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Abstract: The Pd-catalyzed annulative π-extension reaction of 1-

arylimidazoles for the one pot preparation of imidazo[1,5-

f]phenanthridines was explored.  The higher reactivity of imidazole 

C5-H bond compared to C2-H bond of imidazoles for Pd-catalyzed 

direct arylation in the presence of carboxylate bases allows the 

selective synthesis of imidazo[1,5-f]phenanthridines.  The reaction 

proceeds via successive palladium-catalyzed direct intermolecular 

C5-arylation of the imidazole unit followed by an intramolecular 

direct arylation step.  This synthetic pathway allowed us to describe 

the first synthesis of imidazo[1,5-f]phenanthridine.  Moreover, by 

using the appropriate substrates, the introduction of desired 

functional groups at positions 5, 7, 10 and 11 of imidazo[1,5-

f]phenanthridines is possible. 

Introduction 

Polyaromatics containing heteroelements are widely used in 

material chemistry due to their influence on the physical 

properties.  The introduction of the appropriate heteroelements 

at suitable positions allows for example to tune their 

photophysical properties.[1]  Many N-containing polyaromatics 

have been synthesized.  For example, pyrrolo[1,2-

f]phenanthridine has been prepared in 1966 (Fig 1, a),[2] 

imidazo[1,2-f]phenanthridine was described in 1975 (Fig 1, b),[3] 

and pyrazolo[1,5-f]phenanthridine in 2003 (Fig 1, c).[4]  

Conversely, to the best of our knowledge, the preparation of 

imidazo[1,5-f]phenanthridine (Fig. 1, d), has not been reported.  

 

Figure 1. Structures of pyrrolo-, pyrazolo- or imidazo-phenanthridines. 

Moreover, very rare examples of compounds containing 

imidazo[1,5-f]phenanthridine structure are known.[5]  In 2010, 

Kim et al. prepared a single example of an imidazo[1,5-

f]phenanthridine from a -amino nitrile using an indium allylation 

reaction followed by an intramolecular Pd-catalyzed reaction 

(overall yield for the two steps: 12%) (Scheme 1, a).[5a]  Five 

year later, Zhu et al. employed tert-butylisonitrile and a N-

benzyl-1,3-diarylprop-2-yl-1-amine to prepare in two steps 1-

benzylimidazo[1,5-f]phenanthridine.  Again, the reaction was 

limited to a single example and the overall yield of the synthesis 

was quite low (Scheme 1, b).[5b]  Moreover, the reactants of 

these two reactions are not commercially available.  Therefore, 

the discovery of a simpler route to imidazo[1,5-f]phenanthridines 

using commercially available substrates allowing to 

regioselectively introduce functional groups at the desired 

positions is still needed. 

 

Scheme 1. Methods for the synthesis of imidazo[1,5-f]phenanthridines. 
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Over the past two decades, the Pd-catalyzed C–H arylation of a 

wide variety of (hetero)arenes led to a revolution in the 

preparation of poly(hetero)aryls.[6,7]  Since the seminal results of 

Ohta and co-workers in 1992,[8] several groups described 

conditions allowing the intermolecular Pd-catalyzed direct 2- or 

5-arylation of imidazoles.[9,10]  In the presence of carboxylate 

bases, generally very regioselective arylations at the C5-position 

of imidazoles were obtained; whereas the use of stronger bases 

allowed to arylate the C2-position.  Moreover, Pd-catalyzed 

intramolecular C–H arylations between an aryl halide and a 

benzene derivative to form 5- or 6-membered rings is also well 

documented.[11,12]  Therefore, by combining palladium-catalyzed 

regioselective intermolecular C–H arylation at the C5-positions 

of imidazoles using a carboxylate base with an intramolecular 

C–H arylation, the one pot access to imidazo[1,5-

f]phenanthridines should be possible.   

Herein, we report i) conditions for the annulative π-extension of 

diversely functionalized 1-arylimidazoles by 1,2-dihalobenzenes 

in the presence of palladium catalysts via successive palladium-

catalyzed direct arylations; ii) the first preparation of imidazo[1,5-

f]phenanthridine; iii) on the functional group tolerance on both 

coupling partners for the introduction of substituents at desired 

positions. 

Results and Discussion 

We employed 1-phenylimidazole (1 equiv.) and 1,2-

dibromobenzene (1 equiv.) as model substrates for our study 

(Table 1).  We first determined the reaction outcome in the 

presence of various bases using 5 mol% Pd(OAc)2 catalyst in 

DMA.  This catalyst precursor associated with this solvent is 

often very effective for the direct coupling of 5-membered ring 

heteroarenes with aryl halides.[13]  Cs2CO3, K2CO3 and NaOAc 

were completely ineffective bases, and CsOAc or KOAc gave 

imidazo[1,5-f]phenanthridine 1a in trace amount (Table 1, 

entries 1-5).  By contrast, the use of KOPiv afforded 1a in quite 

good selectivity but in low yield (Table 1, entry 6).  The influence 

of the presence of four diphosphine ligands in the reaction 

mixture was examined.  Better yields in 1a (18% and 20%) were 

obtained using dppe and dppb ligands associated to Pd(OAc)2 

(entries 7 and 9); whereas dppp and dppf ligands were less 

effective (entries 8 and 10).  The use of PdCl(C3H5)(dbbp) 

catalyst allowed to increase the yield in 1a to 28% (Table 1, 

entry 11).[14]  Xylene as solvent was ineffective; whereas, both 

DMF or NMP led to 1a in moderate to quite good yields (Table 1, 

entries 12-14).  Longer reaction times (48 or 72 h) allowed to 

slightly improve the yield in 1a up to 52% and the selectivities; 

whereas the use of a lower reaction temperature decreased the 

yield (Table 1, entries 16-18).  From 1-bromo-2-iodobenzene 

instead of 1,2-dibromobenzene as the aryl source, the yield in 

1a slightly decreased (Table 1, entry 19).  In the course of these 

reactions, no formation of imidazo[1,2-f]phenanthridine 1c or C2-

arylated imidazole derivative 1d was detected.  The complete 

regioselectivity in favor of the arylation at the C5-position of the 

imidazole unit is probably due to a concerted metalation 

deprotonation mechanism which is known to favor the arylation 

at that position.[15] 

 

 

 

Table 1. Influence of the reaction conditions on the Pd-catalyzed reaction of 1-

phenylimidazole with 1,2-dibromobenzene.[a] 

 

Entry Catalyst Solvent Base Time 

(h) 

Ratio  

1a:1b 

Yield 

in 1a 

(%) 

