°. The bromide vas
converted into the iodide vhich had m.p,294-305°(decomp.) varying

ovith the rate of heating. ¥enner gives 287-288 . The picrate vas 
made by treating the aqueous solution of the bromide vith aqueous 
sodium picrate,It had m.p.265-286°. (decomp.).
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Normal Hofanmn degradation of the bis-ephedrlnium salt 
(2̂ ; X = on) should give 2^2^-bis (dlmethyl&mlnomethyl)blphenyl
(26a). The diamine on treatment with methyl iodide would then 
give a quaternary salt (26 ; X = I) identical with that 
synthesised directly from 2^2^-bisbromomethylbiphenyl and 
trimethylamine.

Hofmann elloiination reaction of the cyclic compound 
(25, X = oh) (Beaven/ Hall, Leslie and Turner, J,,1952, 854) 
proceeds normally (Hall, in the press) to give the 2,7-dihydro- 
-3rmethyl-5,4:5,6-diben2aEepine (26) and (+) -1rans-l-methyl-2- 
phenylethylene oxide, the normal non-basic product from such 
reactions with ephedrinlum compounds (Miller, Arch.Pĥ irm. 1902. 
240.481 ; Rabe. îBer.. 1911, 44, 824; Emde, Arch.Pharm.. 1906.244 
241 ; Vitkop and Foltz, J.Amer.Chem.Soc.. 1957,79,197)..

LH OH

■>

Icu

llG)

+ CVl CH —  
\ q /

(.15)
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Similar reactions on the cyclic ephedrinlum compounds containing 
ortho nitro or fluoro groups have also given the corresponding 
N-methylazepines (Ahmed and Hall,J.,1958,3043).

The Hofmann degradation of the unbridged bis-ephedrinium 
compourjd (21 ; X = OH) vas therefore carried out as for the 
cyclic ephedrinlum compounds (Ahmed, Ph,D. Thesis,1959).A solution 
of the iodide in alcohol vas boiled under reflux and a 
suspension of silver oxide in vater vas added to it during 1 
hour. Most of the alcohol and va ter vas disti _ed off and the

Iresidue was extracted with ether. The distillate had a strong j 
characteristic smell of l-methyl-2-phenylethylene oxide. The 
residue vas only partly soluble in ether ana the base obtained 
proved to be N-methylephedrine. This suggested that the 
quaternary cation vas undergoing attack at the (ben&yl) ^  -carbon 
as veil as or instead of as expected at the hydrogen of the 
^  -hydroxyl group. No 2,2*-bis(dlmethylaminomethyl)^biphenyl 
(£6a) vas isolated.

In viev of the unexpected product, the small yield of 
the basic material and the presence of some original iodide the 
experiment vas repeated, the heating^distillation was however 
continued for 1 hour 45 minutes and the filtrate vas re-treated 
vith fresh silver oxide till no more silver Iodide was seen to 
be formed. Both the water soluble and ether soluble parts of 
the residue in the flask after distillation vere carefully



50

examined, as veil as the distillate. The reaction product vas 
worked up by adding wrater and ether to the residue, separating
and back extracting.

The aqueous layer vas evaporated to dryness on a water 
bath., A solid vas obtained vhich vas partly soluble in chloro
form. After washing veil with chloroform a white solid was 
filtered off which gave precipitates vith calcium chloride and 
silver nitrate, both soluble in acid, which indicated a carbon
ate or hydrogen carbonate. Its infrared spectrum had a band at 
834 cm7^» Miller and ¥ilkins (Analyt.Chem.. 1952, 24,1253)

i
examined three iiydrogen carbonates and they all shoved a typical
band in the region 832-838 The carbonates examined
by them had tills band displaced to higher frequency at 855- 

—1877 cm. . It thus seemed that the water soluble part of 
residue vas a hydrogen carbonate.

The solid was analysed and showed a nitrogen to oxygen 
ratio of one to four. On standing in air its melting point went 
up, there was less softening and a definite loss of weight. This 
suggested that the solid might be hydrated. It was therefore 
dried for 11 hrjfe. at 98^ and for 6.5 hrs. at 68^ and at 10 cm. 
pressure. It lost 5% of weight and had a m.p. 206-207^(decomp.)* 
Elementary analysis now showed a nitrogen to oxygen ratio of 
one to three.
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In order to show whether the solid was a salt of a base 
or a quaternary compound an attempt was made to liberate the 
free base from the residue. The residue was treated vith 
aqueous potassium hydrozlde and the solution extracted with 
ether, but the removal of the latter gave no residue. An 
attempt was also made to prepare carbonates or hydrogen carbon
ates of l-methyl-2,7-dihydro-3,4;5,6-dlbenzazeplne (£6) and of 
9,10-dihydro-9-dimethylai:iinophenanthrene (27) which might have 
been possible products of the degradation reaction if ring 
closure took place during it.

Each base was covered with w-ater and a stream of carbon 
dioxide was passed into it for several hours. The bases were 
removed unchanged after evaporation to dryness on a water bath. 

All the above facts indicated that the residue contained 
quaternary nitrogen but as the aqueous solution vas optically 
inactive the cation could not be that of the starting material 
nor of a partially decomposed intermediate either of which 
would contain the asymmetric centres of ephedrine. The residue
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vas treated in aqueous solution vith sodium picrate and gave
o

a picrate m.p, 285-286 , The high melting point indicated a 
quaternary compound and analysis gave the empirical formula

It vas thought th.t examination of mtraviolet absorptior 
spectra of a series of 2,2^-disubstituted biphenyls both 
unbridged and bridged vith a 6 and 7-membered bridge would help 
to elucidate the structure of the organic cation. The azepinium 
compounds (24,26) vere already available, as veil as the unbrid
ged ones (23) and 9,10-dlhydro-9*dimethylamlnophenanthrene (27) 
was synthesised for the purpose by the method of Hori et al, 
(loc.cit.). Its picrate was also prepared.

The ultraviolet spectra are summarised in Table 1,
The spectrum of the unknown picrate in 96^ ethanol was typically 
tiiat of a 2,2*-bridged biphenyl with a 7-membered bridging ring 
( \ 245yv; L and the hydrogen carbonate in
water had a similar spectrum ( /\ 248 14,000), They XucIa
corresponding bromide (g4,X=Br), synthesised directly had A max
at £49 and A 14,200. The displacement of the band In 
the picrate and the high intensity must be due to the super
imposition of picrate ion absorption on that of the biphenyl 
system. Picric acid has & 10 000 at £45 in 95^ ethanol 
(Friedel and Orchin, "Ultraviolet Spectra of Aromatic Compounds", 
Mlley, Nev York, 1951, No.93) and the picrate ion is probably 
similar.
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2,7-Dlhydro-l, 1-dimethyl-3,4:5,6-d.ibenzazeplnlim bromide 
(24 ; X = Br) synthesis# already, was converted into the
picrate which proved by m.p. and mixed m,p. to be identical 
with the. picrate obtained from the water soluble part of the 
residue.

The residue was thus identified as 2, 7-di 1:̂dro-1,1- 
dimetijyl-S,4î5,6-dibenzazepinlum hydrogen carbonate (24;X =HCOg) 
and this was confirmed by the elementary analysis of the dried 
solid.

oThe hydrogen carbonate melted at 206-207 with vigorous
decomposition to a yellow liquid. A sample of it was placed

oin a tube fitted with a condenser and heated at 210-212 for 
45 minutes. The residue had an infra-red spectrum of 9,10- 
dihjdro-9-dimethyl^amino-phenanthrene. It gave a picrate 
identical with ̂ that of this base. The experiment was repeated 
but heating was continued for 5 hr;s, and the alkaline fumes 
(pH8) evolved during decomposition were dissolved in ethanol. 
Again the above base was obtained.' The ethanol was added to 
saturated alcoholic picric acid but no picrate vas obtained.
It seems that at 210-212 the hydrô zyl ions from decomposition 
of hydrogen carbonate are a sufficiently strong base to bring 
about a Stevens rearrangement on the azepinium cation.
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The chloroform-solub1e part of the residue also appeared 

to be quaternary. Its aqueous solution treated vith potassium 
iodide or sodium picrate gave 2,7-dihydro-i,l -dimethy1-3,4;
5,6-dibenzazepiniim iodide or picrate respectively. The 
infrared spectrum showed a hydroxyl band.and the compound gave 
a precipitate of mixed silver oxide and carbonate with silver 
nitrate. It seems likely that this part of the residue 
contained undecomposed quaternary azepinium hydroxide vhich had 
failed to absorb carbon dioxide during the working up.

The distillate obtained during the Hofmann degradation 
ot the compound {22 ; X - OH) was redistilled using a Vigrau> 
column and fractions of 20 to 50 c,c, were collected and 
examined polarimetrlcally. Those with positive rotation 
contained (+)-trans-lmethyl-2-phenylethvlene oxide and the 
concentration of the oxide (0,217g,) was worked out using Rabe*s



55

<Jv\ <LW\.
figure ÜBGr,'. 1911.44.826) for the sepcific rotation of the 
oxide. This represents about 9% yield as compared with that 
(2.25g.) expected from a total normal Hofmann degradation.

The higher fractions had a negative rotation owing to 
the presence of N-methylephedrine vMch is moderately steam 
volatile.

The basic fraction obtained from the ether vas identified 
as H-methylephedrine by m.p. and mixed m.p.^by elementary 
analysis and by infrared, spectroscopy. Its metModide vas
identical vith that prepared from the pure base. The basic

r 1 oproduct had J -52.3 (c 2.9955) which agreed fairly
5461

veil with Bagaio and Kanao*s (Annalen.1928.470.157) figure
[<H -29.2° (c 3.£-2505) (both in methanol).D

Isolation of K-methylephearine from the basic products 
suggested that the quaternary cation vas undergoing attack at 
the (benzyl) oC -carbon atom as veil as at the hydrogen of the 
^  - hydroxyl group. A bimolecular displacement reaction 
(Manhart and Ingold, J., 1927, 997 ; Ingold et al., J., 1953,68} 
J,,1955,69 } J,, 1955, 526) at the ^  -carbon atom is the 
process most commonly competing vith bimolecular Hofmann 
elimination (Cope and Turnbull, Ed,Cope, «Organic Reactions", 
Wiley, Kev York, 1960, vol XI, p,517) and it has been shown 
(Manhart and Ingold, i,, 1927,99?) that the use of anions less 
basic than OH favours the displacement reaction at the
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expense of the ellmlmition reaction. Thus the exclusion of
carbon dioxide (and hence of CO^ ) is likely to reduce the 
amount of the displacement reaction byproduct (Hanhart and Ingold 
ioc.cit ; von Braun, Tenffert, Veissbach, Annalen, 1929,472,121),

The degradation vas therefore repeated (Experiment III) 
in an atmosphere of nitroge^, vith the exclusion as far as 
possible of carbon dioxide thi'oughout the decomposition. At the 
same time the solvent vas changed from aqueous ethanol to water 
to avoid the further complication of attack by alkoxide ions.
As the iodide vas only sparingly soluble in water it vas first 
converted into the chloride in aqueous methanol and the methanol 
vas then removed by distillation. Under these condition 2,2*- 
bis (dime tiiylaminometiriyl) biphenyl (23a) vas isolated as its 
picrate together vith 9,10-dihydro-9-dimethylamlnophenanthrene
(27) (also as the picrate) vhich formed the main product. The 
basic fractions contained still some H-methylephedrine.

Separation of the bases vas achieved through picrates 
since H-methy1ephedrine does not give a precipitate of the 
picrate in ethanol. This does however crystallise eventually 
on prolonged standing from very concentrated solutions (Smith,
J., 1927, ,2056), The picrate of the phenanthrene base was 
identified by preparing an authenic sample of the base (Hori 
et,al,, loc.cit,) by the action of phenyl-llthium in ether on

e,7-dihydro-l,l-dimetbyl-3,4:5,6-dibenzazepinium bromide
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(£4 J X » Br) and converting It into a picrate identical with 
tiiat isolated in this experiment.

Th© picrate of £,£-bls(dimethylamiBomethyi)jbiphenyl vas 
decomposed by sodium btydroxlde and the free base extracted vith 
ether. Its infrared spectrum vas t-xsEingd, The base vas then 
converted into its methlodide by treatSRont vith methyl iodide 
in nitrobenaene in a sealed tube at 100^. it vas Identical 
(m.p. and mixed m.p.) vith that synthesised directly from 
E'-hisbromomethyl^hiphenyl and trimethylamina.

Some phenantlTrene vas isolated from the neutral ether- 
soluble residue , The aqueous layer from the distils,ate 
contained (+)-trans-l-methvl-E-uhanvlethv1ene oxide which vas 
identified by its refractive index and Infrared spectrum. The 
aqueous layer from the residue on evaporation yielded the 
hydrogencarbonate of (’,7-dihydro-l,I-dimethyl^a2epiniuBi cation, 
identified as Its picrate.

Hall bag investigated the action of heat on £,£’-.Di |̂ K- 
( p -hydroxy-o<-s@thylphenyiethyl)-IN-di methylamAonlomethy^ 
biphenyl dihydroxide (££} X * OH) under simllor conditions to 
those of experiment IH described above, all the products 
described vere Isolated In the two experiments but the yield 
of the £, S’-dime tbylaainoffietfcyl̂ bi phenyl bas® in Skill’s 
experiment was considerably higher. It seems probable that the
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balance of the competing reactions is very delicate and factors 
such as the dilution at a particular temperature which are 
difficult to control during slow distillation at a particular 
temperature, are of critical importance.

Three ways of reaction of the bi s-ephedriniim cation 
with hydroxyl ions can be envisaged (A) Proton loss at one 

 ̂-hydroxyl group will give an alkoxide ion which can form 
the ett^lene oxide and the amine on one side only. Attack at 
the other ^ -hydroxyl group would lead to the elimination 
in the other side chain in which case 2,2 * -bi s (dimethylamino- 
methyl)^biph8nyl (25a) will be formed. However, a nucleophilic 
replacement at the benzyl -carbon atom of positive quaternary 
nitrogen by neutral tertiary nitrogen in the intermediate ion
(28) formed after elimination in one side chain only is a 
most likely route to the azepinium hydrogen carbonate and to 
the H-methylephedrine,

Ch c h ,
CHdh

Hv
v̂](CHO
^ 2  ^ C»J<^-CH C,H.-
CHoh
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(B) Nucleophilic displacement at benzyl o( -carbon atoms by 
hydroxyl ions or by carbonate Ions vould lead to the dlol or 
to the hydroxy-amlne# Cyclisation of the latter or of the 
intermediate mono hydroxy ion vith elimination of vater may be 
a route to the 9,10-dihydro-9-dimetl^laminophenanthrene*
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(g) Ar: attack by hydroxyl ions at the benzyl methylene group 
may lead to proton loss and give an ylide intermediate of a 
type vhich plays an essential part in the Stevens rearrangement 
Such an ion may attack the benzyl carbon atom attached to the 
other positive nitrogen thus fomiing a six-metabered ring. The 
ease of formation of 6- and 7-membered rings in -substituted 
biphenyls has frequently been observed (Kenner.J..1915.102.618) 
(Hal..,Lesslie and Turner,J.,1950,711; Beaven,Bird,HalI,Johnson, 
Ladbury,Lesslie and Turner,^1955,£708; Hall,Ladbury,Lesslie, 
and Turner, J., 1956,3475).

The bridged ion formed could loose a proton either at 
the -hydroxyl group and give 3,10-dihydro-9-dimetiiylamino- 
phenanthrene or at the -carbon atom in the saturated ring 
and give phenanthrene.

(36)
LWow

\ ^

0

f ICHC.H
Î .

3

ch ch^
^h o h
‘%̂ s*
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In order to compare the relative Importance of the
three possible vays of attack on the bis-ephedriniuni cation
the decomposition of the quaternary hydroxide was repeated four
times under varying conditions» The decomposition was carried
out (1) (Exp.IV) under nitrogenĵ  conditions as in the third Exp,.;
(11) (Exp»V) under nitrogen, heating under reflux "without
distillation; (ill) (Exp, VI) under nitrogen, vith added
potassium hydroxide ; and (iv) (Exp*VIl) under carbon dioxide*

The decomposition (Exp.IV) gave results in agreement
vith Exp, III* The decomposition (Exp,V) carried out in

o
dilute solution at 100 , gave î^-methylephedrlne, none of 
2 * -dimethylaminometbyj^lphenyl and only a trace of 9,10- 

dihydro-9-dimethylaminophenanthrene ; the large residue still 
had a slight optical activity vhich shoved that the decomposition 
vas incomplete. Accordingly the residue vas re-treated vith 
fresh silver oxide and decomposed under conditions of (Exp.IV)*
Bo characteristic smell of ethylene oxide vas detected this 
time but some 9,10-di hy dr o- 9-di me 11^1 ami no p henan t hr ene vas 
obtained. It seems that under conditions of (Exp,V) reaction 
(A) vas occuring in one side chain, followed by formation of the 
azepinium cation. Evaporation of the vater soluble residue 
on a water bath vould lead to absorption of carbon dioxide from 
the air and give the hydrogen carbonate. The weights obtained
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corresponded to 84% of B-mtJ^lephedrine and iiS.C of azepinium 
hs'ûrogen carbonate. The discrepancy in the latter yield is 
probably due to the presence in the residue of some optically 
active starting material.

The presence of carbon dioxide (Exp. VII) has reduced 
the yields of both amines (25a) and (27) to negligible propor
tions, Bimolecular displacement at the benzyl atom,
foluoved by cyclisation, cannot therefore be a source of
9,lO-dlhydro-9-dlmethylaminophenanthren0 la normal experiments. 
However such a reaction at the isopropyi carbon atom in one 
side chain under these conditions where the basicity of tho 
solution is so reduced would give the mono-ephecirinlum ion, 
vliich could then give the azepinium ion (24) by a replacement 
of quaternary nitrogen by neutral nitrogen.

CHCH, __
hoH fI YHOH 
CgHs- c,h,-

/ \CHj CH^
N

r
CVACH->;CMov\
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It is possible however that in spite of the presence of carbon 
dioxide there are enough hydroxyl ions present to give the 
mono-ephedrinium (28) cation by proton loss from the -hydro
xyl group, as in (Exp, V), Added potassium hydroxide (Exp.VI) 
has greatly increased the yield of 9,10-dihydro-9-dimethylamino- 
phenanthrene (27) thus providing strong support for the route 
involving a type of Stevens rearrangement.

This arrangement vas originally carried out (Stevens, 
Creighton, Gordon and MacNlcol, J», 1928, 3193 ; Stevens, J., 
1930, 2107) vith quaternary compounds derived from phenacyl- 
amines and using hydroxide or alkoxide ions to remove a proton 
from the phenacyl group. Wittig and M s  co-workers (Vittig, 
Mangold and FelletscMn, Annalen. 1948, 560. 116 ; Vittig and 
Zimmermann, Chem.Ber.. 1953, 86, 629) used stronger bases such 
as pheny L-lithium and were able to bring about the rearrangement 
with compounds containing less readily ionised hydrogen.

Thus with quaternary compounds of suitable structure, 
the incursion of the rearrangement into the decomposition of 
quaternary ammonium iiydroxides is possible and has, for example, 
been observed (Hughes and Ingold, J., 1933, 69) in the decomp
osition of bensbydryltrimethylammonium hydroxide (29ĉ ; X = OH) 
in the presence of a Mgh concentration of potassium hydroxide.
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The situation of (benzyl) ol-hydrogen atoms In the benzhydryl 
compound (f,-Q and In the biphenyl dl-ephedrinlum (22) compound 
is rather similar* However these carbon $,toms In the dl- 
ephedrlnlim compound (22B) are subject to considerable sterie 
hindrance to S]ĝ2 reactions, since It is to be expected that 
both the other part of the bi phenyl system and the bulky 
ephedrine side-chaln are bound to Interfere in tM for elation 
of the transition st&te# Thus If steric hindrance prevents 
nucleophilic displacement, reaction dependent on yilde formation 
Is possible even vltWut pi^esence of A stronger base than 
hyciroxyl ions.

The 2,2^-dlhydrozymeti:}''lb 1 pheny 1 (20) was not detected 
aiaong the products of degradation reactions. It Is stable to 
hit potassium hydroxide ao can not have been formed and then
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destroyed* Ail neutral ether-resoluble residues (always less txian
O.Sg.) were examined by infrared spectroscopy and in some cases
phenanthrene was isolated from them. The dlol could be easily
detected spectroscopically in a 1:1 mixture with phenanthrene
so that if any was formed it could not be more than 0.08g*.

The formation of 9,10-dibydro-9-dimethylaminophen&nthrene

during the Hofmann degradation of the ephedrinlum compound
(22 ; X = OH) and also during the decomposition of the azepinium

o
hydrogen carbonate (24 ; X = HCOg) at 210 suggests that in this 
type of compound and under the experimental conditions described 
the hydroxyl ion might be a strong enough base to remove a I
hydrogen atom from the d  (benzyl) carbon atom and bring about
a Stevens rearrangement of the involved cation*

In order to test the effectiveness of the hydroxyl ion
under the conditions of reactions described above, Hofmann
degradation vas carried out on 2, 7-dii]ydro-l, l-dlmethyl-3,4: 5,6-
dibenzazepinium iiydroxide (24 ; X = OH) under the conditions
of experiment (IV), the temperature not being allowed to rise 

o
above 135 • The 9,10-dihydro-9-dimethylaminophenanthrene (27) 
vas obtained but it vas accompanied by 2,7-dihydro-l-methyl- 
3,425,G-dlbenzazeplne (26) (the result of hydroxyl attack at the 
methyl ok-carbon atoms) and by phenanthiene isolated in 32-40$ 
yield. A similar decomposition carried out in the presence of
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potassiiaa hydroxide gave a siMlar yield of phenanthrene (33%);
the aæinodihyûrophenanthrene (27) but none of the azepine (26).
Neither the azepine nor the phenanthrene had been detected vhen

0
the hydrogen carbonate iwas decomposed at £10 ,

The formation of appreciable amounts of phenanthrene 
during the degradation of the azepinium hydroxide (24 j X = OH) 
suggests that the formation of 9,10-dihydro-9-dimethylamlno~ 
phenanthrene (27) during the degradation of the bis-ephedrinium 
hydroxide (22 j X = OH) is derived principally from a Stevens 
rearrangement on the original ion (22 — ? 30) and not via the 
azepinium ion. Any amine (27) produced via the azepinium ion 
vould have to be accompanied by considerable amounts of 
phenanthrene. Phenanthrene vas detected only in reactions 
vhere a good yield of the amine (27) vas obtained but in the 
most favourable case (Exp. VI • added alkali) only in 19% yield. 
Ho azepine picrate (26 ; CgHgHgO^) vas isolated but small 
amounts of it could easily have been missed during the 
fractional crystallisations of the picrate mixtures.

The considerable amount of phenanthrene obtained from 
the degradation of the azepinium hydroxide (24 ; X = OH) suggests 
that dimethylamine had been eliminated during the reaction 
either from the 9,10-dihydro-9-dimethylaffiinophenanthrene (27) 
or from a possible Intermediate (31).
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During the decomposition an alkaline gas vas evolved vith
o

characteristic smell as soon as the temperature reached 80 
but several attempts to isolate it as its picrate vere unsucc
essful* During the distillation an alcohol trap vas placed 
before the receiving flask and the alcoholic solution treated 
vith picric acid. An attempt vas also made to salt out the 
highly water soluble base from the aqueous layers obtained on
working up* The amine (27) appeared to be stable both to

o
heat (it could be distilled at 186 / 1 A T , .) and to alkali (the
yield of phenanthrene was not increased by added potassium
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hydroxide)* The hydroxy-aisine (61) is not known ; the corres
ponding diol Is stable to alkali*

In view of the considerable yields of phenanthrene 
obtained during the degradation of the azepinium hydroxide it 
seemed interesting to find out whether Hofmann degradation of 
related compounds might not prove a route to certain substituted 
phenanthrenes which are otherwise difficult to synthesise*

/
I '

. VetvV

t-
Co 0 CO Cv\^

KC-CM
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Accordingly &^2'-blshydroiymethyl_blphenyl vas chlorln-
ated vith free chlorine in glacial acetic acid ( de la Mare,
Bedford College). The product vas converted into the corres-
ponding mixture of chloro-2,S*-blsbromomethylJ)iphenyls vMch
vere bridged by condensation vith dimethylamine* The resulting
quaternary bromides were converted into the hydroxides and
distilled under the conditions of experiment (IV)* The product
was worked up as described in previous experiments and the
ether soluble non-basic fraction was analysed by vapour phase
chromatography,

Vapour-phase chromatography on a packed column shoved
that this consisted of about equal parts of phenanttoene and
chlorophenanthrene and the ciilorophenanthrene band appeared to
be a partially resolved doublet*

On a capillary column vith greater resolution than the
packed column the chlorophenantlirene band vas resolved into
three* The peak heights in order of increasing retention time
were ca* 7 , 4 ^ ^ )  and 2 , the last two overlapping
considerably. If phenanthrene = 1, retention times are approx-

o
imateiy A = £.2 ; B = 2*62 ; C - 2.67 on Apiezon L.at 190 .
The major components were expected to be 1 -(B) and 6-(A) 
chlorophenanthrene* It seemed likely that C vas the 2-chloro 
isomer, since the 4-chloro isomer vould not be expected on steric 
grounds.
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The product vas re-examined on a 50 foot Apiezon L column at
o

20Z and the retention times of the components vere compared 
vith available pure samples of l-> 2-, 2̂-, 4- chlorophenarithrenesj 
It vas found that the S-cixLoro isomer, vith retention
time vas the mainjproduct, but there vas more of the 2- than of 
the 1- isomer present, the latter emerging last* The order of 
increasing retention times for the five possible isomers is :

2- < <1- ^ 2- ^ 9- ( 1- .

The presence of phenanthrene is due to the fact that 
chlorination of the did vas only partial (50̂ ) and part of the 
intermediate product consisted of the unsubstituted azepinlum 
compound (24), It seems probable that under the conditions 
used for chlorination (pure glacial acetic acid, no water) the 
did was partly acetylated, the acétylation stopping further 
chlorination* The ester would have been hydrolysed to the did 
in subseuqent treatment of the intermediates*

The behaviour of the bisephedrlnium compound (22;X=0H) 
suggested that the hydroxides of other unbridged 2,2^-bis
qua ternary biphenyls, in which simple olefin formation w*ould 
be difficult or impossible, might give bridged compounds under 
Hofmann degradation conditions. Accordingly an aqueous solution 
of 2,2*^bis^(trimethylammonlamethyl)^biphenyl hydroxide (22;X=0H]
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vas slovly distilled under reduced pressure in an atmosphere 
of nitrogen* 9,10-Dihydro-9-ciimethylamlnophenanthrene (27) and 
trimethy lamine vere detected among the products by isolation of 
their knovn picrates, as veil as one other unidentified base. 
Kon~basic products, including phenanthrene and 2,7--dihydro-o,4:
5,6-dibenzoxepin (̂ 2) vere also obtained* The oxepin vas not 
isolated in a pure condition but vas detected spectroscopically 
in a mixture vith phenanthrene (infrared ) *

Nucieophillc displacement by byaroxyl ions at one of the 
benzyl (A -carbon atoms, folloved, by cyclisation, seems to be 
the most likely route to the oxepin. Proton loss from a benzyl 
methylene group folloved by rearrangement gives an ion (56) 
vaich can give either 9,10-dihydro-9-dimethylaminophenanttoene 
by a displacement at a methyl group or phenanthrene by 
elimination.

IW) 3
i-HiP
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t- Ĥ O

OH e

+ CĤ OVA

The unidentifieci base vas obtained as its picrate^m.p#
o

£40 (decomp.); the analysis gives the empirical formula
if the biphenyl skeleton is still present, or

^10%4-*15 ^lp6%%P7 is not. The picrate vas decomposed
by cold alkali and gave a little free base, the infrared " 
spectrum of which shoved the C-H stretching frequencies of NMeg 
(at £760 and £811 and of CH^ (at 2857 And £918 .
No peaks for C-CE^ vere found, although tvo slight shoulders 
(at £684 and 2970 on the CH^ bands vere at the CH^
stretching frequencies* It does not seem that a ^normal^ Stevens 
rearrangement has taken place to give (34). Too little of the
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base vas isolated to elucidate Its structure
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c (ill) Infrared and Ultraviolet Spectra of the Tertiary Amines 
Isolated and of some Byproducts:

Both ultraviolet and infrared spectra have been used 
extensively for the identification of the products obtained in 
the Hofmann degradations.

Ultraviolet Spectra. The final identification of the 
unknown hydrogen carbonate (£4; X=HCOg) as the a&epinium salt 
vas achieved by comparing the ultraviolet spectra of a series of 
related 2,2^-dl-substituted biphenyls, both unbridged and 
bridged vith a £- or 3-atom bridge*The following vere studied:

9, lO-dihydro-9-dimetliylaminophenanthrene (27) and its 
picrate,
E, 7-diliydro-l-.methyl-c,4:5,6-dibenzasepine (26) ,
2, 7-dihydro-1, l-diinetl^l-3,4; 5, 6-dibenzazepinium 
bromide (24; X = Br) and picrate,
2,2^-bis(trimetliylamrxoniomethyl)biphenyl dibromide 
monohydrate (25; X = Br) •

The main features of the spectra of these compounds are given 
in Table I (graphs V and VI); the spectrum of the hydrogen 
carbonate (24; X = HCOg) is also included.

The unknown hydrogen carbonate had a conjugation band 
248\y,v vith 14,000 and the longwave features

were two inflections at A  271  ̂ 4,450) and at
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A 281^, ( 2,580) # The spectrum was almost identical vith
the spectrum of the directly synthesised azepinium bromide 
(24; X = Br). This shoved a conjugation band at A 24S-y^
( ^ ^3nd tvo inflections in the longwave region at 
275vvvu.(̂ ĵ ^̂ 4̂,270) and at 280-^ ( 3*060). Both the
above spectra shov the large measure of conjugation between the 
tvo aromatic rings vMch exists in the biphenyl compounds 
bridged vith a 3-atom saturated bridge. Replacement of the 
tetrahedral quaternary nitrogen in the bridging ring by the 
pyramidal tertiary nitrogen as in (£6) leads to a considerable 
shift of the conjugation band to shorter wavelength ( A 
and to a further reduction in Intensity of the band ( 
as compared vith biphenyl ( t' 17,300) and vith the corres
ponding quaternary salt. This indicates reduction in conjugation,
The spectrum of compound (26) sliovs a shortwave b^nd at
A £06^, ( G 41,600) and has only one inflection at max 7^  ̂ max
AiOiijc ( A Inf. The quaternary picrate (24}
Z = shovs a shortwave band with two mail ma at 206
and 21£>mlc The conjugation band is here at A 246 and / m&x
has a high intensity ( 1  2P,700). This is due to the
superposition of the picrate ion absorption on tiiat of the 
azeplnluo compound. This can also be seen in the longwave 
region which shows in addition to the tvo inflections a strong
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band at A 6 5 7 ^ and 560y. typical of the picrate ion
absorption. (Schroeder, Wilcox, Trueblood and Dekker,
Chem.. 1951, 25, 1740). The superposition of the picrate ion 
absorption onto that of the bridged biphenyl is also evident 
vhen spectra of the 6-membered ring compound (27) and of its 
picrate are compared.

