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Introduction 

There is a large group of substituted ethers among the biphenyls 

which needs to be synthesized, particularly with a view toward obtain­

ing asymmetric carbons i n ~lkyl groups attached to the biphenyl nucleus. 

This necessitates the use of anitpodes of previously resolved alcohols, 

and those ethers with asymmetric carbons joined directly to oxygen 

are of particular interest because of the difference in effect which 

optically active solvents of the alcohol type might have on their 

ultraviolet absorption spectra. 

This work is directed toward the preparation of the methoxy-
/ 

ethoxy-, and sec-butoxybi}ilenyls, by a means which can be extended 

to the preparation of several optically active ethers. The prepara­

tion of the optically active ethers i s to be accomplished by using 

one antipode of a previously resolved alcohol. 

Problem 

The problem is to prepare an alkoxybi}ilenyl by means of the 

Williamson ~'ynthesis. The position which the alkoxy group is t o 

occupy on the biphenyl ring must be sufficiently activated so that 

the alkoJ<Y group may be substituted into the molecule. The starting 

product in each of the experiments of this work was a 4-nitro-4 1-

bromobipb.enyl. It is to be determined whether the nitre group in the 

4-position will sufficiently activate bromine in the 4Lposition, to 

allow substitution with an alkoxy group. 
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Activation of the 4 '-Posi t i on of 4-Subs ti tuted Biphenyls 

It i s found that the bond di stance betv1een the carbon atoms 
0 

joini g the t wo benzene nuclei of t he biphenyl molecule i s 1.48 A, 

3 whi ch i s bet ween t hat of a double bond and a s i ngl e bond. 

Table 1 
I 

Car bon to Carbon Bond Distances of Pertinent Organic Substances 

Subs tance Bond Distance l Bond Character Method of Determi nation 

diamond 1.542± 0.001 C- C X-ray 

ethane 1. 55 :1: 0.05 C- C electron diffraction 

.biphenyl 1.48 C-C 
, ✓' 

X-ray 

ethylene 1.34±0.02 - C•C- electron diffraction 

vinyl-
chloride 1. 38 X- C=C electron diffraction 

benzene 1.40± 0.01 C- C electron diffraction 
I 



- 5 -

'This is attributed to resonance within the biphenyl molecule , 4 of 

which there are fourteen chief resonance contributors, four each 

for structures I, II, and IV, and two for structure III. 

- + + oo 6b too~ QO+ 
I JI JII N 

The relationship between the carbon to carbon interatomic 

distance and the amount of double bond character for a s irtgel, bond­

double bond r esonance may be illustrated by Figure 2.24 

I 

Double Bond Character BetV1een ,Carbon Atoms 

lo o5 00 

~ D OUBLf BOND CUARACTfR 
Figure 2 

Biphenyl has a bond corresponding to about 14% double bond character.5 
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The effect of a nitro group substituted in t he 4-position of 

the biphenyl molecule should enhance the double bond form of the 

biphenyl molecule, as the nitro group tends to draw electrons from 

the ring through f our principal resonance forms. 6 

---

· This is evidenced in part by an examine.tion of the effect of the 

nitro group upon the dipole moment pf the molecule . 

Table 2 

Dipole Moments (Debye Units) 

Compounds and State of Aggregation7 

Compounds Solution Vapor 

benzene 0 .00 D C' .00 D 

nitrobenzene 5. 97 D 4.24 D 

The effect of the electronegative nitro gr oup substituted in the r i ng 

is to mB.ke electrons less available to the ortho and para positions, 

thus a.ctivating halogens in those positions. Considering chlorobenzene 

illlder laboratory conditions , the exchange of NH2 for C~ cannot be 
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,effected.lo However , with a nitro group substituted on the ring, 

ortho or para to the chlorine atom, the reaction will take place 

under conditions of moderate heat and pressure. 