1 Pd(OAc)2 DMA Cs2CO3 16 - 0 

2 Pd(OAc)2 DMA K2CO3 16 - 0 

3 Pd(OAc)2 DMA NaOAc  16 - 0 

4 Pd(OAc)2 DMA CsOAc 16 - <5 

5 Pd(OAc)2 DMA KOAc 16 - <5 

6 Pd(OAc)2 DMA KOPiv 16 72:28 10 

7 Pd(OAc)2/dppe DMA KOPiv 16 66:34 18 

8 Pd(OAc)2/dppp DMA KOPiv 16 74:26 15 

9 Pd(OAc)2/dppb DMA KOPiv 16 75:25 20 

10 Pd(OAc)2/dppf DMA KOPiv 16 75:25 11 

11 PdCl(C3H5)(dppb) DMA KOPiv 16 75:25 28 

12 PdCl(C3H5)(dppb) xylene KOPiv 16 - 0 

13 PdCl(C3H5)(dppb) NMP KOPiv 16 76:24 25 

14 PdCl(C3H5)(dppb) DMF KOPiv 16 85:15 41 

15 PdCl(C3H5)(dppb) DMF KOPiv 48 87:13 47 

16 PdCl(C3H5)(dppb) DMA KOPiv 48 80:20 52 

17 PdCl(C3H5)(dppb) DMA KOPiv 72 85:15 51 

18 PdCl(C3H5)(dppb) DMA KOPiv 48 75:25 <10[b] 

19 PdCl(C3H5)(dppb) DMA KOPiv 48 77:23 45[c] 

[a] [Pd] (0.05 equiv.), 1-phenylimidazole (1 equiv.), 1,2-dibromobenzene (1 

equiv.), base (3 equiv.), 150 °C, isolated yields. [b] 130 °C. [c] From 1-bromo-

2-iodobenzene. 

The use of substituted 1-bromo-2-iodobenzenes should allow to 

regioselectively introduce a substituent at the desired position of 

the imidazo[1,5-f]phenanthridines, due to the faster oxidative 

addition to palladium of the C–I bond than for the C–Br bond.  

Therefore, first step of the catalytic cycle involves the oxidative 

addition of the 1-bromo-2-iodobenzenes to give intermediate A 

(Scheme 2).  Then, after a concerted metallation deprotonation, 

the intermediate C is obtained.  A reductive elimination gives the 
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intermediate 5-(2-bromoaryl)-1-arylimidazole b.  This catalytic 

cycle is followed by a second one involving an oxidative addition 

of b to give intermediate D.  Then, an intramolecular C–Br/C–H 

bond coupling of the two aryl rings of 5-(2-bromoaryl)-1-

arylimidazole b gives the imidazo[1,5-f]phenanthridines a via the 

formation of intermediates E and F.   

 

 

Scheme 2. Plausible mechanism. 

In order to prepare C10- and C11-substituted imidazo[1,5-

f]phenanthridines, 1-phenylimidazole was reacted with a set of 

1-bromo-2-iodobenzenes in the presence of 5 mol% 

PdCl(C3H5)(dppb), KOPiv as the base in DMA (Scheme 3).  The 

one pot synthesis of C10-substituted imidazo[1,5-

f]phenanthridines from 5-substituted 1-bromo-2-iodobenzenes 

was first examined.  1-Bromo-2-iodobenzenes containing methyl, 

fluoro, chloro, trifluoromethyl, trifluoromethoxy or nitrile C5-

substituents with 1-phenylimidazole led to the expected C10-

substituted imidazo[1,5-f]phenanthridines 2-6 in 41-74% yields.  

In the course of the annulation with 1-bromo-5-chloro-2-

iodobenzene, the C–Cl bond remained untouched potentially 

allowing further functionalizations.  A lower yield in 7 was 

obtained using the more electron-deficient 3-bromo-4-

iodobenzonitrile.  However, the introduction of a nitrile 

substituent on such compounds might be very useful for further 

modifications. 

 

Then, in order to obtain C11-substituted imidazo[1,5-

f]phenanthridines, we explored the reactivity of 4-substituted 1-

bromo-2-iodobenzenes (Scheme 3).  Similar yields in products 

8-11 than with the 5-substituted 1-bromo-2-iodobenzenes were 

obtained.  For example, again, 1-bromo-4-chloro-2-iodobenzene 

was tolerated affording the C11-chloro-substituted imidazo[1,5-

f]phenanthridine 10 in 33% yield.  The reaction of 1-

phenylimidazole with 1-bromo-2-iodo-4-(trifluoromethyl)benzene 

gave the imidazo[1,5-f]phenanthridine 11 in 61% yield.   

 

 

Scheme 3. Scope of the reaction with 1-bromo-2-iodobenzenes. 

The influence of substituents on the aryl unit of 1-arylimidazoles 

was also evaluated (Scheme 4).  A methoxy-para-substituent 

was well tolerated giving rise to a range of C7-methoxy-

substituted imidazo[1,5-f]phenanthridines.  For example, quite 

good yields in the expected 7-methoxyimidazo[1,5-

f]phenanthridines 13, 15 and 16 were obtained with 5-fluoro, 5-

trifluoromethyl- or 5-trifluoromethoxy-substituted 1-bromo-2-
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iodobenzenes.  Conversely, the presence of acetyl and formyl 

substituents on the aryl ring of 1-arylimidazoles had a 

deleterious effect.  From both 4-(imidazol-1-yl)acetophenone 

and 4-(imidazol-1-yl)benzaldehyde using 1-bromo-2-iodo-5-

(trifluoromethyl)benzene as reaction partner, the desired 

C7,C10-substituted imidazo[1,5-f]phenanthridines 17 and 18 

were only obtained in 31% and 20% yield, respectively.  A better 

yield in 19 was obtained using 4-(1H-imidazol-1-yl)benzonitrile 

as imidazole source.  Then, the reactivity of a set of 1-

arylimidazoles with 4-substituted 1-bromo-2-iodobenzenes was 

examined.  1-(4-Methoxyphenyl)imidazole reacted nicely with 1-

bromo-2-iodobenzenes containing methyl, chloro or 

trifluoromethyl  substituents at 4-position, providing the C7,C11-

disubstitued imidazo[1,5-f]phenanthridines 21-23 in 40-51% 

yields.  Using 4-(imidazol-1-yl)acetophenone and 1-bromo-2-

iodo-4-(trifluoromethyl)benzene, the imidazo[1,5-

f]phenanthridine 25 was obtained in 37% yield. 

