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POLYCARBONATE POLYOLS

BACKGROUND

[0001] Polycarbonate diols and polycarbonate polyols of low molar masses are
attracting interest as precursors in applications. For example, where used as precursors in
polyurethane synthesis, the resulting polyurethanes exhibit better performance and reduce
the carbon footprint when generated from polycarbonate polyol in comparison to polyether
polyols or polyester polyols. To be suitable for such applications, polycarbonate polyols are
required to exhibit well-defined terminal hydroxyl functionality, low polydispersity, and
tunable carbonate contents.

[0002] While progress has been made in the preparation of polycarbonates of high
molar mass and carbonate content, the preparation of low molar mass polycarbonate polyols
with defined structures is still challenging. Where heterogeneous catalysts, such as double
metal cyanide (DMC), are used to prepare polycarbonate diols, protic transfer agents such as
alcohols and acids are required. Although the chain ends of such polycarbonate samples
possess the expected hydroxyl functionality, they generally suffer from a low carbonate
content, a lack of linear versus cyclic selectivity, and a broad polydispersity.

[0003] Polycarbonate polyols have also been prepared using homogeneous catalysts
based on cobalt, zinc or magnesium. In these cases, the polycarbonate polyols possessed high
carbonate content and narrow polydispersity, but, due to the association of anion with the
metal center, the chain-end resulting from initiation by the nucleophile carried by the catalyst
is blocked by a functional group other than hydroxyl and thus the polycarbonate polyols
obtained are contaminated with mono-hydroxyl chains, undesirable for polyurethane
applications. As clearly demonstrated in one report, polycarbonate tetrol and hexeol samples,
prepared in the presence of tetra- and hexafunctional carboxylic acids, using
tetraphenylporphyrinatocobalt (III) chloride as a catalyst, were contaminated with linear
polycarbonates chains that had to be removed by fractionation. To address this issue, the
ligand must be modified to be a polymerization initiator which carries multi-functional group.
[0004] Polycarbonate diols have also been obtained by another strategy to prepare a
polycarbonate with a higher molar mass (80 to 100 kg/mol), followed by alcoholysis in the

presence of “molecular” diols and an inorganic catalyst. These strategies require harsh



WO 2020/121262 PCT/IB2019/060737

conditions, which eventually afforded polycarbonate diol samples of broad molar mass

distribution with cyclic by-products.

SUMMARY

[0005] In general, embodiments of the present disclosure describe polymerization
systems for the synthesis of polycarbonate polyols, methods of synthesizing polycarbonate
polyols, methods of recovering and optionally recycling at least one of an initiator and
activator for use or re-use in polycarbonate polyol synthesis, and the like.

[0006] Embodiments of the present disclosure describe a polymerization system for
the synthesis of polycarbonate polyols comprising an initiator including a mono- or multi-
functional carboxylate or carbonate salt having an organic cation as a counter-ion; an optional
co-initiator including a mono- or multi-functional protic compound selected from acids,
alcohols, water, and combinations thereof, and an activator including a borane compound
selected from alkyl boranes and aryl boranes; wherein the activator and one or more of the
initiator and co-initiator associate to form an ate complex.

[0007] Embodiments of the present disclosure describe a method of synthesizing a
polycarbonate polyol comprising contacting an epoxide monomer and carbon dioxide in the
presence of a polymerization system to form a crude polycarbonate product in solution; and
precipitating a polycarbonate polyol product out of solution. In an embodiment, the
polymerization system comprises an initiator including a mono- or multi-functional
carboxylate or carbonate salt having an organic cation as a counter-ion; an optional co-
initiator including a mono- or multi-functional protic compound selected from acids,
alcohols, water, and combinations thereof, and an activator including a borane compound
selected from alkyl boranes and aryl boranes.

[0008] Embodiments of the present disclosure describe a method of recovering and/or
recycling an initiator for polycarbonate polyol synthesis comprising contacting a crude
polycarbonate product having an activator-organic cation complex at a chain end with water
to form an aqueous solution of an organic hydroxide; adding a neutralizing compound to the
aqueous solution of the organic hydroxide to regenerate an initiator in the form of a
carboxylate or carbonate salt of the organic cation; and separating the initiator from one or

more of residual chemical species and solvents. In an embodiment, the method can further
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comprise recycling the recovered initiator for re-use in the synthesis of polycarbonate
polyols.

[0009] Embodiments of the present disclosure describe a method of recovering and
optionally recycling at least one of an activator and initiator from a solution for use or re-use
in the synthesis of polycarbonate polyols, the method comprising one or more of the
following steps: quenching a polymer solution containing a crude polycarbonate with a
solution of a Lewis base and Lewis acid in water, said crude polycarbonate having an
activator-organic cation complex at a chain end; reacting the organic cation with an anion to
form an initiator that is extracted into a first layer; reacting the activator with a Lewis base to
form an activator-Lewis base complex that is extracted into a second layer, said second layer
being immiscible with said first layer; separating the first layer from the second layer;
contacting the second layer with an isocyanate compound to disassociate the activator from
the Lewis base and processing the second layer to recover the activator; contacting the first
layer with a non-solvent to separate the initiator from the polymer and processing the first
layer to recover the initiator; and recycling at least one of the initiator and activator.

[0010] The details of one or more examples are set forth in the description below. Other

features, objects, and advantages will be apparent from the description and from the claims.

BRIEF DESCRIPTION OF DRAWINGS

[0011] This written disclosure describes illustrative embodiments that are non-limiting
and non-exhaustive. In the drawings, which are not necessarily drawn to scale, like numerals
describe substantially similar components throughout the several views. Like numerals
having different letter suffixes represent different instances of substantially similar
components. The drawings illustrate generally, by way of example, but not by way of

limitation, various embodiments discussed in the present document.

[0012] Reference is made to illustrative embodiments that are depicted in the figures,
in which:
[0013] FIG. 1 is a flowchart of a method of synthesizing polycarbonate polyols,

according to one or more embodiments of the present disclosure.
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[0014] FIG. 2A is a flowchart of a method of recovering and/or recycling an initiator
for polycarbonate polyol synthesis, according to one or more embodiments of the present
disclosure.

[0015] FIG. 2B is a flowchart of a method of recovering and optionally recycling an
activator and initiator from a solution for use or re-use in the synthesis of polycarbonate
polyols, according to one or more embodiments of the present disclosure.

[0016] FIG. 3 is a flowchart of a process of polycarbonate separation and recycling of
tetrabutylammnium carbonate (TBAC) initiator (if no cyclic carbonate produced during
polymerization, step 6 is not needed), according to one or more embodiments of the present
disclosure.

[0017] FIG. 4 shows representative gel permeation chromatography (GPC) traces for
poly(propylene carbonate) (PPC) diol-1 (entry 4, Table 1) and PPC diol-2 (entry 5, Table 1)
initiated from ammonium carboxylate, according to one or more embodiments of the present
disclosure.

[0018] FIG. 5 shows representative GPC traces for PPC diol-3 (entry 7, Table 1), PPC
diol-4 (entry 6, Table 1), and PPC diol-5 (entry 9, Table 1) initiated from tetrabutyl
ammonium carbonate (TBAC), according to one or more embodiments of the present
disclosure.

[0019] FIG. 6 shows representative GPC traces for PPC triol-1 (entry 13, Table 1),
PPC triol (entry 14, Table 1) and PPC triol-3 (entry 15, Table 1) initiated from ATMA,
according to one or more embodiments of the present disclosure.

[0020] FIG. 7 shows representative GPC traces for PPC tetraol-1 (entry 16, Table 1)
and PPC tetraol-2 (entry 17, Table 1) initiated from APMA, according to one or more
embodiments of the present disclosure.

[0021] FIG. 8 shows a 400 MHz 'H NMR spectrum for entry 6 in CDCls as
representative example for PPC-diol, according to one or more embodiments of the present
disclosure.

[0022] FIG. 9 shows a 400 MHz 'H NMR spectrum for entry 13 in CDCl3 as
representative example for PPC-triol, according to one or more embodiments of the present

disclosure.
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[0023] FIG. 10 shows a 400 MHz 'H NMR spectrum for entry 16 in CDCls as
representative example for PPC-tetraol. according to one or more embodiments of the present
disclosure.

[0024] FIG. 11 shows a representative MALDI-TOF characterization results of PPC
diol (entry 4, Table 1), according to one or more embodiments of the present disclosure.
[0025] FIG. 12 shows a representative MALDI-TOF characterization results of PPC
diol (entry 6, Table 1), according to one or more embodiments of the present disclosure.
[0026] FIG. 13 shows a representative MALDI-TOF characterization results of PPC
triol (entry 13, Table 1), according to one or more embodiments of the present disclosure.
[0027] FIG. 14 shows a representative MALDI-TOF characterization results of PPC
tetraol (entry 16, Table 1), according to one or more embodiments of the present disclosure.
[0028] FIG. 15A shows a 'H NMR spectrum of PPC-diol having 85% carbonate
content (entry 2, Table 2), according to one or more embodiments of the present disclosure.
[0029] FIG. 15B shows a 'H NMR spectrum of PPC-diol having 91% carbonate
content (entry 6, Table 2), according to one or more embodiments of the present disclosure.
[0030] FIG. 15C shows a 'H NMR spectrum of PPC-diol having 82% carbonate
content (entry 10, Table 2), according to one or more embodiments of the present disclosure.
[0031] FIGS. 16A-16C shows representative FTIR spectra of PPC-diol samples
displaying the selectivity between linear and cyclic carbonate: where (A) corresponds to
entry 3 of Table 2; (B) corresponds to entry 6 of Table 2; and (C) corresponds to entry 10 of
Table 2, according to one or more embodiments of the present disclosure.

[0032] FIGS. 17A-17F shows a representative GPC traces of PPC-diol samples from
Table 2: where (A) corresponds to entry 1, (B) corresponds to entry 3, (C) corresponds to
entry 4, (D) corresponds to entry 5, (E) corresponds to entry 9, and (F) corresponds to entry
10, according to one or more embodiments of the present disclosure.

