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ABSTRACT.

This thesis is presented in three sections.

Section I deals with the synthesis of spiro-hydrocarbons.
The two compounds spiro(5:2)Qotane and spiro(4;2)heptana
were prepared; the latter compound has not previously been
described. It was not found possible to synthesise a series
of spiro-oongpounds containing varying numbers of cyolobutane
rings, because of the failure to isolate pure intermediate
products.

Section II describes the formation of o-xylene through
4:5-dimethylenecyolohexene. The scheme to prepare this
cyclohexene involved the Hofmann degradation of the quaternary
ammonium hydroxide derived from cis-4;5-bis(dimethylamino-
methyl)cyclohexene dimethiodide. 4:5-Dimethyleneoyclohexene
was not isolated, but a sample of £-xylene was obtained
which was identified by the preparation of its sulphonamide.

Section III is subdivided into three parts.

Part 1 deals with the study of the anomalous reductions
of 2:2*-diacetyldiphenyl under different conditions. The
reductions were carried out in an attempt to devise a scheme
for the preparation of 2:2*-dialkyldiphenyls. The Clemmensen
reduction yielded 10-dimethylphenanthrene; the products
isolated from the Huang Minion reduction on the same
diketone were an unsaturated hydrocarbon and
9:10-dimethyIphenanthrene. The course of this reaction

1s studied in detail.



No pure oompounds were isolated from the product of the
Meerwein-Ponndorf-Verley reaction, but the reduction with
lithium aluminium hydride gave the expected carbinol*

Part 2 is devoted to the condensation reactions of 2:2’-
bis(bromomethyl)diphepyl with 1:1:2:2-tetracarbethoxyethane,
1:1;):)-tetraoarbethoxypropane, and diethyl methylmalonate.
The reaction with I:l:):)-tetracarbethoxypropane and the
dibromide produced a compound which was not identified, but
possible structures are proposed. The condensation reaction
with diethyl mathylmalonate gave the expected product, which
led to the preparation of several new compounds.

Part 5 describes several methods of preparation of 2:2°- | r
diphenyl diacetic acid, which is considered to be a suitable
starting compound in the syntheses of some large-membered

ring compounds of diphenyl*
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Section I
The etyntheses of spiro-hydrocarbonB.
Introduction.

Qyolohexane was the first member in the series of alicyclic
compounds to be prepared and studied. As recently as 1880, it was
generally accepted that only rings containing six carbon atoms
existed (V. Meyer, Annalen., 1876, 180, 192), and all attempts to
synthesise smaller rings had been fruitless. In the early 1880%s,

W.H. Perkin began his classical investigations which changed the ideas
of many eminent contemporary chemists on ring compounds, and laid the
foundations of modem alicyclic chemistry (Pedler Lecture, £.,1929,
1)47)# The first alicyclic compound to be prepared by Perkin was
cyclobutane Izl-dicarboxylic acid (Ber., 1885, 179))* and a little
later three- and five-membered systems were obtained. Cyolo-butane and
oyclopropane-1;5-diGarboxylic acid had been previously prepared but not
recognised (Markovnikov and Krestnovnikov, Annalen., 1881, 206, 555;
Freund, Monatsh., 1882, 626).

The existence of three- and four-membered rings called for a
revision in ideas on the stereochemistiy of the carbon atom, and an
explanation was required for the variations in the stability of the differ-
ent ring systems.

A. von Baeyer (Ber., 188), 18" 2277; 1890, 2», 1275), introduced
the Strain Tteory (Spannungtheorie) which employed the Le Bel-van't
Hoff tetrahedral model of the carbon valencies (1874), and postulated

that the carbon atoms in any alicyclic ring were uniplanar. This made



it necessary fat the bond angles to be capable of alteration, thus
setting up a condition of strain in the ring. Baeyer calculated the
strain and emsumed that it was a rough neasure of the instability of
the various rings, but had few facts with which to test this hypo-
thesis since the hydrocarbons cyolobutane and ~d o p entane had not

then been sy”ntheslsed.

Number of carton 3 4 ) 6
atoms in ring.
Calculated deflection +247N44%  +9/N44* 0"44* )NM16%

from normal valency angle.

Perkin exploited the use of diethyl malonate to synthesise some
four-, five-, and six-membered rings, and found that the yields corres-
ponded approximately to predictions based on the assumption that the
tendency fcr ring formation is governed by the degree of strain it
possesses, i.e. >Cg>C™> Ci#

The Baeyer theory proved fairly satisfactory for rings smaller
than oyclohexane, but broke down conpletely when applied to macrocyclio
systems.

In 1918, Mohr (J.jgr. Chem., 1918, (11), 549; 1922, (11), 10),
516) revived and elaborated a theory Introduced by Sachse in 1890, that
not all alicyclic rings are coplanar, but f*om oyclohexane igpwards,
puckered, multlplanar configurations may be formed involving little or no
deflection of the tetrahedral valency angles. It has since been shown
by Ruzioka, Ziegler, Huckel, and many others (Ruzicka, Chemistry and
Industry, 1955*% 5i* 2) that there are no theoretical barriers for the
existence of macrocyolio rings.

In oyclohexane, for example, two strainless configurations can be



visualised»

3ocx.tr Choulr

All the experimental evidence» however» actually indicates that
practically all oyclohexane molecules oorrespond to the chair form»
both in the vapour and in the liquid phase (Hassel» Quart. Reviews.»
A955> VII, 221). It has been calculated that the thermal energy is
sufficient to cause facile interconversion between the boat and chair
forms. (Shoppee» 1946, 11)8; Barton, ibid., 1948» )40; Hazelbrock
and Oosterhoff, Discuss. Faraday See., 1951# IQ# 8?.).

In 1875# van’t Hoff pointed out that an allene of the formula

should be enable of existinglgln two optically isomeric forms»

assuming that the carbon atoms possess tetrahedral oonfigMrations. It
was later realised that it is not necessary for four different groups to be
present» but that should similarly exist as two isomers.
Just as the hydrocarbon ethylene HgCfGHg may be regarded as the first in
the series of alicyclic compounds» s6 allene which contains two such
simple rings, may be regarded as the first of a large number of spiro-

compounds with a greater number of carbon atoms in these rings, e.g.

The models of these molecules show that the planes of the rings are
perpendicular to each other.

In the ring closure reactions with diethyl malonate which make use
of the active methylene group, the Reparation of the resolvable spiro -

():))-heptane dicarboxylic acid is of particular interest. This acid
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was first synthesised by Feoht (Ber#, 1gO?, )88)), by the following
method.
BHC
G far.
NOC'H-
HOHJO" CH”"oH C-H"ar \ *A”iCcOjCT.|45)"
o o

and was later resolved by Baoker and Sohurink (Reo. Trav. ohlm., 19)1, )0,
921).
The object of starting the work in this section was to synthesise a

series of *tick" spiranes of the type

with Varying numbers of four-membered rings, and to investigate the
optical properties of their derivatives. The siiigc>le Perkin ring closure
reaction with dihalides and diethyl malonate was to be used in several

stages of the syntheses.

CH.

/'S >«1 Or«.c.

One such coag)ound, tetraspirohexadecane, has been recorded; this was

synthesised by Buohman and Madoff (California Institute of Technology,
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Private Cammunioation, Institute of Petroleum), who prepared gpiro
(5:3) heptane-2-carboxylic acid and converted it through the acid
chloride to the tetene which dimerised on heating to give the diketone
The disemioarbazide of the latter was heated to 200" in a solution af
diethylene glycol, yielding the hydrocarbon, b.p. 100"3®®»»

wol9P -

rgjdaed <00

The scheme to produce the "stick* spiranes was abandoned as it was

not possible to isolate pure products in the early stages of ti» syntheses
(see p,n-i® ). Attention was then given to the synthesis of simpler
spiranes, few of which have been prepared; of the simple ones based on

the allene structure only the following are known.

1m

Spiro (2:2) pentane (I) is the simplest representative of the spirane
class, and was obtained by the zino debromination of pentaerythrityl
bromide or 1:1-bls(bromomethyl)-cyclo-propane (Gustavson, jJ. Chem.,
1896, (il) 54, 97, Fecht, Ber., 1907, © 5884; Zelinsky, Ber.,

1913# 160)s On catalytic hydrogenation, the compound undergoesring
fission to produce first 1;1-dimethylcyclopropane, and then tetramethy-
le nemethane (Slabey, £., Amer. Chem. Soo., 1947» *~» 475)*

Spiro (4:4) nonane (II) has been prepared by Zelinsky and Rlagina

(Compt. rend. Acad. Soi. U.R.S.S, 1945, 42»°68). These workers started

by reducing cyclopentanone to 1:1*-dihydroxy-l:1*dloyclopentyl andjbreating



this with dilute sulphuric aoid to give spiro (4:5) decane-é-one.
This spiro-ketone was oxidised with nitric acid, and the product was
heated in the presence of barium hydroxide to form spiro- (4:4)-
nonane-l-one# The hydrazone of this ketone was decomposed in the
presence of potassium hydroxide and platinised charcoal. The hydro-
carbon, b.p. 156. 2-156.7"% was thus obtained.

Spiro (5:4) decane (III) was similarly prepared by making the
5-ketone, and reducing this by the Wolff-Kishner reaction. (Zelinsky
and Sohuikin, Ber., 1929» 62, 2184)

Spiro (5:2) octane (XV) was synthesised by Shortbridge, Craig,
Greenlee, Derfer, and Boord, Amer. Chem. Soc., 1948, 7% 976)

using the following scheme,

M M=CMCO A n J  Hcho® H C

a

This compound and its derivatives are distinguished from other
spiranoid compounds by their great stability.
The scheme outlined below is the one described in the experimental

work which follows,
(HOH

ccM jhrvr* ~

Considerable difficulty was encountered in preparing the 1;l-bis -

(bromomethy 1) compounds, and the yields were low. However, spiro (4:2)-



heptane and spiro (5:2) octane were obtained by this method.
Spiro  (4:2) heptane has not previously been synthesised
although many of its derivatives including the cis and trans

acids have been prepared (Thorpe, jJ., 1920, 117, 1579: 1922, 121,
1821).



Experimental.
I. Attempted Synthesis of ~,
(a) Preparation of pentaerythrityl bromide.

The methods of (i) Backer and Schurink (Reo. Trav. chlm., 19)1,
921), and (ii) Herzog (Qrg. Synth., 1951, )1,82), were used for this
preparation.

Purification of materials.

Phosphorus tribrcmide was distilled, tlie fraction, b.p. 1?)", being
used. Technical pentaerythritol, m.p. 2440, was recrystallised twice
from 2.5/( v/v hydrochloric acid. The melting point was raised to 200".
(1) 125 G. (1.0 mol.) pentaerythritol were placed in a 50 ml. tw)-
necked flask % Ich was heated on a water-bath, and JOOg. (2.1 mol.)
freshly distilled phosphorus tribromide were added dropwise over a period
of two hours. Asemi-molten, orange mass was formed and hydrogen bromide
was freely evolved. The water-bath was replaced by a metal-bath and the
temperature of the reaction mixture was slowly raised to 170" and maintained
at 170~ 10~ for twenty hours. The orange-red product was transferred to
a beaker containing 1 1. water, and vigorously stirred to disperse the
flocculent lumps. The solid was separated by suction filtration, washed
several times with hot water, and twice with 200 ml. portions of 9%
ethyl alcohol. The dry powder was transferred to a Sohxlet extraction
thimble suspended by wire in a 1 1. Erlenmeyer flask fitted with a reflux
condenser. Extraction of the bromide with ethyl “cohol was continuéd

for several days. Off-white crystals having a musty odour were



precipitated from the alcohol when it was cooled; these were
recrystallised from alcohol and heated to 120" to remove phosphorus
confounds. Odourless, crystals, m.p. 161#5°, were obtained.

Yield 2J4g. (66")

(11) CCCHgOa)® + tCgHASOgCl S6?5L_> CCCHgOSOgCgH*)* + 4HC1
0{(SL"SQ"0")" + NaBr--------—--—--- A O(CHgBr)» + 4CgHjS0jHa
)?5G* (4.2 mol.) benzene sulphonyl chloride were added dropwise to
a mixture of 65g. (1.0 mol.) pentaerythritol and )25 ml. pyridine in

a ) 1. three-necked flask fitted with a dropping funnel, Uiermometer,
and mechanical stirrer, ttsuoh a rate as to maintain the tang)erature of
the reaction mixture between )0-)5". The temperature was then kept at
40° for one hour. The mixture was added slowly, and then more rapidly to
a vigorously stirred solution of 400 ml. concentrated hydrochloric aoid
in 500 ml. water and 1 1. methyl alcohol in a 5 1. beaker. Crystallis-
ation of pentaerythrityl benzene sulphonate was induced ly seeding with
a small portion of extracted product which had been treated separately.
The suspension was cooled in ice, and the product was filtered off
under suction, washed with several litres of water and finally with

500 ml. of methyl alcohol.

The crude pentaerythrityl benzene sulphonate was added to 500 ml.
diethylene glycol in a 2 1. Erlenmeyer flask fitted with a HersHberg
stirrer, and )00g. (5.8 mol.) sodium bromide were introduced. The
mixture was heated with slow stirring on a metal-bath at 140-150°

for sixteen hours. The reaction mixture was cooled to about 90°, and
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I 1. of ice-water was rapidly stirred in. The mixture was finally

oooled by the addition of ice until a ten“erature of 10° was attained.

The precipitate was filtered off under suction, washed with water, and
pressed dry. The brown crystalline solid was dissolved inll.boiling
acetone and filtered by gravity through a heated funnel.Colourless
plates of pentaerythrityl bromide separated out as the solution cooled,
these were filtered off and washed with 100 ml. 95! ethyl alcohol. More

product was obtained by concentrating the mother liquor.

Yield 159g. m.p. 160°.

(b) Preparation of 1:1:5:)- tetraoarbethoxyspiroheptane

The method of Backer and Schurink was used (Reo, Trav. chim., 19)1,
52% 921)*
Purification of reagents.
iso-Amyl alcohol was dried over calcium sulphate and the fraction, b.p.
129.5-1)1°, was distilled into a dry flask. Diethyl malonate was dried
over calcium sulphate, and distilled under reduced pressure. Fraction,
b.p. 87-89°/16 mm., was used in the preparation.

28.75G. (5 mol.) freshly out sodium were added to 1,25 1# iso-aayl
alcohol contained in a ) 1. three-necked flask, fitted with a mechanical
stirrer sealed with a polythene gland, a dropping funnel, and a reflux
condenser; the latter two were equipped with calcium chloride traps.
200G, (4.9 mol.) dry/jethyl malonate were slowly added and the mixture
was gently warmed. 100g. (1.0 mol.) pentaeiythrityl bromide were then

added. The condenser was replaced by a distillation head, and the
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mixture was distilled until the thermometer reading was 128°. The
distillate, about 500 ml., contained some ethyl alcohol formed by

double decomposition between diethyl malonate and iso-amyl alcohol

in the presence of sodium. 00 ml. dry iso-aayl alcohol were added to

the reaction mixture which was heated under reflux for fifty-six hours.

A large quantity of the iso-amyl alcohol was then removed by

distillation, water was then added to the remaining mixture and the rest
of the alcohol was distilled over as an azeotropic mixture. More

water was added to dissolve all the precipitated sodium bromide, and a dark
brown oil separated out. The product was extracted several times with ether,
and the combined extracts were dried over anhydrous potassium carbonate.
The ether was removed by distillation, and attempts were made to purify

the product by distillation under reduced pressure.

An 8" column packed with Fenske helices was used, but at 1 mm
pressure rapid deconposition of the ester fraction took place, and it
was necessary to stop the distillation. Several variations in technique
were tried, but each time the ester deconposed producing a dark yellow
distillate. One third of the crude ester product was distilled at
atmospheric pressure. After the lower fractions up to, b.p. 1)2°, had
been removed, a pungent smelling, colourless liquid commenced to distil,
but rapid decozposition occurred in the distillation flask and heating
had to be stopped. The distillate had a refractive index of n%01.424),
and the following analysis;

Found: C, 6?*0 ; H, 11.1
Required for . C 594 ; H,

An attempt was made to isolate the pure ester the formation
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of Its amide. 20g. crude product were shaken at regular intervals with
ammonia (d. 0.880) solution. No amide was produced.

5*00. crude product were left to stand for two days in a stoppered
flask with 100 ml. alcoholic 20" potassium hydroxide solution. The bulk
of the alcohol was distilled off, and the remaining potassium salt was
dissolved in water. The solution was boiled with decolourising charcoal,
filtered, and the filtrate was acidified with concentrated 1*drochlorio
acid and extracted with ether. The ether was evaporated from the extract and
the 2 ml. liquid which remained were heated in a test-tube on a metal-bath
at 210-220° for thirty minutes; effervescence due to the liberation of
carbon dioxide was observed. V%en the liquid was cooled, a crystalline
mass was formed which was extracted with hot water and recrystallised from
ethyl acetate. Well-defined crystals, m.p. 211°, were obtained; this
agrees with the m.p. given by Backer and Schurink. The isolation of 1;5-
spiroheptane dicarboxylic aoid confirms the presence of 1:1:5:5- tetracarbeth-

oxy-spiro-heptane in the crude product.

(c) Attempt to reduce the product of the reaction between diethyl
malonate and pentaerythrityl bromide.

Low b.p. fractions were distilled from the crude product, and 50g* of
the remaining liquid were added dropwise to a suspension of [IQg. lithium
aluminium hydride in 500 ml. anhydrous ether, at such a rate as to maintain
steady boiling of the ether. The reaction mixture was heated under reflux
for two hours on a water-bath. The excess of reducing agent was deconposed
by the addition of water, and 5" v/v sulphuric acid was added until the

solution was clear. The ethereal layer was isolated, and the aqueous layer
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was extracted several times with ether. The conabined extracts were
dried over anhydrous potassium carbonate, and, after the ether had been
removed by distillation, the remaining liquid was distilled under

reduced pressure. 5*0G# colourless, viscous, pungent-smelling liquid,

(0)

b.p. 140 }]%)01.4705, were collected. The residue was a brown

waxy solid.
Analysis of liquid.
Found; C, 68.4 ; H, 11.4

CW. CM.

OiiH qO. requires C. 6I.1 j H. 9.5 f
A * o* ./ \ M
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IT Attempted Synthesis of Spiro (3:2) hexane.
(a) Preparation of Itj-dibromopropane.

The method of Kamm and Marvel, (Qrg. Synth., 1921, 1% 8)
was used.

6570# (2.0 mol.) concentrated sulphuric acid were slowly added
to a mixture of 250g. (1.0 mol.) trimethylene glycol, 1)60g. (2.5 mol.)
c<:)8:,cggc‘;;:tbergrz:lfl;cﬁdliraiocmk;c"ildo_r;ﬁ a 3I. 3flask. The mixture was heated
under reflux for one hour and then distilled until no water insoluble
product appeared in the distillate. The water insoluble layer was
isolated and washed with water, 50g. concentrated sulphuric acid, and
finally 10§ sodium CGU?bonate solution. The oil was dried over calcium

chloride, and then distilled. 595&* (89*5/5) 1:3-dibromopropane,

b.p. 162-165°, were collected.

(b) Preparation of 1:l-dicarbethoxycyclobutane.

A BBthod wa”used similar to that of Cason and Allen, (£¢ Qrg. Chem.,
1949, 141 10)6).

Ethyl alcohol and diethyl malonate were purified as previously
described for malonic ester synthesis (see p.10 )

)2.5g. (2.0 mol.) freshly cut sodium were added to 600 ml. dry
ethyl alcdiol in a 21. twornecked flask fitted with a dropping funnel
and reflux condenser, each sealed with calcium chloride traps. 128g.

