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A B S T R A C T

Hydrogen-atom-transfer (HAT) is an efficient way for direct C��H functionalization of inert C��H bonds,
therefore it has attracted great interests in recent years. So far, various HAT catalysts have been
developed. Among them, quinuclidine and its derivatives show different characters toward other HAT
catalysts as they tend to abstract electron-rich and hydridic hydrogens in the presence of weak and
neutral C��H bonds. These features enable direct C��H functionalization of compounds with various
groups which are unable or difficult by other methods. This review summarizes recent advance of
photoinduced reactions with quinuclidine and its derivatives as HAT catalysts and exhibits powerful
synthetic potential by using quinuclidine and its derivatives as HAT catalysts.
© 2021 Chinese Chemical Society and Institute of MateriaMedica, Chinese Academy ofMedical Sciences.

Published by Elsevier B.V. All rights reserved.

1. Introduction

The direct functionalization of C��H bonds is one of the most
attractive protocols to construct molecules in organic chemistry as
it skips the steps of pre-activation, promoting reaction in an atom-
and step-economy way [1–10]. Thus, continuous efforts have been
made in developing direct C��H functionalization strategies.
Recently, the direct C(sp3)-H functionalization through visible
light mediated hydrogen-atom-transfer (HAT) has attracted great
interests [10–13]. HAT, a concerted movement of a proton and an
electron between two compounds in a single step, allows the direct
and selective functionalization of C��H bonds. Accordingly, the
reactivity of HAT can be tuned by HAT catalyst. Consequently, a
variety of HATcatalysts, such as thiols [14–16] and benzophenones
[17–20] have been developed to activate substrates with various
functional groups. The reactivity of these HAT catalysts largely
depends on the bond-dissociation-enthalpy (BDE) of the sub-
strates. Therefore, it is unable to abstract the hydrogen of strong
C��H bonds, which limits the utilization of this powerful method.
However, the reactivity of C��H bond abstraction depends not only
on BDE, but also on polar effects of the transition state.

Quinuclidine, a novel HAT catalyst disclosed by Macmillan’s group
in 2015 [21], exhibited complementary reactivity toward other
HAT catalysts. Mechanistic studies indicated that quinuclidine
(E1/2ox = +1.1 V vs. SCE in MeCN) was able to quench the
photoexcited catalyst, such as Ir[dF(CF3)ppy]2(dtbbpy)PF6 (E1/2red

= +1.21 V vs. SCE in MeCN), to generate quinuclidine radical cation.
The quinuclidine radical cation was more electrophilic, and the
BDE of protonated quinuclidium ion (H-N+ BDE =100 kcal/mol) was
higher than other HAT catalysts. These features enabled the
hydrogen abstraction of stronger and hydric C��H bonds by
quinucindine radical cation and its derivatives in the presence of
weaker and neutral C��H bonds (Scheme 1).

This review summarizes the recent advance of visible light
mediated reactions with quinuclidine and its derivatives as the
HAT catalysts. The manuscript is classified by the type of
substrates, for instance, alcohols, amines and ethers, aldehydes,
R3SiH, adamantanes, carboxylates and DMF.

2. Hydrogen atom abstraction of alcohol

Hydroxyl group is widely existed in natural products. However,
direct α-H functionalization of hydroxyl group is quite difficult due
to the strong C��H bonds. It was demonstrated that intermolecular
hydrogen bonding between hydrogen bonding acceptors and
alcohols would lead to polarization and weakening of adjacent
C��H bonds. Based on this strategy, Macmillan’s group reported
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the direct C��H functionalization at the α-H of hydroxyl group by
using quinuclidine as the HAT catalyst and tetra-n-butylammo-
nium phosphate (TBAP) as the hydrogen bond acceptor in 2015
[21]. A variety of lactones 3, generated by alcohols 2 and activated
alkenes 1, could be efficiently produced by the triple catalysis of
photoredox, HAT and hydrogen-bond activation. The electron-
deficient quinuclidine radical cation, could selectively abstract α-H
of alcohol under the activation of TBAP. This was the first example
using quinuclidine as the HAT catalyst. The authors proposed a
mechanism in Scheme 2. The photoexcited *IrIII catalyst was
quenched by quinuclidine to afford IrII along with quinuclidine
radical cationH1

