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Reviews and Summaries

The chemistry of pyrazoboles, 1, and of the pyrazolyl-
borates, RZ-nB(pz)n+2-1 (pz =v1-pyrazoly1)rend, in particular,
the unique role of the latter as ligands in organometallic
chemistry has been reviewed by Trofimenko (1), Publlcatlong on
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[

cationic boron complexes are compiled in an article (3) listing
185 references; it covers published work through ths middle of
1969 thus demonstrating the rapid development of this area since
Parry and his coworkers (4) elucidated the structure of the
diamﬁoniate of diborane. Atkinson and Currell (2) discuss in
detall various aspects of polymers having a backbone of boron-
nitrogen units. The polymer chemistry of boron cluster compounds
has been summarized by Schroeder (5). Reviews on oxidation
reactiéns with peroxytrifluorocacetic acid-boron trifluoride (6)
and diene syntheses via boronate fragmentation (7) appear to

be of interest to the organic chemist.

Triorganoboranes and Orgenohydridoborsnes

Hydroboration of 1,4-pentadiene followed by isomerization
for three hours at 170° is a convenient way to synthesize
1,5-bis(1-borinyl)pentane, 2. Interaction of the latter with
diborane gives the bisborinane 3, which can be used very
effectively for the hydroboration of various olefins to provide
B-alkylborinanes in excellent yield (17).

OO GO

~
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Similarly, hydroboration of 2,4-dimethyl-1,h-pentadiene ylelds
bis(3,5-dimethyl)borinane; bis(3,5-dimethyl)borepane was also
prepared in a similar manner (18). Both compounds can be
utilized in reactions analogous to that of bisborinane for the
hydroboration of olefins and are particularly advantageous in
those reactions where the avoidance of disproportionation is
desired. The basic bisborolane 4 is obtained by reacting
lithium tetramethylenedihydridoborate with methanesulfonic
acid as illustrated in the following scheme (191}.

A CHBSO H ’,H\\
2 11 CB\ " a \H/

In the absence of trapping agents, bisborolane rapidly converts

to 1,6-diboracyclodecane, 5, and a polymeric specles.

.f"\\

ng >n |
AN
5

The hydroboration reaction of a 1:1 molar ratio of 1,3-butadiene
and borane in tetrahydrofuran glves a polymeric material wherein
the repeating unit is largely pseudocyclic 1,2-tetramethylene-

diborane, 6 (83). If the ratio of reactants is 3:4 or smaller,

A '
B\ /B (caz),,_-

fon
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82 K. NIEDENZU
bis(1,2-tetramethylenediboryl)butanes are obtained s the
primary product. These results have been considered in terms
of sequential reactions and it was noted that, in the absence
of a stabilizing double-hydrogen bridge, the borolane-cuntaining
structures are more stable than their open chain analogs.

The novel borolane derivative 7 was obtained from the
reaction of triallylborane with 1-chloro-3-methyl~1,2-butadiene
as shown in the following equation (44):

(CHy) 5 G——CH,

Hc1c—c—C(CH3)2 + B(C4H 5)3 - ac1c q\ ’pH-(CHz) -CH=CH,,

B
Caflg
ya

In scmewhat similar manner dicyclohexyl-3-methyl-trans-1i,3-
butadienylborane, (C6H11)2B-CH=CH—CCH3=CH2, undergoes a

cyclization upon ultraviolet irradiation to form the bora-

cycibpent-B-ene derivative 8 (45).

CH3-C ==C-H

HZC\B/ H_Céﬂil
1
CeHyq

8

Several allyiboranes have been prepared by monohydroboration
of dienes such as 1,2-octadiene or phenylpropadiene (199). On
protonolysis of these allylboranes allylic rearrangements

were observed as 1s illustrated by the following scheme.
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+
Ncegecy, 220 NC=CH-CH,-BR NCH-CH=CH
/C=C=CHy —=—>3  _C=CH-CH,-BR, -—>» _CH-CH=CH,

Addition of allylboranes to monosubstituted acetylene and
followed by protonolysis has been found to be a general method
for the synthesis of 1,4-substituted pentadienes (46). The
initial reaction occurs at room temperature or below according

to the following equation:
B(CBH5)3 + BRCECH ——p (0355)2B-CH=CB—CH2-CH=CH2

However, all three boron-bonded allyl groups can react in the
same manner and subsequent action of 82" cleaves the B'Cvinyl
bond. The terminal carbon-carbdén double bond of the boron-
contalning intermediate 1s.read11y hydrogenated and this
reaction proceeds particularly well when alkoxyacetylenes

are used; alkylacetylenes react much slower and, in thils case,
only one of the allyl groups of the triallylborane reacts

in the indicated manner.

Triallylborane reacts with phenylacetylene at room temperature
in an exothermie¢ reaction under formation of a bicyclic

system (203). The reaction is analogous to that of triallyl-
borane with acetylene and alkylacetylenes and can be summarized

by the following eguation:

03H5B(CH2-CH=CH2)2 + HCECC6H5 - C3H5B 06H
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The bicyclic system is the product of a thermal transformation
of materials initially formed on reaction of triallylborane
with phenylacetylene. Proton magnetic resonance data indlcate
the initial formation of chain-type specles such as
CH2=CH—CH2-066H5=CH-B(CHZ-CH=CH2)2 and of a monocyclic inter-
medlate. Cleavage of the boron-containing ring of the bicyeclic
system may be accomplished with trimethoxyborane as lllustratied

in the following equation:

| @
CHBOB 06“5 + B(OCH3)3 —9 :(

/ \
(CH30)2 B-CHZ CHZ—B(OCH3)2

2-Propynyloxytrimethylsilane also reacts with triallylborane
(211). However, even at room temperature, a monocyclic system

is formed directly as depicted in the following scheme.

B(C3H5)3 + HCEC_CH2-0-31(CH3)3 ___€>

(CH3)351-0~CH2 CH2-0H=CH2

B
Lo

This monocyclic product cannct be isolated in pure state and
converts on heating to a bicyclic compound. This reaction is

analogous to that of other 3-substituted 1,5-dialkylboracyclo-
hex-2-enes.

Hydrogenation of the monocyclic compound yields
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(CH3 ) 351-0-CH2 . CH2-CH2—CH3

B
ot

with retention of the B-vinyl bond. Heating this last compound
with methyl alcohol provides 6-~methylene-2,4-dipropyl-1,2-

oxaborepane, a novel heterocyclic system,

CH2=? CH2
Hzi ?H_03H7
CH
2
\}?/
C3Hyp

Triallylborane reacts with i-methylcyclopropene by two
different reaction paths (155): Either cleavage of the C2—03
bond of the cyclopropene ring occurs with addition of the
triallylborane fragments as is illustrated in the following

equation,

B(C4H,) 5 + >cn3 —>  (CH,),B-CH,~CCH;=CH~CH,~CH=CH,

or these same triallylborane fragments may add in the cis

configuration across the annular double bond to yleld 9.

/CH
(C5H,) B —CHE—Dg (CH5)~CH,~CH=CH,

2

In the presence of excess cyclopropene all three boron-carbon

bonds of the triallylborane can participate in the reaction.

In the preparation of trialkylboranes by 1nteraction of
References p- 142 ~



86 , K. NIEDENZU

boron trifluorids-etherate with the appropriate alkylmagnesium
halide, RMgX (R = p-, 8-, Or ifcaﬁg)v no isomerization of
the alkyl groups occurs (8).

Cyclopentadienyl-diethylborane is obtained as an adduct
with either pyridine or triethylamine when the corresponding
amine adduct of diethylchloroborane is rsacted with sodium
cyclopentadienide in ether (19). Treatment of the resultant
adduct with boron trifluoride-etherate provides the non-
coordinated triorganoborane, the dienyl group of which can
undergo Diels-Alder reactlions at room temperature.

Methylene dilithium reacts with boranes, BHg (g = ci, Br,
CH.,, OCH R! = Cl, Br],

M{(CH.),] or RBR} g = CH,, K{(CH

3+ OCH3, H{CH3), 3)2s
to yield a bisborylmethane intermediate, HZC(BRZ)z. In the case

of R = N(CH small amounts of the intermediate could be

32
isolated but, in general, it quickly rearranges to BRB and

(-CHZ-BR—)n polymers (9).

Aluminum trimethoxide forms relatively stable adducts with
dialkylboranes of the type (CH30)3A1-BR2H (48) . Beaction of
such compounds with olefins has been used to prepare mixed
organoboranes containing functional substituents. These adducts
can also be used to synthesize pyridine-dialkylboranes and
free dialkylboranes.

In the monchydroboration of terminal alkynes with di-
cyclohexylborane or 2,3-dimethyl-2-butylborane, the boron
atom appears almost exclusively at the terminal position of

the original triple bond (82).
9-Chloro-9,10-dihydro~9-boraanthracene reacts with mesityl-
magnesium bromide to yield the corresponding 9-mesityl

derivative 10 (10). If the latter is treated with t-butyl-

lithium a deep red colored solution is obtained which may



BORON. 11 87

contain the anthracene-type chromophoric organcboron species
11. This intermediate which has not yet been isolated can react

with D20 or 002 as is illustrated in the reaction sequence

outlined below:

¢' BMgBr

O :

oee)

Similarly, the 1-phenylborabenzene anion, 12, has been prepared
by the interaction of 1,4-dihydro-1,1-dibutylstannobenzene with

dibromphenylborane, C6H5BBr2, and subsequent deprotonation of
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the 1l-phenyl-1,4-dihydroborabenzene with t-butyllithium as

illustrated in the following reaction sequence (i1).

I I 06H5BBr2 l Li-&rcuﬂg>r [fi’j:n
—_—
Sng 2
bn

12

615

(%3

Trialkylboranes undergo a ligand exchange reaction with

tris(aryloxy)boranes as illustrated in the following equation (13).

