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Sodium hydride reacts readily at moderate temperatures with borate esters such as methyl, ethyl and n-butyl borate to
form acid—base addition complexes. These new substances, Na[BH(OR);], are stable white solids with strong reducing
properties. The reactions of the sodium trimethoxyborohydride with water, alcohol, hydrogen chloride, boron fluoride and
carbon dioxide are described. With boron fluoride etherate, diborane is obtained by a convenient reaction. Qualitative
observations on the reducing properties of the compound in aqueous solution are noted. The corresponding reaction of
methyl borate with lithium hydride does not proceed as smoothly because the addition compound appears to undergo de-
composition and disproportionation fairly readily. Addition of other compounds of trivalent boron, e.g., alkyl borons, to

alkali metal hydrides is described.

As pointed out in the introductory paper of this
series,! the alkali metal hydrides as strong bases
should be capable of adding to simple boron com-
pounds such as the trialkyls, the trihalides and the
alkyl borates. Several examples of such reactions
are described in the present paper; the behavior of
borate esters is taken up first and in the greatest de-
tail because of their relationship to other aspects of
this investigation.

Although other reactions of this type were exam-
ined the reaction between methyl borate and so-
dium hydride was most thoroughly studied. The
possible significance of the fact that the reaction

is accompanied by a large increase in the bulk of
the solid and requires a relatively long time for its
completion has already been discussed.! Details
of the preparation are described in the Experimental
part.

The particular significance of the compound to
the larger investigation reported in this series of ar-
ticles lies in its usefulness in the preparation of di-
borane and in its ready transformation to sodium
borohydride by any one of the several reactions?

2NaBH(OCH;); + (BH;): —>
2NaBH, + 2B(OCH;); (2)

NaBH(OCH;); + 3NaH —> NaBH, + 3NaOCH; (3)

A
4NaBH(OCH,); —> NaBH, + 3NaB(OCH;) (4)

To drive reaction (4) to completion the sodium tet-
ramethoxyborohydride must be decomposed ac-
cording to the equation

NaB(OCH;) === NaOCH; + B(OCH;);  (5)

and the methyl borate must Be continuously re-
moved by evacuation of the reaction vessel.

The preparation of diborane from the trimethoxy-
borohydride occurs according to the equation*

(1) New Developments in the Chemistry of Diborane and the Boro-~
hydrides. III. For a theoretical discussion of some of the reactions
described herein and an explanation of the nomenclature, see paper I of
this series, THIs JournaL, T5, 186 (1953).

(2) Department of Chemistry, Purdue University.

(3) (a) H. I. Schlesinger, H. C. Brown, H, R. Hoekstra and L. R.
Rapp, THI$ JourNaL, TS, 199 (1953); (b) H. I. Schlesinger, H., C.
Brown and A. E. Finholt, ibid., T8, 205 (1953); (c¢) H. I. Schlesinger,
H. C, Brown, A. E. Finholt, J. R. Gilbreath, H. R, Hoekstra and E. K.
Hyde, bid., T8, 215 (1953). As explained in paper I, the formula
(BHj): is used for diborane.

(4) The several newly developed methods for the preparation of di-
borane are compared and evaluated in the next paper (No. IV) of this
series: H. I. Schlesinger, H. C. Brown, J. R, Gilbreath and J. J. Katz,
sbid., T8, 195 (1953).

