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t-BuOK-Mediated Reductive Desulfonylation/Dehydrogenation for
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Cycloaddition Reactions
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Abstract A -BuOK-mediated desulfonylation/dehydrogenation cascade reaction of (Z)-C6-(vinyl sulfone)phenanthridines is
described. This process provides a novel and efficient strategy for the synthesis of 1,3-dienes with phenanthridinyl units in
good yields under transition-metal-free conditions. Furthermore, the application of the generated 1,3-dienes in the [4+2]
cycloaddition has been demonstrated by reacting with dienophiles such as fumaronitrile in a two-step procedure.
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1 Introduction reactions from allyl bromide, allyl alcohol or dihalogenated
compound, and the carbonyl olefinations represented by

Conjugated dienes are of great importance since they not the Wittig reactionl®! (Scheme 1a) and its variants such as
only are key structural motifs in various bioactive natural Horner-Wadsworth-Emmons reaction,!®! Julia olefination,”)
products and pharmaceuticals,!'! but also are recognized to and Peterson reaction.’®! Over the past decades, the transi-
be highly valuable synthetic precursors in organic synthe- tion-metal catalyzed C(sp*)—C(sp?) cross-couplings in-
sis,l?! and material science.l*! Therefore, great efforts from cluding Suzuki, Negishi, Stille, or Heck reactions have
synthetic organic chemists have been devoted to the de- emerged as privileged and powerful strategies for the as-
veloping efficient and practical methods for synthesis of sembly of dienes moieties (Scheme 1b).[°! Recently, several
conjugated dienes. Classical procedures for the preparation alternative and direct methods via oxidative cross-coupling

of 1,3-dienes mainly rely on the conventional elimination
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of alkenes with acrylates and styrenes have also been de-
veloped by Loh,['1 Yu,['!l and others!'? (Scheme 1c). Fur-
thermore, the catalytic ene-yne cross-metathesis has pro-
vided a useful and atom-economical cross-coupling to ac-
cess the 1,3-diene motif (Scheme 1d).'3 Despite the effec-
tiveness of the existing methods, the development of addi-
tional complementary processes with organic phosphine-
and transition-metal-free conditions for the construction of
substituted conjugated dienes remains challenging and
highly desirable.

Previous works
a) Witting reaction

base

2
RN + RICHPPh'Br  ——> i R

b) Transition-metal catalyzed Heck/Suzuki couplings

R! Pd R! »Z
%\X + YA~ RS W R3
R? oxidant R2

X=Br, I;Y =H, B(OH),
c) Transition-metal catalyzed oxidative dehydrogenative couplings
Pd, Rh, RuorIr R

NR:S

R1
ﬁ/\ H + HoA R3
R2 R2

oxidant
d) Ru catalyzed eneyne cross-metathesis
R R
F _Ru
R1// + H\/\Rz N\R2

This work

t-BuOK
THF, 70 °C

R3

Scheme 1 Synthetic strategies for the construction of conjugat-
ed dienes

Vinylsulfones are important building blocks in synthetic
organic chemistry due to their versatility as substrates and
intermediates in numerous transformations, and have been
extensively exploited in the synthesis of complex molecules
including natural products.['¥ The most common transfor-
mations of vinylsulfones are Michael addition reactions
with various nucleophiles,!'] the substitution of the sulfone
group by hydrogen'®! and variety of metal-catalyzed
desulfonylative cross-couplings.['”! However, to the best of
our knowledge, there have been no reports for the
straightforward conversion of vinylsulfones into conjugated
dienes via reductive process. Herein, we disclose a new,
simple and efficient method for the preparation of 1,3-
dienes with phenanthridinyl units by #BuOK-mediated
desulfonylation/dehydrogenation cascade reaction of (Z)-
C6-(vinyl sulfone) phenanthridines and their subsequent
transformations in [4+2] cycloaddition reactions (Scheme
1). It should be noted that the phenanthridine skeleton is an
important substructure widely existing in natural and
pharmaceutical compounds.!'®]
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2 Results and discussion

In our initial investigation, (Z)-C6-(1-tosylhept-1-en-2-
yl)phenanthridine (1a) was chosen as the model substrate to
find the optimal reaction conditions, and the results are
summarized in Table 1. To our delight, 40% yield of 6-
(hepta-1,3-dien-2-yl)phenanthridine (2a) was obtained
when 2.0 equiv of ~-BuOK was added to a tetrahydrofuran
(THF) solution of (Z)-C6-(1-tosylhept-1-en-2-yl)phenanth-
ridine (1a) and the mixture was stirred at 70 C for 18 h
(Entry 1). Further survey of solvents showed that THF was
the ideal solvent for this reaction, providing the highest
yield of 2a at 87% (Table 1, Entry 2). In addition, p-methyl
phenylsulfonic acid was detected by HPLC-HRMS analysis
after the acidification of reaction solution (for detail see
Supporting Information, Scheme S1). Other solvents such
as 1.4-dioxane, CH3;CN, toluene, N,N-dimethyl-formamide
(DMF), acetone was less effective and gave the inferior
yields of the desired products (Table 1, Entries 3~7). Di-
methyl sulfoxide (DMSO) and 1,2-dichloroethane (DCE)
were not suitable solvents and the reaction was prohibited
completely (Table 1, Entries 8, 9). Furthermore, ~-BuOK
was an essential base in the formation of 2a, ~-BuONa was
found to be harmful, and gave 2a in 36% yield (Table 1,

Table 1 Optimization of reaction conditions®

Ts Base S.
Solvent” " Q oK
1a
Entry Base Solvent Yield”/%
1 t-BuOK CH2Cl2 40
2 t-BuOK THF 87
3 t-BuOK 1,4-Dioxane 58
4 t-BuOK CH3CN 41
5 t-BuOK Toluene 17
6 t-BuOK DMF 30
7 t-BuOK Acetone 41
8 t-BuOK DMSO 0
9 t-BuOK DCE
10 t-BuONa THF 36
11 K2COs THF 0
12 Na2COs THF 0
13 Cs2C0Os3 THF 0
14 EtsN THF 0
15 Pyridine THF 0
16 t-BuOK THF 86°¢
17 t-BuOK THF 854
18 t-BuOK THF 58¢
19 t-BuOK THF 60/

© 2021 Chinese Chemical Society & SIOC, CAS

@ Reaction conditions: (Z)-6-(1-tosylhept-1-en-2-yl)phenanthridine (1a, 0.25
mmol), base (2.0 equiv.), solvent (3.0 mL), air, 70 ‘C oil bathing, 18 h.
bTsolated yield based on 1a. ¢In the N, atmosphere. “In the O, atmosphere.
¢Reaction time 12 hours./ 1.0 equiv. of ~BuOK was used.
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Entry 10). Other bases such as K,COs, Na,CO3, Cs,COs,
Et;N and pyridine instead of #-BuOK did not work in this
reaction (Table 1, Entries 11~15). It should be noted that
this transformation also proceeded well in comparable ef-
ficiency and yield when the reaction was carried out under
O, or N, atmosphere (Table 1, Entries 16, 17). Shortening
the reaction time to 12 h led to 65% yield of 2a (Table 1,
Entry 18). Meanwhile, the decreased yield was also ob-
served when the amount of ~-BuOK was reduced (Table 1,
Entry 19).

With the optimized reaction conditions in hand, the above
method was applied to the synthesis of various terminal
1,3-dienes (2) from (Z)-C6-(vinyl sulfone)phenanthridines
(1). First, the substituent effects on the phenanthridinyl ring
were investigated, and the results were depicted in Table 2.
It was found that a variety of substrates bearing elec-
tron-donating (Me, #-Bu, MeO) or electron-withdrawing
groups (F, Cl) on the phenanthridinyl ring were all viable,
affording the terminal 1,3-dienes 2b~2m in 72%~87%
yields, so the electronic effects of the phenanthridinyl moie-
ty are not pronounced. Subsequently, the effects of the

Table 2 Scope of phenanthridine moiety in the substrates”

+BUOK
TS THF, 70°C,18 h

R'=H, 2a, 87% (79%"?)
R'=CHs 2b78% ¢
R'=F, 2¢, 80%
R'=Cl, 2d, 76%

2f, 77% 2g, 85% 2h, 72%

R2 = CHg, 2i, 77%
R? = OCHj, 2j, 74%
R2=F, 2Kk, 81%
R2=Cl, 21, 83%

2m, 80%

substituted position were also studied. When the phenan-
thridinyl ring was substituted on the 2-position, the products
2b~2d were achieved with 76%~80% yields. 3-Position
substituted substrates generated the targeted products 2e~
2g in 77%~85% yields, the 9- or 10-position substituted
substrates also worked well, and terminal 1,3-dienes 2h~21
were isolated with good yields. In the case of disubstituted
(2£)-C6-(vinyl sulfone)phenanthridine, the reaction under-
went smoothly affording product 2m in 80% yield. Fur-
thermore, a gram-scale reaction for the synthesis of 1,3-
diene was carried out under the optimal reaction conditions,
and desired product 2a was obtained with 79% yield (0.86
g).
The scope of (Z)-6-(1-tosylalkyl-1-en-2-yl)phenanthri-
dines is shown in Table 3. Installation of longer alkyl chain
with R® furnished the corresponding products 2n and 20 in
80% and 88% yields, respectively.

Table 3 Scope of (Z)-C6-(vinyl sulfone)phenanthridines with
alkyl chain®

t-BuOK

R® = n-Hex, 2n, 80%
R®=n-Bu, 20,88%
R® = Et, 2p, 87%

R® = Me, 2q, 74%

R3 = n-Bu, 2r, 80%
R® = Et, 2s, 81%

R'=CHs, 2t, 75%
R'=Cl, 2u, 70%

2v, 73% 2w, 84%

¢ Reaction conditions: (Z)-C6-(vinyl sulfone)phenanthridine (1, 0.25
mmol), --BuOK (2.0 equiv.) and THF (3.0 mL) at 70 “C oil bathing for 18
h in the air; isolated yield based on 1. > 4.0 mmol 1a was used.
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“ Reaction conditions: (Z)-C6-(vinyl sulfone)phenanthridine (1, 0.25
mmol), #-BuOK (2.0 equiv.) and THF (3.0 mL) at 70 C oil bathing for
18 h in the air; isolated yield based on 1.

When ethyl or methyl group instead of propyl, the tosyl
moiety was also smoothly cleaved in the presence of
t-BuOK, leading to the desired products 2p and 2q with
good yields. Moreover, (Z)-6-(1-tosyloct-1-en-2-yl)phe-
nanthridine was successfully transformed into the product
2r in 80% yield.

(2)-6-(1-Tosylhex-1-en-2-yl)phenanthridines with Me, F
or Cl substituents on phenanthridine ring were suitable
substrates and gave the terminal 1,3-dienes 2s ~ 2w in
70%~84% yields.

Chin. J. Org. Chem. 2021, 41, 3144~3156
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An important synthetic application of 1,3-dienes leading
to a variety of complex products is the Diels-Alder reac-
tion.['"] Hence, to demonstrate the usefulness of the cascade
desulfonylation/dehydrogenation, the dienes 2 were tested
in [4+2] cycloaddition with fumaronitrile by a two-step
procedure. As shown in Table 4, a number of polysubsti-
tuted cyclohexenes (4a~4n) were observed with good
yields. The reaction was also not sensitive to the elec-
tronicnature of the substituents on phenanthridine ring, and
Me-, MeO-, F-, Cl-, and CF3-substituted substrates ran
smoothly to deliver the final products in 68%~84% yields.
Fortunately, F, Cl and CN groups were inert under these
reaction conditions and would allow further functionaliza-
tion of the polysubstituted cyclohexenes. Furthermore, the

Table 4 Applications of 1,3-dienes by reacting with fumaro-

nitrile?

