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STUDIES IN TEE PREPARATION OF LIETA- 
BIPRENYL CCW'OU1'DS 

I. flTThODUCTION 

After reviewing the literature related to bipl-ìenyl 

compounis, it is surprising to note the lack of investi- 

gations concerning the moriosubstituted neta Ierivatives. 

The syaetrical derivatives, the multisubstituted deny- 

atives, and the orthc an para monosubstituted derivatives 

of biplienyl seem to be very well investigated. 

In many theoretical investigations, the comparison 

of the biphenyl radical requires quantities of the ortho, 

meta, end para derivatives. Pecause the meta derivative 

is not easily obtained, many of the theoretical studies 

cannot be made. 

This research was therefoe proposed to nake a 

systematic investigation o the meta derivatives of bi- 

phenyl, and, if possible, to improve and coordinate the 

existing methods of synthesis in such a manner as to make 

this type of compound readily available In good yields 

f or further studies. 



iistorical,-- The preparation of derivatives of bi- 

pl-ìenyl attracted the attention of many workers as early as 

1872, when Schultz (73) prepared the bromo derivative 

which has since been proven to he para bromo hiphenyl. 

Throughout this work the tenn "biphenyl", as applied 

to two linked benzene nuclei, will be used. The following 

system of numbering the rings is now generally accepted. 

Bip1'enyl itself may be readily obtained by psssing 

benzene vapors tirough a hot tube (l,76) which is t1e 

industrial r:ethod used today. As a by-product of the 

:rocess considerable quantities of the ortîio, meta, and 

para diphenyl benzenes are formed, the meta isomer pre- 

dominating. These compounds have been studied by many 

of the earlier 'aorkers, and the meta diphenyl benzene 

has been climcd to have been oxidized, using chromic 

acid, to 3_carboçr biphenyl (2,34,7l,72,74). 

However, the principal product obtained is benzaic 

acid, and the 3-carboxy biphenyl is isolated in only very 

small quantities. This may be a matter of conditions 

and should ideal conditions of oxidation be worked out, 



the meta diplienyl benzerie may serve as a source for t-te 

meta bipheriyl derivatives. 
The s'inrnetrica1 derivatives of biphenyl are readily 

prepared by a reaction developed by Ul3ann (21,82) nd 

co-workers, whereby a substituted aryJ. halide is heated 
with copper powder. This reaction has been used to an 

advantage (19,20) in preparing the various symmetrical 

and multisubstituted derivatives which have been v.ridely 

studied because of their interesting property of re- 
stricted rotation and consequent optical activity (2). 

The direct substitution reactions with biphenyl, 

such as nitration, halogenation, and suJlonation, pro- 
duce unsymmetrical biphenyl derivatives; and ll enter 
tlìe biphenyl nucleus in the 2 or 4 positions, with the 
largest amount entering the 4 position, end none at all 
in the 3 position. This is probably the principal reason 
why the ortho and para biphenyl derivatives have been 

well investigated (27,32,57,60,65,76,78,85,86,87,88,s9, 

90). 

The unsetrical derivatives have been prepared 

by many unique reactions. I-owever, most of them are 

rather limited in their application and require un- 

usual materials for synthesis. Collet (26) treated bi- 



phenyl .iith chloro acetyl chloride and aluminum chloride 

and isolated only p-phenyl phenacyl chloride. 

This result does not quite agree with the sy-nthesis 

of Adam (1), who treated biphenyl with methyl chloride 

and aluminum chloride, isolatirg meta methyl biphenyl. 

Neither does it agree with EpeÏberg and Lowy (20) who 

used dimethyl sulfate and aluminum chloride, isolating 

meta methyl bipi-ìenyl as the principal product with a 

much smaller amount of the para isomer. 

Barth and Schreder (9) fused benzoic acid with sodium 

hydroxide, and obtained small amounts of 3- and 4-carboxy 

biphenyl. Weger and Doring (84) fused fluorene with Po- 

tassium hydroxide arid obtained a small amount of 2-car- 

boxy biphenyl. Graebe and Rateanu 
(39) also used f luorene 

to prepare 2-amino biphenyl in about 50% yields. Sherwood, 

Short, and Stansfield (79) prepared 3-methyl biphenyl in 

70% yields using meta bromo toluene and cyclo-hexanone. 

