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Supplementary Methods
Hydrostannylation of P4

Supplementary Method 1: Effect of wavelength on the hydrostannylation of P4+ using BuzSnH
and LED irradiation (0.01 mmol scale)

BusSn._.SnBus

LEDs Bu;Sn._.SnBuj;
_ ! - Hy + BusSn—FH, + + !
6eq. BusSn—H + Q PhMe, RT 3 3 2 H SnBuj
1 2 3 4
[ S—

major products

To 10 mL, flat-bottomed, stoppered tubes were added PhMe (500 uL), P4 (0.01 mmol, as a stock solution in
86.0 uL. PhH) and BusSnH (16.1 pL, 0.06 mmol). The tubes were sealed, placed in a water-cooled block to
maintain near-ambient temperature, and irradiated with blue light (455 nm (+15 nm), 3.2V, 700 mA, Osram
OSLON SSL 80) or near UV (365 nm) or green (528 nm) light of comparable intensity, for 45 minutes. The

resulting mixtures were analysed by 31P{H} spectroscopy, as shown in Supplementary Figure 1, below.
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Supplementary Figure 1. 31P{1H} NMR spectra for the reaction of P4 and 6 eq. BusSnH in PhMe, driven by
LED irradiation at various wavelengths for 45 minutes.

The spectra clearly show that faster reactivity is observed using near UV LEDs than blue LEDs, which in turn

give a significantly faster reaction than green LEDs. Based on these observations, as well as on the fact that

none of the reaction components absorbs light appreciably in the visible region (including in the combined

reaction mixture; Supplementary Figure 2), we speculate that the observed photoreaction may not be

driven by blue light per se, but rather by trace amounts of higher energy light being generated by the LED

apparatus. Alternatively, Nakajima, Nemoto and colleagues have recently suggested that heavy atom-



containing compounds may sometimes undergo direct So to T, photoexcitation at visible wavelengths, even

if no appreciable absorption is observed at these frequencies in standard UV-vis experiments.!

Note also that, despite partial conversions, the spectra do not display any resonances other than those for

the final products and starting material, suggesting an absence of stable intermediate products.

Abs / QD

- P, only
== BusSnH only
- P4 and BusSnH

0.81|

Supplementary Figure 2. UV-vis spectra for solutions of P4 (0.02 M) and/or BuzSnH (0.12) in PhMe.
These concentrations correlate to those typically used in P4 hydrostannylation reactions.
The precise mechanism(s) for initial photochemical generation of BusSn- radicals in this reaction (as
indicated in Fig. 2b) is a topic of ongoing investigation. However, previous studies into light-driven
hydrostannylation reactions have suggested that initiation can proceed via initial photoinduced electron
transfer from the relatively electron-rich tin hydride moiety to an electron-deficient substrate,2 and an
analogous pathway may be operative in this case, for example as illustrated in Supplementary Figure 3,

below.
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Supplementary Figure 3. A possible mechanism by which BusSn- radicals might be formed upon
photoirradiation of a combination of BuzSnH and P4, through a combination of photinduced single electron
transfer (SET), proton transfer (PT) and hydrogen atom transfer (HAT) steps. Alternatively, the initial SET

and PT steps could occur as a single, concerted, photoinduced HAT step.

Supplementary Method 2: Hydrostannylation of P4 using PhsSnH under blue LED

irradiation

PhsSn.__SnPh,

blue LEDs Ph3Sn._.SnPh;
- ! - H, + Ph3Sn—PH, + + i
6eq. PhySn—H + _/\ She. RT 3 3 2 A $nPh,
1 21 22 23
[

major products

To a 10 mL, flat-bottomed, stoppered tube were added PhMe (500 puL), P4 (0.01 mmol, as a stock solution in
77.4 uL PhH) and Ph3SnH (21.1 mg, 0.06 mmol). The tube was sealed, placed in a water-cooled block to
maintain near-ambient temperature, and irradiated with blue light (455 nm (+15 nm), 3.2V, 700 mA, Osram
OSLON SSL 80) for 18 h. The resulting mixture was analysed by 'H, 31P{H}, 31P and !19Sn{!H} NMR

spectroscopy, as shown in Supplementary Figures 4-7, below.

Compared to the analogous reaction using BusSnH (Extended Data Figures 2 and 3), a more appreciable
amount of unreacted P, was seen to remain at the end of the reaction, although it remains a minor
component of the mixture. Analysis of the 119Sn{1H} spectrum suggests this is probably due to competing
generation of the distannane Sn;Phe,3-> which could arise through dimerisation of PhsSn- radicals.
Alternatively, this could be due to direct reaction of Ph3;SnH with stannylated (oligo)phosphorus species to

generate new Sn—Sn and P—H bonds. Such reactions have precedent in the literature,® and are expected to
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be more facile for Ph3SnH than BusSnH. It must be noted, however, that direct addition of a further 6 eq. of
Ph3SnH at the end of the reaction was not observed to lead to any change in the 3!P{1H} NMR spectrum of
the product mixture, even after 24 h (similarly, no change was observed upon addition of further BusSnH to
the analogous reaction mixture produced using BuszSnH). The final reaction products (PhzSn).PHz.
(x=1,21;x=2,22; x=3, 23) thus do not seem to participate in such reactivity (at least under the relevant

reaction conditions).
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Supplementary Figure 4. tH NMR spectrum for the reaction of P4 and 6 eq. Ph3SnH in PhMe, driven by
455 nm LED irradiation for 18 h. Solvent resonances (*) truncated for clarity.
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Supplementary Figure 5. 31P{1H} NMR spectrum for the reaction of P4 and 6 eq. Ph3SnH in PhMe, driven
by 455 nm LED irradiation for 18 h.
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Supplementary Figure 6. 31P NMR spectrum for the reaction of P, and 6 eq. Ph3sSnH in PhMe, driven by
455 nm LED irradiation for 18 h.
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Supplementary Figure 7. 119Sn{1H} NMR spectrum for the reaction of P4 and 6 eq. Ph3SnH in PhMe,
driven by 455 nm LED irradiation for 18 h.

PhsSnPH, (21) (PhsSn).PH (22) P(SnPhs); (23)
5(3'P) / ppm -288.1 ~314.6 ~325.0
8(119Sn) / ppm 753 -66.8 -67.6
1(31P-1H) / Hz 173 162 -
1/(119Sn-31P) / Hz 545 741 883

Supplementary Table 1. Selected NMR parameters for compounds (Ph3Sn)PHs., (extracted from
Supplementary Figures 10-12).
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Supplementary Method 3: Hydrostannylation of P4 using BusSnH under blue LED
irradiation (0.5 mmol scale), and isolation and stability of BusSnPH: (2) and (Bu3Sn)2PH (3)

LEDs Bu;Sn.__SnBu
6eq. BusSn—-H + /'.B _— BuzgSn—FH, + 3 °
—P PhMe, RT
2 3
31% yield 45% yield

To a 50 mL flat-bottomed Schlenk tube were added P4 (61.5 mg, 0.5 mmol) and PhMe (25 mL). After stirring
to obtain a homogeneous solution BuzSnH was added (801 pL, 3.0 mmol). The resulting homogeneous,
colorless solution was stirred under irradiation with blue LED light (7X Osram OSLON SSL80, 455 nm (*15
nm), 20.3 V 1000mA) for 18 h, during which time the Schlenk tube was placed in a block cooled by
circulating water to maintain near-ambient temperature. Following removal of PhMe under vacuum, the
major reaction products were separated by distillation under vacuum (ca. 105 °C, 10-2 mbar). BusSnPH; (2)
was collected as the volatile fraction (200 mg, 31%) as a colorless oil. (BuzSn);PH (3) remained as the non-

volatile fraction (555 mg, 45%), which was also collected as a colorless oil.

The (BusSn);PH (3) isolated in this manner is typically found to be ca. 90% pure (as assessed by 31P{1H}
NMR spectroscopy), containing minor amounts of BusSnPH; (2) and/or P(SnBus)3 (4).

Note that the yields and purities obtained for the individual major products are highly dependent on the
conditions (temperature and duration) used during the distillation step. If performed too slowly, or at
especially high temperature, significant scrambling of the substituents on the P atoms can be observed. This
leads to reduced purity of the (BuzSn)2PH product, due to increased contamination with P(SnBus)s. At the
same time, this can increase the yield of isolated BuzSnPH; (which remains clean if kept cold), as more of
this compound is formed during scrambling of (BusSn),PH. To obtain good yields and purities of both
products it is recommended to use as high a vacuum as possible during distillation. For example, using a
significantly higher vacuum of ca. 10-5 mbar allows for a significantly lower distillation temperature (ca.

70 °C).

Slow scrambling (over the course of several days) is also observed at room temperature for isolated samples
of both products (which suggests that these are kinetic products of the hydrostannylation reaction, with the
thermodynamic products being PH3 and P(SnBus)s, presumably due to loss of the former as a gas). However,

both are stable for extended periods (at least several months) if stored at -35 °C.
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For BuzSnPH; (2):

H NMR (400 MHz, 300 K, C¢D¢): § = 1.63-1.41 (2H, m), 1.38-1.22 (2H, m), 1.07-0.84 ppm (5H, m).
31P{1H} NMR (121 MHz, 300 K, C¢Ds): 6 = -288.4 ppm (s).

31P NMR (121 MHz, 300 K, CD3CN) : § =-288.4 ppm (t, Y/(3'P-1H) = 171 Hz).

119Sn{1H} (149 MHz, 300 K, CsDs) 6 = 18.2 ppm (d, YJ(31P-119Sn) = 522 Hz).

13C{1H} NMR (101 MHz, 300 K, C¢D¢): 6 = 29.4 (s), 27.1 (s), 13.5 (s) 11.8 ppm (d, J(31P-13C) = 3.5 Hz).

Analysis of BusSnPH; by mass spectrometry has thus far only revealed molecular ion peaks attributable to

(BusSn)2PH (see below), which we attribute to rapid scrambling in the instrument during the experiment.

Similar NMR data have been reported previously for the related compound Me3SnPH,.”

For (BusSn)2PH (3):

1H NMR (400 MHz, 300 K, C¢D¢): & = 1.84-1.53 (12H, m), 1.53-1.33 (12H, m), 1.32-1.04 (12H, m), 1.02-0.86
(18H, m), 0.43 ppm (1H, d, Y(3'P-1H) = 158 Hz).

31P{1H} NMR (121 MHz, 300 K, CsDs): & = -324.8 ppm (s).
31P NMR (121 MHz, 300 K, CDsCN) : § = -324.8 ppm (d, }/(3'P-1H) = 158 Hz).
119Sn{1H} (149 MHz, 300 K, CsDs) 6 = 31.7 ppm (d, J(3:P-119Sn) = 731 Hz).

13C{tH} NMR (101 MHz, 300 K, CeDe): § = 29.5 (d, J(3'P-13C) = 0.9 Hz), 27.4 (s), 13.6 (s), 13.2 ppm (d,
J(31P-13C) = 0.9 Hz).

MS (EI, PhMe): m/z = 612.2053 (M-).

14
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Supplementary Figure 8. 'H NMR spectrum of BuzSnPH; (2) in CsDs (*).

-288.4

1 E

*

T T T T T T N T T 1
400 300 200 100 0 -100 -200 -300 -400 5(3'P) / ppm

Supplementary Figure 9. 31P{1H} NMR spectrum of BuzSnPH; (2) in CsDs (*trace residual P4).
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Supplementary Figure 10. 31P NMR spectrum of BuzSnPH; (2) in C¢D¢ (*trace residual P4).
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Supplementary Figure 11. 119Sn{'H} NMR spectrum of BuzSnPH; (2) in C¢De.
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Supplementary Figure 12. 13C{1H} NMR spectrum of BuzSnPH; (2) in C¢De. Solvent resonance (*)
truncated for clarity.