(1.2 mol.) diethyl malonate were added after the sodium had finished
reacting with the aloohol. The flask was warmed on a water-bath until

the sodio-derivative of the ester had dissolved, and then 1)4g. (1.0 mol.)
1;3-dibromopropane were added dropwise from the funnel. A vigorous

reaction took place and sodium bromide was precipitated. The reaction
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mixture was heated under reflux for three hours, and a large quantity
of aloohol was then removed under vacuum. The remaining mixture was
poured into water and a heavy orange oil separated out. The product
was salted out with sodium chloride, and extracted with ether. The
combined extracts were dried over ahhydrous potassium carbonate. The
ether was removed by distillation, and the fraction of the extract,
b.p. 190-240°, was transferred to a vacuum distillation apparatus

fitted with an 8" fractionating column packed with Fenske helices.

Fraction Range Weight n?o
1 46-52y 3am. 15.0g. 1.5791
2 $2-98: ' 59.0 1.4159
5 58-64° - 22.0 1.4196
4 64-66° " 19.0 1.4255
5 66-69 =m 24.3 1.4349
6 69 ., 26.0 1.4560
7 69-72 " 29.7 1.4359
8 72° . 20.9 1.4559
9 74-80 5.0 1.4554

Analyses.

Fraction (6 + 7 + 6) Found: C, 60.2; H, 8.1
Fraction 5 Found: C, 60.0; H, 8.2
Calculated for 2 C, 60.0; H, 8.05"

Yield of l:1-dicarbethoxycyolobutane (6+7+8) 76.6g. (58")

(0) Hydrolysis of 1:1-dloarbethcxyoyclobutane.
5G. ester were heated under feflux with )0 ml. iOjf alcoholic potassium
hydroxide solution for thirty minutes. Most of the alcohol was then
removed under reduced pressure, and the potassium salt was dissolved in
water. The aqueous solution was acidified with concentrated hydrochloric

acid, and the precipitated acid was extracted with ether and dried over
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oalcium sulphate. After two recrystallisations from ethyl acetate the
l;1-cyolobutane dicarboxylic acid had a melting point of 158°. Recorded
melting points for this acid vary between 154° (Farmer and Wallis, J.,

1935. 1304), and 158° (Jeffery and Vogel, J,, 1948, 1804).

(d) Preparation of 1:1-bis(hydroxymethyl) cyolobutane.
60GE. (1.0 mol.) 1:1-dicarbethoxyoyclobutane diluted with 50al.

arfiydrous ether were added dropwise to a mixture of 1).5g. (1.211)?f)thium
aluminium hydride and 580ml. dry ether, at such a rate as to maintain
steady boiling of the ether. When the addition was cosplete the mixture
was heated under reflux for one hour on the water-bath. The excess of
lithium aluminium hydride was deconposed by the addition of water. 100G.
crushed ice were added to the mixture, and v/v sulj*uric acid
solution was added until the aqueous layer became clear. The ether layer
was isolated and the aqueous Isyer was extracted several times with ether.
The combined extracts were dried over anhydrous potassium carbonate, and

after the ether had been removed by distillation, a pale yellow liquid

remained which was distilled under reduced pressure.

Fraction Range Weirt 25
1 80-82°/5mm. 4.7¢. 1.4659 , Pale yellow liquid
which darkens on
2, 112°/5mm. 18.8¢g. 1.4788 standing.

Colourless, Viscous
liquid, with sweet
smell.

I 0 .
Analysis. 1;1-bis (hydroaymethyl) cyolobutane.
Fraction 2. Found: G, 62.J; H, 10.55

ANON2MN2 *®Duire8: 0, 62.0; H, 10.57
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Yield of 1:1-bls(hydroxymethyl) oyclobutane 18.8g. <54")*

This compound is very soluble in aloohol, fther, and benzene, but

is immiscible with water. ,

The low yield of the diol was thought to have been due to the formation

of the qycLic ether by dehydration, thus giving the low fraction of

boiling point 02°/5mm. The analysis however, shows that this is not the

case.

Analysis#

Fraction 1  Found; C, 65*0 ; H, 9.0 /
0 requires: 0, 73.4 ; H, 10.2" \/ V/

(e) Attempts to prepare l;l-bis(bromomethyl) cyolobutane.

(i) LOG. (1.0 mol.) diol was heated under reflmjtor thirty minutes
with 10g. (6.0 mol.) 48" bydrobromio aoid solution at 90° on a water-
bath. Ablack, charred solid was formed, from which it was not possible to
extract any product.

The experiment was repeated using a more dilute solution of hydrobromic
acid, but this too, was unsuccessful.
(i1) 6.20. (1.0 mol.) phosphorus tribromide were added dropwise to 2.0g.
(1.0 mol.) ice-cooled 1:1-bls(hydroxymethyl)-cyclobutane. At first no
reaction took place, but after stirring for a few moments, a violent
reaction occurred and hydrogen bromide was evolved. An orange-black
gum was formed. The excess of reagent was deconposed by the addition of
ide, and attenpts were made to extract the product with ether, petroleum

ether, alcohol and benzene, but only a trace of pungent smelling liquid.
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n”~1.5176, was obtained. The theoretical yield of the dibromide was 4g.
This experiment was repeated on a larger scale, but the product which
contained bromine represented less than a 10" yield.
(iii) 4.0G. (1.0 mol.) diol were dissolved in 20g. dty benzene and 12.$g.
(1.7 mol.) phosphorus tribromide were added dropwise to the ice-cooled
solution. The temperature of the reaction mixture was slowly raised to 80°,
and heated for one hour on a water-bath. The excess of phosphorus tri-
bromide was decomposed by stirring the mixture with crushed ice. The pale
yellow benzene layer was removed, and the aqueous layer was extracted with
benzene. The coabined extracts were washed with 10" sodium carbonate
solution, water, and then dried over calcium chloride. The benzene was
removed by distillation, and the pale yellow oil which remained represented
a yield of only 18/
Molecular w ei™t of the product in benzene.

PouiKii 228.5 ; 265.0
/\ /CVABr

5 requires; 242. " /c
(f) Attempt to prepare l;1-bis(chlQromethyl) cyolobutane.

2.0G. (1.0 mol.) 1:1-bis(hydroxymethyl) cyclobutane dissolved in 5g.
ethanol were chaken with 2.0g. (2.5 mol.) concentrated hydrochloric acid
in a stoppered flask for thirty minutes. No reaction took place. The
mixture was gently warmed on a water-bath, and rapid darkening of the
solution occurred. The mixture was poured into water, and the product was
extracted with ether and washed with 10 sodium carbonate solution and

then with water. The extract was dried over calcium chloride. The ether

was evaporated off, leaving some ofjbhe umhanged diol together with its



charred decomposition products.

2.0G. (1.0 mol.) diol were heated under reflux for one hour with
7.0g. (4.5 mol.) acetyl chloride. The excess of reagent was decomposed
with water, and the product was extracted with ether, and the extract
was treated as described above. After removal afjthe ether, a colourless,
mobile, pungent smelling liquid remained which was distilled at
atmospheric pressure. Yield 1.8g., b.p. 238-2420, n%';Al.4483*
Analysis.
bassaigne test; chlorine absent.
Found: C, 60.2 ; H, 8.2

CXU 10 4 (1 :1-bis(hydr03§nethyl)cyclobutane acetate) requires; C, gOIOi
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IIT The 1"nthesis of Spiro(3:2)octane,

(a) Preparation of I:$-dlbromopentane.

Benaoyl piperidine was prepared by the method of Marvel and Lazier,
(Qrg. 3vnth. , 1929, 18).

A solution of 210g. sodium hydroxide in lu0OOml. water was added to
)40g. (1.0 mol.) piperidine contained in a )1. three-necked flask fitted
with a mechanical stirrer, dropping -funnel, and air-condenser. 3&0G.
(1,0 mol.) benzoyl chloride were added dropwise from the funnel, and the
reaction mixture was continuously stirred, and cooled by standing the
flask in a bath of cold running water.

When the addition was complete, two layers of emulsion were formed
which were broken up by the addition of 100ml. saturated solution of sodium
hydroxide. The product was extracted with benzene, and the extracts were
washed several times with water, anc”hen dried over anhydrous sodium
sulphate. The benzene was distilled from the product under reduced pressure,
and the distillation was continued; the first 20ml. of the distillate
which were red were discarded. 6gOG. pale yellow viscous liquid, b.p.
1$2-134V6mm., were collected, and some crystals of benzoyl piperidine,
m.p. 437, were deposited in the condenser.

Yield 91#. Recorded yield 77-815M

1:5-dibr0m0p0yntane was prepared from benzoyl piperidine by the method

of Dox and Yoder, (J[. Amer. Chem. Soc», 192I, 43, 1367) which is a

modification of the method of von Braun, (Ber., 1904, 37* 3210-13).
331G. (0.9 mol.) phosphorus tribromide were slowly added to 230Og.

(1.0 mol.) benzoyl piperidine contained in a litre distillation flask.
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Bach addition was followed by a vigorous reaction. The sjrrupjy mixture
was shaken and cooled, and 186g. (0*9 mol.) bromine were added. The
flsisk was connected to a vacuum distillation apparatus and gently heated.
At first there was a rapid evolution of gas, after which a pale yellow
liquid distilled at, b.p. 70°20mm. As the distillation proceeded, off-
white crystals formed in the condenser and finally blocked the apparatus.
The distillate was poured on to a large quantity of crushed ice, and
vigorously stirred for thirty minutes in a flask fitted with a reflux-
condenser, in order to decompose the phosphorus oxybromide. A dense,
orange, oil separated out which was transferred to a litre flask and
boiled under reflux for three hours idth hydrobromic acid
solution to hydrolyse the benzonitrile to benzoic acid. Ablack oil

was formed which was isolated and steam-distilled, using an air-condenser
between the distillation flask and the receiver; the latter was fitted
with a reflux-condenser, thus avoiding blockage of the primary condenser
with benzoic acid. A colourless, oil separated out in the aqueous
distillate. This oil was isolated, washed with sodium carbonate
solution, and dried over calcium chloride. The crude product was
distilled under vacuum and yielded 11$g. (39/%)* b.p. 104"/18mm., 1:3-

dibromopentane. *

(b) Preparation of 1:I-dlcarbethoxyoyolohexane.
Purification of starting materials.
Bthyl alcohol was dried by heating under reflux a mixture of 1 litre
95/f alcohol, 7g« sodium, and 27*3g* diethyl phthalate for two hours. The

alcohol was distilled into a dry flask after the first 25ml. had been



dlsoarded.
Diethyl maXonate was dried over calcium sulphate and distilled under
vacuum. Fraction, b.p. was used in the preparation.

The method used for the preparation of 1:1-dicarbeth oxyoyclohexane
was similar to that of Dox and Yoder, (idem, loo.).

8G. (2.0 mol.) freshly cut sodium were added to 100g. dry ethyl
alcohol contained in a 21. two-necked flask fitted with a dropping-funnel
and reflux-oondenser, each equipped with a calcium chloride trap. When
the reaction had oecased, the solution was cooled and 28g. (1.0 mol.)
diethyl malonate were added drcg>wise. A gelatinous precipitate of sodio-
diethyl malonate was formed which was dissolved by gently warming the
flask on a water-bath. 40g. (1.0 mol.) 1:5-dibromopentane were then added
slowly, and a precipitate of sodium brcaaide began to form immediately.
The reaction became vigorous and caused the alcohol to boil. When all
the bromo”compound had been added, the reaction mixture was heated under
reflux for two and a half hours. A buff-coloured mixture pH 7 was formed,
and the alcohol was removed from this by distillation under reduced
pressure. The remaining liquid and solid were poured into water, and a
light brown oil was salted out with sodium dilorlde and extracted several
tines with ether. The combined extracts were washed with water and then

dried over anhydrous potassium carbonate. The ether was removed by

distillation, and the oil was distilled under reduced pressure.

1 90-125%1Imm. 15.3g# 1:~1 #4379 Odour of malonic ester.
2 125-150® " 16.8g. 1.4441 Colourless liquid.
3 150-210® * THOEH 1.4428 Pale yellow liquid.

Rapid decomposition occurred duringjthe final stages of the distillation.
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Fractions / and 2 were combined and redistilled using an 8" electrically

heated column packed with Fenske helices*

A 60-75“/5BUH 1.0g. n?71.4289
B 75-90 ; 1.7g. 1.4422
C 120 . 19.0Og. 1.4452

Residue 1*5g. dark brown liquid*

Analysis of fraction C#

POIUU: C, 62.25 ; H, 8.85.

Calculated for OjgHggO™: C, 6j.1 ; M.8.8"

Held of 1;1-dloarbethoxyoyolohexane 19g. (48)(), b.p. 120%7/5'®>*)

iy "1.4452.

Fraction 5 of the first distillation presumably contained some
1:1:7:7-tetraoarbethoxyheptane; this was investigated by hydrolysing
some oj”he distillate with alcoholic potassium hydroxide solution*

The mixture was heated under reflux for six hours, and then the alcohol
was distilled from the solution of the potassium salt# More water was
added to dissolve all the solid, and the solution was acidified with
concentrated hydrochloric acid and extracted with ether. The extract
was dried over calcium sulphate, and after the ether had been evaporated
off, a pale yellow viscous liquid remained which was soluble in

ethanol, benzene, toluene, hot water, and insoluble in petroleum ether.
Attempts to crystallise the product from these solvents were
unsuccessful. The viscous liquid was then heated in a flask at 140®
for one hour. Rapid evolution of carbon dioxide was observed. The
product was decolourised with activated charcoal and recrystallised from

ethyl alcohol, m.p. 1040-
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Anatlysis.
Pound: C, 57*5 ; H, 8.6.

Calculated for (azelaic acid); C, 57*4; H, 8.6."

(o) Hydrolysis of l:l-dloarbethoxyoyclohexane.

5.0G. ester were heated under reflux for one hour with "Om/* 20"
alcoholic potassium hydroxide solution. The solid potassium salt was
dissolved ty the addition of water, and the solution was acidified with
concentrated hydrochlorio acid. The precipitated acid was extracted
with ether and the extract was dried over calcium sulphate. Purification
and crystallisation of the product was rather difficult. After it had
been decolourised with charcoal, an alcoholic solution of the acid
yielded a white emulsion which solidified only on the addition of light
petroleum (b.p. 60-80®.). Colourless, crystals m.p. 166® (decomp.) were
obtained which after two recrystallisations from a "0:"0 mixture of
ether and light petroleum had a m.p* 1?6® (decomp.).
Analysis.
Pound: C, 56.0; H, 7.1.
Calculated for . C, 55*8 ; H, 7.0~
Several melting-points have been recorded for 1;1-cyclohexanedioarboxylic
acid varying from 176® (decong).) (Wightman, jJ., 1926, 25%5) to 207®
(Ingold and Thorpe, £., 1919# 115, 576).
Preparation of the anilide.

IG. 1:1-oyclohexane dicarboxyllo acid and 2g. aniline were heated
together in a test-tube fitted with a short air-condenser. The temperature

was gradually raised to I50® and maintained at 150-140® for two hours.
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The product was extracted with 50®!* ether and washed with 50ml.
hydrochloric acid solution, followed by 20ml. 10" sodium hydroxide
solution. The ether was distilled from the extract, and the residue was
decolourised with charcoal and recrystallised from a 50:50 mixture of
water and alcdiol. Colourless needles were obtained, m.p. 140®.
Analysis
Found; C, 76.2 ; H, 84 ; N, 7.1.
Calculated for C15 17ON; C, 76.8 ; H, 8.4 ; N, 7*0". IK J
The analysis obtained corresponds to the anilide of cyolohexane carboxylic
acid it is therefore obvious that the dioarboxylic acid must
have undergone decarboxylation during the heat treatment at [50®. This
anilide is described by Sdson, (J. Soc. Chem. Ind., 1954, 158),m.p.141®<

0.50. dry powdered 1;l-cyolohexane dioarboxylic add was heated under
reflux with 10ml. thionyl chloride on a water-bath for thirty minutes. The
excess of thionyl chloride was removed by distillation, and the remaining
liquid was shaken with 5®1* ether. 4g" aniline in 50ml* ether were added
to the ethereal solution, and a white precipitate sparingly soluble in
ether waejinmedlately formed. The mixture was shaken with dilute hydro-
chloric acid and washed with water. The ether was distilled from the solid
product, and the latter was recrystallised from "Go aqueous alcohol.
Colourless needles, m.p. 228®, were obtained.
Analysis.
Found; C, 74.2 ; H, 6.8 ; N, 8.8

COJHCYV

The product was therefore the dianilide of l:1-oyolohexane dioarboxylic acid

(d) Preparation of l;1-bis(hydroxymethyl) cyolohexane.
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A reducing mixture was prepared of 8*2g* (1.2 mol.) lithium
aluminium hydride in 400ml. diy ether. To this was added 40g. (1.0 mol.)
I;1-dioarbethoxyoyclohexane in 50 ml. dry ether at such a rate as to
maintain steady boiling of the ether. The reaction mixture was stirred
continuously. When the addition of the ester was complete, the reaction
mixture was heated under reflux for one hour on a water-bath. The excess
of reducing agent was decomposed by the addition of water, then 100g.
crushed ice were added followed by sufficient 5" v/v sulphuric acid to
render the mixture clear. The ethereal layer was isolated and the aqueous
layer was extracted twice with ether. The combined extracts were dried
over anhydrous potaissium carbonate, and then the ether was removed by
distillation. Asolid, m.p. 94®, remained which after three recrystall-
isations Arom ethanol yielded a crop of prisms of 1;1-bis(hydroxymethyl)-

cyolohexane, m.p. 98*5®* Yield 20.8g. (84")

(e) Preparation of l;1-bis(bromomethyl)cyclohexane.

Several attempts ware made to prepare the dibromide before a
successful method was found.
1) 2.0G. (1.0 mol.) I:1-bis (hydroxymethyl)cyclohexane were heated under
reflux with 6g. (4.0 mol. hydrogen bromide) 48" hydrobromic acid solution
for one hour on a water-bath. The excess of reagent was decomposed with
water, and the aqueous solution was extracted with ether. The extract
was washed with water, 10" sodium carbonate solution, and then dried
over calcium chloride. The ether was ev”orated off, and a crystalline
solid, m.p. 96®, remained, which proved to be unchanged diol.

2) 4.0g. (1.0 mol.) 1sl-bis(hydroxymethyl)gyclohexane were heated under
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reflux with a mixture of 12g. (5»5 hydrogen bromide) 48" hydro-

bromio acid solution and J.6g. (2.0 mol.) concentrated sulphuric acid,

for three hours. Water was added to decompose excess of hydrobromio acid, and
the reaction mixture was extracted with ether. The extract was washed

in turn with concentrated sulphuric acid, 10 sodium carbonate solution,

and water, and finally dried over calcium chloride. After the ether had

been distilled from the extract, 2g. brown liquid remained; a Lassaigne

test on this proved that bromine was absent.

This experiment was repeated, and the reaction mixture was heated
under reflux for twelve hours, but again no successful result was obtaimd.
3) Hydrogen bromide was prepared by bubbling sulphur dioxide into bromine
water. The gas produced was passed through a tube of dai® red phosphorus
and glass wool to remove bromine and finally into a bottle containing a
weighed amount of glacial acetic acid. 27g. (4.5 mol.) acetic acid
absorbed 21.5g. (2.7 mol.) hydrogen bromide. 16g. of this reagent were
transferred to a litre flask together with 5.0&% 1;l-»bis(hydroxymethyl)
cyclo-hexane. The stopper of the flask was wired on, and the flask was
slowly warmed up in a water-bath, and left in boiling water for eight hours.
The reaction mixture was poured into water, and the heavy orange oil
which separated out was isolated, and then steam-distilled. 8g. pale
yellow oil agtparated from the aqueous distillate; this oil was removed
and dried over calcium chloride. A Lassaigne test proved that bromine
was present in the product. The oil was distilled under vacuum using a
semi-micro distillation apparatus with an 8" vacuum jacketed Vigreux

column.
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1 148-150/25mm. 0.7g' ru”l.4785 Pale yellow liquid.
2 150-152 * 5.0g' 1.4770  Colourless liquid.
3 152-152*5 0.5g 1.4745

4 155=154~ " 2.5¢' 1.4707

5 154 " 0.5g 1.4633 Pale yellow liquid*

Analysas.
Fraction 2. Found: C, 53*7 ; H, 7*8 ; Br, 21%*3e
Fraction 5* Found: C 55*2 ; H, 7*1; Br, 15*1*
Calculated for CgH™Br* (1;1-bis(bromomethyl)cyclohexane):
C, 35*%6; H, 5*2 5 Br, 59*2*

4) The method finally used to prepare 1:1-bis(braacxaethyl)-oyolohexane
combines the methods of Backer and Winter, (Rec. trav. ohim., 1957, 56, 492)
and Shortbridge, Craig, Greenlee, Derfer, and Boord, (J* Amer.Chem. Soc.,
1948, 70, 946) in which phosphorus tribromide is employed.

