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The electrodic processes of geminal 3,3'-dibromo-2,2,4,4-tetramethyl pen-
tane in DMF solution, with tetrabutylammonium perchlorate as supporting 
electrolyte, were examined by means of cyclic voltammetry and controlled 
potential electrolysis on glassy carbon, platinum and gold electrodes. The 
reaction products were examined by using HPLC, gas chromatography and 1H 
NMR methods. 

As a result of the electroreduction processes, monobromidp. and simple 
aliphatic compounds were obtained in two-stage processes with 
'E = -1.00 V and 2E = -2.00 V vs AgCl (KC1 . H.0), Ag reference p,c p,c sat L 
electrode. . 

The complex processes of electrooxidation (E > +1.00 V) probably 
lead to the formation of the radical cation BTMP+- and TMP++--, which are 
strongly solvated in DMF or form ionpairs with the appropriate anions of 
the'supporting electrolyte. 
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Intrcduction 

Geminal tetramethylpentane dibromide (DBTMP) was sub-
jected to cyclic voltammetry experiments and controlled 
potential electrolysis. It is a white, crystal line compound 
with T = 448 K, 6 1H NMR (303 K, TMS, CDC1,) = 1.49 nm and 

12 " J 
6 C NMR = 110.1 nm. Its synthesis was described by Maier 
and Kalinowski [11. 
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DBTMP is an aliphatic geminal dihalide, which are 
13 characterized by strong steric stresses. The 6 c NMR of 

geminally substituted carbon atom in halogen derivatives 
shows deviations (6 - 6 ' ) that increase with increase exp calc 
of the substituent size. Halogen derivatives of this type 
are thought to be very good models to illustrate the in-
fluence of the y effect caused by chlorine atoms [1-4]. 

In the series I Br •+• CI, the y effect on the atom of 
the (B) gauche methyl group to two halogen atoms decreases 
in the given series (13.4 3.7 -v 1.7 ppm) . The effect on 
the carbon atoms of the (A) methyl groups in Scheme I chan-
ges in the same direction (6.0 3.7 -v 3.5 ppm) [1]. 

Geminal dihalides were earlier examined polarographical-
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ly [2-4]. In this work we study the electrodic processes of 
DBTMP on stationary solid electrodes in N.N-dimethylformamide 
(DMF). We used cyclic voltammetry (CVC) and controlled poten-
tial electrolysis (CPE), supplemented with high-pressure 
liquid chromatography (HPLC), gas chromatography (GC) and ^ 
NMR spectrometry.. 

Experimental 

CVC and CPE were carried out with the typical apparatus: 
- a PG-30/1 potentiostat with an LSG programming generator 
(ASP UL. Poland) and an EMG 79 812 XY recorder (Hungary) for 
the measurements conducted in Lodz University; 

- a Wenking ST-7 2 potentiostat with a VSG-7 2 programming 
generator and Houston Instruments-2000 XY recorder in Uni-
versity of Giessen. 

In CVC the measurements were conducted in the .range of 
sweep potential polarization rate from v = 0.010 Vs to 
v = 0.300 Vs~1 in the hermetic, thermostatic (298 - 0.5) K 
three-electrode vessel of 90 cm3 volume made by METROHM. 

The following working electrodes was used: 

- A polished, carbon electrode (GCE) SIGRI with geometrical 
surface A1 = (0.38 - 0.02) cm2, polished with diamond paste 
of 30, 6, 3 and 1 urn and then with A12C>3 of 0.05 gm and 
prepared.for the measurements according to the literature 
[5-8]; 

- a polished platinum electrode (PtpQl) with geometrical 
area A 2 = (0.38 - 0.02) cm2, prepared in the same way as 
the GCE; 
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- a gold electrode (Au ) with geometrical area A, = (0.09 -2 aPP -5 0.02 cm . prepared for the measurements by means of the 
"electrochemical sweep" method in an aqueous solution of 

' HC104 (0.5 mol dm"3). 

After production of the model polarization curve [9, 10] 
the reproducibility of the measurements was within the limits 
i 0.5 % [11]. The stabilized surface of the gold electrode 
has the surface development coefficient 4.2 referred to the 
surface of the polished gold electrode [12]. In this way, the 
real surface of the Au is close to the surface areas A, 

app 1 
and A_. 

