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Reaction between I and maleic anhydride gave 
the adduct of bicyclo [3.2.0[ octa-2,4-diene. Cope, 
et ~ l . , ~  found that a mixture of the cycloijctatrienes 
reacted with maleic anhydride to give a single 
Dikls-Alder adduct and that this adduct is that 
expected from the bicyclooctadiene. Furthermore, 
i t  was found that 1,3,6-cyclooctatriene is not con- 
verted into the 1,3,5-cyclooctatriene-bicycloocta- 
diene equilibrium mixture unless heated with strong 
base. These facts thus provide additional evi- 
dence that I is not 1,3,6-cyclooctatriene-iron tri- 
carbonyl. 

Degradation of I with triphenylphosphine to 
yield a 1,3.5-cyclooctatriene-bicyclooctadiene mix- 
ture, in agreement with pyrolysis experiments 
described earlier,4b also strongly suggests that the 
1,3,6-cyclooctatriene group is not present in I, 
since triphenylphosphine would be too weak a 
base to isomerize 1,3,6-~yclooctatriene. 

Preparation of I in 2470 yield and 11 in 5% 
yield from 9470 pure 1,3,5-cyclooctatriene again 
indicates that 1,3,6-cyclooctatriene is not involved 
in the complexes. However, yield data cannot 
provide conclusive evidence for the structure of 
I or I1 because certain hydrocarbons might isom- 
erize in the presence of iron carbonyl. However, 
if isomerization of an unsaturated hydrocarbon 
in the presence of iron carbonyls were to occur, 
the isomer finally present in the iron complex 
probably would be the one most similar to buta- 
diene, in view of the high stability of butadiene- 
iron tricarbonyL1& Thus we have found that 
iron pentacarbonyl reacts with 1,4-pentacliene 
to give trans-1,3-pentadiene-iron t r i~a rbony l . ' ~~  
Hence any isomerization of the three C8Hlo hy- 
drocarbons by iron carbonyls, if i t  were to occur, 
should favor formation of bicyclo [4.2.0] octa-2.4- 
diene-iron tricarhonyl. 
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Tetra-(dimethylamino)-diboron has been prepared in high yields by the reaction of halo-bis-(dimethylamino)-boranes with 
Reactions of tetra- highly dispersed molten sodium. 

(dimethylamino)-diboron with primary and secontlary amines have led to a variety of tetra-(amino)-diborons. 
This diboron compound is stable a t  200' in the presence of dry air. 

Introduction 
Knowledge of the chemistry of boron compounds 

has accelerated rapidly in recent years, and a 
variety of new boron compounds have been pre- 
pared and studied. However, with the exception 
of certain boron hydrides, only a few examples 
of materials containing normal covalent boron- 
boron bonds have been reported. The over-all 
objective of the present investigation has been the 
preparation and characterization of such coni- 
pounds, and the immediate objective has been the 
study of diboron compounds. 

No system of nomenclature for diboron com- 
pounds has been generally accepted, and for this 
reason Urry, et aE.,2 have described diboron com- 
pounds by chemical formula only. However, the 
number and complexity of diboron derivatives 
which are now becoming available necessitates the 
use of some type of systematic nomenclature, and 
diboron compounds (except for the tetrahalo- 
derivatives) will be referred to as substituted di- 
borons in this and in succeeding papers of this 
series. A suggested alternate method of nomen- 
clature would refer to diboron compounds as de- 
rivatives of diborane-(4). Wartik, et al., originally 
suggested the name tetrachlorodiborine for B2C& 
but subsequently used diboron tetrachloride, a type 

(1) The research reported in this document was supporte? by Wright 
Air Development Division of the  U. S. Air Force under Contract AF  
33(616)-5931. It was presented in part a t  the 137th Meeting of the 
American Chemical Society, Cleveland. Ohio, April, 1SfiO. 

(2) G. Urry, T. Wartik, R. E. Moore and H. I. Schlesinger, Tala 
JOURNAL, 76, 5293 (1954). 

