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The reactions of stannane with a variety of organic substrates have been studied. Benzaldehyde, 
acetone, nitrobenzene, and 2-nitropropane are reduced to benzyl alcohol, isopropyl alcohol, 
aniline, and isopropylamine, respectively. With boron trifluoride etherate and benzyl chloride, 
stannane undergoes halogen-hydrogen exchange, while with isopropylamine and acetic acid, it 
is decomposed catalytically into its elements. Tetrakis(2-cyanoethy1)tin is formed by the addition 
of stannane to acrylonitrile. Stannane did not react with the following: (a) ethyl acetate, (b) 
methyl acrylate, (c) aniline, (d) triethylamine, (e) dimethylacetamide, and (0 N-ethylacetamide. 
The results obtained with stannane are for the most part analogous to those reported for the 
corresponding organotin hydrides. 

Introduction 

Until the publication of the preliminary communication' 
of this work, very little had been reported on the chemistry 
of tin tetrahydride (stannane). The chemistry of this 
hydride has been most recently reviewed by Gmeline3 
Although a few reactions of stannane with inorganic 
substrates were known, no reactions with organic com- 
pounds had ever been reported. This lack of activity in 
stannane chemistry is due, in part at least, to experimental 
difficulties. Stannane is toxic. It is a gas at  room 
temperature with bp -52.5 "C. While relatively stable, 
stannane does decompose slowly at room temperature. 
To minimize decomposition, we worked under an atmo- 
sphere of 0.1 % 02 diluted with n i t r~gen .~  We prepared 
stannane by the LiAlH4 reduction of SnC4, the method 
of Emelbus and Kettlea4 

Reactions of the more stable organotin hydrides with 
organofunctional groups have been studied in detail.a*-c 
In this paper the reactions of stannane with some 
representative organofunctional groups are reported and 
discussed. Wherever possible, a comparison of the relative 
reactivities between stannane and organotin hydrides 
toward a common substrate is made. 

Results and Discussion 

The reduction of ketones and aldehydes by organotin 
hydrides to the corresponding alcohols has been first 
reported by Kuivila and Beumel.6 In this reaction, run at 
temperatures from room temperature up to about 140 OC, 
no hydrolysis step is necessary and the alcohols are formed 
directly, generally in good yields. We found that stannane 
is capable of reducing aldehydes and ketones in an 

(1) For Part 15 see: Reifenberg, G. H.; Considine, Wm. J. J. Am. Chem. 
SOC. 1969,91,2401. Much of the subject matter in this paper is covered 
in U.S. Patents Nos. 3,654,367 (April 4, 1972), 3,708,549 (Jan 2, 1973), 
and 3,867,463 (Feb 18, 1975). 
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(2) Present address: P.O. Box 96, Pearl River, NY 10965. Work was 
done at M&T Chemicals Inc., Rahway, NJ. 

(3) Gmelin Handbuch der Anorganischen Chemie; Verlag-Chemie 
Gmbh Weinheim Bergetraase, 1972; Vol. 46C1, pp 6-23. 

(4) Emelbus, H. S.; Kettle, S. F. A. J. Chem. SOC. 1958, 2444. 
(5) (a) Davies, A. G. In Comprehensive Organometallic Chemistry; 

Wilkinson, G., Stone, F. G. A., and Abel, E. W., Eds.; Pergmon: Orford, 
U.K. 1982;Vol. 2,pp 584-590. (b) Neumann, W. P. The Organic ChemLstry 
of Tin; J. Wiley: New York, 1970; Synthesis, 1987,665. (c) Harrison, P. 
G., Ed. Chemistry of Tin; Chapman and Ha& New York, 1989. 

(6) Kuivila, H. G.; Beumel, 0. F. J.  Am. Chem. SOC. 1961,83, 1246. 
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analogous fashion at 0 "C. For example, benzaldehyde 
and acetone were reduced to the corresponding alcohols 
in high yields. In the former case, the yield of benzyl 
alcohol was quantitative and all four hydrogens of stannane 
were utilized. With acetone, the yield of isopropy alcohol 
was lower (71%). This lower yield paralleled the expe- 
rience of Kuivila and BeumeP who showed that the 
reduction of benzaldehyde with several different organotin 
hydrides occurred in high yields, while reductions of 
acetone were not straightforward. These authors reported 
that while dibutyltin dihydride was able to reduce the 
ketone, no reduction occurred with diphenyltin dihydride. 
Only decomposition of the latter was observed. 