This reaction involved a Grignard reaction and a dehydro- 

genation. 

The diazo reaction with many modifications has been 

applied with varied success to the synthesis of unsyir'net- 

rical biphenyl derivatives. However, of all the reactions 

investigated, it seems to have the most general application. 
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Previous to 1924, 3aznberger (4,5,6,7), Fischer (23), 

}{antzsch (43), Hirsch (50), nd m&ny others noted the fact 

t1at under certain conditions iazo compounds would couple 

with benzene to :Lroduce derivatives of biphenyl. No gen- 

er.l application of the reaction was made until Gomberg 

and co-workers (37,38) generalized the reaction and ap- 

plied the method to the synthesis of a large nber 

uxìsyriimetrical bipenyl derivatives. The principal cis- 

aavantage was that tie yields seldom exceeded 20%. The 

Gomberg reaction utilized the procedures of Fischer, 

Hantzsch, and Hirsch, whereby a substituted arylamine is 

diazotized and the corresponding diazohydroxide is pro- 

duced by making the solution basic. The concentrated 

aqueous diazohydroxide solution is vigorously stirred 

v.'ith a neutral aromatic liquid, keeping the mixture cold. 

::itrogen is evolved and the substituted biaryl is formed. 

The most characteristic fenture of the reaction is the 

fact that irrespective of the nature of the so-called 

"directing group" the biaryl linkage i3 ortho or ara 

to the group already present. For example, from diazo- 

tized aniline and bromo-benzene, toluene, ar nitro- 

benzene, there was obtained, respectively, 2- and 4-bromo 

biphenyl, 2- and 4-methyl biphenyl, and 4-nitro biphenyl. 



This unusual feature was also earlier noted by 1Zuhliig 

(53,59), .tho, from diazotized p-nitro aniline and nitro- 

benzen, obtained 4,4'-dinitro biphenyl and 4,2'-dinitro 

biPhenyl. This is in exact contradiction to what would 

be expected, especially when diazotized aniline and nitro 

benzene are reacted together. The expected product .';ould 

be 3-nitro biphenyl because of the neta orientation o± 

the nitro group. 

Fischer (33) and Bberger (4,5,6,7) studied the T- 

nitrosoacylarylamines, which are considered as an iso- 

meric form of the diazo compounds. They are probably 

tautomeric with benzBne iso-diazo acetate (4,43,66) 

C6H5N(NO)COCIi3 ------- . C6H5N:NOCOCH3 ---------- 
Ii-nitroso acetanilide benzene iso-diazotate 

because of the fact that tiíey act as diazo compounds in 

coupling with aromatic hydrocarbons with loss of nitrogen. 

A close correlation would therefore be expected be- 

tween the reactions of the diazo hydroxides studied by 

Gomberg and the reactions o-f nitrosoacylarylamines. 3uch 

a correlation has been found by Grieve and Iey (40), who 

have shovm that when nitrosoacetanilide reacts in turn 

with toluene, chiorobenzene, nitrobenzene, and benzalde- 



hyde, 4-methyl biphenyl, 4-chiorobiphenyl, 4-nitrobi- 

phenyl and 4-phenyl benzaldehyde, respectively, are 

formed. The phenyl group enters t:e aromatic nucleus 

at the para position in each case. 

The N-nitrosoacylarylamines are formed by the act.on 

of nitrous fumes cn an acetic acid solution of an anil- 

ide. Fron! acetanhlide, Fischer (33) obtained nitroso- 

acetanilide, which ías later used by Bamberger (7), .iho 

showed that in benzene solution, nitrogen ;as evoLved 

and biphenyl was 'onnad: 

C6H5N(No)cocH3 + C6I * C61i506:15 N2 + CH3COOH II 

Similar reactions vere carried out vîith nitroso-p- 

bromoacetanilide by Hantzach and Jeschsier (43) in 1202. 

Aside from these instances, the reaction received scant 

attention until 1934, when Grieve and ::ey (40) carried 

out the series of reactions between nitrosoacetanilide 

nd various aromatic liquids, shoiiig the close relrtion- 

ship between these reactions and those of the aryl diazo- 

tates studied by Gomberg and his co-workers (37,38). 

