Journal of Orgunamerallic Chemistry
Elsevicr Scquoia SA. Lausanne

Printed in The NetheHunds

DIRECT SYNTHESIS OF ORGANOTIN COMPOUNDS
VI*. CONVERSION OF DIALKYLTIN DICHLORIDE INTO

TRIALKYLTIN CHLORIDE AND TETRAALKYLTIN

KENTI! SISIDO anp SINPE] KOZIMA
Department of Industrial Cliemistry, Kyoto University, Kyoto (Japan)
(Received August 31st, 1967)

503

It has been shown that dibenzylitin dichloride is converted into tribenzyltin
chloride in a polar solvent in presence of some metals, and that in water bis{dibenzyl-
chlorotin) oxide is an intermediate’. In the direct reaction of alkyl (ethyl. n-propyl
and n-butyl) chloride with tin, it was observed that increase of the amount of metallic
tin and triethylamine (catalyst) raised the yield of triaikyltin chloride at the expense
of dialkyltin dichloride?.

The conversion of dialkyltin dichloride into trialkyltin chloride was found to
occur in water in the presence of metallic tin powder at high temperature (160°).
The reaction did not occur at 100°, although dibenzyltin dichloride was changed into
tribenzyltin chloride in boiling water almost quantitatively. When tin powder was

TABLE 1
CONVERSION OF DIALKYLTIN DICHLORIDE INTO TRIALK YLTIN CHLORIN®
R 5nCHy Metal Reuction Reuction

{g-atom) medism temperature

“C)

Et,8nCl, Sn 0.10 Water 160
Pr,SnCl; Sn 0.10 Water 160
Bu,;SnCl, Sn 0.05 Water 160
Bu,SnCl,; So 0.05 Water 160
Bu,SnCl; None Water 160
Bu,SnCi, Sn 0.05 MeGH 160
Bu,SnCl, Sn 0.05 THF' 160
Bu;5nCl, Fe 0.20 Water 160
Bu,SnCl, Mg 0.20 Water 160
Bu;5nCl, Al 0.20 Wazter 160
Bu,SaClt, Ni 0.10 Water 160
Bu,;SaCl, Co 0.10 Water 160

Zn 0.10 Water 160

Bu,SnCl,

Yiehl" (° )}

R,SiCl (RySnCH,0

76
062
45
0
4]
32
5
56
4
42
9
15
54

4
30
97
66
k)
22
29
43
40
ol
fd
147

Kecovered

R,SnCl,

20

s
i7
0
ki)
40
65
)]
§]
16
23
10
4]

* All reactions were carricd put with 0.05 mole of diatkyltin dichloride in 100 m! of solvent, in an autoclave
with stirring (1000 rpm) for 4 h. * Yields are based on alkyl group. © Di-n-butyltin oxide was obtsined n
947 yield. ¥ Di-n-butyltin oxide was obtained in 10, yield. * Di-n-butyitin ozide was obtained in 137

yvield. { Tetrahydrofuran.

* For Part V see refl 2.
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absent the conversion did not occur even at 160°. In boiling water or in the absence
of tin powder, partial hydrolysis occurred to give bis{dialkyichlorotin) oxide (Table
1). In the presence of both metallic tin and water at higher temperature (160°) this
oxide was shown to be converted into trialkyltin chloride in a good yield.

It was found that the reaction occurs when zinc, aluminium or iron is used in
place of tin (Table 1). No tetraalkyltin was found in the products. With magnesium
the same treatment afforded dialkyltin oxide in 949 yield, due presumably to the
preferential hydrolysis of bis(dialkylchlorotin) oxide. When nickel or cobalt was used,
the main product was the latter oxide. The reaction sequences in water can be consid-
ered 10 be the same as for benzyltin compounds' [sequence (A)]. When methanol or
tetrahydrofuran was used as the medium, the yield was lower, presumably due to
the lower polarity’.