THF, 70 °C CN
R1
2) NC\/\CN oN
3
Toluene, 120 °C s R

R'=H, 4a, 83%
R' = CHj, 4b, 72%
R'=F, 4c, 75%
R'=Cl, 4d, 77%

R2 = t-Bu, 4f, 80%
RZ2=F, 4g, 76%
R2=Cl, 4h, 75%
R? = CF3, 4i, 68%

R'=H, 41, 70%
R2 = Cl, 4m, 76%

4an, 74%

4 Reaction conditions: 1) (Z2)-C6-(vinyl sulfone)phenanthridine (1, 0.25 mmol),
t-BuOK (2.0 equiv.) and THF (3.0 mL) at 70 C oil bathing for 18 h in the air;
2) fumaronitrile (3, 0.50 mmol), toluene (3.0 mL) at 120 C for 12 h; isolated
yield based on 1.

Chin. J. Org. Chem. 2021, 41, 3144~3156
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method was shown to be useful in the construction of pol-
ysubstituted cyclohexenes containing biologically relevant
moieties such as F and CF3, as in the case of 4c¢, 4e, 4g and
4i~4k.

To gain a good understanding of the reaction mechanism,
several control experiments were conducted, as shown in
Scheme 2. First, (£)-1-methyl-4-((2-phenylhex-1-en-1-
yl)sulfonyl)benzene (5) was subjected to the reaction under
the standard conditions, and no desired diene 6 was formed,
yet the other isomer 5' was isolated with 73% yield (Scheme
2a). Second, a well-known radical scavenger, 2,2,6,6- tet-
ramethyl-piperidine-1-oxyl (TEMPO, 2.0 equiv.) was
added in the reaction system of 1a, the present reaction was
not inhibited, and the diene 2a was observed in 84% yield
(Scheme 2b). This result implied that radical process was
not involved in this transformation. Thirdly, the D>O ex-
periment indicated that the terminal hydrogen of product 2a
probably originated from H,O by reacting with carbanion
intermediate (Scheme 2c¢).

a)

N t-BuOK

H THF, 70 °C, 18 h

t-BuOK

THF, 70°C, 18 h
TEMPO (3.0 equiv.)

t-BuOK

™ THF, 70°cC, 18 h
D,0 (8.0 equiv.)

D(H)-2a (65%)
Scheme 2 Control experiments

Based on the above observations and previous reports,*!
a proposed reaction pathway for the formation of products 2
is assumed, which agrees with an ionic reaction process
(Scheme 3). Initially, ~-BuOK abstracts a proton from
(2£)-C6-(vinyl sulfone)phenanthridine (1) to form the ani-
onic intermediate A, followed by an isomerization process
to form intermediate A'. Then, the generated A' can react
with H,O by abstraction of hydrogen to give the compound
B, which undergoes a #-BuOK-mediated C—S bond
cleavage to give p-toluenesulfinic acid anion and cationic
intermediate C with the assistance of phenanthridine group.
Specifically, p-toluenesulfinic acid is successfully detected

http://sioc-journal.cn/ 3147
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by ESI-MS to support this proposed pathway. Subsequent-
ly, the allylic cation C' is produced from C through a res-
onance. Finally, losing of proton from C' affords 1,3-diene
product 2.

Scheme 3 Proposed mechanism

3 Conclusions

In summary, a novel +-BuOK-mediated desulfonylation/
dehydrogenation cascade reaction of (Z)-C6-(vinyl sul-
fone)phenanthridines has been successfully realized under
organic phosphine- and transition-metal-free conditions.
This olefination provides an efficient method for the selec-
tive synthesis of phenanthridine substituted 1,3-dienes in
good yields. Furthermore, the generated 1,3-dienes show
good reactivity in the [4 + 2] cycloaddition, and have
proven to be powerful for the synthesis of polysubstituted
cyclohexenes by reacting with dienophiles such as fu-
maronitrile in a two-step procedure. Further investigation
on utilizing in situ generated 1,3-dienes in synthetic trans-
formations will be considered.

4 Experimental section

4.1 Instruments and reagents

The chemicals and solvents were purchased from com-
mercial suppliers without further purification. All reactions
were set up in air unless otherwise specified. 'H NMR and
13C NMR spectra were measured on a Bruker Avance NMR
spectrometer (600 MHz or 400 MHz, respectively) in

3148 http:/sioc-journal.cn/
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CDCl;3 or DMSO-d; solvent and recorded relative to internal
standard tetramethylsilane. Flash column chromatography
was performed using silica gel of 200~300 mesh. High
resolution mass spectroscopic data of the products were
obtained on an Agilent Technologies 6540 UHD Accurate-
Mass Q-TOF LC/MS using ESI.

4.2 Typical procedure for the synthesis of (Z)-C6-
(vinyl sulfone)phenanthridines

All (2)-C6-(vinyl sulfone)phenanthridines were prepared
according to the reported method.[?”! A representative pro-
cedure for the preparation of (2)-6-(1-tosylhept-1-en-2-yl)-
phenanthridine (1a) is shown as following: 1-heptyne (48.0
mg, 0.50 mmol), p-toluenesulfinic acid (117.0 mg, 0.75
mmol), pyridine (6.0 equiv.) and 2-isocyanobiphenyl (44.8
mg, 0.25 mmol) were added into an air-tight reaction tube
(10.0 mL) with 4.5 mL of DMSO/HO (V' : V=8 : 1). The
tube containing the reactants and solvent was evacuated by
pump and back-filled with oxygen, then an oxygen balloon
was connected to the reaction flask. The reaction was stirred
at room temperature under photo-irradiation with UV LED
(365%5 nm, 3 W) for 24 h. After the reaction was com-
pleted, the solution was diluted with ethyl acetate (10 mL),
washed with water (5 mL), and extracted with ethyl acetate
(5 mL X2). The organic layers were combined, dried over
anhydrous Na,SO4 and concentrated in vacuo. the resulting
crude mixture was purified by flash chromatography on
silica gel (petroleum ether/EtOAc, V' : V=5 I 1) to provide
the desired product 1a in 73% yield (78.3 mg).

The characterization data of (Z)-6-(1-tosylhept-1-en-2-
yl)-phenanthridine (1a), (Z)-2-methyl-6-(1-tosylhept-1-en-
2-yl)phenanthridine (1b), (Z)-2-fluoro-6-(1-tosylhept-1-en-
2-yl)phenanthridine (1¢), (Z)-2-chloro-6-(1-tosylhept-1-en-
2-yl)phenanthridine (1d), (Z)-8-methyl-6-(1-tosylhept-1-
en-2-yl)phenanthridine (1i), (2)-8-chloro-6-(1-tosylhept-1-
en-2-yl)phenanthridine (11), (Z)-8,10-dichloro-6-(1-tosyl-
hept-1-en-2-yl)phenanthridine (1m), (Z£)-6-(1-tosyloct-1-
en-2-yl)phenanthridine (10), (Z)-6-(1-tosylhex-1-en-2-yl)-
phenanthridine (1p), (Z)-6-(1-tosylpent-1-en-2-yl)phenan-
thridine (1q) are consistent with the reference [20].

(2)-3-Methyl-6-(1-tosylhept-1-en-2-yl)phenanthridine
(1e): 78.6 mg, 71% yield. Colorless solid, m.p. 113.6~
115.4 °C; '"H NMR (600 MHz, CDCls) §: 8.53 (d, J=8.3
Hz, 1H), 8.42 (d, /=8.3 Hz, 1H), 7.91 (d, J/=S8.1 Hz, 1H),
7.87 (s, 1H), 7.77 (t, J=7.6 Hz, 1H), 7.59 (t, J=7.5 Hz,
1H), 7.50~7.46 (m, 3H), 7.02 (d, /=7.9 Hz, 2H), 6.70 (s,
1H), 2.61~2.59 (m, 5H), 2.24 (s, 3H), 1.57~1.54 (m, 2H),
1.30~1.22 (m, 4H), 0.82 (t, /=6.8 Hz, 3H); '*C NMR (150
MHz, CDCL) d: 158.3, 154.7, 143.8, 143.3, 138.7, 137.6,
132.3, 130.6, 129.3, 129.2, 129.1, 128.8, 127.9, 127.2,
126.8,124.2,121.8,121.5,38.7,31.1,26.2,22.2,21.4,21.3,
13.8. HRMS (ESI) caled for CysH3NO,S [M+H] " :
444.1992, found 444.1994.

(2)-3-Fluoro-6-(1-tosylhept-1-en-2-yl)phenanthridine
(1f): 78.2 mg, 70% yield. Colorless solid, m.p. 170.1~
171.8 °C; '"H NMR (600 MHz, CDCls) §: 8.53~8.52 (m,
2H), 7.96 (d, J/=8.0 Hz, 1H), 7.82~7.81 (m, 1H), 7.74~

