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n-Butyl chloride reacts with sodium-tin alloys a t  150-18OoC., resulting in 25-30y0 tin conversions to mixturee composed 
of 10-20% tetrabutyltin and 80-90Ojo tributyltin chloride. %-Propyl chloride and n-amyl chloride react with NaSn (27, Zn) 
giving good conversions to the RaSn-RaSnCI mixtures. Under milder conditions, reactions of ethyl chloride or n-butyl 
chloride with sodium-tin alloys result in substantial yields of RzSn, readily convert,ed to the corresponding dialkyltin oxide 
by reaction with oxygen. Mixtures of tetrabutyltin and tributyltin chloride react readily with the theoretical quantity of 
stannic chloride, yielding dibutyltin dichloride quantitatively. 

Reaction of methyl, ethyl, and some propyl 
halides with sodium-tin alloys is the oldest known 
method for synthesis of the corresponding alkyltin 
compounds. Lowig in 1862 reported the reaction of 
ethyl iodide with a sodium-tin alloy containing 14% 
sodium (composition NaSnj to form diethy1tin.l 
Other reactions with alloys of similar composition 
and methyl or ethyl halides have appeared in the 
literature. 2,3,4 Reaction of an alloy of composition 
I\;azSn with ethyl bromide has been reported to  
yield diethyltin16 tetraethyltin, or diethyltin di- 
bromide.6 Further, Harada has shonm that NaSn 
alloy is activated by the presence of varying 
amounts of zinc in reactions with methyl iodide,' 
ethyl bromidej8 and with propyl b r ~ m i d e . ~  Mix- 
tures of R4Sn and R3SnX were obtained, the com- 
positions varying with reaction conditions. 

Reactions of butyl and higher alkyl chlorides 
with sodium-tin alloys have not been reported. 
The known references imply, moreover, that even 
though good yields are obtained with methyl and 
ethyl halides, the reaction is not satisfactory for 
higher molecular weight alkyl halides.'" Reaction 
of n-butyl bromide with zinc-activated sodium-tin 
alloys has been reported, however, to  give good 
yields of tributyltin bromide.'l 

We have found that n-butyl chloride reacts reacl- 
ily with the active ternary alloys NaSn (27, Znj 
and Nao.9zKa.osSn a t  150-180°C. under autogenous 
pressure to give good yields of mixtures composed 
of 10-20 weight yo tetrabutyltin and 80-9070 tri- 
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butyltin chloride. At lower reaction temperatures, 
and especially when the less active binary alloy 
NaSn is used, the organotin product contains sub- 
stantial amounts of dibutyltin along with tetra- 
butyltin and tributyltin chloride. Satisfactory 
yields of R4Sn-R8SnC1 mixtures are also obtained 
from n-propyl chloride and n-amyl chloride with the 
active ternary alloys under reaction conditions 
similar to  those used for n-butyl chloride. 

On the basis of the results of our work the follow- 
ing reactions are proposed to explain the products 
obtained : 

2 NaSn + 2 XCl-? RzSn + 2 NaCl -+ Sn ( I )  

R,Sn + I tCl--+ ILSnCl (2)  

(3) 2 RzSn --+ R4Sn + Sn 

It appears that dialkyltin compounds are interme- 
diates in the formation of R4Sn and RaSnC1. If the 
R3SnCl-R4Sn product contains 80 mole yo R3SnC1, 
summation of Equations (1)-(3) above would re- 
sult in the total equation, 
12 NaSn + 16 RC1+ 4 R3SnC1 + R4Sn f 

12 iYaC1 + 7 Sn (4)  

for which the theoretical tin conversion to  organo- 
tin product is 42.7%. We have obtained products 
apparently consisting of R3SnC1 and R4Sn exclu- 
sively in tin conversions of 25-30%. 

In  reactions with n-butyl chloride and SaSn 
(2% Znj carried out under mild conditions, e .g . ,  
a t  temperatures below 130"C., or with the less 
active alloy NaSn, appearance of orange-brown 
colors in product solutions is taken to indicate in- 
termediate dibutyltin formation, as in Equation 
(1). Preponderance of tributyltin chloride in the 
products when reaction conditions were more 
strenuous, along with absence of colors, and the fact 
that tin conversions were consistently higher than 
the theoretical 25% expected by the equation, 
4 NaSn + 4 n-C4H&l + (TL-C*H*)~S~ + 3 Sn + 4 YaC1 

suggest direct addition of n-butyl chloride to  di- 
butyltin, as shown in Equation ( 2 ) .  