[0033] FIG. 18 shows "B NMR evolution of triethylborane state during its recycling
process, according to one or more embodiments of the present disclosure.

[0034] FIG. 19 shows a 'H NMR characterization and quantification of recycled
triethylborane using naphthalene as internal standard, according to one or more embodiments

of the present disclosure.
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DETAILED DESCRIPTION

[0035] The present disclosure relates to polymerization systems for use in the synthesis
of polycarbonate polyols and methods of synthesizing polycarbonate polyols. The
polymerization systems comprise an initiator, an optional co-initiator, and an activator. In
embodiments, an optionally metal-free initiator can include a carboxylate or carbonate salt
of an organic cation, such as a mono- or multi-functional carboxylate or carbonate salt of
tetrabutylammonium. The co-initiator can include a mono- or multi-functional protic
compound, such as acids, alcohols (including phenols), water, and compounds including any
two of those as functional groups. The activator can include a borane compound, such as an
alkyl borane or aryl borane. The resulting polymerization systems can controllably and/or
selectively activate epoxide monomers and carbon dioxide to copolymerize polycarbonate
polyols with well-defined structures, low polydispersity, and tunable molar masses (e.g.,
1,000 to 10,000 g/mol) and carbonate content. In addition, methods are provided in which at
least one of an initiator and activator can be recovered and optionally recycled indefinitely
for use or re-use in the synthesis of additional polycarbonate polyols.
[0036] As provided above, in embodiments, the polymerization systems can comprise
an initiator, an optional co-initiator, and an activator. The initiator can include a mono- or
multi-functional carboxylate or carbonate salt having an organic cation as a counter-ion. The
optional co-initiator can include a mono- or multi-functional protic compound, wherein the
mono- and multi-functional protic compound is selected from acids, alcohols, water, and
combinations thereof. The activator can include a borane compound, wherein the borane
compound is selected from alkyl boranes and aryl boranes. In embodiments, the activator and
one or more of the initiator and co-initiator can associate to form an ate complex.
[0037] The initiators can include mono- and multi-functional carboxylate and carbonate salts
having organic cations as counter-ions. These organic cations can be monomeric and
polymeric attached to polymer or solid supporting materials as filed in WO2019220414A1.
In one embodiment, the initiators can include mono- and multi-functional carboxylate and
carbonate salts of tetrabutylammonium. Such initiators can be represented by general formula
I):

{R'-[C(=0)O7y, [N*-(CaHo)aly} @D
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wherein R! is selected from aliphatic hydrocarbons and aromatic hydrocarbons; and y ranges
from 1 to n, preferably 1 to 4. The aliphatic and aromatic hydrocarbons are not particularly
limited. For example, in an embodiment, the aliphatic and aromatic hydrocarbons can be
selected from alkyls and aryls, either of which can be substituted or unsubstituted. The
functionality of the mono- and multi-functional carboxylate salts of tetrabutylammonium
initiators can relate to the value of y. For example, where y is 1, the initiator can be said to
be mono-functional; where y is 2, the initiator can be said to be di-functional; where y is 3,
the initiator can be said to be tri-functional; and where y is 4, the initiator can be said to be
tetra-functional. In an embodiment, each carboxylate group has a tetrabutylammonium cation
as a counter-ion.

[0038] Suitable aryls include monocyclic or polycyclic aromatic hydrocarbon radicals
or moieties comprising carbon atoms that form an aromatic ring structure. In embodiments,
the aryls can include more than one ring, in which case the rings may be fused or not fused,
or bridged. In one embodiment, one or more alkyl groups can be attached to the aromatic
rings. In another embodiment, the aryls can include heteroaryls in which at least one carbon
atom in the aromatic ring is replaced with a heteroatom (e.g., N, O, S, or P). Non-limiting
examples of suitable aryls include benzyl, phenyl, methylphenyl, dimethylphenyl,
ethylphenyl, naphthyl, biphenyl, fluorenyl, indenyl, combinations thereof (e.g., aryls
comprising one or more fused aromatic rings), and the like. Suitable alkyls include straight-
or branched chain hydrocarbon radicals or moieties and cyclic hydrocarbon radicals or
moieties. In one embodiment, the alkyls include heteroalkyls in which at least one carbon
atom has been replaced with a heteroatom (e.g., N, O, S, or P). Non-limiting examples of
suitable alkyls include methyl, ethyl, propyl, isopropyl, cyclopropyl, butyl, isobutyl, sec-
butyl, tert-butyl, cyclobutyl, pentyl, neo-pentyl, cyclopentyl, hexyl, cyclohexyl, 2-
ethylhexyl, cyclohexylmethyl, heptyl, octyl, nonyl, decyl, dodecyl, tridecyl, tetradcyl,
pentadecyl, hexadecyl, heptadecyl, octadecyl, nonadecyl, cyclopentyl,
cyclohexyl, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, cyclopentenyl,
cyclohexenyl, cyclohexadienyl, cycloheptatrienyl, and the like.

[0039] In another embodiment, the initiators can include multi-functional carbonate
salts of tetrabutylammonium. Such initiators can be represented by general formula (IT):

{C(=0)(O)y, [N"-(C4Ho)aly} (II)
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The carbonate salts of tetrabutylammonium initiators are typically di-functional initiators,
where the value of each of y is 2. Although di-functional carbonate salts of
tetrabutylammonium are provided as an example, it is possible for these initiators and
derivatives thereof to have other functionalities.

[0040] In an embodiment, the mono- and multi-functional carboxylate and carbonate

salts of tetrabutylammonium can be selected from:

SO0 MOl (D

(2)
N Mg,
) 4
Latgly
{OeHalp 0T QO MG Ml
©) 6)

DOy WU Mgy

As shown above, chemical structure (1) can be said to be mono-functional; chemical
structures (2) to (4) can be said to be di-functional; chemical structure (5) can be said to be
tri-functional; and chemical structure (6) can be said to be tetra-functional. These are
provided as examples and thus shall not be limiting.

[0041] While initiators including tetrabutylammonium cations have been described,
other types of organic cations can also be used herein. Accordingly, in other embodiments,
the initiators can generally include mono- and multi-functional carboxylate and carbonate
salts having organic cations as counter-ions. Such initiators can be represented by general
formulas (IIT) (carboxylate salts) and (IV) (carbonate salts):

{R'-[C(=0)0y, [X*]y} (1D
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{CE=0)O)y, XDy} Iv)
wherein R! is selected from aliphatic hydrocarbons and aromatic hydrocarbons (e.g., as
described above); X" is an organic cation; and y ranges from 1 to n, preferably 1 to 4. In these
embodiments, the organic cation can be selected from ammoniums, phosphoniums, and
phosphazeniums. For example, the organic cation can be based on phosphazene bases, such
as +-Bu-Py, where Y is 2 or 4; as well as, ammonium salts and/or phosphonium salts, wherein
the nitrogen or phosphorous thereof can be connected to four alkyl groups, each of which can
be the same or different. For example, in one embodiment, the organic cations can be selected
from NBus*, NPhst, NOcts*, PBus®, PPhs*, PPN, t-BuP4*, and -BuP->*.
[0042] The polymerization systems can optionally further comprise co-initiators
including mono- and multi-functional protic compounds. The term “protic compounds”
generally refers to any compound having a reactive hydrogen. The present disclosure may,
in various instances, use the terms “co-initiator” and “protic compound” interchangeably
herein. The selection of the protic compounds can be dependent upon the functionality of the
initiator used. For example, in an embodiment, the functionality of the protic compound is or
shall be the same as the functionality of the initiator. Suitable protic compounds can generally
include aliphatic or aromatic acids and alcohols (including phenols), and water. In addition,
protic compounds containing at least two of those as functional groups, such as compounds
formed from the combination of an acid and phenol, can also be used. Examples of such
functional groups can include, but are not limited to, -OH, —SH, —C(O)OH, and —NH. In one
embodiment, the protic compound can be selected from sulfonic acids, carboxylic acids,
adducts of boric acid, glycols, salicylic acids, alcohols, phenols, and water. Others are known
in the art and thus these shall not be limiting.
[0043] The activator can comprise a borane compound. The borane compound can be
selected from alkyl boranes and aryl boranes. For example, in an embodiment, the borane
compound is a trialkyl borane or a triaryl borane. The trialkyl and triaryl boranes can be
represented by general formula (V):

B(R?: (V)

wherein each R? is independently selected from alkyls and aryls, wherein the alkyls are
selected from linear or branched alkyl groups, aromatic or non-aromatic alkyl groups, and

carbocyclic or heterocyclic alkyl groups, each of which can be substituted or unsubstituted;
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wherein the aryls are selected from aryl groups and heteroaryl groups, each of which can be
substituted or unsubstituted. Suitable alkyls and aryls include those described above. For
example, in an embodiment, each R? is selected from an ethyl, n-butyl, i-butyl, n-octyl, and
phenyl group to provide triethyl borane, tributyl borane, triisobutyl borane, trioctyl borane,
and triphenyl borane as the borane compound, respectively. In one embodiment, the borane
compound is triethyl borane.

[0044] In embodiments, the borane compound can react with the initiator, protic
compound, or both, under stoichiometric conditions, to form an ate complex. The ate
complex can be used to initiate the polymerization of epoxides and carbon dioxide. For
example, in an embodiment, the ate complex can be used to activate the carbon dioxide. In
some embodiments, the ate complex may not be sufficiently nucleophilic to activate the
epoxide. In these embodiments, the borane compound can be effective to activate the epoxide
monomer and thus can be used for such purposes. Since the borane compound typically reacts
under stoichiometric conditions with the initiator, protic compound, or both in forming the
ate complex, the borane compound can be provided in excess to ensure activation of the
epoxide monomer. For example, in some embodiments, without an excess of the borane
compound, the polymerization may not occur. It thus can be important to provide the borane
compound in excess of one or more of the initiator and protic compound.