�+. In themeantime, the interaction betweenTBAP
and hydroxyl group of alcohol would make the α-H more hydridic,
whichwas abstracted by quinuclidine radical cationH1

�+ to form α-

hydroxyl radical 6 and quinuclidine ion. Further deprotonation of
quinuclidine ion afforded quinuclidine to complete the HAT cycle.
On the other hand, the interaction between α-hydroxyl radical 6
and activated alkenes 1 provided a radical intermediate 7, which
was reduced by IrII. The subsequent lactonization would furnish
the final product 3. This triple catalysis system could directly
activate the α-H of hydroxyl group, providing an efficient strategy
for direct α-functionalization of alcohols.

Later, Minnaard and co-workers applied this triple catalysis to
access functionalized carbohydrateswith excellent regioselectivity
from unprotected glucosides, xyllosides and allosides in 2017
(Scheme 3) [22]. The reaction showed excellent regioselectivity for
secondly hydroxyl group at C3 in the presence of various hydroxyl
groups. The primary hydroxyl group protected substrate 8b
provided product 10b in slightly better yield. It is interesting to
note that substrate 8c with equatorial C1-OMe and 8d with C3-
axial hydroxyl group also afforded C3-equatorial functionalized
products 10c and 10d. However, mechanism for the regioselec-
tivity was not clear and deserved for further studies.

In 2019, Taylor and co-workers further developed the combi-
nation of photoredox catalyst, quinuclidine and diphenylborinic
acid to realize stereo- and siteselective C��H alkylation of
carbohydrates derivatives [23]. Diverse cis-diols compounds could
be selectively functionalized at the α-carbon of alcohol with
activated alkene, affording the corresponding products with
retention of configuration. The results showed significant im-
provement in reactivity, site- and regioselectivity with diphenyl-
borinic acids, indicating that diphenylborinic acid played an
important role in this transformation. A plausible mechanismwas
proposed as shown in Scheme 4. Initially, diphenylborinic acid B1
interacted with diol 11 to furnish tetracoordinate borinic ester 13,
which underwent HAT with quinuclidine radical cation to provide
intermediate 14. This intermediate 14 would accelerate the HAT
between tetracoordinate diarylborinic ester and quinuclidine
radical cation due to ion pairing or polarity matching effects to
afford intermediate 15. Subsequently, radical anion 15 reactedwith
activated alkene 1, followed by SET and protonation to provide
intermediate 16. After deboronation, the final product would be
produced. This strategy extended the utility of the above triple
catalysis system to generate functionalized carbohydrates from cis-
diols.

Taylor’s group reported the synthesis of 2-keto-3-deoxyfurano-
sides through triple catalysis system of photoredox, HATand boron
in 2020 [24]. A range of furanoside derivatives, which were
challenging to be obtained through othermethods, were efficiently
produced in moderate to good yield with good C2 regioselectivity.
Mechanism studies showed that boronic ester, generated by cis-
1,2-diol group and organoboron catalyst, was able to facilitate the

[(Scheme_1)TD$FIG]

Scheme 1. Activation pattern of quinuclidine as HAT catalyst under visible light
irradiation.

[(Scheme_2)TD$FIG]

Scheme 2. C-Alkylation of alcohols under triple catalysis of photoredox, HAT and
TBAP.

[(Scheme_3)TD$FIG]

Scheme 3. Functionalization of carbohydrates under catalysis of photoredox, HAT
and TBAP.
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abstraction of hydrogen to form α-hydroxyl radical. The mecha-
nismwas presented in Scheme 5. The diol would react with boron
and quinuclidine to afford intermediate 21, which underwent HAT
with quinuclidine radical cation to generate α-hydroxyl radical 22.
Subsequently, C3��O bond cleavage of α-hydroxyl radical 22
provided α-keto radical 23. Followed by SET and protonation, the
final product would be produced. This method provided an
efficient approach to access precursors to modified carbohydrate
and nucleoside derivatives.

