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An efficient iron/acetic acid mediated intramolecular
reductive cyclization protocol for the synthesis of novel 6,7-
dihydrodibenzo[b,j][1,7] phenanthroline derivatives is
described. In this two-step procedure, aldol addition and
reductive cyclization methods are effectively utilized for the
construction of C-C and C-N bonds. This highly efficient
process proceeds under mild conditions, tolerates different
functional groups, and provides various substituted 6,7-
dihydrodibenzo [b,j] [1,7]phenanthroline derivatives in good
to excellent yields. In addition, various synthetic utilities of
these derivatives are also described.

Dibenzophenanthroline is an important class of nitrogen
containing polycyclic motif, that is found in numerous natural
and synthetic products. They have been known to exhibit a wide
variety of biological activities such as anticancer, antibacterial
and anti-parasitic properties.'” In particular, the antitumor
activity of these heterocycles has been well discussed in many
papers. For instance compounds L' II* and III’ are potential
anticancer agents targetting human telomeric DNA. Compound
IV (Ascididemin) exhibits significant invitro and invivo cytotoxic
activities against several tumor cell lines.* Compound V
(Luotonin A) is a well known alkaloid, cytotoxic towards the
murine leukemia P-388 cell line.’ In addition, certain types of
dibenzophenanthroline derivatives are used for the synthesis of
chelating ligands® and in the manufacture of organic
semiconductor materials.”
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Figurel: Biologically active polycyclic heteroaromatic
compounds
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Up to now, only two kinds of 6,7-dihydrodibenzophenanthroline
derivatives are documented in the literature,® which are 6,7-
dihydrodibenzo[b,j][4,7]phenanthroline (A) and 6,7-
dihydrodibenzo[b,j][1,10]phenanthroline (B) (Figure 2). However,
according to the structural arrangements, we hypothesized a third
possible derivative of 6,7-dihydrodibenzophenanthroline, which
is  6,7-dihydrodibenzo[b,j][1,7]phenanthroline (C). This third
classifcation is interesting, because its skeleton is unknown in the
literature and previously reported methodologies® are not suitable
for its preparation. Furthermore, the aromatized product of these
skeletons are posessesing interesting biological activities.'
Therefore, we attempted to explore this new class of compounds
by developing an efficient synthetic method.
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Figure 2: Different types of 6,7 dihydrodibenzo phenanthrolines

C-C and C-N bond forming reactions are of fundamental
importance in synthetic organic chemistry. Aldol reaction is one
of the most powerful tools for the construction of C-C bonds,’
and reductive cyclization is an useful reaction for C-N bond
formation.'” Hence, these two methods were effectively utilized
for the synthesis of 6,7-dihydrodibenzo[b,;][1,7]phenanthroline
derivatives. In a recent publication, we reported an one pot
synthesis of acridinone and quinoline derivatives from 2-
nitrobenzaldehyde and various 1,3- diketones by using iron/acetic
acid system.'' These acridinone and quinoline derivatives are
well known structural scaffolds in medicinal chemistry and
possess useful pharmacological and biological activities.'> As a
continuation of our research on the development of new protocols
for the synthesis of N-heterocycles' and to explore the utilities of
acridinone derivatives, we wish to report an efficient protocol for
the synthesis of 6,7-dihydrodibenzo [b,/][1,7] phenanthroline
derivatives.

This journal is © The Royal Society of Chemistry [year]
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Our two steps synthetic strategy involves the aldol addition of 2- amount and the product yields we conducted the reactions with 1,
nitrobenzaldehyde on acridinone derivatives, which upon 2, 3,4 and 5 equivalents of iron powder in acetic acid (5 mL), at
treatment with iron/acetic acid produces the corresponding 6,7- 4 70°C. When 5 equivalents of iron powder were used, the starting
dihydrodibenzo[b,j][1,7]phenanthroline derivatives (Scheme 1). material (3a) was completely converted into desired product (4a)
o on o, inl h. However, for the other cases, the starting material was not
N i hfz R weer NS e completely consumed, even after 12 h. From this experimental
o 7 0-5°C M result, it is confirmed that 5 equivalents of iron powder is the
1a, k15 2 4s optimum amount for this reaction.

Fe/ AcOH

70°C, 1h
K Table 2. Synthesis of various substituted 6,7-dihydro dibenzo

[b,1[1,7]phenanthroline by Fe/AcOH mediated intramolecular
reductive cyclization

50

Scheme 1: Outline of the synthetic route to 6,7-dihydro A PP Iron Powder (520
dibenzo[b,/][1,7]phenanthroline derivatives R A o TG
e
Initially, we focused our attention to synthesize the starting E” R ML Froduct Yield (%"
materials. At first, acridinone derivatives (la, 1k-1s) were N
prepared by the recently reported protocol developed by our A
group'' and the substrates (3a-3z) were prepared via base ' T R O N/ F ® ”
mediated aldol addition in water. When acridinone derivatives N
were treated with 2-nitrobenzaldehyde in water in the presence of ” 2 men RRS RSeH O \/ ® o
triethylamine at 0-5°C, the expected product (3a) was formed in Ri=F g a
good yield. When this compound was treated with iron/acetic N
acid at room temperature, the desired product 6,7-dihydro SR RRRLROH O \/ 4% 80
dibenzo[b,/][1,7]phenanthroline (4a) was formed after 6h in 38% Fed g Br
yield. The structure of the product was confirmed by 'H, "*C ° N
NMR spectroscopy, MS, HRMS, and single-crystal X-ray 4 R zjf; Ro=H O \// 4 &
analysis (Figure 3). Aiming to increase the yield of the product N ‘ CHs
and also to decrease the reaction time, we tested the reaction at '
different temperature. At 50 °C, the yield of the product was s FH zf;:' R O \/ o
increased to 73% in 1.5h. Interestingly, at 70 °C, the expected ”
product (4a) was obtained as the sole product in 86% yield after P v o
1h. However, there was no increment in product yield as well as -
no decrement in the reaction time was observed, when the
reaction was conducted at 90 °C and under reflux conditions ) .
(Table 1). In order to study the relationship between the reagent ’ TR 23: ; ::;CH3 oo
Table 1. Optimization of reaction conditions
8 R'=H R2, R®=H 4h 73
R® R*=0Bn
O OH NO; on powder (5eq) 75
N Solvent (5mL)
E:]n'?perature 9 R'=H R? R°=H N ‘ ; 4 &
3a R, R4=-OCH,- _
Entry* Solvent Temp (°C)  Time (h)  Yield (%)° w 1 RH RR-H .
R? R5= OCH,
1 Acetic acid r.t. 6 38
2 Acetic acid 50 1.5 73
3 Acetic acid 70 1 86 All the reacti'ons were perfo'rmed on a 1 mmol scale. "Yields
ss were refers to isolated and purified compounds.
4 Acetic acid 90 1 85
5 Acetic acid Reflux 1 8 Encouraged by this interesting result, we applied the same

reaction conditions to the different substituted 2-(hydroxy(2-

nitrophenyl)methyl)-3,4-dihydroacridin-1(2H)-ones (3a-3j),
o0 which are  obtained from different substituted 2-
nitrobenzaldehydes. The results are summarized in Table 2. It is

*All the reactions were performed on lmmol scale. ‘Isolated
yields.

2 | Journal Name, [year], [vol], 00—-00 This journal is © The Royal Society of Chemistry [year]
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interesting to note that, the reactions of substrates bearing both
electron withdrawing groups (F, Cl, Br) as well as electron
donating groups (CH;, OCH3, OBn) proceeded with equal ease
and produced the desired products in good to excellent yields
(Table 2, entries 1-10).

Figure 3: Crystal structure of compound 4a**

Table 3. Substrate scope of Fe/AcOH-mediated intramolecular
reductive cyclization

R! O OH NO,
R2 RS lron Powder (5eq)
O \ O Acetic acid (5mL)
R N RS RS 70°C, 1h
R4 R’ R¢
Entry? R'R% R% R? R%R® R" R® Product Yield (%)°
1 R=F RER, R Re=H o % 82
R',R¥R*= F. O \/
P
N
R2=ClI N \I
2 RS,RS, R" R®=H | 4 81
R! R® R4 =H cl O \/
P
N
R?=Br 526 R7, RS = N
3 RURIRtcH  ORGRIRS=H g “ L 4m 87
O /‘
N
R?= CHj 526 7, R8 =
4 R RE R4 =H R5,R®, R"R8=H 4n 72
5 Ré=Ci 5 RS, R7 R® = 4 91
RURERIcH  ORGRURC=H o
6 Ri=Br 5 RS, R7 RS = 4 90
RURzRicH  ORGRUR=H ]
R%= CH3
7 R'. R2 RO =H R5RS, R" R®=H 4q 87
R, R%= OCH;
8 R RA =H RSROR7R®=H a4

60

65

70

0

b3

3

b

=)

Entry? R',R?, R® R* RS,RS, R" R® Product Yield (%)°
R2, R®= - OCH,- N \I
9 : 2 RSRS RV.R8= I as 80
RY,Ré=H e ¢ O \/
o P
o
R*=F R'=F NS
10 4 79
RLRZR=H  RORS,RO=H F A
L0
e
2= 7= X
1 R=C R=CI N w80
R,RZLR,R®=H RSRO,RE=H CI N =
L
N I Br
2 7= S
12 REB R'=Br N w 83
R,RZ,R, R®=H R°RO Ré=H Br N ~
O
N
CHs
2= 7= \‘
13 R=CHy R'=CH, N w73
RL,RZRY,R3=H RSRS,RE=H H,C O \/
P 0\
N o)
2 R3=_ _ 6 R7=. - ‘
14 R1,R4 OCH; Rs, RB OCHy NN “ 77
R, R*=H R%, R®=H |
oy
o] N/
Br
R%=Cl R’=Br N \i
15 4 79
R,RL,RLRI=H  RSRO,RE=H  CI Ao 4
O
N
16 R',R% R3, R*=H N\ 4z 85
T R5R8,R7, R®=H =

3All the reactions were performed on a 1 mmol scale. “Yields
were refers to isolated and purified compounds.