2 BR3 + B(OAr)3 ——9 3 R,BOAr

The reaction is catalyzed by BH3 and has been used to synthesize
a variety of dialkylbcronic acids (dialkylhydroxyboranes) and
their esters (13). Reduction of aryloxydialkylboranes with
lithium aluminum hydride in tetrahydrofuran provides dialkyl-
boranes, B,BH, in high yield and purity (14),. Hence, when this
method is used dlalkylboranes are directly and simply available.
Monoalkylboranes can be obtained by hydroboration of olefins
Wwith catecholboranes (15). This latter reaction provides B-alkyl-
catecholboranes; they, in turn, can be reduced with lithium
aluminum hydride to give the monoalkylboranes in nearly
quantitative yield (16),.

It is worth noting that the gas phase reaction of borane
with ethylene to yleld ethylborane, 02H5BH2, was studied by
Fehlner (190) and several aspects of the hydroboration were

discussed.
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Trialkylboranes react with lithium or sodium tetrahydrido-
borate to form addition products according to the following

equation (40, 210):
— v
B33 +» MBH, = h(HBBnﬂ-BRB)

The structure of the resultant adduct was determined by
nuclear magnetic resonance studies and the equilibrium reaction
was found to be selvent dependant. Also, lower temperatures

favor the formation of the trialkyltetrahydridodiborate (210).

FMethyl radicals react in the gas phase with triethylborane
in a homolytic substitution at boron (70). In the triplet state,
ketones will react with trialkylboranes in a bimolecular homolytic
substitution to give the radicals RZCOBBé- and R!'- with the
latter originating from the trialkylborane (42, 238). Trialkyl-
boranes react with diazoketones or with methyl vinyl ketone to

yield vinyloxyboranes, R'CH=CR"-0-BR, (26).

Tri-n-butylborane reacts with chlorciifluoromethane (with
alkoxide induction) to give trialkylcarbinols (35). This reaction
is similar to the "carbonylation-oxidation" developed by Brown
and coworkers (73). Trialkylboranes will react with copper(II)
bromide in the presence of water by conversion of a single

alkyl group of the borane into the corresponding alkyl bromide (43).

The protonolysis of organoboranes has been studied by
reacting trialkylboranes with propinoic acid (34). Little
selectivity was observed in the removal of primary or secondary
alkyl groups; however, trialkylboranes conteining tertiary
alkyl groupé were found to react much slower appé}ently due

to steric effects only.
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The peaction of triorganoboranes with(Y-lithium furan was
found to yield 1,2-boroxarocyclohex-i-enes as 1l1lustrated below
(194).

BB3 + Li-Z/O\S ——3 L:’!.—0-CI-I=CH—CH=CH-BH2 -—-}

Xy B Z Ncr,
i || —> x
0

~B8 o,/BB

Trialkylboranes react with 2-methyl-Z-nitrosopropane or
cis-azobenzene even under mild conditions (at room temperature)
with the elimination of one olefin group (152). The reaction
is thought to occur wia a cyclic transition state as indlcated

for the case of azobenzene by the following scheme.

) \N7
-C-H N-C_ H C H-N-C_ H
65 65
| = i+ ]
-?—B~ N-,6H5 }i ?-6635
~B-

The olefin and the hydroborated product are obtained in
essentially quantitative yield,

Nitriles react with primary amides and trlialkylboranes
in tetrahydrofuran to give intermediates, 13, which can be
decomposed in a mamner such that the overall reaction provides

a synthesis of N-acylamidines (33).

,o——ca\ o-=cn\q

+ R'CN + n B

BCONH, + R'CN + BRY -3 R3E AN - .
B

13
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The reaction of trialkylboranes with 2,5-bis(ethylamino)-
1,%-benzoquinone in refluxing xylene proceeds with the
generation of alkane in accordance with the following equation

(41):

RI
RYHN 0 /N - O\BR
2 BRy + —> 2 RH + BZB\O O/ 2
0 |
Rt

0 NHR!

Other 2,5-bis(alkylamino)-1,4-benzoquinones react in like
manner; the substitution of a borylsulfonate, BZBOBSAr, (in

the presence of sodilum hydride) for the trialkylborane increases
the yield substantially. 2,5-Dihydroxy-1,4,benzoquinones will
also undergo the same basic reaction and the resultant materials
can be stabilized as pyridine adducts, 14. The reaction of
trialkylboranes with 1,4-naphthochinone in the presence of sgmall

amounts of oxygen ylelds (after hydrolysis of the 1ntermed1§tes)

Pyr. (o] 0 R
\B/ \BI
R’ MO 07 \Pyr

ik

2-alkyl-1,4-naphthalenediols (188).

Organcboranes derived from terminal olefins yia hydro-
boration react rapidly and quantitatively with mercuric
acetate in tetrahydrofuran (at rcom temperature) to yield

alkylmercury(II) acetate as illustrated in the following

sequence (12).

- 3 Hg(OAc), <
3 BCH=CH, + BH; 3 (RCH,-CH,);B 35

B(OAc),; + 3 RCH,-CH,-Hg-OAc
References p. 142 3
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This reaction provides a new route for synthesizing organo-
mercury derivatives. The mercuration of organoboranas contain-
-ing secondary alkyl groups requires higher temperatures and
several hours of reaction time. Morecver, not more than two

of the three secondary alkyl groups will react in this latter

case (32).
( ) -EEE—-§> ( )
BR., + 2 Hg(OAc BB(OAc + 2 RHgOAc
3 2 heat 2

Organoboranes containing very bulky alkyl groups exhliblt

exceedingly slow rates of reaction and simultaneous decomposition

of the resultant organomercurials limits the synthetic
utillity of the cited reaction. Arylmercury halides react
with diborane in tetrahydrofuran to give intermediate
organoboranes which can be oxidized with alkaline hydrogen
peroxide to produce high yields of phenols (158). The inter-

mediates were not isolated but are thought to be arylboranes.

The cleavage of the boron-carbon bond in 2-alkoxy-1,4-
pentadienylboranes, BnB(CH=COR'-CH2-0H=CH2)3_n, by alcohols
has been investigated and was discussed in terms of:

(a) attack of the free electron pair of oxygen of the alcohol
at the B"cvinyl bond, and

(b) initial addition of alcohol at the vinylether C=C bond.

The experimental observations seem to support the former

" reaction path (48).

The reaction of organoboranes with oxygen under very mild
condtions can be controlled to give an essentially quantitative
conversion of all three boron-bonded alkyl groups to the

corresponding alcohol (20); elemental iodine acts as exception-
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ally favorable innibitor for the reaction of oxygen with tri-
alkylboranes {(22).

The reaction of trimethylborane with oxygen in the gas phass
at 125° produces small amounts of an intermediate of the
composition (CH3)213203 as evidenced by mass spectroscopy (21).
Though the material could not be isolated, a cyclic structure,
15 was suggested for the compound based on some infrared data
including the tentative assignment of ring stretching modes

at 1360 and 1167 cm~! respectively. An antisymmetrical B-C

stretch was assigned to a band observed at 928 cm'l.

Trialkylboranes readily undergo an oxygen-induced
reaction with organic iodides to produce the corresponding
alkyl lodides (23). Moreover, benzylic and allylic iodides
may readily be coupled under mild conditions via the air-
induced abstraction of iodine using triethylborane as the
reagent,

Irradiation of a mixture of triethylborane and iodine in
cyclohexane leads to ethyl iodide as the only isolable
product (24) and the thermal iodination of triethylborane in
cyclohexane solution in the 100-140° temperature range (151)
was also found to follow a free radical mechanism. When an
excess of triethylborane was used in this reaction only

ethyl lodide and diethyliodoborane were obtained.
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Trialkylboranes react with bromine ir the presence of
light to produce (X-bromo-organocboranes with the elimination
of hydrogen bromide (25)., If water is present in the reaction
mixture, a facile rearrangement of alkyl groups from boron
to carbon occurs. This procedure, therefore, constitutes a
simple method for jJoinlng two or three alkyl groups to produce
highly substituted alcohols as illustratesd by the following

gscheme,

Br,,light

water

W

The photoelectron spectrum of trivinylborane has been
recorded and was compared with that of triethylborane (77).
The first lonization potentlials of both compounds are close
togefher with values of 9.5 and 9.7 eV respectively and the
band is a broad envelope. Each compound exhibits similarities
in its spectrum to that of ethylene and ethane respectively.
On that basis it was concluded that the first bands represent
ionization from essentially a boron-carbon sigma bond and
that there is but little conjugation effect evidenced through
the toron in trivinylborane.

The gas phase Raman spectrum of trimethylborane has been
recorded and the observed data are consistent with those
expected for a molecule with D3h symmetry (76). The mags

spectrun of trimethylborane at low source temperature (20-35°)
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shows the absence of any assoclated species (162). The (CH3)2B+
ion was found to be abundant; the amount observed increases
slightly with the source temperature; no metastable peaks
indicating ethane elimination from the cited ion were observed.
The Baman spectra of monomethyldiborane(6) and trimethyl-
diborane(6) were recorded at -70° and at room temperature and
an assignment for the fundamentals of the mol .ules has been
suggested (71). In a discussion of the experimental data it
was noted that the symmetric methyl deformation of these
compounds appears to be considerably influenced by the

attached atom and its hybridization.

An indirect measurement of the 11B-H coupling constants
in organoboron compounds has beer proposed (69). The method

14 ana

is based on the determination of line broadening in
11B spectra resulting from the 11y quadrupole relaxation. The
method was investigated using trimethoxyborane, alkoxyvinyl-
boranes, and triallyl complexes with amines. In a first study

on 11B-130 coupling constants of boron nuclei in a nonsymmetrical

11B-130 coupling constant of 1-methylpenta-

environment the
borane(S) was found to be 72.6 Hz (192).

Based on 1H nuclear magnetic resonance dataz, the existence

of cis and trans isomers in tricrotylborane, B(CH2~CH=CH-CH3)3,
has been demonstrated (68). These species have been shown to

isomerize via an allylic rearrangement.

Finally, it should be noted that the graft copolymerization
of methyl methacrylate with hemoglobin can be initiated by
trialkylboranes (160).