6N8.BH(OCH:): + 8(C2H5)201BF; —_—
B;Hs + 6NaBF, + 6B(OCH;); + 8(C:H;):0 (6)

Sodium trimethoxyborohydride has other proper-
ties of theoretical as well as of practical interest.
Thus in cold water the salt dissolves with a short
initial burst of hydrogen. Additional hydrogen is
generated only slowly unless the solution is acidi-
fied. In hot water complete hydrolysis occurs rap-
idly with evolution of one mole of hydrogen per
mole of the salt. With methanol, on the other
hand, the compound reacts rapidly and completely
even in the cold and without acidification

NaBH(OCH;); + CH;OH —> NaB(OCH;), + Hy (7)

A possible explanation for these observations is
found in the fact that the rate of hydrogen evolu-
tion by hydrolysis of borohydrides is markedly af-
fected by the hydrogen ion concentration.®® As
the reaction proceeds the aqueous solution becomes
strongly basic, since the product of the reaction,
sodium borate, is extensively hydrolyzed. The
increasing basicity of the solution rapidly decreases
the reaction rate. In contrast thereto the product
of the reaction with methanol, sodium tetrameth-
oxyborohydride, is neutral in the alcoholic medium
and does not appreciably alter the acidity of the
mixture. The salt, therefore, reacts at a fairly
steady rate with the alcohol to liberate hydrogen.

When hydrogen chloride is passed through so-
dium trimethoxyborohydride and the volatile
products are immediately trapped at —80°, very
little hydrogen is generated. The trapped material,
however, when warmed to room temperature, does
liberate hydrogen. No diborane is generated.
These observations are in accord with the equation
NaBH(OCHa); + HCl —>

NaCl + CH;0H + (CH,0):BH

This behavior is in marked contrast to that of
borohydrides which liberate hydrogen immediately
by treatment with hydrogen chloride.

LiBH, + HCl —> LiCl + H; + !/;B:H,

The difference in the two reactions may be inter-
preted as involving the decomposition of the ions,
BH,~ and BH(OCH,);~. In the simple borohy-
dride the attack of the proton can only be on one of
the four hydrogen atoms attached to boron. How-
ever, in the case of the trimethoxyborohydride,

(5) H. I. Schlesinger, H. C. Brown, A. E. Finholt, J. R. Gilbreath,

H. R. Hoekstra and E. K. Hyde, #bid., 75, 215 (1953).
(6) M. Kilpatrick and C. D. McKinney, Jr., $béd., 72, 5474 (1950).
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the proton probably attacks the more basic oxygen
atom and the resulting product then breaks down
into methanol and dimethoxyborine.
H-
H*...H:B:H —> H; + 1/4B:H,
H
S
H*...:0:B:0CH, —> CH;OH + (CH;0):BH
H,C OCH,

Boron fluoride is rapidly absorbed by sodium tri-
methoxyborohydride at room temperature in a 1:1
mole ratio. Methyl borate is liberated. The
product presumably is sodium trifluoroborohydride
recently described by Goubeau and Bergmann.”

NB.BH(OCH3)3 + BF3 —_ NaBHF; + B(OCH.;);

This product proved to be remarkably stable.
Even when it is heated to 245-260° for 0.5 hour,
there is no observable change. Treatment with
water at room temperature rapidly liberates hydro-
gen.

If the boron fluoride is replaced by its ethyl ether-
ate, rapid evolution of diborane occurs. The re-
action was made the basis of a convenient method
for the production of diborane, according to equa-
tion (6).

Passage of a stream of gaseous carbon dioxide
through a tube filled with solid sodium trimethoxy-
borohydride results in the rapid absorption of gas,
generation of heat and liberation of methyl borate.
Sodium formate was identified as the reaction
product

NaBH(OCH;); + CO; = HCOONa + (CH;0);B

This rapid reduction of carbon dioxide by the solid
salt is noteworthy in view of the vigorous condi-
tions which appear necessary for the reduction of
the gas by sodium hydride.® It also suggests that
sodium trimethoxyborohydride would be a power-
ful reducing agent for organic compounds contain-
ing carbonyl groups.?