Next, we turned our attention to examine the substrate scope of
this method. In this regard, various 2-(hydroxy(2-
nitrophenyl)methyl)-3,4-dihydroacridin-1(2H)-ones (3k-3s)
having substitution on acridinone ring was tested. At first,
compounds bearing substituents on R* position of acridinone ring
were examined. The substrates bearing both electron withdrawing
substituents (F, Cl and Br) and electron donating substituent
(CH3;) gave good to excellent yields of products (Table 3, entries
1-4). Then, to our delight, we obtained excellent yields of product
for the R* substituted substrates (entries 5-7). In the case of
disubstituted substrates also, the reaction produced good yields of
products (entries 8 and 9). To extend the scope of our protocol,
we selected substrates bearing substituents on both acridinone
and phenyl rings (3t-3y), the reaction proceeded smoothly and
produced good yields of products (entries 10-15). Finally, we
applied this method to a dimethyl substituted derivative, 2-
(hydroxy(2-nitrophenyl)methyl)-3,3-dimethyl-3,4-
dihydroacridin-1 (2H)-one (3z) which was prepared from 3,3-
dimethyl-3,4-dihydroacridin-1(2H)-one and 2-nitrobenzaldehyde.
Under the optimized conditions, the compound 3z undergone
reductive cyclization and produced the desired product (4z) in
excellent yield.

This journal is © The Royal Society of Chemistry [year]
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O OH NO, Iron Powder (5eq)
N Acetic acid (5mL)
_ 70°C, 1h
N
3a

40 mmol Yield = 81%

Scheme 2. Large-scale synthesis of 6,7-dihydrodibenzo
[b,71[1,7]phenanthroline (4a)

To illustrate the scalability of our protocol, we performed the
reductive cyclization reaction in gram scale. 13.9g (40 mmol) of
2-(hydroxy(2-nitrophenyl)methyl)-3,4-dihydroacridin-1(2H)-one
(3a) was treated with 11.2g of iron powder and 80 ml acetic acid
at 70 °C. The desired product 6,7-
dihydrodibenzo[b,j][1,7]phenanthroline (4a) was obtained in 81%
yield. Hence, this protocol is applicable for gram scale
preparations (Scheme 2).

Moreover, based on the previously reported protocols, we tested
the reaction in one-pot condition without the isolation of aldol
addition/condensation products.  Firstly, we performed the
reaction via in-situ formation of 2-aminobenzaldehydes. The
reaction failed to produce the desired product in the SnCl,/ZnCl,
system'® and only a trace amount of product was formed in
SnCl,.2H,0 system.10h In the former case, the starting acridinone
(1a) derivative was decomposed, however, in later case the
starting acridinone (1a) was intact and 2-aminobenzaldehyde was
decomposed due to high temperature of the reaction. Since aldol
reaction can be performed in acidic conditions," we conducted
the reaction in the presence weak and strong acids. The expected

aldol addition/condensation product was not formed in both cases.

The experimental results reveal that these methods are not
applicable to the synthesis of 6,7-
dihydrodibenzo[b,j][1,7]phenanthroline derivatives.

Next, we sought to demonstrate the synthetic utility of the
obtained polycyclic compounds (Scheme 3). The presence of
bromo group at the C-2 position of 6,7-dihydrodibenzo [b,/]
[1,7]phenanthroline allows us to make further structural
elaboration through conventional C-C bond formation reactions.
Sonogashira'> and Suzuki'® reactions are well known cross-
coupling reactions for the formation of carbon-carbon bonds. In
this regard, for Sonogashira coupling, we treated 2-bromo-6,7-
dihydrodibenzo[b,j][1,7] phenanthroline (4m) with phenyl
acetylene in the presence of bis(triphenylphosphine)palladium(II)
dichloride catalyst in DMF solvent. The expected product (5a)
was formed in 79% yield. For Suzuki coupling, compound (4m)
was treated with phenyl boronic acid in the presence of palladium
acetate in tolune at 80 °C, the C-C coupled product (5b) was
formed in excellent yield. Next, borylation'” was carried out
using bis(pinacolato)diboron to synthesize compound (5c¢) in the
presence of Dbis(triphenylphosphine)palladium(Il) dichloride
catalyst in toluene at 80 °C. Compounds with boronic acid group
are extensively used in drug industry for producing various

chemotherapeutic agents. We assume that compound (5c¢) can be
easily converted to various boronic acid derivatives.'®

A
PdCl,(PPha)y), EtsN
DMF,80°C, 4h
Sonogashira coupling
OH
=,
OH
60 Pd(OAc),, K,CO4
toluene,80°C,40 min
| cuene,cr L, A min_

Suzuki coupling

65 PdCIy(PPh3),,K,CO3

toluene,80°C, 1h

Se0,
1,4-dioxane, 80°C, 8h

70

Selectfluor (1eq)
CHZCN, 80°C, 45 min

R'=H,R2=H, Yield=70 %

75
NBS (1 eq)
CH4CN, 80°C, 1.5h

80
NCS (1eq)
CHLCN, 80°C, 1h

5h cl

85 NCS (2 eq)
CH4CN, 80°C, 3h

NBS (2 eq)

CH4CN, 80°C, 5h
90 N

R'=H, R?=H, Yield = 34 %
Yield =53 %

Scheme 3. Synthetic utility of 6,7-dihydro  dibenzo
os [b,/][1,7]phenanthroline derivatives™®

2All the reactions were performed on a 1 mmol scale. *Yields

were refers to isolated and purified compounds.
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Figure 4: Crystal structure of compound 5>
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Our succeeding target was oxidation because polycyclic
heteroaromatic compounds have been proved to be attractive
intermediates for the synthesis of various best selling drugs.'” To
surprise, 4-methyl-6,7-dihydrodibenzo[b,;][1,7]
phenanthroline (4q) was oxidized and produced an aromatized
compound (5d) when treated with SeO, as oxidizing agent."
Based on this interesting result, we presume that all our newly
synthesized compounds can be easily converted to aromatic
molecules.

our

Further, insertion of functional groups such as fluoro, bromo and
chloro groups to 6,7-dihydrodibenzo [b,/] [1,7]phenanthroline (4a)
would be beneficial for the production of pharmaceutically
important and valuable compounds, and also this strategy could
widen the scope of all the newly synthesized molecules.
Selectfluor is a stable, nonvolatile, user-friendly reagent, widely
used to introduce fluorine atoms into organic compounds
reported the selective
fluorination of isoxazoline N-oxides via C—C bond cleavage by
using Selectfluor.?! When 6,7-dihydrodibenzo [b,/]
[1,7]phenanthroline (4a) was treated with 1 equivalent of
Selectfluor in acetonitrile at 80 °C, the reaction proceeded
smoothly and compound Se was formed in good yield. Similarly,
NBS and NCS are the most extensively used electrophilic
reagents for bromination®® and chlorination,” respectively. When
compound 4a was treated with 1 equivalent of NBS in
acetonitrile at 80 °C, the expected product 5f was formed in 61%
yield along with small amount of an aromatic compound (5g).
The formation of 5g is due to the oxidizing property of NBS. The
structure of the product (5f) was confirmed by single-crystal X-
ray analysis (Figure 4).

electrophilically.? Recently, we

On the otherhand, the reaction of 4a with 1 equivalent of NCS in
acetonitrile at 80°C, produced compound 5h as the sole product
in 69% yield after 1h. Next, we examined the effect of 2
equivalents of NCS and NBS in the same reaction conditions.
When compound 4a was treated with 2 equivalents of NCS, the
reaction produced a geminal dichloride (5i) in good yield.
However, when 2 equivalents of NBS was treated with compund
4a, the reaction proceeded with simultaneous bromination and
aromatization which produced an intresting compound Sh in
moderate yield along with compound 5g in 34% yield.
Conclusively, C-C coupling, borylation, aromatization and the
possible addition of different functional groups (fluoro, bromo
and chloro) means that our products could be structurally
modified into valuable compounds (5a—5j), and so they might be
useful for the development of new therapeutic agents in the future.

Conclusions

In conclusion, we have developed an efficient iron/acetic acid
mediated intramolecular reductive cyclization protocol for the
synthesis of novel group of 6,7-dihydrodibenzo[b,/][1,7]
phenanthroline derivatives, from easily available starting
materials. The broad substrate scope and good to excellent yields
of the products made this methodology interesting and also this
protocol is applicable for gram scale preparations. Further, we
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revealed that our compounds can be structurally modified to
obtain various useful compounds for the development of new
therapeutic agents.