Chin. J. Org. Chem. 2021, 41, 3144~3156
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7.72 (m, 1H), 7.65 (t, J=7.5 Hz, 1H), 7.54 (t, J=7.8 Hz,
2H), 7.43~7.40 (m, 1H), 7.12 (d, J=8.0 Hz, 2H), 6.70 (s,
1H), 2.60 (t, J=7.8 Hz, 2H), 2.32 (s, 3H), 1.58~1.55 (m,
2H), 1.33~1.23 (m, 4H), 0.83 (t,J=7.0 Hz, 3H); *C NMR
(150 MHz, CDCls) d: 162.6 (d, J=246.9 Hz), 160.0, 154.4,
144.5 (d, J=11.6 Hz), 144.1, 137.7, 132.2, 131.1, 129.3,
129.2, 127.9, 127.5, 127.3, 124.3, 124.2 (d, J=9.5 Hz),
121.9, 120.6 (d, J=1.6 Hz), 116.1 (d, J=23.6 Hz), 114.3
(d, J=20.5 Hz), 38.7, 31.1, 26.2, 22.2, 21.4, 13.8. HRMS
(ESI) calcd for Co7H»7FNO,S [M~+H]': 448.1741, found
448.1743.
(2)-3-Chloro-6-(1-tosylhept-1-en-2-yl)phenanthridine
(1g): 83.3 mg, 72% yield. Colorless solid, m.p. 184.8~
186.1 'C; '"H NMR (600 MHz, CDCl;) &: 8.54 (d, J=8.2
Hz, 1H), 8.47 (d, J=8.8 Hz, 1H), 8.06 (d, /=2.2 Hz, 1H),
7.97 (d, J=7.9 Hz, 1H), 7.84 (td, J=7.6, 1.1 Hz, 1H), 7.68
(t, J=7.5 Hz, 1H), 7.61 (dd, J=8.8, 2.2 Hz, 1H), 7.53 (d,
J=8.2 Hz, 2H), 7.12 (d, J/=8.0 Hz, 2H), 6.69 (s, 1H), 2.60
(t,J=7.8 Hz, 2H), 2.33 (s, 3H), 1.58~1.53 (m, 2H), 1.32~
1.24 (m, 4H), 0.83 (t, J=7.1 Hz, 3H); *C NMR (150 MHz,
CDCls) 0: 159.9, 154.3, 144.2, 143.9, 137.7, 134.3, 132.0,
131.2, 129.4, 129.3, 129.0, 127.9, 127.8, 127.6, 127.5,
124.7,123.6,122.4,122.1,38.7,31.1,26.3,22.2,21.5, 13.8.
HRMS (ESI) caled for CysH»’CINO,S [M + H] *:
464.1446, found 464.1450; Cy7H7*’CINO,S: 466.1416,
found 464.1419.
(2)-10-Fluoro-6-(1-tosylhept-1-en-2-yl)phenanthridine
(1h): 69.3 mg, 62% yield. White solid, m.p. 134.7 ~
136.1 'C; 'H NMR (600 MHz, CDCls) §: 8.98 (d, J=8.3
Hz, 1H), 8.11 (d, /=8.0 Hz, 1H), 7.81~7.77 (m, 2H), 7.70
(t, J=7.5 Hz, 1H), 7.64~7.60 (m, 1H), 7.57~7.51 (m,
3H), 7.10 (d, /=8.0 Hz, 2H), 6.69 (s, 1H), 2.60 (t, J=5.4
Hz, 2H), 2.30 (s, 3H), 1.58~1.53 (m, 2H), 1.32~1.24 (m,
4H), 0.83 (t, J=6.9 Hz, 3H); *C NMR (150 MHz, CDCI;)
0: 160.5 (d, J=253.6 Hz), 157.9 (d, /=1.8 Hz), 154.5,
144.1, 143.6, 137.6, 129.7, 129.4, 129.3, 129.0, 127.9,
127.8, 127.7 (d, J=1.8 Hz), 127.1, 127.0 (d, J=2.7 Hz),
123.4 (d, /=3.4 Hz), 121.7 (d, J/=18.6 Hz), 121.6 (d, J=
13.1 Hz), 117.3 (d,J=23.3 Hz), 38.6,31.1,26.2,22.2,21 .4,
13.8. HRMS (ESI) caled for Cy;H7FNO,S [M+H]':
448.1741, found 448.1739.
(Z2)-8-Methoxy-6-(1-tosylhept-1-en-2-yl)phenanthridine
(1j): 80.3 mg, 70% yield. Colorless solid, m.p. 161.6~
164.2 °C; '"H NMR (600 MHz, CDCls) §: 8.50 (d, J=9.0
Hz, 1H), 8.46 (d, /=8.0 Hz, 1H), 8.04 (d, /=8.0 Hz, 1H),
7.67 (t, J=7.4 Hz, 1H), 7.62 (t,J=7.4 Hz, 1H), 7.47~7.44
(m, 3H), 7.25 (d, J=0.9 Hz, 1H), 7.02 (d, /J=28.0 Hz,
2H),6.72 (s, 1H), 3.91 (s, 3H), 2.63 (t, J=7.7 Hz, 2H), 2.24
(s, 3H), 1.58~1.54 (m, 2H), 1.32~1.24 (m, 4H), 0.82 (t,
J=7.1 Hz, 3H); C NMR (150 MHz, CDCls) 6: 158.5,
157.4, 1544, 144.0, 142.4, 137.4, 129.7, 129.3, 129.2,
127.9, 127.6, 127.1, 126.7, 125.9, 123.9, 123.8, 121.6,
121.5,107.2,55.4,38.7,31.1,26.3,22.2,21.4, 13.8. HRMS
(ESI) caled for CasH3oNOsS [M~+H]': 460.1941, found
460.1939.
(2)-8-Fluoro-6-(1-tosylhept-1-en-2-yl)phenanthridine
(1k): 79.3 mg, 71% yield. Colorless solid, m.p. 152.8~
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155.2 °C; '"H NMR (600 MHz, CDCls) §: 8.62~8.60 (m,
1H), 8.50 (d, /=7.3 Hz, 1H), 8.10 (d, J/=8.1 Hz, 1H), 7.74
(t, J=17.5 Hz, 1H), 7.69~7.66 (m, 1H), 7.57~7.54 (m,
4H), 7.13 (d, J=38.0 Hz, 2H), 6.71 (d, J=0.8 Hz, 1H),
2.61~2.59 (m, 2H), 2.32 (s, 3H), 1.57~1.55 (m, 2H),
1.32~1.25 (m, 4H), 0.83 (t,/=6.9 Hz, 3H); '*C NMR (150
MHz, CDCl3) ¢: 161.2 (d, J=247.4 Hz), 157.7 (d, J=3.7
Hz), 154.3, 144.2, 142.9, 137.7, 129.9, 129.5, 129.4, 129.1,
128.6, 127.9, 127.5, 125.9 (d, J/=7.8 Hz), 124.8 (d, J=8.4
Hz), 123.5,122.0, 120.0 (d, J/=23.7 Hz), 111.7 (d, J=21.6
Hz), 38.6, 31.1, 26.2, 22.2, 21.5, 13.8. HRMS (ESI) calcd
for Co7H27FNO,S [M+H]': 448.1741, found 448.1745.
(2)-6-(1-Tosyldec-1-en-2-yl)phenanthridine (1m): 70.7
mg, 60% yield. Yellow liquid. '"H NMR (600 MHz, CDCl5)
0: 8.60 (d, J/=8.2 Hz, 1H), 8.56 (d, /=8.2 Hz, 1H), 8.08 (d,
J=28.1Hz, 1H), 7.96 (d, J/=8.0 Hz, 1H), 7.82 (t,J=7.6 Hz,
1H), 7.75~7.72 (m, 1H), 7.68~7.64 (m, 2H), 7.50 (d, J=
7.6 Hz, 2H), 7.05 (d, J/=8.2 Hz, 2H), 6.71 (d, J/=1.1 Hz,
1H), 2.62~2.60 (m, 2H), 2.26 (s, 3H), 1.59~1.53 (m,
2H),1.32~1.18 (m, 10H), 0.84 (t, J=7.1 Hz, 3H); C
NMR (150 MHz, CDCl;) d: 158.5, 154.7, 143.9, 143.2,
137.6, 132.3, 130.7, 129.8, 129.3, 129.2, 128.6, 127.9,
127.4, 127.3, 127.1, 124.7, 123.9, 122.12, 122.07, 38.8,
31.6, 29.1, 29.0, 28.9, 26.5, 22.5, 21.4, 14.0. HRMS (ESI)
caled for C3H3NO.S [M + H] " : 472.2305, found
472.2306.
(Z2)-3-Chloro-6-(1-tosyloct-1-en-2-yl)phenanthridine
(1r): 78.7 mg, 66% yield. Colorless solid, m.p. 190.4~
193.0 °'C; 'H NMR (600 MHz, CDCls) §: 8.57 (d, J=8.3
Hz, 1H), 8.50 (d, /=8.8 Hz, 1H), 8.06 (d, /=2.2 Hz, 1H),
7.98 (d, J=8.0 Hz, 1H), 7.88~7.85 (m, 1H), 7.71~7.68
(m, 1H), 7.64 (dd, J/=8.7, 2.2 Hz, 1H), 7.52 (d, J/=8.2 Hz,
2H), 7.13 (d, J=8.0 Hz, 2H), 6.69 (t, J=1.4 Hz, 1H), 2.60
(t,J=7.8 Hz, 2H), 2.34 (s, 3H), 1.58~1.52 (m, 2H),1.33~
1.20 (m, 6H), 0.83 (t, J=7.0 Hz, 3H); *C NMR (150 MHz,
CDCls) d: 160.0, 154.4, 144.2, 140.0, 137.7, 134.3, 132.0,
131.2, 129.41, 129.37, 129.1, 128.0, 127.8, 127.7, 127.6,
124.8,123.6,122.5,122.1,38.8,31.4,28.7,26.6,22.4,21.5,
13.9. HRMS (ESI) caled for CasHyCINO,S [M+H] " :
478.1602, found 478.1601; CysHae*’CINO,S: 480.1573,
found 480.1577.
(2)-3-Chloro-6-(1-tosylhex-1-en-2-yl)phenanthridine
(1s): 79.7 mg, 71% yield. Colorless solid, m.p. 173.1~
175.2 °C; '"H NMR (600 MHz, CDCls) §: 8.52~8.51 (m,
1H), 8.46~8.43 (m, 1H), 8.06 (s, 1H), 7.96 (d, J/=8.1 Hz,
1H), 7.83~7.80 (m, 1H), 7.68~7.65 (m, 1H), 7.60~7.58
(m, 1H), 7.53 (d, J/=8.0 Hz, 2H), 7.12 (d, J/=28.0 Hz, 2H),
6.70 (d, J=1.0 Hz, 1H), 2.60 (t, J=7.5 Hz, 2H), 2.32 (s,
3H), 1.57~1.50 (m, 2H), 1.38~1.29 (m, 2H), 0.85 (t, J=
7.3 Hz, 3H); '3C NMR (150 MHz, CDCl3) d: 159.9, 154.3,
144.1, 143.9, 137.6, 134.2, 131.9, 131.2, 129.35, 129.28,
129.0, 127.9, 127.7, 127.6, 127.4, 124.6, 123.6, 1224,
122.1, 38.4, 28.7, 22.1, 21.4, 13.7. HRMS (ESI) calcd for
CaHasCINO,S [M-+H]": 450.1289, found 450.1288; Cae-
Has’CINO,S: 452.1260, found 452.1256.
(2)-2-Methyl-6-(1-tosylhex-1-en-2-yl)phenanthridine
(1t): 75.1 mg, 70% yield. Colorless solid, m.p. 123.1~
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123.9 °C; 'H NMR (600 MHz, CDCls) §: 8.57 (d, J=8.3
Hz, 1H), 8.33 (s, 1H), 7.96 (d, J=8.3 Hz, 1H), 7.92 (d, J=
8.1 Hz, 1H), 7.78 (t, J=7.3 Hz, 1H), 7.62 (t, J/=7.6 Hz,
1H), 7.55 (d, J=28.3 Hz, 1H), 7.48 (d, /=8.0 Hz, 2H), 7.03
(d, J=7.9 Hz, 2H), 6.71 (s, 1H), 2.62~2.60 (m, SH), 2.25
(s, 3H), 1.55~1.51 (m, 2H), 1.35~1.30 (m, 2H), 0.84 (t,
J=17.3 Hz, 3H); C NMR (150 MHz, CDCl3) 6: 157.4,
154.8, 143.8, 141.5, 137.6, 137.0, 132.0, 130.5, 130.3,
129.4,129.23,129.16, 127.9, 127.21, 127.19, 124.7, 123.7,
122.0, 121.7, 38.5, 28.6, 22.1, 21.8, 21.3, 13.6. HRMS
(ESI) caled for Cy7HasNO,S [M~+H]': 430.1835, found
430.1837.
(2)-2-Chloro-6-(1-tosylhex-1-en-2-yl)phenanthridine
(1u): 76.3 mg, 68% yield. Colorless solid, m.p. 193.3~
193.8 'C; 'H NMR (600 MHz, CDCl;) J: 8.52~8.51 (m,
2H), 8.01 (d, J=38.6 Hz, 1H), 7.96 (d, /=8.1 Hz, 1H), 7.83
(t,J=17.6 Hz, 1H), 7.70~7.67 (m, 2H), 7.51 (d, J/=28.1 Hz,
2H), 7.10 (d, J=28.0 Hz, 2H), 6.70 (s, 1H), 2.61 (t, J=7.8
Hz, 2H), 2.30 (s, 3H), 1.57~1.51 (m, 2H), 1.37~1.31 (m,
2H), 0.85 (t, J=7.3 Hz, 3H); *C NMR (150 MHz, CDCI;)
0: 158.9, 154.3, 144.1, 141.6, 137.6, 133.0, 131.3, 131.2,
131.0, 129.3, 129.2, 128.1, 127.9, 127.4, 125.0, 124.9,
122.2, 121.8, 38.4, 28.7, 22.2, 21.4, 13.7. HRMS (ESI)
caled for CaHasCINO,S [M + H] " : 450.1289, found
450.1289; Ca6H,5"CINO,S: 452.1260, found 452.1264.
(2)-10-Fluoro-6-(1-tosylhex-1-en-2-yl)phenanthridine
(1v): 70.4 mg, 65% yield. Colorless solid, m.p. 169.5~
170.9 °‘C; '"H NMR (600 MHz, CDCls) §: 8.95 (d, J=7.2
Hz, 1H), 8.14 (d, J=8.2 Hz, 1H), 7.98 (d, J/=8.0 Hz, 1H),
7.92 (d, J=8.0 Hz, 2H), 7.76 (t, J=7.4 Hz, 1H), 7.69 (t,
J=6.9 Hz, 1H), 7.64~7.61 (m, 1H), 7.59~7.55 (m, 1H),
7.38 (d, J/=8.0 Hz, 2H), 6.51 (s, 1H), 3.31 (t, J=7.5 Hz,
2H), 2.45 (s, 3H), 1.41~1.34 (m, 4H), 0.81 (t, J/=7.0 Hz,
3H); 3C NMR (150 MHz, CDCl3) d: 160.5 (d, J=254.3
Hz), 158.3, 155.3, 144.5, 143.3, 138.7, 132.0, 130.1, 129.9,
129.2,128.0,127.9 (d, /=9.4 Hz), 127.5, 126.8 (d, J=22.9
Hz), 126.5 (d, J=3.4 Hz), 123.3 (d, J=3.5 Hz), 122.5 (d,
J=10.0 Hz), 121.3 (d, J=4.7 Hz), 117.5 (d, J=23.5 Hz),
32.0, 29.9, 22.9, 21.6, 13.7, 13.8. HRMS (ESI) calcd for
C2HasFNO»S [M+H] ': 434.1585, found 434.1587.
(2)-8,10-Dichloro-6-(1-tosylhex-1-en-2-yl)phenanthridi-
ne (1w): 79.7 mg, 66% yield. Colorless solid, m.p. 213.8~
215.4 °C; '"H NMR (600 MHz, CDCls) §: 9.75 (d, J=8.6
Hz, 1H), 8.13 (d, /=8.0 Hz, 1H), 7.91 (s, 1H), 7.83~7.80
(m, 2H), 7.72 (t, J=7.7 Hz, 1H), 7.52 (d, J=7.9 Hz, 2H),
7.16 (d, J/=7.9 Hz, 2H), 6.70 (s, 1H), 2.60~2.58 (m, 2H),
2.36 (s, 3H), 1.56~1.52 (m, 2H),1.40~1.31 (m, 2H), 0.87
(t, J=7.3 Hz, 3H); *C NMR (150 MHz, CDCl3) J: 1574,
154.0, 144.4, 144.3, 137.5, 134.3, 132.6, 132.3, 130.3,
129.9, 129.5, 129.4, 128.1, 127.9, 127.6, 127.2, 126.2,
126.0, 122.6, 38.3, 28.7, 22.2, 21.5, 13.7. HRMS (ESI)
caled for CysH2sCLNO,S [M + H] " : 484.0899, found
484.0898; CoH,43CIP’CINO,S: 486.0870, found 486.0872;
Ca6H24C1LNO,S: 488.0840, found 488.0845.
(2)-2-Fluoro-8-methyl-6-(1-tosylhept-1-en-2-yl)phenan-
thridine (1x): 79.5 mg, 69% yield. Colorless solid, m.p.
198.7~200.2 ‘C; '"H NMR (600 MHz, CDCls) §: 8.36~
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8.34 (m, 1H), 8.12~8.10 (m, 1H), 8.06~8.04 (m, 1H), 7.65
(s, 1H), 7.63 (t, J=7.9 Hz, 1H), 7.51 (d, J=8.0 Hz, 2H),
7.44 (td, J=8.4,2.2 Hz, 1H), 7.10 (d, J/=8.0 Hz, 2H), 6.70
(s, 1H), 2.60 (t, J=7.7 Hz, 2H), 2.55 (s, 3H), 2.31 (s, 3H),
1.60~1.55 (m, 2H), 1.33~1.25 (m, 4H), 0.83 (t, J=6.9
Hz, 3H); *C NMR (150 MHz, CDCl;) 6: 161.3 (d, J=245.7
Hz), 1574 (d, J=2.6 Hz), 154.8, 144.0, 139.8, 138.1,
137.7, 132.6, 131.9 (d, J=9.0 Hz), 129.8 (d, J=4.1 Hz),
129.3, 129.2, 127.9, 126.6, 125.4 (d, J=9.3 Hz), 124.7,
122.2, 117.0 (d, J=24.2 Hz), 106.9 (d, J/=23.3 Hz), 38.6,
31.1, 26.2, 22.2, 21.7, 21.4, 13.8. HRMS (ESI) calcd for
CasH29FNO,S [M+H]': 462.1898, found 462.1895.
(Z2)-2-Chloro-8-fluoro-6-(1-tosylhept-1-en-2-yl)phenant