~O RfACTioN VNDER 

LIi BORATORY CONDITIONS 

Simila.rly, chlorobenzene will not enter into a Wilriamson Synthesis 

with ease, but when a nitro group is introduced ortho or para to the 

chlorine atom, the reaction will te~ e place.11 

Th h li · t· t· 22 ' 17 ·t 1 d d th t .i.i t roug ear er inves iga ions 1 was cone u e a w1e wo 

nuclei of the biphenyl derivatives resonated independently. However , 

more recent investigations by C. G. Le Fevre and R. J. W. Le F;vre, 20 

reveal that the independent resonance of ilie benzene nuclei is not so 

complete a s first thought. These investigations were mB,de on a number 

of comparisons of the dipole moments of para substituted benzene 

derivatives and the 4-4 1 substituted biphenyls. 
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Table 5 

Dipole Moments of Substituted Aromatic Compounds 

Compound Dipole Moment Compound Di pole Moment 

O O J: I.So D of f.+l 0 

00°~ 1-64 0 Qor 1-55 D 

QQN02, 4_,, D ONO~ t.o 3 D 

Ul> Q Q~of. G-4-'- D 

H/0 No2, ,. Ji D ~Noo{h- J.30 D I tl/0 6l-- ~-B~ D 

Resonance between benzene rings of bi phenyl i volves 'JI" orbitals , 

directed orbits of electrons of doubly bonded carbon , symmetr ical 

about an axis perpendicular to the plane of the rings. For- resonance 

to exist i n the biphenyl molecule, it i s necesse.r y that the 7r orbitals 

of the adjacent 1,1' carbons be paral lel . This requires t hat the 

t wo rings constituting t he biphenyl molecule be coplanar. Any i nfluence 

t ending to turn the rings out of copl anarity will thus disrupt the 

1f orbital s and reduce resonance. Groups substituted in the 4 ,4' 

positions of the biphenyl molecule off er no steric hindrance to the 

coplanarity of the mol ecule. In a s tudy of the ultr aviolet absorption 

25 
s pectra of several of the substituted biphenyl compounds , Rodebush 
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and Shaughnessy , showed t hat in several ca ses 4•, 4' substituted 

biphenyls have greater absorption than uns ubstituted biphenyl, as 

shown in Fi gures 3 and 4 . 

Extinction Coefficient of Biphenyl and 4-, 4 ' 
Di methylbiphemyl in t he Ultraviolet Region. 

l {I) 

z Zl-l"'(J (l) 4·, 4 ' Dime thyl-llJ -- biphenyl 1.,1 

~ /l;NtJ 
II... 

(2) Biphenyl 1.1,l 
0 /",""" v 
z 
c:) 

j:: J;'d(IQ 
\..) I c:. -I-

~ 2400 ~Sto h IN A0 

Figure 3 

Extinction Coeffi ci ent of Biphenyl, 4 ,4'-Dinitr obiphenyl , 
and 4,4'-Dibromobiphenyl in the Ultraviolet Region.28 

i .,.. "cO 

(1) 4,4 '-Dinitro-
biphenyl 

I- ' (I} 2 
( 2) Biphenyl L.u - £~114~ \.) 

Li: ( 3) 4 ,4 '-Dibromo-~ 
Lu /6:tUJO biphenyl 
~ 
~ /~040 
C 
i::: 
~ ~t,10 . 

i:: 
~ 0 

!WOO ~100 .J,0110 s,:1110 J,~ "" >', IN ,4 

Figure 4 
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As ultraviolet absorption i s an i ndication of the double bondedness 

of a compound, the resonance necessitating a double bond between 

carbons 1-and l'-in these substituted derivatives must be i ncreased. 

The nitro group in the 4-position of the biphenyl molecule 

will produce an. inductive and r esonance effect, that is electrons 

will be drawn from the rings t o produce a greater amount of the 

resonance form: 13 

I 
This re sone.nce effect will be at the expense of carbon atoms 3, 5, 

and 4 ' , thus making those positions r elatively vulnerable t o electron 

donating reagent s . A bromine atom substituted in t he 4'-position 

would be less s trongly bonded to the 4 '-carbon due to the resonance 

effect produced by the nitro group in removing electrons fr om t he 

4 1-carbon, t han if the nitre group were not present , and it is con­

ceivable that an electron donating reagent could replace t he 

bromine in the 4 '-position. 