(3) T. Wartik, R. E. Moore and H .  I. Schlesinger, ibid, 71, 3265. 
(1949). 

of nomenclature which has since become generally 
accepted for this compound and for other halide 
derivatives, 

Diboron tetrachloride and its derivatives are the 
only reported examples of simple compounds con- 
taining boron-boron bonds. Diboron tetrachloride 
has been prepared by the electric d i s c h a ~ g e ~ - ~  
and microwave6 reductions of boron trichloride, 
and a number of its chemical reactions have been 
s t~died .~J , ' - '~  Several unsuccessful attempts 
to isolate compounds containing boron-boron 
bonds from reactions of haloboranes and active 
metals have been reported. Wiberg and Rusch- 
mannI3 has observed that a reaction occurred be- 
tween sodium and chlorodimethylborane, but 
boron-boron bonded materials could not be iso- 
lated. No reactions were reported in the attempted 
reductions of bromodiphenylborane14 or trichloro- 
borazole16 with sodium, but bulk sodium was ap- 
parently used in thcse experiments. It has been 
observed in this Laboratory in many cases that 
bulk sodium is not sufficiently active to react with 

(4) A. Stock, A. Brandt and H. Fischer. Bcr., 68, 653 (1026). 
(5) A. K. Holliday and A. G. Massey, THIS JOUHNAL, 80, 4744 

(1958). 
(6) J. W. Frazer and R. T. Holzmann, ibid., 80, 2907 (1958). 
(i)  G. Uny,  J. Kerrigan, T. D. Parsons and H. I .  Schlesinger, ibid., 

( 8 )  A. Finch and H. 1. Schlesinger, ibid., 80, 3573 (1958). 
(9) T. Wartik and E. F. Apple, ibid., 77. 6400 (1955). 
(10) E. F. Apple and T. Wartik, ibid. ,  80, 6153 (1958). 
(11) E. F. Apple and T. Wartik, ibid., 80,  6155 (1958). 
(12) P. Ceron, e1 at., i b i d . ,  81, 63fi8 (1959). 
(13) E. Wiberg and TV. Ruschmann, Be,, 70b, 1583 (1937). 
(14) E. W. Abel. W. Genard and M. F. Lappert, J. Chcm. SOC. 50.51 

(15) F. R .  Hutto,  Masters Thesis, Cornell University. 1950. 

76, 5299 (1954). 

(1857). 
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boron halides. Wiberg16 reported that reduction of 
chlorodimethoxy- or chlorodiethoxyborane with 
sodium amalgam gave tetramethoxy- and tetra- 
ethoxydiborons. Attempts to repeat Wiberg's 
preparation of tetraethoxydiboron in this Labora- 
tory have been unsuccessful. l7 

During the present investigation, a simple 
method has been developed for the preparation of 
tetra-(dimethylamino)-diboron from halo-bis-(di- 
methylamino)-boranes and active metals. The 
ready availability of tetra-(dimethylamino)-di- 
boron has led to the preparation and study of a 
number of diboron compounds which will be de- 
scribed in this and in subsequent publications. 
The present paper describes the preparation of 
tetra-(dimethylamino)-diboron from halo-bis-(di- 
methylamino)-boranes and the conversion of 
tetra-(dimethylamino)-diboron to other tetra- 
(amino)-diborons by transamination reactions. 

Results and Discussion 
Tetra-(dimethylamino)-diboron (I) is the only 

reported example of a tetra-(amino)-diboron com- 
pound. This material was isolated2 from the reac- 
tion of diboron tetrachloride and dimethylamine, 
but the only data given for the product obtained 
were its elemental analyses. 
Tetra-(dimethylamino)-diboron now has been 

prepared conveniently in excellent yields by the 
reaction of highly-dispersed molten sodium with 
either chloro- or bromo-bis-(dimethylamino)- 
borane, 

MerN NMez 

+ 2Na -+- MetN >B-B<NM,, 
2 Me*N>B-X MetN 

X = C1 or Br I 
The requisite haloboranes were obtained by the 
reaction of tris-(dimethylamino)-borane with the 
appropriate boron trihalide, a reaction analogous 
to that used for the preparation of dichloro-(di- 
methylamino)-borane.l8 Chloro-bis-(dimethyl- 

