Chinese Chemical Letters 37 (2026) 111941

journal homepage: www.elsevier.com/locate/cclet

Contents lists available at ScienceDirect

Chinese Chemical Letters

Stereodivergent reductive C(sp?)-C(sp®) coupling between cycloketone  m

Check for

oximes and vinyl halides enabled by tunable photoredox/Ti dual

catalysis

Huai-Gui Li#P<!, Can-Ming ZhuP<!, Weidong Yuan?, Hongyi Chen?, Zhengyuan Bo?,
Chao Deng?*, Yingguang Zhu®*, Kang Chen?®*, Qing-Yuan Mengbc*

2 Jiangsu Key Laboratory of Pesticide Science and Department of Chemistry, College of Sciences, Nanjing Agricultural University, Nanjing 210095, China
b Beijing National Laboratory for Molecular Sciences, CAS Key Laboratory of Molecular Recognition and Function, Institute of Chemistry, Chinese Academy of

Sciences, Beijing 100190, China
¢ University of Chinese Academy of Sciences, Beijing 100049, China

ARTICLE INFO ABSTRACT

Article history:

Received 23 July 2025

Revised 27 September 2025
Accepted 9 October 2025
Available online 10 October 2025

Keywords:

Photoredox/Ti dual catalysis
Stereodivergent

Reductive C(sp?)-C(sp?) coupling
Vinyl halides

E/Z Isomerization

The stereodivergent coupling via photoredox/transition metal catalysis has emerged as a powerful tool
to construct diverse alkenes in both E and Z configurations. Despite well-established catalytic systems
involving late transition metals, the early transition metal catalyzed stereodivergent synthesis of alkenes
still remains underdeveloped. Herein in this work, a stereodivergent reductive C(sp?)-C(sp?) coupling be-
tween cycloketone oximes and vinyl halides has been achieved by tunable photoredox/Ti dual catalysis,
providing a facile access to a broad scope of cyano-substituted (fluoro)alkenes with high efficiency and
controlled E/Z selectivity. Several products exhibited promising antifungal activities.

© 2026 Published by Elsevier B.V. on behalf of Chinese Chemical Society and Institute of Materia

Medica, Chinese Academy of Medical Sciences.

Alkenes are ubiquitous structural units in organic molecules, in-
cluding natural products, pharmaceuticals, and feedstock chemi-
cals [1,2]. They are also recognized as privileged synthetic build-
ing blocks that can be readily converted into various functional
groups [3-5]. Since the different configurations of alkenes signif-
icantly impact their bioactivity (Scheme 1a) [6-9], it is of great
value for a precise manipulation of alkene configurations in both
organic synthesis and pharmaceutical discovery. Vinyl halides are
widely employed as important electrophilic coupling reagents in
alkenylation reactions, predominantly yielding thermodynamically
stable E-alkenes [10,11]. However, the stereodivergent synthesis of
alkenes from vinyl halides, which combine the coupling with vinyl
halides and the E/Z photoisomerization of alkene products [12-20],
is still inadequately explored to date.

Particularly, gem-difluoroalkenes, a wunique class of vinyl
halides, are synthetically useful substrates for the synthesis of
thermodynamically stable Z-monofluoroalkenes through defluori-
native couplings with diverse radical precursors [21-29]. In con-
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trast, the formation of thermodynamically unfavorable E-selective
isomers has been rarely reported. An exemplary case of selec-
tive E-monofluoroalkene synthesis through defluorinative coupling
between gem-difluoroalkenes and redox-active sulfone deriva-
tives has been presented by Crudden and colleagues (Scheme
1b) [30]. Nonetheless, achieving high stereoselectivity for E-
monofluoroalkenes in this transformation has been limited to ster-
ically congested 3° alkyl radical precursors as coupling partners.
Given that monofluoroalkenes serve as bioisosteres of the amide
functional group [31], enhancing the bioactivity and metabolic
stability of organic molecules, there is a strong demand for de-
veloping novel methods that enable stereodivergent synthesis of
monofluoroalkenes from gem-difluoroalkenes under mild condi-
tions. Cycloketone oxime esters and ethers are frequently utilized
as crucial precursors for constructing cyano-substituted scaffolds
in a cyanide-free manner [32-37]. While the prefunctionalization
of cycloketone oximes with redox-active auxiliaries can promote
N-O homolysis to initiate the ring-opening process, directly using
unprotected cycloketone oximes as substrates would significantly
reduce waste generation, enhancing step- and atom-economy in
these transformations. However, in the absence of redox-active
auxiliaries, cycloketone oximes possess highly negative reduction
potentials (Eoq < —3.0V vs. SCE), rendering N-O homolysis via a
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Scheme 1. Stereodivergent C(sp?)-C(sp?) coupling between cycloketone oximes and vinyl halides enabled by tunable photoredox/Ti dual catalysis.