[0045] The molar ratio of the borane compound to the initiator to the protic compound
can generally be represented by the following formula: X (borane compound):Y (initiator):
Z (protic compound), wherein each of X, Y, and Z can range from about 0.01 to about 10, or
greater. In some embodiments, the borane compound is provided in molar excess of the
initiator and/or the protic compound (if present); and the initiator is provided in molar excess
of the protic compound. For example, in an embodiment, the molar ratio of the borane
compound to the initiator to the protic compound can be about 1.01:1:0.1, about 2:1:0, about
3:1:0, about 4:1:0, about 5:1:0, about 6:1:0, about 7:1:0, about 8:1:0, about 9:1:0, about
10:1:0.9, or any increment thereof. In one embodiment, the molar ratio of the borane
compound to the initiator to the protic compound can be about 2:1:0, about 2.2:1:0.3, about
2:1.3:0, about 2.8:1:0, about 3:1:0, about 3.5:1:0, about 3.5:0.7:0.3, about 3.6:1:0, about
4:1:0, about 5:1:0, about 5:0.7:0.3, about 5:0.8:0.2, or any increment thereof. These shall not

be limiting as other ratios are within the scope of the present disclosure.
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[0046] FIG. 1 is a flowchart of a method for preparing polycarbonate polyols,
according to one or more embodiments of the present disclosure. As shown in FIG. 1, the
method can comprise contacting 101 an epoxide monomer and carbon dioxide in the presence
of a polymerization system to form a crude polycarbonate product in solution; and
precipitating 102 a polycarbonate polyol product out of solution. The polymerization systems
can include any of the polymerizations systems of the present disclosure. For example, in an
embodiment, the polymerization systems can include an initiator, co-initiator or protic
compound, and activator. In one embodiment, the polymerization system comprises an
activator including a borane compound, an initiator including a mono- or multi-functional
carboxylate or carbonate salt of an organic cation (e.g., tetrabutylammonium), and optionally
a co-initiator or a protic compound.

[0047] At step 101, the epoxide monomer, carbon dioxide, and polymerization system
are brought into physical contact, or at least immediate or close proximity. For example, in
an embodiment, the initiator, activator, optional protic compound, and solvent can be
contacted in a reaction medium to prepare, or form, the polymerization system. Upon
preparing/forming the polymerization system, the polymerization system can be contacted
with the epoxide monomer in the reaction medium and the reaction medium can be charged
with carbon dioxide. This is provided as just one example, as the manner in which the
contacting is performed is not particularly limited. In other embodiments, for example, the
contacting can proceed sequentially in any order, or simultaneously. The conditions under
which the contacting is performed are also not particularly limited. For example, the
contacting can proceed to or at one or more temperatures and one or more pressures. The one
or more temperatures can range from about room temperature to about 100 °C, or any
incremental value or range thereof, among other temperatures. The one or more pressures
can range from about 1 bar to about 50 bar, or any incremental value or range thereof, among
other pressures.

[0048] The epoxide monomer can be substituted or unsubstituted and functionalized or
non-functionalized. In an embodiment, the epoxide monomer can be represented by the

general structure below:
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wherein each of Ri and Rz can be independently selected from hydrogen, alkyls, heteroalkyls,
cycloalkyls, alkenyls, heteroalkenyls, cycloalkenes, alkynyls, heteroalkynyls, cycloalkynyls,
alkoxys, aryls, heteroaryls, aralkyls, aralkylenes, alkaryls, alkarylenes, halogens, or
combinations thereof, each of which can be substituted or unsubstituted. For example, the

epoxide monomer can be selected from the following structures:
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[0049] The solution, which contains the crude polycarbonate product and usually at

least some residual or other chemical species and solvent, can be subjected to a step 102 in
which a polycarbonate polyol produce is precipitated out of solution. The precipitating step
can be useful in embodiments in which the crude polycarbonate product includes
polycarbonates having an activator-organic cation complex at chain ends. The precipitating
can thus be performed to remove the activator-organic cation complex from the crude
polycarbonate product, separate off any residual chemical species and solvents, and/or obtain
the polycarbonate polyol product. In some embodiments, the precipitating can include
additional steps. For example, in an embodiment, the precipitating can include one or more
of precipitating a crude polycarbonate polyol product in water, centrifuging the resulting
aqueous solution, separating the aqueous layer from the centrifuged solution, diluting the
solution with an organic solvent, and precipitating the polycarbonate polyol product in acidic
water. The organic solvents and acidic water are not particularly limited and can include, for
example, THF and aqueous HCI, among others. In addition to these processing step(s), the
processing can also be performed according to conventional processes known in the art and
thus are not particularly limited.

[0050] The resulting polycarbonate polyol product can have a well-defined structure

and narrow polydispersity, with tunable and/or controllable molar masses and carbonate
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content. In an embodiment, the polycarbonate polyol product can be represented by the
following generic chemical structure: R-[(CHR1CHR20CO-)x-(CHR1CHR20-)y]nH.

[0051] In embodiments, the polydispersity can be in the range of about 1 to about 2.
The range includes any value between | and 2 and any incremental range between 1 and 2.
In certain embodiments, the polydispersity can be about 1.5 or less. In certain embodiments,
the polydispersity can be about 1.4 or less. In certain embodiments, the polydispersity can be
about 1.3 or less. In certain embodiments, the polydispersity can be about 1.2 or less. In
certain embodiments, the polydispersity can be about 1.1 or less. In certain embodiments, the
polydispersity can be about 1.0.

[0052] The molar mass and/or carbonate content of the polycarbonate polyol product
can be tuned by varying one or more of the feeding ratio of epoxide monomer to the initiator,
borane compound to the initiator, and charging pressure of the carbon dioxide. For example,
in an embodiment, the molar ratio of the borane compound to the initiator to the protic
compound can generally be represented by the following formula: W (epoxide monomer):X
(borane compound):Y (initiator): Z (protic compound), wherein each of W, X, Y, and Z can
range from about 0.01 to about 1000, or greater. The charging pressure of carbon dioxide is
not particularly limited and can range from, for example, about 0.01 bar to about 50 bar,
among other pressures. In embodiments, the carbonate content can be in the range of 1% to
about 99% or greater, or any value or incremental range between 1% and 99%. In
embodiments, the molar mass of the polycarbonate polyol molar mass can be in the range of
about 100 g/mol to about 100,000 g/mol, or any value or incremental range between 100
g/mol and 100,000 g/mol. For example, in certain embodiments, the molar mass is in the
range of about 1,000 g/mol to about 10,000 g/mol.

[0053] FIG. 2A is a flowchart of a method of recovering and/or recycling an initiator
for re-use in polycarbonate polyol synthesis, according to one or more embodiments of the
present disclosure. As shown in FIG. 2A, the method 200A of recovering and/or recycling
an initiator for polycarbonate polyol synthesis can comprise contacting 201A a crude
polycarbonate product having an activator-organic cation complex at a chain end with water
to form an aqueous solution of an organic hydroxide; adding 202A a neutralizing compound
to the aqueous solution of the organic hydroxide to regenerate an initiator in the form of a

carboxylate or carbonate salt of the organic cation; and separating 203 A the initiator from
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one or more of residual chemical species and solvents. In an embodiment, the method 200A
can further comprise recycling the recovered initiator for re-use in the synthesis of additional
polycarbonate polyols.

[0054] The step 201 A can include contacting a crude polycarbonate product having an
activator-organic cation complex at a chain end with water to form an aqueous solution of an
organic hydroxide. In some embodiments, this step can be performed after contacting an
epoxide monomer and carbon dioxide in the presence of a polymerization system (e.g., as in
step 101). The aqueous solution can optionally further comprise one or more of residual
chemical species (e.g., reagents, reaction participants, etc.), side- or by-products (e.g., cyclic
carbonates, etc.), and solvents. Since the chain end of the crude polycarbonate product has
an activator-organic cation complex, it can be desirable to form an organic hydroxide from
the organic cation to aid in recovering the initiator. While not wishing to be bound to a theory,
it is believed that, by contacting in this way, the crude polycarbonate product carrying the
organic cation at the chain end undergoes hydrolysis to form the organic hydroxide, which
can dissolve in the aqueous layer and also leave behind a crude polycarbonate product or, in
some instances, a crude polycarbonate polyol product, as a precipitate. Accordingly, the
contacting is sufficient to convert the organic cation into an organic hydroxide, which can be
used to regenerate the initiator.

[0055] The contacting 201A typically proceeds by bringing at least the crude
polycarbonate product and water into physical contact, or immediate or close proximity. In
an embodiment, the contacting can include or proceed under stirring. The conditions under
which the contacting proceeds are not particularly limited. For example, moderate
temperatures and pressures can be suitable, among others. The crude polycarbonate product
can be formed according to any of the methods of the present disclosure (e.g., by performing
step 101). In addition, any of the activators and organic cations of the present disclosure can
be provided at the chain end; and the organic hydroxide can be formed from any of the
organic cations of the present disclosure. For example, the organic hydroxide can include
ammonium hydroxides, phosphonium hydroxides, and phosphazenium hydroxides. In one
embodiment, the organic hydroxide is tetrabutylammonium hydroxide. The organic

hydroxide will typically dissolve in the aqueous solution.
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[0056] The step 202A can include adding a neutralizing compound to the aqueous
solution of the organic hydroxide to regenerate an initiator in the form of a carboxylate or
carbonate salt of the organic cation. The adding is similar to, or at least one example of a
form of, contacting, and thus can be performed in the same or similar manner, among other
ways. The neutralizing compound employed should be sufficient to transfer or convert the
organic hydroxide to carboxylate or carbonate salts of the organic cation. For example, in an
embodiment, the neutralizing compound is carbon dioxide. In an embodiment, the adding
can proceed by bubbling carbon dioxide through the aqueous solution of the organic
hydroxide. In this way, the solution can be neutralized and the initiator can be regenerated in
the form of a carbonate salt having an organic cation as the counter-ion. In an embodiment,
the adding can proceed by contacting a carboxylate acid with the aqueous solution of the
organic hydroxide. In an embodiment, the carboxylic acids are added into the aqueous
solution of the organic hydroxide to neutralize. In this way, the solution can similarly be
neutralized and the initiator can be regenerated in the form of a carboxylate salt having an
organic cation as the counter-ion, with a functionality dependent upon the selection of the
carboxylic acid.