Since 1934, the reactions of nitrosoacetanilide and its 

derivatives have been extensively studied by Grieve and 

Hey and their co-iorkers (18,34,41,42,45) until 1940, 
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when the reaction was so developed that they could ob- 

tain unsymmetrical biphenyl compounds in yields of 

approdmately 60% (35,36). The same year, Elks, Haworth, 

and Eey (29) aimounced a modification of the Gomberg re- 

action, giving yields of unsymmetr ical biphenyls as 

high as 60%. 

Recently, Hodgson and L1sden (51,52) offered two 

entirely different approaches to the synthesis of bi- 

plienyl compounds. The two approaches are based on their 

ability to stabilize the diazo compound in such a manner 

as to enable it to be isolated and dried. The dry stabil- 

ized diazonium salt may be decomposed :ith substituted 

aryl hydrocarbons such as benzene, producing the biaryl 

compound in yields as high as 70%. If te dry stabil- 

ized salt is stirred with ethyl alcohol and gradually 

decomposed with zinc or copper powder, it is possible 

to replace the amine group with hydrogen in yields as 

high as 90%. 

In this research, ari attempt was made to apply 

these various methods of synthesis to the preparation 

of meta nitrobiphenyl which would serve as a suitable 

startir material for studies involviig the neta biphenyl 

radical. 



o 

Methods of synthesis.-- For a method of smthesis 

to be of practical value, it is necessary that the start- 

irg material be reasonably easy to obtain ìt lovi cost, mnd 

that good yields be obtained in as few steps as po3sihle. 

Of the many different xìethods of synth$S given in 

the literature applicable to the preparation of meta hi- 

phenyl derivatives, there are several that might be suit- 

able for the preparation of the meta biphenyl derivatives 

in large quantities. The methods fall into two distinct 

classes, direct and indirect. 

Under the direct rethod of synthesis my be class- 

ified the reactions of the nitrosoacylaryismines studied 

by Grieve and Eey and their co-;iorkers (36,40,45). Apply- 

Ing this synthesis to the preparation of m-nitra biphenyl, 

the follo'aing step-wise reactions should be possible; 

m-NO2C6iihC OCH3 + 12°3 ------ ) flINO2C 64i( NO ) COCH3 III 
m-NO2C6HN(NO)COCH3 4 C116 ----- >1. m-NO2C6H4C6H5 N2 

4 CH3COOH Iv 

In reaction III, the nitroacetanilide is treated 

with nitrous fumes, and the nitroso compound formed was 

separated by pouring into ice water. The nitroso corn- 

pound is dissolved in benzene and allov;ed to decompose 
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slowly, producing the desired 3-nitro bip1eny1. The 

reaction is thought to be non-ionic as it is not affect- 

ed by the normal polar directing influences. By study- 

ing the rate of evolution of nitrogen, ;;hich is a good 

criterion of the speed of the reaction, conditions have 

been varied in order to determine the optimum conditions 

for synthesis. In general it was found that for reaction 

IV, a lovi concentration of the nitrosoacylarylamine in 

henzene and room temperature, gave the best results. 

Another direct method of synthesis is that of Elks, 

Haworth, and }iey (29) 'aho, in 1940, modified the omberg 

coupling reaction by substituting 

for the sodium hydroxide normally used. The Gomberg re- 

action has been previously modified by many workers using 

various buffered solutions, but in no case have the yields 

greatly exceeded 20%. In the modification of Elks, aworth, 

and i'ey, using sodium acetate alone, the increased yields 

were claimed to be as high as 6O. The Gomberg reaction 

(:37) has leen definitely established to be inherently 

poor due to the heterogeneous nature of the reaction, and 

due to the tendency of the product, ES formed, to couple 

again, and in this viay, build up higher molecular weight 

compounds. By the use of efficient stirring and a huf- 
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fered alkaline solution, such as given by sodium acetate, 

tìese difficulties are thought to be minimized. The react- 

ion may be represented by the folloviing equations: 

m-NO2C6HI'Thi2HCl - iflTO ---------- m-NO9C6HN2Cl V 

CH3COONa 
m-NO2C6H4N2C1 - C6H6 ---------- m-C6H5C6iJNO2 VI 

The amine diazotized in the noiiìal manner is vigorously 

stirred with benzene, while an aqueous solution of sodium 

acetate is gradually added. The mixture is stirred for 

48 hours, after which the benzene lyer is separated and 

the biphenyl compound isolated. 