hridine (1y): 81.8 mg, 68% yield. Colorless solid, m.p.
224.2~225.8 ‘C; '"H NMR (600 MHz, CDCl3) §: 8.50~
8.47 (m, 1H), 8.41 (d, J/=1.2 Hz, 1H), 8.03 (d, /=8.6 Hz,
1H), 7.67 (dd, J=8.6, 1.5 Hz, 1H), 7.55 (t, J/=7.8 Hz, 4H),
7.17 (d, J=38.0 Hz, 2H), 6.70 (s, 1H), 2.59 (t, J=7.7 Hz,
2H), 2.35 (s, 3H), 1.56~1.54 (m, 2H),1.32~1.25 (m, 4H),
0.83 (t, J=6.8 Hz, 3H); '3C NMR (150 MHz, CDCl;) &:
161.6 (d, J=248.9 Hz), 158.1 (d, J=3.5 Hz), 153.9, 144.3,
141.3, 137.6, 133.4, 131.4, 129.6, 129.5, 129.1, 128.1,
127.9, 126.2 (d, J=7.8 Hz), 125.0 (d, J=8.5 Hz), 124.6,
121.6, 120.3 (d, J/=23.8 Hz), 111.8 (d, J/=21.7 Hz), 38.5,
31.1,26.2,22.2,21.5, 13.8. HRMS (ESI) calcd for Cz7Hz6-
3CIFNO,S [M+H]': 482.1351, found 482.1349; Ca7Hye-
37CIFNO,S: 484.1322, found 484.1314.

4.3 Typical procedure for the synthesis of 1,3-diene
(2a)

(2)-6-(1-Tosylhept-1-en-2-yl)phenanthridine (1a, 0.25
mmol) and #~BuOK (0.50 mmol) were added into an
air-tight reaction tube (10 mL) with 3.0 mL of THF. Then,
the reaction was stirred at 70 ‘C for 18 h. After the reaction
was completed, the mixture was diluted with water (10 mL)
and extracted with ethyl acetate (5 mLX3). The organic
layers were combined, dried over anhydrous Na;SO, and
filtered. The solvents were concentrated in vacuo, and the
resulting crude mixture was purified by flash chromatog-
raphy on silica gel (petroleum ether/EtOAc, Vi V=15 : 1)
to provide the desired products 2a in 87% yield (59.4 mg).
4.4 Typical procedure for the synthesis of 4a

(£)-6-(1-Tosylhept-1-en-2-yl)phenanthridine (1a, 0.25
mmol) and ~-BuOK (0.5 mmol) were added into an air-tight
reaction tube (10 mL) with 3.0 mL of THF. The reaction
was stirred at 70 ‘C for 18 h. After the reaction was com-
pleted, the mixture was diluted with water (10 mL) and
extracted with ethyl acetate (5 mL X 3). The organic layers
were combined, and concentrated in vacuo, generating the
resulting crude mixture. The crude mixture and fu-
maronitrile (3, 0.50 mmol) were added into an air-tight
reaction tube (10 mL) with 3.0 mL of toluene, and the re-
action was stirred at 120 ‘C for 12 h. After the reaction was
completed, the reaction mixture was concentrated in vacuo.
The crude product was purified by flash chromatography on
silica gel (petroleum ether/EtOAc, V' . V=3 I 1) to provide
the desired product 4a in 83% yield (72.8 mg).
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6-(Hepta-1,3-dien-2-yl)phenanthridine (2a): 59.3 mg,
87% yield. Colorless liquid. '"H NMR (600 MHz, CDCl5) §:
8.60 (d, /=8.2 Hz, 1H), 8.55 (d, J/=8.2 Hz, 1H), 8.26 (d,
J=8.2 Hz, 1H), 8.16 (d, /=8.2 Hz, 1H), 7.80~7.77 (m,
1H), 7.74~7.71 (m, 1H), 7.65~7.63 (m, 1H), 7.59 (t, J=
7.6 Hz, 1H), 6.52 (d, J=15.8 Hz, 1H), 5.63 (s, 1H), 5.30 (s,
1H), 5.26~5.21 (m, 1H), 2.00 (q, J/=7.1 Hz, 2H), 1.29~
1.23 (m, 2H), 0.78 (t, J=7.4 Hz, 3H); *C NMR (150 MHz,
CDCls) o: 161.1, 146.6, 143.7, 135.8, 132.8, 131.6, 130.5,
130.2, 128.7, 128.6, 127.0, 126.8, 125.3, 123.7, 121.82,
121.79, 117.6, 34.8, 21.9, 13.6. HRMS (ESI) calcd for
CaoHooN [M+H]": 274.1590, found 274.1592.

6-(Hexa-1,3-dien-2-yl)-2-methylphenanthridine ~ (2b):
56.0 mg, 78% yield. Colorless liquid. "H NMR (600 MHz,
CDCls) o: 8.60 (d, J=8.3 Hz, 1H), 8.35 (s, 1H), 8.14 (d,
J=8.3 Hz, 2H), 7.79~7.76 (m, 1H), 7.59~7.57 (m, 1H),
7.55 (dd, J=28.3, 1.7 Hz, 1H), 6.52 (d, J=15.6 Hz, 1H),
5.62 (s, 1H), 5.60 (s, 1H), 5.25~~5.20 (m, 1H), 2.61 (s, 3H),
2.02~1.98 (m, 2H), 1.30~1.23 (m, 2H), 0.78 (t, J=7.4
Hz, 3H); '*C NMR (150 MHz, CDCl3) ¢: 160.1, 146.7,
142.0, 136.7, 135.7, 132.5, 131.7, 130.3, 130.0, 128.7,
126.8, 125.4, 123.6, 121.8, 121.5, 117.5, 34.8, 21.9, 13.6.
HRMS (ESI) calced for CaoHxN [M-+H]": 288.1747, found
288.1746.

2-Fluoro-6-(hepta-1,3-dien-2-yl)phenanthridine (2¢):
58.2 mg, 80% yield. Colorless liquid. "H NMR (600 MHz,
CDCls) o: 8.49 (d, J=8.2 Hz, 1H), 8.22 (t, J/=6.9 Hz, 1H),
8.17 (d, J=9.2 Hz, 2H), 7.82 (t, J=7.4 Hz, 1H), 7.65 (t,
J=17.5 Hz, 1H), 7.47 (t, J=8.4 Hz, 1H), 6.52 (d, J/=15.8
Hz, 1H), 5.64 (s, 1H), 5.30 (s, 1H), 5.25~5.20 (m, 1H),
2.01(q,J=7.0Hz, 2H), 1.31~1.25 (m, 2H), 0.79 (t, J=7.2
Hz, 3H); '*C NMR (150 MHz, CDCl5) 6: 161.3 (d,J=245.5
Hz), 160.4 (d, J=2.1 Hz), 146.4, 140.6, 135.9, 132.5 (d,
J=9.2 Hz), 132.3 (d, /J=3.9 Hz), 131.5, 130.6, 128.9,
127.7, 125.4, 125.1 (d, J=8.9 Hz), 122.0, 117.7, 117.5 (d,
J=24.1 Hz), 106.8 (d, J=22.9 Hz), 34.8, 21.9, 13.6.
HRMS (ESI) caled for CoHioFN [M+H] " : 292.1496,
found 292.1496.