The spectrum of (2?) shows a higher degree of conjuga
tion than those of the biphenyls with a 3-atom bridge. The 
conjugation band is here shifted to longer wavelength as com
pared with biphenyl. It is resolved into 3 maxima at X 252^^ 

and 265.5^ with molecular extinction coefficients of 
15,700, 16,000 and 15,900. The longwave region shows three 
inflections. 9,10-Dihydrophenanthrene (Beaven, Hall, Lesslie, 
and Turner, J., 1352, 854) shows single peaks both in the 
conjugation band region and in the longwave region, and In the 
latter it has a well resolved broad band. Its conjugation band 
at A 263,5yv is of higher intensity (^ 18,000) than
in biphenyl ( ^ 17,300). The spectrum of the unbridged
2,2»-disubstituted biphenyl (23 ; X = Br) is typically that of 
a highly sterically hindered biphenyl and resembles the spectrum 
of 2,2^-ditolyl (Beaven, Hail, Lesslie and Turner, J.,1954, 131). 
The conjugation band is left here only as an inflection at 
233 (^._f 8,980).%  ^^inf »
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I 1H-. X = ̂ )(-i)/^

'Mk P\tp

~1~



is

o'KAPH VI

OL̂ P̂iViouEl oP DK:> -
" S "  VI r(i ^ T  H Y L . A M l r J o V H j c N A W l ^  V\iE I Jc (^ 'T ) (' 
oP u b  P\LKA ; Lr (••'M AiHb 3 r î lb
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Infrared Spectra
The main features of the infrared spectra of the four

tertiary amines, (2Sa), (26), (27) and h-metnyiephedrine are
given in tables £ and 5» The spectrum of the unidentified base

o
{{), the picrate of vhich had m.p* 240 , is also included, as 
veil as part of the spectrum of a non-basic reference compound
9,10-dihydrophenantiirene^ The spedtra are reproduced in graphs 
I, II and III. A sharp band at 1004-1007 (at 1001 cm.'^
Ci^Hĵq) in all the above compounds except ü-methylephedrine and 
the unidentified base, supports Beaven and Johnson’s 
("Conference on Molecular Spectroscopy",Ed.Thornton and Thompson,
Pergamon Press, London 1959,p.78) viev that the biphenyl

-1structure has a ciiaracteristic band at 1010 cm# # It is not 
clear vhether the unknovn base contains still a biphenyl skeleton 
its infrared spectrum shovs a veak shoulder at 1004 cm#*^ 

and not a clear resolved band* However it is possible that the 
biphenyl absorption is here obscured by the very strong band at 
1019

4. - 1All the amines show a strong band at 2764 - 9 cm# and 
a second (medium to strong) at 2815 Î is which is weakest
in the azepine (26)* 9,10-Dihydrophenanthrene also shows a veak 
band here* Absorption in this region has been correlated (Hill 
and Meakins, J#, 1958, 760 ; Braunholtz, Ebsvorthy, Mann and 
Sheppard, J, 1958, 2780 ; Wright, J.Or^.Chem.. 1959, 24, 1862 j
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Katritsky and Jones, J*, 1959, 8674); with the C-H stretching
vibration of an K-Me group and Hill and Meakins (loc*cit.)
have classified the absorption pattern according to the
situation of the basic group and the number of the methyl groups
attached to the nitrogen.

When the group is not attached directly to an
—1

aromatic system two bands occur (in the £825-2610 cm. and 
-1

2776-2765 cm. regions) and this is shown in the spectra of 
the three amines examined (28a, 27 and N-methylephedrine) which 
contain these groups and also in the spectrum of the unidenti
fied base. The K-Me group not attached to an aromatic system 
gives a single band between 2805-2780 cm, and the me thy 1-
azepine (26) has a strong band just outside this range at

^ -1 2775 cm.'" , the second band at 2827 cm. of lower intensity is
probably due to the -CHg- groups as a similar weak band is found 
also in the non-basic 9,10-dihydropenanthrene.

The spectra of 2,2’-blshydroxymethylblphenyl, of the 
oxepin and of phenanthrene were used in the attempt to identity 
the non-basic, ether-soluble products of the Hofmann 
degradations. All three compounds have quite characteristic 
absorption bands of high intensity which permit detection of 
anyone of them in a complex micture* The spectra are 
reproduced in Graph IV.
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The spectrum of phenanthrene shows two outstanding bands 
the very strong band at 781 due to the CH out of plane
deformations characteristic of aromatic compounds vith four

—1
adjacent free hydrogen atoms, and the strong band at 806cm*
due to the same type of vibration but in presence of tvo
adjacent free t%-drogen atoms. The rest of the spectrum is
uninterestingly flat and contains veak bands only. There is no

—1
band here in the region of 1010 cm. characteristic of the
biphenyl skeleton structure*

The spectrum of the diol has a broad band vith a 
-1

maximum at 5210 cm. , vMch can be assigned to the stretching
frequency of -OH groups vhich are intramolecularly hydrogen
bonded. The absence of this band can always be taken to
Indicate the absence of the diol, but the presence of the
hydroxĵ l band in this region may also be encountered in material

-1
exposed to moisture. A strong band is present at 1055 cm. 
which can probably be assigned to the C-0 stretching frequency 
of the CHgOH group. Le comte (Tout arid Lecomte, Bull. See..

-1Chim.France'1945. 10,542) established that a band near 1050 cm. 
occurs in primary alcohols. Stuart and Sutherland (J#Chem.Phys,, 
1956, £4, 559) shoved the sensitivity of this adsorption to 
structural changes - there is a. shift towards lover frequencies 
in unsaturated alcohols, and this is found greater for aryl 
than for alkenyl unsaturation.
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The region 772-722 cm. contains three bands at 772 cm. (M), 
—1

at 755 cm. (S) due to CH out of plane deformations vith
—1

four free adjacent hydrogen atoms and at 722 cm. (M), which
together with the tvo bands cited above can be used success-
fuJ.ly for detection of the diol. The biphenyl absorption band

-1
is nresent here at 1001 cm.

-1
The oxepin shovs a broad strong band at 749 cm* with 

—1
a shoulder at 757 cm. vhich can be assigned to the CH out of
plane deformation vibration of the four' adjacent free hydrogen
atoms. Orr and Thompson (J., 1950,218) have traced a strong

-1
band near 750 cm. in a considerable number of 1,2-di-
subs ti tuted polynuclear structures. Tvo further regions are
characteristic of the oxepin spectrum : tvo medium strong

—1 —1 
closely spaced bands at 901 cm. and 868 cm. and a strong

-1 • -1 
doublet vith maxima at 1081 cm. and 1072 cm. So far little
infrotation is available for correlation of absorptions in
cyclic ethers. However it is thought that cyclic ethers
containing four-, five- or six-membered rings have multiple
absorption bands in these regions which can be attributed to
the stretching vibrations.
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/ -1Table 2» Infrared Spectra (cttu | 
Tertiary Amines.

range GOO-1650) of some

(26) , (?)(picrateQ
m.p.240 )

(23a) (S7) ME-

605 m
617 m 619 sh 619 m
652 sh 627 sh 630

656
m
ÎÎ1

667 V 667 V
678 m

697 V 699 m 705 vs
711 V 711 sh 711 V
750 m 730 vs 720 sh 728 sh 729 sh
749 vs

757 m
736 sh 
753 sh 
757 vs

737 vs 
752 vs

744 vs

776 m 70S m 
787 vs

781 sh 777 s
790 sh

779 s
825 V 812 V 814 m 810 m853 V 647 vs 839 sh 833 V 835 V849 m 862 sh 851 m 861 m870 w
885 V 877 V 873 m 879 m 861 m934 m 885 V 936 m 920 V947 m 909 V 942 V 952 m 956 m977 V 971 m 972 V 978 sh990 m 990 V 996 s1006 V 1004 sh(?) 1007 m 1004 V1022 m 1019 vs 1027 s 1025 s 1030 sh

1047 V
1059 s 1041 s 1041 s 1041 s

1047 sh 1055 s1078 s 1078 m 1075 V 1067 sh
1114 sh

1094 m 1095 m 1096 m 1095 m1107 V1120 m
1127 sh 1127 V 1125 V 1127 s
1157 V

1145 m 1145 m 1143 V
1171 s 1153 m 1155 m 1157 sh

1182 m 1172 m 1167 s 1170 s1189 V 1183 m1195 m 1200 sh 1200 m

(contd)
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Table 2 continued.

—1Infrared Spectra (cm. ; range 600-1650) of some 
Tertiary Amines.

(26) . (?) (23a) (̂ 7) aME""(pi crate
m. p. 140 (̂)

1235 m 1231 m 1238 y1250 V 1255 s 1253 m 1247 sh
1261 sh 1261 y 1267 s

1289 m 1284. V 1277 m 1282 sh
1307 V 1297 m 1314 m 1305 sh1333 V 1337 sh 1333 sh 1325

1355
sh
sh1366 m 1357 s 1361 s 1361 m 1368 s-1389 V

1416 sh 1401 V 1401 V 1404 V 1418 sh
1439 sh 1439 sh

sk1443 s 1441 vs 1449 S 1451 s 14471462 m 1451 sh 1460 sh 1471 sh 1460 sh1475 m 1481 s
1460 sh 1490 sh 1493 sh 1493 sh1550 y
1582 m

1563
1587

y
sh1605 sh 1592 y 1597 y 1600 V1637 m 1629 y 1631 y

a N-Methyiephedrine, spectrum Kujol mull, 
b

Hujol peaks.
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Table g. C-H Stretching Vibrations (cm. ) In some Tertiary 
Amines and in 9.lO-DlhYdr-ophenanthrene.

(?) (26) 
(picrate 
m,p.240^)
2697 m
2760 s 2773 s 
2812 s

2827 m 
2853 s 2859 m

(23a) (27)

2755 s 
2803 s

2843 m

2887 sh 
2924 s 2924 s 2927 s

2953 sh 2959 sh

3010 sh 3006 m 3012 m

3020 sh
3049 sh 3051 m 3046 m

DHP- Probable
assignment

2768 s 2772 s 
2811 m 2817 s

2819 ra
2851 m 2874 m

2867 s
2884 m
2930 s 2921 s

2941 sh 
2956 sh £956 s 

2979 s 
3012 m 3021 m 3008 s

3063 m 3058 m 3051 m 

3084 sh

M-CH. 
S-CH, 
? 
CHg 
CHg 
? CIÎ 
CHg

? CHg 
? CHg 
CH (a^gmy

CH (aromatic)
? CH (arom

atic)

a- N-Methylephedrlne, spectrum In carbon tetrachloride solution

9,10-Dihyârophenantî:irene, spectrum of molten material*
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(Û) Quaternary Salts formed from 2.2*-B1sbromomethyl-G-nitro- 
and tro->blphenyl>
The general scheme of synthesis vas as follovs:

Mo,.

I \HOOC t^ocH
(58)

H o o c  C o o HLOU (LOU

i I LOU COa

CH CV\
LH OH

CH, CHCH

CH 

(5D)

(kg')
(55)

CH OH

Ikl)
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The E-nitro-(56) and 4--nl tro^phencinthraquinone (57) vere 
prepared by mononltratlon of phenanttiraquinone according to 
Schmidt and Spoun ^Ber.. i92f, 1194)• Oxidation of the
2-nltro compounu with hydrogen peroxide in glacial acetic acid 
(Labriola and Felitte, J.Or^.Chem... 1945, §, 557) gave a strongly 
coloured product which on purification gave a 64% yield of the 
acid (58). A better yield of pure acid (58) was obtained using 
Moore and Huntress method (J.Amer.Chem.Soc.. 1927, 49, 1528) in 
vhich the qui none is oxidised by potassium dicliromate in 
sulphuric acid (60% crude |, 68% very pure 1st crop). The 
6-nitroblphenic acid (59) vas obtained by similar oxidation of 
the corresponaing cuinone in 74% yield after crystallisation^ 
Reduction of the acids to the corresponaing diols presented some 
difficulty as it was necessary to find conditions under vhich 
the nitro group would not be reduced. It was first attempted to 
approach the problem by reducing the corresponding ester. The 
pilot experiments vere carried out using the 4-nitrobiphenic acid, 
since mono nitration of phenanthraquinone gives 54% of 2-̂ nitro- 
quinone to only 28.6% of the 4-nltro compound. The dimethyl 
ester vas 1st prepared using methanol and sulphuric acid but only 
a 60.5% yield vas obtained. Estérification in the presence of 
hydrogen chloride (Labriola and Felitte, loc.cit.) gave much 
better yields (90%). An attempt to reduce the ester vith sodium
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boroiiydrl.de and aluminium trichloride In 1,2*aimethoxy^ethane
vith previously carefully purified reagents (Brown, Head, and
Bubba Bao, J.Amer.Chem.6oe.. 1955, 6209) failed* The intense
orange colour of the residue suggested tri&t the reduction vent
beyond the stage of the diol formation to the azo compound*

Another attempt was made to reduce the ester by the
method of Paul and Joseph (Bu.ix. BsuChim* It nce* 1952.19^550) *
The authors reduced ethyl p-̂ nitrobenzoate to the p-nitrobenzyl
alcohol vith potassium boro hydride and lithium chloride in

o
tetrahydrofuran at £5 and obtained an 66% yield* Using our
reagents and repeating their procedure a yield of only 29% vas
obtained in the same reaction. However an attempt vas made to
reduce the dimethyl 4-nltro^blphenate in this vay. At room
temperature tae unchanged ester was recovered, while at higher

o
temperature (60^64 ) a bright yellow gum vas obtained which could 
not be made to solidify*

A number of authors (Anrufeports. 1955, 52, 153 ; 
Wystrom^ Chaikin n̂d Brown, J*.toer*Ghem*8oc*. 1949, 3245;
Koilonltsch, Fuchs :md Gabor, Nature, 1954, 173. 115) reported 
successful reductions of nitro-esters to the corresponding nitro*» 
alcohols with lithium borobydrlde (Hydroselector) in tetrehydro- 
furan* An attempt to reduce the dimet!iyl 4-nitro-bipheimte in 
this vay at room temperature yielded orange-brown gum indicating 
at least partial reduction to the azo compound* The gum in 
chloroform was put through an alumina column but no separation
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vas obtained.
Another approach to the reduction of acid derivatives 

to alcohols without reduction of the nitro groups present, can 
be made via the acid chlorides (Gaylord, Reduction vith Complex 
Metal Eydrides ; Metal Hydrides Inc,, Beverley, Mass .̂ Bulletin 
402-B, , Very fev such reactions have so far been
described but the general scheme is

2L1BH4 -f 4BC0C1 } LiCl + BClg f LiB(0CR2R)4

HgO
V

LiBOg + >t̂ CHgOH

The 4-nitro- (40) and the 6->nitr*o-(4l) acid chlorides vere
therefore prepared by heating under reflux the corresponding
acids vith an excess of thionyl chloride, vhich vas then removed
by distillation at reduced pressure. The crude chlorides vere
fairly easily hydrolysed in air and vere therefore used directly
for the reduction without being first purified. Their melting 

o o
points (87 for 6-nitro and 90-92 for 4-nitro) vere very much
lover than those of the corresponding acids and in cases where
those vere much higher the product vas retreated vith thionyl
chloride, Ho acid anhydrides were isolated (see Bell and
Robinson, JL* j 1927, 1695) ,
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The 4-nitro acid chloride (40) vas used in the pilot
experiments in an attempt to find optimum conditions for reductior
vlth lithium borohydride* The first tvo experiments vere carried
out in tetr&hydrofuran. An excess of the hydride vas used and

o 0the reagent vas dissolved in the solvent at -10 to -8 . The
reactions vere carried out under nitrogen» In the first
experiment (4 hours^ room temperature) a pale yellov gum vas
obtained which yielded 0,5 g* (l£»5̂ ) of the required diol (42)
after treatment with charcoal and benzene» Some 4-nltro-
diphenic acid was also recovered. An orange solid was also
isolated, which was proved by analysis to be mainly the azo
compound* In the second experiment (2*5 hr») only a b% yield
of diol (42) was obtained*

It vas decided to use less stringent conditions and to
carry out the reaction in ether. The hydride vas dissolved in

o
ether (Na dried) at -8 and a cold .solution of the acid
chloride in ether vas added over 0*5 hour. The temperature rose
gradually and the reactants vere heated uhder reflux for a

o
further 0*5 hour at 54 * A Sl^ yield of diol vas obtained. A
second attempt gave a 40^ yield* By using 5 times the required
amount of the lithium borohydride in a IM ethereal solution and
by carrying out the reaction at room temperature for 2 hours and 

o
at 54 for 15 minutes the yield was increased to 62*556. This was
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further improved to 79% by using 4.5 times required amount of
hydride in ether and adding the acid chloride solid at room
temperature without any external heating. Some of the crude gum
vas esterified with p-nitro-benzoyl chloride in pyridine and
gave the required di-ester. The ester was hydrolysed with
potassium hydroxide, and the resulting gum converted into the
dibromide (44) by boiling with 50% bydrobromic acid. A gum was
obtained which reacted vigorously with piperidine in dry benzene

0
to give a pale yellov solid, m.p* Z02 , which must have been the 
quaternary piperidinium salt of (44). However too little was 
obtained to recrystall!se or analyse,

2,2*-bishydroxymetbyl-6-nitrobiphenyl (45) vas prepared 
from the corresponding acid chloride by the method used for the 
4-nitrc^ompound. It vas found however that analogous high yields 
could be obtained by using a slightly lover excess of lithium 
borohydride (3#65 ml. instead of 4.5 mol.). The 6-nitro com
pound crystallised from benzene as solvate but could be obtained

o
unsolvated by drying for 5 days at 60-80 or by allowing it too
stand in air for a long time. Solvated it had m.p. 84-85 but

o
dried it had m.p* 96-98 , which vas very similar to the 4-nitro

o
diol (42), (m.p. 95-97 ). However the two compounds were not 
identical as shown by mixed m.p. and infrared spectra, as veil 
as by\ the tvo different 2,2*-bisbromomethyl-nitrobiphenyl 
compounds(44 and 45) obtained in good yields from the tvo diols
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by the action of hot hydrobromic acid.
2,2*-B1sbromomethyl-4-nitrobiphenyl (44) vas used in

pilot experiments to obtain quaternary salts by condensation vith
(-) ephedrine to obtain (46; X=Br); vlth dime thy lamine to obtain
(48; X=Br)j, and vlth trimethylamine to obtain (50; X=Br) * In all
three cases quaternKf^isation vas very rapid. The isolated

;
quaternary bromides vere all solvated, the one vith (-) ephedrine 
vas difficult to handle and vas converted into the corresponding 
unsolvated iodide. The salt 2,7-dihydro-1-(-p-hydroxy-4-methyl- 
-p-phenylethyl)-1-methyl-2 *-ni tro-5,4:5,6-dibenzazepinlum bromide 
(46; X=Br) obtained on condensation of the 4-nitro compound (44) 
vith (-) ephedrine contains besides the tvo resolved asymmetric 
carbon atoms of the (-) ephedrine a new stable asymmetric centre 
in the quaternary nitrogen atom and might be expected to separate 
under favourable conditions into the tvo diastereoisomers,
Hovever crystallisation from ethanol yielded only one (dextro-

_ O
rotary) form vith 1'̂ ] ’ + 30,74 (methanol).

5461
The salt shoved no mutarotation at the above teĉ >erature.

Condensation of (-) ephedrine vith 2,2*-bisbromomethylbiphenyl
(Beaven,Hall, Lesslie and Turner, J», 1952, 854) yields a
quaternary salt which is also dextrorotary and in which no
unstable optical activity has been detected in the range of 
o o
0--S0 (methanol). It thus seems that in both the above
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quaternary salts the tvdsted biphenyl part of the molecule which 
could give rise to labile optical activity, has too low an 
energy barrier to passage through the symmetrical state for the 
activity to be detected under the experimental conditions used.

The 2,2 *-bisbromomethy1-6-nitrobiphenyl (45) was 
condensed like the 4-nitro compound (44) with the same three 
bases: (-) ephedrine, dimetliyl- and tri me thy lamines* In all. 
cases it vas found that it reacted more slowly than the 4-nitro 
compound (44), an effect which might be expected in the sterically 
hindered 6-nitro biphenyl derivative.

Condensation of the 6-nitro compound (45) vith (-) 
ephedrine lead to isolation of 2,7-diiiydro-l-(_p-hydroxy-0(- 
methyl-p-phenyletby 1 ) -l-metliyl-4 * -ni tro-3,4i 5,6-dibenzazepinium 
bromide (47; X = Br), The presence of the nitro group in the 
6-position of the biphenyl nucleus increases the energy barrier 
to passage through the symmetrical transition state in salt (47)
as compared vith (46) and might be expected to lead to detectable
optical activity due to the labile biphenyl asymmetric centre*
The asymtn.etrie centres in (47) are î
a) 2 asymmetric carbon atoms of the » ephedrine part which 

represent stable resolved centres; as in (46) ;
b) 1 asymmetric quaternary nitrogen atom, representing an 

optically stable unresolved centre; as in (46) ;
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c) the twisted biphenyl skeleton, sterically hindered by 
substitution in the G-position^unresolved^and optically 
labile*

Both b) and c) can under favourable circumstances separate into 
the dextro and leavo forms ana the total number of possible 
combinations could lead to separation of the four diastereoisomers 

f whereVfirst negative sign
of each form represents the contribution of both the asymmetric 
carbon atoms of the ephedrine part of the molecule.

The 2,7-dihydro-l-(^-hydroxy-cii-methylr^-phenyletl^l) -
1-methyl-4*-nitro-3,4i5,6-dibenzazepinium bromide (47;X=Br) vas 
found to mutarotate in methanol at room temperature and since 
the 2*-nitro quaternary bromide (46) vas optically stable under 
similar conditions, this activity could be attributed to the 
labile biphenyl centre. An attempt vas made to separate by 
crystallisation the four possible optical isomers, Tlds proved
difficult and only one isomer vas obtained really or nearly pure.

 ,24 OIts mutarotation from a large (-)ve angle \\̂ oj - 446 ,
-, 23.5 0 _ 0

15 oj -389 ) to a smaller (-)ve angle (\oL.Tl - 113
5461 >- -'5461

_ __________ gg g
lyLop I * -109^ ) wdLth half-life of 10 and 8 minutes respectively

5461
vouid suggest that this represents the optical isomer containing
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the (-)ve biphenyl form and the (-)v<L quaternary nitrogen form. 
Two preparations were carried out and the above isomer constit
uted 25-33^ of the total product.

The crude residue after separation of the above isomer
was found to mutarotate from I -71 toL ^5461 ^5461
with half life of 15 minutes* This residue was treated differ
ently in experiment!. I and II, In one (experiment II) it was
dissolved in water and after many days crystals of hydrated salt

20vere isolated* This crop mutarorated from \do | - 81^ to

L̂ ôoJ  ̂90*5^ vith half life of 11 minutes. At 21.3^ the
half life vas 12 minutes, - 78,5^ and W « p | -89^.

5461 -  ̂5461
In the 2nd case (experiment I) the crude residual

bromide vas converted into the iodide by treatment with potassium
iodide and the iodide vas crystallised from water. The hydrated
salt isolated vas found to mutarotate with half life of 16
minutes from û  1 - 60° to -88°. It thus

5461 5461
appears that some separation into twro further isomers was taking
place. The mother liquor from crystallisation of the iodide
vas evaporated to dryness and the impure residue vas examined

o
polarimetrlcally. At 22 it mutarotated vith half life of 4 
minutes from “ 78° to ^=^5461 -53°. Various

solvents vere tried in an attempt to effect satisfactory
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fractional crystallisation but this did not prove possible.
Howrever the experiments on the quaternary bromide (47) demon
strated that this type of biphenyl structure with a 6-nitro 
substituent is sufficiently sterically hindered to lead to 
detectable optical activity at room temperature.

Condensation of 2,2*-blsbromomethyl-6-nitrob1phenyl vlth 
dl^imthylamine proved facile and the pure 2,7-dihydro-l,1-dimethyl- 
4*-nitro-3,4;5,6-dlben2âzeplnium bromide (49 ; X=Br) was obtained 
after one crystallisation in 68^ yield. The (+)-camphorsulphonate
prepared from the bromide (49; X=Br) vas examined polarimetrically 

0 o
at -4 and at 2Z (methanol) and shoved no mutarotation or change

o
of rotation vith temperature. It had + 23.5 at both

L -̂ 5461
temperatures. The ( + ) - -bromocamphor- w-sulphonate of the
azepiniura ion (49) vas prepared and its solution in methanol vas

o o
found to mutarotate at 22 (and 24 ) vith half-life of 50.15

_ o , o 0minutes from Idol -250 (-251 ) to \ciJl + 665461 5461
(Tables XI, XII ; graph VIII). Attempts to prepare the active
iodide from the (+)-4-bromocamphor-u-sulphonate vere not
successful as the solubilities of the tvo salts vere alike. The
(-) picrate (49 ; X = 7̂  vas hovever obtained by decomp-

o
osition at -10 of the bromocamphor sulphonate in methanol w;ith
saturated picric acid in ethanol. The (-) picrate had extra-
polated \^o] -243 (acetone) and half-life of 21.5 minutes.

^ 5791
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At 55*8 the half-life vas 5.9 minutes*
The (-) picrate vas very Insoluble and its racémisation

could only be studied in one solvent. Rates of racémisation in
o o

acetone were studied in the range 17*2 - 41.2 and the straight
line plot of log^Q against 1/T gave the value of (E) of

15 1 — 125,2 kcal.mole.'*^ ^nd that of (a) of 10 sec. (Table XVIII,
graph X)•

As would be expected the introduction of the nitro
group in the ortho position of the biphenyl nucleus increased
the specific rotation of the azepinlum compound (49) as compared
with the unsubstituted diester (60^Introduction ) of Iffland

52 5® ^and Siegel (loc.cit) * iVl * + 2*25 , while presence of only

one nitro group as compared vlth Ahmed and Hall*s (loc.cit.)
_ 19O o o

dinltro azepine (56, Introduction) vith w 1 + 1553 ,-1545 ,
^ 5461

has lead to smaller specific rotation.
The 4*-nitro azepinlum picrate is optically highly

labile. It is less stable than Ahmed and Hall’s dinitro azepine
which had (E) (benzene) of 30 kcal.mole.f'^with half-life of 16 hr* 

o o
at 125 and 2,6 hr, at 145 . The decrease of the optical
stability in (49) results from decrease in the blocking effect
of the ortlio-positions. The valency state of nitrogen in the
two compounds is different but Ahmed and Hall have shown that
the methiodlde of their base (47, Introduction) is more stable
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than the base itself* The mono-nitro compound. Is also less
stable than Ahmed and Hall’s difluoro azepine (46, Introduction),

o
the hydrochloride of which had half-life of ca. 6.5 hr. at 60 .
Father surprisingly the mono-nitro compound (49) appears less
stable than the hydrocarbon di-ester of Iffland and Siegel

o
(loc.clt.) which vas inactive after 5 hr* at 32*5 *

The Arrhenius parametpr (A) of the (-) picrate has a
rather high value of 10^^*^sec*  ̂ + 8.6^,u.) and in fact
appears to be the second highest known for racémisation of
compounds of this type (compare Hall and Harris, J», 1960, 490)*

13 -1
It is not Clear why the value is so high though in being > 10 sec* 
it conforms to the general pattern for the following reasons: 
a) high values of (A) with positive entropy factors are assoc
iated vith bridged biphenyls ; b) Brooks, Harris and Hewlett 
(loc.cit*) have shown that introduction of nitro groups into the 
biphenyl nucleus lowers the value of (a), though in their 
diphenic acid series the situation is not strictly comparable 
as the further nitro groups were introduced in the para positions* 
Accordingly one would expect the value for the mono-nitro 
compound to be higher than that in Ahmed and Hall’s dinitro 
azepine ( (A) 10^^*^sec* ( /AŜ  ) - 8*3 e.ti*)» Unfortunately
no figures are available for their dinitro azepinlum iodide which 
is more strictly comparable with the mono-nitro picrate ,:
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c) ♦ Frequency factors (A) aafâ higher for ionised compounds than 
for unionised ones, an effect probably associated with solvation 
This can be observed both in the unbridged and the bridged 
compounds. For example 6,G’-dimethexy-dlphenlc acid (Greybill
and Leffler, J.Phys.Chem.. 1969, 66, 1461) has in ethanol (A),
9.8 -1 . f ̂10 sec. ; (Ao"'), -15.5 e.m. ; while its sodium sslt in water

(Greybill and Leffler, Ibid.,1457) has (A), 10^^'®sec.~^ ;
( A 5̂  ), -12.S e.u.. The same effect can be observed in the
8-atom ring bridged biphenyl di-acid of Dvbrken, Srayth and

/ \ -1Mi slow (loc.cit.) ; in ethanol the acid had (A) 10 sec. ;
( ) -s.5 e.u., and in 2.5gN-HaOH (A) vas 10^^‘̂ see."^ and
( AS ) + 5. 8 e.u.

Synthesis of pure G-nitro-E,2’-bls(trImethylanmonio-
methyl)biphenyl dibromide proved unexpectedly difficult*
Condensation of the corresponding bromide (45) with trimethyl-
amine in dry acetone yielded the mono-quaternary salt (51jX=Br) 

o
vith m.p. 245 (decomp.) which on treatment vith saturated 
potassium iodide yielded the mono-quaternary iodide vlth the 
broffio-methyl group in the other ortho position. Since nitro
benzene proved in previous experimental work a suitable solvent 
for the quiitern̂ X'lsation of similar compounds it vas attempted 
to carry out the reaction in it. The main crop vas again the 
mono compound^ but some impure solvated di-quaternary compound
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o
(53) was also Isolated as intermediate crops vith m.p. ca.170

o
(decomp.) vith strong softening at 145 - 150 . Its Infrared
spectrum vas markedly different from that of the mono compound
(51). The G-3r band at 615.4 present in the mono-
quaternary compound (5l) vas here absent. Tvo additional bands
vere present i a hydroxyl band at 3371.5 czs.*̂  and a broad band

—1 —1vith fine structure vith maxima at ça. 1667 cm. and I605ci«i.
' -1and a minimum at 1587 cm. Etliyl acetate used in recrystall

isation has a broad band in the latter region with maximum at 
1724 and a definite minimum at 1567 cm."7̂ This band was
diminished in intensity on drying for 14 hr s. at 100-120^/9 cm. 
but became very weak only after prolonged drying in vacuum 
at 155-160^. Tlie Intensity of the hydroxyl band was hardly at 
all reduced on drying as in the above cases.

It vas hoped that a purer product could be obtained by 
using more stringent conditions. The mono-quaternary salt (51)
vas used as starting meterial and the reactants in nitrobenzene

o
vere sealed in a tube and heated at 100 . This time the main 
product vas the di-quaternary salt (53; X»Br) but some of the 
mono-compound (51) vas also recovered. In an attempt to com
plete the reaction in one step the £,2’-bisbromomethy1-6-nitro
biphenyl (45) was heated vith trImethyl&mine in nitrobenzene

o
in a sealed tube for 17 tours at 138 . The product seemed to be
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<̂L O
^di-quaternary salt. Crude it had m.p. 251 . Hovever the 
anliydrous salt could not be obtained pure as on contact th
air or on crystallisation it so.L va ted. Recrystallised it had 

o o
m.p. 175 (decomp.) vlth shrinking at ca. 150-155 . Repeated
analysis gave unsatisfactory and varying results. The solvated
di-bromide (5o;X«Br) vas purified by converting it into the
corresponding picrate by treating its aqueous solution vith
aqueous sodium picrate. The pure diquaternary picrate had 

o
m.p. 20^ - 207.5^. It vas treated in water vith 46-50?? hydro-

o
bromic acid and the more soluble solvated dibromide (m.p. 175 •

o
(decomp.), strong shrinking 155-157 ) vas isolated from the 
mother liquor. After subjecting the salt to prolonged drying 
in vacuum, a satisfactory analysis vas eventually obtained for 
it (63; %=Br ; |HgO). The dibromide was converted into the 
(+)- Gk -bromocamphor- (i -sulphonate by treatment with the !
silver salt of the latter in aqueous alcohol. This would not 
crystallise and the (+)-campborsulphonate vas therefore prepared. 
This crystallised easily from acetone. ^
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EXPEBimHTAL

2 - M e t h y I - i - n i  tx^onaphthcv.lene (2 )

Fiertz-David, Manhart, Helv.Chim.Acta. 1937, 20, 1024.

