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1 The aim of this work is to develop the Raschig
method of synthesizing substituted hydrazines into a
powerful way of making N�amino�3�azabicy�
clo[3.3.0]octane (1).

Unsymmetrical alicyclic hydrazines are used in the
pharmaceutical industry as precursors of hypoglyce�
mic, diuretic, anti�infectious, and cardiovascular
drugs [1–4]. In particular, 1 reacts with arylsulfony�
lurethanes to lead to a glycolazide that is used for treat�
ment of non�insulin dependent diabetics [5].

Up to date, the only method reported in literature
for the synthesis of 1 from 3�azabicyclo[3.3.0]octane
(2) consists of the nitrosation of 2 followed by the
reduction of the resulting 1�nitroso�3�azabicy�
clo[3.3.0]octane [4–10]:

,

Although this process leads to high yields (96% at
25°C) yet it involves toxic intermediates (nitro�
samines) and inflammable solvents that make it unfea�
sible for industrial application. In order to avoid these
inconveniences, we have adopted the Raschig method

1  The article is published in the original.

NNH2

1

NH N N O

2

nitrosation

N N O NNH2
reduction

[11–13] which is summarized by the following two
steps:

NH3 + OCl–  NH2Cl + OH–, (I)

(II)

A major disadvantage of this method is presented
by the formation of numerous byproducts which are a
result of the reactive nature of the intermediates that
undergo several side reactions. One particular side
reaction that leads to several by�products is the trans�
chlorination of chloramine and 3�azabicy�
clo[3.3.0]octane to yield N�chloro�3�azabicy�
clo[3.3.0]octane (3) [14, 15] which in turn loses HCl
under the reaction conditions to give 3�azabicy�
clo[3.3.0]oct�2�ene (4):

 + OH–   + H2O + Cl–.

(III)
Kinetic studies conducted at different tempera�

tures and variable concentrations of 3 and NaOH
showed that the reaction (III) is bimolecular
(E2 mechanism) [14, 16]:

k1 = 2.95 × 1011exp(–91.63/RT) l mol–1 s–1

(E1 in kJ/mol),

k1 = 103 × 10–6 l mol–1 s–1 at 25°C,

 = 89 kJ/mol,  = –33.6 J mol–1 K–1.

The imine that is produced precipitates in mono�
meric or polymeric forms. More concentrated solu�

RR'NH + NH2Cl + OH–

RR'NNH2 + H2O + Cl–.
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tions of 3 increase the rate of precipitation of 4 which
is very sparingly soluble in aqueous solutions:

 (n = 2 or 3).

Earlier studies show that N�amino�3�azabicy�
clo[3.3.0]octane must be synthesized in an alkaline
medium (pH 12.89) [14]. Under these conditions, the
dehydrohalogenation step is inescapable. To avoid the
formation of a precipitate, a suitable reducing agent
must be used to either reduce 3 before being converted
to the imine or reduce the imine 4 back to 3�azabicy�
clo[3.3.0]octane as soon as it is formed.

EXPERIMENTAL

Reagents

Water was passed through an ion�exchange resin,
distilled, deoxygenated, and stored under nitrogen. All
reagents and salts used were reagent grade products
from Prolabo RP and Aldrich.

N�Chloro�3�azabicyclo[3.3.0]octane is not com�
mercially available, and it was obtained quantitatively
by chlorinating excess of 3�azabicyclo[3.3.0]octane
(2–3%) with sodium hypochlorite [14, 16].

Procedure and Analysis

Solutions of 3 and sodium borohydride of identical
pH and KCl concentration ([KCl] = 1 mol/l) were
prepared, warmed to 25°C and introduced into a reac�
tion vessel. The initial concentration of NaBH4 was
determined iodometrically [17]. The concentration of
3 was monitored by making use of its maximum ultra�
violet absorption [14]. The UV spectra were measured
with a Cary 1E double beam spectrophotometer.

