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Abstract:

Organophosphorus compounds are widely prevalent in pharmaceuticals, agrochemicals, and
functional materials, and phosphoranyl radicals represent a versatile platform for the construction
of these valuable molecules. Although the selectivity of a- and B-scission dictates the reaction
outcomes of phosphoranyl radical transformations, established strategies for tuning such
fragmentation are confined to monoradical systems and rely on local structural modification at the
phosphorus center. Herein, we realize remote N-substituent-controlled switching between a- and [3-
scission pathways of phosphorus—carbon triplet diradicals and apply this concept in a visible-light
energy transfer photocatalytic divergent rearrangement of allylic aminophosphines to access two
structurally significant organophosphorus skeletons. Computational studies reveal that the
electronic properties of N-substituents govern the geometries of phosphoranyl radicals: N-alkoxy
substituents favour a-scission, whereas N-sulfonyl substituents promote B-scission. This work
provides new mechanistic insights into heteroatom diradical reactivity and broadens the available
tools for divergent synthesis of organophosphorus compounds.

Introduction

Organic radicals, unique open-shell intermediates, are key active species for the construction and
deconstruction of chemical bonds and molecular skeletons in modern synthetic chemistry.!> Among
them, bond-forming elementary reactions such as radical addition and cyclization are well-
established, and their selectivity control has been extensively explored.>”” In contrast, the elementary
radical fragmentation reactions including a- and B-scission, which enable selective bond cleavage
and dominate radical rearrangement®'# and skeleton reorganization,'>!” remain challenging with
respect to the precise modulation of fragmentation selectivity. Conventional radical fragmentation
follows fixed single reactivity modes. For instance, boron-, carbon-, nitrogen- and oxygen-centred

organic radicals,?0->4

owing to their intrinsic electronic structures, possess only B-scission as the
dominant pathway, enabling merely site-selective control among different B-bonds according to
bond dissociation energy (BDE). By contrast, hypervalent silicon radicals prefer a-scission and only
allow site optimization within a single a-scission manifold.?>-2° None of these systems can achieve
competitive switching between discrete a- and B-scission pathways.

Among organic radicals, phosphoranyl radicals feature competing low-energy a- and B-scission
channels with well-matched energies, making them ideal platforms for selectivity modulation.?’

Their fragmentation selectivity has long been investigated,”®3 supporting access to unique



3135 and new radical transformations.?¢3° Prior studies show that

organophosphorus compounds
o/B-scission selectivity of alkoxy-, alkylthio- and aminophosphoranyl radicals is primarily governed
by BDEs and radical stability (Figure 1a). Doyle and Hong’s recent advances further broadened
phosphoranyl radical chemistry: tuning phosphine skeletons allowed selective a-scission and [3-
scission of aminophosphoranyl radicals, respectively,**#? delivering alkene aminohydrogenation
and sulfonylfunctionalization methods (Figure 1b). While switchable dual scission has been
achieved, all known systems are limited to monoradicals, and regulable scission of phosphoranyl-
based diradicals remains unreported (Figure 1c). Moreover, existing selectivity regulations rely
entirely on structural modification at the a-position of the P-center, whereas a dichotomous scission
system precisely modulated by remote substituent electronic effects has not yet been documented.
Thus, exploiting remote electronic effects to balance a-scission and B-scission of heteroatom-
containing triplet diradicals offers new mechanistic understanding of radical fragmentation and
enables divergent radical rearrangement and skeleton reconstruction.

