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Abatroct-In the Wurtx-Fittig reaction of an aryl bromide with methyl iodide no rearrangement products 
ate produced. AU reaction mechanisms involving radical intermediates are contrary to experimental 
results and should be rejected. Selective or even specific adsorption dominates the sequence of the Wurtz- 
Fittig reactions : 
Aryl tribromide * aryl dibromide * aryl monobromide * alkyl iodide, although chemical reactivity 
with sodium is in the reverse order, the higher ranking molecule teacting much slower. This effect may be 
important in other surface-local&d reactions also. 
By the method described, it is possible to introduce any number of trideuteromcthyl groups at predeter- 
mined locations in the phenyl nucleus. Thus ftiteen trideuteromethyl derivatives and mixed trideutero- 
methyl and methyl derivatives of benzene have been prepared (see Tables). 

INTRODUCTION 

A NUMBER of trideuteromethyl analogues of the Me derivatives of benzene, in which 
CD3 as well as Me is present in the molecule were required.’ As this type of compound 
has not been mentioned in the literature, the synthesis was investigated. Catalytic 
deuterium-proton exchange,2 a very useful reaction, can, however, only produce 
all-CD, derivatives. The FriedelCrafts3 synthesis was ruled out on account of 
unavoidable rearrangement reactions. Contrary to the current general opinion, we 
found the Wurti-Fittig’ synthesis promising and It was therefore investigated in 
detail. 

Aryl bromide + Alkyl iodide + 2 Na + Aryl-Alkyl + NaBr + NaI 

In this paper a method is described for the introduction of any number of trideutero- 
methyl and Me groups at predetermined locations in the phenyl nucleus. 

RESULTS 

Selectivity. The usual procedure for the Wurtz-Fittig reaction includes the destruc- 
tion of unreacted alkali metal by subsequent addition of alcohol and water. The 
reaction of &bromotoluene with methyl iodide at 40” in cyclohexane gave a clear 
mixture which by gas chromatography showed the presence of the expected o-xylene, 
and some ethane, toluene and reagents, but it did not show any trace of m-xylene, 
pxylene or ethylbenzene. After the addition of alcohol, however, a number of addi- 
tional components were found, thus proving that the Wurtz-Fittig reaction itself is 
free from rearrangement reactions : 
a. All reaction mechanisms involving radical intermediates’ do not agree with the 
experimental results and should be rejected. 
b. The product should be extracted with an intert solvent prior to the addition of 
alcohol. 
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Generally, a measurable reaction at the sodium surface resulted in the parent aryl 
compound, apparently formed from the corresponding aryl bromide, and in addition, 
a very strong pungent garlic-like odour was always detected. The mechanism for 
these side reactions is not clear. Ethane was always present, but diphenyl or sym- 
metrical diphenyl derivatives could not be detected with certainty. 

Subsfifwnf e&d. 2,4-Dibromo-l,3,5-trimethylbenz.ene does not react with 
t~deut~ome~yl iodide at 40” in cyclohexane solution, the sodium retaining its 
metallic lustre for 2 months. At 80”, in mesitylene, a slight bluish stain on the sodium 
surface developed during 2 months, and a trace of trideuteropentamethylbenxene 
was detected in the gaschromatogram corresponding to a conversion of @Ol% after 
60 days. Compounds having no interfering Me groups such as odibromo, m-dibromo- 
and pdibromobenxene with trideuteromethyl iodide in cyclohexane at 80” produced 
the corresponding xylenes slowly but in usable yields. 

1,3,5_Tribromobenxene or 3,6dibromo-1,2,4,5-tetramethylbenzene did not react 
with trideuteromethyl iodide in mesitylene at 40’, the metallic surface of sodium re- 
~~gb~~teven~ter2mon~. Incon~~t,~er~ctionof2-bromo-l,3,S-t~e~yl- 
benzene or 4-bromo-2-trideuteromethyl-1,3,S&methyltie reacted with tri- 
deuterometbyl iodide at 40” giving yields of approximately 40”/, after 48 hr. Tberefore, 
Me substituents, and more strongly, additional bromo substituents have a retarding 
effect on the Wurtz-Fittig reaction. In our experience, a hetero-coupling reaction 
appeared essential before any home-coupling reaction could take place.* 

Isotope effkcf. The reaction of bromobenxene with methyl iodide produced toluene 
in 80% yield after 1 hr at 20”. This is a far greater yield than expected from random 
hetero- and homo-coupiing. It thus indicates a highly selective hetero-coupling 
reaction. 