10 9 8 7 6 5 4 3 2 1 5('H) / ppm
=ligliglel e

Supplementary Figure 13. 'H NMR spectrum of (BuzSn):PH (3) in Ce¢Ds (*).
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Supplementary Figure 14. 31P{1H} NMR spectrum of (BuzSn);PH (3) in C¢Ds, also containing minor
BuszSnPH; (*) and P(SnBus)3z (**).
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Supplementary Figure 15. 31P NMR spectrum of (BuzSn).PH (3) in C¢Ds, also containing minor
BusSnPH; (*) and P(SnBus)s (**).
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Supplementary Figure 16. 119Sn{tH} NMR spectrum of (BuzSn)2PH (3) in C¢Ds, also containing minor
P(SHBU3)3 (*)
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Supplementary Figure 17. 13C{1H} NMR spectrum of (BuzSn),PH (3) in C¢Ds, also containing minor
Bu3SnPH; (*) and P(SnBus)s (**). Solvent resonance (***) truncated for clarity.
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Supplementary Method 4: Air-stability of the products (BuzSn)xPH3-x (x = 1-3)

crude
(BUSSn)x:'HS-x

20h, RT
No significant decomposition

stand open to: N,
x=1-3 or
2-4 air

To a pair of 10 mL, flat-bottomed, stoppered Schlenks were added PhMe (500 pL), P4 (0.01 mmol, as a stock
solution in 86.0 pL. PhH) and BuzSnH (16.1 pL, 0.06 mmol). The tubes was sealed, placed in a water-cooled
block to maintain near-ambient temperature, and irradiated with blue light (455 nm (*15 nm), 3.2V, 700
mA, Osram OSLON SSL 80) for 18 h. Volatiles were then removed under vacuum to give identical colourless
oils. One Schlenk was back-filled with dry N, and sealed. The other was back-filled with air and left open to
the atmosphere. Both tubes were left to stand fo 20 h. Dry, degassed PhMe (500 pL) was then added to both,
followed by Ph3PO (0.02 mmol, as a stock solution in 245 uL. MeCN) to act as in internal standard for 31P{'H}
NMR spectroscopy. The resulting solutions were analysed by 31P{tH} NMR spectroscopy, as shown in
Supplementary Figure 18, below. The spectra show no appreciable difference between the two samples,

indicating that the BuzSn-substituted phosphine products are all appreciably air-stable.
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Supplementary Figure 18. 31P{'H} NMR spectra in PhMe of a crude P4 hydrostannylation mixture, after
standing neat overnight under N> or under air. Spectra acquired in PhMe, also containing Ph3zPO (*) as an
internal standard.
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Supplementary Method 5: Hydrostannylation of P4 using BusSnH initiated by AIBN

(0.01 mmol scale)

BusSn._.SnBu,
cat. AIBN BusSn. _.SnBuj; P
6.3eq. BusSn—H A "7 . PHy + BusgSn—PH, + P + |
dEETE T B bhve, 30-80°C ’ H SnBug
1 2 3 4
%—)

major products

To a 10 mL, flat-bottomed, stoppered tube were added PhMe (500 pL), P4 (0.01 mmol, as a stock solution in
77.4 uL PhH), AIBN (0.001 mmol, as a stock solution in 49.3 uL PhH) and Bu3SnH (16.9 pL, 0.063 mmol).
The tube was sealed, wrapped in Al foil to exclude light, and heated to 30 °C for 18 h. The resulting mixture

was analysed by 31P{tH} NMR spectroscopy, as shown in Supplementary Figure 19, below.

— w [ JTe] 2l
= [ee) o = ™~
o0 7
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g (3 B 6

Supplementary Figure 19. 31P{1H} NMR spectrum for the reaction of P4 and 6.3 eq. BusSnH in PhMe,
driven by AIBN initiation (2.5 mol% per P) at 30 °C for 18 h.

Otherwise equivalent reactions could be driven to completion with shorter reaction times or reduced

catalyst loadings by using elevated temperatures (Supplementary Figures 20-23).
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Supplementary Figure 20. 31P{1H} NMR spectrum for the reaction of P4 and 6.3 eq. BuzSnH in PhMe,
driven by AIBN initiation (2.5 mol% per P) at 60 °C for 2 h.
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Supplementary Figure 21. 31P{1H} NMR spectrum for the reaction of P4 and 6.3 eq. BusSnH in PhMe,
driven by AIBN initiation (2.5 mol% per P) at 80 °C for 1 h.
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Supplementary Figure 22. 31P{1H} NMR spectrum for the reaction of P4 and 6.3 eq. BusSnH in PhMe,
driven by AIBN initiation (0.25 mol% per P) at 60 °C for 19 h.
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Supplementary Figure 23. 31P{1H} NMR spectrum for the reaction of P4 and 6.3 eq. BusSnH in PhMe,
driven by AIBN initiation (0.025 mol% per P) at 80 °C for 18 h.

23



Supplementary Method 6: Hydrostannylation of P4 using Bus3SnH initiated by ACN

(0.01 mmol scale)

cat. ACN

- H; + BusSn—PH, +
PhMe, 60 °C, 16 h

10 eq.

BusSn—H + /'_B

1 2 3
—

major products

BusSn._.SnBuj .

BusSn._.SnBuy
énBu3
4

To a 10 mL, flat-bottomed, stoppered tube were added PhMe (500 pL), P4 (0.01 mmol, as a stock solution in
86.0 pL PhH), ACN (1.2 mg, 0.005 mmol) and BuzSnH (26.9 pL, 0.1 mmol). The tube was sealed, wrapped in

Al foil to exclude light, and heated to 60 °C for 16 h. The resulting mixture was analysed by 31P{1H} NMR

spectroscopy, as shown in Supplementary Figure 24, below.
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Supplementary Figure 24. 31P{1H} NMR spectrum for the reaction of P, and 10 eq. BuzSnH in PhMe,

driven by ACN initiation at 60 °C for 16 h.
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Supplementary Method 7: Hydrostannylation of P4+ using BusSnH initiated by TEMPO and

attempted hydrostannylation in the presence of a catalytic amount of galvinoxyl
(0.01 mmol scale)

BusSn.__.SnBus

cat. TEMPO BusSn._.SnBuj
6eq. BusSn—-H + A\ —— "~ s PHy + BusSn—PH, + + |
A Bt = PhMe, RT, 6 d H S$nBu,
1 2 3 4
—

major products

cat. galvinoxyl
6eq. BuzSn—H + /'S & gavihoxy
— PhMe, RT, 6 d

No reaction

To a 10 mL, flat-bottomed, stoppered tube were added PhMe (500 pL), P4 (0.01 mmol, as a stock solution in
86.0 uL PhH), TEMPO (1.6 mg, 0.01 mmol) and BuzSnH (16.1 pL, 0.06 mmol). The tube was placed in a
sealed, opaque container to exclude light, and stirred at RT for 6 d. The resulting mixture was analysed by

31p{1H} NMR spectroscopy, as shown in Supplementary Figure 25, below.
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Supplementary Figure 25. 31P{1H} spectrum for the reaction of P4 and 6 eq. BuzSnH in PhMe, driven by
TEMPO initiation at RT for 6 d.
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An analogous reaction was also performed using galvinoxyl (4.2 mg, 0.01 mmol) in place of TEMPO. The

resulting 31P{1H} spectrum did not indicate any P4 hydrostannylation (Supplementary Figure 26).

-521.4
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Supplementary Figure 26. 31P{1H} spectrum for the attempted reaction of P4 and 6 eq. BuzSnH in PhMe,
in the presence of a catalytic amount of galvinoxyl at RT for 6 d.

Supplementary Method 8: Inhibition by TEMPO of hydrostannylation of P4+ using BusSnH
under blue LED irradiation

6eq. BusSn—H + /’} + xs. TEMPO wx- No P, hydrostannylation
- PhMe, RT
To a 10 mlL, flat-bottomed, stoppered tube was added PhMe (500 uL), TEMPO (0.2 mmol, 31.3 mg), P.
(0.01 mmol, as a stock solution in 86.0 uL. PhH) and Bu3SnH (16.1 uL, 0.06 mmol). The tube was sealed,
placed in a water-cooled block to maintain near-ambient temperature, and irradiated with blue light (455

nm (*15 nm), 3.2 V, 700 mA, Osram OSLON SSL 80) for 18 h. The resulting mixture was analysed by H,
31P{1H} and 119Sn{'H} NMR spectroscopy, as shown in Supplementary Figures 27-29, below.
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Supplementary Figure 27. 1H NMR spectrum for the reaction of P, and 6 eq. BusSnH in the presence of
20 eq. TEMPO in PhMe, driven by 455 nm LED irradiation for 18 h. Solvent resonances (*) truncated for
clarity.
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Supplementary Figure 28. 31P{1H} NMR spectrum for the reaction of P4 and 6 eq. BuzSnH in the presence
of 20 eq. TEMPO in PhMe, driven by 455 nm LED irradiation for 18 h.
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Supplementary Figure 29. 119Sn{tH} NMR spectrum for the reaction of P4 and 6 eq. BusSnH in the
presence of 20 eq. TEMPO in PhMe, driven by 455 nm LED irradiation for 18 h.
The spectra clearly show that the addition of TEMPO has an inhibitory effect on the P4 hydrostannylation
reaction that would be observed in its absence. The 31P{1H} spectrum indicates that the P, starting material
is the only significant P-containing compound present, with no formation of the phosphines (BuzSn):PHs...
The 'H NMR spectrum shows full consumption of BusSnH (through disappearance of the hydride resonance
that would otherwise be observed at ca. 5 ppm), and the single major 119Sn{'H} resonance is consistent with

formation of TEMPO-SnBus.8

These observations are fully consistent with the mechanism proposed in Fig. 2 of the main manuscript, with
TEMPO trapping the initially-formed BusSn- radicals before they can appreciably propagate the productive
radical chain. Nevertheless, it should be noted that control experiments in which the above procedure was
repeated in the dark (i.e. in the absence of any deliberate source of initiation) showed an essentially identical
outcome (Supplementary Figures 30 and 31). This indicates that TEMPO is able to react directly with
BusSnH (presumably via initial H atom abstraction to form TEMPO-H, and subsequent trapping of BuzSn-
by a second equivalent of TEMPO), and that this reaction proceeds to completion within the timeframe of

the experiment. These results should therefore be interpreted with appropriate caution.
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Supplementary Figure 30. 1H NMR spectrum for the reaction between P4, 6 eq. BusSnH and 20 eq.
TEMPO in PhMe, stirred in the dark for 18 h. Solvent resonances (*) truncated for clarity.
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Supplementary Figure 31. 31P{1H} NMR spectrum for the reaction between P, 6 eq. BuzSnH and 20 eq.
TEMPO in PhMe, stirred in the dark for 18 h.
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For the sake of completeness, it should also be noted that TEMPO appears to react directly with the
phosphines (BuzSn)PHs. that are the usual products of the P4 hydrostannylation reaction. This is illustrated
when TEMPO (20 eq. relative to initial P4) is added at the conclusion of the blue light-driven
hydrostannylation reaction (as described in the Methods section of the main manuscript) instead of at the
start, and the resulting mixture is stirred for 20 h at room temperature (identical results are obtained when
this second step is performed under 455 nm irradiation, or in the dark). 3:P{tH} NMR analysis of the final
product mixture shows full consumption of (BusSn).PHz.. (with the exception of a small amount of
P(BusSn)s3), and formation of a new major product characterized by a resonance at 17.0 ppm that has not
yet been identified (this resonance does not splitin the proton-coupled 31P spectrum but appears to possess

117/119Sn satellites, with J(31P-119Sn) = 49 Hz, which is smaller than would be expected for a J coupling).
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Supplementary Figure 32. 31P{1H} NMR spectrum for the reaction of P, and 6 eq. BuzSnH in PhMe, driven
by 455 nm LED irradiation for 18 h, followed by addition of TEMPO (20 eq.) and stirring at room
temperature for 20 h.
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Supplementary Method 9: Inhibition by TEMPO of hydrostannylation of P4+ using BusSnH
initiated by AIBN

/'} + xs. TEMPO wx- No P, hydrostannylation

6 eq. BusSn—-H +
PhMe, 30 °C

To a 10 mL, flat-bottomed, stoppered tube was added PhMe (500 pL), TEMPO (0.2 mmol, 31.3 mg), P.
(0.01 mmol, as a stock solution in 93.9 uL. PhH), AIBN (0.001 mmol, as a stock solution in 49.3 uL PhH) and
BusSnH (16.9 pL, 0.063 mmol). The tube was sealed, wrapped in Al foil to exclude light, and heated to 30 °C
for 19 h. The resulting mixture was analysed by 'H and 3!P{tH} NMR spectroscopy, as shown in
Supplementary Figures 33 and 34, below.
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Supplementary Figure 33. 1H NMR spectrum for the reaction of P, and 6 eq. BusSnH in the presence of
20 eq. TEMPO in PhMe, driven by AIBN initiation at 30 °C for 19 h. Solvent resonances (*) truncated for
clarity.
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Supplementary Figure 34. 31P{1H} NMR spectrum for the reaction of P4 and 6 eq. BuzSnH in the presence
of 20 eq. TEMPO in PhMe, driven by AIBN initiation at 30 °C for 19 h.

The spectra show that, as for the analogous light-driven reaction (Supplementary Method 8), the addition

of excess TEMPO effectively inhibits P. stannylation. These results should be interpreted with caution for

the same reasons, however.

Supplementary Method 10: Inhibition by galvinoxyl of hydrostannylation of P4 using
Bu3sSnH under blue LED irradiation

blue LED )
A\ + xs. galvinoxyl e RS L No P, hydrostannylation

6 eq. BuzSn—-H +
PhMe, RT

To a 10 mL, flat-bottomed, stoppered tube was added PhMe (500 pL), galvinoxyl (0.2 mmol, 84.3 mg), P.4
(0.01 mmol, as a stock solution in 93.9 uL. PhH) and Bu3SnH (16.1 uL, 0.06 mmol). The tube was sealed,
placed in a water-cooled block to maintain near-ambient temperature, and irradiated with blue light
(455 nm (£15 nm), 3.2V, 700 mA, Osram OSLON SSL 80) for 19 h. The resulting mixture was analysed by
1H and 31P{*H} NMR spectroscopy, as shown in Supplementary Figures 35 and 36, below.
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Supplementary Figure 35. 1H NMR spectrum for the reaction of P, and 6 eq. BusSnH in the presence of
20 eq. galvinoxyl in PhMe, driven by 455 nm LED irradiation for 19 h. Solvent resonances (*) truncated for
clarity.
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Supplementary Figure 36. 31P{1H} NMR spectrum for the reaction of P4 and 6 eq. BuzSnH in the presence
of 20 eq. galvinoxyl in PhMe, driven by 455 nm LED irradiation for 19 h.
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As with TEMPO (Supplementary Method 8), the spectra clearly show that addition of galvinoxyl has an
inhibitory effect on P4 hydrostannylation, with the 31P{!H} spectrum again showing P, as the only

P-containing compound. The same caution should be used when interpreting these results, however.