Nn N
n

3�Azabicyclo[3.3.0]octane was determined by gas
chromatography. GC analyses were carried out on an
HP 6890 chromatograph equipped with EPC modules
allowing to control and to measure gas flows and pres�
sures at different levels of the instrument. The separa�
tion was done on a 25 m long CP Wax 51 column (the
thickness of the film inside the column df was 2 μm
and the internal diameter of the column was 530 μm).
The apparatus and the experimental procedure were
published elsewhere [16, 18].

RESULTS AND DISCUSSION

Kinetics of the Reduction
of N�chloro�3�azabicyclo[3.3.0]octane

with Sodium Borohydride

The low solubility of 3 in aqueous media
(≤10⎯2 mol/l in water, ≤4 × 10–3 mol/l in 1 M sodium
hydroxide solution at 25°C) makes our task more dif�
ficult since the study and analyses have to be done in
homogeneous media. GC analysis proved to be unsuit�
able due to the partial decomposition of 3 in the injec�
tor. Preliminary trials have shown that the reaction
between 3�azabicyclo[3.3.0]octane and N�chloro�3�
azabicyclo[3.3.0]octane is negligible under experi�
mental conditions. The reaction kinetics were moni�
tored by UV spectrophotometry.

Reaction Order and Stoichiometry

Measurements were conducted at 25°C and
sodium borohydride concentrations ranging between
0.05 and 0.50 mol/l. The rate law was first established
at pH 12.89 (0.1 M NaOH) in order to limit the
decomposition of 3 and sodium borohydride. To
maintain a constant ionic strength, experiments were
carried out by using 1 M potassium chloride solutions.
Under these conditions, the rates of disappearance of

3 and  may be expressed as follows:

–d[3]/dt = k2[3]α[ ]β + k1[3][OH–],

–d[ ]/dt = ν2k2[3]α[ ]β + k3[ ],

in which the term k3[ ] represents the rate of
hydrolysis of sodium borohydride.

The hydrolysis of  was studied and reported by
several authors [19–22]. Experiments performed in our
laboratory show that the rate of hydrolysis of sodium
borohydride is very slow (k3 = 2.4 × 10–5 1 mol–1 s–1)
under experimental conditions. Moreover, UV analyses
eliminate the formation of the imine 4 since this sub�
stance is not detected in the spectrum (Fig. 1).

The kinetic parameters were determined by the
Ostwald method. To evaluate α, three series of mea�
surements were performed using a fixed concentration
of NaBH4 (0.1 mol/1) and concentrations of 3 ranging
from 1 × 10–3 to 4 × 10–3 mol/l (pH 12.89, T = 25°C,

4BH−

4BH−
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4BH−

4BH−
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Fig. 1. UV absorption spectra of reduction of N�chloro�3�
azabicyclo[3.3.0]octane by sodium borohydride

([C5H12NCl]0 = 2.03 × 10–3 mol/l, [ ]0 = 0.1 mol/l,
pH 12.89, T = 25°C, [KCl] = 1 mol/l, reaction time from
0 to 100 min).
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KINETICS AND CATALYSIS  Vol. 51  No. 4  2010

STUDY OF A REDUCTION STEP DURING THE CONTINUOUS SYNTHESIS 523

[KCl] = 1 mol/1). In all cases, the curves log [3]0/[3] =
f(t) came up to be straight lines with the slop:

 indicating that α = 1 (Table 1). Similarly,
β was determined by the same method and under the
same conditions by fixing the concentration of 3 (2 ×
10–3 mol/l) and varying the concentration of NaBH4

from 0.05 to 0.50 mol/1. The dependence logφ =

 came out to be a line of slope β ≈ 0.99
and Y axis intercept logk2 (R2 = 0.999). Consequently,
the second order rate constant at pH 12.89 and T = 25°C
was found to be equal to k2 = 2.06 × 10–3 1 mol–1 s–1.

The possibility of formation of organoborane com�
pounds [23] was eliminated by NMR spectroscopy.
The reaction mixture was extracted with hexane and
its NMR 11B spectrum recorded at 96.28 MHz with
BF3 ⋅ Et2O as internal standard. The spectrum showed

the presence of  and its hydrolysis product

 only (Fig. 2). Furthermore, GC analysis
indicated that 1 was formed in stoichiometric propor�
tion with respect to 3. These results prove that 3�azab�
icyclo[3.3.0]octane is the only product of reduction of
N�chloro�3�azabicyclo[3.3.0]octane by sodium boro�
hydride.