Sn, Zn, Al, or Fe
o | R2SnCH{OH)f ———— R;SnCl
R,SnCl, — ki3 Ma {A)
8 (R JSﬂCl)zo RzSﬂO

Diulkyltin dichloride was also converted into trialkyltin chloride in the pres-
ence of metallic tin in good yicld when both alky! chloride and organic base were
used instead of water (Table 2). In the absence of either metallic tin or organic base,

TABLE 2
CONVERSION OF D-n-BUTYLTIN DICHLORIDE INTO (RE-D-BUTYLTIN CHLORIDE AND TETRA-D-BUTYLTIN IN THE
PRESENCE OF QRUGANIC RASE?

Aetal Orgunic Reaction Yield® Recorered {,)
Pugae medinm : s Br,SnCly and, or
] pa 2 !
BugySe Bu SnCi (16, SnCH) 08

Nane FryhNe N U 18 82

50 Mone BuCi f} 5 49
Sn By, BuCl O 17 1Y)
5n N Bensene it 26 72
Sn Pyridine BuCl 0 96 2
fe None BulCl 0 ¢ 98
e EiyN BuC'l 0 o1 42
Fe LN Totuene 0 20 70
Fe Pyridine BuCl 0 44 63
n FiyN 6N SH it 0
Zn Ei1,N BuCl HK 22 2
Fd! Puridine BuC’l 4 41 3
/0 Prridine Taluene o ! 0
Al R BuCl 73 21 2
My N BuCt 3 06" 2%

Na Nune HuCt K4 8 26

* Al reactions were carried ot with .05 mole of di-n-butylin dichlonde, 0.1 g-atom of mewal, 0.1 mole
of orgamic base and HIO mi of solvent i an autockive with stireing (1600 rpmj at 1607 for 6 h. " Yiclds are
based o o-butyl gronp of di-n-butvllin dichloride. * Triethylanine. ¢ Bis{dinlkylchlorotin) oxide was
ofstained by treating dialk yltn dichloride-organic base complex with water, * Qver K07, yietd meuns that
n-hutyl group was inteoduced fram a-hutyl chioride

d thrganumengl, Caem., 1E {1908) 501-513
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the conversion scarcely occurs. The presence of alkyl chloride raises the conversion
yield remarkably. Iron powder can be used in place of metallic tin to obtain trialkyltin
chloride.

When zinc, aluminium, magnesium or sodium was used instead of tin or iron,
a mixture of trialkyltin chloride and tetraalkyltin was formed from dialkyltin di-
chloride (Table 2). Tin, iron or a mixture of them did not give tetraalkyltin. Metals
having stronger affinity for halogen or stronger ionization tendency than tin or iron
gave tetraalkyltin.

Although the production of tetraalkyltin by the direet reaction of alkyl halide
with tin-zinc®* tin—sodium?® ~'® or in-magnesium'' alloy is known, the conversion
from di- or trialkyltin halides into tetraalkyltin has not been previously reporied.

For the conversion of a trialkyltin chloride into tetraalkyltin, tri-n-butyltin
chloride was treated with zinc in triethylamine tetra-n-butyltin and a hittle hexa-o-
butylditin being obtained [egn. (1)]. The yields listed under each compound were
based on the tin content of the trialkyltin chloride.

In, ENN
Bu;SnCl —— Bu,Sn 4 Bu,;SnSnBu, (1)
1o (56",) {55",)

When tricthyltin chloride was treated with zine m the presence of n-butyl
chloride and tricthylamine. both tetracthyltia and n-butyltricthyltin were obtained
together with small amounts of other tetraalkyltin compounds fegn. (2) ]

In, EuN
Et,SnCl+ BuCl ———— Et,Sn + Et,BuSn + Et,Bu,S5n + Bt Sn o+ BugSn {2
Oy (o) (+7.) () Q)

The reaction of sodium with tricthyltin chloride in n-butyl chloride gave n-
butyltriethyltin as well as small amounts of tetraethyltin and hexacthylditin {egn. (3) ],
In this reaction triethylamine was not needed, since sodium afforded sufficient basic-
ity. The yields were based on the utilized tricthyltin chioride.

Na
E4,;SnCl+ BuCl — E1,Sn+E;BuSn + Et ;SnSnkt, (3)
v (5h) (610 (35°)

In the absence of n-butyl chloride. the treatment of tri-n-butyitin chloride with sodum
afforded only hexa-n-butylditin'? [eqn. (4)].
Nitin benzene or BN

Bu,SnCi » Bu,SnSnBu, 9

160 (0’) [

~ o

The formation of mixed tetrantkyiting eg. n-butvlhtricthyltin m cgns. (1) aad
(3). showed that n-butyl group was introduced from n-butyl chlorde into tricthylun
chioride. In order to find out the mechanism of this reaction several experiments
were carried out.