Another recent development that may be applied to 

the direct synthesis of meta biphenyl cpounds is the 

method of Hodgson and iarsden (52), using the stabilized 

diazo salt. The stable salt is prepared by addirg to the 

diazotized solution either zinc chloride, naphthalene sul- 

fonic ìcid, or naphthalene disulfonic acid. The precipi- 

tated ouhle salt may be filtered and dried. It is stable 

enough that it may be kept for several weeks. The dry 

salt is suspended in dry benzene and decomposed by s mix- 

ture of acetic snhydride and sodium acetate. As the (lazo 

comDound decomposes, it couples zith benzene to form a bi- 
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phenyl compound. The principal advantage of the isola- 

tion and drying of the diazo salt is that it eliminates 

the usual aqueous medium. The reactions may be illus- 
trated as follo;vs: 

m-NO2C6H1Mi2HCl + HNO2 --NO2c6H4Ncl VII 

m-NO2C6HLtT2Cl . C10H7S03H --. m-NO2C6H4N2C1. C10H7S03H VIII 

(Stable salt) 

m-NO2C6HN2ClC10H7SO3H + C6H6 --, m-C6H5C6H4NO2 N2 IX 

+ HC1 + CloHl?O3H 

The method of Hodgson ar. Marsden may also be applied 

to the indirect smthesis of mcta biphenyl compounds, prin- 

cipally based on the improvement of the method of removal 

of the amine group and replacement by hydrogen (51). ilhen 

the stable diazo salt is suspended in alcohol and decom- 

posed with zinc dust, the diazo group is replaced with 

hydrogen in aost quantitative yielIs. This, therefore, 

makes it possible to use as a starting material such a 

compound &s 4-amino biphenrl, cotinonly called xenylamine 

(63). For, when xenylamine is acetylated, then nitrated, 

the entering nitrc group enters the 2 position of the 

biphenyl nucleus, or ortho to the acetamido group, v±ich 

is already present (10,12). Fichter and Sulzherger (32), 



Bell and Kenyon (11) and Banus and Tomas (8) prepared 3- 

nitro 4-amino bipl-ienyl in better than 80% yields by the 

following series of reactions: 

p- C6H5C6HH2 i. (cH3co)2o ----- >. p-C6H5C6IT4IHCOCH3 X 

p-C6H5C6HI'THC0CH + i-0 ------ -- C6H5_(.i\1HC0CH3 
ro2 

Bell arid Kenyon (11,56), nd Scarborough and Waters (6 

also prepared 3-chioro 4-acetainido biphenyl in better 

than 80% yield by direct chlorination 0±' 4-acetsrnido bi- 

phenyl. Since these compounds seem to be easily obtained, 

the application of Hodgson and Llarsden's method of re- 

placement of the ine group by hydrogen to these compounds, 

should result in the preparation of the corresponding mets 

biphenyl derivatives as iricicated in the following equa- 

tions: 

c6:r5_Q_NiIc OCH3 ---->. C6H5_Q_Mi XII 

C6H5.Q_E2 + HC1 + }'IO2 --9- C6H5_Q_112C1 XIII 

NO2 NO2 

C6H5-Q_T2CJ. + C10H7S03}i ___>1 C6H5..Q-N2C1.C10Hr7SO3H 

(Stable salt) XIV 



Zinc 
H ->. m-C6H5C6H41T02 N2 XV C6H5(D_N2Cl. 10703 

Alcohol 
+ C10H7SO3ZnC1 

Another indirect method of synthesis that may be 

applied to the synthesis of meta biphenyl compounds is 

that resulting from the rearrangements of the diacyl- 

anilies to acylino ketories, studied by Charnan (22), 

Chattaway (24,25), and others (70,80). 

,C OCH3 

ON --------- I'FCOCF + CH3CC-ICOCH3 XVI 
OCH3Q&)CH3 

Applying these studies to xenylarnine, a parallel 
series of reactions should be noted. However, since the 

para position to the diacyline group is already filled, 
the rearrangement should produce only the ortho ketone. 