2-Methylnaphthalene (71 g., 1 mol.) vas dissolved in
glacial acetic acid (110 g., 3.66 mol.) and the solution vas

o o
stirred mechanically and cooled to 0 - 5 in an ice and salt
mixture. Fuming nitric acid (29 g., 0.92 mol.) vas added from
a dropping funnel at such a rate that the temperature remained 

o
belov 6 . Addition took 50 minutes, stirring being continued
throughout and for 2k hr. after. The reaction mixture vas
allowed to warm to room temperature and then slowly heated to 
o

80 during 4 hr. The mixture (poui*ed into a beaker) was left
o

overnight at ca, 0 . The yellov nitro compound was filtered
off and the filtrate was treated vith ice and cooled in ice
till no more solid separated. The combined precipitates vere
washed well with sodium hydroxide and water, dried and
recrystallised from half their weight of methylated spirit.

o
Yield 40 g., 43ĵ . Pale yellow needles, m.p. 80 .

T]!he preparation was repeated 6 times and 219.5 g . ,  of 
2-metby1-1-nitronaphthalene were obtained. The yields varied 
between 37^ and 43^. Attempts were made to increase the yield 
to the 60'̂  reported by the authors but vere not successful. 
Thus 2-methylnaphthalene obtained from 3 different sources was
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used as the starting miterial, temperature and time of reaction 
vere strictly control Led. to fo L.l.ov Fiertz- David and Manhart 
and the filtrates and washings vere examined and worked up 
carefully : the filtrates were in each case re-treated with ice 
and kept at 0^ till no more nitro compound separated out ; the 
sodium hydroxide and aqueous washings vere also examined 
a) by acidifying and treating with ice, b) by evaporation to 
dryness (which gave only sodium acetate). Ho nitro compound 
was being lost in this way.

1-Ami no-2-me1hyInan ht haIene (3)

a) Adams and Albert, J.Amer»Chem.8oc.. 1942,64,1475*
A suspension of 2-methyl-l-nitronaphthalene (25 g*) and

Baney nickel catalyst (5 g.) in 95^ ethanol (75 cc.) was shaken
under hydrogen at room temperature and at 3 atm. pressure for
12 hr. The reaction mixture was warmed and the catalyst'
filtered off. On cooling, yellow.' needles of the unchanged nitro
compound crystallised out (18 g.). They vere filtered off and
the filtrate was distilled to remove the ethanol. The residue
solidified on cooling. On recrystallisation from light
petroleum ( b.p. 60 - 80̂ ) reddish brown needles were obtained

omelting at 72 - 75 , 1-Amino-2-nitronaphthalene melts at 
31^*
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b) Vertheim, Organic Synth,. 1943, 471, (Collective Vol.2* 
ed. Blatt).

Coarse iron fillings (50 g.) were placed in a £ litre 
flask, covered with water and heated under reflux on a vigorously 
boiling water bath. A few e.c. of'glacial'acetic acid vere 
added and when the evolution of liydrogen was rapid the melted
2-metiiyl-l-nitronaphthalene (50 g.) vas added. The reaction 
mixture was kept boiling vigorously under reflux for five hours, 
boiling water being added to keep the reaction mixture mobile.

500 C.c* of hot methylated spirit vere added and the 
reaction mlxtuie was boiled under reflux for a further 10 min*
It was then filtered hot on a thick pad and allowed to stand 
overnight. Unreduced nitro compound (10 g.) separated out and 
vas filtered off. Concentrated hydrochloric acid was added to 
the filtrate till no more base hydrochloride was precipitated.
The greenish-grey hydrochloride was filtered off, washed vlth 
water and then with ether. Evaporation of the latter gave a 
further 7.5 g. of unchanged nitro compound. The base hydro
chloride (35 g.) was treated vith sodium hydroxide,the liberated
base was extracted with ether and the latter was distilled off.

o
The residue, a brown oil, was kept at ca.O but did not solidify. 
It was purified by using Lessor’s method (Annalen. 1913, 402,38) 
i.e. the base vas converted into the hydrochloride and steam
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distilled to remove the unchanged nitro compound. The residue
in the flask vas then treated vith 30^ sodium hydroxide and
the liberated base vas steam distilled* It solidified on
standing in ice and vas recr/staliised from light petroleum 

o
(b.p, 60-80 ). White crystals rapidly turning purplish were

o
obtained vith m.p. 31-32 ,

Two such preparations vere carried out and 36.5 g. of
2-methyl-l-nitronaphthalene were recovered and 27 g. (51^ on the 
basis of nitro compound used up) of 1-amino-2-methylnaphthalene 
vere obtained from the steam distillation.

c) Lesser and Aczel, Annalen. 913, 402. 30.

Coarse iron filings (12 g., 3.5 g.atoms) were added 
gradually to a hot suspension of 2-metiiyl-l-nitronaphthalene 
(11.5 g., 1 mol.) in 140 e.c. of 50^ acetic acid. The reaction 
vas continued by boiling under reflux for l| hr. The dark 
brown oily base which separated out on cooling was converted 
into the solid greyish-green hydrochloride by the addition of 
concentrated hydrochloride acid. The mixture was then steam 
distilled to remove the unreduced nitro compound (l g.). The 
base was liberated by the addition of sodium hydroxide and steam 
distilled. A white oil was obtained which solidified on
standing in ice. It was filtered off and recr>^stallised from

olight petroleum (b.p. 60-80 ). White crystals which rapidly 
turned purple were obtained m.p, 31-32^. Yield 8,5g. (88?©),
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The quantities used in this preparation represent the optimum 
conditions. On using twice the stated amount the yield vas 
reduced to while a fourfold Increase reduced the yield
still further to 66?.

Lesser obtained yields of 60 - 70%̂  A total of 102 g, 
of l-»aiî?lno-2-aiethylnaphtîiaiene was prepared by all methods.

l-Iodo-£-methylnauhthaIene (4)

a) Diazotisation method : i
1-Amino-2-m.ethylnaphthalene (24 g.^l mol.) was dissolved

vlth warming in concentrated sulphuric acid (10.5 cc., 1.25 mol.)
odiluted vith 165 c.c, water. The solution was cooled to 0 in 

an ice-salt mixture. Sodium nitrite solution (10.5 g., 1 mol., j
in 21 c.c. water) was added dropvise vith stirring at such a

o orate that the temperature remained between 5 - 10 throughout
diazotisation which took 30 minutes.

Addition of the diazo solution to the solution of
potassium iodide ( 37.5 g., 1.5 mol., in 60 c.c.of water) did
not result in evolution of nitrogen and formation of iodo
compound till the solution was warmed to 50^- 60̂ , The two j|
solutions vere mixed over a period of 30 mins. vith shaking and
warming. The reaction mixture was left to stand for 1 hr. at

oroom temperature and overnight on the water bath at ca. 30 #
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3.5 G. of sodium bisuipiiite vere aüded to remove free iodine 
and the iodo compound vas steam distilled. It appeared as a 
brovn oil In the distillate. The distillate vas washed with 
10% sodium hydroxide solution to remove any remaining free iodine, 
The iodo compound was allowed to settle and the top layer of 
liquid was decanted. The rest was extracted with ether and dried 
over anhydious sodium sulphate. Removal of ether by distillation 
and subsequent distillation of the residue under reduced pressure 
yielded 27 g. {66%) of the golden yellow liquid,b.p. 146/ 2 mm. 
The preparation was repeated and in all 90 g. of the l-iodo-2- 
methylnaphthalene were prepared in this way.

b) Direct lodination with Iodine and Iodic Acid:
Adoptation of ¥irth, Konigstein and Kern (Annalen. 1960,654,84),
method used for iodonaphtiialene by the authors,

£-Methylnaphthalene (11.8 g., 0.125 mol.) was dissolved
in glacial acetic acid (100 c.c.) in a 250 c.c. round bottomed
flask fitted vith a condenser, calcium chloride tube, stirrer
and thermometer. The solution vas stirred vigorously throughout

o
the preparation. It was warmed to 50 and water ( 5. c.c.) and 
carbon tetrachloride (5 c.c.) were added, the latter to prevent 
sublimation of iodine. The solution was cooled and concentrated 
sulphuric acid (5 c*e,), iodine (10.2 g., 0.08 g.atom) and
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iodic acid ( 4,1 g., 0.023 mol,) vere added. The reaction 
mixtui'6 was varmed to 55*̂ - 60̂  kept at this temperature* 
After 12 hr. the very dark Iodine-coloured mixture began to look 
paler, A further 1 g, of iodic acid was then added and 2 c,c* 
of water, the amount of the latter determining the amount of 
iodic acid taking part in the reaction, since the iodic acid is 
soluble in water biit not in acetic acid.

After a total of 20 hi% at 55°- 60*̂  the reaction
mixture vas steam distilled and the distillate vas washed vith
sodium hydroxide. The iodo compound vas allowed to settle and 
most of the aqueous acid layer vas decanted ; the rest vas
extracted vith ether and dried over calcium chloride. The
ether vas distilled off and the residue vas distilled under 
reduced pressurée* 2-2 G* (65,Q&) of l-iodo-2-methylnaphthalene 
b,p, 162^/ 5 mm ,, vere obtained,

o- Iodotoluene,

o-Toluidine (107 g*, 1 mol*) vas dissolved in concen
trated sulphuric acid (77 c.c*, 1*25 mol,) diluted vith £50 c.c* 
of water and cooled in ice to room temperature. £50 g. of ice 
were added and the sulphate was cooled in an ice-salt mixture 
to O'̂ - 3̂ * Sodium nitrite solution ( 69 g*, 1 mol* in 140 c*c. 
of water) was added slowly through a dropping funnel, vith
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stirring, at such a rate that the temperature remained below 
10̂  • The diazonium solution vas filtered tlirough a Buciiner 
funnel cooled in Ice and added sioviy to a solution of potassium 
iodide ( 249 g,, 1,5 mol,̂  in 400 c,c, water), After the additior 
was completed the reaction :iuixture was a lowed to stand for 1 hr* 
at room temperature after which it was heated gently on the 
water bath till evolution of nitrogen stopped, o-Iodotoluene 
was then steam distilled, the disti Llate was washed well with 
10^ sodium hydroxide solution and the top aqueous layer was 
decanted* The o-iodotoluene was dried over calcium chloride and 
distilled, 146 G, ( 67% yield ) b.p. £08*̂ - £1£^ were obtained,

l-Broiao-£-methylriaphthalene (9)
Adams and Binder, J. Amer.Cheia.Soe., 1941, 63, £773,modified
Hail and Mitchell, J., 1951, 1375,

£-Metiiylnaphthalene (14£ g,, 1 mol.) was dissolved in
300 c.c. of carbon tetrachloride and a crystal of Iodine and a
pinch of iron powder were added as catalysts. The solution

owas cooled to 0 in an ice and salt mixture. Throughout the 
reaction light was excluded and the reactants were stirred
mechanically. Bromine (160 g*, 1 mol.) was dissolved in 300 c.c, 
of carbon tetrachloride and added to the 2-methylnaphthalene 
during 20 minutes the temperature being kept at ^ 5 , After
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the addition vas completed, the reaction mixture vas stirred 
for a further 40 mins. It vas then filtered, washed vlth 400c.c. 
of a 10% sodium lydroxide solution and vith water, and dried 
over calcium chloride. The solvent vas distilled off and the 
residue vas distilled under reduced pressure. Yield 201 g.
(91%), b.p, 128^/ 4 mm , The preparation vas repeated five 
times and 966 of l-bromo“̂ methylnaphthaiene vere prepared 
in all vith ah average yield of 68%.

Attempted Synthesis of 2^2’-Dimethvl-l.1’-binanhthvl by the 
action of,cooper bronze on l-lodû-84aethvlnaphthalene,

a) Copper bronze vas activated (Kleiderer and Adams,
J .Amer » Che:ru So c,. 1935, 5b, 4219) by treatment vith a 2% 
solution of iodine in acetone, foiloved by filtering and washing 
vith ioydrochloric acid and acetone and drying in a vacuum 
desiccator,

I-Ioao-2-,methylnaphthalene (40 g., 1 mol.) vas heated on
oa metal bath to £40-250 and the copper bronze (£4 g.,2.5. atoms)

vas added during 2 hr. ., At this stage the temperature rose
orapidly to 300 and a rapid evolution of iodine vapour vas 

observed. The reactants vere cooled rapidly and extracted with 
hot toluene, filtered, washed vlth sodium hydroxide and water 
and dried over calcium chloride. The toluene was distilled off
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and the residue distilled at reduced pressure:
o

(57.5%) 1st fraction,b.p, 98-102 /3 mm*, 8 g. of 2-methyl-
naphttolene*

o
2nd fraction,b.p* 148 /3 ram*, 4 g.of l-iodo-2-methyl-

naphthalene*
A tar residue was rejected*

b) The synthesis was repeated using copper bronze not
activated. The l-iodo-£-methylnaphthaiene (20 g*, 1 mol,) was

o
heated with copper bronze (20 g* 4*23 atoms) at 180-190 , the 
addition of copper being continued for 3 hours. The product 
after cooling was extracted with toluene and the latter was dis
tilled off, A brown viscous oil was obtained. An attempt to 
separate and purify the products by passing a 2% acetone 
solution through a silica gel column was not successful. 
Crystallisation from light petroleum, acetone and alcohol also 
failed,

2-Methyl-l-o-tolylnaphthalene (5)

a) Ullman method: action of copper bronze on o-iodotoluene and
l-iodo-2-methylnaphthaiene,

l-Iodo-2-raethylnaphthalene (10g., 1 mol*) and o-iodo- 
toluene (16 g*,2 mol*) were heated to 210-225^ in a metal bath* 
An air condenser was fitted to the tube containing the reactants 
as both are volatile at this temperature* Copper bronze (26 g*, 
11 atoms) was added with stirring over a period of two hours*

o
The reaction mixture was then kept for another hour at 210-225 *
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It vas cooled am extracted vith hot toluene* This vas distilled 
off and the product vas distilled under reduced pressure* Three
main fractions vere obtained:

o
the first,b.p* 110 /3 mm., (mostly 2-methylnaphthalene),

o
the second, b.p* 110-140 /3 mm., (unchanged reactants).

o
the thJLrd, b.p. 160-185 /3 mm., 2-methyl-l-o-tolylnaphthalene).

o
The third fraction vas redistilled and 2 g, (25%)b.p*150-160 /5m% 
of pure 2-methyl-l-o-tolylnaphthalene vere obtained. The 
composition of the fractions vas elucidated by vapour phase

o
chromatography using Apiezon M on cell te columns at ca. 200 
and 1*7-1*9 l./hr. flow rate* A large tarry residue vas also 
obtained.

2-Methyl-l-Q-tolylnanhthalene from 1-11 thio-2-meth?;̂ !- 
naphthalene and 2-methy1cyc1ohexanone.

1-Bromo-E-methylnapht.halene (100 g*, 0*9 mol*), dried 
over calcium chloride and freshly distilled, was added slowly 
from a dropping funnel to finely divided lithium (6*8 g.,0*97 g. 
atom) placed in 180 c.c. of dry ether in a flask swept 
tlirougliout the experiment vlth dry nitrogen. The reaction 
mixture was stirred mechanically. When the addition of the 
bromo compound vas completed (45 minutes), the reactants were 
heated under reflux for 1 hr* They vere then cooled and
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£-methyi-cyclohexanone (46 g., 0.82 mol.) was added dropvise 
to the i-lithlog-metlylnaphthaiene. When ail the ketone hid 
been added the reaction mixture changed colour from dark brovn 
to pale yeliov-green. The reactants vere heated for 1 hr. under 
reflux, cooled and filtered through glass wool into a 500 c.c* 
conical flask containing crushed ice. The product vas stirred 
veil, more vater and a few c.c. of dilute hydrochloric acid 
vere added to dissolve all the solid and the ether layer vas 
separated. The aqueous layer vas extracted vith ether, the 
combined ether extracts vere washed vith brine and vith water 
and dried over anhydrous sodium sulphate.

Ether was distilled off and 2 g. of naphthalene - 
-sulphonic acid vere added to the carbinoi oind the mixture was 
varmed gently. After 30 mins. the reactants were cooled, ether 
and water vere added and the tvo layers were separated* The 
aqueous layer vas extracted with ether and the combined ether 
extracts vere dried over calcium chloride. Ether was then 
distilled off and the dehydration of the carbinoi vas completed 
by adding another 2 g. of naphthalene - sulphonic acid to 
the residue and warming gently for 1 hour. The product was then
treated as at the first stage of dehydration. After removal of 
ether the product vas distilled under reduced pressure* Three 
fractions were obtained : (l) b.p* 42 - 82° /4 mm., 22 g..
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o
consisted of the unchanged ketone; (2) b.p.82-100 / 5 mm*,

‘o
2£.6g., consisted of 2-methylnaphthalene ; (5)b.p.140-162 /3mm.,
contained mainly the desired mixture of 1:2 and 1:6 olefins.

o
This fraction vas redistilled ana gave 5 g.,b.p. 126/132 /£ mm.

o
of 2-methylnaphthalene and 24 g.,b.p.142-148 /2mm. of the olefinsj 
(46% based on the ketone actually used). The reaction was 
carried out six times in all vith an average yield of 62%.

Dehydro,^enatlon:

Pal ladiiiis-char coal 5% (l g.) vas added to 10 g., of the
olefin and the mixture vas heated sioviy on a metal bath during 

o
3 hr. to 300 and kept at this temperature for a further 3| lir.
The pz'oduct vas cooled and extracted vlth hot benzene, filtered 
twice and dried over calcium chloride. The solvent vas dis
tilled off and the product vas distilled twice under reduced

o
pressure to give 5.5 g., (64%) b.p. 151-168 /3 mm. 57*5 G. of
the hydrocarbon vere synthesised in all, the average yield over
8 preparations being 46-47;?. (Found: C,9£.6 ; H, 7.2 ;
Calculated for Ci8Hi6î C, 93.0 ; R, 6.9 %) . The pui'lty of the
hydrocarbon vas strictly controlled by using vapour phase
ciiromatography. 6 Foot colimns of 30% Silicone £ 301 on Cell te

0
545 at 227-229 and a flow rate of 1.7 litres per hr. vere 
found most satisfactory for these high boiling hydrocarbons.
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2-Bromomethvl-l-(o-br3mometh7lDhenyl-) naphthalene. ( 6)

2-Methyl-l-o-tolylnaphthalene (5g,, i mol.) vas 
dissolved In 25 c.c. of dry carbon tetrachloride. E-Bromo- 
succinimlde (7.7 g., 2 mol.) and benzoyl peroxide (0.05 g.) vere 
added. The mixture vas heated under reflux for hr. More 
carbon tetrachloride (10 c.c.) was adaed and the reaction 
mixture was heated to boiling and filtered hot through a pre^ 
heated Bucliner funnel. The insoluble succinimlde vas washed 
with hot solvent and the filtrate was filtered again when cool 
to remove the rest of the succinimide. The yellow solution was 
concentrated by distilling off most of the solvent. The rest 
of the solvent was removed by gently warming on a hot plate 
while stirring and finally by drying In a vacuum desiccator.
7 G. of dark brown viscous liquid were obtained. This was used 
crude for the attempted preparation of quaternary salts. Seven 
such preparations were carried out and 61 g. of the impure 
dibromo compound were prepared in all.

2.2 * -Bi s (N-Dvridi "ipf̂ Athvl) -5̂  S^benmbiphenvl Dibromide (7:%=Br)

2,2^-Bisbromomethyl-l-phenylnaphthalene (3*5 g., 1 mol*) 
and pure dry pyridine ( 1.6 g., 2*2 mol.) were dissolved 
separately in dry benzene. The two solutions were mixed and 
warmed gently for 15 min. at which point a gum begun to separate*
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The warming vas continued for a further 30 min., the reactants 
being stirred vigorously. On cooling, the gum startea to 
solidify. The solvent vas decanted and the semi-solid gum vas 
washed several times with dry benzene till it all solidified.
The solid vas filtered rapidly, washed with dry acetone and 
placed in a vacuum desiccator _.s it was deliquescent* Crystall
isation proved difficult but eventually 1 g. {20% yield) was
obtained from metlianoi-acetone as a microcrystalrine pale

o
yellow monohydrate, m*p, 264 (decomp*). (Found: C,59.S ; H, 4*4 j 
n, 5*1 ; Br, 28.2 C^QHggOBgBrg requires C, 59.5 ; H, 4*G;N,5.0 ; 
Br, 28.2<)*

2 2 * -Bis (I3-pyridiniummethyl) -6, G-benzbioheiayl Pi-( +) -crn-r hor- 
sulphonate.

2,2(-Bis(N-pyridiniummethyl)-5,6-benzbiphenyl dibromide 
mono hydra te (0*566 g*, 1 moi*)' and silver (+) camphorsulphonate 
(0.678 g., 2 mol.) were dissolved separately in water and heated* 
The hot solutions were mixed and boiled to coagulate the silver 
bromide* The solution was left overnight and then filtered 
twice using a sintered glass funnel containing some chromatog
raphic alumina* The filtrate vas evaporated on a water bath and 
gave a glassy solid very soluble in metiianol and chloroform but 
insoluble in light petroleum* The c^imphorsulphonate has failed 
to crystallise during years*
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2̂  .7-DlhydroDaohtho(2( .1 * :3.4) -5.o-benzazeulnlum-l-SDlro-l* ̂ (- 
pjperidlriiuitt loaiae (8; X=l)

2-Methy 1-1-0-tolylnaphtiiaiene (5 g., 1 mol*) was
brominateci as before and the fresiily prepared dibromide was
dissolved in a few c.c. of dry benzene. Piperidine (4 g.,£.2 moljt
was added. Imaediĉ te reaction took place, a gum separated and
the reaction mixture became very liot. It was left overnight in
a vacuum desiccator* “Water and benzene were then added till a
clear solution vas obtained j the two layers were separated and
back extracted and the aqueous layer vas concentrated in a
vacuum evaporator. On cooling no solid crystallised out so the
bromide vas converted into the less soluble iodide by the
addition of a cold saturated solution of potassium iodide* The
quaternary iodide separated as a gum which became crystalline.

o
under aqueous ethanol on standing at 0 . The crude product
(1.3 g., 15$) was recrystallised from 96$ ethanol and had m.p* 

o o
178-180 (softening 170 ), (l.lg*, 12.5$). The iodide vas
solvated. It was recrystallised also from dry acetone and it

o
crystallised with 1 molecule of solvent. M.p. 155 (decomp.) 
(Found: C, 62.4 ; H, 6.2 ; K, 3,0 ; 0, 3.6 ; I, £5.0. 
Cg3H24MI.C3ÎÎ0O requires C, 62.5 ; H, 6.05 ; 2*8 ; 0, 3.2 ;
I, 25.4$)*
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£-IodQ-5-rii trotoluene (14) j

Carlin and Foltz, J.Amer.Chern.Soc,  ̂1956, 78, 1997,

£-Aniino-5-nitrotoluene (25 g*, 1 mol,) was dissolved
in hot glacial acetic acid (200 c.c.) and the solution vas

o
cooled with stirring to 15 in an ice-bath. Concentrated

o
sulphuric acid (92,5 c.c.) vas cooled to 0 and sodium nitrite
(16,5 g., 1,45 mol.) vas dissolved in it slowly. The temper
ature rose during the addition but the mixture vas cooled to
o I

15 before it vas added slowly and vlth constant stirring to |
the nitroamine solution. The temperature vas not allowed to

o
rise above 25 througliout the addition* The diazo solution vas 
poured with stirring into 750 c.c. of ice-vater and urea (16.5 g.
1.67 mol.) vas added to destroy excess nitrous acid. Potassium i
iodide solution (59.5 g., 1.44 mol., in 200 c.c. water) vas 
then added gradually and with stirring and the iodo compound 
separated as a solid. Solid sodium bisulphite vas added to 
remove free iodine. The product vas filtered, washed well vlth 
water, then with 10$ sodium hydroxide and again vlth water. It
was dried in a vacuum desiccator and recrystallised from aqueous

0
ethanol, 27 G., m.p. 103-105 , small pale yellow needles^ were
obtained as first crop. Concentration of the mother-liquor

o
gave a further 4 g., m.p. 100-105 . Yield 72$ . 75.5 G. of the
compound were prepared altogether.
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2-Ioüo-5-rütrotoluene (££ g», 1 raol.) vas dissolved in
£5 c.c, liot dlmetlyiformamide vhich has baen previously dried
over calcium oxide gmd cUstilled. The solution vas Mated to 

o
160 in a metal bath* Copper bronze ( 2B g,, 4*6 atoms) vas
added all at once vlth stirring and an air condenser vas placed
over the tube containing the reactants. The mixture vas kept

o
refluxing at 155-160 for one Mur* It vas then cooled,
extracted vlth boiling dlmethyiformamlde and filtered* The

o
solvent vas distilled off at 80 /11-17 mm. till the residue

o
vas almost solid. Light petroleum (800 c.c.) (b*p, 60-60 m û  

o
80-100 , 1:1 mixture) vas added ma  the solid vas dissolved by
boiling under reflux* The solution vas filtered and cooled,

o
After a time crystals separated and 169-170 were
obtained as first crop, while concentration of the mother
liquor yielded a further 3,65 g, (total yield 54$). Kecrystall-

o
ised from alcohol the compound bad m,p. 171-172 (6,0 g,, 46$),

A solution of 4,4’-cilnitro-&,i;’-ciliaethjflbiphenyl (5.4 g,, 
1 mol.) ÎR dry carbon tetrfechlorlde (51 c.c.) vas heated under 
reflux for &0 >ir, vith M— bromosuccinimide ( 7.2 g,, 2 mol.) and 
benzoyl peroxide (0.1 g, ♦ 0.1 g.), The mixture vas filtered hot
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on a preheated Buchner funnel, washed with hot carbon tetra
chloride and the filtrate was cooled overnight* A solid 
separated out which was filtered off, ground with ice-water to 
remove the soluble succiniraiae, filtered again and dried in a 
vacuum desiccator ( 4,5 g,)* The product was crystallised
twice from benzene-cyclohexane mixture giving S.E g. of mainly

o
monobromo compound m*p, 156-158 (Found; C,46.8; H, 3.1 ; f),7.0 j 
Br, 19.9, requires; C, 47,9 ; H, 3.15 j K, 8,0 ;
Br, 22.75$),

The product (1*22 g*, 1 mol*) was re-treated with
N-bromosuccinimlde (1.5 g*, 1 mol.) and benzoyl peroxide (0,1 g.)
in carbon tetrachloride (30 c.c*). The mixture was heated under
reflux for 14 hr* and worked up as above except that crystalli-

0
sation took place after standing for two days at 0 . The crude

o
product (1*5 g*, m.p. 113-114 ) was recrystallised as above to

o
give 1,0 g. m.p* 115 (Found: Br, 35.6 } requires
Br, 37.2$). Thus after two treatments the bromination was still 
not complete,

Dimethyl-2.2 *-diphenate (19)

Hall, Lesslie and Turner,(J*, 1950, 711)*

Diphenic acid (202 g.) was placed in a 5 litre flask 
fitted with a reflux condenser and a calcium cliloride tube.

Concentrated sulphuric acid (llO c.c., 202 g., 1.834) and
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methyl alcohol (2550 c.c., 2020 g., d. 0.7928) were added and
the mixture was boiled for 6 hr. It vas cooled^poured into
water and the acid was neutralised with sodiiim bicarbonate.
The ester was filtered off, washed well with water and dried
in air. It was recrystallised from met'iyl alcohol and 176 g., 

o
m.p. 74-75 , were obtained as first crop and 19.2 g., m.p. 

o
73-75 , as second crop. Total yield 87$.

2.2(-Bishydroxymethylbi phenyl (20)

Hall, Lesslie and Turner, (loc.cit.)

Dimethyl-2,2(-diphenate (58 g., 1 mol.) was dissolved 
in 350 c.c of dry ether and the solution was added as fast as 
refluxing permitted to a solution of lithium aluminium hydride 
( 8.5 g., 1.59 mol.) in 300 c.c. dry ether. Vater and dilute 
sulphuric acid (2K) were then added cautiously to decompose the 
excess of reagent and the alkoxides formed, a certain amount of 
solid remained in the reaction flask and this was filtered off. 
The ethereal layer was separated and the solvent was evaporated 
on a water bath. The white solid diol which remained as

o
residue was recrystallised from benzene. 25 0., m.p# 113-114 , 
were obtained (80$ yield). The preparation was repeated twice 
and 75g. of the diol were prepared altogether.
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2, £ ( - 313bro!?iome thylbiPhenyl ( g i )

Hall, Lesslie and Turner, (loc.cit.)

2,2(-Bishydroxymethylblphenyl (19 g.) vas added gradually
0

at 90 to 46-50$ hydrobromic acid (950 c#c*). The mixture vas
then heated to boiling and boiled for 20 min.. On cooling a
solid separated out* It vas filtered off, washed vith water
and dried in a vacuum desiccator* The bromide vas dissolved in

o
boiling light petroleum ( b*p* 60-60 ) and a little charcoal
vas added just before filtering. On cooling, crystals of the

0
dlbi’omlde separated out. 25 G., (91$) m.p. 91-93 , were

o
obtained as first crop, and 4 g., m.p. 89-91 as second crop*
The preparation vas repeated and 100 g. of the dlbromide were 
prepared in all.

attempted Ŝ /nthosls of
2.2 ( - Di Lis?- ( ̂  -hvdrq>3cy-c< - vr- thyluhenvl) -B. 1-dimethviaimonio- 
methvl] blphenvl Dibromide ( 22 ; X - Br)

(a) Qoaternafization in benzene :
The corresponding dibromide (21) (0.7 g*, 1 mol*) and

N-methylephedrine (0.8 g*, 2.2 mol.) were dissolved in dry warm
o

benzene, the solutions were mixed and heated for 1 hr. at 60-70 .| 
The mixture was kept 18 hr.* at room temperature (calcium 
chloride tube) and the solid vas filtered off, washed vlth dry
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o o
benzene and dried in air* It melted from 78-80 to 170-174 *
It vas washed vith varm carbon tetrachloride and K-methyl-

o
ephedrine, m.p* 86 (after crystallization from aqueous alcohol),
vas obtained on eviporation of the vaEliings. The remaining

o
solid, insoluble in carbon tetrachloride, had m.p* 172-174 ,

o
not depressed by mixed m.p* vith base hydrobromide m*p* 174 *

(b) Quatern^rization in acetone;
The dibromide (1.4 g*, 1 mol*) and K-methylephedrine

(1.6 g*, 2*£ mol.) were dissolved in dry hot acetone, mixed and
heated under reflux for 7 hr,.. The solid vas filtered off,
washed vith dry acetone. The acetone on evaporation yielded
unreacted base. The product (E g.) recrystaliised from acetone-

o
methanol mixture gave base hydrobromlae (ru.p# 174 ) as first

o
crops, and the expected quaternary dibromide (m.p* 20B-208 )
as latter crops. The dibromide vas impure and hygroscopic* It
vas converted into the di-lodide vlth,aqueous potassium Iodide
and yielded on one crystallisation from ethanol 1 g., m.p.