Control experiments in which the above procedure is repeated in the dark give a very broad, paramagnetic
feature in the 1H spectrum that overlaps with the expected location of the diagnostic BusSnH resonance
(Supplementary Figures 37 and 38). Nevertheless, the sharp signal expected for this starting material is not
observed, which suggests that (as with TEMPO) it is consumed by direct reaction with the stable radical
even in the absence of another source of initiation. Note that while a reasonably sharp feature can be
observed at 5.15 ppm, this is ca. 0.15 ppm downfield from the chemical shift observed for the BuzSnH
resonance in closely related spectra (for example, during analysis of the attempted galvinoxyl-mediated
hydrostannylation of P4 described in Supplementary Method 7, the BusSnH resonance was observed at
4.99 ppm), and given also the lack of obvious 1J 117/119Sn satellites or J(1H-1H) couplings, this signal is
presumed to arise from a galvinoxyl-derived product (a similar resonance is also easily resolved in

Supplementary Figure 35).

5.15

T T
18 16 14 12 10 8 6 4 2 0 -2 -4 -6 5("H)/ pPM

Supplementary Figure 37.1H NMR spectrum for the reaction between P4, 6 eq. BusSnH and 20 eq.
galvinoxyl in PhMe, stirred in the dark for 19 h. Solvent resonances (*) truncated for clarity.
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Supplementary Figure 38. 31P{1H} NMR spectrum for the reaction between P, 6 eq. BuzSnH and 20 eq.
galvinoxyl in PhMe, stirred in the dark for 19 h.
For the sake of completeness, it should also be noted that, like TEMPO, galvinoxyl appears to react directly
with the phosphines (BusSn):PHs., that are the usual products of the P4 hydrostannylation reaction. This is
illustrated when galvinoxyl (20 eq. relative to initial P4) is added at the conclusion of the blue light-driven
hydrostannylation reaction (as described in the Methods section of the main manuscript) instead of at the
start, and the resulting mixture is stirred for 21 h at room temperature (comparable results are obtained
when this second step is performed under 455 nm irradiation, or in the dark). 3:P{1tH} NMR analysis of the
final product mixture shows full consumption of (BusSn):PHs... Unlike the analogous case using TEMPO, no
major 31P{tH} product resonances can be observed in the range between +500 ppm, which may suggest the

formation of unidentified, paramagnetic products.

35



Supplementary Method 11: Inhibition by galvinoxyl of hydrostannylation of P4 using
BusSnH initiated by AIBN

A\ + xs. galvinoxyl w, No P, hydrostannylation

6 eq. BuzSn—-H +
PhMe, 30 °C

To a 10 mL, flat-bottomed, stoppered tube was added PhMe (500 pL), galvinoxyl (0.2 mmol, 84.3 mg), P.
(0.01 mmol, as a stock solution in 93.9 uL. PhH), AIBN (0.001 mmol, as a stock solution in 49.3 uL PhH) and
BusSnH (16.9 pL, 0.063 mmol). The tube was sealed, wrapped in Al foil to exclude light, and heated to 30 °C
for 19 h. The resulting mixture was analysed by 'H and 3!P{tH} NMR spectroscopy, as shown in

Supplementary Figures 39 and 40, below.
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Supplementary Figure 39. 1H NMR spectrum for the reaction of P4 and 6 eq. BusSnH in the presence of

20 eq. galvinoxyl in PhMe, driven by AIBN initiation at 30 °C for 19 h. Solvent resonances (*) truncated for
clarity.
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Supplementary Figure 40. 31P{1H} NMR spectrum for the reaction of P4 and 6 eq. BusSnH in the presence
of 20 eq. alvinoxylg in PhMe, driven by AIBN initiation at 30 °C for 19 h.

The spectra show that, as for the analogous light-driven reaction (Supplementary Method 10), the addition
of excess galvinoxyl effectively inhibits P4 stannylation. These results should be interpreted with caution for

the same reasons, however.

Supplementary Method 12: Hydrostannylation of P2Phs4 using BusSnH under blue LED

irradiation (0.02 mmol scale)

Bu;Sn—H Ph Ph blue LEDs Ph,P-H BuzS Ph
Uzsn—H + pP=PFhy  — 2P=H +  Buzsn—=FFh;
PhMe, RT
24 25

To a 10 mL, flat-bottomed, stoppered tube were added PhMe (500 pL), P2Phs (7.4 mg, 0.02 mmol) and

BusSnH (5.4 pL, 0.02 mmol). The tube was sealed, placed in a water-cooled block to maintain near-ambient

temperature, and irradiated with blue light (455 nm (+15 nm), 3.2 V, 700 mA, Osram OSLON SSL 80) for
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20 h. The resulting mixture was analysed by !H, 31P{'H} and 3'P NMR spectroscopy, as shown in
Supplementary Figures 41-43, below.

The 31P{1H} spectrum reveals full consumption of the starting material and formation of two new
resonances with roughly equal intensity. The more downfield signal at -40.0 ppm splits into a doublet in
the H-coupled 31P spectrum with a large 1J(3!P-1H) coupling constant of 215 Hz, consistent with formation
of Ph,PH (24).° The more upfield signal at -55.3 ppm remains a singlet in the 1H-coupled 3!P spectrum, but
shows 117/1198n satellites in both spectra with large }J(117Sn-1H) and }J(119Sn-1H) coupling constants of 645

Hz and 675 Hz, respectively, and is consistent with formation of Ph,PSnBus (25).10

46
—4.92

10 9 8 7 6 5 4 3 2 1 5("H)/ ppm

Supplementary Figure 41. 1H NMR spectrum for the reaction of P,Phs and 1 eq. BuzSnH in PhMe, driven
by 455 nm LED irradiation for 20 h. Solvent resonances (*) truncated for clarity.
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Supplementary Figure 42. 31P{tH} NMR spectrum for the reaction of P,Phs and 1 eq. BuzSnH in PhMe,
driven by 455 nm LED irradiation for 20 h.
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Supplementary Figure 43. 31P NMR spectrum for the reaction of P,Phs and 1 eq. BusSnH in PhMe, driven
by 455 nm LED irradiation for 20 h.
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Supplementary Method 13: Hydrostannylation of PsPhs using BusSnH under blue LED

irradiation (0.008 mmol scale)

Ph
- blue LEDs H._.SnBu H._.H BusSn. _.SnBu
Seq. BusSn—-H + Phg N P D X 8 + X + 3 X 8
PhP~ PhMe, RT Ph Ph Ph
Ph

26 27 28
major

To a 10 mlL, flat-bottomed, stoppered tube were added PhMe (500 pL), PsPhs (4.3 mg, 0.008 mmol) and
BusSnH (10.8 pL, 0.04 mmol). The tube was sealed, placed in a water-cooled block to maintain near-ambient
temperature, and irradiated with blue light (455 nm (+15 nm), 3.2 V, 700 mA, Osram OSLON SSL 80) for
18 h. The resulting mixture was analysed by H, 31P{!H} and 3!P NMR spectroscopy, as shown in
Supplementary Figures 44-46, below.

The 31P{tH} spectrum reveals full consumption of the starting material and formation of one major new

resonance, alongside two more minor resonances with roughly equal intensity.

The major signal at -148.3 ppm splits into a doublet in the tH-coupled 31P spectrum with a large 1J(31P-1H)
coupling constant of 188 Hz. It also displays 117/119Sn satellites in both spectra with large 1J(117Sn-1H) and
1J(119Sn-1H) coupling constants of 578 Hz and 604 Hz, respectively. This signal is therefore assigned to the
product PhP(H)SnBus (26; the related PhP(H)SnMes; has been reported previously).l! Of the minor
resonances, the more downfield signal at -123.5 ppm splits into a triplet in the H-coupled 31P spectrum
with a large YJ(31P-1H) coupling constant of 198 Hz, consistent with formation of PhPH; (27).12 The more
upfield-shifted signal at -167.9 ppm remains a singlet in the 1H-coupled 31P spectrum, but shows 117/119Sn
satellites in both spectra with large 1J(117Sn-tH) and 1J(119Sn-tH) coupling constants of 769 Hz and 804 Hz,
respectively. This signal is therefore assigned to PhP(SnBus) (28).
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Supplementary Figure 44. 1H NMR spectrum for the reaction of PsPhs and 5 eq. BuzSnH in PhMe, driven
by 455 nm LED irradiation for 18 h. Solvent resonances (*) truncated for clarity.

. —-123.5
) —-148.3
—-167

PhP(H)SnBu,
26

PhPH,

Rl 27

PhP(SnBusz),
28 L

T T T T T _N_J T T T 1
400 300 200 100 0 -100 -200 -300 -400 5(3‘ P)/ ppm

Supplementary Figure 45. 31P{1H} NMR spectrum for the reaction of PsPhs and 5 eq. BuzSnH in PhMe,
driven by 455 nm LED irradiation for 18 h.
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Supplementary Figure 46. 31P NMR spectrum for the reaction of PsPhs and 5 eq. BusSnH in PhMe, driven
by 455 nm LED irradiation for 18 h.
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Synthesis and Isolation of Products Derived from (BuzSn)xPH3.x

Supplementary Method 14: Synthesis and quantification of tBuC(O)PHz: (5)

o PhMe, RT

o)

BU3SH_ HZ +

Bu” ~Cl - BusSnCl tBu)J\*HZ
5

2
64% yield

Note: The product tBuC(O)PH; (5) was found to be light-sensitive. During the preparation, handling and

characterization described below, great care was taken to exclude ambient light as far as possible.

In a 10 mL stoppered tube were combined BuzSnPH; (16.2 mg, 0.05 mmol), PhMe (500 pL), and tBuC(0)Cl
(5.8 pL, 0.048 mmol). The tube was immediately and thoroughly wrapped in Al foil, and the reaction mixture
was stirred at room temperature for 16 h. Following trap-to-trap distillation (RT, ca. 10-2 mbar, receiving
vessel cooled in liquid nitrogen), the product was obtained as a colorless solution. In order to assess the
yield, Ph3PO (9.4 mg, 0.034 mmol) was added, and the resulting mixture was analysed by tH, 31P{tH}, 31P
and B3C{tH} NMR spectroscopy. Quantitative relative integration of the Ph3PO and tBuC(O)PH: resonances
in the 31P NMR spectrum (using D1 =30 s; Ty = 5.8 s for tBuC(0)PH;) indicated a yield of 64% (0.031 mmol).

1H NMR (400 MHz, 300 K, PhMe): & = 3.49 (2H, d, YJ(3'P-1H) = 215 Hz), 0.84 ppm (9H, s).
31P{1H} NMR (121 MHz, 300 K, PhMe): & = -122.9 ppm (s).
31P NMR (121 MHz, 300 K, PhMe): § = -122.9 ppm (t, Y(3:P-1H) = 215 Hz).

13C{1H} NMR (101 MHz, 300 K, PhMe): § = 225.0 (d, J(*1P-13C) = 40.9 Hz), 48.9 (d, J(*1P-13C) = 22.3 Hz), 25.9
ppm (d, J(31P-13C) = 3.0 Hz).

NMR data are consistent with previous reports.13
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Supplementary Figure 47. 'H NMR spectrum of a solution of tBuC(O)PH: (5) in PhMe, also containing
Ph3PO (*). Solvent resonances (**) truncated for clarity.
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Supplementary Figure 48. 31P{1H} NMR spectrum of a solution of tBuC(O)PH (5) in PhMe, also
containing Ph3PO (*).
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Supplementary Figure 49. 31P NMR spectrum of a solution of tBuC(O)PH: (5) in PhMe, also containing
Ph3PO (%).
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Supplementary Figure 50. 13C{1H} NMR spectrum of a solution of tBuC(O)PH: (5) in PhMe, also
containing Ph3PO (*). Solvent resonances (**) truncated for clarity (***decoupling artefacts).
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Supplementary Method 15: Single and double acylation of (BusSn)zPH (3)

BU3SH..P,SHBU3 o] PhMe, RT 0 PhMe, RT o o o OH
* > _—
: fBu)l\Ci - BugSnCl tBu)Lg-_"’SnB% - BuzSnCl tBuJJ\ E)LtBu tBu)Lp/ Bu
3 6 7
major product major product

To a stirred solution of (BuzSn)2PH (3, 30.6 mg, 0.05 mmol) in CsDs (500 uL) was added tBuC(0)Cl (6.2 pL,
0.05 mmol). The resulting mixture was then analysed by 1H, 31P{1H} and 3P NMR spectroscopy, as shown in

Supplementary Figures 51-53, below.

The 31P{1H} spectrum clearly indicates formation of a single major species, characterised by a singlet
resonance at -140.4 ppm, with 117/119Sn satellites (1/(119Sn-31P) = 553 Hz), and which splits into a doublet in
the 31P spectrum (1/(31P-1H) = 193 Hz). Given the very similar chemical shift to tBuC(0)PHy, this species can
confidently be assigned as tBuC(O)P(H)SnBus (6). Several minor product resonances can also be observed.
Those at 52.2 ppm and -36.5 ppm are consistent with previous reports of the two tautomeric forms of the
doubly-acylated product HP(C(0)tBu). (7),14 and the signal at -122.3 ppm can similarly be assigned to
tBuC(0)PH; (5; Supplementary Method 14). The unassigned signal at -125.2 ppm, which has 117/119Sn
satellites (YJ(119Sn-31P) = 700 Hz) but remains a singlet in the 31P spectrum, is attributed to
tBuC(0)P(SnBus),, by analogy with tBuC(0)PH; and ¢tBuC(O)P(H)SnBus. Finally, the signal arising at 10.2
ppm is assumed to be due to formation of BusSnP(C(0)tBu),, based on the chemical shift (between the two
tautomers of HP(C(0)tBu)z), 117/119Sn satellites (1J(119Sn-31P) = 547 Hz), and lack of splitting in the 31P

spectrum.

