
Journal of Labelled Compounds - July-September - Vol. IV. No. 3 

‘Synthesis of meta-Terphenyl- 
2,4,6,2’,5’,2”,4”,4”-D8 

P. Ph. H. L. OTTO”, F. STEIN* and G. JUPPE”” 
* Central Laboratory TNO, Delft, Netherlands. 
** Euratom, CCR, Ispra, Italy (’). 
Received on 10th June 1967. 

SUMMARY 

A synthesis of meta-terphenyl-2,4,6,2’,5’,2”,4”,6’’-0, has been 
carried out. From iodobenzene-2,4,6- D, and 2,6-dibrorno-l,4-dinitro- 
benzene, the compound 2’,5’-dinitro-meta-terphenyl-2,4,6,2’’,4’’,6’’- 
D, is formed (Ullmann reaction). By reduction of the nitrogroups 
and subsequent reductive diazotization, two deuterium atoms are 
introduced into the centre ring at positions 2’ and 5’.  The labelled 
meta-terphenyl has been obtained in 15 yield, based on labelled 
iodobenzene. Deuterium substitution is > 98 % at positions 2,4,6,2’, 
5’,2”,4” and 6”, and< 1 % at the other positions. 

1. - INTRODUCTION 

For the study of properties of organic reactor coolants, a series of 
specific deuterated terphenyls were desired. This report describes the syn- 
thesis of one of these, meta-terphenyl-2, 4, 6, 2’, 5’, 2”, 4“, 6”-D,. 

D 

D 

Direct deuteration of the meta-terphenyl molecule specifically at  these posi- 
tions, or direct introduction of groups which can be replaced by deuterium, 
does not seem feasible. The synthetic route followed, therefore, includes, as 
one of the reaction steps, the connection of properly substituted aromatic 
rings : in a double Ullman reaction 2’, 5’-dinitro-meta-terphenyl is formed 

(I) This investigation was carried out under Euratom contract, EUR 130-63-11 ORSC. 
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from labelled iodobenzene and 2,6-dibromo-l,4-dinitrobenzene (see Fig. 1). 
The nitrogroups have a favourable influence on the course of thisreaction[l]; 
in two following steps : catalytic reduction to aminogroups and subsequent 
diazotization and reduction in deuterated hypophosphorous acid, the nitro- 
groups are replaced by deuterium. 

The possibility of randomization of the deuterium distribution in the 
outer benzene rings during the Ullman reaction, or during the catalytic 
reduction of the nitrogroups, has been a point of concern. In order to  obtain 
evidence on the deuterium distribution in the final product, the deuterium 
contents of the meta-terphenyl-D, and degradation compounds according 
to  the scheme shown in Figure 2, were determined. Similar reaction steps 
had been used previously for degradation of tritiated polyphenyls 6$ 7 ) .  It 
was then shown that neither isotope effects nor aromatic tritium/hydrogen 
exchange play a part. Randomization in the outer rings would result in 
decreased deuterium content in methyl 3,5-dinitrobenzoate-D,. 

The deuterium content in 4‘-nitro-meta-terphenyl-D, could prove that 
no deuterium is found at  position 4’. The preparation of 4’-nitro-meta- 
terphenyl by nitration of meta-terphenyl is described in the literature 9 ,  lo). 

However, our results showed that the nitro-meta-terphenyl obtained is a 
mixture of isomers and therefore no conclusions could be drawn about the 
positions of the deuterium atoms in the centre ring. Further nitration led 
to  pure 4,4’, 4“-trinitro-meta-terphenyl-D,. As to  the method for introducing 
deuterium into the centre ring, reductive diazotization has sometimes been 
used in connection with specific labelling, for example : Best and Wilson (3)  

prepared benzene-I ,3,5-D, from aniline-2,4,6-D3 and found that the de- 
amination process did not affect the nuclear hydrogen atoms; for the 
case of 2-amino-para-terphenyl we could prove that in the deamination 
reaction with tritiated hypophosphorous acid, the hydrogen isotope is 
introduced exclusively on the 2-position ( 7 ) .  So, fortunately, there is not 
much doubt about the position of the deuterium atoms, introduced in  the 
last step into the centre ring of the meta-terphenyl molecule. 