Motivated by the aforementioned bottlenecks and our long-standing interest in phosphine
rearrangements,*** we sought to develop a dual-channel scission reaction of phosphoranyl radical-
based diradicals precisely regulated by remote electronic effects. We aimed to realize the first radical
scission-controlled divergent rearrangement, enabling the modular synthesis of structurally diverse
and synthetically valuable organophosphorus compounds. Enabled by visible-light energy transfer
(EnT) photocatalysis,*-33 we hypothesized that the styrene moiety of allylic aminophosphines could
be excited to the corresponding carbon-centered diradicals, which undergo cyclization onto the P(III)
center to furnish a key triplet phosphorus-carbon diradical intermediate. This intermediate bears
both carbon- and phosphoranyl-radical active sites and is expected to break the established reactivity
patterns of conventional phosphoranyl radicals. We envisioned that electron-donating or electron-
withdrawing effects from remote N-substituents can tune the geometry of the phosphoranyl radical
center to switch scission selectivity by modulating the SOMO energy level. That is, the strong
electron-donating character of the N-methoxy group would lead to a higher-energy, localized SOMO
of the phosphoranyl radical and thus afford a trigonal bipyramidal geometry at the P centre, where
the unpaired electron occupies an apical site.>* This structural preference favours a-scission to
generate a trivalent phosphorus-substituted aziridine. In contrast, strong electron-withdrawing
substituents such as N-tosyl would lead to a lower-energy, delocalized counterpart and thus reshape
its configuration into a square pyramidal geometry, where the unpaired electron resides at an
equatorial position via partial N-P interaction.” This structural preference favours B-scission to
generate a carbon-centered diradical, ultimately affording the rearrangement product N-sulphonyl
diphenyl(2-phenylallyl)-A>-phosphanimine (Figure 1c).

Guided by this hypothesis, we prepared allylic aminophosphines in situ via condensation of N-
substituted allylic amines with RoPCl. Using visible-light EnT catalysis, we realized the first
divergent phosphorus-skeleton rearrangement controlled by diradical scission to access
synthetically useful organophosphorus products (Figure 1d). Given the broad utility of
organophosphorus frameworks in pharmaceuticals, agrochemicals and functional materials, this
strategy enables modulation of competing radical scission pathways and facile construction of

368 Distinct from prior approaches that modify the

diverse organophosphorus compounds.
phosphorus center locally, this work establishes a new diradical regulation principle: remote
electronic effects dictate the competition between o- and -scission of heteroatom-containing triplet

diradicals. This method allows switchable assembly of two distinct phosphorus skeletons and



expands the toolbox of phosphorus radical rearrangement chemistry. The findings provide
mechanistic insights into controllable heteroatom diradical transformations and inspire new
divergent rearrangement designs.
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Figure 1. Fragmentation and Applications of Phosphoranyl Radicals. (a) Conventional
phosphoranyl radical fragmentation. (b) Phosphine-controlled aminophosphoranyl radical
fragmentation. (c) N-substituent-controlled dichotomous diradical scission, configuration analysis
and spin distribution map. (d) Divergent rearrangement of aminophosphines.

Results and discussion

Reaction conditions optimization

The study began with a one-pot reaction of N-substituted-2-phenylprop-2-en-1-amine A with
Ph,PCl in CH2Cl; in the presence of Et;N and DMAP, followed by an EnT process catalyzed by
[Ir(dF(CF3)ppy)2(dtbbpy)]PFs (Ir-F) under blue LED irradiation (455 nm, 6 W), as shown in Table
1. Initially, electron-withdrawing groups (EWGs) such as acyl and benzoyl were installed as the V-
substituent. However, only the corresponding aminophosphine intermediates A’ were formed in situ,
but no subsequent photocatalytic rearrangement occurred (Table 1, entries 1 and 2). To our delight,
when another EWG, tosyl, was employed as the N-substituent, the desired rearrangement reaction
proceeded smoothly, affording N-tosyl diphenyl(2-phenylallyl)-A*>-phosphanimine B1 in 81% yield
(Table 1, entry 3). Other photocatalysts with high triplet-state energy (TSE), such as thioxanthone
(TXT), 2,4,5,6-tetra(9H-carbazol-9-yl)isophthalonitrile (4CzIPN), and fac-Ir(ppy); (Ir), also
delivered the desired B1 in 73%, 64%, and 43% yields, respectively; while Ru(bpy)3(PF¢)2 (Ru)
with a markedly low TSE, was ineffective for the reaction (Table 1, entries 4-7). Solvent screening



indicated that CH,Cl, outperformed EtOAc and MeCN (Table 1, entries 8 and 9). Notably, replacing
tosyl-substituent by a methoxy group, an electron-donating group (EDG), completely switched the
reaction outcome: the corresponding product B was not detected, and only the phosphine-tethered
N-methoxy aziridine was generated. Upon workup with elemental sulfur Ss, this species was
isolated as stable adduct C1 in 52% yield (Table 1, entry 10). Further solvent optimization raised
the yield of C1 to 78% when EtOAc was used as the reaction medium (Table 1, entries 11 and 12).
Nevertheless, other EDGs such as alkyl and aryl groups proved inert under these conditions,
yielding neither C nor B (Table 1, entries 13 and 14).

