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ABSTRACT

The phosphine-substituted aryl diimine cobalt catalyst, ("2P""ADI)Co, has been found to mediate
the dehydrocoupling of diamines or polyamines to poly(methylhydrosiloxane) (PMHS) to
generate hydrogen and crosslinked solids in an atom-efficient fashion. The resulting siloxane
diamine and siloxane polyamine networks persist in the presence of air or water at room
temperature and can tolerate temperatures of up to 1,600 °C. Upon lowering the catalyst loading
to 0.01 mol%, (*™PP"ADI)Co was found to catalyze the dehydrocoupling of 1,3-propanediamine
and PMHS (m = 35) to generate a siloxane diamine foam with a turnover frequency of 157 s™!
relative to diamine consumption, the highest activity ever reported for Si—N dehydrocoupling.
Furthermore, upon systematically reducing the number of potential branch points, the
(PPPADI)Co catalyzed dehydrocoupling of diamines with hydride-terminated
poly(dimethylsiloxane) (PDMS) was found to yield linear siloxane diamine polymers with

molecular weights of up to 47,300 g/mol.

INTRODUCTION
Silicon nitride (Si3N4) and silicon oxynitride (SiOxNy) materials and coatings offer exceptional

structural stability at temperatures of up to 1,400 °C.!?> Raw SisN4 powder is produced following



the reaction of N2 with Si and textured using hot-pr

ess and sintering techniques.>> Chemical

vapor deposition (CVD) using SiCls/NH3, SiH4/NH3, or aminosilane monomers offers a route to

Si3N4 coatings.>”’ The pyrolysis of preceramic polymers is a third methodology that generates

Si3N4 and SiOxNy ceramics.®!? Polysilazanes, which feature a repeating backbone of Si-N

bonds, have been used as preceramic polymers for more than four decades to coat

semiconductors and building materials.'"'> However, they are largely accessed through the

ammonolysis or aminolysis of halosilanes (Figure 1, a).'* The corrosive nature of halosilanes and

generation of an equivalent of ammonium salt waste for each Si—N bond that is formed are major

drawbacks of this approach. These factors have inspired researchers to prepare polysilazanes,

and ultimately Si3N4, in an atom-efficient fashion by dehydrocoupling amines and silanes

(Figure 1, b).!416
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Figure 1. Strategy for the Co-catalyzed synthesis of siloxane-based networks and linear

polymers via Si—N dehydrocoupling.

Polymers that possess alternating silane and diamin

in recent Si-N dehydrocoupling efforts, !’

e moieties (Figure 1, ¢) have been described

including examples derived from SiHa.?! Although

they have been referred to in the literature as polycarbosilazanes, compounds of this type may

more appropriately be thought of as silane diamine

copolymers since they lack the C—Si—N

backbones that genuine polycarbosilazanes feature.???* The ceramic uses of silane diamine

copolymers or branched materials have not been wi

dely explored; however, ferrocene-based

examples were recently found to yield magnetic materials that feature a-Fe and a-Fe2O3 upon

pyrolysis.'’




It must also be mentioned that a significant number of main group,?* transition metal,20-40-5!
and f-block element®>? catalysts have been found to mediate the heterodehydrocoupling of
amines and silanes to prepare aminosilane monomers.** The most active catalyst for Si-N
dehydrocoupling reported to date by a significant margin is [Pt(I'Bu’)(I'Bu)][BAr4], (I'Bu = 1,3-
di-z-butylimidazolylidene; I'Bu’ = the corresponding #-butyl activated metallacycle; Figure 1,
d).* This catalyst was found to mediate Si-N dehydrocoupling with turnover frequencies (TOFs)
of up to 330,000 h'!, more accurately expressed as 5,500 min™! since the trials were conducted

over minutes instead of hours, and as 91.7 s! for the purpose of this contribution.