2 In the CPE method, a qold electrode (A. = 26 cm ) ^ 2 '9eom 
and a platinum electrode (Ac = 46 cm ) were used, which ^ . 5,geom 
were prepared for the measurements in the same way as Au^^. 

In the measurements.AgCl(KClgat, H20), Ag, METROHM was 
used as a reference electrode and the potential values given 
in this work refer to this electrode. 

In order to permit comparison of the obtained potential 
values with the results obtained in other wolvents, the CVC 
curve in the following system was registered: 

PT | Fc+, Fc; Bu4NC104 0.1 mol dm"3 " (KClgat,H20), 

AgCl | Ag in DMF 

DMP n 
This led to Ef = 0.450 V, in accordance with literature 
[13]. 

Thus, the reference here is to the "ferrocene potential 
scale." [14, 15]. Altough this is not regarded as perfect 
[16, 17], it is commonly used in the electrochemistry of non-
aqueous solvents. 

DBTMP readily undergoes hydrolysis. Accordingly, DMF 
was used after distillation according to the commonly used 
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methods [18]; BU^N+C104 dried in vacuum, served as supporting 
electrolyte. The solutions of the examined substance were kept 
for 48 hours over molecular sieve 4 A. Then solutions were 
then forced through to the measurement cell by using dry argon. 

-4 -1 The concentrations of DBTMP for CVC were: 8.7-10 , 1.1-10 , 
3.3-10~3, 5.0-10"3 and 7.4-10~3 mol-dm"3, while for CPE 

-2 -3 1.25-10 mol.dm solution was used. 
Analysis of the CVC curves was carried out according to 

Nicholson and Shain [19-21] and the electric charge used was 
determined by means of the CPE method from the dependence 
I = f ( t ) 

The products of the reaction was examined by HPLC with a 
Zeiss-PM-2 DL spectrometer and a Knauer rëfractometer with 
Spectra Physics instrumentation. After n-pentane extraction, 
the reaction products were further identified by GC with a 
Varian-aerograph-1400 with a Spectra Physics-autolag system I 
integrator. For 1H KMR spectrometry, a Varian T-60 was used. 

Results and discussion 

The polarization potential ranges for the supporting 
electrolyte were: GCE: - 2.65 to +1.45 V; Pt p o l: "2.0 to 
+1.40 V; Au : ^2.10 to +1.45 V; these data are in accord-app 
ance with commonly known literature data. The capacity cur-
rent in the supporting electrolyte was subtracted from the 
recorded currents of the electrodic processes. -3 -3 

A typical CVC curve for c D B T M p = 3.3-10 mol-dm is 
given in Figure 1. It should be noted that, under conditions 
of our experiment, the adsorption of depolarizer molecules 
is possible. In the DBTMP molecule, the two bromine atoms are 
usually oriented towards the electrode surface, particularly 
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when it is positively charged; the influence of the gauche 
methyl group on the adsorption of the symmetrical bromine 
atoms is not known. 

Figuve 1.: Cyclic voltammograms DBTMP of c = 3.3"10-3 

mol dmi3; reference electrode^AgCl < K Cl s a t "2°^' 
Ag: supporting electrolyte Bu.N+ClO. 

-3 -1 • (0.1 mol dm ) v = 0.1 Vs ; in DMF. GCE: ... 
Pt , : - - - - ' ; Au- : . pol app 

With selected ranges of the polarization potentials, 
the electroreduction and electrooxidation processes were 
found to be independent of one another and the of the nature 
of the electrode. 
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(.i) Electroreduction processes 

The most dtesirable product of the electroreducti.on of 
OBTMP would be tetra-tert-butylethylene, sought in both 
chemical [22] and electrochemical [2] processes. The mecha-
nism of such a reaction could be as in equations (1) and 
(1a): 

X X 0 B,'> \ • / 
2 x < . — V c — ( 1 ) 

Br 

or: 

2 / C . X ^ 

Br 

\ 
X 

f- A 

X f r/ 
c =-=- c 

X", , V 
Br V (la) 

