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Appendix B: GC-Mass spectroscopy

Instrument: Hewlett-Packard 6890 series GC-MS

GC parameters:

Column:

Capillary column:

(Silica) HP-1

Length: 30m
[.D: 0.2mm
Film thickness: 0.2um
Qutlet pressure: Vacuum
Carrier gas: Helium

Temmperature program.:

Initial temp: 50°C
Inidal e 1.00min
Ramp: 10°C/min
Final temp: 300°C
Final time: l4min.
Total flow: 32 ml/min
Temperature: 250°C
Pressure: 50kPa
Mode: Split

Split ratio: 30:1

Split flow: 29 ml/min

Mass spectrograph parameters:

Ionization source:

Mode: Electron impact

Electron energy: 70 eV

Detector:

Type: Quadropole positive 1on mass selective detector with horn

System vacuum:

electron photo-multiplier.
0.0015 kPa
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1. Introduction

The second reaction step, in this synthesis of Triclosan, is the Baeyer-Villiger oxidation
of the diphenylether, 2-acetyl-2°,4" 4-trichlorodiphenylether (DCPCAP), formed in the
first step. The product of this reaction is the ester of the diphenylether,

2-acetoxy-2",4" 4-trichlorodiphenylether. This product was given the common name

Triclosan ester and abbreviated to TCSE for ease of use.

The Baeyer-Villiger oxidation of acyclic ketones to esters and cyclic ketones to lactones
is well known and has been subjected to much study. The oxidation reagent is a peroxy
acid. Baeyer and Villiger' * first demonstrated the reaction in 1899. They used
peroxysulphuric acid (Caro’s acid) to oxidize the ketones, camphor and
tetrahydrocarvone to lactones. Numerous ketones have subsequently been oxidized to
lactones and esters. [t was soon discovered that organic peroxy acids worked as well if
not better thah the mineral peroxy acids. The organic peroxy acids are better suited
where reagents can not tolerate strong mineral acids. They have almost entirely replaced
mineral acids as oxidants in organic synthesis. Many different organic peroxy acids
have been used successfully in Baeyer-Villiger reactions. The peroxy acids of acetic
acid ’, triflouroacetic acid *, benzoic acid °, maleic acid ¢, mono-sodium peroxyphthalic
acid " have been most commonly used but there are many other peroxy acids that are

also effective oxidants.
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Diagram 4: Formation of the rearranged Triclosan ester.
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1.2.  Organic peroxy acids

The active oxygen of hydrogen peroxide is not readily available for oxidation reactions
with organic compounds. Organic acids and anhydrides however, are readily oxidized to
peroxy acids by the action of hydrogen peroxide '°' P24 The active oxygen of
peroxy acids is an active oxidant for many organic compounds. Hydrogen peroxide is
not soluble in many non-polar organic solvents which also reduces its” usefulness in
organic synthesis. Peroxy acids are soluble, at least to a useful extent, in non-polar

organic solvents,

Peroxy acids can be made by the reaction of hydrogen peroxide with organic acids with
the aid of a strong acid catalyst [Diagram 5]. The stronger acids, like triflouroacetic and
formic acid, do not require an acid catalyst since they impart enough acidity to the

solution to be self-catalyzed.
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Elemental analysis of different batches of DCPCAP showed varying concentrations of
metals. Copper and iron were most predominant; both are active peroxide
decomposition catalysts. By analyzing all possible sources of this metal contamination,
the copper was found to be residue from the copper catalyst used in step one whilst iron
and traces of other metals were found to be contaminants in the reagents
2,5-dichloroacetophenone and 2,4-dichlorophenol used in the first reaction step. No

other source of metals was found.

Complexing agents are known to stabilize‘ hydrogen peroxide solutions by complexing
metal lons and preventing metal catalyzed decomposition. An oxidation reaction using a
typical sample of DCPCAP was carried out with added EDTA to see if it would
stabilize the peroxide - peroxy acid system. It was found that all of the peroxide species
decomposed before the reaction was complete. To test if metal-EDTA complexes were
responsible for peroxide decomposition, a dichloromethane solution of the same sample
was extracted (shaken for 2 hours) with an aqueous EDTA solution. The peroxide
species decomposed as before indicating that the metals were not present as cationic

species but most likely zero valent metal particles.

