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ABSTRACT
A simple, direct, and regioselective protocol to the synthesis of N1,N2-bis(2,3-diiodoaryl)benzene-1,2-diamines through highly 
regioselective microwave-assisted/palladium-catalyzed double C-N arylations of 1,2,3-triiodobenzene and benzene-1,2-
diamine is reported. Remarkably, the C-N arylations proceeded bimolecularly at the terminal positions, the most active and 
less hindered position. This process was efficient and tolerated a wide range of substrates. The reaction of electron-rich/neutral 
1,2,3-triiodoarene systems and electron-rich 1,2-diamines under the optimized conditions provided the highest isolated yields. 
This article describes a method for the first and unprecedented synthesis of tetra-iodinated N1,N2-diarylbenzene-1,2-diamine and 
iodinated 5,10-dihydrophenazine products that is regioselective and scalable and provides useful derivatives for other chemical 
reactions especially in the synthesis of new NHC ligands.

1   |   Introduction

Developing effective annulation methods for the rapid access of 
valuable and highly functionalized precursors via site-selective 
functionalization remains one of the best tactics in the synthetic 
community. In conjunction with the efficient bond-forming and 
atom-economical pathways of these tandem methods, the feasi-
bility of finding other accessible functionalizations on such pow-
erful scaffolds is incredibly fascinating to medicinal chemists. 
Halogenated N1,N2-diarylbenzene-1,2-diamine are widely used 
and can be found by their core structural motifs in a variety of 

products, biologically active, industrial material, and drug-like 
derivatives [1]. Although several synthetic methods have been 
developed to synthesize substituted N1,N2-diarylbenzene-1,2-
diamines [2], developing new tactics for the synthesis of newly 
substituted N1,N2-diarylbenzene-1,2-diamine scaffold is still 
meaningful and has gained great attention.

We became inspired by the bioactivities of halogenated N1,N2-
diarylbenzene-1,2-diamines in literature. Such examples of the 
specific halogenated N1,N2-diarylbenzene-1,2-diamine motif in-
clude N1,N2-bis(2-halophenyl)benzene-1,2-diamine 1 (Figure 1), 
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which is an ortho-halogenated (Cl, Br, I) benzene-1,2-diamine 
derivative and is reported as protein tyrosine and serine inhibi-
tors [1a]. The ortho-brominated benzene-1,2-diamine derivative 
2 has unique applications and is reported as a precursor for elec-
troluminescent and semiconductor materials [1b]. Moreover, the 
ortho-chlorinated benzene-1,2-diamine derivative 3 inhibits pro-
tein aggregation, which is useful in the treatment of Alzheimer 
disease [3]. Lastly, ortho-fluorinated 5,10-dihydrophenazine de-
rivative has been reported as an antitumor and antifungal agent 
for humans [4].

The remarkable applications of these halogenated N1,N2-
diarylbenzene-1,2-diamine derivatives in biomedicine have 
inspired us to develop a new method for quickly accessing 
iodinated derivatives while assuring the feasibility of func-
tionalization at the N1,N2-diarylbenzene-1,2-diamine scaf-
fold and moving forward with our interest in developing new 
effective protocols utilizing our 1,2,3-triiodobenzene deriv-
atives. Herein, we reported a one-pot tandem protocol for the 
synthesis of unprecedented hitherto unknown N1,N2-bis(2,3-
diiodoaryl)benzene-1,2-diamines as majors and iodinated 
5-10-dihydrophenazine as minors utilizing microwave-assisted/
palladium-catalyzed Buchwald-Hartwig double C-N arylation 
reactions from 1,2,3-triiodobenzene and benzene-1,2-diamines. 
This method is highly regioselective, efficient, and scalable and 
provides up to 62% yield offering the tetra-iodinated N1,N2-
diarylbenzene-1,2-diamine products in one step. These products 
serve as exceptionally useful precursors for further chemical 
manipulations especially in the synthesis of new NHC ligands 
that are difficult to achieve using other means.

2   |   Results and Discussion

As a result of our latest studies on 1,2,3-triiodobenzene [5], along 
with the literature's reports of biologically active halogenated 
N1,N2-diarylbenzene-1,2-diamine and 5-10-dihydrophenazine 
derivatives, we were eager to investigate the tandem double C-
N amination reactions using 1,2,3-triiodobenzenes and benzene 
1,2-diamines targeting the iodinated 5-10-dihydrophenazine. 
According to our earlier reports, in-house derivatives of 
1,2,3-triiodobenzene were previously prepared from derivatives 
of benzoic acids or anilines [6].

The use of transition-metal catalyzed reactions for multiple 
chemical bond formations in a one-pot fashion is indeed an ideal 
and efficient methodology but a challenging task. Although sev-
eral methods were developed towards the synthesis of N1,N2-
diarylbenzene-1,2-diamine [2h, 7] and 5-10-dihydrophenazine 
[8] derivatives, few of them were devoted to C-N double arylations 
from 1,2-dihaloarene and 1,2-diamine derivatives [9] Among 
them, only a few chemoselective and regioselective protocols 
have been reported in the literature so far [9b, c]. For example, El 
Ain et al. reported a Buchwald-Hartwig C-N arylation between 
benzene-1,2-diamine and ortho-iodobromobenzene; in this case, 
the arylation reaction took place chemoselectively at the weak 
C-I bond, giving the N1,N2-bis(2-bromophenyl)benzene-1,2-
diamine product in good yield [9b]. Additionally, Ma et al. re-
ported a chemoselective and regioselective Buchwald-Hartwig 
C-N arylation between benzene-1,2-diamine and 2-bromo-1-chl
oro-3-fluorobenzene where the reactivity took place at the C-Br 
bond, the weaker and most electron deficient C-X bond [9c].

Due to the symmetry of the terminal C-I groups in 
1,2,3-triiodobenzene, only two regioisomers are feasible from 
mono C-N arylation reaction, derivatives 7 and 8 (Table 1). In ad-
dition, the unimolecular double C-N arylation reactions yield only 
one regioisomer, the iodinated 5-10-dihydrophenazine derivative 
9. Similarly, in the bimolecular double C-N arylation reactions, 
only one regioisomer is possibly formed, which is derivative 10, 
formed from the most active and least sterically hindered position, 
the terminal C-I (Table 1). Consequently, the proposed unimolec-
ular double C-N couplings with the two iodo groups require an 
equivalent usage of 1,2-benzenediamine 6 and 1,2,3-triiodoarene 
5 to obtain the expected iodinated 5-10-dihydrophenazine 9.

