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Abstract C&m radds add mtmmolecularly to acylstlanes at the carhonyl r&n followed by radtcal Brook 

rearrangement to give nlylatcd ~y~lopentanols or cyclohexanols in good yields 

The use of radical reactions in organic syntheses has been studted very intensively tn recent years;l 

however, the attentions are mostly centered on radical additions to carbon-carbon multtple bonds. Although 

them are some recent novel appbcattons about addmon of carbon radicals to carbonyls,z the research tn &us 

dtrectton 15 quote scarce. Kmetic studies revealed that radtcal additions to carbonyls are reverstble and the 

fragmentation rates are faster than the cychzatton rates (Scheme 1). 3 Thus it 1s not surprising that cycltzations 

of this type are most successful in some quote ngid systems & *e where Thorpe-lngold effect4 operates. Others 

elegantly mantpulated thts reversible phenomenon in nng enlargement proceu\ec.2d-g 

Scheme 1 

kt = 8.7 x 10s st (NE) kz = 1.0 x 106 s-1 (80°C) 

k_t = 4.7 x lo8 s-t (8O’C) k_2 = 1.1 x IO7 s-l (8O“C) 

We are also interested in mdical additions to carbonyls Conceptually, if one wishes to bhtft the 

equiltbnum towards the cyclization side one should destgn enher a system tn whtch the stabtlity of the alkoxy 

radical is enhanced or trap the alkoxy radical irreversibly as soon as it is formed. Acylsilanes appears to be 

excellent candidate along this line because stlyl group IS known to be able to stabilize radical &a+ 7 or pe to it 

(Scheme 2). The possibthty of an trreverstble radical Brook rearrangement8 1s also likely. In this 

communication we wish to report our mmal success tn thts directton. 

We fist prepared bromide 2a (79%) by alkylatlon of silyldnhiane l9 wnh 1 ,Cdibromobutane (Scheme 

3).tn Hydrolysis 11 of 2a gave the desired bromoacylstlane 3a tn 86% yield.12 Compounds such as 2a are 

not stable and we recommend to perform the hydrolysis step usmg the crude product as soon as tt 1s obtained. 

Slow addmon (6 h) of a solutton of tributyltin hydrtdc (1 3 equiv, 0.13 M) and catalyttc amount of 
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azob1sisobutyrommle (AIBN) in benzene to a solution of 3a 1n benzene (0.1 M) heated at 8oOC gave 

cyclopentyl trimcthylsllyl ether (4a) ti the only product by GC analysis and no straight reduction product was 

detected. However, since 4a was too volanle to be completely removed from benzene we directly treated the 

cyclization mxmre with a tetrahydrofuran soluuon of tetrabutylammomum fluoride, benzoyl chloride and 

tnethylamme to give the benzoate 13a in 68% 1sdanon yield. Similarly, hromoacylsilane 3b (64% from 1) 

also gave benzoate 13b (62%) under the same reaction con&ions. Thus, it 1s most likely that the rddical 

cychzation process occurred in an eye mode followed by a Brook rearrangement as expected (Scheme 2). We 

were not able to detect any product denved from cndn mode of cychzatlon 

It 1s well-known that 1n radical cycltzanon reactions stenc hindrance at the s.lte of attack decreases the 

cychzation rate la Therefore, it 1s interestmg to examme the effect of the stenc bulkiness of the sllyl group on 

the acylsilane cyclizatlon reactions Bromoacylsilane 7a (54%) was synthesized from 5 accordmgly. Under 

the bame cyclization condmon we were able to isolate the less volatile silyl ether 8a tn 80% yield. Again no 

other types of product were found. Even In the case of the cyclization of lla (73% from 9), sllyl ether 12a 

was the only product isolated (8 1%) Apparently the steric effect of the s~lyl group is mmimal at least for the 

~11~1 groups that we choose. 

Since chloroacylsilane such as 14 can be prepared in higher yield via alkylanon of 9 with 1-bromo-4- 

chlorobutane (92%) followed by hydrolysis (91%), we decided to see 1f this kind of chloro compound could be 

useful. As shown In equanon (l), under the same reaction conditions tnentioncd above we were able to isolate 

in 47% yield of the expected cychzatlon product 12a 1n addition to 3% of straight reducnon product 15, 13% 

of 16,30% of 17, and 6% of 18. u-Silyl alcohol 16 IS probably denved from tin hydride reduction of the 

Scheme 3 

a n=l b n=2 

1 C=M23S1 2 Z= Meg& 3 C=MegSl 

i 

4 r,=Me3Si 

5 C = ‘BuMezSi 6 C = lBuMe& 7 C= ‘BuMezSi d 8 Z = ‘BuMe2Si 

9 Z = PhzMeSl 10 C = PhzMeSi 11 C = PhZMeSi 12 Z = PhzMeSi 

13 Z-COPh 

(a) BuL1 (I equlv), THF; BrCHzCH2(CH2)nCH2Br (2 equiv) (b) HgO (2 equiv), BF3sOEt (2 eqmv), 

Celite, THF, Hz0 (c) BujSnH (1.3 equiv), AIBN (5 mol%), WH, SOT (d) BqNF (2.5 

equiv)nHF, PhCOCl (5 equlv), EtjN (4 equlv), 8OQZ 
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Table 1. Concentration study of the cyclization of acylsilane 1la.a 

Entry Concentration (M)b Time (h)c ~~ Ratio (cyclization,+ductron)d 

1 0.05 6 100/o 

2 0.2 2 100/O 

3e 0.5 1 100/O 

4f 0.2 0.5 90110 

aThe reaction was performed by slow addition of a solution of tributyltin hydride (1.3 equiv) and 

AIBN (5 mol%) in benzene to a solution of lla in benzene heated at 8oOC under nitrogen. bThe 

concentration is the final concentratton based on lla. The initial concentration of 1 la is double 

of this number. CThe time is the addition time of tributyltin hydride solution. ?Ihe ratios were 

determined by 1H NMR integration of the crude product eAn 80% isolation yield of the 

cyclization product 12a was obtained. fPerformed by direct mixing of lla, tributyltin hydride 

(1.3 equiv) and AIBN (5 mol%) in benzene and heated under nitrogen at 8oOC for 0.5 h. 

ZLtJ 

BusSnH (2 equiv, 
slow addition 6 h) 

AIBN (cat), ;hH 1 
12a + @q 1) 

14 80°C 47% 15 

Z = PhaMeSi 

carbonyLt3 Further reduction of 16 gives 17. The exact origin of silyl ether 18 is not certain at this point 

and requires more detailed mvestigations. 14 Thus it is revealed in this experiment that the rate of reduction of 

the acylsilane moiety by tributyltin hydride was comparable with that of the chlorides. This certainly imposes 

some limitations for this kind of cyclizations. 

In order to see how efficient this type of cyclization is, we conducted a concentration study. As shown in 

Table 1, even direct heating of lla and tributyltin hydride in benzene gave mostly the cyclization product (entry 

4). In fact the cyclization reaction can be performed very practically by slow addition of tributyltin hydride over 

a relatively short period of time with a rather concentrated solution (entry 3). 

In summary, the previously unnoticed radical chemistry of acylsilanes5 has been examined. Our 

experiments indicate that acylsilanes are excellent radical acceptors. This methodology constitutes a novel entry 

for the synthesis of molecules with cyclopentanol or cyclohexanol skeleton under neutral condition. 
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