Despite the considerable amount of effort that has gone into developing catalysts from across the
periodic table, cobalt catalysts have never been used for the dehydrocoupling of amines and
silanes. Recently, we described the synthesis and characterization of ("™ ADI)Co (1, Figure 1,
e), which features a Co(I) center and a redox innocent pentadentate aryl diimine (ADI) ligand.®°
This complex was found to mediate carbonyl hydrosilylation with TOFs of up to 330 s! at
ambient temperature, the highest ever reported for this transformation. This underlying activity
led us to evaluate its activity for related reactions, including the silylation of N—H bonds. Herein,
this transformation is used for the first time to prepare crosslinked siloxane diamine and
polyamine solids that exhibit exceptional thermal stability, as well as linear diamine siloxane
oils, by tailoring the siloxane that is used (Figure 1, f). In the process, 1 has been found to
mediate Si-N dehydrocoupling with ambient temperature TOFs of up to 157 s™! on a per

substrate basis, the highest ever reported for this transformation.

RESULTS AND DISCUSSION

Siloxane Diamine Network Synthesis and Characterization. This study was initiated with the
addition of diamines and trimethylsilyl-terminated PMHS featuring an average of 35 Si—H bonds
per oligomer to 1 (Table 1). For example, ethylenediamine was added to PMHS so that an equal
ratio of N—H and Si—H bonds were present. Then, this mixture was added to a benzene-ds
solution featuring 0.2 M mesitylene as an internal standard and 0.5 mol% of 1 relative to
diamine. The reaction bubbled vigorously due to the evolution of H> and a solid formed within
seconds. The trial was allowed to sit at room temperature for 5 min to promote additional
crosslinking, and was then exposed to air to deactivate the catalyst.®® The residual solution was

analyzed by "H NMR spectroscopy and free ethylenediamine was not observed, indicating that



this substrate was fully consumed (>99% conv.). The precipitate was collected by vacuum
filtration, washed with toluene, and dried to afford a white solid (1a) that is insoluble in aprotic

organic solvents including THF, CHCI3, and CH2Clo.

Table 1. Preparation of siloxane diamine networks through the dehydrocoupling of diamines and

polyamines with PMHS (m = 35) using 0.5 mol% 1.7
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@ All substrates are >99% dehydrocoupled in 5 min as judged by '"H NMR integration of starting
amines against mesitylene as the internal standard. Isolated yields of the siloxane diamine solids
are provided in parenthesis. ? Diamine was dissolved in 3 mL THF.



The substrate scope was initially expanded to include diamines that feature longer carbon chains.
Using the same procedure, the 1 catalyzed dehydrocoupling of PMHS (m = 35) to 1,3-
propanediamine allowed for >99% substrate utilization to afford 1b in 88% yield. For longer
chain diamines that are solids at room temperature, 3 mL of THF was added. Even at lower
concentrations (neat diamine in PMHS vs. 0.3 M diamine in a THF solution of PMHS), 1,4-
butanediamine, 1,6-hexanediamine, and 1,12-dodecanediamine dehydrocoupling resulted in
vigorous bubbling and the formation of solids 1¢c-1e within seconds. Fourier-transform infrared
spectroscopy (FT-IR) proved particularly useful for elucidating differences in composition and
crosslink density. For example, each compound was found to exhibit a characteristic Si-N
stretch at 835-875 cm!'. However, the FT-IR analysis of 1a revealed the presence of an N-H
stretch at 3,426 cm™ along with a Si—H stretch at 2,169 cm™ (Figure S1). The presence of both
peaks suggests that Si—-N dehydrocoupling within 1a is incomplete, which may be attributed to
the inability of its short ethylenediamine linkers to access additional siloxane Si—H moieties
following their incorporation. As diamine chain length is extended, the intensity of N-H and Si—
H stretching deceases to the point where these peaks are no longer visible. For example, the
spectrum of 1d was found to exhibit C—H (2,967 cm™), Si-O (1,013 cm™) and Si-N (845 cm™)
stretches with a strong C-H bending mode at 746 cm™'. Given the lack of apparent N-H and Si—
H stretching, the structure of 1d must largely feature tertiary amine environments (where the R

group in Table 1 is siloxane).

