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this is in accord with the wide range of variation observed for the 
estimated noc* values. 
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Pivotal to many studies of possible SH mechanisms at saturated 
carbon’ have been reactions involving 1,3-ring closure2 or cleav- 
age.3 Remotely functionalized organometallics, particularly 
~ r g a n o t i n s , ~  have been shown to undergo facile, stereospecific 
(inversion),s heterolytic 1,3-ring closures; however the scope and 
mechanisms of the analogous homolytic 1,3-elimination reactions 
are much less clear. Kaplan and Drury6 reported that cyclo- 
propane is formed quantitatively by the Ph,SiH-initiated reaction 
of y-haloorganotins: 

3% PhGiH 
Ph3SnCH2CH2CH2Cl - C3H6 + Ph3SnC1 

In such cases a dichotomy exists in which bimolecular homolytic 
substitution (SH2) at either the metal or the halogen (depending 
upon the chain carrier) leads to possible cyclopropane-precursor 
radicals: 

M-CH2CH2CH2-X -% M-X + CH2CH2CH2X - 
M-CH2CH2CH2-X -% M-X + M-CH2CH2CH2 - 
In this work we demonstrate that not only are sH2 reactions at 
tin competitive with remote atom-abstraction reactions but that 
y- and e-trimethyltin-substituted alkyl radicals undergo 1,3- and 
1,5-ring closures (SHi) efficiently. 

The reaction of trimethyl(3-methoxypropy1)tin’ (l), with a 
variety of photochemically generated H abstractors (Ph2CO/hv; 

C3Hs + X. (2) 

C3H6 + M. (3) 
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(3) (a) Maynes, G. G.; Applequist, D. E. J .  Am. Chem. Soc. 1973,95,856. 
(b) Hoffman, J. M.; Graham, K. J.; Rowell, C. F. J.  Org. Chem. 1975, 40, 
3005. (c) Shea, K. J.; Skell, P. S. J.  Am. Chem. SOC. 1973, 95, 6728. 

(4) (a) Davis, D. D.; Chambers, R. L.; Johnson, H. T. J .  Orgunomef. 
Chem. 1970,25, C13. Davis, D. D.; Black R. D. H. Ibid. 1974,82, C30. (b) 
Kuivila, H. G.; Scarpa, N. M. J.  Am. Chem. SOC. 1970, 92, 6990. McWil- 
liam, D. C.; Balasubramanian, T. R.; Kuivila, H. G. Ibid. 1978, 100,6407. 
(c) Peterson, D. J.; Robbins, M. D.; Hansen, J. R. J. Orgunomer. Chem. 1974, 
73, 237. 

( 5 )  Davis, D. D.; Johnson, H. T. J .  Am. Chem. SOC. 1974, 96, 7576. 
(6) Kaplan, L.; Drury, R. Abstract 5.19, Joint Meeting of the Chemical 

Society and the Royal Institute of Chemistry, Edinburgh, 1970. Kaplan, L., 
private communication. 

(7) Prepared by the addition of MeJSnH to allyl methyl ether; 2 and 5 are 
prepared by addition of Me,SnH to the I-alkenois. The physical and spectral 
properties of these compounds are consistent with previously reported val- 
l l P P  4 0  __”. 

(8) Newman, W. P.; Schroeder, B.; Ziebarth, M. Liebigs Ann. Chem. 
1975, 2279. 

0002-7863/8l/l503-7653$01.25/0 

Table I. Reaction of Trimethyl(3-methoxypropy1)tin 
with H Abstractorsa 

5% con- re1 product distribution 

H abstractor versionb MPEC CPMEd THFe 

Ph,CO/hvf 48 1.0 1.1 1.0 
Ph,CO/hv 33 1.0 0.33 >0.08 
PhCOMelhv 49 1.0 0.21 0.30 
(t-BuO),/hv 43g 1.0 0.88 0.65 
FeCl,/hvh 31 1.0 0.5 >0.05 

a In degassed benzene at 0.67 M, 22 “C, 72 h, 200-W medium 
pressure Hg arc. By difference from recovered 1. Mass 
balances for other products exceed 70%. MPE = methyl 
propyl ether. CPME = cyclopropyl methyl ether. e THF = 
tetrahydrofuran. f [Ph,CO] = 0.67 M, [ l ]  = 0.22 M. Me,Sn, 
and benzopinacol isolated and identified by NMR spectroscopy 
and mixed melting point, respectively. Yields >85% in both cases, 
corrected for conversion. 48 h. Reference 21. 