The dark colored solutions are decolorized by the 
action of chlorine] probably dne to conversion of 
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dibutyltin to colorless dibutyltin dichloride [Equa- 
tion (5)]. However, no attempt was made to  isolate 
dibutyltin dichloride from this reaction in this 
work. Also, the dark color is destroyed by aeration, 
forming white polymeric dibutyltin oxide [Equa- 
tion (6) l, which is converted to dibutyltin dichloride 
by treatment with hydrochloric acid [Equation 
(7) I. 

(n-CaHs)J3n + Cln --+ (n-C4H9)2SnC1J (5)  

.z in-C4Hy)2Sn + 3 02 --+- [(n-C&)2SnOlz (6) 

L HzO ( 7 )  
[(n-C4H9)2Sn0], + 22 HCI + z (n-C4Hg)2SnC12 4- 

In  support of Equation (I), formation of dialkyl- 
tin compounds from XaSn and lower alkyl halides 
has been reported.' Formation of trialkyltin 
chlorides as in Equation 2 is also k n o ~ v n . ' * ~ ~ ~  Equa- 
tion 3 has a precedent in the report of Frankland 
that diethyltin on distillation formed tin and 
tetraeth~1tin.l~ Pfeiffer et al. have demonstrated 
that diethyltin reacts with air to precipitate diethyl- 
tin oxide, and with halogens to  form the corre- 
sponding diethyltin dihalide,I3 analogous to Equa- 
tions (5) and (6). These authors also formed di- 
alkyltin dihalides by the action of halogen acids 
on the corresponding dialkyltin oxide as in Equa- 
tion (7).15 
Tetrabutyltin-tributyltin chloride mixtures 

formed in sodium-tin alloy reactions are converted 
in essentially quantitative yields to  dibutyltin di- 
chloride by reaction with the calculated quantity 
of stannic chloride. Thus, for a mixture containing 
80 mole 70 tributyltin chloride, reaction is ex- 
pressed by the equation: 

4 (n-C4HShSnC1 + (n-GH9),Sn + 3 9nCla ---+ 
8 (n-C4H&SnC1n 

van der Kerk and Luij ten recommended tempera- 
tures of 230-240°C. for conversion of mixtures 
of high tetrabutyltin content to dibutyltin di- 
chloride.'O We have found in converting mixtures 
of high tributyltin chloride content that tempera- 
tures in excess of about 210°C. promote decomposi- 
tion and undesirable by-product formation, and 
that a reaction temperature of 180°C. appears to 
be optimum for conversion to  dibutyltin dichloride. 

EXPERIMENTAL 

Materials. n-Alkyl chlorides were all Eastman white 
label products, with the exception of ethyl chloride, which 
was redistilled Ethyl Corporation commercial grade. 
Metals from the following sources were used: tin, 1-lb. bars, 
Fisher Scientific Company; sodium, Ethyl Corporation, 
commercial grade; potassium, J .  T. Baker Co., c.P.; and 
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zinc, J. T. Baker Co., mossy. Stannic chloride was Fisher 
anhydrous reagent grade. 

Alloy preparation. Alloys were prepared by stirring the 
calculated quantities of tin, sodium, and ternary metal 
(when used) a t  red heat for 15-20 min. in steel bombs 
under nitrogen. They were broken up by striking the cooled 
bomb with a hammer and were further comminuted in a 
large mortar under nitrogen until maximum particle size 
was about 0.25 inch. While well prot,ected from the atmos- 
phere, alloy samples were weighed into 4-02. screw-cap bot- 
tles for storage prior to use. In  this manner, KaSn, NaSn 
(2% Zn), and Xao.92Ko,osSn were prepared. They were all 
shiny, gray, brittle solids, rapidly dulling in appearance when 
contacted with t,races of atmospheric oxygen or moisture. 

Anal: Calc'd for NaSn: S a ,  16.2. Found: total Na, 16.3; 
active Na, 15.9. Calc'd for KaSn(270 Zn): Na, 15.9. Found: 
total Na, 15.2; active Na, 15.7. Calc'd for Nao.9~Ko.08Sn: 
Na, 14.8. Found: total Sa, 14.7. 