To further expand the substrate scope, 0.5 mol% of 1 was found to couple diamines possessing
ether functionalities to PMHS (m = 35), yielding 1f and 1g within 5 min (Table 1, R =H and
siloxane). The dehydrocoupling of 1,4-bis(aminomethyl)benzene and PMHS (m = 35) afforded a
beige, rather than white, solid in 94% yield (1h). The isolation of a THF insoluble siloxane
diamine solid derived from 1,4-bis(aminomethyl)benzene is noteworthy since this substrate has
largely been dehydrocoupled to silanes to prepare soluble oligomers and polymers.'!”?° To
provide further evidence that 1 is capable of generating tertiary aminosilanes, the coupling of
N,N'-dimethyl-1,3-propanediamine with PHMS (m = 35) was performed. Although the
instantaneous solidification observed for primary amine entries in Table 1 did not occur, product
1i began to precipitate from solution after approximately 1 min as a bright yellow solid. Finally,
the scope was extended to include the polyamines diethylenetriamine and tris(2-

aminoethyl)amine. Products 1j and 1k were obtained as off-white solids that did not feature an



infrared N—H stretching vibration, indicating the presence of tertiary amine linkages and a high
degree of crosslinking. Product 1k has a higher crosslink density than other products in Table 1
since dehydrocoupling occurs at three primary amines, and IR spectroscopic analysis suggests
that 1a, 1f, and 1h feature the lowest crosslink density of the products derived from unsubstituted

diamines.

Network Stability. Several experiments were then performed to evaluate the stability of the
siloxane diamine covalent networks in Table 1. First, a sample of 1d was analyzed by IR
spectroscopy immediately after being removed from inert atmosphere. The remainder of the
sample was exposed to air featuring 15-25% humidity, and IR data was collected over the course
of 1 week at ambient temperature (Figure S14). Notably, no changes were noted, suggesting that
the Si—N bonds of 1d resist hydrolysis due to the tertiary amine environments and high degree of
crosslinking present. To determine if less crosslinked materials exhibit the same stability, this
experiment was repeated for 1a, 1f, and 1h. No IR changes were noted after 1 week, indicating
that hydrolytic stability is a general feature of the products in Table 1. Not all networks featuring
Si—N bonds exhibit this behavior. For example, we recently reported that the products of SiHa
and diamine dehydrocoupling decompose after 1 h in air.?! In some cases, they were even found
to combust upon H20 addition. The difference in reactivity between these materials stems from
the underlying stability of the silane environments that are present (i.e., the aminated siloxane
moieties in 1a-1k are far less reactive than the diamino- and triaminosilane linkages obtained

from SiH4 dehydrocoupling).

Next, the thermogravimetric analysis (TGA) of each product was performed. For 1a, the
temperature at which 5% of its initial weight was lost (Tds%) was determined to be 419 °C (Table
2, entry 1). The most significant weight loss for this compound was approximately 30%, with an
inflection point (Tinf) of 558 °C. Upon extending the diamine carbon chain length, even higher
Tas% (597 °C) and Tinf (622 °C) values were observed for 1¢. Remarkably, this product loses only
15% of its weight upon heating to 900 °C. However, as the distance between the Si—N linkages
continues to increase, the relative stability of 1d-1g decreases (TGA analysis of 1d-1f revealed
two inflection points, the first being at relatively low temperature). The product derived from
1,4-bis(aminomethyl)benzene (1h) was particularly resistant to weight loss upon heating, with

Tas% = 638 °C and Tinr = 755 °C. The product of secondary amine dehydrocoupling (1i) was



found to exhibit Tas% = 540 °C and Tinr = 673 °C, suggesting that the chain length between the
Si—N bonds is a key predictor of siloxane diamine weight loss. However, the degree of
crosslinking also minimizes volatile compound release upon heating given that the product of
tris(2-aminoethyl)amine dehydrocoupling (1k) exhibited a Tqs% = 744 °C and a total weight loss
of only 7% at 900 °C (even though this compound has a 27% carbon content). Unsurprisingly,
differential scanning calorimetry (DSC) analysis on each crosslinked network did not reveal

definitive glass transition temperatures (Tg) between -50 and 175 °C (1a-1Kk, see SI).