H.-G. Li, C.-M. Zhu, W. Yuan et al.

Table 1
Optimization of reaction conditions.?
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CN
_OH o
(Lo R (v oy
<> + or P>
Solvent, blue LEDs, N, rt
1a 2a 3a, E-selectivity 4a, Z-selectivity
Entry PC Ti catalyst Solvent Time (h) Yield (%) (E:Z) ©
1 4CzIPN Cp,TiCl, (10 mol%) DCE 24 40 (>99:1)
2 4DPAIPN Cp,TiCl; (10 mol%) DCE 24 34 (>99:1)
3 [Ir(dFCF; ppy),dtbbpy]PFg Cp,TiCl, (10 mol%) DCE 24 31 (74:26)
4 fac-Ir(ppy)s Cp,TiCl, (10 mol%) DCE 24 11 (75:25)
5 4CzIPN Cp,Ti(OTf), (10 mol%) DCE 24 0 (>99:1)
6 4CzIPN Cpy(TFA), (10 mol%) DCE 24 2 (>99:1)
7 4CzIPN Cp*TiCl; (10 mol%) DCE 24 34 (>99:1)
8 4CzIPN CpTiCl; (10 mol%) DCE 24 8 (>99:1)
9 4CzIPN Cp,TiCl, (10 mol%) DCE:MeOH (9:1) 24 7 (>99:1)
10 4CzIPN Cp,TiCl, (20 mol%) DCE:MeOH (9:1) 24 53 (>99:1)
11 4CzIPN Cp,TiCl, (20 mol%) DCE:MeOH (9:1) 48 2 (>99:1)
12b 4CzIPN Cp,TiCl, (20 mol%) DCE:MeOH (9:1) 48 72 (>99:1)
13P [Ir(ppy),dtbbpy]PFs Cp,TiCl, (20 mol%) DCE:MeOH (9:1) 72 8 (>99:1)
14° [Ir(dFppy ), dtbbpy]PFg Cp,TiCl, (20 mol%) DCE:MeOH (9:1) 72 9 (50:50)
15P [Ir(dFCF; ppy),dtbbpy]PFg Cp,TiCl; (20 mol%) DCE:MeOH (9:1) 72 59 (30:70)
164 [Ir(dFCF; ppy),dtbbpy]PFs Cp,TiCl, (20 mol%) DCE:MeOH (9:1) 72 6 (22:78)
17bd [Ir(dFCF5 ppy),dtbbpy]PFg Cp,TiCl, (20 mol%) DCE:MeOH (4:1) 72 72 (22:78)
18b.d [lr(dFCF;ppy)zdtbbpy]PFs Cp,TiCl; (20 mol%) DCE:MeOH (3:1) 72 2 (22:78)
19° Cp,TiCl, (20 mol%) DCE:MeOH (9:1) 48 26 (>99:1)
200 4CzIPN — DCE:MeOH (9:1) 48 n.d.
21b-e 4CzIPN Cp,TiCl, (20 mol%) DCE:MeOH (9:1) 48 n.d.
220.f 4CzIPN Cp, TiCl, (20 mol%) DCE:MeOH (9:1) 48 n.d.