References p. 142
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Organoboron Halldes

The preparation of ethylhalcboranes by the interaction of
triethylaluminum with boron trihalides has been studied in
detail (36). The high alkylating power of triethylaluminum
promctes transfer of all three organic groups from alumlinum
tc boron even at ambient temperature. Furthermore, the
reaction can be made to yleld either BZBX or BBXZ. The power
of the organic aluminum derivatives to alkylate decreases
in the series BF3§BCl3>BBr35BI3 and the tendency to form Bl?‘3
rather than organohaloboranes (even in the presence of excess
BXB) decreases in the order BF3>BBr3381338013. Th alkylation
of boron halides with AlB3 is a stepwise process and is not
sultable for the preparation of organoflucroboranes. However,
this method provides an attractive alternative to the organotin
process (37). In order to study the mechanism of the latter
procedure, the reaction of trans-cinnamyl-triethyltin and

triphenyltin, 16, with boron tribromide has been studied (38).

C,H H
& S\C__C/

R = GH., G.H
o CH,-SnR 6

25 5

3
16

The trans-cinnamyl group was preferentially transferred from
the tetraorganotin to boron to yield the organodibromoborane
and cyclic transition states were formulated. It is noteworthy
that the carbon-carbon double bond of the trans-cinnamyldi-
bromoborane is attacked by excess boron tribromide to yield

1-phenyl-2-bromo-1,3~bis(dibromoboryl)propane.
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Interaction of tetrachlorodiborane(4), B,Cl,, with cyclo-
hexene ylelds cis-1,2-bis(dichloroboryl)cyclohexane (178).

On treatment of the latter with antimony trifluoride, the
corresponding fluorine derivative is obtained and reaction
with boron tribromide results in the displacement of chlorine
by bromine. Also, interaction between this same compound

and lithium tetrahydridoborate yields cis-1,2-bis(dihydrido-
boryl)ecyclohexane. Reacting either compound with dimethyl
ether provides 1:1 adducts, but the fluorine and chlorine
derivatives also form 1:2 adducts with the same ether.
Quantitative displacement of ether can be effected with tri-
methylamine.

Several cyclicolefins were reacted with tetrachlorodi-
borane(4) affording the ¢is addition product in all cases (179).
Tetrachlorodiborane(##) reacts with rluorocethylenes to yield
chloroolefins and fluorinated diborane(4) derivatives or
halovinylboron halides as the principal products (180). When
tetrachlorodiborane(4) and vinyl chloride react in a 2:1
molar ratio, 1,1,2-tris(dichloroboryl)ethane is obtained
along with boron trichloride. Both BZC14 and B2F4 react
similarly with haloethylenes that contain a halogen heavier
than that in the diborane(4) species. The reaction probably
proceeds by the initial addition of B,X; to the haloolefin,
elimination of BX3, and further addition of the tetrahalo-
diborane(4) to the resulting vinyldihaloborane (181).

Reacting trivinylborane with tetrachlorodiborane(#4)
gives a 1:1 product, ((.‘,Hz=CH)28-CI~113012--CH‘,Z-B012 (182). The
latter reacts with BX3 {x =c, N(CHB)Z] to form a triboryl-
alkane, X,B-CHBC1,-CH,-BCl,. Pyrolysis of (CH2=CH)2B-CHB612-

’

References p. 142
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Cﬁz-BCI2 yields 1,2-bis(dichloroboryl)ethylene, but in the
presence of methylamine the pyrolysis led to trimethylamine-
divinylborane. Interaction between trivinylborane and tetra-
chlorodiborane(#) in a 1:2 molar ratio affords the unstable
(above -78°) CH,=GH-B(-CHBC1,-CH,-BCl,),; no 1:3 reaction
product was observed.

Tetracklorodiborane(#4) and dimethylmercury interact

according to the following equation (183):
B,Cl, .+ Hg(CHg), > B,Cl;CHy; + ClHgCH,

However, this reaction is potentially hazardous and exploslons
can occur during the preparation.

In view of the use of tetrachlorcdiborane(4) as reagent
in organcboron chemistry, it should be noted that the vibrational
spectrum of isotopically labeled B,C1, has been recorded and
revised assignments for some of the fundamental vibrations of
the molecuie have been suggested (78). From these spectroscopic
data, a series of valence force constants was calculated for
the molecule. The force constant of the boron-boron bond of
3.4 mdyn/8 is very close to that of a B, molecule (3.58 mdyn/&)

and is considerably greater than that found in polyhedral
boron hydride ions.

1,2,3,4-Tetrakis(dichloroboryl)-1,2,3,4-tetrahydronaph-
thalene, 17, reacts with trimethylamine or triethylamine to

form stable 1:3 complexes (184). Other bases; however, produced

unstable 1:2 adducts with 17.
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The reaction of some substituted aromatic amines with
phenyldichloroborane in boiling benzene did not produce the
expected borazine derivatives (89). Only between one and two
of the theoretical number of moles of hydrogen chloride
evolve. The interaction between phenyldichloroborane and di-
methylaniline appears to proceed by substitution of boron

in the arylamine ring.

The barrier to internal rotation in CDBBF2 has been
calculated (174) and the high-resolution photoelectron spectra
of the boron trihalides have been reported (151); they were
interpreted on the basis of band splitting, fine structure,
and their correlation with theoretical data. From the orbital
energies it was deduced that the molecular stabilization
energy follows the sequence BF3>BC135BBP5=BIB which still
appears to be consistent with the opposite sequence of

TEelectron delocalization.

The asymmetry parameters of the 3501 nuclear quadrupole
resonance spectra of boron trichloride and phenyldichl oro-
borane have been measured on polycrystailine samples of the
compounds (185). The value of o.5uio.02 for boron trichloride
is consistent with recent molecular orbital calculations on

boron trihalides and a boron-halogen JT-bond order of BIBA

References p. 142
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BBrj=8013. This work was extended further to a survey of the
35C1'1r1.uclear quadrupole frequencies of a variety of organo-
boron chlorides and adducts of boron trichloride (186). The
data were discussed in terms of Pf-character and charge

distribution in the boron-chlorine bond.

Mass spectrometric data indicate that the boron-fluorine
bond dissoclation energy is reduced if boron trifluoride is
coordinated with diethyl ether (201).

Acids, Esters, and Sulfur Derivatives

A variety of dialkylboronic acids (i.e., dialkylhydroxy-
boranes) and their esters have been prepared by a ligand
exchange reaction between trialkylboranes and tris{aryloxy)-

boranes (13).
2 BRy + B(OAr); ~3> 3 R,BOAr

Dialkylvinyloxyboranes, R,B-0-CR'=CHR", are formed by the
reaction of trialkylboranes with diazoketones or by radiesl
addition of trialkylberanes to methyl vinyl ketone (26).
Hexafluoroacetone and other polyfluorinated ketones
react with baron halides, organoboron halides, or alkylthio-
boranes to form perhalogenated organooxyboranes and related

materlals (163) as illustrated in the following eguation:

2BX o+ OC{(CF4), = >B-0-C(CF4),X

X = C1, Br, I, SCH,
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All three B-X bonds of boron trihalides are reactive in such
a reaction. It should be noted that the unsymmetrical perhalo-

ketone CF Cl—CO-CFCl2 reacts with boron trichloride metatheti-

2
cally to afford boron trifluoride as the only boron-containing
product. Hence, it is not surprising that boron trifluoride
cammot be utilized in a reaction according to the preceding

equation.

Various monofunctional boranes combine with acid anhydrides

as deplicted in the following equation (120):

R2B-X + (R'CO)20 — BzB—O—CO-R' + R'COX

X = SR, NHR, NR,
The reaction of some Z- and E-oximes with diphenylhydroxy-
borane (diphenylborinic acid) has been studied (29); it was
found to give crystalline materials. The respective derivatives
of the Z-oximes are reported to have the structure of the
(L/-aminoacetophenone)oximato-diphenylboron complex depicted

in the follcwing scheme.

-H,0 ' CH
2 \ 2N 1

Phenylborates have also been used in carbohydrate synthesis;

20

e.g., the halogenation of D-glucose phenylborate was studled

and pointed the way to a synthesis of halo-desoxysugars (170C).
The reaction of 1,3-diketones with dihydroxyphenylborane,

C6H53(0H)2, in the presence of strong acids leads to the

formation of 1,3,2-dioxaboronium salts, 18 (213).

References p. 142
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0 0 ‘
\H + RB(OH), JX——} \B-B x®
/ /
J 0

18

The same compounds can be prepared by photodeboronation of

1,3-diketonates of diphenylhydroxyborane.

0 >._o
G R 2 s @ |
CgHe > /
0 C

The reaction between/g-aminoethoxydiphenylborane and
bié(l,B—diketones) such as 1,1,2,2-tetraacetylethane ylelds
bichelated complexes of the following type 19 (214).

0
TR O®) (@8
Cetls \OJ \_.
These dichelates exhibit fairly high thermal and hydrolytic
stability.

A variety of dibutoxyboranes of the type

Y(CH -B(OCQH

2)n 9)2

n=3-6; ¥ =06, Br, I, OH, CN, x(czas)z, COCH3
have been prepared ty conventional organometallic synthesis
(28). Also, 1,1-di-n-butyl-3-benzostannepin was found to

react with boron trichloride by exchange of the tin with
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boron (39). Subsequent hydrolysis of the produect leads to the.
tsolation of 3(3H)-benzoborepin-3-ol, 20.

A very convenient synthesis of alkyldihydroxyboranes

results from the fact that 1,3,2-benzodioxaborole, 21, is
-G
S
=0

readily prepared from catechol and BH3 {27). The dioxsborole
reacts with olefins at 100° affording B-alkylation; subsequent
hydrolysis leads to BB(OH)Z.

As noted above, 2,5-dihydroxy-i,4-benzoquinone reacts
with trialkylboranes to form boron-oxygen bonds (41); the

resultant materials can be isolated as pyridine adducts, 1k4.

Perfluorocalkoxyboranes can be prepared by reacting
perfluorocalkyl hypochlorites with boron trichloride through
oxidative displacement of chlorine from boron (30, 187).