Table 1 Exploration and Optimization

PPh,CI PC, hv Ts  MeOg
kH Et;N, DMAP LEth solvent (0.1 M) kf‘\‘l N
N, ——— R oo N
Ph R CH,Cly, Ar Ph R fan, Ar, 6-12h = ppy EhPh Ph EhPh
A 0°Ctort,2h A B1 cib

C1-minor
CCDC 2588516

Photocatalyst (PC)

FsC F ’
S O\@—‘ Bu ‘N/ PFg o
2N N<Z |(PE+~ NI
R"'~ FFe) P r FF
Z>N? | SN N7
o ‘N S BuTN Ny S

|
Ru(bpy);(PFg)2 fac-Ir(ppy)s 2,4,5,6-tetra(9H-carbazol-9- yI isophthalonitrile  [Ir(dF(CF3)ppy),(dtbbpy)]PFg thioxanthone

FiC
[Ru] {1 [4CzIPN] ( [ir-F] [TXT]

Eq: 46.0 keal/mol Eq: 58.1 kcal/mol Er: 58.3 keal/mol Eq: 61.8 keal/mol Er: 65.5 kcal/mol
EpM UM +0.77V  EqpM UM +0.31V EqpM M : +1.35V EpM M +1.21V EqpMYIM L +1.18 V
Eo[M*)/[M*]:-0.81 V EqpIM[M): -1.73V EqMY[M*]: —1.04 V Eq2[M*/[M*]: -0.89 V Ep MM -1.11 V

Low Triplet state energy > High
entry R photocatalyst solvent yield (%)
B C

1 Ac Ir-F CHxCl, NR NR

2 Bz Ir-F CHxCl, NR NR

3 Ts Ir-F CHxCly B1, 81 0

4 Ts TXT CHCl, B1,73 0

5 Ts 4CzIPN CHCl, B1, 64 0

6 Ts fac-Ir(ppy)3 CH2Cl» B1, 43 0

7 Ts Ru(bpy)3(PF6)2 CHCl, NR NR

8 Ts Ir-F AcOEt B1, 68 0

9 Ts Ir-F MeCN B1, 66 0

10 MeO Ir-F CHxCl, 0 C1,52,dr2.3:1¢

11 MeO Ir-F EtOAc 0 Cl1, 78, dr 2.5:1¢

12 MeO Ir-F MeCN 0 Cl1, 67,dr2.0:1°

13 nBu Ir-F CHxCl, NR NR

14 Ph Ir-F CHCl, NR NR

aStandard conditions: A (0.2 mmol), DMAP (20 mol%), EtsN (1.2 equiv.), and Ph,PCl (1.2 equiv.)
in dry DCM (2 mL) were stirred at 0 °C to room temperature under argon for 2 h. Ir-F (1.0 mol%)
was then added and the mixture was stirred under Ar with blue LEDs (455 nm, 6 W) irradiation for
12 h. Isolated yields. PAfter work-up with Sg in situ. ‘Diastereomer ratios were determined by 'H
NMR.



Table 2. N-Sulphonyl-Mediated f#-Scission Rearrangement of Aminophosphine®

R,PCI, EtzN, DMAP ’7

R!
‘5 E’RZ —‘ 1 mol% Ir-F, blue LEDs

R a R

BN.
CH,Cl,, Ar, 0°Cto 1t, 2 h L Ry a R J CH,Cl, (0.1 M), t, Ar, 12 h

"N
P.
RV OR
iR
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N
JL/N/TS N’BS N ps N,Ms r‘\“/Bus
5. B A8 iy iy
Ph 1~Ph Ph Ph Ph | “Ph Ph 1 ~Ph Ph 1 ~Ph
Ph Ph Ph Ph Ph
B1,81% B2, 76% B3, 61% B4, 75% B5, 79%
Variation of alk
Ts _Ts Ts Ts
N” B6, R = OMe, 61% N N N
P B7,R=Me, 77% P P P
N A 1 “Ph B8, R = CN, 65% F"hPh (E)L/ﬁhph 7 I 'ghPh
Z B9, R = m-Me, 49% o] S
B6, 77% B10,51% B11,48% B12, 55%
_Ts s Me