0 \ ~ .• 
---t> t-N=\::/"'\d : .<r CZ J.I S 

I 
~ + 

l\lo. B t-

It is t he purpose of this problem to determine whether or not such a 

reaction will t ake pl ace under moderate conditions of temper a ture. 
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Color 

4-Nitro-4'-alkoxybiphenyls would be expected t o be colored 

compounds due to the chromophoric nitre group. The alkoxy group in 

the 4 1-position behaves as a color in·l;ensifier to the nitro group. 

It has been recognized that this functions to increase resonance 

within the molecule,15 thus shifting the absorption band into 

lower frequencies and deepen ing t he color. Witt recognized these 

color-intensifying agents , listed in the order of decreasing eff ect:14 

NR2 ) NHR ) NH2 ) OH ) OCH3 
I 

Halogens also increase color in the order: 

I ) Br) Cl 

4-Nitrobiphenyl exists as pale yellov, needles and 4-nitro-4'­

bromobiphenyl as yellow brovm crystals. Bell and Kenyon reported 

that 4-nitro-4'-methoxybiphenyl crystallized from alcohol in yellow 

needles, 1 and it may be anticipated t hat the ethers sought for 

in this investigation will be colored. 
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Methods of Preparation of Ethers 

The most widely used method of preparing mixed aryl alkyl 

ethers is the Williamson Synthesis . 18 It may be represented by 

the following general equations: 

R. O. Na + R' X ~ R.O.R' 

R2 S04 + Na.O.R. --+ R. O.R ' 

R-aryl group 

R'-alkyl group 

Na X 

R' Na S04 

Experimental conditions vary wii ely , and are dependent largely 

upon the reacti vities of the substances employed. 4-Ethoxybiphenyl, 

4-propoxybiphen 1 , and 4-isopropoxybiphenyl were all pr epar ed from 

4-hydroxybi phenyl by the react ion : 8 

QQoNa. + RBt- oooR + No.Br 

This method, if applied to the preparation of an opt ical ly active 

ether by using an optically active alkyl halide, might prove i n­

effectual due to r a cemizati on of t he al kyl group during the reaction, 

if t he asyinrr.etric center is adjacent to the halide. If at any 

time the optically active alkyl group exists as a carbonium ion, 
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the retention of optical properties woul ' de end on t estability 

of this positive ion, so that racemization of the i on would yield 

a racemic f orm of the alkoxybiphenyl . 

Wallis 

ions of the 

and Adams ,27 submitted evidence to show t hat carb&nium 

type:[,« :f~ ]- are spatially suf'ficiently stable to 
~ .. 

R3 
maintain an asymetric configuration during s. reaction . Also t hat 

carbonium ions of the t ype [R :f ] +- are optically uns t able, except 
2. .. 

~3 

in the absence of a special mechanism which leads to a Walden in-

version . Evidence was also submitted t demonstrate the optical 

i nsta.bili ty of free radicals of t he1 type [ f?:f•] 2.·• 
R3 

Thus any preparation of an alkyl ar 1 ether i nvolving either 

carbonium ions or free r adicals will result in an optically inactive 

product. 

In the preparation of an aryl alkyl ether, it is conceivable 

that an inversion might t ake pl ace, as in Figure 5. 
R' R' 

,'Cr: .. 
R 

R' 

R~:.?:00 + 

H 
Figure 5 

R 

. , 
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This r epresents a nucleophilic, or electron pushing attack by the 

aryloxyl on on t he molecule . Le is23 accounts for i nversion by 

assuming that the entering r adical, i n this case, QQ: ~: -
becomes temporarily attached to t he central car bon a t om, at t he 

tetrahedral face opposite t o the bromine at om . A slight shif t of 

the asymmetr ic carbon would make it t he center of a new tetrahedron, 

while t he bromine a t om becomes det ached . Thus, t he new molecule 

is the mirror i mage of t he original, with the exception that t he 

.. -
ion has replaced :~r: 