To test this rationale, equimolar of both 3,4,5-triiodoanisole 5a 
and 1,2-benzenediamine 6a was employed to optimize the reac-
tion as model substrates (Table 1). The use of 1.1 equiv. of diamine 
derivative 6a, 0.05 equiv. of Pd (OAc)2, 0.05 equiv. of XantPhos, 
and 3.0 equiv. Cs2CO3 in anhydrous toluene (0.1 M) at 100°C in a 
sealed tube for 12 h (Laha conditions) [10] provided only 14% of 
the 5,10-dihydrophenazine product 9a alongside 18% bimolecu-
lar double C-N arylation product 10a (Table 1, entry 1). The first 
C-N arylation step proceeded towards the terminal position as 
expected, the less sterically hindered C-I bond and more acces-
sible position, providing the mono-coupling product 7a, which 
was then proceeded by the intramolecular C-N arylation step, 
yielding the expected 1-iodo-3-methoxy-5,10-dihydrophenazine 
9a as a minor product and unexpectedly, N1,N2-bis(2,3-diiodo-5-
methoxyphenyl)benzene-1,2-diamine 10a as a major product. It is 
worth mentioning that regioisomers 7a and 8a were not detected in 
any trials. However, regioisomer 7a was isolated and characterized 

FIGURE 1    |    Some biologically and industrially important compounds 
of N1,N2-bis(2-halophenyl)benzene-1,2-diamines and halogenated 
5,10-dihydrophenazines.
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in other derivatives (Scheme 1). Neither the use of different sol-
vents nor raising the temperature was found beneficial in further 
improving the yields, giving toluene as the optimal solvent (en-
tries 2–5). The yields were found to improve by altering the reac-
tion conditions (Jensen conditions) [11], resulting in good isolated 
yields under microwave irradiation (200 W, 2.0 bar, 100°C, 15 min) 
as shown in entry 6. Changing the base was found to be detrimen-
tal (entries 7–8), while increasing the equiv. of Cs2CO3 was found 
to be beneficial (entries 9–10). The optimal molarity of the reaction 
was found to be 0.2 M, giving 19% and 26% of the targeted prod-
ucts, 9a and 10a, respectively (entries 11–12). The use of 10 mol% of 
Pd (OAc)2 and XantPhos increased the yields (entry 13). The use of 
different ligands such as s-Phos or DMEDA was found unfavorable 
in further improving the yield (entries 14–15). Elongating the reac-
tion time to 25 min was found unbeneficial (entry 16). Raising the 
temperature to 100°C and 120°C was found to be helpful (entries 
17–18). Lowering the equiv. of diamine (~1:2) was found to be the 
optimal condition, giving yields of 24% and 53% of the products, 9a 

and 10a, respectively (entries 19–20). The best yield for this cou-
pling reaction was achieved by the use of 10 mol% of Pd (OAc)2, 
10 mol% of XantPhos, and 5.0 equiv. of Cs2CO3 in 3.0-mL anhy-
drous toluene at 120°C for 15 min (Table 1, entry 19). The reaction 
is nicely performed on a larger scale as well (entry 21).

After determining the best conditions, we continued to ex-
amine the scope of this double C-N coupling reaction under 
these conditions. As shown in Scheme  1, various substituted 
1,2,3-triiodobenzene derivatives were explored, yielding the 
expected targeted 5,10-dihydrophenazines and iodinated N1,N2-
diarylbenzene-1,2-diamine products with excellent selectivity. 
A significant impact of the nature of the R1 and R2 groups on 
the reactivity of the reaction was discovered but not in terms of 
site-selectivity.

Accordingly, 1,2,3-triiodoarene precursors bearing electron-
rich or neutral groups provided greater yields of iodinated 

SCHEME 1    |    Scope of N1,N2-bis(2-iodophenyl)benzene-1,2-diamines and iodinated 5,10-dihydrophenazines via regioselective double C-I 
aminations of 5-substituted-1,2,3-triiodobenzene and benzene-1,2-diamine derivatives.a
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N1,N2-diarylbenzene-1,2-diamine products (Scheme  1: 10a, 
10c, 10k, 10r, and 10z). Substrates with electron-deficient 
substituents, on the other hand, provided low isolated yields 
(Scheme  1: 10b, 10g, and 10h). The formation of the internal 
mono-coupling isomer 8 was not detected in any trial (Table 1). 
However, terminal mono-coupling product 7 was isolated in 
some trials (Scheme 1: 10l, 10p, 10u, 10v, and 10y). Alternatively, 
electron-rich benzene-1,2-diamines were found to be less reac-
tive providing lower isolated yields (Scheme  1: 10c, 10i, 10r, 
and 10z). Conversely, neutral and electron-poor benzene-1,2-
diamines provided higher isolated yields (Scheme 1: 10a, 10c, 
10i, 10r, and 10z). Interestingly, the bis-amination couplings of 
1,2,3-triiodoarene derivatives with two units of benzene-1,2-
diamines were not detected in any trials, even with excess 
amines. This might be explained by the competing oxidative 
addition step between the diiodinated mono-coupled products 
7 and the 1,2,3-triiodoarene starting material. The iodinated 
5,10-dihydrophenazines were isolated as minor products (21%–
59%) and in only seven trials (Scheme 1: 9a, 9c, 9e, 9j, 9j, 9w, 
and 9x) and as the sole product in only four trials (Scheme 1: 9e, 
9j, 9o, and 9w). We also tested the reaction compatibility when 
one of the iodides was replaced with either bromide or chlo-
ride. The aryl chloride and bromide derivatives reacted with 
benzene-1,2-diamine and 4,5-dichlorobenzene-1,2-diamine to 
give products 10z and 10aa in 49% and 22% yield, respectively. 
Fortunately, we did not observe any coupling reaction with 
C-Br or C-Cl bonds (Scheme 1: 10c, 10i, 10k, 10m, 10z, 10aa, 
and 10ab). The highest yield of double C-N couplings was ob-
tained in 96% overall isolated yield from a reaction mixture of 
electron-poor 4,5-dichloro-benzene-1,2-diamine and electron 
rich 3,4,5-triiodoanisole (Scheme 1: 10c and 9c). Alternatively, 
the best isolated yield for iodinated N1,N2-diarylbenzene-1,2-
diamines was 62% (Scheme  1: 10k) and 59% for iodinated 
5,10-dihydrophenazines (Scheme 1: 9e).