Table 2. TGA of crosslinked siloxane diamine networks 1a-1k.¢

Tas% TDinf Percent Weight

Entry  Product oy (°C)  Loss at 900 S
1 1a 419 553 39%
2 1b 469 510 45%
3 le 597 622 15%
4 1d 225 95,622 18%
5 le 173 158, 604 21%
6 1f 90 116,572 45%
7 Ig 131 144 34%
8 1h 638 755 10%
9 1i 540 673 13%
10 1 456 456 17%
1 1K 744 650,746 7%

¢ Determined from 25 °C to 900 °C with a ramp rate of 10 °C/min under N2 flow.

The weight loss values reported for 1a-1k upon heating to 900 °C give rise to ceramic yields that
range from 55-93%, with the highest yields observed for 1k (93%), 1h (90%), and 1i (87%). To
gain insight into the ceramics being formed, a sample of 1b was heated at 1,000 °C for 2 h and
powder X-ray diffraction analysis revealed that the material remained amorphous. Heating a
second sample of 1b to 1,400 °C for the same amount of time also yielded an amorphous
product; however, pyrolysis at 1,600 °C for 2 h under argon resulted in a 47% yield of SiO2
(Figure S40). Repeating this experiment under N2 afforded a 7% yield of Si3N4, present as a
mixture of Si3Ns-159 and Si3Ns-173 (Figure 2, a). The lack of Si3N4 formed under argon, and
low yield of it obtained under nitrogen, are due to Si3N4 dissociation into silicon and nitrogen at
1,600 °C.°! Moreover, the conversion of SizN4-159 to SisN4-173 is well-documented at elevated

temperatures.®?
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Figure 2. a) Powder XRD data collected upon heating 1b to 1,600 °C for 2 h under Nz. b)
Powder XRD data collected upon heating 1k to 1,600 °C for 2 h under Ar.

To our surprise, subjecting highly crosslinked 1k to 1,600 °C for 2 h under argon returned an
amorphous ceramic in 79% yield, as judged by powder X-ray diffraction (Figure 2, b). This
experiment suggests that these newly developed siloxane polyamine network solids are
promising materials for extreme environments. It should be mentioned that the closest
compounds to 1a-1k prepared via Si—-N dehydrocoupling are NH-bridged hydrosiloxane

cyclomers described by Laine and co-workers.%

Maximizing Si—-N Dehydrocoupling Activity. For each entry in Table 1, dehydrocoupling
proceeded with a TOF of 39.6 min™!' based on diamine silylation (i.e., 198 equiv. of diamine were
consumed per equiv. of 1 over the course of 5 min). However, this does not account for the true
Si—N dehydrocoupling activity of the catalyst since crosslinked materials are being obtained. For

example, in the process of synthesizing 1a, at least two N—-H bonds must be dehydrocoupled to



generate a solid, suggesting that 1 performed Si—N dehydrocoupling with a TOF of at least 79.2
min™'. To determine this TOF experimentally, an ethylenediamine and PMHS mixture was sealed
in a thick-walled glass bomb and a THF solution featuring 0.5 mol% of 1 was isolated in the arm
of the bomb under N2 with a septum. A stopwatch was initiated upon opening the bomb valve
and mixing the solutions, and after 5 min, the septum was punctured with a hose-fitted needle to
allow for collection and measurement of the generated hydrogen in an upside-down graduated
cylinder filled with water. This procedure revealed that 2.2 N—H bonds per ethylenediamine were
silylated, equating to a Si-N dehydrocoupling TOF of 87.1 min™'. Repeating this procedure
revealed the dehydrocoupling of 2.3 N-H bonds per 1,3-diaminopropane equivalent (TOF =91.1
min') and 3.3 N-H bonds per tris(2-aminoethyl)amine equivalent (TOF = 130.7 min™).
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Figure 3. Time-resolved formation of siloxane diamine foam 1b using 0.01 mol% 1.