I 

Kenyon an Mc Nico119 in t heir investigations of t he normal 

aliphat ic ethers of d-2-octanol , advanced a general method f orte 

preparation of optically active ethers . To d- 2-oct,anol was added 

potassium metal . The potassium 2-oct[oxid]e ,Zhow:d 

whereas the original alcohol showed a -t IC,-4o 
.S'l6{ 

Ta ] ''+ '"· 36° L' .f'l(;I 

Thus it was 

concluded that no racemization of t he optically ac tive component 

r esulted. The d- potassium- 2-octoxide was refluxed with an alkyl 

halide. The pr oduct obtained was an optically active ether. 

CH3C~CHr,CH,_CH~cui.cH-c:.H3 ~ Cll3C#,,t!f/,,~I-I..., CH CII C/1 CH 
' ,v h - z k. I l 

OH oK 

c U3 ~ Ua. ~fl~eu1i. c Hr., c H~ ~ ,, ct-13 R- a.-~ c H3 c 112. c 112. C! JJ1 c IIR- C! llt 91~ cu 3 

OK OR 
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This method was employed successfully i n the preparation of the 

followi ng ethers: 

Methyl d- sec-octyl ether 

Ethyl d- s ec-octyl ether 

n- Propyl d- sec-octyl ether 

n-Butyl d-sec-octyl ether 

n-Butyl d- sec-octyl ether 

n-Hexyl d-sec-cctyl ether 

n-Octyl d-sec-octyl ether 

I 
Thus it seems evident t hat t he optical activity oft· e asymmetric 

carbon atom is preserved by t he presence of the oxygen at om . It 

is reasonable t o assume tha t this method can be extended t o the 

preparat ion of an opticall y active aryl alkyl ether , by using t he 

sodium or potassium alkoxide of an antipode of a previously resolved 

alcohol , and a.n aryl halide . 

Fer ns and Lapworth12 descr ibed a..~other general method by which 

optically active ethers may be prepared . This method employs t he 

potassium alkoxide of one antipode of the optically active alcohol 

and the p-toluenesulfonate of the other component of t he et er. 

An example of t his method is t he prepar ation of ethyl d- sec-octyl 

ether. 
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C H3 CUR. C Hi C' Iii C llz_ C Iii ~ H CI/ 3 

OCa.i-ls 

Kenyon and Mc Ni col used t hi s method in the prepar a tion of the 

They f ound that t he et her thus prepared ethyl d-sec-octyl ether. 
1qo 

had [a ]~~03 This figure compares very closely with that 

of t he same ether prepared by using ethyl br omide, which has a 
11-8° 

value [a ] +8.oB It may be a ssumed that opticall y active ethers 
,f.fl,I 

may be prepared equally a s eff ecti v,s!ly by either of t he t wo methods. 

In this work, the method advanced by Kenyon and Mc Nicol was 

adapted for t he preparation of t he aryl alkyl ethers . 

Hi s t orical Background 

Bell and Kenyon2 prepared 4-nitro-4~methoxybiphenyl by adding 

small quantities of methyl sulfate and potassium hydroxide t o a 

I 
hot solution of 4-ni tro-4-hydro.xybiphenyl i n dilute aqueous potas-

s ium hydroxide until t he r ed color di sappeared. When filtered hot, 

this cr ystallized from a l cohol in yellow needles , .M.p.111 °. 
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4-Methoxybiphenyl, on direct nitration, yields about 80% of the 

3-nitro-4 '-methoxybiphenyl, and about 15% of the 4-nitro-4'-methoxy­

biphenyl . 

9 
Dains, Andrews, and Roberts prepared 4-ethoxybiphenyl by 

adding diethyl sulfate to a solution of p-phenylphenol and potassium 

hydroxide . Upon nitration of the 4-ethoxybiphenyl with fuming nitric 

acid, t wo products were obtained. The greater fraction, 3-nitro-4'-
o 

ethoxybiphenyl, M.p. 110, and a lesser fraction of the 4-nitro-4 '-
0 0 

ethoxybiphenyl, M. p. 65-70 . 
I 

No information could be f ound concerning the methods of 

preparation or physical characterist ics of 4-nitro-4'-sec-butoxy­

biphenyl. 