5G. (1.0 mol.) 1:1-bis(hydroxymethyl)cyclohexane were weighed into
a Pyrex combustion tube* The tube was stood in a beaker of water at 700,
and 6.6g. (2.0 mol.) freshly distilled phosphorus tribromide were added
dropwise to the solid. Avigorous reaction took place and hydrogen
b_ikmide was evolved. Vihen.the effervescence had subsided, the tube
was sealed in an oxygen flame, and then heated in a Carius oven for
twelve hours at 140-150®. This reaction was repeated on 40g. diol, and
it was found that by reducing the heating period to eight hours, there
was no appreciable reduction in the yield of the dibromide.

The tube was opened, and the vivid orange viscous product was
poured into water. The aqueous mixture was distilled with super-
heated steam, and the heavy, cdlourless oil which separated out in the

aqueous distillate was extracted with ether and dried over calcium
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chloride. After the ether b#i been removed# the remaining liquid was
distilled under reduced pressure using a Vigreux column of approximately

10-plate efficiency. Low boiling-point liquid 50®/585mm. was first

removed.

A 112-113%Sm. 1.8g. b!°1,5273
B li3V5.5a®. 2.0g. 1.5535
¢ 113-113.5: " 22.0g. 1.5337
D 11).5-114° - 70.6g. 1.5335
E 114 " 1.Og. 1.5296

Total yield of 18l-bis(broaometbyl)oyclohexaqge B+C+HD* 44.6¢g.(5")
Analysis.
Pound; O0# 55*9 ; H, 5.2 | Br, 59*9#
Calculated for CgH™Br* ¢ 0, 55*%6; H, 5*2 ; Br,59*2.j(

The figures quoted in the literature for this experiment ares
Yield 4j8L. b.p. 159. 5/17mm. (Backer and Winter, Rec. tray, ohim., 1957,56,
492); Tield 27" b.p. 117°/6am. 171.5390

(Shortbridge et jJ. Amer. Chem. Soc., 1948, 70, 946)

(f) Preparation of spiro (5;2)octane.

The method used for the cyclisation of the dibromide was a
modification of the method of Gustavson, (£+ jgWct. ohimy», 1887, 500)
given by Shortbridge et al., loo.c™)

A mixture of 65ml. 95" ethylalcohol and 6.5ml. distilled water was
poured into a 500ml. three-necked flask fitted with a mechanical stirrer
sealed with a polythene gland, a dropping-funnel, and a reflux-condenser.
56.6g. (4.0 mol.) sine dust were added to the aqueous solution and the
mixture was rapidly stirred to prevent coagulation of the sine. The flask

was heated in an isomantle until gentle refluxii® commenoed, and then 40g.
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(1*0 mol.) 1;1-bis(bromoaethyl)-oyolohexane ware added dropwise from the
funnel. The reaction mixture was heated under reflux for twenty-four
hours with continuous stirring, after which time the product was distilled
from the flask with the aqueous alcohol. The distillate was diluted to
three tims its volume with distilled water, and the colourless i“per
layer which separated out was isolated and dried in turn over calcium
chloride, and sodium wire.

The liquid was filtered, and distilled from a 25ml. flask using a 4*

electrically heated column packed with Fenske helices.

A 129-129%*5« 1.8¢g. n?"1.4480 Barometer 759®®*
B 129.5-130® 7.5g* 1.4485
C 150-151 1.7g. 1.4487
D 151® 2.7g. 1.4497
B 151 1.2g. 1.4498

Fractions A,B and 0 were combined and redistilled using a semi-micro

distillation apparatus fitted with a 6" vacuum Jacketed Vigreux column.

1 125.5® l1.6g. n?"1.4477 Barometer 764mm.
2 125.5-126® l.4g. A 1.4480
5 126-126.5 l.4g. 1.4481
4 127 1.2g. 1.4481
5 2.2g. 1.4484
6 150-151® i.5g. 1.4498

Fractions 5 (@d 6 were combined and redistilled.

1’ 125-126® 0.5g* n?"1.4482 Barometer 758mm.
2% 127® 0.4g. N 1.4492
5° 127® ~ 0.6g. 1.4495
4° 129. 150®  0.9g. 1.4504

Yield of crude spiro(5:2)octane - 14.7g. (89").

Yield of hydrocarbon n%01.4480— n%01.4431, =4.0g. - volatile, liquid with

typical hydrocarbon odour.

The physical properties of spiro(5:2)octane were determined on the

combined fractions 2, 5 4.
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Refractive index - n%01.44800, determined with a Pulfrioh refraotometer*
Penalty - determined with respect to benzene sangle n?‘OI.S(I))9 and

freshly boiled distilled water n. 0.35252#

>n %
d]"®0.82552 ® 0.82243.

Analysis.

Found; C, 87,2 ; H, 12.9*

Calculated for : C, 87.2 ; H, 12.8."

The following physical constants have been recorded for spiro-(5;2) -

octane by Shortbridge e;t (J[. Amer. Chem. Soc., 1948, 22* 948),

b.p. 125.5°/760nnB., d|°0.8282, n”°1.4476.



32 .

IV The Syathesis of Spiro(4:2)heptane.
(a) Preparation of 1:4-dihromobutam.

1:4-dlbromobutane was prepared by the method of Steele, (J.Amer.Chem.
800., 1931, ¢/, 283).

I00G. (1.0 mol.) tetramethylene glycol were added slowly, with cooling,
to a mixture of 455é* (2.5 mol. hydrogen bromide) k&f hydrobromic acid
solution and 137.2g. (1.3 mol.) concentrated sulphuric acid contained in a
21. flask. 221.5g. (2.1 mol.) concentrated sulphuric acid were gradually
added, each addition was followed by a vigorous reaction. The mixture was
heated under reflux for eight hours and then distilled. An oil separated
out in the aqueous distillate; to complete the distillation of the oil, water
was added to the mixture in the distillation flask. The layer of oil was
isolated and washed in turn with water, 10ml. concentrated sulphuric acid,
and finally 10" sodium carbonate solution. The product was dried over
calcium chloride and then distilled under reduced pressure. 219.5g. (92%

liguid distilled between 92-95V25n«a. Recorded yield 70".

(b) Preparation of I;l-dicarbethogqrcyclopentane.

The ethyl alcohol and diethyl malonate used in this preparation were
purified as previously described on p.21-2¢

Tha reaction was carried out in a similar manner to that described for
the synthesis of 121-dlcarbethojqrcyolohexane (see p. 22 ) using 34.5¢*
(1.5 mol.) sodium, 240g. (I.5 mol.) diethyl malonate, 216g. (1.0 mol.)
1;4-dibromobutane in 800ml. ethyl alcohol. After the ether had been removed
from the dried extract, the remaining liquid was distilled under vacuum

using a 24" Vigreux column.
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1 64-66°/1.5mm. 29g. n?°1.42S5
2 67-68° =m 66g. " 1.4230
3 68-70° » 3i.5g. 1.4192
4 70-77° " 13.5g. 1.4222
3 82-87° " i%5g. 1.4369
6 | 580. . 1.4415
7 87-gke 55gg« 1.4416
8 g88-89 " 24g. 1.4416
9 90-114° " l4g. 1.4546
10 114° « 5g. 1.4343
11 114-118 * 2g- 1.4365

Yield of I;l-dioarbethO3cyoyolopentane (Fractions 6 + 7 + 8) s 1}7g.(64")

Analysis.

Found: C, 61.5 ; H, 8.)

Calculated fbr ; C 6.6 ; H 8.5~

Some of the literature values given for the physical properties of
121-dicarbeth oxycyclopentane are as follows: b.p. 115®/l6mm. (Vogel,
J., 1929, 1490)

b.p. 97.5°/4mm, 1""~1.44203 (Parmer and Wallis, J., 1933, 1)08).
b.p, 97-9b°/)zm. J*"1.4390 (Skinner, Linperoe, and Pettebone, J.Aaer.

Chem. Soc., 1950, 72” 1049).

(0) Hydrolysis of 1;1-dioarbethoxyoyalopentane.

6G. 1;1-dioarbethoxycyclopentane were H/drolysed with 80ml. 20"
alcoholic potassium hydroxide solution as described for l:l-dicarbethoxy-
cyolohexane on p.&4. The acid product was rather difficult to
crystallise. Finally, it was dissolved in a mixture of equal parts of
ether, benzene, and ligjht petroleum (b.p. 40-60®), and then granular,
crystals of 1;1-cyclopentane dioarboxylic acid were formed m.p. 194®(decomp.).
A wide range of melting-points have been recorded for this acid,

m.p. 170-180® (Advani and Sudborough, J. Indian Inst. Soi., 1923,£, 53).
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m.p. 190® (decong.) (Vogel, £., 1929, 1490).

m.p. 186® (Farmer and W allis, J[., 1933# 1308).

m.p. 184-5® (Skinner, Limperos, and Pettebone, £. Amer. Chem. Soc.,1950,
72, 1648).

Analysis.

Found: C, 53.4 :H, 6.5.

Calculated for : C, 53*2:H, 6.4.

Preparation of the anilide.

The dianilide of 1:1-qyclopentane dioarboxylic was prepared by the
method described on p .25 for the preparation of the dianilide of 1:1-
cyolohexane dioarboxylic acid. The product was recrystallised from "GfL
aqueous alcohol, and needles, m.p. 227®# were obtained.

Analysis. Dianilide of 1;1-qyolopentane dioarboxylic acid.
Found; C, 73*8;H, 6.4; N, 9.3.
N9N207M272 C, 74.1; Hi6.5 ; N, 9.1.%

Hydrolysis of 3g* of the high boiling fraction 10 obtained A?om
the distillation of the crude 1;1-dioarbethoxyqyclopentane (p.35 )
produced an oil, which after decarboxylation yielded a specimen of

suberic acid, m.p. 142®.

(d) Preparation of 1:1-bi8(hydroxymethyl)qyclopentane.

136¢c. (1.0 mol.) 1:l-dio arbethoxycyolopentane diluted with 100ml.
dry ether were added dropwise to a mixture of 29#5g (1*2 mol.) lithium
aluminium hydride in 1400 ml. dry ether, at such a rate as to maintain
steady boiling of the ether. The usual precautions were taken to

exclude moisture from the reaction mixture. A fter the ester had been
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added, the reaction mixture was heated under reflux on a water-bath for
two hours. The excess of lithium aluminium hydride was decos”osed with
water, then 10Dg* crushed ice were added, followed by sufficient 5/f v/v
sulphuric acid to deooag)ose the solid complex and hydroxides. The
ethereal layer was isolated, and the aqueous layer was extracted twice
with ether. The combined extracts were dried over anhydrous potassium
carbonate, and after the solvent had been distilled off, a white solid,
m.p. 87®, remained. The product was recrystallised from acetone and
gave 78g. (94”) plates of 1:1-bis(hydroxymethyl)eyelopentane, m.p.JI®.
Analysis. 1;l-bis(hydroxymethyl)cyclopentane.

Found; C, 64.45 ; H, 10.8.

requires: C, 64.6 ; H, 10.85*

(e) Preparation of 1:1-bi8(bromomethyl)cyclopentane.

Similar difficulties were encountered in the attenets to prepare
1} I-bis(bromomethyl)cyclopentane as were in the preparation of 1:1-
bi8(bromomet hyl )cyclohexane (see p.&G-zw ). 48" Hydrobromio acid solution
and hydrogen bromide in acetic acid were not satisfactory reagents, and
therefore phosphorus tribromide was used.

140. (1.7 mol.) freshly distilled phosphorus tribromide were added
dropwise to 5g. (1.0 mol.) 1:1-bis(hydroxymethyl)cyelopectane in a Pyrex
Gombusticm tube standing in a water-bath at 50®. When the vigorous
reaction had subsided and the evolution of hydrogen bromide had ceased,
the tube was sealed and heated in a Carius oven at 120-1)0® for ten hours.
(This was repeated on 76g. diol.). The tube was opened and the pale

yellow liquid was poured into water and steam-distilled. An oil separated



in the aqueous distillate; this oil was isolated and dried over calcium

chloride, it was then distilled under reduced pressure.

A 40-90®/20mm. 7.2g. n?"1.4616
B 90-126® " 12.1g. A 1.5170
c 126-150® " 50.1g. 1.5297

Fractions B and G were combined and redistilled.

1 80-120/2Qmm 5.¢g. n?"1.5003
2 123-123.5°" i6.3¢g. A 1.5359
3 123.5-134 " 14.7g. 1.5359
4 124-126° " 2.0g. 1.5239
5 126-128° " O.Sg. 1.5250

Residue in distillation flask identified as unchanged diol.
Fraction 1 was redistilled.

' 80-100°/20mm. l.1g. n?".4614
2% 118-120 * 3.0g. 1.5065

Analysis. Combined Fractions 2 and J. 1;1-bis(bromomethyl )eyelopentane.
Found: Br, 60.8.

CyH"gBr" requires: Br, 61.5#"

Yield of 1:1-bie(bromomethyl)qyolopentane, b.p. 125-124®/20mm. » (2139).
Physical constants determined for 1;1-bis(bromomethyl)cyclopentane.

Refractive index - 1.5559

Density - d* 1.6405.

(e) Pr%)aration of spiro(4:2)heptane.

The method used for the preparation of the spirohydrocarbon from
121 -bis (bromomethyl)cyd opentane was similar to that described on p.25 for
the formation of spiro(5?2)-octane from 1:1-bis(bromomethyl)cyclohexane.

The quantities used were 3"*4g* (4.0 mol.) line dust, absolute
alcohol, 3»il* distilled water, )Gg# (1*0 mol.) 1:1-bis (bromomethyl )cqtclo-

pentane. About 10g. crude product were obtained after it had been dried
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error oalolum ohioride. The volatil., liquid was distilled ffon sodium.

1 90-92° 0.7¢. n?®1.4277 Barometer 762m,.
2 92-93° 2.7g. 1.4280
3 93.94 5.1». 1.4282
4 94° 0.4g. 1.4296

Practions B end Gwere conbinad and redistilled.

A 90%5-92° 0*56%* nu”l.4277 Barometer 762mm.
B 92-93 - 0.9g. " 1.4280
G 93-93.5® 2.1g. 1.4282
D 93.5=94 1.8¢. 1.4282
E 94° 0.6g. 1.4285

lield of oruds splro(4:2)heptane -10g. (89%).

tield of hydrooarbon 201*4282 volatile, liquid*

Density was determined on the oombined fractions C + D, with respeot
to freshly boiled distilled water, d200.79044.

Analysis. 8piroC4:2)heptane.

Founds C, 87.4 ; H, 12.4

NN 2 0, 87.4 ; H, 12.6."
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Section I
Discussion.

The results of the experimental work are not entirely in agreement
with the theories on the stability of the four-, five-, and six-membered
alicyclio compounds, e.g. the cyclisation reaction between the allqrl halides
and malonic ester, produced 1:1-dioarbethoxy-esters in the following yields,
l;l-dioarbethoxycyolobutane - $8"

* « « » pentane - 64"
« T1 » hexane - 48"

i.e. Gj>C">Cg. It has been previously mentioned (see p .2 ) that Perkin
obtained yields which approximately corresponded to predictions based on
the assumption that the tendency for rii% formation is governed by the
degree of strain it possesses, which according to the Baeyer Strain Theory
was It should be born in mind that relative stability of ring
systems is not the sole criterion for ease of formation. In the malonic
ester synthesis under consideration, when a short chain separates the halogen
atoms, the reaction leading to ring closure is preferred to that leading
to the extension of the chain to a greater extent than when a long chain
sepairates the halogen atoms. It was found that 1:4-dibromobutane and 1:5-
dibromopentane differ markedly in their behaviour towards diethyl malonate.
The former reacts to give the cyclic compound with only a trace of the
straight-chain addition product, whereas 1:5-dibromopentane reacts with
diethyl malonate to form both cyclic and straight-chain compounds, sometimes
in equal proportions. The great tendency for the stable five-membered ring

to be formed is evident.

By way of interest, the l;l-dicarbethoxy-esters of cyclo-pentane and



cyolohexane were hydrolysed, and the new anilides of the dicarboxyllo
acids were prepared*

CONHCtHr rnVoMHCAMH”

0 m.p. 228° m.p. 226°
Some of the, high boiling fractions obtained from the synthesis of
the five-membered and six-mcmbered rings were also hydrolysed, to yield
samples of suberjc, and azelaic acids.
The reduction of the 1:1-dioarbethoxy-esters with lithium aluminium

hydride to give 1:1-bis (hydroxymethyl)-compounds was accomplished without

difficulty; the products obtained were,

i Yield. 25
1;1-bi8(hydroxymethyl)cyolobutane % b.p. 112 /5mm  n""1.4788
" » « pentane $4 m.p. $1® plates.
* » It hexane 84 m.p, 98.5® prisms.

The first two members of this series have not previously been prepared.

The next stage of the synthesis, i.e. the preparation of the 1;l-bis-
(bromomethyl)-canpounds was difficult. In the cyclobutane series, the
synthesis did not progress beyond this stage since all attempts to prepare
the gem-dihalogeno-methyl compound from 1;1-bis (hydro:?yiaethyl)qyclobutane
usii® quite mild conditions, resulted in the décomposition of the diol,
presumably by rupturing the qyolobutane ring.

The diols, 1:1-bis(hydroxymethyl)oyolopentane and 1;l-bis-(hydroxymethyl)
cyolohexane were in contrast very stable to reagents such as 48" hydrobromic
acid solution, and a saturated solution of hydrogen bromide in glacial acetic
acid. The method of heating the diol with phosphorus tribromide in a sealed
tube had to be used for the preparation of the bromo-oompounds. 1:1-bis-

(hydroxymethyl )oyelopentane was more resistant to this treatment than the



- 40 -

correspondinig cyclohexane compound, since after heating with phosphorus
tribromide, some of the diol was recovered from the reaction mixture * The
yields of 1;l-bis(brcraomethyl)oyclohexane and 1:1-bis (bromomethyl )cyclo-
pentane were 55/ and 2X» respectively; the latter coagiound has not been
prepared before.

The final reaction between the dibrcmo-compounds and zinc to fora
the spirohydrOOarbons was satisfactory in that yields of 895 of the crude
product were obtained in both cases. The coag)ounds were purified by
distillations in semi-micro a”aratus, and the two spiranes spiro(2:4)
heptane, and spiro(5:2)octane, were thue|lproduced. The former conpound,
b.p. 93-94®, ry~1.4282, d|%.?9044, has not previously been prepared.

It has been mentioned already (see p. 6 ) that the scheme to

e
sjjjthesise *stick®* spiro-conpounds of the type

from 1:1:5:5-tetracarbetho:yspiroheptane was abandoned because of the

failure to isolate the pure ester produced in the malonic ester synthesis;
the oil could not be distilled without decanposition. The reduction of

the impure ester with lithium aluminium hydride gave a liquid having a
composition which did not correspond to that of 1:1:5;5-tetra(hydroxymethyl)-

spiroheptane, therefore the scheme was not further studied.
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Section II.
The Formation of o-Xylene through 4;5-Dimethyleneoyolohex8ne.
Introduction.

A study of the syntheses and properties of dimethylene-eyeloheXene
compounds has not been investigated before. This section deals with the
possible methods of preparation of 4:5-dimethylenecyolohexene with a view

to studying its chemical behaviour, and its interconversion to form c-xylene.

O [ 2 N ] ( N ]

[ 2N N ] [ N J

The three schemes of synthesis considered were as follows:
(1\/[ i\’[- co 'O

A CM -CO »

cu.