It has been reported that strongly basic amines accelerate 
the decomposition of organotin Isopropyl- 
amine strongly catalyzed the decomposition of stannane 
to metallic tin and hydrogen. On the other hand, 
triethylamine and aniline did not cause decomposition 
under similar conditions. In the latter two experiments, 
good recoveries of the reactants were realized. The lack 
of catalysis by triethylamine may simply be due to our 
inability to carry out this reaction at a sufficiently high 
temperature. It has been reported that the ease of 
decomposition of organotin hydrides is in the ordefl3O C 
20 c 10. 

The lack of catalysis by aniline, a much weaker base 
than the aliphatic amines, is not unexpected since it will 
not cause the decomposition of triphenyltin hydride8 under 
conditions whereby aliphatic amines act as decomposition 
catalysts. 

Stannane does not react with simple amides, such as 
NJV-dimethylacetamide and N-ethylacetamide, or esters, 
such as ethyl acetate and methyl acrylate. This is not 
surprising in view of the known lack of reactivity of 
organotin hydrides toward amides and esterlo functional 
groups. 

The reduction of nitrobenzene by stannane yields 
aniline. No intermediate reduction products could be 
detected and the yield of aniline, based on reacted 
stannane, was 94%. A similar reduction with triphenyltin 
hydride is known.10 

(7) Stem, A.; Becker, E. I. J.  Org. Chem. 1962,27,4052. 
(8) van der Kerk, G. J. M.; Noltes, J. G. J.  Appl. Chem. 1969,9,106. 
(9) Noltes, J. G.; van der Kerk, J. G. M. Chem. Znd. 1969,294. 
(10) van der Kerk, J. G. M.; Noltes, J. G.; Luijten, J. G. A. Chem. Znd. 

1966, 352. 
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The reaction of stannane with aliphatic nitro com- 
pounds, e.g., 2-nitropropane, is complex. As was found 
with nitrobenzene, the corresponding amine (isopropyl- 
amine) is the only reduction product, but the yield, based 
on reacted stannane, was only 29 % . However, the product, 
isopropylamine, has been shown to catalyze the decom- 
position of stannane (vide supra). As soon as some amine 
is formed, it will enter into competition with 2-nitropro- 
pane for stannane. On the basis of the low yield of amine, 
it appears that the decomposition of stannane is more 
rapid than the reduction of the nitro compound. 

Stannane will add to the double bond of acrylonitrile 
forming tetrakis(2-cyanoethy1)tin. Depending on reaction 
conditions, yields of 5-35% were obtained in a number of 
runs and no reduction of the nitrile group was observed. 
van der Kerk et al.l0 have successfully added organotin 
hydrides to acrylonitrile, forming (2-cyanoethy1)tin com- 
pounds and have never observed any subsequent reaction 
between the nitrile group and the tin-hydrogen bond. The 
low yields for our reaction stand in marked contrast with 
the high yields generally obtained when organotin hydrides 
are used. The instability of stannane limits the maximum 
reaction temperature to about room temperature. Usually, 
temperatures of 7 M O O  OCll are required for the addition 
of organotin hydrides to acrylonitrile in the absence of 
catalysts, and thus it is quite possible that the yield of 
tetrakis(2-cyanoethy1)tin would be improved if we were 
able to use higher reaction temperatures. 

Although organotin hydrides add readily to the carbon- 
carbon double bond in methyl acrylate,ll we were unable 
to observe stannane addition to this substrate under 
conditions in which a partial reaction occurs with acry- 
lonitrile. Here also it is possible that a reaction would 
take place if more drastic conditions (higher temperatures) 
were possible. 