 

The reaction outcome using ortho-substituted 1-arylimidazoles 

was also explored.  From a trifluoromethyl-substituted 1-

arylimidazole, the annulation reaction occurred, providing the 

C5,C10-disubstituted imidazo[1,5-f]phenanthridine 26 in 

moderate yield.  By contrast, in the presence of 2-(1H-imidazol-

1-yl)benzonitrile, a mixture of the imidazo[1,5-f]phenanthridine 

27 and the uncyclized intermediate product 27i was obtained in 

a 48:52 ratio indicating that with this imidazole derivative, the 

intramolecular C-H activation step is more challenging.   

 

Scheme 4. Scope of the reaction with substituted 1-arylimidazoles. 

To determine the influence of the substituents on both coupling 

partners, we performed competition reactions (Schemes 5 and 

6).  From an equimolar mixture of 1-phenylimidazole and 1-(4-

methoxyphenyl)imidazole with 1-bromo-2-iodo-4-

(trifluoromethyl)benzene as reaction partner, we observed the 

formation of an almost equimolar mixture of the imidazo[1,5-

f]phenanthridines 10 and 23 (ratio 10:23 47:53).  At the end of 

the reaction, a 70% conversion of 1-bromo-2-iodo-4-

(trifluoromethyl)benzene was observed.  A very different result 

was observed using 1-phenylimidazole and 1-(4-(imidazol-1-

yl)phenyl)ethan-1-one, with the exclusive formation of 10 in only 

23% yield due to a poor conversion of the reactants.  The 

presence of 1-(4-(imidazol-1-yl)phenyl)ethan-1-one in the 

reaction mixture seems to partially poison the catalyst.  These 

results and also those of scheme 4 indicate that the presence of 

an electron-withdrawing substituent on the aryl ring of 1-

arylimidazole has a deleterious effect.  This result is consistent 

with the results observed by Fagnou et al. on the intramolecular 

arylation of 2-bromobenzamides bearing methoxy or nitro 

substituents for which the less reactive arene was the most 

electron-deficient.16  With electron-deficient aryl rings on the 1-

arylimidazoles, the formation of the Pd-intermediate E of the 

scheme 2 appears to be slower. 

 

Scheme 5. Competition reactions to probe the substitution preference. 

Finally, a competition reaction using an equimolar mixture of the 

1-bromo-2-iodobenzenes bearing 4-methyl- or 4-trifluoromethyl-

substitutents with 1-phenylimidazole (1.5 equiv.) afforded a 

mixture of the products 8 and 10 in 7:93 ratio and <4%:54% 

yields.  This result is consistent with a faster oxidative addition of 

1-bromo-2-iodo-4-(trifluoromethyl)benzene than 1-bromo-2-iodo-

4-methylbenzene to palladium to form the Pd-intermediate A of 

the scheme 2.  At the end of the reaction, a very large amount of 

1-bromo-2-iodo-4-methylbenzene and also a significant amount 

of 1-phenyl-1H-imidazole was recovered unreacted. 
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Scheme 6. Competition reactions to probe the substitution preference. 

Conclusion 

In summary, we report herein the first synthesis of imidazo[1,5-

f]phenanthridine and the first general method for the synthesis of 

imidazo[1,5-f]phenanthridine derivatives.  Our method employs a 

Pd-catalyzed intermolecular associated to an intramolecular 

double C–H bond arylation of 1-arylimidazoles.  This procedure 

tolerates several useful substituents on the 1-arylimidazole and 

on aryl dihalide such as methoxy, fluoro, chloro, formyl, acetyl or 

nitrile.  With this synthetic pathway, by using the appropriate 

substrates the introduction of desired functional groups at 

positions 5, 7, 10 and 11 of imidazo[1,5-f]phenanthridines is 

possible.  Moreover, our procedure uses easily available 

substrates and an air-stable catalyst associated to KOPiv as 

inexpensive base.  This inedited synthetic scheme which 

employs very simple reaction conditions should be attractive to 

chemists looking for easy routes to functionalized imidazo[1,5-

f]phenanthridines.  

Experimental Section 

General procedure for palladium-catalyzed synthesis of imidazo[1,5-

f]phenanthridines: 

The reaction of the aryl dihalide (1 mmol), 1-arylimidazole (1 mmol) and 

KOPiv (0.420 g, 3 mmol) in the presence of PdCl(C3H5)(dppb) (30.5 mg, 

0.05 mmol) at 150 °C during 48 h in DMA (4 mL) under argon affords the 

coupling products 1a and 2-27 after evaporation of the solvent and 

purification on silica gel.  Eluent MeOH/EtOAc/heptane: 3/6/91 for 

compounds 1a, 2-26.  MeOH/EtOAc/heptane: 1/2/97 for compounds 27 

and 27i.  Some of these products were not very stable at room 

temperature and were stored in a fridge, and for some of them their 

solubility was low in CDCl3. 

Imidazo[1,5-f]phenanthridine (1a) 

From 1-phenylimidazole (0.144 g, 1 mmol) and 1,2-dibromobenzene 

(0.236 g, 1 mmol), product 1a was obtained in 56% yield (0.122 g) as a 

yellow solid: mp 104-106 °C.  1H NMR (400 MHz, CDCl3):  8.58 (s, 1H), 

8.34 (dd, J = 8.1, 1.4 Hz, 1H), 8.25 (dd, J = 8.2, 1.3 Hz, 1H), 8.02 (d, J = 

8.1 Hz, 1H), 7.94 (dd, J = 8.2, 1.3 Hz, 1H), 7.83 (s, 1H), 7.56 (t, J = 8.0 

Hz, 1H), 7.54-7.45 (m, 3H).  13C NMR (100 MHz, CDCl3):  130.9, 129.4, 

129.1, 128.8, 127.7, 127.5, 125.9, 125.6, 124.5, 124.4, 123.4, 122.9, 

122.6, 122.5, 115.5.  HRMS calcd for [M+H]+ C15H11N2 219.0917, found: 

219.0917. 

10-Methylimidazo[1,5-f]phenanthridine (2) 

From 1-phenylimidazole (0.144 g, 1 mmol) and 2-bromo-1-iodo-4-

methylbenzene (0.297 g, 1 mmol), product 2 was obtained in 42% yield 

(0.097 g) as a yellow solid: mp 160-162 °C.  1H NMR (400 MHz, CDCl3): 

 8.55 (s, 1H), 8.34 (dd, J = 8.2, 1.4 Hz, 1H), 8.05 (s, 1H), 7.96-7.89 (m, 

2H), 7.78 (s, 1H), 7.54 (t, J = 8.0 Hz, 1H), 7.47 (t, J = 7.5 Hz, 1H), 7.35 

(dd, J = 8.0, 1.6 Hz, 1H), 2.53 (s, 3H).  13C NMR (100 MHz, CDCl3):  

137.3, 131.0, 130.0, 129.0, 128.9, 127.8, 125.8, 125.5, 124.3, 123.3, 

123.0, 122.5, 122.0, 121.8, 115.4, 22.2.  HRMS calcd for [M+H]+ 

C16H13N2 233.1073, found: 233.1073. 