2B( NMe& + BXs --f 3( Me2N)IBX 

amino)-borane has been prepared p r e v i o u ~ l y ~ ~ - ~ ~  
from dimethylamine and boron trichloride, but 
yields were not given. Bromo-bis-(dimethyl- 
amino)-borane has not been isolated previously in 
pure form, although Wiberg21 obtained i t  and di 
bromo-(dimethylamino)-borane as components of 
a mixture. The reaction of highly-dispersed molten 
sodium with bromo-bis-(dimethylamino)-borane 
was faster than the comparable reaction with the 
chloroborane, but 80% yields of tetra-(dimethyl- 
amino)-diboron were obtained in either case. Of 
the other active reducing metals investigated, 
potassium dispersion and sodium-potassium alloy 
reacted with bromo-bis- (dimethylamino)-borane at 
lower temperatures than did sodium, but total 
conversions were lower, perhaps because of surface 
deactivation of these more reactive reducing metals 

(16) E. Wiberg and W. Ruschmann, B n . ,  70b, 1393 (1937). 
(17) R. J. Brotherton. A. L. McCloakey, J. L. Boone and H. Mana- 

(18) J. Goubeau, M. Rahtz and H. J. Becher, 2. anorg. Chcm., 275, 

(19) E. Wibcrp and R. Schuster, ibid., 818, 77 (1933). 
(20) H. A. Skinner and N. B. Smith, J .  Chcm. Sa., 2324 (1954). 
(21) E. Wiberg and W. Sturm, 2. Natur/orsch., ab, 689 (1953). 

sevit, THIE JOURNAL, 89, 6245 (1960). 

161 (1954). 

by the reaction products. The synthesis of tetra- 
(dimethylamino) -diboron represents the first prep- 
aration and isolation of a pure, stable compound 
containing boron-boron bonds by the reaction of 
a haloborane and a reducing metal. 
Tetra-(dimethylamino)-diboron was found to 

be monomeric in benzene solution and gave one 
mole of hydrogen per mole of diboron compound 
when hydrolyzed in 10% sodium hydroxide. This 
result, which can be represented by the equation 
Bt(NMe& + 2NaOH + 2H10 -+- 

2NaB01 + 4MetNH + HZ 

is comparable to that observed when diboron te- 
trachloride was hydrolyzed in basic solution.2 
Tetra-(dimethylamino)-diboron was stable in 

the presence of dry air a t  200'. It did not react 
with pure oxygen a t  100" and was recovered es- 
sentially unchanged from a distillation a t  195-208' 
under atmospheric conditions (except for the ex- 
clusion of water). These observations show that 
tetra-(dimethylamino)-diboron is significantly more 
stable than diboron tetrachloride which decom- 
poses slowly a t  room temperature2 and reacts 
rapidly with oxygen a t  - 78'. lo 

The increased stability of tetra-(dimethylamino) - 
diboron compared to diboron tetrachloride can 
perhaps be related to the fact that the unshared 
electron-pairs on nitrogen can participate in pi- 
bonding with the vacant boron orbitals. In  a 
similar case, diboron tetrafluoride was found to 
be more thermally stables and to have a shorter 
boron-boron bond22.23 than diboron tetrachloride, 
possibly because fluorine can participate in pi- 
bonding more effectively than chlorine in this type 
of system. 
Tetra-(dimethylamino)-diboron is particularly 

adaptable to transamination reactions because of 
the volatility of dimethylamine. A recent investi- 
gation in these L a b ~ r a t o r i e s ~ ~  has shown the transa- 
mination reaction of simple tris-(amino)-boranes 
to be quite general with many types of primary and 
secondary amines, and this appears to be the case 
for diboron compounds as well. The major limit- 
ing factor appears to be the steric nature of the en- 
tering amine, and certain transaminations of tetra- 
(dimethylamino)-diboron with bulky amines have 
been unsuccessful for this reason. 
Tetra-(methylamino)-diboron (11), tetra-(n- 

hexy1amino)-diboron (111) and tetra-(ani1ino)- 
diboron (IV) have been prepared by the transa- 
mination of tetra-(dimethylamino)-diboron with 
the appropriate primary amine. _ _  - 
MezN NM& 

MelN 
)B-B<NMe2 + 4 RNHz --f 

RNH NHR 

RNH 
)B-B(,~ + 4 M ~ ~ N H  

I1 R = CHs 
111 R = CH;(CH~),CH~ 
IV R = CsHs 

The transmination of tetra-(dimethylamino)- 
diboron with t-butylamine was found to be ex- 