-COCM

fArolygis

CWNecM))

Schemes I and III were attempted. The Tschugaeff reaction was favoured as
it has been used successfully to prepare olefines from the corresponding
alcohols without causing any rearrangement in the molecule. The third
scheme although somewhat lengthy was thought not to be con«jdusive to any
intramolecular rearrangement: this scheme involves the process of
degradation of a quaternary ammonium oonpound to give an define, water,

and trimethylamine,
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a reaction which is the basis of the important HoAoann degradation so
often used for the investigation ofjihe structure of compounds of unknown
constitution. The standard method of pyrolysis of an acetate to produce
an olefine in scheme Il was considered to be rather drastic for the
production of 4:5-diiaethylenecyolohexene, a compound which was so likely
to isomerise to form the corresponding aromatic compound. This method
has, however, been very successfully enployed by Bailey, Rosenberg, and
Young, (jJ. Amer. Chem. Soc., 1955* 22* 4780; 1954» 1940; 2251), to

synthesise reactive and strained dienes e.g.

The overall yields of these hydrocarbons were of the order of 75/5, and
the products have been used to prepare a series of “"mmetrical and

unsymmetrical adduots of benaoquinone and naphthoquinone.
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Section II
Experimental.
(a) Preparation of cis- A-tetrahydrophthallo anhydride.

IGOC* (1.0 mol.) 1:5-butylene glycol were heated with ?0g. (0.2 mol.)
2-toluene sulphonio acid to 180® on a metal-bath. The dehydration
products were passed through a vertical air-condenser, an inclined water-
concbnser fitted with a distillate receiver, an ioe-trap, and finally,
through a train of three Drechael bottles, the first being empty and the
nmxt two containing weighed quantities of benzene. After three hours
the dissolved butadiene was weired, (26g. 24" yield), and the corresponding
molecular quantity of finely powdered maleic anhydride (47g.) was added
to the benzene solution. The reaction mixture was allowed to stand at
room temperature for twenty-four hours. Colourless needle crystals of
the adduct were precipitated, and after these had been filtered off, a
second crop was precipitated by the addition of 1i*t petroleum (b.p.40-60®)

to the filtrate. Total yield 6Sg. (957)* m.p. 102®.

(b) Reduction of cis-A”"-tetrahydrophthalic anhydride.with lithium
aluminium hydride.

A reducing mixture was prepared from ?.5g* (1.2 mol.) lithium
aluftiniuia hydride in 500ml. anhydrous ether. 25G. (1.0 mol.) cis - -
tetrahydrophthalic anhydride wane.slowly added to the mixture by extraction
frcxa a thimble in a Sohxlet apparatus. The reaction mixture was heated
on a water-bath for an hour after the extraction was complete. The
excess of lithium aluminium hydride was deconposed by the addition of
water, and % v/v sulphuric acid was added until the mixture became clear.

The ether layer combined with three ether extracts from the aqueous layer.
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were dried over snhydrous potassium carbonate. The ether was removed by
distillation, and the pale yellow, viscous, liquid which remained was
distilled under reduced pressure.

10G. colourless, viscous, liquid, b.p* 169~170"/1lmm., n""1.5092,
were collected, which could not be solidified. After the product had stood
for several weeks at 0° a few crystals separated out. Another 4g. of
product were obtained by continuously extraotin“he aqueous layer with ether
for twenty-four hours. Total yy*ld I14g. (61").
Analysis. cis-4;"-bis(hydroxymethyl)oyolohexene.
Found: 0, 6?*6 ; H, 10.2.

CgH"Og requires : C, 6?.6 ; H, 9.9#

(c) Preparation of aethyl cis-cyclohexene-4:5«>dicarboxylate.

A mixture of 48g# eis- A4-tetrahydrophthalic anhydride, “OOml. methyl
alcohol, and 20ml. concentrated sulphuric acid, was heated under reflux for
seven hours on a water-bath. Most ofjthe alcchol was distilled off, and the
remaining liquid was poured into twice its volume of water and neutralised
by the addition of solid sodium bicarbonate. A colourless, sweet-smelling
oil was precipitated which was extracted with ether. The combined extracts
were dried over anhydrous magnesium sulphate. The ether was removed by
distillation, and the remaining oil was distilled under reduced pressure.

(9)*) liquid, b.p. 11 6 -117 "9 n*""1*4726, were collected.

The method used above for the preparation of the dimethyl ester Is
less complicated than the procedure given by Cope and Herrick, (J.Amer.Ohem.
80c.. 1950, 989) in which the arfiydride, the alcohol, and “-toluene

Bulphonio acid monohydrate are heated under reflux for I6 hours. Toluene
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is then added and the azeotropic mixture of methanol, water and toluene is
distilled off at 75-78" until the distillation temperature begins to drop.
More methanol is then added, and the procedure of refluxing and azeotropic
distillation is repeated. The remaining toluene and methanol are removed
under reduced pressure, and the residue is extracted with ether.

Yield 80JE, b.p. 120-122°/5mm., n"*1.4200.

(d) Reduction of methyl cis-oyolohexene-4;5*dicarbaxylate with lithium
aluminium hydride.

I 55G, (1.0 mol.) methyl ois-oyolohexene-4;5"dioarboxylate in 100ml.
anliydrous ether, were added dropwise to a reducing mixture of 1j.5g* (1*5 mol.)
lithium aluminium hydride in 400ml. anhydrous ether, at such a rate as to
maintain steady boiling of the ether. After the addition was complete, the
reaction mixture was allowed to stand for one hour, after which time water
was added to decompose aiy excess of lithium aluminium hydride. Dilute
hydroohlorio acid was added jyuitil the mixture was clear. The ether layer
was isolated, and the aqueous layer was extracted continuously for 24 hours.
The combined extracts were dried over anhydrous potassium carbonate. A fter
the ether had been removed by distillation 55*5&* P&IO yellow liquid
remained; distillation under reduced pressure of the product gave )0g.
(76/1)ci8-4:5-bis(hydrosymethyl)oyclohexene, b.p. 168-170"/Ilmm.

(e) Preparation of the di-p-tcluenesulphonyl derivative of cis-4;5-
bis(hydroxymethyl)cyclohexene.

An ice-cold solution of 110g. (2.1 mol.) £-toluene sulphonyl chloride
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in 550ml. dry pyridine was added slowly to a cool solution of 57.7g.
(1.0 mol.) 0Ois-4;5~bl8(hydroxymethyl)-cyolohexene in 100ml. dry
pyridine. The mixture was allowed to stand overnight at 0", and then
poured into an excess of dilute hydrochloric acid. An oil was precipit-
ated which solidified on cooling. The precipitate was filtered off aid
dissolved in chloroform®* The solution was washed with 10" sodium
bicarbonate solution, then water, and finally dried over anhydrous
magnesium sulphate. The chloroform was removed by distillation, and
the remaining oil was crystallised from methanol. The product was 25g.
(19") colourless n"“es, m.p. 94.5"#
Analyoio.—Di. p. %#luen#imlphonyl derivative of cie-4t5"bis(dydpojymethyl)
oyolohexene.
An-ice-eold -solution of 11Qg- (2,1 mol.) toluene-sulphoiyl
chleHde pyridine was added slowly to mOool solution of
(1iH1- mdlIf) oiip-4g5*bMhy(k*03yil»4liy4)*cyal | >ilxtne in 100ml. dry
pyridliii --¥ht-mi3cture was-aXlswed ciyernight at 0°, andthen
poured <*dilute hydrochloric acidy- An oil was
whWh solidified on 000lii%. - The pr#g%i%#W was filtered
—The solution was--waeled-with 17
gecdiuB blcayHentate eejlution» then w*er, and fiW ly dried over
anhydrous magnesiur'n 'sullt')hate. The-chlorofo%m ### removed by distillation,

and the remaining oil was ery»fi3l4»ed -frcaa methanol. The product was

-y t

86" (197) #H#H#H#H« #,P.
Analysis. Di-p-tolueiij||yilphonyl derivative of ois-4;5-bls (hydro3qrmethyl)-

oyolohexene. ,

Found: C, 50.7} H, 5*5 1.S, 14.6
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requires: C, 58.6 ; H, 5.8 ; S, 14%"
The experiment was repeated several times and it was found that the
yield of the ditoluene sulphonate was considerably decreased when the
pyridine was distilled off under reduced pressure before pouring the
reaction mixture into dilute hydrochloric acid.
(e) Preparation of cis-4:5-bis(iodomethyl)oyolohexene.

A mixture of 25g. (1.0 mol.) sulphonic estezc}ilr)[%g. (4.4 mol.) sodium
iodide in jéOml. dry acetone was boiled under reflux on a water-bath for
sixteen hours. The precipitated sodium £-toluene sulphonate was filtered
off and weighed 19»5¢é* (theoretical yield 19#9¢)* The acetone was removed
from the filtrate under reduced pressure. Addition of water to the residue
precipitated a heavy oil which was dissolved in chloroform and washed with
5~ sodium thiosulphate solution and then with water. The solution was

dried over anhydrous magnesium sulphate, and the chloroform was removed

under vacuum. The product was 17.5g* (95%) pale yellow oil.

(g) Reaction between ci8-4:5~his(iodQmethyl)cyclohexene and trimethylamine.
The gas produced by heating 150ml. 21* aqueous trimethylamine
solution was passed through a spiral water-condenser, and then dried by

passing through a column of soda-lime. It was finally dissolved in 60ml.

cool, dry acetone.

17.5g. (1.0 mol) cis-4;5"bis(iodomethyl)oyclohexene dissolved in
5Qml. dry acetone were added dropwise to the gently refluxing solution
of trimethylamine in acetone. The reaction mixture was heated under
reflux until no trimethylamine could be detected at the top of the

condenser; this was approximately three hours. The acetone was removed
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by distillation, and some pale yellow liquid, and a #iite solid remained*
More solid was precipitated when anhydrous ether was added to the mixture.
The solid was filtered off, and recrystallised from 955 ethyl alcohol.
Yield 0*8g., m.p* 158-160"(deoomp.).
Analysis, ois-4;5-bis(dimethylaminomethy1)cyclohexene dimethiodide.
Found: I, 52.6 ; 52.2
A141N507M212 I# 52.9°
Ether was distilled from the filtrate leaving 14g. liquid which proved to
be the starting material.
Reaction under pressure.

1.5g. cls-4;5-bis(iodometbyl)oyclohexene ware, heated with 2g.
trimethylamine in 6ml. dry acetone at 100" for two hours in a sealed glass
tube. A considerable quantity of solid separated out which was filtered off,
and more solid was precipitated in the fl Itrate with anhydrous ether; this
too was isolated by filtration. The product was recrystallised from 95)5
ethyl alcohol. Yield 0.8 g. (40").
This experiment was repeated many times and almost quantitative yields

were obtained.

(h) Formation and deooa”ssition of the quaternary ammonium hydroxide.
Silver oxide was prepared from 40g. silver nitrate and 20g. potassium
hydroxide. The precipitated oxide was thoroughly washed with water by
décantation. 21g. quaternary ammonium iodide were added to the moist oxide,
and the mixture was shaken for two hours. The rapid formation of silver

iodide was observed. The reaction mixture was filtered, and the residue

was washed several times with water. The washings and the filtrate were
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combined ani distilled. The rate of distillation was slow, and the
liberation of trimethylamine was detected. '"When only 20ml. liquid remained
in the distillation flask, a colourless oil commenced to distil over with
the water. This continued until the flask was heated to drymss. The
layer of oil which formed the upper Isyer of the aqueous distillate was
extracted with a small quantity of ether. The extracts were dried over
anhydrous magnesium sulphate, and the ether was removed under vacuum.

About 4ml. liquid remained which was distilled from sodium. The distill-
ation flask was heated in an oil-bath at 1800, and 2g. liquid, b.p. 143y
n”"1.5017, were collected. This product did not decolourise a solution of

bromine in carbon tetrachloride.

(i) Preparation of the sulphonamide of o-xylene.

The method given by Huntress and Autenrieth, (£. Amer. Chem. Soc., 1941,
63, 3446) and Huntress and Garten, (£. Amer. Chem. Soc., 1940, S511)
was used.

5 ml. ohlorosulphonic acid were added dropwise with continuous
stirring to an ice-cold solution of 1.Og. pure "-xylene in 5ml. chloroform.
When the addition was complete, stirring was continued for 45 minutes.
The reaction mixture was then allowed to come to room temperature, and
after standing for twenty minutes it was poured into a 5Gtal* beaker
containing crushed ice. The chloroform layer was isolated and washed
several times with water and then dried over anhydrous magnesium sulphate.
The chloroform was evaporated off, and the pale yellow oil which
remained was dissolved in warm light petroleum (b.p. 40-60 ) and left

to crystal 1180. Colourless needles, m.p. 52°, were feraed. These crystals were
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thoroughly mixed with 2g. powdered ammonium carbonate and heated in

a water-bath at 100" for thirty minutes. 10ml. water were added and

the mixture was filtered; the residue was washed several times with
10ml. portions of water, and then transferred to a beaker containing
warm dilute sodium hydroxide solution when most of the solid dissolved.
The solution was filtered, and the filtrate was acidified with 6h
sulphuric acid. Colourless plates were precipitated which were filtered

off and recrystallised from ethyl alcohol, m.p. 144-145°%*

(j) Preparation of the sulphonamide of the synthesised compound.
The procedure was exactly as described above, and the following

results were obtained:

m.p. of the sulphonyl dlloride 51#52".

m.p. of the sulphonamide 143-144°.

Mixed m.p. of the sulphonamides prepared in ei¢)eriments (i) and

(j) 143-145®.

(k) Dehydration of cis-4;5-bi8 (hydroxymethyl)Gyolohexene.

20G. (1.0 mol.) diol were distilled from 3g* 2-naphthalene
sulphonic acid. A pale yellow liquid separated out as the upper
layer in the aqueous distillate. The product was salted out with
sodium chloride and isolated. After the liquid had been dried over
anhydrous sodium carbonate it was distilled again from 2-n“hthalene
sulphonic acid, and the process of extraction was repeated. D istillation
of the final product from a semi-micro distillation apparatus with an

S* vacuum-jacketed Vigreux column gave the following fractions:
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1 170-174° iu"1.4857 0.3g.
2 174-176° 1.4928 0.7g.
3 176-178° 1.4887 0,5g.
4 178-179 1.4888  5.8g.

Fraction 4, was a colourless, mobile liquid having a strong odour.
Analysis cis-1':4;2:3:4:5-hexahydro-5:4-benzofuran.
Found: C, 77*6 ; H, 9.6

CQHRO requires: C, 77*4 ; H, 9.7)5

(1) Attempt to rupture the ring of the ois-cyclio ether

S5g. cis-cyolio ether were heated under reflux for six hours in
400ml. saturated hydrdbromic acid solution. The mixture was cooled
and poured into water, when a dark brown oil was precipitated. The oil
was extracted with ether, and the oomblmd extracts were washed with
5)5 sodium carbonate solution and finally with water. This ethereal
solution was dried over calcium chloride, and after the ether had been
removed under reduced pressure, the remaining oil was distilled Arom a

semi-micro distillation apparatus. Three fractions were collected.

1 160-164°/25mm. 2.5g. r~1.5263
2 165-167 2.0g. 1.5267
3 167-170° 0.5¢g. 1.5480

Some decomposition of the product occurred during distillation, this
was accompanied by the evolution of hydrogen bromide. AIll the fractions
r*idly darkened in colour on standing, although th” were sealed up
immediately after distillation.

Analysis. Fraction 1. Test for unsaturation was negative.

Found: Br, 40.0"

The following compounds are possible products of the reaction;
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6r 3S.2. 6r Sfe.O Br feS.0

cHor eHinBr
or er to.o

(m) Attempted Tsphugaeff reaction on cis-4;5*big(hydro®”methyl)-cyolohexene

The method used was similar to the original preparation introduced
by Tschugaeff for the synthesis of an olefine from the corresponding
alcohol, (Tschugaeff, Ber., 1099» 11, 5552; 1900, 755» 5H8: 1901,
2276; 1904, ~  1481; 1901, 4651).

Purification of reagents.

Toluene-this was dried over sodium and then distilled. The fraction with,
b.p. 110.6°, was collected.

Carbon disulphide-this was dried over calcium chloride and then distilled.
The fraction with, b.p. 46.5°» vas collected.

A solution of 20g. (1.0 mol.) pis-4;5-bis6ydroxymethyl)-cyclohexene
in 15g. toluene was heated to bolli%% on an oil-bath, and 6.6g. freshly
out sodium was slowly added in about 0.5g. quantities. At first a
vigorous reaction occurred accompanied by the separation of the solid
sodio-Gompound. The reaction subsided as additions of sodium were

continued. The mixture was heated under reflux and stirred vigorously for
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one hour on an oil-bath at 170-1800, and then heated strongly on a
metal-bath for eight hours with continuous stirring. At this stage the
reaction mixture was very viscous and some unchanged sodium was visible.
The solid was washed with toluene into a mixture of 250ml. dry ether and
26g. (2.4 mol.) carbon disulphide contained in «jiitre flask. Immediately
a yellow precipitate was formed. The mixture was heated for thirty minutes
on a water-bath, then cooled, and to it was added 60g. ().0 mol.) methyl
iodide. No immediate reaction was observed, but as the mixture was
heated under reflux on a water-bath the yellow precipitate was replaced
by a fine white powder, idiich was presumably sodium iodide. The solid was
filtered off, and the yellow filtrate was dried over anhydrous magnesium
sulphate. The solvents were removed under reduced pressure, and the
pale yellow oil which remained could not be solidified. A drop of this
oil gave a positive test for unsaturation with a solution of bromine in
carbon tetrachloride thus indicating the presence of the oyolohexene

O skeleton. The oil was distilled from a metal-bath, and a
fraction”b.p. 180-184° was collected when the distillation flask was
heated to 230°. This fraction was a pale yellow, foul-smelling liquid

which was redistilled. The three fractions collected”

1 b.p. 178-180° 1.7¢g.
2 b.p. 180-186 1.3g.
3 b.p. 186-187 3'2g.

indicatéd that no further change had occurred during the second
distillation.

The modified Tschugaeff reaction of Whitmore and Simpson,
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(jJ. Amer# Chem# Soc., 1935» 22* )810) was tried on o0l8-4:5-bis
(hydroxymethyl)-Gyclohexene# The first stage involves the reaction
between finely powdered sodium hydroxide and the diol in a mixture of
ether and carbon tetrachloride# This was also unsuccessful as a method

of producing the required olefine, 4:5-dlmethylenecyclohexene.



- 5§55 -

Section II
Discussion#

o 1 s - Tetrahydrophthalic anhydride was prepared in good yield
by the Diels Alder reaction between butadiene and maleic anhydride; the
procedure of“eaving the reactants standing in benzene solution for
twenty-four hours at room temperature gives yields as high as those
obtained in the older methods which involved heating the reaction
mixture to 100°(Diels and Alder, Annalen,1927, 459 H))#

cis-4:5-Bis(hydroxymethyl)cyol ohexene was produced in two ways,
(a) by reduction of the anhydride with lithium aluminium hydride in
a Sohxlet apparatus, and (b) by reduction of the ether soluble methyl
GiB-cyclohexene-4:5-<lloarboxylate with lithium aluminium hydride# It
was found in this reduction that the intramolcular formation of the
cyclic ether was caused by decomposing the reduction conplex with 20"
sulphuric acid solution, it was also produced when the diol was
distilled at high pressures# The best yield of diol was obtained by
reducing the dimethyl ester, and using dilute hydrochloric acid to
decompose the couplex# Haggis and Owen (jJ#, 1953» 389) established the
stereo-speelficity of this method in their studies of the reduction Ay
lithium aluminium hydride of dimethyl-trans-hexahydrophthalate, cis-
hexahydrophthalic anhydride, and cis-diethyl hexahydrophthalate.