(t-BuO),/hv; FeC13/hv; PhCOMelhv) in benzene at 22 “ C  leads 
to the formation of cyclopropyl methyl ether, tetrahydrofuran, 
and methyl propyl ether (Table I). The reaction sequence shown 
in eq 4-12 accounts for the observed products in terms of com- 
petitive H-abstraction reaction (eq 4 and 5) and carbon-tin 
cleavage (eq 6) followed by product-forming steps. The detailed 
mechanism of eq 6 ,  in particular, could involve either direct 
substitution or an initial electron transfer to the ketone triplet, 
followed by collapse of an organotin cation-ketyl anion radical 
pair to the intermediates shown. In either case, the net result is 
a bimolecular radical-induced cleavage of the carbon-tin which 
we refer to herein as an sH2 reaction. The similar yields of acyclic 

1 t PhzCO*(T )  - Me3SnCHzCHzCH26CHz t Ph260H (4) 

1 t PhZCO*(T )  - Me3SnCH2CH2EHOCH3 t P h p t O H  (5) 

1 t PhZCO(T) *  - 6HzCH2CHzOCH3 t PhzEOSnMe3 ( 6 )  

l a  

l b  

IC 

l b  - [)-octi3 t Me3Sn-  (7) 

IC + S O I V H  ( o r  1 ) - C H ~ C H Z C H ~ O C H S  t SOIV. (or l a , l b )  (9) 

Me3SnOCPhp Me3Sn- t PhzCO ( r e f  8 )  (10) 

2Me3Sn.  - (Me3Sn)z  (11) 

2 P h t O H  - (Ph2COH)Z (12) 

and cyclic ethers suggest that the intermolecular substitution 
reaction at  tin and H abstraction from the ether a carbons of 1 
are competitive and that subsequent 1,3- or 1,5-ring closure re- 
actions occur with similar facility. The relative yields of cyclo- 
propyl methyl ether and tetrahydrofuran may reflect the greater 
reactivity of methylene vs. methyl hydrogens toward abstraction 
and/or the greater reactivity of tetrahydrofuran toward subsequent 
reactions. Under these conditions neither 1, 2, nor 5 give rise to 
detectable amounts of methyl radical products (methane or di- 
methylorganotins). This is the only reported homolytic 1,5-ring 
closure reaction of organotin compounds and shows some analogy 
to the heterolytic reactions of ~ r g a n o t i n s . ~ ~  

Reports on the mechanism of trichloromethyl abstractions from 
2-(trimethyl~tannyl)butane,~ the rate constant for tert-butoxy 
abstraction from the a position of tetraethyltin,*O the absolute rate 
constants for benzophenone triplet and tert-butoxy abstractions 

(9) Stark, T. J.; Nelson, N. T.; Jensen, F. R. J .  Org. Chem. 1980, 45,420. 
(10) (a) Davies, A. G.; Scaiano, J. C. J. Orgunomef. Chem. 1972,39, C55. 
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A. G. In ‘Organotin Compounds: New Chemistry and Applications”; 
Zuckerman, J. S., Ed.; American Chemical Society: Washington, DC, 1976; 
Adv. Chem. Ser. No. 157, pp 26-40 and references therein. 
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from tert-butyl methyl ether," and thermochemical data on 
stabilities of a-silyl radicals12 are generally consistent with a greater 
ease of abstraction a to the ether linkage. The competitive 
substitution observed here is unusual in that the tert-butoxy 
radical/tetraethyltin reactionlo gave no evidence of ethyl dis- 
placement and only a trace of methyl-radical products was ob- 
served in the trichloromethyl/2-(trimethylstannyl)butane system? 
The relatively facile displacement on 1 may suggest a strong steric 
influence on the course of these  substitution^.'^ 

That 1,3-ring closure is a general reaction of y-organotin 
radicals is demonstrated by the benzophenone-induced photo- 
oxidation/de~arbonylation'~ sequence shown by trimethyl(4- 
hydroxybuty1)tin (2). Chromatographic analysis of a reaction 

benzene 
M e 3 S n ( C H 2 ) 4 0 H  + P h 2 C O * ( T l  - 

3 

- Me3Sn(CH2);  t CO t P h 2 d O H  (14) 
4 

4- A + Me3Sn*  (15) 
2 M e 3 S n -  - ( M e 3 S n ) 2  (11) 