(22) M. Atoji, P. J. Wheatley and W. N. Llpscomb, J .  Chcm. Phyr., 

(23) L. Trefonas aod W. N. Lipscomb, i b i d . ,  26, 54 (1958). 
(24) W. D. English, A.  L. McCioskep and H. Steinberg, paper pts- 

87, 196 (1957). 

rented at the 137th A.C.S. Meeting, Cleveland, Ohio, April, 1960, 
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TABLE I 
VAPOR PRESSURES OF B ~ ( x M e 2 ) ~  

P, mm., obsd. 0 .20 0.90 1.40 1.70 3.65 7.65 9.50 15.2 35 .5  50.6 74.1 
calcd. 0.20 0.97 1.30 1 .67  3.82 7.22 8 73 14 .5  35.3 51.8 75 .7  

T,  "C. 22 .5  45.0 49.5 65.0 69.5 81.5 85.0 96.0 115.5 125.0 135.0 

ceedingly slow, and the comparable reaction of 
tris-(dimethylamino)-borane with t-butylamine 
gave a similar result. Construction of Fisher- 
Taylor-Hirschfelder models of tris- (dimethyl- 
amino)-borane and tetra- (dimethylamino) -diboron 
suggests that the close approach of t-butylamine 
to a boron atom is severely restricted in both cases. 

The transamination of tetra- (dimethylamino) - 
diboron with di-n-butylamine gave tetra-(di-n- 
buty1amino)-diboron (V). The transamination of 
tetra-(dimethy1amino)diboron with diphenyl- 
amine was very slow, and the transamination 
product, tetra- (diphenylamino) -diboron (VI), was 
difficult t o  purify. 

Experimental 
Standard vacuum-line apparatus and tecliniques were 

used wherever high-vacuum operations were indicated. All 
experiments which were performed outside of the vacuum 
line were conducted in an atmosphere of dry, oxygen-free 
nitrogen. Microanalyses were done by Dr. Xdelbert Elek, 
Los Angeles, California, and by Schwarzkopf Laboratories, 
Woodside, New- York. Boron analyses were performed by 
a Parr bomb fusion since diboron compounds are 
not easily hydrolyzed to boric acid by normal hydrolysis 
techniques. 

Bromo-bis-(dimethylamino)-borane.-A solution of 188 
g. (0.75 mole) of boron tribromide in 100 ml. of pentane 
was added over a period of 30 minutes to a vigorously-stirred 
solution of 215 g. (1.5 moles) of tris-(dimethylamino)-borane 
in 200 ml. of pentane a t  -50 to -40". The pentane was 
removed by rapid distillatiun a t  1.5 mm., and the residue 
was distilled to give 340.1 g. (84.57, yield) of bromo-bis- 
(dimethylamino)-borane, b.p. 20-28" (0.5 mm.). 

Anal. Calcd. for C4HlPN2BBr: C, 26.82; H, 6.70; N, 
15.65; B, 6.05; Br, 44.6. Found: C, 26.11; H, 6.96; N, 
16.30; B, 6.19; Br, 43.5. 

Chloro-bis-( dimethylamino)-borane.-A solution of 38.74 
p. (0.27 mole) of tris-(dimethylamino)-borane in 40 ml. of 
pentane >vas added slowly with vigorous stirring to 15.78 g. 
(0.135 mole) of boron trichloride in 40 nil. of pentane a t  -70 
to -50'. After a total addition time of 45 minutes, the 
reaction mixture was warmed to  0' and stirred for 1 hr. 
The pentane was removed by distillation a t  atmospheric 
pressure, and the residue was distilled a t  25 mxn. to give 
42.15 g. (7iyo yield) of chloro-bis-(dimethylaminu)-bor- 
ane,lg*zO b.p. 50-52' (25 mm.), nZ4D 1.4491. 