The basis of the method of preparation of the di-£-toluenesulphonyl
derivative of ois-4;5-bis(iodomethyl)cyol ohexene was obtained from the
paper by Haggis and Owen (idem, ibid#, p#394) on Alicyclio Glycols Part
VIII, in which they study the reactions of 1;2-bis(hydroxymethyl)¢yclo-

hexane# The yield of qis-sulphonio ester obtained was not good (see p#46
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but this is attributed to the simultaneous formation of the cgrolic
oxide whidi was identified in the products. The ois-4;5-bis

(i odomethyl)oyolohexene prepared from the cis-sulphonic ester was
not purified by distillation, as the only attempt to do this caused
severe decomposition of the cos®ound, this is probably because a
pressure below 1.”iwa. could not be obtained. The conditions given
for the distillation of a similar type of compound, ois-112-bls(iodo-
methyl)cyclohexane, by Haggis and Owen, (idem.ibid., p. 395) are
b.p. 100°(bath)/0.002mm. The almost theoretical yreld of sodium

toluene-"-sulphonate produced in the reaction

may be an indication o”he purity ofthe di-iodide obtained.

The Hofmann degradation was successful, but the failure to
isolate 4:5-dimethylene qyclohexene seems to indicate that the
isomérisation to form £-xylene must occur during the final distillations.
Tests for unsaturation on samples of the distillate obtained fr<m
the degradation of the quaternary ammonium hydroxide did not prove
conclusively that 4:5-dimethylene oyolohexene wais present. The product
obtained from the distillation of the crude hydrocarbon (see p.*"9 )
gave a negative test for unsaturation. The physical properties
recorded for this product were, b.p. 143 %% n%51.5019* which compare
favourably with those of jo-xylene. Literature values given for the
boiling-point of £-xylene vary between 142° and 144.7°; Bgloff,

(Physical Constants of Hydrocarbons, 1946, III, 65) quotes, b.p. 144.18°



- 57 -

and as accepted physical constants.

On consideration of the energetics of the system,

_[ o0 - .'
o @ @ o @

it is not surprising that jo-xylene is fomed in preference to 4:5-
dimethylenecyclohexene, since jo»xylene is more stable to the extent

of the resonance energy of the benzene ring aystem.

E

3bKWmt 2

fl.-X'ylene,

Exhen*- oG- reachion.
The lack of success in the attenpt to carry out the Tschugaeff
reaction on cis-4:5-bis(hydroxyiaethyl)oyclohexene is attributed to the
failure to form the di-sodio derivative of the diol. There is no
doubt that the sodium and the diol did react together, but the mono-sodio
derivative was precipitated immediately on formation, and therefore, the
introduction of another sodium atom into the molecule becomes very
difficult. Assuming that the preparation proceeded as far as to form
the mono-methyl xanthate ester, the distillation of this compound did
not cause any decomposition to produce 4-hydroxymethyl«#5-methylene-
oyolohexene. The yellow liquid obtained (see p#5? ) contained sulphur,

and was thought to be, 0 M oes'<

CHJ.OH
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Whitmore and Simpson, (£¢ Amer. Chem. Soc., 1955» 55» 5810), have

pointed out that the chief obstacle in applying the “schugaeff reaction
to primary alcohols, is the stability of some primary xanthates towards
heat. Some can be distilled vacuo, and even when boiled at atmospheric
pressure their decomposition is slow and incoii¢lete, so that little or

no yaiild of olefine can be obtained.
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Section III. Part 1.
Anomalous Reductionsof 2:2*-dlacetyldiphenyl.
Introduction.

Only two compounds In the 2:2*-dlalkyldlphenyl series have been
prepared, these are 2:2*-dimethyl- and 2:2*-diethyl-diphenyl. The
farmer was prepared as early as 186? by Flttlg, (Annalen, 1S67# 138, 178)
from the reaction between sodium and “-bromotoluene. This method was
later improved by Ullmann (Anaalen, 1904, 332, 42), who heated jo-iodoto-
luene with copper for three hours at a temperature cf 2)0° In this wgy
he synthesised 2;2*-dim ethyIdIpheb.p. 2)8° m.p. 17#8° Since then
this hydrocarbon has been very thoroughly studied.

2;2*DiethylIdIphenyl was similarly prepared by MascareHi and Longo
(Gazzetta., 1941, 71, 289), in the reaction between £-iodo-ethylbenzene
and cq)per at 2)0°; the hydrocarbon, b.p. 147°/14-)mm., was produced,
and no other data were recorded for this compound.

An attempt was made to synthesis 2:2*-diethyldiphenyl and some new
higher members of the 2:2*-dlalkyldiphenyl series using the following

possible four-stage eynthesis:

& o

YCeHf I\ dnt.rsgn
oejioe.>"i00

dk  Qk

This was adopted since the preparation of some of the £-iodo-alkylbenzenes
for the Ullmeum reaction would be difficult, and it was probable that

with increased chain-length of the alkyl group the yields of the Ullmann
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products would be poor.

The experimental work that follows shows how the anomalous
result of the Clemmensen reduction on 2:2*-diacetyldiphenyl led to
an investigation of the reduction of this compound by the Huang
Minion, MerAein-Ponndorf-Verley methods, and with lithium aluminium

hydride.
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Section III. Part I.
Experimental.
Preparation of 9;10-phenanthraquinone.

The method of Linstead and Levine, (J.Amer. Chem. Soc., 1942, 64,202))
was used. )00G. (2.0 mol. ) potassium dichroraate were added in small
quantities to a stirred hot mixture of 100g. (1.0 mol.) ccmmeroial
phenanthrene in )00 ml. concentrated sulphuric acid and 1.) 1. water.
When the addition was oonplete, stirring and heating were continued for
one hour, and water was then added to increase the volume to about 4 litres
The precipitated solid was filtered off, and returned to a beaker for
further oxidation in a hot solution of 2)0 ml. concentrated sulphuric
acid and 6)0 ml. water, with 17)g* (1.0 mol.) potassium dichromate. The
crude quinone was isolated as before, and then heated with ) 1. water,
and 2 kg. sodium bisulphite until all the quinone had reacted. The solid
sodium bisulphite addition confound was separated by filtration (this
stage separates the product from anthraquinone which forms a soluble
addition compound), and treated with concentrated sodium hydroxide
solution to regenerate the phenanthraquinone. The product was filtered
off, thoroughly washed with water, and then recrystallised from glacial
acetic acid after heating the solution under reflux for ten minutes with
decolourising charcoal. )6G. (48”") phenanthraquinone, m.p. 20)-206°, were
obtained.

This preparation was repeated using phenanthrene (Puriss) which gave

after the second oxidation a product having a melting-point of 208-2d9""

A fter the formation airi A 2he bisulphite compound, follosed
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by reorystallisation from glacial acetic acid, the melting point was 209°.
In later preparations of phenantliraquinone, therefore, the formation of
the bisulphite compound was omitted. Linstead and Levine (ibid., p.2024)

quote a melting-point of 205-207°

Preparation of 9:10-dihydroxy-9; 10-dimetliylphenanthrene.

This preparation was carried out according to the method of Zincke
and Tropp, (Annalen,[9(8, 362, 242) wusing methyl iodide instead of methyl
bromide for the preparation of the Grignard reagent.

A Grignard reagent was prepared from 4.6g. magnesium and )0g. ().0 mol.)
methyl iodide in 5" ml. aitiydrous ether. To it was added slowly with
vigorous stirring l)g. (1.0 mol.) finely powdered phenanthraquinone. A
bluish-green mixture was formed. After the addition was complete, the
reaction mixture was warmed on a water-bath for one hour, and then most of
the ether was removed by distillation. The residue was heated under reflux
for two hours with 690 ml. dry benzene;. The benzene solution was allowed
to cool, and poured into ice-water and decomposed with dilute sulphuric
acid solution, when the colour changed from green to orange. The benzene-
ether layer was isolated and combined with two ether extracts from the
aqueous layer. Most of the ether was distilled from the extract, and the
remaining solution was heated under reflux with decolourising charcoal add
a few copper turnings for fifteen minutes. The solution was filtered, and
the solvent was evaporated off until a pale yellow solid comnsnced to
separate out. When the solution had cooled, the solid was filtered off and
recrystallised Arom chloroform. 12G. 9:10-dihydroxy-9:10-dimethyl-

phenanthrene, m.p. 161-165" were produced.
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Preparation of 2i2*-dlacetyldipheqyl»

The method of Zincke and Tropp (Annalen. 19C8, 16$;" )02)
was used for this preparation*®

40G* 9:10-dihydro%y-9:10-dimethy Iphenanthrene were dissolved in
400 ml. hot glacial acetic acid, and to this was slowly added with
stirring, 11.Ig. chromium trioxida dissolved in 110 ml. water. The
reaction mixture was allowed to cool, and the diketone separated out;
more was precipitated by diluting the solution with water. The pale
yellow solid was filtered off and recrystallised from aqueous alcohol,
m.p. 86-87°# Further recrystallisation from cvolohexane and then
aqueous alcohol raised the melting-point to 9/°*
Zincke and Tropp give m.p. 84°.

Ayield of 28g. (70") of 2:2*-#iacetyldiphenyl was obtained.

Attempted Clemmensen reduction on 2:2*-diacetyl diphenyl.
Preparation of zinc amalgam.

A mixture of 1)Og. zinc wool, 11#)g. mercuric chloride, 7.) ml.
concentrated hydrochloric acid, and 187.) ml. water was shaken for
five minutes, and the liquid was then roaoved by décantation.
Clemmensen reduction.

A mixture of 114 ml. water, and 1)0 ml. concentrated hydrochloric
acid was added to the amalgam, immediately followed by the addition of
28g. 212*-diacetyl-diphenyl. The mixture was warmed on a water-bath
for fifteen minutes, and then heated under reflux for six hours,
adding 1) ml. concentrated hydrochloric acid at the end of «very two

hours. The reaction mixture was allowed to stand overni”t. The
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liquid was separated by décantation from the unchanged lino, and
salted out with sodium chloride, but only a trace of oil was formed
on the liquid surface. The unolianged zinc in the reaction flask
appeared to be coated with a white solid which was extracted
repeatedly with boillngjsther. The extracts were combined and dried
over anhydrous magnesium sulphate. The ether was removed by
distillation leaving 24.)g. pale yellow solid slightly contaminated
with a sweet smelling oil. The melting-point of the crude material
was 1)8-140°, and one reorystallisation from ethyl alcohol produced
needle crystals, m.p. 142-144°, and this was subsequently raised to 144°.
Investigation ofproduct.

The crystalline product was tested for the presence of carbonyl
groups with 2:4-dinitrophenylhydrazine, for unsaturation with bromine
in carbon tetrachloride and potassium permanganate, and for oarbinol
groups with  oC-n"hthyl isocyanate. All these tests gave negative
results. The compound was insoluble in alkaline solutions, charred on
standing in concentrated sulphuric acid, and was extremely soluble in
benzene. Analysis showed that it was a hydjjcarbon.

Found: G, Zm) ; H, 7*0.
The picrate was prepared, and the orange product was recrystallised
from ethyl alcohol to give fine needles, m.p. 192-1$)°.

These results are in agreement with the melting-points given for
9:10-dime thy Iphenanthrene, and its picrate, i.e. 144°, and 1$2°,
(Rimmer, Christiansen, Brown and Sandin, jJ. Amer. Chem. Soc., 19)0, 72,

2298).
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Calculated for ($:10-dlmethylphenanthrene) C, 9).2 ; H, 6.8.#

Reduction of 2g2*-diaoetyldiphenyl with lithium aluminium hydride.

A reducing mixture was prepared from 1.)g, ().0 mol.) lithium
aluminium hydride and 70 ml. anhydrous ether. 2.0g. (1.0 mol.)
2;2*diaoetyldiphenyl dissolved in dry ether were added dropwise to
the mixture at such a rate as to maintain steady boiling of the ether.
When the addition was complete, the reaction mixture was allowed to
stand for thirty minutes before decomposing the excess of lithium
aluminium hydride with ice-water. 2# v/v sulphuric acid solution was
added until the mixture became clear, arxi the ethereal layer was
isolated. The aqueous layer was extracted twice with ether, and the
combined ether extracts were dried over anhydrous sodium sulphate.
The ether was distilled off, leaving 1.8)g. crystalline solid, m.p.
1)0-146°, The product was soluble in ethyl alcohol but came down as
an oil, it was sparingly solijble in light petroleum (b.p. 80-100°).
Three reciystallisations from benzene raised the melting-point to
146-148°. Reorystallisation from aqueous alcohol did not alter the
melting-point. The mixed melting-point given on admixture with
9:10-dimethylphenanthrene (m.p. 144°) was 124-1)2°.

Found: C, 79*3 $ H, ?.).

A67M8N2 Q" hydroxyethyl)-diphenyl) requires, C, 79.),

H, 7.34

There appeared to be two confounds present in the crude product, one,
m.p. 146-148°, (prisms) 2:2*Dbis( oC-hydroxyethyl)diphenyl which was

less soluble in benzene than a very small quantity of 2:7-dihydro-2:7-
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.dimethy 1-5:4-):6-dibenzox0Opin present in the form of needles. The
latter caused tlie depression in" melting-point in the early stages of

the purification of the product.

Dehydration of 2;2*-bis( oL-hydroxyethyl)-diphenyl.

2G. powdered diol were heated on a water-bath for one hour with
50 ml. 20# sulphuric aoid solution. Apale yellow oily layer, having
a pleasant odour was formed, and some needle crystals sublimed on to
the sides of tlie flask. The product was extracted with ether and dried
over anhydrous magnesium sulphate. The solvent was evaporated off, and
the residual oil was recrystallised from ethyl alcohol. Needles, m.p.78°,
were obtained.

Found: C, 8).9 ; H, ?7.).

A167016~  (2:7-dihydro-2;7-dimethyl-):4-);6-dibenz oxepin)

requires, C, 85.7 ; H, 7*2.#

Attempted Huang Minion reduction on 2:2*-diacetyldiphenyl.

A mixture of 20g. 2:2 *diacetylIdiphenyl, 14g. sodium hydroxide,
and 20 ml. 85# hydrazine hydrate solution in 200 ml. triethylene glycol,
was heated under reflux for two hours. The reaction mixture was
distilled free of water and excess of hydrazine hydrate, until its
temperature rose to 195°. It was then heated under reflux for a
further four hours. The viscous mass”“roduoed, and the aqueous distillate”
were extracted with ether several times. The extracts were combined,
washed with water, and dried over anhydrous magnesium sulphate. A fter

the ether had been removed, about 20 ml. pale brown oil remained which



was distilled under reduced pressure. The following fractions were

obtained.
A 156-158V6nnn. 6.8¢. Very viscous liquid.
B 158-163 * 2.8¢g. Pale yellow liquid.

Heating was continued, but although the temperature rose rapidly

to 190°, no distillate came over, and decong)osition was observed to

be taking place in the distillation flask. At this stage heating

was stopped. As the appguratus cooled, needle crystals separated out

in the condenser and in the distillation flask; these were extracted

with, and recrystallised from ethyl alcohol. The product, m.p. 14)-144*

formed a picrate, m.p. 193°. The mixed melting-point obtained with the

picrate of authentic 9:10-dimethylphenanthrene was unchanged, it

therefore may be concluded that 9:10-dimethylphenanthrene is one of

the products of the Huang Minion reduction on 2;2*diacetyldipheryl.
Fraction A, partly solidified on standing to form a waxy, solid,

m.p. 42-44°. Complete solidification of the product was achieved by

cooling to 0°, and after recrystallisation from ethyl alcohol, a solid,

m.p. 46-48°, was produced. This compound gave a negative test for

("Ke- poesi-fic.e. oV- (L c-aoboo>"V “ooop, bol“ o- posiHfvt. btsb

unsaturation with bromine in carbon tetrachloride, and with potassium

permanganate.

Pound: C. 92.8 ; H 7.0.°

The analysis shows that the compound is an unsaturated hydrocarbon.

An estimation of double bonds with bromine in carbon tetrachloride,

indicated the presence of one double bond.

Fraction B, deposited some needle crystals which were identified

as 9:10-dinB thylphenanthrene, and the remaining pale yellow liquid
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was foundjtocontain seme of the unsaturated hydrocarbon isolated in
fraction A*

Part of the brown glassy residue in the distillation flask was
dissolved in hot glacial acetic acid, and on cooling, a pale yellow
solid was isolated which melted over a very wide range of temperature*
Further treatment with oyol o-hexane did not purify the product; it was
considered to be a hydrocarbon mixture, as apart from glacial acetic
acid it was soluble only in hydrocarbon solvents, e.g. benzene, toluene,

cyclohexane.

Hydrogenation oj”“rysaturated hydrocarbon*

1.OG hydrocarbon in 125 ml. glacial acetic acid was hydrogenated
over platinum oxide catalyst for one and a half hours at a pressure of
64 Ibs./sq.inch. 120 ml. solvent were distilled off, and the remaining
liquid was poured into a large volume of water, and the precipitated oil
was extracted with ether. The extract was washed in turn with 10#
sodium carbonate solution and water, and dried over anhydrous magnesium
sulphate. The ether was distilled off, leaving 0.7g. sweet-smelling oil.
Tests for unsaturation.

The product was tested with bromine in tetrachloride, and the
solution was decolourised veiy slowly in the cold, but when heated, it
decolourised rapidly with vigorous evolution of hydrogen bromide.

Baeyer Test. A drop of the product was dissolved in ethyl alcohol
and two drops of I# potassium permanganate solution were added; no
brown colouration or precipitate were farmed. This shows that the

unsaturated hydrocarbon had been successfully hydrogenated.



Attempt to oxidise hydrogenation product»

0.4G. saturated hydrooarbon wasjheated under reflux with 2g*
potassium permanganate, and potassium hydroxide in $0 ml# water
for two days# After this treatment, the excess of permanganate was

reduced with sulphur dioxide, and the original hydrocarbon was obtained.

Atteng)t to oxidise unsaturated hydrocarbon.
O.AG# unsaturated hydrocarbon was heated under reflux with 1.*g.
nitrobenzene, and 2g. sodium hydroxide in 20 ml. water. Investigation

of the product proved that no reaction had taken place.

Reaction between 2:2”-diacetyldipheny 1 and hydrazine.

A mixture of 2.0g. 2:2*-diacetyldiphenyl and 1.0g. % hydrazine
hydrate solution was dissolved in ethyl alcohol, and the solution was
warmed on a water-bath for five minutes. Water was added dropwise
until an oil was precipitated, and the mixture was allowed to stand
overnight at 0. Some crystals separated out, and the remaining oil
was crystallised by vigorously stirring the mixture. The solid product
was filtered off, and recrystallised twice from aqueous ethyl alcohol,
and twice from absolute alcohol. Prisms, m.p. 167-168", were obtained.
Found: 0, 82.0 5H, 6.2 ; N, 11.8.~ A negative test for unsaturation
was obtained with this compound and a solution of bromine in carbon
tetrachloride.

A mixture of 0.)g. of the above nitrogen containing compound, and
0.2g. sodium hydroxide In *~ ml. tbiethylene glycol was heated on a metal-

The reaction mixture was allowed to
bath for three hours at 220-240.



cool, extracted with ether, washed with water, and dried over anhydrous
sodium sulphate. The ether was evaporated off, leaving about 0.2g.
pale yellow needle crystals. After recrystadlisation frmn ethyl
alcohol, colourless, needles, m.p. 144.2° were produced. A melting-
point of 1447, was obtained when a sample of the product wsis mixed
with authentic g:10-dimethylphenanthrene. A picrate, m.p. 193*5%,
was prepared from the product.

It is evident that 9:10~di«Bthylphenanthrene is the product of
decomposition of the compound obtained from the reaction between 2:2%-

diacetyldiphenyl and hydrazine.

Reaction between 2;2*-diacetyldlphenyl and sodium hydroxide.

3.0G* 2:2*-diacetyldiphenyl were heated with 2.1g. sodium
hydroxide in 50 ml. tbiethylene glycol to a temperature of 220”.
A vigorous reaction was observed to take place. The mixture was allowed
to cool to 150", and was maintained at this temperature for two hours.
The product was extracted with ether, washed with water, and dried over
anhydrous magnesium sulphate. The ether was ev”orated off, and the
yellow oil which remained formed a glassy solid on standing. A sample
of the product gave a positive test fisr unsaturation with bromine in
carbon tetrachloride. The solid was sparingly soluble in alcohol and
light petroleum, but readily soluble in benzene, oyclohexane, and other
hydro-carbon solvents. An attempt to purify the product from oyclo-
hexane produced a li#it brown solid havl]% a melting-point which covered

a wide range of temperature.