Deuterium analyses have been carried out by means of mass spectro- 
scopy and N. M. R .  From the average numbers of deuterium atoms per 
molecule, found for meta-terphenyl-D, and degradation products, the degree 
of deuterium substitution at several positions of the meta-terphenyl molecule 
has been calculated. 

2 .  - MATERIALS AND METHODS 

Iodobenzene-2,4,6-D3 can be obtained from labelled aniline (29394). 

Aniline-2, 4, 6, N, N-D, deuterochloride was prepared by exchange between 
aniline hydrochloride and heavy water; equilibrium was attained in 24 hours 
a t  1000 C ( 3 9  ll). 

Deuteration of the aromatic nucleus is exclusive a t  the ortho and 
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catalytic reduction 
at 2 0 C  
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I reductive 
diazotization 
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D 

Fic. 1. Synthesis of meta-terphenyl-D, 
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FIG. 2. Degradation of meta-terphenyl 
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para positions (2). We checked this by heating aniline hydrochloride with 
tritiated water for 6 days at loo0 C; the specific activity of the aniline- 
2,4,6-T hydrochloride was 13 pC/mM, and that of 2,4,6-tribromoaniline 
prepared from it was < 3.1P3 pC/mM. 

lodobenzene-2,4,6-D3 was obtained from aniline-2,4,6,N,N-D5 deutero- 
chloride by diazotization in the presence of potassium iodide (12 P 598). The 
result shows that there is no loss of deuterium from the aromatic nucleus in 
this reaction. 

2,5-Dibromo- 1,4-dinitrobenzene is described in the literature (13). The 
compound was more conveniently prepared from 2,6-dibromo-4-nitro- 
aniline by oxidation with hydrogen peroxide in acetic acid (compare with (14)). 

The Ullmann reaction. In first experiments, the reaction was carried out 
with 2 moles of iodobenzene per one mole of 2,5-dibromo-l,4-dinitrobenzene. 
It was found that addition of excess iodobenzene near the end of the reaction 
has the advantage of reducing considerably the amount of monosubstitution 
product, 3-bromo-2,5-dinitrobiphenyl, which is difficult to separate from 
2’,5’-dinitro-meta-terphenyl. The yield of the latter compound, based on 
iodobenzene, is also slightly increased. 

Reduction of 2‘,5‘-dinitro-meta-terphenyl. In exploratory experiments 
we searched for mild reaction conditions (low temperature, short reaction 
times) in order to minimize the possibility of randomization of deuterium 
in the outer rings. A series of reductions were carried out in ethanol at 20° C 
with hydrogen in the presence of these catalysts : Raney-nickel, palladium 
on barium sulphate, palladium on carbon or platinum black. In all cases, 
the first nitro group was quickly reduced, but then the reaction slowed 
down. Reaction times varied from one and a half hours for platinum black 
to  5 hours or more for the other catalysts. This behaviour may be attributed 
to  stabilization by resonance between the nitro and amino group in para 
positions. Best results were obtained when the reduction was carried out in 
ethanol containing hydrochloric acid, with hydrogen in the presence of 
platinum black, at  20° C .  The reaction was completed in 30-40 minutes. 
We also tried some reductions with hydrazine. A reduction carried out in 
ethanol in the presence of a catalyst, required a temperature of 800 C for 
several hours. Reduction with hydrazine alone, carried out in glycol, 
required 150° C for three hours and led to  a mixture of products, which 
were not further investigated. 

Reductive diazotization (I5). I n  the reduction of diazoniuin salts with 
hypophosphorous acid, a hydrogen atom directly bound to  phosphorous 
substitutes the diazonium group (16). Deuterated hypophosphorous acid c m  
be obtained by deuterium exchange between the free acid and deuterium 
oxide (I7, la). The isotope effects on the exchange equilibrium and on the 
reaction rate are known. Franke and Monch (I9) found a value of 1.8 for 

. Alexander (:-::) hypophosphite water 
the partition coefficient K = 



21 0 P PH. H. L. OTTO. F. STEIN AND G. JUPPE 

and Burge (20) estimated that the rate at which deuterium is introduced into 
1 1  
2 6  the aromatic ring is - to ~ as fast as the rate a t  which hydrogen is introduced. 

