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(bumecaine) are reviewed.
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SYNTHESIS OF ANESTHESIN

The classical industrial process for manufacturing the

very important pharmaceutical drug anesthesin (ethyl

p-aminobenzoate) incorporates a reduction step of ethyl

p-nitrobenzoate (I) by iron filings in the presence of acetic

acid.

The impurities are mainly products of incomplete reduc-

tion of the nitro group, i.e., ethyl p-nitrobenzoate (II), ethyl

p-hydroxylaminobenzoate (III), diethyl azoxybenzene- (IV),

azobenzene- (V), and hydroazobenzene- (VI) 4,4�-dicarbo-

xylates. The amount of products from incomplete reduction

of the nitro group and their rates of formation depend on the

temperature, reductant, and solvent.

It was shown [5] that catalytic hydrogenation of I – VI

under selected conditions occurs in the kinetic regime and is

first-order in catalyst and hydrogen.

The dependence of the reaction rate on the substrate con-

centration is variable. For the instance where the substrate

concentration becomes comparable with the amount of cata-

lyst active centers, the reaction order in substrate changes

from zero- to first-order.

The effective rate constant for hydrogenation of I as a

function of Pd content in the catalyst shows a peak. The reac-

tion rate with a metal content up to 4 mass % increases in

proportion to the amount of Pd. Increasing the metal content

further decreases the reaction rate. This is apparently due to

lower catalytic activity because of the formation of Pd

microcrystals. Thus, the optimum metal content in the cata-

lysts was set at 4 mass %.

We studied the reduction of I on Pd-containing catalysts

using the standard method [5] and found that they all pro-

duced anesthesin (VII) without forming detectable quantities

of products from incomplete reduction of the nitro group. Ta-

bles 1 and 2 present the effective rate constants for the reac-

tion calculated per kilogram of catalyst.

The hydrogenation was carried out over Pd/C catalysts

and Pd-containing anion-exchangers AV-17-8 and AN-1

(AV-17-8-Pd and AN-1-Pd). The polytrimethylolmelamine

AN-1 practically does not swell in organic solvents and is a

weakly basic anion-exchanger whereas AV-17-8 [aminated

chloromethylated copolymer of styrene (92%) and divinyl-

benzene (8%)] swells minimally in organic solvents and is a

strongly basic anion-exchanger.

The temperature dependence of AV-17-8-Pd also shows a

peak. The maximum rate is observed at 45°C. Increasing the

temperature further causes a decrease in the reaction rate (Ta-

ble 2). Apparently the appearance of the maximum is due, on

one hand, to the increase in the partial pressure of the solvent

vapor and, as a result, the lower H
2

concentration in the reac-

tion mixture and, on the other, to the polymeric nature of

AN-1-Pd and AV-17-8-Pd [6].
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The solvent has an important influence on the activity

and selectivity for hydrogenation of I over all studied cata-

lysts. Thus, the reaction rate in EtOH (Table 1) is greater

than in toluene. However, VII undergoes additional alkyl-

ation in alcohol over Pd/C so that the yield of main product is

lower.

The catalysts are placed in the following order of stabil-

ity in the studied process: AV-17-8-Pd > AN-1-Pd > Pd/C.

However, the initial rate over Pd/C is much greater than that

for the Pd-containing polymers. The activity of Pd/C dimin-

ishes with repeated use because of leaching of Pd from the

catalyst surface whereas this does not occur in the an-

ion-exchangers because of the bond strength of the Pd to the

polymer functional groups.

Thus, it can be concluded that I should be hydrogenated

in EtOH at 45°C over AV-17-8-Pd and AN-1-Pd catalysts,

which are superior to the heterogeneous catalyst Pd/C with

respect to selectivity and stability and can produce

high-quality VII without special purification [7].

NOVOCAINE SYNTHESIS

Novocaine (diethylaminoethyl p-aminobenzoate hydro-

chloride, VIII) was synthesized at the start of the 20
th

cen-

tury [8 – 11]. Then, several industrial processes for synthe-

sizing VIII were developed [12 – 14]. In all instances, the

first step is esterification of p-nitrobenzoic acid to form I.

Next, I is converted to VII, which is purified by recrystalli-

zation and trans-esterified to produce VIII, treating the cor-

responding base with alcoholic HCl.

