
Telrahemon Letters. Vol. 34, No. 49, pp. 7819-7822.1993 
Rmted m Great Britmn 

0040-4039/93 $6.00 + .O 
Pcrgamon Press Ltd 

BIS(TRI-/I-BUTYLSTANNYL)BENZOPlNACOLATE: PREPARATION AND USE AS A 

MEDIATOR OF INTERMOLECULAR FREE RADICAL REACTIONS 

David J. Hart’, Ramanarayanan Knshnamurthy, Lori M Pook, and Franklin L. Seely 

Department of Chemistry, The Ohio State Unrversrty, 120 W 18th Ave., Columbus, Ohto 43210 

Abstract: Bts(tn-n-butylstannyl)benzopmacolate (2) serves as a thermal source of tri-n-butylstannyl 

radicals and mediates intermolecular couplrng of selected alkyl halides to 0-benzylformaldoxrme and 

electron deficient olefrns A free radtcal non-chain mechanism is proposed for these reactrons. 

The development of mtermolecular carbon-carbon bond-forming free radical addition reactions for use in organic 

synthesis has been the objective of numerous studies during the past decade 1 s2 Many of these studies revolve around 

the use of tnalkyltin radicals to mediate coupling of organic substrates to carbon-carbon and carbon-heteroatom X- 

bonds 3,4.5 Although tin hydride methodology can be used to accomplish such transformations, reduction of the rnitrally 

generated radical IS often a problem and a large excess of the unsaturated reactant must frequently be used to achieve 

acceptable yields In an attempt to eliminate the competition between addition and reduction, hydride free sources of 

tnalkyltin radicals have been investigated in several laboratones. 6s7 We recently described the use of bis(tnmethylstannyl)- 

benzoprnacolate (1). a thermal source of tnmethylstannyl radicals developed by Neumann, to mediate coupling of alkyl 

halides and selenrdes to 0-benzylformaldoxtme. &lo Due to the expense and toxrcity of tnmethylstannyl denvabves,ft we 

now describe the preparatron of bis(tri-n-butylstannyI)benzopmacolate (2) its characterization as a thermal source of tn-n- 

butylstannyl radtcals, and its use as a mediator of several rntermolecular free radical reactions 
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1 R = MesSn 3 
2 R = n-BusSn 

Preparation and Properties of 2: To a suspension of 122 mg (0 33 mmol) of benzopinacol tn 1 mL of benzene 

cooled in an ice bath under argon was added 223 mg (0 86 mmol) of tri-rrbutylstannyldimethylamine12 dropwrse vra syringe 

over a 2 min period The solution was stirred for 5 min at one atmosphere, for 30 mm with coolrng In the ce bath at 1-2 torr, 

and at room temperature for an addRional2 h at l-2 ton. to afford 284 mg (93%) of 2 as a pale yellow wax 1 H NMR (CDCls) 8 

1.0-I .2 (m, 30H, CH3 and CH2Sn), 1 5-2.0 (m, CH2 manifold), 7 55 (m, 12H, ArH). 7 6 (m, 8H, ArH); 13C NMR (CDCla) 8 

14 02 (q), 16 56 (1. &,.c = 184 Hz), 27 50 (t, &n-c = 34 Hz), 28 45 (t), 88 07 (s), 125.48 (d), 125 96 (d), 130 88 (d), 150 85 

(s), tlgSn NMR (CDCl3) 6 72.82 (s). 13s14 The thermal behavior of 2 parallels that of 1 in terms of both UV and ESR 
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spectroscopy 8916 For example, warmlng a benzene solutlon of 2 from 26OC to 60°C and back results In growth and 

disappearance of an absorption at 560 nm, attributed to an Increase and decrease in the concentration of radical 3 Slmllar 

expenments also lead to the reversible growth and disappearance of an ESR slgnal that IS clearly due to 3 

Intermolecular Reactions Mediated by 2: Bis(tri-n-butylstannyl)benzopmacolate (2) mediates the addition of 

alkyl halides lo 0-benzylformaldoxtme (4) and selected electron deficient olefins (6) as summarized in Tables 1 and 2 

Procedure: A solution of cyclohexyl iodide (2 38 mmol), ethyl acrylate (3 57 mmol) and 2 (2 38 mmol) in 5 mL of benzene 

was warmed at 80°C for 8 h The mixture was cooled to room temperature, stirred with 5 mL of saturated potassium fluoride 

for 1 h, and partitioned between 25 mL of ether and 25 mL of water The organic layer was dried (MgSOd), concentrated, 

and the residue was purified by chromatography over silica gel to give 283 mg (64%) of conlugate adduct 7 

Table 1: Coupling of Alkyl Halldes wlth 0-Benzylformaldoxlme Mediated by 2 
1 PhH.2.A 

R-X + H,C=NOCH,Ph e R -CH,NHCCH,Ph 

4 2 KF, H$ 5 

DXa Addition Product (5) 