Organotin hydrides are known to undergo halogen- 
hydrogen exchange with inorganic and organic h a l i d e ~ . ~ J ~ J ~  
Similarly, we have found that stannane can also undergo 
such exchange reactions. For example, stannane reacts 
readily with boron trifluoride etherate, forming SnF4 
quantitatively (based on reacted hydride). To obtain a 
good tin balance, the reaction was carried out in the 
presence of a quantity of 1-octene sufficient to trap any 
gaseous diborane as the nonvolatile tri~ctylborane.'~ Tri- 
n-propyltin hydride previously has been shown to undergo 
a similar hydrogen-fluorine exchange with boron triflu- 
oride etherate forming tri-n-propyltin fluoride.ll 

The reaction of stannane with benzyl chloride is very 
complex. In a number of runs, the initially colorless 
chloride turned deep red as the reaction temperature was 
raised. This was accompanied by the vigorous evolution 
of gases (some SnH4 and HC1) that persisted even after 
the reaction mixture was allowed to rise to ambient 
temperature. In all cases, toluene, tin tetrachloride, and 
hydrogen chloride were formed as products. Toluene and 
tin tetrachloride most probably arose from a simple 
chlorine-hydrogen exchange (eq 1). However, the quan- 

4C6H,CH,C1 + SnH, = SnC1, + 4C6H,CH3 (1) 
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virtually no benzyl chloride remained at the end of the 
reaction, even though a large excess (based on eq 1) was 
used. Vapor phase chromatographic analysis of the 
reaction mass showed that the major products were high 
boiling compounds. We tentatively propose the following 
as an explanation for the observed facts. One of the initial 
products (eq l), tin tetrachloride, is known to be a mild 
Friedel-Crafts catalyst.14 As such it could cause secondary 
reactions such as the self-condensation of benzyl chloride 
and/or the condensation of benzyl chloride with toluene 
to form substituted diarylmethanes. In turn, these 
products could condense further with benzyl chloride 
forming polyarylmethanes. In support of this proposal, 
we mixed benzyl chloride with a small amount of tin 
tetrachloride. In a short time, the mixture became very 
warm, viscous, and deep red in color. Although no 
quantitative data on the products were obtained, we are 
confident that our proposed explanation is essentially 
correct. 

On the other hand, organotin hydrides reduce benzyl 
chloride to toluene with no apparent formation of side 
products.15 The organotin chloride formed as a coproduct 
is a much weaker Lewis acid than SnC4 and does not 
promote secondary reactions. 

Carboxylic acids react with organotin hydrides forming 
organotin carboxylates.llJ6 When stannane is passed into 
glacial acetic acid, tin metal is obtained as the main product 
in ca. 90% yield based on reacted stannane. In addition, 
a small quantity of tin (ca. 4%) in the tetravalent state 
is found dissolved in the acetic acid. The tin-containing 
product most likely is present in the acetic acid as the 
acetate Sn(OOCCH&. The tin metal probably is formed 
via an unstable intermediate I which would be expected 
to decompose as shown (eq 2). 

tities of HC1 formed were greater than expected if all of 
the hydrogens in stannane were utilized. In addition, 

(11) Noltes, J. G. Doctoral Thesis, University of Utrecht, 1968. 
(12) van der Kerk, G. J. M.; Noltes, J. G.; Luijten, J. G. A. J.  Appl. 

(13) Brown, H .  C.; SubbaRao, B. C. J.Am. Chem. Soc. 1959,81,6423, 
Chem. 1957, 7, 366. 

6428. 

2SnH, + 2HOAc = 2[SnH,OAcl+ H, 

2[SnH30Ac] = Sno + H, + HOAc 

(2) 
I 

Table I summarizes the results obtained for reactions 
of stannane with organic substrates. This study has shown 
that stannane is capable of reacting with some but not all 
organic functional groups in a manner similar to that 
observed with organotin hydrides. 

Because of the experimental complications posed by 
the low boiling point of stannane and its instability, we 
made a material balance in each case to ensure that we 
were not missing important side reactions. 

Experimental Section 
Vapor phase chromatography was performed on a Model 720 

F&M gas chromatograph. Infrared spectra were obtained with 
a Beckman IR-8 infrared spectrophotometer. X-ray diffraction 
data were obtained with a XR-D5 diffraction unit from the 
General Electric Co. 

Preparation'and Characterization of SnH4. LiAlK (4.75 
g, 0.125 mol) and dry diethyl ether (50 mL) were added to the 
reaction flask (500 mL) connected to a series of five traps. The 
reaction flask and the last four traps were immersed in liquid 
nitrogen (-195 OC), and the first trap was immersed in an ice- 
methanol bath (-23 "C). The entire system was purged with 

(14) March, Jerry. Aduanced Organic Chemistry, 3rded.; John Wiley 
& Sons: New York, 1985; p 480. 