- 16-

Experimental Work 

A. Preparation of 4- Nitro-4'-Bromobiphenyl 
,, 21 

According to the method of Le Fevre and Turner, a mixture 

of 100 gre.ms of 4-ni trobiphenyl and 200 cc of gle.cial acetic acid 
0 

was hea ted on a water b8.th at 100. Fifty cubic centimeters of 

bromine was added over a period of l½ hours, and heating was 

continued for 2 hours . The product we.s co led, filtered, end 

recrystallized from glacial acetic acid. This yielded 4-nitro-
o 0 

4'-bromobiphenyl, pale yellow crys,als , M.p. 169-171, i n a 58% 

yiel d. 

B. Attempted Synthesis of 4- Nitro-4 '-Methoxybiphenyl 

Sodium methoxide as prepared by addi ng 2 grams of sodium 

16 
metal to 60 cc of absolute methyl alcohol , The reaction was 

assumed to be complete when the evolution of hydrogen ceased. 

Ten grams of 4-nitro-4'-bromobiphenyl wer e a.dd.ed,and the mixture 

refluxed with constant stirring for 7½ hours. The product was 

cooled and filtered, and the filter cake washed with boiling distilled 

water. A small portion of the water filtrate was acidified with 

nitric acid, 1 and silver nitrate was added. There was a negative t est 

for bromine. The substance consisted of brilliant yellow cr ysta l s , 
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0 0 
M. p. 170-172, in nearly quantitative yield, and gave a deep red 

color with concentrated sulfuric acid~6 

Reduction of the Reaction Product of Sodium Methoxide and 

4- Nitro-4 1-Bromobiphenyl 

Five grams of the reaction product of -sodium methoxide and 

4~nitro-4 1-bromobiphenyl , and 40 cc of 95% ethyl alcohol were 
0 

brought to boiling on a water bath at 100. A solution of 18 grams 

of stannous chloride in 20 cc of c6ncentrated hydrochloric acid 

was added slowly. Heating was continued for 1 hour. Upon cooling, 
I 

El ,1vhi te gelatenous pracipi tate formed. A slight excess of 20% 

potassium hydroxide was added, and the product was recrystallized 
0 0 

from 90% ethyl alcohol , pale yellow crystals , M.p. 143-144. The 

melting point of the reduction product corresponds to the melting 

point of 4-amino-4 1- bromobiphenyl. Tests for bromine are positive. 

C. Attempted Synthesis of 4-Nitro-4 1- Ethoxybiphenyl 

Sodium ethoxide was prepared by adding 2 grams of metallic 

sodium to 100 cc of absolute ethyl alcohol. The reaction was 

a ssumed to be complete Yihen the evolution of hydrogen ceased. 

Cherrustry Laborator 



Ten grams of 4- nitro-4'-brornobiphenyl wer e added , and the mixture 

. 0 
was refluxed with constant s tirring on a water bath at 100, for 

5 hours . The reaction mixture was cooled and f ilt ered , and t he 

filter cake washed wi th boiling distilled water . A srna.11 portion 

of t he water f iltrate was acidified with nitric a cid , and si lver 

nitrate added. There was a negative t est for bromine . The subst ance 

consisted. of dark brown crystals , M.p. 23t-240, in nearly quantitative 

yield, and gave a brown-violet color with concentrated sulfuric 

. d26 aci. 
I 

Reduction of the Reaction Product of Sodium Ethoxide and 

4- Nitro-4 1- Bromobiphenyl 

Five grams of this solid, and 40 cc of 95% ethyl alcohol were 
0 

brought to boiling on a water bath at 100. A solution of 18 grams 

of stannous chloride and 20 cc of concentrated hydrochloric acid 

was added slowl y . Heating was cont inued for 2 hours , and the 

mixture wa s cooled , and a s light excess of 20% potassium hydroxide 

was added . Upon addition of t he potassium hydr oxi de, a fine gr ay 

precipitate was obtained . Extraction with 95% ethyl alcohol yi elded 

a substance which upon being recrystallized t wi ce from 95% ethyl 
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0 0 
alcohol, formed light brown cr ysta.ls, M.p. 138-140. Sodium fusion 

test s for bromine wer e positive. 

