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Abstract
Quinone methides and their aza-analogues represent the pivotal intermediates in asymmetric synthesis.
However, catalytic enantioselective reactions of extended naphthalene-based analogues including
naphthoquinone methides (Nap-QMs) and aza-naphthoquinone methides (aza-Nap-QMs) remain
underdeveloped and are limited to nucleophilic additions. Herein, we report an organocatalytic
asymmetric [4 + 2] cycloaddition of enamides with Nap-QMs and aza-Nap-QMs, providing an efficient
access to a diverse range of tricyclic phenalene derivatives bearing chiral tertiary amines with excellent
remote stereocontrol. Furthermore, a CPA/Ag-catalyzed tandem cycloaddition/cyclization enables an
asymmetric relay reaction, affording chiral dihydrobenzo[e]indoles and 1,2-dihydronaphtho[2,1-b]furans
with high enantioselectivities. This protocol not only represents the first asymmetric cycloaddition and
relay cyclization of (aza)-Nap-QMs, but also constitutes the first asymmetric synthesis of chiral
dihydrophenalenes.

Introduction
Quinone methides (QMs)1–3 and aza-quinone methides (aza-QMs)4–6 have emerged as versatile and
valuable synthetic intermediates for the construction of versatile chiral molecules in catalytic
asymmetric synthesis7–11. In the past decades, the use of chiral Brønsted acids12–20 has enabled a
range of stereoselective asymmetric reactions involving QMs and aza-QMs generated in situ from the
corresponding hydroxybenzyl alcohols and aminobenzyl alcohols. This approach includes asymmetric
nucleophilic additions21–31 and asymmetric cycloadditions32–42, offering efficient routes for the
synthesis of functionalized chiral phenols, anilines and heterocycles (Fig. 1a). Nevertheless, catalytic
enantioselective reactions involving extended analogues of QMs, where the carbonyl and methide units
are embedded in separate aromatic rings, remain scarce (Fig. 1b). In 2023, Sun and colleagues first
reported an elegant chiral phosphoric acids (CPA) catalyzed remote asymmetric nucleophilic addition
using naphthoquinone methides (Nap-QMs) and aza-naphthoquinone methides (aza-Nap-QMs),
generated in situ from 8-(hydroxyarylmethyl)naphthalen-2-ols and 2-naphthylamine derivatives43. Almost
at the same time, Li et al. developed a CPA-catalyzed asymmetric nucleophilic addition of 2-
naphthoquinone-6-methides, formed in situ from 6-(hydroxydiarylmethyl)naphthalen-2-ols, leading to the
synthesis of chiral tetraarylmethanes with excellent enantioselectivities44. Very recently, similar
strategies for asymmetric nucleophilic additions involving Nap-QMs were also exploited by Sun45 and
Li46,47, respectively. Notably, these advances highlight the utility of naphthoquinone methides (Nap-QMs)
as a promising platform for assembling enantioenriched, structurally complex target molecules. Despite
these significant advances (Fig. 1b), these protocols are limited to the asymmetric nucleophilic addition
of Nap-QMs, while their catalytic asymmetric cycloaddition for assembling naphthalene-based chiral
polycyclic frameworks remains unexploited (Fig. 1c), with only one example on racemic cycloaddition of
Nap-QMs via achiral scandium catalysis by Liu48.
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As versatile synthetic building blocks in organic synthesis, enamides have garnered significant attention
over the past decades for the construction of diverse biological and pharmaceutical molecules49–53. In
particular, enamides serve as difunctionalized synthons in catalytic asymmetric reactions, and their
asymmetric cycloadditions are particularly valuable for preparing useful chiral cyclic compounds and
chiral amines. By utilizing this strategy, various asymmetric cycloadditions of enamides with (aza)-QMs
have been established for the synthesis of valuable chiral heterocycles54–56. Inspired by these results,
we hypothesized that enamides might