3 RgOC1 + BCl; —) (B0);B + CL,

In the case of Ry = CF3 or er3F7, a facile x-fluorine shift

1s observed to vacant boron p-orbitals; decompositlon of the
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compounds leads to boron trifluoride and certain carbonyl
derivatives as final products.
(i-C

4Fp0)3B  —3  BF; + 3 (CF5),C0

ir Bf = gfchg, the perfluoroalkoxyborane is thermally fairly
stable although the compound hydrolyzes readily; all of the

perfluorocalkoxyboranes appear to be strong boron Lewis acids.

The crystal structure of triethanolamine borate,
N(CHZCHZO)BB, was examined by X-ray diffraction (168). The
molecular structure was found to be of the triptych type
suggested by Brown and Fletcher (169); it has a transannular
boron-nitrogen bond length of 1.65 X.

The limiting equivalent conductivity of the acid

HB(OOCCFB)u was measured and was found to be 22.3% ohm'lcmzeq“l.

Though the salt CsB(OOCCFB)u is readily prepared the parent
acld could not be isolated (217).

Action of chlorine in bis{i,3-diketonato)boronium

hexachloroantimonates of acetylacetone or benzoylacetone, 22,

(8] o]
x snc16e
/ \
(8] (o]
22

affords monochlorination of the diketone in the 2-position (213).

Aqueous solutions of ‘1:2 molar mixtures of boric and
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tartaric acid or boric and citric acid react with amines such

2s dihexylamine, diheptylamine, etc., to yield the corresponding
crystalline boroditartrates (borodicitrates) (228). Infrared
spectral data indicate that the boron atom is linked with

the oxygen atoms of the hydroxy and carboxy groups of the

organic acid as illustrated in 23.

o=g-o 7
H-?—OH 23
0-C-0~,_0-C-H
(BR,NH,) BL 7
2723 H-é-o’ N0-G=0
Ho_g-a
| 0-C=0 .

Peroxyboron derivatives are exceedingly rare. However,
dibutoxychloroborane was found to react with s-butyl peroxide
yielding dibutoxy(s-butylperoxy)borane according to the
following equation (31):

(RO),BC1 + HOOR =3 (RO),B-0-0-B + HCl

Thermal decomposition of the compound in nonane solution
follows first order kinetics. Peroxyboron derivatives such
as dimethoxybutylperoxyborane, (CHBO)EB-O~O-04H9, are
thermally stable up to 120° (173,175) and tris(t-butylper-
oxy)borane was found to decompose rapidly in hydrocarbon
solution at temperatures above 130° (171). The nature of the
pyrolysis products and.the kinetic features of the reaction
seem to substantiate a free radical mechanism (206). The
rate constants of spontaneous and induced decomposition of

the cited peroxyboron derivative were found to be similar
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to those of normal organic peroxides such as benzeﬁe peroxide
(171).

An organoboron peroxids with a cumyl greoup bonded to the
peroxide oxygen was obtailned from the reaction of di(n-but-
oxy)ehloroborane with the sodium salt of cumyl hydroperoxide
(172). This compound hydrolyzes readily in air and thermal
decomposition in n-nonane solution also appears to proceed

by a radlical mechanism.

The effect of alkyl group structure and substitution
on boren in radical reactions has been studied by reacting
several alkoxyboranes with bromine (49). The results indicate
that the radical reactivity of organoboron derivatives 1s
a sensitive structural function of the organic functional
group(s) bonded to the boron atom and the nature of the
substituents bonded to boron and that of the attacking
specles. The preferred attack by an oxygen radical at boron
is apparently controlled by the thermodynamics involved
and the preferred attack by bromine at the hydrogen atoms of
the organic group(s) appears to be a reflection of the low

enargy content of the boron-bromine bond.

A number of phenylboron derivatives such as
c6H5B(OCZH5)2
06H5B(004H9)2
66H5B(N(CH3)2)2

CgHgBINCH,-CH,-)

3
were found to exhibit prominent peaks in thelr mass spectra
which were assigned to the tropylium ion, C7H7+ (193). In
contrast, bis(diméthylamino)phenylmethylaminoborane, [(CH3)2N]2B-

NCH3»06H5, does not form this ion on electron impact.
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Aromatiec o-dithiols react with boron trichloride to form
2-chloro-1,3,2-benzodithiaborolanes (146). On treatment of the
latter with 2,2'-bipyridine, the corresponding boronium chloride
salts were obtained; these can be reduced to give the neutral
spiro compounds.

The preparation of a variety of thiodimethylboranes,
R-S-B(CH5),, with R = H, CH,, CgHg, B(CH3)2, Sn(CH3)3,

P(C6H5)2, As(CH3)2, or Mn(CO),, has been described (144). The
general Lewis acidity of the thiodimethylboranes 1s illiustrated
by their proclivity to form adducts with Lewis bases, but no
sulfonium salts were obtained. The strong Lewis acidity cf the
sulfur atom in (CH3)2B-S-B(CH3)2 and (CH,)3Sn-S-B(CH,), leads

to slow decomposition of the compounds. The vibrational

spectra of some thiodimethylboranes, BSB(CH3)2 (R = CH3,

céHS’ B(CHS)Z) end of some related materials have been studied
(142). On the basis of force constant calculations, no fi~bonding
appears to occur between Boron and sulfur in these compounds.

The equilibrium
>B-S-R' + HNB, &= (B-NR, + BR'SH

can be shifted in favor of the boron-nitrogen derivative (122),
This observation has motivated the preparation of several
hydrazinoboranes. Similarly, alkylthiodialkylboranes were
found to react with acetamide with the formation of dimeric
acetamidodialkylboranes, (R2B-NH-CO-CH3)2, and release of an
alkylthiol (127).

3-Methylthlopropylborane was obtained from the reaction of
imethyl sulfide-borane with allylmethyl sulfide (140). The
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compound. is stable in the monomeric form and can be distilled
without disproportionation, These observations seem to
indicate backbonding from sulfur to boron as depicted in

structure 24,
HZ?-_. (l:Hz
H.,C BH
2
\?7‘
CH

3
24

2

Alkylthiodialkylboranes react with carbonyl compounds
and ketene according to the following scheme (205).

o° CH,CO
>COo + R,BSR = )CO-BRZSR ——

£\
> BR
1 12 H20
“~ v
Hzc\ﬁﬁp —2-3 COH-CH,-CO-SE
i
SR

A new type of heterocyclic system, 1,3,4%-thiaoxabor-
epane, 25, has been prepared by Mikhailov and cowcrkers (139).
Addition of 2-n-butyl-1,Z2-thiaborolanes to aldehydes or
ketones was found to proceed by addition of the borane to
the carbonyl group resulting in the formation of this novel

heterocyclic system.
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The reaction proceeds best with aldehydes; in the case of
ketones it may be reversed.

Phenyldihaloboranes react with sodium sulfide under
formation of B-triphenylborothiin, (-BC6H5-S—)3 (237);
however, the reaction of phenyldihaloboranes with sodium

disulfide yields the five-membered heterocycle 26.

S 5

/ A\
06H5-B\\ ,/B-C6H5

lNU]
o)

Several redox reactions of iodoboranes with bromine, sulfur,
and dimethyl sulfoxide have been describved to yield this
same heterocycle 26 as well as bromoboranes, borothiins,

and boroxines besides elemental iodine (2356).

Tpis(alkylthio)boranes and ethylisopropyl ketone react

to form a thienol ether as l1llustrated below:

3 CZHS-CO—CH(CHB)Z + 2 B(SR)3 -—-%)

BZO + Czﬂ

3 5—0(53)2—CH(CH

3'2
The driving force for the reactlion is thought to be the high
affinity of boron for oxygen (141). Tris(ethylthlo)borane

thioalkylates phenyl isocyante in refluxing benzene to yield

N~ethylthiocarbonyl-N,N'-diphenylurea, 06H5—NH—CO-N06H5-CO-SR

(147). However, (n-butylthio)dl-n-butylborane gives a
coordinated cyclic species by reaction with two molecules

of the isocyanate. The resultant compound, 27, hydrolyzes

readily by cleavage of the boron-nitrogen bond. Similar
References p. 142
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Q=0

LIN
CgHgN  NCoH,

By Rd//CSCL}H

9

27
reactions occur with phenyl isothiocyanate and dieyelohexyl-
carbodilmide, various nitriles, and diphenyl ketone.

Hexamethyldisilselenane, Se(S51(CH,);3),, reacts with
phenyldibromoborane to yield a novel heterocyclic system

comprised of alternating boron and selenium atoms (230).

+ 6 R)SiBr

3 RBBrZ + 3 Se(-"“»iR')2 _ (—BR--Se-)‘3 3

3

The heterocycle polymerizes irreversibly in benzene solution.

Boron-Nitrogen Compounds

The interaction of carbon vapor (from a carbon arc)
with dimethylaminoborane ylelds dimethylaminomethylborane
as an initial reaction product (133). The latter reacts with
excess starting material to form the four-membered coordinated
ring system 27. Other byproducts of this reaction are
dimethylaminodimethylborane, dimethylamine-borane, and the

H H

(CH3)2N\\§g5/, (CH3)2
H

3
27



BORON. I 111
previously unknown diboryl oxide (CHB)ZN-BH-O-BH-N(CHB)Z.

Na(CH3)2NBH3 reacts with BH3 by two different reaction
paths (134):
(2) A3dition of a borane group according to the following
squation:
3)pNBHy + BHy ——3 Na(CH;), N(BH,),
{(b) Decomposition by a borane group probably via simple

Na(CH

hydride transfer:

Na(CHB)ZNBH + BH3 — (CHB)ZN-BH2 + NaBHu.

3
Dimeric acetamidodialkylboranes, (BZB-NH-CO—CHB)Z, have

been synthesized by the reaction of alkylthiodialkylboranes
with acetamide (127). Though they are normally dimerie, the
acetamidodialkylboranes react as monqmeric species., For

example, with aminoboranes or 1,2-azaborolidines they react

to yield coordinated heterocycles, 28.

NH

/7
N

CCH
R,B-NH-CO-CH, + RAB S,
,B-NH-CO-CH5 + R}B-NH, —3 R,B o

4
HpN BR}

28

The structure of the latter was determined by nuclear magnetic

resonance spectroscopy.