N N
PL Ts
| “Ph -
@kph i
Me P<
Ph Ph

B13, 46% B15, 75%, E/Z 1:1°

Variation of R,PCI

s

N Ts Me Ts
J Me N N W N
Ph B kg ‘ N Me )
Ph Ph \ P~ Ph
Me 20 PR™ 1L Me
o Me”™ "Me
Me Me Me
B18, 63% B19, 61% B20, 44% B21, 41% B22, 36%

“Standard conditions: A (0.2 mmol), DMAP (20 mol%), EtsN (1.2 equiv.), and RoPCI (1.2 equiv.)
in dry DCM (2 mL) were stirred at 0 °C to room temperature under Ar for 2 h. Ir-F (1.0 mol%) was
then added and the mixture was stirred under Ar with blue LEDs (455 nm, 6 W) irradiation for 12
h. Isolated yields are given. °Z/E ratios of alkenes were determined by 'H NMR.

Reaction scope

With the optimal conditions in hand, we explored the substrate scope of this dichotomous diradical
rearrangement. We first investigated the N-sulfonyl-tuned B-scission-mediated rearrangement, and
the corresponding results are summarized in Table 2. N-Sulphonyl examination revealed that in
addition to tosyl, other sulphonyl groups such as benzenesulfonyl (Bs), 2-naphthalenesulfonyl (Nps),
methanesulfonyl (Ms), and butanesulfonyl (Bus)-incorporated substrates A were all suitable for this
conversion, delivering the corresponding N-sulphonyl diphenyl(2-phenylallyl)-A>-phosphanimine
products B2-BS in good yields. The reaction scope was further tested by variation of the alkene
moiety. Substrates bearing 2-phenylprop-2-enyl with para-substituents of diverse electronic
properties on the phenyl ring, such as MeO, Me, and CN, all participated very well in the reaction,
giving rise to the desired products B6-B8 in good yield. Besides, the meta-substituted 2-phenylprop-
2-enyl transformed very well in the protocol and gave the desired products B9 in 49% yield. In
addition, naphthalene ethylene with a large conjugated n-system and sensitivity to EnT process was
also a good candidate in this transformation, generating the corresponding product B10 in 51% yield.
Besides aryl vinyl substrates, heteroaryl such as furan and thiophene also afforded the desired
products B11 and B12 in 48% and 55% yields, respectively. Conjugated alkenes such as 3-
methylbuta-1,3-dien-2-yl and 1-cyclohexenyl-1-vinyl were also good reaction partners, producing
the corresponding products B13 and B14 in 46% and 53% yields, respectively. Notably, when the



reaction involved terminal alkenes with substituents such as propyl and cyclopentyl at the methylene
moiety, this rearrangement took placed very well and provided A’-phosphanimine internal alkenes
B15 and B16 in good yields with a E/Z ratio of approximately 1:1 and 5:1. When internal alkenes
such as the cyclohexenyl incorporated substrate was employed, the corresponding rearrangement
generated the terminal alkenes, as demonstrated in the case of B17. Moreover, in addition to Ph,PCI,
chlorodiphenylphosphines bearing para- or meta-substituents on the benzene ring can also engage
in this reaction to afford the corresponding products B18 and B19 in 63% and 61% yields,
respectively. Heteroaryl-substituted phosphines, such as chlorodifurylphosphine also afforded the
desired product B20 in 44%
diisopropylchlorophosphine and dicyclohexylchlorophosphine are amenable to this synthetic

yield. Significantly, dialkylchlorophosphines such as

strategy too, furnishing B21 and B22 in moderate yields.

Table 3. N-Alkoxyl-Mediated a-Scission Rearrangement of Aminophosphine*

1 mol% Ir-F, blue LEDs RO B
LH EtOAc (0.1 M), fan, Ar, 6 h SN
R! N\R work up with R1‘\\V PR
A /H,0,/ Se / TsNg / BHa / CHgl 5 R
c
Variation of N-substii
MeOsy Me_~Osy Me>,/o“N POy O
pr SN P Ppp Melte ~~&P\ Ph‘\“% Ppp SN
Bh o Ph ppPh b Ph ppPh

C1,78%, dr 2.5:1°

C2,75%, dr 1.7:1°

C4,78%, dr 1.8:1°

C5, 75%, dr 2:1°

Variation of alk

MeO
MeOsy C6, R = OMe, 53% dr 3.1:1° Oy MeO. MeOx,,
W P. C7,R=CN, 73% dr 2:1? P N ) \
N o . . . ~ph “ph i
R Ph C8, R = m-Me, 60% dr 1.6:1° P @ ! @ :
> % S