0
EO7-209 (32$).

(e) QuaterMr.i^ation in 96$ ethanol:
The bromide ( 1*4 g., 1 mol.) and H-methylephedrine 

(1.6 g*, £.2 mol.) were dissolved in hot alcohol, mixed and 
heated under reflux for 12 hr.*. On working up the unchanged 
reactants were recovered.
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(d) Quaternyriz-ation in nltroimethane;

The reactants in proportions used in (c) were dissolved 
in hot dry nitromethane (purified by heating under reflux, under 
nitrogen and over cMrcoal for 4 hr „ , filtering and drying 
over calcium chloride and distilling through a Dufton column)# 
The solutions were mixed and heated under reflux for 10 lir- 
On working up the unchanged reactants vere recovered*

(e) Quaternarization in nitrobenzene:
The reactants in proportions used in (c) were dissolved

in 10c.c* nitrobenzene (freshly distilled and dried over CaClg)
o

and heated vith stirring to 130 # The mixture became opaque
almost at once and solid begun to separate rapidly* This vas
filtered and washed vith acetone. The crude bromide vas pink
and turned easily into a gum* It vas converted into the Iodide
vith eepo-r..':tM aqueous potassium iodide. Crude yield 1.4 g.,

o o
m.p. 208-209 * Recrystallised from ethanol it had m.p.209-211 .
(l.£5 g., 25%),

S'-Dll U~( ̂  -hydroxy -cL - metüylDhen.yl)-MM~dlmethylammonlo- 
methyl] blchenyl Dl-lodlae fSS: X = I).

S,S'-Bisbromomethylb1phenyl (13,6 g,, 1 raol,) and 
(-)-N-metliylephedrlne (15.8 g», S.S mol.) vere dissolved separ
ately in dry warm nitrobenzene ( 55 c.c. in all). The solutions
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o o
vere mixed at 120 and the temperature rose to ca. 150 . The

o
mixture vas kept at ca* 130 for 20 min* during vhich time solid 
separated and the whole became very thick. It was allowed to 
cool, the solid was filtered off and washed with dry nitro
benzene, followed by dry benzene and dry acetone* The crude 
quaternary dibromide (26 g.) so obtained had m.p* ca.BOG^* The 
dibromide had a varying melting point as it hydrated easily 
even on standing in air* It was difficult to crystallise to 
constant melting point and it was therefore converted into 
the di-iodide. The dibromide was dissolved in a large volume 
of water, treated with aqueous potassium hydroxide to liberate 
any unreacted tertiary base and the aqueous layer was extracted 
vith benzene or carbon tetrachloride to remove the base.
Addition of the benzene precipitated the dibromide in a hydrated 
form and much water was required to redissolve it* The aqueous
solution vds neutralised vlth hydrobromlc acid and concentrated 

o
below 35 to ca* 1500 c.c* Attempts to concentrate the 
solution further resulted in crystallisation of the hydrated 
dibromide, A cold saturated solution of potassium iodide was 
added and the precipitate di-iodide was collected. Two
crystallisations from aqueous ethanol gave 23*8 g.,(75$) of the

o
di-lodide, m.p. 214-215 . (Found: C, 54.7 ; H, 5.9 ; I, SI.8 ;
N, 3.45. requires C, 54.5 ; H, 5.85 ; I, 32.0 ;
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_ ._£1*5 o
H, 3*5$), It had b^J - 127,5 (c. 1.006, In methanol;.

5461
The preparation vas repeated several times and 72 g. of the 
dl-iodide vere prepared in all.

£ol̂ ylffl(?tric ,tbe_Qui.teiCj3ary Di.-ija.ldq (22; X-I)
o

Methanol (El c.c.) vas cooled to ca. -£0 and added to
the quaternary ephedrlnium iodide (0.2146 g.) cooled to the
same temperature. The solution vas filtered rapidly into a
Jacketted polarimeter tube (Harrls and Mitchell, J., 1960, 1905)
round vhich cooling liquid vas circulating. The temperature

o
of the solution rose rapidly to -15 and remained there. The
first good readings vere obtained 4i min, after wetting the
solid vith solvent and no change in rotation vas observed during

o o
1& hj\ Experiments at -50 and at 0 vere carried out
similarly, only in the first case solvent and iodide vere pre- 

o
cooled to -40 (acetone + solid COr) and in the second case to 
o o

-2 to 0 (ice). In neither case vas any mutarotation observed.

2. £ ' -JBi $ ( trlatethyXmaoMoaethy,!) blPhenyl Dlbromlde (22; X Br)

(a) g,£'-Blsbroæomethylblphenyl (12.6 g., 1 mol.) y&a 
dissolved in 50 c.c. dry acetone and cooled to -16^ jq ice-

salt bath. Liquid trimethylaraine (25 c.c., 7 mol., d. 0.672)
ves added and the mixture vas kept in a flask fitted vith a

o odrying tube (CaGlg) at -15 to -10 for 3 hr. It vas then
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allowed to warm up to room temperature and was left overnight*
The quaternary dibromide was filtered off, washed well with
dry acetone and dried in a vacuum desiccator over potassium
hydroxide* 18 G* of the crude bromide were obtained. It

o
crystallised from ethanol as a monohyarate, m.p. 219-221 
(decomp * ) , (14 g *, 74$) * (îounci • Br, 33 * 4  ̂ ^20^30^^2^ 
requires Br, 33*55$). A further 5 g. of the di bromide were 
obtained from reactions carried out in 96$ ethanol and in dry 
benzene,

2.2(-Bis(trlmethylammoniomethyl)binhenyl Dl-iodide (23 ; X = I).

The dibromide monohydrate (0.5 g*) was dissolved in
water (7 c.c*) and a cold saturated aqueous solution of
potassium iodide was adaed. The di-iodide separated as a solid, 

o
m.p* 240 (decomp*), 0.56 g* (92$)* It crystallised from ethanol

o
as a monohydrate, m.p. 245 , (decomp.). (Found:C,42.4 ; E,5*65 ;
I 44*2 ; N, 4.9* requires C, 42*1 ; H, 5.65 }
I, 44.6 ; H, 4*9$).

2,2 ( -Bi s ( trime thylamiionloiaethyl) biphenyl Dipl crate
(23; X = CeHgNgOy).

2,2»-Bis(trimethylammoniomethyl)biphenyl dibromide 
(0,2 g., 1 mol.) was dissolved in a few c.c* of ethanol and 
addedyj stirring to a cold saturated solution of picric acid

(0.6 g., 4,15 mol.) in ethanol, A crystalline solid appeared
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almost at once and was filtered oil and dried ir air (0.49 g*>
65$). It. crystallised from aqueous ethanol in fine pale yellow

o
needj.es, m.p* £45 • (Found: 0, 51*2 ; H, 4*5 ; E, 14*5 ; 

^32^34^8^14 C, 50* 9 ; H, 4.5 ; E, 14*8$) .

2p£( -Bl s ( trime thylanuaoriiomethyl) b lu henyl (+) -Dicamrliorstilnhonate*

E, 2 ( -Bi s ( trimethylammoniometiiyl)biphenyl dibromlde 
(0,476 g*, 1 mol.) and silver (+)-camphorsulphonate (0*679 g*,
2 mol.) were dissolved separately in hot water. The solutions 
vere mixed and boiled for | hr* The coagulated silver bromide 
vas filtered off and washed veil vith boiling water* The 
filtrate and washings vere concentrated to 30 c*c. by evapor- 
ation on a water bath. The filtrate was then left to stand for 
2 weeks at room temperature and some more silver bromide had 
to be filtered off. The solvent was removed at reduced pressure 
and a will te deliquescent solid was obtained, part of wMch, 
dissolved in aqueous ethanol,became crystalline after prolonged 
exposure to the atmosphere. Only 0*25 g, (52$) were obtained 
crystalline. The rest, in spite of seeding vith the crystals, 
remained syrupy.

A solution of the camphorsulphonate in dimethylformamide
D O  Owas examined polarlmetrically at -24»5 , at -14 and at 2B ,
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It was found to be optically stable and shoved no change of
rotation vith temperature.  ̂26,5 . Hot enough

^ -̂ 5461
of the salt vas obtained to have it analysed. The experiment 
was repeated but again the camphorsulphonate failed to 
crystallise,

£.£(- Bis(h-nyridiDiumnnetayl)blDhenyl Dibromide (25)

2,2(-Bi sbromome thylbiphenyl (13,6 g,, 1 mol,) in
absolute alcohol and pyridine ( dried over potassium ĥ d̂roxlde)
(2,76 g,, 3,5 mol,) were mixed vlth vigorous stirring and
warmed on the water batli. Solid begun to separate after a
very sliort time. The reaction flask was shaken very vigorously
It vas then closed with a calcium chloride tube and heated on
the water bath for 45 min, to complete the reaction. The solid
vas filtered off, w-ashed well writh absolute alcohol and dry
acetone and dried in a vacuum desiccator. The crude yield was
17 g, (85$), The salt was recrystallised from methanol and

o
had m.p, 295-300 (decomp,) (14 g,, 70$) (Found; C, 57,7 ;
H, 4,4 ; E, 5.4 ; Br, 32,3, requires : C,57,85 j

H, 4,45 ; N, 5,6 ; Br, 32,
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^, £ ( -BI s ( N-pyridinixmsiethyl) biphenyl Di- (+) - c amp ho r s ulp bona t e *

'he corresponding quaternary dibromide (25, X=Br)
(4.98 g., 1 mol.) and silver (+)-camphorsulphonate (6.78., 2 mol.) 
were dissolved separately in hot water, the solutions vere mixed 
and boiled to coagulate the precipitated silver bromide. The 
precipitate was filtered off, washed veil vith boiling water and 
the filtrate vas evaporated to dryness on a water bath. The 
residue solidified under dried acetone but proved deliquescent 
and could not be recrystailised.

2p2 ( -Bis (K-pvrid-̂ nfT̂ Tî ethyl) bjphenvl Di(+)-oi -Bromocamohor- ti 
-sulphonate.

The (+)- ot-bromocamplior- ii -sulphonate was prepared in 
the same way as the camphorsulphonate. The quaternary dibromide 
(4,98 g», 1 mol,) and the silver (+)- d -bromocamphor- 11 -
sulphonate (8,72 g,, 2 mol,) gave 9,20 g, (100$) of non- 
crystalline solid vhich vas deliquescent. It vas eventually

o
recrystailised from acetone (dried CaClg) giving needles m.p,255

o
(softening 197 ). These could be exposed to air for a short

o
time but became syrupy after about 1 hr. The solid m.p, 255 
vas sent for analysis according to >/hich it vas solvated vlth 
two molecules of water.( Found: C, 53.7 ; ÏÏ, 5.5 ; 0, 16,2 ;

requires C, 53.0 ; H, 5.7 ; 0, 16,0$),
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2p7-Dlhyciro-l. 1-dimethyl-3.4:5.6-dlbenzazeplnium Bromide 
(24 ; X = Br),

Hori, Abe, Yamakava and Fujimura, Gifu Yakka Dajgaku Kiyo'. 1358 
8, 65 ; Chem.Abs.. 1959, 53, 10148).

£,£(-Bisbromometbylbiphenyi (11.5 g., 1 mol.) vas
dissolved vith heating under reflux in 40 c.c. of sodium-dried
ether. The solution vas cooled to room temperature and dimetliyl-
amine (5.4 g., 3.6 mol., d. 0.6804) cooled in an ice-salt
mixture vas added to it. A vigorous reaction vas observed at
once - the solution turned milky and the ether boiled. The
reaction mixture vas kept at room temperature "or £4 hr... The
precipitated bromides vere filtered off an dissolved in
smallest amount of water. Sodium hydroxide solution (30$) vas
then added to decompose the dimethylamine hydrobromide and to
precipitate the azepinium bromide. The latter vas filtered off,
washed vith water and dried in air. The crude product (10 g.)

o
had m.p. 281-283 . It was recrystallised from methanol-ethyl-

o
acetate and had m.p. 285-287 (9 g., 90$ yield).

2.7-Dl hydro-1.1-dime thy 1-5,4:5.6-dlbenzazepini urn Iodide (£4fX==I) ̂

The above bromide (0.4g.) was dissolved in 5 c.c. of 
water and a saturated aqueous solution of potassium iodide was
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added to it to precipitate the lass soluble iodide (0,45 g»,
o

98$). This had m.p. 294-503 (decomp.) after one crystallisation 
from ethanol.

i,7-Difyaro-l^l-cilmethyl-3,4:5;6-dib©nzazeoinium Picrate 
(24 ; X - % % 0 6 ) *

The corresponding bromide (0.£g., 1 mol.) was dissolved 
in a few c.c. of vater and added to an aqueous solution of 
sodium picrate (0.2 g., i.£ mol.). The precipitated picrate 
vas filtered off washed vith a iittie water and reciystalllsed

o
from aqueous ethanol giving 0.17 g. (57$). It had m.p. 285-286
(decomp.) (Found: C, 58.4 ; H, 4.4 ; 12.4. ^22^20^4^7
requires C, 56.4 ; H, 4.5 ; E, 12.4 $).

Action of heat on 1 .l^-Di [_Iv-( ]p-hydroxy-<A-matjaylphenylethyl)- 
KK-di^etMlanar.onlomethyl^hlrhanyl Djhydroxide. {22 ; X % OH) , 
Ixpariaents I to VII.

Experiment I.
A solution of the corresponding iodide (3.96 g., 1 mol.) 

in ca. 60 c.c. alcohol vas boiled under reflux on a water bath 
and a suspension of silver oxide in water vas adced to it during 
one hour. The moist silver oxide vas prepared by mixing hot 
aqueous solutions of silver nitrate (1.275 g., 1.5 mol.) and
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sodium hydroxide (0,5 g., 1.5 moi.), filtering off the precip
itated oxide and washing it well with boiling water. After 1 hr. 
the reaction mixture was filtered hot and the filtrate, which 
had a strong characteristic smell of l-methyl-2-phenylethylene 
oxiae, was distilled from a water bath at reduced pressure, 
khen all the water and alcohol have been distilled off, a little 
more alcohol was added to the residue and then distilled off
as before to remove the last trace of the oxide. The residue

o
(1.3 g.,) was a solid which melted at 78 with trace melting 

o
) £00 ♦ The solid was only partly soluble in cold water or 

ether but dissolved in hot water. Treated with dilute nitric 
acid and silver nitrate it gave a precipitate of silver iodide 
indicating the presence of some of the original undecomposed 
iodide* The residue was treated with water and ether, the layers 
separated and the aqueous layer back extracted with more ether. 
Dilute hydrochloric acid was then added to the ether and the 
two layers separated. The basic fraction was liberated from 
the hydrochloride by the addition of 50$ sodium hydroxide and 
extraction with ether. On removal of the latter 0.85 g. of a 
solid were obtained which recrystailised from ethanol had 
m.p. 88-90^. This was proved by mixed melting point to be
N-methylephedrine (not depressed).
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Experiment II
A sample of freshly prepared, twice recrystailised iodid< 

(5 g., 1 mol.) vas dissolved in 100 c.c. alcohol and heated 
under reflux for 1 hr. with moist silver oxide (silver nitrate 
1.91 g., 1.5 mol.; sodium hydroxide 0.45 g., 1.5 mol.). The 
reaction mixture was filtered and the filtrate tested with more 
silver oxide. Silver iodide vas still being formed so the 
filtrate was heated under reflux for a further 45 min. viiile 
ca. 0.5 mol. of silver oxide vas added to it. The filtrate 
did not then react vith fresh silver oxide and the alcohol and 
water were distilled off, together with the ethylene oxide at 
reduced pressure from a water bath. The distillate vas redis
tilled using aVigrAW column. Fractions of £0 to 50 c.c* vere 
collected and examined polarimetrieally at £1 and A  5461^using 

a 20 cm. tube :
1* b.p. 79° +0.145 22c.c. ^ 0.0£4g.

2, 80° +0.400 54 c.c. ^ O.lOSg.
3. 82-95° +0.0590 go c.e = 0.090g.
4. 100° -0.040 50 c.c
5. 100° -0.070 60 c.c.

I-metbyl-^-phenylethylene oxide 0.217g,
The weights of the (+)-trans-oxide vere worked out on the basis 
of Habeas figure (Ber.̂ 1911,44,826) for specific rotation of the

— T—J
oxide J + 65.84 (c 2,954) and are approximate as the
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temperatures and wavelengths of light used are different.
The residue in the flask was worked up by adding water and ether, 
separating and back extracting. The aqueous layer vas examined 
polarmetricaLIy and had a small negative rotation indicating the 
presence of the original cation vith the asymmetric ephedrine 
centres.

The ether soluble part of the residue was treated vith
dilute hydroch3_oric acid. Ammonium hydroxide was then added
to the acid extract and the liberated base vas extracted vith
ether and dried over potassium carbonate. After the ether vas
distilled off 0.4 g. of base vere obtained. Recrystailised

o o
from ligroin (40-60 ) it had m.p. 89-90 . Elementary,analysis
shoved it to be N-methylephedrine. This vas further confirmed
by preparing the methiodide - the base dissolved in dry ether
vas varmed gently and methyl iodide vas added. An immediate
white precipitate vas obtained which, after recrystallisation

o
from methanol, melted at 212 (Smith, J., 1927, 2056,gives m.p. 

o
212-813 from ethanol). A sample of the methiodide vas prepared 
using already available pure H-methylephedrine and the mixed 
melting point of the two methiodides vas not depressed. Infrared 
spectra of H-methylephedrine and base derived from the Hofmann 
degradation, and also of the corresponding methiodides vere 
examined and shoved the compounds to be identical.
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The Identification of the base as H-iaethylephedrine vas 
further confirmed by checking its rotation in methanol :
— 21 ̂  O-52.3 (c 8.9956). Hagalo and Kanuo (Anmtlen.1929,470 

5461 _ o
157) give ^  j^ -29.2 (c 3.38505) in metlmnol.

The water soluble part of the residue vas obtained as a
yellowish solid (1*5 g.) by evaporating the aqueous layer to
dryness on the v.̂ ter bath* The solid was soluble in water,
eihariol, methanol and partly soluble in chloroform, it was
insoluble in other oorganic solvents* It^s aqueous solution
had pH 7-8. The solid vas washed veil vith chloroform and the
insolxible part was filtered off. 0*7 G* of a white solid m.p* 

o o
ca. 205-207 (with, strong softeMng from 95 ) vere obtained.
Its aqueous solution vas examined polar!matrlcally and had no
rotation. Sodium fusion gave a positive test for nitrogen and
negative foi iodine. Precipitates were obtained with calcium
chloride ana silver nitrate which were both soluble in acid*
Elementary analysis shoved a nitrogen to oxygen ratio of one to
four (H, 4.74 ; 0, £2.6$). However the solid seemed to be
hydrated as on st nding in air its melting point vent up and it

o
underwent loss of weight. It was dried for 11 hr. at 98 and

o
had then m.p* 205.5 - £06.6 vith only slight softening at 195 ^

o
It vas further dried in a vacuum pistol at 68 /iQcni*
and underwent a total loss of weight of 5$, Elementary analysis
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shoved a one to three ratio of nitrogen to oxygen (H, 5*1 ;
0

0, 17*6$)*. It had m*p. 206-207 (decomp*) * The infrared
spectrum of the solid in nujol had a characteristic band at
834 The ultraviolet spectrum of the solid in water had
\ at 248 vlth ^ 14,000, The spectrim vas similarA m̂ ix / max

to spectra of biphenyl compounds bridged vith a 5-atom bridge
across the 2,£(-positions of biphenyl (7-ring)*

A picrate vas prepared from the solid by dissolving 0.2gJ
in water and adding a concentrated solution of 0*2g. of sodium
picrate in water* The solid picrate separated almost at once
and vas filtered, dried in air and recrystailised from aqueous

o
alcohol* It had m,p* 285-286 (decomp*) vhich was not depressed 
in mixed m.p. with 2,7-dihydro-l,l-dimethyl-5,4:5,G-dibenz- 
azepinium picrate (24; X=CgHpĤ Orjf) * |

The experimental evidence given in previous pages lead ’
o

to Identification of the vater soluble solid m.p*206-207 (aecomp)
as the hydrogen carbonate of the above azepjnium cation (24;
X= HCOg). This was confirmed by elementary analysis (Found:
C,70*9 ; H, 6.65; H, 5.1; 0,17*6j requires C,71*6 ;
H, 8.7 ; N, 4.9 } 0, 16.^.

The chloroform soluble part of the vater soluble residue
vas examined after removal of the solvent. The total residue
(1*0118 g*) yielded 0.1785 g. of the chloroform soluble part,

o o
which softened at 75 , vent liquid at 125 and begun to decom-
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-pose r&pIcily till it vas complete at 150 * The infrared
spectrum shoved a ĥ 'droxyl band. An aqueous solution (pH 7-8)
gave vith silver nitrate a mixed yellow and brown precipitate
of silver carbonate and silver oxiue. Sodium fusion of the ;
solid gave a positive test for nitrogen and also a trace of
iodine. The aqueous solution of the solid gave with potassium
iodide solution a precipitate of quaternary iodide (24; X = I) 

o
m,p. 297-303 (decomp,) and vith .sodium picrate, a precipitate

o
of the quaternary picrate (24; X = (^6%^3^7) £84-285 ̂o
(mixed m.p. 265-286 ),

The above resu3.ts shoved this part of the vater soluble 
residue to contain 2,7-dihydro-l,1 *-dimethyl-3,4:5,6-dibenzaze- 
pinium hydroxide and iiydrogen carbonate together probably vlth I 

a trace of the original undecomposed di-ephedrlnium compound (22)
!I

Experiment . Ill,
The quaternary di-iodide (7.9 g., 1 mol.) vas dissolved 

in methanol (80 c.c.) and water (40 v.c.) and shaken vith 
freshly precipitated silver chloride for 1 hr. The silver 
chloride was prepared by dissolving silver nitrate (6.8 g.,4 mol) 
and sodium chloride (2.34 g., 4 mol.) separately in ca.l30 c.c. 
hot water, mixing the solutions, boiling to coagulate the 
precipitated chloride. The precipitate vas then filtered, 
washed well vith hot water and used straightaway. Methanol was
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removed from the filtered solution of the quaternary dichloride
by distillation under reduced pressur'e. Subsequent operations
vere, as far as possible carried out in an atmosphere of
nitrogen vith vater free of carbon-dioxide. Freshly precipitated
silver oxide (from silver nitrate 6.8 g., 4 mol. and sodium
hydroxide, 1.6 g., 4 mol.) was added to the aqueous solution
of the chloride and the mixture shaken for i hr. The filtered
solution vas tested vlth more silver oxide and vas fouhd to be
chloride free. The solution vas distilled under reduced

o
pressure from a water bath at 60 . Owing to bumping over in
the early stage some air vas admitted and more vater vas added
from the washings. Vhen most of the vater has been removed

o
the bath temperature vas slowly raised to 100 , oil distilling
vith the vater. Finally the mixture vas heated under reduced

o
pressure at 120-125 for 15 min.

The distillate and residue in the flask vere worked up 
separately^ a procedure followed throughout tMs and subsequent 
experiments since H-methylephedrine proved to be more steam 
volatile than the other bases and vas thus partially separated 
from them.

Ether vas adaed to the distillate; vater and ether were 
added to the residue. Both lots were separated and extracted 
and the ethereal layers then extracted with dilute hydrochloric 
acid. The resulting neutral (dextrorotary) ethereal solutions
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vere treated separately* They vere dried over magnesium
sulphate, filtered tiirough sintered glass ana the ether vas
removed using a Dufton column. The residue from the distillate
(1 g.) vas transferred to a. micro vacuum apparatus and vacuum
distilled, the receiver being placed in Ice. 0.B9 G., b.p# 
o

5? xom.* of the (+)-ozide vere obtained. The Infrared
speotriom shoved that it vas slightly contaminated (hydroxyl band 

—1
at 5472 cm. ). It vas therefore dissolved in 10 c.c. of
sodium dried ether, dried over magnesium sulphate and the ether
vas removed In vacuum desiccator over calcium chloride at 40 mm..
The oxide had j ̂  1.5201 ; Fisher (Chem.Ber., 1961. 94.
896) gives \ 1.5198. Evaporation of the aaueous layer

■ Dfrom the residue In the distilling flask gave 0.68g. of the
aseplnlum hydrogen carbonate, Identified as Its picrate as in
the previous experiment.

The neutral ethereal solution from the residue gave a 
o o

solid m.p. 60-̂ 85 (0.10 g.) and n.p. 98^100 after one cry stall**
isation from ethanol, «hovn by mixed m.p. and infrared spectrum
to be phenantherene.

After removal of ether from the two basic fractions the
whole of each was treated with alcoholic picric acid using in
each case twice the weight of acid to the weight of basic
residue. The distillate fraction (1.66 g.̂ solid) gave 0*62 g. of
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picrate of 2,2^-bis(dimethyl&mlDomethyl)blphenyl m*p. ea 206
o

and O.o4 g. of impure picrate m.p. 168-174 * The residue
o

fraction (1*6 g*, liquid) gave 2*61 g. of picrate m.p*165-178
which on fractional crystallisation from acetone-methanol

o
mixture gave: 1*64 g., m.p* 176-176 (picrate of 9,10-dih,ydro-

o
9-dimethylaminophenanthrene (27)) ; 0*17 g*, m*p* 169-174 and

o
0*06 g. m*p* 206 , together with lev melting mixtures containing

o
picric acid. The picrate m.p* 206 vas recrystallised again
from acetone-methanol and was obtained as pale yellow needles 

o
m.p. 207-200 (but depending partly on the rate of heating)*
This was identified as 2,2’-bis(dimethylaminomethyl)biphenyl 
dlplcrate (25a* 2CgHgRgOY) (Found: C,49.9 ; R, 4*5 ; R, 15*55 ; 
^50%0^8Pl4 I'Gqulres C, 49.6 ; H, 4.2 ; R, 15,4<) *

Experiments IV to VII
The quaternary di-iodide (15.8 g*, 1 mol*) was converted

into the iiydroxide via the ‘dicliloride as in experiment III and
vasthe total volume/made up to 550 c*c* and divided Into four lots 

which vere decomposed under following conditions:-
(Exp.IV). The solution was slowly distilled at reduced pressure

' ■ 0
under nitrogen at 70-100 for 95 mj.n* and finally heated at 

o
125-150 for 15 min; (Exp. V) the solution was boiled under 
reflux under nitrogen for 5 hr.; (Exp.VI) potassium hydroxide 
(2.8 g.) was added and the solution was then treated as in
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in(exp.IV)j (Exp.VII) the solution vas treated as/(exp,IV) except 
tliat carbon dioxide vas used instead of nitrogen.

In all four experiments (IV to VIl) the smell of the 
methylphenylethylene oxide vas detected indicating that some 
decomposition of a normal type occurred. Distillate and residue 
fractions vere treated separately (except in V): working up as 
in experiment (ill) lead after removal of solvents to the 
isolation of (a) basic product from distillate, (b) basic 
product from residue, (c) water soluble part of the residue, 
neutral ether soluble part of the residue. The basic fractions 
vere converted into the picrates. Part of the residue (0.2 g.) 
from the aqueous layer was in each case dissolved in water and 
treated with aqueous sodium picrate (0.2 g.), the precipitated 
picrate being crystallised from aqueous alcohol*

The results of experiments IV to VII are given below:
Exp. IV.

(a) Bases from distillate 0.0698 g.(solid) vere treated with
alcoholic picric acid (0.14 g.) and gave less than 0.01 g.

o
picrate m.p. 213 (23a).

(^ Bases from residue 1*1391 g.(solid) treated with alcoholic
picric acid (£.28 g.) gave 1.4425 g* picrate m.p* 187-190^^

o
Crystallisation gave 0*326 g., m.p* 205-207 (23a), 0*226 g*

o o
m.p, 173-174 (27), 0.186 g,, m.p. 146-154 and 0.088 g., m.p*o
143-144 (N-mehhylephedrine)* The third crop (0.186 g,.
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o
m.p# 146-154 vas recrystallised again and gave 0.0729 g.,

o
m.p. 174-175 (27).

(ê) ¥ater-soluble residue 0.60 g. Picrate from 0.2 g. had 
0

m.p. 285-286 (24; X = CeHgRgOy) after crystallisation.
o

(d) Neutral ether-soluble residue (0.06 g.) had m.p.71-80 . 
It vas not possible to crystallise it.

Exp. V:
The reaction was carried out by heating under reflux

so that there vras no distillate to work up separately.
(a) -
(b) Bases from residue (0.7592 g.) (solid) treated with

o
alcoholic picric acid (1.52 g.) gave O.Olg.picrate m.p.174-176 
(27). Tile rest must have been N-methylephedrine. which does not 
give a picrate under conditions used.

(c) ¥ater-soluble residue (1.6 g.) melted over a vide range
o o

softening at 60-95 , decomposing at 145 slowly, and rapidly 
o

at 195-215 . The decomposition vas incomplete and the residue
vas re-treated vith fresh silver oxide under conditions of
experiment IV. There vas no smell of ethylene oxide this time.
The bases from residue (0.1814 g.) (semi liquid) on treatment
vith alcoiiolic picric acid (0.36 g.) yielded 0.285 g. of picrate 

o
m.p. 165-170 {27)p The vater-soluble residue (0.9g.) gave a
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o
picrate m.p, 285-286 . (24 ; X =

Neutral ether-soluble residue (semi liquid) vas small 
(0,015 §.).

Exp. VI :
(a) Bases from distillate (0.3530 g,) (solid) gave on

treatment vith alcoholic picric acid (0,71 g.) a picrate
o

(0.0377 g.) m.p. £06 . (23a).
(^ Bases from residue (0,9990 g.) (liquid) gave mth picric

o
acid ( £ g.) in alcohol 1.6694 g., of picrates m.p. 154-166 .

o
Crystallisation gave 0.610 g., m.p. 174-176 (£7), 0.493 g.,

o o
m.p. 158-174 (£7 mostly), and 0.206 g., m.p. 137-142
(N-methylephedrine).

(c) ¥ater-soluble residue (4*0230 g.) includes the 2,8 g.
of added potassium hydroxide. The picrate obtained melted

o
explosively at 334 (CgHgNgOrĵ K) .

o
(^ Neutral ether soluble residue (0.1705 g.) had m.p.97-98 ,

o o
mixed m.p* vith phenantlirene (m.p. 100-101 ) vas 99 .

Exn. VII :
(^ Bases from distillate (0,110 g.) gave no picrate on

treatment vith alcoholic picric acid (0.22 g.). Mostly
N-methylechedrine. Reduction of mother liquor to half volume

o
gave 0.1376 g. of picric acid (m.p* 122 ).

(^ Bases from residue (0.6644 g.) (solid) yielded vith
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o
alcoholic picric acid 0,05 g. of picrate m.p. £12-214 (23a)

o
and 0.8590 g. of picrate m.p. 140-142 (N-metlgylepMdriiie). The
latter pior..te vas obtained from a very concentrated solution
on prolonged standing. After recrystallisation from ethanol it

o
had m.p. 143.5-144 and analysis confirmed it to be the picrate 
of N-methylephedrine (Found: C, 49.6 ; H, 5.1 ; N, 13*9 ; 0,31.7:
Calc.for 31.3jg).

o
Smith (J., 1927,2056) gives m.p. 144 .