2 Reactions were performed with 1a (0.40 mmol), 2a (E:Z=92:8) (0.20 mmol), photocatalyst (2.0 mol%), Cp,TiCl, (10 mol%), and DIPEA (0.24 mmol) in solvent at room
temperature under N, atmosphere and the irradiation of a 9W blue LED lamp. Isolated yield based on 2a. n.d.= not detected.

b Reactions were performed with 1a (0.20 mmol) and 2a (0.40 mmol).

¢ The E/Z ratio of products were determined by 'H NMR analysis of the crude reaction mixture.

4 15 W blue LED lamp was used.
¢ No DIPEA.
f In the dark.

single electron transfer (SET) reduction process impractical. Fur-
thermore, oximes inherently function as N- and O-nucleophiles,
potentially producing nitrones (N-nucleophilic products) and oxime
ethers (O-nucleophilic products) as byproducts when reacting with
electrophilic coupling reagents [38]. To achieve stereodivergent
coupling between cycloketone oximes and vinyl halides, an optimal
catalytic system should not only generate nucleophilic C-centered
radicals from cycloketone oximes in high chemoselectivity, but also
facilitate the facile modulation of E/Z products through minor ad-
justments of the catalytic components (Scheme 1c).

To address aforementioned issues, we pay our attention to the
earth-abundant early transition metal Ti [39,40]. As known, the
Ti'V compound could be readily converted to Till species under
photoinduced SET reduction [41-45]. Subsequently, the highly ox-
ophilic Ti' species would facilitate the N-O homolysis of cycloke-
tone oximes (BDE: Ti-O bond 112 kcal/mol; N-O bond 44 kcal/mol)
[46-47], which eventually gives the desired cyanoalkyl radicals. In
recent years, the cooperative metallaphotoredox catalysis has sig-
nificantly enriched the chemistry of stereodivergent alkene synthe-
sis. Despite well-established catalytic systems involving late tran-
sition metals (such as Pd [48,49], Ni [50-54], and Cu [55-57]),
the early transition metal catalyzed stereodivergent synthesis of
alkenes, especially for monofluoroalkenes, still remains underde-
veloped. Herein, we report a stereodivergent C(sp?)-C(sp3) cou-
pling between cycloketone oximes and vinyl halides via tunable
photoredox/Ti dual catalysis (Scheme 1d). The stereoselectivity of
products is precisely controlled by tuning photocatalysts with dif-
ferent triplet energies for the triplet-triplet energy transfer (EnT).
This methodology features mild reaction conditions, broad scope
of vinyl halides, and good functional group tolerance, providing a
unique and general platform for constructing cyano(fluoro)alkenes
in both configurations.

We commenced our investigations into the photocatalytic stere-
odivergent protocol by using cyclic ketoxime 1a and vinyl bro-
mide 2a as model substrates (Table 1). Combing Cp,TiCl, as the
titanocene catalyst and N,N-diisopropylethylamine (DIPEA) as the
stoichiometric reductant, we were delighted to find that the ex-
posure of reaction mixture in a DCE solution to a 9W blue LED
lamp in the presence of 4CzIPN (Er =58.3 kcal/mol) as the pho-
tocatalyst afforded 40% vyield of 3a with exclusive E selectiv-
ity (E/Z>99:1) (Table 1, entry 1). Other photocatalysts including
4DPAIPN, [Ir(dFCFsppy),dtbbpy]PFs and fac-Ir(ppy)s, resulted in
lower yields and E selectivity (Table 1, entries 2-4). The substitu-
tion of titanocene catalyst with Cp,Ti(OTf),, Cp,Ti(TFA),, Cp*TiCl;
or CpTiCl; led to diminished yields (Table 1, entries 5-8). Af-
ter a series of modulation in solvents, catalyst loading, irradia-
tion time, and the equivalent ratio of substrates (Table 1, en-
tries 9-12, for more details see Table S3 and S4 in Support-
ing information), we finally obtained the coupling product 3a in
an optimal yield (72%) and excellent E selectivity (E/Z>99:1).
Later on, further investigations on the Z-alkene formation re-
vealed that Ir photocatalyst with lower triplet energy such as
[Ir(ppy),dtbbpy|PFg (Et=51.0kcal/mol) and [Ir(dFppy),dtbbpy]PFg
(Er =57.1kcal/mol) were difficult to drive the Z/E isomerization
(Table 1, entries 13 and 14). To our delight, a reversal of Z/E ra-
tio in the coupling product (4a) was obtained as the main prod-
uct when [Ir(dFCF3ppy),dtbbpy|PFs (Er =61.8 kcal/mol) was em-
ployed as the photocatalyst under the prolonged irradiation time
(Table 1, entry 15). It was noted that different ratios of DCE and
MeOH mainly influenced the yield of 4a, while the ZJE selec-
tivity between 3a and 4a remained unchanged (Table 1, entries
16-18). Control experiments indicated the absence of photocata-
lyst would significantly decrease the reaction efficiency (Table 1,
entry 19), and titanocene catalyst, reductant, and light irradia-
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Scheme 2. Stereodivergent coupling between cycloketone oximes and vinyl halides. Reaction conditions: 1 (0.20 mmol), 2 (0.40 mmol), PC (2.0 mol%), Ti catalyst (20 mol%),
and reductant (0.40 mmol) in DCE:CH;0H at room temperature under N, atmosphere and the irradiation of a blue LED lamp unless otherwise noted. Isolated yields based
on 1 were reported. The Z/E ratio of products were determined by 'H NMR analysis of the crude reaction mixture.