Therefore care was taken to deuterate the hypophosphorous acid as highly 
as feasible. We have carried out both diazotation and reduction in the same 
solvent : a mixture of highly deuterated hypophosphorous acid and heavy 
water. 

Mass spectrometry. Mass spectra of the labelled compounds were run 
at an ionizing voltage at  which the corresponding unlabelled compounds 
did not show fragmentation peaks P-I, P-2 etc. From the relative peak 
heights in the parent peak region, mole fractions of molecules with different 
numbers of deuterium atoms, were calculated. Corrections were made for 
presence of isotopes I3C, I7O, I8O and I5N. The results are summarized in 
Table I .  

N .  M .  R.-spectra. These spectra were run with a Varian-A60 spectro- 
meter. The results are shown in Table 2 and Figures 3 and 4. 

3. - EXPERIMENTAL 

SYNTHESIS 

2,6- Dibromo- 1 ,I-dinitrobenzene. 
A suspension of 2,6-dibromo-4-nitro-aniline (74 g, 0.25 mole) in acetic 

acid (1,750 ml), concentrated sulphuric acid (20 ml) and hydrogen peroxide 
30 % (300 ml) was stirred well, heated to  900 C and kept at  this temperature 
for 14 hours. A mixture of acetic acid (160 ml) and hydrogen peroxide 
30 % (160 ml) was added, and the temperature maintained at 9OOC for 
6 hours. Hydrogen peroxide 30 % (100 ml) was added, and the mixture 
kept at 900 C for another 14 hours. From the cooled solution, a small amount 
of brown precipitate was filtered off, and the filtrate poured into ice-water (4 1). 
2,6-Dibromo-l,4-dinitrobenzene crystallized out. After three recrystalliza- 
tions from ethanol/water 2 : 1 (v/v), the yield was 60 g (0.184 mole, 73 %), 
m.p. 130.9-131.4O C .  

2'3'- Dinitro-meta-terphenyl-2, 4, 6, 2", 4", 6"-06. 
Todobenzene-2,4,6-D3 (50 mM, 10.4 g), 2,6-dibromo-l,4-dinitrobenzene 

(25 mM, 8.2 g) and copper powder (((B. D. H. precipitated))) were heated 
at 190-200° C for six hours in an atmosphere of nitrogen. The reaction 
mixture was stirred well. The copper powder (250 mA, 15.9 g) was added in 
twelve equal portions at intervals of half an hour. An excess of iodobenzene- 
2 ,4 ,  6-D, (20 mM, 4.1 g) was added, in the course of the last two hours, in 
four portions of one gram each. The reaction mixture was extracted several 
times with hot benzene (500 ml in all). The benzene solution was filtered and 
concentrated to half of the volume. By means of thin-layer chromatographic 