The possibility of combining hydrogenation of I and

trans-esterification of VII generated in situ was studied [15].

We demonstrated several times the ability in principle to per-

form simuntaneous hydrogenation of the nitro group and

trans-esterification of the ester over Pd-containing polymers

[7, 16, 17]. Hydrogenation of I and trans-esterification of the

resulting VII was carried out over Pd/C, AV-17-8-Pd, and

AN-1-Pd.

Preliminary results showed that hydrogenation of I and

trans-esterification of VII under selected conditions occurs

in the kinetic regime. Both processes are first-order in cata-

lyst. The effective rate constant for trans-esterification of VII

depends linearly on the amount of catalyst. The catalysts are

placed in the following order with respect to this function:

AV-17-8-Pd > AN-1-Pd > Pd/C. This correlates with their

basicity. Apparently the basic properties of the metal-poly-

mer catalysts enable them to be used effectively for combin-

ing the hydrogenation and trans-esterification. Obviously

most of the anion-exchanger functional groups remain free

upon loading the initial amount of Pd (4 mass %) [18] and

act as active centers for the trans-esterification.

The lack of a dependence of the rate constant for forma-

tion of VIII on the initial concentration of I is consistent

with a zero-order hydrogenation of I to VII. This agrees with

prior investigations [5, 16]. Therefore, the features of the hy-

drogenation of the nitro compound, including the high yield

of product, persist under conditions where the hydrogenation

and trans-esterification occur simultaneously.

However, the constant depends ambiguously on the ini-

tial concentration of diethylaminoethanol (IX). Thus, a

first-order reaction is observed for the metal-polymer cata-

lysts. The order is close to zero over the heterogeneous cata-

lyst although the reaction rate increases slightly with increas-

ing concentration of IX. Not only the rate of formation but

also the yield of final product (VIII) increase with increasing

initial concentration of IX (Table 3).

We studied the effect of acid and base on the formation

rate constant of VIII from I during further improvement of

the production of VIII because trans-esterification is known

to be accelerated in the presence of acids or bases [19].

The results showed that preference should be given to the

base-catalyzed reaction because high base concentrations

were not required over the metal-polymer catalysts. As noted

above, the metal-polymers contain free functional groups

that also catalyze trans-esterification. Table 3 shows that the

yield of VIII as a function of KOH concentration shows a

peak. This is apparently related to the hydrolysis of VIII
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TABLE 1. Effective Hydrogenation Rate Constants of I and Prod-

ucts of Its Incomplete Reduction over Various Pd Catalysts

Com-

pound

Kef, mol�(L·s·kg cat) ± (5 – 12)%

AN-1-Pd AV-17-8-Pd Pd�C

EtOH Toluene EtOH Toluene EtOH Toluene

I 0.100 0.020 0.150 0.025 0.23 0.16

II 0.077 0.018 0.120 0.016 0.21 0.14

III 0.080 0.015 0.130 0.013 0.22 0.14

IV 0.060 0.013 0.010 0.011 0.18 0.12

V 0.056 0.009 0.090 0.010 0.17 0.11

VI 0.030 0.007 0.060 0.008 0.15 0.10

Conditions: solvent 10 – 50 mL, substrate 0.1 – 0.5 M, H
2

pressure

1 atm, 45°C, 0.2 g catalyst (d = 0.075 – 0.102 mm), reaction time

100 – 300 min.

TABLE 2. Hydrogenation of I over Various Catalysts in EtOH

Sam-

ple

No.

T,

°C

Pd�C AN-1-Pd AV-17-8-Pd

Kef

Yield of

VII, %
Kef

Yield of

VII, %
Kef

Yield of

VII, %

1 20 0.04 88.5 0.015 99.2 0.02 99.6

2 25 0.09 88.3 0.03 99.1 0.04 99.5

3 30 0.15 88.0 0.05 99.4 0.07 99.4

4 35 0.17 88.6 0.07 99.5 0.10 99.5

5 40 0.20 88.8 0.09 99.6 0.12 99.7

6 45 0.23 89.4 0.10 99.8 0.15 100

7 50 0.27 88.0 0.09 99.8 0.11 99.3

8 60 0.35 87.0 0.08 99.3 0.095 99.4

Note: conditions are given in Table 1; K
ef

, mol�(L·s) ± (6 – 10)%.



whereas the yield of VIII increases constantly as the concen-

tration of IX is increased.