Tetra-( dimethylamino)-diboron. (a) From Bromo-bis- 
(dimethylamino)-borane.-A solution of 532 g. (2.97 moles) 
of bromo-bis-(dimethylamino)-borane in 170 ml. of toluene 
was added slowly during a 45-minute period to highly-clis- 
persed molten sodium (78.0 g., 3.39 moles) in 400 ml. of 
toluene a t  110". The reaction was continued for an nddi- 
tional 3.5 hr. a t  110", and the resulting solids were filtered. 
The toluene was removed from the filtrate by vacuum dis- 
tillation and the residue distilled a t  55-57' (2.5 mm.) to give 
235.7 g. (80.57, yield) of tetra-(dimethylamino)-diburon, 
n'% 1.4683. A mixture of unidentified halogen-containing 
products was also obtained in a higher boiling fraction. 

~ 

(25) D. L. Hunter L.  L.  Petterson sod H. Steinberg, A n d .  Chim 
Acto, 31, 623 (1959). 

Anal. Calcd. for C ~ H Z ~ N ~ B Z :  C, 48.55; H, 12.22; 
28.31; B, 10.93; mol. wt., 197.9. Found: C, 48.40; 
11.90; N, 28.20; B, 11.14; mol. wt., 194.1 (cryoscopic 
benzene). 

(b) From Chloro-bis-( dimethylamino)-borane.-Chloro- 
bis-(dimethylamino)-borane (970 g., 7.22 moles) was added 
slowly to  183 g. (7.94 g. atoms) of highly-dispersed molten 
sodium over a 2 hr. period a t  125-150". The mixture was 
stirred for an additional 30 minutes, the sodium chloride and 
unreacted sodium collected on a filter and the filtrate dis- 
tilled to give 556 g .  (78% yield) of tetra-(dimethylamino)- 
diboron. 

(c) Vapor Pressures.-The vapor pressures of tetra- 
(dimethylamino)-diboron were measured in a high-vacuum 
line over the range 0-135'. The data may be expressed by 
the equation 

-2759.6 log P",,, = + 8.6406 

The results over the temperature range 22.5-135.0' are 
given in Table I. These values imply a heat of vaporization 
of 12.6 kcal./mole over the temperature range 22.5 to 135', a 
Trouton constant of 26.3, and an extrapolated boiling point of 

~~ 

206" a t  760 mm. 
(d) Basic Hydrolysis.-Tetra-( dimethylamino)-diboron 

(0.1970 E., 0.99'7 mmole) was heated in a sealed amDoule 
with 5 Gl.. of 10% sodium hydroxide for 19 hr. a t  113' to 
give 21.0 cc. (0.938 mmole) of hydrogen. 

(e) Distillation at  Atmospheric Pressure.-Tetra-(di- 
methylamino)-diboron (12.67 g.) was distiiled a t  195-208' 
(pot temperature = 225") under atmospheric conditions 
except that moisture was excluded from the apparatus. 
Volatile products were passed through a -80" trap and into 
a solution of standard hydrochloric acid. When the dis- 
tillation was complete, the -80" trap was warmed to room 
temperature and the volatile components also passed 
through the standard acid. Titration of the standard acid 
with sodium hydroxide showed that  no volatile amines were 
produced during the distillation. The total recovery of 
11.68 g.  of distillate remaining in the -80" trap and 0.98 g. 
of residue in the distillation flask represents 99.8 wt. 7 6  of 
the starting material. The following analytical results 
show that this distillate was essentially pure starting material, 
while the refractive index and the nitrogen and boron con- 
tents of the residue were slightly low. 

B1(Pihler)a Dist. Residue 

n?*D 1.4679 1.4678 1.1602 
Boron, wt. $6 11.1  11.0 10.c7 

9 z  8 h-itrogen, wt. yo 28.2 27.9 -., 
The infrared spectrum of the distillate corresponded exactly 
to that of pure tetra-(dimethylamino)-diboron, but the spec- 
trum of the residue was significantly different a t  wave 
lengths greater than 11 p .  