serve as difunctionalized synthons to engage in a remote asymmetric cycloaddition with (aza)-Nap-QMs,
leading to the formation of naphthalene-based chiral polycyclic products (Fig. 1c). However, significant
challenges can be anticipated in achieving this asymmetric cycloaddition of (aza)-Nap-QMs: (i) how to
prevent competing background nucleophilic addition of (aza)-Nap-QMs; (ii) how to control
enantioselectivity, particularly remote stereocontrol, during the formation of a new ring; and (iii) how to
suppress the competing hydrolysis of enamides, which leads to the formation of ketone byproducts.
Herein, we report an organocatalytic enantioselective [4 + 2] cycloaddition of (aza)-Nap-QMs with
enamides, which provides efficient access to a wide range of tricyclic phenalene derivatives bearing
chiral tertiary amines57,58 with excellent remote stereocontrol. Interestingly, the asymmetric relay
reaction59–61, proceeding through a CPA/Ag-catalyzed tandem cycloaddition/cyclization of (aza)-Nap-
QMs with enamides, allows the highly enantioselective formation of chiral dihydronaphtho[2,1-b]furans
and 1,2-dihydrobenzo[e]indoles. Importantly, this protocol not only represents the first catalytic
asymmetric cycloaddition of (aza)-Nap-QMs, but also constitutes the first asymmetric relay cyclization
of (aza)-Nap-QMs and the first asymmetric synthesis of chiral dihydrophenalenes. It is noteworthy that
phenalene derivatives, dihydronaphtho[2,1-b]furans and 1,2-dihydrobenzo[e]indoles are privileged
structural motifs prevalent in numerous natural products and bioactive molecules (Fig. 2)62–67.

Results and discussion
We commenced our investigation by employing 8-(hydroxy(4-methoxyphenyl)methyl)naphthalen-2-ol 1a
and alkyne-tethered TFA-protected68,69 enamide 2a as model substrates to explore the asymmetric
cycloaddition of Nap-QMs. Selected optimization results are summarized in Table 1. In the presence of
10 mol % CPA A1 as the catalyst and DCE as the solvent at room temperature, we were pleased to find
that the expected chiral cycloadduct 3a was obtained in excellent yield with 90% ee (Table 1, entry 1).
Subsequent screening of various CPA catalysts A2–A8 maintained excellent yields but did not improve
enantioselectivity (Table 1, entries 2–8). Then, the use of spiro-CPA A9 and N-triflyl phosphoramide A10
led to excellent yield, but only low enantioselectivity was obtained (Table 1, entries 9 and 10). Further
evaluation of some other typical solvents such as DCM, chloroform, toluene and PhF (Table 1, entries
11–14), and found that the use of PhF as solvent could further slightly improve the enantioselectivity
(Table 1, entry 13). To our delight, an obvious temperature effect was observed, and the chiral
dihydrophenalene 3a was formed in 92% yield with 93% ee when the temperature was lowered to 0°C
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(Table 1, entry 15). Of note, only one diastereoisomer (dr > 20:1) was observed in this asymmetric
cycloaddition.

After establishing the optimal reaction conditions (Table 1, entry 15), we proceeded to investigate the
substrate scope of this catalytic asymmetric cycloaddition involving Nap-QMs. As shown in Fig. 3, we
initially examined various 4-arylethynyl-substituted enamides under the optimized conditions. It was
found that electron-donating groups at the para-position of the phenyl ring of the enamides had little
influence on this annulation, furnishing the corresponding chiral dihydrophenalenes 3a–3f in 82–93%
yields with excellent enantioselectivities (90–94% ees). We also evaluated enamides bearing electron-
withdrawing substituents such as F and Cl, which efficiently yielded the corresponding chiral
dihydrophenalenes 3g (92% yield, 96% ee) and 3h (94% yield, 91% ee), respectively. Additionally, aryl
groups with functional groups, such as CF₃ and ester group, were well tolerated in the cycloaddition,
providing the desired chiral products 3i and 3j in excellent yields with high enantioselectivities. Next,
enamides with meta- and ortho-substituents on the aromatic ring were also found to be suitable
substrates, yielding the corresponding products 3k–3n with good to excellent yields and high
enantioselectivities. We then examined enamides containing disubstituted aromatic groups (2o–2r),
which efficiently afforded the corresponding chiral dihydrophenalenes 3o–3r in 82–95% yields with 78–
94% ees. Furthermore, the asymmetric cycloaddition proceeded smoothly with naphthalene- and
heterocycle-linked enamides (2s–2u), delivering the desired cycloaddition products 3s–3u in near-
quantitative yields and 92–98% ees. Alkyl-substituted enamides 2v and 2w were also proven to be
applicable substrates, providing the expected chiral dihydrophenalenes 3v and 3w in high yields with
excellent enantioselectivities. Notably, the reaction was also extended to enamides without
phenylethynyl substitutions, such as those with phenyl and styryl groups, which furnished the
corresponding chiral dihydrophenalenes 3x–3ab in moderate to good yields with high
enantioselectivities. We next screened a range of 2-naphthol derivatives 1 bearing a benzylic alcohol unit,
which efficiently participated in this enantioselective cycloaddition, affording the corresponding chiral
dihydrophenalenes 3ac–3ag in 91–98% yields with 70–94% ees. Importantly, aza-Nap-QMs generated in
situ from 2-naphthylamine derivatives were also found to be competent substrates for this
transformation, leading to the 2-naphthylamine-derived chiral dihydrophenalenes 3ah and 3ai in good
yields with high enantioselectivities. Interestingly, this asymmetric annulation could be successfully
extended to enamides bearing complex pharmaceutical scaffolds. For instance, adapalene-,
indomethacin-, and isoxepac-derived enamides served as suitable substrates, furnishing the
corresponding drug-derived dihydrophenalenes 3aj–3al in excellent yields (87–98%) and
enantioselectivities (92–94% ees). Moreover, the dehydrocholic acid-derived enamide could be smoothly
converted into the more complex chiral polycyclic product 3am in good yield. Of note, excellent
diastereoselectivities (dr > 20:1) were all obtained in all cases. However, when enamide bearing a
trisubstituted olefin moiety was employed, the reaction gave a complex mixture, and no desired
dihydrophenalene was

