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The tert-butyl hydroperoxide (TBHP) promoted sequential 

silylation and aromatisation of isonitriles was developed, 

where the silyl was regioselectively installed onto the 6- 

position of phenanthridines. This procedure tolerates a series 

of functional groups, such as fluoro, chloro, acetyl, methoxy 

carbonyl, cyano and trifluoromethyl. The addition of silyl 

radical to the isonitrile followed by an intramolecular 

aromatic cyclization was involved in this transformation.  

The construction of aromatic C-Si bond is an important 

transformation in organic chemistry because the silylated products 

are useful intermediates leading to complex organic moleculars.1 

Compared with the silylation of aromatic C-X (X = halo or pseudo-

halo) bond2 and the reaction of aryl Grignard reagents or aryllithium 

compounds with silicon electrophiles3 (Scheme 1, path A and B), the 

direct silylation of arene C-H bond represents more sustainable and 

higher atom-economy (Scheme 1, path C). As a result, much 

attention has been paid to such transformation that catalyzed by Rh,4 

Ru,5 Pt6 or Ir.7  However, expensive metal catalysts were used and in 

the case of silane, generally, one or more equivalents of sacrificial 

alkenes were required as the dihydrogen acceptors. To overcome 

these drawbacks, Hou reported the scandium-catalyzed ortho-

selective C-H bonds silylation of various alkoxy-substituted benzene 

derivatives without hydrogen acceptors.8 Oestreich and coworkers 

also developed the regioselective silylation of indole C-H bond 

activated by a polar Ru-S bond under neutral conditions via Friedel-

Crafts mechanism.9 

The unique property of isonitrile compounds inspired us to 

develop a fundamentally different pathway to install the silyl group 

onto the aromatic ring, proceeding through the sequential radical 

silylation and aromatisation (Scheme 1, path D). Such a similar 

radical strategy has been developed in the synthesis of a series of 6-

substituted phenanthridine compounds,10 which is widely found in 

natural and pharmaceutical products.11 However, the installation of 

hetero containing groups onto the phenanthridine rings was less 

studied. As far as we know, there is only one example involved the 

cascade reaction between 2-isocyanobiphenyls and P-radical 

precursors to synthesis 6-phosphorylated phenanthridines reported 

by Studer and co-works.10a Herein, we wish to report our study on 

the direct silylation of 2-aryl arylisonitriles to produce 6- silyl 

phenanthridines. This procedure is featured with: 1) transition-metal 

free reaction conditions; 2) no requirement of hydrogen acceptors; 3) 

regioselectively installation of silyl groups onto the 6- position of 

phenanthridines. 

Scheme 1 The silylation of arenes. 
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The reaction of thermal-generated tert-butoxy radicals with tri-

substituted silanes has been used extensively for the production of 

silyl radicals in organic synthesis.12 As a result, our reaction started 

with the combination of 2-isocyanobiphenyl (1a) with triethyl silane 

(2a) in the presence of the radical initiator tert-butyl hydroperoxide 

(TBHP, 70% in water) in acetonitrile. Unfortunately, no product was 

detected (entry 1, Table 1). However, the addition of base increased 

the yields and 6-(triethylsilyl)phenanthridine (3aa) was successfully 

produced (entries 2-12, Table 1). After screening of a series of bases, 

such as K3PO4, Na2CO3, K2CO3 and Cs2CO3 using TBHP as the 

radical initiator, Cs2CO3 was found to be the best choice (entry 5, 

Table 1) and 3aa was obtained in 55% yield. Other peroxides, di-

tert-butyl peroxide (DTBP), for example, showed poorer efficiency 

under exactly the same reaction conditions (entry 6, Table 1). 

Solvent also affect the overall yield of this transformation and the 

mixed solvent (MeCN : PhH = 2 : 1, 3 mL) gave a high yield of 70% 
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(entry 8, Table 1). Adding a catalytic amount of benzoquinone (BQ) 

could further increase the yield to 75% (entry 10, Table 1). Other 

similar oxidants, such as DDQ (2,3-Dichloro-5,6-dicyano-1,4-

benzoquinone) or chloranil failed to further increase the overall yield 

(entries 11 and 12, Table 1). The reaction could conduct under air 

but with a slightly lower yield, which was consistent with the fact 

that O2 may inhibit the radical reaction (entry 10, Table 1). Blank 

experiment showed that no reaction took place in the absence of any 

oxidants (entry 9, Table 1). The yield of 3aa was dramatically 

decreased using fewer amounts of peroxides or silanes (entries 13 

and 14, Table 1). 