(c) The water-soluble residue (1*215 g.) gave a picrate
o

m.p. 285-286 (24 ; X = C^HgN^Qr^).
(d) Neutral ether-soluble residue (0,131 g.) was partly llquic 

The infrared spectrum showed probable presence of phenanthrene. 
There vas an intense band in the phenanthrene region but the 
substitution pattern in the 770-690 cm.region corresponded
to that of a mono substituted benzene; the residue might have 
consisted mainly of l-phenylpropan-i,2-diol derived from acid 
catalysed hydration of the ethylene oxide.

Action of hot concentrated potassium hydroxide on 2.2*-bis- 
hv dro xyifie thvlbi phenyl:

The diol (2.14 g., 1 mol.) was added to an aqueous 
solution of potassium hydroxide (5.6 g., 10 mol. in 16 c.c.) and 
the mixture was heated for 40 min. in a metal bath kept at ca.126
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The mixture was cooled ,-LiDv the solid filtered off, washed well
vith va ter arui dried In a v̂ cuujs desiccator. Most of the diol

o o
(i.l g.) vas recovered. It bad m,p, 105 (soft, ^  90 ); mixed

o o
m.p* vith pure diol (m,p* 112 ) 110-112 , and vith

o 0
phen^mthrene (m,p, 100 ) it vas depresKed to 65-90 j recrystali-

o
ised from benzene (m.p* 112 ) it had an Infrared spectrum 
Identical vith that of the diol*

Action of Beat on 2#7-Dl wiro-1 * 1-djmethyl-5,4:5*tWlben^-
Hydrogen Carbonate (24 ; X = HCO„) .

The hydrogen c&rbonate melted vith strong decomposition 
to give a yellow liquid, l) A sample of the carbonate (0*45 g,) 
Vas placed in a tube fitted vith & reflux condenser and vas

D
heated on a metal bath at 210-212. for 40 min. At this stage
evolution of alkaline fumes (pE 8) vtts rather strong and the
heating vas stopped. The infrared spectrum of the residual
liquid (0.25 g.) was identical vith that of 9,10-dlhydro**9^
dimetizyleminophenanthrene. The rest of the- residue dissolved
in a fev c.c, of ethanol and added to a saturated solution of
picric acid in ethanol, A picrate crystallised almost at once,

oBecrystaliieed from acetone it had m.p. 176 and vas proved by
o

mixed m.p, (176 ) to be identical vith the picrate of the above 
mentioned phenanthrene base.
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o
2) 0*2 g. of the carbonate vere heated at 210-212

for 3 lir. In a tube connected to a flask containing Z c.c. of
ethanol* The residue was cooled and dissolved in ether. The
base vas extracted vith dilute hydrochloric acid and liberated
vith sodium hydroxide solution. It vas extracted vith ether,
dried over potassium carbonate. Removal of solvent gave 0,1077 g*
(70,1) of liquid base vhich yielded 0.2118 g. (93%) of picrate 

o o
m.p* 170-174 (softening 155-160 ). This vas recrystallised

o
twice from ethanol and gave picrate m.p* 176 .

0.0355 G* of non basic fraction vas isolated and its
infrared spectrum vas examined but this vas not identified.
The alcohol in which vere collected the alkaline fumes from the 
decomposition of the carbonate vas added to saturated alcoholic 
picric acid but no picrate was obtained.
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9;lO-Dlhydro-9-DimethylamlnoDhenanthrene (27)

(liori, Abe, Yamakava and Fujimura, Giju Yakka Dai^aku Klyo,
1958, 8, 65 ; Chem.Abs.. 1959, 10148).

Finely divided lithium (l g*, 5g*atoms) Vĉ s aaaed to 
50 c.c of dry ether placed in a flask fitted with a stirrer, a 
reflux condenser and kept under nitrogen. Phenyl bromide (11*7g*
2.5 moj_.) was added to the lithium at such a rate that the 
ether vas refluxing gently. Ihen the addition vas completed 
9 g.(l mol.) of 2,7-dihydro-l, 1-dimetliyl-azepinlum bromide 
vere added and the mixture vas stirred under nitrogen at room 
temperature for 8 hr. kater vas then added ...no some more ether 
till no solid remained in the flask. The tvo layers vere 
separated, back extracted and the ethereal layer was dried over 
anhydrous sodium sulphate* The ether vas distilled off and the 
residue vas distilled at reduced pressure and gave 4 g* (60*6#) 
of the base b.p* 185/1 mm*

9,10-Dihydro-9-Dimethyiainlnophenanthrene Picrate (27*CgHgNgOly) *

The above amine (l g., 1 mol.) vas dissolved In 5 c.c. 
ethanol and added to a saturated solution of picric acid (2 g.,
2 mol.) in ethanol and the mixture vas stirred vigorously, 
corked ana left to stand for 1 hour. The precipitated solid vas 
filtered, washed vith ethanol and recrystallised from acetone
and gave 1.7 g.(84,̂ ), m.p. 175-176° (Found: C, 58.5 5 H, 4.6 j
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N, 12.4 ; G, . 25.0, y requires C, 56.5 ; ïï, 4,5 ;
N, 12.4 ; 0, 24,6<).

-El s(dimethylamlnometgyl)biphenyl (£5a),

The base picrate (0,6086 g.) vas treated at room temp
erature vith 10 c,c. of 10% sodium hydroxide, water (50 c.c.) 
and ether (20 c.c.) were added and the mixture was stirred till 
all solid dissolved. The solution vas filtered and the tvo 
layers vere separated. The aqueous layer vas extracted 5 times 
vith ether and the ether layer vas washed with water till 
colourless and dried over potassium carbonate. The solvent vas 
removed using a Dufton column and the base (55a) vas obtained 
as a viscous liquid (0.1692 g., 71#). The infrared spectrum 
of the base vas examined, ana the rest vas converted into the 
methiodide (23 ; X = I):

the base (0,15 g.) vas dissolved in 2 c,c* of nitro
benzene freshly distilled and dried over calcium chloride) and
2 c.c. of metliyl iodide vere added. The mixture vas placed in a

0
water bath in a sealed tube and heated to 100 over a period of
1 hr. It vas then kept at this temperature for 4,5 hr. and
allowed to cool overnight. The precipitated quaternary iodide
vas filtered off washed vith acetone and dried in air. The

o
yield vas 0.1656 g. (5S#) and irup. £40 (decomp.). Recrystallised
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o
from methanol it had m.p. £45,5 (decomp.) ; mixed m.p, vith the 
directly synthesised iodide vas not depressed.

Action of heat on 2.7-Dlhyciro-l.l-almethvi-3.4; 5,6-dibena- 
azepinluiTi Hydroxide (24 ; X - OH)

The azepiniuiîTi bromide (4.26 g., 1 mo-.,) was shaken in
aqueous solution vith silver oxide (silver nitrate 5*1 g,, £ moLj
sodium, hydroxide I.£ g., 2 mol.) for 1 hr. The filtered
solution vas distilled under reduced pressure, in an atmosphere

o
of nitrogen, from a water bath at 70-100 for 95 min, and vas

o
finally heated at 130-135 for 15 min. Ether and water vere
added to the residue and ether to the distillate, the combined
ethereal extracts vere separated as usual into a neutral and a
basic fraction. From the neutral fraction 0.989 g. (40#) of

o
phenanthrene, m*p* 97-99 , vas obtained. The basic fraction gave

o
1.520 g. of a liquid, from vhich 2,155 g, of picrate m.p.165-170,
vith previous softening vere obtained. Crystallisation of the
picrate from methanol yielded 1,185 g. of 9,iO-dihydro-9-
dimetijylaminophenantiirene picrate {27) m.p. and mixed m.p. 

o
176-176 , 0,5795 of 2,7-diiiydro-l-meti:3yl-5,4: 5,6-dibenzasepine

o
picrate (2^m.p. mainly 168-161 , but slightly contaminated vith
the higher melting picrate, and 0.105 g. of mixed picrates, m.p. 

o
155-160 , Recrystallisation of the second crop from ethanol
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o
gave the picrate vith m.p, 159-161  ̂ not lowered, by mixing vith

o
an authentic sample (m.p. 165 ). BecrystallIsation of the

o
third crop from ethanol gave 0.055 g,, m.p. 174 , softening at 

o
155 .

The expeiiment was repeated using / 2.25 g. of the 
bromide and 0.458 g. {7A:%) of phenanthrene were isolated.

Action of heat on 2.7-DiIwuro-l.l-dimethy1-3.4:5.G-dibenz- 
azepiniuni ftydroxlde vith adaed Potassium Hydroxide..

The azepinium bromide (... 5 g., 1 mol.) vas converted
into the hydroxide vith silver oxide and potassium hydroxide
(2*8 g., 21 mol.) vas added. The solution vas distilled as
usual under reduced pressure and in an atmosphere of nitrogen.
The neutral fraction (0. 296 g, ; 34#) vas phenanthrene, m.*p. 

o
100-101 . The basic fraction (0.440g.) gave a picrate (£7)

o
(0*852 g., 38#) m.p. 175-176 .

It vas noticed during the above three experiments tliat
o

during the distillation as soon as temperature reached 80 basic 
fumes (pH 10) vith typical ammoniacal smell vere evolved. 
Attempts vere made to isolate the volatile base as It^s picrate. 
Parts of the distillate after ether extraction vere treated vith 
a) a concentrated aqueous solution of sodium picrate, b) solid 
sodlim picrate, c) a concentrated aqueous solution of sodium
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picrate in the presence of ethanol d) a saturated solution of
picric acid, in ethanol. No precipitate was obtained on mixing
So the solutions vere concentrated by evaporation on a water
bath. In no case vas the dimethylamine picrate isolated. The
solid obtained eventually on total evaporation vas picric acid
vith m.p. not changed. An attempt vas also made to salt out
the base by adding a large excess of solid sodium chloride to
the distillate and by heating the mixture on a vater bath at
reduced pressure. A trap containing ethanol vas attached to
the distillation flask. After several hours the flask vas
disconnected and the ethanol vas added to saturated alcoholic
picric acid* No picrate vas obtained*

A sample of the dimethylamine picrate vas prepared from
an aqueous solution of the base and from alcoholic picric acid

o
Crude it had m*p. 153-161 , recrystallised from alcohol-acetone 

o
m.p* 160-161 * (widen, Ulich and Birn, Zeltschrlft fur

o
Physicalische Chemle*. 1927, 150* 502, gives m.p. 160-161 j
Bies ( %elt^chrif t _.F w  Kry stallogi-anhie und iMi neralogle, 55,466) ̂ mTpTTbB-tùdo ;
Jerusalem,J*, 1909,9^,1275 m.p. 165-166 ). Mixed m.p. vith 
picrates isolated from the degradation of the 2,7-dihydro- 
azepinium compound was in each case highly depressed so that 
if any trace of the dimethylamine picrate vas obtained in the 
basic fraction it must have been very small indeed.
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Action of heat on 3^- and, and l^-Chloro-2, 7-diWrdro-5.4:5.G-
dlbenzazeninlum Hydroxides (24a and b; X = OH),

The hydroxides vere prepared in a series of reactions.
The products vere used directly for the next step vithout
purification. 2,£ -̂Dihydroxydimetliylbiphenyl (5 g., 1 mol.) vas
chlorinated in glacial acetic acid with free chlorine (de la
Mare, Bedford College). Chlorination stopped when ca. | the
diol vas chlorinated. The product, a pale green syrup, vas
dried for 16 hr. in a vacuim desiccator. It vas then converted

o
into the dibromide by adding it at 90 to 48-50# hydrobromic 
acid (250 c.c.) and boiling for 20 mins. On cooling a brovn gum , 
vas obtained, vhich solidified on scratching. Tills vas filtered, 
washed veil vith water and dried for several days in a vacuum 
desiccator over calcium chloride (yield 6.5 g.). The filtrate 
was extracted vith benzene and the latter evaporated but no 
residue was obtained.

The mixture of dibromides (6.5 g., 1 mol.) vas quater- 
narised in dry ether (30 c.c.) and dry benzene (20 c.c.) with 
dimethylamine (5 c.c. 3.4 g., d. 0.6804, 6.4 mol.). The 
mixture vas kept at room temperature for 24 iir. in a flask 
fitted vith a reflux condenser and a calcium chloride tube. 
Reaction started almost at once oh mixing and a w/hite solid 
begun to separate. At the end of 24 hr. the solvent was still
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strongly brovn In colour. The soLid bromides were filtered off,

washed veil wdth dry benzene and dried in air (6 g,, m.p. soft-
o o

ening from 134-244 , then strongly decomposing 259-27? ). The
filtrate on evaporation gave 1.G268 g. of dark brown gum.

The bromides (6 g., 1 mol.) were dissolved in 70 c.c.
of carbon dioxide free water and silver oxide (silver nitrate
6,8 g., sodium liydroxide 1*6 g., 2.5 mol.) was added. The
mixture was shaken at room temperature and under nitrogen for
1.5 hr. Addition of silver oxide produced a strong smell of
dimethylamine indicating the presence of it^s hydrobromide.
The solution of hydroxides (150 c.c.) was filtered off from
the silver bromide and distilled from a vater bath under
nitrogen at reduced pressure. For the 1st hour the temperature

o o
was kept at 70- 80 , and then it was allowed to rise to 100
during 30 min. The decomposition vas completed by heating for

o
15 min* at 125-130 * The residue was partly liquid and partly
solid, ¥ater and ether vere added and the basic and neutral
fraction were separated in the usual way. The basic fraction
yielded 0.8083 g. The non-basic fraction (0,5465 g.) had m.p.

o o
82-86 (softening at 66 ) . It was examined by vapour phase
chromatography and shoved a 1:1 mixture of phenanthrene and
chloro-phenanthrenes. The 1- , 2- and 3- cliioro-phenanthrenes
vere identified in the mixture. The vapour phase chromatography
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vas done on a 50 ft. long stainless steel capillary column
o

using Apiezon L at £05 .
The retention times vere as foliovs :

Phenanthrene ca. 8.£ min.
1-Chlorophenanthrene 18.75min.
2-Chiorop hen an tto en e 16.55mi n.
3-Chlorophenanthrene 17.4 min.

The main product vas the 6-isomer, and there vas more of the 
£-lsomer than of the 1-. The vapour phase chromatography vas 
done by Dr. E.A. Johnson of the Medical Research Council.

Action of heat on £.£^-Bis(trlmetliylammoniomethyl)biphenyl 
Dihydroxide (£6 ; X = OH).

The corresponding dibromide (26 ; X = Br) (9.5£ g., 1 mol
vas converted into the dihydroxide (silver nitrate 16.6 g.,
soaium hydroxide 6.2 g.̂  £ mol.) and the aqueous solution was
distilled under reduced pressure in an atmosphere of nitrogen 

o o
at 70-100 for 90 min* and finally at 125-160 for 15 min.
Decomposition vas accompanied by a strong smell of trimethyl- 
amine. The products vere worked up as usual, a very small basic 
fraction (0.030 g.) and a neutral fraction (0.184 g.) vere 
obtained from the distillate.

The basic fraction from the residue (1.476 g.) vas
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converted into a mixture of picrates (2.1096 g*) which solidified 
during several days. This mixture was difficult to separate, 
crystaliisation from ethanol and various ethanol-acetone mixtures 
giving gums and crops melting over wide ranges, but a small
quantity (0,425 g,) of 9,lO-dlhydro-9-dlmethylamlnophenanthrene

0 o
picrate (27) m.p, 175 , mixed m.p. 175-176 was isolated.

o
0,1525 G. of a nev: picrate was also obtained. It had m.p. 240
(decomp.), mixed m.p, with 2,2 *-bis(aimethy1aminomethy1)bipheny1

o
dlplcrate (23a ; ECgH^NgOy) depressed to 178-190 ; mixed m.p. wit]
2,2G-bis(trimethylammonlometbyl)biphenyl dlplcrate (23; X =

o
C^HgNgOy) depressed to 226-227 . (Found C, 51.5 ; H, 4.7 ;
N, 14,4 ; 0, 29,8, Calc, for C, 50,9;
H, 4.7 ; N, 14,8 ; 0, £9,6 #).

The above unknown picrate (.0477 g.) vas treated vith 
3 c.c. of 10# sodium liydroxide, 10 C.c. of water were added, and 
also some ether till a clear solution was obtained. The 
alkaline solution vas extracted with ether, the extracts washed 
with water and dried over potassium carbonate. The solution 
was filtered and the ether removed by evaporation with .slight 
warming. The base (0,0167 g.) vas a liquid. The infrared 
spectrum shows bands characteristic of R-CHg and C-CHg, but not 
of C-CHg which could be expected in case of rearrangement of 
metliyl groups from the nitrogen to the oL (benzyl) carbon atoms.
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The neutral ether-soluble fraction from the residue
(1,537 ^,) vas crystallised from ethanol and gave phenanthrene

o 0
(0*355 g,), m,p, 99 , a solid (0*570 g,) m.p. 75r~90 (softening 

0
50 ), and a liquid (0.492 g.). Both the solid and the liquid

vere separated by crystallisation and c hr oma to g rap hy on alumina
into phenantlirene and impure 2,7-dihydro-3,4:5,6-dibenzoxepln*

o
The best sample had m.p, 51-67 ; the pure compound (Vittig, Daviî

o
and Koenig, Chem.Ber.. 1951, 84, 627) has m.p* 72.5-73 .
Its infrared spectrum closely resembled that of puie oxepin but 
still shoved some phenanthrene peaks, vhich have however de
creased in intensity during the stages of purification. One,
less pure sample, vhich crystallised in long needles and had 

o
m.p* 45-55 , had an analysis corresponding to a 1:1 mixture 
(Found: C, 89.4 ; H, 6*15 ; 0, 4.4. Calc, for C14H1Q,
C, 89.8 ; H, 5.9 ; 0, 4.3#). No evidence of the presence of 
2,2 *-b 15hydroxymethyibiphenyl vas found in any of the fractions.

The aqueous solution of the residue after ether extract
ion vas taken down to dryness under reduced pressure in a
stream of nitrogen. The residual solid (1.40 g.) gave a picrate

o
(23; % = C0H2N3O7) m.p. 245 , not depressed by the picrate of 
the quaternary starting material. The distillate from this 
operation vas saturated vith sodium chloride and trimethyl- 
amine distilled off it, collected in ethanol and made into the
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o
picrate, m.p. £24 (from ethanol) Isoiated after partial evap
oration of the solvent (|) . The m.p. vts not depressed by the 
picrate synthesis directly from trimethylamine and alcoholic 
picric acid.

2- and 4- Njtrophenanthraguinones (36), (37).

(Sciimldt and Spoun,Ber., 1922, 5E, 1194).

Phenanthraquinone (60 g., 1 mol.) was nitrated in tvo
hatches by boiling vith concentrated nitric acid (d. 1*42 g./c.c.)
(1,800 c.c.) for twenty minutes. The cooled reaction mixture
vas poured into ca. 5 litres of ice-vater. The product vas
filtered off, washed vith water, dried in air and boiled vith
1 litre alcohol. The insoluble 2-nitrophenanthraquinone (36)

o
vas filtered off (38 g., 54.3#, crude m.p. 250-269 ). The 
filtrate vas cooled and a little of the mixture of the 2- and 
the 4- nitrophenanthraquinones was filtered off. The filtrate 
vas concentrated to ca. 400 c.c, and allowed to cool ; the
4-ni trophenantiiraquinone (37) crystallised out (20 g., 28.65

o
crude m.p. 168-170 ).

The 4-ni trophenantiiraquinone was recrystallised from
glacial acetic acid and 15 g. (21.4#) m.p. 172-175 were

0
obtained, as first crop, (+ 4 g. m.p. 168-170 as second crop); 
the 2-nitro compound vas also recrystallised from glacial acetic
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o
acid and £8 g., 40#, m.p. 262-264 were obtained as 1st crop,

o
and 10 g. m.p. £50-260 as 2nd crop. The synthesis vas 
repeated six times and altogether 182 g. of pure 2-nitro- and 
80 g. of pure 4-nitro-phenanttoaquinone vere prepared*

4-Nitrodiphenic Acid (38)
(a) Labriola and Felitte, J. Or sr. Chem.. 1943, 8, 537.

The 2-nltrophenanthraqulnone (18 g., 1 mol.) vas heated
under reflux for 3 rir. in 150 c.c. of glacial acetic acid and
150 c.c. of iiydrogen peroxide (20 volume). The mixture was
cooled, made slowly alkaline vith 30# sodium hydroxide and
filtered. The filtrate was acidified with dilute sulphuric
acid to pH 5 (Congo Red) and the precipitated acid was filtered

o
off, (16 g., 78# m.p. 210-212 ). The acid was strongly
coloured so it was purified according to Moore and Huntress,
(J.Amer.Chem.Soc., 1927, 1328) by covering it with smallest
amount of vater and adding solid sodium bicarbonate till there
was no more effervescence. The solution vas filtered to
remove the unchanged qui none and boiled with charcoal ; it was
then filtered again and acidified as before to reprecipitate the
acid. This was filtered and recrystallised from water, when

o
an almost white solid was obtained m.p. 215-216 (11 g., 54#).

(b) Method of Moore and Huntress, loc.cit.

The 2-nitrophenanthraquinone (lO g., 1 mol.) was
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dissolved in 50 c.c. of concentrated, sulphuric acid and added
to 100 c.c. of vater vith vigorous stirring. A hot aqueous
solution of potassium dichromate (40 g,, 3.3 mol., in 400 c.c.
HgO) vas added and the mixture vas stirred mechanically for
2.5 hr# at boiling point* The reaction mixture vas cooled,
filtered ana the acid washed vith water till the washings vere
colourless* The crude acid vas dissolved in minimum amount of
water by gradual addition of solid sodium bicarbonate, the
unchanged quinone was removed by filtration and the filtrate
boiled with charcoal and filtered. The warm, clear bright
yellow filtrate was then slowly acidified with 50# sulphuric

o
acid and gave an almost white acid m.p* 210-216 (10 g., 80#).

o
Eecrystallised from water it had m.p. 214-216 (7.5 g., 1st crop,

o
(2nd crop 2 g* m.p. 204-208 )*

The preparation was repeated and 78*5 g. of the acid 
were obtained altogether.

G-Nitrodiuhenic Acid (59)
(Schmidt and Kampf Choa.Ber*, 1905, 36. 3 7 5 modified accordL ng 
to Moore and Huntress, loc.cit.)

4-Hitrophenanthraqulnone (12 g*, 1 mol.) was boiled 
under reflux for 1 hr. with an aqueous solution of potassium 
dichromate (33 g*, 2*36 mol., in 450 c.c. water) and concen
trated sulphuric acid (30 c.c.)* The reaction mixture was
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cooled, the product filtered off and washed veil vith vater*
It vas purified by dissolving in dilute ammonium hydroxide,
filtering and acidifying vith dilute sulphuric acid. The
6-nitrodiphenic acid crystallised from the hot acid solution*
It crystallised from aqueous alcohol in vmte plates m*p. 

o
249-251 (10 g*, 74#)* Altogether 70*5 g* of the pure acid
vere prepared.

Dimethyl 4-nitrobiohenate

(a) The corresponding acid (5 g., 1 mol.) was esterified 
in the standard way by dissolving it in 10 times its weight
of methanol (50 g*, 63 c.c.) and adding Its own weight (5 g.,
2.7 c.c.) of concentrated sulphuric acid and heating under
reflux for 6 iir* The mixture vas then cooled, poured into
200 c.c, of vater and neutralised with solid sodium bicarbonate.
The ester appeared as a pale green gum. The liquid vas decanted

o
and the ester solidified in ethanol (S,3 g., 60*5#, m*p.93-95 )* 
The decanted liquid vas concentrated by distillation to 50 c.c*. 
but gave no more ester*

(b) (Labriola and Felitte,, loc.cit)
The acid (5 g*, 1 mol*) was dissolved in cold methanol 

(50 g., 63 c.c.) and hydrogen chloride vas passed through the 
solution for 5 hr. The mixture vas allowed to stand for 24 hr*
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It vas concentrated to half its original volume by evaporation
on a vater bath and the ester appeared as a green oil# Water
vas adued and the acid vas neutralised vith solid sodium bicarbon’
ate# The liquid vas decanted and the ester solidified under
ethanol. On recrystall!sation from ethanol 4*8 g., (90#) m.p. 

o
93-95 , vere obtained.

14.7 g. of the ester vere prepared altogether.

Attempted reduction of dimethyl 4-nitrobiphenate vith NaBH^ 

and AlClg#

2,2*-Dimethoxyethane (digol) vas used as solvent# It
vas purified by distillation from calcium hydride and then from
lithium aluminium hydride under nitrogen. Aluminium trichloride
vas sublimed and the sodium borohydrlde recrystall!sed under
nitrogen from digol (Brovn, Mead, Subba Bao, loc.cit.). The
sodium borohydiide (0.85 g., 1.25 mol.) vas dissolved in 25 c.c.
of solvent (IM solution) and the ester (6.3 g., 1 mol.) vas
added. A suspension of aluminium trichloride (1.12 g.,0.42 mol.)
ih dij0L vas added and the reactants vere stirred under nitrogen

o
for 1 hr# at room temperature and for 1 hr-, at 70-74 .On cooling 
and hydrolysing vith 2N hydrochloric acid an orange oil vas 
obtained vhich could not be crystallised.
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Attempted reduction of dliaetlivl 4-ni trobiphenate with 
KBH4 arid Li Cl

Tetrahydrofuran, left for 12 hr̂ . over potassium
hydroxide and then distilled from lithium aluminium hydride,

o
was used as solvent# The lithium chloride vas dried at 130
for 4 lir# The ester (l g#, 1 mol#) v^s placed in the solvent
and potassium borohydrlde (0#18 g., 1#03 mol#) and Lithium
chloride (0#15 g#, 1#11 mol#) were added vith stirring* The

o
reactants vere stirred, for 6 iir# at £5-30 # Vater and sulphuric 
acid vere added and unchanged ester (0#5 g#) vas recovered from 
the te tr ally dro fur an layer# Extraction of the aqueous layer 
vith benzene and removal of the latter gave only a trace of

o
solid# The reaction vas repeated at higher temperature (60-64 ) 
but the product vas a yellow gum vhich would not solidify*

Reduction of ethyl p-nitrobenzoate to the p-nltro-benzvl alcohol 
(Paul and Joseph,
Bull*See#Chim#France# 1952, 19,550)*

The ester (7*5 g#, 1 mol#) was dissolved in pure, freshly 
distilled tetrahydrofuran (24 c.c.) and potassium borohydrlde 
(£#2 g#, 1*05 mol#) vas added and the mixture stirred mechan
ically# Ground lithium chloride (l#8 g#, 1,1 mol#) was then 
added and the temperature vent up by ca# 3 degrees# Stirring 
vas continued for 6,5 hr# Water (40 c.c#) was added and the
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solution extracted with ether, dried over sodium sulphate and.
the ether evaporated to the point of crystallisation when 5#5g#,

o
of mixed ester and alcohol m.p. 50-90 vere obtained. On

o
recrystallisation from boiling vater 2.8 g.(£9%) m.p.88-92 of 
the alcohol vere obtained as first crop# Successive crops 
yielded the unchanged ester#

Attempted reduction of dimethyl 4-nitrobiphenate vith
The ester (4.7g#, 1 mol#) vas dissolved in purified 

tetrahydrofuran (10 c.c#) and added to a solution of lit Mum 
borohydrlde (0#S28 g., 1 mol#) in tetrahydrofuran (8-10 c.c*) 
in a flask fitted with a condenser and calcium, chloride tube. 
The mixture vas stirred for 6 hr* It vas then hydrolysed vith 
water and dilute hydroclilorlc acid# The tetrahydrofuran layer 
vas separated, dried over magnesium sulphate and the solvent 
distilled off at reduced pressure# A very dark brovn gum vas 
obtained# The aqueous layer vas extracted with ether, treated 
as above and gave more brown-orange gum# A solution of the 
gum in chloroform was put through an alumina column but no 
separation was obtained#

4-Nltrobipenoyl dichloride (40)
(Bell and Robinson, J., 1927, 1695).

The acid (29 g*, 1 mol#) was covered with thionyl
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chlorldG (75 c.c, 1^3 g. ̂ 10 mol̂ ) and the mixture heated -under 
reflux for 7f hr* (calcium chloride tube)* The excess of 
tiiionyl chloride vas removed by distil Lat Ion at reduced pressure 
under dry nitrogen* then most of the liquid had been removed, 
the residue vas transferred to an evaporating dish and placed 
in a vacuum, desiccator over potassium hydroxide till it vent

o
solid* The crude chloride (30 g,, 92,t yield) had m*p. 84-88 *
Attempts to recrystaliise it resulted in partial hydrolysis so
it vas used directly for the reduction to the diol* A sample
vas crystallised vith difficulty from benzene-light petroleum

o o
and had m*p* 68-90 * Bell and Fobinson give the m.p. as 90-92 *
55.4 g. of the acid chloride vere prepared altogether.

6-1̂ 11 rob it) henoyl dichloride (4i)
(Bell and Bobinson, 1927, 1695).

The 6-̂ nitro biphenic acid (I6g., 1 mol.) vas covered
vith thionyl chloride (40 c.c., 65.6 g., 10 mol.) and the
mixture vas heated under reflux for 72 hr. Excess of thionyl
chloride vas removed as in the above experiment. The crude

o
dichloride (17 g*, 94*5;'?) had m.p. 84-85 * A sample vas

ocrystallised from benzene-light petroleum and had m.p*86-87 
(Bell and Bobinson give the same m.p.) Altogether 50 g. of the 
acid chloride vere prepared*
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2.2*-Bishydroxymethyl-4-n.ltrob 1 phenyl (42)
(a) 1st experiment:

The corresponding acid chloride ( 5 g., 1 mol.) vas
dissolved in 10 c.c. of purified tetrahyarofuran and added slovly
at room temperature to a solution of lithium borohydride (2 g.,

o
5.9 mol.) in 40 c.c. of tetrahydrofui'an prepared at -8 and
axloved to varm up to room temperature. The reaction vas
exothermic and at first very vigorous. The mixture vas stirred
mechanically for 4 hr. at room temperature ana under nitrogen.
It vas l-Qrdrolysed vith vater and IE hydrochloric acid and the
tvo layers vere separated. The top tetrahydrofuran layer was
vashed vith vater and dilute acid and dried over magnesium
sulphate. The solvent vas ai stilled off ana the residue (5 g.)
vas a dark orange gum. This vas partly dissolved in benzene
and the solution passed through a layer of charcoal placed in
a sintered glass funnel. The benzene vas evaporated and gave
a pale yellovish glass vhich crystallised on being covered vith

o
fresh benzene. Recrystallised from benzene it had m.p. 97-98 
(0,5 g., 12.5 i yield). (Found: C, 64.4 ; H, 5,1 ; E, 6,0 ;
0, 24,3 % ; requires C, 64.8 ; H, 5.05 ; E, 5.4 j
0, 24.73).

The, charcoal vas vashed veil vith acetone, the latter 
evaporated and the residue treated vith benzene as above gave

some more diol, vhich vas recrystallised vith the main crop.
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The part of tlie gum Insoluble in benzene vas hydrolysed by
boilihg vith 10^ sodium hydroxide. dissolved and on
acidifying gave 0.6g. of 4-nitro-diphenic acid* The remaining
part of the gum solidified and vas recrystallised from glacial

o
acetic acid (m.p, 170-270 ) The solid vas orange in colour 
and contained a large proportion of the azo compound. The azo 
compound requires C, 76,0 ; H, 5,8 ; E, 6,2 | 0,14,1^
and the isolated solid, vas found on analysis to contain 
C, 71,0 ; II, 4.1 ; E, 5,6 ; 0, 18.8^,
(b) 2nd Experiment:

The above experiment vas repeated but the stirring of 
the reactants vas continued for only 2.5 hr. A b% yield of 
diol vas obtained.
(c) 3rd Experiment:

Sodiiam dried ether vas used as solvent. Lithium
borohydride (l g,, 7,3 mol.) vas dissolved in 50 c.c, ether at 
o

-8 vith stirring and under nitrogen. It vas varmed to room
temperature and a suspension of the 4-nitrobiphenoyl dichloride
(2 g., 1 mol.) in 15 c.c, ether vas added during 0.5 hr. at
such a rate that the temperature of the reactants remained 

o
above room temperature. The mixture vas stirred for

o
another 0.5 hr. at 34 , cooled and hydrolysed vith vater and 
IN hydrochloric acid. The tvo layers vere separated^ the ether
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layer li-ied over magnesium sulpliate and the solvent distilled 
off.