Diethyl-1-pyrrolylborane reacts with dialkyl ketones

according to the following equation (129):

3 (CZH5)2B-N© + BRR'CO e

R B |
. -~
B
c.8? ¢

2l Colig
References p. 142 §2
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The indacene derivative 29 ca..also be obtained from tri-
ethylborane, pyrrole, and a ketone with thz elimination of
ethane, Compounds of type 29 are remarkably stable towards.
hydrolysis but can form ionic species either with base
{anionic boron derivative) or acid (cationic boron species)
and characteristic changes in the ultraviolet and proton

magnetic resonance spectra accompany formation of the salts.

Tris(phenoxy)borane, B(006H5)3, was found to react with
aluminum and hydrogen and, in the presence of amines, to
provide a novel synthesis of aminoboranes (130). In this
réaction, the nature of the product is a functlion of the
molar ratio of the borane to the amine. In diethylamine as
solvent, tris(diethylamino)ﬁorane is obtained in 81% yield.
Employing & ratio of one mole of tris{phenoxy)borane to two
moles of amine, bis(diethylamino)borane is obtained in 80%
yield, However, if the reaction is effected in a 1:1 molar
ratio, diethylaminophenoxyborane, (CZHS)ZN-BH-006H5, and
bis(phenoxy)diethylamincborane, (02H5)2N—B(006H5)2, are
obtained in nearly equimeclar quantities. This reaction was
found to be insensitive to changes in reaction time or
temperature. It should be noted that the reaction of amino-
alanes with tris(pheoxy)borane was studied independently
and provided strong evidence that the aluminum/hydrogen
reduction of tris(pheoxy)borane proceeds through aminoalane

intermediates.

Hexamethyldisilazane reacts with the trimethylamine
adduct of dimethylaminodichloroborane ir a dehydrohalogenation

reaction to yleld bis(trimethylsilyl)aminochlorodimethylamino-
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borane, [(CHB)B
borane and bis(dimethylamino)-bis(trimethylsilyl)aminoborane

51]2N_301-N{CH3 ),; bis(dimethylamino)chloro-

were observed as byproducts (136). The rotational barrier
about the B—N(CH3)2 bond in bis(trimethylsilyl)aminochloro-
dimethylaminoborane was found to be in the order of 18-Z1

Kcal/mole depending on the solvent (166).

Substituted anilines react with diphenylhaloboranes to
Yield aminoboranes which can then be oxidatively photo-
cyclized to provide 10,9-borazarophenanthrenes according to
the following reaction sequence (196); this process provides
a simple entry to substituted borazarophenanthrenes (which

are difficult to obtain by other preparative methods) and

NH

B—CéH

ClB(66H5)2

may well offer an attractive route to other condensed

borazaronhydrocarbons.

The hydroboration of Schiff bases (226) can be illustrated.
by the following equation?

06H5N=CH06H5 + BH3 — (06H5)(06H5CH2)N—BH2

The resultant benzylphenylaminoborane is monomeric but slowly
dimerizes on prolonged standing. On distillation, of the

compound a rearrangement occurs leading to the formation of
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7bis(benzylphenylamino)borane.
2 (CgHg) (CgHGHyIN-BHy w3 BH,y + [(CGH,)(GgHGH, IN],BH

Analogous reactions were observed on hydroboration of other
Schiff bases such as N-benzylidene-2-naphthylamine, Schiff
bases containing hydroxy groups offer two reactive centers
for hydroboration and different reaction paths can occur,
‘However, on hydroboration of salicylidene anils, the ultimate

product of either reaction path was found to be compound 30,

H
tﬂ\x-c 6Hs

Aniline and diphenylamine (but not triphenylamine) form
1:1 adducts with boron trifluoride and the thermal dehydro-
halogenation of the adducts has been studied (149). On
heating aniline-trifluoroborane in the presence of aluminum
poweder to 280°, B-trifluoro-N-triphenylborazine, (~BF-NCGH,-) 5,
is obtalned. Similarly, diphenylamine-trifluoroborane can be
dehydrchalogenated” to give diphenylaminodifluoroborane though

major side reactions ocecur.

Lithium amides react with diborane to form lithium tetra-
hydridoborate and trisaminoboranes as depicted in the follow-
ing equation (177):

3 LiNRy + 2 ByH, —=3 2 LiBH, + B(NRy),
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Boron trihalides (X = F, Cl) were found to react with N-lithio-
hexafluoroisopropylidenimine as shown in the following

equation (139):

Bx3 + 2 Li—N=C(CF3)2 .._> B[NC(CF3)2]3 + 3 LiX

An X-ray crystallographic study of (diphenylketimino)-
dimesitylborane, (06H5)2C=N—B(mes)2 (mes = mesityl), has
established an allene-like geometry for the molecule (126).
The B-N=C 1link is very nearly linear and both distances -

BN with 1.40 & and NC with 1.31 R - are very short as is
required for dcuble bonding and allene-like structure of the
BNC grouping. Additional studies in iminoborane chemistry
describe the interaction of bromine-substituted monomeric
iminoboranes with alkylthiols to yleld alkylthioiminoborane
hydrobromides, 31, which can be considered as adducts of

the amine-borane type (135).

- Eli ?r
~ V4 N 7’
C=N-B + BSH —> C=N.B
Br” N rS” ~
31

The latter lose hydrogen bromide on distillation in high
vacuum and convert to lminoboranes, whereas on reaction with
trialkylamine, the imine of the adduct is readily displaced
by the trialkylamine. If thiophenols are used in the cited
reactlion rather than alkylthiols, boron-bonded bromine is
also displaced in a reaction similar to the one above. The
bromine substituted iminoboranes react readily with diphenyi-

dlazomethane (132) and bromine bonded to either carbon or
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boron. can react as is illustrated in the following

egquations?

]
-~ - —r
,C—N—BBZ + (06H CI\!2 —_— I‘lz + BI‘-C(Céﬂs)Z—C-I\-BRZ

)
Br 5°2

BP/C=N—BBr-B * 2 (CgHg)pONy, —>

2 K, + Br-c(06H5)2-é=N_BR_CBr(66H5)2

2

Trialkylboranes or boron trihalides react with thio-
cyanates to produce sulfur-containing iminoboranes according

to the following equation (137)¢

BB, + R'SCN —>» R'S-CR=N-BBZ

3

The iminoboranes formed in this reaction are normally dimers

or are in equillibrium with a monomeric species:
R-C-SH?*
2 R'S~CR=N-ER = R \\ R
2 2 2
NS
R'S-é-B
Analogbus products are obtained from the action of nitriles

on organothloboranes or from the reaction of dimeric halo-

iminoboranes with alkylthiols.

BSBX, + R*CN —3» BS-CR'=N-BX,

R*SH + X-CR=N-BR} —» BHX +AR“S-CR=N-BBé

2

The effect of non-bonding interactions on the boron-11

chemlcal shift has been studied with a series of alkylamino-
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boranes and alkoxyboranes (143). The non-bonded interactions
may reduce the coplanarity about the boron atom and thus
result in a decreased shilelding of the boron; the data
indicate that inductive effects and conformation of groups
attached to the boron have a measurable effect on the boron-11
chemical shift.

The photoelectron spectra of a series of aminoboranes
have been recorded {(121). On the basis of qualitative
molecular orbital considerations, the low energy PE bands

are assigned to J/-ionlzations.

Compounds containing the grouping B-N-N as a structural
unit can be considered as a special group of aminoboranes;
this group comprises a variety of linear, cyclic, and some
saltlike materials.

Several hydrazinoboranes of the type (06H5)ZB-NH—NHR
have been prepared (131) and were found to be monomeric in
solution. However, if R is a polar group such as CGH5C0,
CHBCO’ or (06H5)2P0, the boron atom assumes four-coordination

by forming a coordinated cyclic species, 32.

Nitrogen-bonded hydrogen of (C6H5 ),B-NH-N (CH3 ), can be
displaced by reacting the hydrazinoborane with methyllithium.
{(131). Subsequent reactions of the N-metal derivative

.affords compounds such as (06H5)28—N31(CH3) ~-N(CH.,)}

3 3[2-
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The tris(hydrazino)bhorane B(NH-N(CH3)2)3 adds boron tri-
chloride, diborane, or methyl iodide {128). Apparently,
initial addition occurs at the dimethylamino sites of the
molecule with the formation of 1:3 adducts; but with an
excesa of agents, some addition at the NH sites of the
molecule may also occur producing speclies such as the 1:5

adduct B(NH-N(CH + 5BH

3)2) 3 580

Nuclear magnetic resonance studles (125) on 2,2-di-
methylhydrazinoboranes such as B(NH‘N(CHB)Z]B’ the bis-~
(2,2-dimethylhydrazino)borane HB{NH-N (0}13 ),1,, and
[(CHB)ZN—NH-]ZB-B[NH-N(CH3)2]2, indicate the existence of
intramolecular hydrogen bonding in these compounds; the
hydrogen bond energy was calculated to be about 2.5 kcal/mole.

However, based on boron-11 nuclear magnetic resonance data,

the boron is three-coordinated in all cases.

Boronic acid derivatives condense readily in boiling
benzene with acid amidrazones to form derivatives of
5,1,3,4%-boratriazaroles, 33 (123). The resultant compounds

‘
Ne——N,

-7 e-
\\\N,//B
)

33

are stable to hydrolysis under mild conditions and show

“aromatic!" propanties.
Various 1,3,4-triaza-2,5-diboerolidines have been

obtained throuvgh the following reaction sequence (122).
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RB(SCH,),
R'HN-NHR'
CH;S-BR-NR'-NR' ~BR-SCH, 3
l R"NH,
NR'~NR®
o Npr

The intermediate 34 equilibrates according to the following

equation?

2 C:HBS—BR-NR'-NB‘-BB--SC!'I3 = RB(-NR'—NR'—)zBR + 2 RB(SCH3)2
1,4%,5~-Trimethyltetrazaboroline, 35, reacts with Lewis acids

such as BFB' SnClu, or Sb015 to form stable complexes (124).