Stoichiometry was determined by using equimo�
lar concentrations of 3 and sodium borohydride (8 ×
10–3 mol/l). The pH was fixed at 10.90 so as to accel�
erate the reduction step while limiting the degradation

processes of 3 and NaBH4. Access to [ ]∞ or [3]∞
then made it possible to determine the reaction sto�

2 4BH 0[ ]k − β

φ =

4log[BH ]0( )f − β

4BH−

4B(OH)−

4BH−

ichiometry. Figure 3 represents the variation of 3 and

 concentrations as a function of time (T = 25°C,
[KCl] = 1 mol/1). Towards the end of the reaction,

[ ] reached 3.79 × 10–3 mol/l, which lead to a

[3]0/([ ]0 – [ ]) ratio close to 2.11.

This value, being slightly larger than 2, is due to the

simultaneous hydrolysis of  in slightly alkaline
media. Consequently,

–d[3]/dt = –2d[ ]/dt (ν2 = 2)

4BH−

4BH−

4BH−

4BH−

4BH−

4BH−

Table 1.  Determination of partial, orders and rate constant in
the reduction of N�chloro�3�azabicyclo[3.3.0]octane by 

[C5H12NCl]0 × 103, 
mol/l

[ ]0, 

mol/l
φ × 104, s–1 k2 × 103,

l mol–1 s–1

1.01 0.10 1.99 1.99

2.00 0.11 2.26 2.04

3.10 0.10 2.07 2.07

4.05 0.10 2.15 2.15

1.97 0.50 9.98 2.00

1.97 0.25 5.38 2.15

1.96 0.05 1.06 2.12

Note: pH 12.89, [KCl] = 1 mol/l, T = 25°C.

BH4
–

BH4
–
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BH4
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Fig. 2. Reduction of N�chloro�3�azabicyclo[3.3.0]octane

by : 11B NMR spectrum of aqueous mixture
(96 MHz).
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Fig. 3. Stoichiometry of N�chloro�3�azabicyclo�

[3.3.0]octane with  interaction ([C5H12NCl]0 =

[ ]0 = 8 × 10–3 mol/l, pH 10.90, T = 25°C, [KCl] =
1 mol/l).
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and the reaction may be represented by the following
equation:

(IV)

Influence of Temperature

The temperature effect was studied between 15 and

45°C (pH 12.89). Concentrations of  and 3 used
were equal to 0.1 and 2 × 10–3 mol/l respectively
([KCl] = 1 mol/l). The variation of k2 with tempera�
ture was found to comply with Arrhenius law. The
curve logk2 = f(1/T) is a line of slope –E2/R and a Y

NCl2 + BH4
– + 2OH– + 2H2O

k2
NH2 + B(OH)4

– + 2Cl– + 2H2.

4BH−

axis intercept logA2 (R = 0.999). A2 and E2 represent
the Arrhenius factor and activation energy, respec�
tively.

The enthalpy and entropy of activation can be shown
to be:

and ,

where kB is the Boltzmann constant and h is the Planck
constant (kB = 1.38033 × 10–23 J/K, h = 6.623 × 10–34 J s).
The calculated values are:

 = 63.9 kJ/mol

and  = –80.8 J mol–1 K–1.

Influence of pH

Kinetic measurements of 2 × 10–3 mol/l N�chloro�
3�azabicyclo[3.3.0]octane and 0.1 mol/l NaBH4 solu�
tions at pH values ranging between 11.80 and 13.50 were
carried out (T = 25°C, [KCl] = 1 mol/l). pH adjust�
ments were made by either concentrating the sodium
hydroxide or the use of a Na2HPO4–NaOH buffer. In
strongly alkaline media, dehydrohalogenation of 3
becomes competitive (k1 = 103 × 10–6 1 mol–1 s–1) and
thus must be considered in the rate of disappearance
of 3:

–d[3]/dt = k2[ ]0[3] + k1[OH–]0[3] = y[3],

where k2 = (y – k1[OH–]0)/[ ]0.