D. Attempted Synthesi s of 4-Nitro-4'-sec-Butoxybi phenyl 

Sodium sec-butoxide was prepared by adding 2 gr ams of metallic 

sodium to 90 cc of absolute sec- butyl alcohol. The reaction was 

assumed to be complete when the evolution of hydrogen ceased. 

Ten grams of 4-nitro-4'-bromobiphenyl were added, and the mi xture 

refluxed with constant stirring for 5 hours . The mixture was cooled 

and filtered, and the filter cake £ashed with boiling dis tilled 

water. A small portion of the water filtrate was acidified with 

nitric acid, and silver nitrate e,dded. Tests for bromine were 

negative. The product consisted of orange-brown crystals, M. p . above 
0 

500, in nearly quantitative yield, and gave a brown-violet color 

with concentrated sulfuric acid:6 

Reduction of the Reaction Product of Sodium sec-Butoxide and 

4- Nitro-4'-Bromobiphenyl 

Five grams of this solid, and 40 cc bf 95% ethyl alcohol were 
0 

brought to boiling on a water bath at 100. A solution of 18 grams 

of stannous chloride i n 20 cc of concentrated hydr ochloric acid 
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was added sl owly . {eating was continued for 2 hours , and the 

mixture was cooled , and a slight excess of 20% potassiun1 hydroxide 

wa s added . Upon addition of the potassium hydroxide, a fine pink 

per cipitate was obtained . Extraction with 95% ethyl alcohol and 

r ecrystal lization t wice f rom ethyl alcohol yielded golden-brovm 
0 

crystals, M. p. above 500, Sodium fusion tests for bromine were 

positive. 

Conclusion 

.. d 26 / D. Vorlan er prepared p-azoxybiphenyl by the following method : 

0.5 gr ams of p-nitrobiphenyl dissolved i n 15 cc of absolute methyl 

alcohol , was added to a solution of 0. 5 grams of sodium i n, 10 cc 

of absolute methyl alcohol , and boiled . 

z of.JOO+ cU~oNa.~ oo~=NQO 
~ . 0 

By analogy, the product pr e~r ed by the action of sodium methoxide 

on 4-nitro-4'-bromobiphenyl might possibl y be the bromo-azoxy 

compound. 

2 0~tJ000r+ cl-l.JONa. -➔ OrQQ~=NQQBt-
o 

This is further verified by the continued reduction of the reaction 

product of sodium methoxide and 4-nitro-4 1- bromobiphenyl, to yield 
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a compound whose melting point is identical with that of 4-runino-

4!-bromobiphenyl . Thus it may be assume . that the preparation of 

t he methoxy-biphenyl ether cannot be effedted under t he conditions 

of this experiment. 

The reaction products of sodium ethoxide on 4-nitro-4 1-bromo­

biphenyl, and sodium sec-butoxide on 4-nitro-4 1-bromobiphenyl, are 

both highly colored compounds , indicating that a partial reduction 

might have taken place. However, by f urther r eduction, t he 4-amino-

4 1-bromobiphenyl cannot be isolated in either case. From t he 

experimental data , it is possible (o say that the primary products 

in all t hree cases are different, and it is apparent t hat some 

form of reduction has taken place i n all three cases . 

ummary 

Not all poss ible reaction conditions for the preparation of an 

alkoxybiphenyl by the Wi lliamson Synthesis , us ing 4-nitro-4 1- bromobiphenyl 

and a sodium alkoxide , have been explored. However , at conditions of 

moderate temperature and atmospheric pressure, such a synthesis 

cannot be effected. 
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