C6Tu.Q_ 
,COCH2 

N >-C6H5 
'COCH3 

..Q_NHCOCH3 XVII 
COCH3 

Another indirect niethod of synthesis is suggested, 

using the industrially availab 

hyciroxy biphenyl, which may be 

mination of 4-hydroxy biphenyl 

of the preparation of phenol. 

group with hydrogen would give 

biphenyl. 
* The Dow ChemicaJ. Company 

Le cornpound* 3-bronio 4- 

readily obtained by bro- 

(12,13,14,48), a by-product 

Replacement of the hydroV 

the much aesired 3-bromo 



I I. EXPflvIETAL 

1. Grieve and Hey Isodiazo Reactions 

m-itroacetanilide.-- The acetyLtion of rneta- 

nitro niiine «-as accomplished by ref luxig for twenty 

minutes one-half mole of rneta-nitro aniline vith one- 

half mole of acetic aiiydride. The reta-nitro acetan- 

ilìde was precipitated by pouriric into cold water. 

After drying, 89 g. (98%) of mcterial, which r:elted at 
l52-4, was obtained. 

Nitrosation of rn-nitroacetanilide.-- I'ritrous fumes, 

generated by heating a mixture of As203 and nitric acid, 

were passed for 2 hours into a stirred solution of m- 

nitroacetanilic.e (10 g. ) in a mixture of glacial acetic 

cici (150 ml.,) and. acetic arthydride (50 ml.) cooled to 

8. The nitroso compound separated as a yellow oil viren 

the resulting cieep green solution was diluted with ice 

water. This was immediately extracted with benzene 

(600 ini. ) , the extract being washed twice with ice water 

to remove any acetic acid. The benzene extract was kept 

at room temperature over aniiycrous sodium sulfate as ni- 
trogen vias slowly evolved. After 24 hours, the decanted 

solution was concentrated to a thick viscous, black mass. 

The viscous mass was purified by vacuum distillation (20 
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mm.) and recrystallized from methyl 1coho1. The yield 

was 1.5 g. (14%) of 3-nitro bipheny]. with a m.p. of 59- 

600, previously reported as 58.50 (32) and 610 (37). 

This was no improvement over the Gomberg reaction, 

although Grieve nd Hey claimed yields as high ac 6O. 

The reaction was repeated and an attempt made to control 

the evolution of the nitrous Thmes in such a manner as 

to give a steady rate. It was believed that the great- 

est loss occurred during the purification process. The 

boiling point of 3-nitro biphenyl was 195° at 20 mm. 

pressure, which made fractionation difficult. After 

repeating the nitrosation twice, the yield rose to 20%, 

and the control of the nitrosation still was unsatis- 

factory. 
In a more recent publication, Haworth and Hey (45) 

found i.t more advantageous to prepare the nitrous fumes 

by the action of dilute sulfuric acid on solid sodium 

nitrite, rather than from rsenious oxide and concentrated 

nitric acid. The reaction was repeated using this modi- 

fication. Only three grains (27%) of 3-nitro biphenyl vi'ere 

isolated, and some of the original m-nitro acetesiilide ws 

recovered, indicating incomplete nitrosation. Because of 

the difficulty of obtaining the nitrous fumes, the method 
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was discarded. However, a further study of this react- 

ion should be made. 

2. Kodjson and Liarsdents Biaryl Synthesis 

4-acetarnido biphenvi.-- One mole of p-amino bi- 

phenyl (xenylamine ) was acetylated by refluxing for 30 

minutes v;ith one mole of acetic arthydride. The reaction 

micture was poured into a large volume of cold dilute 

hydrochloric acid; tho precipitated mass broken up and 

filtered, washed severu1 times and dried. The dry pro- 

duct (201 g., 95%) melted at 169_1700, previously re- 

ported as 170° (8). 

alysis. Calculated for C14H130N: N, 6.63% 

Found: N, 

3-chioro 4-acetamido bipheny1. Chlorine (7.5 g,) 

was slowly bubbled through a solution of 4-acetamido bi- 

phenyl (0.1 mole) in glacial ìcetic acid (300 ml.) in a 

tall vessel. A large precipitate began to fox at once, 

and after the completion of the experiment, the mict.ure 

was diluted with 250 ml. of cold water. The light cream 

precipitate was filtered off and dried. 19 g. of product, 

n .e1tin; at 143-146°, was obtained. Recrystallization 

from alcohol gave colorless needles witii a me1tirg point 
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of 145°, previously reported as 146° (10). 