In the case of sodium, it should scem that both alkyl chloride (R'CH) and tri-
alkyitin chloride (R;SnCl) reacted with sodium to give alkylsodium (1Na)* and
trialkyltinsodium {R ,SnNa)', respectively, which gave rise to produce mixed tetra-
atkyltin (R ;R'Sn} as shown in sequences (B) and (C). 1t was not clear wlich sequence
was predominant. When tri-n-butyltin chloride was treated with sodivm i benzene

Ao Organennetal, Chem 1) {1005) 5D 513
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[egn. (4)] Wurtz-Fittig type reaction occurred. This might indicate an intermediary

R3SaCl

R'Cl+Na — [R'Na] - RRSn R )
R38aCl+Na — [R,5nNa] — R;R’Sn _ (C)

formation of highly reactive tri-n-butyltinsodium'?, Since treatment of hexa-n-butyldi-
-tin with ethy! chloride in the presence of sodium afforded no tri-n-butylethyltin, the
possibility .that the mixed tetraalkyltin (R;R’Sn) was formed from hexaalkylditin
(R ;5nSnR ;) and alky! chloride (R'Cl) can be excluded.

" The reaction of a free radical triethyltin, Et;Sn*, with n-butyl chloride can
be ruled out, since the radical would preferentially abstract the chlorine atom of
alkyl chloride rather than the alkyl group, as shown by the disproportionation reac-
tions of dialkyltin in the presence of alkyl halide*>. ‘

In the case of zinc, intermediary formation of n-butylzinc chioride or gi-n-
butylzinc was excluded, since n-butyl chloride gave no alkylzinc compounds at the
reaction condition. The reaction of n-buty! chloride with hexaethylditin was also not
the case, since no reaction occurred between them on heating at 160° in the presence
of zinc.

Reaction of triethyltin chloride with zinc would give, similar to the case with
sodium. tricthyltitzinc compounds, Et,SnZnCl or (Et;Sn),Zn, which would im-
mediately react with n-buty! chloride or with triethyltin chloride to afford n-butyltri-
ethyltin or hexaethylditin, respectively as shown in sequence (D). Sequence (D) is
supported by the result that no hexaethylditin was obtained when n-butyl chloride
was present in a large excess [eqn. (2)].

RuCl
————— Et,BuSn

— S, By.SnSnEt, (D)

decomposition
Leccomen o, Eq,Sh

Attempted isolation of the tri-n-butyltinzinc comnpound in a form of tri-n-butyl-
methyltin failed. When methy! iodide was added, after removal of triethylamine, to
the reaction product from tri-n-butyltin chloride and zinc powder in triethylamine
at the refluxing temperature (90°), no tri-n-butylmethyltin but hexa-n-butylditin and
zinc chloride were obtained [eqn. (5)]. The hitherto unknown trialkyltinzinc com-

EosN, Cltgl
Bu,SnCl+Zn ———— Bu,Sn + Bu;SnSnBu, +ZnCl, {5)
T (14%) (7622

pound could be so reactive that it combined immediately with remaining trialkyltin
chloride. Such lability would be reminiscent of the analogous case of triphenyltin-
mugnesium compounds reported by Tumborski and Solonski’®.

All the ethyl groups in tetruethyltin obtained in equation (2) are thought to
come from tricthyltin chloride via thermal disproportionation. The possibility that
uan ethy! group originated from triethylamine could be excluded, since no ethyltin
cosmpound was obtained by the reaction of tri-n-butyltin chloride with zinc in the
presence of triethylamine {egn. {1)]. The poor yield of tetra-n-butyltin from the renc-

Et,SnZnClI

Et;SnCl+Zn — or (E,Sn),Zn

J. Qrganemeral. Chem,, 1} (1968) 503-512
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tion of equation (5) carried out at lower temperature (90°). as compared with that
from the reaction of eqn. (1) at higher temperature (160°), suggested that the simple
tetraalkyltin might be produced by thermal decomposition of trialkyltinzinc com-
pound,