Although different mechanistic approaches to Buchwald-
Hartwig cross-coupling have previously been studied and re-
ported [12], also given that no biphenyl couplings were detected 
and no couplings with other halogens (F, Cl, Br), and the first 
coupling step in this process proceeded at the terminal C-I bond 
[5a,d,g], the least hindered and most deficient site, a reasonable 
catalytic cycle is proposed in Scheme 2. When PdII (OAc)2 is mixed 

with XantPhos, the complex XantPhos-Pd(0) formed, which un-
dergoes oxidative addition (OA) at the terminal C-I bond, pro-
viding intermediate A. Coordination/ligand exchange (LE) with 
PdII-intermediate A and deprotonation of amine by the base 
leads to PdII-intermediate B, which undergoes reductive elimi-
nation (RE) to form mono-coupled product C. The first pathway 
proceeds through consecutive OA/LE and deprotonation steps 
lead to PdII-intermediate D and then finally proceeds through 
RE step to yield the targeted iodinated N1,N2-diarylbenzene-1,2-
diamine product E as major and regenerated the catalyst to start 
a new cycle. The second pathway proceeds through intramolecu-
lar coordination due to the proximity generates the intermediate 
PdII-diamine F, which is finished by OA at the internal C-I bond 
to yield PdII-intermediate G. Intramolecular coordination/LE 
and deprotonation lead to PdII-intermediate H, which undergoes 
RE to form 5,10-dihydrophenazine product I and regenerate the 
catalyst to start a new cycle.

3   |   Conclusion

We report a simple and direct method for the synthesis of tetra-
iodinated N1,N2-diarylbenzene-1,2-diamine and iodinated 
5,10-dihydrophenazine products through regioselective dou-
ble C-N arylations of 5-substituted-1,2,3-triiodobenzenes and 
benzene-1,2-diamines. This process tolerates a wide range of 
1,2,3-triiodoarene substrates and produces good isolated yields 
of iodinated N1,N2-diarylbenzene-1,2-diamines as major prod-
ucts (up to 62%) and iodinated 5,10-dihydrophenazines as minor 
products (up to 59%). Site-selective C-N couplings occur only at 
the most active and least hindered C-I bond, the terminal site. No 
couplings with C-Br or C-Cl bonds were detected. The highest 
yield was achieved with a 96% overall isolated yield from a reaction 
mixture of 4,5-dichlorobenzene-1,2-diamine and electron-rich 
3,4,5-triiodoanisole (Scheme 1: 10c and 9c). With the remaining 
C-I bonds, additional chemical transformations can be easily 
attained. This article describes an unprecedented method for 
the first synthesis of tetra-iodinated N1,N2-diarylbenzene-1,2-
diamine and iodinated 5,10-dihydrophenazine derivatives that 
is regioselective and scalable and provides useful derivatives 
for other chemical reactions, especially in the synthesis of new 
NHC ligands.

SCHEME 2    |    Proposed catalytic cycle for regioselective double C-I aminations of 5-substituted-1,2,3-triiodobenzene and benzene-1,2-diamine 
derivatives.
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4   |   Experimental

4.1   |   General

All commercial reagents and chromatography solvents were 
used as obtained unless otherwise stated. Ethanol, toluene, ethyl 
acetate, hexanes, anhydrous sodium sulfate (Na2SO4, BDH), and 
Pd (OAc)2 (Strem Chemicals) were used as received. Anhydrous 
solvents were distilled over appropriate drying agents prior to 
use. Analytical thin layer chromatography (TLC) was performed 
on Merck silica gel 60 F254. Merck Silica gel 60 (0.063–0.2 mm) 
was used for column chromatography. Visualization of TLC 
was accomplished with UV light (254 nm). NMR spectra were 
recorded on a Bruker-Avance 400-MHz spectrometer. The resid-
ual solvent protons (1H) or the solvent carbon (13C) were used 
as internal standards. 1H-NMR data are presented as follows: 
chemical shift in ppm (δ) downfield from trimethylsilane (mul-
tiplicity, integration, coupling constant). The following abbre-
viations are used in reporting NMR data: s, singlet; bs, broad 
singlet; d, doublet; t, triplet; q, quartet; dq, doublet of quartets; 
dd, doublet of doublets; m, mutiplet. High-resolution mass spec-
tra were recorded using chemical ionization (CI) and electro-
spray ionization (ESI) techniques.

4.2   |   General Procedure for the Synthesis 
of N1,N2-Bis(2,3-diiodoaryl)benzene-1,2-diamines 
via Pd-Catalyzed Double C-I Aminations 
of 1,2,3-Triiodobenzenes and Benzene-1,2-diamines

In an oven-dried microwave tube, 5-substituted-1,2,3-triiodobe
nzene (0.60 mmol, 1.0 equiv.), benzene-1,2-diamine (0.36 mmol, 
0.6 equiv.), Pd (OAc)2 (10 mol%), Xantphos (10 mol%), Cs2CO3 
(4.0 equiv.), and 3.0 mL dry toluene were added under argon. The 
mixture was sealed and heated under microwave irradiation 
(2.0 bar, 200 W) at 120°C for 15 min. The reaction was cooled 
down to room temperature. The mixture was diluted with 
EtOAc and filtrated over a pad of Celite 545 and then washed 
with 0.5-N HCl (10 mL × 4). Organic layers were combined, 
washed with brine, dried over anhydrous Na2SO4, filtered, and 
evaporated under reduced pressure. The crude product was pu-
rified by autoflash chromatography (5% EtOAc/hexane) to yield 
the pure desired product.

4.2.1   |   Synthesis of N1,N2-Bis(2,3-diiodo-5-
methoxyphenyl)benzene-1,2-diamine (10a)

The title compound was prepared using the general procedure 
and isolated in 53% yield as a white solid. Rf: 0.71. IR (cast 
film, cm−1) 3257, 3095, 2938, 2864, 1527, 1598, 1474, 1142, 
1073, 989, 848, 652. 1H-NMR (400 MHz, CDCl3) δ: 7.29 (dd, 
2H, CH (Ar), J1 = 3.6 Hz, J2 = 5.6 Hz), 7.12 (dd, 2H, CH (Ar), 
J1 = 3.6 Hz, J2 = 5.6 Hz), 7.03 (d, 2H, CH (Ar), J = 2.6 Hz), 6.40 
(d, 2H, CH (Ar), J = 2.6 Hz), 6.09 (s, 2H, NH), 3.66 (s, 6H, 
CH3). 13C{1H}-NMR (100 MHz, CDCl3) δ: 161.0 (CAr), 146.5 
(CAr), 134.8 (CAr),125.1 (CAr), 123.3 (CAr), 117.1 (CAr), 109.5 
(CAr), 100.9 (CAr), 91.8 (CAr), 55.7 (CH3). M.p: 144.6°C–147.0°C 
HRMS (ESI) m/z for C20H17I4N2O2 [M + H]+: calcd. 824.7469; 
found, 824.7461.