The reaction of bromobenxene with trideuteromethyl iodide produced the corres- 
ponding trideuterotoluene in 60% yield after 24 hr. The isotope substitution thus 
resulted in a very much slower and a less selective reaction. 

Experimenfs with mixtures of urylbromides. A mixture of o-bromo- + m-bromo- + 
~bromotolu~es with methyl iodide in cyclohexane solution at 20” showed reaction 
rates with a spread of less than a factor of four. Under similar conditions, the Wurtx- 
Fittig reactions of a mixture of odibromo- + mdibromo- + p-dibromobenxene with 
methyl iodide showed a difference of approximately a factor of two in the rates of 
formation of the xylene isomers. The three isomers of mono bromotoluene were also 
formed. Their initial concentrations were low, but increased during practically the 
whole course of the reaction. 

A mixture of equimolar amounts uf m-bromotoluene + mdibromobenxene sub- 
jected to the Wurtz-Fittig reaction with methyl iodide produced only a trace of 
m-xykne during the fast 8 hr. In the period between 20 and 70 br, the concentration 
of dibromobenxene dropped to less than 20% of its orig@l value, and considerable 
amounts of m-xylene were formed, whereas the concentration of m-bromotoluene 
was practically unchanged during this time. These experiments suggest that the 
dibromo compound reacts preferentially to form xylene in one tandem step, the 
small amount of bromotoluene which escaped from the sodium surface into the liquid 

l This intcmsting eff& has not been reported in literature before. A detailed investigation of this and 
other un~xpectcd e&cts on the Wurk-Fittig reaction is in progress. 
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(together with bromotoluene that has been specifically added to the solution) being 
excluded from any reaction by dibromo compound present. 

This seemingly complex state of affairs is probably due to highly competitive 
reactions. Selective or even specific adsorption dominates the sequence of the Wurtz- 
Fittig reactions in the following order : 

Aryl tribromide & aryl dibromide 9 aryl monobromide % alkyl iodide. 

By comparison the chemical reactivity with sodium is in the reverse order : 

Aryl monobromide 9 aryl dibromide ti aryl tribromide. 

The aryl sodium reaction with methyl iodide is much faster than with aryl bromide. 
Reaction scheme for syntheses of trideuteromethyi compounds. The reaction routes 

shown in Tables 1 and 2 are self-evident and are not discussed in detail. Some com- 
pounds were synthesized by more than one route, and thus their identity was con- 
firmed. In all cases the Wurtz-Fittig reaction produced no rearrangement products. 

TABLE 2. PREPARATION OF DEUTERATED CONFOUNDS 

Starting bromo benxene Deuterated product Yield, % 
Analysist 

log (a/a3 cD.u 

1-Br 
l$-di-Br 
2-Br-1.4-di CD, 
2-Br-I-CH, 
4-Br-I-CH, 
3-Br-I-CH, 
ZBr-l&di CH, 
4-Br-1,3di CH, 
2-Br-1,3di CH, 
3-Br-1,2di CH, 
4-Br-1,2di CH, 
1,3di Br 
lJ-di Br 
2-Br-1,3,5-u-i CH, 
4-Br-2-CDs-1,3,5-tri CHs 

I-CD, 
1,4di CD, 

*l&t-tri CD, 
+2-CD,-1-CHx 
%CD,-I-CH, 
l 3-CD,-I-CH, 
l 2CDs-l&Ii CH, 
%-CD,-1.3di CH, 
*2-CDs-1,3di CH, 
+3-CD,-1,2di CH, 
l 4-CD,-1,2di CH, 

1,3-di CD, 
1,2di CD, 
l 2-CDS-1,3,5-tri CH, 
Qt-di CD,-1.3.5tri CH, 

knxene 
n-octane 
ndecane 

60 
20 
10 
20 

7 
60 
40 

8 
4 
6 
6 

4 
60 
20 
- 
- 
- 

03151 09810 
V6281 0.9605 
lVO57 09354 
V7260 09805 
v6489 09808 
06473 09792 
lQ5V8 09786 
19523 09801 
1.1460 09808 
1.1443 09791 
10508 09786 
06247 09573 
v7051 09602 
14625 09793 
1.9278 09590 