Experimental section

General Remarks: Reagents and solvents were purchased from
commercial suppliers and were used directly without any further
purification unless otherwise stated. Column chromatography
was performed on 63-200 mesh silica gel. 'H and *C NMR
spectra were recorded at 400 and 100 MHz, respectively.
Chemical shifts are reported in parts per million (ppm) on the ¢
scale by using CDCl; as an internal standard, and coupling
constants are expressed in Hertz (Hz). IR spectra were recorded
with an FTIR spectrometer, and data are reported in cm .
Melting points were recorded by using an Electro Thermal
capillary melting point apparatus.

General procedure for the synthesis of starting materials (3a
-3z)

To a stirred solution of acridinone derivative (1 mmol) and 2-
nitrobenzaldehyde (1.1 mmol) in water (2 mL) at ice cold
condition, triethylamine (0.6 ml) was added in drop wise manner.
The reaction was monitored by TLC. After the completion of the
reaction (6-13h), ice water (10 mL) was added to the reaction
mixture, the solid product formed was filtered and dried. This
crude product was washed with 15% EtOAc/Hexane (5 mL) to
obtain pure product. Characterization data for a representative
compound 3a are given below.
2-(hydroxy(2-nitrophenyl)methyl)-3,4-dihydroacridin-1(2H)-
one (3a)

Brown solid; Yield: 78%. m.p. 205-207 °C, IR [KBr, em’'] 1644,
1521, 1340, 1171, 787, 749; "H NMR (400 MHz, CDCl): & 8.88
(s, 1H), 8.02 (d, /= 8.5 Hz, 1H), 7.95 (d, /= 8.2 Hz, 1H), 7.89 (d,
J=8.0 Hz, 2H), 7.82 (t, J= 7.7 Hz, 1H), 7.70 (t, J= 7.6 Hz, 1H),
7.57 (t, J=17.5 Hz, 1H), 7.48 (t, J= 7.8 Hz, 1H), 5.73 (dd, J =
2.7, 7.7 Hz, 1H), 4.72 (d, J = 2.9 Hz, 1H), 3.36-3.30 (m, 1H),
3.23-3.14 (m, 1H), 3.09-3.03 (m, 1H), 2.24-2.13 (m, 1H), 1.89-
1.83 (m, 1H); *C NMR (100 MHz, CDCl,);  201.1, 161.4, 150.2,
149.1, 138.0, 136.3, 133.5, 133.0, 130.0, 129.4, 129.0, 128.8,
127.1, 126.8, 126.0, 124.3, 70.2, 55.2, 33.1, 253 MS m/z
(relative intensity): 349 (100); HRMS (ESI") caled for Cy0H;;N,
0,4 ([M'H]"): 349.1188, found 349.1179.

General  procedure for the synthesis of 6,7-
dihydrodibenzo[b,j][1,7] phenanthroline derivatives (4a-4z)
Iron powder (5 mmol) was added to a stirred solution of substrate
(1mmol) in acetic acid (5 mL). This mixture was heated to 70°C
for 1h. After the completion of reaction (TLC), the reaction
mixture was cooled to room temperature and acetic acid was
removed under reduced pressure. The resulting mixture was
dissolved in EtOAc and then filtered to remove the iron
impurities. The solvent was removed under reduced pressure and
the crude product thus obtained was purified by column
chromatography to obtain the pure product.

(Note: Because of solubility problem, for the compounds 4f, 4g,
4h, 4j and 4r the mixture were diluted with CH,Cl, instead of
EtOAc, then filtered.)

This journal is © The Royal Society of Chemistry [year]
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Spectral data

6,7-dihydrodibenzo[b,j][1,7]phenanthroline (4a)

White solid; Yield: 86%. m.p. 156-158 °C, IR [KBr, em’'] 3054,
2953, 1605, 1498, 1421, 1145, 915, 746;'H NMR (400 MHz,
CDCl3): 6 9.30 (s, 1H), 8.17 (d, J= 8.5 Hz, 1H), 8.07 (d, /= 8.4
Hz, 1H), 8.00 (d, J = 8.3 Hz, 2H), 7.79 (d, J = 8.1 Hz, 1H), 7.75-
7.68 (m, 2H), 7.53 (dd, J = 7.8, 15.0 Hz, 2H), 3.41 (dd, J =54,
8.4 Hz, 2H), 3.31 (t, J = 6.6 Hz, 2H); *C NMR (100 MHz,
CDCly); 6 159.8, 152.3, 148.3, 148.0, 134.5, 133.6, 130.5, 130.4,
129.5, 129.3, 129.1, 128.7, 128.6, 128.3, 128.2, 127.3, 126.8,
126.5, 32.5, 28.4;MS m/z (relative intensity): 283 (100); HRMS
(EST) caled for CoH 5N, ([M* H]): 283.1235, found 283.1236.
10-fluoro-6,7-dihydrodibenzo[b,j][1,7]phenanthroline (4b)
White solid; Yield: 84%. m.p. 185-187 °C, IR [KBr, em’'] 1628,
1498, 1316, 1243, 1217,825,749; '"H NMR (400 MHz, CDCL;): &
9.25 (s, 1H), 8.16 (dd, J = 5.2, 9.2 Hz, 1H), 8.06 (d, J = 8.4 Hz,
1H), 8.00 (d, J = 7.6 Hz, 2H), 7.95 (s, 1H), 7.75-7.71 (m, 1H),
7.56 (t, J=17.2 Hz, 1H), 7.49-7.43 (m, 1H), 7.39 (dd, J = 2.8, 8.8
Hz, 1H), 3.40 (dd, J=5.2, 8.0 Hz, 2H), 3.31 (dd, J=4.4, 11.6 Hz,
2H); '*C NMR (100 MHz, CDCly); & 162.1, 159.6, 151.7, 148.4,
145.1, 133.7 (d, J = 5.0 Hz), 133.4, 132.0, 131.9, 131.3, 130.5,
129.0, 128.7, 128.3, 128.2 (d, J = 15.0 Hz), 126.5, 119.5 (d, J =
26.0 Hz), 110.3 (d, J = 21.0 Hz), 32.4, 28.4; MS m/z (relative
intensity): 301 (100); HRMS (ESI") caled for CyH4,N,F ([M*
H]"): 301.1141, found 301.1133.
10-chloro-6,7-dihydrodibenzo[b,j][1,7]phenanthroline (4c)
Greenish white solid; Yield: 80%. m.p. 224-226 °C, IR [KBr, cm’
111594, 1493, 1479, 1434, 1200, 1073, 921, 825; '"H NMR (400
MHz, CDCly): 8 9.22 (s, 1H), 8.05 (t, J= 9.0 Hz, 2H), 7.96 (d, J
= 8.0 Hz, 1H), 7.86 (s, 1H), 7.74-7.70 (m, 2H), 7.60 (dd, J = 2.4,
8.8 Hz, 1H), 7.52 (t, J = 7.6 Hz, 1H), 3.38 (dd, J = 5.6, 8.4 Hz,
2H), 3.28 (dd, J = 5.4, 13.0 Hz, 2H); *C NMR (100 MHz,
CDCly); 6 159.6, 152.5, 148.4, 146.3, 133.6, 133.4, 132.4, 131.4,
131.0, 130.6, 130.2, 129.0, 128.8, 128.7, 128.2, 128.1, 126.5,
125.9, 32.3, 28.3; MS m/z (relative intensity): 317 (100); HRMS
(ESI) caled for CyH4N,°Cl (M H]"): 317.0846, found
317.0851.
10-bromo-6,7-dihydrodibenzo[b,j][1,7]phenanthroline (4d)
White solid; Yield: 85%. m.p. 240-242°C, IR [KBr, cm‘l] 1644,
1493, 1431, 1201, 1059, 914, 824, 751; 'H NMR (400 MHz,
CDCl3): 6 9.24 (s, 1H), 8.06-7.96 (m, 3H), 7.90 (d, J = 2.0 Hz,
1H), 7.87 (s, 1H), 7.75-7.70 (m, 2H), 7.55-7.51 (m, 1H), 3.41-
3.36 (m, 2H), 3.31-3.27 (m, 2H); *C NMR (100 MHz, CDCly); &
159.6, 152.7, 148.4, 146.5, 133.7, 133.3, 132.7, 131.4, 131.2,
130.6, 129.3, 129.0, 128.7, 128.2, 128.1, 126.5, 120.6, 32.2, 28.3;
MS m/z (relative intensity): 361 (100); HRMS (ESI") caled for
CooH 4N, Br ([M™ H]): 361.0340, found 361.0338.
10-methyl-6,7-dihydrodibenzo[b,j][1,7]phenanthroline (4e)
White solid; Yield: 76%. m.p. 131 - 133°C, IR [KBr, em’'] 2920,
2846, 1595, 1498, 1155, 765,733; 'H NMR (400 MHz, CDCl):
8 9.29 (s, 1H), 8.07 (d, J = 8.4 Hz, 1H), 8.00 (d, /= 8.0 Hz, 1H),
7.95 (s, 1H), 7.74 — 7.70 (m, 1H), 7.61 (d, J = 8.4 Hz, 1H), 7.55 —
7.52 (m, 2H), 7.39 (t, J= 7.4 Hz, 1H), 3.42 — 3.37 (m, 2H), 3.30
(dd, J = 6.0, 13.2 Hz, 2H), 2.95 (s, 3H); *C NMR (100 MHz,
CDCly); 6 159.9, 150.8, 148.3, 146.9, 137.5, 134.6, 133.4, 130.3,
129.9, 129.3, 129.1, 129.0, 128.7, 128.3, 128.2, 126.6, 126.3,
125.2, 32.5, 28.1, 18.1; MS m/z (relative intensity): 297 (100);
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HRMS (ESI") caled for CyHy;N, (M H]"): 297.1392, found
297.1391.
11-bromo-6,7-dihydrodibenzo[b,j][1,7]phenanthroline (4f)
White solid; Yield: 81%. m.p. 234-236 °C, IR [KBr, cm’'] 1493,
1478, 1434, 1201, 1056, 911, 823; 'H NMR (400 MHz, CDCl;):
8 9.27(s, 1H), 8.05 (t, /= 8.0 Hz, 1H), 7.99 (dd, /= 2.6, 10.2 Hz,
2H), 7.93 (d, J = 2.4 Hz, 1H), 7.90 (s, 1H), 7.76-7.72 (m, 2H),
7.56-7.52 (m, 1H), 3.42-3.38 (m, 2H), 3.33-3.29 (m, 2H); *C
NMR (100 MHz, CDCly); & 159.6, 152.7, 148.3, 146.5, 133.8,
133.4, 132.8, 131.4, 131.2, 130.7, 129.3, 129.1, 128.6, 128.3,
128.2, 126.6, 120.6, 32.2, 28.3; MS m/z (relative intensity): 361
(100); HRMS (ESI") caled for C,oH;4N,Br ((M" H]"): 361.0340,
found 361.0352.
10,11-dimethoxy-6,7-dihydrodibenzo|b,j][1,7]phenanthroline
(4g)