4.2.2   |   Synthesis of 1-Iodo-3-methoxy-5,10-
dihydrophenazine (9a)

Yield: 24% as dark orange oil. Rf: 0.58. IR (cast film, cm−1) 
3412, 3388, 3028, 2899, 1611, 1602, 1587, 1264, 1127, 799, 625. 
1H-NMR (400 MHz, CDCl3) δ: 7.04–7.13 (m, 2H, CH (Ar), 6.98 
(d, 1H, CH (Ar), J = 2.8 Hz), 6.81 (d, 1H, CH (Ar), J = 7.9 Hz), 
6.76 (ddd, 1H, CH (Ar), J1 = 1.2 Hz, J2 = 7.6 Hz, J3 = 8.6 Hz), 
5.99 (d, 1H, CH (Ar), J = 2.8 Hz), 5.79 (bs, 1H, NH), 3.64 (s, 3H, 
CH3). 13C{1H}-NMR (100 MHz, CDCl3) δ: 161.3 (CAr), 148.1 
(CAr), 143.3 (CAr), 127.8 (CAr), 126.7 (CAr), 119.2 (CAr), 116.3 
(CAr), 115.6 (CAr), 109.2 (CAr), 99.3 (CAr), 89.2 (CAr), 55.6 (CH3). 
(Missing one C13 peak due to overlapping: peak at 127.8). 
HRMS (ESI) m/z for C13H12IN2O [M + H]+: calcd. 338.9994; 
found, 338.9985.

4.2.3   |   Synthesis of N1,N2-Bis(2,3-diiodo-5-
methoxyphenyl)-4,5-difluorobenzene-1,2-diamine (10b)

The title compound was prepared using the general procedure 
and isolated in 12% yield as a white solid. Rf: 0.70. IR (cast film, 
cm−1) 3314, 3023, 2965, 2902, 1468, 1098, 1021, 862, 721. 1H-NMR 
(400 MHz, CDCl3) δ: 7.07–7.12 (m, 4H, CH (Ar)), 6.35 (d, 2H, CH 
(Ar), J = 2.7 Hz), 5.98 (bs, 2H, NH), 3.69 (s, 6H, OCH3). 

13C{1H}-
NMR (100 MHz, CDCl3) δ: 161.1 (CAr), 147.1 (dd, CAr, J = 988 Hz, 
J = 64 Hz), 145.9 (CAr), 131.2 (t, CAr, J = 24 Hz), 117.7 (CAr), 111.9 
(dd, CAr, J = 32 Hz, J = 52 Hz), 109.7 (CAr), 101.6 (CAr), 92.2 (CAr), 
55.8 (OCH3). M.p: 188.7°C°C–200°C HRMS (ESI) m/z for 
C20H15F2I4N2O2 [M + H]+: calcd. exact 860.7280; found, 860.7274.

4.2.4   |   Synthesis of 4,5-Dichloro-N1,N2-bis(2,3-diiodo-5-
methoxyphenyl)benzene-1,2-diamine (10c)

The title compound was prepared using the general procedure 
and isolated in 47% yield as yellow semi-solid. Rf: 0.69. IR (cast 
film, cm−1) 3331, 3069, 2927, 2857, 1481, 1104, 1035, 962, 821. 
1H-NMR (400 MHz, CDCl3) δ: 7.32 (s, 2H, CH (Ar)), 7.10 (d, 2H, 
CH (Ar), J = 2.7 Hz), 6.40 (d, 2H, CH (Ar), J = 2.6 Hz), 6.02 (bs, 
2H, NH), 3.70 (s, 6H, CH3). 

13C{1H}-NMR (100 MHz, CDCl3) δ: 
161.1 (CAr), 145.3 (CAr), 134.2 (CAr), 127.7 (CAr), 123.5 (CAr), 118.2 
(CAr), 109.7 (CAr), 102.4 (CAr), 92.7 (CAr), 55.8 (CH3). HRMS 
(ESI) m/z for C20H15Cl2I4N2O2 [M + H]+: calcd. exact 892.6689; 
found, 892.6686.

4.2.5   |   Synthesis of 7,8-Dichloro-1-iodo-3-methoxy-5,10-
dihydrophenazine (9c)

Yield: 49% as a colorless oil. Rf: 0.60. IR (cast film, cm−1): 3426, 
3367, 3024, 2986, 1615, 1583, 1578, 1324, 1128, 894, 755. 1H-
NMR (400 MHz, CDCl3) δ: 7.16 (s, 1H, CH (Ar)), 7.02 (d, 1H, 
CH (Ar), J = 2.7 Hz), 6.89 (s, 1H, CH (Ar)), 5.97 (d, 1H, CH 
(Ar), J = 2.7 Hz), 5.70 (bs, 2H, NH), 3.67 (s, 3H, CH3). 

13C{1H}-
NMR (100 MHz, CDCl3) δ: 161.3 (CAr), 147.1(CAr), 142.8 (CAr), 
130.9(CAr), 128.8 (CAr), 126.4 (CAr), 121.5 (CAr), 117.0 (CAr), 
116.4 (CAr), 109.5 (CAr), 99.8 (CAr), 89.6 (CAr), 55.7 (CH3). HRMS 
(ESI) m/z for C13H10Cl2IN2O [M + H]+: calcd. 406.9215; found, 
406.9213.
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4.2.6   |   Synthesis of 4,5-Dibromo-N1,N2-bis(2,3-diiodo-5-
methoxyphenyl)benzene-1,2-diamine (10d)

The title compound was prepared using the general procedure 
and isolated in 16% yield as a white solid. Rf: 0.67. IR (cast 
film, cm−1) 3315, 3094, 3031, 2995, 1602, 1552, 1419, 1261, 
1215, 1124, 943, 832. 1H-NMR (400 MHz, CDCl3) δ: 7.47 (s, 
2H, CH (Ar)), 7.10 (d, 2H, CH (Ar), J = 2.5 Hz), 6.40 (d, 2H, CH 
(Ar), J = 2.4 Hz), 6.01 (bs, 2H, NH), 3.70 (s, 6H, CH3). 13C{1H}-
NMR (100 MHz, CDCl3) δ: 161.1 (CAr), 145.2 (CAr), 134.9(CAr), 
126.5 (CAr), 119.2 (CAr), 118.4 (CAr), 109.7 (CAr), 102.5 (CAr), 
92.8 (CAr), 55.8 (CH3). M.p: 200°C°C–219°C. HRMS (ESI) 
m/z for C20H15Br2I4N2O2 [M + H]+: calcd. exact 980.5679; 
found, 980.5670.

