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ABSTRACT: Polymers are one of the important pillars of our current society. Besides the great success a matter is the accumulation of

huge amounts of end-of-life polymers. Current waste management bases primarily on landfills, thermal recycling, and down-cycling.

Noteworthy, only a small part of the end-of-life materials is recycled by depolymerization, means low-molecular weight synthons are

created, which can be polymerized to new polymers to close the cycle. Widely used polymers in modern life times are silicones (poly-

siloxanes). Based on the intrinsic properties the depolymerization is challenging and only a few high temperature or less

environmental-friendly processes have been reported. In this regard, we have set up a capable low-temperature protocol for the depo-

lymerization of silicones with acid chlorides, acetic acid, or methanol in the presence of cheap iron salts as precatalysts to yield

dichlorodimethylsilane, diacetoxydimethylsilane, or dimethoxydimethylsilane as well-defined products. Notably, dichlorodimethylsi-

lane, diacetoxydimethylsilane, and dimethoxydimethylsilane can be useful starting materials for synthesizing new polymers; overall a

recycling is feasible. VC 2014 Wiley Periodicals, Inc. J. Appl. Polym. Sci. 2015, 132, 41287.
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INTRODUCTION

The management of end-of-life plastics is one of the major

issues for our current society, since every year multi million

tons of waste are generated. Moreover, the primary origin is

natural resources (e.g., crude oil and natural gas), which are

steadily decreasing, hence for the future alternatives have to be

considered. At present, for end-of-life plastics three major path-

ways have been established: (1) storage of the waste at landfills,

(2) thermal recycling (thermal decomposition for energy pur-

poses), and (3) down-cycling to produce low-quality materials.

In contrast to that, the degradation of end-of-life plastics to

monomers (feedstock recycling) is only carried out for a small

portion of waste.1–6 Importantly, the low-molecular weight deg-

radation products represents a useful feedstock for new high-

quality polymers and in consequence a recycling of the material

is possible. Although the advantages of feedstock recycling are

apparent several issues handicap the application, e.g., high

energy demand for the degradation or co-polymers. A widely

applied class of polymers are silicones (e.g., silicone oil, silicone

rubber, silicone grease, and silicone resin), which are easily

accessible by the M€uller-Rochow synthesis and subsequent

hydrolysis.7,8 A high energy input and consumption of natural

resources are required to produce the starting materials (e.g.,

chloromethane and silicium), while the treatment of the end-of-

life silicones is mainly the thermal decomposition with an irre-

trievable loss of the integrated efforts. In this regard, low-

temperature depolymerization methodologies can be an option

to overcome these limitations, since a smaller amount of energy

should be necessary to allow a recycling. Unfortunately, the

intrinsic properties of silicones constrain the application of

depolymerization processes, hence only a few high temperature

(>200�C) or less environmental-friendly processes have been

reported.9–34 Recently, we studied the depolymerization of end-

of-life polysiloxanes to produce suitable chemicals (e.g.,

Me2SiF2) as prospective starting materials for polymerization.

Notably, zinc or iron catalysis was essential to realize low-

temperature processes (130–150�C) under non-inert and

solvent-free conditions.35,36 In more detail, for cleaving silicon

oxygen bonds in polysiloxanes the catalyst activates the Si–O

bonds and allow the reaction with the depolymerization reagent

benzoyl fluoride yielding Si–F bonds. By repeating this proce-

dure the polymer is steadily degraded to low-molecular weight

compounds, e.g., Me2SiF2. However, the application of acid

chlorides as depolymerization reagents will be more useful,
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because the produced chemicals, e.g., Me2SiCl2, can be the feed

for already established industrial polymerization technologies

(vide supra) (Figure 1a).29–34 Interestingly, in 1969 Borisov et al.