[0057] The step of 203A is optional and includes separating the initiator from the other
chemical species and solvents. The initiator can typically be regenerated in a solution that
can also include side products, solvents, and/or other chemical or residual species. For
example, the side products can include cyclic carbonates, among others. The solvents can
include water and organic solvents, among others. Accordingly, it can be desirable to separate
the initiator from these other chemical species and solvents in order to recover and/or recycle
it for reuse in the synthesis of polycarbonate polyols. The manner in which the separating
step 203 is performed is not particularly limited and can include, for example, drying and/or
washing to separate or remove one or more of solvents and side products, among other things.
The drying can be performed by evaporation, lyophilization, and other methods of drying
known in the art. The washing can be performed by contacting with a solvent. In one
embodiment, the separating can include drying the solution containing the initiator by
evaporation to remove water and organic solvent and optionally washing with a solvent (e.g.,
toluene) to remove a cyclic carbonate side product. In embodiments in which the cyclic

carbonate side product is not present, the washing step does not need to be performed.
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[0058] The recovery of the initiator can be described in terms of the percentage
recovered relative to the amount used originally to initiate the polymerization of
polycarbonate polyols. The methods described herein are capable of consistently and
repeatedly recovering an unprecedented 100% of the initiator used originally in the
polymerization of the polycarbonate polyol. A fully recovery of the initiator can be achieved
over the course of an indefinite number of polymerization reactions (e.g., in perpetuity).
Accordingly, the initiators can be used, recovered, and recycled, in batch and/or continuous
processes for the synthesis of polycarbonate polyols, providing scalability and commercial
access thereto.

[0059] While the initiator can be fully recovered (e.g., 100% recovery), in some
embodiments, the recovery of the initiator can be less than full recovery. For example, the
recovery of the initiator can be about 100% or less, 99.9% or less, 99% or less, 98% or less,
97% or less, 96% or less, 95% or less, 90% or less, or any increment ranging from between
about 0.01% to about 100%. In an embodiment, at least 90% of the initiator is recovered. In
an embodiment, the initiator is fully recovered. In an embodiment, the method 200 further
comprises recycling the recovered initiator for use in the synthesis of polycarbonate polyols.
[0060] FIG. 2B is a flowchart of a method of recovering and optionally recycling at
least one of an activator and initiator from a solution for use or re-use in the synthesis of
polycarbonate polyols, according to one or more embodiments of the present disclosure. The
method 200B can comprise one or more of the following steps: quenching 201B a polymer
solution containing a crude polycarbonate with a solution comprising a Lewis base and Lewis
acid in water, said crude polycarbonate having an activator-organic cation complex at a chain
end; reacting 202B the organic cation with an anion to form an initiator that is extracted into
a first layer; reacting 203B the activator with a Lewis base to form an activator-Lewis base
complex that is extracted into a second layer, said second layer being immiscible with said
first layer; separating 204B the first layer from the second layer; contacting 205B the second
layer with an isocyanate compound to disassociate the activator from the Lewis base and
processing the second layer to recover the activator; and contacting 206B the first layer with
a non-solvent to separate the initiator from the polymer and processing the first layer to
recover the initiator. In certain embodiments, the method 200B can proceed metal-free and

thus is capable of proceeding in the absence of or without any metals or metal-containing
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compounds. In certain embodiments, the method 200B further comprises recycling (not
shown) at least one of the initiator and activator (e.g., such as those recovered from steps
205B and/or 206B).

[0061] Step 201B includes quenching a polymer solution containing a crude
polycarbonate with a solution comprising a Lewis base and Lewis acid in water. To perform
the quenching 201B, the polymer solution can be contacted with said solution. Mixing,
stirring, and the like can also be performed to facilitate the quenching process. Suitable crude
polycarbonates will have an activator-organic cation complex at a chain end. Polymer
solutions containing such crude polycarbonates can be obtained from any source. In certain
embodiments, polymer solutions obtained in accordance with the method shown in FIG. 1
are used. For example, step 201B can be performed after the contacting step 101 wherein the
epoxide monomer and carbon dioxide are contacted in the presence of the polymerization
system. Step 201B can also be formed after the step 102. In certain embodiments, the
quenching step 201B can give rise to or bring about various reactions that result in the
removal of the activator-organic cation complex from the chain end of the crude
polycarbonate and/or precipitation of the crude polycarbonate. For example, in some
embodiments, the quenching step 201B can perform or include steps 202B, 203B, 206B, or
combinations thereof.

[0062] Suitable Lewis bases include primary amines and secondary amines. The
primary and secondary amine may be selected based on each amine’s ability to complex with
the activator from the polymer chain end. In certain embodiments, the Lewis base is selected
from primary and secondary amines comprising alkyl substituents, wherein the alkyl
substituents can comprise 30 or fewer carbon atoms, preferably 12 or fewer carbon atoms,
more preferably 6 or fewer carbon atoms. Examples of alkyl substituents include, but are not
limited to, methyl, ethyl, propyl, isopropyl, cyclopropyl, butyl, isobutyl, sec-butyl, tert-butyl,
cyclobutyl, pentyl, neo-pentyl, cyclopentyl, hexyl, cyclohexyl, 2-ethylhexyl,
cyclohexylmethyl, heptyl, octyl, nonyl, decyl, dodecyl, tridecyl, tetradcyl, pentadecyl,
hexadecyl, heptadecyl, octadecyl, nonadecyl, cyclopentyl, cyclohexyl, cyclobutyl,
cyclopentyl, cyclohexyl, cycloheptyl, cyclopentenyl, cyclohexenyl, cyclohexadienyl, and the
like. In certain embodiments, the alkyl substituents are selected from methyl, ethyl, propyl,

isopropyl, butyl, iso-butyl, sec-butyl, t-butyl, pentyl, and hexyl. For example, in certain
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embodiments, the Lewis bases are selected from butylamine, pentylamine, hexylamine,
diethylamine, dipropylamine, and dibutylamine.

[0063] Suitable Lewis acids include acids comprising a hydroxide, carboxylate,
carbonate, alkoxide, phenoxide, and/or halide. The Lewis acid can be selected based on its
ability to quench the polymer solution (e.g., by protonating polymer chain ends) either by
itself or in combination with water (e.g., as a quenching agent composed of water and Lewis
acid with, e.g., a pH of 6 or less), and/or its ability to generate an anion capable of reacting
with the organic cation from the polymer chain end. While inorganic acids or acids
comprising metals can be utilized herein and thus are within the scope of the present
invention, preferred Lewis acids are metal-free. For example, organic acids or organic
compounds comprising a hydroxide, carboxylate, carbonate, alkoxide, phenoxide, and/or
halide, may be preferred. In certain embodiments, the Lewis acid is selected from water,
carbon dioxide, carboxylic acids such as carboxylic acids of the formula RCOOH, alcohols
such as alcohols of the formula ROH, phenols, carbonate compounds, and halogen
compounds such as halogen compounds of the formula HX, where R is any hydrocarbon and
X is any halide.

[0064] Non-limiting examples of Lewis acids include water; carbon dioxide; alcohols,
such as methanol, ethanol, propanol, butanol, hexanol, benzyl alcohol, and the like;
carboxylic acids, such as formic acid, acetic acid, propionic acid, butyric acid, valeric acid,
caproic acid, pentanoic acid, caprylic acid, pelargonic, carbonic acid, oxalic acid, malonic
acid, succinic acid, glutaric acid, adipic acid, p-Mer acid, suberic acid, azelaic acid, sebacic
acid, methyl succinic acid, 2,2-dimethyl succinic acid, 2,3-dimethylsuccinic acid,
methylmalonic acid, a-methyl glutaric acid, B-methyl glutaric acid, 2,2-dimethyl glutaric
acid, 2,4-dimethyl glutaric acid, 3,3-dimethyl glutaric acid, 2-ethyl-2-methyl succinic acid,
2,2,5,5-tetramethyl-hexanoic acid, 3-methyl adipic acid, acrylic
acid, crotonic acid, isocrotonic acid, vinyl acetate, methacrylic acid, fumaric acid, maleic
acid, methyl maleic acid, methyl fumaric acid, itaconic acid, citraconic
acid, mesaconic acid, glutaconic acid, non-acid, 2-methyl-non-acid, acetylene dicarboxylic
acid, oxalic acid, malonic acid, succinic acid, glutaric acid, adipic acid, pimelic
acid, suberic acid, azelaic acid, sebacic acid, undecanedioic acid, dodecanedioic acid, 1-

propyn-1,3-dicarboxylic acid, methane tricarboxylic acid, ethylene tricarboxylic acid, citric
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acid, isocitric acid, aconitic acid, propane-1,2,3-tricarboxylic acid, trimesic acid,
cyclohexanecarboxylic acid, kolran acid, lithocholic acid, cholic acid, 1,2-
cyclohexanedicarboxylic acid, 1,3-cyclohexanedicarboxylic acid, 1,4-
cyclohexanedicarboxylic acid, 3,3-tetramethylene glutaric acid, benzoic acid, toluic
acid, kumsan, phthalic acid, isophthalic acid, terephthalic acid, and the like; carbonate
compounds, such as carbonic acid, organic carbonates, such as carbonate esters, derivatives
thereof, and the like; phenol and derivatives thereof; and halogen compounds, such as HCI,
HBr, HI, HF, and the like.