TABLE 1. Isotope content by mass spectrometric analysis 
-__ 

Ionizing 
voltage 

Composition Average 
number 

of 
deuterium 
atoms per 
molecule 

3-atom: 
in 

molecul 
Relative Peak 

Heights Compound mole % 

(1 

Iodobenzene-D, 
CtiHzW 

20 3 
2 

98.6 
1.4 

2.98, 
P + l  66 
P 1000 
P-1 14.6 
P-2 0 

m.w. 201 

a 

Meta-terphenyl-D, 
Ci,HtiD, 

P + 2  20 
P + 1  200 
P 1000 
P-1 95 
P-2  11.6 

10 
9 
8 
7 
6 

e 

3 
2 
1 

3 
2 
1 
0 

(0.08) 
0.6 

89.8 
8.5 
1.1 

96.8 
3.0 
0.2 

96.1 
2.9 
0.4 
0.6 

7.90, 

2.96, 

2.94, 

18 

18 

12 

16 

m.w. 238 

d 

P +  1 145 
P 1000 
P-1 31.5 
P-2 2.5 

m.w. 125 

C 

Methyl 3,5-dinitrobenzoate-D, 
C&D3NzO ti 

P + 2  16.2 
P + 1 96.1 
P 1000 
P-1 30.6 
P-2 4.4 
P-3 6.0 

P + 2  24 
P +  1 195 
P 1000 
P-1 625 
P-2 55 
P-3 10 

m.w. 229 

a 

Nitro-meta-terphenyl D, 
C l J W s N O ,  

m.w. 283 

56 
40 

3.4 
0.6 

7.51 

b 

P + 3 5.0 
P + 2 36.3 
P + 1 212.3 
P I000 
P- 1 52.0 
P-2 4.2 

Trinitro-meta-terphenyl-Dti 
C1JWtiN3Oti 

m.w. 371 

12 6 
5 
4 

94.1 
4.9 
0.4 

5.94, 

run on mass spectrometer model AEI MS9, at Polak’s Frutal Works, Amersfoort. 
* run on mass spectrometer model AEI MS9, provided with a direct introduction 

run on mass spectrometer Hitachi-Perkin Elmer, model RMU-6E, by Dr. E. Talman. 
deuterium oxide contamination of the mass spectrometer has resulted in partial 

system, Unilever Research Laboratorium, Vlaardingen. 

deuteration of carboxyl hydrogen. 
e figures refer to deuterium atoms in aromatic nucleus. 



TABLE 2. N. M. R.-spectra 

compound 

D 

Nb, 

in butanon 

D 

D 

in CCI, 

D%Br / 

NO* 

in butanon 

chemical shift a 
&ppm) 

.ingA 8.38 

.ingB 7.53 

-ingA 7.50 

i n g B  7.40 

ringA 8.43; 8.70 
(AB spectr. 

J = 2.5 
CPS) 

ringB 7.58 

ratio peak areas 
K i n g  A /Hring B 

found 

).496 f 6 

1.54 

1.03 & 5 2 

:alculatedb 

0.500 

0.500 

1 .oo 

* reference tetramethyl-silane. 
* calculated value for 100 % deuterium substitution at desired positions. 
c inaccurate figure, due to overlap of peaks. 

ratio of the average of six determinations of the integrated intensities of the peaks 
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FIG. 3.  N. M. R. spectrum of meta-terphenyl 

I I /  I 

80 75 7.4 70 PPM (6). 

FIG. 4. N. M. R. spectrum of meta-terphenyl-D, 
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analysis (see below) it was shown that the reaction mixture contained, 
mentioned in the order of decreasing rF values : a small amount of biphenyl, 
no  2,6-dibromo-l ,Cdinitrobenzene, a trace of 3-bromo-2,5-dinitrobiphenyl, 
the main product 2,5-dinitro-meta-terphenyl, and a series of products with 
smaller rF values. For pre-purification, the benzene solution was passed 
over a silicagel column (100 g silicagel, Merck, 0.05-0.20 mm; length of 
column 60 cm, diameter ca 2 cm). The column was washed with benzene 
until no more 2,5-dinitro-meta-terphenyl was found in the eluent. The 
combined fractions were taken to dryness. The residue was dissolved in 
30 ml benzene/heptane 2 : 3, and chromatographed over silicagel (divided 
over two columns each containing 200 g silicagel, Merck, 0.05-0.20 mm; 
lenght of column 140 cm, diameter ca 2 cm). Samples of the fractions were 
analyzed thin-layer chromatographically. Fractions of comparable purity 
were combined and chromatographed over aluminium oxide (Merck, a h -  
minium oxide according to Brockmann, activity grade 11-1 11) in nitro- 
ethane/heptane 1 : 10. After recrystallization from ethanol the total yieId 
was 3.98 g (12.2 mM, 35 % based on iodobenzene-D,). The melting points 
of the several crops were : 105-106° C (30 mg); 106-1070 C (0.29 g); 107- 
108O C (1.50 g); 108-1090 C (1.83 g) and 109-109.50 C (0.33 g). 

Meta-terphenyl- 2, 4, 6, 2', 5', 2", 4", 6"-08. 
2',5'-Dinitro-meta-terphenyl-2,4,6,2",4",6''-D~ (12 mM, 3.91 g) was 

dissolved in ethanol (375 ml) and 1 N hydrochloric acid (30 ml), and 
reduced a t  room temperature with hydrogen gas at one atm. in the presence 
of platinum black catalyst (from 700 mg platinum oxide). It was found that 
efficient stirring of the mixture is required. The calculated amount of hydro- 
gen was taken up in 40 minutes. 