Several reactions between aqueous solutions of
various metal ions and sodium trimethoxyborohy-
dride were qualitatively observed. Solutions of sil-
ver nitrate, arsenious oxide, bismuth nitrate and
antimony trichloride gave dark precipitates which
contained no boron and probably consisted largely
of elementary silver, arsenic, bismuth and anti-
mony, respectively. Mercuric chloride gave a mix-
ture of mercurous chloride and free mercury. Cop-
per sulfate solutions gave dark brown precipitates
which did not contain boron and from which hydro-
gen was not evolved in the course of a week. Con-
sequently, these precipitates could not have con-
sisted of the copper hydride which Stock!® ob-
tained upon reducing copper solutions with potas-
sium hypoborate. With lead nitrate and zinc ni-
trate white precipitates of the hydroxides were
formed. Bromine in carbon tetrachloride was im-

(7) J. Goubeau and R. Bergmann, Z. anorg. Chem., 268, 69 (1950).

(8) H. Moissan, Ann. chim. phys., (8] 6, 304 (1905).

(9) H. C. Brown, H. I. Schlesinger and A. B. Burg, THIS JOURNAL,
61, 673 (1939). Use of sodium trimethoxyborohydride as a reducing
agent for organic compounds has been investigated by H. C. Brown
and his students, and will be reported in publications under prepara-

tion.
(10) A. Stock and E. Kuss, Ber., 47, 810 (1914).
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mediately decolorized. Ferricyanide ion was re-
duced to ferrocyanide ion. Nickel, cobalt and fer-
rous salts all yielded black precipitates containing
boron,

Ethyl borate and #n-butyl borate also react read-
ily with sodium hydride to form the corresponding
trialkoxyborohydrides. At the boiling point of
these esters the reaction is very vigorous and dif-
ficult to control. However, the use of a low boiling
diluent permits the reaction to proceed smoothly
without difficulty. The products are also white
crystalline solids whose properties and reactions
appeared quite similar to those of sodium trimeth-
oxyborohydride; they were, therefore, not investi-
gated in detail.

Lithium hydride also reacts with methyl borate
but the product is not homogeneous and appears to
undergo relatively rapid disproportionation and
other types of decomposition at the temperatures
required for its formation.

2LiBH(OMe); —> LiB(OCH,); + LiBH;(OCHj)s

Evidence is presented in the Experimental Part
to show that the alkali metal hydrides may be ca-
pable of undergoing acid-base complex formation
with trialkyl borons as well as with alkyl borates.
Several similar types of reactions (including reac-
tion with boron halides) have recently been ob-
served.’1!

Experimental Part

A. Materials.—Lithium hydride, available to us at the
time, was a coarse ‘‘crystalline lump’’ variety. Before use
it was ground under a nitrogen atmosphere in a ball mill
(porcelain balls) until it was sufficiently fine to pass through
a 75-mesh screen. Analysis showed the material to con-
tain 75.5% lithium hydride, 16.5% lithium metal and 8.0%
inert material.

Sodium hydride was part of a batch produced in pilot
plant operations by the Ethyl Corporation. It was a light
gray powder, about 200 mesh. Analysis indicated a purity
of 97-99%,; metallic sodium was the main contaminant.

Unfortunately this grade of sodium hydride is no longer
available. It should be emphasized that the hydride is a
variable reagent and conditions for carrying out reactions
with it must be adapted to the special characteristics of the
material at hand.

Methy! borate was prepared by the procedures developed
in these studies.!? Ethyl borate!? and zn-butyl borate!* were
obtained by reaction of the respective alcohols with boric
oxide. Trimethylboron and triethylboron were prepared
by the action of the respective Grignard reagents in n-butyl
ether on boron fluoride n#-butyl etherate. The high boiling
solvent simplified the problem of isolating the spontane-
ously inflammable trialkylborons from the reaction mixture.1%

Preparation of Sodium Trimethoxyborohydride.—Sodium
hydride (480 g., 20 moles) was placed in a 12-l., round-
bottomed flask, previously flushed out with nitrogen. The
flask was attached by a cork stopper to an efficient condenser
which had to be of high capacity to prevent flooding as a re-
sult of the strongly exothermic character of the reaction.
For the same reason, the 2300 g. (22 moles) of methyl borate
used was added slowly through the top of the condenser

(11) G. Wittig and A. Ruckert {Axnx., 566, 101 (1950) ] have described
the reaction of triphenylboron with lithium hydride and with several
lithium organometallics. See also H. I. Schlesinger and H. C. Brown,
‘TH1S JOURNAL, 62, 3429 (1940), and D. T. Hurd, J. Org. Chem., 18,
711 (1948), for reactions of alkali metal alkyls with alkyl borons.