White solid; Yield: 78%. m.p. 266-268 °C, IR [KBr, cm’'] 2936,
2830, 1623, 1502, 1248, 1013, 844, 755; 'H NMR (400 MHz,
CDCl3): 6 9.17 (s, 1H), 8.04 (d, J= 8.8 Hz, 1H), 7.95 (d, /= 7.6
Hz, 1H), 7.82 (s, 1H), 7.71-7.67 (m, 1H), 7.52-7.47 (m, 2H), 6.99
(s, 1H), 4.06 (s, 3H), 4.00 (s, 3H), 3.37 (dd, J = 5.6, 8.4 Hz, 2H),
3.24 (t, J = 7.0 Hz, 2H); '*C NMR (100 MHz, CDCl;); & 159.8,
152.4, 150.2, 149.9, 148.0, 144.9, 132.9, 132.5, 130.0, 128.8,
128.7, 128.6, 128.2, 126.3, 123.9, 108.1, 104.7, 56.3, 56.2, 32.6,
28.1; MS m/z (relative intensity): 343 (100); HRMS (ESI") calcd
for CpoH oN,O, ([M™ H]"): 343.1447, found 343.1440.
10,11-bis(benzyloxy)-6,7-dihydrodibenzo[b,j][1,7]
phenanthroline (4h)

Yellow solid ; Yield: 73%. m.p. 196-198 °C, IR [KBr, cm'l] 1622,
1496, 1450, 1390, 1314, 1249, 1002, 908, 734; 'H NMR (400
MHz, CDCl;): 6 9.18 (s, 1H), 8.05 (d, J = 8.4Hz, 1H), 7.96 (d, J
=17.6 Hz, 1H), 7.79 (s, 1H), 7.72-7.68 (m, 1H), 7.57-7.50 (m, 6H),
7.43-7.38 (m, 4H), 7.36-7.31 (m, 2H), 7.09 (s, 1H), 5.36 (s, 2H),
5.30 (s, 2H), 3.36 (dd, J = 5.5, 8.4 Hz, 2H), 3.22 (t, J = 6.9 Hz,
2H); *C NMR (100 MHz, CDCly); & 159.8, 152.0, 150.0, 149.6,
147.9, 1449, 136.9, 136.8, 132.9, 132.6, 130.1, 128.9, 128.8,
128.7, 128.6, 128.5, 128.2, 128.1, 127.3, 127.2, 126.3, 124.0,
110.1, 107.5, 71.0, 70.7, 32.5, 28.0; MS m/z (relative intensity):
495 (100); HRMS (ESI") caled for CyH,,N,0, ((IM™ H]):
495.2073, found 495.2089.

6,7-dihydro-[1,3]dioxolo[4',5':4,5]benzo[1,2-b]benzo|j][1,7]
phenanthroline (4i)

Greenish white solid; Yield: 82%. m.p. 232 - 234°C, IR [KBr,
em’] 2351, 1497, 1463, 1389, 1229, 1178, 1034, 857, 779; 'H
NMR (400 MHz, CDCl;): 6 9.17 (s, 1H), 8.04 (d, J = 8.4 Hz, 1H),
7.96 (d, J= 8.0 Hz, 1H), 7.79 (s, 1H), 7.72 — 7.68 (m, 1H), 7.53 —
7.49 (m, 1H), 7.44 (s, 1H), 7.00 (s, 1H), 6.09 (s, 2H), 3.36 (dd, J
= 5.6, 8.4 Hz, 2H), 3.22 (t, J = 7.0 Hz, 2H); *C NMR (100 MHz,
CDCl3); 6 159.7, 150.7, 149.9, 148.2, 148.1, 146.1, 133.6, 132.6,
130.1, 128.9, 128.7, 128.6, 128.6, 128.3, 126.3, 125.3, 105.9,
102.4, 101.8, 32.5, 28.0; MS m/z (relative intensity): 327 (100);
HRMS (ESI") caled for C,;H;sN,O, ((M™ H]Y): 327.1134, found
327.1134.
9,12-dimethoxy-6,7-dihydrodibenzo[b,j][1,7]phenanthroline
“j)

Yellow solid; Yield: 76%. m.p. 204-206 °C, IR [KBr, crn'l] 1648,
1602, 1479, 1383, 1262, 1162, 1088, 725; 'H NMR (400 MHz,
CDCl;): 6 9.34 (s, 1H), 8.40 (s, 1H), 8.02 (dd, J = 8.2, 18.4 Hz,
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2H), 7.72 -7.68 (m, 1H), 7.53-7.49 (m, 1H), 6.91 (d, J = 8.4 Hz,
1H), 6.73 (d, J = 8.4 Hz, 1H), 4.09 (s, 3H), 3.96 (s, 3H), 3.41-
3.37 (m, 2H), 3.31 (dd, J = 5.7, 8.1 Hz, 2H); 1*C NMR (100 MHz,
CDCly); 6 159.8, 151.4, 149.7, 148.7, 148.2, 140.2, 133.8, 130.3,
130.1, 129.6, 129.1, 128.6, 128.5, 128.2, 126.3, 121.6, 107.0,
104.0, 56.5, 56.0, 32.4, 28.3; MS m/z (relative intensity): 343
(100); HRMS (ESI") caled for C,,H;oN,O, ([M" H]"): 343.1447,
found 343.1451.
2-fluoro-6,7-dihydrodibenzo|[b,j][1,7|phenanthroline (4k)
Brown solid; Yield: 82%. m.p. 180-182 °C, IR [KBr, cm™'] 1597,
1566, 1498, 1367, 1215, 990, 825, 755; 'H NMR (400 MHz,
CDCly): 6 9.23 (s, 1H), 8.16 (d, J = 8.4 Hz, 1H), 8.07-8.02 (m,
2H), 7.79 (d, J= 8.0 Hz, 1H), 7.73-7.68 (m, 1H), 7.59 (dd, /= 2.8,
8.8 Hz, 1H), 7.55-7.46 (m, 2H), 3.41-3.37 (m, 2H), 3.31 (dd, J =
5.8, 7.8 Hz, 2H); '*C NMR (100 MHz, CDCl,); & 161.7, 159.2,
159.1 (d, J = 2.0 Hz), 151.8, 147.9, 145.4, 134.5, 132.8 (d, J =
5.0 Hz), 131.1 (d, J = 9.0 Hz), 130.4, 129.6, 129.3 (d, J = 16.0
Hz), 128.8 (d, J = 10.0 Hz), 128.4, 127.3, 126.9, 1204 (d, J =
26.0 Hz), 111.9 (d, J = 21.0 Hz), 32.3, 28.2; MS m/z (relative
intensity): 301 (100); HRMS (ESI") caled for CoH 4,N,F ([M*
H]"): 301.1141, found 301.1133.
2-chloro-6,7-dihydrodibenzo[b,j][1,7]phenanthroline (41)
White solid; Yield: 81%. m.p. 195-197 °C, IR [KBr, cm'l] 2962,
2848, 1594, 1491, 1244, 1071, 995, 917, 824; 'H NMR (400
MHz, CDCl;): § 9.12 (s, 1H), 8.13 (d, J= 8.4 Hz, 1H), 7.94 (t, J
= 6.8 Hz, 2H), 7.90 (d, /= 2.0 Hz, 1H), 7.74 (d, J = 8.0 Hz, 1H),
7.70-7.66 (m, 1H), 7.61 (dd, J = 2.2, 9.0 Hz, 1H), 7.52-7.48 (m,
1H), 3.37 — 3.33(m, 2H), 3.26 (dd, J = 4.2, 11.0 Hz, 2H); *C
NMR (100 MHz, CDCl;); 6 160.1, 151.6, 147.9, 146.6, 134.4,
30 132.4, 132.0, 131.1, 130.3, 130.2, 129.5, 129.4, 129.3, 128.7,
128.3, 127.4, 1273, 1269, 32.3, 28.1; MS m/z (relative
intensity): 317 (100); HRMS (ESI") calcd for C,oH;4N, *CL([M*
H]"): 317.0846, found 317.0843.
2-bromo-6,7-dihydrodibenzo[b,j][1,7]phenanthroline (4m)
White solid; Yield: 87%. m.p. 210-212 °C, IR [KBr, cm'l] 1592,
1493, 1397, 1259, 1059, 992, 910, 824; 'H NMR (400 MHz,
CDCly): 8 9.16 (s, 1H), 8.15 (d, /= 8.5 Hz, 1H), 8.11 (d, J=2.2
Hz, 1H), 7.97 (s, 1H), 7.90 (d, J= 8.9 Hz, 1H), 7.78-7.74 (m, 2H),
7.72-7.68 (m, 1H), 7.54-7.50 (m, 1H), 3.38-3.35 (m, 2H), 3.28 (t,
J = 6.9 Hz, 2H); *C NMR (100 MHz, CDCL;); & 160.3, 151.6,
147.9, 146.8, 134.5, 133.7, 132.3, 130.8, 130.4, 130.3, 129.6,
129.5, 129.4, 129.3, 128.3, 127.3, 127.0, 120.1, 32.4, 28.1; MS
m/z (relative intensity): 361 (100); HRMS (ESI') caled for
CooH N, Br ([M™ H]"): 361.0340, found 361.0334.
2-methyl-6,7-dihydrodibenzo|b,j][1,7]phenanthroline (4n)
White solid; Yield: 78%. m.p. 115 - 117°C, IR [KBr, cm'l] 1641,
1597, 1496, 1247, 1135, 995, 827, 758; 'H NMR (400 MHz,
CDCly): 6 9.21 (s, 1H), 8.16 (d, J = 8.5 Hz, 1H), 8.00 (s, 1H),
7.95 (d, J= 8.6 Hz, 1H), 7.77 (t, J = 8.5 Hz, 2H), 7.71 — 7.61 (m,
1H), 7.57 — 7.49 (m, 2H), 3.40 — 3.37 (m, 2H), 3.30 (t, /= 6.7 Hz,
2H), 2.55 (s, 3H); '3C NMR (100 MHz, CDCl,); & 158.9, 152.4,
148.0, 146.9, 136.2, 134.4, 133.0, 132.8, 130.4, 129.5, 129.2,
128.5, 128.3, 128.2, 127.8, 127.3, 126.7, 32.4, 28.4, 21.7; MS
m/z (relative intensity): 297 (100); HRMS (ESI") caled for
CyH;N, ([M*HJ): 297.1392 found 297.1387.
4-chloro-6,7-dihydrodibenzo[b,j][1,7]phenanthroline (40)
White solid; Yield: 91%. m.p. 226-228 °C, IR [KBr, cm'l] 1648,
1633, 1496, 1428, 1321, 1006, 928, 789, 747; 'H NMR (400
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MHz, CDCLy): 8 9.18 (s, 1H), 8.11 (d, J = 8.4 Hz, 1H), 7.89 (s,