[0065] At step 202B, the organic cation is reacted with an anion to form an initiator.
While the organic cations and anions are generally not particularly limited, it is preferred to
use organic cations and anions that react to form the initiators of the present invention. For
example, the organic cations can include, but are not limited to, NBus®, NOcts", NPh4",
PBu4*, PPhs*, PPN*, 1-BuP4*, -BuP>", and the like. Non-limiting examples of the anions
include hydroxides, carboxylates, carbonates, alkoxides, phenoxides, halides, and the like. In
some embodiments, the anions can originate from one or more of the components the solution
from step 201B. For example, in one embodiment, the anions can originate from the Lewis
acid or water, or both. In other embodiments, an anion source can be separately added to the
polymer solution in this step to provide the anions that react with the organic cation to form
the initiator. Once formed, the initiator can be extracted into the first layer or, in the
alternative, it can continue to reside in the first layer.

[0066] At step 203B, the activator is reacted with the Lewis base to form an activator-
Lewis base complex. The activator can include any of the borane compounds disclosed
herein. For example, in certain embodiments, the activator can be selected from alkyl boranes
and aryl boranes, such as triethyl borane, tributyl borane, triisobutyl borane, trioctyl borane,
triphenyl borane, and the like. As described above, the Lewis base can be selected from
primary amines and secondary amines. Examples of suitable Lewis bases include, but are not
limited to, butylamine, pentylamine, hexylamine, diethylamine, dipropylamine,
dibutylamine, and the like. In certain embodiments, the activator-Lewis base complex is an
adduct of the activator and Lewis base. Once formed, the activator-Lewis base complex can
be extracted into the second layer or, in the alternative, it can continue to reside in the second

layer.
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[0067] At step 204B, the first layer is separated from the second layer. The second layer
containing the activator-Lewis base complex comprises a liquid phase (e.g., solvent or other
liquid) that is immiscible or substantially immiscible with the liquid phase of the first layer
and thus can be readily separated. Preferably the initiator is soluble in the liquid phase of the
first layer and the activator-Lewis base complex is soluble in the liquid phase of the second
layer. However, embodiments include initiators which are soluble in the liquid phase of the
second layer and activator-Lewis base complexes which are soluble in the liquid phase of the
first layer. While either of the first layer and the second layer can comprise or constitute an
aqueous layer, and either can comprise or constitute an organic layer, in certain embodiments,
the first layer is an aqueous layer and the second layer is an organic layer.

[0068] Upon separating the first and second layers, each can be processed to isolate
and recover, and in some instances, regenerate, the initiator and activator for use or re-use in
the synthesis of additional polycarbonate polyols. At step 205B, the second layer is contacted
with an isocyanate compound to disassociate (or deblock) the activator from the Lewis base,
thereby regenerating the activator. Once deblocked, the second layer or the freed activator
can be subjected to further processing to isolate and/or recover the activator. The processing
can include any processes suitable for removing solvents and chemical species to isolate,
separate, and/or recover the activator. For example, in certain embodiments, the processing
can include performing, one or more times, any of the following: distillation, drying,
washing, dissolving, combinations thereof, and the like. For example, in one embodiment,
the processing can include dissolving the distillation residue (e.g., a residue comprising the
activator-Lewis base complex, the activator, or combinations thereof), subjecting to
distillation, and redissolving the distillation residue. These steps or any one of these steps can
be performed one or more times until the activator is sufficiently isolated to permit recovery
thereof. Other examples of the processing include evaporation, filtration, and drying, among
others. The activator can be partially or fully recovered. For example, in embodiments, the
percent recovered of the activator can be up to about 100%, or any value between 0% and
100%.

[0069] Suitable isocyanate compounds include, but are not limited to, tosyl isocyanate,
methyl isocyanate, ethyl isocyanate, n-propyl isocyanate, n-butyl isocyanate, t-

butyl isocyanate, hexyl isocyanate, octylisocyanate, dodecylisocyanate, octadecyl
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isocyanate, hexadecyl isocyanate, cyclohexyl isocyanate, phenyl
isocyanate, diphenylmethane diisocyanate, isophorone diisocyanate, toluene diisocyanate,
hexamethylene diisocyanate, tetramethylxylene diisocyanate, p-phenylene diisocyanate,
hydrogenated diphenylmethane diisocyanate, toluene
diisocyanate, sulfonated diphenylmethanediisocyanate, m-phenylene diisocyanate, phenyl
isocyanate, 2,4,- toluylene diisocyanate, 2,6-toluylene diisocyanate, toluyl isocyanate, 3,3'-
dimethyl, 4,4'-biphenylene, diisocyanate, 3,3 dimethoxy-4,4' biphenylene diisocyanate, 3,3
diphenyl-4,4'-biphenylene diisocyanate, I-trichloro methyl- 2,4-diisocyanato benzene, 2-
isocyanato diphenyl ether, diphenyl sulfone-4-isocyanate, 3-isocyanato-acetophenone,
diphenyl methane-4,4'-diisocyanate, di-phenyl-4,4'-diiso  cyanate, naphthalene-1,5-
diisocyanate, triphenyl meth-3-ane-4,4',"-triisocyanate, 4,4-diisocyanato diphenyl sulfone,
combinations thereof, and the like.

[0070] At step 206B, the first layer is contacted with a non-solvent to separate the
initiator from the polycarbonate polyol. In this step, the non-solvent is used to precipitate the
crude polycarbonate present in the first layer. The nature and solubility of the crude
polycarbonate and/or polycarbonate polyol can inform the selection of non-polar versus polar
non-solvents and protic vs. aprotic non-solvents. Although not a requirement, non-solvents
with relatively low boiling points can be selected to facilitate the processing performed in
this step. While also not a requirement, the non-solvents can be selected to be miscible with
the liquid phase of the first layer. Non-limiting examples of non-solvents can include hexane,
water, carbon tetrachloride, benzene, diethyl ether, methylene chloride, toluene, pentane,
petroleum ether, cyclohexane, carbon tetrachloride, xylene, diethyl ether, chloroform
dichloromethane, tetrahydrofuran, dichloroethane, acetone, dioxane, ethylacetate,
dimethylsulfoxide, aniline, diethylamine, acetonitrile, pyridine, isopropanol, ethanol,
methanol, ethylene glycol, acetic acid, methyl chloride, chloroethane, trichloroethane,
trichlorethylene, tetrachloroethane, chlorobenzene, dichlorobenzene, methyl acetate and
ethyl acetate, methyl ethyl ketone, and the like.

[0071] By precipitating the crude polycarbonate, the polycarbonate polyol can be
readily separated or removed from the first layer which can be processed to isolate and
recover the initiator. The processing can include any processes suitable for removing solvents

and/or chemical species other than the initiator. For example, in certain embodiments, the
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processing includes solvent removal, filtration, drying (e.g., by evaporation, lyophilization,
etc.), washing, and the like, any of which can be repeated one or more times. In some
embodiments, this step can include one or more of the steps presented in FIG. 2A. The
initiators recovered in this step can include, for example, any of the initiators of the present
invention, such as those comprising a carboxylate or carbonate salt having the organic cation
as counter-ion. The initiator can be partially or fully recovered. For example, in
embodiments, the percent recovered of the initiator can be up to about 100%, or any value
between 0% and 100%.

[0072] While FIG. 2B shows steps 201B to 206B, the method 200B does not require
each of those steps and thus can comprise any one or more of the steps 201B to 206B. In
addition, the method 200B need not proceed in any particular order. Non-limiting examples
of various combinations of the steps 201B to 206B are provided below:

[0073] In certain embodiments, a method of recovering an activator for use or re-use
in the synthesis polycarbonate polyols is provided, said method comprising one or more of
the following steps: providing a polymer solution containing a crude polycarbonate, said
crude polycarbonate having an activator-organic cation complex at a chain end; reacting the
activator with a Lewis base to form an activator-Lewis base complex that is extracted into an
organic layer; contacting the organic layer with an isocyanate compound to disassociate the
activator from the Lewis base; and processing the second layer to recover the activator.
[0074] In certain embodiments, a method of recovering an initiator for use or re-use in
the synthesis of polycarbonate polyols is provided, said method comprising one or more of
the following steps: providing a polymer solution containing a crude polycarbonate, said
crude polycarbonate having an activator-organic cation complex at a chain end; reacting the
organic cation with an anion to form an initiator compound that is extracted into an aqueous
layer; and processing the first layer to recover the initiator.

[0075] The following Examples are intended to illustrate the above invention and
should not be construed as to narrow its scope. One skilled in the art will readily recognize
that the Examiners suggest many other ways in which the invention could be practiced. It
should be understand that numerous variations and modifications may be made while

remaining within the scope of the invention.
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EXAMPLE 1
Mechanism for Ammonium-Carboxylate

Initiated Copolymerization of Epoxides and CO2

[0076] The following Example relates to the copolymerization of epoxides and COz to
form polycarbonate diols and polyols. The preparation of the polycarbonate diols and polyols
were initiated with carboxylate salts of tetrabutylammonium having a functionality ranging
from 1 to 4. Scheme 1 provided below is a schematic representation of a proposed mechanism
for ammonium-carboxylate initiated copolymerization of epoxides and CO2 for the direct
synthesis of polycarbonate diols and polyols. The preparation of polycarbonate diols and
polyols was also performed using multifunctional tetrabutylammonium carboxylate initiators
in the presence of their corresponding multifunctional protic compounds such as water,

multifunctional alcohols, acids, etc.
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Scheme 1
EXAMPLE 2
Mechanism for Initiations Involving Protic Compounds
[0077] Scheme 2, also provided below, is a schematic representation of a proposed
p p prop

mechanism for initiations involving protic compounds. Upon changing the polymerization
conditions, feeding ratio of monomer to the initiator, borane to the initiator, and charged

pressure of carbon dioxide, the molar mass (1000 to 10000 g/mol) and carbonate content was

easily tuned.
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Scheme 2
EXAMPLE 3
Representative Multi-Functional TBA Carboxylate Salts
[0078] The carboxylate salt initiators were either aliphatic or aromatic compounds,

carrying different functionalities. See Scheme 3 provided below, which is a schematic
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representation of representative multi-functional tetrabutylammonium carboxylate salts for

the preparation of polycarbonate polyols.
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Scheme 3

EXAMPLE 4
Synthesis of Tetrabutylammonium Carbonate (TBAC)

[0079] The TBAC was prepared as follows: In a Schleck flask, an aqueous solution of
tetrabutylammonium hydroxide (about 20 mL) was stirred under a positive pressure of CO2
and the reaction was followed by phenolphthalein indicator until the disappearance of the
pink color was observed. The water was removed by lyophilization. Further traces of water

was removed by lyophilization with anhydrous 1,4 dioxane to get TBAC as a white powder.