(12) H. I. Schlesinger, H. C. Brown, D. Mayfield and J. R. Gil-
breath, TH1s JourNaL, 75, 213 (1953).

(13) S. H. Webster and L. M, Dennis, £bid., 85, 3233 (1933).

(14) J. R. Johnson and $. W. Tompkins, ""Organic Syntheses,"’ Coll.
Vol. I, John Wiley and Sons, Inc.,, New York, N. Y., 1943, pp. 106~
107.

(15) H. C., Brown, THIS JOURNAL, 67, 374 (1945).
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in portions of 200-300 g.1¢ After all the methyl borate had
been added, a drying tube was attached to the condenser and
the flask was slowly warmed to reflux temperature of the
methyl borate (68°) and there maintained for 5-6 hours.
The solid gradually swelled to about 5 times its original
volume and its color changed from gray to pure white.
When no further volume increase was apparent, heating
was discontinued, the reflux condenser was replaced by a
downward one, and the excess of methyl borate was dis-
tilled away, the last traces under reduced pressure. The
yield (2560 g.) was quantitative.

Owing to the variability in the behavior of commercial
sodium hydride, it is recommended that each sample be
tested in a small preparation to ascertain whether modifica-
tions in the procedure should be made to avoid unduly rapid
reactions.

Physical Properties and Analysis of Sodium Trimethoxy-
borohydride.—The product, obtained as just described, was
pure enough for most purposes. If desirable, it may be
recrystallized from liquid ammonia or from isopropylamine.
It was a fluffy white solid, stable in dry air and only slowly
attacked by air of average humidity. Its decomposition
at its melting point (230°) has already been discussed
(equations (4) and (5) and reference 3b). The following
approximate solubilities (g./100 g. solvent) were determined;
pyridine, 0.4 (24°), 3.0 (75°); morpholine, 0.3 (24°), 2.3
(75°); dioxane, 1.6 (25°), 4.5 (75°); isopropylamine, 9.0
(25°); liquid ammonia, 5.6 (—~33°).

The compound was analyzed for base and for boron by
the usual titration of an agueous solution, first by acid to the
methyl red end-point and after addition of mannitol, to the
phenolphthalein end-point by carbonate-free base. Active
hydrogen was determined by hydrolysis of a separate sample.

Anal. Caled. for 0.567-g. sample: Na, 0.102 g.; B,
0.479 g.; H. (for 1.930-g. sample), 338 ml. Found: Na,
0.101 g.; B, 0.482 g.; Hs, 336 ml.

Reaction with Hydrogen Chloride.—The following results
are typical of a number of experiments. A 0.420-g. sample
of sodium trimethoxyborohydride (3.28 mmoles) was placed
in a weighed U-tube, both ends of which contained glass
wool plugs to contain the fine powder. One end of the tube
was connected to a source of hydrogen chloride and the
other end to a second U-tube maintained at —80°. The
system was evacuated, the pump shut off and one equivalent
of hydrogen chloride was slowly passed through the powder.
Heat was evolved, the solid shrank markedly in volume and
liquid collected in the —80° trap. At this stage of the ex-
periment 20.6 ml. of hydrogen had been generated.

Removal of the —80° bath was followed within a few
minutes by evolution of 28.3 ml. of additional hydrogen.
The residual solid in the reaction chamber when hydro-
lyzed yielded 23.4 ml. of hydrogen, bringing the total col-
lected (20.6 + 28.3 + 23.4) to 72.3 ml. or 3.22 mmoles.
Since this quantity corresponds to 989, of that present in
the original sample of the trimethoxyborohydride, it is evi-
dent that no diborane was formed.