N=—=N

CH { \N CH
37N ~CHy

B

i
CH,
33

In these materials the tetrazaboroline ring acts as a mono-
dentate ligand; only when TiCl, acts as the Lewls acid are
bridged complexes probably formed. Titanium tetrachloride,
1,4,5-trimethyltetrazaboroline, and aromatie hydrocarhons
react to form two series of complexes (165) of the general

composeition
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4 TiCl,-2(CH;),N)BCH4-2L (L = toluene, o-xylene), and
b TiClu-z(Cﬂj)zNuBCHB-L (L = benzene, p-xylene, naphth-
alene).
Interaction in mesitylene and m-xylene {and cyclohexane)

resulted in the formation of 4T101u-3(CH3)2NqBCH3 alone.

The ruthenium derivative HB(pz)BRu(CO)ZX {pz = pyrazolyl,
X = Cl, Br, 1I) has been prepared by reacting Ru3(00)12
with KHB(pz)3 and subsequently treating the dep red
solution with halogen (84). Similarly, the reaction of
BrM(CO)5 or M2(CO)10 (¥ = hn, Be) with potassium dihydro-
bis(pyrazolylato)borate afforded the crystalline complexes
{[HZB(N2C3H3)2]M(CO)3(pyrazole)}, 36 (85). Reaction of the
latter with phosphines or phosphites (L) yields derivatives
of type 37.

Oy Oy

N-—\I ——-NH /N ——-N\l
HQB\\ /,N(CO)Z H,B 1(GO),
36 3

Hydroboration of secondary allyvlamines with triethyl-
amine-borane yields 1,2-azaborolidines according to the

following procedure (118)¢

110- 140°
=CH-CH, - + ————y + + B-
CH2 CE- CH NHR B3N BH3 R3N H2 R-N.

B = n-CgH,, n-CyHg; R' = CyH,
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Similarly, allylimines (obtained by condensation of aromatic
aldehydes with allylamine) can be hydroborated with the
same reagent to yield 1,2-azaborolidines in which R = CH206H5,
and a mixture of N-alkylallylamine, trialkylborane, and
triethylamine-borane can interact to yield 1,2-dialkylaza-
borolidines (119). The 1,2-azaborolidines are dimeric in
benzene solution and theilr tendency to dimerize seems to be
governed by inductive effects of the boron substituents and
also by steric factors. Dimerization increases in the order
-BR-NR'- ¢ -BB-NH- £ -BH-NR- (119). A detailed nuclear magnetic
resonance and infreared spectroscopic study of the monomer -
dimer equilibrium of 2-butyl-1,2-azaborolidine revealed (227)
that the equilibrium is only concentration depending and the
nature of the solvent has virtually no effect.
1,2-Azaborolidines do not react with alcohol or water
at room temperature. However, at elevated temperatures
boron-bonded hydrogen is readily displaced by alkoxy or
alkylthio groups (118). 1,2-Dialkylazaborolidines react
with boron trichloride by displacement of the boron-bonded
alkyl group by halogen (119). It is likely that intermediate
cleavage of the annular boron-nitrogen bond occurs during
this process. 2-Alkyl-1,2-azaborolidines can be acylated
with acid anhydrides (120) to yield a novel type of organo-
boron heterocycle, 38, as 1s illustratéd in the following

equation:
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80-100°
3H~N‘\ > + (R'C0),0 —u—y

oo ladvi]

38

The structure of the latter compound is substantiated by
the fact that an analogous product is obtained on inter-
action of dimeric acetamidodialkylboranes with 1,2- azg-
borolidines (127).

On hydroboration of diellylamine with triethylamine-

borane (121), the bicyclic compound 39, 1l-aza-5-borabi-

cyclo(3.3.0)octane, m.p. 138-1390, b.p. 145-1550, has been
obtained.

Phenyldichloroborane reacts exothermally with 1,3,2-
dlazaphospholidines according to the following equation (113):

1
R
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Several 1,3,2-dlazaboracycloalkanes which are hydrogen
substituted at the boron site can be obtained by reacting
aliphatic diamines with sodium: tetrahydridoborate and iodine
(to generate BHy in situ) in rafluxing tetrahydrofuran (114).
In an analogous procedure it was found that the reaction of
3,3'-diaminodipropylamine with BH3 proceeds in stepwise

fashion (115). In refluxing tetrahydrofuran 40 is obtainel

in high yield according to the rollowing equation:?

HN((CH 3NHZ) H3 ~>» H-N_ JN—(CHZ)B-NH + 2 H

ko

At 1500, 40 loses additional hydrogen on forming the
bicyclic system 41. Similarly, 1,7,8,9-triazaborahydrindane,
42, and its monocyclic precursor 43 were obtained by using

N(&i-anminoethyl)-1,3-dlaminopropane as starting amine (114).

, IS )

B B H-N N-(CH,),~NH
5 NN N 272772
| § é [}

H H H
b 42 4
In analogy to previous work (116), i,3,2-diazaborolidines

were found to react with phenyl isothiocyanate in a 1:1

molar ratio in a ring expansion reaction (117) as is
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illustrated by the following equation:

N_ N- + C.H_NCS N v
TNt 675 —> 1
g SC 2"

1
C6H5

However, with chloral the reaction cccurs in a 1:2 molar ratio

and yields a nine-membered heterocycle, 44,

_}IX 11 -
ClBC—HC ?H—CCI3
Q O
o
]

L_(ﬁ

Ammonium chloride and sodium tetrahydridoborate can be
interacted in the absence of solvent to afford borazine in
10-2C% yield (50). A novel borazine synthesis involves the
hydrogenation of tris(phenoxy)borane in the presence of
aluminum and primary amines; this resction provides a fairly
convenient route to N-organosubstituted borazines (51)

according to the following eguation:
Hy
B(OCgH )5 + AL + RNH, +—=3 1/3 (-BH-NR-); + 41(0C4H,)4

Also, ligand displacement with simultaneous condensation of

dialkylthloorganoboranes with primary amines yields bhorazines
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as depicted in the following equation (122):
+ 1 -BR-NHE'-~)., + 6 CH.SH
3 BB(SCH3)2 3R NHZ -3 (-BR-NH )3 (¢} 3 H

The reaction of boron trichloride with methylamine can

be directed to yield B-tris(methylamino)-N-trimethylborazine,

37NCH3-) 5,
of the aminoborazine with boron trichloride yields B-trichloro-

(-BNHCKE.,-NGCH in good yield (52). Subsequent treatment
N-trimethylborazine; this procedure provides a very convenient
and fairly rapid method for synthesizing the latter compound.

The boron trifluoride adducts of methyl glycinate and of
methyl /3-alan1nate have been dehydrohalogenated with a bulky
tertiary amine to yleld the corresponding N-substituted
borazines (54).

Ferrocenyldichloroborane reacts with ammonia in toluene
to yleld B-trisferrocenylborazine (53). Remarkably, the 70 eV
mass spectrum of the compound shows no fragmentation; only
the molecular ion and the doubly charged molecular ion
were observed!

Several reactions of B-trichloroborazines with metal-
organic derivatives have been investigated. For example,
B-trichloroborazines were found to react with sodium cyclo-
pentadienide and the infrared data of the resultant product
seem to indicate formation of boron-carbon sigma bonds in
this process (55). However, no defined materials could be
isolated. This latter observation is surprising since in
previous work (56) N-substituted B-tris(cyclopentadienyl)-
borazines were isolated and characterized., Also, B-trichloro-
borazines appear to react with sodium pentacarbonylmanganese

with initial formation of boron-manganese bonds (55).
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However, no metal-boron derivative was actually isolated
and it is likely that the B-metalated borazine readily
decomposes with the formation of polymeric borazines and
an(CO)lo. v

N-Trimethylberazine reacts with heavy metal halides
such as TiX;, SnX,, HgX, (57), or AgX (58) by halogenation
of the boron sites of the heterocycle. This approach can be
used for the preparation of unsymmetrically substituted
borazines;

Of great interest to the preparative chemist should
be the finding that organic substituents bonded to the boron
atoms of a borazine ring can be displaced by the action of
Grignard reagent on the borazine (167). For example, methyl
groups bonded to boron exchange with phenylmagnesium halide
and vice versa. Apparently, equilibrium mixtures are
obtained and it seems that virtually any B-substituted
borazine can be made to react with an appropriate organo-
metallic reagent thus offering interesting preparative
possibilities,

The crystal structure of B-tris(dimethylamino)borazine
has been investigated by X-ray spectroscopy (63). Endocyclic
and exocyclic boron-nitrogen bonds were found to be equally
long with a value of 1.43 R tnus conflicting with some
previous molecular orbital calculatlions (64) which had
indicated that exocyclic substitution of the boron atoms
with amino groups would weaken the annular B-N bonds. An
X~ray analysis of tricarbonyl(hexaethylborazine)chromium(9Q)
indicates (65) that the mean of the B-N separations of the
borazine ring in this compound is 1.4 £ and is virtually
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identical to that of the parent borazine. However, one of
the boron-nitrogen.distances deviates remarkably from the
mean value with an experimentally determined distance of
only 1.36 R; there is no immediate explanation for this
observation. Differences in the Cr-N distance (2.22 &) and
Cr-B separation (2.31 X) lead to puckering of the borazine
skeleton in the cited compound.

Proton magnetic resonance spectra of some B-aminobor-
azines such as (-BNHCHB-NCHB—)3 have been recorded and
were evaluated in terms of the aromatic character of the
borazine ring. In this respect the aminoborazines seem
comparable to the alcoylborazines (216). Also, some new
molecular orbltal considerations on the parent borazine
were briefly described (67).

A vibratlional analysis of borazine based on the infrared
spectra of matrix-isolated species and the gaseous Raman
spectrum of borazine has been reported (59). Suggested
assignments of the fundamentals are in essential agreement
with the calculated frequencies resulting from a normal-mode
treatment published recently (60). The vibrational spectra
of B-trihaloborazines, (—BX-NH—)3 with X = C1 or Br (61)
and F (62), and isotopically labeled derivatives thereof
have been examined in detail. An assignment of fundamentals
was suggested and it was noted that spectral changes affected
by boron-bonded halogen are due mainly to a simple mass
effect (or coupling of modes) rather than to changes in the
electronic structure of the borazine ring. Particular strong
coupling of B-F and B-N modes was observed (62).

