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Fig S1. '"H NMR spectrum of soluble fraction from the polymerization of 1.
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Fig S2. '3C NMR spectrum of soluble fraction from the polymerization of 1.
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Fig S4. 3'P {'"H} NMR spectrum of soluble fraction from the polymerization of 1.
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Fig S6. MALDI spectrometric analysis from soluble fraction from the polymerization of 1, showing corresponding peaks for 3.
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Fig S8. Comparable perspective of '3C CP MAS NMR spectra of polymer 5, measured at 14 T at
10 and 12 kHz spinning, respectively.
Note: Spinning sidebands are marked with asterisks and plus.
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Fig S9. Comparable perspective of 3'P CP MAS NMR spectra of polymer 5, measured at 14 T at
10 and 12 kHz spinning, respectively.
Note: Spinning sidebands are marked with asterisks, plus, minus and tilde.
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Fig S$10. 3'P CP MAS NMR spectra of polymer 5, measured 14 T at 12 kHz spinning.

Note: Spinning sidebands are marked with asterisks, plus, minus and tilde.
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Fig S11. 3'P J-resolved NMR spectrum of polymer 5, measured at 12 kHz spinning.
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Fig S12. Solid state ATR-IR spectrum of polymer 5.
The full characterization of 5 is reported in article reported by Pietschnig et. al.l"]
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Fig S13. 3'P J-resolved NMR spectrum of Wilkinsons-Catalyst, measured at 12 kHz spinning.
Note: 2J(31P-31F’)trans =394 Hz
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Fig S14. '3C CP MAS NMR spectra of 1 (in black) and polymer 6 (in red), measured at 8 kHz
spinning.
Note: Spinning sidebands are marked with asterisks.
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Fig S15. 3'P CP MAS NMR spectra of 1 (in black) and polymer 6 (in red), measured at 10 kHz
spinning.
Note: Spinning sidebands are marked with asterisks.
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Fig S16. 3'P CP MAS NMR spectrum of polymer 6, measured at 12 kHz spinning.
Note: Spinning sidebands of the broad signals at -8, -20, -26 and -38 ppm are marked with
asterisks, plus and hashtags, respectively.
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Fig S$19. Solid state ATR-IR spectrum of polymer 6.
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Fig S20. 'H spectroscopic analysis from the crude of polymerization reaction of Fc'(PBuz)2.
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Fig S22. 3'P{'H} spectroscopic analysis from the crude of polymerization reaction of Fc'(PBuz)2.
NOTE: The empty baseline signifies the absence of any soluble P-containing species in the reaction mixture.

S18



D:\2023\AG-Pietschnig\Dey\SUB-653B 11/22/23 10:54:54
in DCM+MeOH 1:4

SUB-653B #6 RT: 0.05 AV:1 NL: 531E7

T: FTMS + p ESI Full ms [150.00-2000.00]

242.0752
100
95
90 = = N e/
85- .c. < < < Q ~
804 Fe Fe Fe Fe
e < < =< ez
3 Chemical Formula: C3H gFe Chemical Formula: C4HgFe . N . .
70__ Excoct Mass ZZN.(:(wﬁI Exact Mass: 242 (J'S\‘; Chemical }'omnlin 1(, ,g]:Iz(fe Chemical Fuulmln—. t.sz_;qu
E Molecular Weight: 228 1160 Molecular Weight: 2421430 Exact Mﬂ,’s =98 l‘?b{ i Exact ana? 354 101()_
- Molecular Weight: 208 2510 Molecular Weight: 3543590
657 :
3 I
g 557 298.1373
2 505
4] -
2 457
5 3
@ 40 227.0517
355
30
25
20
157
10 354.2000
= 186.0126 256.0906
5 212.0283 270.1062 251140 326.1686
| 178.5531 | | ] | ‘ §1000 | ||| 305.1584 | 3401845 | 3661997 382.2311
O T T T T e e e e e e b e e e e e e e e e
180 200 220 240 260 280 300 320 340 360 380
m/z
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Fig S$25. Kohn—-Sham frontier molecular orbitals and corresponding energy levels (in eV) for

compound 1 and the oligomeric model system

(computed at B3LYP/6-31G*//wB97X-D/6-311+G** level of theory)

] |
-
\
J

o
o
|
//

N

o
fo))
|

o
N
|

Normalized absorption
o
(]

O ——————
300 400

T T

Fig S$26. Solid state UV-Vis spectra of compound 1.