The reactmn of dl-n-butyltm d:chlorxde with zinc in triethylamine in the ab-
sence of n-butyl chloride gave tetra-n-butyltin as a sole product (58 % yield, Table 2),
When di-n-butyltin dichloride was treated with ethyl chloride in the presence of zinc
powder and tricthylamine, a mixture of tetra-n-butyltin, tetraalkyltins with mixed
ethyl and n-butyl groups, and tetracthyltin was obtained [eqn. (6)]. In this case no
trialkyltin chloride was found. The ethyl group was apparently introduced into di-n-
butyltin compound from ethyl chloride.

Zn, Ei3N
Bu,SnCl, + EtCl = Bu,Sn+ Bu,EtSn -+ Bu,Et,Sn + BuEt,Sn -+ Et,Sn {6)
1007 (24%)  (20%) 4% 5% @°)

In the case of iron, when no tetraalkyltin was formed as stated above, the alkyl
group of the alkyl chloride was also introduced into dialkyltin compounds. When
di-n-butyltin dichloride was treated with ethyl chioride in the presence of iron powder
and triethylamine, tri-n-butyltin chloride and di-n-butylethyltin chloride were prod-
uced [egn. (7)]. Similar treatment of diethyltin dichloride with n-butyl chloride gave
triethyltin chloride and n-butyldiethyltin chloride [egn. (8)].

Fe, EtaN
Bu,5nCl, + EtC] ———— Bu,;SnCl+ Bu,EtSnCi 4+ BuEt,SnCl+ Et;SnCl (7)
10T (46%)  (26%) (5%) 2%)

13N
Et,SnCl 4+ BuEt;SaCl + Bu,EtSnCl + Bu,SnCl (8}
10T (367,)  (3790) (3%) (trace)

In the conversion of dialkyltin dichloride into trialkyltin chloride in the pres-
ence of metal, a dialkyltin-metal compound or a dialkyltin fragment may be formed
as an intermediate, Zietz, Bilizer, Redman and Robinson'® proposcd that u dialkyltin
fragment might be formed as an intermediate in the direct reaction of alkyi halide
with tin-sodium-zinc alloy to give trialkyltin halide or tetraalkyltin, while Frank-
land'” obtained diethyltin by the reaction of diethyltin dichloride with zinc. 1t was
reported in a previous paper'® that polymeric dialkyltin reacted with alkyl chloride
in the presence of organic base. An unsuccessful attempt was made to prove the
existence of either dialkyltin~zinc compound or dialkyltin among the reaction prod-
ucts obtained from dialkyitin dichloride and zinc. This failure might be due to the
thermal unstability and/or ready reactivity of the dialkyltin-zinc compound or the
dialkyitin fragment. In the case of sodium, formation of both dialkyltin—-sodium
compounds and dialkyltin {ragment can be expected, since dialkyltin-sodium and
dialkyltin can be prepared by the reaction of sodium with dialkyltin dichloride*-*4-1".
In the case of iron, a dialkyltin fragment might be formed rather easier than a dialkyl-
tin~iron compound. Since even if the tin-iron compound could be formed, it might
be very unstable at the reaction temperature, and would probably decompaose to
give 4 dialkyltin fragment, analogous to the bibenzyl formation from benzyl haid.
ide20- 39,

Treatment of diethyltin with n-butyf chioride in the presence of triethylumine

F
Et,SnCl, + BuCl

J. Organometal. Chem., 11 {1968) 503513
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afforded triethyltin chioride and n-butyldicthyltin c¢hloride together with minor
products [eqn. (9}]'°. This result was similar to the result obtained by the reaction

EtaN
(Et,Sn}), + BuCl — Et;SnCl + Et,BuSnCl+ EtBu,SnCl+ Bu,SnCl 9)
1607 (178%)  (13.7%) {2.8%) (0.4°)

of diethyltin dichloride with n-butyl chioride in the presence of iren [eqgn. {8)]. Tri-
cthyltin and n-butyldiethyltin chiorides were considered to be formed by the dis-
proportionation and the addition reaction, respectively'?.