detected (see Supplementary Fig. 1). Thus, this protocol constitutes the first catalytic asymmetric
cycloaddition of Nap-QMs and aza-Nap-QMs.
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In consideration of the chiral dihydrophenalenes 3 contain both alkyne and naphthol functional groups,
we envisioned that these products could undergo a one-pot asymmetric relay cyclization by transition-
metal catalysis to form chiral tetracyclic compounds. To explore this possibility, we selected 8-
(hydroxy(4-methoxyphenyl)methyl)naphthalen-2-ol 1a and the alkyne-tethered enamide 2a as model
substrates. A selection of the results is presented in Table 2. Initially, the reaction was conducted under
the standard conditions (Table 1, Entry 14), and various transition-metal catalysts, including
Cu(MeCN)₄PF₆, Pd(OAc)₂, PdCl₂, IPrAuNTf₂, and Ag₂O, were screened (Table 2, entries 1–5). We were
delighted to find that the use of silver catalyst Ag2O could undergo 5-endo-dig cyclization70 to deliver the

desired 1,2-dihydronaphtho[2,1-b]furan 4a in 80% yield with excellent enantioselectivity (Table 2, entry 5).
Other silver salts, such as AgNTf₂ and AgOTf, proved less effective (Table 2, entries 6 and 7). Notably, the
addition of K₂CO₃ (2 equiv) significantly improved the yield, delivering product 4a in 92% yield with 94%
ee (Table 2, entry 10). It is worthy noting that under these one-pot asymmetric relay cyclization
conditions involving Nap-QMs, only the 5-endo-dig cyclization product was observed, the corresponding
6-exo-dig cyclization product was not detected.

With the optimal reaction conditions established (Table 2, entry 10), the substrate scope of this one-pot
asymmetric relay cyclization of Nap-QMs was investigated. As illustrated in Fig. 4, we first explored
various alkyne-tethered enamides bearing either electron-donating or electron-withdrawing substituents
at the para-position of the phenyl ring, and found that the desired chiral 1,2-dihydronaphtho[2,1-b]furans
4a–4h were furnished in 48–94% yields with 90–96% ees. Furthermore, this asymmetric relay cyclization
could also proceed smoothly with the functional groups such as CF₃ and CO₂Me, providing the
corresponding products 4i (79% yield, 97% ee) and 4j (86% yield, 96% ee), respectively. Enamides bearing
meta- or ortho-substitutions also proved to be appropriate substrates, yielding the corresponding
enantioenriched 1,2-dihydronaphtho[2,1-b]furans 4k–4m in moderate to good yields with the ees of 90–
94%. Additionally, disubstituted and naphthyl-substituted enamides reacted efficiently with Nap-QMs to
deliver the anticipated tetracyclic products 4n–4q in 66–96% yields with 84–95% ees. Next, the reaction
was extended to heterocycle-substituted enamides, such as those bearing thiophene and benzofuran
groups, providing the corresponding enantioenriched products 4r and 4s in moderate yields with
excellent enantioselectivities. Subsequently, we examined various Nap-QM precursors in this
asymmetric relay cyclization. Naphthols 1 bearing either thiomethyl and fluoro substituents on the
phenyl ring or a methoxy substituent on the naphthyl ring were also found to be suitable, yielding the
desired chiral 1,2-dihydronaphtho[2,1-b]furans 4t–4v in high yields with good enantioselectivities. Again,
excellent diastereoselectivities (dr > 20:1) were achieved in all cases. It is notable that the 6-exo-dig
cyclization product was not observed in all products. The absolute configuration of product 4v was
confirmed by X-ray crystallographic analysis, and those of the other products were assigned by analogy,
thereby confirming the absolute configurations of products 3 in Fig. 3.