reported on the iron catalyzed conversion of octamethylcyclote-

trasiloxane to Me2SiCl2 and Me2ClSiOSiClMe2 applying acetyl

chloride as reagent.30 However, only low yields were observed

(Me2SiCl2: 4%, Me2ClSiOSiClMe2: 12%). On the other hand,

acid fluorides and acid chlorides as depolymerization reagents

require upstream chemistry to access these compounds, hence

increasing the cost of such depolymerization protocols.* An

attractive alternative can be the application of acetic anhydride

as depolymerization reagent (Figure 1a; 1 mol Ac2O: � 3 e). In

more detail, the reaction of a polysiloxane with acetic anhydride

should provide diacetoxydimethylsilane as low-molecular weight

product. Potentially, diacetoxydimethylsilane can be applied as

starting material for new polysiloxanes producing as side prod-

uct acetic acid, which can be converted to acetic anhydride,

hence a recycling of the depolymerization reagent is feasible.37

Initially, Borisov and coworkers described the application of

acetic anhydride and catalytic amounts of iron(III) chloride for

the conversion of octamethylcyclotetrasiloxane to obtain diace-

toxydimethylsilane.29–34 However, low yields of diacetoxydime-

thylsilane (<5%) were reported. A different approach for the

depolymerization of polysiloxanes was reported by Okamato

et al. and others.38–41 In more detail, poly(dimethylsiloxanes)

were reacted with dimethyl carbonate in the presence of strong

acids or simple metal salts (e.g., KF, NaF) in methanol at 180�C to

produce dimethoxydimethylsilane as product. However, the reac-

tion required dimethyl carbonate as reagent, which has to be syn-

thesized before; hence resources are consumed, additional costs

are caused and overall the sustainability is reduced. Based on

these initial achievements we wonder if it is possible to substitute

the dimethyl carbonate by polycarbonates, such as poly(propylene

carbonate). In general, a coupling of two different depolymeriza-

tion processes can be envisaged, allowing the conversion of two

end-of-life materials to useful starting materials for polymeriza-

tion (Figure 1b). In more detail, a mixture of poly(dimethylsilox-

ane) and poly(propylene carbonate) will be reacted in the
presence of a suitable catalyst in methanol to produce on the one
hand dimethoxydimethylsilane, which can be applied as mono-
mer for the synthesis of new polysiloxanes.42,43 On the other
hand, 1,3-propane diol is formed, which can be converted to pro-
pylene oxide a starting material for the ring-opening polymeriza-
tion with carbon dioxide to yield new poly carbonates.44–52

Based on that initial works, we report herein on depolymeriza-

tion of end-of-life polysiloxanes in the presence of

Figure 1. Depolymerization of polysiloxanes.

*see Ref. Y: 1 mol PhC(O)F: �482 e; 1 mol PhC(O)Cl 1 1 mol KF 5�22

e; 1 mol PhC(O)O(O)CPh 1 1 mol KF 5�46 e. See Ref. Y: 1 mol

PhC(O)Cl 5�10 e.
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straightforward iron precatalysts applying acid chlorides, acetic

anhydride, or methanol as depolymerization reagents (Figure 1).

EXPERIMENTAL

General: All chemicals were used as received without further

manipulations. 1H, 13C{1H}, and 29Si{1H} NMR spectra were

recorded on a Bruker AFM 200 spectrometer (1H: 200.13 MHz;
13C: 50.32 MHz; 29Si: 39.71 MHz) using the proton signals of

the deuterated solvents as reference. GC-MS measurements were

carried out on a Shimadzu GC-2010 gas chromatograph (30 m

Rxi-5ms column) linked with a Shimadzu GCMA-QP 2010 Plus

mass spectrometer.

General Procedure for the Depolymerization of Polysiloxanes

with Acid Chlorides: A one-neck flask (10 mL) was charged

with the corresponding polysiloxane (1.0 g), iron(III) fluoride

(5.0 mol %, based on the polymer subunit), and benzoyl chlo-

ride (3 equiv. based on the polymer subunit) a Vigreux column

and a distillation head were connected. The mixture was stirred

and heated to 190�C (oil bath). The formed low-boiling com-

pounds were continuously distilled off and collected. After the

reaction was completed the yield was determined and the qual-

ity was analyzed by NMR. The yield was calculated by

yield 5 [n (product)/n (polymer subunit)]*100%.

