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Diallyltin dibromide was prepared by the reaction of allyl bromide with tin powder in boiling toluene. The catalytic effect
of mercuric chloride and some organic bases on this reaction was examined and optimum conditions for preparatioq were
determined. Allylic rearrangements in this reaction were investigated. The same reaction in boiling water or butanol yielded

propylene.

In the previous paper! a direct preparation of di-
or tribenzyltin chloride using toluene or water
as a reaction medium, respectively, was reported.
This reaction is considered to be of a radical na-
ture.“? In view of their similar behavior as radical
sources, allyl halides were expected to react with
tin in somewhat the same way,® if the high tempera-
tures necessary for the initiation of the reaction
could be reached.! When a solution of allyl bromide
in toluene was refluxed for ten hours in the presence
of tin powder diallyltin dibromide was obtained in
a 149 yield. Addition of mercuric chloride acceler-
ated this reaction to give the tin compound in 2 449,
yield. Search for a suitable catalyst led to the dis-
covery that amines such as pyridine, triethylamine,
dimethylaniline, or morpholine increased the yield
of diallyltin dibromide to about 709,. Triphenyl-
phosphine and -arsine also showed slight activities.
Presumably mercuric chloride activated the tin
powder by amalgamation, while the amines aided
polarization of the carbon-bromine bond of allyl
bromide so as to facilitate radical formation by the
tin metal,

Triethanolamine did not act as a catalyst but
inhibited the reaction. Sodium methoxide also in-
hibited the reaction.

Although the simultaneous addition of both
mercuric chloride and an amine in toluene formed a
curdy precipitate consisting of the addition com-
plex,* which showed no catalytic effect, preliminary
treatment of tin powder with mercuric chloride in
boiling toluene followed by addition of triethyl-
amine led to the production of the allyltin com-
pound in a yield of 81.79.

Presence of water in the reaction medium in-
fluenced the results due to the ready hydrolyza-
bility of allyltin compounds. Under absolutely
anhydrous conditions, in the absence of catalyst,
the reaction gave the product in a 29 yield, whereas
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use of moistened tin powder! gave a yield of 14%.
In a reaction catalyzed by mercuric chloride and
triethylamine anhydrous toluene as a solvent fur-
nished an 81.79, yield, while use of toluene satu-
rated with water afforded only a 449 yield.

Recovered tin powder from these preparations
could not be used again in another run, for it was
always contaminated with a yellow gum which
could not be removed by extraction with any sol-
vent. This was probably formed by oxidation of an
insoluble allyltin compound during filtration in air.
In order to avoid a futile consumption of materials
the use of tin and halide in a 1:2 molar ratio was
examined, but it resulted in a lowering of the yield
to 37%.

Results of these experiments are summarized in
Table I.

For the identification of liquid diallyltin dibro-
mide, its crystalline pyridine adduct,® (CHg=

TABLE I

PrErARATION OF DIALLYLTIN DIBROMIDE®

Reaction Diallyltin Dibromidec

Time, Yield
Catalyst® Hr. g. %
None 10.0 0.6 2.2
None¢ 10.0 3.9 14.4
HgCl, 8.0 12.0 44 .4
C:H:N 4.0 19.0 70.2
(CeHs )N 4.0 19.1 70.3
CeHsN(CHs), 4.0 18.9 69.4
Morpholine 4.0 19.0 69.8
(CeHs )P 4.0 15.8 58.3
N(CH,CH,OH); 4.0 (Recovery of
materials)
CH;ONa 4.0 (Recovery of
materials)
chlz," C5H§N 1.5 21.6 79.9
HgCly,e (CoHj)sN 1.5 22.3 81.7
chh,‘ (Csz)sN/ 4.0 11.1 40.8
chlz,‘ (Csz)sNﬂ 4.0 10.1 37.4