Interestingly, this one-pot asymmetric relay cyclization could also be extended to aza-Nap-QMs,
efficiently delivering the valuable chiral dihydrobenzo[e]indoles 5 under the standard conditions (Table 2,
entry 10). The substrate scope is depicted in Fig. 5. We first evaluated various protected naphthylamine
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derivatives 1 in the asymmetric relay cyclization with enamide 2a. The phenylacetyl (BnCO–) protecting
group gave the optimal

result (77% yield, dr > 20:1, 92% ee). Subsequently, a range of enamides bearing electron-donating or
electron-withdrawing substituents at different positions on the phenyl ring were examined, affording the
corresponding chiral tetracyclic dihydrobenzo[e]indoles 5a–5g in moderate to excellent yields with
excellent diastereo- and enantioselectivities. Naphthylamines bearing a fluoro substituent on the phenyl
ring were also tolerated, yielding the expected product 5h in 79% yield with 70% ee. This work therefore
represents the first asymmetric relay cyclization involving Nap-QMs and aza-Nap-QMs.

To demonstrate the synthetic utility of this methodology, the preparative-scale reactions and further
product transformations were investigated (Fig. 6). Preparative-scale synthesis of chiral
dihydrophenalene 3a and 1,2-dihydronaphtho[2,1-b]furan 4a was first carried out, and the desired
products 3a (0.79 g, 99%, 94% ee) and 4a (0.71 g, 89%, 94% ee) were synthesized respectively under
standard reaction condition, as shown in Fig. 6a. Subsequently, derivatization of the hydroxyl group in the
naphthol moiety of 3a with Tf₂O provided the Tf-protected product 6a in 68% yield with 92% ee, which
could undergo the further facile cross coupling reaction. Treatment of 3a with Cs₂CO3 induced
elimination of the trifluoroacetamide group, yielding phenalenone product 6b in 74% yield. It's worth
noting that the dearomatization of naphthol moiety and rearomatization occurred in this elimination
procedure. Further transformations of 1,2-dihydronaphtho[2,1-b]furan 4a were also explored. RuCl₃-
catalyzed oxidation of the olefin moiety using NaIO₄ afforded ketone 6c in moderate yield with good
diastereoselectivity and enantioselectivity. Interestingly, reduction of 4a with Et₃SiH promoted by
BF₃·Et₂O proceeded via a reduction/elimination cascade to furnish chiral naphtho[2,1-b]furan 6d in 99%
yield with 95% ee. Importantly, almost no erosion of the enantiopurity of the compounds was observed in
all these elaborations.

Mechanistic investigations
To further elucidate the reaction mechanism, a series of control experiments were conducted (Fig. 7).
First, treatment of dihydrophenalene 3a with Ag₂O catalyst alone catalyzed the 5-endo-dig cyclization to
afford 1,2-dihydronaphtho[2,1-b]furan 4a in 100 min (Fig. 7a). When both Ag₂O and chiral phosphoric
acid (CPA) A1