Attempted Meerwein-Ponndarf-Verley reduction on 2:2*-dlaoetyl-dlphenyl.
Preparation of aluminlum is opropoxide *

[13.3G* aluminium foil were washed in turn with dilute sodium
hydroxide solution, water, acetone, and then dried. The foil was cut
into small pieces and added to 170 ml. dry isopropyl alcohol, (distilled
from freshly prepared calcium oxide), and 0.25g. mercuric chloride. The
mixture was heated to boiling, and 2 ml. carbon tetrachloride”™ which acts
as a catalyst for the reaction between aluminium and dry alcohols, were
added. Heating under reflux was continued for four hours. The excess
of isopropyl alcohol was removed under reduced pressure of 20mm. by
heating the flask in an oil-bath at 90°+ The condenser was removed,
and a receiver was attached directly to the distillation flask. The
temperature of the bath was raised to 170", and 59*9g* viscous
aluminium isopropoxide, b.p. 155-145VIOnsn. were collected.
Meerweln-Ponndorf-Verley reaction.

10.0G. (1.0 mol.) 2;2*-diacetyldipheryl, 51g* (19*0 mol.) aluminium
isopropoxide, and 210 ml. dry isopropyl alcohol were heated on a water-
bath. The vapour was passed through a vertical dotble-surface condenser
(without water flowing) and then through an inclined double-surface
condenser (with water flowing). The first five drops of distillate gave
a positive test for the presence of acetone with O.ljS 2:4-dinitropheny1-
hydrazine solution in dilute hydrochloric acid. The distillation was
continued at the rate of eight drops per minute for one and a half hours,
testing for acetone at regular intervals. When a negative test was

obtained at the end of this period, cold water was passed through the
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vertical condenser, and the reaction mixture was heated under reflux for
fifteen minutes. The distillation was restarted, and the test for
acetone in the distillate was negative, thus ebowing that the reaction
had finished.

Most cfthe solvent was removed under reduced pressure, and the
residual slurry was treated with dilute hydrodiloric acid solution (70 ml.
concentrated hydrochloric acid in 270 ml. water). An oily white product
was formed which was extracted with ether and dried over anhydrous sodium
sulphate. The soivent was distilled off, and a pale yellow viscous liquid
remained which became cloudy after standing for twenty-four hours at 0°.
The product appeared to be a mixture, and all attempts to isolate pure

compounds were unsuccessful.



Section III. Part I.
DiscuBsion.

The preparation of 2r2*-diacetyldiphenyl was accomplished without
difficulty, and the melting-point of this compound, (see p. ) and of
the intermediate product phenanthraquinone, (see p.bz ) were considerably
higher than recorded literature values.

Clemmensen reduction of 2:2*-diacetyldipheny !l produced an almost
quantitative yield of 9:10-dimethylphenanthrene instead of the eX>ected
2;2*dietlyldlphenyl. This anomalous reaction can be attributed to the
close proximity of the oc, pC* carbon atoms of the acetyl groups in the

diketone.

O

oB  aw
The mechanism of the Clemmensen reduction is not dearly understood,
and in this particular case it is evident that a carbinol is not formed

as an intemediate in the reaction since under the existing conditions,

the cyclic ether would be the ultimate product.

MO.CH CH.OH W-C.CH

It is possible, however, that one carbonyl group is reduced first, and

that 9:10-dimethylphenanthrene is then formed by ths elimination of water.
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Some other anomalous Clemmensen reductions on aliphatic-aromatic
ketones have been observed, e.g. in the preparation of ethylbenzene
from acetophenone side reactions occurred to produce styrene, styrene
polymers, and the pinacolone of acetophenone (Steinkopf and Wolfram,
Annalen, 1)2), 43Q, 113).

The only diacetyldiphenyl reported to have been reduced by the
Clemmensen reaction is 4:4*-diacetyldiphertyl ether, (Tomita, J. Pharm*
Soc» Japan., 19)8, 5IC) and this gave a normal product, which is to
be expected if close proximity of carbonyl grot*s is responsible for the
departure from normal behaviour of 2:2*-diacetyldiphenyl.

The Huang Minion modification of the Wolff-Kishnsr reduction
(J.Amer. Chem. Soc., 1946, 6s, 2487) was attempted on 2:2%*-
diacety Idiphenyl. The procedure consists 6ft heating under reflux a
mixture of carbonyl compound, 85" hydrazine hydrate solution, and about
three equivalents of sodium t“rdroxide in triethylene glycol. After an
hour, water ani excess of hydrazine hydrate are distilled off, and the
mixture is heated under reflux for a further three hours. This method
has been used to prepare diphenylmethane, ii-propylbenzene, and qyclo-
hexane, from the corresponding ketones in excellent yield.

The two products identified from the Huang Minion reduction on
2:2* diacetyldiphenyl were an unsaturated hydrocarbon having an

analysis corresponding to and 9: bylphenanthre ne .



Possible struotures for the unsaturated coapound are.

n. n'"
i. O

and these could have been farmed in the following manner.

co CcO
CM

M M

CM

but the evidence obtained in subsequent experiments favoured structure II.
(a) The compound was hydrogenated, and the saturated product could not
be oxidised with strong alkaline permanganate solution; there is no

doubt that the side chains of the hydrogenation product of (I) i.e. 2:2%*-

diethyldiphenyl, would oxidise to give some diphenic acid, and the



oorrespondir® deoonposition produots.
(b) Areaction does occur between 2;2'-di acety Idipheny!l and sodium

hydroxide to form amongst other products am unsaturated compound, possibly

H,C.C

The mixture produced very much resembles the residue left after
distillation of the unsaturated hydrocarbon from the products of the
Huang Minion reaction#
(o) Determination of double-bonds in a solution of bromine in carbon
tetrachloride indicates the presence of one double bond.
(d) An attempt to oxidise the double bond in the unsaturated hydro-
oarbon with nitrobenzene in sodium hydroxide solution to form the
corresponding di-aldehyde, was not effective. This method has been
successfully used to prepare benzaldehydes from propenylbenzene compounds,
It is therefore, unlikely that (I) would be confietely resistant to
such treatment.
(e) Ultra-violet absorption spectrum.
The plotof the wultra-violet spectrum of the unsaturated hydrooarbon
A6%4 shown in fig. II. In the short-wave band the values

A with an
inflexion at AZ6SO are obtained. It is obviais that this curve
bears no resemblance to that shown for 2;2*-dinsthyl-diphenyl, which is

typical of 2:2’-substituted dipheiyls in failing to show the

characteristic intense diphenyl band in the region 2400-2700*A
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[t therefore seems unlikely that the hydrooarbon can be
232*-diviiyldipheny 1 which would be expected to show some similarity
to that of 2:2* -dimetbyldipheny1.

The ultra-violet absorption spectra of several 2;2*-bridged
diphenyls have been studied by Beaven, Hall, Lesslie, and Turner,
W#, 1952» 854), and it was found that in general these compourkls
Gowpared with diphenyl, show a slight long-wave shift of the high-
intensity band, and a slight reduction in the intensity of the
maximum* The spectrum of the hydro-carbon does not compare
favourably with these results, but since the proposed alternative

structure 1is

in which the 2:2'-positions are bridged by a strainless seven-
membered ring containing one double-bond conjugated with an aromatic
system, it is difficult to predict the spectrum for such a compound;
the spectrum of a similar ccmpound has not been investigated to
enable comparisons to be made.

However, another point in favour of the 2:2'-bridged diphenyl
structure, is the fact that the ultra-violet absorption spectrum
of the hydrogenation product (fig. I) is almost identical to that

of methyl 5:4*5:6-dibengoyolohepta- ):$-diene-l-carboxylate.



N«ax"5.900 A™2.480 fer~.750 AN,,,2.275
Hydrocarbon 6""14,900 A"2.,479 "»1,,5.750 A,1,,2.269

In both these curves, the intensities of the bands and their location
are consistent with the expected absorption characteristics of a
diphenyl not containing auxochromic substituents, in which conjugation
between the two benzene rings has been reduced but not abolished as

a result of departure from coplanarity imposed ty the three-carbon
chain joining the 2:2*-positions®* Since the three-carbon chain is

saturated, the substituents in the rings

would be expected to have little effect on the absorption spectrum of
the conjugated eystem.

If the hydrooarbon had been 2:2'-divinyldiphenyl, then the
hydrogenation product 2:2'-diethyldiphenyl would be expected to have an
ultra-violet absorption spectrum resembling that of 2:2'-dimethyldiphenyl
in fig. II. It is quite obvious that no oich similarity exists between
them.

The reaction between 2:2'-diacetyldiphenyl and hydrazine
hydrate solution, in the absence of sodium hydroxide was studied; a
crystalline compound having the analysis, C, 82.0; H, 6.2 ; M 11.8%,
was obtained. The”ossible products with their corresponding analyses

are as follows:
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Structures (o) and (d) have analyses in close agreement with that
of the unknown compound, but evidence favouring structure (c) was
obtained in further experiments.

(i) The compound did not give a positive test for unsaturation
with a solution of bromine in carbon tetrachloride; a negative
result would be expected of (c) but not of (d).

(i1)  When the compound was heated with sodium hydroxide in
triethylene glycol under conditions similar to those in the Huang
Minion reaction, a complete rearrangement of the molecule to form
9:10-dimetbylphenanthrene occurred. Such a change seems feasible
with the loss of nitrogen in (c¢), but an unlikely intramolecular
rearrangement would have to take place in (d) in order to form
this hydrocarbon.

(i11) It 1is improbable that an internal condensation of the diketone
to form (d) would take place in an alcoholic solution of hydrazine.

(iv) Ultra-violet absorption spectrum.



Tho ultra-violet absorption of the compound produced in the reaction
between hydrazine and 2:2’°-diacetyldipheny!l is plotted in fig. II.,
and the curve which has 6 at 1)0, does not show
any features which are characteristic of absorption spectra of
diphenyls. If the compound had the structure (d), it
would be e3pected to have a spectrum very similar to that of the

hydrocarbon

which i1s veiy probably represented by the curve given for the
unsaturated hydrocarbon G"gH™ in fig. II.

The spectrum of a diphenyl bridged across the 2:2'-positions
by a conjugated eight-membered ring- has not been investigated.
Therefore, it is not possible to coagpare the spectrum obtained
for with that for such a system in order to decide if
structure (o) is favoured. However, the two compounds (o) and
(d) are the only possible products from the reaction between
hydrazine and 2:2'-diacetyIdiphenyl which have analyses in agree-
ment with those obtained, and since the epeotrum is not in favour
of (d), it seems likely that G™H™Hg is 1:2-diaza-4:$-6:7-dibenz-
5:8-dimethylcyolo-octa-2:4:6:8-tetr aene *

In view of the results discussed, it is possible to propose
a mechanism for the anomalous Huang Minion reduction on 2:2'-
diacetyIdiphenyl. When the mixture of dicarbonyl compound,

hydrazine hydrate, and sodium t“droxide in triethylene glycol
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is heated two major reactions occur, one between the carbonyl groups

and hydrazine to form.

and the other a type of intramolcular Aldol condensation of the

dicarbonyl corr¢)ound in the presence of alkali to form,

which reacts further with hydrazine to give.

It can be seen that strong heating of these products for several
hours after the removal of water and excess of hydrazine hydrate

will produce the two products isolated from the reaction mixture

(see p. " )e

owlexi«
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The reduction of 2:2*-diacetyldipheryl with lithium aluminium
hydride was quite normal when very dilute sulphuric acid was used to
decompose the intermediate complex# The product 2:2*-bis(dC; «
dihydroxydiethyl)diphenyl was readily dehydrated by warning with 20jS
dilute sulphuric acid# In this way 2:7-dihydro-2; 7-dimethyl-$;4-$;6-
dibenz-oxepin was prepared#

Ho pure compounds could be isolated from the product of the
Meerwein-Pomdorf-Verley reduction on 2:2’-diacetyidiphenyl. Attempts
to seed the viscous liquid with 2:2°-bis( oC: 0C*-dihydro3Qrdiethyl)
diphenyl and its dehydration product did not initiate solidification#
That reaction did occur, is shown by the distillation of acetone from
the reaction mixture over the period of an hour# It is difficult to
postulate the course of the reaction in this instance as it has
previously been established (Lund, Ber#, 1957, 2U*% 1720,; Kem.
Maanedsblad#, 1956, 27, 169; Chem# Zentr#, 1957# 5480)# that
reduction of carbonyl groins in the Meerwein-Ponndorf-Verley reaction
does not stop at an intermediate stage; no pinacol formation has been

observed, and pinaools are not reduced further by aluminium alkoxides#
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Section III# Pari 2#
Introduction#
Condensation Reactions with 2:2’-Bis(bromomethyl)diphenyl#

The ease of formation and the stability of ring
compounds derived from 2:2’°-bis(bromomethyl)diphenyl were first
investigated by Kenner and Turner (J., I1911# Jg&# 2101; 1915#
105# 615). They prepared 9:10-dihydrophenanthrene in Z%
yield from the reaction between the dibromo-oompouni ani
sodium, andjlaXev attempted the synthesis of a seven-raembered
gyolic confound using diethyl malonate as the condensing
agent# Kenner found that the tendency to form the seven-
membered ring conpound was so great, that even in the presence
of two molecular propcxrtions of diethyl malonate the reaction
takes the same course, sagonQ half of the reagent is recovered#
The dioarbethoxyaester produced was hydrolysed, and the acid
obtained was partly decarboxylated to give 5:$-dibenzo-
oyoloheptadiene-l-carboxylio acid# Attempts were also made
to synthesise derivatives of dibenzo-cycloootadiene. A reaction
was carried out between 2:2’°-M s(bromomBthyl)diphenyl and
1:1:2:2-tetracarbethoxyethane, and a product was isolated
having the expected percentage oonposition, but whose molecular
wei™t, which was determined cryoscopically, was not in
agreement with the calculated value# Kenner did not investigate

the ccapound further#
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In the experlewnW «eotlon that follanm” the reactions
between 212 * (bromawthyl)dlphem ! md 1#1;2:2-tetr##o@rbeth”
oxyethftne, islt js*-tetraoerbethoMyprapimf end dietl*l mtbyl-
mmlonete were aiydied* Structural itodele of the ea”oted
produete in the first two omdewetiem, Womed thbt eight-#
and nine-membered ring oospounda of diphenyl would be of
omaidereble apeotroeoopio intereet In the study of the

oonjugation of diphenyl.



Section III# Part 2.
Experimental#

Preparation of dimethyl diphenate#
Method 1#

Preparation of diphenic acid#

The method is a modification of the methods of Vorlander
and Meyer (Annalen#, 1902, 520, 122), Atkinson, Lawler, Heath,
Kimball, and Read (¥ Amer# Chen# Soc., 1941, 750)# and
Professor E.E# Turner (private communication)#

25G# anthranilic acid in 75®1* water and 7$ml. concentrated
hydrochloric acid, were diazotised between 0" and 5" with 12g#
sodium nitrite®* The solution of the diazonium salt was filtered#

88g# copper sulphate crystals were dissolved in 500ml# water,
and 100ml. ammonia (d. 0#880) were added; the solution was
cooled to 10®. 200g. sodium bisulphite were slowly added,
followed by 200ml# sanmonia (“# 0.880)# This catalytic solution
was maintained at a temperature between 10® and [5®¢ and stirred
mechanically while the solution of the diazonium salt was added
below the surface of the liquid from a burette at the approximate
rate of 5ml. per minute# Stirring was continued for a further
thirty minutes after the addition was completed#

A solution of 150g. anhydrous ferric chloride in 200ml#
water and 650ml. concentrated hydrochloric acid was poured
slowly into the reaction mixture. The mixture was allowed to

stand overni”™t, and then filtered# The buff-coloured



precipitate was thoroughly washed with water, and then
crystallised from glacial acetic acid# The yields of
diphenic acid obtained in several experiments varied between

61" and 755# m#p. 228®#

Preparation of dimethyl diphenate#

A mixture of 75¢* (0#5 mol.) diphenic acid, 75g* concentrated
sulphuric ,acid, and 750g* (23 mol.) methyl alcohol, was
heated under reflux for six hours. 600ml# of the alcohol were
removed by distillation, and the remaining liquid was poured
into twice its volume of water and thoroughly stirred. Alight
brown precipitate was formed, which was filtered off and washed
with dilute sodium bicarbonate solution, and then with water# The
product was purified by one treatment with decolourising charcoal
and crystallisation from methyl alcohol# 75g* (88") colourless

prisms, m.p# 74®, were obtained#

Method 2#
Preparation of o-iodobengoic acid#

219.20# anthranilic acid were dissolved in 2160ml. hot
10~ sulphuric acid, then cooled and diazotised below 5° with
110g# sodium nitrite in 160ml# water. The solution of the
diazonium salt was slowly added with vigorous stirring to a cool

solution of 400g# potassium iodide in 480ml# 10" sulphuric acid
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solution and 240ml* water. The reaotlon mixture was allowed to
stand at room teng/erature for one hour, and was then heated on
a water-bath with oooasional stirring for two hours. A few grams
of sodium metabisulphite were finally added to remove any free
iodine. The heay precipitate was filtered off, and thoroughly

washed with water. Yield of crude acid 58¢ég. (97/5).

Estérification of o-iodobenzoio acid.

A solution'of 175¢&- (0#7 mol.) “-iodob”nzoic acid in 2.21.
(55 mol.) methyl alcohol and 87.4g# concentrated sulphuric
acid was heated under reflux for six hours. Most o”the methyl
alcohol was then removed by distillation and the rest of the
liquid was poured into a large volume of water. The mixture was
neutralised by the addition of solid sodium bicarbonate, and
the precipitated oil was extracted with ether. The extract was
dried over anhydrous magnesium sulphate, and after the ether had
been removed by distillation, the remaining oil was distilled
under reduced pressure. 1AJG. methyl £-iodobenzoate b.p. 128-129°/

4mm. were obtained. Yield /1%

Preparation of dimethyl diphenate (Ullmann method).

55g. (0.21 mol) methyl o-iodobenzoate were heated in a Pyrex
boiling-tube in a metal-bath to a steady temperature of 250®.
40G. copper bronze were added in small quantities. Each addition

was followed by a rapid increase in temperature, and this was



counteracted by cooling the reaction mixture down to 2"0® in

a metal-bath at 100®before a further addition of copper bronze
was made. After the addition was completed, the reaction

mixture was maintained between 2"0® and 260® for thirty minutes,
and then allowed to cool. The product was extracted with hot
A-dichlorbenzene; each hot extract was filtered through a fine
sintered-glass funnel to remove suspended copper-bronze. The
solvent was removed from the filtrate under vacuum, and the
remaining viscous, green oil solidified immediately on cooling.
The product was purified by treatment with decolourising charcoal,
and crystallisation from methyl alcohol. 41G. (80”) dimethyl dipherate,

m.p. 74®, were obtained.

Preparation of 2:2°-bis(hydroxymethyl )diphenyl.

Th*4ethod of Hall, Lesslie and Turner (_J., 1950# 711) was
used for the reduction of dimethyl diphenate with lithium
aluminium hydride.

A reducing mixture was prepared from 14.5g* (2.0 mol.)
lithium aluminium hydride in 600 ml. anhydrous ether. A solution
of 64.7g. (1.0 mol.) dimethyl diphenate in 690 ml. anhydrous
ether was ~dded dropwise to the mixture at such a rate as to
naintain steady boiling ofthe ether. After the addition of the
ester was completed, the reaction mixture was allowed to stand

fifteen minutes before deconposing the excess of lithium
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aluminium hydride with water. Dilute sulphuric acid (approx-
imately 3" w/v), was added until two clear layers were obtained.
The ether layer was isolated, and the solvent was removed by
distillation. A solid remained which was dried and crystallised
from benzene. 46g. (90") 2;2’°-bis(l:*ydro3ymethyl)diphenyl, m.p#

111-112®, were obtained.