When the reaction was repeated using 2 eq. tBuC(O)Cl under otherwise identical conditions
(Supplementary Figures 54-56), the double acylation product 7 (in equilibrium with its tautomer) was
observed to be the major product in the 3'P{!H} spectrum, alongside minor BuzSnP(C(O)tBu). and
tBuC(O)P(H)x(SnBuz)2.x (x = 0-2).
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Supplementary Figure 51. 'H NMR spectrum for the reaction of (BuszSn),PH (3) with 1 eq. tBuC(0O)Cl in
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Supplementary Figure 52. 31P{1H} NMR for the reaction of (BusSn),PH (3) with 1 eq. tBuC(O)Cl in CsDs.
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Supplementary Figure 53. 31P NMR spectrum for the reaction of (BuzSn),PH (3) with 1 eq. tBuC(0)Cl in

CéDe.
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Supplementary Figure 54. 'H NMR spectrum for the reaction of (BuzSn).PH (3) with 2 eq. tBuC(0)Cl in
CeDs ().
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Supplementary Figure 56. 31P NMR spectrum for the reaction of (BuzSn).PH (3) with 2 eq. tBuC(0)Cl in
CéDe.
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Supplementary Method 16: Synthesis and quantification of PHs (1)

/I\ i) blue LEDs i)  HCI

T F ‘H3
P—F PhMe, RT - Bu;SnCl

1

>56%
conversion

6eq. BusSn-H +

To an NMR tube fitted with a J. Young valve were added PhMe (500 pL), P4 (0.01 mmol, as a stock solution
in 77.4 pL. PhH), Ph3PO (14.2 mg, 0.051 mmol) and BuzSnH (16.1 pL, 0.06 mmol). The NMR tube was sealed,
placed in thermal contact with a water-cooled block to maintain near-ambient temperature (by placing in a
water-filled, flat-bottomed glass tube, which was in turn placed in the block and wrapped in Al foil), and
irradiated with blue light (455 nm (15 nm), 3.2 V, 700 mA, Osram OSLON SSL 80) for 17 h. The resulting
colourless solution was frozen by placing the NMR tube in a bath of liquid nitrogen, and HCI (0.4 mmol, 4.0 M
in 1,4-dioxane) was added (while still maintaining an inert atmosphere). The NMR tube was sealed and its
contents were then thawed, agitated briefly, and analysed by 'H, 31P{'H} and 3P NMR spectroscopy. The

resulting spectra indicated clean conversion to PH3,!5 as shown in Supplementary Figures 57-59, below.

In order to accurately quantify the amount of PH3 in solution, a proton-coupled 31P spectrum was acquired
with a 20 s delay between scans (which was confirmed to be > 5 x T1), and the intensity of the PH3z resonance
was integrated relative to that of PhzPO (which had been added specifically to act as an internal standard).
This indicated 56% of the theoretical maximum conversion to PHs; (Supplementary Figure 60), which
provides a lower bound for the actual conversion (this value does not include any PH3 present in the NMR

tube headspace).

50



Al i |

T
10 9 8 7 6 5 4 3 2 1 5('H) / ppm

Supplementary Figure 57.1H NMR spectrum of a solution of PH3 (1) generated via hydrostannylation of
P4 in PhMe, followed by acidification. Solvent resonances (*) truncated for clarity.
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Supplementary Figure 58. 31P{1H} NMR spectrum of PH3 (1) generated via hydrostannylation of P4 in
PhMe, followed by acidification, in the presence of Ph3zPO (*) as an internal standard (**trace residual P.).
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Supplementary Figure 59. 31P NMR spectrum of PHz (1) generated via hydrostannylation of P4 in PhMe,
followed by acidification, in the presence of PhsPO (*) as an internal standard (** trace residual P4).
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Supplementary Figure 60. Quantitative 3P NMR spectrum (D1 = 20 s) of PHz (1) generated via
hydrostannylation of P4 in PhMe, followed by acidification, in the presence of Ph3zPO (*) as an internal
standard.
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Supplementary Method 17: Synthesis and isolation of P(SnBus)s (4)

K i) blue LEDs i) Bu,SnOMe
6eq. Bu;Sn—-H + VAN . (SnBus)s
— PhMe, RT - MeQOH 4
85% yield

To a 50 mL, flat-bottomed Schlenk tube were added P4 (61.9 mg, 0.5 mmol) and PhMe (25 mL). After stirring
to obtain a homogeneous solution, BuzsSnH (807 pL, 3.0 mmol) and BuzSnOMe (864 uL, 3.0 mmol) were
added. The resulting colourless, homogeneous mixture was stirred in a water-cooled block (to maintain
near-ambient temperature) and irradiated with blue light (7X Osram OSLON SSL80, 455 nm (+15 nm), 20.3
V 1000 mA) for 16 h. Following removal of volatiles under vacuum, the resulting yellowish oil was stirred
at 100 °C for 16 h. After distillation under vacuum (ca. 105 °C, 10-2 mbar), the product was obtained as a
colourless oil (1.53 g, 85%).

1H NMR (400 MHz, 300 K, C¢Ds): 6 = 1.81-1.61 (2H, m), 1.51-1.40 (2H, m), 1.1-1.13 (2H, m), 0.98 ppm (3H,
t, 3J(tH-1H) = 7.3 Hz).

31P{1H} NMR (121 MHz, 300 K, C¢D¢): & = -346.5 ppm (s).
31P NMR (121 MHz, 300 K, CsDs): § = -346.5 ppm (s).
119Sn{1H} (149 MHz, 300 K, CcDs) 6 = 37.6 ppm (d, 1J(3'P-119Sn) = 912 Hz, 2J(119Sn-117Sn) = 279 Hz).

13C{1H} NMR (101 MHz, 300 K, C¢D¢): 6 = 29.7 (d, J(3'P-1H) = 1.4 Hz), 27.6 (s), 14.9 (d, J(3'P-1H) = 3.7 Hz),
13.5 ppm (s).

MS (LIFDI, PhMe): m/z = 900.2518 (M>).

P(SnBus)s has been referenced in one previous paper of which we are aware, but no synthetic procedure or
characterisation data appear to have been reported.1¢ Nevertheless, the above 31P NMR data are similar to

those reported previously for the related compound P(SnPhs)s.17
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Supplementary Figure 61. 'H NMR spectrum of P(SnBusz)3 (4) in CsDs (*).

-346.5

L

T T T T T T T T T T 1
400 300 200 100 0 -100 -200 300 T -400 5(31P) / ppm

Supplementary Figure 62. 31P{1H} NMR spectrum of P(SnBuz)3 (4) in CsDe.
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Supplementary Figure 63. 31P NMR spectrum of P(SnBus)3 (4) in CeDe.

W
o
= ™M
S
|
T T T T T T ) T T T T T T T
300 250 200 150 100 50 0 -50 -100 -150 -200 3(1%sn) / ppm

Supplementary Figure 64. 1195n{!H} NMR spectrum of P(SnBus)3 (4) in C¢De.
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Supplementary Figure 65. 13C{tH} NMR spectrum of P(SnBus)3 (4) in CsDs (*).

Supplementary Method 18: Synthesis and isolation of P(C(0)tBu)s (8)

0
ii) )J\ O fBu
R i) blue LEDs Bu” Cl L

6.3 eq. BuzgSn-H + /p} - » tBu” "P7 70

P—=P PhMe, RT KHMDS )\
(0] tBu

8
57% yield

The product P(C(0)tBu)s (8) was prepared as described in the Methods section of the main manuscript.

Characterisation data are provided below:
1H NMR (400 MHz, 300 K, CsDs): 6 = 1.07 ppm (s).
31P{1H} NMR (121 MHz, 300 K, C¢Ds): 6 = 51.6 ppm (s).

31P NMR (121 MHz, 300 K, CsDs): 6 = 51.6 ppm ().
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13C{1H} NMR [101 MHz, 300 K, C6D6): §=221.3 [d’ 1](31p_1H) =479 HZ), 497 (d, 2](31P-1H) - 303 HZ), 25 4
ppm (d, 3/(31P-1H) = 3.7 Hz).

MS (APCI, PhMe): m/z = 304.2044 ([M+NH,]").

NMR data are consistent with previous reports.18
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Supplementary Figure 66. 1H NMR spectrum of P(C(0)¢tBu)s (8) in CeDs (*).
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Supplementary Figure 67. 31P{1H} NMR spectrum of P(C(0)tBu)s (8) in CeDe.
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Supplementary Figure 68. 31P NMR spectrum of P(C(0)tBu)3 (8) in CsDe.
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Supplementary Figure 69. 13C{tH} NMR spectrum of P(C(0)¢tBu)s (8) in CsDs. Solvent resonance (*)
truncated for clarity.

Supplementary Method 19: Synthesis and isolation of P(C(0O)Ph)s (9)

0
RIS
i) blue LEDs Ph™ ~Cl

63eq. BuSn—H + /5\ ) - > Ph o)

- PhMe, RT KHMDS A
0% "Ph

9
51% yield

To a 50 mL flat-bottomed Schlenk tube were added P4 (62.0 mg, 0.5 mmol) and PhMe (25 mL). After stirring
to obtain a homogeneous solution BuzSnH was added (847 pL, 3.15 mmol). The resulting colorless solution
was stirred under irradiation with blue LED light (7X Osram OSLON SSL80, 455 nm (*15 nm), 20.3 V
1000mA) for 22 h, during which time the Schlenk tube was placed in a block cooled by circulating water to
maintain near-ambient temperature. PhC(0)Cl (929 pL, 8.0 mmol) and KHMDS (599 mg, 3.0 mmol) were
added, and the reaction mixture was stirred at room temperature for 16 h. The resulting yellow suspension

was filtered, volatiles were removed under vacuum, and the remaining solid was washed with n-hexane (4
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x 20 mL). The remaining yellow residue was recrystallized from THF/n-hexane at -35 °C, to afford the

desired product as yellow needles (355 mg, 51%).

1H NMR (400 MHz, 300 K, C¢Ds): 6 = 7.98 ppm (2H, m), 7.03 ppm (1H, tt, 3/(*H-1H) =7.3 Hz, 5/(*H-1H) =1.4
Hz), 6.96 ppm (2H, m).

31P{1H} NMR (121 MHz, 300 K, C¢D¢): & = 54.4 ppm (s).
31P NMR (121 MHz, 300 K, CDs): 8 = 54.4 ppm (s).

13C{1H} NMR (101 MHz, 300 K, CsDs): § = 205.8 (d, J(3'P-1H) = 32.9 Hz), 140.9 (d, J(3'P-1H) = 35.2 Hz), 133.9
(d, J(31P-1H) = 1.4 Hz), 129.0 (d, J(3'P-1H) = 8.0 Hz), 128.9 ppm (d, J(3'P-1H) = 0.8 Hz).

MS (ESI, PhMe): m/z = 347.0840 ([M+H]*).

NMR data are consistent with previous reports.19
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Supplementary Figure 70. 1H NMR spectrum of P(C(O)Ph)s (9) in CsDs (*).
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Supplementary Figure 71. 31P{tH} NMR spectrum of P(C(0)Ph)3 (9) in C¢De.
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Supplementary Figure 72. 31P NMR spectrum of P(C(0)Ph)s (9) in CeDs.

61



o @ = e R ==
0 N o Mmmoa A
oo NN NN
[N o e e

|

T T T T T T _J T T T T
240 220 200 180 160 140 120 100 80 60 40 20 0 5(13(;) [ ppm

Supplementary Figure 73. 13C{tH} NMR spectrum of P(C(0)Ph)z (9) in C¢Ds. Solvent resonance (*)
truncated for clarity.

Supplementary Method 20: Synthesis and isolation of P(C(0)iPr)3 (10)

O

ii) )j\ o jPr

, i) blue LEDs Prcl Y SN

6.3eq. BusSn-H + /5 - = Pr” P70
P—P PhMe, RT NEt; )\

0O Pr
10

70% yield

To a 50 mL flat-bottomed Schlenk tube were added P4 (62.0 mg, 0.5 mmol) and PhMe (25 mL). After stirring
to obtain a homogeneous solution BuzSnH was added (847 pL, 3.15 mmol). The resulting colorless solution
was stirred under irradiation with blue LED light (7X Osram OSLON SSL80, 455 nm (*15 nm), 20.3 V
1000mA) for 22 h, during which time the Schlenk tube was placed in a block cooled by circulating water to
maintain near-ambient temperature. iPrC(0)Cl (838 pL, 8.0 mmol) and NEt3 (418 pL, 3.0 mmol) were added,
and the reaction mixture was stirred at room temperature for 16 h. The resulting light yellow suspension

was evaporated to dryness, and the remaining solid was extracted with n-hexane (3 x 20 mL). The combined
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extracts were again evaporated to dryness, and the remaining residue was distilled under vacuum (ca. 45 °C,

10-5 mbar) to afford the desired product as a yellowish oil (341 mg, 70%).