4.2.7   |   Synthesis of 1-Iodo-3-methoxy-7,8-dimethyl-5,10-
dihydrophenazine (9e)

The title compound was prepared using the general procedure 
and isolated in 59% yield as a colorless oil. Rf: 0.59. IR (cast film, 
cm−1): 3451, 3394, 3049, 3025, 2976, 1634, 1612, 1598, 1316, 1149, 
812, 638. 1H-NMR (400 MHz, CDCl3) δ: 6.95 (d, 1H, CH (Ar), 
J = 2.7 Hz), 6.83 (s, 1H, CH (Ar)), 6.62 (s, 1H, CH (Ar)), 5.96 (d, 
1H, CH (Ar), J = 2.7 Hz), 5.73 (bs, 1H, NH, exchangeable H), 
3.64 (s, 3H, OCH3), 2.19 (s, 3H, CH3), 2.13 (s, 3H, CH3). 

13C{1H}-
NMR (100 MHz, CDCl3) δ: 161.3 (CAr), 148.6 (CAr), 141.1 (CAr), 
136.3 (CAr), 128.9 (CAr), 127.3 (CAr), 124.2 (CAr), 117.8 (CAr), 
115.2 (CAr), 109.2 (CAr), 99.1 (CAr), 88.9 (CAr), 55.6 (OCH3), 19.7 
(CH3), 18.9 (CH3). HRMS (ESI) m/z for C15H16IN2O [M + H]+: 
calcd. 367.0307; found, 367.0301.

4.2.8   |   Synthesis of N2,N3-Bis(2,3-diiodo-5-
methoxyphenyl)naphthalene-2,3-diamine (10f)

The title compound was prepared using the general procedure 
and isolated in 31% yield as dark orange semi-solid. Rf: 0.69. 
IR (cast film, cm−1) 3298, 3038, 2974, 1572, 1432, 1151, 1142, 
957, 877. 1H-NMR (400 MHz, CDCl3) δ: 7.68–7.71 (m, 4H, CH 
(Ar)), 7.40 (dd, 2H, CH (Ar), J1 = 3.2 Hz, J2 = 6.1 Hz), 7.08 (d, 2H, 
CH (Ar), J = 2.6 Hz), 6.53 (d, 2H, CH (Ar), J = 2.6 Hz), 6.30 (s, 
2H, NH), 3.65 (s, 6H, CH3). 

13C{1H}-NMR (100 MHz, CDCl3) 
δ: 161.1 (CAr), 146.5 (CAr), 134.3 (CAr), 131.4 (CAr), 127.0 (CAr), 
125.7 (CAr), 119.6 (CAr), 117.6 (CAr), 109.6 (CAr), 101.5 (CAr), 92.2 
(CAr), 55.7 (OCH3). HRMS (ESI) m/z for C24H19I4N2O2 [M + H]+: 
calcd. 874.7625; found, 874.7620.

4.2.9   |   Synthesis of Dimethyl 5,5′-(1,2-
Phenylenebis(azanediyl))bis(3,4-diiodobenzoate) (10g)

The title compound was prepared using the general proce-
dure and isolated in 12% yield as a colorless oil. Rf: 0.68. IR 
(cast film, cm−1) 3348, 3215, 3027, 2968, 2841, 1607, 1594, 
1497, 1147, 1012, 939, 721, 658. 1H-NMR (400 MHz, CDCl3) 
δ: 9.04 (d, 2H, CH (Ar), J = 1.6 Hz), 8.99 (d, 2H, CH (Ar), 
J = 1.6 Hz), 8.40–8.41 (m, 2H, CH (Ar)), 8.30–8.33 (m, 2H, 
CH (Ar)), 7.91–7.98 (m, 4H, CH (Ar)), 4.06 (s, 6H, CO2CH3). 
13C{1H}-NMR (100 MHz, CDCl3) δ: 165.2 (C=O), 144.8 (CAr), 
139.6 (CAr), 133.9 (CAr), 132.6 (CAr), 132.3 (CAr), 131.9 (CAr), 

130.2 (CAr), 129.7 (CAr), 103.4 (CAr), 53.1 (CO2CH3). HRMS 
(ESI) m/z for C22H17I4N2O4 [M + H]+: calcd. 880.7367; found, 
880.7358.

4.2.10   |   Synthesis of Dimethyl 5,5′-((4,5-Difluoro-1,2-
phenylene)bis(azanediyl))bis(3,4-diiodobenzoate) (10h)

The title compound was prepared using the general proce-
dure and isolated in 18% yield as a white solid. Rf: 0.67. IR 
(cast film, cm−1) 3289, 3107, 3064, 2986, 2851, 1537, 1521, 
1486, 1171, 1031, 925, 834, 753. 1H-NMR (400 MHz, CDCl3) 
δ: 8.04 (s, 2H, CH (Ar)), 7.31 (s, 2H, CH (Ar)), 7.11 (t, 2H, 
CH (Ar), J = 9.3 Hz), 6.03 (s, 2H, NH), 3.85 (s, 6H, CO2CH3). 
13C{1H}-NMR (100 MHz, CDCl3) δ: 165.4 (C=O), 147.65 (dd, 
CAr, J = 992 Hz, J = 60 Hz), 145.6 (CAr), 132.4 (CAr), 132.2 
(CAr), 131.0 (t, CAr, J = 24 Hz), 114.2 (CAr), 112.7 (dd, CAr, 
J = 32 Hz, J = 52 Hz), 109.8 (CAr), 108.2 (CAr), 52.7 (CO2CH3). 
M.p: 169.9°C°C–200°C. HRMS (ESI) m/z for C22H15F2I4N2O4 
[M + H]+: calcd. 916.7179; found, 916.7170.

4.2.11   |   Synthesis of Dimethyl 5,5′-((4,5-Dichloro-1,2-
phenylene)bis(azanediyl))bis(3,4-diiodobenzoate) (10i)

The title compound was prepared using the general procedure 
and isolated in 48% yield as dark orange oil. Rf: 0.70. IR (cast 
film, cm−1) 3304, 3024, 2914, 1591, 1510, 1401, 1287, 1105, 980, 
814, 776. 1H-NMR (400 MHz, CDCl3) δ: 8.07 (d, 2H, CH (Ar), 
J = 1.4 Hz), 7.36 (d, 2H, CH (Ar), J = 1.4 Hz), 7.31 (s, 2H, CH (Ar)), 
6.06 (s, 2H, NH), 3.86 (s, 6H, CO2CH3). 