Bis(dialkylchlorotin) oxide was converted into trialkyltin chloride in the
presence of metallic tin and amine in alkyl chloride (Table 3). In the abscnce of
either metal or organic amine, no conversion occurred. Presence of zinc powder
brought about the formation of tetra-n-butyitin.

TABLE 3

CONVERSION OF MS{DIALKYLCHLOROFIN) OXIDE INTO TRIALKYLTIN CHLORIDE "

(1 ,SnCh,0 Muetal Reaction Reuction Yield" (")) Recorered (")
(y-atom)  meditim ;;:;n- R,Sn R.SHCT R, S"‘ c, {R,5nCh,0

(E1,5001,0 50 0.10 Watcer 4 0 79 0 0

(Pr,50CH,0  Sn O.H0 Water 4 0 K4 } 't

fBu,SnCH, 0 Sn .10 Water 4 0 49 12 23

{Bu,5nCH, 0 Sn 005 Witer 4 1 32 R} 04

(Bu,50C1),00  None Water 4 it O 0 uy

(Hu 5nCH, 0 Sn O Bu(l G 4} 1 Y] 9

{Bu 5nCH,0  Sa 010 BuCl b 0 73 Rt} v

{Bu,S5nCH, 0 Zn 010 BuCl 6 R 35 0 0

{Bu, S0, Feo.l BuC'} 4 ¥ 0 0 100

“ Al reactions were corricd out with U025 moie of bistdialk yichiorotin] oxide in 100 ml of solvent in an
autovhive with stirring ot 16077 Yields are bused on alkyl group of bis{dialkylchlorotinjoxide. < 0.10 mole
of tricthylumine was added.

EXPERIMENTAL

Gas clromatagraphy

The composition of alkyltin compounds was determined by gas chromato-
praphy with helium gas flowing at 40 mi/min through a stainless steel column of
3 m > 3 mm od. packed with “Polyethylene Glycol-6000™ at the column bath tem-
perature of 200 and sample chaumber temperature of 270°. Retention times (min) of
arganotin compounds are shown in purentheses: Et,Sn (1.1), Et,BuSn (1.5), Et;Bu,-
S0 {2.1). EtBuSn (2.9). Bu,8n (3.9). Et,SnC1 {3.5), BuE1,SnC1 (5 3), Bu,EtSnCl {8.0),
Bu,SnCl (F1.1). E1;8nCl, (10.9) and Bu,SnCl, {18.5). Each compound was ulso
churacterized by the infrared spectrum,

Reaction of diulkyltin diclloride with metal in water (Table 1)
A representative procedure was as follows. A mixture of 11.4 g {0.050 mole)

4. Orgunsneral, Chem., V1 (1964) 503-513
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of diethyltin dichloride, 11.8 g {0.10 g-atom) of tin powder and 100 m] of water was
heated in a stainless steel autoclave with a high speed rotatory stirrer (1000 rpm) at
160° for 4 h. Ethyltin compounds were extracted three times with 200 ml portions of
ether. Combined ethereal solution was concentrated and the residue was distilled in
raeno 1o give 6.1 g (767, based on ethyl group) of distillate, b.p. 14014177104 mm.
identified as pure triethyltin chloride by pas chromatography and infrared spectram.

Reaction of his(dialkylchloreiin) oxide with metal in water (Table 3)

A mixture of 10.8 g {0.025 mole) of bis(diethylchlorotin) oxide, 119 g (U.10
g-atom) of tin powder and 100 m! of water was heated in a stainless steel antoclave
and treated as above, when 6.2 g (79 ",) of pure triethyttin chloride. b.p. 1101167 /40
mm, was obtained.

Reaction of di-n-butvltin dichloride with n-buty! chioride in the presence of organic
hase and metat (Table 2)