« 1H), 7.84 (d, J = 8.0 Hz, 1H), 7.77 (d, J = 6.8 Hz, 1H), 7.72-7.65

(m, 2H), 7.48 (t, J= 7.4 Hz, 1H), 7.38 (t, J= 7.6 Hz, 1H), 3.45
(dd, J= 6.0, 8.0 Hz, 2H), 3.24 (t, J = 6.8 Hz, 2H); *C NMR (100
MHz, CDCl;); 6 160.8, 151.5, 147.8, 144.3, 134.4, 133.6, 132.8,
130.3, 130.2, 129.5, 129.4, 129.3, 128.3, 128.0, 127.2, 126.8,
126.1, 32.5, 28.0; MS m/z (relative intensity): 317 (100); HRMS
(EST") caled for C,oH;,N,>°Cl (IM" H]"): 317.0846, found
317.0843.
4-bromo-6,7-dihydrodibenzo[b,j][1,7]phenanthroline (4p)
Yellow solid; Yield: 90%. m.p. 225-227 °C, IR [KBr, cm'l] 1652,
1644, 1536, 1134, 998, 929, 785, 743; '"H NMR (400 MHz,
CDCls): 6 9.25 (s, 1H), 8.15 (d, /= 8.4 Hz, 1H), 8.03 (dd, J=1.2,
7.2 Hz, 1H), 8.00 (s, 1H), 7.95 (dd, J = 1.0, 8.0 Hz, 1H), 7.78 (d,
J=28.0 Hz, 1H), 7.72-7.68 (m, 1H), 7.54-7.50 (m, 1H), 7.37 (t, J
= 7.8 Hz, 1H), 3.49 (dd, /= 5.8, 8.2 Hz, 2H), 3.31 (t, /= 7.0 Hz,
2H); '*C NMR (100 MHz, CDCly); & 161.1, 151.7, 147.9, 145.2,
134.5, 133.9, 133.8, 130.5, 129.6, 129.5, 129.4, 128.9, 1284,
127.3, 127.0, 126.8, 1242, 32.6, 28.2; MS m/z (relative
intensity): 361 (100); HRMS (ESI") caled for CpoH; 4N, Br ((M*
H]"): 361.0340, found 361.0341.
4-methyl-6,7-dihydrodibenzo|[b,j][1,7]phenanthroline (4q)
White solid; Yield: 87%. m.p. 164-166 °C, IR [KBr, crn'l]1639,
1597, 1497, 1432, 1262, 1153, 906, 789, 754; 'H NMR (400
MHz, CDCly): & 9.23 (s, 1H), 8.17 (d, J = 8.4 Hz, 1H), 7.97 (s,
1H), 7.83 (d, J= 8.0 Hz, 1H), 7.76 (d, J = 8.0 Hz, 1H), 7.71-7.67
(m, 1H), 7.56 (d, J = 6.9 Hz, 1H), 7.52-7.48 (m, 1H), 7.41 (t, J =
7.6 Hz, 1H), 3.41 (dd, J = 5.4, 8.4 Hz, 2H), 3.29 (t, J = 6.9 Hz,
2H), 2.85 (s, 3H); '3C NMR (100 MHz, CDCl,); & 158.7, 152.5,
147.9, 147.4, 136.6, 134.3, 133.6, 130.6, 130.5, 129.5, 129.2,
128.2, 128.1, 127.2, 127.0, 126.6, 126.0, 32.6, 28.5, 18.1; MS
m/z (relative intensity): 297 (100); HRMS (ESI') caled for
Cy H 7N, ([M* HTY): 297.1392, found 297.1387.
2,3-dimethoxy-6,7-dihydrodibenzo[b,j][1,7]phenanthroline
(4r)

Yellow solid; Yield: 74%. m.p. 201-203 °C, IR [KBr, cm'l] 2932,
2835, 1624, 1594, 1504, 1428, 1260, 1016, 748; "H NMR (400
MHz, CDCly): & 9.15 (s, 1H), 8.13 (d, J = 8.4 Hz, 1H), 7.95 (s,
1H), 7.75 (d, J = 8.0 Hz, 1H), 7.70-7.65 (m, 1H), 7.52-7.47 (m,
2H), 7.21 (s, 1H), 4.05 (s, 3H), 4.03 (s, 3H), 3.37-3.33 (m, 2H),
3.26 (t, J = 7.2 Hz, 2H); *C NMR (100 MHz, CDCl;); & 157.5,
153.4, 152.6, 149.7, 147.8, 145.5, 134.1, 131.7, 130.2, 129.3,
129.1, 128.0, 127.2, 126.8, 126.4, 123.5, 107.4, 106.2, 56.3, 56.1,
32.0, 28.4; MS m/z (relative intensity): 343 (100); HRMS (ESI")
calcd for C»,H;oN,O, ([M" H]"): 343.1447, found 343.1447.
6,7-dihydro-[1,3]dioxolo[4',5':4,5]benzo[1,2-j]benzo[b][1,7]
phenanthroline (4s)

White solid; Yield: 80%. m.p. 198-200 °C, IR [KBr, cm'l] 1592,
1498, 1466, 1240, 1205, 1038, 943, 844 759; 'H NMR (400 MHz,
CDCl3): 6 9.09 (s, 1H), 8.14 (d, J = 8.4 Hz, 1H), 7.98 (s, 1H),
7.77 (d, J = 7.6 Hz, 1H), 7.70-7.66 (m, 1H), 7.52-7.48 (m, 1H),
7.35 (s, 1H), 7.22 (s, 1H), 6.12 (s, 2H), 3.34-3.31 (m, 2H), 3.29-
3.25 (m, 2H); *C NMR (100 MHz, CDCl,); § 157.7, 152.5, 151.7,
147.9, 147.8, 146.9, 134.3, 132.4, 130.3, 129.4, 129.2, 128.2,
127.3, 126.9, 126.6, 125.0, 105.4, 103.9, 101.9, 32.0, 28.5; MS
m/z (relative intensity): 327 (100); HRMS (ESI') caled for