The experimental results are consigned in Table 2.
It was observed that k2 increases as pH decreases with�
out affecting the established rate law (partial orders
and stoichiometry). While calculated to be equal to
0.84 × 10–3 1 mol–1 s–1 at pH 13.5, k2 increases rapidly
to reach 20 × 10–3 1 mol–1 s–1 at pH 11.84.

This phenomenon may be explained by consider�
ing a specific acid catalysis, which leads to an expres�
sion of k2 in the form (3 = C5H12NCl or RR'NCl)

k2 = , (1)

where γ is the partial order with respect to H+,

 is the acidity constant of the protonated

form of 3, and ,  are the rate constants of the neu�
tral and catalyzed process, respectively. The curve k2 =
f(pH) indicates that the global rate constant depends
on the H+ ions over the entire pH range. This result
shows that the neutral process is very slow and  can
be neglected in relation (1). For  ≈ [H+], the curve

( )

− −

= × −

9 1 1
2

2

1 1 1 exp 66 36/  l mol  s

 in kJ/mol

.0 0 ( . )

.

k RT

E

0#
2 2H E RTΔ = −

Blog( /0#
2 2 ) ( )S A h ek TΔ =

0#
2HΔ

0#
2SΔ

4BH−

4BH−

γ 5 12C H NHCl
aH

/2 2' ''k k a K
+

++

5 12C H NHCl
aK

+

2'k 2''k

2'k

H
a +

Table 2. Influence of pH on the reduction of N�chloro�3�
azabicyclo[3.3.0]octane by  

pH k2 × 103, l mol–1 s–1

11.84 20.00

11.86 18.00

12.03 14.20

12.11 14.00

12.22 9.85

12.30 7.36

12.60 4.20

12.89 2.06

13.50 0.84

Note: [C5H12NCl]0 ≈ 2 × 10–3 mol/l, [ ]0 = 0.1 mol/l,

[KCl] = 1 mol/l, T = 25°C.

BH4
–

BH4
–

Table 3.  Influence of buffer solution on the reduction of N�
chloro�3�azabicyclo[3.3.0]octane by  

[Na2HPO4],
mol/l

[Na2CO3],
mol/l pH k2 × 103,

l mol–1 s–1

0.025 – 11.90 19.96

0.050 – 11.90 18.20

0.100 – 11.90 20.00

0.200 – 11.90 18.72

0.025 – 12.00 14.00

0.050 – 12.00 14.12

– 0.025 12.00 14.08

– 0.050 12.00 14.03

Note: [C5H12NCl]0 ≈ 2 × 10⎯3 mol/l, [ ]0 = 0.1 mol/l,

[KCl] = 1 mol/l, T = 25°C.

BH4
–

BH4
–
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logk2 = f(pH) is a straight line of slope 0.97
(R2 = 0.997):

logk2 = log  – γ(pH),

where  = . Taking into account the
experimental errors on rate constants and activity
coefficients, it may be deduced that γ = 1 and  =

5.82 × 109 l2 mol–2 s–1 at 25°C.
To verify the specific acid catalysis hypothesis,

experiments were carried out by modifying the nature
and the concentration of the buffer solution. KG con�
centration and pH are nevertheless kept constant.
Table 3 shows that k2 remains constant, which con�
firms the above hypothesis. Accordingly the rate law
follows:

(2)

By replacing [C5H12NHCl+] by its value,

,

relation (2) will reduce to (3):

(3)

For substituted chloramines, the first term being very

low (   0), the preceding relation becomes

Application to the Synthesis
of N�Amino�3�azabicyclo[3.3.0]octane

The optimization of the synthesis of 2 has been the
subject of a previous study [14]. Under the optimal
experimental conditions, the concentration of 3
reaches 0.02 mol/1 (0.3%). Once 2 and 3 are formed,
the dehydrohalogenation of C5H12NCl is slow and
requires several hours. Its reduction by sodium boro�
hydride must then intervene before its conversion
into 4.