1H NMR (400 MHz, 300 K, C¢De): & = 3.17 ppm (1H, septet, 3J(\H-1H) = 6.9 Hz), 1.03 ppm (6H, d, 3/(\H-1H) =
6.9 Hz).

31P{1H} NMR (121 MHz, 300 K, C¢Ds): & = 54.1 ppm (s).
31P NMR (121 MHz, 300 K, CDs): 8 = 54.1 ppm (s).

13C{1H} NMR (101 MHz, 300 K, CsDs): § = 219.6 (d, }J(3'P-1H) = 49.6 Hz), 46.6 (d, 2/(3'P-1H) = 31.1 Hz),
17.8 ppm (d, 3/(31P-1H) = 3.8 Hz).

MS (APCI, PhMe): m/z = 245.1304 ([M+H]*).
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Supplementary Figure 74. 1H NMR spectrum of P(C(0)iPr)s (10) in CsD¢ (*solvent, *minor BuszSnCl,
**unidentified minor impurity).
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Supplementary Figure 75. 31P{1H} NMR spectrum of P(C(0)iPr)3 (10) in CeDs.
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Supplementary Figure 76. 31P NMR spectrum of P(C(0)iPr)3 (10) in C¢De.

64



46.8
46.5
17.8
17.8

—219.9
T~219.4

<4.
_<

| AT L)

f— -

T T T T T T T T T T T T T T
240 220 200 180 160 140 120 100 80 60 40 20 0 5(130) [ ppm

Supplementary Figure 77. 13C{tH} NMR spectrum of P(C(0)iPr)s (10) in C¢Ds. Solvent resonance (*)
truncated for clarity (**minor BusSnCl, ***unidentified minor impurity).

Supplementary Method 21: Synthesis and quantification of P(C(0)Cy)s (11)

iy L o Cy
) i) blue LEDs Cy” Cl
6eq. BuzSn—-H + A )4- Cy/LL AO
= PhMe, RT NEt,
0~ “Cy
1"

56%
conversion
To a 10 mL, flat-bottomed, stoppered tube were added PhMe (500 uL), P4 (0.01 mmol, as a stock solution in
77.4 pL PhH) and BuszSnH (16.1 pL, 0.06 mmol). The resulting colorless solution was stirred under
irradiation with blue LED light (455 nm (+15 nm), 3.2 V, 700 mA, Osram OSLON SSL 80) for 18 h, during
which time the tube was placed in a block cooled by circulating water to maintain near-ambient
temperature. CyC(O)Cl (21.4 pL, 0.16 mmol) and Et3N (8.4 pL, 0.06 mmol) were added, and the reaction

mixture was stirred at room temperature for 16 h. PhsPO (13.1 mg, 0.047 mmol) was added, and the
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resulting mixture was analysed by 1H, 31P{1H} and 31P NMR spectroscopy (Supplementary Figures 78-80).
Conversion to P(C(0)Cy)s (56%) was determined using quantitative 31P{1H} spectroscopy (D1 = 22 s,
Supplementary Figure 81), by relative integration of the resonances assigned to Ph3P0 and P(C(0)Cy)s.
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Supplementary Figure 78. 1H NMR spectrum of P(C(0O)Cy)s (11) generated via hydrostannylation of P, in
PhMe followed by acylation, in the presence of Ph3PO (*) as an internal standard. Solvent resonances (**)
truncated for clarity.
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Supplementary Figure 79. 31P{1H} NMR spectrum of P(C(0O)Cy)s3 (11) generated via hydrostannylation of
P, in PhMe followed by acylation, in the presence of Ph3PO (*) as internal standard (**minor residual P4).
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Supplementary Figure 80. 31P NMR spectrum of P(C(0)Cy)3z (11) generated via hydrostannylation of P4
in PhMe followed by acylation, in the presence of Ph3PO (*) as an internal standard (**minor residual P4).
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Supplementary Figure 81. Quantitative 31P{tH} NMR spectrum (D1 = 22 s) of P(C(0)Cy)3 (11) generated
via hydrostannylation of P4 in PhMe followed by acylation, in the presence of Ph3PO (*) as an internal
standard.

Supplementary Method 22: Synthesis and quantification of P(C(0)Bu)s (12)

0]
ot IE
i) blue LEDs Bu” “ClI
6eq. BugSn—H + /o) ) > > Bu o)
— PhMe, RT NEt; )\
O~ "Bu
12

43%
conversion
To a 10 mL, flat-bottomed, stoppered tube were added PhMe (500 pL), P4 (0.01 mmol, as a stock solution in
77.4 pL PhH) and BusSnH (16.1 pL, 0.06 mmol). The resulting colorless solution was stirred under
irradiation with blue LED light (455 nm (+15 nm), 3.2 V, 700 mA, Osram OSLON SSL 80) for 18 h, during
which time the tube was placed in a block cooled by circulating water to maintain near-ambient
temperature. BuC(O)Cl (19.0 uL, 0.16 mmol) and Et;N (8.4 uL, 0.06 mmol) were added, and the reaction
mixture was stirred at room temperature for 16 h. PhsPO (13.0 mg, 0.047 mmol) was added, and the

resulting mixture was analysed by 1H, 31P{1H} and 31P NMR spectroscopy (Supplementary Figures 82-84).

68



Conversion to P(C(0)Bu)s (43%) was determined using quantitative 31P{1H} spectroscopy (D1 = 22 s,

Supplementary Figure 85), by relative integration of the resonances assigned to Ph3PO and P(C(0)Bu)s.
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Supplementary Figure 82. 1H NMR spectrum of P(C(0)Bu)sz (12) generated via hydrostannylation of P4 in
PhMe followed by acylation, in the presence of Ph3PO (*) as an internal standard. Solvent resonances (**)
truncated for clarity.
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Supplementary Figure 83.31P{1H} NMR spectrum of P(C(O)Bu)s (12) generated via hydrostannylation of
P, in PhMe followed by acylation, in the presence of Ph3PO (*) as internal standard (**minor residual P4).
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Supplementary Figure 84. 31P NMR spectrum of P(C(0)Bu)s (12) generated via hydrostannylation of P4
in PhMe followed by acylation, in the presence of Ph3PO (*) as an internal standard (**minor residual P4).
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Supplementary Figure 85. Quantitative 31P{tH} NMR spectrum (D1 = 22 s) of P(C(0)Bu)s (12) generated
via hydrostannylation of P4 in PhMe followed by acylation, in the presence of Ph3PO (*) as an internal
standard.

Supplementary Method 23: Synthesis and quantification of P(C(O)Me)s (13)

o]

: T Y
i) blue LEDs Me” "CI
6eq. BuSn—H + /o\ ) - > Me” P70
P—P PhMe, RT NEt; A
07 'Me
13

41%
conversion
To a 10 mL, flat-bottomed, stoppered tube were added PhMe (500 pL), P4 (0.01 mmol, as a stock solution in
77.4 pL PhH) and BuszSnH (16.1 pL, 0.06 mmol). The resulting colorless solution was stirred under
irradiation with blue LED light (455 nm (+15 nm), 3.2 V, 700 mA, Osram OSLON SSL 80) for 18 h, during
which time the tube was placed in a block cooled by circulating water to maintain near-ambient
temperature. MeC(0)CI (11.4 pL, 0.16 mmol) and Et:N (8.4 pL, 0.06 mmol) were added, and the reaction

mixture was stirred at room temperature for 16 h. PhsPO (10.6 mg, 0.038 mmol) was added, and the
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resulting mixture was analysed by 1H, 31P{1H} and 31P NMR spectroscopy (Supplementary Figures 86-88).
Conversion to P(C(O)Me)z (41%) was determined using quantitative 31P{1H} spectroscopy (D1 = 22 s,
Supplementary Figure 89), by relative integration of the resonances assigned to Ph3P0 and P(C(O)Me)s.
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Supplementary Figure 86. 'H NMR spectrum of P(C(O)Me)3 (13) generated via hydrostannylation of P4
in PhMe followed by acylation, in the presence of PhsPO (*) as an internal standard. Solvent resonances
(**) truncated for clarity.
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Supplementary Figure 87.31P{1H} NMR spectrum of P(C(O)Me)3 (13) generated via hydrostannylation of
P, in PhMe followed by acylation, in the presence of Ph3PO (*) as internal standard (**minor residual P4).
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Supplementary Figure 88. 31P NMR spectrum of P(C(0)Me)3 (13) generated via hydrostannylation of P4
in PhMe followed by acylation, in the presence of Ph3PO (*) as an internal standard (**minor residual P4).
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Supplementary Figure 89. Quantitative 31P{tH} NMR spectrum (D1 = 22 s) of P(C(0)Me)3 (13) generated
via hydrostannylation of P4 in PhMe followed by acylation, in the presence of Ph3PO (*) as an internal
standard.

Supplementary Method 24: Synthesis and isolation of [Bn4P]Br (14) (without KHMDS)

; i) blue LEDs i) BnBr Bn. 0"
6eq. BusSn—H + /') > - @7 Bn o
- PhMe, RT - PH, Bn  Br
14
80% yield

To a 50 mL flat-bottomed Schlenk were added P4 (62.0 mg, 0.5 mmol) and PhMe (25 mL). After stirring to
obtain a homogeneous solution BuzSnH was added (847 pL, 3.15 mmol). The resulting colorless solution
was stirred under irradiation with blue LED light (7X Osram OSLON SSL80, 455 nm (*15 nm), 20.3 V
1000mA) for 22 h, during whichch time the Schlenk tube was placed in a block cooled by circulating water
to maintain near-ambient temperature. Benzyl bromide (2.4 mL, 20 mmol) was added and the reaction
mixture heated to 60 °C with stirring for 3 days. After cooling to room temperature the pale yellow

suspension was evaporated to dryness, and the resulting solid was washed with pentane (2 x 20 mL) and
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extracted with acetone (4 x 15 mL ; undried, ‘bench’ acetone was used). Removal of volatiles under vacuum

yielded the target product as a white solid (380 mg, 80%).

1H NMR (400 MHz, 300 K, CD3CN) : 6 = 7.36 ppm (3H, m), 7.15 ppm (2H, m), 3.73 ppm (d, 2/(31P-1H) = 14.3
Hz).

31P{1H} NMR (121 MHz, 300 K, CDsCN) : & = 25.8 ppm (s).
31P NMR (121 MHz, 300 K, CDsCN) : § = 25.8 ppm (nonet, 2/(31P-1H) = 14.3 Hz).

13C{1H} NMR (101 MHz, 300 K, CsDe): & = 130.7 (d, J(3'P-1H) = 5.3 Hz), 129.3 (d, J(3!P-1H) = 2.9 Hz), 128.4 (d,
J(31P-1H) = 3.5 Hz), 127.8 (d, J(3'P-1H) = 8.1 Hz), 26.4 ppm (d, J(3'P-1H) = 43.2 Hz).

MS (ESI, MeCN): m/z = 395.1940 (PBn.*).

NMR data are consistent with previous reports of the chloride salt [BnsP]Cl.20
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Supplementary Figure 90. 'H NMR spectrum of [Bn4P]Br (14) in CD3CN (*solvent, **H0).
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Supplementary Figure 91. 31P{1H} NMR spectrum of [BnsP]Br (14) in CD3CN.
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Supplementary Figure 92. 31P NMR spectrum of [BnsP]Br (14) in CD3CN.
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Supplementary Figure 93. 13C{1H} NMR spectrum of [Bn4P]Br (14) in CD3CN. Solvent resonances (*)
truncated for clarity.

Supplementary Method 25: Synthesis and isolation of [Et4+P]Br (15)

f i i Et
s i) blue LEDs ii EtBr Eto
6 eq. BusSn—H + /"5 )4.. )—,, ®I=_E;:
P—F PhMe, RT KHMDS Et Br
15
65% yield

To a 50 mL flat-bottomed Schlenk were added P4 (62.0 mg, 0.5 mmol) and PhMe (25 mL). After stirring to
obtain a homogeneous solution BuzSnH was added (847 pL, 3.15 mmol). The resulting colorless solution
was stirred under irradiation with blue LED light (7X Osram OSLON SSL80, 455 nm (*¥15 nm), 20.3 V
1000mA) for 22 h, during which time the Schlenk tube was placed in a block cooled by circulating water to
maintain near-ambient temperature. Ethyl bromide (741 pL, 10 mmol) and KHMDS (798 mg, 4.0 mmol)
were added and the reaction mixture heated to 100 °C with stirring for 3 days. After cooling to room
temperature the pale yellow suspension was filtered, and the remaining solid was washed with PhMe
(2 x 20 mL) and extracted into acetonitrile (3 x 20 mL). Removal of volatiles under vacuum yielded the

target product as a white solid (295 mg, 65%).
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1H NMR (400 MHz, 300 K, CDsCN) : 5 = 2.21 ppm (2H, dq, J(3'P-1H) = 13.0 Hz, 3/(*H-1H) = 7.7 Hz), 1.19 ppm
(3H, dt, 2J(31P-1H) = 18.0 Hz, 3/(*H-1H) = 7.7 Hz).

31P{1H} NMR (121 MHz, 300 K, CDsCN) : § = 42.3 ppm (s).

31P NMR (121 MHz, 300 K, CDsCN) : & = 42.3 ppm (m).

13C{tH} NMR (101 MHz, 300 K, CsD): § = 11.7 (d, Y(3'P-1H) = 49.6 Hz), 5.7 ppm (d, 2/(3'P-1H) = 5.3 Hz).
MS (ESI, MeCN): m/z = 147.1295 (EtsP*).