Our experiment revealed another mechanism of the 
electroreduction process. On the GCE electrode (Fig. 1), a 
single-stage process of reduction at the potential 
2E = -1.95 to -2.00 V is visible. On the Pt n electrode, p,c 1 pol 
a small peak with E = -0.95 to -1.00 V appears. At the p, c 
same potential values on the Au electrode peak currents 1 2 dPP I ~ I , clearly indicating the two-stage process of p / c p / c 
DBTMP electroreduction. 
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Electrolysis at a potential 1E = -0.95 V leads to P, c 
the formation of 2,2,4,4-tetramethylpentane monobromine ac-
cording to Equation (2) : 

* 8r >\ y 
y - Br - Br 

\ / 
X e -

H* X / 
> .c 

Br 

X (2 ) H 

IV 

This result, which differs from expectations, may be 
explained as follows: 

1. The sterically differentiated methyl groups (A and B) 
cause the adsorption of Br oriented towards the electrode. 
It may be assumed that the gauche methyl group B has a 
decisive influence on this process. 

2. According to the known electrode properties, activated 
Pt and Au electrodes catalyse the process of electroreduc-
tion of Br with the formation of anion radical IV (Equa-
tion 2) . 

3. Anion radical IV generated on the electrode is a strong 
base, which acquires a proton after shift of the autodis-
sociation equilibrium of DMF [23]: 

2 HCON C CH3>2=^[ CON C CH 3 >2J" * ( H 2 CON < CH3 )2 )+ (3) 

. HOCON C CH3)j 
(4) 

to reaction with IV 

After the flow of equivalent charge ~ 1 F-mol 1, peaks 
a and b (Fig. 2) are of similar heights. 

Additional confirmation of the suggested mechanism of 
the reaction may be negative result of the analogous attempt 
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in acetonitrile. 

• \ c V X \ 
H+ K / 

H 

y \ H 
VII 

(5) 

In the next stage of electroreduction, at the potential 
2 E = -2.00 V monobromide v is reduced to 2 . 2 . 4.4-tetrame-P' c / thylpentane. 

••c 
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Figure 2.: Spectral analysis of products of electroreduction 
reactions: a -3,3'-dibromo-2,2,4,4-tetramethyl-
pentane; b - 3-bromo-2,2,4,4-tetramethylpentane; 
c - DMF and supporting electrolyte. 
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Peak a (Fig. 2) vanishes in favour peak b after the flow 
_ 1 

of the equivalent charge 2 F.mol . Thus the mechanism of the 
second stage of the electroreduction may be suggested to be 
as In equation (5). 

(ii) Electrooxidation processes 

In thé anodic branch of the polarization curve, the 
electrooxidation of DBTMP also exhibits two stages (Fig.1). 
The processes are characterized by the following peak cur-
rents: a clearly flattened peak with potential 
1E = +0.90 to +1.10 V, and a sharp peak with potential Pi" 

= = +1.35 V. p,a 
Similarly as in the above-described examinations of the 

electroreduction processes, CPE was conducted at 1E and 2 P»a 
E P.a 

The charges used were 1.22 and 0.82 F mol . .The HPLC, 
GC and NMR analysis demonstrated the loss of peaks a 
• (Fig. 2) without the appearance of new spectra characteristic 
of other linking. Thus, it may be assumed that strongly 
ionized products are formed in the solution, whose spectra 
are similar to those of the solvent and supporting elec-
trolyte (peaks ç in Fig.2). 

Extraction attempts with a typical non-polar solvent 
(n-pentane) did not reveal the reaction products in the 
liquid phase. It is obvious that, after the addition of water 
to precipitate Bu4N+C104 , the hydrolysis always led to 
2.2.4.4-tetramethylpentanol. 

Examinations of the compounds of the type tetra-tert-
butyl-tetrahedrane [24, 25] have shown electron transfer is 
hindered by steric barriers, and ion radicals may be formed 
under the conditions of anodic oxidation. This was concluded 
because cation radicals observed with ESR methods were 
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identical with the cation radicals generated by means of 
classical chemical oxidation. Those reactions are catalysed 
under the appropriate Lewis' acid-base conditions, and the 
products are captured in the special "traps". In this case, 
the parallel observations by means of spectral methods (e.g. 
in situ CVC-ESR) or freezing of the reaction products were 
used. These methods were also used in the work of Fox et al. 
[24]. The information that CVC was performed at 203 K in 
their work does not seems to be very reliable, because of 
the melting point of acetonitrile (232 K) . 