Recently, Wendlandt and co-workers disclosed an efficient way
to prepare rare sugar isomers via site-selective epimerization from

biomass carbohydrates [25]. The reaction was promoted by
photoredox catalyst and two distinct HAT catalysts. A variety of
biomass-derived and abundant monosaccharides were well
tolerated, affording the corresponding rare sugars in moderate
to good yields. The epimerization proceeded through hydrogen
atom abstraction and hydrogen atom donation with quinuclidine
and thiols. A proposed mechanismwas shown in Scheme 6. It was
reasoned that the photoexcited *IrIII was quenched by quinuclidine
to generate quinclidine radical cation, which subsequently
underwent HAT with compound 24a affording α-hydroxyl radical
intermediate 26. Mechanistic studies indicated that thiol radical 28
was not able to promote the hydrogen atom transfer process.
Therefore, the thiol acidity was a key parameter as the
photoexcited *IrIII could only be quenched by quinuclidine radical
cation instead of thiol anion. Next, α-hydroxyl radical abstracted a
hydrogen from thiol 27 leading to the final product 25a. The
epimerization process was a kinetically controlled process. This
reaction provided a simple and potentially extensive approach to
synthesize a valuable class of natural products.

In the same year, Singh’s group extended the triple catalysis of
photoredox, HAT and hydrogen bonding catalysis to the synthesis
of amides from alcohols and amines under aerobic conditions [26].
A wide range of alcohols and amines were suited for this reaction,
giving rise to the corresponding products in good yields. As shown
in Scheme 7, α-hydroxyl radical 6, generated from intermediate 5
via HAT with quinuclidine radical cation, was oxidized to aldehyde
32. Subsequently, this aldehyde 32 underwent condensation with
amine to afford hemiaminal 33, whichwas oxidized to produce the
final amide product. This triple catalysis system provided a concise
method for the synthesis of amides with various functional groups.

In 2020, Kanai’s group developed α-functionalization reaction
of alcohols with photoredox, HAT and a novel bond-weakening

[(Scheme_4)TD$FIG]

Scheme 4. Functionalization of carbohydrates under triple catalysis of photoredox,
HAT and diphenylborinic acid.

[(Scheme_5)TD$FIG]

Scheme 5. Synthesis of furanoside derivatives under photoredox, HAT and boron
catalysis.

[(Scheme_6)TD$FIG]

Scheme 6. Synthesis of rare sugars from biomass carbohydrates.

W. Xiao, X. Wang, R. Liu et al. Chinese Chemical Letters 32 (2021) 1847–1856

1849



catalyst, Martin’s spirosilane [27]. A wide range of activated
alkenes and alcohols were suitable in the reaction, affording the
corresponding products in moderate to good yields. The mecha-
nism shown in Scheme 8 revealed that alcohol 2 would react with
Martin’s spirosilane S1 leading to pentavalent anionic silicate
species 36. DFT calculations indicated that the anionic silicate
species 36 could efficiently weaken the BDE of α-C–H. Subse-
quently, HAT between anionic silicate species 36 and radical cation
H2

�+ provided α-hydroxyl radical 37, which reacted with activated
alkene giving rise to radical intermediate 38. This intermediate 38
would be reduced by IrII species. Further protonation or
lactonization produced the final product. The novel bond-
weakening catalyst might provide potential for exploring unprec-
edented selectivity, reactivity and substrate generality in direct
C��H functionalization reactions. Later, the same group also

discovered that borinic acid-ethanolamine could perform as the
bond weakening catalyst (Scheme 9) [28]. The in situ generated
anionic borates would weaken the BDE of α-C��H. This bond
weakening reagent could broaden substrate scope and enhance
reactivity, probably due to the stronger bond-weakening effect.

Yang and co-workers reported the synthesis of 1,4-carbonyl
compounds through isomerization of g-carbonyl allylic alcohols
under triple catalysis of photoredox, HAT and hydrogen-bonding
catalyst [29]. A range of allylic alcohols were employed in this
isomerization reaction, even those bearing tetra-substituted
olefins. A plausible mechanism was proposed, as shown in
Scheme 10. Intermediate 42 from g-carbonyl allylic alcohol 40
and TBAP underwent HAT with quinuclidine radical cation leading
to α-hydroxyl radical 43. DFT calculations indicated that α-
hydroxyl radical 43 with g-electron-deficient substitutions would
facilitate the single electron transfer (SET) process with reduced
photocatalyst, affording allylic anion 44. This anion would
subsequently undergo protonation and tautomerization to provide
1,4-dicarbonyl compound 41. The approach provided amild way to
generate 1,4-dicarbonyl compounds via isomerization of allylic
alcohols.