Analysis. Calculated for C14H12011C1: Cl, 14.5 

Found: Cl, 

3-ciJ.oro 4-airiino biphen1.-- T:e hyro1ysis of - 

cìloro 4-acetamio biphenyl was attempted using 65% sul- 

furie acid and warning on a steam bath. After making the 

solution basic, a material with an indefinite melting point 

(130-140°) was isolated. This was obviously unsatisfactory 

since the melting point of 3-chioro 4-amino biphenyl is 

69° (10). The product was essentially 3-chiaro 4acetam- 

ido biphenyl. Eydrolysis was next attempted with 10% 

alcoholic hydrochloric acid heating on a steam bath. On 

cooling, the hydrochloride separated in fine colorless 

nedles; m.p. 2100. The free base was obtained by neut- 

ralizing the hydrochloric acid vrith 30% sodium hydroxide; 

m.p. 69-70°, yield, 23 g. from 27 g. of 3-chiaro 4-acet- 

amido bipherxyl. 

Analysis. Calculated for C12H17NC1: N, 6.8% 

Found: N, 

3-nitro 4-acetrido bi.Dhenvl.-- To 4-acetamido bi- 

phenyl, (27 g.) dissolved in glacial acetic acid (23 ml.) 

viere added 26 ml. cf concentrated nitric acid. The mixture 
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ws wanried ±'or 9 i;ours, and finally poured into large 

volume ol' water. A redaish brovrn tarry mass was ohtE:ined 

from which no alcohcl soluble material could be extracted. 

The nitration was repeated using a mixturc of fuming nitric 

acid (d. 1.52) anca glacial acetic acid, refluxing the re- 

action mixture for one-half hour. The reaction mixture 

was then allowed to cool, and the mixture poured into 

twice its volume of water. The resulting deep :eJJow 

precipitate WaS filtered off and dried. Yield, 40 g. (92) 

m.p. 1280. After recrystallizing from alcohol, long 

yellow needles witi a melting point of 1320 were obtained. 

Tuìe melting point previously given was 122° (8). 

3-nitro 4-amino biphenyl.-- The hydrolysis of the 

acetamido compound was accomplished by treating a warm 

alcoholic solution with 50% potassium hydroxide. The 

solution immediately turned deep red and a large amount 

of red needles separated out. From 39 g. of 3-nitro 4- 

acetamido biphenyl, there was obtained 30 g. (94%) of 3- 

nitro 4-amino biphcnyl, m.p. 169-170°. 

Analysis. Calculated for C12H1002N2: N,13.1% 

Found: N, % 

2-nitro biDhenyl.-- The method of Hodgson and Mars- 
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den for te re1acernent of the inine group with hydrogen 

'Nas applied to 3-nitro 4-amino biphenyl. Thirty grams 

of the amine was made into a paste and iazotized in the 

normal mmnner. To the diazo solution was added an eeuiv- 

aient quantity o± naphthelene 1,5 disuJíonic acid* (40 g.). 

After a few minutes, a precipitate of the stable double 

salt separated out. The stable sait vi-as filtered off, 

and the dried salt suspended in ethyl alcohol. To the 

suspension 40 g. of powdered zinc was gradually added. 

After the evolution of nitrogen, the reaction mixture 

was extracted with ether** and the ether extracts con- 

centrated. Yield, 10 g. (35%) of 3-nitro biphenyl, m.p. 

600. 

The method of Hodgson and Marsden for the union of 

two aryl nuclei vías next applied to the synthesis of 3- 

nitro biphenyl. I.:eta nitro aniline (0.5mole) was diazo- 

tized in the normal manner. To the filtered solution 

was added a paste of naphthalene 1,5 disulfonic acid 

(0.5 mole). A light cream precipitate of the stable salt 

was aost immediately precipitated. After filtering and 

* Furnished by National Aniline Chemical Company 

** It has subsequently been shown that 'enzene or 
chloroform is the better extractnt and should 
give a better yield. 
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drying, the dry salt was suspended in benzene (600 ml.) 