The absorption spectrun of borazine in the 2000-1500 R
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région has been investigated and three electronic transitions
were observed (176). The spectrum is generally diffuse and
some decomposition of the compound occurs quite readily;

this event was interpreted to suggest predissociation of

the molecule.

The mass spectra of some N-trialkylborazines, (-BH-NB-)B,
have been recorded (156). Thé dominant feature of all spectra
is a group of ions which apparently arises from cleavage of
an slkyl radical from the o-carbon atom of a nitrogen-bonded
group in the molecular ion.

The He(I) photoelectron spectra of B-trimethylborazine
and N-trimethylborazine were recorded and were compared
with that of borazine (66). The resultant data indicate that
the highest. occupied orbital in all three compounds is of

the 77 type.

Adducts and Salts

Nitrosylborane has been detected by mass spectroscopy

as an intermediate in the reaction of H,BCO with nitrogen

3
monoxide; the reaction ultimately leads to carbon dioxide,

N,0 and borie acid (233).

Amino acid esters react with boranes BXy (X = H, F, C1)
to form 1:1 adducts of the type BOOC-R‘-NH‘?"B}(3 containing
a boron-nitrogen coordinate linkage (54). Similarly, sodium
tetrahydridoborate on alumina reécts with oximes at room
femperature in benzene solution with the formation of
hydroxylamine—boranes in which the boron is coordinated to

the nitrogen atom (154).
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NaBHh HH
~-C=N-OH e=———e> ~C-N.BH
{ Ui 3
alumina OH

In like manner, excess dibbrane was found to react with
indoles to form stable adducts of the amine-borane type
in which the boron is coordlnated at the NH site of the
indole (90). Treatment of the latfer adducts with sodium
methoxide in methanol solution results in reduction to the
indolines.
The rate constant for the reaction of free borane, BHB’
with trimethylamine to glve trimethylamine-borane was found
to be 1.1 x 109 1/mol sec at 500°K and a total pressure of
6 Torr (222). The data were briefly discussed in terms of
general donor - acceptor reactions in the borane series.
Nuclear magnetic resonance studies (225) reveal that the
complexing power of triallylborane towards amines rises in A
the order 2-picoline < trimethylamine < pyridine < 3-picoline.
In general, reaction of a borane (BXB’ X = CHB’ F, C1)
with methylhydrazines yields simple 1:1 adducts (221).
However, trimethylborane and tetramethylhydrazine do not
interact, and hydrazines of the type NZH

1+n

the boron-chlorine bond. On the basis of nuclear magnetic

(CH3)3~n cleave

resonance studies it was concluded that adduct formation
cccurs at the more highly methylated nitrogen atom though
isomeric products were obtained from monomethylhydrazine

and boron trifluocride.

The first examples of amine-boryl tosylates have been
prepared and isolated (91). In these compounds, a borane

unit carrying a p-toluenesulfonate substituent is cbordinated
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with a tertiary amine. Their synthesis is depicted by the
following scheme,

- room t. "
RBN-Bﬂ + (P)B-CgHy, -S0H ~——=">H, + R

N+BH, {0.,5C H, R(p)]
3 3 benzene 23776l

3

H=CH3
At reflux temperatures and in the presence of a second mole
of the acid, further reaction occurs ylelding the trimethylamine
adduct of HB(OBS—Céﬁu-R(p)jz, Both amine-boryl tosylates are
fairly inert towards moisture and oxygen but the boron-bonded
hydrogen can be displaced by bromine when reacted with the
elemental halogen. The monotosylate reacts with 4-methylpyridine

by forming a bisamine-boronium cation.

Several p-substituted methylamine-diarylboranes have
been prepared from the corresponding diarylhydroxyboranes by
reduction with lithium aluminrum hydride (81) and amine-
borane type adducts have been the subject of several spectros-
ccpic studies. For example, the vibrational spectra of aceto-
nitrile adducts with btoron trihalides, CH

CN«BX have been

3 3’
investigated (93) and the results of a normal cocrdinate
anélysis indicate an increase in the B-N stretching force
constant from 2.5 mdyn/& (X = ) to 3.4 (X = C1) and 3.5 (X =
Br) mdyn/g respectively. These findings are in consonance
with theassumption that boron trichloride is a stronger acid
in relation to acetonitrile than is boron trifluoride. Boron
trifluoride forms 1:1 adducts with a variety of cyclic
ketones (215). Evaluation of the obtained enthalpy data
indicates that the adduct formation.is particularly sensi-

tive to steric factors.
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Nonequivalence of hydrogen in the t-butyl group of
t-butyldimethylamine-~borane, (CHB)BC-N(CHB)Z-EHB, permitted
determination of the activation parameters for t-butyl
rotation using total nuclear magnetic resonance line-shape

analysis (195).

The mass spectra of trimethylamine adducts of BX3
(X =H, F, C1, Br, I) and of bromofluoroboranes indicate
that the trend in the proportion of the total positive
current carried by ions containing boron and nitrogen is
identical to that observed for the proton magnetic resonance
shifts and other physicochemical data of the adducts with
I >Br 3C1l >H AT (98). These results tend to support
the assumption that B-X 4J7-bonding exists in such donor-

accéptor complexes, particularly if X = F.

The photoelectron spectra of complexes of boron tri-
fluoride with dimethylamine and trimethylamine have been
investigated (96). The marked increase of more than 3 eV in
the ionization potentials of the amines upon coordination
with the boron trifluoride suggests that the amine site of
the amine-borane acquires an appreciable positive charge

resulting in a tighter bonding of 1ts electrcns.

Fluorine-19 nuclear magnetic resonance studies of
boron trifluoride adducts with pyridine 1-oxides and
quinoline N-oxldes illustrate that the 11B-19F coupling
constant in acetonitrile is negative. Variations in the
chemical shift values are purportedly due primarily to
steric factors (95).

No halogen exchange is observed in dichloromethane
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solution between boron trifluoride and trimethylamine-
trichloroborane (165). However, nuclear magnetic rescnance
studies indicate that the systems BClB/(CHB)BNABBr3 and
06H5N(CH3)2eBEB/CéﬂﬁN(CH3)2-8013 may be sultable for
obtaining kinetic parameters for the exchange of halogens

on four-coordinate boron. In this conetxt, it is of interest
to note that 3501 nuclear gquadrupole freauencies of several
complexes of boron trichloride show a remarkable constancy
{vetween 21-22 liHz) for a wide variety of adducts with
organic donor molecules (97).

Boron trifluoride forms solid 1:1 adducts with aromatic
aldehydes. Spectroscopic data (UV, IR, NMR) infer that the
oxygzen-boron bonding is not of a simple charge-~transfer
type (94) and the group -CHO-nBF3 i1s a strong electron-with-
drawing (pseudo) substituent. p-Dimethyl(or diethyl)amino-
benzaldehyde forms three different types of complexes
with boron trifluoride (189). If the two reactants gre
combined in a solvent a 1:1 adduct igs obtained in which the
BF3 is bonded to the carbonyl oxygen. After the solution
stands for several days and the solvent evaporates, a new
material is formed in which the boron is coordinated to the
nitrogen of the amino group. Finally, addition of an excess
of boron trifluoride to a solution of the free aldehyde yields
a 2:1 adduct in which both donor sltes are complexed with
boron trifluoride; these results were confirmed by spectroscopic
data.

In this context it should also be noted that the new reagent
btoron trifluoride-trifluorocacetic anhydride may become a

useful tool for the preparative chemist; so far it has
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been used successfully in some cyclization reactions (153).
Also, some boron trifluoride-catalyzed rearrangements of
neotriterpene epoxides have been described (197,198).

Boron trichloride and boron tribromide form 4:1 adducts
with tetradentate ligands such as tetrakis{(diphenylphos-
phinomethyl)methane and tetrakis(diphenylarsinomethyl)-
methane (235). Triphenylmethylenephosphorane forms adducts
of the type (GgH,)4PCH,+BK, with boron tribromide or ‘boron
trilodide (232).

Trimethylamine-borane and triethylamine-borane react
with tri-n-butylphosphine by tase exchange to form tri-n-
butylphosphine-borane and the corresponding amine (79). The
reactions are second order overall and an SNZ2-B mechanism
wac proposed to account for this circumstance. In an extension
of this work on nucleophilic substitution at tetrahedral
boron, the four isomeric trimethylamine-butylboranes and
several o- and p-substituted trimethylamine-arylboranes
were examined as the nucleophile (80). Kinetic data gave
good evidence for second order SH2-B displacement reactions
in all cases except that of trimethylamine-t-butylborane;
this compound gave a predominant first order SN1-B dis-
placement. In contrast, p-substituted methylamine-diaryl-
boranés react with 2,2-diphenylethyiamine in diglyme
solution first in order'in respect to amine-borane and the
data were suggestive of an SN1-B mechanism involving the
rate-determining dissociation of amine-borane (81).

The structure of 2-methoxy-cis-&,6-dimethyl-1,3,2-

dioxaphosphorinane-borane, 45, has been determined by
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H3B\P/0-CHCH3\

GH
CHy0” “NO-CHCH;” 2

45

three-dimens;onal single crystal analysis (99). The hetero-
cycle has a chair conformation with a mean P-0 bond length
of 1.56 %.

The first crystal structure of a stable optically
active compound haveing a boron atom as the asymmetrilc

center has been studied (101). The salt 46 crystallizes in

ngHB-C5H4N\B/Br -
(CHB)BN’ NH 6

4s

in the monoclinic system and an almost regular sp3

hybridization of the boron atom results from the favorable
arrangement of the surrounding ligands.

Reacticns of various polyamines with the mono- and
diiodoborane adducts of trimethylamine yields chelated and
polynuclear boron{n+) ions such as

2+ 2+
TED [(CH3)3NBH2]2 , TED((CH3) 3mam]z
3+
PMDT [(cas) 3m3H2] 3
TED = triethylenediamine
PMDT = pentamethyldiethylenetriamine (220).