The 23.4 ml. (1.04 mmoles) of hydrogen,!” resulting from
hydrolysis of the residue, indicates that only 68.1%, of the
original 3.28 mmoles of the trimethoxyborohydride had re-
acted with hydrogen chloride. Slower passage of the latter
led to greater conversion, but also produced more hydrogen
in the initial stage of the procedure and deereased the amount
obtainagble when the —80° condensate was warmed. More
rapid passage of the hydrogen chioride had the opposite
effects.

The differences just described were apparently due to the
differences in the length of time elapsing between the gen-
eration of the volatile products of the reaction and their con-
densation at —~80°, At that temperature hydrogen evolu-
tion did not occur at an appreciable rate, but set in again
when the temperature was raised. These observations are
in accord with the interpretation that the initial volatile
products of the reaction were methanol and dimethoxybo-
rine, which two substances did not react with each other at
—80°, but produced hydrogen and methyl borate when the
temperature was raised.’®

(16) For smaller preparations, ¢.g., one mole of the compound, a
1009 excess of methyl borate was found convenient.

(17) All volumes of gases and vapors are referred to standard tem-
perature and pressure.

(18) A. B, Burg and H. I. Schlesinger, TH1s JournaL, 55, 4020
(1933),
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Reaction with Carbon Dioxide.~—In apparatus similar to
that described above, carbon dioxide was slowly admitted
to a sample of 0.457 g. (3.57 mmoles) of sodium trimethoxy-
borohydride. Heat was generated and the solid in the tube
shrank in volume. Methyl borate collected in the —80°
trap. Hydrolysis of the residue liberated 32 ml. of hydro-
gen showing that 609, (2.14 mmoles) of the trimethoxyboro-
hydride had been utilized. The solution contained 2.23
mmoles of formate ion,!® which is 96%, of the amount to be
expected from the reaction of 2.14 mmoles of the borohy-
dride according to the equation

NaBH(OCH;); + CO; — HCO;Na + (CH;0):B

Reaction with Boron Fluoride.~—Sodium trimethoxyboro-
hydride, 0.358 g. (2.8 mmoles) was placed in a reaction
tube (connected to a manometer and attached to the high
vacuum apparatus) into which 65.8 ml. (2.9 mmoles) of
boron fluoride was condensed by liquid nitrogen. When the
mixture was permitted to warm to room temperature the
pressure first rose to a maximum value as the boron fluoride
vaporized, and then began to drop rapidly as it was ab-
sorbed. As soon as no further changes in pressure were
observed, the volatile materials were removed and examiied.
No boron fluoride was found. A small more volatile frac-
tion was isolated and identified as dimethoxyborine.’® The
bulk of the product was identified as methyl borate from
its vapor pressure and melting point. The main reaction
obviously was a simple displacement of methyl borate from
the salt by boron fluoride.

Reaction with Methanol.—A sample of 3.56 g. (27.8
mmoles) of sodium trimethoxyborohydride was placed in a
flask connected to a condenser and to a gas collection tube.
An excess of methanol (20 ml. dried and distilled over so-
dium hydride) was admitted through the condenser. The
heat evolved caused the methyl alcohol to reflux and in
five minutes 620 ml. of hydrogen or 95% of that expected
from equation (7) was evolved.

Reaction of Sodium Hydride with Other Alkyl Borates.—
Sodium hydride reacted with ethyl and with butyl borates
as it does with methyl borate, for which reason the reactions
are not described in detail. It should be mentioned, how-
ever, that in the case of butyl borate it was found desirable
to dilute the ester with dioxane. Even when this was done,
a reaction vigorous enough to flood the condenser occurred
after a few minutes of heating the reaction mixture to 100°.
But after the initial reaction had been allowed to subside,
the mixture could be warmed till it refluxed gently, under
which conditions the desired reaction occurred.