(15) Kuivila, H. G.; Menapace, L. W. J.  Org. Chem. 1962,27,460. 
(16) Noltes, J. G.; van der Kerk, G. J. M. Functionally Substituted 

Organotin Compounds;Tin Research Institute: Greenford, England, 1958 
(see also references therein). 
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Table 1. Reactions of Stannane with Organic Substrates 
conversion materialb 

organic reactants reaction products yield' (6) to products (%) balance (%) 
PhCHO PhCHzOH + Sn 100 52 97 
( C H d z C 4  (CHp)zCHOH + Sn 71 56 94 
(CH3)zCHNHz Sn + Hz 95 95 95 
PhNOz PhNHz + H20 + Sn 94 25 93 

CHz4HCN (NCCHzCH2)&n 5 - 3 9  
BFdCzHdzO SnFd + BzH6 100 56 99 

CHpCOOH Sn + Hz + Sn(OOCCHp)/ 100 96 97 

(CWzCHNOz (CHp)zCHNHz + Sn + HZ + HzO 29c 89 89 

PhCHZC1 PhCHp + SnC14 + HCl e 92 

a Based on reacted stannane. Based on tin. Basedon tin metal isolated. Based on stannanecharged. Other products postulated are polyarylmethanes. 
/Minor product (4.4%) is a tin(1V) acetate. 

Table 11. Vapor Pressure of Stannane (mm) Table 111. Other Attempted Reactions 
temp ("C) present work iit.17 
-66 to -65 399 387 (-66.7 "C) 

407 (-65.6 "C) 
-8 2 154 157 
-95 66.8 66 (-95.5 "C) 

nitrogen containing 0.1 % of oxygen in order to inhibit decom- 
position of SnH4. 

For measuring the temperature in the reaction vessel, a 
thermocouple waa inserted into a thermowell of the flask. SnC4 
(6.5 g, 0.025 mol) and another portion of dry diethyl ether (50 
mL) were added in that order, and the entire mass became frozen. 
Atthispoint,nosignsofareactionwereevident. Thetemperature 
of the reaction flask was gradually warmed to -78 "C (dry ice- 
acetone temperature), a t  which point the reaction mixture became 
liquid. There were also some signs of a reaction, as evidenced 
by gas bubbles leaving the surface. As the temperature was 
increased further, reaction became more rapid. At -50 "C the 
reaction proceeded at a very rapid pace. Not until 0-10 "C was 
reached did the reaction subside. A total of 2.7 g (88%) of SnH4 
was collected in the last four traps as a white solid. Over a series 
of 20 preparations, yields ranging from 87 to 95% were realized; 
mp -146 "C (lit." -150 "C); bp -52.5 "C (lit.'? -51.8 "C). 

Elemental analysis was effected by allowing a sample of SnH4 
(1.18 g, 0.0096 mol) to decompose slowly in a closed vessel 
overnight a t  ambient temperature. A gray residue was obtained 
which weighed, after venting the vessel, 1.16 g. The calculated 
value is 1.14 g. Analysis showed the residue to be tin metal. 

For confirmation, the vapor pressure of SnH4 was measured 
at several temperatures, close to or a t  those reported in the 
1iterat~re.l~ Our results tabulated in Table I1 are close to the 
published values. 

The traps used to collect and store SnH4 consisted of tubes 
fitted with two side arms each with a stopcock (Schlenk tubes). 
This arrangement facilitated the transfer of SnH4 to a suitable 
reaction vessel. In all cases, the organic substrate was used in 
excess. Any unreacted SnH4 was recovered by collection in a 
series of these traps (immersed in liquid nitrogen) connected to 
the reaction vessel. 

Determination of the  Solubility of SnH4 at -78 "C. The 
solubility of SnH4 was determined in several different solvents 
at -78 "C. The method is given for n-hexane below. 

SnH4 was generated as described above and collected in four 
traps immersed in liquid nitrogen. In this case the first two 
traps contained 10.9 and 10.0 g of n-hexane, respectively. After 
the generation of SnH4 was completed, the traps containing 
n-hexane were found to have undergone a 0.94-g increase in 
weight. The stopcock on the first trap nearest to the reaction 
vessel was closed, and the liquid nitrogen baths under the first 
two traps were replaced by a dry ice-acetone bath (-78 "C). After 
a 1-h period to allow equilibration, the weight the two tubes 
containing n-hexane decreased to 0.6 g. On the basis of this 
weight gain the solubility of SnH4 in n-hexane is 2.7 g of SnHJ 
100 g of n-hexane at -78 "C. 

