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Indications for formation of bis-trialkylamine alanes in solution were obtained, and the stability of the complexes was

discussed. C
preparation of sodium and calcium aluminum hydrides.

In Part I of this series the preparation of several
trialkylamine alanes and dialkylamino alanes was
reported.! The reaction of these materials with
some typical Lewis bases was investigated in order
to define the conditions for stability of aluminum
hydride derivatives in which the aluminum atom
exhibits a codrdination number of five. A single
example is to be found in the literature. The
reaction of aluminum hydride with an excess of
trimethylamine has been reported by Wiberg? to
lead to the formation of bis-trimethylamine alane.
This material was found to be unassociated in
diethyl ether and benzene. However, trimethyl-
amine alane was found to be associated in ben-
zene,’? although it was monomeric in ether. The
basicity of the ether is evidently sufficiently strong
to form the complex AlH;-N(CH;); -O(CHs), at
least in solution.

Nucleophilic attack on the amine alanes was
generally found to lead to displacement of one Lewis
base by another. However, strong indications of
complex formation in solution were noted.

Experimental

Aluminum Analysis.>—The aluminum sample was weighed
into a small flask, and the flask was attached to the vacuum
line. Approximately 20 ml. of diethyl ether was con-
densed into the flask. Then an appropriate amount of
methanol was also condensed into the flask. Upon warming
the amount of active hydrogen, if any, was determined by
a means of a Toepler pump and a calibrated storage bulb
system.

The remaining solution was rinsed into a 400 ml. beaker
with distilled water and about 10 ml. of 409, sodium hy-
droxide was added. The mixture was warmed gently to
boil off the ether. The aqueous solution was then trans-
ferred to a 250 ml. volumetric flask and diluted to the mark
with distilled water or dilute sodium hydroxide solution.
An aliquot was taken so that it contained approximately
4 mg. of aluminum and placed in a 400 ml. beaker. Two
ml. of 109} barium chloride was added to the solution. The
pH of the solution was adjusted to 11.5 or higher with con-
centrated sodium hydroxide. It was then brought back to
a pH of 10.0 by the dropwise addition of 1:1 hydrochloric
acid. Then 40 ml. of a 309, anhydrous potassium fluoride
solution, whose pH had been adjusted to 10.0 with sodium
hydroxide, was added. The hydroxide ions released are
quantitatively determined by titrating the solution again
to a pH of 10.0 with standard 0.1 N hydrochloric acid solu-
tionn. The hydrochloric acid solution used in the titration
must be specially standardized against pure aluminum since
the reaction of the aluminate ion with fluoride ion is not
exactly stoichiometric.

Once the requisite solutions were prepared, this method
of analysis proved to be extremely rapid without loss of
accuracy.

(1) John K. Ruff and M, F, Hawthorne, THis JOURNAL, 82, 2141
(1960). The nomenclature used in this paper is an extension of that
proposed in Part I.

(2) E. Wiberg, H. Graf and R. Usén, Z. anorg. u. allgem. Chem., 272,
221 (1938).

(3) H. L. Watts, A nal. Chem., 30, 967 (1958).

Nucleophilic displacement of trimethylamine by the hydride ion from trimethylamine alane has led to a simple

The materials used were sensitive to moisture and oxygen
and were handled and stored in a nitrogen filled drybox.
All solutions were also prepared in the drybox.

Tensiometric Titrations.—The apparatus consisted of a
capillary manometer attached to a tee joint to which a
small flask could be fastened. The volume of the apparatus,
including the flask, was approximately 70 ml. It was at-
tached to the vacuum line by glass tubing. A solution of
0.2262 g. of trimethylamine alane in 5 ml. of n-decane was
prepared in the drybox. The flask was attached to the
apparatus, cooled to 0° and evacuated thoroughly. Then
known amounts of trimethylamine were condensed into the
flask with liquid nitrogen. The flask was warmed to room
temperature and a water-bath of 25° was placed around it.
The pressure was recorded when no further change was
noted. A plot of pressure versus the molar ratio of amine
to amine alane was used to determine the end-point. A
sharp break in the curve occurred at a molar ratio of 0.98.
The same procedure was used in the titration of triethyl-
amine alane and tri-z-propylamine alane with trimethyl-
amine. The end-point in these titrations occurred at ratios
of 1.96 and 1.94, respectively.

Molecular Weights.—All the amine alanes used were pre-
pared as described in Part I.! The amines were dried over
lithium aluminum hydride with the exception of dimethyl-
allylamine. It was dried over barium oxide at reflux over-
night.