@ All reactions except the last one were carried out with
0.15 mole of allyl bromide and 0.15 mole of tin in 150 ml. of
refluxing toluene (stored over sodium, unless otherwise
stated) under a nitrogen atmosphere. ® 2-3 millimoles of
catalyst was used. ¢ Fraction boiling at 77-79°/2 mm.
4 Tin powder containing 2-3% of water was used. ¢ See
details in Experimental. / Toluene saturated with water
was used. ¢ 0.075 mole of tin powder was used.
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CHCH,):SnBry-2C;H;N, was wutilized. This di-
pyridino adduet, when dissolved in such a solvent
as an aromatic or paraffinic hydrocarbon, carbon
tetrachloride, chloroform, or ethyl acetate dis-
sociated into the monpyridino compound, (CHy=—=
CHCH,)sSnBryC;HzN, which separated as a
white precipitate. This precipitate dissolved again
on addition of excess pyridine or such solvents as
alcohols or dimethylformamide.

Reactions of tin with allylic n-buteny! bromides
are of interest because of possible allylic rearrange-
ments. In the case of Grignard reactions, studies
on this rearrangement concerned only the final
products® and the constitution of the intermediary
organometallic compounds has scarcely been dis-
cussed. Recently, Gaudemar” has claimed, on the
basiz of absorptions at 1615-1645 cm.—!, that all
of the organomagnesium, aluminum, and zinc
compounds of erotyl bromide consist exclusively of
the primary crotyl isomer, Lanpher,® however, has
not recognized any absorption in the normal double
bond stretching region (1620-1680 cm.~!) with
crotyllithium, -sodium, and -magnesium bromide,
but found a strong absorption due to a double
bond stretching frequency at 1500-1560 em.~?

The reactions of both primary crotyl bromide
and secondary methylvinylearbinyl bromide with
tin were carried out to give dibutenyltin dibromides.
The products were separated by fractional distilla-
tion. Two distinetly different fractions were ob-
tained from each in yields of 5 and 69 as well as
67 and 709, respectively. Each corresponding frac-
tion was proved to be the same by comparing the
infrared spectra and in some cases mixed melting
point determinations. Because of their instability,
identification of these compounds could not be
carried out by chemical methods such as oxida-
tive degradation. Two strong absorptions at 915
and 985 cm.”! were found in the spectra of the
lower boiling fraction. Since strong absorptions at
905 and 985 cm.~* were also found in diallyltin
dibromide, these absorptions could be assigned to a
vinyl group.® The higher boiling fraction showed a
strong absorption at 955 em.—* which was hardly
recognized in the former and not in diallyltin di-
bromide. The absorptions could be assigned to a
trans-disubstituted ethylene structure.” These facts
indicated that both of the reactions gave the same
products in the same proportions suggesting exist-
ence of an equilibrium. The main fraction con-
sisted of dierotyltin dibromide and the minor of bis-
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(methylvinylcarbinyl)tin dibromide. Contamina-
tion with crotyl(methylvinylearbinyl)tin bromide,
however, was not absolutely excluded. Absorption
bands arising from the double bond stretching were
observed in both butenyltin compounds as well as
in diallyltin dibromide in the 1635-1660 cm. ! re-
gion.

Allyl chloride showed practically no sign of reac-
tion on heating with tin under various conditions.
Due to difficulty in stirring, which must be very
vigorous! in these reactions in order to keep the tin
powder as a suspension, an attempt to use an auto-
clave was abandoned. Also allylic dodecenyl chlo-
ride® gave no product, although its higher boiling
point permitted better contact with the tin.

Diallyltin dibromide is a pale yellow oil having a
pungent leek-like odor. It was comparatively un-
stable in air but more stable in a nitrogen atmos-
phere. On storing in air for a day or in nitrogen for
six months it gave a pale yellow jelly, in which the
characteristic absorptions of a double bond were
not recognized.

Catalytic hydrogenation of diallyltin dibromide
was investigated for the purpose of finding a new
synthetic route to dialkyltin dibromides. All at-
tempts made using Raney nickel were unsuccessful.