13C{1H}-NMR (100 MHz, 
CDCl3) δ: 165.4 (C=O), 145.1 (CAr), 133.1 (CAr), 132.8 (CAr), 132.5 
(CAr), 128.6 (CAr), 124.2 (CAr), 115.2 (CAr), 109.8 (CAr), 108.9 
(CAr), 52.7 (CO2CH3). HRMS (ESI) m/z for C22H15Cl2I4N2O4 
[M + H]+: calcd. 948.6588; found, 948.6588.

4.2.12   |   Synthesis of Methyl 4-Iodo-7,8-dimethyl-5,10-
dihydrophenazine-2-carboxylate (9j)

The title compound was prepared using the general proce-
dure and isolated in 41% yield as pale yellow oil. Rf: 0.58. 
IR (cast film, cm1): 3452, 3409, 3014, 2986, 1754, 1637, 1613, 
1526, 1295, 1143, 839, 671. 1H-NMR (400 MHz, CDCl3) δ: 7.93 
(d, 1H, CH (Ar), J = 1.7 Hz), 6.95 (d, 1H, CH (Ar), J = 1.7 Hz), 
6.82 (s, 1H, CH (Ar)), 6.65 (s, 1H, CH (Ar)), 5.87 (s, 2H, NH, 
exchangeable H), 3.81 (s, 3H, OCH3), 2.20 (s, 3H, CH3), 2.14 
(s, 3H, CH3). 13C{1H}-NMR (100 MHz, CDCl3) δ: 166.1 (C=O), 
148.3 (CAr), 140.9 (CAr), 136.6 (CAr), 132.4 (CAr), 129.6 (CAr), 
128.7 (CAr), 127.6 (CAr), 123.8 (CAr), 118.1 (CAr), 112.3 (CAr), 
109.3 (CAr), 104.6 (CAr), 52.5 (OCH3), 19.7 (CH3), 18.9 (CH3), 
HRMS (ESI) m/z for C16H16IN2O2 [M + H]+: calcd. 395.0256; 
found, 395.0253.

4.2.13   |   Synthesis of 4,5-Dichloro-N1,N2-bis(5-chloro-2,3-
diiodophenyl)benzene-1,2-diamine (10k)

The title compound was prepared using the general procedure 
and isolated in 62% yield as dark orange oil. Rf: 0.81. IR (cast 
film, cm−1) 3227, 3008, 2964, 1614, 1562, 1497, 1314, 1201, 
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1017, 924, 834, 771. 1H-NMR (400 MHz, CDCl3) δ: 7.48 (d, 2H, 
CH (Ar), J = 2.0 Hz), 7.33 (s, 2H, CH (Ar)), 6.72 (d, 2H, CH 
(Ar), J = 2.0 Hz), 6.01 (bs, 2H, NH). 13C{1H}-NMR (100 MHz, 
CDCl3) δ: 145.5 (CAr), 136.4 (CAr), 133.8 (CAr), 131.6 (CAr), 
128.9 (CAr), 124.6 (CAr), 114.6 (CAr), 109.1 (CAr), 100.5 (CAr). 
HRMS (ESI) m/z for C18H9Cl4I4N2 [M + H]+: calcd. 900.5699; 
found, 900.5692.

4.2.14   |   Synthesis of N1,N2-Bis(5-chloro-2,3-
diiodophenyl)-4,5-dimethylbenzene-1,2-diamine (10m)

The title compound was prepared using the general procedure 
and isolated in 24% yield as a white solid. Rf: 0.83. IR (cast 
film, cm−1) 3267, 3037, 3001, 2986, 1535, 1517, 1482, 1312, 
1143, 1028, 1013, 864, 743, 692. 1H-NMR (400 MHz, d-CDCl3) 
δ: 7.35 (d, 2H, CH (Ar), J = 2.2 Hz), 7.08 (s, 2H, CH (Ar)), 6.60 
(d, 2H, CH (Ar), J = 2.2 Hz), 5.92 (bs, 2H, NH), 2.27 (s, 6H, 
CH3). 13C{1H}-NMR (100 MHz, CDCl3) δ: 147.3 (CAr), 136.2 
(CAr), 135.2 (CAr), 132.3 (CAr), 129.6 (CAr), 126.4 (CAr), 112.7 
(CAr), 109.7 (CAr), 98.5 (CAr), 19.6 (CH3). M.p: 150°C°C–159°C. 
HRMS (ESI) m/z for C20H15Cl2I4N2 [M + H]+: calcd. 860.6791; 
found, 860.6785.

4.2.15   |   Synthesis of N1,N2-Bis(5-bromo-2,3-
diiodophenyl)-4,5-dimethylbenzene-1,2-diamine (10n)

The title compound was prepared using the general procedure 
and isolated in 19% yield as a white solid. Rf: 0.80. IR (cast film, 
cm−1) 3238, 3018, 2986, 1527, 1496, 1129, 1012, 823, 752. 1H-
NMR (400 MHz, CDCl3) δ: 7.41 (d, 2H, CH (Ar), J = 2.1 Hz), 7.08 
(s, 2H, CH (Ar)), 6.88 (d, 2H, CH (Ar), J = 2.0), 5.94 (bs, 2H, NH, 
exchangeable H), 2.27 (s, 6H, CH3). 

13C{1H}-NMR (100 MHz, 
CDCl3) δ: 142.4 (CAr), 135.2 (CAr), 132.0 (CAr), 131.5 (CAr), 126.2 
(CAr), 123.8 (CAr), 121.8 (CAr), 116.7 (CAr), 99.3 (CAr), 19.6 (CH3). 
M.p: 173°C°C–176°C. HRMS (ESI) m/z for C20H15Br2I4N2 
[M + H]+: calcd. 948.5781; found, 948.5777.

4.2.16   |   Synthesis of 1-Iodo-5,10-dihydrophenazine (9o)

The title compound was prepared using the general procedure 
and isolated in 45% yield as a yellow semi-solid. Rf: 0.85. IR 
(cast film, cm−1): 3419, 3362, 3015, 2994, 1637, 1608, 1583, 849, 
764. 1H-NMR (400 MHz, CDCl3) δ: 7.30–7.40 (m, 2H, CH (Ar)), 
7.10–7.20 (m, 2H, CH (Ar)), 6.88 (t, 1H, CH (Ar), J = 8.0 Hz), 6.26 
(d, 2H, CH (Ar), J = 8.0 Hz), 5.72 (bs, 2H, NH). 13C{1H}-NMR 
(100 MHz, CDCl3) δ: 147.6 (CAr), 146.1 (CAr), 135.8 (CAr), 133.9 
(CAr), 130.4 (CAr), 129.8 (CAr), 129.4 (CAr), 127.7 (CAr), 125.4 
(CAr), 125.2 (CAr), 106.5 (CAr), 82.2 (CAr). HRMS (ESI) m/z for 
C12H10IN2 [M + H]+: calcd. 308.9889; found, 308.9878.