A different apparatus from that reported previously!
was used, due to the necessity of having to make successive
additions of one component. It consisted of a U tube with
connecting cross pieces. One side contained a magnetically
driven stirrer, while a Beckmann thermometer, with a
ground glass joint, was placed in the other. In order to
insulate the apparatus it was placed in a small metal con-
tainer and packed with glass wool. Reproducibility of the
freezing point of benzene was always within ==0.01°.

The general procedure used was to load the apparatus
in the drybox with a solution of approximately one gram of
the amine alane in 40 ml. of benzene. The apparatus was
removed from the drybox and the Beckmann thermometer
was put in place under a stream of dry nitrogen. The
freezing point was then determined. The thermometer
was removed and a known amount of the anhydrous amine
was added by means of a weight pipet which was equipped
with a ground glass joint. After replacing the thermometer,
the freezing point of the mixture was determined. This
process was repeated until the mole fraction of the amine
alane had been reduced to 0.3 to 0.2. The data below are
representative. A solution prepared from 0.828 g. of methyl-
diethylamine alane and 33.322 g. of benzene showed a
freezing point depression of 0.86° which corresponded to a
molecular weight of 148. The table below summarizes
the data for the addition of methyldiethylamine to the solu-
tion described above.

Mole fraction CH;N(C:Hs)2. wt. AT Mol, wt,
1.00 0.0000 0.86 148
0.85 .1098 0.96 151

.76 .1982 1.04 151
.62 .3719 1.20 153
.52 . 5698 1.38 156
.37 1.0623 2.08 139
.28 1.5990 2.95 126
.22 2.2131 4.05 115

Preparation of Lithium Aluminum Hydride.—A 3.0 g.
sample of trimethylamine alane was placed in a flask with
1.0 g. of lithium hydride. Approximately 100 ml. of di-
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ethyl ether was condensed into the flask on the vacuum
line. After warming to room temperature the mixture was
refluxed for 2 hr., duriug which time considerable amounts
of trimethylamine were evolved. The mixture was filtered
and the filtrate was evaporated to dryness under vacuum.
The residue was extracted with 100 ml. of dry benzene and
then the mixture was again filtered. The solid was dried at
60° for several hours under high vacuum. A yield of 0.95
g. was obtained.

Anal. Caled. for LiAlH,: Al, 71.0; active hydrogen,
10.5. Found: Al, 68.9; active hydrogen, 10.3.

Preparation of Sodium Aluminum Hydride.—A 3.0 g.
sample of trimethylamine alane was reacted with 2.0 g. of
sodium hydride in 100 ml. of tetrahydrofuran in the manner
described above. After refluxing the mixture for 2 hr., it
was filtered. The filtrate was evaporated to dryness ¢z
vacuo and then extracted with 50 ml. of diethyl ether.
The solid residue recovered by filtration was dried at 60°
foF 2dhr. under high vacuum. A yield of 1.4 g. was ob-
tained.

Anal. Caled. for NaAlH,: Al, 50.00; active hydrogen,
7.4. Found: Al, 50.21; active hydrogen, 7.4.

Preparation of Calcium Aluminum Hydride.—A 2.7 g.
sample of trimethylamine alane and with 2.0 g. of calcium
liydride were reacted in 150 ml. of tetrahydrofuran. After
refluxing for 4 hr. tlie mixture was filtered. The filtrate
was treated as described for the preparation of NaAlH,.
The solid obtained was vacuum dried at 60° for 2 hr.
A yield of 2.0 g. was obtained.

Anal. Caled. for Ca(AlH,)»THF4: Al, 30.98; Ca,
23.01; active hydrogen, 4.6. Found: Al, 31.00; Ca,
23.18; active hydrogen, 4.6.

Reaction of NaH with H;Al-N(CH,),.—A 4.0 g. sample of
dimethylamino alane and 3.0 g. of sodium hydride were
placed in a flask together with 100 ml. of diethyl ether.
The mixture was refluxed for 4 hr. and then filtered. The
solvent was removed from the filtrate under reduced pres-

sure and the residue obtained was sublimed at 50°. The
sublimate was analyzed.

Anal. Caled. for HAI[N(CH;)Lk: Al, 23.3; active
hydrogen, 0.86. Found: Al, 24.4; active hydrogen,

0.96; H/Al = L.07.

The ether insoluble residue obtained from the first filtra-
tion was extracted with 100 ml. of dry tetrahydrofuran.
This mixture was filtered and the solvent was removed from
the filtrate in vacuo. The residue was dried at 60° for 3
hr. under high vacuum.