C9, R = o-F, 40% dr 3.3:1°

C11, 66%, dr 1.7:1°
Variation of R,PCI
MeO., MeO,,

. N MeO~N (/ O
"i/ P Me ph\\"(/ P \\‘i/ P Ph‘\‘\ P
Ph" Ph
e
Me Me 0

C15, 66%, dr 1.6:1°

OMe Me MeO.N

.4b
C13, 62%, dr 2.8:1 C14 55%, dr 4.1:1° C16, 57%, dr 3:1° C17, 49%, dr 1.6:1°

Variation of oxidants

BH3

MeO T
e N ? MeO~N ﬁe MeO~N N s MeO~N ? MeO~N Me R
P~ X P XU P P P
Ph' ' "Ph Ph" 1 “Ph 3 > ~ ~
Ph Ph Ph F"hPh Ph F"hPh Ph Ié‘hph

C18,84%, dr 2.3:1° C19, 64%, dr 2:1° €20, 71%, dr 2:1° €21, 75%, dr 1.5:1° €22, 59%, dr 1.5:1°

aStandard conditions: A (0.2 mmol), DMAP (20 mol%), EtzN (1.2 equiv.), and R,PCI (1.2 equiv.)
in dry DCM (2 mL) were stirred from 0 °C to room temperature under Ar for 2 h. After removal of
CH:Cl, Ir-F (1.0 mol%) and EtOAc (2 mL) were added, and the mixture was stirred under Ar upon
with blue LEDs (455 nm, 6 W) irradiation with fan-cooling. Upon full consumption of intermediate
A’, the reaction mixture was treated in situ with Sg, H>O», Se, TsN3, Me>S*BH3 or CHil, respectively.
Isolated yields are given. ’Diastereomeric ratios were determined by 'H NMR.

Having successfully achieved N-sulphonyl-mediated diradical f-scission rearrangement of
aminophosphines, we next explored the scope of its a-scission counterpart contolled by N-alkoxyl
groups, with the results illustrated in Table 3. It can be clearly seen that, besides methoxy, substrates
decorated with various N-alkoxyl moieties, such as n-butyloxy (OnBu), t-butyloxy (O7Bu),



benzyloxy (OBn), and allyloxy (Oallyl), were all compatible with this conversion, delivering the
corresponding thiophosphoryl-functionalized N-alkoxyl aziridine C2-C5 in good yields.
2-Phenylprop-2-enyl substrates bearing para-phenyl substituents of divergent electronic characters,
such as MeO and CN, were well tolerated under standard conditions, affording the desired products
C6 and C7 in 53% and 73% yields, respectively. Likewise, meta-methyl and ortho-fluoro-
substituted 2-phenylprop-2-enyl substrates were also good reaction partner and afforded C8 and C9
in 60% and 40% yields, respectively. We further expanded the substrate scope to naphthyl- and
heteroaryl-substituted alkenes. Alkenes incorporating 2-naphthyl-, 3-furyl-, and 3-thienyl groups
readily underwent this reaction, giving products C10-C12 in good yields. Moreover, in addition to
Ph2PCl, chlorodiphenylphosphines with para- or meta-substituents on the phenyl rings also
performed well in this protocol, providing compounds C13-C15 in good yields. Gratifyingly,
chlorodi(2-naphthyl)phosphine and chlorodi(2-furyl)phosphine also reacted efficiently to afford
C16 and C17. To showcase the synthetic utility of this approach, the resulting phosphine
intermediates were subjected to diverse post-functionalization manipulations including oxygenation
by H»0, selenium insertion, azidation with TsN3, borane complexation with BH3-SMe,, and
quaternization with CH3l. All these derivations proceeded smoothly to furnish products C18—C22
in good to excellent yields. Collectively, these outcomes demonstrate the broad applicability and
considerable synthetic potential of this strategy toward structurally diverse organophosphorus