EXAMPLE 5
General Procedure for Synthesis of

Tetrabutylammonium Salt of Carboxylic Acid

[0080] In a Schlenk tube, an aqueous solution of tetrabutylammonium hydroxide was
charged under argon. An equivalent quantity of carboxylic acid was added and stirred at
about 25 °C for about lh. The completion of neutralization reaction was monitored by

phenolphthalein indicator. The water was removed by lyophilization. Further traces of water
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was removed by lyophilization with anhydrous 1,4 dioxane to get the corresponding

ammonium carboxylate salt as a white powder.

EXAMPLE 6
Preparation of Poly(Propylene Carbonate) Diol

[0081] A typical experimental procedure, corresponding to entry 4, is described below.
A 50 mL Parr reactor with a magnetic stir bar and a small glass vial inside was first dried in
an oven at about 120 °C overnight and then immediately placed into a glove box chamber.
After keeping under vacuum for about 2 hours, the reaction vessel was moved into the glove
box under argon atmosphere. The reactor was charged with difunctional initiator (about 0.2
g, about 0.367 mmol), triethyl borane (about 1.03 mL, about 1 Molar solution in THF, about
1.03 mmol), and THF (about 1.0mL). The propylene oxide (about 2.05 mL., about 29.3
mmol) was then added in the glass vial inside the reactor, the reactor was quickly sealed,
taken out from the glove box and charged with CO2 to a pressure of about 10 bar and reaction
was carried out at about 40 °C for about 14h with stirring. The work up process was followed
the procedure as shown in FIG. 3. The reactor was cooled, the unreacted CO2 was slowly
released, and the polymer solution was firstly quenched with about 1 mL of deoxygenated
deionized water dissolved butyl amine (1.03 mmol) and dicarboxylic acid (0.367 mmol) or
bubbling CO2 and stirred for about 10 min. The whole solution was precipitated in hexane.
The solution of organic layer and aqueous layer was separated for recycling ammonium
initiator and triethylborane, respectively. The crude product at the bottom (if needed) was
further diluted with tetrahydrofuran and precipitated again in water. The product was

collected and dried in vacuum at about 40 °C.

EXAMPLE 7

Process of Recycling Activator and/or Initiator

[0082] The process of polycarbonate polyols isolation allowed recycling of the
ammonium initiators and trialkylborane as shown in FIG. 3, which, in addition to being

metal-free, is at least one advantage over other conventional polymerization systems,
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methods, etc. As shown in FIG. 3, propylene oxide, triethylborane, and tetrabutylammonium
carbonate were used an example of epoxides, activators, and ammonium initiators,
respectively. The initiator was recovered and isolated as tetrabutylammonium carbonate or
carboxylates upon treatment with CO2 or carboxylic acids. As for triethylborane, after
formation of complex with amine, it was extracted into an organic layer. Then the borane
complex was deblocked with isocyante, the freed triethylborane was then recovered through
distillation. In the examples described below the amount of ammonium carbonate used in the
first experiment could be fully recovered (100%) after each further attempt to initiate the
copolymerization of CO2 with epoxides. It was therefore demonstrated that ammonium
hydroxide could be indefinitely recovered experiment after experiment. The triethylborane

on the other hand was quantitatively extracted from the polymerization mixture.

EXAMPLE 8

Recycling Tetrabutylammonium Initiator

[0083] As shown in FIG. 3, the aqueous layer obtained after precipitation of PPC diol
which contain the initiator due to neutralization with bubbling CO2 or through the addition
of equal equivalent carboxylic acids to transfer the ammonium into salts (e.g., carbonate
salts). The solution was further evaporated and dried. After removing the high boiling point
side compound propylene carbonate by washing with toluene, the recovered

tetrabutylammonium salts could be put into next cycle for polymerization.

EXAMPLE 9
Recycling Triethylborane

[0084] The hexane layer obtained above was subjected to distillation to remove hexane,
THF and excess butyl amine if any. The distillation residue containing TEB-butylamine
adduct was dissolved in dry THF (about 3 mL). To that formed solution was added tosyl
isocyanate (about 1.0 eq., about 0.156 mL, about 0.186 g, about 1.0 mmol). Then the
isocyanate solution was subjected to distillation (about 40-80 °C) under static reduced

pressure; the distillation residue was again dissolved in about 1.5 mL of dry THF and
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redistilled under the same condition to recover TEB completely from the viscous isocyanate
residue. Triethylborane together with THF was collected and found the recycling yield to be

about 71% (using naphthalene as internal standard).

EXAMPLE 10
Tables 1 and 2

[0085] See Tables 1 and 2 presented below provide the experimental results. In
addition, representative GPC traces are provided in FIGS. 4-7. Representative 'H NMR
spectra are provided in FIGS. 8-10. Representative MALDI-TOF characterization results are
provided in FIGS. 11-14. Representative '"H NMR spectra of PPC-diols having varying
carbonate content are provided in FIGS. 15A-15C. Representative FTIR spectra of PPC-diol
samples are provided in FIGS. 16A-16C. Representative GPC traces of PPC-diol samples
from Table 2 are provided in FIGS. 17A-17F. FIG. 18 shows ''B NMR evolution of
triethylborane state during its recycling process. FIG. 19 shows a 'H NMR characterization

and quantification of recycled triethylborane using naphthalene as internal standard.
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Table 1. Tricthyl borane assisted copolymenzation of propylene oxide and carbon dicride

Entry bmifiator  {MEHEA Selectiwty  PC DG Yield Moy {10% Booeof
{%)° %) P105E
¥ ABA 0012 >389 55 43 19.0 15.81.%
2 ASA 40:1:4.0 55 £3 g2 386 3512
3 ASA 0138 4z fid] 50 3y 3811
4 ASA 30:1:2.8 g2 58 g5 358 43411
5 AertPhA 4120 54 g8 5% 4.2 5011
& TBAC 30:1:2.8 85 5t 53 - 41411
7 TBAC 10:1:28 >33 a3 85 - 11114
B TBAC 26128 >29 3 86 - 21112
b TBAC 43128 53 3E 85 - 31
10 TBAC 100128 55 93 50 - 5311
1= TBAC 46:1:2.8 =95 91 50 - 3¥HA
128 TBAC 0128 45 53 50 - 3.4
13 ATMA 46130 >88 a5 o6 43 4 &1 .1
14 ATRA 83130 55 g9 85 A5 8611
L] ATHEA 100:1:3.0 55 99 94 8.3 8310
16 AFRA 40:1385 53 57 95 18 3211
L APMA BD135 4 58 34 63 S84
18 TBAC BO0.7H.3H0K3E =80 85 72 37 2512
9 TBALC 500783 H0N58 >89 52 75 3 25112
20 TBAC SO0 80.2H0WEL »88 5t g2 47 2812
2% ABSA SEHD 3(H0 Y 2 76 55 75 258 2541

sPalymerizations wars carnad out i 50 mi Parr reactor vader 10 bar G2 with stirring at 40 *C 5 Determined
from 'H NMR of crude prodect 9 Caleulated by gravimetry. ® Moowiry was calcalated based MMR data. f
Biatermined by GPC with THF as eluent and calibeated by polyshwene standard. 2under 2 bar of COz " under 3
atmosphere COz in glass reactor
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Table 2. Recycling of ammaonium initistor from TBAC for PRC-diol synthesis?

Emfry  Inifiator [ME[R{AL Timea Selectvity  FC Yield Mamrea®  hinascy
TBAC {h} (SayR {3 (% *03 *GHPEY
i Frash 50135 14 93 o1 &5 3.2 201
2 Recycle | 50135 5 54 8h 55 25 283
3 Racycle i S0:135 7 =85 5y 52 28 2FL2
4 Frash 20135 18 85 84 &5 14 1618
5 Regycle | 2135 14 33 25 71 1.4 1813
& Regyele i 20135 14 51 @1 73 15 1814
7 Recycis 2135 28 g5 B7 74 1.5 1.6/1.3
kS Frash 100435 14 >34 93 46 g5 a5
< Recyela b 184358 14 g5 74 33 44 4818
il Reryohe it 10135 2a a7 g2 50 g5 DETE

243 polymernizations were cavriad out in 50 ml autorlaves under 10 atm of COZ; ? Salectivity of fnear carbonate
cakulated from IR spectra; © determined from “H NMR; ¥ Calculated by gravimeirny; ® Calculated based on the
formula; Mnitheo} = 102 (DPavget} = {vield®6) ¥ Determined by GPL in THF with polystyrene standard.

[0086] Other embodiments of the present disclosure are possible. Although the
description above contains much specificity, these should not be construed as limiting the
scope of the disclosure, but as merely providing illustrations of some of the presently
preferred embodiments of this disclosure. It is also contemplated that various combinations
or sub-combinations of the specific features and aspects of the embodiments may be made
and still fall within the scope of this disclosure. It should be understood that various features
and aspects of the disclosed embodiments can be combined with or substituted for one
another in order to form various embodiments. Thus, it is intended that the scope of at least
some of the present disclosure should not be limited by the particular disclosed embodiments
described above.