4.2.17   |   Synthesis of N1,N2-Bis(2,3-diiodophenyl)-4,5-
difluorobenzene-1,2-diamine (10q)

The title compound was prepared using the general procedure 
and isolated in 21% yield as a pale yellow oil. Rf: 0.79. IR (cast 
film, cm−1) 3215, 3018, 2964, 1429, 1038, 812, 692, 567. 1H-NMR 
(400 MHz, CDCl3) δ: 7.46 (d, 2H, CH (Ar), J = 7.7 Hz), 7.07 (t, 2H, 

CH (Ar), J = 9.5 Hz), 6.95 (t, 2H, CH (Ar), J = 8.0 Hz), 6.79 (d, 2H, 
CH (Ar), J = 8.0 Hz), 6.03 (bs, 2H, NH). 13C{1H}-NMR (100 MHz, 
CDCl3) δ: 147.1 (dd, CAr, J = 60 Hz, J = 1184 Hz), 145.7 (CAr), 132.2 
(CAr), 131.2 (t, CAr, J = 24 Hz), 130.6 (CAr), 114.5 (CAr), 111.2 (dd, 
CAr, J = 32 Hz, J = 52 Hz), 109.9 (CAr), 102.1 (CAr). HRMS (ESI) 
m/z for C18H11F2I4N2 [M + H]+: calcd. 800.7069; found, 800.7062.

4.2.18   |   Synthesis of 4,5-Dichloro-N1,N2-bis(2,3-
diiodophenyl)benzene-1,2-diamine (10r)

The title compound was prepared using the general procedure 
and isolated in 59% yield as a colorless oil. Rf: 0.83. IR (cast film, 
cm−1) 3289, 3021, 2972, 1601, 1524, 1472, 1301, 1182, 1018, 754. 
1H-NMR (400 MHz, CDCl3) δ: 7.50 (d, 2H, CH (Ar), J = 7.7 Hz), 
7.28 (s, 2H, CH (Ar)), 6.97 (t, 2H, CH (Ar), J = 8.0 Hz), 6.85 (d, 
2H, CH (Ar), J = 8.1 Hz), 6.07 (bs, 2H, NH). 13C{1H}-NMR 
(100 MHz, CDCl3) δ: 145.2 (CAr), 134.4 (CAr), 132.7 (CAr), 130.6 
(CAr), 127.5 (CAr), 123.0 (CAr), 115.4 (CAr), 109.9 (CAr), 103.6 (CAr). 
HRMS (ESI) m/z for C18H11Cl2I4N2 [M + H]+: calcd. 832.6478; 
found, 832.6471.

4.2.19   |   Synthesis of N1,N2-Bis(2,3-diiodo-5-
methylphenyl)benzene-1,2-diamine (10s)

The title compound was prepared using the general procedure 
and isolated in 19% yield as yellow semi-solid. Rf: 0.84. IR (cast 
film, cm−1) 3248, 3159, 3012, 2914, 1579, 1594, 1434, 1124, 1105, 
1015, 986, 894. 1H-NMR (400 MHz, CDCl3) δ: 7.25–7.28 (m, 
4H, CH (Ar)), 7.10–7.13 (m, 2H, CH (Ar)), 6.63 (s, 2H, CH (Ar)), 
6.03 (bs, 2H, NH), 2.10 (s, 6H, CH3). 

13C{1H}-NMR (100 MHz, 
CDCl3) δ: 145.8 (CAr), 140.8 (CAr), 134.9 (CAr), 132.3 (CAr), 124.8 
(CAr), 123.0 (CAr), 115.0 (CAr), 109.5 (CAr), 98.4 (CAr), 20.9 (CH3). 
HRMS (ESI) m/z for C20H17I4N2 [M + H]+: calcd. 792.7570; 
found, 792.7561.

4.2.20   |   Synthesis of 4,5-Dibromo-N1,N2-bis(2,3-
diiodo-5-methylphenyl)benzene-1,2-diamine (10t)

The title compound was prepared using the general procedure 
and isolated in 17% yield as a pale yellow solid. Rf: 0.81. IR 
(cast film, cm−1) 3291, 3074, 3021, 2981, 2848, 1591, 1523, 1449, 
1112, 1004, 960, 881, 653. 1H-NMR (400 MHz, CDCl3) δ: 7.40 (s, 
2H, CH (Ar)), 7.37 (d, 2H, CH (Ar), J = 1.4 Hz), 6.63 (d, 2H, CH 
(Ar), J = 1.3 Hz), 5.95 (s, 2H, NH), 2.16 (s, 6H, CH3). 

13C{1H}-
NMR (100 MHz, CDCl3) δ: 144.6 (CAr), 141.1 (CAr), 135.1 (CAr), 
133.7 (CAr), 126.2 (CAr), 125.4 (CAr), 116.6 (CAr), 109.6 (CAr), 99.7 
(CAr), 20.9 (CH3). M.p: 226.1°C–237.3°C. HRMS (ESI) m/z for 
C20H15Br2I4N2 [M + H]+: calcd. 948.5781; found, 948.5774.

4.2.21   |   Synthesis of 3-Chloro-1-iodo-5,12-
dihydrobenzo[b]phenazine (9w)

The title compound was prepared using the general procedure 
and isolated in 43% yield as yellow semi-solid. Rf: 0.81. IR 
(cast film, cm−1): 3407, 3364, 3056, 3016, 1631, 1605, 1573, 861, 
729, 601. 1H-NMR (400 MHz, CDCl3) δ: 7.74–7.80 (m, 2H, CH 
(Ar)), 7.71–7.75 (m, 2H, CH (Ar)), 7.40–7.50 (m, 2H, CH (Ar)), 
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6.81 (d, 1H, CH (Ar), J = 2.2 Hz), 6.54 (s, 1H, CH (Ar)), 6.31 (s, 
1H, NH), 6.11 (s, 1H, NH). 13C{1H}-NMR (100 MHz, CDCl3) 
δ: 147.2 (CAr), 146.1 (CAr), 136.3 (CAr), 134.4 (CAr), 133.5 (CAr), 
130.4 (CAr), 127.2 (CAr), 127.1 (CAr), 126.2 (CAr), 125.9 (CAr), 121.7 
(CAr), 120.2 (CAr), 113.7 (CAr), 109.9 (CAr), 108.7 (CAr), 99.5 (CAr). 
HRMS (ESI) m/z for C16H11ClIN2 [M + H]+: calcd. 392.9655; 
found, 392.9650.