The Attempted Reaction of Tetra-idimethvlaminobdi- 
boron with Oiygen.-An excess of dry oxygen was added to 
one ml. of tetra-(dimethylamino)-diboron in a high-vacuum 
line a t  a total oxygen pressure of 67 mm. After the mixture 
was heated a t  100" for 1 hr., it was cooled to room tempera- 
ture, and the oxygen was removed. There was no net 
change in the vapor pressure of the starting material. The 
same result was observed with tetra-(dimethylamino)-di- 
boron in the presence of 186 mm. of oxygen. 
Tetra-(methylamino)-diboron.-Methylamine (39.0 g., 

1256 mmoles) was distilled from lithium into tetra-(di- 
methylamino)-diboron (16.0 g., 80.8 nmoles) contained in 
a heavy-walled glass bomb a t  -80'. The bomb was sealed 
and heated for 140 hr. at 75 i 5". Excess methylamine and 
dimethylamine were removed rapidly by distillation a t  
reduced pressure and the residue distilled a t  25" (0.5 mm.) 
to give 9.27 g. (80.8y0 yield) of colorless tetra-(methyl- 
amino)-diboron. 

Anal. Calcd. for C4HleN4B2: C, 33.80; H,  11.36; N, 
39.5; B, 15.3; mol. wt., 142. Found: C, 35.02; H, 11.24; 
N, 38.6; B, 15.4; mol. wt., 135 (cryoscopic in benzene). 



Dec. 20, 1960 PREPARATION AND PROPERTIES OF SOME TETRAALKOXYDIBORONS 6245 

Tetra-( n-hexy1amino)-diboron .-Tetra-(dimethylamino)- 
diboron (4.00 g., 20.21 mmoles) and n-hexylamine (8.17 g., 
80.8 mmoles) which had been distilled from calcium hydride 
were heated from 24 to 115' for 3.2 hr. The displaced di- 
methylamine (101.870 of theor.) was entrained in a stream 
of dry nitrogen and trapped in aqueous hydrochloric acid. 
The residual material was dried under vacuum to give 7.78 
g. (91% yield) of tetra-(n-hexy1amino)-diboron as a color- 
less, non-volatile liquid, n Z 6 ~  1.4606. 

Anal. Calcd. for ClrH&,B1: C, 68.30; H, 13.38; N; 
13.23; B, 5.11. Found: C, 67.44; H ,  14.00; N, 13.15, 
B, 5.28. 
Tetra-(di-n-buty1amino)-diboron.-A solution of 5.0 g. 

(0.025 mole) of tetra-(dimethylamino)-diboron and 13.04 g. 
(0 .lo1 mole) of di-n-butylamine (previously distilled from 
calcium hydride) in 25 ml. of hexane was heated from 76 to 
174' for 21.6 hr. The resulting dimethylamine (96% yield) 
was swept into standard hydrochloric acid in a stream of dry 
nitrogen. Solvent and unreacted starting material were 
removed by distillation a t  0.1-0.5 mm., and the residue was 
distilled to give 12.6 g. (93.4% yield) of tetra-(di-n-butyl- 
amino)-diboron, b.p.  170-183" (0.55 mm.), n 2 5 ~  1.4667. 

Anal. Calcd. for CapH,2NdBe: C, 71.77; H, 13.57; N,  
10.48; B, 4.05; mol. wt., 535. Found: C, 71.14; H, 
13.10; hT, 10.35; B, 4.37; mol. wt., 537 (cryoscopic in 
benzene). 

Tetra-(ani1ino)-diboron.-A solution of 18.8 g. (202 
mmoles) of aniline which previously had been distilled from 
calcium hydride and 10.0 g. (50.5 mmoles) of tetra-(di- 
methylamino)-diboron in 300 ml. of benzene was heated for 
130 hr. a t  81-82", The theoretical amount of dimethyl- 
amine was removed continuously in a stream of dry nitrogen 
and trapped in standard hydrochloric acid. The reaction 
mixture was filtered and the solid prcduct dried under 
vacuum to give 15.0 g. (76.07, yield) of tetra-(ani1ino)-di- 
boron. 

Anal. Calcd. for CZ1Hz4N4B2: C, 73.89; H, 6.20; N, 
14.36; B, 5.57. Found: C, 73.84; H, 6.30; N, 14.30; B, 
5.51. 

Tetra-(ani1ino)-diboron melted over the range 181-200' 
with apparent decomposition. It was soluble in aniline, 
acetonitrile, dioxane and diniethylformamide and in- 
soluble in benzene and diethyl ether. 