frameworks.
Compatibility with natural products?
a
o]
Me0—4,
N/ § L-proline, C23, 80%”
[ 2
MeO,
© \Nz/ Me
;r;Ph Me
o o,
& ﬁ
/Nf Me
cholesterol, B24, 60% Me  dehydroabietylamine, C24, 73%"
Follow-up transformation®
b Ts
0 N mCPBA TFA (2 equiv.), H,0 (3 equiv.) HJLE’
P - ~
PH '\)hph CH,Cl, (0.1 M) ‘ | CH,Cly (0.1 M), rt, 2 h MeO Ph F—"hPh
0°C,60h
D1, 65% T i F1, 86%
N °N o
Ph pRPn Ph F\,;Ph
B1 c18
OEt O
k? 3 M H,S0, ‘ | TFA (2 equiv.) HWB
B - - p N
N - MeO Ph
Ph prPh 1,4-dioxane (0.1 M) EtOH (0.1 M), 1t, 2 h © Ph  Ph
0,
E1, 87% 100°C,3h G1,81%

Figure 2. Reaction Compatibility and Follow-up Transformation. (a) Compatibility with natural
products. *Standard conditions. "Product was obtained as a mixture of diastereomers (see
Supplementary Information (SI) for detail). Isolated yields are given. (b) Follow-up transformation.
°B1 or C18 (0.2 mmol), see SI for detail.

To demonstrate the generality and practical utility of this method, the photocatalytic
aminophosphine rearrangement was applied to a range of natural products and drug derivatives

(Figure 2a). Gratifyingly, substrates derived from L-menthol and cholesterol smoothly underwent



[-scission rearrangement of the aminophosphine moiety, affording products B23 and B24 in 55%
and 60% yields, respectively. Furthermore, L-proline- and dehydroabietylamine-derived substrates
also exhibited excellent reactivity toward a-scission rearrangement, delivering compounds C23 and
C24 in 73% and 80% yields, respectively. To further demonstrate the synthetic utility of this method,
a set of downstream transformations were performed (Figure 2b). Epoxidation of the C=C double
bond in B1 with mCPBA delivered D1 in 65% yield, while hydrolysis of the imine moiety in B1
with 3 M H,SO4 gave E1 in 87% yield. In addition, under trifluoroacetic acid (TFA) promotion,
ring-opening nucleophilic substitution of phosphoryl-featured aziridine C18 with H,O furnished F1
in 86% yield, while ethanolysis with EtOH yielded G1 in 81% yield via selective C-O bond
formation.

To reveal the mechanistic details of this transformation, a set of control experiments were carried
out (Figure 3a). When 2,2,6,6-tetramethylpiperidin-1-oxyl (TEMPO), a carbon-radical scavenger,
was introduced into the model reactions of A’1-Ts and A’'1-OMe under standard conditions, both
reactions were fully suppressed, and no desired products B1 and C'1 could be detected. Comparable
inhibitory effects were also observed upon addition of the triplet quencher
2,5-dimethylhexa-2,4-diene to these model reactions. Furthermore, upon direct irradiation with
purple LEDs (365 nm, 6 W) in the absence of photocatalyst, the model reactions still afforded B1
and C'1 in 26% and 28% yields, respectively. Collectively, these observations corroborate that the
rearrangement proceeds via a triplet diradical pathway. UV-vis absorption measurements of
A'1-OMe, A'1-Ts and the Ir-F photocatalyst demonstrate that only Ir-F exhibits intense absorption
at 450 nm, which supports a triplet-triplet energy-transfer mechanism for this transformation (see
supplementary information for UV-vis absorption).

To elucidate the mechanistic origin of N-substituent-tuned selective radical o- or B-scission in
this phosphanamine rearrangement, density functional theory (DFT) calculations were performed
using A'1-OMe and A'1-Ts as model substrates (Figure 3b-d). First, the triplet energy of A’1-OMe
was calculated to be 48.8 kcal mol-!, which falls within the EnT sensitization range for typical
organic photosensitizers and thus validates the feasibility of visible-light EnT. Photosensitization
generates the triplet excited state 3A"1-OMe, which undergoes carbon-radical mediated cyclization
onto the P (IlI)-atom via TS1-OMe (AG* = 6.4 kcal mol!) to furnish the key phosphoranyl-based
triplet diradical intermediate INT1-OMe. From INT1-OMe, N-P bond cleavage proceeds through
TS2 with a low barrier of 8.7 kcal mol”, yielding the 1,3-triplet N,C-diradical INT2. In sharp
contrast, the competing C-N bond cleavage via TS2' is kinetically prohibitive (AG* = 23.2 kcal mol-
1 and fails to produce the 1,2-triplet diradical INT2'. The favorable INT2 intermediate subsequently
undergoes intersystem crossing (ISC) to the singlet state, followed by intramolecular radical-radical
coupling across the N- and C-centered radical sites to deliver the final aziridine product C'1.