(17) Paneth, F.; Haken, W.; Rabinowitsch, E. Chem. Ber. 1924,57B, 
1891. 

~ ~~ 

amt of reactant amt of stannane 

material g (mol) i3 g (mol) i3 
charged recovered charged recovered 

CHpC(O)NHCzH5 20.2 (0.20) 19.8 2.8 (0.025) 2.7 
(C2HdaN 30.8 (0.30) 30.6 2.65 (0.021) 2.15 
CHzeHC(0)-  22.1 (0.26) 21.3 2.8 (0.023) 2.7 

OCHp' 
PhNHz 48.7 (0.52) 48.4 2.7 (0.022) 2.3 
CHpC(O)N(CHp)z 33.0 (0.28) 32.5 2.8 (0.023) 2.6 

a Methyl acrylate was freshly distilled to eliminate the polymerization 
inhibitor. Evaporation of therecovered liquid showed no polymer residue. 
No VPC analysis was done in this instance. 

The solubility of SnH4 in several other solvents was found to 
be as follows: diethyl ether (1.9 g/100 8); tetrahydrofuran (2.7 
g/100 9); carbon disulfide (6.1 g/100 8). In none of these solvents 
was there any sign of a reaction as would be evidenced by a tin 
metal deposit. 

Reaction of BF~(CIH&O with SnH,. For this and the 
following reactions of SnH4 with organic substrates the following 
general procedure was used. The reaction vessel was a special 
trap aa described above but with a removable head to facilitate 
workup. After the 99.9 % Nz:O.l% 02 atmosphere waa established, 
reactants, in this case, BF&zH&O (3.55 g, 0.027 mol) and 
1-octene (9.9 g, 0.088 mol) were charged and the vessel waa 
immersed in a liquid nitrogen bath. To one of the arms of this 
trap were attached two other traps in series. These were also 
immersed in liquid nitrogen and were used to collect any 
unreacted SnK.  SnH4 (2.7 g, 0.022 mol) was condensed into the 
reaction vessel over a 1-h period. The temperature inside the 
reaction vessel, after 15 min, was allowed to rise gradually to 
room temperature. This was accomplished by changing the 
immersion baths every 15 min and keeping the reaction vessel 
in each bath for 10 min. The baths used were in the following 
sequence: liquid nitrogen; dry ice-acetone (-78 "C); ice-methanol 
(-23 "C); ice-water (0 "C). 

At the end of the reaction period, the reaction mixture 
contained a light yellow liquid and a white solid. The mixture 
was filtered with suction, under nitrogen. The filtrate, which 
fumed, was discarded. The white solid was collected, washed 
once with 50 mL of diethyl ether, and dried under vacuum. The 
solid weighed 2.3 g and was identified as SnF4 by comparing ita 
X-ray diffraction pattern with that of authentic material and by 
analysis. Anal. Calcd for SnF4: Sn, 60.97. Found Sn, 60.54. 
The weight of SnH4 recovered was 1.2 g. The yield of SnF4 based 
on reacted Sn& was quantitative. 

Attempted Reaction of Ethyl Acetate wtih SnH4. This 
experiment was carried out in the same manner as the previous 
one with 2.8 g (0.023 mol) of Sn& and 22.2 g (0.25 mol) of ethyl 
acetate. At the end of the reaction period 21.4 g of ethyl acetate 
and 2.7 g of SnH4 were recovered. Analysis of recovered ethyl 
acetate by VPC showed only one peak. 

Additional attempted reactions of SnH4 with the indicated 
substrates are summarized in Table 111. In each case, except the 
one noted, gas chromatographic analysis of the recovered reactant 
showed only the one peak of the starting material. 
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Reaction of Acetone with SnH4. This reaction was carried 
out as above with 21.7 g (0.37 mol) of acetone and 2.7 g (0.022 
mol) of SnH4. At the end of the reaction a clear, colorless liquid 
containing a suspended gray-black solid was obtained. The 
mixture was filtered by gravity and the gray-black solid was 
collected. After air drying, 1.50 g of tin metal was obtained. 