A few ml of concentrated hydrochloric acid were added, the catalyst 
was filtered off and the solution taken to dryness in vacuo. White crystals 
of 2', 5'-diamino-meta-terphenyl-2, 4, 6, 2", 4", 6"-D, dihydrochloride were 
obtained in almost quantitative yield, m.p. 262-264O C. Labile hydrogen 
was replaced by deuterium by dissolving the product in deuterium oxide 
(50 ml) and distilling off the solvent in vacuo. This procedure was repeated 
twice, The 2', 5'-diamino-meta-terphenyl-2, 4, 6, 2", 4", 6", N, N, N', N'-D,, 
dideuterochloride was dissolved in hypophosphorous acid-D, (25 g, 360 m M  
of D,PO, in 25 g D,O 99.9 %) and diazotized at  -5O C with sodium nitrite 
(24 mM, ca 1.8 g) dissolved in D,O 99.9 % (10 ml) After standing over- 
night at room temperature, the reaction mixture was extracted with benzene 
(250 ml in total). The benzene solution was diluted with an equal volume 
of n-hexane and, for pre-purification, passed over an  aluminium oxide 
column (aluminium oxide according to  Brockmann, Merck, activity grade 1 I - 
11 1 ; lenght of column 40 cm, diameter 1.7 cm). The column was washed 
with about 300 ml benzene/hexane 1 : 10, and the combined fractions were 
taken to dryness in  vacuo. The crude product (2.4 g) contained, as was shown 
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by means of thin-layer chromatography, some biphenyl, the meta-terphenyl 
and a series of products with lower YF values. I t  was next purified by chro- 
matography over an  aluminum oxide column (lenght 90 cm, diameter 2.0 cm) 
in n-hexane. Fractions of comparable purity were combined, taken to  dry- 
ness in vacuo and sublimed. The yield of meta-terphenyl-D, was 1.3 g 
(5.4 mM = 45 %). The melting points of several crops were 73-80° C 
(200 mg), 84.9-86.3" C (360 mg), 86.8-87.4" C (620 mg) and 85.3-86.3" C 
(120 mg). 

Hypophosphorous acid- D3 
Hypophosphorous acid (30 g) was dissolved in deuterium oxide. After 

standing a t  room temperature for 20 hours, the solvent was distilled off 
in vacuo. This procedure was carried out five times with 60 ml of D,O 
99.7 % and eventually with 40 g, 20 g and 20 g of D,O 99.9 %. The yield 
was about 25 g, deuterium content 99.65 % (by N. M. R.). 

DEGRADATION 

Benzoic acid-2, 4, 6-D, 
Meta-terphenyl-2, 4, 6,2', 5',  2", 4", 6"-D, ( I  mM, 238 mg) was oxidized 

in boiling acetic acid (20 ml) with chromium trioxide (15 mM, 1.5 g), which 
was added in small amounts in the course of 30 min. After addition of the 
chromium trioxide, the mixture was boiled for 15 minutes more, then poured 
into cold water (100 ml) and extracted with ether (6 x 25 ml). The ethereal 
solution was washed with water (2 x 10 ml) and evaporated to dryness in 
vacuo. The residue was sublimed in vacuo. Benzoic acid-2,4,6-D, was 
obtained in 70 % yield (175 mg, 1.4 mM), m.p. 118.5-120.5° C. 

Methyl 3, 5-dinitrobenzoate-2, 4, 6-D,. 

by the method described previously @). 

Nitro-meta-terphenyl. 
A mixture of meta-terphenyl-D, (50 mg, 0.22 mM), acetic acid (0.65 ml) 

and nitric acid (0.20 ml, d 1.42) was heated at  90" C for 2-3 hours. Water 
was added and the mixture extracted with ether. The ether solution was 
washed with dilute alkali and water, dried over MgSO, and the ether removed 
in vacuo. The product, an oil which contained only traces of meta-terphenyl, 
was chromatographed over a silicagel column (length 40 cm, diameter 1.7 cm) 
in  benzene/heptane 2 : 3. The yield was 37 mg of a pale yellow oil, the 
components of which could not be separated by thin-layer chromatography 
on silicagel in benzene/heptane 2 : 3 ;  on bentone/celite 1 : 1 in heptane; or 
by means of gas chromatography on bentone 34/silicon gum SE-30 1 : 1 
on chromosorb-W. 