Macmillan and co-workers further developed the triple nickel,
HAT and photoredox catalysis for the direct α-arylation of alcohols
[30]. The key step of this transformation was the interaction of
Lewis acid with alcohol affording a metal alkoxide species, which
prevented the undesired oxygen transmetallation with NiIIaryl
catalytic intermediate. Benzylic alcohols with different functional
groups, which were important motifs in drug discovery, could be
efficiently obtained. The authors proposed a mechanism as shown
in Scheme 11. The photoexcited *IrIII would be quenched by
quinuclidine to afford quinuclidine radical cation along with a IrII

species. Meanwhile, the interaction between Lewis acid and
alcohol furnished Lewis acid-coordinated alkoxide 47, which
underwent HAT with quinuclidine radical cation to produce α-
alkoxyl radical 48. Subsequently, NiII intermediate 51, formed from
the oxidative addition of Ni0 species 50 to aryl halide 45, would
react with α-alkoxyl radical 48 to generate NiIII species 52. Finally,
reductive elimination of NiIII species 52 gave rise to the final
product and NiI species 49, whichwould go through SETwith IrII to
regenerate Ni0 catalyst 50 and photocatalyst.

3. Hydrogen atom abstraction of amine, ethers and thioethers

In 2016, Macmillan and co-workers described the direct
functionalization of α-amino and α-oxy C–H activation with aryl
halides under triple catalysis of photoredox, HAT and nickel
catalyst [31]. The radical cation from quinuclidine derivative, was
able to selectively abstract the electron-rich, hydridic C��Hbond. A
wide array of amines and ethers could participate in the reaction

[(Scheme_7)TD$FIG]

Scheme 7. Synthesis of amides under triple catalysis of photoredox, HAT and TBAP.

[(Scheme_8)TD$FIG]

Scheme 8. C-Alkylation of alcohols under triple catalysis of photoredox, HAT and
Martin’s spirosilane.

[(Scheme_9)TD$FIG]

Scheme 9. C-Alkylation of alcohols under triple catalysis of photoredox, HAT and
borinic acid-ethanolamine.
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well, affording the corresponding arylation products in moderate
to good yields. The proposedmechanism (Scheme 12) showed that
amine would undergo HAT with quinuclidine radical cation to
generate α-amino radial 56. Meanwhile, oxidative addition
between Ni0 catalyst 50 and aryl halide would occur leading to
NiII species 51, which would react with α-amino radial 56 to
provide NiIII species 52. The final product would be afforded upon
reductive elimination of NiIII species 52. This protocol provided a
simple and efficient way by using compounds possessing C��H
bonds as organometallic nucleophile equivalents. In 2017, the same
group extended the triple catalysis of nickel, photoredox and HAT
to the direct C��H alkylation reactions at α site of amines and
ethers with alkyl halides [32], and the corresponding alkylation
derivatives were formed in moderate to good yields with good to
excellent regioselectivity (Scheme 13). This method might provide
a novel approach to late-stage functionalization.

Direct α-functionalization of primary amines is a significant
challenge, due to their higher oxidation potential and inherent
nucleophilicity and basicity. In 2018, Rovis’ group successfully
realized the direct α-functionalization of primary amines with CO2

under visible light irradiation and HAT catalysis [33]. Diverse
g-lactams were provided in moderate to good yields. The authors
proposed a plausible mechanism, as shown in Scheme 14.
Carbamates 62 generated in situ from primary amine 59 and
CO2 would be functionalized at less reactive C��H bonds, since the
formation of alkylammonium carbamate would dramatically
diminish the nucleophilicity of amino group. Therefore, the
carbamate would go through HAT with quinuclidine radical cation
to provide radical intermediate 63, which subsequently reacted
with activated alkene 60 affording radical 64. Further SET and
lactamization of radical 64 would produce the final product. This
protocol provided a concise way to direct functionalization of
primary amines at the α-site without protection and deprotection
steps.