115 CoyH,sN,0, (IM* H]): 327.1134, found 327.1136.

2,10-difluoro-6,7-dihydrodibenzo[b,j][1,7]phenanthroline (4t)
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Brown solid; Yield: 79%. m.p. 200-202 °C, IR [KBr, cm‘l] 1557,
1502, 1436, 1219, 997, 822; '"H NMR (400 MHz, CDCl3): & 9.17
(s, 1H), 8.15 (dd, J= 5.2, 9.2 Hz, 1H),8.04 (dd, J = 5.4, 9.0 Hz,
1H), 7.94 (s, 1H), 7.57 (dd, J = 2.8, 8.8 Hz, 1H), 7.50-7.44 (m,
2H), 7.38 (dd, J = 2.6, 9.0 Hz, 1H), 3.39- 3.35 (m, 2H), 3.29 (dd,
J = 5.8, 8.2 Hz, 2H); *C NMR (100 MHz, CDCL); & 162.2,
161.7, 159.7, 159.3, 158.9 (d, J = 2.0 Hz), 151.3 (d, J = 3.0 Hz),
145.4, 145.1, 133.8(d, J= 5.0 Hz), 132.6 (d, J= 5.0 Hz), 132.0 (d,
J=9.0 Hz), 131.2 (t, J=9.0 Hz), 129.0, 128.8 (t, J = 11.0 Hz),
120.6 (d, J=25.0 Hz), 119.6 (d, J = 26.0 Hz), 111.7 (d, J=21.0
Hz), 1103 (d, J =21.0 Hz), 32.2, 28.3; MS m/z (relative
intensity): 319 (100); HRMS (ESI") calcd for C,oH;3N,F, ([M*
H]"): 319.1047, found 319.1041.
2,10-dichloro-6,7-dihydrodibenzo[b,j][1,7]phenanthroline (4u)
Brown solid; Yield: 80%. m.p. 260-262 °C, IR [KBr, cm‘l] 2307,
1469, 1180, 1059, 908, 818, 706; 'H NMR (400 MHz, CDCl,): &
9.14 (s, 1H), 8.07 (d, J = 9.2 Hz, 1H), 7.98 (d, J = 8.8 Hz, 1H),
7.93 (d, J= 2.4 Hz, 1H), 7.90 (s, 1H), 7.74 (d, J = 2.0 Hz, 1H),
7.66-7.61 (m, 2H), 7.25 (s, 1H), 7.39-7.36 (m, 2H), 3.29 (dd, J =
5.7, 8.1 Hz, 2H); *C NMR (100 MHz, CDCl;); & 159.9, 152.0,
146.7, 146.3, 133.5, 132.7, 132.6, 132.2, 131.4, 131.3, 131.1,
130.4, 130.3, 129.0, 128.9, 128.7, 127.5, 126.0, 32.2, 28.2; MS
m/z (relative intensity): 351 (100); HRMS (ESI") caled for
C,ooH 5N, CL (IMT H]): 351.0456, found 351.0452.
2,10-dibromo-6,7-dihydrodibenzo|b,j][1,7]phenanthroline

4v)

Yellow solid; Yield: 83%. m.p. 268-270 °C, IR [KBr, em']1588,
1483, 123, 1193, 1054,910, 820; 'H NMR (400 MHz, CDCl;): &
9.14 (s, 1H), 8.11 (d, J = 2.1 Hz, 1H), 8.00 (d, J = 8.9 Hz, 1H),
7.92 (d, J = 2.3 Hz, 2H), 7.89 (s, 1H), 7.79-7.74 (m, 2H), 3.39-
3.35 (m, 2H), 3.29 (dd, J = 5.6, 8.0 Hz, 2H); '*C NMR (100 MHz,
CDCly); 8 160.1, 152.1, 146.9, 146.5, 133.9, 133.4, 132.9, 132.5,
131.3, 131.2, 130.9, 130.5, 129.4, 129.3, 129.0, 120.9, 120.3,
32.2,28.1; MS m/z (relative intensity): 438 (50); HRMS (ESI")
caled for CooH 5N, Br, ((M* H]"): 438.9445, found 438.9449.
2,10-dimethyl-6,7-dihydrodibenzo|[b,j][1,7]phenanthroline
(4w)

White solid; Yield: 73%. m.p. 149-151 °C, IR [KBr, em’'] 1642,
1599, 1490, 1428, 1153, 992, 825, 763; 'H NMR (400 MHz,
CDCly): 6 9.23 (s, 1H), 7.96 (d, J = 9.9 Hz, 2H), 7.78 (s, 1H),
7.62 (d, J= 8.0 Hz, 1H), 7.57-7.53 (m, 2H), 7.40 (dd, J=7.3, 7.8
Hz, 1H), 3.40-3.37 (m, 2H), 3.30 (dd, J = 5.7, 8.3 Hz, 2H), 2.95
(s, 3H), 2.56 (s, 3H); '*C NMR (100 MHz, CDCly); § 159.0,
151.0, 146.9, 137.5, 136.1, 134.6, 132.8, 132.6, 130.0, 129.3,
129.0, 128.4, 128.3, 128.2, 127.9, 126.5, 125.3, 32.4, 28.2, 21.7,
18.2; MS m/z (relative intensity): 311 (100); HRMS (ESI") calcd
for C,,H1oN, (M H]"): 311.1548, found 311.1556.
6,7-dihydro-[1,3]dioxolo[4',5':4,5]benzo[1,2-b][1,3]dioxolo
[4',5':4,5]benzo[1,2-j][1,7]phenanthroline (4x)

Yellow solid; Yield: 77%. m.p. 275-277 °C, IR [KBr, cm'1]1642,
1495, 1461, 1373, 1232, 1035, 947, 839, 782; 'H NMR (400
MHz, CDCly): 6 8.95 (s, 1H), 7.75 (s, 1H), 7.40 (s, 1H), 7.32 (s,
1H), 7.17 (s, 1H), 6.98 (s, 1H), 6.09 (d, J= 2.2 Hz, 4H), 3.27 (dd,
J =5.2,8.0 Hz, 2H), 3.17 (t, J = 6.9 Hz, 2H); '>C NMR (100
MHz, CDCly); 6 157.5, 151.4, 150.5, 150.2, 148.0, 147.7, 146.5,
146.0, 133.4, 131.5, 128.4, 127.0, 125.1, 125.0, 105.8, 105.4,
103.8, 102.4, 101.9, 101.8, 32.0, 28.1; MS m/z (relative
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intensity): 371 (100); HRMS (EST") caled for Cp,H sN,O, ([M*
H]"): 371.1032, found 371.1035.
10-bromo-2-chloro-6,7-dihydrodibenzo|[b,j][1,7]
phenanthroline (4y)

White solid; Yield: 79%. m.p. 238-240 °C, IR [KBr, cm'1]2352,
1646, 1593, 1485, 1316, 1240, 1164, 1071, 912,823; 'H NMR
(400 MHz, CDCl;): 8 9.17 (s, 1H), 8.00 (dd, J = 9.0, 11.0 Hz,
2H), 7.95 (dd, J = 2.2, 5.0 Hz, 2H), 7.92 (s, 1H), 7.76 (dd, J =
2.2,9.0 Hz, 1H), 7.65 (dd, J = 2.2, 9.0 Hz, 1H), 3.41- 3.37 (m,
2H), 3.31 (dd, J= 5.8, 8.2 Hz, 2H); *C NMR (100 MHz, CDCl5);
8 160.0,152.2, 146.7, 146.5, 133.5, 132.9, 132.7, 132.2, 131.4,
131.3, 131.2, 130.3, 129.4, 129.3, 129.1, 128.8, 127.5, 120.9,
32.2, 28.2; MS m/z (relative intensity): 394 (80); HRMS (ESI")
caled for CooH 3N,BrCl([M™ H]"): 394.9951 found 394.9953.
7,7-dimethyl-6,7-dihydrodibenzo|b,j][1,7]phenanthroline (4z)
White solid; Yield: 85%. m.p. 170-172 °C, IR [KBr, em’'] 3060,
2960, 1593, 1498, 1466, 1411, 1125, 911, 862; 'H NMR (400
MHz, CDCl;): 6 9.32 (s, 1H), 8.18 (d, /= 7.2 Hz, 2H), 8.08 (d, J
= 8.5 Hz, 1H), 8.02 (d, J= 7.6 Hz, 1H), 7.84 (dd, J= 1.0, 8.1 Hz,
1H ) 7.75-7.69 (m, 2H), 7.57-7.52 (m, 2H), 3.31 (s, 2H), 1.47 (s,
6H); *C NMR (100 MHz, CDCl3); 5 158.8, 151.3, 148.6, 147.5,
139.2, 133.5, 131.4, 130.3, 129.5, 129.4; 129.1, 128.7, 128.5,
128.3, 127.7, 126.8, 126.4, 47.0, 35.4, 28.9; MS m/z (relative
intensity): 311 (100); HRMS (ESI") caled for CyH;oN, ([M*
H]"): 311.1548 found 311.1548.