Since the synthesis of 1 is carried out at constant
pH 12.89 ([NaOH] = 0.1 mol/1) [14], then the factors
that influence the reduction step are the concentration
of sodium borohydride and temperature. Their effects
can be evaluated by resolving the following differential
system derived from reactions (III) and (IV):

(4)

(5)

H
k +

+H
k k2''/Ka

C5H12NHCl
+

H
k +

−

+ −

− =

+

5 12 5 12 4

5 12 4

d[C H NCl]/d C H NCl BH

C H NHCl BH
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t k
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+

+ −

−
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= +
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5 12
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a 5 12 4
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k k K

k

2'k
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− +

−

≅

5 12

5 12 4H

d C H NCl /d

C H NCl BH H

[ ]

[ ][ ][ ].

t

k

−

−
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+

5 12 2 5 12 4

1 5 12

d C H NCl]/d C H NCl BH

C H NCl OH

[ [ ][ ]

[ ][ ],

t k

k
− −

− =4 2 5 12 4d[BH ]/d 0.5 C H NCl BH[ ][ ],t k

(6)

(7)

If  and [C5H12NCl]0 were the initial concen�
trations and if t were eliminated from Eqs. (4) and (5),
relation (8) would be obtained:

(8)

where r = k1/k2. When 3 is completely consumed,

 may be calculated from the equation

(9)

Equations (6), (7), and (8) allowed the determination
of the reaction time and the final concentrations of 3�
azabicyclo[3.3.0]octane and 3�azabicyclo[3.3.0]oct�
2�ene:

 

[imine]
∞

 = [C5H12NCl]0 – [C5H12NCl]
∞

,

To optimize the process, it is necessary to examine the
effect of the ratio of the initial concentrations

(m = [ ]0/[C5H12NCl]0) and temperature on the
reduction of 3. Table 4 expresses the temperature
effect for m = 5 and pH 12.89, and 13.50. At higher
temperatures, reduction of 3 becomes less favourable.
For example, the yield of the reduced product
decreases by 7% when the temperature is increased
from 15 to 50°C. At 50°C and pH 12.89, N�chloro�3�
azabicyclo[3.3.0]octane is consumed in less than

[ ] 1 5 12d imine /d C H NCl OH[ ][ ],t k −

=

5 12 2 5 12 4d C H NCl]/d C H NCl BH[ [ ][ ].t k −

=

4[BH 0]−

− − − −
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− −

− =∫∫

BH4
−

Table 4.  Reduction of N�chloro�3�azabicyclo[3.3.0]octane
by sodium borohydride. Variation of imine concentration as
a function of temperature for pH 12.89 and 13.50 

T, °C
pH 12.89 pH 13.50

[imine] × 104, mol/l

5 4.90 65.4

15 7.08 82.8

25 9.78 104.3

50 20.6 137.1

75 36.7 161.9

100 56.1 176.9

Note: [C5H12NCl]0 = 0.02 mol/l, [ ]0 = 0.1 mol/l.BH4
–
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60 min, but the yield of 3�azabicycIo[3.3.0]oct�2�ene
reaches 10.3%.

Figures 4 and 5 show the results of a mathematical
treatment at T = 25°C and pH 12.89 based on

[ ]0/[C5H12NCl]0 ratio. These are the optimal
conditions for the quantitative reduction of the substi�
tuted chloramine formed. Thus, the percentage of
reduced 3 reaches 95% when m exceeds 5, and is close
to 98.8% when m = 50.

Mechanism

The experimental results show that RR'NCl–
NaBH4 reaction follows a second order rate law and
presents specific acid catalysis. This phenomenon can
be interpreted by noting that substituted chloramines
may be represented by the following two configura�
tions depending on the nature of substituents and
experimental conditions:

 and .