Preparation of 2;2*-bis(bromoaethyl)diphenyl.

800 ml. 48" hydrobromio acid solution were heated to 90® on
a water-bath, and 15g. 2:2* -bis(hydroaprmethyl)-diphenyl were
slowly added. The reaction mixture was heated under reflux for
twenty minutes, and then poured into a large excess of water, and
allowed to cool. Alight brown solid was filtered off, and allowed
to stand overnight in a vacuum dessicator containing potassium
hydroxide pellets. The product was treated with decolourising
charcoal in light petroleum (b.p. 60-80®). This yielded 21g.
(88") 2;2’-bis(bromomethyl)diphenyl, m.p. 92°.

. ejbhojfy
A study of the reaction between I;1;2:2-tetracarVethane and

2:2’-bi8(bromomethyl)diphenyl.
a) Preparation of Il:l:2:2-tetracarbethoxyethane.
The method of Bischoff and Raoh, (Ber.,1894, 17, 2781) was used,
160G. (1 mol.) diethyl malonate in 150 ml. anhydrous ether was
added to a solution of sodium ethoxide prepared irm 2)g. (1 atom)
freshly cut sodium in 400 ml. dry ethyl alcohol. The sodio-
derivative of malonic ester was precipitated, and after gently

warming the mixture on a water-bath, 127g* (1 atom) iodine was
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gradually added with thorough shaking after each addition®* When

the addition of iodine was completed, water was added to dissolve the
precipitated sodium iodide. The ethereal layer was separated and
shaken with 10" sodium thiosulphate solution, and dried over anhydrous
magnesium sulphate. The ether was removed by distillation, leaving

a pale yellow solid, which after recrystallisation from ethyl

alcohol yielded 155&* (84”) prisms, m.p. 78®.

b) Reaction between 1:1:2;2-tetracarbethoxyethane and 2:2°-bis
(bromomethyl)diphenyl.

A solution of sodium ethoxide was prepared from 4*0g. (2.0 mol.)
freshly cut sodium in 150 ml. dry alcohol. To this was added 28g.
(1.0 mol.) 1:1;2;2-tetracarbethoxyethane, and the mixture was
heated under reflux for one hour. JOG. (1.0 mol.) finely powdered
2;2’-bis(bromomethyl)diphenyl were added, and the mixture was
heated under reflux for a further twenty hours. Most of the
alcohol was distilled off, and the remaining slurry was poured
into water. The oil and crystals which were precipitated were
extracted with ether and dried over anhydrous magnesium sulphate.
The ether was distilled off, and the pale yellow viscous oil
which remained partly solidified on standing and cooling to O®.
The solid (2Jg.) was filtered off and after one recrystallisation
from i~ t petroleum (b.p. 40-60®) gave a product melting over a
large range of temperature, 80-102® . This solid was extracted

twice with 10 ml. portions of boiling li"t petroleum (b.p.40-60°)#
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and tha residual solid ($.0g) formed crystalline plates, m.p.
108.5-109 , after one recrystallisation from light petroleum
(b.p. 60-80°).
Found: 0, 6?.7 ; H, 6.19.
Calculated for CggH"gOgt C, 67.7 ; H, 6.$.#
Molecular weight. Cryoscopic method.
Found: 363 ; 3)1 ; 584. (In dry benzene) A
446 ; 464. (In damp benzene).

Calculated for 476. ’2.'6's, 2%

The light petroleum (b.p. 40-60®) extract was allowed to
evaporate, and about 9g. crystalline solid, m.p. 78®, remained
which was identified as unchanged 1:1:2:2-tetracarbethoxy-ethane.

The oil isolated after the removal of the solid product
was distilled under reduced pressure. 6.6g. viscous liquid were
collected between I50® and 160®/10ram., after which there was
a temperature rise to 200® and rapid decomposition occurred in
the distillation flask. The distillate partly solidified on
standing to give crystals, m.p. 75° (starting material). The
remaining liquid could not be identified.

5G. solid product, m.p. 108.5-109° were heated under
reflux with 60 ml. saturated alcoholic solution of potassium
hydroxide for twelve hours; milder conditions of hydrolysis were
found to be ineffective. After removal of the alcohol, tlie
potassium salt was dissolved in water, and the solution was

extracted with ether to remove any unchanged ester. The aqueous
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solution was acidified with 2% sulphuric acid solution, and the

waxy solid precipitate, m.p# 110"(decomp#) was filtered off, washed

with water and dried. The product was heated to 170" in a metal-
bath for thirty minutes, and the evolution of carbon dioxide and
water was observed. Hot, 20”sodium carbonate solution was used

to extract the product; the extract was washed with ether. The
aqueous solution was acidified with dilute sulphuric acid, and the
fine white precipitate which was formed was filtered off and dried.
It was difficult to find a suitable solvent for the purification of
the acid produced. Recrystallisation from glacial acetic acid, and
acetonitrile, gave several specimens for which consistent melting-
points and analyses could not be obtained. The values determined
were:

m.p. 196" (deccMnp.) Found; 0, 72.4; H, 9*7*

m.p# 200® (decamp.) Found: 0, 71.8; H, ".4.

m.p. 205® (deoomp.) Found: C, 70.8 ; H, 5*5

~8M1674 C, 729 ; H, 54

~187475 requires C, 77.7 ; H, 5.0.

co 4o
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A study of the reaction between 1:1:):)-tetraoarbethoxypropane
and 2;2*-bib(bromomethyl)diphenyl.
a) Preparation of 1:1:3:5-’tetraoarbethoxypropane.

The method of Knoevenagel (Ber., 1714, 27» 2)46) was used for
this preparation.

A mixture of 96g. (1.0 mol.) diethyl malonate and 24g.
(0.5 mol. formaldehyde) 40" formaldehyde solution was cooled in
ice-water, and 1.5g. (0.0) mol.) diethylamine were added; the flask
was stoppered, and the reaction mixture was allowed to stand
overnight at room tei“erature. The reaction was completed by
heating the mixture under reflux for six hours, and the upper
layer of water which separated out was removed. The pale yellow
oil was distilled under reduced pressure, and 72g. 1)6") 1:1:):)-

tetracarbethoxypropane, b.p. 201-204®/18mm. were collected.

b) Reaction between 1:1:):)-tetraoarbethoxypropane and 2:2*-bis
(bromomethyl )dipheqyl.

A solution of sodium ethoxide was prepared from 2*7g. (2.0 atom)
freshly cut sodium in 12) ml. dry ethyl alcohol. To this was added
20g. (1.0 mol.) I:l:):)-tetracarbethoxypropane followed by 20g.

(1.0 mol.) 2;2*bis(bromomethyl)-diphenyl; immediate reaction was
observed to take place. The mixture was heated under reflux on a
water-bath for ten hours, then most of the alcohol was distilled
off, and the remaining slurry was poured into water. The oily

product was extracted with ether, and the combined extracts were
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dried over magnesiiam sulphate. After the ether had been distilled off,
the residual oil which did not solidify on standing for several days,
was distilled under reduced pressure. About )g. unchanged ester were
collected in the first fraction, and then the following two fractions
were obtained:
A 215-218®/5mm.  $.6g. Viscous liquid
B 218-22®/5am. B.Jg. " "
Both fractions were free of bromine.
After fraction B had been collected, the remaining liquid in the
distillation flask boiled with considerable decomposition. At this
stage the distillation was stopped#
Hydrolysis of fraction A.

Fraction Awas heated under reflux for six hours with )0 ml.
20" alcoholic potassium hydroxide solution. The potassium salt was
isolated and dissolved in water; the solution was filtered through
a No. 4 sintered glass crucible to remove some suspended solid. The
filtrate was acidified with 2" sulphuric acid. The precipitated
tetraoarboxylic acid was filtered off, washed with water, and dried,
m.p. 200® (deoomp.). The product was partly deoarbojcylated by
heating to 210®1in a metal-bath, and then extracted with 10" sodium
carbonate solution. The extract was washed with ether, and acidified
with dilute sulphuric acid; the precipitated acid was filtered off
and purified. Reoiystallisation from benzene yielded neddles,

m.p. 160®, and purification usii® aqueous ethyl alcohol as solvent

produced similar crystals, m.p. 160-1614V
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Several analyses were carried out on the acid product, but
these did not agree with the analysis required for the expected
product.

Found: C, 80.) ; H, 5.7. : C, 80.6 ; H, 6.1 ; C, 80.1 ; H, 6.1.

A971874 G 7)55 ; H 5.9. 8

For further investigation of the product its molecular weight
and equivalent were determined.

Molecular weight. Found: 460, 480, 5)0.

Equivalent weight. Found; 247.

The ultra-violet spectrum was also studied, (see fig.TH ) and
the following figures were obtained from the absorption curve.

Maax  50.810 2.493.
11200 2.278

Hydrolysis of fraction B gave a similar acid product, m.p. 161®:

Estérification of the acid product.
A mixture of Ig. acid, 10 ml. methyl alcohol, and 0.6 ml.
concentrated sulphuric acid was heated under reflux on a water-

bath for five hours. Some of the alcohol was distilled off, and

the remaining liquid was poured into twice its volume of water.
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and the mixture was neutralised by the addition of solid sodium
bicarbonate. The precipitated oil was extracted with ether, and
the extract was dried over anhydrous magnesium sulphate. The
solvent was evaporated off, and the residual oily product was
allowed to stand overnight at O®, after which treatment it was
easily solidified. A crop of prisms, m.p. 44-46®, were obtained
after crystallisation from aqueous alcohol.

Found; C, 80.9 ; H, 6*5 : C, 80.8 ; H, 6.).

Some of the ester was hydrolysed with alcoholic potassium
hydroxide solution, and the original acid, m.p. 160-16I®, was
obtained. This proved that estérification was the only reaction that

had occurred.

A study of the reaction between diethyl methylmalonate and
2;2*-bis (bromomethyl )diphenyl.
a) Preparation of diethyl methylmalonate.

The method of Cox and MoBlvain, (Qrg. Synth., 194), Coll. Vol. 11,272)

was used.

)4.5G. (1.5 mol.) freshly cut sodium were heated under reflux in
500 ml. boiling xylene, and the mixture was vigorously stirred. The
xylene was decanted from the finely divided sodium, and the latter was
repeatedly washed with anhydrous ether, and then added to )00 ml. diy
ethyl alcohol. The mixture was stirred, and 87*5 ml. anhydrous ether
were added dropwise over two hours. When no unchanged sodium could be

seen, tl* solution was cooled in ice-water, and a mixture of 145.)g.
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(1.4 mol.) ethyl propionate and 208g. (1.4 mol.) ethyl oxalate
was added slowly at a rate such that the ether did not boil. When
all the ester mixture had been added, the ether and alcohol were
removed by distillation. The distillation was stopped when a yellow
scum formed on the surface of the liquid in the distillation flask.
The solution was cooled, and the sodium derivative which crystallised
with considerable increase in volume, was treated with 400 ml. cold
35~ acetic acid solution, and allowed to stand for several hours with
frequent shaking. 'The product was extracted with ether, and the
combined extracts were washed in turn with 500 ml. water, 00 ml. 10"
sodium bicarbonate solution, and finally with $00 ml. water. The
extract was dried over anhydrous sodium sulphate. The ether was
distilled off, and the remaining liquid was distilled under reduced
pressure using a 12 electrically heated column packed with Fenske
helices. 158G. ethyl ethoxalylpropionate, b.p. 100-102®72mm. were
obtained.

The ethyl ethoxalylpropionate was heated to I50-160® in a
flask fitted with a reflux condenser, and when the liberation of
carbon monoxide subsided, the tenc¢>erature of the liquid was raised
until it began to reflux steadily. The liquid was heated under reflux
for thirty minutes and then distilled.

A yield of 120g. (overall yield $7°) diettyl methylmalonate,

b.p. 197- 199" was obtained.
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b) Reaction between diethyl methylmalonate and 2;2*-bis(bromomethyl)
diphenyl.

A solution of sodium ethoxide was prepared from 2.0g. (2.0 mol.)
freshly cut sodium and I50 ml. dry ethyl alcohol. 20.5*. (2.0 mol.)
diethyl methylmalonate were added, followed by 20g. (1.0 mol.) finely
powdered 2:2*-bis(bromomethyl)-dlphenyl® Reaction occurred immediately,
accompanied by the separation of a fine precipitate of sodium bromide.
The mixture was heated under reflux for three hours, then 75 ml.
alcohol were distilled off and the remaining slurry was poured into
water. A waxy solid was precipitated, and this was filtered off and
recrystallised from ethyl alcohol. 25G. fine needle crystals, m.p. 107®,
(89") were obtained.

Found: C, 68.5 ; H, 7*3

A3073878 (N 2*'bis(i/5 diearbe thoxy-n-propy 1)diphenyl)
requires, C, 68.4 ; H, 7*3

Hydrolysis of the ester.

23G. ester were heated under reflux for five hours with
150 ml. alcoholic potassium hydroxide solution (3(”"). The alcohol

was distilled off, and the remaining solid was dissolved in water.
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The aqueous solution was extracted with ether to remove any
unchanged ester, and then filtered through a No# 4 sintered

glass funnel to remove suspended solid particles. The filtrate
was acidified with 2§ sulphuric acid solution. A heavy precipitate
separated out, which was filtered off, thoroughly washed with
water, and dried. 17*5g* rectangular plates, m.p. 200® (deoomp.)
were obtained. .

Decarboxylation of tetraoarboxylic acid.

The acid was heated in a metal-bath at 220® for thirty
minutes. The light brown solid product was extracted with 10"
sodium carbonate solution, and the extract was washed with ether.
The alkaline solution was acidified by the addition of 2%
sulphuric acid solution, and the precipitated oily, solid was
filtered off, washed with light petroleum (b.p. ¢0-80®) and then
crystallised from benzene. Prisms, m.p. 154-155®, of 2;2*-bis -
(yS -.carboxy-n-propyl)diphenyl.

Found: C, 73#8 ; H, 6.7*
~2072274 A~oarbox”ri-n-propyl)dlphenyl)

requires. Ci 75*%6 ; H, 6.8.*

Estérification of 2;2*-bis( -carbekyGx,”n-propyl)diphenyli ,
Diethyl ester.
A mixture of 5g* acid, 68 ml. ethyl alcohol, and 2iS ml.

SOlphoriC
conoentrated|acid was heated under reflux for five hours.
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Most of the alcohol was removed by distillation, and the
remaining liquid was poured into water and neutralised with
solid sodium bicarbonate. A yellow oil separated out which
could not be solidified; 1t was extracted with ether, and
the extract was dried over anhydrous magnesium sulphate. The
ether was evaporated off, and the residual oil was distilled
under reduced pressure. JG. liquid, b.p. 194-196®/3mro., were
collected..

Found: C, 75%»5 1 H, 7.6.

A24750M4 A -ethoxycarbony 1 -n-propyl)dlphenyl.)

requires, G, 75*%5 $ THY*A

Dimethyl ester.

The method used was the same as that described for the
diethyl ester.

A viscous liquid, b.p. 186-188®/5*5Smm., was obtained, which
slowly crystallised on standing. Reoiystallisation from
aqueous alcohol produced rectangular plates, m.p. 68®.

Found: G, 74.5 ; H, 7*7#
0MANE0jN(2:2 *-bis(/S -methQxyoarbonyl-n-propyl)diphenyl.)

requires, C, 74.5 ; H, 7*4.5"
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Section II1I Part 2.
Discussion.

The reaction between 2:2*-bis(bromomethyl)diphenyl and
1:1:2:2-tetracarbethoxyethane was carried out under somewhat
different conditions from those used by Kenner (jJ., 1915, 103,
626), who heated the mixture of the dibromide, tetraethyl ester,
and sodium in absolute alcohol at 120-140® under pressure for
five hours, and obtained a yield of 24*. Instead, the reaction
mixture was heated under reflux for twenty hours under atmospheric
pressure, and the condensation product was formed in 21” yield.
The analysis for this compound was in agreement with the
calculated value. The molecular weight was determined by the
cryosoopio method in benzene, and it was found that when dried
benzene was used as solvent, results were obtained which agreed
with those published by Kenner.
Pound: 363 ; 39~ ; 584.
(Kenner) 374 ; 387#
When however, benzene was used which had been allowed to
stand for an hour in an open vessel in order to come to
equilibrium with the atmosphére, the values for the molecular
weight were 446 and 464, which are nearer the calculated value of
496. This suggests that the molecular weights determined for
Kenner, were made in dry benzene.

The acidic product obtained from the hydrolysis of the

tetracarbethoxy-ester, and partial decarboxylation of the
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resultant acid could not be identified since the analyses
carried out on the specimens having different melting-points
(see p. ) were not in close agreement with the calculated
values for the expected dicarboxylic acid. It is evident that
the discrepancy is not due to the formation of the corresponding
anhydride as this would cause percentages of carbon to be
higher rather than lower than the calculated value for the acid.
The compound produced in the condensation between 2;2*-bis-—~
(bromomethyl)diphenyl and 1:1;3;3-tetracarbethoxypropane was not
identified. There is no doubt that all the dibromide had reacted
since there was a quantitative yield of sodium bromide, and also
the crude product was free of bromine. As some unchanged IjlrJrJ-
tetracarbethoxypropane was recovered it is obvious that a simple
condensation between one molecule of dibromide and one molecule of
ester, had not taken place.
The product was hydrolysed, and the mean molecular weight
determined on the partly decarboxylated acid was 470. Since the

skeleton structure

has a *molecular* weight of 180, and the grouping

_CH —

» 1

COJ-*

has a *molecular* weight of 1JO, it rather indicates that two
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diphenyl units are present in the product. This is supported
by the fact that the equivalent weight of the acid is 247, which
shows that it is only dibasic. The chemical analyses obtained
give the acid the empirical formula,

Five dibasic acids silmost fitting these requirements were

considered as possible products.

1 c.co T-
A © COMH
¢ 11 Clao MGV
CM.
1 /\

CM.COJ.» CH.COJH C..cO,.M

1 1 /\

HOCOK vy,

It HL v
357300
but chemical evidence and the study of the ultra-violet
absorption spectrum did not favour all these.

The methyl groups in the 2-position of diphenyl in
compound (I) could not be farmed by the elimination of bromine
from the bromemethyl groups in a solution of sodium ethoxide;
and since the condensation product was free of bromine, the
replacement of bromine would have to occur during this stage.
This renders structure (I) as an impossible product.

Compound (II) is favoured chemically, but the ultra-violet

spectrum rules it out completely.

K
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The ultra-violet spectrum is, however, in excellent agreement

with (III), but its formation is chemically impossible since the

compound /=& =\

would have to be formed as an intermediate, and it has already
been pointed out that the crude product from the condensation
reaction was free of bromine.

Considering the steps involved in the reaction to form (IV),

it does not appear to be a likely product.

CMI  C(C0,.C,.M¢V

Compound (V) would also have to be produced by a two-stage

mechanism i.e. a condensation between the dibromide and eater to

form

CM,



3.0

2.0

1.0
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followed by a further reaction between this molecule and another
molecule otjthé dibromide with the elimination of hydrogen

bromide *

Vi

It is not known, however, to what extent the methylene group
would have to be activated in order that this last stage should
occur.

The ultra-violet absorption spectrum for the dicarboxylic acid

is plotted in fig. Ill- Examination of ths curve shows

that the values obtained for 0*800 and t~"11,160 are
exactly twice (within the limits of experimental error) the values
for é'max and 6m.in on the curve drawn for methyl 5¢4-5:6-
dibenzcyolohepta-5;5-diene-l-oarboxylate in fig. I. The direct
conclusion is that the acid contains two groupings of a

diphenyl bridged across the 2:2’-positions by a three-carbon chain,

in some way linked together, e.g.
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This is in agreement with the molecular weight of 490 which was
determined for the acid, since this also indicates that two
*diphenyl groupings’ are present in the molecule.