Phnospnorus pentachloride reacts with ammonia-trifluoro-
borane, HBNeBFB, to yield the salt (613P=N-PC13)(5014) (111).

This salt undergoes a complex reaction with sulfur dioxide
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and affords products such as 013P=HBCIB-P0012 and
013P=N-P012-0-BCI3. Ammonium isothiocyanate reacts with the
hexachlorodiphosphazonium tetrachloroborate or with
(CH4NPGl,), to produce the new anion [B(NCS),J" which is

isolated as the [(NCS) 1==1~1-1=(sc1~x)3'j+ derivative (112).

3

Methylamine-trifluoroborane reacts with excess phosphorus

pentachloride to form the adduct CH_NPC1l 'B013 (148) and an

analogous material is formed with aiilini-trifluoroborane.
With strong Lewlis bases such as pyridine, displacement of the
weaker base N-methyltrichlorophosphinimine is readily
accomplished. Reaction of (P013=N—PC13)(BCl4) or of
CHBNP013B013 with methylammonium chloride yields a compound
of the composition (CH3)2N3P25013 which 1s said to have the
structure 47 (231). Dimethylamine-trifluoroborane reacts

with phosphorus pentachloride to yield the salt

{(CH NPGIB)(B01A) {105). The same compound can be

3)2

N\ [
0121|>’m1'=012
CHBN\g/NCHB

cYci

k7

obtained from the interaction of dimethylaminodichloro-
borane with phosphorus pentachloride. However, action of the
latter agent on trimethylamine-trifluoroborane merely
results in halogen exchange and formation of trimethylamine-

trichloroborane, (CHB)BN-BCI3.

Boron trichloride reacts with glycine to yield the
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novel compound [B(O-CO-CH2~NH3+)3](BClu) (54} ; however,
amino acid ester hydrochlorldes react with boron trichloride
to form tetrachloroborates having the general composition

(RO-CO-R'-NH (5014) .

3)
Diborane was found to react in ethers with lithium
dimethylphosphide to produce lithium bis(borane)dimethyl-

phosphide(1-) according to the following equation (92):
LiP(CHz), + ByH, —> Li[(CHB)zP(BHB)Z]

Litnium tetrahydridoborate and aluminum trichloride interact
in benzene to produce aluminum tetrahydridoborate (202);
however, on evaporation of the solvent a compound of the

composition AleBHu—CéHé is isolated.

Sodium tetrahydridoborate reacts with tetraethylammonium
bromide irn isopropyl alcohol to give the tetraethylammonium
tetrahydridoborate (100). This salt has a polymeric trans-
formation at 95.1200 and decomposes at 210° to yield tri-

ethylamine-borane. -

Aminolysis of O-ethyvlboranocarbonate ion, (H3B000C2H5)‘,
in ethanol solution yields boranocarbamates in consonance

with the following equation (102):

(HBBCOOCZHS) + HNBZ -——9' (HBBCONBZ) + CZHSOH
However, with ethylenediamine, reaction occurs in a 3:1
molar ratio and the ethylenediaminetris(boranocarboxylate)

ion 48 is formed. The basic hydrolysis of O-ethylborano-
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H3B-CG 0G-BH, | -3
HBB— (¢] H
48

carbonate ion in aqueous solution follows first order

rate law,

Trifluoromethylsulfur trifluoride, CFBSFB, reacts with
boron trifluaride to form a 1:1 adduct (103). On the basis
. of infrared spectral data the adduct has the structure of
a tetrafluorcborate, (CFBSFE)(BF4). However, in the gas
phase the compound readily dissociates to the original
species.

Potassium tetrafluoroborate reacts with the acetylene
Grignard by forming tetraethynylborates; potassium, tri-
and tetramethylammonium, dimethylammonium, and pyridinium
salts were 1solated (150). In acidic medium it is possible
to isolate the free acid H(B(CCH),) which was found to have
a PK value of 2.81 (in water), close to that of chloroacetic
acid. Concentrated solutions of the acid are unstable and
decompose with the formation of a solid polymer along with
some unidentified gaseous products.

The low temperature vibrational spectra of lithium
(219), sodium, and potassium (218) tetrahydridoborate have
been studied. The BH4° ion site symmetry was found to be
T3 for the potassium salt, D2d for the sodium salt, and

CS for the lithium tetrahydridoborate.

The nuclear magnetic rescnance spectrum of HBFu in
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aqueous solution (223) and the vibrational spectrum of single

crystal NaBF) {224) have been discussed.

The reaction of lithium tetraalkylborates with a series
of alkylating agents has been investigated (157). The initial
step in the reaction of LiBR) with organchalides, R'X,
appears to be the formation of a carbonium tetraalkylborate
complex, (R')+(BRQ)', which subsequently decomposes by
either:

(a)ot- or/?-elimination of hydride ion from a boron-bonded
alkyl group, or .
(b) dealkylation of the tetraalkylborate ion.

Trialkylcyanoborates can be converted to trialkyl-
carbinols in a convenient manner employing trifluoroacetic
anhydride (72). The process 1s similar to the carbonylation-
oxidation reaction of carbon monoxide-trialkylboranes (73)
but requires no drastic reaction conditions; hence, the
cited reagent may offer distinct advantages in preparative
organic chemistry when compared to the carbon monoxide-
trialkylboranes. In this context it may also be noted that
sodium cyanotrihydridoborate in hexamethylphosphoramide 1s
a very selective agent for reductive removal of I, Br, and
{(indirectly) OH groups (74) and a broader utilization of
cyanoborates in preparative chemistry may be in the making.
Thus, the same reagent was found to reduce a variety of
ketones, oximesg, and enamines with remarkable selectlvity
(88). Macrocyclic cyanoboranes, (H2BCN)n with n = 5, 6, 7,
have been obtained as byproducts in the reaction of tetra-
hydrofuran-borane with hydrogen cyanide (75).

Rhodium and iridium complexes containing the cyanotrihydrido-
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borate group as ligand, e.g., [Bh(NGBH,)(CO)(Pi5i,] (R =
06H5), have been prepared and were found to be stable in
air (200),.

Lithium tetramethylborate nas been studied extensively
by spectroscopic means (105) such as proton magnetic resonance,
X-ray, and mass spectroscopy. The resultant data have been
used to elucidate the structure of the compound which is

considered as a four-center and linear three-center

1y

metnyl bridged electron-deficient species. The 11B-.
coupling of sodium tetraethylborate is solvent independent
in such solvents as ether, dimethylsulfoxide, tetrahydro-
Turan, and 1,2-dimethoxyethane (145).

Tetraphenylborate ion is quantitatively oxidized by
hexachloroiridate(IV) in aqueous solution in accord with

the foliowing equation (159):
B(66H5)4 + 2 IrClg + H,0 -—9-(06H5)2B0H + 06H506H5 +
2 1rc1z? + H'

The kineties of the reaction have been interpreted in terms
of a mechanism involving tetraphenylboron radicals.

A photochemically induced electron transfer from the
tetraphenylborate anion to singlet oxygen was observed with
rearrangement of the sodium tetraphenylborate to biphen&l
(107) and the photochemical decomposition of diazonium
tetrafluoroborate has been used in the synthesis of ring-
fluorinated imidazoles (104}, Also, (dimethylamino)phenyl-

(2-phenylvinyl)oxosulfonium tetrafluoroborate, 49, has been
= . +. -
[cgH5-CH=CH-SO(C4H;IN(CH;),]17BF),
49
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utilized as a novel reagent for ethylene transfer to dibasic
nucleophiles (204).

The photolysis of potassium dimesityldiphenylborate
results in a rearrangement involving a 1,3-shift of a

diarylboron species (108).

A mechanism involving bridged intermediates was suggested
for this reaction.

Chromium(I) tetraphenylborate can be prepared by
thermal decomposition of bis(arene)chromium tetraphenyl-
borate (208). Chromium(I) tetraphenylborate reacts with
mercury(II) chloride whereby the first step involves an
exchange reaction (209) as depicted in the following

eugation:
cr(Bg,) + HgCl, —> CrCl + RHgCl + BR, (R = CgH,)

In an analogous reaction of bis(arene)chromium tetraphenyl-
borate with HgCl2 (207) it was noted that initial reaction
likewlse results in displacement of the tetraphenylborate
ion by chloride ion without decomposition of the sandwich
structure about the chromium.

The vibrational spectra of some p-substituted tetra-
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phehylborates have been recorded on solid dtate species
(109). Tentative assignments were suggested for absorptions
arising from the low frequency phenyl ring modes, the tetra-
hedral skeleton, and vibrations that are either internal
modes of the p-substituent (such as OCHB’ CHB' ¥, C1, Br,
CFB) or vibrations involving the aromatic ring to substituent
bond. No information was obtained which could be correlated

with the electron densities about the central boron atom.

The crystal structure of (NiLBr)(BRu) (L = bis(di-
ethylaminoethyl)(2-diphenylphosphinoethyl)amine, R = 06H5)
indicates that the chromphore cof the molecule is the
NiNzPBr grouping and one nitrogen atom of the ligand is not
bonded to the metal atom (110).

Bis(dimethylamino)boranes react with dibenzonitrile-~
palladium dichloride in different ways (234). Bis(dimethyl-
amino)chloroborane yields complexes of the type Clde(BzN)ZBX
(R = CHB)' On the other hand, bis(dimethylamino)bromoborane
and bis(dimethylamino)iodoborane react with the coordinated
benzonitrile to give give bisboryl-palladium complexes of
the type 06H5(CXZ)-N{B(NHZ)Z}deCIZ. The latter are probably

dimeric and the B-N group presumably acts as %4 -ligand.

Some new organoboron species containing bvoron-metal
sigma bonds have been described (229). For example, several
(diphenylboryl)methylstannens, (BZB)L'__nSn(CH3)n (B = CGHS)’
were obtained from the interaction of (diphos)ZCo(BBZ)2
with methylchlorostannanes. However, analogous dibromo-
boryl derivatives are known only in stabilized (by
coordination) form, i.e., (BPZB)u_nSn(CH3)n-xd1phos,

containing boron-phosphorus bonds.
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