For A'1-Ts, EnT-promoted photosensitization generates the triplet excited state *A'1-Ts, which
undergoes carbon radical-mediated cyclization onto the P(II) center via TS1-Ts (AG! =
4.9 kcal mol") to furnish INT1-Ts. Subsequent C-N bond cleavage through TS3 demands an
activation free energy of 22.4 kcal mol!, while N-P bond cleavage via TS3' proceeds with a lower
barrier of 17.0 kcal mol-!. Notably, the a-/B-scission selectivity predicted by these energy barriers
contradicts the experimental observations, motivating us to search for alternative pathways that can
account for the experimental selectivity. Given the biradical character of INT1-Ts, we envisioned a
fragmentation channel engaging both radical sites, analogous to 1,4-biradical cleavage in Norrish
type II reactions.**** This mechanistic manifold differs fundamentally from conventional radical
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rearrangements. Following this hypothesis, we identified a minimum-energy crossing point (MECP,
AE = 2.6 kcal mol!) linking the triplet potential-energy surface of INT1-Ts to the singlet surface
that yields B1. An alternative pathway toward C'1-Ts via N—P bond cleavage was also evaluated,
which proceeds through a higher-energy MECP’ (AE = 5.1 kcalmol!). These computational
findings indicate that the triplet-to-singlet ISC pathway leading to B1 is energetically preferred.
Orbital analysis for the SOMO and SOMO-1 of the triplet biradical INT1-Ts shows parallel
p-orbital alignment at the carbon- and phosphorus-centered radical sites (Figure 3d). This orbital
arrangement further corroborates the feasibility of the Norrish type Il-like 1,4-biradical
fragmentation. On the basis of the aforementioned studies, a plausible reaction mechanism is
depicted in Figure 3e. In-situ condensation of amines A with R,PCI under basic conditions affords
aminophosphines A’. Visible light-mediated EnT populates the triplet excited state 3A’ via
sensitization of the vinyl moiety of A’. This species undergoes fast radical cyclization, where the
terminal carbon radical attacks the P(III) center, generating phosphoranyl-based triplet diradical
intermediates I. Driven by the electronic nature of the N-substituent, intermediates I undergo
selective a- or B-scission of the phosphoranyl radical. For N-alkoxy-substituted I, a-scission occurs
to furnish triplet 1,3-C,N-diradical II. Subsequent ISC of II delivers singlet diradical I1I, which
collapses to give N-alkoxy aziridine C'. Further in-situ derivatization of C' using with Sg, H,O»,
selenium powder, TsN3, BH3*SMe,, or CH3l yields the final products C. In contrast,
N-sulfonyl-substituted I proceeds via ISC to generate phosphoranyl-based singlet diradical
intermediates IV, which then undergo Norrish type Il-like 1,4-diradical fragmentation to afford
N-sulfonyl allyl-A’>-phosphanimines B.

Conclusion

In summary, this study establishes a mild visible-light energy transfer photocatalytic protocol that
enables divergent fragmentation of in situ generated aminophosphoranyl radicals using readily
accessible amines and chlorophosphines as starting materials. Simply tuning the N-substituent
allows precise switching of the radical cleavage pathway, effectively addressing the inherent
limitation of fragmentation selectivity control in radical chemistry. Specifically, N-alkoxy
substituents favor a-scission to furnish phosphine-featured aziridine skeletons, whereas N-sulfonyl
substituents trigger Norrish type II-like 1,4-diradical B-fragmentation to yield A’>-phosphanimine
products. DFT calculations demonstrate that the electronic properties of N-substituents govern
product selectivity by modulating the geometric configuration and orbital alignment of
phosphoranyl radicals. The resulting phosphine-featured aziridine and A°-phosphanimine
frameworks serve as versatile organophosphorus building blocks that tolerate diverse downstream
functionalizations. Featuring broad substrate compatibility, tunable product scaffold, and high step
economy, this modular and practical strategy provides a facile platform for the construction of
structurally diverse organophosphorus compounds.
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