The filtrate (22.4 g) was analyzed by VPC which showed that 
it contained 4.5% (1.01 g) of isopropyl alcohol and 95.5% of 
unreacted acetone as the only products. The yield of isopropyl 
alcohol based on recovered tin metal was 71 % . In addition, 1.0 
g of SnH4 was recovered. 

Reaction of Isopropylamine with SnH4. This reaction was 
carried out as in previous examples except that the initial 
temperature was 24 OC. Isopropylamine (38.9 g, 0.66 mol) was 
charged into the reaction vessel. SnH4 (2.70 g, 0.022 mol) was 
slowly bubbled through the amine over a 2-h period. A vigorous 
reaction occurred with the formation of tin metal. After all the 
SnH4 was added, the reaction mixture was filtered and the 
collected tin powder was air dried. Weight of the tin powder was 
2.57 g, corresponding to 95% decomposition of the hydride. The 
amine (37.3 g) was also recovered to the extent of 95%. Gas 
chromatographic analysis of the recovered amine showed only 
one peak. 

Reaction of Glacial Acetic Acid with SnH4. This reaction 
was carried out as the previous example (isopropylamine) with 
60.4 g (1.0 mol) of glacial acetic acid and 2.9 g (0.024 mol) of 
SnH4. Tin metal formed during the addition of SnH,. The 
mixture was decanted and gray-black tin powder was collected, 
washed with 50 mL of anhydrous diethyl ether, and air dried to 
give a recovery of 2.4 g (86 %). The decanted liquid (58.7 g) was 
analyzed by VPC and by elemental analysis. Gas chromato- 
graphic analysis of the liquid acid showed only one peak due to 
acetic acid. 

In order to ensure the completeness of the tin balance the 
recovered acetic acid was analyzed for the metal. Of the total 
tin charged, 0.19 % was found with a Sn(IV):Sn(II) ratio of 95% : 
5%. The only tin(1V) compounds possible are tin tetraacetate 
or a basic tin(1V) acetate. The yield of tin(1V) acetates is 4% 
based on reacted SnH4. In addition, a small amount (0.3 g) of 
unreacted SnH, was recovered. 

Reaction of Benzaldehyde with SnH,. Benzaldehyde (51.2 
g, 0.48 mol) was charged into the reaction vessel which was 
immersed in an ice-water bath. SnH4 (2.9 g, 0.024 mol) was 
bubbled through the aldehyde over a 2.25-h period. During this 
time tin powder precipitated. The tin powder which was collected 
by filtration and air dried weighed 1.5 g. The filtrate (50.0 g) 
upon gas chromatographic analysis was found to contain 5.5% 
benzyl alcohol (2.75 g) and 94.5% unreacted benzaldehyde as 
the only products. The yield of benzyl alcohol based on recovered 
tin powder was quantitative. In addition, 1.3 g of SnH4 was 
recovered. 

Reaction of Nitrobenzene with SnH4. Nitrobenzene (44.5 
g, 0.36 mol) was charged into the reaction vessel a t  room 
temperature. SnH4 (2.7 g, 0.022 mol) was bubbled through the 
liquid over a 2-h period. During the reaction tin powder 
precipitated. The nitro compound, which was very pale yellow 
at the beginning, became darker in color. The mixture was filtered 
withsuction, and the tin powder which was collected weighed 0.7 
g after drying in a vacuum oven at  50 "C. The filtrate, which 
contained suspended water droplets, weighed 44.2 g. A sample 
of the dried filtrate was analyzed by VPC. Gas chromatographic 
analysis showed aniline as the only product in 94 % yield based 
on the tin powder isolated. In addition 1.9 g of unreacted SnH4 
was recovered. 

Reaction of 2-Nitropropane with SnH4. 2-Nitropropane 
(59.2 g, 0.60 mol) was charged into the reaction vessel a t  room 
temperature. This was connected to a trap containing 54.3 g of 
a 1.6 % aqueous HCl solution to absorb any isopropylamine which 
might evaporate during the addition of SnH4. SnH4 (2.8 g, 0.023 
mol) was bubbled through the liquid over a 2-h period, During 
the course of the reaction, tin powder precipitated. The clear 
liquid, which was decanted from the tin powder, contained a 
small number of liquid beads (HaO). The weight of the tin powder, 
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after drying in a vacuum oven at 50 OC, was 2.5 g. The clarified 
yellow filtrate (58.8 g) was shown by gas chromatographic analysis 
to be virtually all 2-nitropropane with only a trace of isopropyl- 
amine. Basic titration of the HCl solution showed that 0.83 g of 
isopropylamine had been absorbed. The yield of amine, based 
on the tin powder isolated, was 29 % . 