[0087] Thus the scope of this disclosure should be determined by the appended claims
and their legal equivalents. Therefore, it will be appreciated that the scope of the present
disclosure fully encompasses other embodiments which may become obvious to those skilled
in the art, and that the scope of the present disclosure is accordingly to be limited by nothing
other than the appended claims, in which reference to an element in the singular is not

intended to mean "one and only one" unless explicitly so stated, but rather "one or more." All
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structural, chemical, and functional equivalents to the elements of the above-described
preferred embodiment that are known to those of ordinary skill in the art are expressly
incorporated herein by reference and are intended to be encompassed by the present claims.
Moreover, it is not necessary for a device or method to address each and every problem
sought to be solved by the present disclosure, for it to be encompassed by the present claims.
Furthermore, no element, component, or method step in the present disclosure is intended to
be dedicated to the public regardless of whether the element, component, or method step is
explicitly recited in the claims.

[0088] The foregoing description of various preferred embodiments of the disclosure
have been presented for purposes of illustration and description. It is not intended to be
exhaustive or to limit the disclosure to the precise embodiments, and obviously many
modifications and variations are possible in light of the above teaching. The example
embodiments, as described above, were chosen and described in order to best explain the
principles of the disclosure and its practical application to thereby enable others skilled in the
art to best utilize the disclosure in various embodiments and with various modifications as
are suited to the particular use contemplated. It is intended that the scope of the disclosure be
defined by the claims appended hereto

[0089] Various examples have been described. These and other examples are within

the scope of the following claims.
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WHAT IS CLAIMED IS:

1. A polymerization system for the synthesis of polycarbonate polyols, comprising:

an initiator including a mono- or multi-functional carboxylate or carbonate salt having
an organic cation as a counter-ion, where the organic cation includes monomeric, polymeric
attached to polymer and solid supporting material;

an optional co-initiator including a mono- or multi-functional protic compound
selected from acids, alcohols, water, and combinations thereof; and

an activator including a borane compound selected from alkyl boranes and aryl
boranes;

wherein the activator and one or more of the initiator and co-initiator associate to

form an ate complex.

2. The system according to claim 1, wherein the initiator is represented by one of the
following formulas: {R!-[C(=0)Oy, [X*]y} and {C(=0)(O)y, [X*]y}, wherein R! is selected
from aliphatic hydrocarbons and aromatic hydrocarbons, wherein X" is selected from

ammoniums, phosphoniums, and phosphazeniums.

3. The system according to any one of claims 1-2, wherein the X* is selected from

NBus*, NOcts*, NPha', PBus*, PPhs*, PPN*, -BuP4", and -BuP>*.

4. The system according to any one of claims 1-3, wherein the initiator is selected from

one or more of the following:
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3. The system according to any one of claims 1-4, wherein the optional co-initiator is a

multifunctional protic compound comprising at least two moieties independently selected

from —OH, —-SH, —C(O)OH, and —-NH.

6. The system according to any one of claims 1-5, wherein the optional co-initiator is
selected from sulfonic acids, carboxylic acids, adducts of boric acid, glycols, salicylic acids,

methanol, ethanol, propanol, butanol, and water.

7. The system according to any one of claims 1-6, wherein the borane compound has
the formula: B(R?);, wherein z is 1 to 3 and each R? is independently selected from alkyls

and aryls.

8. The system according to any one of claims 1-7, wherein the borane compound is

provided in molar excess of the initiator and/or co-initiator.

9. A method of synthesizing a polycarbonate polyol, comprising:

contacting an epoxide monomer and carbon dioxide in the presence of a
polymerization system to form a crude polycarbonate product in solution,

wherein the polymerization system comprises an initiator including a mono- or multi-
functional carboxylate or carbonate salt of tetrabutylammonium, an optional protic

compound, and a borane compound; and
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precipitating a polycarbonate polyol product out of the solution.

10. The method according to claim 9, wherein the initiator has been recovered and

recycled from a prior synthesis.

I1. The method according to any one of claims 9-10, wherein the epoxide monomer is

selected from:

12. The method according to any one of claims 9-11, wherein the polycarbonate polyol

product is precipitated in water.

13. The method according to any one of claims 9-12, wherein the polycarbonate polyol

product is precipitated in acidic water or neutral water.

14. The method according to any one of claims 9-13, wherein the molar mass and/or
carbonate content of the polycarbonate polyol product can be tuned by varying one or more
of the feeding ratio of epoxide monomer to the initiator, borane compound to the initiator,

and charging pressure of the carbon dioxide.

15. A method of recovering an activator and initiator from a solution for use or re-use in
the synthesis of polycarbonate polyols, the method comprising:

quenching a polymer solution containing a crude polycarbonate with a solution
comprising a Lewis base and Lewis acid in water, said crude polycarbonate having an

activator-organic cation complex at a chain end;
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reacting the organic cation with an anion to form an initiator that is extracted into a
first layer;

reacting the activator with a Lewis base to form an activator-Lewis base complex that
is extracted into a second layer, said second layer being immiscible with said first layer;

separating the first layer from the second layer;

contacting the second layer with an isocyanate compound to disassociate the activator
from the Lewis base and processing the second layer to recover the activator; and

contacting the first layer with a non-solvent to separate the initiator from the polymer

and processing the first layer to recover the initiator.

16. The method according to claim 15, wherein the Lewis base is a primary or secondary
amine.
17. The method according to any one of claims 15-16, wherein the Lewis base is selected

from butylamine, pentylamine, hexylamine, diethylamine, dipropylamine, and dibutylamine.

18. The method according to any one of claims 15-17, wherein the Lewis acid is selected

from water, carbon dioxide, carboxylic acids, alcohols, phenols, carbonates, and halogens.

19. The method according to any one of claims 15-18, wherein the Lewis acid is a
selected from: water, carbon dioxide, methanol, ethanol, propanol, butanol, hexanol, benzyl
alcohol, formic acid, acetic acid, propionic acid, butyric acid, valeric acid, caproic
acid, pentanoic acid, caprylic acid, pelargonic, carbonic acid, oxalic acid, malonic
acid, succinic acid, glutaric acid, adipic acid, p-Mer acid, suberic acid, azelaic acid, sebacic
acid, methyl succinic acid, 2,2-dimethyl succinic acid, 2,3-dimethylsuccinic acid,
methylmalonic acid, a-methyl glutaric acid, B-methyl glutaric acid, 2,2-dimethyl glutaric
acid, 2,4-dimethyl glutaric acid, 3,3-dimethyl glutaric acid, 2-ethyl-2-methyl succinic acid,
2,2,5,5-tetramethyl-hexanoic acid, 3-methyl adipic acid, acrylic
acid, crotonic acid, isocrotonic acid, vinyl acetate, methacrylic acid, fumaric acid, maleic
acid, methyl maleic acid, methyl fumaric acid, itaconic acid, citraconic

acid, mesaconic acid, glutaconic acid, non-acid, 2-methyl-non-acid, acetylene dicarboxylic
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acid, oxalic acid, malonic acid, succinic acid, glutaric acid, adipic acid, pimelic
acid, suberic acid, azelaic acid, sebacic acid, undecanedioic acid, dodecanedioic acid, 1-
propyn-1,3-dicarboxylic acid, methane tricarboxylic acid, ethylene tricarboxylic acid, citric
acid, isocitric acid, aconitic acid, propane-1,2,3-tricarboxylic acid, trimesic acid,
cyclohexanecarboxylic acid, kolran acid, lithocholic acid, cholic acid, 1,2-
cyclohexanedicarboxylic acid, 1,3-cyclohexanedicarboxylic acid, 1,4-
cyclohexanedicarboxylic acid, 3,3-tetramethylene glutaric acid, benzoic acid, toluic
acid, kumsan, phthalic acid, isophthalic acid, terephthalic acid, carbonic acid, carbonate
esters, phenol, hydrogen chloride, hydrogen bromide, hydrogen iodide, hydrogen fluoride,

derivatives thereof, and combinations thereof.

20. The method according to any one of claims 15-19, wherein the water and Lewis acid

form a quenching agent.

21. The method according to claim 20, wherein the quenching agent is an acid having a
pH of 6 or less.
22. The method according to any of claims 15-21, wherein the activator-organic cation

complex comprises (a) a borane compound selected from triethyl borane, tributyl borane,
triisobutyl borane, trioctyl borane, and triphenyl borane, and (b) an organic cation selected

from NBus*, NOcts*, NPha, PBus®, PPhs*, PPN, t-BuP4*, and -BuP->*.

23. The method according to any one of claims 15-22, wherein the anion is a hydroxide,

carboxylate, carbonate, alkoxide, phenoxide, or halide from the Lewis acid.

24. The method according to any one of claims 15-23, wherein the activator-Lewis base

complex is an adduct.

25. The method according to any one of claims 15-24, wherein the isocyanate compound
is selected from: tosyl isocyanate, methyl isocyanate, ethyl isocyanate, n-propyl isocyanate,

n-butyl isocyanate, t-butyl isocyanate, hexyl isocyanate, octyl isocyanate,
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dodecyl isocyanate, octadecyl isocyanate, hexadecyl isocyanate, cyclohexyl isocyanate,
phenyl isocyanate, diphenylmethane  diisocyanate, isophorone diisocyanate, toluene
diisocyanate, hexamethylene diisocyanate, tetramethylxylene diisocyanate, p-phenylene
diisocyanate, hydrogenated diphenylmethane diisocyanate, toluene
diisocyanate, sulfonated diphenylmethanediisocyanate, m-phenylene diisocyanate, phenyl
isocyanate, 2,4,- toluylene diisocyanate, 2,6-toluylene diisocyanate, toluyl isocyanate, 3,3'-
dimethyl, 4,4'-biphenylene, diisocyanate, 3,3 dimethoxy-4,4' biphenylene diisocyanate, 3,3
diphenyl-4,4'-biphenylene diisocyanate, I-trichloro methyl- 2,4-diisocyanato benzene, 2-
isocyanato diphenyl ether, diphenyl sulfone-4-isocyanate, 3-isocyanato-acetophenone,
diphenyl methane-4,4'-diisocyanate, di-phenyl-4,4'-diiso  cyanate, naphthalene-1,5-
diisocyanate, triphenyl meth-3-ane-4,4","-triisocyanate, and 4,4-diisocyanato diphenyl

sulfone.