The gum vas treated as in the previous experiments and
0.5g (ol:̂ ) of the diol vas obtained. The experiment vas

repeat :d and a 40'? yield vas obtained. This vas further

increased to 62,5^ viien 5 times the required amount of hydride
vas used and the reactants vere stirred for 2 hi% at room

0
temperature and heated for only 15 mln. at 34 ,

(â) standard procedure for préparation of 2.2*-hishydrozymethyl- 
4-nitrobiphonyI (42),

Li till um borohydride (10 g,, 4,3 mol,) vas dissolved at
o

-8 in 500 C.C, sodium, dried ether vith stirring under nitrogen
and allowed to warm to room temperature. The solid 4-nitro-
biphenoyl dichioride (34 g,, 1 mol,) was added at such a rate

o
that temperature was 7-8 above room temperatuî e and the 
adaition took about 45 min. The reactants were stirred for 
another hour, hydrolysed vith 75 c*c water and with 50 c.c. 
dilute hydrochloric acid. The ether layer was separated,vashed 
vith 10% sodium hydroxide to remove any unreacted acid chloride, 
then vith water and filtered tiirough cliarcoal. Most of the 
ether was distilled off .%nd the residue dried on a water bath. 
The gum was solidified under benzene. Crude yield 27 g,(100$)
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o
m.p, 87-93 • Becrystal.Li sed twice from benzene it had m,p, 

o
95-97 (21.5 g., 79?:).

Altogether 25 g. of the 4-nitro diol vere synthesised,

Dl-'P-nitrobenzoate of 2.2*-bishydroxymethyl-4-nltrobiphenyl.

Impure 2,2*-bishydroxymethyl-4-nitrobiphenyl (42) (0.4g.) 
vas dissolved in 8 c.c. of pyridine (dried over potassium hydro
xide) and 1,6 g, of p-nitrobenzoyl chloride vere added. The 
mixture vas varmed gently for 10 min, ano stirred, A solid vas 
formed vMch vas filtered off after cooling, vashed veil vlth

o
sodium carbonate solution and water and dried, (0,8 p. 186-188
vere obtained). It vas crystallised from 1,2-dimethoxyethane

o
and 0.4 g., m.p. 204 , vere obtained as the first crop. (Found:

60.4 ; n, 3.3 ; N, 7,7 ; CggH^^gEgOĝ Qrequlres C,G0.3 ; H,3.4 ;
E, 7.5 1:).

2.2*-3ishYdroxymethyl-6-nitrobiphenyl (45)
Lithium borohydride (6 g,, 5,65 mol.) vas dissolved at

o
-8 in 400 c.c, sodium dried ether vith stirring under nitrogen 
and allowed to warm to room temperature. The solid 6-nitro
biphenyl dichloride (41) (24 g,, 1 mol.) was added during 1 hour

oso that the temperature remained at 27-50  ̂ The reactants vere 
stirred for 1 hour, hydrolysed and worked up as in preparation
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of the 4-nitro diol above. Evaporation of residual ether on
the vater bath gave a yeliov liquid residue. This vas dissolved
in a little benzene and allowed to st:.nd overnight. A solid 

o
m.p, 92-95 vas obtained, 20 g* (74;̂ ), On recrystallisation
from benzene it vas found that the melting point vent down to 

o
64-85 , vhich however went up again on standing in air to 

o 0
92-95 • On drying for 5 days at 60-60 in an electric oven the

o
melting point vas 96-98 , (Found C, 64.7 ; H, 5.2 ; 0, 24,7 ;
E, 5.6. ; requires C, 64,8 ; H, 5,05 ; 0, 24,7 ;
E, 5,4 )̂.

o
Solid m.p, 84-85 shoved a strong infrared absorption

band at 14.9yuu (CH wagging vibration in benzene); in solid
o o

m.p. 92-95 this band was much weaker and in solid m.p.96-98
the band di^sappeared. Examination of the crystals under
microscope showed vMte transparent rods in the low melting
point solid which on standing became opaque while still retaining
the rod shape. Comparison of the infrared spectra of the
4-nitro ana 6-nitro diols shows different absorption in the
13.0 - 14.0yu. region as would be expected with the two different
substitution patterns in the two compounds. Mixed m.p.of the
4-nitro and 6-nitro (dried) diols (softening at 76-78 ) m.p.80̂

Altogether 55 g, of the 6-nitro diol were prepared, the average 
yield of three preparations being:crude 80$; recrystallised 
from benzene and dried 75$.
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2,2* -Bifcbrom.Qmethyl-4-nl trobiphenyl (44)

The correspoming diol (21,5 g,, 1 mol,) vas added to
o

48-50$ hydro bromic acid (967,5 c,c., ^ 1,5) at 90 , the mixture
vas iieated to boiling and allowed to boil for 20 minutes. On
cooling a heavy gum was obtained. The acid layer was decanted

o
ana the gum solidified under light petroleum (80-100 ). It vas
filtered ana dried in a vac m m  desiccator. Yield 20 g, (62,5$), 

o o
m.p, 81-83 , Becrystallised from light petroleum (b.p,80-100 )

o
with charcoal the 1st crop, 13 g,;had m.p, 83-85 and the 2nd

o
crop, 7 g,, had m.p. 81-84 .
(Found:C, 43.5 ; E, 2,9 ; N, 3.7 ; 0, 8,4 ; Br, 41.4 ; 
C^^H^lEO^rg requires : C, 43,7 ; H, 2.9 ; E, 3.6 ; 0, 8,3 ;
Br, 41.5 $).

^ 2 *-Bisbro.momethYl-G-ni trobiphenyl (45)

The corresponding diol (10 g., 1 mol.) vas adoed to
o

48-50$ hydrobromic acid (450 c.c.) at 90 and boiled for 2o min.
On cooling a. solid was obtained, which was filtered off and

o
dried. Yield 15 g. (100$) m.p. 101-105 . Becrystallised from

o
light petroleum(ib,p.80-100 ) vith charcoal the 1st crop, 13.0 g.,

o o
had m.p. 104.5^105  ̂ and the 2nd crop, 0.5 g., had m.p.102-105 .

o
Total yield 90$. On 2nd recrystallisation the m.p. vas 106-107 . 
(Found: C,43.6; H,2.9; N,3.5; 0^8.4; Br,41.45;
requires: C, 43.7; H, 2,9; N,3.6; 0,8.3; Br,41,5$). The prepar
ation vas repeated and 35,6 g. of the dibromide were synthesised,
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(+) -2.7-Di hydro-1- (2-hydro xy-l-ffiethyl-2-x?henylethyl) -1-methyl- 
2*-nitro-3,4:5,6-diberizazepinlum Bromide (46; X = Br) and Iodide
(46 ; X = I),

(-)Ephedrlne hemihydrate (4,0 g., 2.3 mol.) was dissol
ved in a few c,c, of dry benzene and dried over anhydrous 
sodium sulphate, 2,2*-Bisbromomethyl-4-nitrobiphenyl (5.85 g.,
1 mol.) was dissolved in 10 c.c. dry benzene with warming and

o
the filtered (-) ephedrine solution was aaaed to it at 50 . The

o
mixture was kept at this temperature for 14 hr. and. at GO for 
1 hr. (calcium chloride tube). The solution went cloudy after 
5 minutes and a gum started to separate which solidified after 
some time. The reaction mixture was cooled and the solid 
filtered off. It was washed vith warm dry benzene when it 
turned again into a gum, which would not solidify on trituration 
with ice-cold water. Liquid was decanted and the gum was dried 
in a vacuum desiccator over calcium chloride. A semi-solid was 
obtained (4.5 g., 91.5$ yield) which could not be obtained 
crystalline. It was sparingly soluble in water, quite insoluble 
in ethyl acetate and acetone, it was soluble in methanol and 
ethanol. The bromide was converted into the iodide by adding 
saturated potassium iodide solution in water to a solution of 
the bromide in water.

1.25 G., of the bromide gave 1.4 g.(100$) of the iodide.
Becrystallised from ethanol, the iodide was obtained as
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o
daffodil yeliov clusters of rods m.p. 229 (decomp.).Yield 1.05g., 
(76$ on the bromide used). (Found: 0,65.9; H, 4.8 ; N, 5,5 ;
0, 9.5 ; I, £4,6 ; requires : C, 65.8 ; H, 4.9 ;
K, 5.4 ; 0, 9.Z. ; I, £4.6^). The iodide had +£'0.74°-J5461
(methanol, c 0.9840). The first reading vas taken 4i minutes 
after vetting and the rotation of the solution remained constant.

£.7-Dihydro-I.I-dlmethvl-£*-nitro-5,4g 5.6-dihenzazeDinlum 
Bromide (48)

£,2*-Bisbromomethyl-4-nitrobiphenyl (0.6 g., 1 mol.) vas
dissolved in 5 c.c. dry benzene and 5 c.c dry ether and cooled 

o
to 0 . Dimethyl ami ne (1.5 cjc., 14.6 mol., à 0.6804) cooled
in an ice-salt mixture vas added and the reactants vere allowed
to varm to room temperature. Reaction vas instantaneous and
a v M te solid vas formed. This vas filtered off after SO mln.
and vashed vith dry benzene. It vas purified by dissolving in
smallest amount of vater and adding a fev c.c. of 50$ sodium
hydroxide (to decompose any dimethylaisine hydrobromide) till
the quaternary bromide vas reprecipitated. This vas filtered

0
off and dried in a vacuum desiccator 0.4 g.(74$), m»p. £41 
(decomp.) vith some previous softening, vas obtained. After
three recrystallisations from ethyl acetate-ethanol It had 

o
m.p# £46-248 (decomp.); 0.15 g. vere obtained as 1st crop, 
(î’oundî C, 50.6 ; H, 5.2 ; 0, 15.0 ; Br, 21.5 ;
C„-H_ .H .0 .Br_.SH_0 requires: C, 51.0 j H, 5.55 ; 0, 14.9; BrEl.S^) o2 o4 4 4 A ^
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2,2*-B1B(trimetbylamnorilo)mot}nyi-4-nltrob.1 phenyl Dibromide (50) .

The corresponding bromide (6.85 g., 1 mol.)was dissolved 
in 10 c.c. dry benzene and cooled in ice. Anhydrous trimethyl- 
amine (5 c.c., 5.7 mol., d 0.675) cooled in an ice-salt mixture 
vas added and the mixture vas allowed to varm to room temper
ature. Reaction vas very rapid and vigorous - a pink solid 
separated out almost at once. The reactants vzere allowed to 
stand at room temperature for 48 hr., then the solid was filter
ed off, washed vith dry acetone and dried in a vacuum desicc
ator. Yield 4g*(80$). The quaternary bromide was deliquescent 
in air at first, but after standing for a while It solidified
again. It vas recrystal.j_ised from methylated spirit and 2,4g., o
m.p. 255-255 (decomp.) were obtained as 1st crop. (Found;C,45.9; 
H, 6.0 ; Br., 51.6 ; G g BgOgBrg.E^O requires C, 46.1 ;

H, 6.0 ; Br, 51.0$).

2.7-Dihydro-1-(£-hydroxy-l-methyl-2-phenylethvl) -l-methyl-4 *- 
nitro-5.4;5.6-dibenzaaepinium Bromide (47 : X = Br)

Experiment 1
The (-) ephedrine hemihydrate (4.0 g., £.5 mol.) vas

dissolved in dry benzene and dried over anhydrous sodium
o

sulphate. The filtered solution was added at 50 to the 6-nitro 
bromide (5*85 g., 1 mol.) dissolved in 10 c.c. dry benzene 
(calcium chloride tube). After about 15 min,the mixed solution
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became slightly cloudy and after 0.5 hr. a gum begun to separate
vhich started solidifying after £ hr. The mixture vas kept 

o o
24 hr. at 50 , 1 hr at 60 and £4 hr. at room temperature. The
solid vas filtered off and vashed vith dry benzene. On washing
vith vater it turned into a gum vhich would not solidify on
trituration. The gum was dried in a vacuum desiccator and vent

o
so i-id. £.45 G. (?£,5$ yield) m.p. 2̂  5-230 (decomp.) (softening 

o
125 ) were obtained. The solid vas reci’ystaliised from etlianoi.

o
The 1st crop (0.85 g., 25$ of crude product) had m.p* 25£ 
(decomp.). (Found: C, 61.3 ; H, 5.3 ; E, 5.8 ; 0, 9.9 ; Br, 1%0; 
Cg4Hg5Eg0gBr requires C, 61.4 ; H, 5.4 ; E, 5.9 ; 0, 10*2 ;
Br, 17.0$). This crop vas examined polarimetricaily and

o o
mutarotated in methanol at 24 from -446 to
_ _ o ^ ^6461

rAn (Table IV ; Graph Vila). No more crops could beJ-
obtanned from ethanol so the solution vas evaporated on a vater
bath. Attempts to recrystaliise the residue were not successful.

o
The crude product vas examined polarimetrically at 22 (methanol) 
and it mutarotated from 5461

(Table VI j graph VIIc). The crude bromide (residue) was 
dissolved in vater and purified by adding potassium ĥ ^̂ droxide 
solution to liberate any unchanged (-) ephedrine, extracting 
the latter vith ether and neutralising the aqueous layer vith 
dilute hydrobromic acid ( 1 drop phenolphtalein as indicator).
The 6-nitro quaternary bromide separated out at this stage and
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was filtered off and dried in vacuum. The crude bromide was
converted Into the iodide by treating its aqueous solution with
aqueous potassium iodide. The crude iodide (£g.) had m.p. 

o
213-219 (decomp.) with previous softening. It crystallised

o
with difficulty from water - 1st crop, 0.6 g., had m.p.175-190

o
(decomp.) with softening at ca.l55. (Found; C, 53.9 ; H, 5.2 ;
E, 5.1 ; 0, 11.7 ; I, 24.1 ; Cg^HgsEgOgl.HgO requires C,53#9 ;
H, 5*1 ; K, 5.2 ; 0, 120; I, 23.7$). This mutarotated ino _ o o
methanol at 22 from 5461 to 5461""^
(Table IX ; Graph Vllf.), Evaporation of the mother liquor

o o
yielded a solid m.p. 223-226 (decomp.) with softening at ca.l55 .

o
This impure residue mutarotated in methanol at 22 from «5401

o __ o
-78 to (Table X ; Graph Vllg). Too little was%v461
available to try to purify it.

Experiment II
The preparation of the (-) ephedrinlum quaternary salt

was repeated using the same quantities as In the 1st experiment
o

but heating for 54 hr. at 50-60 . A higher yield 3.8g,(82$)
was obtained. 33$ (1.15 g.) of the crude product crystallised

o
from ethanol and had m.p. 233-235 (decomp.) The bromide

\ . o __ _ Q
mutarotated at ÊS.5 from -589° to -1095461 5461 *
(Table V ; Graph Vllb). The mother liquor vas evaporated to 
dryness on a v/ater bath. The residue vas dissolved in hot vater
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and after two weeks transparent plate crystals vere obtained:
o o

0.8g., m.p. 190-195 (decomp.) vitli softening at ca. 105 . The
o o

bromide mutarotated in methanol at £1.3 and 26 in an opposite 
way to the main crop (Tables VII and VIII ; graphs VII d and 
VII e). (Found; C, 59.9 ; H, 5.7 ; N, 5.5 ; 0, 13.1 ; Br, 16.3 ; 
C24H£^N£0gBr.Hg0 requires C, 59.1 ; H, 5.6 ; E, 5.7 ; 0, 13.1 ; 
Br, 16.4$).
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Table IV (Graph Vila) Mutarotation of (m.p.2S2 )
o

CĤ  ÇH CH,
0 ÇH <DH

t = £4 ; 1 = 2; c = 1*004 g,/lOOc.c* solvent;
V ^A= 5461 A ; Zero at 180*0 85 ;
Time mlns* ('̂ b " ̂cp)Polarimetrie 

reading*
(Solution cloudy; had to be filtered again)

uOg(cî  - c/y-cp'}

15*5 175*770 2*040 0*309616*45 .990 1*820 .260116.85 176.020 1*790 *2529
19.00 *210 1*600 .2041
20*15 *385 1*425 *1538
20*65 .420 1.590 *1430
21*00 *465 1.345 .1287
21.50 *500 1*310 *1173
22.00 *555 1.255 .0986
25*30 .675 1.135 .0550
24*50 *750 1.060 .0253
25*00 .770 1.040 .0170
25*75 .830 0.980 -.0088
26*50 *900 0.910 -.0410
27*00 *920 0.890 -.0606
29.00 177.040 0.770 -.1135
30.00 .090 0*720 -*1427
30*50 .160 0.650 -*1871
32.00 *190 0*620 -.2076
32*65 .210 0*600 -*2218
33.00 *265 0.545 -.2636
34.50 .525 0.485 -*3143
35.60 .570 0*440 -.3565
37*50 *395 0*415 -.3820
38*40 .410 0.400 -.3979
39.75 *440 0*370 -.4318
41*15 .490 0*320 -0.4949
42.50 .530 0*280 -0*5528
44.50 *565 0*245 -0*6108
46*00 .600 0*210 -0*6778
53*50 *690 0*120 -0.9208
rapolated \̂ oj“  r i e "  ; - _ 24 ̂oC 0» j = -113°

5461 - - 5461
-2: 6.97 X 10 -1min* ; t| = 10 mins.



185

Table V (Graph. VII b)

Mutai'otation of 

o
t = 23.5 ; c = 1.004g. ;

Time mins.

cHjVtcHjYcHOrt (“!♦ P • ̂ 32-235 decomp. )

O1 = 2} A= 5461 A ; Zero at 180.1

0*0

Extrapolated

Polarimetrie 
reading.

( cL̂ ) Log (c»/1 ~

5.55 174.070 3.84 0.5843
4.35 .280 3.65 0.5599
5.55 .590 3.32 0.5211
6.30 .830 3.08 0.4885
7.50 175.105 2.605 0.4479
8.20 .260 2.650 0.4233
9.10 .500 £.410 0.3820
10.15 .700 2.210 0.3444
11.00 .840 2.070 0.3160
12.00 .990 1.920 0.2833
14.00 176,275 1.655 0.2135
15.00 .435 1.475 0.1668
16.00 .590 1.320 0.1206
10.00 .760 1.150 0.0607
20.00 .965 0.945 -0.0246
21.00 177.040 0.870 -0.0605
22.00 .090 0.820 -0.0862
23.00 .190 0.720 -0.1427
24.00 .260 0.650 -0.1871
27.50 .400 0.510 -0.2924
32.00 .550 0.360 -0.4437
33.00 177.650 0.260 -0.5850
42.00 .810 0.100 -1.0000

.910
-, ,̂23.50̂0 1" "5461 = -369o - - 5461

= -109o

—2 —1
k = 8.53 % 10 min. = 8 min.



Table VI (Grach VIIc)

Mutarotation of
in MeOH 
o

t = ££ ; 1 » E ;
o

CV\ OH

0 crude residue after 
removal of the 1st crop 
vith m#p&

\ = 5461 A } Zero at 183.09
c * 1,005 g./lOO c.c. solvent j 

o

Time mins. Polarimetrie 
reading ( - olt ) 5o g

4.05 178.615 0.220 -.6576
5. £5 .605 0.210 -.6778
5.65 .595 0.200 -.6980
6,25 .590 0.195 -.7100
7.40 .580 0.165 -.7528
6.45 .575 0.180 -.7447

10.15 .560 0.165 -.7825
12,50 .545 0.150 -.8259
17.25 . 510 0.115 -.9593
21.50 .490 0.095 -1.0225
24.00 .460 0.086 -1.0706
£5.50 .475 0,080 -1,0969
27.50 .470 0.075 -1.1849
£8.50 .465 0.070 -1.1549
29,50 .460 0.065 -1.1871
52.00 .455 0.060 -1.2216
55.00 .450 0.055 -1.2596
54.00

-2

.415
,595

-1

0.020 -1.6990

k « 4.606 X 10 mln, ; ti = 15 mln. Î
-, 22® o - - 22° - 0Extrapolated 1 » -71 j 
'5461 ^ 6 * 6 1  “ -85



Table VII (Graoh VII d). 

Mutarotation of
crî Ĥcn

CH C'H

167

(z)

in MeOÏÏ 
(1st cropÿàm vater)

t = El.S 1 = 2 ;  c = 1.1100 g./lOO c.c. solvent ;
\ o ^A = 5461 A i Zero at 180.11

Time mlns. Polarimetrlc
reading

log -4)

5.50 178.340 .210 -.6778
4.60 ,S£0 .190 -.7212
6.E0 .310 .180 -.7447
6.55 .300 .170 -.7695
8.00 .£90 .160 -.7958

10.00 .270 .140 -.8539
15.00 .250 .120 -.9208
14.40 .240 .110 -.9586
15.50 ,230 .100 -1.0000
16.50 .220 .090 -1.0458
20.50 .205 .075 -1.1249
22.00 .200 .070 -1.1549
28.00 ,180 .050 -1.3010
55.00 

= 5.905 X lo"
.160
.130

■2 -1 min. ; t| = 12 min.

.060

}

-1.5229

trapolated , -,21.5I -78^ ;
5461

-21.6
\ cL:p\

5461
0

» -89 •
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NO,

Table VIII (Graph Vile)

Mutarotation of / \CH. CH C-VA-
ÇHôH In MeOH

c = 1.0225 g./IOO c.c. solvent ; t = 26 ; 1 = 2 ;
0

A = 5461 A ; Zero at 180.09

Time mins. Polarimetrie
reading

5.45
6.20
6.65
7.20

11.00
12.50 
15.10 
16.00
18.50 
21.25

178.375
.365
.360
.350
,330
.385
,520
.310
,300
.290
,240

( ) LOg(o(̂  - )

,135
.125
,120
.110
.090
.085
.080
.070
,060
.050

I -:LK = 6,14 X 10 mln.

Extrapolated \ d,1
5461

t| = 11 mln.

-.8697
-.9031
-.9208
-,9586
-1.0458
-1,0706
-1,0969
-1,1549
-1.2218
-1,5010

o
= *̂ 81

- 26 
\_cL,̂p\ = -90,5

5461



Table IX (Graph VII f) 

Mutarotation of

A

tH,, CWC.H,

189

c = 1.027 g./lOO c.c. solvent ; t = 22 ;
o

54G1 î ;
Tiae min.

2.75
5.50 
4.00
4.50 
5.25
6.50
9.50
10.90 
12.15
15.25 
14.60
15.50 
16.70
17.50 
25.00
24.55 
25.65
26.90
28.25 
29.45
30.55
31.55
40.25

Zéro at 160.1

Polarimetrlc
reading

178.815
.810
.800
.790
.750
.745
.680
.650
,635
.620
.600
.595
.585
.560
.520
.515
.480
.470
.465
.457
.455
.452
.400
.300

.515

.510

.500

.490

.450

.445

.580

.350

.335

.520

.300

.295

.285

.280

.215

.180

.170

.165

.157

.155

.152.100

in MeOH 

1 = 2 ;

■0.2882
■0.2924
•0.5010
•0.3098
•0.5468
■0.5516
•0.4202
■0.4559
•0.4749
•0.4948
•0.5229
■0.5502
■0.5452
■0.5528
-O.o576
■0.6S76
■0.7447
■0.7695
■0.7825
■0.8041
■0.8097
■0.8182
-1.000

k = 4,38 X 10""̂ min."̂

0,22
Extrapolated |o<-o| =» -eO” ;

~ '5461

; tj. = 16 min. j
22
5461
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Table X (Graph VII 

Mutarotation of

in MeOH

/ \.Ch. Gh CH ) \ oCH OH
(i?Mpure residue)

c = 1*0115 g*/IOO c.c* solvent ; t = 12
X = 5461 A Î Zero at 183,1 .

Time mine

4.25
5.25
5.30 
6.40 
7.20 
6.10  

6.50
10,25
10,50
11,75
CO

P9iù,rl metric 
reading
176.700

.WO

. 850 
,660

.@15

.945
#

179.030

1 = 2;

0,140
0,130
0.180
0.170
0.150
O.IKO
0.115
0.090
0.085
0.067

« 4 mln. ;

Eztrapoiated —  — J oI ole 1 a -76 J
5461

\dA

*v,. *

-0.7114 
■0.7447 
•0.7635 
•0.8239
■0.91,
■0.0530
■1.0458
•1.0706
•1.1739

o
= -53 .

5461
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2.7-Dlhydro-1.1-diBie thyl-4 ̂-nltro-5 p 4; 5.6-dlbenzazerinlum
Bromide (49 ; X « Br)

2,2»-Bisbrom.ometljyl-6-r!itrobiphenyl (3*85 g*, 1 mol.)
vas dissolved in 10 c.c. dry benzene and 5 c.c. sodiiir̂ tried
ether and. an excess of dimethylamine (10 c.c.̂ 14.,6 mol.,d 0..6804)
previously cooled in ice vas added. The solution vent cloudy
rapidly and a pinkish gum begun to separate vhich vent solid
after 1 hr. The mixture vas left at room temperature (calcium
chloride tube) for 24 hr. The solid vas filtered off and vashed
veil vith dry benzene. It vas then covered vith ca.lO c.c. vater
and triturated for J hr. - the resulting solid vas filtered off,
and dried on a vater bath. The vhite crystalline solid was

o
recrystallised from acetonitrile and had m.p. 137-140 (decomp.). 
The yield was 2.5 g.(68 )̂. (Pound : C, 52.65 ; H, 5.2 ; N, 7.4 j
0, 12.9 ; Br, 22.2 ; C]̂0% 7HgO£Br.HgO requires C, 52*5 ; H, 5*2 ;
N, 7.6 ; 0, 13.1 ; Br, 21.8 ̂ ).

The preparation vas repeated using 1 g* of the 6-nitro 
biphenyl compound and 0.9 g. (95̂ ) of the pure azepinium bromide 
vas obtained.

2, 7-Diiiydro-1,1-dimethyl-4*-nl tro-3,4; 5,6-dlbenzazepinium (+)- 
Camphorsulphonate.

The above azepinium bromide (49 ; X = Br) (0*54 g*,
1 mol.) and silver (+)-camphorsulphonate (0.51 g., 1 mol.) vere
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dissolved separately in alcohol, the solutions vere mixed
and boiled for | hr. The precipitated silver bromide vas
filtered off and vashed veil vith hot vater. The filtrate vas
evaporated to dryness on a vater bath and a glassy solid vas
obtained. This vas recrystal.I.ised from ethyl acetate and 0.5 g*

o
(56;l) vere obtained as 1st crop, m.p.160 (decomp.) vith softening 

o
at 130 . The solid vas examined polarimetrically In metha.no 1 

o o
at f 2Z and at -4 , The rotation of its solution vas constant

_ _ £5°, -4° oand unchanged \^\ 25.5 , The camphorsulphonate
 ̂5461

vas recrystallised again but tills time from ethanol-ethyl acetate
mixture. It crystallised slovly in fine plates grouped into

o
stars. It had m.p. 159-141 (decomp*). Examined polarimetrically

O __ ggO  ̂ Oin methanol at 25 it had loci + 25.4 ,L “̂ 5461

Preparation of (+)-Silver -Eromocamphor- !) -sulphonate*
o'*

Vater at 60-70 vas gradually adaed vith stirring to
ammonium (+)- of -bromocamphor- I) -sulphonate (22 g., 1 mol.) to
obtain a saturated solution. About 90 c.c, vere added and the

o
resulting solution vas at 45-50 • Â varm concentrated solution 
of silver nitrate (11.5 g., 1 mol., in ca. 5 c.c. vater) vas 
added vith stirring. The silver (+)- ^ -bromo camp her- - 
sulphonate vas cooled in ice, filtered in the dark-room and 
dried over calcium chloride in a desiccator, also in the dark
room. Crude yield 19 g. This vas added to ca, 100 c.c. hot
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vater and the hot solution vas filtered through a sintered glass 
funnel and 2 pieces of No, 50 filter paper. VMte needles 
séparai ted from the clear solution on cooling. They vere 
filtered off and dried, in a vacuum desiccator in the dark-room . 
Yield 14*5 g.(52rO

c,?-Dlhydro-l.1-dimethy 1-4 ̂-nitro-5,4:5,6-dibenzazeuinium
of-£ro.mocamphor- M -sulphonate.

a) Preparation from the corresponding azepinium
camphorsulphonate :

The camphorsulphonate (0,5g.) vas dissolved in vater
and a saturated solution of potassium iodide vas added. The
precipitated iodide vas filtered off and dried in a vacuum
desiccator. The dried iodide (0*295 g., 1 mol.) and (+) silver
cL -bromocamphor- ll -sulphonate (0.327 g., 1 mol.) vere

dissolved separately in aqueous alcohol and the solutions vere
mixed vith stirring and heated for | hr. The precipitated silver
iodide vas filtered off and the filtrate vas evaporated on a
vater bath. The solid residue (O. 4g., on the iodide) vas
recrystallised from .mettianol-etliyl acetate mixture. Fine vhite

o
needles, m.p, 264 (decomp.) vere obtained as 1st crop (0.15 g., 
35^). (Found: C, 56.6 ; H, 5.4 ; E, 4.5 ; Br, 13.7 ;
CggHgĵ NgOgBBr requires C, 66.9 ; E , 5.4 ; 1̂, 4.8 ; Br, 15.8,î ).



195

b) Preparation from the corresponding azeplnlnm
bromide;

Solutions of the azepinium bromide (1.85 1 mol.)
and the (+) silver "-broinocamphor- 1) -sulphonate in aqueous
alcohol vere mixed and treated, as above. The solid residue,
2.7 g., vas recrystallised iroin metiianol-ethyl acetate and gave

0 o
2.4 g. (86#) m.p. 267 - 269 (decomp.). Mixed m.p. vith salt 
from 1st preparation not depressed (depends on rate of heating).

Mutarotation of C. y-djhydro-l,.l-dlmethyl-4*-nl tro-5.4: 5,6- 

dibenzazenlnium ^ -Bromocamphor- IJ -sulrhonate (49)

The salt vas found to mutarotate in metlianol solution 
o and 24°

at 22 /with half life time in each case of 50.£ minutes.

I/̂ LJ  ̂ initial, hy extrapolation -250 (-251 ) and
5461

w  1  ̂ +66°. (Tables XI and XII, Graph VIII).
5461
final



Table XI (Graph VIII) 
Mutarotation of

196

(+)-d-bromocamphor- - 
sulphonate In methanol.

1 = 2 ;  c = D.5976 g./lOO c.c. of solvent ; t = £4o
A 5461 A ; Zero 180.08 .

