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During the past decade the addition of organotin hydrides across a
variety of unsaturated bonds has been described(1_3). The greater part
of these hydrostannation reactions proceeds in the absence of catalysts
under mild conditions(4_7). Free radical-generating speoies(8'1°) and

U.V.—irradiation(11’ 12)

accelerate the hydrostannation of olefinie,
acetylenic and carbonyl compounds. Recently zinc chloride has been
reported(g’ 10) to accelerate the hydrostannation of carbonyl deriva-
tives and azomethines.

Although the mechanistic aspects of these additions had not been
studied in detail, the hydrosiapnation reaction generally has been
regarded to proceed via a free radical mechanism(z’ 3). Whereas this
would be expected to hold true under free radical-generating conditions
(AIBN, UV-light), we have shown(13’ 14) quite recently that the
hydrostannation of the C=N bond of isocysnetes and of the C=S bond of
isothiocyanates proceeds via a polar mechanism, even in the presence of
AIBN.

Prom their mechanistic studies concerning the ﬁqdition of triethyl-

tin hydride to come terminal snd non-terminal olefins and to phenyl-
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acetylene, Neumann and Sommer(15) concluded that in the non-catalyzed
bhydrostannation of carbon-carbon double and triple bonds a free radical
mechanism is operstive. However, we recently presented(16) convincing
evidence thet the addition of trialkyltin hydrides to carbon-carbon
triple bonds can proceed via a polar mechanism (leading to the a-adducts)

88 well as via a free radical mechanism(leading to the p-adducts)s

b SnR
Ny
olar C=C// 3

H/ \R'
RBSnH + HC=(G-R'
groe . - BN, T isom. R3S“\C_c B
radical RBSﬁ/’ \\R' 7 \\Ru

These rasults induced us to study the nature of the hydrostannation ’
reaction of olefinic compounds more closely. The present paper reports
on the addition of tri-organotin hydrides to acrylomitrile.

The organotin hydrides were reacted with acrylonitrile at 50-75°
under nitrogen in an 131, 2:3 and 1312 ratio. As appeared from gas
chromatography in the greater part of the experiments two compounds are
formed, which have been identified by means of NMR speciroscopy and

elementary analysis as the a- and f-adducts:

CH
3
*
RBSnH + HZC=CH-CEN —_— R33n-CH-CEN + RBSn-Cﬁz-CH2-0=N
a P

Degradation o the a-adduct with bromine yielded a-bromo-propionitrile,

O,

which is—in accordance with the assigned stiructure

CH
3
]
RBSn-CH-CEN + Br, _— RBSnBr + CH3-CHBr-CEN
Until now the presence of g-adducts in the hydrostannation products

of oiefins hadl not been observed.
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In Table I the results of some experiments are summarized. In the
experimenis involving trialkyltin hydrides the a-adduct is always formed
in the absence of the free radical initiator AIBN. Obviously the latter

oﬁly catalyzes the formation of the p-adduct (Run nos. 7 and 10).

TABLE I

Hydrostannation of Acrylonitrile

Run Substit. Ratio Reaction Reaction Conversion Ratio
no. on Tin SnHiolefine temp., °C time, hrs. % asp

1 Me 111 50 41 > 80 25175
2 " 121 50 46 > 90 15285

3 n 213 50 23 ~ 80 15185

4 " 213 50 40 > 710 25575
5 " 213 50 46 ©~ 90 15:85%
6 Bt 213 5 4 ~100 80120

7 " 213 75 11/, ~100 01100
-8 w 213 .15 3 > 90 80:20%
9 " 213 75 7 ~100  70:30°
10 " 213 75 /s ~100 01100%®
11 " 112 60 14 ~100 70:30%
12 i-Pr 213 75 24 > 90 15385
13 n-Bu 233 5 8 > 90 30270
14 " 213 75 16 ~100 60140%
15 Ph 213 60 3 ~100 01100%

% With non-stabilized acrylonitrile

® 15 the presence of 2 mole % of AIBN

Experiments in polar and non-polar solvents, in which the rate of forma-

tior of the adducts has bee- followed by means of GLC, reveal a negligible
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solvent effect for the formation of the p-adduct, whereas the rate of
formation of the a¢-adduct increases with increasing polarity of the
solvent. Addition 6f AIBN enhances considerably the rate of formation
of the p-adduct, but not that of the a-adduct. The solvent effect makes
a four-centre type transition stato(18) in the formation of the a-adduct

less probable. In conclusion, it appears that in the formation of the

a-adduoct a polar mechaniem is operative, whereas the B-adduct is formed

via 8 free radical mechanism.
The rate of the polar reaction has been found to increase in the

sequence Ph3SnH < MQBSnH = i-PrySnH < g_-BuJSnH < Et3SnH. When the rate

of reaction is determined by sterical factors only, the sequence

PhySnH < i-Pr,SnH < p-Bu,SnH < Et,SnH < Me,

view of the low reactivity of trimethyltin hydride also inductive effects

SnH has to be expected. In

must play a part in the polar addition. Obviously, the rate of reaction
is decreased by bulky substituents and increased by electron-releasing
substituents on tin. Evdrostan.lna.tion of methyl acrylate under the same
conditions yielded exclusively the p-adduct. This implies that the polar
reaction is retarded if the cyano group is replaced by less electron-
withdrawing groups. These facts are in accordance with a mucleophilic

attack of the organotin hydride _Eg ogen on carbon as the rate-determining
step in the polar reaction. Similar results have been obtained in the

hydrostannation of electrophilic acetylenes“s) (Ph3SnH << HeBSnH <

Et,SnH = ﬁn3SnE), in which sterical effects gre expected to be less

(19),

3
important than in additions to ethylenes
Contrary to the above described results Neumann and Sommer“s) con-
cluded that the addition of triethyltin hydride to acrylonitrile proceeds
exclusively via a free radical mechanism. However, they only demonstrated
the catalytic activity of free radical sources, which proves that the

reaction can proceed via a free radical mechanism.
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It should be noted that, in view of the lower electrophilic character
of the carbon-carbon double bond as compared with the corresponding
triple bond and the greater reactivity of the first in free radical
reactions, hydrostannation of weakly electrophilic and nucleophilic
carbon-carbon double bonds preferentially will proceed via a free radical
mechanism.

These studies concerning the mechanistic aspecte of hydrostannation

reactions are being continued.
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