Dichlorodimethylsilane 3:53–55 1H NMR (200 MHz, CDCl3,

25�C): d 5 0.78 (d, 2JSi,H 5 7.60 Hz) ppm. 13C{1H} NMR (50

MHz, CDCl3, 25�C) d 5 6.7 (d, 1JSi,C 5 68.29 Hz) ppm. 29Si{1H}

NMR (40 MHz, CDCl3, 25�C) d 5 32.2 ppm.

General Procedure for the Depolymerization of Polysiloxanes

with Acetic Anhydride: An Ace pressure tube (volume �15 mL)

was charged with the corresponding polysiloxane (1.0 g),

iron(III) chloride (7.5 mol %, based on the polymer subunit)

and acetic anhydride (3 equiv. based on the polymer subunit).

The mixture was stirred and heated to 160�C (oil bath). After

16 hr the mixture was cooled to room temperature and anisole

(100 mL, internal standard) was added. An aliquot was dissolved in

CH2Cl2 and the yield was determined by GC MS. The yield was

calculated by yield 5 [n (product)/n (polymer subunit)]*100%.

Diacetoxydimethylsilane 24:56,57 1H NMR (200 MHz, CDCl3,

25�C): d 5 2.07 (m, 6H), 0.47 (m, 6H) ppm. 13C{1H} NMR (50

MHz, CDCl3, 25�C) d 5 170.8, 22.5, 21.5 ppm. 29Si{1H} NMR

(40 MHz, CDCl3, 25�C) d 5 5.1 ppm. MS (ESI) m/z 5 176

(M1, 1), 161 (11), 119 (100), 77 (70).

Polymerization of 24: A flask (50 mL) equipped with a con-

denser was charged with diacetoxydimethylsilane (11.4 mmol)

and water (25 mL). The mixture was refluxed for 1 hr and

afterward cooled to room temperature. The aqueous solution

was extracted with diethylether (3x 20 mL) and the organic

layer was dried over Na2SO4. After filtration the solvent was

removed to obtain colorless oil. The overall yield was calculated

by yield 5 [n (polymer subunit)/n (24)]*100%.

Octamethylcyclotetrasiloxane 25:58,59 yield: 55%. 1H NMR

(200 MHz, CDCl3, 25�C): d 5 0.04 (m, 24H) ppm. 13C{1H}

NMR (50 MHz, CDCl3, 25�C) d 5 0.6 ppm. 29Si{1H} NMR (40

MHz, CDCl3, 25�C) d 5 219.1 ppm. MS (ESI) m/z 5 296 (M1,

<1), 281 (100), 265 (10).

General Procedure for the Depolymerization of Polysiloxanes

with Methanol: An autoclave with a Teflon-inlet (25 mL) was

charged with the polysiloxane 1 (1.0 g), iron(III) fluoride

(7.5 mol %, based on the polymer subunit), poly(propylene car-

bonate) 26 (3 equiv. based on the polymer subunit of 1, Mn �
50,000 g/mol) and methanol (2.0 mL). The autoclave was sealed

and placed in a preheated oven (180�C). After 24 hr the auto-

clave was cooled to room temperature and anisole (0.1 mL) was

added as internal standard. A sample diluted with dichlorome-

thane and was analyzed by GC-MS. The yield was calculated by

yield 5 [n (product)/n (polymer subunit)]*100%.

Dimethoxydimethylsilane 27:† 1H NMR (200 MHz, CDCl3,

25�C): d 5 3.41 (s, OCH3, 6H) 0.03 (s, CH3, 6H) ppm. 13C{1H}

NMR (50 MHz, CDCl3, 25�C) d 5 49.9, 24.3 ppm. 29Si{1H}

NMR (40 MHz, CDCl3, 25�C) d 5 20.2 ppm. MS (ESI) m/

z 5 120 (M1, <1), 105 (100), 75 (64), 59 (27).