The Reaction of Lithium Hydride and Methyl Borate.—A
mixture of 0.162 g. of lithium hydride of ca. 75%, purity (ap-
proximately 15 mmoles) with 3.755 g. (33 mmoles) of methyl
borate was heated to 100° in a sealed tube. A vigorous reac-
tion occurred and a gelatinous precipitate formed. The
volatile products consisted of a considerable amount of
hydrogen together with 344 ml. (15.3 mmoles) of methyl
borate (vapor) contaminated with a trace of more volatile
material, as evidenced by the fact that its vapor tension at
—80° was 2 mm. instead of zero. Since approximately 17.3
mmoles of the ester had reacted with 15 mmoles of the
hydride, the main reaction was evidently the formation of
the 1:1 addition product, lithium trimethoxyborohydride.
But that the reaction did not proceed uniquely in this direc-
tion was shown by the presence of hydrogen in the volatile
reaction products.

The lithium salt thus obtained could not be readily puri-
fied. The initial product in reactions like the one de-
scribed contained a small amount of material soluble in
ether. After the material had been heated to 100° for 24
hours, about 209 of it could be extracted by ether showing
that at least partial decomposition had occurred.® The
decomposition could not be inhibited by the presence of ex-
cess methyl borate. At 200°, a temperature at which
sodium trimethoxyborohydride disproportionates to the
borohydride (equations (4) and (§)), the lithium compound
produced methyl borate and dimethoxyborine by what must
have been a relatively complex reaction.

Reactions of Sodium and of Lithium Hydrides with Tri-
ethyl and Trimethylboron.—In a vigorous reaction which

(19) F. P. Treadwell and W. T. Hall, ' Analytical Chemistry,”’ Vol.
II, John Wiley and Sons, Inc., New York, N. Y., 1942, p. 560.

(20) An analysis of the ether-soluble material indicated that it had
the composition LiBH;(OCHai):. It was, therefore, probably a prod-
uct of disproportionation.
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occurred with evolution of heat when a mixture of 8.27
mmoles of sodium hydride and 22.5 mmoles of triethylboron
was allowed to warm to room temperature, 14.5 mmoles of
the latter was left unchanged. Hence 8.0 mmoles of the
ester had reacted with 8.27 mmoles of the hydride as would
be expected in the formation of an acid-base complex of the
formula NaBH(C:H;);. The oily, non-volatile reaction
product was not analyzed.

Heating of a mixture of trimethylboron (7.16 mmoles)
and lithjum hydride (1.52 mmoles) at 40° did not lead to an
observable change within !/; hour. Addition of 1.91 ml. of
liquid diethyl ether followed by heating of the mixture to
100° for one hour caused the lithium hydride to dissolve.

The solid product which separated when the solution was
cooled was recrystallized from ether. Attempts to remove
the ether from the solid thus obtained failed, since melting
accompanied by evolution of ether and of trimethylboron

A NEw SYNTHESIS OF DIBORANE
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occurred when the solid was heated to 80°. When the
melt was cooled to room temperature, solid material, pre-
sumbably lithium hydride, separated from the liquid. The
solid absorbed trimethylboron rapidly and dissolved in the
process. These observations point to the formation of a
lithium hydride-trimethylboron addition compound sta-
bilized by the formation of an etherate, but reversibly de-
composed in the absence of ether.
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Gaseous boron fluoride and lithium hydride react only slightly at temperatures up to 180° to give compounds containing

boron-hydrogen bonds.

Boron fluoride ethyl etherate, on the other hand, reacts with either sodium or lithijum hydride at

temperatures up to 100° to form diborane in accordance with the equation 8(C;H;);0:BF; + 6LiH - B;H, 4 6LiBF, +

8(C:H;):0. The rate of reaction is markedly dependent upon the physical state of the metal hydride.