Thus, the results suggest that the catalytic synthesis of

VIII from I via combination of hydrogenation and trans-esteri-

fication of the intermediate VII is a promising method for manu-

facturing the important pharmaceutical drug novocaine [20].

DICAINE SYNTHESIS

Dicaine is �-dimethylaminoethyl p-butylaminobenzoate

hydrochloride (X·HCl) and is a structural analog of VIII in

which the amine in the benzene ring is substituted by butyl.

Therefore, the synthetic scheme for X [21] has much in com-

mon with those for VII [12 – 14].

The industrial synthesis of X is carried out analogously

to that of VIII from p-nitrobenzoic acid. The only difference

is that alkylation of the amine formed by reduction of

p-nitrobenzoic acid (XI) to p-aminobenzoic acid (XII) ap-

pears as an additional step.

The method proposed in the literature [22] for preparing

X using catalytic hydrogenation enables many such draw-

backs to be avoided partially or completely. Traditional Pd/C

and Pd-containing anion-exchangers (AN-1-Pd and

AV-17-8-Pd) were used as catalysts.

The starting material is I. It is hydrogenated in the pres-

ence of butanal (XIII) and dimethylaminoethanol (XIV) to

form VII, which reacts with the aldehyde (XIII) in the reac-

tion mixture to form an azomethine, ethyl p-butylideneami-

nobenzoic acid (XV). Then compound XV is reduced to

ethyl p-butylaminobenzoic acid (XVI). It was found earlier

that the catalyst has a substantial influence on condensation

of aldehydes with aromatic amines [23 – 27]. The yield of

XV in the presence of catalyst is much greater than conden-

sation without a catalyst [25 – 27]. The role of the catalyst in

shifting the equilibrium toward formation of XV is not fully

understood. However, it was shown that Pd-containing poly-

mers are far superior to Pd/C in this respect. Apparently this

explains the relatively low yield of XI over Pd/C (Table 4).

Compound XVI generated in situ undergoes trans-esteri-

fication to form X. Amination of XIII and trans-esterifica-

tion of XVI occur simultaneously but at different rates. This

causes intermediates VII and XV to accumulate in the reac-

tion mixture (Scheme 1).

It was shown earlier that hydroamination of aliphatic al-

dehydes by aromatic amines [23] and heterocyclic aldehydes

by cyclohexylamine [24] and aromatic amines [25] over

Pd/C and Pd-containing polymers [26, 27] forms the target

products, secondary amines, in 84 – 100% yields. Moreover,

it seemed possible [5, 25 – 27] to perform simultaneous hy-

drogenation of the nitro group, hydroamination of the alde-

hydes, and trans-esterification of the ester over Pd catalysts.

Thus, the overall scheme for producing X from I can be rep-

resented as shown in Scheme 2 according to the experimen-

tal results and literature data.

The produced base X does not require additional purifi-

cation because the alcoholic HCl used for conversion of X to

the hydrochloride salt contains water and EtOH. The devel-

oped method is suitable for catalytic synthesis of X base in

one step from I in high yield (up to 94%) under mild condi-

tions [22].

LIDOCAINE SYNTHESIS

Lidocaine is 2-(diethylamino-N-(2,6-dimethylphenyl)-

acetamide (XVII) and is widely used in medicine as a local

anesthetic. Its high therapeutic activity, rapid onset, and

rather prolonged action make it suitable for practically any

clinical application [12 – 14]. However, the high cost of the

drug due to an imperfect industrial synthetic process pre-

vents its wide use (like, for example, VIII). The starting ma-

terial for industrial manufacture of XVII is 2,6-dimethyl-

aniline [28].