Amnal. Caled. for NaAlH,.
7.4. Found: Al, 49.65; active hydrogen, 7.4;
3.99.

Al, 50.00; active hydrogen,
H/Al =

Results and Discussion

Bis-trialkylamine Alane Formation.—The reac-
tions of amines with trialkylamine alanes or di-
methylamino alane fall into two classes. Second-
ary amines react predominantly as compounds
containing acidic hydrogen. Tertiary amines re-
act as Lewis bases, resulting in either displacement
or addition.

The formation of bis-trimethylamine alane was
demonstrated by a tensiometric titration of tri-
methylamine alane with gaseous trimethylamine
in a constant volume apparatus. No appreciable
pressure increase was noted until more than one
mole of amine per mole of alane was added. The
possible existence of other bis-trialkylamine alanes
was investigated briefly by Wiberg.® He was un-
able to prepare bis-triethylamine alane from alumi-
num hydride and an excess of the anhydrous amine.

In order to determine if any interaction occurred
between triethylamine and triethylamine alane,

(4) A. E. Finholt, ¢ al., J. Inorg. and Nuclear Chem., 1, 317 (1933),
reported that calcium aluminum hydride prepared in THF was ob.
tained as the mono THF etherate.

(5) E. Wiberg and H. Noth, Z. Naturforschg., 106, 237 (1955).
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the mean molecular weight of mixtures of the amine
alane and the amine were measured cryoscopically
in benzene. Several other amine alanes and the
corresponding amines were treated similarly. It
was assumed that the presence of the amine did not
influence the equilibrium constant for the dimeriza-
tion reaction of the amine alane The observed

2AlH;-NR; > (AlH;3-NRs)2
<

molecular weight of the mionomer-dimer mixture
of the amine alane was used in the calculations to
represent the molecular weight of the mono tri-
alkylamine alane. Figure 1 shows a plot of the
difference between the observed molecular weight
and the mean molecular weight calculated on the
assumption that no interaction occurred between
the amine alane and the amine wversus the mole
fraction of aluminum hydride present. Included
for comparison are the values calculated for the
trimethylamine alane~trimethylamine system as-
suming complete complex formation. The order
of stabilities for the bis-trialkylamine alane com-
plexes found are

NR;==N(CH3); > N(CH;);CH.CH=CH, >
N(CH;)(CHy)e > N(C:Hs)s > N(C3Haq)s

Formation constants of these bis-amine alanes were
calculated.® They are: AlH;-2N(CH;).;CH,CH=
CHQ, K = 2 >< 102, :\1H3'2NCH3(C2H5>2, K = 3,
and AIH;-2N(C.H;);, K = 8 X 10~% In the other
two cases the interaction was either too strong or
too weak to permit calculation.

The observed order of stabilities is just that which
would be expected if steric factors were important.
The bond hybridization in the bis-amine alanes is
most likely spid with the nitrogens bonded to the
apices of the bipyramid since this configuration is
felt to be one of least steric requirements. Meas-
urement of the dipole moment of bis-trimethyl-
amine alane’ gave a very low value as would be ex-
pected for the symmetrical structure. However,
if both nitrogens of a difunctional amine were
bonded to aluminum in aluminum hydride, two
adjacent positions might be occupied.

Even with the nitrogen bonded to the apices,
considerable steric interference of the alkyl groups
with each other and with the hydrogens is possible,
especially for ethyl groups or larger. During the
transition from the tetrahedral state of aluminum
in the mono amine alane (dimer formation is neg-

(6) The expression

xMx + (A - x)fl/[A + (B _ x)ﬂfg

M= A+B—=
where x = moles of the complex present
A = stoichiometric concentration of AlHz:- NRs present
B = stoichiometric concentration of NRs added
M, = molecular weight of AlHs: NRs (Note: The value for the
monomer dimer mixture was used)
Mp = formula weight of the amine added
M, = formula weight of the bis.amine complex
M = observed molecular weight

was used to calculate the degree of bis.amine alane formation. The
formation constant was then calculated from the expression

X
K=td=—5B=H

(7) G. Schomburg and E. G, Hoffiman, Z. Elektrochem. Ber., Bun-
senges. physik., Chem., 61, 1110 (1937).



