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Acylsilane is an useful functional group which has gained more and more attentions.l Recently, we 

reported radical cyclizations of acylsilanes 1 (scheme I). 2a The key step of this process involves a radical Brook 

rearrangement 2,3 of the initially formed ~-silyl alkoxy radicals 2 to give silyloxy substituted radicals 3. 

Hydrogen atom abstraction of 3 then affords cycloalkyl silyl ethers 4. However, with suitable design, radicals 

of the type 3 can be employed to construct carbon-carbon bond through intermolecular processes 2b or 

intramolecular tandem cyclizations. 2c In this communication, we report the intramolecular transfer of 

substituent from silicon to carbon through tandem radical cyclizations. 
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As shown in scheme ]], silylation of 1,3-dithiane with allylchlorodimethy]silane or (~-butenyl)chloro- 

dimethylsJlane gave the corresponding 2-sJly]-1,3-dithianes 5a (83%) and 5h (64%). Alkylation of 5a or 5h 

with ],4-dibromobutane or ],5-dibromopentane followed by hydrolysis of the dithiane moiety with ceric 

ammonium nitrate (CAN) 4 or iodobenzene bis(trifluoroacetate) 5 gave bromo acylsilanes 6a-6d in mild yields. 

When 6a was treated with tributyltin hydride in refluxing benzene (scheme Ill), a mixture of 7a-9a was 

obtained. Since these silyl ethers were volatile and difficult to isolate, we directly treated the crude product 

mixture under Tamao oxidation condition 6 to afford diols 10a (21%) and 1 l a  7 (40%). The isolalion of 10a 

indicated the formation of 8a in the radical cyclization step. The origin of l l a  should be the spiral silyl ether 

9a. Analysis of the crude cyclization mixture by GC 8 showed three peaks with a ratio of 1:3:9. Coinjection of 

authentic 7a indicated that this monocyclic product was the minor component. Since silyl ether 7a was only 

present in small quantity, we were not able to isolate the corresponding cyclopentanol after the oxidative 

hydrolysis step. From the relative amounts of the diols isolated, we believed that silyl ether 9a should 

correspond to the major component observed in our GC analysis. 
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Scheme II 
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Reagents and conditions: (a) BuLi, THF, -78 °C; (b) CH2=CHCH2SiMe2CI or CH2=CH(CH2)2SiMe2CI; 
(c) Br(CH2)4Br (2 equiv) or Br(CH2)sBr (2 equiv), -20 °C; (d) CAN (4.1 equiv), MeOH, CH2CI 2 for 6a; 
(CF3COO)21Ph (1.7 equiv), NaHCO3 (7 equiv), CH3CN, H20, -20 °C for 6b-6d. 

Mechanistically, the cyclization involved the generation of radical 12a which cyclized to give alkoxy 

radical 13a. Radical Brook rearrangement 2,3 of 13a afforded 14a. Direct hydrogen atom abstraction of 14a 

from tributyltin hydride gave 7a. 5-Exo-trig and 6-endo-trig cyclization of 14a led to 8a and 9a, respectively. 

It is well-known that T-silicon substituted radical undergoes 6-endo-trig cyclization preferentially. 9a-9c Our 

results are in coherence with this trend. 

Radical cyclization of 6b followed by oxidative hydrolysis gave 25% of 10h and 55% of l ib .  Again, the 

endo-cyclization product prevailed. Analysis by GC 8 showed the presence of four peaks with ratio of 1:5:13:1 

corresponding to 7b, 8b, 9b, and 15, respectively. The presence of the uncyclized product 15 was confirmed 

by coinjection of an authentic sample. 1° Homoallyl substituted silanes 6c and 6d cyclized in much better 

regioselectivity in favor of 7-endo-trig over 6-exo-trig. 9d From 6c, we isolated diol 16a (67%) and 17a (3%) 

after oxidative hydrolysis. Analysis of the crude cyclization mixture by GC 8 showed 18a:19a:20a = 4:24:1. 

Similarly, Diol 16b was obtained from 6d in 79% yield. We did not observe the presence of 20b by GC. 

However, monocyclic 18h and uncyclized 21 were present in 10% and 9%, respectively, by GC analysis. 8 

This methodology also worked nicely in a triple cyclization cascade. Dithiane 23 prepared from alkyne 22 

(47%) was converted to acylsilane 24 (65%) as shown in scheme IV. Radical cyclization of 24 with tributyltin 

hydride in refluxing benzene gave two isomeric tricyclic products 25a (24%) and 25b (8%). Treatment of 25a 

and 25b independently under oxidative hydrolysis condition afforded the same ketone diol 27 in 60% and 56% 

Bu3SnH 
6a (1.3equiv) 
o r  l,, 

6b AIBN (cat) 
PhH, 80 °C 

Bu3Sn. 
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yield, respectively. These experiments confirmed that 25a and 25b were Z, E isomers in respect to the carbon- 

carbon double bond. 11 In addition to the tricyclic products, we have also isolated 5% of a desilylated bicyclic 

alcohol 2612 and 23% of uncyclized straight reduction product. The relative stereochemistry of the indane 

nucleus in 25 was assigned based on our previous results 3d and other similar systems 12,14 that the first two 

cyclizations preferred to give radical 28. Furthermore,13C NMR of 2613 showed that C3a appeared at 8 81.0. 

While in the endo-methyl isomer of 26,12b C3a appeared at 5 78.2. Compared with these values, C3a of 27 

appeared at 8 77.2. This number correlates well with the endo-isomer of 26. 

When the cyclization reaction of 24 with tributyltin hydride was performed at room temperature using 

triethylborane-air for initiation, 15 much better yields of 25a (42%) and 25b (9%) were obtained. It was noted 

that the cyclization of 28 provided a rare example of e-silicon substituted radical cyclized in a 6-exo-dig fashion. 

In summary, radical cyclizations of acylsilanes with alkene or alkyne functionalities attached on silicon 
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Reagents and conditions: (a) BuLi, THF, 0 °C; (b) Me2SiCI2 (4 equiv), 0 °C; (c) 1,3-dithiane, BuM, 0 °C; (d) MeOH, 
TsOH (cat); (e) 5,9-dibromononene (1.2 equiv), LDA (2.4 equiv), THF, -78 °C; (f) CAN (2.5 equiv), NaHCO3 (6 
equiv), CH3CN, CH2CI 2, 1-120, -50 °C; (g) Bu3SnH (1.2 equiv), AIBN (cat), Phil, 80 °C; (h) Bu3SnH (1.2 equiv), 
Et3B/hexane (1.0 M, 2 equiv), dry air, Phil, rt; (i) H202 (10 equiv), KHCO3 (3 equiv), KF (3 equiv), MeOH, THF. 
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underwent tandem cyclizations to generate cyclic silyl ethers. Oxidative hydrolysis of these silyl ethers resulted 

in a net transfer of the substituent from silicon of the acylsilanes to carbon. 
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