2 P h e O H  - (Ph2COH)2 (12) 

mixture of 2 and benzophenone at  varying conversions clearly 
shows the buildup of 3 as a precursor of the ultimate products 
of cyclopropane and CO. The photooxidation of trimethyl(3- 
hydroxypropy1)tin (5) also shows the initial conversion to the 
aldehyde, trimethyl(3-oxopropy1)tin (6) ,  and the subsequent de- 
carbonylation of 6 to ethylene and CO. Hexamethylditin and 
benzopinacol are formed in both photooxidation/decarbonylation 
sequences in benzene; however, if the reaction is carried out carbon 
tetrachloride, trimethyltin chloride is the organotin product. 
Ethylene arises from the facile elimination of Me& from the 
(@-trimethyltin) ethyl radical15 formed by decarbonylation of 6.  
Since the w-trimethyltin-substituted aldehydesI6 are readily 
available and easily decarbonylated, this reaction may offer a 
general route to (w-trimethyltin) alkyl radicals. Interestingly, the 
benzophenone-induced photooxidation of 5 gave propanal as a 
major product, but 2 showed no butanal! Propanal could arise 
by an SH2 reaction of ketone triplet on 5 (or 6)  but since the 
expected analogous reaction toward 2 (or 3) did not occur, the 
more likely source of propanal is the 1,3-ring closure of the in- 
termediate radical, Me3SnCH2CH2CHOH, to cyclopropanol. Not 
surprisingly, cyclopropanol was not detected since it undergoes 
a rapid ketone triplet induced ring opening to form pr0pana1.l~ 
Thus the formation of propanal from 2 but not butanal from 5 
suggests that. 1,3-ring closures of the  radical  
Me3SnCH2CH2CHOH to yield cyclopropanol and eventually 
propanal a re  much faster the 1,4-ring closure of 
Me3SnCH2CH2CH2CHOH. 

The lack of strong evidence for the generality of radical adducts 
of group 4 organometallics10f as compared to the corresponding 
group 3 or 5 elements,18 the expected large ring strain in stan- 

(1 1) (a) Paul, H.; Small, R. D., Jr.; Scaiano, J. C. J. Am. Chem. Soc. 1978, 
100,4520. (b) Wong, S. K. Ibid. 1979, 101, 1235. 

(12) Doncaster, A. M.; Walsh, R. J.  Chem. Soc., Faraday Trans. 1 1976, 
72, 2908. 

(13) The SH2 displacement at Me3SnR by ketone triplets provides addi- 
tional detail to the "energy transfer" mechanism proposed for the direct 
photocleavage of Me3Sn(CH,)nCOCH, reported in: Kuivila, H. G.; Maxfield, 
P. L.; Tsai, K.-H.; Dixon, J. E. J .  Am. Chem. SOC. 1976, 98, 104. Kuivila, 
H. G.; Tsai, K.-H.; Maxfield, P. L. Ibid. 1970, 92, 6696. 

(14) Berman, J. D.; Stanley, J. H.; Sherman, W. V.; Cohen, S.  G. J .  Am. 
Chem. SOC. 1963,85,4010. 

(15) Nugent, W. A.; Kwhi, J. K. J .  Organomet. Chem. 1977,124, 371. 
(16) Kuivila, H. G.; Dixon, J. E.; Maxfield, P. L.; Scarpa, N. M.; Topka, 
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95, 477. 
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5 t Ph2CO'(T) - Me3SnCHzCHz;HOH t Ph2EOH (16) 

5a 

5a t PhZCO - 6 t P h Z t O H  (17) 

5a t - F O H  t Me3Sn* (18) 

0 
II 

6 + Ph2CO*(Tl  - Me3SnCH2CH2C- - 
6a 

Me3SnCH2EH2 + CO (20) 

6b 
6b - Me3Sn. t CH2=CH2 (21) 

2Me3Sn-  - (Me3 Sn 12 (11) 
2 P h C O H  - (Ph2COH )2 (12) 

nacyclob~tanes, '~ the strain-accelerated ring-opening reactions 
of stannacyclopentanes?O the facile 1,3- and 1,S-ring closures, and 
the apparent lack of 1,Cring closure suggest that these reactions 
are occurring through 3- or 5-membered cyclic transition states 
involving homolytic substitution at  the carbon atom in the car- 
bon-metal bond. 

(19) Damrauer, R. Organomet. Chem. Rev., Sect. A 1972,8,61. Yoder, 
C. H.; Zuckerman, J. J. Prep. Inorg. React. 1971, 6, 81. Pant, B. C. J .  
Organomet. Chem. 1974,615, 321. 

(20) Davies, A. G.; Parry, G. R.; Roberts, B. P.; Tse, M.-W. J. Organomet. 
Chem. 1976, 110, C33. 

(21) Possible ionic contributions for the Fe(II1)-promoted reactions are 
detailed in: Walling, C.; Humphreys, R. W. R. J. Org. Chem. 1981,46, 1260. 
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Hydrogen peroxide treatment of peroxidases and catalase 
produces an enzymic intermediate, called compound I, which is 
oxidized by 2 equiv above the ferriheme resting Recently 
we employed electron nuclear double reasonance (ENDOR)4 to 
prove that one oxidizing equivalent of horseradish peroxidase 
compound I (HRPI) exists as the porphyrin *-cation r a d i ~ a l , ~  as 
pr~posed .~  We now report the observation of 1 7 0  ENDOR from 
HRPI prepared with H2I7O2. This result proves that one oxygen 
atom from the oxidant remains with the intermediate and therefore 
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