 

Table 1. Selected results for screening the optimized reaction 

conditions.
a
  

 

entry base oxidant solvent yield (%)b 

1 -- TBHP MeCN 0 

2 Na2CO3 TBHP MeCN 10 

3 K3PO4 TBHP MeCN 45 

4 K2CO3 TBHP MeCN 49 

5 Cs2CO3 TBHP MeCN 55 

6 Cs2CO3 DTBP MeCN 25 

7 Cs2CO3 TBHP PhH 32 

8 Cs2CO3 TBHP MeCN + PhH 70 

9 Cs2CO3 -- MeCN + PhH 0 

10 Cs2CO3 TBHP/BQc MeCN + PhH 75 (65)d 

11 Cs2CO3 TBHP/DDQc MeCN + PhH 54 

12 Cs2CO3 TBHP/chloranilc MeCN + PhH 63 

13e Cs2CO3 TBHP/BQc MeCN + PhH 63 

14f Cs2CO3 TBHP/BQc MeCN + PhH 54 

a Reaction conditions: 1a (0.2 mmol), 2a (1.0 mmol, 5 equiv), peroxide 

(1.4 mmol, 7 equiv), base (0.6 mmol, 3 equiv), solvent 3 mL, 95 oC, under N2 

for 12 h. b Isolated yield. c Oxidant (0.06 mmol, 30 mol %). d Under air. e 
TBHP (1.0 mmol, 5 equiv). f 2a (0.6 mmol, 3 equiv). 

 

To explore the substrate scopes of this protocol, this optimized 

reaction conditions were applied to a series of 2-isocyanobiaryl 

compounds and silanes as shown in Table 2. As expected, all 

substrates ran smoothly to give 6- silyl phenanthridines in moderate 

to good yields. The reaction was not sensitive to the electronic nature 

of the substituent on the cyclized phenyl ring or the phenyl ring 

bearing the isocyanide group. Various functional groups as methyl, 

methoxyl, fluoro, chloro, trifluoromethyl, acetyl, methoxy carbonyl, 

cyano, phenyl and tert-butyl were tolerated and the corresponding 6-

silyl phenanthridines were produced (3aa-3ra, Table 2). Notably, 

halogens were tolerable, which make the further functionalization 

possible. The regioselectivity of the cyclization process was 

investigated utilizing 2-isocyano-3'-methoxybiphenyl (1k), and the 

reaction afforded a mixture of two regioisomers (1 : 3.2) in 64% 

yield, which favored the more steric hindered form (3la, Table 2). To 

our delight, when triisopropyl silane and trihexyl silane were 

employed, the reaction also ran well to afford the desired products in 

moderate yields (3ab and 3ac, Table 2). 

Table 2. Substrate scopes of isonitriles and silanes.a 

3aa 75% 3ba 60% 3ca 70%

3ea 51% 3fa 57%

3ga 56%

3ma 72%
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a Reaction conditions: 1 (0.2 mmol), 2 (1.0 mmol, 5 equiv), TBHP (7 

equiv), Cs2CO3 (3 equiv), BQ (30 mol %), solvent (MeCN + PhH, 2 : 1), 3 

mL, under N2 at 95 oC for 12 h, isolated yield. b The ratio of isomers was 
determined by 1H NMR analysis of the isolated products. 

 

In order to understand the reaction mechanism of this sequential 

silylation and cyclization process, some reactions are carried out. 

Firstly, the intermolecular and intramolecular kinetic isotope effect 

was investigated, and no kinetic isotope effect (kH/kD = 1.0, 1.0, 

respectively, see ESI† for details) was observed (Scheme 2, eqs 1 

and 2), indicating the cleavage of arene C-H bond was not the rate-

determining step and either electrophilic aromatic substitution 

mechanism or free radical pathway is involved. Secondly, the 

reaction could be completely inhibited through adding 5 equivalents 

of TEMPO (Scheme 2, eq 3), which is in favor of the free radical 

mechanism. 

 

Scheme 2. Preliminary mechanism studies. 
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Scheme 3. The proposed mechanism. 
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Based on these experimental results, the proposed mechanism is 

illustrated in Scheme 3. Firstly, the thermal promoted cleavage of 

TBHP produces the tert-butoxy radical tBuO·, which abstracts the 

hydrogen from triethyl silane to form the triethyl silyl radical 4.12 

Then, the addition of 4 to isonitrile produces another radical 

intermediate 5. Subsequently, the intramolecular radical cyclization 

of intermediate 5 takes place to form the radical intermediate 6. 

Finally, with the assistant of tert-butoxy radical, 6-triethylsilyl 

phenanthridine is formed by aromatisation, along with one 

equivalent of tert-butanol (Scheme 3, Path A). The catalytic amount 

of benzoquinone (BQ) may assist the final step (6→3) in the 

procedure by accepting one electron. Alternatively, another pathway 

is possible. The single electron transferring (SET) between 
tBuO· and intermediate 5 takes place to form the cationic 

intermediate 7. Then, the aromatic electrophilic substitution (SEAr) 

produces intermediate 8. Finally, 3 is formed by loss of one proton 

(Scheme 3, Path B). At the current stage, none of these two pathways 

could be thoroughly ruled out. In the case of substrate with meta-

substitutent on the cyclized phenyl ring as 1k, the cyclization at the 

crowded position is preferred (3la, Table 2) which is due to the fact 

that resonance structure of radical intermediate A is more stable than 

that of B (Scheme 4).10f,13 

Scheme 4. Resonance structure of radical intermediate for substrate 

1k. 
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Conclusions 

In summary, we have demonstrated a novel approach to the 

synthesis of 6- silyl phenanthridines with 2-isocyanobiaryls and 

silanes promoted by TBHP. Various 6- silyl phenanthridines 

were obtained in moderate to good yields. The procedure 

involved C-C and C-Si bond formation through radical 

pathway. Indeed, this work represents a facile and 

straightforward protocol leading to 6- silyl phenanthridines. 
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