Time mlns. Poiarimetric
reading Log 10(°<-oo - )

6.20 177.405 5.465 0.5597
5.60 .452 5.418 0.5537
7.20 .560 3.540 0.5257
8.00 .565 5.505 0.51919.50 .650 5.240 0.5105

11.20 .700 5.170 0.5010
12.50 .740 5.150 0.4955
15.00 .866 5.005 0.4778
16.50 .925 2.945 0.4690
20.00 178.055 2.815 0.4494
26.00 .170 2.700 0.4515
27.20 .505 2.565 0.4o90
30.25 .585 2.485 0.5953
55.25 .575 2.295 0.560C
45.50 .670 2.000 0.3010
50.50 179.005 1.865 0.270654.25 .100 1.770 0.2479
62.50 .300 1.570 0.1959
71.25 .480 1.390 0.1430
75.50 .560 1.510 0.1172
90.00 .850 1.020 0.0086125.50 180.210 0.660 1.81954 1805140.26 .562 0.508 1.70586 2941
159.25 .475 0.395 1.59660 4024
195.60 .650 0.240 1.38021 6198

.870 0

< = 1.58 X —2 —1lO min. = 50.2 min2 »



Table XII COraph VIII)

O-Mutarotation of

197
- cC-bromocaifipiîor- U -sulphonate

1
A

in methanol. 0
= 2 i c = 0.6155g./lOO c.c. of solvent ; t = 22 ;
= 54G1 0A ; Zero at 180-08°*
Time mlns. Poiarimetric (oC Oû t ) -̂-‘̂ ^10 (̂ CŜ  )reading

2.75 177.150 5.760 0.5751
3.25 .155 3.755 0.5746
4.25 .160 3.730 0.5717
5.10 .220 3.670 0.5647
6.00 .265 3.625 0.55937.50 .525 3.565 0.5521
d.OO .345 3.545 0.5496
9.50 .450 3.460 0.5391
10.00 .455 3.455 0.5359
11.00 .505 3.585 0.5296
12.75 .575 3.315 0.5213
14.50 .660 5.230 0^5092
16.25 .720 3.170 0.5011
17.50 .775 5.115 0.4935
19.75 .885 3.005 0.4776
22.50 .970 2.920 0.4654
25.00 178.080 2.810 0.4487
29.50 .245 2.645 0.4224
35.50 .460 2.450 0.3856
40.00 .615 2.275 0.3570
45.00 .760 2.L30 0.3284
54.25 179.040 1.850 0.2672
61.00 .175 1.715 0.2342
67.50 .340 1.550 0.1903
70.50 .400 1.490 0.1732
85.50 ,650 1.240 0.0934
92.50 .775 1.115 0.0462
96.25 .875 1.015 0.0064
100.00 . 915 0.975 -0.0110
104.50 .975 0.915 -0.0386
108.00 180.020 0.870 -0.0605
120.00 .165 0.725 -0.1397
142.50 .380 0.510 -0.2924
172.25 .570 . 0.320 -0.4948
165.00 .620 0.270 -0.5686
212.50 .730 0.160 -0.7959

.890 0
-2 -1= 1.58 % 10 min. ; t.| = 50.2 >̂ in.
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(-) r p 7-Dlbydro-l. thyl-4^ -rd tro~5,4: 5  ̂G-dlbenzazeplnlim

Picr&tG (49 ; X = Ĉ HpK̂ Orĵ )

The corresponding (oC) bromo camp her - b -suLpiionate
0

(0.3846 g., 1 mol.) finely ground vas dissolved at ca. -10
in 20 c.c methanol and a saturated solution of picric acid

o
(0*3040 g., 2 mol.) in ethanol at -10 vas adued to it vith
stirring. The mixture vas placed in an evaporating dish in an
ice-salt ndxture and air vas bvovn over the surface to reduce
the volume of the liquid. Solid begun to appear after 20 minutes
and the stirring vas contlnuea for another 10 minutes. The
solid picrate vas filtered on a precooled funnel and dried in
a vacuum desiccator* Total time of preparation vas 35 minutes.

o
The yield vas 0.2g* (Glÿ) and the m.p* 176 . (Found: C, 55.5 ;
H, 3.7 ; a, 14*2 ; 0, 28.4 ; CggHigKsOg requires C, 55.1 ;

H, 5*85 ; N, 14.2 ; 0, 28*9^)*
The preparation vas repeated four times and 0*65 g.

of the active picrate were prepared altogether* Crops from the
various preparations vere checked poiarimetrically and it vas
found that they vere the same. Racémisation of the picrate in

o o
acetone vas studied over the range of 17 to 41 and the energy 
of activation (E) and the Arrhenius parameter (a) vere derived 
from the experimental plots (Tables XIII to XVIII, Graphs IX 
and X).



Table XIII. Graph IXa) 
Racémisation of

20Ü

14
ru Vu picrate in acetone- o

1 = £ cm ; c - 0.3430g/l00 c.c. of solvent ; t = 17.15 ;
À 5791 A ; Zero at 177.32. 
Time mlns.

5.50
6.50 
7*50
8.50 

10.00
14.00
15.00 
16*00
17.0019.5022.00
24.00
28.00
58.00
45.00
50.00
56.00
64.00
72.50
80.50
90.00 100,00 
108.00
152.00
145.00
150.0
165.0
180.0 
190*0 220.0
250.0
254.0
285.0oo

Polarimetrie 
reading

175.685
.700
.725
.730
.745
.800
.855
.845
.870.880
*900
.920
.950

176.080
.145
.225
.290
.580
.420
.480
.550
.605
*710
*760
.790
.850
.900
.940

177*050
*040
.090
.140
.520

-5 -1k = 7,876 X 10 m̂in. ^
= 1.312 X 10 sec.

ti

ol observed

1*655
1.620
1.595
1.590
1*575
1*520
1*485
1.475
1.450
1*440
1.420
1.400
1.390
1*240
1.175
1.120
1*095
1.030
0.940
0.900
0.640
0.770
0*715
0.610
0*560
0.530
0*470
0.420
0*380
0*290
0*280
0*230
0*180
0

= 88 minutes.

0*2135
0.2095
0*2026
0*2014
0*1973
0.1818
0*1718
0.1687
0*1614
0*1584
0.1523
0*1461
0.1430
0.0934
0.0701
0.0492
0*0395
0.0128
-0.0269
-0*0458
-0*0757
-0*1135
-0*1397
-0*2147
-0*2518
-0*2757
-0*3279
-0*3768
-0.4202
-0*5376
-0*5528
-0*6383
-0*7447

Extrapolated value of 5791 -243
initial



Table XIV.(Graph IXb)* 
Racémisation of

201

picrate in acetone.
1 = 2  ; c = 0.4545 g./lOO c.c. solvent ; t = 19.65̂ .o
A 5791 Î } Zero at 177.52 . 
Time mins.

4.00
5.15
6.50
9.50
10.25 
12.45
13.25 
15.40 
17.60 
20.00
23.00 
24.70
26.25 
28.35
29.75
31.50
45.50
48.00
55.00
60.25
64.25
69.75 
74»25
76.00
79.75
86.50 
129.50 
250.00

Polarimetric
reading
175.05

.085

.110

.170

.190

.250

.270

.310

.360

.390

.445

.490

.520

.565

.580

.615

.660

.940
176.160

.230

.280

.355

.400

.420

.450
[840 

177.210

k = l,£k7 X 10~®min7^ = 2.045 X 10 sec.

served Zog^O ̂

2.280 0.3579
2.235 0.3493
2.210 0.3444
2.150 0.3324
2.130 0.3264
2.070 0.3160
2.050 0.3118
2.010 0.3032
1.960 0.2923
1.930 0.2856
1.875 0.27301.830 0.2625
l.bOO 0.2552
1.755 0.2443
1.740 0.2406
1.705 0.2317
1.460 0.1643
1.380 0*13991.160 0.0645
1.090 0.0374
1.040 0.0170
0.965 -0.0155
0.920 -0.0362
0.900 -0.0458
0.870 -0.0605
0.800 -0.0969
0.480 -0.3186
0.110 -0.95860
-1; ti = 54.3

Extrapolated initial J -265°5791



mable XV. (Graph IXc). f V ’

Racémisation of

20:E

picrate in acetone.
' 3  O

1 = 2; c = 0,4050 g./lOO c.c. of so a vent ; t = 26,12 ;
V 0 0A 5791 A ; Zero at 100.09 .
Time mins. Polarimetrie reading observed hog o[ 10
2.26 178.340 -1.750 0.2430
3.00 .370 1.720 0.2355
3.50 .390 1.700 0.2305
4.00 .405 1.685 0.2240
4.50 .460 1.630 0.2122
5.00 .495 1,595 0.2028
5.50 .520 1.570 0.1959
G.50 .550 1.540 0.1875
7.50 .605 1,485 0.1718
8. 50 .665 1.425 0.1538
9.00 .670 1.420 0.1523
10.50 .730 1.360 0.1335
11.50 .785 1.305 0.1155
13.50 ,860 1.230 0.0899
15.50 .945 1.145 0.0588
17.00 .980 1.110 0.0453
18.00 179.040 1.050 0.0212
19.00 .065 1.025 0,0107
20.00 .085 1.005 0.0021
23.00 .175 0.915 -0.0386
24.00 .215 0.875 -0.0578
26.00 .260 0.830 -0.0809
28.00 .320 0.770 -0*1135
29.50 .355 0.735 -0.1137
31,00 .380 0.710 -0.1487
33.00 .430 0.660 -0.1805
34.50 .460 0.630 -0.2008
37.00 .505 0.585 -0.2328
42.50 .590 0.500 -0.3^10
44.50 .630 0.4G0 -0.3372
47.50 .675 0.415 -0.3819
50.50 .720 0,370 -0.4318
52.50 .750 0.340 -0.4685
54.50 . 770 0,320 -0.4948
60.00 .820 0.270 -0.5686
62.50 .850 0.240 -0.6196
65.50 .880 0,210 -0*6778
78,00 ,930 0.160 -0.7969
90.00 180.000 0.090 -1.0458180.090 0

= 5.373 X 10"
.min. -, '̂ secr̂ j initialextrapolated -£4g‘-5791



ÀTable XVI.fGraoh IX d). 203
Racémisation of i w j(r) picrate in

C r t v ,
acetone.0

1 = 2 ; c@= 0.2665 
^ 5791 A ; Zero

g*/100 c.c. of 
at 180.Ogo.

solvent ; t = 55.76 ;

Time mins. Polarimetric 
reading observed Log

10
5*76 178.900 1.190 0.0756
4.00 .940 1.150 0*0607
4*40 *960 1.150 0*0531
4.65 *980 1*1±̂ 0*0453
4.90 179.05 1*040 0.0170
5*50 *060 1.050 0*0128
6*00 .146 0*945 -0*0246
6*50 .190 0*900 -0*0458
6.90 *210 0*860 -0*0555
7*25 .260 0*840 -0*0757
7.45 *265 0*825 -0*0835
7*75 .500 0.790 -0*1024
6*10 .550 0*760 -0.1192
8.40 *570 0.720 -0*1427
8.70 *420 0*670 -0.1769
9*00 .440 0.650 -0*1871
9*50 *410 0.680 -0.1675
9.76 .450 0*660 -0.1805
10*56 .470 0.620 -0*2096
10.80 .560 0*530 -0*2757
11.60 *590 0*500 -0.3010
12.60 *650 0.460 -0*3372
15*00 .670 0.420 -0*3768
15*70 *700 0.390 -0.4089
14.20 *755 0*365 -0*4498
15.50 .780 0.310 -0*5086
16.00 .800 0*290 -0*5376
16.65 .840 0.250 -0.6021
17.50 .850 0.240 -0*6198
17*90 *870 0*220 -0*6576
19.50 *900 0.190 -0*72] 3
21.50 .920 0*170 -0*7605
22.50 *950 0*140 -0*8639
25.70 .970 0*120 -0*9208
25.26 .990

180.090
0*100
0

-1.0000

k = 11.610 X 10-2 1*966 x 10""̂ secT̂ = 5*86 minutes ;

Extrapolated initial oL -255°
5791



Table XVII. (Granh IX e). \=/ 1 = / 204

Bac6misâtion of i'') A picrate in acetone.
o

1 = g ; c = 0.5190 g. 
A 5791 A ; Zero at

/lOO C ^ C .  O f  S O  

180.09 .
Ivent ; t = 41.19 ;

Time mins. Poiarimetrlc
reading

obseî’ved Log o 
10

5.45 178.150 1.940 0.2878
5.15 .540 1.750 0.2430
5.65 .545 1.545 0.1869
5.90 .615 1.475 0.1688
4.45 .795 1.295 0.1125
5.00 .945 1.145 0.0568
5.25 179.000 1.090 0.0574
5.65 .125 0.975 -0.0110
5.95 .175 .916 -0.0586
G. 25 .210 .680 -0.0555
6.55 .290 .800 -0.09697.25 .550 .740 -0.1308
7.50 .580 .710 -0.1487
8.20 .480 .610 -0.2147
8.60 .515 .575 -0.2403
8.90 .570 .520 -0.28409.40 .640 .450 -0.3468
10.40 .720 .370 -0.4318
10.80 .770 .320 -0.494911.00 .775 .315 -0.5017
11.45 .800 .290 -0.5376
12.25 .885 .205 -0.6883
12.7g .895 .195 -0.7100
15.25 179.915 .175 -0.7570
15.65 .985 .105 -0.9788
15.85 180.010 .080 -1.0970

180.090 0

k = 81.921 X 10"^mln.“  ̂; 
= 3,655 X 10~® sec.”^

= Z,2 minutes

initiai extrapolated -541- - 5791
o
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Table XVIII, (Graph X).

logĵ o 10̂
T

T(A°) 10"
T

-1k sec. k log^^A(sec. 6 A  ̂e.u.

le 290.35 3.444 -41.312x10 -3.8821 15.12 + 8.6
2. 292.85 3.415 2.045x10'"̂ -3.6893 15.15 + 8.7

299.32 3.341 5.273x10"^ -3.2698 15.09 + 8.7
4, 308.96 3.237 1.968x10“® -2.7060 15.15 + 8.6
5. 314.39 3.181 S.655xl0~^ -2.4371 15.11 •f 8.4

Mean value 15.1 + 8.6

The straight line plot of log^o^ against A  Is 
given in graph (X) . The value of E comes to 25.2 kcal.mole""̂ , 
that of A to 10^^*^secA^ and that of Ab'*’ to + 8.6 e*u*. Values 
of A vere computed by using the Arrhenius equation in the form : 
log^^A = log^Qk + — Y values of AS^ by using
the Glasstone, Leidler and Eyring absolute reaction rate
equation in the form : = 4,576 log krac./T + E/T-49.20.

10
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£-Bromomethyl-£ trime thyl&maonl orne thyl-G-ni troblpheayl
Bromide (51 ; X = Br)

The 1 , ~b1sbromomethy1-6-Bitrobiphenyl (5*85 g*,l mol*) 

vas dissolved in 10 c*c of dry acetone and cooled in an ice- 
salt mixture. Trimetiiylamlne (5 c*c*, 5.36 g*, 5.6 mois.) ̂ 
also cooled to -10^, vas adaed and the mixture vas alioved 
to varm to room temperature (calcium chloride tube). After 
ca* 15 minutes a very slight cloudiness appeared and after 
48 hours there vas quite a lot of solid* The fixture vas left 
at room temperature for a veek to complete the reaction, the 
solid vas filtered o vashed vith dry acetone and dried in 
a vacuum desiccator (3*5 g*), m.p. 215-££6^(decomp.) The crude 
solid vas recrystalLised from methanol (£.7 g*, 61%) and had 
m.p. £43^ (decomp*) (Found: C, 46*1 ; H, 4.5; N, 6*1 ; 0, 7*0 ; 
Br, 36.£ ; Cĵ ,-̂ HgQMgOgBrg requires C, 46*0 ; H, 4.5 ; E, 6.3 ;

0, 7.2 ; Br, 36.03

£-B romome t hy1-£*-trimethvlamaoniomethyl-6-nitroblphenyl 
Iodide (51 ; % = l)

The above bromide (1*1 g.) vas dissolved in vater and
treated vith saturated potassium iodide solution in vater. The
precipitated iodide (1*1 g*, 91%) vas recrystallised from

o
methanol and had m.p* £51-£3£ (decomp.) (Found: I, 41.8 ;

Ci^Hgo^gOgBrl requires I, 42*1%)
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2,2 '-BisC trime tlr/l&amonlome thvl) -G-nl t rob i phenyl Dibromlcie 
(56 ; X = Br)

a) The corresponding bromide (45) (3*85 g*, 1 mol*)
was dissolved in dry nitroben;zene (10 c*c*) and cooled In ice*

o
Trimetiiylamlne ( 5 c*c., 5.6 mol*) at ca* -10 vas added and
the mixture i as allowed to varm slowly to room temperature*
A solid started to form after 1 hour and after 5 hours th.
reaction seemed complete* The mixture vas left for another
24 hr*, the solid was filtered off and washed well acetone.

o
It vas dried in air and had m.p* 230 (decomp.) (crude yield

o
4*0 g*). Recrystal,lsation from methanol gave 2.0 g*,m,p*243

0
(decomp*) as first crop, 0*7 g*, m.p. 243 (decomp.) as second
crop and on evaporation of the mother liquor a residue (1.3 g*) 

o o
m.p. 170 (decomp.) vith shrinking at 145-150 vas obtained*

o
This, unlike the solid m.p* 243 , vas entirely insoluble in

o
nitrobenzene* The solid m.p* 243 proved to be the mono-
quaternary salt (51), The residue (1.3 g*) obtained by
evaporation of the mother liquor was recrystal_ised from

o
methano1-ethyl acetate and gave 0.8 g., m.p* 170 (decomp*) vith

o
shrinking at 150-155 (53). Evaporation of the mother liquor 
from this crystallisation gave a solid m.p* 215-220^(decomp*) 
which was a mixture of the mono-(5l) and di-(53) quaternary 
salts.
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The infrared spectra of (61) and (53) vere examined.
A band at 615.4 cm."^ present in (51) in the C-Br absorption 
region vas absent in the spectrum of (53). The latter con
tained also two additional bands : a strong hydroxyl band at 

—I —1
5371*5 cm* and a broad band vith maxima at 1667 cm. and 

-1
1605 cm. , both probably due to solvate molecules. Both peaks
vere hardly reduced in intensity after drying the comiDound

o
for 14 hr. at 100-120 /9 cm. and vere still present especially 

-1 o
the 3371*5 cm. band after drying at 155-160 in a vacuum
oven. Owing to the tenacity with which the solvent molecules
are held there vas difficulty in obtaining a satisfactory
repeatable analysis for the di-quaternary salt and therefore.
in deciding whether it was pure. The identity of (53) was
however finally established by obtaining a satisfactory
analysis for it after prolonged drying in vacuum : (Found:
C, 47.05 ; H, 6*0 ; Br, 31.0 ; ^2 0 3 ^ 2 ^ ^2*%^ requires
C, 46.9 ; H, 5*9 ; Br, 31*2%) and for the di-picrate obtained
from it.

b) The moPAQuaternary salt (51 ; X = Br) (1.8 g*,
1 mol.) was dissolved In 15 c.c. dry nitrobenzene and cooled 

o
to ca* -10 , Trimethylamine (1*5 c.c*, 4.0 mol.) cooled to 

o
-10 vas added and the mixture was sealed in a hard glass tube*

o
It was heated to 100 for 14 hr* and then kept for 4 days at
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room temperature. The product vas filtered, washed well vith
dry nitrobenzene and dry acetone and dried in a vacuum
desiccator (1*75 g.)* After reerystailisation from methanol-

o
ethyl acetate, 0,75 g,, m.p, 170 (decomp,) with shrinking at 

o
155-160 , vas obtained. The rest would not recrystalllse so
the solvent vas evaporated .nd the solid recrystallised from

o
methanol alone, vhen 0,1 g,,m.p,240-241 (decomp,) of the mono- 
quaternary salt (51) v:as obtained*

c) 2,2'-Bisbromomethyl-6-nitrobiphenyl (4 g,, 1 mol.)
o

vas dissolved in 20 c,c, dry nitrobenzene and cooled to -10 *
o

Trimethylamine (6 c.c., 6.4 mol.) cooled to -10 yvas added
and the mixture vas sealed in a hard glass tube. It vas heated

o
in boiling chlorobenzene (158 ) for 17 hr. and then kept at
room temperature for c days, the tube being shaken from time
to time. The solid vas filtered off, washed vith dry acetone

o
and dried In a vacuum desiccator (4.4 g,). It had m.p* 251

o
(decomp*), mixed m*p* vith solid (51) m.p* 245 (decomp*.)

o
depressed to 251-255 (decomp,). On exposure to air or on
crystallisation from methanol-ethyl acetate the unhydrous

o o
Impure solid m.p* 251 solvated and its m.p. changed to 175

o
(decomp.) with shrinking at ca. 155 . Yield 2.55 g.(68#).

d) The quaternary d.ibroBü.dfc vas purified by converting 
it into the dip!crate and decomposing the latter. In a typical
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experiiuent the dlplcrtte (1 g.) vas covered vith .10 c.c* vater 
and Ü c*c* of 48-50% hydrobromic acid vere added. The mixture 
vcas stirred vigorously and the bright yellow picrate disapp
eared and vas replaced by a faintly yellOv solid. The solid

0
picric acid (m*p* 120 ) vas filtered off and the mother liquor
vas evaporated on the water bath. The residua vas washed veil
with ethyl acetate in which both the picric acid and the
picrate are soluble. Reerystailisation from methanol -ethyl

o
acetate mixture gave 0.4 g.(64.6%) m.p* 175 (decomp.) vith

o
shrinking at 155-157 ♦

2.£'-Bls(trimethylammoniomethyl)-G-nitrobiphenyl Dipicrate 
(56 ; X = CgHgfigOY)*

The dibromide (43 ; X = Br) (4 g.) vas dissolved in
60 c.c. aqueous methanol and 4 g, of sodium picrate dissolved
in ca. 100 c.c. vater were added to it vith stirring. A gum
started, to separate which solidified on standing in ice* The
filterea solid ( 6.6 g*, 100%) vas recrystallised from acetone-

o
ethanol mixture and gave 5.6 g. (89%) m.p* 205*5 - 207*5 *
(Found : C, 47.9 ; E, 4.6 ; R, 15.8 ; 0, 61*9
requires C, 40*1 ; H, 4.2 ; N, 15.8 ; 0, 62%) *
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'-Bls(trimethylaromoniomethyl)-6-nltrobiphenyl (+)- 
Di c amp ho r s ui p hona t e ( 56 ; X = ^

The corresponding quaternary dibromlde (0*5 g., 1 mol,) 
and (+) silver camphorsulphonate (0.G6 g., £ mol,) were
dissolved separately in hot vater and the hot solutions vrere

mixed vith stirring. The precipitated silver bromide was

filtered off and the filtrate vas evaporated on a vater bath*

The crude salt (0.65 g.) vas recrystallised from acetone and
o o

0,3 g. ra.p. 185-185 (decomp.) vith softening at 174-176 were

obtained as first crop, and 0.15 g,, m.p, as above, as second 

crop. (Yield 56%) (Found : C, 57.4 ; H, 7.7 ; Î), 4,9 ; 8,7*7 ; 
C40H59%0]_Q8g.2H20 requires C, 57,05 ; E, 7.5 ; N, 5,0 ;

G, 7,6%),
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44. H o jv ia n n  Degradation o f 8ome Quaternary E phedrin ium
Compounds.

B y  1). M u r ie l  H a l l  a n d  T e r e s a  M . P o o l e .

Hofmann degradation ])roceeds normally with the (-l[-)-dibeiizazepinium 
hydroxide (I; X  =  OH), to give the dibenzazepine (11) and (-l-)-/mw5-l-
methyl-2-])henyloxiran. However, the analogous biphenyl biscpiaternary 
dihydroxide (111; X  =  OH) gives an appreciable yield of the ditertiary 
base (fV) only if carbon dioxide is excluded; the diamine is accompanied 
by ( — )-iV-methylephedrine, 9-dimethylamino-9,10-dihydrophenanthrene, 
and the 2,7-dihydro-l,l-dimethyl-3,4:f),d-dibenzazepinium cation. Possible 
reaction paths are discussed.

H o fm a n n  degradation of (H)-^,7-dihydro-l-((i-h3Rlroxy-a-methylphenethyl)-l-methyl- 
3,4;5,()-dibenzazepiniiim hydroxide ̂  (I; X  =  OH), without special precautions to exclude 
carbon dioxide, proceeded normally to give 2,7-dihydro-1 -methyl-3,4:5,6-dibenzazepine
(11), identified as its methiodide,^ and ( + ) 1  -methy 1-2-phenyloxiran, the normal
non-basic product from such reactions with ephedrinium compounds.^ Similar reactions 
of the cyclic ephedrinium compounds containing o-nitro- or o-fluoro-groups had also given 
the corresponding A/’-methylazepines.'^

;i)

NMc
I

CHMe
I

CHPh-OH

HzC CHz
1

NMe Me^N^
1

■^NMe,
1

(11) MeHC CHMe1
HO-PhHC CHPh-OH

IX
(III)

However, when the un bridged compound (III; X  =  OH), prepared from 2,2'-bis- 
bromomethylbiphenyl and (— )-iY-methylephedrine in nitrobenzene at 130°, was subjected 
to H o f m a n n  degradation under similar conditions (Experiment 1), Y'-methylephedrine 
was isolated from the basic products, suggesting that the quaternary cation was under
going attack at the (benzyl) a-carbon atom as well as at the hydrogen of the p-hydroxyl 
group. A  bimolecular displacement at the a-carbon atom is the process most commonly 
competing with bimolecular H o f m a n n  elimination,and it has been shown ̂  that the use 
of anions less basic than hydroxyl favours the displacement at the expense of the elimin
ation. Thus exclusion of carbon dioxide (and hence of COg^') is likely to reduce the 
amount of the displacement by-product.^'^

The degradation of the bisquaternary dihydroxide (III; X  =  O H )  was therefore 
repeated (Experiment 2) in an atmosphere of nitrogen (with exclusion of carbon dioxide) ; 
water was used instead of aqueous ethanol to avoid attack by alkoxide ions. The basic 
fraction from the products still contained some -methylephedrine, but also other 
bases. Separation through the picrates gave the dipicrate of the expected amine (IV) as

HzC CH-NMc, _
MejN NMej (IV) (V) (VI) NMe^ X"

the main product, accompanied by smaller quantities of the picrate of 9-dimethylamino-
9,10-dihydrophenanthrene (V).» Relevant ultraviolet absorption spectra are given in 
Table I.



T a b l e  I.
ritraviolct absorption spectra (X in miji) of solutions in UI)*’,, EtOH 

(values in parentheses are intiections).
Short-wave band Conjugation band Long-wave features

Compound t s X,,inx. £
V)................ 211 39,U00 252 15,700 (274) 14,500260 16,000 (282) 0720

265-5 15,900 (292) 4180
Picrate of (V)........ 208 54,400 260 20,900 (270) 18,800 357-5 16,200212 53,500 261-5 20,800 (280) 11,800
(II).. ............. 206 41,600 241 12,800 (281) 3030
(VI; X = HCO,) ............  248 14,000 (271) 4430(281) 2380
(VI : X = Br) ..............  249 14,200 (275) 4270(280) 3050
(VI ; X = CgHoNgU,) ... 206 51,500 245 22,700 (274) 5850 357 14,750212 52,900 (281) 4140 360 14,650
(XVII ; X = Br),HnO * (233) 8980 268-5 2080
Picric acid t ... ’•........... (245 10,000] | 360 16,600Na picrate § ........ 358 14,100

* In MeOH. f Friedcl and Urchin, Idtraviolet Spectra of Aromatic Compounds," Wiley, New York, I95I, No. 93. + Not a maximum or point of inilection. § The acid in ethanol containing aqueous
sodium hydroxide; Schroeder, Wilcox, Trueblood, and Dekker, Analyt. Chem., 1951, 23, 1740.
The residue from this decomposition (Experiment 2) was treated with ether and water. 

E\ aporation of the acpieous solution, after thorough washing with ether, gave a small 
residue, part of which was a white solid, insoluble in chloroform. Qualitative tests and

( V I I

Mc.Njr
P h H C -O

NMc2
CHMe
I

CHPh-OH

M e.N

McHC - —  CHPh 

O
CHMe
I

CHPh-OH

(Vlll)

( V l l i )

CH 2— N - M c  

Mc2N-^ CHMc-CHPh-OH X
+  Me^N-CHMc-CHPh-OH

Mechanism ( I ) :  I, In terna l S^2 by O —. 2, Sn2 by neutra l N.

infrared bands at 834 and 1613 cm."^ (cf. Miller and Wilkins showed that this was a 
hydrogen carbonate. The ultraviolet absorption spectrum (Table 1) was typical of a 
2,2'-bridged biphenyl with a seven-membered bridging ring and the compound was 
identified as 2,7-dihydro-l,l-dimethyl-3,4:5,6-dibenzazepinium hydrogen carbonate (VI; 
X  =  HCO3) by conversion into the picrate, identical with that m a d e  from the corre
sponding bromide. (The high intensity and slight displacement of the conjugation band 
in the ultraviolet absorption spectrum of the picrate are due to superimposition of picrate 
absorption on that of the biphenyl system. Picric acid has s 10,000 at 245 m p  in 0 5 %  
ethanol and the ion is probably rather similar.) The chloroform-soluble part of the 
residue also contained the 2,7-dihydro-l,l-dimethyl-3,4:5,6-dibenzazepinium cation and 
appeared (from the infrared spectrum and qualitative tests) to contain the quaternary 
hydroxide (VI; X  =  OH), which had failed to absorb dioxide during the working up.

The H o f m a n n  degradation of compound (111; X  =  O H )  was carried out for a third 
time (Experiment 3). Owing to bumping in the early stages, a little carbon dioxide was 
allowed to enter and a more dilute solution was used; otherwise, conditions were as in



Experiment 2. 11 le main picrate this time was that of the aminodihydrophenanthrene (V),
accompanied by very small amounts of the dipicrate of base (IV). The ethereal extract 
of the reaction products remaining in the flask yielded phenanthrene.

lliree modes of reaction * of the cation (III) with hydroxyl ions can be envisaged.
(I) Proton loss at the p-hydroxyl group will give an alkoxide ion (VII), which can form the 
oxiran (ethylene oxide) and the ion (VIII) by an internal nucleophilic substitution. This 
process can occur in both side chains, in which case 2,2'-bisdimethylaminomethylbiphenyl
(IV) will be formed. O n  the other hand, nucleophilic replacement (at the benzyl a-carbon 
atom) of positive (quaternary) nitrogen by neutral (tertiary) nitrogen in the ion (VIII) is 
the most likely route to the azepinium hydrogen carbonate (VI; X  =  HCO3).

(2) Nucleophilic displacement at benzyl a-carbon atoms by hydroxyl ions (or by 
carbonate ions in experiments where carbon dioxide is not excluded) would lead to the 
diol (IX) or the hydroxy-amine (X). Cyclisation of the hydroxy-amine (X) or of the 
intermediate ion (XI), with loss of water, is a possible but rather unlikely route to 
9-dimethylamino-9,10-dihydrophenanthrene (V).

Me,N +
MeHC

I
HO-PhHC

NMci 
I

CHMe

CHPh-OH

CHI 2 
NMe

(XI)
CHMe

CHPh-OH
(X )

Mechanism (2): 3, 5^2 by O H ". 4, — H+, in terna l S>-2 by 0~.