tion were all essential for the product generation (Table 1, entries
20-22).

With the optimal conditions in hand, we further explored the
substrate scope of stereodivergent reductive C(sp?)-C(sp?) coupling
between cycloketone oximes and vinyl halides enabled by tunable
photo/Ti dual catalysis. As outlined in Scheme 2, vinyl electrophiles
with various leaving groups (Br, Cl, I and PhSO,) are all suitable
for this transformation, providing the (E)-alkene 3a in moderate to
good yields (Method A). A broad range of vinyl bromides bearing
both electron-rich and electron-deficient aromatic groups at para-
or ortho-position on the aromatic rings successfully underwent the
desired reductive C(sp?)-C(sp?) coupling, yielding structurally di-
verse cyano-functionalized alkenes with synthetically useful yields
and excellent E selectivity (3b-3h, 50%—69% yields, E/Z>99:1).
Substrates containing di-substituted aryl groups, naphthalene ring,
and heteroaryl motifs were all well-tolerated under standard con-
ditions (3i-3q, 50%—77% yields, E/Z > 99:1). Gratifyingly, this pro-
tocol was adaptable to the late-stage functionalization of com-
plex molecules derived from pharmaceutical compounds such as
diflunisal and febuxostat (3r and 3s). In addition, the diphenyl-
substituted vinyl bromide could smoothly participate in this cou-
pling reaction (3t). Next, the scope of cycloketone oximes were

explored with bromostyrene as the coupling reagent. Oximes fea-
turing various heteroatoms, as well as diverse functional groups
at a- or B-positions were all viable partners for this reaction, de-
livering the corresponding products with promising yields (3u-3z,
40%—70% yields, E/Z>99:1). Either spiroring-containing oxime or
bicyclic oxime could also efficiently participate in this transforma-
tion (3aa and 3ab). Furthermore, the less strained five-membered
dihydrofuranone oxime could undergo such a ring-opening reduc-
tive C(sp?)-C(sp?) coupling, affording the desired product 3ac in a
moderate yield.

We subsequently examined the substrate scope with respect to
Z-selectivity using an Ir-based photocatalyst, which facilitated a re-
action pathway involving both C(sp2?)-C(sp3) coupling and triplet-
triplet energy transfer induced Z/E isomerization (Method B). Vinyl
bromides with electron-donating substituents at ortho-position ex-
hibited moderate Z- selectivity in the coupling reaction (4b-4d).
Notably, bromostyrenes with electron-withdrawing groups such as
CF3, ester, and halogen atoms mainly afforded the correspond-
ing cross-coupling products 4e-4i in synthetically useful yields
and good to excellent Z-selectivity (50%—71% yields, Z/E=90:10
to > 99:1). The coupling products of oximes bearing various dif-
ferent heteroatoms reserved good Z selectivity in this transforma-
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Scheme 3. Stereodivergent coupling between cycloketone oximes and gem-difluoroalkenes. Reaction conditions: 1 (0.20 mmol), 5 (0.40 mmol), PC (2.0 mol%), Ti catalyst (20
mol%), and reductant (0.40 mmol) in DCE:CH30H at room temperature under N, atmosphere and the irradiation of a blue LED lamp unless otherwise noted. Isolated yields
based on 1 were reported. The Z/E ratio of products were determined by '"H NMR analysis of the crude reaction mixture. 5.0 mmol scale reaction.