10-Fluoroimidazo[1,5-f]phenanthridine (3) 

From 1-phenylimidazole 0.144 g, 1 mmol) and 2-bromo-4-fluoro-1-

iodobenzene (0.301 g, 1 mmol), product 3 was obtained in 41% yield 

(0.097 g) as a white solid: mp 208-210 °C.  1H NMR (400 MHz, CDCl3):  

8.50 (s, 1H), 8.12 (dd, J = 8.1, 1.4 Hz, 1H), 7.90 (dd, J = 9.0, 5.3 Hz, 1H), 

7.86 (d, J = 8.1 Hz, 1H), 7.78 (dd, J = 10.4, 2.6 Hz, 1H), 7.71 (s, 1H), 

7.56 (t, J = 8.0 Hz, 1H), 7.44 (t, J = 7.5 Hz, 1H), 7.20 (td, J = 8.4, 2.5 Hz, 

1H).  13C NMR (100 MHz, CDCl3):  162.1 (d, J = 246.1 Hz), 131.0, 129.7, 

129.1, 127.4 (d, J = 8.1 Hz), 127.1, 125.9, 125.3 (d, J = 8.5 Hz), 124.5, 

122.0, 121.6 (d, J = 3.1 Hz), 120.5 (d, J = 2.5 Hz), 116.8 (d, J = 23.2 Hz), 

115.5, 109.0 (d, J = 23.5 Hz).  HRMS calcd for [M+H]+ C15H9FN2 

237.0823, found: 237.0825. 

10-Chloroimidazo[1,5-f]phenanthridine (4) 

From 1-phenylimidazole (0.144 g, 1 mmol) and 2-bromo-4-chloro-1-

iodobenzene (0.317 g, 1 mmol), product 4 was obtained in 53% yield 

(0.134 g) as a yellow solid: mp 188-190 °C.  1H NMR (400 MHz, CDCl3): 

 8.52 (bs, 1H), 8.17 (d, J = 8.0 Hz, 1H), 8.09 (d, J = 2.0 Hz, 1H), 7.87 (d, 

J = 7.6 Hz, 1H), 7.84 (d, J = 8.5 Hz, 1H), 7.76 (bs, 1H), 7.57 (t, J = 7.4 Hz, 

1H), 7.51-7.33 (m, 2H).  13C NMR (100 MHz, CDCl3):  133.2, 130.9, 

129.9, 129.6, 128.8, 127.5, 126.8, 125.9, 124.5, 124.2, 122.7, 121.5, 

121.2, 115.4.  HRMS calcd for [M+H]+ C15H10ClN2 253.0527, found: 

253.0530. 

10-(Trifluoromethyl)imidazo[1,5-f]phenanthridine (5) 

From 1-phenylimidazole (0.144 g, 1 mmol) and 2-bromo-1-iodo-4-

(trifluoromethyl)benzene (0.351 g, 1 mmol), product 5 was obtained in 

74% yield (0.212 g) as a yellow solid: mp 192-194 °C.  1H NMR (400 

MHz, CDCl3):  8.62 (s, 1H), 8.47 (s, 1H), 8.35 (d, J = 8.0 Hz, 1H), 8.10 

(d, J = 8.4 Hz, 1H), 7.96 (d, J = 8.3 Hz, 1H), 7.92 (s, 1H), 7.74 (d, J = 8.3 

Hz, 1H), 7.64 (t, J = 8.0 Hz, 1H), 7.53 (t, J = 7.5 Hz, 1H).  13C NMR (100 

MHz, CDCl3):  130.9, 129.9, 129.1 (q, J = 33.0 Hz), 126.9, 126.2, 125.5, 

125.0 (q, J = 3.5 Hz), 124.4, 124.2 (q, J = 272.5 Hz), 124.1, 123.8, 121.4, 

120.1 (q, J = 4.0 Hz), 115.5.  HRMS calcd for [M+H]+ C16H10F3N2 

287.0791, found: 287.0788. 

10-(Trifluoromethoxy)imidazo[1,5-f]phenanthridine (6) 

From 1-phenylimidazole (0.144 g, 1 mmol) and 2-bromo-1-iodo-4-

(trifluoromethoxy)benzene (0.367 g, 1 mmol), product 6 was obtained in 

56% yield (0.169 g) as a yellow solid: mp 152-154 °C.  1H NMR (400 

MHz, CDCl3):  8.56 (s, 1H), 8.22 (d, J = 8.0 Hz, 1H), 8.02 (s, 1H), 8.00 

(d, J = 8.4 Hz, 1H), 7.92 (d, J = 8.2 Hz, 1H), 7.81 (s, 1H), 7.61 (t, J = 8.0 

Hz, 1H), 7.49 (t, J = 7.5 Hz, 1H), 7.38 (d, J = 8.4 Hz, 1H).  13C NMR (100 

MHz, CDCl3):  148.3 (q, J = 2.3 Hz), 130.9, 129.8, 129.5, 127.0, 

126.6, 126.0, 124.9, 124.4, 123.0, 122.8, 121.6, 121.3, 120.5 (q, J = 

258.0 Hz), 115.5, 115.2.  HRMS calcd for [M+H]+ C16H10F3N2O 

303.0740, found: 303.0735. 

Imidazo[1,5-f]phenanthridine-10-carbonitrile (7) 
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From 1-phenylimidazole (0.144 g, 1 mmol) and 3-bromo-4-

iodobenzonitrile (0.308 g, 1 mmol), product 7 was obtained 28% yield 

(0.068 g) as a yellow solid: mp 248-250 °C.  1H NMR (400 MHz, CDCl3): 

 8.64 (bs, 1H), 8.50 (d, J = 1.5 Hz, 1H), 8.28 (d, J = 8.3 Hz, 1H), 8.06 (d, 

J = 8.3 Hz, 1H), 8.00-7.94 (m, 2H), 7.73 (dd, J = 8.2, 1.6 Hz, 1H), 7.66 (t, 

J = 7.5 Hz, 1H), 7.55 (t, J = 7.5 Hz, 1H).  13C NMR (100 MHz, CDCl3):  

131.2, 131.1, 130.5, 127.7, 127.6, 126.6, 126.0, 125.9, 125.2, 124.5, 

124.1, 120.8, 118.9, 115.7, 112.2, 110.8.  HRMS calcd for [M+H]+ 

C16H10N 244.0869, found: 244.0869. 