Feb. 5, 1961

ﬁ Q  Calc'd FOR AlHgeN(CH3l3 + N(CH3)3

\ Be—AlHye N(CaHy)s + N (Cah)s

l \ Ae—AiHy o N(CzHs)s + N (CaHs)s

/ \ ez e
Ow—AlHz ¢ N + N
T / \ ‘cHgoHmCHy  ‘CHaCHmCHy
[+}

4CH CH,
\ Qa—Ality o N 3 Sl
Q

afmw.). ‘ez MeaHs)a

40
30

20]

1o 0% Qe

LN

Fig. 1.—The difference between observed molecular weights
and that calculated for simple mixtures.
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In order to define more closely the steric require-
ments in the bis-amine alanes, it would be advanta-
geous to compare the equilibrium constants for the
reaction of several different amines with a common
monoamine alane. However, the introduction of
a different amine species considerably complicates
the system, if the equilibrium constants for dis-
placenient (Ka/Kz in the reaction scheme below)
and bis-amine alane formation are similar. The
simplified equations below are believed to ade-

quately describe the equilibria involved. Equi-
NR;3
_*
AlH, \'Rd e \TIQ___, All-NR, J.\H; —— AlH; NR;
I\Rw 1\1 NI\J 1\4
AlH2 \R3 Ale 2NR,

librium constants K, K., K; and K, are written
as dissociation constants of a bis-amine alane and
Kg and K, are written as formation constants for
the mixed bis-amine alane. It is because of this
complexity that the determination of relative base
strengths of tertiary amines towards the “AlH,”
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Fig. 2.—Tensiometric titration of triethylamine alane with
trimethylamine,

unit by the usual nmiethods is extremely difficult.
A true order of basicity can be realized only if the
other equilibrium constants are very large when
compared to K, and K;. For example, it was
found that when triethylamine alane was titrated
with gaseous triethylamine, two moles of the latter
per mole of alane were immediately consumed
(see Fig. 2). Bis-trimethylamine alane was iso-
lated from the reaction mixture. Tri-n-propyl-
amine alane and methyldiethylamine alane ex-
hibited similar behavior when treated with an
excess of trimethylamine, The observed displace-
ment of triethylamine, tri-z-propylamiune, etc.
by triniethylamine does not necessarily mean that
the latter is a stronger base toward the “AlH;”
unit but could result from the formation of the
stable species bis-trimmethylamine alane. In other
words, due to the very small value for K; and a
correspondingly large value of K, the equilibrium
would be continually shifted in the direction of
displacement, even if K, was larger than Ki.
The observed effect would be the liberation of
triethylamine.

However, if a system could be found in which
K; was extremely small compared to K,, it might
be possible to obtain information about K,. It was
felt that the use of trimethylamine alane with other
amines would best approximate these conditions.
Mean molecular weights for mixtures of trimethyl-
amine alane, with tri-n-propylamine, triethylamine,
methyldiethyl amine and dimethylallylamine were
determined cryoscopically. A plot of observed
molecular weight versus mole fraction of aluminum
hydride resulted in curves showing a maximum at
a mole fraction of 0.5 for all amines except dimethyl-
allylamine. In this case the maximum appeared
at a mole fraction of about 0.7. It is felt that this
is due to a value of K; which is not small in compari-
son to K, so that some displacement occurs. Using
the equations described previously® the formation
constants of the mixed bis-amine alanes were cal-
culated. They are: AIH;-N(CH;)sN(CsHy)s K =
7 X 1074, AlHa‘N(CHa)aN(CgHa)a K = 9 and
AlHa‘N(CHa)aNCHa(CzH(,)Q I{ = 5 X 102. A
comparison of these values with the formation
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constants of the symmetrical bis-amine alanes
shows that the order of stability with the various
amines is the same and that the mixed bis-amine
alane complexes are miore stable. This is to be
expected from the steric arguments presented
earlier.

Displacement Reactions.—Unlike the analogous
boron compound, dimethylamino alane did not
react with trimethylamine. Brown has reported
a similar example® in that no interaction was
observed between trimethylamine and dimethyl-
aminodimethylaluminum. Evidently the forma-
tion of nitrogen bridges stabilizes the aluminum
toward nucleophilic attack. The greatly reduced
acidity of the aluminum was again demonstrated
in the reaction between dimethylamine and tri-
methylamine alane.

H, + N(CH;)s + HzAIN(CH;,),

Quantitative yields of hydrogen and trimethyl-
amine were obtained.

The facile displacement of trimethylamine from
trimethylamine alane by the dimethylamino group
suggested that other strong nucleophiles should
behave similarly. Treatment of trimethylamine
alane with hydride ion in the form of lithium,

(8) N. Davidson and H. C. Brown, THis JoURNAL, 64, 316 (1942).
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sodium or calcium hydride resulted in the forma-
tion of the metal aluminum hydrides. This method

LiH 4+ AlH;-N(CH;)s —> LiAlH, + N(CH;)s
NaH + AlH;-N(CH;); —> NaAlH, 4+ N(CH,)s
CaH: + 2AIH;-N(CHjs); —> Ca(AlH,), + 2N(CHs),

appears to be a convenient laboratory preparation
for sodium or calcium aluminum hydride. The
unreacted trimethylamine alane, if any, may be
extracted with ether, leaving a product of high
purity. Commercial grade magnesium hydride
did not react with trimethylamine alane under
similar conditions.