26. The method according to any one of claims 15-25, wherein the initiator comprises a

carboxylate or carbonate salt having the organic cation as counter-ion.

27. The method according to any one of claims 15-26, wherein the activator comprises a

borane compound with one or more alkyl or aryl substituents.

28. A method of recovering an activator for use or re-use in the synthesis of polycarbonate
polyols, the method comprising:

providing a polymer solution containing a crude polycarbonate, said crude
polycarbonate having an activator-organic cation complex at a chain end,;

reacting the activator with a Lewis base to form an activator-Lewis base complex that
is extracted into an organic layer;

contacting the organic layer with an isocyanate compound to disassociate the
activator from the Lewis base; and

processing the second layer to recover the activator.

29. A method of recovering an initiator for use or re-use in the synthesis of polycarbonate

polyols, the method comprising:
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providing a polymer solution containing a crude polycarbonate, said crude
polycarbonate having an activator-organic cation complex at a chain end,;

reacting the organic cation with an anion to form an initiator compound that is
extracted into an aqueous layer; and

processing the first layer to recover the initiator.



WO 2020/121262 PCT/IB2019/060737

1422

(100

//101

CONTACTING AN EPOXIDE
MONOMER AND CARBON DIOXIDE
IN THE PRESENCE OF A
POLYMERIZATION SYSTEM TO
FORM A CRUDE POLYCARBONATE
PRODUCT IN SOLUTION

l /102

PRECIPITATING A POLYCARBONATE
POLYOL PRODUCT OUT OF
SOLUTION




WO 2020/121262 PCT/IB2019/060737

2/22

ﬁx’”ZOOA

/zom

CONTACTING A CRUDE POLYCARBONATE
PRODUCT HAVING AN ACTIVATOR-ORGANIC
CATION COMPLEX AT A CHAIN END WITH WATER
TO FORM AN AQUEOUS SOLUTION OF AN
ORGANIC HYDROXIDE

l //zozA

ADDING A NEUTRALIZING COMPOUND TO THE
AQUEOUS SOLUTION OF THE ORGANIC
HYDROXIDE TO REGENERATE AN INITIATOR IN
THE FORM OF A CARBOXYLATE OR CARBONATE
SALT OF THE ORGANIC CATION

l ,//203A

SEPARATING THE INITIATOR FROM ONE OR
MORE OF RESIDUAL CHEMICAL SPECIES AND
SOLVENTS




WO 2020/121262 PCT/IB2019/060737

3/22

(2008
/201 B

QUENCHING A POLYMER SOLUTION CONTAINING A
CRUDE POLYCARBONATE WITH A SOLUTION OF A
LEWIS BASE AND LEWIS ACID IN WATER, SAID
CRUDE POLYCARBONATE HAVING AN ACTIVATOR-
ORGANIC CATION COMPLEX AT A CHAIN END

l /2028

REACTING THE ORGANIC CATION WITH AN ANION
TO FORM AN INITIATOR THAT IS EXTRACTED INTO
A FIRST LAYER

l /2038

REACTING THE ACTIVATOR WITH A LEWIS BASE TO
FORM AN ACTIVATOR-LEWIS BASE COMPLEX THAT
IS EXTRACTED INTO A SECOND LAYER, SAID
SECOND LAYER BEING IMMISCIBLE WITH SAID
FIRST LAYER

l //2048

SEPARATING THE FIRST LAYER FROM THE SECOND
LAYER

l /2058

CONTACTING THE SECOND LAYER WITH AN
ISOCYANATE COMPOUND TO DISASSOCIATE
THE ACTIVATOR FROM THE LEWIS BASE AND

PROCESSING THE SECOND LAYER TO RECOVER THE
ACTIVATOR

l /2068

CONTACTING THE FIRST LAYER WITH A NON-
SOLVENT TO SEPARATE THE INITIATOR FROM THE
POLYMER AND PROCESSING THE FIRST LAYER TO
RECOVER THE INITIATOR




PCT/IB2019/060737

WO 2020/121262

4422

i aps

R o't i ovei 00 R-g ovai o B

v

b \ 4

A

.

vz
2

S



WO 2020/121262 PCT/IB2019/060737

5/22

1‘\
BPEC-diok1 y
vy

PPC-diol-2 j N A

10 15 20




WO 2020/121262

PCT/IB2019/060737

6/22
PEC-diol-5 /f\\\
AV
¢
PRC-dinh-4 7N
i // L
/N
/ \
PPC-diol-3 / \
‘e
14 16 18 20 22

Retention time {min)




WO 2020/121262 PCT/IB2019/060737

7422

PPCHiol-3

PRldneld

PRC-riol-1




WO 2020/121262 PCT/IB2019/060737

8/22

i
PPC tetraol-2 _ﬂj k\\“’w

™

RO eiraol-1 ‘// Hﬁ

10 12 14 16 18 20 22
Retention time {min}




WO 2020/121262 PCT/IB2019/060737

9f22

i
{
kY

ppm)

Chemical Shift




PCT/IB2019/060737

WO 2020/121262

10/22

{tudd) 1yS eorBYD

G0 0% G 0% ST 0f §€ Oy Gy 0S G5 09 S9 0L G. 08 B 06 9B

f Hm
geey gc9e L0¢ 00°¢




PCT/IB2019/060737

WO 2020/121262

/22

SO0 8 02 sz 0¢ <b oy Sy 06 o 0o <9 01 SL O

(wdd) 1ys feowsy)




WO 2020/121262

]

12/22

PCT/IB2019/060737

- xi 04_
2. 254

a.

Intens.

2.0-
15
1.0-

0.5

0.0

a

018
2914590

281247
9710258
2408058

250582

iy

<3

24065

e
0305

414160

424308

14345198

1000

1500 2000 2500 3000

3500

15
1.0-

0.5-

0.0

3323618
3

3200 3220 3240

3060 8980 3300 3320

SRR
3340 m/z



WO 2020/121262

PCT/IB2019/060737

......

bl

ki

r«i

022

2403.105

250}5.245
?2607,404
2709.463

1000 1250 1500 1750 2000 2250 2500

5 K 4800 475
i ’ §

& ]

=

]
3

1936.451

-y

P 195053

v

1940

FIG. 12

1880 1900 1920

1980 2000 .,



WO 2020/121262

......

PCT/IB2019/060737
14/22
x104 3875860
7155 ?41842.‘101

] ' 00257

12 670 |

" 33852 4366285

1.0 083,083 | 1483409

l S161.026 | | (560489

087 50519

i .

0.6- 2956,760

~ 2654545 KT

04 752458 8T

' 26“0.?66 ¥ L 5100965

| 254812 | 022987

=3 aNnn .4;, i;‘ SGS{b

sl o

2000 2500 3000 3500 4000 4500 5000 5500

5 a0 387%869 W%
s 121 i
s |
=

1.04

0.81

0.61

0.4

0.2 | 3 i\

3680 3880 3900 3920 3940 3960 3980

m/z



WO 2020/121262 PCT/IB2019/060737

15422

T x104 T 090
A Ak kS

[ )

& 1 472790 1083.490
g2 3370683 .
= iU, 4085 582

3000+ o
1 3768.480 4187.764
3166344

20001 064110
UGB!

IRRRET]
2850475 RRRCE:
:

2961834

1000+

uusdiaggéyghgka

3 W43 5 T,‘ S AR B AL ‘«' , . *E pefbuss i
3000 3500 4000 4500 5000 /7

T oxigh —

ER I 3881573
¢ 30001 ﬂ f

o ] {

E 4

A S, N W

3840 3860 3880 3900,

O:":..':”Tis
3760 3780 3800 3820

G. 14




WO 2020/121262 PCT/IB2019/060737

16422

ppm)

{
AY

f1




PCT/IB2019/060737

17422

WO 2020/121262

.....

o

T Y
\

1

RRERRRE

B SN TRl




WO 2020/121262 PCT/IB2019/060737

18/22

o3
7

(ppm)

f1




WO 2020/121262 PCT/IB2019/060737

19/22

¢
{
N

.............. Gis{i!\si\;
3200 200 2400 2000 1600 120 800
Wave number {crm)




WO 2020/121262 PCT/IB2019/060737

20722




PCT/IB2019/060737

WO 2020/121262

21/22

g3 [BIIBWWI0D

G5 1 PRISADDSY

B1BUBADOSI JASO] JO UCHIPDY

ks

auwelAing yim g31 jo xedwos

{uonezuswiiod Jo pus) 931




WO 2020/121262 PCT/IB2019/060737

22722

o
3 § ! i~
. R s
(-_) > % =
:_;E\‘ —— - -
) i
1 % u‘).
< | -
% <
[aN
D
d
<
(4]
(e
k. g
k . [ap]
_ R SR il ‘ -
< £
L2
e}
e
= = Wl
T g
i - -
== g5 R
=g 5 ©
= o & &8 -
8 =~
Zw R e
m 23 "o
g £ £ i
k5 5 &
&L = = s =
R oW P~
o © TR i
c . AN -
5 & B g & SR L
e TS ol T ~
o © 5 S
E -E‘ T Ny > .E W \ wimie) "
o~ SRR N o = R
& s &G <
Qo D I e
L = o <
G =) i
e
oo




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - claims
	Page 35 - claims
	Page 36 - claims
	Page 37 - claims
	Page 38 - claims
	Page 39 - claims
	Page 40 - claims
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - drawings
	Page 44 - drawings
	Page 45 - drawings
	Page 46 - drawings
	Page 47 - drawings
	Page 48 - drawings
	Page 49 - drawings
	Page 50 - drawings
	Page 51 - drawings
	Page 52 - drawings
	Page 53 - drawings
	Page 54 - drawings
	Page 55 - drawings
	Page 56 - drawings
	Page 57 - drawings
	Page 58 - drawings
	Page 59 - drawings
	Page 60 - drawings
	Page 61 - drawings
	Page 62 - drawings