NMR data are consistent with previous reports of [Et4P][BArFf,4] (Arf = 3,5-bis(trifluoromethyl)phenyl).21
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Supplementary Figure 94. 'H NMR spectrum of [Et4P]Br (15) in CD3CN (*solvent, **H0).
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Supplementary Figure 95. 31P{1H} NMR spectrum of [Et4P]Br (15) in CD3CN.
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Supplementary Figure 96. 31P NMR spectrum of [Et4P]Br (15) in CD3CN.
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Supplementary Figure 97. 13C{1H} NMR spectrum of [Et4P]Br (15) in CD3CN. Solvent resonances (*)
truncated for clarity.

Supplementary Method 26: Alkylation of (Bu3Sn)xPHs-x using RBr (R = 2-ethylhexyl)

Br
\ i) blue LEDs ii) Nj/\= RBr Nj/\ .SnBuy

6eq. BusSn-H + / $nBu

= PhMe, RT KHMDS, 60 °C
29

31%
conversion
To a 10 mL, flat-bottomed, stoppered tube were added PhMe (500 pL), P4 (0.01 mmol, as a stock solution in
77.4 pL PhH) and BuszSnH (16.1 pL, 0.06 mmol). The resulting colorless solution was stirred under
irradiation with blue LED light (455 nm (+15 nm), 3.2 V, 700 mA, Osram OSLON SSL 80) for 18 h, during
which time the tube was placed in a block cooled by circulating water to maintain near-ambient
temperature. 3-(bromomethyl)heptane (35.1 pL, 0.20 mmol) and KHMDS (16.0 mg, 0.08 mmol) were added
and the reaction mixture heated to 60 °C with stirring for 1 day. After cooling to room temperature, PhzPO

(9.8 mg, 0.0352 mmol) was added as an internal standard, and the mixture analysed by H, 31P{'H} and 3!P
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NMR spectroscopy as shown in Supplementary Figures 98-100, below. The 31P{1H} and 31P spectra indicated
formation of one major P-containing species, characterised by a resonance at -208.4 ppm. Based on this
upfield chemical shift, the presence of 117/119Sn satellites (1/(31P-117Sn) = 796 Hz, }J(31P-119Sn) = 832 Hz), the
intensity of these satellites, and the absence of 1J(31P-1H) splitting in the proton-coupled spectrum, this
species can reasonably be assigned as the mono-alkylated product RP(SnBus). (29).22 Using quantitative
31P{1H} NMR spectroscopy (D1 = 30 s; Supplementary Figure 101), a total conversion of P4 to this product

of 31% was determined.
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Supplementary Figure 98. 1H NMR spectrum for the hydrostannylation of P4 in PhMe, followed by in situ
alkylation with RBr and KHMDS and addition of Ph3PO (*) as internal standard. Solvent resonances (**)
truncated for clarity.
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Supplementary Figure 99. 31P{1H} NMR spectrum for the hydrostannylation of P4 in PhMe, followed by in
situ alkylation with RBr and KHMDS and addition of Ph3PO (*) as internal standard.
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Supplementary Figure 100. 3!P NMR spectrum for the hydrostannylation of P4 in PhMe, followed by in
situ alkylation with RBr and KHMDS and addition of Ph3PO (*) as internal standard.
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Supplementary Figure 101. Quantitative 31P{tH} NMR spectrum (D1 = 30 s) for the hydrostannylation of
P4 in PhMe, followed by in situ alkylation with RBr and KHMDS and addition of Ph3PO (*) as internal
standard.

Supplementary Method 27: Alkylation of (BusSn):PHs.x using R'Br (R = 2,44-
trimethylpentyl)

WBr
i i) blue LEDs i) =RBr WP,SnBua
6eq. BusSn—-H + :D/p_xp .

PhMe, RT KHMDS, RT
30

44%
conversion

To a 10 mL, flat-bottomed, stoppered tube were added PhMe (500 uL), P4+ (0.01 mmol, as a stock solution in
77.4 pL PhH) and BusSnH (16.1 pL, 0.06 mmol). The resulting colorless solution was stirred under
irradiation with blue LED light (455 nm (£15 nm), 3.2 V, 700 mA, Osram OSLON SSL 80) for 18 h, during
which time the tube was placed in a block cooled by circulating water to maintain near-ambient

temperature. 1-bromo-2,4,4-trimethylpentane (27.9 puL, 0.16 mmol) and KHMDS (12.0 mg, 0.06 mmol) were
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added and the reaction mixture was stirred at room temperature for 3 days. Ph3zPO (9.3 mg, 0.0334 mmol)
was then added as an internal standard, and the mixture analysed by 1H, 31P{tH} and 31P NMR spectroscopy
as shown in Supplementary Figures 102-104, below. The 31P{1H} and 31P spectra indicated formation of one
major P-containing species, characterised by a resonance at -209.3 ppm. Based on this upfield chemical
shift, the presence of 117/119Sn satellites (1/(31P-117Sn) = 794 Hz, }J(31P-119Sn) = 830 Hz), the intensity of these
satellites, and the absence of /(31P-1H) splitting in the proton-coupled spectrum, this species can reasonably
be assigned as the mono-alkylated product R’P(SnBus), (30).22 Using quantitative 31P{!H} NMR

spectroscopy (D1 = 30 s; Supplementary Figure 105), a total conversion of P4 to this product of 44% was

determined.
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Supplementary Figure 102. 'H NMR spectrum for the hydrostannylation of P4 in PhMe, followed by in

situ alkylation with R’'Br and KHMDS and addition of Ph3PO (*) as internal standard. Solvent resonances
(**) truncated for clarity.
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Supplementary Figure 103. 3!P{*H} NMR spectrum for the hydrostannylation of P4 in PhMe, followed by
in situ alkylation with R’Br and KHMDS and addition of Ph3PO (*) as internal standard.
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Supplementary Figure 104. 3!P NMR spectrum for the hydrostannylation of P4 in PhMe, followed by in
situ alkylation with R’'Br and KHMDS and addition of Ph3zPO (*) as internal standard.
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Supplementary Figure 105. Quantitative 31P{tH} NMR spectrum (D1 = 30 s) for the hydrostannylation of
P4 in PhMe, followed by in situ alkylation with R’'Br and KHMDS and addition of Ph3PO (*) as internal
standard.

Supplementary Method 28: Attempted arylation of (BuzSn)xPHs.x using PhBr

/,\ i) blue LEDs i) PhBr

6 eq. BusSn—H + -
PhMe, RT KHMDS, 80 °C

Unselective reaction

To a 10 mL, flat-bottomed, stoppered tube were added PhMe (500 uL), P4+ (0.01 mmol, as a stock solution in
77.4 pL PhH) and BuszSnH (16.1 pL, 0.06 mmol). The resulting colorless solution was stirred under
irradiation with blue LED light (455 nm (+15 nm), 3.2 V, 700 mA, Osram OSLON SSL 80) for 18 h, during
which time the tube was placed in a block cooled by circulating water to maintain near-ambient
temperature. PhBr (8.4 pL, 0.8 mmol) and KHMDS (12.0 mg, 0.06 mmol) were added and the reaction
mixture was heated to 80 °C with stirring for 3 days. After cooling to room temperature, PhzPO (10.0 mg,
0.0359 mmol) was added as an internal standard, and the mixture analysed by H, 31P{'H} and 3!P NMR
spectroscopy as shown in Supplementary Figures 106-108, below. 31P{1H} and 3!P spectra, including a

quantitative 31P{'H} spectrum (D1 = 30 s; Supplementary Figure 109), did not reveal any major new
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products (no new peaks whose conversion from P4 would exceed ca. 15%). Analogous experiments using

Phl or PhCl in place of PhBr were similarly unsuccessful, as were reactions at other temperatures.
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Supplementary Figure 106. 'H NMR spectrum for the hydrostannylation of P4 in PhMe, followed by
attempted in situ arylation with PhBr and KHMDS and addition of Ph3zPO (*) as internal standard. Solvent
resonances (**) truncated for clarity.
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Supplementary Figure 107.31P{1H} NMR spectrum for the hydrostannylation of P, in PhMe, followed by
attempted in situ arylation with PhBr and KHMDS and addition of Ph3PO (*) as internal standard.

T T 1
-300 -400 5(3'P) I ppm

o

*
(SnBuz)s
T T T T T T T T T T T 1
400 300 200 100 0 -100 -200 -300 -400 5(31P) [ ppm

Supplementary Figure 108. 31P NMR spectrum for the hydrostannylation of P4 in PhMe, followed by
attempted in situ arylation with PhBr and KHMDS and addition of Ph3PO (*) as internal standard.
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Supplementary Figure 109. Quantitative 31P{1H} NMR spectrum (D1 = 30 s) for the hydrostannylation of
P, in PhMe, followed by attempted in situ arylation with PhBr and KHMDS and addition of Ph3zPO (*) as
internal standard.

Supplementary Method 29: Synthesis and isolation of THP (16)

blue LEDs PN

63eq. BusSn—-H + /o\ HO OH
9. Bl S EtOH, RT §
{/\ OH
O)’n THP
16
83% yield

To a 50 mL flat-bottomed Schlenk were added P4 (62.0 mg, 0.5 mmol) and PhH (5.0 mL). After stirring to
obtain a homogeneous solution, EtOH (25 mL), BusSnH (847 uL, 3.15 mmol) and paraformaldehyde
(180 mg, 6.0 mmol) were added. The resulting suspension was stirred under irradiation with blue LED light
(7X Osram OSLON SSL80, 455 nm (15 nm), 20.3 V 1000mA) for 22 h, during which time the Schlenk tube
was placed in a block cooled by circulating water to maintain near-ambient temperature. The resulting
suspension was filtered and volatiles were removed under vacuum. To the oily residue thus obtained was
added PhMe (20 mL) and degassed H;0 (20 mL). The biphasic mixture was thoroughly stirred for 30 min,

the toluene phase was removed, and the aqueous phase was washed with further PhMe (2 x 20 mL).
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Following removal of volatiles from the aqueous phase under vacuum, THP was obtained as a colourless oil

(206 mg, 83%).

1H NMR (400 MHz, 300 K, D,0) : & = 3.99 ppm (d, 2/(3'P-1H) = 5.2 Hz).
31P{1H} NMR (121 MHz, 300 K, D;0) : § = -23.6 ppm (s).

31P NMR (121 MHz, 300 K, D;0) : 8 = -23.6 ppm (s).

13C{1H} NMR (101 MHz, 300 K, D,0): & = 56.4 ppm (d, 1J(31P-13C) = 8.5 Hz).
MS (APCI, EtOH): m/z = 125.0364 ([M+H]*).

NMR data are consistent with previous reports.23
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Supplementary Figure 110. 'H NMR spectrum of THP (16) in D,0.
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Supplementary Figure 111. 31P{tH} NMR spectrum of THP (16) in D,0.
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Supplementary Figure 112. 3!P NMR spectrum of THP (16) in D0.
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Supplementary Figure 113. 13C{tH} NMR spectrum of THP (16) in D,0.

Supplementary Method 30: Synthesis and isolation of THPC (17) via hydrostannylation
under blue LEDs in PhMe, with recovery of BusSnCl (20)

Ho>
‘ i) blue LEDs i (/\Oa/ iii) HCI OH
63eq. BusSn—H + /) ) ) = ) HO/CS ~—" @ + BusSnCl
= PhMe, RT EtOH, RT RT Cl
OH
THPC
17 20
75% yield

96% recovery

The product THPC (17) was prepared as described in the Methods section of the main manuscript
Characterisation data are provided below:

Spectroscopic data of THPC (17):

1H NMR (400 MHz, 300 K, D;0) : & = 4.67 ppm (d, 2/(3:P-1H) = 1.8 Hz).
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31P{1H} NMR (121 MHz, 300 K, D,0) : § = 27.0 ppm (s).
31P NMR (121 MHz, 300 K, D,0) : 6= 27.0 ppm (s).
13C{1H} NMR (101 MHz, 300 K, D,0): § = 49.1 ppm (d, 1/(3'P-13C) = 51.3 Hz).

NMR data are consistent with previous reports.24

Spectroscopic data of recovered BusSnClI (20):

IH NMR (400 MHz, 300 K, CDCly): & = 1.77-1.51 (2H, m), 1.41-1.21 (4H, m), 0.92 ppm (3H, ¢,
3J(1H-1H) = 7.3 Hz).

119n{tH} NMR (149 MHz, 300 K, CDCls) : § = 157.5 ppm.
13C{tH} NMR (101 MHz, 300 K, CDCls): § = 27.9 (s), 26.9 (s), 17.5 (s), 13.6 ppm (s).