Reductive acylation starts with 2,6-dimethylnitrobenze-

ne (XVIII), which is reduced with simultaneous addition of

the acyl group to the reduced N atom (Scheme 3).
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TABLE 3. Yield of Novocaine as a Function of Concentration of

IX and KOH

Compound
Concent-

ration, M

Yield, mass %

Pd�C AN-1-Pd AV-17-8-Pd

IX 0.04 72 84 87

0.08 73 88 89

0.10 74 89 91

0.14 78 93 95

0.18 80 94 97

KOH 0.02 73 91 91

0.06 73 92 95

0.10 74 94 97

0.14 76 91 96

0.20 80 90 92

Conditions: EtOH 10 – 50 mL, 45°C, H
2

pressure 1 atm, 0.1 – 0.5 g

catalyst (Pd content 4 mass %, particle size 0.075 – 0.102 mm), con-

centration of I 0.1 – 0.7 M, reaction time 4 – 6 h.

TABLE 4. Yield of Dicaine Base (X) as a Function of Initial Con-

centration of Dimethylaminoethanol (XIV)

No.
Concentration

of XIV, M

Yield of X, %

Pd�C AH-1-Pd AB-17-8-Pd

1 0.1 68 73 82

2 0.3 70 76 86

3 0.5 71 78 87

4 0.7 73 84 91

5 1.0 77 85 94

Conditions: EtOH 30 – 70 mL, 45°C, H
2

pressure 1 atm, 0.2 g cata-

lyst (Pd content 4 mass %, particle size 0.075 – 0.102 mm), concen-

tration of I and butanal 0.1 – 0.5 M, reaction time 4 – 6 h.



Our experience with the synthesis of drugs containing an

amine, hydrogenation [5, 15], hydroamination [22], and

reductive acylation [29] over Pd catalysts led to the produc-

tion of the target products in high yields. The selectivity and

activity of the process was determined by various process

factors, mainly the nature of the reagents, catalyst, solvent,

temperature, pH, etc. The new metal-polymer catalysts

AV-17-8-Pd and AN-1-Pd enable the process to be per-

formed under mild conditions. This increases significantly

the selectivity of the synthesis (Table 5) by minimizing the

destruction and polymerization of the substrates and target

products. Their properties are comparable with classical

Pd/C. Reductive acylation over all studied catalysts occurs

without forming significant amounts of products from in-

complete reduction of the nitro group. Tables 5 – 7 present

the effective rate constants calculated per kilogram of cata-

lyst.

As it turns out, the lower selectivity for producing XVII

over Pd/C is due to a side reaction involving alkylation by

solvent of the amine in XXIII. Increasing the temperature

above 45°C favors this process (Table 6). The temperature

dependence for AV-17-8-Pd shows a peak. The maximum ef-

fective rate is observed at 45°C. Increasing the temperature

further reduces the reaction rate (Table 6). Apparently the

presence of a maximum is due, on one hand, to the increase

of the partial pressure of solvent vapor that results in a reduc-

tion of the H
2

concentration in the reaction mixture and, on

the other, to the polymeric nature of AN-1-Pd and

AV-17-8-Pd.

The solvent has a significant effect on the activity and se-

lectivity of reductive acylation of XVIII in the presence of

all studied catalysts. Thus, the reaction rate in EtOH (Ta-

ble 5) is much greater than in toluene. However, the reduc-

tion product of XVIII is alkylated by solvent molecules over

Pd/C, i.e., reductive amination of the alcohols occurred.

The catalysts are placed in the following order according

to stability and activity in this process (Tables 5 – 7):

AV-17-8-Pd > AN-1-Pd > Pd/C. The diminished activity of

Pd/C upon repeated use is due to leaching of Pd from the cat-

alyst surface whereas this does not occur in the an-

ion-exchangers because of the bond strength of the Pd to the

polymer functional groups.

However, not only the nature of the catalyst and substrate

but also the solution pH turn out to have a substantial influ-

ence on the increased activity of the process. The acylation is

known to be accelerated in the presence of acids or bases.