Although dimethylamino alane failed to react
with trimethylamine, it did react with sodium
hydride in a manner analogous to that reported
for dimethylamino borane. Disproportionation
of the alane occurred with the formation of bis-
dimethylamino alane and sodium aluminum hy-
dride

NaH + 2AIH, N(CH;): —> NaAlH, + HAI{N(CH,):}:
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Direct Synthesis of Organotin Compounds. 1.

Di- and Tribenzyltin Chlorides

By KEnr1 Sisipo, YosIYUKI TAKEDA AND ZIRO KINUGAWA
RECEIVED JULY 6, 1960

Beuzyl chloride and tin powder suspended in water at 100° gave tribenzyltin chloride, while the same suspension in tolu-

ene at 111° afforded dibenzyltin chloride, both in good yields.

Over-all equations of the reactions are

3C6H5CH2C1 + 25811 —> (CaHf,CHz)sSnCI + SnClz (m water)
2C5H3CH2C1 + Sn —> (C5H5CH2)zSnClz (in toluene)

Although the direct syntheses of organotin com-
pounds from the metal and organic halides orig-
inated with the second paper of the discovery of
this group of substances by E. Frankland! and
were followed by A. Cahours® as well as by T.
Karantassis and C. Vassiliadés,? the indirect syn-
theses using a Grignard or other reagent were later
found more suitable and were regarded as custom-
ary methods.? Recent development of the applica-
tions of organotin compounds, however, neces-
sitated the revision, and the reactions of halides on

(1) E. Frankland, 4#=., 85, 329 (1853).
(2) A. Cahours, ¢bid., 114, 373 (1860);
cay, Bull. soc. chim. France, 34, 475 (1880);

(1879).

(8) T. Karantassis and C. Vassiliadés, ¢bid., 208, 460 (1937).

(4) For review of literatures not cited here, see E. G. Rochow,
D. T. Hurd and R. N. Lewis, "The Chemistry of Organometallic
Compounds,”” Jolin Wiley and Sons, Inc., New York, N, Y., 1957, pp.
182-190, as well as G. E. Coates, 'Organometallic Compounds,”
Methuen & Co., Ltd., London, England, 1956, pp. 118-133. Also
an article by R, K. Ingham, S. D. Rosenberg and H. Gilman, Chem.
Revs., 60, 459 (1930).

A. Cahours and E. Demar-
Compt. rend., 88, 1112

metallic tin are being studied® from other point of
view.

During the research to extend the Wurtz—Fittig
type reaction by iron®’ it was found that the action
of benzyl chloride on tin powder suspended in
water at the boiling point of the medium gave tri-
benzyltin chloride in a 949, yield calculated on the
basis of the halide. The yield of this synthesis far
surpassed the known ones.®~! Since stannous
chloride was obtained from the aqueous layer in a

(5) B. Emmert and W. Eller, Ber., 44, 2328 (1811); R. W. Leeper,
Iowa State Coll, J. Sci., 18, 57 (1943); H. Gilman and R. W, Leeper,
J. Org. Chem., 16, 466 (1951); A. C. Smith and E. G, Rochow, Tais
JournNaL, 75, 4103, 4105 (1953); E. G. Rochow, U.S. 2,679,506;
C.A., 49, 4705 (1955); 8. Matuda and H. Matuda, J. Chem. Soc.
Japan, Ind. Chem, Seciion, 68, 114 (1960).

(6) K. Sisido, Y. Udé and H. Nozaki, THIS JOURNAL, 82, 434 (1960).

(7)See also: K, Sisido and H. Nozaki, #bid., 70, 778 (1948); K. Sisido,
IH. Nozaki and H, Kuyama, J. Org. Chem., 14, 1124 (1949),

(8) P. Pfeiffer and K. Schnurmann, Ber., 87, 319 (1904).

(9) T. A. Smith and F. S. Kipping, J. Chem. Soc., 101, 2556 (1912).

(10) M.M. Nad and K. A. Kocheshkov, J. Gen. Chem. U.S.S.R,, 8,
42 (1938); Chem. Zentr., 100, I, 2175 (1939).