Tetrabutyltin-tributyltin chloride jrom NaSn (2% Zn). 
A small monel pressure reactor (170 ml. capacity) was 
charged under nitrogen Kith 60 g. of n-butyl chloride, 47.8 
g. NaSa (2% Zn), and a &/*-inch steel ball. The sealed bomb 
mas tumbled for 5 hr. in an oil bath a t  160-170°C. The 
bomb was cooled in a dry ice-acetone bat'h, after which it 
was opened. The uniform black slurry formed during reac- 
tion was washed onto a Buchner funnel with 200 ml. ben- 
zene. Filtration resulted in a black powdery solid (free of 
active sodium when tested with methanol) and a clear light 
yellow filtrat,e. Distillation in a Claisen flask yielded a ben- 
zene-butyl chloride fraction, and 25.7 g. of a main product 
fraction of tet'rabutyltin-tributyltin chloride collected a t  
148-151°C. (10 mm.). 

Anal: Calc'd for (n-C:H9)4Sn: Sn, 34.2. Calc'd for (n- 
C4H9)sSnC1: Sn, 36.5; C1, 10.9. Found for product mixture: 
Sn, 34.5; C1, 8.35. 

Tin analyses were carried out by the method of Gilman 
and King.16 From the analyses, the product mixt'ure con- 
tained 23.3 $& tetrabutyltin and 76.7% tributyltin chloride 
(based on chlorine content). The calculated tin content of 
such a mixture is 35.87,. Tin conversion, calculated from the 
tin analysis, was 22.6%. In subsequent reactions, tin con- 
versions averaged 25-30%. Small portions of a product 
mixture treat'ed with AgNOa solution gave an immediate 
white AgCl precipitate (confirming the presence of tri- 
butyltin chloride), and gave no precipitate when treated 
with NHIOH solutions (indicating the absence of dibutyltin 
dichloride which would be expected to form white dibutyltin 
oxide). 

A 16.5-g. portion of the product mixture obtained above 
was redistilled in a 20-inch concentric tube column a t  3-3.5 
mm. Five fractions were taken t'hough the boiling point 
varied only slightly. Data for the distillation are given in 

TABLE I 
DISTILLATION OF TETRABUTYLTIN-TRIBUTYLTIN CHLORIDE 

MIXTURE 

Fraction Wt. yo 
No. B.p., "C." Kt . ,  g. n y b  c 1  

1 78.5-128.7 0 .61  1.4739 
2 129 2.12 1.4853 7.97 
3 128.7-129 10.64 1.4866 8.63 
4 129 -131.2 2 . 0 3  1.4890 
5 131.2-131.4 0.80 1.4900 10.44 

Residue . .  0.40 . .  
a Pressure, 3-3.5 mm. From the literature, n g  for tetra- 

butyltin is 1.473017; n"," for t,ributyltin chloride is 1.4908.18 
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Table I. Though a poor separation was obtained, refractive 
indices of the fractions vary from that  found in the litera- 
ture for tetrabutyltin to the literature value for tributyltin 
chloride. Chlorine analyses, also, increase almost to the cal- 
culated chlorine cont'ent of tribut'yltin chloride. 
Tetrabutyltin-tributyltin chloride from Nao,921<o,osSn. A 

reaction was carried out similar to the above reaction, using 
60 g. of n-butyl chloride and 46.4 g. of Naa.&o.& alloy. 
The mixture v a s  heated for 4 hr. a t  160-165°C. There was 
obtained on work-up 24.6 g. of crude tetrabutyhin-t'ri- 
butyltin chloride mixture, containing 5.8y0 chlorine and 
38% t'in, corresponding to a 53.2% tributyltin chloride 
content and a tin conversion of 24.27,. 

Tetrabutyltin-tributyltin, chloride from *VaSn. By proce- 
dures similar to those described above for the ternary alloys, 
69 g. of n-butyl chloride was allowed to  react with 52.2 g. 
of SaSn  alloy. The mixture was heat'ed for 10 hr. a t  140- 
155'C. The tetrabutyltin-tributyltin chloride product 
(37.2 g.) contained 9.4% chlorine and 36.37, tin. This 
corresponds t'o a tributyltin chloride cont'ent of 86.1';; and a 
30.9yc tin conversion. 

Other R4Sn-RaSnCl mixtures from SaSn($% Zn) .  llix- 
t'ures of RaSn and RaSnC1 were obtained in reactions of 
SaSn(27$ Zn) TTith n-propyl chloride and n-amyl chloride 
(Table 11) by the procedures described above for n-butyl 
chloride. React,ants n-ere used in the ratio of t v o  moles of 
RCl per gram-atom of tin in the alloy. The crude product's 
were not comp1et)ely purified and identified. However, tin 
conversion calculated from tin analyses on the product,s 
serves as a measure of reaction eficie 
shoxn to be present in the products by p 
chloride. 