11-Methylimidazo[1,5-f]phenanthridine (8) 

From 1-phenylimidazole (0.144 g, 1 mmol) and 1-bromo-2-iodo-4-

methylbenzene (0.297 g, 1 mmol), product 8 was obtained in 38% yield 

(0.088 g) as a yellow solid: mp 156-158 °C.  1H NMR (400 MHz, CDCl3): 

 8.56 (bs, 1H), 8.29 (dd, J = 8.1, 1.5 Hz, 1H), 8.12 (d, J = 8.3 Hz, 1H), 

7.92 (dd, J = 8.2, 1.3 Hz, 1H), 7.80 (s, 2H), 7.53 (t, J = 7.4 Hz, 1H), 7.46 

(t, J = 7.4 Hz, 1H), 7.30 (d, J = 8.3, 1.8 Hz, 1H), 2.50 (s, 3H).  13C NMR 

(100 MHz, CDCl3):  138.9, 130.6, 129.3, 128.9, 128.6, 127.7, 125.8, 

124.4, 124.2, 123.4, 123.1, 122.8, 122.7, 122.4, 115.4, 21.6.  HRMS 

calcd for [M+H]+ C16H13N2 233.1073, found: 233.1076. 

11-Fluoroimidazo[1,5-f]phenanthridine (9) 

From 1-phenylimidazole (0.144 g, 1 mmol) and 1-bromo-4-fluoro-2-

iodobenzene (0.301 g, 1 mmol), product 9 was obtained in 40% yield 

(0.094 g) as a white solid: mp 212-214 °C.  1H NMR (400 MHz, CDCl3):  

8.59 (s, 1H), 8.27 (d, J = 8.2 Hz, 1H), 8.22 (dd, J = 9.0, 5.3 Hz, 1H), 7.94 

(d, J = 8.1 Hz, 1H), 7.82 (s, 1H), 7.64 (dd, J = 9.0, 2.6 Hz, 1H), 7.57 (t, J 

= 8.0 Hz, 1H), 7.49 (t, J = 7.5 Hz, 1H), 7.20 (td, J = 8.8, 2.7 Hz, 1H).  13C 

NMR (100 MHz, CDCl3):  162.7 (d, J = 248.6 Hz), 130.3, 129.6, 128.8, 

126.0, 125.1 (d, J = 8.9 Hz), 124.1, 123.3, 121.8, 115.4, 115.3 (d, J = 

22.2 Hz), 109.0 (d, J = 23.1 Hz).  HRMS calcd for [M+H]+ C15H9FN2 

237.0823, found: 237.0826. 

11-Chloroimidazo[1,5-f]phenanthridine (10) 

From 1-phenylimidazole (0.144 g, 1 mmol) and 2-bromo-5-chloro-1-

iodobenzene (0.317 g, 1 mmol), product 10 was obtained in 33% yield 

(0.083 g) as a yellow solid: mp 176-178 °C.  1H NMR (400 MHz, CDCl3): 

 8.60 (bs, 1H), 8.24 (d, J = 8.2 Hz, 1H), 8.12 (d, J = 8.8 Hz, 1H), 7.95-

7.90 (m, 2H), 7.81 (bs, 1H), 7.58 (t, J = 7.4 Hz, 1H), 7.50 (t, J = 7.4 Hz, 

1H), 7.42 (dd, J = 8.7, 2.1 Hz, 1H).  13C NMR (100 MHz, CDCl3):  134.8, 

130.7, 130.2, 129.4, 127.8, 126.2, 125.7, 124.5, 124.3, 124.0, 123.1, 

122.9, 121.9, 121.8, 115.6.  HRMS calcd for [M+H]+ C15H10ClN2 

253.0527, found: 253.0525. 

11-(Trifluoromethyl)imidazo[1,5-f]phenanthridine (11) 

From 1-phenylimidazole (0.144 g, 1 mmol) and 1-bromo-2-iodo-4-

(trifluoromethyl)benzene (0.351 g, 1 mmol), product 11 was obtained in 

61% yield (0.174 g) as a white solid: mp 192-194 °C.  1H NMR (400 MHz, 

CDCl3):  8.56 (s, 1H), 8.30 (d, J = 8.0 Hz, 1H), 8.28 (d, J = 7.6 Hz, 1H), 

8.17 (s, 1H), 7.92 (d, J = 7.4 Hz, 1H), 7.86 (s, 1H), 7.66 (d, J = 8.5 Hz, 

1H), 7.62 (t, J = 8.0 Hz, 1H), 7.50 (t, J = 7.5 Hz, 1H).  13C NMR (100 MHz, 

CDCl3):  131.2, 130.5 (q, J = 33.0 Hz), 130.1, 129.7, 128.0, 126.6, 126.1, 

124.7, 124.4, 123.8 (q, J = 272.5 Hz), 123.5, 123.4 (m), 121.2, 120.3 (q, 

J = 4.0 Hz), 115.5.  HRMS calcd for [M+H]+ C16H10F3N2 287.0791, found: 

287.0792. 

7-Methoxy-10-methylimidazo[1,5-f]phenanthridine (12) 

From 1-(4-methoxyphenyl)imidazole (0.174 g, 1 mmol) and 2-bromo-1-

iodo-4-methylbenzene (0.297 g, 1 mmol), product 12 was obtained in 

40% yield (0.105 g) as a yellow solid: mp 198-200 °C.  1H NMR (400 

MHz, CDCl3):  8.49 (s, 1H), 7.97 (s, 1H), 7.90 (d, J = 8.0 Hz, 1H), 7.85 

(d, J = 8.8 Hz, 1H), 7.76 (s, 2H), 7.35 (d, J = 8.0 Hz, 1H), 7.13 (dd, J = 

8.0, 2.5 Hz, 1H).  13C NMR (100 MHz, CDCl3):  157.5, 137.2, 130.2, 

128.6, 125.4, 125.3, 123.8, 123.4, 123.0, 122.3, 121.7, 116.7, 115.9, 

107.9, 102.8, 55.9, 22.0.  HRMS calcd for [M+H]+ C17H15N2O 263.1179, 

found: 263.1181. 