Diallyltin dibromide and its homologs were
readily hydrolyzed on shaking with water, forming
bromide anion and a white curdy precipitate, the
aqueous part becoming acidic to litmus. Taking
advantage of this phenomenon, halogen bound to
tin could easily be determined by a back-titration
method as described in the Experimental. Volu-
metric analyses have recently been applied to the
determination of acyl groups!! and halogen atoms?!?
in organotin compounds.

Attempted preparation of triallyltin bromide by
the reaction of allyl bromide with dispersed tin
powder in boiling water or in butanol at 100°
resulted in the formation of propylene in yields
of 84 and 679, respectively. This may be ac-
counted for by the decomposition of the allyltin
compounds by the acids produced by hydrolysis of
allyl bromide or stannous bromide. The fact that
diallyltin dibromide, when boiled with hydrochloric
acid, cleaved with elimination of propylene sup-
ports this explanation. This may also be in line
with the easy cleavage of the allyl group from
allyltin derivatives by acetic acid as reported
by Rosenberg et al.'?

EXPERIMENTAL"

Analyses of tin in organic compounds. Detection’ and
determination of tin were performed by a method similar

(10) Kindly supplied by Rohm & Haas Company,
Washington Square, Philadelphia 5, Pa.

(11) H. H. Anderson, J. Org. Chem., 22, 147 (1957);
T. M. Andrews, F. A. Bower, B. R. LaLiberte, and J. C.
Montermoso, J. Am. Chem. Soc., 80, 4102 (1958).

(12) H. C. Clark and C. J. Willis, J. Am. Chem. Soc.,
82, 1888 (1960).
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to that previously! deseribed. In the quantitative analysis
the sample was wetted with a few drops of glacial acetic
acid in a crucible befeore the addition of mixed acid.!® 17

Analyses of tonically bound halogen. About 0.2 g. of a
sample was weighed accurately and added to 30 ml of
0.1N ethanolic potassium hydroxide solution in an Erlen-
meyer flask. This was warmed with shaking in a water
bath at 40° for 20 min. and unconsumed alkali was titrated
on cooling with 0.1V aqueous hydrochloric acid solution
using phenolphthalein as an indicator.

Tin powder. Chemically pure tin powder® or commercial
tin powder was used after treatment as described in the
previous paper.! There was no difference between the two.

Reaction of allyl bromide with tin in toluene; diallyliin
dibromide. Results of reactions of allyl bromide with tin in
the presence of various catalysts are summarized in Table 1.
All reactions and distillations were carried out in a nitro-
gen atmosphere. A representative procedure is as follows.

To 17.8 g. (0.15 mole) of tin powder in 150 ml. of toluene
was added 0.5 g. (0.002 mole) of mercuric chloride and the
resulting mixture was heated to reflux for 30 min. with stir-
ring. After cooling 0.2 g. (0.002 mole) of triethylamine was
added.

The mixture was again refluxed and to this was added
dropwise 18.2 g. (0.15 mole) of allyl bromide with efficient
stirring. After initial depression of the boiling point to 103°,
the reaction temperature rose gradually, reaching a tempera-
ture of 111° in 1.5 hr. When the yield of the product was
low, the final temperature was lower.

Unchanged tin together with an unidentified amorphous
solid (10.4 g. in total) were filtered off and the filtrate was
evaporated under reduced pressure. The residual oil (27.0
g.) was distilled in vacuo yielding 22.3 g. (81.79%) of diallyl-
tin dibromide, b.p. 77-79°/2 mm., 423 1.8640, (lit.5> b.p.
77-79°/2 mm.), infrared absorptions (neat): 3090 (m),
2020 (w), 1810 (w), 1635 (vs), 1427 (m), 1395 (m), 1304 (w),
1182 (s), 1100 (m), 1030 (m), 985 (s), 905 (vs), 760 (s},
and 740 (w) em. !

The product gave correct analyses for tin and bromine.

Diallyltin dibromide gave a pyridine adduct, m.p. 101-
103° (see below).