The CVC curves recorded at 253 K are more reliable [25]. 
In this way, many cation radicals of type R"+ were isolated 
from the group of tetra-tert-butyl compounds. Their struc-
tures were determined by using MNDO-UMF or MNDO-RHF methods 
[25, 26] . 

Thus, the process carried out by means of CVC methods 
even at the sweep potential polarization rate to 10 Vs ^ in 
the oscalloscopic observation of curves and CPE at 298 K is 
an extremely fast reaction. The transformation to other forms 
of the generated compounds is also possible. Such reasoning 
is to be found in the earlier work of Miller [26] where, for 
a similar group of compounds on a platinum electrode at 
0.6 V, a signal impossible to interpretation was obtained. 

Thus, since the products of DBTMP electrooxidation give 
spectra in the same range as the "background", the mechanism 
of the anodic oxidation of DBTMP may be suggested only as 
probable. To a first approximation, the mechanism of the 
electrochemical processes taking place at a potential 
1E = +0.90 V is: 

P , a 
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V B r 

\ X -
y/ N -Br ABl. 

r 

X 

where Y = DMF or CIO. 
and then at a potential E = +1.35 V: p,a 

(6) 

v 
y * B r 

\ 
( / c: \ c: (7) 

The broad peak at 1E and the literature data [13] in-
P#a 

dicate the possibility of the existence of the parallel 
1 2 process in the potential range E to E = +0.90 to P / a p, a _ 

+1.35 V. This process involves the oxidation of Br ion and 
the consequent appearance of a new chemical oxidizer [13]: 

3 B r 

E - 0.99 V 

B r -> 3 B r 
(8) 

E - 1.09 V 

V 
The existence of such a process was proved by analysis of 

Nicholson and Shain [19, 20]. On this basis, the mechanism of 
the anodic oxidation of DBTMP suggested in Equations (6) and 
(7) is as follows: 

E - 0.99 V 
(9) 
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The cation radicals of type XI formed are solvated in 
the reaction environment or they form ionpairs with the 
anions of the supporting, electrolyte. 

Conclusions 

The preparative processes of controlled potential elec-
trolysis do not promise great success in this group of 
sterically stressed geminal compounds. On the other hand, the 
use of generated radicals of types VII and XI as mediators of 
the chemical oxidation of the other organic compounds in 
homogeneous emulsions seems to be very interesting. 
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ЭЛЕКТРОДНЫЕ ПРОЦЕССЫ ПРОИЗВОДНЫХ 2,2,4,4-ТЕТРАМЕТИЛПЕНТАНА 
НА НЕПОДВИЖНЫХ ТВЕРДЫХ ЭЛЕКТРОДАХ. II. ВОЛЬТОМЕТРИЯ 3,3-
ДИБРОМО-2,2,4,4-ТЕТРАМЕТИЛПЕНТАНА В ДИМЕТИЛФОРМАМИДЕ. 

X. Шолл, и П. Кричмоник 

Изучены электродные процессы геминально замещенных 
3,3'-дибромо-2,2,4,4-тетраметилпентана в ДМФ с 6.1 мол 

концентрацией BU 4N +CIO^ В качестве электролита-носи-
теля, путем циклической вольтометрии (cvc) й электролиза 
с регулированным потенциалом (СРЕ) на электродах из стек-
лянного угля (GC), платины и золота.- Продукты реакции 
контролировались методами жидкостной хроматографии высо-
кого давления ( H P L C ) , газо-жидкостной хроматографии ( G C ) 

и ядерного парамагнитного резонанса ( I H - N M R ) . 

В результате двухстадийных процессов электродного 
восстановления Х Е =-1.00 В и 2 Е =-2.00 В AgCl(KCL ,Н,о)Ад, р,с р,с 3 sat' 2 
образовались соотвственно монобромид и алифатические соеди-
нил . 

Сложные процессы электрооксидации (Е>+1.ООВ).,вероятно 
+ 2+ 

ведут к образованию катион-радикалов ВТМР и ТМР сильио 
сольватированных в ДМФ, или образующих ионные пары с соот-
ветствующими анионами электролита-носителя. 