NMR data are consistent with previous reports.2s
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Supplementary Figure 114. 'H NMR spectrum of THPC (17) in D,0.
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Supplementary Figure 115. 31P{1H} NMR spectrum of THPC (17) in D0.
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Supplementary Figure 116. 3!P NMR spectrum of THPC (17) in D,0.
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Supplementary Figure 117. 13C{tH} NMR spectrum of THPC (17) in D0.
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Supplementary Figure 118. 1H NMR spectrum of BuzSnCl (20) in CDCl; (*).
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Supplementary Figure 119. 119Sn{tH} NMR spectrum of BuzSnCl (20) in CDCls.
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Supplementary Figure 120. 13C{*H} NMR spectrum of BuzSnCl (20) in CDCI; (*).
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Supplementary Method 31: Synthesis and isolation of THPC (17) via hydrostannylation
under blue LEDs in EtOH, with recovery of BusSnCl (20)

Ho>
‘ i) blue LEDs i) HCI —~_/ OH
63eq. BusSn—H + /) ) ) HO"gF—"" o + BusSnCl
- EtOH, RT RT cl
OH
(/\ Oi THPC
17 20
82% vyield 95% recovery

To a 50 mL flat-bottomed Schlenk were added P4 (62.0 mg, 0.5 mmol) and PhH (5.0 mL). After stirring to
obtain a homogeneous solution, EtOH (25 mL), BusSnH (847 pL, 3.15 mmol) and paraformaldehyde
(750 mg, 25 mmol) were added. The resulting suspension was stirred under irradiation with blue LED light
(7X Osram OSLON SSL80, 455 nm (*¥15 nm), 20.3 V 1000mA) for 22 h, during which time the Schlenk tube
was placed in a block cooled by circulating water to maintain near-ambient temperature. The resulting
mixture was frozen and HCl (4.0 M in 1,4-dioxane, 5 mL, 20 mmol) was added. After thawing, the reaction
mixture was stirred for 2 h. The resulting suspension was filtered to give a colorless solution. Removal of
volatiles under vacuum yielded an oily solid residue that was triturated with Et,0 (20 mL) overnight to give
THPC (17) as a white solid (312 mg, 82%) after filtration, washing with additional Et,0 (20 mL) and drying

under vacuum.

The combined Et,0 washes from the above reaction were dried under vacuum to afford BuzSnCl (20) as a

pale yellow oil (980 mg, 95%).

NMR data of product THPC and recovered BusSnCl are identical to those given in Supplementary Method
30.

Supplementary Method 32: Synthesis and isolation of THPC (17) via hydrostannylation
using AIBN in PhMe (0.5 mmol scale)

HO

S i) cat. AIBN i) {/\Oi i) HCI ) OH
63eq. BusSn—H + /\ > - > HO P~ o
= PhMe, RT EtOH, RT RT L cl
OH
THPC
17
87% yield
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To a 50 mL Schlenk tube were added P4 (62.0 mg, 0.5 mmol) and PhMe (25 mL). After stirring to obtain a
homogeneous solution, BuzSnH (847 pL, 3.15 mmol) and AIBN (8.2 mg, 0.05 mmol) were added. The Schlenk
tube was immediately and thoroughly wrapped in Al foil to exclude any ambient light, and the stirred
reaction mixture was then heated to 30 °C for 16 h. Following removal of volatiles under vacuum, EtOH (25
mL) and paraformaldehyde (750 mg, 25 mmol) were added, and the resulting suspension was stirred at
room temperature for 16 h. The mixture was frozen in a liquid nitrogen bath and HCI (4.0 M in 1,4-dioxane,
5 mL, 20 mmol) was added. After thawing, the reaction mixture was stirred at room temperature for 2 h.
The resulting yellowish suspension was filtered, and volatiles were removed under vacuum. The remaining
oily solid residue was triturated with Et,0 (20 mL) overnight, to give THPC (17) as a white solid (330 mg,

87%) after filtration, washing with additional Et;0 (20 mL) and drying under vacuum.

NMR data are identical to those given in Supplementary Method 30.

Supplementary Method 33: Synthesis and isolation of THPC (17) via hydrostannylation
using AIBN in PhMe (5 mmol scale)

HO

>OH

i) cat. AIBN i ’%\0 iii) HCI
63eq Busn-H + A\ ) )/” ) HO 'SP~ o

— PhMe, RT EtOH, RT RT k Cl
OH

THPC
17
87% yield

To a 500 mL round-bottomed Schlenk flask were added P4 (620 mg, 5 mmol) and PhMe (250 mL). After
stirring to obtain a homogeneous solution, BuzSnH (8.5 mL, 31.5 mmol) and AIBN (82.1 mg, 0.5 mmol) were
added. The Schlenk flask was immediately and thoroughly wrapped in Al foil to exclude any ambient light,
and the stirred reaction mixture was then heated to 30 °C for 16 h. Following removal of volatiles under
vacuum, EtOH (250 mL) and paraformaldehyde (7.51 g, 250 mmol) were added, and the resulting
suspension was stirred at room temperature for 16 h. The mixture was frozen in a liquid nitrogen bath and
HCI (4.0 M in 1,4-dioxane, 50 mL, 200 mmol) was added. After thawing, the reaction mixture was stirred at
room temperature for 4 h. The yellowish suspension was filtered through a bed of Celite in a glass frit (P4)
column, and volatiles were removed under vacuum. The remaining oily solid residue was triturated with
Et,0 (200 mL) overnight, filtered and washed with additional Et,0 (2 x 25 mL). After drying thoroughly

under vacuum, the desired product was obtained as an off-white solid (3.33 g, 87%).
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NMR data are identical to those given in Supplementary Method 30.

Supplementary Method 34: Synthesis and isolation of THPO (18)

HO>
i) blue LEDs i) air OH
6.3eq. BusSn—-H + /) ) > ) ar HO/\“\/
— EtOH, RT 90 °C o
(/\o)’n THPO
18
77% vyield

To a 50 mL flat-bottomed Schlenk were added P4 (62.0 mg, 0.5 mmol) and PhH (5.0 mL). After stirring to
obtain a homogeneous solution, EtOH (25 mL), BusSnH (847 pL, 3.15 mmol) and paraformaldehyde
(180 mg, 6.0 mmol) were added. The resulting suspension was stirred under irradiation with blue LED light
(7X Osram OSLON SSL80, 455 nm (*¥15 nm), 20.3 V 1000mA) for 22 h, during which time the Schlenk tube
was placed in a block cooled by circulating water to maintain near-ambient temperature. The resulting
suspension was filtered and volatiles were removed under vacuum. Additional work-up was performed
under air. To the oily residue thus obtained was added PhMe (20 mL) and H,0 (20 mL). The biphasic mixture
was thoroughly stirred for 30 min and the aqueous phase was separated and washed with additional PhMe
(3 x 15 mL), before being heated to 90 °C for 16 h while being kept open to air. Subsequent removal of
volatiles yielded THPO (18) as a colourless oil (217 mg, 77%).

1H NMR (400 MHz, 300 K, D;0) : 6 = 4.04 ppm (d, 2/(3!P-1H) = 3.0 Hz).
31P{1H} NMR (121 MHz, 300 K, D;0) : 6 = 49.7 ppm (s).

31P NMR (121 MHz, 300 K, D;0) : 6 =49.7 ppm (s).

13C{tH} NMR (101 MHz, 300 K, D;0): 6 = 54.3 ppm (d, /(31P-13C) = 75.7 Hz).
MS (ESI, EtOH): m/z = 141.0312 ([M+H]*).

NMR data are consistent with previous reports.26
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Supplementary Figure 121. 1H NMR spectrum of THPO (18) in D-0.
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Supplementary Figure 122. 31P{1H} NMR spectrum of THPO (18) in D-0.
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Supplementary Figure 123. 31P NMR spectrum of THPO (18) in D,0.
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Supplementary Figure 124. 13C{*H} NMR spectrum of THPO (18) in D-0.
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Supplementary Method 35: Synthesis and isolation of HPA (19), with recovery of Bu3SnCl
(20)

. i) blue LEDs ii) H,0, HO. M
63eq. BusSn—H + A\ L ——— — = 27, ““H +  Bu,SnCl
- PhMe, RT RT
HPA
19 20
57% yield 93% recovery

The product HPA (19) was prepared as described in the Methods section of the main manuscript.

Characterisation data are provided below:

NMR data of HPA (19):

1H NMR (400 MHz, 300 K, CD3CN) : 6 = 10.84 (s), 7.05 ppm (d, Y/(31P-1H) = 575 Hz).
31P{1H} NMR (121 MHz, 300 K, CD3CN) : 6 = 13.9 ppm (s).

31P NMR (121 MHz, 300 K, CD3CN) : 6 = 13.9 ppm (d, YJ(3!1P-1H) = 575 Hz).

NMR data are consistent with previous reports.2?

NMR data of BuzSnCl (20) were identical to those obtained with Supplementary Method 30.
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Supplementary Figure 125. 1H NMR spectrum of HPA (19) in CD3CN (*solvent, **minor HP(0)(OH)2).
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Supplementary Figure 126. 31P{'H} NMR spectrum of HPA (19) in CD3CN (*minor HP(O)(OH)z).
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Supplementary Figure 127. 31P NMR spectrum of HPA (19) in CD3CN (*minor HP(0)(OH)).
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Supplementary Figure 128. Quantitative 31P{1H} NMR spectrum (D1= 14 s) of HPA (19; 6.5 mg) in
CD3CN (*minor HP(O)(OH)2, **23.0 mg Ph3PO).
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In Situ Generation and Recycling of BuzSnH

Supplementary Method 36: Hydrostannylation of P4 using BuzSnOMe and PMHS under blue

LED irradiation (0.01 mmol scale)

Me H

BusSn SnBu
; P blue LEDs BuzSn._.SnBu 3= pr 3
Si 1 - 3 - 3 |
Bu-Sn-OMe + . + / \ - PH + BUgsn PHZ + P +
: 707, * 2% enmert ’ H SnBug
1 2 3 4
R —

major products

To a 10 mL, flat-bottomed, stoppered tube were added PhMe (500 uL), P4 (0.01 mmol, as a stock solution in
77.4 pL PhH), BusSnOMe (17.3 pL, 0.06 mmol), and PMHS (3.9 pL, 0.065 mmol). The tube was sealed, placed
in a water-cooled block to maintain near-ambient temperature, and irradiated with blue light (455 nm (15
nm), 3.2 V, 700 mA, Osram OSLON SSL 80) for 21 h. The resulting mixture was analysed by 31P{1H} NMR

spectroscopy, as shown in Supplementary Figure 129 below.

o r~ oy < w
= fes) o~ = o™
S i
(Bu;Sn),PH
3
BU3San2
2
P"I
PHj P(SnBug);
1 | a
T T T T T T T T T T T 1
400 300 200 100 0 -100 -200 -300 -400 5(31P) / ppm

Supplementary Figure 129. 31P{1H} NMR spectrum for the reaction of P, 6 eq. BusSnOMe and 6.5 eq.
PMHS in PhMe, driven by 455 nm LED irradiation for 21 h.
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The 31P{tH} NMR spectrum of the reaction clearly shows consumption of P4, and concomitant formation of
the hydrostannylation products (BuzSn):PHs.« (x = 0-3), as is also observed when BuzSnH is used as starting
material (for example, see Extended Data Figure 2). Close inspection, however, reveals a slightly increased
fraction of (BusSn).PH (3) relative to BusSnPH; (2), as well as a significantly increased amount of residual,
unreacted Ps. Both observations are attributed at least in part to a minor, competing side-reaction, in which
the BusSnOMe starting material reacts with BuzSnPH; to form (BusSn),PH and MeOH, and is therefore
unavailable for reduction by PMHS and subsequent P, hydrostannylation (Supplementary Figure 130).
Similar reactivity is observed during the selective synthesis of P(SnBus); (4; Supplementary Method 17).
Furthermore, when the reaction was repeated using a two-fold excess of BuzSnOMe (12 eq.) under
otherwise identical conditions, almost full P, consumption was observed, alongside formation of
(BuzSn)2PH as the clear major product (Supplementary Figure 131). The feasibility of the reaction was
further confirmed by independent addition of BusSnOMe to an isolated sample of BuzSnPH; at RT in PhMe.

Targeted reaction:

Bu;SnOMe
——— > Bu;SnPH, + (BuszSn),PH (major products)
PMHS 2 3

Competing reaction:
Bu;SnOMe
BuzSnPH; ———— > (BuzSn),PH + MeOH
2 3

Supplementary Figure 130. Proposed side-reaction during the hydrostannylation of P4 mediated by
Bu3SnOMe and PMHS.

As aresult of the above side-reaction a slight excess (8 eq.) of both BusSnOMe and PMHS was used, in order

to achieve improved reactivity, and near-complete P4 conversion (Supplementary Figure 132).
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Supplementary Figure 131. 31P{1H} NMR spectrum for the reaction of P4, 12 eq. BusSnOMe and 6.5 eq.
PMHS in PhMe, driven by 455 nm LED irradiation for 21 h.
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Supplementary Figure 132. 31P{1H} NMR spectrum for the reaction of P4, 8 eq. Bu3SnOMe and 8 eq.
PMHS in PhMe, driven by 455 nm LED irradiation for 21 h.
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Supplementary Method 37: Hydrostannylation of P4 using BusSnOMe and PMHS initiated by
AIBN (0.01 mmol scale)

Bu;Sn-OM " ANl Hy + BugSn—PH, + DUsSMp-SnBUs BHaSp- N3
u;Sn-OMe  + . - N e 3 3 2
? 0T, % enve s H SnBug
1 2 3 4
-

major products

As for the blue LED-driven reactions, AIBN-initiated P4 hydrostannylation was found to proceed in a very
similar manner when BusSnH was replaced with BuzOMe and PMHS. Again, however, slight modification of

the initial reaction conditions was found to give improved performance.