tion (4j-41). The B-substituted oximes displayed excellent stereos-
electivity under recent conditions (4m and 4n, Z/E > 99:1). Oximes
which generated secondary alkyl radicals via ring opening worked
smoothly in this transformation as well (40-4q).

The stereodivergent defluorinative C(sp?)-C(sp3) coupling be-
tween gem-difluoroalkenes and cyclic ketoximes was further in-
vestigated (Scheme 3). Under modified conditions (Method C, see
Table S7 and S8 in Supporting information for detailed screen-
ing), a broad array of gem-difluoroalkenes bearing substituents
with different electronic properties managed to afford thermody-
namically stable Z-monofluoroalkenes in moderate to good stere-
oselectivities (6a-60, Z|/E=84:16 to 97:3). Mono-substituted aryl
gem-difluoroalkenes bearing either electron-donating or electron-
withdrawing group generally exhibited good Z-selectivity (6a-6f).
Particularly, for 2,4-disubstuted substrates, the combination of sub-
stituents with different electronic properties would present good
Z-selectivity (6h-6j). However, two electron-withdrawing groups at
both ortho- and para-sites in substrates would diminish the stere-
oselectivity (6g and 6k). Notably, a scale-up reaction managed to
produce 6h in 60% yield and 97:3 ZJE ratio. A variety of functional

groups such as ester, ether, sulfonyl group, CF3 group, halogen
atoms, and heteroaryl rings were all compatible in this reaction
system. The late-stage functionalization of gem-difluoroalkenes de-
rived from difunisal and febuxostat was also readily achieved (6p
and 6q). Meanwhile, the difluoroalkene bearing two aryl rings
worked quite smoothly (6r). The effects of substitution patterns on
the cycloketone oximes were also examined, confirming their suit-
ability for this reaction. A variety of cycloketone-derived oximes
bearing functionalities at either «- or B-positions were success-
fully transformed into the desired Z-monofluoroalkenes in mod-
erate to good yields and stereoselectivity (6s-6w, Z/E=83:17 to
92:8). Particularly, oximes with bicyclic or spiroring motifs as
well as five-membered ring exhibited high Z-selectivity (6x-6z,
Z/E >90:10).

Finally, we turned our attention to evaluating the scope of gem-
difluoroalkenes and cycloketone oximes for E-selective monoflu-
oroalkene synthesis (Method D, see Table S9 in Supporting in-
formation for detailed screening). The presence of ortho-electron-
withdrawing substituents such as -Br, -CF3, -Cl, and -CO,Me on
the aromatic ring of difluoroalkenes was crucial for achieving
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Scheme 4. Synthetic applications. (a) HCI, 40°C, 0.5 h. (b) TMSCI, EtOH, 60°C, 12 h. (c) NiCl,, (Boc),0, NaBH,4, MeOH, r.t., 36 h. (d) Cu(OAc),, Et3N, 2-aminobenzenethiol, EtOH,
75°C, 24 h. (e) Pd(PPhs),, dibenzofuran-2-ylboronic acid, K,CO3, THF:H,0 (10:1), 80°C. (f) Pd(PPhs),, Cul, ethynylbenzene, Et3N, 80°C, 24 h. (g) Pd(PPhs),, B,pin,, CH3COOK,
DMSO, 80°C, 24 h, N,. (h) (1R,2R)-(-)-1,2-diaminocyclohexane, Cul, benzamide, K3PO,4, 110 °C, dioxane. (i) CF3COOH, r.t., 2 h, then NaOH (aq.).