The site-selective α-functionalization of amines could be
further extended [34]. The same group described the generation
of α-functionalized amine derivatives in moderate to good yield
with excellent regioselectivity. The use of trifluoromethanesul-
fonyl group on primary amine was the key to access the α-
selectivity. It was reasoned that various protecting groups on
primary amine would result in different C��H bond strength and
pKa value of NH, thus delivering significant divergence reactivity.

[(Scheme_10)TD$FIG]

Scheme 10. Isomerization of highly substituted allylic alcohols.

[(Scheme_11)TD$FIG]

Scheme 11. Synthesis of benzylic alcohols under triple catalysis of photoredox, HAT
and nickel salt.

[(Scheme_12)TD$FIG]

Scheme 12. Arylation of amines and ethers under triple catalysis of photoredox,
HAT and nickel salt.

[(Scheme_13)TD$FIG]

Scheme 13. Alkylation of amines and ethers under triple catalysis of photoredox,
HAT and nickel salt.
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Computational studies revealed that nitrogen radical from
triflamide was more stable than that from trifluoroacetamide.
Therefore, the trifluoroacetamide radical would undergo intermo-
lecular [1,5] HAT due to the instability of nitrogen radical, while the
more stable nitrogen radical underwent HAT with quinuclidine
radical cation. On the basis of control experiments andmechanism
studies, a plausible mechanism was proposed as shown in
Scheme 15. The trifluoromethanesulfonyl protected amine was
deprotonated in the presence of base leading to nitrogen anion 68,
which go through HAT with quinuclidine radical cation to produce
α-amine radical 69. Subsequently, α-amine radical 69 reacted with
activated alkene to generate radical intermediate 70, which
underwent SET and protonation giving rise to the final product.
In this transformation, quinuclidine acted as both base and HAT
catalyst. This methodology provided a general way for α-
functionalization of primary amine derivatives.

In 2019, Wang and co-workers described the inert C(sp3)-H
monofluoroalkenylation of heteroalkanes with difluoroethylene
via dual photoredox and quinuclidine HAT catalysis (Scheme 16)
[35]. The corresponding monofluoroalkenylation products were
afforded in moderate to good yields. Mechanistic studies showed
that the photoexcited IrIII was quenched by quinuclidine to form
quinuclidine radical cation, which abstracted an inert hydrogen of
heteroalkanes to produce radical intermediate 56. In the mean-
time, diphenyl gem-difluoroethylene was reduced by IrII to furnish
fluoroalkenyl radical 74. The radical coupling between radical 56
and radical 74 would afford the final product. This reactionwas an
advance in monofluoroalkenylation under mild conditions with
high regioselectivity and broad substrate scope. In the same year,
Xia’s group reported the visible light driven C(sp3)-C(sp2) coupling
between perfluoarenes and ethers by using similar methodology
with quinuclidine as the HAT catalyst (Scheme 17) [36].

4. Hydrogen atom abstraction of aldehyde

Ketone moieties are widely existed in natural products and
pharmaceuticals. Moreover, they have been utilized broadly in
organic synthesis. Therefore, generation of functionalized ketones
has attracted great interests. In 2017, Macmillan’s group reported
the synthesis of ketones through direct C–H functionalization of

[(Scheme_14)TD$FIG]

Scheme 14. α-Functionalization of primary amines.

[(Scheme_15)TD$FIG]

Scheme 15. α-Functionalization of primary amine derivatives.

[(Scheme_16)TD$FIG]

Scheme 16. Monofluoroalkenylation of heteroalkanes with difluoroethylene.

[(Scheme_17)TD$FIG]

Scheme 17. C-H Multifluoroarylation reaction.
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aldehydes under triple catalysis of HAT, photoredox and Ni salt
(Scheme 18) [37]. The corresponding ketones could be obtained in
moderate to good yields with excellent formyl C��H selectivity.
Mechanistic studies showed that the formyl hydrogen of aldehyde
was abstracted selectively by quinuclidine radical cation to form
acyl radical 79. Subsequently, this acyl radical 79 reacted with NiII

species 51 affording NiIII species 52. After reductive elimination,
ketone would be produced. In 2020, Iaroshenko’s group used the
same triple catalysis to synthesize 3-acyl substituted chromones
(Scheme 19) [38]. The 3-acyl substituted chromones could be
obtained either by pathway a (3-halogenchromones and aldehyde)
or pathway b (3-formylchromones and aryl halide). Diverse
chromones were formed in an atom-economic manner in good
to excellent yields.