Polymerization of 27: A flask (50 mL) equipped with a con-

denser was charged with dimethoxydimethylsilane (11.4 mmol)

and water (25 mL). The mixture was refluxed for 1 hr and

afterward cooled to room temperature. The aqueous solution

was extracted with diethylether (3x 20 mL) and the organic

layer was dried over Na2SO4. After filtration the solvent was

removed. 30: yield: 71%. 1H NMR (200 MHz, CDCl3, 25�C):

d 5 0.01–0.15 (m) ppm. 13C{1H} NMR (50 MHz, CDCl3, 25�C)

d 5 0.2–1.2 (m) ppm. 29Si{1H} NMR (40 MHz, CDCl3, 25�C)

d 5 28.2, 219.0 ppm. The overall yield was calculated by

yield 5 [n (polymer subunit)/ n (27)]*100%.

RESULTS AND DISCUSSION

In our initial study on the depolymerization of poly(dimethylsi-

loxane) hydroxy terminated 1 (Mn � 550 g/mol) with benzoyl

fluoride as depolymerization reagent we have shown that under

optimized reaction conditions (5.0 mol % FeCl3, 130�C) the

conversion of 1 with benzoyl chloride was not successful (Table

I, entry 2). Hence the reaction temperature was stepwise

increased to 190�C.‡ Interestingly, at 190�C the polysiloxane 1

was selectively converted to dichlorodimethylsilane 3 in 32%

yield (Table I, entries 3–5). Noteworthy, in the absence of FeCl3
no product formation was observed. Next the catalytic abilities

of various iron salts were investigated (Table I, entries 5–12).

For all salts moderate yields of 3 (24–49%) were obtained, while

in tendency a higher activity for iron(III) salts is observed. In

contrast, with iron(III) fluoride a good yield of 60% were real-

ized after 5 hr at 190�C (Table I, entry 6). Increasing the cata-

lyst loading to 7.5 mol % the yield was significantly increased

to 86%, while decreasing the catalyst loading reduced the

amount of product (Table I, entries 13 and 15). On the other

hand, elongation of the reaction time to 10 hr resulted in a

comparable yield of 62% as found after 5 hr (Table I, entry 14).

Moreover, the influence of the depolymerization reagent benzoyl

chloride was studied. Decreasing and increasing the amount of

†Compared with an authentic sample.
‡The maximum temperature was set to 190�C, because of the boiling point

of benzoyl chloride at 197�C.

ARTICLE WILEYONLINELIBRARY.COM/APP

WWW.MATERIALSVIEWS.COM J. APPL. POLYM. SCI. 2015, DOI: 10.1002/APP.4128741287 (3 of 8)

http://onlinelibrary.wiley.com/
http://www.materialsviews.com/


2 showed no positive effect on the reaction outcome, while 3.0

equiv. were still the best amount (Table I, entries 16–17).

In addition the influence of the acid chloride was investigated

(Table II). First the influence of substitution on the phenyl ring

of benzoyl chloride was studied (Table II, entries 1–5). However,

for electron-donating as well as electron-withdrawing groups in

para-position no positive effect on the reaction outcome was

observed, since in all cases yields in the range of 20–59% were

achieved. Moreover, acid chlorides derived from renewable

resources were applied as depolymerization reagent (Table II,

entries 6–9). Here yields in the range of 23–39% were moni-

tored. Based on that results for further studies benzoyl chloride

2 was utilized.