In the case of chloramine (R = R' = H), the polariza�
tion of N–Cl bond is induced by chlorine electroneg�
ativity:

BH4
−

N Cl
δ– δ+

N Cl
δ+ δ–

H2N–Cl.
δ–δ+

This configuration is confirmed by theoretical studies
[24, 25]. Moreover, NH2Cl has been shown to be sub�
ject to nucleophilic attack by ammonia or amines
leading to hydrazines [14, 26]. Substitution of hydro�
gen by an alkyl group decreases the partial positive
character of the nitrogen atom and consequently, may
cause an inversion in the N–Cl polarization. From
what preceded, different mechanisms for the reduc�
tion of 3 could be postulated.

(i) The first mechanism involves an initial attack by

 on neutral substituted chloramine. In this case,
this attack may be postulated to take place on the N
nucleus as in Scheme 1a, or on the Cl nucleus as in

Scheme 1b. Since  of the reaction in neutral solu�
tion has been found to be very small, then the contri�
bution of such a mechanism to the reduction process
is insignificant.

   + BH3Cl– (very slow),

 + HBH2Cl–   + (fast),

 + 2H2O + 2OH–   + 2Cl– 
+ 2H2 (fast).

Scheme 1a.

4BH−

k2
'

N Cl
δ+

+ H–BH3
– k'2 NH

N Cl
δ+

NH 2BH Cl2
−

2BH Cl2
−

4B(OH)−
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Fig. 4. Reduction of N�chloro�3�azabicyclo[3.3.0]octane

by . Variation of C5H12NH and C5H12NCl concen�
trations as a function of [NaBH4]0/[C5H12NCl]0 ratio
(m): 1⎯5, 2⎯10, 3⎯20. pH 12.89, ([C5H12NCl]0 =
0.02 mol/l, T = 25°C.

4BH−

6005004003002001000
Time, min

10

9

8

7

6

5

4

3

2

1

Concentration × 104, mol/l

1

2

3

Fig. 5. Reduction of N�chloro�3�azabicyclo[3.3.0]octane

by . Variation of imine concentration as a function of
[NaBH4]0/[C5H12NCl]0 ratio (m): 1⎯5, 2⎯10, 3⎯20.
pH 12.89, ([C5H12NCl]0 = 0.02 mol/l, T = 25°C.
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   + HCl (very slow),

 +    + HCl (fast),

 + 4H2O  2  +  
+ 2H2 (fast).

Scheme 1b.

(ii) The second mechanism involves an initial
attack by the borohydride ion on a protonated substi�
tuted chloramine. The reaction is fast and the nucleo�
philic attack takes place on the positive chlorine with a

rate constant  resulting in the formation of borane–
amine intermediates. Borane intermediates are subse�

quently decomposed leading to RR'NH and 
shown by scheme 2.

 + H–    + HCl (slow),

 + H2O   + H3O
+ (fast),

 +    + HCl (fast),

 + H2O   

+ H3O+ (fast),

 + 4H2O  2  +  
+ 2H2 (fast).

Scheme 2.

The schemes proposed are consistent with the
kinetic law. They lead to the established formula (1)
where the first term  may be neglected. In addition,
the formation of hydrogen is confirmed experimen�
tally.

Complementary trials were carried under the same
experimental conditions and the volume of the evolved
gas was measured. The ratio of [H2]/[RR'NCl] is
found to be slightly more than 1. This is due to the par�
tial hydrolysis of borohydride ion that� accompanies
the reduction step.

N Cl
δ+

+ H–BH3
– k'2 N BH3

−

N BH3
− N Cl

δ+
N BH2

− N

N BH2
− N NH 4B(OH)−

2''k

−

4B(OH)

N

H

Cl
+

BH3
– k''2 N

H

BH3

+
−

N

H

BH3

+
− N BH3

−

N BH3
− N

H

Cl
+

N BH2
− N

H

+

N BH2
− N

H

+
N BH2

− N

N BH2
− N NH −

4B(OH)

2'k

The above results show that it is possible to reduce
N�chloro�3�azabicyclo[3.3.0]octane by sodium boro�
hydride under mild conditions (m = 50, pH 12.89,
T = 25°C). This operation eliminates the formation of
3�azabicyclo[3.3.0]oct�2�ene and subsequent forma�
tion of polymeric precipitates. In concentrated media,
the rate and equilibrium constants vary with ionic
strength. The kinetic treatment then remains a conve�
nient way that describes the evolution of the reaction
system.