- 

03792 
10118 

- 
- 

l This compound has not been described before. 
t AU deuterated products show strong CD, stretching bands between 2228 and 2070 cm-’ in their IR spectra Values of 

chemical shifts and integrals of proton signals in NMR correspond to values that should be expected by comparison with NMR 
sgectra of fully protonated analogues. Log (a/as) is logarithm of retention relative to benzene on an Apiexon L GLC column 
(K 47) at 95”. 

xo.n is retention of deuterated product relative to its fully protonated analogue on an Apiexon L column (K 47) at 95”. 



Wurtz-Fittig syntheses of mixed trideuteromcthyl and methyl derivatives of benxene 5775 

The following set of reactions is suggested to fit the experimental data. 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

(10) 

(11) 

(12) 

(13) 

BrC,H,Br 

BrC,H,Br 

NaC,H,Br 

NaC,H,Br 

NaC,H,Br 

NaC,H,Br 

CH,C,H,Br 

CH&H,Br 

CH,C,H,Na 

CH,C,H,Na 

CHsC,H,Na 

CH&H,Na 

CH,I 

BrC,H,Br 

Nil 

I;: 

2 
CH,l 
k. -+ 
CH,C,l-+Br 

k, 
BrC,H,Br 

+ 
k, 

k; 
c+ 
k, 
Na 
k;’ 

Lb 
G+ 
k, 
CH,J 
k,, 

+ 

CH,C,H,Br 
-9 

k,, 
BrC,H+..Br 

k,, 
k 
+‘A 
k;, 

NaCsH,Br 

Na&H,Br 

CH,C,H,Br 

CH,C,H,C,H,Br 

BrC,H,C,H,Br 

CH,ChH,Br 

CH&H,Na 

CH,C,H,Na 

CH,C,H,CH, 

CH,C,H,C,H,CH, 

BrC,H,C<H,CH, 

CH,I 

(ad.4 k24ka;k; ek, 

WI 

w4 k; 4 k, 

(et4 k. % ks 

W k,s k, 

W) k, % k; 

W) k; 4 k, 

w 

lr6 * km 

ho lp k,, 

(et4 ho g k,, 

w.4 

(sol) molecule in solution 
(ads) molecule absorbed on sodium surface 
(etc) molecule may undergo further reactlon 
reactions 5.6.11 and 12 yield the same hydrocarbon. 

EXPERIMENTAL* 

Condditforufbr chromurogrophy. Chromatograph, Hewlett-Packard/F&M, Model 5750; detector, flame 
ionization detector; recorder, Hewlett-Packard, -005 to 1 mV, 1 see; carrier gas, He at 100 ml/min; 
sample size, OQl to 010 mg per component. 

Column K 47.9 m x @5 cm i.d copper coiled tube filed with Apiaon L (5 :95) on Chromosorb P DMCS 
(100/120 Mesh), &ciency circa 12,OCO theoretical plates; analysis temp 95”; analysis time 550 min for 
pentamethylbenizne. 

Column K 56.4 m x 05 an id stainless steel 316 coiled tube filled with Apiezon L (5 :95) on Chromosorb 
P DMCS (100/120 Mesh), efliciency circa 6000 theoretical plates; analysis temp 150”; analysis time 29 min 
for 4-Br-1,2di CH,-benxene. 

Column K 109.5 m x 05 cm id stainless steel coiled tube 6Iled with a mixture of Apiexon L and Bentone 
34 (5 : 15 : 80) on Chromosorb W (45/60 Mesh); elficiency circa 4ooo theoretical plates; analysis temp 125” 
and 150”; analysis time 127 and 44 min respectively for 4-Br-1,2di CHs-benzene. 