After setting up a suitable system (7.5 mol % FeF3, 3.0 equiv. 2,

190�C, 5 hr) the scope and limitations were tested for various

polysiloxanes (Table III). For instance increasing the length of

the polymer chain (Mn � 100.000 g/mol) the catalyst was capa-

ble to produce 3 in 82% yield (Table III, entry 2). In contrast

to that, a significant influence of the kind of the end group was

observed (Table III, entries 3–5). Interestingly, in case of the

polymer 19 with two different co-polymers, e.g., a polysiloxane

(�20 wt %) and a poly(ethylene glycol) residue (�80 wt %),

both co-polymers can be depolymerized by our protocol (Table

III, entry 8). On the one hand, the poly(ethylene glycol) residue

is converted to 2-chloroethyl benzoate in 91% yield with ben-

zoyl chloride in the presence of the iron catalyst. Interestingly,

Table II. Iron-Catalyzed Depolymerization—Influence of the Acid Chlo-

ride

Entrya Acid chloride Yield (%)b

1

2

86

2

4

35

3

5

20

4

6

59

5

7

40

6
8

38

7 9 23

8

10

23

9c

11
39

10

12

15

a Reaction conditions: FeF3 (7.5 mol % based on the polymer subunit),
polysiloxane 1 (1.0 g), acid chloride (3.0 equiv. based on the polymer
subunit), 190�C, 5 hr.
b Isolated yield. Determined by 1H NMR. Me2SiF2 was observed in
traces.
c 1.5 equiv. of the acid chloride.

Table I. Iron-Catalyzed Depolymerization of Polysiloxane 1

Entrya Iron source (mol %) 2 (equiv.) T (�C) Yield (%)b

1 – 3 190 <1

2 FeCl3 (5) 3 130 <1

3 FeCl3 (5) 3 150 <1

4 FeCl3 (5) 3 170 6

5 FeCl3 (5) 3 190 32

6 FeF3 (5) 3 190 60

7 FeCl2 4H2O (5) 3 190 24

8 Fe(acac)2 (5) 3 190 34

9 Fe(acac)3 (5) 3 190 49

10 Fe(OAc)2 (5) 3 190 25

11 Fe(II)oxide (5) 3 190 46

12 Fe(II,III)oxide (5) 3 190 39

13 FeF3 (1) 3 190 50

14c FeF3 (5) 3 190 62

15d FeF3 (7.5) 3 190 86

16 FeF3 (5) 2 190 23

17 FeF3 (5) 4 190 48

a Reaction conditions: iron-salt (1.0–5.0 mol % based on the polymer
subunit), polysiloxane 1 (1.0 g, Mn � 550 g/mol), benzoyl chloride 2 (2–4
equiv. based on the polymer subunit), 5 hr, 130–190�C.
b Isolated yield. Determined by 1H NMR.
c 10 hr.
d Me2SiF2 was observed in traces.
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2-chloroethyl benzoate can be a suitable precursor for polymer-

ization chemistry.60–65 On the other hand, the polysiloxane resi-

due is depolymerized to 3 with benzoyl chloride in the presence

of the iron catalyst. In addition, poly(dimethylsiloxane) with

different silicon based copolymers was tested (Table III, entries

6 and 7).§ However, lower yields of 3 were observed. Moreover,

silicon oils and a silicon baking cup were converted in good

yields to the desired compound 3 (Table III, entries 9–11). With

respect to the reaction mechanism we assume a similar process

as described for the production of Me2SiF2 as described in ear-

lier works.35,36

Initially the depolymerization of poly(dimethylsiloxane) hydroxy

terminated 1 (Mn � 550 g/mol) with acetic anhydride was stud-

ied in the presence of catalytic amounts of iron(III) chloride at

different reaction temperatures (Table IV, entries 1–4). Notewor-

thy, in the absence of FeCl3 no product formation was observed,

while significant amounts of the polysiloxane are converted to

cyclic siloxanes, e.g., [Me2SiO]4, [Me2SiO]6 (Table IV, entry 1).

In contrast, addition of 5.0 mol % FeCl3 based on the polymer

subunit revealed the formation of diacetoxydimethylsilane (24)

in 22% yield at 160�C (Table IV, entry 2). Along with 24 cyclic

siloxanes were observed by GC-MS, e.g., [Me2SiO]4, [Me2SiO]6.

Noteworthy, the starting polymer 1 was completely converted.