Thus, the reaction rate increases, most over Pd/C, if HCl is

added to the reaction mixture (Table 7). The effective reac-

tion rate with [HCl] = 0.10M over the heterogeneous catalyst

becomes comparable with that over AN-1-Pd but remains

less than that over AV-17-8-Pd. The observed differences in

the trends for the heterogeneous and metal-polymer catalysts

suggests that they are involved not only in hydrogenation of

XVIII but also in the most problematical step of the whole
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TABLE 5. Effective Rate Constants of Reductive Acylation of

XVII over Pd Catalysts in Various Solvents

No. Solvent

kef, mol�(L·s) ± (8 – 10)%

Pd�C AH-1-Pd AB-17 – 8-Pd

1 EtOH 0.19 0.20 0.27

2 PrOH 0.15 0.18 0.20

3 BuOH 0.14 0.16 0.15

4 Hexane 0.08 0.12 0.07

5 Toluene 0.07 0.14 0.08

Conditions: solvent 10 – 50 mL, substrate 0.1 – 0.5 M, H
2

pressure

1 atm, 45°C, 0.2 g catalyst (d = 0.075 – 0.102 mm), reaction time

100 – 300 min.

TABLE 6. Reductive Acylation of XVIII over Pd Catalysts in

EtOH at Various Temperatures

No. T, °C

Pd�C AH-1-Pd AB-17-8-Pd

kef

Yield of

XVII,

mass %

kef

Yield of

XVII,

mass %

kef

Yield of

XVII,

mass %

1 20 0.01 48 0.02 57 0.05 59

2 25 0.05 47 0.04 58 0.08 61

3 30 0.10 48 0.08 60 0.15 64

4 35 0.11 52 0.14 65 0.19 75

5 40 0.14 54 0.17 67 0.25 83

6 45 0.19 57 0.20 70 0.27 87

7 50 0.20 55 0.20 64 0.24 79

8 60 0.22 50 0.18 62 0.20 68

Conditions are given in Table 5; k
ef

, mol�(L·s) ± (8 – 10)%.
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process, acylation of the reduction product of XVIII that is

formed in situ.

The influence of base (Table 7) also confirms this hy-

pothesis because increasing the KOH concentration has no

effect on reactions involving the metal-polymers whereas

KOH has an even greater influence than HCl on acylation

over Pd/C. The zero-order in base is consistent with direct in-

volvement of free highly basic and weakly basic functional

groups of AV-17-8-Pd and AN-1-Pd in reductive acylation of

XVIII.

Thus, the experimental results indicate that preference

should be given to the base-catalyzed reaction because the

use of large base concentrations is not required over the

metal-polymer catalysts. Catalytic synthesis of XVII from

XVIII by combining the hydrogenation and acylation reac-

tions of the produced amine is a promising method for manu-

facturing the very important pharmaceutical drug lidocaine

(XVII).

SYNTHESIS OF MEPIVACAINE, BUPIVACAINE,

TRIMECAINE, AND PYROMECAINe

The possibility for catalytic synthesis of the newest phar-

maceutical drugs, aminoamide local anesthetics bupivacaine

[1-butyl-N-(2, 6-dimethylphenyl)-2-piperidinecarboxamide,

XIX], mepivacaine [1-methyl-N-(2, 6-dimethylphenyl)-2-

piperidinecarboxamide, XX], trimecaine (�-diethylamino-

2,4,6-trimethylacetanilide, XXI), and pyromecaine (1-butyl-

2,4,6-trimethyl-2-pyrrolidinecarboxamide, XXII) was stud-

ied [29].

Current catalytic and non-catalytic methods for prepar-

ing acetanilides of 2,6-dimethylaniline (XXIII) and

2,4,6-trimethylaniline require the use of a multi-component

system and forcing conditions [30].

Two main methods were proposed for industrial manu-

facture of XX. One of them includes not only chemical steps

but also catalytic ones.

a) The first method involves synthesis using Grignard re-

agents and is performed by reacting ethyl 1-methylpiperidi-

ne-2-carboxylate with 2,6-dimethylanilinyl magnesium bro-

mide, which was prepared in turn by treating XXIII with

ethyl magnesium bromide [31 – 33].

b) The second method [34] produces XX via reaction of

XXII with pyridine-2-carboxylic acid chloride (XXIV). This

formed initially the 2,6-xylylide of �-picolinic acid (XXV),

the aromatic pyridine ring of which was reduced into

piperidine by H
2

over Pd/C. Compound XXV produced in

this manner was N-methylated into XX by formaldehyde

with simultaneous reduction by H
2

over Pd/C (hydrogenating

amination).