and gradually decomposed with a mixture of fused sodium 

acetate (60 g.) and acetic anhydride (20 ml.). After 

48 hours the mixture was waned until nitrogen ceased to 

be evolved, ar the benzene solution separated and con- 

centrated. 
It was found best to purify the concentrated benzene 

solution of C-nitra biphenyl by the use of superheated 

steam at 210°, maintaining the temperature of tite material 

to be steam distilled at 210° by means of' a wax bath. At 

temperatures lower th this, the disti11Etion is too long 

and tedious because of' the low volatility of the 2-nitro 

biphenyl with steam. At temperatures exceeding 220° the 

yield is decreased by the tendency to char and po1erize 
to a tarry mass. From t1e steam distillation, the 2-nitro 

biphenyl separates out as light yellow crystalline mater- 

ial which on recrystallization from alcohol had a melting 

point of 60-61e. Yield, 32 g. (40). 
The reaction was repeated, but t1e yield remained 

the sanie (4O). 
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E1ks I.;orth, and }ey Diazo Coupling 

3-nitro biphenrl.-- One half mole of m-nitro 8niline 

was diazotized in the normal manner, and to te f ilteied 

solution was added 1000 ml. benzene. To the mixture main- 

tamed at 5_80 and well stirred, was added 80 g. of a sol- 

ution of sodium acetate in 200 ml. of v;ater. Stirring was 

continued for 48 hours, the reacti.on being allovied to 

proceed at room temperature after the first tLree hours. 

The benzene lzyer was separated and distilled iith super- 

heated steam (2100) after removal of the excess benzene. 

Yield, 26 g. (30%). 

The method was repeated usin two stirrers, which 

made the reaction mixture more homogeneous. On two 

successive runs, the yields rose to 44% and 57%, which 

was quite satisfactory. 

4. I.iscellaneous 

4-cliacetylamino biphenyl.-- This wasprepared after 

the method of' Scarborough and Waters (?0), whereby 4- 

acetamiclo biphenyl (7g.), s previously prepared, is 

refluxed with acetic anhydride (35 ml.) and sodium acetate 

(3.5 g.) for six hours. The crystalline material produced 
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was filtered off and recrystallized from Petroleum ether 

(b.p. C0-E0°). Seven grams (83%) of fine white crystal- 

line material, m.p. 1210, was isolated. The m.p. was 

Dreviously given as 121° (70). 

3-biomo 4-hydroxy hiphenyl. -- A crude sample of 

this material was obtained from the Dow Chemical Company, 

anú after three recrystallizations from hot alcohol, ob- 

tamed a vthite crystalline material, m.p. 94,50e 

Analysis: Calculated for C12H8Br(OH): 0H, 6.83% 

Found: OH, 6.9 % 

An attempt was made to produce -bromo biphenyl by 

removal of thc hydroxyl group from this e ompound using 

zinc dust. One-fifth of mole of -bromo 4-hydroxy bi- 

phenyl was mixed with one-fifth of a mole of zinc dust, 

the mixture placed in a small distillirg flask .nc heated. 

The boiling point rapidly rose to greater than 360°, and 

on cooling, the material solidified to an insoluble black 

resinous mass. From this mass no product could be ex- 

tract.ed with alcohol or ether. 

3-bromo 4-methoxy biphenyl.-- i;enty grezns of re- 

crystallized 3-bromo 4-hydroxy biphenyl (m.p. 94.5°) was 

dissolved in 10% sodium hydroxide (40 ml.), shaken with 

12.6 g. of dimethyl sulfate, diluted with 40 ml. of water. 



After half an hour the mixture was warmed on ? water bath. 

The granular solid, which separated on cooling, gave on 

recrystallizing from alcohol, 2-bromo 4-methor biphenyl, 

m.p. 76-77°. Yield, 20 g. or 95%. 

Analysis: Calculated for C12H8Br(cCH): 0CH3, 11.8% 

Fauno: h3, 
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III AXALYSIS OF RESUlTS 

The preparation of rn-nitro biphenyl.-- Tie results 

obtained from the different syitheses tried indicate that 

the application of the method of Elks, Hav.orth, and Hey 

is the most promising. The method of Grieve ai Hey, in- 

volving the use of nitrous fumes, was, i.n general, un- 

satisfactory, because of the difficulty of handling the 

nitrous fumes, and the control of their production. The 

method of Eodgson and I.arsen was quite promising, but 

because of the large amount of nphtiia1ene 1,5 disulfonic 

acid required, this was abandoned in favor of the Elks, 

ïaworth, and ILey modification. It was also found superior 

to use superheated steam (2100) for the purification of 

the -ritro biphenyl in preference to solvent extraction 

or vacuum distillation. The following modified procedure 

was found to give the best yields (57%). 