Moreover, increasing or decreasing the reaction temperature to

180�C or 140�C, respectively, showed no improvement of the

yield of compound 24 (Table IV, entries 3 and 4). In contrast to

the acid chloride approach (Table III) a different set-up, means

a pressure tube, was applied, because of the lower boiling point

of acetic anhydride (�140�C) in comparison to diacetoxydime-

thylsilane (163�C) and the high reaction temperature (160�C);

hence with the acid chloride approach acetic anhydride will be

distilled-off. In addition, different iron sources were tested

(Table IV, entries 5–11). However, only in case of FeCl3 and

Table III. Scope and Limitations of the Iron-Catalyzed Depolymerization

Entrya Substrate 3 Yield (%)b

1

1 (Mn � 550 g/mol)

86

2

13 (Mn � 110.000 g/mol)

82

3

14 (Mn � 2.500 g/mol)

27

4

15 (Mn � 5.600 g/mol)

49

5

16 (Mn � 580 g/mol)

54

6c

17 R 5 C16–C18

71 mg

7d

18

45

8e

19

44f

9 Silicone oil M100 20 39

10 Silicone oil (viscosity 30.000 cSt) 21 51

11c,g Silicone baking cup 22 502 mg

a Reaction conditions: FeF3 (7.5 mol % based on the polymer subunit),
polysiloxane (1.0 g), benzoyl chloride 2 (3.0 equiv. based on the polymer
subunit), 190�C, 5 hr.
b Isolated yield of 3. Determined by 1H NMR. Me2SiF2 was observed in
traces.
c 11 wt % FeF3, 567 wt % 2.
d 95:5 mole ratio of dimethylsiloxane:diphenylsiloxane.
e�20 wt % [(CH3)2SiO]n.
f 2-Chloroethyl benzoate: 91%.
g 1 g silicone (Xenos Home Collection).

Table IV. Iron-Catalyzed Depolymerization of Polysiloxane 1

Entrya Iron source (mol %) 23 (equiv.) T (�C) Yield 24 (%)b

1 – 2 160 <1

2 FeCl3 (5) 2 160 22

3 FeCl3 (5) 2 180 4

4 FeCl3 (5) 2 140 <1

5 FeF3 (5) 2 160 <1

6 FeCl2�4H2O (5) 2 160 36

7 Fe(acac)2 (5) 2 160 <1

8 Fe(acac)3 (5) 2 160 <1

9 Fe(OAc)2 (5) 2 160 <1

10 Fe(II)oxide (5) 2 160 <1

11 Fe(II,III)oxide (5) 2 160 <1

12 FeCl3 (5) 3 160 9

13 FeCl3 (2.5) 2 160 51

14 FeCl3 (1.0) 2 160 9

a Reaction conditions: iron-salt (1.0–5.0 mol % based on the polymer
subunit), polysiloxane 1 (1.0 g, Mn � 550 g/mol), 23 (2–3 equiv. based
on the polymer subunit), 16 hr, 140–180�C.
b Determined by GC-MS with anisole as internal standard.

§The amount of [Me2SiO]n units in the polymer is unknown.
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FeCl2•4H2O product 24 is formed in up to 36% yield (Table IV,

entries 2 and 6). Interestingly, by decreasing the catalyst loading

to 2.5 mol % FeCl3 the yield was increased to 51% (Table IV,

entry 13).

In order to demonstrate the scope and limitations of the depo-

lymerization system different polysiloxanes were reacted with

catalytic amounts of FeCl3 (5.0 mol %) or FeCl2•4H2O (5.0 mol

%) and acetic anhydride (Table V). In contrast to the acid chlo-

ride approach lower yields of the depolymerization products

were realized. For instance the long chain polymer 13 was con-

verted with FeCl2•4H2O in 29% yield to 24 (Table V, entry 2).