Reaction of Benzyl Chloride with SnH,. Benzyl chloride 
(38.0 g, 0.30 mol) was charged into the reaction vessel which was 
immersed in a liquid nitrogen bath. SnH4 (2.9 g, 0.024 mol) was 
condensed into the vessel. Two traps, each containing 100 mL 
of a 0.1 M NaOH solution, were connected in series. The 
temperature was allowed to rise slowly using the sequence of 
baths previously described. When the temperature reached ca. 
-23 "C (ice-methanol bath) a vigorous evolution of gas com- 
menced accompanied by a gradual darkening in color of the 
reaction mixture. After the evolution of gas ceased (ca. 3 h), 30.3 
g of a syrupy red liquid, which fumed in air (SnCb), was obtained 
as the reaction product. An aliquot of the liquid (24.3 g) was 
extracted once with 25 mL of distilled water. Both the organic 
phase (21.6 g) and the water phase (26.4 g) were analyzed for tin 
and chlorine. Gas chromatographic analysis of the organic phase 
gave the following results: toluene (9.9%, 3.0 g); SnCL (5.3%, 
1.6 g); polyarylmethanes (78.7 % ); unknown fractions (6.1 %). No 
benzyl chloride was found. 

Elemental analysis of the aqueous and organic phases gave 
the following results. Aqueous phase: Sn, 5.21%; C1, 5.83%. 
Organic phase: Sn, 2.05%; C1, 2.83%. On the basis of the 
elemental analyses, 3.7 g of SnC4 was found in both phases and 
0.4 g of HC1 in the aqueous phase. The first NaOH (108.3 g) trap 
contained 0.37% Sn and 5.72% C1 which is equivalent to 0.9 g 
of SnC4 and 5.9 g of HCl. An overall 92% tin balance was 
obtained. 

Reaction of Acrylonitrile with SnH4. To a 200-mL three- 
necked flask equipped with a gas inlet tube and a cold finger 
containing liquid nitrogen was added 10.6 g (0.2 mol) of distilled 
acrylonitrile (inhibitor-free). This flask was placed in a liquid 
nitrogen bath, and SnH4 (2.8 g, 0.023 mol) was slowly condensed 
into the flask. After the liquid nitrogen cold finger was replaced 
with one containing an ethanol-liquid nitrogen slurry and the 
liquid nitrogen bath was removed, the temperature was permitted 
to rise gradually to ambient over a 1.5-h period. The resulting 
yellow liquid, which contained suspended grayish-black solids, 
was filtered. These solids dissolved readily in concentrated HC1, 
indicating they were metallic tin. The resulting HCl solution 
(50.0 g) was found to contain 0.5 g of tin. 

The filtrate was distilled at  reduced pressure, leaving tetrakis(2- 
cyanoethy1)tin as a pale yellow liquid residue. The weight of the 
product was 2.6 g (34%, 0.008 mol). An infrared spectrum of the 
neat product, with the characteristic nitrile absorption at  2242 
cm-l, was identical to that of an authentic sample.'* 

Elemental analysis showed that the compound was impure. 
Anal. Calcd for C12HlsN4Sn: Sn, 35.43; N, 16.71. Found: Sn, 
31.2; N, 16.6. 
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OM9301445 
(18) Tomilov, A. P.; Kaabak, L. V. Zh. Prikl.  Khim. 1969, 32, 2600; 

Chem. Abstr. 1960,54,7374. The method is the electrolysis of an aqueous 
alkaline solution of acrylonitrilewith a tin cathode. Theproduct,purified 
by recrystallization from chloroform, had mp 23-23.5 O C .  Various others 
(see: Brown, 0. R.; Gonzalez, E. R.; Wright, A. R. Electrochim. Acta 
1972,18,555 and references therein) have repeated this work, including 
G. Smith who in U.S. Patent 3,332,970 (July 25,1967) reported that the 
NMR spectra of the product supports the 2-cyanoethyl structure. 