To determine the maximum observable TOF of 1-mediated Si—N dehydrocoupling, 1,3-
propanediamine and PMHS (m = 35) in 5.0 mL toluene featuring mesitylene as an internal
standard was added to 0.01 mol% of 1. The reaction was rapid and it resulted in the formation of
a high modulus siloxane diamine foam within 5 s (Figure 3). Crosslinking was allowed to
continue, and after 30 s, an aliquot of the residual solution was added to a vial containing iodine

to quench the catalyst. The "H NMR spectrum of this solution in benzene-ds revealed 47%



consumption of 1,3-propanediamine relative to the mesitylene standard, equating to a substrate
conversion TOF of 157 s™!. As described earlier, network formation requires the formation of two
or more Si—N bonds per diamine, equating to an Si-N dehydrocoupling TOF of at least 314 s7.
This estimated value represents an average TOF over the course of 30 s,° and is far below the
maximum TOF of 1-catalyzed Si—N dehydrocoupling given that foam formation was observed
and largely complete within 5 s (a process that may also prevent complete substrate utilization).
This foam did not degrade upon floating in ambient temperature water over the course of 7 days

(Figure S9), indicating that it may be a suitable insulation material.®

Role of Siloxane Chain Length. With an understanding of how 1 catalyzes the formation of
highly crosslinked siloxane diamine solids, soluble copolymers were sought. First, the PMHS
was modified so that the average chain possessed 38 (2,485 g/mol), 30 (1,950 g/mol), or 24
(1,600 g/mol) hydride functionalities. In the presence of 0.5 mol% 1, these siloxanes were
quickly dehydrocoupled to 1,3-diaminopropane to generate solids 2a-2¢ (Figure 4, a), which
exhibit physical, spectral, and thermal properties that are similar to 1b. Since the IR spectrum of
2c¢ was found to feature a weak N—H stretching vibration at 3,339 cm™ (Figure S52), a further
reduction in the number of potential crosslink points was pursued. Notably, adding 1 to a
solution of 1,3-diaminopropane and PMHS (m = 4; 390 g/mol) did not result in solid formation.
With a 1.0 mol% catalyst loading, these reagents were dehydrocoupled over the course of 4 h to
yield 2d as an oil (Figure 4, b). This trial required a higher catalyst loading and an extended
reaction time of 4 h to reach completion, and the product was found to be crosslinked by IR

spectroscopy (Figure S58).
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Figure 4. a) Formation of covalent networks 2a-2¢. b) Reducing the number of PHMS branch

points to obtain siloxane diamine oil 2d.

Linear Siloxane Diamine Copolymers. To evaluate whether 1-catalyzed siloxane diamine
copolymer synthesis could be extended to the formation of linear products, the dehydrocoupling
of diamines with hydride-terminated siloxanes was pursued (Table 3). Using a 1 mol% loading
of 1 in benzene-ds solution, the coupling of 1,3-propanediamine to 1,1,3,3-tetramethyldisiloxane
was found to reach completion within 5 h at ambient temperature. The corresponding product,
3a, was isolated as an oil in 85% yield and found to feature a 'H NMR spectrum consistent with
linear polymer formation (Figure S59). Integration revealed two NH protons per diamine
equivalent, a small quantity of excess disiloxane, and evidence for hydrosiloxane end groups,

indicating that 3a is a minimally-branched alternating copolymer.

Table 3. Formation of siloxane diamine copolymers from 1,3-propanediamine and hydride-

terminated siloxanes of different length using 1 mol% 1.4

1 mol% 1

Ho benzene-dg N N
N > ONH, + /< m+1 \% % } i TL
25 c 5h m+1 n

Siloxane Diamine Copolymer

H H H H

et e

TASVAY 3a n 7ANVA SIS n
99% (85%) 99% (80%)