Removal of insoluble by-product from the recovered tin
using various solvents was unsuccessful. Dimethylforma-
mide dissolved the mass only incompletely; the extracted
material consisted of an infusible organic matter containing
tin and halogen.

Reaction of crotyl bromide with tin. Pure crotyl bromide, !
b.p. 44-47°/90 mm., n3 1.4788 (lit.”® b.p. 40°/93 mm., n%}
1.4795), was prepared by the method of Young ef al.?®
from the corresponding alcohol. To a suspension of 17.8
g. (0.15 mole) of tin powder treated with 0.5 g. (0.002 mole)
of mercuric chloride in 150 ml. of toluene was added, in the
presence of 0.2 g. (0.002 mole) of triethylamine, 20.1 g.
(0.15 mole) of crotyl bromide following the same procedure
as the preparation of diallyltin dibromide. After 1.5 hr.
refluxing 24.3 g. of yellow oil was obtained on removal of
the solvent. Distillation of this oil n vacuo gave two frac-
tions: 1.5 g. (5.0%) of bis(methylvinylearbinyl)tin dibro-

(13) 8. D. Rosenberg, E. Debreczeni, and E. L. Wein-
berg, J. Am. Chem. Soc., 81, 972 (1959).
(14) All temperatures are uncorrected.
(15) H. Gilman and T. N. Goreau, J. Org. Chem., 17,
1470 (1952).
(16) H. Gilman and 8. D. Rosenberg, J. Am. Chem. Soc.,
75, 3592 (1953).
(17) H. Gilman, B. Hofferth, H. W. Melvin, and G. E.
Dunn, J. Am. Chem. Soc., 72, 5657 (1950).
(18) Assay: more than 999, Sn, 0.0129 Cu, 0.006%
ge, 0.03% Pb, 0.0319% As, 0.004% Sb, 0.0119, Bi, 0.02%
n.
(19) 8. Winstein and W. G. Young, J. Am. Chem. Soc.,
58, 104 (1936); W. G. Young, L. Richards, and J. Azorlosa,
J. Am. Chem. Soc., 61, 3070 (1939).
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mide, b.p. 60-63°/0.20 mm,, infrared absorptions (neat):
3090 (m), 3010 (m), 2970 (vs), 2930 (s), 2660-80 (sh),
1660 (w), 1640 (m), 1520 (m), 1495 (w), 1453 (s), 1425
(sh), 1380 (vs), 1310 (m), 1260 (s), 1075 (s), 1035 (s), 985
{vs), 915 (vs), 807 (m), and 743 (s) cr, 7!

Anal. Caled. for CsHyBraSn: Sn, 30.54; Br, 41.12. Found:
Sn, 29.86 Br, 40.79.
and 20.4 g. (70.2%) of dicrotyltin dibromide, b.p. 104-106°/
0.20 mm., m.p. 30-31°, infrared absorptions (neat): 3020 (s),
2970 (s), 2930 (s), 2680 (m), 1660 (m), 1640 (w), 1450 (m),
1403 (m), 1380 (w), 1370 (w), 1303 (w), 1150 (m), 1100 (m),
1065 (m), 1035 (m), 955 (vs), 790 (m), 765 (m), and 730
(m) em. ™,

Anal. Caled. for CsH,BrySn:Sn, 30.54; Br, 41.12. Found:
Sn, 30.01; Br, 40.94.

Reaction of methylvinylearbinyl bromide with tin. FPure
methylvinylearbinyl bromide!* b.p. 31-34°/93 mm., ny
1.4610 (1it.? b.p. 31°/93 mm., n%y 1.4602) was prepared by
the method of Young, et al.,® from the corresponding alcohol,
and the same procedure was repeated as above using 20.1 g.
(0.15 mole) of methylvinylearbinyl bromide instead of
crotyl bromide. The produets were separated into 1.7 g.
(6.09,) of bis(methylvinvlearbinyl)tin dibromide and 19.5
g. (67.29) of dicrotyltin dibromide and were identified by
the infrared absorptions, respectively, as well as the mixed
melting point when the produet was crystalline.