thermodynamically unfavored E-monofluoroalkenes, giving rise to
the corresponding products in moderate to good stereoselectiv-
ity (7a-7e, 39%—-72% yields, E/Z=82:18 to 90:10). Oximes that
generated more sterically hindered secondary cyanoalkyl radicals
via ring opening demonstrated superior E-selectivity control com-
pared to those produced primary radicals (7f-7k). To our delight,
the probenecid-derived oxime underwent defluorinative coupling
smoothly, delivering the E-monofluoroalkene in excellent selectiv-
ity (71, 52% yield, E/Z=95:5).

To demonstrate the synthetic application of monofluoroalkenes,
the compound 6j was employed as a versatile synthetic build-
ing block in various transformations (Scheme 4). The cyano group
in 6j was efficiently transformed into either an amide (8) or es-
ter (9) under acidic conditions. Boc-protected amide 10 was ob-
tained from 6j in a moderate yield via a tandem Ni-mediated re-
duction/Boc protection. The synthesis of benzothizole-containing
product 11 from 6j was also achieved via Cu catalysis. In addi-
tion, the compound 6j was able to participate in Pd-catalyzed
cross-coupling reactions to forge new C-C bonds, affording ary-
lation product 12 and alkynylation product 13 in good yields, re-
spectively. Furthermore, the success of Pd-catalyzed Miyaura bo-
rylation (14) and Cu-catalyzed Ullmann-type amidation (15) from
6j allowed for the efficient installation of hetero-atom-containing
functional groups on the aryl moiety. Finally, this methodology was
applied in the facile synthesis of monofluoroalkene 17, which was
considered as the bioisostere of a neuropeptide receptor antagonist
candidate [58].

Phytopathogenic fungi have posed a significant threat to
both the quantity and quality of food production, highlighting
the urgent need for novel antifungal agrochemicals. Given the
widespread presence of alkene structural motifs in bioactive com-
pounds, we conducted an in vitro evaluation of cyano-containing

alkene derivatives, using the commercially available fungicide
boscalid as a positive control. As outlined in Table S10 (see Sup-
porting information for details), thermodynamically stable (E)-
alkenes 3e and 3i exhibited superior inhibition rates against R.
solani and C. orbiculare compared to boscalid. Conversely, their (Z)-
isomers 4b and 4i exhibited slightly lower inhibition rates, indicat-
ing that the configuration of alkenes might influence their biolog-
ical activity. Moreover, the diflunisal-derived alkene 3r displayed
moderate inhibitive activity, while its monofluoro-substituted ana-
log 6p showed enhanced antifungal activities, particularly against
C. orbiculare. These findings revealed that the installation of fluo-
rine atom can significantly modulate the biological activity of or-
ganic molecules. Overall, the preliminary in vitro antifungal activi-
ties of cyano-containing alkenes suggest their potential for further
scaffold optimization.

To gain deep insights into the mechanism of this stereodiver-
gent coupling reaction, a series of mechanistic investigations were
performed. The addition of radical scavengers such as TEMPO or
1,1-diphenylethylene into reaction system completely inhibit the
generation of coupling product 3i, and the corresponding radical-
trapping adducts 18 and 19 were observed (Scheme 5a). These re-
sults indicated that the cyanoalkyl radical generated from the ring
opening of cycloketone oximes is likely a plausible intermediate
in this reaction. Upon blue light irradiation, the UV-vis absorp-
tion of a mixed solution of Ir photocatalyst, Cp,TiCl, and i-Pr,NEt
significantly decreased around 520 nm within 30 min (Scheme 5b),
indicating the consumption of Cp,TiCl, occurred. In addition, the
DCE solution of 4CzIPN/Cp,TiCl, exposed to blue light was EPR ac-
tive, showing a signal consistent with the simulation of Cp,TilCl
(Scheme 5c), which provided additional evidence for the genera-
tion of Cp,TilllCl species via a single electron transfer from pho-
tocatalyst 4CzIPN to Cp,TiCl,. The Stern-Volmer quenching experi-
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Scheme 5. Mechanistic investigations. (a) Radical trapping reactions. (b) UV-vis absorption spectrum of Cp,TiCl, in presence of Ir photocatalyst and i-Pr,NEt. (¢) EPR
experiment. (d) Stern-Volmer quenching experiments. (e) Control experiments. (f) Kinetic profiles for E/Z isomerization of coupling products.