were used as cocatalysts, the cyclization time was reduced to 32 min (Fig. 7b). In contrast, employing
the preformed CPA-Ag complex as the catalyst afforded 4a in 71% yield with 94% ee, but required a
much longer reaction time (17 h, Fig. 7c). These results suggest that CPA assists the second 5-endo-dig
cyclization to form 4a, and that the CPA-Ag complex is not the key catalytic species in this step.
Moreover, when the free hydroxyl group of the naphthol was blocked with methyl (1a′), only dimerization
product was obtained and no cycloaddition product was detected, underscoring the essential role of the
free hydroxyl group in naphthols 1 (Fig. 7d). Reaction of 1a with deuterium-labeled enamide [D]-2b under
standard conditions furnished [D]-3b with complete deuterium retention at the methylene position
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Conclusions
In summary, we have developed the organocatalytic asymmetric [4 + 2] cycloaddition of naphthoquinone
methides (Nap-QMs) and their aza-analogues (aza-Nap-QMs) with enamides, efficiently constructing a
diverse range of tricyclic dihydrophenalene derivatives featuring chiral tertiary amine centers with
excellent remote stereocontrol. Furthermore, a tandem cycloaddition/cyclization strategy enabled by
CPA/silver cooperative catalysis realizes an asymmetric relay reaction, affording 1,2-dihydronaphtho[2,1-
b]furans and chiral dihydrobenzo[e]indoles with high enantioselectivity. This work not only breaks the
previous limitation of asymmetric transformations involving (aza)-Nap-QMs to nucleophilic additions,
representing their first asymmetric cycloaddition and relay cyclization reactions, but also constitutes the
first asymmetric synthesis of chiral dihydrophenalene derivatives. We believe that these findings will
offer new perspectives and further explorations in the field of asymmetric catalysis based on
cycloaddition reaction via the remote control and Nap-QM chemistry.

Methods
General. For 1H and 13C nuclear magnetic resonance (NMR) spectra of compounds in this manuscript
and details of the synthetic procedures as well as more reaction condition screening, see Supplementary
Information.

(Fig. 7e). Finally, a linear correlation was observed between the ee of product 3a and the ee of catalyst
A1, indicating that the enantioselectivity-determining step involves only a single CPA molecule (Fig. 7f).
This linear relationship contrasts with that reported by Sun et al. in 202343.

On the basis of the foregoing mechanistic experiments and prior reports on CPA-catalyzed reactions of
Nap-QMs43–47, a plausible mechanism for the present asymmetric cycloaddition and relay cyclization is
proposed (Fig. 8). Initially, CPA catalyst A1 engages 8-(hydroxy(4-methoxyphenyl)methyl)naphthalen-2-ol
1a through dual hydrogen-bonding interactions to form intermediate A, which undergoes dehydration
assisted by CPA catalyst, affording the key Nap-QM intermediate B. Then CPA catalyst directs the
enantioselective remote 1,6-addition of enamide 2a to intermediate B via double hydrogen-bonding
interactions, yielding intermediate C, which is the enantioselectivity-determining step. Intermediate C
then undergoes an intramolecular Mannich reaction accompanied by dearomatization of the naphthol
ring, leading to cyclized intermediate D. Subsequently, the aromatization of intermediate D assisted by
CPA catalyst A1 generates cycloaddition product 3a and regenerate the catalyst A1, thereby completing
the first catalytic cycle. The second catalytic cycle proceeds in the presence of Ag₂O and CPA A1.
Activation of the phenylethynyl group of 3a by silver furnishes intermediate E, while the naphthol hydroxyl
group is simultaneously activated by CPA via hydrogen-bonding. Intermediate E then undergoes an
intramolecular 5-endo-dig cyclization to give tetracyclic intermediate F, which goes through proton
demetalation to deliver the final 1,2-dihydronaphtho[2,1-b]furan 4a. This protocol represents a rare
example of a CPA catalyst playing a triple role through hydrogen bonding interactions.
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General procedure for the synthesis of chiral dihydrophenalenes 3. A 10 mL reaction tube was charged
with chiral phosphoric acid A1 (10 mol %, 0.02 mmol, 15 mg), 1 (0.2 mmol) and 2 (1.2 equiv, 0.24 mmol),
PhF (2 mL) were added sequentially. The reaction mixture was then stirred at 0°C. After completion of
the reaction (monitored by TLC), the reaction mixture was concentrated under vacuum and purified by
column chromatography on silica gel, eluting with EtOAc/hexane to afford the products 3.

