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CHEMISTRY OF ORGANODITINS. 1I.
STEREOCHEMISTRY OF DEHALOGENATION OF VICINAL DIHALIDES.
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In a previous paper we reported on the relative rates, stereochemistry and mechanism of
dehalogenation of vicinal dibromides by tri-n-butyltin hydmde.1 Only minor amounts of simple
reduction occurred, the dibromides were more reactive than simple monobromides, and anti-
elimination dominated 1n some cases. Furthermore the degree of stereoselectivity was found to
depend upon the concentration of tri-p-butyltin hydride, indicating that 1t can play a roie 1n
the product-determining step. Vicinal dichlorides or chlorobromides underwent simple reduction
as the major course of reaction. We report here preliminary results of a similar study using
hexabutyditin as the debrominating agent. Organoditins have been previously shown to react with
organic halides. The reactions may occur thermally at rather high temperatures,2 or may be

28 copner metal,> or by 1rradiation.?

catalyzed by peroxides,
We have observed that dehalogenation of vicinal dihalides, which has been reported to occur
thermally in the case of stilbene d1ha]1des,2c can be 1nmitiated by azobisisobutyronitrile, by
benzoyl peroxide, and photochemically. We chose the latter form of 1nitiation for this imitial
study on the mechanism because the reactions could be conducted at ambient temperature, and the
products were free of substances formed from initiator fragments. Simple dihalides such as
2,3-dibromo-{or chloro)-propanol and 1,2,3-trichloropropane underwent facile reaction when
irradiated 1n Pyrex with a medium pressure mercury vapor lamp with an equimolar amount of hexa-
n-butyltin (HBDT) (neat) as indicated by formation of yields of organotin halide ranging from
68% to 88%. No volatile three-carbon compounds could be observed by gipc This suggests that
the reaction products polymerized under the reaction conditions. On the other hand, when a
mixture of diastereomers of 2,3-dichlorobutane was photolyzed under similar conditions 88% of
the ditin appeared as tri-n-butyltin chloride, 40% of 2-butenes with a trans/cis ratio of 2/1.

In contrast with the reaction of this chloride with tri-n-butyltin hydr1de,] no 2-chlorgbutane
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was detected This result suggests the possibility of protecting double bonds 1n synthetic pro-
cedures by chlorination, followed by dechlorination by this reaction

n-Butane and 1-butene were found as products in all experiments Thelr formation in these
photochemically initiated reactions and of benzene when hexaphenylditin (H@DT) 1s used appears
to be general, and probably results, as suggested by Wilputte-Steinert and Na51e15k1,5 by frag-
mentation of the "hot" triorganotin radicals before reaction with halide into the organic radical
and di-n-butyltin or diphenyltin. Di-n-butyltin was found 1n the non-volatile portions of our
product mixtures,

Upon reaction of equimolar amounts of HBDT and meso-2,3-dibromobutane 39% of 2-butenes with
a trans/cis ration of 2.90 was detected. No 2-bromobutane was detected, The d1-dibromide
yielded 36% of the same mixture with a trans/cis ratio of 1.,12. Thus, some stereoselectivity 1is
shown 1n the reaction. Preliminary results of a more extensive study made with the diastereo-
meric 2,3~dibromo-4-methylipentanes are shown in the table It 15 evident that the reaction
shows stereoselectivity which increases with the 1nitial concentration of HBDT, with the trans/
cis rat1o 1n the product ranging from 0.85 from the threo-dibromide at the lowest HBDT/dibromide
concentration ratio to 7.50 from the erythro-dibromide with the highest HBDT/dibromide ratio
used. These results indicate a proclivity toward anti-elimination with increased ditin concen-
tration, and suggest participation by the ditin in the product-determining step of the elimina-
t1on.6 Monoolefins have been shown to undergo 1somerization during the course of debromination
of vicinal d1brom1des] and during the course of addition of organotin hydrides to olefins 7 Con-
sequently the degrees of stereoselectivity shown 1n the present work can be taken to be minimum
values 1n view of the apparent free radical nature of the mechanism involved. This 1s shown to
be the case for 3-methyl-2-butene. In a typical experiment the cis 1somer was irradiated in the
presence of tri-n-butyltin hydride under the conditions of the debromination experiments and was
1somerized to a mixture containing 30% of the trans 1somer.

Discussion of mechanism of the ditin induced dehalogenation 1s best deferred pending the
outcome of additional work. One possibility 1s a chain mechanism analogous to the proposed by

Hokom1 and Sakurai for the dehalogenation of ethylene dibromide by disilanes and d1germanes.7
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Table 1

Debromination of 2,3-d1ibromo-4-methylpentanes with Hexa-r_1_-buty'|d1t1na

ditin % consumption % y1eld olefin
1somer dibromide ditin dibromide trans cis
threo 1.00 65.7 100 38.7 45.4
1.90 48.4 100 27.1 62.4
3.73 37.5 100 25.9 72.6
0.91 86.8 81.0 78.3 16 1
1.56 60 4 91.8 79.8 13.7
321 49 2 100 83.7 85.1
4.89 389 100 85.1 11.3

3nduced by 1rradiation through Pyrex with medium pressure mercury vapor lamp.
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