99% (93%)
“ All substrates are >99% dehydrocoupled in 5 h as judged by '"H NMR integration of starting
reagents. [solated yields of the siloxane diamine polymers are provided in parenthesis.
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Next, the 1-mediated dehydrocoupling of 1,3-propanediamine with a hydride-terminated
poly(dimethylsiloxane) (PDMS) featuring an average of 4 D-groups per chain (m = 4) was
evaluated under the same conditions. Greater than 99% diamine conversion to linear polymer 3b
was observed by '"H NMR spectroscopy over the course of 5 h, and the Si NMR spectrum of
this product was found to feature resonances for the expected hydrosiloxane, siloxazane (O—Si—
N), and siloxane environments at -6.85, -10.97, and -21.83 ppm, respectively (Figure S69).
Lastly, the 1-catalyzed dehydrocoupling of 1,3-propanediamine and hydride-terminated PDMS
(m = 12) afforded siloxane diamine copolymer 3¢ in 93% yield under the same conditions.
Analysis of 3a and 3b by MALDI-TOF mass spectrometry revealed masses consistent with the
fragmentation of each polymer, with Gaussian distributions observed at weights of up to 3,000
g/mol (Figure S62 and S70). An analogous, but weaker intensity pattern, was observed for 3¢
due to the greater distribution of monomers present in the PDMS (m = 12) substrate. Upon
evaluating the '>*C NMR spectra of 3a-3¢, a mixture of products was apparent in the case of 3a
and 3¢, but not for 3b. Compound 3b was also the most robust of the products, with less than
20% weight loss observed at temperatures of up to 450 °C. Therefore, hydride-terminated PDMS
(m = 4) was chosen as the preferred dehydrocoupling partner to evaluate the scope of 1-catalyzed

linear siloxane diamine formation.

Dehydrocoupling using an equimolar ratio of this siloxane and an assortment of diamines was
then conducted in the presence of 1 mol% 1 in benzene-ds (Table 4). The complete consumption
of each diamine was observed after 5 h at ambient temperature, and the respective linear siloxane
diamine polymers 4a-4h were obtained in moderate to high yields (61-98%). Each of these
products was found to exhibit a relatively simple "H NMR spectrum consistent with the presence
of two NH protons per diamine equivalent, and a new 2Si NMR resonance between -9 and -12
ppm due to the formation of siloxazane linkages. The 1-mediated dehydrocoupling of ether- (4f,
4¢g) and aryl-substituted (4h) diamines proceeded seamlessly to afford linear siloxane diamine
copolymers. Compounds 4c¢, 4d, 4e and 4h were obtained as solids, while other products in
Table 3 were obtained as oils. With the exception of 4f, the products were found to feature a 2°Si
NMR resonance consistent with the presence of hydrosiloxane end groups, rendering them

interesting telechelic polymers for further polymerization.
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Table 4. Dehydrogenative coupling of diamines with hydride-terminated PDMS (m = 4) using 1

mol% 1.4

1 mol% 1

. AN %O\ %0\ -~ benzene-dg . I
Diamine + ! 1 | ——— > Siloxane Diamine Copolymer
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T %WW$ I }v@
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@ All substrates are >99% dehydrocoupled in 5 h as judged by '"H NMR integration of starting
reagents. Isolated yields of the siloxane diamine polymers are provided in parenthesis.

The moisture stability of a representative solution of 4b in benzene-ds was then evaluated. After
10 min of exposure to air featuring 23% humidity, a large quantity of free diamine was observed
by 'H NMR spectroscopy. Moreover, NMR tubes featuring solutions of 4a-4h were found to
develop acid and base resistant coatings upon prolonged exposure to air, due to polymer
hydrolysis and siloxane functionalization of the glass surface. Because of their moisture
sensitivity, the molecular weights of 4a-4h could not be determined using gel permeation
chromatography. However, the solubility of these products did allow for estimation of their
molecular weight (Mw) via diffusion ordered NMR spectroscopy (DOSY). The diffusion
coefficients for 4a-4h were determined by NMR signal attenuation over a range of pulsed field
gradient strengths and were found to vary from 0.62-1.85 x 10'°m?/s (Table 5). The
hydrodynamic radii of these polymers was then calculated using the Stokes-Einstein equation,
and the diffusion coefficient-molecular weight method described by Grubbs and co-workers®
afforded an estimation of Mw for each product (Table 5). Polymer 4h was found to possess the