500
Wavelength [nm]

S21



o o
(2hy g
A

Scheme S1. The cleavage of the P-C(tBu) bond in cases of 1 and 8.

l

l

>T
= -
j% W

Scheme S2. The cleavage of the Fc—P bond in cases of 1 and 8.

7<

P
=

AG = 46 kcal/mol

AG = 38 kcal/mol

AG =77 kcal/mol

AG = 72 kcal/mol

S22



© © © © ©
S S S S S
= = = = =
) ] ] ] ]
[&] (8] o [&] o
X X X X X
\ [(e] 42 ~ [(e]
N~ < ™ -~ ™
I 1] ] I 1
O] QO ) O] O]
< < < < <

PN
PN

: %% %%\ H

; SRR :

AU E U R G S G K

)0 B e d)

523



74 kcal/mol
78 kcal/mol
77 kcal/mol
87 kcal/mol

AG = -107 kcal/mol

AG
AG
AG

AG

\
\

+
+

ek  % RN
Ko ad s
]

|
< =
o G e S T T

b3 0b e 0d 0ed

Fe

Xy
|

76 kcal/mol

AG =

\

+

b

S24



S

H + S
| < AL

o M5 M
H o i

LA

NP =L
O b b de A

N S ey



AG = -107 kcal/mol

m__
0}

+
T
M
0}

|
e

(
205
(
205

AG =71 kcal/mol

T__4
0]

(
205

)
s

|

ot

AG = -86 kcal/mol

080 ¢
.
!

AG =-106 kcal/mol

Y
|

+

AG = 72 kcal/mol

TI_
@

{
S0

b
e

000 ¢

..n

AG = -86 kcal/mol

+
I
TI__ 4
@

AG = -107 kcal/mol

S
.
|
of

@--

Scheme S3. The investigated alternative pathways.

S26



: AG = -64 kcal/mol

2:PH —>» HP=PH AG = -66 kcal/mol

AG = -1 kcal/mol

II\ﬁ
£
N

3 HP=PH ——» 2PH; + AG = -59 kcal/mol

(
T
!

Fe — Fe + 23 H— T °ly
- "
>v AG = -13 kcal/mol
.
! +2)J\+ 2/ H—< +2/y
"

¢

AG = -14 kcal/mol

¢

4
0% T%

AG = 72 kcal/mol

T
()

@

|
L
@f@_

b
-

PN D

+ -H AG = 44 kcal/mol

TF
> oL

S27



N

T T

L sh e sl s

e S ST

|

|
i%k*k

e e T

|

= o

I\

+

+

DD S SIS

AG = =26 kcal/mol

AG = -9 kcal/mol

AG = 2 kcal/mol

AG = 9 kcal/mol

AG = 5 kcal/mol

AG = 10 kcal/mol

AG = —43 kcal/mol

AG = —46 kcal/mol

S28



H
L
: - e HP—PH + 2 )\ AG = 26 kcal/mol
H
/
: — HP—=PH + % AG = =27 kcal/mol

\ l disproportionation
/H /H\ /H
— +
H \ H— 4
H H

AG = 8 kcal/mol

Scheme S4. The considered reaction paths result in volatile phosphorus-containing products.

AGBo7x-D/6-311+g* = 72 kcal/mol >Z

AE ,g97x-D/6- 3114g** = = 59 kcal/mol @

AE{NO-CCSD(T)def2-TZVP/0BITX-DI6-311+g™ = 62 kcal/mol
e +
/
A( Fe
@ >[
+ .
8
AG,pg7x-Ds6-311+g* = 91 kcal/mol @

AE yBo7x-D/6-311+g* = 92 kcal/mol

AE|NO-CCSD(TY/def2-TZVP/wBI7X-Di6-311+g+ = 72 kcal/mol

X%
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