To test this hypothesis, a sample of the same batch of DCPCAP was dissolved in
dichloromethane and filtered through a thick pre-formed pad of filter-aid. The oxidation
reaction of this sample proceeded smoothly to completion, analysis showed that 20% of
the original peroxide remained after the reaction. This finding confirmed that the metals
were indeed present as zero valent metals although of exceptionally small particle size.
(The particles were not visible in the solution and did not settle on standing). Filtration
of such small particles is inherently difficult to do on a large-scale production plant,
therefore a hydrochloric acid extraction of a dichloromethane solution of DCPCAP was
tested as a means of dissolving and removing these metals. (Experimental procedure 1,

pp. 3-27)

After a dichloromethane solution of DCPCAP was extracted with an aqueous HCl
solution, the time to complete the reaction as well as the amount of residual peroxides at
the end of the reaction became constant. An ICP analysis of a typical sample of

DCPCAP showed 87ppm of total metals and 1,3ppm of total metals after the acid
3-9
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6. Conclusion: The selected peroxy acid.

Anhydrous peroxymaleic actd was found to be the most suitable reagent for oxidizing
DCPCAP to Triclosan ester. It was inexpensive and the starting material, maleic
anhydride, was freely available being a product this company. Recovered maleic acid
could also be recycled to the anhydride reducing the environmental impact and cost of
waste disposal and reducing raw material costs. It was decided that the anhydrous

peroxymaleic acid route would be optimized.
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Reactions 6,7 and 8 took in excess of 20 hours to complete. It was decided that these
reaction times were too long and would limit production capacity or require a greater

capital outlay to include larger or more reactors in the plant design.

1.1.4 Conclusion.

It was decided that solvent would be distilled from the reaction mixture until a boiling
point of between 50 to 52.5°C was attained. The exact temperature was to be
determined during the scale-up of this process in the pilot plant, The reaction

temperature and volume of solvent required were therefore considered optimized.

1.2 Optimization of reagent quantities.

L.2.1 Introduction

During all reactions, oxygen evolution caused by peroxy acid or hydrogen peroxide
decomposition was detected in the reactor headspace, by GC analysis. The amount of
hydrogen peroxide (and thus also maleic anhydride) required to complete the reaction
before the peroxides decomposed was investigated. All reactions were conducted
following experimental procedure 8, chapter 3, pp. 3-32 utilizing a starting boiling

point of 52°C.

1.2.2 Results

Since there were small variations in the results of identical experiments, the average

reaction time for two experiments was reported. The results were tabulated:
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reagent required for the next reaction step was to be methanol, it was tested as the
solvent for the crystallization of TCSE. Normally a crystallized material must be dried
to prevent contamination of the next reaction by carry over of solvent residues. By
using the same solvent to crystallize TCSE as that required for the next reaction step,
drying of the crystallized material became unnecessary and the cost of drying

equipment in the plant was avoided.

1.4.3  Optimization of TCSFE crystallization from ethanol.

1.4.3.1 Introduction

It is extremely difficult to fully optimize a crystallization process in the laboratory
that will work in large-scale production equipment. The complexity and geometry of
commercial crystallization equipment is impossible to simulate in the laboratory. The
best way to choose the correct crystalliser is to send the material to equipment

manufacturers for pilot tests. The choice is then based on the results of these tests.

With this in mind, this crystallization optimization was aimed at providing as much
information as possible that would aid in the choice of future equipment. Another aim
of this optimization was to provide material of sufficient purity for the next reaction
step. In order to determine the required purity of the crystallized TCSE, Triclosan was
synthesized from batches of TCSE of differing purity. The product was crystallized
once and analyzed in order to determine if the final product met the purity
requirements. This optimization was done by my colleague Viadimir Cucan and will
therefore not be reported on. The purity specification for crystallized TCSE was set at

a minimum of 99.0 %.

1.4.3.2  Seolubility of TCSE in methanol,

In order to establish the final temperature for the crystallization, the solubility of
TSCE in methanol in the temperature range of 0 to 40°C was determined. From the

solubility determinations, the losses of TCSE in the crystallization filtrate could be
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The results of the crystallization experiments were tabulated:

g MeOH /g TCSE 0.5 1 1.5 2 2.5
% Purity 99.54  99.56 | 99.5 | 99.58 @ 99.6
% Yield 91.0 89.7 | 885 | 842 | 824

All of the crystalline products were above the minimum 99% purity specification.
Although the least amount of solvent gave the highest yield, the crystal slurry was
extremely viscous and a thick crust of crystalline material formed on the walls of the
reactor. In the laboratory the crust can simply be broken up with a glass rod but in
large-scale reactor vessels this is impossible to do. There are commercially available
crystallizes that are designed specifically to break up such crusts. This type of
equipment would probably be utilized in the planned production facility. However,
since only stirred reactors were available for scale-up operations, more solvent was
used to create a mobile slurry that prevented the formation of crusts. One litre of
methanol per kilogram of TCSE was chosen as the optimum amount of solvent that

gave the highest yield without crust formation.