To a 10 mL, flat-bottomed, stoppered tube were added PhMe (500 pL), P4 (0.01 mmol, as a stock solution in
77.4 uL PhH), BusSnOMe (23.0 pL, 0.08 mmol), PMHS (4.8 pL, 0.08 mmol) and AIBN (0.001 mmol, as a stock
solution in 49.3 pL. PhH). The tube was sealed, wrapped in Al foil to exclude light, and heated to 40 °C for
19 h. The resulting mixture was analysed by H, 31P{!H} and 3!P NMR spectroscopy, as shown in

Supplementary Figure 133, below.
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3
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2
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Supplementary Figure 133. 3!P{1H} NMR spectrum for the reaction of P4, 8 eq. BusSnOMe and 8 eq.
PMHS in PhMe, driven by AIBN initiation at 40 °C for 19 h.
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Supplementary Method 38: Hydrostannylation of P4 using (Bu3zSn)20 and PMHS

Me H BusSn.__.SnBu
wi R initiation Bu;Sn._.SnBu =1~p- 3
Si. N\ 2 s PHy + BusSn—PH, + T p7 3o !
(BusSnp0  +  {Fhof + AN PhMe, RT ? ? : H SnBu;
1 2 3 4

%{—/
major products
To a 10 mL, flat-bottomed, stoppered tube were added PhMe (500 pL), P4 (0.01 mmol, as a stock solution in
86.0 uL. PhH), (BusSn)20 (15.3 pL, 0.03 mmol) and PMHS (3.9 uL, 0.065 mmol). The tube was sealed, placed
in a water-cooled block to maintain near-ambient temperature, and irradiated with blue light (455 nm (+15
nm), 3.2 V, 700 mA, Osram OSLON SSL 80) for 21 h. The resulting mixture was analysed by 31P{1H} NMR

spectroscopy, as shown in Supplementary Figure 134, below.

-~ @ = =
w oy = ™~
o~ ™ el
| 1 | 1
Py
(BusSn),FPH
3
BuszSnFPH,
2
FP(SnBug);
4
T T T T T T T T T T T 1
400 300 200 100 0 -100 -200 -300 -400 5(31P) / ppm

Supplementary Figure 134. 3!1P{1H} NMR spectrum for the reaction of P4, 3 eq. (BuzSn)20 and 6.5 eq.
PMHS in PhMe, driven by 455 nm LED irradiation for 21 h.

In contrast to reactions using BuzSnOMe (Supplementary Methods 36 and 37), and despite the known ability
of (BusSn)20 to act as a source of BuzSnH upon treatment with PMHS,28 attempts to hydrostannlyate P4 via

reaction with a mixture of (BusSn),0 and PMHS were initially found to give significantly inferior results,
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with very significant amounts of P4 remaining (for example, see Supplementary Figure 134, above).
Nevertheless, satisfactory reactivity could be achieved by using ACN as an initiator under modified, and still

relatively mild reaction conditions (Supplementary Figure 135, below).

To a 10 mL, flat-bottomed, stoppered tube were added PhMe (500 pL), P4 (0.01 mmol, as a stock solution in
77.4 uL PhH), (BusSn);0 (20.4 uL, 0.04 mmol), PMHS (4.8 uL, 0.08 mmol) and ACN (0.002 mmol, as a stock
solution in 96.2 pL PhH). The tube was sealed, wrapped in Al foil to exclude light, and heated to 80 °C for

3 days. The resulting mixture was analysed by 31P{tH} NMR spectroscopy, as shown in Supplementary
Figure 135, below.

(=} [ oy =1 =
- fee] o~y st o
(o)) o~ [se B es] )
| | | 1
(BusSn),PH
3
BuzSnPH,
2
P(SnBUS )3
4
PH3 Pa
‘ |
] | | |
T T T T T T T T T T T 1
400 300 200 100 0 -100 -200 -300 -400 3(31P) 1 ppm

1

Supplementary Figure 135. 31P{1H} NMR spectrum for the reaction of P4, 4 eq. (BuzSn),0 and 8 eq. PMHS
in PhMe, driven by ACN initiation at 80 °C for 3 days.
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Supplementary Method 39: Synthesis and isolation of THPC (17) via hydrostannylation

starting from BusSnOMe

Me A ) blue LEDs i %\Oi iy ! :0> oH
BusSn-OMe + o + /3 PhMe, RT  EtOH,RT _ RT HO@[’ @
OH
THPC
17
87% yield

To a 50 mL flat-bottomed Schlenk tube were added P4 (62.0 mg, 0.5 mmol) and PhMe (25 mL). After stirring
to obtain a homogeneous solution, BusSnOMe (1.15 mL, 4 mmol) and PMHS (239 pL, 4 mmol) were added.
The resulting colourless, homogeneous mixture was stirred under irradiation with blue LED light (7X Osram
OSLON SSL80, 455 nm (*¥15 nm), 20.3 V 1000mA) for 16 h, during which time the Schlenk tube was placed
in a block cooled by circulating water to maintain near-ambient temperature. Following removal of volatiles
under vacuum, EtOH (25 mL) and paraformaldehyde (750 mg, 25 mmol, 50 eq.) were added, and the
resulting suspension was stirred at room temperature for 16 h. The mixture was frozen in a liquid nitrogen
bath and HCl (4.0 M in 1,4-dioxane, 5 mL, 20 mmol) was added. After thawing, the reaction mixture was
stirred at room temperature for 2 h. The pale yellow suspension was filtered, and volatiles were removed
under vacuum. The oily solid residue was triturated with n-pentane (20 mL) overnight, filtered and washed
with Et;0 (20 mL). The resulting white solid was then again dissolved in EtOH (2 x 20 mL). Following

filtration, removal of volatiles under vacuum afforded the desired product as a white solid (330 mg, 87%).

NMR data are identical to those reported in Supplementary Method 30.
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Supplementary Method 40: Synthesis and isolation of THPC (17) via hydrostannylation
starting from (Bu3Sn)z0, with recycling of BuzSnCl (20) (0.5 mmol scale)

Me H : i) cat. ACN '(/\0’) |||) HCI HO>
(BusSn),0  + —(’Sl'o’f v f crude BussnCl  +  Ho ¢ OH
n

[

P—F PhMe, RT  EtOH, RT ® ©
cl
20 \
THPC
17
Na,CO, (aq.) 88% yield
HO
crude Me H : - %\o’)
50 F i) cat. ACN _ i) i) HCI > oH
BusSn),0 + O ~.
(BusSn); 7o)+ A PhMe. RT _ EtoH,RT _ RT MO @'C/ o©
OH
THPC
17
71% yield

To a 50 mL Schlenk tube were added P4 (62.0 mg, 0.5 mmol) and PhMe (25 mL). After stirring to obtain a
homogeneous solution, (BuzSn),0 (1.02 mL, 2 mmol), PMHS (239 pL, 4 mmol) and ACN (24.4 mg, 0.1 mmol)
were added. The Schlenk tube was immediately and thoroughly wrapped in Al foil to exclude any ambient
light, and the stirred reaction mixture was then heated to 80 °C for 3 days. Following removal of volatiles
under vacuum, EtOH (25 mL) and paraformaldehyde (750 mg, 25 mmol) were added, and the resulting
suspension was stirred at room temperature for 16 h. The mixture was frozen in a liquid nitrogen bath and
HCI (4.0 M in 1,4-dioxane, 5 mL, 20 mmol) was added. After thawing, the reaction mixture was stirred at
room temperature for 2 h. The pale yellow suspension was filtered, and volatiles were removed under
vacuum. The remaining oily solid residue was triturated with Et,0 (20 mL) overnight, filtered and washed
with further Et;0 (20 mL). The resulting white solid was then again dissolved in EtOH (2 x 20 mL). Following
filtration and removal of volatiles under vacuum, the desired product was obtained as a white solid (335

mg, 88%).
NMR data are identical to those reported in Supplementary Method 30.

To the combined Et,0 washes from the above reaction was added a saturated aqueous solution of Na,CO3
(40 mL). The resulting biphasic mixture was stirred under open bench conditions for 16 h, and the organic
phase was separated and washed with H,0 (4 x 15 mL). The organic phase was transferred into a 50 mL
Schlenk tube and volatiles were removed under vacuum. The remaining procedure was performed under
an inert atmosphere. A solution of P4 (62.0 mg, 0.5 mmol) pre-dissolved in PhMe (25 mL) was added,
followed by PMHS (239 pL, 4 mmol) and ACN (24.4 mg, 0.1 mmol). The Schlenk tube was immediately and
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thoroughly wrapped in Al foil to exclude any ambient light, and the stirred reaction mixture was then heated
to 80 °C for 3 days. Following removal of volatiles under vacuum, EtOH (25 mL) and paraformaldehyde
(750 mg, 25 mmol) were added, and the resulting suspension was stirred at room temperature for 16 h. The
mixture was frozen in a liquid nitrogen bath and HCI (4.0 M in 1,4-dioxane, 5 mL, 20 mmol) was added. After
thawing, the reaction mixture was stirred at room temperature for 2 h. The pale yellow suspension was
filtered, and volatiles were removed under vacuum. The remaining oily solid residue was triturated with
Et20 (20 mL) overnight, filtered and washed with further Et,0 (20 mL). The resulting white solid was then
again dissolved in EtOH (2 x 20 mL). Following filtration and removal of volatiles under vacuum, the desired

product was obtained as a white solid (270 mg, 71%).

NMR data are identical to those reported in Supplementary Method 30.

Supplementary Method 41: Catalytic hydrostannylation of P4+ using BuzSnOMe and PMHS

under near UV LED irradiation

HO

%\07\ ) M;S?OT LA i) cat. Bu;SnOMe i) HCI o >\/OH
n n — near UV LEDs RT @ L CI@
EtOH/PhH, RT OH
THPC
17

60% conversion
10.7 turnovers

The catalytic transformation of P4 into THPC (17) was performed (and the conversion and turnover number
calculated) as described in the Methods section of the main manuscript. Relevant NMR data are provided

below.

A proposed mechanism for the catalytic reaction is outlined in Extended Data Figure 7. Complete
hydrostannylation of P4 is suggested to occur prior to H2CO insertion and subsequent ethanolysis. This is
supported by the lack of observable, partially-hydrostannylated intermediates in previous experiments (see
Supplementary Method 1, for example). Nevertheless, analogous insertion of H,CO into these transient

intermediates is also possible, and this option cannot be definitively excluded.
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Supplementary Figure 136. 3!1P{1H} NMR spectrum for the catalytic transformation of P4 into THPC (17)
via THP (16), driven by 455 nm LED irradiation.
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Supplementary Figure 137. Quantitative single-scan, inverse-gated 31P{1H} NMR spectrum for the
catalytic transformation of P, into THPC (17) via THP (16), driven by 455 nm LED irradiation.
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Supplementary Method 42: Catalytic hydrostannylation of P4+ using BuzSnOMe and PMHS
initiated by AIBN

HO
Me H
L i) cat. Bu;SnOMe i) HCI
brod v oy + A, LELEUSIONe DHG ) o
n n — cat. AIBN RT ® o

EtOH/PhH, 60 °C OH
THPC

17

59% conversion
10.6 turnovers

To a 10 mL, flat-bottomed, stoppered Schlenk tube were added EtOH (500 pL), P4 (0.03 mmol, as a stock
solution in 190 pL PhH), BusSnOMe (2.9 pL, 0.01 mmol), PMHS (57.4 pL, 0.96 mmol), AIBN (0.01 mmol, as
a stock solution in 37.0 ul PhH) and paraformaldehyde (30 mg, 1.0 mmol). The tube was sealed, wrapped in
Al foil to exclude light, and heated to 60 °C for 65 h. The mixture was then frozen in a liquid nitrogen bath
and HCI (4.0 M in 1,4-dioxane, 0.1 mL, 0.4 mmol) was added. After thawing, the reaction mixture was stirred
at room temperature for 2 h. Following addition of Ph3PO (0.04 mmo], as a stock solution in 497 uL. MeCN)
as an internal standard, the resulting mixture was analysed by 3!P{'H} NMR spectroscopy, as shown in
Supplementary Figure 138, below. The chemical shift observed for THPC (17) in these spectra is ca. 1 ppm
downfield of that observed in spectra of isolated samples, which is attributed to solvent effects and the
presence of excess HCl. That these peaks correspond to THPC was unambiguously confirmed by subsequent
addition of an authentic sample to one representative reaction, which clearly increased the intensity of this

peak.

Accurate conversion to THPC was measured by integration of a single-scan, inverse-gated 31P{'H} NMR
spectrum (Supplementary Figure 139), in line with our previously-described methodology.2® For two

independent runs, conversions of 58% and 60% were determined.

Turnover numbers (TONS; 10.4 and 10.9, respectively, for an average of 10.6) were calculated from these
conversions by factoring in the 1:6 stoichiometry of the reaction between P4 and BuzSnH. Because of this
stoichiometry, full consumption of 1 eq. of P4 relative to BusSnOMe requires six turnovers of the catalyst
(i-e. it must be used to regenerate BuzSnH six times). Equivalently, formation of 1 eq. of THPC (from 0.25 eq.
P4) requires 1.5 turnovers of the catalyst. The TON is therefore calculated as 1.5 times the molar ratio

between the THPC formed and the BusSnOMe catalyst employed.

A proposed mechanism for the catalytic reaction is outlined in Extended Data Figure 7.
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Supplementary Figure 138. 31P{1H} NMR spectrum for the catalytic transformation of P4 into THPC (17)
via THP (16), driven by AIBN initiation.
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Supplementary Figure 139. Quantitative single-scan, inverse-gated 3!P{'H} NMR spectrum for the
catalytic transformation of P4 into THPC (17) via THP (16), driven by AIBN initiation.
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