(3) Attack by hydroxyl ions at a benzyl methylene group m a y  lead to proton loss 
rather than to substitution. This would give an ylide intermediate (XII) of a type which 
plays an essential part in the Stevens rearrangement. In view of the frequently observed 
ease of 0- and 7-membered ring formation a m o n g  2,2'-substituted biphenyls it seems 
possible that, once formed, such an ion might preferentially attack the benzyl carbon 
atom attached to the other positive nitrogen, thus forming a six-membered ring, rather 
than a methyl or isopropyl carbon atom attached to its o w n  nitrogen. The ion (XIII) so 
formed could undergo proton loss either at the [3-hydroxyl group, leading to 9-dimethyl-

NMe- 
/ /  + I

^  / /  CHMe

CHPh-OH

MeHC
I

HO-PhHC

-̂CH
■*'NMe2 

I
CHMe 
I

CHPh-OH

Me,N

CHMe 
I

CHPh-OH

MeHC— CHPh \ /O

H2C - C H - 0 H (X IV )  

Mc.N-CHMc-CHPh-OH

(V) .....2
Mechanism (3); 3, Sn2 by O H -. 4. -  H ' , in te rna l 5^2 by O ' .  5. £2.

amino-9,19-dihydrophenanthrene (V), or at the [3-carbon atom in the saturated ring, 
leading to phenanthrene; nucleophilic displacement by hydroxyl at the a-carbon atom 
would give 9,I0-dihydro-9-hydroxyphenanthrene (XIV), which was not detected. If 
formed, therefore, it must have undergone ready dehydration to phenanthrene.

* Probable mechanisms are indicated in the reaction schemes, but in no case has a bimolecular mechanism been unequivocally proved for these particular compounds.



The relative importance of the three modes of attack on the cation (111), and whether
(2) followed by cyclisation or (3) is a source of (V), can be found by studying the effect 
of changes in hydroxyl-ion concentration and of added carbon dioxide on the reaction 
products. Change in hydroxyl-ion concentration should have little effect on process (I), 
since proton loss at the hydroxyl group cannot be rate-determining, but reduction in 
hydroxyl-ion concentration (by heating the solution under reflux instead of distilling it) 
might be expected to decrease processes (2) and (3), whereas added hydroxyl ions should 
promote them. Carbon dioxide might be expected to promote (2) at the expense of (I) 
and (3), since carbonate ions are nucleophilic but only weakly basic.

Accordingly, the decomposition of the cpiaternary hydroxide (III; X  =  O H )  was 
carried out (a) under nitrogen, in conditions as before, {b) under nitrogen, but with heating 
under reflux without distillation, (c) under nitrogen with added potassium hydroxide, and 
(d) under carbon dioxide. The results are detailed in Tables 2 and 3.

T a b l e  2.
Products of Hofmann degradation of the dihydroxide (HI; X  =  OH).

[Citations in parentheses are m. p.s. Others are yields in g.].
HoO-sol.

... .... , i> ■ 1 Bases Neutral residue (g.)Iodide Distdlate Residue present IvtoO-sol. (picrate,̂
Expt. (g.) Cun dus. Bases Bicrates Bases Picrates (IV) (V) MIC ‘ residue m. p.)
2 7-9 No, 1 0 14 2 37 f ()1 -f -|- -f- - - ‘ 0 4CO,-free L (195—  I (170— 205°) (less) (278— 281°)air J  > 205°) ( 2 17 =

I (190— 208°) f -0 1 I (170— 17(5°)
3 7 9 No 1 30 ( 0 32 1 00 2 31 -j- -j -j- 0-10 « 0 38(liquid) t (-200°) (10.5— 178°) (more) (00 - 85°)0 04 (108—

174°)
{a)

(0 
(c)
id)

1 A"-Methylephedrinc. - In all cases a single crystallisation raised the in. p. to 285 -280°. the 
base was distilled and only part made into the picrate. Crystallisation of tliis crop gave 0-90 g. of m. p. >200° and 0 37 g. of m. p. 170 -174°. ‘ Not isolated separately. Crystallisation gave 1-04
g. of m. p. 173— 176°, 0-17 g. of m. p. 169— 174°, and 0 03 g. of m. p.' 206°. « M. p. 98 -100° aftercrystallisation. ’ Crystallisation gave 0-326 g. of m. p. 205— 207°, 0-226 g. of m. p. 173— 174”, 
0-186 g. of m. p. 146— 154°, and 0-088 g. of m. p. 143— 144°. * Incompletely decomposed. On retreatment with fresh AgoO under the conditions of {a) it gave 0-181 g. of bases, yielding 0-285 g. of picrate, m. p. 165— 170°, and 0-90 g. of water-soluble residue. " Crystallisation gave 0-610 g. of 
m. p. 174— 176°, 0-493 g. of m. p. 158— 174°, and 0-206 g. of m. p. 137— 142°. Includes the added potassium hydroxide and its carbonate. “ Mainly potassium picrate, melting explosively at 334° after crystallisation. N-Methylephedrine picrate, obtained from highly concentrated mother- liquor. Probably mainly 1-phcnylpropan-1,2-diol (see Experimental).
The decomposition (b), carried out in dilute solution at 100°, gave A^-methylephedrine, 

none of the base (IV) and only a trace of the aminophenanthrene (V) ; it was incomplete 
and the large residue was mainly the azepinium hydrogen carbonate (formed from the 
hydroxide during the subsequent working-up and evaporation). Thus, here, reaction (I) 
must be occurring in one side-chain, followed by nucleophilic replacement by neutral 
nitrogen in the other, leading to the cation of compound (VI). The weights obtained 
correspond to an 8 4 %  yield of N-methylephedrine and 1 1 3 %  of azepinium hydrogen

3-95 N,, 0-698 <0-01 1-14 1-44 : -1- ■ 1 - -t- 0-06 0-60
(solid) (213°) (solid) (187 190°) (71 80°) (279-282°

.. N.,, >100° — — 0-759 <0-01 —  'Itrace -1- 0-015 1-60 «
dil. soln. (solid) (: 174--176°) (285°)

„ N.,, > K O H 0-353 0-038 0-999 1-67 " Trace > 0-1705 4-02 1"(solid) (206°) (liquid) (155 166°) (97— 98°) (200
320° 11)>1 CX)o 0-110 0-664 r 

(solid) t
{

0-05 Trace (212— 214°)
0-84 (140— 142°) 12

> 0-131(partly
liquid)

1-215(285°)



T a b l e  3.
Melting points of picrates used for identifications.

Tertiary amine Picrate Quaternary cation Picrate
(II) ..... '.......... 162° ' (VI) 285— 286°(IV) ................  207— 208 (XVII) 245(V) .................. 175— 170
iV-Methylepliedrine...... 143-5.144trimethylamine .......  224

carbonate, the discrepancies being partly accounted for by the presence of a little (optically 
active) undecomposed starting material. The residue was treated with fresh silver oxide 
and re-treated under conditions [a). S o m e  of the amine (V) was obtained.

1 he presence of carbon dioxide (d) reduced the yields of both amines (IV) and (V) to 
negligible proportions. Bimolecular displacement at the benzyl a-carbon atom, followed 
by cyclisation, cannot, therefore, by the source of the aminophenanthrene (V) in the normal 
experiments, d'he possibility of similar reaction at one of the other a-carbon atoms

(methyl or isopropyl) in both side chains is also eliminated, 
since this would give either a n ew tertiary amine (XV) (not 
observed) or (IV) (of which only a trace was obtained).

CH; However, such reaction at the isopropyl carbon atom in one
MeN NMc side chain would give the ion (VIII), which could then give

MeHC CHMe the azepinium ion (VI) by a replacement reaction. It is
, possible that this is indeed the route to (VI) under these 
HO'PhHC CHPh-OH . . , .  , . . . .  . • ,conditions, where the basicity of the solution is so m u c h
reduced. Alternatively, there m a y  be sufficient hydroxyl ions present to produce (VIII) 
by proton loss from the [3-hydroxyl group, as in {b).

Added potassium hydroxide (c) has greatly increased the yield of 9-dimethylamino-
9,10-dihydrophenanthrene (V), thus providing strong support for process (3), the route 
involving a type of Stevens rearrangement. This rearrangement, originally carried 
out with hydroxide or alkoxide ions on phenacylamines and later with phenyl-lithium 
on compounds containing less readily ionised hydrogen, can occur during the decom
position of quaternary a m m o n i u m  hydroxides of suitable structure and has been observed 
in, for example, the decomposition of diphenylmethyltrimethylammonium hydroxide in 
the presence of a high concentration of potassium hydroxide.

However, benzyltrimethylammonium hydroxide (XVI ; X  =  O H )  is decomposed 
when heated in aqueous solution into benzyl alcohol and trimethylamine (65% of the 
reaction) and methyl alcohol and benzyldimethylamine (35% of the reaction), whereas 
treatment of the quaternary bromide (XVI;. X  =  Br) with phenyl-lithium in ether 
gives the rearrangement product, N7/-dimethyl-a-methylbenzylamine.

P h -C H y N M e p X -

(XVI)

H e at
 > -  Ph-CH.,*OH -[- NMea, & MeOH -|- Ph-CHo-NMeo

 Ph-C H -N M e., Ph-CHMe-NMeg
PhLi

The situation of (benzyl) a-hydrogen atoms in (III) is formally rather similar to that 
of (benzyl) a-hydrogen atoms in (XVI), but the benzyl a-carbon atoms in the cation of 
(HI), unlike those in (XVI), are subject to considerable steric hindrance to 5^2 reactions, 
since both the other part of the biphenyl system and the bulky ephedrine side-chain 
interfere with the formation of the transition state. If steric factors hinder nucleophilic 
displacements in (III), the w a y  is open for reaction dependent upon ylide formation, 
even without use of a stronger base than hydroxyl ions. [Indeed the necessity to use 
phenyl-lithium to form an ylide from (XVI) m a y  be only partly due to the greater 
basic strength of the reagent and partly due to its weak nucleophilic power.]

The diol (IX) has not been detected a m o n g  the degradation products. It is stable to



hot potassium hydroxide, so cannot have been formed and then destroyed. All neutral 
ether-soluble residues (always \^ery small) were examined by infrared spectroscopy and in 
some cases phenanthrene was isolated from them. The diol was easily detectable 
spectroscopically in a 1 : I mixture with phenanthrene so that, if any was formed, it was 
only in very minor amount.

Thus all the evidence points to the Stevens rearrangement as the source of the amino- 
phenanthrene (V), and to the unimportance of bimolecular displacements by hydroxyl 
ions at the benzyl a-carbon atoms in (III).

However, during the investigation of the quaternary hydrogen carbonate, another 
possible source of the 9-dimethylamino-9,10-dihydrophenanthrene (V) was revealed. 
The hydrogen carbonate melted with vigorous decomposition at 206°; a sample kept at 
210° for 40 minutes gave 9-dimethylamino-9,10-dihydrophenanthrene. It thus appeared 
that at 210° the hydroxyl ion (from the decomposing hydrogen carbonate) was a sufficiently 
strong base to bring about a Stevens rearrangement of the cation (VI). In order to test 
the effectiveness of the hydroxyl ion under the conditions of the reactions described above, 
H o f m a n n  degradation was carried out on 2,7-dihydro-l,l-dimethyl-3,4:5,6-dibenzaz- 
epinium hydroxide (VI; X  =  O H )  under the conditions of experiment (a) , the temperature 
not being allowed to rise above 135°. As expected, the aminophenanthrene (V) was 
obtained but it was accompanied by 2,7-dihydro-l-methyl-3,4:5,6-dibenzazepine (11) (the 
result of hydroxyl attack at the methyl a-carbon atoms) and by phenanthrene, isolated 
in 32— 4 0 %  yield. A  similar decomposition in the presence of potassium hydroxide gave 
a similar yield of phenanthrene (33%), and the amine (V), but none of the azepine (II). 
Neither the azepine nor the phenanthrene had been detected when the hydrogen carbonate 
was decomposed alone at 210°.

Thus the Stevens rearrangement of the azepinium ion is favoured by a high concen
tration of hydroxyl ions and a high temperature. Under somewhat less favourable 
conditions (>135° and no added potassium hydroxide) some substitution to give azepine 
occurs as well. At lower temperatures and with low concentrations of hydroxyl ions no 
rearrangement occurs, as shown by the products of decompositions (6) and (d) (see Table 2) ; 
in [b) the temperature was > 100° and the hydroxyl-ion concentration was not increased 
by distillation of the water ; in (d) the temperature was higher but the hydroxyl-ion 
concentration was very greatly reduced by the presence of carbon dioxide.

M e,

(V) (II) NM e

Mechanisms: 6, Sn 2 by O H - a t  CHg. 7, ? ( -N H M e ^ ) .  8, - H + .  9. 5^2 by O H - a t  Me.

S o m e  of the 9-dimethylamino-9,10-dihydrophenanthrene (V) produced in the other 
decompositions of the bisephedrinium compound (III; X  =  O H )  m a y  have come from 
the azepinium ion. However, it is considered that most of it is formed by the Stevens 
rearrangement on the original ion (III — > - X I 1 — XIII — ►  V), for the following 
reason. A n y  amine (V) produced v i a the azepinium ion will be accompanied by appreciable 
amounts of phenanthrene (and some azepine). Phenanthrene was detected a m o n g  the 
decomposition products only in reactions where a good yield of the amine (V) was obtained



but, in the most favourable case (reaction c; added alkali) only in 1 9 %  yield and some 
of this m a y  have come from elimination reactions of compounds (Xlll) or (XIV). N o  
azepine picrate was isolated, but this is less valuable evidence since small amounts could 
have been missed a m o n g  the other picrates.

The m o d e  of formation of phenanthrene by the action of hydroxyl ions on the azepinium 
cation (VI) is not so far understood. It appears to involve elimination of dimethylamine 
from the benzylaminc analogue (X) or from (V) and, during the decomposition, an alkaline gas 
(almost certainly dimethylamine) was evolved as soon as the temperature reached 80°. 
However, the amine (V) appeared to be stable both to heat (since it could be distilled at 
183°/1 mm.) and to alkali (since the yield of phenanthrene was not increased by added 
potassium hydroxide). The hydroxy-amine (X) is not known; the corresponding diol 
is stable to hot alkali.

It is not clear why, in the original decomposition of the bisephedrinium compound
(111), smaller yields of the diamine (IV) were obtained in Experiment 3 and in decomposition 
{a) than in Experiment 2. Perhaps the balance of competing reactions is very delicate 
and factors such as the dilution at a particular temperature (difficult to control during 
slow distillation at a gradually rising temperature) are of critical importance.

In view of the behaviour of the dihydroxide (111), it seemed possible that the hydroxides 
of other unbridged 2,2'-bisquaternary biphenyls, in which simple olefin formation would 
be difficult or impossible, might give bridged compounds under H o f m a n n  degradation 
conditions. Accordingly, an aqueous solution of the hydroxide (XVll ; X  =  O H )  was 
slowly distilled under reduced pressure in an atmosphere of nitrogen. 9-Dimethyl- 
amino-9,10-dihydrophenanthrene (V) and trimethylamine were isolated as picrates. 
At least one other (unidentified) base was present. Non-basic products, including 
phenanthrene and 2,7-dihydro-3,4:5,G-dibenzoxepin (XVllI) were also obtained. The 
oxepin was not isolated in a pure condition but was detected spectroscopically in a mixture 
with phenanthrene.

Again, several competing processes must operate. Nucleophilic displacement by 
hydroxyl ions at one of the benzyl a-carbon atoms, followed by cyclisation, seems the 
most likely route to the oxepin. Cyclisation involving alkylation of a hydroxyl group 
by the methylene group of -CH^'NMeg ' in a rather similar situation has been observed 
bv Easton and Eish.^^

H,Ç ÇH,
HO +  NMe,Me,N

( X V I I )

MêN +
HjC CH NMe]

+ NMe, (XIX)

(XVIII) + NMe, + H+

\  \  V +  MeOH
HjC CH-NMe]

+ NMe]+ HiO
Mechanisms; 5, £2. 6, Sn2 by O H “  at CHo. 9, 5^2 by O H "  at Me. 10, Internal Sjj2.

Proton loss from a benzyl methylene group, followed by rearrangement, gives an ion 
(XIX) which can undergo either bimolecular displacement at a methyl group, giving
(V), or elimination involving a (3-hydrogen atom, giving phenanthrene.



MeHC CHMe 
1
NMe

(XX)

The unidentified base was obtained as its picrate, m. p. 240° (decomp.) ; the analysis
gives the formula CooH28N 2,2%H^N^Oy, if the biphenyl skeleton is still present, or
Q o H i 5N,CgHgNgO;, if it is not. Tlie possibility that “ normal ” Stevens rearrangement 
without cyclisation) had occurred to give the diamine (XX) was considered; d ecom

position of the picrate by cold alkali gave a little free base, the infrared 
spectrum of which showed the C - H  stretching frecpiencics of N M e ^  
(at 2760 and 2811 cm."i) and of C H o  (at 2857 and 2918 cm."^). N o  
peaks for C - C H 3 were found, although two slight shoulders (at 2884 and 
2970 cm.~^) on the CH., bands were at the CH.j stretching frequencies.
It thus appears that the base contains C H o  groups rather than CH'CH.]
groups and so cannot have structure (XX). It has not proved possible 

to elucidate the structure with the small amount available.
The pure amine (IV) was obtained from its dipicrate and gave a dimethiodide identical 

with (XVll; X  =  I), prepared from 2,2'-bisbromomethylbiphenyl and trimethylamine. 
The ultraviolet absorption spectrum of the dimethobromide (XVll ; X  =  Br) (Table 1) 
is that of a highly hindered 2,2'-disubstituted biphenyl (compare, for example, the 
spectrum of 2,2'-dimethylbiphenyl

I n f r a r e d  S p ec t r a.— The main features of the infrared spectra of the four tertiary amines,
(11), (IV), (V), and N-methylephedrine, are given in Tables 4 and 5. Part of the spectrum 
of a non-basic reference compound, 9,10-dihydrophenanthrene, is included. A  sharp 
band at 1004— 1007 cm."\ found in the first three compounds, is also present in the 
spectrum of 9,10-dihydrophenanthrene (at 1001 cm.~^) but not in that of N-methyl- 
ephedrine; this supports the view of Beaven and Johnson that a band at 1010 cm.“  ̂
is characteristic of the biphenyl structure.

T able 4.
Infrared spectra (cm. p; 600--1650 cm. 1) of some tertiary amines.

(H) (IV) (V) ME * (11) (IV) (V) ME * (H) (IV) (V) ME *
C05m 934m 936m 920\v 1250\v 1253m 1247sh617m 619sh 619m 947m 942\v 952m 956m 1261sh 1261w 1267s632sh 627sh 630m 977w 972\v 978sh 1284\v 1277m 1282sh

656m 990w 996s 1307w 1297m 1314m 1305sh667w 66 7w 1006w 1007m 1004w 1333\v 1337sh 1333sh 1325sh
678m 1022m 1027s 1025s 1030sh 1355sh

69 7w 699 m 1041s 1041s 1041s 1366m 1361s 1361m 1368st
705 vs 1047\v 1047sh 1055s 1389w711w 711sh 71 Iw 1078s 1075w 1067sh 1416sh 1401 w 1404w 1418sh730m 720sh 728sh 729sh 1095m 1096m 1095m 1439sh 1439sh749vs 736sh 737VS 744vs 1114sh 1107\v 1443s 1449s 1451s 1447st753sh 1120m 1462m 1460sh 1471sh 1460sh

7o7vs 752vs 1127sh 1125W 1127s 1475m 1481s776m ■ 781sh 777s 779s 1145m 1143w 1490sh 1493sh 1493sh
790sh 1157\v 1153m 1155m 1157sh 1550\v 1563w825w 8I2\v 814m 810m 1172m 1167s 1170s 1587sh83 3w 839sh 83 3 w 835w 1182m 1189w 1183m 1605sh 1592w 1597\v 1600w849m 851m 861m 1195m 1200sh 1200m 1637m 1629\v 1631\v870w 1235m 1238w885w 873m 879m 881m

* iV-Methylephedrine, spectrum of Nujol mull. t Nujol peak.

A  few of the C - H  stretching frequencies require comment. One of the C H g  bands in 
9,10-dihydrophenanthrene occurs at a rather high frequency (2874 cm.“̂  instead of the 
usual 2853 >  10 cm."^) and one of the C - C H 3 bands in A ’-methylephedrine is apparently 
double (2956 and 2979 cm.“̂ ). The y-hydroxyl group m a y  be responsible for a shift to 
higher frequency in this band, although this effect is m u c h  more marked with isopropyl-0 
than with n-propyl-0 compounds.

All the amines show a strong band at 2764 >  9 cm."^ and a second band (medium to 
strong) at 2815 >  12 cm."^, which is least prominent in the azepine (11) and is also present



T a b l e  5.
C-H Stretching vibrations (cm.“i) in some tertiary amines and in 9,10-dihydro

phenanthrene.
Probable(II) (IV) (V) ME * DHP t assignment

2773s 2755s 2768s 2772s N-CH32803s 2811m 2817s N-CH32827m 2819m ?
2859m 2843m 2851m 2874m CH.2867s c h ;2887sh 2884m ?CH2924s 2927s 2930s 2921s CHo2941sh2953sli 2959sh 2956sh 2956s ?CH32979s PCH,300Gm 3012m 3012m 3021m 3008s CH (arom.)3051 m 3046m 3053m 3058m 3051m CH (arom.)3084sh ?CH (arom.)

* N-Methyleplicclrine, spectrum in CCI.,, 
material. t 9,10-Dihydrophenauthrene, spectrum of molten

as a weak band in 9,10-dihydrophenanthrene. A  number of workers have correlated 
absorption in this region with the C - H  stretching vibration of an ^ N M e  group, and Hill 
and Meakins have classified the absorption pattern according to the situation of the 
basic group and the number of methyl groups attached to the nitrogen. With an N M e ^  
group not directly attached to an aromatic system two bands occur in the 2825— 2810 and 
2775— 2765 cm."^ ranges. This is borne out by the spectra of the three amines containing 
N M c g  (IV, V, and N-methylephedrine) in the present work. For amines containing an 
N M e  group not directly attached to an aromatic system. Hill and Meakins found a single 
band between 2805 and 2780 cm.“b The methylazepine (II) has a strong band just 
outside this range (2773 cm.~^) ; the second band (at 2827 cm.“̂ ) is weaker than for the 
other amines and it is presumably due to the C H g  groups rather than the N M e  group, 
especially as a similar band is found in the non-basic 9,10-dihydrophenanthrene.

E x p e r im e n t a l

A c t io n  o f  H eat on 2 , l -D ihydvo-\-[^-hydvoxy-(x-methylphenethyl)- \-m ethyl- '^A '-^ ,^-d ihenz-  
azep in ium  H ydrox ide (I; X  =  OH).— The corresponding (solvated) (-f-)-bromide ̂ (9T g.) was 
shaken in aqueous-ethanolic solution with silver oxide for 1 hr. The filtered solution was 
distilled at atmospheric pressure; ethanol and water containing ( )-/!fa%.s-l-methyl-2-phenyl- 
oxiran were collected. The residue was extracted with ether, and the ethereal solution 
washed with hydrochloric acid. Aqueous ammonia was added to the acid solution and the 
free base extracted with ether, dried (K^COJ, and distilled, giving 2,7-dihydro-1 -methy 1- 
3,4:5,G-dibenzazepine 2 (2-2 g., 53%), b. p. 150— 160°/2 mm. [methiodide (from ethanol), m. p. 
294° (decomp.), not depressed by authentic specimen (see below); picrate, m. p. 162° (from 
ethanol) (Found : C, 57 9; H, 4-25; N, 12 6. QiHigN.O, requires C, 57 5; H, 4 1; N. 12-8%)].

2 ,2 '-D i- [N ' i^ -d im ethy lam m onion ie thy lS i-{^ -hydroxy-a .-m ethy lphenethy l) ]b ipheny l D i- iod ide  
(HI; X  =  I).— 2,2'-Bisbromomethylbiphenyl (13 6 g., 1 mol.) and ( —  )-Â -methylephedrine 
(15-8 g., 2-2 mol.) were dissolved separately in dry warm nitrobenzene (35 c.c. in all). The 
solutions were mixed at 120° and the temperature rose to ca. 150°. The mixture was kept 
at ca. 130° for 20 min. during which solid separated and the whole became very thick. It was 
allowed to cool and the solid filtered off and washed with dry nitrobenzene, followed by dry 
benzene and dry acetone. The crude quaternary dibromide (26 g.) so obtained had m. p. 
ca. 206°. In some preparations a small amount of another solid separated from the washings 
but was not identified. The dibromide was dissolved in a large volume of water, treated with 
aqueous potassium hydroxide, and extracted with benzene or carbon tetrachloride to remove 
any unchanged tertiary base. Addition of the benzene precipitated the dibromide in a 
hydrated form and much water was required to redissolve it. The aqueous solution was 
neutralised with hydrobromic acid and concentrated below 35° to ca. 1500 c.c. (Hydrated



anhydrous carbonate) was 9-dimethylamino-9, lO-dihydrophenanthrene (infrared spectrum 
and picrate, m. p. 176°). No phenanthrene was detected.

A c t io n  o f  H ea t on 2 , l - l> ih y d y o - \A -d im e th y l - ‘i^A\iS,^-dibenzazepinhin i H yd ro x id e (VI; X  = 
OH).— The azepinium bromide (4-25 g.) was shaken in aqueous solution with silver oxide for 
1 hr. The filtered solution was distilled under reduced pressure, in an atmosphere of nitrogen, 
from a water-bath at 70— 100° for 95 min. and was finally heated at 130— 135° for 15 min. 
Ether and water were added to the residue, and ether to the distillate; the combined ethereal 
extracts were separated as usual into a neutral and a basic fraction. From the neutral fraction, 
04)89 g. (40%) of phenanthrene, m. p. 97 99°, was obtained. The basic fraction gave 1-320 g.
of a liquid, from which 2-155 g. of picrate, m. p. 163— 170° with previous softening, were 
obtained. Crystallisation of the picrate from methanol yielded 1-185 g. of 9-dimethylamino-
9,10-dihydrophenanthrene picrate, m. p. and mixed m. p. 175— 176°, 0-5795 g. of 2,7-dihydro-1- 
methyl-3,4:5,6-dibenzazepine picrate, m. p. mainly 158— 161° (slightly contaminated with the 
higher-melting picrate), and 0-103 g. of mixed picrates, m. p. 155— 160°. Recrystallisation 
of the second crop from ethanol gave the picrate with m. p. 159— 161°, not lowered on admixture 
with an authentic sample. Recrystallisation of the third crop from ethanol gave 0-055 g., 
m. p. 174°, softening at 155°.

In a second experiment 2-25 g. of bromide gave 0-438 g. (33%) of phenanthrene.
A c t io n  o f  H ea t on 2J -D ihyd ro - \A -d in ie thy l- '^A \r ) , iS -d ibenzazep inn im  H yd rox ide  with, Added  

Potassm m  H yd ro x id e .— The azepinium bromide (1-50 g.) was converted into the hydroxide, 
and potassium hydroxide (2-8 g.) was added. The solution was distilled as usual under reduced 
pressure and in an atmosphere of nitrogen. The neutral fraction (0-296 g. ; 34%) was phenan
threne, m. p. 100— 101°. The basic fraction (0-440 g.) gave a picrate (0-852 g., 38%), m. p. 
175— 176°.

2 ,2 ' -B is { tr im e thy lan im on iom ethy l)b ipheny l  D i- io d id e (XVII; X  =  I).— {a) 2,2'-Bisbromo- 
methylbiphenyl (13-6 g.) in dry acetone (50 c.c.) was cooled to — 15°. Liquid trimethylamine 
(25 c.c.) was added and the mixture kept (drying tube) at —  15° to — 10° for 3 hr., then allowed 
to warm to room temperature and left overnight. The quaternary d ibrom ide (18 g.) was 
collected and crystallised from ethanol as a monohydrate, m. p. 219— 221° (decomp.) (14 g., 
74%) (Found: Br, 33-4. C.2oH3oBr.,No,H20 requires Br, 33-55%). Some of the dibromide 
was converted (by treatment with aqueous potassium iodide) into the di- iod ide, which crystal 
lised from ethanol as a monohydrate, m. p. 245° (decomp.) (Found: C, 42-4; H, 5-65; I, 44-2; 
N, 4-9. CaoHgoENo.HoO requires C, 42-1; H, 5-65; I, 44-5; N, 4-9%). The d ip ic ra te had 
m. p. 245° (from aqueous ethanol) (Found: C, 51-2; H, 4-5; N, 14-5. F;,oH3,,NgOi., requires 
C, 50-9; H, 4-5; N, 14-8%).

[b) 2,2'-Bis(dimethylaminomethyl)biphenyl (IV) was liberated from its dipicrate and 
heated with an excess of methyl iodide in nitrobenzene in a sealed tube at 100° for 5 hr. The 
di-iodide was collected, washed with acetone, and crystallised from ethanol : it had m. p. and 
mixed m. p. 245° (decomp.).

A c t io n  o f  H ea t on 2 ,2 ' -B is { t r im e thy lam m on iom ethy l)b ipheny l  D ih yd ro x id e (XVII; X  =  
OH).— The above dibromide (9-52 g.) was converted into the dihydroxide, and the aqueous 
solution thereof was distilled under reduced pressure in nitrogen at 70— 100° for 90 min. and 
finally at 125— 130° for 15 min. Decomposition was accompanied by a strong smell of tri
methylamine. The products were worked up as usual; a very small basic fraction (0-030 g.) 
and a neutral fraction (0-184 g.) were obtained from the distillate.

The basic fraction from the residue (1-476 g.) was converted into a mixture of picrates 
which solidified during several days. This mixture was largely intractable, crystallisation 
giving gums and crops melting over wide ranges, but a small quantity (0-425 g.) of 9-dimethyl- 
amino-9,10-dihydrophenanthrene picrate, m. p. 175°, mixed m. p. 175— 176°, was isolated. 
0-1525 G. of a new but unidentified p icra te was also obtained. It had m. p. 240° (decomp.) 
(Found: C, 51-5; H, 4-7; N, 14-4; O, 29-8. Cg^Hg^Ng,20 4̂13X 307 requires C, 50-9; H, 4-5; 
N, 14-8; O, 29 7%).

The neutral ether-soluble fraction from the residue (1-537 g.) crystallised from ethanol and 
gave phenanthrene (0-335 g.), m. p. 99°, a solid (0-570 g.), m. p. 75— 90° (softening at ~50°), 
and a liquid (0-492 g.). Both the solid and the liquid were separated (by crystallisation and 
chromatography on alumina) into phenanthrene and impure 2,7-dihydro-3,4:5,6-dibenzoxepin. 
The best sample of the oxepin had m. p. 51— 67° (the pure compound has m. p. 72-5— 73°). 
Its infrared spectrum closely resembled that of the pure oxepin but still showed some phenan-



thrciic peaks (which had decreased in intensity during the purification). One (less pure) sample 
had m. p. 45— 55° and its analysis corresponded to a 1 : 1 mixture (Found: C, 89-4; H, 6 15; 
O, 4 4. Calc, for : C, 89-8; H, 5-9; O, 4-3%). There was no evidence of the
presence of any 2,2'-bishydroxymethylbiphenyl in any of the fractions.

The a(|ueous solution of the residue after ether extraction was taken down to dryness under 
reduced ju'cssure in a stream of nitrogen. The residual solid (1-40 g.) gave a picrate, m. p. 
245°, not depressed by the picrate of the quaternary starting material. The distillate from 
this operation was saturated with sodium chloride, and trimethylamine distilled off from it, 
collected in ethanol, and made into the picrate, m. p. 224°, isolated after evaporation of the 
solvent (1 )elé])iue gives m. p. 216°).

Spectra.— Ultraviolet absorption spectra were measured on a Unicam S. P. 500 spectrophoto
meter. Infrared spectra were measured on a Urubb-Parsons US 2A double-beam recording 
spectrometer.
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