Compound XIX is chemically similar to XX and differs

only in the substituent on the N atom of the piperidine ring

(butyl instead of methyl). Therefore, the synthetic methods

for these compounds have much in common. Two methods

were proposed for preparing XIX.

a) The first method produces XIX from XXV [32, 35]. It

is alkylated by butylbromide to produce the corresponding

pyridinium salt. Then, the salt is hydrogenated into the

piperidine derivative over platinum oxide to produce XIX.

b) The second method uses XXIV as starting material

[36 – 38]. It is reacted with amine XXIII. The amide pro-

duced in this manner is further alkylated by butylbromide

into XIX.

It can be seen that the use of several steps and forcing

conditions reduces in general the effectiveness and selectiv-

ity of the process. Therefore, a method was proposed [39] for

production of XIX – XXII via reductive acylation of XVIII
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TABLE 8. Yield of Target Products (mass %) over Various

Pd-Containing Catalysts

Sample No. Target product Pd\C AN-1-Pd AV-17-8-Pd

1 XIX 54 63 77

2 XX 65 72 93

3 XXI 61 70 90

4 XXII 57 74 88

Conditions: Volume of reaction mixture 50 mL, H
2

pressure 1 atm,

45°C, 0.4 g catalyst (Pd content 4 mass %, d = 0.075 – 0.102 mm),

nitro-compound concentration 0.1 M, acylating agent 0.1 – 1.0 M.

TABLE 7. Effective Rate Constant of Lidocaine Formation as a

Function of Initial HCl and KOH Concentration

Compound
Concentration,

M

kef, mol�(L·s) ± (8 – 12)%

Pd�C AN-1-Pd AV-17-8-Pd

HCI 0.02 0.07 0.15 0.20

0.06 0.08 0.17 0.24

0.10 0.10 0.18 0.25

0.14 0.15 0.20 0.22

0.20 0.15 0.20 0.24

KOH 0.02 0.05 0.13 0.18

0.06 0.11 0.15 0.19

0.10 0.15 0.17 0.20

0.14 0.20 0.17 0.22

0.20 0.22 0.18 0.22

Conditions: EtOH 10 – 50 mL, 45°C, H
2

pressure 1 atm, 0.1 – 0.5 g

catalyst (Pd content 4 mass %, particle size 0.075 – 0.102 mm), con-

centration of I 0.1 – 0.7 M, reaction time 4 – 6 h.
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and 2,4,6-trimethylnitrobenzene by the appropriate carbo-

xylic acid derivatives over Pd catalysts. This enables the

aforementioned drawbacks to be avoided (Scheme 4).

The catalysts were Pd-containing anion-exchangers

AV-17-8 and AN-1. They were demonstrated to be highly ef-

fective in such processes [5, 15, 22, 29].

Reductive acylation of the nitrobenzene derivatives into

the corresponding carboxylic acids (Scheme 4) occurs in the

kinetic regime under the selected conditions. Performing the

process under mild conditions over metal-polymers enables

polymerization and destruction of the starting materials and

reaction products to be avoided. This increases substantially

the selectivity of the synthesis (Table 8).

As it turns out, hydrogenolysis of the reaction products is

not observed over the metal-polymers. However, the maxi-

mum yield of the target product is less than 60 – 70% over

Pd�C. Then, the concentration of the target product is ob-

served to decrease and one of the starting compounds, in par-

ticular, the hydrogenation product of the nitro derivative, in-

creases. This clearly indicates that the target products are be-

ing destroyed. It should be noted that the heterogeneous

analog Pd�C has a characteristic tendency toward

hydrogenolysis and rapid deactivation due to leaching of Pd

from the catalyst surface or poisoning by polymerization

products [5, 15, 22, 29].

The high selectivity and activity of the metal-polymers is

apparently related, on one hand, to their high selectivity in

hydrogenation of nitro compounds [5, 15, 22, 29] and, on the

other, the involvement of free functional groups of the an-

ion-exchangers as catalysts for acylation of the intermediate

amine derivative formed in situ.

In general, the catalysts can placed in the following order

relative to selectivity in the synthesis of local anesthetics by

reductive acylation of nitrobenzene derivatives:

AV-17-8-Pd > AN-1-Pd > Pd�C (Table 8).
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Scheme 4

Synthesis of local anesthetics by reductive acylation over Pd cata-

lysts
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