2-Chloro-6-(hepta-1,3-dien-2-yl)phenanthridine ~ (2d):
58.3 mg, 76% yield. Colorless liquid. "H NMR (600 MHz,
CDCls) d: 8.54~8.53 (m, 2H), 8.18~8.15 (m, 2H), 7.83 (t,
J=7.59 Hz, 1H), 7.68~7.63 (m, 2H), 6.52 (d, /=15.8 Hz,
1H), 5.64 (s, 1H), 5.30 (s, 1H), 5.24~5.19 (m, 1H), 2.01 (q,
J=7.2 Hz, 2H), 1.31~1.25 (m, 2H), 0.79 (t, J=7.4 Hz,
3H); 3C NMR (150 MHz, CDCI;) &: 161.4, 146.4, 142.2,
135.9, 132.7, 131.9, 131.8, 131.5, 130.9, 129.1, 128.9,
127.7, 125.5, 124.9, 121.9, 121.6, 117.8, 34.8, 21.9, 13.6.
HRMS (ESI) caled for CyH;oCIN [M~+H]": 308.1201,
found 308.1198; C20H;o*’CIN": 310.1171, found 310.1175.

6-(Hepta-1,3-dien-2-yl)-3-methylphenanthridine  (2e):
60.3 mg, 84% yield. Colorless liquid. "H NMR (600 MHz,
CDCl) o: 8.54 (d, J=8.2 Hz, 1H), 8.42 (d, J=8.2 Hz, 1H),
8.13 (d, J/=8.1 Hz, 1H), 8.05 (s, 1H), 7.75 (t, J/=7.4 Hz,
1H), 7.55 (t, J=7.4 Hz, 1H), 7.46 (d, J=8.2 Hz, 1H), 6.52
(d, J/=15.8 Hz, 1H), 5.61 (s, 1H), 5.29 (s, 1H), 5.25~5.21
(m, 1H), 2.57 (s, 3H), 2.00 (q, /=6.8 Hz, 2H), 1.30~1.23
(m, 2H), 0.78 (t, J=7.3 Hz, 3H); *C NMR (150 MHz,
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CDCL) o: 161.1, 146.7, 143.8, 138.7, 135.7, 132.8, 131.6,
130.4, 129.8, 128.7, 128.5, 126.5, 125.0, 121.6, 1214,
117.4, 34.8, 219, 21.4, 13.6. HRMS (ESI) caled for
C2iHxN [M+H]': 288.1747, found 288.1749.
3-Fluoro-6-(hepta-1,3-dien-2-yl)phenanthridine 2):
56.0 mg, 77% yield. Colorless liquid. "H NMR (600 MHz,
CDCl) o: 8.55 (d, J=8.4 Hz, 2H), 8.16 (d, J=8.2 Hz, 1H),
7.89 (dd, J/=9.8, 2.0 Hz, 1H), 7.82 (t, J/=7.6 Hz, 1H), 7.61
(t, J=7.6 Hz, 1H), 7.42 (td, J=8.4, 1.8 Hz, 1H), 6.52 (d,
J=17.9 Hz, 1H), 5.64 (s, 1H), 5.30 (s, 1H), 5.25~5.20 (m,
1H), 2.02 (q, J=7.0 Hz, 2H), 1.30~1.25 (m, 2H), 0.79 (t,
J=7.4 Hz, 3H); '*C NMR (150 MHz, CDCl5) é: 162.6 (d,
J=246.7 Hz), 162.5, 146.4, 145.1 (d, J/=11.8 Hz), 135.9,
132.7, 131.5, 131.0, 129.0, 126.9, 124.9, 123.8 (d, /=9.4
Hz), 121.7, 120.5, 117.7, 115.9 (d, J=23.7 Hz), 114.8 (d,
J=20.4 Hz), 34.8, 21.9, 13.6. HRMS (ESI) calcd for
CaoH1oFN [M+H]": 292.1496, found 292.1496.
3-Chloro-6-(hepta-1,3-dien-2-yl)phenanthridine  (2g):
65.2 mg, 85% yield. Colorless liquid. '"H NMR (600 MHz,
CDCl) o: 8.53 (d, J=8.2 Hz, 1H), 8.45 (d, J=8.7 Hz, 1H),
8.23 (s, 1H), 8.16 (d, J=8.2 Hz, 1H), 7.80 (t, J=7.6 Hz,
1H), 7.62 (t, J=7.6 Hz, 1H), 7.58 (d, J/=8.7 Hz, 1H), 6.52
(d, J=15.8 Hz, 1H), 5.64 (s, 1H), 5.29 (s, 1H), 5.25~5.20
(m, 1H), 2.01 (q, /=7.2 Hz, 2H), 1.30~1.24 (m,2H), 0.79
(t, J/=7.4 Hz, 3H); 3C NMR (150 MHz, CDCl;) §: 162.4,
146.3, 144.4, 1359, 134.2, 1324, 131.4, 130.9, 1294,
128.9, 127.3, 125.2, 123.2, 122.3, 121.7, 117.7, 34.8, 21.9,
13.5. HRMS (ESI) caled for CyH;oCIN [M + H] ":
308.1201, found 308.1200; C20H;o*’CIN": 310.1171, found
310.1171.
10-Fluoro-6-(hepta-1,3-dien-2-yl)phenanthridine  (2h):
52.3 mg, 72% yield. Colorless liquid. "H NMR (600 MHz,
CDCl) o: 8.98 (d, /=8.4 Hz, 1H), 8.27 (d, J=8.1 Hz, 1H),
8.00 (d, J/=7.9 Hz, 1H), 7.76 (t, J=7.5 Hz, 1H), 7.68 (t,
J=7.7 Hz, 1H), 7.57~7.49 (m, 2H), 6.51 (d, J/=15.8 Hz,
1H), 5.63 (s, 1H), 5.31 (s, 1H), 5.23~5.18 (m, 1H), 2.01 (q,
J=7.2 Hz, 2H), 1.30~1.24 (m, 2H), 0.78 (t, J=7.4 Hz,
3H); *C NMR (150 MHz, CDCls) é: 160.4 (d, J=253.3
Hz), 160.4 (d, J=1.8 Hz), 146.6, 144.0, 136.0, 131.4,
130.2, 128.9, 127.6 (d, J/=3.4 Hz), 127.4 (d, J=1.7 Hz),
127.2 (d, J=9.3 Hz), 126.8 (d, J=22.6 Hz), 124.8 (d, J=
3.5Hz), 122.1 (d, /=10.3 Hz), 121.5 (d, J=4.5 Hz), 117.8,
117.0 (d, J=23.1 Hz), 34.8, 21.9, 13.6. HRMS (ESI) calcd
for CooH1oFN [M~+H]": 292.1496, found 292.1495.
6-(Hepta-1,3-dien-2-yl)-8-methylphenanthridine  (2i):
55.2 mg, 77% yield. Colorless liquid. "H NMR (600 MHz,
CDCl) o: 8.53 (d, J=8.1 Hz, 1H), 8.50 (d, /=8.3 Hz, 1H),
8.23 (d, J=8.1 Hz, 1H), 7.93 (s, 1H), 7.70 (t, J=7.5 Hz,
1H), 7.63 (d, J=7.7 Hz, 2H), 6.52 (d, J/=15.8 Hz, 1H), 5.62
(s, 1H), 5.29 (s, 1H), 5.26~5.21 (m, 1H), 2.53 (s, 3H), 2.02
(q,J=7.1 Hz, 2H), 1.31~1.25 (m, 2H), 0.79 (t, J=7.4 Hz,
3H); C NMR (150 MHz, CDCl;) 6:160.8, 146.7, 143.4,
136.9, 135.7, 132.3, 131.6, 130.7, 130.2, 128.1, 126.7,
125.5, 123.9, 121.8, 121.7, 117.5, 34.8, 21.9, 21.6, 13.5.
HRMS (ESI) caled for C2iH»N [M+H]": 288.1747, found
288.1748.
6-(Hepta-1,3-dien-2-yl)-8-methoxyphenanthridine (2j):
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56.0 mg, 74% yield. Colorless liquid. "H NMR (600 MHz,
CDCl) o: 8.52 (d, J=8.9 Hz, 1H), 8.48 (d,J=7.9 Hz, 1H),
8.22 (d, J/=8.0 Hz, 1H), 7.67 (t, J/=7.5 Hz, 1H), 7.62 (t,
J=7.5Hz, 1H), 7.50 (d, J/=2.6 Hz, 1H), 7.43 (d,J=9.0 Hz,
1H), 6.52 (d, J=15.8 Hz, 1H), 5.63 (s, 1H), 5.32 (s, 1H),
5.29~5.24 (m, 1H), 3.90 (s, 3H), 2.02 (q, J/=7.2 Hz, 2H),
1.31~1.25 (m, 2H), 0.80 (t, J=7.4 Hz, 3H); *C NMR (150
MHz, CDCl;) d: 160.3, 158.4, 146.8, 142.9, 135.7, 131.3,
130.2, 127.6, 127.2, 126.9, 126.6, 123.9, 123.5, 1214,
117.5,108.4, 55.4, 34.8, 22.0, 13.6. HRMS (ESI) calcd for
C2iH»NO [M-+H]": 304.1696, found 304.1698.
8-Fluoro-6-(hepta-1,3-dien-2-yl)phenanthridine ~ (2k):
58.9 mg, 81% yield. Colorless liquid. "H NMR (600 MHz,
CDCl) o: 8.62~8.59 (m, 1H), 8.50 (d, /=7.6 Hz, 1H),
8.25(dd, /=8.2,1.0 Hz, 1H), 7.80 (dd, J=9.7,2.7 Hz, 1H),
7.74~7.72 (m, 1H), 7.68~7.65 (m, 1H), 7.57~7.54 (m,
1H), 6.52 (d, J=15.8 Hz, 1H), 5.64 (s, 1H), 5.31 (s, 1H),
5.26~5.21 (m, 1H), 2.02 (q, J=7.0 Hz, 2H), 1.32~1.26
(m, 2H), 0.80 (t, J=7.4 Hz, 3H); *C NMR (150 MHz,
CDCls) o0: 161.2 (d, J=246.8 Hz), 160.2 (d, J=3.5 Hz),
146.1, 143.4, 136.0, 131.3, 130.4, 129.5 (d, J=1.6 Hz),
128.5, 127.2, 126.6 (d, J=7.7 Hz), 124.4 (d, J=8.0 Hz),
123.4, 121.6, 119.8 (d, J=23.4 Hz), 117.9, 113.0 (d, J=
21.7 Hz), 34.8, 21.9, 13.6. HRMS (ES]I) caled for CyoH9F-
N [M+H]": 292.1496, found 292.1495.
8-Chloro-6-(hepta-1,3-dien-2-yl)phenanthridine (21):
63.7 mg, 83% yield. Colorless liquid. "H NMR (600 MHz,
CDCl) o: 8.55 (d, J=8.8 Hz, 1H), 8.16 (d, J=8.8 Hz, 1H),
8.24 (dd, /=8.2, 0.9 Hz, 1H), 8.13 (d, J=2.2 Hz, 1H),
7.76~7.74 (m, 2H), 7.68~7.66 (m, 1H), 6.52 (d, J=15.8
Hz, 1H), 5.65 (s, 1H), 5.31 (s, 1H), 5.25~5.20 (m, 1H),
2.03 (q,J=7.0Hz, 2H), 1.33~1.26 (m, 2H), 0.81 (t, J=7.4
Hz, 3H); '*C NMR (150 MHz, CDCl) 6: 160.0, 146.0,
143.7, 136.1, 133.0, 131.4, 131.2, 131.1, 130.4, 129.0,
127.9, 127.3, 126.3, 123.7, 123.2, 121.8, 118.1, 34.8, 21.9,
13.6. HRMS (ESI) caled for CyHpCIN [M + H] " :
308.1201, found 308.1200; C20H;o>’CIN": 310.1171, found
310.1171.
8,10-Dichloro-6-(hepta-1,3-dien-2-yl)phenanthridine
(2m): 68.2 mg, 80% yield. Colorless liquid. '"H NMR (600
MHz, CDCL) d: 9.73 (d, J=8.6 Hz, 1H), 8.26 (dd, J=8.1,
1.4 Hz, 1H), 8.13 (d, J=2.3 Hz, 1H), 7.87 (t, J=2.0 Hz,
1H), 7.79 (td, J=7.1, 1.0 Hz, 1H), 7.70~7.67 (m, 1H), 6.51
(d, J=15.8 Hz, 1H), 5.66 (s, 1H), 5.31 (s, 1H), 5.20~5.15
(m, 1H), 2.05~2.01 (m, 2H), 1.32~1.26 (m, 2H), 0.80 (t,
J=7.4 Hz, 3H); 3C NMR (150 MHz, CDCls) 6: 159.8,
146.2, 144.7, 136.5, 134.1, 132.1, 132.0, 131.4, 130.7,
129.3,128.4,128.3, 127.6, 126.9, 125.9, 122.5, 118.4, 34.8,
21.9, 13.6. HRMS (ESI) caled for CaoH;sCLN [M+H]":
342.0811, found 342.0808; CxH;s>>CIP7CIN *: 344.0781,
found 344.0776; C2oH1s’CLLN "2 346.0751, found 346.0751.
6-(Deca-1,3-dien-2-yl)phenanthridine (2n): 63.0 mg,
80% yield. Colorless liquid. '"H NMR (600 MHz, CDCl5) §:
8.61 (d, J=8.2 Hz, 1H), 8.57 (d, /=8.2 Hz, 1H), 8.25 (d,
J=82Hz, 1H), 8.16 (d, /=8.2 Hz, 1H), 7.80 (t,/=7.6 Hz,
1H), 7.74~7.72 (m, 1H), 7.65 (t, J=7.5 Hz, 1H), 7.60 (t,
J=7.6 Hz, 1H), 6.52 (d, J=15.8 Hz, 1H), 5.63 (s, 1H), 5.30
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(s, 1H), 5.26~5.21 (m, 1H), 2.02 (q, J=7.0 Hz, 2H),
1.24~1.15 (m, 8H), 0.82 (t,/=7.1 Hz, 3H); '*C NMR (150
MHz, CDCl) o: 161.1, 146.6, 143.7, 136.1, 132.8, 131.4,
130.5, 130.3, 128.8, 128.6, 127.0, 126.8, 125.3, 123.8,
121.85, 121.82, 117.5, 32.8, 31.5, 28.71, 28.66, 22.4, 14.0.
HRMS (ESI) caled for Co3Ha6N [M+H]': 316.2060, found
316.2061.