Procedure for the synthesis of 2-(phenylethynyl)-6,7-
dihydrodibenzo[b,j][1,7] phenanthroline (Sa)

To a solution of 4m (1mmol) and phenyl acetylene (1.2 mmol) in
DMF (4 mL) was added PdCl,(PPh;), (10 mol%) under nitrogen
atmosphere. The reaction was then stirred at room temperature
for 5 minutes followed by the addition of EtzN (2 mmol). The
reaction mixture was stirred at 80°C in an oil bath. The progress
of the reaction was monitored by TLC. After completion of the
reaction (4h), the reaction mixture was cooled to room
temperature and was added to brine (15 mL). The organic phase
was extracted with ethyl acetate (3x15 mL). The combined
organic extracts were dried with magnesium sulfate and filtered.
The solvent was evaporated under reduced pressure and the crude
product thus obtained was purified by column chromatography to
obtain the pure product.
2-(phenylethynyl)-6,7-dihydrodibenzo|[b,j][1,7]phenanthroline
(52)

Yellow solid; Yield: 79%. m.p. 197-199 °C, IR [KBr, crn'l] 1642,
1597, 1492, 992, 834, 752; '"H NMR (400 MHz, CDCly): § 9.25
(s, 1H), 8.18 (d, J = 8.6 Hz, 2H), 8.02 (d, J = 8.5 Hz, 2H), 7.83-
7.78 (m, 2H), 7.73-7.69 (m, 1H), 7.62-7.58 (m, 2H) 7.55-7.51 (m,
1H), 7.41-7.36 (m, 3H), 3.42-3.40 (m, 2H), 3.39-3.29 (m, 2H);
13C NMR (100 MHz, CDCl,); 8 160.5, 151.9, 148.0, 147.7, 134.5,
133.1, 132.2, 131.9, 130.3, 129.6, 129.4, 129.2, 128.8, 128.7,
128.6, 128.3, 128.0, 127.3, 126.9, 123.2, 121.4, 90.7, 89.3, 32.5,
28.2; MS m/z (relative intensity): 383 (100); HRMS (ESI) calcd
for C,gH1oN, (M H]"): 383.1548, found 383.1537.

Procedure for the synthesis of
dihydrodibenzo[b,j][1,7]phenanthroline (Sb)
To a solution of 4m (1 mmol) and phenylboronic acid (1.2 mmol)
in toluene (6 mL) was added Pd(OAc), (10 mol%) under nitrogen

2-phenyl-6,7-
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atmosphere. The reaction was then stirred at room temperature
for 5 minutes followed by the addition of K,CO; (2 mmol). The
reaction mixture was stirred at 80°C in an oil bath. The progress
of the reaction was monitored by TLC. After completion of the
reaction (40 min), the reaction mixture was cooled to room
temperature and was added to brine (15 mL). The organic phase
was extracted with ethyl acetate (3x15 mL). The combined
organic extracts were dried with magnesium sulfate and filtered.
The solvent was removed under reduced pressure and the crude
product thus obtained was purified by column chromatography to
obtain the pure product.
2-phenyl-6,7-dihydrodibenzo[b,j][1,7]phenanthroline (Sb)
White solid; Yield: 88%. m.p. 223-225 °C, IR [KBr, cm‘l] 2355,
1594, 1491, 1435, 1167, 995, 935, 832, 755; '"H NMR (400 MHz,
CDCl;): 6 9.34 (s, 1H), 8.18 (t, J= 3.6 Hz, 1H), 8.12 (d, J = 8.7
Hz, 1H), 8.01-7.96 (m, 2H), 7.80-7.68 (m, 4H), 7.54-7.50 (m,
3H) 7.43-7.39 (m, 1H), 3.44-3.40 (m, 2H), 3.33 (dd, J=4.6, 11.8
Hz, 2H); *C NMR (100 MHz, CDCl;); & 159.8, 152.1, 147.9,
147.7, 140.5, 139.1, 134.4, 133.7, 130.3, 130.1, 129.5, 129.3,
129.1, 128.9, 128.4, 128.3, 127.8, 127.6, 127.5, 127.3, 126.8,
126.6, 32.4, 28.3; MS m/z (relative intensity): 359(100); HRMS
(EST") caled for CogH, N, (M H]'): 359.1548, found 359.1543.

Procedure for the synthesis of 2-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)-6,7-dihydrodibenzo[b,j][1,7]
phenanthroline (5c¢)

To a solution of 4m (Immol) and bis(pinacolato)diboron (1.2
mmol) in toluene (5 mL) was added PdCl,(PPhs), (10 mol%)
under nitrogen atmosphere. The reaction was then stirred at room
temperature for 5 minutes followed by the addition of K,CO; (1.5
mmol). The reaction mixture was stirred at 80°C in an oil bath.
The progress of the reaction was monitored by TLC. After
completion of the reaction (1h), the reaction mixture was cooled
to room temperature and was added to brine (15 mL). The
organic phase was extracted with ethyl acetate (3x15 mL). The
combined organic extracts were dried with magnesium sulfate
and filtered. The solvent was removed under reduced pressure
and the crude product thus obtained was purified by column
chromatography to obtain the pure product.
2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-6,7-dihydro
dibenzo [b,j][1,7]phenanthroline (5c)

White solid; Yield: 65%. m.p. 103-105 °C, IR [KBr, cm‘l] 1622,
1496, 1448, 1378, 1341, 1142, 1082, 964, 856, 754; 'H NMR
(400 MHz, CDCly): 6 9.34 (s, 1H), 8.53 (s, 1H), 8.15(d, J=8.0
Hz, 1H), 8.02 (t, J = 8.0 Hz, 2H), 7.77 (d, /= 8.0 Hz, 1H), 7.71-
7.67 (m, 1H), 7.51 (t, J = 7.4 Hz, 1H), 3.42-3.38 (m, 2H), 3.31
(dd, J = 4.6, 12.2 Hz, 2H), 1.40 (s, 12H); '*C NMR (100 MHz,
CDCly); 6 160.9, 152.2, 149.8, 148.0, 137.4, 135.3, 134.3, 134.2,
130.3, 129.6, 129.2, 128.7, 128.2, 127.7, 127.6, 127.2, 126.8,
84.3, 75.2, 32.6, 28.3, 25.0; MS m/z (relative intensity): 409
(100); HRMS (EST") caled for CosHosBN,O, ([M* H]Y): 409.2087,
found 409.2083.

Procedure for the of  4-methyldibenzo
[b,j1[1,7]phenanthroline (5d)
Compound 4q (1 mmol) was dissolved in 1,4-dioxane (3 mL) in a
round-bottomed flask (25 mL). Selenium dioxide (2 mmol)
dissolved in 1,4-dioxane (2 mL) and water (0.2 mL) was added to
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this mixture at room temperature and was heated at 80°C in an
oil bath. The progress of the reaction was monitored by TLC.
After completion of the reaction (8h), the reaction mixture was
cooled to room temperature and 1,4-dioxane was removed under
reduced pressure. The solvent was removed under reduced
pressure and the crude product thus obtained was purified by
column chromatography to obtain the pure product (5d).
4-methyldibenzo|b,j][1,7]phenanthroline (5d): Yellow solid;
Yield: 81%. m.p. 216-218 °C, IR [KBr, cm’'] 1598, 1487, 1368,
1167, 895, 726; 'H NMR (400 MHz, CDCly): & 10.12 (s, 1H),
8.58 (s, 1H), 8.38 (d, J = 8.9 Hz, 1H), 8.07 (d, J = 8.1 Hz, 1H),
8.01 (t, J= 7.5 Hz, 1H), 7.97 (s, 1H), 7.91 (d, J = 9.4 Hz, 1H),
7.87-7.83 (m, 1H), 7.70 (dd, J = 1.0,7.8 Hz, 1H), 7.64-7.60 (m,
1H), 7.55-7.52 (m, 1H), 2.97 (s, 3H); '3C NMR (100 MHz,
CDCly); 6 150.4, 148.6, 148.2, 147.8, 137.3, 135.2, 133.9, 13.6,
130.5, 130.3, 130.2, 129.7, 128.1, 127.5, 127.3, 127.1, 126.6,
126.3, 125.4, 124.8, 18.5; MS m/z (relative intensity): 294(100);
HRMS (EI') caled for CyHiuN, ([M']): 294.1157, found
294.1164.

Procedure for the synthesis of 6-fluoro-6,7-
dihydrodibenzo[b,j][1,7]phenanthroline (Se):

Selectfluor (1 mmol) was added to a stirred solution of
compound 4a (1 mmol) in acetonitrile (3 mL) at room
temperature. This mixture was heated at 80°C in an oil bath and
the progress of reaction was monitored by TLC. After completion
of the reaction (45 min), the reaction mixture was cooled to room
temperature and was added to brine (15 mL). The organic phase
was extracted with ethyl acetate (3x15 mL). The combined
organic extracts were dried with magnesium sulfate and filtered.
The solvent was evaporated under reduced pressure. The solvent
was removed under reduced pressure and the crude product thus
obtained was purified by column chromatography to obtain the
pure product. The compound was obtained with little inseparable
impurities.

6-fluoro-6,7-dihydrodibenzo[b,j][1,7]phenanthroline (5e)
White solid; Yield: 70%. m.p. 201-203 °C, IR [KBr, cm'l] 3056,
2361, 1597, 1498, 1419, 1001, 836, 755; 'H NMR (400 MHz,
CDCls): 6 9.48 (s, 1H), 8.21 (dd, J = 2.6, 8.5 Hz, 2H), 8.12 (s,
1H), 8.08 (d, J = 7.9 Hz, 1H), 7.83-7.78 (m, 2H), 7.75-7.71 (m,
1H), 7.64 (t, J= 7.5 Hz, 1H), 7.57-7.53 (m, 1H), 6.03 (dt, /= 3.8,
49.3 Hz, 1H), 3.83-3.75 (m, 1H), 3.67-3.52 (m, 1H); *C NMR
(100 MHz, CDCls); 6 153.7 (d, J = 17.0 Hz), 150.5, 148.3 (d, J =
38.0 Hz), 136.3, 134.5, 130.9, 129.7 (d, J = 2.0 Hz), 129.6, 129.3,
129.1, 128.4, 127.9, 127.8, 127.4, 127.1, 125.3 (d, J = 4.0 Hz),
90.0, 88.3, 35.0 (d, J = 24.0 Hz); MS m/z (relative intensity):
301(100); HRMS (ESI") caled for CyH;4N, F (IM" H]):
301.1141, found 301.1142.