4.2.22   |   Synthesis of N2,N3-Bis(2,3-diiodo-5-
methylphenyl)naphthalene-2,3-diamine (10x)

The title compound was prepared using the general procedure 
and isolated in 14% yield as pale yellow semi-solid. Rf: 0.86. 
IR (cast film, cm1) 3286, 3087, 3034, 2968, 1579, 1524, 1447, 
1124, 1067, 1027, 964, 782, 635. 1H-NMR (400 MHz, CDCl3) δ: 
7.67–7.72 (m, 2H, CH (Ar)), 7.60–7.64 (m, 2H, CH (Ar)), 7.33–7.41 
(m, 4H, CH (Ar)), 6.75 (s, 2H, CH (Ar)), 6.23 (bs, 2H, NH), 2.11 
(s, 6H, CH3). 

13C{1H}-NMR (100 MHz, CDCl3) δ: 145.9 (CAr), 
140.9 (CAr), 134.7 (CAr), 132.8 (CAr), 131.2 (CAr), 126.1 (CAr), 
125.5 (CAr), 119.1 (CAr), 115.9 (CAr), 109.5 (CAr), 98.1 (CAr), 
20.9 (CH3). HRMS (ESI) m/z for C24H19I4N2 [M + H]+: calcd. 
842.7727; found, 842.7721.

4.2.23   |   Synthesis of 1-Iodo-3-methyl-5,12-
dihydrobenzo[b]phenazine (9x)

Yield: 51% as pale yellow semi-solid. Rf: 0.83. IR (cast film, 
cm−1): 3419, 3387, 3051, 3026, 2986, 1645, 1607, 1538, 1513, 867, 
769. 1H-NMR (400 MHz, CDCl3) δ: 7.50–7.80 (m, 3H, CH (Ar)), 
7.30–7.40 (m, 3H, CH (Ar)), 6.75 (s, 1H, CH (Ar)), 6.51 (s, 1H, CH 
(Ar)), 6.26 (s, 1H, NH), 6.12 (s, 1H, NH), 2.12 (s, 3H). 13C{1H}-
NMR (100 MHz, CDCl3) δ: 146.2 (CAr), 145.0 (CAr), 140.9 (CAr), 
135.4 (CAr), 134.4 (CAr), 132.6 (CAr), 130.8 (CAr), 127.0 (CAr), 
126.9 (CAr), 125.5 (CAr), 125.1 (CAr), 119.8 (CAr), 118.1 (CAr), 115.6 
(CAr), 111.1 (CAr), 98.7 (CAr), 20.9 (CH3). HRMS (ESI) m/z for 
C17H14IN2 [M + H]+: calcd. 373.0202; found, 373.0197.

4.2.24   |   Synthesis of N1,N2-Bis(3-chloro-2-iodophenyl)
benzene-1,2-diamine (10z)

The title compound was prepared using the general procedure and 
isolated in 49% yield as a white solid. Rf: 0.85. IR (cast film, cm−1) 
3304, 3042, 2984, 2967, 1562, 1428, 1146, 962, 827, 642. 1H-NMR 
(400 MHz, CDCl3) δ: 7.28–7.31 (m, 2H, CH (Ar)), 7.12–7.14 (m, 2H, 
CH (Ar)), 7.08 (t, 2H, CH (Ar), J = 8 Hz), 6.97 (dd, 2H, CH (Ar), 
J = 0.6 Hz, J = 7.7 Hz), 6.77 (dd, 2H, CH (Ar), J = 0.6 Hz, J = 8.1 Hz), 
6.17 (s, 2H, NH). 13C{1H}-NMR (100 MHz, CDCl3) δ: 146.5 (CAr), 
139.7 (CAr), 134.7 (CAr), 129.6 (CAr), 125.0 (CAr), 123.0 (CAr), 121.0 
(CAr), 112.7 (CAr), 93.0 (CAr). M.p: 115°C°C–125°C. HRMS (ESI) 
m/z for C18H13Cl2I2N2 [M + H]+: calcd. 580.8545; found, 580.8541.

4.2.25   |   Synthesis of N1,N2-Bis(3-bromo-2-
iodophenyl)-4,5-dichlorobenzene-1,2-diamine (10aa)

The title compound was prepared using the general procedure 
and isolated in 22% yield as a colorless oil. Rf: 0.79. IR (cast film, 
cm−1) 3188, 3014, 2920, 1617, 1495, 1367, 843, 762, 597. 1H-NMR 

(400 MHz, CDCl3) δ: 7.31 (s, 2H, CH (Ar)), 7.23 (d, 2H, CH (Ar), 
J = 8.0 Hz), 7.10 (t, 2H, CH (Ar), J = 8.0 Hz), 6.82 (d, 2H, CH (Ar), 
J = 8.0 Hz), 6.10 (bs, 2H, NH). 13C{1H}-NMR (100 MHz, CDCl3) 
δ: 145.7 (CAr), 134.3 (CAr), 131.4 (CAr), 130.2 (CAr), 127.6 (CAr), 
125.7 (CAr), 123.1 (CAr), 114.6 (CAr), 97.2 (CAr). HRMS (ESI) m/z 
for C18H11Br2Cl2I2N2 [M + H]+: calcd. 736.6755; found, 736.6751.

4.2.26   |   Synthesis of 1-Iodo-3-methyl-5,10-
dihydrophenazine (9ab)

Yield: 6% as pale yellow oil. Rf: 0.82. IR (cast film, cm−1): 
3395, 3324, 3008, 2989, 1662, 1621, 1565, 764, 624. 1H-NMR 
(300 MHz, CDCl3) δ ppm: 8.09 (s, 1H, CH (Ar)), 7.27–7.33 (m, 
2H, CH (Ar)), 7.19–7.24 (m, 2H, CH (Ar)), 7.08–7.17 (m, 1H, CH 
(Ar)), 7.08–7.08 (m, 1H, CH (Ar)), 6.71 (br s, 1H, NH), 6.10 (br 
s, 1H, NH), 2.11 (s, 3H, NH). 13C{1H}-NMR (75 MHz, CDCl3) 
δ: 139.7 (CAr), 136.9 (CAr), 134.5 (CAr), 132.2 (CAr), 131.8 (CAr), 
129.6 (CAr), 124.7 (CAr), 123.0 (CAr), 116.6 (CAr), 115.8 (CAr), 
102.4 (CAr), 20.9 (CH3). (Missing one C13 peak due to overlap-
ping: peak at 129.6). HRMS (ESI) m/z for C13H12IN2 [M + H]+: 
calcd. 323.0045; found, 323.0038.
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