General procedure for the synthesis of chiral 1,2-dihydronaphtho[2,1- b ]furans 4. A 10 mL reaction tube
was charged with chiral phosphoric acid A1 (10 mol %, 0.02 mmol, 15 mg), 1 (1.2 equiv, 0.24 mmol) and
2 (0.2 mmol), PhF (6 mL) were added sequentially. The reaction mixture was then stirred at 0°C. After
completion of the reaction (monitored by TLC), Ag2O (20 mol %, 0.04 mmol, 9.3 mg) and K2CO3 (2 equiv,
0.4 mmol, 55.3 mg) were added sequentially, the reaction mixture was then stirred at room temperature.
After completion of the reaction (monitored by TLC), the reaction mixture was concentrated under
vacuum and purified by column chromatography on silica gel, eluting with EtOAc/hexane to afford the
products 4.

General procedure for the synthesis of chiral dihydrobenzo[ e ]indoles 5. A 10 mL reaction tube was
charged with chiral phosphoric acid A1 (10 mol %, 0.02 mmol, 15 mg), 1 (1.2 equiv, 0.24 mmol) and 2
(0.2 mmol), PhF (6 mL) were added sequentially. The reaction mixture was then stirred at 0°C. After
completion of the reaction (monitored by TLC), Ag2O (20 mol %, 0.04 mmol, 9.3 mg) and K2CO3 (2 equiv,
0.4 mmol, 55.3 mg) were added sequentially, the reaction mixture was then stirred at room temperature.
After completion of the reaction (monitored by TLC), the reaction mixture was concentrated under
vacuum and purified by column chromatography on silica gel, eluting with EtOAc/hexane to afford the
products 5.
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Figures

Figure 1

Asymmetric Reaction of Quinone Methides (QMs) and Naphthoquinone Methides (Nap-QMs). a.
Asymmetric nucleophilic addition and cycloaddition of (aza)-QMs. b. Asymmetric nucleophilic addition
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of (aza)-Nap-QMs. c. Our hypothesis: asymmetric cycloaddition of (aza)-Nap-QMs. d. This work: CPA-
catalyzed asymmetric cycloaddition and tandem cyclization reaction of (aza)-Nap-QMs.

Figure 2

Selected natural products and bioactive moleculescontaining phenalene, dihydronaphtho[2,1-b]furan and
1,2-dihydrobenzo[e]indole motif. Some of representative molecules are listed.
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Figure 3

Scope of asymmetric cycloaddition of Nap-QMs with enamides. Reaction conditions: 1 (0.2 mmol), 2
(0.24 mmol), CPA A1 (10 mol %) in PhF (2 mL) at 0 °C, 3-48 h. aA10 (10 mol %) was used as catalyst, 0
°C. bA10 (10 mol %) was used as catalyst, -35 °C.
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Figure 4

Scope of asymmetric relay of Nap-QMs 1. Reaction conditions: 1 (0.24 mmol), 2 (0.2 mmol), CPA A1 (10
mol %) in PhF (4 mL) at 0 °C; then adding Ag2O (0.04 mmol) at rt. aA10 (10 mol %) was used as catalyst,

-35 °C.
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Figure 5

Scope of asymmetric relay of aza-Nap-QMs 1. Reaction conditions: 1 (0.24 mmol), 2 (0.2 mmol), CPA A1
(10 mol %) in PhF (4 mL) at 0 °C; then adding Ag2O (0.04 mmol) at rt.
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Figure 6

Scale-up reaction and product elaborations. a. Preparative-scale reaction of 1a. b. Synthetic applications
of 3a and 4a. Reagents and conditions: (i) Tf2O (1 equiv), Et3N (1 equiv), DCM, rt, 50 min. (ii) Cs2CO3 (1.5
equiv), PhF, rt, 70 min. (iii) NaIO4 (4 equiv), RuCl3 (7 mol %), THF:MeCN:H2O (2:1:1), rt, 15 min. (iv) Et3SiH
(2 equiv), BF3∙Et2O (4 equiv), DCM, rt, 30 min.
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Figure 7

Control experiment. a. Ag-catalyzed cyclization of 3a. b. Ag/CPA-cocatalyzed cyclization of 3a. c. CPA-
Ag-catalyzed cyclization of 3a d. CPA-catalyzed reaction of methyl protected naphthol 1a′ with enamide
2a. e. CPA-catalyzed cyclization of naphthol 1a with enamide [D]-2b. f. Non-linear effect of CPA catalyst.
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Figure 8

Proposed reaction mechanism. Mechanism for the CPA-catalyzed asymmetric [4+2] cycloaddition of
Nap-QMs.
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