A representative procedure was as follows. A mixture of 15.2 g {0050 mole) of
di-n-butyitin dichloride. 5.6 g (0.10 g-atom) of commercial reduced iron powder.
10.1 g {0.10 mole) of tricthylamine and 100 m! of n-butyl chiloride was heated in an
autoclave with vigorous stirring at 160° for 6 h. The reaction product, dissolved in
200 ml of acetone, was filtered to remove the unchanged iron. The filtrate was con-
centrated and the residue was shaken with 200 mi of cther and 100 ml of | N hydro-
chloric acid to extract n-butyltin compounds. The aqueous layer was extracted twice
with 200 ml portions of ether. The combined ¢thereal layer was concentraied and
the residue was distilled in racuo to give 9.4 g of distitlate, b.p. 13y 135 4 nun,
including 6.6 g {61, based on n-butyl group in the starting dichloride) o tri-u-butyl-
tin chloride and 2.8 g (19°,) of di-n-butylun dichloride. The distillation residue was
3.2 g (23%,) of pale brown crystals which were identified as bis(di-n-butylchlorotin)
oxide. when recrystallized from acetone, m.p. 110-112° (it mop. 110-1127),

The aqueous layer gave positive test both for stannous®* and lerrous cations.

Reuction of bis {dialkylchlorotin) oxide* with metal in the presence of arganic
base was carried out by the same procedure {Table 3).

In the absence of organic base, addition of acctone and hvdrochioric actd as
well as extraction with ether were omitted.

Reaction of tri-n-buryltin chloride with zine in riethylamine [egn. (3) and (3} }

A mixture of 16.3 g (0.050 mole} of tri-n-butyltin chloride, 6.5 g (.10 g-atom)
of zinc powder and 100 mi of triethylamine was heated in an autoclave with sticning
at 160" for 6 h. The reaction product was concentrated and was shaken with 106 m!
of I N hydrochloric acid and 200 ml of ether. The agueous layer was shaken twice
with 200 m! portions of ether. Combined ethereal fayer was concentrated and the
residue was distilled in cacuo to give 9.8 2 (56, bused on tin atam) of tetra-n-buiylin,
b.p. 128-129°/4 mm, nd" 1.4715. and 0.8 g (5.5°,) of hexa-n-butylditin, b.p. 200
208°/3.5 mm. No ethyltin compound was found in the product by gas chromato-
graphy.

The sume reactiants were heated 1o reflux (907) inoa glass flask with sturring.
After 2 h refluxing, 5.9 g of unchanged zine powder was separiated by filtrition. The
filtrate was concentriated to 20 mi to give white needles which were removed by hiltra-

S Organometol. Clem, . 1L (1968) 503 513
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tion. The needles deliquesced on exposure to air and were identified as zine chloride.
To the filtrate was added 20 ml of methy! iodide, and the mixture was kept at 3¢°
for 10 h. All procedures were carried Gut in a nitrogen atmosphere. Methyl iodide
was evaporated and the residue was distilled to give two fractions. The first fraction,
b.p. 124-133°/3.5 mm, included 9.4 g (58 %) of unchanged tri-n-butyltin chloride and
0.1 g (0.6 1,4 %, based on the tin atom of consumed tri-n-butyltin chioride) of tetra-
n-butyltin. The second fraction, b.p. 170-208°/3.5 mm, was hexa-n-butylditin, 4.6 g
(329 : 76%, as above). No tri-n-butylmethyltin was found by gas chromatography.

Reaction of triethyltin chloride with sinc in the presence of i-butyl chloride and triethyl-
amine [egn. (2)]

Reaction of 6.5 g (0.027 mole) of triethyltin chloride and 3.5 g (0.054 g-atom)
of zinc powder was carried out with 5.5 g (0.054 mole) of triethylamine and 100 ml of
n-butyl chloride in an antoclave stirred at 160° for 6 h. To the reaction product was
added 100 ml of 1 N hydrochloric acid and organotin compounds were extracted
three times with each 200 ml portion of ether. The combined ethereal layer was
concentrated and the residue was distilled in vacuo to give 4.6 g of distillate, b.p.
64--135°/8 mm, including 2.4 g (38 9;) of tetraethyltin, 1.4 g (20 %) of n-butyltriethyltin,
0.3 g (4 %) of di-n-butyldiethyltin, 0.3 g (3 %) of tri-n-butylethyltin and 0.2 g (2°%;) of
tetra-n-butyltin. The yields are based on tin atom.