10-Fluoro-7-methoxyimidazo[1,5-f]phenanthridine (13) 

From 1-(4-methoxyphenyl)imidazole (0.174 g, 1 mmol) and 1-bromo-4-

fluoro-2-iodobenzene (0.301 g, 1 mmol), product 13 was obtained in 52% 

yield (0.138 g) as a yellow solid: mp 176-178 °C.  1H NMR (400 MHz, 

CDCl3):  8.45 (s, 1H), 7.98 (dd, J = 9.0, 5.3 Hz, 1H), 7.88-7.82 (m, 2H), 

7.72 (s, 1H), 7.61 (d, J = 2.6 Hz, 1H), 7.26 (td, J = 8.4, 2.4 Hz, 1H), 7.19 

(dd, J = 8.9, 2.6 Hz, 1H), 3.96 (s, 3H).  13C NMR (100 MHz, CDCl3):  

162.0 (d, J = 246.2 Hz), 157.6, 128.8, 127.4 (d, J = 8.0 Hz), 120.8, 125.4 

(d, J = 8.4 Hz), 125.3, 123.0, 121.9, 121.2, 117.1, 116.8 (m), 109.1 (d, J 

= 23.3 Hz), 108.0, 55.9.  HRMS calcd for [M+H]+ C16H12FN2O 267.0928, 

found: 267.0928. 

10-Chloro-7-methoxyimidazo[1,5-f]phenanthridine (14) 

From 1-(4-methoxyphenyl)imidazole (0.174 g, 1 mmol) and 2-bromo-4-

chloro-1-iodobenzene (0.317 g, 1 mmol), product 14 was obtained in 

41% yield (0.116 g) as a yellow solid: mp 138-140 °C.  1H NMR (400 

MHz, CDCl3):  8.46 (bs, 1H), 8.06 (d, J = 2.0 Hz, 1H), 7.89 (d, J = 8.5 Hz, 

1H), 7.81 (d, J = 9.0 Hz, 1H), 7.76 (s, 1H), 7.66 (d, J = 2.7 Hz, 1H), 7.46 

(dd, J = 8.5, 2.1 Hz, 1H), 7.14 (dd, J = 9.0, 2.7 Hz, 1H), 3.97 (s, 3H).  13C 

NMR (100 MHz, CDCl3):  157.7, 133.2, 129.1, 126.9, 125.2, 124.8, 

123.3, 123.1, 122.8, 122.6, 117.0, 116.8, 107.7, 55.9.  HRMS calcd for 

[M+H]+ C16H12ClN2O 283.0633, found: 283.0631. 

7-Methoxy-10-(trifluoromethyl)imidazo[1,5-f]phenanthridine (15) 

From 1-(4-methoxyphenyl)imidazole (0.174 g, 1 mmol) and 2-bromo-1-

iodo-4-(trifluoromethyl)benzene (0.351 g, 1 mmol), product 15 was 

obtained in 52% yield (0.164 g) as a yellow solid: mp 122-124 °C.  1H 

NMR (400 MHz, CDCl3):  8.47 (s, 1H), 8.29 (s, 1H), 8.01 (d, J = 8.3 Hz, 

1H), 7.84 (s, 1H), 7.79 (d, J = 9.0 Hz, 1H), 7.69 (d, J = 8.2 Hz, 1H), 7.63 

(d, J = 2.6 Hz, 1H), 7.15 (dd, J = 9.0, 2.6 Hz, 1H), 3.97 (s, 3H).  13C NMR 

(100 MHz, CDCl3):  129.4, 129.0 (q, J = 33.0 Hz), 127.1, 126.1, 125.2, 

125.0 (m), 124.1 (q, J = 272.5 Hz), 123.8, 123.7, 123.2, 122.5, 119.9 (q, 

J = 4.0 Hz), 116.9, 116.6, 114.9, 107.6, 56.0.  HRMS calcd for [M+H]+ 

C17H12F3N2O 317.0896, found: 317.0897. 

7-Methoxy-10-(trifluoromethoxy)imidazo[1,5-f]phenanthridine (16) 

From 1-(4-methoxyphenyl)imidazole (0.174 g, 1 mmol) and 2-bromo-1-

iodo-4-(trifluoromethoxy)benzene (0.367 g, 1 mmol), product 16 was 

obtained 42% yield (0.139 g) as a white solid: mp 166-168 °C.  1H NMR 

(400 MHz, CDCl3):  8.52 (s, 1H), 8.04 (d, J = 8.7 Hz, 1H), 7.97 (s, 1H), 

7.88 (d, J = 9.0 Hz, 1H), 7.82 (s, 1H), 7.65 (d, J = 2.7 Hz, 1H), 7.41 (d, J 

= 8.6 Hz, 1H), 7.20 (dd, J = 9.0, 2.6 Hz, 1H), 3.99 (s, 3H). 13C NMR (100 

MHz, CDCl3):  157.6, 148.1 (q, J = 2.1 Hz), 129.1, 126.8, 126.4, 125.1, 

125.0, 123.3, 122.7, 122.6, 121.8, 120.2 (q, J = 258.0 Hz), 116.9, 116.7, 

115.3, 107.8, 55.9.  HRMS calcd for [M+H]+ C17H12F3N2O2 333.0845, 

found: 333.0849. 

1-(10-(Trifluoromethyl)imidazo[1,5-f]phenanthridin-7-yl)ethan-1-one 

(17) 

From 1-(4-(imidazol-1-yl)phenyl)ethan-1-one (0.183 g, 1 mmol) and 2-

bromo-1-iodo-4-(trifluoromethyl)benzene (0.351 g, 1 mmol), product 17 

was obtained in 31% yield (0.102 g) as a yellow solid: mp 206-208 °C.  
1H NMR (400 MHz, CDCl3):  8.92 (s, 1H), 8.63 (s, 1H), 8.53 (s, 1H), 

8.19 (dd, J = 8.6, 1.9 Hz, 1H), 8.10 (d, J = 8.3 Hz, 1H), 8.01 (d, J = 8.6 

Hz, 1H), 7.93 (s, 1H), 7.78 (d, J = 8.4 Hz, 1H), 2.77 (s, 3H).  13C NMR 

(100 MHz, CDCl3):  134.6, 133.8, 130.5, 129.7, 129.6 (q, J = 33.0 Hz), 

127.0, 126.6, 125.7 (q, J = 3.6 Hz), 125.1, 124.9, 124.6, 124.0 (q, J = 
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272.5 Hz), 123.9, 121.6, 120.3 (q, J = 4.0 Hz), 115.7, 26.9.  HRMS calcd 

for [M+H]+ C18H12F3N2O 329.0896, found: 329.0891. 