In 2017, Liu and co-workers described the C(sp2)-H function-
alization of aldehydes with activated alkenes through dual
photoredox and HAT catalysis (Scheme 20) [39]. The acyl radical
79 could be directly formed with quinuclidine as the HAT catalyst
without pre-functionalization and transition metal catalysis. A
wide range of unsymmetric ketones could be afforded inmoderate
to good yields. The acyl radical 79, generated from aldehyde via
HAT, would attack the activated alkene leading to radical 86.
Further SET and protonation would produce the ketone product.

5. Hydrogen atom abstraction of R3SiH compounds

In 2017, Wu and co-workers developed a metal-free hydro-
silylation of alkenes via dual photoredox and HAT catalysis using
quinuclidine-derivatives (Scheme 21) [40]. Compared with this
method, previous works exhibited poor selectivity and reactivity.
Diverse silicon-containing compounds were obtained in an atom
and redox economic way with good to excellent yields. Mechanis-
tic studies showed that silyl radical 90 was formed via HAT with
quinuclidine radical cation, since the Si��H bond were more
hydridic than C��H bond. Subsequently, silyl radical 90 would
attack electron-deficient alkene giving rise to radical intermediate
91, which underwent SET and protonation to afford the final
product. This dual catalytic system provided a practical way for the
hydrosilylation of electron-deficient alkenes.

[(Scheme_18)TD$FIG]

Scheme 18. Direct C-H functionalization of aldehyde.

[(Scheme_19)TD$FIG]

Scheme 19. Synthesis of 3-acyl substituted chromones.

[(Scheme_20)TD$FIG]

Scheme 20. C(sp2)-H Functionalization of aldehydes.

[(Scheme_21)TD$FIG]

Scheme 21. Hydrosilylation of electron-deficient alkenes.

[(Scheme_22)TD$FIG]

Scheme 22. Synthesis of β-silacarboxylic acids via difunctionalization of electron-
deficient alkenes.
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Later, the same group reported the synthesis of β-silacarboxylic
acids via difunctionalization of electron-deficient alkenes using
silanes and CO2 through dual photoredox and HAT catalysis [41].
The proposedmechanism shown in Scheme 22 revealed that silane
underwent HAT to produce silyl radical 90, whichwould reactwith
electron-deficient alkene affording radical intermediate 94. This
radical 94 was further reduced to anion 95, which went through
carboxylation with CO2 and protonation to generate β-silacarbox-
ylic acid. This study was a rare example of catalytic difunctiona-
lizaiton of activated alkenes through Si-H activation in a redox-
neutral manner than an oxidative fashion.

In 2019, Xu and co-workers described the synthesis of allylic
silanes through dehydrogenative silylation of alkenes via triple
catalysis of HAT, photoredox and cobalt salt (Scheme 23) [42]. The
cobalt catalysis could avoid the hydrosilylation process and
selectively afford the allylic silane products. In contrast to Wu’s
work, the photoexcited photocatalyst was quenched by CoII species
to produce CoIII species. In the meantime, the silicon compound
underwent HAT with quinuclidine radical cation to form silyl
radical intermediate 90, which reacted with activated alkene to
afford radical 97. Next, the radical 97 was captured by CoIII species
leading to intermediate 98. Then, β-hydride elimination would
occur, affording allylic silane alongwith CoIII-H species. This CoIII-H
species would further release H2 to regenerate the cobalt catalyst.
This oxidant free system provided a more efficient and cleaner
protocol for the synthesis of allylic silanes.