6-(Octa-1,3-dien-2-yl)phenanthridine (20): 63 mg, 88%
yield. Colorless liquid. '"H NMR (600 MHz, CDCl;) J: 8.63
(d,J=8.3 Hz, 1H), 8.58 (d, /=8.1 Hz, 1H), 8.25 (d, J=8.1
Hz, 1H), 8.16 (d, J=8.2 Hz, 1H), 7.81 (t, J/=7.6 Hz, 1H),
7.74 (t, J=7.1 Hz, 1H), 7.66 (t, J=7.4 Hz, 1H), 7.61 (4,
J=7.6 Hz, 1H), 6.52 (d, J=15.8 Hz, 1H), 5.63 (s, 1H), 5.30
(s, 1H), 5.26~5.21 (m, 1H), 2.03 (q, J=06.8 Hz, 2H),
1.25~1.17 (m, 4H), 0.80 (t, /=6.4 Hz, 3H); '*C NMR (150
MHz, CDCls) o: 161.2, 146.7, 143.8, 136.0, 132.8, 131.4,
130.5, 130.3, 128.8, 128.6, 127.0, 126.8, 125.4, 123.8,
121.88, 121.85, 117.6, 32.4, 30.9, 22.1, 13.8. HRMS (ESI)
caled for CoiHxN [M+-H]': 288.1747, found 288.1747.

6-(Hexa-1,3-dien-2-yl)phenanthridine (2p): 56.3 mg,
87% yield. Colorless liquid. '"H NMR (600 MHz, CDCl3) J:
8.59 (d, J/=8.3 Hz, 1H), 8.55 (d, /=8.1 Hz, 1H), 8.26 (d,
J=8.2Hz, 1H), 8.16 (d, /=8.2 Hz, 1H), 7.78 (t,J=7.6 Hz,
1H), 7.72 (t, J=7.5 Hz, 1H), 7.63 (t, J=7.6 Hz, 1H), 7.59
(t, J=7.6 Hz, 1H), 6.52 (d, J=15.8 Hz, 1H), 5.64 (s, 1H),
5.32~5.27 (m, 2H), 2.05~2.00 (m, 2H), 0.89 (t, J=7.4
Hz, 3H); *C NMR (150 MHz, CDCls) J: 161.1, 146.5,
143.7, 137.2, 132.8, 130.48, 130.46, 130.2, 128.7, 128.5,
127.0, 126.7, 125.3, 123.7, 121.81, 121.78, 117.5, 25.6,
12.8. HRMS (ESI) calcd for C1oHisN [M~+H]': 260.1434,
found 260.1433.

6-(Penta-1,3-dien-2-yl)phenanthridine (2q): 45.3 mg,
74% yield. Colorless liquid. '"H NMR (600 MHz, CDCl3) J:
8.61 (d, J=8.3 Hz, 1H), 8.56 (d, J/=8.2 Hz, 1H), 8.25 (d,
J=8.2Hz, 1H), 8.16 (d, /=8.2 Hz, 1H), 7.80 (t,/=7.6 Hz,
1H), 7.73 (t, J=7.5 Hz, 1H), 7.65 (t, J=7.5 Hz, 1H), 7.61
(t, J=7.6 Hz, 1H), 6.53 (d, J=15.7 Hz, 1H), 5.62 (s, 1H),
5.28~5.22 (m, 2H), 1.68 (d, J=6.7 Hz, 3H); *C NMR
(150 MHz, CDCl) o: 161.1, 146.4, 143.7, 132.84, 132.81,
130.6, 130.5, 130.2, 128.7, 128.6, 127.1, 126.8, 125.3,
123.7, 121.843, 121.835, 117.3, 18.2. HRMS (ESI) calcd
for CisHieN [M-+H]": 246.1277, found 246.1276.

3-Chloro-6-(octa-1,3-dien-2-yl)phenanthridine (2r): 64.2
mg, 80% yield. Colorless liquid. 'H NMR (600 MHz,
CDCls) o: 8.55 (d, J/=8.3 Hz, 1H), 8.47 (d, /J=8.7 Hz, 1H),
8.23 (d, J/=1.4 Hz, 1H), 8.16 (d, J=8.2 Hz, 1H), 7.82 (t,
J=17.6 Hz, 1H), 7.62 (t, J=7.8 Hz, 1H), 7.60 (dd, J=38.9,
1.7 Hz, 1H), 6.51 (d, J/=15.8 Hz, 1H), 5.63 (s, 1H), 5.28 (s,
1H), 5.25~5.20 (m, 1H), 2.03 (q, /=6.5 Hz, 2H), 1.25~
1.18 (m, 4H), 0.80 (t, J=6.9 Hz, 3H); 3*C NMR (150 MHz,
CDCl) d: 162.4, 146.3, 144.5, 136.1, 134.2, 132.4, 131.2,
131.0, 129.5, 129.0, 127.34, 127.32, 125.3, 123.3, 122.3,
121.8,117.7,32.4,30.9, 22.1, 13.8. HRMS (ESI) calcd for
C2iH2CIN [M-+H]": 322.1357, found 322.1357; CyHyi-
7CIN": 324.1328, found 324.1328.