Benzoic acid was converted into methyl 3, 5-dinitrobenzoate-2, 4, 6-D, 



216 P. PH. H. L. OTTO, F. STEIN A N D  G. JUPPE 

4, 4’, 4“-Trinito-meta-teryhenyl-2, 6, 2’, 5’, 2”,  6“-06 .  

A mixture of meta-terphenyl-D, (50 mg, 0,22 mM), acetic acid (0.25 ml) 
and nitric acid (0.20 ml, d 1.50) was heated at  100° C for one hour, another 
quantity of acetic acid (0.25 ml) and nitric acid (0.20 ml) added, and heating 
continued for one hour. After a drop of water was added, a product crys- 
tallized out. I t  was recrystallized several times from nitroethane/heptane 2 : 1 
(0.3 ml) and from acetic acid (0.3 ml). Finally a product was obtained with 
a m.p. of 203.2-204.8O C. The yield was I 1  mg (0.03 mM, 13 %). 

THIN-LAYER CHROMATOGRAPHY. 

Analyses were carried out on silicagel (a layer of 0.25 mm silicagel 
HF,,, Merck; activation of layer by heating for one hour at  1100 C) in 
benzenelheptane 2 : 3. Detection : under U. V. light. The following rF 
values were found : biphenyl 0.50; meta-terphenyl 0.47; 2,6-dibromo-l.4 
-dinitrobenzene 0.23; 3-bromo-2,5-dinitrobiphenyl 0.20; 2’,5’-dinitro- 
meta-terphenyl 0.17; nitro-meta-terphenyl 0.17; 4,4’,4”-trinitro-meta-ter- 
phenyl 0.01. 

4. - DISCUSSION 

The shortage of deuterium atoms found for 4’-nitro-meta-terphenyl-D, 
cannot be the result of the presence of deuterium at the 4‘-position in the 
meta-terphenyl-D, molecules ; in that case 4,4’, 4”-trinitro-meta-terphenyl-D, 
should show a n  equal deficiency. For that reason, the mono-nitro derivative, 
which has only been obtained as an oil 1% 9), must be a mixture of isomers, 
most probably of 4-nitro- and 4’-nitro-meta-terphenyl. 

The average number of deuterium atoms per meta-terphenyl molecule 
is 7.90. The average number of deuterium atoms in each of the outer rings 
equals the number found for benzoic acid, viz. 2.97. Consequently, on the 
average 1.97 deuterium atoms are found in the centre ring. If one accepts 
that the deuterium atoms are equally distributed over both positions 2’ and 
5’, the degree of substitution is 98.5 %. The average number of deuterium 
atoms on positions 2, 4 and 6 together equals the number found for methyl 
3,5-dinitro-benzoate-2,4,6-D3, viz. 2.95. I f  one assumes an equal distri- 
bution, the degree of substitution is 98.3 % on positions 2, 4, 6, 2”,  4 ”  and 
6“. As to positions 4 and 4”,  this is in agreement with the difference in number 
of deuterium atoms found between meta-terphenyl-D, and 4,4‘, 4”-trinitro- 
meta-terphenyl-D,. 

From the small difference between benzoic acid-D, and methyl 
3,-5-dinitro-benzoate-D, follows a degree of substitution of about 1 % on 
positions 3, 5, 3“  and 5”. 

Summarizing, we conclude that deuterium substitution is > 98 % at 
positions 2, 4, 6, 2’, 5’, 2”, 4”, and 6“  and < 1 % at the other positions. 
The N. M. R.-spectra are in agreement with this picture. 
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CONCLUSION 

Coupling of aromatic nuclei by an Ullmann reaction, catalytic reduction 
of aromatic nitrogroups and reductive diazotization can be carried out 
without appreciably affecting the positions of labelling atoms in the aromatic 
rings. They are appropriate reaction steps in synthesis of specifically deute- 
rated polyphenyls. 
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