Reaction of triethyltin chioride with sodivm in n-butyl chioride [egn. (3)]

A mixture of 12.1 g (0.050 mole) of triethyitin chloride and 2.3 g (0.10 g-atom)
of sodium and 100 ml of n-butyl chloride was heated in an autoclave with stirring
at 160° for 6 h. After cooling, n-butyl chloride layer was concentrated and distilled
in vacue to give 10.3 g of distillate, b.p. 78-88°/10 mm, including 5.2 g (43°,) of un-
changed triethyltin chloride, 4.7 g (357, 61 %, based on the tin atom of consumed tri-
ethyllin chloride) of n-butylriethyltin chloride. 0.4 g (3%, 59, as above) of tetra-
cthyltin and 0.2 g (2%, 3.5% as above) of hexaethylditin.

Reaction of tri-n-butyltin chleride with sodium in triethylamine or in benzene [egn. (4)]

A mixture of 16.3 g of tri-n-butyltin chloride, 2.3 g (0.10 g-atom) of sodium
and 100 mli of triethylamine was heated in an autoclave with stirring at 160° for 6 h.
After cooling. 100 mi of methanol was added to the product to convert unchanged
sodium to sodivm methoxide. The product was concentrated and shaken with 100
ml of water and 200 mi of ether. The aqueous layer was extracted twice with 200 ml
portions of ether. The combined ethereal layer was concentrated and the residue was
distilled in racuo to give 13.4 g (52°% based on tin atom) of hexa-n-butylditin, b.p.
170-200°/5 mm, including a trace of bis(tri-n-butylchlorotin) oxide.

When 100 ml of benzene was used as a solvent instead of triethylamine and
the product was treated with ethyl jodide, no ethyltin compound but 12.5 g (86 %)
of hexa-n-butylditin, b.p. 186-190°/3 mm, was obtained. 1t is possible that any tri-n-
hutyllinsadiurn was completely consumed before the treatment with ethyl iodide.

Reaction of hexaethylditin with n-butyl chloride in the presence of triethylamine and
e
On heating 4.1 g (0010 mole) of hexaethylditin' (b.p. 151-152°/15 mm), 5.2 ¢

4. threganometal. Chem., UF (1988) 503513
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(0.08 g-atom) of zinc powder and 5.0 g (0.050 mole) of triethylamine in 100 mi of
n-butyl chloride in an autoclave with stirring at 160° for 6 h, all starting materials
were recovered unchanged.

Reaction of hexa-n-butylditin with sodium in ethyl chloride

To a mixture of 11.6 g (0.02 mole) of hexa-n-butylditin and 1.8 g {0.08 g-atom)
of sodium in an autoclave cooled in solid carbon dioxide-methanol bath was added
100 m) of ethyl chloride. The reaction was carried out at 160° for 6 h, when all sodium
had been consumed. After removal of ethyl chloride, 100 ml of water and 600 m! of
ether was added to the product. The combined ethereal layer was concentrated and
the residue was distilled i vacuo to give 10.8 g (93 %;) of unchanged hexa-n-butylditin.
No ethyltin compound was obtained.

Reaction of di-n~butyitin dichloride with zinc in the presence of ethyl chlorvide and rri-
ethylamine {egn. 6)

Toa mixture of 15.2 g (0.050 mole) of di-n-butyltindichloride. 6.5 g (0.10 g-atom)
of zinc powder and 10.1 g (0.10 mote) of triethylamine in an autoclave cooled in solid
carbon dioxide/methano! bath was added 100 ml of ethyl chloride. and the reaction
was carried out at 160° for 6 h. After recovery of ethyl chloride, the product was shaken
with 200 ml of 1 N hydrochloric acid and 200 mi of ether. The aqueous layer was
extracted twice with 200 mi portions of ether. The combined ethereal layer was con-
centrated and the residue was distilled to give 9.6 g of liquid, b.p. 43°/3-119" 2 mm.
including 4.2 g (24 %) of tetra-n-butyltin, 3.2 g (20 ;) of tri-n-butylethyltin. 0.6 g (4,)
of di-n-butyldiethyltin, 0.7 g (5%) of n-butyltriethyltin and 0.9 g (8 ) of tetracthyltin.
The yields are based on tin atom.