3-Chloro-6-(hexa-1,3-dien-2-yl)phenanthridine (2s):
59.3 mg, 81% yield. Colorless liquid. "H NMR (600 MHz,
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CDCls) o: 8.56 (d, J=8.3 Hz, 1H), 8.46 (d, /J=8.8 Hz, 1H),
8.23 (d, /=2.2 Hz, 1H), 8.16 (d, J/=8.2 Hz, 1H), 7.83 (t,
J=7.6 Hz, 1H), 7.63 (t, J=7.6 Hz, 1H), 7.61 (dd, J=8.7,
2.1 Hz, 1H), 6.51 (d, J/=15.9 Hz, 1H), 5.65 (s, 1H), 5.31~
5.26 (m, 2H), 2.07~2.02 (m, 2H), 0.91 (t, J/=7.4 Hz, 3H);
BC NMR (150 MHz, CDCl3) 6: 162.4, 146.2, 144.4, 137 4,
134.2, 132.4, 131.0, 130.3, 129.5, 128.9, 127.37, 127.36,
125.3,123.3, 122.3, 121.8, 117.8, 25.7, 12.9. HRMS (ESI)
caled for C1oH;7CIN [M~+H]": 294.1044, found 294.1042;
Ci9oH;7*’CIN": 296.1015, found 296.1016.
6-(Hexa-1,3-dien-2-yl)-2-methylphenanthridine (2¢):
51.2 mg, 75% yield. Colorless liquid. "H NMR (600 MHz,
CDCls) o: 8.60 (d, J=8.3 Hz, 1H), 8.35 (s, 1H), 8.14 (d,
J=8.3 Hz, 2H), 7.77 (t, J=7.6 Hz, 1H), 7.58 (t,J=7.6 Hz,
1H), 7.55 (dd, J=8.3, 1.5 Hz, 1H), 6.51 (d, /=15.8 Hz,
1H), 5.63 (s, 1H), 5.31~5.26 (m, 2H), 2.61 (s, 3H), 2.06~
2.01 (m, 2H), 0.89 (t, J=7.4 Hz, 3H); *C NMR (150 MHz,
CDCls) d: 160.1, 146.6, 142.0, 137.1, 136.6, 132.5, 130.6,
130.3, 130.0, 128.7, 126.8, 125.4, 123.6, 121.8, 121.4,
117.5,25.7,21.9, 12.9. HRMS (ESI) calcd for C20H2oN [M
+H]": 274.1590, found 274.1593.
2-Chloro-6-(hexa-1,3-dien-2-yl)phenanthridine (2u):
51.3 mg, 70% yield. Colorless liquid. "H NMR (600 MHz,
CDCls) o: 8.50~8.49 (m, 2H), 8.16 (d, J=8.6 Hz, 2H),
7.79 (t, J=17.2 Hz, 1H), 7.66~7.61 (m, 2H), 6.51 (d, J=
15.8 Hz, 1H), 5.64 (s, 1H), 5.30~5.26 (m, 2H), 2.06~2.01
(m, 2H), 0.90 (t, J=7.4 Hz, 3H); *C NMR (150 MHz,
CDCl3) ¢: 161.3, 146.2, 142.0, 137.3, 132.6, 131.75,
131.65, 130.8, 130.3, 129.0, 128.7, 127.7, 125.4, 12438,
121.8, 121.5, 117.7, 25.6, 12.8. HRMS (ESI) calcd for
CioH7CIN [M+H]": 294.1044, found 294.1048; C9H-
YICIN': 296.1015, found 296.1018.
10-Fluoro-6-(hexa-1,3-dien-2-yl)phenanthridine ~ (2v):
50.4 mg, 73% yield. Colorless liquid. "H NMR (600 MHz,
CDCls) o: 8.99 (d, J/=8.4 Hz, 1H), 8.27 (d,J=28.1 Hz, 1H),
8.01 (d, J/=7.8 Hz, 1H), 7.78 (t, J=7.5 Hz, 1H), 7.70 (t,
J=7.7 Hz, 1H), 7.59~7.52 (m, 2H), 6.51 (d, J/=15.8 Hz,
1H), 5.64 (s, 1H), 5.30 (s, 1H), 5.29~5.24 (m, 1H), 2.07~
2.02 (m, 2H), 0.91 (t, J=7.4 Hz, 3H); *C NMR (150 MHz,
CDCls) o0: 160.5 (d, J=253.3 Hz), 160.4 (d, J=1.7 Hz),
146.6, 144.1, 137.5, 130.4, 130.3, 128.9, 127.7 (d, J=3.4
Hz), 127.4 (d, J/=1.6 Hz), 127.3 (d, J=9.2 Hz), 126.9 (d,
J=22.6 Hz), 124.8 (d, J=3.9 Hz), 122.2 (d, /=9.9 Hz),
121.5 (d, J=4.6 Hz), 117.8, 117.0 (d, J=23.2 Hz), 25.7,
12.9. HRMS (ESI) calcd for CioH7FN [M+H] ": 277.3354,
found 277.3352.
8,10-Dichloro-6-(hexa-1,3-dien-2-yl)phenanthridine
(2w): 68.7 mg, 84% yield. Colorless liquid. '"H NMR (600
MHz, CDCL) 6: 9.73 (d, J=8.6 Hz, 1H), 8.26 (dd, J=38.1,
1.4 Hz, 1H), 8.13 (d, J=2.3 Hz, 1H), 7.87 (t, J=1.8 Hz,
1H), 7.80~7.78 (m, 1H), 7.70~7.67 (m, 1H), 6.51 (d, J=
15.8 Hz, 1H), 5.67 (s, 1H), 5.30 (s, 1H), 5.26~5.22 (m,
1H), 2.09~2.04 (m, 2H), 0.92 (t,J=7.4 Hz, 3H); *C NMR
(150 MHz, CDCl3) d: 159.8, 146.1, 144.7, 137.9, 134.1,
132.1, 132.0, 130.7, 130.3, 129.3, 128.43, 128.35, 127.5,
126.9, 1259, 122.4, 118.4, 25.7, 12.9. HRMS (ESI) caled
for CigHisCLN [M+H] " : 328.0654, found 328.0648;
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CioH 6*CI7CIN " 330.0625, found 330.0625; CioHis"'-
CLN": 332.0595, found 332.0597.
5-(Phenanthridin-6-yl)-3-propylcyclohex-4-ene-1,2-dica
rbonitrile (4a): 72.8 mg, 83% yield. White solid, m.p.
169.7~170.9 “C; '"H NMR (600 MHz, CDCls) ¢: 8.64 (d,
J=8.2 Hz, 1H), 8.55 (d, J/=28.1 Hz, 1H), 8.29 (d, J=28.2
Hz, 1H), 8.16 (d, J=8.0 Hz, 1H), 7.85 (t, J/=7.5 Hz, 1H),
7.74 (t, J=7.4 Hz, 1H), 7.70~7.65 (m, 2H), 6.01 (s, 1H),
3.60~3.58 (m, 1H), 3.45 (t, J=5.0 Hz, 1H), 3.31~3.27
(m, 1H), 3.15 (d, J/=18.4 Hz, 1H), 3.03 (d, J/=2.5 Hz, 1H),
1.85~1.71 (m, 2H), 1.56~1.49 (m, 2H), 1.01 (t, J=7.3
Hz, 3H); *C NMR (100 MHz, CDCls) J: 159.3, 143.2,
133.4, 133.3, 130.7, 130.4, 130.0, 128.8, 127.4, 127.3,
127.1, 124.2, 123.5, 122.3, 121.8, 118.9, 117.2, 34.8, 34.3,
322, 29.0, 27.2, 19.9, 13.9. HRMS (ESI) caled for
Ca4H»N; [M+H]": 352.1808, found 352.1812.
5-(3-Methylphenanthridin-6-yl)-3-propylcyclohex-4-ene-
1,2-dicarbonitrile (4b): 65.7 mg, 72% yield. White solid,
m.p. 147.9~149.6 'C; 'H NMR (400 MHz, CDCls) : 8.59
(d,J=8.2Hz, 1H), 8.42 (d, /=8.4 Hz, 1H), 8.26 (d, J=8.2
Hz, 1H), 7.95 (s, 1H), 7.83~7.79 (m, 1H), 7.64 (t, J=7.3
Hz, 1H), 7.48 (dd, /=28.3, 1.1 Hz, 1H), 5.99 (d, /=1.0 Hz,
1H), 3.59~3.55 (m, 1H), 3.43 (t, /=5.0 Hz, 1H), 3.31~
3.25 (m, 1H), 3.13 (d, J=18.3 Hz, 1H), 3.03~3.01 (m,
1H), 2.58 (s, 3H), 1.84~1.71 (m, 2H), 1.57~1.48 (m, 2H),
1.01 (t, J=7.3 Hz, 3H); 3C NMR (100 MHz, CDCI;) ¢:
159.4, 143.4, 139.0, 133.5, 133.4, 130.6, 130.3, 129.6,
128.9, 127.3, 126.9, 123.9, 122.2, 121.6, 121.2, 118.9,
117.2,34.9,34.3.32.2,29.0,27.3, 21.4, 19.9, 13.9. HRMS
(ESI) caled for CpsHaN3 [M+H]": 366.1965, found
366.1966.
5-(3-Fluorophenanthridin-6-yl)-3-propylcyclohex-4-ene-
1,2-dicarbonitrile (4¢): 69.2 mg, 75% yield. White solid,
m.p. 169.6~171.0 ‘C; 'H NMR (600 MHz, CDCl;) J: 8.58
(d, J/=8.0 Hz, 1H), 8.53 (dd, /=9.0, 5.9 Hz, 1H), 8.30 (d,
J=7.8 Hz, 1H), 7.87 (td, J=7.6, 1.0 Hz, 1H), 7.80 (dd, J=
9.7, 2.6 Hz, 1H), 7.69 (td, J=8.1, 1.0 Hz, 1H), 7.42 (td,
J=28.5, 2.7 Hz, 1H), 6.01 (d, J=1.6 Hz, 1H), 3.61~3.59
(m, 1H), 3.46 (t, J=5.0 Hz, 1H), 3.33~3.28 (m, 1H), 3.16
(d, J=18.5 Hz, 1H), 3.07~3.04 (m, 1H), 1.85~1.74 (m,
2H), 1.58~1.52 (m, 2H), 1.03 (t,J=7.3 Hz, 3H); 3*C NMR
(150 MHz, CDCl) d: 162.7 (d, J=247.2 Hz), 160.7, 144.6
(d, J=11.8 Hz), 133.4, 133.2, 131.1, 130.9, 127.5, 127.3,
123.8 (d, J=9.5 Hz), 122.2, 120.3 (d, /=1.7 Hz), 118.8,
117.1, 116.3 (d, J=23.7 Hz), 114.6 (d, /=20.3 Hz), 34.9,
343, 32.2, 28.9, 27.4, 20.0, 13.9. HRMS (ESI) calcd for
C24H» FN; [M+H]": 370.1714, found 370.1715.
5-(3-Chlorophenanthridin-6-yl)-3-propylcyclohex-4-ene-
1,2-dicarbonitrile (4d): 74.1 mg, 77% yield. White solid,
m.p. 193.7~194.8 C; 'H NMR (600 MHz, CDCI;) §: 8.55
(d,J=8.2Hz, 1H), 8.42 (d, /=8.8 Hz, 1H), 8.29 (d, J=8.2
Hz, 1H), 8.11 (d, /=2.0 Hz, 1H), 7.85 (t, J=7.5 Hz, 1H),
7.70 (t, J=7.6 Hz, 1H), 7.57 (dd, J/=38.7, 2.1 Hz, 1H), 6.00
(s, 1H), 3.61~3.59 (m, 1H), 3.45 (t,/=4.9 Hz, 1H), 3.30~
3.26 (m, 1H), 3.15 (d, J/=18.4 Hz, 1H), 3.05~3.04 (m,
1H), 1.84~1.73 (m, 2H), 1.57~1.51 (m, 2H), 1.02 (t, J=
7.3 Hz, 3H); 3C NMR (150 MHz, CDCl;) ¢: 160.5, 143.9,
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1344, 133.1, 133.0, 131.1, 131.0, 129.2, 127.7, 127.6,
127.5,124.1, 123.2, 122.3, 122.0, 118.8, 117.0, 34.8, 34.3,
32.1, 28.8, 27.3, 19.9, 13.9. HRMS (ESI) calcd for
CasH2CIN3 [M+H]": 386.1419, found 386.1415; CosHai-
37CIN;: 388.1389, found 388.1393.
5-(2-Fluorophenanthridin-6-yl)-3-propylcyclohex-4-ene-
1,2-dicarbonitrile (4e): 74.7 mg, 81% yield. White solid,
m.p. 158.9~160.1 'C; 'H NMR (400 MHz, CDCl5) J: 8.49
(d,J=8.3 Hz, 1H), 8.30 (d, /=8.1 Hz, 1H), 8.15~8.09 (m,
2H), 7.87~7.83 (m, 1H), 7.72 (t, J=7.6 Hz, 1H), 7.45 (td,
J=8.4,2.6 Hz, 1H), 6.00 (d, /=1.2 Hz, 1H ), 3.63~3.59
(m, 1H), 3.46 (t, J/=4.9 Hz, 1H), 3.33~3.26 (m, 1H), 3.15
(d, J/=18.3 Hz, 1H), 3.06~3.00 (m, 1H), 1.87~1.71 (m,
2H), 1.59~1.50 (m, 2H), 1.02 (t,J=7.3 Hz, 3H); *C NMR
(100 MHz, CDCls) 6: 161.4 (d, J=245.8 Hz), 158.6 (d, J=
2.7Hz),140.1,133.2,132.9(d,J=4.3 Hz), 132.4 (d, J=9.0
Hz), 130.7 (d, J=6.1 Hz), 128.1, 127.4, 124.9 (d, /=9.0
Hz), 124.3, 122.5, 118.8, 117.7 (d, J=24.2 Hz), 117.1,
106.8 (d, J/=23.2 Hz), 34.9, 34.3, 32.2, 28.9, 27.4, 19.9,
13.9. HRMS (ESI) caled for CyHyFN3; [M + H] " :
370.1714, found 370.1713.
5-(8-(tert-Butyl)phenanthridin-6-yl)-3-propylcyclohex-4-
ene-1,2-dicarbonitrile (4f): 81.4 mg, 80% yield. White
solid, m.p. 156.1~157.4 °C; '"H NMR (600 MHz, CDCI5) J:
8.57 (d, J=8.7 Hz, 1H), 8.52 (d, J/=7.6 Hz, 1H), 8.31 (d,
J=19 Hz, 1H), 8.14 (dd, /=S8.1, 0.8 Hz, 1H), 7.93 (dd,
J=8.7, 2.0 Hz, 1H), 7.71~7.68 (m, 1H), 7.64~7.62 (m,
1H), 6.03 (d, J=1.6 Hz, 1H), 3.60~3.58 (m, 1H), 3.44 (t,
J=5.0 Hz, 1H), 3.31 (d, /=18.4 Hz, 1H), 3.22~3.16 (m,
1H), 3.03~3.01 (m, 1H), 1.85~1.75 (m, 2H), 1.57~1.53
(m, 2H), 1.45 (s, 9H), 1.02 (t, J=7.3 Hz, 3H); 3C NMR
(150 MHz, CDCl3) d: 159.5, 150.4, 143.1, 133.4, 131.3,
130.3, 130.0, 129.0, 128.4, 127.0, 124.3, 123.5, 123.1,
122.1,121.7,118.9,117.1,35.1,35.0,34.2,32.3,31.2, 28.8,
27.4, 19.9, 13.8. HRMS (ESI) calcd for CogHxoN3 [M—+
H]": 408.2434, found 408.2435.
5-(8-Fluorophenanthridin-6-yl)-3-propylcyclohex-4-ene-
1,2-dicarbonitrile (4g): 70.1 mg, 76% yield. White solid,
m.p. 1723~1744 C; '"H NMR (400 MHz, CDCl;) ¢:
8.67~8.63 (m, 1H), 8.51 (t, /=7.6 Hz, 1H), 8.16 (t,J=7.4
Hz, 1H), 7.94 (d, J=9.8, 2.5 Hz, 1H), 7.77~7.67 (m, 2H),
7.64~7.59 (m, 1H), 6.04 (s, 1H), 3.64~3.60 (m, 1H), 3.48
(t, J=5.0 Hz, 1H), 3.36~3.30 (m, 1H), 3.17 (d, J=18.2
Hz, 1H), 3.08~3.05 (m, 1H), 1.86~1.75 (m, 2H), 1.60~
1.54 (m, 2H), 1.05 (t, J=7.4 Hz, 3H); *C NMR (150 MHz,
CDCls) o0: 161.3 (d, J=247.2 Hz), 158.3 (d, J=3.4 Hz),
142.9, 133.1, 130.9, 130.3, 130.2, 128.8, 127.6, 125.5 (d,
J=1.7 Hz), 125.1 (d, J/=8.1 Hz), 123.2, 121.7, 119.9 (d,
J=24.0 Hz), 118.8, 117.1, 111.9 (d, J=22.0 Hz), 34.9,
343, 32.2, 28.9, 27.3, 20.0, 13.9. HRMS (ESI) calcd for
C24H2FN; [M+H]": 370.1714, found 370.1714.
5-(8-Chlorophenanthridin-6-yl)-3-propylcyclohex-4-ene-
1,2-dicarbonitrile (4h): 72.2 mg, 75% yield. White solid,
m.p. 181.3~184.2 °C; 'H NMR (400 MHz, CDCl5) : 8.56
(d,J=8.8 Hz, 1H), 8.48 (d, /=8.0 Hz, 1H), 8.25 (d, J=1.6
Hz, 1H), 8.14 (d, /=8.0 Hz, 1H), 7.79~7.73 (m, 1H), 7.67
(t,J=7.4Hz, 1H), 6.02 (s, 1H), 3.61~3.57 (m, 1H), 3.46 (t,
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J=5.1 Hz, 1H), 3.33~3.27 (m, 1H), 3.15 (d, /=18.4 Hz,
1H), 3.05 (d, J/=2.5 Hz, 1H), 1.87~1.73 (m, 2H), 1.60~
1.51 (m, 2H) 1.03 (t, J=7.2 Hz, 3H); *C NMR (100 MHz,
CDCl3) ¢: 158.1, 143.2, 133.4, 133.0, 131.9, 131.22,
131.16, 130.3, 129.2, 127.6, 126.6, 125.1, 124.2, 123.0,
121.8,118.8, 117.1, 34.9, 34.4, 32.3, 29.0, 27.3, 20.0, 13.9.
HRMS (ESI) caled for CosHy CIN; [M-+H]': 386.1419,
found 386.1419; C24H,»*’CIN; ": 388.1389, found 388.1396.
3-Propyl-5-(8-(trifluoromethyl)phenanthridin-6-yl)cyc-
lohex-4-ene-1,2-dicarbonitrile (4i): 71.2 mg, 68% yield.
White solid, m.p. 171.1~173.2 C; 'H NMR (600 MHz,
CDCl3) o: 8.77 (d, J=28.6 Hz, 1H), 8.62 (s, 1H), 8.57 (d,
J=8.2 Hz, 1H), 8.19 (d, /=8.0 Hz, 1H), 8.04 (dd, J=8.7,
1.1 Hz, 1H), 7.82 (t, J/=7.2 Hz, 1H), 7.73 (t, J=7.6 Hz,
1H), 6.05 (d, J/=1.3 Hz, 1H), 3.61 (q, /J=5.2 Hz, 1H), 3.47
(t, J=5.2 Hz, 1H), 3.32~3,24 (m, 2H), 3.08~3.03 (m,
1H), 1.90~1.75 (m, 2H), 1.60~1.54 (m, 2H), 1.04 (t, J=
7.3 Hz, 3H); '3C NMR (150 MHz, CDCl3) d: 159.0, 143.9,
135.7, 132.8, 131.9, 130.4, 130.1, 129.2 (q, J=32.7 Hz),
127.8, 126.5, 124.9 (q, J=4.1 Hz), 123.9 (q, /=270.9 Hz),
123.59, 123.56, 122.6, 122.3,118.7, 117.0, 34.9, 34.5, 32.3,
28.9, 27.3, 19.9, 13.9. HRMS (ESI) calcd for CosH21F3N;3
[M-+H]": 420.1682, found 420.1680.
5-(2-Fluoro-8-methylphenanthridin-6-yl)-3-propylcyclo-
hex-4-ene-1,2-dicarbonitrile (4j): 80.4 mg, 84% yield.
White solid, m.p. 161.6~164.0 °C; 'H NMR (400 MHz,
CDCl3) o: 8.36 (d, J/=8.4 Hz, 1H), 8.11~8.05 (m, 3H),
7.67 (d, J/=8.4 Hz, 1H), 7.44~7.39 (m, 1H), 5.99 (s, 1H),
3.62~3.58 (m, 1H), 3.46 (t, J/=4.9 Hz, 1H), 3.29~3.23
(m, 1H), 3.12~3.05 (m, 2H), 2.58 (s, 3H), 1.86~1.73 (m,
2H), 1.60~1.51 (m, 2H), 1.03 (t, J=7.3 Hz, 3H); 3*C NMR
(100 MHz, CDCl;) d: 161.3 (d, J=245.6 Hz), 158.4, 139.8,
138.2,133.4,132.4, 132.2 (d, J=9.1 Hz), 130.7 (d, J=4.3
Hz), 130.2, 126.8, 125.0 (d, J=9.2 Hz), 124.4, 122.4,
118.9, 117.21 (d, J=24.2 Hz), 117.19, 106.6 (d, J=23.0
Hz), 34.9, 34.3, 32.2, 29.0, 27.3, 21.7, 19.9, 13.9. HRMS
(ESI) caled for CysH»sFN; [M+H]": 384.1871, found
384.1874.
5-(2-Chloro-8-fluorophenanthridin-6-yl)-3-propylcyclo-
hex-4-ene-1,2-dicarbonitrile (4k): 68.5 mg, 68% yield.
White solid, m.p. 193.8~195.0 ‘C; 'H NMR (600 MHz,
CDCl3) o: 8.54~8.52 (m, 1H), 8.40 (d, /=2.0 Hz, 1H),
8.04 (d, J/=8.7 Hz, 1H), 7.93 (dd, /=9.7, 2.5 Hz, 1H), 7.64
(dd, J=8.7, 2.1 Hz, 1H), 7.62~7.59 (m, 1H), 6.02 (s, 1H),
3.63~3.61 (m, 1H), 3.46 (t, J/=4.9 Hz, 1H), 3.32~3.29
(m, 1H), 3.16 (d, J/=18.4 Hz, 1H), 3.06~3.06 (m, 1H),
1.84~1.76 (m, 2H), 1.58~1.53 (m, 2H), 1.04 (t, J=7.3
Hz, 3H); *C NMR (150 MHz, CDCl;) 6: 161.7 (d, J=248.6
Hz), 158.5 (d, J=3.5 Hz), 141.3, 133.5, 132.8, 131.7,
131.3, 129.3, 129.2, 125.6 (d, J=7.7 Hz), 125.1 (d, J=8.5
Hz), 124.1, 121.3, 120.2 (d, /J=23.8 Hz), 118.7, 117.0,
112.0 (d, J=22.5 Hz), 34.8, 34.4, 32.1, 28.8, 27.3, 19.9,
13.9. HRMS (ESI) caled for CpHyCIFN; [M+H]':
404.1324, found 404.1328; CpqH¢*’CIFN;z: 406.1295,
found 406.1299.
3-Ethyl-5-(phenanthridin-6-yl)cyclohex-4-ene-1,2-dicar-
bonitrile (41): 59.0 mg, 70% yield. White solid, m.p.
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180.2~183.5 °C; 'H NMR (400 MHz, CDCI;) &: 8.63 (d,
J=8.3 Hz, 1H), 8.54 (d, /=7.8 Hz, 1H), 8.29 (d, /=8.1
Hz, 1H), 8.16~8.14 (m, 1H), 7.86~7.82 (m, 1H), 7.75~
7.63 (m, 3H), 6.02 (d, /=1.1 Hz, 1H), 3.60~3.57 (m, 1H),
3.46 (t, J=5.0 Hz, 1H), 3.33~3.25 (m, 1H), 3.14 (d, J=
18.4 Hz, 1H), 2.94~2.92 (m, 1H), 1.91~1.77 (m, 2H),
1.12 (t, J=7.4 Hz, 3H); '3C NMR (100 MHz, CDCl;) 6:
159.4, 143.2, 133.4, 130.7, 130.2, 130.1, 128.8, 127.4,
127.3,127.1,124.2,123.5,122.3,121.8, 118.9, 117.1, 36.1,
32.0, 29.0, 27.3, 259, 11.3. HRMS (ESI) calcd for
Ca3HaoN3 [M+H]': 338.1652, found 338.1653.