6. Hydrogen atom abstraction of adamantanes

In 2019, Martin and co-workers developed the direct C–H
functionalization of adamantanes via dual photoredox and HAT
catalysis [43]. A novel quinuclidine derivative was utilized as the
HAT catalyst to promote the tertiary C��H abstraction of
adamantanes. A variety of functionalized adamantanes were
obtained in good to excellent yields. The proposed mechanism
was shown in Scheme 24. It was reasoned that the adamantane
underwent HAT to afford adamantly radical 102, which subse-
quently attacked the activated alkene giving rise to radical
intermediate 103. Further SET and protonation would produce

the functionalized adamantane. Later, the same group also
disclosed the direct C��H aminoalkylation reaction using similar
strategy [44].

7. Hydrogen atom abstraction of carboxylate

In 2020, Li and co-workers developed a carboarylation reaction
of styrenes with aryl halide and CO2 via dual catalysis of
photoredox and HAT catalysis [45]. Alkyl halides, pyridyl halides,
even aryl chlorides were well tolerated, affording the correspond-
ing hydrocinnamic acid derivatives inmoderate to good yields. The
proposed mechanism in Scheme 25 showed that the photoexcited
catalyst was quenched by DABCO to afford DABCO

�+, which
underwent HAT with HCO2K to produce CO2 radical anion.
Subsequently, aryl halide was reduced by CO2 radical anion to

[(Scheme_23)TD$FIG]

Scheme 23. Synthesis of allylic silanes.

[(Scheme_24)TD$FIG]

Scheme 24. Direct C-H functionalization of adamantanes.

[(Scheme_25)TD$FIG]

Scheme 25. Carboarylation reaction of styrenes.
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generate aryl radical 109, which attacked alkene to provide radical
intermediate 110. Radical 110was further reduced by IrII leading to
carbon anion 111, which captured CO2 to provide carboxylate 112.
Subsequently, methylation of carboxylate 112 afforded the final
product. This method offered a new protocol for Meerwein
arylation-addition reactions under visible light conditions by
using aryl halides as the radical sources.

8. Hydrogen atom abstraction of DMF

In 2019, Bach and co-workers reported the synthesis of
functionalized furans and pyrroles by using quinuclidine derivative
as the electron-donor catalyst to promote intramolecular cycliza-
tion via EDA complex under visible light conditions [46]. The
authors proposed a plausible mechanism as shown in Scheme 26.
The EDA complex, formed by 113a and quinuclidine derivative H3,
underwent SET to generate H3

�+ and radical intermediate 115.
Subsequently, decarboxylation of 115 would occur, providing
radical intermediate 116. This radical intermediate 116 would
further undergo intramolecular cyclization to generate radical 117,
whichwent throughHAT to produce the final product. This was the
first example in which a catalytic amount of quinuclidine
derivative acted as the electron donor in EDA complex.

9. Summary and outlook

In summary, quinuclidine and its derivatives can act as HAT
catalyst under visible light irradiation. Compared with other type
of HAT catalysts, such as thiols and benzophenones, it tends to
abstract the hydrogen fromelectron-rich or hydridic C��Hbonds in
the presence ofweak and neutral C��Hbonds.With hydrogen bond
acceptors, alcohols can be selectively functionalized at the α site of
hydroxyl group with quinuclidine under visible light irradiation.
Furthermore, direct C��H functionalization of amines, ethers,
thioethers, aldehydes, SiH compounds, adamantanes and carbox-
ylates can efficiently take place as well by using quinuclidine and
its derivatives as the HAT catalysts. Additionally, quinuclidine
derivatives can act as the electron donor to catalyze reactions
through EDA complexes with electron acceptors. The reported

results show that quinuclidine and its derivatives exhibit great
catalytic ability toward the activation of various compounds, and
these methods provide an alternative way for the generation of
bioactive and natural compounds.

Despite the significant achievements of quinuclidine and its
derivatives as HATcatalysts, there are stillmany issues to be solved.
Quinuclidine has shown great power for the synthesis of racemic
compounds, while asymmetric reactions are less studied. There-
fore, quinuclidine as HAT catalyst may be employed with chiral
catalytic system to produce chiral compounds. Meanwhile,
quniuclidine and its derivatives can serve as Lewis base to activate
unsaturated compounds such as alkenes and allenes, and the
combination of two characters of quinuclidine may provide new
avenues for quinuclidine-catalyzed reactions. We believe that
quinuclidine as HAT catalyst is promising for further development.
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