In most cases the

yield based upon the metal hydrides was no better than 40-60% unless very finely divided hydrides were used or the reac-

tion was run in equipment providing a grinding action on the solid hydride.
reactive than the metal hydrides and affords a means of avoiding these difficulties.
6NaBH(OCH3)3 —_ BgHs + 6N8.BF4 + 8(O;H5)20 + 6B(OCH3)3

readily obtained with short reaction times,
diborane.

In the past the boron hydrides were prepared by
the hydrolysis of magnesium boride? or by the pas-
sage of a mixture of hydrogen and boron halide
through an arc discharge.® As long as the interest
in diborane was primarily theoretical and the re-
quirements could be satisfied by relatively small
quantities of the gas, these methods were adequate.

It has become apparent in recent years that di-
borane possesses possibilities as a useful chetmical
reagent and intermediate. Thus it acts on alde-
hydes and ketones at low temperatures to reduce
them quantitatively to the corresponding alcohols.*
It reacts with metal alkyls to form the correspond-
ing borohydrides.® It has a large heat of combus-
tion per gram (ca. 20 keal.)® and unusual, interesting
flame characteristics. Finally, at elevated temper-
atures, it decomposes cleanly to elementary boron,
and, therefore, serves as a source of the element in
high purity. These facts led us to undertake a
study of the reaction of alkali metal hydrides with

(1) New Developments in the Chemistry of Diborane and the Boro-
hydrides. IV. For a theoretical discussion of some of the reactions
described herein and for an explanation of the nomenclature employed,
see paper [ of this series, THis JoUrNAL, 78, 186 (1953).

(2) A.Stock, E. Wiberg and H, Martini, Z. anorg. allgem. Chem., 188,
32 (1930), and earlier papers.

(3) H, I. Schlesinger and A. B. Burg, TH1s Journar, 88, 4321
(1931); A. Stock and Sutterlein, Ber., 67, 407 (1934); H. I. Schles-
inger, H. A, Brown, B. Abraham, N. R, Davidson, A. E. Finholt, R.
Lad and J. Knight, Tuis Jour~ac, T8, 191 (1953).

(4) H. C. Brown, H, I. Schlesinger and A. B. Burg, ibid., 61, 673
(1939). .

(5) H. I. Schlesinger and co-workers, ibid., 62, 3421, 3425, 83429
(1940).

(6) W. Eggersgluess, A. G, Monroe and W, G. Parker, Trans. Faro-
day Soc. 45, 667 (1949),

Sodium trimethoxyborohydride is far more
The reaction is 8(C,H;).0:BF; +
Vields of diborane approaching the theoretical are

The reaction has been developed into a convenient laboratory preparation of

boron halides, since it offered promise of a more
satisfactory method for the preparation of diborane
than those hitherto available.

Results and Discussion

At temperatures of 100 to 180° boron halides,
such as the bromide and fluoride, were found to
react only superficially with lithium hydride.
Although varying amounts of the halides were ab-
sorbed, the volatile products liberated only small
quantities of hydrogen and contained no appre-
ciable amounts of diborane.’

In contrast with the unsatisfactory results ob-
tained with unsolvated boron halides, boron tri-
fluoride-ethyl etherate reacted rapidly with lith-
ium or sodium hydrides. Heat was evolved and
both diborane and ether were liberated. Under the
conditions employed, the main reaction may be rep-
resented by the over-all equation

6LiH + 8BF;:0(C:H;); —> 6LiBF, + B;Hs + 8(CyH;)O

Sodium hydride reacted in analogous fashion.

In the more detailed experiments with lithium
hydride it was observed that, even when an excess
of the etherate was used, ether was frequently
liberated before an appreciable amount of diborane
had been produced. The solid product obtained
did not give off any diborane even when heated to
200° but did so when treated with additional boron
trifiuoride etherate.

As suggested in the introductory paper of this

(7) The lithium bydride, available to us at the time of these experi-

ments, was relatively coarse and impure. Finely divided material of
better quality might have behaved differently,