The diazotization of m-nitro aniline (0.5 mole) is 

followed in the usual m.nner, keeping the volume at a 

minimum. To the resu1tin; filtered diazonium solution 

benzene was added and tire mixture vigorously stirred. 

A solution of sodium acetate (SO g. of trihydrate) in 



iater (200 ml.) was gradually aice. Stirring ;as con- 

tinued í'or 4 hours, the reaction beinr allowed to tate 

place at room temperature after the first tLree hours. 

The benzene lyer was separateà, the benzene d$tille1 
off, transferring the residue while still warm to 

flask for stean distillation. The lask cotainirig the 

material to be steam distilled was heated in a wax bEth 

to 2100. After te removal of t1e residual 'oenzene, the 

flask was connected to a source of superheated steam 

maintained at 210°. The 3-nitro biphenyl separated in 

light yellow crystals, and may be filtered off and dried. 

The fairly pure product may be recrystallized from ethîl 

alcohol, giving a product with a melting point of 60_610. 

ifl connection vrit the literature survey, it as 

thought advisable to tabulate tie various physical con- 

stants of the m-biphenyl compounds. The results are 

shown in table I. 
In dealing vdth the problem of purification of.the 

3-nitro biphenyl, the solu'oilities of 3-nitro biphenyl 

were detexined and the results tabulated in table II. 



TAPTJ I 

PHYSTCA1: CO'STA '. C P :ìi-i' CPCT'1 

TA1 
FCRT'!UtJA _____ 

3-nitro rn-C65CFT4'C2 ic 

3-amino 
!fl_C6F5C61141\TP2 

3-acetarno 211 

3-c'rano 
rnC6HCeH4C 

3-car'oxy I_C6FC6TT4CCCE 198 

3-chioro m-C6H5CH4C1 'PP 

3-bromo1 m-C6H5C6H4Br 233 

3-ioco 
m_C6HCTT4I 

3-hyt9roxy !'iC6HC6F4CF ]'70 

3-et.hoxv 
rn-C6FCH4CC2Hr 197 

3-methyl2 m-CH5C6H4CH3 

3-thenyl 
m_C6115C6F14C6T-T5 

23C 

- . 1.4].O . 1W,. P41 1 

2 - 9.1.031 n.l.9F 

- r' 

n 

30 

14'? 

49 

100-1 

Pg 

34 

P0-7 

rr mm.'res. 

20 

rr:4° 135 

Po1übìl ir 

s. a' c. ,ethor 

s.. s.'i. ,s.alc. 

s. etber,en7.e"e 

2P4° 

l7O-3 1 

i95-7 20 

si. s.'. ,v. . C. 

ql e. ,ther 

14R-9° 20 

3P3 S.b.a1C. ,.ther 



2 

TABLE II 

Solubility oÍ' mcta-nitro biphenyl 

Solubility in g./ 100 ml. 
Solvent at 25° at the B.P. of the solvent 

Ether 50 170 

Ethanol 2.5 36 

Isopropyl 2 J_5 

Chloroform 150 

Methanol 5 

Because many compounds have characteristic spectral 

transmission curves, these were determined for sorne of 

the unsylriffletrical biphenyl compounds, by means of a 

Cenco-Sheard Spectro;hotclometer. These characteristic 

curves are shown in figure I. 
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IV STJL.!ARY 

1. The various methods of smthesis that could 

be applied to the synthesis of the rn-biphenyl deriva- 

tives have been tried. 

2. Concitions which gave satisfactory results 

viere not fou±id for the method of Grieve and Hey. 

3. The method of Hodgson and Larsden may be applic- 

able, but requires the use of large quantities of naphthal- 

ene suif onic acid. Yields obtained by this method were 

as high as 40%. 

4. The method of Elks, ::,rorth, and Hey was found 

to be the most satisfactory, obtaining yields as high as 

57ç;. 

5. An improved method o± synthesis for 3-nitro hi- 

phenyl is given. 

6. The solubilities of meta nitro biphenyl in saTie 

of the connon organic solvents was äetexnined and tabu- 

lated. 
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