Synthesis of my1 bromides. A number of simple aryl bromides were commercUy available. We found that 
under mild reaction conditions aryl monobromides were formed preferentially during the early stages of 
the bromination, substantial quantities of dibromo compounds being formed only after most of the hydro- 
carbon had disappra& while no tribromo compounds muld be dmaed. As this aspect is especially 

l S~nthcsis and purification wcn performed with the assistant of Miss M. C. Haxeleger. Gaschromato- 
graphic separation of some isomeric aryl bromides wee performed with the assistana of Mr. D. L. J. 
Remeeus. 
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important in the bromination of the dcutero compounda the usual brominaticm procedures3 were mod&d. 
To a dilute sok of aryl hydrocarbon (loA) and dry py-ridinc (l”/ in Nadrial cyclolkxanc in an ice-bath, 
060 cquivs of dilute Br, (1% by volume) in dry cyclohexanc wm carcftdly added. When the vigorous 
reaction subsided after approx 2 hr. the mixture was ilrst neutral&d with solid NasCO,, and t&n unrcacted 
Br, was reduced by the addition of Na,Ss09 All manipulations were performed under green dark-room 
lighting, by the operator wearing a gas mash Normal lighting was ahowed only after all the Br, was rwluced. 
This avoided bromination of the Me subs&ems or the cyclohcxane solvent. The cyclohexane soln was 
washed free of suifite with small amounts of water and d&d successively over h&SO‘ and mokcukr skve 
5 A. It was either used as such for the Wurtx-Fittig synthesis or purilied by means of gas chromatography. 

Wu-rtz-Fittig synthesis. In a typiad procedure aryl bromide was dissolved (l(p/, by volume) in dry cyclo- 
hexrurciaa10_25ml~shapalflrskfi~withaoo~ensorandaCaCI,tube. 

Metallic Na was cut in thin slices (approximately 10 cm’ per gram) and added to the soln (SOD/, excess). 
The calculated cquiv amount of CDs1 (99% isotopic purity) was added from a Hamilton MO microliter 
syringe keeping the needle tip below the liquid surface. All manipulations were performed in a glovabox 
u&r dry Ns. The reaction was first allowed to proceed at room temp but if this was slow the temp was 
raissdto40”.Rcactiontimewas24tol70hr.~yieldsv~betwaen4”/,and60”/, 

The organic products and solvent were separated from inorganic material by means ofhigb vaccum low 
tcmp distillation (boikr at room temp. receiving Rash in liquid NJ. 

Alternatively the soln was scparatul from the inorganic mat&al using a Hamilton MO microliter syringe. 
The insoluble material was rinsed twice with cyclohcxane. The products were separated and puriIkd from 
the solutions by means of gas chromatography. 

(a) NMR spectra* As a Er atom introduoes strong anisotropy io the mokcuk, the sign& of the aromatic 
protons in orrho, mesa and para position to the Br atom could be distingukhed from each other. Their 
coupling constants correspond to those expected from the structure. The Er atom also contributes to the 
chemical shift of the Me groups, thus additional information with regard to the relative position of the Me 
groups was obtained. In this way the structure of the bromo compounds given in Tabk 1 were dctcrmincd 
unambiguously. As the Wurtx-Fittig reaction is fnx from rearrangement products, the structure ofthe mixed 
trideutcromethyl and Me derivatives of bcnxcne in Tabk 2 corrcapond to the structure of the starting 
bromo compounds This was confirmed by comparing the NMR spectra of the dcuteratcd compounds with 
those of their fully protonatcd analogucs. 

(b) IR spectra of all trideuteromethyi derivatives in Tables 1 and 2 show strong CDs stretching bands at 
2232 f 5.2210 f $2132 f 6 and 2O@ f 10 cm-‘. 

(c) Gus chrowutugruI&~. Gas ~o~to~ap~c relative retention data of the compounds arc shown in 
Tables 1 and 2 

The separation of isomcric bromo compounds of Tabk 1 was achieved by gas-solid chromatography. 
In the Ikntonc 34 column K 109 a non-polar liquid was added to eliminate tailing 

REFERENCES 

r Kwa T. L and C Eoelhouwer, Rekatton ~g~~~~~ behauiou? and chemical smtchre. The 
nature of interual rot&on ia methyl derkatiws $bensene. To be published. 

s R S. Eardasova, E. G. Komarova, I. F. Tupitsyn and A. I. Shatcnshtein, Trudy Gosudarst. Ia.% PrMud. 
KNm No. 45, 111 (1960). 

3 A I. vogel$ I%zfccl orga7lic ChAlrmy, pp. SOg, 511,535. Longmaria London (19643. 

* D&&d assignments have not been &scribed in literatun. A paper is in preparation. 