Reaction of allyl chloride with tin in toluene. In 150 ml. of
toluene 17.8 g. (0.15 mole) of tin powder activated with 0.5
g. (0.002 mole) of mercuric chloride was caused to react with
11.5 g. (0.15 mole) of allyl chloride in the presence of 0.2 g.
(0.002 mole) of triethylamine. After 40 hr, refluxing, un-
changed tin (17.4 g.) was filtered off and the filtrate was
fractionated to recover 10.7 g. of allyl chloride. Upon distil-
lation of 1.1 g. of yellow oil which remained in the still no
product containing tin was obtained.

Reaction of dodecenyl chloride with tin in toluene. To &
suspension of 17.8 g. (0.15 mole) of tin powder activated
with mercuric chloride in 150 ml. of toluene was added
26.1g. (0.15mole) of “dodecenyl chloride’?* containing 92.5%
of 1-chloro-5,5,7,7-tetramethyl-2-octene. After 40 hr. boiling
17.5 g. of tin powder and 25.8 g. of the starting halide were
recovered.

Reaction of allyl bromide with tin in water. 'lo a suspen-
sion of 17.8 g. (0.15 mole) of tin powder in 150 ml. of water
was added dropwise 18.2 g. (0.15 mole) of allyl bromide
under vigorous stirring over a period of 20 min. with such
caution that loss of organic halide by steam distillation was
avoided. Toward the end of addition the mixture became
grayish and there was observed a vigorous evolution of gas
which lasted for 15 min. The reaction apparatus had been
fitted with a reflux condenser from whose upper end was
connected a tube to two ice-cooled traps each containing 5
ml. of bromide in order to catch the gas. Resultant oil in
the traps was freed from bromine, washed with sodium
carbonate and water. Distillation gave 27.7 g. (84%) of 1,2-
dibromopropane, b.p. 141~142°, »% 1.5191 (lit.?® b.p. 139~
142°, n%? 1.5193), which gave the correct analytical values
for carbon and hydrogen.

Another run with 17.8 g. (0.15 mole) of tin powder and
18.2 g. (0.15 mole) of allyl bromide using 1-butanol as a
solvent also gave 22.1 g. (67.49,) of 1,2-dibromopropane.

Reaction of diallyltin dibromide with aqueous hydrochloric
acid. Toa stirred suspension of 10.3 g. (0.03 mole ) of diallyl-
tin dibromide in 30 ml. of water was added dropwise 30 ml.
of 6V aqueous hydrochloric acid and the mixture was boiled
for 30 min. Gaseous substances evolved was caught by
bromine and treated as above to afford 8.7 g. (72.5%) of 1,2-
dibromopropane.

Pyridine-adduct of diallyltin dibromide. Upon mixing of 5
g. (0.014 mole) of diallyltin dibromide and 5 g. (0.064 mole)

(20) M. S. Kharasch, J. G. McNab, and M. C. McNab,
J. Am. Chem. Soc., 57, 2743 (1935).
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of pyridine there were precipitated crystals which were
filtered, washed with pyridine, and allowed to stand over
silica gel for 12 hr. to obtain 3.8 g. (52.8%,) of dipyridino
adduct, m.p. 101~103° (reported m.p. 99°9), which gave the
correct analysis for tin,

On dissolving the dipyridino adduct in benzene there pre-
cipitated a white cloggy mass which could not be recrystal-
lized from any solvent, but dissolved in ethanol or pyridine
forming a clear solution, This monopyridino adduet de-
composed on heating over 220°,

Anal. Caled. for CuH;;BreNSn: Sn, 26.99. Found; Sp,
26.53.
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Attempted hydrogenation of diallyltin dibromide. In a usual
hydrogenation apparatus a solution of 10.4 g. (0.03 mole)
of diallyltin dibromide in 100 ml. of absolute ethanol was
shaken with hydrogen in the presence of about 1 g. of Raney
nickel (W-221). During 8 hr. of shaking no absorption of gas
was observed.

The same procedure using Raney nickel (W-621) was also
unsuccessful.