ments (Scheme 5d and Fig. S7 in Supporting information) demon-
strated that Ti!V catalysts effectively quenched both excited 4CzIPN
and [Ir(dFCF3ppy),dtbbpy]PFg, indicating the coupling reaction was
initiated by the SET reduction of TilV catalysts. Notably, the ther-
modynamically stable product 6h served as a week quencher for
the excited Ir photocatalyst, revealing that the energy transfer
(EnT) from the triplet Ir photocatalyst (Et=61.8kcal/mol) to 6h
(Er =63.4 kcal/mol) might be involved in the reaction pathway. In
addition, the quenching rate of [Ir(dFCF3ppy),dtbbpy]PFg quenched
by 6h was Kq=1.9 x 108L mol~! s~1, which were faster than that
of 4CzIPN quenched by 6h (Kq=2.7 x 107 L mol~! s~! (for more
details see Fig. S7 in Supporting informatoin). These kinetic data
supported that [Ir(dFCF3ppy),dtbbpy]PFs was a more efficient EnT
photocatalyst than 4CzIPN for the E/Z isomerization of 6h. It was
interesting to find that the presence of Ti catalysts in control
reactions had no significant effect on the E/Z ratio of monoflu-
oroalkenes in the isomerization of a stereochemically pure (Z)-
monofluoroalkene 6h (Scheme 5e), despite the fact that Ti catalysts
were shown to be more competitive quenchers than 6h. Further-
more, kinetic profiles clearly unveiled the thermodynamically sta-
ble (E)-alkene 3i (Er =62.1kcal/mol) and (Z)-monofluoroalkene 6k
(Er =62.2 kcal/mol) were observed as predominant products in the
early stage of coupling reactions (Scheme 5f). As the reaction pro-
gressed, the amounts of corresponding thermodynamically unsta-
ble (Z)-alkene 4i and (E)-monofluoroalkene 7a increased, leading

to a reversal of the E/Z ratio of products. These observations sug-
gest that the E/Z isomerization of products can be ascribed to the
energy transfer process catalyzed by the photoactive Ir complex.

On the basis of mechanistic studies, we depicted the plausible
reaction mechanism as shown in Scheme 6. Initially, the titanocene
catalyst undergoes single electron transfer (SET) reduction by ex-
cited photocatalyst, resulting in the generation of a Ti'll. species.
The highly oxophilic Ti! species would facilitate N-O homolysis
of cycloketone oximes to give iminyl radical intermediate B, which
is subsequently converted into cyanoalkyl radical C via a facile
ring opening process. Then, the intermediate C was captured by
vinyl bromides and gem-difluoroalkenes to form the benzylic radi-
cal intermediate D and F, respectively. D and F are further reduced
to corresponding carboanions E and G, leading to the formation
of thermodynamically favored alkene products via B-halide elim-
ination. The photoinduced E/Z isomerization of alkenes eventually
yields less thermodynamically stable isomers via triplet-triplet en-
ergy transfer between alkenes and the Ir photocatalyst.

In conclusion, we have realized a tunable photoredox/Ti dual
catalyzed stereodivergent C(sp?)-C(sp3) coupling between cycloke-
tone oximes and vinyl halides, providing a facile access to a broad
scope of cyano-substituted (fluoro)alkenes with high efficiency and
controlled E/Z selectivity. The success of product derivatization un-
derscores the utility of this protocol in synthetic organic chem-
istry. Mechanistic investigations have revealed the generation of
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Ti"" species and the origin of observed E/Z stereoselectivity. Ad-
ditionally, several cyano-substituted (fluoro)alkene compounds ex-
hibited antifungal activities, suggesting potential for further agro-
chemical development.
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