[CONTRIBUTION FROM u. s. BORAX RESEARCH CORPORATION, ANAHEIM, CALIFORNIA] 

The Preparation and Properties of Some Tetraalkoxydiborons' 
BY R. J. BROTHERTON, A. I,. MCCLOSKEY, J. L. BOONE AND H. M. MANASEVIT 

RECEIVED JULY 12, 1960 

Several tetraalkoxydiborons and tetraphenoxydiboron have been prepared by the reactions of tetra-(dimethylamino)- 
Tetramethoxy and tetraethoxydiboron were found diboron with alcohols or phenol in the presence of hydrogen chloride. 

to be significantly more stable than reported previously. 

Introduction 
Two examples of tetraalkoxydiboron compounds 

have been described previously. Wiberg and 
Ruschmann2 reportedly prepared tetramethoxy- 
and tetraethoxydiborons by the reactions of the 
corresponding chlorodialkoxyboranes with sodium 
amalgam. Schlesinger, et ~ l . , ~  prepared the same 
diboron compounds by the reactions of diboron 
tetrachloride with methanol and ethanol. How- 
ever, Wiberg and Schlesinger fail to agree on the 
physical properties and stabilities of tetramethoxy- 
and tetraethoxydiborons. In addition, Wiberg 
claimed that these materials decomposed to give 
elemental boron a t  low temperatures, an observa- 
tion which was not confirmed by Schlesinger. In  
a related reaction chlorodi-(isoamyloxy) -borane 
was added to s o d i ~ m , ~  but tri-(isoamy1oxy)-borane 
was the only product isolated. 

Several tetraalkoxydiborons have now been 
prepared from tetra- (dimethylamino) -diboron6 and 
found to be significantly more stable than antici- 
pated from the results of previous workers, and no 
elemental boron was isolated among the decom- 
position products as suggested by i%Tiberg.2 

(1) A portion of the research reported in this document was sup- 
ported by  Wright Air Development Division of the  U. s. Air Force 
under Contract A F  33(616)-5931. It was presented in part  a t  the 
138th Meeting of the American Chemical Society, Xew York, N. Y., 
September, 1960. 

(2) E. Wiberg and W. Ruschmann, Bcv., 70b, 1393 (1937). 
(3) G. Urry, T. Wartik, R .  E .  Moore and H. I. Schlesinger, THIS 

JOURNAL, 76, 5293 (1954). 
(4) C. R .  Kinney, H. T. Thompson and L. C. Cheney, i b i d . ,  57, 2396 

(1935). 
(5) R. J. Brothertun, A. L. McClonkey, L. L. Petterson and H. Stein- 
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Discussion of Results 
Tetraethoxydiboron could not be isolated from 

the reactions of chlorodiethoxyborane either with 
sodium amalgain in petroleum ether or with highly 
dispersed sodium in various solvents. The chloro- 
borane appeared to react with sodium in some 
cases, but tetraethoxydiboron was not isolated, 
perhaps because of its instability under conditions 
necessary for reaction. There is no apparent ex- 
planation for the failure to obtain tetraethoxydi- 
boron from chlorodiethoxyborane and sodium 
amalgam, a result which is in direct contrast with 
Wiberg's2 preparations of materials reported to be 
tetramethoxy- and tetraethoxydiboron by this 
reaction using chlorodimethoxy- and chlorodi- 
ethoxyboranes with sodium amalgam. No re- 
action was observed between chlorodiethoxyborane 
and highly dispersed sodium in refluxing diethyl 
ether, but chlorodiethoxyborane reacted with 
tetrahydrofuran when it was used as a solvent €or 
the sodium reaction. 

This reaction, which is analogous to that of boron 
trichloride with tetrahydrofuran,G is surprising, 
since Brown and Tierney7 found that chlorodi- 
methoxyborane did not react with diglynie under 
similar conditions. The results of this cleavage 
reaction are summarized in Table I. 

Since the related tetra-(amino)-diboron com- 
pounds recently have become readily available,s 
their conversion to tetraalkoxydiborons was in- 
vestigated. The displacement of dimethylamine 

(6) J. D. Edwards, W. Gerrard and h1, F. Lappert, .I. Chrm.  SOL., 

(7) H. C. Brown and P. A. Tierney, THIS JOVRXAL, 60, 1552 (195s) 
1470 (1955). 