Kyoro, Jaran

(21) H. Adkins and H. R, Billica, J. Am. Chem. Soc., 70,
695 (1948).
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The Partial Hydrolysis of Dialkyltin Dihalides
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Some unexpected results obtained during recent work on various organotin compounds have led us to reexamine the
products obtained by Johnson, Fritz, et al.,%* from the reaction of dialkyltin dichlorides with certain amines and alcohols.
These authors believe their products to be tetraalkyldichloroditins. We have repeated the reaction and closely studied the
products. It is demonstrated that the products obtained are actually bis(dialkylchlorotin) oxides.

Hexaalkyl (aryl) ditins have been known for a
good number of years? and the tin-tin bond in these
compounds is widely accepted. The ditins readily
react with bromine (or other halogens) at room
temperature and give a metallic silver deposit on
treatment with alcoholic silver nitrate. They are
easily prepared by the reaction of the corresponding
trialkyl (aryl) tin chloride with sodium, either in
liquid ammonia or in high boiling solvents (1).

(liq. NHa)
(CeH;5)s8nCl + 2Na ————> (CeH,):8nNa + NaCl (1)

\/CGHE):;SHN& + (CﬁHs)ssncl me—
(CGH5)SSn——Sn(CsH5)a + NaCl
I

The hexaarylditins (I) are generally solids and are
oxidatively stable whereas the hexaalkyl ditins
are generally high boiling liquids of lesser stability.
In 1954, Johnson and Fritz® reported a new type

of tin compound, tetrabutyldichloroditin (II), from
the reaction of an ethanolic solution of dibutyltin
dichloride with sodium ethoxide (2).

C:HsOH
(CiHg).SnCl, + NaOC.H; —>

Cl Cl

|
(C4H9)2—Sn——-Sn~—(C4H9)2 -+ 2NaCl @)
II

(1) University of New Hampshire, Durham, N. H.

(2) (a) E. Krause and R. Pohland, Ber., 57, 532 (1924).
(b) Cf. B. Krause and A. Von Grosse, Die Chemie der
Metall-Organischen  Verbindungen, Gebrider Borntrager,
Berlin, pp. 856-361 (1937).

(3) O. H, Johnson and H. K. Fritz, J. Org. Chem., 19,
74 (1954).

(4) O. H, Johnson, H. E. Fritz, D. O. Halvorson, and
R. L. Evans, J. Am. Chem. Soc., 77, 5857 (1955).

In 1955 the reaction was extended to several dial-
kyltin dichlorides and to diphenyltin dichloride.*
It was also reported that various amines in com-
bination with ethanol brought about the same re-
action (3).

(C2Hi)20
(C4H9)zSnClz +’ QEt;N -+ CzHaOII —

Cl Cl

L)
(CsHq):8n—8n(CHs), + 2E4N-HCL  (3)

More recently Sawyer and Kuivila® have reported
the preparation of similar ditin compounds with
negative substituents on the tin atoms—e.g.,
tetrabutylditin diacetate, tetraphenylditin diben-
zoate, These preparations required the use of al-
kyltin hydrides to reduce the tin from a valence
of four to a formal valence of three. These ditin
products consumed stoichiometric amounts of
bromine instantaneously.

In attempts to repeat the reaction of Johnson,
Fritz, Halvorson, and Evans,* with di-n-butyltin
dichloride, we have obtained yields of 959, but
the analyses of the products were consistently low
in tin—e.g., 42.89,, 42.69% as compared with a
calculated value of 44.29;. These analyses were
carried out in the Metal and Thermit laboratories
where the procedure used has proved to be
extremely reliable for many hundreds of tin com-
pounds (see Experimental). The melting points,
110-112°, were sharp and identical with those ob-
tained by Johnson, et al. Further recrystallization
gave a material melting 1-2° higher but did not
improve the analysis. Furthermore, this product

(5 A. K. Sawyer and H. G. Kuivila, J. Am. Chem. Soc.,
82, 5958 (1960).