ACKNOWLEDGMENTS

The authors are grateful to Dr. Abdul Rahman
Sidani for his helpful advices. They are also grateful to
the Lebanese University for financial support.

REFERENCES

1. Martin, H. and Worthing, C.R., Pesticide Manuel, Not�
tingham: British Crop Protection Council, 1977.

2. Thomson, W.T., Insecticides, Herbicides, Fungicides,
Fresno, Calif.: Thompson, 1977.

3. Kolla, V.E. and Berdinskii, I.S., Farmakologiya i
khimiya proizvodnykh gidrazina (Pharmacology and
Chemistry of Hydrazine Derivatives), Yoshkar�Ola:
Mariiskoe Knizhnoe Izd., 1976.

4. Schmidt, E.W., Hydrazine and Its Derivatives: Prepara�
tion, Properties, Applications, New York: Wiley, 2001.

5. Wright, J.B. and Willette, R.E., J. Med. Pharm. Chem.,
1962, vol. 5, p. 815.

6. Brown, E.V., Caglioti, L., Paolucci, G., Rosini, G., and
Sucrow, W., Methodicum Chimicum, New York: Aca�
demic, 1975, p. 73.

7. Audrieth, L.F. and Ogg, B.A., Chemistry of Hydrazines,
New York: Wiley, 1953.

8. Powel, P., Hydrazine Manufacturing Processes, New
York: Wiley, 1968.

9. Kost, A.N. and Sagitullin, R.S., Russ. Chem. Rev.,
1959, vol. 33, p. 159.

10. Ohme, R. and Zubek, A., Z. Chem., 1968, vol. 8, no. 2,
p. 41.

11. Raschig, F., Chem.�Ztg., 1907, vol. 31, p. 926.

12. Raschig, F., Angew. Chem., 1907, vol. 20, p. 2065.

13. Raschig, F., Ber. D. Chem. Ges., 1907, vol. 40, p. 4580.

14. Elkhatib, M., Thèse de Ddoctorat ès Sciences no. 89�94,
Lyon: Claude Bernard University Lyon 1, 1994.

15. Elkhatib, M., Marchand, A., Peyrot, L., Counioux, J.J.,
and Delalu, H., Int. J. Chem. Kinet., 1997, vol. 29, p. 89.

16. Elkhatib, M., Peyrot, L., Scharff, J.P., and Delalu, H.,
Int. J. Chem. Kinet., 1998, vol. 30, p. 129.



528

KINETICS AND CATALYSIS  Vol. 51  No. 4  2010

ELKHATIB et al.

17. Lyttle, D.A., Jensen, E.H., and Struck, W.A., Anal.
Chem., 1952, vol. 24, p. 1843.

18. Elkhatib, M., Marchand, A., Counioux, J.J., and
Delalu, H., Int. J. Chem. Kinet., 1995, vol. 27, p. 757.

19. Schlesinger, H.I., Brown, H.C., Finholt, A.E., Gil�
breath, J.R., Hoekstra, H.R., and Hyde, E.K., J. Am.
Chem. Soc., 1953, vol. 75, p. 215.

20. Prokopcikas, A. and Salkauskiene, J., Russ. J. Phys.
Chem., 1970, vol. 44, p. 1678.

21. Kreevoy, M.M. and Jacobson, R.W., Ventron Alembic,
1979, vol. 15, p. 2.

22. Kaufman, C.M. and Buddhadev, S., J. Chem. Soc., Dal�
ton Trans., 1985, vol. 2, p. 307.

23. Miller, V.R., Ryschkewitsch, G.E., and Chandra, S.,
Inorg. Chem., 1970, vol. 9, p. 1427.

24. Lumbroso, H., Bull. Soc. Chim. Fr., 1963, vol. 11,
p. 2519.

25. Allenstein, E., Z. Anorg. Allg. Chem., 1961, vol. 308,
p. 1.

26. Delalu, H., Thèse de Doctorat d’État ès Science no. 77�
29, Lyon: Claude Bernard University Lyon 1, 1977.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