5-(3-Chlorophenanthridin-6-yl)-3-ethylcyclohex-4-ene-
1,2-dicarbonitrile (4m): 70.5 mg, 76% yield. White solid,
m.p. 192.0~196.3 °C; 'H NMR (600 MHz, DMSO-ds) ¢:
8.81 (d, /=8.3 Hz, 1H), 8.74 (d, /=8.8 Hz, 1H), 8.27 (d,
J=8.2 Hz, 1H), 8.07 (d,/=2.2 Hz, 1H), 7.95 (t, /=7.6 Hz,
1H), 7.79 (t, J=7.6 Hz, 1H), 7.69 (dd, J/=38.8, 2.2 Hz, 1H),
6.01 (s, 1H), 4.04~4.00 (m, 1H), 3.10~3.06 (m, 1H), 2.97
(d, J/=18.7 Hz, 1H), 2.81~2.80 (m, 1H), 1.75~1.70 (m,
2H), 1.06 (t, J=7.4 Hz, 3H); 3C NMR (150 MHz,
DMSO-dg) o: 161.8, 143.9, 133.9, 133.2, 133.0, 132.1,
131.6, 128.7, 128.6, 127.84, 127.76, 125.2, 124.3, 123.4,
122.4, 120.5, 118.8, 36.1, 31.3, 29.5, 26.6, 25.8, 11.6.
HRMS (ESI) caled for Co3Hio*°CIN; [M+-H]': 372.1262,
found 372.1260; C23H19%’CIN;: 374.1233, found 374.1235.

3-Methyl-5-(phenanthridin-6-yl)cyclohex-4-ene-1,2-di-
carbonitrile (4n): 59.8 mg, 74% yield. White solid, m.p.
134.2~136.8 °C; 'H NMR (600 MHz, CDCI;) &: 8.65 (d,
J=8.3 Hz, 1H), 8.55 (d, /=8.1 Hz, 1H), 8.27 (d, J=28.0
Hz, 1H), 8.14 (dd, /=8.1, 1.0 Hz, 1H), 7.85 (t, J=7.6 Hz,
1H), 7.75~7.72 (m, 1H), 7.69~7.65 (m, 2H), 5.97 (d, J=
2.2 Hz, 1H), 3.55~3.52 (m, 1H), 3.41 (t, J=5.8 Hz, 1H),
3.32~3.27 (m, 1H), 3.19~3.16 (m, 1H), 3.13~3.09 (m,
1H), 1.45 (d, J=7.2 Hz, 3H); 3C NMR (150 MHz, CDCI;)
0: 159.2, 143.2, 133.5, 133.2, 131.7, 130.7, 130.1, 128.9,
127.4, 127.3, 127.2, 124.2, 123.6, 122.4, 121.9, 118.8,
117.3, 33.6, 29.8, 29.2, 27.0, 17.9. HRMS (ESI) caled for
CynHisN3 [M+H]": 324.1495, found 324.1496.

Supporting Information Mechanism investigation and
"H NMR and "*C NMR spectra for compounds 2 and 4. The
Supporting Information is available free of charge via the
Internet at http://sioc-journal.cn/.
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