10-(Trifluoromethyl)imidazo[1,5-f]phenanthridine-7-carbaldehyde 

(18) 

From 4-(imidazol-1-yl)benzaldehyde (0.172 g, 1 mmol) and 2-bromo-1-

iodo-4-(trifluoromethyl)benzene (0.351 g, 1 mmol), product 18 was 

obtained in 20% yield (0.063 g) as a white solid: mp 234-236 °C.  1H 

NMR (400 MHz, CDCl3):  10.20 (s, 1H), 8.86 (s, 1H), 8.68 (s, 1H), 8.57 

(s, 1H), 8.20-8.10 (m, 3H), 7.97 (s, 1H), 7.81 (dd, J = 8.4, 1.7 Hz, 1H).  
13C NMR (100 MHz, CDCl3):  190.6, 171.3, 134.9, 134.0, 130.6, 129.9 

(q, J = 32.0 Hz), 127.2, 126.9, 126.1 (q, J = 3.6 Hz), 124.2, 125.0, 124.9, 

124.0 (q, J = 272.5 Hz), 122.3, 120.6 (q, J = 4.0 Hz), 116.6.  HRMS calcd 

for [M+H]+ C17H10F3NO 315.0740, found: 315.0738. 

10-(Trifluoromethoxy)imidazo[1,5-f]phenanthridine-7-carbaldehyde 

(19) 

From 4-(imidazol-1-yl)benzaldehyde (0.172 g, 1 mmol) and 2-bromo-1-

iodo-4-(trifluoromethoxy)benzene (0.367 g, 1 mmol), product 19 was 

obtained in 21% yield (0.069 g) as a yellow solid: mp 210-212 °C.  1H 

NMR (400 MHz, CDCl3):  10.17 (s, 1H), 8.73 (s, 1H), 8.64 (s, 1H), 8.16-

8.03 (m, 4H), 7.86 (s, 1H), 7.46 (d, J = 8.6 Hz, 1H).  13C NMR (100 MHz, 

CDCl3):  190.6, 148.7 (q, J = 2.3 Hz), 134.9, 133.9, 130.5, 130.4, 126.5, 

125.5, 125.3, 123.6, 123.3, 122.8, 122.2, 120.7 (q, J = 258.0 Hz), 116.5, 

115.7.  HRMS calcd for [M+H]+ C17H10F3N2O2 331.0689, found: 331.0690. 

10-(Trifluoromethyl)imidazo[1,5-f]phenanthridine-7-carbonitrile (20) 

From 4-(1H-imidazol-1-yl)benzonitrile (0.169 g, 1 mmol) and 2-bromo-1-

iodo-4-(trifluoromethyl)benzene (0.351 g, 1 mmol), product 20 was 

obtained in 42% yield (0.131 g) as a white solid: mp 254-256 °C.  1H 

NMR (400 MHz, CDCl3):  9.37 (d, J = 1.7 Hz, 1H), 9.25 (s, 1H), 8.98 (s, 

1H), 8.57 (d, J = 8.6 Hz, 1H), 8.40 (d, J = 8.3 Hz, 1H), 8.18 (s, 1H), 8.16 

(dd, J = 8.3, 1.7 Hz, 1H), 7.96 (d, J = 8.4 Hz, 1H).  13C NMR (100 MHz, 

CDCl3):  133.4, 133.2, 132.7, 130.4, 128.0 (q, J = 32.0 Hz), 127.1, 125.7, 

125.9 (q, J = 3.6 Hz), 125.7, 125.1, 124.4, 124.2, 123.0 (q, J = 272.5 Hz), 

121.6 (m), 120.6, 118.4, 109.0.  HRMS calcd for [M+H]+ C17H9F3N3 

312.0743, found: 312.0744. 

7-Methoxy-11-methylimidazo[1,5-f]phenanthridine (21) 

From 1-(4-methoxyphenyl)imidazole (0.174 g, 1 mmol) and 1-bromo-2-

iodo-4-methylbenzene (0.297 g, 1 mmol), product 21 was obtained in 

43% yield (0.113 g) as a white solid: mp 88-90 °C.  1H NMR (400 MHz, 

CDCl3):  8.49 (s, 1H), 8.07 (d, J = 8.3 Hz, 1H), 7.85 (d, J = 9.0 Hz, 1H), 

7.81 (s, 1H), 7.79 (s, 1H), 7.74 (d, J = 2.7 Hz, 1H), 7.30 (d, J = 8.3 Hz, 

1H), 7.11 (dd, J = 8.9, 2.8 Hz, 1H), 3.96 (s, 3H), 2.51 (s, 3H).  13C NMR 

(100 MHz, CDCl3):  157.5, 139.0, 128.9, 128.7, 127.4, 124.9, 124.7, 

123.9, 123.4, 122.9, 122.8, 122.2, 116.5, 115.5, 107.7, 55.8, 21.6.  

HRMS calcd for [M+H]+ C17H15N2O 263.1179, found: 263.1183. 

11-Chloro-7-methoxyimidazo[1,5-f]phenanthridine (22) 

From 1-(4-methoxyphenyl)imidazole (0.174 g, 1 mmol) and 1-bromo-4-

chloro-2-iodobenzene (0.317 g, 1 mmol), product 22 was obtained in 

51% yield (0.144 g) as a white solid: mp 192-194 °C.  1H NMR (400 MHz, 

CDCl3):  8.48 (bs, 1H), 8.06 (d, J = 8.6 Hz, 1H), 7.93 (d, J = 2.1 Hz, 1H), 

7.83 (d, J = 9.0 Hz, 1H), 7.79 (s, 1H), 7.66 (d, J = 2.5 Hz, 1H), 7.40 (dd, J 

= 8.7, 2.1 Hz, 1H), 7.14 (dd, J = 9.0, 2.5 Hz, 1H), 3.95 (s, 3H).  13C NMR 

(100 MHz, CDCl3):  157.5, 134.8, 127.4, 125.9, 124.9, 124.4, 123.7, 

123.1, 122.9, 122.8, 116.6, 116.2, 107.8, 55.9.  HRMS calcd for [M+H]+ 

C16H12ClN2O 283.0633, found: 283.0637. 

7-Methoxy-11-(trifluoromethyl)imidazo[1,5-f]phenanthridine (23) 

From 1-(4-methoxyphenyl)imidazole (0.174 g, 1 mmol) and 1-bromo-2-

iodo-4-(trifluoromethyl)benzene (0.351 g, 1 mmol), product 23 was 

obtained in 40% yield (0.126 g) as a white solid: mp 198-200 °C.  1H 

NMR (400 MHz, CDCl3):  8.48 (s, 1H), 8.20 (d, J = 8.5 Hz, 1H), 8.17 (s, 

1H), 7.84 (s, 1H), 7.83 (d, J = 8.5 Hz, 1H), 7.69 (d, J = 2.6 Hz, 1H), 7.65 

(d, J = 8.4 Hz, 1H), 7.18 (dd, J = 9.0, 2.6 Hz, 1H), 3.96 (s, 3H).  13C NMR 

(100 MHz, CDCl3):  130.6 (q, J = 33.0 Hz), 129.3, 127.8, 126.2, 125.3, 

124.7, 123.8 (q, J = 272.5 Hz), 123.5, 123.4, 123.3, 122.4, 120.3 (q, J = 

4.0 Hz), 117.0, 116.6, 108.2, 55.9.  HRMS calcd for [M+H]+ C17H12F3N2O 

317.0896, found: 317.0897. 