DCeH11-l (1 5) c-C6H, ,-CH2NHOCH2Ph 

CHs(CHz)+ (3 0) CHs(CH2)j-CH2NHOCH2Ph 

t-C4Hg-I (3 0) f-C4Hg-CH2NHOCH2Ph 

Ph-I (1 5) Ph-CH2NHOCH2Ph 

Isolated Yieldb 

62% 

61% 

75% 

52% 

OAc OAc 

(a) All reactions were conducted In PhH at 80°C using a 1 1 molar ratio of alkyl halide and 2 The initial concentration 

of alkyl iodide was about 0 3 M All reactions were subjected to an aqueous KF workup The number in parentheses 

refers to equivalents of 4 relative to alkyl halide (b) Coupling products related to 9-11 were minor products (5-10%) 

in all reactions 

Table 2: Coupling of Cyclohexyl lodlde with Oleflns Mediated by 2 

u 

1 PhH, 2.A 

1 + RCH=CH(R)EWG CH(R)CH(R)EWG 

2 KF, 
6 Hz0 7 

Olefin (6)’ 

CH2=CHC02E1 (1 5) 

Addition Product (7) 

CyCH2CH2COzEt 

Isolated Yleldb 

64% 

CH2=C(Me)C02Et (1 5) 

tran.+MeCH=CHCO2Me (10 0) 

frans-MeCH=CHCN (3 0) 

CyCH2CH(Me)C02E1 

CyCH(Me)CHzCO2Me 

CyCH(Me)CH$N 

78% 

85%’ 

54% 
J 

(a) All reactions were conducted In PhH at 80°C using a 1 1 molar ratio of cyclohexyl Iodide <and 2 The initial con- 

centration of cyclohexyl Iodide was about 0 3 M All reaction6 were subjected to an aqueous KF workup The num- 

ber in parentheses refers to equivalents of olefin relatwe to cyclohexyl Iodide (b) Compound6 9 (up to 10%) and 

10 + 11 (up lo 5%) were side products in all reactions (c) Use of 1 5 equivalents of olefin gave 30% of the adduci 
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Several attempted confugate additrons met wrth failure For example, attempts to couple cyclohexyl Iodide with 2- 

cyclohexen-l-one and diethyl fumarate gave 8 and drethyl succmate In 45% and 72% yrelds, respectrvely 1s The rodrde 

was merely a spectator in these reactions Another complication in all reactions involving cyclohexyl iodide was the 

formatron of minor amounts of 9, 10. and 11 These products were presumably formed by coupling of cyclohexyl radicals 

wrth 3 (vrde infra), an annoyance comparable to reductron problems assocrated with tin hydride mediated reactrons t7 We 

also note that separation of benzophenone from product IS tedrous for most of the reactions shown In Tables 1 and 2 

Mechanistic Studies. The reactions presented in Tables 1 and 2 can be rationalized by a mechanism that 

mvolves (1) generation of tn-rrbutylstannyl radicals and benzophenone by fragmentation of 2, (2) generahon of alkyl 

radicals from the tn-rrbutylstannyl radicals and alkyl halide substrates, (3) addttron of the alkyl radrcals to erther 4 or 8, and 

(4) a series of events that eventually deposit a hydrogen atom on either mtrogen (4 + 5) or carbon (6 + 7) Some 

experiments that support this speculation are presented here Treatment of ally1 methacrylate with 2 gave 12 In 54% yreld 

Thrs experiment suggests that tn-n-butylstannyl radicals are generated upon thermolysrs of 2 Treatment of cyclohexyl 

iodide with 2 in the absence of 4 or 6 gave 9 (42%) 10 (13%) 11 (2%) and tn-n-butylstannyl iodide (detected by ttsSn 

NMR) Treatment of cyclohexyl iodide with 2 tn the presence of styrene (10 equivalents) gave 13 (55%) and a trace of 14 

(5% when 2 equivalents of styrene were used) These experiments suggest reactrons between 3 and transient radrcals 

might be the events that lead to products Heating ally1 methacrylate (1 5 equivalents) with cyclohexyl rodrde and 2 for 12 h 

gave 1’5 (6oY;j and T6 [7%j Aaoiiion of litriium bromiae aifer the Inliiar heaimg penod’, gave 16 e-r 75% yiela 7s; 73 These 

results suggest intermediacy of a tin enolate which undergoes a lithium bromrde promoted Ireland-Clarsen rearrangement 20 

We can only speculate about the origrn of an enolate such as 17, but suggest two possrbrkhes consistent wrth the 

aformentioned observattons Radical-radical coupling between presumed mtermedrate radrcal 18 and 3 might give a p- 

stannyloxy ester A retroaldol condensation would afford 17 and benzophenone 21 As an alternative, radical 18 might react 

with 3 to drrectly afford 17 and benzophenone in the equivalent of a drsproportionahon reactron 22 These suggestrons 

await experimental scrutmy We note that the proposal set forth here involves a free radtcal non-charn mechanrsm, the 

success of which depends on the presence of a persrstent radical (3) as one of the reacttve intermediates 23 

COPh 

pgo ph&ph 8 8__ _)” &; p 

8 9 10 11 12 R = n-BusSn 13 R = cyclohexyl 16 
15 R = cyclohexyl 14 R = n-BusSn 

In conclusion, a new thermal source of tn-n-butylstannyl radrcals has been developed and used to medrate several 

intermolecular free radical addrtron reactions 24 
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