TABLE I1 
R4Sn-R3SnC1 MIXTURES FROM REACTIOSS OF RCI WITH 

YaSn(2% Zn) 

R4Sn-R3SnC1 
Product 

5 Sn 

RC1 "C. Hr. yL Sn sion 
Temp., Time, convw 

40.3 18.2 n-CaH7C1 160 0 . 3  

n-CjHiiC1 162 4 31 6 27.2 
140-145 4 

Dzethyltin, dLethyltin oxzde. An apparatus TT as constructed 
in which a 1-inch diameter Micrometallic filter disk (3/a2- 

inch thickness, porosity "FJJ) --as rrelded into a steel 
pipe as a support for XaSn(2% Zn) alloy After the pipe 
was charged with alloy (3 18 g.), 2 5 1. of ethyl chloride was 
passed through the heated reactor (89OC.) over a period of 
173 min., under sufficient nitrogen pressure to maintain the 
ethyl chloride in the condensed phase. After a SO-min. in- 
duction period, the clear liquid collected from the reactor 

began to  show a yellow color which gradually deepened to 
red. Maximum color intensity lyas obtained after GO min. 
Ethyl chloride was distilled from the product solution and 
was replaced by 100 ml. of n-hexane. Aeration of the deep 
red n-hexane solution formed a colorless solution and pre- 
cipitated 0.98 g. (45'5 yield) of nThite diethyltin oxide. 

Anal: Calc'd for [(C2Hj)&nO].: Sn, 61.5%. Found: 
Sn, 57.97,. 

Distillation of n-hexane from the filtrate yielded 0.32 g. of 
colorless oil. The solids removed from the pipe after reaction 
were found to contain 86% of the expected chloride ion, 
based on sodium present in the original alloy. 

Dibutyltin, dibutyltin oxide. A mixture of 47.7 g. IiaSn 
alloy and 62.2 g. of n-butyl chloride was heated in an auto- 
clave for 4 hr. a t  162°C. On filtering the mixture and wash- 
ing the solids with bcnzene (200 cc.), there was obtained a 
dark orange-brown product solution. Dry air was bubbled 
into the solution for 1.5 hr., resulting in a white precipitat'e 
of dibutylt'in oxide ( 7 . 3  g., 8.67, tin conversion). A portion 
of the white precipitate was heated \rith concent'rat'ed hy- 
drochloric acid, forming a white oil, dibutyltin dichloride, 
which on recrystallization from petroleum ether melted a t  
35-37.5"C., undepressed when mixed with an equal weight 
of authentic dibutyltin dichloride. 

Benzene and n-but,yl chloride were distilled from the clear 
filtrate from the precipitated dibutyltin oxide, leaving a 
residue of tetrabutyltin-tributyltin chloride mixture weigh- 
ing 17.8 g. and containing 38% tin and 5.37, chlorine. This 
constitut'ed a 16.97, tin conversion with 48.R%L, tributyltin 
chloride in the liquid organotin product mixture. Total tin 
conversion to  organotin products was 25.5yL. 

A dark orange-brown benzene product solution from a 
second reaction similar to the above was treated with chlo- 
rine gas in the dark. The color was destroyed rapidly with 
evolution of heat, probably through formation of dibutyltin 
dichloride. 

Dibutyllin dichloride. The quantity of stannic chloride 
necessary to  convert 25 g. of a tetrabutytin-tributyltin 
chloride mixture t'o dibutyltin dichloride was calculated 
from the chlorine content of the mixture. The mixture con- 
tained 1O.lo; chlorine, or 92.65; tributyltin chloride. This 
corresponded to 0.0054 mole oi tet'rabutyltin and 0.0711 
mole of tributyltin chloi,ide. Consequently, 10.7 g. (0.0411 
mole) of stannic chloride was pipetted into a 300 cc. flask 
fitted Tvith a thermometer and reflux condenser and contain- 
ing the butyltin mixt,ure. The resulting mixture was heated 
from 160-207°C. over a period of 1.5 hr., after which the 
tan molten dibutyltin dichloride, obtained in essentially 
quantitat,ive yield, \vas decanted into a distilling flask. A 
clear product was obtained on distillation; 94y0 of the 
charge was collect,ed a t  140-143°C. a t  10 inin. pressure. 
Crystallizat,ion temperature of the distillate was 38.5'C. 
A small portion of the product, crystallized from petroleum 
ether, melted a t  39.5-40OC. Identity of the product as di- 
butyltin dichloride was further verified by mixture melting 
point. 
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