The possibility of diphenyls bridged across the 2:2*-positions
by four-carbon and five-carbon chains however, cannot be excluded
since the spectra of such compounds have not been investigated, and
it is therefore uncertain whether the increase of chain-1ength
bridging the 2:2’-positions will gppreclably alter the ultra-violet
absorption spectrum. It can only be concluded from the ultra-
violet absorption spectrum of that it contains two 2:2°-
bridged diphei”l groups, which account for its similarity to the
spectrum of methyl 3:4-5:6-dibenzcyclohepta-3;5-diene-l-oarboxylate.

The preparation of the methyl ester does not throw light on the
problem, but the fact that hydrolysis of the ester produces the
original acid does indicate that no reaction other than estérification
takes place when the acid is heated under reflux in a mixture of
methyl alcohol and concentrated sulphuric acid.

In contrast to the complex condensation reaction just discussed,
tte reaction between 2:2’°-WiB(bromomethyl) diphenyl and diethyl
‘methylmalonate proceeded normally. The new ester produced and its
acid derivatives, gave satisfactory analyses.

The methyl smd ethyl esters of the acid
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were easily prepared, and are of interest in that it should be
possible to use them as starting compounds in the Acyloin

reaction for the preparation of derivatives of dibenzocyclo-

decadiene* e.g.
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Section III Part 5*
Methods of Preparation of 2;2’-Diphenyl diacetic acid.
Introduotion.

Since the condensation reactions between 2:2°-b”(bromo-
methyl)diphenyl and tetracarbetho3¢yethane and tetracarbeth oxy-
propane, (described in Section III, Part II), to produce
diphenyls bridged across the 2:2’-positions by four, and five
carbon-chains were not successful, it was decided to investigate
possible methods of preparing 2:2*-diphenyl diacetic acid which
would be used as a starting compound in other possible syntheses

of these large ring compounds, e.g.

RedLuc.hiom

- |
Q p p n t o f oL Nyrorar>iel<.
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CcCO-CM

Only one method of preparation of 2:2*-diphenyl diacetic acid
appears in the literature, (Kenner and Turner, £¢, Igll, 2109),
and here the yields are not recorded for each stage of the synthesis.
Kenner’s work was repeated, and attempts were also made to prepare

the acid by the Ullmann reaction on methyl o“romo”™ and methyl £-iodo-
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phenyl acetate, and by the Arndt Eistert reaction on the dichloride

of diphenic acid.
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Section III  Part 5
Experimental.
Preparation of methyl o-bromobengoate.

A mixture of %54g. copper sulphate (“"HgO), 440g. (J.O mol.)
sodium bromide, 81 ml. concentrated sulphuric acid, 1)2g. copper
turnings, and 1320 ml. water, was boiled until the solution became
colourless. 220g. (1.0 mol.) methyl anthranilate were added, and
the mixture was cooled below 10”. The ester solution was diazotised
between 5-7* with g7g. sodium nitrite dissolved in the minimum
amount of water. The diasotised solution was allowed to stand
overnight, and the dense brown oil which separated out was
isolated by steam -distillation. The product was extracted with
ether from the aqueous distillate, and the extract was dried over
anhydrous magnesium sulphate. The ether was removed by distillation,
and the remaining liquid was distilled under reduced pressure.
212g. (67") methyl *-bromobenzoate, b.p. 97-997/ were

obtained.

Preparation of o-bromobenzyl alcohol.

168g. (1.0 mol.) methyl "-bromobenzoate diluted with 100 ml.
dry ether were added dropwise to a reducing mixture of 20g. (0.6 mol.)
lithium aluminium hydride in $00 ml. anhydrous ether. After the

addition was complete, the reaction mixture was allowed to stand
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for one hour* The excess of lithium aluminium hydride was
deooHcgosed with water, and dilute sulphuric acid solution was
added until the mixture became clear* The etheresd solution

was isolated, and the aqueous layer was extracted with ether*

The combined extracts were dried over anhydrous sodium sulphate.
151*%2g. (91") pale, orange crystals, m.p. 70-72°, remained after
the ether had been distilled from the product. Crystallisation
of the product from ethyl alcohol, gave a crop of needle crystals,

m.p. 79-80°.

Preparation of o-bromobengyl bromide.

65G. o-bromobensyl alcohol were heated under reflux with
500 ml. 48" hydrobromic acid solution for one hour. The reaction
mixture was allowed to cool, and the light brown oil which
separated out was carefully extracted with ether and dried over
anhydrous msgnesiura sulphate. The solvent was distilled off in
the fume-cupboard as *-bromobenzyl bromide is extremely lachrymatory.
Ayield of 125.5g# (755") light brown oil was obtained which
solidified when cooled in ice to give crystals, m.p. 28-51°.

Further purification of this compound was not attempted.

Preparation of o-bromobenzyl cyanide.

A mixture of 50g* (1#2 mol.) sodium cyanide and 27 ml. water
was heated on a water-bath to dissolve the solid, and then 125g#

(1.0 mol.) o-bromobensyl bromide dissolved in 125 ml. absolute
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alcohol were added slowly through a funnel over thirty minutes.
The mixture was heated under reflux for three hours, then cooled
and filtered under suction to remove the precipitated sodium
bromide. The bulk of the alcohol was distilled from the filtrate,
and the residual liquid was distilled under reduced pressure.

S6g. (88)") £-bromobenzyl cyanide, b.p* 158-140°/10mm. were obtained.

Preparation of o-bromophenylaoetic acid.

A mixture of 0ég. jo-bromobenzyl cyanide, 65 ml. concentrated
sulphuric acid, 65 ml. glacial acetic acid, and 65 ml. water, was
heated under reflux for one hour. The mixture was cooled, and
poured into a large volume of water; the £-bromophenylacetic acid
which was iacnediately precipitated was filtered off. 97* of the
crude acid, m.p. 96-98"* were obtained. After recrystallisation
from ethyl alcohol, the melting-point of the product was raised to

103®. Yield

Preparation of methyl o-bromopherylacetate.

48 G. jo-bromophenylacetic acid, 27 ml. concentrated sulphuric
acid, and 95 ml. methyl alcohol, were heated together under reflux
for two hours. The reaction mixture was allowed to cool before
pouring it into twice its volume of water. The mixture was
neutralised by the addition of solid sodium bicarbonate, and the pale
yellow sweet-smelling oil which separated out was extracted with
ether, and dried over anhydrous sodium sulphate. The ether was

distilled off, and the residual liquid was distilled under reduced
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pressure. 33.4G. (?0") methyl o-bromophenylaoetate, b.p. 121-123®/7mm.,
251”‘542?, were produced.

Pound: C, 48.9; H, 4.1 ; Br. 55.5

C"HjBrOg (methyl o-bromophenylacetate) requires, C, 47*2 ; H, 4.0 ;

Br, 54.8.

Attempted Ullmann reaotion on methyl o-bromopheqylacetate.

A small quantity of copper bronze was added at 10° intervals
of temperature to 10g. heated methyl *-bromopherylacetate contained
in a Pyrex boiling-tube. The addition was started at 190°, and was
continued until a temperature of 250° was reached. No reaction was
observed to take place. A crystal of iodine was added to activate the
mixture, which after the addition of a further 6g. copper bronze was
maintained at a temperature of 250° for thirty minutes. A fter
cooling, the product was extracted several times with hot methyl
alcohol, and filtered. The alcohol was distilled from the filtrate,
and distillation of the residual liquid yielded 3.6g. unchanged
ester.

A further attempt was made to carry out the Ullrnann reaction
on methyl o-bromophenylacetate by heating a“oixture of 10g. ester,
and 8g. copper bronze under reflux for eight hours. The mixture
was extracted as before, and 5.)g. dark brown viscous liquid were

isolated which did deposit a few crystals after standing for
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several days* An attempt wsts made to purify this product, but
the pale brown solid obtained did not give a good analysis, and

an attempt to hydrolyse the product was not satisfactory*



- 115 -

Preparation of o-iodobenzolo aoid*

The method of preparation of “-lodobenzoic acid has already
been described (see p.6b )
Preparation of o-iodobenzoyl chloride.

For this preparation 50 ml. thiopyl chloride were distilled
and the fraction, b.p. 77°» was collected.

70G. (1.0 mol.) jHnely powdered o-iodoben”olc acid were mixed
with 42g. (1.3 mol.) thionyl chloride in a 500 ml. flask, and heated
on a water-bath with occasional shaking for about one hour until the
evolution of hydrogen chloride had ceased. The excess of thioiyl
chloride was distilled off, and the distillation of j*iodobenzoyl
chloride was carried out under reduced pressure. Two fractions were
collected.
155V 25mm. 50g. pale yellow solid, m.p. 50-51°*
133-158°/25BBtt.  7g. yellow solid, m.p. 29-30®.

Preparation of diazomethyl-o-iodophenyl ketone.

The method used was similar to that employed by Pieser and
Kilmer (J.Amer. Chem. Soc., 1940, 1556), for the preparation
of diazomethyl-£-bromophenyl ketone.

DiazoTaethane was prepared by dropping N-nitroso-methyl
urethane in 55 nil. dry ether into 60 ml. saturated solution of
potassium hydroxide in absolute alcohol, covered with 20 ml. dry
ether. The gas was passed through a vertical spiral condenser, and
then dissolved in cold anhydrous ether. After complete absorption

of the yellow gas, the ethereal solution was diluted to 800 ml.
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with cold diy etl»r, and 26.$g. o-iodoben«goyl ohiaride dissolved in
dry ether were added dropwise with stirring, at 0° over one hour.

A fter standing overnight at room temperature a slight precipitate
had éormed which was removed by filtration. The ether was distilled
from the filtrate under reduced pressure, leaving 2)g. brownish

oil which solidified on cooling, m.p. "4-60”. The product was
extracted with hot cyolohexane, and the solution was allowed to

cool very slowly with vigorous stirring. In this way two crops of
yellow prisms were obtained, 16g.,' m.p. and 8.1g., m.p. 57-59%,
Yield 90". "

Found: 1,46.2.

CgH"ONgl (diazomethyl-o-iodophenyl ketone) requires, 1,46.65"
Preparation of o~iodopheqylacetic acid.

A solution of 24g. diasomethyl-o-iodopheryl ketone in
technical dioxan was added dropwise to a suspension of )2g. silver
oxide (precipitated,from silver nitrate solution with potassium
hydroxide) in a solution of 40g. sodium thiosulphate in 800 ml.
water at 60-6"°. The addition took thirty minutes to complete,
and the mixture was vigorously stirred throughout. After leaving
for an hour, the evolution of nitrogen had ceased,; the mixture was
made alkaline with 10j5 sodium hydroxide solution, and filtered.

The filtrate was washed twice with benzene, acidified with dilute
nitric acid solution, and extracted with ether. The extract was

dried over anhydrous magnesium sulphate and the ether was
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distilled off leaving a pale yellow oil. This oil was dissolved in sodium
carbonate solution and the solution was acidified with 2f nitric acid
solution. A pale yellow solid was precipitated which was washed and

dried. 18.8g. (81.$") £-iodophenylacetio acid, m.p. 108-110°, were

obtained.

Preparation of methyl o-iodophenylacetate
A mixture of 18*5g* £-iodophenylacetic acid, 200 ml. methyl
alcohol, and 9 concentrated sulphuric acid were heated under
reflux for five hours on a water-bath. About 100 ml. alcohol were
distilled off, and the remaining liquid was poured into twice its
volume of water, and the mixture was neutralised by the addition of
solid sodium bicarbonate. The precipitated oil was extracted with
ether and the extract was dried over anhydrous potassium carbonate.
The ether was removed by distillation an”“he residual liquid was distilled

under reduced pressure. The following fractions were collected.

1 1.5801 0.55g.
2 117-119 VJiam. 1.58)1 3.9g.
3 119-120 /3mm. 1.58)4 4.)g.
4 120°/5mm. 1.5B55 4.1g.
5 120-121°/) mm 1.58)5 ).7g.

Yield 12.1g. (.62%) methyl o-iodophenylaoetate. (Found: C, )9.2;

H, ).1 ; I, 45.2. 0" 0gl (methyl o-iodophenylaoetate) requires,

0, 39.2 I H 5.2 ; 1, 45.9)

Ullmann on methyl o-iodophenyl acetate.
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10g. methyl g-iodophenylacetate were heated in a Pyrex boiling-

tube to 170 in a metal-bath* About 0*5g* copper bronze was

added, and no temperature rise due to reaction taking place was

observed. The same quantity of copper bronze was added to the

mixture after each 10° rise in teicperature, and after the

addition at 220° a rapid increase up to 270° was observed. The

reaction mixture was then maintained at 220°, and 4g. more of

copper bronze were added in small portions; the reaction mixture

was then maintained at 200-220° for one hour. The mixture was

allowed to cool, and the product was repeatedly extracted with

hot £-diohlorbenzene, and filtered through a sintered "“ass funnel

to remove su”“nded copper bronze particles. Most of the solvent

was distilled off at atmospheric pressure, and the remainder was

removed under reduced pressure. About O.”g. unchanged ester was

collected, and the remaining brown viscous liquid partly solidified

on cooling, but did not crystallise. Many atteiipts were made to

purify this product using various solvents and treatment with de-

colourising charcoal* A yellow solid was obtained, m.p. 140-145 » from

oy;)siohaxane solution, th‘.is solid did not give a satisfactory analysis.
5g. of the brown viscous Ullmann product w«!« hydrolysed with

20% alcoholic potassium hydroxide solution, but only “lodophenylacetlc

acid was recovered.
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Preparation of the diohloride of diphenlo acid.

The method of Underwood and Kochmann, (J. Amer. Chem. Soc.,
1924, 2072) was used.

A mixture of 1”g. (1.0 mol.) diphenic acid and 27g. (2.0 mol.)
phosphorus pentachloride was heated in an oil-bath at 190-195° for
thirty-minutes. The temperature was allowed to fall to 150° and
maintained at this for one hour; air was frequently blown through
the neck of the flask to remove phosphorus oxychloride. The reaction
mixture was then allowed to cool, and the diohloride was extracted
with benzene. Ayield of 11.8g. (61"), m.p. 97-97°* was obtained.

An attempt was made to prepare the diohloride using thionyl
chloride instead of phosphorus pentachloride, but this was
unsatisfactory since the bulk of the product was diphenic acid
anhydride. The ant“dride could, however, be separated from the
diohloride since it is practically insoluble in ether, whereas the

dichloride is readily soluble.

Arndt-Hiistert reaction on the dichloride of diphenic acid.
Preparation of 2:2*-diazomethyl diphenyl diketone.

A solution of diazomethane in ether was prepared from 80 ml.
N-nitrosomethyl urethane in the manner described on p. 115

140. diohloride dissolved in ether, were added dropwise
with mechanical stirring to the solution of diazomethane at 0°.
A fter staniing overnight at room temperature the solution was

filtered, and the solvent was removed from the filtrate wunder
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reduced pressure. 10.6g. yellow oil remained, some of which
rapidly crystallised. The solid was filtered off, and crystallised
from toluene. 6.6g. fine yellow prisms which darkened at 116° on
heating but melted at 1)1° with decomposition, were produced.
Found: C, 66.2 ; H, ).8 ; N, Ig.l.

671672704 (2:2*-diazomethyl diphenyl diketone);

C, 66.2 ; H 5.5 ; N, Ig)".

Preparation of diphenyldiacetic acid.

A solution of 5#4g. 2:2*-diazomethyl diphenyl diketone in
technical dioxan was added dropwise with vigorous stirring to a
suspension of 22g. silver oxide in a solution of J2g. sodium
thiousulphate in I1460ml. water at 6)°. The mixture was left for
an hour during which time the evolution of nitrogen was observed.
The mixture was made alM line by addition of 10" sodium hydroxide
solution, and filtered under suction. The filtrate was washed with
benzene, acidified with dilute nitric acid, and extracted with
ether. The ether was evaporated off, and the remaining oil was
dissolved in sodium carbonate solution, and the solution was
acidified with 2" nitric acid solution. The product was extracted
continuously with ether for several hours, and 0.4g. prisms were
obtained which after crystallisation from water had, m.p. 151-152°.
Found: C, 70.7 ; H, ". 1

Calculated for C, 71.1 ; H, 5*2*~
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Preparation of 2:2*-diphenyldlaoetonitrile.

The method used was that given by Kenner and Turner (J*,

1911, U# 2109).

A saturated aqueous solution of 5*2g# potassium cyanide wsis
mixed with three times its volume of ethyl alcohol. The mixture
was heated under reflux, and to it was added in small
quantities 12g. powdered 2;2*bis (br omomethyl)diphenyl. The
reaction mixture was maintained at a temperature between
50° and 60° for five hours, and then poured into water. A
light brown oil was precipitated which solidified on standing*
The solid was filtered off and crystallised from ethyl

alcohol* 6*g. (8lyJ) cubic crystals, m.p* 77-78°, were obtained.

Preparation of 2;2*-diphenyldiacetamide.

The reaction was carried out according to the method of
Kenner and Turner (loc, cit.).

A solution of 6.6g. dinitrile in 18.4ml. concentrated
sulphuric acid was allowed to stand at room temperature for
twenty-four hours. The solution was poured into water and
made alkaline by the addition of ammonia. A pale yellow
solid was precipitated which was filtered off and recrystallised
from ethyl alcohol. 2%*9g. needles, m.p. 215-216°, were

obtained. Kenner and Turner give, m.p. 210-211

Preparation of 2;2 *-dipheryldiacetic acid.

The conditions used for the hydrolysis of the amide were
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those given by Kenner and Turner, (loo, oit,).
2*9G. amide were heated under reflux with JOml. 10"

potassium hydroxide solution until the test for the evolution
of ammonia was negative (14 hours). The mixture was acidified
with dilute sulphuric acid solution, and immediately a buff-
coloured precipitate was formed. The solid was filtered off,
giving a yield of 2.4g., m.p. 1)1-152°. After treatment with
decolourising charcoal, and crystallisation from water, colour-

less prisms, m.p. 15)°, were produced. Kenner and Turner record

a melting-point of 152°.
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Section III Part ).
Discussion.

The success of the Ullmann reaction is dependent upon
the nature of the aromatic halide used. Certain negative
groups in the ortho- and para-positions with respect to the
halogen atom activate the latter through the operation of
the -T effect, which leaves the carbon atea to which the
halogen is attached with a residual positive charge. An
ortho-carbalkoxyl group has been shown to have a marked

activating effect on the halide, e.g.

Ullmann reactions have been carried out on methyl £-iodo-
benzoate, £-iodo-/5 : -dimethoxybenzene, and methyl o-iodo-
oinnamate. In icB first case a yield of 82" was obtained,
(Ullmann, Annalen, 1$04, 5)2, 70), and in the second the yield
was 82" (Weitzeii>ook, Monatsh., 1°1), 193), t*ut methyl
A-iodo cinnamate (idem, loo, cit.)gave only a poor yield.

It is difficult to explain the last result, however, if the

-T effect is the main factor concerned in the activation of the

o-halogen atom, since it would be expected that the effect of

the carbalkojyl group would still be transmitted.
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The Ullmann reaction on methyl o-bromo—and o-lodopheiyl-
acetate was unsuccessful; a temperature increase was observed
with the iodo-oompound indicating that reaction had talen place,
but no identifiable product could be isolated. Comparison of
thiswith the Ullmannreactionon methyl *-iodobenzoate in which
the yield is over 80" leads to the conclusion thatthemethylene
group interposed between the oarbalkoxyl-group and the nucleus

nullifies the activating (-T) effect on the molecule.

The preparation of 2:2*-dipheryldiacetic acid from the
Arndt Sistert reaction on the didiloride of diphenic acid was
successful. This method of synthesis is not lengthy, and although
it involves the use of diazomethane, each stage proceeds without

difficulty.

CO CcO Co CO CO Co

0o Asi k.o~

Kenner’s method of preparing 2:2’°-diphenyldiacetic acid gave
an overall yield of 25%, starting with 2:2’-bis(bromo-methyl)
diphenyl. In the final stage of the synthesis it was not found
necessary to continuously extract the acid with ether, as

described by Kenner, since the acidification of the alkaline
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hjrdrolyalB product readily precipitated the acid in almoet

quantitative yield.