Reaction of di-n-but vitin dichloride with zinc in triethylamine. Attempted isolation of
dialtkyttin-zinc compound

A mixture of 15.2 g (0.05 mole) of di-n-butyltin dichloride. 6.5 g {0.10 g-atom)
of zinc powder and 100 ml of triethylamine was heated in an autoclave with strring
at 130° for 6 h. The tricthylamine layer was separated by decantation and was coun-
centrated to give 2.2 g of white precipitate which was a mixture of bis(di-n-butyl-
chlorotin) oxide and di-n-butyltin dichloride--tricthylamine complex. The precipitae
was removed by filtration in a nitrogen atmosphere. Half of the filtrate was treated with
17 ml of ethyl bromide at 140° for 4 h and the product was distilled in racuo to give
a distillate, b.p. 135-137°/4 mm, including 6.0 g of tri-n-butyltin chloride and 1.5 g
of tetra-n-butyltin and no ethyltin compound. On exposing half the remaining filirate
to air for 5 days no white precipitate of di-n-butyltin oxide was obtained, while the
other half was distilled in racuo to give 7.3 g of distillate. b.p. 133/4 mm. including
5.9 g of tri-n-butyltin chloride and 1.4 g of tetra-n-butyhtin.

Reaction of di-n-butyltin dichloride with ethyl chloride in the presence of triethylammne
and iron

Ethyl chloride (100 mi} was added to a mixture of 30.4 g (0.10 mole) of di-n-
butyltin dichloride, 11.2 g (0.20 g-atom) of iron powder and 20.2 g (0.20 mole) of tri-
ethylamine in an autoclave cooled in a solid carbon dioxide-methanol bath, and the
reaction was carried out at 160° for 6 h. To the reaction praduct was added 100 ml
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of 1 N hydrochloric acid and the mixture was shaken three times with 200 ml portions
of ether. The combined ethereal layer was concentrated and the residue was distilled
to give 23.6 g of distillate. b.p. 96-123"/4 mm. whose constituents were found by gas
chromatography to be (yields are based on tin atom}: 14.1 g (437(; 46 7;, based on
consumed di-n-butyltin dichloride) of tri-n-butyltin chloride. 7.0 g (24 ?’,,; 26", as
above) of di-n-butylethyltin chloride. 1.3 g (5%) of n-butyldiethyltin chloride. 0.5 g
(29) of triethyltin chloride, 1.5 g (6 %) of unchanged di-n-butyltin dichloride, 0.1 g

L)

{0.4%,) of di-n-butyldiethyitin and 0.1 g (0.3%;) of tetra-n-butyltin.

Reaction of diethyltin dichloride with n-butyl chloride in the presence of triethylamine
and fron [eqn. (8)]

A mixturc of 24.8 g {0.010 mole) of diethyltin dichloride. 11.2 g (0.20 g-atom)
of iron powder, 20.2 g {0.20 mole} of triethylamine and 100 mt of n-butyl chloride
was heated in an autoclave with stirring at 160° for 6 h. The product was shaken with
100 mt of 1 N hydrochloric acid and 200 ml of ether. The aqueous layer was shaken
three times with 200 ml portions of ether. The combined ethereal layer was con-
centrated and the residue was distilled to give 16.1 g of distillate, b.p. 90--113°/12 mm.
which included 2.7 g (11 %) of unchanged dicthyltin dichloride, 7.7 g (32¢,: 36°,,
based on consumed diethyitin dichloride) of tricthyltin chloride, 4.1 g (15°%,: 17",
as above) of n-butyldicthyttin chloride, 0.4 g (1 ;) of di-n-butylethyltin chloride, 0.8 g
{(3¢,) of n-butylethyltin dichloride, 0.1 g (0.6%,) of tetraethyitin, 0.2 g (0.6 °;) of tri-n-
butylethyltin. and a trace of n-butyltriethyltin and tri-n-butyltin chloride. The yields
are based on the tin atom of the diethyltin dichloride.

SUMMARY

Dialkyltin dichloride is converted into trialkyltin chlonide via bis(dialkyl-
chloratin) oxide in water in presence of a metal. The conversion also takes place
without water in the presence of alkyl chloride. organic base, and metallic tin or ivon.
Zmnc, magnesium., aluminium or sodium can be vsed instead of tin or iron. but in
these cases a mixture of trialkyltin chloride and tetraalkyltin was formed from di- or
trintkyltin chloride. Possible reaction schemes are discussed.
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