Procedure for the synthesis of  6-bromo-6,7-
dihydrodibenzo|b,j][1,7]phenanthroline (5f): NBS (1 mmol)
was added to a stirred solution of compound 4a (I mmol) in
acetonitrile (5 mL) at room temperature. This mixture was heated
at 80°C in an oil bath and the progress of reaction was monitored
by TLC. After completion of the reaction (1.5 h), the reaction
mixture was cooled to room temperature and was added to brine
(15 mL). The organic phase was extracted with ethyl acetate
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(3x15 mL). The combined organic extracts were dried with
magnesium sulfate and filtered. The solvent was removed under
reduced pressure and the crude product thus obtained was
purified by column chromatography to obtain the pure product.

6-bromo-6,7-dihydrodibenzo|b,j][1,7]phenanthroline (51)

Yellow solid; Yield: 61%. m.p. 296-298 °C, IR [KBr, crn'l] 2357,
1594, 1497, 1421, 1264, 996, 798, 756; 'H NMR (400 MHz,
CDCly): 6 9.45 (s, 1H), 8.22 (d, J= 8.4 Hz, 1H), 8.12 (d, /= 8.8
Hz, 2H), 8.04 (d, J = 8.0 Hz, 1H), 7.84 (d, J = 8.4 Hz, 1H), 7.79-
7.73 (m, 2H), 7.62-7.54 (m, 2H), 5.87 (t, J = 3.0 Hz, 1H), 3.95-
3.89 (m, 1H), 3.75 (dd, J = 2.4, 16.8 Hz, 1H); '3C NMR (100
MHz, CDCl3); 6 158.8, 150.5, 148.2, 148.0, 136.0, 135.0, 131.0,
129.8, 129.6, 1294, 129.1, 128.9, 128.3, 127.7, 1274, 127.2,
126.9, 126.3, 48.8, 38.1; MS m/z (relative intensity): 361(100);
HRMS (ESI") calcd for C,0H 4N, Br ([M" H]"): 361.0340, found
361.0341.

dibenzo[b,j][1,7]phenanthroline (5g): Yellow solid; m.p. 219-
221 °C, IR [KBr, cm™'] 1635, 1494, 1262, 1133, 910, 854, 819,
736; '"H NMR (400 MHz, CDCly): & 10.19 (s, 1H), 8.61 (s, 1H),
8.39 (d, J=8.8 Hz, 1H), 8.30 (d, /= 8.8 Hz, 1H), 8.23 (d, /= 8.4
Hz, 1H), 8.04 (d, J= 8.4 Hz, 1H), 7.95 (s, 2H), 7.89-7.84 (m, 2H),
7.68-7.62 (m, 2H); '3C NMR (100 MHz, CDCl,); & 151.3, 149.3,
148.1, 147.8, 135.3, 133.9, 131.3, 130.9, 130.4, 129.8, 129.6,
129.3, 128.2, 127.6, 127.2, 126.7, 126.6, 125.8, 124.7; MS m/z
(relative intensity): 281(100); HRMS (EST") caled for Cy0H 3N,
(IM* H]"): 281.1079, found 281.1079.
Procedure for the synthesis of 6-chloro-6,7-
dihydrodibenzo[b,j][1,7]phenanthroline (Sh):

NCS (1 mmol) was added to a stirred solution of compound 4a (1
mmol) in acetonitrile (5 mL) at room temperature. This mixture
was heated at 80°C in an oil bath and the progress of reaction was
monitored by TLC. After completion of the reaction (1h ), the
reaction mixture was cooled to room temperature and was added
to brine (15 mL). The organic phase was extracted with ethyl
acetate (3x15 mL). The combined organic extracts were dried
with magnesium sulfate and filtered. The solvent was removed
under reduced pressure and the crude product thus obtained was
purified by column chromatography to obtain the pure product.
6-chloro-6,7-dihydrodibenzo[b,j][1,7]phenanthroline (5h)
Yellow solid; Yield: 69%. m.p. 291-293 °C, IR [KBr, crn'l] 1637,
1595, 1496, 1423, 1267, 1164, 957, 754; 'H NMR (400 MHz,
CDCl;): 6 9.42 (s, 1H), 8.19 (d, J= 8.5 Hz, 1H), 8.11 (d, J=8.5
Hz, 1H), 8.09 (s, 1H), 8.02 (d, /= 8.2 Hz, 1H), 7.81-7.69 (m, 3H),
7.60-7.51 (m, 2H), 5.67 (t, J = 3.3 Hz, 1H), 3.83-3.78 (m, 1H),
3.65 (dd, J = 2.8, 16.5 Hz, 1H); *C NMR (100 MHz, CDCl;); &
156.2, 150.5, 148.3, 148.1, 136.2, 134.9, 130.9, 129.8, 129.7,
129.5, 129.1, 129.0, 128.4, 127.7, 127.4, 127.1, 127.0, 125.7,
57.7, 37.6; MS m/z (relative intensity): 317(100); HRMS (EST")
calcd for CooH 4N, C1 (IM" H]"): 317.0846, found 317.0845.

Procedure for the synthesis of 6,6-dichloro-6,7-
dihydrodibenzo[b,j][1,7]phenanthroline (5i)
NCS (2 mmol) was added to a stirred solution of compound 4a (1
mmol) in acetonitrile (5 mL) at room temperature. This mixture

was heated at 80°C in an oil bath and the progress of reaction was

ss monitored by TLC. After completion of the reaction (3h), the
reaction mixture was cooled to room temperature and was added
to brine (15 mL). The organic phase was extracted with ethyl
acetate (3x15 mL). The combined organic extracts were dried
with magnesium sulfate and filtered. The solvent was evaporated

e under reduced pressure. The solvent was removed under reduced
pressure and the crude product thus obtained was purified by
column chromatography to obtain the pure product.
6,6-dichloro-6,7-dihydrodibenzo|b,j][1,7]phenanthroline (5i)
Yellow solid; Yield: 65%. m.p. 254-256 °C, IR [KBr, cm™'] 1642,

6 1492, 1260, 1117, 970, 932, 805, 738; 'H NMR (400 MHz,
CDCLy): § 9.53 (s, 1H), 8.27 (t, J = 10.0 Hz, 2H), 8.12 (s, 1H),
8.07 (d, J = 8.0 Hz, 1H), 7.86-7.75 (m, 3H), 7.65 (t, J = 7.5 Hz,
1H), 7.58 (t, J = 7.5 Hz, 1H), 4.26 (s, 2H); *C NMR (100 MHz,
CDCly); 8 154.7, 150.0, 148.0, 147.9, 135.7, 134.9, 131.3, 130.3,

7 130.1, 129.5, 128.9, 128.4, 128.1, 127.6, 127.5, 127.2, 126.0,
125.2, 86.0, 49.9; MS m/z (relative intensity): 351 (100); HRMS
(EST") caled for CyHp3N, Cl, (M" HJ]"): 351.0456, found
351.0455.

Procedure for the synthesis of 6-bromodibenzo[b,j][1,7]
75 phenanthroline Q)]
NBS (2 mmol) was added to a stirred solution of compound 4a (1
mmol) in acetonitrile (5 mL) at room temperature. This mixture
was heated at 80°C in an oil bath and the progress of reaction was
monitored by TLC. After completion of the reaction (Sh), the
so reaction mixture was cooled to room temperature and was added
to brine (15 mL). The organic phase was extracted with ethyl
acetate (3x15 mL). The combined organic extracts were dried
with magnesium sulfate and filtered. The solvent was evaporated
under reduced pressure. The solvent was removed under reduced
pressure and the crude product thus obtained was purified by
column chromatography to obtain the pure product.
6-bromodibenzo[b,j][1,7]phenanthroline (5j): Yellow solid;
Yield: 53%. m.p. 211213 °C, IR [KBr, cm™'] 1644, 1492, 1113,
803, 743; '"H NMR (400 MHz, CDCl;): § 10.21 (s, 1H), 8.53 (s,
% 1H), 8.45 — 8.36 (m, 3H), 8.25 (d, J = 8.0 Hz, 1H), 8.03 (d, J =
8.0 Hz, 1H), 7.93 — 7.85 (m, 2H), 7.72 — 7.62 (m, 2H); '*C NMR
(100 MHz, CDCly); 6 149.2, 147.8, 147.4, 147.3, 134.5, 1344,
133.8, 131.2, 130.7, 130.1, 129.8, 129.0, 128.2, 127.6, 127.4,
127.3, 127.1, 126.1, 125.2, 124.9; MS m/z (relative intensity):
05 359 (100); HRMS (ESI") caled for C,H;N, Br ([M" H]"):
359.0184, found 359.0183.
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