1.4.3.4 Recycle of crystallization filtrate

By reusing the filtrate and crystal cake wash-solvent for following crystallizations,
yields could be increased, although impurities built up in the solvent and the purity of
the product was compromised. The recycle of the combined filtrate and wash solvent
from one crystallization was tested by crystallizing successive batches from it. The
same crystallization procedure as described in paragraph 1.4.3.3 was used. Small

losses of solvent were made up with fresh methanol.
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Diagram 1: General mechanism for transesterification reaction.
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The mechanism for the transesterification of Triclosan ester (TCSE) with methanol

can be represented as shown in [diagram 2].
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dissolved in a non-polar solvent and the acid extracted with water. Two water
extractions were required to remove all traces of the acid and this lead to increased

volumes of acidic wastewater.

Hydrochloric acid was chosen as the catalyst because it did not cause discoloration of
the product. The acid was also easily removed from the product by co-distillation with

the methanol, methy!l acetate solvent mixture and later neutralized.

1.3.  Optimised transesterification reaction

My colleges, Vladimir Cukan, Linda van Schalkwyk and Magrieta Snyman optimised

the reaction parameters, therefore optimisation will not be discussed here.

One large-scale reaction was conducted in order to obtain a large, single batch of
crude Triclosan, to be used for the investigation of methods of purification. (See

experimental procedure 1, pp. 4-21).

1.4.  Purification of Triclosan (TCS)

Triclosan was obtained after evaporating the solvent from a completed reaction as a
pale yellow oil, of purity of 99.1 to 99.4%. In order to meet product purity
specifications, a purification step had to be included. The purity specifications for
Triclosan were determined by taking the lowest values from the United States Federal

Drug Administration (FDA) registration and Ciba-Geigy product specifications.
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3. Experimental

3.1, Procedure I: Transesterification of TCSE

1000g of crystalline TCSE (99.68% pure, 3.007 moles) was dissolved in 1200 ml of
methanol and placed in a jacketed glass reactor vessel equipped with an overhead
reflux condenser and an overhead stirrer. 12 g of 32% hydrochloric acid (0.105
moles) was added and the mixture was heated to boiling by circulating heated oil
through the reactor jacket. Samples were periodically withdrawn and analysed by gas
chromatography to monitor the progress of the reaction. When the reaction was
complete (3.87 hours), the reflux condenser was changed to distil and the solvent was

removed. The product was 867.947¢ of pale yellow oil of 99.38 % purity giving a
yield of 99.07%.

3.2.  Amnalysis of recrystallized material

GC-MS (E.I): (See appendix A-1, pp. 5-14, for spectrum)
Mass, [ion fragment]:

S+ +
>

288 [M]; 252[M-H.-Cl]; 218[M-2Cl1]";

OH + OH +

0
146 M _@\ 162 Mo @\
Cl ; ‘ Cl

Gas Chromatogram: (See appendix B-1, pp. 5-16, for chromatogram)

One peak. Rt. = 5.617 minutes.

Melting point:
58.1°C (Ciba-Geigy official registration of Triclosan: 55 — 60°C)



IR: (See appendix C-1, pp. 5-17, for FTIR spectrum)
v (em™), KBr

3310 em™ (O-H stretch — phenol)

1220 em™ (CO stretch - diaryl ether)

H-NMR: (300MHz) in CDCI3: (see appendix D-1, pp 5-18, for spectrum)
57.457 (1H, d, J= 2.4 Hz, Ar-H)

& 7.198 (1H, dd, J= 8.7 Hz, J= 2.7 Hz, Ar-H)

& 7.043 (1H, d, J=2.4 Hz, Ar-H)

§6.917 (1H, d, J= 8.7 Hz, Ar-H)

5 6.787 (1H, dd, J= 8.4 Hz, J=2.4 Hz, Ar-H)

5 6.635 (1H, d, I= 8.7 Hz, Ar-H)

85.707 (1H, s, -O-H)



3.2.1. Appendix A: GC-Mass spectroscopy

Instrument:

Hewlett-Packard 6890 series GC-MS

GC parameters:

Column:

Capillary column:
Length:

1.D:

Film thickness:
Outlet pressure:
Carrier gas:

Temperature program;

(Silica) HP-1

30m
0.2mm
0.2um
YVacuum
Helium

Initial temp:
Initial time:
Ramp:

Final temp:
Final time:
Total flow:

Injection port:

Temperature:
Pressure:
Mode:

Split ratio:
Split flow:

50°C
1.00min
10°C/min
300°C
14min.

32 ml/min

250°C
50kPa
Split

50:1

29 ml/min

Mass spectrograph parameters:

Jonisation source:

Mode:
Electron energy:

Detector:
Type:

System vacuum;

Electron impact
70 eV

Quadropole positive ion mass selective detector with horn

electron photo-multiplier.
0.0015 kPa
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