lowest diffusion coefficient (0.66 x 1071 m?/s) and highest molecular weight (47,300 g/mol).
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Product 4e was found to have a higher Mw (42,100 g/mol) than 4a-4d, which may be due to the
length of its dodecane diamine units. The Mw of 4f was the lowest of the products analyzed
(6,200 g/mol), which is likely related to the fact that this product was not found to feature Si—H
end groups by 'H and 2’Si NMR spectroscopy. MALDI-TOF mass spectrometry data was also
collected for 4a-4h. Unsurprisingly, this method revealed polymer fragments with regularly
spaced Gaussian mass distributions, and the highest molecular weight fragments (of up to 7,100

g/mol) were observed for the product with the lowest diffusion coefficient, 4h.

Table 5. Polymer properties determined by 'H DOSY NMR spectroscopy.

Product  Diffusion Hydrodynamic Mw

coefficient Radius? (g/mol)”

(10710 m2/s) (A)
4a 0.89 40 24,100
4b 1.09 33 18,100
4c 1.15 42 15,000
4d 0.89 40 24,100
4e 0.66 54 42,100
4f 1.85 19 6,200
4g 1.17 30 14,500
4h 0.62 57 47,300

¢ Hydrodynamic radius calculated from the Stokes-Einstein equation. > Molecular weight
estimated by "H DOSY NMR spectroscopy in benzene-ds at 25 °C using the polystyrene
standard calibration curve reported by Grubbs.

In general, TGA of 4a-4h revealed that these linear polymers release volatile compounds at
lower temperatures than their highly crosslinked counterparts, 1a-1h. Notably, the loss of weight
from 4a-4h was dependent on diamine chain length. For example, 4a and 4b were found to lose
approximately 20% of their initial weight upon heating to 450 °C. Extending the diamine chain
length to four carbons in 4¢ led to 20% weight loss upon heating to 350 °C, while 4d and 4e lost
approximately 20% percent of their weight upon heating to 300 °C and 200 °C, respectively.
Ether-functionalized polymers 4f and 4g significantly degrade before heating to 200 °C, while 4h

was found to exhibit comparable weight loss to 4d.

The difference in moisture stability observed between crosslinked materials 1a-1k and their

linear counterparts 4a-4h also warrants mention. By building considerable crosslink density into
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PMHS-derived diamine or polyamine networks, it was possible to synthesize preceramic
materials that do not degrade upon extended exposure to air or water. In contrast, upon coupling
hydride-terminal PDMS to diamines, linear polymers that are highly susceptible to hydrolysis
were obtained. Although Si—N bonds are far easier to hydrolyse than functional groups

67,68

commonly employed in chemically recyclable or biodegradable polymers,””*° they can be

surprisingly robust within a crosslinked hydrophobic matrix.

CONCLUSIONS

The (P™PP"ADI)Co-catalyzed coupling of diamines and polyamines with trimethylsilyl-terminated
PMHS (m = 35) afforded covalent networks that are persistent at temperatures of up to 1,600 °C.
These reactions, representing the first reported examples of cobalt-based Si—N dehydrocoupling,
were found to proceed with substrate utilization TOFs of 40 min™!. Lowering the loading of
(PR2PPPADI)Co to 0.01 mol% allowed for Si—N dehydrocoupling with a TOF of 157 s! based on
1,3-propanediamine consumption, and an N-H bond silylation TOF of at least 314 s,
representing the highest activity that has ever been reported for this transformation. By reducing
the number of hydride equivalents present on the poly(siloxane) coupling partner, siloxane
diamine oils were preferentially synthesized. Extension of this methodology to the
dehydrocoupling of diamines and hydride-terminated siloxanes afforded linear siloxane diamine

copolymers with molecular weights of up to 47,300 g/mol.
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SYNOPSIS

The dehydrocoupling of diamines and polyamines to hydride-functionalized siloxanes has been

achieved with substrate utilization turnover frequencies of up to 157 s at ambient temperature.
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