11-(Trifluoromethyl)imidazo[1,5-f]phenanthridine-7-carbaldehyde 

(24) 

From 4-(imidazol-1-yl)benzaldehyde (0.172 g, 1 mmol) and 1-bromo-2-

iodo-4-(trifluoromethyl)benzene (0.351 g, 1 mmol), product 24 was 

obtained in 27% yield (0.085 g) as a yellow solid: mp 264-266 °C.  1H 

NMR (400 MHz, CDCl3):  10.18 (s, 1H), 8.86 (s, 1H), 8.67 (s, 1H), 8.45 

(d, J = 8.5 Hz, 1H), 8.25 (s, 1H), 8.15 (d, J = 8.5 Hz, 1H), 8.12 (d, J = 8.5 

Hz, 1H), 7.95 (s, 1H), 7.76 (d, J = 8.3 Hz, 1H).  13C NMR (100 MHz, 

CDCl3):  190.4, 135.0, 133.8, 131.5 (q, J = 33.0 Hz), 130.8, 130.5, 127.3, 

126.9, 125.0, 124.7, 124.1, 124.0 (q, J = 3.6 Hz), 123.8, 123.6 (q, J = 

272.5 Hz), 121.9, 120.5 (q, J = 4.0 Hz), 116.4.  HRMS calcd for [M+H]+ 

C17H10F3NO 315.0740, found: 315.0736. 

1-(11-(Trifluoromethyl)imidazo[1,5-f]phenanthridin-7-yl)ethan-1-one 

(25) 

From 1-(4-(imidazol-1-yl)phenyl)ethan-1-one (0.183 g, 1 mmol) and 1-

bromo-2-iodo-4-(trifluoromethyl)benzene (0.351 g, 1 mmol), product 25 

was obtained in 36% yield (0.118 g) as a yellow solid: mp 222-224 °C.  
1H NMR (400 MHz, CD2Cl2 + CDCl3):  8.86 (s, 1H), 8.56 (s, 1H), 8.37 (d, 

J = 8.5 Hz, 1H), 8.15 (s, 1H), 8.13 (d, J = 8.5 Hz, 1H), 7.95 (d, J = 8.5 Hz, 

1H), 7.84 (s, 1H), 7.68 (d, J = 8.3 Hz, 1H), 2.69 (s, 3H).  13C NMR (100 

MHz, CDCl3):  196.3, 134.5, 134.0, 131.0 (q, J = 33.0 Hz), 130.4, 130.0, 

127.7, 126.7, 125.2, 124.6, 128.8 (m), 123.6 (q, J = 272.5 Hz), 121.3, 

120.4 (q, J = 4.0 Hz), 115.8, 26.6.  HRMS calcd for [M+H]+ C18H12F3N2O 

329.0896, found: 329.0897. 

5,10-Bis(trifluoromethyl)imidazo[1,5-f]phenanthridine (26) 

From 1-(2-(trifluoromethyl)phenyl)-1H-imidazole (0.212 g, 1 mmol) and 1-

bromo-2-iodo-4-(trifluoromethyl)benzene (0.351 g, 1 mmol), product 26 

was obtained in 55% yield (0.195 g) as a white solid: mp 228-230 °C.  1H 

NMR (400 MHz, CDCl3):  8.85 (s, 1H), 8.61 (d, J = 8.1 Hz, 1H), 8.44 (s, 

1H), 8.11 (d, J = 8.1 Hz, 1H), 8.03 (d, J = 8.1 Hz, 1H), 7.95 (s, 1H), 7.77 

(d, J = 8.3 Hz, 1H), 7.63 (t, J = 8.2 Hz, 1H).  13C NMR (100 MHz, CDCl3): 

 129.6 (q, J = 33.0 Hz), 129.5, 129.2 (q, J = 7.2 Hz), 128.8, 127.3, 126.0 

(q, J = 3.5 Hz), 125.6, 125.5, 125.4, 124.9, 124.6, 124.1, 123.6, 121.5 (q, 

J = 272.5 Hz), 121.4 (q, J = 272.5 Hz), 120.6 (q, J = 4.1 Hz), 119.4 (q, J 

= 32.0 Hz).  HRMS calcd for [M+H]+ C17H9F6N2 355.0664, found: 

355.0669. 

10-(Trifluoromethyl)imidazo[1,5-f]phenanthridine-5-carbonitrile (27) 

and 2-(5-(2-Bromo-4-(trifluoromethyl)phenyl)imidazol-1-

yl)benzonitrile (27i) 

From 2-(1H-imidazol-1-yl)benzonitrile (0.169 g, 1 mmol) and 2-bromo-1-

iodo-4-(trifluoromethyl)benzene (0.351 g, 1 mmol), products 27 and 27i 

were obtained in 48:52 ratio. 27 was obtained in 27% yield (0.084 g) as a 

white solid: mp 230-232 °C.  27i was obtained in 24% yield (0.094 g) as a 

yellow solid: mp 52-54 °C.   

27: 1H NMR (400 MHz, CDCl3):  9.79 (s, 1H), 8.65 (d, J = 8.3 Hz, 1H), 

8.47 (s, 1H), 8.15 (d, J = 8.3 Hz, 1H), 8.04 (s, 1H), 7.99 (d, J = 7.7 Hz, 

1H), 7.82 (d, J = 8.3 Hz, 1H), 7.64 (t, J = 7.9 Hz, 1H).  HRMS calcd for 

[M+H]+ C17H9F3N3 312.0743, found: 312.0745. 
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27i: 1H NMR (400 MHz, CDCl3):  7.87 (s, 1H), 7.79 (s, 1H), 7.75 (dd, J = 

8.0, 1.7 Hz, 1H), 7.59 (td, J = 7.8, 1.7 Hz, 1H), 7.55-7.42 (m, 3H), 7.37 (s, 

1H), 7.22 (d, J = 8.0, 1.0 Hz, 1H).  13C NMR (100 MHz, CDCl3):  139.0, 

138.2, 134.3, 133.9, 133.5, 132.5 (q, J = 32.5 Hz), 131.6, 130.9, 130.3 (q, 

J = 3.5 Hz), 129.4, 128.2, 125.2, 124.3 (q, J = 3.5 Hz), 123.0 (q, J = 

273.2 Hz), 115.7, 110.9.  HRMS calcd for [M+H]+ C17H10
79BrF3N3 

392.0005, found: 392.0005. 
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Data available in article supplementary material. 
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