On the other hand, for the polymers with different end func-

tionalities 24 was obtained in up to 37% yield (Table V, entries

3–5). Noteworthy, for this depolymerization a better perform-

ance was observed for FeCl3. In case of silicon oils only

FeCl2•4H2O was capable to allow product formation (Table V,

Table V. Scope and Limitations of the Iron-Catalyzed Depolymerization

Entrya Substrate
Yield 24 (%)b

(FeCl3)
Yield 24 (%)b

(FeCl2�4H2O)

1

1 (Mn � 550 g/mol)

51 36

2

13 (Mn � 110.000 g/mol)

14 29

3

14 (Mn � 2.500 g/mol)

21 17

4

15 (Mn � 5.600 g/mol)

37 15

5

16 (Mn � 580 g/mol)

35 13

6c

17

16 <1

7d

19

<1 <1

8 Silicone oil M100 20 <1 21

9 Silicone oil (viscosity
30.000 cSt) 21

<1 19

10e Silicone baking cups 22 <1 <1

a Reaction conditions: FeCl3 or FeCl2�4H2O (5.0 mol % based on the polymer subunit), polysiloxane (1.0 g), acetic anhydride 23 (2.0 equiv. based on
the polymer subunit), 180�C, 24 hr.
b Determined by GC-MS with anisole as internal standard.
c 95:5 mole ratio of dimethylsiloxane:diphenylsiloxane.
d�20 wt % [(CH3)2SiO]n.
e 1 g silicone (Xenos Home Collection).

Scheme 1. Oligomerization of diacetoxydimethylsilane.
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entries 8 and 9). With respect to the reaction mechanism we

assume a similar process as described for the production of

Me2SiF2 as described in earlier works.35,36

After studying the depolymerization of polysiloxanes with iron

salts and acetic anhydride to form diacetoxydimethylsilane 24 as

product, the application of 24 as starting material for new poly-

mers was examined to close the cycle as depicted in Figure 1. In

more detail, 24 was reacted with water at refluxing conditions

for 1 hr (Scheme 1). Afterward the cyclic oligomer 25 was iso-

lated in 55% yield along with some minor oligosiloxanes/polysi-

loxanes, demonstrating the applicability of 24 for

polymerization chemistry.

Initially the depolymerization of poly(dimethylsiloxane) hydroxy

terminated 1 (Mn � 550 g/mol) with methanol (excess) and

poly(propylene carbonate) 26 (3.0 equiv. based on the poly-

meric unit of polymer 1) was studied in the presence of cata-

lytic amounts of different iron salts at 180�C for 24 hr (Table

IV, entries 1–4). Due to the high reaction temperature and the

low boiling point of methanol, the reaction was performed in

an autoclave. However, only a moderate yield of 18% of the

desired dimethoxydimethylsilane 27 were observed in the pres-

ence of iron(III) fluoride (Scheme 2). Aside 27 1,2-propanediol

28 and propylene carbonate 29 were observed as depolymeriza-

tion products of polymer 26. Unfortunately, an optimization

study leads not to a significant improvement of the product

yield. Moreover, the potential of dimethoxydimethylsilane as

precursor for new polysiloxanes was investigated (Scheme 2b).

CONCLUSIONS

In summary, we demonstrated the usefulness of iron salts in the

depolymerization of polysiloxanes to produce useful low-

molecular weight silicone commodities, which can be easily

applied as feed in polymerization reactions to obtain new sili-

cones. Based on that, an overall recycling of silicones is feasible.

Three different approaches have been established. On the one

hand, acid chlorides have been applied as depolymerization

reagents to obtain dichlorodimethylsilane as major chemical,

which is the starting material for current silicone production.

The second approach bases on the application of acetic anhy-

dride as depolymerization reagent, which results in the forma-

tion of diacetoxydimethylsilane as product. Interestingly, this

approach avoids any formation of halide by-products during

polymerization process and the side product acetic acid can be

reconverted to acetic anhydride. On the other hand, dimethoxy-

dimethylsilane can be accessed as depolymerization product

from the reaction of polysiloxanes with polycarbonates in meth-

anol. Comparing the three approaches the acid chloride system

was superior with respect to the yield of the product and the

easy collection of the product.
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